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Introduction. The progress of modern medicine is largely due to the wide introduction and
use of advanced achievement in information technology and instrumentation. Today, in all
industrialized countries of the world, one of the most urgent social problems are the development and
introduction of new medical technologies to improve the quality of medical care provision. Increasing
the effectiveness of health care delivery standards are one of the most urgent social challenges in all
developed countries, as evidenced by the EU Horizon 2020 / H2020 EU Program for Research and
Innovation, which is being actively implemented during 2014-2020. One of the priorities of this
program is "Social Challenges" with the theme "Health, demographic changes and welfare" aimed at
improving the health and well-being of European citizens throughout their lives.

Therefore, the use of scientific, technical and production potential for the improvement and
development of innovative methods and medical devices are a strategically important task for the field
of Ukrainian biomedical engineering and the development of information technologies in the
formation and support of diagnostic decisions [1-3].

Modern medical diagnostics are based on the evidence-based approach, which is based on the
use of high-precision equipment and new information technologies for obtaining reliable quantitative
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data on the state of the human body. At present, the most active evolution is observed in the functional
diagnostic methods, which are aimed at the registration of quantitative indicators of the physiological
functions of any organ, or the entire organism and the detection of violations, depending on the
specific pathology. This information is especially useful for practicing clinicians, since it allows you to
link the anatomic-morphological and physiological parameters of the investigated organ to clarify the
picture of the pathological process. Functional researches are also actively used in sports medicine, in
professional selection and preventive examinations to determine physical abilities of a person.

But the simple increases in the accuracy of measurements of physiological indicators do not
allow forming and justifying a clear correlation between subjective sensations of a patient and
diagnostic data. Therefore, only modern intelligent technologies support decision's can increase the
reliability of the results of diagnostic studies using specialized data processing methods and providing
the clinician with additional, extended information about the pathological process.

However, the methods and hardware of functional research and medical imaging have mainly
been refined with an emphasis on conducting exclusively diagnostic procedures and, as their logical
development, in the last decade began to develop the direction of computer simulation and planning of
surgical interventions. The problem of development of intelligent technologies for modeling surgical
interventions, taking into account the capabilities of modern diagnostic and surgical equipment, was
considered rather isolated, narrowly are specialized, without the use of a systematic approach. At the
same time, the lack of theoretical foundations and clear principles of modern intellectual technologies
for the simulation of surgical interventions significantly limits the possibility of increasing the
efficiency of surgical treatment methods and complicates the transition of surgical procedures to
modern standards and criteria of evidence-based medicine [4-5].

The complexity of planning methods for surgical interventions at the present stage are dictated,
first of all, by the complexity of the diagnostic and therapeutic tasks faced by a specialist in a large number
of technical means and the receipt of heterogeneous information in this structure. In this case, special
attention should be paid to the development of instrumental methods of functional diagnosis, according to
objective data, which are implemented procedures for planning of surgical intervention.

But nowadays despite the development of technical means in functional diagnostics, the problem
of data repeatability during the measurement of physiological parameters of the human body in the absence
of a standard remains actual topical issue. Such methods at the present stage require the introduction of
clear and demonstrable criteria necessary for making informed diagnostic decisions, forecasting and
determining the effectiveness of functional operational interventions at the evidence level, which are only
possible through the application of intelligent processing and analysis technologies.

Therefore, the purpose of the work is to create of intelligent technologies for functional
diagnostics and simulation of surgical interventions based on methods of instrumental evidence-based
diagnostics, virtual modeling and prediction of the results of surgical interventions.

Results of the study. The development is based on the years of experience of domestic
specialists in the field of medical instrumentation and information technology, cooperation with
leading medical centers and foreign institutions, which has enabled the creation of an excellent
biotechnical complex that uses modern technical solutions, complex biophysical models, intellectual
technologies and structural forms for increasing the validity of the results of diagnosis and
effectiveness of holding surgical treatment.

Domestic and direct analogues in the world of the proposed complex are not present, and the
number of significant foreign publications confirms that this is the first system development in the
field of biomedical engineering for virtual simulation and computer planning of surgical interventions
based on intelligent data processing and data analysis [6-8].

The scientific part of the work is that.

— for the first time the theoretical bases and conception of creation of intellectual
technologies of functional diagnostics and designs of surgical interferences, that are based on the
decision of configuration and trajectory tasks and association functional and anatomic diagnostic data,
that allows the development of modern automated biotechnical complexes of evidence-based
instrumental diagnostics and surgical treatment are developed;

— the concept of developing diagnostic process for nasal breathing testing has been further
developed, which, due to the application of the method of dynamic back active rhinomatometry with
forced breathing and intelligent data processing technologies, provides assessment of the aerodynamic
resistance of the upper respiratory tract with maximum physiological measurements procedures taking
into account individual variability;
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— for the first time on the basis of the intellectual analysis of indicators of nasal acrodynamics
on a microlevel the theoretical ground of mechanism of injuring of mucous membrane of nasal cavity
is conducted by the current of air flow has been carried out, which is based on the definition and
comparison of the corresponding values of the thickness of the laminar membrane airflow and
roughness of the mucous membrane, which allow to increase the adequacy of the methods of diagnosis
and surgical treatment. pathologies associated with nasal breathing disorders;

— for the first time, a method of computer simulation and configuration planning of
rhinoconstrictive interventions were developed on a comprehensive aecrodynamic model of the upper
respiratory tract, based on the combination of anatomical data of computer tomography and functional
results of rhinomatometry, which allow, on the basis of virtual modeling, corrective surgical
interventions for data of a deforming warping mathematical model to predict the functional results of
the operation depending on the modes of breathing and the individual physiological variability [5].

— for the first time, the concept of the formation of a minimally traumatic trajectory of
neurosurgical access has been developed, which is based on the intellectual technology of constructing
a map of indexes of risk of damage to anatomical and functional structures of the brain, which allows
to increase the efficiency of neuronavigation and reduce the risk of postoperative complications.

— the method of modeling of corrective ophthalmic interventions in the treatment of
strabismus is

— proposed, which is based on the three-dimensional model of the oculomotor apparatus and
the introduction of the geometric properties of the eyeball in the ophthalmic spherical coordinate
system and allows to take into account the indices of individual anatomical variability in computer
planning of surgical interventions.

— the method of modeling of corrective ophthalmic interventions in the treatment of
strabismus is proposed, which is based on the three-dimensional model of the oculomotor apparatus
and the introduction of the geometric properties of the eyeball in the ophthalmic spherical coordinate
system and allows to take into account the indices of individual anatomical variability in computer
planning of surgical interventions.

— the method of diagnosing arterial pathologies of the human blood circulation system is
improved, which differs from the existing one by the fact that using expert knowledge bases concerning the
basic hemodynamic parameters allows to concretize the degree of severity of the disease and obtain
predictive parameters taking into account individual variability at the evidence level;

— the theory and methods of constructing audiometry and acoustic impedancometry methods
have been developed, which allowed, on the basis of the obtained analytical expressions of the
measurement and reproduction equations, to determine the ways of increasing their accuracy, and also
to expand the functionality due to the implementation of the method of HF audiometry not only in air,
but bone conduction of sounds, taking into account the age and sex of the subjects under the formation
of a conclusion on the state of their hearing, automation of the procedure of research, implementation
of additional modes of the environment TION and integration methods audiometry and acoustic
impedancemetry one vehicle.

The practical significance of the work is that:

— implemented intellectual technologies in diagnostic devices with advanced functional
capabilities; appropriate methodological recommendations for instrumental diagnostics and computer
planning of surgical interventions have been developed, which in the long run will solve the problem
of equipping medical centers with high-quality and inexpensive domestic equipment;

— the methods of attestation, calibration and preliminary clinical approbation of diagnostic
devices have been developed, as well as the basic medical and technical requirements and practical
recommendations for designing biotechnical complexes of virtual simulation and computer planning
of surgical interventions in various fields of medicine [9-10];

— advanced understanding of the physiology of the upper respiratory tract due to the
developed mathematical models and intelligent data processing technologies, which allows receiving
support for the adoption of diagnostic solutions taking into account individual variability;

— the results of the work have been implemented in production, in the creation of perspective
plans for the manufacture of medical equipment, in various clinical institutions of Ukraine and in the
teaching of disciplines in several universities of Ukraine.

Joint research with Kharkiv National Medical University, Ukrainian Medical Stomatological
Academy (Poltava), National Technical University of Ukraine "Kyiv Polytechnic Institute", Vinnytsya
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National Technical University, CM Clinical Hospital and MK "Kharkiv Regional Clinical Hospital"
have been fulfilled.

Brief contents of the work. Based on practical experience, the concept is proposed based on
the intellectual technologies of functional diagnostics, virtual modeling and computer planning of
surgical interventions in otorhinolaryngology, ophthalmology, neurosurgery, plastic surgery and
vascular surgery, which is based on the principles of trajectory and configuration virtual simulation of
surgical interventions. The principle of configuration virtual simulation of surgical interventions is
based on the study of a complex morpho-functional model of the anatomical region and the prediction
of functional treatment results by modifying the geometric properties of anatomical structures (fig.1).
The principle of trajectory virtual simulation of surgical interventions is based on solving the problem
of determining the optimal (according to the criterion of least traumatism) surgical access to a definite
anatomical region [11-12].

Principles of computer planning of
surgical interventions

Determination of anatomical

configuration Definition of surgical access

Fig. 1. Classification of the principles of computer planning

The biotechnical complex of computer planning of surgical interventions, which includes
systems of introscopic diagnostics, which allows to carry out the anatomical mapping of the structures
subject to operational intervention, the system of functional diagnostics, which allows to obtain data
on the functioning of the investigated structures, systems of computer planning of surgical
interventions, in which the formation of initial parameters for surgical equipment is carried out on the
basis of virtual simulation forecasting anatomical and functional results of surgery [3-4].

The authors suggested that the system of computer planning of surgical interventions includes
a module for constructing a complex anatomical and functional model, which is formed according to
the data of an introscopic examination and the results of functional diagnostics, modules of virtual
simulation of surgical interventions, prediction of results and formation the source data for the
management of surgical equipment, and an independent module, for example, a cytological,
verification of the results. In the visualization and rapid prototyping module, the results of the work
are displayed at all stages of the system's operation and the possible production of full-scale 3D
models for visual phantom simulation of surgical interventions.

F————— — — — Intrascope diagnostic system | _ . __ -
I = I
I |
¥ ¥ |
System of computer planning Surgical equipment FPat\em
of surgical == - - m
interventions e ¢ m
) Y I
| . . I
| Functional diagnostics system | |
-

1 —_— — —

L= = = mu—n— = = ) et

Fig. 2. Biotechnical complex of instrumental diagnostics and computer planning of surgical
interventions

6 6(24), Vol.2, June 2018 https://ws-conference.com/webofscholar



Web of Scholar ISSN 2518-167X

] Postoperative |
| Anatomical data verification data |

Functional data To the surgical system
D1, D2..Dp i
Y Y Y
Module for the construction Module of independent
= Module virtual simulation of Medule for forecasting resulis : :
ofa Cc%zﬂnpcltt?;r?arr%%rggai And surgical interventions and input data VEHCATON
— = O |

L Module of visualization and J
rapid prototyping

Fig. 3. The system of computer planning of surgical interventions, the work of which is illustrated by
the example of functional rhinosurgery

Thus, the authors proposed intellectual technologies for modeling and computer planning of
surgical interventions on the basis of complex processing and analysis of diagnostic data implemented
in rhinolaryngology, otology, ophthalmology, neurosurgery, plastic and vascular surgery.

In rinology In neurosurgery

Biotechnical complex of In ophthalmology
instrumental diagnostics and —
computer planning =]

In plastic surgery In vascular surgery

Fig. 4. Areas of application of the proposed intellectual technologies by the authors, where practical
application has already been obtained

Development has a pronounced complex socio-economic effect, which is achieved by a direct
decrease in the cost of the proposed remedies in comparison with known counterparts, taking into
account the reduction of the cost of staying in the hospital and payment of sick leave, reducing
relapses and reducing the loss of production due to illness of the worker by reducing the time spent on
stationary treatment.

The work consistently solves the problems of creating intelligent technologies of objective
instrumental diagnostics and computer planning of surgical operations in various fields of medicine
that require high-precision modern equipment. This allows specialists from different fields to get
acquainted with the proposed developments and prepare for their use in practical activities. The future
improvement of computer simulation of surgical interventions is to find opportunities for further
formalization of the methods of modeling of medical influences, the development of mathematical
models and methods for forecasting and assessing the effect of the degree of correction of anatomical
and functional structures on physiological parameters.
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It is established that in the trajectory principle, in order to provide the optimal criterion for the
least invasive surgical access, it is necessary to introduce the function of the integral invasiveness of
the trajectory of the surgical instrument, which is based on the use of indices of invasiveness of the
anatomical and functional structures of the brain, depending on the level of the danger of damage. The
use of the power integral invasive function allows ranking of possible trajectories of surgical access
without the effect of accumulation overlap in the total number of invasive indexes, which provides
exhaustive mapping of the skull and structures of the brain in terms of the risk of operational damage
and allows the creation of a database of operational access with intelligent decision support technology
in consideration individual anatomical variability [8].

At the configurational principle there is a need to combine the findings of aerodynamic
modeling with the data of computer tomography and the results of rhinomatometric diagnostics for
adequate interpretation and independent verification of nasal breathing test methods.

Methods for determining the aerodynamic characteristics of the nasal cavity on the basis of
intelligent processing of computer tomography data allow for virtual simulation of correction of
endonazal structures, which makes them more promising in relation to standard rhinomatometry, due
to the possibility of using their prognostic results in computer planning of functional rhinorhirurgic
interventions. Moreover, the combination of a modern elemental base with new information
technologies and methods of intelligent data analysis allows us to discover new patterns regarding
physiological processes and, for example, to study the influence of air flow on the nasal cavity mucous
membrane at the micro level and to identify mechanisms for the development of chronic upper
respiratory diseases, which associated with respiratory disorders.

The methods of metrological attestation, calibration and operation of the original nasal
breathing test device are developed, which allows to create practical recommendations for conducting
rhinomatometric diagnostics, which is related to the correct placement of measuring and auxiliary
devices, processing and analysis of data, which can prevent gross errors in interpretation. results when
testing nasal breathing [7].

It has been established that in modeling of surgical intervention on human facial tissue on the
basis of the developed method of moving related volume elements, in order to preserve the spatial
configuration of anatomical structures, the voxel density of the virtual model should be not less than
5000 elements per cubic centimeter, but for computer the functional rhinoconjugation modeling is not
less than 7,000 voxels per cubic centimeter of tissue, due to the accuracy of constructing a geometric
model for the further determination of aerodynum ary air flow characteristics.

Conclusions. The metrological methodical and hardware support for audiometrers and mid-
ear analyzers with advanced functional capabilities has been developed, improved and experimentally
tested, and this is the basis for further work on creation and improvement of the metrological support
system in the field of high-frequency audiometry and acoustic impedancometry in Ukraine. These
tools provide an opportunity to solve the problem of early diagnosis and prevention of hearing
impairment in different groups of the population.

The method of computer modeling of ophthalmic interventions is developed, which, based on
the calculation of the moments of the forces of the oculomotor muscles on the surface of the model of
the eyeball, allows to determine the resulting moment of the forces of the whole complex of eye
muscles and to predict the consequences of surgical intervention.

Software tools for trajectory computer programming and experimental model of hardware and
software for surgical navigation are developed. The basic medical and technical requirements for a
computer planning system and practical recommendations for its operation are determined.

The work highlights many years of experience gained by the authors in collaboration with
prominent scientists, research and technological institutes of Ukraine, in international collaboration
with the Institute of Multiphase Processes of the University. V. Leibniz (Hanover, Germany) as part of
BMBF, DAAD,

Erasmus + projects.

On the subject of work published 324 scientific works, of which:

— monographs - 25;

— study aids - 2

— Patents and Inventions - 33;

— articles in scientific journals - 193, of which published in foreign publications - 57;

— abstracts at scientific conferences - 69;

— Theses for obtaining the degree of Doctor of Technical Sciences - 3;
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— Theses for obtaining the degree of a candidate of technical Sciences - 29;
— Theses for obtaining the degree of a candidate of medical sciences - 1;
— h-index for work in Scopus - 10, h-index for work in Google Scholar — 14
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BBenenue. OCHOBHYIO YacTh OPOCHTEIBLHON ceTH Y30eKHcTaHa COCTABISIOT OPOCHUTEILHBIE
KaHaiael. IIpH MX CTPOMTENLCTBE, II0 PA3IWYHBIM CYOBLEKTHBHHEIM M OOBEKTHBHBIM IIPHYHHAM
(6ompIIas MPOTSHKEHHOCTH, IOBEIIMIEHME MaTEpHalIbHBIX 3aTpaT), HE OCYIIECTBIAIAChL OCTOHHAas
00JIHMIIOBKA JOHBEB U Oeperos. M3-3a SKOHOMHYECKON HEIeleco00pa3sHOCTH, KaHaIbl OOBIYHO AeIaan
3eMIISHBIMU, YKPEIUIAS JIMIIb OTAEIbHbIE, Hanboee onacHble yyacTku [1].

Heobnuiiopanueie 3eMIsTHBIE KAHAIBI OPOCUTEILHON CETH Y 30eKrCTaHa MOXKHO ITOAPa3aeInTh
Ha KaHajJlbl C YCTOMYMBBIMH M HEYCTOMYMBBLIMH DPYyCIaMH. Y CTOMYMBBIMU SBISIOTCS KaHANbI, B
KOTOPBIX 3aMeTHEIE HeoOpaTuMbIe AehOpMalMK OTCYTCTBYIOT, 4 OUYEPTAHMS IOMEPEUHOI0 CEUEHUS,
MPOJOJIbHBIE YKJIOHBI M IIOJOKEHUS pycell B IJIJaHE HPaKTUYeCKH He H3MeHSIOTCAa. OCHOBHBIM
KPUTEPHEM HAICKHOCTH WM IIOKa3aTeieM KadecTBa (YHKIMOHUPOBAHMS KaHala SBIISIETCS €ro
MPOITYCKHAS CIIOCOOHOCTh, T.€. MaKCHMajbHOE KOJIMYECTBO BOJBI B CIUHHUILY BPEMEHH, KOTOPOE
MOKET OBITh MepeaaHo morpedutensMm. Kanam ¢ 3eMJISSHBIM PYCIIOM, ¢ TOYKH 3PEHHSI DKOJIOrOB, B
KaKOM-TO CTENEHH, MaJI0 BJIMACT HAa OKPYXKAIOUIYI0 Cpely, HO XapaKTepH3yeTcs WHTCHCHUBHBIMHU
PYCIOBBIMH IPOILIECCAMH, KOTOPBIE COMPOBOXKAAOTCS PE3KUM M3MEHEHUEM MPOIYCKHON CITOCOOHOCTH
Y DKCIUTyaTallMOHHOTO COCTOSIHUS KaHana [2, 3, 4].

Metoguka wucciaenoBanms. IlogBojsmmii KaHal YUKBI3bUICKOTO BOJOXPAaHWIMINA TaKXe
COCTOUT M3 3EMJITHOTO pyciia. YUKBI3BUICKOE BOIOXPAHUIIHUIIE - BOJOXPAHWIHINE HAJTMBHOTO THUIIA,
CE30HHOr0 perynupoBaHus. OHO pacmoiiOKEHO B HIDKHEM TedueHnu peku CypxaHmapbu, Ha 18 kM
ceBepo-3amnanHee T. Tepmesa, B Tepmesckom paiioHe CypxaHnapsrHCKOW oOnactu PecryOnuku
VY30ekucTan. BogoxpaHuIuIne CIIYyKUT Ui aKKyMYJISIIIME OCEHHE-3UMHEIr0 CTOKa W MpeaHa3HA4YEHO
JUTS. TIOBBIIICHUSI BOAOOOECIEUEHHOCTH 3eMeNb CYIIECTBYOIIEro opoiieHus Ha 13,8 Teic.ra. Kpome
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TOro, B cCiydyae HEOOXOAMMOCTH, W3 BOJOXPAaHWIWINA OCYIIECTBISICTCS TIOANUTKA CHUCTEMBI
TepMmesckoro kaHana.

Bonoxpanwmmiie Hamonmusiercst u3 pekun CypxaHIappd MO KaHATy 3aHT, pacrlpeleluTento
3anr-9 u noaBoIAIIEMY KaHATY.

Yama BOIOXpaHHUJIMIIA 3aHUMAET €CTECTBEHHYIO MOJKOBOOOPA3HYI0 KOTIOBUHY B Tpelenax
ypounia Kartrakym, B paiioHe pa3be3a YUKBI3bII C KOHIAMH, OOpalieHHBIMH Ha IOro-3amaj] 1o
HaTpaBJICHHIO K peke AMynapse. Penbed MecTHOCTH, TPUIIETaloNIMi K BOJIOXPAaHUIIUIILY, TOBBIIIAETCS
M0 HANpaBIICHUIO Ha CEBEp. 3HAUMTEIbHBIC BO3BBIIICHHOCTH HAXOIATCS TaKKe K CEBEpo-3amanay oOT
nmoceska Yukbi3pul. Ha 3amaze u tore, MECTHOCTh MPEACTABIISICT COOOH MOYTH POBHYIO MOBEPXHOCTD,
TIOCTEIEHHO MOHIDKAIOIIYIOCS Ha 0T - K PYCiIy peku AMymapsu [5].

[TomBomsamuii kKaHal HAYMHACTCS HAa BOCBMOM KHJIOMeETpe KaHana 3anr-9. [[nmna xanama —
6 KM, TIPOITYCKHAs CIIOCOOHOCTh Ha TOJIOBHOM ydacTKe - 18 M’/cek, Ha ocTanbHOM — 15 M'/cex. Kanan
UMEeT 3eMIITHOE PYCIIo, TONbKo Ha mocieauux 400 M, mepea BHaJeHHEM B BOJOXPAHWIIMINE, PYCIO
KaHaja uMeeT OeroHHyro oOnmmoBky. Ha mepBbix 400 M, kaHal NPOXOJUT B CYINIMHUCTBIX H
CcymecuaHblX TpyHTax. KaHanm mMeer TparmenenjalibHOE CEYSHHE, C 3aJ0KEHHEM OTKOoca
m = 1,0, mumpuny aHa - 7,0 M 1 CTPOUTENIBHYIO TIYOHHY - 2,5 M.

[MonBosimuii kaHan mepecekaeT aBTOMOOHMIIBHYIO JOPOTY BOJOIPOIMYCKHBIM COOPYXEHHUEM
MPSIMOYTOJILHOTO CEYCHUS, HMKHUN Obed KOTOPOro IMOJBEpKEH WHTEHCHBHBIM JedopmanusM. B
HWKHEM Obede BOJOMPOIYCKHOIO COOPYKEHHS MPOU30ILIH CYIECTBEHHbIE N3MEHEHHUSI, YTO CHIILHO
MOBIIHUSIIO HA MPOMYCKHYIO CIIOCOOHOCTH KaHaa.

Kak mokaszanu pe3ynbTaTbhl aHaM3a MaTEepPHUajoOB IOJEBBIX HCCICAOBAHUA — MPUYHHON
nehOpMaIlMOHHBIX IPOIECCOB  CTAl0 HEMPaBHIBHOE CONpsKEHHE Obe(OB BOMOMPOINYCKHOTO
COOpPYXKEHHS, W3-32 HECOOTBETCTBHSI THIPABIMYECKUX MApaMETPOB IMOTOKA M TE€OMETPUYECKHX
pa3MepoB pyciia KaHajia (PUCYHOK 3).

Puc. 1. Cospemennoe cocmosmue HudxicHe2o dbedha 8000NPONYCKHOZO COOPYIHCEHUSL
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PesyabTaThl McciaenoBaHusi. s yiydiieHHs yCIOBHH SKCIUTyaTallMd OBUTH IIPOBEIICHBI
HECKOJIBKO CEepHi THAPABIMYECKHX PACUETOB COINpPsDKEHHs ObeoB, KOTOpHIE OBLIM MPOBEPEHBI HA

YCJIOBHSI HEPA3MBIBAEMOCTH.
[lo pe3ynbTaTaM rHIpaBIMUECKAX PACUCTOB YCTAHOBIICHBI ITyOMHA MOTOKA B HUXKHEM Obede

BOJIONIPOITYCKHOT'O COOPYKEHHUS M 3HAYEHHUS COMPSIKEHHBIX TIIYOMH TTOTOKA, B 30HE COMPSHKCHUS:
h=1,07m;h"=2,6Mm;h =0,8m
PacuerHas BbICOTa THAPABINYECKOTO MPHDKKA COCTABHIIA:
a=h"-h=2,6-0,8=1,8 M

BoiBoabl. Ilo pe3yabTaTam TUAPABIMYECKHUX PACYETOB PEKOMEHIOBAHO CTPOMTEILCTBO
COIPSITAIONICTO  COOPY)KEHHUS, COOTBETCTBYIOIIETO  yCTAHOBJICHHBIM  PACUCTHBIM  3HAYCHHSM
TUIPABINYECKOr0 MPBDKKA, IIOAIEPTOMY HOATOINIEHHOMY PEXUMY COIPSIKEHUS.

CornacHO pe3yiabTaTaM pacdeTa pPEKOMEHIOBAHO YBEIMYUTh PACUCTHYIO IJIyOMHY

BO000IHOrO Komoaua Ha 5...10 %:

d e =(1,05..1,10)d =1,1-0,4 = 0,44 = 0,5 .

JinHy BOIOOOHHOIO KOJIO/AIA PEKOMEHI0BAHO MPUHSTH:
[, =(0,7.0,8) =0,7-7,4m=5,18m=5,2m
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BBenenune. Amymapps - ogHa U3 caMbIX MYyTHBIX pek LleHTpanbHoil Asuu. B HacTosmiee
BpeMsl, TUAPOJIOTHUECKUN PeXUM AMyZapbu CHJIBHO MCKa)K€H KaK YaCTUYHBIM 3aperyaupoBaHUEM
KHUJIKOTO CTOKa pEeKHu Baxmi, Tak W CHCTEMaTHYECKH YBEIWYHBAIOIIMMCS OTOOPOM BOJBI IS
opomenuss B Kapakymckuii, Kapmmuckuit Marucrpansasie (KMK) u  Amy-byxapckwuii
Manmnuelii(ABMK) u npyrue kpynHble KaHaJbl.

Pyciio ee B cTBOpe BO/103a00POB CIOXKEHO CIAOBIMU MENKOIECYaHBIMH TPYHTaMH, KOTOpBIE
BCJICICTBHE BBICOKUX CKOpPOCTEl TedeHHsI IOTOKa, OONBIIMX YKIOHOB JHA pycia M CBOOOAHOM
MOBEPXHOCTH MTOTOKA, OONBIION TPAHCIIOPTHPYIOLIEH CIIOCOOHOCTH TOTOKA MOABEPIKEHO MOCTOSHHBIM
TITyOMHHBIM ¥ TUTAHOBBIM JiepopmariusiM. Bee 3To BMecTe ¢ JIerkONOABHKHBIM PYCIIOM, 110 KOTOPOMY
npoTekaeT AMyAapbsi, CO3Aal0T YCIOBUS JUIsL ONMyKIaHUs TIOTOKA, Pa3MbIBasi TO MPAaBbIid, TO JIEBBIH
Oepera, cMbIBass OCBOCHHBIC 3€MIIM, pas3pylias JamObl, YCIOXKHSS YCIOBUS JKCILTyaTaluu
OCCTIIOTUHHBIX BOJ03a00poB. B CcBOIO oYepenb, CTPOUTENHCTBO OECIJIOTHHHBIX BO/I03200pOB
BBI3bIBACT HApyIIEHHWs B pycle pekn AMydapbs, M3MEHAS €€ PYCIOBOM Mpolecc, MOCKONbKY
BOJ03a00p M3 PEKH OCYIIECTBIAETCA HEMPONOPIHOHAIBHO KOJIMYECTBY HAHOCOB, HAINpUMep,
nocrynaromas Boja k noxasomsauiemy kanany KMK npeaBaputenbHO ouuIaeTcss OT OMpeAeseHHbBIX
(¢paknuii HAHOCOB, KOTOpbIE COpPACHIBAIOT B MOMMYy pekd. Peka, morepsiB yacTh pacxoja BOIBI H
yBEIMYMBas CBOIO MYTHOCTb 3a CYET COpOIIEHHBIX HAHOCOB, CIIOCOOCTBYET CHIDKEHHIO CBOEH
TpaHcnopTupymomeil  crocodHoctd. CrenoBaTenbHO, HIDKE TOYKHM BOJ03a00pa  MPOHMCXOIUT
OTJIO)KEHHE HAHOCOB, MPUYEM OTJIOKEHHE MPOHUCXOAMUT BJOJIb TOro Oepera, B KOTOPOM HaXOIUTCS
TOYKa BOA03a00pa. 371ech HAYMHAIOT PACTH OTMETKH JIHA PEKH M MPOMCXOAUT JIBOWHOE BO3JCHCTBHE
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Ha pyClO: BO-NIEPBBIX, IIOTOK OTTECHSACTCS  OTJOXKUBIIMMHCS HAHOCAMH B CTOPOHY
MIPOTUBOIIOJIOKHOTO OT BOI03a00pa Oepera; BO-BTOPBIX, B peke (HOPMUPYETCs MONEPEUHBIN YKIIOH
IOTOKA, TaKKE B CTOPOHY IPOTHBOIIOJIOKHOTO Oepera. B cuiy ckazanHoro, B palioHe Boj03a00pa
YXYALIAKTCS YCIOBHUS JJIs TapaHTHUPOBAHHOTO 0TOOpa BOJBI. PyCiio peku MOCTOSHHO YXOIUT OT TOUKH
BO/03a00pa, B pe3yjbTaTe A3TOr0 Ipolecca YXYAIIAIOTCS YCIOBUsS Bopo3abopa. OOecreueHue
rapaHTHPOBaHHOI'O BOJI03a00pa TpeOyeT orpoMHbIX 3aTpat. Hampumep, B patione Bogo3adopa B KMK
ITOCTOSIHHO BBIMOJIHSIOTCS PYCIIOPErYJIMPOBOYHBIC H OEperoyKpenuTeIbHbIC PadOThI.

B paiione BhbIllIEyKa3aHHOTO BO03a00pa CPEIHAS MHOTOJETHSISI MyTHOCTh BOJBI, 11O JaHHBIM
HATypPHBIX M3MEPEHHUH, cocTaBiseT 3,58 kr/m3. M3amMepeHHast e CpeiHsist CyTOuHas MYTHOCTh BOJBI B
peke 3a rojpl HaOMIOJCHMN cocraBuia 5,12 kr/mM3; MUHUMaJbHAs TOAOBas MYTHOCTb COCTaBHJIA
1,78 kr/m3; wmakcumanbHas - 3,30 kr/m3. Ilpum 5TOM, CpemHUIl MHOTOJIETHHH TOJOBOW CTOK
B3BEILICHHBIX HAHOCOB AMy/Japbu y Mbica [lynusunman coctaBui 23 MITH. TOHH. MyTHOCTh BOJBI HJIH
coJiepKaHWUEe TBEPIOro Marepuaja B OJHOM KyOOMETpe BOIBI  SBIISETCS  IMOKa3aTelneM
TPaHCIIOPTUPYIOIICH CITIOCOOHOCTH MOTOKA. B COOTBETCTBUH ¢ M3MEHEHUSIMH YCIOBUH (DOPMUPOBaHUS
JKUJKOTO CTOKa M BOJHOCTH PEKH. MYTHOCTh BOJBI B peke cTBopa Kepku cocrabiser 3,3 kr/m3,
M3MeHssACh B mipenenax 1,7-5,1 kr/m3 (Tabmuia Nel).

Habnronaemass MakcuMasibHasi MyTHOCTh cocTaBwiia 22 kr/m3. Uuciio JHEH ¢ MYTHOCTHIO,
npeBbiiaomeit 1,0 kr/mM3 MoxxeT cocTaBuTh 110 310 mHEH.

Tabnuma 1.
CpefiHre MecaYHele MYTHOCTH Bofdb! p. AMyaapbA - . MynuanHaa pacnonoxeHHeli B 18 KM Bellwe rm. Kepku
Ne [rogel  [OBosn. |l I [ [Iv v [VI Vit v JIX [X [XI [XI [roa
[onoBa KaHana
1 1998 |m3ic 1,21 144 360) 541| 890 864 942| 742 482 280 198 077 470
2 1999 |m3ic 1,100 130] 158 443| 636 442| 817 543| 310 271 222 235 360
3 2000|m3/c 1,92 124 168 157 305 379 524 416| 243| 275 1,71 121 253
4 2001|m3/c 1,03] 120 161 144 391 513| 314 280 208 085 072 111 217
5 2002|m3/c 086| 103 128 266| 266 211 245 259/ 198 161 106| 084 176
cp m3/c 114| 124 195 310 498 482| 568| 448] 288 214| 154] 126| 295

YBennuenue MYTHOCTH HAYMHACTCA B MapTC, MaKCUMAJIbHbIC 3HAYCHUA HaGHIOI[aIOTCSI B Mac-
utoHe. Criai MyTHOCTH HPOJOIDKASTCS 10 KOHIIA CEHTSIOPSI.

AMH.III/ITYZ[a HU3MCHCHUSA pacxXodga W YpPOBHA BOABLI IO MECIAaM IMPOUCXOAWUT B OOJIBIIINX
nranazoHax. Takwe pe3kue KoieOaHusi pacxofqoB Boxbl, Bxogsmpe B KMK  cBsizanbl ¢
HE3aperyJMpoOBaHHOCTBIO BXOJHOTO CTBOpa W TpadUKOM BOAOMOTPEOICHUS, BO BpEMs IMPOMBIBA
mojieil OT COMM M BIATO3APSAKM HMX TIepe]] IOCEBOM U OpOLICHHEM pa3UYHbIX BHJIOB
CENbCKOXO035MCTBEHHBIX KYJBbTYP B TCUCHHEC BCECI'0 BEr€TaAllMOHHOIO Ie€proja.
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Puc. 1. I'paguk usmenenus pacxooa 600wl 8 paiione becniomunno2o 60003abopa 6 Kapuiunckom
Mazucmpanvrnom Kanane

W3Menenus: exxenHEBHBIX YPOBHEH BOIBI p. AMyJaphsi B pailoHe B0J03a00pOB MOKA3BIBAIOT,
YTO OHH YCPCAYIOTCA PE3KUMU HOII’béMaMI/I n cragamMy. B MHOI'OBOJAHBLIC TOJbI IPOXOXKIACHUC
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pacxoaoB COMMPOBOXKIACTCA BBICOKMMHU  YPOBHAMH BOAbI, BO3HUKAIOT HAWJIYy4YIIUC YCIIOBUA
1301103360pa, W 3HAYUTCIBHBIC 3aTPYAHCHUA IPU OpTraHU3allUM IMOoJa4Yu BOABLI HE HaGHIO)j[aIOTCH, HO
CIIelyeT OTMETHTh, YTO BMECTE C BOJJHBIM TIOTOKOM B IOJBOJISIIIEE PYCIO KaHaa MOCTyaeT OobIioe
KOJIMYECTBO HAHOCOB. B CBOIO ouepesb, Al obecredeHusl SKCIUTyaTalliOHHBIX YCIOBHH Tpedyercs
BBINIOJIHEHUE 0OJIBIIOr0 00beMa OYUCTHBIX paboT B MOABOJAIIEM KaHaie. EcTecTBeHHO, 3a CYET ATUX
KOJIOCCAJIbHBIX 3aTpaT YBEIMUYMBACTCS CEOECTOMMOCTh BBIpAIMBAEMON CEIbCKOXO03SHCTBEHHOM
KYJIbTYpbI, KOTOpas OpOINAETCs TPAHCIOPTUPOBAHHON Bojoi. HauOoubllKMe CI0KHOCTH MPH
OCYHIECTBJICHHHU I10Ja491 BOJAbl BOBHUKAIOT B IIEPUOA MEXKECHHU, U OCO6eHHO B MaJIOBOAHBIC I'ObI.

Paccmorpenne M3MeHEHHMH YpPOBHEHHOTO peXuma p. AMyJapbsi JTaeT BO3MOXKHOCTB Oolee
MOJTHO OXapaKTepH30BaTh €ro M3MEHEHHEe Ha cTBope Bxojaa B monsoxammii kanan KMK B paitone
Meica [lynusunnan. B mamoBoaHble Tojpl, B mpoiiecce nepeOpMUpPOBaHHS pyclia PEKH, 4acTo -
HaOIIolaeTcsl cBaj TOTOKA, K OJHOMY K3 OEperoB, W OTXOJOB PEKH OT TOYKH Bono3abopa. B
pe3yabpTaTe 3TOr0 YCIOXKHAETCS MPUBOJ] TUIAHOBBIX Pacxoi0B BOABI K moaBosanieMy kaHary KMK u
Jlajiee K HAaCOCHOM CTaHIIMHU TEPBOTO MOIbEMA.

TpaHCIOPT MPOJYKTOB OYMCTKYA BHU3 IO TEYCHUIO IPOUCXOIUT TPH OONBIINX PACX0JaX PEKH,
a B MaJIOBOJIHBIC T'OJIbI TPAHCIIOPT HAHOCOB BHU3 pe3Ko cHukaercs (Tabmuia Ne2).

Ta6mua 2. CpeHeneKa/Hble, MeCSIHbIE MyTHOCTH BOZIBI . AMY/Iaphsi 32 MAJIOBOJHbBIE FOIbI B KI/M

nexkaasl [O6oaH. I [ [ [V [V VI [VII [V [IX [X X [XII [ron
ManoBoaHew roa - 1987 1.

| mic 2200 054 230 6500 480 970 820 500, 410 250, 400 330

Il m3ic 250 059 660 560] 370/ 660 820 410 390 370, 210 240

Il m3ic 230 061 540| 1300] 800/ 600 750 510 310 570 230 190

cp M3/c 233] 058] 477] 837] 550 743] 797] 473] 370] 397] 280] 253] 456

nexaasl |06oaH. [l Il [ [Iv [v [VI Vit v X [X [XI Xl Tron
ManoBoaHeIi roa - 1986 1.

p w3l | 260] 220] 230] 240] 220l 2200 230] 2400 290] 180] 220] 2300 231

[ToBTOpEeHME MaOBOMHBIX JIET OJMH 3a APYTMM W HH3Kas TPAHCIOPTUPYIOIIAs CIIOCOOHOCTh
MOTOKA TIPUBENH K MOCTSIIEHHOMY HAKOIIJICHUIO OOJILIIIOTO KOJMYecTBa HaHOCOB B oTcTroiiHnke KMK.
Kak ormeyanochk BbIIIe, PyclO PEKH IOJIBEPKEHO WHTEHCHBHBIM JedopMmanusam. B pycie peku
Amynapbsi, B paiioHe BOJ03a00pOB, TPOUCXOJAT MacIITabHble ¥ HEOOpaTHMbIE PYCIOBBIE
nedopmanmu. VHTEHCUBHOCTH OTHX MPOIECCOB CHIBHO OCIOXHSIET YCIOBHS OKCILTyaTalluu
B0J103a00POB.

BuiBoabl. AHanu3 pyciaoBOii 00CTaHOBKU PekH AMyJaphbs, B paiioHe Bogo3adbopa B KMK naer
BO3MOYKHOCTB CJIENIaTh CIEAYIONINE BHIBOIBI:

— W3-32 MHOTO()aKTOPHOCTH PYCIOBBIX IPOIECCOB B MPOCTPAHCTBE M BPEMEHH, a TaK¥Ke U3-32
BIMSHUSL BO/0O3a00pa Ha JUHAMUKY TOTOKA, TMEpe] ASKCIUTyaTAllMOHHBIMU CIY)XO0aMH TIOCTOSIHHO
CYIIECTBYET MpobiieMa peryupoBaHus pyciia peKu Uit o0ecreueH s rapaHTHPOBAHHOTO BO/103a00pa;

— BBISIBIICHBI XapaKTEepPHbIE OCOOCHHOCTH THAPOJIOIMYECKOro PEeXKHMMa peKr AMyaapbs B
paiioHe Bog03a00pa;

— OIlpeJieNieHbl 00IIHe HAPaBJICHHUS U XOJ] PYCJIOBBIX ITPOIIECCOB B paiioHe BO103a00pOB;

— JUIg yAyd4IIeHUs YCIOBHH JKciutyaTammu mnoasozsimed udactu KMK, B pycne pekw,
HEOOXOJJMMO MPOKOIATh THOHEPHYIO TPAHIICIO C ONPEACICHHBIMU pa3MepaMu U (JOPMOM BBIIIIE TOUKH
Bono3abopa. TpaHiies MO3BOJMUT OCYIIECTBHTh TapaHTHPOBAHHBIA BOm03ab0p B KaHan. J(uHamuka
noroka, (opMa U TEOMETPHUECKHE pa3Mepbl MOTYT OBITh YCTaHOBIICHBI SKCIIEPUMEHTAILHO U MyTEM
MHOTOBapUAHTHBIX YUCICHHBIX HCCIICIOBAHUH.
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Beenenne. CoriacHo pe3ynbTaTaM HCCIEOBAaHUSI CUMTACTCS JOKa3aHHBIM, 4YTO KIMMAT
3eMin U3MEHSIETCSI B CTOPOHY moTeruieHus. JlenHnkn AHTapKTUIBI U APKTHKH ITOCTEIIEHHO TaloT.
UsBectHO, Hampumep, uto nemuukn 3emmu ®pamma-Hocuda tepsror 3,3 kv’ mpaa B rox [1]. 3a
MOCJEHNE TO/IbI HaOIroaeTesl TeH ISHIINS MoTerienns kmmaTa. Ha Tepputopuu crpan LIA rogoBas
TeMIIepaTypa IoBbICHIAck B cpefHeM Ha 2 'C (pucyHok 1).

TCH,HEH UM TEMNEPATYPBI NMOBEPXHOCTH

Cpejiusas no cTpane rojlosas Temneparypa sospyxa (°C)
o
18
16°

140 =N = Yabexucran

TypkMeHUCTaH

12°

Kasaxcran

1951 1960 1970 1980 1990 2001 2011

Puc. 1.
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K Gonbiiomy coxaneHuio, MOXKHO KOHCTaTHPOBATh (DaKT, YTO TAKOE TIOBBIIICHUE TPHBOAUT K
YMEHBILICHUIO JICTHUKOBBIX 3aIlacoB, OTKyJa OepyT CBOE Hayajao peku OacceiiHa Apaiibckoro mops [8].
Taxoe HeXenaTenpbHOE CyXKIeHUE TIOATBEPKIACTCS HA TIPUMEpE IMHAMUKI U3MEHEHHST pa3MepOB JICTHUKA
deueHKo, OTKY/Ia OepyT CBOE HaYajI0 OCHOBHBIC ITPUTOKHU pek bacceiitHa ApaibCckoro Mopsi (PUCYHOK 2).

OTCTYHJIEHI/IQ nengHuKa PegyeHKo
[enTpampab IlaMupy TapKuKcTaH

(OKOHYaHMe TegHIKa

Puc. 2.

AHaJIOTHYHBIE TPOIECCHI TPOUCXOAAT U B IPYTHX MOISAPHBIX paiioHaX.

[TpuurHOI TOTEIUIEHUS, TIONArafoT, SIBJsieTCS NapHUKOBBIH 3 dexT. OCHOBHBIM TapPHHUKOBBIM
ra3oM SIBJISICTCS OOBIKHOBEHHBIN Iap, Ha BTOPOM MECTE - JBYOKHCH yriepona [2]. Ilpu oTcyTcTBUEH
NApHUKOBBIX Ia30B CPEOHss TeMIlepaTypa MOBEPXHOCTH 3eMIM J0/uKHa cocraBisth -15°C. B
JICHCTBUTEIIHOCTH CPEJIHsIsSE TEMITEpaTypa MoBEepXHOCTH coctasisieT +15°C.

[MTapuuKoBbIi >(GQEKT MPUBOIUT K yBennueHuro temmeparypsl Ha 30°C. M3 mmx 20,6°C
NPUXOIUTCS Ha BOAsSHOMU map, a 7,2°C - Ha YIJIeKUCIIBIN ras.

OCHOBHBIM PETYJIATOPOM COJICPXKAHHS TAPHUKOBBIX Ta30B SBISETCS OKeaH. B 3eMHBIX
OKeaHaX pacTBOPEHO B CTO pa3 Oonbllle yIJeKHcioro rasa, yeM B armocthepe. I[loBblnieHue
TEeMIIepaTypbl TOBEPXHOCTHBIX BOJ MNPHUBOOUT K H3MeHeHHIo pactBopumoctd CO, u ero
JIOTTOJIHATENILHOMY BhIOpPOCY B aTMocepy U3 BoI okeaHa [3].

EcrecTBeHHBIE WMCTOYHHMKH YIJIGKUCIOrNO Ta3a Oojiee YeM Ha TOPSJIOK TPEBBIIIAIOT
MPOMBIIIUICHHBIE BBIOPOCHI. AHAJIM3HUPYsl STH JaHHbBIE, TPYAHO TOBEPUTH, YTO MOTEIICHHUE TJIAHETHI
MIPOMCXOMUT 3a CYET MPOMBIILIeHHBIX BbiOpocoB CO,. Ckopee Bcero, HeOOJbIIOE H3MEHEHHE
«CONTHEYHOH MOCTOSHHOMWY» 1366 BT/M%, 3a cuer OYeHb BBICOKOH CONHEYHOH akTHBHOCTH B XIX U
XX Bekax, IpUBENo K HEOOIbIIOMY TOBBIIICHUIO TEMIIEPATYPhl BOJ MHPOBOI'O OKEaHa W MOIIHOMY
BBIOpOCY yriieKucioro ra3a B arMocdepy. Tak 4To, IpOMBIIUICHHAS PEBOIIONUS 31€Ch HE MIPU YEM.
[MockonbKy conHEYHasi aKTUBHOCTH TPETEpIieBaeT HUKIMUECKHE U3MEHEHHUs, TO MOTEIICHHE MOXKET
CMEHUTBCSI TIOXONIoJaHreM. B oOmmii Xop CTOPOHHHMKOB IOTEIUICHUS M3pEIKa BPBIBACTCS TOHKUI
MMUCK CTOPOHHUKOB TPSAYIIEro moxoaonanus [4, 5].

B cpemnem, temmeparypHbli pekum B TamrkeHTte ompenensercst mporeccamu B CeBepHOM
ATIIaHTHKE, KOTOpbIC, B CBOIO OuYepeib, 3aBUCAT OT MHTeHCHBHOCTH ['oibdcrpuma. B coBpemeHHOI
HayKe eCTh JBa MHEHIsI 00pa30BaHUsl TEILIBIX MEPUANOHATIBHBIX TCUCHHI, TAKUX Kak [ onbhcTpuM mim
Kypacuno. bosee pacripocTpaHeHHasi TOYKa 3pEHUSI COCTOUT B TOM, YTO UX MPUYMHOH SIBISIETCSI HArOH
BOJIBI TIaccaTaMyd B OSKBaTOpUaNbHOW oOsactH. CTalKuBasch C MaTEpHKaMH, BOJBI MPHOOPETAIOT
MEPHUIMOHATIBHYIO COCTaBIsIoNIyt0. Ho ecTh ¥ WHas Bepcusi — TeIUlble TEYCHUS - YacTh NPHIIMBHBIX
JIBIOKEHUH BOIBI B okeaHe [6, 7]. Ckopee Bcero, neicTBYIOT 00a (akropa. Ecnu maccarel, B 00111eM-TO,
3aBUCST OT PasHOCTH Temrepatyp JkBarop-Ilomioca u Gojiee M3MEHYUBEHI, TO NPUJIUBHBIC TEUCHUS -
KoCcMHUeCKHl (hakTop. D10 cTabmibHOe Havano. CiaenoBarebHo, [ oab(CTpUM HE MOYKET UCCIKHYTh.
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Puc. 3. Ilpoenos cpeonezooosvix memnepamyp oas Yzoexucmana. Ilo ocu opounam cp.2o0osas
memnepamypa no cmanyuu Tawxenm. I1o ocu X-200b1. -.- ucmunnvle 3HA4eHUsE MeMNepamypul. -*-
BHAYEHUs N0 MOOenU

Atmochepa 3emmu — OTKPBITAS cucrema. ITorox COJTHEUHOMH SHEPTUU
1366 Br/M® — 0becIieunBaeT TeMIIepaTypHbIil PSKIAM HallleH IUIAHETHl. Ta BETMUMHA, B CHITy AKTHBHBIX
mporieccoB Ha CONHIIE, MOXET MEHSTBCS IMPUMEPHO Ha 6 %, HO 3TOro OBIBACT JIOCTATOYHO, YTOOBI
MPOU3BECTHU CYIIECTBEHHBIE M3MEHEHHS B BEPXHUX CIIOSAX aTMocdepsl 1 BO Beeld atMochepe B IETTOM.

ConHevyHast aKTHBHOCTh 3aBUCHT OT TPaBUTALIMOHHBIX CHII IJIaHeT-TUTaHoB. [IpuTOK Teria Ha
3emiie 3aBHUCHT TaKKe OT MapaMeTpoB TPACKTOPWUHU Halled TIuaHeThl (IUKIBI MeNaHKOBBIE) W ee
TTOJIOKEHUS HA ITOH TPaeKTopuH (3uMa-jero).

Ha ceromnst n3BecTHBI CIIE/TYIONIHME BHEITHNE IKITBL, CIOCOOHBIC BIMSITH HA TETUIOBOH PEXUM 3eMJIH:

1. ConHe4HbIE COCTABISIIONIME, KpaTHbIE TPOJOIIKUTEILHOCTH CHICPHUYECKOTO TOJa,
t=365,257 cyToK.

2. Ilepuoapl IyHHOTO MecsLa.

3. MHorosneTrHre JTyHHbIE Teprosl - 9 u 18 mer

4. MHOroJeTHHE ITePUOJIbI, CBSI3aHHBIE C COTHEYHON aKTUBHOCTRIO — 12, 22, 44, 80, 100 u 198 mer.

Pe3yabTaThl ucciaenoBanus. [IpuBeneHHbIC BhIIIE MyHKTHI COCTABUIIA HCXOIHBIA BEKTOP IS
ontumu3anuu 1o KpasuHbTOHOBCKOMY Meroay. Ilepmospl, Kak KocMu4eckne (axkTopbl, OBLIH
3apuKCHpOBaHBI U HE MOJJICKAIN U3MEHEHHSIM. Bapuanusm, B W3BECTHBIX Ipejenax, MOJBEprIUCh
ammutyna u ¢aza coctaBistomux. CHHTE3UPOBAHHBIM TaKMM 00pa3oM psiJi CPaBHUBAICS CO
CpEIHHMH TOJIOBBIMH TeMIepaTtypamu 1o TamkeHTy B uHTepBaie 1900-2014rr.

[lepebopom aMIumTya U (a3 IOCTHIIIOCH COCTOSHHUE, KOTAa TUCIEPCHS Pa3HOCTHOTO psja
MEKIY CPETHUME CyTOYHBIMH TEMITEPATypaMy U CHHTE3UPYEMbIM PSIIOM CTajla MUHHUMATBHOM.

Takass TOCIENOBATENBHOCTh JOCTATOYHO XOPOLIO  alllIPOKCHMHUPYET HWCXOIHBIA  psint
cpemHecyTOYHBIX TemiiepaTyp. Ha pucynke 1 momenpHBIM psim mpomieH o 2090 roma. MoxHO
BUJICTh, YTO B OJ¥DKAWINKE JACCSITUIICTHS, CPEIHETOA0BbIC TeMIepaTyphbl OyayT maaaTh, ¥ JOCTHTHYT
cBoero MuHuMyMa k 2080 romy. [y Hac 3TO 03HAYAET XOJIOAHBIE 3UMBI M TPOXJIaHBIE JIEeTa.

BbiBoabl. ABTOpBI JIONTO HE pEIIANIKCH MyOIMKOBATH CTONb HEOXHJIAHHBIC PE3yJIbTAThI.
OnHako, IPUPOTHBIE aHOMAJIMH TTOCTEHHUX JIET HABOAST Ha MBICHb, YTO MPOJIeTIaHHbIC BBIUMCICHUS,
BO3MOXKHO, OTPaXKAIOT PeabHbIN X0/ U3MEHEHUS KIIMMaTa.
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BBenenme. «[manmornorus» — Hayka 000 BceX BHIAxX JbJaa. [IOHITHE «UHXKEHEPHOM
[UIALAOJIOTHUY KaK OJHOTO W3 HaIlpaBJICHUH OOILEH TJIsAIMoiI0ruM, BBeaeHO B 1965 r. nmpodeccopom
I'. K. TymuackuM. [eno B TOM, YTO CHEr, CHEXHBIM TIOKPOB, JETHUKH U APYTUE TIISIIHATbHBIC
00BEKTHI B H3HHU YEIIOBEKA UTPAIOT JBOSKYIO POJIb — MOJIE3HYIO, BPEIHY0, onacHyo [1].

HecoMHenHO, moNe3HpIM SIBIIAETCS, HAlIpUMep, HaKOIUIEHHE 3MMHUX CHEro3anacoB Ha MOJISX
JUisi oOecrieueHHs BJaro3amnacoB B TIOYBE M TOpax, Ui TOJIMBHOTO 3EMIICENHS JIETOM WU
COXpaHEeHMs IPECHBIX BOJ B JIEAHWKAX U MCIOJIH30BAHKE JIETHUKOBOTO CTOKA B KOHIIE JieTa. C ipyroif
CTOpPOHBI, TJSIMOJIOTHYECKAE OOBEKTHl OKa3bIBAIOT BPETHOE BO3/ICHCTBHE HA XO3SHWCTBEHHYIO
JIeATEIbHOCTh YeIOBeKa, 0COOCHHO B IPOIEcce MPOMBIIIICHHOTO OCBOCHHS MPEIrOPHBIX W TOPHBIX
Teppuropuii. Hambonee sipko 3TO TpPOSIBISETCS HA TOPHBIX TEPPHTOPHSIX, TAEC YaCTO MMEIOT MECTO
CHEXXHBIC 3aHOCHI U JIABUHBI, CEJIH, MTOJIBMKKH JISTHIUKOB, 00pa30BaHKe MPOPHIBOONIACHBIX 03€p, B TOM
qrcie JISAHUKOBBIX. OCOOYI0 OMacHOCTh MPECTABIISIOT, KOHEYHO, CHEXXHBIE JIABHHBI.

3ama4n WHXEHEPHOH TIISIHOIIOTHH ObUTH C(OPMYIUPOBAHBI KaK HEOOXOJMMOCTh pa3paboTKu
HAyYHBIX OCHOB W OOOCHOBaHHBIX IMPAKTUYECKUX WHKEHEPHBIX PEHICHUH, KaK 10 HCIOJIb30BAHUIO
CHera M MPHUPOJHBIX JIBOB, TaK M JUIS 3aI[UTHl HACEIIEHUS M XO3SHCTBEHHBIX OOBEKTOB OT BPEIHOTO
BO3JICHCTBHS CHETa, JIbJa.

B wumxeHepHOW TJSAIMOJIOIMM HEOOXOMUM ydYeT, KakK (U3UKO-TeorpaduyecKux YCIOBHH
pailoHOB OCBOCHUs, TaK WM (DU3UKO-MATEMATUYSCKUX METOJIOB pacuera KOHCTPYKIUH W 3alIUTHBIX
COOPYKEHHUH, a TaKKe METOJ0B, 00OCHOBBIBAIOIINX T€ WJIM WHBIC MEPHI 3aIUTHl OT YPE3BBIYAWHBIX
cuTyanui [2].
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e, 4
I "
Puc. 1. Onopa nunuu snkmponepedauu, Puc. 2. Illocmpotixa neeko2o doma Ha nymu cxo0a i1aeuHbul.
nosanennas nasunoll. Henpasunvro Bom nasuna u npuwina «8 2cocmuy.

6bl6paH0 MeCmo yCmaHOBKU Onopbl.

Puc. 3. Mownwui cresicnblii kapuus kax Puc. 4. Cuesrcrolii kapnu3s, copsasguiuiics Ha

20MO8blll K NPLINHCKY NPUMAUBUIULCA 3ACHENHCEHHDIU CKIIOH, 8bI36AJI CHEHCHYIO IABUHY),
CHEJHCHbLU 36€ePb. KOmMopas nopauia 0axjce mopotl dmaic

KanumaiabHoco CnpOoeHus y NOOHOCHS
JABUHOONACHO20 CKIOHA.

Pe3ynbraThl HcciaenoBaHusi. [IpuBeneM HEKOTOpbIE NPUMEPbl HMH)KCHEPHBIX PEIICHUI
3aIIUTHI OT TAKOTO TPO3HOTO SBJICHUS KaK CXOJl CHE)KHOM JTABUHBI.

K mepBoii rpymime crnocoOO0B 3aIlUThl OTHOCATCS TaKHE CIIOCOOBI, 11€]Ib KOTOPBIX - BOOOIIE HE
JIOMYCKAaTh BO3MOXKHBIH CXOJ CHEXHOW JIABUHBI IyT€M HMCKYCCTBEHHOTO YJEpXKaHWs CHera Ha
ckioHaX. JIJIsi 9TOr0 MCIONB3YIOTCS Pa3IMdHbIE COOPYKCHHUS: JICPEBSIHHBIC, METAUTMYCCKUE HIIH
’Kene300eTOHHBIC CHErOYICPKHBAOIINE IUTHI, METAIUTMYCCKHE HIIH TIACTUKOBBIC CETKH, KAMEHHBIC
CTEHKH, KOHYCHbIC 3eMJISIHbIC OyIpbI, pacoiaratonmecs Ha CKIOHaX rop B IIAXMaTHOM TOPsIKE.

Jns  peryiupoBaHUsl OTJIOKEHHH CHEKHOTO IMOKpPOBAa HA CKIOHAX  COOPYXKAKOTCS
napajulelibHble Teppachl Ha pPa3HBIX BBICOTAX, WHOTAA C TOIMOPHBIMH CTCHKAMH, MPUMEHSIOT
CIeIMajIbHbIe CHETOCOOPHBIC M BbIYBAIOIIHE IIUTHI, KOJbKTA(EIH.

Puc. 5. Cneeoyoepoicusaiowjue wumol Ha 20pHOM Puc. 6. Jleswuii cknon ouuwen om cHeaa

CKIIOHE 8 30He B03MONCHO20 3APONCOCHUSI CHENHCHOU  JIABUHOU, GHU3Y —CHEJICHDBIU KOHYC 8bIHOCA.
Jnasunsl. BHu3y cinesa — memannuieckas KOHCMpyKyus Cx00 1a6unbl ¢ NPABO20 CKIOHA
wuma. npeodomepaeH Wumamu u meppacoul.
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Konbkradenn — ocoOble cOOpYKEHHS, KOTOpbIE WU3MEHSIOT TPU3EMHBIH BETPOBOH pPEKUM
TakuM 00pa3oM, 4TO IO HHUMH CHEI HE OTKJIAJbIBacTCs, a IMEPEHOCHTCSI BETPOM Ha Oolnblioe
paccrosiaue. TeM cambIM He JoNycKaeTcs oOpa3oBaHUE CHEXHBIX KapHH30B, OOpYIIECHHE KOTOPBIX
MIPOBOLIMPYET BO3SHUKHOBEHNE CHE)KHOW JTaBHHBI.

[To cBoeli KOHCTPYKIHH, KOJbKTaenn MOXOKH HAa JPOTUKU JJISl MTPHI B JIAPTC, TOJIBKO
THTAaHTCKUX pa3MepoB. Beicora gocruraer 5-6 M. CranbHble TpyObl tuamerpom 20-25 cM 3aKperieHb!
B TpyHTe. B omepeHuu «IpOTHKOB» CHAETaHBl OTBEPCTHUA JUIA MPOHUKHOBEHHS BETPa, KOTOpbIE
BBI3BIBAIOT 3aBUXPEHNE BETPa U CIIyB CHEra C IPyHTA.

: S
Puc. 7. Konekmaghenu 60016 noiomua agmooopou Puc. 8. Jlasunul, 6viz6annble TLIHCHUKOM,
npeodomepayaiom 06pazs08aHUe CHENCHO20 NnOOpe3asUIUM HEYCMOUHUBDLL CHe2
KapHU3a U 0OCMABIsaIoNn 6epxXoebe ONACH020 CKIOHA
be3 cueca

Ko BTOpOit rpyrie crnoco0oB 3aiuThl OTHOCATCS MPUEMBI I METO/IbI TIPEOTBPALIICHUST CX0/1a
CHEXXHBIX JIaBUH OOJIBIIOr0 00beMa, KOTOPBIC BBI3BIBAIOT OONBIINE OCIbl W pa3pyIICHUs, HAHOCAT
3HAYUTENBHBIA  ylmiepd pa3iuyHbIM KOMMYHUKAIUSIM H  XO3SIMCTBEHHBIM OOBekTaMm. Jlyumie
HCKYCCTBEHHO BBI3BATh CXOJl HEOOIBIINX 1O 00BEMY CHEXHBIX JIABUH, TIOAKOHTPOJIBHBIX U MTOTOMY
OTHOCHUTENHHO 0€30IaCHbIX.

Becbma s¢ddexTrBHBIM, HO KpaliHE OMACHBIM CIOCOOOM, SBISETCS COpOC CO CKIIOHA
HEJIOCTATOYHO YCTOWYMBOTO CHEra OMBITHBIM COTPYJHUKOM CHET'OJIABHHHOMN CITYKOBI.

CHexHbIe KapHHU3bl HEOOJBIIOH MOIIHOCTH IOJIPE3aloT JKEJIE3HBIM TPOCOM, 0oJiee MOIIHBIE
CHEXHbBIC KapHU3bI COPACHIBAIOT C MOMOIIBIO B3PHIBOB HIIM PacCTPEIMBAIOT U3 rayOuIl], MUHOMETOB,
pyuHbIx aBasaHdepoB. IIpemynpenurenbubiii crmyck cHexHod maBuHbl (IICJI) ocymectBisiercs
CHElUANbHBIMU  OTPSJaMH JIOCTABKOW B3pBIBAIOIIMXCS CHApSJOB B 3apaHee pas3BeAaHHbIE U
MPHUCTPEINSTHHBIC 30HBI 3aPOXKICHUS JIABHH B BEPXOBBSIX JTABUHOCOOPOB.

A3 - 3 - SR i~
Puc. 9. Ompso akmuenoeo 6o30eiicmeuss  Puc. 10. Ianepest na asmomobunvhot mpacce
07151 nPeOynpeoumenbHo20 CHycKd 0JIs1 NPONYCKA JIABUH NO KPblUle
CHEJICHBIX TAGUH

Tperbst Tpymnmna crnocoOOB 3aIIUTBl OOBEKTOB OT CHEXHBIX JIABHH BKIIIOYAET HHXKCHEPHBIC
CIOCcOOBI YIIPaBIIeHHUs JIBUKEHUEM CONIEANINX CO CKIIOHOB CHEXXHBIX Macc. K HUM oTHOCSTCS:

— HMCKYCCTBEHHBIC KaHAJIBI C 3eMIISSHBIMUA WM KaMEHHBIMH JaM0aMH, W3MEHSIONINE ITyTh
JIBHMOKEHHSI CHEXKHOTO TTOTOKa B 0€30MaCHOM HaNpaBJICHUH K IIAHUPYEMOMY MECTY OCTaHOBKH;
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— oTOOITHBIC JaMOBI U3 pa3IMYHBIX MaTEpHAIIOB, YCTaHABIMBAEMbIC MOJI YIIIoM He Oonee 20°
K IyTH JBWKCHUS JIABHHBI, YTOOBI JIJABHHA OTKJIOHSJIACH, a HE MIepeIphIriBaiia Iperpaiy;

— OCTOHHBIC JJABUHOPE3bI, PACWICHSFOIINE TEIO JBHIKYIICHUCS JIABUHBI HA OTICIbHBIC ITOTOKH
Y HAIPaBJIAIONINE 3T TIOTOKKU B OE30I1acHbIC MECTa, U JaKe TAKMM 00pa3oM, YTOObI B3aMMOJICHCTBUE
ITOTOKOB JIPYT C JPYrOM TOPMO3MJIO IBUYKEHHE OOIIeH MacChl CHETa;

— CHeLHabHbIC FaJIeper Ha JKEIC3HOAOPOKHBIX MYTIX U aBTOMAruCTPAJIAX YIS IPOIYCKa 0
KpBIIIE CHSKHBIX JIABUH B JII000E BpeMs U OecriepeO0oiHOro ABMKCHUS TPAHCIIOPTA.

-4 I : i ﬁ

i o ™ ™ - e e
Puc. 11. 3awumnas oamba 60016 0opozu 0st Puc. 12. 30anue cnezonrasunnotl cmanyuu
yoepocanus chead «Qumean» 6 pekpeayuonHoll 301e

BuiBoabl. Cieyer OTMETUTD, YTO MPAKTUYECKUE HAOMIOCHHS 32 CHETOM IMPOOIDKAIOTCS Ha
CHEr'OJIaBMHHBIX CTaHIUSX, obecrieynBas WHPOpMAIMed JanbHEiIee pa3BUTHE WHKEHEPHOM

TIIAIMOJIOTHH.

JIUTEPATYPA

1. Unxenepnas risuuosiorusi, non pexa. Ilpod. [.K.Tymmuckoro. Mocksa. M3a-Bo
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2. I/IHCprKHI/ISI MO0 TMPOCKTUPOBAHHUIO W CTPOUTCILCTBY IMPOTUBOJJIABMHHBIX 3alllUTHBIX

coopyxkenuit. CH 517-80. / Mockga: Ctpoituzaar. 1980, 15 c.
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BBenenne. UYupumk-AxaHrapaHCKuil OacceilH pacroloKeH B CpeTHEM TEUCHHH PEKd
Coippapbu. Pekn Yupunk u AxaHrapad M WX IPUTOKH HCIBITHIBAIOT MOUTHEHIIMI aHTPOIIOT €HHBIH
mpecc, IOCKOJIbKY Ha TEePPUTOpUM TalIKeHTCKOH o0NacTd, TNie MPOTEKAIT OSTH BOJOTOKH,
cOKyCHpOBaHBI KpYITHBIE MPOMBINUICHHBIE IIEHTPHI, Takue kKak TamkeHT, Yupuwk, SHruroms u
npyrue. Taxke HEOOXOJUMO OTMETHTh, 4TO TamKkeHTCKass 00NacTh - OJHAa W3 TYCTOHACEIEHHBIX
TEPPUTOPHI BO Bcel pecryOimke. DTO ONPENeNIo HEOOXOAMMOCTh M3YYEHHs U OIIEHKH KauecTBa
BOA pek Unpuuk n AxaHrapaH v CTETIEHH BO3JICHCTBHS UX Ha MPHJIETAIONINE TEPPUTOPHH.

B roponax TamkeHTckoil o0nactu cocpenoTodeHo okoio 70 % MpOMBIIIIEHHOTO NOTEHIMAa
PecniyOnuku Y30ekucran. 3nech mpokuBaer Ooriee 25 % HaceneHus: pecnyonuku. KoMmyHanbHO-
OBITOBBIC M TIPOMBINUICHHBIE CTOYHBIC BOJBI 3arps3HSIOT BOJOEMBI M BOJIOTOKH Pa3IUYHBIMH
crieU(pUUECKUMHU 3arps3HSIONMMH BEIIECTBAMH, B TOM YHCIE HOHAMH TSDKEIBIX METaJIOB.
Hexoroprle W3 HHX SIBISIOTCS KaHICPOT€HHBIMH, JApyrue o0JIaaloT TOKCHYHOCTHIO. BcemupHas
Opranuszanus 3apaBooxpaHeHus mnpeaynpexaaer, uro 80 % 3a0oieBaHUll Ha IUIAHETE BbI3BAHBI
MOTpeOJIeHHEM HEKauecTBEHHOH NHTHhEBOM BOAbl. KpoMe TsDKENbIX METalioB, HaMH HM3y4alloch
3arpsi3HEHHE BOJBI a30TOCOEP KAIllMMHU BellecTBaMH. B crcTeMe THApOXUMHUYECKOr0 MOHHUTOPHHTA
W3y4yaroTcs a30T aMMOHUWHBIA, HUTPUTHBIA M HUTpPATHBIA. OHHU TMPEACTaBISIOT COOOH MPOMYKTHI
MpeBpalieHnss aMMHuaKa.
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AMMHaK ABIISE€TCS KOHEYHBIM HEOPTraHWYEeCKHM BEIECTBOM B IIPOLECCE IPEBPALICHUS
OpPraHMYECKHX BEIIECTB B HeopraHuueckue ((eKkanuu, BBIACICHHS THAPOOMOHTOB M T.OI.). JTO

HEYCTOMYMBBIE NOHBI AMMOHUS (NH b 4 +) , I CHa4yaJla OHU IIEPEXOAT B HI/ITpI/ITHI)Ie(NOi 2! —) Iox,

BIMsIHAEM OakTepuii HUTPU(PUKATOPOB B MPHUCYTCTBUH KHUCIOpoaa. HUTpUTHBIE HOHBI TakkKe
HEYCTOMYMBBI U MEPEXOJAT B OJHO M3 CAMBbIX YCTOMYMBBIX COCAMHEHMI a30Ta B BOJAE - HUTPATHbBIC

WOHBI (NOb 3 —) .

A30T aMMOHUWHBIA — OIWH W3 TJABHBIX MOKa3aTenell CAHWUTAPHOTO COCTOSHHS BOJTHBIX
O00BEKTOB, KOTOPBIH SBIISETCS NPOAYKTOM MHKPOOHOJIOTHYECKHX TMPOIECCOB aMMOHU(pHKAINN
OpraHMYECcKHX BellecTB. IMEHHO [Tl HETO pacCUMTaHbI JUTMHBI 30H 3arpsI3HEHUSI.

Tsokenble mMeTayuibl B Boje. Komriekchbl, oOpa3dyemble MOYBEHHBIMH KHCJIOTAMU C COJISIMH
Kesesa, allOMHHHWS, TUTaHa, ypaHa, BaHAIUs, MEAW, MOJHOACHA W APYIHX TSDKENBIX METaJIOB,
OTHOCHUTEIBHO XOpOIIO PAaCTBOPUMBI B YCIIOBHUSIX HEWUTPaTbHOM, CIAOOKHCION W CIa0oIIeTOuHON
cpen. [loaToMy MeTannoopraHU4ecKre KOMILIEKCHI CIIOCOOHBI MUTPHUPOBATH B TPHUPOJHBIX BOJAX Ha
BeCbMa 3HAUMTENbHBIE paccTosiHUA. (OCOOEHHO BaKHO 95TO IS MAJIOMHHEpPATH30BAaHHBIX
MOBEPXHOCTHBIX BOJI, B KOTOPBIX 00pa30BaHKE APYTUX KOMILIEKCOB HEBO3MOXKHO.

Tspkenble METAIIIBI H MX COJIH - NIMPOKO PACIPOCTPaHEHHbIE TIPOMBIIUICHHBIE 3aTPS3HUTEIH.
B BOmOEMBbI OHHM TIOCTYNAIOT M3 €CTECTBEHHBIX MCTOYHHUKOB (TOPHBIX MOPOJ, MOBEPXHOCTHBIX CIIOCB
MOYBBl M TOJ3EMHBIX BOJ), CO CTOYHBIMH BOJAMH MHOTHX IPOMBIIUICHHBIX TPEANPHATHH U
aTMoc(epHBIMH OCaJIkaMH, KOTOpBIE 3arps3HSIOTCS JABIMOBBIMU BBIOpOocamMu. MHOTHE COCIHHEHHUS
TSDKENTBIX METAJUIOB TOKCHYHBI. BoJblas 4acTh HEOPraHUYECKUX COCMHEHU METAJJIOB MMOCTYIaeT B
KHUBBIC OPTaHU3MBI TUJPOOHOHTOB C TTHIIECH.

CBuHell BO3/ICHCTBYET Ha HEPBHYIO CHUCTEMY, IEUeHb, MUIICBAPUTENBHYIO crcTeMy. Hukemnb
HE TaK TOKCHYCH, KaK CBHHEI], HO OH JIETKO a0COpOHMpYyeTcsl B OpraHax JbIXaHWsl, BHI3bIBACT OCTPHIH
KeTYAOUHbIH aucKoM(popT. MHTOKCHKAIIMST HAKEIEM MPUBOJMUT K Pa3pyIICHUIO CEPICUYHON B APYTHX
TKaHei. CBHHENl - NMPOMBINUICHHBIA 57, CIIOCOOHBIH TIPU HEOIArONMPHUATHBIX YCIOBUSAX OKa3aThCs
MPUYMHON OTpaBiieHus. B opraHu3m venoBeka MPOHUKAET IITaBHBIM 00pa3oM 4epe3 OpraHbl JIbIXaHUs
W THUIIeBapeHus. Y Jaisercss W3 OpraHu3Ma O4YeHb MEUICHHO, BCJIEACTBUE YEro HaKallIMBaeTcs B
KOCTSIX, TICUCHH U TTOYKaX.

Menp OTHOCHTCS K YHCIY AaKTHBHBIX MHKPOIJIEMEHTOB, YYaCTBYIOIIMX B IIpolecce
(doTocuHTE3a W BIMAIONIMX HA YCBOGHHE a30Ta pacTeHUsMH. HemocraTowyHoe cojliepkaHHWE MEIH B
MOYBaxX OTPHILATEIBHO BIIMSCT HA CHHTE3 OCIIKOB, )KUPOB M BUTAMHHOB U CIIOCOOCTBYET OECILIONHIO
pacTUTENbHBIX OpPraHu3MOB. Bwmecte ¢ TeM H30BITOYHBIE KOHIIGHTPAIIMM MEIH OKa3bIBAIOT
HeOIaronpusTHOE BO3ACHCTBIE HA PACTUTEIBHBIC U )KUBOTHBIE OPTaHU3MBI.

Bo3szelicTBre TsSHKETBbIX METAIUIOB MAryOHO CKa3bIBAETCSl HA OKPYXKAOIIEH cpeie: MPUBOIUT K
3arps;3HEHUIO BOJBI, OTPABJICHHUIO THAPOOHOHTOB TSDKEIBIMU MeTaiaMH. Takoe BO3JIeHCTBUE CBSI3aHO
MPEUMYIIECTBEHHO C aHTPOIOTeHHBIM (aKTOPOM, TaK KaK MPEANPHUATHS HE MPOU3BOIST JOJDKHYIO
OYHCTKY COpachIBaeéMbIX BOJ, YTO OTPHIIATENLHO CKa3bIBACTCS HA HKOJIOTHH.

OCHOBHBIM HCTOYHUKOM TIOCTYIUICHHUSI MEIH B MPUPOIHBIC BOJBI SIBISIFOTCS CTOYHBIC BOJIBI
MPEANPUITAH  XUMHUYECKOH, METaTypru4ecKoi MPOMBIIUIEHHOCTH W allbJCTUJHBIE PEarcHTHI,
WCTIOJIb3yeMbIC UISI YHHUUTOKCHUSI BOJOpociell. Meab MOXKET TOSBIATHCS B BOJAE B pe3yjbTaTe
KOpPO3UHM MEIHBIX HM3JIENUH B TEXHUKE. B mop3eMHBbIe BOJBI OHA MOCTYMAeT MPU B3aHUMOJCHCTBUU
BOJIBI C MEJIECOIEPKAIUMH TOPHBIMHU TTOPOJIAMH.

B Bozme Menp MOXKET HaXOAWUTHCS B BUJE KOMIUICKCHBIX COCAMHEHHH C OPraHUYeCKHUMH H
MHUHEpPaJbHBIMU BellleCTBaMH. B CTOYHBIX BOAaX 00OraTUTEIbHBIX (aOpHK, (padpHUK MCKYCCTBEHHOrO
BOJIOKHA Y TAJIbBAHMYECKUX [IEXOB OOJbIIAs YaCTh MM HAXOIUTCS B BUJIC KOMILICKCOB.

COpochl CTOYHBIX BOJl B BOJOTOKH W BOJOEMBI CO3JAIOT 3HAYUTEIHHYIO HEOJHOPOTHOCTD
KadecTBa BOAbl B HuX. OOpa3yloTcs 30HBI 3arps3HEHUs, B HHUX HApyIIAOTCS E€CTECTBEHHBIC
THJIPOXUMHUECKUE U THIPOOHOIIOTHYECKUE MTPOIECChI, 8 KOHIIEHTPAILINH 3arPsI3HSFOIIIX KOMITOHEHTOB
OKa3bIBAIOTCS BBIIIE YCTAHOBICHHBIX HOPM I10 CAHUTAPHBIM, PHIOOX03SHCTBEHHBIM U PEKpEallHOHHBIM
MOKAa3aTelsiM He TOIBKO BOJIBI, HO ¥ TPYHTOB JTHA.

[MapannensHO ¢ 3THM, B BOJOEMax W BOJOTOKAaX MPOUCXOAUT CAMOOYMIIEHUE BOJ, MpPH
KOTOPOM yMEHBINAIOTCS KOHIIGHTPAI[MH 3arpsi3HSIONINX BEIIECTB IO BIHMSHHEM CMEIICHHS |
pa30aBJICHUS YHCTOW BOIOM.

OOBIYHO KOMIUIEKCHBIE IIOKa3zaTelad Ui  OOOOIIEHHONM OLIEHKH KadecTBa  BOJILI
pa3pabaThIBatOTCSl UL YCTAHOBIICHHS MPUTOMHOCTH BOJHBIX PECYpCOB ISl OTHCNBHBIX BHJOB
BOJIOTIONTb30BAHHS.
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[IpenenvHble 3HAYEHUS OTAEIBHBIX XapaKTEPUCTUK IMPENENbHO JOMYCTHUMBIX KOHIIEHTpALUit
(ITAK) ompenenstoTcsi Ha OCHOBE HATYPHBIX HAOMIOACHUH 3a COCTOSIHUEM BOJHBIX OOBEKTOB,
WCTIBITHIBAIOIINX PA3MYHYIO0 CTEHNEeHb AHTPONOreHHOW HArpy3KH, WM HCXOAd U3 TpeOOBaHMIA,
MPETBSIBIISIEMBIX K BOJIE ONpPE/CICHHBIMA BHIaMH BOJIONONL30BaHMS. B HacTosiee Bpemst HawOolee
neraibHO paspabdoTansl [TJIK s X03HCTBEHHO-IIMTHEBOTO BOJOCHA0YKEHHUS U HYKI] PHIOHOTO X03SIHCTBA.

Nzydenue autepatypbl 10 BONMPOCY OLIEHKH Ka4yecTBa BOJBI MPUBENIO K BBIBOAY, YTO B HAIIINX
YCTIOBUSIX TIPU CPaBHUTENBHOW CKYJHOCTH MaTepHaioB Hambonee HH()OPMATHBHBIM JUIS OIICHKH
KayecTBa BOJBI, a 3aTeM JUIA OSKOJIOTHMYECKOrO KAapTHPOBAHUS, SBISIOTCS KO3(QQHUIINEHTHI,
paccunThiBaeMbIe 110 Gopmyrie, aHamoruuHoi Gopmye nHaekca 3arpsi3HeHust Bojbsl — M3B.

[lo anmanorum ¢ M3B Hamu paccuuTaH KOMIUIGKCHBIH KO3(UIMEHT 3arps3HEeHHs BOJbI
TsprenbiMu MeTaiiamu (K.y) Ui pek u kaHainoB YUupurk-AxaHrapaHcKoro dacceiina mo gopmyiie:

S, - K,

mm H

n

K

rae S, — cpeiHss MHOTOJIETHsSSI KOHLEHTpauus i-meramna, [IJK, — mpenenbHO JOImycTHMast

KOHIIEHTpPAIHs 3TOT0 BEIIeCTBA, N — YUCIO METAJIOB.

[To paccuntanHbIM KO3(D(HUIIMEHTAM 0Ka3aJloch, YTO 3arpsi3HEHUE TSHKENBIMH MeTallaMH B
OacceiiHe AxaHrapaHa B TONTOpa (B BEpXOBBSIX PEKH) MM JBa pa3a (B HH30BbSX) HUXKE, YeM B
Oacceitne Ywpumka. DTO CBSI3aHO HE TONBKO C AHTPOINOICHHBIM BIMSHHEM, HO M BBICOKHM
reoxumuueckuM GonoM. Tax, mo manaeiM (6) «KbI3bUITENIArCONOTHs» B I0)KHOW W BOCTOYHOHW 4acTH
Oacceiina Umpumka, maHmmadTel oOOTameHbl MENbI0, CBUHIIOM, IIUHKOM, MBIIIBSIKOM W JPYTHUMH
MeTajlaMH.

B Oacceiine AxaHrapaHa 3arpsi3HCHHE BOJBI TSDKEIBIMH METaNIaMH Mallo MEHSeTCs OT
BEPXOBbEB OacceliHa K HU30BBSIM, MAKCHMAJILHBIM OHO OKa3aJoch B p. AXaHrapaH HWXKE JIOKEpOB
Tamkanana u B yctbe kaHana Kapacy (J1eBoOepexHOro).

Pe3yabTaThl uccienoBanus. B mnenom, B O6acceline Ynpurka, KOMIJICKCHBIH KOA(QQHUIIMEHT
3aTrPS3HEHMS BOJBI TSDKEIBIMU MeTailamMu MeHsuics oT 3,24 (p. Yram) mo 12,26 (xan. Kapacy
npaBoOepexHblif). Bomel camoro Umpumka - B BEpXOBBSIX W HHU30BBIX MPHUMEPHO OJWHAKOBO
3arpsi3HEHbl Merayulamu, a kanaiel (Kapacy mpaBoOepexnsiid, Canap, mporoka Kanran-Uupuwnk)
COZICpPKaT MOHBI TSDKENBIX MeTajuioB B 1,5 -2 pasza Oonbiie, yeM p. Uupunk. JTo, BEeposiTHEE BCero,
CBSI3aHO CO COPOCOM B HUX MPOMBIIICHHBIX CTOYHBIX BOJ TalmikeHTa u SIHTHIOIS.

[IpombIuieHHBIE, OBITOBBIC, CENBCKOXO3IHCTBEHHBIC CTOYHBIC BOJBI, COpachiBaeMble B
BOJIHbIC O0BEKTHI 0€3 OUUCTKH, YacTO 1Mociie HedPPEKTHBHON OYUCTKH BHOCIT B THAPOXHUMHYECKUN 1
THJIPOOUOIOrMYECKUH PEeKUMBI M3MEHEHUS], BIUSIONINEC HA KauecTBO BOJBI, Hapylias HOPMAalbHYIO
KHU3HEIEATEILHOCTh BOAHBIX (iopbl U (ayHbl. Takoil mporecc aHTPOIIOreHHOTO U3MEHEHHUsT COCTaBa
Y CBOMCTB MPUPOJTHBIX BOJ, YXY/IIEHNE UX KauecTBa JJIs BCEX BHAOB BOAOIOIH30BAHUS HA3BIBAIOTCS
3arpsi3HEHHEM BOJIbI.

[Iporeccam 3arps3HeHrs BOJBI B peKax M BOIOEMAxX MPOTUBOCTOMUT IPOIECC CAMOOUUIICHHUS,
MOJi KOTOPHIM TIOHMMAIOT COBOKYITHOCTh T'HJIPOJUHAMUYCCKUX, OMOXMMHUYECKHUX M (UINUECKHX
MPOIIECCOB, MPHUBOAAIIMNX K HM3MEHEHHIO KOHLEHTpAIlMW 3arpA3HSIONIMX BELIECTB, a IMPH IIOJIHOM
CaMOOYHIIIEHUH — K BOCCTAHOBJIEHUIO €CTECTBEHHOI'0 KauecTBa BOBI.

3arpsi3HeHre M CaMOOYHMIIEHHE BOJHBIX MAacC SBIIAIOTCS B3aWMOCBSI3aHHBIMHU IIPOIECCAMHU.
KonmenTpanust 3arpss3Hsiomero BemecTBa, M0 Mepe yhaleHHs OT Mecra cOpoca B BOJOTOKE B
nporecce pa3daBieHus, ymMeHblaerca. Eciy B 0oTAaneHHOM CTBOpE OHA MajaeT A0 COACpsKaHHus ITOTO
BEIIECTBA B PEKE JO MOMEHTa cOpoca CTOYHBIX BOJ, TO TaKOH THIPOCTBOP CUUTAETCS CTBOPOM
JIOCTaTOYHOTO TEepEeMEIIMBAHMs, U PACCTOSHUE JI0 HEr0 OT MecTa cOpoca BOJ Ha3bIBACTCS JUIMHON
30HBI 3arps3HeHus. HaMu paccumTanbl 3TH ATUHBI A7 KOHIIGHTPALMK 3arpsA3HSIONIETO BEIIECTBA B
peKe oT MoMeHTa cOpoca CTOYHBIX BOJI.

Jnia pacuera JuIMH 30H 3arps3HeHus B I ocyaapcTBeHHOM ruaponorndeckoM nHcrutyre (I'TH)
B T. Cankr-IlerepOypr npemiokeHo HECKOIBKO KOMOMHHPOBAaHHBIX MeTozoB: Meron H.H. Jlammesa,

akcrpecc-meron ['TH, paspaborannbiit M.A. becrienHoi, Mmeron Homorpamm JI.U. daycToBoii.

Meron H.H. JlanmeBa no3BOJIIET pPACCUMTBHIBATH JUIMHBI 30H 3arpsi3HEHHS € Y4ETOM
HAYaJIbHOTO pa30aBieHUs, eClIM HaOJI0aeTCsd 3HAYUTENbHAS Pa3HUIA MEKIY CKOPOCTBIO MCTEUCHUS
CTOYHOW KHUJKOCTH U CKOPOCTBIO TEUEHHS B TOTOKE, KyJa cOpachIBaIOT 3Ty KUAKOCTh. KoHeuHas
pacuetHast QopMyia Uil pacCTOSHHS OT CTBOpA BBIMYCKa JO CTBOpA, 3aMBIKAIOLIErO 30HY
3arpsi3HEHUST Xy CIEAYIOIIAs:
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X, = d :
0,48 (1-3,12m)

(1

rae d — quamerp 3arps3HEHHOW CTPYHM HMIIM THAPABIUYECKHHA pajnyc, KOTOPBI B pekax Mpu
OTCYTCTBHH JIEZIOCTABa MPAKTHUECKU PaBEH CpeHel TIyOnHe MOToKa

y

me4en

v

cmod

m=

Vieuen — CPEAHSSA CKOPOCTh PEKU;

Vcror — CKOPOCTh B CTPYE CTOUHOM JKUIKOCTH, KOTOpask MPUHUMACTCs PaBHON 2M/CeK.

[Ipexxae yeM TpoBoAWTH BhIUMCIeHUs 1o (opmyne (1), MBI B3sUIM 3HAYEHHUS CKOPOCTEH
TEUCHHUs M3 TAOJHUI] U3MEPEHHBIX PacxomoB BoIbl 3a 2016 roxa, pacxomoB BOJIbI, CPEAHUX TNIyOUH U
IIUPHH JUIS psiia THAPOCTBOPOB Ha pekax AxaHrapaH u Uupuuk.

Eme omuH ymporieHHBIM MeTon pacuera — 3kcnpecce-meron ITU, pa3spaboraHHBIM
M. A. becrienHoil. B HeM, B KadecTBe XapaKTEpPHCTHUKH KOHIICHTPAIIMH 3arpsi3HSIONICTO BEIECTBA B
JIF000M 33J]aHHOM THIPOCTBOPE IPHUHSATA BEIMYMHA | — TIOKa3aTellb Pa30aBCHUS, OMPEICISCMbIN IO

dbopmyie:

S S
— max — n 2
=57 (2

cm cm

rae Smax — MakCUMaJlbHas U3 U3MEPEHHBIX KOHLIEHTpAIMi 3arpsA3HAoero semiectsa (3B);
Sct —koHneHTpanus 3B B CTOYHBIX BOAAX;

Sn — konneHTpanusa 3B B cTBOpE 1OCTAaTOYHOTO MEpEMEIICHUSI.

Pacuer ayuHbl 30HbI pa3daBieHus X BEACTCS 10 CICAYIONIEH GopmyIie:

0,14-0,, \/ﬁ
> q g 3)

- 2(0.,+0,)¢

rae O, — Pacxoi CTOYHBIX BOJ, M /cex;

N — XxapaKTepHCTHYECKOE YNCII0, 3aBucsIiee oT koddduiuenra Ille3u;

B — mmpuHa peku, M;

O, — pacxof Bozbl B peKe B MECTE MOCTYILIEHUS CTOYHBIX BOJI.
XapakTepucTruueckoe 4uciio N B CBOKO O4epe/ib BRIYUCIIETCS 110 (hopMmyJie:

N="4 (4)

2
rae C — koad¢unment 1le3un; g — yckopeHrue cBOOOIHOIO majeHus, paBHoe 9,8 1M7/cek.
o knaccudukanuu A.B. KapaymieBa, Mo ocOOEHHOCTSIM THAPOANHAMHUYECKOTO PEKUMA PEKU
Uupunk u AxaHrapaH MOXKHO OTHECTH K peKaM MPEATrOPHOM 30HBI, UIs KOTOPBIX KodpduumeHT 1lle3n

N

n3mensercs ot 20 1o 40 — ;
cex

H- Oe3pa3MepHasi rIyOHuHa, IPEACTaBISAIONIast CO0O0H CICIYIONIYIO IPO0h:
H

H="-
B

9

rne H — nu3mepennas riyOuHa; cpeHsisi LIUPUHA, M;
¢ — mapaMmeTp U3BUIIMCTOCTH, BHIPaKaeMbIil OTHOILICHHEM:
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¢ _ l(})apsamep

npam

31ech [ — JUTMHA YYacTKa, U3MEpeHHas 10 papBaTepy;

apsamep

[~ — JUIMHA JTOr0 JKE€ ydYacTKa, M3MepeHHas 1o TpsmMoil. IToCKONBKY y Hac He OBLIO

npam
BO3MOXKHOCTH M3MEPHTh JITHHEI peK 1o (apBaTepy, B pacuerax ¢ MIPUHAT paBHBIM CIHHUIIE.

Pacuersl yinH 3arps3HeHHs TMPOU3BEIACHBI TAKXKE [0 METOy HOMOTIpamMM, pa3paboTaHHOMY B
ITHU. On mo3BoysieT OINpenenuTh MapaMeTphl 30H 3arpsA3HEHUS B 3aBUCHMOCTH OT OCHOBHBIX
THJIpaBIUYecKUX (QakTopoB pycna peku. [Ipu pa3paboTke Merosia MpeaBapUTEIbHO U PEK Pa3HBIX
THUIIOB TIO YCJIOBUSIM TYpOYJICHTHOT'O MepeMelInBaHus ObUIA TPOBEACHBI YHCICHHBIC SKCIIEPUMEHTHI.
B kadecTBe pa3mMepoB 30H 3arpsi3HEHHs HCIOJB30BAINCh OTHOCHTEIbHBIC JIHHA A, U TUIOIIAdb

3aepa3

30HBI 3arpsi3Henus 1,,,,,, - [lokasarens A BBIYUCIISIETCS 10 (hopMyIIe:

3aepa3

LKaZp}IK
) (5)

3a2pa3 B

rae L3arpss — annHa 30HbI 3arpsi3HEHMs], B — cpenHsis [upuHa noToKa.
ITokazaTenp OTHOCHTENBHOM IUIOIANM 30HBI 3arpsA3HEHMs ONPEACISETCS IO CIEeLyIoIeH
3aBUCHMOCTH:

0]
_ Usacpas
T]Jaep}w - (6)
a)aﬁu;
rae o, naow,. — 06[1135[ iomaab BOZIHOﬁ MMOBCPXHOCTHU W IUJIOIAAb 30HBI 3arpsa3HCHHUA

3azpAs3 oowy
MCXKAY CTBOPOM, I'’I€ MOCTYyNarOT CTOYHBIC BOAbI, U CTBOPOM JOCTATOUYHOT'O IICPEMECIINBAHU.
B pesynbTaTe 0000IICHHS MaTEpPHUAIOB YUCICHHBIX 3KCIIEPUMEHTOB IOCTPOCHBI PacyeTHBIC
HOMOrpamMmbl. Ha mepBod M3 HUX HM300pa)X€HbI JIMHWH, COOTBETCTBYIOIIME B ONPEICICHHOM
KpaTHOCTH pa30aBiieHus OT 2-KpaTHOTo 10 90-kpaTHOro (PUCYHOK 1).

Q./Q,

[

1%10° A
5 3 2 =1

1107 %0 1107 1107 1*10 3ar

Puc. 1. 3asucumocmo Q,,,/QO
1 — 2-kpamnoe pazbasnenue, Il — 5-kpamnoe pazoasnenue, Il — 10-xpamnoe pazoasnenue, IV — 20-
Kpamuoe pazbasnenue, V — 40-kpamnoe pazoasnenue, VI — 90-kpamnoe pazobasnenue
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Ha Bropoit HoMmorpammMe — 5 JTUHUIA, OTHOCSIIMECS K ONPENIEIIEHHOMY THITY PEK [0 0COOEHHOCTAM
THAPOIMHAMUYECKOr0 PEKUMA - OT OOJIBIIMX PABHUHHBIX JI0 MAJTBIX TOPHBIX (PUCYHOK 2).

INopsiok onpeneneHus JUIMHBL 30H 3arpsi3HeHus L 10 HOMOI'paMMaM CJIEAYIOILUIL:

3aepaz
HOMOI'paMMbl PEKOMCHAYIOTCA A OIPEACICHUA PasMCPOB 30H 3arpsA3HCHUA IIpU .]'IIO6BIX

COOTHOIICHUSIX PACXOJIOB CTOYHBIX U PEYHBIX BOA L, ...

1) Iomp3ysicy 1-0if HOMOrPaMMOIi, IO COOTHOIIEHUIO PACXOAOB CTOYHBIX U PEUHBIX BOJ IS
onpeenEHHON KPaTHOCTH pa30aBiieHNs] CHIMAaeM 3HAYEeHHE OTHOCHTEIBHOM TUIOIAAN 3arps3HEHUS -

Nsaepss 110 2-0H HOMOTpamMMe Ui ONPENEICHHOTO TUIMA M IPYINIbl PEK 110 HAHIECHHOMY 3HAYCHHIO

HaxoauM OTHOCUTCIIbHYIO JJIMHY 30HBI 3arpsA3HCHUA L

3azpﬂ3;

2) o cdopmyne (4) npu onpenenéHHON WIMPUHE pycia, MOIYYEHHOH NpH H3MEpEHUH
KOHKPETHOTO pacxojia BOIbl B THUIPOCTBOPE PEKH, OJrDKaiiieM K MecTy cOpoca CTOYHBIX BOJI,
orpenenseM JUINHY 30HbI 3arpsA3HeHMs:

n3azpﬂ3

L =A_ B 7)

3a2psi3 3a2psi3

O0o03Ha4YeHHS TE Ke, 4TO U B hopmyiie (5).
Pacuerbl MpOM3BOAMIIUCEH C MCIIONB30BAHUEM JaHHBIX O XHMHUECKOM COCTaBE CTOYHBIX BOJI
pek Axanrapan u Yupuuk B 2016 romy.
Asae

/./02

7-207"

/10

v 1073

r-10%

1o € L
r10°* r-1g* 7102 7-1o* r10"

3ar

Puc. 2. I'pagux ces3u
1 — 6onvuue pasuunnvle pexu, Il — cpeonue 2oprvle pexu, Il — cpednue pasnunnble pexu nped2opuil,
1V — manvie pasuunnvle, V — manvle 20pHvie peKu

J4 K PaCCMOTPCHHBIX HaMMU 3arpAa3HAOIINX BCIICCTB, KOHICHTPAIlMKM HWOHOB aMMOHHUS B
CTOYHBIX BOAax HauOoJice CYIIECTBEHHO OTJIMYAIOTCS OT PeuHbIX. Huike NpUBENECHBI MPUMEPHI
pacuera JJIMH 30H 3arps3HEHUs MOHAMH aMMOHHS peK YNpUrK n AXaHrapaH pa3HbBIMH CIIOCOOaMHU.

1.Dkcnpecc-meromom ['TU, paspaborannbiM M.A. bBecriiennoii. CHayajla paccCUMThIBAEM
MoKa3aTelib pa30aBiICHUS:
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| Soax _ Sa
=, s

cm cm

rae Smax — MakCUMaJlbHas KOHIIGHTPAIHs HOHOB aMMOHHS B PEKE;
ScT — comeprkaHne UX B CTOYHOM KUIKOCTH TpecTa «CyBOKOBa» I'. AHTpeHa;
Sn — conepkanue ux B peke y nrr. CongaTckoe;

_(Q21_0J7

=0,05-0,04=0,01
4,35 4,35

JlrHa 30HBI 3arpsI3HEHUS:

X>— VW
2(0.,+0,)¢

¢ _ l(})apsamep

npam

3necs !/

Japeamep — MWTHHA YUACTKA, U3MEPEHHAs 110 (papBaTepy; /

upan — JUIFIHA 3TOTO XK€ y4acTKa,
M3MEpeHHas 1Mo mnpsMoi. [lockoimbKy y Hac He OBLJIO BO3MOXHOCTH HM3MEPUThH JJIMHBI PEK 110

¢dapsarepy, B pacuerax npuHuMaem ¢ =1.

N — 6e3pa3zmepHOe XapaKTepUCTHIECKOE YHCIIO;

XapakTtepuctruueckoe 4uciio N Beraucisercs no gpopmysie (4);

BuiBoabl. CornacHo BBIIIEU3TIOKEHHOMY MOXHO CZAElIaTh BBIBOJA O TOM, 4YTO TII0
knaccuukanmu [TU pekn Unpunk u AxXaHrapaH OTHOCATCS K CPETHHM TOPHBIM - WX OacceiHbI
HAXOIATCA B Mpearopbsax Yatkanbekoro xpedra u kodpunment Ille3n ans vux npuaumaercs 40; g —
YCKOpEHHe CHIIbI TsKecTH, paBHoe 9,81 M*/cex; M — ko durment, 3apucsammii or C. IIpu ycnosun
10<C <60

M= 0,7C+6=28+6=34.
Torna,

_34.40
9,81

N =139Mm

Hanee BerarcisieM uckoMyto iy X mo ¢popmyne (3), npu

H=

H 3,02
B

Qcron =1,481/cex. KonmmuecTBo CTOUHBIX BOX B peke Axanrapan 46720m° mmm 1,48 1/cex.
nojcTasisgeM B hopmyay (3), momydaem 24,9m.

2. Taxxe mns p. Axanrapad y nrt. ColaTcKoe pacCUUThIBACM JIJIMHY 30HBI MEpEMEIIMBaHUS
no meroay H. H. Jlammesa:

X = d
0,48 (1-3,12m)

d — auamerp 3arps3HEHHON CTPYH WU THUAPABINYCSCKUH pajilyc, KOTOPBIH MPH OTCYTCTBUH
JICZIOCTaBa paBeH cpenHel mupune noroka d- 31 m;
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me4en

v

cmod

m=

rae VTedeH — CKOPOCTh TEUEHHS B PEKE;
Vcrou — CKOpoCTh, KOTOpasi IPUHUMAETCSI paBHOW 2M/CEK MPH OTCYTCTBUU U3MEPEHUH.

2,54

2

X = 31 _ 31
" 0,48-(1-3,12-1,27) 1,42

m= =1,27

=21,8m

JlnvHa 30HBI 3arpsi3HEHUs, paccuuTaHHas o merony JI. M. @aycroBoii - 1o HOMoOrpammam
OKa3zanach paBHOI 29 M. ITak AnuHBI 30H 3arpsa3HeHus peku Axanrapas — 24,9; 21,8 u 29wm.

AHanoru4yHble pacyersl BBHITOMHEHB! M pekn Yupuuk, y crBopa Tpouukwii, Takxke s
nonoB ammoHus. [lo merony M. A. becuennoil /uiMHa 30HBI 3arpsi3HeHHs paBHa 312M, o0 MeTOly
H. H. Jlanmmesa - 218wm, o metoxy JI. M. ®aycroBoii — 280M, TO ecTh JOBOIBHO 3aMETHBIE pa3Inyus,
Kak M U1 peku AxaHrapaH.

BeposiTHO, 3TO CBsI3aHO C OTCYTCTBHEM Y HAc JAHHBIX O BEIWYMHE COPOCOB CTOYHBIX BOJ B
KOHKPETHBIH JIeHh U3MEPEHHs paCcX0/10B BOJIBI, TO €CTh HAIIIM pacueThl BeChMa OPHUEHTHPOBOYHBIE.
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BBenenune. Amymapps - ogHa U3 caMbIX MYTHBIX pek LleHTpanbHoil Asuu. B HacTosmiee
BpeMsl, TUAPOJIOTHUECKUN PeXUM AMyZapbu CHJIBHO MCKa)K€H KaK YaCTUYHBIM 3aperyIrupoBaHUEM
KHUJIKOTO CTOKa pEeKHu Baxmi, Tak W CHCTEMaTHYECKH YBEIWYHBAIOIIMMCS OTOOPOM BOJBI IS
opomenus B Kapakymckuii, Kapmunckuit Maructpansusii 1 AMy-byxapckuit MammHHBIN 1 IpyTrue
KpYIIHbIE KaHAJIBL.

Pycio ee B cTBope BO/03a00OpPOB CIOKEHO CIAOBIMH MEJKOIECYAHBIMH TPYHTAMH, KOTOPbHIE
BCJIEJICTBUE BBICOKMX CKOPOCTEH TEUeHHs TOTOKa, OONBIIMX YKIIOHOB JHAa pyclia U CBOOOJHOI
MOBEPXHOCTH MTOTOKA, OONBIION TPAaHCIIOPTHPYIOLIEH CIIOCOOHOCTH MOTOKA TOABEPIKEHO MOCTOSHHBIM
TITyOMHHBIM ¥ TUITAHOBBIM JiepopmariusiM. Bee 3To BMecTe ¢ JIerkONOABHIKHBIM PYCIIOM, IO KOTOPOMY
npoTekaeT AMyAapbsi, CO3Aal0T YCIOBUS JUIsL ONMyKIaHUs TIOTOKA, Pa3MbIBasi TO MPAaBbIid, TO JICBBIH
Oepera, cMbIBass OCBOCHHBIC 3EMIIM, pas3pylias JaamObl, YCIOXHSS YCIOBUS DKCILTyaTaluu
OCCTUIIOTUHHBIX BOJ03a00poB. B CcBOIO oYepens, CTPOUTENHCTBO OECIJIOTHHHBIX BO/03200pOB
BBI3bIBACT HApyIIEHHWs B pycle pekn AMydapbs, M3MEHAS €€ pPYCIOBOM Mpolecc, MOCKONbKY
BO/I03a00Op M3 pEKH OCYIICCTBISECTCS HEMPOIOPIMOHAILHO KOJNMYECTBY HAHOCOB, HAaINpUMep,
rmocrymnaroias Boaa K peryisiropy ABMK npenBapuTernbHO OUHINACTCS OT ONpPEACTCHHBIX (paKIHii
HAHOCOB, KOTOpbIC COPAchIBAIOT B MOiMY peku. Peka, moTepsiB 4acTh pacxojia BOABI U YBEIHYUBAS
CBOIO MYTHOCTb 32 CUET COpPOIICHHBIX HAHOCOB, CIIOCOOCTBYET CHIIKEHHIO CBOEH TPaHCIOPTUPYIOIECH
ciocobHocTu. CrenoBaTelbHO, HIXKE TOUYKHA BO/I03200pa MPOHUCXOMUT OTIOKEHHE HAHOCOB, MPHYEM
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OTJIOXKEHHE IPOMCXOAUT BIOJNL TOro Oepera, B KOTOPOM HAxXOAUTCA TO4YKa Bojgo3zabopa. 31ech
HAYMHAIOT PAcTH OTMETKH JJHA PEKH M TMPOUCXOJHUT JBOWHOE BO3JCHCTBHE Ha PYyCJIO: BO-TIEPBBIX,
MOTOK OTTECHSIETCSI OTJIOXKHMBIIMMHKCS HaHOCAMH B CTOPOHY MPOTHUBOIOIOXHOTO OT Bozo3abopa
Oepera; BO-BTOPBIX, B peke (OPMHUPYETCs MOMEPEUHbIH YKIOH IOTOKA, TaKKe B CTOPOHY MPOTH-
BOIIOJIOKHOTO Oepera. B cuiny ckasanHoro, B paifoHe Boa03abopa yXy/IIIAlOTCS YCIOBUS IS
rapaHTUPOBAHHOTO 0TOOPA BOJBL. PyCIIo peKH MOCTOSIHHO YXOJUT OT TOYKH BOJ03a00pa, B pe3yibTaTe
3TOro Mpolecca yXyAIIaloTcs yCloBHs Bojo3zabopa. ObecriedeHHe rapaHTHPOBAHHOTO BOj03abopa
TpeOyeT OrpOMHBIX 3aTpaT. Takas ke KapTHHA HAOJIoIaeTcsi B pailoHe OECIUIOTUHHOTO BO03a00pa B
KapimHckuii MarucTpaiibHblii KaHai. B otinuume ot Bogozabopa B ABMK, B paitone Bomo3abopa B
KMK, pycrno peku Amynapbu ¢ mpaBOil 4acTh OrpaHudeHo MbicoM [lynM3uHAaH, COCTOSIIUM H3
TPYAHO pa3pbiBaeMoil ckajbl. [loaToMy st obecrieueHust rapaHTHPOBAHHOTO BO03abopa Tpedyercst
BECTH TIOCTOSHHBIC PYCIOPEryJIMpOBOYHbIE paboThl. B pesympTare MOCTOSHHOTO Boj03a00pa
BBITIOJTHSIIOTCS  PYCJIOPETYIHMPOBOYHbIE U OeperoykpenuTenbHbie padotel [1], a B paiione ABMK
BEJIETCSI CTPOUTENBCTBO JIONMOTHUTENFHOIO yYacTKa MOABOAAIIECTO KaHana. B Hacrosinee BpeMs: yxe
MIOCTPOEH JOMOIHUTENbHBIN YIaCTOK MPOTSHKEHHOCTHIO 0KoJIo 16 kM [2].

B pycne Kapakymckoro xaHama M pekd MpOTSDKEHHOCThIO okoio 1250 kM, mepecekarorieit
MPOJOJIFHO TOYTH BCIO TEPpUTOpUIO0 TypKMEHUCTaHa, MOCTOSHHO W WHTEHCHBHO IPOJIOJDKAIOTCS
Oeperoseie gedopManuy B BuIe aeiruma [3].

B paiione BhIllIeyKa3aHHBIX BO03a00pOB, CPEIHSS MHOTOJICTHSS. MyTHOCTD BOJIBI 10 TAHHBIM
HaTypPHBIX M3MEpPEeHUN cocTamiser 3,58 kr/m3. M3MepeHHas ske CpelHss CyTOYHass MyTHOCTb BOJIbI B
peKke 3a rojpl HaOMIOAeHWM cocTaBuia 5,12 Kr/mM3, MHHMMAJbHBIC T'OJOBBIC MYTHOCTH COCTAaBHJIU
1,78 kr/m3, a Makcumanbhbie - 3,30 kr/m3. Ilpu >TOM, CpeaHMN MHOTOJETHHH TOIOBOH CTOK
B3BCILICHHBIX HAHOCOB AMy/Japbu y Mbica [lynusunaman coctaBui 23 MIIH. TOHH. MyTHOCTh BOJBI WJIH
coJiepkKaHWEe TBEPIOro Marepuaja B OJHOM KyOOMETpe BOIbI  SIBJISETCS  IOKas3aTelneM
TPaHCIIOPTUPYIOIICH CITIOCOOHOCTH MOTOKA. B COOTBETCTBUH ¢ M3MEHEHUSIMH YCIOBUH (DOPMUPOBaHUS
JKUJIKOrO CTOKa M BOJHOCTH PEKH, MYTHOCTh BOJBI B peke cTBopa Kepku cocrapiser 3,3 kr/m3,
M3MEHSACH B mipeaenax 1,7-5,1 kr/m3.

HaGmomaemast MakcuMaibHass MyTHOCTh oTMeueHa 13 Mast 1969 roga u coctaBuna 22 Kr/m3.
Yucno mHel ¢ MyTHOCTBIO, TpeBblimatoreid 1,0 kr/M3 Moxer coctaButh 10 330 qHEH.

YBenuueHrne MyTHOCTH HauyMHACTCS B MapTe, MAaKCUMaJIbHbBIC 3HAUCHUsI HAOJIFOIAl0TCS B Maec-
utone. CriaJl MyTHOCTH MTPOAOJIKACTCS JI0 KOHIIA CEHTSOPSI.

AMIUIMTYIa M3MEHEHHUS pPacxoia W YPOBHS BOABI I10 MeECSIaM IPOUCXOAUT B OONBIIUX
nuamnasoHax. Takwe pe3kue KojeOaHus pacxomoB Bojbl, Bxomsamme B ABMK, cBsizaHbl c
He3aperyJIupoBaHHOCTHIO BXOAHOIO CTBOpA M rpa)KOM BOJOIOTPEOICHHMSL.
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W3meHeHMe cpeaHeMecAYHbIX 3HA4YE€HUI MYTHOCTU U pacxoAa BoAbl B noaBoasiluem kaHane ABMK
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AHBapb  hespanb mapT anpenb mai VIOHb niosnb aBrycTb  CeHTsIOpb  OKTSOPL HosIbpb  Aekabpb

‘ECpeIJHeMeCSNHbIVI pacxop (m3/c) B CpegHeMecayHbI MyTHOCTb (KI/M3) ‘

Puc. 1. Jlunamuxa mymrnocmu nomoka 600vl 8 patione OechiomurHo20 60003a60pa 6 Amy-byxapckuii
Mawunnei Kanan

Tabmuma 1. Pacxom Boapl B paifoHe OecruioTHHHOTO Bomo3abopa B KaprmHckwuid
MarucTpanbHblil KaHal

CpeaHaa mecaYyHan pacxofbl Boak! p. AMyaapba - cTB. Kepku (hakTuyeckan Boaa)

Ne |[rofbl 0Bo3H. |1 Il Il I\ \ Vi VI VIl IX X X X roa

1980 | m3/c 69,0/ 607,0] 916,0{1750,0{2170,0{3180,0{3260,0{2140,0] 989,0| 637,0] 657,0] 729,0/1425,3
1986 | m3/c 762,0| 724,0| 528,0| 469,0) 850,0/1680,0/2780,0/1840,0/ 591,0| 429,0| 432,0| 731,0] 9847
1987 | m3ic 609,0| 456,0| 766,0|1200,0|1690,0|3060,0/3070,0/2110,0|1460,0/1040,0| 934,0| 716,0|14259
1988 | m3ic 739,0| 750,0| 875,0|1620,0|2870,0/2810,0/4240,0/3200,0|1420,0| 809,0| 607,0| 709,0|1720,8
1989 | m3ic 662,0) 627,01 650,0] 748,0| 864,0/1840,0/2230,0/1610,0/ 607,0] 4220 530,0| 568,0] 946,55
1990 | m3ic 682,0| 780,0] 593,0| 778,0|2260,0/2590,0|2650,0|/1820,0/1360,0] 963,0| 660,0| 797,0]1327.8
1991 m3/c 940,0| 767,0] 593,0|11270,0|/1910,0/3180,0/2790,0|/1940,0| 1480,0| 924,0| 562,0/1070,0|1452,2
1992|m3/c | 1040,0| 810,0| 854,0|1460,0|3400,0|14150,0|4880,0|3040,0)11570,0| 983,0| 828,0| 814,0{1985,8
9 1993|m3/c | 1040,0|{1090,0{1170,0| 886,0|2980,0|3490,0|3930,0|1820,0| 1460,0| 907,0| 887,0] 913,0{1714,4
10 1994 | m3ic 861,0) 983,0] 902,0] 934,0|/2500,0|3520,0/4810,0/3470,0/1750,0| 856,0| 777,0| 953,0|1859,7
11 1995 | m3ic 904,0| 886,01 717,0] 680,0|1620,0/2120,0/3410,0/2240,0/1280,0| 811,0{ 618,0] 773,0]1338,3
12 1996 | m3ic 736,0) 650,0] 841,0|11270,0|1800,0|2840,0/2700,0/3160,0/1670,0] 80,0{1030,0/1090,0|1488,9
13 1997 | m3ic 811,0) 719,0] 655,0] 657,0|/1820,0/1720,0/2010,0/1900,0/1250,0| 672,0| 602,0| 528,0]1112,0
14 1998 | m3ic 536,0| 670,0] 962,0|1840,0|3550,0|3710,0/5400,0| 320,0/1790,0/1040,0] 761,0] 936,0]17929
15 1999 | m3ic 879,0| 827,0] 834,0/1040,0|1940,0|2500,0/2920,0/2540,0/1400,0] 947,0{ 992,0| 969,0|1482,3
16 2000|/m3/c_ |1000,0] 927,0| 709,0] 676,0/1550,0|1430,0/1640,0/1240,0/ 918,0] 599,0| 554,0| 634,0] 9898
17 2001 |m3lc 6594,0) 754,0] 508,0] 414,0] 941,0/1940,0/1710,0/1500,0| 926,0| 3250| 330,0| 537,0] 8816
cp 798,0) 766,0] 769,0|11041,0)/2042,0/12591,0/3202,0/2111,0/1289,0] 791,0| 692,0| 792,0|1407,0
CTOK B MNH. M3 12137.5(1854.4(2061.0{2695.4[5472 7|6710.2{8581.0|5657.713340.012119.4|1792.0|2123.0| ##H##

|~ [T |f | R | —

Pe3yabTarhl ucciaenoBaHusi. VI3MEHEHUsS ©KETHEBHBIX YPOBHEH BOIBI pP. AMyHapbs
MOKa3bIBAIOT, YTO OHHU YEPEIYIOTCS PE3KUMU MOoAbEMaMU W CHaJaMH. B MHOTOBOIHBIE TOJIBI
MIPOXOXKIEHUS PACXOIOB COMPOBOXKIAIOTCS BBHICOKUMU YPOBHSMH BOJIbI, BO3HUKAIOT HAMIYUIIHE
YCIIOBHSL BOJ03a00pa, M 3HAYUTEIbHBIC 3aTPYAHCHUS IIPH OPraHM3alMK II0Jaud BOIbBI HE
HAOIIOIAI0TCSI, HO CIEAYeT OTMETHT, YTO, BMECTE C BOJHBIM MOTOKOM, B IOJBOJSIIEE PYCIIO KaHAaa,
MOCTyMaeT OOoNbIIOe KOMMYECTBO HAHOCOB. B cBOIO ouepenb, Miisi o0ecriedeHus] IKCILTyaTalMOHHBIX
YCIIOBHI TpeOyeTcs BBINMOJHEHUE OOJIBIION0 00beMa OUYMCTHBIX pa0dOT B IOABOMIAIICM KaHale.
EcrecTBeHHO, 3a cUeT ATHX KOJOCCAIBHBIX 3aTpaT YBEIWYHBAETCS CEOECTOMMOCTH BBHIPAIIMBAEMOI
CEIIbCKOX03HCTBEHHON KYJIbTYPBI, KOTOpasi OPOIIAETCs TPaHCIOPTUPOBaHHOW Bomor. Haubombiime
CIIOKHOCTH TPH OCYIICCTBJCHHM I10Ja4d BOABI BO3HUKAIOT B IIEPUOJ MEXKEHH, M OCOOCHHO B
MaJIOBOJTHBIC TOJTBI.

Paccmorpenne M3MeHEHHMH YpPOBHEHHOTO peXuma p. AMyJapbsi JTaeT BO3MOXKHOCTB Oolee
MOJTHO OXapaKTEepU30BaTh €ro M3MEHEHUE Ha CTBOPE BXO/a B KaHall U Ha BEepXHEM Obede TomoBHOTO
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coopyxenuss ABMK. B wmanoBomHbie Toabl B Tporecce nepeopMHpPOBAHUS pycia PEKH, 4YacTo
HaOIIolaeTcsl cBaj TOTOKA, K OJHOMY K3 OeperoB, W OTXOJOB PEKH OT TOYKH Bono3abopa. B
pe3yabpTaTe 3TOr0 YCIOXKHAETCS MPUBOJ] TUIAHOBBIX PacxoioB BOABI K moaBosanieMy kaHary KMK u
roioBHOMY peryisaTopy ABMK, u nanee Kk HACOCHBIM CTaHIIMAM MIEPBOT0 MObeMa.

TpaHCIOPT MPOJYKTOB OYMCTKYA BHU3 IO TEYCHUIO IPOUCXOIUT TPH OONBIIMX PACX0JaX PEKH,
a B MaJIOBOJHBIEC TO/bI TPAHCIIOPT HAHOCOB BHU3 Pe3KO CHIKaeTcs. [loBTopeHne MajJoBOAHBIX TO/I0B
OJIMH 3a JPYIMM W HHU3Kas TPAHCIOPTUPYIOIIAs CIOCOOHOCTH MOTOKA MPUBOIAT K IOCTEIICHHOMY
HAKOIIJICHUIO OOJBIIOro KoaruecTBa HaHocoB B oTcToiHuke KMK n Hanocoxpanunamax ABMK.

BuiBoabl. AHain3 pycioBoil 00CTaHOBKH pekH AMyJaphsi, B paiioHe Bojozabopa B KMK
JlaeT BO3MOYKHOCTD C/IeaTh CIAEAYIOIINEe BHIBOIBI:

— U3-32 MHOTO()aKTOPHOCTH PYCIIOBBIX POIECCOB B MPOCTPAHCTBE M BPEMEHH, a TaKIKE U3-32
BIMSHUSL BO/O3200pa Ha JUHAMUKY TOTOKA, IMEpe] ASKCIUTyaTAIlMOHHBIMU CIY)XO0aMH TIOCTOSIHHO
CYIIECTBYET MpobiieMa peryupoBaHus pyciia peKu Uit o0ecreueH s rapaHTHPOBAHHOTO BO/103a00pa;

— HaOJrOIaeTCs TEHICHIUS CMEIICHUS pyciia peKu AMyIapby OT TOYKH Boz03abopoB B KMK u
ABMK, BcnencTBrie KOTOPOro HHTCHCUBHO pa3MbIBASTCsI JICBBIN Oeper pycia pekd HUKe BOJ03a00pOB;

— B pe3ylbTaTe MOCTOSHHOTO BEJICHUSI OYUCTHBIX Pa0OT Ha HAYAIBHOM YYacCTKE IMOABOISIINX
KaHaJIOB U cOpoca MyIbIIbl B PYCIIO PEKH PE3KO YBEIMUYMUBACTCS MYTHOCTH ITOTOKA BOJIBI B PyCIIe PEKH
HUYXE BO03a00pOB;

— B pycie pexku KapakyMckoro kaHaja npoucXOAsT HHTEHCHBHbBIE OeperoBbie aedopMaliuy B
dbopme aeiiruma;

— TIOCKOJNIBKY B pyciax nojsojsmux Kapakymckom, KapmmHCKOM MarucTpalibHBIX KaHaJIOB
1 AMy-ByxapckoM MalMHHOM KaHaJe MOTOK BOJIBI HMEET OOJBIYI0 MYTHOCTD, HX pycia TIOCTOSIHHO
MOJIBEPKEHBI HHTEHCHBHBIM JIehOpMatiusimM;

— BBISIBIICHBI XapaKTEepPHbIE OCOOCHHOCTH THAPOJIOTMYECKOro PEeXKHMMa peKu AMyaapbs B
paiioHe Bo03a00pa;

— OIlpeJieNieHbl 00IIHe HATPaBJICHHUS U XOJ] PYCJIOBBIX MTPOIIECCOB B paiioHe BO103a00pOB;

— JUIg yAyd4IIeHUs YCIOBHH JKcIutyaTarmu mnoasozsimedt udactu KMK, B pycne pekw,
HEOOXOJMMO MPOKOIATh THOHEPHYIO TPAHIICIO C ONPEICICHHBIMU pa3MepamMu U (JOPMOM BBIIIIE TOUKH
Bono3abopa. TpaHiies MO3BOJMUT OCYIIECTBHTh TapaHTHPOBAHHBIA BOm03a00p B KaHan. J(uHamuka
notoka, (opMa U TEOMETPHUECKHE pa3Mepbl MOTYT OBITh YCTaHOBIICHBI SKCIIEPUMEHTAILHO U ITyTEM
MHOTOBapUAHTHBIX YUCICHHBIX HCCIICIOBAHUH.

Kak orMeuanoch BbIIIIe, pyclio PeKH MOJBEPKEHO HHTEHCUBHBIM JieopManusaM. B pesynbrare
Bo3pacTanus Bomozabopa m3 Amynapen B KMK u ABMK, B pycne peku Amyznapbs B paiioHe
BOJ103a00POB TPOMCXOMAT MaciuTabHble U HeoOpaTUMBbIE PYCIOBBIC JeOpMaIi, WHTEHCHBHOCTb
9THX MPOIECCOB CHIILHO OCIIOKHSIET YCIOBUS IKCILIyaTallli BO103a00POB.
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BBenenue. Amy-byxapckuit MammHHBINA KaHaJ SIBISAETCS OCHOBHBIM HCTOYHHKOM OPOIICHUS
Byxapckoit u HaBowiickoii obmacreir PecnyOnmkn Y30ekucran u ®apabekoro srpana JInbGadckoit
obnactu Typkmenucrana [1].

3a ToAbl SKCILTyaTaluu, MPOITYCKAEMBIC 110 KaHaTy pacXoAbl BOJbl YBCINYNUIIUCH B HECKOJIBKO
pas u B HacTosIIee Bpems gocturaiot 400 m’/c.

[Ipommyck crome OONBIIOrO pacxoga BOJBI CTal BO3MOXKHBIM Onaromaps MHOTOKPAaTHOH
PEKOHCTPYKIIMH TOJOBHOrO coopyxkenus ABMK u kaHana, ¢ HOIMPOKMM TPUMEHEHHUEM CPEICTB
THJIpOMEXaHu3alui. BMecte ¢ yBemuueHreM oOBEMOB BO03a00pa, YBEIMYMIIMCH IOCTYMAIOIINE
BMECTE€ C BOJIOH 00BEMBI HAHOCOB. BONBIIOE KOIMYECTBO B3BEHICHHBIX M BJICKOMBIX HAHOCOB,
MOCTyMAloIIee U3 PeKH, OCaXKJasch B pycie KaHalla, MPUBOJAUT K YMEHBIICHHUIO JKUBOT'O CEUYCHUS U
MPOITYCKHOH criocoOHOCTH KaHana (Tabmuma Nel).

Jus  moanmepkaHus HEOOXOAMMOH CIIOCOOHOCTH KaHaja, 9SKCIUIyaTal[MOHHAs —CIIy»0a
BBIHYX/ICHA apCHA0BATh 60.]'[131]_[06 KOJIMYECTBO PA3JIMYHBIX MO MOUIHOCTH W THUIIAM 3€MCHApPAA0B, IJIA
CBOEBPEMEHHOT'O BBITIOJTHEHHSI OYHCTHBIX M PYCIOPEryIUPOBOYHBIX paboT Mo JUIMHE BOJ03a00pHBIX
KaHaJIOB OT BXOJa JI0 ToJIOBHOT0 coopykeHust AbBMK.
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Tab6nuna 1. CpeaHeMecssYHbIC PACXOIbI BObI (M3 /c) B HmkHEeM Obede r.c. ABMK

M-11 Cp.

1 2 3 4 5 6 7 8 9 10 11 12 |roxm., B
Tonsr cM

1995 | 139 | 143 | 68 77 | 146 | 487 | 234 | 287 | 184 | 100 | 28 97 145 4,59
1996 | 140 | 161 | 130 | 116 | 153 | 229 | 278 | 284 | 135 | 104 | 80 70 160 5,04
1997 | 164 | 187 | 115 | 64 | 103 | 181 | 219 | 239 | 243 | 143 | 83 62 150 4,73
1998 | 166 | 141 | 34 | 129 | 162 | 189 | 245 | 243 | 158 | 100 | 72 56 141 4,45
1999 | 156 | 99 73 134 | 167 | 217 | 292 | 289 | 173 | 120 | 99 60 156 4,392
2000 | 188 | 163 | 119 | 122 | 164 | 191 | 195 | 147 | 98 | 100 | 85 92 139 4,38
2001 | 92 | 105 | 95 90 | 102 | 184 | 241 | 240 | 163 | 82 80 66 121 3,81
2002 | 122 | 140 | 129 | 108 | 131 | 220 | 286 | 273 | 201 | 110 | 99 58 156 4,93
2003 | 62 | 110 | 51 118 | 160 | 207 | 282 | 270 | 136 | 100 | 100 | 82 140 4,41
2008 | 81,5 | 99,7 {114,4]|127,1(189,7|292,7(306,8{260,5(198,1|120,1{120,1|152,9| 172
2009* | 187,5|148,2(107,6(140,7|153,3|228,4|303,6|278,7|195,5 193,5

* nanuble 3a 1-9 MecdreB

AmM1uin-
Tyna, B M

JnuHa BOMO3a0OPHBIX KaHAOB, B 3aBHCHMOCTH OT BOJHOCTH TO/a W PACIIOJIOKECHUS
(daparepa peku, B TeUEHHE I'OJla U U3 ToJia B TOJI, KaK CKa3aHO BBIIIIE, CHILHO MEHSETCS.

Hepenko, mirHa Bog03a00pHBIX KaHANIOB, B IIEPUOJ] MEIKEHHU, BO3PACTAET OT COTHU METPOB JI0
HECKOJIbKUX KHJIOMETPOB.

HenpepbiBHBIE 0YHCTHBIE paOOTHI, BBIOIHSIEMbIE C CAMOTO Hayalla OCYIECTBICHHS Boi03abopa
B Amy-Byxapckuii kaHan, mpuBend K 00pa3oBaHUIO OOJNBINIMX OTBAJIOB HAHOCOB BJIOJB JIEBOTO Oepera
kaHana Nel, pacronoeHHOro Ha MpaBoM Oepery pekn AMynapbsi, TakxKe, OHH TPUBEIN K CMEIICHUIO
MOTOKA OT TOYKH BO03a00pa 1 0TX0Ay (hapBaTepa peku B CTOPOHY JICBOTO Oepera.

WnTencuBHoe nepedopMUpoOBaHHE pyclia B TOYKE BOj03abopa W CIOKHOCTH TIpolecca
OCaXKJCHUST HAHOCOB 110 JUIMHE BOJN03a0OpHBIX KaHANOB, OOYCIIaBIMBAIOT pPalMOHAIBLHOE
KCIIOJIb30BaHME UMEIOIIET0Cs MapKa 3eMCHAPSI0B IIPH OPTaHU3alui OYMCTHBIX padoT [2].

Pe3yabTaThl McciaenoBaHusi. Ha OCHOBaHWMHM HCIONB30BAaHUS MAaTEPHANIOB HMCCIEAOBAHUIMA,
MPOU3BEJCH aHajJu3 IOCTYIUICHHWS M OCAaXKJICHHS HAaHOCOB B B0J03a00pHbIH kaHaa Nel ABMK.
JlaHHBIE HM3MEpPEHWH TOKa3bIBaIOT, YTO HAa y4YacTKe OT BXOJa B BOm03a0opHBIH kKaHanm Nel 1o
TOJIOBHOTO OTCTOMHHKA, TPOUCXOIUT pE3KOE YMCHBIICHUE MYTHOCTH M YBEIUYEHHE CTEleHU
OCBETJICHHS TIOTOKA.

Habnromaercsi Takke yMEHBIIEHHE CKOPOCTH TEUEHHS IOTOKA, a Ooyiee pe3Koe CHIDKEHHE
MPOMCXO/IUT Ha HAYAIBHBIX YUaCTKaX KaHaJa.

CHWXEHHE CKOPOCTH TEUEHHS, MYTHOCTH W OCBETJICHHE IOTOKa MO JUIMHE BOJ03a00pHBIX
KaHaJIOB, B OCHOBHOM, 3aBHCST OT YPOBHSI pacxojia, MyTHOCTH PEKH W BEIUYHMH PACXOIOB BOJIBI,
npoxoxasmeii uyepes r1.c. ABMK. Xapakrep ocaxaeHus B3BEIIEHHBIX HAHOCOB IO JJIMHE
Bomo3abopuoro kanama Nel ABMK mnpuBomsrcs B tabmuie Ne2. Kak BUIHO U3 3TOM TaOJHIIBL,
CHIDKEHHE MYTHOCTH BOJIBI U OCBETJICHHE IMOTOKA, B OCHOBHOM, 3aBUCHT OT KOJHMYECTBa 3a0UpaeMoii
BOJIBI, IPOTSHKEHHOCTH BOJI03a00PHBIX KaHAJIOB, Yepe3 KOTOPBIE MPOIMYCKalOT BOAY

Tab6nuna 2. OcaxkaeHue B3BEIICHHBIX HAHOCOB 110 JUITMHE BO103a00pHOro kaHana Nel ABMK

Jlata wsmepeHms MyTHOCTE, B KM, V3MmeHeHne MyTHOCTH 110 JyiuHe B-1
pe oceiene B % Bxor TIK 65 TIK 23 TIK 10
p, KT/ 2,64 2,08 2,06 1,71
17.07 B % 0 21 22 35
708 p, KT/ 2,52 1,93 1,92 1,73
) B % 0 25 24 31
409 p, KT/ 1,99 1,76 0,84 0,93
) B % 0 12 58 54
p, KT/ 1,32 0,51 0,36 0,35
30.10 B % 0 62 73 74
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OcaxaeHue HaHOCOB No ANUHe Boao3abopHoro kaHana Ne1 ABMK
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Puc. 1. Junamuxa nanocos no npoooavHomy npopuiio oeticmeayiouie2o no08ooaueco Kanaia

N3menenne (ppakIMOHHOIO COCTaBa B3BEIICHHBIX HAHOCOB IO JJIMHE BOJ03a00PHOro KaHaja
Nel B pazpese ocHOBHBIX (pakiiuii mpuBoauTcs B Tadmuie N3 [2].

Tabmauma 3.
MexaHn4eckii CocTas B3BElIeHHLIX HAHOCOB p. AMYAapbA 3a MHOrONETHUA nepuos rm. Kepky
QUameTp (pakLUi B MM 1 X coaepxanie B %

MecALlbl 1-0.5 0502 0201 01-005 1005001 [0,01-0,005(0005-0001]<0.001
| 0.00 3,60 1580 19.00 36,00 740 17 .80 0,40
I 0,00 460 16,30 1390] 4375 705 13.90 0,50
Il 0,00 350 710 7.90 39,00 15,70 26 40 0.40
' 0,00 0,80 248 8,00 39,30 21,50 27 60 0,30
V 0,00 143 6,07 10,80 34,20 20,10 27,00 0.40
Vi 0,00 152 5,38 1020] 41,00 15,40 26,10 0,40
VI 0,30 1,10 10,90 14,50 40,30 11,40 20,30 0,60
VI 0,00 0,50 235 465 38,30 20,50 33,30 0.40
IX 0,00 1,98 10,10 972 33,70 12,80 31,30 0.40
X 0,20 520 19.00 1520 33,00 10,60 16,40 0,40
X 0,40 450 15,30 1780 3420 10,80 16,50 0,50
X 040 440 12,50 16,70 35,20 11,90 18,50 040
Cp.MHOTOn. 011 276 10,27 12,36 37,33 13,76 2293 043

Kak BumHo w3 5TOH TaOMMIGI, TVIMHUCTHIE YaCTHIlGI B3BemIEHHBIX HaHocoB <0,005 mm
YBEIUYHMBAIOTCS OT BXOJHOTO CTBOpa K TojoBHOMY coopyxkennio ABMK ot 15% mo 36 %.
[Ib1eBaThIe YacTUIIBI B3BelIeHHBIX HaHOCOB d = 0,05 Takke yBeIMYMBAIOTCS OT BXxojaa 1o r.c. ABMK
ot 38 % 1o 66 %. Ilecuanbie yactuiel HaHocoB d = 0,05 - 0,25 MM Ha000pOT yMeHbIarOTCS OT 3 %
1o 71 %, a yactunel HaHocoB d >0,25 MM ymenbnatorces ot 1,30/0 o 0,15 %.

®dpakIMOHHBIA cOocTaB HaHOCOB (OpMUPYETCS Kak B OacceliHe peku, Tak U B pycie. Kak
00I11asi MyTHOCTb, TaK U ()PAKIIMOHHBIA COCTaB HAHOCOB B PEKE HEMPEPHIBHO M3MEHSIOTCS. [1oaTomy
JUIs HauOoJee NPaBHIbLHOW HMX XapaKTEPUCTHKH, HEOOXOAMMO HMMETh JaHHBIC OOJIBIIErO 4YHCIa
HaOJIIOAEHHIA.

MexaHUYeCKU COCTaB B3BCIICHHBIX HAHOCOB IPETEPIICBACT 3HAUMTEIbHBIC M3MEHEHHS I10
JUIMHE PEKH, 3TO CBSI3aHO C THUIAPABIMYCCKUMH XapaKTEPUCTUKAMHU IMOTOKA M TPAHCIOPTUPYIOLICH
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CHOCOOHOCTRIO peku. OOBIYHO MO JJIMHE peKkH (PAKIMOHHBIA cocTaB yMeHbIaeTcs. OCOOSHHO 3TO
xapaktepHo i ¢ppaknuii meHee 0,01 M.

OtMevaeTcs TaKkKe H3MEHEHHEe (PAaKIMOHHOTO COCTaBa B 3aBHCUMOCTH OT HW3MCHEHHS
BOJIHOCTH, T.€. OT BPEMEHHU Toja. B cBi3uM ¢ TeM, YTO MYTHOCTh B TIEPHOJl MEKEHH, B OCHOBHOM,
dbopMupyercs 3a CcueT pPYCIOBBIX IIEPEOTIONKEHUH, TO B ATOT TEPHOJ OTMEUAeTCs YBEIUYCHHE
KpynHbiX (pakiuid. [losTomy chenaHa crenwanbHas TPYNIUPOBKA MEXaHHYECKOTO COCTaBa II0
KPYITHOCTHY 332 MHOTOJIETHUH TIepHOJl (KPYITHBINA, CPETHUA U MEJIKHIA ), YTO BHIHO U3 Tabmuibl Ned [3].

Tabnuna 4. MexaHWYecKHiI CcOCTaB B3BEUICHHBIX HAHOCOB P. AMyIapbs 3a MHOTOJICTHUH
MIEPUOJ 32 MOJIOBOABE U MEKEHD

Jlnamerp (pakiym B MM H HX coJiepKaHue B %

Tepron ase! 1-0,5 | 0,5-0,2 | 0,2-0,1 [0,1-0,05] 0,05-0,01 ] 0,01-0,005 | 0,005-0,001 | <0,001
TIpu HooBOMIbE 0,00 | 1,80 | 880 | 1220 | 46,50 12,60 18,10 0,00
TIpu Meskenu 0,80 | 16,30 | 31,40 | 26,00 | 14,10 11,40 0,00 0,00
Mait Mecsit 130 | 2,40 | 13,70 | 35,50 19,90 14,10 | 13,10

BoiBoabl. Takum 00pa3oM, aHajiu3 B3BEIICHHBIX HAHOCOB IIOKa3bIBAET, YTO COACPIKAHHE
YaCTHIl TJIMHUCTBIX (PaKIMii HAHOCOB MMEET TCHICHIMIO K YBCIMYCHMIO, TOTJa KaK COJepKaHUE
TeCYaHbIX HAHOCOB YMEHBIIIACTCS B HAMMPABICHUU OT BX0JIa K TOJIOBHOMY coopykeHnio ABMK.
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Beenenue. V3MeHeHUsT pacxoJ0B M YPOBHEH BOABI ISl YCIOBHM CPEIHErO TEUEHUS PEKU
AMynapbs, Tae pacnojokeH OecruIoTHHHBIA Bomo3abop B Amy-Byxapckuii kanan (ABMK), Obun
M3Yy4CHbl HA OCHOBAHMHM MaTEPHAJIOB M3MEPEHHS PAacXOJ0B BObI, BBITOJHEHHBIX Ha cTBOpe Kepku u
Yapmkoy. B momonHeHne Kk HUM TaKkke ObLIM MCIONB30BAaHbI MAaTepPHalibl MOJEBBIX OTPSIOB OTACIA
pycen CAHUWNPU »skcrutyatanmonHoit ciayx0bl kaHama ABMK w©  mpoekTHOro WHCTHUTYTa
<<Y321ABCYBHOI7H/IXA». B ocHOBHOM, HCHOIB30BAINCH JTAaHHBIE CPEIHEMECSYHBIX M TOIIOBBIX
3HAYCHUH PACcX0A0B BOJIBI peku [1].

Kak mokaszaiy aHaiu3bl MaTepuaioB u3MepeHuit 3a mepuon 1980-2003 rr., HauOoOJbIIKE
TOZIOBBIE CTOKH BObI cocTaBmian: B 1983 r. — 60,04 kv’; B 1984 1. - 69,69 xm’; B 1985 1. — 64,71 kv’
B 1992 1. — 62,88 kM’; B 1998 T. — 64,11 Knvr’.

HauGoree BBICOKHE CPEIHEro0BbIe Pacxoabl Boabl HaGmomamich B 1983 r. - 1905 Mm/c; B
1984 r. - 2210 m’/c; B 1985 1. - 2052 M/c; B 1992 r.- 1995 m’/c; B 1998 1. 2035 m’/c. 3a mepuox ¢
1980 o 2003 rompl, HanboIee HU3KKUE TOOBBIE CTOKH BOAbI HaOmIOxamich B 1986 r. — 31,06 kv’; B
1989 1. — 27,85 kv’; B 1994 . — 30,05 xm’.

COOTBETCTBEHHO, B 3TH JK€ TOABl OBLIM CaMble HU3KHUE CPEIHErofOBbIC PACXOJbl BOJIbI:
985 m’/c; 885 m’/c; 955 m/c.

Ha ocHoBanmu cBefeHHI O ©KETHEBHBIX PAacxXoaax BOMABI, Mpoxomsammx uepe3 T.c. ABMK,
ObUIM ONpEACICHBI WX CpeIHEMECSYHbIC 3HAYCHUS Ha BXOAE B BOA03a0OpHBIC KaHambl Jlis
HaIJIIHOCTH TOCTYHAIOIIME PACXObl OBUIM CrPYNIMPOBAHBI IO MecsAllaM, T.e. ObUI IOKa3aH
JMara3oH U3MEHEHHS pacxoja, HalpuMep, B siHBape 3a 24 roga. [logcyersl mokas3aiu, 4YTo aMILIUTyaa
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M3MEHEHHS Pacxoja Mo MecslaM MPOMCXOIUT B OONbIIMX auana3oHax. Tak, 3a 24 roga OTHOIICHUE
HanOOJbIIEro pacxo/ia K HauMEHbIIIEMY B sTHBape COCTaBHIIO 3,3 pasa; B ¢eBpaie — 3,63 pa3za; B MapTe
— 6,8 paza; B anpene — 2,1 paza; B mae — 3,5 pasza. B mrone — 2,0 pasa; B utone — 1,6 pasa; B aBrycre —
2,3 pasa; a B IIepHOJ] Cliajia MaBojKa - B CeHTA0pe — 2,5 pasa; B okTs10pe — 3,2 pasa (Tabmuia Nel).

Tabumua 1.

Pacxoab! Bogbl
rofel Habn.|Obosx. || I Il 1\ \' Vi Vi VIl X X Xl Xl rog

1[m3lc 69.0| 607.0] 916.0]1750,0]2170,0{3180,0[3260.0[2140,0] 989.0| 637.0 657.0] 729.0[14253
2|m3lc_ | 762,0] 724,0] 528,0] 469.0] 850,0]1680,0]2780,01840,0] 591.0] 429.0[ 4320 731.0] 984.7
3|m3lc_ | 609,0] 456,0] 766,0/1200,0{1690,0]3060,0]3070,0|2110,0]1460,0{ 1040,0] 934.0] 716,0[1425.9
4|m3ic__ | 739,0] 750,0] 875,0[1620,0/2670,0]2810,0]4240,0|3200,0]1420,0] 809,0] 607,0[ 709.0[1720.8
5|m3lc__| 662,0] 627,0] 650,0] 748,0] 864,0]1840,0]2230,0/1610,0] 607,0] 422,0[ 530,0] 566,0] 9465
6|m3lc_ | 682,0] 780,0] 593,0] 778,0(2260,0/2590,0]2650,0]1820,0]1360,0] 963,0] 660,0] 797.0[1327.8
7|m3lc_ | 9400 767.0] 593,0[1270,0[1910,0]3180,0]2790,0]1940,0]1480,0] 924.0[ 562,0[1070,0[1452.2
8|m3lc__ [1040,0] 810,0] 854,0[1460,03400,0]4150,0]4880,0|3040,0]1570,0] 983,0[ 828,0] 814.0[1985,8
9[m3lc__ [1040,0{1090,0[1170,0| 886,0/2980,0]3490,0]3930,0|1820,0]1460,0] 907,0] 887.0] 913,0[1714.4
10[m3lc__ | 861,0] 983.0] 902,0] 934,0[2500,0]3520,04810,0|3470,0[1750,0] 856,0] 777.0] 953,0[1859.7

—
—

M3ic 904,0| 886,0] 717,0| 680,0{1620,012120,0/3410,0/2240,0/1280,0| 811,0| 618,0] 773,0{11338,3

12[m3lc__| 736,0] 650,0] 841,0[1270,0[1800,0[2840,02700,0/3160,0{1670,0] 80,0[1030,0[1090,0[1488,9
13[mM3lc__| 811,0] 719.0] 655.0] 657,0[1820,0[1720,0/2010,0/1900,0{1250.0] 672,0] 602,0] 528,0[1112,0
14[w3lc__ | 536,0] 670,0] 962,0[1840,0[3550,0[3710,0/5400,0 320,0{1790,0]1040,0] 761,0] 936,0[1792.9
15|m3lc__ | 879.0] 827.0] 834,0[1040,0[1940,0[2500,02920,0|2540,0{1400,0] 947,0] 992,0] 969.0[1482.3
16[m3lc__ [1000,0] 927.0] 709.0] 676,0[1550,0{1430,0]1640,0{1240,0| 918.0] 599.0] 554.0] 634.0] 989.8

—
=

w3lc_ | 694.0] 754.0] 508.0] 414.0] 941.0]1940,0]1710,0]1500,0] 926,0] 325.0| 330,0] 537.0| 8816
o 798,0] 766.0] 769,0]1041,0]2042,0{25091,0[3202.0{2111,0[1289,0 791.0] 692,0] 792,0]1407.0
CTOK wnH. M3 | 2137,5]1854,4] 2061,0| 2695 4| 5472,7]6710,2| 8581,0| 5657,7 3340,0[ 2119,4] 1792,0(2123,0| ###

Takue peskue KoyneOaHUS pacxomoB Boawl, Bxomsamelr B ABMK, cBszanbl ¢
HE3aperyJMpOBaHHOCTBIO BXOJHOTO CTBOpa W TpadUKOM BOAOMOTPEOICHUS, BO BpEMs IMPOMBIBA
mojieil OT COMM M BIATO3APSAKM HMX TIepe] IOCEBOM U OpOILICHHEM pa3lUYHbIX BHJIOB
CeNbCKOXO03HCTBEHHBIX KYJIbTYp, B TE€UEHHE BCET0 BETeTAllMOHHOTO repuoza [2].

Peskune konebaHusi pacxooB BOJBI B BO/I03a0opax, B TeueHHe ogHoro Mecsa 3a 1980-2003
rofibl, O4Y€Hb YacTo MPUBOIMIN K oclokHeHusAM. [Ipu ocymiecTBienun Bogonogadn uepes kanam Ne 1
4acTO MPOMCXOANI BBIXOJI U3JHIICK BOIBI, Yepe3 KaHaibl No2 u Ne3, oOpaTHO B peKy HaOIIOAaInCh
ciydan BeIxoza 10 450 M’/c BOIBL.

PesyabTaTbl ucciaenoBanus. TakuMm 00pa3oMm, H3-3a HEPEryJUPOBAHHOCTH BXOJA,
CYMMapHbIil pacxoj BOAbI BO BpeMs MaBojka gocturaer mo 800 m’/c u Goree. Bmecre ¢ Bomoii B
KaHaJI TMOCTynaer OOJNbIIOEe KOJIWYECTBO HAHOCOB. B MHOTOBOAHBIE TOIBI MPOXOKIACHUE PACXOJIOB
COIIPOBOXKJAETCA BBICOKUMH YPOBHSMH BOJbBI, BO3HUKAIOT HaWIy4IlHe YyCJIOBHA Bojo3abopa Amy-
Byxapckuii kaHai, v 3HAUUTEIBHBIC 3aTPYAHCHUS [IPH OpPraHU3alH MOJjaud BOJIBI HE HAOIIOAt0TCS.
Haubonbimme cIoXHOCTH MPH OCYHIECTBICHHHM TOAAa4YM BOJBI BO3ZHHKAIOT B TMEPHOA MEXCHU, U
0COOCHHO B MaJIOBOJIHBIC TOJIBI.

B mManoBogbe HeOoOMNbIIME pacxXoibl CONPOBOXKIAIOTCS HU3KHMH YPOBHSMH BOJBI, 4TO
MIPUBOIUT K HEBBICOKUM YPOBHSM TEpe PerynsaTopom roioBHoro coopyxenus AbBMK. beum cinydan
MOJTHOTO OTKPBITHS 3aTBOPOB PETyJSATOpa, TOTNA Tepernagsl YPOBHS MEKIY BEPXHHUM M HIKHUMH
obedamu ymenbianucs a0 0,2-0,3 m.

B manoBosHbIe TOBI B MpoIiecce nepeOpMUPOBAHUS PYClia PEKH, YacTO HaOII0JaeTCs CBA
MOTOKa K OJHOMY M3 O€peroB W OTXOJOB PEKH OT TOYKHM Bojo3abopa. B pesymprare sTOro
YCIIOKHSAETCSl TPUBOJ ITUIAHOBBIX PAacXoJOB BOIBI K rojoBHOMY perymsatropy ABMK u nmanee k
HaCOCHBIM CTaHIIUSM IEPBOTO MObeMa.

CBai moToKa K OIHOMY M3 OeperoB MPUBOJMT K €r0 pa3MbIBY M HCKITFOUEHHIO U3 CEBOOOOpOTA
3HAYUTENLHBIX MOCEBHBIX ILIOIIaAeH. [ coxpaHeHuss OeperoB OT JalbHEHIIEro pa3MbIBa, 4acTO B
aBapUITHOM TIOPSJIKE, BBITIONHSIOTCS OeperozamuTHbie padoThl. B Takux ciaydasx riryOuHa pa3MbiBa y
3amiaeMoro oepera goxoaut a0 18,0 —20,0m, a mpu OTCYTCTBUH 3aIUTHBIX MEPONPHUATHN TTTyOHHA
pasmbiBa He mnpeBbimaer 6,0 - 8,0m. [To HaOMIOAEHUSAM HEKOTOPHIX ABTOPOB, OJHOBPEMEHHOMY
pa3MbIBY moaBepraercs 10 25 % y4actka Oepera peku AMyaaphbsi.
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Xapakrep H3MeHeHHUs1 ypoBHSA AMynapbu B paiione ABMK 0but mccienoBan Ha OCHOBaHHH
JIAHHBIX MaTepUalioB HAONIOJCHUH, BBIIONHEHHBIX B I/1 Yap/pKoy K.J. MOCTa, PaclojoKeHHOro Ha
12 xM Hmke Bomo3abopa ABMK.

Paccmorpenre u3MeHeHUH YPOBEHHOTO pexXuMa AMYyAapbH JaeT BO3MOXHOCTh Ooliee MOJTHO
OXapaKTepu30BaTh €ro M3MEHEHHE Ha CTBOpPE BXOla B KaHal M Ha BepxHeM Obede TOIOBHOTO
coopyxenuss ABMK (pucynok 1).

Jiist 3T0r0 OBUT PACCMOTPEH XapaKTep U3MEHEHUS CPETHEMECSTYHBIX YPOBHEH, MTOyYEHHBIX Ha
OCHOBaHHHM TIOZICUeTa eKEAHEBHBIX M EKEIEeKaIHbIX YPOBHEW BOJbI. Tak Kak U3MEHEHHE eKEIHEBHBIX
YpOBHEH BOABI HE XapaKTEPHO IS HEPErYIHPYEMOTro pEeKUMa PeKH, OBUIO MPUHSTO peIleHue
paccMaTpuBaTh TOJIBKO UX €KEMECSUYHbIe 3HAUCHMUS.

B Tabnuie 2 npuBOAMTCS W3MEHEHHE CPEIHEMECSYHBIX YPOBHEH BOABI p. AMyaaphs - r/m
Yapmkoy k.11 MocTa, 3a 1995 - 2003 rozs!.

Tabnuna 2. Mi3MeHeHre CpeAHEMECSYHbIX YPOBHEH BOIBI p. AMyaapbs — I.I0. Yapmkoy K. 1.
Mmoct 3a 1995 — 2003 r.t.

ro;_u 1 2 3 4 5 6 7 8 o 10 11 12 CT‘;' ;r-ff‘w A“m;”ify;‘af
1905 | 167 151 137 | 135 | 202 | 215 | 270 | 233 189 | 165 157 | 159 182 1,35
1996 | 153 136 | 161 176 | 210 | 248 | 2490 | 252 | 190 | 171 159 | 175 191 1.16
1907 | 121 111 115 149 104 | 232 | 261 244 | 202 | 140 142 | 158 172 1,50
1908 | 157 167 | 178 | 216 | 273 | 287 | 332 | 285 108 137 130 | 146 209 2,02
19090 | 154 137 | 154
2000 | 166 145 98 68 159 | 178 | 216 168 52 128 122 | 150 146 1,48
2001 | 162 163 104 84 132 | 238 197 180 | 143 og 111 152 176 1,40
2002 | 141 112 | 155 | 231 245 | 200 | 278 | 260 | 206 | 130 115 155 193 1,78
2003 | 135 104 | 167 | 219 | 243 | 273 | 272 | 228 161 108 131 161 184 1,69

Pexa Amynapes. [loer Yopmxy.
CpeagHeMecAIHEIE YPOBHH BOIEI.
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Puc. 1. Jlunamuxa Yposrst 600vl 6 paiione sodozabopa 6 ABMK

Kak BumHO u3 rpadmka, 3a paccMaTpuUBaeMblid IEpHOJ] BPEMEHHM HambOolee BBICOKHE
CpelHeMecsSYHbIe YPOBHH BOJIBI Ha peke AMynapbs B paiione ABMK nHaGmoganuce B utone 1998 r.
(189,37 m B.C.), a nmaumenpmmme - 3 ampens 2000 r. (186,73 m b.C). Amrumrtyna komnebGaHui
CpeIHeMeCIYHBIX YPOBHEH BOJBI 32 ATOT MEPHOA COCTaBmia - 2,64 M.
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Ha ocHoBanumM cpegHEeMECSYHBIX 3HAYEHUH MOJCYMTAH CPENHEroJ0BOM YpPOBEHb BOJbI B
patione ABMK. 3a nepuon ¢ 1995 mo 2003 romsl, HAOONBLUINI T'OJXOBOMH YPOBEHb BOJBI COCTABHII
188,14 m b.C u natmonancs B 1998 rony, a naumenpmmii - 187,51 m b.C, u HaOmogancs oH B
2000 rogy. HamOonpiias aMmIiuTyaa MECSYHBIX YpOBHeH HaOmomanack B 1998 romy - 2,02 M, a
HauMmenblas - B 1996 romy - 1,16 m. Ilpomenmme 2003-2004 roasl 1Mo BOAHOMY U YPOBEHHOMY
pexUMy ObLITH OJIN3KH K CPETHEMHOTOJIETHEMY YPOBHIO M PACXOY BOJBI.

PaccmarpuBasi xapaktep W3MEHEHHH €KEMECSUHBIX [apaMeTpOB YPOBHS BOIBI Ha D.
AMynapbs, TPUXOIUTHCS KOHCTaTUPOBATh - IMOJa4a BOJAbI B OECIJIOTHHHBIA Boj03ab60p B ABMK
MIPOUCXOIUT HPU OONBIINX KOIEOAHUSIX YPOBHEH BOJIBI.

H3MeHeHnne eXeAHEBHBIX ypPOBHEW BOABI pP. AMyJapbsi MOKa3blBaeT, YTO OHU UYEPENyIOTCS
peskumu moxbéMaMu W crajamd. Bo Bpems mombEéMa, ocyliecTBieHHe Bojo3abopa B ABMK
OnaronpusTHOE, a Ha Claje MPOUCXOAUT YXYIIICHHE YCIOBHI BOa03abopa, CBSI3aHHOE C OTXOJaMH
MOTOKa OT TOYKU BOjo3abopa. XapakTep M3MEHEHUs YpOBHS peku B pailone ABMK B exxenHeBHOM
paspese 3a manoBoaubiit 2001 rox, u cpenneit o BonHocty 2003 roas! mpuBeneHsl Ha pucyHke 1. Kak
cienyer u3 3Toro pucynka, B 2003 roay Ha pexe B paiione ABMK wnabGmtogamucek 10 16 OonbIIux u
MaJlbIX MWAKOB MOABbEMA M Craaa ypoBHA BOAbl. B mckmoumtensHo manoBogHom 2001 romy, mo
09.05.01r. npoucxoamt oOImMiA crag ypoBHS Boabl. B mocienytomieMm, 14.05.01r. Havajcs pe3kuid
oaBEM BOJIBI, KOTOPBIN mpomoinkaics 1o 26.05.01 r., ero Beicota cocraBmia 1,84 M. [lonséMm ypoBHS
C HEKOTOPBIMH CITaJaM{ MPOJIOKAJCS JI0 aBrycTa, a HauMHAs CO CEPEIHMHBI aBrycra HaOII0NaInCh
001IIMe CHIKEHHS YPOBHS U PACXOIOB BOJBI M ITPOJIOIIKAIIICE J0 OKTSIOPS.

Jlanee mporcxonua HEKOTOPBIA MEXEHHBIN MOAbEM, CBSI3aHHBIN cO cyckoM n3 Hypekckoro
BOJIOXPAaHWJIMIIIA CTOKOB BOJBI, C TMOMOIIBIO KOTOPOH BBIPA0AThIBANTACH 3JCKTPOIHEPTHS HA HYKIbI
HapOJHOTO XO3AHCTBA. AHAlW3 WM3MEHEHMs ©KEIHEBHBIX YpOBHEW BOABI p. AMynaapbsi B paiioHe
ABMK mocnyxun TpoBeleHHIO TakMX aHaln3oB Ha BepxHemM Obedpe ABMK, koropwie OyayT
M3JIaraThCsl HIKE.

OcHOBHOI 3a00TOH SKCIUIyaTalMOHHOW CiTy:kObl kaHaia ABMK sBisiercst OecniepeOoiinas
MPHUBOJIKA OOJNBINMX YPOBHEH BOJBI MEpEi PEryNIsSTOPOM T'OJOBHOTO COOpPYXeHUs. BBICOKHe ypoBHU
BoJibI niepe r.c. ABMK obecnieunBaroTcs pu HEMpepbIBHOM BEHIMOTHEHUH OYHCTHBIX paboT Ha BXOJe
Y TI0 JTHHE IBYX KaHaiaoB Nel u No2.

Xapakrep pabotsl 10 20 3eMCHapsIOB, Pa3UYHBIX IO THUMY W MOIIHOCTH, W JPYTHX
MEXaHU3MOB, TTOYHHEH JUIsi 00ecIeueH s BRICOKMX PAcXOJI0OB M ypOBHEH y peryisitopa r.c. ABMK.
Cnyx0a »dKkcrutyatalud JoOMBaeTcsi 3TOr0 IIyTeM YETKOW OpraHM3aldd OYUCTHBIX paboT u
paccTaHOBKM 3EMCHApSJIOB B HY)KHOM MeCTe B HY)KHOE BpeMs. B IensX HCKIIOUeHHS KPU3UCHBIX
CHTyallMidi TpH IUIAHOBOM M JIMMHUTHPOBAaHHOM BOJI03a00pe, HEOOXOIMMO MPENCTABUTh ITOJIHYIO
KapTHHY U3MEHEHUS YPOBHS BOJIBI 32 JOCTATOYHO OONBIION OTPE30K BPEMEHH.

C aToli 11eNbI0 OBLJIO UCCIICA0BAaH XapaKTep N3MEHEHHUs YPOBHEH Ha BepxHeM Obede u pacxoa
Bojbl Ha HIKHeM Obede r.c. ABMK 3a 1995-2003 rompl. CpenHeMecsuyHbIe YPOBHHU OIPEACIISINCH
MyTEeM TMOJICUeTa EKEIHEBHBIX M ©KEICKaJHbIX 3HaueHWH. EXeHEBHbIE YPOBHU BOJBI HE O4YEHBb
XapakTepHbl JUIs BepxHero Obeda r1.c. ABMK, mosromy OBLIO peEIIEHO OrpaHUYUTBCA HX
CpelHEMECSYHBIMY 3HAYCHUSIML.

M3meHeHns JaHHBIX CPEIHEMECSYHBIX YpoBHEH Bombl 3a 1995-2003 rompl 1MOKa3bIBaIOT, YTO
3a mepuon ¢ 1995 mo 2003 ronpl Ha BepxHem Obede r.c. ABMK HambGonee BbICOKHE YpOBHH BOJIBI
Habmoammck B utoHe - 192,99 m B.C. (2002 1.), 192,69 m B.C. (2001 r.) u B aBrycre - 192,73 m B.C.
(1998 ., 1999 r.). Hanbonpmast amruintyna ypoBHs coctaBuia 2,1 M (1998 1.), 2.3 M (1999 1) u 2,4 Mm
B.C. (2000 r).

BuiBoabl. CoriacHo BBIIIETIPUBECHHOMY aHAIN3Y MOKHO CIIENIATh CICAYIONIee 3aKII0UeHHE:

1. B paiione Bomo3abopa NpouCXosT HHTCHCHBHBIE IJIAHOBBIE JehOpMaIiy pyciia peKH.

2. TNockonmbKy B pe3ynbTaTe MpOpabOTKU pycia 3eMCHapsIaMu, IyJblia BbIOpachIBacTcs B
PYCIIO peKH, Tomydaercs, Kak Obl, CKJIaJipOBaHUEe HAHOCOB Ha MpaBoM Oepery. DTo, B CBOIO Ouepeb,
MPUBOJIUT K CYXKEHHUIO pyciia PeKH U CIIOCOOCTBYET MEPEMEISHHIO pyciia K JIEBOMY Oepery.

3. B pesynbraTe 3amiieHUs MOABOJMAIIET0 KaHana (Bomo3abop Nel), Bomo3abop U3 peku B
KaHaJ 3aTPyTHSICTCS.

4. CormacHo MIpEIBaPUTEITHLHBIM IOJICUETaM, 00beEM 3aMJICHU paBeH
13-15 mma. M3. U3 koroporo mo 10 % oatoro 3HadeHus: (opmupyercs 3a CUeT yMEHBIICHHUS
TPAHCMOPTUPYIOIEH CIOCOOHOCTH MOTOKA B TIOABOJISIIIEM PYyCIIE.
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5. V3ydeHbl apXWBHbIC MaTepHallbl CTPOHMTEILCTBA TOJOBHOTO yd4acTka Amy-byxapckoro
KaHaua.

6. TlpoBeneHo comocTaBeHNE TIEPBOHAYATIBHBIX TAPAMETPOB PACXO0JI0OB BOJIBI U HAHOCOB C HX
HBIHEITHUM MOJ0KEHUEM, TTPOaHAIN3UPOBaHA PycIoBasi 00CTaHOBKa Ha roiioBHOM yuactke ABMK.

7. CoOpaHbl ¥ MpOaHATM3UPOBAHBI MaTepHallbl HAOIIOJCHUH 32 YPOBHEM, PAacXOJIOM BOJBI
HaHOCaMHU, JUIs ycTaHoBieHus BiausHus: ABMK Ha BOIHBIN pexum peku.

8. BosBenenue, B MOJHOM 00BbeMe, KOMIUIEKCA PYCIOPETYIHMPOBOYHBIX MEPONPHUSATHHA 110
CTPOUTENBLCTBY 15 TpaBepcHBIX JaMO0 € TIOCIHEAYIOIIMM KpeIUIeHHEM WX OroJIOBOK KaMEHHOW
HaOPOCKOM.

9. Jlist TMOCIEqyIOIero CHIKEHUSI OTPUIATENBHBIX JISHCTBUI BBICOKMX OTBAJIOB HAHOCHBIX
OTJIOKEHUH PEKOMEHJYETCS CTPOMTEILCTBO IYJBIIONPOBOIOB M3 JKENE300CTOHHBIX JIOTKOB C
paccrosarieM Mexay HuMma 300-500 M, ¢ MOCHERYIONUM COCTUHEHHEM K HHUM ITYJIBIIOIPOBOMIOB,
paboraromux 3eMcHapsaoB. B mepBylo odepens pEKOMEHIYETCs BO3BEICHHE JBYX JIMHHHA
MyJBIIONPOBOIHBIX JIOTKOB, CO COPOCOM ITyJIBIIBI, HEMTOCPEJICTBEHHO, B PEYHOM NOTOK. MecTo cOpoca
MyJIbIIBI HEOOXOJAMMO OINpPENEeNUTh MYTEeM CICUANIBHBIX HATYPHBIX, MOJECIBHBIX W YHCIEHHBIX
HCCIEI0OBAaHNMN.

10. Jns mojHOW JIMKBUIAIMK BBICOKMX OTBAJIOB HAHOCOB HEOOXOIMMO BO30OHOBJICHHE
MPOIyCKa TOTOKOB PEKH [0 CTApoMy pycily, T.e. N0 JHHUHM Bopo3abopHoro kanama Ne 1, ¢
nocieayomuM nooporom ero B I[IK 65, ¢ moMolnpio mpope3n Ha CTapoM pycie pekd. Takum
00pa3oM, TMOIHOCTHIO JTHKBUAMPYETCS W Ha MHOTHE JECATHIICTHS peliaercs mnpodiieMa OophObI C
BBICOKMMH OTBaJIaMH HaHOCOB B paiioHe Bojo3abopa. OcyiiecTBieHre BO103a00pa U3 PEKH B CTBOPE
[IK 65 B ABMK 1o 300 m’/c pacxoma Bomsl mpu mmpuae 150-160 M u rmy6ume 3.0 M, CKOPOCTH
tedenus 1.0-1.5 M/c BrojHE peasibHO U JJOCTATOYHO.

11. PekomeHayeTcst BelEHHE PYyCIOPErYIHPOBOYHBIX pabOT HA JIEBOM Oepery HampoTUB
BXO/Ia B B0I03a00pHBIN KaHai Ne 1, ¢ LIENbI0 MEpeKPHITHS MMPOTOKOB M HAIMPABJICHUS UX B CTOPOHY
neBoro Oepera pekd. ITO TMO3BOJUT COCPEAOTOYUTH OCHOBHBIE PACXOJIbl PEKH Ha BXOJIE B
BO/103a00pHBIH KaHai Ne 1.

12. O6wem Bomozabopa B 2008 romxy coctaBmi 5448,9 maH.m’, 3a 1eBiTh Mecsues 2009 roxa
-4595,6 MIIH.M’ , cpenHeMecsTuHbIN pacxox Boasl B 2008 romy cocraBmi 172 M3/C, 3a JIEBITH MECALIEB
2009 roza - 193.7 m’/c, 570 emme moarBepskaaer mazopomue 2008 roxa.

13. O6wvem ounctHBIX paGor B 2008 roxy cocrasua 10 015,5 Thic.M’, 32 AEBATH MECSIIEB -
8090,6 Thic.M’, TaKoii 00BEM OUMCTHBIX PaboT TpeGyeT pa3paboTKU CIIELHATBHBIX MEPONPUATHIA MO
CKJIAJIAPOBAHUIO MPOAYKTOB OYHCTKH, YTO SIBIISICTCS TIPEIMETOM Oynymux uccnenoBannii HUP.

BeimonHenne BhIIEYKa3aHHBIX PEKOMEHAIMH, pa3paboTaHHBIX MO pe3yjbTaTaM H3ydeHUs
CYIIECTBYIOIIMX MAaTEPHAJIOB, JIOJDKHBI MPUBECTH K YIYUIICHHIO YCIOBUH BOj03abopa u OOpHOBI €
BBICOKMMH OTBaJIaMU HAHOCOB. Kpome 3Toro, Heo0X0IMMO YCTaHOBHTH IIOCTOSSHHBIC HAOIIOJICHUS 32
XOJIOM PYCIIOBBIX TIPOIIECCOB B paiioHe BOJ03a00pa, a TaKKe - IPOBECTH HECKOIbKO CepHii
THJIPOMETPUIECKUX U3MEpEHHI U Tororpaduyeckue cheMKH B paiione Bogo3zadbopa ABMK.
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BBenenne u Metoauka uccjaenoBanuii. FIHTeHCHBHOE yBemMUeHHE 0TOOpa BOJBI U3 PEK IS
HYXXJ] pa3inYHbIX OTpaciiell HapOoJHOTO XO3SICTBa M pa3BUTHE TEHICHIIMHM YMEHBIIEHHUS T'OJO0BOTO
CTOKa BOJIbI, BCE OOJBIIE 3aCTABISIOT YEIOBEUECTBO 3aayMaTbCsi O OCpPEeKHOM OTHOLICHWH K
WCTIOJIb30BAHHUIO BOJHBIX pecypcoB. [l yclemmHoro pemieHus IaHHOH MpoOieMbl, HEOoOXOJUMO
MPaBIJIBHO OPTaHMU30BaTh YYET pacxoaa Bojbl. VM3MepeHus pacxofoB BOJBI B OTKPBITHIX pyciiaX pek,
KaK TPaBWJIO, MPOU3BOJAITCS HA MPSIMOIUHEHHBIX y4acTKaX, IJie TNIyOMHBI U TUIOIIQIN IOMEPEYHbIX
CeUEHUI HEe3HAUMUTENIbHO M3MEHAIOTCA MO JjiuHe. VIMEHHO 3TO MO3BOJSET MPUHUMATh JBIDKEHHE
KHUJIKOCTH PAaBHOMEPHBIM, 4YTO 3HAYUTENBHO YIPOIIAET pelIeHHEe TMPOOJIEMBl ONpeeneHus
THIPaBINYECKOT'0 CONPOTHUBIIEHUS pycia. B nelicTBUTENbHOCTH, Jake Ha TAKUX Y4acTKax, JBH)KEHUE
HE SIBJISIETCS PAaBHOMEPHBIM, @ MEJIEHHO U3MEHSIOIINMCS, ¥ Ha3bIBACTCS KBa3UPaBHOMEPHBIM.

Takoif moaxon, MpH pacdeTe MapaMeTpoB PaBHOMEPHOTO [IBHKEHMS IIOTOKA, IO3BOJISIET
WCIIOJIB30BaTh JUISI €r0 OMKCAHUS OJHOMEPHYIO MOZEh MOTOKA C THAPABIMYECKUM COMPOTHUBIIEHHEM.

[Ipu onpeneneHny pacxoya BOIbI, OJHOHM M3 TTIABHBIX MPOOJIEM PEYHON THIPABIMKH SIBIISIETCS
pacdeT CpeIHUX CKOpPOCTEH pPYCIOBBIX IOTOKOB, KOTOPBIM OCHOBaH Ha OMNpPEAENEHHWH BETHYUHBI
THIPaBIMYECKUX COMPOTHBICHUH.

C y4yeroM BBIIIEH3NIOKEHHOTO, MOXKHO TPHUHATH OCHOBHOE YpaBHEHHE DPaBHOMEPHOTO
JBUYKEHUS BOIHOTO MOTOKA!
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Ecnu B 9TOM BBIpaxkeHue Oy/ieM YUHTHIBATh
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rje, 4, — NOTEepH HAIopa B PaCYETHOM y4acTKe pycia; [ — JUIMHA PacyeTHOIo ydacTka; R —

THJIPAaBIMYECKAN pajinyc, Ui BeChbMa IUPOKHX Pycel MOXHO NMPHUHUMATH PaBHBIM CpelHel riyOnHe
MOTOKA, T.€. R=H ; 7, — KacaTenbHOE HANIPSKEHUE; ¥ — YAENbHBIH BECh BOJIBI.

A — K03((UIMEHT MOTepH HANopa, THIPABINYECKOE COMPOTHBICHHE MM KOI(PQUIMEHT
Hapcu; U — cpeaHsas CKOPOCTh MOTOKA BOABI; g — CHJIA TSHKECTH, OTHECEHHAsI K eMHIYHON Macce.

Tormaa BeIpaxkenue (2) UMeeT BUA:
2
T, | [ v
p=tnl_ g lv 4)
y H H2g
dopmyna kiaccuyecko ruapasiauku lapcu-Beiicoaxa. [{ist onpeneneHus oqHOM U3 BaKHBIX
THAPOJMHAMHYECKIX XapaKTePUCTUK MOTOKA - CpPEeIHEH CKOPOCTH, B HACTOSAIIEE BPEMs, B MPAKTHKE
THJIPOTEXHUYECKOTO CTPOUTENBCTBA, UCTIONB3yeTcs (hopMyina, npeoxennas B cepequae X VIII Beka
¢dpanysckum umxeHepoM A. 1llezu. @opmyra Obla momy4deHa 1o clenyomeld MociIea0BaTeIbHOCTH:

H;
pr =Stk %\/HJ - CJHJ (5)

M

Ona nomy4nna Ha3Banue Gopmyist [le3n.

C - xop¢unment llle3n, 3aBuCAIIMA OT CONPOTUBIICHUS pyclia, KOTOPOE, KaK yKa3bIBaeT
K. B. I'pumianun, 3aBUCHT OT TpeX (HaKTOpOB: BS3KOCTH IKHJIKOCTH, ILEPOXOBATOCTH CTEHOK U
M3MeHeHUs POpMBI cedeHus: 1o JumHe. ClelyeT OTMETHTh, YTO 3TO JalleKo He TMOJHBIN IepedcHb
(akTOpOB, K KOTOPBHIM TaK)K€ MOKHO OTHECTH PaCTUTENLHOCTh, U3THOBI pyciia, JIeJoBble 00pa3oBaHUs
u ap. Jaxe Takod ImepeueHb 3TUX (AKTOPOB YKA3hIBACT HA CIOXHOCTH IPOOJIEMBbI pPACUETOB
THJIPABIMYECKAX  CONMPOTHBICHUH W  HEOOXOJMMOCTh  HCIIONB30BaHUSI HMX  HMHTErPATBbHBIX
xapakrepuctuk. Kak mokaseiBaer ¢opmyna (5), ¢ yd4eroM NPHUHATOTO JOMYIICHHS O PaBEHCTBE
THJIPaBIIMYECKOTO  CONPOTUBIICHUS, HEYCTAaHOBUBIIEECS JIBWKCHHWE IIOTOKA HMeeT o0paTHo-
MPOMOPIUOHANBHYI0  (DYHKIIMOHANBHYIO B3aUMOCBSI3b C THIPABIMYECKAM COMPOTHBIICHHEM K
ycTaHOBUBIIEMYcsl paBHOMepHOMY Kodddunmenty Illesn. PezynbpraTel 00pabOTKH JaHHBIX HATYPHBIX

HCCIIEIOBaHWI, TIOKa3aldu, YTO OJHUM M3 ONPEAENAIONIMX NapaMeTpOB THJIPaBIUYECKOI0
COIIPOTHUBJICHUSI SIBJISIETCA IIEPOXOBATOCTh PyCila PEKU.
Tabmuna 1.
Pipas- Pacuetnoe
dakTHuec IIprra mgeckoe | Koapuuent CPemss | spmuerme
KOE I'nyouna cormpo- mesu Vk-
pycna, CKOPOCTb | pacxona Pa3z-
3HAYEHHE | TMOTOKA, | 0266 | THBJICHHE JIOH
n B=88,04Q 8g IIOTOKA — BH HULA
pacxona H(m) Son? | C=. 2= 0, =BHv
(M) gan ) U (M/c)
BOmBL O, =3 (m*/c)
Iu
0,018 500 1,95 459,839 0,0203 62,177 0,6139 550,48 50,48
0,019 1100 2,6 567,14 0,0206 61,723 w |0,70375 1037,72 62,28
0,020 2500 34 705,557 0,0209 61,278 S 1 0,798967 | 1916,64 583,36
0,025 3500 4,0 771,6176 0,0308 50,478 S 10,7138667| 2203,33 | 1296,67
0,026 4000 44 799,517 0,032 49,523 ? 0,7245 2583,88 | 1416,12
0,027 4500 4,6 824,963 0,034 48,04 ~ 10,72856 2764,76 | 173524
0,0275 4750 4.8 836,91 0,035 47,35 0,7335 2946,59 | 1803,41
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Jns m3ydeHus TMHaMHUKA 3TOM Ba)KHOM XapaKTEpPUCTUKU pyclia, CYIIECTBEHHO BIUSAIONIEH Ha
IIPOIMYCKHYIO CHOCO6HOCTB IIOTOKAa, B 30HC BJIIMAHUA THUAPOY3JIOB, NPUHATHEI THAPABINYCCKUC U
TCOMETPUYECKAE XapaKTEPUCTHKH THUAPOCTBOpa TysSMYIOH, PacHONOKEHHOTO Ha y4acTKe OOIIero
pasmbiBa. CTBOP HAXOMUTCS HIKE BOJOXPAHWIIMIIA U TaM MPOUCXOAUT OOIINN pa3MbIB M YTIyOJeHue
Ha pycna, T.e. - HHTEHCHUBHBIA PYCIOBOW IpoOIlecCc, KOTOPHI OKa3bIBA€T CBOE BIMSIHHE IO
COXpaHHOCTHU 0e3 M3MEHEHHsI ePOXOBATOCTH pycia, HE3aBHCUMO OT POCTa pacxo/a BOJbI B PeKe.

Jnist onpenenieHns TUHAMUKU THPABIMYECKOTO CONPOTHBIICHUS PYClia U CPEIHEH CKOPOCTH
IIOTOKa B MaJIOBOAHBIC TOAbI, Ha Y4YaCTKE 06111er0 pa3MbiBa, B MHOI'OBOOHBIC TI'OJbI, 6BIJII/I
MPOU3BEICHBI pacyerbl, TPH KOTOPBIX HCIONB30BANUCH (GopMyna MaHHMHTa W ypaBHEHUE
HEepa3pbIBHOCTH MOTOKA.

Pe3yabTaThl McciaenoBaHuii U 00padoTku aaHHbIX. CoriacHo pe3ynbraTam oOpaOOTKH
JAHHBIX THAPOMETPUYECKAX U3MEHEHNH MOKHO KOHCTATHPOBATH CIEAYIOIICE:

B MHOI'OBOAHBIC IIE€PUOABLI, TUAPABINYCCKOEC COIPOTUBJICHUC, BIHAIOHICC Ha IIPOIYCKHYIO
CIIOCOOHOCTH pycia B 30HE OOIIEro pa3MbIBa PEKH, COCTABIISICT 3HAYEHHE TIPU MEKEHHOM TIEPHOJC -
0,016, mpu maBoake - 0,03 mo 0,04, T.e. ¢ yBeIMUECHHEM pacxojia BOJABI MPOUCXOMUT YBEIHUCHHUE
THIPaBINYECKOT'0 COMPOTUBIICHHUS pycCla.
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Puc. 1. Junamuxa ommemxu oHa euopocmeopa Tysamyion

BuiBoabl. Takum o00pa3oM, MOXXHO KOHCTaTupoBath (HakT, UYTO THAPABINYECKOE
CONPOTHBIICHHE B 30HE OOIIEro pa3MbIBa HMeeT IUHAMUKY, COIIACHO KOTOPOH MOXKHO CZIeNIaTh BBIBOJ
0 TOM, 4TO Ha PacCMaTPHBAEMOM YUYacTKe MPOJOIKAIOTCS PyCJIOBbIE edopMaliuy, 4To MOTBEpKIAET
pe3yapTaT HATYPHBIX HCCIETOBaHUM (PUCYHOK 1).
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Beryn. CenapaTUCTChKi pyXH, IO 3arajibHOBIJIOMO, HEOJHOPAa30BO BHHHUKAIM B 0araThOX
MOJTIHAIIIOHANBHUX JIepXKaBaX, siIk y €Bpori, Tak 1 Ha IHIIMX KOHTHHEHTaxX CBiTy. BoHM BHHUKaIH,
MEepeBaKHO, TaM, JIe CTaBajia OCIAa0JICHOI0 BEPTUKANIb JIEPKaBHOI BJaJy BHACITIIOK PI3HUX MPUYWH:
COIIAJIbHO-CKOHOMIYHOTO ~ 3aHenaay, pyHHYBaHHS  JUKTaTOPCBKMX  PESKHUMIB 1 TOYATKY
JEMOKPAaTHYHUX 3MiH, YA HABIAKH — CHJIOBOTO 3aXOIUICHHS BJIaJ¥ B KpaiHi BHACIIIOK TEPEBOPOTY.
Taxi cenapaTuCTChKi pyXd CTaBaId OCOOJIMBO Pe3yIbTATHBHUMM, SKIIO UM OYHTIBHUM (pyHHIBHIM)
HACTpOsSIM OyJia aKTWBHA 30BHINIHS MiATPUMKA (MOpaNbHO-TIONITHYHA, BilichbKoBa, (iHAHCOBO-
CKOHOMIYHA).

B XX-XXI-My cTOpi44sx CHOCTepiraéMo akTUBHE HaMaraHHs CernapaTtucriB  (Bif
pecniyoOnikanniB Icmanii 30-x pokiB MHUHYJOrO CTOpiuYs — 140 OajdKaHCHKHUX HAaI[lOHAJIBHOCTEH 1
HApOIHOCTEH y JBOTHCSYHUX POKAax) CTBOPIOBATH CBOI BO€HI30BaHI 30poifHI (opMyBaHHs, 1100
JNOOMBATUCH TIOCTABJICHUX IUJIEH CHJIOBMM IIUIIXOM — HeWTpamizamii abo 3HHINEHHS OpraHiB
JICpKaBHOI BJIaJid, CUJIIOBUX BIZIOMCTB Ta BEICHHS BIIKPUTHUX OOMOBUX Iiif MPOTH BICHKOBUX YaCTHH
CBO€T KonHch aepkaBu. Came mpoTujis He3akoHHUM 30poitHuM (opmyBanHsIM (H3®D), crBopennx
CeMapaTUCTChKUMH pyXaMHu, Oyja 1 3aJMIIaeThCs TOJOBHOK MPOOJIIEMOIO Ui MOJITHYHOTO
KepiBHUIITBA 0araThoX KpaiH CBITY, OCKUTBKH B TAKHX BUIIQJIKAX JIepKaBa Ma€ CIpaBy He i3 30BHIMIHIM
BOPOrOM, a 3 YaCTHHOK CBOIX TI'pOMAJIfH, SIKI IMiJl BILUIMBOM IpOMaraHiy 1 IMOMYJIICTCHKHX Tacell
BIIMOBJISIIOTHCSl BU3HABATH YMHHUI KOHCTUTYLIIHHMIM JIaI.

3 Takor X MpoOJIEMOIO 3IITOBXHYJIMCH 32 OCTaHHIN 4Yac, mounHaroud Bin 2014 poky, Bulie
MOJITHYHE KEPIBHHUIITBO Ta i BeCh HapoJ YKpaiHW, KOJM celmapaThcTaM B OKpPEeMHX paioHax
Hownenpkoi 1 Jlyrancbkoi obnacteii 3a aktuBHOI miaTpuMku Pocilicekoi ®eneparii (PD) ta nacuBHoCTI
(pakTryHO neEepkaBHOI 3pajy) MICHEBUX IPABOOXOPOHHHMX OPraHiB BJAjJOCh CTBOPUTH 030pOEHI
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3aroHU JUIsS CHJIOBOTO CIIPOTHBY IPOBEACHHIO aHTHTepopucTHuHOI omepanii (ATO), mera sikoi —
3aXMCTUTH TPOMAJsiH YKpaiHW Ta BITHOBUTH KOHCTUTYIIMHMN nan. Taky aHTHTEpOPHCTHUHY
orepalito KepiBHUITBO JEp)KaBU 3a/ICKIapyBajio Yy BiANOBib Ha MacoBe HacwibcTBO H3® mpotu
rpoMajsiH YKpaiHu, 3aXOIUIEHHS HUMH YPSAOBUX Oy/iBeib 1 3HHICHHS CHCTEMH Bl HA THMYacOBO
HEITJKOHTPOIIbHUX TEPUTOPISX, MPOBEICHHS HE3aKOHHHX pedepeHayMiB Ta MpPOTOJONICHHS He
MPHU3HAHUX JKOTHOIO JIepkKaBoro y cBiTi (kpiM PO i AbGxa3ii) pecryoiik.

3aranpHe kepiBHUITBO ATO Bin camoro nouatky 3aiiicHioBaia Ciyx6a besrnexn Ykpainu i mis
MPOBENICHHSI 11i€] AHTHTEPOPHCTUYHOI oOlepanii 3aJlydaiuch BHKIIOYHO Mimpo3aimm MiHicrepcTBa
BHYTpilHIX crpaB i Hamionanshoi reapmii. IIpore komm B ceperuni 2014 poky BiHCBKOBI MiJpoO3aiin
Pociticekoi @enepaltii He3aKOHHO MEPECIKIM JIepKaBHUN KOP/IOH Y KpaiHu, BBIMIIUIH Ha TEPUTOPIIO HAIIOT
JiepKaBU 1 po3riovany HEelmpuxoBaHi OOHOBI [Iil, HarapHOI TpobieMoro Bxke 1 30poiitanx Cun Ykpainn
(3CY) crana 30poiiHa OopoThOa sIK 3 peryisipHuMd 4yacTuHamu P®, tak i1 3 H3® cemapatucris, siki
3aJMINAIOTHCS Y TIOBHOMY MiANIOPSAKYBaHHI KEPIBHUIITBA CYCITHBOT iepkaBH - Pocii.

EdextuBni OoiioBi nii migpo3ainie 3CY B cydacHHX 3arajbHOBIMCBKOBHX 00six (a came
TAKUMHU 11 001 1 OyiH y 3ITKHEHHI i3 peryasipHUMH, 100pe 030pOEHUMHU 1 HABYUCHUMH YacTHHAMU PO,
10 YKOMIUIEKTOBaHI KOHTpaKTHHKaMu, mpotsarom 2014-2017 pokiB) HemMucinumi 6e3 BUKOPHUCTAHHS
pakeTHUX BilchK 1 aptunepii (PBiA).

Hocsin Ootiopux air migposaimie PBiA mig wac npoeemeHHss ATO, KpiM yChOro IHIIOIO,
MoKa3aB 30UTBIIICHHS POl i BaXKITMBOCTI 3aCTOCYBaHHs O€3MUTOTHUX aBialiitHux koMmruiekciB (bnAK)
JUIL PO3BIIKM Ta OOCIYroBYBaHHsI CTpinbOM. TOMY HAaKONMHMYECHHIO, ONpPAIfOBAHHIO, aHaNi3y Ta
nepenavi KypcaHtaM JocBimy 3actocyBaHHsS BnAK Ha kadenpi pakeTHHX BiCbK 1 apTuiepii
HamionaneHoi akazmemii cyxomyTHHX Bilicbk iMeHi rerbMana [lerpa Caraitmaunoro (HACB)
MPHIIISETHCS TIHITbHA yBara.

B cyuacHili HOpMAaTWBHIM, BiCHKOBO-TEXHIYHIH Ta HAayKOBO-METOAMYHIN JiTeparypi
HEJIOCTATHBO 1Ie, HA HaIlle TIEPEKOHAHHs, 30CEPE/HDKCHO yBard Ha BUKOPUCTAHHI Ta 3allpoOBa/KEHHI Y
HaBYaJIbHUI TIPOIEC KYypPCaHTIB 0OHMOBOro MocBiny 3 BukopuctanHs BmAK mimposmginamu, mo Opaiu
yuactb B ATO. ¥V BoiioBomy crartyti aptunepii 30poiitaux Cun YKpainu OuTble yBaru mpuIuise€ThCs
BukopuctanHio bnAK st Benenns apruinepiiicbkoi po3siaku [1], B [IpaBunax cTpinb0u 1 yrnpasimiHHS
BOTHEM [2] BKa3yeThCsl Ha MOPSIOK MPUCTPUIIOBAHHS IJICH 3a JOMOMOIOI OE3MIIOTHUX JIITATbHHUX
amapartiB. B iHIIIll HayKOBO-METOAWYHIN JliTeparypi, Hanpukian [3, 4], nuiie akileHTOBaHO yBary Ha
moTpedi BpaxyBaHHS MOXKJIMBOCTI 3aCTOCYBaHHS MPOTHBHUKOM OE3IMIJIOTHUX aBialliiHUX KOMILICKCIB
JUIS BUSIBJICHHS HAIIMX MMiApo37iTiB. ToOMy BBaKaeMmo, 110 HEOOXIJHO JAeTalbHIlle MPOaHali3yBaTH
MokuBocTi BniAK juis migBuineHHS SKOCTi (haxoBOI MIArOTOBKM CJyXadiB BHIIOIO BiliCbKOBOTO
HaBYAJIBHOTO 3aKJIaJy.

Mera ubBOro JOCHIIZKEHHS — PO3KPUTH MOXIUBOCTI e(QEKTUBHOTO BUKOPHCTAHHS
OC3MUTIOTHUX aBialiiHMX KOMIUIEKCIB y Tpolecax (axoBoi MiATOTOBKH MaHOyTHIX odimepis-
apTWJICPUCTIB Ha OCHOBI IEAaroriyHoro JocBiny, HakonmueHoro Ha kadenpi PBiA HACB im.
rerbMana [lerpa Caralinaunoro (Ykpaina, M. JIbBiB).

PesyabTaTn pocaimkenns. Ha xadenpi PBiA nns HaBuaHHs KypcaHTiB BUKOPHUCTOBYIOTH JIBa
OC3MUTOTHI aBialliifHi KOMIUIEKCH JITAaKOBOrO Ta KONTEPHOrO THITy. B HaB4aipbHOMY mporeci
HAKOMUYYETHCS JIOCBiJl, HANPalbOBYIOThCS MPHHIWIKM W HOBI Maxomu a0 BukopucraHHs BbnAK B
iHTepecax HaBYaHHs MaiOyTHIX odimepiB apTwiepiichbKuX miapo3niniB. Buxopucranns BnAK B
HaBYaJIbHOMY TIPOILIECI Jajl0 MOXKJIMBICTh 3HAMTH HOBI, HECTAHIAPTHI MIAXOIH, SIKI JAIOTh 3MOTY
MiIBHIYBATH SKIiCTh MiITOTOBKH KYPCAHTIB — MallOyTHIX o(ilepiB-apTHIICPUCTIB.

OcHOBHI 3aBJaHHs, SKi IPOIIOHYEMO BUpilTyBaTH 3a JoroMoro bnAK B mpomecax daxoBoi
MiZATOTOBKH KypCaHTIB:

— pO3BijKa MICIIEBOCTI;

— PO3BijKa MiJeH /sl BOTHEBOTO YPaXKEHHS apTHIIEPIEIO;

— KOpEKTYBaHHS BOTHIO apTHIIEpii B X0JIi BOTHEBOTO YPayKEHHSI;

— TONOreo/Ie3nYHa MPUB’SI3Ka eJIeMEHTIB OOHOBOTO MOPSIIKY Ta IX KOHTPOIIb;

— MOHITOPHUHT IO3HMIIiH CBOIX BIHCHK 1 CTYMIHB iX MAaCKyBaHHS a00 JIeMacKyBaHHSI,

— TPOBEJCHHS PEKOTHOCIUPYBAHHS MICIIEBOCTI;

— KOHTPOJIb SIKOCTi HaBYaHHS KYPCAHTIB Ha IOJIITOHAX Yy HABYAIBHOMY IEHTpi: MPOBEICHUX
MPAaKTUYHUX 3aHATHh 00 IPYINOBHX BIIPAB;

— iMiTanis aii Bopoxxux bnAK Ta aBiamii.

Bukopucranus BiAK it po3Binku Iiyieil Ta KOpEeKTyBaHHs BOTHIO apTHIIEpil e Tema Jyis
okpemoi crarTi. [IpoaHanmizyeMo peIITy MOXJIMBOCTEH 3aCTOCYBaHHS OCE3MUIOTHMX aBialliiHUX
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KOMITJICKCIB y HaBYAJIBHOMY TOIIECi MiATOTOBKH KypCaHTIB — MalOyTHIX odilepiB-apTHICPUCTIB
JeTalbHilIe.

Bukopucranus bnAK st Tormoreose3nyHoi IpUB’SI3KU elIeMEHTIB 00HOBOT0 TOPSIKY 3HAYHO
CKOpOYY€E Yac JjIs BU3HAUYCHHS KOOPAMHAT. AJIe Taka MOXKJIUBICTh BaKJIMBa OUIbIIE i OOWOBHX
MiZPO3UTIB, a JJIS MiTOTOBKH KYPCAHTIB JIy’K€ IIIHHUM BB2)KAEMO CaMe KOHTPOJIb CaMOro MpoIecy
MPOBENICHHS TOINOTr€0Ie3NYHOT MpHB’s3KK. [1i Yac MiArOTOBKH JO 3aHSATTS BUKJIAJay HANEpeloIHi
opopmiisie 3asBKy omneparopy BmAK Ha KOHTpOJgb MPOBEACHHS TOMOICOJAC3UYHOI MPUB’A3KH
eNIEeMEHTIB OOHOBOr0 TOPSIKY ITiJ] 4ac MPOBENCHHS 3aHATTA 13 KypcaHTamH. Y 0OyMOBIICHHH 4ac B
npu3HaYeHoMy paiioHi omeparop BnAK Bu3Hauae KOOpIMHATH €IEMEHTIB OOMOBOrO TOPSAKY 1
JIOTIOBiZIa€ BUKJIAJIa4€Bl 110 OKPEMOMY KaHaJy 3B’SI3Ky MPO OTPUMaHi HUM pe3yiabTaTd. Takid mimxif
Jla€  MOXKIIMBICTh BHUKOPHCTOBYBATH BCi JIUISHKW TIOJNITOHY Y HAaBUAJIBHOMY IICHTpI, a He
MPHB’A3yBaTUCS Oe3MOCEpPEeIHBO 10 Hallepe/l BUBHAYEHNX KOHTPOJIBHHUX TOUOK. A 1€, Y CBOIO 4epry,
Jla€ MOXKJIMBICTh KypcaHTaM 0e3 oOMeKeHb MpuiiMaTy pillleHHs Ha BUOip BorHeBux nosumid (BIT) Ta
komaHHO-criocTepekHUX MyHKTIB (KCII). Taktuko-texuiuHi xapakrepuctuku bBmAK no3BonsioTs B
paziyci g0 3000 mMeTpiB IPOKOHTPOIOBATH KoopauHaTH 10 30-50 eneMeHTIB OOHOBOIo IMOPSAIKY 3a
OJIMH BHUJIIT OE3MIJIOTHOTO JIITAILHOTO arapary.

Hocein 3acrocyBanHst migpo3niniB PBiA min gac nposenennss ATO mepekonye y morpe0i
30LIBIICHHS POJi MacKyBaHHs €JIEeMEHTIB OoiioBoro mopsuaky. Tomy Ha kadeapi PBiA mocuneny
yBary TUpUIUISIOTH 3a0e3leUYeHHI0 MMOBHOTO BHUKOHAaHHS BHMOT JI0 MAacKyBaHHs Ha BCIX eramax
HaBYaHb KypcaHTiB. TyT MponoHyeMo BUKOpUCTOBYBaTH BAK sk it IpsiIMOro MOHITOPHUHTY, TOOTO
increkii cBoix BIT i KCII Ha mpeaMer iX JeMacKyBaHHS, a TaKOXX PIiBHs Oprasizaliii OXOpOHH
00ifOBOI'0 TIOPSIIKY, TaK 1 HE MPSIMOTO, SKUH Moke OyTH 3aIlulaHOBaHWK Ha 3BOPOTHOMY MUISXY
OC3MUIOTHOTO JITANBHOTO amnapary, NUISIXOM MPOTrpaMyBaHHS HOTO aBTOMUIOTY. 3a BHUKIHKOM
KEepiBHHKAa MpPAKTHYHOTO 3aHATTS orepatop BmAK 3milicHIoe po3BigyBajdbHHUH OOJIT BU3HAYEHOTO
palioHy, BHSIBJISE 3aMacKOBaHI MO3HIlii, 030poeHHsS Ta BilicbkoBy TexHiky (OBT) Ta mo okpemomy
KaHaIy 3B’S3Ky Ilepeiae BUKIanady iHdopmallio mpo BcraHoBleHi Henoniku. Dororpadii Ta Bigeo-
¢aiimu micast X oOpoOKu 00OB’SI3KOBO TOBHMHHI OyTH BUKOPHCTaHI JUIsl po300Opy 3aHATTS, SKUH
MPOBOANTH BHKIAAA4 TIepe]] KypcaHTamMH y Horo kiHmi. Buxopucranns Wi-Fi poyrepiB no3Boisie
BUKJIQ/Ia4y B PEKHUMi OH-TalH TPOIISAIATH HA KOHTPOJIBHOMY IUIAHIIETi Bineo-gaitnu 1 HeraitHO
OI[IHIOBAaTH BUKOHAHHS KYypCaHTAMHM 3aXOJ(iB i3 MaCKyBaHHS €lIeMEHTIB 0O OBOr0 MOPSIKY, a TAKOXK 1
OBT. Takiii miaxia 103BOJISAE YHUKATH ITA0JIOHHOCTI y JTisIX KypCaHTIB ITijJ] YaC BUKOHAHHS 3aXOJiB i3
MacKyBaHHS K 00ioBoro mopsiaky, tak i OBT.

[IpoBeacHHS PEKOTHOCIIMPYBAHHS MICIIEBOCTI — III€ OJIHA 13 BaXJIMBUX MOkIHUBOcTell BrnAK,
Ky TPOIIOHYEMO 3acTOCOBYBATH JUIs HaBYaHHS MaiOyTHiX odinepiB-aptuiepuctiB. Ha eramax
MPUAHATTS PillIeHHS 0 KapTi KypcaHt [V-ro Kypcy Moxke caMOCTIHHO 3aMOBHTH OTJISIOBY PO3BIIKY
BH3HAYEHOro paiioHy 3a gonomoro BmAK Ta Bxe mim KOHTpoieM BHKIajada KepyBaTd isMH
orepaTtopa B pexxumi oH-naitH. Ha momonmmx kypcax (II-111-i1) Bukmanau 3a gomomororo bnnAK moxe
BKa3aTH KypCaHTy Ha HOro HEJONIKH y MPUHHSITTI KOMaHAUPCHKOTO PIllleHHS, sSIKe BiH 31MCHIOE 11O
kapti. Dotorpadii Ta Bineo-aiinm y 1poMy BHNQJIKy TAKOXK IMOBHHHI OyTH BHKOPUCTaHI Ui po300opy
1 OI[IHKH MPUHHATHX KypCaHTAMH B ITPOIIECi 3aHATTS PIllICHb.

Bukopucranus BriAK mig yac noiapoBUX 3aHATH KYpCaHTIB JJO3BOJISIE HAYAIBHUKY (DaKyJIbTETy
a0o kadenpu PBIiA KOHTpoOJIOBaTH SIKICTh NMPOBEIACHHS 3aHITh BUKJIaJadyaMH OJHOYACHO Ha BCIX
HaBYaJIBHUX IOJIAX Ha BifacTaHi 3-5 kiutomerpiB. Oco0yinBO eDEKTUBHUM € TaKUil OH-JIAiH KOHTPOJIb
3aHITh, IO TPOBOJATH BHUKJIAJAYi-IIOUATKIBI, $KI II€ HE MalTh IPYHTOBHOTO HaBYabHO-
MeToau4Horo naoceigy. @Potorpadii Ta Bimeo-¢abiam, mo Oymm 3HATI 3a gomomoror bmAK,
JI03BOJISIIOTH TIPOBECTH aHAII3 SIKOCTI IPOBECHHS 3aHATh BUKIIaIauaMH (aKyJIbTETy, OIIIHUTH CTYIiHb
Bukopuctranisi OBT, MoBHOTY 3aiyueHHs KYpCaHTIB /IO 3aHSITh Ta JOTPUMAaHHSI HOPMATHBIB Ta 1HIIHX
YacoBHX MOKa3HWKIB. L[i MaTepianm MOXyTh OyTH TaKOK BHKOPHCTaHI JUIsi OCTAHOBKH 3aBJaHb Ha
HACTYITHUH HaBYAIIbHHUH JIHb, a TOJIOBHE — JIOMIOMOT'TH ONTUMAIBHO PO3NOALUTUTH HABYAIBHI TTOJIS IS
SIKHANITOBHIIIIOr0 BUKOPUCTAHHS MOYKJIMBOCTEH MMOJIIMOHY Y HABYAJIBHOMY I[EHTPI.

[lix yac mpoBeneHHs TAaKTUYHWUX HaBYaHb KypcaHTIB BuKiIanadi kadeapu PBiA 3aBxan
TUTaHYIOTH IMiTaIlilo 60HOBOr0 BIUTMBY MPOTHBHHUKA. CKIIJI0BOK YACTHHOIO TAKOTO MPEICTABICHHS €
IMITYBaHHS 3aCTOCYBaHHS NMPOTHBHUKOM BUHHIIYBAJBHOI 1 INTYpMOBOi aBiamii, a Takox OOHOBHX
BbriAK. Ha Bu3HaueHHMX IJJAHOM TAKTHYHOTO HaB4aHHsS eramax omeparop BmAK 3miiicHioe ob6miT
BHU3HAYEHUX PAaOHIB i, SIK MPABUIIO, IIPOBOJUTH OIIHKY JisIM KYpCAaHTIB Ta BUKOHAHHIO HUMH 3aXOJIiB
13 TAKTHYHOTO MacKyBaHHs. 3 Ii€r0 MeToro Ha kadenpi PBiA, sk mpasuio, BukopuctoBytoTh BtAK
KONTEPHOI'0 THIY, a I IMiTallii IisyIbHOCTI OOHOBOI aBiallii — BHUKOPHUCTOBYIOTH OE3MIIOTHHI
JITAJIbHUR amapaT B)KE JITaKoBOro Tumy. Takiid Miaxia J03BOJSE MaKCMMAaJIbHO HAOJNM3UTH YMOBH

50 6(24), Vol.2, June 2018 https://ws-conference.com/webofscholar



Web of Scholar ISSN 2518-167X

HaBYaHHS 0 OOHOBMX, JAaTH MOXIIMBICTh KypCaHTaM JiSATH 3a BBIJHMMH KOMaHJaMH KEpiBHHKA
3aHATTA. 3acTOCyBaHHs 3aco0iB imitalnii Ta bnAK mig yac BimmpaitoBaHHs MHUTaHHS Hamaay aBiarfil
MPOTUBHUKA CTBOPIOE LTIO3i10 peaibHOr0 BOTHEBOT'O i MOPAIBHOTO BIUIMBY Ha KYPCAHTIB.

[MinroroBka MaiOyTHIX oilepiB-apTUIICPHUCTIB IIOBUHHA BiJIIOBIIATH BCIM CyYaCHUM BUMOTaM, a
JUISL 1[bOTO HEOOXITHO BHUKOPHUCTOBYBATH JIOCKOHAJI METOAM HABYAHHS, 3aCTOCOBYBATH HAMHOBIII,
HaMKpailli 3pa3ku 030pOEHHS, BIMCHKOBOI TEXHIKH, & TaKOXK CIEMEHTH aBTOMATH30BAHOTO YIPABIIHHSIL.
VYuacte migposzainie PBiA B moxisix, 1m0 BinOyBalOThCS Ha CXOIi YKpaiHHM, 3yMOBMJIM HEOOXITHICTH
CyTTEBOI TpaHc(opMallii METOIMKHA BHUKIAJaHHS HAaBYAJIbHUX JUCIMIDIIH OJIOKY MiJrOTOBKU 3i
Crieriaiizaliii, a I11e TOYHIIIe — MPAKTUYHOI MMiJrOTOBKH B HABYAJILHUX IIEHTPAX 1 Ha MOJIroHax.

[Tocrifine BUKOpUCTaHHS IOCBimy ydacti miapos3aiaiB PBiA mig ugac mposemenns ATO B
OCBITHBOMY TIpOIIECi, Ta 3a’my4eHHs i 1boro briAK, cripusie popmyBaHHIO Y KypCcaHTIB MPAKTUYIHO
OpiEHTOBaHUX 3HaHb Ta HaBWKiB. HaykoBo-nemaroriuamii ckian kapenpu PBiA mpuninse ocobnuBy
yBary po3poOIili METOAMYHMX pPEKOMEHJAIN i3 3ampoBaj/PKEHHS y HaBUAIBHHWHA IpOLEC KypCaHTIB
OoiioBoro nocBimy BukopucraHHs BmAK apTuiepiicbKUMH MipO3AiIaMH, a TaKOX IPOBOIUTH
nocTiiHuKA 00MiH JTocBinoM 13 BumyckHnkaMu HACB Ta komaHgupamu apTHIEpiiCbKUX MiAPO3.ILTIB
13 BIICBKOBMX YacTWH, sIKi OpaJii y4acThb B aHTHTEPOPHCTHYHIN omepamii HAa HEMiIKOHTPOIbHUX
VYxpaini paiionax Jlonenpkoi i JIyrancekoi obmacreil.

3rifHO 3 HAIUMH JIOCHIDKEHHSIMH, BUIYCKHUKH Kadenpu PBiA HaneXHUM dYUHOM
BHUKOHYIOTH CBOT CITy»K00Bi 000B’s13k1 B 30HI ATO, Bl1aio 3aCTOCOBYIOTh 3HAHHSI 1 BMiHHS, 10 HaOyTi
HuMU mig 4yac HaBuyanHs B HACB, a moBoni Benwka KUIBKICTH OQillepiB-apTHIICPUCTIB OTPUMAIIH
JIepKaBHI HAropoJu Ta OOMOBI BiA3HAKU. A II¢ MOKA3HUK SIKOCTI HaBUaHHS: SIK ITJIKPECIIOBAB
HEOJIHOPA30BO BilichKOBHH Xipypr Mukona [luporos — ycska Imkona ciaBHa HE YHCIIOM, a CIaBOIO
CBOIX yYHIB.

BucHoBku. BuxoprcranHs Oe3MiIOTHUX aBiallifHUX KOMIUIEKCIB Y HaBYaJIbHOMY MpOIleCi
BUIIKOJy KYpPCAaHTIB — MalOYTHIX OQilepiB-apTHIEPUCTIB € BUMOTOI0 4Yacy i JO3BOJSE CYTTEBO
MiIBUIIATH SKICTh iX (paxoBoi miaroroBku. HoBi migxoaw y HaBYAILHOMY TIpOIECi 3a 3MICTOM i
XapaKTepoM BIAMOBIJAIOTh 3arajJilbHAM MPHHIMIAM IATOTOBKH CIyXadiB BHUIIMX BiChKOBUX
HaBYAJbHUX 3aKIa/iB, a TakoK mpiopurery Bcrymy Ykpainm y HATO. Ilpore noBunHI OyTn
BpaxoBaHa HHU3Ka OCOOJMBOCTEW, IO 3yMOBIICHA XapakTepoM 3aBIaHb Ta (YHKIIH Miapo3iiiB
paKeTHUX BIHCHK 1 apTHIIEpii B Cy4acHOMY 3arajibHOBiHCBKOBOMY 0OIO.

IMepcnekTHBOIO MOJANBIINX HAIIMX JOCTIIZKEHb Y IbOMY HampsiMi 0aunMMo poO3pOOKY
HAyKOBO-OOTPYHTOBAHOI METOJVKH HAaBYaHHS KYPCAHTIB 3aCTOCYBaHHIO OE3IMIJIOTHHX aBialliiiHHX
KOMIIJIEKCIB JUIsl PO3BIAKH ILIeH Ta KOPEKTYBaHHSI BOTHIO apTHIIEpii.
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Beenenue. Kimumar sBIII€TCS OCHOBHBIM MPHPOJHBIM PECYPCOM, OT KOTOPOrO 3aBUCAT BCE
npyrue. «KimuMaty - MoHSATHE BeChbMa €MKOE, MbI JK€ KOCHEMCSI TOJIBKO CPEIHEro0BhIX TEMIIepaTyp
OCpPEIHEHHBIX BO BPEMEHM JecATUIICTUN. [[1d Hallell cenbCKOXO3SIMCTBEHHOW CTPaHbl 3TO KU3HEHHO
B)KHBIN BOMPOC, TTOCKOJIbKY OH KOCHETCSl MUJIJTMOHOB XO03SIMCTB 110 Beel PecyOiuke [1].

CpenHerofoBas TeMIlepaTypa Halleld IUIAHETHI OMNPEACIACTCS MHOIMMH (aKTopaMHu, HO
CaMbIil BaXXHBIM M3 HUX - KOJUYECTBO TEIJIa U CBETa, MmochkliaeMbix CONHIIEM Ha Hamry 3emitio. ITo
KOJIMYECTBO BeChbMa CTaOMIBHO 1 paBHO 1365 B/M’.

CosiHeuHas MMOCTOSIHHAS, B HAIlly HCTOPHUYECKYIO 310Xy, MEHsJIach He Oojiee, yeM Ha 6 % 3a
CYET BBICOKOYACTOTHOH M KOPITYCKYJIIPHOM COCTaBIISAIONICH CONHEYHOTO cIiekTpa. OTH 6 %
COJIHGUHOW OJHEPrMM TMOTJIONIAIOTCS B BEPXHHUX CIIOSAX aTMOC(Epbl M 3aT€M, IIOCIE CIIOKHBIX
npeoOpa3oBaHMii, HAKOHEI], OKa3bIBatoTCs Ha 3emie [2].

CosiHe4Hass aKTUBHOCTh HOCHT MEPHOAMYECKHI XapakTep M 3aBUCUT OT CHJI TSATOTCHUS IIJIaHET
TUTAHTOB HaIlleH COHEYHOW cucTeMbl. KpoMe Toro, Temmeparypa Ha 3eMiie 3aBUCUT OT MapaMeTpoB
TpaekTopuH, Mo Kortopod 3emuss Oexutr Bokpyr ComHna u npwimBHBIX cui Jlynel. Kak Bumgum,
JIOBOJIBHO CJIOYKHBINM aHCAaMOJIb CHJI ONPEACseT KIMMaT Ha 3eMile.

Bbl B mpaBe yCOMHHUTCS B TOM, 4TO 3TH 6 % MOIYT MIpaTh KaKylO-TO POJIb B M3MCHCHUU
KJIMMaTa Haleld riaHersl. Ho HY)KHO IOMHHTB, YTO COJHEYHAs aKTHBHOCTh Ha MPOTSHKCHHM 2-X
MOCICHUX CTOJICTUH TONBKO Hapacrtana. Kak roBoputcs, v Karwis JOJIOUT KaMeHb. M1 BOT Mbl ©MeeM
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riodanpHOE MoTeruieHre. HaydHelii MUp IIyMUT M CBSI3BIBAET TO C MPOMBINIICHHOW PEBOIIOIMCH 1
BbIOpOocoM CO, B aTMochepy.

[TapHuKOBBIE Ta3bl BHOCAT CBOM BKJIAJ B MOTEIUICHHUE KJIMMAaTa, HO, HAa HaIl B3TJISA, TPHYUHON
BCEMY CITYXKHT 3Ta HUUTOXKHAsI peryJisipHas Io0aBKa SHEPTUH, CBI3aHHAS C COTHEUHON aKTHBHOCTBIO.

«OTKyZAa Takasg yBepEHHOCTb) - CIIPOCUTE BbI?

Ho naBaiite Bepuemcs Hazag B XVII Bek. Comneunas aktuBHOCTh ymama o 0. beutm
MPOMEXYTKH BPEMEHH, KOTJ]a B TCUCHUU BCETO rojia Ha COJHIIE HEe ObLIO HU OMHOTO MATHA. JTO TaK
Ha3bIBaeMblii MayHIepOBCKIII MUHUMYM COJTHEUHOM aKTUBHOCTH. B 3T0 Bpems 3emiis Hegononydasia
9TH HecdacTHbIE 6 % sHepruu. B ['ommanaun kaHaibsl 3aMep3iu M MPEBPATHIINCh B KaTKH, B MOCKBe
JIETOM IIIENT CHET.

Ho, moxer ObITh, B HallleM 0JIArOCIIOBEHHOM Y30ekucTaHe Bce Obuto mo-uHoMy? Her, 3umoii
1650 rona, B Cpenneit Asun u Adranucrane, ObUTH OYeHb CHIIBHBIC Xomoa [1].

Bor uto coobmaer xanckuii mcropuk Myxamer HOcyd Myxumu: «Hapon, He Haxons
CTaceHus OT CTYXKH, CTaJl ’Keub MalaTKH, JPEBKU OT KOMHM, CTPEINbI, JIYKH, TaJJAHCUHBI  BOOOIIIE BCE,
YTO MOTJIO TOpPETh, a TaK Kak OOXXECTBEHHAs BOJIS MPEJONpeacinia YHUUTOKEHUE dTHX JIIO/ICH, TO
XOJIOJI elie OoJbIIe YBeNMUInBascs U (pakel uX >KU3HH 1Morac OT yparaHa 00KEeCTBEHHOI'0 THEBa». JTO
cioBa o Boiicke [llax-/[xaxana, ocanusmiero banx [3].

Cunbhbie xomoga Obutn B 1692-1693, 1695-1696 rr. [4]. MOXHO TpHUBECTH e€Ie Psf
MPUMEPOB, HO Jy4iiie o0patuThes K kuure KO.M. [lerpoBa «Camapkana. Kiaumar u morogay.

Ecnu BepHyTCS elie nanplie B TITyOb BEKOB, TO MOXHO YBUJIETh, YTO YKAacHBIC X002 ObUTH U
B amoxy Temypa. Temyp noru6 ot npoctyusl B Hauane XV Beka [5].

HocraTtoyHo yOeauTeNnbHBIA (aKTop — CONHEYHasi aKTHBHOCTh BO MHOTOM MpPEIONpEaeisieT
KJIUMAaT Ha TUTaHeTe.

JaBaiiTe BepHEMCA B HaIlld JTHU.

ConHevyHass aKTUBHOCTh MajaeT M TPSIyMMNA 25 IMKI, KaK CUUTAIOT acTPOHOMBI, OyneT
nojgobeH MayHaepoBckoMy. MOXKHO MPEIIONIOKUTh, YTO OyJIET MOBTOPEHHE MPOIUIOro, U KIMMAT
Y30ekucTana OyaeT XolnoHee, YeM B MPEIbIIYIIIE BpEMEHa.

Pe3yabTaThl ucciaenoBaHusi. Hamu ObUTM  TIPOBENEHBI COOTBETCTBYIOIIUE PACUECTHI.
JlocToBepHO M3BECTHHI MEPHObI 17 KOMIIOHEHT, BKIIOYAIOIIUX COTHEUHBIE U JTyHHBIE COCTABIISIOIIHUE.
Hcnionksys apxuB MereoodcepBaTopuu TalkeHTa, MOKHO OMPENETUTh CPEIHET0J0BYIO TEMIIEpaTypy
no TalkeHry.

Hcnone3yst MeToapl ONTUMH3AINK, MOXKHO, MOAOUpas aMILIUTYIbl U (a3bl KaxJaoW u3
17 KOMIIOHEHT, JTOOWTHCS TAaKOrO COCTOSIHUS, KOTJa MOJIENBHBIA psif HEe OyJeT CYIIeCTBEHHO
OTJIMYATHCS OT UCTUHHOTO.

BriBoaBI. B 3akimtoueHne, MOXHO OTMETUTh, YTO HE COCTABJISAET TPyAa MPOIIUTh MOAEIbHBIN
psan, ckaxem 10 2100 roga. Uto xe Mbl BUIUM?

Hauwnnas ¢ 2020 ropma, temneparypa B TamkenTe OyaeT nmaaath, U aOCOMIOTHBI MHHUMYM
Oyner naomomarbes B 2080 roxy. Ceiiuac cpennss rogoBas temieparypa B Tamikenre ~14°C, a B
2080 ona Oymer coctaisth ~4°C. [ToHmKkeHne BechbMa CHIIbHOE [6].

Hac xnayr cBupensle 3MMBl M XOJOAHBIE JIeTa. Bed CENbCKOXO3SMCTBEHHAs IOJIMTHKA
VY30ekncTana JoIKHA MTPETePIIeTh H3MEH CHHS.

MOXHO BepUTh, a MOXXHO M TMpeHeOpedb OSTHUMH pe3ynbraTamu. OIHAKO TPUPOAHBIC
KaTakIM3Mbl TIOCIEIHUX JIET 3aCTaBISIOT NPEANojaraTh, 4TO MPOTHO3 B OOIIMX 4YepTaXx MOXKET
OKa3aThCsl MPABUIIbHBIM.
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Beenenne. [IpobGnemam ydera B3auMOACHCTBHS COOPYXEHHS C OCHOBAaHHUEM TIOCBSIIEHO
OonpIoe KoiIM4YecTBO wuccienoBanuii [1-3]. B pa3paOoTaHHBIX M HCHOIB3YEMBIX Ha MPAKTHUKE
METo/IaX pacyera, TOYHOE OIpeeleHne (QHU3MUECKOrO CMBICIa TapaMeTpOB, YUYHTHIBAIOIINX
B3aMMOJICHCTBIE KOHCTPYKIIMU (PYHJAaMEHTa C OCHOBAHHEM, B JIUTEPATYPE OCBSIICHBI HEJJOCTATOYHO.
Her getkoro nmonmMaHus MPEUMYIICCTB U HEAOCTKOB HMCIIOJIB30BaAHUA TEX WUJIU APYTUX MOZIeJ'Ieﬁ JJIs
pacdera COBMECTHOW pabOTBhI CHCTEMBI
«byHAaMEHT -  OCHOBaHHEY. B
pa3pabOTaHHBIX W HCIOIB3YEMBIX Ha
UpAKTUKE - MTOMAX | paciema, TR
KOHCTPYKIIMH 37aHusl W (PyHIAMEHTHI S(x):const
paccMaTpUBaIOTCS Kak SITMHBIH
KOMIIJICKC, HOHQHHHEMHﬁCH OCHOBHBIM
3aKOHAM CTPOUTENIbHOW MEXaHUKH, a
caMm (yHIaMEHT, SBJSICTCS KOHTaKTHOM
30HOM € TPYHTOBBIM OCHOBaHueM. B q
3TOM  cjydae, TPYHTHl  YCIOBHO
MPUHUMAIOT KaK YIMPyroe OCHOBaHHE C
OCHOBHOH XapaKTEpUCTUKOM, P(x)=const
ko3 ¢uimentom nocrenu  (puc.  1). WMMM“HM MMW
N3BecTHbl MoOAENH, KOIJa CHUCTEMY S(x)

«3IIaHAE — OCHOBAHUE» MPUHUMAIOT KaK
eIMHOE TEeNoe; MPH 3TOM TPEXMEPHOE Puc. 1.

EJ—0
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TPYHTOBOE OCHOBAaHHE IO 3JaHHEM paccMaTpuBaloT Kak ympyryio cpeny [10] (puc. 3). B mannoit
CTaTbe TMpENNpHUHATAa TONBITKA IPOAHAJU3UPOBATh  CYIIECTBYIOIIME METOIBI  pacyera C
WCTIOJIb30BAaHMEM KOHTAaKTHBIX MOJEIed M ONpeAeiuTh (PHU3MUECKYI0 CYINIHOCTH I1apaMeTpOB
YKECTKOCTH, C YYETOM PEabHBIX CBOMCTB IPYHTOB, BXOAAILINX B 3TH ypaBHEHUS.

Hwxe mpuBenem 0030p OCHOBHBIX CBOWCTB M3BECTHBIX KOHTAKTHBIX MOJIETICH.

@DyHAaMEHTBI, B3aMMOJCHCTBYIOIINE C TPYHTOBBIM OCHOBaHHEM, BOCIPHHUMAIOT Kak
BHEIIIHKME, 3aJlaHHble JKCIUTyaTallHOHHbIE, TaK W pPEAKTUBHbIE YCHJIWS TPYHTOBOIO OCHOBaHUS.
Omnpenenenre peakKTUBHBIX YCHIIUM OCHOBaHHMS, B3aUMOJICHCTBYIOIIEro ¢ KOHCTPYKIMeH QyHIamenTa,
SIBIISIETCS.  CJIIOKHOW  MEXaHMYECKOU
3ajadelf,  MOCKONbKY  TPYHTOBOE a)
OCHOBaHUE MIPOSIBIISIET camble
pasHooOpasHbie cBoOMCTBA. M3MeHeHe
3TUX CBOWCTB TIpyHTa B IIpoLecce
SKCIUTyaTalluM 3JaHUS U COOPYKEHUS

] ]
] ]
lsssssssssesmsusssessssnsnasnnmunennnns i—0

MOXET CYLIECTBEHHO TIIOBIMATh Ha w(x)=const
BO3HUKAKOIINEC ycuinusa B

KOHCTPYKIWsIX. JIJI pemieHus 3amaun 6)

ONpEAECIECHUS B3aUMO/JIEHCTBUSA

KOHCTPYKITHH " TPYHTOBOT'O ' Y

OCHOBaHUA MNPCIJIOKCHBI PA3JIMYHBIC

|
L 1
moxenu [1-2,6,7,9].
N3 kiaccuyeckol MeXaHUKH
W3BECTHO, YTO nedopmaryn _

HArpy»KeHHOH  Oanmku  (TUTUTBI) C

’kectkocthto  El  nexamelr  Ha Puc. 2.

TPYHTOBOM OCHOBAaHMHM, 3aBHCAT OT

MPHUHATON KOHTaKTHOH Mozaenu. Ha nedopmarnym 6anku (TUTMTHI) CYIIECTBEHHOE BIMSHUE OKa3bIBACT,
KaK JKECTKOCTb CaMOH KOHCTPYKILIMM, TaK U CBOMCTBA IPYHTOBOrO OCHOBaHMsA. Hampumep, s aByx
TpPaHUYHBIX YyCIOBUI: 1 - mpu aOCONIOTHO JKECTKOH Oanke mepeMelieHusi TPyHTa B Mpeaenax
Harpy>KeHHOM IO TMOCTOSIHHBI S(X)=const, a PEaKTUBHOE NAaBJICHHEC HMMEET CeII000pa3HyIo
smtopy (puc. 1. a); 2 - Ganka aOCONIOTHO TMOKas, IPU 3TOM, MEPEMEIICHUE, OCHOBAHUS MMEET BH]I
nu3ruba ¢ MakCHMaJIbHBIM MPOTHOOM B IICHTPE HATPY)KCHHOH IUJIOMIAJM, a JIIopa PEaKTUBHOTO
JaBJICHUS BIOJIb HEe, mocTosiHHas P(x)=const (puc. 1. 0).

[Ipu pacyere QyHIaMEHTOB, OCHOBAHHOE HAa KOHTAKTHBIX YIMPYTHX MOJENSX PEaKTUBHOE
nasnenue p(X) JTMHEHHO 3aBHCHT, KaK OT JKECTKOCTH TPyHTa MeCTHOMY cMsTHIO Cy (IpeIoKeHHON
Bunkinepom - LlumepmaHoM) Tak M OT CONPOTHUBIEHHs TpyHTa u3ruOy C, NpemiokeHHOH
(IL. JI. ITacTepuaxom [1]). MaTemaTH4eCcKoe BEIpaKEHUE 3TON MOJIETH UMEET CICAYIOIIUA BHT

P(x) = Ciw(x) + Cw(x) (1)

Kak crmeayer u3 5TOro BHIpaXKE€HHMs, PEaKTHBHOE naBlieHue P(X) 3aBHCHT OT BeIMYHMHBI
KO3((UIMEHTA JKECTKOCTH TOHKOT'O CJIOS OCHOBaHHSs (mocteiu). I1o cyliecTBy, 3TOT CIIOH YCIOBHO
MOXHO paccMaTpuBaTh KaK TIIOCIEIOBATEIBHO PACIOIOXKEHHbIE TPYKHUHBI B HOPMAJIBHOM U
TaHT'CHIIMaJIbHOM HAIpaBJICHUH. Ounn HE q b2
XapaKTepU3ylOT CONPOTHBICHUS OoJjice TIIyOOKHX 1 E
CIIOEB CXKATUIO M M3THOY TPYHTOB, PACIOJIOKCHHBIC
Oomee riy0)ke B aKTUBHOW JeOpMUPYEeMOH 30HE
ocHOBaHUs. (puc. 2).

IToHsiTHE KECTKOCTH JJId TPYHTOB, UMCIOIIUX
3HAYUTEIbHOC BHYTPECHHEE TpeHue 51
HE3HAYUTEIBHOE CIEIJICHHEe, UMEeT 0oJiee CIOKHYIO
npupony.  Ilockonbky  IpyHTBI B HpHUpOIE
pacmpocTpaHeHbl B TPEXMEPHOM IIPOCTPAHCTBE,
KJIACCHYECKOE TOHATHE JKECTKOCTH, IIpHCYIIee
KOHCTPYKHOMOHHBIM MaTe€pualiaM, AJIsI TPYHTOB UMECT
WHOH cMBICIOBOH (akTop. Hampumep, rpyHTOBYIO
cpeny MOXHO paccMaTpuBaTh KaK — IIOCIONHO Puc. 3.

YI0XKCHHBIC IBYXMEPHBIC MAaCCUBHBIC I1JIACThI (HOHOCBI), IIPOABJIAIONIUC CBOICTBA MECTHOT'O CMSTHUS
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NpH WX CXKATHH W BHYTPEHHEro TPEHHS TNpU HX u3rube. B oTiamume OT KOHCTPYKIIMOHHBIX
MaTepHaloB, JUIsl TPYHTOB, 00JacTh pACIpPOCTPAHCHUS HAMPSHKEHHOIO COCTOSHHS OrpaHHuYCHa,
MOATOMY, HENPaBHIBHBINA TOAOOP 3TOH OONACTH MOXKET CYIIECTBEHHO MOBIHATH Ha PE3YNbTaThI
pacuera ocaJioK U pOruOoB.

B kauectBe MexaHWuYeckHx (YNPYTrWX) CBOMCTB JUIsi TPYHTOB HYXKHO OTHECTH IMapaMerphl
MPOYHOCTH (YroJ BHYTPEHHEro TpeHus M cuervienus). Kak m3BecTHO, Ha 3TH CBOWCTBA T'PYHTOB,
CYLIECTBEHHOE BIIMSHHME OKa3bIBAIOT: MHHEPAJIbHBIM M TpaHyJIOMETPUYECKHIl COCTaB; IUIOTHOCTD;
BIIQXKHOCTh M MHOTHE Jpyrue pakTopbl. HecMOTpsl Ha Takoe CIOKHOE CTPOCHHE M TIPUPOILY TPYHTOB,
OHHU OTOXJIECTBIISIIOTCS ¢ KOHCTPYKIIMOHHBIMH MaTepHajaMd C YUYETOM HX CIEeHU(PHYECKUX CBOWCTB.
OTcioia ¥ BBITEKAIOT U OJMHAKOBBIE TepMUHOJOrHYeckue omnpernenenusi, kak HIC, Hepa3pbIBHOCTD
(YnpyrocTb, MiaacTUYHOCTb, BSI3KOCTB), )KECTKOCTh H TIP.

[lo oTHOmIEHWIO K TpPyHTaM, IOHATHE KECTKOCTH YCIOBHO pa3jensercs Ha JABE TPYIIIBI
(monmenm). IlepBas, - xapakTepusyeT >KECTKOCTb IPYHTa CMATHIO WJIM, MHa4e, KaK CONPOTUBIICHHE
rpyHTa 00beMHOMY CxKaTHIO. K MaeanbHONH MOIENM Takoro MoBeleHUsT 00bEMa TPyHTA, UMEIOIIETO
MPHU3MATHYECKYIO (LIMITHHIPUYECKYI0) (GopMy, MOKHO OTHECTH WX COMPOTHUBIICHUE KOMIIPECCHOHHOMY
cokaruto. Ilpm atom paccmaTtpuBaercss cnoil rpyHTa gnuHOW Hg; = AHn , Haxomsmuiics B
HWIMHAPUYECKOH 00oiiMe. 37ech, MO/ MOHSATHEM KECTKOCTH TOHUMAETCs OTHOIICHHE JAaBJICHHUS K
ocazike (CMATHIO) cllosl TpyHTa. YTO KacaeTcst )KeCTKOCTH OrpaHHYEHHOro o0beMa IrpyHTa U3rudy, To
ee HeoOXOIMMO pacCMaTPHUBATh B KOHTEKCTE ¢ KOHCTPYKIIMEH, Ha KOTOPYIO BO3JCHCTBYIOT pa3iIMuHbIe
BHEIITHUE YCHITHSL.

Jnst BBIACHEHWS (HU3MYECKOW CYNIHOCTH CONPOTHBIICHUS TpyHTa U3ru0y, aBTOpamH
MpeAoKeHa KOMOWHUPOBAaHHAS MOJENb, COCTOAIIAs M3 HIKHEH KOHCTPYKIIMOHHOH Oallku ¢
KECTKOCTBIO E .., onnparomencsl [NapHUpHO Ha JBE ONOPBI U YJIOKEHHOTO HA HeE €10 KOHKPETHOr O
BHUJa TpyHTa. Takas Mojenb MO3BOJSET HKCIEPHMEHTAIbHO YCTAaHOBUTH BIMSHHE HapaIlMBaeMOro
ciosi TpyHTa Ha mporu® Oanku. Eciu rpyHT He oOiiagaeT M3rMOHOH JKECTKOCTBIO, TO OXKHIIACTCS
JTUHEHHBIA pocT mporuba Oanku OT HapalluBaeMoro cjos rpyHTa. Ecim rpyHT oOlagaer Takumu
CBOMCTBaMH, TO TakKas MPOMOPIHOHATBHAS 3aBHCUMOCTH OyJIeT HapylieHa.

JKcnepUMeHTANbHbIE MCCIe0BAHUS KeCTKOCTH IpyHTa M3rudy. [locraBnennas 3amada
OCYIIECTBJISIETCA TPU TOMOIIM TUIOCKOT'O JIOTKA, TO3BOJISIONIErO MOJAETHPOBATh B3aMMOJCHCTBHE
M3rubaromieil KOHCTPYKIIUHN U TPYHTOBOTI'O OCHOBAHUS IIPY PA3TIMYHBIX BHEITHUX HATPY3KaXx.

[Tnockuit noTok (puc. 4.) BBIIOJHEH B BHUE
paMHOM  KOHCTPYKIIMM W3  IBEUIEpOoB  No22,
WcnrelTarenbHas KaMepa JIOTKA HMEET CIIEAYyoIue
pasmepsl: AxBxH=120x22x120 cm. Pama coctout u3
JBYX OOKOBBIX cTOCK (1) M IBYX TOPU3OHTAJIBHBIX 0aJI0K
(2). Huwknsist 6anka (3) 10TKa, ¢ KOHEYHOM JKECTKOCTBIO
El, mpukperiena k 1ByM OOkoBbIM croiikam (1)
mapHUpHO (4). 3amHsAs CTEHKa JIOTKAa BBINIOJIHEHA W3
TUCTOBOM cTanmu (5), a mepedHsist U3 ABYX CTEKJISTHHBIX
JUCTOB TOMIIMHON 2x4 MM. Mexay Oanmkamu (2) u (3),
JUIA  W3MEpPEeHUs  KOMIICHCHPYIOIIMX  Harpy3ok,
yCTaHaBJIMBaeTCd JUHAMOMETp (WM peryiaupyemMas
BUHTOBAsI OIOpa JUIsl U3MepeHus nporuda Ganku). [Tpu
IIOJIHOM pasrpy3Ke BUHTOBOM OIIOpBI, YCTAHOBJIEHHOMU
MoJ| LEHTPOM OajK, OHa TMOJydYaeT MaKCUMaJbHBIN
nporud OT PEaKTHBHBIX YCHJIMH CIIOS TPYyHTA,
3aChIIAaHHOIO B JIOTOK. TakuMm 00pa3oM, TaKOW JIOTOK Puc. 4.

OTIIMYAETCS OT U3BECTHBIX TEM, UTO MO3BOJISIET, IOMUMO
MPOYMX MTAPAMETPOB OIPEAEIATh U3TMOHYIO )KECTKOCTh TPYHTOBOI'O OCHOBAHHSI.

B Hawane skcneprMeHTa, IIAPHHPHO ONepTas Ha JIBE OMOphl MeTajuimdeckas Oanka (3)
TECTHPYETCS Ha COCPEAOTOUCHHYIO U PAaBHOMEPHO pacIipeleIeHHYIO 3aJJaHHYI0 Harpy3ku. JKecTkocTh
METaJNTHYecKol monockl El ompenensercs Mo ee Mporudy B 3aBHCUMOCTH OT HArpy30K M, TIO3TOMY
CUMTAETCS U3BECTHOM.

DKCIEPUMEHT TPOBOAUTCS JBYMsI CIIOCOOaMU: B TIEPBOM Cilydyae, Ha METAJUIMYECKYIo Oanky
3aceimaercss cioil rpyHta H; u u3Mmepsiercs MakcuMalbHbI mporu® Oanku fi. DkcrepuMeHT
MPOAOIKAETCS 10 MOMEHTA, KOTJa TOJIIMHA 3aChIIKM HE OKAa3bIBAeT CYIIECTBEHHOI'O BIMSHHE Ha
nporu6 Oankw, T.e. Af; = 0. [Ipu 3TOM, JJ1s1 JAHHOTO BUAA TPyHTA PUKCHpYETCsl cooTHOmeHus H,=H;
u H; / L. Bo BTOpOM citydae, 1moJi IMEHTPOM Oaiku (10 HU3Yy) YCTAHABJIMBACTCS ITUHAMOMETD, TPH
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MOMOIIK KOTOPOro (PUKCHPYIOTCSI KOMIICHCHPYIOIIHE pPeakTHUBHBbIE HArpy3kd N; (B 3aBUCHMOCTH OT
HapaluBaeMoil TOJIIMHBI TpyHTa H;). DKCIEPUMEHT MPOIODKAETCS A0 MOMEHTa, KOrja TOJIIMHA
3aChIIIKM HE OKa3bIBAeT CYIIECTBEHHOIO BJIMSHMS Ha MokasaHus nuHamomerpa AN; = 0. U B atom
city4ae, JUisl JaHHOTO BUJA IpyHTa QUKCHPYIOTCS cooTHomenus Hi=H, u H/L. Harpy3ska Ha Oajky ot
TpyHTa oOIpenensiercs JAByMs CIOCOO0aMH: IO MPOrudy W TO0 KOMIICHCHPYIOUIMM Harpy3kam
(M3MepeHHBIM TI0 TIOKA3aHUSIM JIMHAMOMETpa YCTaHOBICHHOTO B meHTpe Oanku). [lo mporuOy Oanku
(3) or rpaBUTAIlMOHHBIX W W3MEPEHHBIX PEAKTHUBHBIX HATrPY30K OINpEAeNsercs >KeCTKOCTb TPYHTOB
n3ruly. Kak ciemyer u3 puc.5, ¢ OHOW CTOPOHBI, IO pacueTy OKUAAeTCs MPOIMOPIUOHAIBHBIA POCT
IPaBUTAIIMOHHOIO JaBJIEHUS TPYHTa OT BBICOTHI cios, T.€. P(x) = ybH . B nelicTBUTENLHOCTH,
W3MEpEHHbIC KOMIICHCUPYIOIIUE HArpy3Kd, PaBHO KaK M MPOTrHO CIOsi TPyHTa MOKa3bIBaeT, YTO MPH
YBEITUYEHUH €TI0 BBICOTHI, MPHpPAILCHUE YTUX Harpy30K (IMporuOoB) MocTerneHHo yMeHbinaercs. [Ipu
BBITIOJTHEHNH yciioBusl H > Hg, BBICOTa CJI0S yXKe MPaKTHUECKH HE Oy/IeT BIHATH Ha TPaBUTAIIMOHHBIC
nasnenus P(x) (nporu6 f). IlpeicraBieHHas Ha PUC. 5 CpaBHUTENbHAS JUarpaMma MOdydeHa I10
pesynbraTaMm JKcriepuMeHTa ¢ ImebHem. Jlis  ompeaeneHWss KOMIIGHCHPYIOIIMX — HArpy3ok,
YCTAaHOBJICHHBIX B LIEHTPE OAJIKHU, BOCIIOIB3yEMCsI U3BECTHBIM BhIpakeHHeM [8]:

N =125qb> = 1.25yHb?, )

rae N - BeluuruHa KOMIIEHCUPYIOIIUX 3 - -
Harpy3oK, ompelenseMas M0 TOKa3aHHsIM
JMHAMOMETpA. g 25

llporu6 mapuupHo omeprod wa = 5 |
JBYX OINOpax METaJTMYECKONH MOJIOCHI, g
HarpyKeHHOi PaBHOMEPHO z 15
pacnpeeneHHoil Harpy3Kou, onmpenensercs = 1 L
10 BhIpaXKeHuIo [8]:

0,5
5qL*
f=r= 384E1, ) 0 ' ' ' ' ' '

0 20 40 60 80 100 120

rae f - nporu6 Oanku IMHOMN L or Brzcata il (o)

paBHOMCPHO pacnpeﬂeﬂeHHoﬁ Harpysku g HcnbiTanas =@ TeopernvecKHna
WHTEHCUBHOCTBIO ¢ OT TpyHTa C
JKecTKocThlo t = E .

s onpeneneHust BEJINYUHBI
nporn6a KOMOMHUPOBaHHOW Oalku B
3aBHCHUMOCTH OT BEIMYMHBI KOMIIGHCHUPYIOUIMX Harpy3ok (OmpeaenseMblx IO TOKa3aHUsIM
JMHAMOMeETpa), He0OXOIMMO BOCIIONB30BAThCSl TAPUPOBAaHHOHN KpuBoi f = f(N), mOCTpOCHHOMN st
METaJTHIECKON OaKH.

PacueTHass Moaeib, YYUTHIBAIOIIAsA W3THOHYI0 KeCTKOCTh TIpyHTOB. [Ipemmaraemas
MoJienb, B orTiuuue oT (1), MaTeMaTHYecKH XapaKTepH3yeT CMSTHE W TPOrud CIlosi TPyHTa MOJ
(yHIAMEHTOM CO CIICAYIOUIMMHE IMapaMeTpaMu KeCTKOCTH (puc. 1):

Puc. 5. I'paguku 3asucumocmu KOMREHCUPYIOUWUX
Haepy3ok 1-noxazanus OUHAMOMEMPAa Om GblCOMbL
COS 2PYHMA U 2-8bIYUCTEHHAS NO 8bIPAdCEHUIO (2)

P(x) = Ciw;(x) + Cow,(x). 4)

IlepBast yacTh ypaBHEHHs XapaKTEPHU3YET KECTKOCTb CJIOS TPYHTa CMSTHIO TONILMHON Hy,
C)KMMAEMOT0 B KOMIIPECCHOHHBIX YCIIOBHSAX, T.€. Ex—y=q WM 110 [IyOMHE OTIEYaTKa IITaMIla B TPYHT.
Bropas 4acTh ypaBHEHHSI XapakTepusyeT mnporu® w,(x) cioéB TpyHTa COBMECTHO ¢ OajKol
(Tmomocoit), onuparomei MmapHUPHO HA ABYX YCIOBHBIX OIOpaX.

q(xs) + q(xc) = 2L, (5)

rae q(xg.), q(x.) — pacnpeneneHnas rpaBUTalMOHHAs HArpy3kKa OT I'PYHTa M KOHCTPYKLIUH
Oanku; EI = Eyly + E.I.- *ecTKkocTh NpUBeNeHHON 0anku; t = Egly-uzrubOHast :kECTKOCTh TPyHTa U
E_I. - 5KeCTKOCTh METaJNINYECKOM MOIOCHI.
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Hanpumep, eciam TOpeAnonoXuTh, YTO TMPOrHO CIIOS TPYHTA MOJUUHSCTCS 3aKOHY
napa0ou4ecKoil (yHKIIMK BUIA:

fx) =c—ax?, (6)

e €= fopax (x=0) u a= Al‘—f(x = L/2), To BTOpas ee¢ NPOM3BOJAHAs paBHA PaIUYCy
KpUBU3HHI [§]

fo)=-2a=-% ===p. (7

L2

Ypasuenue (4), ¢ yaerom (5) u (7), 3amuIneM B CICAYIOIIEM BHUJIE:

384EIf _ 48EI8f _ . 8f
4

p() = 504 512 [2 0 22

()

ConocraBuB Beipakenue (8) ¢ (1) u npennonaras E.[. = 0, moay4ynM 4yuClIeHHOE 3HAUYEHUE
Benu4uHEI apamerpa C,, npeanoxeranoe [1.J1. [Tacreprakom [1]:

LZ
C, =px)— 9
2 p( )8f’ ( )
WIH
48 4 pH3 t
Co =gl =577 k=5 (10)
48 48
3ameruM, 4TO NpH L = 1T, BRIpakeHne — = — = 1
5.2 5m2

Onpenenenue: u3 goipascernus (10) cnedyem, umo uzeubnasn scecmkocmov napamempa I11.J1.
1
Hacmepuaxa C, = Eyly xapaxmepuzyem paduyc KpueusHvl p = = npoeubaiouje2ocs clos epynma ¢

pasmepamu 6 niane b,H u onunou L = 1 om edunuunou pasnomeprou nazpysku p(x) = yHb = 1 unu
ona nesecomoti 6anku npu q(x) = 1.

AHanu3 TPOBEJCHHBIX OKCICPUMEHTOB C IeCKaMd M IIeOHEM IoKa3aj, 4TO 3HAauCHHE

HS

/2)

OTHOIIICHUA MOXXHO HpI/I6J'II/I3I/ITeIIBHO OIPEACINTD 110 BBIPAKCHHUIO:

Hs .
w2 = 99 (11)

[To BeIpakeHuro (5) ompenenuM CyMMapHYIO JKECTKOCTh META/UIMYECKON TIIOJNOCH U
YIIO)KEHHOT'O Ha Heil cios rpyHTa:

5qL*
Eolg + El. = (Ed. + X1 t;) = 3847 (12)
B sTom ciiyuae Beipaxenue (11) mpumer crnenyromui BU:
_ 25L%by, (tgp\ _L*, ytge -
Eolo = 2552 ke (“22) — Eol = "2k 522 — El, = . (13)

Boipaxkenuss (12) u (13) nmaroT BO3MOXKHOCTH IO pe3yiabTaTaM JIOTKOBBIX HWCIBITAHUI
OIPEIEIISIT MPUBEACHHYIO KECTKOCTh TPYHTA U3THOY.

Ecnu npennosioxkuth, 4TO Ha CJIOM TpyHTAa TONIMMHOW H B KadecTBE BHEIIHEH HArpy3Ku
JIEHCTBYIOT TOJILKO pacrpeseieHubie cuibl q(x), To BbIpakeHue (3) MOKaXeT JIMHEHHBIA POCT €ro
nporuba (puc.6). Heckonbko apyras kapTuHa OyaeT HaOmromaThes eci yclioBHast Oanka (cioi
TpyHTa) paccMaTpuBaercsi Kak BecoMmas. B 3ToMm ciydae, ¢ yBeNTHYEHHEM KOJMYECTBA CIIOEB N
TomuuHod AH M, COOTBETCTBEHHO, IPaBHTAMOHHBIX cuil P(x) = ybAHn, mpupamenue nporu6os
Oyzser ymeHbiathesi (puc.6). DTO CBUIETENBLCTBYET O TOM, YTO HWHTEHCHBHYIO Harpysky p(x) s
IPYHTa HEJb35 OTOK/IECTBOBATH KAaK BHEIIHIOKW HArpy3ky ¢ (x). [ToaToMy, npu pelieHnu 3a1au
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reOTEXHUKH, OHA JO/DKHA OBITH HalKMcaHa pasaeibHo Kak cymma q(x) + P(x), MOCKONBKY
MOCTICIHSS MPEICTABIISIECT COO0M Cpeay C BHYTPECHHUM TPECHUEM.
Taxum obpazom, npoaud f koumaxmuoil nosepxHocmu om eeca cios epyhma moawunou AH u

onunotl L unmencusnocmoto P(X) pacmem nponopyuonansho KOpHio KEAOPAMHOMY OM KOIUYECHE0
Cll0éB M. 12

B »toM cnygae Bwipaxenue (5)
3aIUIIIeM B CIIEYIOIEM BHIC:

14 g 038
=Px) = 14 =
f=P a4 =
g
Bripaxkenne (5) 11 rpaBUTAIIMOHHBIX & 0,4
CHJI TPYHTA 3allMIIEM B BUJIC!
0,2
P(x) = ybAHVR = kt L = kt 5. (15) 0
0 0,001 0,002 0,003 0,004
OTCIO/A: OTHOCTHEILHBIH Oporad & ((‘M)
L3 L3 =gr=cnbiTange =® Teopernvueckui
t=2P() =ybAHVR.  (16)

Puc. 6. I'paguru 3asucumocmu npoeuba f 1-
TIpH dKCepUMeHTATBHOM onpeienermn  /1OKA3AHIA npocubomepa om Gulcomvl C10sL PYHMA
mapamerpa ¢ HEOGXOIUMO VIUTBIBATH U 2-8bIMUCTIEHHAS NO 8bIPAdICEHUIO (3)
JKECTKOCTh METAJUTMYECKOM 1osockl E1:

384EI
5

L3
t = EP(X) —

rae € = f— OTHOCHTENBHBIN Tporuo; k - koppektupyromei ko3 uiuent.

Breipaxenne t (16) B ommuum ot C, (9) xapakrepu3yeT >KECTKOCTh CIIOsI TPyHTa
OTHOCHTENLHOMY Nporudy & amuHoit L3 npu exuHu4HOM pacnpenenenHoi narpyske P(x).

C ucnonp3oBaHueM BbIpakeHHs (15) mpou3BeneM cpaBHEHHE MapaMeTpa KeCTKOCTH ¢t TpyHTa
MPUMEHUTENBHO K OTHOW IMOJIOCe JUTSl MOJENH t,, M Ui peanbHbIX 3a1ad t,-. [lpeamonoxum uto s
o6oux mosoc n = 1 BeIONHSETCS yeinoBus paBeHcTBa P(x) u €. B aTom ciyuae

t =@P (Dut =L—§P (X)I/IJ'II/It—r=£
mo ke ™M T ke T tm L3
Orcrona
A3
tr =tnm (—r> . 17
Lm

pu stoM, Py, (x) = yby AHpm 1 Pr.(x) = yb, AH, \n npu n=1
AH, = AH,,m. (18)

Ilapamemp dsrcecmrxocmu cnos epynma uzeuby t xapakmepusyem npocud 00H020 Cl0s nAacma
epynma monwgunou AH ¢ ceomempuueckumu pasmepamu ¢ niane (Lb) nazpyscennozo edunuunoi
pacnpedenénnoil 2pagumayuonnol nazpyskoi P(x), pagHoi sKCnepumenmanbHoMmy 3HaAYeHUIO.

Bennmunny »Toro mapamerpa, HampuMmep s TecKa, ONpPEAeTuM I10 TOJYYeHHBIM U3
9KCIIEPUMEHTOB Pe3yIbTaTOB.

Ipumep. TpeOyercs onpenenUTh pealbHYIO JKECTKOCTh CIIOSi TPyHTa t, IS (yHIAMEHTa C
bp;Ly, =15;10 4 1m0  W3BECTHBIM  DKCIICPUMEHTAJLHBIM ~ 3HAUCHHWSIM  TOTO  JK€  TpYyHTa
b;L = 0,22 ; 1,24 m mapamerp *KecTKOCTH t,, = S5kHm?. PacuerHas cxema npejcrapiesa Ha puc (7).

[To BeIpaskenwuto (17) onmpeaenumM BETUIUHY KECTKOCTH CJI0Sl TPYHTA U3TUOY:
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3 3
t.=t () =5 (1) = 5.524 = 2622kH 1*:
r M\ L, 1,24 >

L=t (L—r)3—5(i)3—5-524—70805f1 2,
T, T \124) T - KEMS
H. =H, 10%—015M

T

P () = yby Hy = 14,4+ 0,22 - 1 = 3,16 kHw,

zt

4(x) EdJ.

iERERERREE]
e

gl

Ah

Puc. 7. Mexanuueckas modens 015 onpedenenus u3euOHOU JHCeCmKOCmU SPYHMA U UCNOAb3YeMAas Npu
pacueme 6AIOK HA 2PYHIMOBOM OCHOBAHUU

KectkocTh dmemMeHTapHON MONOCH ImmpuHON 1,5 M., BeicoTod 0,15 M, mig L, = 10,30 m
COCTaBIISET, COOTBETCTBEHHO, t, = 2622; 70805 xH m?

Y4yuThiBas OCHOBHOE IPAaBHJIO MEXaHWKH, KOTJIa Ha JBYX OINOPax CJIOKEHO N KOJIHMYECTBO
0astok (IoJI0C) C OJIMHAKOBON YKECTKOCTHIO t, U TPABUTAIIMOHHOM HArpY3KOM Py, (x), npupaBHEHHON K
tonimHae cios AH, , UTOroBbI ee mporu® ocraHercss 0e3 m3MeHeHHs paBHbIM € = f /L. OOriee
KOJIMYECTBO CJIOEB N 3aBUCHUT OT TONIIMHEBI peaabHOro ciosi. Hanpumep, ¢ yaerom (10):

l
Hy=(1)tgp =5+08 =4
n=—=26.
0,15

Bennurna KOMIEHCHPYIOIINX PEaKTUBHBIX HATPY30K OMPENENIeTcs ¢ YIeTOM BhIpakeHus (2):
= ,/(yHb)l.ZS— V(14,4 x4 % 1,5)1. 25—— 58 kH,
W

125 _ 125 [(yH) _
b 10+15

(yHb) = 3,8 klIa.

B cmywae ompenencHHMs JKECTKOCTH ¢ JUIsI  HEBECOMOIO  OCHOBAHHUA, BEIMYUHY
KOMITIEHCUPYIOIIMX HAarpy30K IPUHUMAEM PaBHOM HYIIIO.
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XapaKTepucTuKa MKECTKOCTH TPYHTOB (;, PacIOJOKEHHBIX TiyO)ke u3runbaemoil obmactu
ocHoBanusi H > Hg, onpenensercst TpaJUIIHOHHBIMA METOJaMH.

13380:11)1188

1. Bo Bcex M3BECTHBIX KOHTAKTHBIX Mozensx [1, 2, 6, 9], peakruBHoe maBienue P(x) npsmo
ITPOITOPLIMOHAILHO 3aBUCHT OT ocajkH (rporuda) GhyHnaMeHTa ¢ ko3 uIMeHTaMu MpornopIHroHaIbHOCTH
(xkectrkoct) C (4). DKCIepUMEHTAIbHO YCTaHOBJIEHO, YTO JUIS TPEUIOKEHHON MOJENU napamemp
JAHCECMKOCIU CNIOA 2pYHmMa u32uby t xapakmepusyem npo2ué ooHo2o cnos niacma spywma monwunot AH
¢ eeomempuueckumy pazmepamu ¢ niaane (Lb), Hazpysicennoeo  edunuunoi - pacnpedenénHou
gpasumayuonnot nazpyskou P(x).

2. YcraHOBIEHO, 4TO M3ruOHas skecTkocTh mapamerpa [LJL Ilacrepraka C, = El, xapakTepu3yer
paanMyc KPUBH3HBI P MPOrHOAIOMICIOCs CJIOS TPyHTAa C pa3Mepamd B IutaHe b, H w mmHOW L = 1 oT
€IMHMYHON paBHOMEPHOU Harpy3ku p(x) = yHb = 1 wm s Heecomoit 6anku q(x) = 1.

3. AkrtuBHYI oOnacth Tporuba CIOEB TPYHTAa, PAaBHO KaKk W TIyOMHY pacrpOCTpaHEHHs
KOMITEHCHPYIOIIEeH Harpy3ku Hy , 711 IpaKTHYeCKUX PacueToB MOXKHO ONpeenTh 1o BeipaxkeHu:o (10).
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Beenenue. HedrsiHas npomblinieHHOCTs PecrnyOnuku Y30€KHCTaH JOCTHIIA MHOTOIO B
HATpaBJICHUH TOBBIINICHUS TPOAYKTHBHOCTH CKBRXKWH, WMHTEHCHU(PHUKANMKA J0ObuM  HedTH,
HCKYCCTBEHHOT'O BO3IEWCTBHS Ha IiacT. [IpuMeHsieMble METOJbI, CUCTEMBI U TEXHOJOIMH B IIEJIOM
OTBEYAIOT COBPEMEHHOMY YPOBHIO Da3BUTHS Haykd M TeXHUKU. B Hacrosiiee BpeMs HaKOIUIEH
HEMaJbli OIBIT DKCIUTyaTallud HE(PTSHBIX MECTOPOXKIACHHH, BCTYIHMBIIMX B TIO3HIOK CTaJHIO
pa3pabotku. [1]

[NosiBNIeHNsT METOIMK PACUYETOB MPOIIECCOB OOBOMHEHHS W HE(TEOTAaYl B HACTOSIIEE BPEMS
MPOBOJUTCS C IIMPOKUM HcIoib30BaHneM OBM. B03MOXHOCTh HCIONB30BAHMSI HOBBIX IPOTrpamMm
MPOTHO3UPOBAHUS TEXHOJIOTHYECCKUX IOKa3aTenell pa3pabOTKH, MO3BOJSET MPOBOMUTH MOCTOSHHBIN
TEKYIMH KOHTPOIIb 32 COCTOSHHUEM Pa3pabdOTKH MECTOPOXKIICHHM, JICNaTh OIEePaTUBHBIC MEPEcUeThl
TeKyIel HeTeoTAauM MIacToB, KOPPEKTHPOBAThH MPOCKTHBIE ITOKA3ATENN Pa3paboTKH.

OcHoBHasi 4acThb. llenpo MaHHONH HAydyHOW CTaThU SBIIACTCS, H3yYCHHE OCOOCHHOCTH
pa3pabOTKH MECTOPOXKACHUI ¢ BHICOKOBS3KMMH HE(TSMH M BbIJaua PEKOMEHJAIMH TI0 TIOBBIIICHUIO
3¢ (HEKTUBHOCTH MX Pa3pa0OTKU M IKCIUTyaTalldd MECTOPOXACHUS Mupiiaad. DT0 MECTOPOXKICHHE
SIBIISIETCSl OJJHMM M3 OCHOBHBIX HE(PTSHBIX MecTOpokaAcHNH B CypXaHAapbUHCKOTO He(hTEra3oHOCHOTO
paiiona. Ilo cocrosauio Ha 01.01.2014 1. Ha MecTropoxaeHnn npodypeHo 40 CKBaKUH Pa3IHYHOTO
Ha3HAYEHHMS, U3 KOTOPHIX B OKCIUTyaTalluy ObUTH 3a/ICHCTBOBAHbBI 24 CKBRKUHBI. [3,4]
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[lo cymectByromeid KiraccUpUKAIMA METOJOB TOBBIMICHUS HedTeoTnaun Ha HeQTIHOM
MECTOpOXJICHHH MHUpIIagu TPUMEHSUIUCh METOMABI, KOTOphIE OCYHIECTBIISIFOTCS TOIBKO dYepe3
M3MEHEHHS PEKUMOB paOOThl CKBKHMH M HAIIPABJICHBI HA BOBJICUCHUE B aKTUBHYIO Pa3paboTKy cl1abo
JPEHUPYEMBIX 3aI1acoB.

Ha mecTopoxxaennn MupiiiaJiu moTyquian IPpUMEHEHHUE CIIEYIONINE METOIbI:

1. MHOroo6beMHOE BHYTPHUILIACTOBOE BO3JCHCTBHE TI0 OrPaHUYCHHUIO BOJOMPHUTOKOB
(m3ossiMoHHBIE  paboThI) M, KAk CIENCTBHE, IEPEeXOo] Ha JIPYyrod NpPOMYKTUBHBIMA HHTEPBa
(mepectpenbl) mpoBeaeHs! 11 pas mo 7 CKBaKUHAM.

2. IlepeBoa CKBa)KMHBI Ha BBIINIC WM HWKE 3aJICTalONIMi AKCIUTyaTallMOHHBIA OOBEKT
MpoBezieH 9 pa3 1o 7 CKBaKHHAM.

3. ConsHo-KHCI0THasE 00padoTKa mpoBeaeHa 12 pa3 mo 5 cCKBaKMHaM.

KonmuuectBennoe onpenenenne 3pHEeKTUBHOCTH METOJIOB MOBBIIICHHUS HE()TEOTIAUH I1J1aCTOB,
T.c. 100ObYa HedTH 3a cueT MpPUMEHEHUs THUAPOAWHAMHYECKOrO BO3JICHCTBHUS, MPOBOJUTCS ITyTEM
CpaBHEHHs C MOKa3aTelsiMH 0a30BOro BapuaHTa. ba3oBbI BapuaHT — 3TO BapHaHT pPa3pabOTKH,
KOTOpPBIH ObLI Obl pealn30BaH HA JAHHOM OOBEKTE I'MAPOJMHAMHUYECKOrO BO3JCHCTBHS, eciiu Obl Ha
HEM He puMeHsuics paccmaTpuBaemblii MITH mmacTos.

D¢ dexT oT THAPOANHAMHYECKOTO BO3JICHCTBYS 32 JaHHBIH MHTEPBa BPEMEHHU OMpelelseTcst
KakK pa3HoCTh Mexy (pakTndyeckor 100bueit HepTH U 100bIYel HedTH IO 6a30BOMY BapUaHTY.

[IpumMeHeHue THAPOIMHAMUYECKUX METOJIOB BO3JICHCTBHS, OTHOCAIIMXCSI K TIEPBOH TPYIIIIE,
MPHUBOJINT, B OCHOBHOM, K YBEIMUYCHHIO TEKyIed He(TeOTHaud IUIACTOB, HO MOXET B OTIEIBHBIX
Clly4asiX TOBBINIATh M KOHEUHBIH Kod(duiueHT u3sieueHns HedTH (eClu 3TH METOABI MMO3BOJISIIOT
BOBJICYb B aKTHBHYIO pa3paboTKy ciiabo JpeHupyemblie 3anackl HedTn).

Bcenencreue BhileckazaHHOTo, 100bMa He(TH MO 0a30BOMY BapHaHTy PACCUUTHIBACTCS TI0
n3BecTHOU (hopmyiie:

9

_ it
q9=4. (1)

rjae ¢ — 1eOUT HeTH B MPOTHO3HBIHN TO/I;
i — IOCTOSIHHBIH K03 pUIHeHT;
¢o — MAKCHUMAJTBHBIN 1eOUT (aMIUTUTYAHBINH 1eOUT).

90
Oy @

9

i=

rine Oy — HaYallbHbIC N3BIICKaeMble 3a1achl HETH.

Hnst ananmza >ddexktuBHocTH npumeHeHuss MITH Obima paccmoTrpeHa rpymma CKBaXKHH
(ckBaxkunbl NeNe 24, 25, 30, 35, 37, 38), undopMmaliusi mo KOTOPOH ObLIA YIOBICTBOPUTEILHOU, H
oTpaxkalla KayecTBO paboT M TONyYEHHBIE 10 HUM pPE3yJbTaThl, XapaKTEPHU30BAaBIINE BECh 00BEM
MPOBENICHHBIX MEPONPHUSATHIA 10 MECTOPOXKIICHHIO B IEJIOM.

[To mpoBeneHHOMY aHAJIM3y MOXHO BBISIBUTH TIOJOKUTEIBHBIA WM OTPHLATENbHBIN d(derT
or npumeHennss MITH Ha wmectropoxxaennn Mupmanu. [IpoBeneHbl H30ISIIUOHHBIE PabOTHI MO
orpaHWYeHHIO BojonpuToka: [lepBoHauanbHbll CyTouHBIH AeOUT HedTh coctasun 10,7 1/cyT, TOraa
Kak JIeOuT 10 mepeBoaa coctaBisii 0,5 T/cyT, IpH 5TOM O0OBOJAHEHHOCTh MPOMYKIIHU JIO TIPOBEACHUS
pabor cocraBisia 88,0 %, a mocne mpopeneHus pabor cocraBmia 98,3 %, MPOIOIKHTEIBHOCTh
a¢dexra OoT MpOBEAEHHBIX PpadoT coctaBuiaa 20 MecsieB. 3a IEpUO MPOBEICHHUS ObLIO JOOBITO
5973  nedru. JomomHutenbHas 1o0bMa HeTH 3a CYET MPOBEACHHBIX PabOT MPH CPaBHEHHU C
0a30BBIM BapuaHTOM cocTaBuia 5859 T.

BuiBoabl. B 1menoM mo mpoaHanM3MpOBaHHBEIM paboTaM, HalpaBlICHHBIM HAa YBEIHUYCHHE
TekyIiero ko3dduirenra HedTeoTIauM, BBISBICHO, YTO JIHINb MO OJHON ckBaxkuHe (Ne 24) momyueH
HEY/IOBJICTBOPUTENBHBIA PE3YNbTAT, TO €CTh MPHUPOCT JNOOBIYM 3a CYET MEPONPHITHS MEHbIIE, B
CpPaBHGHHMH C TIPOTHO3HOM J00bdel Oe3 mnpoBemeHus. OpHAKO, paccMaTpuBas BeChb O0BEM
MPOBENICHHBIX MEPOINPHATHI, MOXXHO C/eNaTh BBIBON, 4TO He(Th Ha MeCTOpOXKIeHWH Mupiaan
SIBIISIETCS] BBICOKOBSI3KOH [5] BCieCcTBHE CYIIECTBEHHOTO Pa3IMyKsl JUHAMUYECKON BS3KOCTH HEPTH 1
BOJIBI (BSI3KOCTH HE(DTH B TIACTOBBIX YCIIOBUSIX MPEBBIMIAET BA3KOCTH BOJIBI Ooiee ueM B 60 pa3), TeMI
yBeNMU4YeHHs T00bIMM HedTH 3a cuer OypeHHs HOBBIX JKCIUIyaTallMOHHBIX CKBaXMH HE MOKPBIBACT
BO3PACTAMONIMIA TEMI POCTa CpelHEed OOBOJHEHHOCTH Ha MecTopoxiaeHuH. C IeNnbplo yBElUvYeHUE
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KHWH u TemnoB yBenuueHus g00bYu HE()TH B HEOXBAYCHHBIX Pa3pabOTKOW TEKTOHHYECKHX OJIOKax
PEKOMEHJIyeTCsl  3aJI0KEHHE HOBBIX OKCIUTyaTallMOHHBIX CKBaXXHH WJIM TPU IKOHOMHYECKOH
1IEJIECO00Pa3HOCTH.

W3-3a OoNbIION TOABMKHOCTU TUIACTOBOM BOJBI OTHOCHUTENBHO HE(TH, NMpPU HM3MEHEHUH
Jeripecchy Ha TiacT (MpH 3aMeHe IITylepa Ha OONBbINUEM JuameTp), MPH KOTOPOM YBEITHMUYHBAETCS
OoTOOp KHJKOCTH, JCOMT HEPTH YBEIUYMBACTCS HEMPOIOPIMOHAILHO YBEIHMUYCHHIO TPUTOKA
I1JIJACTOBOM BOJBI.

Takum oOpa3oM, GpopcHpoBaHKHE YPOBHS JOOBIYH JKMIKOCTH HETATMBHO OTPa)KaeTCsl Ha TEMIIC
pocTta 0OBOIHEHHOCTH, CHUYAs, TEM CaMbIM, 00bEMbI JOOBIUN HE(TH.

[MprurHamMu ObICTPOro 0OBOTHEHNST HOBBIX CKBAXKHUH MOTYT SBISITHCS KaK T€0JIOTHIECKUE, TAK
W TEXHOTCHHBIEC ()aKTOPHI:

K reonormueckuM NpUYMHAM MOXHO OTHECTH TIOBBIIIEHHYIO BSI3KOCTh HE(TH, a TaKXKe
BEPOSTHOC HAJIMYKE PAa3IOMOB, BOJM3M KOTOPHIX B 30HE JIDEHUPOBAHHS CKBAXHH MOTYT
00pa3oBBIBATHCS SA3BIKK 00OBOTHEHUS. [2]

K TexHnyeckum (akTopaM MOKHO OTHECTH HEKAYECTBEHHOE IIEMEHTHPOBAHHME CKBAXKHH,
BCJIEJICTBUE YEro CO3/IalOTCSl  BBICOKONPOHUIIAEMbIE KaHallbl MEXKAY CTBOJIOM CKBKHHBI W
HWDKENIEeKAIIUM BOJJOHOCHBIM TOPH30HTOM.

Cpennuii pacyeTHBI pajuyc JPEHUPOBAHUS JIOOBIBAIONIMX CKBAXKHH MECTOPOXKICHHS
Mupaau coctasisier 120 m.

JlanHOe BpeMsi Ha MeCTOpOXKIcHHEe Mupiiaau Beaércs 0opnda ¢ KOHycoOOpa30BaHHEM, UTO
0COOEHHO TIPOsIBJISIETCA MpU (popcupoBaHHOM n00bue HedTr. Ha Mmecropoxnenusx rae ABII B
YaCTHOCTH Ha MECTOPOXKACHUN MupIay mpruMeHeHa TeXHOJIOTHs YCTaHOBKU U30JSIIIMOHHOTO KpaHa
JUTSI TIOJJABJICHUS KOHYCa MOIOIIBEHHBIX BOJ. [5]

Koad¢uimeHT HCIoab30BaHUS 3KCIUTyaTallMOHHOrO ¢oHaa B cpexHeM paBeH 0,84, dro
CBHJICTEIBCTBYET O 3HAYHMTENHFHO MPOCTAMBAHWHU JIOOBIBAIONIMX CKBAKHH, YTO 3a4acTyIO CBSI3aHO C
popabOTKOM CTBOIA OT OTJIOKEHUH cMoi U napaduHoB (ropsiaka 42 % B cymMMe).

MoXHO TOIpoOOBaTh TEPMOKHCIOTHYIO 00pabOTKYy CKBaKHMHBI B O0OphOE C OTJIOKEHHSIMH
napaduHOB © cMoi. [IpuBeeHHBIMH HaMH pacyeTaMH YCTaHOBJIGHO 4YTO, TIPOBEACHHAs
TEPMOKHUCIIOTHasT 00padoTka gact pe3yiabTar B Buae 480 TOHH JONOIHUTEIBHON NOOMTON HepTH 3a
4 Mecs1ia, HO 3/1eCh HYXXHO y4YE€CTh HEKOTOPBIE OCIOXHSIONIME (akTOpbl MecTOpoxkieHus. K Hum
otHocatcs ABIIJ] u akTUBHBIA BOAOHANOPHBIA PEXUM MECTOPOXKJIEHHUS, KOTOPbIE MOT'YT CHU3HTH
3¢ (HEKTUBHOCTH TEPMOKHCIOTHOIO BO3ICHCTBHSI.
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BBenenne. Ha mpoTsbkeHHM MHOTHX JECATHIICTHN pa3BUTHS HEPTSIHOW MPOMBIIUICHHOCTH
pa3paboTKa MECTOPOXKICHUH OCYIIECTBIISUIACH MyTeM OYypeHHsI TOJIBKO JOOBIBAIONIMX CKBAXHH W
W3BIICYCHUS HE(TH 32 cUET MCIOIh30BaHUS €CTECTBEHHBIX BHJIOB IIACTOBOW DHEPTHH.

[onynsipHOCTh UCKYCCTBEHHOTO 3aBOJHEHHS HE(TSIHBIX 3alleKel BO BCEX CTpaHaX
00yCJI0BJIEHA €r0 CIICAYIONMMHU OSCCIIOPHBIMHU IPEUMYIIICCTBAMH:

— JIOCTYIHOCTBIO H JICIICBU3HOMN BOJIBI;

— OTHOCHUTEIBHO BBICOKOW 3(P(PEKTUBHOCTHIO BHITECHEHUST HEPTH BOJIOM.

B Hacrosiiiee BpemMsi 00bIYHOE 3aBOJAHECHUE HE(PTIHBIX 3alIeKel- caMblil OOINEIPU3HAHHBIN U
Haunbosee 3 PeKTUBHBINA METO/I MOBBIIICHHS HeTEOTJauH T1acToB. [1]

OcnoBHass 4actb. [lepen HedremoObIBaromell OTPACIBIO CTOMT NPOOJIEMa ITOBBIIICHUS
HeTEeOTIaul TUIACTOB, 3AKJIFOUYAIONIASCS B YBENHYCHUH d(PPEKTUBHOCTH 3aBOJHECHUSI KaK OCHOBHOM
TEXHOJIOTUM M B OTOOpPE OCTATOYHOH HE(PTH M3, yXKE 3aBOJHEHHBIX 30H M U3 3aJICKEH, KOTOpbHIE
pa3pabaThIBatOTCS MPH JPYTUX PeKUMaX UCTOLICHHUS MM BEITECHEHUSI.

JanHas mpoOiieMa OCOOCGHHO aKTyalbHa JJIsl 3aJIeKel, HaXOMAIMXCS B TO3JHEH craauu
pa3pabOTKM Ha KOTOPHIX HECMOTPS BHEAPCHUIO 3aBOAHCHUS JOCTUTHYTa OTHOCHTEIBHO HU3KUH
TekyIierd Ko3pPHUIMeHT u3BacueHUs HePTH.

[lo pesynbraTamM HCCIEIOBAHMNA YYEHHBIX W CHEHUAIUCTOB TMOJJIEP)KAHUE TUIACTOBOTO
JIABJICHHS 3aBOJIHEHHEM TI03BOJIMIIO YBEIUYHTh: CPEAHIOK TPOCKTHYIO HedTeoTaauy (OTHOCHUTEIHHO
CHCTEM Pa3pabOTKH Ha WCTOIEHHE) MPUMEPHO B 2 pa3a; TEeMIIbI JI0ObM HeTH (TEKYIIyIO TOAOBYIO
J00BIYY); IPOJIOIDKUTEIBHOCTS (POHTAHUPOBAHUS CKBAXKHUH. [2-3]

OOO0CHOBaHHIO TIPUMEHEHHS METO/IOB 3aBOJHCHUS M WX IPQPEKTUBHOCTH TMPH Pa3TUIHBIX
reoNioro-pU3NYECKNX YCIOBUSX 3aJIEKEH TOCBSIIEHO OOJIBIIOE KOJMYECTBO TEOPETHUYECKHX,
MPOMBICIIOBBIX M 9KCIIEPUMEHTAIBHBIX UCCIIEIOBAHUI.
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HccnenoBannio STHX 3a7jad B Pa3IMYHBIX Teojoro-pu3nueckux yCIOBUSX 3aliekedl HedTh
nmocsimeHsl  pabotel C. X. AOmyneMmsHoBa, A. B. AdanaceeBa, M.JI. CypreueBa u mp., a
WCCIIEIOBaHUSAMH JaHHOM 3a7iaull B MECTOPOXKIeHHAX Y30ekucrana 3anumammch C. H. Hazapos,
V. C. Hazapos, B. H. Cumaues, A.T. IloceBuu, b. lll. Akpamos, 2. K. HUpmatos, b. X. Xyxkaepos,
P. K. Cuguxxomkaes, A. X. ArzamoB, X. b. Acamosa u MmHOTHE JIp.

PaccmorpuM STOT BOmMpoc Ha mpuMepe He(PTEerasoKOHJEHCATHOTO MECTOPOXKACHUS «Ay,
PacroIoKeHHOro Ha Tepputopun byxapckoii odnactu Peciyoinku ¥Y30ekucTan. B memsix 4acTHIHOro
MoJiIep KaHMsl TJIACTOBOTO AaByieHHs ¢ 1981r. Ha MECTOPOXKIEHUH OCYIIECTBISETCS 3aKauKa MOMyTHO
noOeiBaeMoii Bogpl obpatHo B XIII ropmsont. C Hayama OCYyHIECTBICHUS MEPOIPHATHS Ha
01.01.2013r. o0beM 3aKauki IOMYTHO HOOBIBAEMON BOABI, cocTaBHi 2836,753m°. Cpemunuii
ko duimeHT KoMmeHcanuu O0TOOpa KHJIKOCTH 3aKauyKoW BOJBI 32 BECh IIEPHOA C MOMEHTa
opraHmuzanuy 3akauku Bojabl cocramiser 0,7. [lo pedynmbratam pacderoB cpeaHuil Kod(hUIMEHT
KOMITEHCAIINW OKa3aJiCsl MEHbIIIE 1, B CBSI3HM C TUM HAOI0AaeTCs MaJIeHre TUIACTOBOTO JABJICHHS, TaK
KaK 3aKayka He KOMIICHCHMpPOBalla CYMMAapHBIH OTOOp. XapakTepuCTHKa H3MEHEHHUS IIACTOBOTO
JIABJICHUS B IEJIOM I10 MECTOPOXJICHHIO YKa3bIBAaeT, YTO PEKUM JPEHHPOBAHUS 3alexu HedTh
SIBJIACTCSL  YIPYroBojoHaropHbiM. KommeHcaiuss orOopa 3akaykod 10 ToxaM  pa3pabOTKH
paccunThiBanach 1Mo (opMmyle, OCHOBAaHHOW Ha ypaBHEHHMHM OanaHca pacxolloB KHJKOCTEH,
MPUBCACHHLBIX K IJIACTOBBLIM YCJIOBUSAM!

— QHanB ( 1 )
(Qubu+Qub. +Qyr)m’

rae, k — koadumeHT Tekymield KOMIEHCAIMH OTOOpa KHUIKOCTH 3aKauyKod BOABL, Q.. —
00BEMHBIN pacxoj HarHeTaeMoi BOJIBI TPU CTAHJIAPTHBIX YCIOBUSX; b, — 0OBEMHBIA KOA(PPHUIIHEHT

HarHeTaeMod BOIbI, b, — O0OBeMHBIH KOI(DQOUIMEHT U3BJICKaeMOH He]TH; b({ - 00BeMHBIH
ko dunment wu3Bnekaemoil Boabl, @, - oObemHas goObiua HepTH(CyMMapHBIH J1eOUT) TpH
CTaHJAPTHBIX YCIOBHUAX (neOUT ToBapHOW HedTH); @, — oObeMHasi JOObIUa M3BJIEKAEMOW M3 Ijiacta
BOJIbI, W3MEPEHHAs NPH CTaHAAPTHBIX YCIOBUAX; (), - OOBEMHBIH DPacXol BOIbI, yXOAAIIEH BO
BHEIIIHIOI 00JIacTh (YTEUKH), NpPUHUMAETCA pPaBHBIM 5 % 0T oObeMa HarHeraeMoW BOABI; M -
K03 (PUIIMEHT, yUUTHIBAIOIINIA TTOTEPH BOJBI, IPU MEPUOMUECKON paboTe HarHeTaTeNbHBIX CKBAKUH
HA CaMOU3JIMB, NPH TIOPHIBaX BOJIOBOJIOB W IO JPYrHMM TEXHONOTHYECKHMM mnpuyrHaMm. OOBIMHO
ko unment m = 1,1-1,15. [3]

[IpoBenem aHamm3 paboOThI TIO OIEHKE OCTATOYHBIX M3BJICKAEMBIX 3aMacoB HepTH B
MECTOPOXJICHHH C IIENbIO0 BBISBICHHS MMOTCHIIMAIBHBIX PE3€PBOB BO3SMOXKHBIX K W3BJICUCHHUIO, MPU
peanu3alMd  MEpONpPHATHH 1O WMHTEHCHU(UKAUM JOObIYM, B TO3MHEH CcTamuu pa3paboTKu
MECTOPOXKICHHS.

J1J1s 5TOrO MpoM3BOaUIACh 00PadOTKA 3aBUCHMOCTH.

Q,=f(t), rae Q,- romoBas 100bIua HEPTH, t-TOABI Pa3pabOTKH.

AHanmu3 TOKa3bIBaeT, YTO 3a CYET PEANTM30BAHHBIX MEp 10 YIEPKAHUIO H YBEITUYCHHUIO
no0eruu Hehtu B mepuog ¢ 2008 mo 2010 roapl moiydeHbl AONONHHUTEIbHBIE 00beMbl HedTH 3a
nepuoa 2008 — 2013 romoB B pasmepe 30,10 thic. T. HeoOX0auMO OTMETHTBH, 4YTO JaHHBIH
Ko puIMeHT SBNIsETCS KOMIUIEKCHBIM TOKa3aTeleM, XapaKTEepU3YIOIIMM CBOWCTBA KOJIJIGKTOPOB U
TUTACTOBBIX (DIIFOUJIOB, CUCTEMY pa3pabOTKy W IKOHOMHYECKHE KPUTEPUH.

Jnst  onpeziencHUs H3BJIEKAEMBIX 3amacoB HEPTH HCIOJIB30BAIHCh XapaKTEPHUCTHKA
BbITecHeHUs, npemnoxkenHas  C.H. HazapoBeiM, T.K. 3TOT Meronm  sBusiercss  HamOolee
MPEAIOYTUTEIBHBIM C TOUKH 3PEHHS 00€CIIC€USHHS TOYHOCTH pacyeToB (10 2,6 %).

OcHoOBHasl pacyeTHas 3aBUCHMOCTBH OIpEeNICHHsI W3BJICKAEMBIX 3allacoB HEPTH MO ITOMY
METO/Iy HMEET BUJL:

&= f(Qu; @)

3Hauenus 1/b B popmyiie (2) COOTBETCTBYIOT BEIMYMHE M3BJICKAEMBIX 3alacOB HE(PTH MPH
OECKOHEUHOM MPOMBIBKE IIIACTA.

B pesynbpTaTe MaTeMaTHUECKOH 00pabOTKH 3aKIIOYMTEIHLHOIO y4acTKa 3aBUCHMOCTH % oT Q,

H

YCTAaHOBJICHO, YTO JdaHHad 3aBHUCHUMOCTb HMMECT OYCHL BBICOKYIO KOPPEIIMIHOHHYIO CBA3b
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(xoapdunment koppemsiun -0,9998, cpennexBanpatuueckas ommoOka -0,0090) u onuceBaeTcs
3aBHCHMOCTBIO:

% =1,0361 + 0,000634 * Q,, 3)

H

rae 1,0361 u 0,000634 3nauenue ko3 HUIUEHTOB a U b .
UzBnekaembie 3amackl HepTH TPU OECKOHEYHOH MPOMBIBKE TIACTA B YCIIOBHSX 3aBOJIHEHUS
Oyzer paBHa:

1 1

Q36:_

> = oesaios = 15773 ye. @

W3piiekaemble 3amachl Il YCJIOBHMSI OTPaHMYCHMS JOOBIYM HEpTH TpH  CpeaHeH
0OBOJIHEHHOCTH TPOIYKIIUH CKBAKHH 98 % 17151 YCIIOBUS 3aBOIHEHUS COCTABHT:

Qs = Qus[1 —/a* fop | = 1577.3 [1 — v1.0361 = 0.02 = 1350.2y. e. (5)

Koaddunment nzpneuenus: Hetu i ycnosuid pazpadborku 3anexu Hegtu XIII ropusonra ¢
3aBOJIHCHUEM H IIPU OrPaHHYCHUH 110 OOBOTHEHHOCTH OyJIeT paBHa!

_ Q13502 _

05 5836 0,2313, 6)
rie Qg- OanmaHcoBblie 3amacekl HeTH.

Hnst onpenenenns kKodpuUIMEHTa H3BJICUCHHUsT HE(DTH HA €CTECTBEHHOM pexume, T.e. 0e3
MPUMEHEHUs]  3aBOJHEHHUS  HCIONB30BaH AMIHUpPUYECKH  MeToj mporHosupoBanus KUH,
npemiokeHubiit B.M. Maptocom. B ocHOBe 3TOro Meroja JIGKHT CTATUCTHUCCKHH 00O0OIICHHBIH
noaxon k oreake KMH, nakornennsiii B crpanax CHI™ u nanbrero 3apy0exssi. [2]

Hcxonst M3 TpUBENEHHBIX TapamMeTpoB IS pacdera Kod(hQuIMeHTa W3BIiedeHUsT HedTh
BbIOUpaem Qopmyay (1).

_ S 8,8

BuiBoasbl. Takum o6pazom, mpupoct koddduimenTa n3siaedeHus: HeTH 3a cUeT MPUMEHEHUS
3aBogHeHud Ha XIII ropu3oHTE COCTaBHUT:

An =0,2313-0,1525 = 0,0788 miu 7,88 %.

[Mony4yenHoe 3HavyeHue npupocra koddduieHTa wu3BIeUeHUs HEPTH CBUICTENBCTBYET O
HU3Koi 3¢ dexTuBHOCcTH 3aBopHeHus Ha XIII ropusonte mectopokieHust «Ay. [IpuuuHON 3TOTO
MOT'YT OBITh KaK TeoJormueckue (aKkTopbl, CBS3aHHBIE C HEOTHOPOAHOCTHIO TPOAYKTHBHOTO
ropusonTa (kod(pHIHMEHTH pacuieHEHHOCTH M IMECYAHHCTOCTH), TaK U TEXHOJIOTMYECKUE M3-3a HE
MOJTHOM CyMMapHOW KOMITEHCallne 0T00pa YKHUKOCTH 3aKauKOW BOJIBI.

Takum 00pa3oM, MOKHO CIeNaTh BBIBOJ, YTO JUIsl MOBBIMIECHUST d(PEKTUBHOCTH 3aBOTHCHUS
00bEM 3aKauMBaeMOW BOJBI JIJIsI MECTOPOXKACHHUS «A» JODKHA TMPEBHIATh o0beMa J00bIBaeMOi
KUIKOCTH B 2,214 paza. [4]
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BBenenne. Ha mpoTsbkeHHMM MHOTHX JECATHICTAN pa3BUTHS HEPTSIHOW MPOMBIIUICHHOCTH
pa3paboTKa MECTOPOXKICHUH OCYIIECTBISIACh MyTeM OYpeHHUsS TONBKO JOOBIBAIONIMX CKBKUH H
W3BIICUCHUsT He(DTH 32 CUET MCIONB30BaHUSI ECTECTBEHHBIX BHJIOB TUIACTOBOM Hepruu. B Hactosee
BpeMsi OOBIYHOE 3aBOJNHEHHE HE(PTSIHBIX 3aliekKeil- caMblii OOIIENpPU3HAHHBIA ¥ HamOolee
3¢ GEKTUBHBIN METO]T TIOBBIIIICHUST HE(YTEOTaur TUIACTOB. [1]

[lepen HedTenoOBIBAIOIICH OTPACIBIO CTOUT HpPOOJIeMa MOBBINICHUS HE()TEOTIauM ILIACTOB,
3aKITIoYaroNIasics B yBenuueHnn 3(pPEeKTHBHOCTH 3aBOJJHEHUSI KAK OCHOBHOM TEXHOJIOTMHU W B OTOOpE
OCTaTOYHOH He(PTH W3 YKE 3aBOJAHCHHBIX M KOTOphIe pa3padaThIBAIOTCS MPH APYTHX PEKHMAaX
WCTOILICHHS WK BbITeCHEeHMs. JlaHHas nmpobieMa 0ocCOOSHHO aKTyallbHa JUIs 3aJekKel, HaXOIAIIMXCS Ha
MO3HEH CTaJuu pa3pabOTKH Ha KOTOPBIX HECMOTpSl BHEIPEHUIO 3aBOJHEHUS JIOCTHUTHYTA
OTHOCHUTEIBHO HU3KHH TEKYILEH KOXQQHUIMEHT U3BICUCHUS HEPTH.

OcHoBHas 4yacthb. [lo pe3ynbraTam HCCleOBaHUN YUEHHBIX M CIEIHAINCTOB MOAJepKaHue
TTACTOBOTO JIABJICHHSI 3aBOJHCHUEM ITO3BOJIMIIO YBEJIHYUTH: CPEIHIOI TPOCKTHYIO HedTeoTaady
(OTHOCHTENFHO CHCTEM pa3paboTKW Ha HWCTOIIEHWE) MPHUMEPHO B 2 pa3a; TEMIbl JOObIYM He(TH
(TEeKYIIYIO TOJ0BYIO 100BIUY); POAODKUTEIBHOCT (DOHTAHUPOBAHUS CKBAKHUH. [2]

OO0CHOBaHHIO TIPUMEHEHHS METOOB 3aBOJHECHUS M HMX 3(P(EKTHBHOCTH TPU Pa3THYHBIX
reoNioro-pU3NYECKNX YCIOBUSX 3aJIEKEH TOCBSIIEHO OOJIBIIOE KOJMYECTBO TEOPETHUYECKHX,
MPOMBICIIOBBIX M 9KCIIEPUMEHTAIBHBIX UCCIIEIOBAHUI.

HccnenoBannio STHX 3aJad B Pa3iMYHBIX T'e0JOro-QU3MUECKHX YCIOBUSX 3ayiekedl HedTh
nocesieHsl pabotel C. X. AOmyneMmsHoBa, A. B. AdanacbeBa, P. A. barayrnunosa, B. C. boiiko,
B. A. BacunseBa, M. JI. CypreueBa u 1p., a UCCICIOBAHUSAMH JaHHON 3a7adud Ha MECTOPOKICHUSIX
V36ekucrana 3anumanuch C. H. Haszapos, V.C. Hasapos, B.H. Cunaues, A.I. IloceBuu,
b. III. Akpamos, 3. K. Upmaros, b. X. Xyxaepos, P. K. Cuauxxomxaes, A. X. Ar3aMoB U MHOTHE Jp.

68 6(24), Vol.2, June 2018 https://ws-conference.com/webofscholar



Web of Scholar ISSN 2518-167X

Paccmorpum 5Ty 3amauy Ha mnpuMepe HedTerasokOHIEHCATHOTO MECTOPOXKICHUS «A»
PacroiIoKEHHOr0 Ha Tepputopun byxapckoi odiactu PecriyOnuku ¥Y30ekucTaH.

B mensx gactuyHOro moaAepiKaHUS IUTACTOBOrO aaBieHHS ¢ 1981r. Ha MecTOpOXICHUH
OCYIIECTBIIICTCS 3aKadka TOMYTHO JoObiBaeMoii Boabl obpatHo B XIII ropusont. C nHauama
ocymecTBienus mepornpusatus Ha 01.01.2013 1. 00beM 3akayku IOIMYTHO J00BIBAEMOW BOIBI,
coctaBun 2836,753m. Cpennuii K03(GQHUIHEHT KOMICHCAIIME 0TOOPA JKMIKOCTH 3aKAuKOH BOABI 33
BECh MEPUOJ] C MOMEHTa OpPTraHU3aIMK 3aKa4yKd BOJbI cocTaniser 0,7.

[To pe3ynbTaTam pacueToB cpeaHuii K03(HPHUIIMEHT KOMIIEHCAIIMK OKa3ajics MEHbIIIE 1, B CBS3H
C 9THUM HaOmIomaercs mMajJcHUue IUTACTOBOIO JIABJICHHWS, TaK KaK 3aKauyka HE KOMIIEHCHpOBala
CYMMapHBI# 0TOOD.

Hauansnoe mmactoBoe mapienne mo XIII TOpU30HTY MECTOPOXKIEHHUS «A» COCTaBIIUIO
8,5 Mlla, a Texymee muactoBoe aasinenue Ha 01.01.2013 r. cocraBuser 5,8 MIla. Xapakrepucruka
HU3MCHCHUSA IUIACTOBOIO0 JaBJICHHUSA B MLOEJIOM IO MCECTOPOXIACHUIO YKa3bIBa€T, 4YTO PCKHUM
JPEHUPOBAHMUS 3aJIeKH HEPTH SIBISIETCS YIIPYTOBOIOHATIOPHBIM.

Komnencanus or0opa 3akadkoil M0 Toay pa3pabOTKH pacCYMThIBaiach 1o Qopmyiie,
OCHOBaHHOW Ha ypaBHEHHH OallaHCa PacxXoj0B )KHUKOCTEH, IPUBEJICHHBIX K ILIACTOBBIM YCIOBUSIM:

— QHanB ( 1 )
(Qubu+Qub. +Qyr)m’

rae, k — xodddumenT Tekymeld KOMIEHCalluk 0TOOpa KHUJIKOCTH 3aKaukol BOJIbI; Q.. —
00BEMHBIN pacxoj HarHeraeMoi BOJBI TPU CTaHIIAPTHBIX YCIOBHAX; b, — o0beMHbBIH K03 duiment

HarHeraeMod BOIbI, b, — O0OBeMHBIH KOI(DQOUIMEHT W3BICKaeMOH He]TH; b({ - 00BeMHBIH
koo dunmentT wu3BiekaeMoil Boabl; @, - oObemHas g00bda HepTH(CyMMapHBIH 1eOUT) Tpu
CTaHJAPTHBIX YCIOBHUAX (neOUT ToBapHOW HedTH); @, — oObeMHasi qoObIUa M3BJIEKAEMOM W3 Ijiacta
BOJIbI, W3MEPEHHAs INPH CTaHJAPTHBIX YCIOBUAX; (), - OOBEMHBIH pPacXol BOIbI, yXOAAIIEH BO
BHEIIIHIOK 00JIacTh (YTEUKH), NpPUHUMAETCs PaBHBIM 5 % 0T oObeMa HarHeraeMoW BOMABI; M -
K03 (PUIIMEHT, yUUTHIBAIOIINIA TTOTEPH BOJBI, IIPU MEPUOJHUECKON paboTe HarHeTaTeNbHBIX CKBAXKUH
HA CaMOU3JIMB, MPH TOPHIBAX BOJIOBOJOB U IO JPYIMM TEXHOIOTHYECKHMM mnpuyrHaMm. OOBIMHO
ko unment m = 1,1-1,15. [3]

[IpoBenem aHamu3 pabOTHI TO OIEHKE OCTATOYHBIX HW3BIEKAEMBIX 3aracoB HE(PTH B
MECTOPOXJICHHH C IENbIO BBISBICHHS MMOTCHIIMAIBHBIX PE3€PBOB BO3SMOXKHBIX K W3BIICYCHHUIO, MPU
peanu3alyyi  MEpONPHSITUH 10 WHTEHcH(UKAMKM JOOBIYM, Ha TO3JHEH craguu pa3paboTKu
MECTOPOXKICHHS.

Juis »Toro mpowusBoamiiack o0paboTka 3aBucumoctu (puc.l.1).Q,=f(t), roe Q,- romosas
no6braa HedTH, t-ToIBl pa3paboTKy.

AHanmu3 TOKa3bIBaeT, YTO 3a CYET PEANTHM30BAHHBIX MEp 10 YACPKAHHIO M YBEIUYCHHUIO
no0eruu Hehtu B mepuog ¢ 2008 mo 2010 roapl moiydeHbl AOMOIHHUTEIbHBIE 00beMbl HedTH 3a
nepuon 2008 — 2013 rogos B pa3zmepe 30,10 ThIC. T.

Heo0xoquMo OTMETHTh, YTO JaHHBIH KOA(QQHIMEHT SBISCTCS KOMIUIEKCHBIM ITOKa3aTeneM
XapaKTepU3YIOIIUM CBOMCTBA KOJUIEKTOPOB M IUIACTOBBIX (DIIIOMIIOB, CHCTEMY pa3palOTKy W
HKOHOMHUYECKUE KPUTECPHH.

Jnst  ompeneneHHus H3BJIEKAEMBIX 3amacoB  HE(TH HUCIONB30BAUCh  XapaKTEPHCTHUKA
BbITecHeHUs1  npemnoxenHas — C.H.HazapoBeiM, T.K. 93TOT Merom sBIsiercss  Haubomee
MPEAIOYTUTEIBHBIM C TOUKH 3PEHHS 00€CIIEUSHHS TOYHOCTH pacyeToB (110 2,6 %).

OcHoBHasl pacyeTHas 3aBUCHMOCTBH OIpENENICHHsI W3BJICKAEMbIX 3allacoB HEPTH IO ITOMY
METO/Iy HMEET BUJL:

&= f(Qu; @)

riae Q, 1 Q,— HaKOIUIEHHBIC OTOOPHI HEMTH U KUIKOCTH.

[To xapakrtepucTukaM BBITECHEHHS He(pTH BOmoW ompenensumch 3anachl HeGTH (Qus(0))
KOTOpbIC MOXHO H3BJICYh W3 3aleKH MpU Qu—00 W NPU YCIOBUM COXPAaHEHHS peaTn30BaHHON
CHCTEMBI pa3paboTKH 3anexu. 3HaueHus 1/b B ¢popmysie (2) COOTBETCTBYIOT BETMUNHE U3BJICKAEMBIX
3aracoB He)TH MpH OECKOHEYHOH MPOMBIBKE TUIACTA.

B cooTBeTcTBUU ¢ METOAMUYECKHM PYKOBOJACTBOM IO pacuery Kod(pQHIMEHTOB W3BICYCHUS
He(pTH U3 HEApP Ha XapaKTePUCTUKE BBITECHEHUS HE(PTH BOJOH IMOCTPOCHHOHW IO OOBEKTY
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WCCIICZIOBAHMSI BBIICNCH 3aKIIOYUTEIbHBIA MPSIMOIMHEHHBIN OTPE30K IS OINpeNeNeHns HadalbHBIX
W3BIICKAEMBIX 3a11acOB HEPTH.

XapakTepucTuka BbITeCHeHHs HepTH Bomol s 3anexu Heptu XIII ropusonta
MECTOPOXKIICHUS «A» MpuBeaeHa Ha puc. 1.

: e

Q,/Q,, nome ef.
W

\

| Q. Thie.l.

o & . . . . . . . . . . . .
) 200 100 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600

Puc. 1. Xapaxmepucmuxa evimechenus wegpmu sodoti XIII copuzonma mecmopodrcoenusi «A» (no
memooy C. H. Hazaposa u op.)

B pesynbTaTe MaTeMaTHUECKONH 00pabOTKH 3aKIIOYUTEILHOIO y4acTKa 3aBUCHMOCTH % oT Q
H

YCTaHOBJICHO, 4YTO JIaHHAs 3aBUCHUMOCTh HMEET OYEHb BBICOKYIO KOPPEIAIMOHHYIO CBSI3b
(koo dunment xoppemsiuun -0,9998, cpennexBanpatuueckas ommoOka -0,0090) m onmceBaeTcs
3aBHCHMOCTBIO:

% =1,0361 + 0,000634 * Q,, 3)

H

rae 1,0361 u 0,000634 3nauenue koddduimenton "a" u "b".
UzBnekaembie 3amackl HepTH TPU OECKOHEYHOH MPOMBIBKE TNIACTA B YCIOBHSIX 3aBOJIHEHUS
Oyzer paBHa:

1 1
b~ 0.634%10-3

Qs = =15773y.e. )

W3piiekaemble 3amachl Il YCJIOBHMSI OTPaHMYCHMS JOOBIYM HepTH TIPH  CPeAHEH
0OBOJIHEHHOCTH TPOIYKIIUH CKBAKHH 98 % /151 YCIIOBUS 3aBOIHECHUS COCTABHT:

Qs = Qus[1 —/a* fop | = 1577.3 [1 — v1.0361 = 0.02 = 1350.2y. e. (5)

Koaddunment nzpneuenns: Hetu uis ycnosuid pazpadborku 3anexu Hegtu XIII ropusonra ¢
3aBOJIHCHUEM H IIPU OTPaHHYCHUU 110 OOBOTHEHHOCTH OyJIeT paBHa!

_ Q13502 _

Qs 5836

0,2313, (6)

rie Qg- OanmaHcoBblie 3amackl HeTH.

Hnst onpenenenns kKodpuUIMEeHTa H3BJICUCHHUsT HE(DTH HA €CTECTBEHHOM pexHume, T.e. 0e3
MPUMEHEHUS]  3aBOJHEHHS  HCIOJb30BaH OMIOUPUYECKUA MeTon  mporHosupoBanus KUWH,
npemiokeHubiit B. M. Maptocom. B ocHOBe 3TOro meroga JICKUT CTaTHCTHYCCKUH 0OOOIICHHBIM
noaxon k oreake KMH, nakornennsiii B crpanax CHI™ u nanbaero 3apy0exssi. [2]

[peanoxennsie 3aBucuMocti KMH 3aBUCAT XapakTEpUCTHK DKCILTYyaTAIIMOHHBIX 0OBEKTOB C
pa3IMYHOW  CTEMEHBI0  HEOJAHOPOAHOCTH  IACTOB  (KOO(M(UIMEHTOB  IECUYAHHUCTOCTH U
pacUICHEHHOCTH).
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st pacaera KMH HedTsHBIX 3amexel, MPEUIOKEHBI CIeTyIONIHE 3aBUCUMOCTH:

n5,= 0,764 * exp(—0.0906 x5/ ) o K< 2 K> 0.75; (7)

N5, =0,730 * exp(—0.102 + S/ ) 1P 2< K p< 4 0.6K,:< 0.75; (8)
n5,=0.692 * exp(—0.104 xS/ ) P A< K< 6: 0.5<K, <0.6; )
n5,= 0652 * exp(—0.0102 5/ ) TPH 6 <K p< 8: 0.37<K,<0.5; (10)
15,=0,616 * exp(—0,101 xS/ ) TP 8<Kp< 10; 0,25 <K< 0.37; (11)
15, =0,550 * exp (—0.101+ 5/\/5) npu K p< 10; K,< 0.25 ; (12)

TJIE 75, -KOHEUHbIH Kod(hduument uspnevenus nepru; G = k * h/uy; S- mIOTHOCTL CETKM
CKBQ)KHH; K- CpeiHssI MPOHUIIAEMOCTH T1acTa; h- cpenusist ¢ exTrBHas HeTeHaChIICHHAs TOMIINHA
T1acTa; Uy - BA3KOCTh HeTH B TUIACTOBBIX ycioBHsX; K p - koaddumment pacunenennoctH; K, —
KO3((HUIUCHT MECYaHUCTOCTH.

Pacuernbie mapamerps! s XIII ropuzonTa MecTOposkIeHUS «A» paBHBI:

K =0,242 mxm*; h=12Mm ; uy=4,7 Mlla*c ; S =8,8 ra/cks ; Kp=6; K,, = 0,38.

Hcxonst M3 TpUBENEHHBIX MapamMeTpoB JUis pacuera Kod(dQuIMeHTa W3BIedeHUsT HedTh
BbIOMpaeM (opmyiy (1).

— S 8,8

Takum oOpa3zom, mnpupoct KodduimMeHTa HU3BJICUCHUS HEPTH 3a CYST NPUMCHCHHUS
3aBogHeHud Ha XIII ropu3oHTE COCTaBHUT:

An =0,2313-0,1525 = 0,0788 miu 7,88 %.

[Mony4uenHoe 3HavyeHue npupocra kKoddduimenta u3BinedeHUs HEPTH CBUICTENBCTBYET O
HU3KoM ddpekTnBHOCTH 3aBoaHeHus Ha XIII Topru3oHTEe MECTOPOKICHHS «A».

[TpuurHO 3TOr0 MOTYT OBITH KaK I'eOJIOTHYECKHE (PaKTOPBI, CBSI3aHHBIE C HEOJHOPOIHOCTHIO
MPONYKTUBHOTO TOPH30HTA (KOA(MQOUIIMEHTHl PACUICHEHHOCTH W TIECYAHUCTOCTH), TakK |
TEXHOJIOTUYCCKUE M3-3a HE TIOJTHON CyMMapHOM KOMITEHCaI[Me 0TOopa JKMIKOCTH 3aKauKOi BOBI.

BuiBoabl. Takum 00pa3om, Ui TOBBIMICHUS AS(PQGEKTUBHOCTH 3aBOJHEHUS 00beM
3aKauMBaeMON BOJIBI [Tl MECTOPOXKICHUS «A» JIOJDKHA TPEBBINIATH 00beMa JOObIBAEMOW KHUIKOCTH B
2,214 pa3a. [4]
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