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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 ofthe Aral Seato 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 ofthe Amu Darya river.. The northern basin ofthe 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 ofthe Small Aral
Sea. In recent years, after minimizing its water exchange with other parts ofthe 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 ofthe 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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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 ofthe 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 ofthe "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 ofthe tree.

Results and discussion. On the basis ofthe 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 1935
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Figure 4 - Simulation of monthly river flow values
for the period from January 1986 to September 2015
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Figure 5- Training model for forecasting the water volume of the Small Aral Sea,
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 ofthe Small Aral on the
basis of open databases. The introduction ofthe factor of influence ofthe 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 ofthe 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.

Acknow ledgment

This work was supported by the Russian Foundation for Basic Research, project 17-05-01175 A, and
the Science Committee of the Ministry of Education and Science of the Republic of Kazakhstan in the
framework of the scientific Project No AP05134202 «The current ecological state of endorheic lakes ofthe
arid climate zone and perspectives of their sustainable use: the case ofthe Aral sea residual basins».

I.B. Ansensl, A.C. Mxnuknin2 A.K. KypbaHnasos3

IK.T.H., Hay4HbIA COTPYAHUK IHCTUTYT BOAHbIX Mpobnem Poccuiickoli akagemumn Hayk, Mocksa, Poccus;
ZK.I.H., CTapLUMiA HaY4HbIA COTPYAHMK, VIHCTUTYT okeaHonorum um. M.M1. Lnpwosa Poccuiickoin akagemmm Hayk,
MockBa, Poccug;

K.r.H., goueHT MexayHapoaHbIii Kasaxcko-Typeukuii yHusepcuTeT uMm. X.A. fAccasu, TypkecTaH

MPOMHO3NPOBAHUWE COCTOAHUA MANOIO APA/TIBCKOIO MOPA
HA OCHOBE JAHHbLIX OTKPbITbIX NCTOYHNKOB

AHHOTauus. VccnegoBaHue LUMHAMMKM YPOBHS U 06bema BOA ApaibCKOro MOpsA SABASETCA aKTyaslbHOM
Hay4yHoli 3agaueil B Culy Heo6XOAMMOCTM MOHWMAaHWS MEXaHW3MOB MPUPOAHBLIX M aHTPOMOreHHbIX MPOLECCOB,
VHAYUMPOBABLUUX PafnKaslbHOE M3MEHEHWE ero BOLHOrO 1 COMeBOro 6anaHcoB 3a nocnefHve 60 feT. B yacTHOCTW,
NCCnefoBaHmne AMHaAMUKN KOMMOHEHT BOAHOTO 6anaHca 6acceiiHa Maioro ApanbCKoro Mopsi SBSETCA BaXKHEMLLEN
3afja4eit Npu NNaHMPOBaHMM CLEHapMeB BOAOMNO/b30BaHMA B permoHe. B npefnaraemoli paboTe Ha OCHOBE METOAOB
MalUMHHOro 00yyeHust (41 BHEAPEHUS BbIYMCUTENbHBIX (DYHKUMM B nporpammy) 6binv paspaboTaHbl ABe
CTaTUCTUYECKME MOAENN: MOAENb MPOrHO3a MECAYHbIX 3HA4YeHWin peyHoro ctoka p. Cbipgapus M MpPOrHosa
M3MeHYMBOCTM 06bemMa Bog Masnoro Apasa. Mo pesynbTaTamMm MOAENMPOBaHWS ObIAN MOAYYEHbI MPOrHO3bI 3HAYEHNI
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ctoka Cobip-Aapbm 1 o6bema Bog Manoro Apanbckoro mMops. B ycnoBmsx Manoii o6ecredeHHOCTV AaHHbIMK
HaTYPHbIX HabNOAEHWA NONYYeHHble OMepaTUBHbIE OLEHKWM KOMMOHET BOAHOro GanaHca ABNAHOTCA BaKHEMLIMM
MCTOYHMKOM WH(OpMaLMKM O NPOUCXOAALLMX W3MEHEHWSX B uccnefyeMmom 6acceiiHe. Mpegnaraemas MeTOAMKa
Takke MOXeT 6bITb WMCMO/b30BaHa A1 MONYYEHWUS HauafbHbIX YC/IOBUIA B 3KCNEPUMEHTAaX MMAPOAMHAMUYECKOIO
MOJENNPOBaHUSA, a TaKXkKe A/ pacyeTa KNMMaTUYECKMX CLieHapueB pasBUTUSA TMAPOIOMMYECKO cucTeMbl Apana.

VccnenosaHve MpoOLECCOB TMAPOAOMMYECKOr0 LMKAa ApaibCKOro MOpS 3aTPyAHEHO MPaKTUYECKW MOMHbIM
OTCYTCTBMEM [aHHbIX COBPEMEHHbIX W3MEpPeHWli COCTaBAAIOLMX ero BOAHbIX GanaHcoB. 3a nocnegHue 15 net
TeHAeHUMS ApanbCKOro MOpS K pasfeNeHnto BOAHbIX OObEKTOB yriybunach: rny6OKOBOAHbIE 3anafHble U
ME/IKOBOAHbIE BOCTOYHbIE 6acceiHbl bonbluoro Apansckoro mopsi, Manoro ApanbcKoro Mops 1 Tyw-6a3bl. Takum
06pa3omM, BOCTOUHbI 6GacceliH Bonbluoro ApanbCkoro Mopsi B MOCAedHVe rofpl NPakTUYecKu nepectan 6biTb
MOCTOSHHLIM BOAOXPaHWMLLEM, MPEBPATMBLUMCL B 3(DeMepHOe 03epo, CYLLECTBOBAHME KOTOPOro Onpefensercs
BE/IMYMHOWN CE30HHOMO MOAHOBOAHOMO CTOKa pekn AmMygdapbu. CeBepHblii 6acceliH ApanbCkoro mMopsi (unm Manblii
Apan) B nocnesHue rofbl NpakTMUeCcKn yTpaTu KOHTAKT C ApYruMun 6acceiiHamMmn Kak M3-3a eCTECTBEHHbIX MPUYKH
nepecbixaHns 3anagHoro u BocTouHOro 6acceiliHOB, Tak U M3-3a CTPOMTENLCTBA NAOTWHbI, MPU3BAHHOW CBECTM K
MUHUMYMY BOLOOOMEH Mexay 6acceiiHamu.

B paHHOW paboTe Mbl aKLEHTMPOBa/IM BHMUMaHWe Ha MCCNefoBaHWM OMHAMUKM BOAHOro o6bema Manoro
ApanbCckoro mMops. B nocnefHue rofbl, cBeAs K MUHUMYMY CBOM BOZOOOMEH C APYTMMM YacTAMW MOPS, OH Hauan
yCTaHaBNMBaTb OTHOCUTENIbHO CTabW/bHbIA BOLHO-CONEBOM PEXUM, CXOLHbIA MO CBOMM XapaKTepUCTMKam C
"'yCMOBHO-ECTECTBEHHLIM" PEXMMOM ApanbCKOro Mops, elle 0 Hayana BbiCbIxaHUA. Tem He MeHee, CTO/b e OCTPO
OLLYLLIAETCS W 3HAUUTESbHbIA AePUUMT 3TUX NPAMbIX HA6NKOAEHWI 33 KOMMOHEHTOM BOAHOrO 6anaHca Ans gaHHOro
pervoHa. COBpeMeHHble Mo/eBble HAOMIOAEHNS Ha BCEX Yy4acTkaxX ApanbCKOro MOPSA HOCAT 3MM304MYECKMIA
XapakTep, 6O0MbLUMHCTBO PEXMMHbLIX TMAPOMETEOPONOTMYECKNX CTaHUMA W CTaHUWMIA MpekpaTuam  CBOe
CyLLEeCTBOBaHVE B NepBoi MosnoBmMHe 1990-x rogos, NO3TOMY B JaHHON paboTe Mbl MCMOMb30Ba/iM 6asy LaHHbIX
KOCBEHHbIX HabMtOJeHWI YPOBHA BOAbl, a Takke 6asy AaHHbIX peaHanu3a Knmmarta. OCHOBHOW LENbi [JaHHOM
paboTbl ABASETCA  MCCNEAOBaHME BO3MOXHOCTU  MOAENMPOBaHWA AMHAMUKM o6bemMa BOfbl  6acceiiHa,
pacrnonoXXeHHOro B 3aCyLUIMBbIX YC/OBMAX, C MCMOMb30BaHWEM [aHHbIX KOCBEHHbIX W3MEPEHWIA OTKPbITbIX
MCTOYHMKOB.

BeeseHve B Mofenb haktopa BAMAHUA KOKapanbCKOW MAOTWHbLI MO3BOMT MOBLICUTL KAYeCTBO MPOrHO3a.
MpeanoxeHHas MeTOAMKa MOXET ObITb UCNOMb30BaHa ANA MOMYUYEHNS HauasibHbIX YCNOBWIA B TAPOANHAMUYECKNX
VMUTALMOHHBIX 3KCMEPUMEHTAX, a Takke ANA pacyeta KIMMATUYECKMX CLEHapeB pasBUTUSA TMAPOIOrMYECKON
cuctembl Apanbckoro mopsi. Mogenb 6blna NOAroToB/EHa Ha nepuog ¢ uona 1979 roga no fekabpb 1985 roga no
MECSAUHbIM 3Ha4YeHUsM PEYHOro CTOKa Ha cTaHumu Kasanbl. HanpaBneHws fasbHemwmx MccnefoBaHuiA AUHAMUKK
BogHOro ob6bema Manoro ApasbCKOro MOpS BWAATCA B UCMOMb30BAHWM 3MU30AMYECKUX AAHHBIX MOJEBbIX
M3MEPEHWIA Ana BepumKaumm 1 6onee [AeTanbHOM KOPPEKTMPOBKM MCMoMb3yemon mMogenu Coipfapbyt Ans
BOCCTAHOB/IEHUA 3HAYEHWI EeCTeCTBEHHOro npuTOoKa BOAbl B Manoe ApanbCkoe Mope. AHaM3 3HAYMMOCTW
MPU3HAKOB MOKa3a/l, YTO MapaMeTpbl CPeAHeli TemnepaTypbl, KONMYECTBa OCAAKOB M OOLLEro MCMapeHns ABAAK0TCA
Hanbosee 3HaYMMbIMU [N Pe3y/NbTaTOB MOCTPOEHUS MOAENN [EepPeBbeB PeLUeHWid, MO3TOMY TOAbKO OHW Oblin
BblOpaHbl B Ka4yecTBe MPEAUKTOPOB KOHEYHOW MOAenn - 3T0 CAenano Mofefb MeHee BOCMPUUMUMBOWA K LIymMy
(pobacTHoi1), a TaKKe MUHUMMW3NPOBAIO PUCK NEPeKBaIMpPUKaLMN.

KntoueBble cnosa: Manbiii Apasi, ypoBeHb MOPS, MalMHHOE 06y4eHWe, PeYHO CTOK, BacceiiHbl, Coipgapbs,
rMapoaYHaMUYECKOe MOJENPOBaHYe.
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K1LU1 APAS TELLL31 XXATOAWbBIH ALLbL AEPEKKB3 HEM13LW/AE BEO/MKAY

AHHOTaumsa. Apan Tewisi CynapbiHbIL, AeLUreid MeH KenemuL, AMHaMUKaCchIiH 3epTTey courbl 60 Xbinga OHbIL,
Cy >K3He Ty3 TeurepiMiHiy TYGereini e3repyll WHAYKUMANaraH Taburyn XsHe aHTPOMNoreHmK YAepic TeTXrepLu
TYCiHY Ka)KeT/INMHe 6ainaHbICTbl €3eKN TbibIMKA MIHAET 60/bIN ecenTenes” ATan aiiTKaHfa, warbiH Apan Teuisi
facceiHWL, Ccy 6anaHCbl KOMMOHEHTLUW, AMHaMUKacbiH 3epTTey ewpaen cy naiganaHy CueHapuiinepL
Xocnapnayga Maubli3fibl caHanafbl. ¥CbIHbINbIM OTbIPraH >XYMbICTa MAalUMHAMbIK OKbITY 34iCTepiHil HerisiHae
(barpapnamara ecentey (YHKUMACHIH eHridy YLUiH) ew CTaTUCTMKaNbIK MOAenb Xacangbl: Chipfapus esewl
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arbiCbIHbIL, aiinblK M3W MeH Kiwi Apan CyblHbIL, €3repriuTiriH 6omkay mogeni. Ynriney HaTwkenepi 6olibiHWa
CblIpfapus arbiHbIHbIL, M3HI MeH Rrni Apan Teuisi cy Kesfemuily, 60/mkambl anbiHabl. Taburu 6akbinay fgepekTepiMmeH
a3 KaMmTamacbl3 eTireH xarjainfga anbiHraH >xefen 6aranap cy 6anaHCbiHbIL, KOMMOHEHTa 3epTTeneTiH bacceliHae
60/bIN XaTKaH e3repkKTep Typaibl aknapaTTbil, Maubl3abl Kesi 60/bin caHanadbl. ¥CblHbIIraH 34icTeMe COHAavi-aK
rmapoavHaMuKkanblK YAriney skcnepuMeHTTepiHAeri 6actankbl >karfainapgbl any YLiH, COHAain-ak apaigbliy,
TUAPONOTNAMBIK XXYEeCL AaMbITyAblL, KNMMATTbIK CLeHapuidiH ecenTey YLWiH naiganaHbliybl MYMKIH.

Apan TewisiHiy, rMaponorus/bik UMKAI YepiCTepiH 3epTTey OHbIL Cy 6anaHCbiH KypaiTbiH Kasipri 3amaHrbl
efiliey fepeKTepiHiy ToMblK 6onmaraHgbirbiHaH KubiHaangsl. Courbl 15 Xbinga Apan Teuisi cy HbicaHAapbiH 6eny
6eTanbickl Tepeudesi. YnkeH Apan TeuisiHiu, Kiwi Apan Tewswiy Tepey, 6atbic xaHe Taa3 LUbirbic 6acceiiHaepi
X3He Tyw-6a3anapbiH atan anTyra 6onagbl. Ocbinaiiiia, YKeH Apa Tew 3L, WhirbiC 6accei coursl Xblngapbl
ahemepnLl Kenre aiHanbIn, AMyaapus e3eHiHiL MayCbiMAbIK TO/bIK Cy arbiHbIHbIL, LIAMAChl apKbifibl aHbIKTanagbl.
Apan TeuisiHiy conTYCTik 6acceii (Hemece Rrni Apan) courbl Xbingapbl Batbic XxaHe LLbirbic 6acceiHaepiHiy,
KyprayblHbIL, Taburn cebenTepiHe 6alinaHbICTbl 6acceiiHfep apacbiHAarbl Cy apanacTblpyfpl GapblHLIa asaiTyra
GarbITTanraH 6eretT KypblbiChbl 6apbiCbiHAa 6acka 6acceiiHaepMeH GaiinaHbICTbl XKOoranTnagsbl.

XKymbicbiMbizga Kiwli Apan Tewswiwy, cy Kenemull, AMHaMUKAacbiH 3epTTeyre Hasap ayfapfblk. Courbl
Xblngapbl Tewsaw, 6acka 6eniktepivMeH cy apanacTbipyfpl 6apbiHLLa a3aiTbin, Apan TeuisiHil, «wapTTbl-Taburu»
peXxxuMiMeH cunatTamanapbl 60WbIHLWA YKCac cabiCTbipMasbl TYPOe TypakTbl Cy-Ty3 pexxuMiH opHaTa 6actafbl.
[JereHmeH, ocbl ewip YLIH Cy TeurepimiHiL, KOMMNOHEHTIH Tikenel 6akblnayably, ainTap/bIKTai Tanwbiibirbl cesinedi.
Apan TeuisiHiy 6apnblK yyackeneplufe Kasipri 3amaHrbl fananbik 6akbliaynap 3nu3oATbiK cunatta 6on1agpl,
pPeXUMAIK TMAPOMETEOPOONMANBIK CTaHUMANAP MeH CTaHumanapfply Kenwiniri 1990 xbiigapaply, 6ipiHLWi
XapTbICbiHAA TOKTafpl, COHAbIKTAH OCbl XXyMbICTa 6i3 Cy feurelH >kaHama 6akblnay [epekKOpblH, COHAal-aK
KMMaT peaHanM3LLUL, [epeKKOpbIH NaifanaHiblk. XKymbICTbIL, HEeM3Mm MakcaTbl allblK JepekKe3fepail >xkaHama
efiliey [AepekTepw naiganaHa OTbIpbiN, Kyal, Xarfaiga opHanackaH 6acceiiH Cy Kenemuil, LUHAMMKACbIH
mofenbaey MYMKIHAITIH 3epTTey 60/bIn caHanagpbl.

Kokapan 6eretwi, acep eTy (pakTOpbIHbIL, MOAENIHE €Hri3y O0/MKaMHbIL canacbiH apTTbipyra MYMKIHAIK
Gepesi. ¥CbIHbINTaH 3iCTEME TMAPOAMHAMMKA/IBbIK UMUTALMANBIK 3KCMEpUMeHTTepAe 6acTankbl xargaigbl any
YwiH Apan TeuisiHil rMaponornsanbiK Xyiecw AambITyAbll KIMMATTbIK CLEHapuiiiH ecenTeyae naiganaHbinysl
MyMLH. Mogenb 1979 bInably, WBAe aiibiHaH 1985 bingbll, XXeNToKcaH aiibiHa AeiiH Kasanbl cTaHcacbiHAarbl
€3€H arbiHbIHbIL, aiifblK M3W 6oMbIHWA AaibiHAanabl. Rrni Apan Tewisi cy KenemiHiy AMHaMWKacbliH OfaH 3pi
3epTTey GarbiTTapbl Kiwi Apan TeuisiHe cyfpil, Taburn arbiHbiHbIL, M3HLW KannbiHa KenTipy YuwiH Celpgapus
MOLENW BepudMKaumanay >X3He HerypnbiM enkei-tenkeiini TY3eTy YWiH Aana enwemaepiHiy, 3nu304TbIK
[epeKTeplw nainfjanaHyga KepiHedi. benrinepaiy, Maubi3gbUibirbiH - Taigay  6GapbiCbl  KEpPCETKEHAel, opTawa
TeMnepaTypa, >kayblH-LUallbiH Me/LEepPi X3He >annbl 6ynaHy napameTprepi arawtapfbly, LeLwimMm MOAENIH Kypy
HaTWKenepi YLWIH el MaLbI3fbl CaHanafbl, COHAbIKTaH 0/1ap TeK Courbl MOAEMbALL NMPeAVKTOPbI PeNHAe TaLjaraH,
6yn mofens wyra (po6acTTbl) asblpak 6eiimaesi, COHAal-aK KaiTa MaMaHAaHy KayniH 6apbiHLIa a3aiTThbl.

Kint ce3mepl: Kiwi Apan, Tews feureili, maliMHa/biK OKbITy, €3€H arbicbl, 6acceliHgep, C pgapbs,
rMAPOAVHAMUKATIBbIK MOZENeY.
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