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Summary Report

Project Purpose and Scope

The purpose of this project was to assess the water management impact on the flow the Syr
Darya River’s tributaries, within the territory of Kazakstan, and to restore natural flow values
by different methods.

Project Results and Findings

Based on the assessment of human impact on the Syr Darya River’s tributaries within the
Kazakstan territory, the following conclusions could be made:

. The highest decline in flow, caused by man as opposed to a natural
decline, occurred on the Arys River after the introduction of the Arys
Channel, with an average decrease of 55% (80% in dry years and 35%
in wet ones).

. In the Keles and Bugun’ river basins there were no significant
anthropogenic changes found within the observation period resulting
from an unchanged level of human activity.

. In the Shayan River basin human impact is not significant.

. - The results of the three applied methods for assessing anthropogenic
changes in river flow and flow restoration to those under natural
conditions (statistical, water balance and mathematical modeling
methods) were similar. This confirms the validity of the results
obtained and the possibility of using the restored rows in hydrologic
estimates.

. Given the decline in the quality of hydrologic observations, the
KazNIGMI mathematical flow model should be considered as the most
acceptable and promising method for natural river flow restoration and
assessment of human activity impact on water resources.

The main tributaries of the Syr Darya River are the Arys, Keles, Bugun and Shayan rivers,
located on the right bank part of the basin on the south-western slope of the Karatau range
and the western part of the Talassian Alatau. The rivers are mainly fed by melted snow
waters. The share of rainfall, ground and glacier input is considerably lower. The largest part
of the annual precipitation occurs in winter and spring. Snow cover used to be unstable and is
retained mainly on northern exposure slopes. The major volume of the flows occurs during
the period from February to May. Agriculture is known to be the main water user in the area.
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The Arys River is the second place for the catchment area in the examined region. The
catchment area of the basin is 14900 km?® with a prevailing western orientation. There are
about 300 main and on-farm channels within the Arys River basin. The major part of the
water consumed is used for regular and estuary irrigation. The area of irrigated farmlands
makes up about 50 thousand hectares, and the area supplied with water, about 435 thousand
ha. In 1965, the Arys Main Channel was put into operation with a release capacity of 45
m?/s.

The Keles River basin down to the Akdjar node (catchment area of 1960 km?) is comprised of
80 main channels. The Bugun River basin, down to the Krasny Most village (catchment area
2160 km?), is comprised of 20 main channels. The irrigated territory is 50 thousand ha and
the water supply area, 420 thousand ha. Within the Shayan River basin, down to the node

" 3.3 kim below the Akbet River estuary (catchment area about 485 km?), water related activity
is low with only one channel being operated.

For southern Kazakstan, with a typically dry climate and water restraints, assessment of the
water management activity impact on river flows is extremely topical. The problem is
complicated by the fact that most rivers of the region are subject to intensive human impact.
Under these circumstances, the task of river flow forecasting and the development of
hydroengineering facilities and irrigation systems become even more complicated. In order
to overcome these difficultics, it is necessary to restore the natural river flow, making it
available for hydrological forecasts, estimation of construction parameters and more
substantiated water planning and management.

‘Project Methodology

As a methodological foundation for the assessment of water management impact on water
availability in the rivers and river flow restoration, one of the standard statistical assessment
methods, the linear trend method, was used, as well as a simplified channel balance equation
method. We also used an improved conceptual mathematical model of mountainous river
flow formation, developed by the Kazak Hydro-meteorology Scientific Research Institute
(KazNIGMI, which is presently known as KazNIIMOSK) under the guidance of V. V.
Golubtsev. The model was successfully adapted to a number of mountainous rivers of
Kazakstan. The model was also used for water resource vulnerability assessment under the
possible impact of anthropogenic changes of climate, implemented under the joint Kazak-
American Country Studies Project.

In the KazNIGMI model, a river basin is represented as three sequentially connected
reservoirs, located one above another and identified as surface water, deep and shallow
groundwater sources, and another reservoir, characterizing flow formation within the
hydrographic network. The model includes a description of some elementary water balance
processes such as snow stock formation and water inflow to basin surface, changes in water
stock, freezing and thawing of soil and grounds, total evaporation, surface water, and deep
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and shallow groundwater flow formation, formation of water inflow to river network, and
flow hydrograph at the rear node (i.e. a range of models describing elementary watershed
process). The basic principles of the model were elaborated in works by A. N. Vazhnov, V. D.
Komarov, Yu. M. Denisov, and Yu. B. Vinogradov.

A specific feature of the KazNIGMI model is that even with limited information available, it is
possible to simulate river flow from each of the altitude zones, various landscape parts of the
basin and mountain slopes of different exposition. Model parameters could be changed,
depending on the elevation of the area, angle and exposure of the mountain slopes, and the
profile of the underlying surface (bare, forested, glacier covered, erc.).

The main input data used for flow hydrograph modeling were daily precipitation totals and
average daily air temperatures. The data were obtained through observations at
meteorological stations, located within or in proximity of the basin. The KazNIGMI flow
model makes it possible to estimate water inflow to the watershed area, flow amounts during
different calendar periods (10 day period, month, year), and flow hydrograph at the rear node
of the basin.

During the adaptation of the model to the conditions in the basins concerned, the
characteristics of the processes of the freezing and thawing of soils and grounds, snow stock
formation, precipitation gradient and air temperature were assessed, depending on area
elevation, dynamics of parameters throughout the year, and hydrographic and gypsographic
characteristics of the basin with due consideration to the different slope exposures.

Initiation of significant flow changes was identified by plotting integral curves of the type:
2(Q=eE]D (D
Z(Q) =e(t) 2 |
where 2(Q) is the incremental total of flow values from the beginning of the observation
period, and (Z]]) is the incremental total of simulated values of the water inflow to the surface
of the basin, and t - time moment.

The statistical significance of the water management activity impact on the flows of the rivers
was determined on the basis of the results of the studies of observation rows for the presence
of trends and homogeneity. Homogeneity was assessed according to the criteria of
Wilckokson, Fischer, Student and Z-criterion. Independence (incidence) of the initial
aggregates was determined by the calculation of the autocorrelation coefficient and the
Neiman criterion.

Based on the assessment of the Arys River it may be assumed, that the homogeneity and
independence of measured flow data are rejected according to all the criteria of the hypothesis.
To this end, significant homogeneity disturbance in the series of integral curves became visible
in 1965. The disturbance was caused by the introduction of the Arys Channel into operation.



There was no trend observed in the Shayan River’s flow, and the homogeneity hypothesis
was acceptable according to almost all criteria, meaning that water management activity did
not have a significant impact on the flow.

Integral curves plotted for the Keles and Bugun’ rivers did not allow us to identify the period
of distinct flow disturbance, despite a long history of water withdrawal from the rivers. A
series of analogous tests offlow for the observation period revealed their homogeneity and
absence of trends. Hence, it can be assumed that the anthropogenic load on Keles and
Bugun’ flow is of a continuous character, without pointed changes during the observation
period. These conclusions are confirmed by dual integral curves plotted for the water inflow
to the watershed surface of the Keles (down to the Akdjar node) and the Bugun’ (down to
Krasny Most village node) rivers, estimated by means of the flow model and the measured
flow.

As it was indicated above, natural river flow’s restoration was made by means of three
principally different methods:

. A statistical method, based on linear trend method for the Arys, Keles,
Bugun and Shayan rivers

. A simplified channel balance equation for the Arys, Keles, and Bugun
rivers
. Modeling, carried out on the Arys River, the largest tributary of Syr

Darya River within Kazakstan, and the Shayan River, the flow of
which according to preliminary estimates, did not experience any
significant man-made impact

Calculations based on the linear trend method has shown that the estimated flow of the Arys
River has been declining since 1951, for an average value of 1.79 m?*/s annually. By 1990, it
~ had declined by 35.4 m*/s, or by 43% of the initial estimated flow of 84.5 m*/s. The annual
decline for the Bugun’ River for the period of 1966-1990 was 0.12 m*/s; for the Shayan for
the period of 1951-1990, 0.016 m*/s; and for the Keles for the period of 1960-1990, - 0.08
m?®/s. In relation to the initial estimated flows, the decline is 14%, 4% and 5%, respectively,
remaining within flow measurement accuracy limits. Hence, statistic assessment of water
management activity impact on the flows of the rivers revealed significant changes only for

the Arys River flow.

Flow restoration in natural conditions by means of channel balance equation was made
‘through summing up the difference between water intake and discharge values, based on
monitoring data, and river discharge values during the flood period.

Model flow hydrographs for the Arys and Shayan rivers for the period of 1951-1990, were
produced as a result of numerous experiments on the flow model, and estimations of the
- spring flood volume values.



Flow rows, restored by two or three methods, were subject to statistical analysis. They were
examined for homogeneity, independence and presence of trend. It was revealed, that there
was no trend in the rows, and all statistical evaluations (except the Fischer criterion) were
within the imposed limits with a 5% significance. The values of spring flood volumes of the
Arys River during the period of 1966-1985, restored by means of a simplified channel
balance equation (Q,), flow model (Q,,) and linear trend equation (Q,) were found to be in
proximity to each other. Correlation coefficients between Q, and Q,r = 0.95 +/- 0.02, and
between Q, and Q;r = 0.94+/- 0.02. Hence, we may assume that natural flow restoration was
made with sufficient reliability, and the flow rows could be used for estimation of the various
hydrologic characteristics and water availability forecast.

Assessment of flow changes, caused by human impact, has shown that the highest changes
were found in the Arys River flow. According to the data obtained through the flow model,
the average decline amounted to 37%. At the same time, water withdrawal during the period
of 1951-1964 was substantially lower at only 5%. After the Arys Channel was put into
operation, the volume was increased up to 55%. Flow changes assessment through channel
balance equation, decline thereof amounted to 38% in average, and for the indicated periods -
8 and 54%, respectively. Measured flow values as compared to the ones calculated by linear
trend equation, were on average lower by 40%, and for the periods of 1951-1964 and 1965-
1990 by 13 and 56%, respectively.

The restored and measured Shayan river discharge values have good similarity. The average
water discharge for the period of 1951-1990, calculated through the flow model was 5.36
m?/s, linear trend equation, 5.58 m’/s, and according to the hydrometric monitoring, 5.30
m’/s, confirming insignificant water management impact on the Shayan River flow.

Anthropogenic changes in the Keles and Bugun’ rivers’ flow were relatively low. Calculated
by two methods, the average decline was 5-6% for the Keles River (20% in dry years, 1-2%
in wet-years) and 11-15% for the Bugun’ River (50% in dry years, 1-2% - in wet years).

- There were no trends found in these changes.

Taking into consideration the substantial man-made changes in the Arys River flow, a
method was developed for the calculation of water intake volumes, depending on the water
availability of the year.

Practical Recommendations and Applications

The following recommendations can be made:

. With the current massive consumption of water in the southern regions
of Kazakstan, surface water evaluation should begin with the
identification of river flow, which is subject to anthropogenic impact,
as it was made under the project. This would avoid significant errors
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being made during water management planning and forecasting, as
well as in the construction design process.

. The restored flow rows could be used in the development of water
availability forecast methods, based on regression schemes, where the
stationary character of the rows is of fundamental importance.

In general, the results of the study could be used for and by:

. solution of water and water quality management tasks for the
establishment of optimal water use and consumption regimes in the
basin of right-bank tributaries of the Syr Darya River within the
territory of Kazakstan

. planning for the agricultural lands used for grain and technical crops,
the dimensions of irrigated areas, and the water use regimes in years
with different water availability

. ' hydrologic and environmental scientific-research institutes, ministries
and committees responsible for water quantity and quality monitoring,
water allocation and use (i.e. Ministry of Ecology and Bioresources,
State Committee for Water Resources, Kazak Hydrometeorological
Survey), as well as design institutes, for carrying out engineering and

~ hydrological calculations for construction design of hydroengineering
facilities in the area

. implementation of multipurpose optimization model for water
allocation in the Aral Sea region (RIMDESS)

- Policy Recommendations:
Project results could be used on:

. the national level for substantiation of population numbers and the
elaboration of a concept for employment of manpower which is
required for the development of industrial capacities of the region

. the regional level for the development of interstate agreements between
Kazakstan and Uzbekistan on water sharing in the Syr Darya River
basin
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Potential Project Impacts and Regional Cooperation

Results of the work were used by KazNIIMOSK for the development of water availability
forecast methods for the Arys, Keles, Bugun’ and Shayan rivers, and are currently being used
by the Kazak Hydromet Survey in their water availability forecasts, both monthly and during
flood periods. The introduction of corrections on the anthropogenic impact into the
prognostic values, allowed the State Committee for Water Resources to correct water
management activity accordingly.

The main conclusions of the research were reported at the Third Joint Conference on
hydrologic and hydrogeologic problems of environment protection, named “Water as Critical
Resource: Problems of Conservation, Use and Management” (September 22-26, 1996,
Tashkent) and were recommended for publication in the Proceedings of the Conference.
Practical orientation of the studies and the obtained results could assist water management
experts in other countries to take them into consideration and make appropriate adjustments.

The mathematical model for river flow’s formation made by KazNIGMI and used for the
assessment of the impact of human activity on the water availability in the rivers and flow
restoration in natural conditions, is a universal one and could be successfully applied for the
same purpose on other water bodies of the Aral Sea basin.

The project is closely linked with ADP on “Probability Forecast for Aral Sea Levels” since
data on the flow of the Syr Darya tributaries below the Chardara Reservoir, is used for the
forecasts of water inflow to the Aral Sea and the level of its separate parts
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ChAoBa mpuU3HATEABHOCTH -
ABTODEI BHIPaKAIOT GAATOAAPHOCTE:

ArenrctBy CIITA o MeXXAYHapoOAHOMY Da3sBHTHIO 3@ IIOAAEDPIKKY
BBINIOAHEHHEIX HCCAGAOBAHMI, a TAK)Ke BBEIPAKAIOT IPU3HATEABHOCTE [ToAy
Apatiepy — PernoHaABHOMY AMPEKTOPY IPOEKTa IO MPUPOAOOXPAHHOMN
mOAMTHKe U TexHoaorud, Hune Kasernkoit — CoseTHuKY, I'peropu Aaccutopy
— OrmnepaTuBHOMY KoopArHATOpPY pabot, bap6ape bpurron — KoopauHaTopy
IO BOIIPOCAM PeruOHAAbHOM IIOAWTHKY, Bpaiiany Bymau u ArekcaHape
Tepuunko — Coermuasucram nporpaMmel, TuMoTu BoHpeauay u Iurepy
VanneBy — aBropam mopean PUMAECC 3a moMous B OPraHu3ai[AOHHELX
BOIIPOCaxX B IIpollecce paboThl Haa IPOEKTOM.

Illameny A. — HavarpHUKY Kasruppomera u Koxxkaxmertony I1. JK. —
HauyanbHUKY Bropo Iloropwr Kasrmapomera 3a mpepocTaBAeHUE HEOOXOAMMOM
uHPOpMAaITUH.

T'ocypapcTrBennomy I'mppoaroruuyeckomy UHCcTHTYTY (Poccua, CaHkT —
[leTep6ypr) 3a mMOAydYeHHBIE KOHCYABTAITUY, a TAKJKE [IPOCAYIIMBAHNUE AOKAAAOB,
AMCKYCCHI, IPOXOAMBIINE Ha MeXKAYHAPOAHBIX CeMMHApaX, OPraHu30BaHHbIX
USAID B Teuenue 1996 ropa.

OO0 aBTOpax

HexkuneaoBa A. K. — pyKoOBOAUTEAEL MPOEKTa, TAGBHBIN CIIELIMAAUCT
Tocyaapcrsernoro Komurera Pecnybanku Kazaxcrad mo YpesBuIYaiHbIM
CUTYalusIM, KaHAUAAT TeorpapUIecKUX HAYK, aBTOP PIAA OYOAMKAIIUH 110
BOIIPOCAM METOAOB IIPOTHO3a SAEMEHTOB BOAHOI'O PeXMMa M OLIeHKH BAMSIHMS
XO349HMCTBEHHON AeITeABHOCTH Ha CTOK PeK.

T'oayOunos B. B. — Bepymuit Hayuueil coTpyAHEK KasHUMMOCK, KaHpAuAAT
reorpaMIecKuX HayK, aBTOP MOAEAH (POPMUPOBAHMSA rmAporpada cToka
TOPHBIX PEK M aBTOP pa3paboToK IO OlleHKe BAWSHUS M3MeHeHHMS KAMMAaTa Ha
BOAHEIe pecypchl Peciybauku Kazaxcras.

An B.M. — Bepyumii HayuHbf coTpyaHuK KasHUMMOCK, KaHAHUAAT
TEeXHHYECKHUX HAYK, aBTOP MOAeAH POPMUPOBAHMSI rHAporpada CTOKa FOPHEIX
PeK ¥ aBTOP Pa3spaboTOK IO OIleHKe BAMSHUSA U3MEHeHMS KAMMAaTa Ha BOAHEIE
pecypcrl Pecriy6anku Kasaxcraw.

‘Tlonosa B. I. — HaygHEII corpyparuk KasHMMMOCK, aBTOp MeTOAUK
IIPOTHO3a €CTEeCTBEHHOTro U OBITOBOTO CTOKa pek Aprnick, Keaec, Byryus, Illagm.

Crpoesa T. Il. — Hayussil coTpyAHuUK KasHUHMMOCK, paspaGoTuYuK MOAEAH
GOpPMHUPOBAHHUS CTOKA F'OPHEIX PEeK.
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CIIIA
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MOHHUTOPHHTIA OKPY’KarolleHd CPeAbl ¥ KAMMAaTa
CucreMa yIpaBACHHS M KOHTPOASI 38 PEYHBIM
6accelHOM AAS IIPHUHATHUS TEXHUKO — SKOHOMHUYECKHIX
pelleHun

HayuHo — HccaepOBaTeABCKHIT THAPOMEAROPATHBHBIH
HWHCTHUTYT

Coepunénntle IIItaTtel AMepuKu
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Kparkuii oTuer

Ileas nmpoexkTa n 066éM paboOTHI

LleAbIO MPOEKTa SIBASIETCS OIleHKA BAMSHUSA XO3SHCTBEHHON ASSTEeALHOCTH Ha
CTOK IpUTOKOB P. Crippaphy B npeperax Pecnybamkm Kazaxcrad u
BOCCTAHOBACHME €T0 eCTeCTBEHHLIX 3HAYeHUH Pa3AMYHLEIMH METOAAMH.

PGBYAI:T&TBI ¥ BBIBOABI IIPDOEKTA

BrimoaHeHHas OII€HKA BAMWAHUA XO3AHCTBEHHOH AeATeABHOCTH Hd CTOK IIPHUTOKOB
p.CprAapBI/I, B IIpeAenax KazaxcraHa, I03BOAIET CAEAATh CACAYIOLIMe BEIBOAERL.

HauGoablllee aHTPOIIOreHHOe YMeHLIIIeHe CTOKa 10 CPaBHEHMIO
C eCTeCTBeHHLIMH YCAOBHSIMM IIPOM3OIIAO HA P. APEICE IIOCAE
BBOAAQ B AeﬁCTBHe ApI:ICCKOI'O KaHaAd B COCTAaBHMAO B CpepAHeM
55%, B MaroBopEbIe TOABI — 80%, @ B MHOTOBOAHEIE TOABI — 35%.

. B b6acceiinax pek Keaec u ByryHB pe3KuX aHTPOIIOTe€HHEIX
H3MeHeHUY CTOKa 3a pacCMaTpHBaeMEbIi IIepHoA He
OOHAPYKEHO, YTO SIBASETCS CAEACTBHEM OAHOTO H TOTO Ke
YPOBHS XO34HCTBEHHON ASATEABHOCTH.

. B Gaccette p. IlagH BANSHNE XO3ANCTBEHHON ACATEABHOCTH He
CyUIeCTBEHHO.
. TIpuMmeHeHHLIE B IpPOIlecCce NCCAEAOBaHMM TPU cnocoda OLeHKH

AHTPONOreHHBIX M3MEeHEeHHY PEevYHOTO CTOKA (CTAaTHCTHYESCKUL,
BOAHOGANAHCOBBINA M MaTeMAaTHIeCKUI) U eT0 BOCCTAaHOBACHUE B
€CTEeCTBEHHBIX YCAOBHUAX ITOKA3aAH XOPOUIYIO CXOAUMOCTE, UTO
AdeT OCHOBaHUEe INOAOKHUTEABHO OII€HUTH TOAYYEHHEIE
PEe3YABTATHEI U HCIOAB30BATh BOCCTAHOBACHHBIE PSAABLL AAT
BBITTOAHEHHS PA3AWYHBIX I'HMADOAOTHYECKHX PacdyeToB.

. B ycroBuSX CHMIReHUSA KadeCTBa I'MAPOAOTHIECKUX HaOAIOASHUN
Hanboaee IPHEeMAEMEBIM M NepPCIeKTUBHBEIM CIIOCOO0M
BOCCTAHOBAEHMS €CTeCTBEeHHOTO CTOKa PeK U OLEeHKM BAWUIHUISI
XO3IUCTBEHHON AESTEABHOCTH Ha BOAHEIE PECYPCHI CAEAYeT
CUMTATh UCTIOAL30BaHME MAaTeMaTHIeCKOH MOAEAU
dopmuporanus cToka pek KasHWIMU.

OcnoHurble npuToky p. CrIppapeu — pekd Apwick, Keaec, Byryas u Hlagn
PacIoAOSKeHE! B IpaBOOepesKHOME JacTH ee OaccelfHa Ha IOI'0 — 3alIaAHOM CKAOHE
xp. Kaparay u 3amapuex orporax Taracckoro Aaatay. I'A@aBHBIM HCTOYHHKOM
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IUTaHNs] WX SBASIOTCS TaAble CHETOBBHIE BOABL. AOASL AOJKAEBOTrO, IIOA3EMHOTO U
A€AHUKOBOTO IUTAHUSA 3HAUUTEABHO MEHbIIe. BoAbIIas 9acTh FOAOBOM CYMMEL
OCaAKOB BEIMTAAAET B 3UMHE — BeCeHHMM mepnop., CHeXHBINM IIOKPOB OhIBaeT
HEYCTOMYMBLIM U COXPAHAETCSI, B OCHOBHOM, Ha CKAOHAX CEBEPHOM 3KCIIO3MIIHMH.
OcCHOBHOM 06BEM CTOKA PeK NPHXOAUTCA Ha MEePHoA ¢ PeBparba IO MaH.
FraBHEIM nmoTpebuTereM BOAHEBIX PECYPCOB 3TOTO PETMOHA SABASIETCH CeABCKOe
XO39HCTBO.

Pexa AphiCh ITO IIAOMIAAK BOAOCGOPA 3aHMMAET B HCCASAYEMOM parioHe BTOpPOe
MecTo ochre CHIpAGPRY, UMeeT IAOIIAAL BoaocGopa 14900 kM2 u obiee
3amajpHoOe HalpaBAeHHe TedeHUs. B mpeaenax GaccelfHa p. ApEICH
HacyuThiBaeTcsa A0 300 MAaruCTpaAbHEIX X BHYTPHXO3SAMCTBEHHEIX KAHAAOB.
OcHOBHaf 4aCTh NOTPeOASIEeMOM BOABI PACXOAYETCS Ha PeryAspHOe U AUMaHHOe
opoimenue. [lromapb OpoIIaeMBIX 3eMeAb COCTAaBASeT OKOAO 50 THIC. Ta,
06BopHsAeMBIX — 435 ThIC. ra. B 1965 ropay Hagaa 3KCHAYaTHPOBATHECS APEICCKUN
MAaruCTPaALHEIN KaHaA C MPOIYCKHOMN CIOCOGHOCTRIO 45 M3/c.

Baccetin pexu Keaec Ao cTBopa Akskap (mroimaab BopocGopa 1960 xm 2) umeer
80 MarmcTpasbHEIX KaHAAOB. B mpepenax GacceriHa p. Byryss po c. Kpacrsrit
MOCT (mAOIIaAbL BopocOopa 2160 km?2) HacunThiBaeTcs 20 MArMCTPAALHEIX
KaHanoB. I[IAOHIaAL OPOIMIAEMEIX 3eMeAb cocTaBasgeT 50 TEIC. ra, 06BOAHSEMBIX
—420 TeIC. Ta. B mpeapeaax Gacceitna p. [llasa A0 THApOCcTBOpaA B 3,3 KM HIDKEe
yCThs p. AkGeT (IAOMAAL BOAOCGOpa 485 KM2) BOAOXO3SAHMCTBEHHAS
AESTEALHOCTh Pa3BHTa CAAG0, SKCIAYAaTUPYETCSI TOABKO OAMH KaHaA.

B ycaoBusax IOskmoro KasaxcraHa, AAsT KOTOPOTO XapakTepHa 3aCyIIAMBOCTE
KAMMAaTa M OTPaHMYEeHHOCTL BOAHBIX PECYPCOB, OIleHKAa BAMSHUS XO3IUCTBEHHOM
AESTEALHOCTH Ha CTOK PeK SIBASETCH YPEe3BLIYAiiHO aKTyaArbHON. CAOKHOCTH
" IPOBAEMEI COCTOWT B TOM, YTO B HACTOSIIee BpeMs GOABIIMHCTBO PeK AAHHOTO
palioHa NOABEpP>KeHO MHTEeHCHUBHOMY aHTPOIOT€HHOMY BO3AECMCTBUIO. OTO B
3HAYWUTEABHOM CTelleHH 3aTPYAHSEeT IIPOTHO3WPOBaHUE PEYHOrO CTOKQE, a TakKe
TIPOSKTHUPOBaAHUE I'MAPOTEXHUIECKUX COOPYIKEHUN U OPOCUTEABHEIX CHCTEM.
* AAS IpeOAOAEHMS 3THUX TPYAHOCTEH HeOOGXOAMMO BOCCTAHOBUTEL €CTECTBEHHBIN
CTOK peK C LIEABIO €T0 MCIOAB30BAHUSA AAS Pa3pabOTKHU METOAOB
THAPOAOTHYECKHX IIPOTHO30B, OLIEHKYU CTPOUTEABHLIX IapaMeTpoOB 1 GoAee
06GOCHOBAHHOI'O MAAHUPOBAHUS 1 YIIPAaBACHUI BOAHBIMI PeCypCaMH.

MeToaonrornyeckast ocHoBa IIpoekra

B xauecTBe METOAWYECKON OCHOBEI AASI OIEHKH BAWSHWS XO3SHCTBEHHOMN
AEATEABHOCTH Ha BOAHOCTB OTUX PeK U BOCCTAHOBAEHUSA €CTECTBEHHOTO CTOKa
WCHOAB30BaH OAMH U3 CTAHAAPTHBIX CTATUCTUIECKHX CIIOCOOOB OLEHKU — METOA,
AMHEeWHOro TPeHAd, a TaKKe YIIPOIlleHHOe ypaBHEHHe PYCAOBOro OaraHca U
YCOBEepIIeHCTBOBAHHAA KOHIleNITYaAbHAasA MareMaTUdYecKasi MOAEAL
dopMHpOBaHHa CTOKA F'OPHBIX PeK, pa3patorarmHas B KaszaxckoM Hay4HO —
HCCAEAOBATEABCKOM I'HAPOMeTeopoAormdeckoM uHceTuTyTe (KasHUT'MM HuliHe
KasHHMVIMOCK) nopa pykosoacTBoM B. B. 'oayG1ioBa, KOTOpas yCHEITHO
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PacueTs! 110 YPaBHEHUIO AMHEHHOTO TPEHAA IIOKA3aAH, 9TO PACYETHHIA CTOK AAS
p. Aprick ¢ 1951 1. ymensmarca B cpepseM Ha 1,79 m3/c 3a roa. K 1990 roay on
moHU3uACHa Ha 36,4 M3/c, T. e. Ha 43% MCXOAHOTO PACUYETHOTO PacXOAa BOAHI,
pasuoro 84,5 M3/c. Aas p. Byryas exeropHoe yMeHbIIeHHe cTOKa ¢ 1966 mo
1990 rr. cocrasuno 0,12mM3/c; aas p. Llasan 3a nepuoa, ¢ 1951 mo 1990 rr. —
0,016M3/c; ars p. Keaec 3a mepuop, ¢ 1960 mo 1990 rr. — 0,08 m3/¢, uTo IO
OTHOIIIEHHMIO K UCXOAHBIM PaCYeTHBIM PAacXxOAAM COCTABASIET COOTBETCTBEHHO
14%, 4%, 5%, T. e. B IIpeAeAax TOUHOCTHM M3MEePeHHsS PACXOAOB BOABL Takum
06pa30oM, OIjeHKAa BAVWSHHUA XO3JMCTBEHHONU AEATEALHOCTH Ha CTOK ITHX PeK
CTATHUCTHUYESCKUM METOAOM BEISBMAA AOCTATOYHO 3HAYMMELIE M3MEHEHUSI TOALBKO B
OLITOBOM CTOKE pP. AphICh. BoccTaHOBAeHHE CTOKA B eCTECTBEHHEIX YCAOBHSX IIO
VPaBHEHHIO PYCAOBOTO OaraHCa BBIIOAHAAOCEH IyTeM CYMMHMPOBAHHS PA3HOCTH
MeXXAY Bopo3abopaMul 1 c6pocaMut IO AQHHBIM HAaGAIOACHWIH Ha CEeTH

OPOCHUTEABHBEIX KAHAAOB C BEAMYHHAMU PACXOAOB BOABI PeK 3a IIEePHOA,
TIOAOBOABS .

B pesyabTaTe YHMCAEHHBIX 3KCIEPHMEHTOB C HCIIOAB30BAHHEM MOAEAH
opmMupoBaHua CTOKA GBIAM ITOAYUYEHEI MOAGANPOBAHHBIE THAPOTPAMEL CTOKA AAA
pek Aprick u llagn 3a mepuop 1951 — 1990 rr., a Tak>XKe pacCUNTAHBLI 3HAYEHUS
00B5eMOB BECEHHETO MMOAOBOADS.

BoccraHoBaeHHEBIE ABYMS — TpeMs CIIOCOGaMU CTOKOBBEIE PAABI B CBOIO OUYePeAb
IIOABEPraAUCh CTATUCTHYECKOH 06paboTKke — IpOBepKe Ha OAHODPOAHOCTD,
HEe3aBUCUMOCTE, HAAWUHWE TPEHAd. OTa OIeHKA II0KAa3aAd, 9TO B PACCUMTAHHEIX
PAAax TPeHA, OTCYTCTBYeT, & BCe CTATHCTHKHY ( 3a MCKAIOYEeHHEeM KpUTepHs
Quirrepa) YRKAAABIBAIOTCS B 3aAaHHLIE IIPeAEABl IPU 5% YPOBHe 3HAUYMMOCTH.
O6BneMBI BeCEeHHETO IIOAOBOABS p. ApEICH ¢ 1966 mo 1985 rIT., BOCCTaHOBACHHEIE
IO YIPOILIEHHOMY YPaBHEHHIO PycAoBoro 6anraHca (Qy), Mopear GOPMHPOBAHYS
‘cToka (Qp) ¥ ypaBHEHHUIO AMHeHHOro TpeuAd (Qi) GAM3KH MeKAY COGOM.
KosddunreHTE KOppeAsuu

MexXpy Qp u Qpr = 0.95% 0.02,
Mexrpy Qp u Qir = 0.94 + 0.02.

DTO pdeT OCHOBaHWE IOAATAThL, YTO BOCCTAHOBACHME eCTeCTBEeHHOIO CTOKa
IPOBEACHO AOCTATOUYHO HAAEKHO, & €r0 PSIABI MOTYT OBITH MCIIOAB30BAHBI AT

pacueTa pPasAMYHBIX TMAPOAOTHYECKMX XapaKTePHCTHK M pa3paboTKe IPOTHO30B
BOAHOCTH. '

[IpoBepeHHAs OLleHKA M3MEHEHUM CTOKA, OOYCAOBACHHBIX BAUSHHEM
XO39MCTBEHHON ASATEALHOCTH, IOKa3aAd, uTo OOABIINe H3MeHeHUd
HAOAIOAQIOTCSI B CTOKe P. Apkick. [lo AAHHEIM, MOAYYEHHEIM C HCIOAB30BAHUEM
MOAeAr (DOPMHUPOBAHMSA CTOKA, OH YMEHBIITHUACSA B cpepAHeM Ha 37%. [lpm aTom
3a mepuoa, 1951 — 1964 rr. BoA03abOPHI OLIAKM HA MOPSAOK HIDKE M COCTABASIAU
Bcero 5%. Tloche BBOaAa B sKcmayaranmio B 1965 r. ApeiccKOro KaHara OHH
BO3pocAH A0 55%. Ilpu HpoBepeHHNV OIIEHKH M3MeHEeHWH CTOKa C
HCIIOAB30BaHUEM YPaBHEHHUS PYCAOBOTO 6anraHCa ero yMeHbIleHUe B CpeAHeM
cocTaBHAO 38%, a 3a YKa3aHHBIE OTA@ABHEBIE IIEPHOAEI — COOTBETCTBEHHO 8 u
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54%. BeAwuuHBI U3MEPEHHOrO CTOKA B CPABHEHUH C PACCYMTAHHBIMU U IO
YPaBHEHHIO TPEHAA OKA3aAWChH B cpepHeM MeHbIne Ha 40%, 3a nmepuopsr 1951 —
1964 rr. m 1965— 1990 rr. cooTBeTcTBeHHO Ha 13% U 56%.

BoccranoBaeHHEBIE ¥ M3MepPEeHHEBIE PACXOABI BOALL P. IIIagH MMeIOT XOPOUIYIO
CXOAHMMOCTD, CPEAHUY pacxop BOAEL 3a mepuop, 1951 — 1990 rr., paccuuTaHHBIHN
10 MOAeAU (POPMUPOBAHUS CTOKA, COCTaBAseT 5,36 M3/¢, IO YpPaBHEHHIO TPEeHAA
— 5,58 M3/c, o ruppomeTpuueckuM Habaroperusm — 5,30 m3/c. Tarkum
o0pa3oM, IOATBePKAAETCS He3HaUUTEeAbHOe BAMGHYE HA CcToK p. Ulagn
XO3SHCTBEHHOM AeATeABHOCTH YEAOBEKA.

AuTponoreHHsle H3MeHeHHA CTOKA peK Keaec u ByryHbL CpaBHUTEALHO
HeBeAuKH. PaccuuraHHble AByMA cmocobaMu aAf p. Keaec OHE COCTaBAAIOT, B
cpepaseM 5 —6%, B MaaroBOAHEBIE TOALI — 20%, B MHOTOBOAHEIE — 1 —2%, a AAd .
Byryns B cpepieM — 11 —15%, B MaroBopHEBIe TOABI — 50%, B MHOTOBOAHEIE —
1—2%. Kako# Amb60 TeHASHIIUM B 3THX M3MEHEHUIX He OOHapy’KeHO.

YuuTEIBasd 3HAaUMTEABHOE HM3MeHeHHe CTOKA P. APBICE IOA BAMSHHEM
XO3g9HCTBEeHHOH AeATeABHOCTH, paspaboTaH cocob pacyeTa BOA03a00POB U3
PEeKH B 3@BHCHMOCTH OT BOAHOCTH TOAQ.

IIpaKTH4yecKue peKOMeHAaluu M UX IIPUMEeHeHne
PeKOMeHAaHHI/I IIO0 MICIIOAB3OBAHHIO PE3YABTATOB IIPOEKTA COCTOAT B CACAYIOLIEM.

. B ycroBusx GOABIIOIO COBPEMEHHOTO BOAOIOTPeOAEHHUS B
IOKHBIX perrioHax KasaxcTaHa oIleHKa pecypcoB
IIOBEPXHOCTHEIX BOA, COCTOUT, B IIEPBYIO OUYePEeAb, B YTOYHEHUN
PEeYHOrO CTOKa, IOABEP’KeHHOIO BAUSHHIO @HTPOIIOTeHHEBIX
(hakTOpOB, TOAO6HO TOMY, KaK 3TO OBIAO CAEAQHO B PAMKAaxX
AGHHOTO IIPOEKTa. JOTO IO3BOAUT U306e’KaTh 3HAUWTEABHBIX
OmMOOK IPH BOAOXO3SIMCTBEHHOM IAAHUPOBAHUH K
IIPOTHO3WPOBAaHUY, & TAK)Ke CTPOUTEABHOM IIPOEKTHPOBAHHI.

L) BoccTaHOBAEHHEIE PSIAEI CTOKA MOTYT OBITH MCIIOAB30BAHEI IIPU
paspaboTKe MEeTOAOB IPOTHO3da BOAHOCTH, OCHOBAHHEBIX Ha
pPerpecCHOHHEIX CXeMaxX, FA€ CTAllIOHAPHOCTh PSIAOB SABASETCSH
OCHOBOIIOAATAIOIIEH.

B nmearoM pe3yABTATHI HCCA€AOBAHUE MOTYT OBITh UCIOAB30BAHKI:

. AMSL PellleHHs 3apAa4 YIPABAeHMSA BOAHEIMU DeCypcaMy M
KaueCTBOM BOAELI C IIEABIO CO3AAHMA OITHMAALHOTO Pe’XKHMa
BOAOIIOABL3OBAHHA B BOAOIIOTpeOAeHNMA B ODaccelHax
IpaBoOepesXHbIX IPHUTOKOB p. CHIpAAPLH B IIPEAEAaX
Pecnry6amku Kazaxcra® ;



o AAS IAAHWPOBAHUS B PacCMaTpUBAeMbIX OaccerHaX IMOCEBHEIX
TIAOII[aAeH, 3aHMMaeMbIX 3€PHOBBIMH U TeXHUYECKHUMU
KYABTYPaMH, pa3MepoB OpOUIAE€MEIX MAacCHUBOB M Pe’XKHUMa
HUCTIOAB30BaHMSA BOABI B PA3AMUYHBIE IO BOAHOCTH TOABI;

. HAyYHO — UCCAEAOBATEABCKUMM MHCTUTYTAMH THAPOAOTHYECKOTO
M 3KOAO —THUYeCKOro IPoduAsi, MUHNCTEPCTBAMM U KOMUTETaMH,
OCYILeCTBASIONINMY MOHUTODHHT BOAHEIX PECypCcOB, KadeCcTRa
BOABI, @ TAK)Ke ee paclpepeAeHHe M HCIIOAbL30BaHNE
(MuHMCTEPCTBO SKOAOTHH M 6uopecypcoB, KoMBoapecypCHL,
KasruapomerT), IpOeKTHLIMH WHCTHATYTAMHY, BEITIOAHAIOIIIMI
MH)XEHEPHO — F’HAPOAOTHUYECKHE PACYeTEl AAST CTPOUTEALHOTO
IIPOEKTHUPOBAHMS THAPOTEXHUYECKUX COOPYKEHUH B IIPEASAaX
paccMaTpUBaeMbIX OOBLEKTOB.

. IPH pearr3aluy MHOTOIIEA€BOM ONTMMU3UPOBAHHON MOAEAU AAS
PACIIPeASACHHS BOABLL B perrioHe AparbCKOTO MOPS
(PUMAECC).

PekoMeHAQIINN MOAUTHYECKOH HAPaBACHHOCTH

PesyabTarsl IIpoeKTa MOTYT GBITH HCIIOAB30OBAHBL:

. Ha pecIry6AMKaHCKOM YPOBHE PE3YABTATH IIPOEKTa MOTYT OHITH
VYTeHH! IpY 060CHOBAHWY UMCACHHOCTH HACEASHUS U
pa3paboTKe KOHIEIITNH HCIIOAb30BAHMS TPYAOBEIX PECypCOB,
HEOOXOAVMBIX AASL PA3BUTUA IPOU3BOAUTEABHBIX CHA PETrHOHa.

. Ha PerMOHAABLHOM YPOBHe — IIpH pa3paboTke
' MeXXTOCYAAPCTBEHHEIX COTAAIIEHHUN O BOAOAEACHUH B GacceliHe
p. Coippapsu Mexay KasaxcTraHoM 1 Y36eKHUCTaHOM.

I[MoTeHMaABHOE BAHSIHNE NPOEKTa U PeruNOoHAABHOE
COTPYAHHYECTBO

Pe3yAbTaThl BEIIOAHEHHOMN paGoThl ucnoab3oBaHsl KasHUVIMOCK npu
paspaboTKe MEeTOAOB IIPOTHO3a BOAHOCTH peK Aprich, Keaec, Byryus, [llasu u B
HAaCTOosIlee BpeMs HCIOAB3YIOTC KasrMappoMeTOM B OIlepPaTHBHON MpPaKTHKe IIpU
BBIITyCKEe IIPOTHO30B BOAHOCTH 3a IEPUOA IIOAOBOABS U MECHAIlEB BHYTPH HEro.
[Tpu aTOM BHeCeHHe IIOIIPABOK B IIPOTHOCTHYECKHE BEAWUUHBI Ha
XO3AMCTBEHHYIO AeTEeABHOCTH ITO03BOAsIeT KOoMBOApecypcaM BHOCHUTH
COOTBETCTBYIOUINE KOPPEKTHUBEI B YIPABACHWH BOAHBIMH PeCypCaMMu.

OcHOBHEIE BBIBOABI HAYYHEBIX MCCASAOBAHHN AOAOKEHE! Ha TPeThell COBMECTHOM
Kondepeninu 10 THADOAOTHYECKHM M IMADPOTEOAOTHIECKHM OPOOAEMaM OXpPaHbl
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oKpyIKalolnel cpeanl “Bopa KpuTHYeCKHit pecypc: npobreMa COXpaHeHHT,
HCIIOAL30BaHMA U yupaBaeHua" (22—26 centabps 1996 ropa r. TamikesT) u
PEKOMEHAOBAHEI K OMyOAMKOBAHUIO B COOpHUKe TPYAOB KoH(epeHumy.
IMpakTH9ecKkas HaIPaBACHHOCTb HCCACAOBAHHH U MOAYIEHHEIE Pe3YALTATH
IIOMOTYT CIEIMAANCTaM B OOAACTH YIIPaBA€HHS BOAHBIMH PeCypCcaMM APYTHX
TOCYA@PCTB YUYUTHIBATh MX U BHOCHUTL COOTBETCTBYIOIINE KOPPEKTHBEL

MaTemaTuueckas MOAeAb popMupoBaHus cToka pek KASHUIMI,
HUCIIOAB30BAHHAS A OLIEHKH BAUSHHA XO3AMCTBEHHOMN ASITEABHOCTH Ha
BOAHOCTB PeK M BOCCTAHOBAEHUS CTOKA B eCTeCTBEHHEIX YCAOBUAX, ABAIETCS
VHHUBEPCAABHON ¥ MOJKeT OBITh C YCIIEXOM IPUMeHEeHa B TeX JKe LeAdX AAs
APYTHX BOAHEIX OOBLEKTOB OacceliHa APAAbCKOTO MOPS.

BBITOAHEHHBIH ITPOEKT MMeeT TeCHYIO CBA3b C ITpumKAaAHBIM
AEMOHCTPAIIUOHHEIM IIPOEKTOM "BeposSTHOCTHEIN IPOTHO3 YPOBHS APaAbCKOTO
MOPS M €ro 4acTel", TaK KaK CBeASHHS O CTOKe IPHUTOKOB p. CHIpAGPEH HIDKEe
YapAapbHHCKOTO BOAOXPAHUAHINA HUCIIOAB3YIOTCA B CXeMe IIPOTHO03a IPHUTOKA
BOABI K APaABCKOMY MOPIO ¥ YPOBHS OTAEABHBIX €ro 4acTell.
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Pazpen 1
BBepenue

1.1 TIIpeasicTopusa

OcHoBHEIe TpUTOKHU P. CHIpAApLH — peku Aprick, Keaec, Byryms u Illasn
PacIoAOKeHEl B TpaBobepesKHOM YacTH ee GacceifHa M CTEKAIOT C FOr0 —
3amapHoOro CKAoHa Xp. Kapartay u 3amapHeIX oTporoB Taaacckoro Aaaray (puc.
1). ThaBHBIM MCTOYHHKOM WX IHUTAHUS IBASIOTCA TaAble CHETOBHIE BOABL. AoAd
AOSKAEBOTO, IIOA3EMHOr0O ¥ A€AHUKOBOTO NMUTAHUS 3HAYUTEABHO MEHBIIe,
Boabllias uacThb TOAOBOM CYMMBI OCAAKOB BEINIAAAET B 3HMMHE — BeCEeHHHUM IIE€PHOA,
CHesXHBIM TOKPOB OHIBAeT HEYCTOMYHMBEIM KM COXPaH4eTCH, B OCHOBHOM, Ha
CKAOHAX CeBepHOM skrcno3unmu. OCHOBHOM OOBEM CTOKA PeK IMPHUXOAUTCS Ha
nepuop, peBpart —mMati. ['AaBHEIM noTpebuTeAeM BOAHEIX PeCypCOB 3TOrO
PEeTHOHa ABASETCA CEALCKOE XO3AUCTBO.

Pexa Aprick no mromapu Bopoc6opa (14900 kM2) 3amHuMaeT B MCCAEAYEMOM
patione BTOpOe MecTO nocae p. CrHIpAaper 1 UMeeT oblljee 3alapHOe
HalpaBAeHHe TeueHUSA. B mpeapenax GaccelinHa p. ApheIChk HacuuThiBaeTca A0 300
MarvCTPaALHBIX H BHYTPHXO3IMCTBEHHBIX KaHaAOB. OCHOBHAafA 4acTh
oTPeOASIeMOM BOABI PACXOAYETCS Ha PeryAdapHOe M AUMaHHOE OpOIIeHNe.
TMhomiapk OpolIaeMBIX 3eMeAb COCTaBAsIET OKOAO 50 TEIC. ra, a 06BoAHAeMEIX 435
TeIC.Ta. B 1965 roay Havaa 3KCIAYaTHPOBATHCS APBICCKHM MaruCTPAAbHBIHN
KaHaA C IPONYCKHOM CIOCOGHOCTRIO 45 M3/c.

Baccetin pekn Keaec po cTBopa AKRap (mromaas BopocGopa 1960 km?%) umeer
- 80 marucTpaAbHEIX KaHaAOB. B mpepenax GaccetiHa p. Byryse a0 c. Kpacueni
MocT (mromaak Bopoc6opa 2160 km?2) HacuuThiBaeTcs 20 MAarkCTPaABHELX
KaHanroB. Ilromiaab opomaeMeIX 3eMeAb cocTaBageT 50 ThiC.ra, OOBOAHAEMEIX —
420 Teic.ra. B mpepenax p. [IlagH A0 THAPOCTBOPA, PACIOAOKEHHOro B 3,3 KM
HIKE YCThs P. AKGeT (mAromaab BopocGopa 485 xM2), BOAOXO3SHCTBEHHAs
AESTeABHOCTDb PasBHUTa CAA00, SKCIAYATHUPYETCS TOABKO OAWH KaHaA.

B ycaoBuax IO>xkrOro KasaxcTraHa, AAS KOTOPOTO XapaXTepHa 3aCyIIAHBOCTL
KAMMATa ¥ OTPAaHMIEeHHOCTH BOAHBIX PECyPCOB, OIleHKa BAUSHHS XO34HMCTBEHHOMN
AESTeABHOCTH Ha CTOK PeK SBASIeTCA UYpe3BBIUalHO aKTyarbHOM. CAOKHOCTH
OpobAeMEI COCTOWUT B TOM, YTO B HacTOdAlllee BpeMs OOABIIMHCTBO PeK AGHHOTO
paiioHa IOABEPKEeHO MHTEHCHUBHOMY aHTPOIIOTeHHOMY BO3AEHCTBHIO. OTO B
3HAUYUTEALHOU CTelleHU 3aTPyAHSeT IPOTHO3HMPOBAHUE PEYHOI'O CTOKA, a TaKKe
IIPOEKTHPOBAHUE THAPOTEXHUYECKHUX COOPY’KeHHUI U OPOCUTEABHEIX CHCTeM. AAd
IPEOAOASHUA 3TUX TPYAHOCTEHM Heo6XOAMMO BOCCTAHOBUTE €CTECTBEHHEIM CTOK
PEK C IIeABIO €Tr0 HCIOAL30OBAHMA AAS Pa3pabOTKH METOAOB THAPOAOIHMYIECKHX
IPOTHO30B, OIL[€HKU CTPOUTEABHEIX IIapaMeTpOB U 6oaee 000CHOBAHHOTO
IMAQHVUPOBAHUS W YHPaBASHUS BOAHEIMH DeCypPCaMH.

1-1
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CXEMA BACCEMHOB MNPUTOKOB P.ChiIPOAPbH
B MPEQENAX KASAXCTAHA
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1.2 Ieas IIpoekTa

LleApto IIpOEKTa SIBASETCS OIeHKA BAMSHUSA XO3SMCTBEHHOM AeATEeABLHOCTH Ha
CTOK IIPUTOKOB P. ChIpAaphks B Ipejperax Pecmybamku Kasaxcran u
BOCCTaHOBAGHHE HX €CTeCTBEHHOTO CTOKA Pa3AHMYHLIMYU METOAGMM.

1.3 O065BéM paboTsl

IIpoekT BEIMOAHAACA € ampeAd 1996 r. mo HosiGpL 1996 . B AaGopaTopun
ruppororur KasHUMIMOCK.

B mpoliecce BEIIOAHEHWS IepPBOro 3Tala MCCAGAOBaHHI GLIAa MPOBEAeHA
TOATOTOBKA MCXOAHOM T'HAPOMETEOPOAOTHYECKON MH(POPMAIUY [0 OCHOBHLIM
npuTokaM p. Ceippapes B nmpeperax Kazaxcrara: pp. Apeick, Keaec, Byryus u
[TastH, ¥3y4eH YPOBEHE XO3SHCTBEHHOM AeATEABHOCTH B UX OaccelHax,
BEISIBAGHO HAYaAO CYIIECTBEHHELIX M3MEeHEHMI B CTOKE MCCAEAYEMEBIX PeK.
Cospan makeT nporpaMm nop ynpasaenueMm MS DOS B nporpaMmoiir cpeae FOX.
Base, BrArouaromuii B ce6s HEIIOCPEACTBEHHO (hatin Ga3bl AQHHEIX U PSIA,
KOMAHAHBIX (PaliAOB, OCYIIECTBASIONIUX CTATUCTHYECKYIO 06paboTKy
TMAPOAOTHYECKHUX PSIAOB HabGAtOAeHMUNM. [IpOBeAEHEI CTATHCTHYECKHE MCIBITAHUS
PsSIAOB HAOAIOAEHMI 38 CTOKOM Ha OAHOPOAHOCTE, HE3aBHCHUMOCTD, HaAWYHe
TpeHpa. OmnpepereHa CTATHCTUYECKAS 3HAUYMMOCTH BAMSIHUSA XO3IMCTBEHHOM
AESTEABHOCTH.

B Teuenne BTOPOro 3Talla OCYIIECTBASAOCH MOAGAMPOBAHUE IIOCTYIACHUS BOALI
Ha TIOBEPXHOCTH 6aCCEMHOB MCCAEAYEeMBIX PeK, a Tak)Ke CTOKa pPeK ApEIChH U
Hlasiu ¢ ucrmoAb3oBaHNEM MOAeAr (hOPMUPOBaHMS ruaporpada CTOKa TOPHBIX
pek. IlpoBeaeH COBMECTHEIN aHAAM3 MOASAWPOBAHHEIX 3HAUEHMH HOCTYTIACHUS
BOABL Ha IMOBEPXHOCTL PEYHEIX 6aCCEMHOB M M3MEePEeHHOTO CTOKA IyTeM
IIOCTPOEHHSA ABOMHBIX MHTEIPDAALHEIX KPUBBIX.

Bo Bpemsa BEIIOAHEHMS TPETHETO 3TAlla NMPOBeAeH COOp M aHAAM3 AAHHEIX O
BoAO3abopax B GacceriHax npuTokos p. Crippaphs. BoccramoBaen
€CTeCTBeHHEIN CTOK IIO YIPOIIeHHOMY YPaBHEHHIO PYCAOBOTO Oaramca,
YPaBHEHHIO TPEHAA AASL BCEX HCCACAYEMBIX PeK ¥ MOAeAU (POPMHPOBAHUSI CTOKA
Ha npuMepe pp. Apeick 1 [llasu. IIpousBepeHa KOAMYECTBEHHAs OLlEHKA
BAMSHHUS XO3HCTBEHHOMN ACATEABHOCTH Ha CTOK STHX pPeK.

1.4 MeTtoponrornueckas ocHoBa IIpoekra

B xagecTBe MEeTOAMIECKOM OCHOBEI AASI OIEHKHY BAMSIHUSA XO3SHCTBEHHOM
AEATEeABHOCTH Ha BOAHOCTE HCCACAYEMBIX PEK M BOCCTAHOBAEGHHS €CTECTBEHHOTO
CTOKa MCIOAB30BAHLI TPHU IPUHIWIINAALHO PA3AMYHEIX METOAA:
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. CTAaHMAPTHEIN CTATHUCTHIECKHUM METOA — METOA M3BACUESHUS
AMHEWHOro TpeHAA [8];

. YIpoIlleHHOe YpaBHeHUe pycAroBoro 6aranca [9];

o YCOBepIIeHCTBOBAHHAS KOHIEITyaAbHAsI MaTeMaTHIeCKas MOAEAD
(hopMHpOBaHMA CTOKA FOPHEIX PeK, paspaboranHas B Kasaxckom
HAYIHO — HCCAEAOBATEALCKOM THAPOMETEOPOAOTHIECKOM
nucturyTe (KasHUTMUY, meire KasHUMMOCK) moa
pykoBoacTBOM B. I'oaybmoBa [4], KoTopas yCIlenIHO aAanTHpOBaHa
AASL PIAA TOPHBIX peK Kaszaxcrana. OHa TakKe HCIOAL30BAAACh
AAS OIIEHKH YA3BHMOCTH BOAHBIX PECYPCOB IIPH aHTPOIIOTEHHOM
M3MeHeHHH KAMMAaTa, OCYIIeCTBASBIIENCa B paMKax KasaxcraHo —
AMepukaHcKoro npoekra "Country Studies”[5] .

CraTrcTUYeCKHIT MEeTOA OCHOBAH Ha YpaBHEHMH AMHEHHOTO TPEeHAd
Q= Q + oyt — ty, (1)

rae Qi — CTOK B MOMEHT BpeMeHH t, Q — CpeAHHI CTOK 3a PacCMaTpUBaeMbIH
mepuop HabAroAeHuH, t; — MOMEHT BpeMeHM, COOTBETCTBYIOMIMI CpepHeMy
cTory Q, oy — YTAOBOM KO3(MHITMEHT, OTPaKAIOUIUH HAKAOH AMHUY TPEHAQ,
KOTODPBIM PACCUMUTHIBAETCS METOAOM HAWMEHBINNX KBAAPATOB.

I'lpm 5TOM ecTeCTBeHHEIN (BOCCTAHOBAEHHEIH) CTOK PACCUHUTHIBAETCS IO
YPaBHEHUIO:

Qv =CQn+ (Q — Qi (2)

rae Q, — HavarbHOe 3HAUYeHHe CTOKa B ypaBHeHuw™ 1, Qp, u Q; —
COOTBETCTBEHHO OBLITOBOM (M3MEpPeHHEIN) M PACCUYNTAHHLIN CTOK 38 KayKABIH TOA
O ypaBHeHUIO 1.

Boamo6araHCOBEIN METOA OCHOBAH Ha y4eTe HelIOCPEACTBEHHEIX BOAO3a6OpPOB 1
CcOpPOCOB U Ha U3yYeHHUH IIPOIECCOB Ha yIaCTKaX BOAOCOOPORB, TA€ IIPOUCXOAAT
AQHTPOTIOTeHHEIe M3MeHEeHHUsS COCTaBASIONINX BOAHOTO GaAaHca. IIpu sTom
KOAMYECTBEHHO POAL XO3SMCTBEHHOHN ASTEABHOCTH OLIEHUBAETCS IO PA3HOCTH
9AEMEHTOB BOAHOTO 6araHCa paccMaTpPUBaeMBIX YIACTKOB B €CTECTBEHHBIX
YCAOBHUSIX ¥ IIPH aHTPOIOT€HHOM BO3AEMCTBUHM. B CBA3H ¢ GOABIION
TPYAOEMKOCTBIO U, 3a9acCTyIO, HU3KONW TOYHOCTBIO PACUETOB OTASABHLIX
SAE€MEHTOB BOAHOTO 6araHCa HA DPaKTHKe Yallle BCEro MCIOAL3VIOT YIPOIeHHOoe
YPaBHEeHHe PYCAOBOTO BanaHCa, rAe PaCUeTHBLIMH XaPaKTePHUCTUKAMH SBASIOTCS

TOABKO PACXOABI BOABI B PYCA€, HPPUTAIHOHHON ¥ KOAAEKTOPHO — APEHAaKHBIX
ceTsax. ’

Moaeas dhopmuposanus croka KasHUT'MU mo3BOAsIeT pacCUMUTHIBATE
IIOCTYIIA€HHE BOABI Ha MOBEPXHOCTH BOAOCGOPa, OO BEMEI CTOKA 3a pPasAUYHEIe
KaAreHAAPHEIE ITIEPHOARL (A€KAABI, MECHITHI, TOA) U THApPOrpad CTOKa B
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3aMEIKaroIeM cTBope OaccetiHa. OCHOBHBIMU BXOAHEIMI AGHHBIMHU AAS
MOAEAHPOBAHUA THApPOrpada CTOKa SABAAIOTCS CyTOYHEIE CYMMEI OCAAKOB U
CpeAHUE CYTOUYHEBIE TEMIEPATypPhl BO3AYXA, IOAYIEeHHEBIE B PE3yAbTATE
HaGAIOAEHUH Ha METEOPOAOTHYECKUX CTAHIUSAX, PACIOAOKEHHBIX B IIPeAeAax
Oaccelia UAY BOAM3U OT HETO.

B mopean KasHUWI'MU peuHO 6acceliH IPEACTABACH B BHAE Tpex
MTOCAEAOBATEABHO COCAMHEHHBIX PETYAVWPYIOMINX EéMKOCTEH, PACIIOAOKEHHBIX
OAHA HaA, APYTOM M OTOXXKAECTBASIEMBIX C IIOBEPXHOCTHEIM, TOYBEHHO —
I'PYHTOBEIM U TPYHTOBBIM CTOKOOGpa3oBaHMEM, a TAKXKe EMKOCTH,
XapaKTepHu3yIolie# CTOKOOGpa3oBaHue B IPeAeAaX IHAPOTPA(UYECKON CeTH.
MopeAb BRKAIOYAET ONMHUCAHYE OTASABHBIX SAeMEHTapHBIX BOAHOOAAGHCOBBIX
IrpornieccoB (POPMHEPOBAHUSA CHEr'03allacoB U IIOCTYIACHHUS BOABLL HA IIOBEPXHOCTh
BacceltHa, M3MeHEeHM BAAro3anacos, IPOMeP3aHusa ¥ OTTaMBaHUI IIOYBOTPYHTOB,
CyMMapHOTO WCIIapeHus, IIOBEePXHOCTHOTO, IIOYBEHHO — IPYHTOBOTO M IPYHTOBOTO
CcTOKoOGpa3oBauusd, JOPMHUPOBAHIS IPUTOKA K PYCAOBOM CETH M TMAporpada
CTOKAa B 3aMBIKAIOIIeM CTBOPE), T.e. COCTOUT U3 HECKOABKUX JACTHEIX MOAEAel.
B eé OCHOBY MOAOKEHBI IIPHHITAIEL, U3A0KeHHEIe B paborax: A. H. Baxxzosa [2],
B. A. Komaposa [7], FO. M. Aenucoga [1], }O. B. Bunorpapaosa [3].

Oco6erHoCcThi0 Mopear KasHUTMU siBAsieTcst TO, UTO OHA TO3BOASET AayKe IpU
HAAWYWAM OTPAHHUYEHHOM MCXOAHOM MH(OPMAINY MOAEAHMPOBATL CTOK C KAaXKAOH
BEICOTHOM 30HEI, B TOM UHMCA€ C PA3AWIHLIX AAHAIIAMTHBIX dacTel OacceliHa u
CKAOHOB PasAHMYHOM 3KCHO3UIUM. [lapaMeTphl MOAEAM IPHHUMAIOTCH
N3MeHSIOINMUCI B 3@aBUCHMOCTY OT BEICOTHI MECTHOCTH , YKAOHA ¥ 3KCIIO3HITUHA
TOPHBIX CKAOHOB, XapaKTepa IOACTHAAIOIIEH TOBEPXHOCTH (OTKPBITOH,
3aA€CEeHHOM, AGAHNKOBOM M T.A.).

‘Tlpm apamTamum MopeAr (POPMHUPOBAHHSA CTOKA K YCAOBHAM PACCMaTPUBAEMBIX
GaccelHOB OIIeHWBAANCEH IapaMeTpPhl ONMUCAHUS 3AeMeHTAPHLIX MPOIIeCCOoB
IPOMEP3aHus ¥ OTTAaMBaHUS IIOUYBOTPYHTOB, (POPMUPOBAHUA CHErO3anacos,
rPAAMEHTOB OCAAKOB UM TeMIIepPaTyp BO3AyXa B 3aBHCHMOCTH OT BBLICOTHI

" MECTHOCTH, MX AMHAMHUKH BHYTPH IOAQ, & TakyKe OIIPEAEAsAUCH

ruaporpaduuecKre U rancorpaduyeckue XapaKTePUCTHKH 6aCCeHOB C yIeTOM

9KCIIO3UIUY CKAOHOB, IIOCKOABKY CHETOHaKoIAeHHe B ycaoBuax IOxuoro

Kazaxcrana CyljeCTBeHHO OTAHMYAETCS Ha CKAOHAX PA3HBIX SKCIIO3UIIHM.

1.5 CBa3p C ApYTrHMH NPOEKTaMH

BBIMOAHEHHEIN TPOEKT UMeeT TECHYIO CBSA3b C [ IpHKAaAHBIM
AEMOHCTPAI[MOHHEIM IPOeKTOM "BepOosSTHOCTHEIN IPOTHO3 YPOBHSA ApParbCKOro
MOpS ¥ ero JacTel", TaK KaK CBEAEHHUA O CTOKe IPUTOKOB P. CHIPDAADBH, HIDKE
YapAapbHHCKOTO BOAOXPAHMAMING, UCIOAL3YIOTCA B CXeMe IIPOrHO3a IPHTOKAa
BOABI K ApaArbCKOMY MOPIO U YPOBHS OTAEABHBIX ero gacreil. PesyanTaTh
HCCAEAOBAHHMN MOTYT OBITH UCIOAB30BAHEI IIPY PEarM3allui MHOTOIIeAeBOM
OIITUMH3UPOBAHHON MOAEAU AAS PAclpe)pereHHsI BOABI B PeTHOHe AParbCKOIO
mopsa (PUMAECC).
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Paszpea 2
Pe3yAbTaThl U BBIBOABL

BrimoaHeHHEIe HCCAGAOBAHMSA ITO3BOAUAN OCYIIECTBUTHL BOCCTAHOBACHUE
€CTEeCTBEHHOTO CTOKa peK AphICh, Keaec, Byryss u lllasas. AAd pellleHus 3ToH
3aAa4uM OBIAM HMCIOAB30BAHEL TPH MPHHININAABHO Pa3AHMYHBEIX CIOCOGa:

. CTaTHCTUYECKUH MEeTOA, OCHOBAHHLIN HA OIPEAGACHHH CTOKA IO
VPaBHEHUIO AMHEWHOTO TPEHAR;

. IO YIIPOILeHHOMY YPaBHEHHIO PYCAOBOTO OaraHCa;

L4 MeTOA MOAEAWMPDOBAHHA CTOKA IIO M3BECTHEIM 3HAUYCHUAM
TeMIlepaTypbl BO3AYXa B OCAAKOB.

Havano cymiecTBeHHBIX M3MEHEHUI B CTOKE MCCAEAYEMEIX PeK GLIAC
YCTQHOBAGHO ITyTeM IIOCTPOEHHS MHTeTPAABHBIX KPHBEIX BHAQ [6]

>(Q)= ¢ (ZI0), - 3)
T(Q) = o (1), (4)

rae 2.(Q) HapacTaroas cCyMMa 3HaYeHHH CTOKA OT HavaAa HabAtopenmis, 1T —
HapacTarouas CyMMa MOASAMPOBAHHEIX 3HaUeHHI ITOCTYIIACHUSA BOABI Ha
[IOBEPXHOCTE H6acceliHa, t — MOMEHT BpPeMeHH.

CraTucTrdeckas 3HaYMMOCThL BAUSHUSA XO3SHCTBEHHOH AITEABHOCTH Ha CTOK
OIPEAECASIAACE IO Pe3YABTATaM HMCCAEACBAHUS €TI0 PIAOB HAOAIOACHMI Ha
HaAMYHe TPEeHAA U OAHOPOAHOCTE. AAS OIEHKH OAHOPOAHOCTH MCHOAB30BaHEL
KpuTepun Buakokcona, @Qumiepa, CTHIOAEHTa, a TakKe Z (KpUTepwii).
HesaBucumocTs (CAy9aliHOCTB) MCXOAHBIX COBOKYIIHOCTEH ONPEAEASIAACEH ITyTeM
pacuera ko3 dunuenTa aBToKoppeasinu 1 Kpurepus Hetimana.

W3 npoBepeHHO OIEHKU CAEAYET, ITO II0 BCeM KPUTEePHIM AT pP. ApBIChH
THUNOTe35! 06 OAHOPOAHOCTU M HE3aBHCUMOCTH AGHHEIX B M3MEPEHHOM
(6BITOBOM) CTOKE OTBEPraroTcsda. [IprueM 3HAYMTEeABHOE HapylIeHHe
CHHXPOHHOCTH KOAeOaHHUs MOCTYIACHHS BOALI Ha IOBEPXHOCTE BOAOCOOpa u
CTOK& pP. APHICh, BEISBACHHOE TI0 MHTETPAaALHOM KPUBOM (pucC. 2), oTMeuyaeTcs C
1965 r. TIpwuuHOM ero ABASETCS BBOA B SKCIAYATaIlUIO APBICCKOIO KaHAaAA.

B croke p. IIlass TpeHA OTCYTCTBYET, IPAKTUIECKU IO BCEM KPUTEPUIM
TUMOTE3a OAHOPOAHOCTH IIPHHHUMAETCS, MHLIMHU CAOBAMH, XO3SIHCTBEeHHAS

AESTeAbHOCTE He OKAa3BIBAeT CYHIECTBEHHOTO BAWAHHWSA HA BOAHOCTE PEeKH.

HiaTerpasbHble KpUBEIE, IIOCTPOeHHEIE AAsi pek Keaec, ByryHs, He mossoamau
OIIPEASAUTH IIePHOA C PE3KHM HapylUeHHeM CTOKAa, HeCMOTpPs Ha TO, 94TO 3abop
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BOABI M3 3TUX BOAOTOKOB MMeeT MeCTO C AQBHHX IODP. AHAAOTHYHEBIE MCIILITAHUS
CTOKOBLIX PSIAOB 3a IIE€PHOA HAOAIOAEHUN BHITBUAU UX OAHOPOAHOCTD U
OTCYTCTBHE TPEHAOB. Tarmm 06pa30M, MOJKHO CAeAdTh BEIBOA O TOM, 9TO
aHTPOIIOTeHHAas Harpy3ka Ha CToK pek Keaec m ByryHE HOCHUT IIOCTOSIHHBIN
XapakxTep, 6e3 pe3KMX M3MeHEeHMH 3a BpeMs PeTyAAPHBIX HaOAIOAeHHII 3a
CTOKOM. ABOHWHBIE MHTEIPaAbHEIE KPUBHIE MOCTYIIAEHNS BOABI Ha OBEPXHOCTH
Bopoc6opos p. Keaec a0 ayra Axorap u Byryas po ¢. KpacHeiil Mocr,
PACCYUTAHHOTO II0 MOAEAU (DOPMUPOBAHUSA CTOKA ¥ OLITOBOTO CTOKE,
IIOATBEP>KAQIOT 3TH BHIBOABI. '

Kaxk YKA43BIBAAOCE BEIIIE, AASL BOCCTAHOBAECHHMA €CTECTBEHHOI'O CTOKA PeK
HCIIOAB30OBANACE TPH IIPHHOHUIIHAABHO PASAMYHBIX METOAA:

° CTATUCTUYECKUH, [0 YPAaBHEHHUIO AMHEMHOTO TPEHAA (AT peK
Apricy, Keaec, Byryns, [lasm);

. IO YIIPOIUIEHHOMY YPABHEHHIO PYCAOBOro 6araHca (AAd pex
Apericy, Keaec, Byryns);

. IIyTeM MOAEAUPOBAHUS, OCYIIECTBACHHOIO Ha IMpuMepe p. ApLICS,
SBASIONIENCSI CaMBIM MHOTOBOAHBIM IIPUTOKOM P. CEIpAAPLH B
npeperax Kasaxcrasa, u p. lllags, CTOK KOTOPOH, IO
IIpeABapUTEABHON OIleHKE, He MMeeT CyIIeCTBeHHOTro
@HTPONIOTEHHOTO BAWSIHUA.

PacyeTs! o ypaBHeHWIO AMHEHHOTO TPeHAA IMOKa3aAH, YTO PACYETHHIM CTOK AAS
p. Apeich ¢ 1951 1. ymeHbIaACs B cpepHeM Ha 1,79 m3/c 3a roa, k 1990 roay om
MOHU3MACST Ha 36,4 M3/c, T.e. Ha 43% MCXOAHOTO PACYeTHOTO PACXOAA BOAHI
paBHOrO 84,5 M3/c. Aad p. ByryHb eXXeropsoe yMeHBIIEHUe CTOKa ¢ 1966 mo
1990 rr. cocraBuno 0,12 M3/c, aas p. [lasg 3a nepuoa ¢ 1951 mo 1990 rr. —0,016
M3/c, aprs p. Kenec 3a mepuop ¢ 1960 mo 1990 rr. —0,08 m3/c¢, uTo mo
OTHOIIIEHUIO K MCXOAHBIM PACYETHEIM PacXoAaM COCTABASET COOTBETCTBEHHO
14%, 4%, 5%, 3TO HaXOAUTCSA B IPEALAaX TOYHOCTH M3MEPEHHS PACXOAOB BOALI.
Taxum o6pa3oM, OlleHKa BAUSHUS XO3AHUCTBEHHON ASITEABHOCTH Ha CTOK JTHX
PEeK CTaTUCTHYECKHM METOAOM BEIIBHAA AOCTATOYHO 3HAUYMMEIE H3MEHEHMS
TOABKO B GBITOBOM CTOKE P. ADHICE.

BoccTanoBaenMe cTOKA B eCTECTBEHHEBIX YCAOBHAX IO YPABHEHHIO PYCAOBOTO
Ganranca BHEIIOAHSAOCE IIyTeM CYMMMPOBAHUSA Pa3HOCTHU MEXAY BOa03abopaMu 1
cOpocaMu IO AGHHEIM HAOAIOASHUM Ha CETH OPOCHTEARHBIX KAHAAOB C
BeAWYHHaAMU HaOAIOASHHEIX PACXOAOB BOALI 3@ MEPHOA IIOAOBOALS AAT P. APEICh
¥ K. —A.CT. AphIch, p. Keaec v ayra Axkap, p. Byryss y ¢. Kpacueit MocrT.

I'Tpu pacueTtax nmo MopeAu POPMUPOBAHUA CTOKA B KAYECTBE BXOAHLIX
XapaKTePUCTUK HCIIOAB30OBAHBI HAOAIOAEHHEIE 3HAUEHUA CPEeAHECYTOUYHEIX
TeMIIepaTyp BO3AyXa U CYyTOUHBEIX CYMM OCAAKOB IO METEOPOAOTHUESCKHM
cragnuaM [IIsimkenT, Troabkybac, Tacaprik u lllagn (puc. 1). B pesyabrare
YHCASHHEBIX 9KCIIEPUMMEHTOB NOAYIEHEl MOASAWPOBAHHEIe THAPOrpadbl CTOKA, a
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TaK>Ke PacCUYUTAHEL 3HAYeHNSA 00hLeMOB BeCeHHErO IOAOBOABSI AAT PeK ADEICH U
IITass 3a mepuop, 1951 —1990 rr.

BoccranoBaeHHBIE ABYMS — TpeMs CIIOCO0aMU CTOKOBBIE DSIABL, B CBOIO OUEPEAD,
TIOABEPraAlCh CTATUCTHYECKON 00paboTKe — IIPOBEPKe Ha OAHOPOAHOCTD,
HEe3aBHCHMOCTh, HAAWUMe TPeHAA. OTa OlleHKa [TOoKa3aAd, 9TO B PaCCUMTAHHBIX
PAAAX TPeHA OTCYTCTBYET, & BCe CTAaTHUCTHKH (3a MCKAIOUeHUEeM KPHUTEepUd
Ouirepa) YKAQABIBAIOTCSA B 3aAaHHEBIE IPEAEAB] TIPU 5% YPOBHE 3HAUMMOCTH.
[MoaTBep>RAEHIEM OAHODPOAHOCTH BOCCTAHOBAEHHBIX PSIAOB CTOKA CAY’KAT TaK)Ke
rpauKy MHTErpaArbHEIX KPUBBIX BHAA 3. B KadecTBe NpuMepa IpHBeAEH
rpauK CBA3HW MHTEIPAABHEIX XapaKTePHCTHK BOCCTAHOBAEHHOTO CTOKA P.
ApEICH U IOCTYTIACHHKS BOABI Ha MIOBEPXHOCTE ee BOAOCGopa (puc. 3), rae
HabOAIOAGeTCS MPONOPHUOHAABHOCTh B M3MEHEHUU 3TUX XapaKTepPHCTHK.
OO6BeMEI BeCEHHETO IIOAOBOABS P. ApHICh ¢ 1966 mo 1985 rr., BOCCTaHOBASHHEIE
IO YIPOIeHHOMY YPaBHEHHIO pycaoBoro GanraHca (Qy), Mopear dpopMupOBaHUS
cToKa (Qp,) ¥ ypaBHeHHIO AMHeMHHOro TpeHAa (Q) 6AM3KM MeXkAy cOGOI.
Kosddunuenrrs: xoppeaanuu Mexpay Qpu Qpr = 0.95+ 0.02, mexxpy Qp u Q¢ T
= 0.94 £ 0.02. 3710 paeT OCHOBaHHE IIOAATaTh, 9TO BOCCTaHOBACHUE
€CTeCTBEHHOTO CTOKA IIPOBEAEHO AOCTATOYHO HAAEKHO, B CBA3HU C UeM
TIOAYUYEHHBIE €I0 PSABL MOTYT MCIOAB30BaTLCS IIPH PAacieTax PasAUIHEIX
THAPOAOTHUECKUX XapaKTePUCTUK, a TakKe pa3paboTKe MeTOAOB IIPOTHO30B
BOAHOCTH.

ITpoBeapeHHaAs OIleHKA U3MEHEHUHN CTOKa, OOYCAOBACHHEIX BAUSHHEM
XO39HMCTBeHHON AeATeABHOCTH, II0KA3aAd, 4TO OOABIINE U3MeHEeHUT
HaOAIOAQIOTCS B CTOKe P. ApEICh (Tabauma 1). I'lo AQHHEIM, HOAYYEeHHEIM C
HCIIOAB30BAHMEM MOAEAH (POPMUPOBAHMA CTOKA, OH YMEHBLIIHUACA B CpepHeM Ha
37%. Ilpm sTom 3a nmepuop 1951 —1964 rT. BOA03aGOPEL GBHIAM HA IIOPSAOK HIDKEe
U COCTaBASIAK 5%. Ilocae BBOpA B AKCHIAyaTallUIO ADBICCKOTO KaHana B (1965 1.)
OHU BO3pocAU A0 55%. IlpHu olleHKe M3MeHEeHHUH CTOKA C UCIOAL3OBAHVEM
YPaBHEHUA PYyCAOBOTO OanaHca yMeHBIIeHHe ero B CpepHeM cocTtaBuno 38%, a 3a
VKa3aHHBIE OTASABHEIE IEPHOABL — COOTBETCTBEHHO 8% 1 54%. BeAwumHEI
' M3MEpPEeHHOro CTOKA B CPABHEHHM C PACCYNTAHHLIM IO YPABHEHHUIO TPEHAA B
cpepHeM Menble Ha 40 %, 3a mepuoasl 1951 — 1964 rr., 1965—1990 rr. —ua 13
% 1 56%. '

BoccTaHOBAeHHEBIE U M3MEePeHHEIe pacXoAb! BOAHI p. Illasgs mMeroT xopouryio
CXOAUMOCTD, CPEAHUN PAcXop BOABI 3a mepuoa, 1951 — 1990 rr., paccuuTaHHEBIN
10 MOAEAM (POPMHUPOBAHUS CTOKA, COCTaBAsieT 5,36 M3/c, IO ypaBHEeHMIO TPeHAA
5,58m3/c, mo rmapomeTprdeckuM HabAroperuaM — 5,30 m3/c. Takum o6pasom,
TIOATBEPIRAAETCA HEe3HaUUTEALHOE BAMSHIE AeATEeABHOCTH YeAOBeKa Ha CTOK

p. asm.
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Ta6aupa 1

V3MeHeHMe CTOKa PeK, 06YCAOBACHHOE XO3SMCTBEHHON AESITEABHOCTBIO

Pexa — HOyHKT
XapaxTepHuCcTHKa Apricy — | Keaec — byryus— Magu —
CTOKAa X.—A.CT. | aya c. Kpacuni#i | B 3,3 xm
Aprick AxoRap Moct HIDKE YCThI
’ p. AxbeT
PacueTHEBIH IepUOA, 1951 — 1960 — 1966—1990 | 1951—1990
1990 1990
BEITOBOM CTOK, M3/C 55,3 9,65 9,23 5,30
EcTecTBeHHBIN CTOK:
a) mo TpeHpay M3/c 91,7 9,19 10,8 5,58
6) IO pycAOBOMY
6araHCy, M3/C 88,9 10,2 10,4
B) II0 MOAEAH
KasHUT'MH, m3/c 87,4 5,36
WV3sMeHeHUe CTOKA: ’
a) mo TpeHAY M3/c 36,4 —0,46 1,57 0,28
To xe, % 40 5 14 S5
0) IO PyCAOBOMY
H6anranCy, M3/cC 33,6 0,58 1,11
To xe, % 38 6 11
B) IO MOAEAH
KasHUI' MU, m3/c 32,1 0,06
To xe, % 37 1

AuTpornoreHHble U3MEHEHMs CTOKa pek Keaec u ByryHb CpaBHUTEABLHO

~ HeBeAWKU. PaccumTaHHBEIe ABYMS cIOcOGaMM AAd P. Keaec OHM COCTaBASIIOT, B
cpeaueM 5 —6%, B MAaAOBOAHEIe TOABI — 20%, B MHOrOBOAHEIe — 1 —2%, AAs P.
Byryus B cpeaHeM —11—14 %, B MaroBOAHEIe TOABI — 50%, B MHOTOBOAHEIE —
1—2%. Karxmx —AubO0 TeHASHIHH B 3TUX M3MEeHEHUIX He 0OHapy KeHO.

YuuTLIBas 3HAUYUTEALHOE M3MEHEeHKe CTOKA P. APBICH IIOA BAHSHUEM
XO3SAMCTBEHHOU AeSITeABHOCTH, pa3paboTaH crrocob pacgeTa BOAO3a00pPOB U3
PEeKU B 3aBHCHUMOCTH OT BOAHOCTH ropad. ['padpuk, IpMBEeACHHBIN Ha PHC. 4,
TTO3BOASIET OIPEAEAATh OTHOCUTEALHYIO BEAMYHHY BOAO3a60pa B 3aBHCHMOCTH OT
PacYeTHEIX WA IIPOrHOCTUYECKUX BEAWINH PACXOAOB BOABI B KaXKAOM
KOHKDETHOM TOAY.

BrimoAHeHHAd OIIeHKA BAUSHUS XO3AMCTBEHHOM AITeABRHOCTH Ha CTOK IIPHTOKOB
p. Cruipaapnu, B npepenrax KasaxcraHa, IIO3BOASIET CACAATE CAGAYIOIINE BLIBOABI:

L HauboAbIlIee AHTPOIIOTeHHOEe yMeHbIIIeHNe CTOKA IIO CPAaBHEeHMIO C
€CTeCTBEHHBIMU YCAOBHAMM IIPOM3OIIAO HA P. API:ICL IIOCAE BBOAA
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B Ae¥icTBHe APBICCKOrO KaHand M COCTABHAO B CpepHeM 55%, B
MaAOBOAMBIEe TOALI — 80%, B MHOTOBOAHEIE ropbl — 35%;

B OacceiiHax pek Keaec 1 ByryHb pe3KHX aHTPOIOTreHHBIX
M3MEeHEeHHM CTOKa 3a pacCMaTpPHUBaeMBIN IEPHOA He HabGAIOAAAOCH,
YTO SIBAAETCS CAEACTBHEM OAHOI'O M TOTO JX€ YPOBHA
XO3IHUCTBEHHOM AeATEeALHOCTH;

B Oaccetine p. lllags BAMAHNE XO35AHCTBEHHOM ASATEABHOCTH He
CYyIIIeCTBeHHO;

IpUMeHeHHEIe B IPOIlecce UCCASAOBAHUHN TPU CIIOCO0a OL[EHKHU
AHTPONIOTEHHEIX N3MEHEHUN PEYHOro CTOKA U €ro
BOCCTAHOBAGHUE B €CTECTBEHHBLIX YCAOBHUSX (CTaTHCTHIECCKULM,
BOAHOGAAAHCOBEIH, MATEMaTUIECKOTO MOAGAMPOBAHMS) IOKA3aAU
XOPOH_IYTO CXOAMMOCTB, 9YTO AQeT OCHOBaHME HOAOKUTEABHO
OLIEHUTEL OAYIEHHBIE PEe3YALTATHL ¥ UCIIOAL30BATh
BOCCTAHOBAEHHEIE PSAABLI AASL BHIIIOAHEHMS Pa3sAMYHBIX
TUAPOAOTHYECKHX PACUYeTOR; ‘

B YCAOBHUSIX CHIDKEHUS KadeCTBa TMAPOAOTHYECKUX HAaOAIOASHM,
TIPOUCXOASIIEro B HaCToOsAIee BpeMs, HauboAee IPHEMAEMBIM U
MePCIeKTUBHEIM CITOCO60M BOCCTAHOBACHUS €CTeCTBEHHOIO CTOKAa
PeK U OLIEHKY BAUSHUSA XO3SHCTBEHHON ASITEALHOCTH Ha BOAHEBIE
PeCcypChi CAEAYEeT CUMTATh UCIIOAB30BaHME MaTeMaTUIeCKOM
MopeAr popmupoBaHusa cToKa pek KasHUI'MIL.
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Paszpen 3
PekoMeHAAIIIN

3.1 PexkoMeHAQNWH [0 UCIOAB30BAaHUIO Pe3YABTATOB IIPOEKTa

PeKOMEeHAALMH IIO HMCIIOAB30BAHUIO PE3YALTATOB IIPOEKTAa COCTOSAT B CACAYIOILEM.

1. B coBpeMeHHBIX YCAOBHAX OOABIIOTO BOAOIOTPeOACHHUS B FOJKHBIX
permonax KazaxcTrana oIleHKa pPeCypCOB IOBEPXHOCTHBIX BOA
COCTOUT, B IIEPBYIO OYepeAb, B YTOUYHEHHH PEYHOrO CTOKQ,
TIOABEPIKEHHOTO BAUAHHUIO AHTPOIOTeHHEIX (PAaKTOPOB, IOAOOHO
TOMY, KakK 3TO OBIAO CAGAAHO B PaMKaxX AGHHOIO IIPOeKTa. JTO
TIO3BOAUT M30e)KaTh 3HAUUTEABHBIX OIINOOK IpH
BOAOXO3AMCTBEHHOM NAAHUPOBAHUY M IPOTHO3HWPOBAHUM, & TAKKe
CTPOUTEABHOM IPOEKTUPOBAHUH.

2. BoccranoBaeHHEBIE PSABI CTOKA MOTYT OBITH MCHOAB30BAHEL IIPH
pa3paboTKe MeTOAOB IIPOTHO3a BOAHOCTH, OCHOBAHHBIX Ha
PErPeCcCHOHHEIX CXeMaX, TAe CTAallMOHAPHOCTL PSIAOB ABASETCS
OCHOBOIIOAATAIONIESH.

B mmeaom Pe3yABTAThL HCCAeAOBaHHfI MOTI'YT ObITh HCIIOAB30BAHBI:

. AAS PellleHus 38Aa4 VIIPaBACHMS BOAHEIMH pecypcaMu U
Ka4geCTBOM BOABI C IIEABIO CO3AAHUS ONTUMAABHOT'O Pe’KHUMa
BOAOTIOAB30BaHUS ¥ BOAOIIOTpPeOAeHUA B OaccelHax
npaBoGepeskHEIX IPHUTOKOB CHIpAAPEH B npeperax PeciryOamku
KazaxcTas;

. AASL TIANGHUPOBAHUS B PAaCCMaTPHBAaeMBIX OacCeHaX ITOCEBHBIX
IIAOMIAAEH, 3aHMMAaeMEIX 3€PHOBBIMY ¥ TEXHWIKCKHUMU
KYABTYpPaMH, pa3MepoB OPOIIaeMEIX MAacCCHBOB U peKKuMa
HCIIOAB30BAHUSA BOAEI B PA3AMYHEIE II0O BOAHOCTH TOABL;

. Hay49HO — NCCACAOBATEABCKUMU MHCTUTYTAMH T'MAPOAOTHYECKOTO U
9KOAOTMYECKOrO MPOMUAL, MUHUCTEPCTBAMI ¥ KOMUTETAMHY,
OCYIIECTBASIOIMIMMI MOHUTOPHHI BOAHBIX PeCYpPCOB, KadeCTBa
BOAEIL, a TAaKKe ee paclpejpeAeHre U UCIOAB30BaHue
(MuHHCTEPCTBO 3KOAOTHH U GHOpecypcoB, KOMBOAPECYDCHI,
KasrrappomeT) IpOeKTHBIMH HHCTHTYTaMH, BHITOAHSIOIUMHA
WH>XeHEPHO — I'MAPOAOTHYECKHE PACUeThl AAST CTPOUTEABHOTO

IIPOEKTUPOBaHKA T'MAPOTEXHIYECKHX COOPY KEeHHH B IIpeAeAax
paccMaTpHUBaeMbIX OOBLEKTOB.
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3.2 PexoMeHApaUUU NOAUTHYECKON HaNpaBAE€HHOCTHU

PesyapTaTe! IpOeKTa MOTYT OLITH UCIIOAB30OBAHBIL:

. Ha pecnyOAMKAHCKOM YPOBHE DPEe3YABLTATHL IPOEKTAa MOTYT OHITH
VUITeHBI IpK 000CHOBAHMM UMCASCHHOCTH HaceAeHHUs H Pa3paboTKe
KOHIIENIINH MCIOAB30BAHMS TPYAOBEIX PECYpPCOB, HeOOXOAUMEIX
AASL PA3BUTHS MPOU3BOAUTEABHEIX CHA DETMOHE;

. Ha PervOHAABHOM YPOBHe — IIPH paspaboTke
' MeJXXroCyAQpCTBEHHEBIX COTAAIIEHHN O BOAOAEAEHMH B OacceiiHe
p.Crippapsu Mexxpy KasaxcTraHoM u Y30eKHUCTaHOM.

3.3 IMoreHnmaabHOE BAHSIHHE NMPOEKTa U PErHOHAABHOE
COTPYAHHYECTBO

PesyApTaTel BEINOAHEHHOM PaGoTH UcHOAb30BaHK KasHMVIMOCK npn
pa3paboTKe MeTOAOB MPOTHO3a BOAHOCTH peK Aphick, Keaec, Byryus, Illasn u B
HacTosIllee BpeMs HCIOAL3YIOTCS KasrmaopoMeToM B OIepaTHUBHOM NPAKTHKe IIPU
BBITYCKE IIPOTHO30B BOAHOCTH 3a IIEPHOA IIOAOBOABLS ¥ MECSIIEB BHYTPH HETO.
I'lpu 3TOM BHeCeHHe IIOIIPABOK B IPOTHOCTUYECKHE BeAWUHHEI HA
XO3AMCTBEHHYIO AeSITeALHOCTh I03BOAsIeT KoMBOApecypcaM BHOCHUTH
COOTBETCTBYIOIIYE KOPPEKTUBEI B YIIPABA€HHEe BOAHLIMH pecypcaMH.

OcHOBHEIe BBIBOALI HaYUHEIX MCCACAOBAHUN AOAOKEHEl Ha TPeThell COBMECTHOM
KougepeHium o rupApoOAOTHIeCKUM U THAPOT€OAOTHYECKHM IIpoOAEeMaM OXPaHEBL
OKpy’Karmwmlel cpeabl “Boaa KpuTHIeCKU pecypc: IpobaeMa COXpaHeHHd],
HUCIIOAB30BAHMA U yupaBaeHUs" (22— 26 cerTsabpsa 1996 ropa r. TamkeHT) 1
PEeKOMEHAOBAHEL K ONyOAMKOBAHUIO B cOOpHMEKe TPyAO0B KoHdbepeHIU.
IMpakTiyeckas HaOpPaBAEHHOCTb UCCACAOBAHUM M IIOAYUEHHEIE PE3YABTATHI
IOMOTYT CHEeIIUAANCTaM B OOAACTH yIIPaBACHUS BOAHLIMH PeCypcaMU APYTHX
TOCYAGPCTB VUHUTHIBATL UX ¥ BHOCUTEH COOTBETCTBYIOIIHE KOPPEKTHBEL.

MareMaTnueckass MOAeAs (popMupoBaHus croka pek KASHVITIMUY,
HCIIOAB30BAHHAT AAG OLEHKU BAMSHUS XO39MCTBEHHOU AeATEABHOCTH Ha
BOAHOCTB PE€K U BOCCTAHOBAEHMS CTOKA B €CTeCTBEHHEIX YCAOBHIX, ABASETCS
YHUBEPCAABHOM ¥ MOJKeT OBITE C YCIIeXOM IPHMMeHeHa B TeX JKe I[eAdX AAG
APYTHX BOAHBIX OOBEKTOB Oacceliia ApaabCKOTO MOPS.
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