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FORECASTING OF THE STATE OF THE SMALL ARAL SEA
BASED ON OPEN DATA SOURCES

Abstract. The study of the dynamics of the level and volume of water in the Aral Sea is an urgent scientific task
due to the need to understand the mechanisms of natural and anthropogenic processes that have induced a radical
change in its water and salt balance over the past 60 years. In particular, the study of the dynamics of water balance
components in the basin of the Small Aral Sea is the most important task when planning scenarios for water use in
the region. In the proposed work, based on the methods of machine learning (for the implementation of
computational functions in the program), two statistical models were developed: a forecast model for the monthly
values of river flow in the Syrdarya river and the forecast of variability of the water volume of the Small Aral Sea.
Based on the simulation results, forecasts were made for the values of the Syrdarya drainage and the water volume of
the Small Aral Sea. In conditions of low availability of field observations data, the operational estimates of the water
balance component are the most important source of information on the changes occurring in the basin under
investigation. The proposed technique can also be used to obtain initial conditions in experiments on hydrodynamic
modeling, as well as to calculate climatic scenarios for the development of the hydrological system of the Aral Sea.

Keywords: Small Aral Sea, sea level, machine learning, river discharge, basins, Syrdarya, hydrodynamic
modeling.

Introduction. The research of the dynamics of the level and volume of the Aral Sea is an urgent
scientific task due to the need to understand the mechanisms of natural and anthropogenic processes that
have induced a radical change in its water and salt balance over the past 50 years.

Since the late 60's. the volume of the sea decreased by 90%, the salinity of its water increased by an
order of magnitude [1]. The research of the processes of the hydrological cycle of the Aral Sea is
hampered by the almost complete absence of data from modern measurements of the water balance
composing it. Since the 60s the Aral Sea is undergoing irreversible changes in the water and salt regimes,
cardinal changes have affected not only the ecosystem of the sea itself, but also affected its entire basin.
Over the past 15 years, the tendency of the Aral Sea to separate water bodies has deepened: the deep-water
western and shallow eastern basins of the Greater Aral, the Small Aral Sea, and the Tushi Baza (figure 1).
Thus, the eastern basin of the Greater Aral Sea in recent years has virtually ceased to be a permanent
reservoir, becoming an ephemeral lake, whose existence is determined by the magnitude of the seasonal
full-water flow of the Amu Darya river.. The northern basin of the Aral Sea (or the Small Aral Sea) has in
recent years almost lost contact with other basins - both due to natural causes of drying up of the western
and eastern basins, and due to the construction of a dam designed to minimize water exchange between the
basins [2].
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Figure 1 - Satellite image of the Aral Sea in July 2014 (left),
satellite image of the Small Aral in August 2014 (right)

In this paper, we have emphasized the research of the dynamics of the water volume of the Small Aral
Sea. In recent years, after minimizing its water exchange with other parts of the sea, it began to establish a
relatively stable water-salt regime, similar in characteristics to the "conditionally-natural" regime of the
Aral Sea, before drying began. Nevertheless, the significant shortage of these direct observations of the
water balance component for this region is still felt as sharply. Modern field observations on all parts of
the Aral Sea are episodic, most of the regime monitoring hydro-meteorological stations and stations
ceased to exist in the first half of the 1990s, so in this work we used the database of indirect water level
observations as well as climate reanalysis database. The main goal of this work is to research the
possibility of modeling the dynamics of the water volume of a basin located in arid conditions using the
data of indirect measurements of open sources (Fig. 2). Key modeling concept is based on implementation
of a simple Decision Tree model in case of regression task [3]. Typical Decision Tree model is a "white
box" consists of the range of boolean classifiers which split our samples to tiny "leaf" nodes where all
samples constantly refers to the one target value [4]. Single tree-based implementation of Decision Tree
algorithm faced with the case of overfitting and robustness lack that lead to limited using in real world
examples [5]. In our work we used three cutting-edge machine learning techniques based on ensemble
approach to predictions: Random Forest, Extra Trees and Gradient Boosting [6]. All of them are based on
ensembles of simple Decision Tree models and provide useful tricks such bagging, bootstraping, prunning
etc. which totally reduce overfitting and make our models suitable to provide robust predictions [7-9].

Materials and methods. As the research material, was selected the analysis period from 2002 to
2014, all daily (reanalysis) and decadal (water level) measurements were taken to mean monthly values.
Below is given a more specific description of the data used:

1. Sea level variability based on satellite altimetry data from 1992 to 2014 (decadal values), DAHITI
project [10].

2. River runoff. Syrdarya (post Kazalinsk), historical monthly values 1979-1986, Global Runoff
Data Center (GRDC) [11]

3. Atmospheric forcing: reanalysis Era-Interim, resolution 1x1 degree, daily values [12]
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Figure 2 — Study area — the Small Aral Sea and the Aral Sea basin

A hypsometric relationship between the sea surface layer and the water volume was obtained for the
entire range of sea level variability according to the DAHITI data for the period under research on the
basis of a detailed bathymetric map of the Small Aral [13].

As a model linking the average monthly rates of fluctuations in climatic characteristics with the
dynamics of river flow values [14-16], a regression model of solving trees was chosen, which in general is
a nonparametric model of machine learning - a simple model of the "white box" solutions of which can be
described by a set of simple Boolean functions. Advantages of the regression model of decision trees are:
interpretability, quick learning, high tolerance for incomplete data [17]. As shortcomings, usually
distinguished: high ability to retrain, instability with the dominance of one decisive class, the difficulty of
finding the exact structure of the tree.

Results and discussion. On the basis of the described method, two statistical models were developed:
a model for predicting the monthly values of river flow Syrdarya rriver and the forecast of variability of
the water volume of the Small Aral. In the first model, the predictors used air and precipitation values for
the current and previous six months averaged over the entire Aral Sea basin. The model was trained on the
period from July 1979 to December 1985 according to the monthly values of the river flow at the Kazaly
station (Figure 3). As a result, it was used to simulate river flow values for the period from January 1986
to September 2015 - for this period, the actual measurements of the river flow were not available (Fig. 4).
These data, together with reanalysis data (air temperature, wind speed, precipitation) were used to train the
second statistical model for predicting small-Aral volume fluctuations on satellite altimetry data for the
period from October 1992 to November 2014 (Fig. 5). In conclusion, a forecast was made for the monthly
values of the water volume of the Small Aral Sea in 2015 (Figure 6). Analysis of the significance of the
signs showed that the parameters of mean temperature, precipitation amount and total evaporation are
most significant for the results of constructing the model of decision trees, so only they were chosen as
predictors of the final model - this made the model less susceptible to noise (robust), and also minimized
the risk of retraining.
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Figure 3 — Training of the model of river flow formation
for the period from July 1979 to December 1985
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the period from October 1992 to November 2014
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Figure 6 — Modeling of monthly values of the water volume of the Small Aral Sea in 2015

Conclusion. As a result, it should be noted that despite the serious shortage of these direct
measurements of the main components of the water balance, such as the sea surface level and river runoff,
the proposed method makes it possible to accurately predict the volume of waters of the Small Aral on the
basis of open databases. The introduction of the factor of influence of the Kokaral dam into the model will
help improve the quality of the forecast. The proposed technique can be used to obtain initial conditions in
hydrodynamic simulation experiments, as well as to calculate climatic scenarios for the development of
the hydrological system of the Aral Sea. Directions of further studies of the dynamics of the water volume
of the Small Aral Sea are seen in the use of episodic data of field measurements for verification and more
detailed adjustment of the model used, Syr Darya for the restoration of the values of natural water inflow
into the Small Aral Sea.
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INPOTHO3UPOBAHHUE COCTOAHUA MAJIOT'O APAJIBCKOT'O MOPA
HA OCHOBE JAHHBIX OTKPBITBIX HCTOYHUKOB

AunHotanusi. ViccrnenoBaHue NUHAMHKH YPOBHS M 00beMa BOJ ApAlbCKOTO MOpPS SIBISETCS AaKTyalbHOU
HAy4HOU 3a7adell B CHIIy HEOOXOIUMOCTH MOHMMAaHHs MEXaHH3MOB MPHUPOIHBIX M AHTPOMOTEHHBIX IMPOLECCOB,
MH]IyIUPOBABIINX PAIUKAILHOE H3MEHEHUE ero BOJHOTO M COJICBOro OanaHcoB 3a nociendue 60 set. B wactHocTH,
WCCIIeTOBaHUE TUHAMHUKN KOMIIOHEHT BOJHOTO OanaHca 6acceiitna Manoro ApajabCKOTo MOPS SIBISIETCS] BaKHEHIIIeH
3aJaueil Mpy IIaHKPOBAaHUU CIICHAPUEB BOJIOIOJB30BaHUs B pernoHe. B npesaraemoii paboTe Ha OCHOBE METOJIOB
MAIIMHHOTO 00y4eHus (I BHEAPEHHsI BBIYMCIMTENBHBIX (YHKIMHA B TOporpamMmy) ObuUTH pa3paboTaHbl B
CTaTUCTHYCCKUE MOJCIM: MOJEIb IMPOrHO3a MECSYHBIX 3HAYCHUH peyHoro croka p. Celpaapus W IPOrHO3a
M3MEHYHMBOCTU 00BbeMa Bog Masioro Apana. [To pe3yabTaraM MOJCTUPOBaHUS OBLIM MMOJIyYEHBI IPOTHO3BI 3HAYCHU I
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croka Crip-Zlapen u o6bpemMa Bog Mamnoro Apanbckoro mMopa. B ycnoBusx Maioil 00ecrie4eHHOCTH IaHHBIMHU
HATypHBIX HAOJIIOAEHUH MOIyYeHHBbIE ONEPATUBHBIC OIEHKH KOMIIOHET BOAHOTO OanaHca SBJIAIOTCA Ba)KHEHIIMM
WCTOYHMKOM HWH(OpMaLuK O MPOUCXOJSIIMX HM3MEHEHHsX B uccieayeMoM Oacceiine. [Ipeanaraemasi meToanka
TAaKXC MOXKCT 6I)ITb HCIOJIb30BaHa JIsA TMOJYUYCHHSA HadaJlbHBIX yCJ'IOBl/Iﬁ B OKCIICPUMECHTAX TUAPOJUHAMUYCCKOTO
MOJCJIMPOBAHUS, a TAKKE IJIA pacucTa KIIMMaTUYCCKUX CHUCHAPUCB pa3BUTHA FI/I[[I)OJ'IOFI/I‘ICCKOﬂ CHCTCEMBbI Apana

HccnenoBaHue MmponeccoB I'MAPOJIOrHYECKOro IUKJIA ApaJIbCKOrO MOpPS 3aTPyAHEHO HPAKTHYECKU MOJIHBIM
OTCYTCTBHEM JaHHBIX COBPEMEHHBIX HM3MEPEHHMH COCTaBISIOIIMX €ro BOXHBIX OanaHcoB. 3a mociemnue 15 ner
TEHJICHIUS] ApallbCKOro MOpS K pasJejieHHI0 BOJIHBIX OOBEKTOB YIIyOmiIach: TIIyOOKOBOJHBIE 3alaiHble U
MEJIKOBOJHBIE BOCTOUHBIE OaccelHbl bonpmoro Apansckoro Mopsi, Manoro Apanbsckoro mopst u Tymi-6a3sl. Takum
o0pa3oM, BOCTOYHBIN OacceiiH Bombiroro ApaibCKOro MOpsi B TOCIEIHHE TOABI MPAKTHYECKH IepecTan OBITh
MOCTOSTHHBIM BOJIOXPAHMJIMIIEM, MPEBPAaTHBIINCH B 3(EMEPHOE 03€p0, CYIIECTBOBAHHE KOTOPOTO OMpEnelseTcs
BEJIMYMHON CE30HHOTO ITOJTHOBOIHOTO CTOKa peku Amymapbu. CeBepHBIN OacceitH Apaiabckoro Mops (wim Mamsrit
Apai) B mocnegHNue TOAbl MPAKTUYECKH YTPATHI KOHTAKT C JIPYyTUMHU OacceHaMM Kak M3-32 €CTECTBEHHBIX NMPUUIMH
nepecbixanus 3anagHoro U BocTouHoro GacceifHOB, Tak M H3-3a CTPOUTENILCTBA IUIOTHHBI, IPH3BAHHOW CBECTH K
MHUHAMYMY BOZOOOMEH Mexay OacceiiHamu.

B naHHO#1 paboTe Mbl aKLEHTUPOBaJM BHUMAaHHE Ha MCCIEAOBAHWMM JUHAMHMKHM BOJHOrO oObema Majsoro
Apasbckoro Mopsi. B nocnennue rospl, cBeAss K MUHUMYMY CBOW BOZOOOMEH C JPYTMMHM YacTSMHU MOpSI, OH Hadal
YCTaHABIMBAaTh OTHOCUTEIBHO CTAOMJIBHBIH BOJHO-COJIEBOM DPEXHUM, CXOIHBI IO CBOUM XapaKTEPUCTHKaM C
"'yCIIOBHO-ECTECTBEHHBIM" PEXXUMOM ApPajibCcKOTro MOpsl, €Ilie JI0 Havyalla BhIChIXaHus. TeM He MeHee, CTOJIb e OCTPO
OIIYIIACTCS ¥ 3HAYUTENBHBIN JEPUITUT STUX NMPSIMBIX HAOIIOAEHUH 32 KOMIIOHEHTOM BOJHOTO OanaHca I JaHHOTO
pernona. CoBpeMEHHBIE IIOJICBbIC HAOIIONCHMS HAa BCEX YYacTKax ApajbCKOTO MOpPS HOCST SIHM30JWYECKHHA
Xapakrep, OOJBIIMHCTBO pPEXHMMHBIX THIPOMETEOPOJOIMYECKMX CTaHIMA ¥ CTaHIOMH IPEKpPaTHIN CBOE
CyIecTBOBaHHE B mepBoi moioBuHE 1990-X TomOB, MOSTOMY B JaHHOW paboTe MBI MCHOJB30BATHN 0a3y JaHHBIX
KOCBEHHBIX HaOMIOJEHUI YPOBHSA BOABI, a Taikke 0a3y NaHHBIX peaHanu3a KiuMaTa. OCHOBHOH LENbIO JaHHOMN
paboTBl  SBISETCA MCCIEJOBAHHE BO3MOXKHOCTH MOJEIMPOBAHUS JAWHaMHKH oObema Boxabel OacceliHa,
PacCIoJIOKEHHOI'O B 3aCyHIJIMBBIX YCJIOBHUAX, C HCIIOJIB30BAHUEM JaHHBIX KOCBCHHBLIX I/ISMepeHI/Iﬁ OTKPBITBIX
HNCTOYHHUKOB.

Beenenune B Mojnenb (akrtopa BiausHUS KokapaibCKOi IUIOTHHBI HO3BOJIUT IOBBICHTH KayeCTBO IMPOTHO3A.
[TpennoxxeHHass METOANKA MOXET OBITH MCIIOJIB30BaHA JUIsl MTOJYYEHHs HaYaJbHBIX YCIOBHH B THAPOANHAMUYECKUX
MMHTAlMOHHBIX SKCHEPHMEHTaX, a TaKke Ui pacdyeTa KINMAaTHYECKHX CIIEHapHeB Pa3BUTUS T'MIPOJIOTHYECKOU
cucteMbl Apaibckoro Mopst. Mojienb Obl1a HOATOTOBJIEHa Ha Tepuos ¢ utons 1979 ropa mo xexadbps 1985 roga no
MECSYHBIM 3HAUYEHHSAM PEYHOro CToKa Ha ctaHimu Kazamel. HampaBieHust nanpHEHIINX MCCIENOBAaHWN AWHAMUKU
BOJHOTO oObeMa Manoro ApambCKOro MOpPS BHISATCA B HCHOJNB30BAaHWUHM BMU30JMYECKUX JAHHBIX ITOJIEBBIX
n3MepeHnii A BepuduKanuu u Oonee AETalbHOM KOPPEKTHPOBKH HCIONb3yeMoil momenn Chlpaapbu s
BOCCTAHOBIICHUS] 3HAYEHUI €CTECTBEHHOTO NPHUTOKa BOAbl B Mamoe Apaibckoe Mope. AHaJIN3 3HAYUMOCTH
MPU3HAKOB TI0Ka3ajl, YTO MapaMeTpsl CPEeIHEH TeMIIepaTyphl, KOJINYECTBA OCAJKOB M OOIIEro MCIapeHHUs SIBISIOTCS
Hanbonee 3HAYMMBIMH AJISI PE3yJIbTATOB IIOCTPOCHUSI MOJEIH JEPEBBEB PEILICHUH, ITO3TOMY TOJIBKO OHU OBLIN
BbIOpaHBI B KadecTBE IMPEIUKTOPOB KOHEUHOW MOJENIM — ATO CAETA0 MOJAETh MEHee BOCIPHUMYHBON K IIyMY
(poGacTHoi1), a Tak)Ke MUHUMH3UPOBAJIO PUCK MTEPEKBATUPHUKALIH.

KiroueBble ciioBa: Maiblii Apai, ypoBeHb MOpsI, MalllMHHOE 00y4YeHHe, peUHOH CTOK, Oacceinbl, Chlpaapbs,
THIPOJIMHAMHYECKOE MOJIEIIMPOBAHHE.

I'.B. Aiizean!, A.C. Mkuuxmuii’, A.K. Kyp6anuszos >

"Peceii reuTBIMIap akageMuscel Cy MOcesenepi MHCTUTYTHIHBIH FEUIBIME KbI3METKEPi, Mackey, Peceii;
2Peceii routbiMaap akagemuschl ILIT. [upios ateinaarsl OKeaHOJI0TUs HHCTUTYTHIHBIH
ara FBUIBIMH KbI3MeTKepi, Mockey, Peceid;
SK.A. Scayu aTbingarsl XaablKapajiblK Ka3aK-TypiK YHUBEPCHTETI,
Y3nikci3 6u1iM Gepy HHCTHTYTBIHBIH JUPEKTOPHI, I'.F.K., TOLEHT, TypkicraH, Kasakcran

KIIII APAJI TEHI3I )KAFTAWBIH AIIIBIK TEPEKKO3 HETI3IHJIE BOJIKAY

AHHOTauus. Apay TEeHi31 CyJIaphIHBIH JCHTeli MEH KoJIeMiHiH IWHAMHUKACHIH 3epTTey COHFHI 60 JKbUINa OHBIH
Cy JKOHE Ty3 TeHrepiMiHiH TyOereilli e3repyiH MHIYKLUsUIaFaH TaOWFU KOHE aHTPOIIOTCHIIK YAEpiC TEeTIKTepiH
TYCIHY K&)XKETTiriHe OailJIaHBICThI ©3€KTI FBUIBIMH MIiHJET OOJIBIN ecenTeneni. ATarn alTKaHAa, MarbiH Apai TeHi3l
OacceiiHiHiH cy OajlaHChl KOMIIOHEHTIHIH JMHAMUKACBHIH 3€PTTEYy OHIpJAeri cy mnaiijaiaHy cleHapuiiiepin
Jocrapiayia MaHbI3[Ibl CaHajaJbl. Y CHIHBUIBIN OTHIPFaH J>KYMbICTAa MAalIMHAIBIK OKBITY OMICTEpIHIH Heri3iHje
(barmapnamara ecentey (YHKIMSCBIH €HTI3y YIINIH) €Ki CTaTHCTHKAJIBIK MOJAEHb jkacamabl: Ceipaapus e3eHi
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arbICBIHBIH ailiblk MoHI MeH Kimni Apai cyblHBIH ©3reprilmitirin Oospkay Mojeni. YJriney HoTwkelepi OoWbIHIIA
Chipapusi arbIHBIHBIH MoHI MeH Kimni Apan TeHi3i ¢y kejieMiHiH OomkaMbl albIHAbL. Taburu 0akpuiay nepexTepiMeH
a3 KaMTaMachl3 €TUITCH JKarjaiia ajblHFaH Xenen Oaranap ¢y OallaHCHIHBIH KOMIIOHCHTI 3epTTENIETIH OacceiHae
0OJIBIT JKaTKAH ©3repicTep Typalibl aKIapaTThIH MaHBI3IBI KO3l OOJBIN caHAabl. ¥ CBIHBUIFAH 9JIICTEME COHIal-aK
TUAPOJMHAMUKANIBIK YITUICY SKCHCPUMEHTTEpIHACr] OacTamKpl >Karmaiiapabl aily YIOiH, COHAal-aK apayIblH
TUIPOJIOTHSIIBIK KYHECIH JaMBITYIBIH KIIUMATTBIK CIICHAPHIAIH €CENTEY YIIIH Mai aTaHbUTybl MyMKiH.

Apan TeHi3iHIH THAPOJOTHSIIBIK IMKIII YIACPICTepiH 3epTTey OHBIH Cy OaJaHCHIH KYPAWTHIH Ka3ipri 3aMaHFBI
oIy NepeKTEePiHiH TONBIK OOMMaraHABIFBIHAH KUbIHAaiabl. CoHFBI 15 sxbuima Apai TeHi3i cy HBICAaHIapBIH 0eIry
OeraspIChl Teperaeni. YakeH Apan TeHisiniH, Kiun Apan TeHi3iHiH TepeH Oatbic jxkoHe Tas3 IlIbirbic OaccerHaepi
xoHe Tyui-0azanapeiH aran aiityra 6onaael. Ocbiiaiiina, YiIKeH Apail TeHi3iHIH HIBIFbIC OacceilHi COHFBI JKbUIIAPHI
adeMepItik Keire aHaibIin, AMyIapys ©3eHiHIH MayChIMJIBIK TOJIBIK CY aFbIHBIHBIH LIAMAChl apKbLIbl aHBIKTAJa Ibl.
Apan TeHi3iHiH conTycTik Oacceiini (Hemece Kimi Apain) conrbl buiapbl bateic xone LIbiFbic OacceitHaepiHiH
KYpFaybIHbIH TaOWFu ceOenTepiHe OaiiaHbICThI OacceWHAEp apachIHAAFbl Cy apalacThIPybl OaphIHINA a3alTyra
OarpITTaJIFaH 06TeT KYPBUIBICH OaphIChIH/IA 0acKa OacceiHaepMeH OaIaHBICThI KOFAJITIIA IbL.

JKymeiceimpizna Kinri Apan TeHI3iHIH Cy KeJIeMiHIH JWHAMHKACHIH 3epTTeyre Haszap aynapiblK. COHFBI
JKBUTIApB! TeHI3IH Oacka OeniKTepiMeH Cy apajacThIpylbl OapbIHINA a3alThIN, Apall TeHI3iHIH «IIapTTHI-TaOUFN»
PSKUMIMEH cHIATTaMaNapbl OOMBIHINA YKCAC CANBICTBIPMAIIBI TYPAC TYPAKTHI CY-TY3 PEKUMIH OpHaTa OacTalbl.
JlerenMeH, Ocbl OHIp YIIiH Cy TeHrepiMiHIiH KOMIIOHSHTIH TiKeleil 0aKbUIayIbIH alTapIIbIKTal TalIIbUIBIFEI CEe31Ie .
Apan TeHi3iHIH OapibIK yJacKelepiHAe Ka3ipri 3aMaHfbl JaNajiblK OakbUlayjap SMU30ITHIK CHITATTa OOIajbl,
PEKAMOIK THAPOMETEOPOJIOTHUSUTBIK CTAHIMSUIAD MEH CTaHIwsuIapAslH Kemmrimiri 1990 xeuimapaery  Oipinmri
KAPTBHICBIHAA TOKTAIbl, COHJBIKTAH OCHI XXYMbICTa Oi3 Cy JeHreiliH jxaHama Oakpuiay IEpeKKOPbIH, COHIail-aK
KJIMMaT peaHaNu3iHIH JePeKKOPhIH NaifananabiK. JKYMBICTBIH HEri3ri MakcaThl allblK AEPEeKKe3IepIiH jkaHaMa
eINIIey IepeKTepiH MaiiiamaHa OTHIPHIN, KyaH >XaFAaia OpHajJacKaH OacCeiH Cy KeNeMiHiH IMHAMHUKACHIH
MOJIeJIbJIeY MYMKIHJIrIH 3epTTey OOJIbIN CaHaabl.

Kokapan OereriHiH ocep eTy (akTOPBIHBIH MOJENIHE €HTi3y OOJDKaMHBIH CalachlH apTThIpPyFa MYMKIHZIK
Oepeni. ¥ChIHBUIFAH OJICTEME T'MIPOJMHAMMKAJIBIK MMHUTAIMSIBIK SKCIEPUMEHTTEp/e OacTalkbl XKaraailasl aimy
YIIiH Apall TeHi3iHIH THAPOJOTHSIIBIK JKYHECIH TaMBITYABIH KIMMATTBHIK CICHAPUIIH ecenTeyle MaiaaaHbLTybI
MyMKiH. Monenb 1979 xemabiH minge aiibiHan 1985 KbUIBIH JKENTOKCaH abiHA JeiiH Ka3aibl craHcachIHIaFbI
©3¢H aFbIHBIHBIH AWIIBIK MOHI OoWbIHIIA maiprHmanmel. Kimri Apan TeHi3i Cy KeJeMiHiH AWHAMHUKACHIH OIaH dpi
3epTTey OarbiTTapbl Kimri Apan TeHi3iHe CyIblH TaOWFH aFbIHBIHBIH MOHIH KaNIbIHA KenTipy yimiH Cepmapus
MOJICNiH BepH(UKANUsIIAy >KOHE HEFYPIBIM eIKeH-TEerKeWsi Ty3eTy YIIiH Jaja eNIIeMICepiHiH 3MHU30ATHIK
JIepeKTepiH Taijananyaa KepiHedi. benrinepaiH MaHBI3IBUIBIFBIH TalJay OapbiChl KeOpPCETKeHAeH, opTaria
TEMIIEPaTypa, JKayblH-IIAIIBIH MOJIIIeP] kKOHE JKaJIbl OyjlaHy MapaMeTpliepl araluTapiblH LICHIM MOAETIH KYpY
HOTHOKENEPI YILIH €H MaHbI3/Ibl CaHaJIa/Ibl, COHJBIKTAH OJIap TEK COHFBI MOJICIIb/IIH IPEJUKTOPBI PETIH/IE TaHaJIFaH,
Oys1 Mozenb nryFa (pobacTThl) a3sipak OcitiMe i, COHIal-aK KaiiTa MaMaHIaHy KayIiH OapbIHIIIa a3afiTThI.

Kinr ce3mepi: Kimri Apan, TeHI3 AeHreii, MallMHAIBIK OKBITY, ©3CH arbiChl, Oacceiinaep, Cripaapbs,
THIPOAMHAMHKAIIBIK MOJICII/ICY.
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