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PREFACE

Nowadays the humanity encounters unprecedented increase of urbanisation rate. One of
its striking manifestations is the formation of large cities. In 2005 there were 27 cities with
population above 3 millions, and by 2025 the number is forecasted to be a hundred and fifty.
Modern megacity is the concentration point of productive and creative power of humanity and at the same time – the source of severe problems: ecology, transportation, preventing
of disasters and minimization of their consequences.
Megacity poses the most complicated problems for geotechnical engineers. Existing
buildings, underground structures and lifelines must be considered along with geotechnical
conditions in the restrained urban environment, often complicated by bad environmental
conditions, arose as a consequence of habitation and activity of millions of people.
Attempts to provide as many apartments and workplaces as possible have led to such a
characteristic feature of megacities as high-rise buildings. They form the appearance of
large city, at the same time challenging engineers of all branches. Problem of significantly
increased loads bearing by soil with providing admissibility of deformations for existing
structures should be in a focus. Therefore foundations for high-rise buildings are one of the
most popular objects of research for geotechnical engineers. Other means of solving the
problem of the space shortage are placing of city bridges and elevated roads in the aboveground space; that creates special problems of foundation engineering.
One more way of solving the problem of megacities is underground space development:
construction of complex underground parts in the newly erected buildings, deepening of
basements under existing buildings in course of their reconstruction, building underground
thoroughfares. The most difficult problem is stated by interaction of existing and new structures, especially within large-scale multifunctional complexes. One of the effective means
for solution of corresponding geotechnical problems is soil improvement.
Generally, problems of interaction are relevant for geotechnics of megacities. Interaction
of foundations, effect of new buildings and constructions on underground structures along
with an effect of new underground structures on existing buildings and networks – all that
problems are already within the range of interests of geotechnical engineers and must attract
even more attention in the future. Systems approach to these problems dictates the necessity
to both geofailures and geological risks assessment in urban planning. The latter is often
related with construction on problematic soils.
Many megacities were formed around the centuries-old cities. The need to preserve historical buildings is an additional factor causing difficulties for geotechnical engineers.
Strengthening and reconstruction of existing foundations is one of the most important
branches of their work.
Another feature of prolonged human activity in built-up areas is pollution of the environment, giving rise to geoecological problems of construction on contaminated soils.
Preservation of hydrogeological situation in course of underground space development,
water pumping and other man-caused effects lies within the same range of problems.
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ɉɊȿȾɂɋɅɈȼɂȿ

ɋɟɝɨɞɧɹ ɱɟɥɨɜɟɱɟɫɬɜɨ ɫɬɚɥɤɢɜɚɟɬɫɹ ɫ ɧɟɛɵɜɚɥɵɦ ɧɚɪɚɫɬɚɧɢɟɦ ɬɟɦɩɨɜ ɭɪɛɚɧɢɡɚɰɢɢ. əɪɤɢɦ ɟɟ ɩɪɨɹɜɥɟɧɢɟɦ ɹɜɥɹɟɬɫɹ ɨɛɪɚɡɨɜɚɧɢɟ ɤɪɭɩɧɵɯ ɝɨɪɨɞɨɜ. ȼ 2005 ɝɨɞɭ
ɝɨɪɨɞɨɜ ɫ ɧɚɫɟɥɟɧɢɟɦ ɛɨɥɟɟ 3 ɦɢɥɥɢɨɧɨɜ ɛɵɥɨ 27, ɚ ɤ 2025 ɝɨɞɭ, ɩɨ ɩɪɨɝɧɨɡɚɦ, ɢɯ
ɛɭɞɟɬ ɛɨɥɟɟ ɩɨɥɭɬɨɪɚ ɫɨɬɟɧ.
ɋɨɜɪɟɦɟɧɧɵɣ ɦɟɝɚɩɨɥɢɫ ɹɜɥɹɟɬɫɹ ɬɨɱɤɨɣ ɫɨɫɪɟɞɨɬɨɱɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɯ ɢ
ɬɜɨɪɱɟɫɤɢɯ ɫɢɥ ɱɟɥɨɜɟɤɚ ɢ ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɢɫɬɨɱɧɢɤɨɦ ɬɹɠɟɥɵɯ ɩɪɨɛɥɟɦ: ɷɤɨɥɨɝɢɹ,
ɬɪɚɧɫɩɨɪɬ, ɩɪɟɞɨɬɜɪɚɳɟɧɢɟ ɢ ɦɢɧɢɦɢɡɚɰɢɹ ɩɨɫɥɟɞɫɬɜɢɣ ɤɚɬɚɫɬɪɨɮ.
Ɇɟɝɚɩɨɥɢɫ ɫɬɚɜɢɬ ɩɟɪɟɞ ɢɧɠɟɧɟɪɨɦ-ɝɟɨɬɟɯɧɢɤɨɦ ɫɚɦɵɟ ɫɥɨɠɧɵɟ ɡɚɞɚɱɢ. ɇɟɨɛɯɨɞɢɦɨ ɧɚɪɹɞɭ ɫ ɝɟɨɥɨɝɢɱɟɫɤɢɦɢ ɭɫɥɨɜɢɹɦɢ ɭɱɢɬɵɜɚɬɶ ɧɚɥɢɱɢɟ ɫɭɳɟɫɬɜɭɸɳɢɯ ɡɞɚɧɢɣ,
ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɢ ɤɨɦɦɭɧɢɤɚɰɢɣ ɜ ɫɬɟɫɧɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɩɥɨɬɧɨɣ ɡɚɫɬɪɨɣɤɢ,
ɱɚɫɬɨ ɨɫɥɨɠɧɹɟɦɵɯ ɩɥɨɯɢɦɢ ɷɤɨɥɨɝɢɱɟɫɤɢɦɢ ɭɫɥɨɜɢɹɦɢ, ɫɥɨɠɢɜɲɢɦɢɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ
ɠɢɡɧɢ ɢ ɞɟɹɬɟɥɶɧɨɫɬɢ ɦɢɥɥɢɨɧɨɜ ɥɸɞɟɣ.
ɋɬɪɟɦɥɟɧɢɟ ɨɛɟɫɩɟɱɢɬɶ ɠɢɥɶɟɦ ɢ ɪɚɛɨɱɢɦɢ ɦɟɫɬɚɦɢ ɤɚɤ ɦɨɠɧɨ ɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɥɸɞɟɣ ɩɪɢɜɟɥɨ ɤ ɬɚɤɨɦɭ ɯɚɪɚɤɬɟɪɧɨɦɭ ɞɥɹ ɦɟɝɚɩɨɥɢɫɨɜ ɹɜɥɟɧɢɸ, ɤɚɤ ɜɵɫɨɬɧɵɟ
ɡɞɚɧɢɹ. ɂɦɟɧɧɨ ɨɧɢ ɨɩɪɟɞɟɥɹɸɬ ɜɧɟɲɧɢɣ ɨɛɥɢɤ ɛɨɥɶɲɨɝɨ ɝɨɪɨɞɚ, ɛɪɨɫɚɹ ɩɪɢ ɷɬɨɦ
ɜɵɡɨɜ ɢɧɠɟɧɟɪɚɦ ɜɫɟɯ ɫɩɟɰɢɚɥɶɧɨɫɬɟɣ. ɉɪɢɯɨɞɢɬɫɹ ɪɟɲɚɬɶ ɡɚɞɚɱɢ ɨ ɜɨɫɩɪɢɹɬɢɢ
ɝɪɭɧɬɨɜɵɦ ɨɫɧɨɜɚɧɢɟɦ ɫɭɳɟɫɬɜɟɧɧɨ ɜɨɡɪɨɫɲɢɯ ɧɚɝɪɭɡɨɤ, ɨɛɟɫɩɟɱɢɜɚɹ ɩɪɢ ɷɬɨɦ
ɞɨɩɭɫɬɢɦɨɫɬɶ ɞɟɮɨɪɦɚɰɢɣ ɫɭɳɟɫɬɜɭɸɳɢɯ ɨɛɴɟɤɬɨɜ. Ɉɫɧɨɜɚɧɢɹ ɢ ɮɭɧɞɚɦɟɧɬɵ ɜɵɫɨɬɧɵɯ ɡɞɚɧɢɣ ɹɜɥɹɸɬɫɹ ɩɨɷɬɨɦɭ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɩɨɩɭɥɹɪɧɵɯ ɨɛɴɟɤɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɨ ɫɬɨɪɨɧɵ ɝɟɨɬɟɯɧɢɤɨɜ. Ɋɟɲɢɬɶ ɩɪɨɛɥɟɦɭ ɧɟɯɜɚɬɤɢ ɦɟɫɬɚ ɡɚ ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɚɞɡɟɦɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɩɪɢɡɜɚɧɵ ɬɚɤɠɟ ɝɨɪɨɞɫɤɢɟ ɦɨɫɬɵ ɢ ɷɫɬɚɤɚɞɵ, ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɢ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɤɨɬɨɪɵɯ ɫɨɡɞɚɟɬ ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɩɪɨɛɥɟɦɵ ɮɭɧɞɚɦɟɧɬɨɫɬɪɨɟɧɢɹ.
Ⱦɪɭɝɨɣ ɫɩɨɫɨɛ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦ ɦɟɝɚɩɨɥɢɫɨɜ – ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɨɞɡɟɦɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ: ɩɪɢ ɭɫɬɪɨɣɫɬɜɟ ɪɚɡɜɢɬɵɯ ɩɨɞɡɟɦɧɵɯ ɱɚɫɬɟɣ ɜɨ ɜɧɨɜɶ ɜɨɡɜɨɞɢɦɵɯ ɡɞɚɧɢɹɯ,
ɩɪɢ ɭɝɥɭɛɥɟɧɢɢ ɩɨɞɜɚɥɨɜ ɫɭɳɟɫɬɜɭɸɳɢɯ ɡɞɚɧɢɣ ɜ ɯɨɞɟ ɢɯ ɪɟɤɨɧɫɬɪɭɤɰɢɢ, ɩɪɢ ɫɨɡɞɚɧɢɢ ɩɨɞɡɟɦɧɵɯ ɬɪɚɧɫɩɨɪɬɧɵɯ ɦɚɝɢɫɬɪɚɥɟɣ. ɋɚɦɵɟ ɬɪɭɞɧɵɟ ɝɟɨɬɟɯɧɢɱɟɫɤɢɟ ɩɪɨɛɥɟɦɵ
ɡɞɟɫɶ ɜɨɡɧɢɤɚɸɬ ɩɪɢ ɜɫɬɪɟɱɟ ɫɭɳɟɫɬɜɭɸɳɢɯ ɢ ɜɧɨɜɶ ɩɪɨɟɤɬɢɪɭɟɦɵɯ ɨɛɴɟɤɬɨɜ, ɨɫɨɛɟɧɧɨ ɜ ɫɨɫɬɚɜɟ ɤɪɭɩɧɵɯ ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɤɨɦɩɥɟɤɫɨɜ. Ɉɞɧɢɦ ɢɡ ɷɮɮɟɤɬɢɜɧɵɯ
ɫɪɟɞɫɬɜ ɪɟɲɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɝɟɨɬɟɯɧɢɱɟɫɤɢɯ ɩɪɨɛɥɟɦ ɹɜɥɹɟɬɫɹ ɭɤɪɟɩɥɟɧɢɟ
ɝɪɭɧɬɨɜ.
ɉɪɨɛɥɟɦɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜɨɨɛɳɟ ɯɚɪɚɤɬɟɪɧɵ ɞɥɹ ɝɟɨɬɟɯɧɢɤɢ ɦɟɝɚɩɨɥɢɫɨɜ.
ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɮɭɧɞɚɦɟɧɬɨɜ, ɜɨɡɞɟɣɫɬɜɢɟ ɧɨɜɵɯ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɧɚ ɩɨɞɡɟɦɧɵɟ
ɫɨɨɪɭɠɟɧɢɹ, ɚ ɬɚɤɠɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɨɜɵɯ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɧɚ ɫɭɳɟɫɬɜɭɸɳɢɟ
ɡɞɚɧɢɹ ɢ ɫɟɬɢ – ɜɫɟ ɷɬɢ ɩɪɨɛɥɟɦɵ ɭɠɟ ɧɚɯɨɞɹɬɫɹ ɜ ɩɨɥɟ ɡɪɟɧɢɹ ɢɧɠɟɧɟɪɨɜɝɟɨɬɟɯɧɢɤɨɜ ɢ ɞɨɥɠɧɵ ɩɪɢɜɥɟɱɶ ɟɳɟ ɛɨɥɶɲɟɟ ɜɧɢɦɚɧɢɟ ɜ ɛɭɞɭɳɟɦ. ɋɢɫɬɟɦɧɵɣ
ɩɨɞɯɨɞ ɤ ɩɪɨɛɥɟɦɟ ɞɢɤɬɭɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɨɰɟɧɢɜɚɬɶ ɤɚɤ ɪɢɫɤɢ ɝɟɨɬɟɯɧɢɱɟɫɤɢɯ
ɨɬɤɚɡɨɜ, ɬɚɤ ɢ ɝɟɨɥɨɝɢɱɟɫɤɢɟ ɪɢɫɤɢ ɩɪɢ ɝɨɪɨɞɫɤɨɦ ɩɥɚɧɢɪɨɜɚɧɢɢ. ɉɨɫɥɟɞɧɢɟ ɱɚɫɬɨ
ɫɜɹɡɚɧɵ ɫɨ ɫɬɪɨɢɬɟɥɶɫɬɜɨɦ ɧɚ ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɝɪɭɧɬɚɯ.
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Being a product of modern civilisation, megacities at the same time state the problem of
its future. Preservation of natural resources when supporting megacities’ life has attracted
the attention of geotechnical engineers already, forcing search of solution for sustainable
development.
The understanding of existing difficulties by the professional community led to organization of International conference “Geotechnical challenges in megacities”. Unprecedented
number of ISSMGE Technical Committees united their efforts so that the interaction of
professionals of different specialization may advance to the sound and balanced reduction of
risks and expenses of construction in the most important inhabited localities, being homes
for significant part of mankind.
Publication of this five-volume edition including fourteen lectures and more than two
hundred papers of the leading world professionals in the field of geotechnics must record
state-of-the-art and design the ways of solution of principal existing problems. The editors
hope that these targets are at least partly achieved.

V.P. Petrukhin
Chairman of the Organizing Committee

V.M. Ulitsky
Co-chairman of the Organizing Committee
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Ɇɧɨɝɢɟ ɦɟɝɚɩɨɥɢɫɵ ɫɮɨɪɦɢɪɨɜɚɥɢɫɶ ɧɚ ɦɟɫɬɟ ɝɨɪɨɞɨɜ ɫ ɦɧɨɝɨɜɟɤɨɜɨɣ ɢɫɬɨɪɢɟɣ.
ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɫɨɯɪɚɧɟɧɢɹ ɢɫɬɨɪɢɱɟɫɤɢɯ ɡɞɚɧɢɣ ɹɜɥɹɟɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɮɚɤɬɨɪɨɦ, ɩɨɪɨɠɞɚɸɳɢɦ ɬɪɭɞɧɨɫɬɢ ɞɥɹ ɝɟɨɬɟɯɧɢɤɨɜ. ɍɫɢɥɟɧɢɟ ɢ ɪɟɤɨɧɫɬɪɭɤɰɢɹ ɫɭɳɟɫɬɜɭɸɳɢɯ ɮɭɧɞɚɦɟɧɬɨɜ ɹɜɥɹɸɬɫɹ ɨɞɧɢɦ ɢɡ ɜɚɠɧɟɣɲɢɯ ɧɚɩɪɚɜɥɟɧɢɣ ɢɯ ɞɟɹɬɟɥɶɧɨɫɬɢ.
Ⱦɪɭɝɨɣ ɫɬɨɪɨɧɨɣ ɞɥɢɬɟɥɶɧɨɣ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ ɱɟɥɨɜɟɤɚ ɜ ɦɟɫɬɚɯ ɩɨɫɟɥɟɧɢɹ ɹɜɥɹɟɬɫɹ ɡɚɝɪɹɡɧɟɧɢɟ ɫɪɟɞɵ ɨɛɢɬɚɧɢɹ, ɱɬɨ ɜɵɡɵɜɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɪɟɲɚɬɶ ɝɟɨɷɤɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɛɥɟɦɵ ɜ ɯɨɞɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɧɚ ɡɚɝɪɹɡɧɟɧɧɵɯ ɝɪɭɧɬɚɯ. Ʉ ɷɬɨɦɭ ɠɟ ɪɹɞɭ
ɩɪɨɛɥɟɦ ɨɬɧɨɫɢɬɫɹ ɫɨɯɪɚɧɟɧɢɟ ɝɢɞɪɨɝɟɨɥɨɝɢɱɟɫɤɨɣ ɫɢɬɭɚɰɢɢ ɩɪɢ ɨɫɜɨɟɧɢɢ ɩɨɞɡɟɦɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ, ɜɨɞɨɡɚɛɨɪɟ ɢ ɞɪɭɝɢɯ ɬɟɯɧɨɝɟɧɧɵɯ ɜɨɡɞɟɣɫɬɜɢɹɯ.
əɜɥɹɹɫɶ ɩɨɪɨɠɞɟɧɢɟɦ ɫɨɜɪɟɦɟɧɧɨɣ ɰɢɜɢɥɢɡɚɰɢɢ, ɦɟɝɚɩɨɥɢɫɵ ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɫɬɚɜɹɬ
ɜɨɩɪɨɫ ɨ ɟɟ ɛɭɞɭɳɟɦ. ɋɨɯɪɚɧɟɧɢɟ ɩɪɢɪɨɞɧɵɯ ɪɟɫɭɪɫɨɜ ɩɪɢ ɠɢɡɧɟɨɛɟɫɩɟɱɟɧɢɢ ɦɟɝɚɩɨɥɢɫɨɜ ɭɠɟ ɧɚɱɚɥɨ ɩɪɢɜɥɟɤɚɬɶ ɜɧɢɦɚɧɢɟ ɢɧɠɟɧɟɪɨɜ-ɝɟɨɬɟɯɧɢɤɨɜ, ɩɪɢɫɬɭɩɚɸɳɢɯ ɤ
ɪɟɲɟɧɢɸ ɡɚɞɚɱɢ ɭɫɬɨɣɱɢɜɨɝɨ ɪɚɡɜɢɬɢɹ.
Ɉɫɨɡɧɚɧɢɟ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɦ ɫɨɨɛɳɟɫɬɜɨɦ ɡɚɬɪɭɞɧɢɬɟɥɶɧɨɫɬɢ ɫɥɨɠɢɜɲɟɣɫɹ ɫɢɬɭɚɰɢɢ ɢ ɩɪɢɜɟɥɨ ɤ ɨɪɝɚɧɢɡɚɰɢɢ ɦɟɠɞɭɧɚɪɨɞɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ «Ƚɟɨɬɟɯɧɢɱɟɫɤɢɟ
ɩɪɨɛɥɟɦɵ ɦɟɝɚɩɨɥɢɫɨɜ». Ȼɟɫɩɪɟɰɟɞɟɧɬɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɯɧɢɱɟɫɤɢɯ ɤɨɦɢɬɟɬɨɜ ɦɟɠɞɭɧɚɪɨɞɧɨɝɨ ɨɛɳɟɫɬɜɚ ISSMGE ɨɛɴɟɞɢɧɢɥɨ ɭɫɢɥɢɹ, ɱɬɨɛɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫɩɟɰɢɚɥɢɫɬɨɜ ɪɚɡɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɫɦɨɝɥɨ ɫɭɳɟɫɬɜɟɧɧɨ ɩɪɨɞɜɢɧɭɬɶɫɹ ɤ ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɨɦɭ ɢ
ɨɛɨɫɧɨɜɚɧɧɨɦɭ ɫɧɢɠɟɧɢɸ ɪɢɫɤɨɜ ɢ ɡɚɬɪɚɬ ɩɪɢ ɝɟɨɬɟɯɧɢɱɟɫɤɨɦ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɜ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɯ ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɚɯ, ɹɜɥɹɸɳɢɯɫɹ ɞɨɦɨɦ ɞɥɹ ɡɧɚɱɢɬɟɥɶɧɨɣ ɱɚɫɬɢ ɱɟɥɨɜɟɱɟɫɬɜɚ.
ɉɭɛɥɢɤɚɰɢɹ ɧɚɫɬɨɹɳɟɝɨ ɩɹɬɢɬɨɦɧɢɤɚ, ɜɤɥɸɱɚɸɳɟɝɨ ɱɟɬɵɪɧɚɞɰɚɬɶ ɥɟɤɰɢɣ ɢ ɛɨɥɟɟ
ɞɜɭɯ ɫɨɬɟɧ ɫɬɚɬɟɣ ɜɟɞɭɳɢɯ ɦɢɪɨɜɵɯ ɫɩɟɰɢɚɥɢɫɬɨɜ-ɝɟɨɬɟɯɧɢɤɨɜ, ɞɨɥɠɧɚ ɡɚɮɢɤɫɢɪɨɜɚɬɶ ɫɨɫɬɨɹɧɢɟ ɞɟɥ ɜ ɨɛɥɚɫɬɢ ɢ ɧɚɦɟɬɢɬɶ ɩɭɬɢ ɪɟɲɟɧɢɹ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɯ ɡɚɞɚɱ. Ɋɟɞɚɤɬɨɪɵ ɧɚɞɟɸɬɫɹ, ɱɬɨ ɷɬɢ ɰɟɥɢ ɯɨɬɹ ɛɵ ɨɬɱɚɫɬɢ ɞɨɫɬɢɝɧɭɬɵ.

ȼ.ɉ. ɉɟɬɪɭɯɢɧ
ɉɪɟɞɫɟɞɚɬɟɥɶ Ɉɪɝɚɧɢɡɚɰɢɨɧɧɨɝɨ ɤɨɦɢɬɟɬɚ
ȼ.Ɇ. ɍɥɢɰɤɢɣ
ɋɨɩɪɟɞɫɟɞɚɬɟɥɶ Ɉɪɝɚɧɢɡɚɰɢɨɧɧɨɝɨ ɤɨɦɢɬɟɬɚ
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ɈɊȽȺɇɂɁȺɌɈɊɕ
Ɇɟɠɞɭɧɚɪɨɞɧɨɟ ɨɛɳɟɫɬɜɨ ɩɨ ɦɟɯɚɧɢɤɟ ɝɪɭɧɬɨɜ ɢ ɝɟɨɬɟɯɧɢɤɟ (ISSMGE) ɢ ɩɹɬɶ ɟɝɨ
ɬɟɯɧɢɱɟɫɤɢɯ ɤɨɦɢɬɟɬɨɜ:
• Ɍɟɯɧɢɱɟɫɤɢɣ ɤɨɦɢɬɟɬ ʋ18 “Ɏɭɧɞɚɦɟɧɬɵ ɝɥɭɛɨɤɨɝɨ ɡɚɥɨɠɟɧɢɹ”
• Ɍɟɯɧɢɱɟɫɤɢɣ ɤɨɦɢɬɟɬ ʋ 28 ”ɉɨɞɡɟɦɧɨɟ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɜ ɧɟɫɤɚɥɶɧɵɯ ɝɪɭɧɬɚɯ”
• Ɍɟɯɧɢɱɟɫɤɢɣ ɤɨɦɢɬɟɬ ʋ 32 “ɂɧɠɟɧɟɪɧɚɹ ɩɪɚɤɬɢɤɚ ɨɰɟɧɤɢ ɢ ɭɩɪɚɜɥɟɧɢɹ ɪɢɫɤɨɦ”
• Ɍɟɯɧɢɱɟɫɤɢɣ ɤɨɦɢɬɟɬ ʋ 38 “ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫɨɨɪɭɠɟɧɢɹ ɫ ɨɫɧɨɜɚɧɢɟɦ”
• Ɍɟɯɧɢɱɟɫɤɢɣ ɤɨɦɢɬɟɬ ʋ 41 “ Ƚɟɨɬɟɯɧɢɱɟɫɤɚɹ ɢɧɮɪɚɫɬɪɭɤɬɭɪɚ ɦɟɝɚɝɨɪɨɞɨɜ ɢ ɧɨɜɵɯ ɫɬɨɥɢɰ”
ɇɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ, ɩɪɨɟɤɬɧɨ-ɢɡɵɫɤɚɬɟɥɶɫɤɢɣ ɢ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ ɨɫɧɨɜɚɧɢɣ ɢ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ
ɢɦɟɧɢ ɇ.Ɇ. Ƚɟɪɫɟɜɚɧɨɜɚ (ɇɂɂɈɋɉ ɢɦ. ɇ.Ɇ. Ƚɟɪɫɟɜɚɧɨɜɚ), Ɇɨɫɤɜɚ.
ɇɉɈ “Ƚɟɨɪɟɤɨɧɫɬɪɭɤɰɢɹ-Ɏɭɧɞɚɦɟɧɬɩɪɨɟɤɬ”, ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ

ɈɊȽɄɈɆɂɌȿɌ ɄɈɇɎȿɊȿɇɐɂɂ
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ȼ.Ɇ. ɍɥɢɰɤɢɣ, ɋɨɩɪɟɞɫɟɞɚɬɟɥɶ Ɉɪɝɚɧɢɡɚɰɢɨɧɧɨɝɨ ɤɨɦɢɬɟɬɚ, ɩɪɨɮɟɫɫɨɪ, ɡɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ ɩɭɬɟɣ ɫɨɨɛɳɟɧɢɹ,
ɩɪɟɞɫɟɞɚɬɟɥɶ ɌɄ 38, Ɋɨɫɫɢɹ
ɂ.ȼ. Ʉɨɥɵɛɢɧ, ɡɚɦɟɫɬɢɬɟɥɶ ɞɢɪɟɤɬɨɪɚ ɇɂɂɈɋɉ ɢɦ. ɇ.Ɇ. Ƚɟɪɫɟɜɚɧɨɜɚ, Ɋɨɫɫɢɹ
Ⱥ.Ƚ. ɒɚɲɤɢɧ, ɝɟɧɟɪɚɥɶɧɵɣ ɞɢɪɟɤɬɨɪ ɇɉɈ «Ƚɟɨɪɟɤɨɧɫɬɪɭɤɰɢɹ-Ɏɭɧɞɚɦɟɧɬɩɪɨɟɤɬ»,
Ɋɨɫɫɢɹ.
Ɇ.Ȼ. Ʌɢɫɸɤ, ɡɚɦɟɫɬɢɬɟɥɶ ɞɢɪɟɤɬɨɪɚ ɇɉɈ «Ƚɟɨɪɟɤɨɧɫɬɪɭɤɰɢɹ-Ɏɭɧɞɚɦɟɧɬɩɪɨɟɤɬ»,
ɱɥɟɧ Ʉɨɦɢɫɫɢɢ ɩɨ ɢɧɧɨɜɚɰɢɹɦ ɢ ɪɚɡɜɢɬɢɸ ISSMGE, Ɋɨɫɫɢɹ
Ɇ.Ʌ. ɏɨɥɦɹɧɫɤɢɣ, ɜɟɞɭɳɢɣ ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ ɇɂɂɈɋɉ ɢɦ. ɇ.Ɇ. Ƚɟɪɫɟɜɚɧɨɜɚ,
Ɋɨɫɫɢɹ – ɭɱɟɧɵɣ ɫɟɤɪɟɬɚɪɶ ɤɨɧɮɟɪɟɧɰɢɢ
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Cyclic preloading of piles and box-shaped deep foundations
H. Brandl
Vienna University of Technology, Austria

ABSTRACT: Pre-loading and cyclic un- and re-loading of piles is a proven method to reduce total
and differential settlements of high-rise buildings and/or statically sensitive structures. It is performed
by using the piled raft or capping structure as counter weight. This is demonstrated for a Danube
bridge and the 202 m high Millennium Tower in Vienna. Another settlement-minimizing method are
box-shaped deep foundations which primarily consist of pile walls or diaphragm walls (but also of
deep-mixing walls or jet grouting walls). Such foundations have several advantages over conventional deep foundations due to the composite effect between walls and enclose soil.

1.

1.2. Strengthening of bridge foundation

PRELOADING AND LOAD CYCLING
OF PILES

One of Vienna’s main bridges, 30 years old, had
to be strengthened and widened as a result of
rapid traffic increase since the extension of the
European Union. Moreover, the construction of
a nearby hydropower plant required a lifting of
the bridge deck of up to 1.8 m. The 1022 m long
structure exhibits field lengths between 40 m
and 210 m. The statically sensitive superstructure comprises hollow box girders (one for each
traffic direction) which consist of steel in the
413 m long central part and of prestressed
reinforced concrete in the other parts of the
bridge. The bridge deck should be widened by
one lane in each direction, thus finally providing eight lanes to transport 230.000 cars per
day.
The old foundation consisted of large diameter bored piles (d = 1.8 m) which were embedded in tertiary sediments (sandy silt to clay),
overlain by a thin cover of quaternary sandy
gravel. It could no longer meet the increased
loads and the requirements of modern codes and
standards. Moreover, the statically indeterminate superstructure was very sensitive towards
differential settlements during the various
construction phases of bridge lifting and widening, which involved repeated changes of the
statical system.
Strengthening of the old foundation was
achieved by installing six additional piles on
each side of the bridge piers and then by com-

1.1. Introduction
From numerous full-scale tests it is known that
the bearing behaviour of individual piles on a
site usually differs clearly. This may cause
stress constraints within the structure, stressredistribution with local overloading, and
differential settlements. To avoid this and to
also reduce absolute settlement, a preloading
and load cycling technique was developed
which comprises all structural piles of a building without hindering construction work. The
piles are preloaded as single elements or in
groups by imposing a load which exceeds the
design load by at least 20%. Flat jacks have to
be placed on the upper end of the piles, and an
equipment for post-grouting should be installed
if the jacks remain within the structure. This
provides the final bond between piles and raft
after finishing the complete building.
The basic idea is not only to minimize the
total settlement of the pile foundation or of the
piled raft foundation but also to achieve uniform
load-movement behaviour of all piles. Experience has shown that this requires in most cases
hysteresis loops with at least two to three cycles
of (re-)loading - unloading. The aim is, to have
rather similar gradients along the statically
relevant section of the final load-settlement
curves under service conditions.
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Figure 1. View of a highway bridge which had to be lifted and strengthened.

Figure 2. Ground plan to Figure 1 with new piles which were cyclically loaded before bridge lifting.

bining them with a capping structure. Before
creating a statically compound system, the piles
were preloaded up to 120% of the working load
under service conditions of the widened bridge
deck and under maximum traffic. Figures 1, 2
show the view and the ground plan of one of the

bridge piers, illustrating the pattern of the new
piles which were required for strengthening the
old foundation. The cross sections are given in
Figures 3, 4, thus illustrating the preloading
equipment to impose load cycles on the piles
before connecting the entire system to a statical
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Figure 5. Detail to Figure 3.

Figure 3. Cross section A í A to Figure 1. Construction phase with hydraulic jacks for pile preloading
and load cycling.

Figure 6. Detail to Figures 3,5, but in the transversal
direction.

unit. Preloading was performed in steps on
twin-piles symmetrically to the bridge axis, and
it involved cyclic un- and reloading to achieve,
in the end, similar load - settlement curves
within the relevant range of service loads of all
piles of a pier. Figures 5, 6 give some details to
Figure 3 regarding the openings in the raft and
the reinforcement.

Figure 4. Cross section B í B to Figure 1.
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Figure 7 shows the load-settlement curves of
a 12 piles-group of one of the bridge piers. It
clearly demonstrates the great differences
during the first loading and the uniform curve
gradients after two or three hysteresis loops.
After the preloading and load cycling procedure
and after removing the jacks, the new piles,
their capping structure (31.4 x 8.3 m raft), and
the old structure were connected to one statical
unit. The changing loads during the bridge
lifting and widening could then be transferred
without relevant absolute and differential
settlements.

Figure 8. Partial cross section trough the main
structure of the 202 m high Millennium Tower in
Vienna. Adjacent structures not shown.

Figure 7. Hysteresis loops of the preloading and
cyclic loading procedure for 12 bored piles of one
bridge pier (see Figures 1, 2).

1.3. Preloading of the piled raft foundation of
the Millennium Tower
1.3.1 Project
The Millennium Tower in Vienna comprises a
202 m high main building (Figures 8, 9) surrounded by a structure of eight floors, three of
them below groundwater. The core of this
architectonically and structurally connected
assembly rests on a piled raft foundation
(area = 1600 m2), and the adjacent parts are
founded on a conventional raft. The excavation
of the 15 m deep construction pit within the
urban area required a 25 to 30 m deep slurry
trench wall which was tied back with

Figure 9. Millennium Tower during construction.
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prestressed anchors. It did not reach into the
clayey aquitard but was designed as an imperfect cut-off wall embedded in silty sand to
sandy silt. Therefore, 12 double-level wells
were needed within the cut-off to lower the
groundwater in the quaternary and tertiary
sediments.
The original design of the high-rise building
and its surrounding structure involved fairly
complicated re-levelling and adjustment equipment to allow a compensation of possible
differential settlements between the structural
units. This would have required long-term
monitoring and continuous adjusting. To avoid
this, an alternative was developed: Local soil
improvement by deep vibrocompaction and
preloading (overloading and load cycling) of all
piles. The main purpose of vibroflotation was to
homogenise and densify the near-surface
cohesionless subsoil and to increase the portion
of load directly transferred from the raft into the
ground. Furthermore, vibroflotation should
improve the subgrade reaction below the raft
and anticipate certain earthquake-induced
dynamic forces in the ground.

Figure 11. Penetration resistance of the quaternary
sandy gravel versus depth beneath the raft of the
Millennium Tower, and limit value (n10 = 20 blows)
as a criterion for the necessity of soil improvement
with vibroflotation.

consists of young fills (made ground) and finegrained river deposits underlain by quaternary
sandy-gravel which reaches 3 to 9 m below the
raft (6 – 8 m within the perimeter of the core
structure). Figures 10, 11 illustrate the heterogeneity of the quaternary sandy gravels as it
was found by heavy dynamic probing.
The lying tertiary sediments vary from uniform silty sands to silty clay, whereby silty sand
and sandy silt of zero to low plasticity predominate in the upper zone (Figure 12) and silt to
clay in the underlying strata. The odeometric
modulus of these layers varies between
Es1 = 8 to 43 MN/m2 for first loading and about
Es2 = 40 to 90 MN/m2 for reloading. Due to the
overconsolidation of the tertiary sediments, the
Es2 values represent the relevant data with
regard to the pre- and reloading procedure of
the foundation piles. The angle of internal
friction is ) = 20 to 28q, in exceptional cases up
to ) = 32°.

Figure 10. Iso-areas of penetration resistance for
heavy dynamic probing across the central site of the
Millennium Tower (39 x 40.5 m).

1.3.2 Ground properties
The soil characteristics were determined by
field and laboratory tests (soundings, borings).
The investigations disclosed that the overall
ground properties were similar, but exhibited a
relatively wide scatter in detail. The subsoil
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The groundwater level was originally close
to the ground surface, corresponding with the
water level of the nearby river Danube. After
cut-off wall installation, it now lies 6 m below
surface.

Figure 12. Range of grain size distribution of the
tertiary sediments along the piled zone.

Figure 14. Detail to Figure 13. Pile preloading and
load cycling system.

Figure 13. Scheme of the piled raft foundation of the
Millennium Tower with local vibroflotation to gain a
quasi-composite body, and flat jacks on top of the
piles for subsequent preloading and load cycling.

Figure 15. Detail to Figures 13, 14: Flat jack that is
installed on top of each pile.

1.3.3 Local soil improvement; pile installation,
preloading, and loading cycling

Vibroflotation was performed on a working
level 1.2 m above the pile heads (Figure 13).
The mean spacing of the vibroflotation points
was 2.5 x 2.5 m. After homogenising the nearsurface ground, the piles were installed from a
working level which was protected by 0.2 m
sub-concrete (reinforced with wire mesh).
Experience from several sites has disclosed that

The 202 m high core structure of the Millennium Tower was founded on 151 continuous
flight auger piles (d = 0.88m) of 13 to 16 m
length. Before piling, the hetergeneous sandy
gravel was locally improved by vibroflotation if
the penetration resistance of heavy dynamic
probing was less than n10 = 20 (Figure 11).
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such a surface protection improves the loadbearing behaviour of pile groups: On several
sites an increase of 10 to 20% in bearing capacity could be measured under comparative
conditions.

Figure 16. Detail to Figures 13, 14: Sub-concrete for
the raft is cast. Sleeve-coverpipes to enable postgrouting of the pile heads are being installed.

Figure 17. . Load settlement curves for two relevant
piles of the Vienna Millennium Tower, illustrating
the locally different pile behaviour. Preloading and
load cycling procedure until uniform gradients of the
final reloading curves are achieved. Qw,calc = calculated working load (under service conditions).

The 2.2 m thick raft of the high-rise core
structure was constructed without joints. The
steel reinforcement was 185 kg/m³ and the
concrete quality C30/40. The jointless raft
required a casting of 3520 m3 concrete without
interruption within 15 hours.
Preloading of the piles started about three
months after their installation, when the second
sub-floor of the building was already under
construction. Until then no relevant load transfer into the piles had occurred: the loads were
running from the raft directly into the ground.
This could be achieved by an open space
between pile head and raft, into which flat jacks
were placed (Figures 14 to 16).
Preloading of the piles required flat jacks of
600 tons capacity and 50 mm vertical lift range;
their diameter corresponded to the pile diameter
minus concrete cover and reinforcement, hence
700 mm. Each of the 151 piles was preloaded,
either as single element or in groups with
maximal 10 piles. The space between the piles
which underwent simultaneous loading was 7.5
m to 10 m in order to prevent mutual influencing. This procedure did not hinder any on-going
construction work, and it did not require additional counterweight besides the dead load of
the raft. In total, it was performed within 15
working days, i.e. within only three weeks.
About three weeks after preloading, the hydraulic oil in most of the flat jacks was replaced by
high pressure cement injection. This provided a
stiff connection between raft and piles. Eleven

Figure 18. Similar to 17, but two other piles with
different length and Qw,calc.

pile heads have been left as measuring piles to
collect as much data as possible under the total
load of the building.
Preloading of the piles involved a first loading up to 1.2 QW,calc, whereby QW,calc is the
calculated working load under service conditions of the building (design load). This temporary over-loading was followed by unloading reloading cycles until the gradients of the
reloading curves were practically equal. Figures
17, 18 show this for four piles, each with a
rather different load-settlement behaviour
during first loading. The conventional foundation technique without any preloading would
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Figure 19. Histograms for pile head settlements of 151 piles of the Tower under first loading.

have caused strong constraints within the piled
raft under building loads, because the pile
characteristics differed so much. This could
now be eliminated by means of preloading and
load cycling.
Preloading of each pile disclosed very
clearly that there is a relatively great difference
in the load-settlement behaviour of the individual piles on the same site, despite rather similar
ground conditions, the same type and dimension
of piles, and the same rig and crew. There are
no identical piles, and the scattering of their
deformation behaviour increases with load, as
illustrated in Figures 19a (Q = 0.8 QW,calc), 19b
(Q = 1.0 QW,calc) and 19c (Q = 1.2 QW,calc).
Figure 20 shows that the scatter of pile loadsettlement behaviour increases over-proportionally with load. A semi-normalized diagram
provides a straight line (Figure 21) which could
be also found on other construction sites. The
gradient of the line depends on the dimensions,
system and installation of the piles, and on the
ground parameters. Most reliable values can be

gained for pile loads exceeding 50 % of the total
working load.
The scheme of Figures 20,21 can be used to
optimize pile design for conventional pile
groups or piled rafts respectively, considering
parametric studies and most plausible assumptions for pile behaviour scatter and global
performance of the foundations. Thus, stress
constraints in the structure can also be assessed.
Standard deviation sx of pile
load displacement [mm]

6

General model:
f(x) = p1*x^2 + p2*x + p3
Coefficients (with 95% confidence bounds):
p1 = 3.581 (3.159, 4.003)
p2 = 0.1045 (-0.4139, 0.623)
p3 = 0.0017 (-0.1383, 0.1417)
Goodness of fit:
SSE: 0.002174
R-square: 0.9999
Adjusted R-square: 0.9998
RMSE: 0.03297
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y = 3.581x + 0.1045x + 0.0017
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Figure 20. Standard deviation sx of pile head displacement (in mm) versus percentage of calculated
working load Qw,calc for 151 piles.
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1.3.4 Comparison of single pile and pile group;
pile-raft interaction
One of the central piles was adapted as measuring pile with strain gauges, pressure cells, and a
multiple extensometer. The data gained from
vibrating wire technology were recorded in 1’intervals during the preloading and load cycling
procedure and in 1h-intervals during the entire
construction period of the high-rise building.
Despite the rough site conditions the entire
measuring equipment still works and no cell has
failed until now.
The measurements disclosed that a cyclic
precompression of the soil beneath a pile base
significantly increases its bearing capacity.
Figure 24 illustrates the great difference between the behaviour of the central measuring
pile as a single element (during preloading) on
the one hand and as group element (under
building loads) on the other hand.
The distribution of the skin friction (i.e.
shear resistance) along the pile is given in
Figures 25, 26. The measurements along three
sections show different results for the pile
acting as single element (during preloading and
load cycling) and for the same pile under
building conditions (group effect). Furthermore,
they illustrate the strong effect of vibrofloatation which resulted in the creation of a composite body in the upper zone of the ground. The
quasi-monolithic behaviour of the top 5.5 m
under building conditions (i.e. pile group
behaviour) involves practically no relevant
differential movement between piles and soil,
hence hardly any skin friction. Simultaneously,

Figure 21. Similar to Figure 20 but sx normalized by
percentage of Qw,calc.

Figure 22 shows the load-settlement curves
of eight closely situated piles under first loading, and Figure 23 gives the corresponding
curves after preloading and load cycling. The
final load-settlement curves which are relevant
for the pile behaviour under building loads
exhibit a fairly similar inclination within the
statically relevant load ranges.

Figure 22. Load-settlement curves of eight adjacent
piles under first loading (= preloading).

Figure 24. Load-settlement curves of the central
measuring pile: Behaviour as single element during
preloading (prognosis and measurement) and as
group element under structural load (measurement).

Figure 23. Load-settlement curves of the same piles
as in Figure 22, but at the end of load cycling.
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load has no influence on this basic behaviour.
Furthermore, the thickness of the “quasimonolith” remains constant. Only the gradient
of the curves decreases with increasing loads.
This means that skin friction below the quasimonolithic body increases with load.
Figure 27 illustrates exemplarily how the
pile loads changed during the construction
period of the Tower and during the subsequent
construction of an adjacent building (annex). A
reliable interpretation is only possible if observing the settlements and groundwater level as
well. The measurements confirmed the selfregulating behaviour of the interacting members
of a piled raft foundation.
During the initial construction stage the external loads were nearly fully transferred from
the raft into the subsoil. But the load transfer
mechanism changed significantly after the
spaces between flat jacks and raft were injected
step by step. This measure activated increasingly the piles which during the quick construction of the high-rise structure finally reached a
maximum of about 75% (edge piles) to 95%
(central piles) of the total design load depending
on pile location and local load transfer from the
high-rise structure. With ongoing settlement, the
load portion directly running from the raft into
the subsoil increased, thus causing a gradual
decrease in the pile load portion. The percentage of the load taken by the raft increased from
originally 10 – 20% to about 25 – 35% of the
specific total load.

Figure 25. Normal pile force (Q) versus depth of the
central measuring pile at different construction stages
(0.5 and 0.8 Qw,calc). At first, single pile behaviour
during preloading, then group behaviour under
construction conditions. Dotted line indicates the
base of a widely “quasi-monolithic” body beneath the
pile raft.

load is transferred more directly from the raft
into the ground, and the deeper zones of the
piles are more intensively mobilised for load
transfer than in the case of the single pile state.
Figure 25 shows the decrease of normal
force, Q, in the pile with depth, measured for a
pile load of 0.5 QW,calc and 0.8 QW,calc. The
curves clearly disclose that the load transfer
from the pile into the ground (by skin friction)
occurs in greater depth under group condition.
The load transfer from raft to ground occurs
mainly in the topmost 5 to 6 m where negative
skin friction (from the raft) and positive skin
friction (shear resistance) widely compensate
each other (Figure 26). Pile-raft interaction
grows with load, whereby the soil improvement
due to vibroflotation increases the direct load
transfer via raft into the ground. Thus, the top
zone finally acts like a “quasi-monolith”. The
composite-like foundation system (raft + piles +
improved ground) behaves as if its base were
about 5.5 m below the raft. This can also be
deduced from the gradients of the tangents of
the curves in Figure 25: they are practically
equal for the single pile state below raft base on
the one hand and the group pile state 5.5 m
below the raft base on the other hand. The pile

Figure 26. Load transfer from the piled raft foundation into the ground. Schematic.
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Figure 27. Influence of groundwater lowering and re-rising on the settlement of the Tower edge and on a pile
opposite to the annex.

1.3.5 Settlements

very flexible, undergoing trough-shaped settlement.
The total settlements were reached in the
year 2002 (38 mm), and they correspond fully
with the prognosis. They can be widely considered an elastic re-deformation of the ground
after heaving during deep pit excavation. The

The construction pits for the high-rise core and
the lower structures were excavated simultaneously as one unit to a depth of 15 m below
surface. The excavation of 180,000 m³ of soil
caused a heave which reached about 40 m
below the pit base: During excavation between
6 m to 15 m depth, ground heaving up to 30 mm
was measured by geodetic levelling survey and
60 m deep multiple extensometers (Figure 28).
From the recorded time-heave curve, an additional heave of nearly 10 mm could be deduced
for the initial construction phase before measurements started, thus resulting in about 40 mm
total heave. After casting the raft, the loads of
the high-rise building were transferred very
quickly into the ground: Because of the short
construction period, two floors had to be erected
weekly. A building height of 170 m was already
reached after 7 months. Therefore, the fresh
concrete of the 2.2 m thick piled raft behaved

Figure 28. Ground heave due to the excavation of the
15 m deep construction pit.
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maximum differential settlement between the
centre of the high-rise core structure and the
edges of the building is 's d 23 mm, and it
occurred early, i.e. during the very flexible and
statically non-critical phase of construction.
Therefore, no compensation levelling was
necessary during the construction of the highrise structure, and the joints along the contact
areas between core tower and the adjacent 8floor structures have remained fully watertight.
Furthermore, the convex settlement curve
compensated the concave deformation curve of
the structural members within the high-rise
structure above ground. The latter occurred
because the compressive strains in the outer
zone of the core were greater than those in the
inner part. Consequently, the floors now exhibit
horizontal slabs.
Figure 29 shows the settlement curves along
the cross section of the building, derived from
20 measuring points between centre point and
edge. It should be noted that there was exclusively a raft-soil contact at the beginning before
the piles were gradually activated by injecting
the open space on their top. Figure 29 also
indicates that the pile resistance was not mobilised from the beginning of load transfer. At
first, a direct load transfer from the raft into the
ground occurred, and the portion of pile load
transfer was negligible. The piles were increasingly activated then by injecting, in steps, the
spacing between pile head, flat jack, and raft.
The settlement trough developed due to the
deep-seated overall ground deformation beneath
the pile toes and not because of differential pile
behaviour.
The time-settlement behaviour is illustrated
in Figure 30, showing mean values of geodetic

levelling and extensometer readings below the
core structure. The influence of groundwater
lowering and raising within the cut-off walls of
the excavation pit is also visible. The timesettlement curve exhibits an increasing flattening since the dead load of the building has been
reached. This is typical for deep foundations in
overconsolidated fine soils (Figure 12) where
the settlements occur more quickly than in
normally consolidated soil. Moreover the
relevant subsoil zone contributing to settlements
reaches not as deep as in the case of normally
consolidated soil.
The building was opened at the end of April
1999, and no measures to compensate differential settlements have been required since,
though the subsequent construction of an
adjacent building caused an additional settlement of up to 5 mm (Figure 27). Moreover, no
joint between the high-rise core and lower
structure opened in the basement which remained watertight. Usually proper serviceability
is in such cases much more sensitive than
structural stability.

Figure 30. Partial time-settlement curves for typical
measuring points of the Millennium Tower.

Figure 29. Settlement curves during
construction of the Millennium Tower
in Vienna. Gradual mobilization of pile
resistance by injecting the spacing
between pile heads, flat jacks, and raft.
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2.

BOX-SHAPED DEEP FOUNDATIONS

2.1. Introduction
Box-shaped foundations have proved suitable for high-rise buildings, for bridges, silos,
power stations etc. Special applications are
foundations in creeping slopes (Fig. 31),
strengthening of old foundations (e.g. river
bridges against scouring, buildings in seismic
zones (Fig. 32)). In principle all forms of
ground plans are possible (Fig. 33).
Box-shaped foundations act as a compound
body consisting of piles (or diaphragm walls,
deep-mixing walls or jet grouting walls) and the
enclosed soil. This quasi-monolith can transfer

Figure 33. Box-shaped pile foundation for a river
bridge pier (scheme proven also for silos).

high vertical and horizontal forces. Walls and
capping raft form a box, which acts physically
like a “pot” turned upside down. Consequently,
the settlements are smaller than for conventional pile groups, and the earthquake resistance
is significantly higher. Pile boxes (of bored or
auger piles) represent a special form of piled
raft foundations utilising the enclosed soil core
as an integrated load transfer member. This is
also the case, if diaphragm walls instead of pile
walls are installed (Fig. 34).
Intermittent pile walls with jet grouting columns between the piles are sometimes a costeffective (and environmentally friendly) alternative to secant pile walls (Fig. 35). Thus, closed
walls with a full shear bond can be obtained
without excavating material for not reinforced
(primary) piles; furthermore each pile can be
reinforced. A certain disadvantage is the

Figure 31. Box-shaped pile foundation for a bridge
pier in unstable slope. Uphill pile wall tied back with
prestressed anchors as additional safety measure.

Figure 34. Box-shaped foundations on slurry-trench
walls (diaphragm walls) for a river bridge pier.

Figure 32. High earthquake resistance of box-shaped
deep foundations. The confinement of the ground
enclose by pile walls or diaphragm walls reduces the
soil deformation below buildings significantly.

Figure 35. Scheme of combined wall system for deep
box foundations: Reinforced bored (or auger) piles
and jet grouting columns in between.
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requirement of an additional site equipment.
The optimum clear pile spacing lies typically
between 0.2 to 0.5 m depending on the soil
properties, required lengths of piles and jet
grouting columns, on the jet grouting technique
and on static requirements.
2.2. Model tests
Comprehensive model tests were performed to
investigate parameters influencing the bearingsettlement behaviour of box-shaped pile foundations. The research program comprised 70 tests
including the following test series (Hofmann
2001, Brandl 2001, Brandl & Hofmann 2002):
 Pile boxes with inner piles (according to
general design practice);
 Pile boxes without inner piles;
 Pile boxes without soil infill (simulating
zero-stiffness of the enclosed soil);
 Pile boxes filled with “concrete” (simulating
a monolithic block);
 Conventional pile groups (axial spacing
a t 2d);
 Close contact or free gap between raft and
soil beneath;
 Single piles.

Figure 36. Two examples of box-foundations used
for the standard model tests (scale 1:50). Equivalent
diameter D for a circular box-foundation for box S.

Tests with conventional pile groups and single piles were conducted to compare the loadsettlement behaviour of the different pile
patterns. Furthermore, pile diameter (d), pile
length (l) and density of soil (J) were varied to
check their influence. The “standard” test series
were performed with uniform quartzitic sand:
d50 = 0.75 mm, dmax = 2 mm, Cu = 3. Figure 36
shows two standard types of investigated boxfoundations. The pile pattern was similar to the
design of foundation alternatives for a long river
bridge.
During the tests the load-settlement curves
until failure, the settlement troughs and the pile
forces in five or six measuring levels were
registered.
Figures 37 and 38 show some test results in
normalized diagrams. The data are given dimensionless to enable a direct comparison with
results gained for conventional pile groups or
from in situ measurements on construction sites.
Moreover, dimensionless diagrams can be
applied more easily to larger scales.
The diagrams demonstrate the effect of pile
arrangement and intensity of bond within the
pile box. The installation of inner piles reduces
the settlement, which can be expressed by a

Figure 37. Dimensionless load-settlement curves for
the pile box S. Pile length l = 40 cm. s = settlement,
Q = total load on the foundation, d = pile diameter,
A = foundation area (cross sectional area within
circumference of pile box), J = density of soil.

Figure 38. Similar to Fig. 37, but pile box L.

cell-factor Dc d 1.0 (see Fig. 43). A comparison
of these two figures shows that the Q/(AdJ)
ratio – hence the geotechnical “efficiency” of
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Figure 39. Influence of stiffness of enclosed soil or
bond effect between piles and enclosed soil of the
box-foundation S; pile length l = 40 cm.

Figure 40. Box-factor N of deep box-foundations
versus ratio A/U/d, where A = area of pile box, U =
circumference of pile box, d = pile diameter. Derived
from model tests.

small boxes is relatively greater, whereby, of
course, large box-foundations as a whole can
take higher total loads due to their larger area
and pile number. Figure 39 illustrates the
composite effect: The hatched zone between
pile box without infill and full monolith depends on the bond factor.
The influence of the ratio of box area A to
box circumference U increases with the limit
pile load. This ratio corresponds to the “hydraulic radius” R = A/U. Hence, boxes with a small
hydraulic radius (i.e. long-stretched) can transfer higher loads than those with a square or
circular shape. This coincides well with the
theory, because square or circular foundations
cause a higher stress concentration in the
ground.
The portion of external load directly taken
by the soil core increases with increasing
hydraulic radius of the pile box, assuming a
similar pile arrangement. From the model tests,
a “box-factor” N could be deduced:

Qsoil

N Qtotal ,

hence Q pile

(1  N ) Qtotal ,

whereby 0 d N d 0.4 ,

to design piles with a box-factor that then is
kept constant (for safety reasons). When approaching failure load the forces concentrate in
the piles, because the ratio of stiffness of piles
to plastified soil increases. But due to a selfregulating behaviour box-foundations do not
have a clear ultimate load. Figure 40 demonstrates the great influence of the cell size(s) on
the load transfer via the soil core(s). The portion
of external load directly taken by the enclosed
soil of the box-foundation increases with the
“hydraulic radius” A/U or A/U/d. A cohesion of
the soil has no significant effect on the ratio
Qsoil/Qtotal, but it influences the load transfer
mechanism of the piles, hence the percentage of
skin friction force and base resistance force.
Figure 40 represents only one among various correlations because the box-factor depends
on a series of parameters:
 Ratio A/U/d;
 Slenderness of the box-foundation, l/D;
 Ratio of stiffness of concrete members
(Econcrete) to soil (Esoil);
 Multi-cellular pattern of the box foundation;
 Ratio of service load to limit or rupture load;
 Settlement.

(1)
(2)
(3)

The portion of external load directly transferred from the raft into the soil (Qsoil/Qtotal)
decreases with pile length l and box slenderness
l/D respectively. The main reduction occurs
between l/D = 0 (i.e. flat foundation where the
raft takes 100 % of Qtotal) and l/D = 0.5 to 0.75
where the raft usually takes about 60 to 30% of
Qtotal.
The transfer of vertical loads by a boxshaped pile foundation concentrates rather on

The box-factor increases with the stiffness
of the soil core. Usually it lies below N d 0.4. A
higher value can be obtained if the soil core is
improved by jet grouting or deep mixing.
Figure 40 shows the box-factor for limit
loads, which characterise a beginning steepening of the load-settlement curve. The N-lines
should not be extrapolated linearly to values
higher than A/U/d = 2. It is rather recommended
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Figure 41. Base pressure of the piles versus settlement of the pile box S (Fig. 36). Pile length l = 50cm.

the inner piles than on the outer ones. This
effect increases with increasing total load (e.g.
Fig. 41) and is caused by a silo pressure within
the cells (Brandl 2001).
The base pressure of the piles increases with
the size of the soil cells because larger cells
facilitate higher silo pressures. In the upper
zone of the box, the ring walls are subjected to a
lateral earth pressure difference that is directed
outward. With increasing depth, the horizontal
silo pressure is widely compensated by the earth
pressure at rest acting on the outer face of the
box-foundation. Therefore, adjacent piles
should exhibit sufficient bond along their
connecting line (mainly in the upper zone), i.e.
secant piles are advantageous over tangent piles.
In the case of contiguous or even intermittent
pile walls, a load transferring closure can be
obtained by jet grouting between the spandrels.
The effectiveness of piles forming cross
walls in a deep box-foundation can be quantified by dividing the settlement reduction by the
increase of the proportional pile number when
adding inner piles to form a multi-cellular
pattern. The model tests exhibited that piles
forming cross walls in long-stretched boxes
have a larger effect than those in square-shaped
or circular cells.

Figure 42. Design charts for deep box-foundations.
Settlement curves for a cylindrical box foundation
under a unit load of Q = 1 kN. Slenderness l/D of the
foundation as parameter, whereby l = depth of pile or
diaphragm wall foundation. Unit modulus of soil
Es = 20 MN/m², d = wall thickness. For noncylindrical foundations: D = equivalent diameter.

cant percentage of the forces from the structure
above by transferring it directly into the ground.
Comprehensive model tests and in-situ measurements have shown that the settlement of such
box-foundations is smaller than it would be in
the case of conventional groups of piles or
diaphragm wall panels. Avoiding the lateral
deformation of the soil core and minimizing its
shear deformation leads to a significant reduction of settlements, because the foundation
system acts like a pot turned upside down. For
the design and calculation of such deep boxfoundations, several hypotheses have proved
suitable:





2.3. Theory and calculation
2.3.1 General

Half-space hypothesis
Limit case hypotheses
Subgrade reaction models
Numerical models.

2.3.2 Elastic-isotropic half-space hypothesis

In conventional design practice, the bearing
capacity of the capping raft of deep foundations
is usually neglected. But box-shaped deep
foundations behave as a compound body: the
enclosed soil cannot move laterally and takes
part in bearing external loads. Consequently, the
capping raft can be designed to take a signifyc-

Figure 42 shows a design chart for the determination of the unit-settlement of a cylindrical box-foundation depending on its diameter
and slenderness. It is based on the half-space
hypothesis (Brandl 1987, 2001). Originally, the
integration of Mindlin’s equations was per-
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formed for a circular diameter referring to the
axis of the circumference wall (Hazivar, 1979).
Therefore, if the box has a rectangular or
polygonal shape, an equivalent diameter must
be chosen (see also Figure 57). The theoretical
diameter should be somewhat smaller than the
outline of the cell (e.g. minus d/2), depending
on the pile spacing (intermittent, contiguous or
secant). This is an allowable approximation that
has proven suitable in practice, especially for
commonly designed and utilised rectangular
box-foundations. In the case of a rectangular
foundation box, the transformation into an
equivalent diameter means a theoretically
stronger stress concentration – especially in the
case of long-stretched boxes (e.g. Figure 36,
Box S). This effect justifies an equivalent
diameter somewhat larger than the axial wall
spacing and fits better to that area where friction
forces are transferred in reality.
Single elements within the enclosed soil
core reduce the settlement, but not significantly.
Transverse walls have a greater effect. Another
purpose of such additional inner elements is to
stiffen the foundation-box and to gain a statically optimal support for the capping raft.
Furthermore, the bearing capacity for horizontal
loads and moments increases, and the earthquake resistance is improved significantly.
The settlement assessment curves of Figures
42 and 57 were developed for cylindrical boxfoundations without stiffening elements inside.
But comprehensive model tests on box-shaped
pile foundations with and without inner piles
disclosed that the installation of inner walls
increases the bearing capacity and reduces the
settlement. From model tests and in situ measurements on numerous sites a cell-factor Dc
could be deduced, which describes the effect of
a multi-cellular shape of the box-foundation
(Figure 43). It was determined for service loads
corresponding to about 50% of the limit loads.
Commonly it varies between

0.5 d D c d 1.0 ,

Figure 43. Cell-factor Dc of (multi-cellular) deep boxfoundations versus the ratio A/U/d. Number of
cells, n, of the box-foundation as parameter.

foundation, on the pile diameter d (or wall
thickness d), and on the number of cells within
the box. The relatively greatest settlementreducing and stiffening effect is gained with two
or three cells. Usually, large foundations should
exhibit at least three cells. The theoretical
minimum of Dc is obtained if the entire box is
filled with concrete elements (or jet grouting
columns or deep mixing columns). But this is
uneconomical. A cost-effective compromise,
however, could be a local soil core improvement by (jet) grouting. Nevertheless, experience
has shown that the cell-factor used for practical
settlement assessment should not be assumed
smaller than Dc = 0.5.
From Figures 42 and 43 the settlement s of a
box-shaped deep foundation with an equivalent
diameter D can be calculated as follows:

s

c
§ Qtot
© Q1

D c ¨¨

· § E s ,1 ·
¸¸ 'z c ,
¸¸ ¨¨
¹ © Es ¹

(5)

Dc = cell factor of the deep box-foundation
(from Figure 43)
c [kN] = settlement-effective total load on
Qtot
top of the pile group (or diaphragm wall group)
Q1 = unit load, i.e. Q1 = 1 kN

(4)

The maximum value occurs if no inner piles
are installed, the minimum refers to a multicellular pattern with relatively small cells. In the
latter case the pile (or diaphragm wall) foundation behaves increasingly like an idealized
quasi-monolithic block foundation with a deeplying foundation base.
Figure 43 illustrates that the cell-factor depends on the “hydraulic radius” A/U of the box-

Es [kN/m²] = modulus of soil (mean value)
Es ,1 = unit modulus, i.e. = 20 MN/m²
'zc = unit settlement from Figure 42
Equation (5) is primarily valid for a wall
thickness of about d = 1m, but may be used for
d = 0.8 to 1.5m with sufficient accuracy. (In the
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case of diaphragm walls even for d = 0.6 m). It
is – strictly speaking – based on a Poisson’s
ratio of Q = 0.3 and on a modulus ratio of
structural members to soil of about 103. But
values of 0.2Qd0.5 have no relevant influence on the result. Furthermore, a variation of
the ratio Epile : Esoil between 5.102 to 5.103 is
allowable if the soil modulus is properly chosen. Hence equation (5) and Figure 42 have
proved suitable for a wide range of different
soils. Only for very soft clays too large settlements are calculated, and for very stiff overconsolidated clays the cell-factor should be neglected (hence approximately Dc = 1 also for
multi-cellular boxes). Furthermore, this formula
is usually limited to soils with a modulus of
about Es d 100 MN/m2.
2.3.3 Limit case hypotheses
Limit case hypotheses and analyses refer to
theoretically idealized limit assumptions (upper
and lower bound approaches) and are not
necessarily identical with limit load analyses or
ultimate load conditions of deep foundations.
For assessing the bearing capacity of boxshaped foundations, two methods have proved
successful in design practice:

Figure 44. Scheme of load transfer in a box-shaped
deep foundation with inner pile- or diaphragm walls.

 Calculating the bearing capacity of the
single pile or single diaphragm element
(Figs. 44, 45)  safety factor F1.
 Calculating the bearing capacity and settlement of the box-foundation as a quasi-block
according to the monolith theory (Fig. 46)
 safety factor F2.

Contrary to the monolith-theory, skin friction
may be taken into consideration along the
outside and inside face of the foundation-box,
but not between the single elements.
The other limit case hypothesis is an idealised “monolith-theory”. According to Fig. 46, a
full bond effect between deep foundation
elements and the closed soil is assumed. This
compound body comprises the outer circumference of the foundation if secant piles or diaphragm walls are installed. In the case of
contiguous piles, the theoretical area should be
reduced by at least half a pile diameter. For the
quasi-monolith, only skin friction along the
outside surface of the foundation box may be
taken into account.
The monolith-theory provides minimum pile
or diaphragm wall loads. However, a full
composite effect occurs only theoretically but
hardly in practice. Therefore, relatively high
safety factors are required: about F2 t 3.0 if
conventional calculation methods for evaluating
the base failure of equivalent “shallow” foundations are used. Short-term traffic loads do not
reach the toe of the deep box-foundations but

Evaluating the bearing capacity of single
elements provides only fictitious limit case
values because the bond effect between concrete elements and enclosed soil core is neglected. Thus, maximum pile or diaphragm wall
loads are calculated. But actually, single elements cannot fail because of the composite
effect and the rigid (reinforced) connection of
the piles or diaphragm panels with the capping
raft. Moreover, deep box-foundations exhibit a
self-regulating bearing behaviour, especially if
the boxes are stiffened with inner walls: in the
case of a local overloading of the soil around a
pile, stress redistribution is possible. Therefore,
very low safety factors are sufficient for this
theoretical model: usually F1 t 1.15. For short
construction stages or catastrophic conditions
even values of F1 = 1.05 have been allowed.
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Figure 46. Box-shaped foundation (consisting of
bored piles or diaphragm walls and the enclosed soil
core) loaded by vertical and horizontal forces and
moments: Idealised model “quasi – monolith” of the
limit case hypothesis for determining the safety
factor F2 against ground failure and evaluating the
settlements.
Figure 45. Subgrade reaction model for a strengthened foundation of the central river pier of an old
Vienna Danube bridge showing soil responses to
superimposed loads. Box-shaped new pile foundation
consisting of secant piles and soil improvement in the
upper part. Hatching on the diagram (below) indicates the difference between actual settlement and
idealised model in the case of load increase.

industrial buildings and high-rise buildings. The
ground plan of the box-foundations was rectangular, circular, elliptical or polygonal and
mostly stiffened by transversal and/or longitudinal wall elements. Sometimes single piles or
diaphragm wall panels were additionally installed within the cells (for static reasons; to
compensate installation failures, etc.). The
ground conditions varied from very soft clay to
stiff overconsolidated clay, from loose to dense
sands, gravel, heterogeneous colluvium, from
weathered slope deposits to decomposed rock.
The wall systems and the way of installation
were also different. Both have an influence on
the load-settlement behaviour of the box-shaped
foundations. Diaphragm walls, for instance,
provide a better transfer of shear forces between
the concrete panels than contiguous pile walls,
but on the other hand have frequently a smaller
skin friction.
The in-situ measurements confirmed that the
percentage of load taken either by the capping
raft or by the piles (or diaphragm walls) depends on various parameters, such as:

are more or less directly transferred into the
upper soil zone, unless the box has an exclusively end-bearing character.
For settlement analyses, the monolith-theory
has proved practicable and sufficiently accurate
in engineering practice by assuming the base of
the box-foundation as the fictitious surface of
the half space. The theoretical contact pressure
includes the reduction of the total load Q by the
skin friction Qs.
2.4. Case histories
2.4.1 General
Numerous data from in-situ measurements
have been collected over a period of about 35
years. They comprise stress and deformation/settlement measurements of box-shaped
deep foundations of bridges, hydropower plants,

 Cross section (incl. pile pattern etc.) and
slenderness of the foundation-box;
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 Ratio of stiffness of concrete elements and
soil;
 Magnitude and distribution of external loads
(V,H,M);
 Ratio of service load to ultimate (failure)
load;
 Ground properties;
 Vertical and horizontal soil displacement;
 Magnitude and distribution of the contact
stress between raft and soil;
 Foundation depth;
 Depth of excavation (construction pit);
 Installation factors.

cuted in the year 1971. Nowadays the inner
piles would be rather installed in a secant form
to increase the stiffness of the box.
For the bridge design, the (differential) settlements were assessed rather cautiously,
because this was one of the first box foundations. The measured value of s = 55 mm for the
central bridge pier lies clearly below the prognosticated maximum of s = 100 mm, but coincides very well with the result derived from
Figure 42 and Equation (5):
 ground area of the box-foundation,
A = 155.6m²
 circumference of box-foundation,
U = 50.7m
 equivalent diameter of a cylindrical foundation, D = 14m
 pile length, l = 11m
 pile diameter, d = 0.88m
 slenderness of the foundation box,
1 : D = 0.8
 total load (life load reduced),
Q’tot = 55000 kN
 modulus of subsoil (mean value),
Es = 8 MN/m²

2.4.2 Highway bridge
Consequently, the results of in-situ measurements scatter relatively widely, including
several changes also during the construction
period. In the following, a case history is
selected which represents rather weak soil
conditions.
The piers of a highway bridge had to be
founded in deep-reaching young river sediments: Sandy gravel of about 4 m thickness,
underlain by weak silts (sandy to clayey); the
natural water content varied between the plastic
and liquid limit, the dry density was
Ud = 1,6 - 1,7 t/m³. Figure 47 shows the pile
arrangement, thus forming a box-shaped foundation. The enveloping piles are secant, therefore only every second one is reinforced. The
interior piles are throughout reinforced and
improve the load transfer from the bridge pier to
the deep foundation. The construction was exe-

From Figure 43 a cell factor of Dc = 0.5 is
derived (for 6 cells) and provides a unit settlement of 'z’ = 0.810-3 mm. This leads to a total
settlement of

s

s

§ 55000 · § 20 ·
3
0.5 ¨
¸ ¨ ¸ 0.8  10 
1
8
¹© ¹
©
55 mm ,

(6)

Figure 47. Ground plan of a box-shaped
foundation for a highway bridge in silty
river sediments. Bored piles, diameter
d = 0.9 m. Single piles (hatched) only
additional to overcome construction
difficulties and local inhomogenities in
the subsoil. Black piles: reinforced;
white piles: not reinforced.
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2.4.3 Hydro-power plants

s = 55 mm. Because of the rigid box-shaped
foundation and structure, the differential settlements are practically negligible.
Though the large scale foundation of this
power station cannot be compared with a
cellular box-foundation of bridge piers or high
rise buildings, the diagram of Figure 42 provided even for this case an appropriate settlement assessment:

Figure 48 shows the ground plan of a hydropower plant in the South of Austria. It comprises an operation hall, two pier-power houses
and three weirs. The equipment consists of
Kaplan turbines with vertical shafts, the machinery being extremely sensitive towards
differential settlements.
The entire power station is situated in a
flood plain. The subsoil consists of river deposits (sandy gravel of medium density), which are
underlain by soft fine-graded sediments.
Though silty clays pre-dominate, sandy silts or
uniform sands are locally embedded too. Accordingly, the soil characteristics scatter widely:





 Cross sectional area (ground area) of the of
the effective box-foundation, A = 3000m²
 equivalent diameter of a cylindrical foundation, D = 61m
 depth of diaphragm walls (mean value),
l = 16m
 slenderness of the foundation box,
1 : D = 0,3
 settlement-effective load (reduced by excavation masses), Qtot = 270000kN
 modulus of the subsoil (mean value beneath
the diaphragm wall bases), Es = 15 MN/m²

natural water content wn = 15 - 50%
dry density Ud = 1,3 - 1,7 t/m³
liquit limit wl = 20 - 60%
plasticity index Ip = 0 - 30%

The stiffness of the weak clays and silt increases with depth: Moduli of Es = 4 10 MN/m² near the surface of the sediments
and Es = 10 – 20 MN/m² in a depth of 30 – 40
m. Standard penetration tests showed values of
N30 = 1 to 10 in 4 to 36 m depth below the
original ground.
Though the base of the power station lies
clearly beneath the original surface (i.e. in the
soft sediments), and the additional load on the
ground is relatively small, a deep foundation
was unavoidable. It was designed as a box
foundation of longitudinal and transversal
diaphragm walls (0.8m thick) in order to

From Figure 42 or 57 a unit settlement of
'z’ = 0,3.10-3 mm is derived and from Figure
43 cell factor of Dc = 0,5. This leads to a total
settlement of

s

§ 270000 · § 20 ·
3
0.5 ¨
¸ ¨ ¸ 0.3 10 
© 1 ¹ © 15 ¹

s 54 mm ,

(7)

 reduce differential settlements;
 increase the safety factor against earthquake
(the power station is situated in an active
seismic zone);
 prevent an unallowable under seepage of the
power station.
No open joints were designed between the
power houses and the weirs. But the connections were reinforced in such a way that – in the
case of differential settlements – they serve as a
hinge.
The deformation behaviour of the power
plant coincided very well with the design
prognosis: Due to the deep excavation, the
subsoil heaved during the first construction
stages. With increasing load, settlements occurred – also depending on the required groundwater lowering in the construction pit. The total
settlement finally has reached a maximum of

Figure 48. Partial view of a power station founded on
a box-shaped arrangement of diaphragm walls (slurry
trench walls) in soft clayey silt.
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Figure 49. Cross section (in river flow direction) through a partition pier of the river Danube hydropower plant in
Vienna (14 000 m3/s flood capacity). Box-shaped foundation on diaphragm walls arranged as stiffening cells.

Figure 49 shows a cross section through the
hydropower plant Vienna at the river Danube
(designed for 14 000 m3/s, width = 450 m). This
is the first facility constructed in a densely
populated area, situated on a geological fault
and in a seismic area. Consequently, a deep
box-shaped foundation consisting of slurry
trench walls forming stiffening cells was executed. Such foundation schemes have proved
suitable for all kinds of buildings with high
vertical and/or horizontal loads.

on the river bed. Therefore the steel casing was
not withdrawn near their head zone. Moreover,
the pilot piles were excavated to a greater depth
than the standard piles in order to gain detailed
additional information about the in-situ ground
properties beneath the bottom of the box-

2.4.4 Box-shaped foundations with raked piles
In rivers with shipping, high flow velocity and
danger of scouring bridge piers (including their
foundation) should be as small as possible and
hydraulically friendly. Consequently, truncated
cone box foundations are an interesting alternative to the classical prismatic shape. Figure 50
shows a vertical cross section of such a foundation, and Figure 51 illustrates the horizontal
sections on top and toe of the piles. The Figures
52 and 53 show a smaller box foundation.
In both cases the piles were excavated
through a fly ash body which was filled into the
box of precast elements placed on the river bed
(and fixed by the pilot piles).
This measure facilitated a precise installation of the raked piles and increased the composite behaviour of the box foundation. The
pilot piles were installed before (from ships) in
order to have fixing points for further equipment and for sinking the r.c. precast elements

Figure 50. Vertical section through a box foundation
with raked piles – for a pier of a river bridge.
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Figure 51. Horizontal section through the pile heads
of Figure 50. Position of pile toes indicated by
broken line circles.

Figure 53. To Figure 52: View of the longer side of
the pile box.

3.

COMPARISON OF DEEP
FOUNDATIONS

In order to prove the reliability of geotechnical theories and the general application of test
results to the practice, in-situ measurements on
construction sites and on completed structures
are essential. Figures 54 to 56 show some
examples of deep foundations in tertiary sediments, overlain by quaternary river deposits (in
Vienna and Lower Austria). The tertiary layers
are over-consolidated and consist of sandy to
clayey silt (locally silty sand and silty clay). The
ground properties, of course, scatter in spite of
the same geological genesis along the river
Danube in Vienna and nearby. Nevertheless, the
site conditions of the structures can be fairly
compared. The deep foundations elements were
large diameter bored or auger piles (d = 0.9 to
1.2 m) or diaphragms walls (thickness, d = 0.6
to 0.8 m).
The data are again plotted in dimensionless
diagrams – similar to the results from the model
tests. The normalized graphs enable a direct
comparison.
Figure 54 shows the results from some highrise buildings in Vienna. All buildings have

Figure 52. Horizontal sections through a box foundation with raked piles: Example of a small box.
Section 1-1 is in the level of pile heads, section 3-3 in
the level of pile toes.

foundation. The installation of raked piles for a
box foundation like a frustum of a cone or
pyramid is rather difficult, especially if they
have to be excavated from a ship or swimming
platform.
Consequently, but also for geometrical reasons, the box effect decreases with depth. Such
a foundation may be considered a structure
behaving between a box-foundation and a piled
raft foundation.
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Figure 55. Normalized load-settlement behaviour of
some high-rise buildings in Vienna, founded on
diaphragm walls.
s = settlement, d = thickness of diaphragm wall, Q =
total load on the foundation, A = foundation area
(horizontal sectional area within circumference of
diaphragm wall box), J = density of soil, H = height
of building, l = depth of diaphragm wall

Figure 54. Normalized load-settlement behaviour of
some high-rise buildings in Vienna, founded on
bored or auger piles.
s = settlement, d = pile diameter, Q = total load on
the foundation, A = foundation area (horizontal
sectional area within circumference of pile box), J =
density of soil, H = height of building, l = pile length

deep basements, i.e. the top of the foundation
lies clearly below original surface, and the
foundations are below groundwater level. The
pile lengths are of about similar magnitude;
differences are only local, depending on statical
or structural reasons. The diagram illustrates
very clearly the advantage of piled raft foundations over a conventional pile foundation
(Business Park). The optimum behaviour of the
Millennium Tower can be explained by pile
preloading and a soil improvement in the top
zone of the foundation: loose sandy gravel,
overlying the tertiary silt was densified by
vibroflotation.
Figure 55 shows normalized load-settlement
curves of several box-shaped foundations with
diaphragm walls. A comparison underlines the
following interacting influence factors:

(e.g. IZD-Tower) - and bored or auger piles
likewise. The positive effect of an uncast
pile length or uncast diaphragm wall depth
could be observed on many construction
sites. It is achieved because the soil along
the top zone of the deep foundation is less
disturbed during the installation procedure.
 Influence of geological overconsolidation:
The Twin Tower is situated in an area of
less overconsolidation than the other buildings.
 Arrangement of diaphragm walls: The
buildings of the UNO-City Vienna are
founded on box-shaped as well as on crossshaped diaphragm wall elements. The latter
settled more, because the composite effect
between single barrettes or cross-shaped
concrete panels and soil is clearly smaller
than for box-foundations.

 Length (depth) of wall elements: Widely
superimposed by other factors, because
l = 18 – 22 m is roughly of a similar magnitude. Hence of secondary influence in this
special case.
 Level of foundation head: The high-rise
building without deep basement (Mischek
Tower) settled more than the others.
 Way of installation: The installation from a
higher working level improves the bearingdeformation behaviour of diaphragm walls

Figure 56, finally, compares high-rise buildings and bridges, whereby the following influence factors played a relevant role:
 Load area and total load, hence depth and
extent of stress bulb in the ground: Millennium Tower and UNO-City create a deep
reaching stress field.
 Magnitude of geological overconsolidation:
This is greater for both bridges (crossing the
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4.

Comprehensive in-situ pile testing has confirmed that the load-settlement behaviour of
individual piles of a structure usually differs
relatively widely during first loading. Consequently, preloading in connection with cyclic
load hystereses of piles represents an effective
method to reduce total and differential settlements of high-rise buildings and/or statically
sensitive structures, e.g. continuous girder
bridges. This can be performed during an early
stage of construction by using the piled raft or
capping structure as a counterweight/ kentledge.
Preloading should be carried out on each pile,
and it should be conducted such that loadingunloading-reloading cycles are applied until all
load-settlement curves of the piles are parallel
along the statically relevant load sections.
Preloading should exceed the calculated working load (design load for service conditions) of
the piles by at least 20 %. Usually, two to three
hysteresis loops of load cycles are sufficient.
This proven procedure represents an analogy
to the control and acceptance tests of
prestressed ground anchors, but it is improved
by cyclic loading of each element and therefore
involves quality assessment and improvement
simultaneously. Consequently, it could be the
future technique of in-situ pile testing/checking
and of (differential) settlement reduction for
statically sensitive buildings or for structures
with a sensitive architecture (e.g. special glass
facades). The specific increase of quality is by
far higher than the increase of costs. Construction activities are not hindered because the
preloading procedure can be performed completely independently from other construction
work.
The second method to minimize the settlement of pile foundations that can be used also
for other deep foundations is a box-shaped
arrangement of (bored or auger) piles or diaphragm wall panels, deep-mixing columns or jet
grouting columns. From theory, comprehensive
model tests, and numerous in situ measurements
and observations it can be concluded that boxshaped deep foundations exhibit the following
advantages:

Figure 56. Normalized load-settlement behaviour of
bridges and high-rise buildings, depending on several
factors. Notation see to Figures 48 and 49.







CONCLUSIONS

river Danube in Lower Austria) than for the
high-rise buildings in Vienna.
Stiffening inner pile walls within a boxshaped foundation: The Tulln Bridge has
piers with both options.
Length (depth) of piles or diaphragm walls.
Influence of local soil improvement: The top
zone of the soil was improved by vibroflotation (Millennium Tower) or by jet grouting
(Pöchlarn Bridge, where grouting was conducted within the piled box foundation). Beneath the Millennium Tower the surface of
the tertiary sediments lies deeper than on the
other sites. Therefore, vibroflotation of the
top zone was very effective here and made
shorter piles possible.
Composite effect of box-shaped foundations: The Millennium Tower has a piled
raft foundation, the Tulln Bridge box-shaped
pier foundations with and without stiffening
inner pile walls.

The comparison of the load-settlement behaviour of several buildings illustrates very
clearly the interaction of more or less relevant
influence factors. Therefore, a reliable settlement prognosis can be achieved only by taking
into account all these aspects. This means, that
theoretical calculations have to be combined
with empirical factors gained by in situ measurements (and model tests).
Box-shaped deep foundations provide not
only smaller settlements than comparable
conventional pile or diaphragm wall foundations. They also make stress rearrangement
easier, thus reducing stress constraints in the
capping raft or beam and in the rising structure.

 Concrete elements and enclosed soil form a
quasi-composite body with a high bearing
capacity.
 Transfer of high, concentrated loads at
smaller total and especially differential set-
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tlements than in the case of conventional
groups of piles or diaphragm wall panels.
Smaller foundation area required than in the
case of conventional pile groups with axial
pile spacing of a t 2d to 3d (d = pile diameter). This is especially important for bridge
piers situated in rivers.
High resisting moment against lateral forces
from high embankments on soft soil (acting
on bridge abutments) or from unstable
slopes (e.g. creeping pressure).
Very suitable in the case of strongly heterogeneous and anisotropy ground.
High resistance to earthquake and soil
liquefaction.
High resistance to scouring (foundations in
rivers, torrents, harbours).
Very suitable in the case of dynamic loading
processes: E.g. ship impact, dynamic loads
due to waves and unstable currents, (turbulent) wind loading of tall structures, shock
loads due to unstable silo flow.
Suitable for post-strengthening existing
buildings, for instance piers of river bridges:
Increase of stability against ground failure in
the case of scouring.
Very suitable in the case of fluctuating and
cyclic loading processes: E.g. cycles of
(ground-)water level, storage level fluctuations (oil tank farms, storage silos) or wave
induced cyclic loads.

5.
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6.

APPENDIX

Figure 57 represents an additional design chart
for box-shaped deep foundations (to Figure 42)
considering more detailed the equivalent diameter D.

Figure 57. Settlement curves for a cylindrical box foundation under a unit load of Q = 1 kN. Slenderness l/D of
the foundation as parameter, whereby l = depth of pile or diaphragm wall foundation. Unit modulus of soil
Es = 20 MN/m², d = wall thickness. For non-cylindrical foundations: D = equivalent diameter.
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ABSTRACT: Deep Soil Mixing (DSM) for excavation support is a relatively recent technique which can be very
helpful and economical when used in the right circumstances. In a first part DSM is compared with other types
of excavation walls and wall supports such as structural diaphragm walls, sheet-pile walls, soldier pile and
lagging walls, tiebacks and internal struts. A design flow chart is presented and each step is discussed. One of the
advantages of such walls is that the engineer can control movements by choosing the support loads. Six case
histories are briefly described to illustrate the statements made in the paper. They include (1) EBMUD Storage
Basin, Oakland, CA; (2) Lake Parkway Project, Milwaukee, WI; (3) Central Artery/Tunnel Project, Boston, MA;
(4) Honolulu Excavation, Honolulu, HI; (5) Oakland Airport Roadway Project, Oakland, CA; and (6) VERT
Wall, Texas A&M University.

1. BACKGROUND

for DSM walls is similar to traditional walls,
there are steps that are unique to DSM walls.
This paper discusses DSM technology for DSM
walls and compares them to other top down wall
types. A design flowchart and the steps recommended for design of deep soil mixed walls for
excavation support are presented.
Deep mixing has become a general term
used to describe a number of soil improvement
and soil mixing techniques. The most common
method of deep mixing for excavations involves
overlapping soil cement columns that are either
installed using a multi–auger rotary shaft or a
drilling tool. The stabilizing agent is usually a
slurry mixture of cement, water, and sometimes
bentonite. The material resulting from mixing
the natural soil with small amounts of cement
has the advantage of improved soil strength and
stiffness
Deep mixing technology is effectively used
in excavations both in conjunction with and in
substitution of traditional techniques. It generally results in economical and convenient
solutions for the stability of the system and the
prevention of seepage. Deep mixed walls
constructed as part of a soldier pile and tiebacks system act also as temporary support,
prevent seepage like a sheet pile wall, but
require a lower amount of steel (Figure 1). The
deep mixed treatment can also contribute to the
stability of the wall system against deep-seated
failures.

Deep soil mixing (DSM) for excavation support
involves constructing a support wall by mixing
in situ soils with a stabilizing agent. Some of the
other common names used to describe this
method are Cement Deep Soil Mixing (CDSM),
Deep Mixing Method (DMM), or Soil Mix Wall
(SMW) method (Porbaha, 1998). The mixed-inplace excavation support walls are well suited
for urban areas with high groundwater levels
since the placement of DSM columns causes
little disturbance to the surroundings and generates low vibration and noise pollution. Numerous projects have incorporated deep mixing for
excavation support and cutoff walls. One of the
first major applications of deep soil mixing for
excavation support in the United States was the
Wet Weather Storage Basin for the East Bay
Municipal Utility District (EDMUD) project in
Oakland, California constructed in 1990 (Taki
and Yang, 1991). One of the largest projects in
the United States involving DSM technology is
the Boston Central Artery and Tunnel (CA/T)
project (O’Rourke and O’Donnell, 1997a and
1997b; O’Rourke et al., 1998, O’Rourke and
McGinn, 2004).
The implementation of deep mixing technology into American excavation support design
and construction practices is growing due to the
various advantages it offers over traditional
support systems. Although the design process
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Table 1. Comparison of Types of Excavation Walls
Excavation Advantages
Limitations
Support
System
Deep Soil Installation causes Need large space for
Mixing
little disturbance to equipment and
(DSM)
surrounding soil.
overhead restrictions.
Construction
Spoils generated and
generates low
disposals of excess
vibration and noise soil and soil cement
pollution. Decreased required. Cannot be
volume of spoils.
installed through
Spoil can be handled complex fills,
as solid waste. In
boulders or other
situ quality verifiobstructions. Limited
able through wet
depth.
sampling and cores.
Structural Constructed before Large volume of
Diaphram excavation and
spoils generated and
(Slurry)
below ground water, disposal of slurry
Wall
good water seal, can required. Costly
be used for
compared to other
permanent wall and methods.
can be used in most
soils. Relatively high
stiffness.
Sheetpile Constructed before Cannot be driven
Wall
excavation and
through complex
below ground water. fills, boulders or
Can be used only in other obstructions.
soft to medium stiff Vibration and noise
soils. Quickly
with installation.
constructed and
Possible problems
easily removed.
with joints. Limited
Low initial cost.
depth and stiffness.
Relatively large
lateral movements.
Soldier
Low initial cost.
Lagging cannot be
Pile and
Easy to handle and practically installed
Lagging
construct.
below groundwater.
Wall
Cannot be used in
soils that do not have
arching or that
exhibit base
instability.
Secant
Constructed before Equipment cannot
Wall/Tang excavation and
penetrate boulders,
below ground water. requires pre–drilling.
ent Pile
Low vibration and Continuity can be a
Wall
(similar to noise. Can use wide problem if piles
flange beams for
DSM
drilled one at a time.
reinforcement.
walls)
Micro–pile Constructed before Large number
Wall
excavation and
required. Continuity
below ground water. a problem, low
Useful when limited bending resistance.
right of way.

Figure 1. Typical Arrangement of Soil Cement
Columns

1.1 Types of walls and wall supports used in
urban excavations
A variety of excavation walls and wall support
systems are currently used. The prevalence of
one system over the others in a certain region
depends on several factors including: local
experience, site conditions, availability and cost
of materials and the amount of support required
for the project. The advantages and limitations
of common types of excavation walls were
compiled based on general knowledge and the
opinion of experts (Table 1).
Information regarding the advantages and
limitations of various types of supports used for
excavation walls was compiled based on general
knowledge and expert opinion (Table 2). Site
conditions often control the use of tieback/anchors compared to internal struts.
1.2 Advantages and limitations of deep soil
mixing
There are many advantages of DSM walls
compared to other walls types and traditional
techniques. The placement of DSM columns
causes little disturbance to the surrounding soil,
and, allows installation close to an adjacent
building’s foundation. Unlike driving sheet
piles, DSM construction generates low vibration
and noise pollution. The construction is also
typically faster than other traditional methods.
One advantage over slurry (diaphram) walls is a
decrease in the volume of spoils generated.
The ability to create soil cement columns to
stabilize the base against deep rotational failure
is also an important advantage. Soil cement
buttresses (continuous grid of columns installed
in the base of the excavation) are used to stabilize deep excavations and improve bearing
capacity, prevent deep rotational failures and
decrease ground deformation. Another advantage of DSM walls is that steel wide flange
beams, which are very efficient in resisting
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bending, can be placed in the soil cement
columns as reinforcement. The strength of the
soil cement columns can be changed based on
project requirements by varying the ratio of
cement and water to the in situ soil. Typical soil
cement mixes have a cement-slurry to soil
volume ratio varying from 0.15 to 0.40. This
range allows the designer to control deformations through soil cement specifications and
system stiffness (anchors or struts). Due to
advances in mixing equipment, real–time
monitoring, and alignment control, deep mixing
has become an efficient method for excavation
support.

ment sensitivity, vibration sensitivity, high
groundwater table, and/or soft soils are often
good candidates for the use of deep soil mixing.
Economic considerations for determining the
advantage of deep mixing versus traditional
techniques differ 1) regionally, due to many
factors such as availability of equipment, materials, labor; and 2) based on the details of the
project. As with all other excavation support
techniques, the presence of utilities, subways, or
other underground structures may determine
whether or not deep mixing is viable at a site.
DSM is likely to produce the least amount of
disruption and adverse impacts compared to
other methods.
Some limitations of DSM walls include the
following. Stiff layers of soil may require pre–
drilling to ensure homogenous soil cement
columns. Spoils are generated and disposal of
excess soil and soil cement is required. Soil
cement columns cannot be installed through
complex fills, boulders or other obstructions.
There is a limited depth of installation which is
dependent upon the DSM equipment. Due to the
large equipment required, there are both space
and overhead restrictions.

Table 2. Comparison of Types of Supports for
Excavation Walls
Type of Advantages
Limitations
Support
Tiebacks Reduces depth of
embedment
below bottom of
excavation, keeps
overhead clear
during excavation. Can be
permanent under
limited
conditions.
Internal Does not extend
Struts
beyond excavation walls,
reduces depth of
embedment
below bottom of
excavation.

Difficult to install
tiebacks below
groundwater, Easements required if
outside property
limits.

2. DEEP MIXING TECHNOLOGY
Overhead and lateral
obstruction for
excavation of trench.
Subjected to temperature changes, requires
internal vertical
support for wide
excavations.

2.1 Historical Background
Excavation support using deep soil mixing
technology evolved from the early 1970’s
Japanese practice, in which single soil-cement
columns were created to support excavations
and act as cut-off walls. Examples of events
which took place in the second half of the 20th
century are shown in Figure 2.

The initial feasibility of the application of
DSM to excavations is dependent on site conditions and economics. Sites with ground settle-

Figure 2. Some Deep Mixing for Excavation Support Events
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Figure 3. Example of DSM Excavation Support Construction Sequence

to create the initial columns (Step 1). Using a
template, the second set of columns are installed
spaced one column diameter from the initial set
(Step 2). A continuous panel of soil cement
columns is created by re–mixing the first and
last column of each set (Step 3). Skipping one
column space between steps 2 and 3 allows for
column 3 and 5 to be re-mixed and ensure an
impermeable continuous panel is created. To aid
in lateral reinforcement, H–beams are installed
into every other column before the soil cement
is allowed to cure (Step 4).

2.2 Deep mixing fundamentals
Deep mixing technology has a variety of associated acronyms and terminology. Table 3 defines current terms used in deep mixing industry
and research. Other phrases include mixed–in–
place piles, in situ soil mixing, lime–cement
columns and soil cement columns. This paper
will refer to deep soil mixing (DSM) and the
resulting product as soil cement columns.
Table 3. Deep Mixing Acronyms and Terminology
(After Porbaha, 1998)
Acronym
Terminology
SMW
DSM
DCM
CDM
DMM
CCP
DCCM
DJM

soil mix wall
Deep soil mixing
Deep chemical mixing
cement deep mixing
Deep mixing method
chemical churning pile
deep cement continuous
method
dry jet mixing

DLM
SWING

Deep lime mixing
spreadable WING method

RM
JACSMAN

rectangular mixing method
jet and churning system
management

DeMIC

deep mixing improvement
by cement stabilization

2.3 Factors affecting strength of soil cement
The main focus of the geomaterial design is that
a quality product (continuously mixed soil
cement with no openings or joints) must be
achieved to satisfy the minimum strength and
other design requirements. Although the DSM
specialty contractor often determines the mix
design, it is important for the design engineer to
understand the factors contributing to the
strength and permeability of the soil cement
(Table 4).
2.4 Selection of material properties
The material properties of the DSM walls are
specified based on the design and performance
criteria required for the project. The required
engineering properties of the soil cement wall
govern the mix design but typical cement to soil
ratio vary from 15% to 40% (Bruce, 2000).
The engineer usually specifies the strength
and permeability required and provides provisions to verify the continuity and homogeneity
of the deep mixed column. The mix design is
usually determined by the contractor specializing in DSM technology. The final mix design
takes into consideration the in situ soil, the type

Figure 3, created based on procedures described by Yang and Takeshima (1994) and
industry experts, illustrates the construction
sequence for DSM excavation support. Specialized equipment is used to install the soil cement
columns. Typically, a 3 or 5–axis auger is used
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of equipment used, the installation procedure,
the required quality, and the economics of the
project (Taki and Yang, 1991).

the Fort Point Channel deep mixing project.
Statistical analysis was conducted to find trends.
Tests results demonstrated that the unconfined
compressive strength data could be reasonably
characterized by a lognormal distribution to a
5% significance level.
Although the data was for a specific location, there was considerable variability in the
unconfined compressive strength results. Variations in soil conditions, mixing process and
sampling procedures contributed to the variability of data. Bias in the data reflected in both
lower unit weight and higher unconfined compressive strength for the wet grab samples
compared with the core samples was determined
to be due to the relatively small opening of the
wet grab sampler. Unconfined compression
strength specified for an excavation support
cutoff wall is usually greater than 700 kPa (Taki
and Yang, 1991).
Figure 4 gives example
values of the unconfined compression strengths
of a soil, a soil cement mixture and concrete.

Table 4. Factors Affecting Soil Cement Strength
(After Terashi, 1997)
1. Type of stabilizing agent
I. Characteristics
of stabilizing agent
2. Quality

II. Characteristics
and conditions of
soil (especially
important for
clays)

3. Mixing water and
additives
1. Physical chemical and
mineralogical properties of
soil
2. Organic content
3. pH of pore water
4. Water content

III. Mixing
conditions

1. Degree of mixing
2. Timing of mixing/re–
mixing
3. Quantity of stabilizing
agent
4. Soil cement ratio

IV. Curing
conditions

1. Temperature
2. Curing time
3. Humidity

Figure 4. Strength Comparisons (Example Values)

4. Wetting and drying/freezing and thawing

Soil type, quantity of cement, water cement
ratio, age, and injection ratio of cement affect
the permeability of the soil cement (Taki and
Yang, 1991). The permeability of the soil
cement is also affected by pore size distribution
(Kunito et al., 1988). The higher percentage of
fine pores reduces the soil cement permeability.
Hydraulic conductivity usually ranges from 10–5
to 10–6 cm/s for soil-cement (Taki and Yang,
1991).
The modulus of a soil is a complex parameter which requires a precise definition when
quoted. The modulus depends on the stress
level, the strain level, the rate of loading, the
number of cycles and other factors. The range of
Young’s moduli in soils is approximately 5 to
1000 MPa. Table 5 presents the approximate
ranges of various materials.
The addition of cement grout in soils increases
the modulus but this increase is not well documented. Briaud et al. (2000) present results
from a full scale, extensively instrumented
DSMproject at Texas A&M University (Figure

For the Fort Point Channel deep mixing
project for example, during the pre-construction
soil cement testing program, eight mixes were
used for the clay ranging in cement factor from
1.12 to 4.65 kN/m3. The cement factor is the
total weight of dry cement divided by the total
volume of treated soil. For the organic silt, the
three mixes cement factors ranged from 0.94 to
2.14 kN/m3. A water to cement ratio equal to
1.25 was used for the each of the mixes
(McGinn and O’Rourke, 2003).
2.5 Strength, permeability and Young’s modulus
Unconfined compression tests are usually
conducted in the laboratory on specimens
prepared from wet grab samples and specimens
trimmed from core samples. As described by
McGinn and O’Rourke (2003), a database of
unconfined compression tests was compiled for
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Figure 5. Correlation of Young’s Modulus and Strength (After Briaud et al., 2000)
Table 6. Typical data on soil treated by deep soil
mixing (After Bruce, 2000)

5). Equation (1) may be retained as a conservative one:
ESoil Cement (kPa) = 12,900 (f′c(kPa))

0.41

(1)

where fc′ is the unconfined compressive
strength.
O’Rourke et al. (1997) suggest estimating the
modulus of soil cement using Equation (2):
E = 100 f′c

fc, unconfined
compression
strength

0.2-5.0 Mpa (0.5-5 MPa in
granular soils)
(0.2-2 Mpa in cohesives)

k, hydraulic
conductivity

1x10-6 to 1x10-9 m/s (lower if
bentonite is used)

E, Young’s
modulus

350 to 1000 times fc for lab
samples and
150 to 500 times fc for field
samples
40 to 50 % of fc at fc values < 1
MPa, this ratio decreases gradually
as fc increases

su, shear
strength

(2)

where fc′ is the unconfined compressive
strength.
Table 5. Young’s Moduli (After Briaud et al., 2000)
Material
Range of Moduli
Steel
200,000 MPa
Concrete
20,000 MPa
Wood, Plastic
~ 13,000 MPa
Rock
2,000 to 30,000 MPa
Soil Cement
100 to 1000 MPa
Soil
5 to 1000 Mpa
Mayonnaise
~0.5 MPa

Table 6 provides a summary of typical data
ranges for unconfined compression strength,
permeability, Young’s modulus and tensile
strength of soil treated with deep soil mixing.
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σt, tensile
strength

Typically 8-14% fc

28 day fc

1.4 to 1.5 times the 7-day strength
for silts and clays. 2 times the 7day strength for sands

60 day fc

1.5 times the 28-day fc while the
ratio of 15-year fc to 60-day fc may
be as high as 3:1. In general,
grouts with high w/c ratios have
lower long-term strength gain
beyond 28 days.

3. DESIGN OF EXCAVATION USING DEEP
MIXING TECHNOLOGY

3.1.3 Geotechnical failures
Geotechnical failures occur when the imposed
loads are greater than the strength of the soil
(McNab, 2002). Figure 6(a) illustrates a case of
the settlement of the soil cement columns.
Settlement of the toe can occur if the downward
component of the anchor and downdrag on the
column is larger than the bearing capacity of the
soil. As the column settles the anchor rotates.
This movement can cause lateral deformations and damage to adjacent facilities. Figure
6(b) illustrates passive resistance failure at the
base of the excavation allowing the wall to
rotate. Other geotechnical failures include
failure by overturning, sliding or translation, and
rotational failure of the ground mass. Raker
failures are illustrated in Figure 6(c) and Figure
6 (d). Column toe uplift can cause a failure in
tension allowing the wall to rotate up and
forward. A bearing capacity failure under the
raker would cause large lateral deformations of
the wall.

3.1 Modes of failure
A variety of possible modes of failure exist for
both supported walls and gravity walls. Although DSM wall components differ from
traditional wall elements in construction techniques and materials, they essentially perform
the same function. For this reason the discussion of modes of failures for deep mixed walls
follows closely the list of mechanisms established in the literature for traditional construction. In general, failure modes can be divided
into four main categories: (1) instability due to
seepage; (2) global instability; (3) geotechnical
failure; and (4) structural failure.
3.1.1 Instability due to seepage
Seepage instability can occur due to boiling/piping or base heave when the water level is
lower inside the excavation than outside the
excavation causing water to flow under the wall
into the excavation (McNab, 2002). The effective stress in the volume of soil below the
bottom of the excavation, extending to the
embedment depth of the wall – referred to as
plug – can be reduced significantly by the pore
water pressures. As a result there can be a loss
of horizontal passive resistance leading to
inward failure of the retaining wall. The seepage forces may decrease the effective stresses,
causing a “quick” condition. A “cork” effect or
“plug” heave occurs when the excavation site
consists of sand underlying a clay layer.

3.1.4 Structural failures
Structural failure occurs when a portion of the
shoring system cannot withstand imposed loads
(McNab, 2002) which include failure of the wall
above a tieback, failure of the wall at mid–span,
failure of a tieback tendon or connection failures. As in the case as base instability, structural failures result in large displacements which
can cause damage to nearby facilities.

3.1.2 Global instability
Global instability occurs when a failure surface
develops and can be analyzed using a variety of
slope stability approaches. An inverted bearing
capacity failure occurs when the overburden
pressure outside the excavation overcomes the
shear strength of the soil, causing soil to flow
into the excavation under the wall (McNab,
2002). Inverted bearing capacity failures not
only cause instability to the excavation due to
the decrease in bearing capacity, but can cause
lateral movement and damage to adjacent
facilities.

Figure 6. Geotechnical Failures (After McNab, 2002)
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3.2 Design flowchart
Deep mixing walls are designed following
techniques similar to those used for traditional
excavation support methods.
Three major
approaches to design and analyze excavation
support walls exist: (a) the hand calculation
approach; (b) the beam–column approach; and
(c) the finite element approach. This paper will
outline hand and chart methods and make
recommendations for computer-aided approaches.
A step-by-step design procedure (Figure 7)
for the use of deep mixing for excavation
control was developed. A flowchart of the
following steps is presented in the manual
(https://ceprofs.civil.tamu.edu/briaud/DSM%20
Manual.pdf): (1) Site investigation, (2) Wall
type, (3) Performance criteria, (4) Seepage
analysis, (5) External stability, (6) Wall component design, (7) Vertical capacity of wall, (8)
Structural resistance of retaining elements, (9)
Wall deflections and soil deformation, and (10)
Specifications and other considerations.
Once the feasibility of DSM technology is
determined, the function and design criteria for
the wall must be established. Following this
step, the soil properties are collected and design
soil parameters are selected. The type of retaining wall system is decided based on cost, site
conditions, required wall height, speed of
construction, and other project specific requirements. A seepage analysis is carried out using
initial wall geometry. The external stability is
evaluated, followed by the retaining wall design.
The vertical capacity of the wall is calculated
and the structural resistance of the retaining
elements checked. Finally, other considerations
such as settlement, freeze–thaw, and seismic
conditions are analyzed.

Figure 7. Design Flowchart

heave should be evaluated for clay soils under
seepage conditions. Bottom heave can also
occur in cohesionless soils, although rare.
Vertical ground displacements at the base
of the excavation can lead to lateral displacements behind the wall. The impermeable layer
should be depressurized if heave is expected.
The wall embedment should also be extended if
heave failure is possible. Soil improvement of
the base of the excavation such as buttressing is
also possible to strengthen the base against
heave.
A variety of finite element software exists
that can be used to model seepage and pore–
water pressure distributions. Some programs
allow both saturated and unsaturated flow
modeling and the ability to model the dissipation of excess pore–water pressure. Common
required inputs include geometry, material
properties (coefficient of hydraulic conductivity,
unit weight), and boundary conditions. Program
output includes pore pressures, velocity vectors,
flow paths, flux values, phreatic surface lines
and flownets.
Example programs include
SEEP–W, GEOFLOW, FLONET and PLAXIS.

3.2.1 Seepage analysis
For temporary retaining systems, the wall
should be designed to resist water forces associated with seepage behind and beneath the wall.
Piping occurs when the water head is sufficient
to produce critical velocities in cohesionless
soils causing a “quick” condition at the bottom
of the excavation. “Quick” condition in coarse
grain soils occurs when the effective stress
becomes zero. Methods to decrease instability
are dewatering, application of a surcharge on the
bottom of the excavation, or extending the
embedment of the wall. Bottom
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3.2.2. External stability analysis

used for single row anchored walls. Weatherby,
(1998) and Mueller et al. (1998) recommend
that the same apparent earth pressure diagrams
used to design walls with multiple support/tiebacks be used to design single support/tieback walls.
The apparent total earth pressure or total
horizontal pressure above the excavation, σh,
can also be determined using a deformation
control approach (Briaud and Lim, 1999) and is
calculated using Equation 3.
Deformation
control design is discussed in more detail in
section 3.2.5.

An overall or global stability analysis looks at
rotational or compound failure mechanisms. A
classical slope stability analysis is used to
determine the external stability of the retaining
system. Classical methods include the method
of slices such as Bishop’s method and Janbu’s
method as well as the wedge method, and
others. Typical potential failure surfaces include circular failure surface, noncircular failure
surface and sliding block failure surface. An
inverted bearing capacity failure occurs when
the difference in overburden pressures between
the outside and the inside of the excavation
overcomes the shear strength of the soil, causing
the soil to flow into the excavation under the
wall (McNab, 2002).
Global stability analysis can be performed
using programs such as G–Slope, STABLE,
GEOSLOPE, U-TEXAS and XSLOPE that
evaluate potential slip surfaces or failure planes
and perform Bishop and Janbu methods of
analysis. Typical input includes geometry, soil
properties (shear strength parameters, unit
weight), loading and surcharge conditions and
water conditions. Output includes factors of
safety and potential failure surfaces.

σh = k σ′ov + αu (3)
where σh is the constant total horizontal pressure
above the excavation, k is the coefficient of
apparent earth pressure (Figures 8 and 9), σ′ov is
the effective vertical stress on the retained side
at the excavation level, α is the ratio of water
pore cross section area over the total pore cross
section area. (α = 1 for saturated soils under the
GWT and α = 0 for soils with no water), and u
is the water stress (pore water pressure).
The earth pressure coefficient, k, is determined using Figures 8 and 9 which link k and
deflection. In the figures, Utop is the deflection
at the top of the wall, Umean is the mean deflection of the wall and H is the height of the excavation. These figures were generated using
multiple case histories and finite element method (FEM) simulations (Briaud and Lim,
1999). The graphs allow for the earth pressure
coefficient to be determined using specified
deflection criteria. The application of these
recommendations is limited by the range of
parameters studied.

3.2.3 Wall component design and vertical
capacity
The geometry of the wall including the embedment and support locations is calculated based
on the type of wall. The earth pressures, support
loads and bending moments are calculated using
traditional wall techniques. Earth pressure
diagrams for the design of single support/tieback walls have been a topic of much
debate. Some recommend that a triangular earth
pressure diagram (as with cantilever walls) be
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Figure 8. Earth Pressure Coefficient Versus Top Defection (Briaud and Lim, 1999)
(note: Earth pressure coefficient = mean pressure behind wall divided by unit weight times wall height;
Wall deflection = deflection at the top of the wall divided by the wall height)

Figure 9. Earth Pressure Coefficient Versus Mean Wall Deflection (Briaud and Lim, 1999)
(Note: Earth pressure coefficient = mean pressure behind wall divided by unit weight times wall height; Wall
deflection = mean deflection of the wall divided by the wall height)

(BMCOL), finite difference method or p–y/t–z
curve method.
The vertical capacity of the wall is determined by summing the forces acting on the
column. At the preliminary design stage, the

Two computer based methods, the boundary element method, BEM, and finite element
method, FEM, are growing in popularity over
the pressure diagram/hand calculation method.
BEM is also called the beam–column method
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length of wall over which the downdrag, qn, acts
may be taken equal to the excavation height.
More accurate analysis require a computer aided
analysis.

depth
Using the American Concrete Institute
(ACI) for nominal shear strength Equation (6):
Vc = λ•2•fc0.5•bw•d

3.2.4 Structural resistance

where λ for lightweight concrete is estimated as
0.75, fc for compressive strength of soil cement,
bw is a unit depth and d is the height of the
block.
From the sum of forces, Equations 7 thru 11
can be obtained,.

The wall elements and anchor elements are
designed in this step. The soil cement is designed to span between soldier beams similar to
the lagging in the soldier beam/lagging walls
(Taki and Yang, 1991). The stress analysis for
the soil cement between the reinforcement
beams includes evaluation of internal shear and
compression stress of the soil cement (Figure
10). Based on finite element studies by Taki
and Yang (1991), an empirical design criteria
was developed to avoid bending failure in the
soil-cement. Bending failure is checked by
ensuring that Equation (4) is verified.
L2D+hí2e

2•Vc>Vmax

(7)

2•(̓λ•2•fc0.5•bw•d)> p•L2•bw

(8)

fc0.5= (p•L2•bw)/( 2•(̓λ•2•bw•d))

(9)

Canceling bw:

(4)

fc0.5=(p•L2)/(2•(λ•2•d))

where L2 is the distance between the end of the
wide flange beams, D is the diameter of the soilcement column, h is the height of the wide
flange beam, and e is the eccentricity defined as
the distance between the center of the wide
flange beam and the center of the soil-cement
column after trimming.
The spacing between the reinforcement
members is determined by ensuring safety
against failure in bending and shear of both the
steel beam and the soil cement (Pearlman and
Himick, 1993). The shear strength at the section
where columns intersect and at the flange of the
beams is checked (Figure 10). Pearlman and
Himick (1993) recommend that the shear
strength of the mixed soil be estimated as 1/3 of
the unconfined compressive strength and a
factor of safety of 2 or more be applied.
Richards (2008) suggests that for beam spacing of approximately 1.2 m, calculations of the
shear resistance and the compressive arch
produce similar required soil cement compressive strengths. However, the compressive arch
governs for larger beam spacing whereas the
shear failure governs for smaller beam spacing
(Richards, 2008). The shear resistance can be
estimated by using Equation (5).
Vmax = p•L2•bw

(6)

(10)

Therefore,
fc=[(p•L2)/(2•λ•2•d)]2

(11)

The compressive stresses inside the soil cement
block between the soldier beams are also calculated. Anchor design elements such as anchor
type, corrosion protection, length, spacing,
anchor resistance, bond length, and connection
to retaining systems are determined following
typical anchored wall design methodologies
(Weatherby, 1998).
3.2.5 Deflections and soil deformation
The design of excavation support systems is
evolving towards a deflection based design.
Movements of in situ wall systems are related to
the stiffness of the system. Briaud and Lim
(1999) illustrate how anchor load magnitude
directly influence deflection and bending moments of tieback walls. Using the proposed k
versus (utop /H) relationships in Figure 7 and 8,
the engineer can select the anchor lock–off loads
that will approximately generate a chosen
deflection.

(5)

where p is the maximum earth pressure, L2 the
clear distance between flanges, bw is a unit
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3.3 Construction of deep soil mixing walls
Construction techniques, as well as water–
cement ratios and soil cement ratios, depend
largely on the contractor working on the project.
Successful deep mixed walls depend on a
combination of geology, equipment, mix design,
and installation operation including drill technique and quality control (Taki and Yang,
1991). The experience and expertise of the
project contractors also play an important role
in the quality of the resulting soil cement walls
(Porbaha et al., 2001).
The operations are broken into two main
categories: (1) slurry production, and (2) control
of soil mixing machinery. Slurry production
includes the creation of the slurry by weighing,
mixing and agitating the mixture in the batch
mixing plant. The second operation is the
control of the machinery in which both the rate
of slurry injection and actual mixing and drilling
with augers are controlled.
Specifically designed equipment is used for
construction of DSM excavation support walls.
The equipment includes two primary units, the
drilling/mixing machinery and the batch mixing
plant The drilling/mixing equipment is typically
a multiple axis auger consisting of a multi–axis
gearbox, electric driven engine, joint bands,
drilling/mixing shafts and three to four auger
heads as shown in Figures 11 and 12.
As described by Taki and Yang (1991), the
DSM machine is guided by a vertical steel lead
on a track–mounted base supported at three
points during operation. Vertical alignment
must be controlled to eliminate unmixed zones
between column sets, and to allow and maintain
the continuity of the deep mixed wall. The joint
bands provide rigidity to the mixing shafts and
maintain spacing between the augers. The auger
flights and mixing paddles overlap allowing for
three or four soil cement columns to be constructed during each pass.
Adjacent augers rotate in opposite directions to mix the soils with the grout at the
specified depth. Unlike traditional continuous
augers, the soil is not moved upward during
rotation. Typically auger/paddle design is
chosen based on different types of soil and
tailored to meet the project requirements. The
penetration and withdrawal speeds are determined by the properties of the soil and the
mixing effort required for the DSM design
properties. The slurry flow rate is adjusted
constantly due to the varying soil strata and

Figure 10. Stress Distribution in Soil Cement Wall

Another method of deflection based design
is discussed by Clough and O’Rourke (1990). It
relates wall and soil mass deformations to
system stiffness and base stability; deformations
can be controlled within required limits by
specifying design elements such as wall stiffness (EI), embedment depth of wall, and spacing
of horizontal supports.
3.2.6 Specifications and other considerations
Seismic loading is not typically accounted for
when the excavation support is intended to be a
temporary shoring system. Temporary support
systems have been shown to be flexible enough
that little or no damage occurs in moderate
seismic events (McNab, 2002). When the
excavation support is to be incorporated into the
permanent structure or used for permanent earth
retention, seismic conditions should be considered.
Settlement should be also accounted for
when the excavation support will be a permanent structure. Freeze–thaw durability of deep
mix wall should be considered for permanent
applications in cold climates. For temporary
use, chain length fences need to be placed to
prevent injury to workers (Tamaro, 2003).
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changes in penetration speed.
Some spoils are produced during the construction of the excavation support wall due to
the loosening and mixing of in situ soil. Because most of the slurry is used in the wall
construction, the volume of spoils is smaller
than those of other types of excavation construction methods (Taki and Yang, 1991). Often the
spoils are allowed to harden to facilitate in
transportation from the site. Compared to
traditional techniques, the cost of transporting
the spoils decreases because the soil is mixed in
situ rather than replaced, and the net quantity of
excess material is considerably less (Porbaha et
al., 2001).
Test columns can be constructed at project
locations to calibrate the construction procedure
and to obtain more accurate design parameters.
The mix design can also be calibrated with preconstruction laboratory and site testing.
Ando et al. (1995) found that the environmental impacts during the construction of deep
mixing are minimal compared with other soil
improvement methods. Both vibration and
noise disturbances are minimized as well as
ground displacement during construction. This
is a distinct advantage of deep mixing over other

types of excavation support methods.

Figure 11. Three Auger DSM Equipment (After Taki
and Yang, 1991)

Figure 12. DSM Equipment at CA/T Project, Boston, MA (After McGinn and O’Rourke, 2003)
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3.4 Quality assessment
monitoring

and

performance

a probe or the standard cone penetrometer test
(CPT). The Legeon Test Technique (also known
as the Packer test – an in-situ method for determining rock permeability) can be used to perform the in situ permeability test (Holm, 2000).
After the installation of the soil cement
columns, monitoring techniques during the
excavation are very important. Instrumentation
should be used to verify the alignment and wall
deformations of the excavation support. During
the excavation, lateral wall movements, potential bottom heave and settlement of areas behind
the wall should be inspected and monitored
carefully. Conventional techniques include the
use of surveying, heave points, settlement
plates, extensometers, inclinometers and other
sophisticated measurement tools. Field instrumentation is important for accurate monitoring
of DM excavation support.

Quality assessment of mixing and construction
is of great importance to ensure the continuity
and homogeneity of the excavation support wall.
Strength and permeability tests are also performed to ensure the wall meets design specifications. The slurry mixture condition, vertical
alignment, penetration/withdrawal speeds, and
flow of slurry contribute to the quality of the
final DSM wall.
Multiple methods of quality assessment
have been developed for deep mixing construction. Examination of the documentation of
cement source and quality, records of cement
mixing quantities and results of on–site tests for
compressive strength of partially cured soil
cement samples should always be included in
the quality assessment program (Sabatini et al.,
1997). During installation of the wall, the
following mixing and positioning parameters
should be monitored (1) Shaft rotation during
penetration and withdrawal, (2) Velocity of
shaft withdrawal, (3) Cement content of soil
cement mixture, (4) Pumping rate of soil cement
slurry mixture, (5) Amount of overlap between
adjacent piles, and (6) Horizontal and vertical
alignment (Sabatini et al., 1997).
Both laboratory and field testing are used to
determine and control the design parameters for
the wall. Prior to construction of the soil cement
wall, testing is performed on the samples prepared in the laboratory using in situ soil. Laboratory testing should be performed when no
previous data is available or where the in situ
soils contain material deleterious to soil cement
(Taki and Yang, 1991). Selection of mixing
equipment, installation parameters and procedures can be left to the Contractor.
Field samples from the soil cement columns
are obtained to insure the wall meets strength
and permeability requirements. A sampler can
be used at the designated depth to retrieve a soil
cement bulk sample immediately after column
installation. The test cylinders are prepared
from the bulk samples retrieved from the columns. Unconfined compressive strength tests,
direct shear tests, and triaxial compression tests
are used to evaluate the strength characteristics
of the soil cement mixture (Taki and Yang,
1991).
Another method of testing the columns is
the use of a reversed column penetrometer with

4. CASE HISTORIES OF DEEP MIXING FOR
EXCAVATION SUPPORT
The following case histories (Table 7) are
presented as innovative solutions to unique
excavation problems: (1) EBMUD Storage
Basin, Oakland, CA; (2) Lake Parkway, Milwaukee, WI; (3) Bird Island Flats Boston, MA;
(4) Marin Tower, Honolulu, HI; (5) Oakland
Airport Roadway, Oakland, CA; and (6) VERT
Wall, Texas A&M University.
Table 7. Case History Summary
Case
History
Title
EBMUD
Storage
Basin
Lake
Parkway
Project
Bird
Island
Flats
Central
Artery
Marin
Tower

Excav.
depth
(m)
12 14

Embed.
depth
(m)
10.38 12.38

Max.
Defl.
(mm)
57

2.3 9.9

7.3 10.7

25

12.525.9

10

215

16.7

6.4

-

Oakland
Airport
Roadway

4.8

1.22

-

8

0.5

23.1

VERT
Wall,
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Wall
Type
Excav.
support/
cutoff
Excav.
support/
cutoff
Excav.
support/
ground
improv.
Excav.
support/
cutoff
Gravity
retaining
wall/
cutoff
Gravity
retaining
wall

4.1 Case History 1 – EBMUD Storage Basin,
Oakland, CA

control. The 0.6 m thick soil cement wall was
reinforced by W21x57 wide–flange beams
spaced 0.91 m in alternating soil cement columns. The internal bracing system consisted of
three levels of struts with an average vertical
and horizontal spacing of 3.66 m. An unconfined compressive strength of 427 kPa was
required based on a stress analysis of the soil
cement column using the lateral pressure specified. A factor of safety of 2 was used.

The East Bay Municipal Utility District’s
(EBMUD) Wet Weather Storage Basin was
constructed in 1990 and was the first major
application of deep soil mixing for excavation
support in the United States (Taki and Yang,
1991). This case, designed in 1988, was also
one of the first excavations designed specifically
using deformation control methodologies.
EBMUD Wet Weather Storage Basin required an excavation of 82 m by 67 m in footprint, and 12 m to 14 m deep. The site was
located within 9 m of an existing effluent
channel. The channel had to remain operational
and required a shoring system to minimize
lateral movement and settlement. The excavation was also within 10.7 to 15 m of other
facilities, including an existing energy building
and multiple above ground storage tanks.
Impacts to the adjacent structures and settlement
due to dewatering were of major concern (Taki
and Yang, 1991; Koutsoftas, 1999).

4.1.3 Construction
Construction started in April 1990 on the DSM
wall using three–axis soil mixing equipment. A
total of 5797 m2 of wall were completed in June
1990. The average daily construction rate was
approximately 139 m2. Wet field samples were
taken for quality control of the soil cement mix.
4.1.4 Performance
The results of unconfined compressive test and
permeability test on field wet samples indicated
the soil cement met the specified requirements.
Inclinometers installed behind the support wall
reported a maximum displacement of 57 mm, as
shown in Figure 13.

4.1.1 Site conditions
The surface layer is a very loose sandy fill
approximately 2.4 m thick. The sand fill is
underlain by a layer of soft to medium stiff,
highly plastic silty clay also known as San
Francisco Bay Mud, which extends to a depth of
9 m. In some parts of the site, thin very loose
marine sand lenses are present between the
layers of Bay Mud. A layer of very stiff clay,
extending to depths of 35 m and greater, is
directly below the Bay Mud. The water table is
approximately 1.5 m below the surface.

4.2 Case History 2 – Lake Parkway Project,
Milwaukee, Wisconsin
Prior to 1996, deep mixing had been used in the
United States for only groundwater cutoff and
temporary earth retention. The Lake Parkway
project was the first time deep mixing technology was incorporated in a permanent highway
retaining wall design. The wall was made of a
combination of tieback soldier beam and deep
mixed cutoff wall system with an architectural
concrete facing.
The Lake Parkway project required the construction of a depressed roadway located in a
railway/utility corridor of a residential area
(Figure 14). The roadway was 912 m long and
in some areas as much as 9 m below grade. The
alignment extended a distance

4.1.2 Design
The excavation was designed specifically for
deformation control to minimize lateral movement and settlement to an adjacent fifty year-old
concrete channel structure. Shoring specifications required that the maximum lateral displacement should not exceed 70 mm. A soil
cement mixed wall design was chosen to function as both excavation support and groundwater
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Figure 13. Lateral Deformation Profiles (After Koutsoftas, 1999)

of approximately 4.8 km from Interstate Highway 794 to E. Layton Ave. along north side of
General Mitchell International Airport.
Construction considerations included existing
rail lines, an existing street, an overhead high
voltage electrical line, buried high–pressure
sludge, sewer and water lines. One major
concern was a 2.1 m diameter water pipe line
that carried most of Milwaukee’s drinking
water. The utilities had to be either avoided or
grouted to prevent potential leakage paths if
they passed through the cut off walls (Anderson,
1998; Bahner and Naguib, 1998; Andromalos
and Bahner, 2003).
Figure 14. Lake Parkway Project (Picture from
Schnabel Foundation Company, www.schnabel.com)

4.2.1 Site Conditions

4.2.2 Design

The site is underlain by layers of silt, silty clay,
and clean fine sands to depths of 4.6 m to 18.3
m below existing grade. Stiff to hard silty
clay/clayey silt with interbedded layers of
medium dense to dense silty sand and silt
underlie the upper layers. The ground water is
typically at a depth of 2.4 m below the ground
surface.

The design criteria included 1) a minimum
design life of 75 years; 2) a maximum groundwater infiltration rate of 6.2 m3/day/m; 3) a
maximum groundwater table drop of 152 mm at
a distance of 15 m behind the cutoff wall; 4) a
maximum lateral wall movements of 25 mm;
and 5) a minimum facing wall thickness of 610
mm at the base of the wall (Andromalos and
Bahner, 2003). Sheet piles walls were deter-
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mined to be unacceptable due to the potential
for leakage through joints.
SEEP/W, a 2D FEM flow analysis, was
used to determine the depths of the cutoff walls.
The expected groundwater inflow was calculated to be 2.48 to 30 x10-3 m3/day/m and
drawdown was estimated on the order of 25 mm
for wall permabilities of 10–9 m/s to 10–8 m/s
were found. When a wall permeability of 10–7
m/s was assumed, the inflow rate increased to
62 to 86 x10-3 m3/day/m with drawdowns of 76
to 229 mm. The cutoff walls were keyed into
the shallow till layer south of St. Francis Avenue and penetrated the shallower low permeability sediments north of St. Francis Avenue.
Figure 15 illustrates a typical section of the wall.

the design strength and flexible wall permeability tests gave hydraulic conductivity values
ranging from 10–8 and 9x10–10 m/s.
4.2.4 Performance
Three inclinometer readings were taken and the
measurements show that the lateral movement
was below the 25 mm maximum allowed lateral
movement limit.
During construction, the
excavation support wall was exposed to repeated freezing and thawing conditions. Superficial crumbing occurred at some of the exposed
areas. In areas with the most pronounced
deterioration, shotcrete was used as replacement
cover. Ground water monitoring wells were
installed at a distance of 9 m from the wall at a
spacing of 120 m. Well measurements show
normal seasonal water level fluctuations. No
measureable seepage has been observed (Anderson, 1998).
4.3 Case History 3 – Central Artery/Tunnel
Project: Bird Island Flats, Boston, Massachusetts
The Central Artery/Tunnel project is the largest
single contract deep mixing project in the
Western Hemisphere to date with approximately
420,000 m3 of soil stabilization performed
(Jakiel, 2000). DSM was used as excavation
support, protection against deep rotational
failure of the clay, control of ground deformation and to provide a stable base for construction
of permanent structures.
The CA/T project located at Bird Island
Flats (BIF) required the design of a cut–and–
cover tunnel to connect the Logan International
Airport and the immersed twin steel tube tunnel
crossing the Boston Harbor (O’Rourke and
O’Donnell, 1997a,b; O’Rourke et al., 1998;
McGinn and O’Rourke, 2004). The excavation
was 1,128 m long ranging in depth from 12.5 to
25.9 m. The excavation was supported by a
combination of DSM walls and concrete slurry
walls (Figure 16).

Figure 15. Typical Wall Plan (After Bahner and
Naguib, 1998)

4.2.3 Construction
The construction of the excavation was conducted in stages to maintain traffic flow. The
cutoff walls were constructed first. Then, the
traffic was diverted to complete the second stage
which was the construction of the structural
support walls. Following mixing, steel soldier
beams were inserted in the DSM columns at
1.37 m spacing. A total of 1.2 m of cover (0.6
m of concrete wall facing and 0.6 m thick DSM
wall) was used as frost protection on the walls
that extended below the ground water level 2.4
m depth. Some 20,900 m2 of DSM cutoff wall
were installed. Three–day cylinder tests resulted in strengths typically equal to 2 to 4 times

4.3.1 Site Conditions
The subsurface conditions, from the surface
down, consisted of fill, organic deposits, marine
deposits, glaciomarine deposits, and bedrock.
The fill material was 6 m thick and consisted of
granular fill, miscellaneous fill and cohesive fill.
The organic deposits varied in thickness from 1
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strength of 620 kPa to resist the lateral stresses
(Yang and Takeshima, 1994). Extensive instrumentation including inclinometers, extensometers, settlement points and water-level observation wells was installed.
4.3.3 Construction
During excavation, large deformations were
recorded along the east wall after the installation
of the three level tiebacks and first stage grouting. A maximum lateral movement of 215 mm
was recorded adjacent to the wall. Soil was
backfilled to the elevation of the second-level
tiebacks to stabilize the excavation and stop the
wall deformation (McGinn and O’Rourke,
2000). The wall deformations and ground
movements were shown to be related to deep
rotational instability (O’Rourke and O’Donnell,
1997). Field lift-off tests of the tiebacks were
performed before back filling. Figure 17 shows
the cross-section of the wall, soil profile, horizontal and vertical movements.

Figure 16. Bird Island Flats CA/T Project,
Boston, MA (Picture from Jenny Engineering
Corp., www.jennyengineering.com)
to 3 m consisting of organic silt with sand, silt
and clay. The marine deposits were Boston
Blue Clay, with lenses of sand and silt varying
in thickness from 12 m to 26.5 m along the
length of the excavation site. The upper glaciomarine deposit consists of silt with little
sand, clay, gravel and cobbles. The lower
glaciomarine deposit was a silt with little gravel,
sand, clay, cobbles, and boulders. The primary
distinctions between the two deposits are the
cohesion and N–values (O’Rourke and McGinn,
2004).
4.3.2 Design

4.3.4 Performance
The mean unit weight of 775 core samples and
3319 wet grab samples were 16.3 kN/m3 and
15.2 kN/m3, respectively. The mean unconfined
compressive strengths for 823 core samples and
3545 wet grab samples were 2.68 MPa and 3.95
MPa, respectively (McGinn and O’Rourke,
2003).

The excavation support system using tieback
anchors was reinforced with W21x50 H–piles
spaced at 1.2 m intervals. The soil cement was
designed with an unconfined compressive

Figure 17. Bird Island Flats Excavation Cross-Section (After McGinn and O’Rourke, 2000)
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4.4 Case History 4 – Marin Tower Excavation,
Honolulu ,Hawaii

Located between 15 and 24 m the upper alluvium deposits consist of clayey silt and sand
layers. The lower alluvium deposits, extending
to a depth of 47 m consist of layers of sand,
basalt gravel, basalt gravel, basalt boulders and
cobbles. One exception was found in the case of
a boring location where a basalt rock formation
was encountered at a depth of 40 m. The observed groundwater level fluctuated with tidal
changes between 3 to 6 m below the ground
surface (Yang and Takeshima, 1994).

The Marin Tower located in the city of Honolulu, Hawaii (Figure 18) consists of a 28-story
tower with a two level subsurface parking
garage on a site with highly permeable coral
ridge and coralline deposits (Yang, 1994; Yang
and Takeshima, 1994). Total de–watering of the
excavation was not an option because of the
proximity of the harbor, approximately 30 m
away. The deep soil mixing method was selected to create cutoff walls for groundwater
control (Yang and Takeshima, 1994).

4.4.2 Design
Ideally the soil cement walls should key into a
low permeability layer in both horizontal and
vertical directions to effectively control ground
water. Due to the varying deposits, this was not
possible. Therefore, a partial cutoff scheme was
developed. The soil cement was selected based
on the ability to effectively control lateral
groundwater flow, predrilling and driving into
the upper hard coral reef is not required, limited
subsidence and distress to adjacent structures,
short construction time and relatively low cost
(Yang and Takeshima, 1994).
The wall extended to an average depth of
14 m to control the lateral groundwater flow and
to reduce the amount of vertical flow through
the increased length of the seepage path. To
resist lateral pressures, H–piles were included in
every other soil cement column. A total embedment of 6.4 m embedment was required. 3.4
m of the embedment was reinforced with H–
piles for stability of the toe. The additional 3 m
of the embedment was not reinforced and served
as a seepage cutoff wall.

4.4.1 Site Conditions
The site is underlain by loose, highly permeable
coralline deposits, coral reef, reef detritus
materials, and alluvium deposits. The upper
coral reef approximately 3 m thick consists of
hard coralline limestone with cavities. Detritus
materials varying from 4 to 35 m depths consist
of medium dense sandy coral gravel interbedded
with layers of loose to medium dense coral sand.
Thin layers of alluvium were occasionally
encountered.

(a) Marin Tower Excavation

4.4.3 Construction
The deep mixing wall was installed to a total
depth of 21.3 m. The total excavation depth was
16.7 m with the water table 3 -6 m below
ground surface (Fig. 19). H–piles were set in
the soil mix, and tiebacks were installed to
support the soil and resist hydrostatic water
pressures. A 550 mm diameter three–axis auger
was used to install the soil cement columns. No
pre-drilling was required through the coral reef.
The drilling speed was adjusted to break and
grind the coral limestone into gravel size or
smaller pieces and for thorough mixing with
cement grout. The soil cement mixture produced consisted of particles with sizes ranging
from gravel to silt. The unit weight of the soil

(b) Marin Tower Wall Facing
Figure 18. Marin Tower, Honolulu, HI Project Site
(Pictures from Schnabel Foundation Company,
www.schnabel.com)
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cement slurry was approximately 16.0 kN/m3.
In situ water was prevented from entering
the soil cement columns because a higher
pressures was maintained in the borehole during
construction. The soil cement mixture flowed in
to fill and stabilize the cavities and prevent
further loss of soil–cement mixture. One side of
the soil cement columns was shaved off using a
backhoe to create a flat surface. Mix designs
with cement dosages ranging from 3 to 5 kN/m3
(dry cement weight over volume of treated soil)
were used providing 28–day unconfined compressive strengths ranging from 833 to 1431
kPa. A total of eleven dewatering wells were
installed of which five were constantly used to
control the bottom flow of groundwater. The
wall was completed in March, 1994.

4.5 Case History 5 – Oakland Airport Roadway
Project, Oakland California
The Oakland Airport Roadway project consisted
of three grade separation structures at two
roadway interchanges and the intersection of a
roadway and taxiway (Yang et al., 2001; Yang,
2003). Deep soil mixing was used for foundation improvement, construction of a soil cement
gravity retaining wall and groundwater control
using two cutoff walls. A block–type gravity
structure was constructed at the Air Cargo
Road/Taxiway intersection to function both as a
permanent retaining structure and temporary
shoring. Cutoff walls were used as permanent
seepage control and to reduce dewatering
requirements during construction.
4.5.1 Site Conditions
The subsurface conditions consist of three strata
including artificial fill, Young Bay Mud, and the
San Antonio Formation. The artificial fill is
generally less than 4.5 m thick and includes
hydraulically placed, dredged, loose or very
loose sand materials. Underlying the fill, the
Young Bay Mud is soft to very soft silty clay
generally less than 3 m deep and is absent in
some areas. The San Antonio Formation consists of competent clays and sands. Due to the
airport pumping activities, the ground water
levels at the site vary from 1.5 m to 3 m below
the existing ground surface (Yang, 2003).
4.5.2 Design
The project location is divided into three distinct
areas: (1) Doolittle Drive/Airport Cargo Road
interchange; (2) Airport Drive/ Air Cargo Road
interchange and (3) Air Cargo Road/Taxiway B
intersection. A DSM cutoff was constructed at
the Doolittle Drive/Airport Cargo Road interchange to provide permanent seepage control
and to minimize dewatering requirements during
construction. The soil beneath the new soil
embankment was improved using DSM to
increase the soil strength and reduce the potential for lateral spreading of the embankment in
case of seismic loading at the Airport Drive/ Air
Cargo Road interchange.
At the Air Cargo Road/Taxiway B intersection, a gravity structure including soil nails for
reinforcement was constructed as a permanent
retaining structure and as a temporary shoring
system during construction. Design criteria

Figure 19. Marin Tower, Honolulu, HI Site Profile
and Wall Cross Sections

4.4.4 Performance
A total of 4,015 m2 of soil cement wall was
constructed, of which approximately 80%
served the dual function of excavation support
and groundwater control. The horizontal flow of
water through the wall was negligible. The
construction of the basement of the Marin
Tower was enabled due to the control of the
horizontal flow of groundwater through the use
of deep mixing technology.

48

limited the permanent lateral deformation of the
embankment to 150 mm during a design earthquake with a probability of exceedance of 20
percent in 50 years. Permanent ground deformations were evaluated using pseudo–static
stability methods, Newmark–type displacement
analyses incorporating peak horizontal ground
acceleration, and estimated duration of strong
ground shaking for the design event. The cutoff
walls were designed for a maximum permanent
deformation of about 90 mm during a design
earthquake with a probability of exceedance of 5
percent in 50 years.

tively. The gravity wall had a minimum width
equal to the maximum depth of the excavation
during construction and extended to a minimum
of 1.22 m below the excavation (Yang, et al.,
2001).
For additional resistance against sliding, the
soil cement panels were keyed into the layer
below the gravity wall. Geocomposite drain
strips were used to release the water pressure
behind the permanent wall facing of the gravity
wall. As illustrated in Figure 20, a DSM cutoff
wall was incorporated in the center of the soil
cement gravity wall and extended beneath the
bottom of the gravity wall to reduce the seepage
under the gravity wall (Yang 2003).

4.5.3 Construction

4.5.4 Performance

The construction of the DSM gravity wall began
in March 2001 and was completed in December
2001 with approximately 34,405 m3 of soil
cement. The construction of the DSM cutoff
wall at the Airport Drive Undercrossing at
Doolittle Drive began in May 2000 and was
completed in July 2000. The DSM foundation
treatment for the Airport Drive Overcrossing
and the Taxiway B Overcrossing at Air Cargo
Road began in March and April 2001, respec-

The unconfined compressive strength of the
DSM cutoff wall material ranged from 870 to
3865 kPa at 28 days with an average of 2064
kPa. Permeability tests gave hydraulic conductivity values ranging from 5.3 x 10–7 to 5.9 x 10–
9
cm/s with an average of 1.9 x 10–7 cm/sec

Figure 20. Design of Gravity Wall (After Yang, 2003)
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4.6 Case History 6- VERT Wall, Texas A&M
University, College Station, Texas

while the cement slurry to soil ratio by weight
was 0.55. Therefore, there was 15% dry cement
or 33% slurry per 1 m3 of soil-water-cement of
DSM material.
The soil cement columns were installed to a
depth of 8.5 m below the top of the fill. A front
row (Row A) of 43 contiguous columns was
constructed (Fig. 23 and Fig. 24). Immediately
behind this row was a second row (Row B) with
center–to–center spacing of 1.82 m. A third row
(Row C) and a fourth row (Row D) were constructed to maintain the 1.82 m spacing. On top
of the first half of the wall, a 1 m thick platform
was built using the soil slurry spoils ejected
from each hole. The global volume of soil
cement installed was 9.5 m high, 5.6 m wide
and 40 m long.

The VERT wall is a new type of top–down
gravity retaining structures deriving its name
from the vertical reinforcement used to stabilize
the structure (Figure 21). Three to four rows of
1 m diameter soil cement columns are installed
in the in situ soil to the depth of the excavation.
To study the behavior of the retaining wall
system, Geo–Con built and instrumented a full–
scale VERT wall at the National Geotechnical
Experimentation site (NGES) at Texas A&M
University (TAMU) (Briaud et al., 2000).
4.6.1 Site Conditions
The site of the VERT wall consists of sand
deposits (Fig 22). The sand, a floodplain deposit
of Plesitocene age, has a high fine content with
occasional clay layers due to the relatively low
energy depositional environment. A hard clay
shale is found approximately 10 m below the
ground surface. This dark gray clay shale was
deposited in a series of marine transgressions
and regressions. The water table is 7.2 m below
the ground surface.

4.6.4 Performance
Compressive strength tests were performed on
soil cement samples from various depths at 3, 7,
28 and 56 day increments. The lowest value of
the unconfined strength at 28 days before
construction was twice the design value. Core
samples were also taken and tested. The best
coring process of the soil cement column was
achieved when using a triple-tub core barrel and
coring 28 days or more after column construction. Compression testing at 28-days of representative samples showed an average unconfined compression strength of 2,069 kN/m2.
The relieving platform had a very beneficial
effect because it decreased the maximum
deflection of the wall by a factor of 2. One and a
half years after construction, the horizontal
deflection at the top of the 10 m high wall was
23.1 mm and the vertical settlement of the same
point was 9.2 mm (Figure 25).

4.6.2 Design
The design strength for the soil cement was 690
kPa at 28 days before starting the excavation.
Design guidelines are similar to those used for
gravity retaining walls. There is a need for
further development of VERT walls design
guidelines. The construction of this research
wall indicated the importance of two design
features: 1) it is important to have a DSM
platform at the top of the wall to connect all the
columns together, and 2) it is important to
reinforce the front row of column to resist
bending beyond the tensile strength of the
cement soil mixture.

5. CONCLUSIONS
Deep Soil Mixing (DSM) for excavation support
is a relatively recent technique which can be
very helpful and economical when used in the
right circumstances. In a first part DSM is
compared with other types of excavation walls
and wall supports such as structural diaphragm
walls, sheet-pile walls, soldier pile and lagging
walls, tiebacks and internal struts. Some DSM
historical background is then presented followed
by a discussion of the engineering properties of
soil cement mixtures. The percent cement to soil
ratio by volume is typically in the range of 15 to
50%. On a log scale the typical compression

4.6.3 Construction
Prior to construction, a 1 m thick fill was placed
on top of the original ground surface to ensure
that the final excavation level would remain
above the water table. The fill consisted of
compacted sand from the site. Soil cement
columns were installed using a drilling rig
equipped with a 0.91 m diameter cutting and
mixing head. The drilling fluid consisted of a
water and cement slurry with a ratio of 1.75 to 1
50

strength of soil cement mixtures used in DSM
fits in the middle between soil and concrete.
Stiffness and hydraulic conductivity are two
other very important properties for DSM walls.
DSM walls can fail by seepage instability,
global instability, geotechnical failure including
excessive settlement, passive failure of the
embedment, anchor failure, and structural
failure. A design flow chart is presented and
each step is discussed. One of the advantages of
such walls is that the engineer can control
settlement by choosing the support loads. Charts
are given to relate the wall pressures to the
likely settlement based on case histories and

numerical simulations. Construction issues and
equipment are discussed as well as quality
assessment and performance monitoring.
Six case histories are briefly described to illustrate the statements made in the paper. They
include (1) EBMUD Storage Basin, Oakland,
CA; (2) Lake Parkway Project, Milwaukee, WI;
(3) Bird Island Flats Central Artery/Tunnel
Project, Boston, MA; (4) Honolulu Excavation,
Honolulu, HI; (5) Oakland Airport Roadway
Project, Oakland, CA; and (6) VERT Wall,
Texas A&M University.

Figure 21. Completed VERT Wall (After Briaud et al., 2000)

Figure 22. VERT Wall Section View

51

Figure 23. VERT Wall Layout (After Briaud et al., 2000)

Figure 24. VERT Wall Front View (After Briaud et al., 2000)

Figure 25. VERT Wall Displacements (After Briaud et al., 2000)
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ABSTRACT: The new Rome Metro C line, whose central lots T2 and T3 are under design, poses a tremendous
challenge with respect to the conservation of buildings. In fact, the line will be crossing the entire segment lying
below the Roman historical centre, thus beneath some sites inscribed on UNESCO’s World Heritage List.
A serious concern is also the presence of man-made ground, 6 to 12 m thick, with a huge amount of archaeological remains, dating back to BC centuries.
In the circumstances the owner, Metropolitane di Roma Ltd, set up a special multidisciplinary Steering
Technical Committee (STC) to operate alongside the General Contractor (GC) and the Metro C Ltd with the
assignment to implement the procedures to safeguard the historical buildings. The paper describes the STC
organizational scheme to accomplish the task, identifying the buildings at risk and suggesting appropriate
mitigation interventions.

1. INTRODUCTION

Viggiani and De Sanctis, (2009)], crossing the
entire city along the SE-NW direction and that,
within its lots lying below the Roman historical
centre between San Giovanni da Laterano and
Piazza Cavour, passes beneath the Aurelian
Walls, the area of the Colosseum and of the Fori
Romani, and the Roman Renaissance area from
Piazza Venezia to the Tiber river. A layout of
the whole line C and a zooming on the monumental lots T3 and T2 are shown in Fig.1.

The construction of an underground line raises
always some geotechnical problems, due to the
unavoidable interaction of the line with the
existing urban environment. The problems
originate from the surface settlements induced
by the tunnel excavation and the construction of
stations. The width and depth of the settlement
trough above the tunnels and the extension of
the induced settlements around the open excavations for the stations can be more or less
pronounced, depending on their dimensions, on
the mechanical properties of the surrounding
soils and on the excavation technique and
sequence.

Fig.2 shows, to an enlarged scale, the layouts
of T3 and T2 with clues and a list of the main
monuments and historical buildings, whose
location suggests that their integrity might be
jeopardized by the subway construction. The
situation is worsened because the monuments are
generally packed with valuable mosaics and
frescos, extremely at risk in relation to the
induced settlements. Moreover, virtually along
the entire extension of the T3 and T2 lots, the
man-made ground with a thickness ranging from
8 and 17 meters is embedded within an incredible
amount of archaeological remains. These valuable vestiges entail other constraints on the
geotechnical design, truly limiting the applications of the soil improvement and the foundations methods that during their implementation
might damage them.

The interaction phenomena between the
soils and the existing buildings are especially
important and delicate when tunnels run
through weak soils and the existing structures
are particularly vulnerable. Also, when the
structures have exceptional archaeological and
historical value, the design necessarily must
include an in-depth study of said interaction
phenomenon to construct the line without
threatening the buildings at surface.
This is the case for the new C line of Roma
underground, [Burghignoli et al (2007),
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Figure 1. New Metro Line C Route.

Twin subway tunnels will be excavated using
TBMs with an outer diameter of about 6.7m.
Along the route they run at depths varying
between 20 to 40 m below ground level. The
choice of rather deep tunnels was mandatory, to
avoid direct interferences with the archaeological subsurface layer and to reduce interaction
effects on the buildings and monuments present
along the line. The stations located along the
lots T3 and T2, see Fig.2, will require a deep
open excavations supported by the diaphragm
walls reaching a depth exceeding 60 to 70 m.

2. GEOLOGY ALONG T2 AND T3 ROUTES
In Fig. 3 are shown the geological cross section
of lot T3 and the tunnels position. The subsoil
consists of man-made ground of varying thickness, overlaying Pleistocene sandy and clayey
soils in the upper part and sandy gravel in the
lower part.
A thick stiff OC clay of the Pliocene age is
encountered beneath the Quaternary deposits at a
depth ranging between 30 and 40 m. In some
cases the Pleistocene deposits contain old erosion
ditches filled with softer fine grained soils. The
ground water level (GWL) is located at a depth
ranging between 10 and 15 below the existing
ground level (GL). The pore pressure distribution
with depth results close to hydrostatic. Similar
pieces of information regarding the geology of
the lot T2 are reported in Fig. 4. In this case, the
Pliocene very stiff OC clay is overlaid by 10 to
20 m thick deposits of the Pleistocene 30 to 40
m, followed by the Holocene Tiber river alluvium and covered by man-made ground having
thickness ranging between 7 and 11 m. The
GWL encountered at the depth of 6 to 8 m below
the GL, exhibits the hydrostatic pressure distribution with depth and is subject to periodic fluctuations according to the variation of the Tiber
hydrometric level.

Given the circumstances, the owner, Metropolitane di Roma Ltd, in the tender phase,
appointed a special multidisciplinary Steering
Technical Committee (STC) to operate together
with the General Contractor (GC) and the Metro
C Ltd, with the assignment to develop and
implement, in the design, the procedures to
safeguard the monuments and the historical
buildings.
In the next sections of the paper, after describing the local geology and the site characterization of the soils encountered along the two
monumental lots, it is illustrated the STC
approach scheme.
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Figure 2. Monumental lots T2 and T3 - Route of twin tunnels, monuments and historical buildings entrusted to STC.
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Figure 3. Geological profile between S. Giovanni and Piazza Venezia.

Figure 4. Geological profile between Tiber river and Piazza Venezia.

3. HINTS ABOUT GEOTECHNICAL SITE
CHARACTERIZATION

The field investigation consisted in several deep
borings during which a large number of undisturbed samples of fine grained soils were retrieved using the Osterberg’s hydraulic piston
sampler having a diameter of 90mm.
Furthermore, a large variety of insitu tests
were performed, of particular relevance to the
modelling and design are the following: crosshole (CH) and down-hole (CH) seismic tests,
static cone penetration tests with pore pressure
measurements (CPTU), standard penetration tests
(SPT) and seismic CPTU (S-CPTU).
In a number of borings, piezometers were installed to monitor the GWL.
As to laboratory tests, classification and index
properties tests have been performed on both fine
grained and coarse grained geomaterials;

The site characterization along the lots T3 and T2
focused at soil-structure interaction studies has
been carried out by means of a number of geotechnical investigation campaigns between 1999
and 2009. Their programmes and the technical
oversight were steered by the Working Group
Geotechnical Engineering (WG-GE), coordinated
by prof. S. Rampello1 assisted by Dr. L. Callisto1,
Dr. C. Soccodato2 and Prof. G. Viggiani3; for
details see section 4.1 of the paper.
( * ) ( 1) Università di Roma, La Sapienza;
( 2) Università di Cagliari;
( 3) Università di Roma, Tor Vergata.
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in the latter case using disturbed sampling
having integral, thus representative grading.

also due to the complexity of engineering
problems deriving from the future construction
of the deep Fori Imperiali station, located very
close to it.
Fig.5 shows the soil profile across the area of
the Basilica perpendicular to Fori Imperiali. The
relevant strata, which can be also identified on
the geological profile shown in Fig.3, are: manmade ground (R)**, succession of sandy and
clayey silts (Tb)**, sandy gravel (SG)**, overlaying the thick deposit of the very stiff OC
Pliocene marine clay.
The figure reports also the results of some
SPT’s and of cone resistance qc measured by
means of CPTU’s.
Fig.6 gives the results of the initial small
strain (İs | 10-5) shear modulus Go computed
from the Vs measured during CH tests.

The mechanical properties of the fine
grained soil were assessed via the following
tests: incremental (IL) and constant rate of
strain (CRS) oedometer; resonant column (RC),
unconsolidated-undrained triaxial compression
(TX-UU), consolidated-undrained compression
with the excess pressure measurements (TXCIU and TX-CAU) and drained triaxial compression (TX-CID and TX-CAD). During the
latter ones, the shear wave velocity was measured (Vs) using bender elements.
The above laboratory tests results combined
with in situ seismic tests results allowed assessing the parameters of fine grained soils needed
for the constitutive relations adopted in modelling soil-structure interaction phenomena.
As to coarse grained soils the relevant geotechnical parameters were established based on
in situ tests. The initial small strain stiffness was
evaluated from Vs measured during seismic
tests other parameters such as stiffness at larger
strains, shear strength, from semi-empirical
correlations with the CPTU’s and SPT’s results.
The mass of geotechnical testing carried out,
the number of monuments and historical buildings involved, do not allow presenting thoroughly the efforts made for the site characterization.
For the lot T3, considering the relatively limited number of monuments encountered (3M,
4M, 5M, 6M, 7M, 10M, 11M, and 12M in
Fig.2) and their scattered distribution along the
route, the presentation will be limited to the area
of Basilica di Massenzio (4M).
This important monument is, in fact, quite
representative for the entire lot and required
special efforts in the soil-structure analyses, not
only in relation to its historical relevance but

( **) Letters referred to symbols of the geologic
profiles, Figs.3 and 4.

Figure 6. Basilica di Massenzio - Initial small strain
shear modulus.

Figure 5. Basilica Basilica di Massenzio - Representative soil profile.
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Table 1. Basilica di Massenzio – Physical and shear strength characteristics.

Table 2. Basilica di Massenzio - Stiffness parameters
used in Hardening Soil Model - Schanz et al. , 1999.

Tab.1 reports the physical and shear strength
properties of layers shown in Fig.5 and employed
in the soil-structure interaction analyses.
For the Basilica soil-structure interaction analyses with different levels of complexity were
carried out. Tab.2 gives details of the parameters
of the Hardening Soil Model [Schanz et al
(1999)] used in geomaterials modelling, which in
fine grained soils were routinely calibrated
against laboratory tests results.

Moreover, the lot is interested by the presence of
several clusters of historical buildings requiring a
continuous detailed geotechnical characterization
along the route. This circumstance induced the
W.G.-GE to divide the lot T2 into three sectors
A, B and C as shown in Fig.7 providing for each
a detailed site characterization, summarized in
Figures 8 through 13.

The circumstance is different for the site characterization of lot T2.
First of all it is characterized by the presence
of thick soil deposit belonging to the recent
Quaternary Tiber river alluvium which extends
to a large depth as shown in Fig.4.

Figure 7. Lot T2 - Sectors A, B, C.
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Figure 8. Lot T2, Sector A: Grading and index properties.

Figure 9. Lot T2, Sector A: Mechanical properties. CH = cross-hole tests, DH = down-hole tests.

Figure 10. Lot T2, Sector B: Grading and index properties.
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Figure 11. Lot T2, Sector B: Mechanical properties.

Figure 12. Lot T2, Sector C: Grading and index properties.

Figure 13. Lot T2, Sector C: Mechanical properties.
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Tabs. 3, 4 and 5 summarize the mean value of
the key geotechnical parameters as obtained
from laboratory tests for fine grained and for
coarse grained soils, as inferred from the semiempirical correlations with CPTU cone resistance (qc) and with the SPT blow count (NSPT).
All the gathered data confirm that along the
T2 route prevails soft slightly OC fine grained
deposits exhibiting quite pronounced spatial
heterogeneity.

With this respect, it is worth observing that
many oedometer tests on clay/silt samples
yields OCR<1 which can be attributed to slight
specimens disturbance.
Also deserving some comments are the quite
high values of the effective stress cohesion
intercept c’ (1<OCR<1.2) which, because in
this occurrence do not deal with significantly
structured soils, should be close to nil.

Table 3. Lot T2, Sector A: Mean values of geotechnical parameters.

Table 4. Lot T2, Sector B: Mean values of geotechnical parameters.

Table 5. Lot T2, Sector C: Mean values of geotechnical parameters.
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4. INTERACTION OF THE NEW LINE
WITH THE EXISTING BUILDINGS

To accomplish said tasks, the Owner and the
GC have appointed a multidisciplinary STC
including experts in Preservation and Restoration of Monuments, in Art of Tunnelling, in
Geology and in Structural and Geotechnical
Engineering. The overall role of the STC within
the GC organization scheme is illustrated in
Fig.14.
The STC activities are undertaken by four
Working Groups (W.G.) each covering the
following areas:

4.1. Steering Technical Committee and Working
Groups
STC has been entrusted with the supervision of
all activities aimed at safeguarding the monumental and architectural heritage.
To sum up, the Committee’s main tasks are
the following:
x Evaluate, through numerical analyses, the
influence of the line C construction on the
monuments and historical buildings, see a list
in Fig.2.
x Suggest mitigation interventions of geotechnical or/and structural nature congruent with
the restoration and conservation principles of
the historical and architectural heritage in
relation to monuments/buildings for which
the analyses yield a displacement field endangering their structural, architectonic and
artistic integrity.
x Develop a comprehensive and redundant
monitoring scheme allowing, in real time, to
follow the response of the buildings to tunnelling and to open excavations.
x When requested, assist GC, during construction, in the evaluation of the monitoring data
to optimize the construction sequence or/and
procedures as well as to advise on the needs
to activate the mitigation interventions.

Assessment of history and state of the building
(W.G.-HS)
This W.G. activities are focused on the following issues:
- State of conservation.
- History of construction and of restoration
interventions.
- Structural features, including foundations.
- Mechanical properties of the construction
materials.
Geology (W.G.-G)
This W.G. provides the following information
along the route of the lots T3 and T2:
- Depositional history and features of the
encountered geomaterials.
- Characteristics and spatial distribution of
the man-made ground.
- History of landscape modifications.
- Hydrogeological site characterization.

Figure 14. Response of existing constructions to tunneling - Organization scheme.
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Geotechnical Engineering (W.G.GE)
This W.G. multiple tasks can be summarized as
follows:
- Site characterization of soil deposits along
the route and definition of the design parameters of interest.
- In cooperation with the Structural Engineering W.G., identify the methodological
approach, in the soil-structure interaction
analyses, to quantify how the construction
of stations and the tunnelling works will
affect the existing historical buildings under the STC competence.
- Predict the displacement field affecting the
pre-existing buildings listed in Fig.2, during and after construction.
- Investigate the feasibility of different mitigation interventions when the soilstructure analysis yields displacements
field, induced by the construction works,
which affects the ground surface in an unacceptable manner.
- Develop the geotechnical monitoring
scheme, allowing to watch in real time, the
response of monuments and historical
buildings to the construction works.

construction, the long period low frequency of the baseline movements of the
city area adjacent to the lots T3 and T2
route. This has been accomplished by using the Synthetic Aperture Radar which
has permitted, since 1992, to obtain the periodical seasonal series of the reflectors
movements.
- Design and implement the geomatic monitoring system to measure, before the construction, short period, high frequency,
baseline movements of buildings and monuments existing along the T3 and T2
route. To accomplish this task, a series of
motorized total stations together with the
installation of a large number of mini mirrors were placed on monuments and historical buildings along the route. The stability of the total stations is constantly
controlled by the GPS receiver and by the
automatic biaxial inclinometer. Such arrangement will produce a daily movements cycle of mini mirrors at least for a
period ranging between 1 and 2 years before starting the construction.
- Devise and run geodetic measurements of
the buildings entrusted to the STC, during
the entire construction period and for at
least two years beyond. This will be accomplished by means of the mentioned total stations assisted by the conventional
geodetic survey at spots difficult to be covered only by the total stations operations.
- Setup and manage a Relational Data Base
Management, incorporating all geomatic
monitoring data as well as those obtained
by means of metereologic, geotechnical
and structural monitoring instrumentation.

Structural Engineering (WG-SE)
The W.G.-SE activity, in close teamwork with
GE group, focuses on:
- Harmonizing the methodology of the soilstructure interaction analyses to the structural models of buildings using the input
provided by the W.G.-GE.
- Performing the soil-structure interaction
aimed at defining the stresses and strains,
in the masonry, thus assessing the possible
damage category [Boscardin and Cording
(1989), Burland (1995)].
- Suggesting, when needed, non invasive
and if possible, temporary structural interventions to mitigate the impact of the displacements induced by the construction
activities.
- Developing the project of structural monitoring instrumentation to be installed on
the building elevations.

4.2. Analyses of Soil-Structure Interaction
The interaction between the activities involving
the construction of Line C and the monumental
and architectonic heritage located along the
routes of lots T3 and T2 are carried out along
with three levels of analysis, of increasing
complexity.
The first level is applied to all the historical
buildings and monuments entrusted to STC and
listed in Fig.2. It employs the semi-empirical
method allowing to compute the surface and the
near surface settlement through in greenfield

Geomatics (W.G. -GM)
The W.G. has been entrusted with the following
activities:
- Design and implement the geomatic monitoring system to measure, before starting
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conditions i.e., without considering the presence
of the buildings [Attewell and Woodman
(1982), Attewell and al (1986)].
The resulting displacement field is then imposed under the 3D linear-elastic finite element
model (FEM) of the considered structure,
computing stresses and strains due to induced
subsidence.

The value of i is assumed to vary linearly with
depth zo of the tunnel axis according to i=Kzo ,
being K the width through parameter depending
on the soil type and position of the GWL
[O’Reilly and New (1982), Mair et al (1993),
Mair and Taylor (2001)]. K is usually considered constant with depth when the assessment
of the surface settlement through is of interest.
Integrating the plane-strain settlement
through,

Supported by a well consolidated field evidence, the settlement through at the ground
surface, in absence of buildings (greenfield) in
sandy and clayey geomaterials above the tunnel
axis, at some distance behind its face, can be
approximated by the Gaussian function see
Fig.15 [Attewell and Woodman (1982), Attewell et al (1986)] given by the formula:
2
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the value of wzmax can be computed by means of
the following formula:
wzmax = 0,313 VL D2/i

(1)

(2a)

where:
D = tunnel diameter
VL = defined as volume loss parameter
corresponding to the volume of the
settlement through (Vw) divided by
the nominal volume of the excavated
tunnel (Vo). Both Vw and Vo are referred to unit length of tunnel.

where:
wz
= vertical displacement
wzmax = maximum vertical displacement
above tunnel axis
i
= distance y from the tunnel axis to
the inflexion point in Fig.15

Figure 15. Surface settlement profile after Attewell et al. , 1986.
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being :
z = depth at which the wz max is evaluated.

VL results a crucial parameter when evaluating
how the underground works affect the existing
buildings, it is strongly dependent on soil type,
tunnelling method and quality of the contractor
performance. The main sources generating the
magnitude of the VL are referred to Leca et al
(2000).
When the subsurface settlement through is
of interest, it still can be approximated by the
Gaussian function as long as the variation of i
with depth z can be defined.
This can be accomplished [Mair et al (1993)
Moh and Huang (1996) and Mair and Taylor
(2001)] by means of eq. (1) considering the
trend of K and i vs. depth given by the following relationships:

Then introducing into eq (1) the value of i
resulting from eq. (3) and the value of K obtained from eq (5) one gets the settlement
through transversal to the tunnel axes, for depth
z, at some distance from the tunnel face, where
plane strain conditions holds.
The extension of the shape and magnitude of
the surface/subsurface settlements at the front of
the advancing tunnel and ahead of it can be
evaluated assuming that the settlement through
along the x axis in Fig.15 is well approximated
by the cumulative probability function [Attewell
et al (1986)]:

i= K(zo-z)

(3)

wx = wxmax · ȥ (x,i)

i/zo = 0.175 + 0.325(1-z/zo)

(4)

(8)

being :

<

Eq. (4) holds for fine grained soils.
Combining eqs. (3) and (4) one gets:
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The value of wx max can be obtained by means of
the following formula:

(6)
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being:
D = tunnel diameter
VL = volume loss as fraction of one,

The value of wz max for a subsurface settlement
through can be computed from the following
relationship;

D2

4 zo

·
¸
¸
¹

assuming i (x) = i (y), and being t = internal
variable.

with the value of exponent m ranging from 0.4,
recommended for silt-sand and 0.8 for silt-clay
geomaterials.
In eqs. (4), (5) and (6), the z corresponds to
depth at which the settlements are evaluated.

w z max

§ x
¨
¨ 2i
x
©
A

erf (A )

Concerning the type of soils, more general
relationship to evaluate i of subsurface settlement through has been proposed by Moh and
Huang (1996);
i(z)= i(z=0)[ (zo-z)/zo]m

1ª
«1  erf
2 «¬

Combining the settlements computed by means
of eqs. (1) and (8) and assuming i (x) #i (y)
#K= f (zo-z), it can be obtained the pattern of
the induced greenfield subsidence at surface and
subsurface planes, this latter as long as it is
done sufficiently far, let’s say 0.5D, from the
crown of the excavated tunnel. Using the same

(7)
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approach and superposition principle the settlement field can be extended to twin tunnels.
The mentioned procedure to compute
wz =f (x,y,z) can be extended to assess also the
horizontal displacements uy=f(x,y,z), see Attewell et al (1986) and Pickhaver (2006).

The consolidation occurring when the tunnel
acts as a drain with respect to the surrounding
soil is controlled primarily by the ratio of the
lining to the soil hydraulic conductivity [Mair
(2008)] and can be responsible for an increase
of both settlements and of the width of the
settlement through. As to creep very little is
known, it can manifest in structured fine
grained soils where the tunnelling and associated works cause the phenomenon of destructuration. An example of the observed increase of
wz after the TBM passage measured during
metro line construction, possibly imputable to
creep, is shown in Fig.16 [Rocchi et al (2010)].
The outcome of the 1st level interaction analyses allows, in first approximation, to predict
the expected damage category of historical
buildings and monuments using the criteria
proposed by Burland (1995) for masonry
structures. Tab.6 reports the damage classification based on the fissures opening and magnitude of İt , adapted after Burland (1995) by
introducing more conservative criteria in order
to account for the age and conditions of the
monuments and historical buildings encountered along route of T3 and T2.
When the greenfield analysis suggests that
the settlement induced by the tunnelling works
endangers the monument/building, the 2nd level
of analysis is undertaken. It consists in selecting
few planar elements of the structure, a façade or
an alignment of the shear walls, for which the
equivalent linear-elastic 2D solid (ES) is computed, see Pickhaver (2006).

As already mentioned, the greenfield displacement field is imposed under the base of the
3D structural FEM to evaluate how the tunnelling works affect the stresses and strains in the
building.
Differentiating the displacements of the
structural components resulting from the finite
element analysis it is possible to obtain, in first
approximation, the vertical and horizontal
strains in the masonry from which, in turn, it
can be estimated in first approximation, the
principal tensile strain İt.
It is worthy to recall the readers’ attention
on the circumstance that the greenfield displacements computed by means of the exposed
semi-empirical equations, implies that all the
deformation processes occur at a constant
volume. This holds in saturated fine grained
soils immediately after completion of the
tunnels but can differ in coarse grained geomaterial where the tunnelling operation occurs in
virtually drained condition. Moreover, in long
term, especially in low permeability soils, the
near surface settlement can increase as result of
consolidation and creep.

Figure 16. Greenfield settlement through - Observed vs. computed. Rocchi, 2009.
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Table 6. Classification of damage for the buildings of
ancient Roman age (adapted after Burland 1995).

- modelling excavation of the first tunnel,
including construction of the lining,
- modelling excavation of the second tunnel
including construction of the lining.
When the 2nd level analysis cannot suitably pick
up the 3D nature of soil-structure interaction
phenomena, the 3rd level of analysis is carried
out.
This is the case for the cluster of historical
buildings in Piazza Venezia (nn°21, 22, 23, 24,
25, 26, 27 in Fig.2), modelled performing
geotechnical analyses to assess the displacement
field under 3D ES’s, which then is applied
under 3D linear-elastic model of the buildings
to evaluate the expected damage level.
Basically, the procedure followed in the 3rd
level analysis is conceptually similar to that of
2nd level as to the involved constitutive modelling of materials (soil, masonry) and of its
objectives.

The equivalent solid (ES), by applying the
homogenization procedure, preserves the
dimensions in plane, the weight and the stiffness of the prototype and is assessed via linearelastic finite element analysis (FEA) taking into
account the boundary conditions at its extremes.
Once the characteristics of ES are defined,
the corresponding displacement field is computed by means of 2D FEA, simulating, for the
given value of VL, the construction of the tunnel
following the approach used by Venturini and
Viggiani (2003).
In the evaluation of the settlement through,
the underlying soil is modelled as a coupled
two-phase (soil skeleton pore fluid) elasticplastic work hardening material. The resulting
displacements field is then imposed under the
corresponding 2D linear-elastic ES FEM,
computing the induced stresses and strains. The
results of analysis allow estimating the magnitude of strains in the masonry element and
deliberating on the expected damage level.
An example of the 2nd level analyses carried
out using above approach is exposed in the next
section of the paper.
The approach to the 2nd level analysis consists in the steps summarized in the following,
referring to the twin tunnels excavated by
TBM’s:
- calibration of the geotechnical model simulating TBM tunnel excavation [Sagaseta (1998), Venturi and Viggiani
(2003) in order to compare the obtained
settlement through with that corresponding
to the greenfield condition generated for
the design value of VL , see example in
Fig.17,
- generation of the site topography and implementation of the geostatic stresses in
the foundation soils,
- modelling the presence of the ES,

The only relevant difference is that the 3rd level
analysis makes reference to 3D model of the ES
representing the entire building.
The attempt to perform such complex analysis for cluster of buildings of great historical
value such the ones in question was also triggered by the circumstance that the area of
Piazza Venezia is interested by deep deposits of
soft lightly OC clays, see Figs.7 to 9 representing the most critical portion of the T2 route.

Figure 17. Settlement through - greenfield vs. FE
simulation.
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As to the stations of Fori Imperiali in front of
Basilica di Massenzio (n° 4M in Fig.2), in
Piazza Venezia and the one close to Chiesa
Nuova (nn°2 and 3 in Fig.2), planned along the
lots T3 and T2 and involving large and deep
open excavations, their modelling to estimate
the settlements of the surroundings terrain,
requires 3D FEA. The analyses are performed
adopting a two-phase elastic-plastic work
hardening constitutive model for soils providing
the coupling between soil skeleton and pore
fluid. During the analysis all construction
phases are modelled including those related to
the execution of 50 to 60 meters deep diaphragm walls.

Figure 18. Palazzo della Cancelleria - View from
Corso Vittorio Emanuele II.

4.3. Worked Example
Palazzo della Cancelleria.
Palazzo della Cancelleria is located along the
route of the T2 lot, in corso Vittorio Emanuele
II, see building n°6 shown in Fig.2.
The palazzo's façade incorporates the
Basilica of S. Lorenzo in Damaso, whose origin
dates back to end of the IV century when its
construction started on the ground of an old
church. It was completed around 1514 and ever
since the building has undergone many transformations to recent times (1940) when the
works to enlarge the existing foundation on the
internal colonnade courtyard were completed.
Figs. 18 and 19 show respectively the prospective view of the Palazzo della Cancelleria in
Corso Vittorio Emanuele II and the above
mentioned internal courtyard.
The building, of trapezoidal in shape, covers
an area of 2700 m2 and its position with respect
to the route of the line C is shown in Fig 20.
The distance between the twin tunnels 6.7 m in
diameter each can be summarized as follows.
The odd tunnel does not underpass the building
being located 24 and 9 m from its NE and NW
corners respectively. The even tunnel alignment
passes beneath the building. along the nave of
the Basilica.

Figure 19. Palazzo della Cancelleria - Palazzo della
Cancelleria - Internal courtyard.

Figure 20. Plan view of Palazzo della Cancelleria.

Table 7. Palazzo della Cancelleria, tunnels location
and geometry.

Moreover, in the vicinity, two ventilation shafts,
shown in Fig.20 are planned, whose construction, especially that named Cancelleria shaft,
can affect the response of the building.
The altimetry and the geometrical features
of the tunnels can be inferred from Tab.7.
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Table 8. Palazzo della Cancelleria, input for
greenfield analysis.

The soil profile in the surroundings of Palazzo
della Cancelleria can be summarized as follows:
- Man-made ground (R) is encountered from
the existing ground level (elev. +17.5 to
+17.0) to a depth ranging between 8 to 9
m. The man-made ground contains archaeological remains and parts of old constructions dating back to the II century BC.
- Lightly OC clayey silts (LAv) on average,
4.5m thick.
- Medium to fine silty sand (SL), 7.0m thick.
- Medium sand (S), 8.0m thick.
- Soft NC clays (Ag) with thickness of
around 30m. This formation in its lower
part can contain a thin layer of silty sand
marking the transition to coarse grained
deposit present underneath.
- Sandy gravel (SG) circa 6m thick.
- Deposit of medium plasticity OC Pliocene
silty clay (Apl) extending to a large depth.

The evaluation of the settlement through at the
foundation depth (9m, elev.+17.5 a.msl) has
been computed simulating the first construction
of the odd tunnel, followed by the excavation of
the even tunnel.
In both simulations, the route has been divided in a number of stretches, evaluating at the
end of each the induced settlement, obtaining
the influence of the TBM location on the
induced settlements when tunnelling is in
progress.
Examples of the analyses carried out are illustrated in the following figures, showing the
projection of the settlement through (wz , mm)
on the foundation plan:
- Fig.21, odd tunnel completed (VL=0.5%)
- Fig.22, odd and even tunnels completed
(VL=0.5%)
- Fig.23, as above but including the effects
of the tunnelling of connections
(VL=2.5%) to the ventilation shafts

The above soil profile can be considered representative of Sector C (Fig.7) of the T2 lot whose
geotechnical characterization is given in the
section 3 of the paper.
Referring to the outlined subsoil profile, the
W.G.-GE has carried out the 1st level greenfield
analyses evaluating the subsidence induced by
the construction works by means of the semi empirical approach summarized in section 4.2.
The analyses have been performed assuming, for the tunnels excavated using TBM’s, the
values of VL equal to 0.5% (design value) and
1.0% (upper bound).
The effect of the excavation of the tunnels
connecting the metro line with the ventilation
shafts, by traditional methods, has also been
investigated within the 1st level approach
assuming the value of VL=2.5%.
The depth of the building foundations
adopted in the calculations was 9.0m below the
G.L. in agreement with the records obtained
during the works on the foundation on the
internal courtyard colonnade performed in
1940.
The evaluation of the subsurface settlement
through has been carried out adopting the input
parameters reported in Tab.8. As to the variation of i vs. depth, the eq. (5) suggested by Moh
and Huang (1996) has been employed introducing values of m and b corresponding to an
average within the range suggested by the
authors.

The settlements profiles induced by all tunnelling works along the facade of Piazza della
Cancelleria (section A-A’ in Fig.20), for the
values of VL 0.5 and 1.0 percent are shown in
Fig.24.

Figure 21. Settlements in mm at the foundation level.
VL=0.5%, odd tunnel completed.
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Figure 25. Deflection ratio and tensile strain from
greenfield analysis.

The data such as those shown above allow
estimating the values of the principal tensile
strain (İt) and of the deflection ratio ('/L), see
Burland and Wroth (1974) and Burland (1995),
along any desired masonry alignment of the
building. The meaning of the above terms and
of the related symbols as referred to greenfield
settlement through, together with the values of
İt , obtained for the A-A’ alignment (Fig.20) of
the Palazzo della Cancelleria as shown in Fig.25
and Tab.9.
The data exposed in Fig.25 have been obtained for two scenarios, twin tunnels completed
and the situation after the execution of the
access tunnels to the ventilation shafts.
The results of the 1st level analyses, summarized above, according to the damage categories
exposed in Tab.6 yield satisfactory response as
risk of the damage is concerned. Facades and
masonry alignments of the Palazzo della Cancelleria, evaluated similarly to the alignment AA’, fall into the damage category 0.

Figure 22. Settlements in mm at the foundation level.
VL=0.5%, twin tunnels completed.

Figure 23. Settlements at the foundation level.
VL=0.5%, twin tunnels completed
VL=2.5%, access tunnels to the ventilation shafts
completed

Figure 24. Settlements through along alignment A-A’ - Twin tunnels completed.
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Table 9. Palazzo della Cancelleria, alignment A-A’- Results of the greenfield analysis.

Only alignment A-A’, the most critical one,
exhibits for the VL=1.0%, a damage category 1
according to the classification given in Tab.6.
Despite this positive result, in consideration of
the high historical and artistic value of the
Palazzo della Cancelleria, the 2nd level of the
analysis has been undertaken performing the
soil-structure interaction analysis of the ES
corresponding to the facade at the front of
Piazza della Cancelleria which coincides with
the mentioned alignment A-A’.
The ES of this façade worked out by the
joint effort of the W.G’s of GE and SE, adopting the principles of homogenization, led to the
ES having the following characteristics:
- Wall 90m long, 1,7 m thick, 9m high
completely embedded in the subsoil. The
geometry of 2D ES implies that it incorporates the effects of presence of the other
masonry walls parallel to the considered
façade with a spacing of 8.5m extending to
a very large distance in the perpendicular
direction.
- The structural ES masonry elements are
modelled as an elastic-perfectly plastic
purely cohesive (Ĳf=c) material with tensile
strength ıt=0. The complete set of the parameters characterizing the mechanical
properties of the ES is given in Tab.10.
- The pressure p transmitted by the ES to the
soil as estimated by the W.G.-SE resulted
equal to 250 kPa.
- At the contact between the ES and foundation soil, it has been considered a friction
coefficient equal to 70% of that of the underlying soil.
- To simulate more realistically the stresses
in the ES when undergoing the settlements
induced by the underground works, its
structure was modelled as a three layers
system composed two different materials

having equivalent moduli of elasticity
(Eeq) which after the homogenization reduces to values Emod used in the FEM.
Both the mentioned values of moduli are
given in Tab.10 together with bulk density
(Ȗ), Poisson ratio (Ȟ) of the masonry as
well the homogenization factor f.
The response of the ES to the tunnelling has
been computed by FEA referring to the previously mentioned soil profile. The stress-strainstrength behaviour of different geomaterials
present, has been described adopting the Hardening Soil model [Schanz et al (1999)], Tab.11.
The tunnels excavation process hasbeen simulated by means of FEA, imposing, along the
tunnel crown, an inward vertical displacement
field of such magnitude and distribution to
yield, after the trial and error process, the
desired value of VL , see Venturi and Viggiani
(2003).
Table 10. Palazzo della Cancelleria, alignment A-A’.
Material paramenters of equivalent solid.

Table 11. Palazzo della Cancelleria, alignment A-A’Second level analysis, Paramenters for Hardening
Soil Model , Schanz et al. ,1999.
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The geometry of the ES for the façade in question
and the corresponding FEM are shown in Fig. 26.
The evaluation of the displacement field to
which ES is subject, has been carried out
following all the steps listed in the section 4.2,
with the reference to the 2nd level analysis,
assuming drained response of all the strata
present in the subsoil, except for the soft clayey
formation Ag, for which undrained conditions
have been modelled.
The results of the 2nd level analysis and its
comparison with the 1st level semi-empirical
analysis can be summarized as follows:
- In Fig. 27, the settlement troughs, at the
foundation level, as obtained from semiempirical approach is compared against
the results of the numerical modelling. The
two analyses yield quite similar settlement
troughs. The numerical model displays
slightly smaller wzmax and almost identical
troughs width.
- The settlement induced by tunnelling under the ES for the two considered values of
VL is presented in Fig.28.

- Tab.12 summarizes, for the twin tunnels,
the end of construction values of '/L , the
İ1 max. as well as the average value of the
strain İ1 resulting from the numerical
analysis for sagging and hogging respectively.
- In the examined case, the comparison of
the results of greenfield analysis vs ES,
show the advantages, in terms of masonry
damages indices [D/L,İt(İ1)], when performing the soil-structure analysis. This is
quite common but cannot be generalized.
Indeed, when the soil-structure analysis refers to heavy loaded buildings and employs a non-linear stress-strain for soils relationship, the opposite is true indicating
that not necessarily the greenfield yields
an answer on the safe side. This holds for
analyses carried out for the Basilica di
Massenzio, not reported in this paper,
where the loads transmitted to the foundation soils mobilize around 60% of the
available shear strength.

Figure 26. Palazzo della Cancelleria - Equivalent Solid.
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Figure 27. Palazzo della Cancelleria, alignment A-A’. Settlement throughs from semiempirical and numerical analyses.

Table 12. Palazzo della Cancelleria, alignment A-A’- Results of the second level analysis.
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making, to a large extent, unproductive the
compensation grouting and/or requiring its
repetition in time.
The international geotechnical literature reports many well documented examples illustrating compensation grouting procedures and
applications. [Harris et al (1994, 1996), Boone
et al (1997), Essler et al (1998) Harris et al
(1999), Harris (2001), Chambosse and Otterbein
(2001), Burland and Standing(2001), Au et al
(2003), Hassnoot et al (2003), Liu (2003), Mair
(2008)].
When the soil condition and the building
structural features permit, by no means the
compensation grouting appears as the most
effective and almost non invasive means to
correct the settlements caused to the surrounding buildings by excavations and tunnelling.

Figure 28. Equivalent Solid, settlement field from
numerical analyses.

4.4. Mitigation Interventions
Despite T3 and T2 tunnels are located at large
depth (2.6 > H*/D > 6.0, being H = depth to the
tunnel crown) and that in most of the examined
cases the soil-structure analyses yield, 0 or 1
damage level, refer to Tab.6, the uniqueness of
the buildings as well as their vulnerability to
differential settlements, have led the designers
to device a series of measures aimed at mitigating the tunnelling induced displacements.

Another kind of intervention directly involving structural engineering, consists in jacking
the structural components undergoing tunnelling induced settlements, see for example
[Harris (2001), Di Stefano (1990), Macchi
(2009) and Macchi, G. and Macchi, S. (2007)].
The intervention consists in separating the
structure in elevation from the foundation, by
performing thin horizontal cut in the masonry,
where a series of flat jacks are inserted. The flat
jacks assisted by an adequate monitoring system
allow raising the superstructure to compensating
the settlement manifested by foundations.
In the case described by Harris (2001) and
Mair at al (2009), this intervention, which can
be named mechanical compensation, was
associated with compensation grouting.

The possible mitigation interventions - both
geotechnical and structural - are limited to avoid
too invasive measures which could endanger the
monumental and architectonic integrity of the
structure.
The compensation grouting [Mair and
Height (1994)], when applicable, is one of the
most effective measure to keep the tunnelling
induced displacement within reasonable limits.
It consists in highly controlled grouting under
the building to counteract the ongoing settlements, see Fig. 29.
To be effective, the compensation grouting,
should meet some strict requirements such as: a
highly experienced contractor, a reliable high
precision monitoring system, a preliminary field
trial and a rigorous application of the observational method, see Peck (1969).
This measure is feasible in many soil types,
but its application presents some restraints in
soft to medium saturated fine grained deposits,
where the grouting induces pore pressure excess
which, when dissipates, causes settlement

Figure 29. Principle of compensation grouting,
adapted from Mair et al. , 2009.

76

For lots T3 and T2 of the Metro C, the use of
the sacrificial crosswalls is foreseen in the
design of boxes for the deep stations Basilica di
Massenzio and Chiesa Nuova.
For more details on the design and use of
crosswalls see Osborn et al (2009) and Meritt et
al (2010).

This kind of mitigation is presently considered
for the Chiesa Nuova station (building n°2 in
Fig.2), Macchi (2009), where the excavations
and tunnelling, based on the analyses available
so far are expected to cause displacements of an
unbearable magnitude.
As to deep open excavations supported by
diaphragm walls, the mitigation of displacements induced at the surrounding surface can be
effectively mitigated by installing, before
starting the excavation, a series of transversal
panels of lean concrete, having compression
strength between 5 and 10 Mpa. The panels
named sacrificial crosswalls, see Figs.30 and
31, have generally the same length of the
outside diaphragm panels and are demolished
while proceeding with the excavation.
Overall, the crosswalls allow minimizing the
inward movements of the outside diaphragm
walls which occur during installation of props,
resulting especially effective in controlling deep
seated displacements below the excavation
bottom. Figs 30 and 31 illustrate in a qualitative manner the horizontal displacement (G) of
the perimeter diaphragm panels in absence and
in presence of crosswalls.

5. CLOSING REMARKS
Although the construction of the monumental
lots T3 and T2 will start in 2012, their design is
in an advanced stage of development and will
be completed in the next 8 to 12 months, performing many advanced 2D and 3D soilstructure analyses of the monuments and the
historical buildings entrusted to the SCT.
In the circumstances this paper represents a
kind of progress report introducing the readers
into the methodological approach and organization setup to safeguard the Roman archaeological heritage during the subway construction.
The writers and their colleagues of the
W.G.’s presented in section 4.1 will inform of the
activities progresses. A good opportunity will be
the next Symposium of the ISSMGE Technical
Committee 204 “Underground Construction in
Soft Ground” to be held in Rome in April 2011.
By that time we will be able to give more comprehensive details on this project.
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ABSTRACT: This paper gives some of the main results, as well as the conclusions and recommendations, of the
‘FOREVER’ French National Research Project on Micropiles performed mainly experimentally from 1993 to
2001 (Cyna et al. 2004 and Forever, 2008). The behaviour of vertical micropile groups and of micropile networks was studied under vertical and horizontal loadings, mostly in sand. A positive group effect has been
observed with a large number of slender micropiles and a negative one with a small number. The prediction of
the displacements of such groups has also been investigated using t-z and p-y approaches. Micropile networks
appear to withstand lateral loading better than equivalent micropile groups.

1. INTRODUCTION

loadings (See below: Conclusions and Recommendations).

The ‘FOREVER’ French National Research
Project on Micropiles (FOundations REinforced
VERtically), an operation of RGCU, the Civil
and Urban Engineering Network of the French
Ministry in charge of Public Works, was performed from 1993 to 2001. It was mainly
experimental and the results were obtained from
model tests in sands (calibration chambers,
experimental tank and centrifuge) and from full
scale tests (experimental sand site, as well as on
real job sites), see e.g. Plumelle et al. (2001). A
book in French entitled “Synthesis of the results
and Recommendations of the French National
Research Project on Micropiles - FOREVER”
has been published in 2004 (Cyna et al., 2004)
and the English translation has been published
in the US by ADSC in 2008 (Forever, 2008).
The 24 partners were members of the construction industry, owners, consultants, general
contractors and the R&D community including
scientists, universities, engineering schools,
private and public laboratories. It must be
mentioned that 3 foreign partners were included: US FHWA, University of Canterbury in
New Zealand, and Polytechnic University of
New-York.
The FOREVER book includes five chapters.
In the following, only static loadings of groups
and networks are covered. Nevertheless, the
recommendations from the FOREVER project
are given at the end both for static and seismic

2. GROUPS OF MICROPILES: ANALYSIS
OF THE EXPERIMENTAL RESULTS
2.1. Study of the parameters influencing the
vertical bearing capacity
Micropile spacing
The micropile spacing S is one of the parameters that most influence the behaviour of groups
of micropiles under vertical loading. In the case
of sand, several experimental studies on reduced
scale pile models in tanks were conducted by
Lo (1967), Vesiü (1969) and O’Neill (1983) and
on micropiles by Lizzi and Carnevale (1979).
Lo (1967) provides efficiency coefficient values
for micropile groups, measured or estimated by
different authors as a function of the following :
spacing between micropiles, number of micropiles in the group, density of the sand (loose
or dense) and roughness of the micropiles.
These results show that the group effect ranges
from 0.6 to 2.2 and is optimum for an axis to
axis spacing, S, between 2 B and 3 B, where B
is the micropile diameter.
Vesiü (1969) also provides measured efficiency coefficients (for groups of piles of larger
diameter than those studied by Lo) as a function
of the spacing between piles and the number of
piles in each group. Vesiü separately measures
the tip resistance and the axial friction and also
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studies the influence of the cap on the group
bearing capacity. His results are comparable but
globally higher than the values given by Lo.
The group effect is maximum for spacing S
between 3 B and 4 B.
The conclusions of the tests conducted on
the reduced scale pile models jacked in frictional soils as provided by O’Neill (1983) are
the following: for loose soils, the efficiency
coefficient Ce of the group is always higher than
1 and reaches a maximum for a spacing of S/B
= 2. This coefficient also increases with the
number of piles; for dense soils, with 2 < S/B <
4 (typical case) the efficiency coefficient is
slightly greater than 1, as long as the piles are
installed without boring or injection.
Concerning the test results in full-scale conditions carried out by O’Neill on piles in frictional soils, they also indicate efficiency coefficients always greater than 1, except in the case
of boring or injection.
The influence of spacing on the bearing capacity of groups of 3 micropiles was also the
objective of an experimental study conducted
by Lizzi and Carnevale (1979) on reduced scale
micropiles (B = 10 mm, length D = 50 B to 200
B), vertically loaded in sand and backfilled in
an experimental tank. The spacing between
micropiles equalled 2 to 7 diameters. The
results of the tests, carried out to failure, indicated that the efficiency coefficient Ce varied as
a function of the spacing between piles and was
greater than 1. Lizzi and Carnevale concluded
that these results are valid for the “specific
situation of ground and the micropiles included
in the tests”. It must be pointed out that the sand
density, unfortunately, is unknown. However,
the following comments may be made : The
efficiency coefficient Ce seems to increase with
slenderness, but never exceeds 1.3 and an
optimum distance exists around axis to axis
spacing S/B = 3.5 to 4. An optimum distance
was also observed during the series of tests
conducted during the FOREVER research.
Other tests performed by Lizzi (1978) on a
group of 18 micropiles of length D = 2 m (see
Figure 7 below) have shown that a mutual
influence between micropiles appears for a
spacing much higher than the typical 3 diameters.
In the FOREVER research, the influence of
the spacing on the group effect was the objective of several experimental studies in full-scale
conditions and on reduced scale models. Table
1 gives the results obtained for the efficiency

coefficient under vertical loading. The soil
utilized was always Fontainebleau sand. Various installation methods were used and are
indicated in the fourth column.
Figure 1 summarizes the values of the efficiency coefficient obtained for the 54 tests on
the micropile groups as a function of the relative spacing. It shows a high scatter which can
be explained by noting the differences in experimental conditions, particularly the density
of the sand, the installation methods, and the
slenderness. It should be noted that in the 54
vertical loading tests performed on groups of
vertical micropiles, the majority had an efficiency coefficient less than or close to 1. Only
the groups with a large number of micropiles
had an efficiency coefficient clearly greater
than 1.
Soil density
Only two studies were conducted on the influence of the density of the sand on the bearing
capacity of micropile groups in similar conditions, all else being equal. The tests were
performed at CERMES of Ecole des Ponts
ParisTech, in the mini-calibration chamber and
in the calibration chamber, respectively. Both
seem to indicate that the efficiency coefficient
increases with a decreasing density.
Number of micropiles
Various loading tests on groups of micropiles
performed have been carried out on groups with
the number of micropiles varying from 3 to 36
(see Table 1). The influence of the number, N,
of micropiles is summarized in Figure 2, which
indicates a clear improvement in the efficiency
coefficient of vertically loaded groups of
micropiles, for N  16 compared to N  5 (all
spacings included).
The improvement of the bearing capacity of
the group can be explained through a greater
densification of the mass of the sand between
the micropiles during the installation. In the
case of the groups tested in this study, the
increase in the number of micropiles results in
an increase of the proportion of the number of
micropiles in the centre of the group. As seen in
some tests, the central micropiles benefit more
from the soil confinement than the peripheral
micropiles do.
Installation order
The influence of the installation order of micropiles jacked in the sand on capacity was the
focus of the experimental study carried out in
the calibration chamber at CERMES.
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Table 1. Efficiency coefficients for groups tested in the FOREVER Project and tested by Lizzi (1978) (sands)
OrganiType of Test
zation
CEBTP Full-scale site

4

Installation Spacing
D
B Density index Efficiency
method
S/B
(m) (cm)
ID
coefficient
Boring
2
5
10
0.57
0.8<Ce<1.1

Centrifuge at 10g

3

Jacking

1.5 to 3

0.5

1.2

0.65

0.76<Ce<1.05

Centrifuge at 20 g

9-36

Jacking

4 to 10

0.25

6

0.57

1.18<Ce<1.53

Centrifuge at 10g

18

Cast-in-place 7

0.2

0.2

0.8

1.56 and 1.61

Experimental tank

4

Jacking

2 and 3

1.5

2.5

0.5

0.8<Ce<1.1

18

Jacking

3.5 and 7 1

2

0.45/0.5

1.6<Ce<2.2

Jacking

2.1

0.2

1.12

0.36/0.50/0.76 0.59<Ce<0.95

2.8

0.5

2

0.45/0.55/0.8

0.75<Ce<0.87

4

0.5

1

0.55

0.63<Ce<0.74

2

2

?

1.68

LCPC

L3S

N

Mini-calibr chamber 5
CERMES

Calibration chamber
Lizzi
(1978)

Experimental tank

5

Jacking

18

Cast-in-place 7

This study showed the predominant effect of the
installation of the central micropiles after the
peripheral micropiles. Indeed, the installation of
the central micropile after the peripheral micropiles, in the case of an elementary group of 5
micropiles jacked in a medium-dense sand (ID =
0.5), increases the bearing capacity of the
group. This increase is 40% compared to the
bearing capacity of the same group in which the
central micropile is installed first (before the
peripheral ones).

Figure 2. Efficiency coefficients from tests on groups
vs number of micropiles N (FOREVER Project)

3. GROUPS OF MICROPILES :
NUMERICAL CALCULATION
METHODS
Many theoretical and numerical studies were
performed during the FOREVER Project, both
for groups and networks of micropiles (see
Forever, 2008). In the following, as an example
of some practical results obtained, the
GOUPEG approach is described.
Figure 1. Efficiency coefficients from tests on groups
vs spacing, S/B (FOREVER Project)
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3.2. Interpretation of the Rueil Malmaison tests
(vertical loading)

3.1. Development of the GOUPEG program.
Several numerical studies were carried out at
CERMES in order to study the behaviour of
groups of micropiles subject to vertical and
horizontal loadings (see Maléki and Frank,
1997, Perlo et al., 2005, Estephan et al. 2006).
Only the vertical loading is detailed here.
The numerical study concerned the development of the GOUPEG program as part of the
GOUPIL-LCPC program (Degny and Romagny, 1989). The GOUPIL program uses the
methods of load transfer functions for the axial
loads (mobilization curves for the axial shaft
friction, t-z) and the lateral loads (lateral reaction curves, p-y). The study consisted of introducing into GOUPEG the group effect through
correction factors. It is a “hybrid” method in
which Mindlin elasticity solutions are used in
order to automatically calculate the displacements induced on neighbouring micropiles and
also to determine the “y” type factors (i.e. the z
displacements) needed to correct the mobilization curves of shaft friction, t-z (and of point
resistance, q-zp).
The GOUPEG program was validated by
comparing the interaction coefficients ĮF obtained with the well-known continuum elastic
solutions of Poulos and Davis (1990).
The definition of the coefficients follows:

These tests were conducted on 4 vertical bored
and gravity grouted micropiles: 1 isolated
micropile and a group of 3 micropiles with
spacing of 1 m and loaded in tension. They are
steel tubes of diameter B = 89 mm, with a free
length of 14 m in alluvium and a bond length of
5 m in the underlying chalk (B = 125 mm).
They were instrumented in 8 sections with
removable LPC extensometers in order to
determine the friction along the shaft.
Numerous calculations on the displacement
under axial loading were performed with
GOUPEG. Among these calculations, the
following can be cited : alculation of the loading curve of the isolated micropile with free
length; calculation of the loading curve of the
isolated micropile with partial anchorage in the
free length; calculation of the loading curve of
the group, using the loading curve of the isolated micropile; calculation of the loading curve
of the group using the average limit friction
measured on the isolated micropile (“calculation
I”); calculation of the loading curve of the
group using the average limit friction measured
on the group (“calculation II”). In all cases, the
laws of friction mobilization were established
using the results of the prebored (Ménard)
pressuremeter tests (Frank and Zhao, 1982). For
the interaction between the piles and the use of
the Mindlin solutions, a Young’s Modulus of E
= 10 EM (EM, pressuremeter modulus) was
considered.
The loading curves (displacement at the
head as a function of the tension load applied at
the head) provided by calculations I and II are
compared, per Figure 4, to the results of the
measurements on each of the three micropiles in
the group. The results are satisfactory, particularly for calculation II. The principal comments
from the analysis are the following:
- it was not possible to use the measurements on the isolated micropile to predict the
behaviour of the group; this stems from, in this
case, the fact that the isolated pile is different
than the piles in the group as noticeable shaft
friction in the “free” length of the pile was
observed (due to the grout rising up during
grouting);
- a complete calculation with GOUPEG
(which is a “hybrid” method, i.e. with load
transfer functions and elastic continuum to
model interaction) using the Ménard pressure-

zG = zl (1+ĮF)
where zG is the vertical displacement of the
group and zl the vertical displacement of an
isolated pile under the same average load.
Figure 3 shows a typical result done on a
group of 2 micropiles

Figure 3. Comparison of the interaction coefficients
ĮF obtained with GOUPEG and with the Poulos and
Davis method (1990) for a group of 2 floating piles
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3.4. Analysis of the full-scale tests at Saint
Rémy-lès-Chevreuse

meter test results gave a satisfactory estimation
of the group loading curve under an axial load.

The GOUPEG software was then used to
analyze the vertical and horizontal loading tests
in full-scale conditions on vertical, isolated
micropiles and vertical groups of micropiles
(consisting of 4 micropiles, see Table 1), installed by CEBTP at Saint Rémy-lès-Chevreuse
(1995).
The data required for the GOUPEG analysis
was essentially the “t-z” mobilization curves for
the soil resistance based on the axial friction
and “q-z” curves for the tip resistance, as well
as the “p-y” curves for lateral reaction of the
soil. This data included the stiffness and the
limit values of the curves. The curves are
exclusively based on the prebored (Ménard)
pressuremeter test results performed at the site
by the CEBTP.
For the vertical loading, the limit axial friction was calculated from the Bustamante &
Doix (1985) recommendations and from the
French design code (Fascicule 62–Titre V,
1993). For the calculation of the group effect
(pile-soil-pile interaction), the influence of the
soil shear modulus, G (included in the Mindlin
equations) was studied.
Figure 5 compares the theoretical and experimental results for the R-SOL group (micropiles of behaviour similar to high pressure
injected micropiles of Type IV). The value G =
5.77 MPa corresponds to a soil Young’s
Modulus three times higher than the pressuremeter modulus (E = 3 EM). This example shows
that considering the interaction leads to a
reasonable estimate.

Figure 4. Rueil Malmaison tests. Comparison of the
axial loading curves at the micropile head from the
tests as compared with calculations from GOUPEG

3.3. Use of analytical solutions
The group calculation using the analytical
solutions for the interaction between the micropiles of the group was also performed. This
new method, as an alternative to the use of
Mindlin’s equations, was introduced into the
GOUPEG program. The idea is to use the
analytical solutions concerning both the axial
and lateral displacements, without changing
anything else in the GOUPEG method, which is
still an approach using the “hybrid” type model.
The pile-soil-pile interaction displacements are
used to calculate the correction “y factors”
(multiplying factors for the displacements) that
are needed to apply to the t-z and p-y transfer
curves for the isolated micropiles.The following
analytical solutions are used : for the axial
displacements, the pure shear model for concentric rings by Baguelin et al. (1975); for the
lateral displacements, the horizontal displacements model for a disc by Baguelin et al.
(1977); for vertical micropiles under axial loads,
the “analytical GOUPEG” validation is first
done by comparing the interaction coefficients
ĮF obtained to those given by the elastic continuum method of Poulos and Davis (1990), and
then by recalculating the global behaviour of the
group of three micropiles from Rueil Malmaison. The results are, on the whole, satisfactory.
Compared to “Mindlin GOUPEG”, the new
method is better in the case of the comparison
with Poulos and Davis (1990) and is rather less
accurate in the Rueil Malmaison case. Moreover, it should be noted that it is less sensitive to
the numerical discretization of the micropiles in
elements.

Figure 5. Comparison of the calculations from
GOUPEG with the measurements of displacement for
the group and with that of the isolated micropiles, for
the vertical loading. Case studied: R-SOL (Type IV)
micropiles
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4. NETWORKS OF MICROPILES:
ANALYSIS OF THE EXPERIMENTAL
RESULTS

A positive effect of the networks was found
by Lizzi (1978), who conducted vertical loading
tests on (Figure 7): 1) a group of 3 micropiles
with spacing of 17.5 B, therefore simulating
isolated micropiles (reference micropiles); 2) a
group of 18 micropiles spaced at 7 B and
arranged in two concentric circles; 3) a network
of 18 micropiles spaced at 7 B and arranged
also in two concentric circles; each micropile
being inclined with respect to the vertical and to
the vertical tangent plane to the circle (Į = 8.3°
and 11° ; ȕ = – 20° and 200°).

4.1. Study of parameters influencing the vertical
bearing capacity
Experimental and theoretical research conducted on micropile networks (groups in which
all the micropiles are inclined) is rare and little
is known on the behaviour of networks under
vertical and horizontal loading, considering the
important number of parameters influencing the
bearing capacity of the networks. The tests
performed in the FOREVER research and
summarised in this section allowed for the study
of the influence of certain parameters on the
vertical bearing capacity. Presented hereafter is
a synthesis and an interpretation of the obtained
results concerning the influence of the micropile
spacing, the density of the sand, the density of
the micropiles (number), the inclination of the
micropiles and their reticulation/interlocking.
It is noted that the orientation of the micropiles in a network is characterized by two
angles as follows (Figure 6): Į: angle of the
micropile inclination with respect to the vertical
and ȕ: angle between the vertical plane tangent
to the circle (centred in the middle of the foundation) and the vertical plane passing through
the micropile, called the “interlocking angle”.
An interlocking network is principally characterized by negative values of ȕ (ȕ < 0° or
greater than 180°) that allow for the micropiles
to generally have closer distances between them
than at the head. This results in a greater confinement of the soil between the micropiles.

Figure 7. Geometrical arrangement (Lizzi, 1978)

The micropiles were comprised of steel reinforcing rods, all with the same slenderness D/B
equal to 100 (diameter B = 20 mm and length D
= 2 m). They were first fixed in position and the
surrounding sand was then placed The sand had
a density index that was unknown, but assumed
to correspond to that of a loose sand, and was
backfilled in a quasi-liquid state around the
micropiles before being dried.
The inclination and orientation of micropiles
in the network differed between the two circles
of micropiles, and was as follows: 1) For the
inner circle, the micropiles formed an angle ȕ =
– 20°; they were inclined with respect to vertical at Į = 8.3°; 2) For the exterior circle, the
micropiles formed an angle ȕ = 200°; they were
inclined with respect to vertical at Į = 11°.
The principal result is an efficiency coefficient of 1.68 for the group of 18 micropiles (see
Table 1) (increase in vertical bearing capacity of
68% compared with the 18 isolated micropiles)
and 2.22 for the network of 18 micropiles
(increase of 122% compared with the 18 isolated micropiles) (see Table 2).
The loading tests conducted on the networks
of micropiles in the FOREVER research

Figure 6. Definition of the two angles, Į and ȕ,
determining the orientation of the micropiles
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involved micropiles whose number varied from
4 to 18 and the axis to axis spacing, S/B from
3.5 to 17. Table 2 summarizes the testing
conditions, the installation methods, the geometry of the networks, and the efficiency coefficients obtained for the networks. The values of
the efficiency coefficients, Ce, correspond to a
maximum value of the load or, otherwise, to a
settlement equal to 1/10th of the diameter of the
micropile cap.
Prior to examining the influence of the parameters on the bearing capacity of the network,
it must be emphasized that the values of the
efficiency coefficients of the networks are
highly scattered and often lower than 1. Moreover, the high value given by Lizzi (Ce = 2.22)
for the networks of 18 micropiles could only be
obtained for 3 cases out of 10, these 3 cases
being obtained in the experimental tank at the
Laboratory 3S of Grenoble for large displacements (S/B = 250%).
Influence of the spacing
In the case of the networks (inclined micropiles), the micropile spacing is defined as the
distance between the axes of the micropiles at
the level of the lower face of the micropile cap.
Figure 8 shows the measured efficiency coefficients on networks of micropiles, as a
function of the relative spacing S/B between the
micropiles. The comparison between the efficiency coefficients of the different vertically
loaded networks does not show a specific
relationship between the coefficient of efficiency and the relative spacing. The spacing at
the head of the micropiles is not a principal
parameter. In the case of a possible comparison
between the two spacings (S/B = 3.5 and 7 in
the experimental tank at Grenoble), the result
was rather unexpected; the efficiency is better
for large displacements, for the spacing S/B =
7! It is true that for small displacements, the
opposite is observed. Tests in full-scale conditions, performed at CEBTP, only show a negative network effect, independent of the spacing
(see Table 2). It is useful to note that these tests
were carried out only on networks of 4 bored,
gravity grouted (type IIh) micropiles, in a
double A-shaped arrangement (double easels).
Influence of the density of the sand
The soil density is a priori a principal parameter
in the behaviour of networks of micropiles, but
this was not systematically studied in the
FOREVER research.
All of the tests conducted on the groups and
the networks of micropiles were performed in

Figure 8. Efficiency coefficients of the networks vs
axis to axis spacing between micropiles (FOREVER
Project)

sand. In most of the cases, the value selected for
the density index, ID was close to 0.5 (0.45 < ID
< 0.55), corresponding to the case of relatively
loose sands, considered more interesting.
There is one notable exception concerning
the case of tests conducted in the centrifuge that
have been performed in a dense sand (ID § 0.8)
on a network of 18 micropiles. Independently of
the similitude problem involved in the experiments, it is apparent that this increase in the
density of the sand decreases the efficiency of
the network of 18 micropiles. Indeed, the
coefficient of efficiency, Ce is always less than
1, except for the “Lizzi type” network in the
centrifuge tests where ID = 0.80 – 0.85, whereas
this coefficient is systematically higher than 1 in
the experimental tank of Laboratory 3S (Grenoble) where ID § 0.5.
Another interesting result of the influence of
the density, shown in the same conditions,
concerns the difference in the shape of the loaddisplacement curves. With a low density, the
networks show a strain-hardening behaviour in
the experimental tank (ID § 0.5) whereas this
does not happen in the centrifuge with a high
density, where the equivalent group shows a
softening of the loading curve.
Influence of the micropile density
The tests conducted involved networks of 4
micropiles (double easels), 5 micropiles arranged in the shape of a star, and 8 micropiles.
No positive effect was observed in the network
for tests with a small number of micropiles (4 or
5). It seems actually that a minimal number of
micropiles per unit volume (micropile density)
of soil are required in order to obtain a confinement sufficient to induce a positive group
effect.
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Table 2. Efficiency coefficients for networks tested in the FOREVER Project and tested by Lizzi (1978) (sands)
Organization

CEBTP (2D)
Full Scale

Test
Double easel
1
Double easel
2
Double easel
3
Lizzi
type(initial)

Diverging
LCPCCentrifuge
“Drill bit”
at 10g
Alternated

L3S
Experimental
tank

CERMES
Calibration
chamber

Easel 1
Easel 2
1998 (2)
1998 (3)
1999 (2)
1999 (3)
1999
(4) Tighter
interlocking
2001 (1)
quasicylindrical
Free surface
ıc = 50kPa
ıc = 100kPa
ıc = 150kPa

Installation
technique

α (°)

N

β (°)

S/B

B
D
(mm) (m)

Ce

Bored

4

20

-

4

100

5

0.81

Bored

4

20

-

12

100

5

0.85

Bored

4

20

-

17

100

5

0.81

18

9*/8.3**

-20*/200**

7

2

0.2

1.31

18

9

90

7

2

0.2

0.97

18

9

0

7

2

0.2

0.65

18

9

0*/180**

7

2

0.2

0.51

2
2
18
18
18
18

10
20
20
20
20
20

0*/180**
0*/180**
0*/180**
0*/180**

3
3
7
3.5
7
3.5

12
12
10
10
10
10

0.6
0.6
1
1
1
1

0.92(1)
0.87(1)
2.3
1.81
1.77
1.74

Jacked

18

20

-40
220***

7

10

1

2.29

Jacked

18

20

§ - 30 /
210**

7

10

1

2.93

Jacked
Jacked
Jacked
Jacked

5
5
5
5

15
15
15
15

90
90
90
90

4
4
4
4

10
10
10
10

0.5
0.5
0.5
0.5

0.65
0.59
0.59

Cast-inplace
Cast-inplace
Cast-inplace
Cast-inplace
Jacked
Jacked
Jacked
Jacked
Jacked
Jacked

or

Lizzi (1978)
-20*/
Cast-in7
20
2
2.22
18 8.3*/11.8**
Experimental
200**
place
tank
* external circle ; **internal circle ; *** angle of two successive micropiles on the same circle
(1)
compared to the group

Effect of the orientations of the micropiles
The range of the variation of the angles Į and ȕ
in the tests conducted in the FOREVER research are from 8.3° to 20° for Į and – 40° to
+220° for ȕ (see Table 2). However, similar to
the other parameters, there are only a few tests
where the influence of each of these angles can
be illustrated with all of the other conditions
remaining constant.
Concerning the angle of inclination, Į, it is
possible to note a comparison with the groups
showing interesting results in the case of simple
networks:
- in the case of the double easels of bored,
gravity grouted (type IIh) micropiles in full
scale conditions, compared to that of a group of

4 type IIh micropiles also in full scale conditions, the efficiency coefficient of the double
easels, calculated for a displacement of 0.1B,
varies between the values of 0.81 to 0.85,
whereas for the group, the value is 1.1. This is
consistent with the results of the tests performed
on simple easels in the centrifuge, indicating a
reduced bearing capacity in comparison to that
of the group (ratio of 0.87 for Į = 20° and of
0.92 for Į =10°)
- for the network of 5 micropiles arranged in
a star configuration (ȕ = 90°), tested in the
calibration chamber under consolidation pressures of 50, 100 and 150 kPa, the efficiency
coefficient, calculated for a displacement equal
to 0.1B, varies from values of 0.65 to 0.59,
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whereas for the group, it varies from 0.74 to
0.63. This variation is a result of the increase in
confining pressure which seems to induce a
slight decrease in the efficiency coefficients.
It can be confirmed that the inclination of
the micropile alone, i.e. with no interlocking,
has no beneficial effect. On the contrary, it
might result in a negative effect on the bearing
capacity at small displacements for simple
networks of micropiles as compared with that of
a group of micropiles.
However, it was demonstrated on simple
networks, that a specific mechanism inherent to
inclined micropiles exists under vertical loading, i.e. the start of a progressive mobilization
of the “lateral passive” reaction of the soil on
the micropiles. Concerning the double easels,
the excavation of the sand after the tests demonstrated that the grout surrounding the reinforcement was cracked at the head of certain
micropiles, indicating the importance of consideration of the bending forces, consistent with
the mobilization of the “lateral passive” soil
reaction.
Thus, the mechanism of a “lateral passive”
reaction of the soil with the micropiles can
yield, for large displacements and in certain
conditions (density of the soil, relative soilmicropile stiffness, etc.), an improved bearing
capacity of the network in comparison to that of
an equivalent group.
For the tests in the experimental tank of the
Laboratory 3S in Grenoble, the networks had a
more significant number of micropiles (n = 18)
and a better interlocking (ȕ < 0° and ȕ > 180°
and/or intersection of the micropiles). In the
case of the quasi-cylindrical network (defined
by Į = 20º, ȕ = – 30°/210°), a positive effect on
the bearing capacity was observed, beginning at
small displacements, in comparison to that of an
equivalent group. In all cases, the strainhardening phenomena was clearly visible for
the networks, confirming the “lateral passive”
soil pressure on the long and flexible inclusions
such as micropiles. Thus, concerning large
displacements, all of the networks in the experimental tank have shown a behaviour at least
as good as that of the equivalent group.
In contrast, the tests in the centrifuge have
never shown a positive effect on the bearing
capacity of the networks as compared to groups.
This might be due to the high density index
resulting from the procedure used to ensure a
good quality of the sand mass with the networks
of micropiles.

The numerical studies conducted at
CERMES show a positive effect in the case of a
simple network, in comparison to that of an
equivalent group, for the modelling of the No. 1
double easels network at St- Rémy-lèsChevreuse and for the associated theoretical
parametric study. These studies confirm that
this effect comes from the “lateral passive” soil
reaction. This discrepancy with the experimental results can be attributed to the fact that in
reality, the “lateral passive” soil reaction is
mobilized at a later stage and probably with a
lower intensity compared to that of the numerical models. This comparison clearly shows that
the conditions necessary for mobilization of the
“passive” reaction, and its intensity depend on
the stiffness of the micropiles (tension/compression and bending), and also of the
soil and its interfaces (p-y and t-z curves). This
is a development that may be explored with
future research.
4.2. Comments on the horizontal bearing
capacity
Horizontal loading tests were performed at
full scale and concerned only simple networks:
double easels at the Saint Rémy-lès-Chevreuse
site and simple easels at the Alabama (USA)
and Saint Maurice sites. They confirm that the
micropile (or pile) inclination has a large
beneficial effect on the resistance to lateral
forces. These cases refer to static loading, but
the results are similar under dynamic or seismic
loading (see below).
Concerning the double easels of Saint
Rémy-lès-Chevreuse, the horizontal bearing
capacity is 2 to 3 times greater than that of the
group with a spacing ratio of S/B = 2. The
numerical studies conducted at CERMES on the
double easels have confirmed these results.
5. CONCLUSIONS AND
RECOMMENDATIONS
In this section, the conclusions and recommendations from the FOREVER National Project
are given for groups and networks of micropiles
under static loadings, as well as for the seismic
behaviour of micropiles (Forever, 2008).
5.1. Groups of Micropiles
Bearing capacity of groups of micropiles
The experimental results have shown a positive
group effect (Ce > 1) for groups comprised of a
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large number of slender micropiles. This group
effect is most likely due to “soil confinement”
between the micropiles. This is confirmed
through relatively high efficiency coefficients
obtained for the lateral shaft friction when it
could be determined independently of the tip
resistance. The behaviour of the micropile(s) in
the centre of the group in some experiments
also showed a similar confinement phenomenon
in the group effect.
The group effect seems to be optimum for a
value of relative spacing between the micropiles, S/B of 2.5 to 4. For lower values of
relative spacing, it would appear that the high
confinement results in a block failure of the
soil-micropile system, in which case the global
bearing capacity would decrease. For higher
values of S/B, the confinement is reduced and
the bearing capacity of the group tends towards
that of the isolated micropiles (Ce = 1).
For a group containing a small number of
micropiles, which is not sufficient to cause soil
confinement between the micropiles, there is a
decrease of the group bearing capacity with
respect to the isolated micropiles (Ce < 1).
It should be pointed out that the efficiency
coefficients mentioned previously are global
coefficients which mask, in the case of short
piles, the positive group effect on the shaft
friction.
It is evident that the confinement effect can
possibly be improved using some methods of
micropile installation rather than others, given
the same conditions. Therefore, in loose sands,
bored-injected type or driven or jacked micropiles can induce good shaft friction through
soil confinement.
The installation technique appears to be an
important parameter. Unfortunately, it was not
possible to systematically analyze this parameter since it would have required a considerable
number of tests in different soil types (loose and
dense sands, cohesive soils, etc).
In conclusion, for the bearing capacity of
groups of micropiles, it is recommended to
favour the parameters and the installation
conditions that would result in the optimum
confinement.
It is not possible to precisely quantify the
contribution to the group effect from a given
parameter as some studies or calculation rules
would tend to suggest. Regarding micropiles,
the present state of research on groups is not
much different in a sense from that prevailing
for groups of piles with conventional diameters.

However, it is clear that it is easier to induce
this confinement effect with a group of micropiles than for a group of “large” diameter
piles.
Regarding underpinning, it is confirmed,
through the studies conducted on the Pont de
Pierre Bridge of Bordeaux, that the use of
micropiles can provide an efficient solution
adapted to stabilize movements of old structures.
Horizontal loading resistance of groups of
micropiles
The experiments conducted on horizontally
loaded groups show that the group effects are
comparable to those of the piles with conventional diameters:
- the global resistance of a group is less than
the resistance of the sum of the individual
micropiles, particularly because of the shadow
effect from the front piles to the rear piles; this
negative effect can be neglected for spacing
between 6 to 7 diameters;
- when micropiles are arranged in a row
(perpendicular to the direction of loading), the
resistance of the group is also decreased through
mechanical interactions in the soil. However,
this decrease seems to be moderate and can be
neglected for spacing greater than 3 diameters;
- micropiles installed with displacement
methods have a greater stiffness to horizontal
loading than the micropiles installed with nondisplacement techniques.
Design methods for estimating displacements of micropile groups
The FOREVER research had the opportunity to
develop the numerical program GOUPEG
which utilizes (t-z) and (p-y) load transfer
functions and linear elasticity for the mechanical interactions between the micropiles.
It is clearly shown that the methods developed for piles with more typical diameters,
using the results of the pressuremeter tests, are
applicable as such to groups of piles with small
diameters.
For the calculation of displacement of the
groups, there are two different group effects, of
a completely different nature, that must be
distinguished:
- the effects due to the micropile installation
technique that modify the properties of the
surrounding soil mass and at the interface, in
terms of stiffness and of limit loads (limit shaft
friction, ultimate pressure);
- the effect due to the mechanical interactions between the micropiles (superposition of
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displacements)
Two comments can be made regarding the
latter point. The first is that there is a negative
effect (for loading in the same direction)
whereby the displacement of a micropile in a
group is always greater than that of an isolated
micropile. The second is that this effect is the
only one which can be determined with numerical calculation methods for displacement.
The modifications of the soil properties resulting from the installation technique adopted
can, at this time, only be estimations which
should be made prior to conducting the numerical calculation. Indeed, it is not known how to
numerically model these effects and the available experimental data on this is rare.

positive network effect cannot be obtained,
because it is difficult to compact them.
Concerning design (sizing), except for simple networks, it is not possible at this time to
propose a method of calculation or a numerical
tool that takes into account the specific characteristics of the network behaviour. However,
some are being developed for use based on the
methods of load transfer functions described
above or on homogenization methods also
studied during the Project (see Forever, 2008).
From a practical viewpoint, the thought prevailing at the end of the Project is that it may be
advantageous to seek a network effect only in
the case of simple bored and gravity grouted or
driven micropiles. For injected micropiles under
high pressures of the Type IRS “repetitive and
selective injection”, it is more reasonable to
think that they will work with a high individual
capacity, eventually in a group or in a simple
network.

5.2. Networks of micropiles
The complexity and the necessarily limited
number of tests and studies conducted in the
FOREVER Project do not allow precise and
quantifiable recommendations to be made on
the behaviour and the design of micropile
networks. Nevertheless, a certain number of
conclusions can be made.
It appears that a micropile network, regardless of the number of micropiles, provides for a
better behaviour under horizontal loading than
an equivalent group. In practice, one will be
able to draw on and benefit from this understanding.
Concerning the behaviour under vertical
loading, the experimental results are, to say the
least, contradictory.
In order to obtain a positive network effect,
the recommendations already completed for the
groups should obviously be followed (particularly regarding the number and length of the
micropiles and the confinement of the soil).
In loose to medium dense granular soils,
those most advantageous to reinforce with
micropiles, a positive network effect can be
obtained in comparison with an equivalent
group if adequate confinement of the soil is
assured and, equally, if the micropiles are
concentrated as much as possible under the
applied load. This implies that the micropiles do
not move apart or diverge from the surface of
the foundation but, rather, “turn inwards” (ȕ <
0), in order to ensure a maximum “pinning” of
the soil. This is similar to the concept proposed
by Lizzi – a foundation of reinforced soil
having a monolithic behaviour.
For dense granular soils, it appears that a

5.3. Seismic behaviour of micropiles
The analysis of the damage caused by several
earthquakes (Loma Prieta and Kobe) has shown
that foundations using small diameter steel piles
resisted seismic loadings well in comparison
with large diameter concrete piles. This observation plays in favour of the use of micropiles
as foundation elements in seismic zones, because they offer properties of interest, notably
flexibility, ductility and resistance to tension
loads. Micropiles are particularly interesting for
the repair of structures that have experienced
seismic damages. This technique indeed offers
to engineers many design possibilities (number,
inclination and arrangement of micropiles) as
well as an ease of installation which makes its
use competitive, in particular in zones with
difficult access.
The use of micropiles as a reinforcement
technique (groups and networks of micropiles)
illustrates many additional advantages, because
it allows for creating a composite soil structure
with particular mechanical properties in terms
of stiffness, resistance and overall stability
during earthquakes, in particular in sites showing a risk of liquefaction. The experimental
results show that the micropiles induce a confinement of the soil mass which has the effect of
limiting the movement of the soil and reducing
the risk of liquefaction.
The FOREVER research included tests in
the centrifuge and modelling by three-
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dimensional finite elements and by simple
models with springs and dashpots (see also
Shahrour and Juran, 2004). This research allows
for a better understanding of the behaviour of
micropiles under seismic loading. The main
results obtained are the following:
i) the loads induced in the micropiles result
from kinematic interaction and inertial interaction. The kinematic effect is moderate for
vertical micropiles used as foundation elements.
The high flexibility of the micropiles allows
calculation of loads due to the kinematic effect
by assuming that the micropiles follow the free
field soil displacement;
ii) the inertial forces, resulting from the acceleration of the structure, transmit to the
groups of micropiles lateral loads and overturning moments, which in turn induce tension and
compression loads in the micropiles. It is thus
necessary to design the micropiles to resist these
loads and to take necessary measures so that the
micropile-cap connection correctly transmits the
tension loads. It should be noted that this
phenomenon advocates the use of micropiles in
seismic areas;
iii) the systems of micropiles exhibit a positive group effect which can be attributed to a
structural effect resulting from the fixity of the
micropiles in the cap. This effect results in the
reduction of the bending moments in the micropiles and of the displacements at the head
when the axis to axis spacing of the micropiles
decreases. In absence of any quantification of
this effect, it can be neglected because it is
conservative;
iv) the observation of damage caused by
some earthquakes shows a favourable behaviour
of inclined and flexible piles. The studies of the
FOREVER Project show that the inclination of
the micropiles yields an increase in the stiffness
of the foundation with respect to the seismic
loading and to an increase in the normal load in
the micropiles. It also ensures better overall
stability of the soil
v) The use of micropiles in liquefiable soils
shows a great interest. Indeed, the results
obtained in the centrifuge show that the micropiles confine the soil-micropile system,
which has the effect of decreasing the soil
movement, delaying the development of pore
water pressure, and in turn reducing the risk of
liquefaction
vi) The comparison of the results of the tests
in the centrifuge and of those from the finite
element modelling with those of the simplified

calculation methods based on Winkler’s model
show that the latter can be used for the seismic
design of micropiles used as foundation elements
vii) The design of micropiles in seismic areas must take into account all the other parameters of the project, notably the frequencies
(loading, structure, soil layers, etc).
The studies of the FOREVER National Project have allowed for the creation of a database
on micropiles in seismic zone areas. It comprises results of tests on isolated micropiles and
on groups of micropiles with vertical elements
and/or inclined elements in dry or saturated
soils. There are also results of numerical modelling by finite elements for numerous micropile
arrangements. This database presents a great
interest for the continuation of the studies on the
seismic behaviour of micropiles.
The studies carried out so far have dealt with
a small number of micropiles. The use of a large
number of micropiles in networks provides the
soil with supplementary properties which
appear particularly well adapted to resist earthquakes. It is thus necessary to carry on this
research in order to quantify the advantage of
reinforcement by networks of micropiles and to
elaborate on design methods appropriate to the
use of this technique in seismic areas. Nevertheless it is already possible to recommend the use
of micropiles, notably easels, in seismic areas.
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ABSTRACT: Due to existing sensitive buildings and structures, the urban context imposes generally severe constraints to tunnelling projects, related to the risk of face instability and of excessive
settlements. The first section of this paper addresses the face stability and some recent models based
on limit analysis are presented. In a second part, based on site observations, this report will focus on
the origins of the soil movements. The third section is devoted to the assessment of soil movements
by 2D and 3D numerical approaches. Finally, the possibility of updating the settlement forecast using
real time analysis of field observations will be analysed based on recent developments.
1. INTRODUCTION

far from any existing structures or buildings.
This context imposes to specifically verify the
following elements of urban underground
projects:
- The stability of the face, any instability or
collapse having potentially dramatic consequences due to dense human occupation
- The vertical as well as horizontal movements induced in the surrounding soil by the
underground works, the existing structures and
networks imposing often severe limitations in
terms of absolute and differential movement. In
the case of conventional tunnel construction,
these movements will be controlled by adapting
the sequences of excavation, of support installation, and by using different techniques of soil
reinforcement. When using a tunnel boring
machine, the resulting movements are in strong
relation with the operation parameters of the
machine: actual trajectory, overcutting, face
pressure, annular void grouting.
- The interaction with the built and the existing works. Due to their stiffness, these elements
will interact with the soil and can therefore
modify the response of the surrounding ground.
This concerns in particular buildings, piles,
existing tunnels and pipe networks.
Considering this context of tunnelling in urban environment, this report is focused on the
risks due to potential face instability and to the
soil settlements and movements.
The problem of the face stability will be first
considered, based on the recent development of

The development of the large cities comes along
with an increasing demand of space in a denser
environment and leads to continuously growing
occupation of underground space by railway
tunnels, subway stations and tunnels, road
tunnels, car parks, sewage galleries and other
networks. The lack of space and the proximity
of sometimes sensitive works lead to realize
these underground projects under geotechnical
and environmental conditions increasingly
difficult and complex.
Located in urban sites, these underground
works are to be realized in a context of more
and more sensitive neighbourhood in many
respects:
- Presence of numerous buried existing
works (known or not known) in a more or less
good state of preservation;
- Existence of numerous networks near the
surface, mostly very sensitive to the ground
movements
- Dense build environment with buildings in
a more or less good state of preservation and
with foundations often badly recognized;
- Local residents who accept less and less
the embarrassment brought by these works;
- Complex subsurface geological and geotechnical conditions, difficult to assess due to
poor surface access for soil investigations.
Moreover, the urban context imposes generally more severe constraints than the works built
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new models based on the limit analysis approach, with comparisons to previous models
and 3D numerical finite difference simulations.
In a second part, based on the observations
made during the construction of tunnels using
different techniques, this report will focus on
the causes and origins of the soil movements:
surface settlements, deep settlements and
horizontal movements.
In the third section, based on back analysis
made on different case histories, the assessment
of the soil movements by 2D and 3D numerical
approaches will be presented and discussed.
And finally, the possibility of updating the
settlement forecast using real time analysis of
field observations will be discussed.

neous cohesive soils based on a limit equilibrium analytical approach. His results are in
good agreement with those by Kimura and Mair
(1981). More recently, an interesting numerical
approach was proposed by Augarde et al.
(2003) using a finite element limit analysis
method based on classical plasticity theory. This
promising approach is currently limited to a
two-dimensional analysis.
More generally, the face stability analysis of
shallow circular tunnels driven by a pressurized
shield requires the determination of the pressure
to be applied on the face. This pressure must
avoid both the collapse (active failure) and the
blow-out (passive failure) of the soil mass close
to the tunnel face. Active failure of the tunnel is
triggered by application of surcharge and self
weight, with the tunnel face pressure providing
resistance against collapse. Under passive
conditions, these roles are reversed and the face
pressure causes blow-out with resistance being
provided by the surcharge and self-weight.

2. FACE STABILITY
Over the past thirty years, tunnelling in soft
ground, under the water table, has become
easier due to the development of pressurised
shield technique. However, many construction
sites around the world have experienced accidents and subsidence related to a problem of
face stability. While in most cases it resulted in
a simple subsidence without consequences other
than physical, the consequences were sometimes dramatic and therefore, this risk must be
considered with great caution, particularly for
shallow tunnels in urban environment.
The study of the face stability of circular
tunnels driven by pressurized shields has been
investigated by several authors in literature.
Some authors have considered a purely cohesive soil (Broms and Bennermark 1967, Mair
1979, Davis et al. 1980, Kimura and Mair 1981,
Ellstein 1986 and Augarde et al. 2003 among
others). In this case, the stability of a tunnel face
is governed by the so-called load factor N
defined as (figure 1):
V s  J H Vt
N
cu
where ıs is the surcharge loading on the ground
surface, ıt is the uniform pressure applied on
the tunnel face, H is the depth of the tunnel axis
and Cu is the soil undrained shear strength.
Broms and Bennermark (1967) stated from an
experimental approach that the stability is
maintained as long as N<6-7. Kimura and Mair
(1981) conducted centrifuge tests and proposed
a limit value of N between 5 and 10 depending
on the tunnel cover. Later on, Ellstein (1986)
gave an analytical expression of N for homoge-
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H

C

D

Vt

Figure 1. Face stability - geometrical parameters

2.1. Recent results based on limit analysis
The most recent approaches are based on the
limit analysis theory. Based on 2D mechanisms,
the problem was first studied by Atkinson and
Potts (1977) in purely frictional soils, then by
Davis and al. (1980) in purely cohesive soils. In
frictional-cohesive soils, different 2D solutions
have been given essentially by Muelhaus
(1985), Chambon and Corté (1994), and 3D
solutions by Leca and Dormieux (1990), Soubra
(2000), Subrin and Wong (2002). All these
solutions, referring to the limit analysis approach propose analytical solutions (or in the
form of abacuses). The solution can be calculated based on two complementary approaches:
the static approach based on the lower bound
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theorem, conservative, and the kinematical
approach based on the upper-bound theorem,
which gives unsafe estimates.
The pressure ҏıt leading to failure can be expressed as follows (figure 1)

Vt

s

C
H

J .D.N J  c.N c  V s .N s

D

where NȖ, Nc and Ns depend on the geometrical
parameters, the soil friction angle and the type
of failure (collapse or blow out).
Most of the proposed solutions are based on
the kinematical approach, which consists in
proposing a failure mechanism kinematically
acceptable. However, it has to be noted that the
solution depends on the failure mechanism
considered, and as this approach leads to an
upper-bound solution, the result can be highly
unsafe if the mechanism is not realistic: the face
pressure leading to failure is more or less
underestimated (collapse) or over estimated
(blow-out) depending on the failure mechanism
considered.
Leca & Dormieux (1990) proposed a failure
mechanism based on 2 truncated cones. Soubra
(2000) improved this solution and proposed a
mechanism composed of several truncated rigid
cones with circular cross-sections and with
opening angles equal to 2ĳ.



1

Figure 3. Blow out mechanism (Soubra 2000)

These mechanisms proposed by Soubra
(2000) improve the previous solutions. For
example, as shown in Soubra et al (2006), when
ĳ = 20° and C/D > 0.55, the NȖ factor in the
case of collapse is about 8% higher than the
factor proposed by Leca and Dormieux (1990).
And for Ns, the improvement is equal to 37.5%
when ĳ = 20° and C/D=0.1. In the case of blow
out, the reduction of the NȖ factor is very
significant and reaches 41% when ĳ = 30° and
C/D=1.4. For the Ns values, significant reductions are also obtained with respect to the
results presented by Leca and Dormieux (1990).
For example, when ĳ = 30° and C/D=1.4, the
reduction reaches 51%.

s

2.2. Comparison with numerical analysis

C
H

In order to evaluate the limits of this solution, Demagh et al (2006, 2008) compared the
results of this improved mechanism to those
obtained using the 3D finite difference code
FLAC (FD approach). The upper bound approach considers standard plasticity where the
dilatancy angle is equal to the friction angle
(ȥ=ĳ), which is not the case for real soils where
(ȥ  ĳ). Therefore, Demagh et al (2006, 2008)
in their finite difference simulations considered
the 2 extreme hypotheses, ie ȥ = ĳ and ȥ = 0.
The results of these comparisons are shown on
figures 4 and 5.


D

t

t

Figure 2. Collapse mechanism (Soubra 2000)

The shape of the collapse and blow out mechanisms are presented in figures 2 and 3. It can be
noticed that, on the tunnel face which is circular, the mechanisms proposed are elliptical and
do not cover completely the tunnel face.
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In the case of blow out, the results given by the
Soubra (2000) mechanism are quite closer to the
numerical simulations than the Leca &
Dormieux (1990) solution, but clearly for high
friction angles, this solution still highly overestimates the pressure leading to failure obtained
by the FD approach. As shown on figure 6, the
failure mechanism obtained using the Soubra
(2000) approach is larger than the one obtained
by the FD simulation. This difference and the
fact that this mechanism on the face has an
elliptical shape explain that this upper bound
mechanism can be unsafe, especially for high
friction angles.
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In the case of collapse, the results given by the
solution proposed by Soubra (2000) is close to
those obtained by the numerical simulation
using ȥ = ĳ. But clearly with ȥ = 0, the face
pressure leading to collapse obtained by the
numerical approach is higher than the value
given by Soubra (2000).
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2.3. Large shallow tunnels

(a)

6

In recent years, several shallow tunnels of large
diameter have been constructed, for example the
Groene Hart Tunnel, constructed in 2005 in
Netherlands, using a slurry-shield machine with
an outer diameter of 14.87m, and the two
15.43m diameter tunnels excavated by a slurry
shield under the Shanghai Yangtze River. Li et
al (2008, 2009), Emeriault et al (2008) analysed
the face stability of the Shanghai Yangtze River

3
0

0,5

1 ,0

1,5

2 ,0

R a p po rt C /D

Figure 5a. Upper bound for blow-out M =30°
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tunnel using the Soubra (2000) mechanism and
the Finite Difference (FD) approach. The tunnel
is mainly excavated below the river bed of
Yangtze River, which is muddy clay and grey
soft clay, silty fine sand locally. The shallowest
ground section is under the river with a coverto-depth ratio of 0.7. Because of the unfavourable geological conditions and the large dimension of excavating face, the face stability of the
tunnel is one of the key technical aspects in this
project. The most dangerous profile with
C/D=0.7 is chosen for this study. As the TBM
advancement is fast compared to the soil consolidation rate, an undrained analysis has been
used, considering the mean mechanical soil
properties, i.e. Ȗsat = 18.2 kN/m3, cu= -a.z+b
(with a= 0.95 kPa/m and b = 0.4 kPa), and
ĳ =ȥ = 0.

mechanism obtained by both approaches.
Although the shape of the mechanisms on the
face are not the same (elliptical with an vertical
major axis in the Soubra mechanism, and a
curved shape with an horizontal major axis in
the FD simulation), in this particular case of an
undrained analysis, where ĳ =ȥ =0, the two
approaches lead to similar values as shown in
table 1.
Table 1. Comparison of critical slurry pressure at
tunnel center level in case 2
pressure (kPa)
Critical slurry
Collapse
Blow-out
5-Block Model
358
712
3D Numerical
698
376

2.4. New kinematical mechanism
More recently, Mollon et al (2010) proposed a
new translational three-dimensional multi-block
failure mechanism. This failure mechanism has
a significant advantage with respect to the
existing limit analysis mechanisms since it takes
into account the entire circular tunnel face and
not only an inscribed ellipse to this circular
area. This was made possible by the use of a
spatial discretisation technique allowing to
generate the three-dimensional failure surface
“point by point”.

a) FLAC 3D analyis – velocity contours

b) Comparison of failure mechanism
Figure 7. Blow out failure mechanism

Figure 8. Comparison of the failure mechanisms as
given by the present approach and by the Mollon et
al. (2008) mechanism( ĳ=17° and c=7kPa)

Considering the risk of blow out, both approach showed that for such a shallow tunnel, a
local failure mechanism will occur first, corresponding to the blow out of the upper part of the
face as illustrate in figure 7 showing the failure

This leads to a non-standard shape (such as
cone or cylinder) of the failure mechanism. The

96

numerical results show that a multi-block
mechanism composed of three blocks is a good
compromise between computation time and
accuracy. The present kinematical approach
significantly improves the best available upperbound solutions of the collapse pressure given
previously. An example of the failure mechanism obtained is given on figure 8. It is compared to the multiblock mechanism taking into
account only an inscribed ellipse to the circular
tunnel face. Design charts are given in the case
of a frictional and cohesive soil for practical use
in geotechnical engineering
These results can be compared with those
proposed by Demagh et al (2008), using the
Soubra 5 blocks mechanism and the FD approach. For example, considering the case
where D = 6.5 m, C/D = 1, Ȗ/Ȗw = 16, ĳ=20°
and c=0, the results are the following (table 2):

tion and considering the undrained resistance of
the soil, the Soubra (2000) mechanism leads to
a face pressure close to the pressure obtained by
numerical analysis.
It has to be underlined that partial collapse
may also occur in the case of a mixed face,
especially when the ground is harder on the
base and looser or with a very low cohesion on
the upper part of the tunnel.
3. GROUND MOVEMENTS CAUSED BY
TUNNEL CONSTRUCTION

The mechanism proposed by Mollon et al
(2010) gives the same collapse pressure than the
FD approach for an associated flow rule Coulomb material (ȥ=ĳ) where the previous 5
blocks mechanism underestimates the collapse
pressure by 12%. For an actual soil, with
0<ȥ<ĳ, this best upper bound solution proposed
by Mollon still underestimates slightly the
collapse pressure.

Ground movements caused by tunnel construction is one of the major issues related to
underground work in urban areas, as the these
movements can generate major damages on
existing structures, such as buildings, pile
foundations, various tunnels or underground
networks. This topic was the subject of many
works and, among recent synthetic publications,
one can quote the report of the ITA-AITES
“research” working group (Leca and New 2006)
and the report of the conference “Building
Response to Tunnelling” (Burland et al., 2001),
presenting the results of the extensive research
action carried out during the construction of the
Jubilee Line in London.
The settlements caused by the excavation
were first evaluated by means of empirical or
analytical methods which are well known now
and will be just briefly reminded here. More
recently, numerical finite element or finite
difference 2D and 3D modelling developed
rapidly, with the increasing power of computing
resources.

2.5. Conclusion on face stability

3.1. Greenfield settlement trough

The upper bound limit analysis approach is
widely used to assess the pressure to apply on
the tunnel face in order to avoid collapse or
blow out failure types. As shown by the comparison between the different failure mechanisms with numerical simulations, some of the
solutions are clearly unsafe, as the result depends highly on the failure scheme adopted.
Considering the risk of collapse of the face, the
mechanisms proposed by Mollon et al (2010),
and upgrading the Soubra (2000) mechanism
appear to give results close to those obtained by
numerical analysis. For large shallow tunnels in
soft soils, Li et al (2008) showed by numerical
analysis, that a local failure of the upper part of
the face must be considered. For such a situa-

With the advance of the tunnel excavation, a
three-dimensional settlement trough develops at
the soil surface. On the basis of many field
observation, Peck (1969) showed that his shape
in a plane transverse to the axis of the tunnel
can be represented by the Gaussian normal
distribution curve (figure 9), defined by 2
parameters: smax settlement on the tunnel axis
and i the distance of the point of inflection to
the axis (figure 10).
The width of the settlement trough is taken
equal to 2,5 i. O' Reilly and New ( 1982 ) made
then the hypothesis that this width can be
estimated by an empirical parameter K, such as
i = K.z0 (with z0 the depth of the tunnel axis)
depending on the ground conditions, and that

Table 2. Comparison of collapse pressures
Soubra
Mollon FD
5 blocks et al
(ȥ=ĳ)
Collapse
pressure

23.5

26.8

27

FD
(ȥ=0)
27.5
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the surface movements are directed towards the
center of the tunnel, which allows to calculate
the horizontal movement u ( u=s.y / z0 ) and the
horizontal strain.

tunnels excavated by the conventional method,
although higher or lower values have been
observed. In the case of tunnel constructed
using a pressurized shield, one can observe
lower values, sometimes below 0.5%.
Thus, in the empirical approach, the settlement trough can be estimated from a single
parameter which is the volume loss. The parameter i being estimated from the ground
conditions, one will be able to deduce smax, and
finally define the equation of the settlement
trough.
Considering the three-dimensional trough,
and based on the work of Logathanan and
Poulos ( 1998 ), Serratrice ( 2007 ) proposes the
equation
s(x,y)=smax.f(x).g(y), where the
diameter and the depth of the tunnel are explicitly taken into account, and which depend on
two empirical parameters: smax and x0, distance
from the tunnel face where the surface settlement on the tunnel axis reaches the smax value.

Figure 9. Settlement trough

Based on a large number of observations, Mair
and Taylor (1997) conclude that K varies from
0.25 to 0.45 for sands and gravels, and is close
to 0.5 for short term settlement of clays,
whether they are stiff or soft. The consolidation
resulting from the dissipation of the pore water
pressures generated by the digging can lead to a
long term broader trough. According to Mair et
al. (1993), in-depth, the relative width of the
trough widens.
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Figure 10. Transverse settlement trough
-30 m
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The settlement trough volume is given by the
following equation: vs = (2.S)1/2.i.smax. In the
empirical approach, the effect of the tunnel
excavation in terms of settlement is estimated
by the concept of volume loss, which represents
the difference between the actual volume of soil
excavated and the volume of the tunnel. The
volume loss is equal to the volume of the trough
for undrained soil behavior, and close to it in
drained behavior.
The relative volume loss value depends on
soil conditions and construction techniques, and
is assessed from previous experience in similar
conditions. It ranges usually from 1 to 2% for

-2 m

25

+5m
+ 10 m
+ 30 m
+ 15 days
+ 3 months
30

Figure 11. Example of measured horizontal displacements

3.2. Movements within the ground mass
Within the soil mass, above the tunnel, the
observations showed that a settlement trough
develops similar to that observed on surface, its
relative width increasing with depth. The
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existing networks and structures near the tunnel
can be damaged by the horizontal movements
generated by the tunnel construction. The
observations made in particular by inclinometer
measurements showed vertical profiles of lateral
movement such as those presented figure 11.
The maximum amplitude of these lateral
movements, located approximately at the depth
of the tunnel axis, is usually smaller than the
maximum surface settlement. It should be noted
that according to the construction technique and
parameters, this movement can be as well
directed towards the tunnel or in opposite
direction

4.1. Volume losses related to sequential construction
Figure 12 shows the development of the deformation of the periphery of the tunnel with the
advance of the excavation. In front of the face,
one can measure horizontal movements which
show an extrusion of the ground towards the
tunnel. This extrusion is causing a convergence
movement of the ground located on the future
profile of the tunnel and is thus the primary
source of volume loss. Then the tunnel remains
generally unlined over a certain length, and the
ground thus unsupported will continue to
converge. After the installation of a lining, this
structure will gradually be loaded and will
deform, which will constitute another source of
volume loss.

4. ORIGIN OF GROUND MOVEMENTS
CAUSED BY TUNNELLING.
Various strategies are possible to mitigate the
effects of tunneling in strongly urbanized areas:
strengthen the existing foundations and structures, reinforce the ground around the tunnel to
strengthen it and reduce its deformability, or
even use compensation grouting to heave the
soil situated above the tunnel in order to compensate the settlements generated underneath by
the tunnel construction.
But the first action to consider is obviously
to adapt the construction technique to limit as
much as possible the amplitude of the ground
movements. This may be achieved by acting on
the sources of the volume losses, which supposes they have been clearly identified. The
sources of volume loss were sometimes identified from the observation of surface settlements:
then percentages of the final settlements were
allocated to different tunneling phases: the lack
of face support, the unlined length of excavation, the deformation of the lining, etc…
In fact, the volume losses caused by the excavation will spread into the field in all directions. Therefore, the settlement at the soil
surface at a given moment results from the
different sources of volume loss in depth and it
is not possible to attribute this settlement only
to what happens at this moment just below the
observed point. So, to identify clearly the
origins of the ground movements, it is necessary
to measure the horizontal and vertical displacement in the immediate vicinity of the tunnel.
We present in this section the results of such
observations made during tunnel construction
by the sequential method or using a TBM.

Figure 12. Sequential construction: ground extrusion
and convergence

Figure 13. Support deformation due to unclosed
lining

It should be noted that the convergence can
obviously be measured only after excavation.
However extrusion ahead of the face is sometimes measured using horizontal extensometers.
The lining remains highly deformable as long as
it is not completed: the time between the sup-
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porting of the tunnel and its closing by concreting the invert thus represents an additional
source of convergence as shown on figure 13.
Finally, in the case of saturated soils the tunnel
can play the role of a drain and the resulting
water seepage can induce settlements by consolidation of soft soil strata.
To illustrate the ground behavior around a
tunnel constructed by a conventional method, an
example of the displacements observed during
the construction of a tunnel using a sequential
technique is presented hereafter (Janin, 2009).
The monitored section is described on figure 14.
This road tunnel has a section of 12 meters
width and 11 meters height. In this section the
invert of the tunnel is situated in a hard Permian
ground (E = 500 MPa) and the crown in a Trias
hard soil (E=90 MPa). In order to stabilize the
face and to limit the settlements, 5 to 26 bolts
18 m long are installed through the face every
4.5 meters of excavation advance. An umbrella
vault composed of 18 m long steel tubes is
installed every 9 m if needed. The primary
lining consists of shotcrete reinforced by steel
arches and is installed immediately after each
1.5 m excavation phase.

the observed section. This result indicates that
the stiffness of the soil associated with the
reinforcement by face bolting leads to reduce
the ground extrusion, and finally limit the
volume loss and the settlement ahead the
excavation.
The convergence measurements inside the
tunnel on this section are presented figure 16. A
general settlement of the tunnel is observed, but
the side walls being situated in a hard Permian
ground, the lateral convergence is extremely
small. This explains the negligible lateral
displacement observed on the 2 lateral inclinometers (which are not presented here).

Figure 15. Inclinometer situated on the tunnel axis:
horizontal movements

Figure 14. Geological section and monitoring
installation

An inclinometer tube situated on the tunnel axis
permitted to observe the soil extrusion ahead of
the tunnel face. The results presented figure 15
show a general horizontal movement towards
the tunnel beginning when the face is at about
20 meters from the monitored section. In this
example where the face is reinforced by fiber
glass bolts, a slight extrusion at the tunnel level
can be observed when the face is at 3 meters
from the inclinometer, but this extrusion develops clearly when the face is very close (1.5m) to

Figure 16. Convergence measurements

Finally the development of the settlements
measured at different depths between 2 and 6
meters is presented figure 17. As an umbrella
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pre-vault was planned in the project (but finally
not installed at this location), there is no measurement point close to the tunnel located 11.5 m
deep. So, for these relatively shallow measuring
points, the settlement starts when the face
arrives at 5 to 10 meters from the extensometer
axis, and continues for about 20 meters after the
passage of the excavation, accompanying the
convergence measured inside the tunnel. A
measuring point situated closer to the tunnel
would have indicate certainly a later start of the
soil movements in relation with the observed
extrusion beginning actually at less than 3
meters from the face.

sion of the ground ahead the face and consequently to settlements. In the case of an EPBS,
it is the control of the excavated soil which
theoretically allows controlling the face.
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Sources of ground loss

During the construction of a tunnel using a
pressurized shield, the main sources of volume
loss which will be commented below, are as
follows (figure18):
- Insufficient Control of the face pressure
- Overcut
- Conical Shape of the shield
- Annular void grouting
4.2.2.

-12,3 m

-9,5 m

4.2. Volume losses related to tunnel construction using a TBM
4.2.1.

-9,6 m

-7,8 m

Figure 19. Monitoring section on Lyon subway
project (Ollier, 1997)

During the construction of the subway line
D in Lyon, situated in soft silty clay strata,
(Kastner et al, 1996, Ollier 1997) observed on 3
monitoring sections the movements generated
by the advance of a slurry shield TBM. An
example of an instrumented section is given
figure 19. As shown on figure 20, if some
surface settlement is beginning ahead the face,
the movement of the measuring point situated
just one meter above the tunnel crown shows
clearly that there is no settlement at this level
before the face passage. On another monitoring
section, the TBM face was stopped just under
the section, to test the effect of imposed variations of the face pressure and also of face

Effect of face pressure

Ideally, the pressure applied to the face should
be close to the horizontal total soil pressure at
any point of the face. In the case of the slurry
shield, as the density of the slurry is low compared to that of the ground, this is not possible
on all the height of the face. This is still accentuated in the case of a compressed air TBM.
This unbalanced pressure can lead to an extru-
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stabilisation by compressed air. The settlements
generated during this test remain negligible.

parameters for limiting the settlements after the
shield passage.
During the Lyon subway line D construction, the influence of the grouting pressure
(compared to the vertical total soil stress) has
been tested on two sections Ollier (1997). The
grout injection was made through six pipes
regularly installed around the tail of the shield.
On the first section, the average grouting
pressure was close to the total vertical soil
stress, and the volume loss deduced from the
surface settlement is about 0.7% (figure 21). On
the second section, where the grouting pressure
was 2 to 3 times greater than the vertical total
soil stress, the final volume loss is reduced to
0.1%.

Figure 20.Surface settlement and settlement 1 meter
above the tunnel (Ollier, 1997)

4.2.5.
ments

During the construction of the Toulouse subway
line B, comparison between the effect of a
slurry shield and an EPBS showed no major
difference concerning the ground movements
ahead of the face. But it has to be mentioned
that on 2 examples, one concerning a slurry
shield and the other an EPBS, a face collapse
happened near a monitoring section where the
measured soil movements just above the face
were very low.

The influence of K0 has been observed by
comparing the soil behaviour during the Lyon
subway construction in normally consolidated
soft clays, to the observed movements during
the subway line 2 construction in Toulouse, in
highly over consolidated molasses, where K0 is
about 1.8.
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In order to allow curved alignment of the
tunnel, and also to limit the steering force on the
TBM, the diameter of the cutting wheel can be
adjusted and is generally greater than the shield
diameter. For the same reasons, the shield has a
conical shape, with a diameter decreasing from
the face to the tail. All the observations made in
Lyon (Ollier, 1997) and Toulouse (Emeriault,
2005, Robert et al, 2007) on different types of
TBMs, showed a clear increase of the settlement during the shield passage
4.2.4.
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SITE 2

Annular void grouting

The advancement of the shield generates an
annular tail void due to the difference between
the excavated diameter and the diameter of the
segmental lining which is installed inside the
shield. This annular void can lead to an important soil convergence towards the lining and
must therefore be filled to limit this convergence. The nature of the grout and the process
to control the grout injection are important

VOLUME LOSS: 0.1 %

-20 m

SITE 1 - Section 1

Vv = 206 kPa

Vv = 250 kPa

250 kPa < Grout < 550 kPa

200 kPa < Grout < 400 kPa

250 kPa < Grout < 550 kPa

300 kPa < Grout < 400 kPa

Vv = 333 kPa

Vv = 369 kPa

Figure 21. Lyon subway: grouting pressure and
settlements
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-19 m

In the Lyon subway example, due to the very
soft character of the silty clay soils, there is no
overcut and the cutting wheel works inside the
shield. So, there is no volume loss during the
face passage. Nevertheless, one meter above the
tunnel, a clear settlement was observed just at
the face passage (figure 20), and at the same
moment, inclinometer measurements showed a
lateral outward movement at the tunnel level
(figure 22). The simultaneity of this convergent
vertical movement towards the tunnel and a
horizontal outward movement can be explained
by the cancellation of the shear stresses at the
interface between the ground and the shield, as
the natural water content of the clay is locally
close to its liquid limit.

Figure 23. Lyon subway : simulation of face passagesoil movements around the shield (Benmebarek et al,
1998))
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The cancellation of the shear stresses then allow
the soil to slip around the shield, changing the
K0 state of stress to an hydrostatic one, and
leading to these simultaneous vertical soil
settlement and lateral outward movement. This
has been confirmed (figure 23) by a numerical
simulation which shows clearly these soil
movements. (Benmebarek et al, 1998, 2000).
In the case of the Toulouse subway works
(Vanoudheusden 2007), the 7.8 m diameter
tunnel is excavated in highly over consolidated
clayey molassic sands, where K0 is about 1.8.
Although the excavation is made with an
overcut, which corresponds to a volume loss,
the settlement monitoring shows here clearly a
heaving at the soil surface just after the face
passage (Figure 24).

Figure 24. Toulouse subway - surface movements

On the other hand, the inclinometer measurements of the horizontal movements show a
convergence of the ground towards the tunnel,
greater than the vertical heave.
The explanation, confirmed by numerical
simulations is the same that for the example of
Lyon: due to over consolidation, the horizontal
stresses are here greater than the vertical ones.
The excavation made with an overcut has for
consequence to cancel the shear stresses around
the shield. Although there is here a loss of
volume, the passage of a K0 state of stress (with
K0 > 1) to a hydrostatic state allows the soil to
slide around the tunnel, leading to the heaving
of the ground above the tunnel at the same time
as the soil converges laterally (figure 24 et 25).
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silty clay. This can be certainly explained by a
delayed convergence blocked by tail grouting
when the advancement of the TBM is rapid
- The torque on the cutting head. In an
EPBS, a low value of the torque can be correlated with a looser state of the earth in the
excavation chamber, leading to a lower face
pressure;
- The variation of the vertical angle of the
TBM articulation, which is correlated to the
difficulty of controlling the direction of excavation, and could lead to some over excavation

Horizontal displacement (mm)
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0

2

0

5

Depth (m)

10

15

5. NUMERICAL SIMULATION OF
GROUND MOVEMENTS GENERATED
BY TUNNEL CONSTRUCTION

20

-30 m

The estimation of the green field settlement
trough by empirical approaches is generally
reliable, if the volume loss is carefully assessed.
But in urban areas, it is often needed to assess
not only the surface settlements, but the 3D
movements in the soil mass, as they can lead to
damages on all existing surface and buried
structures. Moreover, these structures interacting with the construction process can modify
the field of deformations. Also, specific soil
conditions can lead to atypical settlement
troughs. And finally, the rapid evolution of
construction techniques, leading sometimes to
very complex works, can affect the behaviour of
the ground around the tunnel.
Theoretically, finite element or finite difference numerical approaches should allow to
simulate more precisely the construction of
underground structures in a complex environment, and to take into account complex soil
conditions, the effect of water seepage and
consolidation, the interaction with existing
structures, the construction phases... But using
2D or 3D simulations can lead to very poor
modelling if some basic requirements such as
initial conditions, appropriate soil model,
simulation of construction phases are not
achieved.
The construction of a tunnel being a 3D
process, the numerical 3D approaches are most
appropriate to simulate this process. But as such
approaches are generally highly time consuming, 2D approaches are widely used. Based on
some examples, the limits and difficulties of 2D
and 3D approaches will be shortly described.

-10 m
-5 m
-2 m

25

+5m
+ 10 m
+ 30 m
+ 15 days
+ 3 months
30

Figure 25. Toulouse subway – lateral displacements

4.2.6.

Correlation between TBM parameters and settlements

Based on an extensive settlement survey during
the Toulouse subway line B construction,
(Vanoudheuseden et al 2005, 2007) examined
the possible statistical correlations between the
excavation parameters of an earth pressure
balanced shield working in over-consolidated
molasses, and the observed surface settlements.
The main parameters considered in this analysis
were the following:
- average advancement speed of the
TBM
- face pressure
- average grouting pressure
- volume of injected grout
- torque on the cutting head
- total jacking force
- Total time for installing one lining ring
- variation of vertical TBM angle
- variation of horizontal TBM angle
Following a large statistical analysis, Vanoudheuseden et al (2005, 2007) found out that
essentially 3 parameters could be correlated to
the surface settlements:
- The average speed of the TBM, parameter
that Ollier (1997) found also important in soft
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6. 2D NUMERICAL MODELS
V V O

Simpler and less time consuming than 3D
models, and therefore often used, 2D approaches nevertheless need some more or less
simplifying hypotheses in order to model in 2
dimensions an actually 3D process with different phases going from the approach of the
excavation to the installation of the final lining.
Diverse approaches have been proposed by
many authors in order to simulate this passage
from 3D to 2D, and used to simulate the conventional tunnelling method as well as the
construction using a TBM. Most often, these
approaches, especially when using a linear
isotropic elastic perfectly plastic soil model,
lead to a settlement trough wider and shallower
than the observed ones, and the various alternatives aim at approaching as well as possible the
movements observed in reality.
Three examples of these approaches are presented here (figure 26):
- Progressive softening: the excavationphases are simulated by a progressive softening
of the soil module in the corresponding zone,
before installing the lining (Leca and Clough,
1992). The arbitrary parameter here is the rate
of softening.
- Convergence- confinement approach (Panet, 1995). Before setting up the lining, a
reduction of the initial stresses at the tunnel
periphery is applied by a factor equal to (1-Ȝ), Ȝ
being the so-called “deconfinement parameter”.
The successive construction phases are simulated by applying specific values of Ȝ (1 Ȝ 0)
which are defined empirically, with the support
of simplified analytical approaches. For simulating the tail void grouting when using a TBM,
values of Ȝ greater than 1 can be used.
- Diameter reduction used for simulating the
construction using a TBM. The diameter of the
excavation is reduced (or increased during
grouting phases) by an empirical coefficient to
simulate the successive phases of interaction
between the TBM and the ground: face passage,
effect of the conical shape of the shield, annular
void filling, grout consolidation…
A great number of alternatives are possible,
based on these approaches, considering the
different phases, such as a fixed centre of the
tunnel, a fixed base, and changes of the mechanical properties at the soil tunnel interface. It
is also possible to use alternatively the stress
reduction approach and the diameter reduction,
depending on the construction phases simulated.

E ᇕ (ಬ(

Vᇕ V

Softening

convergence
/confinement

Diameter
reduction

Figure 26. Numerical simulation: example of 2D
approaches

Most often, these approaches, especially when
using a linear isotropic elastic soil model, lead
to a settlement trough wider and shallower than
the observed ones, and the various alternatives
aim at approaching as well as possible the
movements actually observed in the field.
6.1. An example of 2D approach by diameter
reduction
Benmebarek and al (1998, 2000) proposed a
back analysis of the experimental results on the
Lyon subway line D (figure 19), improving the
diameter reduction approach by separating
radial and tangential displacements.
The principle is to use a ring with a diameter at first equal to the shield external diameter.
This ring will successively represent the shield
wall, then the segment lining and the grout. The
computation was performed with Flac 2D, in
large deformation mode. Soil-shield and soilgrout interactions were modelled using a MohrCoulomb yield criterion. The different stages
were modelled by decreasing or increasing the
ring diameter and simultaneously activating
interface elements and adjusting the interface
mechanical parameters, permitting more or less
sliding of the ground around the ring.
This model is controlled by adjusting 2 parameters: the diameter of the ring and the MohrCoulomb criterion at the interface. These
parameters were adjusted on the settlement
observed just 1 meter above the tunnel. The
global field of displacement at each stage was
then compared to the monitoring results. The
calculated settlement troughs and the final
measured settlement trough are compared in
figure 27.
This simulation approach reproduced reasonably well not only the observed vertical
settlements at different depth, but also the
lateral response of the ground measured by
inclinometer measurements. It confirmed for
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example that the movements observed during
the face passage without any overcut (vertical
settlements and lateral outward movement), can
only be explained by cancelling partly the soilshield shear strength, without any diameter
reduction, as shown by the displacement vectors
on figure 22.

layer was simulated using 3 different soil
models: linear elastic-Mohr-Coulomb, hardening soil model, and HS Small implemented in
Plaxis (Schanz, 98, Benz, 2006). A comparison
of experimental stiffness-strain curves to those
obtained by the 3 model predictions is presented
on figure 28.

Figure 29: Finite element geometry and mesh.
Figure 27. Measured and calculated settlement
troughs

Offset from tunnel centreline (m)
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6.2. Influence of the constitutive model
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Concerning the description of the settlement
trough, the results obtained by 2D approaches
depend on the constitutive model adopted for
the soil. Using a simple isotropic elastic linear
soil model generally leads to a settlement trough
shape wider than the actual ones. For example,
considering a strain softening model and an
elastic orthotropic model (Potts and Zdravkovic,
2001) allow a more realistic modelling.
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Figure 28. Stiffness-strain curves (comparison
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Hejazi et al (2007), using the approach of stress
reduction, tested the influence of the soil model.
The behaviour of the over-consolidated clay

Figure 30. Settlement troughs (a) and lateral displacements (b)
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The Plaxis plane strain model created for
comparing the 3 soil models is presented in
figure 29. The water table is assumed to be 2.5
m below the ground surface. The extension of
the mesh is 100 m wide and the tunnel is located at H = 53.75 m above the substratum. The
tunnel is circular and its diameter is D = 7.7 m.
The covering height adopted for the reference
calculation is 2D.
The numerical simulation presented here
corresponds to a stress reduction Ȝ=35%. The
surface settlements and their corresponding
horizontal displacements are presented on
Figure 30 a et b.
The impact of the constitutive model appears by
a difference in response in terms of ground
movements. In spite of a satisfactory lateral
mesh extension, it can be noticed that by using
the MC model, surface settlements at 100 m
from the axis were observed which seems
unrealistic. This problem can be explained by
the fact that even in the zones of small-strains,
the MC model modulus is constant. The model
based on a higher stiffness under small-strain is
closer to the experimental observations contrary
to the MC model.
A difference of about 40% between the
maximum settlement estimated by the HS and
the HS-Small model can be seen, which indicates that it is important to take into account the
soil modulus variation with strain. Regarding
the horizontal displacement corresponding to
the tunnel centerline level, the HS model
provides a displacement 60% larger than that
predicted by the HS-Small model. However, the
MC model shifts considerably from the two
other models with a displacement 290% higher
than that observed by the HS-Small model.

construction process are generally well known,
and it is now possible without major difficulty,
and with an adapted 3D mesh, to model the
successive phases of excavation and support.
However some specific difficulties can be
mentioned:
- the ground near the unsupported parts may
experience a high level of plastic deformation,
which can lead to a softening generally not
taken into account;
- reinforcements such as face bolting, radial
bolting or pre-vaults correspond to elements
whose geometrical scale is much lower than that
of the tunnel and of the mesh of the model: their
explicit representation is difficult. Various
strategies are possible for their consideration: i)
to apply an equivalent pressure on the tunnel
face or to assign to the bolted zone an equivalent cohesion ii) to replace the individual
modelling of the soil and the bolts by an equivalent homogenised material, iii) to model the
bolts individually.
The pre-vaults are generally represented by
shells. In the case of umbrellas vaults made of
tubes or other reinforcements installed in
drillings, these tubes are not jointed longitudinally and do not form a continuous vault. There
is then a difference in stiffness between the
axial direction of the vault and the orthogonal
direction which can be represented by an
orthotropic elastic model (Shin et al, 2007,
Eclaircy-Caudron et al 2006). In the case of prevaults realized by pre-cutting, the resulting local
deconfinement concerning this operation must
be modelled.
In the case of reinforcement by soil bolting,
Dias (1999), Dias et al (2000, 2005) compared
the results obtained by a full 3D model where
all the bolts are individually represented with 2
simplified approaches where the bolts are not
directly modelled: i) considering an equivalent
face pressure and ii) considering an equivalent
cohesion in the bolted zone.
The efficiency of the global face bolting system can be estimated by the reduction of the
face extrusion. In the 3D model, Dias et al
(2005) compared the effect of a reduced number
of bolts with a high axial stiffness to a larger
number of bolts with a reduced axial stiffness;
The results showed that the face extrusion does
not depend on the number of bolts but on the
global stiffness of the bolting system, provided
that the distance between the bolts does not
allow excessive local extrusion between the
bolts.

7. 3D NUMERICAL MODELS
The construction of a tunnel being a highly
three-dimensional process, 3D approaches are
theoretically the most appropriate and suitable
to model the entire construction process. But the
complexity of the tunnelling process, either by
the conventional method or using a TBM makes
these models difficult to implement, and often
leads eventually to reintroduce in these 3D
approaches empirical factors
7.1. 3D model –conventional tunnelling method
In the case of conventional tunnelling techniques, the boundary conditions related to the
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Peila (1994) and Grasso (1991, 1993) proposed simplified approaches to simulate the
action of the bolting in stability calculations.
The principle of these approaches is to take into
account the bolting by means of a pressure
applied to the tunnel face or by means of increased soil cohesion in the reinforced volume.
The equivalent pressure (Pface) or cohesion (cr)
are given by the following equations:

cr

Max. face extrusion (m )

Pface

(figure 32) but the simplified approaches
underestimate the convergence by 20% (figure
33).

nFa / S

nF
M
c  . S a tan§¨ S4  2 ·¸
©
¹

Mobilised axial force in 1 bolt

[Eq. 1]

3D Model

Fa = 60 kN
Fa = 100 kN
Fa = 145 kN
Fa = 700 kN

Number of bolts

Where:

Figure 31. Comparison of full 3D model and
simplified “equivalent face pressure” model

Number of bolts
Surface of the tunnel face
soil cohesion
Friction angle of soil
Axial load in the bolt

m ax. face extrusion (m )

n
S
c:
ɮ:
Fa:

In these equations Fa is taken as the minimum
of the axial resistance of the bolt and the maximal shear force at the soil/bolt interface
Comparing on several examples the face extrusion obtained by full 3D simulations with
these simplified approaches, Dias et al (2005)
showed that the simplified approaches strongly
over-estimate the effect of the reinforcement on
the displacement reduction. As an example, for
circular tunnel where 16 to 144 bolts were
installed, back analyses were performed to
estimate the equivalent value of the pressure at
the face, taking as a reference the axial face
extrusion obtained using the 3D calculation .
These results show that the face pressure
calculated with the bolt axial resistance overestimates largely the equivalent face pressure. In
fact the equivalent face pressure depends on the
axial force actually mobilised in the bolting
system. As demonstrated by this back analysis,
the axial force depends on the face extrusion
which is directly linked to the total stiffness of
the bolting system. In this example, the bolt
resistance is equal to 700 kN and the mobilised
force derived from the back analysis is equal
to145 KN for 16 bolts and decreases to 60 kN
for 144 bolts (figure 31).
In a second stage, Dias & Kastner (2005)
compare the deformations calculated using the
full 3D model and the simplified models.
The axial extrusion ahead of the face obtained by the three methods are almost identical

3D Model , 52 bolts
Equivalent face pressure: 0.053 MPa

Equivalent cohesion: 82.8 kPa

Relative distance to the face (y/R)

Radial convergence (m)

Figure 32. Axial extrusion

3D Model
Equivalent face pressure
Equivalent cohesion

Relative distance to the face (y/R)

Figure 33. Radial convergence
Therefore, applying these simplified methods supposes to assess the actual force mobilised in the bolts, especially for shallow tunnel
where it is generally low compared to the axial
resistance. Finally, following these results, a
method to assess the equivalent face pressure,
based on 2 characteristic curves (the ground
characteristic curve and the reinforcement
characteristic curve) is proposed and can be
found in Dias et al (2003).
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7.2. 3D model of TBM/ground interaction

ent type of face support, nature of soils or
mechanical characteristics):
Case 1: Lyon subway line D (Ollier, 1997):
the slurry shield passes through heterogeneous
silty and clayey alluvial normally consolidated
deposits
Case 2: Toulouse subway line B (Vanoudheusden, 2006, Vanoudheusden et al, 2006): the
earth pressure balance shield passes through
clayey molasses highly over consolidated (Ko is
about 1.8).
Case 3: Shanghai Yangtze River Tunnel
(Yan, 2007): this very large slurry shield (15.4
m diameter) crosses normally consolidated
deposits of soft clay.
The main geometrical and geotechnical parameters concerning the 3 monitoring sections
are summarized in the tables 3 to 6.

TBMs are complex machines which are controlled by a great number of parameters. Several
authors proposed 3D simulations aiming at
modelling the different physical phenomena
acting during their functioning. Based on a
back-analysis, Dias et al (2000) modelled the
face pressure, the effect of overcut and shield
conical shape, the injection of the annular void.
Kasper and Meschke (2004, 2006) proposed a
comprehensive 3D model where the trajectory
changes of the TBM are derived from the
steering forces on the different jacks. Sugimoto
and Sramoon (2002) proposed a model where
the ground action on the TBM is modelled by
springs. In order to derive the ground movements from their model, they apply the displacements calculated at the limits of the TBM
to a separated 3D finite element model of the
ground mass (Sugimoto et al, 2007).
Hereafter are listed and discussed the main
parameters influencing the ground movements:
- the face pressure is relatively easy to
model in the case of slurry shields and compressed air shields, provided that the face is
enough impervious to avoid air or seepage flow
in the soil. It is not so easy in the case of EPBS
where the face pressure is difficult to assess;
- Over cut and conical shape of the shield
are easy to model, but in the case of a slurry
shield, the slurry seepage around the shield and
the resulting pressure are difficult to model
precisely;
- Only very few models take into account
the shield articulation and the effects of differential forces in the steering jacks
- The annular void filling is a complex process, studied recently by Bezuijen (2007), Bezuijen & Talmon (2008). The injections are generally made by strokes, generating high pressure
variations. More over, the grout properties are
rapidly changing from a liquid state to a solid
state, due to consolidation and hardening. The
grout may also flow ahead around the shield on
a certain distance, applying a radial pressure to
the soil. All these phenomena are difficult to
model precisely, but have a real influence on the
induced movements.
Demagh et al (2009a, 2009b) proposed a
three-dimensional simulation procedure, using
finite differences code Flac-3D, taking into
account in an explicit manner the main sources
of movements in the soil mass. This procedure
is applied to three different case studies (differ-

Table 3. Geometrical characteristics
Case

H
(m)

D
(m)

C/D

conicity
(mm)

Annular
gap (cm)

Lyon

13,6

6,3

1,66

15

27

Toulouse

16,5

7,7

1,64

25

20

Shanghai

17,5

15,4

0,64

85

23

Table 4. Geotechnical profile (Case 2- Toulouse)
K0 cu
Mu
E
Thickness
J
Soil type
kPa degrees MPa
(m)
kN/m3
fill

0-4

20

0,5

0

molasses

4-10
>10

22
22

1,7 300
1,7 300

25

25

0
0

165
E(z)

E(z)=9,9z+66,1 (Vanoudheusden, 2006).
The water table is 4m under the soil surface
Table 5. Geotechnical profile (Case 1- Lyon)

J

Thickness
(m)

\’

(kN/m3 )

c’
(kPa)

M’

Soil type

E
MPa

Fill

0-3

19

30

30°

17°

7,8

Brown silt

3-5

21

10

25°

15°

7,3

Beige silt

5-8

21

15

32°

20°

7,3

Ocre silt

8-12

21

15

25°

14°

7,3

Grey silt

12-15

21

5

30°

14°

4,2

Fine sand

15-18,4

21

0

34°

20°

28

gneiss

18,4-20

21

150

45°

30

140

The water table is 3m under the soil surface
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-The conical rigid shield is modelled in the
ground mass by volumetric elements and in a
first step, a geostatic (K0) state of stress is
applied.
- the excavation is then simulated by cancelling a disk of soil elements in front of the shield.
A pressure gradient corresponding to the slurry
or earth pressure is applied on the face.
- the lining is modelled by shell or volumetric elements
- As the shield advances, the annular void
grouting is simulated by successive phases
taking into account the evolution of the grout
from a liquid to a solid state. In the liquid phase,
the grout elements are modelled with a high
Poisson’s ratio and a low shearing stiffness and
a pressure distribution is applied, taking into
account the arrangement of the injection pipes
and the measured pressure. Farther from the
shield tail, in the zone corresponding to the
grout consolidation and hardening, the high
Poisson’s ratio is progressively reduced as the
shearing stiffness is increased.
In the back-analysis process, all these parameters (over cut, conical shape of the shield,
grouting pressure and progressive hardening)
are adjusted by comparison to the settlement
measured at only one observation point situated
just above the tunnel crown. The detailed
results are presented in Demagh et al (2009),
and all the calculated vertical and lateral movements are relatively close to the monitoring
results, as shown for example on figures 35 to
37 for the settlement troughs. This shows that
the 3D modelling procedure proposed is relevant, particularly for simulating the different
operations performed by the tunnel boring
machine: excavation, face support, advancement and lining installation, grouting of the
annular void

Table 6. Geotechnical profile (Case 3- Shanghai)
M’
cu
Thickness
J
c’
E
Soil type
m
(kN/m-3) (kPa
kPa MPa
)
fill

0-7,5

17,5

13

18°

0

2,84

layer3

7,5-14

17,5

17

20°

25

3,60

layer4

14-27,5

17,5

14

18°

23

2,21

layer5-1

27,5-32,5

18,5

22

21 °

41

4,24

layer5-2

32,5-47,5

18,5

12

26°

42

6,18

The water table is 5,5 m under the soil surface
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Figure 34. Numerical model: (a) 3D simulation process,
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In their back-analysis, Demagh et al (2009)
proposed the following 3d simulation process to
model the construction of these tunnels by
TBMs (figures 34):

S(x)=Smaxexp(-x²/2i²)
Smax=2,3 mm
i=4,7 m (Measures)
i=5,2 m (Flac-3D)
Volume loss Vl=0,1%
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Distance to the tunnel axis (m)
Figure 35. Surface settlement trough (case 1 Lyon)
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Simulation

Displacements (mm)

1,2

0,6

Tunnel construction, either by conventional
methods or TBM, involves always complex
processes, and their effect on the surrounding
ground frequently differs from the estimated
behaviour at the design phase. Moreover,
tunnelling works generally concern important
volumes of ground over long distances, which
lead to important uncertainties regarding the
local soil characteristics. Therefore, in almost
all the tunnelling projects, monitoring is an
important part of the project and the design is
based, at least partially, on the observational
approach: different construction procedures
(excavation sequences, support, soil reinforcement, etc..) are predetermined based on unfavourable, average or favourable hypothesis, and
the project is adapted continuously, based on
appropriate observations. The monitoring
principles and techniques, and the observational
approach, are described largely in a great
number of publications and recommendations
and will not be presented here. We will simply
present some methods such as the inverse
analysis or neural network which could be
useful to enhance the real time process of
estimating the actual characteristics or behavior
of the ground in a observational type approach.
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8. REAL TIME UPDATING THE GROUNG
RESPONSE TO TUNNELLING
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Figure 36. Surface settlements and heave
(a) Simulations (b) Measured (case 2 – Toulouse)

Nevertheless, some adjustment had to be made
concerning the overcut, the amount of diameter
reduction of the shield, the grouting pressure
and the changes in the grout parameters in order
to take into account the complex phenomena
around the shield such as the flow of slurry and
of grout along the external face of the shield.
Therefore, predicting settlements and global
movements using such a 3D model supposes to
assess the adjustment of several parameters on
an empirical way, or by back analysis on the
very beginning of a tunnelling work.

8.1. Inverse analysis
The aim of an inverse analysis process is the
identification of parameters using tests results
or/and experimental measurement carried out
during works.The principle of the direct simulation and that of the inverse analysis are shown
in Figure 38. In the direct approach, based on
initial conditions, boundary conditions, a
simulation model, a soil model and its parameters, the ground and support is calculated. In
the inverse method, the response is measured
and therefore known, and it is the value of some
model parameters which is unknown. To assess
these values, the difference between calculation
and observed response is compared through an
error function. Finally, the value of the parameters minimizing the error function is obtained
using optimization methods.

Settlements (mm)

0
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Figure 37. Final settlement trough (Case 3 Shanghai)
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Figure 38. Direct and inverse analysis
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Thus, during the tunneling works, this approach
aims at revaluing the parameters controlling the
behavior response of the ground and the support
by comparing the observations with calculated
values. The power of these methods should lead
to better exploit recent advances both in the
field of numerical modeling and in that of
monitoring. It should be noted the sought
parameters may include parameters characterizing the ground behavior but also those concerning the excavation simulation such as “deconfinement coefficient” in the convergenceconfinement approach.
Eclaircy et al (2007), Eclaircy-Caudron (2009)
coupled a numerical computer codes (finite
difference or finite elements types) with various
optimization softwares, which calculate the cost
function from an initial set of parameters. These
softwares are based on different approaches
such as the gradient deterministic method or the
probabilistic approaches such as evolutionary
algorithms. The deterministic approach are
generally less time consuming but can lead to
find parameter values corresponding to a local
minimum of the error function. Testing all these
approaches, Eclaircy et al (2007), Eclaircy
(2009) showed that, with the usual observations
made during conventional tunneling a few
parameters only can be estimated by inverse
analysis. On a theoretical example of a circular
tunnel, excavated in an linear elastic/MohrCoulomb soil, the convergence and radial
displacements and axial extrusion were calculated at different locations as shown on figure
39.

Figure39. Positions of the various measurement
points

Using then these calculated displacement as
observed displacements, the inverse deterministic analysis approach was used to try to determine couples of soil parameters. An example of
results is given on table 7 (sometimes means
that in the deterministic approach used here, the
solution is not always obtained, depending on
the initial values. But using a probabilistic
approach should generally permit to identify the
parameters).
The study focused on identifying couples of
parameters of the linear elastic Mohr-Coulomb
model, the other parameters for each test being
supposed known. With only convergence
measurements, only the couple E, Iҏҏis found
whatever the initial values, and couples with the
Poisson’s ratio are never identified. This result
is quite logical since in this model, the parameters E and I have a strong influence, while the
Poisson’s ratio has practically no effect on
convergence. The results are almost identical
with the measurements of radial displacement
(points 8 to 13). With the deterministic approach used here, when using the extrusion
measurements ahead of the face, all the couple
are sometimes identified, depending on initial
values: most of the couples could certainly have
been identified with a probabilistic approach
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Table 7. Inverse analysis -Test on couples of parameters
Tests
1

ParaͲ
meters
E,ʐ

Pt1;2or
Pt1to7
No

Pt8to
13
No

2

E,ʔ

Yes

Yes

3

E,C

4

C,ʔ

5

C,ʐ

SomeͲ
times
SomeͲ
times
No

SomeͲ
times
SomeͲ
times
No

6

ʐ,ʔ

SomeͲ
times

No

which sufficient monitoring results are already
available, a "multiple correlation" model is
developed
between measured parameters
(maximum settlement, settlement trough, ...),
and input parameters influencing the ground
response to tunnelling such as geology, depth of
tunnel, operation parameters of the TBM (face
pressure, advancement speed, grouting pressure
and volume…);
- forecast phase: After the learning phase,
the model can be used to assess the future
settlement for the rest of the project, and to test
for example the influence of changes of working parameters.

Pt14
to20
SomeͲ
times
SomeͲ
times
SomeͲ
times
SomeͲ
times
SomeͲ
times
Yes

Input 1

Input 2

Finally, this study showed that couples of
parameters, often difficult to evaluate at the
scale of a tunnelling project, but having a
noticeable influence on the tunnel and ground
behaviour can be theoretically obtained from an
inverse analysis approach, provided that appropriate observations are available and that the
other parameters are correctly identified.
However, this method supposes that the
global modelling approach (including the soil
constitutive law and the procedure to model the
tunnel construction) allows effectively simulating the observed behaviour.

Output

Input 3

Input 4

Input 5
Hidden layers

Figure40. Example of multilayer neural network
architecture.

Boubou et al (2009) tested the neural network method for predicting surface settlement
troughs based on Toulouse subway line B
monitoring results. The vertical surface ground
movements were monitored during the different
tunnelling phases by precise levelling of transverse profiles installed every 30 m along the
tunnel drive. Each profile consists of at least 5
points located on pavement or on nearby buildings.
Due to the overconsolidated character of
Toulouse underground, it appeared that the
shape of the settlement trough can be classified
in 3 groups:
-“Pure settlements” zones where the displacements profiles present the usual gaussian
curve;
-“Heave in the centre” zones where settlements were observed at a certain distance from
the tunnel axis while reduced settlements or
heave were obtained for the points close to the
tunnel axis.
- Zones where no clear behaviour can be defined.
Out of more than 150 operation parameters
recorded by the TBM control system, a first a

8.2. Settlement evaluation by neural network
Artificial Neural Networks (ANN) are computation models schematically inspired by the
functioning of real neurones. They are generally
classified in the family of statistical applications
as well as that of artificial intelligence.
The function of formal neurons networks,
following the example of the alive model, is to
solve problems. Unlike the more usual approach, this ability is not based on algorithms
constructed from understanding the problem,
but on a network with many "synaptic connections". From the input parameters, the network
will give an answer and output, without a model
representing the physical problem being established (figure 40). This capability must therefore be based on a learning phase from known
situations.
In practice, illustrated by the examples presented by Neaupane and Adhikari (2006), or
Suwansawat and Einstein (2006), a neural
network is developed in two stages:
- Learning phase: first, for a given site on
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priori selection was made based on previous
researches and 10 main operation parameters
selected to be correlated with ground movements.
After some adjustment, Boubou et al (2009)
proposed a neural network able to describe the
correlation between the selected parameters and
the surface settlements, for the observed Gaussian troughs and for the troughs with a reduced
central settlement. Although the maximum
value of settlement is about 3mm with an
uncertainty evaluated at 0.5mm, about 80% of
the settlements are calculated by the neural
network with an error of less than 0.75 mm.

ters (Figure 41).
For a practical use of the neural network approach, one has to consider two main questions:
- What percentage of the available data shall be
used to get an optimal training and validation of
the ANN
-to which extend can the ANN be used to
predict the final ground movements for a given
set of TBM parameters values.
In order to answer the first question, the
ANN approach is used with different percentage
of the settlement data in the training and validation sets. Starting with 10% of the data for the
ANN training, it is observed that an increase in
the number of data used for the training improves the results by decreasing the RMSE
value (which is an error indicator). This value
remains stable and approximately equal to 8%
for a training data set greater than 40% of the
total data set (Figure 42).

+

Table 8. Classification of the respective parameters
influence
N
Parameter
1
TBM Advance rate
2
vertical guidance parameter
3
Torque on the cutting wheel
4
Total jacks thrust
5
Confining pressure
Time for one tunnel
ring
6
realisation
7
Volume of injected grout
Total work required for one ring
8
excavation
9
horizontal guidance parameter
10
Grouting pressure

RMSE %

Influential

12

11

-

10

9

8
Training data percentage (%)
7
0

RM SE %

9,5

9

20

30

40

50

60

70

80

Figure42. Influence of the % of training data on the
prediction error.

For the second question, a specific analysis
has been performed by considering data in
training and validation sets ordered with respect
to the chainage of the levelling points (instead
of a random distribution). When the training
data set covers the first 1100 m of the tunnel
drive (with 148 data points), the resulting
RMSE is 9.9 % for the validation set corresponding to the next 500 m (with 103 points).
And If the length of the drive corresponding to
training increases (for example up to 1500 m
with 245 points), then RMSE decreases to 7.20
% for a validation set covering the next 400 m.
The case studied by Boubou et al (2009) was
not the best example to test the ANN approach,
as the measured settlements were small and
sometimes near the measuring uncertainty.
Nevertheless, it has been demonstrated that the

8,5

8

Parameters number
7,5
0

10

2

4

6

8

10

12



Figure 41: Evolution of RMSE value according to the
parameters number.

The influence of each parameter was studied
and permits to determine their respective
influence which is given in table 8. It has to be
underlined that the results obtained using only
the five most influent parameters are slightly
better than those calculated with all the parame-
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ANN approach can be useful to identify the
main TBM parameters influencing the settlements and that naturally increasing the data
used for training as the TBM advances will lead
to improved prediction of the settlements for
future zone concerned by the TBM operations.

the design phase, taking into account the local
conditions such as the type and characteristics
of existing buildings.
Janin (2009) tested this method during the
construction by conventional method of the
tunnel presented figure 14, with full face excavation and soil reinforcement by face bolting
and umbrella vault.

8.3. Evaluation of final settlement based on
early settlement monitoring

-120 -110 -100

The use of the observational method supposes
that appropriate measurements and analysis of
the results allow evaluate the scenario of behaviour compared to the different scenarii considered at the design phase. Serratrice (2007)
proposed a simple method to derive the final
settlement from early surface measurements.
Janin (2009) developed a similar approach
which is used for a conventional tunnelling
project in a sensitive urban area. This approach
is based on the observations that, for a given
tunnelling process and without major changes
of the geological conditions, the shape of the
longitudinal surface settlement curve (figure 43)
can be described by the following equation with
3 empirical parameters only:

S ( x) 0.5  S max  ^1  Tanh>K  x  a

35

30

25

20

15

10

5

0

-5

-10

-15

-20

-25

-30

-35

-40

-45

-55

-20

-10

0

10

20

30

40

50

60

70

-1
-3

settlement [mm]
Settlem
ent (mm)

-13
-15
-17
-19

Measured
PM 879

-21

vigilance
Courbe de curve
vigilance (37 mm)

-23

estimated
Prévision à +(+10
10 mm)

-25
-27

estimated
(-15m m)
Prévision à -15

-29
-33
-35
-37
-39

Figure 44. Successive adjustments of the longitudinal
settlement curve

In the example presented figure in 44, a first
adjustment is made when the face is at 10 m of
the considered surface target, leading to a final
settlement assessment of 21 mm, which is well
below the “vigilance curve”. A second adjustment after the face had passed under the observed point and is 15 m further, leading to a
reduced final settlement of about 13 mm. After
a first stabilisation, the measurements showed a
new start of the settlement, which is explained
by excavation works at the invert of the tunnel.
This example shows that these real time adjustments of the settlement curve can be used to
estimate continuously the final settlement with
an improved accuracy as the excavation advances, and therefore to adapt the type of
support and of soil reinforcement based on the
actual response of the ground to tunnelling.
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9. CONCLUSION

-13
-14

In urban site, during tunnelling works, beyond
the tunnel stability which must be necessarily
insured, the presence of existing constructions
imposes that soil movements and settlements
are well controlled.
Regarding the risk of collapse, 3D computers finite elements or finite difference codes
allow verifying the stability of the tunnel, but
they are still much time consuming. However
the current computing possibilities allowed

Figure 43. Longitudinal settlement: experimental
results and fitted empirical curve.

These 3 parameters can be evaluated rapidly by
adjusting this curve on early settlement measurements on the tunnel axis. The fitted curve
can then be compared to target curves such as a
“vigilance curve “ or a “alert curve” defined at
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developing, within the framework of the limit
analysis theory, relatively complex but easy to
use models of face collapse or blow out. The
most sophisticated often get close to 3d continuum models. However, most of these models
being based on the upper bound approach, it is
important to keep in mind that the solutions
obtained are on the unsafe side, and that an
inappropriate mechanism could lead to greatly
underestimate the risk of failure.
Regarding the interaction between the tunnelling operations and the soil, and the resulting
ground movements, finite difference and finite
element approaches are now becoming more
widely used, either in 2D or 3D, complementing
empirical approaches. However, the power of
these computing resources should not hide the
difficulty to model correctly and in details the
complex interactions and mechanisms involved
during the construction of a tunnel. Thus,
considering the 2D approaches which are
mostly used, the two-dimensional simulation of
the physical three-dimensional problem remains
problematic and can lead for instance to settlement troughs whose shape differs notably from
what is observed. To handle this problem, the
numerous methods proposed in the literature
rely on parameters whose values are chosen
empirically, such as for example the ratio of
diameter reduction or stress reduction.
The 3-D models appear a priori more capable of simulating the sequence of operations that
characterize the construction of a tunnel. Nevertheless, their practical implementation and
comparison with site observations show that, as
it is not possible to simulate all the details that
characterize the construction of a tunnel, either
by the conventional method or by TBM, it is
necessary to introduce empirical coefficients in
the simulation process. For all these reasons, an
approach such as the observational method is
therefore essential and most often used as soon
as the context imposes severe constraints,
particularly in terms of settlements: the excavation and support processes are then continuously adjusted based on the observed behaviour.
With the development of automatic real time
monitoring, we may consider in the near future
new approaches such as inverse analysis or
neural networks: they can bring valuable insights to the observational approach but their
capabilities and scope must still be precisely
identified.
.
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high-rise buildings
Prof. Dr.-Ing. Rolf Katzenbach, Dipl.-Ing. Steffen Leppla
Technische Universität Darmstadt, Institute and Laboratory of Geotechnics

Dr.-Ing. Matthias Vogler, Dipl.-Ing. Robert Dunaevskiy, Dipl.-Ing. Heiko Kuttig
Ingenieursozietät Professor Dr.-Ing. Katzenbach GmbH, Frankfurt am Main/Moscow/Kiev

ABSTRACT: Economic and environment-friendly design focuses on a reduction of construction material used,
construction time spent and energy consumed within the buildings construction and service time. One way
therefore is the execution of a Combined Pile-Raft Foundation (CPRF). The CPRF has been successfully used
for many high-rise building projects, e.g. the Messeturm and the European Central Bank in Frankfurt am Main
and Mirax Plaza Kiev. The optimized design of deep foundation systems relies on the knowledge of the pile
shaft and base resistance values. In comparison to the use of empirical values, the shaft resistance and base
resistance which are obtained from pile load tests are higher in the majority of cases, e.g. by the Federation
Tower in Moscow. To ensure the quality of the construction a measurement based monitoring is needed as the
observational method implies.

1. WORKING PRINCIPLES AND
NORMATIVE STANDARDS OF PILE
LOAD TESTS AND CPRFS

The concept of the CPRF implies that the
construction loads are carried partly by the piles
in terms of base resistance and shaft resistance
and partly by the foundation raft in terms of
base pressure (figure 2), whereas by the conventional pile foundation the foundation raft is not
considered for load transfer (Hanisch et al.,
2002), (SNIP 2.02.01-83).

1.1. Working principles of CPRFs
Combined Pile-Raft Foundations (CPRFs)
are a combined construction of the simultaneously working load-bearing elements: piles,
foundation raft and the present soil. Thereby an
interaction between these load-bearing elements
appears. These interactions are a pile-soilinteraction, a pile-pile-interaction, a raft-soilinteraction and pile-raft-interaction (figure 1).

Figure 2. Load transfer from structure into soil.

The resistance of the CPRF is calculated by:
Resistance of the raft:
R raft =

ı ( x, y ) dA ,

(1)

Total resistance of the pile:

Figure 1. Working principle of a CPRF.

R pile (s) = R b (s) + R s (s) ,
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(2)

Base resistance of a pile:

and the results of pile load tests. In practice pile
load tests, in which the failure of the pile is
reached, is of outstanding importance for
realistic and economically optimized modeling
of deep foundations (Katzenbach et al., 2009b).
The objectives of pile load tests is to obtain the
ultimate shaft resistance and base resistance in
connection with related deformations by the use
of appropriate instrumentation during the test
(DGGT 1998), (prEN ISO 22477-1), (GOST
5686-94).
The classical way to carry out a pile load
test is by loading the pile at the top and measuring the pile displacements with displacement
transducers and the remaining load at the pile
base with a load cell (figure 4). Thereby it is
technically difficult to reach the failure of the
pile by highly loaded piles with big diameters.
In addition it is economically not reasonable. In
this case the classical pile load test should be
executed on piles of smaller diameters (EC 7).

2

R b ( s) = q b

ʌ•D
,
4

(3)

Shaft resistance of a pile:
R s ( s) =

q s (s, z) • ʌ • D dz ,

(4)

Total resistance of the CPRF:
R tot (s) =

R pile (s) + R raft (s) ,

(5)

The bearing effect of CPRFs is described by
the pile-raft coefficient αpr, which is calculated
to:
Į pr =

R pile (s)
R tot (s)

,

(6)

The pile-raft coefficient lies in between the
limits αpr = 0.0, pure spread foundation, and
αpr = 1.0, pure pile foundation (figure 3).

Figure 3. Range of pile-raft coefficient Įpr

Figure 4. Scheme of pile load tests

The objectives and advantages of CPRFs are
a reduction of settlements and differential
settlements, an increase of the bearing capacity
of the foundation raft, a decrease of the bending
load of the foundation raft and finally a cost
minimisation of the foundation (Katzenbach et
al., 2005a and 2005b). The analysing and design
of a CPRF is describe e.g. in Cook (1986),
Conte et al. (2003), Poulos et al. (1997), Poulos
(2001), Randolph (1983), Randolph & Clancy.
(1993), Russo & Viggiani (1998), Horikoshi &
Randolph (1998) and Ulitsky (2003).

Another way of pile testing is to divide the
pile into segments and to insert jacks between
the pile segments (figure 4). The main difference between the two kinds of pile load tests is,
that by the classical pile load test an abutment,
in general anchor piles, is needed whereas by
the pile load test with segmented piles that is
not the case. In addition segmented piles can be
carried out in deeper levels, while the remaining
space to the ground surface is refilled with drill
cuttings. By the classical pile load test the test
pile must be carried out to the top, whereby the
base level gets limited. The pile test reaching
the failure of the pile requires a sound design
including variant studies for possible shaft
resistance and base resistance of the soil layer.

1.2. Working principles of pile load tests
The requirements for soil investigations
consider the study of deformation behaviour
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Often the settlement failure criterion is defined
as 0.1*D (D = diameter of the pile). The failure
criterion for creep behaviour is defined by
ks § 2 mm. The control of creep limit ensures
that the pile failure is not reached before the
settlement criterion is applied. The design of
pile load tests should ensure that the test does
not have to be finished due to material capacity.
The limitation of the pile settlement by
maximum of 4 cm in Russian Codes (SNIP
2.02.03-85) without any relation to the pile
diameter, especially for big diameter piles, leads
to not reaching the ultimate bearing capacity of
the test pile and, as a consequence, to more
conservative design of pile foundations and
especially of CPRFs. It is possible to save costs
in future without any negative impact on safety
or serviceability.

vertically loaded foundations, which is also
stated in DIN 1054. However, in practice
predominantly horizontally loaded CPRFs have
been already successfully applied, e.g. Exhibition Hall 3 in Frankfurt am Main, Germany
(Katzenbach et al., 2002).
The design procedures for CPRFs differ
strongly from each other in Russia and Germany. In Germany advanced requirements are
set concerning the calculation model. In practice
CPRFs are calculated with the Finite Element
Method (FEM), using a 3-dimensional model
that gets adjusted to pile load test (Katzenbach
et al., 2009a).
The deformation behaviour of the soil is derivated from back analysis of former built
structures (Katzenbach et al., 2008). In the
CPRF Guideline the calculation procedure for
the Ultimate Limit State (ULS) and the Serviceability Limit State (SLS) is given. The calculation procedure of CPRFs in ULS contains
calculation of external (soil-pile-raft interaction)
bearing capacity and calculation of material
bearing capacity. Calculations have to be
carried out with characteristic values for soil
and construction materials. The calculation of
external (soil-pile-raft interaction) bearing
capacity in ULS is applied to the entire foundation system with the safety factor of Ș = 2. The
calculation of external bearing capacity in ULS
for each pile of the foundation is not required.
The calculations in SLS have to be executed
with characteristic values for soil and construction materials, applying the working loads. The
calculation of internal forces has to be executed
for two limit cases: for ULS and SLS. So the
design of raft and piles has to cover the most
unfavorable case. Strict limitations for building
settlements are normally not applied. Limitations of settlements of surrounding building and
structures must be defined with regard to
sensitivity of each structure. In practice the
design criteria for differential settlements are
chosen for high-rise buildings as 1/1000.
In Russian Codes the calculation procedure
for ULS is not defined. The calculation of ULS,
especially the evaluation of settlements, is
described as an analytical solution for Įpr = 0.85
(SP 50-102-2003, Recommendations 1999,
MGSN 2.07-01, Guideline 2001, Recommendations 1997) and for simple examples as a
settlement formula in MGSN 2.07-01 and
Guideline 2001. According to Russian Building
Codes the calculation of the settlement of
CPRFs has to be checked by the method of deep

1.3. Normative requirements for design and
execution of CPRFs according to Russian
and German Building Codes
The Combined Pile-Raft Foundation
(CPRF) is mentioned in many normative documents, which have been published in Russian
Federation in the last years. Especially the
Moscow Building Codes (MGSN 4.19-05,
MGSN 2.07-01) and other normative documents of Moscow City contain recommendations regarding CPRFs. Some recommendations
are given in St. Petersburg Building Code (TSN
50-302-2004).
In Germany the design of CPRFs is defined
in DIN 1054, which considers the requirements
of Eurocode 7 towards National Building Codes
in European countries. Regarding the design of
CPRFs DIN 1054 refers to CPRF Guideline
(Hanisch et al., 2002).
In the following a comparison between the
requirements of normative documents in Russia
and the German CPRF Guideline (Hanisch et
al., 2002) is carried out. Additionally some
piece of advice is given from the practical
experience.
In German and Russian normative documents some limitations concerning the execution of CPRFs in weak soils are given. In
(Hanisch et al., 2002) limitations regarding the
stiffness of layered soil (stiffness ratio
ES,up/ES,down  1/10) and pile-raft coefficient
Įpr > 0.9 are stated. In practice CPRFs are
mostly applied in cohesive soils, sands and
weathered rocks and rarely in sound rock.
CPRFs are mostly applied for predominantly
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laying shallow foundation. The limitations of
settlements and differential settlements are
given in SP 50-102-2003 and SP-50-101-2004.
Russian Codes consider only bored and
driven piles to be suitable for CPRFs MGSN
2.07-01, Guideline 2001, Recommendations
1997. A rigid connection between the piles and
raft is required, due to MGSN 2.07-01.
The CPRF Guideline does not restrain the
type of vertical elements; the use of bored and
driven piles, barrettes and sheet piles is possible
for CPRFs. However, in practice the mostly
used vertical elements are bored piles of various
diameters up to 2 m and barrettes. Often the
retaining wall of the excavation pit is used as
vertically loaded foundation element. The
driven piles are rarely used due to their low
bearing capacity. Piles, considered as settlement
reduction measures, are situated under the area
with the highest load; the pile length and diameters are chosen to reach similar stiffness of piles
and to ensure uniform settlements of the foundation. Uncoupled CPRFs (without rigid connection between piles and raft) have been
executed several times and are especially
reasonable in the seismic regions. Depending on
soil conditions with the modern technology and
advanced approaches in design CPRFs with
Įpr = 0.5 have successfully completed.
Moreover in CPRF Guideline the design
checking procedure for CPRFs and quality
assurance measures are defined. The Russian
Codes do not regulate the procedures mentioned
above.
Concluding the analysis of normative requirements for CPRFs in Russia and Germany
strong differences have been identified, especially in the calculations of CPRFs in ULS and
SLS. Therefore, the consolidation of the experiences gathered in both countries and the working out of new normative documents for CPRFs
seems to be reasonable in the future.

during and after the construction of a building
(EC 7). The observational method is a step by
step method, considering the interaction and
interconnection between the single steps. The
first step comprehends the compiling of a
computational model (prognosis) of the expected results as e.g. the expected settlements of
a construction respectively foundation (van
Impe, 1991). Simultaneously a measurement
based controlling monitoring is carried out. The
second step is the comparison of the prognosticated values with the measured values. If the
values are conform in sufficient accuracy the
final step is the ongoing realisation of the
project. If a sufficient accuracy is not reached
the definition of contingency actions is necessary. That can lead to a modification of the
theoretical model, whereby the step by step
procedure continues newly at the start of the
chain. The second possible step after the definition of contingency actions is the adaptation of
the construction process, which on the one hand
leads to a modification of the computational
model, and the new start of the chain, and on
the other hand can require a revision of the
contract between the contractor and the employer.

Figure 5. Flow chart for the Observational Method.

2. OBSERVATIONAL METHOD
Geotechnical measuring facilities are e. g.
displacement transducers, strain gauges, load
cells, pore-water pressure cells, inclinometers,
(multi-) extensometers and geodetical levelling.
More examples for the observational method
can be found in Katzenbach & Moormann
(2003), Peck (1969) and Schmitt et al. (2002).

The observational method is an instrument for
quality insurance and final control of the reliability and correctness of the applied geotechnical theoretical model as basis of the design.
According to Eurocode 7 the application of the
observational method is recommended for
constructions of geotechnical category 3, such
as e.g. CPRFs. The observational method pays
attention to the dominating role of the soil
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3. CASE STUDIES
3.1. Messeturm, Frankfurt am Main
The Messeturm in Frankfurt am Main is
256.5 m high. The foundation of the Messeturm
is a CPRF, which is based in the Frankfurt clay
(figure 5).
The foundation raft is 58.8 m x 58.8 m wide
with a maximum thickness of 6 m in the centre
and a thickness of 3 m at the edges. The base of
the foundation raft is about 11 m to 14 m below
the ground surface.

Figure 7. Foundation raft and pile alignment.

Figure 6. Messeturm in Frankfurt am Main.

Figure 8. Settlements [cm] measured in Dec.1998.

The raft is combined with 64 bored piles
with a diameter of 1.3 m and a length 30.9 m in
the centre ring and 26.9 m at the edges (figure 7). The total load, including 30 % of live
loads, is about 1855 MN.
In the area of the Messeturm artificial filling
at the top is underlied by quaternary sand and
gravel, which reach to 8 m to 10 m below the
ground surface. Below the quaternary layers
follows the tertiary Frankfurt clay to a depth of
about 70 m. The groundwater table lies about
4.5 m to 5.0 m deep (Reul, 2000), (Sommer et
al., 1990).
The developing of settlements was controlled in course of the observational method by
measurement monitoring. The maximum
settlements of about 13 cm were measured in
December 1998 (figure 8).

The CPRF was calculated with the Finite
Element Method (FEM). Thereby a section of
the foundation was modelled, using the symmetry of the plan view (figure 9).
The FE-calculation was carried out with a
Step-by-Step analysis of the construction
process, considering the excavation of the
construction pit, construction of the CPRF,
groundwater drawdown, loading of the CPRF
and groundwater re-increase.
Single calculations were carried out with the
FE-model for different foundation systems.
Thereby different pile configurations and pile
length were analysed as well as a pure raft
foundation. In figure 10 the calculated settlements of the actually executed CPRF are compared with the settlements, calculated for a pure
raft foundation.
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The settlements of a pure raft foundation
were calculated to 32.5 cm. The calculated
settlements of the CPRF are nearly equal to the
in-situ measured 13 cm. The pile raft coefficient
is about αpr = 0.43 (Reul, 2002).

determined in serial of in-situ pile tests. As a
result the ultimate shaft resistance was determined to 60 kN/m² to 80 kN/m² for 20 m long
piles.
At the piles of the Messeturm, whose base is
about 50 m below the ground surface, an average shaft resistance qS of 90 kN/m² to
105 kN/m² was measured. At the lower section
of the pile a maximum of qS = 200 kN/m² was
measured. The reason for such high values of
shaft resistance, occurring by CPRFs, is an
increase of the general state of stress of the soil
between the single piles. This stress increase is
inter alia influenced by the initiation of stresses
by the foundation raft, which is used for load
transfer.
A pure pile foundation would have required
316 piles with 30 m length. In comparison to
the executed CPRF with 64 piles and an average
length of about 30 m a pure pile foundation
would have required more resources e.g. concrete, energy and would have been 3.9 Million
Euros more expensive.
3.2. Federation Tower
The Federation Tower is a part of the project
Moscow City, which contains the construction
of several high-rising buildings for business in
central Moscow on an area of more than one
square kilometre.
The Federation Tower is a complex of two
single towers (figure 11). Tower A is about
360 m high respectively about 506 m with
regard to the spire on the roof. Tower B is
about 243 m high. The high-rise double-towers
of the Federation Tower farly exceed all experiences with high-rise buildings in Russia and in
Europe, gained up to now. The two towers will
share an about 140 m long and about 80 m
wide, 4.6 m thick foundation raft made of
reinforced concrete in a depth of approx. 20 m
below the surface level.

Figure 9. FE mesh of the foundation.

Figure 10. Measured and calculated settlements.

In course of the lot of high-rising buildings,
which were constructed in Frankfurt, the shaft
resistance of bored piles in Frankfurt clay was
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located above, carry ground water with higher
hydraulic heads.
In the area of the Federation Tower the pile
load tests TP-15-1 and TP-15-2 with Osterbergcells (O-cells) were carried out in spring 2005.
The test piles were constructed with a diameter
of 1.2 m and a length of 6.90 m and 13.35 m.
The empty drill hole was filled with sand. The
piles are completely positioned in the limestone
(figure 12).
Each pile was divided into 2 segments. Between the pile segments 2 O-cells were installed. In each test pile displacement transducers were installed to measure the displacements
of the pile segments.
Pile load test TP-15-1 was carried out to a
maximum load of about 33 MN. In between an
unloading-phase was made at 15 MN back to
zero-load followed by a reloading-phase (figure 13).

Figure 11. Moscow City (source:
www.panoramio.com).

The total load is about 3000 MN for Tower
A and 2000 MN for Tower B. With additionally
about 1000 MN load for flat buildings and the
basement floors and a load of the self-weight of
the foundation raft of about 1300 MN the total
load results to about 7300 MN.
The project area of Moscow City is located
in the west of the central district of Moscow at
the left bank of the River Moskwa. Underneath
anthropogenic influenced artificial back-fill, at
first the quaternary accumulation of the river
terrace and underneath the alternating sequences
of the carbon are located. Underneath the
foundation level of the Federation Tower, a
complex alternating sequence is found, consisting of variably intensively fissured, cavernous
and porous limestone and variably hard, more
or less watertight clay (marl). The layers have
different thicknesses which range between
about 3 m and 10 m. Moscow City and also the
building area of the Federation Tower are
located in a territory, where potentially dangerous karst-suffusion-processes occur.
In the project area, several ground water horizons, carrying perched waters, have been
found. Because of the sealing effect of the clay
(marl), they are not or just moderately corresponding with each other. The ground water
mainly circulates in the fissured and karstsuffusion affected limestone. The ground water,
circulating in the lower limestone-aquifer, has
risen about 12 m high beyond the bottom line of
the sealing clay layer. The limestone-horizons

Figure 12. Section of test piles TP-15-1 and TP-15-2.
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Figure 13. Load-displacement-diagram, TP-15-1.

The final displacement was about 0.6 cm at
the upper pile segment and 0.4 cm at the lower
pile segment. Neither a failure of one of the pile
segments was seen nor the empirically defined
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limit of 0.1*D = 12 cm was reached. The
evaluation of pile-test TP-15-1 yields a shaft
resistance of about 1140 kN/m² and a base
resistance of about 5380 kN/m². These values
are not ultimate values.
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3.3. Mirax Plaza
In the scope of the project Mirax Plaza in
Kiev 2 high-rise towers, each of them 192 m
(46 storeys) high, shopping and entertainment
mall and underground parking is under construction (figure 15). The gross area of the
project is about 294000 m². The project area
cuts a 30 m high natural slope.
The geotechnical investigations have been
executed 70 m deep, there the quaternary,
Neogene and Paleogene sediments (Kiev Marl
Clays and Buchak Sands) have been encountered.
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Figure 14. Load-displacement-diagram, TP-15-2.

Pile load test TP-15-2 was carried out to a
maximum load of about 33 MN as well. In
between three unloading-phases back to zeroload were made (figure 14). The final displacement was about 4.3 cm at the upper pile segment and 2.2 cm at the lower pile segment.
Neither a failure of one of the pile segments was
seen nor the empirically defined limit of
0.1*D = 12 cm was reached, too. The evaluation of pile-test TP-15-2 yields a shaft resistance
of about 2310 kN/m² and a base resistance of
about 5630 kN/m².
The shaft resistance in the variably intensively fissured, cavernous and porous limestone
was in pile load test TP-15-1 measured with
about 1100 kN/m² by pile displacements of
about 0.5 cm and in pile load test TP-15-2 a
shaft resistance of about 2300 kN/m² was
measured by displacements of about 2 cm. In
German standard DIN 1054 the empirical
maximum shaft resistance for solid rock with an
uniaxial compression strength of 20 MN/m² is
given with 500 kN/m² and in EA-Pfähle
(DGGT, 2007) with 500 kN/m² to 2000 kN/m²
as ultimate values, which means for the described test piles by displacements of 12 cm. So
the empirical ultimate maximum value for shaft
resistance is reached by the in-situ pile load test
by just about 17 % of the empirical evaluated
settlements and is in practice far away from
being an ultimate value. The in-situ existing
ultimate shaft resistance cannot be deriated
from the two pile load tests.

Figure 15. Mirax Plaza.

For the previous project on the territory of
the project Mirax Plaza 4 pile load tests
(2 tension and 2 compression tests) on the piles
with diameter 0.82 m have been executed. Also
here no failure of pile in accordance with the
criterion 0.1*D was achieved. Using the results
of the test, the back analysis was executed by
means of FEM-model. The soil properties in
accordance with the results of the back analysis
were partly 3 times higher, than indicated in the
geological report.
The obtained results of the pile test and of
the executed back analysis were applied in three
dimensional FEM-model of the foundation for
Tower A, taking advantage of the symmetry of
the footprint of the building. The overall load of
the Tower A is about 2200 MN and the area of
the foundation about 2000 m² (figure 16).
The foundation design considers a CPRF
with 64 barrettes with 33 m length and a cross
section of 2.8 m x 0.8 m. The raft of 3 m thickness is laying in Kiev Marl Clays at about 10 m
depth below the ground surface at the lower part
of the slope. The barrettes are penetrating the
layer of Kiev Marl Clays reaching Buchak
Sands.
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(cement, aggregates, water, energy etc.) and to
cost savings of 3.3 Million US$.
4. SUMMARY
On the exemplary chosen high rise buildings
projects Messeturm, Federation Tower and
Mirax Plaza, it is shown, that it is possible by
the use of CPRFs, and an optimization of the
pile foundation design by the results of pile load
tests, to save resources and so costs in millionorder magnitude (Katzenbach et al., 2001). For
quality assurance an international CPRF guideline as a new normative document based on the
experiences mentioned by Hanisch et al. is
necessary.

Figure 16. FEM model for CPRF of tower A an
calculated settlements in cm.

The calculated loads on the barrettes were in the
range of 22.1 MN to 44.5 ɆN. The load on the
outer barrettes were about 41.2 MN to 44.5 MN,
which significantly exceeds the loads on the
inner barrettes with the maximum value of
30.7 ɆN. This behaviour is typical for a CPRF,
that the outer barrettes of piles take more load
because of their higher stiffness due to the
higher volume of the activated soil. The pileraft coefficient is αpr = 0.88. Maximum settlements of ca. 12 cm were resulting calculative
due to the settlement-relevant load with 85 % of
the total design load. The pressure under the
foundation raft is calculated in the most areas
not exceeding 200 kN/m², at the raft edge the
pressure under the raft reaches 400 kN/m². The
calculated base pressure for outer barrettes was
calculated in average with 5100 kN/m² and for
inner barrettes in average with 4130 kN/m². The
mobilized shaft resistance increases with the
depth reaching 180 kN/m² for outer barrettes
and 150 kN/m² for inner barrettes.
During the construction of Mirax Plaza Tower
the observational method according to EC 7 is
applied. Especially the distribution of the loads
between the piles and the raft is monitored. For
this reason 3 earth pressure devices were installed under the raft and 2 barrettes (most
loaded outer barrette and average loaded inner
barrette) were instrumented over the length.
In the scope of the project Mirax Plaza the new
allowable shaft resistance and base resistance
were defined for typical soil layers in Kiev. This
unique experience should be used for the
skyscrapers of new generation in Ukraine.
The CPRF of the high-rise building project
Mirax Plaza represents the first authorized
CPRF in the Ukraine. Using the advanced
optimization approaches and taking advantage
of the positive effect of CPRF the number of
barrettes could be reduced from 120 barrettes
with 40 m of length to 64 barrettes with 33 m of
length. The foundation optimization leads to
considerable decrease of the utilised resources
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ABSTRACT: This paper describes the enlargement and underpinning of old Rossio railway station building
(1886). These works included the construction of new underground walls and mechanical stairways for the
connection with a nearby underground metro station and also the construction of a new underground metro
gallery for a new line, under some old huge retaining walls that sustain the embankment of the railway
platforms. A careful study was performed for this station in order to avoid unacceptable damages. Some of the
system and suitability tests that were performed for the anchors are presented.
The design of the retaining walls was based in Eurocode 7. The seismic design was based in Eurocode 8.
The monitoring results of the anchor loads and ground displacements resulting from the excavation are
presented.

The field and laboratory tests are referred,
as well as the geotechnical characteristics.
The methodology to design the retaining
walls, based in Eurocode 7, is introduced. The
seismic design is based in Eurocode 8.
The monitoring results of the anchor loads
and ground displacements resulting from the
excavation are presented.
Some final considerations are presented.

1. INTRODUCTION
This paper describes the enlargement and
underpinning of old Rossio railway station
building (1886). These works included the
construction of new underground walls and
mechanical stairways for the connection with a
nearby underground metro station and also the
construction of a new underground metro
gallery for a new line, under some old huge
retaining walls that sustain the embankment of
the railway platforms. A careful study was
performed for this station in order to avoid
unacceptable damages. Some of the system and
suitability tests that were performed for the
anchors are presented.
It was necessary to perform the
underpinning of an east-west and the principal
retaining walls, with 15m in height and a
thickness around 2.5 m, and Bairro Alto wall.
These walls were later reinforced in order to
ensure their long-term safety against rotational
failure.
The main geological conditions are
described.

2. BACKGROUND
Due to the crossing of the Rossio railway
station building (1886) by an underground
gallery (for the Lisbon Metro), a careful study
was performed for this station in order to avoid
unacceptable damages. The building had
originally three levels: ground floor (+11.86),
1st floor (+19.93) and 2nd floor (+25.96). For the
installation of a Commercial Centre two new
floors were built: intermediate first floor
(+15.21) and intermediate second floor
(+22.79).
For the construction of the underground
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Landfill

with 13m in height and a thickness around 3m.
Both walls sustain an embankment on which the
railways platforms were built.
The underground gallery was built
underneath the whole extension of the northsouth retaining wall and part of the east-west
retaining wall.
The enlargement of the station including
two new underground halls connected by
mechanical and fixed stairways with each other.
A cross section of the tied back wall is
shown in Fig. 1.
For the underpinning of the retaining
walls, more than a dozen large reinforced
concrete frames were erected, side by side,
under the base of the walls (Consortium,
1996b). This simple but massive structures
allowed the excavation of the space for the
installation of the Metro gallery (Fig. 2), under
the beam of each frame.
Other parts of the station building had also
to be underpinned, by means of r.c. frames,
micro-piles and jet-grout columns.
In the design phase of the underpinning of
the retaining walls, it was recognized that the
walls didn’t verify the safety conditions
required by Eurocodes 7 and 8 and Portuguese
Actions Code, specially in what concerns the
rotational failure scenario for both static and
seismic actions.
Therefore it was decided to reinforce both
walls by means of (i) definitive anchorages and
a grid of r.c. beams, in the case of the northsouth wall; and (ii) micropiles going through
the body of the wall and into the ground behind
and under it, in the case of the east-west wall
(Seco e Pinto et al., 2008).

The landfill is composed by sandy clayey
material with a thickness varying from 3.5 to 20
meters.
Estefânia Areolas
The unit is composed by sandy materials or silty
sandy materials with thickness around 3 meters.
Clays and calcareous rocks from Prazeres
This lower unit is composed by dark grey to dark
brown clay, with layers of sandy material, up to
the depth which is significant to the design of the
structures of the Rossio station.

4. GEOTECHNICAL CHARACTERISTICS
After an evaluation of the results of the field
investigation (boreholes, trenches, vane shear
tests, pressurometer tests, penetrometer tests
and Lefranc tests) and the laboratory tests
(chemical tests, oedometer tests, triaxial tests,
the following geotechnical characteristics were
adopted (Consortium, 1996a):
Landfill
Unified classification: CL, CH
% passing sieve # 200 (ASTM): 28 to 100%
Liquid limit: 18 to 47%
Plastic index: 3.4 to 26.7%
Unit weight: 17.6 kN/m3
Uniaxial compressive tests:
Strength (Cu): 32.7 to 169.7 kPa
Tangent elasticity modulus: 4.3 to 10.7 MPa
Triaxial tests (C.U.):
Cohesion c (in effective stresses): 0 kPa
Friction angle φ (in effective stresses): 30o
k (permeability coefficient): 10-9 m/s
Poisson ratio: 0.35
The most representative SPT values of this
material are between 4 and 18.
CPT results were between 0.2 and 5 MPa.

3. MAIN GEOLOGICAL CHARACTERISTICS
In this section the main geological
characteristics of each layer are presented.
Based in the results collected from borings
executed at Rossio site, the following units were
considered as shown in Fig. 2 (Consortium,
1996a).
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Figure. 1. Cross section of the tied back wall
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Figure 2. Geological profile (adopted from Consortium, 1996a)

Estefânia Areolas
Friction angle φ (in effective stresses): 35o
k (permeability coefficient): 10-6 to 10-7 m/s
Poisson ratio: 0.25
SPT results were between 10 and 60 blows,
with the upper layer having SPT values lower
than 40 blows and the lower layer having SPT
values higher than 60.

Cohesion c (in effective stresses): 0
Friction angle φ ( in effective stresses): 33o
Elasticity modulus: 36 MPa
k (permeability coefficient): 10-5 m/s.
SPT results were between 6 and 39 blows.
Clays and calcareous rocks from Prazeres

Masonory retaining wall materials
Unified classification: CL, CH
% passing sieve # 200 (ASTM): 32 to 75%
Liquid limit: 28.3 to 43.4%
Plastic index: 4.3 to 21%
Triaxial tests (C.U.):
Cohesion c (in effective stresses): 33 kPa

Unit weight: 22 kN/m3
Triaxial tests (C.U.):
Cohesion c (in effective stresses): 1 MPa
Friction angle φ ( in effective stresses): 45o
Poisson ratio: 0.20
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Case B is often critical to the design of the
strength of structural elements involved in
foundations or retaining structures. Where there
is no strength of structural materials involved,
Case B is irrelevant.
Case C is generally critical in cases, such
as slope stability problems, where there is no
strength of structural elements involved. Case C
is often critical to the sizing of structural
elements involved in foundations or retaining
structures, and sometimes to the strength of
structural elements. Where there is no strength
of ground involved in the verification, Case C is
irrelevant.
Permanent actions include self weight of
structural and non structural components and
those actions caused by ground, groundwater
and free water.
In calculation of design earth pressures for
Case B, the partial factors given in Table 1 are
applied to characteristic earth pressures.
Characteristic earth pressures comprise
characteristic water pressures together with
stresses that are admissible in relation to the
characteristic
ground
properties
and
characteristic surface loads.
All
permanent
characteristic
earth
pressures on both sides of a wall are multiplied
by [1.35] if the total resulting action is
unfavourable and by [1.00] if the total resulting
action effect is favourable. Thus, all
characteristic earth pressures are treated as
being derived from a single source.
For the verification of serviceability limit
states, partial safety factors are used for all
permanent and variable actions except where
specified otherwise.

5. DESIGN OF RETAINING WALLS
5.1.Static Conditions
The gravity type retaining structures were
designed taking into consideration limit states
(Eurocode 7, 1997).
The following ultimate states (with severe
consequences) can occur: (i) loss of overall
stability; (ii) failure of a structural element such
as the retaining wall, an anchorage, a micropile,
etc; (iii) foundation failure; (v) unacceptable
leakage through or beneath the wall; (v) rotational
failure; (vi) movements of the retaining structure
which may cause collapse of other structures;
(vii) unacceptable change to the flow of
groundwater; and (viii) failure by sliding at the
base of the wall.
The following serviceability limit states (with
less severe consequences) can occur: (i)
movements of the retaining structure which may
affect the appearance or efficient use of the
building and other structures; and (ii) excessive
vibrations.
The values of partial factors for permanent
and variable actions given in Table 1 were used
for verification of ultimate limit states
situations. For accidental situations all
numerical values of partial factors for actions
were taken equal to [1.0] (Eurocode 7, 1997).
Cases A, B and C have been introduced in
order to ensure stability and adequate strength
in the structure and in the ground.
Case A is only relevant to buoyancy
problems, where hydrostatic forces are included
in the main unfavourable action.
.

Table 1. Partial factors - ultimate limit states in persistent and transient situations (Eurocode 7, 1997)
Case

Actions
Permanent
Unfavour-able
Favourable
Case A
[1.00]
[0.95]
Case B
[1.35]
[1.00]
Case C
[1.00]
[1.00]
1) Compressive strength of soil or rock.

Ground Properties
Variable
Unfavourable
[1.50]
[1.50]
[1.30]
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tanφ’

c’

cu

qu1)

[1.1]
[1.0]
[1.25]

[1.3]
[1.0]
[1.6]

[1.2]
[1.0]
[1.4]

[1.2]
[1.0]
[1.4]

-

phase 3 – remotion of the material near
Rossio station structure;
- phase 4 - introduction of the linear
elements of the building;
- phase 5 - introduction of the effect of
the retaining wall.
The results obtained for the different
phases are presented in Figs. 3 to 6.

For the anchored structures the following
additional limit states are considered (Eurocode 7,
1997):
- failure of the ground anchorage by
tension;
- structural failure of the ground
anchorage due to shear forces, distortion
at anchorage head or corrosion;
- loss of anchorage load due to excessive
displacements of the anchorage head or
by creep and relaxation;
- failure or excessive deformation of parts
of the structure due to the applied
anchorage force.
For permanent ground anchorages (those
which service life is greater than two years)
protective corrosion barriers must be provided.
Design values of ground properties, Xd, are
derived from characteristic values, Xk, using the
equation:

5.3. Seismic Analysis
The seismic action was based on the Portuguese
Code (RSA, 1983) and defined by a stochastic
gaussian stationary vectorial process (two
horizontal orthogonal components and one
vertical component). The Portuguese territory is
affected by two seismotectonic sources: (i) near
source which represents a moderate magnitude
earthquake at a short focal distance with a
duration of 10 seconds; (ii) far source which
represents a higher magnitude earthquake at a
longer focal distance with a duration of 30
seconds.
In Eurocode 8(1998) the seismic hazard is
described in terms of a single parameter, i.e. the
value ag of the effective peak ground
acceleration in rock or firm soil called “design
ground acceleration” expressed in terms of: (i)
the reference seismic action associated with a
probability of exceeding (PNCR) of 10 % in 50
years; or (ii) a reference return period (TNCR)=
475 years. These recommended values may be
changed by the National Annex of each
country.
The earthquake motion in EC 8 is represented
by the elastic response spectrum defined by 3
components.
The following factors can be listed to
explain the behavior of gravity retaining
structures during an earthquake: (i) increasing of
dynamic earth pressures; (ii) variation of
hydrodynamic pressure of the backfill; (iii)
decreasing of stabilizing forces related with the
weight of the structure; (iv) increasing of pore
pressures and consequently reduction of effective
pressures; and (v) soil liquefaction of backfill
and/or foundation material.

X d = X k / Ym
(1)
where Ym is the safety factor for the ground
property, or shall be assessed directly.
The characteristic value of a soil or rock
parameter is selected as a cautious estimate of
the value affecting the occurrence of the limit
state.
For serviceability limit states all values of
Ym are equal to [1.0].
5.2. Analysis of the Principal Retaining Wall.
For the design and behavior evaluation of the
principal retaining wall with 15m high and 2.5
m thick, numerical analyses were performed
using the FLAC code (Consortium, 1996b),
with the following purposes:
- identification of plastic zones;
- computation
of
displacements
distribution;
- distribution of stresses and strains in
the retaining walls.
The analysis of the principal wall was
performed with the following phases:
- phase 1 - calculation of the ground
initial stresses;
- phase 2 - introduction of the effect of
masonry retaining wall;
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Figure. 3. Phase 1 (adopted from Consortium, 1996b)

Figure 4. Phase 2 (adopted from Consortium, 1996b)
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Figure. 5. Phase 4 (adopted from Figueiredo Ferraz, 1996b)

Figure. 6. Phase 5 (adopted from Figueiredo Ferraz, 1996b)
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anchorage after the load protocol has been carried
out, and so this anchorage had to be built outside
the station.
Investigation tests were needed to establish for
the designer, in advance of the installation of the
working ground anchorages, the ultimate load
resistance in relation to the ground conditions and
materials used.
Suitability tests were carried out to confirm the
acceptable creep and load characteristics at proof
and lock-off load levels, following the procedure
recommended in the above mentioned CEN EN
1537.
For the determination of the anchorage
characteristic load value Rak, from Ram values
measured in one or more suitability tests, a
reduction factor was used to take into account the
variability of ground and the constructive
procedure. As minimum both conditions a) and b)
from Table 3 were satisfied using equation:

The stability of soil foundation shall be
assessed for the following conditions: (i) overall
stability; and (ii) local soil failure.
For the pseudo-static analysis of rotating
structures the seismic coefficients can be taken
as (Eurocode 8, 1998):
kh = αgrγf S/ g.r
(2)
kv = ± 0.5 kh when the ratio αvg/αgr is greater
than 0.6
(3)
(4)
kv = ± 0.33 kh otherwise
Where αgr is the reference peak ground
acceleration, αvg is the vertical component of
acceleration, S is the soil parameter, γf is the
importance factor of the structure and the factor
r takes the values listed in Table 2.
Table 2. Factor affecting the horizontal seismic
coefficient (Eurocode 8, 1998)
Type of retaining structure
Free gravity walls that can accept a
displacement
dr ≤ 300 α S(mm)
As above with dr ≤ 200 α S(mm)
Flexural r.c. walls, anchored or braced
walls,
r.c. walls founded on vertical piles,
Restrained basement walls and bridge
abutments.

r

R ak = R a / ζ

(5)

2

The calculation of the anchorage strength Ram,
obtained from suitability tests considers the two
modes of failure and the creep limit load.
The design value Ra, is given by equation:

1.5

1.0

Ra = Rak / γ m

(6)

where γm = [1.25] for temporary ground
anchorages and γm = [1.5] for permanent ground
anchorages.
The total length of the permanent
anchorages is 18m with a tendon free length of
9m and a fixed tendon length bonded to the
ground by grout of 9m measured in one or more
suitability tests. The 6 steel cables tendon has a
cross sectional area of 592.2 mm2.
For each load test the anchorages were
loaded in 4 incremental cycles from a datum load
to a maximum test load, with measurement of
displacements of the anchorage head.
Displacement values due to creep were also
determined.
Figs. 7, 8, 9 and 10 related the anchor
A02 show the applied loads versus anchorage
head displacements, the applied loads versus
elastic and permanent displacements, the
displacement values versus time and the Ks
values for the evaluation of creep, for the

In Rossio station, the following values were
adopted: for the near source, kh = 0.27 and kv =
0.135; for the far source, kh = 0.16 and kv =
0.08.
The earth pressure coefficients were
computed by the Mononobe and Okabe method.
5.4. Experimental Tests
Three types of on-site anchorage tests are usually
considered: (i) investigation tests; (ii) suitability
tests; and (iii) acceptance tests.
The lack of results of system tests to
evaluate the long term behavior of anchorages of
the type which was intended to be used in Rossio
station also required a test of this type to be
performed in one anchorage. According to
standard CEN EN 1537 “Execution of special
geotechnical work - Ground Anchorages”, a test
of this type requires the excavation of the
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suitability test of an anchorage of the principal
wall.
Measurement of electrical resistance
between an anchorage and the surrounding soil or
structure to determine the effectiveness of the
applied corrosion protection system was also
performed.

6. RETAINING WALL OF BAIRRO ALTO
The results of some of the anchorage tests are
summarized in Table 4.
The total length of the permanent
anchorages is 18m with a tendon free length of
9m and a fixed tendon length bonded to the
ground by grout of 9 m. The 6 steel cables tendon
has a cross sectional area of 592.2 mm2.
The results of investigation tests of
anchor A16F1 are shown in Figs. 11 to 14.
The results of acceptance tests of anchor
A6F2 are shown in Figs. 15 to 18.

Table 3. Coefficient ξ for determination of Rak (Eurocode 7, 1997)
Number of suitability tests

1

2

>2

a) coefficient ξ applied to the mean value Ram

[1.5]

[1.35]

[1.3]

b) coefficient ξ applied to the minimum value Ram

[1.5]

[1.25]

[1.1]

Figure 7. Applied loads versus displacement for Principal Wall anchor A02
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Figure 8. Applied loads versus elastic and permanent displacements for Principal Wall anchor A02

Figure 9. Displacements versus time for Principal Wall anchor A02
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Figure 10. Values of Ks for Principal Wall anchor A02

Figure 11. Applied loads versus displacement for Bairro Alto Wall anchor A16F1
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Table 4. Anchorage tests

Anchorage

Max.
Force
(kN)

Maximum
Disp. (mm)

Permanent
Disp. (mm)

Test
Method.

Initial
Free
Length
(m)

Calculated
Free
Length (m)

Maximum
Ks (mm)

MP02

457,5

69,60

14,54

Accep. T

15,3

15,6

0,39

MP14

453,0

89,19

14,05

Accep. T

21,3

21,2

0,60

MP21

459,0

86,27

14,97

Accep. T

21,3

20,3

0,91

MP35

456,0

77,33

16,16

Accep. T

21,3

17,9

0,70

MBA2F3

619,8

127,50

19,18

Accep. T

21,0

20,8

0,64

MBA6F2

621,6

116,05

10,19

Accep. T

21,0

20,2

0,41

MBA8V

728,1

130,33

16,87

Accep. T

21,0

17,6

0,58

MBA13F1

581,7

189,50

65,52

Accep. T

25,6

25,6

0,53

MBA16F1

673,9

149,49

32,89

Inv. T.

21,0

20,0

0,32

MBA18V

642,5

122,27

5,79

Accep. T.

21,0

20,8

1,07

MBA19F3

631,8

119,14

22,73

Accep. T

21,0

17,7

0,48
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Figure 12. Applied loads versus elastic and permanent displacements Bairro Alto Wall anchor A16F1

Figure 13. Displacements versus time Bairro Alto Wall anchor A16F1
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Figure 14. Values of Ks for Bairro Alto Wall anchor A16F1

Figure 15. Applied loads versus displacement for Bairro Alto Wall anchor A6F2
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Figure. 16. Applied loads versus elastic and permanent displacements for Bairro Alto Wall anchor A6F2

Figure 17. Displacements versus time for Bairro Alto Wall anchor A6F2
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Figure .18. Values of Ks for Bairro Alto Wall anchor A6F2

A detailed suitability test shall also be
preformed.
The check list includes:
- thickness of the grout and behaviour of
the spacers;
- position of the tendon.
The properties of grouts such as density,
viscosity, exsudation and setting time shall be
verified.
During grouting, grouting pressure and
grouting volume shall be controlled.
The results of the suitability tests are
shown in Figs 19 to 22.
After the anchor load test the anchor shall
be excavated and the different elements anchor
namely head, tendon and grout body shall be
observed.
The measurements of electrical resistivity
allow the checking of the protective barrier of
the steel tendon from the ground and the
protection of the anchor head.
Figs 23 to 27 show photos representatives
of the steel tendon protection different phases of
the test.

7. CORROSION PROTECTION TESTS
In permanent anchors the integrity of the
pregrouted encapsulation shall be proven in
order to detect:
i) The existence of voids
ii) The existence of longitudinal fissures;
iii) The existence of transverse fissures.
Following EN 1537(1994): (i) in the
encapsulation zone a minimum cover of 5mm
shall be provided; (ii) exterior to corrugated
duct a minimum cover of 20mm shall be
provided; (iii) anti-corrosive protection of
tendons shall be provided.
In addition electrical resistivity tests shall
provide a minimum value of 100 kȍ between
tendon and ground.
Water samples shall be taken for the
determination of pH value and concentration of
ionic sodic, magnesium and potassium.
In summary the corrosion protection
systems tests aim to test the corrugated duct and
the internal and external protections.
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Unit weight: 25 kN/m3
Elasticity modulus: 30 GPa
Poisson ratio: 0.26
Tension failure stress 1000 kPa
Two
numerical
analyses
were
performed::
i)
The first analysis simulated the former
situation of the building and can be considered as
a reference.
ii)
The second analysis simulated the final
phase after the reinforcement.
Fig. 28 shows the finite element mesh.
Fig. 29 shows the horizontal stress
distribution of principal façade.
Fig. 30 shows the vertical stress distribution
of principal façade.
Fig. 31 shows the deformations of principal
façade.
It is important to remark that:
(i) The Rossio station building has a historical
and patrimonial value; (ii) one important purpose
was to minimize the damages, even the non
structural ones; (iii) the predictable damages were
extensive cracks on façades of stonework;

The visual inspections have shown:
a good encapsulation;
no direct contact between anchor head and
reinforcement steel of the anchored
structure ;
iii) in some sections there was no minimum
cover of 5mm between the duct and bar.
iv) No cracks were observed in the grout body
exterior to the manchette tube.
The tests have shown a good overall
electrical isolation of the anchor from ground
and structure.
i)
ii)

8. EVALUATION OF
BUILDING BEHAVIOUR

THE

STATION

To study the effects of interaction of the
underpinning works (including the already
mentioned retaining walls) with the railway
Rossio station building, a 3D linear finite element
analysis, using SAP 90 code, to predict the
maximum stresses and strain values, was
performed (Consortium, 1996c).
For the calcareous stone of the façade the
following parameters were adopted:

Figure 19. Applied loads versus displacement
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Figure 20. Applied loads versus elastic and permanent displacements

.

Figure 21. Displacements versus time
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Figure 22. Values of Ks

Figure 23. Anchor excavation
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Figure 24. Close view of anchor excavation

Figure 25. Detaill of the transverse section of the anchor
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Figure 26. Detail of the longitudinal section of the anchor

Figure 27. Detail of the anchor cross section
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iv) the rehabilitation works in this kind of cases
are delicate and have high costs; (v) the negative

impact on population due to the damages related
with underground works would be relevant.

Figure 28. 3D model

Figure 29. Horizontal stress distributions of principal façade
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Figure 30. Vertical stress distribution of principal façade

Figure 31. Deformations of principal façade
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9. MONITORING AND ENVIRONMENTAL
IMPACTS

As an example of the monitoring readings,
obtained to built the underground walls referred
in Fig. 1, some results are presented in Figs. 32
to 35.
Fig. 32 describes the evolution of
horizontal displacements measured in one
inclinometer tube.
For the monitoring of anchors the
instrumentation included a logger.
In Fig 33 and Fig. 34 details of the logger
are shown.
The results measured by the logger are
shown in Fig. 35.

To control the structure behaviour a monitoring
system was installed, including the following
types of instruments: clinometers, extensometers,
surface movement points and inclinometers.
Some anchorages were also instrumented with
load cells.
To minimize the environmental impacts the
following actions were taken: (i) protection of
anchorage tendons and micro pile reinforcements
against electric currents; (ii) control of vibrations
due to drilling works.
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Fig. 00.00 - Tubo Inclinométrico IR1. Deslocamentos subhorizontais na direcção A2 - A1 em
relação à geometria de referência de 1993-08-04.

Figure 32. Evolution of horizontal displacements in one inclinometer tube
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Figure 33. Logger

Figure 34. General view of equipment

155

600,00

Tracção (kN)

575,00

550,00

525,00

0:
00
19
9
0:
00 4 -0
19 1-0
4
9
0:
00 4 -0
19 1-0
6
9
0:
00 4 -0
19 1-0
8
9
0:
00 4 -0
19 1-1
0
9
0:
00 4 -0
19 1-1
2
9
0:
00 4 -0
19 1-1
4
9
0:
00 4 -0
19 1-1
6
9
0:
00 4 -0
19 1-1
8
9
0:
00 4 -0
19 1-2
0
9
0:
00 4 -0
19 1-2
2
9
0:
00 4 -0
19 1-2
4
9
0:
00 4 -0
19 1-2
6
9
0:
00 4 -0
19 1-2
8
9
0:
00 4 -0
19 1-3
0
9
0:
00 4 -0
19 2-0
1
9
0:
00 4 -0
19 2-0
3
9
0:
00 4 -0
19 2-0
5
9
0:
00 4 -0
19 2-0
7
9
0:
00 4 -0
19 2-0
9
9
0:
00 4 -0
19 2-1
1
9
0:
00 4 -0
19 2-1
3
9
0:
00 4 -0
19 2-1
5
9
0:
00 4 -0
19 2-1
7
9
0:
00 4 -0
19 2-1
9
94
-0
221

500,00

Tempo
16

23

27

31

Figure 35. Values of anchor loads measured by the logger

distributions of Rossio station building were
important to analyse the damages and to guide
the rehabilitation works.
g) The monitoring of the structures during
construction allowed the safe implementation
of the solutions including the purpose of
maintaining most of the station functionality.

10. CONCLUSIONS
The following conclusions can be drawn:
a) The selected enlargement and underpinning
solutions allowed the construction of the
underground gallery for the Lisbon Metro and
excessive damages in the station building and
in other structures were avoided. This solution
enabled the use of the railway platforms of the
station without any major constraints.
b) The numerical analyses with simulation of
the construction phases allowed the
calculation of the stresses and strains
distributions and also the identification of the
plastic zones. The analyses of the alternative
solutions were of great importance to select
the one which was retained in each zone.
c) The need to reinforce both main retaining
walls against rotational failure arose from the
lack of safety conditions for this scenario
which was identified during the design
analyses for the underpinning of the station.
d) The tests performed for the anchorages of
the reinforcement works of the two main
walls supported the design of these works and
allowed an adequate quality control.
e) The corrosion tests to assess the behaviour
of permanent anchors have shown a good
overall electrical isolation of the anchor from
ground and structure.
f) The 3D finite element linear analyses to
predict the maximum stresses and strain

REFERENCES
Consortium 1996a. Section 60 - RestauradoresBaixa/Chiado. Geological and Geotechnical
Report. (in portuguese), Doc. RT - 02.30238.
Consortium 1996b. Section 60 - RestauradoresBaixa/Chiado. Crossing under CP-Rossio.
Numerical Analysis of the Principal
Retaining Wall. (in portuguese), Doc. RT 02.3-0168.
Consortium 1996c. Section 60 - RestauradoresBaixa/Chiado. Crossing under CP-Rossio. 3D Analysis of the Station Building (in
portuguese), Doc. RT-02.3-0242, 31.12.96.
Eurocode 0 1990 Basis of Structural Design.
Eurocode 1 1991 Actions on Structures
Eurocode 7 1997. Geotechnical Design-Part 1.
ENV.
Eurocode 8 1998. Design of Structures for
Earthquake Resistance of Structures. ENV.
European Standard (EN 1537) 1994. Execution of
Special Geotechnical Work- Ground Anchors.

156

RSA 1983. "Regulamento de Segurança e Acções
para Estruturas de Edifícios e Pontes".
Decreto-Lei nº 235/83 de 31 de Maio.
Seco e Pinto, P.S. Barradas, J. and Sousa, A. 2008.
Lessons Learned from Two Case Histories of
International
Retaining
Structures.
5th
Conference on Case Histories in Geotechnical
Engineering, Arlington.

ACKNOWLEDGEMENTS
Special thanks are due to REFER, EP,
Metropolitano de Lisboa, EP, Consortium,
and LNEC for the permission to publish the
results of Rossio railway station.

157

Seismic design of large, long underground structures: Metro and
parking stations, highway tunnels
K. Pitilakis
Professor, Department of Civil Engineering, Aristotle University, Thessaloniki, Greece

G. Tsinidis
Civil Engineer, MSc

ABSTRACT: Large and elongated underground structures, such as metro lines, parking stations or highway
tunnels, are usually constructed in Megacities in order to improve life quality. Several features of this type of
constructions render their seismic behaviour distinct. Various approaches, from full dynamic time-history
analysis to simplified analytical methods, have been introduced for the seismic analysis. In this study, these
different approaches are presented and compared in terms of displacements, stresses, internal forces, and seismic
earth pressures. The participation of seismic loads in the overall response of the structures is also presented.
Through this presentation we also highlight certain critical issues which remain open and call for more research.

1. INTRODUCTION

as a “beam” on springs and dashpots is quite
popular in engineering practice, while the input
motion remains a vague parameter. Finally it is
quite common in practice to use equivalent
static analysis, neglecting the specific features
of these structures. All these different approaches have never been seriously compared
between them and validated with rigorous
experimental data. Consequently the selection
of the design method is crucial for seismic
design and safety of this type of structures.
The aim of the paper is to provide a short
but comprehensive review of the different
design and analysis methods of large and long
underground structures, using two examples of
real cases: a deep metro station, part of the new
Metro system under construction in Thessaloniki, and an immersed tunnel that is planned to
be constructed also in Thessaloniki. Several
issues such as the seismic shaking modeling, the
way to estimate seismic input, the estimation of
seismic earth pressures and seismic shear
stresses along the perimeter of underground
structures, the evaluation of impedance functions for underground structures needed in order
to model kinematic and inertial soil-structure
interaction effects, the estimation of some
important parameters when imposed seismic
ground deformations are applied to the structure, the effects of ground failure on long
segmented underground structures (e.g. due to
liquefaction), as well as the relative importance
of the seismic loads compared to the static

Large and long underground structures such as
parking stations, subways, railway lines and
highway tunnels, are more and more frequent in
densely populated agglomerations that can
significantly improve the traffic conditions in
large cities. In seismic prone regions their
seismic design, combined to their importance
from economic point of view, as well as for life
safe, becomes a crucial design step.
Underground structures have specific geometrical and conceptual features, which make
their seismic behavior very distinct from aboveground structures. This particular nature of
these structures requires a special seismic
design approach, based essentially on imposed
ground deformations than inertial forces.
Moreover there are few relative guidelines
and specific seismic code regulations, rendering
them vague and generally lacking of a solid
methodology that can adequately address their
study.
Full dynamic time-history analysis, is certainly the most accurate method for transversal
and longitudinal seismic analysis for long
underground structures, or metro and parking
stations. However this is often expensive and a
simpler approach is always wished. Therefore
analytical closed form solutions have been
proposed for transversal seismic analysis, based
on imposed seismic ground deformations. In the
longitudinal direction, modelling of the tunnel
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design loads are among the issues that are
presented and discussed herein. Through the
specific comparisons it is aimed to highlight the
open critical issues, and to examine the possibility to develop a simplified and yet rigorous
method that could efficiently consider some of
the key parameters affecting the behavior of
underground structures.

Bored and mined underground structures
refer usually to circular tunnels with or without
lining; in alluvium and they are usually excavated using boring machines (TBM). Cut and
cover structures, typically of rectangular crosssections, are made with open, rather shallow
excavation, associated with diaphragm walls.
Immersed structures are usually dry dock
constructed in segments, usually about 100m
long, then moved and sink into their construction place. The segments are connected through
special joints (figure 2).

2. TYPOLOGY – CONSTRUCTION
METHODS – CASE STUDIES
2.1. Typology – construction methods

Before Initial Contact
gasket supporting plate
bolts

Large and long underground structures can be
grouped in two categories:
• Multi story large dimensions structures
(e.g. parking stations, subway stations)
• Long underground structures (e.g. tunnels). In this case the length is much
larger than the cross-sectional dimensions.
Each group has features that make its seismic
behavior quite distinct.
Considering the construction method, large
and extended underground structures can be
grouped in three categories:
• Bored and mined underground structures (e.g. tunnels).
• Cut and cover structures (e.g. tunnels
or subway stations).
• Immersed structures (e.g. immersed
tunnels).

Gina gasket

roof

IPE
steel strip

After installation of Omega
bolts
grout fill

steel strip

roof

bolts
Omega seal

Figure 2. Gina gasket (after Trelleborg -Bakker).

cut and cover (rectangular)

As mentioned before, a metro station and an
immersed roadway tunnel in Thessaloniki are
used as typical examples to provide a review of
seismic design and analysis.

bored tunnel (circular)

2.2. Metro station
The Thessaloniki Metro, under construction
since 2006, has a single line 9.5 km long (with
two independent single track tunnels), constructed with TBM (7.7 km) and cut-and-cover
method, with 13 modern center platform stations.
“Venizelos” station is constructed using the
cover and cut method. It consists of 4 underground levels, reaching a depth of 25.5m. The
side diaphragm walls continue under inverted

cut and cover
(center columns or wall)
cut and cover (vertical tubes)

immersed tube tunnels (single and multiple tubes)

Figure 1. Typical cross-sections of underground
structures (Power et al., 1996).

159

2.3. Thessaloniki immersed roadway tunnel

slab, as seen in stations cross section (figure 3),
in order to reduce the internal forces caused
mainly by uplift and lateral earth pressures. For
the same reason the initially conceived inverted
slab reaches a thickness of 2.5m. The design
soil profile is depicted in figure 4. The bedrock
in the area of the station is estimated at 78m.

The linear morphology and geographical location of Thessaloniki urban area would require a
detour crossing the sea, in order to reduce the
traffic and upgrade the life quality in the
densely-populated historical center of the city.
Hence an immersed tunnel has been proposed to
bypass the centre from the sea. However the
construction of is actually delayed due to
environmental and operational constrains that
are still not solved.
The overall construction comprises of a system of cut and cover segmented tunnel (2.9km
length), an underwater tunnel (1.2km) and
conjunction ramps to the local road system
(1.2km). The immersed tunnel consists of 8,
155m long segments. They are connected to
each other through specially chosen intermediate rubber joints (Gina-gaskets) that secure the
tunnel’s water - proof under differential displacements. A simplified version of the reinforced concrete tunnel’s cross-section is depicted in figure 5. The cross-section consists of
two separate traffic branches and an escape
corridor in the middle.
The simplified typical soil profile for the design is given in figure 6. Next to the tunnel,
there is a backfill with compacted gravel material, to improve the soil drainage conditions and
confinement. The bedrock (Vs>750m/s) is
estimated at about 110m.
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Figure 3. Venizelos station cross section.

Venizelou station cross section
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Figure 4. Simplified station - soil deposit cross section.
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Figure 5. Simplified immersed tunnel cross section.
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Figure 6. Simplified immersed tunnel - soil deposit cross section.

3. OBSERVED DAMAGES AND
BEHAVIOR IN PAST EARTHQUAKES

differential movements. In Loma Prieta earthquake (1989), no damage was reported both in
the immersed tunnel itself and the flexible joints
between segments.
• Dakai subway station in Kobe, Japan.
During the major Hyogoken-Nambu
earthquake (1995) a spectacular collapse observed in almost the entire Dakai subway station
in Kobe (Iida et al., 1996, Kawashima, 1999,
Hashash et al., 2001). It is the best example,
showing the importance of seismic design of
underground structures and the typology of
expected damages in shallow rectangular large
space underground structures. The station was
actually designed with poor seismic designed
considerations and it proved to be probably one
of the few relatively modern underground
structures to completely collapse during a
strong earthquake.
During the earthquake, transverse walls at
the ends of the station and at areas where the
station changed width, acted as shear walls in
resisting collapse of the structure. These walls
suffered significant cracking, but protected the
interior columns in these regions, which did not
suffer as much damage. The main cause of the
collapse is related to the failure of the centre
columns, designed with very light transverse

Unfortunately there are relatively few studies
reporting seismic performance and damages of
large underground structures in urban areas
(Wang, 1993). The available data shows that in
general, this type of structures seems to have
better response than surface structures; but not
always. In the following paragraph we discuss
few positive and negative examples of seismic
performance of underground structures (Power
et al., 1996, Kawashima, 1999, Hashash et al.,
2001).
3.1. Case studies
•

Bay Area Rapid Transit system (BART),
USA.
The BART system consists of underground
stations, several kilometres of tunnels in firm
and soft soils and an immersed tunnel. It was
one of the first underground systems that
designed with seismic design considerations
based on the principle of imposed ground
displacements and provision of sufficient
ductility (Kuesel, 1969). Special designed joints
between tunnels and ventilation buildings were
designed in order to accommodate seismic
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•
•

•
•

Figure 7. Collapse of centre columns.

shear reinforcement compared to the main
bending reinforcement (figure 7). The collapse
of the columns caused also cracking of ceiling
slab and severe settlements and disruption to the
overlying roadway (figure 8). Center columns
wit zigzag reinforcement in addition to the hoop
steel, did not buckle as much as those without
this reinforcement. There was also significant
separation at some construction joints, and
water leakage through cracks. Only few cracks,
if any, were observed in the base slab.

•

•
•

•
•

Underground structures seem less vulnerable than surface structures.
Deep or constructed in rock underground
structures seem to be safer to earthquakes
than are shallow or constructed in soils underground structures.
Lined and grouted tunnels are safer than
unlined tunnels in rock.
By stabilizing the ground around a tunnel
or by improving the contact between the
lining and the surrounding ground, through
grouting, damage from shacking can be reduced. Improving the tunnel lining by placing thicker and stiffer sections without stabilizing surrounding poor ground may result in excess seismic forces in the lining.
Structure vulnerability may be related to
peak ground acceleration and velocity
based on the magnitude and epicentral distance of the affected earthquake.
Duration of earthquake is of utmost importance because it may cause fatigue failure
and therefore, large deformations.
High frequency motions, expected mainly
at small distances from the causative fault,
may explain the local spalling of rock or
concrete along planes of weakness.
Ground motion may be amplified if wavelengths are between one and four times the
tunnel diameter.
Damage through slope instability, near
tunnel portals may be significant.

3.3. Seismic behaviour of underground structures
An underground structure is affected during an
earthquake by shacking or/and permanent
ground deformations (i.e. ground failure).
Seismic shacking refers to ground deformation
due to seismic waves propagation, while ground
failure refers to induced phenomena such as
liquefaction, slope instability or fault displacement.
• Seismic shaking.
It is evident that the inertia of the surrounding soil is much larger than the structure’s one.
This means that the response of an underground
structure is dominated by the surrounding
ground response, which is manifested through
important transient ground deformations. This
feature makes the seismic behaviour of underground structures distinct from the behaviour of
aboveground structures, where the response is

Figure 8. Settlements of the overlaying roadway
caused by the subway collapse.

The damages’ pattern is attributed to the
relative displacement between the base and
ceiling slabs, due to the imposed important
transient differential ground movement during
the ground shaking. It is further believed that
the overburden soil affected the extent of
damage between sections of the station by
adding extra inertial force to the structure.
3.2. Seismic performance
structures

of

underground

The observed damages in several underground
structures lead to the following conclusions
regarding the seismic performance of underground structures (after Hashash et al., 2001):
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Figure 9. Deformation modes of tunnels due to seismic waves (after Hashash et al., 2001).

basically related to the structure’s inertia.
When seismic waves are propagating along
an underground structure, its cross section is
deformed in various modes, both in the longitudinal and transverse direction (figure 9). Seismic waves producing soil particle movement
parallel to the underground structure (e.g.
tunnel) axis, result in axial deformation of
structure (compression-extension in figure 9a),
whereas soil movement perpendicular to the
tunnel axis causes longitudinal bending (figure
9c). Shear wave propagation normal to the
underground structure axis, causes the deformation mode presented in figure 9e and 9f. Depending on the shape of the structure’s crosssection, this type of deformation produces
ovaling or racking effects for circular and
rectangular cross-sections respectively. For
rectangular tunnels, on which the present work
is concentrated, the main seismic load is racking
deformation of the rectangular cross-sections.
It is quite clear that a strong interaction effect is developed between the underground
structure and the surrounding soil during earthquake shaking. The soil deformation in the

proximity of the structure imposes displacement
constraint on the structure’s cross-section. Yet,
due to the stiffness variation between the two
media, the structure responds in a different way
to the imposed deformation. The overall seismic
behaviour of the structure depends both on the
properties of the surrounding soil and the
inertial properties of the structure’s crosssection.
• Ground failure
Ground failure is related to large permanent
deformations, caused by liquefaction, slope
failure or fault movements.
It is quite difficult, to design an underground
structure to resist large ground deformations.
The commonly used techniques, are related to
ground strengthening, (ground stabilization,
ground improvement etc), or with improving
drainage conditions. In that way the liquefaction
risk is reduced and the slope stability is improved. On the contrary when a normally stiff
tunnel is crossing a well-identified and constrained active seismic fault, normally the only
realistic solution is to avoid this dangerous
crossing.
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4. DESIGN PRINCIPLES IN PRACTICE

goal is to continue operating during and after an
earthquake. This means that the damages must
keep in minimum.
Through the procedures described before
ground motion parameters for analysis, such as
acceleration, velocity and displacement amplitudes can be estimated.

It is common in engineering practice to evaluate
underground structure’s behavior under static or
seismic loads, separately. The final design
output is a combination of both static and
seismic loads.
The seismic analysis and design of underground structures consists of three major steps:
• Definition of seismic background (seismic
hazard) and design criteria.
• Evaluation of ground response to seismic
shacking (design transient motions-shaking,
and induced phenomena i.e. liquefaction,
ground failure).
• Evaluation of structure seismic behavior.

4.2. Evaluation of ground response to seismic
shacking
As mentioned before the ground response to
seismic shacking categorized into ground failure
and ground shacking.
• Ground failure.
The liquefaction potential of soils in case of
swallow tunnels for example, the possibility of
slope instability in case of tunnels portals and
the possibility of fault displacement in case of a
structure crossing an active fault, must be
consider in the design.
• Ground shacking.
The design in this case focuses to the transient ground deformations, caused by seismic
wave’s propagation. The phenomena can be
more complicated, considering the soil structure
interaction effects, which in case of large and
extended underground structures can be amplified. Spatial variability of ground motion,
differential movement and loss of coherency are
also very important parameters in particular for
the analysis in the longitudinal direction.

4.1. Seismic background definition and design
earthquake criteria
In order to design an underground facility,
under seismic ground motion, the level of
expected (design) ground motion must be
defined. It describes the amplitudes and characteristics of expected ground motions along the
structure and their return period. The design
ground motion is usually proposed in national
seismic codes. However the importance of the
large underground structures makes necessary
the performance of site-specific hazard analysis,
which leads to safer estimation of expected
motions.
There are two methods of analysis:
• A deterministic seismic hazard analysis
(DSHA) that is normally applied when the
seismic sample is not very rich and there
are well-identified seismic faults affecting
directly the structure.
• A probabilistic seismic hazard analysis
(PSHA) that quantifies the uncertainties in
the analysis and develops a range of expected ground motions with their probabilities of occurrence.
Once the level of seismicity in a region established, the design earthquake has to be
defined. Two design earthquake levels are
commonly defined, the Maximum Design
Earthquake (MDE) and the Operational Design
Earthquake (ODE). The first level refers to the
maximum level of ground motion expected in
the region, with small probability of occurrence
and the design goal in this case, is the public
safety during and after an earthquake. The
second level expected to occur once during the
life of the underground facility and the design

4.3. Evaluation of structure seismic response
Commonly the evaluation of seismic response
of underground structures is performed in
transversal and longitudinal direction separately. The final design output is a combination
of both directions results.
• Transversal seismic analysis.
The response of underground structures in
the transverse direction is crucial for the evaluation of the maximum inertial forces. For this,
different approaches, from full dynamic analysis to simplified analytical closed form solutions
have been proposed.
In order to fully capture both the kinematic
and the inertial part of the soil-structure interaction, a full dynamic time-history analysis would
be the most appropriate approach. Normally a
2D model of the soil and the structure reproduces efficiently the interaction phenomena; in
that way seismic loading is applied on the
tunnel through the soil deformation from the
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propagating seismic waves. It is also possible to
use a 3D model of the soil and the structure.
Yet, the complicated nature of dynamic analysis
in the time domain, does not allow for an
extensive application in all cases of underground structures.
Several simplified methods have been proposed in the literature to study the dynamic
response of underground structures. They can
be classified into three categories; (a) use of
closed-form solutions, (b) numerical analysis
with imposed soil deformations in the vicinity
of the structure and (c) application of equivalent
quasi-static forces on the structure.
According to analytical approaches using
closed-form solutions, the structural racking or
ovaling deformation of the structures crosssection is determined directly from the freefield seismic displacements, taking into consideration the soil and structural stiffness through a
“flexibility ratio” (Wang, 1993, Penzien, 2000,
Hashash et al., 2001). The seismic analysis and
design of the structure is then performed, using
the calculated racking deformation.
A more efficient method to consider the interaction between the structure and the surrounding soil, is to model the transient soil
distortion in the proximity of the structure
employing numerical analysis, either by using
plane strain elements or by introducing properly
calculated impedance functions (springs and
dashpots) at the interface. The “free-field” soil
deformations are then imposed at the springsdashpots, introducing seismic loading to the
structure’s cross-section, after proper modification of the soil displacement pattern due to soilstructure interaction mechanisms emanating
from the specific simulation itself.
In engineering practice applying code regulations, the design method employs equivalent
static analysis of the underground structure,
where the dynamic earth pressures can be
calculated using e.g. the Mononobe-Okabe
approach, while the inertial forces at the structure can be determined after proper estimation
of the mean acceleration value at the depth in
which the structure is located. Soil-structure
interaction is also considered through appropriate spring supports at the tunnel-soil interface.
The simplified methods shortly described
above are easier to apply and cost efficient
compared to the full dynamic analysis. However
there are some critical open issues in those
methods, regarding their accuracy. Among them
the most important are (a) the evaluation of

seismic earth pressures in case of equivalent
static analysis, (b) the evaluation of appropriate
impedance functions (springs and dashpots) for
underground structures, (c) the estimation of
interface seismic shear stresses and (d) modeling issues like the effect of the side-boundaries
distance to the structure in case of imposed
seismic ground deformations method. The
present paper is dealing with these critical open
issues offering a step of reflection.
• Longitudinal seismic analysis.
Full dynamic time-history analysis in linear
2D or full 3D models can be used in longitudinal seismic analysis of underground structures.
In that way it is possible to simulate the soils
and the structures properties in detail but with a
high cost.
A method that usually is adopted for the
dynamic analysis of long structures is a dynamic Winkler model, in which, the structure is
modeled as an equivalent beam supported by
constant or frequency depended springs and
dashpots, which simulate the soil structure
interaction. The ground motion is applied
through specific acceleration or displacement
field traveling along the axis. Analytical approaches using closed-form solutions can also
be found in literature.
In the longitudinal analysis there are also
several critical open issues, such as the asynchronous motion, considering also the spatial
variability of soil conditions and ground motion
characteristics, and the seismic performance of
joints between segments in case of immersed
tunnels.
4.4. Design loading criteria
Once the seismic analysis of an underground
structure is done, the results in term of inertial
forces at the structure for example, must be
combined with the results of the static analysis.
The combination is normally performed on the
basis of load factors, which are not always
available for underground structures.
For cut and cover tunnels Wang (1993) suggests the following combinations for MDE (1)
and ODE (2) respectively:
U=D+L+E1+E2+EQ
(1)
U=1.05 × D+1.3 × L+ȕ1 (E1+E2)+EQ

(2)

where U is the required structural strength
capacity, D the effects due to dead loads of
structural components, L the effects due to live
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the immersed roadway tunnel of Thessaloniki
and to the earthquake scenario conforming to
the Thessaloniki, 1978 earthquake. The peak
ground acceleration (PGA) for outcrop rock
conditions is determined through a typical
probabilistic seismic hazard analysis. Then a
conventional equivalent linear site response
analysis (SH waves) or a full non-linear analysis
is employed to calculate the input motion
characteristics at the soil deposit, where the
underground structure is located.
In case of full dynamic time-history analysis, where the soil and the structure is simulated
using 2D plane strain elements, the bedrock
motion obtained in the first step of the aforementioned procedure (seismic hazard and
deconvolution) can be applied directly. The
soil-structure response in this case is explicitly
computed by the upward propagating seismic
waves, from the base of the model towards the
surface.
In the case of analytical closed-form solutions with imposed seismic ground displacements, the required displacement pattern which
will be applied directly upon or in the proximity
of the structure, is calculated through a 1D soilcolumn non-linear or equivalent linear (i.e.
SHAKE type) analysis, using as input the
bedrock motion that was calculated through the
deconvolution process.
Finally, the “equivalent static” method applies “quasi-static” forces on the structure (slabs
and vertical walls). These inertial forces normally correspond to the average acceleration
level observed at any depth defined from the 1D
free-field ground response analysis.

loads, E1 the effects due to vertical loads of
earth and water, E2 the effects due to horizontal
loads of earth and water, EQ the effects due to
design earthquake motion and ȕ1 is a factor
taking values 1.05 if extreme loads are assumed
for E1 and E2 with little uncertainty, otherwise
1.3.
Considering the design goals for maximum
and operational design earthquake, structures
must provide strength and sufficient ductility,
through special structural considerations.
5. DETERMINATION OF INPUT MOTION
Regardless of the implicated analysis method,
an important element in an underground structure’s design process is the evaluation of the
seismic shaking imposed on the structure. There
are two methods to estimate the design seismic
shacking: application of seismic codes and
detailed site specific seismic hazard analysis.
Seismic code regulations offer some guidelines on the selection of the input motion
characteristics, yet those are aimed for above
ground structures, and for different return
periods and probabilities of exceedance.
As mentioned before, a site-specific seismic
hazard analysis is more suitable- if not mandatory- to determine the dynamic loading levels in
the case of important constructions, such as
metro lines or underground roadway tunnels,
since they specifically address the local site
conditions.
A typical “ground motion deconvolution”
procedure is usually followed, as schematically
described in figure 10. The procedure refers to

Figure 10. Deconvolution process (Thessaloniki 1978 seismic scenario): (1) Outcrop target acceleration time
history, (2) acceleration time history at the bedrock level, (3) acceleration time history along the soil column.
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results from different methods, in terms of
internal forces, seismic shear stresses developed
around the tunnel, selection of impedence
functions, and evaluation of seismic earth
pressures, we illustrate several important points
and needs aiming to improve the present quality
of the seismic design of these structures.

In this case, the equivalent static method ignores the kinematic part of soil-tunnel interaction that would normally alter the initial acceleration time-histories at the proximity of the
underground structure. If the detailed soil
profile is not available, an acceleration value at
the depth of interest could always be estimated
using the ground acceleration defined by the
national seismic code for the investigated site.
Along with the deficiencies concerning the
kinematic interaction, this simplified approach
includes several uncertainties that would only
lead to a crude estimation of the actual loading
level.
In the longitudinal seismic analysis, spatial
variability of seismic ground motion must be
properly estimated and accounted (Kramer,
1996, Zerva & Zervas 2002, Zerva & Beck,
2003). Seismic shaking is continuously and
spatially varying in terms of wave amplitude,
phase, frequency characteristics and duration. A
simple phase difference due exclusively to the
incident angle of traveling waves is not always
sufficient. These aspects can significantly affect
the response of long structures (L>200-300m).
Differential movements may be very important
even in small distances. A schematic illustration
of the potential sources of ground motion
incoherency is presented in figure 11.
1

2

Wa

3

1
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6.1. Analytical approaches and closed-form
solutions

A simple, straightforward method to study
underground structures and especially tunnels,
taking into consideration the relative stiffness of
soil and structure, is described by Wang (1993)
and Hashash et al. (2001). Rather than applying
a predetermined free-field seismic deformation
on the structure, which may be, in several cases,
inaccurate, a stepped procedure is suggested,
that adjusts the soil deformation profile according to a soil-structure stiffness ratio, before
applying it on the structure’s cross-section.
The first step of the proposed methodology
requires the determination of the free-field
deformation profile, at the soil deposit near the
location of the tunnel. Usually this deformation
profile is obtained through simple 1D site
response analyses, with selected input motions
corresponding to the particular characteristics of
the investigated area.
Then, the rigidity of the structure’s crosssection is defined comparatively to the stiffness
of the surrounding soil, introducing the term
flexibility ratio. The flexibility ratio (F) can be
calculated, albeit for simple one barrel frames,
using the following equation:
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(3)

where IR and IW are the slab and side wall
moments of inertia respectively, H and W are
the height and width of the structure, E is the
elasticity modulus of the structural material and
Gm is the soil shear modulus. In case of different inertia moment for roof and invert slabs, a
procedure described by Wang (1993) can be
followed, for flexibility ratio estimation.
The value of the flexibility ratio is related
closely to the expected stress level on the
structure:
• Fĺ 0 - the structure is rigid and will not
display any type of racking deformation.
• F < 1 - the structure is stiffer than the
surrounding soil, thus the structural defor-

epicenter
1

G m § HW 2 H 2 W ·
+
¨
¸
24 © EI R
EI W ¹

3

Figure 11. Sources of asynchronous shaking and
spatial variation of ground motion.

6. TRANSVERSAL SEISMIC ANALYSIS
Different approaches and methods for transversal seismic analysis of underground structures
are presented in this paragraph, using as examples the Venizelos Metro station and the Thessaloniki immersed tunnel in Thessaloniki.
Through the presentation and discussion of the
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mation level will be smaller than the freefield deformation level.
• F = 1 - the structure and the surrounding
soil share the same level of stiffness, so the
tunnel will follow the free-field deformation.
• F > 1 - the racking deformation of the
structure is amplified compared to the freefield deformations.
The ratio of structural to free-field deformation (racking ratio R), can be estimated utilizing
the flexibility ratio (F) according to the diagram
of figure 13. The structural deformation is
calculated using Eq. 4, and the internal stress of
the underground structure is determined for the
imposed deformation as demonstrated in figure
12. This pseudo-triangular pressure distribution
corresponds better to swallow structures. For
deep structures (e.g. deep tunnels) the pseudoconcentrated force at the top of structure seems
to be a better selection. For deep metro station
there no specific guidelines.
ǻ structure =R×ǻ free-field

Figure 13. Normalized structure deflections, circular
vs. rectangular tunnels: solid lines for circular
tunnels, filled triangular symbols for rectangular
tunnels (Wang, 1993).

A critical issue in seismic design of underground structures is the evaluation of the interface seismic shear stresses in the structure’s
perimeter. Through this method those stresses
can be estimated, as follows:
ǻ structure
ǻ structure
Ȗ
R=
= Ǿ = structure
ǻ free-field ǻ free-field Ȗ free-field
Ǿ

(4)

•

Thessaloniki immersed roadway tunnel.
For the case study of Thessaloniki immersed
tunnel, the F ratio is estimated at about 3 ~ 3.1,
indicating a considerably more flexible structure
than the surrounding soil. This means that
according to figure 13 the racking ration R is
equal to 1.5. After conducting an equivalent
linear 1D analysis for two earthquake timehistories (Kozani 1995 and Thessaloniki 1978),
both scaled to rock outcropping acceleration
equal to 0.35g (estimate from the probabilistic
hazard analysis), the maximum deformation at
free field conditions is calculated equal to
4.9mm while the maximum differential displacement on the structure (drift) equal to 7.35
mm. This displacement is then applied to the
rectangular tunnel cross section to estimate the
internal forces and bending moments.

(5)

where H is the height of the structure, and
Ȗstructure and Ȗfree-field, are the shear strains near the
structure and at free-field respectively. Through
Equation 6 the shear stresses can be estimated.
Ĳstructure =G m ×Ȗ structure

(6)

The calculated shear stresses for this case
study are given in Table1. As the soil next to the
tunnel, is replaced with compacted gravel
material, two hypotheses for soils properties
have been used. In the first one the initial soils
properties have been used, while the second
uses the compacted gravel material properties.
Table 1. Seismic shear stress around the tunnel.
Approach

Ⱦstructure=R x Ⱦfree field

Gravel materialThessaloniki (1978)
Gravel materialKozani (1995)
Initial soils
propertiesThessaloniki (1978)
Initial soils
propertiesKozani (1995)

Figure 12. Seismic loads applied on shallow tunnel
(Wang, 1993).
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Gm
(kPa)

Ȗffeff
(%)

F

R

Ĳstr
(kN/m2)

277431 0.017 10.3 2.0

94.0

280240 0.017 10.4 2.0

97.1

83911 0.051 3.1 1.5

64.2

83185 0.052 3.08 1.5

64.9

affect the results. In case of ground improvement, for example, the method raises some
modelling questions regarding the geometry of
the 1D soil profile that should be used during
the calculation of the free-field ground deformations. Also, there are no specific guidelines for
the distance of the side-boundaries to the
structure’s cross section. When the deformation
profile is imposed in a long distance from the
underground structure, it is possible for the soil
elements to absorb a great amount of induced
ground strain, thus “relieving” the structure and
altering the analysis results. If, on the other
hand, the model is laterally reduced, bringing
the side boundaries close to the structure, it is
doubtful whether the soil-structure interaction
mechanisms will deploy to their full extent.
• Venizelos Metro station.
In order to apply the imposed seismic
ground deformations method, a FE model in
ADINA was created (figure 14). Plane strain
elements used to model the soil deposit,
whereas the station’s cross-section is modelled
using frame-type elements of proper dimensions. The soil shear modulus and damping
properly modified, in order to account for
inelastic behavior of soils under seismic loading, according to the shear deformation level of
the soil deposit at each depth. For this reason
selected G-Ȗ-D curves corresponding to each
soil type used.
Five real earthquake time-histories were
used, all scaled to bedrock acceleration equal to
0.22g, as seismic hazard analysis estimated for
bedrock conditions. The results of this method
are compared with those came out from full
dynamic analysis, in next paragraphs.
• Thessaloniki immersed roadway tunnel.
The same procedure is followed in case of
Thessaloniki immersed roadway tunnel. The
presence of the inclined gravel bed, in the
examined case study, raises some modelling
questions regarding the geometry of the 1D soil
profile that should be used during the estimation
of the free-field ground deformations, as mentioned before. If the simulated soil area is
extended laterally, far away from the gravel bed
location, then a single soil column analysis
using the in situ soil characteristics is accurate
enough to provide the deformation profile for
the 2D analysis (model C in figure 15 and
corresponding simulated area of model C in
figure 16).

The results of this method are compared
with those came out from full dynamic analysis,
in next paragraphs.
6.2. Imposed seismic ground deformations

This type of analysis, although inspired by the
previous one, attempts to reproduce more
accurately the soil-structure interaction effects
during the quasi-static analysis procedure. The
calculated “far-field” deformations are now
imposed on the soil next to the structure’s crosssection, contrary to the previous analytical
approach, where a “modified deformation
profile” was applied directly on the structure. In
this case the final imposed deformations on the
structure’s side walls are determined depending
on the type of constraint between the structure
and the surrounding soil. The soil compliancy is
simulated through a finite element code with
appropriate constitutive law (i.e. Mohr - Coulomb), either by using 2D elements for the soil,
or via proper springs that correspond to the
degree of the support the soil offers to the
structure’s cross-section. In the examples
presented herein, the soil surrounding the
structures is simulated using 2D plane strain
elements to account for the elastic support of
the cross-section in the lateral and vertical
direction. The deformation profile is imposed at
the side FE mesh boundaries of the soil models.
The determination of the free-field soil deformation profile, which will be imposed on the
model, boundaries can be calculated by 1D site
response analysis, in the same way described in
the previous section, supposing free-field
conditions. In this case though, it is the complete deformation profile at a specific instance
that is required rather than the maximum displacement value at the cross-section’s level. The
selected deformation profile corresponds to the
time step, where the maximum differential
displacement between the base and the top of
the cross-section is observed.
Being essentially a static analysis, this approach is cost-effective compared to more
elaborate full dynamic time-history analysis.
However, it is still lacking guidelines concerning several modelling specifics of the soilstructure system.
Critical issues, such as the modelling of
stratified heterogeneous soil, or the selection of
appropriate distances of the side-boundaries to
the structure’s cross-section, can significantly
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Figure 14. Venizelos Metro station FE model and application of imposed seismic ground motions.
model C
z = 0.0m

model A, B
Ⱦu=0.0073m

model D, E
Ⱦu=0.0052m

Ⱦu=0.015m

Ⱦu=0.030m

Ⱦu=0.012m

z = -3.5m

z = -11.0m
soil deformation profile for initial soil layers
z = -100.0m
d = 63.0m

z = -30.0m
d = 27.0m

soil deformation profile for soil column including
gravel bed

z = -20.0m
d = 5.0m

Figure 15. Soil deformation profile applied in the proximity of the tunnel (at distances d equal to 5m, 27m, 63m).

boundaries distance to the tunnel. Moreover, in
each of the reduced size models, two different
imposed deformation profiles are utilized, to
account for the effect of the surface gravel bed
on the free-field response as previously explained. Therefore, in models A and E the
imposed seismic equivalent static loading is the
seismic displacement profile obtained from the
1D site response analysis of the initial soil
profile. In models B and D on the other hand,
the imposed ground deformations have been
calculated for a soil profile where the surface
layer is replaced by compacted gravel material.
In the case of model C there is no such dilemma, since the mesh boundaries are far
enough to imply any effect of the gravel bed on
the ground response. The purpose of this parametric analysis is to form an envelope stress
condition for the tunnel, in order to compare the
output with the results of the other proposed
methods and the detailed full dynamic analysis.

In the case though, that the modelled soil
area is in the edge or inside the gravel bed
region, the soil column layering that should be
employed in order to obtain a realistic soil
deformation profile is not obvious. If, for
instance, model A or B of figure 15 are examined, the soil deposit at this specific location
would refer to the initial soil layering. Nevertheless, it is obvious that the complex soil
geometry of this location after the construction
of the gravel bed, will affect the free-field
response of the unmodified soil profile, altering
the obtained results. Therefore, when the FE
model does not extend laterally in the 2D
analysis (models A, B, D and E of figure 16),
both soil column profiles are employed for the
determination of the soil deformations during
the 1D analysis, serving as lower and upper
bound for the 2D analysis that will follow.
Three different models have been proposed,
in order to investigate the effect of the side-
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Models A, B

Model C

Models D, E

Figure 16. Application of imposed free-field soil displacement profile for different soil-tunnel models.

nation of the dynamic earth pressures, using
methods described in the case of retaining
walls, such as the Mononobe-Okabe approach,
(Okabe, 1926, Mononobe, 1929) may be often
proved inadequate for underground structures.
Nevertheless, several studies utilize an “equivalent static approach” to design underground
structures, mainly because the use of static
forces is more straightforward and easily
controlled by an average engineer using existing
commercial software.
Usually the soil-structure model consists of
linear frame-type elements for the structure’s
cross-section and linear springs to simulate the
soil support compliancy.
Equivalent static forces on structure due to
seismic loading are determined, based on the

The results of this approach are compared
with those from full dynamic analysis, in next
paragraphs.
6.3. Equivalent static analysis

The approach using static forces to model
seismic loading is quite common in several
recent seismic codes; it is employed for the
study of aboveground structures that meet
certain criteria concerning their morphology. It
is rather questionable whether a similar method
could be used in the case of underground
structures, at least in its present form, where the
equivalent (to the inertial) static forces obtain a
distribution profile that conforms to the dynamic characteristics of an oscillating structure
free of lateral supports. Moreover, the determi-
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average acceleration level calculated at the
depth of the structure’s cross-section. The base
shear force, a term borrowed from the study of
aboveground structures, follows a distribution
compatible to the first eigen-mode of oscillation
of the structure considering the foundation soil
compliancy. The calculated static forces are
applied at the horizontal diaphragms and at the
side walls of the underground structure, in order
to correspond to the racking deformation that
causes differential displacement between the
upper and the lower slabs of the structure.
Seismic earth pressures at structure’s side
walls are calculated according to the guidelines
of seismic codes (e.g. Greek Seismic Code
2003, or EC8) for retaining wall, applying two
methods; (i) the Mononobe-Okabe for walls that
can move/tilt sufficiently and (ii) a procedure
proposed for rigid non-deformable walls (figure
17).
Hydrodynamic pressures at the sidewalls are
calculated according to the guidelines of seismic codes based on the Westergard theory
(Westergard, 1933).
Seismic shear stresses at the perimeter of the
structure can be modeled using adequate shear
impedance functions (e.g. constant value
springs.
A rather delicate issue is the determination
of the impedance factors for the soil springproperties and values of the sidewalls and the
slabs of the cross-section. There are several
plausible suggestions in the literature for the
calculation of horizontal springs on the sidewalls, but very few specifically for underground
structures.

1.5 aɝH

H

ɥɩɝH

0.5 aɝH

a.
i

ɜ
EAE
ɞ

H

h

b.
Figure 17. Geostatic and seismic earth pressures for
non-deformable wall (a) and Mononobe-Okabe
approach (b).

Almost all are inspired from surface and
deep foundations solutions. Yet, in the case of
vertical and horizontal soil springs for the crosssection slabs, as well as for the determination of
the vertical (shear) soil-springs on the side walls
of the structure, (especially in case of a deep
Metro station), few references are roughly
compatible to the actual problem configuration
and can be applied in this type of structures.

ground differential displacement
between surface and bedrock
seismic shear
stresses
hydro-dynamic dynamic
pressures
pressures

soils weight + inertia forces

dynamic
pressures

hydro-dynamic
pressures

structure's
weight +
inertia forces

seismic shear
stresses

springs-impedance
functions
Kx,Ky

bedrock

Figure 18. Equivalent static forces utilized in equivalent static analysis.
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ɞx

F=VO ×

mi ×h i
, i , j = 1,2...N
¦ m j×h j

where mi is the mass of a section at hi level.
• Seismic earth pressures.
Seismic earth pressures distribution at structure’s sidewalls is depicted in figure 21.The
distribution consists of a uniform part at the
deeper part and a distribution proposed for rigid
non-deformable walls near the surface.

m=62t
m=79t

m=53t

m=79t

8.7

14.15

19.60

m=53t

25.20

m=156t

Figure 19. Masses of each section of the station.

Kwx
D=28m

Kwz

2L=80m
Ksx

Kwx

Ksz

Kwz
Kbz

(7)

j

H=27m

d=24m (soils in full contact with the structure)

d/2

h (to d/2)=15m

Except impedance factors values estimation
for static and dynamic loading, several issues,
including the concept and distribution of the so
called “base shear force” in underground
structures and the validity of the seismic earth
pressure calculation based on clauses for retaining walls, discredit the accuracy of this approach.
We will examine several of these issues in
the next paragraphs in the light of specific
examples.
• Venizelos Metro station.
In order to use the equivalent static analysis
method, a model in SAP2000, was created
(figure 20). The model consists of linear frametype elements for the structure’s cross-section
and linear springs to simulate the soil support
compliancy.
The equivalent static forces are the following:
• Equivalent static forces through structure’s
inertia.
Those static forces, depicted in figure 21,
applied at the horizontal diaphragms and at the
side walls of the underground structure. The
estimated average acceleration at the depth of
the structure’s cross-section is 0.42g. The base
shear force is distributed to the diaphragms and
side walls according to each section’s mass,
using Equation 7.

2B=22m

Kbz

Figure 20. Venizelos metro station. Analytical model for the for equivalent static analysis.
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1.5aɝɁ =
62.7kN/m (b)

F0=42.2kN/m (a)

Kwx
Kwz
F=8.70kN/m (a)

0.5aɝɁ =
20.90kN/m (b)

F=8.70kN/m (a)

F1=13kN/m (a)

F2=12kN/m (a)

F3=7.4 kN/m (a)

z
x

20.90kN/m (b)

Ksx

Kwx

Ksz

Kwz
Kbz

Kbz

Figure 21. Equivalent static model: (a: Equivalent static inertial forces, b: Seismic earth pressure).

A simple triangular distribution at these depths
should be erroneous as it will be proved later by
the full dynamic analysis.
• Hydrodynamic pressures.
Due to the soil type (stiff clays) hydrodynamic pressures did not considered, explicitly,
and the seismic earth pressures were calculated
for saturated conditions.
Considering that this is a single-direction
loading approach, and the linear springs used in
this analysis work in both directions, the left
side wall should not be supported by horizontal
springs, as this would relieve the structure from
the applied earth pressure.
Table 2 presents the different expressions
and values of the impedance factors (springs)
used in the analysis. As mentioned before, due
to the lack of specific functions for deep underground structures, most of them are inspired
from surface and deep foundations solutions,
and consequently they may vary a lot.
• Thessaloniki immersed roadway tunnel.
The numerical model is depicted in figure 23.
• Equivalent static forces through structure’s
inertia.
Using the same procedure as before a design

acceleration of 0.28 g has been estimated at
tunnel’s depth and the static and quasi-static
(seismic) forces acting on the submerged tunnel
have been evaluated. Seismic quasi-static forces
due to inertial loading are not applied on the
side walls, since the mass of the vertical diaphragms is negligible compared to the horizontal diaphragm mass.
• Seismic earth pressures.
Seismic earth pressures are estimated according the rigid non-deformable walls approach suggested in the Greek seismic code.
• Hydrodynamic pressures.
Hydrodynamic pressures are computed according the Greek seismic code for retaining
wall.
Considering that this is a single-direction
loading approach, and the linear springs used in
this analysis work in both directions, one side
wall (the left in this case), should not be supported by horizontal springs, as this would
relieve the structure from the applied earth
pressure. For the same reason, the tunnel should
not be supported by horizontal springs in both
side-walls, when hydrodynamic pressures are
applied (figure 23). The roof-slab is free from
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shear springs as it was supposed that the cover
thin loose soil layers could move together with
the tunnel, rather than provide any shear reaction.

The results of this method are compared
with those from full dynamic analysis, in the
next paragraphs.

m=211.6 t
1.60
9.1

m=34.2 t

m=18.7 t

m=18.7 t

m=34.2 t

m=216.6 t

1.5 aɝɁ =76.44 kN/m

z

F1=32.95kN/m (a)

Kwx
Kwz

x

(b)

F2=5.90kN/m (a)
0.5aɝɁ =
32.34 kN/m

K zx

h=7.5m
D=11m

Figure 22. Masses of each section of the tunnel.

Ksx

2B=34m

15.20 kN/m

15.20 kN/m

Kwx
Kwz

z
(c)

(c)

x

26.95 kN/m

K zx

Ksx

26.95 kN/m

Figure 23. Equivalent static models: (a: Equivalent static inertial forces, b: Seismic earth pressure, c: Hydrodynamic pressure).
Table 2. Impedance functions and computed values of soil-structure springs.

Reference

Impedance function

Station
(E=400 MPa
G=138 MPa,
v=0.45)
Value
(kN/m2/m)

Immersed tunnel
(E=721.3 MPa,
G=277.4 MPa,
v=0.30)
Value
(kN/m2/m)

23590

230320

23700

51790

15600

90865

Kw,x
Gazetas
(1991)
Scott (1973)
Veletsos and
Younan
(1994)

0.4
§
D· ª
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Table 2. Calculated impedance functions (continue).

Reference

Value
(kN/m2/m)

Immersed
tunnel
(E=721.3 MPa,
G=277.4 MPa,
v=0.30)
Value
(kN/m2/m)

G
H

5400

36990

Station
(E=400 MPa
G=138 MPa,
v=0.45)

Impedance function

Kw,x
AFPS/AFTES
Guidelines
(2001)

K w,x =

FEMA (2003)

K w,x =

8G×ra § 2 d ·
× ¨1+ × ¸
2-Ȟ © 3 ra ¹

12800

42440

St. John and
ǽahrah (1987)

K w,x =

16×ʌ×G×(1-Ȟ) Ǿ
×
(3-4Ȟ)
Lw

10350

13560

11300

33860

6400

25460

16200

46900

15500

207442

2290

2204

4880

7861

8300

5032

-

4825

18900

-

577000

-

Gerolymos
and Gazetas
(2006)
Gazetas and
Dorby (1984)

§ D·
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¸
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×E s
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of hysteretic type and frequency independent.
Nevertheless, employing the frequency dependent Rayleigh-type damping facilitates the
dynamic analysis. Indeed, since Rayleigh
damping is a linear combination of mass and
stiffness matrices, it is efficiently incorporated
into the analysis procedure. Yet, the selection of
the damping parameters and the resulting
damping curve should be carefully inspected, in
order to achieve constant damping properties at
the frequency range of interest.
In both case studies, adequate 2D models in
ADINA have created having the features
presented before (figure 24 and figure 25 for the
Metro station and the submerged tunnels respectively). The input motions in both case
studies imposed at the base of the models
(bedrock level), as deformation time-histories
(Kozani 1995 and Thessaloniki 1978 records
scaled to 0.22g in the first case and the same
records scaled to 0.35g in the second). The full
dynamic analysis is used as benchmark model
to validate the results of the simplified methods.

6.4. Dynamic time history analysis

The full dynamic 2D analysis can better capture the various aspects of the seismic response,
considering at the same time the kinematic and
inertial aspects of the soil-structure interaction.
Plane strain elements are used to model the
soil whereas the structures cross-section is
modeled using frame-type elements. The size of
the plane strain elements is carefully selected
depending on the soil deposit properties, in
order to efficiently reproduce propagation of
seismic wave frequencies up to 10~15Hz, an
upper frequency bound considered adequate for
civil engineering purposes. Usually dynamic
time-history analysis is performed imposing the
input motion at the base of the model (i.e.
bedrock level).
Unlike many construction materials, soil exhibits nonlinear behavior even in small strain
levels. An equivalent linear approximation is
employed in order to simulate the behavior of
the soil deposit under seismic excitation. The
soil shear modulus and damping properties are
modified in a multi-step procedure at every
analysis cycle, according to the shear deformation (Ȗ) of the soil deposit, in the previous time
step, and this at each depth. This simple approach is quire efficient for describing the soil
inelastic behavior under seismic loading and is
incorporated in many programs specialized in
soil seismic response calculations (i.e. code
SHAKE (Schnabel et al., 1972). The variation
(degradation) of soil shear modulus [G(Ȗ)] and
material damping increasing [D%(Ȗ)] with
increasing shear strain (Ȗ), is described by
selected G-Ȗ-D curves corresponding to each
soil type.
The material damping for soils is normally

6.5. Presentation and Discussion on the results

The results of the different approaches presented herein, are compared to each other in
order to provide some useful conclusions on
some of the most important open questions for
the seismic analysis and design of rage underground structures, related in particular to the
following items:
• Differential slab displacements (drift).
• Seismic earth pressures.
• Seismic shear stress developed on the soilstructure interface.
• Axial, shear forces and bending moments
on critical structure..

Figure 24. Numerical model for the Metro Station.
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Figure 25. Numerical model for the submerged tunnel.

•

analytical solution gives a maximum differential
slab displacement of 7.4mm, whereas in the 2D
dynamic analysis the maximum differential slab
displacement is 6.0mm, (22.8% lower). In the
case of the Kozani 1995 input motion, the
results were even closer; 6.6mm for the analytical solution and 6.9mm for the dynamic analysis (4.2% higher).

Differential slab displacements.
The maximum differential slab displacements acquired by the full dynamic time-history
analysis are compared to the closed-form
solution results in figures 26 and 27, in case of
Thessaloniki immersed tunnel. The WangHashash method is well compared to the full
dynamic analysis for this particular structure.
For the Thessaloniki 1978 input motion the
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Figure 26. Comparison between closed-form solutions and dynamic analysis results (Thessaloniki time-history).
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Figure 27. Comparison between closed-form solutions and dynamic analysis results (Kozani time-history).
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•

independently of the time step. Despite the
minor differences due to different input motion
characteristics, the pressure distribution trend
with depth is similar for the two earthquakes.
The non-deformable wall approach deviates
considerably from the results of the dynamic
time history analysis. Actually, due to the
tunnel’s complex behavior during ground
shaking, the earth pressure developed along the
side-walls shifts between passive and active
limit state, reaching values between the two
limit state earth pressures.
On the other hand, designing underground
structures without considering the simultaneous
but the absolute maximum earth pressure values
at each depth, calculated from the numerical
dynamic analysis, is a rather conservative
approach. Estimating an average dynamic earth
pressures (see figure 30) we observe that it
cannot capture complete dynamic earth pressures on the sidewalls, which is clearly depending on the flexibility of the tunnel cross-section.
However, being in the conservative side, it
could be used in a preliminary design, contrary
to the conventional methods, which may give
erroneous results.

Dynamic earth pressures.
a) Metro station.
A simplified section of a station (figure 28)
used in order to validate the dynamic earth
pressures, calculated according to seismic code
regulations, with those came out from dynamic
analysis. The station consists of 3 levels, each
7m high. The results correspond to an artificial
acceleration time-history according to EC8,
scaled to bedrock acceleration equal to 0.22g.
The maximum dynamic earth pressures on
the side walls of the structure, calculated applying the various approaches, are presented in
figure 29. The values of the dynamic analysis
correspond to the absolute maximum calculated
dynamic earth pressure at each depth, independently of the time step. The Mononobe-Okabe
active earth pressures and the earth pressures
calculated for non-deformable walls, according
to the Greek Seismic Code (as adapted in the
present study), present globally similar values
with the pressures calculated through the full
dynamic analysis. The earth pressures calculated for non-deformable walls seem to be an
upper limit of the dynamic earth pressures.
However stress concentrations at the slabs level
cannot be captured with the simplified M-O
approaches, neither the important earthpressures computed at the base of the structure.
b) Thessaloniki immersed roadway tunnel.
The maximum dynamic earth pressures on
the side-walls of the tunnel, applying the various approaches, are presented in figure 30.
The values of the full dynamic analysis correspond to the absolute maximum calculated
dynamic earth pressure values at each depth,

Figure 28. Numerical simplified station’s FE model.
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Figure 29. Metro Station. Computed dynamic earth-pressure with the different approaches.
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Figure 30. Submerged tunnel. Computed dynamic earth-pressure with the different approaches.

The main conclusion from both examples
treated here is that further studies are deemed
necessary in order to propose specific methods
and guidelines.
• Seismic shear stresses.
In underground structures subjected to severe ground shaking, shear stresses are bound to
be developed along the structure lining, as
friction builds up at the border of the structure
and the surrounding soil. The development of
these perimeter shear stresses is very important
for seismic response and design of underground
structures (Penzien, J. & Wu, C.L., 1998,
Sedarat, H., et al., 2009).
a) Metro station.
Seismic shear stresses at inverted slab calculated through 1D site response analyses for
different input motions (figure 31), compared to
those calculated through full dynamic analysis,
for the Kozani (1995) earthquake scenario are
depicted in Table 3.
1D response analysis seems to give reasonably accepted values.

Figure 31. Maximum shear stress distribution from
1D analyses (after Pitilakis et. al. (2004)).

b) Immersed roadway tunnel.
The solid connection of the tunnel nodes to
the plane strain soil elements is certainly not
entirely accurate; a preliminary evaluation of
this hypothesis is possible by calculating the
maximum shear stress that the surrounding soil
can develop, according to Mohr-Coulomb:

Table 3. Seismic shear stresses comparison
Method
1D FF analysis
(mean)
1D FF analysis
(Kozani 95)
Dynamic
Analysis

Shear stress (kN/m2)
Max value

3rd peak value

95.0

66.5

ı yz =t=c+ı zz ×tanĳ (slabs)

(8)

ı yz =t=c+ı yy ×tanĳ (side-walls)

(9)
0

68.0

47.6

65.0-70.0

48.0

using in this case a friction angle ĳ~32 . The
dynamic stresses in the above calculations are
the effective values from the numerical analysis,
considering the 2/3 of the respective maximum
values. The results of this procedure are de-
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the initial soils properties and the compacted
gravel material properties.
It is obvious that the side-boundaries distance to the tunnel and the different imposed
deformation profiles affects the results. Also, it
seems that shear stress computed by the analytical approach can estimate reasonably well the
shear stress, at sidewalls or at the inverted slab,
considering a constant distribution.
• Cross-section internal forces.
The internal forces (i.e. axial and shear
forces as well as bending moments), computed
through different approaches and methods, are
of prior importance, as those combined with the
static internal forces, are used to design a
structure. We compare in the following section
seismic internal forces calculated through
different methods. The comparison is made for
the effective values because the adoption of
maximum values is certainly a conservative
conception in engineering practice (figure 36).

picted in the following diagrams. The calculated
shear stress (figure 32) does not exceed the limit
stress, with the exception of a small area on the
side walls. Large differences mean that there
would be considerable slip between tunnel and
soil, casting the so forth results unreliable. The
shear stresses on the roof slab, are reaching the
limit shear stresses line at several points, while
in the base slab there is a convenient safety
margin.
With solid connection of the tunnel nodes to
the plane strain soil elements, the slip phenomena between tunnel and soil cannot be modeled.
In this case a special simulation of the connection, with contact elements must be used.
Another comparison between dynamic shear
stress calculated by different models of imposed
seismic ground deformation method, analytical
approaches (Wang and Hashash et. al.) and full
dynamic analysis is depicted in figures 33-35.
In case of analytical approach a mean value is
also used, utilizing the values calculated with
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Figure 32. Comparison between calculated shear stress and the limit stress by Mohr-Coulomb.
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Figure 33. Comparison between calculated shear stress from different methods at side walls.
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Figure 34. Comparison between calculated shear stress from different methods at the inverted slab.

ıyz (kPa)

Effective seismic shear stress ıyz at the roof slab (Kozani95)
120
100
80
60
40
20
0
-20 0
-40

2

4

6

8

10

-60
-80
-100
-120
-140

12

14

16 18 20 22 24 26 28
Dynamic analysis
Model ǹ
Model Ǻ
Model C
Model D
Model Ǽ
Wang (mean value)
Wang (Initial soil properties)
Wang (Gravel material properties)

30

L (m)

Figure 35. Comparison between calculated shear stress from different methods at the roof slab.
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Figure 36. Effective value estimation for an internal moment (immersed tunnel).

pared with the previous methods are given in
figure 39. The comparison is quite good for
most segments with the exception of the roof
slab, where the “imposed deformation approach” gives much lower bending moments.
b) Immersed roadway tunnel.
It is quite interesting to review the results of
the parametric analysis employing the method
of imposed seismic ground displacements at the
side boundaries, where five different models (A
to E) have been used modifying the extent of
the modelled area. Internal forces at the structure are depicted in the diagrams of figures 4042 for several locations of the tunnel’s crosssection. In models A and D the calculated
bending moments are almost identical, confirming the effect of the distance of the imposed
displacements on the response of the system.
Indeed, in model A the ground deformation is
imposed at the distance of 27m from the crosssection, with peak calculated displacement at
the surface equal to 1.5cm.

a) Metro station.
Computed internal forces can vary a lot,
when different seismic motions with different
frequency content are used (figure 37). For this
reason, the input motions must carefully selected and scaled (using seismic hazard analysis
output), in order to correspond to the specific
site properties.
In figure 38 bending moments computed
with the full dynamic analysis and the equivalent static analysis, at several crucial crosssections, are compared. In general the equivalent static analysis gives more conservative
results in most cross-sections, giving bending
moments as high as 100% compared to the full
dynamic analysis. This conservatism could been
seen as necessary to cover various uncertainties
of equivalent static analysis method, such as the
estimation of impedance functions, or the
estimation of the equivalent static loads (seismic earth pressures, inertia forces), etc.
Bending moments calculated by imposed
seismic ground deformation method and com-
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Figure 37. Comparison between calculated bending moments by imposed seismic ground deformation method
for different input motions in Venizelos station.
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In model D on the other hand, the imposed
ground displacement is equal to 0.52cm and at a
very short distance from the tunnel, considering
also the existence of the gravel bed. Comparing
the results of all models with the results of the

Bending moments

2000
Bending moment (KNm)

full dynamic analysis, it is observed that the
better results are provided when the ground
deformation of the unmodified soil (far-field
conditions) are applied quite close to the tunnel
cross section.
Equivalent static analyis
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Figure 38. Bending moments at the cross-section for various analysis cases (Venizelos station).
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Figure 39. Bending moments at the cross-section for various analysis cases (Venizelos station).
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Figure 40. Bending moments at the cross-section for various analysis cases (immersed tunnel).
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Figure 41. Shear forces at the cross-section for various analysis cases (immersed tunnel).
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Figure 42. Axial forces at the cross-section for various analysis cases (immersed tunnel).

7. LONGITUDINAL SEISMIC ANALYSIS

Concerning the “equivalent static” method,
the internal forces on the structure deviate
considerably from the results of the other- by
principle more “accurate”- methods. The
conventional approach, where seismic earth
pressures are simulated by static “inertial”
forces, while the tunnel is being supported on
the opposite side by linear springs, seems to be
rather inaccurate and inconsistent with the
reality. The actual dynamic shift between active
and passive state of earth pressures cannot be
efficiently reproduced in a conventional equivalent static analysis.

Longitudinal seismic analysis of long structures
is equally important to the transversal analysis.
Features, such as asynchronous seismic motion
and seismic performance of joints between
segments of an underground long structure (i.e.
joints at tunnel-subway station connection, or
joints between immersed tunnel segments), can
affect seriously it’s seismic behavior.
In order to investigate the longitudinal seismic response of long structures, analytical
closed form solutions, Winkler models or full
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dynamic time-history analysis utilizing continuum models can be used.
The first two methods are presented in this
paper, as they seem to be the less demanding in
terms of computational power, as the continuum
model requires full 3D modelling of the tunnel
and the surrounding soil, using rather elaborate
3D-solid elements, or brick elements, rendering
this solution as time-consuming with no assurance of the output quality, due to the nature of
the used finite-element type.
For the description and discussion of the different problems encountered, we use the case of
the Thessaloniki’s immersed Tunnel.

angle, in which the seismic wave reaches the
structure. Vapp is the apparent velocity later used
in the analysis. Figure 43 schematically explains
this effect.
propagation direction

ɢ

7.1. Asynchronous shaking, apparent velocity,
wave-front angle.

shear wave
Figure 43. Wave propagation angle effect on the
structure’s response.

Seismic shaking is continuously varying in
terms of wave amplitude, frequency characteristics, time of arrival and duration. These aspects
can significantly affect the response of long
structures. A schematic attempt to explain the
above mentioned factors is presented before in
figure 11.
In order to investigate the effects of asynchronous motion on underground structures,
shaking table experiments using a segmented
utility tunnel model in laminar boxes, are under
preparation, by Professor Jie LI. The results are
going to be very useful for the understanding of
seismic behavior of long underground structures
under asynchronous motion.
The simplest source of asynchronous shaking lies in the angle of the wave-front to the
tunnel axis. The apparent velocity of
propagating waves causing different arrival
times between two separate joints can be calculated by the following equation.
V
sinș

In figure 44 the time-lag effect is presented,
albeit in a crude application of the asynchronous
shaking theory, with no alteration to the signal.
The exact time lag in the present case study is
calculated by the following expression (Ǽq. 11)
and an apparent velocity ranging from 1000m/s
to 2500m/s.

t i+1 -t i =

The intermediate rubber joints between the
separate tunnel elements (figure 2) are of the
utmost importance regarding the longitudinal
response of the tunnel to seismic shaking. The
main component of the joint is the Gina gasket,
whereas the Omega seal serves only as a waterproof measure. Due to differential waterpressure inside and outside of the tunnel, the
gaskets are pre-compressed to a certain extent.

V is the wave propagation speed and ș the
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7.2. Immersed tunnel’s joints seismic behaviour
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Figure 44. Time lag phenomenon for long structures.
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Figure 45. Compression-deformation diagram for GINA ETS-180-220 (Daewoo 2004).

In case of seismic differential displacement
they must be in position to maintain contact to
the nearby concrete surface, ensuring watertightness and usability to the tunnel. The joints
display non-linear behaviour under seismic
stress (figure 45), which makes their simulation
difficult and crucial for the tunnel’s seismic
design.

where Cs is the apparent velocity of the seismic
motion, vs and as are the maximum velocity and
acceleration of the seismic motion respectively,
ĳ the angle of incidence and r the half width of
the structure. The joint deformation can be
calculated by Equation 13.
ǻ u =İ axial ×le

where :le is the segment length (equal to 153m
in this case).
Joints deformation estimated through this
analytical method for the Thessaloniki immersed tunnel are presented in figures 46 and
47. It is observed that apparent velocity and the
ĳ angle are affecting significantly the joints
deformations. It must be noticed that this
method does not separate the deformations to
tension or compression deformations.

7.3. Analytical closed form solution

The basic conception is that the seismic ground
deformations are not affected by the presence of
the structure, being equal to the free-field
ground deformations. An example of an analytical solution is given by Power et al. (1996). The
axial deformation can be calculated as follows:
İ axial =

vs
Į
×sinĳ×cosĳ+r× s2 ×cos3 ĳ
Cs
Cs

(13)

(12)
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Figure 46. Variation of joint deformations with the apparent velocity Cs (analytical solution).
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Figure 47. Variation of the joint deformations with the angle of incidence ĳ (analytical solution).

crete surface of the tunnel is not constant, and
reliable to take into consideration, when modelling the joint’s behaviour. The control of transversal and vertical shear displacements is
achieved through specially designed reinforced
concrete shear keys (Figure 48).

7.4. Winkler model

The tunnel is modeled as a linear equivalent
elastic beam on dynamic Winkler foundation.
The surrounding soil is modeled via linear
springs calculated according to Mylonakis et. al.
(2006), taking into consideration the dynamic
effect of the seismic motion to the soil’s damping properties (Tsinidis & Chalatis 2008). The
formed model is schematically depicted in
figure 49. The Winkler model constituted with
the ADINA code.
The non-linear intermediate joints (Ginagaskets) are modelled via special gap elements,
functioning only in compression (compression
springs). Based on figure 45, the initial joint
stiffness is calculated, assuming that the joint is
deformed (pre-compressed) by approximately
10 cm.
The main difficulty in modelling such a
complex behaviour is the changing joint stiffness, with time due to the transient ground
deformations imposed on the structure. The
Gina gasket, however, functions only in the
direction of the tunnel longitudinal axis, as the
friction built between the gasket and the con-

shear key

shear key

Figure 48. Shear keys.

The tunnel model is loaded by displacement
time-histories. They represent compression
waves that mainly stress the intermediate joints;
no important deformation is observed on the
tunnel’s segments. Again, the Thessaloniki and
Kozani time-histories, scaled to 0.35g, are being
utilized.

Figure 49. Beam on dynamic Winkler foundation of the tunnel - soil system.
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A critical parameter in this part of the study
is to determine the deformations applied to the
tunnel in its entire length. This is attempted by
1D site-specific response analysis, taking into
consideration the spatial variability of the soil
layers surrounding the tunnel. The output is
displacement time-histories that are applied to
each tunnel segment with a pre-determined
time-lag, to incorporate the effect of the apparent velocity for travelling seismic waves, who
may intercept the tunnel.
Another significant factor is the distance between the springs used in the Winkler model, as
it is a vital parameter of the problem, depending
upon the frequency spectrum of interest (1-15
Hz), (figure 50).

motion. Model A does not include any time lag
effects and it uses the steady stiffness in the
joint material. Model B includes time-lag
effects. Model C is similar to Model B, with the
introduction of frequency-dependant damping
properties. Model D is equivalent to Model B,
but introducing longitudinal modifications of
the soil properties along the tunnel. Model E
uses a bi-linear material law for the intermediate
joints, with constant soil stiffness and damping
properties. Finally, Model F incorporates both
changing soil properties and a bi-linear material
law for the joints.
Positive values of differential joint displacement means “opening” of the joint,
whereas negative values of differential joint
displacement mean “compression” of the joint.
As seen in figure 51 and Table 4, Model F gives
the worst results, but the initial joint compression of 10 cm is never exceeded.
In engineering practise the joints between
segments are constrained through pre-stressed
tendons that do not leave the joints to deform
freely. Utilizing these tendons the joints and
generally the tunnel’s seismic response is
somehow restrained compared to the hypothesis
that the joint can move freely.
8. GROUND FAILURE
Underground long structures are quite vulnerable to ground failures associated with large
permanent deformations, caused by ground
liquefaction, slope instability or fault movements.

Figure 50. Discretization of soil-springs.

Due to the complexity of the multiparametrical problem, 6 different models have
been used, for the soil, the joints and the input

Figure 51. Joint 6 deformations time-histories for each model variation.
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Table 4. Maximum joint deformations for each model.
MODEL
A
B
C
D
E
F
analytical solution
(ĳ=0o, Cs=1000 m/sec)

Thessaloniki 78
Joint 1
Joint 5
maxǻx(m)
minǻx(m)
maxǻx(m)
minǻx(m)
0.058
-0.056
0.011
-0.01
0.07
-0.061
0.045
-0.048
0.07
-0.061
0.044
-0.046
0.07
-0.057
0.099
-0.088
0.07
-0.052
0.043
-0.039
0.07
-0.052
0.099
-0.071

Joint 9
maxǻx(m)
minǻx(m)
0.059
-0.062
0.06
-0.058
0.06
-0.058
0.088
-0.049
0.059
-0.06
0.078
-0.05

0.0095

ments between segments due to the large
horizontal or vertical displacements produced
by the liquefaction. Hence the capability of the
shear keys, to carry out these deformations, is a
crucial factor. The case of Thessaloniki immersed tunnel utilized here as a typical case
study.

8.1. Liquefaction

Liquefaction associated with the increase of
pore water pressure and reduction of effective
stresses in saturated loose cohesionless silty
sands. Liquefaction phenomena can produce
important longitudinal or transversal deformations on underground structures, due to lateral
spreading and settlements of the liquefiable
soils. These deformations can act as differential
quasi - static deformations on the structure.
Liquefaction can also cause uplift phenomena to
an immerged structure, due to important increase of pore water pressure.
In order to avoid the liquefaction phenomena, several measures can be taken. Ground
improvement, increase of the dead load of the
structure, drainage or soil replacement, are
among the most popular countermeasures to
mitigate liquefaction risk.
The mechanism of uplift of light immersed
tunnels surrounding by liquefiable soils, during
an earthquake, has been described by Travasarou & Chacko (2008). The 5.8km BART
immersed metro tunnel, in the seismically active
bay of San Francisco, has been extensively
studied. Uplift hazard considered as the primary
vulnerability reason. In order to understand
better the uplift mechanism, numerical analyses
and centrifuge experiments are recently performed (Kutter et al. (2008)). Both analyses and
experiments revealed that uplift mechanism
related primarily to movement of soil under the
tunnel during an earthquake.
The estimated uplift seemed to be limited
and so no retrofit strategy was adopted.
As mentioned before, shear displacements at
joints of immersed tunnels are dealt with specially designed reinforced concrete shear keys,
which must resist to the differential displace-

Figure 52. Centrifuge experiments to estimate uplift
mechanism and numerical analysis results (Kutter et
al. ,2008).
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The support conditions of the shear key
nodes (ux, uz, uy = 0) was selected, because the
keys can be considered as “wedged” into the
opposite tunnel segment as they are cast-in after
the placement of the tunnel on the water basin.
It must be noted at this point, that the shear
strength of the keys, not taking any reinforcement into consideration, is 1500 kN for the 2
horizontal keys (190x60x70 cm), and 2600 kN
for the 4 vertical keys (60x165x70 cm).
These computed values of shear forces developed in the keys are significantly higher than
their strength. This is not being surprising due
to the extreme stress considerations utilized in
this analysis. Relative displacements of the
order of several centimeters are a severe scenario. Moreover there has not been any consideration of the other elements of the tunnel joint,
such as the Gina gasket, and the tendons, which
would add to the shear strength of the joint, as a
whole.
The vertical displacement scenario (uplift or
settlements) appears to be the worst; hence the
increased number of vertical keys compared to
the horizontal shear keys. This is caused by the
tunnel segment’s horizontal diaphragms, which
deform less than the tunnel walls under in-plane
loading, subsequently causing less stress to the
shear keys.

The tunnel segment has been modeling with
a linear beam on Winkler foundation (springs).
The shear keys at each tunnel extremities have
been modeled taking into consideration the full
shear-strength capacity of the shear keys.

Tunnel segment

Shear key

Joint restraints
Figure 53. Description of the shear key support
conditions.

As the soil is supposed to be liquefied, the
supporting soil-spring stiffness is reduced to
10%, compared to the initial values used in
other models for longitudinal seismic analysis
of the tunnel presented before. To examine their
efficiency, two shear-slip scenarios are examined: (a) Uniform displacement (horizontal and
vertical) imposed upon the tunnel segment,
while the segments next to it remain in their
place, and so no displacement is permitted to
the nodes of the shear key. (b) Differential
displacement imposed upon the tunnel segment,
due to possible movement of the opposite
segment, because of lateral spreading and uplift
phenomena.

8.2. Fault deformations-Slope instability

The general philosophy, in case of an underground structure crossing an active fault, is to
design the structure to accommodate expected
fault displacements, with probable damages,
that can be repaired afterwards. In order to
estimate fault displacements empirical methods,
using empirical relationships for calculating the
expecting displacements, can be used.
In case of an underground structure crossing
above an active fault, the methodology proposed by Anastasopoulos et al. (2007), could be
used as a guide.
In case of slope instabilities, special mitigation measures to stabilize the ground should be
used.

Table 5. Shear forces in the shear-keys due to
imposed horizontal displacements d.
Horizontal displacement
Case (a)
Case (b)
d (m)

Vsd (kN) d (m)

Vsd (kN)

0.10

3630

0.10 19200 15600*

0.05

1815

0.05 9600 7800*

0.01

363

0.01 1920 1560*

Table 6. Shear forces in the keys due to imposed
vertical displacements d.
Vertical displacement
Case (a)
Case (b)
d (m)

Vsd (kN) d (m)

9. IMPORTANCE OF SEISMIC DESIGN
COMPARED TO STATIC

Vsd (kN)

0.10

38150

0.10 51330 13160*

0.05

19075

0.05 25665 6580*

0.01

3815

0.01 5133 1316*

After the presentation of methodologies for
seismic analysis of underground structures, and
the discussion of several critical points, it is
interesting to reveal the importance of this

(* denotes the opposite key to the one with the
maximum stress).
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using properties that correspond to the soils
static behaviour. Generally the static loads
considered through static analysis are:
• Dead loads of the structure (g1+g2).
• Live loads of the structure (q).
• Hydrostatic pressures and uplift force at the
structure (E1).
• Geostatic pressures at the structure (E2).

seismic analysis, compared to static analysis.
The comparison is made in terms of internal
forces at the structures.
9.1. Static analysis of underground structures

Usually in static analysis of underground
structures, models consist of linear frame-type
elements for the structure’s cross-section and
linear springs to simulate the soil support. The
springs values (impedance functions) can be
estimated through the expressions presented
before, in equivalent static analysis method,

The uplift force is of the utmost importance
for static analysis of underground structures.

g1+g2+E1
g1

Kwx

g1

E2

E1

Kwz

q

g1+g2

E1

Kzx

Ksx

Figure 54. Static loads at immersed tunnel.
Model A

Model B

Inverted slab (h=2.5m)

Inverted slab (h=4.0m)

Model C

Model D

Inverted slab (h=2.5m)
& extened side walls

Inverted slab (h=1.5m)
& friction piles (d =1m)

Figure 55. Different models for station foundation.
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E1

E2

It is observed that the static loads are actually dominating the design values of the station
(figures 58-59). The uplift force seems to have
the biggest contribution to the final response of
the station’s foundation slab, whereas the other
static loads seem to dominate the station’s upper
levels response. The use of friction piles has a
very beneficial effect on the foundation slab
internal forces, reducing considerably (almost 3
times) the bending moments.
In general in the case of the metro station
studied in this paper, the contribution of the
seismic forces is about 20% of the total forces.
This is due to the very important contribution of
the buoyancy (uplift) forces reaching almost the
50% of the total loads. In other cases the seismic forces are of the order of 40% of the total
stresses.
In the case of the Thessaloniki immersed
tunnel, again the contribution of the static loads
were more crucial for the design.

9.2. Comparison between seismic and static
inertial forces at the structures

In order to reduce the calculated high stresses at
the inverted slab of Venizelos metro station
caused by uplift force, a parametric analysis,
utilizing 4 different models for the station’s
foundation, has been done (Matsoukas &
Fletzouris, 2007). The different models incorporated in this study are presented in figure 55.
The long side diaphragms wall plays an important role for the whole stability of the station
and the control of underwater flow. The friction
piles beneath the foundation are proposed to
reduce the uplift forces from buoyancy. Two
cases have been incorporated; one using 68
friction piles and one using 36 piles for the
whole station (20x100m2). Through this parametric analysis an estimation of the participation of static and seismic loads to the final
response of the station, in terms of internal
forces has been done.

B ending mo ment at inverted slab - static loads
-12000

Bend in g momen t(kNm)
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-6000
-3000
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15

18

21
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3000

M ode l
M ode l
M ode l
M ode l

6000
9000

A
B
C
D

12000

Figure 56. Bending moment at inverted bottom slab for static loads and different models for station foundation.
B en ding m o m ent at in verted slab - seism ic loads
-1 50 0
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21

0
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Figure 57. Bending moment at inverted bottom slab for seismic loads and different models for station foundation
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Loads participation to the final design results
(at joints of inverted slab)
Uplift

Static loads (except uplift)

Seismic loads

% Participation

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%
Dynamic analysis Model C

Dynamic analysis Model D (68 piles)

Dynamic analysis - Equiv. Static analysisModel D (36 piles)
Model D (36 piles)

Loads participation to the final design results
(at the middle of the inverted slab)
Uplift

Seismic loads (except uplift)

Seismic loads

100%
90%

% Participation

80%
70%
60%
50%
40%
30%
20%
10%
0%
Dynamic analysis Model C

Dynamic analysis Model D (68 piles)

Dynamic analysis Model D (36 piles)

Equiv. Static analysisModel D (36 piles)

Loads participation to the final design results
(at joints of the roof slab)
Uplift Static loads (except uplift) Seismic loads
100%
90%
80%
% Participation

70%
60%
50%
40%
30%
20%
10%
0%
Dynamic analysis Model C

Dynamic analysis Model D (68 piles)

Dynamic analysis Model D (36 piles)

Equiv. Static analysisModel D (36 piles)

Figure 58. Loads participation to the final design loads: (a) at joints of inverted slab, (b) at the middle of inverted
slab, (c) at joints of the roof slab (Venizelos station).
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Loads participation to the final design results
(at the middle of the roof slab)
Uplift Static loads (except uplift) Seismic loads
100%
90%

% Participation

80%
70%
60%
50%
40%
30%
20%
10%
0%
Dynamic analysis Model C

Dynamic analysis Model D (68 piles)

Dynamic analysis Model D (36 piles)

Equiv. Static analysisModel D (36 piles)

Figure 59. Loads participation to the final design results at the middle of roof slab (Venizelos station).
Final bending moments (after adding static bending moments)

Bending moment (KNm)

8000

Equivalent static analysis
Dynamic analysis

7000
6000
5000
4000
3000
2000
1000
0

P0

P1

P2

P3

P4

T1 up

T7 down

T9 up

Figure 60. Bending moments at the cross-section for various analysis cases, after adding and the static part of
internal loads. (Venizelos station).

- Simplified methods on the other hand, can
be used more easily, as they are less demanding
in terms of computational power and can more
easily be understood and controlled from
engineers.
- Underground structures should be designed
for imposed seismic ground deformations rather
than inertial forces, as in the case of above
ground structures.
- Analytical methods utilizing the racking
coefficient (i.e. Wang, 1993), seems to give
rather accurate results, in case of shallow
underground structures like tunnels.
- Numerical FE methods based on quasistatic imposed seismic ground deformation, is
an interesting approach. Soil-structure interaction can be directly taken into account. However the main difficulty rises from the difficulty
to estimate the appropriate distance of the
boundaries of the model that used, as this
parameter can affect seriously the results. In

10. CONCLUSIONS
Considering the importance of large and extended underground structures, like metro and
parking stations or tunnels, their seismic design
in seismically prone areas is critical parameter
to their safety. The presentation of two specific
cases enables the discussion of several critical
points for the seismic design.
- Input motions and seismic design loads
must be estimated through a detailed seismic
hazard analysis, considering seriously the
specific site effects due to local soil conditions
and geometries (stratification).
- There is no doubt that the most accurate
method for seismic design of extended underground structures is the full dynamic timehistory analysis, utilizing 2D or 3D FE models,
and adequate soil and structural models. This
method can successfully simulate the complex
soil-structure interaction effects.
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general the distance should be kept lower that
one or twice the width of the structure.
- Equivalent static analysis is proved to be
conservative, for subway stations, or deep and
large underground structures. In tunnels it
cannot reproduce correctly the seismic phenomena. Issues, such as the appropriate estimation
of impedance functions for underground structures to model soils behaviour and SSI effects,
the modelling of equivalent static forces, the
estimation of seismic earth pressures or seismic
shear stress at the interface of a structure, are
still open and more research is deemed necessary.
- Longitudinal seismic analysis of long segmented structures is equally important to the
transversal analysis, especially in case of water
presence (immersed tunnels). Asynchronous
motion must incorporate in the analysis procedure. Simple phase difference introducing a
simple time lag may not be accurate enough.
Special seismic design provisions must be taken
in case of joints between segments, as these
joints can be the most vulnerable parts of an
underground structure.
- Ground failures due to liquefaction, slope
instability or fault movements must be taken
seriously into consideration to the seismic
design of an underground structure, as they can
affect the overall design of the structure.
- Finally it seems that the static loads and
especially uplift, are dominating the response of
an underground structure. Seismic loads are
more important when uplift loads are minimized.
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ABSTRACT: Megacities urban environments frequently present potential sources of soil and groundwater
contamination resulting from uncontrolled losses of contaminants to the environment, in activities such as fuel
storage, laundry services, cars maintenance and cleaning, industrial production and urban solid waste or wastewater destination.
In a continuously changing urban environment, megacities demand ever changing infrastructures and crescent use of underground space in an impacted subsurface. If this condition is not accounted for in due time, it
may imply in construction delays, increase in project costs and health risks to workers or users of the underground installation. This paper illustrates case histories of underground structures built in contaminated ground
and the impact of this condition on different project stages.

1. INTRODUCTION

areas of knowledge, like environmental, health
and materials sciences. The definition proposed
by Batstone, Smith Jr. & Wilson (1989) is
favoured. They define hazardous wastes as
wastes other than radioactive and infectious
materials, which, by reason of their chemical
activity or particular nature such as toxic,
explosive, corrosive or any other detrimental
characteristics, may cause, or may likely cause,
danger to health or to the environment, either
alone or when coming into contact with some
other waste.
With respect to toxicity, a substance might
present two dominant characteristics, being
either a non-carcinogenic toxic substance or a
carcinogenic substance. The essential difference
between both is that, due to the insidious
character of cancer, a carcinogenic substance is
treated as not possessing a safe dose, while a
non-carcinogenic substance may present a level
of exposure to which no adverse effect is
expected to take place.
Explosive substances are hazardous due to
risk of related fire or explosion. As noncarcinogenic substances, they possess a limit
concentration, below which no danger is expected; this concentration in air is called Lower
Explosive Limit or LEL.
Corrosive substances are those that may corrode materials used for temporary or permanent
lining of underground openings such as concrete, steel, iron, wood or plastics.
Reactive substances may become toxic, ex-

An underground project may be affected by
environmental conditions in terms of costs, time
schedule and public health of workers as well as
users. Despite this, the subject is frequently
neglected by owners, designers and contractors.
As a result, unnecessary problems take place
during construction in contaminated underground of megacities. A brief discussion on the
subject is presented herein, to illustrate how
environmental investigations prior to construction can solve or can mitigate potential problems, notwithstanding the additional costs of the
investigations proper.
Some technical aspects of contaminants are
reviewed, with emphasis on soil contamination.
Next, five case histories are revisited, to illustrate typical problems of underground projects
in soils contaminated by different compounds.
In an earlier review, the authors (Queiroz and
Negro, 2002) focused the construction of
tunnels in soils contaminated by hydrocarbons
only. Finally, some conclusions are presented.
2. CHARACTERISTICS OF COMMON
CONTAMINANTS
2.1. Hazardous Substances
According to LaGrega, Buckingham and Evans
(2001), there are several difficulties in defining
hazardous substances, as it involves distinct
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plosive or corrosive by reacting with other
substances or by degradation in the environment.
Although biological and radioactive wastes
may impose hazards like those described, they
are usually regulated by specific legislation in
most countries and will not be dealt herein.

largely used as degreasers and cleaners) or spills
from old laundries in which PCE (tetrachloroethylene) was used for dry washing. PCBs
(polychlorinated biphenyls) were used in
capacitors and electric transformers. They are
toxic for causing depression of central nervous
system, and because some of them are carcinogenic.
Metallic elements are naturally found in
soils, particularly in tropical soils, and have
geochemical origin. However, several industrial
and commercial processes use metallic compounds that may impact on the ground if an
uncontrolled spill happens. Heavy metals like
lead and mercury are largely used in batteries,
but only recently they were treated as hazardous
substances. Since then, they are not allowed to
be disposed in municipal landfills. Heavy
metals may cause damage to liver, kidney and
are involved in a series of psychiatric diseases.
The classification of a metallic element is
difficult because its hazardous characteristics
depend largely on the chemical composition and
on the valence associated to the metal. As an
example, iron may occur in nature as oxides, all
of them chemically stable minerals; on the other
hand, pyrite, an iron sulphide (FeS2), is a very
unstable compound, which reacts with oxygen
and water, producing an acid effluent, which is
toxic, corrosive and reactive.

2.2. Classes of contaminants
For management purposes, contaminants may
be classified by two approaches: either by
laboratory tests or by official specific contaminants lists. Laboratory tests verify contaminants
characteristics such as corrosiveness, ignitability, explosiveness, reactivity and toxicity.
Specific contaminants lists usually classify
contaminants according to their chemical
composition. The second approach is usually
used to determine groundwater or soil treatments and to assess the most likely characteristics provided by the first approach. In the
following, three main classes of contaminants
usually found in megacities are presented,
together with some of their main characteristics.
For further details the reader should refer to
specific literature (LaGrega et al., op. cit. and
Watts, 1998).
Hydrocarbons may be regarded as the main
contaminant of megacities underground. Usually they derive from spills from underground
storage tanks fuels of gas stations. All hydrocarbons are ignitable, although only the gaseous
are usually explosive. Nevertheless, gasoline
and diesel oil may have methane in concentration high enough to be a matter of concern.
Most petroleum hydrocarbons are not toxic to
humans, nor corrosive, although aromatic
hydrocarbons (BTEX – benzene, toluene,
ethylene and xylene and PAH – polycyclic
aromatic hydrocarbons) are usually toxic, and
some of them are carcinogenic. The latter are
found in small quantities in fuels, but are of
great concern regarding the environmental
conditions. Gaseous hydrocarbons like methane,
ethane, butane and propane may also occur
naturally in peat from bogs and marshes. They
are always explosive, but not toxic to man: they
can simply be asphyxiating, as their presence in
the air may reduce oxygen concentration.
Halogenated compounds belong to another
class of contaminant frequently found in megacities. Their origin is credited only to human
activities, usually related to spills from industrial processes (chlorinated hydrocarbons are

3. CONSTRUCTION MANAGEMENT IN
CONTAMINED SITES
3.1. Importance of early detection
Ideally, managing a contaminated site requires
complete identification of the contaminants, full
knowledge of the spatial distribution of the
contamination, as well as of the extent of the
flow and transport of contaminants underground. This condition fulfilled allows the best
choices for management decisions. Eventually,
costs related to handling certain environmental
conditions may turn an underground project
virtually unfeasible. Although environmental
investigations may also involve high costs,
previous knowledge of environmental conditions usually lead to total cost savings due to
avoidance of duplicated work and best choices
for construction maintenance.
Environmental conditions usually affect all
stages of an underground project, and late
detection of soil contamination may lead to
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additional works and loss of construction
materials.
• Detection of contamination after complete
site investigations may lead to a new tunnel
line position, which involves unplanned
additional geotechnical investigations.
• Detection after conceiving the lining
system, may involve new conception of the
lining, like adoption of a “sacrifice thickness” for it, ensuring the required lining
lifetime or a new waterproof system.
• Detection after lining design is completed
may lead to new calculations, revision of
drawings and specifications.
• Detection of contamination after construction is completed, especially during operation of the tunnel, may require at least lining maintenance if not replacement. Moreover, this may lead to additional costs related to possible loss of construction material apart from costs in legal disputes between environmental agencies, state prosecuting officers, owners, designers and contractors.
The risks involved in a delayed environmental assessment of an underground project
are large enough to make compulsory the
requirement of an earlier environmental investigation in geotechnical baseline reports. Despite
this, good guidelines for tunnel projects available (for example, ASCE, 2007 and FHWA,
2009) furnish incomplete and unsystematic
coverage of soil contamination investigation
and management of the consequences of contaminations in underground projects.

directed investigations for specific strata,
specific sampling locations and specific series
of chemical analyses, answering questions or
doubts raised in the Phase I assessment. While
Phase I has specific scope with bounded time
and costs, Phase II may be as large and as
expensive as the cost-benefit of taking risk
allows. It is important that, under this approach,
an investigation might stop without conclusive
results when it takes unreasonable time or costs.
Remediation may be considered one of the
most difficult subjects of the management of a
contaminated site. Several text books (for
example LaGrega. Buckingham & Evans, 2001
and Sharma & Reddy, 2004) and some classic
papers (for instance, Shackelford & Jefferis,
2000) are written about the subject and none of
them may be considered as definitive. The
manager in charge must have clear understanding of the main concepts of remediation, in
order to assess the adequacy of one or other
remediation technique, which should be chosen
by an expert or by a board of consultants. It is
important to emphasize that the cleanup cost of
a contaminated site may be up to ten times more
expensive than the cost of the land itself.
Nowadays, there are several cleanup techniques,
and the manager should decide between high
costs of fast remediation techniques (such as in
situ thermal treatment or disposal of contaminated soil in hazardous waste landfills) and the
long time of cost-effective techniques (bioremediation and monitoring natural attenuation,
for instance).
Monitoring contaminated sites is another
difficult subject. The distribution of samples in
space and time is a complex subject and the
cost-benefit involved in the conception of a
monitoring plan is related to the acceptance of
the risk in neglecting a small spot of contamination versus the cost of a large monitoring
campaign, with conflicting results that are hard
to interpret. Statistics of results are also complex to interpret, as multi-modal distributions
and outliers are a commonplace in field monitoring programs of the sort. Lower-cost field
instruments like photo-ionization detectors
(PID) and infrared detectors must be calibrated
to a certain mixture of gases (measured by gas
chromatography), to give some idea of the
concentration of a specific hazardous substance.
Corrosiveness of groundwater may be assessed
by pH and pE, though knowledge of the ions in
groundwater should also be granted by chromatographic analysis.

3.2. Management of Contamination
The main components of the management of an
underground project in a contaminated site are
related to Investigation, Remediation and
Monitoring of the contamination.
Investigation - Although ASTM Standards
(ASTM 1997a and ASTM 1997b) were created
as guidelines for real estate investigations, their
working approach is totally adequate for investigating a contaminated underground. ASTM
(1997a) describes a “Phase I Environmental Site
Assessment Process”. Putting it in simple way,
it describes recommendations for records
review, site reconnaissance and interviews only.
This initial investigation should furnish data to
encourage or not a “Phase II Site Assessment”,
which may involve sampling of soil and
groundwater for chemical analysis, enabling
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4. CASE HISTORIES

incident pointed towards the need of using
gasoline resistant gasket materials for such
conditions.
Local hydrogeological features led to accumulation of gasoline in certain parts of Caracas
subsoil. Old buried river valleys, old debris flow
materials and main faults are found in Caracas
all representing zones of higher permeability,
where gasoline leak found its way through.
Tunnelling in Caracas usually takes place few
metres below groundwater level. If construction
procedures allow the depression of the water
surface, gasoline, which is a light non-aqueous
phase liquid (LNAPL) may enter the tunnel, as
it happened in many locations.
During tunnels excavation, the concentration
of hydrocarbons in the air had to be kept below
human toxicity and explosiveness levels. When
the health limit was reached, excavation stopped
and ventilation system was activated. When
explosiveness limit was reached, TBM advance
had to stop because its operation causes sparks
that may ignite vapours in the air. These interruptions had significant impact on construction
schedule and costs. As a consequence, the
contractor claimed an additional cost of US$
1308.00 per metre of tunnel and a final settlement of US$ 790.90 per metre was met (1995
dollar), which represented an increase of almost
15% to the initial budget of the project.
The main reason for the widespread presence of gasoline in Caracas subsoil is related to
underground storage tanks with riveted joints
and rubber seals. Seal deterioration and corrosion of tanks or connecting pipes led to gasoline
leakage. It should be noted that modern recommendations for underground storage, enforces
its installation inside a concrete box, in order to
allow inspection and maintenance, avoiding the
direct contact of tanks with soil, thus reducing
risk of corrosion by aggressive soils or by fault
currents.

4.1. Caracas Metro
The construction of Line 1 of Caracas Metro
started in 1978 (Centeno & Centeno, 1998),
with a Robbins open face TBM (Tunnel Boring
Machine). It was composed by twin circular
tunnels with external diameter of 5.5m, lined by
a six segments plus a closing wedge ring made
of reinforced concrete with strength of 50 MPa.
The joints were designed to be watertight with
two rubber gaskets.
About 90% of Metro tunnels passed through
alluvial valleys or colluvial soils, while the
other 10% passed through soft fractured rocks.
Few months after construction started, a considerable inflow of gasoline water mixture happened through the tunnel face in the western
part of the city. Construction was halted for
more than a hundred working days to implement safeguards for workers health and to
ensure safety of surrounding structures in the
event of an explosion.
Open face TBM lacks ability to control water inflow through the face, aggravating risks in
the case contamination exists. For this reason
and also for improved settlement control, a
different TBM technology was adopted for Line
2. An unsophisticated Lovat closed face EPB
shield, with adjustable face opening was introduced combined with improved ventilation
system and continuous gas monitoring. These
procedures reduced the risk of explosions which
in fact happened in few occasions. Some of
these were related to the presence of methane
leaks from an old sewer in the older part of the
city. Improved ventilation reduced the chronic
exposure of workers to the gases and the control
of soil excavation rate at the face improved
controlling the contaminants concentration
inflow into the tunnel.
Despite all efforts, three major inflows of
gasoline were experienced during tunnelling in
Caracas from 1990 to 1995. The latest took
place with the Metro system in operation, with
gasoline leaking into the tunnel through deteriorated rubber gaskets between lining segments.
Gasoline rich groundwater corroded gaskets,
allowing major inflow into the tunnel. This
caused trains stoppage for six days in a stretch
of the metro line, forcing emergency program of
bus services. Costs of remediation ranged at
level of hundreds thousand US dollars. The

4.2. Madrid Metro
Madrid Metro underground Line 8 was reviewed by Arnaiz et al. (2000). It includes cutand-cover stations and double track tunnels
160km long, with 9.38m of excavated diameter.
Reference data available from the MadridBarajas International Airport Authority prior to
site investigation indicated that a small area to
be crossed by that line was contaminated by
kerosene that had leaked from storage tanks.
Due to the short time available for the under-
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ground construction contract, information
available was taken as certain and within the
contaminated area, the tunnel construction was
replaced by a cut-and-cover section.
Upon contract initiation, detailed environmental investigation was undertaken. As a
result, it was found out that the contamination
plume extended to a wider area, affecting
substantial part of the tunnel construction. The
investigations indicated the existence of two
perched water levels in the Quaternary sediments. The upper one was found in a sandy clay
layer and the lower one, 2m below, was found
in a gravel layer which in turn rested over a
Pliocene deposit locally called “Tosco”, represented by stiff sandy clays.
The hydrocarbon contamination was found
both in the partly unsaturated zone, as gases and
liquids adsorbed by the soil, and in the saturated
zone, as a light non-aqueous phase liquid
(LNAPL) 6 to 10cm thick and as a solute in the
groundwater. Chemical analyses of volatile
organic compounds (VOC) and of the total
petroleum hydrocarbon (TPH) were carried out
in soil samples taken from boreholes every
0.5m in order to map the plume. Permeability
and grain size tests were also performed in soil
samples. Most of the samples tested showed
TPH levels in excess of the intervention limit of
Dutch standards, both for soil (5000mg/kg) and
for ground water (600μg/l). VOC concentration
levels also exceeded American standards,
surpassing even explosiveness alert level
measured in many piezometers.
The extent of the contamination lead to the
selection of an earth-pressure balanced shield
machine (EPB). The remediation program set
before job commencement involved the removal
of the LNAPL along the tunnel, reduction of
TPH concentration to 5,000mg/kg in the clay
and 3,000mg/kg in the coarser soils. VOC target
concentration was taken as 100ppm. These
levels of decontamination were reached through
the combined use of the following remediation
measures: extraction of vapours in the soil (by
ventilation and vacuum application), air injection, extraction of LNAPL by pumping, dewatering to expand the volume of soil for vapour
extraction and to increase the influx of hydrocarbons and bioremediation.
The treatment system operated for 156 days
during which 859,600m3 of air was injected and
309,178m3 was extracted. The ventilation
system captured 32,950kg of TPH and 107m3 of
kerosene was pumped out as LNAPL. The

efficiency of the remediation is illustrated by
the fact that less than 24 hours of tunnel stoppage was recorded in association to the contamination.
The option made of driving the tunnel with
an EPB TBM derived by the need to control the
entrance of vapours through the machine face.
Variable rates of TBM advance were used as a
function of the position of the machine in
relation to the contaminants plumes. This is a
simple way to avoid reaching the threshold limit
value of a compound (TLV), which is a concentration that represents health risk to workers
exposed to contaminants.
To monitor human exposure to vapours, 16
gas detectors were installed and were controlled
by the tunnel machine operator. If the explosiveness level were reached, all electric motors
had to be put off, except those connected to
ventilation, filtering, light and communication
that need to operate continuously. For the latter
non-explosive engines were used. Thread mills
with anti-static systems were also used apart
from rigid rules of personnel circulation, training, emergency exit, etc.
4.3. Sao Paulo Metro
The stretch Gau-Sumare of Line 2,Green, of
Sao Paulo Metro includes 380m of double track
tunnel with 70m² cross section excavation area,
built by traditional mining method, using
sprayed concrete as primary lining. Tunnel was
driven under a soil cover of more than 10m
through Paleocene sediments from Sao Paulo
Formation, represented by silt-sandy clays with
medium to stiff consistency. Lenses of fine to
medium sand with some fines are also present.
Ground water level crosses the tunnel section.
Tunnel construction was left incomplete for
5 years with the primary lining installed only
(Hori et al., 1998). Once the construction was
re-started, it was noted that water infiltration led
to formation of a certain fungus on the sprayed
concrete surface. A detailed inspection showed
that the concrete was deteriorated. The thickness of the affected concrete was usually less
than 5mm but deterioration reached locally as
much as 100mm. In these areas, the cement
paste was transformed into a dark gel like
matter easily scraped out, sometimes exposing
the concrete steel mesh reinforcement which
was found corroded also.
Multidisciplinary studies were undertaken
by experts in biology and in concrete technol-
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ogy (Shirakawa et al., 1997). These studies have
shown that the noticed structural decay of the
primary lining resulted from the formation of a
specific environment, in which water, nutrients
and temperature interplayed. The nutrient was
identified as gasoline that leaked from a gas
station tank in the vicinities. Aerobic Thiobacilus bacteria digest gasoline and combined
with bacteria that reduce sulphates, are able to
transform inorganic compounds with sulphur
into sulphuric acid which, on the other hand,
corrodes the concrete. This is referred to as the
bio-deterioration of the concrete in which
bacteria have a central role. Though some of
these bacteria are unable to live within the
concrete mass, they are able to create polysaccharide protecting films called bio films that
allow their development on the inner surface of
the tunnel lining.
Traditional remediation processes for the
case (pump-and-treat or bio remediation) were
understood as too expensive. A simpler approach was favoured, combining the removal of
the affected concrete, the reconstitution of the
primary lining and the application of a water
proof mortar layer, admixed with silica fume
and an acrilate polymer resistant to dissolution
by hydrocarbons. This was followed by the
application of the secondary sprayed concrete
lining. Some 150m of tunnel was subjected to
this procedure, based on the extent of the
contaminant plume defined. A monitoring
natural attenuation approach, as defined by
Bedient el al. (1999), was also implemented,
with periodic measurement of VOC concentration in the air within the tunnel and periodic
extraction of concrete samples from the lining,
to assess bio deterioration, during the entire
time life of this structure. Observations made
over the last 10 years have indicated the effectiveness of the approach chosen.
Sao Paulo Metro had also other recent cases
of construction in contaminated soils. During
Line 2 extension, near Vila Mariana district, it
was noticed a smell of gasoline inside the
extended mined tunnel (Rocha, 2010). At the
same time, it was detected leakage from tanks
of two gas stations. It was noted that gasoline
was dissolving the asphalt coating that provided
waterproofing to the existing cut-and-cover
tunnel. The Metro Company decided to pump
the free non-aqueous liquid phase, to stop
leakage into the tunnel. A flotation chamber
was used to separate free phase from groundwater. This was simply a solution to the problem

of tunnel construction, which was the Metro
concern, and not a remediation of the contaminated soil and groundwater. Indeed the solution
provided satisfactory result regarding tunnel
construction performance. Since then, Sao
Paulo Metro decided to stop using asphalt to
provide tunnel waterproofing, as gasoline
contamination became a commonplace in
megacities.
Another case of gasoline contamination was
detected before construction of Sao Paulo Metro
Line 4 more recently (Rocha, 2010). In this
case, both gasoline tank and the contamination
plume coincided exactly at the location where a
double cylinder shaft of Paulista Station was to
be excavated. The tank owner and responsible
for the contamination, Petrobras, requested
three months to start soil and groundwater
remediation. As construction was beginning,
Metro Co. itself decided to provide the remediation. Groundwater investigation indicated the
presence of perched water table in sand layers
between clayey soils. Specific field pumping
tests showed that, during construction, pumping
in the lower water table would not affect the
upper water table, which was the one contaminated. Hence, Metro Co. decided to keep the
tunnel excavation program by lowering the
lower water table and isolating the contaminated soil with slurry diaphragm plastic walls,
which, due to interfacial tension in the bentonite
fraction, operates as an efficient barrier to the
NAPL. The contaminated soil excavated during
shaft construction was then removed and
incinerated. Waterproofing for tunnel and shaft
were provided by PVC membranes, which is
less affected by gasoline than asphalt. Although
expensive, this solution proved to be efficient,
as neither smell nor stain were noticed in the
secondary lining later on.
4.4. London Metro
The railway twin tunnels that are now part of
the City Branch of the Northern Line were
constructed between 1899 and 1901 (Bracegirdle et al. 1996). The tunnels are located at about
25m below surface, level of the interface
between the London Clay and the underlying
Woolwich and Reading Beds, and passes
through lenses of sand, as at Old Street Station.
Between 1922 and 1924, the tunnels were
expanded from 3.2 to 3.56m, by insertion of
four new ordinary castings and a new tapered
key, producing a non-circular section.
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By the end of 1962, 20 segments of the tunnel were found to be cracked and water that
seeped into the tunnel was found to be highly
acidic (pH 2 to 3). Seepage of water and chemical deposits had been noted for some 17 years
previously, but had not been considered of great
significance.
Although earlier discussions on the possibility of contamination took place, deeper studies
concluded that the cause of the acid drainage
was formation of pyrite in the sand lens, which
was oxidized by the presence of oxygen and
certain bacteria that occur in the soil mass. The
oxygen entered to the soil mass by the tunnel
joints that just could not be impermeable to
gases. The acid liquor generated in soil attacked
both the steel segments of the lining and the
contact grout. The grout expansion, estimated to
be up to the order of 30%, caused the lining to
bend.
An instrumentation program was carried in
the tunnel, including installation of vibrating
wire strain gauges in 1970, and horizontal
extensometers at axis level. The instrumentation
indicated that continuous convergence of the
horizontal axis of the tunnel, at a rate of 3-4mm
per decade. Some segments were also removed
from tunnel lining for load tests in laboratory.
They were loaded to failure, which occurred
with an applied bending moment of
33.2MN.mm, while instrumentation indicated
that removal of the lining segment caused relief
of a bending moment of 28.3MN.mm. Instrumentation also indicated that ring segments
were loaded by a hoop stress of about
1.8N/mm², equivalent to a uniform loading of
1.6m of soil.
Finite Element analyses indicated that the
bending moments which caused lining damages
were associated to the grout expansion near to
tunnel, caused by sulphate attack to the lime of
the grouting.

and 41st Avenue, across Northern Boulevard
and connects to LIRR’s Main Line and the Port
Washington Branch. It starts with a cut and
cover section adjacent to an existing tunnel
bellmouth structure and extends under a fivetrack subway box and a two-tracks elevated
transit line. The railroad tunnels will have an
excavated diameter of 6.55m. There will be
both Sequential Excavation Method (NATM)
and TBM excavations, depending on geotechnical and environmental constraints. Ground
conditions vary from gneissic and schist rocks
to manmade fills, passing through glacial
deposits.
Both previous investigations and project related investigations indicated that tunnels will
pass through or nearby existing soil and
groundwater contaminated sites in Sunnyside
Yard, the existing Yard A and nearby areas. The
New York State Department of Environmental
Conservation (NYSDEC) issued a Record of
Decision (RoD) with a list of contaminants in
soil and groundwater at Sunnyside Yard, which
included lead, PCB, polycyclic aromatic hydrocarbons and chlorinated volatile organic compounds. The RoD also focused on specific
contaminants which should be monitored,
properly managed or remediated prior or during
any construction in the area.
Special measures were taken during project
phase, including assessment of potential of
migration of plumes during construction,
prevention of migration and monitoring programs and remediation measures for the case of
abnormal migration of plumes.
Within these measures, project decided to
construct a 760mm thick slurry wall keyed in
rock, in order to prevent migration due to water
draining to the excavations. Tunnel construction
method near the contaminated area was specified to be by a TBM with earth pressure balance
(as discussed in the case of Caracas Metro),
with segmented bolted and gasketed lining.
Moreover, the designer had to prove to
NYSDEC and to the owner of the terrain
(Amtrak, which will have to remediate contaminated area) that construction will not hinder
future remediation activities nor preclude
further site improvements by the site owner. So,
project avoided excessive groundwater drawdown, which could cause contaminant plumes
to migrate. Groundwater drained during excavation will be sampled, treated and disposed
properly. Water from cut and cover excavation
will be collected to an oil-water separation

4.5. New York Metro
According to Munfah & Butler (2006), East
Side Access Project (ESA) will connect the
Long Island Rail Road (LIRR) with Grand
Central Terminal (GCT), improving the daily
commute to over 300,000 people. The project
was budgeted to cost US$ 6.3 Billion and is to
be completed by the year of 2012.
Within ESA project, the Queens segment
extends about 1800m from the existing bulkhead of the 63rd Street line near to 29th Street
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system before disposal. Ground water treatment
system will be equipped with settling tanks, oilwater separation, flocculation, filtration systems, together with carbon adsorption or dissolved air flotation systems, necessary to meet
environmental discharge limits.
5. CONCLUDING REMARKS
An overview on geo-environmental conditions
impact on underground projects was presented.
Theoretical aspects were briefly discussed, in an
attempt to provide a current state-of-the-practice
in management of tunnel construction in contaminated sites. Some case histories were
revisited to illustrate some actual problems and
solutions adopted in certain projects. Fuel
contaminations predominate in the cases studied
herein. Broadly speaking, early detection of
contaminations, in present time, seems to occur
in more structured projects. Environmental
investigations were always directed to minimize
uncertainties during construction. It is believed
that a geotechnical baseline report prepared
before design and construction should be
supplemented by an environmental baseline
investigation, in parallel to the former, as a
minimum requirement for future underground
projects in megacities.
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ABSTRACT: Numerical methods are well established in practical geotechnical engineering to assess the
deformation behaviour of deep excavations and tunnels. However, it becomes more and more common to use
results from numerical analysis for ultimate limit state design (ULS) and in these cases compatibility with
standards and codes of practice, valid in the respective country, has to be fulfilled. This is by no means straightforward and in this paper design approaches defined in EC7 will be applied to deep excavation and tunnelling
problems highlighting some key aspects. Secondly the importance of the appropriate choice of a constitutive
model for the soil is pointed out by comparing results obtained from different soil models.
1.

INTRODUCTION

addressed in this paper by means of benchmark
examples, i.e. the influence of the choice of the
constitiutive model on calculated displacements
and structural forces is investigated first and
then consequences for the design, employing
different design approaches, are discussed.
Finally, results form the analysis of two real
case histories, a station tunnel in soil and a deep
excavation in sand, is presented in order to
address specific problems relevant in practice.
It follows from these examples that the
choice of the constitutive model and the design
approach has an influence on the results, but
given the uncertainties inherent in any analysis
in geotechnical engineering the differences due
to the different EC7 design approaches seem
acceptable provided a suitable constitutive
model is employed.

Numerical analyses are widely used in practical
geotechnical engineering to assess the deformation behaviour of deep excavations and tunnels,
in particular when the influence on existing
buildings has to be assessed or the interaction
between different structures has to be taken into
account. In addition a tendency can be observed, namely to use results from numerical
analysis as basis for the design which is of
course only possible if compatibility with
relevant standards and codes of practice, valid
in the respective country, is guaranteed. In
general this is a well established procedure
when employing conventional design calculations based e.g. on limit equilibrium methods,
but there are no clear guidelines how this can be
achieved in the context of numerical modelling.
Therefore literature on this subject is not exhausting, but some discussion on the compatibility of EC7 design approaches with numerical
analyses can be found in e.g. Bauduin et al.
(2000), Schweiger (2005, 2009), Simpson
(2000, 2007), Walter (2006).
An important aspect in any numerical analysis in geotechnics, no matter whether ULS
(ultimate limit state) or SLS (serviceability limit
state) is considered, is the appropriate choice of
the constitutive model for the soil, which has a
direct consequence for the design because
different constitutive models will lead to different structural forces. Both of these aspects are

2.

EC7 DESIGN APPROACHES

In Eurocode7 the partial factor of safety concept
replaces the global factor of safety concept
employed until now. Three different design
approaches DA1 to DA3 have been specified
which differ in the application of the partial
factors of safety on actions, soil properties and
resistances. They are summarized in Tables 1
and 2 for all three approaches. It is noted that
two separate analyses are required for design
approach 1. The problem when using numerical
methods is immediately obvious because DA1/1
and DA2 require permanent unfavourable
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actions to be factored by a partial factor of
safety, e.g. the earth pressures acting on structural elements such as retaining walls and tunnel
linings. This is of course not possible because in
numerical analyses the earth pressure is a result
of the analysis and not an input. However, EC7
allows for an alternative, namely of applying
the partial factor on the effect of the action
instead on the actions itself, e.g. bending moments or strut forces. This is commonly referred
to as DA2* and throughout this paper DA2 is
understood in the form of DA2*. Now numerical methods can be readily applied because the
analysis is performed with characteristic loads
and characteristic parameters introducing the
relevant partial factors at the end of the analysis.
It is beyond the scope of this contribution to
elaborate on the advantages and disadvantages
of each of the approaches in detail but some
discussion can be found e.g. in Simpson (2000,
2007), Bauduin et al. (2003) and Schweiger
(2005). However the differences in results
depending on the design approach employed
will be shown whereas special emphasis will be
put on the choice of the constitutive model.

consolidated clay is considered in the second
example. Different constitutive models are
employed for modelling the mechanical behaviour of the soil, the simple Mohr-Coulomb
failure criterion (MC), the so called Hardening
Soil model (HS), the Hardening Soil Small
model (HSS) and the Soft Soil model (SS). All
models are standard models of the finite element code Plaxis (Brinkgreve et al. 2006),
which has been used for all analyses presented
in this paper. The Hardening Soil model is an
elastic-plastic model featuring deviatoric and
volumetric yield surfaces (doubel hardening
model), the HSS model is the extension to
account for small strain stiffness effects (Benz
2007) and the Soft Soil model is a modification
of the well known Modified-Cam-Clay model
incorporating a Mohr-Coulomb failure criterion
and allowing for a modification of the volumetric yield surface in order to improve K0predictions. Parameters are based on experimental data and experience and can be considered representative for the type of soils investigated in this study.
For simplicity the sheet pile wall (EA =
2.53E06 kN/m, EI = 3.02E4 kNm2/m) and the
strut (EA = 1.5E06 kN/m) have been assumed
the same for both ground conditions, only the
length of the wall and drainage conditions vary.
Wall friction was taken as 2/3 of the friction
angle of the soil.
First the influence of the constitutive model
on lateral displacement of the wall and bending
moments is presented. Secondly the influence of
the design approach on design forces is shown.

Table 1. EC7 partial factors for actions
Design
Approach
DA1/1

Permanent
Variable
unfavourable
1.35
1.50

DA1/2
DA2
DA3

1.00
1.35
1.00

1.30
1.50
1.30

3.1. Problem definition – soft clay layer

Table 2. EC7 partial factors for soil strength properties and resistances
Design
Approach tanM'
DA1/1
1.00
DA1/2
1.25
DA2
DA3

3.

1.00
1.25

c'
1.00
1.25
1.00
1.25

The geometry of the problem follows from
Figure 1 and the construction steps modelled in
the undrained analysis are as follows:

Undrained
Passive
shear strength resistance
1.00
1.00
1.40
1.00
1.00
1.40

Step 0: Initial stress state
(V'v = J.h, V'h = K0 V'v, K0 = 1 - sinM')
Step 1: Apply surcharge load
(permanent load of 10 kPa)
Step 2: Activate wall (wished-in-place)
set displacements to zero
Step 3: Excavation to level -2.0 m
Step 4: Activate strut at level -1.5 m
Step 5: Excavation to level -4.0 m
Step 6: Excavation to level -6.0 m
Step 7: Apply variable load of 15 kPa
(for comparison of design approaches)

1.40
1.00

DEEP EXCAVATION BENCHMARKS

First, two deep excavation benchmarks are
discussed. Their general layout and the construction sequence are similar but ground
conditions are different. A soft clay layer is
assumed in the first example whereas an over-
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used. The average value of loading and unloading stiffness which follows from the HS model
at the base of the retaining wall has been assigned as stiffness in the latter, which results in
EMC = 4 650 kPa. Unit weight and strength
parameters are the same in all models. The
groundwater table is at a level of -2.0 m below
surface.
3.2. Results – soft clay layer
Figures 2 and 3 depict lateral wall displacements and bending moments for the wall
respectively. The difference between HS and
HSS models depends to a large extent on J0.7
(see Table 3) and a represenatative value based
on literature date has been chosen for this study.
The SS model gives the smallest displacements
and the MC model shows a different shape of
wall deflection, namely an almost parallel
movement of the bottom half of the wall, which
is in contrast to the other models. This behaviour also leads to differences in the bending
moments, which will be discussed again when
looking at design approaches.

Figure 1. Geometry of excavation in soft clay layer.
Table 3. Parameters for the HSS and SS model for
soft clay layer
3

J, kN/m

HSS

SS

15

15

Jsat, kN/m

16

16

M', °
c', kPa

27

27

15

15

3

\, °

0

0

Qur

0.2

0.2

E50ref, kPa
Eoedref, kPa
Eurref, kPa
m

4 300
1 800
14 400
0.9

-

pref, kPa
K0nc

100
0.546

0.546

Vtens, kPa

0

0

G0, kPa

25 000

-

J0.7

0.0003

-

O*

-

0.0556

N*

-

0.0125

horizontal wall displacement [mm]
60

50

40

30

20

10

0

-10
0

HS
HSS
MC
SS

1

2

3

4

5

6

7

8

9

10

The parameters for the HSS model and the SS
model are listed in Table 3. The parameters for
the HS model are the same as given in Table 3,
with the exception of G0 and J0.7 which do not
apply for this model. Stiffness parameters in the
advanced models are stress dependent (values in
Table 1 are reference values) but in the MCmodel a constant elasticity modulus has to be

11

Figure 2. Wall deflection - soft clay layer.
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depth below surface [m]

Parameters

3.3. Problem definition – stiff clay layer
bending moments [kNm/m]
-150

-120

-90

-60

-30

0

In this section the perfomance of the same
constitutive models as used above will be
evaluated for an excavation in an overconsolidated clay. The calculation steps are the same as
described in section 3.1 but after installation of
the strut a ground water lowering inside the
excavation is performed to a level of -6.0 m.
The geometric layout is as shown in Figure 1,
but the wall is only 9 m deep in this case. The
pore water distribution at the front of the wall is
obtained from interpolation between excavation
level and base of the wall. Drained conditions
are assumed and the general ground water level
is 3.5 m below the surface.
The parameters for the constitutive models
are given in Table 4 and again the assumption is
made for the MC model that the elasticity
modulus is the average between E50 and Eur of
the HS model at the base of the wall (-9.0 m),
thus EMC = 82 000 kPa.
A overburden pressure of 1 000 kPa is applied
to model overconsolidation and K0 = 1.25.

30
0
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HSS
MC
SS

1
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depth below surface [m]
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8

9
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11

Figure 3. Bending moments - soft clay layer.

Table 4. Parameters for the HSS and SS model for
stiff clay layer

The settlement trough behind the wall (Figure
4) emphasizes the well known fact that elasticperfectly plastic constitutive models are not
capable of predicting the expected deformation
behaviour. A significant heave is observed
adjacent to the wall and – in this case due to
undrained conditions – settlements in the far
field (the lateral model boundary for this analysis was placed at a distance of 75 m from the
wall). All other models calculate settlements,
with larger values for HS models than for the
SS model. The calculated settlement troughs
can be generally considered as too wide with
the exception of the HSS model which is a
consequence of taking into account small strain
stiffness effects.

Parameters
3

J, kN/m

surface displacement [mm]

10

20

30

40

50

60

70

60
50
40
30

HS
HSS
MC
SS

20
10
0
-10
-20
-30

Figure 4. Surface settlements - soft clay layer.
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SS

17

17

Jsat, kN/m

20

20

M', °

33

33

c', kPa

48

48

\, °

5

5

3

distance from wall [m]
0

HSS

Qur

0.2

0.2

E50ref, kPa
Eoedref, kPa
Eurref, kPa

30 000
30 000
100 000

-

m
pref, kPa
K0nc

0.65
100
0.455

0.455

Vtens, kPa
G0, kPa

15

15

150 000

-

J0.7

0.0002

-

O*

-

0.00333

N*

-

0.0018

3.4. Results – stiff clay layer

In Figures 5 and 6 wall deflection and bending
moments are shown. As expected for a stiff soil
the deformations are small, but still differences
depending on the model can be observed.
Bending moments also vary, with the HSS
model resulting in the lowest bending moments
in this case and the HS model the largest. Given
the small lateral wall displacements, surface
settlements behind the wall will be negligible
and this indeed obtained (Figure 7). However
the MC-model again predicts significant heave
and only the HSS model shows the expected
result. HS and SS model show some heave in
the vicinity of the wall.

horizontal wall displacement [mm]
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Figure 5. Wall deflection - stiff clay layer.
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Figure 7. Surface settlements - stiff clay layer.

3.5. Influence of design approach
bending moments [kNm/m]
-60 -50 -40 -30 -20 -10

0

10
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30

40

It is apparent from the previous sections that the
constitutive model used for describing the
mechanical behaviour of the soil has an influence on bending moments calculated and thus
on the design of the wall. In the following these
differences are investigated in terms of the
different design approaches introdcued in
section 2. The calculation steps are the same as
in the previous sections but an additional
variable load of 15 kPa extending to a width of
5 m is added as a final calculation step in order
to have the influence of a variable load taken
into account (see Figure 1). Again the soft clay
and the stiff clay layers are considered, but only
two constitutive models, the HSS-model and the
MC-model are compared.
The (characteristic) parameters are the same
as listed in Tables 1 and 2 and these are used in
DA2. In order to arrive at bending moments and
strut forces the following procedure is followed
for DA2 (more correctly DA2*): characteristic
bending moments are calculated without (M1)
and with (M2) the variable load acting and from
these the design bending moments are calculated by applying the appropriate partial factors.

50
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depth below surface [m]
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Figure 6. Bending moments - stiff clay layer.
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The same procedure is used for calculating
design strut forces. It should be noted that this is
an approximation only due to the nonlinear
behaviour of the soil.

design bending moments [kNm/m]
-250

-200

-150

-100

-50

0

50
0

1

Mdesign, DA2 = M1 x 1.35 + (M2 – M1) x 1.5
2

For DA3 the strength parameters have to be
reduced by the partial factors listed in Table 2
resulting in values for the effective friction
angle and the effective cohesion as given in
Table 5 for both soils. The dilatancy angle \ is
also reduced by the partial factor which is
however not explicitly mentioned in EC7.
Finally a decision with respect to initial stresses
has to be made. Here the value for K0 has been
kept the same for DA2 and DA3, i.e. it is based
on the characteristic value for the friction angle
(1 - sinM'char) although an alternative would be
to have it based on the design value in DA3. (It
should be noted that for certain conditions K0
based on M'char may however violate the yield
function).
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MC-DA2
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Figure 8. Comparison of design bending moments soft clay layer.

Table 5. Reduced strength parameters for DA3
Stiff Clay

M', °

22.2

27.5

c', kPa

12

38.4

\, °

0

4

Vtens, kPa

0

12

bending moments [kNm/m]
-60 -50 -40 -30 -20 -10
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HSS-DA2
MC-DA2

1

2

The differences in design strut forces and
bending moments obtained from utilizing
design approaches DA2 and DA3 (DA1 is
basically a combination of the two) are presented in the following.
Figure 8 shows design bending moments
(envelope over all construction stages) for the
soft clay layer for both design approaches and
both constitutive models. The following can be
observed: for the HSS model DA2 and DA3
yield very similar results (DA2 slightly higher)
but for the MC model the difference between
DA2 and DA3 is higher. As expected from
Figure 3, bending moments are higher for the
advanced model.
Figure 9 compares design bending moments
for the wall in the overconsolidated clay. The
following can be noted: first bending moments
are higher for the MC model than for the HSS
model which is in contrast to the wall in the soft
soil layer.

3
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6

depth below surface [m]

Design Parameter Soft Clay

depth below surface [m]

3
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9

Figure 9. Comparison of design bending moments stiff clay layer.
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Secondly, the difference between the design
approaches is larger, in this case also for the
HSS model. The reason is the following. Because of the overconsolidation stress paths are
predominantly inside the yield surface and thus
the behaviour is mainly (nonlinear) elastic. A
reduction in soil strength has therefore a small
influence on the structural forces and thus
calculated bending moments from DA2 and
DA3 are similar, but in DA2 they have to be
multiplied by the partial factor for actions where
in DA3 the results are already design values.
Similar tendencies are observed for design
strut forces, summarized in Table 6 for the soft
clayer and in Table 7 for the stiff clay layer.
Excavation in the soft layer results in higher
strut forces when using the HSS model as
compared to MC and it is the other way round
in the stiff layer. In both cases DA2 design strut
forces are higher compared to DA3 but in the
soft layer this is only in the order of 10% for the
HSS model.

approach as compared to the simplified examples presented above. This will be demonstrated
by considering a diaphragm wall with three
rows of prestressed ground anchors. The excavation is about 17 m deep in a homogeneous
layer of medium dense sand (Figure 10). The
details of the analysis are not of interest here
because the goal of this section is only to
highlight a particular aspect, namely the resulting design anchor forces. The Hardening Soil
model has been used as constitutive model for
the sand. As described in the previous section,
analyses were performed with characteristic soil
strength parameters (DA2) and with design
strength parameters (DA3). The only permanent
action is the earth pressure and variable loads
are not considered. Again DA2 is used in form
of DA2*, i.e. the partial factor is applied to
effects of actions rather than on the action itself.

Table 6. Comparison of design strut forces – soft clay
layer [kN/m]
Design Approach
DA2
DA3

HSS
193
176

MC
150
123

Table 7. Comparison of design strut forces – stiff
clay layer [kN/m]

4.

Design Approach

HSS

MC

DA2
DA3

143
112

164
130

Figure 10. Layout of practical example.
Table 8. Comparison of design forces - practical
example

DEEP EXCAVATION PRACTICAL
CASE

The benchmark examples presented in the
sections above indicate that both design approaches DA2 and DA3 and consequently also
DA1 can be applied in combination with numerical methods. It was the purpose of these
examples to show that differences in results due
to the choice of the constitutive model are at
least in the same order (or larger) than differences coming from the different design approaches. However, for real practical problems
details of the design may have more severe
consequences for the choice of the design

Design
Approach

Layer 1
kN/m

Layer 2
kN/m

Layer 3
kN/m

characteristic
DA2
(= characteristic
x 1.35)

334

756

755

451

1 021

1 020

DA3

358

805

766

The resulting design anchor forces obtained
from the two approaches are summarized in
Table 8 and it can be seen that DA3 leads to
significantly lower forces. The reason for this
difference is the following: if anchors are highly
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prestressed, and this was the case in this example, a reduction in soil strength has a minor
influence on calculated anchor forces. Thus in
DA2 the result has to be multiplied by the
partial factor for actions (= 1.35) whereas in
DA3 the forces obtained from the analysis are
already design forces. It should be pointed out
that in DA2 the effects of the water pressure are
fully factored whereas they are not in DA3. This
could be partly compensated for by taking into
account an uncertainty in the water table as a
"geometric" factor in DA3. However forces
would not increase that much to reach values
close to DA2.
5.

constitutive models have been employed. For
the MC model the stiffness is the average of E50
and Eur at the level of the tunnel axis, which
yields EMC = 174 500 kPa. Again a "preoverburden pressure (POP)" of 1 000 kPa is
taken into account and K0 = 1.25. However, the
ground water table is assumed to be well below
the tunnel so that drained conditions can be
postulated.
Shotcrete is treated as elastic material but
the stiffness is increased in two steps to account
for the increase of stiffness with time, denoted
as shotcrete "young" and "old" respectively
(Table 9). Relaxation factors are applied in the
2D plane strain analysis in order to take 3D
effects into account in an approximate manner.
Thus the constrcution steps modelled are:
Step 0: Initial stresses (K0 = 1.25)
Step 1: Pre-relaxation top heading (55%)
Step 2: Full excavation top heading with lining
in place (shotcrete "young")
Step 3: Pre-relaxation bench (35%, shotcrete
top heading > "old"))
Step 4: Full excavation bench with lining in
place (shotcrete bench "young")
Step 5: Pre-relaxation invert (20%, shotcrete
bench > "old"))
Step 6: Full excavation invert with lining in
place (shotcrete invert "young")

TUNNEL EXCAVATION BENCHMARK

In this section results from a benchmark example for tunnel excavation are presented. In a
similar way as for the excavation examples the
influence of the constitutive model for the soil
is addressed first followd by a discussion on
EC7 design approaches. Tunnel excavation is
based on the principles of the New Austrian
Tunnelling Method (NATM).
5.1. Problem definition
A typical NATM cross section has been chosen,
and the excavation is top heading, bench and
invert (Figure 11). The overburden is 15 m.

Table 9. Parameters for the shotcrete lining
Shotcrete

"Young"

"Old"

EA, kN/m
EI, kNm2/m

1.25e6
6 510

3.75e6
19 500

5.2. Results
Figure 12 plots surface settlements for the final
excavation stage and similar arguments as put
forward for the deep excavation example hold.
The simple MC model gives a very wide settlement trough which is usually not observed in
reality. The SS model is slightly better but again
the small strain stiffness model can be considered as the most reasonable one. This is qualitatively in agreement with observations published
in the literature (e.g. Addenbrooke et al. 1997,
Scharinger et al. 2007).
In Figures 13 and 14 maximum normal
forces and maximum bending moments in the
lining are compared for DA2 and DA3. For the
latter the reduced soil strength parameters as

Figure 11. Layout of benchmark tunnel excavation.

The same overconsolidated clay which has been
used for the excavation example presented in
the section above is considered, thus parameters
are the same as given in Table 4 and the same
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listed in Table 5 have been used. It should be
noted at this stage that it is under discussion
whether the concepts of EC7 can (could) be
applied to tunnelling problems because EC7
does not explicitly make reference to tunnelling.
However in order to contribute to this discussion some results from this priliminary study are
presented here. If one looks at the influence of
the constitutive model first, it is obvious that the
the maximum normal force is obtained from the
MC model and the HS model, the lowest for
HSS and SS models, the difference being about
30% (DA2 in Figure 13). As far as bending
moments are concerned the HS models give the
largest moments (DA2 in Figure 14).

If results of DA3 are examined the following is
noted. Normal forces reduce for all models and
bending moments increase significantly. This
can be explained that in the construction step
"pre-relaxation bench" the shotcrete lining is
punched into soil because of the reduced
strength and thus stress redistribution in the soil
takes place reducing the normal forces but
increasing bending moments. This is clearly
evident from comparison of Figures 15 and 16
where vertical displacements are plotted at the
same scale for DA3 and DA2 respectively.

distance from tunnel axis [m]
surface displacement [mm]
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Figure 12. Comparison of surface settlements.

design normal force [kN/m]

1400
1200

Figure 15. Vertical displacements – DA3.
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Figure 13. Comparison of maximum normal forces.

Maximum bending moment [kNm/m]
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Figure 16. Vertical displacements – DA2.
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6.
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TUNNEL EXCAVATION PRACTICAL
CASE

Finally a practical tunnel example is considered,
which is based on a real project, but has been
modified for the purpose of this study.

DA3

design approach

Figure 14. Comparison of maximum bending moments.
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6.1. Problem definition and parameters

6.2. Results

The geometric layout, the finite element mesh
(using 15-noded triangles) and the simplified
soil profile are shown in Figure 17. The water
table is approximately 5.5 m below surface and
drained conditions have been postulated. The
excavation stages involving construction of a
pilot tunnel supported by a jetgrout canopy
where modelled in 10 computational steps
whereas stress release factors, to account for
3D-effects in the two-dimensional analysis in an
approximate manner, were based on experience
from projects under similar conditions. As in
the benchmark example of the previous section
the increase of stiffness of the shotcrete lining
with time was taken into account by increasing
the Young's modulus of the shotcrete in subsequent excavation phases.
Again the simple elastic-perfectly plastic
Mohr-Coulomb criterion and the advanced
Hardening Soil Small model have been compared. The most relevant material parameters
are summarized in Table 10 for all soil layers.

Figures 18 and 19 plot the design values for the
normal forces in the lining for DA3 and DA2
when using the Mohr-Coulomb model. It can be
observed that application of DA2 leads to
significantly higher design forces than DA3.
The reason is that calculated forces are almost
the same (a reduction in soil strength by a factor
of 1.25 does not change the normal force in the
lining significantly) and thus the difference is
mainly the multiplication of the normal force by
the partial factor for "effects of actions" in
DA2* (the result of DA3 is the design value). A
similar result is obtained for the HSS-model.
For bending moments the influence of the
constitutive model for DA3 is larger. For the
Mohr-Coulomb model bending moments differ
significantly for DA3 and DA2 but for the HSSmodel the differences are not siginificant (Table
11). For DA2 both models give the same
maximum bending moments in this case.

Figure 17. Layout and fe-mesh of station tunnel

Figure 18. Design normal force – DA2

Table 10. Parameters for the HSS model
Parameters

Q1

Q5

N1

N5

ϕ', °

20

34

25.5

27

c', kPa
E50ref, kPa
Eoedref, kPa
Eurref, kPa
m

16
0
7 000 100 000
7 000 100 000
20 160 200 000
0.5
0.5

21
18 300
18 300
49 000
0.85

5
18 200
18 200
48 500
0.5

pref, kPa
G0, kPa

100
100
22 500 240 000

100
90 740

100
38 190

0.00015 0.00015 0.00015

0.00015

γ0.7

Figure 19. Design normal force – DA3

It should be mentioned at this stage that the
results shown here, in particular for bending
moments, have to be interpreted with care
because the assumption of elastic material
behaviour for the shotcrete lining is not very
realistic and it can be expected that bending
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moments reach the capacity of the lining at
certain stages which will lead to load redistributions in the lining. This can be taken into
account in the finite element analysis, but at
present there is no generally accepted procedure
how this should be done. Some suggestions can
however be found in Schweiger et al. (2010).
Finally, it is pointed out that for DA2
ground failure in all construction stages has to
be checked separately whereas this is not
required when applying DA3.

similar type.
The second aspect addressed in this paper is
ULS-design of deep excavations and tunnels by
means of numerical methods. This is a topic
which has come into focus more recently in the
context of introducing Eurocode7 into the
geotechnical community. As EC7 does not
make any statements on the calculation model
to be used the question can be asked whether or
not it can be done with numerical methods.
However distinction has to be made here between deep excavations and tunnels. Whereas
deep excavations are clearly dealt with in EC7
tunnelling is not and therefore this part of the
paper should be considered as feasibilty study
contributing to the discussion whether EC7
should be applied to (shallow) tunnelling.
It has been shown that the concept of partial
factors of safety as established in Eurocode7
can be applied in combination with numerical
methods, but differences have to be expected
depending on how this is done in the respective
design approaches. Although more experience
is needed in performing such analyses for
practical examples, a cautious conclusion from
this study could be that the differences in results
depending on the design approach used are less
pronounced for more advanced constitutive
models as compared to simple elastic-perfectly
plastic failure criteria. Postulating that advanced
constitutive models are capable to capture the
stress strain behaviour of soils for stress levels
ranging from working load conditions up to
failure with reasonable accuracy from a practical point of view it could be argued that advanced models have advantages not only for
predicting displacements and stresses for
working load conditions but have their merits
also in ULS-design. If this can be confirmed in
further studies it would have strong consequences for numerical modelling in practical
geotechnical engineering.
It can be concluded that in principle all
design approaches specified in EC7 can be used
in combination with numerical modelling
provided DA2 is employed in the form of
DA2*, i.e. the partial factors are applied to the
"effects of actions" rather than on the actions
itself. When using DA3 large plastic strains
may develop and a significant number of
elements may reach the ultimate strength of the
material. In that situation design forces may
increase significantly and a careful judgement
has to be made if these are realistic.
An additional difficulty arises in tunnelling

Table 11. Comparison of maximum values of design
bending moments- station tunnel [kNm/m]
Design Approach
DA2
DA3

7.

HSS
309
286

MC
309
231

SUMMARY AND CONCLUSIONS

In this contribution the influence of the constitutive model on the results of finite element
analyses of deep excavations and tunnels has
been demonstrated. The results clearly emphasize the well known fact that elastic-perfectly
plastic constitutive models such as the MohrCoulomb model are not well suited for analysing this type of problems and more advanced
models are required to obtain realistic results.
Although reasonable lateral wall movements
may be produced with simple failure criteria
with appropriate choice of parameters, vertical
movements behind the wall are in general not
well predicted, obtaining heave in many cases
instead of settlements. The same holds for
tunnelling problems where surface settlement
troughs from Mohr-Coulomb models are
generally considered as being too widespread.
Strain hardening plasticity models including
small strain stiffness behaviour are in general a
better choice and produce settlement troughs
being more in agreement with expected behaviour. As the goal of the study presented here
was to qualitatively highlight the differences in
results with respect to the constitutive model no
quantitative comparison with in situ measurements of real project has been provided. It is
emphasized that the models used in this study
should be seen as representatives for certain
classes of models and conclusions can be
transferred to other constitutive models of
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because the shotcrete is a material with a
strongly nonlinear mechanical behaviour and no
rules are given in EC7 how to deal with nonlinear structural elements. This aspect has been not
covered in this paper. A possible way to pursue
would be the application of a partial factor of
safety on the shotcrete strength in nonlinear
numerical analyses in order to avoid unrealistic
design forces. For DA3 in particular this approach could be considered to be in accordance
with the concepts of EC7. For deep excavations
this issue does usually not arise because diaphragm walls or sheet pile walls are not designed for plastic hinges although this would be
acceptable under the new code.
8.
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Urban Environmental Geotechnics
Construction on Brownfields
I. Vaníþek
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ABSTRACT: The position and main aims of Environmental Geotechnics are defined, above all in urban areas
and the main activities are mentioned such as waste deposition on the surface, remediation of contaminated
ground, utilization of different waste materials in civil engineering, protection against natural hazards and
construction on brownfields. Construction on brownfields is specified in more detail as a very important step in
urban redevelopment. Basic steps of brownfields redevelopment are specified while highlighting the role of
geotechnical engineers for example in site investigation, remediation of subsoil and foundation of new structures.
Possibility of the utilization of old foundations for new structures is discussed as well. At the end practical
examples are presented.

1. INTRODUCTION

the reaction to the fact that especially in cities
many previous activities are closed as, mining
activities together with concentrator factories,
heavy industry as metallurgy, light industry as
textile industry, together with dwellings not ful-

During the last 30, 40 years more attention is
generally devoted to environment protection. As
geotechnical engineering is connected with
subsoil, geological environment, soil, rock,
ground water, the interest connected with
protection of subsoil has always existed, but a
new form gained after the ISSMGE International Conference in Stockholm, 1981. Therefore in the paper a brief summary of environmental geotechnics development is presented.
Problems of construction on brownfields
create a significant part of environmental
geotechnics, especially for urban environment.
The basic principle is connected with the main
aim to decrease the orientation of new construction on greenfields, on the ground, which was
not previously used for construction activities
and has been used in many cases up to now for
agricultural purposes. On the other hand we
would prefer to construct new structures on
brownfields, on the ground which was previously affected by man – (Fig. 1.a.,b.).
In spite of the difficulties how to calculate
the area of greenfields used per day for the new
construction in individual countries, some value
are alerting, e.g. in Germany the estimation is
around 1, 200, 000 m2 per day. Therefore in
some countries the governmental policy declares the aims for the future and at the same
time defines legal regulations how these aims
can be reached, how more brownfields have to
be used for new construction. In principle it is

Figure 1a. Greenfield on unaffected ground (agricultural land)
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filling up to date demands.
But on the other hand there are new demands for different offices, banks, shopping
centres, garages together with new demands on
apartment blocks.

This first column can be called Theoretical
background. The second column relies on the
application of existing findings to the behaviour
of soils and rocks under different stress - strain
states – speaking about support from soil and
rock mechanics, generally about Geomechanics.
The third column relies on the combination of
the theoretical findings with practical technologies during execution of geotechnical structures
speaking about Geotechnics, Geo-Technology.
Finally the fourth column relies on a certain
feeling of geological environment which Terzaghi (1959) denotes as “capacity for judgment”, and he says that “this capacity can be
gained only by years of contact with field
conditions”, (Fig. 2).

Figure 1b. Brownfield on previously man affected
ground

Figure 2. Four columns of Geotechnical Engineering

Therefore all aspects connected with construction on brownfields are discussed, above
all from the view of individual steps of the
whole process as geotechnical engineering is
playing a very significant role, especially from
the perspective of site investigation, potential
evaluation of the potential risk of underground
contamination, selection of remediation technology and their completion. The last aspect is
connected with selection of the appropriate
methods of foundation as ground is usually
affected well with the possibility of utilization
of old foundations for new structures.

The branch of Environmental Geotechnics is
a part of the third column – Geotechnics –Geotechnology, as this column can be divided into
the following four branches, which are very
often treated at Universities as independent
subjects:
• Foundation Engineering,
• Underground Structures,
• Earth Structures,
• Environmental Geotechnics
As previously mentioned the first important
steps in the recognition of the new branch
Environmental Geotechnics under the umbrella
ISSMGE was State of the Art Report during the
Xth International Conference in Stockholm 1981
presented by Sembenelli and Ueshita.
Those days they devoted most attention to
the problems of:
• Solids removal from the surface,
• Solids extraction from the underground,
• Solids accumulated on the surface,
• Underground deposits.
Above all the last two problems are very
important, especially when waste material is

2. POSITION OF ENVIRONMENTAL
GEOTECHNICS
One of the plausible perceptions about a safe
and generally optimal geotechnical structure
leads to the conclusion that its success is supported by four columns, Vaníþek I. and Vaníþek
M. (2008). The first column relies on the
understanding of natural sciences such as
geology, engineering geology and hydrogeology
on the one hand, and on the understanding of
mechanics, theory of elasticity on the other.
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• Remediation of contaminated ground;
• Utilization of different waste materials in
civil engineering;
• Protection against natural hazards;
• Construction on brownfields.
Subsequently the first four spheres of interest are briefly characterized.
Waste deposition on the surface is reaching
a significant dimension. The volume of such
deposited material is extremely high, only in the
Czech Republic it is hundreds of million tons
per year. Present-day generations are thus in
such a significant way reshaping the landscape,
that we can speak even about new artificial
geological period, about the period of Quinternary. A fundamental overview of the problems
associated with deposition of waste material on
the surface was summarized e.g. by Vaníþek
(2002), respectively by Clark and Weltman
(2003).
Basically most of the material is deposited
in:
• Spoil heaps as a result of mining activity –
as overburden for open pit mines or waste
rock for deep mines;
• Tailing dams as a result of hydraulic way
deposition of fine waste material - as flying
ash from electric power stations or sludge
from different concentrator factories;
• Landfills where municipal waste or many
other different waste materials as chemical
or low radioactive waste material are stored.
All these new structures on the surface can
be classified as earth structures of environmental engineering. During the design of these
earth structures we have to count with:
• Limit states as for any other earth structures,
as limit state of stability, deformation, erosion;
• Impact on environment - above all to limit
the contaminants spreading from the deposited waste as much possible;
• Steps permitting future utilization of surface
for new construction.
Remediation of contaminated ground represents a significant activity of this generation as
previous ones because they are strongly responsible for these “old burdens” as a result of
earlier activities during which different contaminants polluted the geological environment.
Geotechnical engineers are called up to contribute to in the elaboration of solutions which are
realistic, compatible with environmental needs

deposited. Growing attention is now devoted to
the problem of underground waste disposal.
Filling of underground spaces by large volumes
of waste as for example flying ash from electric
power stations can on the one side limit the
surface deformations but on the other this waste
material is in direct contact with ground water
and therefore it is necessary to prove that this
interaction is not dangerous for environments,
Vaníþek (1995). A very specific problem is
associated with high level radioactive waste
disposal in underground spaces, e.g. Pusch
(2003).
Using this problem some specificity of Environmental Geotechnics can be shown. Firstly
it is the principle of multi-barrier protection,
where a natural, geological barrier is a fundamental element; however an engineered barrier
is also very important. Spent fuel from nuclear
power plants is fixed in special containers,
which are in underground spaces separated from
the surrounding rock massif by a special sealing
zone, where often bentonite is proposed.
The second specificity is connected with the
time effect, as contamination spreading is a
strongly time dependent process. The numerical
model, describing not only radio-nuclides
spreading in the sealing layer and rock massif
but also taking into consideration mechanical
and thermal properties of the all multi-barrier
system, has to be tested and verified, so to prove
its credibility. In underground rock laboratories
all the above mentioned processes are simulated
and compared with proposed numerical models.
The credibility of the models can be performed
there even just for a much shorter period, from
today’s perspective roughly 20-30 years, compared to the life-expectancy of underground
repository of the order of ten thousand years.
A special recognition of Environmental
Geotechnics gained by establishing independent
conferences – the International Congress on
Environmental Geotechnics – first congress was
arranged in Edmonton, Canada in 1994 and
continuing via Osaka, Japan 1996, Lisbon,
Portugal 1998, Rio de Janeiro, Brazil 2002, to
Cardiff, UK in 2006. Next one will be held in
New Delhi, India in 2010. TC5 of ISSMGE is
also playing very significant role there.
Continuously Environmental Geotechnics is
reacting to the new demands and now concentration on the following spheres of interest can
be distinguish:
• Waste deposition on the surface;
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and cost effective – Jessberger (1996). To deal
with these tasks there are among others the
following main subjects to be considered:
• Site investigation including sampling and
laboratory analysis;
• Estimation of potential danger – environmental risk analysis;
• Development and evaluation of remediation
concepts;
• Performance of the clean up or provision of
containment;
• After care measures – monitoring.
As some brownfields are also contaminated,
more details will be presented hereafter.
Utilization of different waste material in
civil engineering (in geotechnical applications)
is human response to the new philosophy – to
limit waste as possible, or to recycle it or reuse
it. The detailed description of possibilities with
the use of existing large-volume waste is given
by Head et al.(2006) with reference to conditions in the UK. Besides the dump from coal
mining, spent oil shale is mentioned, which can
be useful construction material provided that
due account is taken of the potentially elevated
sulphate contents and a potential vulnerability
to frost heave in near-surface applications.
Others possibilities come e.g. from:
• Excavated surplus soil;
• Construction and demolition waste;
• Quarrying industry – quarry by-products;
• China clay waste;
• Industrial by-products such as steel slag and
pulverized-fuel ash
• Municipal solid waste incineration.
The potential for application, first of all for
aggregates, is very high as substitution of gravel
and sand due to the limited amount of natural
resources in some countries is nearly a necessity. Next applications are earth structures in
transport engineering. However two viewpoints
should be considered:
• Character of the leachate from the used
material, inclusive of confirmation (usually
using numerical models for contaminant
spreading) that potential leachate (certain
concentration) when reaching the aquifer at
the given time will be lower than recommended limits, e.g. Vaníþek, M. (2006).
• Potential of used material to volume
changes as structural instability, frost heave
or swelling potential.
Protection against natural hazards. Problem

of natural hazards is very sensitive for cities, for
places with high concentration of population
and buildings. In most European countries the
image of natural hazards is connected with
floods and landslides, exceptionally with
earthquakes, however generally also with
tsunami, volcano activity, typhoons, hurricanes
etc. The role of geotechnical engineers is for
floods, landslides and earthquakes connected
with two aspects:
• Definition of the potential risk for a certain
area, e.g. flood prone area
• Preventive protective measures – e.g.
construction of dykes, construction of steps
for slope stability increase, construction of
buildings less sensitive to earthquakes or
even flooding etc.
• Recommendation of steps for remediation of
affected land when natural hazards really hit
the area.
The problem of natural hazards has some
connection to construction on brownfields as
brownfields can be also originated by these
accidents.
With time special attention is devoted to the
environmental problems in cities, we are speaking about Environmental Urban Geotechnics,
e.g. Jefferson, I. and Braithwaite, P. 2009.
According to the authors, environmental geotechnics has now developed into a well-defined
and mature discipline that encompasses engineering geology, geotechnical engineering,
environmental engineering, hydrogeology and
soil physics. Many of the most pressing issues
related to environmental geotechnics occur in
the urban areas as increasing pressure for
development is being driven to cope with ever
more demanding societal needs and desires.
This is only going to increase as population
moves substantially to a more urban basis.
Therefore, environmental urban geotechnics has
become, in recent years, a critical aspect of the
work of ground professionals from engineering
geologists to geotechnical engineering. Jefferson and Braithwaite included into these problems also naturally occurring geohazards, as for
example foundation material which is unstable,
as some loess and clays. Between anthropogenic
geohazards not only problems with subsoil
contamination are discussed but also other
manmade activities. For example Koshelev et
al. (2009) examined changes to thermal, moisture and chemical fields within subsurface of
Moscow, associated with the distribution
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system, specifically pipelines, and how these
influence the geotechnical behaviour of the
near-surface.
Very sensitive is the question of man made
activities in urban areas on the underground
water table. Summarizing we can conclude that
geo engineers have to play a very important role
even in the phase of city development, during
the phase of definition of the municipal plan.
Hereafter the main attention will be devoted
to the problem of construction on brownfields in
urban areas.

3.2. Brownfields classification
The brownfields classification strongly depends
on the stand-point from which brownfields are
differentiated, Vaníþek 2006. According to
different stand-points we can differentiate
between:
• Brownfields where the subsoil is contaminated or not – differences in the degree of
contamination;
• Brownfields inside of cities – urban brownfields and brownfields out of towns, above
all lands connected with previous mining
activity and concentrator factories – differences in location;
• Small and large brownfields – differences in
scale
However given practical implementation the
financial aspect is extremely important, therefore from the financial perspective we can
differentiate between:
• Brownfields which are attractive for private
investors – above all urban brownfields in
large cities as capitals;
• Brownfields where the attractiveness of land
can balance the higher cost of redevelopment;
• Brownfields where private investors are
attracted by some investment stimulus from
the government or municipalities, or where
some sort of public-private-partnership is
established;
• Brownfields redevelopment (first of all
contamination remediation) of which should
be taken care and financially supported by
the government or municipalities.
From this perspective it is obvious that the
market cannot solve all cases. In fact there are
three aspects, the financial one, the potential
environmental risk and the time factor. The
financial one compares the sum of money which
is spent for purchase of the brownfields land
plus money for preparation of brownfields for
new construction with the price of greenfields.
The potential environmental risk is connected
with uncertainties of the remediation process,
whether the recommended process of remediation will reach the demanded values, whether
there is the risk of supplemental increase of
chemical contamination or whether the acceptable boundaries will not be decreased by additional law. However the time factor is also
important because some investors prefer speed,
to start with construction as soon as possible,

3. BROWNFIELDS DELIMITATION
3.1. Brownfields definition
There are different definitions of brownfields,
however
hereafter
the
definition
of
CABERNET European network will be presented. The EC funded “Concerted Action on
Brownfields and Economic Regeneration
Network (see www.CABERNET.org.uk) was
established in January 2002 to enhance the
regeneration of brownfield sites by developing
an intellectual framework to structure ideas and
stimulate new solutions, e.g. Nathanail et al.
2003. The following definition of brownfields is
used there:
• Have been affected by former uses of the
site and surrounding land;
• Are derelict or underused;
• Are mainly in fully or partly developed
urban areas;
• Require intervention to bring them back to
beneficial use;
and
• May have real or perceived contamination
problems.
According to this definition brownfields
with contamination but also without it can be
recognized. Therefore one of the first steps
during the phase of brownfields investigation is
connected with adjustment of the risk. However
the ground cannot be affected only by chemical
impact, but also physical or biological impacts,
when the physical impact is mostly connected
with lower porosity, with the risk of higher total
and differential settlement, and biological
impact is very often connected with the presence of methane. In all cases a special care to
foundation has to be devoted.
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e.g. with construction of different supermarkets
etc. Therefore they are not trying to go with
new construction on brownfields because there
is always some delay. Some of these aspects
will be shown in next chapter, where individual
steps of the brownfields redevelopment process
are discussed.

in the whole process. But typical for geotechnical engineers are four parts – 1st phase of
investigation, 2nd phase of investigation –
detailed site analysis, project and completion of
site remediation and the problem of foundation
engineering, respectively reuse of old foundations. These parts will be discussed further in
more detail.
The first two steps are labelled as the first
phase which can be also called the desk study,
which is only supplemented by visual inspection. So this first phase mostly uses existing
materials, where the study of archive materials
and different maps composes the most important part of this phase.
Preliminary economic analysis has a key
role in defining the suitability of the site for new
construction, how this site can attract a new
investor, especially after the comparison of
financial inputs for redevelopment and the
economic return. This preliminary economic
analysis is supported by architectural study
(which can for example define if some of the
old buildings should be protected), and social
study – how the redevelopment can improve the
style and quality of life in the affected area.
The 2nd phase of the investigation encompasses site investigation, usually starting with

4. INDIVIDUAL STEPS OF THE
BROWNFIELDS REDEVELOPMENT
Very often the whole process of the brownfields
redevelopment can be divided into the following individual steps, e.g. Vaníþek and Valenta
(2009):
• site location identification,
• First phase of investigation,
• preliminary economic analysis,
• Second phase of investigation – detailed
site analysis
• project of site development and methods of
financing – feasibility study
• project and completion of site remediation
• project and completion of construction of
new development (including foundation engineering, reuse of old foundations).
From these basic 7 steps, it is obvious that
environmental geotechnics is strongly involved

Figure 3. Basic steps of Brownfield redevelopment
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borings, field tests, collection of samples and
laboratory tests. Classical geotechnical data are
useful from the foundation design perspective,
geoenvironmental data from the view of site
contamination.
Feasibility study evaluates the workability
from the financial point of view and defines the
financial plan for remediation and completion
of construction. The project and completion of
site remediation can be very expensive if the
degree of contamination is a high one, and
includes the whole process of remediation
(starting from the evaluation of contaminant
spreading as a function of time and position,
comparison of the obtained data with limits
defined by administrative body, the selection of
the most appropriate method, phase of completion and ending with monitoring, which have to
prove that the proposed level of clean up was
reached), the impact on the existing community
and the final report for the administrative body,
Vaníþek, I. (2002b).

Significant decisions can be made after individual steps, see Fig. 3 as for example:
• After the first phase (the first two steps), the
local authority can discuss the realistic plans
for future, having relatively good information about the degree of contamination,
• After the feasibility study the potential
financial risk for investors can be defined.
Assessed brownfields can be divided between perspective projects, projects recommended for transformation into greenfields
or the project is recommended to postpone
with monitoring of site.
• Many investors prefer to purchase the site at
the end of the remediation process, after the
statement (from the administrative body)
that the site will not pose any potential environmental risk for the future. However the
potential developer can enter in the process
after the first economic study, to make all
necessary steps and after that to sell the
land, just prepared for new construction.

5. ROLE OF ENVIRONMENTAL
GEOTECHNICS IN THE PROCESS OF
BROWNFIELDS REDEVELOPMENT

information about buildings, but also about the
type of production, with what materials the
production was connected, what sort of waste
material was produced. From the archive and
other historical documents some information
can be obtained about potential problems or
accidents in the past and from these data the
probability of soil and water contamination can
be judged. And finally different hydrological
data can be useful as well. Nevertheless the
most valuable data are obtained from Geoenvironmental maps. Further main steps are
defined, while details can be found e.g. in
Vaníþek and Valenta (2009).
• General information about buildings;
• History of the buildings utilization;
• Information from the archive and other
historical documents;
• Materials from hydro meteorological institutes;
• Materials from aerial observation – military
and civic photographs
• Set of different maps.
From different maps e.g. in the Czech Republic the following can be used:
• Set of Geoenvironmental maps
• City maps with surroundings, contour plans
• Land-use plans, Ortho photo maps, GIS
system
• Infrastructure and underground service plans

5.1. First phase of investigation
Site identification is mostly connected with
identification in the real estate register, where
the first information about the site area, the
owner, and some other conditions can be
obtained. The type of owner can have some
influence on different grants, which can be
obtained from different agencies. Supplemented
materials are – prices for parcels in a wider
area, potential interest, and advertising, all of
them can help to define the potential attractiveness of the site.
Visual inspection. The main aim of the visual inspection is to give the first information,
above all about morphology in the wider area,
surface water, ground water via observation of
old wells, discussion with owners about quality
of water, information about vegetation, inspection of existing buildings with brief evaluation
of their situation, with special aspect of unusual
symptoms, as colour, odour, talks with older
citizens, with old employees, whereas all visual
inspection will be supported by photographs,
videos, etc.
Archive and up-to-date data collection. This
step will help to obtain or find not only useful

224

• Maps of documentation points - Materials
from Geofond – state office, where all boreholes data are collected for the whole Czech
Republic as borehole geology description,
geotechnical data, ground water level etc.
A very important source of information can
be obtained from a set of Geoenvironmental
maps in the scale 1:50 000. In the Czech Republic this set is composed of up to 17 maps, the
most important are geological, hydrogeological,
engineering-geology, mineral deposits, rock
geochemical reactivity, soil or geophysical
maps, or maps of surface water geochemistry,
or geofactors of environment. Only 3 of them
are shown further.
The geological map is a fundamental map,
which is necessary for constitution of all other
layers, (Fig. 4). This map represents rock and
soil types in the ground, their age, stratigraphy,
tectonical position and so on.

water sampling place and he trace elements
content (As, Pb, Be, Zn, Li) are marked. The
map of water surface geochemistry displays the
level of pollution of the water surface.

Figure 6. Example of the Map of surface water
geochemistry (1:50 000)

For the largest cities in the Czech Republic,
e.g. for the capital of Prague maps in a larger
scale can be used – in the scale 1:5000, however
only 4 such maps are there – geological and
hydrogeological maps and maps of superficial
deposits and documentation points (from
Geofond).
Briefly speaking the main aim of this phase
is to obtain maximum relevant information with
minimum financial input. According to the
author’s opinion all the obtained information is
a very useful tool for the decision making
process on the municipality level and should be
recommended to all municipalities dealing with
the problem of brownfields, because it gives a
reliable answer to the following four questions:
• Potential site contamination – on the one
hand the first phase of investigation collects
all information, from which researchers can
distinguish whether contamination occurs, at
what level and at what extent. On the other
one, from other information, engineers can
estimate the possibility of spreading of contamination in subsoil (e.g. direction, velocity) and what impact on the surrounding it
can have.
• Evaluation of the potential of the site –
information which makes the best account of
this fact is the site size, disposition, quality
of buildings, halls, technical equipment,
quality and density of engineering networks,
what can be used in the future, what is recommended for demolition etc.
• Site attractiveness – in which the part of the
city is situated, what is traffic accessibility,
what is concurrency in near surroundings.
What are restrictions (e.g. from the owner ´s
point of view), whether there are some bur-

Figure 4. Example of the Geological map (1:50 000)

The hydrogeological map describes types of
hydrogeological aquifers and their quantitative
characteristics, (Fig. 5). A colour in a map
projects discharge of ground water (m3/s).
Different symbols indicate ground water quality
from the serviceability perspective, ground
water flow direction and important boreholes
with water yield and mineralization data.

Figure 5. Example of the Hydrogeological map
(1:50 000)

The Map of surface water geochemistry
(Fig. 6) shows a catchment area of water
streams and their pH value. On the map the
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dens. Comparison with similar localities or
similar projects, why they were successful
or only partly successful and the reason of
this fact. What is the position of citizens to
the remediation process, what profit citizens
and local authority can obtain (higher prices
of the surrounding areas, lower unemployment etc.).
• Recommendation for the second phase of
investigation.

methods where for the classical geotechnical
investigation cone resistance, skin friction, and
pore pressures are determined (CPTu test).
Generally CPT tests are used for the following
information:
• Nature and sequence of subsoil layers
(geological data);
• Ground water information (hydrogeological
data);
• Physical and mechanical properties of
individual layers (geotechnical data)
For contaminated subsoil penetrometers
with additional sensors were developed, enabling to measure temperature, electrical resistivity or conductivity, pH, redox potential, radioactivity, etc. Two examples of such penetrometers
are in Fig. 7.

5.2. Second phase of investigation
This phase is predominantly orientated to the
application of direct investigation methods with
the help of which findings from the first phase
can be verified and supplemented.
The classical approach is based on the drilling, collection of samples (water, soil, air) and
geotechnical and geochemical analysis in the
laboratory. This classical approach has many
advantages but also disadvantages giving
information only for a selected point from
which samples were extracted and also that
there is a direct exposition of contaminated soil
with a drilling crew and the need to safely
deposit unused material on landfills.
Geophysical methods are based on the
changes of geophysical characteristics. Predominantly these methods are cheap and operative. Most commonly they are orientated to
obtaining a continuous picture between boreholes, points of sample collection, or the picture
of the cross section of the observed subsoil.
They are able to recognize the boundary between subsoil with different physical (moisture
content, temperature), mechanical (density,
stiffness) properties as well with different
chemical properties (pH, electrical conductivity,
radioactivity etc.). However the interpretations
of the measured data require good experience.
Hydrogeological investigative boreholes are
very useful for non problematic subsoil, as open
piezometers can be used for definition of pore
pressure and sampling of water, respectively for
pumping tests for permeability determination.
However for laminated subsoil, where only one
layer is contaminated, a borehole can constitute
potential danger of contamination spreading as
well as interconnection of layers with different
pore pressures.
Therefore during the last period different
penetration methods are preferred, specially
cone penetration tests - CPT. Lunne, Robertson
and Powell (1997) give an overview of these

Figure 7. Cone penetrometers with additional
sensors

Testing the samples from the same points in
different time, researchers can obtain the degree
of contamination as a function of the position
and time. So engineers can get the first information about contaminant spreading in time. These

226

5.3. Brownfield site remediation

results can be checked, verified and prolonged
for future time by numerical modelling, after
determination of input data into a numerical
model of contaminant transport equation, taking
into account not only advection but also diffusion, dispersion, and sorption.
The basic equation for a 2 D problem of
contamination spreading in an earth domain
may be written in the form (Eq. 1):

n
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+ n ⋅ Dz

∂c
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− n ⋅ vx
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The properties of the brownfields ground is
usually affected by previous man made activity.
These changes have character of physical,
chemical or biological change. Owing to biological degradation some problems with gas
(mostly with methane) are expected. However
in most cases the subsoil remediation is connected with
• Physical improvement of the subsoil quality,
with porosity decrease;
• Chemical improvement.

(1)

5.4. Physical improvement
As the depth of the affected subsoil is usually
deeper than the depth for which classical compaction rollers can be used it is necessary to
apply other methods. The dynamic consolidation method was for example used for the
subsoil improvement of old toxic landfill in
Neratovice, where on the compacted material a
new landfill was constructed, e.g. Vaníþek et al
(2003). The dynamic consolidation method was
chosen there not only in order to improve the
quality of the subsoil material to a much greater
depth than using other methods, but also because the so called observation method can be
used for a step by step improvement by the
monitored response of the subsoil. For the
given case the pounder weighing 15 tonnes
falling from the height of 20 m was used, see
(Fig. 8). The effectiveness of this method was
demonstrated not only by a considerable immediate compression of the surface – 0.567 m on
average – but also with the consolidation
reaching a considerable depth – 10 m. This deep
improvement was controlled by CPT tests
before and after dynamic consolidation was
applied.

which expresses a change in the concentration c of a certain substance in time t in relation
to the porosity n and the groundwater flow
velocity v in the direction z and x. Further on:
Dz , Dx – are coefficients of hydrodynamic
dispersion in directions z, x, which is a sum of
diffusion De and dispersion Dm coefficients
K – distribution coefficient
This equation incorporates contaminant
spreading through the following processes:
• Advection – contaminant movement with
flowing water, the decisive factor being the
water velocity v
• Diffusion – expressing contaminant movement from a point of a higher chemical concentration to points with a lower concentration, the decisive factor being the effective
diffusion coefficient De
• Dispersion – which includes “mixing“ and
dispersion due to the non-homogeneity of
the aquifer, the decisive factor being the coefficient of mechanical dispersion Dm
• Sorption – i.e. mechanisms which remove
contaminants from the solution, the decisive
factor being the distribution coefficient K.
The obtained data of contaminant concentration as a function of position and time are
compared with allowable limits defined by the
national ministry of environment or by the
national environmental protection agency. As a
result of this comparison the potential risk of
the observed locality and the need of remediation action are defined.
The detailed assessment of the brownfields
site, based on the result of the second phase of
investigation, is also connected with recommendation for site remediation, either from the
chemical, and/or physical or biological views.

Figure 8. Compaction of deposited waste by dynamic
consolidation
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In the north part of Bohemia, where there
are many inner spoil heaps composed of uncompacted clay clods, a new method called
“clay piles” was successfully applied. A predriven profile is backfilled by clay of similar
properties as is the surrounding material and
subsequently compacted there, see (Fig. 9).

summarized by US EPA or are a part of activities of ICEG – International Congresses on
Environmental Geotechnics. Most of the methods utilize some geotechnical approaches, as
drilling, pumping, hydraulic fracturing, and
monitoring.
Nevertheless there are 3 methods preferably
utilizing classical geotechnical methods as:
• Encapsulation – with the help of the underground sealing wall (Different types of cutoff walls) and the horizontal sealing system
(CCL – compacted clay liner, GCL – geosynthetic clay liner, GL – geomembrane
liner or composite liner), see (Fig. 10).

Figure 9. Ground improvement by “clay” piles

5.5. Chemical improvement
Before the final decision about the remediation
process all information about subsoil, the type
of contaminant and interaction between them
have to be well known and evaluated.
From the perspective of subsoil we have to
distinguish between homogeneous and anisotropic subsoil, subsoil with high or low permeability, respectively between subsoil which is
fully saturated or unsaturated etc.
From the perspective of the contaminant
type, we have to distinguish between:
Organic and inorganic contaminants, (hydrocarbon x metals, cyanides and ammoniac)
Contaminants easily and poorly soluble,
when poorly soluble are labelled as “nonaqueous phase liquids” – NAPL
Contaminants lighter-than-water (LNAPL)
and contaminants denser than water (DNAPL) .
And finally from the interaction perspective
we have to distinguish, mainly for hydrocarbons, as these contaminants can exist in four
different forms, as:
• Vapour;
• Isolated mobile liquid phase – NAPL;
• Adsorbed phase – on individual soil particles;
• Partly dissolved in water, soil humidity
There is a very wide range of different methods which are used for site remediation. It is not
the intention of this lecture to present the
overview of these methods, because they are
covered elsewhere, e.g. Suthersan (1997), are

Figure 10. Remediation by encapsulation

• Stabilization, solidification, - these methods
are based on the principle of mixing waste
with a bonding agent to create a stiff matrix
where the contaminant is bonded. As a
bonding agent the different combinations of
cement, ash, lime and slag are usually applied, see (Fig. 11).

Figure 11. Remediation by stabilization

• In situ reactive barriers – the principle of
this method is rather simple – with the help
of the vertical sealing wall the contaminant
plume is directed to the permeable window
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– permeable reactive barrier where contaminated water is cleaned – with the help of
sorption, precipitation or degradation, see
(Fig. 12).

the 13 century on the oldest Romanesque
church from the 9 century. The discussion about
utilization of old foundations is now typical of
large cities as the average design life of office
buildings is about fifty years. So it means that
buildings constructed in the 1950´s- 1960´s are
now often demolished and reconstructed. Many
of these large modern buildings have been
designed with wide column spacing necessitating the use of deep piles or piled raft foundations, as was the case e.g. for London, Chow
(2003). Therefore the discussion is about three
options – avoid, remove, reuse. The last option
is now preferred as reuse of old foundations has
many positive aspects from the environmental
point of view, e.g. Butcher, Powell and Skinner
(2006), as this option reduces:
• Use of natural resources;
• Total energy used;
• Potential for groundwater level changes and
groundwater pollution during construction;
• Quality of waste materials produced both
during demolition and construction;
• Number of vehicle and plant movements.
However before the final decision it is necessary in general to collect all possible information based on the available data and new investigation, during technical assessment to count
with ground conditions, the foundations layout
and dimensions, integrity and durability and
with the load capacity and performance.
The final decision therefore can recommend
the old foundations reuse, reuse with repairs or
augmentation, or no reuse. The decision not to
use the old foundations can also be affected by
the investor, asking for higher utilization of
underground spaces, as for example for garages.
Especially the problem of assessment of the
existing pile foundation capacity is a very
complicated process and is not only based on
old construction records, but has to take into
account also changes in the surrounding soil
with time as a result of changes of stresses
induced there by loading, unloading and reloading.
The above discussion in principle applies
also to spread foundations, which were used for
old dwellings, e.g. prefab panel buildings; for
farm buildings as well as for old industrial
structures. Although the price for removal is not
as problematic there as for pile foundations, the
version of reuse is very attractive. Here the
bearing capacity for subsoil composed of clays
increased with time as the result of consolida-

Figure 12. Remediation by in situ reactive barriers

5.6. Foundation of new structure
After the physical and chemical subsoil improvement there should not be great problems
with the foundation of new structures, nevertheless engineers have to be very careful about
contaminants residuum because some problems
with concrete degradation and steel corrosion
can start.
However interesting problems are on sites
where old foundations exist. This case applies
to centres of major cities across the World.
Throughout history mankind has been content
to build new buildings on the remains of the
previous ones to save the time and trouble of
digging new foundations. Such examples can be
found for churches, e.g. in Prague the baroque
church was constructed on the gothic one. And
this gothic church was constructed roughly in
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tion. Also the foundation settlement induced by
new loading can be rather low, as some additional structural strength had chance to develop
there with time for particle arrangement given
by stresses from the old foundations. The
possibility of foundation strengthening is easier
for spread foundations. For example a combination of old footings with micropiles can be a
good solution.
Many practical examples for pile foundations are presented by Butcher, Powell and
Skinner. They also discuss design of new
foundations for future reuse. So it means that
new foundations can have a much longer
lifetime than the rest of the structure. This
approach can be attractive for geological profile, where good subsoil is in a reasonable
depth. The perimeter of the foundation pit can
be constructed from a cut-off diaphragm wall
and the contact with good subsoil uses the
foundation slab. In this case some underground
levels can be used and in future there is no
problem to reinforce this slab directly or via
additional piles below it.

soil or by direct treatment in the place.
By 1998 when the project ended 85, 000
permanent new jobs had been created in Dockland, and thousands more were created during
its construction. The locality completely
changed its character and now can be characterized as a part of the modern, environment
friendly city, (Fig.13).

6. PRACTICAL EXAMPLES
All over the World there is plentiful first experience with construction on brownfields.
However London docklands are usually mentioned as the typical example, e.g. Berry (2003).
The London Docklands Development Corporation was set up by an Act of Parliament in
1981 as an urban development corporation. Its
objective was to secure the regeneration of the
London Docklands Urban Development Area
comprising 8.5 sq miles of East London just 3
miles from one of the largest and influential
financial centres of the world. This was a
Government led response to a huge decline in
the economy of the area brought about by the
progressive closure of the docks from the
1960´s which led to the loss of 12, 000 jobs. A
certain advantage there was the fact that a high
proportion of the land at that time was held by
public bodies.
Remediation of the site was a very difficult
task as the ground was contaminated physically
and chemically. Physical contamination was
defined there as contamination which causes an
adverse variation to the mechanical and physical characteristics of the subsoil to the extent
that the engineering design must take due regard
of it. Chemical contamination was treated either
by removal and replacement of contaminated

Figure 13. London Dockland – a) general view 1983
– according to Berry, b) present view – the O2 and
Canary Wharf from the Royal Victoria Dock Wikipedia

Since these days similar experience has been
gained in many other countries. In the next part
four examples were selected from the Czech
Republic.
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6.1. Prague – Sazka Arena

not affected. Since the foundation slab was
situated on the top of the bedrock, the recommended solution was rather simple. All the
overlying material was excavated and treated
off- site. To solve the problem of ground water,
drains for gravitational dewatering was proposed and bentonite mattresses applied to
improve the sealing capacity of the concrete
slab. Great care was devoted to the cleaning of
the bedrock surface to prove a very good
contact with the foundation slab, (Fig. 15).

The capital of the Czech Republic Prague is not
only a historical city with unique architecture in
the centre but also with many heavy-machinery
industries around, not so far from the centre.
The brownfield site “Green island” a part of
which is Sazka Arena is situated in the northeast
part of Prague. For the last century this place
was used by CKD company, producing there
locomotives. The main activities ended there in
1994. The fundamental conception counts with
redevelopment to a central multi functional
complex with a congress centre, hotels, entertainment centre, shopping and administrative
centres as sport playgrounds. The locality has
very good transport accessibility by the metro
system and along both sides there are tram and
railway tracks.
The first part of this complex Sazka Arena
was opened in 2004 with the world ice-hockey
championship. The site investigation started in
the phase when most of the old buildings were
demolished, see (Fig. 14).

Figure 15. Prague Sazka Arena – Cleaning of the
bedrock surface

Irregularities were fulfilled by concrete.
Now the Sazka Arena is an integral part of the
city, see (Fig. 16) and the surrounding area is
under the process of reconstruction as well.

Figure 14. Prague Sazka Arena – demolition of old
structures

Therefore many complications were there,
especially in connection with underground
structures, cables, pipelines etc. This investigation proved the geological profile with the
bedrock composed mainly of black clayey shale
which is covered by deluvial and fluvial materials. The terrain is inclined in one direction to
the brook passing through a small valley. Two
water collectors are there, the first one in
quaternary sediments and the second one in the
bedrock.
Contamination of subsoil was mainly created by hydrocarbons (mostly oil), but only
locally. It was approved that the bedrock was

Figure 16. Prague Sazka Arena – general view

6.2. Ostrava – Karolina
Ostrava is the third larges city in the Czech
Republic with 320, 000 inhabitants, situated in
the northeast part of the country, close to the
boundary with Poland and Slovakia. Heavy
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industry was typical and still is for the Ostrava
region, with deep coal mines and many metallurgical factories.
The area of brownfields Karolina, covering
60 ha, lies just in the city centre, approximately
500 m from the historical main square, e.g.
Fišer et al (2003). It is a unique situation, when
so close to the city centre there is such a large
area available. A real chance for the expansion
of the city into this area started in 1988, when
the industrial activities went down there and the
facilities had been destroyed. But the real
subsoil contamination due to nearly 150 years
of different activities was a limiting aspect. The
main industrial activities in this area were: Iron
works, a coking plant, mining shafts, chemical
plants and a power station, see (Fig. 17).

highest contamination occurred on the impermeable clay layer at the depth of some 11 m
bellow the terrain. It was also clear, that this
contamination would further spread along the
clay bedding towards the ground water flow, it
means especially towards the city centre. The
main aim of the remediation process was to stop
this spreading. Off-site thermal desorption was
used as the main remediation method but also
on-site methods as pump and treat, air venting
with help of injection of steam and detergents.
An international architectonic tender was
opened in 2000 and a general winner was a
team from Gliwice, Poland, (Fig. 18).

Figure 18. Ostrava Carolina – Developer view –
MULTI Development Czech Republic a.s.

The original expectation that the new construction will start immediately at the end of
remediation in 2005 was not fulfilled, but at the
end of 2009 the developer declared the assurance from banks to finance all the expected cost
about 600 mil. EUR.

Figure 17. Ostava Carolina – historical view –
www.nova-carolina.cz

The coke production including the related
chemical activities was the main reason for
ground contamination. The main contaminants
are tars, oils, poly-aromatic hydrocarbons,
aromatic hydrocarbons, phenols, sulphide and
ammonium ions as well as heavy metals.
Detailed site investigation was performed
between 1992 and 1995 and after that together
with foreign experts an investigation report was
prepared together with a risk analysis of the
ground contamination and finally a conceptual
design for remediation was proposed. As the
area is situated close to the river Ostravice, the
geological profile contains many fluvial sediments, clays, sands, gravels, which are situated
on tertiary clays (Miocene clays) which were
found at the depth of 8-11 meters. However
fluvial deposits were covered by made-upground formed mainly by concrete, steel, bricks,
tars, construction demolished materials etc. The

6.3. Ostrava region – New Vitkovice
Similar as Karolina is another complex in this
region – Vitkovice. In 1998, after 170 years of
activities, the production of raw iron, coke and
agglomerates was closed there. In 2002 this part
plus the deep mine Hlubina were declared by
the government as the National Cultural Monument (NCM) and in 2008 as European Heritage.
The engineering company VITKOVICE
MACHINERY GROUP is now preparing a
unique project New Vitkovice, which counts
with remediation of this part. The main aim is to
protect the industrial heritage for next generations, while giving this area a new, modern and
valuable image, to construct new flats, administrative buildings, research and university facilities together with areas for cultural and playtime
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activities (Fig. 19).
In the frame of NCM activities three basic
objects will be reconstructed and protected:
• Power station – central;
• Blast furnace
• Gas-holder
A special exposition “Universe of Technology” is proposed as a part of all the new area.

During the heavy floods in 2002 this area was
completely flooded. The Vltava River passing
through the centre of Prague had the old riverbasin in this place. About a hundred years ago
this river-basin was shifted about 100 m apart.
The old river-basin was refilled with gravel or
permeable backfill. The bedrock is composed
by shale in different phases of weathering and is
overlaid by fluvial deposits of different characteristics and partly by man-made deposits. In
this prone flood area the old structures as stocks
Small workrooms were used there in most
cases.
After floods in 2002, the dike, the protection
dam along river was increased to protect the
area against roughly 500 year’s flood. However
the protected terrain is about 3 m lower than the
crest of the new dike, see the plan and cross
section, Fig. 20.
When the developer started to think about
future utilization two problems came forth. The
first one was connected with the water level in
the river Vltava higher than the surrounding
terrain as a significant factor influencing the
sensitivity of the dike subsoil to piping, a factor
affecting the underground water table increase
and a factor enabling the outlet of water from

Figure 19. New Vítkovice – general view

6.4. Prague – Karlin, Rohan
The last example represents a combination of
classical brownfields with a flood prone area.

Figure 20. Prague – Karlin, Rohan – a) Plan, b) Pumping station, c) Schematic cross section

233

the nearest brook to the river Vltava. Protection
gates were constructed in the place of meeting
of the brook with the river Vltava together with
a pumping station to pump water when the gates
are closed to the main stream.
The second problem was connected with
foundation of new buildings with 3 up to 8
above-ground floorings and with proposed only
1-2 underground floorings, (Fig. 21).

as well.
From the practical example it is evident that
we are on the right way to redevelop derelict or
underused urban areas, to return them back as
integral part of the whole city.
Acknowledgement: The work presented in this
paper was carried out with funding from the
MSM CR grant number 6840770005 Sustainable
construction.
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In this case the ground water table under
general conditions is lower than the foundation
slab. When the ground water table is higher
during foundation construction, a version with
artificial flooding of the foundation pit was
proposed. Also for the finished structure the
underground floors will be flooded when the
water table will be roughly 1-2 m below the
terrain.
7. CONCLUSION
A brief overview of Environmental Geotechnics
shows that this profession plays a very significant role in the urban development process.
Environmental Geotechnics can guarantee that
the plans for the urban developments will agree
with the principle of sustainable development.
Construction on urban brownfields is a very
sensitive process, falling fully under the term of
sustainable construction. This new approach
shows that an excellent technical solution is a
necessary precondition, but not sufficient. Other
aspects to which the modern project must apply
itself to, are the environmental, sociological and
architectural ones, and of course also an economic perspective because the final solution
should be economically competitive.
Therefore for construction on urban brownfields the basic technical problems were defined
together with individual steps of the whole
process of redevelopment. But at the same time
connection to the other aspects was mentioned
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ABSTRACT: This lecture presents some geotechnical aspects of excavation in the urban environment, drawing
from recent experience gathered during construction of Lines 1 and 6 of Napoli Underground. The lecture
describes the construction techniques that were implemented to construct the stations of Line 1, including
artificial ground freezing, and illustrates some of the analyses that were carried out to interpret the observed
behaviour of the ground and the structures during construction. In most cases, the settlements connected directly
to the main excavation were small and the largest part of the settlements derived from accessory works. The
lecture also details how the experience gathered during construction of Line 1 oriented some of the choices that
were made in the design of Line 6.

1. INTRODUCTION

management of the urban rail network. The
objective of the administration was that of
rendering the many different functions of city
life accessible through the creation of a sustainable and extended net of public transport, such
that the use of private transport may become an
option rather than a necessity. These policies in
the management of mobility have lead to a
significant pressure for the construction of new
underground train lines, stations, and car parks,
together with the integration of existing lines.
This implied the necessity to carry out open
excavations and bored tunnels in the urban
environment, often in difficult ground, such as
coarse grained soils and weak rocks, and below
the water table, and almost always in close
vicinity of existing buildings and structures.
The ability to control displacements is crucial to the viability of any urban tunnelling
project in soft ground as ground movements
transmit to adjacent structures as settlements,
rotations and distortions of their foundations,
which can, in turn, induce damage affecting
visual appearance and aesthetics, serviceability
or function, and, in the most severe cases,
stability of the structures (Burland & Wroth,
1974; Burland et al., 1977; Boscardin & Cording, 1989). The need to limit ground movements can place significant restraints on the
position in plan and level of the tunnels and the
stations, resulting in more devious routing or
deepening of the works to reduce near surface
effects; also the methods of construction have to

As public demand for services to improve the
quality of life in the urban environment is
constantly growing, almost all greater cities face
the necessity of modifying the existing balance
between private and public transport. With an
urban population of approximately 1.2 million
people, Napoli is Italy's third largest city after
Roma and Milano. The population of the
metropolitan area centred around the city, or
Greater Napoli, is 4.4 million inhabitants
according to SVIMEZ (Smarazzo, 1999) or
nearly 5 million according to CENSIS (2008),
for a density of population of about
1.950 ab/km², the highest in all Italian metropolitan areas and one of the most elevated in
Europe.
At the end of the 1990s, Napoli public
transport network still suffered from the lack of
integration and poor connections, as well as
from the fact that large areas of the city were
not served by any underground station. As a
result, Napoli had become notorious for its
horrendous traffic problems with a dramatically
increasing air pollution, unacceptably long
travel times in rush hour, and negative effects
on the city economy and public health.
In 1997, the Municipality of Napoli approved a new City Transport Plan which called
for a review of the network, improved controls
over maintenance expenditure and general
finances, a new tariff control system, and better
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be chosen to contain ground losses and subsidence. This is particularly applicable to cases
where existing structures are of monumental
and historical value - Napoli historic city centre
is listed by UNESCO as a World Heritage Site and thus the control of ground movements and
the protection of the built environment from
potential damage become the main design and
construction issues.
This lecture deals with the geotechnical aspects of excavation in the urban environment
drawing from experience gathered during
construction of Lines 1 and 6 of Napoli Underground. In both cases, the running tunnels are
very deep, so that the surface effects due to their
construction are negligible; the main source of
potential damage on the built environment is
represented by the deep open excavations
required to accommodate station boxes and by
shafts, passageways and accessory excavation
works. This lecture describes the construction
techniques that were implemented to construct
the stations of Line 1, including artificial
ground freezing, and illustrates some of the
analyses that were carried out to interpret the
observed behaviour of the ground and the
structures during construction (Viggiani & de
Sanctis, 2006).
The lecture also details how the experience
obtained during construction of Line 1 oriented
some of the choices that were made in the
design of Line 6. In this case, the design was
oriented at minimising ground settlements
connected to accessory construction activities
such as anchor installation and station tunnel
enlargements, and the expected settlements due
to the excavation of the stations are small.
Therefore particular care was given to the
measurement and control of ground movements
connected to diaphragm wall installation in
coarse grained soils under the water table.

Napoli Underground was 470,000, or 29 million
per year, but following the planned network
expansions, this is expected to rise to over
700,000 per day by 2011.
The first railway in Naples was the Naples–
Portici line, which was 7.640 km long and was
inaugurated on October 3, 1839, only nine years
after the opening of the world's first inter-city
railway - the Liverpool and Manchester Railway. By the late 19th century, competing
private enterprises had established various lines,
primarily crossing the city east to west, with
poor access to northern suburbs. In 1911,
construction on the urban section of the NapoliRoma railway was commenced and it eventually opened in 1925; at present, this urban
section of the Napoli-Roma train line is still part
of Line 2 of Napoli Underground. At the end of
World War II, the metropolitan rail network of
Naples consisted of five urban and some suburban lines which were poorly connected with
each other: Ferrovia Cumana and Circumflegrea, Ferrovia Circumvesuviana, Ferrovia
Alifana (now MetroCampania Nord-Est) and
Metropolitana Trenitalia.
The idea of a fully integrated urban rail network for Naples was first proposed in the 1950s
as part of the post-war regeneration of the city.
Plans were first formulated in the 1960s, but
funding, planning and development problems
and crime and corruption all caused long delays.
Construction began in 1976, and it was hoped
that a line connecting central Napoli to Stadio
San Paolo in the borough of Fuorigrotta would
be completed in time for the 1990 FIFA World
Cup competition in which Napoli was a host
city. A 2.2 km section with two stations at the
western end of the line was completed in 11
months, however the line was not able to
operate during the World Cup. This part of the
line is currently being integrated as part of
Line 6.
Napoli first rapid transit line opened in
1993, running for 4 km between Colli Aminei
and Vanvitelli station; two years later the line
was extended to reach Piscinola station for an
overall track length of 8 km (Briginshaw, 1999).
The 1997 City Transport Plan included three
main phase of redevelopment. Phase 1 consisted
of an expansion to five lines, with major redevelopments of Line 1, to take the network up to
53 km of track (45 km of existing lines), with
68 stations (23 newly built), and 12 interchange
nodes, which was completed by 2002. Phase 2
was designed to increase the network to 7 lines,

2. NAPOLI UNDERGROUND
Metropolitana di Napoli, or Napoli Underground, is the metro system serving the city. At
present, it includes six underground rapid transit
railway lines, a commuter rail network, and four
funicular lines, with planned upgrading and
expansion work underway (see Fig. 1). With
nearly 54 km of track and 69 stations currently
operating and more due to open as part of the
expansion plans, Napoli Underground is the
second largest in Italy after Metropolitana di
Milano. As of 2005, the daily ridership on
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Figure 1. Napoli Underground network: present situation.

with 84 stations, and 16 interchange nodes, and
is currently under way. Phase 3 will see the
network expanded to 10 rail lines with 93 km of
track, and a further 30 km of new light rail
linking 114 stations, with 21 interchanges.
Once the plan is completed, 70% of Neapolitans
should be living within 500 meters of a transport access point. In the following, attention
will be focused on Phase 2 construction works
of Line 1, nearly completed, and Line 6, currently under way.

included in this part of the route, namely
Toledo, Municipio (Town Hall), Università,
Duomo and Garibaldi (Main Railway Station),
have required very deep open excavations in
coarse-grained soils below the water table (up to
a maximum of 30 to 35 m), in a densely built
urban environment, characterized by the presence of many buildings of historical and artistic
value at the surface. Furthermore, significant
direct interferences between the line and important buried archaeological remnants have arisen
during excavation: at Dante Station the works
were interrupted when they hit the city walls of
the Greek Neapolis, the headworks for Municipio Station exposed part of the structures of
the Roman port of the city, dating to the II
century, with the recovery of at least three
roman ships, and at Duomo Station a medieval
fountain from the XIII century and a Roman
building of Imperial age with important decorations and mosaic floors were uncovered by
excavation. In fact, in this case, the original
design had to be changed to accommodate for
the outstanding archaeological findings, and the
completion of this station is lagging behind the
rest of the line.
For all the reasons above, construction of
the line was accompanied by an intense program of monitoring designed to measure and/or

3. LINE 1
The final route of Line 1 consists of a closed
ring connecting the North outskirts of the city,
the area of the hills, the historical centre, the
administrative district, and the airport, for a
total length of about 30 km and 25 stations (see
Fig. 2). About one half of the line, the so called
Tratta Alta, between Piscinola and Dante
stations, has been constructed during Phase 1,
with a very positive impact on the traffic at
surface; an estimated 40,000 people/hour in
rush hour should travel on the line once completed (Cascetta, 2000).
The construction of the Tratta Bassa, about
6 km long and currently nearly completed, has
proved more problematic. The five stations
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Figure 2. Plan view of Linea 1 of Napoli Underground.

control the effects of excavation on the adjacent
structures. This included the measurement of
the displacements of existing buildings, of the
ground surface behind the excavations, and of
the retaining structures; of any changes in the
groundwater regime; of the forces in the anchors used to support excavations.

gravity, filling the existing valleys and ditches
and then growing in thickness, as different
eruptions put in place more materials. The fact
that the materials are deposited at high temperature, induces the formation of hydrated aluminosilicates such as zeolites, inducing interparticle bonding. In this case, both deeper cemented
deposits (Tuff) and granular deposits (Pozzolanas) at shallower depths were formed. The
Neapolitan Yellow Tuff is characterized by the
presence of a system of randomly distributed
sub-vertical fractures, locally known as
scarpine, connected to the progressive cooling
of the pyroclastic mass with the emission of
trapped gas.
During the following rest period of about
2000 years, the pyroclastic materials were
eroded, transported, and re-deposited. The
remoulded Pozzolanas are very well graded and
not easily recognised from the intact pyroclastic
deposits. They appear layered, sometimes
interbedded with in situ Pozzolanas, sometimes

3.1. Ground conditions
Figure 3 shows the soil profile and groundwater
conditions along the route of the Tratta Bassa
(Viggiani and de Sanctis, 2006). All the natural
deposits within the depth of interest are geologically recent and were formed in a relatively
short period of time. The Yellow Tuff and the
Pozzolanas were deposited during the second
active phase of the volcanic complex of the
nearby Phlegrean fields (or II period according
to De Lorenzo, 1904) about 12,000 years ago,
as pyroclastic flows, or hot masses of ashes,
pumices, rock fragments and gases moving
rapidly along the ground surface in response to
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Figure 3. Line 1: geotechnical profile along tunnel axis.

with marine sand deposits, such as in the area of
Municipio Station. A deep erosion ditch existing near Duomo Station is filled with remoulded
Pozzolana.
A new active phase of the Phlegrean Fields
(III De Lorenzo Period), this time explosive,
deposited the so called Neapolitan Pyroclastic
Pile, consisting of easily eroded alternating
layers of pumices, ashes, pozzolanas, and
lapillus. In the city the thickness of the Pyroclastic Pile, where not eroded, is about 15 m.
The eruptions of Mount Vesuvius, even major
ones such as the Plinius eruption of 79 A.D.,
contributed little to the subsoil of Napoli.
The pyroclastic deposits are overlain by
sands or silty sands of marine or fluvialpalustrine origin. The whole area between
Piazza Municipio and Piazza Garibaldi was
below sea level. Depending on the distance
from the coast line, the conditions of deposition
were either marine or palustrine; in the area of
Municipio Station the deposits are of shallow
sea depositional environment. In the final
segment of the Tratta Bassa the thickness of the
marine deposits increases gradually due to the
accumulation of the pyroclastic products of the
III Phlegrean Period transported and redeposited in the water.
Most of the areas near the coast derive from
reclamations carried out in historical times,
between 1400 and the late 1800; quite meaningfully, up to relatively recently, the area of the
central railway station was known as Paludi, the
Italian word for swamps. This is reflected in the
thickness of the made ground, in some areas
larger than 10 m. Because of the close vicinity
to the sea, the water table is relatively close to
ground level.

between Duomo and Garibaldi stations consisted of shallow tunnels constructed by cutand-cover. At a later stage, it was decided to
bore the tunnels within the Yellow Tuff formation, with the main advantages of minimising
direct interferences with the archaeological
layer and the surface, which is restricted solely
to the stations, and, due to the good mechanical
properties of the tuff, reducing the settlements
and the potential damage induced at surface. In
this manner it was possible to cross a densely
built environment without significant interferences with existing structures and infrastructures and very limited disruption of transport at
surface during construction (Viggiani, 2000).
The main drawback associated to this design
is the fact that a long part of the line is well
below ground water table with hydraulic heads
between 25 and 30 m. The very high pore
pressures, together with the random occurrence
of scarpine in the tuff, have made it necessary
to bore the tunnels with closed shield earth
pressure balance machines, while the station
tunnels were enlarged by conventional mining
with the aid of artificial ground freezing,
chemical injections and cement grouting. The
stations were excavated within reinforced
concrete diaphragm walls supported by steel
tubular props at the surface and several levels of
pre-stressed anchors; protective measures were
adopted to minimise the effects of anchor
installation below the water table.
Further interferences of the line with ground
water table may arise in exercise. Between
Università and Garibaldi Stations, in fact, the
tunnels are orthogonal to the direction of the
ground water flow towards the sea, and may
potentially restrict the water flow causing
ground water surges, or backwater, with negative effects on the existing structures. Pore
water pressures in the potentially affected area

3.2. Design issues
The preliminary design of the part of the line
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Figure 4. Plan view of Garibaldi Station.

excavated in a very densely built environment
through cohesionless granular deposits with a
thickness between 20 and 30 m and then in a
fissured soft rock, under water tables at 30 to
35 m above the bottom of the excavation. These
are very major works requiring adequate construction techniques.
Support for the excavations is provided by
reinforced concrete diaphragm walls excavated
using a hydromill, in 2.5 m wide, 1 m thick
panels, typically supported by steel tubular
props at the surface and 4 to 6 levels of prestressed anchors. In some cases, to restrain
further ground movements, the floor slabs of the
station boxes were constructed top-down as
excavation proceeded; this support system was
adopted when the buildings at the soil surface
were located very close to the excavation area,
as e.g. in the case of Garibaldi Station.
Enlargement of running tunnels to accommodate platforms and excavation of inclined
access passageways, both in conventional
mining, are also part of station construction.
Platform tunnels are generally contained within

were carefully monitored to define accurately
the hydraulic boundary conditions and seepage
analyses were carried out to show that the
potential surges are relatively small.
In the urban area, a complex and largely
unmapped network of cavities exists within the
Tuff formation; these are mostly man made
cisterns, aqueducts and abandoned quarries.
Along the Tratta Bassa, however, the tunnels
are very deep and it is unlikely that they might
intersect any significant man made cavity; only
in the initial part of the line, between Dante and
Toledo, do the tunnels run at relatively shallow
depths and above the ground water table. In this
case the tunnels intersect a very well known
cavity or Carceri di San Felice for which very
detailed studies were carried out (Viggiani,
2000).
3.3. Deep excavations
The open excavations required to build the
stations of the Tratta Bassa have a maximum
depth ranging between 35 and 50 m b.g.l., and a
typical plan area of about 1000 m2. They are
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Figure 5. Cross section of the station box (at position of inclinometer S2).

the Neapolitan yellow tuff, while inclined
passageways run, at least partly, in the granular
soils.
This part of construction was carried out
with the aid of Artificial Ground Freezing. The
technique consists of driving freeze tubes into
the ground parallel to the tunnel length around
the future excavation section, and then circulating a refrigerating fluid into the tubes until the
temperature of the ground around the tubes is
below the freezing point of the groundwater.
The refrigerating fluid can be Nitrogen, liquid at
about -196°C and then exhaust as gas in the
atmosphere, or brine (calcium chloride) at about
- 35°C which is generally re-circulated through
a refrigeration plant. The contractor specified
that construction of both platform tunnels and
inclined passageways should be undertaken
within 1 m thick frozen collars with external
surfaces at a temperature of -10°C.

The frozen collar serve static purposes for the
inclined tunnels and water proofing purposes
for both platform tunnels and passageways.
4. GARIBALDI STATION
The new Piazza Garibaldi station was constructed within a 44 × 20 m2 rectangular excavation, with a maximum depth of 45 m b.g.l.,
protected by 1 m thick concrete diaphragm
walls, excavated using a hydromill, in 2.5 m
wide panels, see Figures 4 and 5. Four floor
slabs, constructed top-down as excavation
proceeded, provided support in the upper part of
the excavation, while in its lower part six levels
of anchors with lengths between 12 and 31 m
were installed. At the top of the retaining walls,
one level of tubular steel props further restricted
wall movements.
The sequence of main construction phases for
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Table 1. Construction phases of Piazza Garibaldi Station.
#
1
2
3
4
5
6
7
8
9
10
12
13
14
15
16
17
18
19
20
21

Description
Install diaphragm wall
Inst. 1st level of support + exc. to 3.3 m asl
Install first floor
Excavate to -2.7 m asl
Install second floor
Excavate to -6 m asl + drill anchor level A
Pre-stress anchor level A
Excavate to -8.7 m asl
Install third floor
Exc. To -12 m asl + drill anchor level B
Pre-stress anchor level B + drill anchor level C
Pre-stress anchor level C
Excavate to -14.7 m asl
Install fourth floor
Excavate to -19.7 m asl & drill anchor level D
Pre-stress anchor level D
Excavate to -24m asl & drilling anchor level E
Pre-stress anchor level E
Excavate to -28.5 m asl + drill anchor level F
Pre-stress anchor level F

Garibaldi Station box is summarised in Table 1.
The presence of adjacent structures is unavoidable in such a dense urban environment as
Napoli; in this case, two relatively big residential masonry buildings, 37 × 74 m2 size in plan,
of 5 and 7 storeys, are located very close to the
station box, at a minimum distance of about 3.6
m (see Figs 4 and 5).

Date
19.10.02
10.12.02
19.02.03
17.06.03
18.07.03
22.08.03
11.09.03
30.09.03
04.11.03
18.11.03
28.02.04
08.03.04
30.03.04
00.05.04
19.06.04
10.07.04
31.08.04
14.09.04
28.09.04

samples for testing in the laboratory and CPT
tests close to the excavation. The groundwater
table is hydrostatic at about 9.5 m b.g.l.
4.2. Monitoring
An intense programme of monitoring was set up
to control construction and mitigate and/or
prevent the effects induced by excavation on the
surrounding buildings. The layout of instruments is represented schematically in Figure 5.
Monitoring activities included the measurement
of: horizontal displacements of the diaphragm
walls delimiting the station box, by means of 6
inclinometers; hydraulic head, by means of 10
Casagrande piezometers installed along the
perimeter of the excavation and of one standpipe within the excavated area; anchor forces at
installation and in working conditions, by
means of 15 load cells; settlements of the
ground and buildings adjacent to the excavation
works, by precision levelling of 18 reference
points.
Figure 7 shows the deflected wall profiles
measured by inclinometers S1 and S2 at different dates during excavation. As a consequence
of some faulty operation, inclinometer S2 was
damaged at the end of construction phase n. 16.
Therefore, the total deflections of the wall at the
end of the excavation (construction phase n. 22)

4.1. Local ground conditions
Ground conditions along the route of the Tratta
Bassa are very variable, both horizontally and
vertically. In this area, starting from ground
level and moving downwards, the subsoil
profile consists of made ground and remoulded
ash underlain by remoulded ash and alluvial
and/or in situ pyroclastic sand (Pozzolana) over
a base layer of yellow Neapolitan tuff (Mandolini et al., 2004).
Figure 6 details the soil profile and the main
physical (voids ratio, e0, dry density, γd, and
density at the natural water content, γ) and
mechanical properties (SPT blow-counts, CPT
profiles, and friction angles from laboratory
tests) of the ground in the area of the new
Garibaldi Station, as obtained from site and
laboratory investigations carried out since 1997.
This included tens of boreholes formed in the
vicinity of the station with SPT tests about
every three meters and retrieval of disturbed243
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Figure 6. Soil profile, physical and mechanical properties from in-situ and laboratory investigations at Garibaldi
Station.
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The settlements of the buildings in a number of
reference points installed close to the station
box are plotted in Figure 8 as a function of time.

are only available at the position of inclinometer
S1.
From construction phase n. 4 onwards, the
magnitude of the horizontal displacements
measured by both inclinometers S1 and S2
increases substantially and the classical bulging
shape characterizes the deflected wall profiles.
The maximum measured wall deflection was
about 35 mm at a depth of about 20 m b.g.l.,
and was measured at inclinometer S2 during
construction stage n. 14. After reaching a depth
of excavation of about 24 m b.g.l. the deflections of the wall did not increase any more.
Because inclinometers S1 and S2 were installed
within the panels, the measured deflections only
represent ground movements after wall installation.
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Figure 8. Foundation settlements measured after
completion of excavation.

The base reading for surface settlements was
taken after completion of wall installation, so

Figure 7. Inclinometer profiles S1 and S2.
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the measurements cannot shed any light on the
magnitude of ground movements due to wall
installation. The maximum absolute settlement
connected to excavation (wmax ≅ 31 mm) was
recorded at reference point B6, installed near
the corner of Building B. At the early stages of
construction the rate of settlement was in the
range 1÷2 mm/month. During construction
stage n. 10 (excavation at –12 m a.s.l.), carried
out in mid November 2003, the observed rate of
settlement suddenly increased to about 25
mm/month. This was connected to significant
water and soil flow into the boreholes drilled to
install anchor level B. As these were put in
place and injected while the casing of the hole
was retrieved, large amounts of water and soil
were flowing out of the holes, creating localised
ground loss and therefore subsidence immediately beneath the foundations of the adjacent
buildings. After changing the technique to
install the anchors the rate of settlements decreased back to about 2.5 mm/month. The
observed settlements (w/H ~ 0.1%, H = maximum excavation depth) are in good agreement
with the experimental data reported by Clough
and O’Rourke (1990) for similar retaining
structures in coarse grained ground (w/H =
0.1÷0.2%) and smaller than those corresponding
to damage in the buildings (βmax=1.23×10-3).

due to the main excavation.
4.3. Numerical analyses of the main excavation
Many factors affect the numerical prediction of
ground movements associated with excavations:
the choice of an adequate constitutive model for
the soil, the correct definition of the soil profile,
the selection of representative mechanical
properties for each layer, the definition of
appropriate ground water conditions and initial
stress states, the representation of the structural
geometry and boundary conditions, and the
modelling of the sequence of construction
phases. Each stage of the process requires
approximations and simplifications of the
physical problem under examination, which will
affect the results of the analyses to a greater or
lesser extent.
The analyses described below (de Sanctis et
al., 2006) were carried out in plane strain
condition using version 6.4 of the commercial
finite element code ABAQUS. The analysed
section of the station box corresponds to the
position of inclinometer S2.
The ground was taken to behave fully
drained both during installation and subsequent
excavation; for construction phases in which the
bottom of the excavation was below groundwater table, pore fluid pressures were calculated
for steady state seepage with the following
hydraulic boundary conditions: impervious
wall, pervious boundary at the bottom of the
excavation with zero pore water pressure,
impervious boundaries at the sides and at the
base of the mesh, constant hydraulic head at the
back of the wall, corresponding to the hydrostatic condition before excavation.
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Table 2. Anchor forces.
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Figure 9. Ground surface profiles recorded at construction phase n. 18 (see Table 1).

Figure 9 illustrates the settlement profiles of
alignments B6-B14 and B5-B13 (see Figure 5)
at the end of August 2004, or construction phase
n. 18. They did not increase significantly during
subsequent construction phases, and, therefore,
they can be considered well representative of
the surface settlement at the back of the wall

Force, kN/m
537
386
286
868
929
806

The soil was assumed to behave like a linear
elastic – perfectly plastic material with MohrCoulomb failure criterion while the diaphragm
wall was modelled as a linear elastic solid with
a Young´s modulus E = 31.2 GPa and a Poisson´s ratio ν = 0.15.
Anchors were modelled as constant nodal
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u [mm]

forces, see Table 2; this is because the measurements of anchor forces at installation and in
exercise showed that there was less than 6 %
variation from the initial value as excavation
proceeded below each anchor level. Floor slabs
were modelled as linear springs whose stiffness
was obtained by finite element analyses of the
floor slabs to take into account their geometry
with irregular openings for mucking, see Table 3.
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T
2.5

WIM
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-2.5
10
-7.5

Table 3. Stiffness of floor slabs.
Slab
1
2
3
4

10

14
16

-12.5

K, kN/m/m
1.58·105
1.75·104
1.58·105
1.75·104

-17.5

Measured
deflections

-22.5
-27.5

The friction angles of cohesionless layers were
obtained from in situ and laboratory tests. The
values of cohesion and friction angle for the
yellow tuff were derived from a few available
results of unconfined compression tests and
published data. Interface elements within the
tuff were given cohesion of 20 kPa and no
tractions were allowed between the wall and the
tuff.
Elastic modules of the different layers were
obtained by back analyses of wall deflections
according to the following procedure: the
relative stiffness of the different layers was
evaluated first, based on the results of site cone
and standard penetration tests (CPT, SPT) and
then the absolute value of the stiffness of each
layer was fixed by fitting the wall deflection
profile measured by inclinometer S2 at stage n.
16. The above procedure was applied in analyses where the process of slurry trenching and
concreting was modelled (WIM, or Wall Installation Modelled analyses).
Recent experiences of diaphragm walls built
in Singapore (Poh et al., 2001) showed that
there is a significant effect of the width of the
panels on the magnitude of the horizontal
displacements of the ground during installation.
In particular the maximum horizontal displacement increases as the area of the lateral surface
of each excavated panel increases. Because
they are carried out in plane strain conditions,
WIM analyses modelled wall installation as the
excavation of an infinitely long slot, and,
therefore, installation effects are likely to be
overestimated.
Figure 10 shows the deflected wall profile

-32.5
-37.5

Figure 10. Ground surface profiles recorded at
construction phase n. 18 (see Table 1).

obtained from WIM analyses. In order to
compare with the measured values, the computed horizontal displacements are increments
relative to the end of the installation stage. The
match between the predicted and expected
deflections is satisfactory, with the exception of
the upper part of the diaphragm wall (z = 0 ÷
10 m b.g.l.), where the measured displacements
are nearly constant (w ≅ 5mm) while the computed values increase almost linearly from a
minimum value of about 4 mm at surface to
about 20 mm at a depth of 10 m b.g.l.
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Figure 11. Predicted and observed settlements at the
back of the wall.
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An estimate of the settlements of the buildings
induced only by excavation can be obtained
correcting the plots of Figure 8 to subtract the
sudden increase of settlements observed at
construction stage n. 10. Figure 11 summarizes
the comparison between the surface displacement predicted at the back of the wall and the
observed values corrected to eliminate the
sudden increase recorded during installation of
anchor level B. The agreement is very satisfactory with the exception of distances from the
wall smaller than 10 m. When the loads transmitted by the adjacent buildings to the ground
(about 60 kPa, in plane strain conditions) were
included in the analyses, the pattern of computed surface settlements at the back of the wall
did not change substantially.

Table 4 were applied to the two up-most levels
of support. The results of these analyses correspond to the deflection profile labelled T in
Figure 10 and are in very good agreement with
the experimental observations.
4.4. Platform tunnels.
ground freezing

The excavation of the station box began in
October 2002 and was completed nearly exactly
two years later, in October 2004. The working
activities for the platform tunnels began, approximately, after completion of the main
excavation, in the mid of October 2002. At
present, all four station tunnels and inclined
passageways have been successfully completed.
Even if the platform tunnels crown is always
below the roof of the Neapolitan Yellow tuff,
artificial ground freezing was implemented as a
protective measure before excavation. In this
case, the intention was to create an impermeable
collar around each tunnel in order to prevent
water flow into the excavated area from the
existing system of sub-vertical fractures known
as scarpine and previously mentioned. Figure 13
shows the location of the freezing pipes around
the tunnel. Ground temperatures during the
freezing stages were measured using thermocouples installed in observation holes.
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Figure 12. Temperature changes recorded during
construction.

A very substantial improvement of the pattern
of the predicted deflections of the wall was
obtained when thermal effects were explicitly
considered in the analyses. Significant changes
in temperature were recorded during construction as shown in Figure 12.
These temperature changes affect primarily the
tubular steel props at ground level and floor slab
1 (see Figure 5), i.e. those support elements
directly exposed to sun radiation.
Table 4. Temperature changes corresponding to
thermal distortions applied in the analyses.
Period
January-July 2003
September-December 2003
January-August 2004

Figure 13. Location of the freezing pipes around a
platform tunnel.

ΔT, °C
~ 20
~ -20
~ 20

Figure 14 illustrates the foundations settlements
for building B recorded at various construction
phases, including those for ground freezing,
bottom sealing treatment and excavation of the
platform tunnel. Some heave was ob-served at
the ground surface, clearly connected to the

WIM analyses were carried out in which three
uniform thermal distortions corresponding to
the changes of temperature summarised in
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nomenon was probably due to the formation of
a continuously growing ice lens behind the
diaphragm wall, due to the frozen front attracting water, because of the suctions developed
around the frozen fringe.
5. MUNICIPIO STATION
The new station in Piazza Municipio was
constructed within a 23.4 × 49.2 m2 rectangular
excavation, with a maximum depth of 38 m
b.g.l., protected by 1 m thick concrete diaphragm walls, excavated using a hydromill, in
2.5-2.8 m wide panels, see Figures 16 and 17.
The excavation was supported by six levels
of anchors with lengths between 11 and 18 m.
To further restrict wall movements one level of
tubular steel props was added at the top of the
retaining wall as for the case of Piazza Garibaldi. The anchors are temporary support
systems for the excavation, permanent structures of the station have been designed to
sustain the whole earth pressure in exercise. The
sequence of main construction phases for
Municipio Station is summarised in Table 5.

Figure 14. Settlements of reference points by precision levelling.

5.1. Local ground conditions
The subsoil profile in the area of the new
Municipio Station is similar to that found at
Garibaldi Station. It consists essentially of made
ground and remoulded ash underlain by remoulded ash and alluvial and/or in-situ pyroclastic sand (Pozzolana) over a base layer of
yellow Neapolitan tuff. The groundwater table
is found at a depth of 7 m from the ground
surface corresponding to 2.0 m a.s.l.
The geotechnical investigations included
tens of boreholes formed in the vicinity of the
station with SPT tests and retrieval of disturbed
samples for testing in the laboratory and CPT
tests close to the excavation box. The made
ground is around 9 m thick and consists essentially of a matrix of pyroclastic sand incorporating fragments of rubbles and Neapolitan tuff.
Below the made ground a layer of remoulded
ash mixed with marine sand is found between 2
and -2 m a.s.l. At greater depth and down to
about -11 m a.s.l. there is a low sea deposit of
marine sand. The total thickness of the cohesionless granular materials over the yellow
Neapolitan tuff amounts to about 21 m. Results
from boreholes highlight that the roof depth of
the Neapolitan tuff is somewhat variable,
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freezing phase (Nov 2004 - July 2005).
The complete displacement history of reference point B8, belonging to the vertical section
located in the mid of tunnel B1, is shown in
Figure 15, as an example. During excavation
and subsequent installation of permanent lining
in frozen ground the settlements of the building
increased and continued to increase, at a quite
dramatic gradient, as thawing proceeded. This
was probably due to a combination of the
effects of thawing and water flow into the
excavated area through the imperfections of the
ice lining and particularly at the connection
between the diaphragm wall and the station
tunnel. Such unfavourable trend of the settlements at the ground surface appeared incompatible with the safety of the existing buildings
and, consequently, their foundations were
underpinned by micropiles.
Ground freezing also affected wall deflections and hence the loads of anchors. This phe-
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Figure 15. Settlements of reference point n. 8 (‘Side
CDN’ Building). (1) and (2): Installation of anchors;
(2) and (3): Ground freezing; (4): Excavation of
platform tunnel; (5): Permanent lining installation;
(5) and (6): Thawing; (7): Corrective measures by
underpinning.
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Figure 16. Plan view of the Municipio Station.

Figure 17. Cross section and subsoil conditions at Piazza Municipio.

standing between -18 to –22 m a.s.l. (see Fig.
17).

ground and buildings adjacent to the excavation
works by precision levelling.
In the case of Piazza Municipio a very important 5–storey masonry building, the seat of
the Administrative Court, is situated in proximity of the station box at a distance of about
9 m. The settlements of this building were
measured in a number of reference points.
Figure 18 reports the time-displacements plots
recorded during excavation. The base readings
for settlements was taken after the completion

5.2. Monitoring
The layout of instruments is schematically
shown in Figure 16. Monitoring activities
included the measurements of: hydraulic head
by means of Casagrande piezometers installed
along the perimeter of the excavation; anchor
forces at installation and in working conditions
by means of load cells; settlements of the
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already discussed.
5.3. Platform tunnels. Effects of artificial
ground freezing
At present all four platform tunnels at Municipio station have been successfully completed with the aid of artificial ground freezing.
As an example, some data from the construction
of tunnel A1 are described in the following.
This is about 60 m long. Horizontal freeze–
tubes were installed to protect tunnel excavation
within a 1 m thick frozen collar of Neapolitan
tuff, see Figure 20.

Figure 18. Time-displacements plots for some
reference points.

of wall installation, so the measurements cannot
provide any information on the ground movements due to the installation of the panels. As
for Garibaldi Station, a sudden increase of
settlement was observed during the installation
of an intermediate anchor level (anchor level E).
Again, such an increase was due to water and
soil flow into the boreholes drilled to install the
anchors.

Figure 20. Freezing-tubes and observation holes
arrangement for tunnel platform A1.

The thermal properties of the frozen pyroclastic
deposits for numerical analysis were obtained
by back analysing the behaviour observed on a
trial site including several vertical freezing
tubes and observation holes for the measurement of ground temperatures in cycles of
freezing and thawing.
Transient heat propagation is a very non linear problem as the thermal diffusivity of ice is
about eight times that of liquid water, and the
propagating ice front separates the dominium in
two regions with very different thermal properties; in this case the problem was tackled
numerically, using the FE code ABAQUS
(Viggiani and de Sanctis, 2006).
In the case of piazza Municipio freezing was
activated with nitrogen and maintained with
brine. This permitted to reduce the times required for the formation of the frozen collar of a
few weeks and to overcome the main reason for
incomplete or inadequate ground freezing that is
the excessive seepage of water in the vicinity of
the ice barrier, while containing the maintenance costs. At the end of the nitrogen activa-

Figure 19. Hydraulic head measurements behind the
panels during construction.

Figure 19 details the measurements of the
hydraulic head at the back of the wall recorded
during the various construction phases. The
abrupt changes in hydraulic head recorded in
the mid of May 2005, i.e. during installation of
anchor level E, are clearly related to the unexpected increase of settlement that has been
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tion phase, before brine can be circulated in the
freeze tubes the temperature of the ground
immediately around the freeze tubes has to rise
to -40° C, otherwise the brine would freeze in
the tubes. In the time interval before circulating
brine the frozen front continues to expand due
to thermal inertia.

Due to the misalignment of the freeze tubes, the
real ice wall, whose extent is defined by the
contour at –10°C, as measured by the thermocouples in the observation holes is much less
regular than that predicted by numerical analysis. In particular, closer to the diaphragm wall a
thinner ice wall was observed as shown in
Figure 22.
The settlements of the adjacent buildings did
not change significantly during ground freezing
around the first tunnel to be excavated. This is
probably due to the fact that the lowering of the
ground water table due to the water flow towards the tunnel did not exceed the lowering
already experienced during the main excavation
phase, due to the installation of anchor level E.
6. LINE 6
At present, Line 6 only connects the borough of
Fuorigrotta with that of Mergellina, but extensions to the line are under design to reach the
eastern borough of Bagnoli and under construction to connect with the city centre at Municipio
Station (see Fig. 23), for a total final length of
about 8 km and 12 stations.

Figure 21. Temperature contours computed at
different stages of the freezing plan: (a) predicted
temperatures at end of the activation with nitrogen
and (b) temperatures computed after 9 days of
maintenance with brine (NT11 = nodal temperature
variable).

The predicted temperature contours at the end
of activation with nitrogen and after 9 days of
maintenance with brine are shown in Figure 21.
Figure 23. Overview of Line 6.

The design of the eastward part of the line,
approximately 3 km long with 4 stations, should
be completed within 2011 and construction
should start in 2012. About 2 km of the line,
between Politecnico and Mergellina Stations,
have been constructed and are operating since
February 2007. The line follows in part the
route of the old Linea Tranviaria Rapida (Fast
Tram Line), begun in 1980s and later abandoned. In 2006 preliminary work began on the
3 km extension of the line to Municipio, where
work is under way on Line 1. Figure 24 shows
in more detail this part of the line and the
location of its four stations, namely Arco
Mirelli, San Pasquale, Chiaia and Municipio.

Figure 22. Ice wall defined by the contour at -10°C.
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Figure 24. Detail of eastwards extension of Line 6 currently under construction.

The first three are under construction, while the
works for the connection with Line 1 at Municipio have not begun yet. The estimated
number of daily travellers on Line 6 will be
about 154,000, for a yearly figure of about 46
million passengers.
Similarly to the stations of the Tratta Bassa
of Line 1, the open excavations required to
build Arco Mirelli and S. Pasquale Stations are
very deep and have to be created through
coarse-grained soils below the water table. In
fact, in this part of the city, the roof of the tuff
layer is at an even deeper level than in the area
of the Tratta Bassa, at about 30-40 m b.g.l., and
the water table closer to the ground surface, at
about 1-2 m b.g.l., as the line runs very close to
the sea coast. In both cases, the open excavations required to accommodate the stations are
very close to buildings of historical and artistic
value. Line 6 proceeds towards Piazza Municipio passing very close to one side of Palazzo
Calabritto and under the Pizzofalcone hill. The
deep station of Chiaia is located under Piazza S.
Maria degli Angeli; this is above groundwater
level and it will be excavated mostly in the tuff.
The most significant design issue for this station
is the high probability to meet large urban
cavities in the tuff above the groundwater table.
Large ventilation shafts will also be constructed along Line 6. The tunnel between via
Piedigrotta and Municipio will be excavated
with a new TBM; an old TBM which was used
to excavate the first stretch of the line between
Fuorigrotta and Mergellina has been carefully
demolished after a challenging program of soil
treatment which was used to render the provisional tunnel face stable and watertight.

6.1. Ground conditions
Figure 25 shows the soil profile and groundwater conditions along the part of Line 6 currently
under construction, together with the position of
the tunnel and of the stations. The ground
conditions of the eastern part of the route,
between Mergellina and Pizzofalcone Hill, are
completely different from those on the western
part of the route, between Pizzofalcone Hill and
Municipio. In the eastern part of the route a
thick layer of granular soils, i.e.: made ground
underlain by marine sands, remoulded ash and
in-situ Pozzolana, rests on top of tuff and the
roof of the tuff layer is very deep and erratic,
probably due to past erosive action of superficial running water coming from the hills surrounding the bay. In the western part, the tuff
layer raises to ground level or at relatively
shallow depth, posing much less design problems.
The marine sands are usually dense with
high values of the friction angle; the pyroclastic
materials have similar properties to those
previously reported. As the route runs very
close to the sea coast, groundwater is only
slightly above sea level.
6.2. Design issues
Because of the large and sharply variable depth
of the tuff layer, on the part of the line between
Mergellina and Pizzofalcone Hill the single
two-track running tunnel (o.d. 8.50 m) has to be
excavated in granular soils. This poses a number of problems, as larger surface displacements
may be expected in comparison to the Tratta
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Figure 25. Geotechnical profile along the part of Line 6 currently under construction.

Bassa of Line 1, where the two running tunnels
of a smaller o.d. (6.75 m) run mostly into the
tuff layer. However, in this part of the route the
tunnel runs along existing streets and gardens,
the closest buildings being at least 2-3 diameters
away from the tunnel axis. In the part of the
route between Pizzofalcone Hill and Municipio
the tunnel will be excavated under intensely
urbanised areas but it will be always contained
in the tuff layer; only in the final hundred
meters the tunnel runs again in granular soils
but without passing under any significant
building.
The only critical point for tunnelling induced subsidence is where the tunnel turns
towards Pizzofalcone Hill. In this area, many
valuable historical buildings (such as e.g.:
Palazzo Satriano and Palazzo Calabritto dating
to the 1600 and the 1700 respectively) are close
to the large diameter tunnel to be excavated in
granular soils. The present route, as shown in
Figures 23 and 24, results from a complex
optimisation process based on different issues.
Among others, geotechnical constraints suggested to leave the valuable buildings at least 23 diameters away from the tunnel axis.
The three stations of Line 6 under construction will be excavated after the passage of the
TBM. The diaphragm walls supporting the
deep excavations of the stations will be executed first, leaving soft eyes with fibre glass
reinforcement bars to be drilled by TBM. The
tunnel will be excavated in the second step
through the stations. The excavations of the
stations will then require the demolition of the

lining of the tunnel in the station area.
The main lesson learnt during construction
of the stations of Line 1, as from the examples
of Garibaldi and Municipio Stations detailed
above, was that ground settlements connected
directly with the main excavation phase only
amounted to a few millimetres and were much
smaller than those corresponding to structural
damage for the adjacent buildings. Both for
Garibaldi and Municipio stations, the largest
part of the final settlements derived from the
lowering of the ground water table behind the
diaphragm walls due to water flow into the
station box either through the boreholes drilled
to install the anchors and the freezing-tubes or
into the platforms tunnels through unavoidable
imperfection of the collars of artificially frozen
ground.
It followed that for Arco Mirelli and S.
Pasquale stations, that have to be excavated in
granular soils under the water table level and
relatively close to sensible buildings, the decision was made to build the station fully top
down with all support to the diaphragm walls
provided by floor slabs constructed as excavation proceeds, thus avoiding the necessity for
anchors. Also, the stations are oriented parallel
to the running tunnel so as to contain the platforms for passenger access to the trains and
eliminate the requirement to enlarge the tunnel
section. The diaphragm walls adopted for
excavation support are very substantial having a
T-shaped cross section; therefore, an area of soil
around the position where the diaphragm wall
had to be created by slurry trenching and
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concreting was improved by Cutter Soil Mixing
(CSM) to a depth of 10-13 m in an effort to
minimise potential ground movements due to
installation of diaphragm walls. Horizontal and
vertical displacements of the ground during
installation of diaphragm walls were carefully
monitored, as detailed in the following.
Just before reaching Pizzofalcone Hill, the
tunnel enters into the tuff layer to the end of the
line, and, as already stated, Chiaia Station is
mostly excavated within the tuff. In this part of
the route, the line runs under the oldest part of
the city (Monte Echia), where the first Greek
settlements took place in the 8th century B.C.
The only real geotechnical hazard in this area is
the high risk to meet unknown, small cavities
created in the tuff by centuries of mining.

piping risk inside the excavation.

Figure 27. Cross section of S. Pasquale Station.

Figure 27 shows a cross section of the final
layout of S. Pasquale Station. Construction is
conceived with a classic top-down procedure. It
will start with the installation of the first rigid
floor slab at ground level, with one main central
eye to allow both the lowering of the operating
machines and the extraction of the excavated
soil. Excavation will then proceed downwards
with the installation of three further levels of
props, made of ordinary reinforced concrete
slabs, which will be partially used as final
intermediate levels of the station and partially
demolished. Upon reaching the maximum
excavation depth, the internal structural box of
the station will be constructed upwards. The
first step will be the construction of the bottom
reinforced concrete raft with a thickness of
2.75 m, on a previously installed waterproof
membrane. The construction will then proceed
with the installation of the peripheral massive
reinforced concrete walls, of a thickness of
about 2 m, and the progressive demolition of
those intermediate slabs not needed for permanent support.

7. S. PASQUALE STATION
S. Pasquale Station will be constructed within
an approximately rectangular 23.6 × 85 m2
excavation (Fig. 26), with a maximum depth of
28 m below ground level, protected by concrete
diaphragm walls, excavated using a hydromill,
in T-shaped panels whose largest sides are
2.8 m and 3.2 m.

Figure 26. Plan view of San Pasquale station with
indication of inclinometers I1, I2, I3 and benchmarks.

The T-shaped panels will be excavated down to
a depth of about 50 m below ground level, in
order to make sure that the panel certainly reach
into the tuff layer. This was not strictly needed
for stability purposes; the main design issue
controlling the panels depth was the control of
water seepage inside the excavation as the
permeability of the tuff layer is much smaller
than that of the above granular deposits. Ultimately this should ensure lesser subsidence in
the surrounding area and a good control of

Figure 28. Axonometric view of S. Pasquale Station
(www.roccopapa.it).

The final layout of the station is a single deep
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coefficient of earth pressure at rest K0.

open space (see Fig.28), in which the external
natural light will be allowed to reach directly
platform level at a depth of about 25 m below
ground level.
7.1. Local ground conditions
The subsoil profile in the area of San Pasquale
Station consists of a thin layer of made ground
underlain by marine sands and silty sands,
remoulded ash and in situ pyroclastic sand
(Pozzolana) over a base layer of yellow Neapolitan tuff. Locally, the roof of the tuff layer is
rather deep and at a variable depth ranging from
35 to 45 m b.g.l.. The groundwater table is at a
depth of about 1 m from the ground surface,
corresponding to about 1.2 m a.s.l..
The geotechnical investigations in the area
of the station included many boreholes with
SPT tests and retrieval of disturbed samples for
laboratory tests, CPT tests, two seismic flat
dilatometer tests (SDMT) located at the south
east corner of the station (Fig. 29) and carried
out to a maximum depth of 35 m b.g.l., and one
cross-hole test down to a depth corresponding to
the roof of the tuff layer.

Figure 30. K0 values obtained by flat dilatometer
tests.

Originally, only one test had been programmed.
The extremely high values of K0 obtained from
this first test in the upper ten meters of subsoil
(see Fig. 30) were much larger than expected,
and possibly influenced by wall installation
previously carried out nearby. A second SDMT
test (see Figure 34) was therefore carried out far
from the constructed panles to avoid any interference due to installation, confirming the
unexpectedly high values of K0.
7.2. Installation effects
Published surface displacements observed
during construction of diaphragm walls in
granular soil, soft to medium clay, and stiff to
very hard clay show that the maximum settlement connected to slurry trenching can reach
values of up to 0.15 % of the depth of the wall
and extend to a distance of up to about two
times the maximum depth of the wall (Clough
and O’Rourke, 1990). In the case of a coarse
grained deposit with a relatively low value of
the initial coefficient of earth pressure at rest, as
it is the case at S. Pasquale station at depths
larger than about 10 m b.g.l., the variation of the
state of stress induced in the ground during wall
installation by slurry trenching and concreting
might correspond to an actual increase of the
initial horizontal stress. During this process the
walls of the trench may deform outwards and
some heave may be induced in the surrounding
ground, before the main excavation stage. If
high values of K0 are expected, as in the case of

Figure 29. Location of seismic flat dilatometer tests –
south-east corner.

The layer of made ground is about 2 m thick.
This is underlain by a thick layer of marine sand
and silty sand down to about 24 m b.g.l.. Within
this layer, there are lenses of remoulded ash and
pumices. At greater depths and down to the
roof of the tuff, there is a deposit of undisturbed
Pozzolana. The total thickness of the cohesionless granular materials over the yellow
Neapolitan tuff amounts to about 35÷45 m.
The marine deposits are dense or very dense,
with values of the friction angle as high as 40°,
while for the measured values of friction angle
for the remoulded ash are smaller (33°<ϕ<38°).
SDMT tests allowed to estimate the value of the
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San Pasquale station at shallower depths, the
opposite is true and inwards displacements and
surface settlements may take place.
At San Pasquale an intense programme of
monitoring was planned to control construction,
including installation of diaphragm wall.
Benchmarks for precision levelling were set on
buildings close to the station and at different
locations around it (Fig. 26). Three inclinometers were installed into the ground to measure
subsurface horizontal displacements both during
wall installation and during the main excavation
stage. The three inclinometers are about 55 m
deep, with the final 5-10 meters cemented into
the tuff layer. Daily readings were taken during
the installation of single wall panels (each
having a total volume of about 300 m3) to
monitor the displacements induced in the
adjacent ground. The effect of some of the
geometrical factors affecting horizontal ground
displacements caused by wall installation (such
as e.g.: the distance from the panel, the eccentricity from the panel axis, etc.) could be assessed based on the observations. These data
also helped in building a simple empirical
formulation to predict the maximum horizontal
displacement caused by wall installation
(L’Amante et al., this conference).

of the panels of the north-west corner of the
station is reported. The displacements are very
small and they are likely to incorporate the
beneficial effects of CSM. As the inclinometer
is very long and the displacements extremely
small, doubts on the reliability of the readings
may exists. However, the measured azimuth
consistently indicates that the direction of the
horizontal displacement is towards the excavated panel, suggesting that the readings have a
physical meaning.
A series of two and three dimensional finite
element analyses modelling the installation of
the diaphragm wall panels in which the soil is
modelled using an incrementally non linear
hypoplastic model with elastic strain range
(Niemunis & Herle, 1997) is currently under
way.
8. SUMMARY AND CONCLUSIONS
This lecture has dealt with some geotechnical
aspects of excavation in the urban environment
drawing from recent experience gathered during
construction of Lines 1 and 6 of Napoli Underground. The attention was focused on the
prediction of the behaviour and on the measured
performance of deep open excavations, rather
than on their design.
In the construction of deep open excavations
a number of issues must be address such as: the
choice of an adequate support system; the
definition of the sequence of construction
phases; the computation of the stresses in the
ground and in the structural members; the
evaluation of the magnitude and distribution of
ground displacements connected to the construction phases; and to possible changes of
groundwater pressures connected with the
excavation. In the urban environment, the
ability to control and predict correctly ground
movements around excavations is a crucial
aspect of successful design, particularly because
of their potential for causing damage to adjacent
structures and services. At present, the available means of analysis permit only qualitatively
prediction. The accuracy of the available
procedures for the prediction of relevant quantities (displacements, rotations, stresses, strains,
bending moments, etc.), can only be assessed by
comparing the predicted values against the
measured performance. It is therefore vital that
well documented case histories, don’t just report
on a project but play a major role in assessing
the validity of existing design criteria. In

Figure 30. Horizontal displacements and azimuth at
inclinometers I3.

In all cases the displacements caused by wall
installation were towards the panel, with values
lower than 10 mm. In Figure 35 an example of
a reading at inclinometer I3 (see Fig. 26) related
to the displacements caused by the installation
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addition they will hopefully widen and clarify
their applicability, and suggest possible improvements in the interpretation of the behaviour of real structures, that can be both of
scientific importance and of assistance to
practitioners in the future (Mair, 2001; Higgins,
2001).
The examples of the new Garibaldi and Municipio Stations of Line 1 of the Napoli underground have shown that, in both cases, the
settlement of the foundations of adjacent buildings and structures that were directly associated
to the main excavation only amounted to a few
millimetres. These observations are in good
agreement with the experimental values collected by Clough and O’Rourke (1991) for
similar retaining structures in granular soil and
are smaller than those corresponding to structural damage.
In the case of Garibaldi Station, an attempt
was made to back analyse the excavation using
finite elements. The numerical predictions were
undertaken using the available measurements
both to assess the numerical predictions, in
terms of diaphragm displacements, and to guide
in the way in which some support elements, e.g.
anchors, should be treated in the analyses. The
analyses showed how apparently minor details,
such as the thermal expansion of the tubular
steel props at ground can have a major effect on
the predicted pattern of wall displacements.
Both for Garibaldi and Municipio stations,
the largest part of the final settlements derived
from the lowering of the groundwater table
behind the diaphragm walls due to water flow
into the station box either through boreholes
that were drilled to install the anchors, the
freezing-tubes for the ground freezing operations or the platform tunnels caused unavoidable imperfection of the artificially frozen
ground collars. The evaluation of ground and
foundation settlements connected to these
changes in pore water pressure is very complicated and probably beyond current predictive
models. To prevent damage to the existing
buildings it is therefore crucial to have an
intense program of monitoring in order to be
able to observe the effects at the ground surface
and hence be able to adopt suitable re-medial
measures if required.
The experience gathered during construction
of Line 1 oriented some of the design choices
on Line 6. In this case, support for the diaphragm walls will be provided entirely by the
floor slabs of the stations which will be con-

structed top- down as excavation proceeds, thus
avoiding the installation of anchors in granular
below the water table. Also, the stations will be
oriented parallel to the running tunnels which
will be excavated through "soft eyes" left in the
diaphragm walls on the short side of the stations. The stations will be long enough to
accommodate the platforms, thus avoiding the
need to carry out station tunnel enlargements in
conventional mining. It is expected that all
these construction procedures will result in very
small settlements around the stations. It follows
that the displacements associated to the installation of diaphragm walls by slurry trenching and
subsequent concreting may be of the same order
of magnitude as those connected to the main
excavation stage. These are carefully monitored
during construction, as detailed in the example
of S. Pasquale Station.
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Ƚɟɨɬɟɯɧɢɱɟɫɤɢɟ ɩɪɨɛɥɟɦɵ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɜ Ɇɨɫɤɜɟ –
ɤɪɭɩɧɟɣɲɟɦ ɦɟɝɚɩɨɥɢɫɟ Ɋɨɫɫɢɢ.
ȼ.ɉ. ɉɟɬɪɭɯɢɧ
ɇɂɂɈɋɉ ɢɦ. ɇ.Ɇ. Ƚɟɪɫɟɜɚɧɨɜɚ, Ɇɨɫɤɜɚ, Ɋɨɫɫɢɹ.

ȺɇɇɈɌȺɐɂə: ȼ ɥɟɤɰɢɢ ɞɚɧ ɨɛɡɨɪ ɝɟɨɬɟɯɧɢɱɟɫɤɢɯ ɪɚɛɨɬ, ɜɵɩɨɥɧɟɧɧɵɯ ɜ Ɇɨɫɤɜɟ ɧɚ ɩɪɨɬɹɠɟɧɢɢ
ɩɨɫɥɟɞɧɢɯ ɩɹɬɧɚɞɰɚɬɢ ɥɟɬ. Ɋɟɬɪɨɫɩɟɤɬɢɜɧɨ ɪɚɫɫɦɨɬɪɟɧɵ ɩɪɨɛɥɟɦɵ ɭɫɬɪɨɣɫɬɜɚ ɮɭɧɞɚɦɟɧɬɨɜ ɨɬɞɟɥɶɧɵɯ
ɭɧɢɤɚɥɶɧɵɯ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ Ɇɨɫɤɜɵ ɜ 20 ɜɟɤɟ. Ʉɪɚɬɤɨ ɢɡɥɨɠɟɧɵ ɨɫɨɛɟɧɧɨɫɬɢ ɢɧɠɟɧɟɪɧɨɝɟɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɬɟɪɪɢɬɨɪɢɢ ɫɬɨɥɢɱɧɨɝɨ ɦɟɝɚɩɨɥɢɫɚ. ɉɪɢɜɟɞɟɧɵ ɩɪɢɦɟɪɵ ɪɚɫɱɟɬɨɜ ɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɡɚɳɢɬɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɜ ɡɨɧɚɯ ɪɚɫɩɨɥɨɠɟɧɢɹ ɨɩɨɥɡɧɟɣ ɢ ɤɚɪɫɬɨɜɨ-ɫɭɮɮɨɡɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ.
Ɉɫɜɟɳɟɧɵ ɩɪɨɛɥɟɦɵ, ɤɨɬɨɪɵɟ ɪɟɲɚɥɢ ɦɨɫɤɨɜɫɤɢɟ ɝɟɨɬɟɯɧɢɤɢ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɭɧɢɤɚɥɶɧɵɯ ɩɨɞɡɟɦɧɵɯ
ɫɨɨɪɭɠɟɧɢɣ. Ⱦɟɬɚɥɶɧɨ ɪɚɫɫɦɨɬɪɟɧɵ ɨɫɨɛɟɧɧɨɫɬɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɮɭɧɞɚɦɟɧɬɨɜ ɢ ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɤɨɬɥɨɜɚɧɨɜ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɜɵɫɨɬɧɵɯ ɡɞɚɧɢɣ, ɜ ɬɨɦ ɱɢɫɥɟ ɜ Ɇɨɫɤɨɜɫɤɨɦ ɦɟɠɞɭɧɚɪɨɞɧɨɦ
ɞɟɥɨɜɨɦ ɰɟɧɬɪɟ «Ɇɨɫɤɜɚ-ɋɢɬɢ». Ɉɩɢɫɚɧɵ ɪɚɡɪɚɛɨɬɤɢ ɦɨɫɤɨɜɫɤɢɯ ɝɟɨɬɟɯɧɢɤɨɜ, ɤɨɬɨɪɵɟ ɛɵɥɢ ɜɩɟɪɜɵɟ ɜ
ɦɢɪɨɜɨɣ ɩɪɚɤɬɢɤɟ ɩɪɢɦɟɧɟɧɵ ɧɚ ɫɬɪɨɣɤɚɯ Ɇɨɫɤɜɵ.

1. ȼȼȿȾȿɇɂȿ
Ɂɚɫɥɭɝɨɣ Ɇɨɫɤɨɜɫɤɨɝɨ ɉɪɚɜɢɬɟɥɶɫɬɜɚ ɹɜɥɹɟɬɫɹ ɫɨɯɪɚɧɟɧɢɟ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɚ
ɫɬɨɥɢɰɵ, ɧɟ ɬɨɥɶɤɨ ɧɟ ɫɧɢɡɢɜɲɟɝɨ ɪɚɛɨɬɵ,
ɧɨ ɢ ɪɚɫɲɢɪɢɜɲɟɝɨ ɟɝɨ, ɨɫɨɛɟɧɧɨ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɫɮɟɪɟ. Ⱦɨɥɹ ɡɚɧɹɬɵɯ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɭɜɟɥɢɱɢɥɚɫɶ ɫ 13,3% ɜ 1992 ɝɨɞɭ ɞɨ
15,4% ɜ 2000 ɝɨɞɭ, ɚ ɫ 2000 ɤ 2004 ɝɨɞɭ
ɭɜɟɥɢɱɢɥɚɫɶ ɧɚ 23%. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ
ɦɨɫɤɨɜɫɤɨɦ ɫɬɪɨɢɬɟɥɶɧɨɦ ɤɨɦɩɥɟɤɫɟ ɬɪɭɞɢɬɫɹ ɛɨɥɟɟ ɦɢɥɥɢɨɧɚ ɪɚɛɨɬɧɢɤɨɜ.
Ɂɚ ɩɪɨɲɟɞɲɢɟ 20 ɥɟɬ ɩɨɫɬɪɨɟɧɨ ɩɨɱɬɢ 80
ɦɢɥɥɢɨɧɨɜ ɤɜɚɞɪɚɬɧɵɯ ɦɟɬɪɨɜ ɠɢɥɶɹ. ɗɬɨ
ɛɨɥɟɟ ɬɪɟɬɢ ɬɨɝɨ ɠɢɥɢɳɧɨɝɨ ɮɨɧɞɚ, ɤɨɬɨɪɵɦ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɪɚɫɩɨɥɚɝɚɟɬ
Ɇɨɫɤɜɚ. Ȼɨɥɟɟ 1 ɦɢɥɥɢɨɧɚ 200 ɬɵɫɹɱ ɦɨɫɤɨɜɫɤɢɯ ɫɟɦɟɣ ɨɬɩɪɚɡɞɧɨɜɚɥɢ ɧɨɜɨɫɟɥɶɟ ɜ
ɦɨɫɤɨɜɫɤɢɯ ɤɜɚɪɬɢɪɚɯ.
ɉɨɫɬɪɨɟɧɨ ɛɨɥɟɟ ɬɵɫɹɱɢ ɜɚɠɧɵɯ ɫɨɰɢɚɥɶɧɵɯ ɨɛɴɟɤɬɨɜ: ɨɤɨɥɨ 600 ɞɟɬɫɤɢɯ ɫɚɞɨɜ,
420 ɲɤɨɥ, 147 ɩɨɥɢɤɥɢɧɢɤ, 60 ɛɨɥɶɧɢɰ,
ɦɧɨɝɢɟ ɫɨɬɧɢ ɬɨɪɝɨɜɵɯ ɤɨɦɩɥɟɤɫɨɜ.
ȼɟɞɟɬɫɹ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɜɵɫɨɬɧɵɯ ɢ ɞɪɭɝɢɯ ɭɧɢɤɚɥɶɧɵɯ ɡɞɚɧɢɣ, ɜɨɡɜɟɞɟɧɵ ɞɟɫɹɬɤɢ
ɨɛɴɟɤɬɨɜ
ɤɭɥɶɬɭɪɧɨɝɨ,
ɨɛɳɟɫɬɜɟɧɧɨɝɨ,
ɫɩɨɪɬɢɜɧɨɝɨ ɢ ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ. ɋɨɡɞɚɧɵ ɧɨɜɵɟ ɛɥɚɝɨɭɫɬɪɨɟɧɧɵɟ ɪɚɣɨɧɵ – Ɇɢɬɢɧɨ, Ʉɪɵɥɚɬɫɤɨɟ, ɀɭɥɟɛɢɧɨ,
Ʉɭɪɤɢɧɨ, Ɇɚɪɶɢɧɫɤɢɣ ɩɚɪɤ ɞɪ. Ʉɨɥɢɱɟɫɬɜɨ
ɦɨɫɤɜɢɱɟɣ, ɠɢɜɭɳɢɯ ɫɟɝɨɞɧɹ ɜ ɤɚɠɞɨɦ ɢɡ
ɧɢɯ, ɧɟ ɭɫɬɭɩɚɟɬ, ɚ ɩɨɪɨɣ ɢ ɩɪɟɜɨɫɯɨɞɢɬ
ɱɢɫɥɟɧɧɨɫɬɶ ɧɚɫɟɥɟɧɢɹ ɦɧɨɝɢɯ ɪɚɣɨɧɧɵɯ ɢ

Ɇɨɫɤɜɚ ɹɜɥɹɟɬɫɹ ɤɪɭɩɧɟɣɲɢɦ ɩɨɥɢɬɢɱɟɫɤɢɦ, ɮɢɧɚɧɫɨɜɵɦ, ɷɤɨɧɨɦɢɱɟɫɤɢɦ, ɧɚɭɱɧɵɦ ɢ ɤɭɥɶɬɭɪɧɵɦ ɰɟɧɬɪɨɦ Ɋɨɫɫɢɢ. ɋɬɪɨɢɬɟɥɶɧɵɣ ɤɨɦɩɥɟɤɫ ɫɬɨɥɢɰɵ ɢɝɪɚɟɬ ɜɚɠɧɟɣɲɭɸ ɫɨɰɢɚɥɶɧɭɸ ɪɨɥɶ ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ
ɝɪɚɞɨɨɛɪɚɡɭɸɳɟɣ ɛɚɡɵ ɝɨɪɨɞɚ ɢ ɨɛɟɫɩɟɱɟɧɢɢ ɡɚɧɹɬɨɫɬɢ ɧɚɫɟɥɟɧɢɹ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ
ɜ Ɇɨɫɤɜɟ ɩɪɨɠɢɜɚɟɬ ɫɜɵɲɟ 10 ɦɥɧ. ɱɟɥɨɜɟɤ.
Ɋɨɫɬ ɱɢɫɥɟɧɧɨɫɬɢ ɩɨɫɬɨɹɧɧɨɝɨ ɢ ɜɪɟɦɟɧɧɨɝɨ
ɧɚɫɟɥɟɧɢɹ Ɇɨɫɤɜɵ ɩɪɢɜɨɞɢɬ ɤ ɩɨɬɪɟɛɧɨɫɬɢ
ɭɜɟɥɢɱɟɧɢɹ ɬɟɪɪɢɬɨɪɢɢ ɝɨɪɨɞɚ, ɨɛɴɟɦɨɜ ɢ
ɤɚɱɟɫɬɜɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɪɚɡɜɢɬɢɹ ɫɨɜɪɟɦɟɧɧɨɣ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ ɝɨɪɨɞɚ.
Ʉ ɧɚɱɚɥɭ 90-ɯ ɝɨɞɨɜ 20 ɜɟɤɚ ɫɬɨɥɢɰɚ ɩɨ
ɫɪɚɜɧɟɧɢɸ ɫ ɞɨɜɨɟɧɧɵɦ ɜɪɟɦɟɧɟɦ ɩɨɱɬɢ
ɜɞɜɨɟ ɭɜɟɥɢɱɢɥɚɫɶ ɩɨ ɱɢɫɥɟɧɧɨɫɬɢ ɧɚɫɟɥɟɧɢɹ – ɫ 4,5 ɦɥɧ. ɱɟɥɨɜɟɤ ɜ 1939 ɝɨɞɭ ɞɨ 9
ɦɥɧ. ɱɟɥɨɜɟɤ ɜ 1990 ɝɨɞɭ ɢ ɜɬɪɨɟ ɩɨ ɬɟɪɪɢɬɨɪɢɢ – ɫ 362,9 ɤɜ. ɤɦ ɜ 1941 ɝɨɞɭ ɞɨ 994,0
ɤɜ. ɤɦ ɜ 1990 ɝɨɞɭ. ɇɚ ɪɢɫ. 1 ɜɢɞɧɨ, ɤɚɤ
ɢɡɦɟɧɹɥɚɫɶ ɩɥɨɳɚɞɶ Ɇɨɫɤɜɵ ɫ ɧɚɱɚɥɚ 20
ɜɟɤɚ ɞɨ ɧɚɲɢɯ ɞɧɟɣ.
ȼ ɧɚɱɚɥɟ 90-ɯ ɝɨɞɨɜ ɜ Ɇɨɫɤɜɟ, ɤɚɤ ɢ ɜɨ
ɜɫɟɣ Ɋɨɫɫɢɢ, ɛɵɥɢ ɫɞɟɥɚɧɵ ɡɧɚɱɢɬɟɥɶɧɵɟ
ɭɫɢɥɢɹ ɩɨ ɩɪɟɨɞɨɥɟɧɢɸ ɡɚɫɬɨɣɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɷɤɨɧɨɦɢɤɢ ɫ ɩɨɦɨɳɶɸ ɫɨɡɞɚɧɢɹ ɤɨɧɤɭɪɟɧɬɧɨɣ ɫɪɟɞɵ ɧɚ ɨɫɧɨɜɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ
ɪɵɧɨɱɧɵɯ ɪɵɱɚɝɨɜ, ɞɟɦɨɧɨɩɨɥɢɡɚɰɢɢ ɷɤɨɧɨɦɢɤɢ, ɫɬɚɧɨɜɥɟɧɢɹ ɟɟ ɦɧɨɝɨɭɤɥɚɞɧɨɝɨ
ɯɚɪɚɤɬɟɪɚ.
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ɨɛɥɚɫɬɧɵɯ ɰɟɧɬɪɨɜ Ɋɨɫɫɢɢ. ɉɨ ɢɧɢɰɢɚɬɢɜɟ
Ɇɨɫɤɨɜɫɤɨɝɨ ɩɪɚɜɢɬɟɥɶɫɬɜɚ ɜɨɡɪɨɠɞɟɧɵ ɢ
ɨɬɪɟɫɬɚɜɪɢɪɨɜɚɧɵ ɦɧɨɝɢɟ ɨɛɴɟɤɬɵ ɚɪɯɢɬɟɤɬɭɪɧɨɝɨ, ɢɫɬɨɪɢɱɟɫɤɨɝɨ ɢ ɤɭɥɶɬɭɪɧɨɝɨ
ɧɚɫɥɟɞɢɹ. ɋɪɟɞɢ ɧɢɯ ɜɨɫɫɨɡɞɚɧɧɵɟ ɡɞɚɧɢɹ

ɏɪɚɦɚ ɏɪɢɫɬɚ ɋɩɚɫɢɬɟɥɹ, Ʉɚɡɚɧɫɤɨɝɨ ɫɨɛɨɪɚ
ɧɚ Ʉɪɚɫɧɨɣ ɩɥɨɳɚɞɢ, ȼɨɫɤɪɟɫɟɧɫɤɢɯ ɜɨɪɨɬ ɫ
ɂɜɟɪɫɤɨɣ ɱɚɫɨɜɧɟɣ ɢ ɞɪ.

Ɋɢɫɭɧɨɤ 1. ɉɥɚɧ ɝɨɪɨɞɚ Ɇɨɫɤɜɵ:
ɫɥɟɜɚ – ɜ ɧɚɱɚɥɟ 20 ɜɟɤɚ; ɫɩɪɚɜɚ – ɜ ɧɚɱɚɥɟ 21 ɜɟɤɚ. 1- ɭɫɥɨɜɧɨ ɩɨɤɚɡɚɧɨ ɋɚɞɨɜɨɟ ɤɨɥɶɰɨ

ɉɪɢɞɚɜɚɹ ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɜɨɡɜɟɞɟɧɢɸ
ɜɵɫɨɬɧɵɯ ɡɞɚɧɢɣ ɜ ɩɟɪɢɮɟɪɢɣɧɨɣ ɡɨɧɟ
ɝɨɪɨɞɚ, ɩɨ ɢɧɢɰɢɚɬɢɜɟ Ɇɨɫɤɨɜɫɤɨɝɨ ɉɪɚɜɢɬɟɥɶɫɬɜɚ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɝɨɪɨɞɫɤɚɹ ɤɨɦɩɥɟɤɫɧɚɹ ɢɧɜɟɫɬɢɰɢɨɧɧɚɹ ɩɪɨɝɪɚɦɦɚ «ɇɨɜɨɟ
ɤɨɥɶɰɨ Ɇɨɫɤɜɵ» ɞɨ 2015 ɝɨɞɚ. ɋɯɟɦɚ ɪɚɡɦɟɳɟɧɢɹ ɜɵɫɨɬɧɵɯ ɨɛɴɟɤɬɨɜ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ
ɫ ɷɬɨɣ ɩɪɨɝɪɚɦɦɨɣ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 2.
ȼɫɟɝɨ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɩɨɫɬɪɨɢɬɶ ɨɤɨɥɨ 60
ɜɵɫɨɬɧɵɯ ɡɞɚɧɢɣ.
Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɜɵɫɨɬɧɵɯ ɢ ɞɪɭɝɢɯ ɭɧɢɤɚɥɶɧɵɯ ɡɞɚɧɢɣ ɨɫɨɛɚɹ
ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɥɨɠɢɬɫɹ ɧɚ ɫɩɟɰɢɚɥɢɫɬɨɜɝɟɨɬɟɯɧɢɤɨɜ, ɩɨɫɤɨɥɶɤɭ ɜɵɛɨɪ ɢ ɧɚɞɟɠɧɨɟ
ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɮɭɧɞɚɦɟɧɬɨɜ ɢ ɩɨɞɡɟɦɧɵɯ
ɱɚɫɬɟɣ ɷɬɢɯ ɡɞɚɧɢɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ
ɫɥɨɠɧɭɸ ɢɧɠɟɧɟɪɧɭɸ ɡɚɞɚɱɭ.
ȼ ɞɚɧɧɨɣ ɥɟɤɰɢɢ ɚɜɬɨɪ ɧɟ ɫɬɚɜɢɬ ɡɚɞɚɱɭ,
ɞɚ ɷɬɨ ɢ ɧɟɜɨɡɦɨɠɧɨ, ɞɚɬɶ ɩɨɞɪɨɛɧɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɜɫɟɯ ɜɢɞɨɜ ɝɟɨɬɟɯɧɢɱɟɫɤɢɯ ɪɚɛɨɬ
ɢ ɩɨɫɬɪɨɟɧɧɵɯ ɨɛɴɟɤɬɨɜ ɩɨɞɡɟɦɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɜ Ɇɨɫɤɜɟ ɡɚ ɩɨɫɥɟɞɧɢɟ 15 ɥɟɬ.

Ɋɢɫɭɧɨɤ 2.ɋɯɟɦɚ ɪɚɡɦɟɳɟɧɢɹ ɜɵɫɨɬɧɵɯ ɨɛɴɟɤɬɨɜ
ɝɨɪɨɞɫɤɨɣ ɤɨɦɩɥɟɤɫɧɨɣ ɢɧɜɟɫɬɢɰɢɨɧɧɨɣ ɩɪɨɝɪɚɦɦɵ “ɇɨɜɨɟ ɤɨɥɶɰɨ Ɇɨɫɤɜɵ”
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ɐɟɥɶɸ ɥɟɤɰɢɢ ɹɜɥɹɟɬɫɹ ɨɫɜɟɬɢɬɶ ɨɫɨɛɟɧɧɨɫɬɢ ɪɚɫɱɟɬɚ, ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚɢɛɨɥɟɟ ɫɥɨɠɧɵɯ ɢ ɤɪɭɩɧɵɯ ɨɛɴɟɤɬɨɜ
ɩɨɞɡɟɦɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɚ ɬɚɤɠɟ ɮɭɧɞɚɦɟɧɬɨɜ ɧɟɤɨɬɨɪɵɯ ɭɧɢɤɚɥɶɧɵɯ ɡɞɚɧɢɣ
ɦɟɝɚɩɨɥɢɫɚ.

2. ɂɇɀȿɇȿɊɇɈ-ȽȿɈɅɈȽɂɑȿɋɄɂȿ
ɍɋɅɈȼɂə ɆɈɋɄȼɕ
ɉɨɞɪɨɛɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɠɟɧɟɪɧɨɝɟɨɥɨɝɢɱɟɫɤɢɯ ɢ ɝɢɞɪɨɝɟɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɬɟɪɪɢɬɨɪɢɢ Ɇɨɫɤɜɵ ɩɪɢɜɟɞɟɧɚ ɜ ɢɡɜɟɫɬɧɨɣ ɤɧɢɝɟ “Ɇɨɫɤɜɚ: ɝɟɨɥɨɝɢɹ ɢ ɝɨɪɨɞ”
(Ɉɫɢɩɨɜ , ɢ ɞɪ., 1997). ɇɚ ɪɢɫ. 3 ɩɪɢɜɟɞɟɧ
ɫɯɟɦɚɬɢɱɟɫɤɢɣ ɪɚɡɪɟɡ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɡɟɦɧɨɣ
ɬɟɪɪɢɬɨɪɢɢ Ɇɨɫɤɜɵ.

Ɋɢɫɭɧɨɤ 3. ɋɯɟɦɚɬɢɡɢɪɨɜɚɧɧɵɣ ɪɚɡɪɟɡ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɡɟɦɧɨɣ ɤɨɪɵ ɬɟɪɪɢɬɨɪɢɢ Ɇɨɫɤɜɵ.

ɉɨ ɜɫɟɣ ɬɟɪɪɢɬɨɪɢɢ ɝɨɪɨɞɚ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɲɢɪɨɤɨ ɪɚɡɜɢɬɵ ɬɟɯɧɨɝɟɧɧɵɟ ɨɬɥɨɠɟɧɢɹ. ɗɬɨ ɤɭɥɶɬɭɪɧɵɣ ɫɥɨɣ, ɝɨɪɨɞɢɳɚ, ɧɚɫɵɩɢ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɢ ɠɟɥɟɡɧɵɯ ɞɨɪɨɝ, ɨɬɜɚɥɵ ɤɚɪɶɟɪɨɜ ɢ ɜɵɪɚɛɨɬɨɤ Ɇɟɬɪɨɫɬɪɨɹ,
ɫɜɚɥɤɢ, ɞɚɦɛɵ, ɩɨɥɹ ɮɢɥɶɬɪɚɰɢɢ ɢ ɞɪ. Ɍɟɯɧɨɝɟɧɧɵɟ ɨɛɪɚɡɨɜɚɧɢɹ ɜ ɩɪɟɞɟɥɚɯ ɝɨɪɨɞɚ
ɩɪɟɞɫɬɚɜɥɹɸɬ
ɫɭɝɥɢɧɢɫɬɨ-ɫɭɩɟɫɱɚɧɭɸ
ɩɨɪɨɞɭ ɫ ɨɛɥɨɦɤɚɦɢ ɞɪɟɜɟɫɢɧɵ, ɭɝɥɹ, ɤɢɪɩɢɱɚ, ɢɡɜɟɫɬɤɢ, ɝɨɧɱɚɪɧɨɣ ɩɨɫɭɞɵ ɢ ɩɪ. ȼ
ɩɪɟɞɟɥɚɯ ɋɚɞɨɜɨɝɨ ɤɨɥɶɰɚ ɜɫɬɪɟɱɚɸɬɫɹ
ɨɫɬɚɬɤɢ ɫɬɚɪɵɯ ɤɚɦɟɧɧɵɯ ɢ ɞɟɪɟɜɹɧɧɵɯ
ɦɨɫɬɨɜɵɯ, ɫɥɟɞɵ ɞɪɟɜɧɢɯ ɭɤɪɟɩɥɟɧɢɢ. ȼ
ɰɟɧɬɪɟ ɝɨɪɨɞɚ ɦɨɳɧɨɫɬɶ ɤɭɥɶɬɭɪɧɨɝɨ ɫɥɨɹ
ɞɨɫɬɢɝɚɟɬ 10-15 ɦ, ɚ ɢɧɨɝɞɚ ɢ 25 ɦ ɜ ɡɚɫɵɩɚɧɧɵɯ ɞɪɟɜɧɢɯ ɤɨɥɨɞɰɚɯ. ɇɚ ɨɤɪɚɢɧɚɯ
ɝɨɪɨɞɚ ɜ ɧɨɜɵɯ ɪɚɣɨɧɚɯ ɦɨɳɧɨɫɬɶ ɬɟɯɧɨɝɟɧɧɵɯ ɨɛɪɚɡɨɜɚɧɢɢ ɧɟ ɩɪɟɜɵɲɚɟɬ 2 ɦ. Ɉɧɢ
ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɟɪɟɤɨɩɚɧɧɨɣ ɦɟɫɬɧɨɣ ɩɨɪɨɞɨɣ. ɍɜɟɥɢɱɟɧɢɟ ɦɨɳɧɨɫɬɢ ɡɞɟɫɶ ɨɬɦɟɱɚɟɬɫɹ
ɜ ɦɟɫɬɚɯ ɡɚɫɵɩɚɧɧɵɯ ɨɜɪɚɝɨɜ, ɞɨɥɢɧ ɛɵɜɲɢɯ
ɪɟɱɟɤ ɢ ɬ.ɞ.
ɋɨɜɪɟɦɟɧɧɵɟ ɛɨɥɨɬɧɵɟ ɨɬɥɨɠɟɧɢɹ ɪɚɡ-

ɜɢɬɵ ɤɚɤ ɜ ɪɟɱɧɵɯ ɞɨɥɢɧɚɯ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ
ɩɨɣɦ ɢ ɩɟɪɜɨɣ ɧɚɞɩɨɣɦɟɧɧɨɣ ɬɟɪɪɚɫɵ, ɬɚɤ ɢ
ɧɚ ɜɨɞɨɪɚɡɞɟɥɚɯ ɜ ɧɟɛɨɥɶɲɢɯ ɥɨɤɚɥɶɧɵɯ
ɩɨɧɢɠɟɧɢɹɯ. Ʉɪɭɩɧɟɣɲɢɦ ɛɨɥɨɬɧɵɦ ɦɚɫɫɢɜɨɦ ɹɜɥɹɟɬɫɹ Ʌɨɫɢɧɨɨɫɬɪɨɜɫɤɨɟ ɛɨɥɨɬɨ
(ɩɥɨɳɚɞɶ ɨɤɨɥɨ 70 ɤɦ2), ɢɡ ɤɨɬɨɪɨɝɨ ɛɟɪɟɬ
ɧɚɱɚɥɨ ɪ. əɭɡɚ. Ʉɪɭɩɧɵɣ ɛɨɥɨɬɧɵɣ ɦɚɫɫɢɜ
ɪɚɫɩɨɥɨɠɟɧ ɤ ɫɟɜɟɪɭ ɨɬ Ɍɟɤɫɬɢɥɶɳɢɤɨɜ.
Ȼɨɥɨɬɧɵɟ ɨɬɥɨɠɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɬɨɪɮɚɦɢ
ɢ ɬɨɪɮɹɧɢɫɬɵɦɢ ɫɭɝɥɢɧɤɚɦɢ. Ɇɨɳɧɨɫɬɶ
ɛɨɥɨɬɧɵɯ ɨɬɥɨɠɟɧɢɣ ɨɬ 1-2 ɦ ɞɨ 6-8 ɦ.
ȼɨɞɨɪɚɡɞɟɥɵ ɢ ɢɯ ɫɤɥɨɧɵ ɩɟɪɟɤɪɵɬɵ ɩɟɪɢɝɥɹɰɢɚɥɶɧɵɦɢ (ɩɨɤɪɨɜɧɵɦɢ) ɨɛɪɚɡɨɜɚɧɢɹɦɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɦɢ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ
ɫɭɝɥɢɧɤɚɦɢ, ɪɟɠɟ ɫɭɩɟɫɹɦɢ.
Ⱥɥɥɸɜɢɚɥɶɧɵɟ ɨɬɥɨɠɟɧɢɹ ɪɚɡɜɢɬɵ ɩɨ
ɞɨɥɢɧɟ ɪ. Ɇɨɫɤɜɚ ɢ ɜɫɟɯ ɟɟ ɩɪɢɬɨɤɨɜ. ȼ
ɞɨɥɢɧɟ ɪ. Ɇɨɫɤɜɵ ɪɚɡɜɢɬɵ ɬɪɢ ɧɚɞɩɨɣɦɟɧɧɵɟ ɢ ɩɨɣɦɟɧɧɚɹ ɪɟɱɧɵɟ ɬɟɪɪɚɫɵ.
ɋɨɜɪɟɦɟɧɧɵɟ ɚɥɥɸɜɢɚɥɶɧɵɟ ɨɬɥɨɠɟɧɢɹ
ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɟɫɤɚɦɢ ɢ ɫɭɝɥɢɧɤɚɦɢ, ɫɭɩɟɫɢ
ɢ ɝɥɢɧɵ ɢɦɟɸɬ ɩɨɞɱɢɧɟɧɧɨɟ ɡɧɚɱɟɧɢɟ,
ɢɡɪɟɞɤɚ ɜɫɬɪɟɱɚɸɬɫɹ ɬɨɪɮɵ, ɦɟɪɝɟɥɢ ɢ
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ɚɥɟɜɪɢɬɵ. ɑɚɫɬɨ ɜ ɨɫɧɨɜɚɧɢɢ ɬɨɥɳɢ ɚɥɥɸɜɢɹ
ɡɚɥɟɝɚɟɬ ɛɚɡɚɥɶɧɵɣ ɝɨɪɢɡɨɧɬ (ɦɨɳɧɨɫɬɶɸ ɞɨ
2,5 ɦ), ɨɛɪɚɡɨɜɚɧɧɵɣ ɝɪɚɜɢɣɧɨ-ɝɚɥɟɱɧɵɦ
ɦɚɬɟɪɢɚɥɨɦ. Ɇɨɳɧɨɫɬɶ ɚɥɥɸɜɢɹ 4-6 ɦ ɜ
ɞɨɥɢɧɚɯ ɦɚɥɵɯ ɪɟɤ, ɞɨ 6-8 ɦ ɭ ɪ. əɭɡɚ ɢ 1012 ɦ, ɚ ɦɟɫɬɚɦɢ 15-16 ɦ ɜ ɞɨɥɢɧɟ ɪ. Ɇɨɫɤɜɚ.
Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɜɵɫɨɬɚ ɩɟɪɜɨɣ (ɫɟɪɟɛɪɹɧɨɛɨɪɫɤɨɣ) ɧɚɞɩɨɣɦɟɧɧɨɣ ɬɟɪɪɚɫɵ ɪ. Ɇɨɫɤɜɵ ɫɨɫɬɚɜɥɹɟɬ 8-10 ɦ. Ɉɧɚ ɫɥɨɠɟɧɚ ɦɟɥɤɨ- ɢ
ɫɪɟɞɧɟɡɟɪɧɢɫɬɵɦɢ ɩɟɫɤɚɦɢ ɫ ɝɪɚɜɢɟɦ ɢ
ɝɚɥɶɤɨɣ (ɪɟɠɟ - ɝɥɢɧɚɦɢ, ɫɭɝɥɢɧɤɚɦɢ ɢ
ɫɭɩɟɫɹɦɢ). Ɉɛɳɚɹ ɦɨɳɧɨɫɬɶ ɚɥɥɸɜɢɚɥɶɧɵɯ
ɨɬɥɨɠɟɧɢɣ ɫɨɫɬɚɜɥɹɟɬ ɧɟ ɛɨɥɟɟ 12 ɦ.
ȼ ɨɬɥɨɠɟɧɢɹɯ ɜɬɨɪɨɣ (ɦɧɟɜɧɢɤɨɜɫɤɨɣ)
ɧɚɞɩɨɣɦɟɧɧɨɣ ɬɟɪɪɚɫɵ ɪ. Ɇɨɫɤɜɚ ɜɵɞɟɥɹɸɬɫɹ ɞɜɚ ɭɪɨɜɧɹ. ȼɟɪɯɧɢɣ ɭɪɨɜɟɧɶ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɵɫɨɬɟ ɧɚɞ ɫɨɜɪɟɦɟɧɧɵɦ ɭɪɟɡɨɦ ɪ. Ɇɨɫɤɜɵ ɨɤɨɥɨ 20-25 ɦ, ɫɥɨɠɟɧ ɪɚɡɧɨɡɟɪɧɢɫɬɵɦɢ ɩɟɫɤɚɦɢ ɫ ɝɪɚɜɢɟɦ ɢ
ɝɚɥɶɤɨɣ. Ɉɛɳɚɹ ɦɨɳɧɨɫɬɶ ɨɬɥɨɠɟɧɢɣ ɜɟɪɯɧɟɝɨ ɭɪɨɜɧɹ ɫɨɫɬɚɜɥɹɟɬ 10-12 ɦ. ɇɢɡɤɢɣ
ɭɪɨɜɟɧɶ ɢɦɟɟɬ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɜɵɫɨɬɭ 18-20
ɦ, ɫɥɨɠɟɧ ɩɟɫɤɚɦɢ (ɪɟɠɟ - ɫ ɩɪɢɦɟɫɶɸ
ɫɭɝɥɢɧɤɨɜ ɢ ɝɥɢɧ). Ɉɛɳɚɹ ɦɨɳɧɨɫɬɶ ɨɬɥɨɠɟɧɢɣ ɧɢɡɤɨɝɨ ɭɪɨɜɧɹ - ɞɨ 12 ɦ.
Ɍɪɟɬɶɸ (ɯɨɞɵɧɫɤɭɸ) ɧɚɞɩɨɣɦɟɧɧɭɸ ɬɟɪɪɚɫɭ ɪ. Ɇɨɫɤɜɵ ɫɥɚɝɚɸɬ ɚɥɥɸɜɢɚɥɶɧɨɮɥɸɜɢɨɝɥɹɰɢɚɥɶɧɵɟ ɨɬɥɨɠɟɧɢɹ ɩɨɡɞɧɟɦɨɫɤɨɜɫɤɨɝɨ ɜɨɡɪɚɫɬɚ. Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɜɵɫɨɬɚ
ɬɟɪɪɚɫɵ ɧɚɞ ɫɨɜɪɟɦɟɧɧɵɦ ɭɪɟɡɨɦ ɪ. Ɇɨɫɤɜɵ
ɫɨɫɬɚɜɥɹɟɬ 30-35 ɦ. Ɍɨɥɳɚ ɨɬɥɨɠɟɧɢɣ,
ɫɥɚɝɚɸɳɢɯ ɬɟɪɪɚɫɭ, ɢɦɟɟɬ ɞɜɭɱɥɟɧɧɨɟ
ɫɬɪɨɟɧɢɟ: ɫɜɟɪɯɭ ɡɚɥɟɝɚɸɬ ɫɪɟɞɧɟɡɟɪɧɢɫɬɵɟ
ɝɨɪɢɡɨɧɬɚɥɶɧɨ-ɫɥɨɢɫɬɵɟ ɩɟɫɤɢ (ɚɥɥɸɜɢɚɥɶɧɵɟ ɨɬɥɨɠɟɧɢɹ), ɚ ɜ ɰɨɤɨɥɟ - ɪɚɡɧɨɡɟɪɧɢɫɬɵɟ
ɩɟɫɤɢ ɫ ɝɪɚɜɢɟɦ ɢ ɝɚɥɶɤɨɣ (ɮɥɸɜɢɨɝɥɹɰɢɚɥɶɧɵɟ ɨɬɥɨɠɟɧɢɹ). Ɇɨɳɧɨɫɬɶ ɚɥɥɸɜɢɚɥɶɧɨ-ɮɥɸɜɢɨɝɥɹɰɢɚɥɶɧɵɯ ɨɬɥɨɠɟɧɢɣ ɩɨɡɞɧɟɦɨɫɤɨɜɫɤɨɝɨ ɜɨɡɪɚɫɬɚ ɫɨɫɬɚɜɥɹɟɬ ɧɟ ɛɨɥɟɟ 67 ɦ.
Ɋɚɧɶɲɟ ɚɥɥɸɜɢɹ ɫɮɨɪɦɢɪɨɜɚɧɵ ɬɪɢ ɪɚɡɧɨɜɨɡɪɚɫɬɧɵɯ ɦɨɪɟɧɧɵɯ ɝɨɪɢɡɨɧɬɚ ɢ ɪɚɡɞɟɥɹɸɳɢɟ ɢɯ ɜɨɞɧɨ-ɥɟɞɧɢɤɨɜɵɟ ɢ ɦɟɠɥɟɞɧɢɤɨɜɵɟ ɨɬɥɨɠɟɧɢɹ, ɨɬɧɨɫɹɳɢɟɫɹ ɤ ɧɢɠɧɟɦɭ ɢ
ɫɪɟɞɧɟɦɭ ɡɜɟɧɶɹɦ ɧɟɨɩɥɟɣɫɬɨɰɟɧɚ. ɇɚɢɛɨɥɟɟ
ɲɢɪɨɤɨ ɪɚɡɜɢɬɵ ɥɟɞɧɢɤɨɜɵɟ ɢ ɜɨɞɧɨɥɟɞɧɢɤɨɜɵɟ ɨɬɥɨɠɟɧɢɹ ɞɜɭɯ ɩɨɫɥɟɞɧɢɯ ɞɥɹ
ɬɟɪɪɢɬɨɪɢɢ ɝ. Ɇɨɫɤɜɵ ɨɥɟɞɟɧɟɧɢɣ — ɦɨɫɤɨɜɫɤɨɝɨ ɢ ɞɨɧɫɤɨɝɨ. Ȼɨɥɟɟ ɞɪɟɜɧɢɟ ɜɨɞɧɨɥɟɞɧɢɤɨɜɵɟ ɢ ɥɟɞɧɢɤɨɜɵɟ ɨɬɥɨɠɟɧɢɹ ɫɨɯɪɚɧɢɥɢɫɶ, ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ, ɜ ɞɪɟɜɧɢɯ ɩɚɥɟɨɞɨɥɢɧɚɯ. Ʌɟɞɧɢɤɨɜɵɟ ɨɬɥɨɠɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɭɝɥɢɧɤɚɦɢ ɢ ɫɭɩɟɫɹɦɢ, ɫɨɞɟɪɠɚɳɢɦɢ
ɳɟɛɟɧɶ, ɝɚɥɶɤɭ ɢ ɜɚɥɭɧɵ. Ʉɪɚɣɧɟ ɪɟɞɤɨ ɜ
ɬɨɥɳɟ ɜɫɬɪɟɱɚɸɬɫɹ ɨɬɬɨɪɠɟɧɰɵ ɦɟɡɨɡɨɣɫɤɢɯ

ɩɨɪɨɞ. Ɇɨɳɧɨɫɬɶ ɦɨɫɤɨɜɫɤɨɣ ɦɨɪɟɧɵ
ɞɨɫɬɢɝɚɟɬ ɦɟɫɬɚɦɢ 10-15 ɦ. ȼɨɞɧɨɥɟɞɧɢɤɨɜɵɟ ɨɬɥɨɠɟɧɢɹ ɞɨɫɬɚɬɨɱɧɨ ɪɚɡɧɨɨɛɪɚɡɧɵ ɩɨ ɥɢɬɨɥɨɝɢɱɟɫɤɨɦɭ ɫɨɫɬɚɜɭ: ɩɪɟɨɛɥɚɞɚɸɬ ɩɟɫɤɢ, ɫɭɩɟɫɢ ɢ ɚɥɟɜɪɢɬɵ. ɋɭɝɥɢɧɤɢ
ɢ ɝɥɢɧɵ ɢɦɟɸɬ ɩɨɞɱɢɧɟɧɧɨɟ ɡɧɚɱɟɧɢɟ.
ɋɪɟɞɢ ɧɢɯ ɜɫɬɪɟɱɚɸɬɫɹ ɨɡɟɪɧɨ-ɛɨɥɨɬɧɵɟ
ɨɬɥɨɠɟɧɢɹ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɩɟɫɤɚɦɢ, ɫɭɩɟɫɹɦɢ, ɚɥɟɜɪɢɬɚɦɢ ɢ ɝɥɢɧɚɦɢ ɫ ɩɪɨɫɥɨɹɦɢ
ɫɚɩɪɨɩɟɥɢɬɚ ɢ ɬɨɪɮɚ.
Ɉɩɢɫɚɧɧɵɟ ɜɵɲɟ ɱɟɬɜɟɪɬɢɱɧɵɟ ɨɛɪɚɡɨɜɚɧɢɹ ɜ ɝ. Ɇɨɫɤɜɟ ɡɚɥɟɝɚɸɬ ɧɚ ɧɟɪɨɜɧɨɣ
ɩɨɜɟɪɯɧɨɫɬɢ ɞɨɱɟɬɜɟɪɬɢɱɧɵɯ ɩɨɪɨɞ: ɦɟɡɨɡɨɣɫɤɢɯ ɢ ɩɚɥɟɨɡɨɣɫɤɢɯ (ɤɚɦɟɧɧɨɭɝɨɥɶɧɵɯ).
Ɇɟɡɨɡɨɣɫɤɢɟ ɨɬɥɨɠɟɧɢɹ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɝ.
Ɇɨɫɤɜɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɟ ɜ ɩɨɥɧɨɦ ɨɛɴɟɦɟ.
Ɂɞɟɫɶ ɪɚɡɜɢɬɵ ɬɨɥɶɤɨ ɸɪɫɤɢɟ ɢ ɦɟɥɨɜɵɟ
ɨɬɥɨɠɟɧɢɹ. ɘɪɫɤɚɹ ɫɢɫɬɟɦɚ ɫɨ ɡɧɚɱɢɬɟɥɶɧɵɦ ɫɬɪɚɬɢɝɪɚɮɢɱɟɫɤɢɦ ɩɟɪɟɪɵɜɨɦ ɢ ɭɝɥɨɜɵɦ ɧɟɫɨɝɥɚɫɢɟɦ ɡɚɥɟɝɚɟɬ ɧɚ ɫɪɟɞɧɟ- ɢ
ɜɟɪɯɧɟɤɚɦɟɧɧɨɭɝɨɥɶɧɵɯ ɨɬɥɨɠɟɧɢɹɯ (ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɸɝɨ-ɡɚɩɚɞɧɨɣ ɢ ɫɟɜɟɪɨɜɨɫɬɨɱɧɨɣ ɱɚɫɬɹɯ ɝɨɪɨɞɚ). ɇɚɢɛɨɥɟɟ ɞɪɟɜɧɢɟ
ɢɡ ɸɪɫɤɢɯ ɧɚɩɥɚɫɬɨɜɚɧɢɣ ɫɝɥɚɠɢɜɚɸɬ ɟɝɨ
ɧɟɪɨɜɧɨɫɬɢ, ɡɚɩɨɥɧɹɹ ɩɚɥɟɨɞɨɥɢɧɵ. ȼ ɪɚɡɪɟɡɟ ɦɟɡɨɡɨɣɫɤɢɯ ɩɨɪɨɞ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɝɨɪɨɞɚ
ɜɵɞɟɥɹɸɬɫɹ ɬɪɢ ɨɫɧɨɜɧɵɯ ɥɢɬɨɥɨɝɨɫɬɪɚɬɢɝɪɚɮɢɱɟɫɤɢɯ ɤɨɦɩɥɟɤɫɚ, ɨɯɜɚɬɵɜɚɸɳɢɟ ɸɪɫɤɭɸ ɢ ɦɟɥɨɜɭɸ ɫɢɫɬɟɦɵ: ɚɥɟɜɪɢɬɨɩɟɫɱɚɧɵɣ ɬɢɬɨɧ-ɦɟɥɨɜɨɣ, ɝɥɢɧɢɫɬɵɣ ɫɪɟɞɧɟɤɟɥɥɨɜɟɣ-ɧɢɠɧɟɤɢɦɟ-ɪɢɞɠɫɤɢɣ ɢ ɚɥɟɜɪɢɬɨ-ɩɟɫɱɚɧɵɣ ɛɚɬ-ɫɪɟɞɧɟɤɟɥɥɨɜɟɣɫɤɢɣ.
Ʉɚɦɟɧɧɨɭɝɨɥɶɧɵɟ ɨɬɥɨɠɟɧɢɹ ɪɚɡɜɢɬɵ ɧɚ
ɬɟɪɪɢɬɨɪɢɢ Ɇɨɫɤɜɵ ɢ ɱɚɫɬɢɱɧɨ ɜɵɯɨɞɹɬ ɧɚ
ɩɨɜɟɪɯɧɨɫɬɶ. ɂɯ ɧɚɤɨɩɥɟɧɢɟ ɩɪɨɢɫɯɨɞɢɥɨ ɜ
ɭɫɥɨɜɢɹɯ ɦɨɪɫɤɨɝɨ ɛɚɫɫɟɣɧɚ, ɪɟɠɢɦ ɤɨɬɨɪɨɝɨ ɩɟɪɢɨɞɢɱɟɫɤɢ ɢɡɦɟɧɹɥɫɹ. ɗɬɨ ɪɢɬɦɢɱɧɨ
ɱɟɪɟɞɭɸɳɢɟɫɹ
ɬɟɪɪɢɝɟɧɧɵɟ
(ɝɥɢɧɢɫɬɨɦɟɪɝɟɥɶɧɵɟ) ɢ ɤɚɪɛɨɧɚɬɧɵɟ (ɢɡɜɟɫɬɧɹɤɨɜɨɞɨɥɨɦɢɬɨɜɵɟ) ɩɨɪɨɞɵ.
ɇɚ ɬɟɪɪɢɬɨɪɢɢ ɝ. Ɇɨɫɤɜɵ ɧɚɢɛɨɥɶɲɟɟ
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɢɦɟɸɬ ɬɚɤɢɟ ɝɟɨɥɨɝɢɱɟɫɤɢɟ
ɩɪɨɰɟɫɫɵ, ɤɚɤ ɫɨɜɪɟɦɟɧɧɵɟ ɝɟɨɞɢɧɚɦɢɱɟɫɤɢɟ ɞɜɢɠɟɧɢɹ ɡɟɦɧɨɣ ɤɨɪɵ, ɡɟɦɥɟɬɪɹɫɟɧɢɹ,
ɩɥɨɫɤɨɫɬɧɚɹ, ɨɜɪɚɠɧɚɹ ɢ ɪɟɱɧɚɹ ɷɪɨɡɢɹ,
ɡɚɛɨɥɚɱɢɜɚɧɢɟ, ɤɚɪɫɬ ɢ ɫɭɮɮɨɡɢɹ, ɨɩɨɥɡɧɢ.
ȼ ɫɟɣɫɦɢɱɟɫɤɨɦ ɨɬɧɨɲɟɧɢɢ Ɇɨɫɤɨɜɫɤɢɣ
ɪɟɝɢɨɧ ɬɪɚɞɢɰɢɨɧɧɨ ɫɱɢɬɚɥɫɹ ɛɟɡɨɩɚɫɧɵɦ,
ɨɞɧɚɤɨ ɫɟɣɫɦɢɱɟɫɤɚɹ ɭɹɡɜɢɦɨɫɬɶ ɬɟɪɪɢɬɨɪɢɢ
ɝɨɪɨɞɚ ɡɚ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɫɭɳɟɫɬɜɟɧɧɨ
ɜɨɡɪɨɫɥɚ.
ɉɪɨɰɟɫɫɵ ɡɚɛɨɥɚɱɢɜɚɧɢɹ ɜ ɧɚɫɬɨɹɳɟɟ
ɜɪɟɦɹ ɢɦɟɸɬ ɟɫɬɟɫɬɜɟɧɧɨɟ ɪɚɡɜɢɬɢɟ ɬɨɥɶɤɨ
ɧɚ ɨɤɪɚɢɧɚɯ ɝɨɪɨɞɚ ɜ ɘɠɧɨɦ Ȼɭɬɨɜɨ, ɜɨɤɪɭɝ
Ʉɨɫɢɧɫɤɢɯ ɨɡɟɪ ɢ ɞɨɥɢɧɚɯ ɪɟɤ ɉɟɯɨɪɤɚ,
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ɋɟɬɭɧɶ, ɋɯɨɞɧɹ.
Ʉɚɪɫɬɨɜɵɟ ɩɪɨɰɟɫɫɵ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɝ.
Ɇɨɫɤɜɵ ɫɜɹɡɚɧɵ ɫ ɧɚɥɢɱɢɟɦ ɜ ɝɟɨɥɨɝɢɱɟɫɤɨɦ ɪɚɡɪɟɡɟ ɦɨɳɧɨɣ ɬɨɥɳɢ (ɛɨɥɟɟ 300 ɦ)
ɪɚɫɬɜɨɪɢɦɵɯ ɢ ɜɨɞɨɩɪɨɧɢɰɚɟɦɵɯ ɤɚɪɛɨɧɚɬɧɵɯ ɩɨɪɨɞ ɤɚɦɟɧɧɨɭɝɨɥɶɧɨɝɨ ɜɨɡɪɚɫɬɚ. ȼ
ɜɟɪɬɢɤɚɥɶɧɨɦ ɪɚɡɪɟɡɟ ɱɟɬɤɨ ɜɵɞɟɥɹɸɬɫɹ ɞɜɟ
ɡɨɧɵ: ɜɟɪɯɧɹɹ, ɩɪɢɭɪɨɱɟɧɧɚɹ ɤ ɨɬɥɨɠɟɧɢɹɦ
ɜɟɪɯɧɟɝɨ ɤɚɪɛɨɧɚ, ɢ ɧɢɠɧɹɹ, ɡɚɯɜɚɬɵɜɚɸɳɚɹ
ɨɬɥɨɠɟɧɢɹ ɫɪɟɞɧɟɝɨ ɢ ɧɢɠɧɟɝɨ ɤɚɪɛɨɧɚ.
ȼɟɪɯɧɹɹ ɡɨɧɚ ɪɚɫɩɪɨɫɬɪɚɧɟɧɚ ɧɟ ɩɨɜɫɟɦɟɫɬɧɨ. Ɉɧɚ ɩɨɥɧɨɫɬɶɸ ɨɬɫɭɬɫɬɜɭɟɬ ɜ ɩɪɟɞɟɥɚɯ
ɞɨɸɪɫɤɨɣ ɞɨɥɢɧɵ ɪɚɡɦɵɜɚ ɢ ɢɦɟɟɬ ɧɟɡɧɚɱɢɬɟɥɶɧɭɸ ɦɨɳɧɨɫɬɶ ɜɞɨɥɶ ɬɚɥɶɜɟɝɚ ɢ ɧɢɠɧɟɣ
ɱɚɫɬɢ ɛɨɪɬɨɜ ɞɨɥɟɞɧɢɤɨɜɵɯ ɞɨɥɢɧ (ɯɨɪɨɲɟɜɫɤɨɣ ɢ ɬɚɬɚɪɨɜɫɤɨɣ), ɝɞɟ ɜɟɪɯɧɟɤɚɦɟɧɧɨɭɝɨɥɶɧɵɟ ɨɬɥɨɠɟɧɢɹ ɩɨɥɧɨɫɬɶɸ ɢɥɢ ɱɚɫɬɢɱɧɨ ɪɚɡɦɵɬɵ. ȼɬɨɪɚɹ ɡɚɤɚɪɫɬɨɜɚɧɧɚɹ ɡɨɧɚ
ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɦɨɳɧɨɣ ɢ ɩɪɨɫɥɟɠɢɜɚɟɬɫɹ ɞɨ
ɝɥɭɛɢɧɵ 230-300 ɦ.
ɇɚɢɛɨɥɟɟ ɛɥɚɝɨɩɪɢɹɬɧɨɣ ɫɪɟɞɨɣ ɞɥɹ
ɫɭɮɮɨɡɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɜ Ɇɨɫɤɜɟ ɹɜɥɹɸɬɫɹ
ɮɥɸɜɢɨɝɥɹɰɢɚɥɶɧɵɟ ɢ ɚɥɥɸɜɢɚɥɶɧɵɟ ɱɟɬɜɟɪɬɢɱɧɵɟ, ɚ ɬɚɤɠɟ ɦɟɥɨɜɵɟ ɢ ɸɪɫɤɢɟ ɩɟɫɤɢ,
ɫɨɜɪɟɦɟɧɧɵɟ ɨɩɨɥɡɧɟɜɵɟ ɢ ɬɟɯɧɨɝɟɧɧɵɟ
ɧɚɤɨɩɥɟɧɢɹ. ɇɚɢɦɟɧɟɟ ɛɥɚɝɨɩɪɢɹɬɧɵ ɞɥɹ
ɫɭɮɮɨɡɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɭɱɚɫɬɤɢ ɦɨɪɟɧɧɨɣ
ɪɚɜɧɢɧɵ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ, ɜ ɨɫɧɨɜɧɨɦ, ɜ
ɸɠɧɵɯ ɢ ɸɝɨ-ɡɚɩɚɞɧɵɯ ɪɚɣɨɧɚɯ ɝɨɪɨɞɚ.
Ɉɩɨɥɡɧɢ ɧɚ ɬɟɪɪɢɬɨɪɢɢ Ɇɨɫɤɜɵ ɩɨ ɦɚɫɲɬɚɛɚɦ ɩɪɨɹɜɥɟɧɢɹ ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɞɜɚ
ɬɢɩɚ — ɝɥɭɛɨɤɢɟ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟɫɹ
ɩɥɨɳɚɞɶɸ 0,8-1,0 ɤɦ, ɫ ɝɥɭɛɢɧɨɣ ɡɚɯɜɚɬɚ
ɩɨɪɨɞ ɞɨ 100 ɦ, ɢ ɩɨɜɟɪɯɧɨɫɬɧɵɟ, ɦɟɥɤɢɟ —
ɩɥɨɳɚɞɶɸ ɞɨ 0,002 ɤɦ, ɫ ɝɥɭɛɢɧɨɣ ɡɚɯɜɚɬɚ
ɩɨɪɨɞ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ 1-5, ɪɟɠɟ 10 ɦ.
Ɉɩɨɥɡɧɢ ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɢ ɦɟɥɤɢɟ ɪɚɡɜɢɜɚɸɬɫɹ ɧɚ ɫɤɥɨɧɚɯ ɪɟɤɢ Ɇɨɫɤɜɵ, ɟɟ ɩɪɢɬɨɤɚɯ
ɢ ɛɨɪɬɚɯ ɨɜɪɚɠɧɨ-ɛɚɥɨɱɧɨɣ ɫɟɬɢ. Ɉɧɢ ɩɨɪɚɠɚɸɬ ɬɚɤɠɟ ɫɬɟɧɤɢ ɫɪɵɜɚ ɝɥɭɛɨɤɢɯ ɨɩɨɥɡɧɟɣ. ɂɡ 235 ɩɨɝ. ɤɦ ɨɛɫɥɟɞɨɜɚɧɧɨɣ ɷɪɨɡɢɨɧɧɨɣ ɢ ɨɜɪɚɠɧɨɣ ɫɟɬɢ ɨɩɨɥɡɧɢ ɜɫɬɪɟɱɟɧɵ ɧɚ
35 ɩɨɝ. ɤɦ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɤɨɷɮɮɢɰɢɟɧɬɭ
ɥɢɧɟɣɧɨɣ ɩɨɪɚɠɟɧɧɨɫɬɢ ɩɪɢɦɟɪɧɨ ɜ 14%.
Ɉɛɳɟɟ ɱɢɫɥɨ ɜɵɹɜɥɟɧɧɵɯ ɨɩɨɥɡɧɟɣ ɜ ɧɚɱɚɥɟ
90-ɯ ɫɨɫɬɚɜɥɹɥɨ ɨɤɨɥɨ 300. Ɉɩɨɥɡɧɢ ɷɬɨɝɨ
ɬɢɩɚ ɩɨ ɦɟɯɚɧɢɡɦɭ ɨɬɧɨɫɹɬɫɹ ɤ ɨɩɨɥɡɧɹɦ
ɫɤɨɥɶɠɟɧɢɹ ɢ ɬɟɱɟɧɢɹ, ɢɧɨɝɞɚ ɜɫɬɪɟɱɚɸɬɫɹ
ɫɭɮɮɨɡɢɨɧɧɵɟ ɨɩɨɥɡɧɢ, ɨɛɭɫɥɨɜɥɟɧɧɵɟ
ɦɟɯɚɧɢɱɟɫɤɢɦ ɜɵɧɨɫɨɦ ɦɚɬɟɪɢɚɥɚ ɢɫɬɨɱɧɢɤɚɦɢ ɩɨɞɡɟɦɧɵɯ ɜɨɞ, ɪɚɡɝɪɭɠɚɸɳɢɦɢɫɹ ɧɚ
ɫɤɥɨɧɟ.

3. ɄɊȺɌɄɂɃ ɂɋɌɈɊɂɑȿɋɄɂɃ ɗɄɋɄɍɊɋ
ȼ ɞɚɧɧɨɣ ɥɟɤɰɢɢ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɜɨɩɪɨɫɵ ɝɟɨɬɟɯɧɢɱɟɫɤɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɜ
Ɇɨɫɤɜɟ ɩɨɫɥɟɞɧɢɯ 15 ɥɟɬ. Ɉɞɧɚɤɨ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɰɟɥɟɫɨɨɛɪɚɡɧɵɦ ɨɛɪɚɬɢɬɶ ɪɟɬɪɨɫɩɟɤɬɢɜɧɵɣ ɜɡɝɥɹɞ ɧɚ ɧɟɤɨɬɨɪɵɟ ɚɫɩɟɤɬɵ ɛɨɥɟɟ
ɪɚɧɧɢɯ ɝɟɨɬɟɯɧɢɱɟɫɤɢɯ ɪɚɛɨɬ, ɜ ɬɨɦ ɱɢɫɥɟ
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɮɭɧɞɚɦɟɧɬɨɜ ɨɬɞɟɥɶɧɵɯ
ɭɧɢɤɚɥɶɧɵɯ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɝɨɪɨɞɚ.
Ƚɪɭɧɬɵ ɧɚ ɬɟɪɪɢɬɨɪɢɢ Ɇɨɫɤɜɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɪɚɜɧɢɬɟɥɶɧɨ ɦɨɥɨɞɵɦɢ ɨɬɥɨɠɟɧɢɹɦɢ
ɱɟɬɜɟɪɬɢɱɧɨɝɨ ɩɟɪɢɨɞɚ, ɤɨɬɨɪɵɟ ɱɚɳɟ
ɫɥɭɠɚɬ ɨɫɧɨɜɚɧɢɟɦ ɞɥɹ ɮɭɧɞɚɦɟɧɬɨɜ ɡɞɚɧɢɣ,
ɚ ɬɚɤɠɟ ɛɨɥɟɟ ɞɪɟɜɧɢɦɢ (ɤɨɪɟɧɧɵɦɢ) ɨɬɥɨɠɟɧɢɹɦɢ ɦɟɥɨɜɨɝɨ, ɸɪɫɤɨɝɨ ɢ ɤɚɦɟɧɧɨɭɝɨɥɧɨɝɨ ɩɟɪɢɨɞɨɜ. ȼ ɛɨɥɶɲɟɣ ɫɜɨɟɣ ɱɚɫɬɢ ɬɚɤɢɟ
ɝɪɭɧɬɵ ɛɥɚɝɨɩɪɢɹɬɧɵ ɜ ɫɬɪɨɢɬɟɥɶɧɨɦ ɨɬɧɨɲɟɧɢɢ.
ȼɵɫɨɤɚɹ ɩɪɨɱɧɨɫɬɶ ɢ ɦɚɥɚɹ ɫɠɢɦɚɟɦɨɫɬɶ
ɷɬɢɯ ɝɪɭɧɬɨɜ ɩɨɡɜɨɥɹɥɢ ɨɫɧɨɜɧɭɸ ɦɚɫɫɭ
ɫɬɪɨɢɜɲɢɯɫɹ ɜ Ɇɨɫɤɜɟ ɦɚɥɨɷɬɚɠɧɵɯ ɡɞɚɧɢɣ
ɜɨɡɜɨɞɢɬɶ ɧɚ ɟɫɬɟɫɬɜɟɧɧɨɦ ɨɫɧɨɜɚɧɢɢ – ɧɚ
ɮɭɧɞɚɦɟɧɬɚɯ ɦɟɥɤɨɝɨ ɡɚɥɨɠɟɧɢɹ ɜ ɜɢɞɟ
ɧɟɩɪɟɪɵɜɧɵɯ ɥɟɧɬ ɢɥɢ ɨɬɞɟɥɶɧɵɯ ɫɬɨɥɛɨɜ
(ɨɩɨɪ). ɇɨ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɝɨɪɨɞɚ ɜɫɬɪɟɱɚɸɬɫɹ ɢ ɫɥɚɛɵɟ ɝɪɭɧɬɵ. Ɉɧɢ ɹɜɥɹɸɬɫɹ ɛɨɥɨɬɧɵɦɢ ɢ ɨɡɟɪɧɵɦɢ ɨɬɥɨɠɟɧɢɹɦɢ, ɚ ɬɚɤɠɟ ɨɬɥɨɠɟɧɢɹɦɢ ɜ ɡɚɬɨɩɥɹɟɦɵɯ ɩɨɣɦɚɯ ɪɟɤ. ȼ
ɩɪɟɞɟɥɚɯ Ɇɨɫɤɜɵ ɜ ɩɪɟɠɧɢɟ ɜɪɟɦɟɧɚ ɧɚɫɱɢɬɵɜɚɥɨɫɶ 115-140 ɪɟɤ, ɪɟɱɟɤ ɢ ɜɨɞɨɟɦɨɜ,
ɩɨɥɨɜɢɧɚ ɤɨɬɨɪɵɯ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɡɚɫɵɩɚɧɚ ɢɥɢ ɡɚɤɥɸɱɟɧɚ ɜ ɩɨɞɡɟɦɧɵɟ ɤɨɥɥɟɤɬɨɪɵ. ɉɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɧɚ ɫɥɚɛɵɯ ɝɪɭɧɬɚɯ
ɡɞɚɧɢɹ ɩɪɢɯɨɞɢɥɨɫɶ ɨɩɢɪɚɬɶ ɧɚ ɫɜɚɢ, ɤɨɬɨɪɵɟ, ɩɪɨɪɟɡɚɹ ɬɨɥɳɭ ɫɥɚɛɵɯ ɝɪɭɧɬɨɜ, ɨɩɢɪɚɥɢɫɶ ɧɚ ɛɨɥɟɟ ɩɪɨɱɧɵɣ ɝɪɭɧɬ (“ɦɚɬɟɪɢɤ”).
Ʉɪɨɦɟ ɬɨɝɨ, ɜ Ɇɨɫɤɜɟ, ɨɫɨɛɟɧɧɨ ɜ ɟɟ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ, ɢɦɟɟɬɫɹ ɤɭɥɶɬɭɪɧɵɣ (ɧɚɫɵɩɧɨɣ) ɫɥɨɣ – ɪɟɡɭɥɶɬɚɬ ɦɧɨɝɨɜɟɤɨɜɨɣ
ɱɟɥɨɜɟɱɟɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ. ȼɫɬɪɟɱɚɸɬɫɹ
ɬɚɤɠɟ ɨɫɬɚɬɤɢ ɫɬɚɪɵɯ ɤɚɦɟɧɧɵɯ ɢ ɞɟɪɟɜɹɧɧɵɯ ɦɨɫɬɨɜɵɯ, ɭɤɪɟɩɥɟɧɢɣ, ɮɭɧɞɚɦɟɧɬɨɜ,
ɡɚɫɵɩɚɧɧɵɟ ɤɨɥɨɞɰɵ. Ɍɨɥɳɢɧɚ ɷɬɨɝɨ ɧɟɛɥɚɝɨɩɪɢɹɬɧɨɝɨ ɜ ɫɬɪɨɢɬɟɥɶɧɨɦ ɨɬɧɨɲɟɧɢɢ ɫɥɨɹ
ɫɨɫɬɚɜɥɹɟɬ ɨɬ 2 ɞɨ 15 ɦɟɬɪɨɜ.
ȼ ɤɨɧɰɟ XIX ɢ ɜ ɧɚɱɚɥɟ XX ɜɟɤɚ (ɜɫɟɝɨ
100 ɥɟɬ ɧɚɡɚɞ!) ɨɫɧɨɜɧɵɦ ɫɬɪɨɢɬɟɥɶɧɵɦ
ɦɚɬɟɪɢɚɥɨɦ ɞɥɹ ɮɭɧɞɚɦɟɧɬɨɜ ɡɞɚɧɢɣ ɜ
Ɇɨɫɤɜɟ ɨɫɬɚɜɚɥɢɫɶ ɛɭɬɨɜɵɣ ɤɚɦɟɧɶ ɢɥɢ
ɛɭɬɨɜɚɹ ɩɥɢɬɚ (ɩɥɢɬɧɹɤ), ɛɭɥɵɠɧɵɣ ɤɚɦɟɧɶ
ɢ ɤɢɪɩɢɱ. ȼ ɤɚɱɟɫɬɜɟ ɜɹɠɭɳɟɝɨ ɦɚɬɟɪɢɚɥɚ
ɩɪɢ ɤɥɚɞɤɟ ɮɭɧɞɚɦɟɧɬɨɜ ɱɚɳɟ ɜɫɟɝɨ ɩɪɢɦɟɧɹɥɫɹ ɢɡɜɟɫɬɤɨɜɵɣ ɪɚɫɬɜɨɪ.
ȼ ɧɚɱɚɥɟ XX ɜɟɤɚ ɜ Ɇɨɫɤɜɟ ɧɚɱɢɧɚɸɬ
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ɫɬɪɨɢɬɫɹ “ɜɵɫɨɤɢɟ” – ɞɨ 5-6 ɷɬɚɠɟɣ – ɡɞɚɧɢɹ.
Ƚɥɭɛɢɧɚ ɡɚɥɨɠɟɧɢɹ ɩɨɞɨɲɜɵ ɮɭɧɞɚɦɟɧɬɨɜ
ɨɩɪɟɞɟɥɹɥɚɫɶ ɜɟɫɨɦ ɡɞɚɧɢɹ ɢ ɡɚɜɢɫɟɥɚ ɨɬ
ɧɚɥɢɱɢɹ ɩɨɞɜɚɥɚ ɢ ɫɜɨɣɫɬɜ ɝɪɭɧɬɚ, ɧɨ ɜɫɟɝɞɚ
ɛɵɥɚ ɧɟ ɦɟɧɟɟ ɝɥɭɛɢɧɵ ɩɪɨɦɟɪɡɚɧɢɹ 1,5
ɦɟɬɪɚ.
ɂɧɨɝɞɚ ɮɭɧɞɚɦɟɧɬɵ ɩɪɢɯɨɞɢɥɨɫɶ ɫɢɥɶɧɨ
ɡɚɝɥɭɛɥɹɬɶ ɢɡ-ɡɚ ɧɚɥɢɱɢɹ ɫɥɚɛɨɝɨ ɝɪɭɧɬɚ.
Ɍɚɤ, ɥɟɧɬɨɱɧɵɟ ɮɭɧɞɚɦɟɧɬɵ ɡɞɚɧɢɹ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɂɫɬɨɪɢɱɟɫɤɨɝɨ ɦɭɡɟɹ, ɜɵɩɨɥɧɟɧɧɵɟ ɢɡ ɪɜɚɧɧɨɝɨ ɢ ɬɟɫɚɧɧɨɝɨ ɤɢɪɩɢɱɚ,
ɡɚɝɥɭɛɥɟɧɵ ɦɟɫɬɚɦɢ ɞɨ 8,1 ɦɟɬɪɚ. Ɏɭɧɞɚɦɟɧɬɵ Ɇɚɧɟɠɚ, ɜɨɡɜɟɞɟɧɧɨɝɨ ɜ ɩɟɪɜɨɣ
ɩɨɥɨɜɢɧɟ 19 ɜɟɤɚ, ɢɦɟɸɬ ɝɥɭɛɢɧɭ ɡɚɥɨɠɟɧɢɹ
ɞɨ - 7,4 ɦɟɬɪɚ.
ɉɪɢ ɧɚɥɢɱɢɢ ɫɥɚɛɵɯ ɝɪɭɧɬɨɜ ɜ ɨɫɧɨɜɚɧɢɢ
ɡɞɚɧɢɣ ɞɨ ɧɚɱɚɥɚ XX ɜɟɤɚ ɩɪɢɦɟɧɹɥɢɫɶ
ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɞɟɪɟɜɹɧɧɵɟ ɫɜɚɢ. Ʌɟɫ ɞɥɹ
ɫɜɚɣ ɢ ɭɫɬɪɚɢɜɚɟɦɨɝɨ ɩɨɞ ɧɢɦ ɪɨɫɬɜɟɪɤɚ
ɭɩɨɬɪɟɛɥɹɥɫɹ ɞɭɛɨɜɵɣ ɢɥɢ ɫɨɫɧɨɜɵɣ ɢ
ɬɨɥɶɤɨ ɜ ɤɪɚɣɧɢɯ ɫɥɭɱɚɹɯ – ɟɥɨɜɵɣ.
Ɇɧɨɝɢɟ ɡɞɚɧɢɹ, ɩɨɫɬɪɨɟɧɧɵɟ ɧɚ ɞɟɪɟɜɹɧɧɵɯ ɫɜɚɹɯ, ɩɨɥɭɱɢɥɢ ɛɨɥɶɲɢɟ ɧɟɪɚɜɧɨɦɟɪɧɵɟ ɨɫɚɞɤɢ ɢ ɜ ɢɯ ɤɨɧɫɬɪɭɤɰɢɹɯ ɩɨɹɜɢɥɢɫɶ
ɜɫɟ ɭɜɟɥɢɱɢɜɚɸɳɢɟɫɹ ɬɪɟɳɢɧɵ. Ƚɧɢɟɧɢɟ
ɞɟɪɟɜɹɧɧɵɯ ɫɜɚɣ ɧɚɱɢɧɚɟɬɫɹ, ɤɨɝɞɚ ɩɨ ɤɚɤɢɦ
ɥɢɛɨ ɩɪɢɱɢɧɚɦ ɩɪɨɢɫɯɨɞɢɬ ɩɨɧɢɠɟɧɢɟ
ɭɪɨɜɧɹ ɩɨɞɡɟɦɧɵɯ ɜɨɞ, ɜɟɪɯɧɹɹ ɱɚɫɬɶ ɫɜɚɣ
ɨɛɧɚɠɚɟɬɫɹ ɢ ɨɤɚɡɵɜɚɟɬɫɹ ɜ ɜɨɡɞɭɲɧɨɣ
ɫɪɟɞɟ. ɉɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɩɨɥɭɱɢɥɨ ɛɨɥɶɲɭɸ
ɧɟɪɚɜɧɨɦɟɪɧɭɸ ɨɫɚɞɤɭ (ɞɨ 80 ɫɦ) ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɬɪɟɳɢɧ ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ ɩɨɫɬɪɨɟɧɧɨɟ
ɜ XIX ɜɟɤɟ ɧɚ ɛɟɪɟɝɭ ɪɟɤɢ ɇɟɝɥɢɧɤɢ ɡɞɚɧɢɟ
Ɇɚɥɨɝɨ Ɍɟɚɬɪɚ. Ɍɨɥɶɤɨ ɩɨɞɜɟɞɟɧɢɟ ɜ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɩɨɞ ɫɬɟɧɵ ɛɭɪɨɧɚɛɢɜɧɵɯ ɫɜɚɣ
ɩɪɢɨɫɬɚɧɨɜɢɥɨ ɩɪɨɰɟɫɫ ɨɫɚɞɤɢ.
ȼ Ɇɨɫɤɨɜɫɤɨɦ Ʉɪɟɦɥɟ ɜ 1960-1980 ɝɝ.
ɜɵɩɨɥɧɹɥɚɫɶ ɧɚɭɱɧɚɹ ɩɪɨɝɪɚɦɦɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɟɮɨɪɦɚɰɢɣ ɨɫɧɨɜɚɧɢɣ ɢ ɮɭɧɞɚɦɟɧɬɨɜ
ɢɫɬɨɪɢɱɟɫɤɢɯ ɡɞɚɧɢɣ (ɰɟɪɤɨɜɶ 12 Ⱥɩɨɫɬɨɥɨɜ,
Ɂɜɨɧɧɢɰɚ, Ʉɨɥɨɤɨɥɶɧɹ “ɂɜɚɧ ȼɟɥɢɤɢɣ” ɢ
ɞɪ.) ɫ ɰɟɥɶɸ ɪɚɡɪɚɛɨɬɤɢ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ
ɨɛɟɫɩɟɱɟɧɢɸ ɢɯ ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɢ ɫɨɯɪɚɧɧɨɫɬɢ (Ɍɟɪɧɨɜɫɤɚɹ , 2004 ɝ.).
Ȼɵɥɢ ɭɫɬɚɧɨɜɥɟɧɵ ɨɫɧɨɜɧɵɟ ɩɪɢɱɢɧɵ
ɞɟɮɨɪɦɚɰɢɣ ɨɫɧɨɜɚɧɢɣ ɢ ɮɭɧɞɚɦɟɧɬɨɜ
ɡɞɚɧɢɣ Ʉɪɟɦɥɹ:
- ɪɚɡɧɚɹ ɝɥɭɛɢɧɚ ɡɚɥɨɠɟɧɢɹ ɮɭɧɞɚɦɟɧɬɨɜ
ɢ ɧɚɥɢɱɢɟ ɧɚɫɵɩɧɵɯ ɝɪɭɧɬɨɜ ɦɨɳɧɨɫɬɶɸ ɞɨ
4 ɦ ɜ ɨɫɧɨɜɚɧɢɢ ɮɭɧɞɚɦɟɧɬɨɜ; ɬɨɥɶɤɨ ɩɨɫɥɟ
ɩɨɞɜɨɞɤɢ ɧɨɜɵɯ ɮɭɧɞɚɦɟɧɬɨɜ ɢ ɡɚɤɪɟɩɥɟɧɢɹ ɝɪɭɧɬɨɜ ɨɫɧɨɜɚɧɢɹ ɜ 1963-1965 ɝɝ.
ɨɫɚɞɤɢ ɡɞɚɧɢɣ ɫɬɚɛɢɥɢɡɢɪɨɜɚɥɢɫɶ;
- ɧɚɥɢɱɢɟ ɩɨɞ ɩɨɞɨɲɜɨɣ ɮɭɧɞɚɦɟɧɬɨɜ
ɩɨɥɨɫɬɟɣ ɧɚ ɦɟɫɬɟ ɫɝɧɢɜɲɢɯ ɞɟɪɟɜɹɧɧɵɯ

ɫɜɚɣ “ɤɨɪɨɬɵɲɟɣ”; ɩɪɢɱɢɧɨɣ ɝɧɢɟɧɢɹ ɫɜɚɣ
ɦɨɝɥɨ ɹɜɢɬɶɫɹ ɩɨɧɢɠɟɧɢɟ ɭɪɨɜɧɹ ɩɨɞɡɟɦɧɵɯ
ɜɨɞ ɩɨɞ ɜɫɟɦɢ ɡɞɚɧɢɹɦɢ ɧɚ ɋɨɛɨɪɧɨɣ ɩɥɨɳɚɞɢ.
ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɜ ɬɟɯ ɦɟɫɬɚɯ, ɝɞɟ ɭɪɨɜɟɧɶ ɩɨɞɡɟɦɧɵɯ ɜɨɞ ɧɟ ɩɨɧɢɡɢɥɫɹ, ɫɨɫɬɨɹɧɢɟ
ɫɜɚɣ ɧɟ ɢɡɦɟɧɢɥɨɫɶ ɜ ɬɟɱɟɧɢɢ ɞɥɢɬɟɥɶɧɨɝɨ
ɫɪɨɤɚ. ɇɚ ɪɢɫ. 4 ɩɪɢɜɟɞɟɧɚ ɮɨɬɨɝɪɚɮɢɹ
ɮɪɚɝɦɟɧɬɚ ɞɭɛɨɜɨɣ ɫɜɚɢ, ɢɡɜɥɟɱɟɧɧɨɣ ɜ
ɩɪɨɰɟɫɫɟ ɭɫɢɥɟɧɢɹ ɮɭɧɞɚɦɟɧɬɚ ɜ ɨɫɧɨɜɚɧɢɢ
Ʉɨɥɨɤɨɥɶɧɢ “ɂɜɚɧ ȼɟɥɢɤɢɣ” ɜ Ɇɨɫɤɨɜɫɤɨɦ
Ʉɪɟɦɥɟ. ɍɫɬɪɨɣɫɬɜɨ ɫɜɚɣɧɨɝɨ ɮɭɧɞɚɦɟɧɬɚ
ɨɫɭɳɟɫɬɜɥɹɥ ɜ 1505-1508 ɝɝ. Ȼɨɧ Ɏɪɹɡɢɧ, ɬ.ɟ.
ɜɨɡɪɚɫɬ ɫɜɚɢ ɨɤɨɥɨ 500 ɥɟɬ. Ʉɚɤ ɜɢɞɧɨ ɢɡ
ɮɨɬɨɝɪɚɮɢɢ, ɫɜɚɹ ɧɚɯɨɞɢɬɫɹ ɜ ɢɞɟɚɥɶɧɨɦ
ɫɨɫɬɨɹɧɢɢ, ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɟɟ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɢɡɦɟɧɢɥɢɫɶ.

Ɋɢɫɭɧɨɤ 4. Ɏɪɚɝɦɟɧɬ ɞɭɛɨɜɨɣ ɫɜɚɢ

ɉɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɜ 50-80 ɝɨɞɚɯ 20 ɜɟɤɚ
ɩɨɥɧɨɦɚɫɲɬɚɛɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɡɚɤɪɟɩɥɟɧɢɸ ɝɪɭɧɬɨɜ ɨɫɧɨɜɚɧɢɣ ɢ ɭɫɢɥɟɧɢɸ
ɮɭɧɞɚɦɟɧɬɨɜ ɧɟɤɨɬɨɪɵɯ ɡɞɚɧɢɣ Ʉɪɟɦɥɹ,
ɨɫɚɞɤɢ ɢɯ ɩɪɟɤɪɚɬɢɥɢɫɶ.
ȼ ɡɚɤɥɸɱɟɧɢɢ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ, ɧɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɧɚɭɱɧɵɟ – ɨɫɧɨɜɵ ɮɭɧɞɚɦɟɧɬɨɫɬɪɨɟɧɢɹ ɜ ɤɨɧɰɟ XIX – ɧɚɱɚɥɟ XX
ɜɟɤɨɜ ɟɳɺ ɬɨɥɶɤɨ ɫɤɥɚɞɵɜɚɥɢɫɶ, ɚ ɬɟɯɧɨɥɨɝɢɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɛɵɥɚ ɤɪɚɣɧɟ ɧɟɫɨɜɟɪɲɟɧɧɨɣ, ɮɭɧɞɚɦɟɧɬɵ ɜ ɧɚɱɚɥɟ XX ɜɟɤɚ ɫɬɪɨɢɥɢ
ɩɪɨɱɧɨ ɢ ɧɚɞɟɠɧɨ. Ȼɨɥɶɲɢɧɫɬɜɨ ɡɞɚɧɢɣ
ɩɨɫɬɪɨɟɧɧɵɯ ɜ ɬɟ ɝɨɞɵ, ɦɵ ɢ ɫɟɣɱɚɫ ɜɢɞɢɦ ɜ
ɯɨɪɨɲɟɦ ɫɨɫɬɨɹɧɢɢ.
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4. ȼɕɋɈɌɇɕȿ ɁȾȺɇɂə 1950-ɏ ȽɈȾɈȼ

ɫɥɨɠɧɵɦɢ
ɝɟɨɥɨɝɢɱɟɫɤɢɦɢ
ɭɫɥɨɜɢɹɦɢ
ɦɟɝɚɩɨɥɢɫɚ. ȼ ɨɬɥɢɱɢɢ ɨɬ ɇɶɸ-Ƀɨɪɤɚ ɢɥɢ
ɑɢɤɚɝɨ, ɝɞɟ ɫɤɚɥɶɧɵɟ ɩɨɪɨɞɵ ɦɟɫɬɚɦɢ
ɜɵɯɨɞɹɬ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ, ɹɜɥɹɸɬɫɹ ɜɵɫɨɤɨɩɪɨɱɧɵɦɢ ɢ ɜ ɫɜɹɡɢ ɫ ɷɬɢɦ ɫ ɨɫɧɨɜɚɧɢɟɦ ɩɨɞ
ɮɭɧɞɚɦɟɧɬɵ ɩɪɨɛɥɟɦ ɧɟ ɜɨɡɧɢɤɚɟɬ, ɫɤɚɥɶɧɵɟ ɩɨɪɨɞɵ ɜ Ɇɨɫɤɜɟ ɡɚɥɟɝɚɸɬ ɧɚ ɝɥɭɛɢɧɚɯ
30-40 ɦ. Ʉ ɬɨɦɭ ɠɟ ɷɬɢ ɩɨɪɨɞɵ ɩɪɟɞɫɬɚɜɥɟɧɵ
ɧɢɡɤɨɩɪɨɱɧɵɦɢ ɬɪɟɳɢɧɨɜɚɬɵɦɢ ɢɡɜɟɫɬɧɹɤɚɦɢ (ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ), ɦɟɫɬɚɦɢ ɤɚɜɟɪɧɨɡɧɵɦɢ ɢ ɤɚɪɫɬɨɨɩɚɫɧɵɦɢ, ɚ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɢɯ
ɩɟɪɟɤɪɵɜɚɸɬ ɱɟɬɜɟɪɬɢɱɧɵɟ ɨɬɥɨɠɟɧɢɹ,
ɫɥɨɠɟɧɧɵɟ ɝɥɢɧɚɦɢ, ɫɭɝɥɢɧɤɚɦɢ ɢ ɩɟɫɤɚɦɢ.
Ɉɩɵɬ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɜɵɫɨɬɧɵɯ ɡɞɚɧɢɣ ɧɚ
ɬɚɤɢɯ ɝɪɭɧɬɚɯ ɜ ɦɢɪɨɜɨɣ ɩɪɚɤɬɢɤɟ ɨɬɫɭɬɫɬɜɨɜɚɥ. Ɉɫɥɨɠɧɹɥ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɬɚɤɠɟ
ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɩɨɞɡɟɦɧɵɯ ɜɨɞ ɢ ɧɚɥɢɱɢɟ
ɩɥɵɜɭɧɨɜ.

ɉɪɟɠɞɟ, ɱɟɦ ɩɟɪɟɣɬɢ ɤ ɪɚɛɨɬɚɦ ɫɩɟɰɢɚɥɢɫɬɨɜ-ɝɟɨɬɟɯɧɢɤɨɜ ɜ Ɇɨɫɤɜɟ ɡɚ ɩɨɫɥɟɞɧɢɟ
15 ɥɟɬ, ɨɫɬɚɧɨɜɢɦɫɹ ɧɚ ɧɟɫɤɨɥɶɤɢɯ ɭɧɢɤɚɥɶɧɵɯ ɨɛɴɟɤɬɚɯ, ɜɨɡɜɟɞɟɧɧɵɯ ɜ Ɇɨɫɤɜɟ ɜ 50-ɯ
ɝɨɞɚɯ 20 ɜɟɤɚ. ɗɬɢ ɫɨɨɪɭɠɟɧɢɹ ɹɜɥɹɸɬɫɹ
ɚɪɯɢɬɟɤɬɭɪɧɵɦɢ ɞɨɦɢɧɚɧɬɚɦɢ ɝɨɪɨɞɚ ɢ ɩɪɢ
ɢɯ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɩɪɢɲɥɨɫɶ ɪɟɲɚɬɶ ɧɟɩɪɨɫɬɵɟ ɡɚɞɚɱɢ ɩɪɢ ɜɵɛɨɪɟ ɬɢɩɚ ɢ ɩɚɪɚɦɟɬɪɨɜ
ɮɭɧɞɚɦɟɧɬɨɜ.
ȼ ɞɟɧɶ ɜɨɫɶɦɢɫɨɬɥɟɬɢɹ Ɇɨɫɤɜɵ, 7 ɫɟɧɬɹɛɪɹ 1947 ɝɨɞɚ, ɨɞɧɨɜɪɟɦɟɧɧɨ ɛɵɥɢ ɡɚɥɨɠɟɧɵ ɮɭɧɞɚɦɟɧɬɵ ɫɟɦɢ ɜɵɫɨɬɧɵɯ ɫɨɨɪɭɠɟɧɢɣ, ɨɡɧɚɦɟɧɨɜɚɜɲɢɯ ɧɨɜɵɣ ɜɢɬɨɤ ɪɚɡɜɢɬɢɹ
ɫɬɨɥɢɱɧɨɣ ɚɪɯɢɬɟɤɬɭɪɵ.
ɉɪɢ ɜɨɡɜɟɞɟɧɢɢ ɧɭɥɟɜɵɯ ɰɢɤɥɨɜ ɷɬɢɯ
ɡɞɚɧɢɣ ɢɧɠɟɧɟɪɚɦ ɩɪɢɲɥɨɫɶ ɫɬɨɥɤɧɭɬɶɫɹ ɫ
ɫɟɪɶɟɡɧɵɦɢ
ɬɪɭɞɧɨɫɬɹɦɢ,
ɜɵɡɜɚɧɧɵɦɢ

Ɍɚɛɥɢɰɚ 1. ɉɚɪɚɦɟɬɪɵ ɢ ɨɫɚɞɤɚ ɜɵɫɨɬɧɵɯ ɡɞɚɧɢɣ
Ȼɵɬɨɜɨɟ
ɋɪɟɞɧɹɹ
Ɇɟɫɬɨɧɚɯɨɠɞɟɧɢɟ
ɉɥɨɳɚɞɶ
ɜɵɫɨɬɧɵɯ ɡɞɚɧɢɣ

Ɋɚɫɱɟɬɧɨɟ

ɋɪɟɞ-

ɋɪɟɞ-

Ɇɚɤɫɢ-

ɞɚɜɥɟɧɢɟ ɧɚ

ɞɚɜɥɟɧɢɟ

ɧɹɹ

ɧɹɹ

ɦɚɥɶɧɚɹ

ɩɨɞɨɲɜɵ

ɝɥɭɛɢɧɚ

ɮɭɧɞɚɦɟɧɬɚ,

ɡɚɥɨɠɟ-

ɨɬɦɟɬɤɟ

ɝɪɭɧɬ,

ɪɚɫ-

ɮɚɤɬɢ-

ɢɡɦɟɪɟɧ-

ɦ2

ɧɢɹ

ɩɨɞɨɲɜɵ

ɤɝ/ɫɦ2

ɱɟɬ-

ɱɟɫɤɚɹ

ɧɚɹ

ɮɭɧɞɚ-

ɮɭɧɞɚɦɟɧɬɚ,

ɧɚɹ

ɨɫɚɞɤɚ,

ɨɫɚɞɤɚ,

ɨɫɚɞ-

ɫɦ

ɫɦ

ɦɟɧɬɚ,

ɤɝ/ɫɦ

2

ɦ

ɤɚ,
ɫɦ

1. ɆȽɍ ɧɚ
Ʌɟɧɢɧɫɤɢɯ ɝɨɪɚɯ
ɚ) ɰɟɧɬɪɚɥɶɧɚɹ
ɱɚɫɬɶ

11725

-

-

-

-

-

-

-

13

2,6

5,0

7

5,3

7,2

13

2,6

4,0

5

4,7

5,6

3945

10

1,5

4,6

9

6,3

7,4

2772

7

1,2

4,1

4

5,0

6,5

6830

6

0,8

3.6

13

11,2

16,0

1188

7

1,1

3,8

29

13,4

18,0

2960

10

1,8

4,2

7

9,7

11,5

3030

7

1,3

3,5

-

4,8

5,5

ɛ) ɤɪɵɥɶɹ
2. ɋɦɨɥɟɧɫɤɚɹ
ɩɥɨɳɚɞɶ
3. Ʉɨɬɟɥɶɧɢɱɟɫɤɚɹ ɧɚɛɟɪɟɠɧɚɹ
4. ɉɥɨɳɚɞɶ
ȼɨɫɫɬɚɧɢɹ
5. Ʉɪɚɫɧɵɟ
ɜɨɪɨɬɚ
6. Ⱦɨɪɨɝɨɦɢɥɨɜɫɤɚɹ ɧɚɛɟɪɟɠɧɚɹ
7. Ʉɨɦɫɨɦɨɥɶɫɤɚɹ
ɩɥɨɳɚɞɶ
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Ⱦɥɹ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦɵ ɭɫɬɪɨɣɫɬɜɚ ɧɚɞɟɠɧɵɯ ɮɭɧɞɚɦɟɧɬɨɜ ɝɪɭɩɩɨɣ ɢɧɠɟɧɟɪɨɜɤɨɧɫɬɪɭɤɬɨɪɨɜ ɜɨ ɝɥɚɜɟ ɫ ɜɵɞɚɸɳɢɦɫɹ
ɪɨɫɫɢɣɫɤɢɦ ɝɟɨɬɟɯɧɢɤɨɦ ɇɢɤɨɥɚɟɦ ȼɚɫɢɥɶɟɜɢɱɟɦ ɇɢɤɢɬɢɧɵɦ ɜɩɟɪɜɵɟ ɛɵɥɚ ɩɪɟɞɥɨɠɟɧɚ ɢɞɟɹ ɭɫɬɪɨɣɫɬɜɚ ɤɨɪɨɛɱɚɬɵɯ ɮɭɧɞɚɦɟɧɬɨɜ. Ⱦɚɧɧɨɟ ɤɨɧɫɬɪɭɤɬɢɜɧɨɟ ɪɟɲɟɧɢɟ
ɧɚɪɹɞɭ ɫ ɩɢɪɚɦɢɞɚɥɶɧɨɣ ɮɨɪɦɨɣ ɜɫɟɯ ɫɟɦɢ
ɜɵɫɨɬɨɤ ɩɨɡɜɨɥɢɥɨ ɭɜɟɥɢɱɢɬɶ ɩɥɨɳɚɞɶ
ɩɨɞɨɲɜɵ ɢ ɠɟɫɬɤɨɫɬɶ ɮɭɧɞɚɦɟɧɬɨɜ, ɬɟɦ
ɫɚɦɵɦ ɫɭɳɟɫɬɜɟɧɧɨ ɫɨɤɪɚɬɢɜ ɞɚɜɥɟɧɢɟ ɧɚ
ɝɪɭɧɬ ɨɫɧɨɜɚɧɢɹ ɢ ɭɦɟɧɶɲɢɜ ɧɚɝɪɭɡɤɭ ɧɚ
ɮɭɧɞɚɦɟɧɬ ɜ ɩɟɪɢɮɟɪɢɣɧɵɯ ɡɨɧɚɯ.
Ɂɞɚɧɢɟ Ɇɨɫɤɨɜɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ
ɭɧɢɜɟɪɫɢɬɟɬɚ ɢɦɟɧɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ ɛɵɥɨ
ɫɞɚɧɨ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ɜ 1953 ɝɨɞɭ. Ɂɞɚɧɢɟ
ɢɦɟɟɬ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ 35 ɷɬɚɠɟɣ ɢ
ɜɵɫɨɬɭ 183 ɦ. Ƚɥɭɛɢɧɚ ɤɨɬɥɨɜɚɧɚ ɩɪɢ ɷɤɫɤɚɜɚɰɢɢ ɝɪɭɧɬɚ ɫɨɫɬɚɜɥɹɥɚ ɞɨ 13 ɦ.
Ƚɟɨɞɟɡɢɱɟɫɤɢɟ ɢɡɦɟɪɟɧɢɹ ɨɫɚɞɨɤ ɡɞɚɧɢɹ
(ɆȽɍ) ɜ ɩɪɨɰɟɫɫɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɨɤɚɡɚɥɢ (ȿɝɨɪɨɜ ɢ ɞɪ., 1957), ɱɬɨ
ɦɚɤɫɢɦɚɥɶɧɚɹ ɨɫɚɞɤɚ ɤ 1955 ɝɨɞɭ ɧɟ ɩɪɟɜɵɫɢɥɚ 7,2 ɫɦ (ɬɚɛɥ. 1). ɗɬɢ ɞɚɧɧɵɟ ɩɨɞɬɜɟɪɞɢɥɢ ɩɪɢɧɰɢɩɢɚɥɶɧɭɸ ɩɪɚɜɢɥɶɧɨɫɬɶ ɩɪɢɧɹɬɨɝɨ ɬɟɯɧɢɱɟɫɤɨɝɨ ɪɟɲɟɧɢɹ ɨɛ ɢɫɩɨɥɶɡɨɜɚɧɢɢ
ɤɨɪɨɛɱɚɬɨɝɨ ɮɭɧɞɚɦɟɧɬɚ.
Ƚɚɡɟɬɚ “ɇɟɞɟɥɹ” ɨɬ 15 ɹɧɜɚɪɹ 2010 ɝ. ɬɚɤ
ɩɢɫɚɥɚ ɨ ɮɭɧɞɚɦɟɧɬɟ ɡɞɚɧɢɹ ɆȽɍ: «ɉɨɫɬɪɨɟɧɧɨɟ ɧɚ ɨɫɨɛɨɦ ɮɭɧɞɚɦɟɧɬɟ ɡɞɚɧɢɟ ɩɥɚɜɚɟɬ
ɤɚɤ ɤɨɪɚɛɥɶ: ɧɟɦɧɨɝɨ ɩɨɤɚɱɢɜɚɹɫɶ, ɨɬɤɥɨɧɹɹɫɶ, ɦɚɤɫɢɦɭɦ ɧɚ 10 ɫɦ, ɧɨ ɜɨɡɜɪɚɳɚɹɫɶ ɜ
ɢɫɯɨɞɧɨɟ ɩɨɥɨɠɟɧɢɟ. ɉɪɢ ɷɬɨɦ ɩɪɨɫɚɞɤɢ ɫ
ɦɨɦɟɧɬɚ ɩɨɫɬɪɨɣɤɢ ɮɚɤɬɢɱɟɫɤɢ ɧɟɬ. Ɇɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɢ, ɜɤɥɸɱɚɹ ɲɩɢɥɶ, ɬɨɠɟ ɜ
ɩɪɟɤɪɚɫɧɨɦ ɫɨɫɬɨɹɧɢɢ. ȼ ɨɛɳɟɦ, ɜɵɫɨɬɤɚ
ɫɬɨɢɬ ɤɚɤ ɫɤɚɥɚ».
ɇɟ ɤɨɦɦɟɧɬɢɪɭɸ ɫɢɦɩɚɬɢɱɧɭɸ ɯɭɞɨɠɟɫɬɜɟɧɧɭɸ ɝɢɩɟɪɛɨɥɭ ɨ ɬɚɤɨɦ ɫɭɝɭɛɨ ɬɟɯɧɢɱɟɫɤɨɦ ɩɪɟɞɦɟɬɟ ɤɚɤ ɮɭɧɞɚɦɟɧɬ, ɜɫɟ ɠɟ
ɨɬɦɟɬɢɦ, ɱɬɨ ɩɨ ɫɭɬɢ ɜ ɫɬɚɬɶɟ ɜɫɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ. Ɉɫɚɞɤɚ ɡɞɚɧɢɹ ɨɱɟɧɶ
ɦɚɥɚ, ɚ ɪɟɲɟɧɢɹ ɩɪɨɟɤɬɢɪɨɜɳɢɤɨɜ, ɜ ɬɨɦ
ɱɢɫɥɟ ɫɩɟɰɢɚɥɢɫɬɨɜ-ɝɟɨɬɟɯɧɢɤɨɜ, ɨɰɟɧɟɧɵ
ɨɱɟɧɶ ɜɵɫɨɤɨ.
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɨɫɚɞɤɚ ɜɫɟɯ ɜɵɫɨɬɧɵɯ
ɡɞɚɧɢɣ, ɩɨɫɬɪɨɟɧɧɵɯ ɧɚ ɤɨɪɨɛɱɚɬɨɦ ɮɭɧɞɚɦɟɧɬɟ, ɧɟ ɩɪɟɜɵɫɢɥɚ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɝɟɨɞɟɡɢɱɟɫɤɢɯ ɢɡɦɟɪɟɧɢɣ ɜ 1955 ɝɨɞɭ 18,0 ɫɦ (ɫɦ.
ɪɢɫ. 5-10). ȼ ɩɨɫɥɟɞɭɸɳɢɟ ɝɨɞɵ ɪɚɡɨɜɵɟ
ɢɡɦɟɪɟɧɢɹ ɨɫɚɞɨɤ ɜɵɩɨɥɧɹɥɢɫɶ ɜ 1961-1964
ɝɨɞɚɯ.

Ɋɢɫɭɧɨɤ 5. Ƚɪɚɮɢɤ ɨɫɚɞɨɤ ɦɚɪɨɤ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ
ɜɪɟɦɟɧɢ ɩɨ ɝɨɞɚɦ
(Ɂɞɚɧɢɟ ɆȽɍ ɧɚ Ʌɟɧɢɧɫɤɢɯ ɝɨɪɚɯ)

Ɋɢɫɭɧɨɤ 6. Ƚɪɚɮɢɤ ɨɫɚɞɨɤ ɦɚɪɨɤ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ
ɜɪɟɦɟɧɢ ɩɨ ɝɨɞɚɦ
(ɜɵɫɨɬɧɨɟ ɡɞɚɧɢɟ ɧɚ ɩɥɨɳɚɞɢ ȼɨɫɫɬɚɧɢɹ)

Ɋɢɫɭɧɨɤ 7. Ƚɪɚɮɢɤ ɨɫɚɞɨɤ ɦɚɪɨɤ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ
ɜɪɟɦɟɧɢ ɩɨ ɝɨɞɚɦ
(ɜɵɫɨɬɧɨɟ ɡɞɚɧɢɟ ɝɨɫɬɢɧɢɰɵ “ɍɤɪɚɢɧɚ”)

Ɋɢɫɭɧɨɤ 8. Ƚɪɚɮɢɤ ɨɫɚɞɨɤ ɦɚɪɨɤ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ
ɜɪɟɦɟɧɢ ɩɨ ɝɨɞɚɦ
(ɜɵɫɨɬɧɨɟ ɡɞɚɧɢɟ ɧɚ ɋɦɨɥɟɧɫɤɨɣ ɩɥɨɳɚɞɢ)
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ɝɪɚɞɫɤɚɹ» ɧɚ Ʉɨɦɫɨɦɨɥɶɫɤɨɣ ɩɥɨɳɚɞɢ
ɜɵɹɫɧɢɥɨɫɶ, ɱɬɨ ɜ ɦɟɫɬɟ ɪɚɫɩɨɥɨɠɟɧɢɹ
ɮɭɧɞɚɦɟɧɬɚ ɧɚ ɝɥɭɛɢɧɟ ɞɨ 8,5 ɦ ɧɚɯɨɞɢɥɫɹ
ɩɥɵɜɭɧ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɛɵɥɨ ɪɟɲɟɧɨ ɡɞɚɧɢɟ
ɜɨɡɜɟɫɬɢ ɧɚ ɫɜɚɣɧɵɯ ɮɭɧɞɚɦɟɧɬɚɯ, ɚ ɞɥɹ
ɬɨɝɨ, ɱɬɨɛɵ ɩɨɞɝɨɬɨɜɢɬɶ ɧɚɞɟɠɧɨɟ ɨɫɧɨɜɚɧɢɟ, ɩɨ ɩɟɪɢɦɟɬɪɭ ɫɬɪɨɢɬɟɥɶɧɨɣ ɩɥɨɳɚɞɤɢ,
ɛɵɥɨ ɫɨɨɪɭɠɟɧɨ ɲɩɭɧɬɨɜɨɟ ɨɝɪɚɠɞɟɧɢɟ,
ɤɨɬɨɪɨɟ ɩɪɟɩɹɬɫɬɜɨɜɚɥɨ ɩɨɫɬɭɩɥɟɧɢɸ ɜɨɞɵ ɜ
ɤɨɬɥɨɜɚɧ.
ȼ ɪɚɫɱɟɬɚɯ ɮɭɧɞɚɦɟɧɬɨɜ ɢ ɧɚɛɥɸɞɟɧɢɹɯ
ɡɚ ɢɯ ɨɫɚɞɤɚɦɢ ɩɪɢɧɢɦɚɥɢ ɭɱɚɫɬɢɟ ɫɩɟɰɢɚɥɢɫɬɵ ȼɇɂɂɈɋɉ (ȿɝɨɪɨɜ ɢ ɞɪ., 1957).
ȼɵɱɢɫɥɟɧɢɟ ɜɟɪɨɹɬɧɵɯ ɨɫɚɞɨɤ ɮɭɧɞɚɦɟɧɬɨɜ
ɩɪɨɢɡɜɨɞɢɥɢ ɧɚ ɨɫɧɨɜɟ ɬɟɨɪɢɢ ɭɩɪɭɝɨɫɬɢ,
ɞɥɹ ɩɨɥɧɨɣ ɜɧɟɲɧɟɣ ɧɚɝɪɭɡɤɢ ɛɟɡ ɜɵɱɟɬɚ
ɛɵɬɨɜɨɝɨ ɞɚɜɥɟɧɢɹ. ɇɚɛɥɸɞɟɧɢɹ ɩɨɤɚɡɚɥɢ,
ɱɬɨ ɨɫɚɞɤɢ ɤɨɪɨɛɱɚɬɵɯ ɮɭɧɞɚɦɟɧɬɨɜ ɩɪɨɢɫɯɨɞɹɬ ɧɟɪɚɜɧɨɦɟɪɧɨ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɯɚɪɚɤɬɟɪɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɝɪɭɡɨɤ ɢ ɝɟɨɥɨɝɢɱɟɫɤɨɝɨ ɫɬɪɨɟɧɢɹ ɨɫɧɨɜɚɧɢɹ.
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɟɥɢɱɢɧɵ ɫɠɢɦɚɟɦɨɣ
ɬɨɥɳɢ ɝɪɭɧɬɨɜ ɞɥɹ ɨɫɧɨɜɚɧɢɣ ɜɵɫɨɬɧɵɯ
ɡɞɚɧɢɣ ɩɪɢɧɢɦɚɥɚɫɶ ɜɨ ɜɧɢɦɚɧɢɟ ɝɥɭɛɢɧɚ
ɡɚɥɟɝɚɧɢɹ ɢɡɜɟɫɬɧɹɤɨɜ, ɢɦɟɸɳɢɯ ɛɨɥɶɲɭɸ
ɦɨɳɧɨɫɬɶ. Ⱦɥɹ ɡɞɚɧɢɹ Ɇɨɫɤɨɜɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ ɡɚ ɜɟɥɢɱɢɧɭ ɫɠɢɦɚɟɦɨɣ ɬɨɥɳɢ ɛɵɥɨ
ɩɪɢɧɹɬɨ 30 ɦ ɩɪɢ ɝɥɭɛɢɧɟ ɡɚɥɟɝɚɧɢɹ ɫɤɚɥɵ
ɨɤɨɥɨ 100 ɦ. Ⱦɥɹ ɨɫɬɚɥɶɧɵɯ ɜɵɫɨɬɧɵɯ
ɡɞɚɧɢɣ ɜɟɥɢɱɢɧɚ ɫɠɢɦɚɟɦɨɣ ɬɨɥɳɢ ɩɪɢɧɹɬɚ
ɜ ɩɪɟɞɟɥɚɯ 15-26 ɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɝɥɭɛɢɧɵ ɡɚɥɟɝɚɧɢɹ ɫɤɚɥɶɧɵɯ ɝɪɭɧɬɨɜ.
Ɋɚɫɱɟɬɵ ɨɫɚɞɨɤ ɩɪɨɢɡɜɨɞɢɥɢ ɩɨ ɮɨɪɦɭɥɟ
Ʉ.ȿ. ȿɝɨɪɨɜɚ, ɤɨɬɨɪɵɣ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɝɟɨɞɟɡɢɱɟɫɤɢɯ ɧɚɛɥɸɞɟɧɢɣ ɡɚ ɨɫɚɞɤɚɦɢ ɜɵɫɨɬɧɵɯ
ɡɞɚɧɢɣ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɥ ɩɪɟɞɥɨɠɟɧɧɵɣ ɢɦ
ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɨɫɚɞɨɤ «ɫɥɨɹ ɤɨɧɟɱɧɨɣ
ɬɨɥɳɢɧɵ».
Ɋɟɡɭɥɶɬɚɬɵ ɧɚɛɥɸɞɟɧɢɣ ɡɚ ɨɫɚɞɤɚɦɢ ɫɟɦɢ ɜɵɫɨɬɧɵɯ ɡɞɚɧɢɣ ɜ Ɇɨɫɤɜɟ ɩɨɤɚɡɚɥɢ
ɩɨɥɧɭɸ ɜɨɡɦɨɠɧɨɫɬɶ ɜɨɡɜɟɞɟɧɢɹ ɬɹɠɟɥɵɯ
ɫɨɨɪɭɠɟɧɢɣ ɧɚ ɫɠɢɦɚɟɦɵɯ ɝɪɭɧɬɚɯ. Ȼɵɥɚ
ɩɨɥɭɱɟɧɚ ɯɨɪɨɲɚɹ ɫɯɨɞɢɦɨɫɬɶ ɪɚɫɫɱɢɬɚɧɧɵɯ
ɢ ɢɡɦɟɪɟɧɧɵɯ ɨɫɚɞɨɤ ɜɵɫɨɬɧɵɯ ɡɞɚɧɢɣ,
ɜɨɡɜɟɞɟɧɧɵɯ ɧɚ ɫɠɢɦɚɟɦɵɯ ɝɪɭɧɬɚɯ.

Ɋɢɫɭɧɨɤ 9. Ƚɪɚɮɢɤ ɨɫɚɞɨɤ ɦɚɪɨɤ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ
ɜɪɟɦɟɧɢ ɩɨ ɝɨɞɚɦ
(ɜɵɫɨɬɧɨɟ ɡɞɚɧɢɟ ɭ Ʉɪɚɫɧɵɯ ȼɨɪɨɬ)

Ɋɢɫɭɧɨɤ 10. Ƚɪɚɮɢɤ ɨɫɚɞɨɤ ɦɚɪɨɤ ɜ ɡɚɜɢɫɢɦɨɫɬɢ
ɨɬ ɜɪɟɦɟɧɢ ɩɨ ɝɨɞɚɦ (ɜɵɫɨɬɧɨɟ ɡɞɚɧɢɟ ɝɨɫɬɢɧɢɰɵ
“Ʌɟɧɢɧɝɪɚɞɫɤɚɹ” ɧɚ Ʉɨɦɫɨɦɨɥɶɫɤɨɣ ɩɥɨɳɚɞɢ)

Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɨɫɚɞɤɢ ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɩɪɢɦɟɪɧɨ
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɪɨɫɬɭ ɧɚɝɪɭɡɤɢ ɧɚ ɝɪɭɧɬ, ɚ
ɩɨɫɥɟ ɨɤɨɧɱɚɧɢɹ ɜɨɡɜɟɞɟɧɢɹ ɡɞɚɧɢɹ ɫɤɨɪɨɫɬɶ
ɜɨɡɪɚɫɬɚɧɢɹ ɨɫɚɞɨɤ ɧɚɱɢɧɚɟɬ ɡɚɬɭɯɚɬɶ.
Ɋɟɡɭɥɶɬɚɬɵ ɧɚɛɥɸɞɟɧɢɣ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜ
ɫɬɪɨɢɬɟɥɶɧɵɣ ɩɟɪɢɨɞ ɨɫɚɞɤɚ ɜɵɫɨɬɧɵɯ
ɡɞɚɧɢɣ ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɦɟɪɧɨ 60% ɩɨɥɧɨɣ
ɨɫɚɞɤɢ.
ɂɡ ɚɧɚɥɢɡɚ ɝɪɚɮɢɤɨɜ ɧɚ ɪɢɫ 5-10 ɜɢɞɧɨ,
ɱɬɨ ɦɚɤɫɢɦɚɥɶɧɵɟ ɨɫɚɞɤɢ ɜ 1960-1964 ɝɨɞɚɯ
ɛɵɥɢ ɡɚɮɢɤɫɢɪɨɜɚɧɵ ɭ ɡɞɚɧɢɣ ɝɨɫɬɢɧɢɰɵ
“ɍɤɪɚɢɧɚ” ɧɚ Ⱦɨɪɨɝɨɦɢɥɨɜɫɤɨɣ ɧɚɛɟɪɟɠɧɨɣ
(125 ɦɦ), ɭ ɡɞɚɧɢɹ ɆɂȾ ɧɚ ɩɥɨɳɚɞɢ ȼɨɫɫɬɚɧɢɹ (190 ɦɦ) ɢ ɭ ɡɞɚɧɢɹ ɭ Ʉɪɚɫɧɵɯ ɜɨɪɨɬ
(198 ɦɦ). ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɝɟɨɞɟɡɢɱɟɫɤɢɯ
ɢɡɦɟɪɟɧɢɣ ɛɵɥɨ ɩɨɥɭɱɟɧɨ, ɱɬɨ ɫ 1955 ɝ. ɩɨ
ɲɟɫɬɢɞɟɫɹɬɵɟ ɝɨɞɵ ɨɫɚɞɤɚ ɜɵɫɨɬɧɵɯ ɡɞɚɧɢɣ
ɭɜɟɥɢɱɢɥɚɫɶ ɧɟ ɛɨɥɟɟ ɱɟɦ ɧɚ 15%. ɏɚɪɚɤɬɟɪ
ɩɪɨɬɟɤɚɧɢɹ ɨɫɚɞɨɤ ɜɨ ɜɪɟɦɟɧɢ ɨɞɢɧɚɤɨɜ ɞɥɹ
ɜɫɟɯ ɡɞɚɧɢɣ, ɤɪɨɦɟ ɡɞɚɧɢɹ ɭ Ʉɪɚɫɧɵɯ ɜɨɪɨɬ,
ɝɞɟ ɜ ɫɜɹɡɢ ɫɨ ɫɬɪɨɢɬɟɥɶɫɬɜɨɦ ɧɚɤɥɨɧɧɨɝɨ
ɯɨɞɚ ɦɟɬɪɨ ɛɵɥɨ ɧɚɪɭɲɟɧɨ ɟɫɬɟɫɬɜɟɧɧɨɟ
ɫɨɫɬɨɹɧɢɟ ɝɪɭɧɬɚ.
Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɧɚɝɪɭɡɤɚ ɨɬ ɡɞɚɧɢɹ ɧɟ
ɩɪɢɜɟɥɚ ɤ ɨɛɪɭɲɟɧɢɸ ɜɫɤɪɵɬɨɝɨ ɤɨɬɥɨɜɚɧɚ
ɩɨɞ ɜɟɫɬɢɛɸɥɶ ɫɬɚɧɰɢɢ ɦɟɬɪɨ, ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɦɨɪɨɡɢɥɶɧɵɟ ɭɫɬɚɧɨɜɤɢ ɢ ɝɪɭɧɬ ɛɵɥ
ɡɚɦɨɪɨɠɟɧ. ɉɨɫɥɟ ɨɤɨɧɱɚɧɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ
ɭɫɬɚɧɨɜɤɢ ɛɵɥɢ ɨɬɤɥɸɱɟɧɵ.
ɉɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɝɨɫɬɢɧɢɰɵ «Ʌɟɧɢɧ-

5. ɈɋɌȺɇɄɂɇɋɄȺə ɌȿɅȿȻȺɒɇə
Ɉɫɬɚɧɤɢɧɫɤɚɹ ɬɟɥɟɜɢɡɢɨɧɧɚɹ ɛɚɲɧɹ –
ɜɵɞɚɸɳɟɟɫɹ ɬɜɨɪɟɧɢɟ ɫɬɪɨɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ
20 ɜɟɤɚ. Ɍɟɥɟɛɚɲɧɹ, ɜɵɫɨɬɚ ɤɨɬɨɪɨɣ ɜ ɦɨɦɟɧɬ ɨɤɨɧɱɚɧɢɹ ɟɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɫɨɫɬɚɜɢɥɚ
533,3 ɦ, ɩɨɫɬɪɨɟɧɚ ɜ Ɇɨɫɤɜɟ ɩɨ ɩɪɨɟɤɬɭ
ɭɩɨɦɢɧɚɜɲɟɝɨɫɹ
ɜɵɲɟ
ɢɧɠɟɧɟɪɚɤɨɧɫɬɪɭɤɬɨɪɚ ɇɢɤɨɥɚɹ ȼɚɫɢɥɶɟɜɢɱɚ ɇɢɤɢɬɢ267

ɧɚ. Ⱦɨ 1975 ɝɨɞɚ Ɉɫɬɚɧɤɢɧɫɤɚɹ ɬɟɥɟɛɚɲɧɹ
ɹɜɥɹɥɚɫɶ ɫɚɦɨɣ ɜɵɫɨɤɨɣ ɬɟɥɟɜɢɡɢɨɧɧɨɣ
ɛɚɲɧɟɣ ɧɟ ɬɨɥɶɤɨ ɜ Ɋɨɫɫɢɢ, ɧɨ ɢ ɜ ɦɢɪɟ.
Ɇɚɫɫɚ ɟɟ ɮɭɧɞɚɦɟɧɬɚ – 20 000 ɬ, ɜɟɫ ɜɫɟɣ
ɛɚɲɧɢ – 55 000 ɬ. Ⱦɨɩɭɫɬɢɦɨɟ ɨɬɤɥɨɧɟɧɢɟ ɨɬ
ɜɟɪɲɢɧɵ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɜɟɬɪɚ 11,65 ɦ.
ɋɟɝɨɞɧɹ ɜɵɫɨɬɚ ɛɚɲɧɢ – 540 ɦ (1999 ɝ.), ɱɬɨ
ɩɨɱɬɢ ɧɚ 300 ɦ ɜɵɲɟ ɡɞɚɧɢɹ Ɇɨɫɤɨɜɫɤɨɝɨ
ɭɧɢɜɟɪɫɢɬɟɬɚ ɧɚ ȼɨɪɨɛɶɟɜɵɯ ɝɨɪɚɯ ɢ ɧɚ
215 ɦ ɜɵɲɟ ɗɣɮɟɥɟɜɨɣ ɛɚɲɧɢ.
ɇɟɫɦɨɬɪɹ ɧɚ ɬɚɤɭɸ ɜɵɫɨɬɭ, ɨɩɪɨɤɢɧɭɬɶɫɹ
ɛɟɬɨɧɧɚɹ ɛɚɲɧɹ ɧɟ ɦɨɠɟɬ. ȿɟ ɰɟɧɬɪ ɬɹɠɟɫɬɢ
ɧɟ ɜɵɯɨɞɢɬ ɡɚ ɩɥɨɳɚɞɶ ɨɩɨɪɵ. ɗɬɚ ɩɥɨɳɚɞɶ

ɨɝɪɚɧɢɱɟɧɚ ɤɨɥɶɰɨɦ-ɮɭɧɞɚɦɟɧɬɨɦ ɲɢɪɢɧɨɣ
9,5 ɦ, ɞɢɚɦɟɬɪɨɦ 70 ɦɟɬɪɨɜ. ɐɟɧɬɪ ɬɹɠɟɫɬɢ
ɧɚɯɨɞɢɬɫɹ ɧɚ ɜɵɫɨɬɟ 110 ɦɟɬɪɨɜ ɩɨ ɨɫɢ
ɛɚɲɧɢ. ȼɧɭɬɪɢ ɩɨ ɨɤɪɭɠɧɨɫɬɢ ɫɬɜɨɥɚ ɫɜɟɪɯɭ
ɞɨ ɧɢɡɭ, ɤɚɤ ɫɬɪɭɧɵ, ɧɚɬɹɧɭɬɵ ɫɬɚɥɶɧɵɟ
ɤɚɧɚɬɵ. Ʉɚɠɞɵɣ ɢɡ 150 ɤɚɧɚɬɨɜ ɪɚɫɬɹɧɭɬ
ɫɢɥɨɣ 70 ɬɨɧɧ. ȼ ɰɟɥɨɦ ɬɟɥɨ Ɉɫɬɚɧɤɢɧɫɤɨɣ
ɛɚɲɧɢ ɫɠɚɬɨ ɫ ɫɢɥɨɣ ɜ ɞɟɫɹɬɶ ɫ ɩɨɥɨɜɢɧɨɣ
ɬɵɫɹɱ ɬɨɧɧ. ɉɨɷɬɨɦɭ ɜɧɟɲɧɢɟ ɧɚɝɪɭɡɤɢ ɧɟ
ɦɨɝɭɬ ɪɚɡɪɭɲɢɬɟɥɶɧɨ ɜɨɡɞɟɣɫɬɜɨɜɚɬɶ ɧɚ
ɫɠɚɬɵɣ ɦɟɬɚɥɥɢɱɟɫɤɢɦɢ ɤɚɧɚɬɚɦɢ ɫɬɜɨɥ
ɛɚɲɧɢ. ȼ ɷɬɨɦ ɛɵɥɚ ɧɨɜɢɡɧɚ ɢɧɠɟɧɟɪɧɨɣ
ɦɵɫɥɢ ɬɨɝɨ ɜɪɟɦɟɧɢ.

Ɋɢɫɭɧɨɤ 11. ɉɥɚɧ-ɫɯɟɦɚ ɮɭɧɞɚɦɟɧɬɨɜ Ɉɫɬɚɧɤɢɧɫɤɨɣ ɛɚɲɧɢ

ȼ ɩɪɨɟɤɬɟ ɛɚɲɧɢ ɧɟ ɛɵɥɨ ɨɛɵɱɧɨɝɨ ɞɥɹ
ɜɵɫɨɬɧɨɝɨ ɫɨɨɪɭɠɟɧɢɹ ɮɭɧɞɚɦɟɧɬɚ ɝɥɭɛɨɤɨɝɨ ɡɚɥɨɠɟɧɢɹ. ɉɨ ɦɟɪɤɚɦ ɬɨɝɨ ɜɪɟɦɟɧɢ ɨɧ
ɢɦɟɥ ɧɟɛɨɥɶɲɭɸ ɬɨɥɳɢɧɭ – ɜɫɟɝɨ 3,0 ɦ, ɚ
ɝɥɭɛɢɧɚ ɡɚɥɨɠɟɧɢɹ ɫɨɫɬɚɜɥɹɥɚ 4,0 ɦ
(ɪɢɫ. 11). ɉɥɨɳɚɞɶ ɮɭɧɞɚɦɟɧɬɚ ɪɚɜɧɹɥɚɫɶ
1940 ɦ2. ɀɟɥɟɡɨɛɟɬɨɧɧɚɹ ɨɩɨɪɚ ɜɫɟɝɨ ɫɨɨɪɭɠɟɧɢɹ – ɷɬɨ ɬɨɧɤɨɫɬɟɧɧɚɹ ɤɨɧɢɱɟɫɤɚɹ ɨɛɨɥɨɱɤɚ, ɨɩɢɪɚɸɳɚɹɫɹ ɞɟɫɹɬɶɸ ɠɟɥɟɡɨɛɟɬɨɧɧɵɦɢ «ɧɨɝɚɦɢ» ɧɚ ɛɚɧɤɟɬɤɢ ɮɭɧɞɚɦɟɧɬɚ.
ɇɟɨɛɵɱɧɚɹ ɢɞɟɹ, ɩɪɟɞɥɨɠɟɧɧɚɹ ɇ.ȼ. ɇɢɤɢɬɢɧɵɦ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɨɬɨɪɨɣ ɧɚɬɹɧɭɬɵɟ
ɫɬɚɥɶɧɵɟ ɤɚɧɚɬɵ ɡɚɫɬɚɜɥɹɸɬ ɨɩɨɪɵ ɛɚɲɧɢ

ɧɚɦɟɪɬɜɨ ɫɰɟɩɥɹɬɶɫɹ ɫ ɡɟɦɥɟɣ ɢ ɬɚɤɢɦ
ɨɛɪɚɡɨɦ ɭɞɟɪɠɢɜɚɬɶ ɦɨɳɧɵɣ ɛɟɬɨɧɧɵɣ
ɫɬɜɨɥ, ɧɟ ɫɪɚɡɭ ɧɚɲɥɚ ɩɨɧɢɦɚɧɢɟ ɭ ɫɩɟɰɢɚɥɢɫɬɨɜ-ɝɟɨɬɟɯɧɢɤɨɜ. Ɉɞɧɚɤɨ ɪɚɫɱɟɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɭɫɬɨɣɱɢɜɨɫɬɶ ɛɚɲɧɢ ɧɚ ɨɩɪɨɤɢɞɵɜɚɧɢɟ ɢɦɟɟɬ ɲɟɫɬɢɤɪɚɬɧɵɣ ɡɚɩɚɫ. ɋɭɯɨɠɢɥɢɹ ɫɬɚɥɶɧɵɯ ɬɪɨɫɨɜ ɡɚɫɬɚɜɥɹɸɬ ɤɚɠɞɭɸ
ɨɩɨɪɭ ɜɠɢɦɚɬɶɫɹ ɜ ɡɟɦɥɸ ɫ ɬɚɤɨɣ ɫɢɥɨɣ, ɱɬɨ
ɨɩɨɪɵ ɧɢɤɨɝɞɚ ɧɟ ɪɚɫɩɨɥɡɭɬɫɹ ɩɨɞ ɝɢɝɚɧɬɫɤɢɦ ɞɚɜɥɟɧɢɟɦ ɛɟɬɨɧɧɨɝɨ ɫɬɜɨɥɚ. ɋɛɚɥɚɧɫɢɪɨɜɚɧɧɨɟ ɧɚɬɹɠɟɧɢɟ ɬɪɨɫɨɜ ɨɪɝɚɧɢɡɭɟɬ
ɪɚɛɨɬɭ ɨɩɨɪ ɢ ɫɜɹɡɵɜɚɟɬ ɜ ɟɞɢɧɭɸ ɫɢɫɬɟɦɭ
ɜɫɸ ɤɨɧɫɬɪɭɤɰɢɸ ɛɚɲɧɢ. Ɍɚɤɨɣ ɩɪɢɧɰɢɩ
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ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɬɨɝɞɚ ɟɳɟ ɧɟ ɩɪɢɦɟɧɹɥɫɹ.
ɋɨɪɨɤ ɥɟɬ ɭɫɩɟɲɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ Ɉɫɬɚɧɤɢɧɫɤɨɣ ɬɟɥɟɛɚɲɧɢ ɩɨɞɬɜɟɪɞɢɥɢ ɨɛɨɫɧɨɜɚɧɧɨɫɬɶ ɧɨɜɚɬɨɪɫɤɢɯ ɢɞɟɣ ɇ.ȼ.ɇɢɤɢɬɢɧɚ.
ȼɨ ɜɪɟɦɹ ɤɚɬɚɫɬɪɨɮɢɱɟɫɤɨɝɨ ɩɨɠɚɪɚ ɜ ɛɚɲɧɟ
ɜ ɚɜɝɭɫɬɟ 2000 ɝ. ɱɚɫɬɶ ɞɟɪɠɚɳɢɯ ɤɨɧɫɬɪɭɤɰɢɸ ɬɪɨɫɨɜ ɥɨɩɧɭɥɚ, ɧɨ ɛɚɲɧɹ ɭɫɬɨɹɥɚ ɢ
ɩɨɤɚɡɚɥɚ ɫɜɨɸ ɭɧɢɤɚɥɶɧɭɸ ɠɢɜɭɱɟɫɬɶ.
Ɇɧɨɝɨɥɟɬɧɢɟ ɧɚɛɥɸɞɟɧɢɹ ɡɚ ɫɨɫɬɨɹɧɢɟɦ
ɛɚɲɧɢ ɩɨɞɬɜɟɪɞɢɥɢ ɩɪɚɜɢɥɶɧɨɫɬɶ ɪɚɫɱɟɬɨɜ ɢ
ɩɪɢɧɹɬɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ ɩɨ ɬɢɩɭ ɢ
ɤɨɧɫɬɪɭɤɰɢɢ ɮɭɧɞɚɦɟɧɬɚ ɛɚɲɧɢ. ɂɡɦɟɪɟɧɢɹ
ɩɨɤɚɡɚɥɢ, ɱɬɨ ɫɪɟɞɧɹɹ ɨɫɚɞɤɚ ɛɚɲɧɢ ɫɨɫɬɚɜɢɥɚ ɡɚ ɦɧɨɝɢɟ ɝɨɞɵ 64 ɦɦ.

5, ɪɟɠɟ 10 ɦ. ȼɫɟ ɬɪɢ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɜ
ɞɚɧɧɨɣ ɥɟɤɰɢɢ ɨɩɨɥɡɧɟɜɵɯ ɭɱɚɫɬɤɚ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɧɚɥɢɱɢɟɦ ɝɥɭɛɨɤɢɯ ɨɩɨɥɡɧɟɣ,
ɤɨɬɨɪɵɟ ɨɬɧɨɫɹɬɫɹ ɤ ɨɩɨɥɡɧɹɦ ɜɵɞɚɜɥɢɜɚɧɢɹ
ɢɥɢ ɫɞɜɢɝɚ (Petrukhin, 2007).

6. ɈɉɈɅɁɇɂ
Ɇɢɪɨɜɚɹ ɩɪɚɤɬɢɤɚ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɜ
ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɤɚɬɚɫɬɪɨɮɢɱɟɫɤɢɟ
ɨɩɨɥɡɧɢ ɩɪɨɢɫɯɨɞɹɬ ɡɚ ɩɪɟɞɟɥɚɦɢ ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɨɜ ɢ ɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɢɯ
ɫɟɥɶɫɤɢɯ ɢ ɝɨɪɨɞɫɤɢɯ ɩɨɫɟɥɟɧɢɹɯ. ȼ ɬɚɤɢɯ
ɦɟɝɚɩɨɥɢɫɚɯ, ɤɚɤɢɦ ɹɜɥɹɟɬɫɹ Ɇɨɫɤɜɚ, ɪɚɡɜɢɬɢɟ ɨɩɨɥɡɧɟɣ ɢɦɟɟɬ ɥɨɤɚɥɶɧɵɣ ɯɚɪɚɤɬɟɪ ɢɥɢ
ɩɪɚɤɬɢɱɟɫɤɢ ɢɫɤɥɸɱɟɧɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɟɚɥɢɡɚɰɢɢ ɬɟɯ ɢɥɢ ɢɧɵɯ ɝɪɚɞɨɫɬɪɨɢɬɟɥɶɧɵɯ
ɦɟɪɨɩɪɢɹɬɢɣ, ɜɤɥɸɱɚɸɳɢɯ, ɜ ɬɨɦ ɱɢɫɥɟ
ɝɟɨɬɟɯɧɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɫɬɚɛɢɥɢɡɚɰɢɢ ɧɟɭɫɬɨɣɱɢɜɵɯ ɫɤɥɨɧɨɜ. Ɇɟɠɞɭ ɬɟɦ ɩɪɨɛɥɟɦɚ
ɢɡɭɱɟɧɢɹ ɢ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɨɩɨɥɡɧɟɣ ɜ
ɛɨɥɶɲɢɯ ɝɨɪɨɞɚɯ ɢɦɟɟɬ ɫɜɨɸ ɫɩɟɰɢɮɢɤɭ,
ɫɜɹɡɚɧɧɭɸ ɫ ɩɪɢɪɨɞɨɨɯɪɚɧɧɵɦɢ, ɝɪɚɞɨɫɬɪɨɢɬɟɥɶɧɵɦɢ, ɫɨɰɢɚɥɶɧɵɦɢ, ɷɤɨɥɨɝɢɱɟɫɤɢɦɢ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɢ ɞɪ. ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɢ ɢɡɦɟɧɟɧɢɹ ɜɨ ɜɪɟɦɟɧɢ ɨɩɨɥɡɧɟɨɩɚɫɧɵɯ ɬɟɪɪɢɬɨɪɢɣ.
ȼ Ɇɨɫɤɜɟ ɨɫɧɨɜɧɚɹ ɱɚɫɬɶ ɨɩɨɥɡɧɟɜɵɯ
ɫɤɥɨɧɨɜ ɪɚɫɩɨɥɨɠɟɧɚ ɜ ɩɪɟɞɟɥɚɯ ɞɨɥɢɧɵ
ɪɟɤɢ Ɇɨɫɤɜɵ (ɪɢɫ. 12), ɹɜɥɹɸɳɟɣɫɹ ɝɥɚɜɧɵɦ
ɝɟɨɦɨɪɮɨɥɨɝɢɱɟɫɤɢɦ ɢ ɥɚɧɞɲɚɮɬɧɵɦ ɨɛɴɟɤɬɨɦ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɫɬɨɥɢɰɵ ɢ ɨɩɪɟɞɟɥɹɸɳɟɣ ɚɪɯɢɬɟɤɬɭɪɧɨ-ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɝɨɪɨɞɚ. ȼ ɞɚɧɧɨɣ ɥɟɤɰɢɢ ɩɪɨɛɥɟɦɚ
ɡɚɳɢɬɵ ɬɟɪɪɢɬɨɪɢɢ ɝɨɪɨɞɚ ɨɬ ɨɩɨɥɡɧɟɨɛɪɚɡɨɜɚɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɧɚ ɩɪɢɦɟɪɟ ɬɪɟɯ
ɧɚɢɛɨɥɟɟ ɚɤɬɢɜɧɵɯ ɡɨɧ ɜ ɩɪɟɞɟɥɚɯ ɞɨɥɢɧɵ ɪ.
Ɇɨɫɤɜɵ: ȼɨɪɨɛɶɟɜɵɯ ɝɨɪ, Ʉɨɥɨɦɟɧɫɤɨɝɨ,
Ʉɚɪɚɦɵɲɟɜɫɤɨɣ ɧɚɛɟɪɟɠɧɨɣ.
Ɉɩɨɥɡɧɢ ɡɚɧɢɦɚɸɬ ɨɤɨɥɨ 3% ɬɟɪɪɢɬɨɪɢɢ
Ɇɨɫɤɜɵ. ɇɚ ɬɟɪɪɢɬɨɪɢɢ Ɇɨɫɤɜɵ ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ ɞɜɚ ɬɢɩɚ ɨɩɨɥɡɧɟɣ – ɝɥɭɛɨɤɢɟ,
ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟɫɹ ɩɥɨɳɚɞɶɸ 0,8-1 ɤɦ2 ɢ
ɝɥɭɛɢɧɨɣ ɡɚɯɜɚɬɚ ɩɨɪɨɞ ɞɨ 100 ɦ, ɢ ɩɨɜɟɪɯɧɨɫɬɧɵɟ (ɦɟɥɤɢɟ) – ɩɥɨɳɚɞɶɸ ɞɨ 0,002 ɤɦ2 ɢ
ɝɥɭɛɢɧɨɣ ɡɚɯɜɚɬɚ ɩɨɪɨɞ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ 1-

Ɋɢɫɭɧɨɤ 12. ɋɯɟɦɚ ɩɨɪɚɠɟɧɧɨɫɬɢ ɨɩɨɥɡɧɹɦɢ
ɪɚɡɥɢɱɧɨɣ ɫɬɟɩɟɧɢ ɨɩɚɫɧɨɫɬɢ ɬɟɪɪɢɬɨɪɢɢ
Ɇɨɫɤɜɵ 1 - Ʉɚɪɚɦɵɲɟɜɫɤɚɹ ɧɚɛɟɪɟɠɧɚɹ; 2 –
ȼɨɪɨɛɶɟɜɵ ɝɨɪɵ; 3 – Ʉɨɥɨɦɟɧɫɤɨɟ

Ʉ ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ ɞɨɥɢɧɧɵɣ ɪɟɥɶɟɮ
ɪɟɤɢ Ɇɨɫɤɜɵ ɩɪɟɬɟɪɩɟɥ ɫɭɳɟɫɬɜɟɧɧɵɟ
ɢɡɦɟɧɟɧɢɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɬɪɚɧɫɮɨɪɦɚɰɢɢ
ɝɟɨɦɨɪɮɨɥɨɝɢɢ ɫɤɥɨɧɨɜ, ɥɨɤɚɥɶɧɨɣ ɩɨɞɫɵɩɤɢ ɬɟɪɪɢɬɨɪɢɢ ɢ ɡɚɫɵɩɤɢ ɨɜɪɚɝɨɜ, ɦɟɥɤɢɯ
ɪɭɱɶɟɜ, ɩɥɚɧɢɪɨɜɤɢ ɩɪɢɛɪɨɜɨɱɧɵɯ ɩɟɪɟɝɢɛɨɜ, ɢɡɦɟɧɟɧɢɹ ɤɨɧɮɢɝɭɪɚɰɢɢ ɛɟɪɟɝɨɜɨɣ
ɥɢɧɢɢ ɢ ɞɪ.
ɍɤɚɡɚɧɧɵɟ ɢɡɦɟɧɟɧɢɹ, ɟɫɬɟɫɬɜɟɧɧɨ, ɨɤɚɡɵɜɚɥɢ ɜɥɢɹɧɢɟ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɤɥɨɧɨɜ ɢ
ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɡɜɢɬɢɹ ɨɩɨɥɡɧɟɣ ɜ ɡɨɧɟ
ɛɟɪɟɝɨɜɨɣ ɥɢɧɢɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɫɨɫɬɨɹɧɢɟ
ɫɤɥɨɧɨɜ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ ɡɚɜɢɫɟɥɨ ɨɬ
ɝɪɚɞɨɫɬɪɨɢɬɟɥɶɧɨɣ ɢ ɯɨɡɹɣɫɬɜɟɧɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɱɟɥɨɜɟɤɚ ɜ ɭɫɥɨɜɢɹɯ ɛɨɥɶɲɨɝɨ
ɦɟɝɚɩɨɥɢɫɚ: ɭɫɬɪɨɣɫɬɜɚ ɧɚɛɟɪɟɠɧɵɯ; ɜɨɡɜɟɞɟɧɢɹ ɠɢɥɵɯ ɡɞɚɧɢɣ, ɬɪɚɧɫɩɨɪɬɧɵɯ, ɤɭɥɶɬɭɪɧɵɯ ɢ ɫɩɨɪɬɢɜɧɵɯ ɫɨɨɪɭɠɟɧɢɣ; ɩɪɨɤɥɚɞɤɢ ɤɨɦɦɭɧɢɤɚɰɢɣ; ɩɨɫɚɞɤɢ ɢɥɢ ɥɢɤɜɢɞɚɰɢɢ
ɡɟɥɟɧɵɯ ɧɚɫɚɠɞɟɧɢɣ ɢ ɞɪ.
ɇɚ ȼɨɪɨɛɶɟɜɵɯ ɝɨɪɚɯ ɨɩɨɥɡɧɟɨɩɚɫɧɵɦ
ɫɤɥɨɧɨɦ ɹɜɥɹɟɬɫɹ ɡɨɧɚ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ
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ɬɪɚɦɩɥɢɧɚ, ɝɞɟ ɜ ɧɚɱɚɥɟ 21 ɜɟɤɚ ɛɵɥɢ ɜɨɡɜɟɞɟɧɵ ɪɚɡɝɨɧɧɚɹ ɷɫɬɚɤɚɞɚ ɢ ɤɪɟɫɟɥɶɧɵɣ
ɩɨɞɴɟɦɧɢɤ.
Ⱦɥɹ ɨɰɟɧɤɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɤɥɨɧɚ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɩɪɟɞɥɨɠɟɧɧɵɣ ɜ ɇɂɂɈɋɉ ɦɟɬɨɞ
ɩɟɪɟɦɟɧɧɨɣ ɫɬɟɩɟɧɢ ɦɨɛɢɥɢɡɚɰɢɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɞɜɢɝɭ ɢ ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɧɚ ɟɝɨ ɨɫɧɨɜɟ

ɩɪɨɝɪɚɦɦɚ SLIDE (ȼ.Ƚ. Ɏɟɞɨɪɨɜɫɤɢɣ,
ɋ.ȼ. Ʉɭɪɢɥɥɨ).
Ɋɚɫɱɟɬɵ ɜɵɩɨɥɧɹɥɢɫɶ ɛɟɡ ɧɚɝɪɭɡɤɢ ɢ ɫ
ɧɚɝɪɭɡɤɨɣ ɧɚ ɫɤɥɨɧ ɜ ɰɟɥɨɦ, ɚ ɬɚɤɠɟ ɞɥɹ ɟɝɨ
ɜɟɪɯɧɟɣ ɢ ɧɢɠɧɟɣ ɱɚɫɬɟɣ. Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ
ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ.13.

Ɋɢɫɭɧɨɤ 13. Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ
Ɍɚɛɥɢɰɚ 2. Ɋɚɫɱɟɬɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɤɥɨɧɚ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɝɪɭɧɬɨɜɵɯ ɭɫɥɨɜɢɣ.
ɋɤɥɨɧ ɜ ɰɟɥɨɦ
ȼɟɪɯɧɹɹ ɱɚɫɬɶ
ɇɢɠɧɹɹ ɱɚɫɬɶ
ɋ
ɋ
Ȼɟɡ
ɋ
ʋ
ɉɪɨɱɧɨɫɬɶ ɝɪɭɧɬɚ
Ȼɟɡ
Ȼɟɡ
ɧɚɝɪɭɡɧɚɝɪɭɡɧɚɝɪɭɡɧɚɝɪɭɡɧɚɝɪɭɡɤɢ
ɧɚɝɪɭɡɤɢ
ɤɨɣ
ɤɨɣ
ɤɢ
ɤɨɣ
ɉɢɤɨɜɚɹ
1
1,532
1,524
0,937
0,913
2,038
2,015
ɩɪɨɱɧɨɫɬɶ
ɇɈɗɄɋ
Ɉɫɬɚɬɨɱɧɚɹ
2
1,101
1,093
0,936
0,913
0,603
0,590
ɩɪɨɱɧɨɫɬɶ
ɉɢɤɨɜɚɹ
3
1,361
1,351
1,184
1,146
1,617
1,588
ɩɪɨɱɧɨɫɬɶ
Ƚɋɉɂ
Ɉɫɬɚɬɨɱɧɚɹ
4
1,111
1,098
1,181
1,136
0,966
0,945
ɩɪɨɱɧɨɫɬɶ

Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜɥɢɹɧɢɟ ɧɚɝɪɭɡɤɢ
ɨɬ ɩɨɞɴɟɦɧɢɤɚ ɢ ɷɫɬɚɤɚɞɵ ɢ ɢɡɦɟɧɟɧɢɹ ɍɉȼ
ɨɱɟɧɶ ɧɟɡɧɚɱɢɬɟɥɶɧɨ, ɩɨɷɬɨɦɭ ɝɨɜɨɪɢɬɶ ɨɛ
ɨɬɪɢɰɚɬɟɥɶɧɨɦ ɜɥɢɹɧɢɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɧɚ
ɭɫɬɨɣɱɢɜɨɫɬɶ
ɫɤɥɨɧɚ
ɨɫɧɨɜɚɧɢɣ
ɧɟɬ.
ɂɡ ɬɚɛɥ. 2 ɜɢɞɧɨ, ɱɬɨ ɤɚɬɚɫɬɪɨɮɢɱɟɫɤɨɟ
ɩɚɞɟɧɢɟ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɢɦɟɟɬ ɦɟɫɬɨ ɜ
ɧɢɠɧɟɣ ɱɚɫɬɢ ɫɤɥɨɧɚ ɞɨ ɡɧɚɱɟɧɢɣ ɩɨɪɹɞɤɚ
0.6, ɱɬɨ ɜɵɡɵɜɚɟɬ ɫɨɦɧɟɧɢɟ ɜ ɞɨɫɬɨɜɟɪɧɨɫɬɢ
ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ
ɝɪɭɧɬɨɜ.
Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɫɬɨɥɶ ɧɢɡɤɢɯ ɡɧɚɱɟɧɢɹɯ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɤɥɨɧ
ɛɵ ɞɚɜɧɨ ɪɚɡɪɭɲɢɥɫɹ. Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ,
ɱɬɨ ɧɚɢɛɨɥɟɟ ɞɨɫɬɨɜɟɪɧɵɦ ɹɜɥɹɟɬɫɹ ɪɚɫɱɟɬ
ɩɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɩɟɪɜɢɱɧɨɝɨ ɫɪɟɡɚ. ɂɡ
ɪɢɫ.14 ɜɢɞɧɨ, ɱɬɨ ɜɫɟ ɡɨɧɵ ɭɫɬɨɣɱɢɜɵ, ɧɨ
ɦɢɧɢɦɚɥɶɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɡɚɩɚɫɚ ɨɬɦɟ-

ɱɚɸɬɫɹ ɜ ɜɟɪɯɧɟɣ ɡɨɧɟ.
Ɋɚɫɱɟɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɭɫɬɨɣɱɢɜɨɫɬɶ
ɫɤɥɨɧɚ ɜ ɰɟɥɨɦ ɢ ɜ ɟɝɨ ɧɢɠɧɟɣ ɱɚɫɬɢ ɨɛɟɫɩɟɱɟɧɚ, ɢ ɜɵɩɨɥɧɟɧɢɟ ɫɩɟɰɢɚɥɶɧɵɯ ɨɩɨɥɡɧɟɡɚɳɢɬɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɜɫɟɦɭ ɫɤɥɨɧɭ ɧɟ
ɬɪɟɛɭɟɬɫɹ. Ɂɚɩɚɫ ɭɫɬɨɣɱɢɜɨɫɬɢ ɬɨɥɶɤɨ ɜ
ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɫɤɥɨɧɚ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɧɟ
ɜɩɨɥɧɟ ɞɨɫɬɚɬɨɱɧɵɦ. ɉɨɷɬɨɦɭ ɛɵɥɨ ɪɟɤɨɦɟɧɞɨɜɚɧɨ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɩɨɞɴɟɦɧɢɤɚ ɢ
ɷɫɬɚɤɚɞɵ ɫ ɨɞɧɨɜɪɟɦɟɧɧɵɦ ɭɫɢɥɟɧɢɟɦ
ɫɤɥɨɧɚ ɢ ɨɫɧɨɜɚɧɢɹ ɨɩɨɪ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ,
ɧɚɩɪɢɦɟɪ, ɩɭɬɟɦ "ɩɪɢɲɩɢɥɢɜɚɧɢɹ" ɞɟɥɸɜɢɚɥɶɧɨɝɨ ɛɥɨɤɚ ɤ ɤɨɪɟɧɧɵɦ ɩɨɪɨɞɚɦ ɫɜɚɹɦɢ.
Ⱦɪɭɝɨɣ ɨɩɨɥɡɧɟɜɨɣ ɭɱɚɫɬɨɤ ɪɚɫɩɨɥɨɠɟɧ
ɧɚ ɩɪɚɜɨɦ ɛɟɪɟɝɭ ɪɟɤɢ Ɇɨɫɤɜɵ ɜ ɪɚɣɨɧɟ
Ʉɨɥɨɦɟɧɫɤɨɝɨ. ȼ ɩɪɟɞɟɥɚɯ ɢɫɫɥɟɞɭɟɦɨɣ
ɬɟɪɪɢɬɨɪɢɢ
ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ
ɝɥɭɛɨɤɢɟ
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ɨɩɨɥɡɧɢ ɜɵɞɚɜɥɢɜɚɧɢɹ, ɚ ɬɚɤɠɟ ɦɟɥɤɢɟ ɢ
ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɨɩɨɥɡɧɢ. Ƚɥɭɛɨɤɢɟ ɨɩɨɥɡɧɢ
ɢɦɟɸɬ ɜ ɩɥɚɧɟ ɡɧɚɱɢɬɟɥɶɧɵɟ (ɲɢɪɢɧɨɣ ɞɨ
200 ɦ) ɪɚɡɦɟɪɵ ɢ ɡɚɯɜɚɬɵɜɚɸɬ ɩɨɪɨɞɵ ɧɚ

ɝɥɭɛɢɧɭ ɞɨ 30 ɦ. Ɇɟɥɤɢɟ ɢ ɩɨɜɟɪɯɧɨɫɬɧɵɟ
ɨɩɨɥɡɧɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɵɦɢ
ɪɚɡɦɟɪɚɦɢ ɜ ɩɥɚɧɟ (ɲɢɪɢɧɨɣ ɞɨ 30-40 ɦ) ɢ
ɩɨ ɝɥɭɛɢɧɟ (3-5 ɦ).

Ɋɢɫɭɧɨɤ 14. Ɋɚɫɱɟɬ ɞɥɹ 3-ɝɨ ɜɚɪɢɚɧɬɚ ɝɪɭɧɬɨɜɵɯ ɭɫɥɨɜɢɣ

ȼ 1970 ɝɨɞɭ ɧɚ ɫɤɥɨɧɟ ɜ ɫɜɹɡɢ ɫ ɩɪɨɤɥɚɞɤɨɣ ɤɨɥɥɟɤɬɨɪɚ ɛɵɥɚ ɜɵɩɨɥɧɟɧɚ ɨɬɫɵɩɤɚ
ɛɚɧɤɟɬɚ ɜ ɪɭɫɥɟ ɪɟɤɢ, ɨɫɭɳɟɫɬɜɥɟɧɨ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɧɚɛɟɪɟɠɧɨɣ ɧɚ ɫɜɚɣɧɨɦ (ɝɥɭɛɢɧɨɣ
9-11 ɦ) ɨɫɧɨɜɚɧɢɢ, ɩɪɨɬɹɠɟɧɧɨɫɬɶɸ 400 ɦ,
ɩɪɨɜɟɞɟɧɚ ɩɥɚɧɢɪɨɜɤɚ ɨɩɨɥɡɧɟɜɨɝɨ ɫɤɥɨɧɚ.
Ʉ 1983 ɝɨɞɭ ɨɫɭɳɟɫɬɜɥɟɧɚ ɨɬɫɵɩɤɚ ɜ ɪɭɫɥɟ
ɪɟɤɢ ɩɟɪɟɞ ɫɬɟɧɤɨɣ ɧɚɛɟɪɟɠɧɨɣ ɭɩɨɪɧɨɣ
ɩɪɢɡɦɵ ɲɢɪɢɧɨɣ ɨɤɨɥɨ 30 ɦ, ɞɥɢɧɨɣ 560 ɦ ɢ
ɩɨɜɬɨɪɧɚɹ ɡɚɫɵɩɤɚ ɛɚɧɤɟɬɚ ɜ ɪɭɫɥɟ ɪɟɤɢ.
Ȼɵɥɨ ɡɚɜɟɪɲɟɧɨ ɬɚɤɠɟ ɛɥɚɝɨɭɫɬɪɨɣɫɬɜɨ
ɫɤɥɨɧɚ: ɭɩɥɨɬɧɟɧ ɜɟɪɯɧɢɣ ɤɪɭɬɨɣ ɨɬɤɨɫ,
ɫɨɡɞɚɧɚ ɞɪɟɧɚɠɧɚɹ ɫɟɬɶ, ɩɪɨɥɨɠɟɧɵ ɩɟɲɟɯɨɞɧɵɟ ɞɨɪɨɠɤɢ.
Ɉɞɧɚɤɨ ɨɩɨɥɡɧɟɜɵɟ ɩɪɨɰɟɫɫɵ ɩɪɨɞɨɥɠɚɥɢ ɩɪɨɢɫɯɨɞɢɬɶ ɧɚ ɪɚɡɥɢɱɧɵɯ ɭɱɚɫɬɤɚɯ
ɬɟɪɪɢɬɨɪɢɢ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜ ɇɂɂɈɋɉ ɛɵɥɢ
ɞɟɬɚɥɶɧɨ ɢɫɫɥɟɞɨɜɚɧɵ ɦɟɯɚɧɢɡɦɵ ɨɩɨɥɡɧɟɜɵɯ ɩɪɨɰɟɫɫɨɜ ɢ ɜɵɩɨɥɧɟɧɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ
ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦ STAB
ɢ PLAXIS.
ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɨɜ ɛɵɥɚ ɜɵɹɜɥɟɧɚ
ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɡɜɢɬɢɹ ɦɟɥɤɢɯ ɢ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɨɩɨɥɡɧɟɣ ɧɚ ɜɫɟɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɭɱɚɫɬɤɚɯ. Ɋɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ
ɡɚɩɚɫɚ ɨɛɳɟɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɞɥɹ ɨɩɨɥɡɧɟɣ
ɬɚɤɨɝɨ ɜɢɞɚ ɫɨɫɬɚɜɢɥɢ ɨɤɨɥɨ 1. ɇɚ ɭɱɚɫɬɤɚɯ
ɜɬɨɪɨɝɨ ɨɩɨɥɡɧɟɜɨɝɨ ɰɢɪɤɚ ɢ ɧɚ ɷɪɨɡɢɨɧɧɨɨɩɨɥɡɧɟɜɨɦ ɫɤɥɨɧɟ ɜɨɡɦɨɠɧɨ ɪɚɡɜɢɬɢɟ
ɝɥɭɛɨɤɢɯ ɨɩɨɥɡɧɟɣ ɜɵɞɚɜɥɢɜɚɧɢɹ, ɩɨɫɤɨɥɶɤɭ
ɤɨɷɮɮɢɰɢɟɧɬɵ ɡɚɩɚɫɚ ɨɛɳɟɣ ɭɫɬɨɣɱɢɜɨɫɬɢ
ɞɨɫɬɢɝɚɸɬ ɡɧɚɱɟɧɢɣ ɦɟɧɶɲɟ 1.Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɵɩɨɥɧɟɧɧɵɟ ɪɚɫɱɟɬɵ ɩɨɞɬɜɟɪɞɢɥɢ
ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɤɨɦɩɥɟɤɫɚ ɩɪɨɬɢɜɨɨɩɨɥɡɧɟ-

ɜɵɯ ɦɟɪɨɩɪɢɹɬɢɣ ɧɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ
ɭɱɚɫɬɤɟ.
ȼ ɤɚɱɟɫɬɜɟ ɜɨɡɦɨɠɧɵɯ ɦɟɪ ɩɨ ɛɨɪɶɛɟ ɫ
ɝɥɭɛɢɧɧɵɦɢ ɨɩɨɥɡɧɹɦɢ ɫ ɩɨɦɨɳɶɸ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɇɂɂɈɋɉ ɛɵɥɢ
ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɫɥɟɞɭɸɳɢɟ ɜɚɪɢɚɧɬɵ
ɫɬɚɛɢɥɢɡɚɰɢɢ ɫɤɥɨɧɚ:
- ɨɬɫɵɩɤɚ ɭɩɨɪɧɵɯ ɩɪɢɡɦ ɧɚ ɩɨɣɦɟɧɧɨɣ
ɬɟɪɪɚɫɟ ɢ ɜ ɪɭɫɥɟ ɪ. Ɇɨɫɤɜɵ;
- ɫɪɟɡɤɚ ɫɤɥɨɧɚ ɜ ɦɟɫɬɟ ɛɪɨɜɤɢ ɟɝɨ ɜɟɪɯɧɟɝɨ ɭɫɬɭɩɚ, ɬɟɪɪɚɫɢɪɨɜɚɧɢɟ ɢ ɭɩɥɨɬɧɟɧɢɟ
ɫɤɥɨɧɚ;
- ɭɫɬɪɨɣɫɬɜɨ ɨɩɨɥɡɧɟɭɞɟɪɠɢɜɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢɡ ɛɭɪɨɧɚɛɢɜɧɵɯ ɫɜɚɣ ɢɥɢ "ɫɬɟɧɵ
ɜ ɝɪɭɧɬɟ" ɧɚ ɩɨɣɦɟɧɧɨɣ ɬɟɪɪɚɫɟ ɢ ɛɟɪɦɚɯ
ɫɤɥɨɧɚ;
- ɭɫɬɪɨɣɫɬɜɨ ɨɩɨɥɡɧɟɭɞɟɪɠɢɜɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɧɚ ɛɪɨɜɤɟ ɫɤɥɨɧɚ;
- ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɟ ɜɚɪɢɚɧɬɵ.
ɑɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɨɤɚɡɚɥɨ, ɱɬɨ
ɜ ɛɨɪɶɛɟ ɫ ɝɥɭɛɨɤɢɦɢ ɨɩɨɥɡɧɹɦɢ ɜɵɞɚɜɥɢɜɚɧɢɹ ɭɫɬɪɨɣɫɬɜɨ ɬɚɤɢɯ ɨɩɨɥɡɧɟɭɞɟɪɠɢɜɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɤɚɤ ɫɬɟɧɵ ɢɥɢ ɪɹɠɢ ɢɡ
ɫɜɚɣ, ɨɤɚɡɚɥɨɫɶ ɦɚɥɨɷɮɮɟɤɬɢɜɧɵɦ, ɩɨɫɤɨɥɶɤɭ ɫɚɦɢ ɤɨɧɫɬɪɭɤɰɢɢ ɞɨɥɠɧɵ ɛɵɬɶ ɞɨɫɬɚɬɨɱɧɨ ɦɚɫɫɢɜɧɵ, ɢ ɡɚɝɥɭɛɥɟɧɵ ɜ ɫɥɨɣ ɢɡɜɟɫɬɧɹɤɨɜ. ɉɪɢ ɷɬɨɦ ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ ɦɨɝɭɬ
ɜɨɡɧɢɤɚɬɶ ɢɡɝɢɛɚɸɳɢɟ ɦɨɦɟɧɬɵ ɨɤɨɥɨ 2000
ɤɇ*ɦ/ɩ.ɦ.
ɉɪɨɜɟɞɟɧɢɟ ɫɩɟɰɢɚɥɶɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ
ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɤɥɨɧɚ ɜ
Ʉɨɥɨɦɟɧɫɤɨɦ ɨɫɥɨɠɧɟɧɨ ɬɟɦ, ɱɬɨ ɪɚɛɨɬɵ
ɩɪɨɜɨɞɹɬɫɹ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ
ɦɭɡɟɹ-ɡɚɩɨɜɟɞɧɢɤɚ. ȼɫɟ ɪɚɛɨɬɵ ɞɨɥɠɧɵ
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ɜɵɩɨɥɧɹɬɶɫɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ ɜɥɢɹɧɢɟ ɧɚ ɷɤɨɫɢɫɬɟɦɭ, ɫɨɯɪɚɧɢɬɶ
ɪɚɫɬɢɬɟɥɶɧɨɫɬɶ ɢ ɛɢɨɫɮɟɪɭ ɡɚɩɨɜɟɞɧɢɤɚ.

Ɋɚɛɨɬɵ ɩɨ ɛɨɪɶɛɟ ɫ ɝɥɭɛɨɤɢɦɢ ɨɩɨɥɡɧɹɦɢ
ɛɵɥɨ ɪɟɤɨɦɟɧɞɨɜɚɧɨ ɪɚɡɛɢɬɶ ɧɚ ɞɜɚ ɷɬɚɩɚ
(ɪɢɫ.15).

Ɋɢɫɭɧɨɤ 15. Ɉɛɳɚɹ ɫɢɬɭɚɰɢɹ ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɬɢɜɨɨɩɨɥɡɧɟɜɵɯ ɦɟɪɨɩɪɢɹɬɢɣ

ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɩɪɨɜɟɫɬɢ ɩɪɢɝɪɭɡɤɭ
ɹɡɵɤɨɜ ɨɩɨɥɡɧɟɣ ɨɬɫɵɩɤɨɣ ɭɩɨɪɧɵɯ ɩɪɢɡɦ ɜ
ɪɭɫɥɟ ɪɟɤɢ ɢ ɧɚ ɧɚɞɩɨɣɦɟɧɧɨɣ ɬɟɪɪɚɫɟ ɪɟɤɢ
Ɇɨɫɤɜɵ. ɍɱɢɬɵɜɚɹ ɡɧɚɱɢɬɟɥɶɧɭɸ ɜɵɫɨɬɭ
ɨɬɫɵɩɤɢ ɝɪɭɧɬɚ (ɞɨ 7,5 ɦ), ɧɟɨɛɯɨɞɢɦɨ
ɭɫɬɪɨɢɬɶ ɤɨɧɫɬɪɭɤɰɢɸ ɜ ɜɢɞɟ ɭɝɨɥɤɨɜɨɣ
ɩɨɞɩɨɪɧɨɣ ɫɬɟɧɤɢ ɧɚ ɫɜɚɣɧɨɦ ɨɫɧɨɜɚɧɢɢ.

ɇɚ ɜɬɨɪɨɦ ɷɬɚɩɟ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ
ɬɟɪɪɚɫɢɪɨɜɚɧɢɟ ɨɬɤɨɫɚ, ɩɨɞɫɵɩɤɭ ɭɫɬɭɩɨɜ ɢ
ɭɫɬɪɨɣɫɬɜɨ ɩɪɢɝɪɭɠɚɸɳɢɯ ɨɬɫɵɩɨɤ ɧɚ
ɫɪɟɞɧɢɯ ɱɚɫɬɹɯ ɫɤɥɨɧɚ.
ɇɚ ɪɢɫ.16 ɩɨɤɚɡɚɧ ɢɡɦɟɧɟɧɧɵɣ ɩɪɨɮɢɥɶ
ɫɤɥɨɧɚ ɫ ɭɱɟɬɨɦ ɩɨɞɫɵɩɤɢ.

Ɋɢɫɭɧɨɤ 16. ɂɡɦɟɧɟɧɧɵɣ ɩɪɨɮɢɥɶ ɫɤɥɨɧɚ ɫ ɭɱɺɬɨɦ ɩɨɞɫɵɩɤɢ

Ɉɩɨɥɡɧɟɜɵɟ ɹɜɥɟɧɢɹ ɜ ɪɚɣɨɧɟ Ʉɚɪɚɦɵɲɟɜɫɤɨɣ ɧɚɛɟɪɟɠɧɨɣ ɮɢɤɫɢɪɨɜɚɥɢɫɶ ɧɟɨɞɧɨɤɪɚɬɧɨ. ɂɡɜɟɫɬɧɵ ɪɚɡɪɭɲɟɧɢɹ ɜ 40-50-ɯ
ɝɨɞɚɯ 19 ɜɟɤɚ ɫɤɥɨɧɚ ɥɟɜɨɝɨ ɛɟɪɟɝɚ ɪɟɤɢ
Ɇɨɫɤɜɵ ɜ ɷɬɨɦ ɦɟɫɬɟ. Ʌɟɬɨɦ 2006 ɝɨɞɚ ɛɵɥɢ
ɡɚɮɢɤɫɢɪɨɜɚɧɵ ɨɩɨɥɡɧɟɜɵɟ ɞɟɮɨɪɦɚɰɢɢ ɧɚ
ɮɪɨɧɬɟ ɩɪɢɦɟɪɧɨ 300 ɦ ɜɞɨɥɶ ɛɟɪɟɝɚ.
ȼɵɫɨɬɚ ɫɤɥɨɧɚ ɧɚ ɨɩɨɥɡɧɟɜɨɦ ɭɱɚɫɬɤɟ ɫɨɫɬɚɜɥɹɟɬ ɨɬ 18 ɞɨ 24 ɦ, ɲɢɪɢɧɚ ɫɤɥɨɧɚ
ɞɨɫɬɢɝɚɟɬ 70 ɦ. ɇɚ ɭɱɚɫɬɤɟ ɩɥɚɬɨ, ɩɪɢɥɟ-

ɝɚɸɳɟɦ ɤ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦɭ ɭɱɚɫɬɤɭ ɫɤɥɨɧɚ,
ɪɚɫɩɨɥɨɠɟɧ ɏɪɚɦ ɀɢɜɨɧɚɱɚɥɶɧɨɣ Ɍɪɨɢɰɵ ɜ
ɏɨɪɨɲɟɜɟ (XVI ɜ.), ɢ ɩɨɫɟɥɨɤ ɦɚɥɨɷɬɚɠɧɵɯ
ɞɨɦɨɜ-ɤɨɬɬɟɞɠɟɣ (ɪɢɫ. 17).
Ⱥɤɬɢɜɢɡɚɰɢɹ ɨɩɨɥɡɧɹ ɩɪɢɜɟɥɚ ɤ ɱɚɫɬɢɱɧɨɦɭ ɪɚɡɪɭɲɟɧɢɸ ɨɝɪɚɞ ɬɟɪɪɢɬɨɪɢɣ ɏɪɚɦɚ ɢ
ɩɨɫɟɥɤɚ. Ɉɩɨɥɡɟɧɶ ɡɚɯɜɚɬɢɥ ɧɟɠɢɥɭɸ ɩɨɫɬɪɨɣɤɭ, ɩɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ ɦɨɝ ɩɪɢɜɟɫɬɢ ɤ
ɱɚɫɬɢɱɧɨɦɭ
ɪɚɡɪɭɲɟɧɢɸ
ɤɨɧɫɬɪɭɤɰɢɣ
ɥɢɜɧɟɫɬɨɤɚ.
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Ɋɢɫɭɧɨɤ 17. ȼɢɞ ɧɚ ɨɩɨɥɡɧɟɜɨɣ ɭɱɚɫɬɨɤ Ʉɚɪɚɦɵɲɟɜɫɤɨɝɨ ɩɪɨɟɡɞɚ

ɇɚ ɫɤɥɨɧɟ ɮɢɤɫɢɪɭɸɬɫɹ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɩɨɞɜɢɠɤɢ ɝɪɭɧɬɚ ɜ ɜɢɞɟ ɭɫɬɭɩɨɜ, ɡɚɤɨɥɨɜ, ɬɪɟɳɢɧ (ɪɢɫ.18)

Ɋɢɫɭɧɨɤ 18. Ɉɩɨɥɡɧɟɜɨɣ ɭɫɬɭɩ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɩɨɫɟɥɤɚ
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ɂɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ɬɟɪɪɢɬɨɪɢɢ ɹɜɥɹɸɬɫɹ ɬɢɩɢɱɧɵɦɢ ɞɥɹ ɛɟɪɟɝɨɜ
ɪɟɤɢ Ɇɨɫɤɜɵ, ɩɨɞɜɟɪɠɟɧɧɵɯ ɪɚɡɜɢɬɢɸ
ɨɩɨɥɡɧɟɣ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɩɨɧɚɞɨɛɢɥɨɫɶ

ɜɵɩɨɥɧɢɬɶ ɛɨɥɶɲɨɣ ɨɛɴɟɦ ɢɡɵɫɤɚɧɢɣ ɬɪɟɦɹ
ɨɪɝɚɧɢɡɚɰɢɹɦɢ ɢ ɪɚɫɱɟɬɨɜ ɭɫɬɨɣɱɢɜɨɫɬɢ
ɫɤɥɨɧɚ, ɱɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ɩɪɟɞɩɨɥɚɝɚɟɦɵɣ
ɪɚɡɪɟɡ ɬɟɥɚ ɨɩɨɥɡɧɹ (ɪɢɫ.19).

Ɋɢɫɭɧɨɤ 19 ɉɪɟɞɩɨɥɚɝɚɟɦɵɣ ɪɚɡɪɟɡ ɬɟɥɚ ɨɩɨɥɡɧɹ ɪɹɞɨɦ ɫ ɩɨɫɟɥɤɨɦ

Ƚɟɨɞɟɡɢɱɟɫɤɢɣ ɦɨɧɢɬɨɪɢɧɝ, ɜɟɞɭɳɢɣɫɹ
ɧɚ ɫɤɥɨɧɟ, ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɞɟɮɨɪɦɚɰɢɢ
ɫɤɥɨɧɚ ɪɚɡɜɢɜɚɸɬɫɹ ɢɧɬɟɧɫɢɜɧɨ. ɋɭɳɟɫɬɜɟɧɧɵɟ ɨɫɚɞɤɢ ɩɪɨɢɫɯɨɞɹɬ ɜ ɡɨɧɟ ɜɟɪɯɧɟɣ

ɛɪɨɜɤɢ ɫɤɥɨɧɚ. Ɂɞɟɫɶ ɧɚɛɥɸɞɚɸɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɟ ɨɫɚɞɤɢ 6 ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ ɦɚɪɨɤ ɜ
ɨɝɪɚɠɞɟɧɢɢ, ɧɚɯɨɞɹɳɟɦɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ
ɜ
ɡɨɧɟ
ɫɯɨɞɚ
ɨɩɨɥɡɧɹ
(ɪɢɫ.20).

Ɋɢɫɭɧɨɤ 20. Ƚɪɚɮɢɤɢ ɨɫɚɞɨɤ ɫɬɟɧɧɵɯ ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ ɦɚɪɨɤ:
1- ɦɚɪɤɚ 22; 2- ɦɚɪɤɚ 21; 3- ɦɚɪɤɚ 28; 4- ɦɚɪɤɚ 27; 5- ɦɚɪɤɚ 26
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ɇɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɫɥɨɠɢɜɲɟɣɫɹ ɫɢɬɭɚɰɢɢ ɢ ɜɵɩɨɥɧɟɧɧɵɯ ɪɚɫɱɟɬɨɜ ɛɵɥɢ ɩɪɟɞɥɨɠɟɧɵ ɞɜɟ ɫɬɚɞɢɢ ɜɵɩɨɥɧɟɧɢɹ ɩɪɨɬɢɜɨɨɩɨɥɡɧɟɜɵɯ ɦɟɪɨɩɪɢɹɬɢɣ. ɉɟɪɜɨɨɱɟɪɟɞɧɵɟ ɩɪɨɬɢɜɨɨɩɨɥɡɧɟɜɵɟ
ɦɟɪɨɩɪɢɹɬɢɹ
ɜɤɥɸɱɚɸɬ
(ɪɢɫ.21):
- ɭɫɬɪɨɣɫɬɜɨ ɝɪɭɧɬɨɜɨɣ ɛɟɪɦɵ ɢɡ ɩɟɫɱɚɧɨ-ɝɪɚɜɢɣɧɨɝɨ ɝɪɭɧɬɚ ɞɥɹ ɫɬɚɛɢɥɢɡɚɰɢɢ
ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɤɥɨɧɚ ɢ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɝɨ
ɭɫɬɪɨɣɫɬɜɚ ɫɜɚɣɧɨɝɨ ɩɪɨɬɢɜɨɨɩɨɥɡɧɟɜɨɝɨ
ɫɨɨɪɭɠɟɧɢɹ.
- ɭɫɬɪɨɣɫɬɜɨ ɤɨɧɬɪɛɚɧɤɟɬɚ ɜ ɦɟɫɬɟ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɪɟɞɩɨɥɚɝɚɟɦɨɝɨ ɜɚɥɚ ɜɵɩɢɪɚɧɢɹ
ɧɚ
ɩɪɨɦɟɠɭɬɨɱɧɨɣ
ɬɟɪɪɚɫɟ
ɫɤɥɨɧɚ.

Ʉɨɧɬɪɛɚɧɤɟɬ ɜɵɩɨɥɧɹɟɬɫɹ ɢɡ ɒ-ɨɛɪɚɡɧɨɝɨ ɜ
ɩɥɚɧɟ ɪɹɞɚ ɛɭɪɨɜɵɯ ɫɜɚɣ, ɨɛɴɟɞɢɧɹɟɦɵɯ
ɦɨɧɨɥɢɬɧɵɦ ɠɟɥɟɡɨɛɟɬɨɧɧɵɦ ɪɨɫɬɜɟɪɤɨɦ.
ɋɜɚɢ ɭɫɬɪɚɢɜɚɸɬɫɹ ɞɢɚɦɟɬɪɨɦ 630 ɦɦ,
ɞɥɢɧɨɣ 25 ɦ, ɫ ɲɚɝɨɦ 2-3 ɦ.
- ɩɥɚɧɢɪɨɜɚɧɢɟ ɢ ɬɟɪɪɚɫɢɪɨɜɚɧɢɟ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɪɟɥɶɟɮɚ ɫɤɥɨɧɚ ɫ ɭɩɨɥɚɠɢɜɚɧɢɟɦ
ɟɝɨ ɤɪɭɬɢɡɧɵ.
- ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɪɝɚɧɢɡɚɰɢɢ ɫɬɨɤɚ ɥɢɜɧɟɜɵɯ ɜɨɞ ɢ ɢɯ ɫɛɪɨɫɚ ɜ ɥɢɜɧɟɜɭɸ ɤɚɧɚɥɢɡɚɰɢɸ.
- ɥɢɤɜɢɞɚɰɢɹ ɫɭɳɟɫɬɜɭɸɳɟɝɨ ɚɜɚɪɢɣɧɨɝɨ
ɥɢɜɧɟɫɬɨɤɚ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɏɪɚɦɚ.

Ɋɢɫɭɧɨɤ 21. ɂɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɣ ɪɚɡɪɟɡ ɢ ɩɪɨɬɢɜɨɨɩɨɥɡɧɟɜɵɟ ɦɟɪɨɩɪɢɹɬɢɹ

ɉɨɫɥɟɞɭɸɳɢɟ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɫɬɚɛɢɥɢɡɚɰɢɢ ɨɩɨɥɡɧɟɜɵɯ ɩɪɨɰɟɫɫɨɜ ɧɚ ɜɫɟɦ ɩɪɨɬɹɠɟɧɢɢ ɫɤɥɨɧɚ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ:
- ɭɫɬɪɨɣɫɬɜɨ ɩɪɨɬɢɜɨɨɩɨɥɡɧɟɜɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɪɚɦɧɨɝɨ ɬɢɩɚ (ɪɢɫ.22), ɫɨɫɬɨɹɳɟɣ
ɢɡ ɤɨɡɥɨɜɵɯ ɛɭɪɨɢɧɴɟɤɰɢɨɧɧɵɯ ɫɜɚɣ ɢ
ɪɨɫɬɜɟɪɤɚ, ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɧɚ ɜɟɪɯɧɟɣ

ɛɪɨɜɤɟ ɫɤɥɨɧɚ ɞɥɹ ɫɬɚɛɢɥɢɡɚɰɢɢ ɫɤɥɨɧɚ ɢ
ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɨɛɪɭɲɢɜɲɢɯɫɹ ɨɝɪɚɞ.
- ɭɫɬɪɨɣɫɬɜɨ ɤɨɧɫɬɪɭɤɰɢɢ ɧɚɛɟɪɟɠɧɨɣ.
- ɪɚɛɨɬɵ ɩɨ ɞɟɧɞɪɢɪɨɜɚɧɢɸ ɫɤɥɨɧɚ ɢ ɫɨɡɞɚɧɢɸ ɨɪɝɚɧɢɡɨɜɚɧɧɵɯ ɥɚɧɞɲɚɮɬɧɵɯ
ɮɨɪɦ.

Ɋɢɫɭɧɨɤ 22. ɋɯɟɦɚ ɩɪɨɬɢɜɨɨɩɨɥɡɧɟɜɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɪɚɦɧɨɝɨ ɬɢɩɚ
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ȼ ɡɚɤɥɸɱɟɧɢɢ ɨɬɦɟɬɢɦ, ɱɬɨ ɨɰɟɧɤɚ ɨɛɳɟɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɩɨɥɡɧɟɨɩɚɫɧɵɯ ɫɤɥɨɧɨɜ
ɹɜɥɹɟɬɫɹ ɫɤɨɪɟɟ ɢɫɤɭɫɫɬɜɨɦ, ɱɟɦ ɪɭɬɢɧɧɨɣ
ɨɩɟɪɚɰɢɟɣ ɜɵɱɢɫɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɨɛɳɟɣ
ɭɫɬɨɣɱɢɜɨɫɬɢ. ɇɚ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɨɤɚɡɵɜɚɸɬ: ɩɪɨɮɟɫɫɢɨɧɚɥɢɡɦ ɪɚɫɱɟɬɱɢɤɚ, ɜɵɛɨɪ ɪɚɫɱɟɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɮɨɪɦɢɪɨɜɚɧɢɟ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɵ, ɩɪɢɦɟɧɹɟɦɵɣ ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɫɬɨɹɧɢɹ
ɫɤɥɨɧɚ.
ȼ ɤɚɠɞɨɦ ɢɡ ɬɪɟɯ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɫɥɭɱɚɟɜ
ɤɨɧɟɱɧɵɟ ɜɵɜɨɞɵ ɢ ɪɟɤɨɦɟɧɞɚɰɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɛɟɫɩɟɱɟɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɤɥɨɧɨɜ
ɪɚɡɥɢɱɚɥɢɫɶ ɩɪɢɧɰɢɩɢɚɥɶɧɨ.
Ɋɚɫɱɟɬɵ, ɜɵɩɨɥɧɟɧɧɵɟ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ
ɪɚɣɨɧɭ ȼɨɪɨɛɶɟɜɵɯ ɝɨɪ, ɩɨɡɜɨɥɢɥɢ ɨɬɤɚɡɚɬɶɫɹ ɨɬ ɪɟɚɥɢɡɚɰɢɢ ɤɚɤɢɯ-ɥɢɛɨ ɫɟɪɶɟɡɧɵɯ
ɨɩɨɥɡɧɟɡɚɳɢɬɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ, ɧɟɫɦɨɬɪɹ ɧɚ
ɧɚɥɢɱɢɟ ɨɩɩɨɧɟɧɬɨɜ, ɧɟ ɫɨɝɥɚɫɧɵɯ ɫ ɬɚɤɢɦ
ɪɟɲɟɧɢɟɦ.
ȼ Ʉɨɥɨɦɟɧɫɤɨɦ ɩɪɟɞɥɨɠɟɧɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ ɧɟ ɜɤɥɸɱɚɥɢ ɭɫɬɪɨɣɫɬɜɨ ɞɨɪɨɝɢɯ
ɨɩɨɥɡɧɟɭɞɟɪɠɢɜɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ. Ɉɫɧɨɜɧɨɣ ɨɛɴɟɦ ɪɚɛɨɬ ɩɨ ɫɬɚɛɢɥɢɡɚɰɢɢ ɫɤɥɨɧɚ
ɫɨɫɬɨɹɥ ɜ ɢɡɦɟɧɟɧɢɢ ɩɪɨɮɢɥɹ ɫɤɥɨɧɚ ɩɭɬɟɦ
ɭɫɬɪɨɣɫɬɜɚ ɩɨɞɫɵɩɤɢ.
ɇɚɤɨɧɟɰ, ɧɚ Ʉɚɪɚɦɵɲɟɜɫɤɨɣ ɧɚɛɟɪɟɠɧɨɣ
ɩɪɟɞɥɨɠɟɧ ɫɟɪɶɟɡɧɵɣ ɤɨɦɩɥɟɤɫ ɦɟɪ ɩɨ
ɫɬɚɛɢɥɢɡɚɰɢɢ ɫɤɥɨɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɜɚɣ
ɢ ɞɪɭɝɢɯ ɤɨɧɫɬɪɭɤɰɢɣ.

ɞɟɮɨɪɦɚɰɢɣ, ɨɫɧɨɜɧɵɟ ɜɢɞɵ ɤɨɬɨɪɵɯ,
ɯɚɪɚɤɬɟɪɧɵɟ ɢɦɟɧɧɨ ɞɥɹ Ɇɨɫɤɨɜɫɤɨɝɨ
ɪɟɝɢɨɧɚ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 23.

Ɋɢɫɭɧɨɤ 23. ɏɚɪɚɤɬɟɪɧɵɟ ɞɟɮɨɪɦɚɰɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɪɫɬɨɜɨ-ɫɭɮɮɨɡɢɨɧɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ ɜ
Ɇɨɫɤɜɟ
ɚ – ɨɬɤɪɵɬɵɟ ɩɪɨɜɚɥɶɧɵɟ ɜɨɪɨɧɤɢ; ɛ – ɱɚɲɟɨɛɪɚɡɧɵɣ ɩɪɨɜɚɥ ɡɟɦɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ; 1- ɢɡɜɟɫɬɧɹɤ;
2- ɤɚɪɫɬɨɜɚɹ ɩɨɥɨɫɬɶ; 3 – ɜɨɞɨɭɩɨɪ; 4 – ɡɨɧɚ
ɪɚɡɭɩɥɨɬɧɟɧɧɨɝɨ ɝɪɭɧɬɚ; 5 – ɩɟɪɜɢɱɧɵɣ ɫɜɨɞ; 6 ɬɪɟɳɢɧɵ ɜ ɝɪɭɧɬɟ; 7 – ɜɬɨɪɢɱɧɚɹ ɮɨɪɦɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɫɥɟ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɩɪɨɜɚɥɚ

Ɇɧɨɝɨɱɢɫɥɟɧɧɵɟ ɤɚɪɫɬɨɜɵɟ ɮɨɪɦɵ ɢ ɨɛɪɚɡɨɜɚɧɢɹ ɜ Ɇɨɫɤɜɟ ɛɵɥɢ ɨɛɧɚɪɭɠɟɧɵ
ɦɟɬɪɨɫɬɪɨɢɬɟɥɹɦɢ ɜ 30-ɯ ɝɨɞɚɯ ɩɪɨɲɥɨɝɨ
ɜɟɤɚ. Ɉɞɧɚɤɨ ɢ ɞɨ ɷɬɨɝɨ ɩɟɪɢɨɞɚ ɦɚɬɟɪɢɚɥɵ
ɛɭɪɟɧɢɹ ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɥɢ ɨ ɧɚɥɢɱɢɢ
ɤɚɪɫɬɨɜɵɯ ɨɛɪɚɡɨɜɚɧɢɣ ɜ ɢɡɜɟɫɬɧɹɤɚɯ ɤɚɪɛɨɧɚ.
ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɦɟɬɪɨ ɢ ɞɪɭɝɢɯ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɩɨɡɜɨɥɢɥɨ ɧɚɢɛɨɥɟɟ ɩɨɥɧɨ
ɩɪɟɞɫɬɚɜɢɬɶ ɡɚɤɚɪɫɬɨɜɚɧɧɨɫɬɶ ɤɚɪɛɨɧɚɬɧɵɯ
ɬɨɥɳ. ɉɪɢ ɩɪɨɯɨɞɤɟ ɛɵɥɢ ɜɫɬɪɟɱɟɧɵ ɪɚɡɪɭɲɟɧɧɵɟ ɡɨɧɵ ɢɡɜɟɫɬɧɹɤɨɜ, ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ
ɬɪɟɳɢɧɵ, ɤɚɧɚɥɵ ɜɵɫɨɬɨɣ ɞɨ 2 ɦ, ɤɚɪɫɬɨɜɵɟ
ɜɨɪɨɧɤɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɦɟɧɧɨɭɝɨɥɶɧɵɯ
ɨɬɥɨɠɟɧɢɣ ɧɚ ɝɥɭɛɢɧɟ ɩɪɢɦɟɪɧɨ 50-60 ɦ
(Ɂɚɪɹɞɶɟ, ȼɨɪɨɛɶɟɜɵ Ƚɨɪɵ, Ʉɪɚɫɧɨɯɨɥɦɫɤɢɣ
ɦɨɫɬ, Ɋɢɠɫɤɢɣ ɜɨɤɡɚɥ, Ɍɚɝɚɧɤɚ, ɉɚɜɟɥɟɰɤɢɣ
ɜɨɤɡɚɥ ɢ ɞɪ.).
ɇɚɢɛɨɥɟɟ ɨɩɚɫɧɵɦɢ ɹɜɥɹɸɬɫɹ ɩɥɨɳɚɞɢ,
ɩɨɤɪɵɬɵɟ ɜɨɞɨɩɪɨɧɢɰɚɟɦɵɦɢ ɨɬɥɨɠɟɧɢɹɦɢ,
ɩɪɟɞɫɬɚɜɥɟɧɧɵɦɢ ɝɪɚɜɟɥɢɫɬɵɦɢ ɝɪɭɧɬɚɦɢ,
ɩɟɫɤɚɦɢ, ɫɭɩɟɫɹɦɢ. ɇɚɢɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɨ
ɪɚɡɜɢɬ ɤɚɪɫɬ ɜ ɩɪɢɪɟɱɧɵɯ ɡɨɧɚɯ, ɝɞɟ ɩɨɤɪɵɜɚɸɳɢɟ ɨɬɥɨɠɟɧɢɹ ɱɚɫɬɢɱɧɨ ɢɥɢ ɩɨɥɧɨɫɬɶɸ
ɪɚɡɦɵɬɵ. Ɋɚɡɜɢɬɢɸ ɤɚɪɫɬɚ ɫɩɨɫɨɛɫɬɜɭɸɬ
ɬɚɤɠɟ ɜɵɫɨɤɢɟ ɝɪɚɞɢɟɧɬɵ ɩɨɞɡɟɦɧɨɝɨ ɩɨɬɨɤɚ
ɢ ɜɵɯɨɞɵ ɩɨɞɡɟɦɧɵɯ ɜɨɞ ɜ ɪɭɫɥɚɯ ɪɟɤ ɢ
ɛɟɪɟɝɨɜɵɯ ɨɬɤɨɫɚɯ.
ȼ ɧɚɫɬɨɹɳɢɣ ɦɨɦɟɧɬ ɪɚɣɨɧɵ ɝ. Ɇɨɫɤɜɵ ɜ

7. ɄȺɊɋɌ
ɋɪɟɞɢ
ɨɩɚɫɧɵɯ
ɢɧɠɟɧɟɪɧɨɝɟɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɧɚ
ɬɟɪɪɢɬɨɪɢɢ Ɇɨɫɤɨɜɫɤɨɝɨ ɪɟɝɢɨɧɚ, ɧɟɨɛɯɨɞɢɦɨ ɜɵɞɟɥɢɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɹɜɥɟɧɢɹ
ɤɚɪɫɬɨɜɨ-ɫɭɮɮɨɡɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɩɨɫɤɨɥɶɤɭ ɨɤɨɥɨ 15% ɬɟɪɪɢɬɨɪɢɢ Ɇɨɫɤɜɵ
ɹɜɥɹɟɬɫɹ ɩɨɬɟɧɰɢɚɥɶɧɨ ɨɩɚɫɧɨɣ ɫ ɬɨɱɤɢ
ɡɪɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɨɛɪɚɡɨɜɚɧɢɹ ɤɚɪɫɬɨɜɵɯ
ɩɪɨɜɚɥɨɜ.
Ʉɚɤ
ɢɡɜɟɫɬɧɨ,
ɩɨɞ
ɤɚɪɫɬɨɜɨɫɭɮɮɨɡɢɨɧɧɵɦɢ
ɹɜɥɟɧɢɹɦɢ
ɩɨɧɢɦɚɸɬ
ɫɨɜɨɤɭɩɧɨɫɬɶ
ɢɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɯ
ɩɪɨɰɟɫɫɨɜ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɹɜɥɟɧɢɹ ɤɨɬɨɪɵɯ
ɩɪɨɢɫɯɨɞɢɬ ɪɚɫɬɜɨɪɟɧɢɟ ɝɨɪɧɵɯ ɩɨɪɨɞ ɢ
ɨɛɪɚɡɨɜɚɧɢɟ ɜ ɧɢɯ ɩɭɫɬɨɬ ɪɚɡɥɢɱɧɵɯ ɮɨɪɦ ɢ
ɪɚɡɦɟɪɨɜ. Ʉɚɪɫɬɨɜɵɟ ɩɪɨɰɟɫɫɵ ɧɚ ɬɟɪɪɢɬɨɪɢɢ Ɇɨɫɤɜɵ ɫɜɹɡɚɧɵ ɫ ɧɚɥɢɱɢɟɦ ɜ ɝɟɨɥɨɝɢɱɟɫɤɨɣ ɬɨɥɳɟ ɪɚɫɬɜɨɪɢɦɵɯ ɢ ɜɨɞɨɩɪɨɧɢɰɚɟɦɵɯ ɤɚɪɛɨɧɚɬɧɵɯ ɩɨɪɨɞ ɤɚɦɟɧɧɨɭɝɨɥɶɧɨɝɨ
ɜɨɡɪɚɫɬɚ. Ɋɚɡɜɢɬɢɟ ɤɚɪɫɬɚ ɩɪɟɞɫɬɚɜɥɹɟɬ
ɞɥɢɬɟɥɶɧɵɣ ɩɪɨɰɟɫɫ ɢ ɜɵɡɵɜɚɟɬ ɨɛɪɚɡɨɜɚɧɢɟ
ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɪɨɧɨɤ, ɩɪɨɜɚɥɨɜ ɢ ɞɪɭɝɢɟ
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ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɪɨɹɜɥɟɧɢɹ
ɤɚɪɫɬɨɜɨ-ɫɭɮɮɨɡɢɨɧɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɧɵ ɤɚɤ ɨɩɚɫɧɵɟ, ɩɨɬɟɧɰɢɚɥɶɧɨ
ɨɩɚɫɧɵɟ ɢ ɧɟɨɩɚɫɧɵɟ.
Ʉ ɨɩɚɫɧɵɦ ɨɬɧɨɫɹɬɫɹ ɪɚɣɨɧɵ ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟɫɹ (ɪɢɫ. 24, ɚ):
- ɧɚɥɢɱɢɟɦ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɨɹɜɥɟɧɢɣ
ɤɚɪɫɬɨɜɨ-ɫɭɮɮɨɡɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɜɢɞɟ
ɜɨɪɨɧɨɤ ɢ ɨɫɟɞɚɧɢɣ;
- ɡɚɤɚɪɫɬɨɜɚɧɧɵɦɢ ɤɚɦɟɧɧɨɭɝɨɥɶɧɵɦɢ
ɤɚɪɛɨɧɚɬɧɵɦɢ ɩɨɪɨɞɚɦɢ ɫ ɤɚɪɫɬɨɜɵɦɢ
ɩɨɥɨɫɬɹɦɢ ɛɨɥɟɟ 1 ɦ;
- ɨɬɫɭɬɫɬɜɢɟɦ ɢɥɢ ɱɚɫɬɢɱɧɨ ɪɚɡɦɵɬɵɦ
ɜɨɞɨɭɩɨɪɨɦ (ɬɨɥɳɢɧɨɣ ɦɟɧɟɟ 2-3 ɦ), ɩɟɪɟɤɪɵɜɚɸɳɢɯ ɤɚɪɫɬɭɸɳɢɟɫɹ ɩɨɪɨɞɵ;
- ɧɚɥɢɱɢɟɦ ɜɟɪɬɢɤɚɥɶɧɨɣ ɮɢɥɶɬɪɚɰɢɢ
ɩɨɞɡɟɦɧɵɯ ɜɨɞ, ɫɨɡɞɚɸɳɟɣ ɭɫɥɨɜɢɹ ɞɥɹ
ɢɧɬɟɧɫɢɜɧɨɝɨ ɜɵɳɟɥɚɱɢɜɚɧɢɹ ɤɚɪɛɨɧɚɬɧɵɯ
ɩɨɪɨɞ ɢ ɫɭɮɮɨɡɢɨɧɧɨɝɨ ɜɵɧɨɫɚ ɪɵɯɥɵɯ

ɨɬɥɨɠɟɧɢɣ.
ɉɨɬɟɧɰɢɚɥɶɧɨ ɨɩɚɫɧɵɟ ɪɚɣɨɧɵ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ (ɪɢɫ. 24, ɛ):
- ɡɚɤɚɪɫɬɨɜɚɧɧɵɦɢ ɤɚɦɟɧɧɨɭɝɨɥɶɧɵɦɢ
ɤɚɪɛɨɧɚɬɧɵɦɢ ɩɨɪɨɞɚɦɢ ɫ ɤɚɪɫɬɨɜɵɦɢ
ɩɨɥɨɫɬɹɦɢ ɦɟɧɟɟ 1 ɦ;
- ɧɚɥɢɱɢɟɦ ɧɟɜɵɞɟɪɠɚɧɧɵɯ ɩɨ ɦɨɳɧɨɫɬɢ
ɜɨɞɨɭɩɨɪɨɜ (ɬɨɥɳɢɧɨɣ ɦɟɧɟɟ 6 ɦ), ɩɟɪɟɤɪɵɜɚɸɳɢɯ ɡɚɤɚɪɫɬɨɜɚɧɧɵɟ ɩɨɪɨɞɵ;
- ɧɚɥɢɱɢɟ ɜɟɪɬɢɤɚɥɶɧɨɣ ɮɢɥɶɬɪɚɰɢɢ ɩɨɞɡɟɦɧɵɯ ɜɨɞ ɫ ɝɪɚɞɢɟɧɬɨɦ ɜɟɪɬɢɤɚɥɶɧɨɣ
ɮɢɥɶɬɪɚɰɢɢ ɦɟɧɟɟ 3.
Ɉɩɚɫɧɵɟ ɢ ɩɨɬɟɧɰɢɚɥɶɧɨ ɨɩɚɫɧɵɟ ɬɟɪɪɢɬɨɪɢɢ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɪɚɫɩɨɥɨɠɟɧɵ ɜ
ɰɟɧɬɪɚɥɶɧɵɯ ɪɚɣɨɧɚɯ ɫɬɨɥɢɰɵ. ɇɨ ɧɚɢɛɨɥɟɟ
ɨɩɚɫɧɵɦ ɜ ɤɚɪɫɬɨɜɨ-ɫɭɮɮɨɡɢɨɧɧɨɦ ɨɬɧɨɲɟɧɢɢ ɹɜɥɹɟɬɫɹ ɏɨɪɨɲɟɜɫɤɢɣ ɪɚɣɨɧ, ɜ ɤɨɬɨɪɨɦ
ɧɚɱɢɧɚɹ ɫ 1960 ɝɨɞɚ ɛɵɥɨ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɨ
42 ɤɚɪɫɬɨɜɵɯ ɩɪɨɜɚɥɚ.

Ɋɢɫɭɧɨɤ 24. ɏɚɪɚɤɬɟɪɧɵɟ ɢɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɟ ɪɚɡɪɟɡɵ ɪɚɣɨɧɨɜ, ɩɨɞɜɟɪɠɟɧɧɵɯ ɤɚɪɫɬɨɜɨɫɭɮɮɨɡɢɨɧɧɵɦ ɩɪɨɰɟɫɫɚɦ ɜ Ɇɨɫɤɜɟ
ɚ – ɨɩɚɫɧɵɟ; ɛ – ɩɨɬɟɧɰɢɚɥɶɧɨ ɨɩɚɫɧɵɟ; 1- ɧɚɫɵɩɧɨɣ ɝɪɭɧɬ; 2- ɫɭɝɥɢɧɤɢ; 3 – ɢɡɜɟɫɬɧɹɤɢ; 4 – ɩɟɫɤɢ; 5 –
ɸɪɫɤɢɟ ɝɥɢɧɵ; 6 – ɤɚɪɛɨɧɚɬɧɵɟ ɝɥɢɧɵ; 7 – ɤɚɪɫɬɨɜɵɟ ɩɭɫɬɨɬɵ
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Ʉɚɪɬɚ ɪɚɣɨɧɢɪɨɜɚɧɢɹ ɝ. Ɇɨɫɤɜɵ ɩɨ ɫɬɟɩɟɧɢ ɨɩɚɫɧɨɫɬɢ ɤɚɪɫɬɨɜɨ-ɫɭɮɮɨɡɢɨɧɧɵɯ
ɩɪɨɰɟɫɫɨɜ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 25.
Ⱥɤɬɢɜɢɡɚɰɢɢ ɤɚɪɫɬɨɜɵɯ ɩɪɨɰɟɫɫɨɜ ɧɚ
ɬɟɪɪɢɬɨɪɢɢ Ɇɨɫɤɜɵ ɫɩɨɫɨɛɫɬɜɭɸɬ ɫɥɟɞɭɸɳɢɟ ɬɟɯɧɨɝɟɧɧɵɟ ɩɪɨɰɟɫɫɵ:
ɢɡɦɟɧɟɧɢɟ ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ
ɬɟɪɪɢɬɨɪɢɢ ɩɪɢ ɬɟɯɧɨɝɟɧɧɵɯ ɜɨɡɞɟɣɫɬɜɢɹɯ,
ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɪɚɫɬɜɨɪɟɧɢɸ ɝɨɪɧɵɯ ɩɨɪɨɞ;
ɢɡɦɟɧɟɧɢɟ
ɧɚɩɪɹɠɟɧɧɨɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɢ ɮɢɡɢɤɨɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɝɨɪɧɵɯ ɩɨɪɨɞ, ɩɨɤɪɵɜɚɸɳɢɯ ɩɨɞɡɟɦɧɵɟ ɤɚɪɫɬɨɜɵɟ ɮɨɪɦɵ, ɢɯ
ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɦ ɪɚɡɪɭɲɟɧɢɟɦ ɢ ɜɵɧɨɫɨɦ ɦɟɥɤɨɝɨ ɦɚɬɟɪɢɚɥɚ (ɫɭɮɮɨɡɢɟɣ), ɚ ɬɚɤɠɟ
ɞɢɧɚɦɢɱɟɫɤɢɦɢ ɜɨɡɞɟɣɫɬɜɢɹɦɢ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɤɚɪɫɬɨɜɵɯ ɮɨɪɦ.
ɉɪɢ ɷɬɨɦ ɧɚɢɛɨɥɟɟ ɡɧɚɱɢɦɨɣ ɩɪɨɛɥɟɦɨɣ
ɞɥɹ Ɇɨɫɤɜɵ ɹɜɥɹɟɬɫɹ ɢɡɦɟɧɟɧɢɟ ɩɪɢɪɨɞɧɨɝɨ
ɝɢɞɪɨɝɟɨɥɨɝɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ, ɦɧɨɝɨɤɪɚɬɧɨ
ɩɨɜɵɲɚɸɳɟɟ
ɜɟɪɨɹɬɧɨɫɬɶ
ɨɛɪɚɡɨɜɚɧɢɹ
ɤɚɪɫɬɨɜɨ-ɫɭɮɮɨɡɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ. Ɍɚɤ, ɩɨ
ɞɚɧɧɵɦ ɎȽɍɉ "Ƚɟɨɰɟɧɬɪ-Ɇɨɫɤɜɚ", ɦɧɨɝɨɥɟɬɧɟɟ ɯɨɡɹɣɫɬɜɟɧɧɨɟ ɨɫɜɨɟɧɢɟ ɬɟɪɪɢɬɨɪɢɢ
ɝɨɪɨɞɚ ɫɭɳɟɫɬɜɟɧɧɨ ɢɡɦɟɧɢɥɨ ɝɢɞɪɨɝɟɨɥɨɝɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ɢ ɜɵɡɜɚɥɨ ɚɤɬɢɜɢɡɚɰɢɸ
ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ,
ɧɚɪɭɲɚɸɳɢɯ ɷɤɨɥɨɝɢɱɟɫɤɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɝɨɪɨɞɚ.
ȼ ɫɜɹɡɢ ɫ ɚɤɬɢɜɧɵɦ ɜɨɞɨɡɚɛɨɪɨɦ ɢ ɜɨɞɨɨɬɥɢɜɨɦ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜɟɪɨɹɬɧɨɫɬɶ ɩɪɨɹɜɥɟɧɢɹ ɤɚɪɫɬɨɜɨ-ɫɭɮɮɨɡɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ.
ɉɨ ɫɭɳɟɫɬɜɭɸɳɢɦ ɨɰɟɧɤɚɦ, ɩɥɨɳɚɞɶ ɩɨɫɬɨɹɧɧɨ ɩɨɞɬɨɩɥɟɧɧɵɯ ɬɟɪɪɢɬɨɪɢɣ ɫɨɫɬɚɜɥɹɟɬ
40% ɨɬ ɨɛɳɟɣ ɩɥɨɳɚɞɢ ɝɨɪɨɞɚ, ɦɟɫɬɚɦɢ
ɭɪɨɜɧɢ ɝɪɭɧɬɨɜɵɯ ɜɨɞ ɩɨɞɧɹɥɢɫɶ ɧɚ 5-7
ɦɟɬɪɨɜ.
Ⱦɥɹ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɫɨɨɪɭɠɟɧɢɣ, ɜɨɡɜɨɞɢɦɵɯ ɧɚ
ɨɩɚɫɧɵɯ ɢ ɩɨɬɟɧɰɢɚɥɶɧɨ ɨɩɚɫɧɵɯ ɬɟɪɪɢɬɨɪɢɹɯ ɝ. Ɇɨɫɤɜɵ, ɩɪɟɞɭɫɦɨɬɪɟɧ ɤɨɦɩɥɟɤɫɧɵɣ
ɩɨɞɯɨɞ ɤ ɢɧɠɟɧɟɪɧɵɦ ɢɡɵɫɤɚɧɢɹɦ, ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɢ ɫɬɪɨɢɬɟɥɶɫɬɜɭ.
ɇɚ ɫɬɚɞɢɢ ɜɵɩɨɥɧɟɧɢɹ ɢɧɠɟɧɟɪɧɵɯ ɢɡɵɫɤɚɧɢɣ ɧɚ ɡɚɤɚɪɫɬɨɜɚɧɧɵɯ ɬɟɪɪɢɬɨɪɢɹɯ
ɜɵɹɜɥɹɸɬɫɹ ɤɚɪɫɬɨɜɵɟ ɮɨɪɦɵ ɢ ɩɪɨɹɜɥɟɧɢɹ,
ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɫɬɟɩɟɧɶ ɨɩɚɫɧɨɫɬɢ ɜɨɡɞɟɣɫɬɜɢɹ ɤɚɪɫɬɚ ɧɚ ɜɧɨɜɶ ɜɨɡɜɨɞɢɦɨɟ ɢɥɢ ɪɟɤɨɧɫɬɪɭɢɪɭɟɦɨɟ ɫɨɨɪɭɠɟɧɢɟ ɢ ɫɨɫɬɚɜɥɹɟɬɫɹ
ɩɪɨɝɧɨɡ ɪɚɡɜɢɬɢɹ ɤɚɪɫɬɚ ɫ ɭɱɟɬɨɦ ɢɡɦɟɧɟɧɢɹ
ɪɟɠɢɦɚ ɩɨɞɡɟɦɧɵɯ ɜɨɞ ɧɚ ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɢ ɞɚɥɶɧɟɣɲɟɣ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɨɩɪɟɞɟɥɟɧɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɚɤɬɢɜɢɡɚɰɢɢ ɤɚɪɫɬɚ ɢ ɬ.ɞ.

Ɋɢɫɭɧɨɤ 25. ɋɯɟɦɚɬɢɱɟɫɤɚɹ ɤɚɪɬɚ ɢɧɠɟɧɟɪɧɨɝɟɨɥɨɝɢɱɟɫɤɨɝɨ ɪɚɣɨɧɢɪɨɜɚɧɢɹ ɝ. Ɇɨɫɤɜɵ
ɩɨ ɫɬɟɩɟɧɢ ɨɩɚɫɧɨɫɬɢ ɩɪɨɹɜɥɟɧɢɹ ɤɚɪɫɬɨɜɨɫɭɮɮɨɡɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɨɛɴɟɤɬɨɜ ɧɨɜɨɝɨ
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢɥɢ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɧɚ ɡɚɤɚɪɫɬɨɜɚɧɧɵɯ ɬɟɪɪɢɬɨɪɢɹɯ ɩɪɨɜɨɞɢɬɫɹ ɨɰɟɧɤɚ
ɢɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɭɱɚɫɬɤɚ
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɫ ɭɱɟɬɨɦ ɨɫɨɛɟɧɧɨɫɬɟɣ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɫɨɨɪɭɠɟɧɢɹ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɫɭɳɟɫɬɜɭɸɳɢɯ ɪɚɫɱɟɬɧɵɯ ɦɟɬɨɞɨɜ, ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɜ ɇɂɂɈɋɉ, ɜɵɩɨɥɧɹɟɬɫɹ ɩɪɨɝɧɨɡ
ɪɚɡɜɢɬɢɹ ɤɚɪɫɬɨɜɨɣ ɜɨɪɨɧɤɢ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ
ɪɚɫɱɟɬɧɵɣ ɞɢɚɦɟɬɪ ɤɚɪɫɬɨɜɨɝɨ ɩɪɨɜɚɥɚ, ɜ
ɬ.ɱ. ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɜɟɪɨɹɬɧɨɫɬɧɵɯ ɦɟɬɨɞɨɜ.
Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɞɢɚɦɟɬɪɚ
ɤɚɪɫɬɨɜɨɝɨ ɩɪɨɜɚɥɚ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 26.

Ɋɢɫɭɧɨɤ 26. Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ
ɞɢɚɦɟɬɪɚ ɤɚɪɫɬɨɜɨɝɨ ɩɪɨɜɚɥɚ
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ɇɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦɢ ɦɟɪɨɩɪɢɹɬɢɹɦɢ
ɩɪɨɬɢɜɨɤɚɪɫɬɨɜɨɣ ɡɚɳɢɬɵ ɹɜɥɹɸɬɫɹ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ, ɤɨɬɨɪɵɟ ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬɫɹ ɜ
ɩɨɞɡɟɦɧɨɣ ɱɚɫɬɢ ɫɨɨɪɭɠɟɧɢɣ ɡɚ ɫɱɟɬ ɩɪɢɦɟɧɟɧɢɹ ɤɨɪɨɛɱɚɬɵɯ ɮɭɧɞɚɦɟɧɬɨɜ, ɩɥɨɫɤɢɯ
ɢɥɢ ɪɟɛɪɢɫɬɵɯ ɩɥɢɬ, ɪɟɠɟ – ɩɟɪɟɤɪɟɫɬɧɵɯ
ɥɟɧɬɨɱɧɵɯ ɮɭɧɞɚɦɟɧɬɨɜ. ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɢ ɪɚɫɱɟɬɟ ɷɬɢɯ ɮɭɧɞɚɦɟɧɬɨɜ, ɤɨɬɨɪɵɣ
ɜɵɩɨɥɧɹɟɬɫɹ ɫɨɜɦɟɫɬɧɨ ɫ ɧɚɞɡɟɦɧɨɣ ɱɚɫɬɶɸ
ɫɨɨɪɭɠɟɧɢɹ, ɭɱɢɬɵɜɚɟɬɫɹ ɪɚɫɱɟɬɧɵɣ ɞɢɚɦɟɬɪ ɤɚɪɫɬɨɜɨɝɨ ɩɪɨɜɚɥɚ, ɩɪɢ ɨɛɪɚɡɨɜɚɧɢɢ
ɤɨɬɨɪɨɝɨ ɞɨɥɠɧɚ ɛɵɬɶ ɨɛɟɫɩɟɱɟɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɨɨɪɭɠɟɧɢɹ, ɝɚɪɚɧɬɢɪɭɸɳɚɹ ɜɨɡɦɨɠɧɨɫɬɶ ɛɟɡɨɩɚɫɧɨɣ ɷɜɚɤɭɚɰɢɢ ɥɸɞɟɣ. ɉɨɥɨɠɟɧɢɟ ɜɨɡɦɨɠɧɵɯ ɤɚɪɫɬɨɜɵɯ ɩɪɨɜɚɥɨɜ ɩɨɞ
ɫɨɨɪɭɠɟɧɢɟɦ ɩɪɢɧɢɦɚɸɬ ɢɫɯɨɞɹ ɢɡ ɧɚɢɛɨɥɟɟ
ɧɟɛɥɚɝɨɩɪɢɹɬɧɨɝɨ ɢɯ ɜɥɢɹɧɢɹ ɧɚ ɪɚɛɨɬɭ
ɫɨɨɪɭɠɟɧɢɹ. Ɏɭɧɞɚɦɟɧɬɵ,
ɤɚɤ ɩɪɚɜɢɥɨ,
ɜɵɩɨɥɧɹɸɬ ɢɡ ɦɨɧɨɥɢɬɧɨɝɨ ɠɟɥɟɡɨɛɟɬɨɧɚ.
ɉɪɢɦɟɪ ɩɪɨɬɢɜɨɤɚɪɫɬɨɜɨɣ ɤɨɧɫɬɪɭɤɬɢɜɧɨɣ
ɡɚɳɢɬɵ ɫɨɨɪɭɠɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 27

Ʉɪɨɦɟ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɩɪɢɦɟɧɹɸɬ ɜɨɞɨɡɚɳɢɬɧɵɟ
ɦɟɪɨɩɪɢɹɬɢɹ,
ɬɚɦɩɨɧɚɠɧɵɟ
ɪɚɛɨɬɵ, ɡɚɤɪɟɩɥɟɧɢɟ ɡɚɤɚɪɫɬɨɜɚɧɧɵɯ ɩɨɪɨɞ
ɢ ɞɪ.
ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɫɜɚɣɧɵɯ ɢɥɢ ɩɥɢɬɧɨ-ɫɜɚɣɧɵɯ ɮɭɧɞɚɦɟɧɬɨɜ ɧɚ ɡɚɤɚɪɫɬɨɜɚɧɧɵɯ
ɬɟɪɪɢɬɨɪɢɹɯ ɭɡɥɵ ɫɨɩɪɹɠɟɧɢɹ ɫɜɚɣ ɫ ɪɨɫɬɜɟɪɤɨɦ ɞɨɥɠɧɵ ɨɛɟɫɩɟɱɢɜɚɬɶ ɜɨɡɦɨɠɧɨɫɬɶ
ɢɯ ɜɵɫɤɚɥɶɡɵɜɚɧɢɹ, ɱɬɨɛɵ ɢɫɤɥɸɱɢɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɧɚɝɪɭɠɟɧɢɟ ɨɫɧɨɜɚɧɢɹ ɢ
ɤɨɧɫɬɪɭɤɰɢɣ ɫɨɨɪɭɠɟɧɢɹ ɡɚɜɢɫɚɸɳɢɦɢ
ɫɜɚɹɦɢ, ɧɚɯɨɞɹɳɢɦɢɫɹ ɧɚ ɭɱɚɫɬɤɟ ɨɛɪɚɡɨɜɚɜɲɟɝɨɫɹ ɩɪɨɜɚɥɚ ɩɨɞ ɮɭɧɞɚɦɟɧɬɨɦ. Ⱦɚɧɧɨɟ ɪɟɲɟɧɢɟ ɩɪɢɜɟɞɟɧɨ ɧɚ ɪɢɫ. 28.
ɉɪɢ ɪɚɫɱɟɬɟ ɫɜɚɣ ɢ ɦɨɧɨɥɢɬɧɵɯ ɪɨɫɬɜɟɪɤɨɜ
ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ
ɭɫɢɥɢɹ, ɜɨɡɧɢɤɚɸɳɢɟ ɩɪɢ ɩɟɪɟɦɟɳɟɧɢɢ
ɨɛɪɭɲɚɸɳɢɯɫɹ
ɝɪɭɧɬɨɜ
ɧɚɞɤɚɪɫɬɨɜɨɣ
ɬɨɥɳɢ.
ɇɚ ɫɬɚɞɢɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɫɨɨɪɭɠɟɧɢɣ ɢ
ɢɯ ɷɤɫɩɥɭɚɬɚɰɢɢ ɧɚ ɡɚɤɚɪɫɬɨɜɚɧɧɵɯ ɬɟɪɪɢɬɨɪɢɹɯ ɨɛɹɡɚɬɟɥɶɧɨ ɩɪɨɜɨɞɢɬɫɹ ɝɟɨɬɟɯɧɢɱɟɫɤɢɣ ɦɨɧɢɬɨɪɢɧɝ ɫɨɫɬɨɹɧɢɹ ɨɫɧɨɜɚɧɢɹ ɢ
ɤɨɧɫɬɪɭɤɰɢɣ ɫɨɨɪɭɠɟɧɢɣ.

Ɋɢɫ. 28. ȼɵɫɤɚɥɶɡɵɜɚɧɢɟ ɫɜɚɣ ɩɪɢ ɨɛɪɚɡɨɜɚɧɢɢ
ɤɚɪɫɬɨɜɨɝɨ ɩɪɨɜɚɥɚ
1- ɩɥɢɬɧɵɣ ɪɨɫɬɜɟɪɤ; 2- ɫɜɚɢ;
3 – ɤɚɪɫɬɨɜɚɹ ɩɨɥɨɫɬɶ

Ɋɢɫɭɧɨɤ 27. ɉɪɢɦɟɧɟɧɢɟ ɤɨɪɨɛɱɚɬɨɝɨ ɮɭɧɞɚɦɟɧɬɚ
ɫ ɪɚɡɜɢɬɨɣ ɩɨɞɡɟɦɧɨɣ ɱɚɫɬɶɸ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ
ɠɢɥɨɝɨ ɞɨɦɚ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ,
ɨɩɚɫɧɨɣ ɜ ɤɚɪɫɬɨɜɨ-ɫɭɮɮɨɡɢɨɧɧɨɦ ɨɬɧɨɲɟɧɢɢ
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8. ɄɈɆɉɅȿɄɋɇȺə ɉɊɈȽɊȺɆɆȺ
ɈɋȼɈȿɇɂə ɉɈȾɁȿɆɇɈȽɈ
ɉɊɈɋɌɊȺɇɋɌȼȺ

ɬɟɥɶɫɬɜɚ;
- ɤɨɦɩɥɟɤɫɧɚɹ ɡɚɫɬɪɨɣɤɚ ɠɢɥɵɯ ɪɚɣɨɧɨɜ
ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɨɞɡɟɦɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ;
- ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɢɧɠɟɧɟɪɧɨɣ
ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ;
- ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɨɛɳɟɝɨɪɨɞɫɤɢɯ
ɰɟɧɬɪɨɜ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ
ɩɨɞɡɟɦɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ.
Ʉɥɸɱɟɜɵɟ ɩɨɤɚɡɚɬɟɥɢ ɩɪɨɝɪɚɦɦɵ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.
Ɇɨɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɬɚɛɥɢɰɟ 3 ɧɟ ɭɱɬɟɧɵ ɜɨɡɦɨɠɧɵɟ ɨɛɴɟɤɬɵ ɫɬɪɨɢɬɟɥɶɫɬɜɚ
ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɱɚɫɬɧɵɦɢ ɢɧɜɟɫɬɨɪɚɦɢ.
ɋɥɨɠɢɜɲɚɹɫɹ ɜ Ɇɨɫɤɜɟ ɫɢɬɭɚɰɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɨɞɡɟɦɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɩɪɢ
ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɫɨɨɪɭɠɟɧɢɣ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. Ɋɟɚɥɢɡɨɜɚɧɧɵɟ ɩɪɨɟɤɬɵ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɩɪɟɞɥɨɠɟɧɢɹ ɜ
ɰɟɧɬɪɚɥɶɧɨɣ ɡɨɧɟ Ɇɨɫɤɜɵ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ
ɚɤɬɢɜɧɵɦ
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ
ɩɨɞɡɟɦɧɨɝɨ
ɩɪɨɫɬɪɚɧɫɬɜɚ ɫ ɪɚɡɦɟɳɟɧɢɟɦ ɪɚɡɥɢɱɧɵɯ
ɩɪɟɞɩɪɢɹɬɢɣ ɢ ɭɱɪɟɠɞɟɧɢɣ, ɱɚɳɟ ɜɫɟɝɨ ɧɟ
ɫɜɹɡɚɧɧɵɯ ɦɟɠɞɭ ɫɨɛɨɣ. ɉɟɪɢɮɟɪɢɣɧɚɹ ɡɨɧɚ
ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɟɞɨɫɬɚɬɨɱɧɵɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɨɞɡɟɦɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɢ ɭɜɟɥɢɱɟɧɢɟ
ɤɨɥɢɱɟɫɬɜɚ ɧɚɞɡɟɦɧɵɯ ɭɪɨɜɧɟɦ.

Ɇɨɫɤɜɚ ɜɫɥɟɞ ɡɚ ɞɪɭɝɢɦɢ ɦɢɪɨɜɵɦɢ ɦɟɝɚɩɨɥɢɫɚɦɢ ɯɨɱɟɬ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ
ɪɟɲɢɬɶ ɫɜɨɢ ɨɫɧɨɜɧɵɟ ɬɟɪɪɢɬɨɪɢɚɥɶɧɵɟ,
ɬɪɚɧɫɩɨɪɬɧɵɟ, ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ, ɬɨɪɝɨɜɨɞɨɫɭɝɨɜɵɟ ɢ ɷɤɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɛɥɟɦɵ ɡɚ ɫɱɟɬ
ɤɨɦɩɥɟɤɫɧɨɝɨ ɨɫɜɨɟɧɢɢ ɩɨɞɡɟɦɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ.
ɉɪɢɞɚɜɚɹ ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɫɬɪɨɢɬɟɥɶɫɬɜɭ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ, ɜ 2008 ɝɨɞɭ
ɉɪɚɜɢɬɟɥɶɫɬɜɨ Ɇɨɫɤɜɵ ɪɚɡɪɚɛɨɬɚɥɨ “Ƚɨɪɨɞɫɤɭɸ ɩɪɨɝɪɚɦɦɭ ɩɨɞɝɨɬɨɜɤɢ ɤ ɤɨɦɩɥɟɤɫɧɨɦɭ
ɝɪɚɞɨɫɬɪɨɢɬɟɥɶɧɨɦɭ ɨɫɜɨɟɧɢɸ ɩɨɞɡɟɦɧɨɝɨ
ɩɪɨɫɬɪɚɧɫɬɜɚ ɝɨɪɨɞɚ Ɇɨɫɤɜɵ ɧɚ 2009-2011
ɝ.ɝ.”. ȼ ɷɬɨɣ ɩɪɨɝɪɚɦɦɟ ɩɨɞɡɟɦɧɨɟ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ ɫɚɦɨɫɬɨɹɬɟɥɶɧɚɹ ɩɨɥɧɨɰɟɧɧɚɹ ɫɮɟɪɚ ɝɪɚɞɨɫɬɪɨɢɬɟɥɶɧɨɣ
ɞɟɹɬɟɥɶɧɨɫɬɢ.
ȼ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɤɨɦɩɥɟɤɫɧɨɝɨ ɝɪɚɞɨɫɬɪɨɢɬɟɥɶɧɨɝɨ ɨɫɜɨɟɧɢɹ
ɩɨɞɡɟɦɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ Ɇɨɫɤɜɵ ɩɥɚɧɢɪɭɟɬɫɹ ɪɚɡɜɢɬɢɟ ɫɥɟɞɭɸɳɢɯ ɫɢɫɬɟɦ:
- ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɬɪɚɧɫɩɨɪɬɧɨɣ
ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ;
- ɩɨɞɡɟɦɧɵɯ ɨɛɴɟɤɬɨɜ ɝɚɪɚɠɧɨɝɨ ɫɬɪɨɢɌɚɛɥɢɰɚ 3. ɉɨɤɚɡɚɬɟɥɢ ɩɪɨɝɪɚɦɦɵ

Ɉɛɳɚɹ ɩɥɨɳɚɞɶ ɜɜɨɞɢɦɵɯ ɨɛɴɟɤɬɨɜ ɩɨɞɡɟɦɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɬɵɫ.
ɤɜ. ɦ
Ⱦɨɥɹ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɜ
ɨɛɳɟɦ ɜɜɨɞɟ, %
Ⱦɨɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɝɪɚɞɨɫɬɪɨɢɬɟɥɶɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɩɨɞɡɟɦɧɨɝɨ
ɩɪɨɫɬɪɚɧɫɬɜɚ, %

2008 ɝ.
(ɫɬɚɪɬɨɜɵɟ
ɭɫɥɨɜɢɹ)

2009 ɝ.

2010 ɝ.

2011
ɝ.

ȼɫɟɝɨ

650

700

850

1000

2550

6

10

12

15

-

-

27

33

40

100

ɉɨ ɧɚɡɧɚɱɟɧɢɸ ɩɨɞɡɟɦɧɵɟ ɫɨɨɪɭɠɟɧɢɹ ɜ
ɱɟɪɬɟ ɝɨɪɨɞɚ ɪɚɫɩɪɟɞɟɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɦ
ɨɛɪɚɡɨɦ. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ
ɩɨɥɭɱɢɥɢ ɩɨɞɡɟɦɧɵɟ ɩɚɪɤɨɜɤɢ ɢ ɬɟɯɧɢɱɟɫɤɢɟ ɩɨɦɟɳɟɧɢɹ. Ɉɬɦɟɬɢɦ ɩɪɢ ɷɬɢɦ, ɱɬɨ ɜ
ɰɟɧɬɪɚɥɶɧɨɣ ɡɨɧɟ Ɇɨɫɤɜɵ ɩɨɱɬɢ 100%
ɠɢɥɵɯ ɢ ɨɛɳɟɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ ɜɨɡɜɨɞɹɬɫɹ ɫ
ɩɨɞɡɟɦɧɵɦɢ ɝɚɪɚɠɚɦɢ. ȼ ɭɫɥɨɜɢɹɯ ɧɚɥɢɱɢɹ
ɡɞɟɫɶ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɚɪɯɢɬɟɤɬɭɪɧɵɯ ɢ
ɢɫɬɨɪɢɱɟɫɤɢɯ ɩɚɦɹɬɧɢɤɨɜ, ɬɚɤɨɣ ɩɭɬɶ ɟɞɢɧɫɬɜɟɧɧɨ ɜɨɡɦɨɠɧɵɣ ɞɥɹ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦɵ
ɯɪɚɧɟɧɢɹ ɚɜɬɨɬɪɚɧɫɩɨɪɬɚ.

Ⱦɚɥɟɟ ɢɞɭɬ ɪɚɡɝɪɭɡɨɱɧɵɟ ɞɜɨɪɵ ɢ ɫɤɥɚɞɵ, ɬɨɪɝɨɜɵɟ ɩɪɟɞɩɪɢɹɬɢɹ (ɦɟɥɤɢɟ ɦɚɝɚɡɢɧɵ, ɪɟɠɟ ɫɭɩɟɪɦɚɪɤɟɬɵ), ɩɪɟɞɩɪɢɹɬɢɹ
ɨɛɳɟɫɬɜɟɧɧɨɝɨ ɩɢɬɚɧɢɹ. Ɉɫɨɛɨɟ ɦɟɫɬɨ
ɡɚɧɢɦɚɸɬ ɩɟɲɟɯɨɞɧɵɟ ɫɜɹɡɢ ɫ ɨɛɳɟɫɬɜɟɧɧɵɦ ɬɪɚɧɫɩɨɪɬɨɦ (ɜ ɨɫɧɨɜɧɨɦ ɦɟɬɪɨ). ɂɦɟɸɬɫɹ ɫɥɭɱɚɢ ɪɚɫɩɨɥɨɠɟɧɢɹ ɜ ɩɨɞɡɟɦɧɨɦ
ɩɪɨɫɬɪɚɧɫɬɜɟ
ɡɪɟɥɢɳɧɵɯ,
ɫɨɰɢɚɥɶɧɨɛɵɬɨɜɵɯ ɢ ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɵɯ ɭɱɪɟɠɞɟɧɢɣ.
ȼ ɰɟɧɬɪɚɥɶɧɨɣ ɡɨɧɟ ɝɨɪɨɞɚ ɩɪɟɨɛɥɚɞɚɸɬ
ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɩɨɞɡɟɦɧɵɟ ɤɨɦɩɥɟɤɫɵ. ɉɨ ɦɟɪɟ ɭɞɚɥɟɧɢɹ ɨɬ ɰɟɧɬɪɚ ɢ ɜ ɩɟɪɢɮɟ-
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ɪɢɣɧɨɣ ɡɨɧɟ ɫɬɪɨɹɬɫɹ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ
ɦɨɧɨɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɩɨɞɡɟɦɧɵɟ ɫɨɨɪɭɠɟɧɢɹ (ɩɚɪɤɨɜɤɢ, ɬɟɯɧɢɱɟɫɤɢɟ ɩɨɦɟɳɟɧɢɹ).
Ʉɨɥɢɱɟɫɬɜɨ ɩɨɞɡɟɦɧɵɯ ɭɪɨɜɧɟɣ ɜ ɪɚɡɥɢɱɧɵɯ ɡɞɚɧɢɹɯ ɢ ɫɨɨɪɭɠɟɧɢɹɯ ɤɨɥɟɛɥɟɬɫɹ ɜ
ɩɪɟɞɟɥɚɯ ɨɬ 3 ɞɨ 8, ɩɪɢ ɷɬɨɦ ɧɚɢɛɨɥɶɲɟɟ
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɨɥɭɱɢɥɢ ɫɨɨɪɭɠɟɧɢɹ ɫ 1-3
ɩɨɞɡɟɦɧɵɦɢ ɭɪɨɜɧɹɦɢ.
ȼɨɡɦɨɠɧɨɫɬɢ ɨɫɜɨɟɧɢɹ ɩɨɞɡɟɦɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ Ɇɨɫɤɜɵ ɨɝɪɚɧɢɱɢɜɚɸɬɫɹ ɫɥɨɠɧɵɦɢ ɢɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɦɢ ɢ ɝɢɞɪɨɝɟɨɥɨɝɢɱɟɫɤɢɦɢ ɭɫɥɨɜɢɹɦɢ ɧɟɤɨɬɨɪɵɯ ɬɟɪɪɢɬɨɪɢɣ, ɧɚɥɢɱɢɟɦ ɭɠɟ ɩɨɫɬɪɨɟɧɧɵɯ ɢ ɷɤɫɩɥɭɚɬɢɪɭɟɦɵɯ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ, ɮɭɧɞɚɦɟɧɬɨɜ ɫɭɳɟɫɬɜɭɸɳɢɯ ɡɞɚɧɢɣ (ɜ ɬɨɦ ɱɢɫɥɟ
ɚɪɯɢɬɟɤɬɭɪɧɵɯ ɢ ɢɫɬɨɪɢɱɟɫɤɢɯ ɩɚɦɹɬɧɢɤɨɜ),
ɦɟɬɪɨɩɨɥɢɬɟɧɚ ɢ ɞɪɭɝɢɯ ɨɛɴɟɤɬɨɜ ɬɪɚɧɫɩɨɪɬɧɨɣ ɢ ɢɧɠɟɧɟɪɧɨɣ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ
ɝɨɪɨɞɚ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ
ɭɞɨɪɨɠɚɧɢɸ ɫɬɪɨɢɬɟɥɶɫɬɜɚ.
ȼ ɩɪɨɝɪɚɦɦɟ ɩɪɢɜɟɞɟɧɚ ɫɯɟɦɚ (ɪɢɫ.29)
ɡɨɧ ɩɥɚɧɢɪɭɟɦɨɝɨ ɪɚɡɦɟɳɟɧɢɹ ɩɨɞɡɟɦɧɵɯ
ɨɛɳɟɝɨɪɨɞɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ ɜ Ɇɨɫɤɜɟ,
ɜɤɥɸɱɚɸɳɚɹ 40 ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɯ
ɰɟɧɬɪɨɜ ɢ ɬɪɚɧɫɩɨɪɬɧɨ-ɩɟɪɟɫɚɞɨɱɧɵɯ ɭɡɥɨɜ.
ȼ ɩɟɪɫɩɟɤɬɢɜɟ ɩɨɞ ɡɟɦɥɟɣ ɜ Ɇɨɫɤɜɟ ɩɥɚɧɢɪɭɟɬɫɹ ɪɚɡɦɟɫɬɢɬɶ ɞɨ 70% ɜɫɟɯ ɝɚɪɚɠɟɣ,
ɞɨ 80% ɫɤɥɚɞɫɤɢɯ ɩɨɦɟɳɟɧɢɣ, ɨɤɨɥɨ 30%
ɨɛɴɟɤɬɨɜ ɫɮɟɪɵ ɭɫɥɭɝ, ɞɨ 15% ɨɬ ɨɛɳɟɝɨ
ɨɛɴɟɦɚ ɫɬɪɨɹɳɢɯɫɹ ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɯ
ɤɨɦɩɥɟɤɫɨɜ, 9 ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɬɪɚɧɫɩɨɪɬɧɵɯ ɭɡɥɨɜ, 43 ɚɜɬɨɬɪɚɧɫɩɨɪɬɧɵɯ ɬɨɧɧɟɥɹ, 135 ɩɨɞɡɟɦɧɵɯ ɩɟɲɟɯɨɞɧɵɯ ɩɟɪɟɯɨɞɨɜ,
136 ɩɨɞɡɟɦɧɵɯ ɚɜɬɨɫɬɨɹɧɨɤ ɢ ɦɧɨɝɢɟ ɞɪɭɝɢɟ
ɨɛɴɟɤɬɵ.
ȼ 2010 ɝɨɞɭ ɧɚɱɢɧɚɟɬɫɹ ɪɟɤɨɧɫɬɪɭɤɰɢɹ
ɉɭɲɤɢɧɫɤɨɣ ɩɥɨɳɚɞɢ, ɤɨɬɨɪɚɹ ɜɤɥɸɱɚɟɬ
ɭɫɬɪɨɣɫɬɜɨ ɤɨɦɩɥɟɤɫɧɨɝɨ
ɩɨɞɡɟɦɧɨɝɨ
ɫɨɨɪɭɠɟɧɢɹ “Ɍɜɟɪɫɤɨɣ” ɢ ɬɪɚɧɫɩɨɪɬɧɨɝɨ
ɬɨɧɧɟɥɹ (ɪɢɫ. 30 ɢ 31).

Ɋɢɫɭɧɨɤ 29. Ɂɨɧɵ ɬɪɟɛɭɟɦɨɝɨ ɪɚɡɦɟɳɟɧɢɹ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɜ ɫɨɫɬɚɜɟ
ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɰɟɧɬɪɨɜ ɢ ɬɪɚɧɫɩɨɪɬɧɨɩɟɪɟɫɚɞɨɱɧɵɯ ɭɡɥɨɜ Ɇɨɫɤɜɵ

Ɍɨɪɝɨɜɨ-ɞɟɥɨɜɨɣ ɰɟɧɬɪ (ɌȾɐ) ɹɜɥɹɟɬɫɹ
ɫɥɨɠɧɵɦ ɫɨɨɪɭɠɟɧɢɟɦ ɝɥɭɛɢɧɨɣ ɡɚɥɨɠɟɧɢɹ
ɞɨ 22 ɦ, ɢɦɟɟɬ 1-4 ɭɪɨɜɧɟɜɭɸ ɩɨɞɡɟɦɧɭɸ
ɱɚɫɬɶ. ȼ ɤɨɧɫɬɪɭɤɬɢɜɧɨɦ ɨɬɧɨɲɟɧɢɢ ɩɨɞɡɟɦɧɵɣ ɤɨɦɩɥɟɤɫ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɧɨɝɨɹɪɭɫɧɭɸ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɭɸ ɪɚɦɭ ɢɡ ɦɨɧɨɥɢɬɧɨɝɨ ɠɟɥɟɡɨɛɟɬɨɧɚ. Ɉɛɳɚɹ ɩɥɨɳɚɞɶ
ɤɨɦɩɥɟɤɫɚ ɫɨɫɬɚɜɥɹɟɬ 36000 ɦ2. Ɇɚɤɫɢɦɚɥɶɧɵɟ ɝɚɛɚɪɢɬɵ ɤɨɦɩɥɟɤɫɚ ɜ ɩɥɚɧɟ 175ɯ54 ɦ.
ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɌȾɐ «Ɍɜɟɪɫɤɨɣ» ɨɫɥɨɠɧɟɧɨ ɧɚɥɢɱɢɟɦ ɩɨɞ ɩɥɨɳɚɞɶɸ 3-ɯ ɫɬɚɧɰɢɣ ɢ
ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɬɨɧɧɟɥɟɣ, ɚ ɬɚɤɠɟ
ɩɟɪɟɫɚɞɨɱɧɵɯ ɭɡɥɨɜ ɦɟɬɪɨɩɨɥɢɬɟɧɚ. ȼ ɡɨɧɟ
ɜɥɢɹɧɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɪɚɫɩɨɥɨɠɟɧɨ 18
ɠɢɥɵɯ ɢ ɨɛɳɟɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ.

Ɋɢɫɭɧɨɤ 30. ɋɯɟɦɚ Ɍɨɪɝɨɜɨ-ɞɟɥɨɜɨɝɨ ɰɟɧɬɪɚ (ɌȾɐ) “Ɍɜɟɪɫɤɨɣ” ɧɚ ɉɭɲɤɢɧɫɤɨɣ ɩɥɨɳɚɞɢ
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Ɋɢɫɭɧɨɤ 31. ɋɯɟɦɚ ɪɚɫɩɨɥɨɠɟɧɢɣ ɤɨɧɫɬɪɭɤɰɢɣ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɭɡɥɚ ɧɚ ɉɭɲɤɢɧɫɤɨɣ ɩɥɨɳɚɞɢ

ȼ ɩɪɨɰɟɫɫɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ
ɜɪɟɦɟɧɧɨ
ɧɟ
ɩɟɪɟɦɟɳɚɬɶ
ɩɚɦɹɬɧɢɤ
Ⱥ.ɋ. ɉɭɲɤɢɧɭ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɩɪɨɟɤɬɧɨɟ
ɪɟɲɟɧɢɟ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɭɫɬɪɨɣɫɬɜɨ ɞɜɭɯ
ɝɟɨɬɟɯɧɢɱɟɫɤɢɯ ɛɚɪɶɟɪɨɜ ɞɥɹ ɚɛɫɨɥɸɬɧɨ
ɧɚɞɟɠɧɨɣ ɡɚɳɢɬɵ ɟɝɨ ɨɬ ɜɥɢɹɧɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ (ɪɢɫ. 32).

ȼ ɪɚɦɤɚɯ ɤɨɦɩɥɟɤɫɧɨɣ ɩɪɨɝɪɚɦɦɵ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ Ɇɨɫɤɜɟ ɜɟɞɟɬɫɹ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɧɟɫɤɨɥɶɤɢɯ ɤɪɭɩɧɵɯ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ.
ɇɚ ɉɚɜɟɥɟɰɤɨɣ ɩɥɨɳɚɞɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ
ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɦɧɨɝɨɹɪɭɫɧɨɝɨ ɩɨɞɡɟɦɧɨɝɨ
ɤɨɦɩɥɟɤɫɚ, ɫɨɫɬɨɹɳɟɝɨ ɢɡ ɬɪɟɯ ɨɫɧɨɜɧɵɯ
ɱɚɫɬɟɣ, ɢɦɟɸɳɢɯ ɪɚɡɥɢɱɧɭɸ ɜɟɥɢɱɢɧɭ
ɡɚɝɥɭɛɥɟɧɢɹ ɢ ɪɚɡɞɟɥɟɧɧɵɯ ɞɟɮɨɪɦɚɰɢɨɧɧɵɦɢ ɲɜɚɦɢ (ɪɢɫ. 33). Ɉɞɧɚ ɱɚɫɬɶ – 3-4-ɯ
ɭɪɨɜɧɟɜɵɣ ɩɨɞɡɟɦɧɵɣ ɝɚɪɚɠ-ɫɬɨɹɧɤɚ, ɪɚɫɩɨɥɨɠɟɧɧɵɣ ɜɞɨɥɶ ɉɚɜɟɥɟɰɤɨɝɨ ɜɨɤɡɚɥɚ.
Ⱦɪɭɝɚɹ ɱɚɫɬɶ – 4-5-ɭɪɨɜɧɟɜɚɹ ɰɟɧɬɪɚɥɶɧɚɹ
ɡɚɝɥɭɛɥɟɧɧɚɹ
ɱɚɫɬɶ
ɬɨɪɝɨɜɨɪɚɡɜɥɟɤɚɬɟɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɚ. Ɍɪɟɬɶɹ ɱɚɫɬɶ –
ɦɟɥɤɨɡɚɝɥɭɛɥɟɧɧɚɹ ɱɚɫɬɶ ɬɨɪɝɨɜɨɝɨ ɤɨɦɩɥɟɤɫɚ ɫɨ ɫɬɨɪɨɧɵ Ⱦɭɛɢɧɢɧɫɤɨɣ ɢ ɇɨɜɨɤɭɡɧɟɰɤɨɣ ɭɥɢɰ. Ʉɨɧɫɬɪɭɤɬɢɜɧɨ ɩɨɞɡɟɦɧɵɣ
ɤɨɦɩɥɟɤɫ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɧɨɝɨɹɪɭɫɧɭɸ
ɦɧɨɝɨɩɪɨɥɟɬɧɭɸ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɭɸ ɪɚɦɭ ɢɡ
ɦɨɧɨɥɢɬɧɨɝɨ ɠɟɥɟɡɨɛɟɬɨɧɚ. Ɇɚɤɫɢɦɚɥɶɧɵɟ
ɝɚɛɚɪɢɬɵ ɤɨɦɩɥɟɤɫɚ ɜ ɩɥɚɧɟ248ɯ161 ɦ.
Ɉɛɳɚɹ ɩɥɨɳɚɞɶ ɤɨɦɩɥɟɤɫɚ 136000 ɦ2, ɢɡ ɧɢɯ
ɩɨɞɡɟɦɧɚɹ ɱɚɫɬɶ ɫɨɫɬɚɜɥɹɟɬ 106000 ɦ2.

Ɋɢɫɭɧɨɤ 32. ɉɪɨɟɤɬ ɝɟɨɬɟɯɧɢɱɟɫɤɢɯ ɛɚɪɶɟɪɨɜ
ɞɥɹ ɩɚɦɹɬɧɢɤɚ Ⱥ.ɋ. ɉɭɲɤɢɧɭ
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Ɋɢɫɭɧɨɤ 33. ɋɯɟɦɚ ɩɨɞɡɟɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɧɚ ɩɥɨɳɚɞɢ ɉɚɜɟɥɟɰɤɨɝɨ ɜɨɤɡɚɥɚ

ɇɚ ɩɥɨɳɚɞɢ Ɍɜɟɪɫɤɨɣ ɡɚɫɬɚɜɵ ɜɨɡɜɨɞɢɬɫɹ
ɬɨɪɝɨɜɨ-ɞɟɥɨɜɨɣ ɤɨɦɩɥɟɤɫ (ɪɢɫ. 34), ɢɦɟɸɳɢɣ 5 ɩɨɞɡɟɦɧɵɯ ɷɬɚɠɟɣ ɢ ɝɥɭɛɢɧɭ ɡɚɥɨɠɟɧɢɹ ɧɢɠɧɟɝɨ ɷɬɚɠɚ 20,7 ɦ. Ɇɚɤɫɢɦɚɥɶɧɚɹ

ɞɥɢɧɚ ɤɨɦɩɥɟɤɫɚ – 296 ɦ, ɲɢɪɢɧɚ – 174 ɦ.
Ɉɛɳɚɹ ɩɥɨɳɚɞɶ ɫɨɨɪɭɠɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ
112000 ɦ2.

Ɋɢɫɭɧɨɤ 34. Ɍɨɪɝɨɜɨ-ɞɟɥɨɜɨɣ ɤɨɦɩɥɟɤɫ ɧɚ ɩɥɨɳɚɞɢ Ɍɜɟɪɫɤɨɣ ɡɚɫɬɚɜɵ

Ɋɟɤɨɧɫɬɪɭɤɰɢɹ ɩɥɨɳɚɞɢ Ɍɜɟɪɫɤɨɣ ɡɚɫɬɚɜɵ ɜɤɥɸɱɚɟɬ, ɩɨɦɢɦɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɩɨɞɡɟɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ, ɢɡɦɟɧɟɧɢɟ ɬɪɚɧɫɩɨɪɬɧɨɣ

ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ ɩɥɨɳɚɞɢ (ɪɢɫ. 35), ɤɨɬɨɪɚɹ
ɜɫɟɝɞɚ ɛɵɥɚ ɢɫɬɨɱɧɢɤɨɦ ɚɜɬɨɦɨɛɢɥɶɧɵɯ
ɩɪɨɛɨɤ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ Ɇɨɫɤɜɵ.

Ɋɢɫɭɧɨɤ 35. Ɇɚɤɟɬ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɩɥɨɳɚɞɢ Ɍɜɟɪɫɤɨɣ ɡɚɫɬɚɜɵ
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ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɟɤɨɬɨɪɵɯ ɩɨɞɡɟɦɧɵɯ ɨɛɴɟɤɬɨɜ ɜ Ɇɨɫɤɜɟ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.
Ɍɚɛɥɢɰɚ 4. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɞɡɟɦɧɵɯ ɨɛɴɟɤɬɨɜ ɜ Ɇɨɫɤɜɟ

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɛɴɟɤɬɚ

Ɉɛɴɟɦ
ɉɟɪɢɦɟɬɪ
ɷɤɫɤɚɜɚɰɢɢ
ɩɨɞɩɨɪɧɵɯ
ɜ ɤɨɬɥɨɜɚɫɬɟɧ, ɦ
ɧɟ, ɦ3
ɉɨɫɬɪɨɟɧɧɵɟ ɨɛɴɟɤɬɵ
ɆɆȾɐ
1 354 000
1770

ɐɟɧɬɪɚɥɶɧɨɟ
ɹɞɪɨ
«Ɇɨɫɤɜɚ-ɋɢɬɢ»
ɌɊɄ «Ɉɯɨɬɧɵɣ ɪɹɞ» ɧɚ Ɇɚɧɟɠɧɨɣ
280 000
780
ɩɥɨɳɚɞɢ
Ʉɨɦɩɥɟɤɫ
«ɐɚɪɟɜ
ɫɚɞ»
ɧɚ
155 000
534
ɋɨɮɢɣɫɤɨɣ ɧɚɛɟɪɟɠɧɨɣ
Ɇɟɠɞɭɧɚɪɨɞɧɵɣ ɨɬɟɥɶ «Ritz Carl100 000
280
ton» ɧɚ ɭɥ. Ɍɜɟɪɫɤɚɹ
Ɍɭɪɟɰɤɢɣ ɬɨɪɝɨɜɵɣ ɰɟɧɬɪ ɜ
78 000
314
Ɂɚɦɨɫɤɜɨɪɟɱɶɟ
Ɇɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɣ ɤɨɦɩɥɟɤɫ
44 000
255
«Ⱥɪɛɚɬ-ɐɟɧɬɪ»
ɉɨɞɡɟɦɧɚɹ ɚɜɬɨɫɬɨɹɧɤɚ ɧɚ
22 000
220
ɩɥɨɳɚɞɢ Ɋɟɜɨɥɸɰɢɢ
ɋɬɪɨɹɳɢɟɫɹ ɢ ɩɪɨɟɤɬɢɪɭɟɦɵɟ ɨɛɴɟɤɬɵ
Ȼɚɲɧɹ «Ɋɨɫɫɢɹ», ɭɱɚɫɬɤɢ 17-18
830 000
672
ɆɆɆȾɐ «Ɇɨɫɤɜɚ-ɋɢɬɢ»
Ɇɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɣ ɤɨɦɩɥɟɤɫ
620 000
1 050
ɧɚ ɩɥɨɳɚɞɢ ɉɚɜɟɥɟɰɤɨɝɨ ɜɨɤɡɚɥɚ
Ɇɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɣ ɤɨɦɩɥɟɤɫ
490 000
1 200
ɧɚ ɩɥɨɳɚɞɢ Ɍɜɟɪɫɤɚɹ ɡɚɫɬɚɜɚ
Ȼɢɡɧɟɫ-ɰɟɧɬɪ «Ɇɢɪɚɤɫ-ɉɥɚɡɚ» ɧɚ
350 000
1 100
Ʉɭɬɭɡɨɜɫɤɨɦ ɩɪɨɫɩɟɤɬɟ
ɀɢɥɨɣ ɤɨɦɩɥɟɤɫ “ɂɬɚɥɶɹɧɫɤɢɣ
240 000
620
ɤɜɚɪɬɚɥ”
9. ɉɈȾɁȿɆɇɈȿ ɋɈɈɊɍɀȿɇɂȿ ɌɊɄ
“ɆȺɇȿɀɇȺə ɉɅɈɓȺȾɖ”

Ƚɥɭɛɢɧɚ
ɤɨɬɥɨɜɚɧɚ, ɦ

Ʉɨɥɢɱɟɫɬɜɨ
ɩɨɞɡɟɦɧɵɯ
ɷɬɚɠɟɣ

26

6

18

4

15

4

20

5

13

3

16

5

14

4

30

6

15-30

3-6

15-22

3-5

16

4

10

3

(ɂɥɶɢɱɟɜ, ɢ ɞɪ., 2001).
ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɌɊɄ ɛɵɥɨ ɡɚɜɟɪɲɟɧɨ ɜ
ɫɟɧɬɹɛɪɟ 1997 ɝ., ɢ ɨɧ ɫɬɚɥ ɜ ɬɨ ɜɪɟɦɹ ɤɪɭɩɧɟɣɲɢɦ ɨɛɴɟɤɬɨɦ ɩɨɞɡɟɦɧɨɝɨ ɝɪɚɠɞɚɧɫɤɨɝɨ
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɜ Ɋɨɫɫɢɢ ɢ ȿɜɪɨɩɟ.
Ʉɨɦɩɥɟɤɫ ɧɚ Ɇɚɧɟɠɧɨɣ ɩɥɨɳɚɞɢ ɢɦɟɟɬ
ɪɚɡɦɟɪɵ ɜ ɩɥɚɧɟ 380ɯ150 ɦ2 (ɪɢɫ. 36).
Ʉɨɧɬɭɪ ɫɨɨɪɭɠɟɧɢɹ ɜɩɢɫɚɧ ɜ ɩɪɨɫɬɪɚɧɫɬɜɨ ɦɟɠɞɭ ɫɭɳɟɫɬɜɭɸɳɢɦɢ ɬɨɧɧɟɥɹɦɢ ɦɟɬɪɨɩɨɥɢɬɟɧɚ ɢ ɤɨɦɦɭɧɢɤɚɰɢɹɦɢ, ɢ ɩɨɷɬɨɦɭ
ɢɦɟɟɬ ɜɵɬɹɧɭɬɭɸ ɧɟɩɪɚɜɢɥɶɧɭɸ ɜ ɩɥɚɧɟ
ɮɨɪɦɭ.
ɋɨɨɪɭɠɟɧɢɟ ɤɨɦɩɥɟɤɫɚ ɢɦɟɟɬ ɞɨ ɱɟɬɵɪɟɯ
ɩɨɞɡɟɦɧɵɯ ɷɬɚɠɟɣ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ ɝɥɭɛɢɧɨɣ
15-17 ɦ. ɉɨɞɡɟɦɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɡɨɧɚɥɶɧɨ
ɪɚɡɞɟɥɹɟɬɫɹ ɧɚ «ɦɚɥɨɡɚɝɥɭɛɥɟɧɧɭɸ» ɢ
«ɝɥɭɛɨɤɭɸ» ɱɚɫɬɢ, ɪɚɡɥɢɱɚɸɳɢɟɫɹ ɤɚɤ ɩɨ
ɝɥɭɛɢɧɟ ɡɚɥɨɠɟɧɢɹ, ɬɚɤ ɢ ɬɟɯɧɨɥɨɝɢɢ ɜɨɡɜɟɞɟɧɢɹ (ɪɢɫ. 37).

Ʉ ɧɚɱɚɥɭ 90-ɯ ɝɨɞɨɜ 20 ɜɟɤɚ ɜ Ɇɨɫɤɜɟ
ɩɪɚɤɬɢɱɟɫɤɢ
ɨɬɫɭɬɫɬɜɨɜɚɥɢ
ɩɨɞɡɟɦɧɵɟ
ɫɨɨɪɭɠɟɧɢɹ ɝɪɚɠɞɚɧɫɤɨɝɨ ɧɚɡɧɚɱɟɧɢɹ (ɡɚ
ɢɫɤɥɸɱɟɧɢɟɦ
ɦɟɬɪɨɩɨɥɢɬɟɧɚ).
Ɇɨɠɧɨ
ɨɬɦɟɬɢɬɶ ɥɢɲɶ ɧɚɥɢɱɢɟ ɨɞɧɨɝɨ ɭɧɢɤɚɥɶɧɨɝɨ
8-ɦɢ ɭɪɨɜɧɟɜɨɝɨ ɩɨɞɡɟɦɧɨɝɨ ɝɚɪɚɠɚ, ɩɨɫɬɪɨɟɧɧɨɝɨ ɧɟɞɚɥɟɤɨ ɨɬ ȼȾɇɏ. Ɉɩɵɬ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɷɬɨɝɨ ɝɚɪɚɠɚ ɜ 1978-1987 ɝ.ɝ. ɛɵɥ ɨɬɧɨɫɢɬɟɥɶɧɨ ɭɞɚɱɧɵɦ, ɬ.ɤ. ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɢ
ɷɤɫɩɥɭɚɬɚɰɢɢ ɜ ɞɜɭɯ ɧɢɠɧɢɯ ɷɬɚɠɚɯ ɜɨɡɧɢɤɥɚ ɚɜɚɪɢɣɧɚɹ ɫɢɬɭɚɰɢɹ, ɢɡ-ɡɚ ɱɟɝɨ ɩɪɢɲɥɨɫɶ
ɨɬɤɚɡɚɬɶɫɹ ɨɬ ɢɯ ɷɤɫɩɥɭɚɬɚɰɢɢ.
ȼɚɠɧɟɣɲɢɦ ɷɬɚɩɨɦ ɧɚɱɚɥɚ ɨɫɜɨɟɧɢɹ ɩɨɞɡɟɦɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɝɨɪɨɞɚ ɹɜɢɥɨɫɶ ɜ 1994
ɝɨɞɭ ɪɟɲɟɧɢɟ ɉɪɚɜɢɬɟɥɶɫɬɜɚ Ɇɨɫɤɜɵ ɨ
ɫɬɪɨɢɬɟɥɶɫɬɜɟ
ɬɨɪɝɨɜɨ-ɪɟɤɪɟɚɰɢɨɧɧɨɝɨ
ɤɨɦɩɥɟɤɫɚ (ɌɊɄ) ɧɚ Ɇɚɧɟɠɧɨɣ ɩɥɨɳɚɞɢ
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ɫɥɨɠɧɵɦɢ ɢɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɦɢ ɢ
ɝɢɞɪɨɝɟɨɥɨɝɢɱɟɫɤɢɦɢ ɭɫɥɨɜɢɹɦɢ, ɚ ɬɚɤɠɟ ɫ
ɬɪɟɛɨɜɚɧɢɹɦɢ ɨɛɟɫɩɟɱɟɧɢɹ ɫɨɯɪɚɧɧɨɫɬɢ
ɨɤɪɭɠɚɸɳɢɯ ɡɞɚɧɢɣ ɢ ɛɟɡɚɜɚɪɢɣɧɨɣ ɪɚɛɨɬɵ
ɞɟɣɫɬɜɭɸɳɢɯ ɬɨɧɧɟɥɟɣ ɦɟɬɪɨɩɨɥɢɬɟɧɚ,
Ɇɨɫɤɨɜɫɤɨɟ ɉɪɚɜɢɬɟɥɶɫɬɜɨ ɩɪɢɧɹɥɨ ɪɟɲɟɧɢɟ ɨɛ ɨɪɝɚɧɢɡɚɰɢɢ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɝɨ
ɫɨɩɪɨɜɨɠɞɟɧɢɹ ɪɚɛɨɬ ɧɚ Ɇɚɧɟɠɧɨɣ ɩɥɨɳɚɞɢ
ɢ ɜɟɞɟɧɢɢ ɤɨɦɩɥɟɤɫɧɨɝɨ ɝɟɨɬɟɯɧɢɱɟɫɤɨɝɨ
ɦɨɧɢɬɨɪɢɧɝɚ ɧɨɜɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɫɭɳɟɫɬɜɭɸɳɟɣ ɡɚɫɬɪɨɣɤɢ ɢ ɨɤɪɭɠɚɸɳɟɝɨ ɦɚɫɫɢɜɚ
ɝɪɭɧɬɚ. ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɷɬɨ ɛɵɥ
ɩɟɪɜɵɣ ɨɛɴɟɤɬ ɩɨɞɡɟɦɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɜ
Ɋɨɫɫɢɢ, ɧɚ ɤɨɬɨɪɨɦ ɨɬɪɚɛɚɬɵɜɚɥɢɫɶ ɦɟɬɨɞɢɱɟɫɤɢɟ ɨɫɧɨɜɵ, ɫɨɫɬɚɜ ɢ ɨɛɴɟɦ ɧɚɭɱɧɨɝɨ
ɫɨɩɪɨɜɨɠɞɟɧɢɹ ɢ ɝɟɨɬɟɯɧɢɱɟɫɤɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ.
Ɉɝɪɚɠɞɚɸɳɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɝɥɭɛɨɤɨɣ
ɱɚɫɬɢ ɤɨɬɥɨɜɚɧɚ ɌɊɄ ɫɨ ɫɬɨɪɨɧɵ Ⱥɥɟɤɫɚɧɞɪɨɜɫɤɨɝɨ ɫɚɞɚ ɢ Ɇɨɯɨɜɨɣ ɭɥɢɰɵ ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ ɫɩɨɫɨɛɨɦ "ɫɬɟɧɚ ɜ ɝɪɭɧɬɟ" ɫ ɬɨɥɳɢɧɨɣ ɫɬɟɧɵ 900ɦɦ, ɚ ɫɨ ɫɬɨɪɨɧɵ ɝɨɫɬɢɧɢɰɵ "Ɇɨɫɤɜɚ" ɜɵɩɨɥɧɟɧɵ ɢɡ ɛɭɪɨɫɟɤɭɳɢɯɫɹ
ɫɜɚɣ ɞɢɚɦɟɬɪɨɦ 750ɦɦ. Ɉɝɪɚɠɞɚɸɳɢɟ
ɤɨɧɫɬɪɭɤɰɢɢ ɛɵɥɢ ɡɚɝɥɭɛɥɟɧɵ ɞɨ ɨɬɦɟɬɤɢ
115ɦ. Ɋɚɫɫɬɨɹɧɢɟ ɨɬ "ɫɬɟɧɵ ɜ ɝɪɭɧɬɟ" ɞɨ
ɫɭɳɟɫɬɜɭɸɳɢɯ ɬɨɧɧɟɥɟɣ ɦɟɬɪɨɩɨɥɢɬɟɧɚ
ɫɨɫɬɚɜɥɹɥɨ 6ɦ. Ⱦɥɹ ɡɚɳɢɬɵ ɬɨɧɧɟɥɟɣ ɨɬ
ɜɨɡɦɨɠɧɵɯ ɜɵɜɚɥɨɜ ɢ ɩɨɞɜɢɠɟɤ ɝɪɭɧɬɚ ɩɪɢ
ɭɫɬɪɨɣɫɬɜɟ ɬɪɚɧɲɟɢ "ɫɬɟɧɵ ɜ ɝɪɭɧɬɟ" ɤɚɤ ɫɨ
ɫɬɨɪɨɧɵ Ⱥɥɟɤɫɚɧɞɪɨɜɫɤɨɝɨ ɫɚɞɚ, ɬɚɤ ɢ ɫɨ
ɫɬɨɪɨɧɵ Ɇɨɯɨɜɨɣ ɭɥɢɰɵ ɛɵɥɢ ɭɫɬɪɨɟɧɵ
ɡɚɳɢɬɧɵɟ ɪɹɞɵ ɫɜɚɣ ɞɢɚɦɟɬɪɨɦ 800ɦɦ,
ɡɚɝɥɭɛɥɹɟɦɵɯ ɞɨ ɨɬɦɟɬɤɢ 115ɦ. Ɂɚɳɢɬɧɵɟ
ɫɜɚɢ ɛɵɥɢ ɪɚɫɩɨɥɨɠɟɧɵ ɧɚ ɪɚɜɧɨɦ ɪɚɫɫɬɨɹɧɢɢ ɨɬ ɫɬɟɧɵ ɢ ɬɨɧɧɟɥɟɣ. ɒɚɝ ɫɜɚɣ ɜ ɪɹɞɚɯ
ɫɨɫɬɚɜɥɹɥ 1500-2000ɦɦ.

Ɋɢɫɭɧɨɤ 36. ɉɥɚɧ ɪɚɡɦɟɳɟɧɢɹ ɤɨɦɦɟɪɱɟɫɤɢɯ
ɷɬɚɠɟɣ ɬɨɪɝɨɜɨ-ɪɟɤɪɚɰɢɨɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ
“Ɉɯɨɬɧɵɣ ɪɹɞ”

ɂɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɟ ɢ ɝɢɞɪɨɝɟɨɥɨɝɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ɩɥɨɳɚɞɤɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ
ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɤɚɤ ɫɥɨɠɧɵɟ (ɪɢɫ. 38).
ɉɥɨɳɚɞɤɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɨɤɪɭɠɟɧɚ 14
ɭɧɢɤɚɥɶɧɵɦɢ ɚɪɯɢɬɟɤɬɭɪɧɵɦɢ ɢ ɢɫɬɨɪɢɱɟɫɤɢɦɢ ɩɚɦɹɬɧɢɤɚɦɢ, ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɭɱɚɫɬɨɤ
Ʉɪɟɦɥɟɜɫɤɨɣ ɫɬɟɧɵ (1485-1495 ɝ.ɝ.), ɡɞɚɧɢɟ
Ⱥɪɫɟɧɚɥɚ (1701-1736 ɝ.ɝ.), ɍɝɥɨɜɚɹ Ⱥɪɫɟɧɚɥɶɧɚɹ ɛɚɲɧɹ Ʉɪɟɦɥɹ (1492 ɝ.), ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɂɫɬɨɪɢɱɟɫɤɢɣ ɦɭɡɟɣ (1874-1884 ɝ.ɝ.),
ɫɬɚɪɨɟ ɡɞɚɧɢɟ ɆȽɍ (1786-1793 ɝ.ɝ.), Ɇɨɫɤɨɜɫɤɚɹ ɝɨɪɨɞɫɤɚɹ Ⱦɭɦɚ (1892 ɝ.) ɢ ɞɪ.
ȼ ɫɜɹɡɢ ɫ ɭɧɢɤɚɥɶɧɨɫɬɶɸ ɫɬɪɨɢɬɟɥɶɫɬɜɚ,

Ɋɢɫɭɧɨɤ 37.ɉɪɨɞɨɥɶɧɵɣ ɪɚɡɪɟɡ ɩɨ ɬɨɪɝɨɜɨ-ɪɟɤɪɚɰɢɨɧɧɨɦɭ ɤɨɦɩɥɟɤɫɭ “Ɉɯɨɬɧɵɣ ɪɹɞ”

285

Ɋɢɫɭɧɨɤ 39. ɋɯɟɦɚ “ɫɬɟɧɵ ɜ ɝɪɭɧɬɟ”
ɜɞɨɥɶ Ⱥɥɟɤɫɚɧɞɪɨɜɫɤɨɝɨ ɫɚɞɚ

Ɋɢɫɭɧɨɤ 38. ɂɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɨɟ
ɫɬɪɨɟɧɢɟ ɩɥɨɳɚɞɤɢ

ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɌɊɄ ɧɚ Ɇɚɧɟɠɧɨɣ ɩɥɨɳɚɞɢ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɜ ɱɪɟɡɜɵɱɚɣɧɨ ɫɠɚɬɵɟ
ɫɪɨɤɢ. ɉɨɷɬɨɦɭ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɬɥɨɜɚɧ ɤɨɧɫɬɪɭɤɰɢɣ ɛɵɥɚ ɩɨɫɬɚɜɥɟɧɚ ɡɚɞɚɱɚ ɪɚɡɪɚɛɨɬɚɬɶ ɬɟɯɧɨɥɨɝɢɸ, ɩɨɡɜɨɥɹɸɳɭɸ ɦɚɤɫɢɦɚɥɶɧɨ ɫɨɤɪɚɬɢɬɶ ɫɪɨɤɢ
ɭɫɬɪɨɣɫɬɜɚ ɤɨɬɥɨɜɚɧɚ ɢ ɨɬɤɚɡɚɬɶɫɹ ɨɬ ɩɪɢɦɟɧɟɧɢɹ ɪɚɫɩɨɪɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢɥɢ ɝɪɭɧɬɨɜɵɯ ɚɧɤɟɪɨɜ. ɉɪɟɞɜɚɪɢɬɟɥɶɧɵɟ ɪɚɫɱɟɬɵ
ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɢɯ
ɪɚɛɨɬɚ ɩɨ ɤɨɧɫɨɥɶɧɨɣ ɫɯɟɦɟ ɹɜɥɹɟɬɫɹ ɧɟɩɪɢɟɦɥɟɦɨɣ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɞɟɮɨɪɦɚɬɢɜɧɨɫɬɢ.
Ⱦɥɹ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɫɯɟɦɵ ɪɚɛɨɬɵ
"ɫɬɟɧɵ ɜ ɝɪɭɧɬɟ", ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ
ɨɛɴɟɞɢɧɢɬɶ ɟɟ ɫ ɪɹɞɚɦɢ ɡɚɳɢɬɧɵɯ ɫɜɚɣ
ɮɭɧɞɚɦɟɧɬɧɨɣ ɩɥɢɬɨɣ ɦɚɥɨɡɚɝɥɭɛɥɟɧɧɨɣ
ɱɚɫɬɢ ɌɊɄ ɧɚ ɨɬɦɟɬɤɟ 130,0ɦ. Ɋɚɫɱɟɬɵ
ɩɨɞɬɜɟɪɞɢɥɢ, ɱɬɨ ɨɛɴɟɞɢɧɟɧɢɟ ɨɝɪɚɠɞɚɸɳɟɣ ɫɬɟɧɵ ɫɨ ɫɜɚɣɧɵɦɢ ɪɹɞɚɦɢ ɡɧɚɱɢɬɟɥɶɧɨ
ɨɛɥɟɝɱɚɟɬ ɪɚɛɨɬɭ ɤɨɧɫɬɪɭɤɰɢɢ, ɡɚɫɬɚɜɥɹɹ
ɪɚɛɨɬɚɬɶ ɟɟ ɤɚɤ ɪɚɦɧɭɸ ɢ ɫɧɢɠɚɹ ɜɟɥɢɱɢɧɵ
ɜɧɭɬɪɟɧɧɢɯ ɭɫɢɥɢɣ ɢ ɞɟɮɨɪɦɚɰɢɣ. ɋɯɟɦɵ
ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɜɵɩɨɥɧɟɧɧɵɯ
ɫɩɨɫɨɛɨɦ "ɫɬɟɧɚ ɜ ɝɪɭɧɬɟ", ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫ.
39-41.
Ɍɟɯɧɨɥɨɝɢɹ ɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɷɬɚɩɨɜ
ɜɨɡɜɟɞɟɧɢɹ ɨɝɪɚɠɞɚɸɳɢɯ ɫɬɟɧ ɫɭɳɟɫɬɜɟɧɧɨ
ɜɥɢɹɸɬ ɧɚ ɜɟɥɢɱɢɧɵ ɢ ɯɚɪɚɤɬɟɪ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɚɤ ɜɧɭɬɪɟɧɧɢɯ ɭɫɢɥɢɣ ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ,
ɬɚɤ ɢ ɢɯ ɩɟɪɟɦɟɳɟɧɢɣ.

Ɋɢɫɭɧɨɤ 40. ɋɯɟɦɚ “ɫɬɟɧɵ ɜ ɝɪɭɧɬɟ”
ɜɞɨɥɶ Ɇɨɯɨɜɨɣ ɭɥɢɰɵ

Ɋɢɫɭɧɨɤ 41. ɋɯɟɦɚ ɤɨɧɫɬɪɭɤɰɢɢ ɢɡ ɫɟɤɭɳɢɯɫɹ
ɫɜɚɣ ɜɞɨɥɶ ɝɨɫɬɢɧɢɰɵ “Ɇɨɫɤɜɚ”

ɇɚ ɪɢɫ. 42 ɩɪɢɜɟɞɟɧɵ ɬɪɢ ɜɨɡɦɨɠɧɵɯ ɜɚɪɢɚɧɬɚ
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ
ɜɨɡɜɟɞɟɧɢɹ
ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɜɞɨɥɶ Ɇɨɯɨɜɨɣ
ɭɥɢɰɵ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɢɦ ɷɩɸɪɵ ɩɟɪɟɦɟɳɟɧɢɣ ɢ ɢɡɝɢɛɚɸɳɢɯ ɦɨɦɟɧɬɨɜ. Ɂɧɚɱɢɬɟɥɶɧɵɟ ɪɚɡɥɢɱɢɹ ɜ ɪɚɛɨɬɟ ɤɨɧɫɬɪɭɤɰɢɣ
ɨɛɭɫɥɨɜɢɥɢ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜɵɩɨɥɧɟɧɢɹ
ɨɩɬɢɦɢɡɚɰɢɨɧɧɵɯ ɪɚɫɱɟɬɨɜ.
Ɋɚɫɱɟɬɵ ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɜɵɩɨɥɧɹɥɢɫɶ ɞɥɹ ɤɚɠɞɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ
ɷɬɚɩɚ ɜɨɡɜɟɞɟɧɢɹ ɢ ɫɬɚɞɢɢ ɷɤɫɩɥɭɚɬɚɰɢɢ.
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Ɋɢɫɭɧɨɤ 42. Ɂɚɜɢɫɢɦɨɫɬɶ ɞɟɮɨɪɦɚɰɢɣ (x) ɢ ɭɫɢɥɢɣ (ɦ) ɜ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ
ɨɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜɨɡɜɟɞɟɧɢɹ

Ɇɟɬɨɞ ɪɚɫɱɟɬɚ ɨɫɧɨɜɚɧ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ
ɢɞɟɚɥɶɧɨ ɭɩɪɭɝɨɩɥɚɫɬɢɱɟɫɤɨɣ ɤɨɧɬɚɤɬɧɨɣ
ɦɨɞɟɥɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɨɝɪɚɠɞɟɧɢɹ ɫ ɨɫɧɨɜɚɧɢɟɦ.
Ⱦɪɭɝɨɣ ɜɚɠɧɨɣ ɡɚɞɚɱɟɣ, ɨɬɧɨɫɹɳɟɣɫɹ ɤ
ɪɚɫɱɟɬɧɨ-ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɱɚɫɬɢ ɪɚɛɨɬ ɉɪɨɝɪɚɦɦɵ ɧɚɭɱɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɩɪɨɟɤɬɚ ɌɊɄ
ɧɚ Ɇɚɧɟɠɧɨɣ ɩɥɨɳɚɞɢ ɹɜɥɹɥɨɫɶ ɜɵɩɨɥɧɟɧɢɟ
ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜɥɢɹɧɢɹ
ɫɬɪɨɢɬɟɥɶɫɬɜɚ
ɧɚ
ɧɚɩɪɹɠɟɧɧɨɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɝɪɭɧɬɨɜɨɝɨ
ɦɚɫɫɢɜɚ ɜ ɰɟɥɨɦ.
Ɉɫɧɨɜɧɨɣ ɰɟɥɶɸ ɹɜɥɹɥɫɹ ɩɪɨɝɧɨɡ ɩɟɪɟɦɟɳɟɧɢɣ ɢ ɧɚɩɪɹɠɟɧɢɣ ɜ ɥɸɛɨɣ ɬɨɱɤɟ
ɦɚɫɫɢɜɚ ɜ ɩɪɨɰɟɫɫɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ, ɜ ɩɟɪ-

ɜɭɸ ɨɱɟɪɟɞɶ, ɩɨɞɴɟɦɚ ɞɧɚ ɤɨɬɥɨɜɚɧɚ, ɩɟɪɟɦɟɳɟɧɢɣ ɨɝɪɚɠɞɚɸɳɢɯ ɢ ɮɭɧɞɚɦɟɧɬɧɵɯ
ɤɨɧɫɬɪɭɤɰɢɣ, ɞɚɜɥɟɧɢɹ ɧɚ ɷɬɢ ɤɨɧɫɬɪɭɤɰɢɢ,
ɩɟɪɟɦɟɳɟɧɢɣ ɮɭɧɞɚɦɟɧɬɨɜ ɡɞɚɧɢɣ ɢ ɬɨɧɧɟɥɟɣ ɦɟɬɪɨɩɨɥɢɬɟɧɚ, ɞɚɜɥɟɧɢɹ ɧɚ ɨɛɞɟɥɤɢ
ɬɨɧɧɟɥɟɣ ɩɪɢ ɩɨɷɬɚɩɧɨɣ ɪɚɡɪɚɛɨɬɤɟ ɤɨɬɥɨɜɚɧɚ ɦɟɥɤɨɣ ɢ ɝɥɭɛɨɤɨɣ ɱɚɫɬɟɣ ɫɨɨɪɭɠɟɧɢɹ.
Ɍɚɤɠɟ ɦɨɞɟɥɢɪɨɜɚɥɢɫɶ ɜɨɡɞɟɣɫɬɜɢɹ ɨɬ
ɜɨɡɦɨɠɧɵɯ ɚɜɚɪɢɣɧɵɯ ɩɨɫɥɟɞɫɬɜɢɣ ɫɬɪɨɢɬɟɥɶɫɬɜɚ: ɨɛɴɟɞɢɧɟɧɢɟ ɝɨɪɢɡɨɧɬɨɜ ɩɨɞɡɟɦɧɵɯ ɜɨɞ, ɨɬɤɚɡ ɞɪɟɧɚɠɧɨɣ ɫɢɫɬɟɦɵ ɜ ɨɫɧɨɜɚɧɢɢ ɮɭɧɞɚɦɟɧɬɧɨɣ ɩɥɢɬɵ ɢ ɩɪɨɱɢɯ.
ɉɪɨɝɪɚɦɦɚ ɤɨɦɩɥɟɤɫɧɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ
ɧɚ ɩɥɨɳɚɞɤɟ ɜɤɥɸɱɚɥɚ ɜ ɫɟɛɹ:
ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɟ ɨɛɫɥɟɞɨɜɚɧɢɹ 14

287

ɡɞɚɧɢɣ, ɨɤɪɭɠɚɸɳɢɯ Ɇɚɧɟɠɧɭɸ ɩɥɨɳɚɞɶ, ɢ
ɬɨɧɧɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɦɟɬɪɨɩɨɥɢɬɟɧɚ;
ɢɡɦɟɪɟɧɢɹ ɨɫɚɞɨɤ ɨɤɪɭɠɚɸɳɢɯ ɡɞɚɧɢɣ ɢ ɩɟɪɟɦɟɳɟɧɢɣ ɬɨɧɧɟɥɟɣ;
ɧɚɛɥɸɞɟɧɢɹ ɡɚ ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɢɦɢ
ɭɪɨɜɧɹɦɢ ɜɨ ɜɫɟɯ ɝɨɪɢɡɨɧɬɚɯ ɩɨɞɡɟɦɧɵɯ
ɜɨɞ;
ɢɡɦɟɪɟɧɢɹ ɩɟɪɟɦɟɳɟɧɢɣ ɦɚɪɨɤ ɜ
ɝɪɭɧɬɨɜɨɦ ɦɚɫɫɢɜɟ;
ɢɡɦɟɪɟɧɢɹ ɩɟɪɟɦɟɳɟɧɢɣ ɢ ɞɟɮɨɪɦɚɰɢɣ ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɤɨɬɥɨɜɚɧɚ;
ɢɡɦɟɪɟɧɢɹ ɭɪɨɜɧɟɣ ɜɢɛɪɚɰɢɣ ɜ ɩɨɞɡɟɦɧɨɦ ɤɨɦɩɥɟɤɫɟ ɢ ɬɨɧɧɟɥɹɯ ɦɟɬɪɨ.
ȼɵɩɨɥɧɟɧɧɵɟ ɧɚ ɩɥɨɳɚɞɤɟ ɢɡɦɟɪɟɧɢɹ
ɩɨɤɚɡɚɥɢ ɯɨɪɨɲɟɟ ɫɨɨɬɜɟɬɫɬɜɢɟ ɪɟɡɭɥɶɬɚɬɨɜ
ɝɟɨɬɟɯɧɢɱɟɫɤɨɝɨ ɩɪɨɝɧɨɡɚ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ. ɇɚ ɪɢɫ. 43 ɢ 44
ɩɪɢɜɟɞɟɧɨ ɫɨɩɨɫɬɚɜɥɟɧɢɟ ɪɚɫɱɟɬɧɵɯ ɢ
ɢɡɦɟɪɟɧɧɵɯ ɜɟɥɢɱɢɧ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ “ɫɬɟɧɵ ɜ ɝɪɭɧɬɟ” ɫɨ ɫɬɨɪɨɧɵ
Ⱥɥɟɤɫɚɧɞɪɨɜɫɤɨɝɨ ɫɚɞɚ ɢ Ɇɨɯɨɜɨɣ ɭɥɢɰɵ.

ɷɮɮɟɤɬɢɜɧɵɟ ɢ ɧɚɞɟɠɧɵɟ ɩɪɨɟɤɬɧɵɟ ɪɟɲɟɧɢɹ ɤɨɦɩɥɟɤɫɚ. Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɟ ɨɫɚɞɤɢ
ɨɤɪɭɠɚɸɳɢɯ ɡɞɚɧɢɣ, ɜɵɡɜɚɧɧɵɟ ɫɬɪɨɢɬɟɥɶɫɬɜɨɦ ɌɊɄ, ɧɟ ɩɪɟɜɵɫɢɥɢ 5-10ɦɦ, ɚ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɨɫɚɞɨɤ - 0,0005.
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɧɟ ɨɤɚɡɚɥɨ
ɜɥɢɹɧɢɹ ɧɚ ɧɨɪɦɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɭɧɢɤɚɥɶɧɵɯ ɡɞɚɧɢɣ. Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɟ
ɭɫɢɥɢɹ ɜ ɨɛɞɟɥɤɚɯ ɬɨɧɧɟɥɟɣ ɦɟɬɪɨɩɨɥɢɬɟɧɚ,
ɜɵɡɜɚɧɧɵɟ ɫɬɪɨɢɬɟɥɶɫɬɜɨɦ, ɧɟ ɩɨɜɥɢɹɥɢ ɧɚ
ɢɯ ɩɪɨɱɧɨɫɬɶ ɢ ɧɟ ɩɨɦɟɲɚɥɢ ɧɨɪɦɚɥɶɧɨɣ
ɷɤɫɩɥɭɚɬɚɰɢɢ ɬɨɧɧɟɥɟɣ.
10. ɆȺɇȿɀ
ɇɚ ɩɟɪɟɞɧɟɦ ɩɥɚɧɟ ɧɚ ɪɢɫ. 45 ɩɨɤɚɡɚɧɨ
ɩɨɤɪɵɬɢɟ ɌɊɄ «Ɇɚɧɟɠɧɚɹ ɩɥɨɳɚɞɶ» ɩɨɫɥɟ
ɡɚɜɟɪɲɟɧɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. Ɂɞɟɫɶ ɠɟ ɜɢɞɧɨ
ɜɨ ɜɫɟɣ ɤɪɚɫɟ ɜɨɫɫɨɡɞɚɧɧɨɟ ɡɞɚɧɢɟ ɐɟɧɬɪɚɥɶɧɨɝɨ ɜɵɫɬɚɜɨɱɧɨɝɨ ɡɚɥɚ «Ɇɚɧɟɠ»,
ɤɨɬɨɪɨɟ ɡɚ 13 ɥɟɬ ɞɨ ɫɜɨɟɝɨ 200-ɥɟɬɧɟɝɨ
ɸɛɢɥɟɹ ɫɝɨɪɟɥɨ ɞɨ ɨɫɧɨɜɚɧɢɹ ɜ 2004 ɝɨɞɭ.
ɉɨɠɚɪ ɨɫɬɚɜɢɥ ɩɨɫɥɟ ɫɟɛɹ ɩɟɱɚɥɶɧɨɟ ɡɪɟɥɢɳɟ (ɪɢɫ. 46): ɫɢɥɶɧɨ ɨɛɝɨɪɟɥɢ ɫɬɟɧɵ, ɩɨɥɧɨɫɬɶɸ ɫɝɨɪɟɥɢ ɭɧɢɤɚɥɶɧɵɟ ɞɟɪɟɜɹɧɧɵɟ ɮɟɪɦɵ ɢ ɤɪɨɜɥɹ.
Ɂɞɚɧɢɟ Ɇɚɧɟɠɚ ɛɵɥɨ ɜɨɡɜɟɞɟɧɨ ɜ 1817
ɝɨɞɭ ɜ ɪɟɤɨɪɞɧɵɟ ɫɪɨɤɢ (ɡɚ 6 ɦɟɫɹɰɟɜ) ɞɥɹ
ɫɦɨɬɪɚ ɜɨɣɫɤ ɢ ɩɚɪɚɞɨɜ ɜ ɩɪɢɫɭɬɫɬɜɢɢ
ɢɦɩɟɪɚɬɨɪɚ Ⱥɥɟɤɫɚɧɞɪɚ I.
Ɂɞɚɧɢɟ ɩɪɟɞɫɬɚɜɥɹɥɨ ɫɨɛɨɣ ɭɧɢɤɚɥɶɧɭɸ
ɩɨɫɬɪɨɣɤɭ ɤɚɤ ɩɨ ɫɜɨɢɦ ɪɚɡɦɟɪɚɦ
(166x44,8ɦ), ɬɚɤ ɢ ɩɨ ɤɨɧɫɬɪɭɤɬɢɜɧɨɦɭ
ɪɟɲɟɧɢɸ. ɂɦɩɟɪɚɬɨɪ ɜɵɞɜɢɧɭɥ ɬɪɟɛɨɜɚɧɢɟ,
ɱɬɨɛɵ Ɇɚɧɟɠ ɧɟ ɢɦɟɥ ɜɧɭɬɪɢ ɧɢ ɨɞɧɨɣ
ɤɨɥɨɧɧɵ. Ⱦɥɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɛɵɥ ɩɪɢɧɹɬ
ɩɪɨɟɤɬ Ⱥɜɝɭɫɬɢɧɚ Ȼɟɬɚɧɤɭɪɚ, ɤɨɬɨɪɵɣ
ɪɚɡɪɚɛɨɬɚɥ ɞɥɹ ɩɟɪɟɤɪɵɬɢɹ ɡɞɚɧɢɹ ɛɟɡɨɩɨɪɧɭɸ ɤɨɧɫɬɪɭɤɰɢɸ ɫɬɪɨɩɢɥɶɧɵɯ ɞɟɪɟɜɹɧɧɵɯ
ɮɟɪɦ, ɧɟ ɢɦɟɜɲɭɸ ɦɢɪɨɜɵɯ ɚɧɚɥɨɝɨɜ.
Ⱦɟɪɟɜɹɧɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɫɬɪɨɩɢɥ, ɩɟɪɟɤɪɵɜɲɚɹ ɛɟɡ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɨɩɨɪ ɩɪɨɫɬɪɚɧɫɬɜɨ ɩɨɱɬɢ 45ɦ, ɞɥɹ 1817 ɝɨɞɚ ɹɜɥɹɥɚɫɶ
ɱɭɞɨɦ ɬɟɯɧɢɤɢ. ɗɥɟɦɟɧɬɵ ɮɟɪɦ ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ ɢɡ ɰɟɥɶɧɵɯ ɛɪɟɜɟɧ, ɚ ɞɥɢɧɚ ɤɚɠɞɨɝɨ ɷɥɟɦɟɧɬɚ ɧɟ ɩɪɟɜɵɲɚɥɚ 6ɦ. Ɉɞɧɚɤɨ ɱɟɪɟɡ
ɝɨɞ ɜ ɮɟɪɦɚɯ ɩɨɹɜɢɥɢɫɶ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ
ɬɪɟɳɢɧɵ ɢ ɩɟɪɟɤɪɵɬɢɟ ɩɪɢɲɥɨɫɶ ɩɟɪɟɞɟɥɵɜɚɬɶ, ɚ ɜ 1824 ɝɨɞɭ ɫɬɪɨɩɢɥɶɧɵɟ ɮɟɪɦɵ ɛɵɥɢ
ɡɚɦɟɧɟɧɵ ɧɨɜɵɦɢ ɞɟɪɟɜɹɧɧɵɦɢ ɛɟɡɨɩɨɪɧɵɦɢ ɤɨɧɫɬɪɭɤɰɢɹɦɢ, ɪɚɡɪɚɛɨɬɚɧɧɵɦɢ ɢɧɠɟɧɟɪɨɦ-ɩɨɪɭɱɢɤɨɦ Ʉɚɲɩɟɪɨɜɵɦ.

Ɋɢɫɭɧɨɤ 43. ɉɟɪɟɦɟɳɟɧɢɹ ɫɬɟɧɵ ɫɨ ɫɬɨɪɨɧɵ
Ⱥɥɟɤɫɚɧɞɪɨɜɫɤɨɝɨ ɫɚɞɚ

Ɋɢɫɭɧɨɤ 44. ɉɟɪɟɦɟɳɟɧɢɹ ɫɬɟɧɵ ɫɨ ɫɬɨɪɨɧɵ
Ɇɨɯɨɜɨɣ ɭɥɢɰɵ

ȼ ɡɚɤɥɸɱɟɧɢɟ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɪɚɛɨɬɵ, ɜɵɩɨɥɧɟɧɧɵɟ ɜ ɪɚɦɤɚɯ ɉɪɨɝɪɚɦɦɵ
ɧɚɭɱɧɨɝɨ ɫɨɩɪɨɜɨɠɞɟɧɢɹ ɩɪɨɟɤɬɚ ɌɊɄ ɧɚ
Ɇɚɧɟɠɧɨɣ ɩɥɨɳɚɞɢ, ɩɨɦɨɝɥɢ ɜɵɪɚɛɨɬɚɬɶ
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Ɋɢɫɭɧɨɤ 45. Ɇɚɧɟɠɧɚɹ ɩɥɨɳɚɞɶ ɢ ɐȼɁ “Ɇɚɧɟɠ”
ɧɨɣ. Ƚɪɚɧɢɰɚ ɩɨɣɦɵ ɢ ɞɪɟɜɧɟɚɥɥɸɜɢɚɥɶɧɨɣ
ɬɟɪɪɚɫɵ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɜɫɺ ɡɞɚɧɢɟ Ɇɚɧɟɠɚ
ɜɞɨɥɶ ɟɟ ɞɥɢɧɨɣ ɫɬɨɪɨɧɵ, ɛɥɢɠɟ ɤ Ɇɚɧɟɠɧɨɣ ɭɥɢɰɟ.
Ⱦɪɭɝɨɣ ɯɚɪɚɤɬɟɪɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɝɟɨɥɨɝɢɱɟɫɤɨɝɨ ɫɬɪɨɟɧɢɹ ɭɱɚɫɬɤɚ ɹɜɥɹɟɬɫɹ ɟɝɨ
ɪɚɫɩɨɥɨɠɟɧɢɟ ɧɚ ɫɤɥɨɧɟ ɞɨɥɟɞɧɢɤɨɜɨɝɨ
ɷɪɨɡɢɨɧɧɨɝɨ ɜɪɟɡɚ, ɝɞɟ ɩɨɱɬɢ ɩɨɥɧɨɫɬɶɸ
ɪɚɡɦɵɬ ɪɟɝɢɨɧɚɥɶɧɵɣ ɜɨɞɨɭɩɨɪ ɢɡ ɜɟɪɯɧɟɸɪɫɤɢɯ ɝɥɢɧ ɢ ɱɟɬɜɟɪɬɢɱɧɵɟ ɨɬɥɨɠɟɧɢɹ
ɡɚɥɟɝɚɸɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɨɬɥɨɠɟɧɢɹɯ
ɜɟɪɯɧɟɝɨ ɤɚɪɛɨɧɚ (ɪɢɫ. 47).

Ɋɢɫɭɧɨɤ 46. Ɉɛɳɢɣ ɜɢɞ ɜɧɭɬɪɟɧɧɟɣ
ɫɬɟɧɵ Ɇɚɧɟɠɚ ɩɨɫɥɟ ɩɨɠɚɪɚ

ȼ ɝɟɨɦɨɪɮɨɥɨɝɢɱɟɫɤɨɦ ɨɬɧɨɲɟɧɢɢ ɭɱɚɫɬɨɤ ɡɚɫɬɪɨɣɤɢ ɱɚɫɬɢɱɧɨ ɪɚɫɩɨɥɨɠɟɧ ɧɚ
ɫɤɥɨɧɟ ɞɪɟɜɧɟɚɥɥɸɜɢɚɥɶɧɨɣ ɬɟɪɪɚɫɵ ɪɟɤɢ
Ɇɨɫɤɜɵ, ɱɚɫɬɢɱɧɨ - ɧɚ ɩɨɣɦɟ ɪɟɤɢ ɇɟɝɥɢɧ-

Ɋɢɫɭɧɨɤ 47. ɂɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɣ ɪɚɡɪɟɡ
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ɍɱɚɫɬɨɤ ɞɥɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɹɜɥɹɟɬɫɹ ɫɥɨɠɧɵɦ ɢ ɨɰɟɧɢɜɚɟɬɫɹ ɤɚɤ
ɩɨɬɟɧɰɢɚɥɶɧɨ
ɨɩɚɫɧɵɣ
ɜ
ɤɚɪɫɬɨɜɨɫɭɮɮɨɡɢɨɧɧɨɦ ɨɬɧɨɲɟɧɢɢ.
ɉɨɫɥɟ ɩɨɠɚɪɚ ɞɥɹ ɨɰɟɧɤɢ ɭɫɬɨɣɱɢɜɨɫɬɢ
ɫɬɟɧ, ɚ ɬɚɤɠɟ ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɡɞɚɧɢɹ ɫ ɭɫɬɪɨɣɫɬɜɨɦ
ɩɨɞɡɟɦɧɨɣ ɱɚɫɬɢ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɨɛɫɥɟɞɨɜɚɧɢɟ ɭɰɟɥɟɜɲɢɯ ɤɨɧɫɬɪɭɤɰɢɣ (ɧɚɪɭɠɧɵɟ
ɫɬɟɧɵ). ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɛɫɥɟɞɨɜɚɧɢɹ, ɜɤɥɸɱɚɜɲɟɝɨ ɜ ɫɟɛɹ ɜɢɡɭɚɥɶɧɵɟ ɨɛɫɥɟɞɨɜɚɧɢɹ,
ɝɟɨɞɟɡɢɱɟɫɤɢɟ
ɢ
ɮɨɬɨɝɪɚɦɦɟɬɪɢɱɟɫɤɢɟ
ɢɡɦɟɪɟɧɢɹ, ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ ɫɥɟɞɭɸɳɟɟ.
ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɠɚɪɚ ɡɞɚɧɢɟ ɭɬɪɚɬɢɥɨ
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɭɸ ɠɟɫɬɤɨɫɬɶ - ɧɟ ɪɚɫɤɪɟɩɥɟɧɵ ɤɢɪɩɢɱɧɵɟ ɫɬɟɧɵ ɜɵɫɨɬɨɣ ɞɨ 12 ɦɟɬɪɨɜ, ɜ ɤɨɬɨɪɵɯ ɛɨɥɶɲɚɹ ɱɚɫɬɶ ɩɪɨɫɬɪɚɧɫɬɜɚ
ɫɬɟɧ (3/4 ɢɯ ɜɵɫɨɬɵ) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ
ɨɤɨɧɧɵɟ ɩɪɨɟɦɵ. Ɉɛɳɟɟ ɢɯ ɬɟɯɧɢɱɟɫɤɨɟ
ɫɨɫɬɨɹɧɢɟ ɨɰɟɧɢɜɚɥɨɫɶ ɤɚɤ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɟ, ɨɞɧɚɤɨ ɜ ɨɬɞɟɥɶɧɵɯ ɦɟɫɬɚɯ ɫɬɟɧɵ
ɧɚɯɨɞɢɥɢɫɶ ɜ ɧɟɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɦ ɫɨɫɬɨɹɧɢɢ: ɩɪɨɢɡɨɲɥɨ ɪɚɡɭɩɪɨɱɧɟɧɢɟ ɤɥɚɞɤɢ
ɜɜɟɪɯɭ ɫɬɟɧ, ɚ ɬɚɤɠɟ ɨɛɪɚɡɨɜɚɧɢɟ ɨɬɞɟɥɶɧɵɯ
ɧɢɲ, ɬɪɟɳɢɧ ɢ ɫɤɨɥɨɜ ɜɫɥɟɞɫɬɜɢɟ ɨɛɪɭɲɟɧɢɹ ɤɨɧɫɬɪɭɤɰɢɣ ɤɪɨɜɥɢ. ȼ ɤɥɚɞɤɟ ɫɬɟɧ
ɢɦɟɥɨɫɶ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɟɧɬɢɥɹɰɢɨɧɧɵɯ ɤɚɧɚɥɨɜ ɢ ɩɟɱɧɵɯ ɞɵɦɨɯɨɞɨɜ, ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɠɚɸɳɢɯ ɩɪɨɱɧɨɫɬɶ ɫɬɟɧ. Ʉɪɨɦɟ
ɷɬɨɝɨ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɨɥɧɟɧɧɵɯ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɯ ɢɡɦɟɪɟɧɢɣ ɩɨɥɨɠɟɧɢɹ ɫɬɟɧ
Ɇɚɧɟɠɚ ɛɵɥɚ ɨɛɧɚɪɭɠɟɧɚ ɥɨɤɚɥɶɧɚɹ ɩɪɨɫɚɞɤɚ (199ɦɦ) ɭɝɥɚ ɡɞɚɧɢɹ ɜ ɨɫɹɯ “1”/“Ʌ”.
Ɏɭɧɞɚɦɟɧɬɵ ɡɞɚɧɢɹ - ɥɟɧɬɨɱɧɵɟ, ɝɥɭɛɢɧɨɣ ɡɚɥɨɠɟɧɢɹ ɨɬ 5,27 ɞɨ 7,4ɦ, ɜɵɩɨɥɧɟɧɵ
ɢɡ ɤɥɚɞɤɢ ɤɪɚɫɧɨɝɨ ɤɢɪɩɢɱɚ ɧɚ ɢɡɜɟɫɬɤɨɜɨɩɟɫɱɚɧɨɦ ɪɚɫɬɜɨɪɟ (ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ) ɢ ɢɡ
ɪɜɚɧɨɝɨ ɤɚɦɧɹ-ɢɡɜɟɫɬɧɹɤɚ ɧɚ ɢɡɜɟɫɬɤɨɜɨɦ
ɪɚɫɬɜɨɪɟ ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ. Ȼɨɥɶɲɚɹ ɱɚɫɬɶ
ɷɬɢɯ ɮɭɧɞɚɦɟɧɬɨɜ ɛɵɥɚ ɜɵɩɨɥɧɟɧɚ ɩɨ
ɫɥɟɞɭɸɳɟɣ ɫɯɟɦɟ: ɞɨ ɨɩɪɟɞɟɥɟɧɧɨɣ ɝɥɭɛɢɧɵ
ɨɬɤɚɩɵɜɚɥɫɹ ɤɨɬɥɨɜɚɧ, ɡɚɬɟɦ ɡɚɯɜɚɬɤɚɦɢ
ɨɬɤɚɩɵɜɚɥɚɫɶ ɬɪɚɧɲɟɹ ɢ ɜ ɧɟɟ ɭɤɥɚɞɵɜɚɥɢɫɶ
ɤɚɦɧɢ ɪɜɚɧɨɝɨ ɛɭɬɚ ɫ ɩɪɨɥɢɜɤɨɣ ɢɡɜɟɫɬɤɨɜɵɦ ɪɚɫɬɜɨɪɨɦ, ɤɚɤ ɩɪɚɜɢɥɨ, ɱɟɪɟɡ 1 ɦɟɬɪ.
ȼɵɲɟ ɬɪɚɧɲɟɢ ɭɫɬɪɚɢɜɚɥɢ ɨɩɚɥɭɛɤɭ ɢ ɜ ɧɟɟ
ɭɤɥɚɞɵɜɚɥɢ ɤɚɦɧɢ ɢɡɜɟɫɬɧɹɤɚ. ɉɪɨɥɢɜɤɭ
ɢɡɜɟɫɬɤɨɜɵɦ ɪɚɫɬɜɨɪɨɦ ɜɵɩɨɥɧɹɥɢ, ɤɚɤ
ɩɪɚɜɢɥɨ, ɜ ɤɚɠɞɨɦ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɪɹɞɭ. ȼ
ɫɪɟɞɧɟɣ ɢ ɜɟɪɯɧɟɣ ɱɚɫɬɹɯ ɛɨɥɶɲɢɧɫɬɜɚ
ɮɭɧɞɚɦɟɧɬɨɜ ɡɚɩɨɥɧɟɧɢɟ ɲɜɨɜ ɪɚɫɬɜɨɪɨɦ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɟ. ȼ ɧɢɠɧɟɣ ɱɚɫɬɢ ɛɨɥɶɲɢɧɫɬɜɚ ɮɭɧɞɚɦɟɧɬɨɜ ɫɨɫɬɨɹɧɢɟ ɪɚɫɬɜɨɪɚ
ɤɥɚɞɤɢ - ɧɟɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɟ. ɇɟɨɛɯɨɞɢɦɨ
ɩɨɦɧɢɬɶ, ɱɬɨ ɫɩɨɫɨɛ ɭɫɬɪɨɣɫɬɜɚ ɢɫɬɨɪɢɱɟ-

ɫɤɢɯ ɮɭɧɞɚɦɟɧɬɨɜ ɫɭɳɟɫɬɜɟɧɧɨ ɜɥɢɹɟɬ ɧɚ
ɩɪɨɱɧɨɫɬɶ ɤɥɚɞɤɢ. Ɍɚɤ, ɧɢɠɧɹɹ ɱɚɫɬɶ ɮɭɧɞɚɦɟɧɬɚ, ɜ ɩɪɟɞɟɥɚɯ ɤɨɬɨɪɨɣ ɛɭɬɨɜɵɣ ɤɚɦɟɧɶ
ɭɥɨɠɟɧ ɜ ɪɚɫɩɨɪ ɩɪɚɤɬɢɱɟɫɤɢ ɛɟɡ ɩɪɨɥɢɜɤɢ
ɪɚɫɬɜɨɪɨɦ, ɯɨɪɨɲɨ ɪɚɛɨɬɚɟɬ ɧɚ ɜɟɪɬɢɤɚɥɶɧɭɸ ɧɚɝɪɭɡɤɭ. Ɉɞɧɚɤɨ ɜ ɫɥɭɱɚɟ ɨɬɤɨɩɤɢ
ɪɹɞɨɦ ɫ ɧɢɦ ɬɪɚɧɲɟɢ ɢɥɢ ɤɨɬɥɨɜɚɧɚ ɩɪɨɱɧɨɫɬɶ ɤɥɚɞɤɢ ɭɦɟɧɶɲɚɟɬɫɹ ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ, ɚ
ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ ɮɭɧɞɚɦɟɧɬ ɦɨɠɟɬ ɩɨɬɟɪɹɬɶ
ɭɫɬɨɣɱɢɜɨɫɬɶ. Ʉɪɨɦɟ ɷɬɨɝɨ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ
ɤɨɧɰɟɩɰɢɟɣ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɡɞɚɧɢɹ Ɇɚɧɟɠɚ
ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɜɵɩɨɥɧɢɬɶ ɜɧɭɬɪɢ
ɧɟɝɨ ɤɨɬɥɨɜɚɧ ɝɥɭɛɢɧɨɣ 7,5ɦ.
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦɢ ɦɨɫɤɨɜɫɤɢɦɢ ɧɨɪɦɚɦɢ, ɩɪɢ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɡɞɚɧɢɣ
ɢɫɬɨɪɢɱɟɫɤɨɣ ɡɚɫɬɪɨɣɤɢ ɜɵɞɜɢɝɚɸɬɫɹ ɠɟɫɬɤɢɟ ɬɪɟɛɨɜɚɧɢɹ, ɨɝɪɚɧɢɱɢɜɚɸɳɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɞɟɮɨɪɦɚɰɢɢ ɫɭɳɟɫɬɜɭɸɳɢɯ ɫɬɟɧ. ɋ
ɭɱɟɬɨɦ ɭɬɪɚɬɵ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɠɟɫɬɤɨɫɬɢ
ɡɞɚɧɢɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɨɠɚɪɚ ɞɨɩɭɫɤɚɟɦɚɹ
ɜɟɥɢɱɢɧɚ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɨɫɚɞɨɤ ɫɨɫɬɚɜɥɹɟɬ
10 ɦɦ, ɚ ɞɨɩɭɫɬɢɦɚɹ ɜɟɥɢɱɢɧɚ ɤɪɟɧɚ – 7*104.
ɍɤɚɡɚɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɹɜɥɹɸɬɫɹ ɞɨɫɬɚɬɨɱɧɨ
ɠɟɫɬɤɢɦɢ, ɢɯ ɨɛɟɫɩɟɱɟɧɢɟ ɬɪɟɛɭɟɬ ɩɪɢɦɟɧɟɧɢɹ ɳɚɞɹɳɢɯ ɢ ɧɚɞɟɠɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɩɪɢ
ɭɫɬɪɨɣɫɬɜɟ ɩɨɞɡɟɦɧɨɣ ɱɚɫɬɢ ɡɞɚɧɢɹ. ɍɱɢɬɵɜɚɹ ɫɬɨɥɶ ɜɵɫɨɤɢɟ ɬɪɟɛɨɜɚɧɢɹ, ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ ɫɥɟɞɭɸɳɢɟ ɦɟɪɨɩɪɢɹɬɢɹ:
ɭɫɢɥɟɧɢɟ ɤɥɚɞɤɢ ɮɭɧɞɚɦɟɧɬɨɜ;
ɭɤɪɟɩɥɟɧɢɟ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ;
ɭɫɬɪɨɣɫɬɜɨ ɛɭɪɨɢɧɴɟɤɰɢɨɧɧɵɯ ɫɜɚɣ
(ɜ ɦɟɫɬɚɯ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɨɞ ɩɨɞɨɲɜɨɣ
ɮɭɧɞɚɦɟɧɬɨɜ ɧɚɫɵɩɧɵɯ ɝɪɭɧɬɨɜ ɢ ɪɵɯɥɵɯ
ɩɟɫɤɨɜ).
ȼ ɫɜɹɡɢ ɫ ɭɫɬɪɨɣɫɬɜɨɦ ɩɨɞɡɟɦɧɨɣ ɱɚɫɬɢ
ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ (Mozgacheva et al, 2007):
ɚɧɚɥɢɡ ɜɚɪɢɚɧɬɨɜ ɭɫɬɪɨɣɫɬɜɚ ɩɨɞɡɟɦɧɨɣ ɱɚɫɬɢ ɡɞɚɧɢɹ, ɪɚɡɥɢɱɚɸɳɢɯɫɹ ɫɩɨɫɨɛɨɦ ɭɫɬɪɨɣɫɬɜɚ ɨɝɪɚɠɞɟɧɢɹ ɤɨɬɥɨɜɚɧɚ ɢ
ɫɩɨɫɨɛɨɦ ɟɝɨ ɤɪɟɩɥɟɧɢɹ (ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ PLAXIS);
ɪɚɡɦɟɳɟɧɢɟ «ɫɬɟɧɵ ɜ ɝɪɭɧɬɟ» ɧɚ
ɪɚɫɫɬɨɹɧɢɢ 4ɦ ɜɧɭɬɪɶ ɨɬ ɫɬɟɧ Ɇɚɧɟɠɚ;
ɜɵɩɨɥɧɟɧɢɟ ɪɚɡɝɪɭɡɨɱɧɨɣ ɬɪɚɧɲɟɢ
(ɞɥɹ ɫɧɢɠɟɧɢɹ ɩɟɪɟɦɟɳɟɧɢɹ «ɫɬɟɧɵ ɜ ɝɪɭɧɬɟ») ɝɥɭɛɢɧɨɣ ɨɤɨɥɨ 4-ɯ ɦɟɬɪɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɟɟ ɜ ɤɚɱɟɫɬɜɟ ɤɨɦɦɭɧɢɤɚɰɢɨɧɧɨɝɨ
ɤɨɪɢɞɨɪɚ;
ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɪɚɛɨɬ ɜ ɦɚɤɫɢɦɚɥɶɧɨ
ɫɠɚɬɵɟ ɫɪɨɤɢ (ɜɫɟ ɪɚɛɨɬɵ, ɧɚɱɢɧɚɹ ɫ ɭɫɢɥɟɧɢɹ ɮɭɧɞɚɦɟɧɬɨɜ, ɡɚɤɚɧɱɢɜɚɹ ɨɬɞɟɥɨɱɧɵɦɢ
ɪɚɛɨɬɚɦɢ, ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ ɜ ɬɟɱɟɧɢɟ
1 ɝɨɞɚ!);
ɠɟɫɬɤɢɣ ɤɨɧɬɪɨɥɶ ɡɚ ɜɫɟɦɢ ɫɬɚɞɢɹɦɢ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬ ɫɨ ɫɬɨɪɨɧɵ ɩɪɨɟɤɬɧɵɯ
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ɨɪɝɚɧɢɡɚɰɢɣ;
ɜɵɩɨɥɧɟɧɢɟ ɤɨɦɩɥɟɤɫɧɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ.
ɇɚ ɧɚɱɚɥɶɧɨɦ ɷɬɚɩɟ ɪɚɛɨɬ ɩɨ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɡɞɚɧɢɹ Ɇɚɧɟɠɚ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ
ɭɫɢɥɟɧɢɟ ɤɥɚɞɤɢ ɮɭɧɞɚɦɟɧɬɨɜ ɢ ɤɨɧɬɚɤɬɚ
ɮɭɧɞɚɦɟɧɬ-ɝɪɭɧɬ ɰɟɦɟɧɬɧɨ-ɩɟɫɱɚɧɵɦ ɪɚɫɬɜɨɪɨɦ ɫ ɰɟɥɶɸ ɡɚɩɨɥɧɟɧɢɹ ɢɦɟɸɳɢɯɫɹ ɜ
ɤɥɚɞɤɟ ɮɭɧɞɚɦɟɧɬɚ ɢ ɜ ɟɝɨ ɨɫɧɨɜɚɧɢɢ ɩɭɫ-

ɬɨɬ, ɩɨɥɨɫɬɟɣ ɢ ɪɚɡɭɩɥɨɬɧɟɧɢɣ.
ɐɟɦɟɧɬɚɰɢɹ ɧɚɫɵɩɧɵɯ ɝɪɭɧɬɨɜ ɢ ɪɵɯɥɵɯ
ɩɟɫɤɨɜ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɦɟɬɨɞɨɦ ɦɧɨɝɨɪɚɡɨɜɨɣ ɢɧɴɟɤɰɢɢ ɩɨ ɦɚɧɠɟɬɧɨɣ ɬɟɯɧɨɥɨɝɢɢ, ɚ ɜ
ɡɨɧɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɧɚɫɵɩɧɵɯ ɝɪɭɧɬɨɜ
ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɮɭɧɞɚɦɟɧɬɵ ɛɵɥɢ
ɭɫɢɥɟɧɵ
ɛɭɪɨɢɧɶɟɤɰɢɨɧɧɵɦɢ
ɫɜɚɹɦɢ
(ɪɢɫ. 48).

Ɋɢɫɭɧɨɤ 48. ɋɯɟɦɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɭɱɚɫɬɤɨɜ ɛɭɪɨɢɧɴɟɤɰɢɨɧɧɵɯ ɫɜɚɣ ɢ ɰɟɦɟɧɬɚɰɢɢ
ɩɨ ɦɚɧɠɟɬɧɨɣ ɬɟɯɧɨɥɨɝɢɢ

ȼ ɤɪɚɬɱɚɣɲɢɟ ɫɪɨɤɢ, ɫ 16 ɦɚɹ ɩɨ 17 ɢɸɧɹ
2004 ɝ. ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ ɪɚɛɨɬɵ ɩɨ ɭɤɪɟɩɥɟɧɢɸ ɪɵɯɥɵɯ ɩɟɫɤɨɜ ɨɫɧɨɜɚɧɢɹ ɦɟɬɨɞɨɦ
ɰɟɦɟɧɬɚɰɢɢ ɩɨ ɦɚɧɠɟɬɧɨɣ ɬɟɯɧɨɥɨɝɢɢ (ɩɨ
Ɇɨɯɨɜɨɣ ɭɥɢɰɟ), ɚ ɬɚɤɠɟ ɩɨ ɭɫɬɪɨɣɫɬɜɭ
ɛɭɪɨɢɧɴɟɤɰɢɨɧɧɵɯ ɫɜɚɣ ɞɢɚɦɟɬɪɨɦ 200220ɦɦ, ɞɥɢɧɨɣ 18-20ɦ ɜ ɡɨɧɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɧɚɫɵɩɧɵɯ ɝɪɭɧɬɨɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɨɳɧɨɫɬɢ - ɩɨ Ɇɨɯɨɜɨɣ ɢ Ɇɚɧɟɠɧɨɣ ɭɥɢɰɚɦ.
ɂɧɴɟɤɰɢɹ ɩɨ ɦɚɧɠɟɬɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɜɨɞɢɥɚɫɶ ɱɟɪɟɡ ɫɤɜɚɠɢɧɵ ɝɥɭɛɢɧɨɣ 12-15ɦ,
ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɫ ɲɚɝɨɦ 0,9ɦ ɫ ɞɜɭɦɹ ɭɝɥɚɦɢ
ɧɚɤɥɨɧɚ ɢɡ ɤɚɠɞɨɣ ɬɨɱɤɢ ɢɧɴɟɤɰɢɢ.
ɉɪɨɜɟɞɟɧɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɭɤɪɟɩɥɟɧɢɸ ɮɭɧɞɚɦɟɧɬɨɜ ɢ ɭɫɢɥɟɧɢɸ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ
ɨɛɟɫɩɟɱɢɥɢ
ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɟ
ɫɨɫɬɨɹɧɢɟ ɮɭɧɞɚɦɟɧɬɨɜ ɜɫɟɝɨ ɡɞɚɧɢɹ ɢ
ɩɨɡɜɨɥɢɥɢ ɩɪɢɫɬɭɩɢɬɶ ɤ ɨɫɜɨɟɧɢɸ ɩɨɞɡɟɦɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ Ɇɚɧɟɠɚ. Ⱦɨ ɩɨɠɚɪɚ
ɡɞɚɧɢɟ Ɇɚɧɟɠɚ ɩɨɞɡɟɦɧɨɣ ɱɚɫɬɢ ɧɟ ɢɦɟɥɨ.
ɉɟɪɜɨɨɱɟɪɟɞɧɨɣ ɡɚɞɚɱɟɣ ɩɪɢ ɨɫɜɨɟɧɢɢ
ɩɨɞɡɟɦɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɹɜɥɹɥɚɫɶ ɪɚɡɪɚɛɨɬɤɚ ɨɩɬɢɦɚɥɶɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ,
ɤɨɬɨɪɵɟ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨ ɨɛɟɫɩɟɱɢɥɢ ɛɵ
ɫɨɯɪɚɧɧɨɫɬɶ ɫɭɳɟɫɬɜɭɸɳɢɯ ɫɬɟɧ Ɇɚɧɟɠɚ.

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɚ ɞɚɧɧɨɦ ɨɛɴɟɤɬɟ,
ɭɱɢɬɵɜɚɹ ɟɝɨ ɭɧɢɤɚɥɶɧɨɫɬɶ ɢ ɢɫɬɨɪɢɱɟɫɤɭɸ
ɰɟɧɧɨɫɬɶ, ɜ ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢɹ ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɞɨɥɠɧɚ ɜɵɫɬɭɩɚɬɶ ɩɨɜɵɲɟɧɧɚɹ ɧɚɞɟɠɧɨɫɬɶ ɪɟɤɨɧɫɬɪɭɢɪɭɟɦɨɝɨ ɡɞɚɧɢɹ, ɜ ɬɨɦ
ɱɢɫɥɟ ɨɛɟɫɩɟɱɟɧɢɟ ɦɢɧɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɣ
ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɨɫɚɞɤɢ ɢɫɬɨɪɢɱɟɫɤɢɯ ɮɭɧɞɚɦɟɧɬɨɜ ɢ ɫɬɟɧ. ɍɱɢɬɵɜɚɹ ɡɧɚɱɢɦɨɫɬɶ
ɨɛɴɟɤɬɚ, ɭɤɚɡɚɧɧɵɣ ɤɪɢɬɟɪɢɣ ɛɵɥ ɩɪɢɧɹɬ ɜ
ɤɚɱɟɫɬɜɟ ɨɩɪɟɞɟɥɹɸɳɟɝɨ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ. Ɉɫɨɛɨɟ ɨɩɚɫɟɧɢɟ ɭ ɫɩɟɰɢɚɥɢɫɬɨɜ ɜɵɡɜɚɥɨ ɬɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ, ɱɬɨ ɧɟɪɚɫɤɪɟɩɥɟɧɵɟ
ɫɬɟɧɵ ɫɝɨɪɟɜɲɟɝɨ ɡɞɚɧɢɹ ɦɨɝɥɢ ɩɨɬɟɪɹɬɶ
ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɪɢ ɧɟɡɧɚɱɢɬɟɥɶɧɵɯ ɧɟɪɚɜɧɨɦɟɪɧɵɯ ɨɫɚɞɤɚɯ.
Ȼɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ ɲɟɫɬɶ ɜɨɡɦɨɠɧɵɯ ɜɚɪɢɚɧɬɨɜ ɭɫɬɪɨɣɫɬɜɚ ɨɝɪɚɠɞɟɧɢɹ ɤɨɬɥɨɜɚɧɚ.
Ⱦɥɹ ɤɚɠɞɨɝɨ ɢɡ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɜɚɪɢɚɧɬɨɜ
ɩɪɨɜɨɞɢɥɨɫɶ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɧɚ ɫɭɳɟɫɬɜɭɸɳɢɟ ɫɬɟɧɵ ɡɞɚɧɢɹ ɫ
ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ PLAXIS.
Ⱦɥɹ ɞɟɬɚɥɶɧɨɣ ɩɪɨɪɚɛɨɬɤɢ ɛɵɥɢ ɜɵɛɪɚɧɵ
ɫɥɟɞɭɸɳɢɟ ɜɚɪɢɚɧɬɵ ɷɤɫɤɚɜɚɰɢɢ ɝɪɭɧɬɚ:
ɚ. Ɋɚɡɪɚɛɨɬɤɚ ɝɪɭɧɬɚ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫ
ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɦɥɢ.
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ɛ. Ɋɚɡɪɚɛɨɬɤɚ ɝɪɭɧɬɚ ɫ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɦ
ɭɫɬɪɨɣɫɬɜɨɦ ɬɪɚɧɲɟɢ ɩɨɞ ɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɣ ɤɨɪɢɞɨɪ.
ɑɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɨɤɚɡɚɥɨ, ɱɬɨ
ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɷɤɫɤɚɜɚɰɢɢ ɩɨ ɫɯɟɦɟ “ɚ”
ɩɪɨɱɧɨɫɬɶ
ɨɝɪɚɠɞɚɸɳɟɣ
ɤɨɧɫɬɪɭɤɰɢɢ
ɨɛɟɫɩɟɱɟɧɚ ɞɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɪɚɫɱɟɬɧɵɯ
ɫɟɱɟɧɢɣ, ɨɞɧɚɤɨ ɜɟɥɢɱɢɧɚ ɤɨɷɮɮɢɰɢɟɧɬɚ
ɡɚɩɚɫɚ ɨɛɳɟɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɪɭɧɬɨɜɨɝɨ
ɦɚɫɫɢɜɚ, ɩɪɢɦɵɤɚɸɳɟɝɨ ɤ ɨɝɪɚɠɞɟɧɢɸ,
ɛɥɢɡɤɚ ɤ 1.1.
ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɚɫɱɟɬɨɜ ɫ ɭɱɟɬɨɦ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɬɪɚɧɲɟɢ ɩɨɞ
ɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɣ ɤɨɪɢɞɨɪ ɨɛɟɫɩɟɱɢɜɚɥɚɫɶ
ɩɪɨɱɧɨɫɬɶ «ɫɬɟɧɵ ɜ ɝɪɭɧɬɟ» ɩɨ ɜɫɟɦ ɪɚɫɱɟɬɧɵɦ ɫɟɱɟɧɢɹɦ. Ɋɚɫɱɟɬɧɚɹ ɜɟɥɢɱɢɧɚ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɩɚɫɚ ɨɛɳɟɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɨɫɬɚɜɢɥɚ ɨɤɨɥɨ 1.3. ɍɤɚɡɚɧɧɨɟ ɩɪɨɟɤɬɧɨɟ ɪɟɲɟɧɢɟ
ɦɨɝɥɨ ɛɵɬɶ ɪɟɚɥɢɡɨɜɚɧɨ ɜ ɧɚɬɭɪɟ ɛɟɡ ɤɚɤɢɯɥɢɛɨ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ ɩɪɢ
ɷɤɫɤɚɜɚɰɢɢ ɤɨɬɥɨɜɚɧɚ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ
ɩɨ ɨɞɧɨɦɭ ɢɡ ɪɚɫɱɟɬɧɵɯ ɫɟɱɟɧɢɣ ɩɨ ɜɚɪɢɚɧɬɭ “ɛ” ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 49 ɢ 50.
ȼɚɪɢɚɧɬ “ɛ” ɛɵɥ ɪɟɤɨɦɟɧɞɨɜɚɧ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɜ ɧɚɬɭɪɟ. Ⱦɥɹ ɭɤɚɡɚɧɧɨɝɨ ɜɚɪɢɚɧɬɚ
ɪɚɫɱɟɬɧɚɹ ɜɟɥɢɱɢɧɚ ɨɫɚɞɤɢ ɩɨɞɡɟɦɧɨɣ ɱɚɫɬɢ
ɡɞɚɧɢɹ ɫɨɫɬɚɜɥɹɥɚ ɦɟɧɟɟ 12 ɦɦ. Ɋɚɫɱɟɬɧɚɹ
ɜɟɥɢɱɢɧɚ ɨɫɚɞɨɤ ɫɬɟɧɵ ɜ ɝɪɭɧɬɟ ɧɚ ɧɟɡɚɝɪɭɠɟɧɧɵɯ ɭɱɚɫɬɤɚɯ ɫɨɫɬɚɜɢɥɚ 3-4 ɦɦ, ɚ ɧɚ
ɡɚɝɪɭɠɟɧɧɵɯ ɭɱɚɫɬɤɚɯ-7-9 ɦɦ. ɇɚ ɨɫɧɨɜɚɧɢɢ
ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɠɟɫɬɤɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɫɧɨɜɚɧɢɹ
ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱɟɬɨɜ ɩɨɞɡɟɦɧɨɣ ɱɚɫɬɢ
ɤɨɦɩɥɟɤɫɚ ɩɨ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɦ ɪɚɫɱɟɬɧɵɦ
ɫɯɟɦɚɦ.

Ɋɢɫɭɧɨɤ 50. ɂɡɨɩɨɥɟ ɨɛɳɢɯ ɞɟɮɨɪɦɚɰɢɣ
ɝɪɭɧɬɨɜɨɝɨ ɦɚɫɫɢɜɚ ɫ ɭɫɬɪɨɣɫɬɜɨɦ ɬɪɚɧɲɟɢ
ɩɨɞ ɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɣ ɤɨɪɢɞɨɪ

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɤɚɱɟɫɬɜɟ ɩɪɨɟɤɬɧɨɝɨ
ɪɟɲɟɧɢɹ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɩɨɞɡɟɦɧɨɣ ɱɚɫɬɢ
ɛɵɥɨ ɜɵɛɪɚɧɨ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɜ ɨɬɤɪɵɬɨɦ
ɤɨɬɥɨɜɚɧɟ ɝɥɭɛɢɧɨɣ 7,5ɦ ɫ ɭɫɬɪɨɣɫɬɜɨɦ
ɤɨɧɫɨɥɶɧɨɣ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ
«ɫɬɟɧɚ ɜ ɝɪɭɧɬɟ» ɬɨɥɳɢɧɨɣ 0,6ɦ, ɝɥɭɛɢɧɨɣ
12-14ɦ. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɜɟɥɨɫɶ ɫ ɭɱɟɬɨɦ
ɬɨɝɨ, ɱɬɨ ɩɪɢ ɩɪɢɧɹɬɨɦ ɫɩɨɫɨɛɟ ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɚɛɨɬ «ɫɬɟɧɚ ɜ ɝɪɭɧɬɟ» ɜɵɩɨɥɧɹɟɬ ɧɟ
ɬɨɥɶɤɨ ɮɭɧɤɰɢɢ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ,
ɧɨ ɢ ɜɨɫɩɪɢɧɢɦɚɟɬ ɜɟɪɬɢɤɚɥɶɧɵɟ ɧɚɝɪɭɡɤɢ
ɨɬ ɜɟɫɚ ɩɟɪɟɤɪɵɬɢɹ, ɚ ɬɚɤɠɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ
ɧɚɝɪɭɡɤɢ ɨɬ ɫɬɪɨɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ.
ɉɨɫɥɟ ɭɫɬɪɨɣɫɬɜɚ «ɫɬɟɧɵ ɜ ɝɪɭɧɬɟ» ɩɪɨɟɤɬɨɦ ɩɪɟɞɭɫɦɚɬɪɢɜɚɥɚɫɶ ɪɚɡɪɚɛɨɬɤɚ ɝɪɭɧɬɚ
ɨɛɪɚɡɨɜɚɜɲɟɝɨɫɹ ɩɪɨɫɬɪɚɧɫɬɜɚ ɦɟɠɞɭ «ɫɬɟɧɨɣ ɜ ɝɪɭɧɬɟ» ɢ ɫɬɟɧɚɦɢ ɡɞɚɧɢɹ ɞɨ ɨɬɦ. -4,0ɦ
ɨɬ ɜɟɪɯɚ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ. Ⱦɚɥɟɟ
ɜɵɩɨɥɧɹɥɚɫɶ ɧɢɠɧɹɹ ɦɨɧɨɥɢɬɧɚɹ ɩɥɢɬɚ ɢ
ɩɟɪɟɤɪɵɬɢɟ ɤɨɥɥɟɤɬɨɪɚ, ɫɥɭɠɚɳɢɟ ɮɢɤɫɢɪɭɸɳɢɦɢ ɷɥɟɦɟɧɬɚɦɢ ɤɚɤ ɞɥɹ «ɫɬɟɧɵ ɜ
ɝɪɭɧɬɟ», ɬɚɤ ɢ ɞɥɹ ɫɬɟɧ Ɇɚɧɟɠɚ. ɉɨɫɥɟ ɷɬɨɝɨ
ɩɪɨɢɡɜɨɞɢɥɚɫɶ ɷɤɫɤɚɜɚɰɢɹ ɝɪɭɧɬɚ ɢɡ ɨɫɧɨɜɧɨɝɨ ɤɨɬɥɨɜɚɧɚ ɞɨ ɩɪɨɟɤɬɧɨɣ ɨɬɦɟɬɤɢ -7,5ɦ,
ɩɨɫɥɟ ɱɟɝɨ ɜɵɩɨɥɧɹɥɢɫɶ ɜɫɟ ɪɚɛɨɬɵ ɩɨ
ɭɫɬɪɨɣɫɬɜɭ ɤɨɧɫɬɪɭɤɰɢɣ ɩɨɞɡɟɦɧɨɣ ɱɚɫɬɢ, ɜ
ɬɨɦ ɱɢɫɥɟ ɮɭɧɞɚɦɟɧɬɧɨɣ ɩɥɢɬɵ.
Ɉɞɢɧ ɢɡ ɷɬɚɩɨɜ ɩɪɨɜɟɞɟɧɢɹ ɪɚɛɨɬ ɫ ɭɫɬɪɨɣɫɬɜɨɦ ɬɪɚɧɲɟɢ ɩɨɞ ɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɣ
ɤɨɪɢɞɨɪ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫ. 51.

Ɋɢɫɭɧɨɤ 49. ɂɡɨɩɨɥɟ ɨɛɳɢɯ ɞɟɮɨɪɦɚɰɢɣ
ɝɪɭɧɬɨɜɨɝɨ ɦɚɫɫɢɜɚ ɛɟɡ ɭɫɬɪɨɣɫɬɜɚ ɬɪɚɧɲɟɢ
ɩɨɞ ɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɣ ɤɨɪɢɞɨɪ
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Ɋɢɫɭɧɨɤ 51. Ɉɛɳɢɣ ɜɢɞ ɩɥɨɳɚɞɤɢ ɪɟɤɨɧɫɬɪɭɤɰɢɢ

ɇɂɂɈɋɉ ɪɚɡɪɚɛɨɬɚɥ ɩɪɨɝɪɚɦɦɭ ɦɨɧɢɬɨɪɢɧɝɚ, ɜɤɥɸɱɢɜɲɭɸ ɜ ɫɟɛɹ ɧɚɛɥɸɞɟɧɢɹ ɡɚ
ɫɨɫɬɨɹɧɢɟɦ ɪɟɤɨɧɫɬɪɭɢɪɭɟɦɨɝɨ ɡɞɚɧɢɹ,

ɨɤɪɭɠɚɸɳɟɣ
ɡɚɫɬɪɨɣɤɢ,
ɨɝɪɚɠɞɚɸɳɟɣ
ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɦɚɫɫɢɜɚ ɝɪɭɧɬɚ (ɪɢɫ. 52).

Ɋɢɫɭɧɨɤ 52. ɉɥɚɧ ɪɚɡɦɟɳɟɧɢɹ ɧɚɛɥɸɞɚɬɟɥɶɧɵɯ ɬɨɱɟɤ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɦɨɧɢɬɨɪɢɧɝɚ
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Ɇɚɤɫɢɦɚɥɶɧɵɟ ɨɫɚɞɤɢ ɦɚɪɨɤ ɡɚ ɩɟɪɢɨɞ
ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬ ɩɨ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɡɞɚɧɢɹ
Ɇɚɧɟɠɚ (4.04.04-18.12.04ɝ.) ɡɚɮɢɤɫɢɪɨɜɚɧɵ
ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɩɪɨɞɨɥɶɧɨɣ ɫɬɟɧɵ ɩɨ

ɨɫɢ “Ʌ”, ɜ ɬɨɪɰɟɜɨɣ ɫɬɟɧɟ ɩɨ ɨɫɢ “1” ɢ
ɭɱɚɫɬɤɚɯ ɫɬɟɧ ɩɨ ɨɫɹɦ “Ⱥ” ɢ “Ʌ”, ɩɪɢɦɵɤɚɸɳɢɯ ɤ ɬɨɪɰɭ, ɚ ɬɚɤɠɟ ɧɚ ɭɱɚɫɬɤɚɯ ɫɬɟɧɵ ɜ
ɨɫɹɯ “24-26” ɢ “5-10” ɩɨ ɨɫɢ “Ⱥ” (ɪɢɫ. 53).

Ɋɢɫɭɧɨɤ 53. Ƚɪɚɮɢɤ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɨɫɚɞɤɢ ɮɭɧɞɚɦɟɧɬɚ ɩɨ ɨɫɢ Ʌ ɜ ɩɪɨɰɟɫɫɟ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬ

Ɍɚɤ, ɩɨ ɪɚɫɱɟɬɭ ɜ ɫɥɭɱɚɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ
ɭɫɬɪɨɣɫɬɜɚ ɬɪɚɧɲɟɢ ɢ ɩɨɥɧɨɝɨ ɧɚɝɪɭɠɟɧɢɹ
ɫɬɟɧ ɡɞɚɧɢɹ ɜɟɥɢɱɢɧɚ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ
ɨɫɚɞɤɢ ɮɭɧɞɚɦɟɧɬɨɜ ɫɨɫɬɚɜɢɥɚ 3...6ɦɦ. ɉɨ
ɪɟɡɭɥɶɬɚɬɚɦ ɦɨɧɢɬɨɪɢɧɝɚ ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ
ɨɫɚɞɤɚ ɮɭɧɞɚɦɟɧɬɨɜ ɨɬ ɨɬɤɨɩɤɢ ɤɨɬɥɨɜɚɧɚ
ɫɨɫɬɚɜɢɥɚ 1-3 ɦɦ.
ȼ ɰɟɥɨɦ ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɨɫɚɞɤɢ ɧɟɡɧɚɱɢɬɟɥɶɧɵ ɩɨ
ɜɟɥɢɱɢɧɟ (ɦɚɤɫɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɨɤɨɥɨ
12 ɦɦ) ɢ ɧɟ ɩɪɢɜɟɥɢ ɤ ɤɚɤɨɦɭ-ɥɢɛɨ ɡɚɦɟɬɧɨɦɭ ɫɧɢɠɟɧɢɸ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɫɬɟɧ
ɡɞɚɧɢɹ. ɉɪɢ ɷɬɨɦ ɛɨɥɶɲɚɹ ɱɚɫɬɶ ɨɫɚɞɤɢ
ɮɭɧɞɚɦɟɧɬɨɜ ɩɪɨɢɡɨɲɥɚ ɜ ɩɪɨɰɟɫɫɟ ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɚɛɨɬ ɩɨ ɭɫɬɪɨɣɫɬɜɭ ɛɭɪɨɢɧɴɟɤɰɢɨɧɧɵɯ ɫɜɚɣ ɢ ɭɫɢɥɟɧɢɸ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ
ɰɟɦɟɧɬɚɰɢɟɣ ɩɨ ɦɚɧɠɟɬɧɨɣ ɬɟɯɧɨɥɨɝɢɢ (30 50% ɨɬ ɨɛɳɟɣ ɜɟɥɢɱɢɧɵ ɨɫɚɞɤɢ), ɚ ɬɚɤɠɟ ɜ
ɩɪɨɰɟɫɫɟ ɭɫɬɪɨɣɫɬɜɚ «ɫɬɟɧɵ ɜ ɝɪɭɧɬɟ» (30 40%). Ɋɚɛɨɬɵ ɩɨ ɷɤɫɤɚɜɚɰɢɢ ɝɪɭɧɬɚ ɢɡ
ɤɨɬɥɨɜɚɧɚ ɩɪɢɜɟɥɢ ɤ ɨɫɚɞɤɚɦ, ɤɨɬɨɪɵɟ
ɫɨɫɬɚɜɢɥɢ ɩɨɪɹɞɤɚ 10-20% ɨɬ ɨɛɳɟɣ ɨɫɚɞɤɢ.
Ɂɞɚɧɢɟ Ɇɚɧɟɠɚ ɛɵɥɨ ɜɨɫɫɬɚɧɨɜɥɟɧɨ
ɫɬɪɨɢɬɟɥɹɦɢ Ɇɨɫɤɜɵ ɜ ɪɟɤɨɪɞɧɨ ɤɨɪɨɬɤɢɣ
ɫɪɨɤ – ɜ ɬɟɱɟɧɢɢ 1 ɝɨɞɚ. ȼɫɟ ɪɚɛɨɬɵ, ɜ ɬɨɦ
ɱɢɫɥɟ ɭɫɬɪɨɣɫɬɜɨ ɩɨɞɡɟɦɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ
ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ ɛɟɡ ɤɚɤɨɝɨ-ɥɢɛɨ ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɨɫɬɚɜɲɢɟɫɹ ɤɨɧɫɬɪɭɤɰɢɢ ɡɞɚɧɢɹ ɢ ɧɚ ɫɨɫɬɨɹɧɢɟ ɨɤɪɭɠɚɸɳɟɣ
ɡɚɫɬɪɨɣɤɢ.

Ɂɧɚɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɨɫɚɞɨɤ ɧɚ ɷɬɢɯ
ɭɱɚɫɬɤɚɯ ɫɨɫɬɚɜɢɥɢ 8,4...12,1ɦɦ. Ɂɨɧɚ ɦɚɤɫɢɦɚɥɶɧɵɯ ɞɟɮɨɪɦɚɰɢɣ ɝɪɭɧɬɨɜ ɨɫɧɨɜɚɧɢɹ
ɮɭɧɞɚɦɟɧɬɚ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɜɬɨɪɹɟɬ ɫɯɟɦɭ
ɪɚɫɩɨɥɨɠɟɧɢɹ ɭɱɚɫɬɤɨɜ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ
ɧɚɫɵɩɧɵɯ ɝɪɭɧɬɨɜ, ɚ ɬɚɤɠɟ ɡɨɧ, ɝɞɟ ɩɨ
ɞɚɧɧɵɦ ɨɬɤɨɩɤɢ ɲɭɪɮɨɜ ɛɵɥɢ ɜɫɬɪɟɱɟɧɵ
ɪɵɯɥɵɟ ɩɟɫɤɢ.
ɇɚ ɪɢɫ. 54 ɩɪɟɞɫɬɚɜɥɟɧ ɝɪɚɮɢɤ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɨɫɚɞɨɤ ɜɨ ɜɪɟɦɟɧɢ ɞɜɭɯ ɦɚɪɨɤ 7 ɢ
30, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ ɰɨɤɨɥɶɧɨɣ ɱɚɫɬɢ ɫɬɟɧ
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɡɨɧɚɯ ɰɟɦɟɧɬɚɰɢɢ ɝɪɭɧɬɚ
ɨɫɧɨɜɚɧɢɹ ɩɨ ɦɚɧɠɟɬɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɢ
ɭɫɬɪɨɣɫɬɜɚ ɛɭɪɨɢɧɴɟɤɰɢɨɧɧɵɯ ɫɜɚɣ. Ɇɨɠɧɨ
ɤɨɧɫɬɚɬɢɪɨɜɚɬɶ, ɱɬɨ ɫɩɨɫɨɛ ɭɫɢɥɟɧɢɹ ɨɫɧɨɜɚɧɢɹ ɧɟ ɩɨɜɥɢɹɥ ɧɚ ɯɚɪɚɤɬɟɪ ɢ ɡɧɚɱɟɧɢɟ
ɨɫɚɞɨɤ.

Ɋɢɫɭɧɨɤ 54.Ɋɚɡɜɢɬɢɟ ɨɫɚɞɨɤ
ɜ ɩɪɨɰɟɫɫɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ.

11. ɉɈȾɁȿɆɇɕɃ ɌɊȺɇɋɉɈɊɌɇɕɃ
ɆɈɋɌ ɇȺ ɉɅɈɓȺȾɂ ȽȺȽȺɊɂɇȺ

ɂɡɦɟɪɟɧɧɵɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɦɨɧɢɬɨɪɢɧɝɚ
ɨɫɚɞɤɢ ɮɭɧɞɚɦɟɧɬɨɜ Ɇɚɧɟɠɚ ɩɨɥɧɨɫɬɶɸ
ɤɨɪɪɟɫɩɨɧɞɢɪɭɸɬ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɪɚɫɱɟɬɚ.

Ɉɞɧɨ ɢɡ ɭɧɢɤɚɥɶɧɵɯ ɫɨɨɪɭɠɟɧɢɣ Ɇɨɫɤɜɵ ɩɨɫɥɟɞɧɢɯ ɥɟɬ – ɩɨɞɡɟɦɧɵɣ ɬɪɚɧɫɩɨɪɬ294

ɧɵɣ ɦɨɫɬ (ɂɥɶɢɱɟɜ ɢ ɞɪ., 2008), ɩɨɫɬɪɨɟɧɧɵɣ ɜ 2004 ɝɨɞɭ ɧɚ ɩɥɨɳɚɞɢ Ƚɚɝɚɪɢɧɚ.
Ɉɫɨɛɟɧɧɨɫɬɶ ɫɨɨɪɭɠɟɧɢɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ,
ɱɬɨ ɟɝɨ ɤɨɧɫɬɪɭɤɰɢɹ ɪɚɫɩɨɥɨɠɟɧɚ ɧɚɞ ɞɟɣɫɬɜɭɸɳɟɣ ɥɢɧɢɟɣ ɦɟɬɪɨ ɢ ɫɩɨɫɨɛɧɚ ɜɨɫɩɪɢɧɹɬɶ ɜɟɫ ɡɞɚɧɢɹ, ɤɨɬɨɪɨɟ ɞɨɥɠɧɨ ɛɵɬɶ ɩɨɫɬɪɨɟɧɨ ɧɚɞ ɧɢɦ ɜ ɩɟɪɫɩɟɤɬɢɜɟ. Ʉɪɨɦɟ ɬɨɝɨ,
ɩɪɨɥɟɬ ɦɨɫɬɚ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɫɚɦɵɯ
ɛɨɥɶɲɢɯ ɜ ɦɢɪɟ ɞɥɹ ɤɨɧɫɬɪɭɤɰɢɣ ɤɨɪɨɛɱɚɬɨɝɨ ɫɟɱɟɧɢɹ ɢɡ ɩɪɟɞɧɚɩɪɹɠɟɧɧɨɝɨ ɠɟɥɟɡɨɛɟɬɨɧɚ.
ɗɬɨ ɭɞɢɜɢɬɟɥɶɧɨɟ ɫɨɨɪɭɠɟɧɢɟ ɛɵɥɨ ɜɨɡɜɟɞɟɧɨ ɜ ɩɪɨɰɟɫɫɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɬɪɚɫɫɵ
ɦɨɫɤɨɜɫɤɨɝɨ Ɍɪɟɬɶɟɝɨ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɤɨɥɶɰɚ
ɜ ɦɟɫɬɟ ɩɟɪɟɫɟɱɟɧɢɹ ɟɝɨ ɫɨ ɫɬɚɧɰɢɟɣ ɦɟɬɪɨ
«Ʌɟɧɢɧɫɤɢɣ ɩɪɨɫɩɟɤɬ» (ɪɢɫ. 55).

ɫɩɟɤɬɢɜɧɭɸ ɫɬɚɧɰɢɸ ɦɟɬɪɨ, ɠɟɥɟɡɧɨɞɨɪɨɠɧɭɸ ɫɬɚɧɰɢɸ, ɪɚɫɩɨɥɨɠɟɧɧɭɸ ɜ ɬɨɧɧɟɥɟ, ɢ
ɞɟɣɫɬɜɭɸɳɭɸ ɫɬɚɧɰɢɸ ɦɟɬɪɨ.

Ɋɢɫɭɧɨɤ 56. ɉɨɩɟɪɟɱɧɵɣ ɪɚɡɪɟɡ ɤɨɧɫɬɪɭɤɰɢɣ
ɩɨɞɡɟɦɧɨɝɨ ɦɨɫɬɚ ɜɞɨɥɶ ɨɫɢ ɫɬɚɧɰɢɢ ɦɟɬɪɨ
“Ʌɟɧɢɧɫɤɢɣ ɩɪɨɫɩɟɤɬ”

ɇɚɢɛɨɥɟɟ ɩɪɨɛɥɟɦɧɵɦ ɭɱɚɫɬɤɨɦ, ɜɵɡɜɚɜɲɢɦ ɨɩɚɫɟɧɢɟ ɢɧɠɟɧɟɪɨɜ-ɝɟɨɬɟɯɧɢɤɨɜ,
ɛɵɥ ɭɱɚɫɬɨɤ ɩɟɪɟɫɟɱɟɧɢɹ 4-ɯ ɫɟɤɰɢɣ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɬɨɧɧɟɥɹ ɫ ɫɭɳɟɫɬɜɭɸɳɟɣ ɫɬɚɧɰɢɟɣ
ɦɟɬɪɨ «Ʌɟɧɢɧɫɤɢɣ ɩɪɨɫɩɟɤɬ», ɩɨɫɬɪɨɟɧɧɨɣ
ɨɬɤɪɵɬɵɦ ɫɩɨɫɨɛɨɦ ɧɚ ɦɚɥɨɣ ɝɥɭɛɢɧɟ ɨɤɨɥɨ
35 ɥɟɬ ɧɚɡɚɞ. ɉɪɢ ɷɬɨɦ ɪɚɫɫɬɨɹɧɢɟ ɜ ɫɜɟɬɭ
ɦɟɠɞɭ ɥɨɬɤɨɦ ɨɛɞɟɥɤɢ ɬɨɧɧɟɥɹ ɢ ɤɪɨɜɥɟɣ
ɫɬɚɧɰɢɢ ɦɟɬɪɨ ɤɪɚɣɧɟ ɦɚɥɨ ɢ ɫɨɫɬɚɜɥɹɟɬ ɨɬ
85 ɞɨ 380 ɫɦ.
ɇɚ ɨɫɧɨɜɚɧɢɢ ɜɵɩɨɥɧɟɧɧɨɝɨ ɢɧɠɟɧɟɪɧɨɝɨ ɨɛɫɥɟɞɨɜɚɧɢɹ ɤɨɧɫɬɪɭɤɰɢɣ ɫɬɚɧɰɢɢ ɦɟɬɪɨ
«Ʌɟɧɢɧɫɤɢɣ ɩɪɨɫɩɟɤɬ» ɢ ɜɵɩɨɥɧɟɧɧɵɯ
ɪɚɫɱɟɬɨɜ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɤɨɧɫɬɪɭɤɬɢɜɧɨɟ ɪɟɲɟɧɢɟ ɬɪɚɧɫɩɨɪɬɧɵɯ ɬɨɧɧɟɥɟɣ ɢ
ɩɟɪɫɩɟɤɬɢɜɧɨɣ ɡɚɫɬɪɨɣɤɢ ɞɨɥɠɧɨ ɩɨɥɧɨɫɬɶɸ
ɢɫɤɥɸɱɢɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ
ɤɨɧɫɬɪɭɤɰɢɢ ɞɟɣɫɬɜɭɸɳɟɣ ɫɬɚɧɰɢɢ.
ɉɨɫɬɚɜɥɟɧɧɚɹ ɡɚɞɚɱɚ ɦɨɝɥɚ ɛɵɬɶ ɪɟɲɟɧɚ
ɟɞɢɧɫɬɜɟɧɧɵɦ ɫɩɨɫɨɛɨɦ – ɩɭɬɟɦ ɭɫɬɪɨɣɫɬɜɚ
ɧɚ ɷɬɨɦ ɭɱɚɫɬɤɟ ɬɪɚɧɫɩɨɪɬɧɵɯ ɬɨɧɧɟɥɟɣ ɜ
ɜɢɞɟ ɫɜɨɟɨɛɪɚɡɧɨɝɨ ɩɨɞɡɟɦɧɨɝɨ ɦɨɫɬɚ.
ɉɨɥɧɚɹ ɞɥɢɧɚ ɭɱɚɫɬɤɚ ɬɨɧɧɟɥɹ, ɪɟɲɚɟɦɨɝɨ ɜ
ɜɢɞɟ ɦɨɫɬɨɜɨɝɨ ɫɬɪɨɟɧɢɹ, ɫɨɫɬɚɜɥɹɥɚ ɨɤɨɥɨ
60 ɦ. Ɍɪɢ ɫɟɤɰɢɢ ɬɨɧɧɟɥɹ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ
ɲɢɪɢɧɨɣ ɞɨ 28 ɦ ɪɚɫɩɨɥɚɝɚɥɢɫɶ ɧɚ ɩɨɞɡɟɦɧɵɯ ɦɨɫɬɨɜɵɯ ɨɩɨɪɚɯ. Ɇɢɧɢɦɚɥɶɧɨɟ ɩɪɢɛɥɢɠɟɧɢɟ ɦɨɫɬɨɜɵɯ ɨɩɨɪ ɤ ɤɨɧɫɬɪɭɤɰɢɢ
ɞɟɣɫɬɜɭɸɳɟɣ ɫɬɚɧɰɢɢ ɦɟɬɪɨ, ɤɨɬɨɪɚɹ ɩɪɨɞɨɥɠɚɥɚ ɷɤɫɩɥɭɚɬɢɪɨɜɚɬɶɫɹ ɜ ɩɪɨɰɟɫɫɟ
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɦɨɫɬɚ, ɫɨɫɬɚɜɥɹɥɨ 6 ɦ.
Ɉɛɳɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɨɫɧɨɜɚɧɢɟ ɨɬ ɫɨɛɫɬɜɟɧɧɨɝɨ ɜɟɫɚ ɦɨɫɬɨɜɵɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɡɞɚɧɢɹ, ɝɪɭɧɬɚ ɨɛɪɚɬɧɨɣ ɡɚɫɵɩɤɢ,
ɚ ɬɚɤɠɟ ɩɨɥɟɡɧɨɣ ɧɚɝɪɭɡɤɢ ɜ ɬɨɧɧɟɥɹɯ ɢ
ɡɞɚɧɢɢ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 100 ɬɵɫɹɱ ɬɨɧɧ.

Ɋɢɫɭɧɨɤ 55. ɉɥɚɧ ɬɨɧɧɟɥɟɣ ɢ ɩɟɪɟɫɚɞɨɱɧɨɝɨ ɭɡɥɚ
ɜ ɦɟɫɬɟ ɩɟɪɟɫɟɱɟɧɢɹ ɫɨ ɫɬɚɧɰɢɟɣ ɦɟɬɪɨ

Ⱥɜɬɨɦɨɛɢɥɶɧɨɟ ɞɜɢɠɟɧɢɟ ɧɚ ɷɬɨɦ ɭɱɚɫɬɤɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɞɜɭɯɫɟɤɰɢɨɧɧɨɦ ɬɨɧɧɟɥɟ. Ⱥɜɬɨɬɪɚɧɫɩɨɪɬɧɵɟ ɬɨɧɧɟɥɢ ɩɟɪɟɫɟɤɚɸɬɫɹ
ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɦ ɬɨɧɧɟɥɟɦ, ɚ ɦɟɠɞɭ ɬɨɧɧɟɥɹɦɢ ɢ ɩɨɞ ɧɢɦɢ ɭɫɬɪɨɟɧ ɞɜɭɯɭɪɨɜɧɟɜɵɣ
ɩɨɞɡɟɦɧɵɣ ɩɚɪɤɢɧɝ. Ʉɨɧɫɬɪɭɤɰɢɢ ɬɨɧɧɟɥɟɣ
ɪɚɫɫɱɢɬɚɧɵ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɢɯ ɦɨɠɧɨ
ɛɵɥɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɚɤ ɫɜɨɟɨɛɪɚɡɧɭɸ ɩɥɚɬɮɨɪɦɭ ɜ ɝɪɚɞɨɫɬɪɨɢɬɟɥɶɧɵɯ ɰɟɥɹɯ ɞɥɹ
ɭɫɬɪɨɣɫɬɜɚ ɩɟɲɟɯɨɞɧɵɯ ɢ ɪɟɤɪɟɚɰɢɨɧɧɵɯ
ɡɨɧ, ɚ ɝɥɚɜɧɨɟ – ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ ɩɟɪɫɩɟɤɬɢɜɧɨɣ ɡɚɫɬɪɨɣɤɢ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɛɨɥɟɟ 6 ɝɚ.
ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚɞ ɞɟɣɫɬɜɭɸɳɟɣ ɫɬɚɧɰɢɟɣ ɦɟɬɪɨ ɢ ɬɪɚɧɫɩɨɪɬɧɵɦɢ ɬɨɧɧɟɥɹɦɢ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɜɨɡɜɟɫɬɢ ɡɞɚɧɢɟ ɨɛɳɟɫɬɜɟɧɧɨ-ɬɨɪɝɨɜɨɝɨ ɰɟɧɬɪɚ ɜɵɫɨɬɨɣ 4-6 ɷɬɚɠɟɣ
(ɪɢɫ. 56).
ɉɚɪɚɥɥɟɥɶɧɨ ɬɪɚɫɫɟ ɬɨɧɧɟɥɟɣ ɩɥɚɧɢɪɭɟɬɫɹ ɬɚɤɠɟ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɩɟɪɫɩɟɤɬɢɜɧɨɣ
ɥɢɧɢɢ ɦɟɬɪɨɩɨɥɢɬɟɧɚ, ɚ ɬɚɤɠɟ ɩɟɪɟɫɚɞɨɱɧɨɝɨ ɭɡɥɚ, ɫɜɹɡɵɜɚɸɳɟɝɨ ɦɟɠɞɭ ɫɨɛɨɣ ɩɟɪ295

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɮɭɧɞɚɦɟɧɬɧɭɸ
ɨɩɨɪɭ ɨɞɧɨɣ ɫɟɤɰɢɢ ɦɨɫɬɚ ɞɨɫɬɢɝɚɥɚ 10-12
ɬɵɫɹɱ ɬɨɧɧ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɵɛɨɪ ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ ɪɟɲɟɧɢɹ ɮɭɧɞɚɦɟɧɬɧɵɯ ɦɨɫɬɨɜɵɯ ɨɩɨɪ ɨɩɪɟɞɟɥɹɥɫɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ
ɜɨɫɩɪɢɧɹɬɶ ɫɬɨɥɶ ɡɧɚɱɢɬɟɥɶɧɵɟ ɧɚɝɪɭɡɤɢ,
ɧɟɞɨɩɭɫɬɢɦɨɫɬɶɸ ɨɫɚɞɨɤ ɨɩɨɪ ɛɨɥɟɟ ɧɟɫɤɨɥɶɤɢɯ ɫɚɧɬɢɦɟɬɪɨɜ, ɨɝɪɚɧɢɱɟɧɧɨɣ ɩɥɨɳɚɞɶɸ ɜ ɩɥɚɧɟ.
Ɉɛɵɱɧɨ ɜ ɬɚɤɢɯ ɫɥɭɱɚɹɯ ɜ ɤɚɱɟɫɬɜɟ ɮɭɧɞɚɦɟɧɬɨɜ ɢɫɩɨɥɶɡɭɸɬ ɫɜɚɢ-ɫɬɨɣɤɢ. ȼ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ Ɇɨɫɤɜɵ ɩɪɨɱɧɵɟ ɫɤɚɥɶɧɵɟ
ɝɪɭɧɬɵ (ɢɡɜɟɫɬɧɹɤɢ, ɞɨɥɨɦɢɬɵ) ɡɚɥɟɝɚɸɬ ɧɚ
ɝɥɭɛɢɧɟ 20-30 ɦ. Ɉɞɧɚɤɨ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ
ɢɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɢɡɵɫɤɚɧɢɣ ɛɵɥɨ
ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɪɚɣɨɧɟ ɩɥɨɳɚɞɢ
ɘ. Ƚɚɝɚɪɢɧɚ ɤɚɦɟɧɧɨɭɝɨɥɶɧɵɟ ɢɡɜɟɫɬɧɹɤɢ,
ɬɪɟɳɢɧɨɜɚɬɵɟ ɢ ɪɚɡɪɭɲɟɧɧɵɟ ɜ ɜɟɪɯɧɟɣ
ɡɨɧɟ, ɡɚɥɟɝɚɸɬ ɧɚ ɝɥɭɛɢɧɚɯ ɛɨɥɟɟ 60 ɦ ɨɬ
ɩɨɜɟɪɯɧɨɫɬɢ.
ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɛɵɥɨ ɜɵɩɨɥɧɟɧɨ ɬɟɯɧɢɤɨɷɤɨɧɨɦɢɱɟɫɤɨɟ ɫɪɚɜɧɟɧɢɟ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ
ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɞɟɫɹɬɢ ɜɨɡɦɨɠɧɵɯ ɜɚɪɢɚɧɬɨɜ
ɭɫɬɪɨɣɫɬɜɚ ɮɭɧɞɚɦɟɧɬɨɜ (ɤɨɪɨɛɱɚɬɵɟ ɦɟɥɤɨɝɨ ɡɚɥɟɝɚɧɢɹ, ɤɨɪɨɬɤɢɟ ɫɜɚɢ, ɫɜɚɢ-ɬɪɟɧɢɹ,
ɫɜɚɢ-ɫɬɨɣɤɢ ɢ ɞɪ.). ȼ ɢɬɨɝɟ ɜɵɛɨɪ ɛɵɥ
ɫɞɟɥɚɧ ɜ ɩɨɥɶɡɭ ɝɥɭɛɨɤɢɯ ɮɭɧɞɚɦɟɧɬɨɜ,
ɭɫɬɪɚɢɜɚɟɦɵɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɛɭɪɨɧɚɛɢɜɧɵɯ ɫɜɚɣ-ɫɬɨɟɤ, ɨɩɢɪɚɸɳɢɯɫɹ ɧɚ ɝɥɭɛɢɧɟ 65
ɦ ɧɚ ɫɥɚɛɨɬɪɟɳɢɧɨɜɚɬɵɟ ɢɡɜɟɫɬɧɹɤɢ ɫɪɟɞɧɟɣ
ɩɪɨɱɧɨɫɬɢ ɫ ɪɚɫɱɟɬɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ
ɨɞɧɨɨɫɧɨɦɭ ɫɠɚɬɢɸ 20 Ɇɉɚ.
ȼɵɛɪɚɧɧɵɣ ɩɪɨɟɤɬɧɵɣ ɜɚɪɢɚɧɬ ɩɪɟɞɭɫɦɚɬ-

ɪɢɜɚɥ ɩɟɪɟɞɚɱɭ ɧɚɝɪɭɡɨɤ ɧɚ ɨɫɧɨɜɚɧɢɟ ɱɟɪɟɡ
ɞɟɜɹɬɶ ɨɩɨɪ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɫɨɛɨɣ ɤɭɫɬɵ
ɨɬ 6 ɞɨ 12 ɛɭɪɨɧɚɛɢɜɧɵɯ ɫɜɚɣ, ɨɛɴɟɞɢɧɟɧɧɵɯ ɦɨɧɨɥɢɬɧɵɦɢ ɠɟɥɟɡɨɛɟɬɨɧɧɵɦɢ ɪɨɫɬɜɟɪɤɚɦɢ ɬɨɥɳɢɧɨɣ 2,5 ɦ (ɪɢɫ. 57).

Ɋɢɫɭɧɨɤ 57. ɉɥɚɧ ɪɨɫɬɜɟɪɤɚ ɢ
ɝɪɭɩɩɵ ɫɜɚɣ ɬɨɧɧɟɥɹ Ȼ

ɋɜɚɢ ɢɦɟɸɬ ɩɟɪɟɦɟɧɧɵɣ ɩɨ ɝɥɭɛɢɧɟ
ɞɢɚɦɟɬɪ – 1,5 ɦ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɢ 1,35 ɦ ɜ
ɧɢɠɧɟɣ. Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ
ɩɨɤɚɡɚɥɨ, ɱɬɨ ɨɫɚɞɤɚ ɬɚɤɢɯ ɮɭɧɞɚɦɟɧɬɨɜ
ɩɨɫɥɟ ɡɚɜɟɪɲɟɧɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɧɚɞ ɬɨɧɧɟɥɹɦɢ ɨɛɳɟɫɬɜɟɧɧɨ-ɬɨɪɝɨɜɨɝɨ ɡɞɚɧɢɹ ɧɟ
ɩɪɟɜɵɫɢɬ 25 ɦɦ, ɚ ɨɫɚɞɤɚ ɫɬɚɧɰɢɢ ɦɟɬɪɨ
«Ʌɟɧɢɧɫɤɢɣ ɩɪɨɫɩɟɤɬ» ɛɭɞɟɬ ɦɟɧɟɟ 10 ɦɦ.
ɂɡɨɥɢɧɢɢ ɩɪɨɝɧɨɡɢɪɭɟɦɵɯ ɨɫɚɞɨɤ ɜ ɝɪɭɧɬɨɜɨɦ ɦɚɫɫɢɜɟ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɪɟɡɭɥɶɬɚɬɟ
ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɦɟɬɨɞɨɦ
ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɞɥɹ ɜɵɛɪɚɧɧɨɝɨ ɩɪɨɟɤɬɧɨɝɨ ɜɚɪɢɚɧɬɚ, ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫ. 58.

Ɋɢɫɭɧɨɤ 58. ɉɪɨɝɧɨɡɢɪɭɟɦɵɟ ɨɫɚɞɤɢ ɦɚɫɫɢɜɚ ɝɪɭɧɬɚ, ɩɨɥɭɱɟɧɧɵɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦ ɦɨɞɟɥɢɪɨɜɚɧɢɟɦ
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ɇɟɩɪɨɫɬɚɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɭɫɬɪɨɣɫɬɜɚ ɤɨɧɫɬɪɭɤɰɢɣ ɩɨɞɡɟɦɧɨɝɨ ɦɨɫɬɚ
ɩɨɬɪɟɛɨɜɚɥɚ ɨɬ ɩɪɨɟɤɬɢɪɨɜɳɢɤɨɜ ɜɵɩɨɥɧɟɧɢɹ ɤɨɦɩɥɟɤɫɚ ɫɥɨɠɧɟɣɲɢɯ ɪɚɫɱɟɬɨɜ. ȼ ɷɬɢɯ
ɪɚɫɱɟɬɚɯ ɧɟɨɛɯɨɞɢɦɨ ɛɵɥɨ ɭɱɟɫɬɶ ɭɩɪɭɝɨɩɥɚɫɬɢɱɟɫɤɭɸ ɪɚɛɨɬɭ ɨɫɧɨɜɚɧɢɹ, ɢɡɦɟɧɟɧɢɟ
ɤɨɧɫɬɪɭɤɬɢɜɧɨɣ ɫɯɟɦɵ ɫɨɨɪɭɠɟɧɢɹ ɜ ɩɪɨɰɟɫɫɟ ɟɝɨ ɧɚɝɪɭɠɟɧɢɹ, ɧɟɥɢɧɟɣɧɭɸ ɪɚɛɨɬɭ
ɩɪɟɞɧɚɩɪɹɠɟɧɧɵɯ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɜɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɢ ɭɫɚɞɨɱɧɵɯ
ɞɟɮɨɪɦɚɰɢɣ ɤɨɧɫɬɪɭɤɰɢɣ.
Ɋɟɡɭɥɶɬɚɬɵ ɦɨɧɢɬɨɪɢɧɝɚ, ɜɟɞɭɳɟɝɨɫɹ ɡɚ
ɞɟɮɨɪɦɚɰɢɹɦɢ ɫɬɚɧɰɢɢ ɦɟɬɪɨ ɢ ɝɪɭɧɬɨɜɨɝɨ
ɦɚɫɫɢɜɚ, ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɨɫɚɞɤɚ ɫɬɚɧɰɢɢ ɜ
ɩɪɨɰɟɫɫɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɧɟ
ɩɪɟɜɵɫɢɥɚ ɧɟɫɤɨɥɶɤɢɯ ɦɢɥɥɢɦɟɬɪɨɜ.

ɛɢɧɨɣ ɞɨ 30 ɦ.
ɆɆȾɐ «Ɇɨɫɤɜɚ-ɋɢɬɢ» ɪɚɫɩɨɥɨɠɟɧ ɧɚ
Ʉɪɚɫɧɨɩɪɟɫɧɟɧɫɤɨɣ ɧɚɛɟɪɟɠɧɨɣ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɜ 60 ɝɚ ɜ ɢɡɥɭɱɢɧɟ Ɇɨɫɤɜɵ-ɪɟɤɢ ɢ
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɨɦɩɥɟɤɫ ɭɧɢɤɚɥɶɧɵɯ
ɜɵɫɨɬɧɵɯ ɡɞɚɧɢɣ, ɚɪɯɢɬɟɤɬɭɪɧɨ ɨɛɴɟɞɢɧɟɧɧɵɯ ɜ ɟɞɢɧɵɣ ɚɧɫɚɦɛɥɶ. ɇɚ ɬɟɪɪɢɬɨɪɢɢ
ɛɭɞɟɬ ɪɚɡɦɟɳɟɧ ɰɟɧɬɪɚɥɶɧɵɣ ɩɟɪɟɫɚɞɨɱɧɵɣ
ɭɡɟɥ ɦɟɬɪɨɩɨɥɢɬɟɧɚ (ɜɤɥɸɱɚɸɳɢɣ ɜ ɫɟɛɹ 2
ɥɢɧɢɢ ɬɪɚɞɢɰɢɨɧɧɨɝɨ ɦɟɬɪɨ ɢ ɥɢɧɢɸ ɥɟɝɤɨɝɨ ɦɢɧɢ-ɦɟɬɪɨ), ɤɨɦɩɥɟɤɫ ɫɥɨɠɧɵɯ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ, ɬɪɚɧɫɩɨɪɬɧɵɟ ɪɚɡɜɹɡɤɢ ɢ
ɬ.ɞ. Ɏɨɬɨɝɪɚɮɢɹ ɤɨɦɩɥɟɤɫɚ ɆɆȾɐ “Ɇɨɫɤɜɚɋɢɬɢ” ɩɨ ɫɨɫɬɨɹɧɢɸ ɧɚ ɦɚɪɬ 2010 ɝ. ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 59.
Ɋɚɫɩɨɥɨɠɟɧɢɟ ɆɆȾɐ “Ɇɨɫɤɜɚ-ɋɢɬɢ” ɜ
ɰɟɧɬɪɟ ɫɬɨɥɢɰɵ ɩɨɡɜɨɥɹɟɬ ɨɛɟɫɩɟɱɢɬɶ ɭɞɨɛɧɵɣ ɢ ɩɪɨɫɬɨɣ ɞɨɫɬɭɩ ɤ ɤɨɦɩɥɟɤɫɭ. ȼ ɫɟɧɬɹɛɪɟ 2005 ɝɨɞɚ ɫɨɫɬɨɹɥɨɫɶ ɨɬɤɪɵɬɢɟ ɩɟɪɜɨɣ
ɫɬɚɧɰɢɢ ɦɟɬɪɨ “Ⱦɟɥɨɜɨɣ ɰɟɧɬɪ” (ɜ ɞɚɧɧɨɟ
ɜɪɟɦɹ ɨɧɚ ɧɚɡɵɜɚɟɬɫɹ “ȼɵɫɬɚɜɨɱɧɚɹ”), ɱɟɪɟɡ
ɝɨɞ ɧɚɱɚɥɚ ɮɭɧɤɰɢɨɧɢɪɨɜɚɬɶ ɫɬɚɧɰɢɹ “Ɇɟɠɞɭɧɚɪɨɞɧɚɹ”. Ɋɟɲɟɧɢɟ ɬɪɚɧɫɩɨɪɬɧɨɣ ɩɪɨɛɥɟɦɵ ɜ ɪɚɣɨɧɟ "Ɇɨɫɤɜɚ-ɋɢɬɢ" ɩɪɟɞɩɨɥɚɝɚɟɬ ɬɚɤɠɟ ɫɨɡɞɚɧɢɟ ɫɤɨɪɨɫɬɧɨɣ ɬɪɚɧɫɩɨɪɬɧɨɣ
ɫɢɫɬɟɦɵ, ɤɨɬɨɪɚɹ ɫɨɟɞɢɧɢɬ ɰɟɧɬɪ ɞɟɥɨɜɨɣ
ɚɤɬɢɜɧɨɫɬɢ ɫ ɞɜɭɦɹ ɚɷɪɨɩɨɪɬɚɦɢ ɫɬɨɥɢɰɵ —
ɒɟɪɟɦɟɬɶɟɜɨ ɢ ȼɧɭɤɨɜɨ.

12. ɆɆȾɐ “ɆɈɋɄȼȺ-ɋɂɌɂ”
ȼ 1992 ɝ. ɩɨ ɪɟɲɟɧɢɸ ɉɪɚɜɢɬɟɥɶɫɬɜɚ Ɇɨɫɤɜɵ ɛɵɥɨ ɧɚɱɚɬɨ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɦɨɫɤɨɜɫɤɨɝɨ ɦɟɠɞɭɧɚɪɨɞɧɨɝɨ ɞɟɥɨɜɨɝɨ ɰɟɧɬɪɚ «Ɇɨɫɤɜɚ-ɋɢɬɢ». ɆɆȾɐ «Ɇɨɫɤɜɚ-ɋɢɬɢ» ɹɜɥɹɟɬɫɹ
ɫɚɦɵɦ ɦɚɫɲɬɚɛɧɵɦ ɪɨɫɫɢɣɫɤɢɦ ɩɪɨɟɤɬɨɦ
ɩɨɫɥɟɞɧɢɯ ɞɟɫɹɬɢɥɟɬɢɣ. ȼɩɟɪɜɵɟ ɜ Ɋɨɫɫɢɢ ɢ
ɜ ȼɨɫɬɨɱɧɨɣ ȿɜɪɨɩɟ ɫɨɡɞɚɟɬɫɹ ɤɨɦɩɥɟɤɫ,
ɤɨɬɨɪɵɣ ɨɛɴɟɞɢɧɢɬ ɛɢɡɧɟɫ, ɚɩɚɪɬɚɦɟɧɬɵ
ɩɪɨɠɢɜɚɧɢɹ ɢ ɞɨɫɭɝ. ɉɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ
“Ɇɨɫɤɜɚ-ɋɢɬɢ” ɩɥɚɧɢɪɭɟɬɫɹ ɜɨɡɜɟɫɬɢ 19
ɜɵɫɨɬɧɵɯ ɡɞɚɧɢɣ ɫ ɩɨɞɡɟɦɧɨɣ ɱɚɫɬɶɸ ɝɥɭ-

Ɋɢɫɭɧɨɤ 59. Ʉɨɦɩɥɟɤɫ ɆɆȾɐ “Ɇɨɫɤɜɚ-ɋɢɬɢ” ɩɨ ɫɨɫɬɨɹɧɢɸ ɧɚ ɦɚɪɬ 2010 ɝ.
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Ɉɛɴɟɤɬɵ ɆɆȾɐ “Ɇɨɫɤɜɚ-ɋɢɬɢ” ɪɚɫɩɨɥɨɠɟɧɵ ɤɨɦɩɚɤɬɧɨ, ɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɨɦ ɪɚɫɫɬɨɹɧɢɢ ɞɪɭɝ ɨɬ ɞɪɭɝɚ. ȼɫɟ
ɤɨɦɩɥɟɤɫɵ ɡɞɚɧɢɣ ɢɦɟɸɬ ɪɚɡɜɢɬɭɸ ɩɨɞɡɟɦɧɭɸ ɱɚɫɬɶ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ ɝɥɭɛɢɧɨɣ ɞɨ 30ɦ
ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɦɥɢ ɢ ɤɨɥɢɱɟɫɬɜɨɦ ɩɨɞɡɟɦɧɵɯ ɷɬɚɠɟɣ – 3-6 (ɬɚɛɥ. 5). ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ
ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟɯ ɭɱɚɫɬɤɨɜ
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɞ ɡɚɳɢɬɨɣ ɨɝɪɚɠɞɚɸɳɢɯ
ɤɨɧɫɬɪɭɤɰɢɣ (ɤɚɤ ɩɪɚɜɢɥɨ, ɦɨɧɨɥɢɬɧɨɣ
ɠɟɥɟɡɨɛɟɬɨɧɧɨɣ “ɫɬɟɧɵ ɜ ɝɪɭɧɬɟ”). ɉɪɢ
ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɨɛɴɟɤɬɨɜ ɆɆȾɐ “Ɇɨɫɤɜɚɋɢɬɢ” ɪɟɲɚɸɬɫɹ ɫɥɨɠɧɵɟ ɝɟɨɬɟɯɧɢɱɟɫɤɢɟ
ɡɚɞɚɱɢ ɩɨ ɷɤɫɤɚɜɚɰɢɢ ɝɪɭɧɬɚ ɢɡ ɤɨɬɥɨɜɚɧɨɜ,
ɫɬɪɨɢɬɟɥɶɫɬɜɭ ɛɨɥɶɲɢɯ ɩɨ ɩɥɨɳɚɞɢ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɢ ɭɧɢɤɚɥɶɧɵɯ ɜɵɫɨɬɧɵɯ
ɡɞɚɧɢɣ, ɩɟɪɟɞɚɸɳɢɯ ɧɚ ɝɪɭɧɬ ɢ ɧɚ ɫɜɚɢ
ɨɱɟɧɶ ɛɨɥɶɲɢɟ ɧɚɝɪɭɡɤɢ. ɉɨɦɢɦɨ ɫɜɚɣɧɵɯ
ɮɭɧɞɚɦɟɧɬɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɛɨɥɶɲɢɧɫɬɜɟ
ɫɥɭɱɚɟɜ, ɚɪɯɢɬɟɤɬɭɪɧɵɟ ɪɟɲɟɧɢɹ ɩɪɢɜɨɞɹɬ ɤ
ɧɟɢɡɛɟɠɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɩɥɢɬɧɨ-ɫɜɚɣɧɵɯ
ɮɭɧɞɚɦɟɧɬɨɜ.
ɋɭɳɟɫɬɜɭɸɬ ɨɛɴɟɤɬɢɜɧɵɟ ɢ ɫɭɛɴɟɤɬɢɜɧɵɟ ɮɚɤɬɨɪɵ, ɨɫɥɨɠɧɹɸɳɢɟ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɜ
ɩɪɟɞɟɥɚɯ ɞɟɥɨɜɨɝɨ ɰɟɧɬɪɚ.
Ɉɛɴɟɤɬɢɜɧɵɦɢ ɮɚɤɬɨɪɚɦɢ, ɨɫɥɨɠɧɹɸɳɢɦɢ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ

ɆɆȾɐ “Ɇɨɫɤɜɚ-ɋɢɬɢ”, ɹɜɥɹɸɬɫɹ:
ɫɥɨɠɧɨɫɬɶ (III ɤɚɬɟɝɨɪɢɹ) ɢɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɢ ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ;
ɭɧɢɤɚɥɶɧɨɫɬɶ ɫɬɪɨɹɳɢɯɫɹ ɨɛɴɟɤɬɨɜ
(ɛɨɥɶɲɚɹ ɩɥɨɳɚɞɶ ɡɚɫɬɪɨɣɤɢ, ɫɭɳɟɫɬɜɟɧɧɚɹ
ɝɥɭɛɢɧɚ ɡɚɥɨɠɟɧɢɹ ɩɨɞɡɟɦɧɨɣ ɱɚɫɬɢ, ɡɧɚɱɢɬɟɥɶɧɵɟ ɧɚɝɪɭɡɤɢ ɧɚ ɮɭɧɞɚɦɟɧɬɵ ɨɬ ɜɟɫɚ
ɡɞɚɧɢɣ, ɧɟɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜ
ɩɥɚɧɟ ɧɚɝɪɭɡɨɤ ɨɬ ɫɨɨɪɭɠɟɧɢɣ ɧɚ ɨɫɧɨɜɚɧɢɟ
ɢ ɞɪ.);
ɜɡɚɢɦɧɨɟ ɜɥɢɹɧɢɟ ɫɬɪɨɹɳɢɯɫɹ ɨɛɴɟɤɬɨɜ ɢ ɫɨɨɪɭɠɟɧɢɣ ɧɚ ɫɨɫɟɞɧɢɯ ɭɱɚɫɬɤɚɯ;
ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɜ ɡɨɧɟ ɦɟɬɪɨɩɨɥɢɬɟɧɚ;
ɫɠɚɬɵɟ ɫɪɨɤɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ.
ɋɭɛɴɟɤɬɢɜɧɵɦɢ ɮɚɤɬɨɪɚɦɢ, ɨɫɥɨɠɧɹɸɳɢɦɢ ɫɬɪɨɢɬɟɥɶɫɬɜɨ, ɹɜɥɹɸɬɫɹ: ɜɵɩɨɥɧɟɧɢɟ
ɩɪɨɟɤɬɨɜ ɪɚɡɥɢɱɧɵɯ ɭɱɚɫɬɤɨɜ ɆɆȾɐ ɪɚɡɧɵɦɢ ɨɪɝɚɧɢɡɚɰɢɹɦɢ (ɜ ɬɨɦ ɱɢɫɥɟ ɡɚɪɭɛɟɠɧɵɦɢ), ɩɨɪɨɣ ɧɟ ɢɦɟɸɳɢɯ ɧɟɨɛɯɨɞɢɦɨɝɨ
ɨɩɵɬɚ ɪɚɫɱɺɬɚ ɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɮɭɧɞɚɦɟɧɬɨɜ ɢ ɩɨɞɡɟɦɧɵɯ ɱɚɫɬɟɣ ɫɬɨɥɶ ɫɥɨɠɧɵɯ
ɝɟɨɬɟɯɧɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ, ɜɟɞɟɧɢɟ ɪɚɛɨɬ
ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɩɨɞɪɹɞɧɵɯ ɨɪɝɚɧɢɡɚɰɢɢ ɢ ɞɪ.

Ɍɚɛɥɢɰɚ 5. Ɉɩɢɫɚɧɢɟ ɨɛɴɟɤɬɨɜ ɆɆȾɐ “Ɇɨɫɤɜɚ-ɋɢɬɢ”
ɇɨɦɟɪ
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɜɵɫɨɬɚ,
ɇɚɢɦɟɧɨɜɚɧɢɟ ɨɛɴɟɤɬɚ
ɭɱɚɫɬɤɚ
ɦ/ɷɬɚɠɧɨɫɬɶ
ɡɚɫɬɪɨɣɤɢ
2-3
Ⱦɜɨɪɟɰ ɛɪɚɤɨɫɨɱɟɬɚɧɢɣ
204/45
4
Ⱥɤɜɚɩɚɪɤ ɫ ɝɨɫɬɢɧɢɰɟɣ
234/64
6
Ʉɢɧɨɤɨɧɰɟɪɬɧɵɣ ɡɚɥ
*
7-85
Ɍɨɪɝɨɜɨ-ɪɚɡɜɥɟɤɚɬɟɥɶɧɵɣ ɤɨɦɩɥɟɤɫ
5
8ɚ
Ƚɨɫɬɢɧɢɰɚ
*
«Ƚɨɪɨɞ ɫɬɨɥɢɰ»: ɛɚɲɧɢ «Ɇɨɫɤɜɚ» ɢ
241/73
9
«ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ»
234/62
10*
Ȼɚɲɧɢ ɧɚ ɧɚɛɟɪɟɠɧɨɣ
243/58, 119/27, 76/17
11*
Ɍɪɚɧɫɩɨɪɬɧɵɣ ɬɟɪɦɢɧɚɥ
167/41, 124/30, 55/15
12
Ɉɮɢɫɧɵɣ ɤɨɦɩɥɟɤɫ «ȿɜɪɚɡɢɹ»
300/75
13
Ʉɨɦɩɥɟɤɫ «Ɏɟɞɟɪɚɰɢɹ»
354/93, 242/63
14
Ʉɨɦɩɥɟɤɫ «Ɇɟɪɤɭɪɢɣ ɋɢɬɢ Ɍɚɭɷɪ»
322/70
Ʉɨɦɩɥɟɤɫ ɡɞɚɧɢɣ Ɇɨɫɝɨɪɞɭɦɵ ɢ
15
307/70
ɉɪɚɜɢɬɟɥɶɫɬɜɚ Ɇɨɫɤɜɵ
Ɉɮɢɫɧɨ-ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɨɟ ɜɵɫɨɬ16
393/67
ɧɨɟ ɡɞɚɧɢɟ
20
ȼɵɫɬɚɜɨɱɧɨ-ɞɟɥɨɜɨɣ ɤɨɦɩɥɟɤɫ
164/54
ɇɚɥɢɱɢɟ 19 ɜɵɫɨɬɧɵɯ ɨɛɴɟɤɬɨɜ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɆɆȾɐ “Ɇɨɫɤɜɚ-ɋɢɬɢ” ɞɟɥɚɟɬ ɩɥɨɳɚɞɤɭ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɧɟ ɬɨɥɶɤɨ ɨɱɟɧɶ ɫɥɨɠɧɨɣ ɫ ɬɟɯɧɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ, ɧɨ ɢ ɭɧɢ-

Ʉɨɥ-ɜɨ ɩɨɞɡɟɦɧɵɯ ɷɬɚɠɟɣ
3
3
5-6
5-6
5-6
3-6
4-5
5
5
5
5
6
5
5

ɤɚɥɶɧɵɦ ɤɨɦɩɥɟɤɫɨɦ. ȼɫɟ ɨɛɴɟɤɬɵ ɫɬɪɨɹɬɫɹ
ɢɥɢ ɛɭɞɭɬ ɩɨɫɬɪɨɟɧɵ ɩɨ ɢɧɞɢɜɢɞɭɚɥɶɧɵɦ
ɩɪɨɟɤɬɚɦ ɥɭɱɲɢɯ ɚɪɯɢɬɟɤɬɨɪɨɜ Ɋɨɫɫɢɢ ɢ
ɦɢɪɚ. Ⱦɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɜɵɫɨɬɧɵɯ ɨɛɴɟɤ-
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ɬɨɜ ɩɪɢɦɟɧɹɸɬɫɹ ɫɚɦɵɟ ɫɨɜɪɟɦɟɧɧɵɟ ɤɨɦɩɶɸɬɟɪɧɵɟ ɩɪɨɝɪɚɦɦɵ, ɢɫɩɵɬɚɧɢɹ ɫɜɚɣ
ɨɫɭɳɟɫɬɜɥɹɸɬ ɥɭɱɲɢɟ ɮɢɪɦɵ, ɢɫɩɨɥɶɡɭɸɬɫɹ
ɩɨɫɥɟɞɧɢɟ ɬɟɯɧɢɱɟɫɤɢɟ ɪɚɡɪɚɛɨɬɤɢ, ɜ ɬɨɦ
ɱɢɫɥɟ, ɜ ɝɟɨɬɟɯɧɢɤɟ: ɩɥɢɬɧɨ-ɫɜɚɣɧɵɣ ɮɭɧɞɚɦɟɧɬ, ɜ ɫɜɚɹɯ ɢ ɩɥɢɬɚɯ ɩɪɢɦɟɧɹɸɬ ɛɟɬɨɧ
ɤɥɚɫɫɚ ȼ60 ɢ ɛɨɥɟɟ, ɛɭɪɨɧɚɛɢɜɧɵɟ ɫɜɚɢ
ɢɦɟɸɬ ɞɢɚɦɟɬɪ 1000-1500 ɦɦ, ɜɨɫɩɪɢɧɢɦɚɸɬ ɧɚɝɪɭɡɤɭ ɞɨ 3500 ɬɨɧɧ.
ɉɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɜɵɫɨɬɧɵɯ ɨɛɴɟɤɬɨɜ ɧɚ
ɝɪɭɧɬ ɩɟɪɟɞɚɸɬɫɹ ɛɨɥɶɲɢɟ ɧɚɝɪɭɡɤɢ, ɩɪɢ
ɷɬɨɦ ɜɨɡɧɢɤɚɟɬ ɡɧɚɱɢɬɟɥɶɧɚɹ ɩɨ ɩɥɨɳɚɞɢ ɢ
ɝɥɭɛɢɧɟ ɡɨɧɚ ɢɡɦɟɧɟɧɢɹ ɧɚɩɪɹɠɟɧɧɨɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɝɪɭɧɬɚ (ɇȾɋ).
ɉɪɢ ɛɥɢɡɤɨɦ ɪɚɫɩɨɥɨɠɟɧɢɢ ɬɚɤɢɯ ɨɛɴɟɤɬɨɜ
ɡɨɧɵ ɢɡɦɟɧɟɧɢɹ ɇȾɋ ɝɪɭɧɬɚ ɧɚɤɥɚɞɵɜɚɸɬɫɹ
ɞɪɭɝ ɧɚ ɞɪɭɝɚ ɢ ɩɪɨɢɫɯɨɞɢɬ ɜɡɚɢɦɧɨɟ ɜɥɢɹɧɢɟ ɨɛɴɟɤɬɨɜ. ɇɚɩɪɢɦɟɪ, ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ
ɛɚɲɧɢ “Ɇɨɫɤɜɚ” ɜ ɡɨɧɭ ɢɡɦɟɧɟɧɢɹ ɇȾɋ
ɩɨɩɚɞɚɸɬ ɛɚɲɧɹ “ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ”, ɝɨɫɬɢɧɢɱɧɨ-ɨɮɢɫɧɨɟ ɡɞɚɧɢɟ, ɪɚɫɩɨɥɨɠɟɧɧɨɟ ɧɚ
ɭɱɚɫɬɤɟ 4, ɫɨɨɪɭɠɟɧɢɹ ɭɱɚɫɬɤɨɜ 8ɚ ɢ 8ɛ
ɐɟɧɬɪɚɥɶɧɨɝɨ ɹɞɪɚ, ɚ ɬɚɤɠɟ ɬɪɚɧɫɩɨɪɬɧɚɹ
ɷɫɬɚɤɚɞɚ ɢ ɝɨɪɨɞɫɤɨɣ ɤɨɥɥɟɤɬɨɪ.
ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɢ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɨɛɴɟɤɬɨɜ ɧɚ ɭɱɚɫɬɤɟ ɡɚɫɬɪɨɣɤɢ ɆɆȾɐ “Ɇɨɫɤɜɚɋɢɬɢ” ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɛɨɥɟɟ 10 ɥɟɬ. Ɂɚ ɷɬɨ
ɜɪɟɦɹ ɜɨɡɜɟɞɟɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɝɪɚɠɞɚɸɳɢɯ ɢ ɩɪɨɬɢɜɨɮɢɥɶɬɪɚɰɢɨɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɜ ɫɜɹɡɢ ɫ ɱɟɦ ɢɡɦɟɧɢɥɚɫɶ ɝɢɞɪɨɝɟɨɥɨɝɢɱɟɫɤɚɹ ɫɢɬɭɚɰɢɹ ɬɟɪɪɢɬɨɪɢɢ: ɫɨɡɞɚɧɧɚɹ
ɩɪɟɝɪɚɞɚ ɧɚ ɩɭɬɢ ɞɜɢɠɟɧɢɹ ɜɨɞɧɵɯ ɩɨɬɨɤɨɜ
ɜɫɟɯ ɜɨɞɨɧɨɫɧɵɯ ɝɨɪɢɡɨɧɬɨɜ ɜɵɡɜɚɥɚ ɛɚɪɪɚɠɧɵɣ ɷɮɮɟɤɬ - ɹɜɥɟɧɢɟ ɩɨɞɴɟɦɚ ɭɪɨɜɧɹ
ɩɨɞɡɟɦɧɵɯ ɜɨɞ ɨɬɧɨɫɢɬɟɥɶɧɨ ɟɝɨ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɩɨɥɨɠɟɧɢɹ. ɗɬɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɭɜɟɥɢɱɢɜɚɟɬ ɝɪɚɞɢɟɧɬ ɧɚɩɨɪɚ ɩɨɞɡɟɦɧɵɯ ɜɨɞ.
Ʉɚɤ ɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ, ɨɝɪɚɠɞɚɸɳɢɟ ɫɬɟɧɵ
ɞɨɥɠɧɵ
ɜɨɫɩɪɢɧɢɦɚɬɶ
ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ
ɞɚɜɥɟɧɢɟ ɨɤɪɭɠɚɸɳɟɝɨ ɦɚɫɫɢɜɚ ɝɪɭɧɬɚ.
Ʉɪɨɦɟ ɷɬɨɝɨ ɦɨɝɭɬ ɩɪɨɢɡɨɣɬɢ ɢɡɦɟɧɟɧɢɹ
ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɧɟɤɨɬɨɪɵɯ
ɝɪɭɧɬɨɜ.
Ɉɫɜɨɟɧɢɟ ɜɫɟɯ ɭɱɚɫɬɤɨɜ ɢ ɫɬɪɨɢɬɟɥɶɫɬɜɨ
19 ɧɟɛɨɫɤɪɺɛɨɜ ɩɥɚɧɢɪɭɟɬɫɹ ɜɵɩɨɥɧɢɬɶ ɡɚ
ɤɪɚɬɱɚɣɲɢɣ ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ - ɨɤɨɥɨ 1015 ɥɟɬ.
Ɉɬɦɟɱɟɧɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɩɪɟɞɴɹɜɥɹɸɬ
ɩɨɜɵɲɟɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɢɡɵɫɤɚɧɢɹɦ,
ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɢ ɫɬɪɨɢɬɟɥɶɫɬɜɭ. ɉɨɫɤɨɥɶɤɭ
ɜɫɟ ɷɬɢ ɪɚɛɨɬɵ ɭɧɢɤɚɥɶɧɵ ɢ ɨɫɭɳɟɫɬɜɥɹɸɬɫɹ
ɧɚ ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɨɣ ɬɟɪɪɢɬɨɪɢɢ,
ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɨɫɭɳɟɫɬɜɥɟɧɢɢ
ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɩɪɨɜɨɠɞɟɧɢɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɤɨɦɩɥɟɤɫɧɨɝɨ

ɦɨɧɢɬɨɪɢɧɝɚ ɜ ɩɪɨɰɟɫɫɟ ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɚɛɨɬ.
Ɍɟɪɪɢɬɨɪɢɹ ɡɚɫɬɪɨɣɤɢ ɆɆȾɐ “Ɇɨɫɤɜɚɋɢɬɢ” ɪɚɫɩɨɥɨɠɟɧɚ ɧɚ ɥɟɜɨɛɟɪɟɠɧɨɣ ɩɨɣɦɟɧɧɨɣ ɬɟɪɪɚɫɟ ɪ. Ɇɨɫɤɜɵ. ɘɠɧɚɹ ɝɪɚɧɢɰɚ
ɭɱɚɫɬɤɚ ɧɚɯɨɞɢɬɫɹ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 70-100 ɦ ɨɬ
ɛɟɪɟɝɚ. Ɋɟɥɶɟɮ ɩɥɨɳɚɞɤɢ ɫɩɨɤɨɣɧɵɣ, ɫ
ɢɧɬɟɪɜɚɥɨɦ ɨɬɦɟɬɨɤ ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɦɥɢ ɨɬ
124,3 ɞɨ 126,04 ɦ. ɇɚ ɪɢɫ. 60, ɩɪɢɜɟɞɟɧ
ɬɢɩɢɱɧɵɣ ɢɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɣ ɪɚɡɪɟɡ
ɩɥɨɳɚɞɤɢ, ɩɨɥɭɱɟɧɧɵɣ ɞɥɹ 11-ɝɨ ɭɱɚɫɬɤɚ.

Ɋɢɫɭɧɨɤ 60. ɂɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɣ ɪɚɡɪɟɡ,
ɬɢɩɢɱɧɵɣ ɞɥɹ ɆɆȾɐ “Ɇɨɫɤɜɚ-ɋɢɬɢ”

Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɵɫɤɚɧɢɣ,
ɩɥɨɳɚɞɤɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢɦɟɟɬ ɫɥɨɠɧɨɟ
ɝɟɨɥɨɝɢɱɟɫɤɨɟ ɫɬɪɨɟɧɢɟ, ɨɬɥɢɱɚɟɬɫɹ ɫɥɨɢɫɬɨɫɬɶɸ. ɋɤɚɥɶɧɵɟ ɩɨɪɨɞɵ ɫɢɥɶɧɨ ɬɪɟɳɢɧɨɜɚɬɵ, ɤɚɜɟɪɧɨɡɧɵ ɢ ɢɦɟɸɬ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ
ɩɪɨɫɥɨɣɤɢ ɢ ɥɢɧɡɵ.
Ƚɢɞɪɨɝɟɨɥɨɝɢɱɟɫɤɭɸ ɨɛɫɬɚɧɨɜɤɭ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɆɆȾɐ «Ɇɨɫɤɜɚ-ɋɢɬɢ» ɦɨɠɧɨ
ɨɬɧɟɫɬɢ ɤ ɫɥɨɠɧɨɣ: ɧɚɥɢɱɢɟ ɧɟɫɤɨɥɶɤɢɯ
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ɜɨɞɨɧɨɫɧɵɯ ɝɨɪɢɡɨɧɬɨɜ ɫ ɛɟɡɧɚɩɨɪɧɵɦ ɢ
ɧɚɩɨɪɧɵɦ ɪɟɠɢɦɚɦɢ ɮɢɥɶɬɪɚɰɢɢ ɩɨɞɡɟɦɧɵɯ
ɜɨɞ, ɡɧɚɱɢɬɟɥɶɧɵɟ ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɢɟ ɧɚɩɨɪɵ, ɪɚɡɥɢɱɧɚɹ ɜɨɞɨɩɪɨɧɢɰɚɟɦɨɫɬɶ (ɨɬ 0,5 ɞɨ
40 ɦ/ɫɭɬ.), ɜɵɫɨɤɚɹ ɬɪɟɳɢɧɨɜɚɬɨɫɬɶ ɜɨɞɨɜɦɟɳɚɸɳɢɯ ɩɨɪɨɞ ɢ ɜɨɡɦɨɠɧɨɟ ɧɚɥɢɱɢɟ
ɤɚɜɟɪɧ ɜ ɨɬɥɨɠɟɧɢɹɯ ɢɡɜɟɫɬɧɹɤɨɜ. Ƚɢɞɪɨɝɟɨɥɨɝɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ɨɫɥɨɠɧɹɸɬɫɹ ɛɥɢɡɤɢɦ
ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɪɟɤɢ Ɇɨɫɤɜɚ ɨɬ ɩɥɨɳɚɞɤɢ
ɫɬɪɨɢɬɟɥɶɫɬɜɚ.

ɦɚɟɦɨɝɨ ɝɪɭɧɬɚ ɤɨɬɥɨɜɚɧ ɜ ȿɜɪɨɩɟ, ɩɟɪɢɦɟɬɪ
ɤɨɬɨɪɨɝɨ ɫɨɫɬɚɜɥɹɥ 1725ɦ, ɚ ɝɥɭɛɢɧɚ - 24ɦ.
Ɉɩɵɬ ɜɨɡɜɟɞɟɧɢɹ ɬɚɤɨɝɨ ɭɧɢɤɚɥɶɧɨɝɨ ɫɨɨɪɭɠɟɧɢɹ ɜ ɬɨɣ ɢɥɢ ɢɧɨɣ ɫɬɟɩɟɧɢ ɛɵɥ ɭɱɬɟɧ
ɩɪɨɟɤɬɢɪɨɜɳɢɤɚɦɢ ɢ ɫɬɪɨɢɬɟɥɹɦɢ ɩɪɢ
ɫɨɨɪɭɠɟɧɢɢ ɜɫɟɯ ɜɵɫɨɬɧɵɯ ɡɞɚɧɢɣ, ɨɤɪɭɠɚɸɳɢɯ ɐɟɧɬɪɚɥɶɧɨɟ ɹɞɪɨ.
ɐɟɧɬɪɚɥɶɧɨɟ ɹɞɪɨ ɤɨɦɩɥɟɤɫɚ ɹɜɥɹɟɬɫɹ
ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɦ ɫɨɨɪɭɠɟɧɢɟɦ, ɜ
ɫɨɫɬɚɜ ɤɨɬɨɪɨɝɨ ɜɯɨɞɹɬ ɩɟɪɟɫɚɞɨɱɧɵɣ ɭɡɟɥ
ɦɟɬɪɨɩɨɥɢɬɟɧɚ, ɛɨɥɶɲɨɣ ɤɨɧɰɟɪɬɧɵɣ ɡɚɥ,
ɫɬɨɹɧɤɢ ɚɜɬɨɦɚɲɢɧ, ɦɚɝɚɡɢɧɵ, ɜɵɫɬɚɜɨɱɧɵɟ,
ɨɮɢɫɧɵɟ ɢ ɞɪɭɝɢɟ ɩɨɦɟɳɟɧɢɹ. ɐɟɧɬɪɚɥɶɧɨɟ
ɹɞɪɨ ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɨ ɜ ɜɢɞɟ 8-ɷɬɚɠɧɨɝɨ
ɡɞɚɧɢɹ, ɲɟɫɬɶ ɷɬɚɠɟɣ ɤɨɬɨɪɨɝɨ ɹɜɥɹɸɬɫɹ
ɩɨɞɡɟɦɧɵɦɢ (ɪɢɫ. 61).

13. ɐȿɇɌɊȺɅɖɇɈȿ əȾɊɈ
ɆɆȾɐ “ɆɈɋɄȼȺ-ɋɂɌɂ”.
ɐɟɧɬɪɚɥɶɧɨɟ ɹɞɪɨ - ɩɟɪɜɚɹ ɢ ɫɚɦɚɹ ɡɧɚɱɢɬɟɥɶɧɚɹ ɱɚɫɬɶ ɆɆȾɐ “Ɇɨɫɤɜɚ-ɋɢɬɢ”
(ɂɥɶɢɱɟɜ ɢ ɞɪ., 2001). ɇɚ ɬɨɬ ɩɟɪɢɨɞ ɷɬɨ ɛɵɥ
ɫɚɦɵɣ ɛɨɥɶɲɨɣ ɩɨ ɩɥɨɳɚɞɢ ɢ ɨɛɴɟɦɭ ɜɵɧɢ-

Ɋɢɫɭɧɨɤ 61. ɉɨɩɟɪɟɱɧɵɣ ɪɚɡɪɟɡ ɐɟɧɬɪɚɥɶɧɨɝɨ ɹɞɪɚ

ɬɟɥɶɫɬɜɚ ɜ Ɇɨɫɤɜɟ.
Ʉɨɬɥɨɜɚɧ ɫɨɨɪɭɠɟɧɢɹ ɪɚɫɩɨɥɨɠɟɧ ɧɚ
ɭɞɚɥɟɧɢɢ ɜɫɟɝɨ 150-200ɦ ɨɬ ɪ. Ɇɨɫɤɜɵ. ɉɪɢ
ɪɚɡɪɚɛɨɬɤɟ ɤɨɬɥɨɜɚɧɚ ɧɟɨɛɯɨɞɢɦɨ ɛɵɥɨ
ɩɟɪɟɫɟɱɶ ɬɪɢ ɜɨɞɨɧɨɫɧɵɯ ɝɨɪɢɡɨɧɬɚ: ɬɟɯɧɨɝɟɧɧɨ-ɚɥɥɸɜɢɚɥɶɧɵɣ, ɫɥɨɠɟɧɧɵɣ ɧɚɫɵɩɧɵɦɢ ɝɪɭɧɬɚɦɢ, ɩɟɫɤɚɦɢ ɢ ɫɭɝɥɢɧɤɚɦɢ, ɩɟɪɯɭɪɨɜɫɤɢɣ, ɩɪɢɭɪɨɱɟɧɧɵɣ ɤ ɪɚɡɪɭɲɟɧɧɵɦ
ɢɡɜɟɫɬɧɹɤɚɦ, ɢ ɪɚɬɦɢɪɨɜɫɤɢɣ, ɫɨɫɬɨɹɳɢɣ ɢɡ
ɩɪɨɱɧɵɯ ɢɡɜɟɫɬɧɹɤɨɜ. ȼɫɟ ɬɪɢ ɭɤɚɡɚɧɧɵɯ
ɝɨɪɢɡɨɧɬɚ ɨɬɥɢɱɚɸɬɫɹ ɜɵɫɨɤɨɣ ɜɨɞɨɩɪɨɧɢɰɚɟɦɨɫɬɶɸ, ɢɯ ɤɨɷɮɮɢɰɢɟɧɬɵ ɮɢɥɶɬɪɚɰɢɢ
ɫɨɫɬɚɜɥɹɸɬ ɨɬ 7 ɞɨ 73 ɦ/ɫɭɬ. ȼɟɪɯɧɢɟ ɞɜɚ
ɝɨɪɢɡɨɧɬɚ ɢɦɟɸɬ ɝɢɞɪɚɜɥɢɱɟɫɤɭɸ ɫɜɹɡɶ ɢ
ɨɛɪɚɡɭɸɬ ɟɞɢɧɵɣ ɛɟɡɧɚɩɨɪɧɵɣ ɤɨɦɩɥɟɤɫ.
Ɋɚɬɦɢɪɨɜɫɤɢɣ ɝɨɪɢɡɨɧɬ ɢɦɟɟɬ ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɢɣ ɧɚɩɨɪ 6-10ɦ.
ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɩɪɨɟɤɬɧɨɝɨ ɪɟɲɟɧɢɹ ɩɨ
ɡɚɳɢɬɟ ɤɨɬɥɨɜɚɧɚ ɨɬ ɩɨɞɡɟɦɧɵɯ ɜɨɞ ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ ɞɜɚ ɜɚɪɢɚɧɬɚ: ɨɬɤɪɵɬɵɣ
ɜɨɞɨɨɬɥɢɜ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦ ɩɪɢɬɨɤɨɦ ɛɨɥɟɟ
11 ɬɵɫ.ɦ3/ɫɭɬ. ɢ ɡɚɦɤɧɭɬɚɹ ɩɨ ɤɨɧɬɭɪɭ ɫɨ-

ȼ ɩɪɟɞɟɥɚɯ ɧɢɠɧɟɣ ɱɚɫɬɢ ɰɟɧɬɪɚɥɶɧɨɝɨ
ɹɞɪɚ ɪɚɫɩɨɥɨɠɟɧɵ ɞɜɭɯɴɹɪɭɫɧɵɟ ɫɬɚɧɰɢɢ
ɥɢɧɢɣ ɦɟɬɪɨɩɨɥɢɬɟɧɚ, ɚ ɬɚɤɠɟ ɫɬɚɧɰɢɹ
ɦɢɧɢ-ɦɟɬɪɨ ɜ ɨɞɧɨɦ ɭɪɨɜɧɟ.
ɐɟɧɬɪɚɥɶɧɨɟ ɹɞɪɨ ɫɨɟɞɢɧɹɟɬɫɹ ɩɪɨɯɨɞɚɦɢ ɫɨ ɜɫɟɦɢ ɨɤɪɭɠɚɸɳɢɦɢ ɜɵɫɨɬɧɵɦɢ
ɡɞɚɧɢɹɦɢ.
ɋɨɨɪɭɠɟɧɢɟ ɩɨɞɨɛɧɨɝɨ ɬɢɩɚ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɤɪɭɩɧɟɣɲɢɯ ɜ ɦɢɪɟ. Ɋɚɛɨɬɵ ɩɨ
ɝɟɨɬɟɯɧɢɱɟɫɤɨɦɭ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɢ ɫɬɪɨɢɬɟɥɶɫɬɜɭ ɜɵɩɨɥɧɹɸɬɫɹ ɪɨɫɫɢɣɫɤɢɦɢ ɮɢɪɦɚɦɢ ɢ ɨɪɝɚɧɢɡɚɰɢɹɦɢ ɫ ɩɪɢɜɥɟɱɟɧɢɟɦ ɡɚɪɭɛɟɠɧɵɯ ɤɨɦɩɚɧɢɣ.
Ƚɥɚɜɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɆɆȾɐ “Ɇɨɫɤɜɚɋɢɬɢ” ɹɜɥɹɟɬɫɹ ɛɟɫɩɪɟɰɟɞɟɧɬɧɨɟ ɞɥɹ Ɇɨɫɤɜɵ ɜɦɟɲɚɬɟɥɶɫɬɜɨ ɜ ɭɫɥɨɜɢɹ ɫɭɳɟɫɬɜɭɸɳɟɣ
ɝɟɨɥɨɝɢɱɟɫɤɨɣ ɫɪɟɞɵ, ɫɜɹɡɚɧɧɨɟ ɫ ɷɤɫɤɚɜɚɰɢɟɣ ɨɝɪɨɦɧɵɯ ɦɚɫɫ ɝɪɭɧɬɚ ɧɚ ɡɧɚɱɢɬɟɥɶɧɨɣ
ɬɟɪɪɢɬɨɪɢɢ ɢ ɩɨɫɥɟɞɭɸɳɟɣ ɩɟɪɟɞɚɱɟɣ ɧɚ
ɨɫɧɨɜɚɧɢɟ ɧɚɝɪɭɡɨɤ ɨɬ ɩɪɨɟɤɬɢɪɭɟɦɵɯ
ɜɵɫɨɬɧɵɯ ɡɞɚɧɢɣ, ɜɟɥɢɱɢɧɵ ɤɨɬɨɪɵɯ ɜɵɯɨɞɹɬ ɡɚ ɩɪɟɞɟɥɵ ɧɚɤɨɩɥɟɧɧɨɝɨ ɨɩɵɬɚ ɫɬɪɨɢ-
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ɜɟɪɲɟɧɧɚɹ ɩɪɨɬɢɜɨɮɢɥɶɬɪɚɰɢɨɧɧɚɹ ɡɚɜɟɫɚ,
ɡɚɝɥɭɛɥɹɟɦɚɹ ɜ ȼɨɫɤɪɟɫɟɧɫɤɢɟ ɝɥɢɧɵ. ȼ
ɪɟɡɭɥɶɬɚɬɟ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ
ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɇɂɂɈɋɉ ɨɬɞɚɥ ɩɪɟɞɩɨɱɬɟɧɢɟ ɡɚɜɟɫɟ, ɤɨɬɨɪɚɹ ɞɨɥɠɧɚ ɛɵɥɚ
ɨɝɪɚɞɢɬɶ ɧɟ ɬɨɥɶɤɨ ɤɨɬɥɨɜɚɧ ɐɟɧɬɪɚɥɶɧɨɝɨ
ɹɞɪɚ, ɧɨ ɢ ɫɨɫɟɞɧɢɟ, ɩɨɞɥɟɠɚɳɢɟ ɛɭɞɭɳɟɣ
ɡɚɫɬɪɨɣɤɟ ɭɱɚɫɬɤɢ ɫ ɸɠɧɨɣ ɫɬɨɪɨɧɵ ɫɨɨɪɭɠɟɧɢɹ. ɋɬɟɧɚ ɭɫɬɪɨɟɧɚ ɢɡ ɛɭɪɨɧɚɛɢɜɧɵɯ
ɫɜɚɣ ɢ ɦɟɬɨɞɨɦ “ɫɬɟɧɚ ɜ ɝɪɭɧɬɟ” ɬɨɥɳɢɧɨɣ
0,9ɦ ɢ ɝɥɭɛɢɧɨɣ 20-25ɦ. Ɉɛɳɚɹ ɞɥɢɧɚ ɉɎɁ
ɫɨɫɬɚɜɢɥɚ 1761,7ɦ. Ɉɛɴɟɦ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ
ɝɪɭɧɬɚ ɜ ɤɨɬɥɨɜɚɧɟ ɫɨɫɬɚɜɢɥ ɫɜɵɲɟ 1ɦɥɧ. ɦ3
(ɪɢɫ. 62).

ɜ ɥɢɤɜɢɞɚɰɢɢ ɡɨɧ ɩɨɜɵɲɟɧɧɵɯ ɜɨɞɨɩɨɝɥɨɳɟɧɢɣ ɡɚ ɫɱɟɬ ɡɚɩɨɥɧɟɧɢɹ ɰɟɦɟɧɬɧɨɛɟɧɬɨɧɢɬɨɜɵɦ ɪɚɫɬɜɨɪɨɦ ɩɭɫɬɨɬ ɢ ɨɬɤɪɵɬɵɯ
ɬɪɟɳɢɧ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ
“cɬɟɧɵ ɜ ɝɪɭɧɬɟ” ɧɚ ɜɪɟɦɹ ɩɪɨɯɨɞɤɢ;
ɜ ɜɵɪɚɜɧɢɜɚɧɢɢ ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢɡɜɟɫɬɧɹɤɨɜ ɩɨ ɩɥɨɳɚɞɢ ɢ
ɝɥɭɛɢɧɟ, ɩɨɜɵɲɟɧɢɢ ɢɯ ɦɨɧɨɥɢɬɧɨɫɬɢ.
Ɍɚɦɩɨɧɚɠ ɢɡɜɟɫɬɧɹɤɨɜ ɩɪɨɢɡɜɨɞɢɥɫɹ
ɞɜɭɦɹ ɪɹɞɚɦɢ ɫɤɜɚɠɢɧ ɜ ɲɚɯɦɚɬɧɨɦ ɩɨɪɹɞɤɟ
ɫ ɲɚɝɨɦ ɫɤɜɚɠɢɧ ɜ ɪɹɞɭ 6ɦ ɢ ɦɟɠɞɭ ɪɹɞɚɦɢ
3ɦ. ɋɤɜɚɠɢɧɵ ɜ ɪɹɞɭ ɨɛɪɚɛɚɬɵɜɚɥɢɫɶ ɜ ɞɜɟ
ɨɱɟɪɟɞɢ.
ɋɬɟɧɚ ɜɵɩɨɥɧɟɧɚ ɢɡ ɦɨɧɨɥɢɬɧɨɝɨ ɛɟɬɨɧɚ
ɤɥɚɫɫɚ ɩɨ ɩɪɨɱɧɨɫɬɢ ȼ3Ɉ, ɫ ɦɚɪɤɨɣ ɩɨ
ɜɨɞɨɧɟɩɪɨɧɢɰɚɟɦɨɫɬɢ ɧɟ ɦɟɧɟɟ W12, ɫ
ɩɪɢɦɟɧɟɧɢɟɦ ɦɨɞɢɮɢɤɚɬɨɪɚ ɆȻ-01 ɧɚ
ɨɫɧɨɜɟ ɦɢɤɪɨɤɪɟɦɧɟɡɟɦɚ.
Ⱥɪɦɢɪɨɜɚɧɢɟ «ɫɬɟɧɵ ɜ ɝɪɭɧɬɟ» ɜɵɩɨɥɧɟɧɨ ɠɟɫɬɤɢɦɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɦɢ ɤɚɪɤɚɫɚɦɢ
ɢɡ ɭɝɨɥɤɨɜ 100x100ɯ10ɦɦ ɢ ɚɪɦɚɬɭɪɵ ɞɢɚɦɟɬɪɨɦ 36 Ⱥɒ.
ɍɱɚɫɬɤɢ ɈɉɎɋ, ɭɫɬɪɚɢɜɚɟɦɵɟ ɢɡ ɛɭɪɨɧɚɛɢɜɧɵɯ ɫɟɤɭɳɢɯɫɹ ɫɜɚɣ ɞɢɚɦɟɬɪɚɦɢ 830 ɢ
880ɦɦ, ɜɵɩɨɥɧɟɧɵ ɨɬɟɱɟɫɬɜɟɧɧɵɦɢ ɫɬɚɧɤɚɦɢ ɢ ɫɬɚɧɤɚɦɢ ɮɢɪɦ “Ȼɚɭɷɪ” ɢ “Ʉɚɫɚɝɪɚɧɞɟ”.
ɒɚɝ ɫɜɚɣ ɜ ɪɹɞɭ ɫɨɫɬɚɜɢɥ 0,6ɦ ɞɥɹ ɫɜɚɣ
ɞɢɚɦɟɬɪɨɦ 830ɦɦ ɢ 0,66ɦ - ɞɥɹ ɫɜɚɣ ɞɢɚɦɟɬɪɨɦ 880ɦɦ. Ⱥɪɦɢɪɨɜɚɧɢɟ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ
ɫɜɚɣ ɜɵɩɨɥɧɟɧɨ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɦɢ ɤɚɪɤɚɫɚɦɢ ɢɡ 12032 Ⱥɒ.
ȼ ɩɪɨɰɟɫɫɟ ɜɵɩɨɥɧɟɧɢɹ ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ
ɩɨ ɷɤɫɤɚɜɚɰɢɢ ɤɨɬɥɨɜɚɧɚ ɫɭɳɟɫɬɜɟɧɧɵɟ
ɢɡɦɟɧɟɧɢɹ
ɩɪɟɬɟɪɩɟɥɢ
ɚɪɯɢɬɟɤɬɭɪɧɨɩɥɚɧɢɪɨɜɨɱɧɵɟ ɪɟɲɟɧɢɹ ɧɢɠɧɢɯ ɩɨɞɡɟɦɧɵɯ
ɷɬɚɠɟɣ ɩɟɪɟɫɚɞɨɱɧɨɝɨ ɭɡɥɚ ɢ ɪɚɡɦɟɳɟɧɢɟ
ɤɨɥɥɟɤɬɨɪɚ ɢɧɠɟɧɟɪɧɵɯ ɤɨɦɦɭɧɢɤɚɰɢɣ. ɗɬɨ
ɩɪɢɜɟɥɨ ɤ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɦɚɤɫɢɦɚɥɶɧɨ
ɜɨɡɦɨɠɧɨɝɨ ɫɨɤɪɚɳɟɧɢɹ ɪɚɡɦɟɪɨɜ ɭɞɟɪɠɢɜɚɸɳɟɣ ɛɟɪɦɵ ɨɝɪɚɠɞɚɸɳɟɣ ɫɬɟɧɵ, ɤɚɤ ɫɨ
ɫɬɨɪɨɧɵ ɗɤɫɩɨɰɟɧɬɪɚ, ɬɚɤ ɢ ɫ ɫɟɜɟɪɧɨɣ
ɫɬɨɪɨɧɵ ɫɨɨɪɭɠɟɧɢɹ. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ
ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɝɪɚɠɞɚɸɳɟɣ ɫɬɟɧɵ ɜ ɭɫɥɨɜɢɹɯ ɧɨɜɵɯ ɩɥɚɧɢɪɨɜɨɱɧɵɯ ɪɟɲɟɧɢɣ ɫɥɟɞɨɜɚɥɨ ɩɪɟɞɭɫɦɨɬɪɟɬɶ ɪɹɞ ɡɚɳɢɬɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ. ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɡɚɳɢɬɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ ɚɧɚɥɢɡɢɪɨɜɚɥɚɫɶ ɫ ɩɨɦɨɳɶɸ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɆɄɗ.
ɇɚ ɨɫɧɨɜɟ ɜɚɪɢɚɧɬɧɨɝɨ ɚɧɚɥɢɡɚ ɛɵɥɨ
ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɨɛ ɭɫɬɪɨɣɫɬɜɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɤɪɟɩɥɟɧɢɹ ɜɨɫɬɨɱɧɨɣ ɫɬɟɧɵ ɞɜɭɦɹ
ɹɪɭɫɚɦɢ ɩɪɟɞɧɚɩɪɹɠɟɧɧɵɯ ɚɧɤɟɪɨɜ, ɚ ɬɚɤɠɟ
ɭɫɬɪɨɣɫɬɜɟ ɪɚɡɝɪɭɡɨɱɧɨɣ ɬɪɚɧɲɟɢ ɫ ɧɚɪɭɠɧɨɣ ɫɬɨɪɨɧɵ ɫɬɟɧɵ ɧɚ ɝɥɭɛɢɧɭ ɞɨ 4ɦ
(ɪɢɫ.63).

Ɋɢɫɭɧɨɤ 62. Ʉɨɬɥɨɜɚɧ ɐɟɧɬɪɚɥɶɧɨɝɨ ɹɞɪɚ

ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɩɨɞɡɟɦɧɭɸ ɱɚɫɬɶ ɐɟɧɬɪɚɥɶɧɨɝɨ ɹɞɪɚ ɛɵɥɨ ɪɟɲɟɧɨ ɫɨɨɪɭɠɚɬɶ ɜ
ɨɬɤɪɵɬɨɦ ɤɨɬɥɨɜɚɧɟ, ɩɪɨɬɢɜɨɮɢɥɶɬɪɚɰɢɨɧɧɚɹ ɡɚɜɟɫɚ ɞɨɥɠɧɚ ɛɵɥɚ ɜɨɫɩɪɢɧɹɬɶ ɞɚɜɥɟɧɢɟ
ɨɤɪɭɠɚɸɳɟɝɨ ɝɪɭɧɬɨɜɨɝɨ ɦɚɫɫɢɜɚ, ɬ.ɟ.
ɫɨɜɦɟɫɬɢɬɶ ɮɭɧɤɰɢɢ ɩɪɨɬɢɜɨɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɢ ɨɝɪɚɠɞɚɸɳɟɝɨ ɫɨɨɪɭɠɟɧɢɹ (ɈɉɎɋ).
ɉɨ ɩɟɪɜɨɧɚɱɚɥɶɧɨɦɭ ɩɪɨɟɤɬɭ ɜɞɨɥɶ ɜɫɟɝɨ
ɩɟɪɢɦɟɬɪɚ ɈɉɎɋ ɪɚɛɨɬɚɥɨ ɩɨ ɤɨɧɫɨɥɶɧɨɣ
ɫɯɟɦɟ. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɷɬɨɣ
“ɫɬɟɧɵ” ɤɨɬɥɨɜɚɧ ɛɵɥ ɬɟɪɪɚɫɢɪɨɜɚɧ ɢ ɩɨ
ɜɧɭɬɪɟɧɧɟɦɭ ɩɟɪɢɦɟɬɪɭ ɈɉɎɋ ɛɵɥɢ ɨɫɬɚɜɥɟɧɵ ɰɟɥɢɤɢ (ɛɟɪɦɵ) ɧɟɪɚɡɪɚɛɨɬɚɧɧɨɝɨ
ɝɪɭɧɬɚ ɲɢɪɢɧɨɣ ɩɨ ɧɢɡɭ 18-24 ɦ.
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɫɱɟɬɚɦɢ, ɫɜɨɛɨɞɧɚɹ
ɤɨɧɫɨɥɶ ɈɉɎɋ ɩɪɢɧɹɬɚ ɪɚɜɧɨɣ 8ɦ.
ɍɱɚɫɬɨɤ ɈɉɎɋ, ɭɫɬɪɚɢɜɚɟɦɵɣ ɦɟɬɨɞɨɦ
“ɫɬɟɧɚ ɜ ɝɪɭɧɬɟ”, ɜɵɩɨɥɧɹɥɫɹ ɫɬɚɧɤɚɦɢ
ɮɢɪɦɵ “Ȼɚɭɷɪ”, ɨɫɧɚɳɟɧɧɵɦɢ ɝɢɞɪɨɮɪɟɡɚɦɢ. Ɋɚɡɦɟɪɵ ɡɚɯɜɚɬɨɤ ɫɨɫɬɚɜɥɹɥɢ 0,9x2,2ɦ ɢ
0,9ɯ2,6ɦ.
ɉɟɪɟɞ ɭɫɬɪɨɣɫɬɜɨɦ “ɫɬɟɧɵ ɜ ɝɪɭɧɬɟ” ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ ɪɚɛɨɬɵ ɩɨ ɨɩɟɪɟɠɚɸɳɟɦɭ
ɬɚɦɩɨɧɚɠɭ ɢɡɜɟɫɬɧɹɤɨɜ.
ɇɚɡɧɚɱɟɧɢɟ ɪɚɛɨɬ ɩɨ ɬɚɦɩɨɧɚɠɭ ɫɨɫɬɨɹɥɨ:
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ɍɫɬɨɣɱɢɜɨɫɬɶ ɫɟɜɟɪɧɨɣ ɫɬɟɧɵ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɤɨɥɥɟɤɬɨɪɚ ɨɛɟɫɩɟɱɢɜɚɥɚɫɶ ɭɫɬɪɨɣɫɬɜɨɦ ɫɢɫɬɟɦɵ ɪɚɫɩɨɪɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ.
ȼ ɤɚɱɟɫɬɜɟ ɪɚɫɩɨɪɨɤ ɩɪɢɧɹɬɵ ɦɟɬɚɥɥɢɱɟɫɤɢɟ
ɬɪɭɛɵ ɫɟɱɟɧɢɟɦ 426x8ɦɦ ɫ ɨɩɢɪɚɧɢɟɦ ɢɯ
ɱɟɪɟɡ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ ɛɚɥɤɢ ɜ ɫɬɟɧɭ, ɚ ɫ
ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ - ɜ ɤɨɧɫɬɪɭɤɰɢɸ ɤɨɥɥɟɤɬɨɪɚ.
ɉɪɨɝɧɨɡ
ɢɡɦɟɧɟɧɢɣ
ɧɚɩɪɹɠɟɧɧɨɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɝɪɭɧɬɨɜɨɝɨ
ɦɚɫɫɢɜɚ ɜɫɥɟɞɫɬɜɢɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɟɪɟɫɚɞɨɱɧɨɝɨ ɭɡɥɚ ɆɆȾɐ ɢ ɜɥɢɹɧɢɹ
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɐɟɧɬɪɚɥɶɧɨɝɨ ɹɞɪɚ ɧɚ ɞɟɮɨɪɦɚɰɢɢ ɫɭɳɟɫɬɜɭɸɳɢɯ ɡɞɚɧɢɣ ɜɵɩɨɥɧɹɥɫɹ ɫ
ɩɨɦɨɳɶɸ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ
ɦɟɬɨɞɨɦ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ.

5ɦɦ.
ɉɪɨɝɧɨɡɢɪɭɟɦɵɟ ɪɚɫɱɟɬɨɦ ɜɟɥɢɱɢɧɵ ɩɟɪɟɦɟɳɟɧɢɹ ɜɟɪɯɚ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ
ɫɨɫɬɚɜɢɥɢ 139 ɦɦ, ɱɬɨ ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ
ɪɟɡɭɥɶɬɚɬɚɦɢ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɯ ɧɚɛɥɸɞɟɧɢɣ ɡɚ ɩɟɪɟɦɟɳɟɧɢɹɦɢ ɧɚɫɬɟɧɧɵɯ ɝɟɨɞɟɡɢɱɟɫɤɢɯ ɦɚɪɨɤ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɩɨ ɩɟɪɢɦɟɬɪɭ
ɤɨɬɥɨɜɚɧɚ.
14. ȼɕɋɈɌɇɕȿ ɁȾȺɇɂə ɆɆȾɐ
“ɆɈɋɄȼȺ-ɋɂɌɂ”
ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɜɵɫɨɬɧɵɟ ɡɞɚɧɢɹ
ɢɦɟɸɬ ɤɚɪɤɚɫɧɨ-ɫɬɜɨɥɨɜɭɸ ɤɨɧɫɬɪɭɤɬɢɜɧɭɸ
ɫɯɟɦɭ, ɬ.ɟ. ɢɦɟɟɬɫɹ ɹɞɪɨ ɠɟɫɬɤɨɫɬɢ, ɨɛɪɚɥɟɫɬɧɢɱɧɨɡɭɸɳɟɟɫɹ,
ɤɚɤ
ɩɪɚɜɢɥɨ,
ɥɢɮɬɨɜɵɦɢ ɭɡɥɚɦɢ, ɜɟɧɬɲɚɯɬɚɦɢ ɢ ɞɪɭɝɢɦɢ
ɩɨɞɫɨɛɧɵɦɢ ɩɨɦɟɳɟɧɢɹɦɢ, ɤ ɤɨɬɨɪɨɦɭ
ɤɪɟɩɹɬɫɹ ɫ ɩɨɦɨɳɶ ɞɢɫɤɨɜ ɩɟɪɟɤɪɵɬɢɣ
ɤɨɥɨɧɧɵ ɤɚɪɤɚɫɚ ɡɞɚɧɢɹ.
ɂɫɤɥɸɱɟɧɢɟ ɫɨɫɬɚɜɥɹɟɬ ɛɚɲɧɹ ɧɚ ɭɱɚɫɬɤɟ
12, ɝɞɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɟɬɚɥɥɢɱɟɫɤɢɣ ɤɚɪɤɚɫ.
ɀɟɥɟɡɨɛɟɬɨɧɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɜɵɩɨɥɧɹɸɬɫɹ,
ɤɚɤ ɩɪɚɜɢɥɨ, ɢɡ ɜɵɫɨɤɨɩɪɨɱɧɨɝɨ ɛɟɬɨɧɚ
ɤɥɚɫɫɚ ȼ60 ɢ ɜɵɲɟ.
ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɧɚ ɛɨɥɶɲɢɧɫɬɜɟ ɭɱɚɫɬɤɨɜ
ɜɟɞɟɬɫɹ ɢɡ ɤɨɬɥɨɜɚɧɨɜ ɝɥɭɛɢɧɨɣ 20-25 ɦ
(ɉɟɬɪɭɯɢɧ ɢ ɒɭɥɹɬɶɟɜ, 2008). ȼ ɤɚɱɟɫɬɜɟ
ɨɝɪɚɠɞɚɸɳɟɣ
ɤɨɧɫɬɪɭɤɰɢɢ
ɤɨɬɥɨɜɚɧɨɜ
ɩɪɢɧɹɬɚ «ɫɬɟɧɚ ɜ ɝɪɭɧɬɟ» ɬɨɥɳɢɧɨɣ 0,6-0,8ɦ
ɢɥɢ ɛɭɪɨɫɟɤɭɳɢɟɫɹ ɫɜɚɢ ɞɢɚɦɟɬɪɨɦ 1000 ɦɦ.
Ɉɝɪɚɠɞɚɸɳɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɤɨɬɥɨɜɚɧɨɜ
ɹɜɥɹɸɬɫɹ ɫɚɦɨɧɟɫɭɳɢɦɢ, ɩɪɨɬɢɜɨɮɢɥɶɬɪɚɰɢɨɧɧɵɦɢ.

Ɋɢɫɭɧɨɤ 63. Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɤɪɟɩɥɟɧɢɸ
ɜɨɫɬɨɱɧɨɣ ɫɬɟɧɵ ɤɨɬɥɨɜɚɧɚ

Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɜ ɩɥɨɫɤɨɣ ɩɨɫɬɚɧɨɜɤɟ ɞɥɹ ɬɪɟɯ
ɯɚɪɚɤɬɟɪɧɵɯ ɫɟɱɟɧɢɣ, ɜɵɛɪɚɧɧɵɯ ɢɡ ɭɫɥɨɜɢɣ
ɚɧɚɥɢɡɚ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɜɥɢɹɧɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɐɟɧɬɪɚɥɶɧɨɝɨ ɹɞɪɚ ɧɚ ɫɭɳɟɫɬɜɭɸɳɢɟ
ɡɞɚɧɢɹ ɢ ɫɨɨɪɭɠɟɧɢɹ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɪɚɫɱɟɬɵ
ɜɵɩɨɥɧɹɥɢ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɩɨɫɬɚɧɨɜɤɟ
ɞɥɹ ɧɚɢɛɨɥɟɟ ɯɚɪɚɤɬɟɪɧɵɯ ɢ ɨɬɜɟɬɫɬɜɟɧɧɵɯ
ɭɱɚɫɬɤɨɜ
ɪɚɫɩɨɥɨɠɟɧɢɹ
ɨɝɪɚɠɞɚɸɳɢɯ
ɤɨɧɫɬɪɭɤɰɢɣ.
Ɋɚɫɱɟɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɦɚɤɫɢɦɚɥɶɧɵɟ ɩɟɪɟɦɟɳɟɧɢɹ ɮɭɧɞɚɦɟɧɬɨɜ ɡɞɚɧɢɣ ɗɤɫɩɨɰɟɧɬɪɚ , ɜɵɡɜɚɧɧɵɟ ɫɬɪɨɢɬɟɥɶɧɵɦɢ ɪɚɛɨɬɚɦɢ, ɧɟ
ɩɪɟɜɵɲɚɸɬ 1.7ɦɦ. ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɐɟɧɬɪɚɥɶɧɨɝɨ ɹɞɪɚ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɨɤɚɡɵɜɚɟɬ
ɜɥɢɹɧɢɹ ɧɚ ɠɢɥɵɟ ɞɨɦɚ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɤ
ɫɟɜɟɪɭ ɨɬ ɩɥɨɳɚɞɤɢ. Ⱦɨɩɨɥɧɢɬɟɥɶɧɚɹ ɨɫɚɞɤɚ
ɮɭɧɞɚɦɟɧɬɧɨɣ ɩɥɢɬɵ ɨɩɨɪɵ ɩɟɲɟɯɨɞɧɨɝɨ
ɦɨɫɬɚ, ɜɫɥɟɞɫɬɜɢɟ ɜɵɟɦɤɢ ɝɪɭɧɬɚ ɢɡ ɤɨɬɥɨɜɚɧɚ ɐɟɧɬɪɚɥɶɧɨɝɨ ɹɞɪɚ ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɡɞɚɧɢɹ, ɫɨɫɬɚɜɥɹɟɬ ɧɟ ɛɨɥɟɟ

Ɋɢɫɭɧɨɤ 64. Ʉɨɬɥɨɜɚɧ ɭɱɚɫɬɤɨɜ 14-15

Ɉɝɪɚɠɞɚɸɳɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɭɞɟɪɠɢɜɚɸɬɫɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɚɧɤɟɪɚɦɢ. ɂɫɤɥɸɱɟɧɢɟ
ɫɨɫɬɚɜɥɹɸɬ ɨɬɞɟɥɶɧɵɟ ɮɪɚɝɦɟɧɬɵ “ɫɬɟɧɵ ɜ
ɝɪɭɧɬɟ”, ɝɞɟ ɩɪɢɦɟɧɹɸɬɫɹ ɩɨɞɤɨɫɵ ɢ ɪɚɫɩɨɪɤɢ. ɇɚ ɪɢɫ. 64 ɩɪɟɞɫɬɚɜɥɟɧ ɤɨɬɥɨɜɚɧ

302

ɭɱɚɫɬɤɨɜ 14-15 ɫ ɝɥɭɛɢɧɨɣ 25ɦ. Ɉɝɪɚɠɞɟɧɢɟ
ɤɨɬɥɨɜɚɧɚ ɜɵɩɨɥɧɟɧɨ ɢɡ “ɫɬɟɧɵ ɜ ɝɪɭɧɬɟ”
ɬɨɥɳɢɧɨɣ 800ɦɦ, ɞɥɹ ɭɞɟɪɠɚɧɢɹ ɤɨɬɨɪɨɣ
ɢɫɩɨɥɶɡɨɜɚɧɨ 5 ɪɹɞɨɜ ɚɧɤɟɪɨɜ ɧɟɫɭɳɟɣ
ɫɩɨɫɨɛɧɨɫɬɶɸ ɨɬ 60 ɞɨ 120 ɬɨɧɧ.
ɇɚɢɛɨɥɟɟ ɫɥɨɠɧɵɦɢ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬ ɹɜɥɹɥɢɫɶ ɭɱɚɫɬɤɢ ɭɫɬɪɨɣɫɬɜɚ
ɨɝɪɚɠɞɟɧɢɹ ɤɨɬɥɨɜɚɧɚ ɜ ɦɟɫɬɚɯ ɩɪɨɯɨɠɞɟɧɢɹ ɥɢɧɢɣ ɦɟɬɪɨ ɢ ɪɚɡɥɢɱɧɵɯ ɤɨɥɥɟɤɬɨɪɨɜ, ɚ
ɬɚɤɠɟ ɪɹɞɨɦ ɫ ɪɚɧɟɟ ɜɵɩɨɥɧɟɧɧɨɣ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɟɣ ɤɨɬɥɨɜɚɧɚ ɞɥɹ ɐɟɧɬɪɚɥɶɧɨɝɨ ɹɞɪɚ.
Ɉɫɨɛɟɧɧɨ ɦɧɨɝɨ ɫɥɨɠɧɨɫɬɟɣ ɜɨɡɧɢɤɥɨ
ɩɪɢ ɭɫɬɪɨɣɫɬɜɟ ɤɨɬɥɨɜɚɧɚ ɧɚ 11 ɭɱɚɫɬɤɟ
(ɪɢɫ. 65). Ʉ ɦɨɦɟɧɬɭ ɧɚɱɚɥɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ
ɭɱɚɫɬɤɚ 11 ɧɚ ɫɨɫɟɞɧɢɯ ɫ ɧɢɦ ɩɥɨɳɚɞɤɚɯ ɭɠɟ
ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ ɨɝɪɚɠɞɚɸɳɢɟ ɤɨɧɫɬɪɭɤɰɢɢ
ɐɟɧɬɪɚɥɶɧɨɝɨ ɹɞɪɚ ɢ ɭɱɚɫɬɤɨɜ 10 ɢ 12. ȼ
ɫɜɹɡɢ ɫ ɷɬɢɦ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɨɝɪɚɠɞɟɧɢɹ ɤɨɬɥɨɜɚɧɚ ɭɱɚɫɬɤɚ 11 ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɢɦɟɸɳɢɟɫɹ ɤɨɧɫɬɪɭɤɰɢɢ ɫɨɫɟɞɧɢɯ
ɭɱɚɫɬɤɨɜ, ɱɬɨ ɭɫɥɨɠɧɢɥɨ ɡɚɞɚɱɭ ɩɪɨɟɤɬɢɪɨɜɳɢɤɨɜ ɢ ɫɬɪɨɢɬɟɥɟɣ.
Ɉɝɪɚɠɞɚɸɳɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɭɱɚɫɬɤɚ 11
ɜɵɩɨɥɧɹɥɚɫɶ ɢɡ ɛɭɪɨɫɟɤɭɳɢɯɫɹ ɫɜɚɣ ɞɢɚɦɟɬɪɨɦ 1000ɦɦ ɫ ɲɚɝɨɦ 0,9ɦ ɜ ɢɡɜɥɟɤɚɟɦɵɯ
ɨɛɫɚɞɧɵɯ ɬɪɭɛɚɯ. Ⱦɥɢɧɵ ɫɜɚɣ ɩɪɢɧɢɦɚɥɢɫɶ
ɩɨ ɪɚɫɱɟɬɭ ɢ ɫɨɫɬɚɜɥɹɥɢ ɨɬ 13,0 ɞɨ 32,0ɦ.
Ȼɭɪɨɫɟɤɭɳɢɟɫɹ ɫɜɚɢ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ ɜɵɩɨɥɧɹɥɢɫɶ ɜ ɢɧɜɟɧɬɚɪɧɵɯ

ɨɛɫɚɞɧɵɯ ɬɪɭɛɚɯ ɢɡ ɦɨɧɨɥɢɬɧɨɝɨ ɛɟɬɨɧɚ
ɤɥɚɫɫɚ ȼ25, W8, ɚɪɦɢɪɨɜɚɧɢɟ ɫɜɚɣ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɦɢ ɤɚɪɤɚɫɚɦɢ ɢɡ
ɚɪɦɚɬɭɪɵ ɤɥɚɫɫɚ Ⱥ500ɋ ɧɚ ɩɨɥɧɭɸ ɝɥɭɛɢɧɭ.

Ɋɢɫɭɧɨɤ 65. Ʉɨɬɥɨɜɚɧ ɧɚ ɭɱɚɫɬɤɟ 11

ɍɫɬɨɣɱɢɜɨɫɬɶ ɨɝɪɚɠɞɟɧɢɹ ɩɪɢ ɨɬɤɨɩɤɟ
ɤɨɬɥɨɜɚɧɚ ɞɨ ɩɪɨɟɤɬɧɵɯ ɨɬɦɟɬɨɤ ɨɛɟɫɩɟɱɢɜɚɥɚɫɶ ɭɫɬɚɧɨɜɤɨɣ 3-5 ɹɪɭɫɨɜ ɝɪɭɧɬɨɜɵɯ
ɚɧɤɟɪɨɜ ɫ ɪɚɫɱɟɬɧɵɦ ɭɫɢɥɢɟɦ 50-95ɬɫ.
ɏɚɪɚɤɬɟɪɧɵɟ ɪɚɡɪɟɡɵ ɩɨ ɨɝɪɚɠɞɚɸɳɟɣ
ɫɬɟɧɟ ɧɚ ɝɪɚɧɢɰɚɯ ɫ ɐɟɧɬɪɚɥɶɧɵɦ ɹɞɪɨɦ,
ɘɝɨ-Ɂɚɩɚɞɧɵɦ ɜɴɟɡɞɨɦ ɢ ɭɱɚɫɬɤɨɦ 12
ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 66-68.

Ɋɢɫɭɧɨɤ 66. Ɋɚɡɪɟɡ ɩɨ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ ɭɱɚɫɬɤɚ 11 ɫ ɭɱɚɫɬɤɨɦ 12
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ɇɚ ɪɢɫ. 66 ɩɪɟɞɫɬɚɜɥɟɧɨ ɬɟɯɧɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ ɭɫɬɪɨɣɫɬɜɚ ɨɝɪɚɠɞɟɧɢɹ ɤɨɬɥɨɜɚɧɚ ɜ
ɦɟɫɬɟ ɩɪɨɯɨɠɞɟɧɢɹ ɥɢɧɢɢ ɦɟɬɪɨɩɨɥɢɬɟɧɚ,
ɞɜɭɯ ɤɨɥɥɟɤɬɨɪɨɜ ɢ ɫɬɚɪɨɣ ɤɨɧɫɬɪɭɤɰɢɢ
«ɫɬɟɧɵ ɜ ɝɪɭɧɬɟ». ɇɚ ɪɢɫ. 67 ɢɡɨɛɪɚɠɟɧɚ
ɤɨɧɫɬɪɭɤɰɢɹ ɤɪɟɩɥɟɧɢɹ ɤɨɬɥɨɜɚɧɚ ɧɚ ɫɬɵɤɟ
ɫɨ «ɫɬɟɧɨɣ ɜ ɝɪɭɧɬɟ» ɨɝɪɚɠɞɟɧɢɹ ɤɨɬɥɨɜɚɧɚ
ɐɟɧɬɪɚɥɶɧɨɝɨ ɹɞɪɚ. Ⱦɥɹ ɷɬɨɝɨ ɪɹɞɨɦ ɫ
ɫɭɳɟɫɬɜɭɸɳɟɣ “ɫɬɟɧɨɣ ɜ ɝɪɭɧɬɟ” ɛɵɥɚ
ɜɵɩɨɥɧɟɧɚ ɞɭɛɥɢɪɭɸɳɚɹ “ɫɬɟɧɚ ɜ ɝɪɭɧɬɟ” ɫ
3-ɦɹ ɪɹɞɚɦɢ ɚɧɤɟɪɨɜ. Ⱥɧɤɟɪɚ “ɩɪɨɲɢɥɢ”
ɫɭɳɟɫɬɜɭɸɳɭɸ “ɫɬɟɧɭ ɜ ɝɪɭɧɬɟ” ɢ ɡɚɲɥɢ ɜ
ɭɞɟɪɠɢɜɚɸɳɭɸ ɛɟɪɦɭ ɤɨɬɥɨɜɚɧɚ ɐɟɧɬɪɚɥɶɧɨɝɨ ɹɞɪɚ. Ⱥɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɛɵɥɨ
ɜɵɩɨɥɧɟɧɨ ɨɝɪɚɠɞɟɧɢɟ ɤɨɬɥɨɜɚɧɚ ɧɚ ɝɪɚɧɢɰɟ
ɫ ɭɱɚɫɬɤɨɦ 12 (ɪɢɫ. 68).ȼ ɤɚɱɟɫɬɜɟ ɮɭɧɞɚɦɟɧɬɨɜ ɧɚ ɆɆȾɐ “Ɇɨɫɤɜɚ-ɋɢɬɢ” ɢɫɩɨɥɶɡɭɸɬɫɹ ɮɭɧɞɚɦɟɧɬɧɵɟ ɩɥɢɬɵ, ɫɜɚɣɧɵɟ
ɮɭɧɞɚɦɟɧɬɵ ɢ ɩɥɢɬɧɨ-ɫɜɚɣɧɵɟ ɮɭɧɞɚɦɟɧɬɵ.

Ɋɢɫɭɧɨɤ 68. Ɋɚɡɪɟɡ ɩɨ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ
ɭɱɚɫɬɤɚ 11 ɫ ɭɱɚɫɬɤɨɦ 12

Ⱦɥɹ ɭɞɚɥɟɧɢɹ ɲɥɚɦɚ ɩɨɫɥɟ ɨɤɨɧɱɚɧɢɹ
ɛɭɪɟɧɢɹ ɫɤɜɚɠɢɧɵ ɩɪɢɦɟɧɹɟɬɫɹ ɩɪɢɧɭɞɢɬɟɥɶɧɚɹ ɨɬɤɚɱɤɚ ɜɨɞɵ ɢɡ ɧɢɠɧɟɣ ɡɨɧɵ ɫɤɜɚɠɢɧɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɷɪɥɢɮɬɚ.
ȼ ɫɜɚɢ ɡɚɤɥɚɞɵɜɚɸɬɫɹ ɫɩɟɰɢɚɥɶɧɵɟ ɬɪɭɛɤɢ, ɱɟɪɟɡ ɤɨɬɨɪɵɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɤɨɧɬɪɨɥɶ
ɫɩɥɨɲɧɨɫɬɢ ɫɬɜɨɥɚ ɫɜɚɢ, ɚ ɬɚɤɠɟ ɰɟɦɟɧɬɚɰɢɹ
ɢɡɜɟɫɬɧɹɤɚ ɩɨɞ ɧɢɠɧɢɦ ɤɨɧɰɨɦ ɫɜɚɢ ɧɚ
ɝɥɭɛɢɧɭ ɞɨ 6 ɦ. ɐɟɦɟɧɬɚɰɢɹ ɩɪɨɜɨɞɢɬɫɹ ɫ
ɰɟɥɶɸ ɩɨɜɵɲɟɧɢɹ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ
ɫɜɚɢ ɩɨ ɧɢɠɧɟɦɭ ɤɨɧɰɭ, ɩɨɜɵɲɟɧɢɹ ɩɪɨɱɧɨɫɬɢ ɢ ɫɧɢɠɟɧɢɹ ɞɟɮɨɪɦɚɬɢɜɧɨɫɬɢ ɨɫɧɨɜɚɧɢɹ,
ɚ ɬɚɤɠɟ ɥɢɤɜɢɞɚɰɢɢ, ɜ ɫɥɭɱɚɟ ɢɯ ɧɚɥɢɱɢɹ,
ɤɚɪɫɬɨɜɵɯ ɩɪɨɹɜɥɟɧɢɣ ɜ ɧɢɠɟɡɚɥɟɝɚɸɳɟɦ
ɫɥɨɟ ɢɡɜɟɫɬɧɹɤɚ. Ʉɨɧɬɪɨɥɶ ɫɩɥɨɲɧɨɫɬɢ
ɫɬɜɨɥɚ ɛɭɪɨɧɚɛɢɜɧɨɣ ɫɜɚɢ ɨɫɭɳɟɫɬɜɥɹɥɫɹ
ɭɥɶɬɪɚɡɜɭɤɨɜɵɦ ɦɟɬɨɞɨɦ.
Ɋɚɫɱɺɬɧɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɬɚɤɢɟ ɫɜɚɢ ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ ɪɚɫɱɺɬɭ ɢ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɩɵɬɚɧɢɣ 1,5-3,5 ɬɵɫ. ɬɨɧɧ.
ɇɚ ɪɢɫ. 69 ɦɨɠɧɨ ɭɜɢɞɟɬɶ ɨɞɧɨɜɪɟɦɟɧɧɨɟ
ɜɵɩɨɥɧɟɧɢɟ ɪɚɛɨɬ ɧɚ ɭɱɚɫɬɤɟ 4 ɩɨ ɭɫɬɪɨɣɫɬɜɭ ɛɭɪɨɧɚɛɢɜɧɵɯ ɫɜɚɣ, ɛɭɪɟɧɢɸ ɫɤɜɚɠɢɧ ɢ
ɜɵɩɨɥɧɟɧɢɸ ɪɚɛɨɬ ɩɨ ɰɟɦɟɧɬɚɰɢɢ ɢɡɜɟɫɬɧɹɤɚ.
ɋɜɚɢ ɨɛɴɟɞɢɧɟɧɵ ɪɨɫɬɜɟɪɤɨɦ ɜɵɫɨɬɨɣ
3-5 ɦɟɬɪɨɜ. Ȼɟɬɨɧɢɪɨɜɚɧɢɟ ɜɵɩɨɥɧɹɟɬɫɹ ɩɨ
ɡɚɯɜɚɬɤɚɦ ɧɚ ɜɫɸ ɜɵɫɨɬɭ ɢɡ ɛɟɬɨɧɚ ɤɥɚɫɫɚ
ȼ40...ȼ60.

Ɋɢɫɭɧɨɤ 67. Ɋɚɡɪɟɡ ɩɨ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ
ɭɱɚɫɬɤɚ 11 ɧɚ ɝɪɚɧɢɰɟ ɫ ɐɟɧɬɪɚɥɶɧɵɦ ɹɞɪɨɦ

ɉɥɢɬɵ ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɵ, ɤɚɤ ɭɠɟ ɭɤɚɡɵɜɚɥɨɫɶ ɜɵɲɟ, ɩɨɞ ɐɟɧɬɪɚɥɶɧɨɟ ɹɞɪɨ, ɚ ɬɚɤɠɟ
ɩɨɞ ɫɥɚɛɨɧɚɝɪɭɠɟɧɧɵɦɢ ɱɚɫɬɹɦɢ ɮɭɧɞɚɦɟɧɬɨɜ.
ɋɜɚɣɧɵɟ ɮɭɧɞɚɦɟɧɬɵ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɨɞ
ɜɵɫɨɬɧɵɟ ɱɚɫɬɢ ɡɞɚɧɢɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɪɢ
ɧɚɝɪɭɡɤɟ ɛɨɥɶɲɟ 0,4 Ɇɉɚ. ɉɪɢɦɟɧɹɸɬɫɹ
ɛɭɪɨɧɚɛɢɜɧɵɟ ɫɜɚɢ ɞɢɚɦɟɬɪɨɦ 1,0-1,5ɦ. ɉɨ
ɞɥɢɧɟ ɫɜɚɢ ɜɵɩɨɥɧɹɸɬɫɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ,
ɱɬɨɛɵ ɨɧɢ ɩɪɨɪɟɡɚɥɢ ɛɨɥɟɟ ɫɠɢɦɚɟɦɵɟ ɢ
ɦɟɧɟɟ ɩɪɨɱɧɵɟ ɝɥɢɧɵ, ɦɟɪɝɟɥɢ ɢ ɬɪɟɳɢɧɨɜɚɬɵɟ ɢɡɜɟɫɬɧɹɤɢ ɢ ɡɚɝɥɭɛɥɹɥɢɫɶ ɜ ɬɨɥɳɭ
ɛɨɥɟɟ ɩɪɨɱɧɵɯ ɫɤɚɥɶɧɵɯ ɝɪɭɧɬɨɜ (ɫɭɜɨɪɨɜɫɤɨ-ɦɹɱɤɨɜɫɤɢɟ ɢɡɜɟɫɬɧɹɤɢ) ɧɟ ɦɟɧɟɟ ɱɟɦ ɧɚ
3,5 ɦ.
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Ɋɢɫɭɧɨɤ 69. Ɉɛɳɢɣ ɜɢɞ ɩɥɨɳɚɞɤɢ ɭɱɚɫɬɤɚ 4:
ɭɫɬɪɨɣɫɬɜɨ ɛɭɪɨɧɚɛɢɜɧɵɯ ɫɜɚɣ, ɛɭɪɟɧɢɟ ɫɤɜɚɠɢɧ
ɢ ɰɟɦɟɧɬɚɰɢɹ ɢɡɜɟɫɬɧɹɤɚ, ɩɨɞɝɨɬɨɜɤɚ ɤ ɚɪɦɢɪɨɜɚɧɢɢ ɪɨɫɬɜɟɪɤɚ ( ɞɟɤɚɛɪɶ, 2006 ɝ.)

Ɋɢɫɭɧɨɤ 71. Ʉɨɧɫɬɪɭɤɰɢɹ ɪɨɫɬɜɟɪɤɚ

Ɏɨɪɦɚ ɬɨɧɧɟɥɟɣ ɞɨɫɬɢɝɚɥɚɫɶ ɜɵɩɨɥɧɟɧɢɟɦ ɥɨɤɚɥɶɧɵɯ ɭɝɥɭɛɥɟɧɢɣ ɜ ɮɭɧɞɚɦɟɧɬɧɨɣ
ɩɥɢɬɟ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɛɵɥ ɩɪɢɧɹɬ ɩɥɢɬɧɨɫɜɚɣɧɵɣ ɮɭɧɞɚɦɟɧɬ. ɉɨɞ ɫɥɚɛɨ ɡɚɝɪɭɠɟɧɧɨɣ
ɱɚɫɬɶɸ ɨɫɧɨɜɚɧɢɹ ɡɞɚɧɢɹ ɩɪɟɞɭɫɦɨɬɪɟɧɨ
ɨɩɢɪɚɧɢɟ ɩɥɢɬɵ ɧɚ ɟɫɬɟɫɬɜɟɧɧɨɟ ɨɫɧɨɜɚɧɢɟ.
ɉɨɞ
ɛɨɥɟɟ
ɡɚɝɪɭɠɟɧɧɨɣ
(q > 0,4 Ɇɉɚ) ɱɚɫɬɶɸ ɨɫɧɨɜɚɧɢɹ ɡɞɚɧɢɹ
ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɵ
ɛɭɪɨɧɚɛɢɜɧɵɟ
ɫɜɚɢ
∅ 1,2 ɦ, ɞɥɢɧɨɣ 20 ɦ, ɪɚɫɩɨɥɚɝɚɟɦɵɟ ɫ
ɲɚɝɨɦ 3,5x3,5 ɦ ɢ ɡɚɝɥɭɛɥɹɟɦɵɟ ɜ ɬɨɥɳɭ
ɩɪɨɱɧɵɯ ɫɤɚɥɶɧɵɯ ɝɪɭɧɬɨɜ (ɫɭɜɨɪɨɜɫɤɨɦɹɱɤɨɜɫɤɢɟ ɢɡɜɟɫɬɧɹɤɢ) ɧɟ ɦɟɧɟɟ ɱɟɦ ɧɚ 3,5
ɦ. ɋɜɚɢ ɩɪɨɪɟɡɚɸɬ ɛɨɥɟɟ ɫɠɢɦɚɟɦɵɟ ɢ ɦɟɧɟɟ
ɩɪɨɱɧɵɟ ɝɥɢɧɵ, ɦɟɪɝɟɥɢ ɢ ɬɪɟɳɢɧɨɜɚɬɵɟ
ɢɡɜɟɫɬɧɹɤɢ.
Ⱦɟɣɫɬɜɭɸɳɟɣ ɜ Ɋɨɫɫɢɢ ɫɢɫɬɟɦɨɣ ɧɨɪɦɚɬɢɜɧɵɯ ɞɨɤɭɦɟɧɬɨɜ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɩɪɟɞɭɫɦɨɬɪɟɧ ɢɧɞɢɜɢɞɭɚɥɶɧɵɣ ɩɨɞɯɨɞ ɤ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɜɵɫɨɬɧɵɯ ɡɞɚɧɢɣ, ɫ ɪɚɡɪɚɛɨɬɤɨɣ
ɫɩɟɰɢɚɥɶɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ (ɋɌɍ) ɧɚ
ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɤɚɠɞɨɝɨ ɬɚɤɨɝɨ ɡɞɚɧɢɹ.
Ɂɚɥɨɠɟɧɧɵɟ ɜ ɧɨɪɦɚɬɢɜɧɵɯ ɞɨɤɭɦɟɧɬɚɯ
ɦɟɬɨɞɵ ɢɡɵɫɤɚɧɢɣ ɢ ɪɚɫɱɟɬɨɜ ɨɫɧɨɜɚɧɢɣ ɢ
ɮɭɧɞɚɦɟɧɬɨɜ (ɈɎ) ɛɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ ɢ
ɚɩɪɨɛɢɪɨɜɚɧɵ ɫɬɪɨɢɬɟɥɶɧɨɣ ɩɪɚɤɬɢɤɨɣ
ɋɋɋɊ ɢ ɊɎ ɞɥɹ ɨɛɵɱɧɵɯ ɡɞɚɧɢɣ ɷɬɚɠɧɨɫɬɶɸ
ɞɨ 25 ɷɬɚɠɟɣ. ɉɪɢ ɷɬɨɦ ɭɤɚɡɚɧɧɵɟ ɦɟɬɨɞɵ
ɜɨɛɪɚɥɢ ɜ ɫɟɛɹ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɷɦɩɢɪɢɱɟɫɤɢɟ ɩɪɚɜɢɥɚ ɢ ɡɚɜɢɫɢɦɨɫɬɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɚɪɚɦɟɬɪɚɦ ɨɛɵɱɧɵɯ ɡɞɚɧɢɣ. ȼ ɷɬɢɯ
ɭɫɥɨɜɢɹɯ ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ
ɈɎ ɜɵɫɨɬɧɵɯ ɡɞɚɧɢɣ ɞɨɥɠɧɨ ɨɛɹɡɚɬɟɥɶɧɨ
ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɩɪɢ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɦ
ɫɨɩɪɨɜɨɠɞɟɧɢɢ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ ɝɟɨɬɟɯɧɢɱɟɫɤɨɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɨɪɝɚɧɢɡɚɰɢɢ.
ɏɚɪɚɤɬɟɪɧɵɦɢ ɞɥɹ ɜɵɫɨɬɧɵɯ ɡɞɚɧɢɣ ɹɜ-

ɇɚ ɪɢɫ. 70 ɩɨɤɚɡɚɧɨ ɜɵɩɨɥɧɟɧɢɟ ɪɚɛɨɬ ɩɨ
ɚɪɦɢɪɨɜɚɧɢɸ ɪɨɫɬɜɟɪɤɚ ɜɵɫɨɬɨɣ 4,5 ɦ ɧɚ
ɭɱɚɫɬɤɟ 4. Ȼɟɬɨɧɢɪɨɜɚɧɢɟ ɜɟɥɨɫɶ ɩɨ ɡɚɯɜɚɬɤɚɦ. ȼ ɤɚɠɞɭɸ ɡɚɯɜɚɬɤɭ ɡɚɥɢɜɚɥɢ ɧɟɩɪɟɪɵɜɧɨ ɜ ɬɟɱɟɧɢɟ 1-2 ɫɭɬɨɤ ɩɨ 2-3 ɬɵɫ. ɦ3 ɛɟɬɨɧɚ.

Ɋɢɫɭɧɨɤ 70. ȼɵɩɨɥɧɟɧɢɟ ɚɪɦɚɬɭɪɵ ɪɨɫɬɜɟɪɤɚ
ɜɵɫɨɬɨɣ 4,5 ɦ ɩɨɞ ɝɨɫɬɢɧɢɰɭ ɚɤɜɚɩɚɪɤɚ
ɧɚ ɭɱɚɫɬɤɟ 4

ȼ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɩɪɢɦɟɧɹɥɫɹ ɞɜɭɯɫɥɨɣɧɵɣ ɪɨɫɬɜɟɪɤ, ɧɢɠɧɹɹ ɱɚɫɬɶ ɤɨɬɨɪɨɝɨ
ɜɵɫɨɬɨɣ 300 ɦɦ ɨɛɴɟɞɢɧɹɥɚ ɝɨɥɨɜɵ ɫɜɚɣ,
ɡɚɬɟɦ ɜɵɩɨɥɧɹɥɢɫɶ ɝɢɞɪɨɢɡɨɥɹɰɢɹ, ɡɚɳɢɬɧɚɹ
ɰɟɦɟɧɬɧɚɹ ɫɬɹɠɤɚ ɢ ɜɟɪɯɧɹɹ ɱɚɫɬɶ ɪɨɫɬɜɟɪɤɚ
(ɪɢɫ. 71). Ɍɚɤɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɩɨɡɜɨɥɢɥɚ, ɫ
ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɤɚɱɟɫɬɜɟɧɧɨ ɜɵɩɨɥɧɢɬɶ
ɝɢɞɪɨɢɡɨɥɹɰɢɸ, ɫ ɞɪɭɝɨɣ - ɢɫɤɥɸɱɢɬɶ ɩɟɪɟɞɚɱɭ ɢɡɝɢɛɚɸɳɟɝɨ ɦɨɦɟɧɬɚ ɧɚ ɝɨɥɨɜɵ ɫɜɚɣ.
ȼ ɫɜɹɡɢ ɤɨɧɫɬɪɭɤɬɢɜɧɵɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ
ɢ ɩɪɢɧɹɬɵɦɢ ɚɪɯɢɬɟɤɬɭɪɧɵɦɢ ɪɟɲɟɧɢɹɦɢ
ɛɭɞɭɳɢɟ ɬɨɧɧɟɥɢ ɦɟɬɪɨ ɹɜɥɹɸɬɫɹ ɧɟɨɬɴɟɦɥɟɦɨɣ ɫɨɫɬɚɜɧɨɣ ɱɚɫɬɶɸ ɤɨɧɫɬɪɭɤɰɢɣ ɩɨɞɡɟɦɧɨɣ ɱɚɫɬɢ ɧɚ ɭɱɚɫɬɤɟ 11.
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ɥɹɸɬɫɹ: ɜɵɫɨɬɚ ɫɜɵɲɟ 75 ɦ; ɛɨɥɶɲɢɟ ɪɚɡɦɟɪɵ ɮɭɧɞɚɦɟɧɬɨɜ ɜ ɩɥɚɧɟ (ɲɢɪɢɧɚ b = 50 ɦ ɢ
ɛɨɥɟɟ); ɭɫɬɪɨɣɫɬɜɨ ɝɥɭɛɨɤɢɯ ɤɨɬɥɨɜɚɧɨɜ (10
ɦ ɢ ɝɥɭɛɠɟ) ɢ ɟɳɟ ɛɨɥɟɟ ɡɚɝɥɭɛɥɟɧɧɵɯ
ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ; ɡɧɚɱɢɬɟɥɶɧɨɫɬɶ
ɢ ɫɭɳɟɫɬɜɟɧɧɵɣ ɷɤɫɰɟɧɬɪɢɫɢɬɟɬ ɩɟɪɟɞɚɜɚɟɦɵɯ ɧɚ ɝɪɭɧɬɵ ɨɫɧɨɜɚɧɢɹ ɧɚɝɪɭɡɨɤ (ɫɪɟɞɧɟɟ
ɞɚɜɥɟɧɢɟ q = 0,5 Ɇɉɚ ɢ ɛɨɥɟɟ). ȼ ɪɟɡɭɥɶɬɚɬɟ
ɜ ɩɪɨɰɟɫɫɵ ɮɨɪɦɢɪɨɜɚɧɢɹ ɇȾɋ ɡɨɧɵ ɜɥɢɹɧɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɜɵɫɨɬɧɨɝɨ ɡɞɚɧɢɹ (ɫɢɫɬɟɦɵ “ɚɤɬɢɜɧɚɹ ɡɨɧɚ ɝɪɭɧɬɨɜɨɝɨ ɨɫɧɨɜɚɧɢɹ ɨɝɪɚɠɞɚɸɳɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɢ ɮɭɧɞɚɦɟɧɬ ɩɨɞɡɟɦɧɚɹ ɱɚɫɬɶ ɢ ɜɟɪɯɧɟɟ ɫɬɪɨɟɧɢɟ ɜɵɫɨɬɧɨɝɨ ɡɞɚɧɢɹ”) ɜɨɜɥɟɤɚɸɬɫɹ ɨɝɪɨɦɧɵɟ ɦɚɫɫɵ
ɝɪɭɧɬɚ ɤɚɤ ɩɨɞ ɩɨɞɨɲɜɨɣ ɮɭɧɞɚɦɟɧɬɨɜ
(ɩɥɢɬɵ, ɩɹɬ ɫɜɚɣ), ɬɚɤ ɢ ɡɚ ɩɪɟɞɟɥɚɦɢ ɨɝɪɚɠɞɟɧɢɹ. Ɉɩɵɬ ɧɚɛɥɸɞɟɧɢɹ ɡɚ ɞɟɮɨɪɦɚɰɢɹɦɢ
ɨɫɧɨɜɚɧɢɣ ɤɪɭɩɧɨɦɚɫɲɬɚɛɧɵɯ ɢ ɬɹɠɟɥɨ
ɧɚɝɪɭɠɟɧɧɵɯ ɫɨɨɪɭɠɟɧɢɣ (Ƚɗɋ, Ⱥɗɋ,
“ɫɬɚɥɢɧɫɤɢɟ ɜɵɫɨɬɤɢ” ɢ ɞɪ.) ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ
ɝɥɭɛɢɧɚ ɫɠɢɦɚɟɦɨɣ ɬɨɥɳɢ ɨɫɧɨɜɚɧɢɹ ɩɨɞ
ɩɨɞɨɲɜɨɣ ɮɭɧɞɚɦɟɧɬɚ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ
ɜɟɥɢɱɢɧɵ, ɪɚɜɧɨɣ ɟɝɨ ɲɢɪɢɧɟ b. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɤɨɪɪɟɤɬɧɨɫɬɢ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ
ɪɚɡɦɟɪɵ ɭɱɢɬɵɜɚɟɦɨɣ ɨɛɥɚɫɬɢ ɝɪɭɧɬɨɜɨɝɨ
ɨɫɧɨɜɚɧɢɹ, ɜɥɢɹɸɳɟɣ ɧɚ ɤɨɥɢɱɟɫɬɜɟɧɧɵɟ
ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɇȾɋ ɞɟɮɨɪɦɢɪɭɟɦɨɣ
ɡɨɧɵ, ɞɨɥɠɧɵ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɧɟ ɦɟɧɟɟ
ɱɟɦ ɧɚ 2...3b ɧɢɠɟ ɩɨɞɨɲɜɵ ɮɭɧɞɚɦɟɧɬɚ ɢ ɧɚ
1...2b ɢɥɢ ɝɥɭɛɢɧɵ ɤɨɬɥɨɜɚɧɚ ɜ ɫɬɨɪɨɧɵ ɨɬ
ɧɚɪɭɠɧɵɯ ɝɪɚɧɟɣ ɮɭɧɞɚɦɟɧɬɚ (ɤɨɧɬɭɪɨɜ
ɨɝɪɚɠɞɟɧɢɹ).
Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɞɨɩɭɫɬɢɦɵɯ ɩɟɪɟɦɟɳɟɧɢɣ ɜɵɫɨɬɧɵɯ ɡɞɚɧɢɣ ɩɪɢ ɢɯ ɫɬɪɨɢɬɟɥɶɫɬɜɟ
ɩɪɟɞɩɨɱɬɟɧɢɟ ɨɬɞɚɟɬɫɹ ɭɱɚɫɬɤɚɦ, ɝɞɟ ɧɚ
ɩɪɢɟɦɥɟɦɨɣ ɝɥɭɛɢɧɟ ɡɚɥɟɝɚɸɬ ɨɞɧɨɪɨɞɧɵɟ ɢ
ɩɪɨɱɧɵɟ ɦɚɥɨɫɠɢɦɚɟɦɵɟ ɝɪɭɧɬɵ ɢ ɝɨɪɧɵɟ
ɩɨɪɨɞɵ. Ɏɭɧɞɚɦɟɧɬɵ ɡɧɚɦɟɧɢɬɵɯ ɧɟɛɨɫɤɪɟɛɨɜ ɑɢɤɚɝɨ ɢ ɇɶɸ-Ƀɨɪɤɚ ɨɩɢɪɚɸɬɫɹ ɧɚ
ɨɞɧɨɪɨɞɧɨɟ ɩɪɨɱɧɨɟ ɫɤɚɥɶɧɨɟ ɨɫɧɨɜɚɧɢɟ.
Ⱦɥɹ Ɇɨɫɤɜɵ ɜ ɰɟɥɨɦ ɯɚɪɚɤɬɟɪɧɨ ɞɨɫɬɚɬɨɱɧɨ
ɝɥɭɛɨɤɨɟ (ɫɜɵɲɟ 30-40 ɦ) ɡɚɥɟɝɚɧɢɟ ɫɤɚɥɶɧɵɯ ɩɨɪɨɞ, ɢɯ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɢɟ ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɫɭɳɟɫɬɜɟɧɧɚɹ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ, ɬɪɟɳɢɧɨɜɚɬɨɫɬɶ ɢ ɩɨɞɜɟɪɠɟɧɧɨɫɬɶ ɤɚɪɫɬɨɜɨ-ɫɭɮɮɨɡɢɨɧɧɵɦ ɩɪɨɰɟɫɫɚɦ.
Ɋɚɫɫɦɨɬɪɢɦ ɜɵɛɪɚɧɧɵɣ ɮɭɧɞɚɦɟɧɬ ɞɥɹ
ɡɞɚɧɢɹ Ɇɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɚ
“Ɇɨɫɤɨɜɫɤɢɣ ɞɜɨɪɟɰ ɛɪɚɤɨɫɨɱɟɬɚɧɢɣ” ɫ
ɜɵɫɨɬɧɨɣ ɨɮɢɫɧɨɣ ɛɚɲɧɟɣ ɢ ɩɪɢɦɵɤɚɸɳɢɦ
ɪɚɡɜɢɬɵɦ ɞɜɨɪɰɨɜɵɦ ɩɨɞɢɭɦɨɦ ɧɚ ɭɱɚɫɬɤɚɯ
2-3. ȼɵɫɨɬɚ ɛɚɲɧɢ – 248 ɦ. Ȼɚɲɧɹ ɢɦɟɟɬ
ɷɮɮɟɤɬɧɭɸ ɜɢɧɬɨɨɛɪɚɡɧɭɸ ɮɨɪɦɭ, ɨɛɭɫɥɚɜɥɢɜɚɸɳɭɸ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɜɨɡɧɢɤɧɨɜɟɧɢɟ
ɤɪɭɬɹɳɢɯ ɭɫɢɥɢɣ ɜ ɧɟɫɭɳɟɦ ɫɬɜɨɥɟ ɡɞɚɧɢɹ ɜ

ɪɟɡɭɥɶɬɚɬɟ ɜɟɬɪɨɜɵɯ ɜɨɡɞɟɣɫɬɜɢɣ (ɪɢɫ. 72).
ɉɨɥɨɠɟɧɢɟ ɰɟɧɬɪɚɥɶɧɨɝɨ ɹɞɪɚ ɢ ɜɧɭɬɪɟɧɧɢɯ
ɤɨɥɨɧɧ ɩɨ ɜɫɟɣ ɜɵɫɨɬɟ ɛɚɲɧɢ ɧɟ ɦɟɧɹɟɬɫɹ.
ȼɧɟɲɧɢɟ ɭɝɥɨɜɵɟ ɤɨɥɨɧɧɵ ɫɥɟɞɭɸɬ ɡɚ
ɧɚɩɪɚɜɥɟɧɢɟɦ ɢɡɝɢɛɚ ɫɩɢɪɚɥɢ.

Ɋɢɫɭɧɨɤ 72. Ⱦɜɨɪɟɰ ɛɪɚɤɨɫɨɱɟɬɚɧɢɹ

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɧɨɝɨ ɚɧɚɥɢɡɚ ɛɵɥɢ
ɪɚɡɪɚɛɨɬɚɧɵ ɮɭɧɞɚɦɟɧɬɵ ɞɜɭɯ ɬɢɩɨɜ: ɩɥɢɬɚ
ɧɚ ɟɫɬɟɫɬɜɟɧɧɨɦ ɨɫɧɨɜɚɧɢɢ ɩɨɞ ɧɟɜɵɫɨɤɭɸ
ɫɬɢɥɨɛɚɬɧɭɸ ɱɚɫɬɶ (ɩɨɞɢɭɦ) ɢ ɫɜɚɣɧɵɣ
ɮɭɧɞɚɦɟɧɬ ɫ ɩɥɢɬɧɵɦ ɪɨɫɬɜɟɪɤɨɦ ɩɨɞ
ɜɵɫɨɬɧɭɸ ɛɚɲɧɸ, ɨɬɞɟɥɹɟɦɵɟ ɨɬ ɩɨɞɢɭɦɚ
ɨɫɚɞɨɱɧɵɦ ɲɜɨɦ.
ɇɚɝɪɭɠɟɧɧɨɟ ɞɚɜɥɟɧɢɟɦ q ≈ 0,2 Ɇɉɚ ɟɫɬɟɫɬɜɟɧɧɨɟ ɨɫɧɨɜɚɧɢɟ ɩɥɢɬɵ ɩɨɞɢɭɦɚ ɩɪɟɞɫɬɚɜɥɟɧɨ
ȼɨɫɤɪɟɫɟɧɫɤɨɣ
ɝɥɢɧɢɫɬɨɦɟɪɝɟɥɢɫɬɨɣ ɬɨɥɳɟɣ. ɉɨɞ ɛɨɥɟɟ ɡɚɝɪɭɠɟɧ-
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ɧɨɣ (q ≈ 1 Ɇɉɚ) ɱɚɫɬɶɸ ɨɫɧɨɜɚɧɢɹ ɜɵɫɨɬɧɨɝɨ ɡɞɚɧɢɹ ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɵ ɛɭɪɨɧɚɛɢɜɧɵɟ
ɫɜɚɢ ɞɢɚɦɟɬɪɨɦ ∅ = 1,5 ɦ ɢ ɞɥɢɧɨɣ 29 ɦ,
ɪɚɫɩɨɥɚɝɚɟɦɵɟ ɫɨ ɫɪɟɞɧɢɦ ɲɚɝɨɦ 3,5x3,5ɦ ɢ
ɡɚɝɥɭɛɥɹɟɦɵɟ ɜ ɬɨɥɳɭ ɩɪɨɱɧɵɯ ɫɪɟɞɧɟ- ɢɥɢ
ɫɥɚɛɨɬɪɟɳɢɧɨɜɚɬɵɯ
ɫɤɚɥɶɧɵɯ
ɝɪɭɧɬɨɜ
(ɫɭɜɨɪɨɜɫɤɨ- ɩɨɞɨɥɶɫɤɨ-ɦɹɱɤɨɜɫɤɢɟ ɢɡɜɟɫɬɧɹɤɢ) ɧɚ 3,5 ɦ. ɉɪɨɢɡɜɨɞɢɬɫɹ ɰɟɦɟɧɬɚɰɢɹ
ɫɪɟɞɧɟɬɪɟɳɢɧɨɜɚɬɵɯ ɩɨɪɨɞ ɜ ɡɨɧɟ ɩɹɬɵ ɫɜɚɣ
ɜ ɪɚɞɢɭɫɟ 3-6 ɦ. ɋɜɚɢ ɩɪɨɪɟɡɚɸɬ ɛɨɥɟɟ
ɫɠɢɦɚɟɦɵɟ ɢ ɦɟɧɟɟ ɩɪɨɱɧɵɟ ɝɥɢɧɵ, ɦɟɪɝɟɥɢ
ɢ ɫɢɥɶɧɨɬɪɟɳɢɧɨɜɚɬɵɟ ɢɥɢ ɧɟɞɨɫɬɚɬɨɱɧɨɣ
ɦɨɳɧɨɫɬɢ ɢɡɜɟɫɬɧɹɤɢ. ɉɥɢɬɚ ɫɜɚɣɧɨɝɨ
ɮɭɧɞɚɦɟɧɬɚ ɜɵɫɨɬɧɨɣ ɛɚɲɧɢ ɪɚɡɦɟɪɨɦ ɜ
ɩɥɚɧɟ ≈ 50x50ɦ ɜɵɩɨɥɧɹɟɬɫɹ ɬɨɥɳɢɧɨɣ
3,5-4 ɦ. Ɏɭɧɞɚɦɟɧɬɧɚɹ ɩɥɢɬɚ ɩɨɞɢɭɦɚ
ɢɦɟɟɬ ɬɨɥɳɢɧɭ 1,2-1,5 ɦ.
ȼ ɪɹɞɟ ɫɥɭɱɚɟɜ, ɞɚɠɟ ɩɪɢ ɜɟɫɶɦɚ ɛɥɚɝɨɩɪɢɹɬɧɵɯ ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ ɢ ɩɪɨɱɧɨɫɬɧɵɯ
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɝɪɭɧɬɨɜɨɝɨ
ɨɫɧɨɜɚɧɢɹ, ɫɜɚɢ ɦɨɝɭɬ ɨɤɚɡɚɬɶɫɹ ɧɟɨɛɯɨɞɢɦɵɦɢ ɜ ɦɟɫɬɚɯ ɪɟɡɤɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚɝɪɭɡɨɤ (ɩɨɞ ɹɞɪɨɦ ɠɟɫɬɤɨɫɬɢ, ɩɢɥɨɧɚɦɢ ɢ ɩɪ.),
ɩɨɞ ɜɵɫɨɬɧɵɦɢ ɱɚɫɬɹɦɢ, ɜɵɩɨɥɧɹɟɦɵɦɢ ɛɟɡ
ɨɫɚɞɨɱɧɨɝɨ ɲɜɚ ɧɚ ɝɪɚɧɢɰɟ ɫ ɛɨɥɟɟ ɧɢɡɤɢɦ
ɫɬɢɥɨɛɚɬɨɦ, ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɨɝɪɚɠɞɚɸɳɟɣ “ɫɬɟɧɵ ɜ ɝɪɭɧɬɟ” ɜ ɤɚɱɟɫɬɜɟ ɧɟɫɭɳɟɣ
ɫɬɟɧɵ ɩɨɞɡɟɦɧɨɣ ɱɚɫɬɢ ɡɞɚɧɢɹ ɢ ɩɪ.

ɬɨɧɧɟɥɶ ɞɥɹ ɛɭɞɭɳɢɯ ɥɢɧɢɣ ɦɟɬɪɨɩɨɥɢɬɟɧɚ.
Ⱦɥɹ ɷɬɨɝɨ ɡɞɚɧɢɹ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɨɛɴɟɞɢɧɟɧɧɵɣ ɩɥɢɬɧɨ-ɫɜɚɣɧɵɣ ɮɭɧɞɚɦɟɧɬ (ɉɋɎ),
ɜɵɩɨɥɧɹɟɦɵɣ ɢɡ ɦɨɧɨɥɢɬɧɨɝɨ ɠɟɥɟɡɨɛɟɬɨɧɚ
ɢ ɠɟɫɬɤɨ ɫɨɩɪɹɝɚɟɦɵɣ ɫ ɜɟɪɬɢɤɚɥɶɧɵɦɢ
ɧɟɫɭɳɢɦɢ ɤɨɧɫɬɪɭɤɰɢɹɦɢ ɧɢɠɧɟɝɨ ɩɨɞɡɟɦɧɨɝɨ ɷɬɚɠɚ ɡɞɚɧɢɹ (ɪɢɫ. 73).
ɉɨɞ ɫɥɚɛɨ ɡɚɝɪɭɠɟɧɧɨɣ (q ɞɨ 0,4 Ɇɉɚ)
ɱɚɫɬɶɸ ɨɫɧɨɜɚɧɢɹ ɡɞɚɧɢɹ, ɫɨɫɬɚɜɥɹɸɳɟɣ ≈
50 % ɨɬ ɨɛɳɟɣ ɩɥɨɳɚɞɢ, ɩɪɨɟɤɬɨɦ ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɨɩɢɪɚɧɢɟ ɩɥɢɬɵ ɧɚ ɟɫɬɟɫɬɜɟɧɧɨɟ
ɨɫɧɨɜɚɧɢɟ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɟ ȼɨɫɤɪɟɫɟɧɫɤɢɦɢ
ɦɟɪɝɟɥɹɦɢ. ɉɨɞ ɛɨɥɟɟ ɡɚɝɪɭɠɟɧɧɨɣ (q > 0,4
Ɇɉɚ) ɱɚɫɬɶɸ ɨɫɧɨɜɚɧɢɹ ɡɞɚɧɢɹ ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɵ ɛɭɪɨɧɚɛɢɜɧɵɟ ɫɜɚɢ ∅ 1,2 ɦ, ɞɥɢɧɨɣ
20 ɦ, ɪɚɫɩɨɥɚɝɚɟɦɵɟ ɫ ɲɚɝɨɦ 2,5x3,5 ɦ ɢ
ɡɚɝɥɭɛɥɹɟɦɵɟ
ɜ
ɩɨɞɨɥɶɫɤɨ-ɦɹɱɤɨɜɫɤɢɟ
ɢɡɜɟɫɬɧɹɤɢ.
ɇɚ ɭɱɚɫɬɤɟ 11 ɪɚɫɱɟɬɧɚɹ ɨɛɥɚɫɬɶ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜɡɚɢɦɨɜɥɢɹɧɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ
ɫɨɛɨɣ ɩɪɢɡɦɚɬɢɱɟɫɤɢɣ ɦɚɫɫɢɜ ɪɚɡɦɟɪɚɦɢ ɜ
ɩɥɚɧɟ 300x200 ɦ ɢ ɝɥɭɛɢɧɨɣ 100 ɦ (ɪɢɫ. 74).
ɇɚ ɨɫɧɨɜɚɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɭɩɪɭɝɢɯ ɪɟɲɟɧɢɣ ɢ ɞɚɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɢ ɭɩɪɭɝɨɩɥɚɫɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɩɪɢ
ɧɟɛɨɥɶɲɢɯ ɭɪɨɜɧɹɯ ɧɚɝɪɭɠɟɧɢɹ ɢɡɜɟɫɬɧɨ,
ɱɬɨ ɜ ɫɜɚɣɧɨɣ ɝɪɭɩɩɟ ɤɪɚɟɜɵɟ (ɩɟɪɢɦɟɬɪɚɥɶɧɵɟ, ɭɝɥɨɜɵɟ, ɬɨɪɰɟɜɵɟ) ɫɜɚɢ ɦɨɝɭɬ ɨɛɥɚɞɚɬɶ
ɛɨɥɶɲɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɜɞɚɜɥɢɜɚɧɢɸ, ɱɟɦ
ɜɧɭɬɪɟɧɧɢɟ.

Ɋɢɫɭɧɨɤ 74. Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɞɥɹ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ
ɧɚ ɭɱɚɫɬɤɟ 11

Ɍɚɤɢɦ ɠɟ ɨɛɪɚɡɨɦ ɜɧɭɬɪɟɧɧɢɟ ɫɜɚɢ
ɜɫɥɟɞɫɬɜɢɟ ɷɮɮɟɤɬɚ ɝɪɭɩɩɵ ɨɛɥɚɞɚɸɬ ɛɨɥɟɟ
ɜɵɫɨɤɨɣ ɩɨɞɚɬɥɢɜɨɫɬɶɸ, ɱɟɦ ɩɟɪɢɦɟɬɪɚɥɶɧɵɟ. ɋɭɳɟɫɬɜɭɸɬ ɪɟɚɥɶɧɵɟ ɩɪɨɟɤɬɵ ɫɜɚɣɧɵɯ ɮɭɧɞɚɦɟɧɬɨɜ ɜɵɫɨɬɧɵɯ ɡɞɚɧɢɣ, ɜ ɤɨɬɨɪɵɯ, ɞɥɹ ɜɵɪɚɜɧɢɜɚɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɜɚɣ
ɜ ɝɪɭɩɩɟ, ɨɬ ɰɟɧɬɪɚ ɤ ɩɟɪɢɮɟɪɢɢ ɭɦɟɧɶɲɚɟɬɫɹ ɞɥɢɧɚ ɢɥɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɲɚɝ ɫɜɚɣ. Ɉɞɧɚɤɨ, ɤɚɤ ɩɨɤɚɡɚɥɢ ɩɨɥɟɜɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɢ
ɪɚɫɱɟɬɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ

Ɋɢɫɭɧɨɤ 73. Ɉɛɴɟɞɢɧɺɧɧɵɣ ɩɥɢɬɧɨ-ɫɜɚɣɧɵɣ
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ɚ – ɫɯɟɦɚ ɪɚɡɦɟɳɟɧɢɹ ɫɜɚɣ;
ɛ – ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɩɨɥɨɫɨɜɨɣ ɮɭɧɞɚɦɟɧɬ

Ɍɚɤɚɹ ɫɢɬɭɚɰɢɹ ɯɚɪɚɤɬɟɪɧɚ ɞɥɹ ɭɱɚɫɬɤɚ
11, ɝɞɟ ɩɪɨɟɤɬɢɪɭɟɬɫɹ 24-60-ɷɬɚɠɧɨɟ ɡɞɚɧɢɟ:
ɛɥɨɤɢ “Ⱥ”, “Ȼ” ɢ “ȼ” ɨɛɴɟɞɢɧɟɧɵ
7-ɦɢ ɭɪɨɜɧɟɜɵɦ ɩɨɞɡɟɦɧɵɦ ɬɪɚɧɫɩɨɪɬɧɵɦ
ɬɟɪɦɢɧɚɥɨɦ ɝɥɭɛɢɧɨɣ 25ɦ, ɜɤɥɸɱɚɸɳɢɦ
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ɭɩɪɭɝɨɩɥɚɫɬɢɱɟɫɤɨɣ
ɦɨɞɟɥɢ
ɝɪɭɧɬɚ
(ɉɟɬɪɭɯɢɧ ɢ ɞɪ., 2007) ɫɨ ɡɧɚɱɢɬɟɥɶɧɵɦɢ
ɭɪɨɜɧɹɦɢ ɧɚɝɪɭɠɟɧɢɹ, ɩɪɢ ɢɫɱɟɪɩɚɧɢɢ
ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɤɪɚɟɜɨɣ ɫɜɚɢ ɜɨɡɧɢɤɚɟɬ ɨɛɪɚɬɧɚɹ ɤɚɪɬɢɧɚ - ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɧɭɬɪɟɧɧɟɣ ɫɜɚɢ ɫɬɚɧɨɜɢɬɫɹ ɛɨɥɶɲɟ, ɱɟɦ ɭ
ɤɪɚɟɜɨɣ. ɉɨɞɨɛɧɵɟ ɷɮɮɟɤɬɵ ɩɪɨɢɫɯɨɞɹɬ ɢ ɫ
ɪɟɚɤɬɢɜɧɵɦɢ ɨɬɩɨɪɚɦɢ ɝɪɭɧɬɚ ɩɨɞ ɩɨɞɨɲɜɨɣ ɮɭɧɞɚɦɟɧɬɧɨɣ ɩɥɢɬɵ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ,
ɬɚɤɚɹ ɫɥɨɠɧɚɹ ɦɧɨɝɨɷɬɚɩɧɚɹ ɪɚɛɨɬɚ ɫɜɚɣ ɢ
ɩɥɢɬɵ ɮɭɧɞɚɦɟɧɬɚ ɞɨɥɠɧɚ ɛɵɬɶ ɭɱɬɟɧɚ ɩɪɢ
ɢɯ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ, ɜ ɱɚɫɬɧɨɫɬɢ, ɩɪɢ ɧɚɡɧɚɱɟɧɢɢ ɩɟɪɟɦɟɧɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɠɟɫɬɤɨɫɬɢ ɝɪɭɧɬɚ ɢ ɫɜɚɣ ɩɨɞ ɩɥɢɬɨɣ ɮɭɧɞɚɦɟɧɬɚ.
Ⱦɥɹ ɪɚɫɱɟɬɧɨɣ ɨɰɟɧɤɢ ɩɨɞɚɬɥɢɜɨɫɬɢ ɨɫɧɨɜɚɧɢɹ ɨɛɴɟɞɢɧɟɧɧɨɝɨ ɉɋɎ, ɩɪɢɦɟɧɟɧɧɨɝɨ
ɧɚ ɭɱɚɫɬɤɟ 11, ɢ ɩɪɨɜɟɪɤɢ ɟɝɨ ɩɪɨɟɤɬɧɵɯ
ɤɨɧɫɬɪɭɤɰɢɣ, ɛɵɥɨ ɨɬɨɛɪɚɧɨ ɧɟɫɤɨɥɶɤɨ
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɩɨɥɨɫɨɜɵɯ ɮɪɚɝɦɟɧɬɨɜ.
Ɉɞɢɧ ɢɡ ɮɪɚɝɦɟɧɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ
ɪɢɫ. 73, ɛ. ȼɵɛɨɪ ɨɛɥɚɫɬɢ ɮɪɚɝɦɟɧɬɚ ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɫ ɭɱɟɬɨɦ ɫɢɦɦɟɬɪɢɢ ɝɟɨɦɟɬɪɢɢ
ɉɋɎ (ɫɯɟɦɵ ɪɚɫɩɨɥɨɠɟɧɢɹ ɫɜɚɣ, ɨɝɪɚɠɞɟɧɢɹ, ɩɪɢɥɨɠɟɧɢɹ ɧɚɝɪɭɡɤɢ ɢ ɞɪ.) ɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɤɚɪɬɢɧɵ ɇȾɋ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ
ɇȾɋ ɮɪɚɝɦɟɧɬɨɜ ɩɨɡɜɨɥɢɥɨ ɩɨɥɭɱɢɬɶ ɞɨɫɬɨɜɟɪɧɭɸ ɤɚɱɟɫɬɜɟɧɧɭɸ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɭɸ
ɤɚɪɬɢɧɭ ɤɪɚɟɜɨɝɨ ɢ ɝɪɭɩɩɨɜɨɝɨ ɷɮɮɟɤɬɨɜ
ɩɨɞ ɩɥɢɬɨɣ ɮɭɧɞɚɦɟɧɬɚ, ɯɚɪɚɤɬɟɪ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɭɫɢɥɢɣ ɦɟɠɞɭ ɷɥɟɦɟɧɬɚɦɢ ɉɋɎ ɜ
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɲɚɝɚ ɫɜɚɣ ɢ ɬɨɥɳɢɧ ɩɥɢɬɵ, ɚ
ɬɚɤɠɟ ɨɰɟɧɢɬɶ ɤɚɱɟɫɬɜɟɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ
ɞɥɹ ɉɋɎ ɜ ɰɟɥɨɦ.
ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɨɜ
ɇȾɋ ɨɫɧɨɜɚɧɢɹ ɨɛɴɟɞɢɧɟɧɧɨɝɨ ɉɋɎ ɩɨ
ɨɫɚɞɤɚɦ ɢ ɤɨɧɬɚɤɬɧɵɦ ɪɟɚɤɰɢɹɦ ɩɨ ɩɨɞɨɲɜɟ
ɩɥɢɬɵ ɮɭɧɞɚɦɟɧɬɚ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɪɚɫɱɟɬɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɠɟɫɬɤɨɫɬɢ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɭɪɨɜɧɹɯ ɧɚɝɪɭɡɤɢ ɨɬ ɫɨɨɪɭɠɟɧɢɹ
(ɪɢɫ. 75).
ɇɚ ɫɯɟɦɟ ɩɥɨɳɚɞɶ ɩɨɞɨɲɜɵ ɩɥɢɬɵ ɪɚɡɞɟɥɟɧɚ ɧɚ 5 ɡɨɧ ɪɚɡɥɢɱɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ
ɛɭɪɨɧɚɛɢɜɧɵɯ ɫɜɚɣ ɢ 4 ɡɨɧɵ ɪɚɡɥɢɱɧɨɣ
ɩɨɞɚɬɥɢɜɨɫɬɢ ɝɪɭɧɬɚ ɧɚ ɭɱɚɫɬɤɟ ɨɩɢɪɚɧɢɹ
ɩɥɢɬɵ ɧɚ ɟɫɬɟɫɬɜɟɧɧɨɟ ɨɫɧɨɜɚɧɢɟ. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɠɟɫɬɤɨɫɬɢ (ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɩɨɞɚɬɥɢɜɨɫɬɢ) ɫɜɚɣ (ɜ ɬɨɦ ɱɢɫɥɟ ɧɟɫɭɳɟɝɨ ɨɝɪɚɠɞɟɧɢɹ Kwp ɢ ɝɪɭɧɬɚ Kwg ɜ ɷɬɢɯ ɡɨɧɚɯ) ɪɟɤɨɦɟɧɞɨɜɚɧɨ ɡɚɞɚɜɚɬɶ ɜ ɞɜɭɯ ɜɚɪɢɚɧɬɚɯ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɨɥɧɨɫɬɶɸ ɭɩɪɭɝɨɣ ɢ ɱɚɫɬɢɱɧɨ
ɭɩɪɭɝɨɩɥɚɫɬɢɱɟɫɤɨɣ ɫɬɚɞɢɹɦ ɪɚɛɨɬɵ ɝɪɭɧɬɨɜɨɝɨ ɦɚɫɫɢɜɚ.

Ɋɢɫɭɧɨɤ 75. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ
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ɇɚ ɭɱɚɫɬɤɟ 2-3, ɛɥɚɝɨɞɚɪɹ ɫɢɦɦɟɬɪɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɰɟɧɬɪɚɥɶɧɨɣ ɨɫɢ ɜɵɫɨɬɧɨɣ
ɛɚɲɧɢ, ɨɤɚɡɚɥɨɫɶ ɜɨɡɦɨɠɧɵɦ ɦɨɞɟɥɢɪɨɜɚɬɶ
ɟɟ ɮɭɧɞɚɦɟɧɬ ɮɪɚɝɦɟɧɬɨɦ, ɫɨɫɬɚɜɥɹɸɳɟɦ
≈1/8 ɱɚɫɬɶ ɮɭɧɞɚɦɟɧɬɚ, ɱɬɨ ɩɨɡɜɨɥɢɥɨ
ɨɛɟɫɩɟɱɢɬɶ ɧɟɨɛɯɨɞɢɦɭɸ ɬɨɱɧɨɫɬɶ ɱɢɫɥɟɧɧɵɯ ɪɚɫɱɟɬɨɜ.
Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ ɩɨɡɜɨɥɢɥɨ ɩɨɥɭɱɢɬɶ ɞɨɫɬɨɜɟɪɧɭɸ ɤɚɱɟɫɬɜɟɧɧɭɸ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɭɸ
ɤɚɪɬɢɧɭ ɤɪɚɟɜɨɝɨ ɢ ɝɪɭɩɩɨɜɨɝɨ ɷɮɮɟɤɬɨɜ ɜ
ɫɜɚɣɧɨɦ ɨɫɧɨɜɚɧɢɢ ɪɨɫɬɜɟɪɤɚ.
ɇɚ ɪɢɫ. 76 ɧɚ ɮɨɧɟ Ʉɗ-ɪɚɡɛɢɜɤɢ ɪɚɫɱɟɬɧɨɣ ɨɛɥɚɫɬɢ ɩɪɢɜɟɞɟɧɵ ɢɥɥɸɫɬɪɚɰɢɢ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɇȾɋ ɝɪɭɧɬɨɜɨɝɨ ɦɚɫɫɢɜɚ ɢ
ɫɜɚɣɧɨɝɨ ɮɭɧɞɚɦɟɧɬɚ ɜɵɫɨɬɧɨɣ ɛɚɲɧɢ.
Ɂɞɟɫɶ ɨɫɨɛɨ ɨɬɦɟɬɢɦ ɤɨɧɰɟɧɬɪɚɰɢɸ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɝɪɭɧɬɚ ɩɨɞ ɩɹɬɨɣ ɧ ɩɨ ɛɨɤɨɜɨɣ
ɩɨɜɟɪɯɧɨɫɬɢ ɧɢɠɧɟɣ ɱɚɫɬɢ ɫɬɜɨɥɚ ɫɜɚɣ. ɋ
ɩɪɢɛɥɢɠɟɧɢɟɦ ɤ ɤɨɧɬɭɪɭ ɫɜɚɣɧɨɣ ɝɪɭɩɩɵ
ɡɨɧɚ ɤɨɧɰɟɧɬɪɚɰɢɢ ɛɨɤɨɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ
ɩɨɫɬɟɩɟɧɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɢ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɜɜɟɪɯ, ɚ ɞɥɹ ɫɜɚɣ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɩɨɞ
ɩɟɪɢɦɟɬɪɚɥɶɧɨɣ ɱɚɫɬɶɸ ɪɨɫɬɜɟɪɤɚ, ɧɚ ɜɟɫɶ
ɫɬɜɨɥ ɫɜɚɢ.
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ɫɜɚɣ, ɧɚɝɪɭɡɨɱɧɨɣ ɪɚɦɵ ɢ ɫɢɫɬɟɦɵ ɞɨɦɤɪɚɬɨɜ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ “Ɇɨɫɤɜɚ-ɋɢɬɢ” ɞɥɹ
ɢɫɩɵɬɚɧɢɹ ɫɜɚɣ ɩɪɢɦɟɧɹɸɬ ɦɟɬɨɞ Ɉɫɬɟɪɛɟɪɝɚ. ɋɭɬɶ ɟɝɨ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɞɨɦɤɪɚɬɵ ɡɚɤɥɚɞɵɜɚɸɬɫɹ ɜ ɬɟɥɨ ɫɜɚɢ ɢ ɫɚɦɚ ɢɫɩɵɬɭɟɦɚɹ ɫɜɚɹ ɹɜɥɹɟɬɫɹ ɨɩɨɪɨɣ. ɉɪɢ ɷɬɨɦ
ɜɨɡɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɤɚɤ ɫɨɩɪɨɬɢɜɥɟɧɢɟ
ɫɜɚɢ ɩɨ ɛɨɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɬɚɤ ɢ ɩɨ ɩɹɬɟ.
ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɬɚɤɢɯ ɢɫɩɵɬɚɧɢɣ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɪɢɧɢɦɚɟɬɫɹ ɨɤɨɧɱɚɬɟɥɶɧɨɟ ɩɪɨɟɤɬɧɨɟ
ɪɟɲɟɧɢɟ ɩɨ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɢ ɤɨɥɢɱɟɫɬɜɭ ɫɜɚɣ.

Ɋɢɫɭɧɨɤ 76. Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ

ȼɵɩɨɥɧɟɧɧɵɟ ɪɚɫɱɺɬɵ ɩɨɫɥɭɠɢɥɢ ɨɫɧɨɜɨɣ ɞɥɹ ɧɚɡɧɚɱɟɧɢɹ ɩɟɪɟɦɟɧɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɠɟɫɬɤɨɫɬɢ ɫɜɚɣ (ɪɢɫ. 77).
Ⱦɥɹ ɨɤɨɧɱɚɬɟɥɶɧɨɣ ɪɚɡɪɚɛɨɬɤɢ ɤɨɧɫɬɪɭɤɰɢɣ ɩɥɢɬɧɨɝɨ ɪɨɫɬɜɟɪɤɚ ɢ ɫɜɚɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɚɧɧɵɯ ɪɢɫ. 77 ɨɫɭɳɟɫɬɜɥɹɥɫɹ
ɫɨɜɦɟɫɬɧɵɣ ɫ ɨɫɧɨɜɚɧɢɟɦ ɩɟɪɟɦɟɧɧɨɣ
ɩɨɞɚɬɥɢɜɨɫɬɢ ɫɬɚɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɩɥɢɬɧɨɝɨ
ɪɨɫɬɜɟɪɤɚ ɜ ɫɨɫɬɚɜɟ ɧɟɫɭɳɟɝɨ ɤɚɪɤɚɫɚ ɡɞɚɧɢɹ
ɧɚ ɭɱɚɫɬɤɟ 3.
ȼ ɫɜɹɡɢ ɫɨ ɫɬɪɨɢɬɟɥɶɫɬɜɨɦ ɜɵɫɨɬɧɵɯ
ɡɞɚɧɢɣ ɧɚ ɬɟɪɪɢɬɨɪɢɢ “Ɇɨɫɤɜɚ-ɋɢɬɢ” ɜɨɡɧɢɤɥɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɭɫɬɪɨɣɫɬɜɚ ɛɭɪɨɧɚɛɢɜɧɵɯ ɫɜɚɣ ɛɨɥɶɲɨɣ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ
(2-3 ɬɵɫ. ɬɨɧɧ). ɂɫɩɵɬɚɧɢɹ ɬɚɤɢɯ ɫɜɚɣ ɩɨ
ɫɬɚɧɞɚɪɬɧɨɣ ɦɟɬɨɞɢɤɟ (ɩɪɢɥɨɠɟɧɢɟ ɧɚɝɪɭɡɤɢ
ɫɜɟɪɯɭ) ɫɨɩɪɹɠɟɧɨ ɫ ɛɨɥɶɲɢɦɢ ɬɟɯɧɢɱɟɫɤɢɦɢ ɬɪɭɞɧɨɫɬɹɦɢ ɢ ɮɢɧɚɧɫɨɜɵɦɢ ɡɚɬɪɚɬɚɦɢ,
ɬɚɤ ɤɚɤ ɧɟɨɛɯɨɞɢɦɨ ɭɫɬɪɨɣɫɬɜɨ ɚɧɤɟɪɧɵɯ

Ɋɢɫɭɧɨɤ 77. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ
ɠɟɫɬɤɨɫɬɢ ɩɨɞ ɜɵɫɨɬɧɭɸ ɱɚɫɬɶ ɧɚ ɭɱɚɫɬɤɟ 3

Ɋɚɫɫɦɨɬɪɢɦ ɪɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɹ ɫɜɚɣ
ɧɚ ɩɪɢɦɟɪɟ ɭɱɚɫɬɤɚ 11.
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɨɟɤɬɧɵɦ ɪɟɲɟɧɢɟɦ
ɫɜɚɢ ɩɪɨɪɟɡɚɸɬ ɛɨɥɟɟ ɫɠɢɦɚɟɦɵɟ ɢ ɦɟɧɟɟ
ɩɪɨɱɧɵɟ ɝɥɢɧɵ, ɦɟɪɝɟɥɢ, ɬɪɟɳɢɧɨɜɚɬɵɟ
ɪɚɬɦɢɪɨɜɫɤɢɟ ɢ ɫɭɜɨɪɨɜɫɤɢɟ ɢɡɜɟɫɬɧɹɤɢ ɢ
ɡɚɯɨɞɹɬ ɜ ɫɥɨɣ ɛɨɥɟɟ ɩɪɨɱɧɵɯ ɩɨɞɨɥɶɫɤɨɦɹɱɧɢɤɨɜɫɤɢɯ ɢɡɜɟɫɬɧɹɤɨɜ. ɋɨɝɥɚɫɧɨ ɩɪɨɟɤɬɭ, ɪɚɫɱɟɬɧɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɛɭɪɨɧɚɛɢɜɧɭɸ
ɫɜɚɸ ɫɨɫɬɚɜɥɹɟɬ 20 Ɇɇ.
Ȼɵɥɢ ɢɫɩɵɬɚɧɵ ɞɜɟ ɫɜɚɢ ɫ ɪɚɡɧɨɧɚɩɪɚɜɥɟɧɧɵɦɢ ɨɛɳɢɦɢ ɧɚɝɪɭɡɤɚɦɢ 20,1 Ɇɇ ɢ
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16,43 Ɇɇ.
Ɉɬɦɟɬɤɚ ɧɢɡɚ ɨɩɵɬɧɨɣ ɫɜɚɢ TP-1 ɫ ɜɧɟɲɧɢɦ ɞɢɚɦɟɬɪɨɦ 1200 ɦɦ ɫɨɫɬɚɜɥɹɟɬ 81,79 ɦ
(ɫɜɚɢ ɌɊ-2 - 81,76 ɦ). ɉɨɫɥɟ ɡɚɱɢɫɬɤɢ ɫɤɜɚɠɢɧɵ ɩɪɢ ɩɨɦɨɳɢ ɤɨɜɲɟɛɭɪɚ ɨɫɬɚɜɲɢɣɫɹ
ɲɥɚɦ ɛɵɥ ɭɞɚɥɺɧ ɩɪɢ ɩɨɦɨɳɢ ɷɪɥɢɮɬɚ.
Ɂɚɬɟɦ ɜ ɫɤɜɚɠɢɧɭ ɛɵɥ ɩɨɦɟɳɟɧ ɚɪɦɚɬɭɪɧɵɣ
ɤɚɪɤɚɫ ɫ ɹɱɟɣɤɚɦɢ O-cell. ɉɨɫɥɟ ɱɟɝɨ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɛɟɬɨɧɢɪɨɜɚɧɢɟ ɦɟɬɨɞɨɦ ȼɉɌ
(ɜɟɪɬɢɤɚɥɶɧɨ ɩɟɪɟɦɟɳɚɟɦɨɣ ɬɪɭɛɵ).
Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɩɟɪɟɦɟɳɟɧɢɣ ɜ ɫɜɚɸ ɛɵɥɢ
ɡɚɥɨɠɟɧɵ ɱɟɬɵɪɟ ɫɬɪɭɧɧɵɯ ɞɚɬɱɢɤɚ ɩɟɪɟɦɟɳɟɧɢɣ (LVWDT ɦɨɞɟɥɶ Geokon, ɫɟɪɢɹ
4450), ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɦɟɠɞɭ ɜɟɪɯɧɟɣ ɢ
ɧɢɠɧɟɣ ɩɥɚɫɬɢɧɨɣ ɹɱɟɟɤ O-cell ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɪɚɫɲɢɪɟɧɢɣ ɹɱɟɟɤ (pɢc. 78). Ȼɵɥɢ ɭɫɬɚɧɨɜɥɟɧɵ ɬɚɤɠɟ ɬɟɧɡɨɦɟɬɪɵ ɧɢɠɟ ɭɪɨɜɧɹ
ɹɱɟɟɤ O-cell ɢ ɫɬɟɪɠɧɟɜɵɟ ɞɚɬɱɢɤɢ ɩɟɪɟɦɟɳɟɧɢɣ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɚɛɫɨɥɸɬɧɵɟ ɩɟɪɟɦɟɳɟɧɢɹ ɬɟɥɚ ɫɜɚɢ.
Ʉɪɨɦɟ ɷɬɨɝɨ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɢ ɞɟɮɨɪɦɚɰɢɣ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɫɜɚɣ
ɛɵɥɢ ɡɚɥɨɠɟɧɵ 4 ɞɚɬɱɢɤɚ, 2 ɢɡ ɤɨɬɨɪɵɯ
ɛɵɥɢ ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɚɪɦɚɬɭɪɟ (ɬɢɩɚ ɉɋȺɋ28, ɧɚ ɨɬɦɟɬɤɚɯ 89 ɦ ɢ 92 ɦ) ɢ 2 - ɜ ɛɟɬɨɧɟ
(ɬɢɩɚ ɉɅȾɋ-400, ɧɚ ɨɬɦɟɬɤɚɯ 89 ɦ ɢ 92 ɦ).
ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɫɩɵɬɚɧɢɹ ɨɩɵɬɧɨɣ ɫɜɚɢ
ɌɊ-1 ɦɚɤɫɢɦɚɥɶɧɚɹ ɧɚɝɪɭɡɤɚ, ɧɚɩɪɚɜɥɟɧɧɚɹ
ɜɧɢɡ ɨɬ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɞɨɦɤɪɚɬɚ, ɫɨɫɬɚɜɥɹɥɚ 20,1 Ɇɇ. ɉɪɢ ɷɬɨɦ ɞɜɢɠɟɧɢɟ ɨɫɧɨɜɚɧɢɹ
ɹɱɟɟɤ O-cell, ɧɚɩɪɚɜɥɟɧɧɨɟ ɜɧɢɡ, ɫɨɫɬɚɜɢɥɨ
2,3 ɦɦ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨɤɚɡɚɧɢɹɦɢ ɞɚɬɱɢɤɨɜ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɧɚ ɨɬɦɟɬɤɟ 83,43 ɦ (ɧɚ
1,5 ɦ ɧɢɠɟ ɞɨɦɤɪɚɬɚ), ɩɟɪɟɦɟɳɟɧɢɹ ɜ ɭɪɨɜɧɟ
1 (ɪɢɫ. 79) ɫɨɫɬɚɜɢɥɢ – 1,25 ɦɦ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 45% ɨɬ ɩɟɪɟɦɟɳɟɧɢɹ ɨɫɧɨɜɚɧɢɹ
ɹɱɟɣɤɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɠɚɬɢɟ ɠɟɥɟɡɨɛɟɬɨɧɚ (ɭɩɪɭɝɨɟ ɢ ɩɥɚɫɬɢɱɟɫɤɨɟ) ɫɨɫɬɚɜɥɹɟɬ 1,05
ɦɦ.
ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɫɠɚɬɢɹ ɫɬɜɨɥɚ
ɫɜɚɢ, ɢɫɩɨɥɶɡɭɹ ɡɚɤɨɧ Ƚɭɤɚ ɢ ɩɪɢɜɟɞɟɧɧɵɣ
ɦɨɞɭɥɶ ɞɟɮɨɪɦɚɰɢɢ ɛɟɬɨɧɚ, ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɨ ɭɫɢɥɢɟ ɜ ɭɪɨɜɧɟ 1 (ɧɚ ɪɚɫɫɬɨɹɧɢɢ 1,5ɦ ɨɬ
ɞɨɦɤɪɚɬɨɜ), ɤɨɬɨɪɨɟ ɫɨɫɬɚɜɢɥɨ 13,7 Ɇɇ, ɱɬɨ
ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɢɥɨɠɟɧɧɨɣ ɦɚɤɫɢɦɚɥɶɧɨɣ
ɧɚɝɪɭɡɤɢ ɫɨɫɬɚɜɥɹɟɬ 68%, ɚ ɩɚɞɟɧɢɟ ɭɫɢɥɢɹ
(ɪɚɡɧɢɰɚ ɦɟɠɞɭ ɭɫɢɥɢɹɦɢ ɧɚ ɭɪɨɜɧɟ 1 ɢ
ɦɟɫɬɨɦ ɪɚɫɩɨɥɨɠɟɧɢɹ ɞɨɦɤɪɚɬɨɜ) ɫɨɫɬɚɜɥɹɟɬ
32%. ɗɬɨ ɝɨɜɨɪɢɬ ɨɛ ɨɱɟɧɶ ɜɵɫɨɤɢɯ ɡɧɚɱɟɧɢɹɯ ɩɪɨɱɧɨɫɬɧɵɯ ɢ ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢɡɜɟɫɬɧɹɤɚ ɜ ɡɨɧɟ ɢɫɩɵɬɚɧɢɹ
ɫɜɚɢ, ɛɥɢɡɤɢɯ ɩɨ ɫɜɨɢɦ ɡɧɚɱɟɧɢɹɦ ɤ ɛɟɬɨɧɭ,
ɢ ɨ ɩɨɜɵɲɟɧɧɨɦ ɫɨɩɪɨɬɢɜɥɟɧɢɢ ɛɨɤɨɜɨɣ
ɩɨɜɟɪɯɧɨɫɬɢ ɫɜɚɢ ɜ ɡɨɧɟ ɤɨɧɬɚɤɬɚ ɫ ɢɡɜɟɫɬɧɹɤɨɦ.

Ɋɢɫɭɧɨɤ 78. ɋɯɟɦɚ ɨɫɧɚɫɬɤɢ ɫɜɚɢ

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɛɨɤɨɜɨɦɭ ɬɪɟɧɢɸ ɫɜɚɢ Ɍ
ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɧɨ ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɩɚɞɟɧɢɹ
ɭɫɢɥɢɹ ɜ ɭɪɨɜɧɟ 1 ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɚɤɫɢɦɚɥɶɧɨ ɩɪɢɥɨɠɟɧɧɨɣ ɧɚɝɪɭɡɤɢ ɞɨɦɤɪɚɬɨɦ ɤ
ɩɥɨɳɚɞɢ ɛɨɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɠɞɭ ɦɟɫɬɨɦ ɭɫɬɚɧɨɜɤɢ ɹɱɟɟɤ ɢ ɭɪɨɜɧɟɦ 1. ȼ ɪɟɡɭɥɶɬɚɬɟ ɛɵɥɨ ɩɨɥɭɱɟɧɨ, ɱɬɨ Ɍ = 1,13 Ɇɇ/ɦ2.
Ȼɵɥɚ ɬɚɤɠɟ ɪɚɫɫɱɢɬɚɧɚ ɧɚɝɪɭɡɤɚ, ɜɨɫɩɪɢɧɢɦɚɟɦɚɹ ɛɨɤɨɜɵɦ ɬɪɟɧɢɟɦ F2 = 12,8 Ɇɇ ɢ
ɩɹɬɨɣ ɫɜɚɢ Q = 7,3 Ɇɇ.

Ɋɢɫɭɧɨɤ 79. Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɩɟɪɟɦɟɳɟɧɢɣ
ɨɬ ɧɚɝɪɭɡɤɢ

310

ɤɨɧɫɬɪɭɤɰɢɣ. ɇɟ ɢɦɟɹ ɜɨɡɦɨɠɧɨɫɬɢ ɪɚɫɫɦɨɬɪɟɬɶ ɦɧɨɝɢɟ ɢɡ ɧɢɯ, ɨɫɬɚɧɨɜɢɦɫɹ ɧɚ
ɞɜɭɯ ɧɚɢɛɨɥɟɟ ɢɧɬɟɪɟɫɧɵɯ, ɧɟ ɢɦɟɸɳɢɯ
ɚɧɚɥɨɝɨɜ ɡɚ ɪɭɛɟɠɨɦ ɢ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɦɵɯ
ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɜ Ɇɨɫɤɜɟ.
ȼ 50-60 ɝɨɞɚɯ ɜ ɋɋɋɊ ɛɵɥɚ ɫɨɡɞɚɧɚ ɬɟɯɧɨɥɨɝɢɹ ɭɫɬɪɨɣɫɬɜɚ ɛɭɪɨɜɵɯ ɫɜɚɣ ɫ ɤɚɦɭɮɥɟɬɧɵɦ ɭɲɢɪɟɧɢɟɦ. ɋɤɜɚɠɢɧɵ, ɜ ɨɫɧɨɜɧɨɦ
ɜ ɭɫɬɨɣɱɢɜɵɯ ɝɪɭɧɬɚɯ, ɛɭɪɢɥɢɫɶ ɞɨ ɩɪɨɟɤɬɧɵɯ ɨɬɦɟɬɨɤ ɫɬɚɧɤɚɦɢ ɜɪɚɳɚɬɟɥɶɧɨɝɨ ɛɭɪɟɧɢɹ ɨɛɵɱɧɵɦɢ ɲɧɟɤɚɦɢ. Ɂɚɬɟɦ ɧɚ ɞɧɨ
ɫɤɜɚɠɢɧɵ ɨɩɭɫɤɚɥɢ ɩɚɤɟɬ ɜɡɪɵɜɱɚɬɨɝɨ
ɜɟɳɟɫɬɜɚ (ȼȼ) ɫ ɷɥɟɤɬɪɨɞɟɬɨɧɚɬɨɪɨɦ, ɫɤɨɦɭɬɢɪɨɜɚɧɧɵɦ ɫ ɩɨɞɪɵɜɧɵɦ ɭɫɬɪɨɣɫɬɜɨɦ.
ɋɤɜɚɠɢɧɚ ɞɨɜɟɪɯɭ ɡɚɩɨɥɧɹɥɚɫɶ ɥɢɬɨɣ ɛɟɬɨɧɧɨɣ ɫɦɟɫɶɸ, ɢ ɜɡɪɵɜɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɩɪɢɜɨɞɢɥɨɫɶ ɜ ɞɟɣɫɬɜɢɟ. ȼɡɪɵɜ ɧɟɫɤɨɥɶɤɢɯ ɤɢɥɨɝɪɚɦɦɨɜ ȼȼ, ɝɟɧɟɪɢɪɭɟɦɚɹ ɢɦ ɜɡɪɵɜɧɚɹ
ɜɨɥɧɚ ɢ ɞɚɜɥɟɧɢɟ ɨɛɪɚɡɭɸɳɢɯɫɹ ɝɚɡɨɜ
ɪɚɡɞɜɢɝɚɥɢ ɫɬɟɧɤɢ ɫɤɜɚɠɢɧɵ ɢ ɫɨɡɞɚɜɚɥɢ
ɩɨɥɨɫɬɶ ɜ ɝɪɭɧɬɟ. ɋɬɨɥɛ ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ
ɜɵɞɚɜɥɢɜɚɥ ɜɡɪɵɜɧɵɟ ɝɚɡɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ
ɢ ɡɚɩɨɥɧɹɥ ɩɨɥɨɫɬɶ, ɨɛɪɚɡɭɹ ɬɟɦ ɫɚɦɵɦ
ɤɚɦɭɮɥɟɬɧɨɟ ɭɲɢɪɟɧɢɟ ɫɬɜɨɥɚ ɫɜɚɢ. ɇɟɫɭɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɫɜɚɢ ɫ ɤɚɦɭɮɥɟɬɧɵɦ ɭɲɢɪɟɧɢɟɦ ɧɢɠɧɟɝɨ ɤɨɧɰɚ ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɵɲɚɥɚ ɷɬɨɬ ɩɨɤɚɡɚɬɟɥɶ ɞɥɹ ɫɜɚɣ, ɭɫɬɪɚɢɜɚɟɦɵɯ ɩɨ ɬɪɚɞɢɰɢɨɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ.
ɂɦɟɥɢɫɶ, ɨɞɧɚɤɨ, ɢ ɫɟɪɶɟɡɧɵɟ ɧɟɞɨɫɬɚɬɤɢ
ɭ ɧɨɜɨɣ ɬɟɯɧɨɥɨɝɢɢ, ɤɨɬɨɪɵɟ ɧɟ ɩɨɡɜɨɥɢɥɢ
ɜɩɨɫɥɟɞɫɬɜɢɢ ɩɪɢɦɟɧɹɬɶ ɷɬɨɬ ɬɢɩ ɫɜɚɣ, ɩɨ
ɤɪɚɣɧɟɣ ɦɟɪɟ ɜ ɝɨɪɨɞɫɤɢɯ ɭɫɥɨɜɢɹɯ. ȼ
ɪɟɡɭɥɶɬɚɬɟ, ɧɢ ɨɞɧɨɣ ɫɜɚɢ ɫ ȼȼ-ɭɲɢɪɟɧɢɟɦ
ɧɢ ɜ Ɇɨɫɤɜɟ, ɧɢ ɜ ɞɪɭɝɢɯ ɤɪɭɩɧɵɯ ɝɨɪɨɞɚɯ
ɬɚɤ ɢ ɧɟ ɛɵɥɨ ɭɫɬɪɨɟɧɨ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɢɞɟɹ
ɭɫɬɪɨɣɫɬɜɚ ɤɚɦɭɮɥɟɬɧɵɯ ɭɲɢɪɟɧɢɣ ɤɨɧɰɨɜ
ɛɭɪɨɜɵɯ ɫɜɚɣ ɨɤɚɡɚɥɚɫɶ ɩɥɨɞɨɬɜɨɪɧɨɣ.
Ɋɟɚɥɢɡɨɜɚɬɶ ɟɟ ɭɞɚɥɨɫɶ ɜ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɜ
ɪɚɦɤɚɯ ɪɚɡɜɢɬɢɹ ɜ Ɋɨɫɫɢɢ ɷɥɟɤɬɪɨɪɚɡɪɹɞɧɨɣ
ɝɟɨɬɟɯɧɢɱɟɫɤɨɣ ɬɟɯɧɨɥɨɝɢɢ (ɗɊȽɌ).
ɗɥɟɤɬɪɨɪɚɡɪɹɞɧɚɹ ɝɟɨɬɟɯɧɢɱɟɫɤɚɹ ɬɟɯɧɨɥɨɝɢɹ ɩɨɥɭɱɢɥɚ ɞɨɫɬɚɬɨɱɧɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɧɚ ɦɨɫɤɨɜɫɤɨɦ ɫɬɪɨɢɬɟɥɶɧɨɦ ɪɵɧɤɟ
(Ⱦɠɚɧɬɢɦɢɪɨɜ ɢ ɞɪ., 2001). Ɂɞɟɫɶ ɟɠɟɝɨɞɧɨ
ɜɵɩɨɥɧɹɟɬɫɹ ɞɨ 30 ɬɵɫ. ɛɭɪɨɢɧɴɟɤɰɢɨɧɧɵɯ
ɫɜɚɣ (ɦɢɤɪɨɫɜɚɣ – ɩɨ ɡɚɪɭɛɟɠɧɨɣ ɬɟɪɦɢɧɨɥɨɝɢɢ) ɢ ɝɪɭɧɬɨɜɵɯ ɚɧɤɟɪɨɜ ɫ ɩɪɢɦɟɧɟɧɢɟɦ
ɗɊȽɌ. ɗɬɚ ɬɟɯɧɨɥɨɝɢɹ ɨɫɧɨɜɚɧɚ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɷɧɟɪɝɢɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɪɚɡɪɹɞɨɜ ɜ
ɫɤɜɚɠɢɧɚɯ, ɡɚɩɨɥɧɟɧɧɵɯ ɥɢɬɨɣ ɦɟɥɤɨɡɟɪɧɢɫɬɨɣ ɛɟɬɨɧɧɨɣ ɫɦɟɫɶɸ, ɜɵɞɟɥɹɸɳɟɣɫɹ, ɜ
ɨɫɧɨɜɧɨɦ, ɜ ɜɢɞɟ ɭɞɚɪɧɨɣ ɜɨɥɧɵ ɢ ɩɭɥɶɫɚɰɢɢ ɩɨɫɥɟɪɚɡɪɹɞɧɨɣ ɩɚɪɨɝɚɡɨɜɨɣ ɩɨɥɨɫɬɢ
(ɉȽɉ). ɋɤɜɚɠɢɧɵ, ɨɛɪɚɛɚɬɵɜɚɸɬɫɹ ɫɟɪɢɹɦɢ
ɢɡ 10-30 ɪɚɡɪɹɞɨɜ ɫ ɷɧɟɪɝɢɟɣ 10-20 ɤȾɠ

Ɋɢɫɭɧɨɤ 80. Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɭɫɢɥɢɹ
ɨɬ ɧɚɝɪɭɡɤɢ

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɱɢɫɬɚɹ ɧɚɝɪɭɡɤɚ, ɧɚɩɪɚɜɥɟɧɧɚɹ ɜɜɟɪɯ, ɜɨɫɩɪɢɧɢɦɚɟɦɚɹ ɛɨɤɨɜɵɦ
ɬɪɟɧɢɟɦ, ɫɨɫɬɚɜɢɥɚ 19,77 Ɇɇ (ɡɚ ɜɵɱɟɬɨɦ
ɜɟɫɚ ɜɵɲɟɥɟɠɚɳɟɣ ɫɜɚɢ, ɪɚɜɧɨɝɨ - 0,33 Ɇɇ),
ɩɪɢ ɷɬɨɦ ɜɟɪɬɢɤɚɥɶɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɜɟɪɯɧɟɣ ɩɥɚɫɬɢɧɵ ɹɱɟɟɤ O-cell ɫɨɫɬɚɜɢɥɨ - 1,73
ɦɦ, ɚ ɩɟɪɟɦɟɳɟɧɢɟ ɜɟɪɯɚ ɫɜɚɢ - 0.05 ɦɦ.
Ɇɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɫɠɚɬɢɟ ɠɟɥɟɡɨɛɟɬɨɧɚ (ɭɩɪɭɝɨɟ + ɩɥɚɫɬɢɱɟɫɤɨɟ) ɫɨɫɬɚɜɥɹɟɬ
1,68 ɦɦ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨɤɚɡɚɧɢɹɦɢ
ɫɬɪɭɧɧɵɯ ɞɚɬɱɢɤɨɜ (ɉɅȾɋ-400), ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɧɚ ɨɬɦɟɬɤɚɯ 89 ɦ ɢ 92 ɦ (ɪɢɫ. 80),
ɩɚɞɟɧɢɟ ɭɫɢɥɢɹ ɡɞɟɫɶ ɫɨɫɬɚɜɥɹɟɬ ɩɨɪɹɞɤɚ
82% (16,2 Ɇɇ) ɢ 96% (19 Ɇɇ), ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɢɥɨɠɟɧɧɨɣ ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɚɝɪɭɡɤɢ. ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɛɨɤɨɜɨɦɭ
ɬɪɟɧɢɸ ɫɨɫɬɚɜɥɹɟɬ - 1,05 Ɇɇ/ɦ2 ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɩɚɞɟɧɢɹ ɭɫɢɥɢɹ ɧɚ
ɨɬɦɟɬɤɟ 89 ɦ ɤ ɩɥɨɳɚɞɢ ɛɨɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɜɚɢ ɦɟɠɞɭ ɦɟɫɬɨɦ ɭɫɬɚɧɨɜɤɢ ɹɱɟɣɤɢ ɢ
ɦɟɫɬɨɦ ɭɫɬɚɧɨɜɤɢ ɫɬɪɭɧɧɨɝɨ ɞɚɬɱɢɤɚ ɜ
ɛɟɬɨɧɟ. ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɨɞɬɜɟɪɞɢɥɢ
ɜɵɜɨɞ ɨ ɜɵɫɨɤɢɯ ɩɪɨɱɧɨɫɬɧɵɯ ɢ ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ ɢɡɜɟɫɬɧɹɤɚ ɢ
ɩɨɜɵɲɟɧɧɵɯ ɡɧɚɱɟɧɢɹɯ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɜɚɢ
ɩɨ ɛɨɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɢɡɜɟɫɬɧɹɤɚɯ.
Ⱥɧɚɥɨɝɢɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɛɵɥɢ ɩɨɥɭɱɟɧɵ
ɩɪɢ ɢɫɩɵɬɚɧɢɢ ɨɩɵɬɧɨɣ ɫɜɚɢ ɌɊ-2, ɚ ɬɚɤɠɟ
ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ ɫɜɚɣ ɧɚ ɞɪɭɝɢɯ ɭɱɚɫɬɤɚɯ.
15. ȻɍɊɈɂɇɔȿɄɐɂɈɇɇɕȿ ɋȼȺɂ
ɋɩɟɰɢɚɥɢɫɬɚɦɢ Ɋɨɫɫɢɢ ɪɚɡɪɚɛɨɬɚɧɵ ɜ
ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ
ɩɢɨɧɟɪɧɵɟ ɬɟɯɧɨɥɨɝɢɢ
ɭɫɬɪɨɣɫɬɜɚ
ɪɚɡɥɢɱɧɵɯ
ɝɟɨɬɟɯɧɢɱɟɫɤɢɯ
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ɤɚɠɞɵɣ ɫ ɨɩɪɟɞɟɥɟɧɧɵɦ ɢɧɬɟɪɜɚɥɨɦ ɜɪɟɦɟɧɢ (5-10 ɫ) ɧɚ ɪɚɡɧɵɯ ɭɪɨɜɧɹɯ ɩɨ ɝɥɭɛɢɧɟ.
ȼ ɪɹɞɟ ɝɪɭɧɬɨɜɵɯ ɭɫɥɨɜɢɣ ɩɪɢɦɟɧɟɧɢɟ
ɗɊȽɌ ɜɟɫɶɦɚ ɷɮɮɟɤɬɢɜɧɨ. ɗɬɨ ɨɬɧɨɫɢɬɫɹ,
ɩɪɟɠɞɟ ɜɫɟɝɨ, ɤ ɜɨɞɨɧɚɫɵɳɟɧɧɵɦ ɩɟɫɤɚɦ,
ɤɨɬɨɪɵɟ ɥɟɝɤɨ ɪɚɡɠɢɠɚɸɬɫɹ ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɭɞɚɪɧɨɣ ɜɨɥɧɵ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɪɚɡɪɹɞɚ,
ɚ ɡɚɬɟɦ ɩɨɞ ɞɚɜɥɟɧɢɟɦ ɝɢɞɪɨɩɨɬɨɤɨɜ, ɜɨɡɧɢɤɚɸɳɢɯ ɨɬ ɩɭɥɶɫɚɰɢɢ ɉȽɉ ɧɚ ɮɨɧɟ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɫɬɨɥɛɚ ɛɟɬɨɧɧɨɣ
ɫɦɟɫɢ ɜ ɫɤɜɚɠɢɧɟ, ɭɩɥɨɬɧɹɸɬɫɹ ɢ ɫɦɟɳɚɸɬɫɹ ɨɬ ɢɫɬɨɱɧɢɤɚ ɪɚɡɪɹɞɚ, ɨɛɪɚɡɭɹ ɭɲɢɪɟɧɢɹ
ɫɤɜɚɠɢɧɵ.
ȼ ɫɜɹɡɧɵɯ ɝɥɢɧɢɫɬɵɯ ɝɪɭɧɬɚɯ ɧɚɛɥɸɞɚɟɬɫɹ ɢɧɚɹ ɤɚɪɬɢɧɚ. Ȼɨɥɶɲɢɧɫɬɜɨ ɝɥɢɧɢɫɬɵɯ
ɝɪɭɧɬɨɜ ɧɟ ɫɩɨɫɨɛɧɵ ɤ ɞɢɧɚɦɢɱɟɫɤɨɦɭ
ɪɚɡɠɢɠɟɧɢɸ. ɍɞɚɪɧɚɹ ɜɨɥɧɚ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ
ɪɚɡɪɹɞɚ ɜɵɡɵɜɚɟɬ ɜ ɧɢɯ, ɜ ɨɫɧɨɜɧɨɦ, ɭɩɪɭɝɢɟ
ɤɨɥɟɛɚɧɢɹ. ȼ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɜɨɡɞɟɣɫɬɜɢɹ
ɝɢɞɪɨɩɨɬɨɤɨɜ ɉȽɉ ɨɤɚɡɵɜɚɟɬɫɹ ɧɟɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɫɤɨɥɶɤɨ-ɧɢɛɭɞɶ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɩɥɚɫɬɢɱɟɫɤɨɝɨ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɟɧɨɤ ɫɤɜɚɠɢɧɵ. Ɋɟɲɚɸɳɢɦ ɮɚɤɬɨɪɨɦ ɡɞɟɫɶ ɹɜɥɹɟɬɫɹ
ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɫɬɶ ɢɦɩɭɥɶɫɚ ɞɚɜɥɟɧɢɹ,
ɨɩɪɟɞɟɥɹɟɦɚɹ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɵɦ ɢɫɱɟɡɧɨɜɟɧɢɟɦ ɦɚɬɟɪɢɚɥɚ ɉȽɉ ɡɚ ɫɱɟɬ ɤɨɧɞɟɧɫɚɰɢɢ
ɩɚɪɚ ɢ ɪɚɫɬɜɨɪɟɧɢɹ ɝɚɡɨɜ ɟɟ ɩɚɪɨɩɥɚɡɦɟɧɧɨɝɨ ɡɚɩɨɥɧɟɧɢɹ.
Ɉɞɧɚ ɢɡ ɜɨɡɦɨɠɧɨɫɬɟɣ ɭɜɟɥɢɱɢɬɶ ɷɧɟɪɝɢɸ ɩɚɪɨɝɚɡɨɜɨɣ ɩɨɥɨɫɬɢ (ɉȽɉ), ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ
ɝɢɞɪɨɩɨɬɨɤɨɜ, ɜɨɡɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɨɛɴɟɤɬ
ɨɛɪɚɛɨɬɤɢ, — ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ
ɪɚɡɪɹɞɚ (ɗɊ) ɜ ɯɢɦɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɫɪɟɞɚɯ. ɉɪɨɰɟɫɫ ɤɨɦɩɥɟɤɫɧɨɝɨ
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɜ ɤɚɧɚɥɟ ɗɊ ɷɥɟɤɬɪɢɱɟɫɤɨɣ
ɷɧɟɪɝɢɢ ɟɦɤɨɫɬɧɨɝɨ ɧɚɤɨɩɢɬɟɥɹ ɢ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɯɢɦɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɫɪɟɞɵ ɜ ɞɚɥɶɧɟɣɲɟɦ ɞɥɹ ɤɪɚɬɤɨɫɬɢ ɧɚɡɵɜɚɟɬɫɹ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɦ ɜɡɪɵɜɨɦ (ɗɏȼ).
ȼ ɪɟɡɭɥɶɬɚɬɟ ɬɚɤɢɯ ɩɪɟɜɪɚɳɟɧɢɣ ɷɧɟɪɝɢɹ,
ɜɵɞɟɥɹɸɳɚɹɫɹ ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ ɷɤɡɨɬɟɪɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ, ɫɭɦɦɢɪɭɟɬɫɹ ɫ ɷɥɟɤɬɪɢɱɟɫɤɨɣ,
ɭɜɟɥɢɱɢɜɚɹ ɢɧɬɟɝɪɚɥɶɧɭɸ ɷɧɟɪɝɢɸ, ɜɜɨɞɢɦɭɸ ɜ ɉȽɉ. Ɂɚ ɫɱɟɬ ɷɬɨɝɨ ɭɞɚɟɬɫɹ ɩɨɜɵɫɢɬɶ
ɭɞɟɥɶɧɭɸ ɷɧɟɪɝɢɸ (ɧɚ ɟɞɢɧɢɰɭ ɦɚɫɫɵ)
ɷɥɟɤɬɪɨɝɢɞɪɨɢɦɩɭɥɶɫɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɧɟ
ɭɜɟɥɢɱɢɜɚɹ ɦɚɫɫɭ ɢ ɝɚɛɚɪɢɬɵ ɟɦɤɨɫɬɧɨɝɨ
ɧɚɤɨɩɢɬɟɥɹ.
ɋɩɟɰɢɚɥɶɧɵɣ ɫɨɫɬɚɜ (ɩɚɫɬɚ), ɜɜɨɞɢɦɵɣ ɜ
ɪɚɡɪɹɞɧɵɣ ɩɪɨɦɟɠɭɬɨɤ (ɪɟɠɢɦ ɗɏȼ), ɧɟ
ɹɜɥɹɟɬɫɹ ɜɡɪɵɜɱɚɬɵɦ ɜɟɳɟɫɬɜɨɦ ɢ ɫɩɨɫɨɛɟɧ
ɤ ɷɤɡɨɬɟɪɦɢɱɟɫɤɢɦ ɯɢɦɢɱɟɫɤɢɦ ɩɪɟɜɪɚɳɟɧɢɹɦ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɢ
ɞɚɜɥɟɧɢɣ, ɪɚɡɜɢɜɚɟɦɵɯ ɜ ɩɥɚɡɦɟɧɧɨɦ ɤɚɧɚ-

ɥɟ.
ȼ ɇɂɂɈɋɉ ɩɪɨɜɨɞɢɥɢɫɶ ɢɫɫɥɟɞɨɜɚɧɢɹ
ɷɥɟɤɬɪɨɪɚɡɪɹɞɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɤɨɦɩɚɤɬɧɨɝɨ ɜɚɪɢɚɧɬɚ ɷɥɟɤɬɪɨɪɚɡɪɹɞɧɨɣ
ɭɫɬɚɧɨɜɤɢ ɍɗȽ-30 (ɪɢɫ. 81). Ɋɚɛɨɱɟɟ ɧɚɩɪɹɠɟɧɢɟ ɭɫɬɚɧɨɜɤɢ ɍɗȽ-30, ɤɨɧɫɬɪɭɤɰɢɹ
ɤɚɛɟɥɹ, ɢɡɥɭɱɚɬɟɥɹ ɢ ɪɚɡɪɹɞɧɢɤɚ ɛɵɥɢ
ɜɵɛɪɚɧɵ ɫɨɜɦɟɫɬɧɨ ɫ ɁȺɈ "ɆɂɉɎȼɌ" ɢ
Ɋɇɐ "Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ" ɫ ɭɱɟɬɨɦ
ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɡɨɩɚɫɧɨɣ ɢ ɧɚɞɟɠɧɨɣ ɪɚɛɨɬɵ
ɜ ɭɫɥɨɜɢɹɯ ɫɬɪɨɢɬɟɥɶɧɨɣ ɩɥɨɳɚɞɤɢ.

Ɋɢɫɭɧɨɤ 81. Ʉɨɦɩɚɤɬɧɵɣ ɜɚɪɢɚɧɬ
ɷɥɟɤɬɪɨɪɚɡɪɹɞɧɨɣ ɭɫɬɚɧɨɜɤɢ ɍɗȽ-30

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɫɯɟɦɵ ɭɫɬɪɨɣɫɬɜɚ ɫɜɚɣ
ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 82, 83.

Ɋɢɫɭɧɨɤ 82. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɭɫɬɪɨɣɫɬɜɚ
ɫɜɚɣ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɷɥɟɤɬɪɨɪɚɡɪɹɞɧɨɣ ɬɟɯɧɨɥɨɝɢɢ (ɫɜɚɹ ɗɊɋɌ):
I- ɭɫɬɪɨɣɫɬɜɨ ɫɤɜɚɠɢɧɵ; II- ɡɚɩɨɥɧɟɧɢɟ ɫɤɜɚɠɢɧɵ ɛɟɬɨɧɨɦ; III-ɷɥɟɤɬɪɨɪɚɡɪɹɞɧɚɹ ɨɛɪɚɛɨɬɤɚ ɫɜɚɢ;
IV- ɩɨɝɪɭɠɟɧɢɟ ɚɪɦɨɤɚɪɤɚɫɚ ɜ ɬɜɟɪɞɟɸɳɢɣ
ɛɟɬɨɧ; 1- ɛɭɪɨɜɚɹ ɤɨɥɨɧɧɚ; 2- ɤɥɚɩɚɧ; 3- ɢɡɥɭɱɚɬɟɥɶ; 4-ɚɪɦɚɬɭɪɧɵɣ ɤɚɪɤɚɫ;
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ɲɬɚɛɧɵɯ ɧɚɬɭɪɧɵɯ ɢɫɩɵɬɚɧɢɣ ɜ ɪɚɡɥɢɱɧɵɯ
ɝɪɭɧɬɨɜɵɯ ɭɫɥɨɜɢɹɯ ɧɚ ɨɛɴɟɤɬɚɯ ɜ Ɇɨɫɤɜɟ.
ɇɚ ɨɞɧɨɣ ɢɡ ɫɬɪɨɢɬɟɥɶɧɵɯ ɩɥɨɳɚɞɨɤ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɫɨɩɨɫɬɚɜɢɬɟɥɶɧɵɟ ɢɫɩɵɬɚɧɢɹ
ɛɭɪɨɢɧɴɟɤɰɢɨɧɧɵɯ ɫɜɚɣ, ɜɵɩɨɥɧɟɧɧɵɟ ɩɨ
ɬɪɚɞɢɰɢɨɧɧɨɣ ɢ ɩɨ ɷɥɟɤɬɪɨɪɚɡɪɹɞɧɨɣ ɬɟɯɧɨɥɨɝɢɢ (ɪɢɫ. 85). ɂɫɩɵɬɚɧɢɸ ɧɚ ɜɞɚɜɥɢɜɚɸɳɭɸ ɧɚɝɪɭɡɤɭ ɛɵɥɢ ɩɨɞɜɟɪɝɧɭɬɵ ɬɪɢ ɫɜɚɢ,
ɛɭɪɨɜɨɣ ɞɢɚɦɟɬɪ ɫɜɚɣ - 250 ɦɦ, ɞɥɢɧɚ ɫɜɚɣ
– 10,0 ɦ. ɋɜɚɹ ʋ 118 ɜɵɩɨɥɧɹɥɚɫɶ ɛɟɡ ɷɥɟɤɬɪɨɪɚɡɪɹɞɧɨɣ ɨɛɪɚɛɨɬɤɢ ɩɨ ɬɪɚɞɢɰɢɨɧɧɨɣ
ɬɟɯɧɨɥɨɝɢɢ. Ⱦɜɟ ɞɪɭɝɢɟ ɫɜɚɢ (ʋ 76, 30)
ɜɵɩɨɥɧɹɥɢɫɶ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɷɥɟɤɬɪɨɪɚɡɪɹɞɧɨɣ ɬɟɯɧɨɥɨɝɢɢ. ɂɫɩɵɬɚɬɟɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɧɚ
ɫɜɚɢ ɨɝɪɚɧɢɱɢɜɚɥɚɫɶ ɩɪɨɱɧɨɫɬɶɸ ɢɯ ɫɬɜɨɥɚ.
ɂɫɩɵɬɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɧɟɫɭɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɫɜɚɣ ɜɨɡɪɨɫɥɚ ɜ 1,5-2,0 ɪɚɡɚ ɜ
ɫɥɭɱɚɟ ɩɪɢɦɟɧɟɧɢɹ ɷɥɟɤɬɪɨɪɚɡɪɹɞɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɪɚɞɢɰɢɨɧɧɨɣ ɬɟɯɧɨɥɨɝɢɟɣ ɭɫɬɪɨɣɫɬɜɚ ɫɜɚɣ. ɍɫɬɚɧɨɜɥɟɧɨ ɬɚɤɠɟ,
ɱɬɨ ɷɥɟɤɬɪɨɪɚɡɪɹɞɧɚɹ ɨɛɪɚɛɨɬɤɚ ɩɨɡɜɨɥɹɟɬ
ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɡɢɬɶ ɨɛɳɭɸ ɨɫɚɞɤɭ ɮɭɧɞɚɦɟɧɬɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɞɥɹ ɛɨɥɶɲɨɣ ɝɪɭɩɩɵ
ɫɜɚɣ.

Ɋɢɫɭɧɨɤ 83. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɭɫɬɪɨɣɫɬɜɚ
ɫɜɚɣ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɗɏȼ (ɫɜɚɹ ɗɏȼ): I- ɭɫɬɪɨɣɫɬɜɨ ɫɤɜɚɠɢɧɵ; II- ɡɚɩɨɥɧɟɧɢɟ ɫɤɜɚɠɢɧɵ ɛɟɬɨɧɨɦ; III-ɷɥɟɤɬɪɨɪɚɡɪɹɞɧɚɹ ɨɛɪɚɛɨɬɤɚ ɫɜɚɢ ɫ
ɩɪɢɦɟɧɟɧɢɟɦ ɗɏȼ; IV- ɩɨɝɪɭɠɟɧɢɟ ɚɪɦɨɤɚɪɤɚɫɚ
ɜ ɬɜɟɪɞɟɸɳɢɣ ɛɟɬɨɧ; 1- ɛɭɪɨɜɚɹ ɤɨɥɨɧɧɚ; 2ɤɥɚɩɚɧ; 3- ɢɡɥɭɱɚɬɟɥɶ; 4-ɤɚɪɬɪɢɞɠ ɗɏȼ;5ɚɪɦɚɬɭɪɧɵɣ ɤɚɪɤɚɫ; 6-ɤɚɦɭɮɥɟɬɧɨɟ ɭɲɢɪɟɧɢɟ

ɉɪɢ ɭɫɬɪɨɣɫɬɜɟ ɢɧɴɟɤɰɢɨɧɧɵɯ ɚɧɤɟɪɨɜ ɜ
ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɛɵɜɚɟɬ ɬɪɭɞɧɨ ɫɨɡɞɚɬɶ
ɭɲɢɪɟɧɧɵɣ ɤɨɪɟɧɶ ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɦɟɬɨɞɚɦɢ – ɪɚɡɦɵɜɨɦ, ɢɧɴɟɤɰɢɟɣ ɢ ɞɪ. ɗɏȼɬɟɯɧɨɥɨɝɢɹ ɫ ɭɫɩɟɯɨɦ ɩɪɢɦɟɧɢɦɚ ɩɪɢ ɭɫɬɪɨɣɫɬɜɟ ɤɨɪɧɟɣ ɚɧɤɟɪɨɜ ɜ ɩɥɨɬɧɵɯ ɝɥɢɧɢɫɬɵɯ ɝɪɭɧɬɚɯ, ɦɹɝɤɨɣ ɫɤɚɥɟ ɢ ɬ. ɩ. (ɪɢɫ. 84).
Ⱦɪɭɝɨɣ ɡɚɞɚɱɟɣ, ɪɟɲɚɟɦɨɣ ɫ ɩɨɦɨɳɶɸ
ɗɏȼ, ɹɜɥɹɟɬɫɹ ɝɥɭɛɢɧɧɨɟ ɭɩɥɨɬɧɟɧɢɟ ɝɪɭɧɬɨɜ, ɩɨɞɪɚɡɞɟɥɹɟɦɨɟ ɧɚ ɭɩɥɨɬɧɟɧɢɟ ɦɚɫɫɢɜɨɜ ɢ ɭɩɥɨɬɧɟɧɢɟ ɝɪɭɧɬɨɜ ɨɫɧɨɜɚɧɢɹ ɫɜɚɣɧɵɯ ɝɪɭɩɩ.

Ɋɢɫɭɧɨɤ 84. ɍɲɢɪɟɧɢɟ ɩɹɬɵ ɛɭɪɨɢɧɴɟɤɰɢɨɧɧɨɣ
ɫɜɚɢ (ɪɟɠɢɦ ɗɏȼ) ɜ ɝɥɢɧɢɫɬɨɦ ɝɪɭɧɬɟ

Ɋɢɫɭɧɨɤ 85. ɏɚɪɚɤɬɟɪɧɵɣ ɝɪɚɮɢɤ ɢɫɩɵɬɚɧɢɣ ɫɜɚɣ
ɛɟɡ ɷɥɟɤɬɪɨɪɚɡɪɹɞɧɨɣ ɨɛɪɚɛɨɬɤɢ ɢ
ɫ ɷɥɟɤɬɪɨɪɚɡɪɹɞɧɨɣ ɨɛɪɚɛɨɬɤɨɣ.

ɇɢɠɟ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɩɨɥɧɨɦɚɫ313

Ⱦɥɹ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɚɪɚɦɟɬɪɨɜ
ɭɫɬɚɧɨɜɤɢ ɍɗȽ-30 ɞɥɹ ɭɫɬɪɨɣɫɬɜɚ ɛɭɪɨɧɚɛɢɜɧɵɯ ɫɜɚɣ ɛɨɥɶɲɨɝɨ ɞɢɚɦɟɬɪɚ ɛɵɥɢ
ɩɪɨɜɟɞɟɧɵ ɧɚɬɭɪɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɧɚ
ɩɥɨɳɚɞɤɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɪɚɡɜɹɡɤɢ Ɍɪɟɬɶɟɝɨ
ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɤɨɥɶɰɚ Ɇɨɫɤɜɵ. Ɍɪɢ ɨɩɵɬɧɵɟ
ɛɭɪɨɧɚɛɢɜɧɵɟ ɫɜɚɢ ɞɢɚɦɟɬɪɨɦ 80 ɫɦ, ɞɥɢɧɨɣ
10 ɦ ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ ɦɟɬɨɞɨɦ ɇɉɒ (ɧɟɩɪɟɪɵɜɧɨɝɨ ɩɟɪɟɦɟɳɚɟɦɨɝɨ ɲɧɟɤɚ).
Ɉɛɪɚɛɨɬɤɚ ɫɤɜɚɠɢɧɵ ɩɪɨɜɨɞɢɥɚɫɶ ɫ ɢɧɬɟɪɜɚɥɨɦ ɢɦɩɭɥɶɫɨɜ 8 ɫɟɤɭɧɞ ɧɚ ɝɥɭɛɢɧɟ 7-9
ɦ ɜ ɩɟɫɤɚɯ ɢ ɫɭɝɥɢɧɤɚɯ. ɉɨ ɦɟɪɟ ɨɛɪɚɛɨɬɤɢ
ɧɚɛɥɸɞɚɥɨɫɶ ɩɨɧɢɠɟɧɢɟ ɭɪɨɜɧɹ ɛɟɬɨɧɚ ɜ
ɫɤɜɚɠɢɧɟ. ɗɬɚɩɵ ɩɨɧɢɠɟɧɢɹ ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ
ɜ ɫɤɜɚɠɢɧɟ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 86. Ɉɛɳɟɟ
ɩɨɧɢɠɟɧɢɟ ɭɪɨɜɧɹ ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɜ ɫɤɜɚɠɢɧɟ ɫɨɫɬɚɜɢɥɨ 50 ɫɦ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ
ɩɪɢɪɨɫɬɭ
ɨɛɴɟɦɚ
ɫɜɚɢ
ɧɚ
≈ 0,3 ɦ3.

Ɉɩɵɬɧɵɟ ɪɚɛɨɬɵ ɩɨɤɚɡɚɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɭɫɬɚɧɨɜɨɤ ɍɗȽ-30 ɞɥɹ
ɫɜɚɣ ɛɨɥɶɲɨɝɨ ɞɢɚɦɟɬɪɚ. Ɉɛɪɚɛɨɬɤɚ ɩɨ
ɗɊɋɌ ɭɜɟɥɢɱɢɜɚɟɬ ɧɟɫɭɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɩɨ
ɛɨɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ 20% (ɩɪɢ ɷɬɨɦ
ɨɛɪɚɛɨɬɚɧɵ ɛɵɥɢ ɬɨɥɶɤɨ 2 ɦ ɛɨɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ). ɉɪɢɪɨɫɬ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ
ɩɨ ɩɹɬɟ ɫɨɫɬɚɜɢɥ 60 % ɩɪɢ ɗɏȼ ɨɛɪɚɛɨɬɤɟ.
Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɛɨɥɶɲɟɝɨ ɷɮɮɟɤɬɚ ɜɨɡɦɨɠɧɨ
ɫɨɜɦɟɳɟɧɢɟ ɬɟɯɧɨɥɨɝɢɢ ɗɏȼ ɢ ɗɊɋɌ.
Ɍɟɯɧɨɥɨɝɢɹ ɭɫɬɪɨɣɫɬɜɚ ɛɭɪɨɢɧɴɟɤɰɢɨɧɧɵɯ ɫɜɚɣ ɫ ɭɲɢɪɟɧɢɹɦɢ, ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɜ
Ɋɨɫɫɢɢ, ɛɵɥɚ ɩɪɢɦɟɧɟɧɚ ɡɚɪɭɛɟɠɧɵɦɢ
ɮɢɪɦɚɦɢ ɧɚ ɫɬɪɨɢɬɟɥɶɧɵɯ ɩɥɨɳɚɞɤɚɯ ɜ
Ƚɟɪɦɚɧɢɢ, ɘɠɧɨɣ Ʉɨɪɟɟ, Ⱦɭɛɚɢ ɢ ɞɪ.
16. ȽȿɈɌȿɏɇɂɑȿɋɄɂɃ ȻȺɊɖȿɊ ɉɈ
ɆȿɌɈȾɍ ɄɈɆɉȿɇɋȺɐɂɈɇɇɈȽɈ
ɇȺȽɇȿɌȺɇɂə
Ɂɚ ɪɭɛɟɠɨɦ ɫ ɧɚɱɚɥɚ 90-ɯ ɝɨɞɨɜ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɩɨɫɨɛ ɡɚɳɢɬɵ ɡɞɚɧɢɣ ɨɬ ɩɪɨɯɨɞɤɢ
ɬɨɧɧɟɥɟɣ ɫ ɩɨɦɨɳɶɸ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ
ɛɚɪɶɟɪɚ ɦɟɬɨɞɨɦ ɤɨɦɩɟɧɫɚɰɢɨɧɧɨɝɨ ɧɚɝɧɟɬɚɧɢɹ. ȼ Ɇɨɫɤɜɟ ɜ 1998-2000 ɝɨɞɚɯ ɛɵɥ
ɩɪɟɞɥɨɠɟɧ ɢ ɨɫɭɳɟɫɬɜɥɟɧ ɫɩɨɫɨɛ ɡɚɳɢɬɵ
ɡɞɚɧɢɣ ɨɬ ɜɥɢɹɧɢɹ ɧɨɜɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ
ɜɟɪɬɢɤɚɥɶɧɵɦ ɢɥɢ ɧɚɤɥɨɧɧɵɦ ɝɟɨɬɟɯɧɢɱɟɫɤɢɦ ɛɚɪɶɟɪɨɦ (Petrukhin et al, 2001). ɇɚ
ɭɤɚɡɚɧɧɵɣ ɛɚɪɶɟɪ ɩɨɥɭɱɟɧ ɩɚɬɟɧɬ ɊɎ ʋ
2245428.
Ɋɟɤɨɧɫɬɪɭɤɰɢɹ ɩɥɨɳɚɞɢ Ɋɢɠɫɤɨɝɨ ɜɨɤɡɚɥɚ ɜɤɥɸɱɚɥɚ ɜ ɫɟɛɹ ɭɫɬɪɨɣɫɬɜɨ ɩɟɲɟɯɨɞɧɨɝɨ
ɩɟɪɟɯɨɞɚ ɝɥɭɛɢɧɨɣ ɡɚɥɨɠɟɧɢɹ 4 ɦ ɢ ɩɪɨɤɥɚɞɤɭ ɤɨɥɥɟɤɬɨɪɚ ɝɥɭɛɢɧɨɣ 9 ɦ ɨɤɨɥɨ
ɫɭɳɟɫɬɜɭɸɳɟɝɨ ɡɞɚɧɢɹ (ɪɢɫ. 87).

Ɋɢɫɭɧɨɤ 86. ɉɨɧɢɠɟɧɢɟ ɭɪɨɜɧɹ ɛɟɬɨɧɚ ɜ ɫɤɜɚɠɢɧɟ ɩɪɢ ɷɥɟɤɬɪɨɪɚɡɪɹɞɧɨɣ ɨɛɪɚɛɨɬɤɟ
(ɫɥɟɜɚ – ɞɨ ɨɛɪɚɛɨɬɤɢ, ɫɩɪɚɜɚ - ɩɨɫɥɟ)

ɂɫɩɵɬɚɧɢɹ ɫɜɚɣ ɩɪɨɜɨɞɢɥɢɫɶ ɭɞɚɪɧɵɦɢ
ɧɚɝɪɭɡɤɚɦɢ ɩɨ ɦɟɬɨɞɭ «ɗɅȾɂ».
ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɫɩɵɬɚɧɢɣ ɛɵɥɚ ɨɩɪɟɞɟɥɟɧɚ
ɧɟɫɭɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɫɜɚɣ ɩɨ ɝɪɭɧɬɭ, ɜ ɬɨɦ
ɱɢɫɥɟ ɪɚɡɞɟɥɶɧɨ ɩɨ ɛɨɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ
ɩɨ ɩɹɬɟ. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɹ ɫɜɚɣ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 6.
Ɍɚɛɥɢɰɚ 6. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɹ ɫɜɚɣ
ɇɨɦɟɪ ɫɜɚɢ
1
2
Ɇɟɬɨɞ ɨɛɪɚɛɨɬɤɢ
(ɬɟɯɧɨɥɨɝɢɹ)

ɇɉɒ ɛɟɡ

3

ɗɊɋɌ

ɗɏȼ

2110

2370

2690

1260

1480

1300

850

890

1390

ɨɛɪɚɛɨɬɤɢ

ɋɨɩɪɨɬɢɜɥɟɧɢɟ
ɫɜɚɢ ɩɨ ɝɪɭɧɬɭ,
ɤɇ
-

ɩɨ

ɛɨɤɨɜɨɣ

ɩɨɜɟɪɯɧɨɫɬɢ, ɤɇ
- ɩɨ ɩɹɬɟ, ɤɇ

Ɋɢɫɭɧɨɤ 87. ɉɥɚɧ ɩɥɨɳɚɞɤɢ ɪɟɤɨɧɫɬɪɭɤɰɢɢ
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ɜɚɧɢɹ ɩɭɬɟɦ ɡɚɩɨɥɧɢɬɟɥɶɧɨɣ ɰɟɦɟɧɬɚɰɢɢ ɢ
ɫɨɛɫɬɜɟɧɧɨ ɭɫɬɪɨɣɫɬɜɨ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɝɟɨɬɟɯɧɢɱɟɫɤɨɝɨ ɛɚɪɶɟɪɚ ɦɟɬɨɞɨɦ ɤɨɦɩɟɧɫɚɰɢɨɧɧɨɝɨ ɧɚɝɧɟɬɚɧɢɹ. Ɂɚɩɨɥɧɢɬɟɥɶɧɚɹ ɰɟɦɟɧɬɚɰɢɹ ɢ ɤɨɦɩɟɧɫɚɰɢɨɧɧɨɟ ɧɚɝɧɟɬɚɧɢɟ ɨɫɭɳɟɫɬɜɥɹɥɢɫɶ ɩɨ ɦɚɧɠɟɬɧɨɣ ɬɟɯɧɨɥɨɝɢɢ
ɧɟɛɨɥɶɲɢɦɢ ɨɛɴɟɦɚɦɢ ɩɨ 25-30 ɥɢɬɪɨɜ
ɪɚɫɬɜɨɪɚ ɱɟɪɟɡ 30 ɫɦ ɩɨ ɜɵɫɨɬɟ ɢɧɴɟɤɬɨɪɚ
ɦɧɨɝɨɤɪɚɬɧɨ (ɞɨ 10 ɪɚɡ) ɜ ɨɞɧɨ ɢ ɬɨ ɠɟ
ɦɟɫɬɨ.
Ɋɚɫɱɟɬɵ ɩɨɤɚɡɚɥɢ (ɪɢɫ. 90), ɱɬɨ ɩɪɢ ɭɫɬɪɨɣɫɬɜɟ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɝɟɨɬɟɯɧɢɱɟɫɤɨɝɨ
ɛɚɪɶɟɪɚ ɦɚɤɫɢɦɚɥɶɧɚɹ ɨɫɚɞɤɚ ɮɭɧɞɚɦɟɧɬɨɜ
ɡɞɚɧɢɹ ɫɧɢɠɚɟɬɫɹ ɞɨ 3,44 ɦɦ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɝɨ ɡɧɚɱɟɧɢɹ.

Ɋɢɫɭɧɨɤ 88. Ɉɛɳɢɟ ɩɟɪɟɦɟɳɟɧɢɹ ɝɪɭɧɬɚ ɛɟɡ
ɭɫɬɪɨɣɫɬɜɚ ɝɟɨɬɟɯɧɢɱɟɫɤɨɝɨ ɛɚɪɶɟɪɚ

ȼɵɩɨɥɧɟɧɧɵɣ ɧɚ ɩɥɨɳɚɞɤɟ ɦɨɧɢɬɨɪɢɧɝ
ɩɨɤɚɡɚɥ, ɱɬɨ ɨɫɚɞɤɢ ɮɭɧɞɚɦɟɧɬɨɜ ɩɨ ɨɫɢ 1,
ɛɥɢɠɚɣɲɟɣ ɤ ɩɥɨɳɚɞɤɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɧɟ
ɩɪɟɜɵɫɢɥɢ 3 ɦɦ, ɚ ɮɭɧɞɚɦɟɧɬɵ ɩɨ ɨɫɢ 2
ɜɨɨɛɳɟ ɧɟ ɩɨɥɭɱɢɥɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɩɪɨɝɧɨɡɢɪɭɟɦɵɟ
ɡɧɚɱɟɧɢɹ ɨɫɚɞɨɤ ɛɟɡ ɭɫɬɪɨɣɫɬɜɚ ɝɟɨɬɟɯɧɢɱɟɫɤɨɝɨ ɛɚɪɶɟɪɚ ɫɨɫɬɚɜɥɹɥɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 2,8
ɫɦ ɢ 2,1 ɫɦ.

Ɋɚɫɱɟɬɵ ɩɨɤɚɡɚɥɢ (ɪɢɫ. 88), ɱɬɨ, ɧɟɫɦɨɬɪɹ
ɧɚ ɧɚɥɢɱɢɟ ɨɝɪɚɠɞɟɧɢɹ ɤɨɬɥɨɜɚɧɚ ɩɨɞ
ɩɟɲɟɯɨɞɧɵɣ ɩɟɪɟɯɨɞ ɢ ɨɝɪɚɠɞɟɧɢɹ ɲɚɯɬɵ
ɤɨɥɥɟɤɬɨɪɚ, ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɨɫɚɞɤɚ ɛɥɢɠɚɣɲɢɯ ɤ ɫɬɪɨɢɬɟɥɶɧɨɣ ɩɥɨɳɚɞɤɟ ɮɭɧɞɚɦɟɧɬɨɜ ɡɞɚɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 32,44 ɦɦ, ɱɬɨ
ɩɪɟɜɵɲɚɟɬ ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɭɸ ɜɟɥɢɱɢɧɭ
(20 ɦɦ) ɩɨ Ɇɨɫɤɨɜɫɤɢɦ ɝɨɪɨɞɫɤɢɦ ɧɨɪɦɚɦ.
ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜ 1997 ɝɨɞɭ ɛɵɥ ɜɩɟɪɜɵɟ
ɪɚɡɪɚɛɨɬɚɧ ɩɪɨɟɤɬ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɝɟɨɬɟɯɧɢɱɟɫɤɨɝɨ ɛɚɪɶɟɪɚ ɩɨ ɦɟɬɨɞɭ ɤɨɦɩɟɧɫɚɰɢɨɧɧɨɝɨ ɧɚɝɧɟɬɚɧɢɹ (ɪɢɫ. 89).

Ɋɢɫɭɧɨɤ 90. Ɉɛɳɢɟ ɩɟɪɟɦɟɳɟɧɢɹ ɝɪɭɧɬɚ ɩɪɢ
ɭɫɬɪɨɣɫɬɜɟ ɝɟɨɬɟɯɧɢɱɟɫɤɨɝɨ ɛɚɪɶɟɪɚ

Ɋɚɫɫɦɨɬɪɢɦ ɞɪɭɝɨɣ ɩɪɢɦɟɪ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɝɟɨɬɟɯɧɢɱɟɫɤɨɝɨ ɛɚɪɶɟɪɚ
ɦɟɬɨɞɨɦ ɤɨɦɩɟɧɫɚɰɢɨɧɧɨɝɨ ɧɚɝɧɟɬɚɧɢɹ ɩɪɢ
ɭɫɬɪɨɣɫɬɜɟ ɤɨɬɥɨɜɚɧɚ ɢ ɩɪɨɤɥɚɞɤɟ ɤɨɦɦɭɧɢɤɚɰɢɣ ɜɛɥɢɡɢ ɫɭɳɟɫɬɜɭɸɳɢɯ ɡɞɚɧɢɣ.
ɇɚ ɨɛɴɟɤɬɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ Ɋɨɫɫɢɣɫɤɨɝɨ
Ɏɨɧɞɚ Ɏɟɞɟɪɚɥɶɧɨɝɨ ɢɦɭɳɟɫɬɜɚ (ɊɎɎɂ)
ɛɵɥ ɜɵɩɨɥɧɟɧ ɜɟɪɬɢɤɚɥɶɧɵɣ ɝɟɨɬɟɯɧɢɱɟɫɤɢɣ
ɛɚɪɶɟɪ(Petrukhin et al., 2006) ɞɥɹ ɡɚɳɢɬɵ ɨɬ
ɞɟɮɨɪɦɚɰɢɣ ɮɭɧɞɚɦɟɧɬɨɜ ɡɞɚɧɢɣ ɩɪɢ ɩɪɨɤɥɚɞɤɟ ɤɨɦɦɭɧɢɤɚɰɢɣ ɦɟɬɨɞɨɦ ɩɪɨɞɚɜɥɢɜɚɧɢɹ ɞɜɭɯ ɫɬɚɥɶɧɵɯ ɬɪɭɛ-ɮɭɬɥɹɪɨɜ ɞɢɚɦɟɬɪɨɦ 1420 ɦɦ ɧɚ ɝɥɭɛɢɧɟ 2,6 ɢ 3,58 ɦ ɨɬ
ɭɪɨɜɧɹ ɡɟɦɥɢ. Ɇɢɧɢɦɚɥɶɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɨɬ

Ɋɢɫɭɧɨɤ 89. Ɋɚɡɪɟɡ ɩɥɨɳɚɞɤɢ ɜ ɡɨɧɟ ɜɵɩɨɥɧɟɧɢɹ
ɪɚɛɨɬ ɩɨ ɤɨɦɩɟɧɫɚɰɢɨɧɧɨɦɭ ɧɚɝɧɟɬɚɧɢɸ

Ɍɟɯɧɨɥɨɝɢɹ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɥɚɫɶ ɜ ɰɟɦɟɧɬɚɰɢɢ ɮɭɧɞɚɦɟɧɬɚ ɢ ɤɨɧɬɚɤɬɚ
ɮɭɧɞɚɦɟɧɬ-ɝɪɭɧɬ, ɩɨɞɝɨɬɨɜɤɟ ɝɪɭɧɬɚ ɨɫɧɨ-
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ɨɫɟɣ ɬɪɭɛ-ɮɭɬɥɹɪɨɜ ɞɨ ɮɭɧɞɚɦɟɧɬɨɜ ɡɞɚɧɢɣ
- 1,0 ɦ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɫɱɟɬɚɦɢ, ɦɚɤɫɢɦɚɥɶɧɚɹ ɨɫɚɞɤɚ ɛɥɢɠɚɣɲɟɝɨ ɤ ɩɪɨɯɨɞɤɟ
ɮɭɧɞɚɦɟɧɬɚ ɛɟɡ ɜɵɩɨɥɧɟɧɢɹ ɡɚɳɢɬɧɵɯ
ɦɟɪɨɩɪɢɹɬɢɣ ɫɨɫɬɚɜɥɹɟɬ 25,6ɦɦ. Ɍɨɬ ɠɟ
ɪɚɫɱɟɬ ɫ ɭɫɬɪɨɣɫɬɜɨɦ ɝɟɨɬɟɯɧɢɱɟɫɤɨɝɨ
ɛɚɪɶɟɪɚ ɦɟɠɞɭ ɬɨɧɧɟɥɟɦ ɢ ɮɭɧɞɚɦɟɧɬɨɦ
ɞɚɟɬ ɦɚɤɫɢɦɚɥɶɧɭɸ ɨɫɚɞɤɭ 7ɦɦ.
Ȼɵɥ ɬɚɤɠɟ ɜɵɩɨɥɧɟɧ ɝɟɨɬɟɯɧɢɱɟɫɤɢɣ
ɛɚɪɶɟɪ ɞɥɹ ɡɚɳɢɬɵ ɛɥɢɡɪɚɫɩɨɥɨɠɟɧɧɨɝɨ
ɡɞɚɧɢɹ ɨɬ ɜɥɢɹɧɢɹ ɭɫɬɪɨɣɫɬɜɚ ɨɝɪɚɠɞɚɸɳɟɣ
ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɤɨɬɥɨɜɚɧɚ ɝɥɭɛɢɧɨɣ 10,4ɦ.
ɉɥɨɳɚɞɤɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɊɎɎɂ ɪɚɫɩɨɥɨɠɟɧɚ ɜ ɰɟɧɬɪɚɥɶɧɨɦ ɨɤɪɭɝɟ ɜ ɭɫɥɨɜɢɹɯ
ɩɥɨɬɧɨɣ ɝɨɪɨɞɫɤɨɣ ɡɚɫɬɪɨɣɤɢ (ɪɢɫ. 91).
Ȼɨɥɶɲɢɧɫɬɜɨ ɨɤɪɭɠɚɸɳɢɯ ɡɞɚɧɢɣ, ɹɜɥɹɸɳɢɯɫɹ ɱɚɫɬɶɸ ɢɫɬɨɪɢɱɟɫɤɨɣ ɡɚɫɬɪɨɣɤɢ,
ɢɦɟɸɬ ɦɟɥɤɨɡɚɝɥɭɛɥɟɧɧɵɟ ɮɭɧɞɚɦɟɧɬɵ
ɝɥɭɛɢɧɨɣ ɡɚɥɨɠɟɧɢɹ 1,5...3,5 ɦ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɦɥɢ.

Ɋɢɫɭɧɨɤ 92. ɋɯɟɦɚ ɪɚɫɩɨɥɨɠɟɧɢɹ
ɦɚɪɨɤ ɦɨɧɢɬɨɪɢɧɝɚ

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɫɱɟɬɚɦɢ, ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɝɟɨɬɟɯɧɢɱɟɫɤɨɝɨ ɛɚɪɶɟɪɚ ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɨɫɚɞɤɚ ɛɥɢɠɚɣɲɟɝɨ ɤ ɩɥɨɳɚɞɤɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɮɭɧɞɚɦɟɧɬɚ ɫɨɫɬɚɜɢɥɚ 19 ɦɦ
(ɪɢɫ. 93), ɱɬɨ ɩɪɟɜɵɲɚɟɬ ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɭɸ ɜɟɥɢɱɢɧɭ ɞɥɹ ɡɞɚɧɢɣ ɢɫɬɨɪɢɱɟɫɤɨɣ
ɡɚɫɬɪɨɣɤɢ
(5ɦɦ),
ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɧɭɸ
Ɇɨɫɤɨɜɫɤɢɦɢ ɧɨɪɦɚɦɢ. Ʉɪɨɦɟ ɷɬɨɝɨ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɨɫɚɞɤɚ ɮɭɧɞɚɦɟɧɬɨɜ ɡɞɚɧɢɹ ɨɬ
ɭɫɬɪɨɣɫɬɜɚ “ɫɬɟɧɵ ɜ ɝɪɭɧɬɟ” ɧɚ ɪɚɫɫɬɨɹɧɢɢ
2,1 ɦ ɦɨɠɟɬ ɫɨɫɬɚɜɢɬɶ 20-25ɦɦ, ɬ.ɟ. ɨɛɳɚɹ
ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɨɫɚɞɤɚ ɞɨɫɬɢɝɧɟɬ 39-44ɦɦ.
Ɋɢɫɭɧɨɤ 91. Ɉɛɳɢɣ ɜɢɞ ɩɥɨɳɚɞɤɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ

ɋɬɪɨɹɳɟɟɫɹ ɡɞɚɧɢɟ ɊɎɎɂ ɢɦɟɟɬ ɫɥɨɠɧɭɸ ɮɨɪɦɭ ɫ ɪɚɡɦɟɪɚɦɢ ɜ ɩɥɚɧɟ 120x60ɦ,
ɜɵɫɨɬɭ 5...6 ɷɬɚɠɟɣ ɧɚɞ ɭɪɨɜɧɟɦ ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɦɥɢ, ɩɨɞɡɟɦɧɭɸ ɱɚɫɬɶ ɫ ɡɚɝɥɭɛɥɟɧɢɟɦ
ɧɚ 10,4ɦ (ɬɪɢ ɷɬɚɠɚ). ȼ ɤɚɱɟɫɬɜɟ ɨɝɪɚɠɞɚɸɳɟɣ (ɩɪɨɬɢɜɨɮɢɥɶɬɪɚɰɢɨɧɧɨɣ) ɤɨɧɫɬɪɭɤɰɢɢ
ɛɵɥɚ ɩɪɢɧɹɬɚ “ɫɬɟɧɚ ɜ ɝɪɭɧɬɟ” ɜɵɫɨɬɨɣ 17,5
ɦ ɢ ɲɢɪɢɧɨɣ 0,6 ɦ. “ɋɬɟɧɚ ɜ ɝɪɭɧɬɟ” ɞɥɢɧɨɣ
260ɦ ɪɚɫɩɨɥɨɠɟɧɚ ɩɨ ɜɫɟɦɭ ɩɟɪɢɦɟɬɪɭ
ɩɨɞɡɟɦɧɨɝɨ ɫɨɨɪɭɠɟɧɢɹ. Ʉɪɟɩɥɟɧɢɟ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɞɜɭɦɹ
ɪɹɞɚɦɢ ɪɚɫɩɨɪɨɤ.
Ⱦɨ ɧɚɱɚɥɚ ɪɚɛɨɬ ɩɨ ɭɫɬɪɨɣɫɬɜɭ “ɫɬɟɧɵ ɜ
ɝɪɭɧɬɟ”, ɫɨɝɥɚɫɧɨ ɩɪɨɟɤɬɭ, ɛɵɥ ɜɵɩɨɥɧɟɧ
ɜɟɪɬɢɤɚɥɶɧɵɯ ɝɟɨɬɟɯɧɢɱɟɫɤɢɣ ɛɚɪɶɟɪ ɦɟɠɞɭ
ɡɞɚɧɢɟɦ ʋ1 ɢ ɩɪɟɞɩɨɥɚɝɚɟɦɨɣ “ɫɬɟɧɨɣ ɜ
ɝɪɭɧɬɟ” (ɪɢɫ. 92).

Ɋɢɫɭɧɨɤ 93. Ɉɛɳɚɹ ɨɫɚɞɤɚ ɡɞɚɧɢɹ ʋ1
ɛɟɡ ɡɚɳɢɬɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ
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ɉɪɢ ɭɫɬɪɨɣɫɬɜɟ ɝɟɨɬɟɯɧɢɱɟɫɤɨɝɨ ɛɚɪɶɟɪɚ
ɦɟɬɨɞɨɦ ɤɨɦɩɟɧɫɚɰɢɨɧɧɨɝɨ ɧɚɝɧɟɬɚɧɢɹ
ɨɫɚɞɤɚ ɛɥɢɠɚɣɲɟɝɨ ɤ ɩɥɨɳɚɞɤɟ ɮɭɧɞɚɦɟɧɬɚ
ɪɚɜɧɹɟɬɫɹ 6,9 ɦɦ (ɪɢɫ. 94).

Ɋɢɫɭɧɨɤ 95. Ƚɪɚɮɢɤ ɨɫɚɞɨɤ ɦɚɪɨɤ 71, 72 ɢ 73
ɜɨ ɜɪɟɦɟɧɢ

ɂɡ ɩɪɢɜɟɞɟɧɧɨɝɨ ɝɪɚɮɢɤɚ ɜɢɞɧɨ, ɱɬɨ ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɜɬɨɪɨɝɨ ɰɢɤɥɚ ɰɟɦɟɧɬɚɰɢɢ
ɩɪɨɢɫɯɨɞɢɬ ɫɬɚɛɢɥɢɡɚɰɢɹ ɨɫɚɞɨɤ.
Ɂɚɮɢɤɫɢɪɨɜɚɧɧɵɟ ɨɫɚɞɤɢ ɦɚɪɨɤ ɨɬ ɷɤɫɤɚɜɚɰɢɢ ɝɪɭɧɬɚ ɢɡ ɤɨɬɥɨɜɚɧɚ ɫɨɫɬɚɜɢɥɢ ɨɬ 1,2
ɞɨ 4ɦɦ, ɱɬɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɞɚɧɧɵɦɢ ɪɚɫɱɟɬɚ.
ɉɟɪɟɦɟɳɟɧɢɟ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ
ɞɨɫɬɢɝɥɨ 30ɦɦ ɜ ɫɬɨɪɨɧɭ ɤɨɬɥɨɜɚɧɚ (ɩɨ
ɪɚɫɱɟɬɭ - 31,7ɦɦ). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɟɡɭɥɶɬɚɬɵ ɦɨɧɢɬɨɪɢɧɝɚ ɞɨɤɚɡɵɜɚɸɬ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɝɟɨɬɟɯɧɢɱɟɫɤɨɝɨ ɛɚɪɶɟɪɚ (ɪɢɫ. 96).

Ɋɢɫɭɧɨɤ 94. Ɉɛɳɚɹ ɨɫɚɞɤɚ ɡɞɚɧɢɹ ʋ1 ɩɨɫɥɟ
ɜɵɩɨɥɧɟɧɢɹ ɜɟɪɬɢɤɚɥɶɧɨɝɨ
ɝɟɨɬɟɯɧɢɱɟɫɤɨɝɨ ɛɚɪɶɟɪɚ

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɦɨɧɢɬɨɪɢɧɝɚ ɩɨ ɡɞɚɧɢɸ
ʋ1 ɡɚɮɢɤɫɢɪɨɜɚɧɚ ɦɚɤɫɢɦɚɥɶɧɚɹ ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɨɫɚɞɤɚ ɮɭɧɞɚɦɟɧɬɨɜ -12,7ɦɦ. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɨɫɚɞɤɢ ɦɚɪɨɤ ɨɬ ɭɫɬɪɨɣɫɬɜɚ
“ɫɬɟɧɵ ɜ ɝɪɭɧɬɟ” ɫɨɫɬɚɜɢɥɢ 8,3ɦɦ (ɪɢɫ. 95).

Ɋɢɫɭɧɨɤ 96. ɉɪɨɞɨɥɶɧɵɣ ɩɪɨɮɢɥɶ ɤɨɬɥɨɜɚɧɚ ɜ ɪɚɣɨɧɟ ɡɞɚɧɢɹ ʋ1

317

Ɇɨɧɢɬɨɪɢɧɝ ɡɞɚɧɢɹ ʋ1 ɩɪɢ ɭɫɬɪɨɣɫɬɜɟ
ɨɛɴɟɞɢɧɟɧɧɨɝɨ ɤɨɥɥɟɤɬɨɪɚ ɩɨɤɚɡɚɥ (ɪɢɫ. 97),
ɱɬɨ ɧɚɱɚɜɲɢɟɫɹ ɨɫɚɞɤɢ ɛɵɥɢ ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɵ ɩɨɫɥɟ ɜɵɩɨɥɧɟɧɧɵɯ ɰɢɤɥɨɜ ɤɨɦɩɟɧɫɚɰɢɨɧɧɨɝɨ ɧɚɝɧɟɬɚɧɢɹ.

Ʉ ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ ɜ Ɇɨɫɤɜɟ ɜɵɩɨɥɧɟɧɵ ɞɟɫɹɬɤɢ ɝɟɨɬɟɯɧɢɱɟɫɤɢɯ ɛɚɪɶɟɪɨɜ
ɦɟɬɨɞɨɦ ɤɨɦɩɟɧɫɚɰɢɨɧɧɨɝɨ ɧɚɝɧɟɬɚɧɢɹ ɢ ɜɫɟ
ɨɧɢ ɩɨɤɚɡɚɥɢ ɧɚɞɟɠɧɭɸ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ.

Ɋɢɫɭɧɨɤ 97. Ɉɫɚɞɤɚ ɡɞɚɧɢɹ ʋ1 ɩɪɢ ɭɫɬɪɨɣɫɬɜɟ ɤɨɥɥɟɤɬɨɪɚ

ɍɫɬɪɨɣɫɬɜɨ ɧɚɤɥɨɧɧɵɯ ɢ ɜɟɪɬɢɤɚɥɶɧɵɯ
ɝɟɨɬɟɯɧɢɱɟɫɤɢɯ ɛɚɪɶɟɪɨɜ ɜ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ
ɩɪɨɢɡɜɨɞɢɬɫɹ ɢ ɡɚ ɪɭɛɟɠɨɦ.
ɉɪɚɤɬɢɤɚ ɩɨɤɚɡɚɥɚ, ɱɬɨ ɭɤɚɡɚɧɧɵɣ ɛɚɪɶɟɪ
ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɦɟɧɹɬɶ ɜ ɫɥɟɞɭɸɳɢɯ
ɫɥɭɱɚɹɯ (ɪɢɫ. 98):
- ɦɟɠɞɭ ɮɭɧɞɚɦɟɧɬɚɦɢ ɫɭɳɟɫɬɜɭɸɳɢɯ

ɡɞɚɧɢɣ ɢ ɤɨɬɥɨɜɚɧɨɦ ɜɨɡɜɨɞɢɦɨɝɨ ɩɨɞɡɟɦɧɨɝɨ ɫɨɨɪɭɠɟɧɢɹ ɜ ɭɫɥɨɜɢɹɯ ɩɥɨɬɧɨɣ ɝɨɪɨɞɫɤɨɣ ɡɚɫɬɪɨɣɤɢ;
- ɞɥɹ ɫɧɢɠɟɧɢɹ ɜɡɚɢɦɧɨɝɨ ɜɥɢɹɧɢɹ ɡɞɚɧɢɣ;
- ɦɟɠɞɭ ɮɭɧɞɚɦɟɧɬɚɦɢ ɫɭɳɟɫɬɜɭɸɳɢɯ
ɡɞɚɧɢɣ ɢ ɬɨɧɧɟɥɹɦɢ ɩɨɞɡɟɦɧɨɣ ɩɪɨɯɨɞɤɢ.

Ɋɢɫɭɧɨɤ 98. Ɂɚɳɢɬɚ ɮɭɧɞɚɦɟɧɬɨɜ ɫɭɳɟɫɬɜɭɸɳɟɝɨ ɡɞɚɧɢɹ ɫ ɩɨɦɨɳɶɸ ɝɟɨɬɟɯɧɢɱɟɫɤɨɝɨ ɛɚɪɶɟɪɚ

17. ɁȺɄɅɘɑȿɇɂȿ

ɪɚɫɱɟɬɚ, ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ
ɨɛɟɫɩɟɱɟɧɢɹ ɷɬɢɯ ɫɬɪɨɟɤ.
Ʉ ɫɟɪɟɞɢɧɟ ɞɟɜɹɧɨɫɬɵɯ ɝɨɞɨɜ 20 ɜɟɤɚ ɜ
Ɋɨɫɫɢɢ ɨɬɫɭɬɫɬɜɨɜɚɥɢ ɧɨɪɦɚɬɢɜɧɵɟ ɞɨɤɭɦɟɧɬɵ ɩɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɨɫɧɨɜɚɧɢɣ ɢ
ɮɭɧɞɚɦɟɧɬɨɜ ɜɵɫɨɬɧɵɯ ɡɞɚɧɢɣ, ɚ ɬɚɤɠɟ
ɤɨɧɫɬɪɭɤɰɢɣ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ. ɇɟ
ɛɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ ɦɟɬɨɞɢɱɟɫɤɢɟ ɢ ɨɪɝɚɧɢɡɚ-

ȼ ɡɚɤɥɸɱɟɧɢɟ ɧɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ
ɡɚ ɩɹɬɧɚɞɰɚɬɶ ɩɨɫɥɟɞɧɢɯ ɥɟɬ ɜ Ɇɨɫɤɜɟ
ɩɨɫɬɪɨɟɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɭɧɢɤɚɥɶɧɵɯ
ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɢ ɜɵɫɨɬɧɵɯ ɡɞɚɧɢɣ.
Ɇɨɫɤɨɜɫɤɢɦ ɝɟɨɬɟɯɧɢɤɚɦ ɩɪɢɲɥɨɫɶ ɜ ɤɪɚɬɱɚɣɲɢɟ ɫɪɨɤɢ ɪɟɲɚɬɶ ɫɥɨɠɧɵɟ ɡɚɞɚɱɢ
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ɰɢɨɧɧɵɟ ɩɪɢɧɰɢɩɵ ɜɟɞɟɧɢɹ ɦɨɧɢɬɨɪɢɧɝɚ
ɡɞɚɧɢɣ ɜ ɭɫɥɨɜɢɹɯ ɩɥɨɬɧɨɣ ɝɨɪɨɞɫɤɨɣ ɡɚɫɬɪɨɣɤɢ. ɇɚ ɨɫɧɨɜɟ ɦɧɨɝɨɥɟɬɧɟɝɨ ɨɩɵɬɚ
ɫɨɩɪɨɜɨɠɞɟɧɢɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɝɟɨɬɟɯɧɢɱɟɫɤɨɣ ɱɚɫɬɢ ɭɧɢɤɚɥɶɧɵɯ
ɨɛɴɟɤɬɨɜ ɜɟɞɭɳɢɦɢ ɦɨɫɤɨɜɫɤɢɦɢ ɨɪɝɚɧɢɡɚɰɢɹɦɢ, ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɟ ɫɨɩɪɨɜɨɠɞɟɧɢɟ
ɢ ɦɨɧɢɬɨɪɢɧɝ ɝɟɨɬɟɯɧɢɱɟɫɤɢɯ ɪɚɛɨɬ ɜɤɥɸɱɟɧɵ ɜ ɦɨɫɤɨɜɫɤɢɟ ɧɨɪɦɚɬɢɜɧɵɟ ɞɨɤɭɦɟɧɬɵ
ɤɚɤ ɨɛɹɡɚɬɟɥɶɧɚɹ ɫɨɫɬɚɜɧɚɹ ɱɚɫɬɶ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɭɧɢɤɚɥɶɧɵɯ ɨɛɴɟɤɬɨɜ.
Ʉ ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ ɜɵɩɨɥɧɹɸɬɫɹ
ɫɥɟɞɭɸɳɢɟ ɜɢɞɵ ɝɟɨɬɟɯɧɢɱɟɫɤɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ:
1. Ɉɛɴɟɤɬɧɵɣ (ɫɬɪɨɹɳɟɝɨɫɹ ɢɥɢ ɫɭɳɟɫɬɜɭɸɳɟɝɨ ɡɞɚɧɢɹ ɢɥɢ ɫɨɨɪɭɠɟɧɢɹ).
2. Ƚɟɨɥɨɝɨ-ɝɢɞɪɨɝɟɨɥɨɝɢɱɟɫɤɢɣ.
3. Ƚɟɨɷɤɨɥɨɝɢɱɟɫɤɢɣ.
4. Ⱥɧɚɥɢɬɢɱɟɫɤɢɣ.
ɉɪɢɦɟɪɧɵɣ ɫɨɫɬɚɜ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɝɨ
ɫɨɩɪɨɜɨɠɞɟɧɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɤɪɭɩɧɨɝɨ
ɩɨɞɡɟɦɧɨɝɨ ɨɛɴɟɤɬɚ ɨɛɳɟɝɨɪɨɞɫɤɨɝɨ ɡɧɚɱɟɧɢɹ (ɬɨɪɝɨɜɨ-ɞɨɫɭɝɨɜɨɝɨ ɰɟɧɬɪɚ) ɩɪɢɜɟɞɟɧ
ɧɢɠɟ.
1. Ⱥɧɚɥɢɡ ɢ ɨɛɨɛɳɟɧɢɟ ɞɚɧɧɵɯ ɢɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɢɡɵɫɤɚɧɢɣ ɫ ɪɟɤɨɦɟɧɞɚɰɢɹɦɢ ɩɨ ɞɨɩɨɥɧɢɬɟɥɶɧɨɦɭ ɨɩɪɟɞɟɥɟɧɢɸ
ɧɟɨɛɯɨɞɢɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɝɪɭɧɬɨɜ.
2. Ⱥɧɚɥɢɡ ɢ ɷɤɫɩɟɪɬɢɡɚ ɪɚɫɱɟɬɨɜ ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ.
3. Ⱥɧɚɥɢɡ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɪɟɲɟɧɢɣ (ɩɪɨɟɤɬɨɜ) ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɩɨɞɡɟɦɧɨɣ ɱɚɫɬɢ ɤɨɦɩɥɟɤɫɚ.
4. Ɋɚɫɱɟɬ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɪɚɛɨɬɵ ɤɨɧɫɬɪɭɤɰɢɣ ɬɨɪɝɨɜɨ-ɞɨɫɭɝɨɜɨɝɨ ɰɟɧɬɪɚ (ɌȾɐ).
5. Ɋɚɫɱɟɬ ɧɚ ɩɪɨɝɪɟɫɫɢɪɭɸɳɟɟ ɨɛɪɭɲɟɧɢɟ.
6. Ɋɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɵ ɢ ɩɪɨɟɤɬɚ ɝɟɨɬɟɯɧɢɱɟɫɤɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ.
7. ɉɪɨɜɟɞɟɧɢɟ ɝɟɨɬɟɯɧɢɱɟɫɤɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ ɜ ɩɪɨɰɟɫɫɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ.
8. Ɋɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɵ ɢ ɩɪɨɟɤɬɚ, ɚ
ɬɚɤɠɟ ɜɟɞɟɧɢɟ ɦɨɧɢɬɨɪɢɧɝɚ ɫɨɫɬɨɹɧɢɹ
ɤɨɧɫɬɪɭɤɰɢɣ ɦɟɬɪɨɩɨɥɢɬɟɧɚ ɜ ɩɪɨɰɟɫɫɟ
ɫɬɪɨɢɬɟɥɶɫɬɜɚ.
9. Ɋɚɫɫɦɨɬɪɟɧɢɟ ɢ ɭɬɜɟɪɠɞɟɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɝɥɚɦɟɧɬɨɜ ɢ ɉɉɊ ɧɚ ɜɵɩɨɥɧɟɧɢɟ
ɝɟɨɬɟɯɧɢɱɟɫɤɢɯ ɪɚɛɨɬ.
10. ɉɟɪɢɨɞɢɱɟɫɤɢɟ ɤɨɧɬɪɨɥɶɧɵɟ ɧɚɛɥɸɞɟɧɢɹ ɡɚ ɤɚɱɟɫɬɜɨɦ ɜɵɩɨɥɧɟɧɢɹ ɝɟɨɬɟɯɧɢɱɟɫɤɢɯ ɪɚɛɨɬ.
11. Ɉɰɟɧɤɚ ɜɥɢɹɧɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɌȾɐ
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ɤɨɦɦɭɧɢɤɚɰɢɢ.
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Ɂɚɤɨɧɨɦɟɪɧɨɫɬɢ ɪɚɛɨɬɵ ɫɥɚɛɵɯ ɝɥɢɧɢɫɬɵɯ ɝɪɭɧɬɨɜ
ɩɪɢ ɭɫɬɪɨɣɫɬɜɟ ɝɥɭɛɨɤɢɯ ɤɨɬɥɨɜɚɧɨɜ
ȼ.Ɇ. ɍɥɢɰɤɢɣ, Ⱥ.Ƚ. ɒɚɲɤɢɧ, Ʉ.Ƚ. ɒɚɲɤɢɧ
ɇɉɈ “Ƚɟɨɪɟɤɨɧɫɬɪɭɤɰɢɹ”, ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ, Ɋɨɫɫɢɹ

ȺɇɇɈɌȺɐɂə: ȼ ɫɬɚɬɶɟ ɤɪɚɬɤɨ ɢɡɥɨɠɟɧ ɧɚɤɨɩɥɟɧɧɵɣ ɚɜɬɨɪɚɦɢ ɨɩɵɬ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɜɟɞɟɧɢɹ ɫɥɚɛɵɯ
ɝɥɢɧɢɫɬɵɯ ɝɪɭɧɬɨɜ ɜ ɨɫɧɨɜɚɧɢɢ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɢ ɜ ɨɝɪɚɠɞɟɧɢɢ ɤɨɬɥɨɜɚɧɨɜ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɨɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɧɚɬɭɪɧɵɯ ɧɚɛɥɸɞɟɧɢɣ ɡɚ ɨɫɚɞɤɚɦɢ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɢ
ɞɟɮɨɪɦɚɰɢɹɦɢ ɨɝɪɚɠɞɟɧɢɣ ɤɨɬɥɨɜɚɧɨɜ. ȼɵɩɨɥɧɟɧ ɤɪɢɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɩɪɢɦɟɧɢɦɨɫɬɢ ɪɚɡɥɢɱɧɵɯ ɪɚɫɱɟɬɧɵɯ ɦɨɞɟɥɟɣ ɞɥɹ ɨɩɢɫɚɧɢɹ ɪɚɛɨɬɵ ɫɥɚɛɵɯ ɝɥɢɧɢɫɬɵɯ ɝɪɭɧɬɨɜ. ɉɪɢɜɟɞɟɧɚ ɢɧɮɨɪɦɚɰɢɹ ɨ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɚɜɬɨɪɚɦɢ ɜɹɡɤɨ-ɭɩɪɭɝɨ-ɩɥɚɫɬɢɱɟɫɤɨɣ ɭɩɪɨɱɧɹɸɳɟɣɫɹ ɦɨɞɟɥɢ, ɚɤɤɭɦɭɥɢɪɭɸɳɟɣ ɫɭɦɦɭ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɨ ɪɚɛɨɬɟ ɫɥɚɛɵɯ ɝɥɢɧɢɫɬɵɯ ɝɪɭɧɬɨɜ. Ⱦɚɧɵ ɩɪɚɤɬɢɱɟɫɤɢɟ ɪɟɤɨɦɟɧɞɚɰɢɢ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɨɝɪɚɠɞɟɧɢɹ ɤɨɬɥɨɜɚɧɨɜ ɢ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɫ ɭɱɟɬɨɦ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɝɪɭɧɬɨɜ ɜɨ ɜɪɟɦɟɧɢ.

ɛɵɬɶ ɝɨɬɨɜɵɦ ɨɬɜɟɬɢɬɶ ɧɚ ɬɟ ɜɵɡɨɜɵ ɫɨɜɪɟɦɟɧɧɨɫɬɢ, ɤɨɬɨɪɵɟ ɫɜɹɡɚɧɵ ɫ ɪɟɲɟɧɢɟɦ
ɫɥɨɠɧɵɯ ɡɚɞɚɱ ɩɨɞɡɟɦɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɜ
ɫɪɟɞɟ ɩɥɨɬɧɨɣ ɝɨɪɨɞɫɤɨɣ ɡɚɫɬɪɨɣɤɢ.
ȼ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɫɥɨɠɢɜɲɚɹɫɹ ɫɢɫɬɟɦɚ
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɪɚɫɱɟɬɨɜ ɨɝɪɚɠɞɟɧɢɣ
ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɩɨ ɩɟɪɜɨɣ ɝɪɭɩɩɟ
ɩɪɟɞɟɥɶɧɵɯ ɫɨɫɬɨɹɧɢɣ (ɩɨ ɭɫɬɨɣɱɢɜɨɫɬɢ)
ɨɤɚɡɵɜɚɸɬɫɹ ɹɜɧɨ ɧɟɞɨɫɬɚɬɨɱɧɨɣ. Ʉɪɨɦɟ
ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɡɚɳɢɬɧɵɯ ɨɝɪɚɠɞɟɧɢɣ ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɫɨɯɪɚɧɧɨɫɬɶ
ɫɨɫɟɞɧɟɣ ɡɚɫɬɪɨɣɤɢ, ɚ ɞɥɹ ɷɬɨɝɨ ɫɥɟɞɭɟɬ
ɬɨɱɧɨ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɟɟ ɜɨɡɦɨɠɧɵɟ ɞɟɮɨɪɦɚɰɢɢ, ɬ.ɟ. ɜɵɩɨɥɧɹɬɶ ɪɚɫɱɟɬɵ ɩɨ ɜɬɨɪɨɣ
ɝɪɭɩɩɟ ɩɪɟɞɟɥɶɧɵɯ ɫɨɫɬɨɹɧɢɣ (ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɩɪɢɝɨɞɧɨɫɬɢ), ɨɰɟɧɢɜɚɹ ɡɨɧɵ
ɪɢɫɤɚ ɢ ɨɫɚɞɤɢ ɫɨɫɟɞɧɢɯ ɡɞɚɧɢɣ ɨɬ ɩɨɞɡɟɦɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɧɚ ɜɫɟɯ ɟɝɨ ɷɬɚɩɚɯ.
ɉɨɞɡɟɦɧɨɟ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɨɬɧɨɫɢɬɫɹ ɤ
ɩɨɜɵɲɟɧɧɨɦɭ
ɭɪɨɜɧɸ
ɝɟɨɬɟɯɧɢɱɟɫɤɨɣ
ɫɥɨɠɧɨɫɬɢ ɢ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ, ɢ ɫɜɹɡɚɧɨ ɫ
ɭɜɟɥɢɱɟɧɢɟɦ ɱɢɫɥɚ ɮɚɤɬɨɪɨɜ ɪɢɫɤɚ, ɫɭɦɦɚ
ɤɨɬɨɪɵɯ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɧɟ ɩɪɨɫɬɨ ɤ ɩɨɜɪɟɠɞɟɧɢɸ, ɧɨ ɢ ɤ ɨɛɪɭɲɟɧɢɸ ɫɨɫɟɞɧɢɯ ɡɞɚɧɢɣ. Ʉ ɫɨɠɚɥɟɧɢɸ, ɬɚɤɢɟ ɫɥɭɱɚɢ ɢɦɟɸɬ
ɦɟɫɬɨ ɤɚɤ ɜ ɨɬɟɱɟɫɬɜɟɧɧɨɣ, ɬɚɤ ɢ ɜ ɡɚɪɭɛɟɠɧɨɣ ɩɪɚɤɬɢɤɟ [10].
Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɩɪɢɟɦɥɟɦɨɝɨ ɫɭɦɦɚɪɧɨɝɨ ɪɢɫɤɚ ɩɪɢ ɩɨɞɡɟɦɧɨɦ ɫɬɪɨɢɬɟɥɶɫɬɜɟ
ɧɟɨɛɯɨɞɢɦɨ ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ ɪɢɫɤ ɨɬ
ɤɚɠɞɨɝɨ ɮɚɤɬɨɪɚ. ɗɬɨ ɨɡɧɚɱɚɟɬ ɩɪɟɞɴɹɜɥɟɧɢɟ ɩɨɜɵɲɟɧɧɵɯ ɬɪɟɛɨɜɚɧɢɣ ɤ ɤɚɠɞɨɦɭ
ɲɚɝɭ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ: ɢɡɵɫɤɚɧɢɹɦ,

ȼȼȿȾȿɇɂȿ
Ɋɚɡɜɢɬɢɟ ɫɨɜɪɟɦɟɧɧɨɝɨ ɦɟɝɚɩɨɥɢɫɚ ɧɟɜɨɡɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɫɟɛɟ ɛɟɡ ɜɵɫɨɬɧɨɝɨ
ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɩɟɪɟɭɫɬɪɨɣɫɬɜɚ ɬɪɚɧɫɩɨɪɬɧɨɣ
ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ, ɝɥɭɛɨɤɨɣ ɪɟɤɨɧɫɬɪɭɤɰɢɢ
ɤɜɚɪɬɚɥɨɜ ɫɥɨɠɢɜɲɟɣɫɹ ɡɚɫɬɪɨɣɤɢ. Ʉɚɠɞɨɟ
ɢɡ ɷɬɢɯ ɧɚɩɪɚɜɥɟɧɢɣ ɫɜɹɡɚɧɨ ɫ ɩɨɞɡɟɦɧɵɦ
ɫɬɪɨɢɬɟɥɶɫɬɜɨɦ. ɉɨɞɡɟɦɧɵɟ ɷɬɚɠɢ ɧɟɛɨɫɤɪɟɛɨɜ ɫɥɭɠɚɬ ɧɟ ɬɨɥɶɤɨ ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ
ɩɚɪɤɢɧɝɨɜ ɢ ɬɟɯɧɢɱɟɫɤɨɣ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ,
ɧɨ ɢ ɫɩɨɫɨɛɫɬɜɭɸɬ ɷɮɮɟɤɬɢɜɧɨɦɭ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɸ ɞɚɜɥɟɧɢɹ ɧɚ ɨɫɧɨɜɚɧɢɟ. Ɇɨɞɟɪɧɢɡɚɰɢɹ ɬɪɚɧɫɩɨɪɬɧɨɣ ɫɟɬɢ ɧɟɜɨɡɦɨɠɧɚ ɛɟɡ
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɜ ɰɟɧɬɪɟ ɝɨɪɨɞɚ ɩɨɞɡɟɦɧɵɯ
ɚɜɬɨɫɬɨɹɧɨɤ, ɨɫɜɨɛɨɠɞɚɸɳɢɯ ɭɥɢɰɵ ɨɬ
ɡɚɤɭɩɨɪɢɜɚɸɳɢɯ ɢɯ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɩɪɢɩɚɪɤɨɜɚɧɧɵɯ ɚɜɬɨɦɨɛɢɥɟɣ. ɉɨɞɡɟɦɧɵɟ ɪɚɡɜɹɡɤɢ – ɷɬɨ ɟɞɢɧɫɬɜɟɧɧɵɣ ɫɩɨɫɨɛ
ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦɵ ɩɪɨɛɨɤ ɜ ɝɨɪɨɞɚɯ, ɢɫɬɨɪɢɱɟɫɤɢɣ ɨɛɥɢɤ ɤɨɬɨɪɵɯ ɦɵ ɧɟ ɜɩɪɚɜɟ
ɢɫɤɚɠɚɬɶ ɧɚɡɟɦɧɵɦɢ ɷɫɬɚɤɚɞɚɦɢ. ɇɚɤɨɧɟɰ,
ɨɛɟɫɩɟɱɢɬɶ ɫɨɜɪɟɦɟɧɧɨɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ
ɤɜɚɪɬɚɥɨɜ ɫɥɨɠɢɜɲɟɣɫɹ ɡɚɫɬɪɨɣɤɢ, ɫɨɯɪɚɧɢɜ
ɩɪɢ ɷɬɨɦ ɢɯ ɚɪɯɢɬɟɤɬɭɪɧɵɣ ɨɛɥɢɤ, ɨɤɚɡɵɜɚɟɬɫɹ ɜɨɡɦɨɠɧɵɦ ɬɨɥɶɤɨ ɩɨɫɪɟɞɫɬɜɨɦ ɩɨɞɡɟɦɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɪɚɡɦɟɳɚɹ ɩɨɞ ɡɟɦɥɟɣ
ɜɫɟ ɬɨ, ɱɬɨ ɧɟ ɜɩɢɫɵɜɚɟɬɫɹ ɜ ɯɪɭɩɤɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ, ɨɱɟɪɱɟɧɧɨɟ ɢɫɬɨɪɢɱɟɫɤɢ ɫɥɨɠɢɜɲɢɦɫɹ ɤɨɧɬɭɪɨɦ ɢɫɬɨɪɢɱɟɫɤɢɯ ɡɞɚɧɢɣ.
ɂɬɚɤ, ɩɨɞɡɟɦɧɨɟ ɫɬɪɨɢɬɟɥɶɫɬɜɨ – ɷɬɨ
ɜɚɠɧɟɣɲɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɪɚɡɜɢɬɢɹ ɝɨɪɨɞɨɜ.
ɉɨɷɬɨɦɭ ɝɟɨɬɟɯɧɢɤ ɫɬɚɧɨɜɢɬɫɹ ɤɥɸɱɟɜɨɣ
ɮɢɝɭɪɨɣ ɜ ɫɬɪɨɢɬɟɥɶɧɨɦ ɩɪɨɰɟɫɫɟ. ȿɦɭ ɧɚɞɨ
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ɪɚɫɱɟɬɚɦ, ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɢ ɫɨɛɫɬɜɟɧɧɨ
ɫɬɪɨɢɬɟɥɶɫɬɜɭ.
ɉɪɟɠɞɟ ɜɫɟɝɨ, ɧɟɨɛɯɨɞɢɦɨ ɨɝɪɚɧɢɱɢɬɶ
ɜɫɟ ɜɨɡɦɨɠɧɵɟ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɟ ɜɨɡɞɟɣɫɬɜɢɹ ɨɬ ɩɨɞɡɟɦɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɧɚ ɫɨɫɟɞɧɸɸ ɡɚɫɬɪɨɣɤɭ. ȼ ɉɟɬɟɪɛɭɪɝɟ ɬɚɤɨɟ ɨɝɪɚɧɢɱɟɧɢɟ ɜɜɟɞɟɧɨ ɜ ɪɟɝɢɨɧɚɥɶɧɵɯ ɝɟɨɬɟɯɧɢɱɟɫɤɢɯ ɧɨɪɦɚɯ:
n
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ɫɨɨɪɭɠɟɧɢɣ ɜ ɭɫɥɨɜɢɹɯ ɝɨɪɨɞɫɤɨɣ ɡɚɫɬɪɨɣɤɢ
ɧɚ ɫɥɚɛɵɯ ɝɪɭɧɬɚɯ, ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɭɫɩɟɯɢ
ɢ ɧɟɭɞɚɱɢ, ɩɨɞɝɨɬɨɜɢɬɶɫɹ ɤ ɞɚɥɶɧɟɣɲɟɦɭ
ɷɬɚɩɭ ɩɨɞɡɟɦɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɛɟɡ ɤɨɬɨɪɨɝɨ ɧɟɦɵɫɥɢɦɨ ɪɚɡɜɢɬɢɟ ɦɟɝɚ-ɝɨɪɨɞɨɜ ɦɢɪɚ.
1. ɈɉɕɌ ɉɈȾɁȿɆɇɈȽɈ ɋɌɊɈɂɌȿɅɖɋɌȼȺ ȼ ɋȺɇɄɌ-ɉȿɌȿɊȻɍɊȽȿ
ȿɫɥɢ ɧɟ ɫɱɢɬɚɬɶ ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ
ɦɟɬɪɨɩɨɥɢɬɟɧɚ, ɜ ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɟ ɞɨ ɩɨɫɥɟɞɧɟɝɨ ɜɪɟɦɟɧɢ ɧɟ ɫɭɳɟɫɬɜɨɜɚɥɨ ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ ɨɩɵɬɚ ɩɨɞɡɟɦɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ.
Ⱥɤɬɢɜɧɨɟ ɨɫɜɨɟɧɢɟ ɩɨɞɡɟɦɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɜ ɧɚɲɟɦ ɝɨɪɨɞɟ ɧɚɱɚɥɨɫɶ ɜ ɤɨɧɰɟ
ɞɟɜɹɧɨɫɬɵɯ ɝɨɞɨɜ ɫ ɢɡɜɟɫɬɧɵɯ ɝɟɨɬɟɯɧɢɱɟɫɤɢɯ ɨɲɢɛɨɤ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɝɨɫɬɢɧɢɰɵ
ɧɚ ɇɟɜɫɤɨɦ ɩɪ., 57, ɬɪɚɧɫɩɨɪɬɧɨ-ɤɨɦɦɟɪɱɟɫɤɨɝɨ ɰɟɧɬɪɚ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɯ ɦɚɝɢɫɬɪɚɥɟɣ
ɭ Ɇɨɫɤɨɜɫɤɨɝɨ ɜɨɤɡɚɥɚ ɢ ɠɢɥɨɝɨ ɞɨɦɚ ʋ 6
ɧɚ Ɇɢɱɭɪɢɧɫɤɨɣ ɭɥ.
ɉɪɢ ɷɬɨɦ ɛɵɥɢ ɩɨɥɧɨɫɬɶɸ ɪɚɡɪɭɲɟɧɵ ɢ
ɪɚɡɨɛɪɚɧɵ ɫɨɫɟɞɧɢɟ ɢɫɬɨɪɢɱɟɫɤɢɟ ɡɞɚɧɢɹ –
ɡɧɚɱɢɦɵɟ ɩɚɦɹɬɧɢɤɢ ɚɪɯɢɬɟɤɬɭɪɵ. ȼɨ ɜɫɟɯ
ɬɪɟɯ ɫɥɭɱɚɹɯ ɩɪɢɱɢɧɨɣ ɚɜɚɪɢɣ ɩɨɫɥɭɠɢɥɨ
ɩɪɢɦɟɧɟɧɢɟ ɧɟɚɞɚɩɬɢɪɨɜɚɧɧɵɯ ɤ ɦɟɫɬɧɵɦ
ɝɪɭɧɬɨɜɵɦ ɭɫɥɨɜɢɹɦ ɬɟɯɧɨɥɨɝɢɣ ɭɫɬɪɨɣɫɬɜɚ
ɨɝɪɚɠɞɟɧɢɹ ɤɨɬɥɨɜɚɧɚ ɢɡ ɛɭɪɨɧɚɛɢɜɧɵɯ
ɫɜɚɣ. ȼ ɪɚɫɱɟɬɧɨɦ ɨɬɧɨɲɟɧɢɢ ɨɫɧɨɜɧɨɣ
ɧɟɞɨɫɬɚɬɨɤ ɡɚɤɥɸɱɚɥɫɹ ɜ ɨɬɫɭɬɫɬɜɢɢ ɩɪɨɝɧɨɡɚ ɜɨɡɦɨɠɧɵɯ ɡɨɧ ɪɢɫɤɚ. Ɉɩɚɫɧɵɦɢ ɨɤɚɡɚɥɢɫɶ ɩɪɢɦɟɧɹɟɦɵɟ ɩɪɢ ɜɟɞɟɧɢɢ ɪɚɛɨɬ ɧɚ
ɭɤɚɡɚɧɧɵɯ ɨɛɴɟɤɬɚɯ ɬɟɯɧɨɥɨɝɢɢ.
Ɍɚɤ, ɧɚ ɢɡɜɟɫɬɧɨɦ ɜ ɉɟɬɟɪɛɭɪɝɟ ɨɛɴɟɤɬɟ
ɧɚ ɇɟɜɫɤɨɦ ɩɪ., 57 ɩɪɢɦɟɧɹɥɚɫɶ ɬɟɯɧɨɥɨɝɢɹ
ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɜɚɣ ɩɨɞ ɡɚɳɢɬɨɣ ɨɛɫɚɞɧɨɣ
ɬɪɭɛɵ, ɨɝɪɚɠɞɟɧɢɟ ɤɨɬɥɨɜɚɧɚ ɫɨɫɬɨɹɥɨ ɢɡ
ɫɟɤɭɳɢɯɫɹ ɫɜɚɣ. ɉɪɢ ɩɪɨɯɨɞɤɟ ɫɜɚɣ ɛɵɥɨ
ɞɨɩɭɳɟɧɨ ɢɡɛɵɬɨɱɧɨɟ ɢɡɜɥɟɱɟɧɢɟ ɝɪɭɧɬɚ,
ɱɟɦɭ ɜ ɧɟɦɚɥɨɣ ɫɬɟɩɟɧɢ ɫɩɨɫɨɛɫɬɜɨɜɚɥɨ
ɞɢɧɚɦɢɱɟɫɤɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɩɪɢ ɪɚɡɛɭɪɢɜɚɧɢɢ ɫɨɫɟɞɧɢɯ ɫɜɚɣ. Ⱦɨɦɚ ʋ 55 ɢ 59 ɩɨ
ɇɟɜɫɤɨɦɭ ɩɪ. ɩɨɥɭɱɢɥɢ ɨɫɚɞɤɭ ɛɨɥɟɟ 20 ɫɦ ɢ
ɛɵɥɢ ɪɚɡɨɛɪɚɧɵ (ɪɢɫ. 1).
ɍ Ɇɨɫɤɨɜɫɤɨɝɨ ɜɨɤɡɚɥɚ ɞɥɹ ɡɚɳɢɬɵ ɨɯɪɚɧɹɟɦɵɯ ɝɨɫɭɞɚɪɫɬɜɨɦ ɞɨɦɨɜ ʋ 26 ɢ ʋ 30 ɩɨ
Ʌɢɝɨɜɫɤɨɦɭ ɩɪ. ɩɪɢɦɟɧɹɥɚɫɶ ɡɚɳɢɬɧɚɹ ɫɬɟɧɤɚ
ɢɡ ɫɟɤɭɳɢɯɫɹ ɫɜɚɣ, ɢɡɝɨɬɚɜɥɢɜɚɟɦɵɯ ɩɨ
ɨɩɚɫɧɨɣ ɞɥɹ ɫɬɪɭɤɬɭɪɧɨ ɧɟɭɫɬɨɣɱɢɜɵɯ ɫɥɚɛɵɯ ɝɪɭɧɬɨɜ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɯɨɞɧɨɝɨ ɲɧɟɤɚ
(ɋFA). ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɢɡɨɲɥɨ ɢɡɛɵɬɨɱɧɨɟ
ɢɡɜɥɟɱɟɧɢɟ ɝɪɭɧɬɚ ɩɨ ɲɧɟɤɭ, ɩɪɢɜɟɞɲɟɟ ɤ
ɪɟɡɤɢɦ ɨɫɚɞɤɚɦ ɷɬɢɯ ɡɞɚɧɢɣ ɩɨɪɹɞɤɚ 23 ɫɦ
(ɪɢɫ. 2). Ɂɞɚɧɢɹ ɛɵɥɢ ɩɨɥɧɨɫɬɶɸ ɪɚɡɨɛɪɚɧɵ ɢ
ɜ ɩɨɫɥɟɞɭɸɳɟɦ ɧɟ ɜɨɫɫɨɡɞɚɧɵ.
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ɝɞɟ ɝɞɟ Siad – ɫɨɫɬɚɜɥɹɸɲɢɟ ɞɟɮɨɪɦɚɰɢɢ
ɨɬ ɤɚɠɞɨɝɨ ɮɚɤɬɨɪɚ ɪɢɫɤɚ, n – ɤɨɥɢɱɟɫɬɜɨ
ɮɚɤɬɨɪɨɜ ɪɢɫɤɚ, Sad u – ɩɪɟɞɟɥɶɧɚɹ ɞɨɩɭɫɬɢɦɚɹ ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɞɟɮɨɪɦɚɰɢɹ ɫɨɫɟɞɧɟɣ
ɡɚɫɬɪɨɣɤɢ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɫɨɜɦɟɫɬɧɵɦ ɪɚɫɱɟɬɨɦ ɫɢɫɬɟɦɵ «ɫɨɫɟɞɧɟɟ ɡɞɚɧɢɟ – ɨɫɧɨɜɚɧɢɟ –
ɩɨɞɡɟɦɧɨɟ ɫɨɨɪɭɠɟɧɢɟ».
Ɉɫɧɨɜɧɵɦɢ ɮɚɤɬɨɪɚɦɢ ɪɢɫɤɚ, ɩɪɢɜɨɞɹɳɢɦɢ ɤ ɞɟɮɨɪɦɚɰɢɹɦ ɫɨɫɟɞɧɟɣ ɡɚɫɬɪɨɣɤɢ
ɩɪɢ ɩɨɞɡɟɦɧɨɦ ɫɬɪɨɢɬɟɥɶɫɬɜɟ, ɹɜɥɹɸɬɫɹ
ɢɡɦɟɧɟɧɢɟ ɫɬɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ
ɦɚɫɫɢɜɚ ɝɪɭɧɬɚ, ɝɢɞɪɨɝɟɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ
ɩɥɨɳɚɞɤɢ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɜɨɡɞɟɣɫɬɜɢɹ.
ɋɨɫɬɚɜɥɹɸɳɢɟ ɞɟɮɨɪɦɚɰɢɣ ɨɬ ɤɚɠɞɨɝɨ
ɮɚɤɬɨɪɚ ɪɢɫɤɚ Siad ɬɪɟɛɭɸɬ ɪɚɫɱɟɬɧɨɣ ɨɰɟɧɤɢ, ɨɫɧɨɜɚɧɧɨɣ ɧɚ ɞɨɫɬɨɜɟɪɧɵɯ, ɚɩɪɨɛɢɪɨɜɚɧɧɵɯ ɦɟɬɨɞɚɯ ɪɚɫɱɟɬɚ. ɋɥɟɞɭɟɬ ɩɪɢɡɧɚɬɶ,
ɱɬɨ ɞɥɹ ɭɫɥɨɜɢɣ ɫɥɚɛɵɯ ɝɪɭɧɬɨɜ ɦɟɬɨɞɨɜ
ɪɚɫɱɟɬɚ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ, ɩɪɨɲɟɞɲɢɯ
ɜɫɟɫɬɨɪɨɧɧɸɸ ɩɪɨɜɟɪɤɭ ɩɪɚɤɬɢɤɨɣ, ɞɨ
ɩɨɫɥɟɞɧɟɝɨ ɜɪɟɦɟɧɢ ɮɚɤɬɢɱɟɫɤɢ ɧɟ ɫɭɳɟɫɬɜɨɜɚɥɨ. ɗɬɨ ɜɩɨɥɧɟ ɨɛɴɹɫɧɢɦɨ: ɬɚɤɨɝɨ ɪɨɞɚ
ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɪɚɛɨɬɵ ɜ ɝɨɪɨɞɫɤɢɯ ɭɫɥɨɜɢɹɯ
ɬɪɟɛɭɸɬ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɮɢɧɚɧɫɢɪɨɜɚɧɢɹ ɧɚ
ɪɚɡɪɚɛɨɬɤɭ ɪɚɫɱɟɬɧɨɝɨ ɨɛɨɫɧɨɜɚɧɢɹ, ɩɪɢɟɦɥɟɦɨɝɨ ɞɥɹ ɤɨɧɤɪɟɬɧɨɝɨ ɪɟɝɢɨɧɚ, ɢ ɧɚ ɲɢɪɨɤɭɸ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɭɸ ɩɪɨɜɟɪɤɭ, ɨɛɟɫɩɟɱɢɜɚɸɳɭɸ ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɬɟɨɪɟɬɢɱɟɫɤɢɯ
ɩɪɟɞɩɨɫɵɥɨɤ ɢ ɱɢɫɥɟɧɧɵɯ ɪɚɫɱɟɬɨɜ. ɉɨɷɬɨɦɭ ɝɪɚɧɞɢɨɡɧɵɟ ɡɚɦɵɫɥɵ ɩɨɞɡɟɦɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɜɨɡɧɢɤɚɜɲɢɟ ɜ ɉɟɬɟɪɛɭɪɝɟ ɜ ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɛɭɦɚ, ɩɪɟɞɫɬɚɜɥɹɥɢ ɨɩɪɟɞɟɥɟɧɧɭɸ ɨɩɚɫɧɨɫɬɶ ɞɥɹ ɫɨɯɪɚɧɧɨɫɬɢ ɭɧɢɤɚɥɶɧɨɝɨ ɝɨɪɨɞɚ. ɉɪɨɟɤɬɧɵɟ, ɢɡɵɫɤɚɬɟɥɶɫɤɢɟ, ɩɨɞɪɹɞɧɵɟ ɨɪɝɚɧɢɡɚɰɢɢ ɧɟ ɛɵɥɢ
ɝɨɬɨɜɵ ɤ ɪɟɲɟɧɢɸ ɡɚɞɚɱ ɷɬɨɝɨ ɭɪɨɜɧɹ ɫɥɨɠɧɨɫɬɢ (ɱɬɨ ɨɬɧɨɫɢɬɫɹ ɤɚɤ ɤ ɨɬɟɱɟɫɬɜɟɧɧɵɦ,
ɬɚɤ ɢ ɤ ɡɚɪɭɛɟɠɧɵɦ ɮɢɪɦɚɦ). Ʉɪɢɡɢɫ ɫɵɝɪɚɥ
ɡɞɟɫɶ, ɧɚ ɧɚɲ ɜɡɝɥɹɞ, ɩɨɥɨɠɢɬɟɥɶɧɭɸ ɪɨɥɶ,
ɩɪɢɨɫɬɚɧɨɜɢɜ ɪɟɚɥɢɡɚɰɢɸ ɨɩɚɫɧɵɯ ɩɨ
ɦɧɨɝɢɦ ɩɚɪɚɦɟɬɪɚɦ ɨɛɴɟɤɬɨɜ. ɋɟɝɨɞɧɹ
ɩɨɹɜɢɥɚɫɶ ɜɨɡɦɨɠɧɨɫɬɶ ɨɰɟɧɢɬɶ ɪɟɡɭɥɶɬɚɬɵ
ɩɟɪɜɵɯ ɨɩɵɬɨɜ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɩɨɞɡɟɦɧɵɯ
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Ɋɢɫ. 1. Ⱥɜɚɪɢɣɧɨ ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɟ ɞɨɦɚ ʋ55 ɢ 59 ɩɨ ɇɟɜɫɤɨɦɭ ɩɪ.

Ɋɢɫ. 2. ɗɩɸɪɚ ɩɟɪɟɦɟɳɟɧɢɣ ɞɨɦɨɜ ʋ26 ɢ 30 ɩɨ Ʌɢɝɨɜɫɤɨɦɭ ɩɪ. ɜ ɦɦ ɡɚ ɩɟɪɢɨɞ ɫ 18.02.98 ɝ. ɩɨ 29.06.98 ɝ.

Ⱦɨɦ ʋ 8 ɩɨ Ɇɢɱɭɪɢɧɫɤɨɣ ɭɥ. ɩɥɚɧɢɪɨɜɚɥɨɫɶ ɡɚɳɢɬɢɬɶ ɨɬ ɜɥɢɹɧɢɹ ɫɨɫɟɞɧɟɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɫɬɟɧɤɨɣ ɢɡ ɤɚɫɚɬɟɥɶɧɵɯ ɫɜɚɣ ɝɥɭɛɢɧɨɣ 30 ɦ ɩɪɢ ɞɢɚɦɟɬɪɟ 1.2 ɦ, ɢɡɝɨɬɚɜɥɢɜɚɟɦɵɯ ɩɨɞ ɨɛɫɚɞɧɨɣ ɬɪɭɛɨɣ ɫ ɩɨɦɨɳɶɸ
ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɝɪɟɣɮɟɪɚ «Ʉɚɬɨ». ȼɫɥɟɞɫɬɜɢɟ
ɢɡɛɵɬɨɱɧɨɝɨ ɢɡɜɥɟɱɟɧɢɹ ɝɪɭɧɬɚ ɢɡ ɫɤɜɚɠɢɧ
ɡɞɚɧɢɟ ɩɨɥɭɱɢɥɨ ɨɫɚɞɤɭ ɛɨɥɟɟ 15 ɫɦ, ɬɪɟɫɧɭɥɨ ɩɨɩɨɥɚɦ (ɪɚɫɤɪɵɬɢɟ ɬɪɟɳɢɧɵ ɞɨɫɬɢɝɥɨ
8 ɫɦ!) ɢ ɛɵɥɨ ɪɚɡɨɛɪɚɧɨ (ɪɢɫ. 3). ɋɥɟɞɭɟɬ
ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɛɵɥɚ ɞɨɩɭɳɟɧɚ ɧɟ ɬɨɥɶɤɨ ɨɲɢɛɤɚ ɜ ɜɵɛɨɪɟ ɝɟɨɬɟɯɧɨɥɨɝɢɢ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɠɢɦɨɜ, ɧɨ ɢ ɜ
ɝɟɨɬɟɯɧɢɱɟɫɤɨɣ ɤɨɧɰɟɩɰɢɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ.
Ɉɩɚɫɧɨɫɬɶ ɫɨɫɟɞɧɟɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɛɵɥɚ
ɦɢɮɢɱɟɫɤɨɣ. ɉɪɢ ɪɚɫɱɟɬɟ ɨɫɚɞɨɤ ɧɨɜɨɝɨ
ɡɞɚɧɢɹ ɧɟ ɛɵɥ ɭɱɬɟɧ ɷɮɮɟɤɬ «ɩɥɚɜɚɸɳɟɝɨ
ɮɭɧɞɚɦɟɧɬɚ». ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɦɟɫɬɨ ɩɪɨɝɧɨɡɢɪɭɟɦɨɣ ɨɫɚɞɤɢ 18 ɫɦ ɜ ɪɟɚɥɶɧɨɫɬɢ ɨɫɚɞɤɚ
ɩɨɫɬɪɨɟɧɧɨɝɨ ɡɞɚɧɢɹ ɧɟ ɩɪɟɜɵɫɢɥɚ 4,5 ɫɦ.
«Ɋɚɡɞɟɥɢɬɟɥɶɧɚɹ ɫɬɟɧɤɚ» ɢɡ ɦɚɫɫɢɜɧɵɯ ɫɜɚɣ,

Ɋɢɫ. 3. Ⱥɜɚɪɢɣɧɵɟ ɞɟɮɨɪɦɚɰɢɢ ɞ. 8 ɩɨ Ɇɢɱɭɪɢɧɫɤɨɣ ɭɥ.
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ɤɨɬɨɪɚɹ ɫɬɚɥɚ ɩɪɢɱɢɧɨɣ ɝɢɛɟɥɢ ɫɨɫɟɞɧɟɝɨ
ɡɞɚɧɢɹ, ɧɟ ɬɪɟɛɨɜɚɥɚɫɶ.
Ʉɚɤ ɩɨɤɚɡɵɜɚɸɬ ɩɪɢɜɟɞɟɧɧɵɟ ɩɪɢɦɟɪɵ,
ɩɪɨɫɬɨɣ ɢɦɩɨɪɬ ɡɚɪɭɛɟɠɧɵɯ ɝɟɨɬɟɯɧɨɥɨɝɢɣ
ɛɟɡ ɢɯ ɚɞɚɩɬɚɰɢɢ ɤ ɫɥɨɠɧɵɦ ɝɪɭɧɬɨɜɵɦ
ɭɫɥɨɜɢɹɦ ɪɟɝɢɨɧɚ, ɨɛɪɟɱɟɧ ɧɚ ɡɚɜɟɞɨɦɵɣ
ɩɪɨɜɚɥ.
ɉɟɬɟɪɛɭɪɝɫɤɢɟ ɝɟɨɬɟɯɧɢɤɢ ɩɪɨɜɟɥɢ ɨɝɪɨɦɧɭɸ ɪɚɛɨɬɭ ɩɨ ɪɚɡɴɹɫɧɟɧɢɸ ɢɧɜɟɫɬɨɪɚɦ
ɫɥɨɠɧɨɫɬɟɣ ɢ ɦɧɨɝɨɮɚɤɬɨɪɧɵɯ ɪɢɫɤɨɜ,
ɫɜɹɡɚɧɧɵɯ ɫ ɩɨɞɡɟɦɧɵɦ ɫɬɪɨɢɬɟɥɶɫɬɜɨɦ.
ɉɪɢ ɨɬɫɭɬɫɬɜɢɢ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɝɨ ɮɢɧɚɧɫɢɪɨɜɚɧɢɹ ɮɚɤɬɢɱɟɫɤɢ ɧɚ ɢɧɜɟɫɬɨɪɨɜ ɥɟɝɥɚ
ɡɚɞɚɱɚ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɨɛɥɚɫɬɢ
ɝɟɨɬɟɯɧɢɤɢ, ɛɟɡ ɤɨɬɨɪɵɯ ɩɨɞɡɟɦɧɨɟ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɜ ɝɨɪɨɞɟ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɧɚɱɚɬɨ ɫ
ɩɪɢɟɦɥɟɦɨɣ ɞɥɹ ɢɧɜɟɫɬɨɪɨɜ ɫɬɟɩɟɧɶɸ ɪɢɫɤɚ.
ȼ ɉɟɬɟɪɛɭɪɝɟ ɩɨɞ ɪɭɤɨɜɨɞɫɬɜɨɦ ɚɜɬɨɪɨɜ
ɜ 2007-2008 ɝɝ. ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɲɢɪɨɤɨɦɚɫɲɬɚɛɧɵɟ ɤɨɦɩɥɟɤɫɧɵɟ ɧɚɬɭɪɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ. ȼɵɛɨɪ ɩɥɨɳɚɞɤɢ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ
ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɧɚɦɢ ɬɚɤɢɦ
ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɡɚɜɟɞɨɦɨ ɢɫɤɥɸɱɢɬɶ ɜɥɢɹɧɢɟ
ɷɤɫɩɟɪɢɦɟɧɬɚ ɧɚ ɷɤɫɩɥɭɚɬɢɪɭɟɦɵɟ ɡɞɚɧɢɹ ɢ
ɫɨɨɪɭɠɟɧɢɹ ɢ ɬɟɦ ɫɚɦɵɦ ɢɫɤɥɸɱɢɬɶ ɪɢɫɤ

ɞɥɹ ɠɢɬɟɥɟɣ.
Ɉɱɟɧɶ ɜɚɠɧɨ ɜ ɦɟɬɨɞɨɥɨɝɢɱɟɫɤɨɦ ɩɥɚɧɟ
ɨɬɦɟɬɢɬɶ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɩɪɨɜɟɞɟɧɧɵɯ
ɢɫɫɥɟɞɨɜɚɧɢɣ, ɫ ɩɨɫɬɟɩɟɧɧɵɦ ɭɫɥɨɠɧɟɧɢɟɦ
ɝɟɨɬɟɯɧɢɱɟɫɤɢɯ ɡɚɞɚɱ.
ɉɪɢ ɭɫɬɪɨɣɫɬɜɟ ɭɧɢɤɚɥɶɧɨɝɨ ɞɥɹ ɝɨɪɨɞɚ
ɩɨɞɡɟɦɧɨɝɨ ɫɨɨɪɭɠɟɧɢɹ ɧɚ Ʉɨɦɟɧɞɚɧɬɫɤɨɣ
ɩɥɨɳɚɞɢ (ɪɢɫ. 4) (ɩɨɞɪɹɞɱɢɤ «Ƚɟɨɢɡɨɥ» ɩɪɢ
ɫɨɞɟɣɫɬɜɢɢ ɮɢɪɦɵ «Franki») ɧɚɞ ɜɫɟɦɢ
ɭɱɚɫɬɧɢɤɚɦɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɞɨɜɥɟɥ ɨɩɵɬ ɫɨɫɟɞɧɟɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ
ɜɟɫɬɢɛɸɥɹ ɦɟɬɪɨ, ɤɨɬɨɪɵɣ ɛɵɥ ɧɟ ɜɩɨɥɧɟ
ɭɞɚɱɧɵɦ: ɬɚɦ ɦɨɧɨɥɢɬɧɚɹ ɫɬɟɧɚ ɜ ɝɪɭɧɬɟ
ɜɨɡɜɨɞɢɥɚɫɶ ɛɨɥɟɟ 3-ɯ ɥɟɬ. Ɉɫɧɨɜɧɚɹ ɩɪɨɛɥɟɦɚ ɡɚɤɥɸɱɚɥɚɫɶ ɜ ɨɛɟɫɩɟɱɟɧɢɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɪɨɯɨɞɤɢ ɩɨɞ ɡɚɳɢɬɨɣ ɬɢɤɫɨɬɪɨɩɧɨɝɨ
ɪɚɫɬɜɨɪɚ. ɉɨɷɬɨɦɭ ɞɥɹ ɧɨɜɨɝɨ ɩɨɞɡɟɦɧɨɝɨ
ɫɨɨɪɭɠɟɧɢɹ ɩɨ ɢɧɢɰɢɚɬɢɜɟ ɮɢɪɦɵ «Franki»
ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɹɠɟɥɵɣ ɛɟɧɬɨɧɢɬɨ-ɰɟɦɟɧɬɧɵɣ ɪɚɫɬɜɨɪ ɫ ɩɥɨɬɧɨɫɬɶɸ ɞɨ 1.5 ɬ/ɦ³ ɞɥɹ ɭɞɟɪɠɚɧɢɹ ɫɬɟɧɨɤ
ɜɵɪɚɛɨɬɤɢ.
Ɂɚɤɨɧɨɦɟɪɧɵɦ
ɫɥɟɞɫɬɜɢɟɦ
ɬɚɤɨɝɨ ɪɟɲɟɧɢɹ ɹɜɢɥɫɹ ɨɬɤɚɡ ɨɬ ɛɟɬɨɧɢɪɨɜɚɧɢɹ ɩɪɨɯɨɞɤɢ ɩɨ ɩɪɢɱɢɧɟ ɜɟɪɨɹɬɧɨɫɬɢ
ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɛɟɬɨɧɚ ɫ ɪɚɫɬɜɨɪɨɦ.

Ɋɢɫ. 4. ɉɨɞɡɟɦɧɨɟ ɫɨɨɪɭɠɟɧɢɟ ɧɚ Ʉɨɦɟɧɞɚɧɬɫɤɨɣ ɩɥ. ɜ ɩɪɨɰɟɫɫɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ (ɫɥɟɜɚ)
ɢ ɪɚɫɱɟɬɧɚɹ ɫɯɟɦɚ (ɫɩɪɚɜɚ)

Ȼɵɥɨ ɩɪɢɧɹɬɨ ɨɪɢɝɢɧɚɥɶɧɨɟ ɪɟɲɟɧɢɟ,
ɨɛɨɫɧɨɜɚɧɧɨɟ ɫɢɫɬɟɦɨɣ ɪɚɫɱɟɬɨɜ, ɱɬɨ ɪɨɥɶ
ɨɝɪɚɠɞɚɸɳɟɣ ɫɬɟɧɤɢ ɛɭɞɟɬ ɢɫɩɨɥɧɹɬɶ
ɦɟɬɚɥɥɢɱɟɫɤɢɣ ɲɩɭɧɬ, ɩɨɝɪɭɠɚɟɦɵɣ ɜ
ɛɟɧɬɨɧɢɬɨ-ɰɟɦɟɧɬɧɵɣ ɪɚɫɬɜɨɪ. Ɋɟɚɥɢɡɨɜɚɧɧɵɣ ɜɚɪɢɚɧɬ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨ ɨɛɟɫɩɟɱɢɥ
ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɪɨɯɨɞɤɢ ɢ ɫɩɥɨɲɧɨɫɬɶ ɨɝɪɚɠɞɟɧɢɹ. Ɉɞɧɚɤɨ ɨɧ ɛɵɥ ɥɢɲɟɧ ɬɚɤɢɯ ɜɚɠɧɵɯ
ɩɪɟɢɦɭɳɟɫɬɜ ɦɨɧɨɥɢɬɧɨɣ ɠɟɥɟɡɨɛɟɬɨɧɧɨɣ
ɫɬɟɧɵ ɜ ɝɪɭɧɬɟ, ɤɚɤ ɟɟ ɜɵɫɨɤɚɹ ɠɟɫɬɤɨɫɬɶ.

ɉɨɞɡɟɦɧɨɟ ɫɨɨɪɭɠɟɧɢɟ ɛɵɥɨ ɭɞɚɥɟɧɨ ɧɚ
ɪɚɫɫɬɨɹɧɢɟ ɛɨɥɟɟ 50 ɦ ɨɬ ɫɨɫɟɞɧɢɯ ɡɞɚɧɢɣ ɢ
ɧɟ ɩɪɟɞɫɬɚɜɥɹɥɨ ɞɥɹ ɧɢɯ ɨɩɚɫɧɨɫɬɢ. ȼ ɫɢɥɭ
ɷɬɨɝɨ ɩɪɨɜɟɞɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɡɞɟɫɶ ɛɵɥɨ
ɜɩɨɥɧɟ ɭɦɟɫɬɧɵɦ. ɂɧɫɬɪɭɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫ ɩɨɦɨɳɶɸ ɫɢɫɬɟɦɵ ɢɧɤɥɢɧɨɦɟɬɪɨɜ
ɩɨɞɬɜɟɪɞɢɥɢ, ɱɬɨ ɬɚɤɨɟ ɨɝɪɚɠɞɟɧɢɟ ɨɛɥɚɞɚɟɬ
ɫɭɳɟɫɬɜɟɧɧɨɣ ɞɟɮɨɪɦɚɬɢɜɧɨɫɬɶɸ ɢ ɧɟɩɪɢɝɨɞɧɨ ɞɥɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɜ ɭɫɥɨɜɢɹɯ ɩɥɨɬɧɨɣ
ɝɨɪɨɞɫɤɨɣ
ɡɚɫɬɪɨɣɤɢ.
Ƚɨɪɢɡɨɧɬɚɥɶɧɵɟ
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ɫɦɟɳɟɧɢɹ ɨɝɪɚɠɞɟɧɢɹ ɤɨɬɥɨɜɚɧɚ ɞɨɫɬɢɝɚɥɢ
30 ɫɦ, ɱɬɨ ɩɨɥɧɨɫɬɶɸ ɩɨɞɬɜɟɪɞɢɥɨ ɩɪɚɜɨɦɟɪɧɨɫɬɶ ɧɚɲɟɝɨ ɝɟɨɬɟɯɧɢɱɟɫɤɨɝɨ ɩɪɨɝɧɨɡɚ

(ɪɢɫ. 5, 6), ɩɨɥɭɱɟɧɧɨɝɨ ɜ ɩɪɨɰɟɫɫɟ ɱɢɫɥɟɧɧɵɯ ɪɚɫɱɟɬɨɜ.
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Ɋɢɫ. 5. ɂɡɨɥɢɧɢɢ ɩɟɪɟɦɟɳɟɧɢɣ (ɦ) ɝɪɭɧɬɚ
ɩɪɢ ɭɫɬɪɨɣɫɬɜɟ ɩɨɞɡɟɦɧɨɝɨ ɫɨɨɪɭɠɟɧɢɹ ɧɚ Ʉɨɦɟɧɞɚɧɬɫɤɨɣ ɩɥ.

4 ɷɬɚɩ ɷɤɫɤɚɜɚɰɢɢ

5 ɷɬɚɩ ɷɤɫɤɚɜɚɰɢɢ

Ɋɢɫ. 6. ɋɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɣ ɢ ɪɚɫɱɟɬɨɜ (ɫɩɥɨɲɧɚɹ ɥɢɧɢɹ)
ɧɚ ɪɚɡɥɢɱɧɵɯ ɷɬɚɩɚɯ ɷɤɫɤɚɜɚɰɢɢ ɝɪɭɧɬɚ

ȼ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɩɨɞɡɟɦɧɨɝɨ ɫɨɨɪɭɠɟɧɢɹ ɛɵɥɚ ɭɫɬɪɨɟɧɚ ɨɞɧɚ ɡɚɯɜɚɬɤɚ ɫ ɬɪɚɞɢɰɢɨɧɧɨɣ ɠɟɥɟɡɨɛɟɬɨɧɧɨɣ ɫɬɟɧɨɣ ɜ ɝɪɭɧɬɟ ɫ
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɛɵɱɧɨɝɨ ɛɟɧɬɨɧɢɬɨɜɨɝɨ

ɪɚɫɬɜɨɪɚ. ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɤɨɬɥɨɜɚɧɚ ɞɚɧɧɚɹ
ɡɚɯɜɚɬɤɚ ɛɵɥɚ ɨɬɤɨɩɚɧɚ ɧɚ ɝɥɭɛɢɧɭ ɩɨɞɡɟɦɧɨɝɨ ɫɨɨɪɭɠɟɧɢɹ, ɱɬɨ ɩɨɡɜɨɥɢɥɨ ɨɰɟɧɢɬɶ
ɤɚɱɟɫɬɜɨ ɫɬɟɧɵ ɜ ɝɪɭɧɬɟ (ɪɢɫ. 7). Ɉɩɵɬ
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ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɜɛɥɢɡɢ ɪɟɤɢ ɇɟɜɵ, ɝɪɨɡɢɥɢ
ɡɚɬɨɩɥɟɧɢɟɦ ɤɨɬɥɨɜɚɧɚ. Ɍɳɚɬɟɥɶɧɵɣ ɝɟɨɬɟɯɧɢɱɟɫɤɢɣ ɦɨɧɢɬɨɪɢɧɝ ɩɨɡɜɨɥɢɥ ɢɡɛɟɠɚɬɶ
ɷɬɢɯ ɪɢɫɤɨɜ.

ɩɨɤɚɡɚɥ, ɱɬɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɨɜɪɟɦɟɧɧɨɣ ɬɟɯɧɢɤɢ ɢ ɫɨɛɥɸɞɟɧɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ
ɪɟɠɢɦɨɜ ɭɫɬɪɨɣɫɬɜɨ ɫɬɟɧɵ ɜ ɝɪɭɧɬɟ ɩɨ
ɬɪɚɞɢɰɢɨɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɜ ɫɥɚɛɵɯ ɝɥɢɧɢɫɬɵɯ ɝɪɭɧɬɚɯ, ɯɚɪɚɤɬɟɪɧɵɯ ɞɥɹ ɋɚɧɤɬɉɟɬɟɪɛɭɪɝɚ, ɜɩɨɥɧɟ ɜɨɡɦɨɠɧɨ.

Ɋɢɫ. 8. ɍɱɚɫɬɨɤ ɪɚɦɩɵ Ɉɪɥɨɜɫɤɨɝɨ ɬɨɧɧɟɥɹ

Ɉɞɧɨɜɪɟɦɟɧɧɨ ɫ ɚɞɚɩɬɚɰɢɟɣ ɬɟɯɧɨɥɨɝɢɢ
«ɫɬɟɧɚ ɜ ɝɪɭɧɬɟ» ɧɚɦɢ ɩɪɨɜɨɞɢɥɢɫɶ ɲɢɪɨɤɨɦɚɫɲɬɚɛɧɵɟ ɧɚɬɭɪɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɜɟɞɟɧɢɹ ɦɚɫɫɢɜɚ ɫɥɚɛɵɯ ɝɥɢɧɢɫɬɵɯ ɝɪɭɧɬɨɜ ɩɪɢ
ɨɬɤɨɩɤɟ ɤɨɬɥɨɜɚɧɚ ɧɚ ɞɜɭɯ ɩɥɨɳɚɞɤɚɯ (ɭ
Ɇɨɫɤɨɜɫɤɨɝɨ ɜɨɤɡɚɥɚ ɢ ɭ Ɇɚɪɢɢɧɫɤɨɝɨ
ɬɟɚɬɪɚ, ɪɢɫ. 9). ɂɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɟ
ɭɫɥɨɜɢɹ ɨɛɟɢɯ ɩɥɨɳɚɞɨɤ ɯɚɪɚɤɬɟɪɧɵ ɞɥɹ
ɢɫɬɨɪɢɱɟɫɤɨɣ ɱɚɫɬɢ ɝɨɪɨɞɚ.
Ɉɝɪɚɠɞɟɧɢɟ ɨɩɵɬɧɵɯ ɩɥɨɳɚɞɨɤ ɛɵɥɨ
ɜɵɩɨɥɧɟɧɨ ɢɡ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɲɩɭɧɬɚ.
ȼɞɨɥɶ ɲɩɭɧɬɚ ɢ ɜ 15-ɦɟɬɪɨɜɨɣ ɡɨɧɟ ɜɨɤɪɭɝ
ɧɟɝɨ ɛɵɥɚ ɭɫɬɚɧɨɜɥɟɧɚ ɫɢɫɬɟɦɚ ɤɨɧɬɪɨɥɶɧɨɢɡɦɟɪɢɬɟɥɶɧɨɣ ɚɩɩɚɪɚɬɭɪɵ, ɩɨɡɜɨɥɹɸɳɟɣ
ɮɢɤɫɢɪɨɜɚɬɶ ɜɟɪɬɢɤɚɥɶɧɵɟ ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɫɦɟɳɟɧɢɹ ɲɩɭɧɬɚ, ɞɧɟɜɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ
ɢ ɦɚɫɫɢɜɚ ɝɪɭɧɬɚ ɩɨ ɝɥɭɛɢɧɟ, ɫɥɟɞɢɬɶ ɡɚ
ɭɪɨɜɧɟɦ ɝɪɭɧɬɨɜɵɯ ɜɨɞ ɢ ɡɚ ɜɟɥɢɱɢɧɚɦɢ
ɧɚɩɪɹɠɟɧɢɣ ɜ ɪɚɫɩɨɪɧɵɯ ɤɪɟɩɥɟɧɢɹɯ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɯ ɩɨ ɦɟɪɟ ɩɨɫɥɨɣɧɨɣ ɨɬɤɨɩɤɢ
ɤɨɬɥɨɜɚɧɚ.
ɇɚɬɭɪɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɬɚɤɨɝɨ ɦɚɫɲɬɚɛɚ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɉɟɬɟɪɛɭɪɝɟ ɜɩɟɪɜɵɟ. ɉɨ
ɨɛɴɟɦɭ ɢ ɩɨɥɧɨɬɟ ɬɚɤɢɟ ɧɚɬɭɪɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɸɬɫɹ ɭɧɢɤɚɥɶɧɵɦɢ ɞɥɹ ɨɬɟɱɟɫɬɜɟɧɧɨɣ ɝɟɨɬɟɯɧɢɱɟɫɤɨɣ ɩɪɚɤɬɢɤɢ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɩɟɪɟɞɨɜɨɦɭ ɦɟɠɞɭɧɚɪɨɞɧɨɦɭ ɭɪɨɜɧɸ. ɉɪɟɠɞɟ ɜɫɟɝɨ, ɧɚɬɭɪɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ
ɩɨɡɜɨɥɢɥɢ ɭɛɟɞɢɬɶɫɹ ɜ ɤɨɪɪɟɤɬɧɨɫɬɢ ɪɚɫɱɟɬɧɵɯ ɩɪɨɝɧɨɡɨɜ ɩɨɜɟɞɟɧɢɹ ɲɩɭɧɬɨɜɨɝɨ
ɨɝɪɚɠɞɟɧɢɹ ɜ ɭɫɥɨɜɢɹɯ ɫɥɚɛɵɯ ɝɪɭɧɬɨɜ.

Ɋɢɫ. 7. Ɉɩɵɬɧɚɹ ɡɚɯɜɚɬɤɚ ɠɟɥɟɡɨɛɟɬɨɧɧɨɣ ɫɬɟɧɵ ɜ
ɝɪɭɧɬɟ ɜ ɩɪɨɰɟɫɫɟ ɨɬɤɨɩɤɢ

ȼ ɩɨɞɡɟɦɧɨɦ ɨɛɴɟɦɟ ɞɢɚɦɟɬɪɨɦ ɨɤɨɥɨ 80
ɦ ɢ ɝɥɭɛɢɧɨɣ 18 ɦ ɛɵɥ ɭɫɬɪɨɟɧ ɦɧɨɝɨɷɬɚɠɧɵɣ ɩɚɪɤɢɧɝ. Ɂɞɟɫɶ ɜɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ
ɬɚɤɨɟ ɫɨɨɪɭɠɟɧɢɟ ɦɨɝɥɨ ɫɬɚɬɶ ɧɚɞɟɠɧɵɦ
ɮɭɧɞɚɦɟɧɬɨɦ ɜɵɫɨɬɧɨɝɨ ɡɞɚɧɢɹ, ɧɨ ɷɬɚ ɢɞɟɹ
ɧɟ ɛɵɥɚ ɪɟɚɥɢɡɨɜɚɧɚ ɢɡ-ɡɚ ɢɡɦɟɧɟɧɢɹ ɝɨɪɨɞɫɤɨɝɨ ɜɵɫɨɬɧɨɝɨ ɪɟɝɥɚɦɟɧɬɚ.
Ⱦɚɥɶɧɟɣɲɢɦ ɲɚɝɨɦ ɩɨ ɨɬɥɚɞɤɟ ɬɟɯɧɨɥɨɝɢɢ «ɫɬɟɧɚ ɜ ɝɪɭɧɬɟ» ɫɬɚɥɨ ɭɫɬɪɨɣɫɬɜɨ
ɭɱɚɫɬɤɚ Ɉɪɥɨɜɫɤɨɝɨ ɬɨɧɧɟɥɹ ɧɚ ɥɟɜɨɦ ɛɟɪɟɝɭ
ɇɟɜɵ, ɜɵɩɨɥɧɹɟɦɨɝɨ ɨɬɤɪɵɬɵɦ ɫɩɨɫɨɛɨɦ
(ɪɢɫ. 8) (ɩɨɞɪɹɞɱɢɤ «Ƚɟɨɢɡɨɥ» ɩɪɢ ɫɨɞɟɣɫɬɜɢɢ «Franki», ɩɪɨɟɤɬɢɪɨɜɳɢɤ – «Ƚɟɨɪɟɤɨɧɫɬɪɭɤɰɢɹ»). ɗɬɚ ɩɥɨɳɚɞɤɚ ɧɟɬɢɩɢɱɧɚ ɞɥɹ
ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɚ
ɩɨ
ɢɧɠɟɧɟɪɧɨɝɟɨɥɨɝɢɱɟɫɤɢɦ ɭɫɥɨɜɢɹɦ. ȿɟ ɨɫɨɛɟɧɧɨɫɬɶɸ
ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɱɟɦ 20-ɦɟɬɪɨɜɚɹ ɬɨɥɳɚ
ɩɟɫɤɨɜ, ɡɚɥɟɝɚɸɳɢɯ ɫ ɩɨɜɟɪɯɧɨɫɬɢ. Ɉɞɧɚɤɨ
ɞɥɹ ɨɬɥɚɞɤɢ ɬɟɯɧɨɥɨɝɢɢ «ɫɬɟɧɚ ɜ ɝɪɭɧɬɟ» ɨɧɚ
ɛɵɥɚ ɜɟɫɶɦɚ ɭɞɨɛɧɚ: ɜ ɬɚɤɢɯ ɝɪɭɧɬɨɜɵɯ
ɭɫɥɨɜɢɹɯ ɫɭɳɟɫɬɜɭɟɬ ɛɨɝɚɬɵɣ ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɨɩɵɬ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɩɨ ɜɫɟɦɭ ɦɢɪɭ.
Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɜɫɟ ɞɟɮɟɤɬɵ
ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ ɧɚɝɥɹɞɧɨ ɩɪɨɹɜɥɹɸɬɫɹ ɜ ɜɢɞɟ ɩɪɨɬɟɱɟɤ. Ⱦɚɧɧɚɹ ɩɥɨɳɚɞɤɚ
ɛɵɥɚ ɱɪɟɡɜɵɱɚɣɧɨ ɩɨɥɟɡɧɨɣ ɞɥɹ ɨɛɭɱɟɧɢɹ
ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ ɩɟɪɫɨɧɚɥɚ, ɩɨɞɛɨɪɚ ɩɥɨɬɧɨɫɬɢ ɛɟɧɬɨɧɢɬɨɜɨɝɨ ɪɚɫɬɜɨɪɚ, ɭɬɨɱɧɟɧɢɹ
ɧɸɚɧɫɨɜ ɪɚɫɱɟɬɨɜ ɢ ɬɟɯɧɨɥɨɝɢɢ. Ɇɚɥɟɣɲɢɟ
ɧɚɪɭɲɟɧɢɹ ɬɟɯɧɨɥɨɝɢɢ ɧɚ ɞɚɧɧɨɣ ɩɥɨɳɚɞɤɟ,
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Ɋɢɫ. 9. Ɉɩɵɬɧɵɟ ɩɥɨɳɚɞɤɢ ɭ Ɇɨɫɤɨɜɫɤɨɝɨ ɜɨɤɡɚɥɚ ɢ ɭ Ɇɚɪɢɢɧɫɤɨɝɨ ɬɟɚɬɪɚ.

ɂɞɟɹ ɭɫɬɪɨɣɫɬɜɚ ɨɝɪɚɠɞɟɧɢɹ ɤɨɬɥɨɜɚɧɨɜ
ɢɡ ɲɩɭɧɬɚ ɹɜɥɹɥɚɫɶ ɜɟɫɶɦɚ ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɣ
ɞɥɹ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɫɬɪɨɢɬɟɥɟɣ. ȼ ɚɪɫɟɧɚɥɟ
ɩɨɞɪɹɞɱɢɤɨɜ ɢɦɟɟɬɫɹ ɛɨɥɶɲɨɣ ɜɵɛɨɪ ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɯ ɛɟɡɪɟɡɨɧɚɧɫɧɵɯ ɜɢɛɪɨɩɨɝɪɭɠɚɬɟɥɟɣ, ɩɨɹɜɢɥɢɫɶ ɷɮɮɟɤɬɢɜɧɵɟ ɭɫɬɚɧɨɜɤɢ
ɫɬɚɬɢɱɟɫɤɨɝɨ ɜɞɚɜɥɢɜɚɧɢɹ, ɧɚ ɫɬɪɨɢɬɟɥɶɧɨɦ
ɪɵɧɤɟ ɢɦɟɟɬɫɹ ɲɢɪɨɤɢɣ ɚɫɫɨɪɬɢɦɟɧɬ ɲɩɭɧɬɨɜɵɯ ɫɜɚɣ ɪɚɡɥɢɱɧɨɝɨ ɩɪɨɮɢɥɹ. Ɇɨɠɧɨ
ɫɤɚɡɚɬɶ, ɱɬɨ ɟɳɟ ɧɟɫɤɨɥɶɤɨ ɥɟɬ ɧɚɡɚɞ ɲɩɭɧɬɨɜɨɦɭ ɨɝɪɚɠɞɟɧɢɸ ɧɟ ɛɵɥɨ ɪɟɚɥɶɧɵɯ
ɚɥɶɬɟɪɧɚɬɢɜ.
Ɉɞɧɚɤɨ ɲɩɭɧɬɨɜɨɟ ɨɝɪɚɠɞɟɧɢɟ, ɧɟɫɨɦɧɟɧɧɨ, ɧɟ ɦɨɠɟɬ ɤɨɧɤɭɪɢɪɨɜɚɬɶ ɫ ɦɨɧɨɥɢɬɧɨɣ ɫɬɟɧɨɣ ɜ ɝɪɭɧɬɟ ɩɨ ɠɟɫɬɤɨɫɬɢ. ɇɚɩɪɢɦɟɪ, ɩɪɢɜɵɱɧɵɣ ɲɩɭɧɬ ɬɢɩɚ «Ʌɚɪɫɟɧ V»
ɷɤɜɢɜɚɥɟɧɬɟɧ ɩɨ ɠɟɫɬɤɨɫɬɢ ɠɟɥɟɡɨɛɟɬɨɧɧɨɣ
ɫɬɟɧɟ ɜ ɝɪɭɧɬɟ ɬɨɥɳɢɧɨɣ ɜɫɟɝɨ 40 ɫɦ, ɱɬɨ
ɹɜɧɨ ɧɟɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɨɝɪɚɠɞɟɧɢɹ ɝɥɭɛɨɤɢɯ
ɤɨɬɥɨɜɚɧɨɜ. ɍɜɟɥɢɱɟɧɢɟ ɫɟɱɟɧɢɹ ɲɩɭɧɬɨɜɵɯ
ɷɥɟɦɟɧɬɨɜ ɩɪɢɜɨɞɢɬ ɤ ɩɨɜɵɲɟɧɢɸ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɢ ɢɯ ɩɨɝɪɭɠɟɧɢɢ, ɱɬɨ ɭɜɟɥɢɱɢɜɚɟɬ ɪɢɫɤ ɞɥɹ ɨɤɪɭɠɚɸɳɟɣ ɡɚɫɬɪɨɣɤɢ.
ɍɤɚɡɚɧɧɵɟ ɨɛɫɬɨɹɬɟɥɶɫɬɜɚ ɨɛɭɫɥɨɜɥɢɜɚɸɬ
ɨɩɪɟɞɟɥɟɧɧɵɟ ɨɝɪɚɧɢɱɟɧɢɹ ɩɪɢɦɟɧɟɧɢɹ
ɲɩɭɧɬɨɜɨɝɨ ɨɝɪɚɠɞɟɧɢɹ ɞɥɹ ɝɥɭɛɨɤɢɯ
ɤɨɬɥɨɜɚɧɨɜ. ȼ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɨɛɥɚɫɬɶ
ɩɪɢɦɟɧɟɧɢɹ ɲɩɭɧɬɚ ɦɨɠɧɨ ɨɱɟɪɬɢɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ.
ȼ ɭɫɥɨɜɢɹɯ ɩɥɨɬɧɨɣ ɝɨɪɨɞɫɤɨɣ ɡɚɫɬɪɨɣɤɢ ɧɚ ɫɥɚɛɵɯ ɝɪɭɧɬɚɯ ɲɩɭɧɬɨɜɨɟ
ɨɝɪɚɠɞɟɧɢɟ ɨɤɚɡɵɜɚɟɬɫɹ ɧɟɷɮɮɟɤɬɢɜɧɵɦ
(ɜ ɚɫɩɟɤɬɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɫɨɫɟɞɧɟɣ ɡɚɫɬɪɨɣɤɢ) ɧɚ ɪɚɫɫɬɨɹɧɢɹɯ ɞɨ ɨɤɪɭɠɚɸɳɢɯ
ɡɞɚɧɢɣ ɦɟɧɶɲɟ ɨɞɧɨɣ-ɩɨɥɭɬɨɪɚ ɝɥɭɛɢɧ
ɤɨɬɥɨɜɚɧɚ ɞɚɠɟ ɩɪɢ ɱɚɫɬɨɣ ɭɫɬɚɧɨɜɤɟ
ɭɪɨɜɧɟɣ ɪɚɫɩɨɪɧɵɯ ɤɪɟɩɥɟɧɢɣ ɩɨ ɝɥɭɛɢɧɟ.
Ʌɨɝɢɱɟɫɤɢɦ ɩɪɨɞɨɥɠɟɧɢɟɦ ɢɫɫɥɟɞɨɜɚɧɢɣ
ɫɬɚɥɚ ɟɳɟ ɨɞɧɚ ɨɩɵɬɧɚɹ ɩɥɨɳɚɞɤɚ (ɧɚ Ɂɨɨɥɨɝɢɱɟɫɤɨɦ ɩɟɪ. ɜ ɉɟɬɟɪɛɭɪɝɟ, ɪɢɫ. 10), ɝɞɟ

ɢɡɭɱɚɥɨɫɶ ɜɥɢɹɧɢɟ ɬɟɯɧɨɥɨɝɢɢ «ɫɬɟɧɚ ɜ
ɝɪɭɧɬɟ» ɧɚ ɫɨɫɟɞɧɸɸ ɡɚɫɬɪɨɣɤɭ. ɋɥɟɞɭɟɬ ɫ
ɫɨɠɚɥɟɧɢɟɦ ɩɪɢɡɧɚɬɶ, ɱɬɨ ɢɫɫɥɟɞɨɜɚɧɢɹ
ɧɨɜɵɯ ɝɟɨɬɟɯɧɨɥɨɝɢɣ ɱɚɳɟ ɜɫɟɝɨ ɩɪɨɢɫɯɨɞɢɬ
ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɩɨ ɫɜɟɠɢɦ ɫɥɟɞɚɦ ɞɨɩɭɳɟɧɧɵɯ ɫɬɪɨɢɬɟɥɹɦɢ ɢ ɩɪɨɟɤɬɢɪɨɜɳɢɤɚɦɢ
ɨɲɢɛɨɤ. Ɂɚɥɨɠɧɢɤɚɦɢ ɬɚɤɢɯ ɧɟɞɨɛɪɨɫɨɜɟɫɬɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɬɨɪɨɜ ɫɬɚɧɨɜɹɬɫɹ ɠɢɬɟɥɢ
ɫɨɫɟɞɧɢɯ ɡɞɚɧɢɣ. ɉɨɫɬɚɧɨɜɤɚ ɧɚɬɭɪɧɨɝɨ
ɷɤɫɩɟɪɢɦɟɧɬɚ ɧɚ Ɂɨɨɥɨɝɢɱɟɫɤɨɦ ɩɟɪ. ɨɬɥɢɱɚɥɚɫɶ ɨɬ ɷɬɨɝɨ ɫɚɦɵɦ ɫɭɳɟɫɬɜɟɧɧɵɦ ɨɛɪɚɡɨɦ. ȼ ɤɚɱɟɫɬɜɟ «ɩɨɞɨɩɵɬɧɵɯ» ɡɞɚɧɢɣ
ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɪɚɫɫɟɥɟɧɧɵɟ ɢ ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɤ ɫɧɨɫɭ ɫɬɪɨɟɧɢɹ. Ɇɟɠɞɭ ɧɢɦɢ, ɜ
ɩɥɨɬɧɨɦ ɩɪɢɦɵɤɚɧɢɢ ɤ ɢɯ ɫɬɟɧɚɦ, ɛɵɥɚ
ɭɫɬɪɨɟɧɚ ɨɩɵɬɧɚɹ ɩɥɨɳɚɞɤɚ (ɩɪɨɢɡɜɨɞɫɬɜɨ
ɪɚɛɨɬ – ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɚɹ ɮɢɪɦɚ «Ƚɟɨɢɡɨɥ»). ɇɚ ɩɥɨɳɚɞɤɟ ɧɚɦɢ ɢɫɫɥɟɞɨɜɚɥɨɫɶ
ɜɥɢɹɧɢɟ ɬɟɯɧɨɥɨɝɢɢ ɭɫɬɪɨɣɫɬɜɚ ɫɬɟɧɵ ɜ
ɝɪɭɧɬɟ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɫɨɫɟɞɧɢɟ ɡɞɚɧɢɹ
ɩɪɢ ɪɚɡɥɢɱɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ ɡɚɯɜɚɬɨɤ.
ɋɥɟɞɭɟɬ ɩɨɞɱɟɪɤɧɭɬɶ, ɱɬɨ ɢɫɤɭɫɫɬɜɟɧɧɨ
ɫɨɡɞɚɬɶ ɩɪɢ ɷɤɫɩɟɪɢɦɟɧɬɟ ɭɫɥɨɜɢɹ, ɷɤɜɢɜɚɥɟɧɬɧɵɟ ɜɨɡɞɟɣɫɬɜɢɸ ɧɚ ɦɚɫɫɢɜ ɝɪɭɧɬɚ
ɪɟɚɥɶɧɵɯ ɡɞɚɧɢɣ, ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɜɨɡɦɨɠɧɨ.
Ɂɚɳɢɬɧɚɹ ɫɬɟɧɚ ɜ ɝɪɭɧɬɟ ɜɵɩɨɥɧɹɥɚɫɶ ɧɚ
ɪɚɫɫɬɨɹɧɢɢ 1.8 ɦ ɨɬ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɧɨɝɨɷɬɚɠɧɵɯ ɫɬɪɨɟɧɢɣ. ɍɫɬɪɚɢɜɚɥɢɫɶ ɡɚɯɜɚɬɤɢ
ɪɚɡɥɢɱɧɨɣ ɮɨɪɦɵ ɜ ɩɥɚɧɟ: ɤɪɟɫɬɨɨɛɪɚɡɧɵɟ
ɩɨ ɭɝɥɚɦ ɩɥɨɳɚɞɤɢ, ɩɥɨɫɤɢɟ – ɜ ɩɪɢɦɵɤɚɧɢɢ
ɤ ɨɞɧɨɦɭ ɢɯ ɞɨɦɨɜ ɢ ɬɚɜɪɨɜɵɟ – ɜ ɩɪɢɦɵɤɚɧɢɢ ɤ ɞɪɭɝɨɦɭ.
ɉɪɢ ɭɫɬɪɨɣɫɬɜɟ ɫɬɟɧɵ ɜ ɝɪɭɧɬɟ ɜ ɧɟɫɤɨɥɶɤɢɯ ɡɚɯɜɚɬɤɚɯ ɛɵɥɢ ɜɫɬɪɟɱɟɧɵ ɜɚɥɭɧɵ,
ɧɟɭɫɬɚɧɨɜɥɟɧɧɵɟ ɩɪɢ ɢɡɵɫɤɚɧɢɹɯ, ɩɨɬɪɟɛɨɜɚɥɨɫɶ ɢɯ ɞɪɨɛɥɟɧɢɟ ɞɨɥɨɬɨɦ ɢ ɢɡɜɥɟɱɟɧɢɟ.
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ ɨɩɵɬɧɨɣ ɩɥɨɳɚɞɤɟ ɢɦɟɥ
ɦɟɫɬɨ ɰɟɥɵɣ ɤɨɦɩɥɟɤɫ ɫɚɦɵɯ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɭɫɥɨɜɢɣ: ɩɥɨɬɧɚɹ ɡɚɫɬɪɨɣɤɚ ɧɚ ɡɧɚɱɢɬɟɥɶɧɨɣ ɬɨɥɳɟ ɫɥɚɛɵɯ ɫɬɪɭɤɬɭɪɧɨ ɧɟɭɫɬɨɣ327

ɱɢɜɵɯ ɝɥɢɧɢɫɬɵɯ ɝɪɭɧɬɨɜ ɢ ɧɚɥɢɱɢɟ ɜɚɥɭɧɨɜ
ɜ ɨɬɥɨɠɟɧɢɹɯ ɦɨɪɟɧɵ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɪɟɡɭɥɶɬɚɬ ɨɛɴɟɦɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɨɤɚɡɚɥɫɹ ɜɩɨɥɧɟ
ɨɛɧɚɞɟɠɢɜɚɸɳɢɦ: ɜ ɩɪɨɰɟɫɫɟ ɭɫɬɪɨɣɫɬɜɚ
ɫɬɟɧɵ ɜ ɝɪɭɧɬɟ ɨɫɚɞɤɢ ɫɨɫɟɞɧɢɯ ɡɞɚɧɢɣ
ɫɨɫɬɚɜɢɥɢ ɜɫɟɝɨ 18 ɦɦ, ɱɬɨ ɧɟ ɩɪɟɜɵɲɚɟɬ
ɞɨɩɭɫɬɢɦɨɝɨ ɭɪɨɜɧɹ ɞɟɮɨɪɦɚɰɢɣ ɩɨ ɬɟɪɪɢɬɨɪɢɚɥɶɧɵɦ ɝɟɨɬɟɯɧɢɱɟɫɤɢɦ ɧɨɪɦɚɦ ɉɟɬɟɪɛɭɪɝɚ. Ƚɨɪɢɡɨɧɬɚɥɶɧɵɟ ɫɦɟɳɟɧɢɹ ɝɪɭɧɬɚ
ɛɵɥɢ ɬɚɤɠɟ ɧɟɜɟɥɢɤɢ (ɫɦ. ɪɢɫ. 10, ɚ).
Ɉɬɤɨɩɤɚ ɨɩɵɬɧɨɝɨ ɤɨɬɥɨɜɚɧɚ ɧɚ ɝɥɭɛɢɧɭ
10 ɦ ɜ ɬɨɥɳɟ ɫɥɚɛɵɯ ɝɪɭɧɬɨɜ ɩɨɡɜɨɥɢɥɚ
ɭɫɬɚɧɨɜɢɬɶ, ɱɬɨ ɤɚɱɟɫɬɜɨ ɫɬɟɧɵ ɜ ɝɪɭɧɬɟ
ɜɩɨɥɧɟ
ɫɨɨɬɜɟɬɫɬɜɭɟɬ
ɦɟɠɞɭɧɚɪɨɞɧɵɦ
ɬɪɟɛɨɜɚɧɢɹɦ ɤ ɬɚɤɨɝɨ ɪɨɞɚ ɤɨɧɫɬɪɭɤɰɢɹɦ.
ȼɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɚ ɞɚɧɧɨɣ ɩɥɨɳɚɞɤɟ
ɜɩɟɪɜɵɟ ɜ ɫɥɚɛɵɯ ɝɥɢɧɢɫɬɵɯ ɝɪɭɧɬɚɯ ɋɚɧɤɬɉɟɬɟɪɛɭɪɝɚ ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ ɡɚɯɜɚɬɤɢ
ɬɚɜɪɨɜɨɝɨ ɫɟɱɟɧɢɹ. ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɢɯ
ɢɡɝɨɬɨɜɥɟɧɢɟ ɫɨɩɪɹɠɟɧɨ ɫ ɛɨɥɶɲɟɣ ɞɥɢɬɟɥɶɧɨɫɬɶɸ ɪɚɛɨɬ ɢ ɛɨɥɶɲɢɦ ɪɢɫɤɨɦ ɜɵɜɚɥɚ
ɝɪɭɧɬɚ ɜɨ ɜɧɭɬɪɟɧɧɢɯ ɭɝɥɚɯ ɫɟɱɟɧɢɹ ɜ ɩɪɨɯɨɞɤɭ, ɜɥɢɹɧɢɟ ɧɚ ɫɨɫɟɞɧɢɟ ɡɞɚɧɢɹ ɩɨ ɞɚɧɧɵɦ ɢɡɦɟɪɟɧɢɣ ɛɵɥɨ ɫɨɩɨɫɬɚɜɢɦɵɦ ɫ ɡɚɯɜɚɬɤɨɣ ɩɥɨɫɤɨɝɨ ɫɟɱɟɧɢɹ. ɗɬɨ ɨɬɤɪɵɜɚɟɬ
ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɜ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ
ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɦɚɥɨɞɟɮɨɪɦɢɪɭɟɦɵɯ ɫɬɟɧ ɜ ɝɪɭɧɬɟ ɫ ɤɨɧɬɪɮɨɪɫɚɦɢ. ɀɟɫɬɤɨɫɬɶ ɬɚɤɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɢ ɬɨɥɳɢɧɟ
ɫɬɟɧɤɢ 800 ɦɦ ɢ ɜɵɥɟɬɟ ɤɨɧɬɪɮɨɪɫɚ 2.5 ɦ
ɷɤɜɢɜɚɥɟɧɬɧɚ ɩɥɨɫɤɨɣ ɫɬɟɧɟ ɬɨɥɳɢɧɨɣ 2.5 ɦ.
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɟɪɟɞ ɩɪɨɟɤɬɢɪɨɜɳɢɤɚɦɢ
ɢ ɩɨɞɪɹɞɱɢɤɚɦɢ ɨɬɤɪɵɜɚɸɬɫɹ ɲɢɪɨɤɢɟ
ɩɟɪɫɩɟɤɬɢɜɵ ɨɫɜɨɟɧɢɹ ɩɨɞɡɟɦɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɰɟɥɨɝɨ ɫɩɟɤɬɪɚ
ɫɨɜɪɟɦɟɧɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ, ɩɨɡɜɨɥɹɸɳɢɯ ɫɨɡɞɚɜɚɬɶ ɠɟɫɬɤɢɟ ɨɝɪɚɠɞɚɸɳɢɟ
ɤɨɧɫɬɪɭɤɰɢɢ, ɷɮɮɟɤɬɢɜɧɵɟ ɜ ɷɤɨɧɨɦɢɱɟɫɤɨɦ
ɨɬɧɨɲɟɧɢɢ.
ɇɚɪɹɞɭ ɫ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɭɫɩɟɯɚɦɢ
ɢɧɮɨɪɦɚɰɢɹ, ɩɨɥɭɱɟɧɧɚɹ ɧɚ ɨɩɵɬɧɵɯ ɩɥɨɳɚɞɤɚɯ, ɩɨɡɜɨɥɢɥɚ ɧɚɦ ɫɨɡɞɚɬɶ ɦɟɬɨɞɢɤɭ
ɪɚɫɱɟɬɚ ɨɝɪɚɠɞɟɧɢɣ ɝɥɭɛɨɤɢɯ ɤɨɬɥɨɜɚɧɨɜ ɜ
ɭɫɥɨɜɢɹɯ ɫɥɚɛɵɯ ɝɪɭɧɬɨɜ, ɨ ɤɨɬɨɪɨɣ ɪɟɱɶ
ɩɨɣɞɟɬ ɧɢɠɟ, ɜ ɩ. 2.
ɇɚɤɨɩɥɟɧɧɵɣ ɨɩɵɬ ɩɨɡɜɨɥɢɥ ɭɫɩɟɲɧɨ
ɪɟɲɢɬɶ ɨɞɧɭ ɢɡ ɧɚɢɛɨɥɟɟ ɫɥɨɠɧɵɯ ɝɟɨɬɟɯɧɢɱɟɫɤɢɯ ɡɚɞɚɱ – ɭɫɬɪɨɢɬɶ ɩɨɞɡɟɦɧɵɣ ɨɛɴɟɦ
ɩɨɞ ɡɞɚɧɢɟɦ – ɩɚɦɹɬɧɢɤɨɦ ɚɪɯɢɬɟɤɬɭɪɵ ɏIɏ
ɜ., ɧɚɯɨɞɹɳɢɦɫɹ ɧɚ ɭɱɟɬɟ ɘɇȿɋɄɈ. ɉɟɪɟɞ
ɤɨɦɩɚɧɢɟɣ «Ƚɟɨɪɟɤɨɧɫɬɪɭɤɰɢɹ», ɤɚɤ ɩɟɪɟɞ
ɝɟɧɩɪɨɟɤɬɢɪɨɜɳɢɤɨɦ, ɝɨɪɨɞɫɤɢɦɢ ɜɥɚɫɬɹɦɢ
ɛɵɥɚ ɩɨɫɬɚɜɥɟɧɚ ɰɟɥɶ – ɩɪɢɫɩɨɫɨɛɢɬɶ ɡɞɚɧɢɟ
ɭɧɢɤɚɥɶɧɨɝɨ ɞɟɪɟɜɹɧɧɨɝɨ Ʉɚɦɟɧɧɨɨɫɬɪɨɜɫɤɨɝɨ ɬɟɚɬɪɚ ɜ ɉɟɬɟɪɛɭɪɝɟ ɩɨɞ ɧɭɠɞɵ ɫɨɜɪɟ-

ɦɟɧɧɨɝɨ ɬɟɚɬɪɚ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɛɵɥɨ
ɩɪɢɧɹɬɶ ɧɟɨɪɞɢɧɚɪɧɵɟ ɪɟɲɟɧɢɹ, ɱɬɨɛɵ
ɪɚɡɦɟɫɬɢɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɩɨɦɟɳɟɧɢɹ
ɨɛɳɟɣ ɩɥɨɳɚɞɶɸ ɛɨɥɟɟ 3000 ɦ2, ɧɟ ɢɡɦɟɧɹɹ
ɨɛɥɢɤ ɢɫɬɨɪɢɱɟɫɤɨɝɨ ɡɞɚɧɢɹ.

ɚ)
Ƚɨɪɢɡɨɧɬɚɥɶɧɨɟ ɫɦɟɳɟɧɢɟ, ɦɦ
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ɛ)
Ɋɢɫ. 10. Ɉɩɵɬɧɚɹ ɩɥɨɳɚɞɤɚ (ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ,
Ɂɨɨɥɨɝɢɱɟɫɤɢɣ ɩɟɪ., ɞ. 2-4) : ɚ – ɜɢɞ ɩɨɫɥɟ ɨɬɤɨɩɤɢ ɤɨɬɥɨɜɚɧɚ; ɛ – ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɫɦɟɳɟɧɢɹ
ɦɚɫɫɢɜɚ ɝɪɭɧɬɚ (ɫɨ ɫɬɨɪɨɧɵ ɡɞɚɧɢɹ) ɩɪɢ ɭɫɬɪɨɣɫɬɜɟ ɫɬɟɧɵ ɜ ɝɪɭɧɬɟ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɧɤɥɢɧɨɦɟɬɪɢɱɟɫɤɢɯ ɧɚɛɥɸɞɟɧɢɣ
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Ɉɫɭɳɟɫɬɜɢɬɶ ɷɬɨ ɨɤɚɡɚɥɨɫɶ ɜɨɡɦɨɠɧɵɦ
ɬɨɥɶɤɨ ɩɭɬɟɦ ɭɫɬɪɨɣɫɬɜɚ ɪɚɡɜɢɬɨɝɨ ɩɨɞɡɟɦɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɩɨɞ ɡɞɚɧɢɟɦ ɝɥɭɛɢɧɨɣ ɧɟ
ɦɟɧɟɟ 6 ɦ ɢ ɪɚɡɦɟɪɚɦɢ ɜ ɩɥɚɧɟ ɩɨɪɹɞɤɚ
40×80 ɦ. ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɢɫɬɨɪɢɱɟɫɤɨɟ
ɡɞɚɧɢɟ ɛɵɥɨ ɩɟɪɟɫɚɠɟɧɨ ɧɚ ɫɜɚɢ ɬɢɩɚ
«Ɍitan», ɨɤɪɭɠɟɧɨ ɲɩɭɧɬɨɜɵɦ ɨɝɪɚɠɞɟɧɢɟɦ.
Ɂɞɟɫɶ ɜɩɟɪɜɵɟ ɜ ɉɟɬɟɪɛɭɪɝɟ (ɜ 2008 ɝ.) ɛɵɥɚ
ɷɮɮɟɤɬɢɜɧɨ ɪɟɚɥɢɡɨɜɚɧɚ ɬɟɯɧɨɥɨɝɢɹ «top–
down», ɜɩɨɥɧɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɫɜɨɟɦɭ
ɧɚɡɜɚɧɢɸ: «ɜɜɟɪɯ-ɜɧɢɡ». ɉɪɟɞɭɫɦɚɬɪɢɜɚɥɨɫɶ
ɨɞɧɨɜɪɟɦɟɧɧɨɟ
ɭɫɬɪɨɣɫɬɜɨ
ɩɨɞɡɟɦɧɨɝɨ
ɫɨɨɪɭɠɟɧɢɹ ɢ ɧɚɞɡɟɦɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ,
ɩɪɢɱɟɦ ɜ ɭɧɢɤɚɥɶɧɨɣ, ɪɟɫɬɚɜɪɚɰɢɨɧɧɨɣ
ɦɨɞɢɮɢɤɚɰɢɢ: ɜɧɢɡ ɲɥɨ ɧɨɜɨɟ ɩɨɞɡɟɦɧɨɟ
ɫɬɪɨɢɬɟɥɶɫɬɜɨ, ɜɜɟɪɯ – ɪɟɤɨɧɫɬɪɭɤɰɢɹ ɢ

ɪɟɫɬɚɜɪɚɰɢɹ ɩɚɦɹɬɧɢɤɚ ɚɪɯɢɬɟɤɬɭɪɵ. Ƚɟɨɬɟɯɧɢɱɟɫɤɢɟ ɪɚɛɨɬɵ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ
ɡɚɜɟɪɲɟɧɵ. Ɂɞɚɧɢɟ ɬɟɚɬɪɚ ɡɚ ɜɟɫɶ ɩɟɪɢɨɞ
ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɚɛɨɬ ɩɨɥɭɱɢɥɨ ɨɫɚɞɤɢ ɧɟ
ɛɨɥɟɟ 20 ɦɦ, ɫ ɦɢɧɢɦɚɥɶɧɨɣ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶɸ, ɚ ɨɫɚɞɤɢ ɨɤɪɭɠɚɸɳɟɣ ɡɚɫɬɪɨɣɤɢ
(ɤɨɦɩɥɟɤɫɚ ɩɚɦɹɬɧɢɤɚ ɚɪɯɢɬɟɤɬɭɪɵ – ɛɵɜɲɟɣ ɞɚɱɢ ɛɚɪɨɧɚ Ʉɥɟɣɧɦɢɯɟɥɹ) ɧɟ ɩɪɟɜɵɫɢɥɢ 7 ɦɦ. ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɷɬɨɬ ɨɛɴɟɤɬ
ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɧɟɦɧɨɝɢɯ, ɟɫɥɢ ɧɟ ɟɞɢɧɫɬɜɟɧɧɵɦ, ɭɫɩɟɲɧɵɦ ɨɩɵɬɨɦ ɩɨɞɡɟɦɧɨɝɨ
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɜ ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɟ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɦ ɜɫɟɦ ɬɪɟɛɨɜɚɧɢɹɦ ɝɟɨɬɟɯɧɢɱɟɫɤɢɯ ɧɨɪɦ, ɤɚɤ ɨɬɟɱɟɫɬɜɟɧɧɵɯ, ɬɚɤ ɢ ɡɚɪɭɛɟɠɧɵɯ.

Ɋɢɫ. 11. ɋɯɟɦɚ ɭɫɬɪɨɣɫɬɜɚ ɩɨɞɡɟɦɧɨɝɨ ɫɨɨɪɭɠɟɧɢɹ ɩɨɞ ɫɭɳɟɫɬɜɭɸɳɢɦ ɡɞɚɧɢɟɦ Ʉɚɦɟɧɧɨɨɫɬɪɨɜɫɤɨɝɨ
ɬɟɚɬɪɚ ɢ ɜɢɞ ɫɬɪɨɢɬɟɥɶɧɨɣ ɩɥɨɳɚɞɤɢ ɩɪɢ ɨɬɤɨɩɤɟ ɩɨɞɡɟɦɧɨɝɨ ɫɨɨɪɭɠɟɧɢɹ.

Ⱦɪɭɝɢɦ ɩɨɡɢɬɢɜɧɵɦ ɩɪɢɦɟɪɨɦ ɦɨɝɥɨ
ɫɬɚɬɶ ɭɫɬɪɨɣɫɬɜɨ ɩɨɞɡɟɦɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ
ɜɬɨɪɨɣ ɫɰɟɧɵ Ɇɚɪɢɢɧɫɤɨɝɨ ɬɟɚɬɪɚ, ɤɨɬɨɪɨɟ
ɧɚɱɢɧɚɥɨɫɶ ɟɳɟ ɜ 2006 ɝ. ɤɚɤ ɩɟɪɜɨɟ ɜ ɢɫɬɨɪɢɱɟɫɤɨɦ ɰɟɧɬɪɟ ɉɟɬɟɪɛɭɪɝɚ ɝɥɭɛɨɤɨɟ
ɩɨɞɡɟɦɧɨɟ ɫɨɨɪɭɠɟɧɢɟ, ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɟ
ɨɬɤɪɵɬɵɦ ɫɩɨɫɨɛɨɦ.
Ⱥɜɬɨɪɵ ɧɚɫɬɨɹɳɟɝɨ ɞɨɤɥɚɞɚ, ɛɭɞɭɱɢ ɪɭɤɨɜɨɞɢɬɟɥɹɦɢ ɮɢɪɦɵ-ɝɟɧɩɪɨɟɤɬɢɪɨɜɳɢɤɚ,
ɩɨɞɨɲɥɢ ɤ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɩɨɞɡɟɦɧɨɣ
ɱɚɫɬɢ ɫ ɩɪɟɞɟɥɶɧɨɣ ɨɫɬɨɪɨɠɧɨɫɬɶɸ, ɩɪɟɞɭɫɦɨɬɪɟɜ ɫɥɟɞɭɸɳɢɣ ɚɥɝɨɪɢɬɦ, ɭɫɩɟɲɧɨ
ɚɩɪɨɛɢɪɨɜɚɧɧɵɣ ɧɚ ɫɥɨɠɧɵɯ ɨɛɴɟɤɬɚɯ
ɩɨɞɡɟɦɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɜ ȿɜɪɨɩɟ: ɪɚɡɪɚɛɨɬɤɚ ɛɚɡɨɜɨɝɨ ɩɪɨɟɤɬɚ ĺ ɩɪɨɜɟɞɟɧɢɟ
ɲɢɪɨɤɢɯ ɧɚɬɭɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɚ ɨɩɵɬɧɨɣ ɩɥɨɳɚɞɤɟ ĺ ɤɨɪɪɟɤɬɢɪɨɜɤɚ ɩɪɨɟɤɬɚ

(ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ) [12,13]. ɇɚɦɢ ɛɵɥɚ
ɩɪɟɞɥɨɠɟɧɚ ɨɪɢɝɢɧɚɥɶɧɚɹ ɤɨɧɰɟɩɰɢɹ ɭɫɬɪɨɣɫɬɜɚ ɤɨɬɥɨɜɚɧɚ, ɩɨɡɜɨɥɹɸɳɚɹ ɫɜɟɫɬɢ ɤ
ɦɢɧɢɦɭɦɭ ɡɟɦɥɹɧɵɟ ɪɚɛɨɬɵ ɜ ɫɬɟɫɧɟɧɧɵɯ
ɭɫɥɨɜɢɹɯ. ɉɨ ɤɨɧɬɭɪɭ ɤɨɬɥɨɜɚɧɚ ɭɫɬɪɚɢɜɚɥɚɫɶ ɬɪɚɧɲɟɹ ɲɢɪɢɧɨɣ 15 ɦ ɩɨɞ ɡɚɳɢɬɨɣ
ɲɩɭɧɬɨɜɨɝɨ ɨɝɪɚɠɞɟɧɢɹ, ɪɚɫɤɪɟɩɥɟɧɧɨɝɨ
ɬɪɟɦɹ ɪɹɞɚɦɢ ɪɚɫɩɨɪɨɤ ɩɨ ɝɥɭɛɢɧɟ. ȼ ɬɪɚɧɲɟɟ ɜɨɡɜɨɞɢɥɚɫɶ ɠɟɥɟɡɨɛɟɬɨɧɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɤɨɪɨɛɱɚɬɨɝɨ ɫɟɱɟɧɢɹ, ɹɜɥɹɸɳɚɹɫɹ
ɮɪɚɝɦɟɧɬɨɦ ɦɢɧɭɫ ɬɪɟɬɶɟɝɨ ɭɪɨɜɧɹ ɡɞɚɧɢɹ ɢ
ɨɛɪɚɡɭɸɳɚɹ ɜ ɩɥɚɧɟ ɠɟɫɬɤɭɸ ɪɚɦɭ ɜ ɝɚɛɚɪɢɬɚɯ ɜɫɟɝɨ ɤɨɬɥɨɜɚɧɚ, ɫɩɨɫɨɛɧɭɸ ɜɨɫɩɪɢɧɹɬɶ
ɛɨɤɨɜɨɟ ɞɚɜɥɟɧɢɟ ɝɪɭɧɬɚ. ɉɨɞ ɡɚɳɢɬɨɣ ɷɬɨɣ
ɪɚɦɵ ɨɬɤɨɩɤɚ ɝɪɭɧɬɚ ɢ ɫɬɪɨɢɬɟɥɶɧɵɟ ɪɚɛɨɬɵ
ɨɫɭɳɟɫɬɜɥɹɸɬɫɹ ɜ ɨɬɤɪɵɬɨɦ ɤɨɬɥɨɜɚɧɟ,
ɫɜɨɛɨɞɧɨɦ ɨɬ ɤɚɤɢɯ-ɥɢɛɨ ɪɚɫɩɨɪɧɵɯ ɫɢɫɬɟɦ.
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Ɋɢɫ. 12. ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɪɚɛɨɬ ɩɨ ɨɬɤɨɩɤɟ ɤɨɬɥɨɜɚɧɚ ȼɬɨɪɨɣ ɫɰɟɧɵ Ɇɚɪɢɢɧɫɤɨɝɨ ɬɟɚɬɪɚ.

Ⱦɥɹ ɦɢɧɢɦɢɡɚɰɢɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɨɫɚɞɨɤ ɫɨɫɟɞɧɢɯ ɡɞɚɧɢɣ ɜ ɩɟɪɢɨɞ ɨɬɤɨɩɤɢ
ɤɨɬɥɨɜɚɧɚ ɧɚɦɢ ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɭɫɬɪɨɢɬɶ
ɫɥɨɣ ɡɚɤɪɟɩɥɟɧɧɨɝɨ ɝɪɭɧɬɚ ɩɨ ɬɟɯɧɨɥɨɝɢɢ jet
grouting ɧɢɠɟ ɞɧɚ ɤɨɬɥɨɜɚɧɚ. ɗɬɨɬ ɫɥɨɣ
ɮɨɪɦɢɪɭɟɬɫɹ ɟɳɟ ɞɨ ɨɬɤɨɩɤɢ ɤɨɬɥɨɜɚɧɚ ɢ
ɜɟɫɶɦɚ ɷɮɮɟɤɬɢɜɟɧ ɜ ɤɚɱɟɫɬɜɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɪɚɫɩɨɪɤɢ ɧɟɨɛɯɨɞɢɦɨɣ ɠɟɫɬɤɨɫɬɢ ɜ
ɫɥɭɱɚɟ ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɨɝɨ ɪɚɫɫɬɨɹɧɢɹ
ɦɟɠɞɭ ɨɝɪɚɠɞɚɸɳɢɦɢ ɫɬɟɧɤɚɦɢ. Ⱦɚɧɧɚɹ
ɝɟɨɬɟɯɧɢɱɟɫɤɚɹ ɤɨɧɰɟɩɰɢɹ ɩɨɡɜɨɥɹɥɚ ɩɪɢ
ɨɬɤɨɩɤɟ ɤɨɬɥɨɜɚɧɚ ɨɝɪɚɧɢɱɢɬɶ ɩɪɢɪɨɫɬ
ɨɫɚɞɨɤ ɫɨɫɟɞɧɢɯ ɡɞɚɧɢɣ ɜɟɥɢɱɢɧɨɣ 10 ɦɦ ɢ
ɩɨɷɬɨɦɭ ɛɵɥɚ ɨɞɨɛɪɟɧɚ ɨɬɟɱɟɫɬɜɟɧɧɨɣ ɢ
ɡɚɪɭɛɟɠɧɨɣ ɷɤɫɩɟɪɬɢɡɚɦɢ.
ɋɟɝɨɞɧɹ ɧɚ ɩɥɨɳɚɞɤɟ ɚɥɶɬɟɪɧɚɬɢɜɧɵɦ
ɩɪɨɟɤɬɢɪɨɜɳɢɤɨɦ
ɪɟɚɥɢɡɭɟɬɫɹ
ɜɚɪɢɚɧɬ
ɭɫɬɪɨɣɫɬɜɚ ɩɨɞɡɟɦɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ, ɜ
ɨɫɧɨɜɭ ɤɨɬɨɪɨɝɨ ɩɨɥɨɠɟɧɚ ɨɛɵɱɧɚɹ ɬɟɯɧɨɥɨɝɢɹ «top-down» (ɤ ɫɨɠɚɥɟɧɢɸ, ɢɡ-ɡɚ ɨɬɫɭɬɫɬɜɢɹ ɩɪɨɟɤɬɧɨɝɨ ɪɟɲɟɧɢɹ ɨɞɧɨɜɪɟɦɟɧɧɨɟ
ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɡɞɚɧɢɹ ɜɜɟɪɯ ɧɟ ɛɵɥɨ ɪɟɚɥɢɡɨɜɚɧɨ) ɜɫɟɝɨ ɥɢɲɶ c ɨɞɧɢɦ ɧɟɩɪɟɪɵɜɧɵɦ
ɭɪɨɜɧɟɦ ɪɚɫɩɨɪɧɵɯ ɞɢɫɤɨɜ ɢ ɫɥɨɟɦ ɡɚɤɪɟɩɥɟɧɧɨɝɨ ɝɪɭɧɬɚ ɩɨɞ ɞɧɢɳɟɦ, ɢɡɝɨɬɨɜɥɟɧɧɵɦ

ɩɨ ɬɟɯɧɨɥɨɝɢɢ jet grouting. Ⱥɜɬɨɪɵ ɧɨɜɨɣ
ɤɨɧɰɟɩɰɢɢ ɩɪɟɞɩɨɥɚɝɚɸɬ, ɱɬɨ ɷɬɨɬ ɫɥɨɣ
ɫɩɨɫɨɛɟɧ ɪɚɛɨɬɚɬɶ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 80 ɦ ɦɟɠɞɭ
ɞɜɭɦɹ ɫɬɨɪɨɧɚɦɢ ɤɨɬɥɨɜɚɧɚ ɩɪɢ ɬɨɥɳɢɧɟ
ɜɫɟɝɨ 2,0 ɦ ɢ ɧɚɥɢɱɢɢ ɨɛɲɢɪɧɵɯ ɨɤɨɧ ɜ
ɫɟɪɟɞɢɧɟ, ɫɨɫɬɚɜɥɹɸɳɢɯ ɨɤɨɥɨ 60% ɩɥɨɳɚɞɢ ɤɨɬɥɨɜɚɧɚ. ɍɛɟɞɢɬɟɥɶɧɵɦ ɫɜɢɞɟɬɟɥɶɫɬɜɨɦ ɫɬɟɩɟɧɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ
ɜɚɪɢɚɧɬɚ ɞɥɹ ɫɨɫɟɞɧɟɣ ɡɚɫɬɪɨɣɤɢ ɹɜɥɹɟɬɫɹ
ɪɚɡɜɟɪɧɭɬɵɟ ɜ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɨɛɴɟɦɧɵɟ
ɪɚɛɨɬɵ ɩɨ ɭɫɢɥɟɧɢɸ ɜɫɟɯ ɛɥɢɠɚɣɲɢɯ ɤ
ɩɥɨɳɚɞɤɟ ɡɞɚɧɢɣ (ɨɧɢ ɪɚɫɩɨɥɨɠɟɧɵ ɧɚ
ɪɚɫɫɬɨɹɧɢɢ 15 ɦ ɢ ɛɨɥɟɟ). ɂɯ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɨɫɚɞɤɢ ɜ ɩɪɨɰɟɫɫɟ ɨɬɤɨɩɤɢ, ɩɨ ɞɚɧɧɵɦ
ɋɉɛȽȺɋɍ, ɞɨɫɬɢɝɥɢ 50 ɦɦ, ɚ ɜ ɫɭɦɦɟ ɫ
ɧɚɤɨɩɥɟɧɧɵɦɢ ɪɚɧɟɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ
ɨɫɚɞɤɚɦɢ – 80 ɦɦ. Ʉɨɦɦɟɧɬɚɪɢɢ ɢɡɥɢɲɧɢ.
ɉɪɟɞɫɬɚɜɥɹɟɬ ɢɧɬɟɪɟɫ ɢ ɚɧɚɥɢɡ ɝɟɨɬɟɯɧɢɱɟɫɤɢɯ ɨɲɢɛɨɤ, ɢɦɟɜɲɢɯ ɦɟɫɬɨ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɤɨɦɦɟɪɱɟɫɤɨɝɨ ɰɟɧɬɪɚ ɭ Ɇɨɫɤɨɜɫɤɨɝɨ ɜɨɤɡɚɥɚ. Ɇɵ ɭɠɟ ɭɩɨɦɢɧɚɥɢ ɨ ɩɨɥɧɨɦ
ɪɚɡɪɭɲɟɧɢɢ ɞɨɦɨɜ ʋ 26 ɢ 30 ɩɨ Ʌɢɝɨɜɫɤɨɦɭ
ɩɪ. ɩɪɢ ɩɟɪɜɨɦ ɷɬɚɩɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɨɫɬɚɧɨɜɥɟɧɧɨɦ ɷɤɨɧɨɦɢɱɟɫɤɢɦ ɤɪɢɡɢɫɨɦ 1998 ɝ.

330

Ɋɢɫ. 13. Ƚɪɚɮɢɤ ɪɚɡɜɢɬɢɹ ɨɫɚɞɨɤ ɞɨɦɚ ʋ44 ɩɨ Ʌɢɝɨɜɫɤɨɦɭ ɩɪ. ɨɬ ɞɜɭɯ ɷɬɚɩɨɜ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɛɨɬ.

ȿɞɢɧɫɬɜɟɧɧɵɦ ɫɨɯɪɚɧɢɜɲɢɦɫɹ ɡɞɚɧɢɟɦ,
ɩɪɢɦɵɤɚɸɳɢɦ ɤ ɩɥɨɳɚɞɤɟ, ɨɫɬɚɥɫɹ ɞɨɦ
ʋ44 ɩɨ Ʌɢɝɨɜɫɤɨɦɭ ɩɪ. – ɨɞɢɧ ɢɡ ɤɪɭɩɧɟɣɲɢɯ ɞɨɯɨɞɧɵɯ ɞɨɦɨɜ ɞɨɪɟɜɨɥɸɰɢɨɧɧɨɝɨ
ɉɟɬɟɪɛɭɪɝɚ (ɞɨɦ ɉɟɪɰɨɜɚ).
ȼ 1999 ɝ. ɩɪɢɪɨɫɬ ɟɝɨ ɨɫɚɞɤɢ ɫɨɫɬɚɜɢɥ
30 ɦɦ, ɚ ɤ ɦɨɦɟɧɬɭ ɜɨɡɨɛɧɨɜɥɟɧɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɜ 2007 ɝ ɨɫɚɞɤɢ ɞɨɫɬɢɝɥɢ 70 ɦɦ
(ɪɢɫ. 13), ɱɬɨ ɛɵɥɨ ɨɛɭɫɥɨɜɥɟɧɨ ɦɚɫɲɬɚɛɧɵɦ ɪɚɫɫɬɪɭɤɬɭɪɢɜɚɧɢɟɦ ɝɪɭɧɬɚ ɜɫɥɟɞɫɬɜɢɟ
ɩɪɢɦɟɧɟɧɢɹ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɛɭɪɨɧɚɛɢɜɧɵɯ ɫɜɚɣ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɜɵɩɨɥɧɟɧɧɨɝɨ ɧɚɦɢ ɜ 2007 ɝ. ɧɚɬɭɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ
ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɲɩɭɧɬɨɜɨɟ ɨɝɪɚɠɞɟɧɢɟ ɜ ɞɚɧɧɨɣ ɝɟɨɬɟɯɧɢɱɟɫɤɨɣ ɫɢɬɭɚɰɢɢ ɧɟ

ɩɨɡɜɨɥɹɟɬ ɨɛɟɫɩɟɱɢɬɶ ɛɟɡɨɩɚɫɧɨɫɬɶ ɞɨɦɚ
ɉɟɪɰɨɜɚ ɩɪɢ ɭɫɬɪɨɣɫɬɜɟ ɤɨɬɥɨɜɚɧɚ ɝɥɭɛɢɧɨɣ
8 ɦ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 10 ɦ ɨɬ ɡɞɚɧɢɹ. ɍɱɢɬɵɜɚɹ
ɩɪɨɫɬɭɸ ɢ ɪɟɝɭɥɹɪɧɭɸ ɤɨɧɫɬɪɭɤɬɢɜɧɭɸ
ɫɯɟɦɭ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɡɞɚɧɢɹ, ɜ ɞɚɧɧɨɣ
ɝɟɨɬɟɯɧɢɱɟɫɤɨɣ ɫɢɬɭɚɰɢɢ ɨɩɬɢɦɚɥɶɧɵɦ
ɜɚɪɢɚɧɬɨɦ ɛɵɥɨ ɩɪɢɦɟɧɟɧɢɟ ɬɟɯɧɨɥɨɝɢɢ
«top-down» ɜ ɫɨɱɟɬɚɧɢɢ ɫɨ ɫɬɟɧɨɣ ɜ ɝɪɭɧɬɟ ɜ
ɤɚɱɟɫɬɜɟ ɨɝɪɚɠɞɟɧɢɹ ɤɨɬɥɨɜɚɧɚ. Ʉ ɫɨɠɚɥɟɧɢɸ, ɧɚ ɩɪɚɤɬɢɤɟ ɨɬɤɨɩɤɚ ɤɨɬɥɨɜɚɧɚ ɜɵɩɨɥɧɹɥɚɫɶ ɜ ɲɩɭɧɬɨɜɨɦ ɨɝɪɚɠɞɟɧɢɢ ɫ ɨɫɬɚɜɥɟɧɢɟɦ ɝɪɭɧɬɨɜɵɯ ɛɟɪɦ, ɤɨɬɨɪɵɟ ɧɟ ɨɛɟɫɩɟɱɢɥɢ ɜ ɞɨɥɠɧɨɣ ɦɟɪɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢɦɵɤɚɸɳɟɝɨ ɡɞɚɧɢɹ.
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Ⱦɨɦ ɉɟɪɰɨɜɚ

Ɋɢɫ. 14. ɉɪɨɝɧɨɡ ɨɫɚɞɨɤ ɞ. 44 ɩɨ Ʌɢɝɨɜɫɤɨɦɭ ɩɪ. ɩɪɢ ɭɫɬɪɨɣɫɬɜɟ ɤɨɬɥɨɜɚɧɚ ɫ ɛɟɪɦɚɦɢ (2007 ɝ).

ȼ ɩɪɨɰɟɫɫɟ ɨɬɤɨɩɤɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ
ɨɫɚɞɤɢ ɞɨɦɚ ɉɟɪɰɨɜɚ ɜɨɡɪɨɫɥɢ ɟɳɟ ɧɚ 8 ɫɦ ɢ
ɞɨɫɬɢɝɥɢ ɜ ɫɭɦɦɟ 15 ɫɦ. Ɍɚɤɨɣ ɪɟɡɭɥɶɬɚɬ
ɜɩɨɥɧɟ ɡɚɤɨɧɨɦɟɪɟɧ ɢ ɩɨɥɧɨɫɬɶɸ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɧɚɲɢɦɢ ɪɚɫɱɟɬɧɵɦɢ ɩɪɨɝɧɨɡɚɦɢ, ɱɬɨ
ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɫɥɚɛɵɦ ɭɬɟɲɟɧɢɟɦ ɞɥɹ
ɫɩɟɰɢɚɥɢɫɬɚ-ɝɟɨɬɟɯɧɢɤɚ, ɧɨ ɧɢɤɚɤ ɧɟ ɩɨɪɚɞɭɟɬ ɠɢɬɟɥɟɣ ɞɨɦɚ ɉɟɪɰɨɜɚ. ɋɟɝɨɞɧɹ ɩɪɨɜɨɞɢɬɫɹ ɞɨɪɨɝɨɫɬɨɹɳɢɣ ɤɚɩɢɬɚɥɶɧɵɣ ɪɟɦɨɧɬ ɢ
ɭɫɢɥɟɧɢɟ ɜɫɟɝɨ ɡɞɚɧɢɹ.
Ʉɚɤ ɦɵ ɜɢɞɢɦ, ɤ ɫɨɠɚɥɟɧɢɸ, ɜɦɟɫɬɨ ɩɪɢɧɹɬɨɝɨ ɢ ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɧɚ ɡɚɩɚɞɟ ɚɥɝɨɪɢɬɦɚ
(ɛɚɡɨɜɵɣ ɩɪɨɟɤɬ → ɨɩɵɬɧɚɹ ɩɥɨɳɚɞɤɚ →
ɤɨɪɪɟɤɬɢɪɨɜɤɚ ɩɪɨɟɤɬɚ, ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ)
ɜ ɩɟɬɟɪɛɭɪɝɫɤɨɣ ɩɪɚɤɬɢɤɟ ɱɚɫɬɨ ɪɟɚɥɢɡɭɟɬɫɹ
ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɣ ɩɨɞɯɨɞ: ɩɨɥɧɨɟ ɢɝɧɨɪɢɪɨɜɚɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɩɪɨɟɤɬ, ɢɦɟɸɳɢɣ
ɜɵɫɨɤɭɸ ɫɬɟɩɟɧɶ ɪɢɫɤɚ, ɪɚɡɪɭɲɟɧɢɟ ɫɨɫɟɞɧɟɣ ɡɚɫɬɪɨɣɤɢ ɢɥɢ, ɤɚɤ ɦɢɧɢɦɭɦ, ɟɟ ɩɨɜɪɟɠɞɟɧɢɟ, ɩɪɢɜɨɞɹɳɢɟ ɤ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɟɟ
ɭɫɢɥɟɧɢɹ ɢɥɢ ɩɨɥɧɨɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ.
Ʉ ɫɨɠɚɥɟɧɢɸ, ɧɟ ɫɬɚɥɚ ɢɫɤɥɸɱɟɧɢɟɦ ɢɡ
ɷɬɨɝɨ ɪɹɞɚ ɢ ɩɥɨɳɚɞɤɚ ɧɚ ɩɥ. ȼɨɫɫɬɚɧɢɹ. ɉɨ
ɩɪɨɟɤɬɭ ɤɨɬɥɨɜɚɧ ɝɥɭɛɢɧɨɣ ɞɨ 14 ɦ ɩɪɟɞɩɨɥɚɝɚɥɨɫɶ ɨɝɪɚɞɢɬɶ ɲɩɭɧɬɨɦ ɭɫɢɥɟɧɧɨɝɨ
ɩɪɨɮɢɥɹ, ɩɨɝɪɭɠɚɟɦɵɦ ɩɨɫɪɟɞɫɬɜɨɦ ɜɵɫɨɤɨɱɚɫɬɨɬɧɨɣ ɜɢɛɪɚɰɢɢ. Ɉɬɤɨɩɤɚ ɤɨɬɥɨɜɚɧɚ
ɪɚɡɦɟɪɚɦɢ ɜ ɩɥɚɧɟ 137×87 ɦ ɩɪɟɞɭɫɦɚɬɪɢɜɚɥɚɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɯɧɨɥɨɝɢɢ «topdown». ɉɨ ɤɨɧɬɭɪɭ ɤɨɬɥɨɜɚɧɚ ɧɢɠɟ ɟɝɨ ɞɧɚ
ɛɵɥɚ ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɚ ɥɟɧɬɚ ɢɡ ɝɪɭɧɬɚ,
ɡɚɤɪɟɩɥɟɧɧɨɝɨ ɩɨ ɬɟɯɧɨɥɨɝɢɢ jet grouting.
ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɩɪɨɟɤɬɚ ɧɟ ɛɵɥɢ ɭɱɬɟɧɵ ɭɠɟ
ɧɚɤɨɩɥɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɧɚɬɭɪɧɵɯ ɝɟɨɬɟɯɧɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɚ ɫɨɫɟɞɧɟɣ ɩɥɨ-

ɳɚɞɤɟ ɭ Ɇɨɫɤɨɜɫɤɨɝɨ ɜɨɤɡɚɥɚ ɢ ɧɟ ɩɪɟɞɭɫɦɚɬɪɢɜɚɥɨɫɶ ɩɪɨɜɟɞɟɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɣ
ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɩɪɟɞɥɨɠɟɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɜ ɚɫɩɟɤɬɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɩɪɢɝɨɞɧɨɫɬɢ ɫɨɫɟɞɧɢɯ ɡɞɚɧɢɣ,
ɜɩɥɨɬɧɭɸ ɩɪɢɦɵɤɚɸɳɢɯ ɤ ɨɝɪɚɠɞɟɧɢɸ
ɤɨɬɥɨɜɚɧɚ. ȿɳɟ ɧɚ ɫɬɚɞɢɢ ɷɤɫɩɟɪɬɢɡɵ ɷɬɨɝɨ
ɩɪɨɟɤɬɚ ɦɵ ɩɪɢɲɥɢ ɤ ɜɵɜɨɞɭ ɨ ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɠɟɫɬɤɨɫɬɢ ɨɝɪɚɠɞɟɧɢɹ, ɩɪɨɜɨɰɢɪɭɸɳɟɣ
ɪɚɡɜɢɬɢɟ ɫɜɟɪɯɧɨɪɦɚɬɢɜɧɵɯ ɨɫɚɞɨɤ ɫɨɫɟɞɧɢɯ ɡɞɚɧɢɣ ɩɪɢ ɨɬɤɨɩɤɟ ɤɨɬɥɨɜɚɧɚ.
ȼ ɭɫɥɨɜɢɹɯ ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɠɟɫɬɤɨɫɬɢ ɨɝɪɚɠɞɟɧɢɹ ɟɞɢɧɫɬɜɟɧɧɵɦ ɲɚɧɫɨɦ ɧɚ ɫɩɚɫɟɧɢɟ ɫɨɫɟɞɧɢɯ ɡɞɚɧɢɣ ɹɜɥɹɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɨ
ɛɵɫɬɪɨɟ ɜɵɩɨɥɧɟɧɢɟ ɪɚɛɨɬ ɩɨ ɨɬɤɨɩɤɟ
ɤɨɬɥɨɜɚɧɚ. ɑɟɦ ɛɵɫɬɪɟɟ ɜɵɩɨɥɧɹɟɬɫɹ ɨɬɤɨɩɤɚ ɤɚɠɞɨɝɨ ɹɪɭɫɚ ɢ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɨɱɟɪɟɞɧɨɣ ɭɪɨɜɟɧɶ ɪɚɫɩɨɪɧɨɣ ɫɢɫɬɟɦɵ, ɬɟɦ ɦɟɧɶɲɢɟ ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɫɦɟɳɟɧɢɹ ɭɫɩɟɜɚɟɬ
ɩɪɟɬɟɪɩɟɬɶ ɨɝɪɚɠɞɟɧɢɟ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ
ɦɟɧɶɲɢɟ ɨɫɚɞɤɢ ɩɨɥɭɱɚɟɬ ɫɨɫɟɞɧɹɹ ɡɚɫɬɪɨɣɤɚ. Ⱦɥɹ ɨɫɨɡɧɚɧɧɨɝɨ ɜɵɛɨɪɚ ɬɚɤɨɝɨ ɜɟɫɶɦɚ
ɨɩɚɫɧɨɝɨ ɩɪɢɧɰɢɩɚ ɜɟɞɟɧɢɹ ɪɚɛɨɬ, ɧɚɞɨ, ɤɚɤ
ɦɢɧɢɦɭɦ, ɞɨɫɤɨɧɚɥɶɧɨ ɡɧɚɬɶ ɪɟɨɥɨɝɢɱɟɫɤɨɟ
ɩɨɜɟɞɟɧɢɟ ɝɪɭɧɬɨɜ ɩɥɨɳɚɞɤɢ. Ȼɟɡ ɭɱɟɬɚ
ɷɬɨɝɨ ɧɟɜɨɡɦɨɠɧɨ ɜɵɩɨɥɧɢɬɶ ɞɨɫɬɨɜɟɪɧɵɣ
ɪɚɫɱɟɬ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɨɝɪɚɠɞɟɧɢɹ ɤɨɬɥɨɜɚɧɚ ɜɨ ɜɪɟɦɟɧɢ.
Ⱥɜɬɨɪɵ ɩɪɨɟɤɬɚ ɩɵɬɚɥɢɫɶ ɤɨɦɩɟɧɫɢɪɨɜɚɬɶ
ɧɟɞɨɫɬɚɬɨɱɧɭɸ ɠɟɫɬɤɨɫɬɶ ɨɝɪɚɠɞɟɧɢɹ ɡɚɤɪɟɩɥɟɧɢɟɦ ɝɪɭɧɬɚ ɩɨ ɬɟɯɧɨɥɨɝɢɢ jet grouting, ɚ
ɬɚɤɠɟ ɭɫɢɥɟɧɢɟɦ ɮɭɧɞɚɦɟɧɬɨɜ ɫɨɫɟɞɧɢɯ
ɡɞɚɧɢɣ ɧɚɤɥɨɧɧɵɦɢ ɫɜɚɹɦɢ. Ɉɞɧɚɤɨ, ɤɚɤ
ɩɨɤɚɡɵɜɚɸɬ ɪɚɫɱɟɬɵ, ɩɪɢ ɛɨɥɶɲɢɯ ɪɚɡɦɟɪɚɯ
ɤɨɬɥɨɜɚɧɚ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ 2-ɦɟɬɪɨɜɨɝɨ
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ɫɥɨɹ ɡɚɤɪɟɩɥɟɧɧɨɝɨ ɝɪɭɧɬɚ ɜɟɫɶɦɚ ɫɨɦɧɢɬɟɥɶɧɚ, ɞɚɠɟ ɟɫɥɢ ɨɧ ɜɵɩɨɥɧɟɧ ɩɨ ɜɫɟɣ
ɩɥɨɳɚɞɢ ɤɨɬɥɨɜɚɧɚ. ɇɚ ɞɚɧɧɨɣ ɩɥɨɳɚɞɤɟ ɷɬɨɬ
ɫɥɨɣ ɛɵɥ ɭɫɬɪɨɟɧ ɮɪɚɝɦɟɧɬɚɪɧɨ, ɱɬɨ ɜɨɨɛɳɟ
ɫɬɚɜɢɥɨ ɩɨɞ ɫɨɦɧɟɧɢɟ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɟɝɨ
ɭɫɬɪɨɣɫɬɜɚ. ɍɫɢɥɟɧɢɟ ɫɨɫɟɞɧɟɝɨ ɡɞɚɧɢɹ ɛɵɥɨ
ɜɵɩɨɥɧɟɧɨ ɧɚɤɥɨɧɧɵɦɢ ɫɜɚɹɦɢ (ɪɚɛɨɬɚɸɳɢɦɢ ɜ ɬɨɦ ɱɢɫɥɟ ɧɚ ɢɡɝɢɛ) ɫ ɰɟɧɬɪɚɥɶɧɵɦ
ɚɪɦɢɪɨɜɚɧɢɟɦ. Ɉɬɟɱɟɫɬɜɟɧɧɵɟ ɢ ɡɚɪɭɛɟɠɧɵɟ
ɧɨɪɦɵ ɧɟ ɞɨɩɭɫɤɚɸɬ ɩɪɢɧɹɬɢɹ ɩɨɞɨɛɧɵɯ
ɪɟɲɟɧɢɣ, ɩɨɫɤɨɥɶɤɭ ɧɟɫɭɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ
ɬɚɤɨɣ ɫɜɚɢ ɩɨ ɦɚɬɟɪɢɚɥɭ ɩɪɢ ɢɡɝɢɛɟ ɧɢɱɬɨɠɧɚ. ɍɞɢɜɢɬɟɥɶɧɨ, ɱɬɨ ɫɬɨɥɶ ɨɱɟɜɢɞɧɨɟ ɧɚɪɭɲɟɧɢɟ ɷɥɟɦɟɧɬɚɪɧɵɯ ɬɪɟɛɨɜɚɧɢɣ ɧɨɪɦ ɩɨ
ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɫɜɚɣ ɤɚɤ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ

ɤɨɧɫɬɪɭɤɰɢɣ ɞɨɜɨɥɶɧɨ ɱɚɫɬɨ ɜɫɬɪɟɱɚɟɬɫɹ ɜ
ɩɪɚɤɬɢɤɟ ɭɫɢɥɢɬɟɥɶɧɵɯ ɪɚɛɨɬ.
ɋɜɟɪɯɧɨɪɦɚɬɢɜɧɵɟ ɨɫɚɞɤɢ ɨɤɪɭɠɚɸɳɟɣ
ɡɚɫɬɪɨɣɤɢ (ɞɨ 50 ɦɦ), ɤɚɤ ɢ ɛɵɥɨ ɫɩɪɨɝɧɨɡɢɪɨɜɚɧɨ ɧɚɦɢ, ɩɪɨɢɡɨɲɥɨ ɭɠɟ ɧɚ ɫɬɚɞɢɢ
ɜɢɛɪɨɩɨɝɪɭɠɟɧɢɹ ɲɩɭɧɬɚ. ɉɨ ɦɟɪɟ ɨɬɤɨɩɤɢ
ɤɨɬɥɨɜɚɧɚ ɫɤɨɪɨɫɬɶ ɪɚɡɜɢɬɢɹ ɨɫɚɞɨɤ ɧɚɪɚɫɬɚɥɚ. ɉɪɢɪɚɳɟɧɢɟ ɨɫɚɞɤɢ ɬɨɥɶɤɨ ɨɬ ɨɬɤɨɩɤɢ
ɤɨɬɥɨɜɚɧɚ ɞɨɫɬɢɝɥɨ 60 ɦɦ.
ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɬɨɥɶɤɨ ɛɥɚɝɨɞɚɪɹ
ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɢɧɬɟɧɫɢɜɧɨɣ ɪɚɛɨɬɟ ɩɨɞɪɹɞɱɢɤɚ ɩɨ ɨɬɤɨɩɤɟ ɤɨɬɥɨɜɚɧɚ ɢ ɭɫɬɪɨɣɫɬɜɭ
ɭɪɨɜɧɟɣ ɪɚɫɩɨɪɧɵɯ ɞɢɫɤɨɜ ɩɟɪɟɤɪɵɬɢɣ
ɭɞɚɥɨɫɶ ɢɡɛɟɠɚɬɶ ɝɨɪɚɡɞɨ ɛɨɥɟɟ ɧɟɝɚɬɢɜɧɨɝɨ
ɪɚɡɜɢɬɢɹ ɫɨɛɵɬɢɣ.

ɉɨɞɡɟɦɧɨɟ ɫɨɨɪɭɠɟɧɢɟ

Ɋɢɫ. 15. ɋɭɦɦɚɪɧɵɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɨɫɚɞɤɢ ɨɤɪɭɠɚɸɳɢɯ ɡɞɚɧɢɣ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɩɨɞɡɟɦɧɨɝɨ ɫɨɨɪɭɠɟɧɢɹ ɧɚ ɩɥ. ȼɨɫɫɬɚɧɢɹ.

ɂɬɨɝɨɜɚɹ ɨɫɚɞɤɚ ɞɨɦɨɜ ʋ112 ɩɨ ɇɟɜɫɤɨɦɭ ɩɪ. ɢ ʋ4 ɩɨ ɭɥ. ȼɨɫɫɬɚɧɢɹ ɩɪɟɜɵɫɢɥɚ,
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 9 ɫɦ ɢ 7 ɫɦ, ɱɬɨ ɜ 3 ɢ ɛɨɥɟɟ
ɪɚɡ ɩɪɟɜɵɲɚɟɬ ɞɨɩɭɫɬɢɦɨɟ ɪɟɝɢɨɧɚɥɶɧɵɦɢ
ɧɨɪɦɚɦɢ ɡɧɚɱɟɧɢɟ. ɉɪɢ ɷɬɨɦ ɧɟ ɧɚɛɥɸɞɚɥɚɫɶ
ɪɚɡɧɢɰɚ ɜ ɞɟɮɨɪɦɢɪɨɜɚɧɢɢ ɭɫɢɥɟɧɧɵɯ ɫɜɚɹɦɢ ɡɞɚɧɢɣ ɢ ɧɟ ɭɫɢɥɟɧɧɵɯ, ɱɬɨ ɫɨ ɜɫɟɣ ɨɱɟɜɢɞɧɨɫɬɶɸ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɧɟɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɫɚɦɢɯ ɧɚɤɥɨɧɧɵɯ ɫɜɚɣ ɭɫɢɥɟɧɢɹ.

ɇɚ ɩɟɪɜɵɣ ɜɡɝɥɹɞ, ɪɟɡɭɥɶɬɚɬɵ ɧɚɛɥɸɞɟɧɢɣ ɧɚ ɨɩɢɫɚɧɧɵɯ ɜɵɲɟ ɨɛɴɟɤɬɚɯ ɢ ɨɩɵɬɧɵɯ
ɩɥɨɳɚɞɤɚɯ ɜɵɝɥɹɞɹɬ ɩɪɨɬɢɜɨɪɟɱɢɜɵɦɢ ɢ
ɧɟɡɚɤɨɧɨɦɟɪɧɵɦɢ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɧɚ ɩɥɨɳɚɞɤɟ, ɫɜɨɛɨɞɧɨɣ ɨɬ ɧɚɝɪɭɠɟɧɢɹ ɜɟɫɨɦ
ɩɪɢɦɵɤɚɸɳɢɯ ɡɞɚɧɢɣ, ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ
ɫɦɟɳɟɧɢɹ ɨɝɪɚɠɞɟɧɢɹ ɤɨɬɥɨɜɚɧɚ ɪɚɡɜɢɜɚɸɬɫɹ ɜ ɬɟɱɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɫɭɬɨɤ, ɚ ɧɚ ɩɥɨɳɚɞɤɟ, ɬɟɫɧɨ ɨɤɪɭɠɟɧɧɨɣ ɫɭɳɟɫɬɜɭɸɳɟɣ ɡɚ-
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ɫɬɪɨɣɤɨɣ, ɜ ɬɟɱɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɦɟɫɹɰɟɜ.
Ɍɚɤɨɟ, ɤɚɡɚɥɨɫɶ ɛɵ, ɩɚɪɚɞɨɤɫɚɥɶɧɨɟ ɩɨɜɟɞɟɧɢɟ ɝɪɭɧɬɚ ɢɦɟɟɬ ɩɪɨɫɬɨɟ ɥɨɝɢɱɟɫɤɨɟ ɨɛɴɹɫɧɟɧɢɟ. ɇɨ ɩɪɟɠɞɟ, ɱɟɦ ɤ ɧɟɦɭ ɩɨɞɨɣɬɢ, ɧɚɦ
ɧɟɨɛɯɨɞɢɦɨ ɞɟɬɚɥɶɧɨ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ
ɫɭɳɟɫɬɜɭɸɳɢɟ ɦɨɞɟɥɢ ɪɚɛɨɬɵ ɝɪɭɧɬɚ, ɨɬ
ɤɨɬɨɪɵɯ ɡɚɜɢɫɢɬ ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɪɚɫɱɟɬɧɵɯ
ɩɪɨɝɧɨɡɨɜ.

ɱɪɟɡɦɟɪɧɨɝɨ ɩɨɞɧɹɬɢɹ ɞɧɚ ɤɨɬɥɨɜɚɧɚ. ɇɚɢɛɨɥɟɟ ɹɪɤɨ ɷɬɨɬ ɩɫɟɜɞɨɷɮɮɟɤɬ ɩɪɨɹɜɥɹɟɬɫɹ
ɞɥɹ ɫɥɚɛɵɯ ɝɪɭɧɬɨɜ: ɜ ɡɨɧɭ ɜɵɩɨɪɚ ɜɨɤɪɭɝ
ɤɨɬɥɨɜɚɧɚ ɜɨɜɥɟɤɚɸɬɫɹ ɨɤɪɭɠɚɸɳɢɣ ɦɚɫɫɢɜ
ɝɪɭɧɬɚ. Ⱥɛɫɭɪɞɧɨɫɬɶ ɬɚɤɨɝɨ ɹɜɥɟɧɢɹ ɨɱɟɜɢɞɧɚ, ɷɬɨ ɩɟɪɟɱɟɪɤɢɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɦɨɞɟɥɢ ɜ ɞɚɧɧɨɦ ɤɥɚɫɫɟ ɝɟɨɬɟɯɧɢɱɟɫɤɢɯ ɡɚɞɚɱ.

2. ɆɈȾȿɅɂɊɈȼȺɇɂȿ ɊȺȻɈɌɕ ȽɊɍɇɌȺ
ɉɊɂ ɊȺɋɑȿɌȿ ɉɈȾɁȿɆɇɕɏ
ɋɈɈɊɍɀȿɇɂɃ

2.2. ɒɚɬɪɨɜɵɟ ɦɨɞɟɥɢ
ɗɬɨɬ ɤɥɚɫɫ ɦɨɞɟɥɟɣ ɜɤɥɸɱɚɟɬ ɨɝɪɨɦɧɨɟ
ɤɨɥɢɱɟɫɬɜɨ ɜɫɟɜɨɡɦɨɠɧɵɯ ɦɨɞɢɮɢɤɚɰɢɣ,
ɢɫɬɨɤɢ ɤɨɬɨɪɵɯ ɜɨɫɯɨɞɹɬ ɤ ɤɥɚɫɫɢɱɟɫɤɨɣ
ɦɨɞɟɥɢ «ɋam Clay». ɗɬɚ ɦɨɞɟɥɶ ɭɞɚɱɧɨ
ɨɩɢɫɵɜɚɟɬ ɬɪɚɟɤɬɨɪɢɢ ɩɟɪɜɢɱɧɨɝɨ ɧɚɝɪɭɠɟɧɢɹ ɝɪɭɧɬɚ, ɧɨ ɞɚɟɬ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɧɟɜɟɪɧɵɣ ɪɟɡɭɥɶɬɚɬ ɧɚ ɬɪɚɟɤɬɨɪɢɹɯ ɪɚɡɝɪɭɡɤɢ. ȼ
ɨɫɧɨɜɭ ɦɨɞɟɥɢ ɩɨɥɨɠɟɧɨ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨɛ
ɨɛɪɚɡɨɜɚɧɢɢ ɭɩɪɭɝɨɣ ɡɨɧɵ ɜ ɩɥɨɫɤɨɫɬɢ
«ɨɛɴɟɦɧɨɟ ɷɮɮɟɤɬɢɜɧɨɟ ɧɚɩɪɹɠɟɧɢɟ –
ɞɟɜɢɚɬɨɪ ɧɚɩɪɹɠɟɧɢɣ». Ɇɟɠɞɭ ɬɟɦ ɟɳɟ
ȼ.Ⱥ. ɂɨɫɟɥɟɜɢɱ ɜ 1979 ɭɛɟɞɢɬɟɥɶɧɨ ɞɨɤɚɡɚɥ
ɫɜɨɢɦɢ ɬɳɚɬɟɥɶɧɨ ɩɪɨɜɟɞɟɧɧɵɦɢ ɨɩɵɬɚɦɢ
ɨɬɫɭɬɫɬɜɢɟ ɫɤɨɥɶɤɨ-ɧɢɛɭɞɶ ɪɚɡɜɢɬɨɣ ɡɨɧɵ
ɭɩɪɭɝɨɝɨ ɩɨɜɟɞɟɧɢɹ ɝɪɭɧɬɚ [1]. ɂɦ ɠɟ ɨɞɧɨɜɪɟɦɟɧɧɨ ɛɵɥ ɨɩɪɨɜɟɪɝɧɭɬ ɢ ɚɫɫɨɰɢɢɪɨɜɚɧɧɵɣ ɡɚɤɨɧ ɩɥɚɫɬɢɱɟɫɤɨɝɨ ɬɟɱɟɧɢɹ, ɹɜɥɹɸɳɢɣɫɹ ɤɪɚɟɭɝɨɥɶɧɵɦ ɤɚɦɧɟɦ ɞɚɧɧɨɝɨ ɤɥɚɫɫɚ
ɦɨɞɟɥɟɣ. ɋɩɪɚɜɟɞɥɢɜɨɫɬɶ ɤɪɢɬɢɤɢ ɷɬɢɯ
ɦɨɞɟɥɟɣ ɧɟɬɪɭɞɧɨ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɬɶ ɧɚ
ɩɪɨɫɬɟɣɲɢɯ ɨɩɵɬɚɯ, ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɩɪɨɜɟɫɬɢ ɜ ɥɸɛɨɣ ɫɨɜɪɟɦɟɧɧɨɣ ɥɚɛɨɪɚɬɨɪɢɢ.
ɉɪɨɳɟ ɜɫɟɝɨ ɞɨɤɚɡɚɬɶ ɧɟɫɨɫɬɨɹɬɟɥɶɧɨɫɬɶ
ɲɚɬɪɨɜɵɯ ɦɨɞɟɥɟɣ ɧɚ ɧɟɫɜɹɡɧɵɯ ɝɪɭɧɬɚɯ
(ɨɩɵɬɵ ɜɵɩɨɥɧɹɸɬɫɹ ɛɵɫɬɪɨ, ɪɟɡɭɥɶɬɚɬɵ
ɢɦɟɸɬ ɯɨɪɨɲɭɸ ɩɨɜɬɨɪɹɟɦɨɫɬɶ).
ȼɫɟ ɲɚɬɪɨɜɵɟ ɦɨɞɟɥɢ ɩɪɟɞɩɨɥɚɝɚɸɬ ɪɚɡɜɢɬɢɟ ɨɛɥɚɫɬɢ ɭɩɪɭɝɨɝɨ ɫɨɫɬɨɹɧɢɹ ɝɪɭɧɬɚ
ɩɪɢ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ (ɫɨɛɫɬɜɟɧɧɨ ɲɚɬɟɪ).
ɉɪɢ ɞɜɢɠɟɧɢɢ ɩɨ ɬɪɚɟɤɬɨɪɢɢ 0-1-2-3-4
(ɪɢɫ. 16) ɧɟ ɞɨɥɠɧɨ ɜɨɡɧɢɤɚɬɶ ɨɫɬɚɬɨɱɧɵɯ
ɫɞɜɢɝɨɜɵɯ ɞɟɮɨɪɦɚɰɢɣ, ɩɨɫɤɨɥɶɤɭ ɬɨɱɤɢ 2,
3, 4 ɥɟɠɚɬ ɜɧɭɬɪɢ ɨɛɥɚɫɬɢ ɭɩɪɭɝɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɨɛɪɚɡɨɜɚɧɧɨɣ ɩɪɢ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɦ
ɧɚɝɪɭɠɟɧɢɢ ɩɨ ɬɪɚɟɤɬɨɪɢɢ 0-1. Ɇɟɠɞɭ ɬɟɦ
ɨɩɵɬɵ ɧɟ ɩɨɞɬɜɟɪɠɞɚɸɬ ɞɚɧɧɨɟ ɤɥɸɱɟɜɨɟ
ɞɥɹ ɦɨɞɟɥɢ ɬɟɨɪɟɬɢɱɟɫɤɨɟ ɩɨɥɨɠɟɧɢɟ.
Ɇɟɠɞɭ ɬɨɱɤɚɦɢ 2 ɢ 4 ɜɫɟɝɞɚ ɧɚɤɚɩɥɢɜɚɸɬɫɹ
ɨɫɬɚɬɨɱɧɵɟ ɞɟɮɨɪɦɚɰɢɢ. ɇɚɝɪɭɠɟɧɢɟ ɩɨ
ɬɪɚɟɤɬɨɪɢɢ 0-2-5 ɢ ɬɪɚɟɤɬɨɪɢɢ 0-1-2-3-4-5,
ɫɨɝɥɚɫɧɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹɦ ɦɨɞɟɥɢ, ɞɨɥɠɧɨ
ɩɪɢɜɨɞɢɬɶ ɤ ɫɭɳɟɫɬɜɟɧɧɨ ɪɚɡɥɢɱɧɵɦ ɤɪɢɜɵɦ ɫɞɜɢɝɨɜɵɯ ɞɟɮɨɪɦɚɰɢɣ. ɉɨ ɬɪɚɟɤɬɨɪɢɢ

ɉɪɢ ɪɚɫɱɟɬɟ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɜ
ɩɥɨɬɧɨɣ ɝɨɪɨɞɫɤɨɣ ɡɚɫɬɪɨɣɤɟ ɨɫɧɨɜɨɩɨɥɚɝɚɸɳɢɦ ɤɪɢɬɟɪɢɟɦ ɞɥɹ ɜɵɛɨɪɚ ɤɨɧɫɬɪɭɤɰɢɢ
ɨɝɪɚɠɞɟɧɢɹ ɤɨɬɥɨɜɚɧɚ ɹɜɥɹɟɬɫɹ ɞɨɩɭɫɬɢɦɚɹ
ɞɟɮɨɪɦɚɰɢɹ ɨɤɪɭɠɚɸɳɢɯ ɫɬɪɨɟɧɢɣ.
Ɉɝɪɚɠɞɟɧɢɟ ɢ ɟɝɨ ɪɚɫɩɨɪɧɨɟ ɤɪɟɩɥɟɧɢɟ
ɞɨɥɠɧɨ ɡɚɳɢɳɚɬɶ ɫɨɫɟɞɧɢɟ ɡɞɚɧɢɹ ɨɬ ɜɥɢɹɧɢɹ ɧɨɜɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. ɉɨɷɬɨɦɭ ɞɥɹ
ɪɟɲɟɧɢɹ ɝɟɨɬɟɯɧɢɱɟɫɤɢɯ ɡɚɞɚɱ ɨɤɚɡɵɜɚɟɬɫɹ
ɫɨɜɟɪɲɟɧɨ ɧɟɞɨɫɬɚɬɨɱɧɵɦ ɪɚɫɱɟɬɧɵɣ ɚɩɩɚɪɚɬ, ɨɩɢɫɵɜɚɸɳɢɣ ɨɞɧɨ ɬɨɥɶɤɨ ɩɪɟɞɟɥɶɧɨɟ
ɫɨɫɬɨɹɧɢɟ ɝɪɭɧɬɨɜ. ɇɟɨɛɯɨɞɢɦɨ ɦɨɞɟɥɢɪɨɜɚɬɶ ɩɨɜɟɞɟɧɢɟ ɝɪɭɧɬɚ ɜ ɞɨɩɪɟɞɟɥɶɧɨɦ
ɫɨɫɬɨɹɧɢɢ. Ⱦɨ ɧɟɞɚɜɧɟɝɨ ɜɪɟɦɟɧɢ ɟɞɢɧɫɬɜɟɧɧɵɦ ɞɨɫɬɭɩɧɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ ɨɩɢɫɚɧɢɹ
ɪɚɛɨɬɵ ɝɪɭɧɬɚ ɜ ɞɨɩɪɟɞɟɥɶɧɨɦ ɫɨɫɬɨɹɧɢɢ
ɫɥɭɠɢɥɚ ɬɟɨɪɢɹ ɭɩɪɭɝɨɫɬɢ. Ɍɨɥɶɤɨ ɜ ɩɨɫɥɟɞɧɟɟ ɞɟɫɹɬɢɥɟɬɢɟ ɪɚɡɜɢɬɢɟ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ
ɬɟɯɧɢɤɢ ɩɨɡɜɨɥɢɥɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɪɟɚɥɶɧɨɦ
ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ
ɫɥɨɠɧɵɟ
ɧɟɥɢɧɟɣɧɵɟ
ɦɨɞɟɥɢ ɪɚɛɨɬɵ ɝɪɭɧɬɚ.
ȼɟɫɶɦɚ ɚɤɬɭɚɥɶɧɵɦ ɫɟɝɨɞɧɹ ɫɬɚɥɚ ɨɰɟɧɤɚ
ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɪɚɛɨɬɵ ɷɬɢɯ ɦɨɞɟɥɟɣ ɩɪɢ
ɫɥɨɠɧɨɦ ɧɚɝɪɭɠɟɧɢɢ, ɯɚɪɚɤɬɟɪɨɦ ɞɥɹ ɡɚɞɚɱ
ɪɚɫɱɟɬɚ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ [11].
2.1. ɂɞɟɚɥɶɧɨ-ɭɩɪɭɝɨ-ɩɥɚɫɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɫ
ɩɪɟɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ, ɨɩɢɫɵɜɚɟɦɨɣ
ɤɪɢɬɟɪɢɟɦ Ʉɭɥɨɧɚ-Ɇɨɪɚ (ɦɨɞɟɥɶ ɄɭɥɨɧɚɆɨɪɚ)
ɉɪɟɢɦɭɳɟɫɬɜɨ ɦɨɞɟɥɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ
ɩɪɨɫɬɨɬɟ ɧɚɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ, ɤɨɬɨɪɵɟ
ɦɨɠɧɨ ɩɨɱɟɪɩɧɭɬɶ ɜ ɥɸɛɨɦ ɨɬɱɟɬɟ ɩɨ ɢɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɦ ɢɡɵɫɤɚɧɢɹɦ. Ɇɨɞɟɥɶ
ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɨɞɢɧɚɤɨɜɨɟ ɩɨɜɟɞɟɧɢɟ
ɦɚɬɟɪɢɚɥɚ ɧɚ ɮɚɡɟ ɩɟɪɜɢɱɧɨɝɨ ɧɚɝɪɭɠɟɧɢɹ ɢ
ɪɚɡɝɪɭɡɤɢ, ɱɬɨ ɫɨɜɟɪɲɟɧɧɨ ɧɟɯɚɪɚɤɬɟɪɧɨ ɞɥɹ
ɝɪɭɧɬɨɜ (ɭ ɤɨɬɨɪɵɯ ɦɨɞɭɥɶ ɧɚɝɪɭɠɟɧɢɹ ɢ
ɪɚɡɝɪɭɡɤɢ ɨɬɥɢɱɚɟɬɫɹ, ɤɚɤ ɢɡɜɟɫɬɧɨ, ɜ 5…10
ɪɚɡ). Ɋɟɡɭɥɶɬɚɬɨɦ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨɛ ɭɫɬɪɨɣɫɬɜɟ ɤɨɬɥɨɜɚɧɚ ɨɤɚɡɵɜɚɟɬɫɹ ɩɫɟɜɞɨɷɮɮɟɤɬ
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ɫ ɪɚɡɝɪɭɡɤɨɣ (0-1-2-5) ɨɧɢ ɬɟɨɪɟɬɢɱɟɫɤɢ
ɞɨɥɠɧɵ ɛɵɬɶ ɦɟɧɶɲɟ, ɱɟɦ ɩɨ ɬɪɚɟɤɬɨɪɢɢ ɛɟɡ

ɪɚɡɝɪɭɡɤɢ (0-2-5).

q
ɅɄɋ
ɝɪɚɧɢɰɚ ɩɪɟɞɩɨɥɚɝɚɟɦɨɣ ɨɛɥɚɫɬɢ
ɭɩɪɭɝɨɝɨ ɩɨɜɟɞɟɧɢɹ ɝɪɭɧɬɚ

5
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2=4
0
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1
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p2=p4=p1/2

Ɋɢɫ. 16. Ɍɪɚɟɤɬɨɪɢɹ ɧɚɝɪɭɠɟɧɢɹ ɜ ɬɪɟɯɨɫɧɵɯ ɢɫɩɵɬɚɧɢɹɯ, ɞɟɦɨɧɫɬɪɢɪɭɸɳɚɹ ɨɬɫɭɬɫɬɜɢɟ ɡɨɧɵ ɭɩɪɭɝɨɝɨ
ɩɨɜɟɞɟɧɢɹ ɝɪɭɧɬɚ.
0.6

q, Ɇɉɚ
1

0.5

q, Ɇɉɚ

0.4

5

0.3

3
0

2

0.2

2=4
0.3

1
0.6 p, Ɇɉɚ

0.1

Ȗ
0
0
-0.1

0.02
Ɍɨɱɤɚ 2

0.04
Ɍɨɱɤɚ 4

0.06

0.08

0.1

0.12

0.14

0.16

Ɋɢɫ. 17. ɋɪɚɜɧɟɧɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɫɞɜɢɝɨɜɨɣ ɞɟɮɨɪɦɚɰɢɢ ɨɬ ɞɟɜɢɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɣ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɪɚɟɤɬɨɪɢɹɯ ɡɚɝɪɭɠɟɧɢɹ: 1 – ɧɚɝɪɭɠɟɧɢɟ ɩɨ ɬɪɚɟɤɬɨɪɢɢ 0-2-5 (ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɟ ɧɚɝɪɭɠɟɧɢɟ ɞɨ 0.3 Ɇɉɚ, ɡɚɬɟɦ
ɪɚɡɞɚɜɥɢɜɚɧɢɟ ); 2 – ɧɚɝɪɭɠɟɧɢɟ ɩɨ ɬɪɚɟɤɬɨɪɢɢ 0-1-2-3-4-5 (ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɟ ɧɚɝɪɭɠɟɧɢɟ ɞɨ 0.6 Ɇɉɚ,
ɪɚɡɝɪɭɡɤɚ ɞɨ -0.3 Ɇɉɚ, ɪɚɡɞɚɜɥɢɜɚɧɢɟ ɩɨ ɬɪɚɟɤɬɨɪɢɢ2-5 ɫ ɪɚɡɝɪɭɡɤɨɣ).

ɇɚ ɩɪɚɤɬɢɤɟ ɠɟ ɷɬɢ ɤɪɢɜɵɟ ɩɨɱɬɢ ɫɨɜɩɚɞɚɸɬ (ɪɢɫ. 17). ɇɟɩɪɚɜɨɦɟɪɧɨɫɬɶ ɚɫɫɨɰɢɢɪɨɜɚɧɧɨɝɨ ɡɚɤɨɧɚ ȼ.Ⱥ. ɂɨɫɟɥɟɜɢɱ ɞɨɤɚɡɚɥ
ɩɪɨɜɟɞɟɧɢɟɦ ɜɢɪɬɭɨɡɧɵɯ ɩɨ ɬɨɱɧɨɫɬɢ ɢɫɩɨɥɧɟɧɢɹ ɨɩɵɬɨɜ ɧɚ ɫɬɚɛɢɥɨɦɟɬɪɚɯ, ɧɚɩɪɚɜɥɹɹ ɬɪɚɟɤɬɨɪɢɢ ɧɚɝɪɭɠɟɧɢɹ «ɜɟɟɪɨɦ» ɢɡ
ɨɞɧɨɣ ɬɨɱɤɢ ɢ ɢɡɦɟɪɹɹ ɜɟɤɬɨɪ ɩɥɚɫɬɢɱɟɫɤɨɣ
ɞɟɮɨɪɦɚɰɢɢ. ɋɨɝɥɚɫɧɨ ɚɫɫɨɰɢɢɪɨɜɚɧɧɨɦɭ

ɡɚɤɨɧɭ ɩɥɚɫɬɢɱɟɫɤɨɝɨ ɬɟɱɟɧɢɹ ɜɟɤɬɨɪ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ ɢɦɟɟɬ ɟɞɢɧɫɬɜɟɧɧɨɟ
ɧɚɩɪɚɜɥɟɧɢɟ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɟ ɩɨɜɟɪɯɧɨɫɬɢ ɭɩɪɭɝɨɝɨ ɫɨɫɬɨɹɧɢɹ. ȼɦɟɫɬɨ ɷɬɨɝɨ ɞɥɹ
ɤɚɠɞɨɝɨ ɜɟɤɬɨɪɚ ɧɚɩɪɹɠɟɧɢɣ ɜ ɪɟɚɥɶɧɵɯ
ɨɩɵɬɚɯ ɧɚɛɥɸɞɚɥɫɹ ɫɜɨɣ ɜɟɤɬɨɪ ɞɟɮɨɪɦɚɰɢɣ.
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Ɋɢɫ. 18. Ⱦɟɦɨɧɫɬɪɚɰɢɹ ɨɬɫɭɬɫɬɜɢɹ ɚɫɫɨɰɢɢɪɨɜɚɧɧɨɝɨ ɡɚɤɨɧɚ ɩɥɚɫɬɢɱɟɫɤɨɝɨ ɬɟɱɟɧɢɹ ɩɪɢ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ ɫ ɩɨɫɬɨɹɧɧɵɦ ɞɟɜɢɚɬɨɪɨɦ.

ȼ ɨɬɫɭɬɫɬɜɢɢ ɚɫɫɨɰɢɢɪɨɜɚɧɧɨɝɨ ɡɚɤɨɧɚ
ɥɸɛɨɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶ ɦɨɠɟɬ ɥɟɝɤɨ ɭɛɟɞɢɬɶɫɹ, ɩɪɨɜɟɞɹ ɫɥɟɞɭɸɳɢɣ ɩɪɨɫɬɟɣɲɢɣ ɷɤɫɩɟɪɢɦɟɧɬ. ɉɪɢ ɧɚɝɪɭɠɟɧɢɢ ɩɨ ɬɪɚɟɤɬɨɪɢɢ 0-12-3 (ɪɢɫ. 18) ɦɟɠɞɭ ɬɨɱɤɚɦɢ 2 ɢ 3 ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɚɫɫɨɰɢɢɪɨɜɚɧɧɵɦ ɡɚɤɨɧɨɦ (ɩɪɢ
ɭɫɥɨɜɢɢ, ɱɬɨ ɩɨɜɟɪɯɧɨɫɬɶ ɬɟɤɭɱɟɫɬɢ ɧɟ
ɫɬɪɨɝɨ ɜɟɪɬɢɤɚɥɶɧɚ) ɞɨɥɠɧɵ ɩɪɨɹɜɢɬɶɫɹ
ɫɞɜɢɝɨɜɵɟ ɞɟɮɨɪɦɚɰɢɢ, ɱɟɝɨ ɫɨɜɟɪɲɟɧɧɨ ɧɟ
ɩɪɨɢɫɯɨɞɢɬ ɜ ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ. Ⱦɚɠɟ
ɢɫɯɨɞɹ ɢɡ ɡɞɪɚɜɨɝɨ ɫɦɵɫɥɚ, ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ
ɨɛɴɟɦɧɵɯ ɧɚɩɪɹɠɟɧɢɣ (ɬ.ɟ. ɩɪɢ ɫɢɦɦɟɬɪɢɱɧɨɦ ɜɨɡɞɟɣɫɬɜɢɢ) ɫɨɜɟɪɲɟɧɧɨ ɢɫɤɥɸɱɟɧɨ
ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɫɞɜɢɝɨɜɵɯ ɞɟɮɨɪɦɚɰɢɣ (ɬ.ɟ.
ɭɜɟɥɢɱɟɧɢɟ ɚɫɢɦɦɟɬɪɢɢ).
ɋɨɛɫɬɜɟɧɧɨ ɝɨɜɨɪɹ, ɝɟɨɬɟɯɧɢɤɚɦ ɧɟ ɫɬɨɢɬ
ɝɨɪɟɜɚɬɶ ɨɛ ɚɫɫɨɰɢɢɪɨɜɚɧɧɨɦ ɡɚɤɨɧɟ, ɨɫɧɨɜɚɧɧɨɦ ɧɚ ɩɨɫɬɭɥɚɬɟ Ⱦɪɭɤɟɪɚ, ɢ ɜɡɹɬɨɦ ɢɡ
ɬɟɨɪɢɢ ɩɥɚɫɬɢɱɧɨɫɬɢ, ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɞɥɹ
ɦɟɬɚɥɥɨɜ. ɗɬɨɬ ɡɚɤɨɧ ɜ ɝɟɨɬɟɯɧɢɤɟ ɧɚɫɬɨɥɶɤɨ
ɠɟ ɚɤɬɭɚɥɟɧ, ɧɚɫɤɨɥɶɤɨ ɛɥɢɡɤɢ ɝɪɭɧɬɵ ɢ
ɦɟɬɚɥɥɵ ɦɟɠɞɭ ɫɨɛɨɣ. ȼ ɝɟɨɬɟɯɧɢɤɟ ɧɟɬ
ɧɚɞɨɛɧɨɫɬɢ ɨɩɪɨɜɟɪɝɚɬɶ ɩɨɫɬɭɥɚɬ Ⱦɪɭɤɟɪɚ,
ɩɨɫɤɨɥɶɤɭ ɫɚɦɚ ɨɛɥɚɫɬɶ ɭɩɪɭɝɨɝɨ ɫɨɫɬɨɹɧɢɹ
ɜ ɩɪɢɪɨɞɟ ɝɪɭɧɬɨɜ ɩɪɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭɟɬ.
ɉɨ ɨɩɵɬɚɦ ȼ.Ⱥ. ɂɨɫɟɥɟɜɢɱɚ [1] ɞɚɧɧɚɹ
ɨɛɥɚɫɬɶ ɮɚɤɬɢɱɟɫɤɢ ɜɵɪɨɠɞɚɟɬɫɹ ɜ ɦɚɥɭɸ
ɡɨɧɭ, ɚ ɪɚɡɜɢɬɢɟ ɩɥɚɫɬɢɱɟɫɤɢɯ ɞɟɮɨɪɦɚɰɢɣ

ɩɪɨɢɫɯɨɞɢɬ ɢɡ ɭɝɥɨɜɨɣ ɬɨɱɤɢ.
Ɉɩɢɫɧɵɟ ɤɚɡɭɫɵ ɲɚɬɪɨɜɵɯ ɦɨɞɟɥɟɣ ɦɨɝɭɬ ɫɵɝɪɚɬɶ ɡɥɭɸ ɲɭɬɤɭ ɩɪɢ ɪɚɫɱɟɬɟ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ, ɫɜɹɡɚɧɧɵɯ ɫ ɪɚɡɝɪɭɡɤɨɣ
ɨɫɧɨɜɚɧɢɹ. ȼ ɷɬɨɦ ɫɥɭɱɚɟɬ ɦɵ ɧɟɢɡɛɟɠɧɨ
ɜɫɟɝɞɚ ɩɨɩɚɞɚɟɦ ɜɧɭɬɪɶ «ɲɚɬɪɚ» ɢ ɧɟɞɨɨɰɟɧɢɜɚɟɦ ɫɞɜɢɝɨɜɵɟ ɞɟɮɨɪɦɚɰɢɢ. ɇɚ ɬɪɚɟɤɬɨɪɢɢ ɫ ɪɚɡɝɪɭɡɤɨɣ ɨɲɢɛɤɢ ɲɚɬɪɨɜɵɯ ɦɨɞɟɥɟɣ
ɦɨɝɭɬ ɩɪɟɜɵɲɚɬɶ ɩɨɝɪɟɲɧɨɫɬɢ ɦɨɞɟɥɢ
Ʉɭɥɨɧɚ-Ɇɨɪɚ.
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɥɹ ɪɚɫɱɟɬɨɜ ɩɨɞɡɟɦɧɵɯ
ɫɨɨɪɭɠɟɧɢɣ ɧɟ ɩɨɞɯɨɞɹɬ ɬɚɤɢɟ ɩɨɩɭɥɹɪɧɵɟ
ɪɚɫɱɟɬɧɵɟ ɦɨɞɟɥɢ, ɤɚɤ Soft Soil ɢ Creep
Model, ɪɟɚɥɢɡɨɜɚɧɧɵɟ ɜ ɩɪɨɝɪɚɦɦɟ Plaxis,
ɨɬɧɨɫɹɳɢɟɫɹ ɤ ɤɥɚɫɫɭ ɲɚɬɪɨɜɵɯ ɦɨɞɟɥɟɣ.
2.3. Ɇɨɞɟɥɢ ɫ «ɞɜɨɣɧɵɦ
(Double Hardening)

ɭɩɪɨɱɧɟɧɢɟɦ»

ɂɡ ɫɬɚɛɢɥɨɦɟɬɪɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ ɫɥɟɞɭɟɬ,
ɱɬɨ ɩɪɢ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ
ɨɛɥɚɫɬɶ ɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ ɭɩɪɨɱɧɟɧɢɹ ɜ
ɞɟɜɢɚɬɨɪɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɧɟ ɪɚɡɜɢɜɚɟɬɫɹ
(ɤɚɤ ɢ ɩɨɞɫɤɚɡɵɜɚɟɬ ɡɞɪɚɜɵɣ ɫɦɵɫɥ). ɉɨɷɬɨɦɭ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɪɟɚɥɢɫɬɢɱɧɨɣ ɦɨɞɟɥɢ
ɩɨɜɟɞɟɧɢɹ ɝɪɭɧɬɚ cɥɟɞɭɟɬ ɧɟɡɚɜɢɫɢɦɨ ɨɩɢɫɵɜɚɬɶ ɭɩɪɨɱɧɟɧɢɟ ɩɪɢ ɨɛɴɟɦɧɨɦ ɢ ɫɞɜɢɝɨ-
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ɜɨɦ ɧɚɝɪɭɠɟɧɢɢ. Ɍɚɤɨɣ ɩɨɞɯɨɞ, ɨɬɱɚɫɬɢ
ɪɟɚɥɢɡɨɜɚɧɧɵɣ ɜ ɦɨɞɟɥɢ Hardening Soil
Model ɩɪɨɝɪɚɦɦɵ Plaxis, ɪɚɡɪɚɛɨɬɚɧɧɨɣ
ɩɪɨɮɟɫɫɨɪɨɦ ɉ.Ⱥ. ȼɟɪɦɟɣɟɪɨɦ, ɩɪɢɧɟɫ ɟɣ
ɡɚɫɥɭɠɟɧɧɭɸ ɢɡɜɟɫɬɧɨɫɬɶ ɢ ɭɫɩɟɯ ɧɚ ɪɵɧɤɟ
ɩɪɚɤɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ.
Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɧɚɞɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɪɚɡɞɟɥɶɧɨɟ
ɨɩɢɫɚɧɢɟ ɨɛɴɟɦɧɵɯ ɢ ɞɟɜɢɚɬɨɪɧɵɯ ɞɟɮɨɪɦɚɰɢɣ ɜɵɩɨɥɧɟɧɨ ɡɞɟɫɶ ɧɟ ɞɨ ɤɨɧɰɚ
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ. Ɉɱɟɜɢɞɧɨ, ɩɨɞ ɜɥɢɹɧɢɟɦ
ɲɚɬɪɨɜɵɯ ɦɨɞɟɥɟɣ, ɚɜɬɨɪɵ ɨɫɬɚɜɢɥɢ ɲɚɬɪɨɜɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɫɞɜɢɝɨɜɵɯ ɞɟɮɨɪɦɚɰɢɣ,
ɞɨɛɚɜɢɜ ɟɟ ɤ ɧɟɡɚɜɢɫɢɦɨɣ, ɨɩɪɟɞɟɥɹɟɦɨɣ
ɬɨɥɶɤɨ ɞɟɜɢɚɬɨɪɨɦ ɧɚɩɪɹɠɟɧɢɣ.

ɞɨɩɨɥɧɢɥɢ ɩɪɨɝɪɚɦɦɭ ɧɢɝɞɟ ɧɟ ɞɨɤɭɦɟɧɬɢɪɨɜɚɧɧɵɦɢ ɢ ɧɟ ɨɛɨɫɧɨɜɚɧɧɵɦɢ ɨɝɪɚɧɢɱɟɧɢɹɦɢ ɧɚ ɧɚɡɧɚɱɟɧɢɟ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ. ɉɪɨɝɪɚɦɦɚ ɧɟ ɩɨɡɜɨɥɹɟɬ ɩɨɥɶɡɨɜɚɬɟɥɸ ɧɚɡɧɚɱɢɬɶ ɪɟɚɥɶɧɵɟ ɞɥɹ ɫɥɚɛɵɯ ɝɪɭɧɬɨɜ ɫɨɨɬɧɨɲɟɧɢɹ ɨɞɨɦɟɬɪɢɱɟɫɤɨɝɨ ɢ ɫɬɚɛɢɥɨɦɟɬɪɢɱɟɫɤɨɝɨ ɦɨɞɭɥɟɣ, ɩɨɥɭɱɚɟɦɵɟ ɢɡ
ɨɩɵɬɨɜ.
ɉɪɟɞɥɚɝɚɟɦɚɹ
ɧɚɦɢ
ɜɹɡɤɨ-ɭɩɪɭɝɨɩɥɚɫɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɫɜɨɛɨɞɧɚ ɨɬ ɧɟɞɨɫɬɚɬɤɨɜ ɲɚɬɪɨɜɵɯ ɦɨɞɟɥɟɣ. ȼ ɧɟɣ ɞɨɜɟɞɟɧɚ ɞɨ
ɥɨɝɢɱɟɫɤɨɝɨ ɡɚɜɟɪɲɟɧɢɹ ɢɞɟɹ ɪɚɡɞɟɥɶɧɨɝɨ
ɨɩɢɫɚɧɢɹ ɫɞɜɢɝɨɜɨɝɨ ɢ ɨɛɴɟɦɧɨɝɨ ɭɩɪɨɱɧɟɧɢɹ.
ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɹɞɚ ɨɩɵɬɨɜ ɫɬɪɨɹɬɫɹ ɡɚɜɢɫɢɦɨɫɬɢ γp(p,q) ɢ εvp(p,q).
Ɂɚɜɢɫɢɦɨɫɬɢ γp(p,q) ɢ εvp(p,q) ɦɨɠɧɨ ɢɡɨɛɪɚɡɢɬɶ ɧɚ ɩɥɨɫɤɨɫɬɢ (p,q) ɜ ɜɢɞɟ ɢɡɨɥɢɧɢɣ
(ɪɢɫ. 20). ȼɢɞ ɡɚɜɢɫɢɦɨɫɬɟɣ γp(p,q) ɯɨɪɨɲɨ
ɢɡɜɟɫɬɟɧ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɩɪɢɛɥɢɠɟɧɢɢ ɤ
ɩɪɟɞɟɥɶɧɨɦɭ
ɧɚɩɪɹɠɟɧɢɸ
ɞɟɮɨɪɦɚɰɢɢ
ɛɭɞɭɬ ɭɜɟɥɢɱɢɜɚɬɶɫɹ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɡɨɥɢɧɢɢ γp(p,q) ɛɭɞɭɬ ɤɨɧɰɟɧɬɪɢɪɨɜɚɬɶɫɹ ɜɞɨɥɶ
ɩɪɹɦɨɣ ɡɚɤɨɧɚ Ʉɭɥɨɧɚ.
Ɂɚɜɢɫɢɦɨɫɬɶ εvp(p,q) ɩɪɢ q=0 ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɨɩɵɬɚ ɧɚ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɟ ɫɠɚɬɢɟ.
Ɂɚɞɚɜɚɹ ɪɚɡɥɢɱɧɵɟ ɜɟɥɢɱɢɧɵ ɞɟɜɢɚɬɨɪɚ
ɧɚɩɪɹɠɟɧɢɣ, ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɩɨɥɧɵɣ ɜɢɞ
ɞɚɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ. Ɉɬɤɥɨɧɟɧɢɟ ɢɡɨɥɢɧɢɣ
εvp(p,q) ɧɚ ɩɥɨɫɤɨɫɬɢ (p,q) ɨɬ ɜɟɪɬɢɤɚɥɢ
ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶ ɹɜɥɟɧɢɟ ɞɢɥɚɬɚɧɫɢɢ.
ɉɨɫɤɨɥɶɤɭ ɬɨɱɤɢ ɜɵɲɟ ɩɪɟɞɟɥɶɧɨɣ ɩɪɹɦɨɣ
ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɧɟɜɨɡɦɨɠɧɨɦɭ ɞɥɹ ɝɪɭɧɬɚ
ɧɚɩɪɹɠɟɧɧɨɦɭ ɫɨɫɬɨɹɧɢɸ, ɢɡɨɥɢɧɢɢ εvp(p,q)
ɢɦɟɟɬ ɫɦɵɫɥ ɢɡɨɛɪɚɠɚɬɶ ɬɨɥɶɤɨ ɧɢɠɟ ɩɪɟɞɟɥɶɧɨɣ ɩɪɹɦɨɣ ɡɚɤɨɧɚ Ʉɭɥɨɧɚ.

ɭɩɪɭɝɚɹ ɨɛɥɚɫɬɶ

Ɋɢɫ. 19. ȼɢɞ ɭɩɪɭɝɨɣ ɨɛɥɚɫɬɢ ɜ ɦɨɞɟɥɢ Hardeningsoil model ɩɪɨɝɪɚɦɦɵ PLAXIS.

ɗɬɨ ɫ ɧɟɢɡɛɟɠɧɨɫɬɶɸ ɩɪɢɜɨɞɢɬ ɤ ɬɟɦ ɠɟ
ɩɫɟɜɞɨɷɮɮɟɤɬɚɦ, ɱɬɨ ɢ ɞɥɹ ɲɚɬɪɨɜɵɯ ɦɨɞɟɥɟɣ, ɤɨɬɨɪɵɟ ɜɩɪɨɱɟɦ, ɦɟɧɟɟ ɨɱɟɜɢɞɧɵ,
ɩɨɫɤɨɥɶɤɭ ɩɟɪɟɤɪɵɜɚɸɬɫɹ ɪɟɚɥɶɧɨɣ ɧɟɡɚɜɢɫɢɦɨɣ ɫɞɜɢɝɨɜɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ. Ɉɩɚɫɧɨɫɬɶ
ɩɫɟɜɞɨɷɮɮɟɤɬɨɜ ɩɪɨɹɜɥɹɟɬɫɹ ɞɥɹ ɫɥɚɛɵɯ
ɝɪɭɧɬɨɜ ɫ ɧɢɡɤɢɦɢ ɦɨɞɭɥɹɦɢ ɞɟɮɨɪɦɚɰɢɣ.
Ɉɱɟɜɢɞɧɨ, ɨɫɨɡɧɚɜɚɹ ɷɬɨ, ɚɜɬɨɪɵ ɦɨɞɟɥɢ

γ p ( p, q )

q
ɨɛɥɚɫɬɶ ɭɩɪɭɝɨɝɨ ɩɨɜɟɞɟɧɢɹ

ɅɄɋ

γ p * ( p, q )

ε vp ( p, q )

qe
p
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Ɋɢɫ. 20. ɋɯɟɦɚ ɩɨɫɬɪɨɟɧɢɹ ɭɩɪɭɝɨɩɥɚɫɬɢɱɟɫɤɨɣ
ɦɨɞɟɥɢ ɩɪɨɝɪɚɦɦɵ
FEM models ɫ ɞɜɨɣɧɵɦ
ɭɩɪɨɱɧɟɧɢɟɦ.

ɇɚɛɨɪ ɡɚɜɢɫɢɦɨɫɬɟɣ γp(p,q) ɢ εvp(p,q) ɩɨɥɧɨɫɬɶɸ ɨɩɪɟɞɟɥɹɟɬ ɜɟɤɬɨɪ ɩɥɚɫɬɢɱɟɫɤɨɣ
ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ ɡɚɞɚɧɧɨɦ ɩɪɢɪɚɳɟɧɢɢ
ɧɚɩɪɹɠɟɧɢɣ. ɉɨɫɬɪɨɟɧɢɟ ɦɨɞɟɥɢ ɩɪɢ ɬɚɤɨɦ
ɩɨɞɯɨɞɟ ɫɜɨɛɨɞɧɨ ɨɬ ɤɚɤɢɯ-ɥɢɛɨ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɨ ɮɨɪɦɟ «ɲɚɬɪɚ» ɢ ɬ.ɩ. ɢ
ɩɨɡɜɨɥɹɟɬ ɦɚɤɫɢɦɚɥɶɧɨ ɩɪɢɛɥɢɡɢɬɶ ɪɚɛɨɬɭ
ɦɨɞɟɥɢ ɤ ɪɟɡɭɥɶɬɚɬɚɦ ɷɤɫɩɟɪɢɦɟɧɬɚ. Ɏɚɤɬɢɱɟɫɤɢ ɨɬɥɢɱɢɹ ɨɬ ɷɤɫɩɟɪɢɦɟɧɬɚ ɛɭɞɭɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɬɨɥɶɤɨ ɧɟɬɨɱɧɨɫɬɶɸ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɮɭɧɤɰɢɣ γp(p,q) ɢ εvp(p,q).
Ⱦɥɹ ɧɟɫɜɹɡɧɨɝɨ ɝɪɭɧɬɚ ɩɪɢɜɟɞɟɧɧɵɯ ɢɡɨɥɢɧɢɣ ɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɨɩɢɫɚɧɢɹ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɩɪɢ ɥɸɛɨɦ ɧɚɩɪɹɠɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ,
ɩɨɫɤɨɥɶɤɭ ɭɜɟɥɢɱɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɞɜɢɝɭ
ɜ ɬɚɤɨɦ ɝɪɭɧɬɟ ɨɛɴɹɫɧɹɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟɦ
ɬɪɟɧɢɹ ɦɟɠɞɭ ɱɚɫɬɢɰɚɦɢ. ɉɪɢ ɪɚɡɝɪɭɡɤɟ
ɨɛɴɟɦɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɧɨɪɦɚɥɶɧɵɟ ɫɢɥɵ
ɦɟɠɞɭ ɱɚɫɬɢɰɚɦɢ ɭɦɟɧɶɲɚɸɬɫɹ, ɭɦɟɧɶɲɚɸɬɫɹ ɫɢɥɵ ɬɪɟɧɢɹ ɦɟɠɞɭ ɱɚɫɬɢɰɚɦɢ, ɚ,
ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɦɟɧɶɲɚɟɬɫɹ ɢ ɢɧɬɟɝɪɚɥɶɧɚɹ
ɜɟɥɢɱɢɧɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɞɜɢɝɭ.
ȼ ɫɜɹɡɧɵɯ ɝɪɭɧɬɚɯ ɭɜɟɥɢɱɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɞɜɢɝɭ ɩɪɢ ɨɛɴɟɦɧɨɦ ɫɠɚɬɢɢ ɨɛɴɹɫɧɹɟɬɫɹ ɭɩɥɨɬɧɟɧɢɟɦ ɝɪɭɧɬɚ, ɫɨɩɪɨɜɨɠɞɚɸɳɢɦɫɹ ɫɛɥɢɠɟɧɢɟɦ ɱɚɫɬɢɰ ɢ ɭɜɟɥɢɱɟɧɢɟɦ
ɤɨɥɢɱɟɫɬɜɚ ɫɬɪɭɤɬɭɪɧɵɯ ɫɜɹɡɟɣ ɦɟɠɞɭ
ɱɚɫɬɢɰɚɦɢ. ɉɪɢ ɪɚɡɝɪɭɡɤɟ ɨɛɴɟɦɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɩɨɥɧɨɝɨ ɨɛɪɚɬɧɨɝɨ ɪɚɡɭɩɥɨɬɧɟɧɢɹ ɧɟ
ɩɪɨɢɫɯɨɞɢɬ, ɚ ɨɛɪɚɡɨɜɚɜɲɢɟɫɹ ɫɬɪɭɤɬɭɪɧɵɟ
ɫɜɹɡɢ ɨɩɪɟɞɟɥɹɸɬ ɫɨɯɪɚɧɟɧɢɟ ɜɟɥɢɱɢɧɵ
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɞɜɢɝɚ. ɉɨɷɬɨɦɭ ɞɥɹ ɫɜɹɡɧɵɯ
ɝɪɭɧɬɨɜ ɮɢɡɢɱɟɫɤɢ ɩɪɚɜɢɥɶɧɟɟ ɛɵɥɨ ɛɵ
ɨɩɢɫɵɜɚɬɶ ɧɟ ɡɚɜɢɫɢɦɨɫɬɢ γp(p,q), ɚ ɡɚɜɢɫɢɦɨɫɬɢ γp(εvp,q), ɬ.ɟ. ɨɩɪɟɞɟɥɹɬɶ ɡɚɜɢɫɢɦɨɫɬɶ
ɩɨɜɟɞɟɧɢɹ ɝɪɭɧɬɚ ɩɪɢ ɫɞɜɢɝɟ ɧɟ ɨɬ ɨɛɴɟɦɧɨɝɨ ɞɚɜɥɟɧɢɹ, ɚ ɨɬ ɞɨɫɬɢɝɧɭɬɨɣ ɫɬɟɩɟɧɢ
ɭɩɥɨɬɧɟɧɢɹ.
ɇɚɢɛɨɥɟɟ ɨɛɳɢɦ ɪɟɲɟɧɢɟɦ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ ɹɜɥɹɟɬɫɹ ɜɜɟɞɟɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ
ɧɚɛɨɪɚ ɡɚɜɢɫɢɦɨɫɬɟɣ γ*p(p,q) ɧɚ ɫɬɚɞɢɢ
ɪɚɡɝɪɭɡɤɢ ɨɛɴɟɦɧɵɯ ɧɚɩɪɹɠɟɧɢɣ. Ɍɨɝɞɚ ɞɥɹ
ɢɞɟɚɥɶɧɨ ɧɟɫɜɹɡɧɵɯ ɝɪɭɧɬɨɜ γ*p(p,q) ≈ γ(p,q),
ɚ ɞɥɹ ɢɞɟɚɥɶɧɨ ɫɜɹɡɧɵɯ γ*p(p,q) ≈ γ(pe,q), ɝɞɟ
pe - ɞɨɫɬɢɝɧɭɬɵɣ ɭɪɨɜɟɧɶ ɭɩɥɨɬɧɹɸɳɢɯ
ɧɚɩɪɹɠɟɧɢɣ. ȼɜɟɞɟɧɢɟ ɧɟɤɨɬɨɪɨɝɨ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɧɚɛɨɪɚ ɢɡɨɥɢɧɢɣ γ*p(p,q) ɩɨɡɜɨɥɹɟɬ
ɨɩɢɫɚɬɶ ɥɸɛɭɸ ɫɬɟɩɟɧɶ ɩɨɬɟɪɢ ɩɪɨɱɧɨɫɬɢ
ɩɪɢ ɪɚɡɝɪɭɡɤɟ ɨɛɴɟɦɧɵɯ ɧɚɩɪɹɠɟɧɢɣ.
Ɉɩɢɫɚɧɧɵɣ ɜɵɲɟ ɩɨɞɯɨɞ ɩɨɡɜɨɥɹɟɬ ɨɩɢɫɚɬɶ ɛɨɥɶɲɢɧɫɬɜɨ ɹɜɥɟɧɢɣ, ɮɢɤɫɢɪɭɟɦɵɯ ɜ
ɷɤɫɩɟɪɢɦɟɧɬɚɯ.
ɂɫɤɪɢɜɥɟɧɢɟ
ɢɡɨɥɢɧɢɣ
ɪɚɜɧɵɯ ɨɛɴɟɦɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɩɨɡɜɨɥɹɟɬ
ɨɩɢɫɚɬɶ ɹɜɥɟɧɢɟ ɞɢɥɚɬɚɧɫɢɢ ɛɟɡ ɩɪɢɜɥɟɱɟ-

ɧɢɹ ɨɬɜɥɟɱɟɧɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɨ ɮɨɪɦɟ
ɩɨɜɟɪɯɧɨɫɬɢ «ɲɚɬɪɚ» ɢ ɬ.ɩ. Ⱦɥɹ ɝɥɢɧɢɫɬɵɯ
ɝɪɭɧɬɨɜ ɉɟɬɟɪɛɭɪɝɚ ɞɢɥɚɬɚɧɫɢɹ ɢɡɭɱɟɧɚ ɜ
ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɟɞɨɫɬɚɬɨɱɧɨ, ɯɨɬɹ ɢɦɟɸɬɫɹ ɫɜɢɞɟɬɟɥɶɫɬɜɚ ɨ ɧɟɡɧɚɱɢɬɟɥɶɧɨɫɬɢ ɷɬɨɝɨ
ɷɮɮɟɤɬɚ. ɉɨɷɬɨɦɭ ɜ ɞɚɥɶɧɟɣɲɟɦ ɞɥɹ ɭɩɪɨɳɟɧɢɹ ɦɨɞɟɥɢ ɷɬɢ ɢɡɨɥɢɧɢɢ ɦɵ ɛɭɞɟɦ
ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɬɶ ɜɟɪɬɢɤɚɥɶɧɵɦɢ ɩɪɹɦɵɦɢ
ɥɢɧɢɹɦɢ (ɞɢɥɚɬɚɧɫɢɹ ɧɟ ɭɱɢɬɵɜɚɟɬɫɹ).
Ⱦɥɹ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɡɚɜɢɫɢɦɨɫɬɢ p-İvp
ɭɞɨɛɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɥɟɞɭɸɳɭɸ ɮɨɪɦɭɥɭ:
§ p + po
ε vp ( p, q ) = ε vp ( p ) = λ ⋅ ln¨¨
© po

·
¸¸
¹

(1)

ɉɚɪɚɦɟɬɪɵ λ ɢ p0, ɤɚɤ ɛɭɞɟɬ ɩɨɤɚɡɚɧɨ
ɧɢɠɟ, ɦɨɝɭɬ ɛɵɬɶ ɩɪɢɛɥɢɠɟɧɧɨ ɩɨɥɭɱɟɧɵ ɢɡ
ɤɨɦɩɪɟɫɫɢɨɧɧɵɯ ɢɫɩɵɬɚɧɢɣ ɝɪɭɧɬɨɜ.
Ⱥɩɩɪɨɤɫɢɦɚɰɢɹ ɡɚɜɢɫɢɦɨɫɬɢ q-Ȗ ɩɪɢ
q<τlim ɦɨɠɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɫɬɟɩɟɧɧɨɣ
ɮɭɧɤɰɢɟɣ:
γp(p,q) = Aqn,
ɝɞɟ
A=

(2)

3 sin φ .
γ c , τ = c + Mp ,
M=
lim
n
3 − sin φ
τlim

ɉɨɞɫɬɚɜɥɹɹ ɷɬɢ ɡɧɚɱɟɧɢɹ ɜ (4.2), ɩɨɥɭɱɢɦ
§ q ·
γ p ( p, q ) = γ c ¨¨
¸¸
© c + Mp ¹

n

(3)

ȼ ɜɵɪɚɠɟɧɢɹɯ (3) ɢ (4) ɩɚɪɚɦɟɬɪ γc ɨɩɪɟɞɟɥɹɟɬ ɜɟɥɢɱɢɧɭ ɞɟɮɨɪɦɚɰɢɢ ɫɞɜɢɝɚ, ɞɨɫɬɢɝɚɟɦɨɣ ɩɟɪɟɞ ɪɚɡɪɭɲɟɧɢɟɦ ɨɛɪɚɡɰɚ. ȼ
ɫɥɚɛɵɯ ɝɪɭɧɬɚɯ, ɜ ɤɨɬɨɪɵɯ ɪɚɡɪɭɲɟɧɢɟ
ɨɛɪɚɡɰɚ ɩɪɨɢɫɯɨɞɢɬ ɛɟɡ ɨɛɪɚɡɨɜɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɫɤɨɥɶɠɟɧɢɹ, ɨɛɵɱɧɨ ɜɟɪɬɢɤɚɥɶɧɭɸ ɞɟɮɨɪɦɚɰɢɸ ɨɝɪɚɧɢɱɢɜɚɸɬ ɜɟɥɢɱɢɧɨɣ
15%, ɱɬɨ ɜ ɧɟɤɨɧɫɨɥɢɞɢɪɨɜɚɧɧɨ-ɧɟɞɪɟɧɢɪɨɜɚɧɧɵɯ
ɢɫɩɵɬɚɧɢɹɯ
ɜɨɞɨɧɚɫɵɳɟɧɧɨɝɨ
ɨɛɪɚɡɰɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɟɮɨɪɦɚɰɢɢ ɮɨɪɦɨɢɡɦɟɧɟɧɢɹ γc = 0.225. ɉɚɪɚɦɟɬɪ n ɨɩɪɟɞɟɥɹɟɬ
ɜɢɞ ɤɪɢɜɨɣ.
ɂɡɨɥɢɧɢɢ γ*p(p,q) ɩɪɢ ɪɚɡɝɪɭɡɤɟ ɨɛɴɟɦɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɦɨɝɭɬ ɬɚɤɠɟ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɬɶɫɹ ɩɪɹɦɵɦɢ, ɧɚɩɪɚɜɥɟɧɧɵɦ ɩɨɞ
ɭɝɥɨɦ, ɨɩɪɟɞɟɥɹɟɦɵɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ M*.
Ɍɨɝɞɚ
τ lim = c + Mpe − M * ( pe − p) ,

§
·
q
¸¸
γ p ( p, q) = γ c ¨¨
*
© c + Mpe − M ( pe − p) ¹
*
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n

(4)

Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɩɚɪɚɦɟɬɪ M* ɦɨɠɧɨ ɨɩɢɫɚɬɶ ɚɧɚɥɨɝɢɱɧɨ ɩɚɪɚɦɟɬɪɭ M:
M* =

ɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɮɢɥɶɬɪɚɰɢɢ ɞɥɹ ɝɥɢɧɢɫɬɵɯ ɝɪɭɧɬɨɜ ɩɪɚɤɬɢɱɟɫɤɢ ɢɫɤɥɸɱɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɡɜɢɬɢɹ ɜ ɧɢɯ ɫɤɨɥɶɤɨ-ɧɢɛɭɞɶ
ɡɧɚɱɢɦɵɯ ɨɛɴɟɦɧɵɯ ɞɟɮɨɪɦɚɰɢɣ ɜ ɩɟɪɢɨɞ
ɨɬɤɨɩɤɢ ɤɨɬɥɨɜɚɧɚ.

3 sin φ* ,
3 − sin φ*

ɝɞɟ φ* ɦɨɠɧɨ ɧɚɡɜɚɬɶ ɭɝɥɨɦ ɜɧɭɬɪɟɧɧɟɝɨ
ɬɪɟɧɢɹ ɩɪɢ ɪɚɡɝɪɭɡɤɟ.
Ɂɚɜɢɫɢɦɨɫɬɶ (4) ɨɩɢɫɵɜɚɟɬ ɩɨɜɟɞɟɧɢɟ
ɝɪɭɧɬɚ ɩɪɢ ɧɚɩɪɹɠɟɧɢɹɯ, ɦɟɧɶɲɟ ɩɪɟɞɟɥɶɧɵɯ. ɉɪɢ ɧɚɩɪɹɠɟɧɢɹɯ, ɩɪɟɜɵɲɚɸɳɢɯ
ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ, ɜ ɪɚɦɤɚɯ ɦɨɞɟɥɢ ɞɟɮɨɪɦɚɰɢɢ ɮɨɪɦɨɢɡɦɟɧɟɧɢɹ ɫɬɪɟɦɹɬɫɹ ɤ ɛɟɫɤɨɧɟɱɧɨɫɬɢ, ɱɬɨ ɨɡɧɚɱɚɟɬ ɪɚɡɪɭɲɟɧɢɟ ɨɛɪɚɡɰɚ.
2.4. ɍɱɟɬ ɪɚɡɜɢɬɢɹ ɞɟɮɨɪɦɚɰɢɢ ɜɨ ɜɪɟɦɟɧɢ
ɢ ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɢ ɪɚɫɱɟɬɟ ɨɫɚɞɨɤ
ɫɨɨɪɭɠɟɧɢɣ
ɍɩɪɭɝɨ-ɩɥɚɫɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɫ ɞɜɨɣɧɵɦ
ɭɩɪɨɱɧɟɧɢɟɦ, ɛɨɥɟɟ ɪɟɚɥɢɫɬɢɱɧɨ ɨɩɢɫɵɜɚɸɳɟɣ ɩɨɜɟɞɟɧɢɟ ɝɪɭɧɬɨɜ, ɪɚɡɭɦɟɟɬɫɹ, ɧɟ
ɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɪɚɫɱɟɬɚ
ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ. Ⱦɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɤɨɬɥɨɜɚɧɚ ɨɱɟɧɶ ɜɚɠɧɨ ɡɧɚɬɶ ɨ ɪɟɚɥɶɧɨɣ
ɫɤɨɪɨɫɬɢ ɪɚɡɜɢɬɢɹ ɞɟɮɨɪɦɚɰɢɢ ɝɪɭɧɬɚ ɜɨ
ɜɪɟɦɟɧɢ. ȿɫɥɢ ɦɵ ɪɟɲɚɟɦ, ɧɚɩɪɢɦɟɪ, ɡɚɞɚɱɭ
ɨ ɩɨɹɪɭɫɧɨɣ ɭɫɬɚɧɨɜɤɟ ɪɚɫɩɨɪɧɵɯ ɤɪɟɩɥɟɧɢɣ
ɩɨ ɦɟɪɟ ɨɬɤɨɩɤɢ ɤɨɬɥɨɜɚɧɚ, ɡɞɪɚɜɵɣ ɫɦɵɫɥ
ɩɨɞɫɤɚɡɵɜɚɟɬ, ɱɬɨ ɪɚɫɩɨɪɤɢ ɦɨɝɭɬ ɛɵɬɶ
ɩɨɫɬɚɜɥɟɧɵ ɜ ɬɟɱɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɱɚɫɨɜ,
ɞɧɟɣ ɢɥɢ ɧɟɞɟɥɶ, ɚ ɪɟɲɟɧɢɟ ɭɩɪɭɝɨɩɥɚɫɬɢɱɟɫɤɨɣ ɡɚɞɚɱɢ ɢɦɟɟɬ ɨɬɧɨɲɟɧɢɟ ɤ
ɤɨɧɟɱɧɨɣ
ɞɟɮɨɪɦɚɰɢɢ,
ɪɚɡɜɢɜɚɸɳɟɣɫɹ
ɧɟɨɩɪɟɞɟɥɟɧɧɨ ɞɨɥɝɨɟ ɜɪɟɦɹ.
Ɍɪɚɞɢɰɢɨɧɧɨ ɞɥɹ ɪɚɫɱɟɬɚ ɞɟɮɨɪɦɚɰɢɣ ɜɨ
ɜɪɟɦɟɧɢ ɩɪɢɦɟɧɹɸɬ ɬɟɨɪɢɸ ɮɢɥɶɬɪɚɰɢɨɧɧɨɣ ɤɨɧɫɨɥɢɞɚɰɢɢ. ɉɪɢ ɷɬɨɦ ɪɚɡɥɢɱɚɸɬ
ɩɟɪɜɢɱɧɭɸ ɤɨɧɫɨɥɢɞɚɰɢɸ, ɫɜɹɡɚɧɧɭɸ ɫ
ɪɚɫɫɟɹɧɢɟɦ ɩɨɪɨɜɨɝɨ ɞɚɜɥɟɧɢɹ, ɢ ɜɬɨɪɢɱɧɭɸ, ɨɛɭɫɥɨɜɥɟɧɧɭɸ ɫ ɩɨɥɡɭɱɟɫɬɶɸ ɫɬɪɭɤɬɭɪɧɨɝɨ ɤɚɪɤɚɫɚ ɝɪɭɧɬɚ.
ɉɪɢ ɫɨɡɞɚɧɢɢ ɜɹɡɤɨ-ɭɩɪɭɝɨ-ɩɥɚɫɬɢɱɟɫɤɨɣ
ɦɨɞɟɥɢ ɷɮɮɟɤɬ ɡɚɞɟɪɠɤɢ ɨɛɴɟɦɧɵɯ ɞɟɮɨɪɦɚɰɢɣ, ɜɫɥɟɞɫɬɜɢɟ ɨɬɠɚɬɢɹ ɜɨɞɵ ɪɟɚɥɢɡɨɜɚɧ
ɧɚɦɢ ɬɪɚɞɢɰɢɨɧɧɵɦ ɫɩɨɫɨɛɨɦ. ɉɪɢ ɷɬɨɦ
ɭɱɬɟɧɚ ɧɟɥɢɧɟɣɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɮɢɥɶɬɪɚɰɢɢ ɨɬ ɝɪɚɞɢɟɧɬɚ ɧɚɩɨɪɚ. ȼɢɞ
ɷɬɨɣ ɧɟɥɢɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɹɜɥɹɟɬɫɹ
ɨɛɳɟɢɡɜɟɫɬɧɵɦ ɛɥɚɝɨɞɚɪɹ ɢɫɫɥɟɞɨɜɚɧɢɹɦ
ɦɧɨɝɢɯ ɚɜɬɨɪɨɜ (Ɋ.ɗ.Ⱦɚɲɤɨ [2], ɂ.Ɇ. Ƚɨɪɶɤɨɜɚ [3], ɢ ɞɪ.) ɨɬɟɱɟɫɬɜɟɧɧɨɣ ɲɤɨɥɵ. Ⱦɥɹ
ɉɟɬɟɪɛɭɪɝɫɤɢɯ ɫɥɚɛɵɯ ɝɥɢɧɢɫɬɵɯ ɝɪɭɧɬɨɜ
ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɮɢɥɶɬɪɚɰɢɢ ɨɬ
ɝɪɚɞɢɟɧɬɚ ɧɚɩɨɪɚ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 21. Ʉɚɤ
ɩɨɤɚɡɵɜɚɟɬ ɩɪɚɤɬɢɤɚ ɪɚɫɱɟɬɨɜ, ɭɱɟɬ ɪɟɚɥɶ-

Ɋɢɫ. 21. Ⱥɩɩɪɨɤɫɢɦɚɰɢɹ ɡɚɜɢɫɢɦɨɫɬɢ
ɤɨɷɮɮɢɰɢɟɧɬɚ ɮɢɥɶɬɪɚɰɢɢ ɨɬ ɝɪɚɞɢɟɧɬɚ ɧɚɩɨɪɚ
ɞɥɹ ɨɡɟɪɧɨ-ɥɟɞɧɢɤɨɜɵɯ ɨɬɥɨɠɟɧɢɣ (lgIII).

ɇɟɫɨɦɧɟɧɧɨ, ɱɬɨ ɞɥɹ ɤɨɬɥɨɜɚɧɨɜ ɧɚɢɛɨɥɟɟ ɚɤɬɭɚɥɶɧɚ ɫɞɜɢɝɨɜɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ
ɞɟɮɨɪɦɚɰɢɣ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɫɟɝɨɞɧɹ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɫɭɳɟɫɬɜɭɟɬ ɦɨɞɟɥɟɣ, ɤɨɬɨɪɵɟ
ɤɨɪɪɟɤɬɧɨ ɨɩɢɫɵɜɚɥɢ ɛɵ ɞɟɮɨɪɦɚɰɢɢ ɫɞɜɢɝɚ
ɜɨ ɜɪɟɦɟɧɢ. ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɦɨɞɟɥɟɣ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɦɝɧɨɜɟɧɧɨɟ ɪɚɡɜɢɬɢɟ ɫɞɜɢɝɨɜɵɯ
ɞɟɮɨɪɦɚɰɢɣ (ɧɟ ɹɜɥɹɟɬɫɹ ɢɫɤɥɸɱɟɧɢɟɦ ɢ
Hardening Soil Model), ɱɬɨ ɩɪɨɬɢɜɨɪɟɱɢɬ
ɜɫɟɦɭ ɧɚɤɨɩɥɟɧɧɨɦɭ ɱɟɥɨɜɟɱɟɫɬɜɨɦ ɨɩɵɬɭ
ɫɬɪɨɢɬɟɥɶɫɬɜɚ.
ɉɨɩɵɬɤɨɣ ɨɩɢɫɚɧɢɹ ɪɚɡɜɢɬɢɹ ɞɟɮɨɪɦɚɰɢɣ ɩɨɥɡɭɱɟɫɬɢ ɜɨ ɜɪɟɦɟɧɢ ɹɜɥɹɟɬɫɹ Creep
Model. Ɉɧɚ ɫɜɹɡɵɜɚɟɬ ɞɟɮɨɪɦɚɰɢɢ ɫɞɜɢɝɨɜɨɣ ɩɨɥɡɭɱɟɫɬɢ ɢ ɜɬɨɪɢɱɧɨɣ ɤɨɧɫɨɥɢɞɚɰɢɢ
ɤɚɤ ɞɜɟ ɩɪɨɟɤɰɢɢ ɜɟɤɬɨɪɚ, ɨɪɬɨɝɨɧɚɥɶɧɨɝɨ ɤ
ɩɨɜɟɪɯɧɨɫɬɢ ɲɚɬɪɚ ɦɨɞɟɥɢ Cam Clay. Ʉɚɤ
ɦɵ ɝɨɜɨɪɢɥɢ ɜɵɲɟ, ɲɚɬɪɨɜɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɢ
ɚɫɫɨɰɢɢɪɨɜɚɧɧɵɣ
ɡɚɤɨɧ
ɩɥɚɫɬɢɱɟɫɤɨɝɨ
ɬɟɱɟɧɢɹ ɹɜɥɹɸɬɫɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦɢ ɚɛɫɬɪɚɤɰɢɹɦɢ, ɟɞɜɚ ɥɢ ɩɪɢɦɟɧɢɦɵɦɢ ɤ ɨɩɢɫɚɧɢɸ ɪɚɛɨɬɵ ɪɟɚɥɶɧɵɯ ɝɪɭɧɬɨɜ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɟɬ ɧɢɤɚɤɢɯ ɨɫɧɨɜɚɧɢɣ ɨɠɢɞɚɬɶ, ɱɬɨ
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɷɬɢɯ ɚɛɫɬɪɚɤɰɢɣ ɩɪɢɜɟɞɟɬ ɤ
ɭɫɩɟɯɭ ɩɪɢ ɨɩɢɫɚɧɢɢ ɫɞɜɢɝɨɜɨɣ ɩɨɥɡɭɱɟɫɬɢ.
ɂɬɚɤ, ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɩɪɨɟɤɬɢɪɨɜɳɢɤ ɨɤɚɡɵɜɚɟɬɫɹ ɫɨɜɟɪɲɟɧɧɨ ɛɟɡɨɪɭɠɧɵɦ:
ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɨɝɪɚɠɞɟɧɢɹ ɤɨɬɥɨɜɚɧɚ, ɨɱɟɜɢɞɧɨ, ɧɟɨɛɯɨɞɢɦɨ
ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɩɪɨɰɟɫɫ ɪɚɡɜɢɬɢɹ ɞɟɮɨɪɦɚɰɢɣ
ɜɨ ɜɪɟɦɟɧɢ. ȼɫɟ ɢɦɟɸɳɢɟɫɹ ɦɨɞɟɥɢ ɥɢɛɨ
ɜɨɨɛɳɟ ɧɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɫɞɜɢɝɨɜɭɸ ɩɨɥɡɭ-
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ɱɟɫɬɶ, ɥɢɛɨ ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɟɟ ɧɟɤɨɪɪɟɤɬɧɨ.
əɜɥɟɧɢɸ ɫɞɜɢɝɨɜɨɣ ɩɨɥɡɭɱɟɫɬɢ ɭɞɟɥɹɥɚ
ɛɨɥɶɲɨɟ ɜɧɢɦɚɧɢɟ ɨɬɟɱɟɫɬɜɟɧɧɚɹ ɲɤɨɥɚ
ɦɟɯɚɧɢɤɢ ɝɪɭɧɬɨɜ. ȼ ɪɚɛɨɬɚɯ ɇ.ɇ.Ɇɚɫɥɨɜɚ,
ɋ.ɋ.ȼɹɥɨɜɚ [4,5] ɩɪɢɜɟɞɟɧɵ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɢ
ɩɪɚɤɬɢɱɟɫɤɢɟ ɩɪɟɞɩɨɫɵɥɤɢ ɪɚɫɱɟɬɚ ɞɟɮɨɪɦɚɰɢɣ ɜɨ ɜɪɟɦɟɧɢ ɫ ɭɱɟɬɨɦ ɫɞɜɢɝɨɜɨɣ ɩɨɥɡɭɱɟɫɬɢ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɨɛɳɟɩɪɢɧɹɬɨɣ ɪɟɨɥɨɝɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɨɜɟɞɟɧɢɹ ɫɥɚɛɵɯ ɝɥɢɧɢɫɬɵɯ ɝɪɭɧɬɨɜ, ɭɞɨɛɧɨɣ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɜ
ɪɚɫɱɟɬɧɵɯ ɩɪɨɝɪɚɦɦɚɯ, ɞɨ ɩɨɫɥɟɞɧɟɝɨ
ɜɪɟɦɟɧɢ ɫɨɡɞɚɧɨ ɧɟ ɛɵɥɨ.
ɇɚɦɢ ɩɪɟɞɩɪɢɧɹɬɚ ɩɨɩɵɬɤɚ ɨɛɨɛɳɢɬɶ
ɢɦɟɸɳɢɟɫɹ ɞɚɧɧɵɟ ɨ ɞɟɮɨɪɦɢɪɨɜɚɧɢɢ
ɝɪɭɧɬɨɜ ɜɨ ɜɪɟɦɟɧɢ ɜ ɪɚɦɤɚɯ ɨɞɧɨɣ ɜɹɡɤɨɭɩɪɭɝɨ- ɩɥɚɫɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. Ɉɞɧɚɤɨ ɧɚ
ɷɬɨɦ ɩɭɬɢ ɩɪɢɲɥɨɫɶ ɩɪɟɨɞɨɥɟɬɶ ɰɟɥɵɣ ɪɹɞ
ɫɭɳɟɫɬɜɟɧɧɵɯ ɩɪɨɛɥɟɦ ɢ ɩɪɨɬɢɜɨɪɟɱɢɣ.
ɉɟɪɜɨɟ ɢ ɫɚɦɨɟ ɫɭɳɟɫɬɜɟɧɧɨɟ ɩɪɨɬɢɜɨɪɟɱɢɟ ɜɨɡɧɢɤɚɟɬ ɩɪɢ ɫɪɚɜɧɟɧɢɢ ɫɤɨɪɨɫɬɢ
ɪɚɡɜɢɬɢɹ ɞɟɮɨɪɦɚɰɢɣ ɮɨɪɦɨɢɡɦɟɧɟɧɢɹ ɜ
ɥɚɛɨɪɚɬɨɪɧɵɯ ɢ ɧɚɬɭɪɧɵɯ ɭɫɥɨɜɢɹɯ. Ʉɚɤ
ɢɡɜɟɫɬɧɨ, ɫɬɚɧɞɚɪɬɧɵɟ ɫɬɚɛɢɥɨɦɟɬɪɢɱɟɫɤɢɟ
ɢɫɩɵɬɚɧɢɹ
ɩɨ
ɧɟɤɨɧɫɨɥɢɞɢɪɨɜɚɧɧɨɣɧɟɞɪɟɧɢɪɨɜɚɧɧɨɣ ɫɯɟɦɟ (ɩɪɢ ɭɫɥɨɜɢɢ ɩɨɥɧɨɝɨ ɜɨɞɨɧɚɫɵɳɟɧɢɹ ɜ ɷɬɢɯ ɢɫɩɵɬɚɧɢɹɯ ɢɦɟɸɬ
ɦɟɫɬɨ ɬɨɥɶɤɨ ɞɟɮɨɪɦɚɰɢɢ ɫɞɜɢɝɚ) ɩɪɨɜɨɞɹɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɛɵɫɬɪɨ, ɤɚɠɞɚɹ ɫɬɭɩɟɧɶ
ɧɚɝɪɭɡɤɢ ɜɵɞɟɪɠɢɜɚɟɬɫɹ ɜ ɬɟɱɟɧɢɟ ɜɫɟɝɨ 1
ɦɢɧɭɬɵ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɡɚ ɫɱɢɬɚɧɧɵɟ ɦɢɧɭɬɵ
ɩɪɨɢɫɯɨɞɢɬ ɧɚɝɪɭɠɟɧɢɟ ɨɛɪɚɡɰɚ ɞɨ ɪɚɡɪɭɲɟɧɢɹ, ɩɪɢ ɷɬɨɦ ɞɥɹ ɫɥɚɛɵɯ ɝɥɢɧɢɫɬɵɯ
ɝɪɭɧɬɨɜ ɞɟɮɨɪɦɚɰɢɢ ɪɚɡɜɢɜɚɸɬɫɹ ɨɱɟɧɶ
ɛɵɫɬɪɨ, ɜɟɪɬɢɤɚɥɶɧɚɹ ɞɟɮɨɪɦɚɰɢɹ ɞɨɫɬɢɝɚɟɬ
15% (ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɝɪɚɧɢɱɟɧɢɸ, ɩɪɢɧɹɬɨɦɭ ɜ ȽɈɋɌ 12248). ȿɫɥɢ ɨɬɨɛɪɚɡɢɬɶ
ɬɚɤɨɟ ɩɨɜɟɞɟɧɢɟ ɜ ɦɨɞɟɥɢ, ɬɨ ɜ ɪɟɡɭɥɶɬɚɬɟ
ɪɚɫɱɟɬɨɜ ɦɵ ɩɨɥɭɱɢɦ ɜɟɫɶɦɚ ɫɭɳɟɫɬɜɟɧɧɨɟ
ɪɚɡɜɢɬɢɟ ɞɟɮɨɪɦɚɰɢɣ ɦɚɫɫɢɜɚ ɝɪɭɧɬɚ ɜ
ɬɟɱɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɦɢɧɭɬ. ȼ ɱɚɫɬɧɨɫɬɢ, ɩɪɢ
ɪɚɫɱɟɬɟ ɨɫɚɞɨɤ ɫɞɜɢɝɨɜɚɹ ɱɚɫɬɶ ɞɟɮɨɪɦɚɰɢɣ
ɛɭɞɟɬ ɪɚɡɜɢɜɚɬɶɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɦɝɧɨɜɟɧɧɨ, ɚ
ɷɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɚɹ ɱɚɫɬɶ ɨɫɚɞɨɤ
(ɧɟ ɦɟɧɟɟ ɩɨɥɨɜɢɧɵ ɨɛɳɟɣ ɜɟɥɢɱɢɧɵ)
ɞɨɥɠɧɚ ɩɪɨɢɫɯɨɞɢɬɶ ɡɚ ɧɟɫɤɨɥɶɤɨ ɦɢɧɭɬ. ȼ
ɬɨ ɠɟ ɜɪɟɦɹ ɬɚɤɨɟ ɩɨɜɟɞɟɧɢɟ ɦɨɞɟɥɢ ɧɟ
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɚɧɧɵɦ ɧɚɛɥɸɞɟɧɢɣ. ɇɢ ɜ
ɨɞɧɨɦ ɢɡ ɧɚɬɭɪɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɞɚɠɟ ɩɪɢ
ɛɵɫɬɪɨɦ ɧɚɝɪɭɠɟɧɢɢ (ɧɚɩɪɢɦɟɪ, ɩɪɢ ɨɬɫɵɩɤɟ ɧɚɫɵɩɢ ɧɚ ɫɨɨɪɭɠɟɧɢɹɯ ɡɚɳɢɬɵ Ʌɟɧɢɧɝɪɚɞɚ ɨɬ ɧɚɜɨɞɧɟɧɢɣ) ɧɟ ɧɚɛɥɸɞɚɥɨɫɶ ɦɝɧɨɜɟɧɧɨɝɨ ɪɚɡɜɢɬɢɹ ɨɫɚɞɨɤ, ɤɨɬɨɪɨɟ ɫɨɫɬɚɜɥɹɥɨ
ɛɵ ɡɚɦɟɬɧɭɸ ɞɨɥɸ ɨɛɳɟɣ ɨɫɚɞɤɢ. ɇɚ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɜɵɲɟ ɨɩɵɬɧɵɯ ɩɥɨɳɚɞɤɚɯ
ɫɤɨɪɨɫɬɶ ɪɚɡɜɢɬɢɹ ɞɟɮɨɪɦɚɰɢɣ ɛɵɥɚ ɜɟɫɶɦɚ

ɪɚɡɥɢɱɧɚ ɢ ɫɨɫɬɚɜɥɹɥɚ ɨɬ ɧɟɫɤɨɥɶɤɢɯ ɞɧɟɣ ɞɨ
ɦɟɫɹɰɟɜ, ɧɨ ɧɢɝɞɟ ɧɟ ɮɢɤɫɢɪɨɜɚɥɨɫɶ ɦɝɧɨɜɟɧɧɨɟ ɪɚɡɜɢɬɢɟ ɞɟɮɨɪɦɚɰɢɣ ɡɚ ɦɢɧɭɬɵ.
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɚɠɧɨ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɨɞɢɧ
ɢɡ ɧɚɢɛɨɥɟɟ ɫɭɳɟɫɬɜɟɧɧɵɯ ɜɨɩɪɨɫɨɜ ɩɪɢ
ɩɨɫɬɪɨɟɧɢɢ ɪɟɨɥɨɝɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɨɜɟɞɟɧɢɹ ɫɥɚɛɨɝɨ ɝɥɢɧɢɫɬɨɝɨ ɝɪɭɧɬɚ: ɩɨɱɟɦɭ ɩɪɢ
ɜɵɩɨɥɧɟɧɢɢ ɥɚɛɨɪɚɬɨɪɧɵɯ ɨɩɵɬɨɜ ɫɤɨɪɨɫɬɶ ɪɚɡɜɢɬɢɹ ɫɞɜɢɝɨɜɵɯ ɞɟɮɨɪɦɚɰɢɣ ɧɚ
ɧɟɫɤɨɥɶɤɨ ɩɨɪɹɞɤɨɜ ɩɪɟɜɵɲɚɟɬ ɫɤɨɪɨɫɬɶ
ɪɚɡɜɢɬɢɹ ɷɬɢɯ ɞɟɮɨɪɦɚɰɢɣ ɜ ɧɚɬɭɪɧɵɯ
ɭɫɥɨɜɢɹɯ?
Ɉɱɟɜɢɞɧɨ, ɥɚɛɨɪɚɬɨɪɧɵɣ ɨɛɪɚɡɟɰ ɱɟɦ-ɬɨ
ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɮɪɚɝɦɟɧɬɚ ɝɪɭɧɬɚ ɜ ɩɪɢɪɨɞɧɵɯ ɭɫɥɨɜɢɹɯ. Ɋɚɫɫɦɨɬɪɟɧɢɟ ɦɚɫɲɬɚɛɧɨɝɨ
ɷɮɮɟɤɬɚ ɧɟ ɩɨɡɜɨɥɹɟɬ ɧɚɣɬɢ ɨɬɜɟɬ ɧɚ ɷɬɨɬ
ɜɨɩɪɨɫ. ȼ ɫɚɦɨɦ ɞɟɥɟ, ɫɞɜɢɝɨɜɚɹ ɞɟɮɨɪɦɚɰɢɹ
ɦɚɥɨɝɨ ɨɛɪɚɡɰɚ ɩɨ ɮɢɡɢɱɟɫɤɨɦɭ ɫɦɵɫɥɭ
ɧɢɱɟɦ ɧɟ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɫɞɜɢɝɚ ɛɨɥɟɟ ɤɪɭɩɧɨɝɨ ɮɪɚɝɦɟɧɬɚ ɝɪɭɧɬɚ. Ɇɚɫɲɬɚɛɧɵɣ ɷɮɮɟɤɬ
ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɧɟɤɨɬɨɪɨɣ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɤɨɪɪɟɤɬɢɪɨɜɤɟ ɩɚɪɚɦɟɬɪɨɜ ɪɚɛɨɬɵ ɝɪɭɧɬɚ, ɧɨ ɧɟ ɫɩɨɫɨɛɟɧ ɤɚɱɟɫɬɜɟɧɧɨ (ɧɚ ɧɟɫɤɨɥɶɤɨ ɩɨɪɹɞɤɨɜ) ɢɡɦɟɧɢɬɶ
ɫɤɨɪɨɫɬɶ ɪɚɡɜɢɬɢɹ ɞɟɮɨɪɦɚɰɢɣ. Ʌɨɝɢɱɧɟɟ
ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɜ ɩɪɢɪɨɞɧɵɯ ɭɫɥɨɜɢɹɯ
ɫɭɳɟɫɬɜɭɟɬ ɧɟɤɨɬɨɪɵɣ ɦɟɯɚɧɢɡɦ ɡɚɦɟɞɥɟɧɢɹ
ɞɟɮɨɪɦɚɰɢɢ ɫɞɜɢɝɚ, ɧɟ ɩɪɨɹɜɥɹɸɳɢɣɫɹ ɜ
ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ, ɤɨɬɨɪɵɣ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɦɨɞɟɥɢ ɦɨɠɧɨ ɨɩɢɫɚɬɶ ɧɟɤɨɬɨɪɨɣ
ɜɹɡɤɨɫɬɶɸ. ɂɦɟɸɬɫɹ ɧɟɫɤɨɥɶɤɨ ɪɚɡɧɨɜɢɞɧɨɫɬɟɣ ɬɚɤɢɯ ɦɨɞɟɥɟɣ [5], ɧɚɢɛɨɥɶɲɨɣ ɢɡɜɟɫɬɧɨɫɬɶɸ ɩɨɥɶɡɭɟɬɫɹ ɪɟɨɥɨɝɢɱɟɫɤɚɹ ɦɨɞɟɥɶ
Ȼɢɧɝɚɦɚ-ɒɜɟɞɨɜɚ. Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɫ ɩɨɦɨɳɶɸ
ɷɬɨɣ ɦɨɞɟɥɢ ɧɢɡɤɢɯ ɫɤɨɪɨɫɬɟɣ ɫɞɜɢɝɨɜɨɝɨ
ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɝɪɭɧɬɨɜ, ɧɚɛɥɸɞɚɸɳɢɯɫɹ
ɧɚ ɩɪɚɤɬɢɤɟ, ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ
ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ɜɹɡɤɨɫɬɢ. ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɜɟɥɢɱɢɧɵ ɩɪɢɜɟɞɟɧɵ ɜ ɪɚɛɨɬɚɯ
ɇ.ɇ.Ɇɚɫɥɨɜɚ, ɋ.ɋ.ȼɹɥɨɜɚ [4,5]. ɉɪɢ ɷɬɨɦ
ɨɤɚɡɵɜɚɟɬɫɹ, ɱɬɨ ɦɨɞɟɥɶ ɧɟɫɩɨɫɨɛɧɚ ɨɩɢɫɚɬɶ
ɩɪɨɹɜɥɹɸɳɢɟɫɹ ɜ ɪɟɚɥɶɧɨɫɬɢ ɛɵɫɬɪɵɟ
ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ ɛɨɥɶɲɢɯ ɫɞɜɢɝɚɸɳɢɯ
ɧɚɩɪɹɠɟɧɢɹɯ. ȼ ɱɚɫɬɧɨɫɬɢ, ɧɟɜɨɡɦɨɠɧɨ
ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɜɞɚɜɥɢɜɚɧɢɹ ɫɜɚɣ, ɩɨɝɪɭɠɟɧɢɹ ɡɨɧɞɚ ɢ ɬ.ɩ. ɍɫɬɪɚɧɢɬɶ ɷɬɨɬ ɧɟɞɨɫɬɚɬɨɤ
ɦɨɠɧɨ, ɟɫɥɢ ɜɜɟɫɬɢ ɡɚɜɢɫɢɦɨɫɬɶ ɜɟɥɢɱɢɧɵ
ɜɹɡɤɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧɵ ɞɟɣɫɬɜɭɸɳɢɯ ɫɞɜɢɝɨɜɵɯ ɧɚɩɪɹɠɟɧɢɣ. ȼ ɩɪɟɞɥɨɠɟɧɧɨɣ ɧɚɦɢ
ɦɨɞɟɥɢ ɢɫɩɨɥɶɡɨɜɚɧɚ ɩɪɨɫɬɟɣɲɚɹ ɥɢɧɟɣɧɚɹ
ɡɚɜɢɫɢɦɨɫɬɶ: ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɫɞɜɢɝɨɜɨɝɨ
ɧɚɩɪɹɠɟɧɢɹ ɜɹɡɤɨɫɬɶ ɩɚɞɚɟɬ ɩɨ ɥɢɧɟɣɧɨɦɭ
ɡɚɤɨɧɭ ɢ ɩɪɢɛɥɢɠɚɟɬɫɹ ɤ ɧɭɥɸ ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ:
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ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɟɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɪɚɡɜɢɬɢɹ
ɞɟɮɨɪɦɚɰɢɣ ɜ ɧɚɬɭɪɧɵɯ ɭɫɥɨɜɢɹɯ. ɉɨɷɬɨɦɭ
ɟɞɢɧɫɬɜɟɧɧɵɦ ɫɩɨɫɨɛɨɦ ɨɩɪɟɞɟɥɟɧɢɹ ɪɟɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɪɚɛɨɬɵ ɝɪɭɧɬɚ ɨɫɬɚɟɬɫɹ
ɨɛɪɚɬɧɵɣ ɚɧɚɥɢɡ ɞɚɧɧɵɯ ɧɚɛɥɸɞɟɧɢɣ.
Ⱦɥɢɬɟɥɶɧɵɟ ɧɚɬɭɪɧɵɟ ɧɚɛɥɸɞɟɧɢɹ ɡɚ
ɫɞɜɢɝɨɜɵɦɢ ɞɟɮɨɪɦɚɰɢɹɦɢ ɝɪɭɧɬɚ ɩɪɨɜɨɞɢɥɢɫɶ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɩɨɜɟɞɟɧɢɹ ɨɩɨɥɡɧɟɜɵɯ ɨɬɤɨɫɨɜ. Ⱦɚɧɧɵɟ ɨ ɜɟɥɢɱɢɧɚɯ ɜɹɡɤɨɫɬɢ
ɫɨɞɟɪɠɚɬɫɹ
ɜ
ɪɚɛɨɬɚɯ
ɇ.ɇ. Ɇɚɫɥɨɜɚ,
ɋ.ɋ. ȼɹɥɨɜɚ [4,5]. Ʉ ɫɨɠɚɥɟɧɢɸ, ɢɧɮɨɪɦɚɰɢɹ
ɨ ɞɥɢɬɟɥɶɧɨɦ ɪɚɡɜɢɬɢɢ ɞɟɮɨɪɦɚɰɢɣ ɫɞɜɢɝɚ ɜ
ɫɥɚɛɵɯ ɝɪɭɧɬɚɯ ɩɪɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭɟɬ.
Ⱦɥɹ ɜɨɫɩɨɥɧɟɧɢɹ ɷɬɨɝɨ ɩɪɨɛɟɥɚ ɩɨɩɪɨɛɭɟɦ
ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɪɟɡɭɥɶɬɚɬɵ ɧɚɛɥɸɞɟɧɢɣ ɡɚ
ɨɫɚɞɤɚɦɢ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ. Ɉɱɟɜɢɞɧɨ,
ɱɬɨ ɩɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɨɫɚɞɨɤ ɡɞɚɧɢɣ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɤɚɤ ɨɛɴɟɦɧɭɸ, ɬɚɤ ɫɞɜɢɝɨɜɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɞɟɮɨɪɦɚɰɢɣ. Ɋɚɡɜɢɬɢɟ
ɨɛɴɟɦɧɵɯ ɞɟɮɨɪɦɚɰɢɣ ɜɨ ɜɪɟɦɟɧɢ ɩɪɢ
ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɭɱɢɬɵɜɚɥɨɫɶ ɧɚɦɢ ɬɪɚɞɢɰɢɨɧɧɵɦ ɨɛɪɚɡɨɦ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɭɪɚɜɧɟɧɢɣ
ɮɢɥɶɬɪɚɰɢɨɧɧɨɣ ɤɨɧɫɨɥɢɞɚɰɢɢ. ȿɞɢɧɫɬɜɟɧɧɵɦ ɭɬɨɱɧɟɧɢɟɦ (ɨ ɱɟɦ ɭɠɟ ɝɨɜɨɪɢɥɨɫɶ
ɜɵɲɟ) ɹɜɥɹɥɨɫɶ ɜɜɟɞɟɧɢɟ ɪɟɚɥɶɧɵɯ, ɩɨɥɭɱɟɧɧɵɯ ɢɡ ɨɩɵɬɨɜ, ɧɟɥɢɧɟɣɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɤɨɷɮɮɢɰɢɟɧɬɚ ɮɢɥɶɬɪɚɰɢɢ ɨɬ ɝɪɚɞɢɟɧɬɚ
ɧɚɩɨɪɚ, ɩɪɨɹɜɥɹɸɳɢɯɫɹ ɜɨ ɜɫɟɯ ɝɥɢɧɢɫɬɵɯ
ɝɪɭɧɬɚɯ. ɉɪɢ ɪɚɫɱɟɬɟ ɨɫɚɞɨɤ ɡɞɚɧɢɣ ɧɚ
ɝɥɢɧɢɫɬɵɯ ɝɪɭɧɬɚɯ ɞɚɧɧɨɟ ɭɬɨɱɧɟɧɢɟ ɜɧɨɫɢɬ
ɫɭɳɟɫɬɜɟɧɧɵɟ ɤɨɪɪɟɤɬɢɜɵ ɜ ɪɟɡɭɥɶɬɚɬɵ
ɪɚɫɱɟɬɚ: ɪɚɡɜɢɬɢɟ ɞɟɮɨɪɦɚɰɢɣ ɭɩɥɨɬɧɟɧɢɹ
ɝɪɭɧɬɚ ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɬɹɝɢɜɚɟɬɫɹ ɜɨ ɜɪɟɦɟɧɢ. Ⱦɚɧɧɵɣ ɷɮɮɟɤɬ ɲɢɪɨɤɨ ɢɡɜɟɫɬɟɧ, ɨ ɧɟɦ
ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɜ ɬɨɦ ɱɢɫɥɟ ɪɚɛɨɬɵ ɇ.ɇ. Ɇɚɫɥɨɜɚ [4],
Ɋ.ɗ. Ⱦɚɲɤɨ [2], ɢ ɞɪ. ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ
ɷɮɮɟɤɬɚ ɜ ɢɧɬɟɪɟɫɭɸɳɟɦ ɧɚɫ ɩɪɨɦɟɠɭɬɤɟ
ɜɪɟɦɟɧɢ (ɩɨɪɹɞɤɚ ɞɟɫɹɬɢɥɟɬɢɹ) ɜɟɫɶɦɚ
ɡɧɚɱɢɦɵɦɢ ɫɬɚɧɨɜɹɬɫɹ ɞɟɮɨɪɦɚɰɢɢ ɮɨɪɦɨɢɡɦɟɧɟɧɢɹ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɚɛɥɸɞɟɧɢɹ ɡɚ
ɨɫɚɞɤɚɦɢ ɫɨɨɪɭɠɟɧɢɣ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɨɰɟɧɤɢ ɪɟɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ
ɦɨɞɟɥɢ.

(5)

ɉɪɢ ɷɬɨɦ ɫɤɨɪɨɫɬɶ ɪɚɡɜɢɬɢɹ ɞɟɮɨɪɦɚɰɢɣ
ɫɞɜɢɝɚ ɧɚɯɨɞɢɬɫɹ ɜ ɧɟɥɢɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ
ɨɬ ɞɟɣɫɬɜɭɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ, ɱɬɨ ɜɩɨɥɧɟ
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɢɦɟɸɳɢɦɫɹ ɢɫɫɥɟɞɨɜɚɧɢɹɦ
[3,6] (ɪɢɫ. 23).
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Ɋɢɫ. 23. Ɂɚɜɢɫɢɦɨɫɬɶ ɫɤɨɪɨɫɬɢ ɞɟɮɨɪɦɚɰɢɢ
ɮɨɪɦɨɢɡɦɟɧɟɧɢɹ ɨɬ ɞɟɜɢɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɣ ɩɪɢ
ɪɚɡɧɨɣ ɜɥɚɠɧɨɫɬɢ ɝɪɭɧɬɚ. 1 – ɜɥɚɠɧɨɫɬɶ ɝɥɢɧɢɫɬɨɝɨ ɝɪɭɧɬɚ W=30%; 2 – ɜɥɚɠɧɨɫɬɶ ɝɥɢɧɢɫɬɨɝɨ
ɝɪɭɧɬɚ W=24%; 3 – ɜɥɚɠɧɨɫɬɶ ɝɥɢɧɢɫɬɨɝɨ ɝɪɭɧɬɚ
W=21%; 4 – ɚɩɩɪɨɤɫɢɦɚɰɢɹ ɨɩɵɬɨɜ ɡɚɜɢɫɢɦɨɫɬɶɸ (5).

ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɚɤɨɝɨ ɩɪɨɫɬɨɝɨ ɩɪɢɟɦɚ ɭɞɚɟɬɫɹ ɜ ɪɚɦɤɚɯ ɨɞɧɨɣ ɦɨɞɟɥɢ
ɨɛɴɟɞɢɧɢɬɶ ɪɚɡɥɢɱɧɨɟ ɩɨɜɟɞɟɧɢɟ ɝɪɭɧɬɚ:
ɦɟɞɥɟɧɧɨɟ ɪɚɡɜɢɬɢɟ ɞɟɮɨɪɦɚɰɢɣ ɩɪɢ ɧɟɛɨɥɶɲɢɯ ɫɞɜɢɝɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɹɯ ɢ ɛɵɫɬɪɨɟ ɪɚɡɪɭɲɟɧɢɟ ɩɪɢ ɧɚɩɪɹɠɟɧɢɹɯ ɧɚ
ɩɪɟɞɟɥɟ ɩɪɨɱɧɨɫɬɢ.
ɋɥɟɞɭɸɳɢɦ ɩɪɟɩɹɬɫɬɜɢɟɦ ɧɚ ɩɭɬɢ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɦɨɞɟɥɢ ɹɜɥɹɟɬɫɹ
ɫɥɨɠɧɨɫɬɶ
ɨɩɪɟɞɟɥɟɧɢɹ
ɪɟɨɥɨɝɢɱɟɫɤɢɯ
ɩɚɪɚɦɟɬɪɨɜ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ. Ʉɚɤ
ɭɠɟ ɭɤɚɡɵɜɚɥɨɫɶ, ɫɤɨɪɨɫɬɶ ɪɚɡɜɢɬɢɹ ɞɟɮɨɪɦɚɰɢɣ ɨɛɵɱɧɵɯ ɥɚɛɨɪɚɬɨɪɧɵɯ ɨɛɪɚɡɰɨɜ ɧɟ

Ɋɢɫ. 24. Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɤ ɪɚɫɱɟɬɭ ɨɫɚɞɨɤ ɩɨɥɢɝɨɧɚ ʋ 1 ɧɚ ɬɪɚɫɫɟ ɫɨɨɪɭɠɟɧɢɣ ɡɚɳɢɬɵ Ʌɟɧɢɧɝɪɚɞɚ
ɨɬ ɧɚɜɨɞɧɟɧɢɣ
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Ɋɢɫ. 25. Ƚɪɚɮɢɤ ɪɚɡɜɢɬɢɹ ɨɫɚɞɨɤ ɜɨ ɜɪɟɦɟɧɢ ɧɚ ɨɩɵɬɧɨɦ ɩɨɥɢɝɨɧɟ ʋ1:
1 – ɪɟɡɭɥɶɬɚɬɵ ɧɚɛɥɸɞɟɧɢɣ; 2 – ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɨ ɜɹɡɤɨ-ɭɩɪɭɝɨ-ɩɥɚɫɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ

ɉɟɪɜɚɹ ɨɰɟɧɤɚ ɜɟɥɢɱɢɧɵ ɜɹɡɤɨɫɬɢ ɫɥɚɛɵɯ
ɝɥɢɧɢɫɬɵɯ ɝɪɭɧɬɨɜ ɩɭɬɟɦ ɨɛɪɚɬɧɨɝɨ ɚɧɚɥɢɡɚ
ɞɚɧɧɵɯ ɧɚɬɭɪɧɵɯ ɧɚɛɥɸɞɟɧɢɣ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɧɚɛɥɸɞɟɧɢɣ ɡɚ ɨɩɵɬɧɵɦɢ
ɩɨɥɢɝɨɧɚɦɢ ɧɚ ɩɥɨɳɚɞɤɟ ɫɬɪɨɢɬɟɥɶɫɬɜɟ
ɫɨɨɪɭɠɟɧɢɣ ɡɚɳɢɬɵ ɝ. Ʌɟɧɢɧɝɪɚɞɚ ɨɬ ɧɚɜɨɞɧɟɧɢɣ (ɪɢɫ. 24, 25). ɇɚ ɨɫɧɨɜɟ ɷɬɢɯ ɪɚɫɱɟɬɨɜ
ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɷɦɩɢɪɢɱɟɫɤɚɹ ɡɚɜɢɫɢɦɨɫɬɶ
ɜɟɥɢɱɢɧɵ ɧɚɱɚɥɶɧɨɣ ɜɹɡɤɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧɵ
ɧɟɞɪɟɧɢɪɨɜɚɧɧɨɣ ɩɪɨɱɧɨɫɬɢ ɝɪɭɧɬɚ ɧɚ
ɫɞɜɢɝ:
η0 ≈ 100cu [ɤɉɚʘɝɨɞ]

ɩɨɫɥɟɞɧɟɣ ɫɬɚɞɢɢ ɧɚɛɥɸɞɟɧɢɣ ɫɪɚɜɧɢɜɚɥɚɫɶ
ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɪɚɫɱɟɬɚ ɩɨ ɢɧɠɟɧɟɪɧɵɦ
ɦɟɬɨɞɚɦ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɯɚɧɢɱɟɫɤɢɯ
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɝɪɭɧɬɚ, ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɨɬɱɟɬɚɯ ɩɨ ɢɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɦ ɢɡɵɫɤɚɧɢɹɦ. Ɋɟɡɭɥɶɬɚɬɵ ɫɪɚɜɧɟɧɢɹ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ
ɞɨɫɬɚɬɨɱɧɨ ɧɢɡɤɨɣ ɬɨɱɧɨɫɬɢ ɢɧɠɟɧɟɪɧɵɯ
ɦɟɬɨɞɨɜ (ɪɢɫ. 26, ɚ, ɛ, ɜ).
ɚ)

(6)

Ⱦɚɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ, ɛɟɡɭɫɥɨɜɧɨ, ɹɜɥɹɟɬɫɹ ɜɟɫɶɦɚ ɩɪɢɛɥɢɠɟɧɧɨɣ, ɨɞɧɚɤɨ, ɫɥɟɞɭɟɬ
ɭɱɢɬɵɜɚɬɶ, ɱɬɨ ɧɚ ɪɟɡɭɥɶɬɚɬɵ ɩɪɚɤɬɢɱɟɫɤɢɯ
ɪɚɫɱɟɬɨɜ ɧɚɢɛɨɥɶɲɟɟ ɜɥɢɹɧɢɟ ɨɤɚɡɵɜɚɟɬ
ɢɦɟɧɧɨ ɩɨɪɹɞɨɤ ɜɟɥɢɱɢɧɵ ɜɹɡɤɨɫɬɢ, ɚ ɪɚɡɥɢɱɢɟ ɜ ɞɟɫɹɬɤɢ ɩɪɨɰɟɧɬɨɜ ɭɠɟ ɧɟ ɢɦɟɟɬ
ɫɬɨɥɶ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ.
ɋɨɨɬɧɨɲɟɧɢɟ (6) ɛɵɥɨ ɡɚɬɟɦ ɩɨɞɜɟɪɝɧɭɬɨ
ɩɪɨɜɟɪɤɟ ɩɪɢ ɪɚɫɱɟɬɟ ɞɟɮɨɪɦɚɰɢɣ ɜɨ ɜɪɟɦɟɧɢ ɜɵɛɨɪɤɢ ɢɡ ɩɨɥɭɬɨɪɚ ɞɟɫɹɬɤɨɜ ɡɞɚɧɢɣ ɧɚ
ɬɟɪɪɢɬɨɪɢɢ ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɚ, ɩɨ ɤɨɬɨɪɵɦ
ɜɟɥɢɫɶ ɞɥɢɬɟɥɶɧɵɟ ɧɚɛɥɸɞɟɧɢɹ ɡɚ ɨɫɚɞɤɚɦɢ.
Ⱦɥɹ ɜɫɟɯ ɡɞɚɧɢɣ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɢɞɟɧɬɢɱɧɵɟ
ɩɪɚɜɢɥɚ ɩɨɫɬɪɨɟɧɢɹ ɪɚɫɱɟɬɧɵɯ ɫɯɟɦ ɢ
ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɢ. ɉɨɞɪɨɛɧɨ
ɦɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɜɹɡɤɨɭɩɪɭɝɨ-ɩɥɚɫɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɢ ɩɨɫɬɪɨɟɧɢɹ
ɪɚɫɱɟɬɧɵɯ ɫɯɟɦ ɢɡɥɨɠɟɧɚ ɜ [7].
ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɥɹ ɷɬɢɯ ɡɞɚɧɢɣ
ɩɚɪɚɥɥɟɥɶɧɨ ɫ ɬɟɫɬɢɪɨɜɚɧɢɟɦ ɧɟɥɢɧɟɣɧɨɣ
ɦɨɞɟɥɢ ɝɪɭɧɬɚ ɛɵɥɚ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɚ
ɬɨɱɧɨɫɬɶ ɪɚɫɱɟɬɚ ɨɫɚɞɨɤ ɩɨ ɬɪɚɞɢɰɢɨɧɧɵɦ
ɢɧɠɟɧɟɪɧɵɦ ɦɟɬɨɞɚɦ. ɋɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɨɜ ɫ ɧɚɛɥɸɞɚɟɦɵɦɢ ɨɫɚɞɤɚɦɢ
ɩɪɢɜɟɞɟɧɨ ɧɚ ɪɢɫ. 26. Ɋɟɚɥɶɧɚɹ ɨɫɚɞɤɚ ɧɚ
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ȼɵɱɢɫɥɟɧɢɟ ɨɫɚɞɨɤ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɜɹɡɤɨ-ɭɩɪɭɝɨ-ɩɥɚɫɬɢɱɟɫɤɨɣ
ɦɨɞɟɥɢ
ɢɦɟɟɬ
ɧɟɫɤɨɥɶɤɨ ɩɪɢɧɰɢɩɢɚɥɶɧɵɯ ɩɪɟɢɦɭɳɟɫɬɜ
ɧɚɞ ɢɧɠɟɧɟɪɧɵɦɢ ɦɟɬɨɞɚɦɢ. ȼɨ-ɩɟɪɜɵɯ, ɜ
ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɨɜ ɩɨɥɭɱɚɟɬɫɹ ɧɟ ɨɞɧɨ
ɡɧɚɱɟɧɢɟ «ɤɨɧɟɱɧɨɣ» ɨɫɚɞɤɢ, ɚ ɝɪɚɮɢɤ
ɪɚɡɜɢɬɢɹ ɞɟɮɨɪɦɚɰɢɣ ɜɨ ɜɪɟɦɟɧɢ, ɤɨɬɨɪɵɣ
ɦɨɠɧɨ ɫɪɚɜɧɢɬɶ ɫ ɪɟɚɥɶɧɵɦɢ ɢɡɦɟɪɟɧɢɹɦɢ
ɨɫɚɞɨɤ ɜ ɪɚɡɧɵɟ ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ. ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ, ɤɨɥɢɱɟɫɬɜɨ ɬɨɱɟɤ ɞɥɹ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɫɪɚɜɧɟɧɢɹ ɜɨɡɪɚɫɬɚɟɬ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ
ɛɨɥɟɟ ɨɛɨɫɧɨɜɚɧɧɨ ɫɭɞɢɬɶ ɨ ɤɚɱɟɫɬɜɟ ɪɚɫɱɟɬɚ. ȼɨ-ɜɬɨɪɵɯ, ɭɞɚɟɬɫɹ ɢɡɛɚɜɢɬɶɫɹ ɨɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɨɝɪɚɧɢɱɟɧɢɹ
ɫɠɢɦɚɟɦɨɣ ɬɨɥɳɢ. ɗɬɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɩɪɢɧɰɢɩɢɚɥɶɧɵɦ. ȼ ɪɚɦɤɚɯ
ɨɩɢɫɚɧɧɨɣ ɜɹɡɤɨ-ɭɩɪɭɝɨ-ɩɥɚɫɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɡɚɬɭɯɚɧɢɟ ɨɛɴɟɦɧɵɯ ɞɟɮɨɪɦɚɰɢɣ ɜ
ɝɥɢɧɢɫɬɵɯ ɝɪɭɧɬɚɯ ɨɛɴɹɫɧɹɟɬɫɹ ɧɟ ɫɬɨɥɶɤɨ
ɭɜɟɥɢɱɟɧɢɟɦ ɦɨɞɭɥɹ ɞɟɮɨɪɦɚɰɢɢ ɫ ɝɥɭɛɢɧɨɣ, ɫɤɨɥɶɤɨ ɭɦɟɧɶɲɟɧɢɟɦ ɝɪɚɞɢɟɧɬɚ ɧɚɩɨɪɚ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɦɟɧɶɲɟɧɢɟɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɮɢɥɶɬɪɚɰɢɢ (ɪɢɫ. 21). ȼ ɪɟɡɭɥɶɬɚɬɟ
ɨɛɴɟɦɧɵɟ ɞɟɮɨɪɦɚɰɢɢ ɝɥɢɧɢɫɬɨɝɨ ɝɪɭɧɬɚ ɫ
ɝɥɭɛɢɧɨɣ ɞɨɫɬɚɬɨɱɧɨ ɢɧɬɟɧɫɢɜɧɨ ɡɚɬɭɯɚɸɬ.
ɋɞɜɢɝɨɜɵɟ ɞɟɮɨɪɦɚɰɢɢ ɫɭɳɟɫɬɜɟɧɧɨ ɧɟɥɢɧɟɣɧɨ ɡɚɜɢɫɹɬ ɨɬ ɜɟɥɢɱɢɧɵ ɫɞɜɢɝɨɜɵɯ
ɧɚɩɪɹɠɟɧɢɣ. ɋ ɝɥɭɛɢɧɨɣ ɞɟɜɢɚɬɨɪ ɧɚɩɪɹɠɟɧɢɣ ɞɨɫɬɚɬɨɱɧɨ ɢɧɬɟɧɫɢɜɧɨ ɩɚɞɚɟɬ, ɫ
ɭɦɟɧɶɲɟɧɢɟɦ ɞɟɜɢɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɣ ɟɳɟ
ɢɧɬɟɧɫɢɜɧɟɟ ɡɚɬɭɯɚɸɬ ɞɟɮɨɪɦɚɰɢɢ ɫɞɜɢɝɚ. ȼ
ɢɬɨɝɟ ɡɨɧɚ ɞɟɮɨɪɦɚɰɢɣ ɜ ɨɫɧɨɜɚɧɢɢ ɡɞɚɧɢɹ
ɟɫɬɟɫɬɜɟɧɧɵɦ
ɨɛɪɚɡɨɦ
ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ
(ɪɢɫ. 27), ɱɬɨ ɜ ɰɟɥɨɦ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɞɚɧɧɵɦɢ
ɧɚɬɭɪɧɵɯ ɧɚɛɥɸɞɟɧɢɣ [8, 9].
Ȼɥɚɝɨɞɚɪɹ ɩɪɢɦɟɧɟɧɢɸ ɜɹɡɤɨ-ɭɩɪɭɝɨɩɥɚɫɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɭɞɚɥɨɫɶ ɞɨɫɬɚɬɨɱɧɨ
ɪɟɚɥɢɫɬɢɱɧɨ ɨɬɪɚɡɢɬɶ ɪɚɡɜɢɬɢɟ ɨɫɚɞɨɤ ɜɨ
ɜɪɟɦɟɧɢ ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɡɞɚɧɢɣ. ȼ
ɰɟɥɨɦ ɞɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɡɞɚɧɢɣ ɭɞɚɥɨɫɶ
ɩɨɥɭɱɢɬɶ ɞɨɫɬɚɬɨɱɧɨ ɪɟɚɥɢɫɬɢɱɧɵɣ ɩɪɨɝɧɨɡ
ɩɨɜɟɞɟɧɢɹ ɦɚɫɫɢɜɚ ɝɪɭɧɬɚ ɜɨ ɜɪɟɦɟɧɢ. Ȼɨɥɟɟ
ɬɨɝɨ, ɬɨɱɧɨɫɬɶ ɩɪɨɝɧɨɡɚ ɨɫɚɞɨɤ ɡɞɚɧɢɣ
ɭɞɚɥɨɫɶ ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɵɫɢɬɶ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɪɚɞɢɰɢɨɧɧɨ ɩɪɢɦɟɧɹɟɦɵɦɢ ɢɧɠɟɧɟɪɧɵɦɢ ɦɟɬɨɞɚɦɢ (ɪɢɫ. 26). Ⱦɚɧɧɵɣ ɮɚɤɬ
ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɢ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɩɨɞɯɨɞɚ ɤ ɨɩɢɫɚɧɢɸ ɪɚɛɨɬɵ ɫɥɚɛɵɯ
ɝɥɢɧɢɫɬɵɯ ɝɪɭɧɬɨɜ.
Ɉɞɧɚɤɨ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɩɪɨɜɟɪɤɟ
ɧɭɠɞɚɟɬɫɹ ɢɫɯɨɞɧɨɟ ɩɨɥɨɠɟɧɢɟ, ɡɚɥɨɠɟɧɧɨɟ
ɜ ɩɪɢɧɹɬɭɸ ɧɚɦɢ ɰɟɩɶ ɪɚɫɫɭɠɞɟɧɢɣ, ɚ
ɢɦɟɧɧɨ, ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɪɚɡɥɢɱɢɢ ɫɤɨɪɨɫɬɢ
ɪɚɡɜɢɬɢɹ ɞɟɮɨɪɦɚɰɢɣ ɝɪɭɧɬɚ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ
ɢ ɧɚɬɭɪɧɵɯ ɭɫɥɨɜɢɹɯ.
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Ɋɢɫ. 26. ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɨɜ ɫ
ɞɚɧɧɵɦɢ ɧɚɬɭɪɧɵɯ ɧɚɛɥɸɞɟɧɢɣ ɡɚ ɨɫɚɞɤɚɦɢ:
ɚ) ɩɨ ɋɇɢɉ 2.02.01-83, ɛ) ɋɉ 50-101-2004,
ɜ) ɩɨ ɦɟɬɨɞɭ ȿɝɨɪɨɜɚ, ɝ) ɪɚɫɱɟɬ ɩɨ ɭɩɪɭɝɨ-ɜɹɡɤɨɩɥɚɫɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. 1 – ɩɪɹɦɚɹ ɢɞɟɚɥɶɧɨɝɨ
ɫɨɜɩɚɞɟɧɢɹ ɪɚɫɱɟɬɧɵɯ ɢ ɧɚɛɥɸɞɚɟɦɵɯ ɨɫɚɞɨɤ;
2 – ɢɯ ɥɢɧɟɣɧɚɹ ɚɩɩɪɨɤɫɢɦɚɰɢɹ;
3 – ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ.

Ⱦɥɹ ɷɬɢɯ ɦɟɬɨɞɨɜ ɯɚɪɚɤɬɟɪɧɚ ɞɨɫɬɚɬɨɱɧɨ
ɛɨɥɶɲɨɟ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ
ɨɬ ɪɟɡɭɥɶɬɚɬɨɜ ɧɚɛɥɸɞɟɧɢɣ, ɚ ɝɥɚɜɧɨɟ,
ɫɪɟɞɧɹɹ ɜɟɥɢɱɢɧɚ ɪɚɫɱɟɬɧɨɣ ɨɫɚɞɤɢ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɧɚɛɥɸɞɚɟɦɨɣ. ɇɚɢɦɟɧɶɲɟɟ ɨɬɤɥɨɧɟɧɢɟ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ ɦɟɬɨɞɚ
ɩɨɫɥɨɣɧɨɝɨ ɫɭɦɦɢɪɨɜɚɧɢɹ ɋɇɢɉ 2.02.0183*, ɤɨɬɨɪɵɣ ɜ ɫɪɟɞɧɟɦ ɧɚ 30% ɧɟɞɨɨɰɟɧɢɜɚɟɬ ɪɟɡɭɥɶɬɚɬɵ ɦɧɨɝɨɥɟɬɧɢɯ ɧɚɛɥɸɞɟɧɢɣ.
Ɉɫɬɚɥɶɧɵɟ ɦɟɬɨɞɵ (ɦɟɬɨɞ ȿɝɨɪɨɜɚ ɢ ɨɛɧɨɜɥɟɧɧɵɣ ɦɟɬɨɞ ɩɨɫɥɨɣɧɨɝɨ ɫɭɦɦɢɪɨɜɚɧɢɹ ɋɉ
50-101-2004) ɞɚɸɬ ɟɳɟ ɛɨɥɶɲɭɸ ɫɪɟɞɧɸɸ
ɨɲɢɛɤɭ (78 ɢ 176% ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ), ɱɬɨ
ɞɟɥɚɟɬ ɧɟɜɨɡɦɨɠɧɵɦ ɢɯ ɩɪɚɤɬɢɱɟɫɤɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɭɫɥɨɜɢɹɯ ɫɥɚɛɵɯ ɝɪɭɧɬɨɜ.
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ɝɪɭɧɬɨɧɨɫɵ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɟɧɢɟ ɧɟɧɚɪɭɲɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɰɨɜ ɫɨɫɬɚɜɥɹɟɬ
ɫɭɳɟɫɬɜɟɧɧɭɸ ɩɪɨɛɥɟɦɭ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɢɡ
ɡɚɪɭɛɟɠɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɥɚɛɵɯ ɝɪɭɧɬɨɜ
ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɢ ɤɚɱɟɫɬɜɟɧɧɨɦ ɨɬɛɨɪɟ ɨɛɪɚɡɰɨɜ ɞɚɠɟ ɫɥɚɛɵɟ ɝɪɭɧɬɵ ɞɟɦɨɧɫɬɪɢɪɭɸɬ
«ɠɟɫɬɤɨɟ» ɩɨɜɟɞɟɧɢɟ ɩɪɢ ɬɪɟɯɨɫɧɵɯ ɢɫɩɵɬɚɧɢɹɯ (ɪɢɫ. 28), ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɸɳɟɟɫɹ
ɨɬ ɩɪɢɜɵɱɧɨɝɨ, ɤɨɬɨɪɨɟ ɧɚɛɥɸɞɚɟɬɫɹ ɭ
ɨɛɪɚɡɰɨɜ,
ɨɬɨɛɪɚɧɧɵɯ
ɨɬɟɱɟɫɬɜɟɧɧɵɦɢ
ɢɡɵɫɤɚɬɟɥɹɦɢ ɢɡ ɫɤɜɚɠɢɧ.

Ɂɞɚɧɢɟ ɧɚ ɫɜɚɹɯ
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ɭɜɟɥɢɱɟɧɢɟ
ɪɚɡɦɟɪɚ ɫɯɟɦɵ
ɜ ɝɥɭɛɢɧɭ
ɧɟ ɩɪɢɜɨɞɢɬ ɤ
ɫɭɳɟɫɬɜɟɧɧɨɦɭ
ɢɡɦɟɧɟɧɢɸ
ɪɚɫɱɟɬɧɵɯ ɨɫɚɞɨɤ

Ɋɢɫ. 28. ɉɪɢɦɟɪ «ɠɟɫɬɤɨɝɨ» ɩɨɜɟɞɟɧɢɹ ɫɥɚɛɵɯ
ɝɥɢɧɢɫɬɵɯ ɝɪɭɧɬɨɜ ɜ ɬɪɟɯɨɫɧɵɯ ɢɫɩɵɬɚɧɢɹɯ
(Tavenas & Leroueil, 1977).

Ɋɢɫ. 27. ɉɪɟɢɦɭɳɟɫɬɜɚ ɩɪɢɦɟɧɟɧɢɹ ɧɟɥɢɧɟɣɧɵɯ
ɦɨɞɟɥɟɣ ɩɪɢ ɪɚɫɱɟɬɟ ɨɫɚɞɨɤ: ɡɨɧɚ ɞɟɮɨɪɦɚɰɢɣ
ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢ, ɜɨɡɦɨɠɧɨ ɤɨɪɪɟɤɬɧɨ ɪɚɫɫɱɢɬɚɬɶ ɜɡɚɢɦɧɨɟ ɜɥɢɹɧɢɟ ɩɥɢɬɧɨɝɨ ɢ
ɫɜɚɣɧɨɝɨ ɮɭɧɞɚɦɟɧɬɨɜ.

ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɢ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɵɬɚɧɢɹ ɫɥɚɛɵɯ ɝɥɢɧɢɫɬɵɯ ɝɪɭɧɬɨɜ ɫ ɦɢɧɢɦɚɥɶɧɵɦ ɧɚɪɭɲɟɧɢɟɦ ɩɪɢɪɨɞɧɨɣ ɫɬɪɭɤɬɭɪɵ
ɜɨɡɧɢɤɥɚ ɫ ɪɚɡɜɢɬɢɟɦ ɩɨɞɡɟɦɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɜ ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɟ. ɇɚ ɜɫɟɯ ɨɩɢɫɚɧɧɵɯ
ɜ ɩ. 1 ɨɩɵɬɧɵɯ ɩɥɨɳɚɞɤɚɯ ɢ ɤɨɬɥɨɜɚɧɚɯ
ɧɚɦɢ ɜɵɩɨɥɧɹɥɫɹ ɨɬɛɨɪ ɨɛɪɚɡɰɨɜ ɝɪɭɧɬɨɜ.
Ɉɛɪɚɡɰɵ ɨɬɛɢɪɚɥɢɫɶ ɜɪɭɱɧɭɸ ɢɡ ɲɭɪɮɨɜ,
ɨɬɤɨɩɚɧɧɵɯ ɧɢɠɟ ɞɧɚ ɤɨɬɥɨɜɚɧɨɜ ɞɨ ɭɪɨɜɧɹ,
ɧɚ ɤɨɬɨɪɨɦ ɝɪɭɧɬ ɢɦɟɥ ɧɟɬɪɨɧɭɬɭɸ ɩɪɢɪɨɞɧɭɸ ɫɬɪɭɤɬɭɪɭ (ɱɬɨ ɜɢɡɭɚɥɶɧɨ ɞɨɫɬɚɬɨɱɧɨ
ɱɟɬɤɨ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɥɨɫɶ). Ɉɬɛɨɪ ɨɛɪɚɡɰɨɜ
ɜɵɩɨɥɧɹɥɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɤɨɥɶɰɚ ɞɥɹ
ɢɫɩɵɬɚɧɢɣ (ɱɬɨɛɵ ɢɫɤɥɸɱɢɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɨɩɟɪɚɰɢɢ ɜɵɪɟɡɚɧɢɹ ɨɛɪɚɡɰɨɜ ɢɡ ɦɨɧɨɥɢɬɨɜ). Ɉɛɪɚɡɰɵ ɢɫɩɵɬɵɜɚɥɢɫɶ ɜ ɬɟɱɟɧɢɟ
ɫɭɬɨɤ ɩɨɫɥɟ ɨɬɛɨɪɚ, ɩɪɢ ɷɬɨɦ ɨɩɪɟɞɟɥɹɥɢɫɶ
ɬɪɚɞɢɰɢɨɧɧɵɟ
ɮɢɡɢɱɟɫɤɢɟ
ɩɚɪɚɦɟɬɪɵ.
Ɏɢɡɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɫɪɚɜɧɢɜɚɥɢɫɶ ɫ
ɩɨɥɭɱɟɧɧɵɦɢ ɩɪɢ ɢɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɯ
ɢɡɵɫɤɚɧɢɹɯ ɧɚ ɞɚɧɧɨɣ ɝɥɭɛɢɧɟ, ɩɪɢ ɷɬɨɦ
ɤɚɤɢɯ ɥɢɛɨ ɫɭɳɟɫɬɜɟɧɧɵɯ ɨɬɥɢɱɢɣ ɜɵɹɜɥɟɧɨ
ɧɟ ɛɵɥɨ, ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɫɭɲɢɜɚɧɢɹ ɝɪɭɧɬɚ
ɛɵɥɚ ɢɫɤɥɸɱɟɧɚ.

2.5. ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɨɜɟɞɟɧɢɹ ɨɛɪɚɡɰɨɜ ɫɥɚɛɵɯ ɝɥɢɧɢɫɬɵɯ ɝɪɭɧɬɨɜ ɧɟɧɚɪɭɲɟɧɧɨɣ
ɫɬɪɭɤɬɭɪɵ
ȿɫɬɟɫɬɜɟɧɧɨɣ ɝɢɩɨɬɟɡɨɣ, ɤɨɬɨɪɚɹ ɨɛɴɹɫɧɹɥɚ
ɛɵ ɩɪɢɱɢɧɵ ɪɚɡɥɢɱɢɹ ɩɨɜɟɞɟɧɢɹ ɝɪɭɧɬɨɜ ɜ
ɥɚɛɨɪɚɬɨɪɢɢ ɢ ɧɚɬɭɪɧɵɯ ɭɫɥɨɜɢɹɯ, ɹɜɥɹɟɬɫɹ
ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɱɚɫɬɢɱɧɨɦ ɪɚɫɫɬɪɭɤɬɭɪɢɜɚɧɢɢ ɨɛɪɚɡɰɨɜ ɩɪɢ ɨɬɛɨɪɟ ɢ ɞɨɫɬɚɜɤɟ ɜ
ɥɚɛɨɪɚɬɨɪɢɸ. Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɩɟɬɟɪɛɭɪɝɫɤɢɟ
ɫɥɚɛɵɟ ɝɥɢɧɢɫɬɵɟ ɝɪɭɧɬɵ ɨɛɥɚɞɚɸɬ ɹɪɤɨ
ɜɵɪɚɠɟɧɧɵɦ
ɫɜɨɣɫɬɜɨɦ
ɬɢɤɫɬɨɬɪɨɩɢɢ,
ɫɩɨɫɨɛɧɵ ɪɚɡɠɢɠɚɬɶɫɹ ɩɪɢ ɪɚɡɥɢɱɧɵɯ
ɫɬɚɬɢɱɟɫɤɢɯ ɢ ɞɢɧɚɦɢɱɟɫɤɢɯ ɜɨɡɞɟɣɫɬɜɢɹɯ.
ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɦɨɠɧɨ ɛɵɥɨ ɩɪɟɞɩɨɥɨɠɢɬɶ,
ɱɬɨ ɩɪɢɪɨɞɧɚɹ ɫɬɪɭɤɬɭɪɚ ɨɛɪɚɡɰɨɜ, ɨɬɨɛɪɚɧɧɵɯ ɢɡ ɫɤɜɚɠɢɧ, ɹɜɥɹɟɬɫɹ ɱɚɫɬɢɱɧɨ
ɧɚɪɭɲɟɧɧɨɣ. Ⱦɨ ɩɨɫɥɟɞɧɟɝɨ ɜɪɟɦɟɧɢ
ɩɪɨɜɟɪɢɬɶ ɫɩɪɚɜɟɞɥɢɜɨɫɬɶ ɷɬɨɣ ɝɢɩɨɬɟɡɵ ɧɟ
ɭɞɚɜɚɥɨɫɶ. Ɉɬɟɱɟɫɬɜɟɧɧɵɟ ɢɡɵɫɤɚɬɟɥɶɫɤɢɟ
ɨɪɝɚɧɢɡɚɰɢɢ ɧɟ ɢɫɩɨɥɶɡɭɸɬ ɫɩɟɰɢɚɥɶɧɵɟ
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ɇɚɢɛɨɥɶɲɢɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɫɩɵɬɚɧɢɹ ɨɛɪɚɡɰɨɜ cɥɚɛɵɯ ɝɪɭɧɬɨɜ ɧɟɧɚɪɭɲɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ, ɨɬɧɨɫɹɳɢɯɫɹ ɤ ɨɡɟɪɧɨɥɟɞɧɢɤɨɜɵɦ ɢ ɦɨɪɫɤɢɦ ɨɬɥɨɠɟɧɢɹɦ. ɗɬɢ

ɝɪɭɧɬɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɨɫɧɨɜɧɭɸ ɫɥɨɠɧɨɫɬɶ
ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɜ
ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɟ, ɬɚɤ ɤɚɤ ɨɛɥɚɞɚɸɬ ɧɢɡɤɨɣ
ɩɪɨɱɧɨɫɬɶɸ ɢ ɜɵɫɨɤɨɣ ɞɟɮɨɪɦɚɬɢɜɧɨɫɬɶɸ.

Ɉɛɪɚɡɟɰ ɢɫɤɭɫɫɬɜɟɧɧɨ
ɧɚɪɭɲɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ

e1, %

Ɋɢɫ. 29. Ɂɚɜɢɫɢɦɨɫɬɶ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɞɟɮɨɪɦɚɰɢɢ ɫɞɜɢɝɚ ɨɬ ɞɟɜɢɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɣ q =
ɞɥɹ ɨɛɪɚɡɰɨɜ ɬɟɤɭɱɢɯ ɫɭɝɥɢɧɤɨɜ.

σ1 − σ 3
2

ɜɟɥɢɱɢɧɚɦ, ɨɩɪɟɞɟɥɟɧɧɵɦ ɩɪɢ ɢɧɠɟɧɟɪɧɨɝɟɨɥɨɝɢɱɟɫɤɢɯ ɢɡɵɫɤɚɧɢɹɯ.
ȼ ɨɩɵɬɚɯ ɛɵɥɚ ɨɬɦɟɱɟɧɚ ɢɫɤɥɸɱɢɬɟɥɶɧɚɹ
ɥɟɝɤɨɫɬɶ ɧɚɪɭɲɟɧɢɹ ɩɪɢɪɨɞɧɨɣ ɫɬɪɭɤɬɭɪɵ.
Ⱦɥɹ ɩɨɥɧɨɝɨ ɟɟ ɧɚɪɭɲɟɧɢɹ ɡɚɩɚɤɨɜɚɧɧɵɣ
ɨɛɪɚɡɟɰ ɜ ɦɟɬɚɥɥɢɱɟɫɤɨɦ ɤɨɥɶɰɟ ɞɨɫɬɚɬɨɱɧɨ
ɛɵɥɨ ɭɪɨɧɢɬɶ ɫ ɜɵɫɨɬɵ 30 ɫɦ ɧɚ ɫɬɨɥ. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɨɛɪɚɡɰɨɜ ɢɫɤɭɫɫɬɜɟɧɧɨ
ɧɚɪɭɲɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɬɚɤɠɟ ɩɪɢɜɟɞɟɧɵ ɧɚ
ɪɢɫ. 29. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɫɪɚɜɧɟɧɢɹ ɢɫɩɵɬɚɧɢɣ,
ɧɚɪɭɲɟɧɢɟ ɩɪɢɪɨɞɧɨɣ ɫɬɪɭɤɬɭɪɵ ɩɪɢɜɨɞɢɬ, ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ, ɤ ɤɚɪɞɢɧɚɥɶɧɨɦɭ
ɭɜɟɥɢɱɟɧɢɸ ɞɟɮɨɪɦɚɬɢɜɧɨɫɬɢ ɨɛɪɚɡɰɨɜ.
ɉɪɨɱɧɨɫɬɶ ɢɡɦɟɧɹɟɬɫɹ ɦɟɧɟɟ ɡɧɚɱɢɬɟɥɶɧɨ.
ɉɪɢ ɧɚɝɪɭɠɟɧɢɢ ɨɛɪɚɡɟɰ ɧɚɪɭɲɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɩɪɢɨɛɪɟɬɚɟɬ ɯɚɪɚɤɬɟɪɧɭɸ ɮɨɪɦɭ
«ɛɨɱɤɢ».
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢɜɟɞɟɧɧɭɸ ɜ ɧɚɱɚɥɟ
ɞɚɧɧɨɝɨ ɪɚɡɞɟɥɚ ɝɢɩɨɬɟɡɭ ɦɨɠɧɨ ɫɱɢɬɚɬɶ
ɩɨɞɬɜɟɪɠɞɟɧɧɨɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ. ɉɪɢɱɢɧɨɣ ɪɚɡɥɢɱɢɹ ɫɤɨɪɨɫɬɟɣ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɜ
ɥɚɛɨɪɚɬɨɪɧɵɯ ɢ ɧɚɬɭɪɧɵɯ ɭɫɥɨɜɢɹɯ ɹɜɥɹɟɬɫɹ
ɪɚɫɫɬɪɭɤɬɭɪɢɜɚɧɢɟ ɨɛɪɚɡɰɨɜ ɩɪɢ ɨɬɛɨɪɟ ɢ
ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ.
ɂɬɚɤ, ɩɨɫɬɪɨɟɧɧɚɹ ɧɚ ɨɫɧɨɜɟ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɪɚɫɫɭɠɞɟɧɢɣ ɢ ɚɧɚɥɢɡɚ ɧɚɬɭɪɧɵɯ
ɧɚɛɥɸɞɟɧɢɣ
ɜɹɡɤɨ-ɭɩɪɭɝɨ-ɩɥɚɫɬɢɱɟɫɤɚɹ
ɦɨɞɟɥɶ, ɧɚɲɥɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɩɨɞɬɜɟɪɠɞɟɧɢɟ ɩɪɢ ɢɫɩɵɬɚɧɢɢ ɨɛɪɚɡɰɨɜ, ɨɬɨɛɪɚɧ-

Ɋɢɫ. 30. ɏɚɪɚɤɬɟɪɧɵɟ ɜɢɞɵ ɪɚɡɪɭɲɟɧɢɹ ɨɛɪɚɡɰɨɜ
ɫɥɨɹ ɬɟɤɭɱɢɯ ɫɭɝɥɢɧɤɨɜ, ɨɬɨɛɪɚɧɧɵɯ ɜɪɭɱɧɭɸ ɢɡ
ɤɨɬɥɨɜɚɧɚ.

ɂɫɩɵɬɚɧɢɟ
ɨɛɪɚɡɰɨɜ
ɧɟɧɚɪɭɲɟɧɧɨɣ
ɫɬɪɭɤɬɭɪɵ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥɨ ɤɚɱɟɫɬɜɟɧɧɨɟ ɨɬɥɢɱɢɟ ɨɬ ɬɪɚɞɢɰɨɧɧɵɯ ɨɛɪɚɡɰɨɜ,
ɩɨɥɭɱɚɟɦɵɯ ɢɡ ɫɤɜɚɠɢɧ. ɏɚɪɚɤɬɟɪ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɨɛɪɚɡɰɨɜ ɛɵɥ ɛɥɢɡɨɤ ɤ ɭɩɪɭɝɨɯɪɭɩɤɨɦɭ, ɪɚɡɪɭɲɟɧɢɟ ɩɪɨɢɫɯɨɞɢɥɨ ɩɪɢ
ɧɟɛɨɥɶɲɢɯ ɞɟɮɨɪɦɚɰɢɹɯ (3…6%) ɢ ɫɨɩɪɨɜɨɠɞɚɥɨɫɶ ɡɚɦɟɬɧɵɦ ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɨɜɟɪɯɧɨɫɬɟɣ ɫɤɨɥɶɠɟɧɢɹ ɢ ɬɪɟɳɢɧ (ɪɢɫ. 29, 30).
ɉɪɢ ɷɬɨɦ ɩɪɨɱɧɨɫɬɶ ɨɛɪɚɡɰɨɜ ɨɫɬɚɜɚɥɚɫɶ
ɧɢɡɤɨɣ (35 ɤɉɚ), ɫɬɟɩɟɧɶ ɜɨɞɨɧɚɫɵɳɟɧɢɹ
ɛɵɥɚ ɛɥɢɡɤɚ ɤ 1, ɚ ɩɨɤɚɡɚɬɟɥɶ ɬɟɤɭɱɟɫɬɢ
(ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɪɢ ɧɚɪɭɲɟɧɧɨɣ ɫɬɪɭɤɬɭɪɟ)
ɫɨɫɬɚɜɥɹɥ 1.24, ɱɬɨ ɜɩɨɥɧɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ
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ɧɵɯ ɢɡ ɤɨɬɥɨɜɚɧɨɜ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɞɚɧɧɚɹ
ɦɨɞɟɥɶ ɩɪɟɞɩɨɥɚɝɚɟɬ, ɱɬɨ ɩɪɢ ɛɵɫɬɪɨɦ
ɧɚɝɪɭɠɟɧɢɢ ɞɚɠɟ ɫɥɚɛɵɣ ɝɥɢɧɢɫɬɵɣ ɝɪɭɧɬ
ɞɨɥɠɟɧ ɩɪɨɹɜɥɹɬɶ ɩɨɜɟɞɟɧɢɟ, ɛɥɢɡɤɨɟ ɤ
ɭɩɪɭɝɨ-ɯɪɭɩɤɨɦɭ, ɱɬɨ ɜɩɨɥɧɟ ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɨɛɪɚɡɰɵ ɫɥɚɛɵɯ ɝɪɭɧɬɨɜ, ɜɪɭɱɧɭɸ ɨɬɨ-

ɛɪɚɧɧɵɟ ɢɡ ɤɨɬɥɨɜɚɧɨɜ. ɉɪɢ ɞɥɢɬɟɥɶɧɨɦ
ɩɪɢɥɨɠɟɧɢɢ ɧɚɝɪɭɡɨɤ ɧɚ ɤɚɠɞɨɣ ɫɬɭɩɟɧɢ
ɦɨɞɟɥɶ ɩɪɟɞɩɨɥɚɝɚɟɬ ɪɚɡɜɢɬɢɟ ɞɟɮɨɪɦɚɰɢɣ
ɩɨɥɡɭɱɟɫɬɢ, ɱɬɨ ɬɚɤɠɟ ɩɨɥɧɨɫɬɶɸ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɷɤɫɩɟɪɢɦɟɧɬɭ (ɪɢɫ. 31).
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Ɋɢɫ. 31. ɋɪɚɜɧɟɧɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɞɟɮɨɪɦɚɰɢɢ ɨɬ ɞɟɜɢɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɣ ɞɥɹ ɬɟɤɭɱɢɯ ɫɭɝɥɢɧɤɨɜ ɧɟɧɚɪɭɲɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ: 1 – ɩɪɢ ɛɵɫɬɪɨɦ ɧɚɝɪɭɠɟɧɢɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȽɈɋɌ 12248; 2 – ɩɪɢ ɜɵɞɟɪɠɢɜɚɧɢɢ
ɤɚɠɞɨɣ ɫɬɭɩɟɧɢ ɜ ɬɟɱɟɧɢɟ 2 ɱɚɫɨɜ.

ɉɪɢ ɢɫɩɵɬɚɧɢɢ ɨɛɪɚɡɰɨɜ, ɨɬɨɛɪɚɧɧɵɯ ɢɡ
ɤɨɬɥɨɜɚɧɨɜ, ɛɵɥɢ ɩɪɟɞɩɪɢɧɹɬɵ ɩɨɩɵɬɤɢ
ɩɪɹɦɨɝɨ ɩɨɥɭɱɟɧɢɹ ɪɟɨɥɨɝɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɭɩɪɭɝɨ-ɜɹɡɤɨ-ɩɥɚɫɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ.
Ɂɧɚɱɟɧɢɹ ɜɹɡɤɨɫɬɢ ɨɤɚɡɚɥɢɫɶ ɧɚ ɧɟɫɤɨɥɶɤɨ
ɩɨɪɹɞɤɨɜ ɜɵɲɟ ɜɟɥɢɱɢɧ, ɤɨɬɨɪɵɟ ɦɨɠɧɨ
ɩɨɥɭɱɢɬɶ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɩɵɬɚɧɢɣ ɨɛɵɱɧɵɯ ɨɛɪɚɡɰɨɜ ɢɡ ɫɤɜɚɠɢɧ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɨɧɢ
ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɛɵɥɢ ɫɭɳɟɫɬɜɟɧɧɨ ɧɢɠɟ
ɡɧɚɱɟɧɢɣ, ɩɨɥɭɱɚɟɦɵɯ ɩɭɬɟɦ ɨɛɪɚɬɧɨɝɨ
ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ ɧɚɬɭɪɧɵɯ ɧɚɛɥɸɞɟɧɢɣ. ȼ
ɪɟɡɭɥɶɬɚɬɟ ɩɪɢɯɨɞɢɬɫɹ ɩɪɢɡɧɚɬɶ, ɱɬɨ ɞɚɠɟ
ɨɛɪɚɡɰɵ, ɨɬɨɛɪɚɧɧɵɟ ɜɪɭɱɧɭɸ ɢɡ ɤɨɬɥɨɜɚɧɨɜ, ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɱɚɫɬɢɱɧɨ ɧɚɪɭɲɟɧɧɨɣ
ɫɬɪɭɤɬɭɪɨɣ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɫɭɳɟɫɬɜɟɧɧɨɦɭ
ɭɜɟɥɢɱɟɧɢɸ ɫɤɨɪɨɫɬɢ ɪɚɡɜɢɬɢɹ ɞɟɮɨɪɦɚɰɢɣ
ɫɞɜɢɝɚ. ɉɨɷɬɨɦɭ ɧɚ ɧɚɫɬɨɹɳɟɦ ɷɬɚɩɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɪɟɨɥɨɝɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ
ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɨɥɭɱɚɬɶ ɧɚ ɨɫɧɨɜɟ ɨɛɪɚɬɧɨɝɨ
ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ ɧɚɬɭɪɧɵɯ ɧɚɛɥɸɞɟɧɢɣ.

3. ȺɇȺɅɂɁ ɊȺɁȼɂɌɂə ȼɈ ȼɊȿɆȿɇɂ
ȾȿɎɈɊɆȺɐɂɃ ɈȽɊȺɀȾȿɇɂə
ɄɈɌɅɈȼȺɇɈȼ
Ⱦɚɥɶɧɟɣɲɢɦ ɷɬɚɩɨɦ ɬɟɫɬɢɪɨɜɚɧɢɹ ɜɹɡɤɨɭɩɪɭɝɨ-ɩɥɚɫɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɫɬɚɥɢ ɪɚɫɱɟɬɵ
ɨɝɪɚɠɞɟɧɢɹ ɤɨɬɥɨɜɚɧɨɜ ɧɚ ɨɩɢɫɚɧɧɵɯ ɜɵɲɟ
ɨɛɴɟɤɬɚɯ. ɉɪɢ ɷɬɨɦ ɦɟɬɨɞɨɥɨɝɢɱɟɫɤɢ ɜɚɠɧɨ
ɩɨɞɱɟɪɤɧɭɬɶ, ɱɬɨ ɪɚɫɱɟɬɵ ɜɵɩɨɥɧɹɥɢɫɶ ɜ
ɪɚɦɤɚɯ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɦɨɞɟɥɢ ɫ
ɨɞɢɧɚɤɨɜɵɦɢ
ɩɪɚɜɢɥɚɦɢ
ɧɚɡɧɚɱɟɧɢɹ
ɩɚɪɚɦɟɬɪɨɜ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɚɤɤɭɦɭɥɢɪɭɟɬɫɹ
ɫɭɦɦɚ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɨ ɩɨɜɟɞɟɧɢɢ ɫɥɚɛɨɝɨ
ɝɥɢɧɢɫɬɨɝɨ ɝɪɭɧɬɚ, ɚ ɨɬɤɥɨɧɟɧɢɹ ɩɪɨɝɧɨɡɚ ɨɬ
ɪɟɡɭɥɶɬɚɬɨɜ ɧɚɛɥɸɞɟɧɢɣ ɫɥɭɠɚɬ ɫɢɝɧɚɥɨɦ
ɞɥɹ ɜɧɟɫɟɧɢɹ ɤɨɪɪɟɤɬɢɜ.
ɉɟɪɜɵɦ ɩɪɢɦɟɪɨɦ ɝɥɭɛɨɤɨɝɨ ɤɨɬɥɨɜɚɧɚ ɜ
ɭɫɥɨɜɢɹɯ ɫɥɚɛɵɯ ɝɥɢɧɢɫɬɵɯ ɝɪɭɧɬɨɜ ɛɵɥɨ
ɭɫɬɪɨɣɫɬɜɨ ɤɪɭɝɥɨɝɨ ɩɨɞɡɟɦɧɨɝɨ ɫɨɨɪɭɠɟɧɢɹ
ɧɚ Ʉɨɦɟɧɞɚɧɬɫɤɨɣ ɩɥ. (ɨɩɢɫɚɧɢɟ ɟɝɨ ɩɪɢɜɟɞɟɧɨ ɩ. 1). ɇɚ ɪɢɫ. 32 ɫɨɩɨɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɫ ɞɚɧɧɵɦɢ ɧɚɬɭɪɧɵɯ ɧɚɛɥɸɞɟɧɢɣ ɧɚ ɤɚɠɞɨɦ ɷɬɚɩɟ ɨɬɤɨɩɤɢ. Ɋɟɨɥɨɝɢɱɟ-

346

ɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɚɡɧɚɱɚɥɢɫɶ ɩɨ ɩɪɢɛɥɢɠɟɧɧɨɣ ɷɦɩɢɪɢɱɟɫɤɨɣ ɮɨɪɦɭɥɟ (6),
ɩɨɥɭɱɟɧɧɨɣ ɢɡ ɚɧɚɥɢɡɚ ɞɥɢɬɟɥɶɧɵɯ ɧɚɛɥɸɞɟɧɢɣ ɡɚ ɨɫɚɞɤɚɦɢ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ.
ȿɫɬɟɫɬɜɟɧɧɨ, ɱɬɨ ɩɪɢɦɟɧɢɦɨɫɬɶ ɮɨɪɦɭɥɵ (6)
ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɚɛɨɬɵ ɝɪɭɧɬɚ ɜ ɫɭɳɟɫɬɜɟɧɧɨ ɢɧɨɦ ɧɚɩɪɹɠɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ – ɩɪɢ

ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ –
ɧɭɠɞɚɥɚɫɶ ɜ ɩɪɨɜɟɪɤɟ. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫ. 32
ɩɟɪɜɵɣ ɪɟɡɭɥɶɬɚɬ ɩɨɥɭɱɟɧ: ɜɵɪɚɠɟɧɢɟ (6) ɜ
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɫɥɭɱɚɟ ɩɪɢɝɨɞɧɨ ɞɥɹ
ɨɩɢɫɚɧɢɹ ɩɨɜɟɞɟɧɢɹ ɝɪɭɧɬɚ ɜɨ ɜɪɟɦɟɧɢ ɩɪɢ
ɪɚɫɱɟɬɟ ɝɥɭɛɨɤɨɝɨ ɤɨɬɥɨɜɚɧɚ.
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Ɋɢɫ. 32. ɋɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɧɚɛɥɸɞɟɧɢɣ ɢ ɪɚɫɱɟɬɨɜ ɡɚ ɩɟɪɟɦɟɳɟɧɢɟɦ ɨɝɪɚɠɞɟɧɢɹ ɤɨɬɥɨɜɚɧɚ
ɧɚ ɝɥɭɛɢɧɟ 15 ɦ ɞɥɹ ɩɨɞɡɟɦɧɨɝɨ ɫɨɨɪɭɠɟɧɢɹ ɧɚ Ʉɨɦɟɧɞɚɧɬɫɤɨɣ ɩɥ.

ɉɪɨɜɟɪɢɦ ɬɟɩɟɪɶ ɷɬɭ ɠɟ ɝɢɩɨɬɟɡɭ ɧɚ
ɨɩɵɬɧɵɯ ɩɥɨɳɚɞɤɚɯ ɭ Ɇɚɪɢɢɧɫɤɨɝɨ ɬɟɚɬɪɚ ɢ
ɧɚ Ʌɢɝɨɜɫɤɨɦ ɩɪ., ɤɪɚɬɤɢɟ ɫɜɟɞɟɧɢɹ ɨ ɤɨɬɨɪɵɯ ɩɪɢɜɟɞɟɧɵ ɜ ɩ. 1. ȿɫɥɢ ɜɵɩɨɥɧɢɬɶ
ɪɚɫɱɟɬ ɞɟɮɨɪɦɚɰɢɣ ɨɝɪɚɠɞɟɧɢɹ ɤɨɬɥɨɜɚɧɚ ɫ
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɨɨɬɧɨɲɟɧɢɹ (6), ɧɚɢɛɨɥɶɲɢɟ ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɫɦɟɳɟɧɢɹ (ɩɨɪɹɞɤɚ
12 ɫɦ) ɪɚɡɜɢɜɚɸɬɫɹ ɧɢɠɟ ɞɧɚ ɤɨɬɥɨɜɚɧɚ (ɧɚ
ɝɥɭɛɢɧɚɯ 12…14 ɦ) ɜ ɬɟɱɟɧɢɟ 6 ɦɟɫɹɰɟɜ.
ɇɚɛɥɸɞɟɧɢɹ ɧɚ ɨɩɵɬɧɨɣ ɩɥɨɳɚɞɤɟ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥɢ ɫɨɜɩɚɞɟɧɢɟ ɪɟɚɥɢɡɨɜɚɧɧɵɯ
ɞɟɮɨɪɦɚɰɢɣ ɫ ɪɚɫɱɟɬɧɵɦɢ, ɨɞɧɚɤɨ ɫɤɨɪɨɫɬɶ
ɢɯ ɪɚɡɜɢɬɢɹ ɨɤɚɡɚɥɚɫɶ ɜɵɲɟ ɜ ɞɟɫɹɬɤɢ ɪɚɡ:
80% ɨɬ ɪɚɫɱɟɬɧɨɝɨ ɡɧɚɱɟɧɢɹ ɞɟɮɨɪɦɚɰɢɢ
ɪɟɚɥɢɡɨɜɵɜɚɥɨɫɶ ɜ ɬɟɱɟɧɢɟ 2…3 ɫɭɬɨɤ
(ɪɢɫ. 33) ɧɚ ɤɚɠɞɨɦ ɷɬɚɩɟ ɨɬɤɨɩɤɢ ɤɨɬɥɨɜɚɧɚ.
ȼɟɥɢɱɢɧɚ ɩɚɪɚɦɟɬɪɚ ɜɹɡɤɨɫɬɢ, ɩɨɥɭɱɟɧɧɚɹ ɧɚ ɨɫɧɨɜɟ ɨɛɪɚɬɧɨɝɨ ɚɧɚɥɢɡɚ ɧɚɛɥɸɞɟɧɢɣ, ɨɤɚɡɵɜɚɥɚɫɶ ɧɚ 2 ɩɨɪɹɞɤɚ ɧɢɠɟ ɨɰɟɧɤɢ
(6). Ɍɚɤɭɸ ɩɪɢɧɰɢɩɢɚɥɶɧɭɸ ɪɚɡɧɢɰɭ ɜ
ɩɨɜɟɞɟɧɢɢ ɝɪɭɧɬɚ ɬɪɭɞɧɨ ɨɛɴɹɫɧɢɬɶ ɪɚɡɥɢ-

ɱɢɟɦ ɢɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ.
Ɉɛɟ ɩɥɨɳɚɞɤɢ (ɭ Ɇɚɪɢɢɧɫɤɨɝɨ ɬɟɚɬɪɚ ɢ ɧɚ
Ʉɨɦɟɧɞɚɧɬɫɤɨɣ ɩɥ.) ɢɦɟɸɬ ɫɯɨɞɧɵɟ ɩɨ
ɝɟɧɟɡɢɫɭ ɭɫɥɨɜɢɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɝɪɭɧɬɨɜ ɢ
ɛɥɢɡɤɢɟ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ
ɫɥɨɟɜ. ɋɥɟɞɭɟɬ ɥɢ ɢɡ ɷɬɨɝɨ, ɱɬɨ ɨɰɟɧɤɚ (6)
ɧɟɩɪɢɝɨɞɧɚ ɞɥɹ ɪɚɫɱɟɬɚ ɝɥɭɛɨɤɢɯ ɤɨɬɥɨɜɚɧɨɜ
ɢ ɫɤɨɪɨɫɬɶ ɪɚɡɜɢɬɢɹ ɞɟɮɨɪɦɚɰɢɣ ɦɚɫɫɢɜɚ
ɝɪɭɧɬɚ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɢɧɚɹ (ɛɨɥɶɲɚɹ), ɱɟɦ ɜ
ɭɫɥɨɜɢɹɯ ɧɚɝɪɭɠɟɧɢɹ ɨɫɧɨɜɚɧɢɹ ɜɟɫɨɦ
ɫɨɨɪɭɠɟɧɢɹ?
ɉɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɨɩɵɬɧɨɣ ɩɥɨɳɚɞɤɢ ɧɚ
Ʌɢɝɨɜɫɤɨɦ ɩɪ. ɩɨɜɟɞɟɧɢɟ ɝɪɭɧɬɚ ɨɤɚɡɵɜɚɟɬɫɹ
ɚɧɚɥɨɝɢɱɧɵɦ. ɋɤɨɪɨɫɬɶ ɪɚɡɜɢɬɢɹ ɞɟɮɨɪɦɚɰɢɣ ɬɚɤɠɟ ɜ ɞɟɫɹɬɤɢ ɪɚɡ ɩɪɟɜɵɲɚɟɬ ɨɠɢɞɚɟɦɭɸ ɩɨ ɫɨɨɬɧɨɲɟɧɢɸ (6) (ɪɢɫ. 34). ɂɬɚɤ, ɧɚ
ɩɟɪɜɵɣ ɜɡɝɥɹɞ, ɫɨɦɧɟɧɢɹ ɩɨ ɩɨɜɨɞɭ ɜɨɡɦɨɠɧɨɫɬɢ ɨɩɢɫɚɧɢɹ ɨɫɚɞɨɤ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ
ɢ ɞɟɮɨɪɦɚɰɢɣ ɨɝɪɚɠɞɟɧɢɹ ɤɨɬɥɨɜɚɧɨɜ ɨɞɧɨɣ
ɢ ɬɨɣ ɠɟ ɪɟɨɥɨɝɢɱɟɫɤɨɣ ɦɨɞɟɥɶɸ ɩɨɞɬɜɟɪɠɞɚɸɬɫɹ.
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Ƚɨɪɢɡɨɧɬɚɥɶɧɨɟ ɫɦɟɳɟɧɢɟ, ɦɦ
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ȼɪɟɦɹ ɫ ɧɚɱɚɥɚ ɨɬɤɨɩɤɢ, ɞɧɢ

Ɋɢɫ. 33. ɋɪɚɜɧɟɧɢɟ ɪɚɫɱɟɬɧɵɯ ɢ ɢɡɦɟɪɟɧɧɵɯ ɤɪɢɜɵɯ ɪɚɡɜɢɬɢɹ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɫɦɟɳɟɧɢɣ
ɧɚ ɝɥɭɛɢɧɟ 10.25 ɦ ɩɨ ɢɧɤɥɢɧɨɦɟɬɪɭ ɂɗ9 ɧɚ ɨɩɵɬɧɨɣ ɩɥɨɳɚɞɤɟ ɭ Ɇɚɪɢɢɧɫɤɨɝɨ ɬɟɚɬɪɚ.
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ȼɪɟɦɹ ɫ ɧɚɱɚɥɚ ɨɬɤɨɩɤɢ, ɞɧɢ

Ɋɢɫ. 34. Ɋɚɡɜɢɬɢɟ ɜɨ ɜɪɟɦɟɧɢ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɫɦɟɳɟɧɢɣ ɦɚɫɫɢɜɚ ɝɪɭɧɬɚ ɧɚ ɪɚɡɧɵɯ ɝɥɭɛɢɧɚɯ
ɧɚ ɨɩɵɬɧɨɣ ɨɩɵɬɧɨɣ ɩɥɨɳɚɞɤɟ ɭ Ɇɨɫɤɨɜɫɤɨɝɨ ɜɨɤɡɚɥɚ (ɞɚɧɧɵɟ ɧɚɛɥɸɞɟɧɢɣ ɢ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ).

ɋɨɜɫɟɦ ɪɹɞɨɦ ɫ ɨɩɵɬɧɨɣ ɩɥɨɳɚɞɤɨɣ ɧɚ
Ʌɢɝɨɜɫɤɨɦ ɩɪ. ɧɚɯɨɞɢɬɫɹ ɨɛɴɟɤɬ ɩɨɞɡɟɦɧɨɝɨ
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɧɚ ɩɥ. ȼɨɫɫɬɚɧɢɹ. ɗɬɢ ɩɥɨɳɚɞɤɢ ɢɧɬɟɪɟɫɧɨ ɫɪɚɜɧɢɬɶ, ɩɨɫɤɨɥɶɤɭ ɡɞɟɫɶ
ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɫɨɦɧɟɧɢɣ ɜ ɛɥɢɡɨɫɬɢ ɢɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɢ ɢɞɟɧɬɢɱɧɨɫɬɢ ɫɜɨɣɫɬɜ ɝɪɭɧɬɨɜ. ɇɨ ɩɪɢ ɭɫɬɪɨɣɫɬɜɟ
ɩɟɪɜɵɯ ɞɜɭɯ ɩɨɞɡɟɦɧɵɯ ɭɪɨɜɧɟɣ ɧɚ ɩɥ.
ȼɨɫɫɬɚɧɢɹ ɩɨ ɬɟɯɧɨɥɨɝɢɢ top-down ɫɨɡɞɚɜɚɥɨɫɶ ɜɩɟɱɚɬɥɟɧɢɟ, ɱɬɨ ɦɵ ɢɦɟɟɦ ɞɟɥɨ ɫ
ɫɨɜɟɪɲɟɧɧɨ ɢɧɵɦɢ ɝɪɭɧɬɚɦɢ, ɱɟɦ ɧɚ Ʌɢɝɨɜɫɤɨɦ ɩɪ. Ⱦɟɮɨɪɦɚɰɢɢ ɨɝɪɚɠɞɟɧɢɹ ɤɨɬɥɨɜɚɧɚ
ɪɚɡɜɢɜɚɥɢɫɶ ɤɪɚɣɧɟ ɦɟɞɥɟɧɧɨ, ɧɟɫɦɨɬɪɹ ɧɚ

ɩɥɨɬɧɨɟ ɩɪɢɦɵɤɚɧɢɟ ɞɜɭɯ ɫɬɨɪɨɧ ɤɨɬɥɨɜɚɧɚ
ɤ ɢɫɬɨɪɢɱɟɫɤɨɣ ɡɚɫɬɪɨɣɤɟ. Ɂɚɝɚɞɨɱɧɵɦ
ɨɛɪɚɡɨɦ ɧɚɢɛɨɥɶɲɢɟ ɞɟɮɨɪɦɚɰɢɢ ɨɝɪɚɠɞɟɧɢɹ ɩɪɨɢɫɯɨɞɢɥɢ ɭ ɫɜɨɛɨɞɧɵɯ ɫɬɨɪɨɧ ɩɥɨɳɚɞɤɢ (ɜɞɨɥɶ ɝɨɪɨɞɫɤɢɯ ɭɥɢɰ). ɋ ɩɨɡɢɰɢɣ
ɤɥɚɫɫɢɱɟɫɤɢɯ ɪɚɫɱɟɬɧɵɯ ɫɯɟɦ ɞɚɧɧɚɹ ɫɢɬɭɚɰɢɹ ɫɨɜɟɪɲɟɧɧɨ ɧɟɨɛɴɹɫɧɢɦɚ, ɩɨɫɤɨɥɶɤɭ ɜɟɫ
ɡɞɚɧɢɹ ɩɪɢɜɨɞɢɬ ɤ ɫɭɳɟɫɬɜɟɧɧɨɦɭ ɭɜɟɥɢɱɟɧɢɸ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ ɧɚ ɨɝɪɚɠɞɟɧɢɟ. Ⱥɜɬɨɪɵ ɩɪɨɟɤɬɚ ɨɛɴɹɫɧɹɸɬ ɷɬɭ ɪɚɡɧɢɰɭ
ɧɚɥɢɱɢɟɦ ɥɟɧɬɵ ɡɚɤɪɟɩɥɟɧɧɨɝɨ ɝɪɭɧɬɚ ɩɨ
ɬɟɯɧɨɥɨɝɢɢ jet grouting ɜɞɨɥɶ ɩɪɢɦɵɤɚɧɢɹ ɤ
ɡɞɚɧɢɹɦ. Ɉɞɧɚɤɨ, ɫ ɧɚɲɟɣ ɬɨɱɤɢ ɡɪɟɧɢɹ,
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ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɞɚɧɧɨɝɨ ɡɚɤɪɟɩɥɟɧɢɹ ɤɪɚɣɧɟ
ɦɚɥɚ ɫ ɩɨɡɢɰɢɢ ɥɸɛɨɣ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟɥɢ.
Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɤɚɤ ɦɨɠɧɨ ɨɠɢɞɚɬɶ ɷɮɮɟɤɬɢɜɧɨɣ ɪɚɛɨɬɵ ɨɬ ɪɚɫɩɨɪɤɢ ɢɡ ɰɟɦɟɧɬɨɝɪɭɧɬɚ ɫɨ ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɟɜɵɫɨɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɠɟɫɬɤɨɫɬɢ ɩɪɢ ɞɥɢɧɟ ɨɤɨɥɨ 80
ɦ ɢ ɬɨɥɳɢɧɟ ɜɫɟɝɨ 3 ɦ. Ɍɟɦ ɛɨɥɟɟ ɫɬɪɚɧɧɨ

ɛɵɥɨ ɛɵ ɨɠɢɞɚɬɶ ɷɮɮɟɤɬɢɜɧɨɣ ɪɚɛɨɬɵ
ɡɚɤɪɟɩɥɟɧɧɨɝɨ ɫɥɨɹ, ɭɫɬɪɨɟɧɧɨɝɨ ɫ ɨɝɪɨɦɧɵɦɢ «ɨɤɧɚɦɢ» ɜ ɩɥɚɧɟ (ɪɢɫ. 35). ɇɚɬɭɪɧɵɟ
ɢɡɦɟɪɟɧɢɹ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɫɦɟɳɟɧɢɣ ɨɝɪɚɠɞɟɧɢɹ ɧɟ ɩɨɡɜɨɥɹɸɬ ɨɛɧɚɪɭɠɢɬɶ ɜɥɢɹɧɢɹ
ɫɥɨɹ ɡɚɤɪɟɩɥɟɧɧɨɝɨ ɝɪɭɧɬɚ.

Ɋɢɫ. 35. Ɋɚɫɩɨɥɨɠɟɧɢɟ ɡɨɧ ɝɪɭɧɬɚ, ɡɚɤɪɟɩɥɟɧɧɨɝɨ ɩɨ ɬɟɯɧɨɥɨɝɢɢ jet-grouting
ɧɚ ɩɥɨɳɚɞɤɟ ɭ ɩɥ. ȼɨɫɫɬɚɧɢɹ.
ʦ ˀ ʫ ʺ˔ ˁ ʻʤˋ ʤʸʤ ʽ˃ ʶʽʿʶʰ, ʪʻʰ
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Ɋɢɫ. 36. ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɞɚɧɧɵɯ ɪɚɫɱɟɬɚ ɢ ɪɟɡɭɥɶɬɚɬɨɜ ɧɚɛɥɸɞɟɧɢɣ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɨɝɧɨɡɚ
ɫ ɭɱɟɬɨɦ ɫɥɨɹ ɡɚɤɪɟɩɥɟɧɧɨɝɨ ɝɪɭɧɬɚ (ɤɪɢɜɚɹ 1 ) ɢ ɛɟɡ ɭɱɟɬɚ ɡɚɤɪɟɩɥɟɧɢɹ ɝɪɭɧɬɚ (ɤɪɢɜɚɹ 2).
ɋɬɪɟɥɤɨɣ ɩɨɤɚɡɚɧɨ ɜɟɪɨɹɬɧɨɟ ɜɪɟɦɹ ɩɪɟɜɵɲɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɭɱɚɫɬɤɚ ɡɚɤɪɟɩɥɟɧɧɨɝɨ ɝɪɭɧɬɚ
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ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɝɪɭɧɬɚ ɧɚ ɦɢɧɭɫ ɬɪɟɬɶɟɦ
ɢ ɦɢɧɭɫ ɱɟɬɜɟɪɬɨɦ ɭɪɨɜɧɹɯ ɫɤɨɪɨɫɬɶ ɪɚɡɜɢɬɢɹ ɞɟɮɨɪɦɚɰɢɣ ɦɚɫɫɢɜɚ ɝɪɭɧɬɚ ɫɭɳɟɫɬɜɟɧɧɨ ɭɜɟɥɢɱɢɥɚɫɶ (ɪɢɫ. 36). ȼ ɩɪɨɰɟɫɫ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɛɵɥɚ ɜɨɜɥɟɱɟɧɚ ɡɧɚɱɢɬɟɥɶɧɚɹ
ɬɟɪɪɢɬɨɪɢɹ ɜɨɤɪɭɝ ɤɨɬɥɨɜɚɧɚ. ɋɨɫɟɞɧɢɟ
ɡɞɚɧɢɹ (ɭɫɢɥɟɧɧɵɟ ɧɚɤɥɨɧɧɵɦɢ ɛɭɪɨɢɧɴɟɤɰɢɨɧɧɵɦɢ ɫɜɚɹɦɢ ɫ ɰɟɧɬɪɚɥɶɧɵɦ ɚɪɦɢɪɨɜɚɧɢɟɦ) ɩɨɥɭɱɢɥɢ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɨɫɚɞɤɭ
ɩɨɪɹɞɤɚ 60 ɦɦ, ɨɛɭɫɥɨɜɥɟɧɧɭɸ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɨɬɤɨɩɤɨɣ ɤɨɬɥɨɜɚɧɚ. ȼ ɫɭɦɦɟ ɫ
ɧɚɤɨɩɥɟɧɧɨɣ ɨɫɚɞɤɨɣ ɧɚ ɫɬɚɞɢɢ ɜɢɛɪɨɩɨɝɪɭɠɟɧɢɹ ɲɩɭɧɬɚ ɨɫɚɞɤɢ ɞɨɫɬɢɝɥɢ 100 ɦɦ, ɢ
ɜ 5 ɪɚɡ ɩɪɟɜɵɫɢɥɢ ɞɨɩɭɫɬɢɦɵɟ ɡɧɚɱɟɧɢɹ ɩɨ
ɩɟɬɟɪɛɭɪɝɫɤɢɦ ɧɨɪɦɚɦ. ɂɧɬɟɪɟɫɧɨ ɨɬɦɟɬɢɬɶ,
ɱɬɨ ɩɟɪɟɫɚɠɟɧɧɨɟ ɧɚ ɫɜɚɢ ɡɞɚɧɢɟ ɩɨɥɭɱɢɥɨ
ɛɨɥɶɲɭɸ ɨɫɚɞɤɭ, ɱɟɦ ɧɟɭɫɢɥɟɧɧɨɟ. ɗɬɨ ɢ
ɧɟɭɞɢɜɢɬɟɥɶɧɨ, ɩɨɫɤɨɥɶɤɭ ɧɚɤɥɨɧɧɵɟ ɫɜɚɢ ɫ
ɰɟɧɬɪɚɥɶɧɵɦ ɚɪɦɢɪɨɜɚɧɢɟɦ ɜɵɯɨɞɹɬ ɢɡ
ɫɬɪɨɹ ɩɪɢ ɢɡɝɢɛɚɸɳɢɯ ɦɨɦɟɧɬɚɯ ɛɨɥɟɟ
5 ɤɇɦ, ɚ ɨɧɢ ɩɨɹɜɥɹɸɬɫɹ ɭɠɟ ɩɪɢ ɪɚɡɜɢɬɢɢ
ɨɫɚɞɨɤ ɛɨɥɟɟ 10 ɦɦ. ȼ ɦɭɥɶɞɭ ɨɫɟɞɚɧɢɹ ɛɵɥɚ
ɜɨɜɥɟɱɟɧɚ ɬɟɪɪɢɬɨɪɢɹ ɞɨ 30 ɦ ɨɬ ɩɥɨɳɚɞɤɢ,
ɜ ɬɨɦ ɱɢɫɥɟ ɧɚɡɟɦɧɵɣ ɜɟɫɬɢɛɸɥɶ ɫɬɚɧɰɢɢ
ɦɟɬɪɨ ɩɥ. ȼɨɫɫɬɚɧɢɹ.
ɂɡ ɧɚɛɥɸɞɟɧɢɣ ɧɚ ɞɚɧɧɨɣ ɩɥɨɳɚɞɤɟ ɜ
ɢɧɬɟɪɟɫɭɸɳɟɦ ɧɚɫ ɚɫɩɟɤɬɟ ɢɫɫɥɟɞɨɜɚɧɢɣ
ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɫɤɨɪɨɫɬɢ
ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɦɚɫɫɢɜɚ ɝɪɭɧɬɚ ɡɞɟɫɶ
ɜɩɨɥɧɟ ɩɨɞɱɢɧɹɸɬɫɹ ɪɚɫɱɟɬɚɦ, ɛɚɡɢɪɭɸɳɢɦɫɹ ɧɚ ɡɚɜɢɫɢɦɨɫɬɢ (6). ɏɚɪɚɤɬɟɪ ɪɚɡɜɢɬɢɹ ɞɟɮɨɪɦɚɰɢɣ ɜɟɫɶɦɚ ɩɨɤɚɡɚɬɟɥɶɧɨ ɢɥɥɸɫɬɪɢɪɭɟɬ ɧɟɥɢɧɟɣɧɨɫɬɶ ɡɚɜɢɫɢɦɨɫɬɢ ɫɤɨɪɨɫɬɢ ɞɟɮɨɪɦɚɰɢɣ ɨɬ ɞɟɣɫɬɜɭɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ. Ɉɬɤɨɩɤɚ ɩɨɫɥɟɞɧɢɯ ɭɪɨɜɧɟɣ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟɦ ɞɟɜɢɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɣ ɜ
ɦɚɫɫɢɜɟ ɝɪɭɧɬɚ, ɫɤɨɪɨɫɬɶ ɞɟɮɨɪɦɚɰɢɢ ɧɟɥɢɧɟɣɧɨ ɜɨɡɪɚɫɬɚɟɬ, ɱɬɨ ɜɩɨɥɧɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ
ɩɨɜɟɞɟɧɢɸ ɩɪɢɧɹɬɨɣ ɧɚɦɢ ɜɹɡɤɨ-ɭɩɪɭɝɨ
ɩɥɚɫɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ (ɪɢɫ. 22).
Ɇɵ ɹɜɥɹɟɦɫɹ ɩɪɢɧɰɢɩɢɚɥɶɧɵɦɢ ɩɪɨɬɢɜɧɢɤɚɦɢ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɧɚ ɡɚɫɟɥɟɧɧɵɯ ɞɨɦɚɯ, ɩɪɢ ɤɨɬɨɪɵɯ ɫɬɪɚɞɚɸɬ ɠɢɬɟɥɢ ɝɨɪɨɞɚ. ɉɨɥɨɠɢɬɟɥɶɧɨ ɬɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ,
ɱɬɨ ɧɚ ɞɚɧɧɨɦ ɨɛɴɟɤɬɟ ɨɛɨɲɥɨɫɶ ɛɟɡ ɚɜɚɪɢɢ.
Ʉ ɫɨɠɚɥɟɧɢɸ, ɷɬɨ ɧɟ ɡɚɫɥɭɝɚ ɩɪɨɟɤɬɚ, ɜ
ɤɨɬɨɪɨɦ ɮɚɤɬɨɪ ɪɚɡɜɢɬɢɹ ɞɟɮɨɪɦɚɰɢɢ ɜɨ
ɜɪɟɦɟɧɢ ɜɨɨɛɳɟ ɧɟ ɭɱɢɬɵɜɚɥɫɹ ɢ ɧɟ ɚɧɚɥɢɡɢɪɨɜɚɥɫɹ. ɂɫɤɥɸɱɢɬɟɥɶɧɨ ɛɥɚɝɨɞɚɪɹ ɯɨɪɨɲɟɣ ɨɝɪɚɧɢɡɚɰɢɢ ɪɚɛɨɬɵ ɩɨɞɪɹɞɱɢɤɚ ɫɪɨɤɢ
ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɚɛɨɬ ɛɵɥɢ ɞɨɜɟɞɟɧɵ ɞɨ
ɦɢɧɢɦɭɦɚ ɢ ɨɬɤɨɩɤɚ ɜɫɟɝɨ ɤɨɬɥɨɜɚɧɚ ɛɵɥɚ
ɜɵɩɨɥɧɟɧɚ ɜɫɟɝɨ ɡɚ 8 ɦɟɫɹɰɟɜ, ɱɬɨ ɛɟɫɩɪɟɰɟɞɟɧɬɧɨ ɞɥɹ ɨɬɟɱɟɫɬɜɟɧɧɨɣ ɩɪɚɤɬɢɤɢ ɜ ɭɫɥɨɜɢɹɯ ɬɚɤɢɯ ɫɥɨɠɧɵɯ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɝɪɭɧɬɨɜ.

ȿɫɥɢ ɜɵɩɨɥɧɹɬɶ ɪɚɫɱɟɬ ɞɟɮɨɪɦɚɰɢɣ ɛɟɡ
ɭɱɟɬɚ ɮɚɤɬɨɪɚ ɜɪɟɦɟɧɢ, ɬ.ɟ. ɤɨɧɟɱɧɵɯ ɞɟɮɨɪɦɚɰɢɣ ɧɚ ɤɚɠɞɨɦ ɷɬɚɩɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɬɨ
ɫɭɦɦɚɪɧɚɹ ɨɫɚɞɤɚ ɡɞɚɧɢɹ ɦɨɠɟɬ ɫɨɫɬɚɜɢɬɶ
ɨɤɨɥɨ 15 ɫɦ. Ɍɚɤɢɟ ɜɟɥɢɱɢɧɵ – ɩɪɟɞɜɟɫɬɧɢɤɢ
ɚɜɚɪɢɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɫɥɭɱɚɟ ɨɫɬɚɧɨɜɤɢ
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɧɚ ɧɟɨɩɪɟɞɟɥɟɧɧɨɟ ɜɪɟɦɹ (ɱɬɨ
ɞɥɹ ɨɬɟɱɟɫɬɜɟɧɧɨɣ ɩɪɚɤɬɢɤɢ ɨɬɧɸɞɶ ɧɟ
ɹɜɥɹɟɬɫɹ ɢɫɤɥɸɱɢɬɟɥɶɧɵɦ ɫɨɛɵɬɢɟɦ) ɪɚɡɜɢɬɢɟ ɫɢɬɭɚɰɢɢ ɦɨɝɥɨ ɛɵ ɨɤɚɡɚɬɶɫɹ ɞɪɚɦɚɬɢɱɧɵɦ.
ɉɨɩɪɨɛɭɟɦ ɪɚɡɨɛɪɚɬɶɫɹ, ɜ ɱɟɦ ɠɟ ɪɚɡɧɢɰɚ ɜ ɩɨɜɟɞɟɧɢɢ ɨɞɧɢɯ ɢ ɬɟɯ ɠɟ ɝɪɭɧɬɨɜ ɧɚ
ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɩɥɨɳɚɞɤɚɯ. Ɋɚɡɝɚɞɤɚ ɩɪɨɫɬɚ
ɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɣ ɠɟ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ
ɫɥɚɛɵɯ ɝɥɢɧɢɫɬɵɯ ɝɪɭɧɬɨɜ ɤ ɬɟɯɧɨɝɟɧɧɵɦ
ɜɨɡɞɟɣɫɬɜɢɹɦ, ɤɨɬɨɪɭɸ ɦɵ ɨɬɦɟɬɢɥɢ ɩɪɢ
ɚɧɚɥɢɡɟ ɪɚɡɥɢɱɢɹ ɩɨɜɟɞɟɧɢɹ ɝɪɭɧɬɨɜ ɜ
ɧɚɬɭɪɧɵɯ ɭɫɥɨɜɢɹɯ ɢ ɜ ɥɚɛɨɪɚɬɨɪɢɢ.
ȼɨɤɪɭɝ ɨɩɵɬɧɵɯ ɤɨɬɥɨɜɚɧɨɜ ɭ Ɇɚɪɢɢɧɫɤɨɝɨ ɬɟɚɬɪɚ ɢ ɧɚ Ʌɢɝɨɜɫɤɨɦ ɩɪ. ɚɤɬɢɜɧɨ
ɜɟɥɢɫɶ ɫɬɪɨɢɬɟɥɶɧɵɟ ɪɚɛɨɬɵ ɩɨ ɭɫɬɪɨɣɫɬɜɭ
ɫɜɚɣ, ɜɢɛɪɨɩɨɝɪɭɠɟɧɢɸ ɲɩɭɧɬɚ, ɨɬɤɨɩɤɟ
ɩɢɨɧɟɪɧɵɯ ɤɨɬɥɨɜɚɧɨɜ ɢ ɩɪ. ɉɪɢ ɷɬɨɦ ɭ
Ɇɚɪɢɢɧɫɤɨɝɨ ɬɟɚɬɪɚ ɜɥɢɹɧɢɟ ɬɨɥɶɤɨ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɜɚɣ ɛɵɥɨ ɧɚɫɬɨɥɶɤɨ ɜɟɥɢɤɨ, ɱɬɨ
ɨɧɨ ɩɪɢɜɟɥɨ ɤ ɫɜɟɪɯɧɨɪɦɚɬɢɜɧɵɦ ɨɫɚɞɤɚɦ
ɫɨɫɟɞɧɟɣ ɡɚɫɬɪɨɣɤɢ (ɞɨ 30 ɦɦ) ɧɚ ɪɚɫɫɬɨɹɧɢɢ
ɛɨɥɟɟ 15 ɦ. ɇɚ Ʉɨɦɟɧɞɚɧɬɫɤɨɣ ɩɥ ɢ ɩɥ.
ȼɨɫɫɬɚɧɢɹ ɜ ɩɟɪɢɨɞ ɨɬɤɨɩɤɢ ɤɨɬɥɨɜɚɧɚ
ɨɤɪɭɠɚɸɳɢɣ ɦɚɫɫɢɜ ɝɪɭɧɬɚ ɧɟ ɩɨɞɜɟɪɝɚɥɫɹ
ɫɤɨɥɶɤɨ-ɧɢɛɭɞɶ ɫɭɳɟɫɬɜɟɧɧɵɦ ɬɟɯɧɨɝɟɧɧɵɦ
ɜɨɡɞɟɣɫɬɜɢɹɦ. ɉɪɢɦɟɱɚɬɟɥɶɧɨ, ɱɬɨ ɧɚ ɷɬɢɯ
ɩɥɨɳɚɞɤɚɯ ɧɚɢɛɨɥɶɲɢɟ ɞɟɮɨɪɦɚɰɢɢ ɨɝɪɚɠɞɟɧɢɹ ɤɨɬɥɨɜɚɧɚ ɧɚɛɥɸɞɚɥɢɫɶ ɢɦɟɧɧɨ ɜ ɬɟɯ
ɡɨɧɚɯ, ɝɞɟ ɢɦɟɥɨ ɦɟɫɬɨ ɞɢɧɚɦɢɱɟɫɤɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɬɪɚɧɫɩɨɪɬɚ: ɜɨɡɥɟ ɬɪɚɦɜɚɣɧɵɯ
ɩɭɬɟɣ ɧɚ Ʉɨɦɟɧɞɚɧɬɫɤɨɣ ɩɥ. ɢ ɜɞɨɥɶ ɭɥɢɰɵ
ȼɨɫɫɬɚɧɢɹ, ɝɞɟ ɛɵɥ ɨɝɪɚɧɢɡɨɜɚɧ ɩɨɞɴɟɡɞ
ɬɹɠɟɥɨɣ ɬɟɯɧɢɤɢ.
əɜɥɟɧɢɟ ɪɚɫɫɬɪɭɤɬɭɪɢɜɚɧɢɹ ɫɥɚɛɵɯ ɝɥɢɧɢɫɬɵɯ ɝɪɭɧɬɨɜ ɯɨɪɨɲɨ ɢɡɜɟɫɬɧɨ ɢ ɨɩɢɫɚɧɨ
ɜ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɩɭɛɥɢɤɚɰɢɹɯ [6]. ȼ
ɪɚɦɤɚɯ
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ
ɜɹɡɤɨ-ɭɩɪɭɝɨɩɥɚɫɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɨɧɨ ɜɩɨɥɧɟ ɚɞɟɤɜɚɬɧɨ
ɨɩɢɫɵɜɚɟɬɫɹ ɫɧɢɠɟɧɢɟɦ ɩɚɪɚɦɟɬɪɚ ɧɚɱɚɥɶɧɨɣ ɜɹɡɤɨɫɬɢ. ɇɚɩɪɢɦɟɪ, ɩɪɢ ɪɚɫɫɬɪɭɤɬɭɪɢɜɚɧɢɢ, ɤɨɬɨɪɨɟ ɛɵɥɨ ɫɩɪɨɜɨɰɢɪɨɜɚɧɨ ɬɟɯɧɨɝɟɧɧɵɦ ɜɨɡɞɟɣɫɬɜɢɟɦ ɧɚ ɨɩɵɬɧɵɯ ɩɥɨɳɚɞɤɚɯ, ɜɦɟɫɬɨ ɡɚɜɢɫɢɦɨɫɬɢ (6) ɩɨɪɹɞɨɤ ɜɟɥɢɱɢɧɵ ɜɹɡɤɨɫɬɢ ɩɪɢɛɥɢɠɚɟɬɫɹ ɤ 1ʘcu [ɤɉɚʘɝɨɞ].
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɨɡɧɢɤɚɟɬ ɜɟɫɶɦɚ ɫɭɳɟɫɬɜɟɧɧɵɣ, ɧɚ ɧɚɲ ɜɡɝɥɹɞ, ɜɨɩɪɨɫ, ɤɚɤɢɦ
ɩɭɬɟɦ ɫɥɟɞɭɟɬ ɢɞɬɢ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ
ɩɨɞɡɟɦɧɨɝɨ ɫɨɨɪɭɠɟɧɢɹ. ɉɟɪɜɵɣ ɩɭɬɶ
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ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɦɚɤɫɢɦɚɥɶɧɨɣ «ɷɤɫɩɥɭɚɬɚɰɢɢ» ɫɜɨɣɫɬɜ ɝɪɭɧɬɨɜ ɧɟɧɚɪɭɲɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɡɚɬɪɚɬɵ ɧɚ ɪɚɫɩɨɪɧɵɟ ɢ
ɨɝɪɚɠɞɚɸɳɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɦɢɧɢɦɚɥɶɧɵ.
ɉɪɢ ɷɬɨɦ ɜɵɫɨɤ ɪɢɫɤ ɭɬɪɚɬɵ ɩɪɢɪɨɞɧɨɣ
ɫɬɪɭɤɬɭɪɵ ɝɪɭɧɬɚ ɜɫɥɟɞɫɬɜɢɟ ɧɚɪɭɲɟɧɢɹ
ɬɟɯɧɨɥɨɝɢɢ, ɬɟɯɧɨɝɟɧɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ ɧɚ
ɩɥɨɳɚɞɤɟ ɢ ɜɨɤɪɭɝ ɧɟɟ. Ɇɨɝɭɬ ɛɵɬɶ ɧɚɪɭɲɟɧɵ ɢ ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɩɪɨɟɤɬɨɦ ɫɪɨɤɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɚɛɨɬ. ȼɫɟ ɷɬɢ ɪɢɫɤɢ ɜɩɨɥɧɟ ɪɟɚɥɶɧɵ
ɢ ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ ɧɟɝɚɬɢɜɧɵɦ ɩɨɫɥɟɞɫɬɜɢɹɦ ɜɩɥɨɬɶ ɞɨ ɪɚɡɪɭɲɟɧɢɹ ɫɨɫɟɞɧɟɣ ɡɚɫɬɪɨɣɤɢ. Ɉɧɢ, ɧɟɫɨɦɧɟɧɧɨ, ɞɨɥɠɧɵ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶɫɹ.
ȼɬɨɪɨɣ ɩɭɬɶ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɢɡɧɚɱɚɥɶɧɨ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɧɟɢɡɛɟɠɧɨɫɬɶ
ɪɚɫɫɬɪɭɤɬɭɪɢɜɚɧɢɹ ɝɪɭɧɬɚ ɥɢɛɨ ɜɨɡɦɨɠɧɨɫɬɶ
ɧɟɨɩɪɟɞɟɥɟɧɧɨɣ ɡɚɞɟɪɠɤɢ ɫɪɨɤɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɚɛɨɬ ɩɨ ɭɫɬɪɨɣɫɬɜɭ ɤɨɬɥɨɜɚɧɚ. ȼ ɷɬɨɦ
ɫɥɭɱɚɟ ɝɪɭɧɬ ɪɚɛɨɬɚɟɬ ɤɚɤ «ɬɹɠɟɥɚɹ ɠɢɞɤɨɫɬɶ», ɢ ɦɟɪɨɩɪɢɹɬɢɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ
ɞɨɩɭɫɬɢɦɵɟ ɞɟɮɨɪɦɚɰɢɢ ɫɨɫɟɞɧɟɣ ɡɚɫɬɪɨɣɤɢ, ɨɤɚɡɵɜɚɸɬɫɹ ɡɚ ɝɪɚɧɶɸ ɷɤɨɧɨɦɢɱɟɫɤɨɣ
ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɢ ɩɟɪɜɵɣ ɢ
ɜɬɨɪɨɣ ɩɭɬɶ ɫɚɦɢ ɩɨ ɫɟɛɟ ɜɟɞɭɬ ɜ ɬɭɩɢɤ:
ɩɟɪɜɵɣ ɧɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɚɞɟɠɧɨɫɬɶ ɫɨɫɟɞɧɟɣ ɡɚɫɬɪɨɣɤɢ, ɜɬɨɪɨɣ ɡɚɤɪɵɜɚɟɬ ɜɫɹɤɢɟ
ɩɟɪɫɩɟɤɬɢɜɵ ɩɨɞɡɟɦɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ.
ɋɨɡɞɚɟɬɫɹ ɩɪɨɛɥɟɦɧɚɹ ɫɢɬɭɚɰɢɹ, ɤɨɬɨɪɚɹ
ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɜɨɩɪɨɫɟ: ɜɨɡɦɨɠɟɧ ɥɢ ɜɵɯɨɞ
ɢɡ ɷɬɨɝɨ ɬɭɩɢɤɚ?
ɇɚ ɧɚɲ ɜɡɝɥɹɞ, ɩɨɢɫɤɚ ɬɪɟɬɶɟɝɨ ɩɭɬɢ
ɡɞɟɫɶ ɧɟ ɬɪɟɛɭɟɬɫɹ, ɞɨɫɬɚɬɨɱɧɨ ɭɜɹɡɚɬɶ
ɦɟɠɞɭ ɫɨɛɨɣ ɩɟɪɜɵɣ ɢ ɜɬɨɪɨɣ ɩɭɬɶ ɪɟɲɟɧɢɹ
ɩɪɨɛɥɟɦɵ. Ɉɱɟɜɢɞɧɨɣ ɩɪɢɱɢɧɨɣ ɩɪɨɬɢɜɨɪɟɱɢɹ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɤ «ɨɩɬɢɦɢɫɬɢɱɟɫɤɢɦ»
ɪɚɫɱɟɬɚɦ (ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɫɨɯɪɚɧɟɧɢɹ
ɩɪɢɪɨɞɧɨɣ ɫɬɪɭɤɬɭɪɵ ɝɪɭɧɬɚ) ɢ ɤ «ɩɟɫɫɢɦɢɫɬɢɱɟɫɤɢɦ» ɪɚɫɱɟɬɚɦ (ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ
ɩɨɥɧɨɝɨ ɪɚɫɫɬɪɭɤɬɭɪɢɜɚɧɢɹ ɝɪɭɧɬɨɜ) ɦɟɬɨɞɨɥɨɝɢɱɟɫɤɢ ɧɟɤɨɪɪɟɤɬɧɨ ɩɪɢɦɟɧɹɬɶ ɨɞɢɧ ɢ
ɬɨɬ ɠɟ ɤɪɢɬɟɪɢɣ ɞɨɩɭɫɬɢɦɵɯ ɞɟɮɨɪɦɚɰɢɣ
ɫɨɫɟɞɧɟɣ ɡɚɫɬɪɨɣɤɢ.
Ɇɟɬɨɞɨɥɨɝɢɹ ɪɚɡɪɟɲɟɧɢɹ ɭɤɚɡɚɧɧɨɝɨ
ɩɪɨɬɢɜɨɪɟɱɢɹ ɛɵɥɚ ɨɬɪɚɛɨɬɚɧɚ ɧɚɦɢ ɩɪɢ
ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɩɨɞɡɟɦɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ
ɩɨɞ Ʉɚɦɟɧɧɨɨɫɬɪɨɜɫɤɢɦ ɬɟɚɬɪɨɦ. ɉɨɞɡɟɦɧɨɟ
ɩɪɨɫɬɪɚɧɫɬɜɨ ɢɦɟɥɨ ɝɚɛɚɪɢɬɵ ɜ ɩɥɚɧɟ
80×40 ɦ ɢ ɝɥɭɛɢɧɭ 6.5 ɦ. ɇɚ ɞɚɧɧɨɣ ɩɥɨɳɚɞɤɟ Ʉɨɦɢɬɟɬɨɦ ɩɨ ɨɯɪɚɧɟ ɩɚɦɹɬɧɢɤɨɜ ɛɵɥɢ
ɭɫɬɚɧɨɜɥɟɧɵ ɱɪɟɡɜɵɱɚɣɧɨ ɠɟɫɬɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɞɨɩɭɫɬɢɦɵɦ ɞɟɮɨɪɦɚɰɢɹɦ ɫɨɫɟɞɧɟɣ
ɡɚɫɬɪɨɣɤɢ (ɧɟ ɛɨɥɟɟ 10 ɦɦ). ɉɚɪɚɦɟɬɪɵ
ɨɝɪɚɠɞɟɧɢɹ ɤɨɬɥɨɜɚɧɚ ɢ ɪɚɫɩɨɪɧɨɝɨ ɤɪɟɩɥɟ-

ɧɢɹ ɨɩɪɟɞɟɥɹɥɢɫɶ ɧɚɦɢ, ɢɫɯɨɞɹ ɢɡ ɪɚɫɱɟɬɨɜ,
ɩɪɟɞɩɨɥɚɝɚɸɳɢɯ ɫɨɯɪɚɧɟɧɢɟ ɩɪɢɪɨɞɧɨɣ
ɫɬɪɭɤɬɭɪɵ ɝɪɭɧɬɨɜ ɨɫɧɨɜɚɧɢɹ. ɉɪɢ ɷɬɨɦ
ɧɚɦɢ ɛɵɥɢ ɜɜɟɞɟɧɵ ɠɟɫɬɤɢɟ ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ
ɩɚɪɚɦɟɬɪɵ ɬɟɯɧɨɝɟɧɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ ɧɚ
ɦɚɫɫɢɜ ɝɪɭɧɬɚ, ɢɫɤɥɸɱɟɧɵ ɥɸɛɵɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɬɟɯɧɨɝɟɧɧɵɟ ɜɨɡɞɟɣɫɬɜɢɹ ɜ ɩɟɪɢɨɞ
ɨɬɤɨɩɤɢ ɤɨɬɥɨɜɚɧɚ, ɨɝɪɚɧɢɱɟɧɨ ɞɜɢɠɟɧɢɟ
ɬɟɯɧɢɤɢ ɜɨɤɪɭɝ ɧɟɝɨ, ɜɜɟɞɟɧɵ ɠɟɫɬɤɢɟ ɫɪɨɤɢ
ɜɵɩɨɥɧɟɧɢɹ ɤɚɠɞɨɝɨ ɷɬɚɩɚ ɪɚɛɨɬ. ɉɪɢ
ɞɚɧɧɵɯ ɨɝɪɚɧɢɱɟɧɢɹɯ ɫɨɝɥɚɫɧɨ ɪɚɫɱɟɬɭ ɫ
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɹɡɤɨ-ɭɩɪɭɝɨ-ɩɥɚɫɬɢɱɟɫɤɨɣ
ɦɨɞɟɥɢ ɭɞɚɜɚɥɨɫɶ ɭɞɨɜɥɟɬɜɨɪɢɬɶ ɬɪɟɛɨɜɚɧɢɹɦ ɩɨ ɞɨɩɭɫɬɢɦɵɦ ɨɫɚɞɤɚɦ ɫɨɫɟɞɧɟɣ ɡɚɫɬɪɨɣɤɢ. ɉɪɨɜɨɞɢɦɵɣ ɧɚɦɢ ɚɤɬɢɜɧɵɣ ɦɨɧɢɬɨɪɢɧɝ ɧɚ ɩɥɨɳɚɞɤɟ ɢɦɟɥ ɰɟɥɶɸ ɤɨɧɬɪɨɥɶ ɡɚ
ɫɨɛɥɸɞɟɧɢɟɦ ɭɤɚɡɚɧɧɵɯ ɜɵɲɟ ɨɫɧɨɜɧɵɯ
ɬɪɟɛɨɜɚɧɢɣ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɦɵ ɨɬɱɟɬɥɢɜɨ
ɩɨɧɢɦɚɥɢ, ɱɬɨ ɫɭɳɟɫɬɜɭɟɬ ɪɟɚɥɶɧɵɣ ɪɢɫɤ
ɧɚɪɭɲɟɧɢɹ ɷɬɢɯ ɬɪɟɛɨɜɚɧɢɣ, ɩɨɷɬɨɦɭ ɩɪɢ
ɪɚɫɱɟɬɚɯ ɧɚɦɢ ɪɚɫɫɦɚɬɪɢɜɚɥɫɹ ɢ ɧɟɝɚɬɢɜɧɵɣ
ɫɰɟɧɚɪɢɣ ɪɚɡɜɢɬɢɹ ɫɢɬɭɚɰɢɢ. ɂɫɯɨɞɹ ɢɡ
ɪɚɫɱɟɬɨɜ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫɢɫɬɟɦɵ «ɢɫɬɨɪɢɱɟɫɤɨɟ ɡɞɚɧɢɟ ɬɟɚɬɪɚ – ɩɨɞɡɟɦɧɨɟ ɫɨɨɪɭɠɟɧɢɟ – ɨɫɧɨɜɚɧɢɟ – ɫɨɫɟɞɧɹɹ ɡɚɫɬɪɨɣɤɚ», ɧɚɦɢ
ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɩɪɟɞɟɥɶɧɵɟ ɨɫɚɞɤɢ ɨɤɪɭɠɚɸɳɟɣ ɡɚɫɬɪɨɣɤɢ, ɩɪɢ ɤɨɬɨɪɵɯ ɜ ɟɟ ɤɨɧɫɬɪɭɤɰɢɹɯ ɧɟ ɜɨɡɧɢɤɚɥɢ ɩɪɟɞɟɥɶɧɵɟ ɭɫɢɥɢɹ.
ɉɚɪɚɦɟɬɪɵ ɨɝɪɚɠɞɟɧɢɹ ɛɵɥɢ ɩɪɨɜɟɪɟɧɵ ɢɡ
ɭɫɥɨɜɢɹ ɪɚɫɱɟɬɚ ɫɨɫɟɞɧɟɣ ɡɚɫɬɪɨɣɤɢ ɩɪɢ
ɩɨɬɟɪɟ ɩɪɢɪɨɞɧɨɣ ɫɬɪɭɤɬɭɪɵ ɝɪɭɧɬɚ. Ɍɨɥɶɤɨ
ɭɛɟɞɢɜɲɢɫɶ ɜ ɬɨɦ, ɱɬɨ ɫɨɫɟɞɧɢɦ ɩɚɦɹɬɧɢɤɚɦ
ɧɟ ɭɝɪɨɠɚɟɬ ɨɩɚɫɧɨɫɬɶ ɪɚɡɪɭɲɟɧɢɹ ɞɚɠɟ ɩɪɢ
ɧɟɝɚɬɢɜɧɨɦ ɫɰɟɧɚɪɢɢ ɪɚɡɜɢɬɢɹ ɫɨɛɵɬɢɣ, ɦɵ
ɩɪɢɫɬɭɩɢɥɢ ɤ ɪɟɚɥɢɡɚɰɢɢ ɞɚɧɧɨɝɨ ɩɪɨɟɤɬɚ.
Ȼɥɚɝɨɞɚɪɹ ɧɟɩɪɟɪɵɜɧɨɦɭ ɢɧɬɟɪɚɤɬɢɜɧɨɦɭ ɦɨɧɢɬɨɪɢɧɝɭ, ɧɚ ɩɥɨɳɚɞɤɟ ɭɞɚɥɨɫɶ
ɪɟɚɥɢɡɨɜɚɬɶ «ɨɩɬɢɦɢɫɬɢɱɟɫɤɢɣ» ɫɰɟɧɚɪɢɣ
ɪɚɡɜɢɬɢɹ ɞɟɮɨɪɦɚɰɢɣ. Ɉɫɚɞɤɢ ɫɨɫɟɞɧɟɣ
ɡɚɫɬɪɨɣɤɢ ɧɟ ɩɪɟɜɵɫɢɥɢ 7 ɦɦ.
4. ɆȿɌɈȾɈɅɈȽɂə ɉɊɈȿɄɌɂɊɈȼȺɇɂə
ɉɈȾɁȿɆɇɕɏ ɋɈɈɊɍɀȿɇɂɃ ɋ
ɍɑȿɌɈɆ ɊȺɁȼɂɌɂə ȾȿɎɈɊɆȺɐɂɃ
ȼɈ ȼɊȿɆȿɇɂ.
Ʉɚɤ ɦɵ ɭɠɟ ɨɬɦɟɱɚɥɢ, ɭɫɬɪɨɣɫɬɜɨ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɜ ɭɫɥɨɜɢɹɯ ɝɨɪɨɞɫɤɨɣ
ɡɚɫɬɪɨɣɤɢ ɧɚ ɫɥɚɛɵɯ ɝɪɭɧɬɚɯ ɨɬɧɨɫɢɬɫɹ ɤ
ɩɨɜɵɲɟɧɧɨɦɭ ɭɪɨɜɧɸ ɪɢɫɤɚ. Ⱥ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨ ɧɚɲɟɦɭ ɭɛɟɠɞɟɧɢɸ, ɤ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɸ ɨɝɪɚɠɞɟɧɢɣ ɝɥɭɛɨɤɢɯ ɤɨɬɥɨɜɚɧɨɜ ɧɚɞɨ
ɩɨɞɯɨɞɢɬɶ ɤɚɤ ɤ ɭɫɬɪɨɣɫɬɜɭ ɫɨɨɪɭɠɟɧɢɣ
ɩɨɜɵɲɟɧɧɨɝɨ
ɭɪɨɜɧɹ
ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ,
ɩɨɫɤɨɥɶɤɭ ɚɜɚɪɢɢ ɤɨɬɥɨɜɚɧɨɜ ɦɨɝɭɬ ɩɪɢɜɟɫ351

ɬɢ ɤ ɱɟɥɨɜɟɱɟɫɤɢɦ ɠɟɪɬɜɚɦ. Ⱦɥɹ ɫɨɨɪɭɠɟɧɢɣ
ɩɨɜɵɲɟɧɧɨɝɨ ɭɪɨɜɧɹ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɬɪɟɛɭɟɬɫɹ ɜɵɩɨɥɧɹɬɶ ɪɚɫɱɟɬɵ ɧɚ ɩɪɨɬɢɜɨɞɟɣɫɬɜɢɟ ɬɚɤ ɧɚɡɵɜɚɟɦɨɦɭ ɩɪɨɝɪɟɫɫɢɪɭɸɳɟɦɭ
ɨɛɪɭɲɟɧɢɸ. Ⱦɥɹ ɫɥɭɱɚɹ ɝɥɭɛɨɤɨɝɨ ɤɨɬɥɨɜɚɧɚ
ɷɬɨ ɨɡɧɚɱɚɟɬ ɧɟ ɬɨɥɶɤɨ ɪɚɫɫɦɨɬɪɟɧɢɟ ɨɬɤɚɡɚ
ɷɥɟɦɟɧɬɚ ɤɨɧɫɬɪɭɤɰɢɢ, ɧɨ, ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ,
ɢɡɭɱɟɧɢɟ ɜɨɡɦɨɠɧɵɯ ɧɟɲɬɚɬɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɢɬɭɚɰɢɣ. ɋɚɦɨɣ ɨɱɟɜɢɞɧɨɣ ɢ ɪɟɚɥɢɫɬɢɱɧɨɣ ɹɜɥɹɟɬɫɹ ɡɚɞɟɪɠɤɚ ɜɨ ɜɪɟɦɟɧɢ
ɩɪɨɰɟɫɫɚ ɭɫɬɪɨɣɫɬɜɚ ɩɨɞɡɟɦɧɨɝɨ ɫɨɨɪɭɠɟɧɢɹ, ɜ ɬɨɦ ɱɢɫɥɟ ɭɫɬɚɧɨɜɤɢ ɨɱɟɪɟɞɧɨɝɨ ɹɪɭɫɚ
ɪɚɫɩɨɪɧɵɯ ɤɪɟɩɥɟɧɢɣ. Ɍɚɤɠɟ ɜɩɨɥɧɟ
ɪɟɚɥɶɧɨɣ ɹɜɥɹɟɬɫɹ ɭɝɪɨɡɚ ɪɚɫɫɬɪɭɤɬɭɪɢɜɚɧɢɹ
ɫɥɚɛɵɯ ɝɥɢɧɢɫɬɵɯ ɝɪɭɧɬɨɜ.
ɇɚɦ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɰɟɥɟɫɨɨɛɪɚɡɧɵɦ ɜɜɟɫɬɢ ɫɥɟɞɭɸɳɟɟ ɬɪɟɛɨɜɚɧɢɟ ɤ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɝɥɭɛɨɤɢɯ ɤɨɬɥɨɜɚɧɨɜ: ɪɚɫɱɟɬɵ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɜ ɭɫɥɨɜɢɹɯ ɝɨɪɨɞɫɤɨɣ
ɡɚɫɬɪɨɣɤɢ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɨɞɢɬɶ ɩɨ ɞɜɭɦ
ɝɪɭɩɩɚɦ ɩɪɟɞɟɥɶɧɵɯ ɫɨɫɬɨɹɧɢɣ ɤɚɤ ɞɥɹ
ɫɚɦɨɝɨ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɫɨɨɪɭɠɟɧɢɹ, ɬɚɤ ɢ
ɞɥɹ ɫɨɫɟɞɧɟɣ ɡɚɫɬɪɨɣɤɢ.
Ɋɚɫɱɟɬ ɩɨ ɜɬɨɪɨɣ ɝɪɭɩɩɟ ɩɪɟɞɟɥɶɧɵɯ ɫɨɫɬɨɹɧɢɣ (ɩɨ ɞɟɮɨɪɦɚɰɢɹɦ) ɞɨɥɠɟɧ ɜɵɩɨɥɧɹɬɶɫɹ, ɢɫɯɨɞɹ ɢɡ ɬɪɟɛɨɜɚɧɢɣ ɩɨ ɞɨɩɭɫɬɢɦɵɦ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɞɟɮɨɪɦɚɰɢɹɦ ɫɨɫɟɞɧɵɯ ɡɚɫɬɪɨɣɤɢ ɨɬ ɜɫɟɣ ɫɭɦɦɵ ɜɨɡɞɟɣɫɬɜɢɣ,
ɫɜɹɡɚɧɧɨɣ ɫ ɫɬɪɨɢɬɟɥɶɫɬɜɨɦ ɨɛɴɟɤɬɚ. ɇɚ
ɨɫɧɨɜɚɧɢɢ ɷɬɨɝɨ ɪɚɫɱɟɬɚ ɜɵɛɢɪɚɟɬɫɹ ɤɨɧɫɬɪɭɤɰɢɹ ɨɝɪɚɠɞɟɧɢɹ ɤɨɬɥɨɜɚɧɚ ɢ ɫɢɫɬɟɦɚ ɟɝɨ
ɤɪɟɩɥɟɧɢɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɚɹ ɞɨɩɭɫɬɢɦɵɟ
ɞɟɮɨɪɦɚɰɢɢ ɫɨɫɟɞɧɟɣ ɡɚɫɬɪɨɣɤɢ ɩɪɢ ɩɪɢɧɹɬɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢ ɫɤɨɪɨɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɚɛɨɬ ɫ ɫɨɛɥɸɞɟɧɢɟɦ ɲɬɚɬɧɵɯ
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɠɢɦɨɜ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ
ɨɱɟɧɶ ɜɚɠɧɨ ɬɨɱɧɨ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɫɤɨɪɨɫɬɶ
ɪɚɡɜɢɬɢɹ ɞɟɮɨɪɦɚɰɢɣ ɨɫɧɨɜɚɧɢɹ ɜɨ ɜɪɟɦɟɧɢ,
ɩɪɢɧɢɦɚɹ ɚɞɟɤɜɚɬɧɵɟ ɪɟɨɥɨɝɢɱɟɫɤɢɟ ɦɨɞɟɥɢ. Ɂɞɟɫɶ ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɱɟɬɤɨɣ
ɭɜɹɡɤɢ ɪɟɲɟɧɢɣ, ɩɨɥɭɱɟɧɧɵɯ ɪɚɫɱɟɬɱɢɤɨɦɝɟɨɬɟɯɧɢɤɨɦ ɫ ɝɪɚɮɢɤɨɦ ɩɨɞɪɹɞɱɢɤɚ ɩɨ
ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɦ ɫɪɨɤɚɦ ɩɪɨɢɡɜɨɞɫɬɜɚ
ɤɚɠɞɨɝɨ ɷɬɚɩɚ ɪɚɛɨɬ, ɡɧɚɱɢɦɨɝɨ ɞɥɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɫɨɫɟɞɧɟɣ ɡɚɫɬɪɨɣɤɢ. ɗɬɢ ɫɪɨɤɢ
ɞɨɥɠɧɵ ɛɵɬɶ ɫɨɝɥɚɫɨɜɚɧɵ ɟɳɟ ɧɚ ɫɬɚɞɢɢ
ɮɨɪɦɢɪɨɜɚɧɢɹ ɝɟɨɬɟɯɧɢɱɟɫɤɨɣ ɤɨɧɰɟɩɰɢɢ.
Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɷɤɨɧɨɦɢɱɧɨɟ ɪɟɲɟɧɢɟ ɨɝɪɚɠɞɚɸɳɢɯ ɢ ɪɚɫɩɨɪɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ
ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ, ɟɫɥɢ ɨɛɟɫɩɟɱɢɬɶ ɫɨɯɪɚɧɧɨɫɬɶ ɩɪɢɪɨɞɧɨɣ ɫɬɪɭɤɬɭɪɵ ɝɪɭɧɬɚ. ȼ ɷɬɨɦ
ɫɥɭɱɚɟ ɜ ɝɟɨɬɟɯɧɢɱɟɫɤɢɯ ɪɚɫɱɟɬɚɯ ɪɚɡɜɢɬɢɟ
ɞɟɮɨɪɦɚɰɢɣ ɜɨ ɜɪɟɦɟɧɢ ɦɨɠɧɨ ɨɩɢɫɵɜɚɬɶ
ɜɹɡɤɨ-ɭɩɪɭɝɨ-ɩɥɚɫɬɢɱɟɫɤɨɣ
ɦɨɞɟɥɶɸ,
ɚ
ɩɚɪɚɦɟɬɪ ɧɚɱɚɥɶɧɨɣ ɜɹɡɤɨɫɬɢ ɦɨɠɟɬ ɨɩɪɟɞɟ-

ɥɹɬɶɫɹ ɩɨ ɫɨɨɬɧɨɲɟɧɢɸ (6). Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ
ɩɪɨɟɤɬɧɵɯ ɪɟɲɟɧɢɣ, ɜ ɨɫɧɨɜɭ ɤɨɬɨɪɵɯ
ɩɨɥɨɠɟɧ ɩɪɢɧɰɢɩ ɫɨɯɪɚɧɟɧɢɹ ɩɪɢɪɨɞɧɨɣ
ɫɬɪɭɤɬɭɪɵ ɝɪɭɧɬɚ ɧɟɨɛɯɨɞɢɦɨ:
1. ɨɝɪɚɧɢɱɢɬɶ ɬɟɯɧɨɝɟɧɧɵɟ ɜɨɡɞɟɣɫɬɜɢɹ ɜ
ɩɟɪɢɨɞ ɭɫɬɪɨɣɫɬɜɚ ɤɨɬɥɨɜɚɧɚ (ɧɟ ɞɨɩɭɫɤɚɬɶ ɞɢɧɚɦɢɱɟɫɤɢɯ ɜɨɡɞɟɣɫɬɜɢɣ ɤɚɤ
ɜɧɭɬɪɢ ɤɨɬɥɨɜɚɧɚ, ɬɚɤ ɢ ɜɨɤɪɭɝ ɧɟɝɨ, ɢɫɤɥɸɱɢɬɶ ɪɚɛɨɬɵ ɩɨ ɭɫɬɪɨɣɫɬɜɭ ɫɜɚɣ, ɩɨɝɪɭɠɟɧɢɸ ɲɩɭɧɬɚ ɢ ɬ.ɩ., ɨɝɪɚɧɢɱɢɬɶ ɞɜɢɠɟɧɢɟ ɬɪɚɧɫɩɨɪɬɚ ɜɨɤɪɭɝ ɤɨɬɥɨɜɚɧɚ);
2. ɧɟ ɞɨɩɭɫɤɚɬɶ ɧɚɪɭɲɟɧɢɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜɟɞɟɧɢɹ ɪɚɛɨɬ ɢ ɳɚɞɹɞɢɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɠɢɦɨɜ;
3. ɫɬɪɨɝɨ ɫɨɛɥɸɞɚɬɶ ɩɪɨɟɤɬɧɵɟ ɫɪɨɤɢ
ɤɚɠɞɨɝɨ ɷɬɚɩɚ ɪɚɛɨɬ ɩɨ ɭɫɬɪɨɣɫɬɜɭ ɤɨɬɥɨɜɚɧɚ.
Ɉɱɟɜɢɞɧɨ, ɫɭɳɟɫɬɜɭɸɬ ɜɵɫɨɤɢɟ ɪɢɫɤɢ
ɧɚɪɭɲɟɧɢɹ ɷɬɢɯ ɭɫɥɨɜɢɣ ɩɨ ɨɛɴɟɤɬɢɜɧɵɦ ɢ
ɫɭɛɴɟɤɬɢɜɧɵɦ ɩɪɢɱɢɧɚɦ (ɡɚɞɟɪɠɤɚ ɮɢɧɚɧɫɢɪɨɜɚɧɢɹ ɨɛɴɟɤɬɚ, ɨɲɢɛɤɢ ɫɬɪɨɢɬɟɥɟɣ ɢ
ɩɪ.). ɉɪɨɟɤɬ, ɨɫɧɨɜɚɧɧɵɣ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɧɚ
ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɨ ɫɨɯɪɚɧɧɨɫɬɢ ɩɪɢɪɨɞɧɨɣ
ɫɬɪɭɤɬɭɪɵ ɝɪɭɧɬɚ ɢ ɧɟ ɢɦɟɸɳɢɣ ɢɧɫɬɪɭɦɟɧɬɨɜ ɩɨ ɩɪɨɬɢɜɨɞɟɣɫɬɜɢɸ ɚɜɚɪɢɣɧɨɦɭ ɫɰɟɧɚɪɢɹ ɪɚɡɜɢɬɢɹ ɫɨɛɵɬɢɣ, ɩɨ ɧɚɲɟɦɭ ɝɥɭɛɨɤɨɦɭ
ɭɛɟɠɞɟɧɢɸ, ɧɟ ɢɦɟɟɬ ɩɪɚɜɚ ɧɚ ɫɭɳɟɫɬɜɨɜɚɧɢɟ. Ɂɞɟɫɶ ɜɩɨɥɧɟ ɭɦɟɫɬɧɚ ɚɧɚɥɨɝɢɹ ɫ ɨɛɳɟɩɪɢɧɹɬɵɦ ɫɟɝɨɞɧɹ ɩɨɞɯɨɞɨɦ ɩɨ ɩɪɨɬɢɜɨɞɟɣɫɬɜɢɸ
ɩɪɨɝɪɟɫɫɢɪɭɸɳɟɦɭ
ɨɛɪɭɲɟɧɢɸ:
ɨɲɢɛɤɚ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɪɚɛɨɬ ɢɥɢ ɡɚɞɟɪɠɤɚ
ɫɪɨɤɨɜ ɢɯ ɜɵɩɨɥɧɟɧɢɹ ɧɟ ɞɨɥɠɧɵ ɩɪɢɜɨɞɢɬɶ
ɤ ɤɚɬɚɫɬɪɨɮɢɱɟɫɤɨɦɭ ɪɚɡɪɭɲɟɧɢɸ ɫɨɫɟɞɧɟɣ
ɡɚɫɬɪɨɣɤɢ. ɉɪɟɞɫɬɚɜɥɹɟɬɫɹ ɰɟɥɟɫɨɨɛɪɚɡɧɵɦ
ɜɜɟɫɬɢ ɜ ɩɪɚɤɬɢɤɭ ɝɟɨɬɟɯɧɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ
ɩɨɧɹɬɢɟ ɪɚɫɱɟɬɚ ɫɨɫɟɞɧɟɣ ɡɚɫɬɪɨɣɤɢ ɩɨ
ɩɟɪɜɨɣ ɝɪɭɩɩɟ ɩɪɟɞɟɥɶɧɵɯ ɫɨɫɬɨɹɧɢɣ.
ɋɨɫɟɞɧɹɹ ɡɚɫɬɪɨɣɤɚ ɞɨɥɠɧɚ ɛɵɬɶ ɪɚɫɫɱɢɬɚɧɚ
ɩɨ ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɹɯ ɫɨ ɫɬɨɪɨɧɵ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɩɨɞɡɟɦɧɨɝɨ
ɫɨɨɪɭɠɟɧɢɹ, ɫɜɹɡɚɧɧɵɯ ɫ ɧɟɨɩɪɟɞɟɥɟɧɧɵɦɢ
ɡɚɞɟɪɠɤɚɦɢ ɜɨ ɜɪɟɦɟɧɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ
ɧɚɪɭɲɟɧɢɟɦ ɩɪɢɪɨɞɧɨɣ ɫɬɪɭɤɬɭɪɵ ɝɪɭɧɬɚ.
Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɧɚɪɭɲɟɧɢɟ ɳɚɞɹɳɢɯ
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɠɢɦɨɜ ɢ ɫɪɨɤɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɚɛɨɬ ɧɟ ɞɨɥɠɧɨ ɩɪɢɜɨɞɢɬɶ ɤ ɪɚɡɪɭɲɟɧɢɸ ɫɨɫɟɞɧɟɣ ɡɚɫɬɪɨɣɤɢ. Ɋɚɫɱɟɬɵ ɩɨ
ɩɟɪɜɨɣ ɝɪɭɩɩɟ ɩɪɟɞɟɥɶɧɵɯ ɫɨɫɬɨɹɧɢɣ ɞɥɹ
ɫɨɫɟɞɧɟɣ ɡɚɫɬɪɨɣɤɢ ɫɥɟɞɭɟɬ ɜɵɩɨɥɧɹɬɶ ɢɡ
ɭɫɥɨɜɢɣ ɨɛɟɫɩɟɱɟɧɢɹ ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɫɧɨɜɧɵɯ ɧɟɫɭɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɧɚ
ɨɫɧɨɜɟ ɢɯ ɫɨɜɦɟɫɬɧɨɝɨ ɪɚɫɱɟɬɚ ɫ ɨɫɧɨɜɚɧɢɟɦ. ɍɫɢɥɢɹ ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ ɩɨɪɨɠɞɚɸɬɫɹ
ɞɟɮɨɪɦɚɰɢɹɦɢ ɨɫɧɨɜɚɧɢɹ, ɨɛɭɫɥɨɜɥɟɧɧɵɦɢ
ɩɨɞɚɬɥɢɜɨɫɬɶɸ
ɨɝɪɚɠɞɟɧɢɹ
ɤɨɬɥɨɜɚɧɚ.
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Ⱦɟɮɨɪɦɚɰɢɢ ɨɫɧɨɜɚɧɢɹ ɢ ɨɝɪɚɠɞɟɧɢɹ ɤɨɬɥɨɜɚɧɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɪɚɫɱɟɬɨɦ ɞɥɹ ɤɚɠɞɨɝɨ
ɩɪɟɞɭɫɦɨɬɪɟɧɧɨɝɨ ɩɪɨɟɤɬɨɦ ɷɬɚɩɚ ɪɚɛɨɬ ɩɨ
ɭɫɬɪɨɣɫɬɜɭ ɤɨɬɥɨɜɚɧɚ ɫ ɭɱɟɬɨɦ ɩɪɟɞɟɥɶɧɨɝɨ
ɪɚɫɫɬɪɭɤɬɭɪɢɜɚɧɢɹ ɝɪɭɧɬɨɜ ɢ ɦɚɤɫɢɦɚɥɶɧɨɣ
ɡɚɞɟɪɠɤɢ ɫɪɨɤɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɚɛɨɬ. ȼ
ɪɚɦɤɚɯ ɜɹɡɤɨ-ɭɩɪɭɝɨ-ɩɥɚɫɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ
ɩɨɥɧɚɹ ɩɨɬɟɪɹ ɩɪɢɪɨɞɧɨɣ ɫɬɪɭɤɬɭɪɵ ɝɪɭɧɬɚ
ɢɥɢ ɦɚɤɫɢɦɚɥɶɧɚɹ ɡɚɞɟɪɠɤɚ ɫɪɨɤɨɜ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬ ɨɩɢɫɵɜɚɟɬɫɹ ɧɭɥɟɜɵɦ ɡɧɚɱɟɧɢɟɦ ɧɚɱɚɥɶɧɨɣ ɜɹɡɤɨɫɬɢ. ɂɧɵɦɢ ɫɥɨɜɚɦɢ,
ɤɚɠɞɵɣ ɷɬɚɩ ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɚɛɨɬ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɛɟɫɤɨɧɟɱɧɨ ɞɨɥɝɢɦ ɢɥɢ (ɱɬɨ ɬɨ ɠɟ
ɫɚɦɨɟ) ɧɚ ɤɚɠɞɨɦ ɷɬɚɩɟ ɪɟɚɥɢɡɭɟɬɫɹ ɤɨɧɟɱɧɚɹ ɞɟɮɨɪɦɚɰɢɹ.
ɂɫɯɨɞɹ ɢɡ ɪɚɫɱɟɬɨɜ ɩɨ ɩɟɪɜɨɣ ɝɪɭɩɩɟ
ɩɪɟɞɟɥɶɧɵɯ ɫɨɫɬɨɹɧɢɣ ɞɥɹ ɫɨɫɟɞɧɟɣ ɡɚɫɬɪɨɣɤɢ, ɫ ɭɱɟɬɨɦ ɫɨɜɦɟɫɬɧɨɣ ɪɚɛɨɬɵ ɤɨɧɫɬɪɭɤɰɢɣ ɫɨɫɟɞɧɢɯ ɡɞɚɧɢɣ ɢ ɨɫɧɨɜɚɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɪɟɞɟɥɶɧɵɟ ɨɫɚɞɤɢ ɡɞɚɧɢɣ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɪɟɞɟɥɶɧɵɦ ɭɫɢɥɢɹɦ ɜ ɢɯ
ɤɨɧɫɬɪɭɤɰɢɹɯ. ɗɬɢ ɩɪɟɞɟɥɶɧɵɟ ɞɟɮɨɪɦɚɰɢɢ
ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɩɪɚɤɬɢɱɟɫɤɢɯ ɫɥɭɱɚɟɜ ɛɭɞɭɬ
ɜɵɲɟ ɞɨɩɭɫɬɢɦɵɯ ɞɟɮɨɪɦɚɰɢɣ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɞɟɣɫɬɜɭɸɳɢɦɢ ɧɨɪɦɚɦɢ ɞɥɹ ɪɚɫɱɟɬɨɜ
ɩɨ ɜɬɨɪɨɣ ɝɪɭɩɩɟ ɩɪɟɞɟɥɶɧɵɯ ɫɨɫɬɨɹɧɢɣ. ȼ
ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɦɨɠɧɨ ɩɨɥɚɝɚɬɶ, ɱɬɨ
ɩɪɟɞɟɥɶɧɵɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɞɟɮɨɪɦɚɰɢɢ
(ɨɡɧɚɱɚɸɳɢɟ ɨɩɚɫɧɨɫɬɶ ɪɚɡɪɭɲɟɧɢɹ ɫɨɫɟɞɧɢɯ ɡɞɚɧɢɣ) ɩɪɢɦɟɪɧɨ ɜ 5 ɪɚɡ ɜɵɲɟ ɞɨɩɭɫɬɢɦɵɯ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɞɟɮɨɪɦɚɰɢɣ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɧɨɪɦɚɦɢ. Ⱦɥɹ ɡɞɚɧɢɹ 3 ɤɚɬɟɝɨɪɢɢ
ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɨ ɩɟɬɟɪɛɭɪɝɫɤɢɦ
ɧɨɪɦɚɦ ɞɨɩɭɫɤɚɟɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɨɫɚɞɤɚ
2 ɫɦ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɜɟɥɢɱɢɧɚ ɨɫɚɞɤɢ ɡɞɚɧɢɹ
10 ɫɦ (ɨɪɢɟɧɬɢɪɨɜɨɱɧɨ ɩɪɟɞɩɨɥɚɝɚɟɦɚɹ ɧɚɦɢ
ɤɚɤ ɩɪɟɞɟɥɶɧɚɹ) ɩɪɟɞɫɬɚɜɥɹɟɬ ɪɟɚɥɶɧɭɸ
ɨɩɚɫɧɨɫɬɶ ɞɥɹ ɟɝɨ ɫɭɳɟɫɬɜɨɜɚɧɢɹ. ɗɬɨ ɧɟ
ɨɡɧɚɱɚɟɬ, ɱɬɨ ɬɚɤɢɟ ɞɟɮɨɪɦɚɰɢɢ ɞɨɩɭɫɬɢɦɵ.
ɉɚɪɚɦɟɬɪɵ ɨɝɪɚɠɞɟɧɢɹ ɞɨɥɠɧɵ ɛɵɬɶ ɜɵɛɪɚɧɵ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɭɞɨɜɥɟɬɜɨɪɢɬɶ
ɬɪɟɛɨɜɚɧɢɹɦ ɩɨ ɞɜɭɦ ɝɪɭɩɩɚɦ ɩɪɟɞɟɥɶɧɵɯ
ɫɨɫɬɨɹɧɢɣ. ȼ ɬɟɯɧɢɱɟɫɤɨɦ ɨɬɧɨɲɟɧɢɢ ɩɪɟɜɵɲɟɧɢɟ ɞɨɩɭɫɬɢɦɵɯ ɨɫɚɞɨɤ (ɷɬɚ ɜɟɥɢɱɢɧɚ
ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ, ɧɚɩɪɢɦɟɪ, ɞɟɣɫɬɜɭɸɳɢɦɢ
ɩɟɬɟɪɛɭɪɝɫɤɢɦɢ ɢ ɦɨɫɤɨɜɫɤɢɦɢ ɧɨɪɦɚɦɢ)
ɨɡɧɚɱɚɟɬ ɱɚɫɬɢɱɧɭɸ ɢɥɢ ɩɨɥɧɭɸ ɩɨɬɟɪɸ
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɩɪɢɝɨɞɧɨɫɬɢ ɡɞɚɧɢɹ.
ɉɪɟɜɵɲɟɧɢɟ ɩɪɟɞɟɥɶɧɵɯ ɨɫɚɞɨɤ ɩɨ ɩɟɪɜɨɣ
ɝɪɭɩɩɟ ɩɪɟɞɟɥɶɧɵɯ ɫɨɫɬɨɹɧɢɣ ɞɥɹ ɫɨɫɟɞɧɟɣ
ɡɚɫɬɪɨɣɤɢ ɨɡɧɚɱɚɟɬ ɭɝɪɨɡɭ ɤɚɬɚɫɬɪɨɮɢɱɟɫɤɨɝɨ ɨɛɪɭɲɟɧɢɹ. ȼ ɸɪɢɞɢɱɟɫɤɨɦ ɨɬɧɨɲɟɧɢɢ
ɩɪɟɜɵɲɟɧɢɟ ɞɨɩɭɫɬɢɦɵɯ ɨɫɚɞɨɤ ɨɡɧɚɱɚɟɬ
ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɢɦɭɳɟɫɬɜɟɧɧɨɣ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɜɢɧɨɜɧɨɣ ɫɬɨɪɨɧɵ, ɚ ɩɪɟɜɵɲɟɧɢɟ

ɩɪɟɞɟɥɶɧɵɯ ɨɫɚɞɨɤ ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɨ ɫ
ɭɝɨɥɨɜɧɨɣ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶɸ.
ȼ ɩɪɚɤɬɢɤɟ ɜɟɞɭɳɢɯ ɝɟɨɬɟɯɧɢɱɟɫɤɢɯ
ɮɢɪɦ ɦɢɪɚ ɬɚɤɨɣ ɩɨɞɯɨɞ ɧɟ ɧɨɜ, ɧɚɩɪɢɦɟɪ
ɮɢɪɦɚ Soletanche-Bachy ɩɪɚɤɬɢɤɭɟɬ ɩɪɢ
ɢɧɬɟɪɚɤɬɢɜɧɨɦ ɦɨɧɢɬɨɪɢɧɝɟ ɡɚ ɜɟɞɟɧɢɟɦ
ɪɚɛɨɬ ɧɚ ɫɥɨɠɧɵɯ ɨɛɴɟɤɬɚɯ «ɩɪɢɧɰɢɩ ɫɜɟɬɨɮɨɪɚ». Ɂɟɥɟɧɵɣ ɫɜɟɬ – ɨɬɫɭɬɫɬɜɢɟ ɩɪɨɛɥɟɦ, ɠɟɥɬɵɣ ɜɤɥɸɱɚɟɬɫɹ, ɟɫɥɢ ɞɟɮɨɪɦɚɰɢɢ
ɩɪɟɜɵɲɚɸɬ ɞɨɩɭɫɬɢɦɵɟ ɡɧɚɱɟɧɢɹ, ɚ ɤɪɚɫɧɵɣ
ɡɚɝɨɪɚɟɬɫɹ ɩɪɢ ɩɪɟɜɵɲɟɧɢɢ ɩɪɟɞɟɥɶɧɨɝɨ
ɭɪɨɜɧɹ ɞɟɮɨɪɦɚɰɢɣ. ɗɬɢ ɦɨɦɟɧɬɵ ɜɨɡɦɨɠɧɨɝɨ ɩɟɪɟɯɨɞɚ ɜ ɡɨɧɭ ɨɩɚɫɧɵɯ ɪɟɠɢɦɨɜ
ɞɨɥɠɧɵ ɨɩɪɟɞɟɥɹɬɶɫɹ ɪɚɫɱɟɬɚɦɢ, ɬɟɫɬɢɪɨɜɚɧɧɵɦɢ ɧɚ ɰɟɥɨɦ ɪɹɞɟ ɨɛɴɟɤɬɨɜ.
ɇɚɦ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ, ɱɬɨ ɢɦɟɸɳɢɟɫɹ ɜ
ɧɚɲɟɣ ɫɬɪɚɧɟ ɢ ɡɚ ɪɭɛɟɠɨɦ ɪɚɫɱɟɬɧɵɟ
ɩɪɨɝɪɚɦɦɵ, ɪɟɤɥɚɦɢɪɭɟɦɵɟ ɧɚɦɢ ɤɚɤ ɭɧɢɜɟɪɫɚɥɶɧɵɟ ɞɥɹ ɜɫɟɯ ɜɢɞɨɜ ɝɪɭɧɬɨɜ ɢ ɥɸɛɵɯ
ɪɟɝɢɨɧɨɜ, ɧɟ ɭɱɢɬɵɜɚɸɬ ɫɩɟɰɢɮɢɤɢ ɫɥɚɛɵɯ
ɫɬɪɭɤɬɭɪɧɨ ɧɟɭɫɬɨɣɱɢɜɵɯ ɝɪɭɧɬɨɜ, ɤɚɤɢɟ
ɢɦɟɸɬ ɦɟɫɬɨ ɜ ɉɟɬɟɪɛɭɪɝɟ. Ɂɞɟɫɶ ɜɩɨɥɧɟ
ɭɦɟɫɬɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɚɜɬɨɪɚɦɢ ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ FEM models,
ɡɚɪɟɤɨɦɟɧɞɨɜɚɜɲɢɣ ɫɟɛɹ ɩɨɥɨɠɢɬɟɥɶɧɨ ɢ
ɩɪɨɲɟɞɲɢɣ ɦɧɨɝɨɥɟɬɧɸɸ ɩɪɨɜɟɪɤɭ ɧɚ
ɭɫɩɟɲɧɨ ɪɟɚɥɢɡɨɜɚɧɧɵɯ ɨɛɴɟɤɬɚɯ ɩɨɞɡɟɦɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. ɉɪɟɞɥɚɝɚɟɦɚɹ ɧɚɦɢ ɜɹɡɤɨɭɩɪɭɝɨ-ɩɥɚɫɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɩɪɢɦɟɱɚɬɟɥɶɧɚ
ɬɟɦ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɜ ɪɚɦɤɚɯ
ɟɞɢɧɨɝɨ ɩɨɞɯɨɞɚ ɜɟɫɶ ɫɩɟɤɬɪ ɝɟɨɬɟɯɧɢɱɟɫɤɢɯ
ɡɚɞɚɱ, ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɦɚɫɲɬɚɛɨɜ ɜɪɟɦɟɧɢ
ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɹɜɥɟɧɢɣ. Ɉɧɚ ɩɨɡɜɨɥɹɟɬ
ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨ ɨɩɢɫɵɜɚɬɶ ɢ ɛɵɫɬɪɵɟ
ɩɪɨɰɟɫɫɵ, ɬɚɤɢɟ ɤɚɤ ɜɞɚɜɥɢɜɚɧɢɟ ɫɜɚɣ ɢɥɢ
ɫɬɚɬɢɱɟɫɤɨɟ ɡɨɧɞɢɪɨɜɚɧɢɟ ɝɪɭɧɬɨɜ (ɩɪɨɢɫɯɨɞɹɳɢɟ ɜ ɬɟɱɟɧɢɟ ɦɢɧɭɬ ɢ ɱɚɫɨɜ), ɦɨɞɟɥɢɪɨɜɚɬɶ ɲɬɚɦɩɨɜɵɟ ɢɫɩɵɬɚɧɢɹ ɢ ɢɫɩɵɬɚɧɢɹ
ɫɜɚɣ ɫɬɚɬɢɱɟɫɤɢɦ ɧɚɝɪɭɠɟɧɢɟɦ (ɩɪɨɢɫɯɨɞɹɳɢɟ ɜ ɬɟɱɟɧɢɟ ɱɚɫɨɜ ɢ ɫɭɬɨɤ), ɩɪɨɰɟɫɫ ɪɚɡɜɢɬɢɹ ɞɟɮɨɪɦɚɰɢɣ ɨɝɪɚɠɞɟɧɢɹ ɤɨɬɥɨɜɚɧɨɜ
(ɞɥɹɳɢɣɫɹ ɧɟɞɟɥɢ ɢɥɢ ɦɟɫɹɰɵ), ɚ ɬɚɤɠɟ
ɞɥɢɬɟɥɶɧɵɟ ɨɫɚɞɤɢ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ (ɧɚ
ɩɪɨɬɹɠɟɧɢɢ ɞɟɫɹɬɢɥɟɬɢɣ ɢɯ ɫɭɳɟɫɬɜɨɜɚɧɢɹ).
Ɍɚɤɨɣ ɲɢɪɨɤɢɣ ɞɢɚɩɚɡɨɧ ɩɪɢɦɟɧɢɦɨɫɬɢ
ɟɞɢɧɨɣ ɦɨɞɟɥɢ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɚɞɟɤɜɚɬɧɨɫɬɢ ɡɚɥɨɠɟɧɧɵɯ ɜ ɟɟ ɨɫɧɨɜɭ ɩɪɟɞɩɨɫɵɥɨɤ
ɢ ɨ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɢ ɟɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɥɹ
ɪɟɲɟɧɢɹ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱ. ɉɪɢɦɟɧɟɧɢɟ
ɜɹɡɤɨ-ɭɩɪɭɝɨ-ɩɥɚɫɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɜ ɪɚɦɤɚɯ
ɢɡɥɨɠɟɧɧɨɣ ɦɟɬɨɞɨɥɨɝɢɢ ɪɚɫɱɟɬɚ ɫɨɫɟɞɧɟɣ
ɡɚɫɬɪɨɣɤɢ ɩɨ ɞɜɭɦ ɝɪɭɩɩɚɦ ɩɪɟɞɟɥɶɧɵɯ
ɫɨɫɬɨɹɧɢɣ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɛɟɡɨɩɚɫɧɨɝɨ ɩɨɞɡɟɦɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɜ ɭɫɥɨɜɢɹɯ ɝɨɪɨɞɫɤɨɣ ɡɚɫɬɪɨɣɤɢ ɧɚ ɫɥɚɛɵɯ ɝɪɭɧɬɚɯ.
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GEORECONSTRUCTION
architectural design,
geotechnical engineering, complex reconstruction,
engineering restoration of buildings
The Group of companies «Georeconstruction» (GRF) was
founded 15 years ago by the leading geotechnical engineers
and designers of Saint-Petersburg. Since the earliest days of
its existence the company has upheld and enriched professional traditions and intellectual potential of Sankt-Peterburg
school of construction design.
GRF has revived the best traditions of research design
institutes on the modern cutting edge level of construction
related scholarship. Consolidation of geotechnical research,
calculations and design practice forms the basis for the
company's competitive advantage. Participation in major
international projects enables GRF to exchange experience
with the leading local and foreign geotechnical companies
and design bureaus.

Geotechnical evaluation of projects
and validation of design
• Evaluation of sites’ investment potential
• Site investigation
• Geotechnical calculations, design solutions
• Choice of a safe technology of works
implementation
• Geotechnical calculation of construction
or reconstruction impact on the adjacent
buildings, underground space and
underground mains
• Preparation of geotechnical validation
of design documents
Geotechnical monitoring
• Development of method statements and
geotechnical schedules for special works
• Adjustment of sparing technology regimes
• Deformation monitoring
• Condition monitoring of existing buildings
• Ground water level monitoring
• Vibration and acceleration monitoring
in soils and structures
• Quality assessment of completed projects

Condition surveying
• Construction sites and real estate
• Historic buildings and structures
Works in congested urban environment
• Surveying
• Site investigation
• Geophysical works
Civil and industrial design
• Architectural design
• Construction design and engineering
• Complex development of investment validation,
design and working drawings
• Design of engineering restoration of historic buildings
• Designs for construction, reconstruction and
strengthening of underground structures in
complicated geological conditions
• Design of dewatering and waterprooﬁng
• Foundations for machines with dynamic loads
• Cost and technology optimization of designs
• Expert assessment of designs, design solutions
Special works
• Function of the General Designer
• Function of the Client’s Engineer
• Theoretical and practical construction supervision
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ГЕОРЕКОНСТРУКЦИЯ
архитектурное проектирование и конструирование,
геотехника, сложная реконструкция,
инженерная реставрация зданий
Группа компаний «Геореконструкция» (GRF) создана 15
лет назад ведущими петербугскими геотехниками и проектировщиками. Со дня основания компания поддерживает
и приумножает традиции и интеллектуальный потенциал
петербургской школы строительного проектирования.
В GRF возрождены лучшие традиции научно-исследовательских проектных институтов на новом уровне развития
строительной науки. Объединение научных исследований
в области геотехники, расчетов и проектной практики
составляют основу конкурентного преимущества фирмы.
Участие в крупных международных проектах обеспечивает
GRF обмен опытом с ведущими отечественными и зарубежными геотехническими и проектными фирмами.
Обследование технического состояния
• Объектов строительства и недвижимости
• Исторических зданий и сооружений
Геотехническая оценка и обоснование проектов
• Оценка инвестиционной привлекательности
объекта
• Геотехнические исследования
• Геотехнический расчет, проектные решения
• Выбор безопасной технологии производства
работ
• Геотехнический расчет влияния строительства
или реконструкции на прилегающую застройку, подземное пространство и подземные
коммуникации
• Разработка геотехнического обоснования
проекта
Геотехнический мониторинг
• Разработка проектов производства работ и
геотехнического регламента ведения специальных работ
• Отладка щадящих технологических режимов
• Контроль деформаций объектов
• Контроль технического состояния застройки
• Контроль уровня грунтовых вод
• Контроль параметров колебаний грунта и
конструкций
• Контроль качества возведенных конструкций

Изыскания в условиях городской застройки
• Инженерно-геодезические
• Инженерно-геологические
• Геофизические
Гражданское и промышленное проектирование
• Архитектурное проектирование
• Строительное проектирование и конструирование
• Комплексная разработка обоснований инвестиций (ТЭО), проектов и рабочей документации
• Проекты инженерной реставрации исторических зданий
• Проекты строительства, реконструкции и
усиления подземных конструкций в сложных
инженерно-геологических условиях
• Проекты геотехнического водоотведения и
гидроизоляции
• Фундаменты под машины с динамическими
нагрузками
• Стоимостная и техническая оптимизация
проектов
• Экспертиза проектов, проектных решений
Специальные работы
• Проектирование и мониторинг сейсмостойких
объектов
• Научно-техническое сопровождение строительства и экспертиза безопасности объектов

190005, Санкт-Петербург, Измайловский пр., 4
тел./факс: (812) 316-6118, 575-3587, 251-7098
e-mail: mail@georec.spb.ru http://www.georec.spb.ru

