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MABAOAAP OBbADBICbI
AYbIAADBIK XXKEPAEPIH AAMBITYADIH,
IKOHOMMKAADBIK-TEOTPA®UAADBIK ACIEKTIAEPI

Kasakcran Pecnybamkacbl xaakbiHa JKoapaybiHAQ [1pe3nAeHT aybliA  ayMakTapbiHbIH - ©Mip
CYPY camnacbiH >KaKCcapTy >X8He 3KOHOMMKAABIK, XXaFAAMbIH apTTbipy MIHAETIH KOMAbL. ByA MiHAETTI
OpblHAQYAQ MaHbI3Abl KAAaM — aybIAABIK, ayMaKTapAbl 3epTTey, OAapAbIH 3KOHOMMKAABIK, AaMy
AEHreniH aHbikTay 60AbIN TabblAaabl. BYA FblAbIMM MakaAapsa MHAMKATOPAAPAbI, COHbIH illiHAE
3KOHOMMKAAbBIK, AAMy MHAMKATOPbIH KOAAAHA OTbIPbIM, aybIAAbIK, ayMaKTapAbl GaFasay aaicTemeci
cunaTTasraH. [aBAoaap 06AbICH ayAAHAAPbIHBIH TYPAI 9KOHOMMKAABIK, CAAAAAPbIHbIH CTAaTUCTUKAADIK,
MOAIMETTEPI >KyleAeHAl. 3epTTey 6apbiCbiHAQ 9P ayAaHHbIH 3KOHOMMKAAbIK, KOPCETKITepiHiH
PEMTUHITIK GaFrachl €CENTEAAl, HOTUXKECIHAE OAAPAbI TYPAEPTE XKIKTeyre MyMKIHAIK TyAbl. MakaAaHbIH,
HaTMXeci [1aBAOAAP OOABICHIHBIH, aybIAABIK, ayMaKTapblH 3KOHOMUKAHbIH AaMy AEHreni GoMbIHLLA YL
Typre 6eAy 6oAbIN TabblAaAbl, OCbl TYPAEPAI CUMATTAATbIH KapTa >KacaAAbl, SKOHOMMKaHbIH, ap6ip
CaAaCblHbIH, APTbIKIbIABIKTAPbl MEH KeMILIAIKTEPI KepceTiaai, OyA BoAallakTa OAapAblH KAMCbIChIH
>KaKCapTy KEePEKTIriH TYCiHyre MyMKiHAIK 6epeai. AHbIKTaAFaH TypAepre cam 0OAbIC ayAaHAAPbl MeH
aybIAAAPbIHAQ KYPri3e aAblHaTblH apHarbl LAapaAapAblH YATICi kepceTiareH. bepiareH Liapasapfa
cy/rieHe oTbIpbin apbip ayAaHAa KaHAAM XKYMbICTAp XKYPri3iAyi THic ekeHAiri aHbikTaaFraH. COHbIMeH
KaTap, 8p aybIAABIK, XEPAETi emip canacbliHbIH, AEHreli TypaAbl CO3 KOTepIiAirn, OHbIH Ka3ipri ke3aeri
MaHbI3ABIAbIFbI TYPaAbl aUTbIAABI.

TyiHiH ce3aep: aybIAABIK XKEPAEp, aybIAABIK, XXEPAEPAiI SKOHOMMKAAbIK, GararayAblH 8AiCTeMeC,
TUMOAOTUSI, SKOHOMMKAABIK, UHAMKATOP, TYPaKTbl AAMYAbIH MHAMKATUBTIK >KYIECi.

U.N. Kassen®, Sh.G. Kairova

Toraighyrov university, Kazakhstan, Pavlodar
‘e-mail: umitzhan98@mail.ru

Economic and geographical aspects of development
of rural areas in Pavlodar region

In the last message to the people of the Republic of Kazakhstan, the President set the task of
improving the quality of life and improving the economic condition of rural areas. An important step
towards this task is to study rural areas and determine their level of economic development. In this
article describes a methodology of evaluation of rural territories with the use of indicators, including
the indicator of economic development. Statistical data of various economic sectors of the districts of
Pavlodar region were systematized. In the course of the study, a rating assessment of the economic
indicators of each district was calculated, as a result of which it became possible to classify them into
types. The result of this article is the division of rural areas of Pavlodar region into three types accord-
ing to the level of economic development, a map was compiled describing these types, showing the
pros and cons of each of the sectors of the economy, which allows us to understand which of them
should be improved in the future. A sample of special measures that can be carried out in the districts
and villages of the region in accordance with the identified types is shown. Based on these measures,
it is determined what work should be carried out in each district. At the same time, the word about
the level of quality of life in each rural area was raised, and its importance in the present day was
emphasized.

Key words: rural territories, methodology of economic assessment of rural territories, typology, eco-
nomic indicator, indicative system of sustainable development.
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DKoHOMMUKO-Teorpachuyeckne acnekTbl
pa3BUTUS CeAbCKUX TeppuTopmii [aBAoAapckoi o6AaacTH

B nocaeaHem MNocaanum Hapoay Pecniy6amnkm KasaxcraH NMpe3naeHTom Gbiaa NnocTaBAeHa 3asava
YAYULLEHUS KauyecTBa >KM3HW WM MOBbILEHUS 3KOHOMMYECKOrO COCTOSIHUSI CEAbCKMX TeppUTOPUIA.
BaXkHbIM LIaroM K BbIMOAHEHMIO 3TOM 3aAauUM SBASIETCS UCCAEAOBAHME CEeAbCKUX TeppUTOpUH,
onpeAeAeHre KX YPOBHS 3KOHOMMYECKOro pasBuMTUS. B AaHHOM HayuyHOM CTaTbe OMMCbIBAeTCs
METOAMKA OLLEHKU CEAbCKMX TEPPUTOPUIA C MCMOAB3OBAaHUMEM MHAMKATOPOB, B TOM UMCAE MHAMKATOPA
3KOHOMMYECKOro pasBuTUSl. bBbIAM  cMCTeMaTM3MpOBaHbl  CTaTUCTMUYECKME AAHHble  Pa3AMUHbIX
3KOHOMMYUECKMX OTpacAen parnoHos [MaBaoaapckoi o6aacTu. B xoae nccaepoBaHms Gbiaa paccumTaHa
pPEeNTUHroBasi OLleHKa 3KOHOMMYECKMX MOKa3aTeAel KaXKAOro paroHa, B pe3yAbTaTe Yero nosiBUAACh
BO3MOXXHOCTb KAQCCU(MLMPOBATb MX HA BUABIL. Pe3yAbTaTOM AQHHOWM CTaTbW SIBASETCS pasAeAeHue
CeAbCKUX Tepputopui [aBA0AAPCKO 06AACTM Ha TPU BMAA MO YPOBHIO PA3BUTUS 3KOHOMMKM, ObiAa
COCTaBAEHa KapTa, OMMCbIBAIOLLAs 3TW BUAbI, MOKasaHbl MAIOCbI MU MUHYCbl KaXXAOW M3 OTpacAeit
3KOHOMMKM, UTO MO3BOASIET MOHSATH, KAKYIO M3 HUX CAEAYeT YAyUlnTb B OyAyliem. B cootBeTcTBMM
C BbISIBAEHHbIMW BUAAMU MPUBEAEHBI MPUMEPDI CMIELMAAbHBIX MEPOMNPUSTUI, MPOBOAMMbBIX B parlioHax
u ceanax obaacTu. Mcxoas M3 AaHHbIX Mep, ObIAO OnpeAeAeHo, Kakue paboTbl AOAXKHbBI MPOBOAMTLCS
B KaXXAOM parioHe. Kpome Toro, 6biAM pacCMOTpeHbl NMPeAnoAO>KeHUsl 06 ypOBHE KayecTBa >KM3HU B

Ka>kAOW CEAbCKOM MEeCTHOCTU, PaCCKa3aHO O ero Ba>KHOCTU B HaCToOsLllee Bpem4d.

KAloueBble cAoBa:

CeAbCKME TeppuTOpuH,

MEeTOAMKA 3KOHOMMYECKOM OUEHKM CeAbCKMX

TeppVITOpVIVI, TUTMOAOTI U4, 3KOHOMMYECKMN MHAMKATOP, MHAMKATMBHAga CUCTEMa YCTOVILIMBOFO Pa3BUTHUA.

Kipicne

KP IIpe3umenTi emimizaeri 7,5 MUIIHOH aybul
TYPFBIHBIHBIH QJI-AyKAaThIH KaKCapTy MAaKCaThIHJA
MEPCIIEKTUBAJIBI aybUTAAPABI IPIKTETI, COJM ayblInap-
Jla 9JICYMETTIK CaJllaHbl JaMBITYIbl, TYPFBIH Yiiep
MEH JKOJIJIap CallbIll, KOMMYHUKAIUSIIAP KYPri3ymi
KapacTeIpaThiH «Aybl1 — En Geciri» »xo00achH icke
aChIPY/IbI TAIICHIPFaH 0OJIATHIH.

Kazakcran PecrnyOnmuKkachIHBIH 3KOHOMHUKACHIH
JMaMBITYIBIH 0achIM OaFBITTAPBIHBIH Oipi ayBUIIBIK
ayMaKTap/abl JIaMbITy OoJibill TaObuIazbl. Byrinme
KazakcTan aybut XaJIKbl MEH €HOEK PECypPCTapbIHBIH
eJIeyyi yliec caJMarbl 0ap, OCBIHIAN YpHICTI y3aK
yaKbIT OOWBI CaKTal Keje KaTKaH ayMakK pPeTiHIe
KapacThIPHIN, XalBIKTBIH TIPHIUTIK OpeKeTi YIIiH
KaJIBITITHI XKaFgai xKacayAblH MaHbI3bI 30D.

JKoOaHbI icke achIpy YIIIH JepeKTepi xKykeney
JKOHE aybUIIIBIK ayMaKTapJblH THIITEPIH aHBIKTAY
apKBLIBI, SFHH OJIAPJBIH THITOJOTHUACHIHBIH KOME-
TiMEH KOJI JKETKi3yre 00oJiajibl.

JKyMBICTBIH MaKcaThl — «TYPaKTBUIBIKTED) Oara-
Jayra JKoHE ayBULABIK JKepiepli Typiepi OoibIH-
12 TONTACTBIPYFa MYMKIHIIK OepeTiH 9licCHaMaHbI
Konmausei, [laBmomap oONBICH aymaHOApBIH KO-
HOMUKAJBIK MHAWKATOpJIaphl OoibiHIIIA Oara Oepy;
TONTACTHIPY.

Ochl MakcaTKa JXKeTy YIIiH Keieci MiHAeTTep
MICHII: FBUIBIMU QIeOMETTEp MEH IIEeTe] Fhi-
JBIMJAPBIHBIH JKYMBICTAphl 3€PTTENJi; CTAaTHCTH-

KaJbIK aKMmaparThl Koyjasbin, [laBiomap oOJIbI-
Chl ayJaHIapbl JKalibl akmapar KyHeneHmi; Oe-
piiareH omicHama HeTi3iHAE caHayJjap >KYpri3iuiim,
OOJIBICTBIH ~ ayBUIABIK JKEpJepl AKOHOMHKAIBIK
JKaFaiipl OOWbIHINA OaFallaHbl; HOTHIKECIHE Kapar
aynmanmap Oenrimi 6ip peHTHHTKE ue OOIbI.

Folibivu 3epTTey 9licHaMAachl CTAaTUCTHKAIIBIK
9/liC PEeTiHJE QNEYMETTIK-DKOHOMUKAJIBIK aKapar
Typasbl MOTIMETTEP/I Tallfay YIIiH CTAaTHCTUKAIIBIK
JIEpeKTepal  3epTTey oJici, ejueri KOFaMIbIK
eMmipiH Oenrimi Oip yakpIT Ke3eHiHAE OTKEH
neMoTpadUsIBIK JKoHEe Oacka KYOBUTBICTap MEH
IpoIeCTeP Il TaJlay; aHATUTHKAIIBIK 9JIC PETiHIe
3epTTey OOBEKTICIH Kypampaac Oemiktepre Oemy,
JJIEMEHTTEP, KOMIOHEHTTEP OOMBIHINIA KapacThIpy,
KUHAIFaH MaTepuallap/bl SKallbliay, aJlbIHFaH
HOTHKeJep/Ii Oarasay )KoHe HETi3T'1 TY>KbIPhIMIAPIbI
HOTIKENEY; MaTeMaTHKAJIBIK 9JTiC peTiHe OepinreH
(dopMynanap apKbUIbl caHayJjap JKYprisim, Herisri
HOTHDKENEp/li  IIBIFAPY; IIETeN FalbIMIAPbIHBIH
ayBULIBIK JKEpIepl TONTaCcThIpyFa, HHANKATOpIIap-
Ibl KOJJAHBIN Oara Oepyre apHaifaH oliCHaMachl
JKoHe T. O.

HGTI/I)Ke.]'lepi MCH TaJKblJIaMa

AyBUIIBIK ~ ayMakTapAsl Oaramay  TYpPaKThI
JAMYJIBIH HHTETPAIIBIK HHIUKATOPhI KOMETIMEH
xy3ere acanpl. OFaH yII MHIUKATOP — KOFAMHBIH
YKcac cayianapblH KOPCETETiH dJISyMETTIK, 3KOHOMHU-
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IMaBnomap o6IBICH ayBUIIBIK JKEPIIEPiH JaMBITYBIH SKOHOMHKAIIBIK-TEOTPAaHsIIBIK acIIeKTiIepi

KallbIK, OJKOJOTHSUIBIK JKaTaipl. ©O3 KeseriHie,
Ocnriai Oip WHIWKATOP OHBIH CajalapbIHBIH WH-
IuKaTopiapbiHaH Typansl (1-cyper). Camanapnabig
WHIWKATOPJIAPHI OJapbIH KaFalblH CUMIATTAHTHIH
HETI3rl KOpCeTKIMTEpACH Typaabl. AKmapar Ke3i
Kazakcran PecriyOnuKkachlHbIH MEMJICKETTIK CTATH-
CTHKA KOMUTETIHIH CTaTUCTUKAIIBIK XUHAFHI OOJIBIIT
TaOBUIAIBI.

AyYBULIBIK JKEPIIEPIiH TYPAKThl JaMybIHBIH WH-
TErpaNJIbIK WHANKATOPBIH €CeNTey peTi Kelecife
xKypeni.  KepceTrkimrep  KecTere — Kas3bUIbIIL,
aynangap (A) Oip >xonra, an kepcerkimTepi (B)
Oaranmapra opHanacazasl (1-kecre).

Coman coH opOip KepceTkim OOWBIHIIIA
KO3 QUIUCHTI ecenTeNeli: KOPCETKIMTIH HaKThI
MOHI MEH €H Halllap MOHIHIH aibIpMachl €H YKaKChI
MOHI MEH €H HaIllap MoHIHIH ailbIpMachkiHa OeTiHe i,

- (B; — By)
E (H « — By )
Y — KOPCETKIIUTiH PEHTUHITIK Oarachl;

B - KOPCETKIIITIH HAKTHI MOHI;
B — KOPCETKIIITIH €H Halap MoHi;

B, — KOPCETKIIITIH €H KaKChl MOH.

Koaddummentri ecentey enmmemM ik mamaiap-
JIbl ©JIIIEMCI3 IamMara 9KeJlyre MyMKIHIIK Oepe/i.
Koaddumument 0 men 1 apansirpiaga esrepeai. Con
cebenTi eIIeM HEFypisIM Oipre kakblH 0oiica,
TaHJaJFaH KOPCETKill OOMBIHIIA aydaHHBIH JaMy
JIEHTeii COFYpIIbIM XKoFaphsl Oonanel. Kepcerkimrep
WHIUKATOpJIapFa Kejrecinel OipikTipieni:

- DKOHOMHKAaHBIH Oenruii Oip cajlachIHBIH,
QJIEYMETTIK CallaHbIH HEMECe SKOJIOTHSIHBIH WHANKA-
TOPBI OCBHI CaJlaHbl CUIIATTANTHIH KOPCETKIMTEPIiH
opTama TEOMETPHSJIBIK  pPEHTHHITIK  Oaranay
peTiHme ecenrenei:

VLIV 4VI Ve 4T,

1

I — Genrini Gip canaHbly OipiKTIpiAreH MHIUKA-
TOPBI,

V — kepceTKIITep/iH peHTHHTTIK Oarackl,

N — TaHAAJIFaH KOPCETKIIITED CaHBI.

- DKOHOMUKAJIBIK, 9JIEYMETTIK HEMece 3KOJIO-
THSAJIBIK JAaMyJIbIH MHIUKATOPHl ©3 cajajlapbIHBIH
JaMy WHAWKATOPJApbIHBIH OpTallla Te€OMETPUSIIBIK
MOHI PETiH/E ecenTeeIi.

1-cypeT — AyBULABIK KepIIepAiH TYPaKThl JaMybIHBIH HHIUKATUBTI XKyiteci
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FruipiMuMakanagazepTreyre Y iHINKaTOPIbIH
IOTiHACTI SKOHOMUKAIIBIK HWHIAKATOPHI Hazapra
anbiHgbl. Bepinren kecrere cylieHe OTBIPHIIN, 9pOip
WHIMKATOP/IBIH KOPCETKIMITEPi CTATUCTUKAIBIK aK-
nmaparrapiaH >KHHAKTAIBIHBIN, €CeNTenyre Oepi-

ni. Temengeri l-kecTene 3KOHOMHUKANBIK KOPCET-
KiIuTep MeH aymaHIapabl OPHATACTBIPY PETi Kep-
cerinred. Ockl yirire cyiieHe OTHIPBIN Ke3 KelreH
00JIbIC aylaHIaPbIH OPHAJIACTHIPYFa, Kellecisie KO-
HOMUKAJBIK HHMKATOPJIAP]IBI ecenTeyre 00nabl.

1-kecte — KepceTkinrep OoibIHIIA ayJaH MOH/IEPiH jKa3yIbIH KeCTEIK YJrici

Aynaunap (A) Kepcerkim Bl Kepcerkim B2 Kepcerkir ... Kepcerkim Bn
Al Bl (Al) B2 (Al) .. (AD) Bn (Al)
A2 Bl (A2) B2 (A2) . (A2) Bn (A2)
.. An B1 (An) B2 (An) ... (An) Bn (An)

IKOHOMMKAJIBIK HHANKATOPJIAD

IKOHOMMKAJBIK KOHE HHBECTHLMSJIBIK 0eJI-
CeHILTIK HHANKATOPHI

- DKOHOMHUKAJIBIK KBI3MET TYpJiepi OoibIHIIA
1000 amamMra makKaHaa YUbIMAApIbIH CaHBbI;

HIarpIiH 9He OpTa KICiMKepJaikTi AaMBITY
HHIUKATOPBI

- JKeke MeHNIIK HBICAHBIHIAFBl YHBIMIIAP/IBIH
caubl, Oipitik, 10 MbIH ajaMra MakKKaH/a;

- 1000 amamra mIakKaHga >KeKe KociMKepiep
CaHbI

OHepKkacinTi 1aMBITY HHAUKATOPBI

- XanbIKTBIH KaH OachblHA IIAKKaHIAFbl KO-
HOMHKAJBIK KBI3MET TypJiepi OOWBIHIIA ©HEPKd-
CINITIK OHIPICTIH KOJIeMi

Tayapjap MeH KbI3METTepP HAPBIFBIHBIH
JKaFIaibIHbIH UHAUKATOPDI

- XapIKThIH KaH 0achblHA [IAKKAHAFbl OOJIIeK
cayJia aifHaJIbIMBI,

- Xan 6acprHa mraKKaHAaFsl KbI3METTEP HAPBIFBI

AybUI MAPYyalIBUILIFBIH JaMbITy HHAWKA-
TOPBI

- bapmplk caHaTTarsl MIapyamIbUTBIKTapAaFsl
aybUI APy aIbUIBIFBI TAKBULIAPBIHBIH €TIC aJlaHbI;

- XKan OacplHa TIaKKaHIa OCIMIIIK IIapyallbl-
JIBIFBI OHIMIH OHIPY KOJIeMi,

- Xan OachiHa mIaKKaHIa MaJl ApPyallbUTbIFbI
OHIMIH OHJIIPY KeJIeMi, MbIH TeHTE;

- ’Kan 6acpiHa makkaHaa Koiaa 6ap JoH I )KOHE
OypIuak JaKelIiapsl, TOHHA,

- bip cuplp OacbiHa AereH cayblH CYT KeJemi,
TOHHA;

- XKbu1 COHBIHIIAFBI OApIIBIK CAHATTAFhI IIapya-
meuTBIKTapaarel IKM Gackr, Oac.

JKorapeima OepinreH SKOHOMHUKAIBIK WHIMKA-
TOpJIap MEH OJIap/IbIH KOPCETKIIITSPiH KOJIJITaHa OTHI-
peir, Temense [laBmogap oONBICH aynaHAApBIHBIH
KecTeci KYPbUIIBl. DKOHOMHUKAIBIK KOPCETKIIITEp

KP cratucTrika KOMUTETIHIH COHFBI )KUHAKTAPbIHAH,
strHU 2021 xpULIbIH 1 KaHTapbIHA call akmapar 0ou-
BIHIIA KUHAKTANBIHAB (2-kecte). Kepcerkimrep
9KOHOMHMKAJIBIK HHIUKATOP OOJIBIT CaHay YIIiH Oip
TypJii 60yl Thic. Coxn cebenti KepceTKiTep KaH
OacblHa HEMecCEe MBIH aJaMfa IIaKKaHIa caHajajbl.
Byt aknmapat opOip KepceTKiliKe cail KeleTiH ecel-
TeyJiep OOWBIHIIA aTBIHIBI.

OtkeH XbuTHl [lpe3nmeHT YKIMETTIH aliabIHa
aybUl IIapyallblIBIFBIHBIH PE3EPBTEPIH XaIBIKTHIH
TYPMBIC JICHTCHIH JKOHE OJl-ayKaThlH apTThI-
py MakcaTbIHAa IaiiajgaHa OTBIPHIN, OHBIH IMIKi
MYMKIiHIIKTEPiH )KYMBUIIBIPY MIHIETIH KOWABI. by
Mminaertepai 6i3 [Ipesunent XKongaysinan Oinemis.

KazakcranHBIH KeH OaiiTak aymaHIapbIHBIH O0ipi
124,7 MbIH KM? anbin kaTkad [laBiogap OOJIBICH
OpHAaJIaCKaH COJITYCTiK-OaThIC aiiMarbl OOJIBII Ta-
ObUTa/Ibl. AWMAKTBIH TOMBIPAK JKOHE KIMMATTHIK
JKaFJainapel 0acKa MeKTec )KaTKaH PECITyOINKaHbIH
COJITYCTIK, OpTAaNBIK J>XOHE INBIFBIC alMaKTapiaH
KYPFaKThIFbI ~MEH  TOMNBIPAK  KYHAPJIBIFbIHBIH
TOMEHJIITIMEH alTapIbIKTall epeKIIeNeHe .

OH b1 OOMBI XKaNFaCKaH aybUIABIK €Il Me-
KEHJEp JKEeNiciH aszaiity mpoueci (KapThICBIHAH
ko01 — caHbl a3, xankel 500 agamMHaH KeM, aybul
XanKpIHBIH 9,8 %-bI TYpaThiH) aybBUINBIK ayMaK-
TapJbl QJICYMETTIK OpPHAIACTHIPY/bI KUBIHIATTHI,
Oy1 eHOekke KalileTTi XaJBIKTBIH, dcipece jac-
TapJIblH aybLIJIaH KajlaFa KOIIyiHe KOHE XaJIbIKThIH
ypOaHU3aIMICHIHBIH, ~OONMail KajaMayblHa OKell
COKTBI. AYBUIIIBIK ayMakKTapia eMmip cypy JeHreii
MEH camachl apachIHIAaFbl 9JICYMETTIK-9KOHOMH-
KaJIbIK CoMKeccCi3ikTep aii e cakrainyna. Kasipri
YaKbITTa aybUIABIK ayMaKTapa €1 XaJlKbIHbIH 42 %-
bl TYpaabl. ATpapibIK a3bIK-TYJIIK CEKTOPBIHBIH
JlaMy EpeKIICIKTEPiH JKOHE aybUT MAPYallbUIbIFbI
KBI3METIHEH TYCETiH KipiCTepiH 6CyiH eCKepe OThI-
PBIN, aybul XaJKbIHBIH Ka3ipri mamajgaH ThIC Kell
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00JTyBl XaNBIKTBIH 6Mip CYpY IEHreiiHiH ecCyiH Te-
xKey cedentepiniy Oipi 00bI Ta0BIIaAbI, OYIT eTAIH
OPHBIKTHI IaMYBIH JKOCTIapIIayAbl KUBIHIATA bl
3epTTeydiH oNeyMETTiK, 3KOHOMHKAIBIK KOHE
AKOJIOTHSIIBIK ACTICKTLIEP1 THIFBI3 OaliIaHBICTHI JKOHE
TEK YXKUBIHTBIFBIHAA aybUT XaJIKbI, OHBIH Kau-KyWi,
Moceienepi JkoHe AaMy OoJamiarsl Typasibl KeIeH I
kepinic Oepemi. Ochlnaiiia, aybUIIBIK XepiIepaeri

eMip cypy ACHIeHiHIH KarmaliblH Oaranay KpH-
Tepuinepi peTiHAe MBIHAAal KOPCETKIMITEPIi
naiganany KaxeT: MeIUIHHAIBIK-IeMOT paQUsIIbIK,
QJIEYyMETTIK, SKOHOMUKAJIBIK KOHE DKOJIOTHSIIBIK.

[TaBmomap 0OIBICHIHBIH KypaMbIHa 10 oKiMIITIK
ayJnaH, o0JbIc opTajibFel — [1aBnoaap Kanackl Kipei.
CoHbIMEH KaTap 3 Kaja, 7 KeHT, 165 aybUIIbIK
(cemoubIk) okpyT xoHE 408 aybur 6ap.

2-kecte — [1aBogap 0OJIBICH ayJaHIapBIHBIH HETi3T1 SKOHOMHKAJBIK KepceTkimrepi, 2021 sKbi1

XaJBIKTBIH,
OxoHOMHKANBIK | JKeke MEHIIIK JKaH OacklHa
KBI3MET TypJiepi | HBICAaHBIHAAFEI 1000 agamra LIaKKaHAFbl XanbIKThIH XKan GacwiHa
[Joznidizinie YHBIMAApAbIH | IIaKKaHJA KeKe | SKOHOMHKAJBIK *aH OackIHa ITaKKAH/aFbI
Aynan 1000 agamra caHsbl, OipIiK, KocinkepIep KBI3MET TYpJIepi | IIaKKaHIaFbl KbI3METTED
HIaKKaHIa 10 MBIH aamMra CaHBI OoiibIHIIA Geuex cayna HapBIFbI
YUBIMIapIbIH HIaKKaHJa OHEPKACIITIK aifHAIBIMBI
CaHbl OHIIPICTIH
KeJeMi
AxToFaii 0,9 530 29,4 5,9 11,1 28,7
Basnaybun 4,7 583 343 133,2 12,8 38,9
Kenesun 4,1 499 32,4 11,2 16,7 30,3
Epric 4,6 614 37,8 11,4 18,3 28,5
Tepenken 4,1 495 31,8 15,6 22,2 26,7
AKKyIBI 0,5 554 33,8 6 11,4 37,2
Maii 1,3 652 40,2 9,7 14,4 39,3
IMaBnogap 5,1 514 24,8 7,1 8,4 40,9
VYenen 2,8 562 33 11,6 36,7 57,5
[Tap6axTer 4,1 489 34,5 28,9 24,7 33
m{:apgz;ﬁz?i?afim YKan G6aceina makkanga | XKan OaceiHa makkanaa | bip cublp OaceiHa ge-
Avian a 1131 i; 2 aII:_IBIJI')IiLIFLI MaJl IapyaIibUIbIFbI KoJa 6ap ASHII XKOHE | TeH cayblH CYT KejeMmi,
YA Y 4 . OHIMIH eHJIIpy KeieMi, | OyplIaK JaKplIIapsl, TOHHA
JaKbUIIAPBIHBIH €Tic
MBIH TEHTe TOHHA
aJaHpl
AxTorait 63,5 36,7 0,2 1,4
BasHaybin 25,3 26 0,1 1
Kenezun 172,8 69 4,5 2,2
Epric 219,1 44 6,9 2,1
Tepenken 2277 34 1,9 2.4
AKKyITBI 17,1 34,6 0,001 1,7
Mait 8,5 44 0,1 1.6
[TaBnomap 116,6 46,5 0,3 2,8
VYenen 211,5 38,3 6,5 2,3
lap6akTer 158,1 51,5 2 32

Kecremeri akmapaTThl KOJZaHa OTBIPHIIN, 9p
ayJIaHHBIH KYIITi XOHE QJICI3 KaKTapblH Oaifkayra
6onanel. Ocbl KepceTKIMTep i KONJIaHBII, apoip

ayMaHHBIH JKaKChl HE HAIApP JAaMBIFaH YKAKTapbIH
KOpy YIIiH, KOPBITBIHIbI HHIMKATOPFa Kely Ke-
pek. XKorapeiia Oepinren ¢popmynanap KeMeriMmeH
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Op KepceTKill imiHAe KemOaclIbIChl MEH
ayTcaiinepin kepyre 0onaasl. TemMeHne oTKi3iITeH
ecenTeyJIepaiH HOTHKECIH Kkepyre Oonanbl (3-kec-
T€). AJNIBIMEH 9p SKOHOMHUKAJIBIK KOPCETKIIITIH
(B1, B2, 1.6.) pediTuHTTIK Oarachl aHBIKTAJIHI.

Bbyn Gara 0 men 1 mama apanbIFbIHIA CaHANaIbl
XKOHE aylaHIap apachblHAAFrbl albIPMAIIbUIBIKTHI
aHbIK Kepceteni. [llama HerypnbM Oipre KakbH,
COJI cajla KepCETKIlliHiIH AaMy ACHTeHi COFYpIbIM
KOFapHl.

3-kecTe — AyJaH KOPCETKIIITEPiHiH PEHTUHITIK OaFachl MEH SKOHOMHKAJIBIK HHIUKATOPIIaphl

Aynan Bl B2 B3 B4 BS B6 | B7 | B8 | B9 | BI0 | Hormwkeci
Axrorait 0,09 0,2 03 0 009 | 02 |02 ] 003 | 02] 05 0,181
Bastnaybu 0,9 0,6 0,6 1 01 | 007 | 0 | 001 0 0,7 0,398
Kenesun 0.8 0,06 | 05 0,04 03 0,7 1 06 | 05 | 005 0,455
Epric 0,9 0,8 0,8 0,04 0,3 1 0,4 1 0,5 | 0,05 0,579
Teperxo 0.8 0,04 | 04 0,08 0,5 1 02 | 03 | 06 | 03 0,422
AKKyITbL 0 0,4 0,6 | 0,0007 01 | 004 | 02 0 03 | 07 0,23407
Maii 0,2 1 1 0,03 0,2 0 04 | 001 | 03 1 0,414
Tasnogap 1 0,1 0 0,009 0 05 | 05 | 004 | 08 0 0,2949
Yenen 0,5 0,4 0,5 0,04 1 09 | 03| 09 | 06 | 02 0,534
IlapGakTer 0.8 0 0,6 0,2 0,6 07 | 06 | 03 1 0,1 0,49

XaNbIKTBIH JKOHOMHUKANBIK OMIp cypy Kar-
Al eMip Cypy YJTICiH, )KYMBICTIEH KaMTy JXOHE
JKYMBICCBI3IBIK JCHTEHiH, €HOCK pecypCTaphIHBIH
KociOM KypamblH, jkaH OachlHa IIaKKAHAAFbl aKia-
naii TabbICTap MEH MIBIFBICTAP Bl AHKBIHIAN Bl DKO-
HOMUKAJIBIK JaMy KapKbIHBIHBIH JKAJITbI TOMEHJIEYI,
YKBIMIBIK aybUl IIApyambUIbIFEl OHAIPICT KeneMi-
HiH KYPT KBICKapYBIMEH KOHE OHBIH MaTepHUAIIBIK-
TEXHUKAIBIK 0a3aChIHBIH OY3BUIYBIMEH Kartap, ar-
PapIbIK-eHIIPICTIK KYPBUIBIMIBIK KEIIeHHIH KaiTa
KYPBUIYBI, aybLT IIapyallbUTBIFBIHBIH OHEPKOCIMITEH
Oanama emec ajMacybIHaH Kap Kbl IIBIFBIHAPBIHBIH
ecyil aybUl XaJIKbIHBIH 6Mip CYpY camnachl JeHreiine
acep eTIen Kaamabl.

OMmip cypy JAeHrelli MEH camachblH KaJbINTac-
THIPYIBIH MaTEPUANIBIK HETi31 XalbIKTBIH TYTHI-
HYIIBUTBIK MiHE3-KYJIKBIH alKBIHAAWTHIH aKirajai
Ta0bICTapbl 0O0JIbIT Ta0bUIaMbl. TaOBICTBIH capa-
JaHybl CanJapblHAH XaJbIKTBIH KBI3METTEP MEH
TayapJapabl TYTBIHY JCHT el MEH carachkl OOHBIHIIIA
KYPT KaThapiaHybl OpBIH alifbl, HOTWXKECiHIe
TYPFBIHAAPABIH KO O6JIiTiHiH TYTHIHY CTAaHAAPTTaphl
TOMEHCH . AYBUIIBIK JKepiepae KeIeHTiKTiH KeH
TapaTybIHBIH HeTi3ri ce0e01 — eHOEKKe aKbl TOICYIiH
TOMEH/IIT1. ATpapibIK CEKTOp 3KOHOMHKAHBIH Ca-
JANBIK KYPBUIBIMBIHAA COHFBI OPBIHIBI aJajbl,
THUICIHIIE ayBUIABIK JKEepIepAe SJICyMETTIK TeleM-
JIep MEH J>XeKe KOCAJIKbl IIapyamIbUIBIKTaH aybll
[IapyambUIBIFBl  OHIMZIEPIH caTyaH TYCKEeH Ta-
OBICTap/BIH 6CYy Ypaici Oalikanmaabl. Aybuiga emip

CYPy [HEHTeWiHIH TOMEHIey KOPCETKIll a3bIK-
TYJIIKKE HIBIFBIHAAPABIH 6cyi O0bI TaObUTaabl, al
KaJla XaJKBIHBIH OyJ1 OeiriHje a3bIK-TYJIK eMec
Tayapiap 0achIM.

OMip cypy JCHreil MEH camachiHa agaMaap/IbIH
QJIEYMETTIK JKaFIaibl TIKeNel acep eteni. AnaMmaap
MEKEHJICHTIH oJIeyMEeTTiK OpPTaHBIH Callachl XaJIbIKKa
KBI3MET KOPCETY/l JKOHE OHBIH 3aTTall eMIpJiK Ka-
KETTUTIKTEPIH KaHAFaTTaHJBIPYJIbI JKY3ere ackhl-
paThlH KOMITOHEHTTEp KeIIeHIHEH TYpaThIH dJey-
METTIK-TYPMBICTBIK ~ MH(QPaKYPBUILIMHBIH ~ JIaMy
JICHreHiMEeH CHITaTTaNabl. OJICYMETTIK-TYPMBICTBIK
HHPPaKYpPBUIBIM MEH alMaKThIK HOPMAaTHBTEP
KOPCETKIIITEePIHIH apakaThlHAChl 3€PTTEICTIH aii-
MakKTarbl aJaMIapJblH eMip Ccypy JACHIreHiHiH
ko3 urmenTin o6epei.

AyYbBUI UIapyallbUIBIFBIHIAFEl  OHJIPICTIK Jaf-
JIaphIC J)KOHE OFaH iectie JeMorpadusIIbIK KarFjaii-
IIBIH TIHENIEHICYl MeHCAyIbIK cakTay, OimiM Oepy,
MOJICHHET, TYPMBICTBIK KBI3MET KOpCeTy, cayla,
KOFaMJIBIK TaMaKTaHy MEKEMeNlepiH KaMTHTHIH
ayBUIABIH  OJICYMETTIK CAaJaChIHBIH KaJIBIITACYhI
MEH JlaMybIHa Kepi acep ereai. Ocbl MekeMenepaiH
KOIMIUITri aObUIBIT KajJbl HEMece OJIapIblH
KOJIeMiH enoyip KBICKapTThL. HoTwmkeciHme aysul
TYPFBIHAAPBI KOITETeH KBI3MET TYPJICPIH aiMaii,
03 KWKETTUTIKTepiH KaHAFaTTaHABIPYAa KUBIH]IBIK-
Tapra Tar O0IaIbI.

DKOHOMUKAHBIH  JAMBIFAHILIFEl  XAJILIKTHIH
eMip CYpy JIeHreHiH KoTepyre dKelei, ol ceOenTi
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Ka3ipri Ke3le aybULABIK JKepiepaeri SKOHOMHKA
caylaJlapbIHbBIH QJICI3 )KOHE MBIKTHI )KaKTaphIH Oily
aca MaHBI3/bI.

2020 >xbuIbl 15 x0HE OJaH KOFaphl KaCTaFrbl
JKYMBIC KYTIIiHIH caHbl 410,5 MBIH agaMasl Kypassl.
[TaBnomap OOGIBICHIHAAFBI KYMBICTICH KaMTBLUIFAH
xaiblK canbl 391,1 MbBIH amamabl Kypaabl, COHBIH
imriame 33 1,4 MbIH amaM (KYMBICTICH KAMTBUTFaHIaP
)Kanmel caHeiHaH 84,7 %) — kammamainsl
KbI3MeTKepiep, 26,8 MbiH amam (6,8 %) —
mapa kocimkepnep, 32,9 meiH amam (8,4 %) —
TAYeJICi3 KYMBICKepiep. JKYMBICCHI3IBIK JCHT eI
4,7 %-1pl Kypansl.

KOprTbIHIlI)I JK9HE TYKbIpbIMAaMa

Hotmxecinne op ayman O0HbIHIIIA O1pIKTIpIITeH
HoTHXKere Kemyre Oonaabl. OCBl IKOHOMHUKAIBIK
WHAWKATOpNIap OOWBIHINA DKOHOMHUKAIBIK JaMy
JeHrei OOWBIHIIA ayJaHAap TONTACTHIPBLIABI
(4-xecre). Catibin kenrenie, [1aBiiogap 0OJIBICHIHBIH
ayJaHAapBIHBIH JKOHOMHKAIBIK JaMy WHIWKA-
TOPBIH ecemnTen, 3 Typre OemiHai. Aca TYpaKThl
aypUIIBIK kepiepre 4 aynan: JKenesun, Epric,
VYcnen, Hlap6aktel. Byn aymanmap SkoHOMHKA
caJiajapbIHbIH KOFaphl 1aMybIMEH CHUTIATTaaIbl.

4-xecte — [1aBromap oOJIBICH! ayBUILABIK XKEPIICPIHIH TYpiepi

Y ChIHBIIFaH TYPIIEPAL €CKEPE OTHIPHIIL, AYBUIIIBIK
JKEpIIepl TaMBITYIBIH KeJlecl OaFbITTaphIH Kacayra
Gomaasl:

- ayTaHaap/IbIH OIpiHIII TYPi YIIiH AaMy KeNeleri
KOIl calaybl aybUl 3KOHOMHKACHIH KaJIBIITACTHIPY
JKOHE PECYPCTHIK-PEKPEALHSIIBIK QJICYETTI Urepy;

- ayAaHIap/IbIH eKIiHII TYP1 YIIiH 9KOHOMUKAHBI
opTapanTaHAbIpy OpMaH [IapyallbUTBIFbl, TYPHCTIK-
PEeKpealMsIbIK  KbIBMETTiH OpTYpJi OarbITTaphl,
9KOJIOTHSAJIBIK OaFraapiiaHFaH aybll MApyallbUIbIF,
IIAFBIH  KOCIITKEPIIKTEPAl JaMbITy >KYMBICTAPBIH
JKYPri3y *KoHE KaybIMIACTHIPY;

- aymaHIapablH YIIHIII TYpl YIIH 3KOHOMH-
KaJbIK «OCy HYKTENEpiH» aHBIKTay KaKET MKOHE
arpapiblK  OHIIPICTIH THIMIUIIMH — apTTBIpyFa
HETI3JeNITeH aybll INApyallblIbIFbIHA JKaTHAWTBIH
KBI3MET, OHIIPICTIK OOBEKTIIEp KEIICHICPIH Maii-
JATaHy oJIEYeTiH IaMbITy, KOCIMKEpIiK OpTachiH
KaKcapry;

- JKOFapblia OepiIreH YCHIHBICTAP JKapaMalThIH
ayJaHJap YIIiH 3KOHOMHUKaHbI KaiiTa KYpbUIBIMAAY,
OHIMHIH MaMaHJaHybl MEH aCCOPTHUMEHTIH apTThI-
PY, KaCIOpbIHAAPABIH O9ceKere KaOiIeTTiIiriH apT-
THIPY, OIOMKETapajblK ©3apa iC-KUMBUIABI TY3ETY,
ayblI XaJIKbIHBIH JKYMBICTICH KAMTBHUTYBIH KOHE Ta-
OBICBIH apTTHIPY IAPTTAPBIH KOJNJaHyFa O0aabl.

[MaBnomap oGIBICH ayBUIABIK JKepIIEPiHiH TYpiepi Wurepsan Aynannap
Aca TypaKThl aygaHaap 0,181-0,330 XKenesun, Epric, Yenen, [llap6akTs
Oprara TypakTsl aygaHaap 0,331-0,454 Basnaysui, Tepenkein, Maii
Typaxkchi3 aynanaap 0,455-0,579 Axroraii, AkKyibl, [TaBnogap

KopweITBIHABIIAN — Kelle, aHBIKTaJFaH  MOJIi-
MeTTepai KoimaHa oOTIphIn IlaBmomap 0OJBICH
ayJlaHAapBIHBIH YKOHOMHKA CaJIaChIHBIH JaMy JeH-
reifine Kapai TypJiepre TONTACTHIPHUIILI. TeMeH-
neri 2-cyperre oOJNBIC aymaHAApPBIHBIH TYpIepi
oenrinenren. CoHbIMEH Kartap, Ekibacty3 xkoHe
AKCy Kananapsl aybUIAbIK ayMaKKa aTnai, kapTara
mapT TYPiHAE SHTI31IIi.

[laBnogap oOMBICH ayBUIABIK JKEpIEPiHIH Ia-
MyBIH 0acKapyJblH THIIOJOTHAIBIK TOCUTL aybul
XaIIKBIHBIH CaNBICTRIPMANBI  OMip CYpy JKarqaii-
JMapblH KaMTaMachl3 €Tyre, XalbIKTBhIH Oip ay-
MakTaH KeTyiHIH Tepic YpaicTepiH xoHe eHOeK
pecypCcTapeiHBIH ~ OacKalapblHa IIaMaJaH ThIC
IIOFBIPIIAHYBIH €HCePYTe MYMKIHAIK Oepeti.

XKyprizinren 3eprreynepi icke acblpy KaHIai
na Oip aymaamel Oip Typre XaTKbI3YABIH MaHBI3-
IBUTBIFBIH apTTHIPY, COHOai-ak Oonamnrakra aybii-
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IIBIK, JKEpIep/Ii TaMBITYABIH CTPATEeTHSUIBIK OaFrbIT-
TapbIH 93ipJiey YIIiH FEUIBIMH HeTi3 00Jia anajpl.

TypakThl aybUIABIK XKepiepre 3 aynaH *KaTaJbl:
Tepenxen, basnaypui, Maii. byn aynannapabig
SKOHOMUKAJIBIK JKaFaibl OpTallla JIaMBIFaH KOHE
Keibip camanapblH JaMbITyFa Tanamn eTineni. Och
cumnaTTaMara cail ayJAaHIap/Ibl )KapThUIail JaMbIFaH
Jlen aiiTyra Oosajpl.

DKOHOMHKACHl TYPAKChI3 ayBUIIBIK JKepiepre
KamraH 3 aymaH kipeni: IlaBmomap, AKKyJHI,
AKxrorail. AynaHnmap SKOHOMHKACHIHIA, acipece
OHEPKACINl TEeH IIaFbIH JKOHE OpTa KOCIIKEpIIiK
HaIIap JamMbIFaH. AKTOFail )koHe AKKYJIbI ay 1aHIaphl
SKOHOMHKA cajallapbl ©Te€ Hallap JaMbIFaH KOHE
KeJIeIIeKTe aiiphIKIIa Ha3apFa ue OOyHI THIC.

[laBrnogap OOMBICHIHBIH AYBUIIBIK JKEPIEPiHiH
SKOHOMHKA cCajallapbIHBIH JaMy XaFJaibl *Kaibl
TOMEHJIET1 KecTezie Kepyre Oonaabl (5-kecte).
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2-cypert — [1aBnogap oOIbICH ayJaHAapbIHBIH TYpIEpi

5-kecte — HaBJIO,IIap 00JIBICHI aylaHJapbIHbIH 3KOHOMUKA CaJlaJlapbIHbIH JaMy )Kar/:[aﬁm

BipikTipiireH 5KOHOMHKAIBIK AaMy WHIKATOPHI
Haenozap 06- OKOHOMHKAJIBIK IIaFbiH sKoHe opTa Aybln
JIBICHI aYBIIIBIK Aynauznap OHE MHBECTHIMS- | . o pa OHEPKACINTi 1aMbl- |  IapYaIIbUIBIFBIH
JKEPJICPIHIH TYpiepl TBIK OesIceHIiTiK P A Ty UHAUKATOPBI JaMBITY MHIUKA-
MBITY HHUKaTOPbI
MHUKATOPBI TOPBI
[ap6akTsr + - -
Aca TypaxTsI ay- Yenen - - - +
AaHaap Kenezun + - - +
Epric + + - +
Tepenxen + - - +
Oprtara TypakTsl
P ¥PaK basnaysin + + -
aynanziap
Maii - - -
IlaBnogap + - - +
TypakceI3 aynasaap AKKyJIbI - + - -
AxToraii - - - -

Eckxepmne: JlaMbIrad cananap — «+»; JaMbIMaFaH — «-»

Aynannapra 6ara OepyaiH OChIHIal saicTemMeci
aybUIBIK KEpJICPIiH TYpaKThl JaMy JCHICHiH,
9KOHOMHUKAHBIH TYPJIi CalajapbIHbIH JaMbIFaHIbI-
FBIH aHBIKTayFa MYMKIHAIK Oepeni. Ojicremere
CylieHe OTHIPBIN, FHUIBIMH Makanaaa [laBmogap
OOJIBICBIHBIH ayJaHIapblHa SKOHOMHUKAJIBIK IamMy
JKaFbIHAH KeIIeH Ti 3epTTeY XKYpri3inmi. 3epTrey Ke-

JICIIEKTE op ayJaHFa apHaJIFaH jKeke Oarnmapiama-
Jap, JKocmapiap KapacThlpyFa MYMKIHAIK Oepei.
OKOHOMUKAHbI JaMBITY YIIIH OIpiHII OHBIH 9JCi3
JKAKTapblH aHBIKTay MaHbBI3JbI, OYJI OOJBICTHIH Op
ay/IaHbIHBIH SKOHOMUKAaHbIH Kall cajiachl HaIap, Kai
cajlaCblH OJaH aphbl KaKChbl JaMBITyfra 60J'IaTI>IHBIH
KepceTei.
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OPTIMAL SITE SELECTION FOR THE INSTALLATION
OF SOLAR PV PLANTS:
A CASE STUDY IN NAKHCHIVAN AR, AZERBAIJAN

Since the electrical power produced by converting total solar radiation on horizontal surface,
composed of direct and diffuse components of PV cells, has low output power, it is necessary to identify
areas with high power factor for more efficient power generation. However, due to the low efficiency of
PV panels (14-18%) and the low intensity of total solar radiation on horizontal surface, large installation
space is required to achieve a certain power level. Due to the high cost of installing solar power plants,
a comprehensive systematic assessment of the geographic factors of the region is required to select the
most suitable location. The reason we chose Nakhchivan as the study area is that the radiation level is
high compared to other regions of Azerbaijan (1220-1699 kWh/m?-year), and the number of hours of
sunshine per year exceeds 2500. Since the creation of solar power plants in regions with high values of
total radiation on a horizontal surface depends on technical, economic and environmental criteria,
descriptive criteria are used to determine the optimal areas. This model was used to determine a suitable
installation location for solar power plants.

As a result, the study, it was concluded that 9.5% (510 km?) of the land of Nakhchivan have high
suitability, 12% (645 km?) — average suitability and 24% (1290 km?) — low suitability for placing solar
power plants. The remaining 54.5% (2930 km?) of the region belongs to the territories that are not
suitable for use due to low radiation, high slope, the presence of protected areas, settlements, agricultural
areas and poorly developed infrastructure. Optimal locations cover mainly the southern and eastern parts
of the region, as shown in the polygon shape on the suitability map.

Key words: renewable energy sources, solar energy, geographic information systems, analytical
hierarchy process, site selection.
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O3ip6aixaH HaxuueBaH AP MbicaAbiHAQ
KYH DOTO3AEKTP CTaHUMSAAPbIH OPHATY YLLUIH
OHTaMAbI ayMaKTapAbl TaHAQY

DOTOIAEKTPAIK MaHEeAb SAEMEHTTEpPIHIH TiKeAel XoHe LWallblpaHKbl KOMMOHEHTTEPIHEH TypaTbIH
KOAAEHEH, GeTiHAEr KyH paAMaLMSCbiH TYPAEHAIPY apKbIAbl OHAIPIAETIH DAEKTP 3HEpPruscbl TOMeH
WbIFYy KyaTbiHA M€ GOAFAHABIKTAH, JAEKTP 3HEPrUSCbiH TUIMAIPEK 6HAIDY YLiH >KOofapbl KyaT
Koa(hhrumeHTi 6ap ayaaHAAPAbI aHbiKTay KaxkeT. Aaainaa, DI-naHeAbAEpiHiH TUIMAIAIM TemeH (14-
18%) >koHe KeAAeHeH OeTiHAEri KyH PaAMauMsICbiHbIH KAPKbIHAbIAbIFbI TOMEH BOAFAHABIKTAH, GEATiA
6ip KyaT AeHreniHe >KeTy YLiH OPHATY YLUiH YAKEeH OpbIH KaxkeT. KyH 3AeKTp CTaHuMsIAapbIH OPHATYAbIH,
KbIMOATTbIFbIHA  GAMAQHBICTbI  €H  KOAaMAbl OPbIHAbI TaHAQy VIiH aiMaKTblH reorpadusIAbIK,
hakTOpAapbIH >KaH-XaKTbl >KynMeAi 6araray kaxet. bisaiH HaxuueBaHaAbl 3epTTey ammarbl peTiHae
TaHAaFaHbIMbI3AbIH ceb6ebi, paanaumns AeHreni O3ipbanskaHHbiH 6acka aiMakTapbiIMeH CaAbICTbIPFaHAQ
xofapbl (1220-1699 KBT/M?-XKbIA) XeHe >KbIA CaiiblH KYH COYAECiHiH caraT caHbl 2500-A€H acaAbl.
KeaaeHeH 6eTiHAE XKaAMbl PAaAMALIMSHBIH, XXOFApbl MOHAEPI 6ap anMakTapAa KYH SAEKTP CTaHUMSIAAPbIH
KYPY TEXHUKAAbIK, DKOHOMMKAABIK >KOHE 3KOAOTUSIAbIK, ©AlleMAepre 6GanAaHbICTbl GOAFAHABIKTAH,
OHTaMAbl ayAQHAQPAbI aHbIKTAy YLUiH CMMATTaMaAblK, KpUTEPUIAAED KOAAAHbIAAAbL. ByA MoaeAb KyH
SAEKTP CTaHLMSAQPbIH OpHATYAblH KOAAMAbl OpHbIH aHbIKTay YLIH MaiAaAaHbIAABL.  3epTTey
HoTuxKeciHAe Haxmuesan xepiHiH 9,5% (510 kmM?) >koFapbl XapamAabIAbikKa, 12% (645 km?) opTalua
>KapaMABIAbIKKA >koHe 24% (1290 KM?) KyH 3AEKTP CTaHUMSAAPbIH OpHAAaCTbipyFa TOMEH
>KapaMABIAbIKKA Me AETreH KOPbITbIHAbI >kacarAbl. KaaraH o6Abictap 54,5% (2930 km?) paanaumsiHbiH
TOMEH OGOAYbl, eHICTiH >KOFapbl 6GOAYbl, KOpPFaAaTbiH ayMaKTblH, €AAI MEKEHAEPAIH, ayblA
LIapyallbIAbIFbl - ayMaKTapblHblH GOAYbl >K8HE MH(PaKYPbIAbIMHBIH, Halap Aamybl CaAAApblHaH
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narAaAaHyfa >Kapamcbl3 aymMakTapFa >kataabl. OHTaMAbl OpbIHAAP HEri3iHEeH aiMaKTbIH, OHTYCTIK XKaHe
LIbIFbIC BOAIKTEPIH KAMTUADI XKOHE >XapaMAbIAbIK, KAPTAaCbIHAA KOMOypbILl TYPIHAE KOPCETIATEH.

TyiiH ce3aep: >KaHAPTbIAATbIH 3HEPrus KO3Aepi, KYH 3HEPrusicbl, reorpausiAbiK, aknapaTTbik,
XKyreAep, aHaAMTUKAABIK, MPOLLECTIH Mepapxmst MOAEAI, OPbIH TaHAQY .

H.C. MImamBepameB

MuctuTyT leorpadpumn HaumoHaabHOM Akasemnn Hayk Asep6anaskaHa, Asepbaiaxat, r. baky,
e-mail: imamverdiyev.nicat@gmail.com

Bbl6Op ONTMMaAbHbIX TEPPUTOPUIA AASI YCTAHOBKH
COAHEYHbIX (DOTOIAEKTPUUECKMX CTAHLLMIA:
Ha npumepe HaxuueBaHckoi AP, Azep6aiiaxaH

[MOCKOAbKY 3AEKTpUYECKasi 3Heprusi, MNpomM3BoAMMas MyTem npeobpasoBaHUsi CyMMapHOM
COAHEYHOM paAMaLMM Ha TOPU3OHTAAbHOM MOBEPXHOCTM, COCTOSLEN U3 MPIAMbIX U PaCCEAHHbIX
KOMIMOHEHTOB 3AEMEHTOB (POTO3AEKTPUUYECKMX MaHEAel, WMMEET HU3KYI0 BbIXOAHYIO MOLLHOCTb,
HEOBXOAMMO OMPEAEAMTb 0OAACTM C BbICOKMM KO3 (MULIMEHTOM MOLLIHOCTU AAS BoAee 3phekTUBHOro
NMPOU3BOACTBA 3AeKTpoaHeprun. OaHako, n3-3a Hmakoro KA ®d3-naHeseit (14-18%) m HU3KOM
MHTEHCMBHOCTN CYMMApPHOWM COAHEYHOM paaMaumy Ha FOPU30HTAAbHOM MOBEPXHOCTU AAS AOCTUIXKEHUS
OMNpPeAEAEHHOro YPOBHS MOLLIHOCTM TPeOyeTCst 60AbLIOE MPOCTPAHCTBO AASl YCTAHOBKM. M3-3a BbICOKOWA
CTOMMOCTM YCTQHOBKM COAHEYHbIX JAEKTPOCTAHUMIA AAS BbibOpa HanMbOAee MOAXOASLIErO0 MecTa
TpebyeTcs KOMMAEKCHas cMcTeMaTryeckas oLeHka reorpadpuuecknx pakTopos pervona. MNMpuumHa, no
KOTOPOM Mbl BblOpaAM HaxuueBaHb B KauecTBe paiOHa MCCAEAOBAHMSI, 3aKAOHMAETCS B TOM, 4TO
YPOBEHb PaAMaLMM BbICOK MO CPABHEHMIO C APYTUMM permoHamm Azepbaiiaskada (1220-1699 kBtu/m?-
roa), M YNCAO YaCOB COAHEYHOrO CUSHMS B roA npesbiwaet 2500. [MoCKOAbKY CO3AaHME COAHEYHbIX
IAEKTPOCTAHLMA B PErMoHax C BbICOKMMM 3HAUYEHUSIMM CYMMAPHOM paAMaLMM Ha FOPU3OHTAAbHOM
MOBEPXHOCTM 3aBUCUT OT TEXHUYECKMX, 3SKOHOMMYECKMX W 3IKOAOTMYECKUX KPUTEPUEB, AAS
OMNpPeAEAEeHMsl ONMTUMAAbHbIX MAOLLAAEN UCTTOAb3YIOTCSl ONMCATEAbHbIE KpUTEPUN. AaHHAsi MOAEAb BbiAa
MCMOAb30BaHa AASl ONPEAEAEHUNS MOAXOASLLENO MECTA YCTAHOBKM COAHEYUHbIX 3AEKTPOCTAHLMNA.

B pesyabTaTe nccaepaoBaHust OblA CAEAAH BbIBOA, UTO 9,5% (510 KM?) 3eman HaxuueBaHu nmetoT
BbICOKYIO MPUrOAHOCTb, 12% (645 KM?) — CPeAHIOI MPUrOAHOCTb U 24% (1290 KM?) — HM3KYIO Npu-
FOAHOCTb AASl Pa3MELLIEHMSI COAHEYUHbIX 3AeKTpocTaHumin. OcTaAbHble o6AacTn — 54,5% (2930 km?)
OTHOCSTCS K TEPPUTOPUSIM, KOTOPbIE HE MOAXOAST AAS MCMOAb30BaHWMS M3-32 HU3KOM pasmnaumy,
BbICOKOIO YKAOHA, HaAMYMS OXPaHAEMOI TEPPUTOPUM, HACEAEHHbIX MYHKTOB, CEAbCKOXO3SMCTBEHHbIX
TEpPPUTOpUII U cAabo pPasBMTON MHAPACTPYKTYpbl. ONTMMaAbHbIE MeCTa OXBaTblBAlOT B OCHOBHOM
I0>KHYIO M BOCTOUHYIO YaCTW PernmoHa, 1 Ha KapTe NPUroAHOCTM MoKasaHbl B (DOPMeE MHOIOYroAbHMKA.

KaoueBble  cAoBa: BO3OOHOBASIEMblE  MCTOUYHMKM — SHEPrMM,  COAHEYHas  3Heprus,
reoMHMOPMAaLIMOHHAS CUCTEMA, MOAEAb aHAAUTUYECKON Mepapxmm NpoLecca, Bbibop mecTa.

Introduction

The choice of a geographically suitable site for
efficient energy production in photovoltaic solar
power plants depends on many factors. To obtain a
concrete result, more realistic figures can be
obtained by examining the spatial and
meteorological data of the region in geographic
information systems (GIS) (Khan & Rathi, 2014).
The number of sunny days in the Nakhchivan AR is
about 250, and the average radiation level is 1460
kWh/m? per year, which makes this area suitable for
investments in  solar panels installations
(Mammadov, 2013). Therefore, from the point of
view of the energy security of the region, it is
necessary to identify suitable sites for the use of
solar energy with low cost and maximum benefit. In
the study, a multi-criteria decision-making
technique was used to determine the suitability of

14

locations. This approach is the best identification
method for analyzing complex and multi-format
data obtained to achieve a specific goal (Wang et al.,
2018). The use of spatial GIS and multi-criteria
method in the form of integration can help in an in-
depth analysis of natural events, rational and
systematic identification and interpretation of
different levels of risk (Linkov & Moberg, 2011).
The MCDM-based analytical hierarchy process
(AHP) model is used to superpose the data obtained
from the analysis performed in the outcome study
and to identify the corresponding regions. The
ultimate goal of the AHP method is to find an
alternative way to achieve the overall result by
analysing the collected data in terms of multiple
criteria and conflicting goals (Uyan, 2013). The
primary goal here is to determine the zone with
medium and the high energy potential following the
principles of site selection for solar power plants.
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Concerning economical and efficient power
generation, the planning stage of the power plant site
considers the annual sunshine in the region,
radiation levels, land use, agricultural efficiency,
distance to roads, power lines and other constraints.
At the same time, physicals object that pollutes the
surface of photovoltaic panels and creates shadow
effects are among the criteria that directly affect
energy production (Vulkan et al., 2018).

There are many examples of the use of multi-
criteria GIS-based methods to determine the most
optimal locations Because each country has its
unique natural environment (Beccali et al., 2003).
For example, in a study to determine a suitable
territory for a solar power plant in Iran, 11 criteria
were taken into account (Noorollahi et al., 20160.
Since the superiority of these criteria relative to each
other is uncertain, a model of the analytical
hierarchy of the process was used for weighing and
a map of the suitability of territories for solar power
plants in a GIS environment was created. A study of
Saudi Arabia, which used methods of an analytical
hierarchical process, concluded that the most
suitable territories for solar power plants are the
northern and north-western regions of the country
(Al Garni & Awasthi, 2017). This method has
played a decisive role in determining the optimal
area by the principles of placing photovoltaic
installations at a certain distance from the boundary
zone, such as agricultural areas, protected natural
areas, residential areas. Studies to identify a suitable
area in Khuzestan province (Iran) concluded that
even in the worst-case scenario, the potential for
solar energy production is approximately 1.75 times
the total electricity generated in Iran in 2016. Here,
with the widespread use of solar power plants,
installation and infrastructure costs will be
amortized and the total cost of generating solar
energy will decrease compared to fossil fuels
(Asakereh et al., 2017). In another study, four main
criteria (radiation, topography, feasibility and
environmental criteria) and eight sub-criteria were
identified for planned solar power plants in Eastern
Morocco, and a suitability map of potential regions
was created. As a result of the study, it was
determined that 19% of the eastern part of Morocco
is quite suitable for the installation of solar power
plants (Merrouni et al., 2018).

In addition, there are several examples of
assessing various alternative energy sources using a
combination of different methods based on making
multi-criteria decisions for assessing large areas.
The ELECTRE model was applied, which includes

a multi-criteria decision-making method used to
evaluate an action plan for research on renewable
energy technologies applies at a regional scale. For
example, on the island of Sardinia (Italy), three
decision-making scenarios were proposed, each of
which represents an agreed sequence of actions,
based on the development of strategies to uncover
the advantages and disadvantages of using
renewable energy sources (Beccali et al., 2003; Devi
& Yadav, 2013). However, the potential of
geothermal energy sources on the island of Chios
(Greece) was assessed by intercom paring the
PROMETHEE II and ELECTRE III methods
(Polatidis et al., 2015). According to various
sustainability criteria, the method MODERGIS has
been proposed for planning and modelling
renewable energy in Colombia (Quijano et al.,
2010). With this method, the study area was first
classified according to the solar energy potential,
then the environmental parameters were analysed
and suitable areas for large photovoltaic installations
were determined.

Materials and methods

The Digital Elevation Model (DEM) data of the
study area was obtained from the open-source
ALOS-PALSAR satellite to calculate and map
elevation, slope and radiation values in a GIS
environment. In addition, climatic data from 1990 to
2018, data from the Global Solar Atlas (GSA),
Solargis and the corresponding meteorological maps
were used to determine the values of radiation in
Nakhchivan.

In the literature, there are several studies of the
AHP model included in the MCDM methodology,
which is based on its integration with GIS systems
when choosing a site for the construction of solar
power plants. In these studies, there are various
criteria that determine the choice of a suitable site.
This is because when the same criteria are applied,
the accuracy of the figures obtained does not reflect
the truth, as work areas have their unique
characteristics in terms of conditions such as
topography, radiation, land use and infrastructure.
Thus, in accordance with the principles of solar
energy installation, the main criteria related to the
relief, climatic and ecological characteristics of the
territory are determined. The data collected for this
purpose were grouped into 3 classes, from high to
low availability. These data 1. spatial: height, slope,
hill shade and aspect 2. climate: total solar radiation
on the horizontal surface, air temperature, 3.
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environment: land use, protected areas 4.
infrastructure: roads and power lines. All data
generated to create a suitable GIS location was
weighted in total as 100% in the impact table using
the successive function to raster, Euclidean distance,
reclassification, weighted overlay tools in the model
builder. In addition, the study also implies the
methods of mathematical-statistical, cartographic
and geographic modelling.

Three different types of data were studied, the
criterion of which is a certain location, suitable for
the installation of solar power plants in regions with
high solar potential.

— features of the relief of the region and land use;

— meteorological characteristics, including the
value of the total solar radiation on a horizontal
surface;

— energy capacities and infrastructure of the
district (power grids, substations, roads, etc.);

— However, there are the following basic factors
to consider when planning a solar power
plant installation in any area;

— current demand for electricity in the region
and the dynamics of growth of this demand in the
coming years;

— the potential of solar energy resources in the
region and its share in the total energy demand, as
well as the possibility of using it in competition with
traditional energy;

— economic efficiency and
advantage of solar energy sources.

Although the total solar radiation on a
horizontal surface, which 1is the primary
requirement for choosing the optimal area for the
construction of a solar station, is high, arecas that
correspond to the restrictive criteria are considered
unsuitable. Such sites represent natural land-forms
that are wunsuitable for solar power plant
construction unfavorable slopes (mountain ranges
and hills), significant shading or confined spaces
(canyons, hole). This group includes national
borders with specific-purpose zones, coastal zones
and territories along the perimeter of at least 1 km
for which a special alliterate of use and protection
has been established. At the same time, nature
reserves (national parks, nature reserves, nature
and landscapes) and cultural heritage sites
(archaeological sites, historical settlements, etc.)
are also among the restrictive criteria. It is usually
noted that the optimal value of a set of factors does
not contradict the optimal choice of other criteria.
In the case of a “contradiction” between one
parameter and another, the principle of

environmental
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“compliance with the criteria with the least
damage” is to consider account (Gardashov et al.,
2020). For example, in an area with high solar
potential (i.e. with little or no mountain shade, less
cloudiness, pollution and fog), a suitable site is
identified to consider account additional
infrastructure costs and possible production
efficiency. The final decision on choosing the most
suitable place is determined by the results of
calculations made according to the specified
method, taking into account the indicators of all
parameters. Determination of the area for installing
solar power plants mainly depends on the
following. the total horizontal potential of solar
energy in the region should be high;

e the generating capacity of solar power plants
must be highly efficient (efficiency of PV panels)
and economical;

¢ optimal azimuth and tilt of solar panels should
be positions corresponding to the minimum shading
effect;

e the most suitable place should be in the
shortest distance to power lines, highways and
places of electricity consumption.

In addition, as a result of an assessment of the
economic feasibility of current solar power plants
with a capacity of 27 MW in the region, it was
determined that the difference in prices for solar
energy production is about 2.5 times greater than for
fossil fuels. The plant has an annual production
capacity of 40.5 million kilowatt-hours, and the
installed capacity utilization factor (CF = annual
generated energy (kWh) / (plant capacity (W) x
annual period (h)) is 17%. The facility was
established with guaranteed incentives such as green
tariffs (long-term contracts, guaranteed purchases,
etc.) and has an incentive feature for the deployment
of other facilities in Nakhchivan AR.

Choosing suitable a site to install a photovoltaic
station is divided into 4 main criteria.

1) economic criterion: the solar energy tariff
price, stimulating factors, the cost of land
acquisition and power plant installation costs;

2) meteorology and  technical  criterion:
sunshine, solar radiation, the efficiency of energy
production by PV panels and optimal orientation,
azimuth and tilt of the panels to the Sun;

3) geographical criterion: direction of the south
slope, infertile soil, climatic conditions, restricted
areas (nature reserve, mountains, wetland, etc.);

4)social criterion: the electricity demand of
residential areas, additional workplaces and access
to clean and free energy resources. The fourteen sub-
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criteria listed above regarding the use of solar
energy, which comprises the economic, technical,
meteorological, geographical and social conditions
of the region, are discussed separately. Based on the
MCDM method, these criteria were evaluated using

spatial data and the AHP block diagram, a set of
formulas and solutions was created. In addition, the
AHP model was applied to explain the problems
listed in the research methodology presented in
figure 1 and anal analyze the relevant criteria.

Figure 1 — General research methodology (Uyan, 2013)

In the course of the study, a pair of comparison
matrices were created based on multiple
comparisons between measurements, and then the
weights of these criteria were made the primary
criteria for determining the optimal areas. However,
the consistency ratio (CR) is used to assess
conflicting decisions in a pairwise comparison
process. The following steps are required to fulfil the
AHP for n criteria (Saaty, 1980).

The AHP method used in the study is one of the
most comprehensive MCDM techniques to identify
correct alternatives by presenting a decision
coefficient for the solution of various goals. It allows
the generation of a combination of qualitative and
quantitative inputs that provide an optimal approach

to deal with complex MCDM options in diversifying
energy sources and determining the appropriate
location. If the decision-maker (DM) sees an
inconsistency in the results, it is possible with the
AHP method was to produce a solution to explain this
discrepancy. Besides, the MCDM method studies are
among the most applied techniques for combining the
AHP model with many selection support approaches.
The AHP model has established as an accessible
MCDM technique to simplify solution-result oriented
investigations of such as compound decision issues
(Effat, 2013; Watson, 2015). The first stage of the
AHP hierarchy sets the primary aim, whereas, the
middle and lower levels show selection principles and
alternatives, separately. The decision-makers
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evaluate each standard criterion in pairwise
correlations against their database. As a result, it
divides the criteria into smaller sub-levels through the
method and is weighted corresponding to choice-
establish principles.

In the study, 4 criteria for determining the most
suitable sites: solar irradiation (fig. 3), slope (fig. 5),
land use, distance to roads, power lines, and
settlement (fig. 6) are evaluated, and a decision
matrix is formed by pairwise comparison of these
criteria. The weight values of each criterion are
defined through these complex equation
calculations with the AHP method. A consistency

Step 1: Define objective

ratio is then involved to eliminate contradictory
decisions throughout the pairwise comparison
studies. To realize the AHP method, the values of
the n number of criteria are determined, and a set of
formulas are applied in the following order (Saaty,
1980). To determine the consistency ratio in 6 steps
with the AHP method: 1, problem definition, 2,
comparison matrix creation, 3, normalization, 4,
getting the priority vector, 5, consistency tests, 6,
selection or ranking process is performed (fig. 2).
The order of priority in the selection of suitable areas
is 1. solar irradiation, 2. land use, 3. distance to roads
and power lines, 4. slope.

Step 2: Structure elements in criteria, sub-criteria, alternatives etc.

Step 3: Make a pairwise comparison of elements in each group

Step 4: Calculate weighting and consistency ratio

Step 5: Evaluate alternatives according to weighting

Figure 2 — Flowchart of Analytical Hierarchy Process

First, the criteria are compared among
themselves. The equation developed by (Saaty
1980) is used for comparisons. The preference score
for criterion j of the i criterion is determined using

the A;; nine-integer value scales presented to create
a pairwise comparison matrix with various criteria
m = (n X n). A;j denominates the entry in the i
row and the j column of matrix m in table 1.

Table 1 — Comparison values performed in AHP and their interpretations

Numer;;zz; values Numbers (4;) Importance level Definition
1 1 Equally important Criterion i and j are of equal importance
3 173 Slightly important Criterion i is slightly more important than j
5 1/5 Important Criterion i is moderately more important than j
7 1/7 Very important Criterion i is strongly more important than j
9 1/9 Highly important Criterion i is extremely more important than j
2,4,6,8 1/2,1/4, 1/6 Intermediate values

The entries of preference score A;; and Aj; must
supply the following constraint in equation (1): The com-
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parison matrix is an X n square matrix. The matrix com-
ponents on the diagonal of this matrix take the value 1.
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[ 1 A A, Ag An]
[Ar 1 a;x as apn |
. . . A, a 1 a a
(Pairwise comparison matrix) A,X n = a;; A=I 2 21 23 2n | (D)
! A 1
3 d31 adzz dzp
An Apn1  dp2  Apz 1

Where, aj= Aiﬁ(i.]' =1,23..,n), total 22

4(4-1) _ 6

comparisons are made. Here, for n = 4,

matrix m. This can be obtained using equation (2) to
calculate 4;; for each entry of matrix, m in table 2.

Then, the sum of each column requirement (Normalization matrix equation), (4;; = %A”) (2)
equals 1 to create a normalized pairwise comparison =17
Table 2 — Comparison matrix of the accepted decision criteria

Solar Distance to roads
Criteria irradiation (A) Land use (B) and po(\(x;r lines Slope (D)
Solar irradiation (A) 1 7 5 1/4
A= Land use (B) 17 ] 12 1/7
Distance to roads and power line U5 5 1 19
©
Slope (D) 4 7 9 1
Total 5.34 17 15.5 1.50

In the third step, the average values between
rows are obtained to determine the relevant weights
using a set of formulas (3). The relative weight for
each criterion is in the range 0-1. Moreover, because

of examining the criterion weight values, it appears
that the direct normal irradiation factor has a greater
effect on the solar PV plant area. The priority vector
is obtained as follows (table 3).

n
(Priority vector equation) W; = Zizl Ajj 3)
n
Table 3 — Normalization matrix (4;; = —r
sumof rows
o Normalized Final weights,
Criteria A B c b priority vector (Wj) %
A 0.187 0.412 0.323 0/166 Z ATi] =0.272 28%
B 0.027 0.059 0.032 0.095 Z % =0.053 5%
A
C 0.037 0.118 0.065 0.074 z % =0.073 8%
A
D 0.749 0.412 0.581 0.665 % =0.584 59%
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In the fourth step, to obtain the solar PV
suitability map (SM) is applied for each criterion of
the layers formed within the scope of the study area
in equation 4. If the constraint (r) comes out, 7 = 0
and this reflected on the suitability map value of an
inadequate location. Otherwise, the suitability map

Table 4 — Weight and priority vector according to criteria

can be obtained by finding the sum of each criterion
value (x;) multiplied by the criterion weight (w;)
(table 4).

SM = Y, x;. wj.r, here,r =€ {0,1} @)

Weight Priority Criteria
0,272 2 A
0,053 4 B

W =
0,073 3 C
0,601 1 D

In the fifth step, the following formula is used
to calculate the CR of the obtained values
(equation 5). The consistency ratio is obtained by
dividing the consistency index (CI) into the
random index (RI). Here RI is the random
consistency index that changes according to the

number of criteria. Since the number of criteria
in the study is 4, the random index equal to this
value corresponds to 0.90. To determine the
consistency index value of the basic criteria, the
maximum eigenvalue of the comparison matrix,
lambda max (A,,4,) is found (table 5).

CR =< here CI = Amax A AW = A w;
RI n-1

4.234—4
Cl = =
4-1

Table 5 — Determining the mean value of lambda max

)

0.078

0.078,CR = o0 = 0.086%.

A
A xXw aw Mean gy
w
1.162
1.162 i,
5373 4271
0.215 0.215 = 4.035
0.053
4.234
0.301 0301 _ 4102
] 0.073
2.722
2722 alee
3 E01 4525

The weights of the criteria presented in the site
suitability studies, a binary comparison matrix was
created as shown in Table 3, an eigenvector was
calculated showing the priority weight of each
criterion, and the sum of all weights was equal to
one. CR was calculated to check the weighted values
of each criterion (CR = 0.086). Since it is less than
0.10, value decisions are considered acceptable. At
the same time, it is possible to evaluate the
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alternatives that arise when the criteria values added
with sensitivity analysis using the main network tool
in the “Super Decisions 3.2” application varies
between 0.1-1 depending on the purpose. Four
regions with high values of solar radiation for the
installation of solar power plants throughout
Nakhchivan using the AHP method: Sharur, Babek,
Julfa and Ordubad, were evaluated as alternatives to
each other. In selecting suitable sites for solar power
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plants, the main criteria, ranging from high to low
importance level, are weighted according to the total
horizontal irradiation, land use, slope and distance
to roads and power lines. Subsequently, Babek
district with the calculation of the matrix of pairwise
comparison of data sub-criteria, such as radiation on
a horizontal surface (1400-1699 kWh/m?), land use
(fertile soils, barren lands), slope (1-4°) and distance
(from 1000 to 5000 meters) was identified as the
most suitable location.

The selection of the location of PV panels when
using the weighted overlap tool in GIS, the
considered criteria (derived from the AHP model) in
combination with their respective weights were
considered in 3 steps;

— since the input layers have different values
and ranges, each criterion must be scaled up so that
it can be integrated into one layer. The values in the
input maps were then classified into a general
preference scale ranging from 1 to 10 (10 being
the most appropriate);

— each criterion level is multiplied by the
weight or significance of the criterion concerning
the AHP;

— the resulting cell values are added to each
other to form the final composite layer, and suitable
areas were identified.

For this, a database was created in the
application "ArcGIS 10.8", which has a wide range
of spatial analysis tools, and the data on the total
solar radiation on the horizontal surface in the region

were analyzed and systematized. Then, using the
proposed MCDM methodology in areas with solar
potential, the best areas are determined by choosing
a buffer distance between highways, power lines,
agricultural land, settlements and other criteria.
Finally, the most important research findings were
discussed and a suitability map for photovoltaic
systems was presented. In addition, this application
also works in harmony with solar design and
simulation programs (Homer Pro, pvPlanner,
PVsyst, Solargis and others).

Results and discussion

The Nakhchivan AR is located in the south-west
of Azerbaijan, at 38° 82'-39° 78' north latitude and
44° 77'-46° 13' east longitude. 65% of the territory
is located at an altitude of over 750 m above sea
level. The area is located in a semi-arid climatic
zone. The Nakhchivan AR is surrounded by the
Daralagez ridge of the Lesser Caucasus in the north,
and the Zangezur ridge in the east. The area of the
autonomous republic is 5387.19 km?. The total solar
radiation on the horizontal surface in the region
ranges from 1220 to 1699 kWh/m?* per year (GSA,
2020) (fig. 3). This is the highest figure in the South
Caucasus with an average annual value of 1460
kWh/m?. In addition, according to its geographic
location, blockade situation and power supply
security, Nakhchivan can be considered the most
reasonable and most promising geographic region in
Azerbaijan for solar energy investment.
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olar Radiation (kW/m2

1.220 - 1.400
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N

A

Figure 3 — Long-term average (1999-2018) of annual total GHI of Nakhchivan AR
(GSA; Solargis, 2020)
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The values of the total solar radiation on the
horizontal surface in Nakhchivan were calculated by
converting the DEM data using a solar radiation tool
based on GIS and comparing the data from the GSA.
Depending on topographic features, direct solar
radiation values play an important role in
determining the inclination and azimuth of
photovoltaic panels. Since the northern parts of the
autonomous republic have a medium-altitude
mountainous relief, lower radiation values are
observed in comparison with the southern regions.
This, the angle and direction of the sun's rays play
an important role in determining the installation
angle of photovoltaic panels. For example, in the
region, 39°21' north latitude, 45°40' south longitude,

the maximum angle of the azimuth of the daylight
during the year is 74.5° (June 22), and the minimum
is 27.5° (December 22). The total annual sunshine
duration is 2366 hours, daily sunshine duration is a
maximum of 13 hours and a minimum of 8.5 hours
per day. It is more convenient to install photovoltaic
panels along the southern azimuth angle (between
136.78°-226.37°) at an angle of 36°-38° degrees
relative to the latitude at which Nakhichevan is
located (Table 5) (fig. 4). In addition, at this
geographic location, the annual total horizontal DNI
of 199 kWh/m?, DHI of 67 kWh/m?, the clarity index
of 0.597 and the monthly air temperature level are
close to the ideal operating range for solar panels in
most months (25 °C) (table 6).

Table 6 — Average values of solar radiation, clearness index and air temperature in Nakhchivan (Solargis; GSA, 2020)

Jan | Feb | Mar | Apr | May

June | July | Aug

Sep Oct | Nov | Dec | Year

Direct solar radiation
on a horizontal surface| 92 132 180 | 226 271
(kWh/m?)

307 | 306 | 283 | 235 163 107 | 83 199

Diffuse solar
radiation on a
horizontal surface
(kWh/m?)

35 52 77 90 97

96 99 79 61 52 40 30 67

Clearness Index (Ky) | 0.502 | 0.536 | 0.557 | 0.559 | 0.588

0.634

0.647 [ 0.661 | 0.660 | 0.594 | 0.533|0.504| 0.597

Temperature (C) 46 | -03 5.9 | 10.6 | 153

203 | 24.0 | 244 | 193 132 | 54 | 0.6 | 11.1

Figure 4 — The angle of incidence of the sun's rays and sunshine duration in Nakhchivan
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The spatial data included in the study were obtained
from advanced land observation system (ALOS),
progressive array synthetic aperture radar (PALSAR)
and Landsat 7 satellites (Alaska Satellite Facility, 2020).
The digital elevation model data has a resolution of 12.5
x 12.5 meters and elevation, slope and aspect maps were
created using these data. The slopes and terrain aspects
of the surfaces of the Sharur, Ordubad, Julfa, Shahbuz
and Babek districts were determined using ArcMap
tools. Thus, it was determined that installing
photovoltaic panels on construction sites with a slope of
up to 4° or 7% is more suitable in terms of energy
production and principles of economic efficiency.

The annual sunshine duration, which is one of
the most important parameters for the efficient
operation of photovoltaic power plants in the region,
is at least 2470 hours and the annual average
horizontal radiation level per square meter is 1460
kWh (4.35 kWh/m? per day) (Table 7) (fig. 3). In the
distribution map of annual sunshine duration in
Nakhchivan, the average duration is calculated as
10.5 hours per day (Global Monitoring Laboratory,
2020). In order for solar power plants to work
efficiently, areas with at least 6.5 hours of sunshine
and the least cloud cover that affect the energy flow
by 10-25% should be preferred (Sunpower, 2020).

Table 7 — Duration of sunshine and areas with a slope of up to 4° (7%) (Babayev, 1999)

Districts Area size (km?) Duration of sunshine, hours/year
1 Nakhchivan 92.6 2366
2 Sharur 387.8 2597
3 Julfa 287.9 2370
4 Ordubad 198.7 2559
5 Shahbuz 218.6 2592
6 Sadarak 58.4 2660
7 Babek 135.7 2475

Another important criterion for choosing an
installation site is the deployment of a power plant
at a minimum distance from the consumer. Thus, it
is more appropriate to locate stations near sectors
with a high demand for electricity, such as urban
settlements, enterprises, industrial production and
factories. Data such as power lines, transformers,
highways, protected zones and farmland, collected
from the appropriate thematic maps and the
OpenStreetMap database, were evaluated to
determine the optimal location for a power plant
installation. In addition, land subsidence, landslides,
floods and areas prone to other natural disasters
should be considered in the site selection and should
be within a certain range of buffer distances with
optimal areas (Al Garni & Awasthi, 2017).

In the study, the measured values characterizing
the sub-criteria and limitations within the major
criteria for determining the most suitable areas are
described in detail in table 8. Here, in terms of
importance is considered following limiting factors:

— buffer distance of 500 meters to residential
areas, prohibited and protected areas;

— 400 meters from lakes;

— sites with a slope of up to 7%,

— 300 meters buffer distance to rivers;

— buffer distance of 100 meters to agricultural land;

— 300 meters from highways.

At the same time, in regions where the total solar
radiation on the horizontal surface, which is the
main determining criterion, is below 1350 kWh/m?
per year, was included in unsuitable areas due to the
low power generation capacity. For example, with a
total radiation of 1350 and 1500 kWh/m? the
difference in energy production by solar panels on
an area of 1000 m” will be approximately 17000
kWh/year (151783 and 168647 kWh/year,
respectively). This is calculated based on the
formula for calculating the solar yield of a
photovoltaic system (eq.).

E=AXrXxHXPR

Here, E = generated electrical energy (kWh), A
= total solar panel area (m?), r = solar panel
efficiency (15%), H = radiation entering the inclined
receiving surface of the panels (shading not
included) and PR = coefficient loss (0.75).
Depending on the location, technology and size of
the system, this 25% loss includes: — inverter losses
(6% to 15%), — temporary losses (5% to 15%),—DC
cable losses (1 to 3%), — AC cable loss (1 to 3%), —
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shading loss, (0% to 40%) (depending on the area),
— loss due to low radiation (3% to 7%), — losses due
to dust, snow (2%) (Solar Energy Output, 2020).
Areas were identified in the region that
corresponding the criteria in table 4, and the
classification of their buffer distance resulted in a
thematic map at a scale of 1:50000 (fig. 6) This map
is created using a weighted overlay of spatial and
meteorological analysis of the region using the
ArcGIS reclassification tool and AHP model. The
raster imaging tools, raster-based distance tools, and
Euclidean distance tools were used to determine the
buffer distance of the bounding regions (table 9).

Installing solar power plants near residential areas
provides an economic advantage in terms of lossless
transmission of electricity. In addition, at least 1 km
of territory around residential areas is selected as a
buffer zone, taking into account future demographic
changes in certain places. For residential areas, it has
been marked on the map as buffer zone 1 (> 1000
m), buffer zone 2 (1001-2000 m), buffer zone 3
(2001-5000 m) and buffer zone 4 (<5000 m) (fig. 6).
As a result, the area of all defined regions was
calculated using the weighted overlay tool in the
GIS environment using the analytical process
hierarchy method.

Table 8 — Site selection criteria for solar power plants (Doorga et al., 2019)

Criteria Sub criteria Specifications
Solar energy potential Total solar radiation on a horizontal surface 1350 kWh/m?-year and above
Topography Slope Up to 4° (7%)
Climate Duration of cloudy days Up to 45 days
Land use Soils unsuitable for agriculture Bzrsﬁlsl’ S:(;illss (;?(I)lt?ey tio\l)lvsihir;g dsi?:;st;;gz}(;_:i’ég‘)vn
Power supply connection Distance to power lines Up to S km
Distance to energy Distance to substations Up to 10 km

consumption zones

Distance to settlements

Between 300-15000 meters

Transport

Distance to the road

Distance to protected areas

National parks and wildlife sanctuary

From 300-500 meters

Distance to protected areas

Streams, lakes, rivers, etc.

Another criterion in identifying potential
territories for the development of solar power
plants is the determination of the slope and aspect
of the terrain of the region in accordance with the
principles of installing power plants. To do this, the
raster data of the DEM was converted into a
polygon format, divided into 4 parts according to
the degree of slope, and the surface area was
calculated for each. The obtained area values
mainly cover the flat areas and the southern slopes
of the region. Thus, it was concluded that the
regions of the Autonomous Republic with a slope
of up to 7% (4°) in the category of the most suitable
place occupy an area of 1244 km?. The installation
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of solar power plants in the region on a total area
of 1786 km?* with a slope of 7-21% (4°-12°) is more
costly from an economic point of view due to the
steepness of the slopes [Solargis, 2020]. However,
by following the technical procedures, it is possible
to convert the PV panels to be placed inaccessible
locations. The installation of solar power plants of
the third (1239 km?) and fourth (1270 km?)
categories with a slope of 21-39% (12°-20°) and
39-100% (20°-45°) in the map, includes areas that
are difficult to use solar energy (fig. 5). These data
were weighted for all regions by applying a binary
matrix for comparing their criteria using the
method of AHP (table 4).
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Table 9 — Determination of the suitability of the site according to the main criteria, sub-criteria and indicators for the installation of
solar power plants

Major criteria Sub-criteria Indicators Average values Suitability status
Total solar radiation 1220-1350 1285 Low suitable
Solar energy on a horizontal 1351-1500 1420 Medium suitable
potential surface (kWh/m?-
year) 1501-1699 1600 High suitable
: : o Angle calculation,38° X
. 1. latitude of the region (38-40 g >
The tilt angle of solar north latitfde) ( 0,87 + 3,1 = 36° )
pag;:éit(z:gth 2. solar panels, annual fixed angle | 39° x 0,87 + 3,1 = 37° Suitable
Topography (relief, (36°,37° and 38°) 40° % 0,87 + 3,1 = 38°
slope, aspect) 7-21% (4°-12°) 14% (8°) High suitable
The surface slope of 21-39% (12°-20°) 30% (16°) Medium suitable
the region
39-100% (20°-45%) 60% (31°) Unsuitable
Altitude (range of 750-965 m 850 m High suitable
favorable climatic 965-1200 m 1080 m Medium suitable
Climat conditions) >1200 m >1200 m Unsuitable
imate
65-75 days 70 days Unsuitable
Numbe.r of cloudy 55-65 days 60 days Medium suitable
days in the area
45-55 days 50 days High suitable
) <5 km 2,5km High suitable
D1stan(l:ien2(; power 6-10 km 8 km Medium suitable
Electrical >11 km >11 km Unsuitable
connection . <6 km 4 km High suitable
Distance to 712 km 8.5 km Medium suitable
substation
>13 km >13 km Unsuitable
) <2,5 km 1,25 km High suitable
Transportation ]r?ll(?ttg?vcvz;(s) 2,6-5 km 3,45 km Medium suitable
>5 km 3,60 km Low suitable

Slope arca caleulation

7-21 21.39 39100
O1D: slope groups

Slope
1. 0-7% {(09-4") 1244 km?

2.7-21% (4%-12% 1786 km?
3. 21-39% (129-20%) 1239 km?
I ¢ 39-100% (20°-45%) 1270 km®

I
0 10 40 Km

Figure 5 — Slope map of the Nakhchivan AR (Earth Data Search, 2020)
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The distance to substations and power lines
plays an important role in choosing the most suitable
location for installing solar power plants in terms of
preventing energy losses and additional costs. Based
on this argument, the optimal distance from the
planned sites to substations and power lines should
not exceed 6 km, as this significantly increases the

initial investment costs (Noorollahi et al., 2016).
Locations, where the distance to the substation and
the power grid is less than 2000 m, are considered
very suitable for installing solar power plants,
however, areas between 2001-4000 m are
moderately suitable, 4001-6000 m less suitable,
6001 m and over are unsuitable (fig. 6).

Electric network;
@ Settlement
¥ Transormer st

Reservoir

Auto roads
Auto roads high suit. (0-1000}) :
Settlement high suit. (2001-5000) =
[ ] Naknchivan AR .
Solar Radiation

(kW/m2-year)
- 1.220 - 1.400 (unsuitable)
- 1.401 - 1.450 (Low suitable)
[:] 1.451 - 1.500 (Medium suitable)
[ 1501 - 1.600 (High suitable)
- 1.601 - 1.699 (Excellent suitable)

Figure 6 — Suitability map for choosing a solar power plant installation site

The total indicator values for all areas with these
four different distance values were calculated using
a weighted AHP model.

The presence of a motorway in the area intended
for the installation of a solar power plant is
considered an economic criterion in terms of
preventing additional investments for the transport
of solar energy units. Placing stations near roads
reduces the additional costs of infrastructure work
such as highway construction, and also prevents
damage to the environment and landscape (Al Garni
& Awasthi, 2017). As shown in map 5, the distance
from 0 to 1000 m is indicated as 4 (high suitable),
from 1001 to 3000 m — 3 (medium suitable), from
3001 to 5000 m — 2 (low suitable), from 7001 m and
above was marked as 1 (unsuitable).

All data from 4 main criteria and 14 subcriteria
weighted in the study were analyzed. In the AHP
model, the eligible places, which were determined
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by applying a pairwise comparison matrix, were
ranked in 4 categories from high to low. The
consistency factor of pairwise comparisons was
calculated to test all weighted CR values and found
to be at 0.086 (value judgment, 0.10). Then, using
the model builder modelling feature in the ArcMap
software, weighted criteria were added to areas of
high total solar irradiance on the horizontal surface
and the suitability of the site for solar PV was
determined (fig. 7).

Based on the total amount of total solar radiation
on a horizontal surface in Nakhchivan, the
possibility of generating electricity from
photovoltaic panels was calculated. For example, in
the Babek region, the annual value of the total solar
radiation on a horizontal surface is 1597 kWh/m?
and the average annual maximum electricity
production per 1 m? of a solar panel will be 180 kWh
(efficiency, 15%).
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Figure 7 — Weighting the basic criteria for suitable sites selection with a model builder

Conclusion

In Nakhchivan, suitable locations for the
installation of power plants in areas with high total
solar radiation on the horizontal surface as a result
of the study using the AHP model are divided into
three categories: high suitability, medium suitability
and low suitability.

- As aresult of a weighted overlay tool of certain
criteria, using the ArcMap model builder modelling,
it was found that 9.5% (510 km?) of Nakhchivan
correspond to areas most suitable for placing solar
power plants (fig. 7);

- It was concluded that the areas with medium
and low suitability for the installation of solar power
plants in the region are 12% (645 km?) and 24%
(1290 km?), respectively;

- 54.5% of the study area (2930 km?) does not
meet the site selection criteria (fig. 6), the primary
reasons for which are low total radiation level, high
cloudiness, protected areas, soil fertility, poor
infrastructure and unsuitability terrain;

- Spatial, metrological, environmental and
infrastructure-related indicators (solar radiation, slope,

land use, electricity grid, transport) used to determine
the suitability of solar energy use in Nakhchivan are
given in table 5. As a result of the analysis of these
data, it was concluded that the southern part Julfa,
Ordubad and Babek districts are the most optimal
territories for installing power plants;

- Total area of 510 km® suitable for placing
photovoltaic power plants, 109 km?* are located in
the Ordubad region, 98 km? in the Julfa region, 124
km® in the Babek region, 103 km® in the Sharur
region and 76 km? in the Shahbuz region;

- As a result of the calculation, it is possible to
install photovoltaic power plants with a total
capacity of 2.55 GW on an area of 510 km?
(approximately 21000 m? of land is required for a 1
MW solar power plant). These power plants can
generate 38.1 billion kWh of electricity per year,
which is about 1.5 times the total electricity
production in the country. This will not only make
the region predominantly important in terms of
energy security but also allow the region to be
environmentally friendly, prevent global warming
and air pollution, not harm human health, support
economic growth and increase competitiveness.
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DEFINING THE BOUNDARIES AND AREA
OF THE SAMARKAND RESERVOIR CATCHMENT BASED
ON DIGITAL ELEVATION MODELS

In this study, the potential applicability of the Geographical Information System (GIS)-based ap-
proach in the catchment delineation and monitoring of hydraulic structures for a case of Samarkand
reservoir in the Karaganda region of the Republic of Kazakhstan is presented. Different GIS tools were
applied along with different datasets from different sources and resolutions to investigate their effects on
catchment delineation and monitoring of hydraulic structures. The first step was to retrieve Digital Elev-
en Model (DEM) for the case study catchment. However, with the fact that the catchment is among the
largest catchments in Central Asia, eight different pieces of DEMs had to be collected and then mosaiced
to form one DEM for the entire catchment. Then the catchment was delineated to define its boundaries
and stream networks using ArcHydro tools in ArcGIS software. To produce high-quality maps, the study
tested DEMs from various open-source, commercial and open-source software. Based on the results of
the study, the most suitable DEMs with a resolution of 10 m per pixel and covering the entire potential
territory of the study catchment were downloaded from the OpenTopography website. DEM process-
ing made it possible to obtain a fairly accurate outline of the catchment boundaries in vector format, as
well as maps of surface runoff and elevations in raster format. The total area and length of the catchment
boundaries were 228777 km? and 1118 km, respectively. As the study continues, the maps obtained
will be used to develop a hydrological model and an improved approach to dam design and monitoring
in river basins subjected to urbanization. The approach proposed in the study can be improved by using
DEMs with a resolution below 10 m.

Key words: GIS, dam design, DEM, catchment delineation, surface runoff.
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XKep 6eaepiHiH, cCaHADbIK, YArici HerisiHAe CamMapKaHA CY KOWMACbIHbIH,
CY )KMHAYy aAaObIHbIH, LLEeKapacbl MEH ayAaHbIH aHbIKTay

Ocbl 3epTreyae KasakcraH Pecny6ankacbiHbiH - KaparaHabl 00AbiCbiHAAFbl  CamMapkaHp —Cy
KOWMMACbl YATFiCIHAE TMAPOTEXHMKAABIK, KYPbIABICTAPAbBIH Cy >XMHay LieKapaAapblH alKblHAQY >KOHe
MOHUTOPUHTIAEY YLiH reorpadusiAbiK, aknapatTbik >kyreciHae (TAXK) HerisaeAreH TaCiAAIH aAeyeTTi
KOAAQHbIAYbI YCbIHbIAFAH. TADK-AIH 8pTYPAI KypaAAapbl caH aAyaH KO3AEPAEH aAblHFaH MaAIMETTep
>KMbIHTbIFbIMEH Gipre >KoHe OAapAblH Cy >KMHAy LieKapaAapblH aHbIKTayFa >XOHE MMAPOTEXHWMKAABIK,
KYPbIABICTapAbl BakplAayFa 9CepiH 3epTTey YLliH SPTYPAI aXXblpPaTbIMAbIAbIFbIMEH 6ipre KOAAAHBIAADI.
bipiHwi Kaaam xep 6eaepiHiH, caHabIK, YAriciH OKBECY) taby 60AbIn caHaraabl. AAanaa, 6yAa OpTanbik,
A3USIAAFbI €H, ipi CY JKMHay KOMMAChl eKeHi aHblk, coHAbIKTaH XXBCY-HiH ceri3 ap TypAi GeAiriH xxuHan,
GipikTipy KaxeT 60Aaabl. CopaH KeitiH cy xuHay Konmacbl ArcGIS 6araapAamManbik, XkacakTamacblHAQ
ArcHydro kypaaaapblH KOAAQHA OTbIPbIN, OHbIH, LIEKapaAapbl MEH aFblHAAP >KEAICIH aHbIKTay YLUiH
KOHTYPbl aKbIHAAAAbI. 3epTTey GapbICbIHAA XKOFapbl canaAbl KapTaAapAbl xacay yuwid XBCY apTypai
TeriH KO3AEPAEH, allblk, OarAapAamMasapAaH >koHEe KOMMEPLMSAbIK, 6arAapAaMarapAaH CbIHAAADI.
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3epTTey HaTHKeAepi 6oibIHLIA MTUKCEAbre 10 M aXKbIPATbIMABIAbIFbI 6P K8HE 3ePTTEAETIH CY KMHAYAbIH
6GapAbIK, bIKTUMaA ayMafblH KamTuTbiH eH KoAaniAbl JKBCY OpenTopography camtbiHaH XXYKTEAAI.
XKBCY eHAey BeKTOPAbIK, (hopMaTTa Cy XKMHay WeKapaAapblHbIH XXETKIAIKTI ABA KOHTYPbIH, COHAAM-aK,
pacTpAbIK, hopmatTa XXep YCTi aFbiHAAPbl MEH OMIKTIK KapTaAapblH aAyFa MyMKIHAIK 6epai. Cy kuHay
LLeKapaAapbIHbIH, XKAAMbI ayAaHbl MEH Y3bIHAbIFbI TUICiHLWE 228777 km? >xeHe 1118 kM Kypaabl. 3epTTey
>KAAFACTbIPbIAFAH CaiblH aAblHFAH KapTaAap r’MAPOAOTMSIAbIK, MOAEAbAT 83ipAey XoHe ypOaHu3aumsFa
yuiblparaH e3eH bGaccenHaepiHaeri GereTTepai »kobanay MeH MOHUTOPMHITEYAI >KETIAAIPY YLUiH
naMAaAaHbIAaTbiH 6OAAAbL. 3epTTeyAe YCbiHbIAFaH TaCiAATL 10 M-A€H a3 axkblpaTbiIMAbIAbIFbI 6ap XXBCY
nanAaAaHy apKbiAbl XKaKcapTyFa GOAAADI.

Ty#in cesaep: FAX, 6erettepai xobanay, XBCY, cy XXunHay araHblH KOHTYPAAY, XXep YCTi aFbiHbl.
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OnpeaeAeHue rpaHmL, M NAowasn Boaocb6opa CamapkaHACKOTO BOAOXPAHUAMLLA
Ha ocHoBe uMPOBbIX MOAeAel peAbeda

B AaHHOM MccAeaOBaHMM NMpeACTaBAEHA MOTEHLMAaAbHAS NMPUMEHMMOCTb MOAXOAQ, OCHOBAHHOIO
Ha reorpadmyeckon mHopmaumoHHon cucteme (TMC), aAs onpeaeAeHus rpaHul, Bopaoc6opa u
MOHUTOPUWHIa TMAPOTEXHUYECKMX COOPY>KEHMI Ha npumepe CamapkaHACKOrO BOAOXPaHWMAMLIA B
KaparaHamHckorn obaactn Pecnybamkn KasaxctaH. PasamuHble mHCTpymeHTbl TMIC npumeHsiAnch
BMeCTe C Habopamm AQHHbIX U3 Pa3HbIX MCTOYHUKOB M C Pa3HbIM paspelleHrem, YToObl MCCAEAOBATb UX
BAMSIHME Ha OMNpeAeAeHMe rpaHunL, BoA0CO0pa M MOHUTOPUHT TMAPOTEXHUYECKMX COOPYKEHUI. [MepBbiM
warom 6bIAO MOAYUeHMe LnpoBoit MoaeAan peabedda (LIMP) aas ccaeayemoro Bosocbopa. OaHako,
YUMTbIBAs TOT PaKT, YTO BOAOCHOP SIBASIETCS OAHWMM M3 KPYMHENLLNX BOAOCOOPOB B LleHTpaAbHOM A3,
Heo6X0AMMO BbIAO COBpaTh BOCEMb pasAmMuHbIX YacTer LIMP 1 06beAMHUTbL UX B €AMHYIO AASL BCErO
BOAOCOOpa. 3aTemM BOAOCGOP ObIA OKOHTYPEH AAS OMPEAEAEHUS €r0 IPaHULL U CETH PYUbEB C MOMOLLbIO
MHCTpymeHTOB ArcHydro B nporpammHom obecrievernn ArcGIS. AAS CO3AaHMS BbICOKOKAQUYECTBEHHbIX
KapT B XOAE MCCAeAOBaHMs OblAM MpoTecTMpoBaHbl LIMP 13 pasAmMuHbIX 6eCnAaTHbIX MCTOUYHMKOB,
KOMMEPYECKMX NMPOrPaMM M NMPOrpamMm C OTKPbITbIM MCXOAHBIM KOAOM. 10 pe3yAbTaTamM MCCAEAOBAHMS,
Hanbonee noaxoasiume LIMP ¢ paspelueHnem 10 M Ha NMUKCEAb M MOKPbIBAIOLWME BCIO MOTEHUMAAbHYIO
TEPPUTOPUIO UCCAEAYEMOTO BOAOCOOPaA ObiAM 3arpysxeHbl ¢ canta OpenTopography. O6pa6oTka LIMP
NMO3BOAMAQ MOAYUMTb AOCTATOUYHO TOUHBIM KOHTYP rpaHuL, Boaocbopa B BEKTOPHOM hopmaTte, a Takxke
KapTbl MOBEPXHOCTHOrO CTOKA M BbICOT B pacTpoBoM chopmate. O6LLas NAoWaAb U MPOTIKEHHOCTb
rpaHvl Bopocbopa coctaBuAM 228777 km? 1 1118 KM, COOTBETCTBEHHO. 10 Mepe MpPOAOAXKEHUS
MUCCAEAOBAHMS MOAYYEHHbIE KapTbl OYAYT MCMOAb30BaHbI AAS Pa3pabOoTKM TMAPOAOTMYECKON MOAEAM
1 YCOBEPLIEHCTBOBAHHOIO MOAXOAA K MPOEKTUPOBAHUIO U MOHUTOPUHTY MAOTMH B peyHbIX 6acceiHax,
NMOABEP>KEHHbIX ypbaHM3aumn. [peAAOXKEHHDIN B MICCAEAOBAHUMN MOAXOA MOXKET ObITb YAYULLEH MYTEM
ncnoab3oBaHng LIMP ¢ paspeluenvem meHee 10 m.

KaoueBble caoBa: [MC, npoektnpoBaHue
NMOBEPXHOCTHbIN CTOK.

naotuH, LIMP, okoHTypuBaHue Boaoc6Hopa,

Introduction

In general, hydraulic structures (HS) deal with
different issues related to water. The infrastructures
include dams, piping systems, pumping stations, ga-
bion, irrigation schemes, as well as sewerage sys-
tems among many other aspects. Improving water
management practices is among the roles of hydrau-
lic structures, including quality of water, as well as
environmental restoration and protection (Frenken,
2013).

The art of constructing HSs has been known
since ancient times. The first historical references to

the construction of dams and reservoirs are found
in the works of Herodotus. It is mentioned that the
Persians built dams to divert water from their cit-
ies during the reign of Abbas I the Great. The stone
dam near the city of Kashan was 36 m long, 16 m
high, and 10 m thick, where a channel for passing
water could be seen at the bottom. In ancient Egypt,
reservoirs were located along the Nile River to de-
velop new land. One of the oldest known dams was
located 100 km from the city of Amman and dates
back to 3000 BC. Stone was used in the construction
of the dam, the wall was 4.5 m high and 1 m thick,
and its length is unknown. Later, at a distance of
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25 km from the city of Kair, a 102 m long dam was
built. The feasibility of dam construction was large-
ly determined by the Romans to build reservoirs for
drought periods (Zhang, 2011).

According to the report of the International
Commission on Large Dams, there were more than
45,000 large dams around the world at the end of
the twentieth century. According to this report, more
than half of them were built in developing countries.
According to the technical characteristics, it is pos-
sible to distinguish the most famous modern dams.
The highest artificial dam is the Jinping-1 hydro-

power plant on the Yalongjiang River in China, built
of arch-concrete type and with a height of 305 m.
One of the largest is a natural dam formed on Sarez
Lake after the earthquake with a height of 567 m.
In terms of nominal water volume, it is possible to
distinguish the dam built in 1959 between Zambia
and Zimbabwe on the Zambezi River. Its volume is
180.6 km®. As a rule, the reservoirs held back by HS
are formed due to the accumulation of precipitation,
underground or surface rivers flowing into it from
the surrounding area, i.e., the catchment area (Fig.
1) (ANCOLD, 2012).

Figure 1 — Boundaries of the main catchments of the world and Kazakhstan

However, these structures need to be regu-
larly monitored using efficient and cost-effective
tools and approaches. Monitoring of the condition
of hydraulic structures is carried out to ensure the
management of the rational and safe maintenance
of the structure. GIS-based approaches are among
the most effective in the monitoring of hydraulic
structures. GIS in civil engineering is widely used in
transportation planning and management, and water
resources planning and management, which mainly
include watershed management (ANCOLD, 2012).
Catchment delineation is among the important steps
in watershed management that have a significant po-
tential application in the monitoring of a hydraulic
structure.

Catchment delineation helps to identify the sur-
face water features within a catchment and under-
stand the downstream impacts when planning and

34

implementing water quality and quantity-related
protection and mitigation measures (Bowles et al.,
2001).

In this study, a GIS-based approach is used for
the catchment delineation as part of examining its
potential for monitoring of hydraulic structures, for
a case of Samarkand reservoir in the Karaganda re-
gion of the Republic of Kazakhstan. The catchment
delineation process is achieved using ArcGIS soft-
ware in conjunction with DEM.

Materials and methods

Case study description

The selection of the case study is based on the
fact that the catchment is one of the largest and old
reservoirs of the Nura-Sarysu water basin, located on
the Nura River in Temirtau City, Karaganda Region
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of Kazakhstan (Fig. 2). The Samarkand reservoir is
used by large enterprises such as Karmetkombinat,
TEMK, power plants KarGRES-1, TETs-2, TETs-
PVS, etc.

Data collection

In this study, DEM was the main input data and
can be defined as a specialized database represent-
ing the relief of a surface between points that have
known elevation. A rectangular DEM can also be
created by interpolating known elevation data on
the ground acquired from sources such as ground
surveys and photogrammetric data capture. Their
quality dictates the vertical and horizontal resolu-

tions. For defining catchment boundaries in GIS,
the important thing is vertical resolution, that is,
the difference of heights between modeled (or
detected heights) and actual heights of the relief
surface. Classically, a distinction is made between
DEM resolutions of 10 m, 30 m, and 90 m, which
are freely available. More accurate DEMs with a
resolution of less than 1 m for research purposes
can be obtained free of charge upon an official re-
quest from the authorized bodies if sufficient jus-
tification is provided, as their cost is quite high.
DEMs can be in formats such as .tif, shp, etc. Sev-
eral open access sources for retrieving DEMs were
examined in this study (Table 1).

Figure 2 — Location of the Samarkand Reservoir

Table 1 — DEM data sources covered in this study

Ne Name Web site link
1 OpenTopography https://portal.opentopography.org
2 USGS https://earthexplorer.usgs.gov
3 ALOS https://eorc.jaxa.jp
4 Copernicus https://scihub.copernicus.eu
5 NASA https://search.earthdata.nasa.gov
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Defining the boundaries and area of the Samarkand reservoir catchment based on digital elevation models

Note that in the process of searching for DEM
data, a number of difficulties were identified that can
be encountered, for example:

(i) Searching for DEM with a resolution of 10
m and below;

(i) Absence of a single or a number of DEMs
covering the entire study area (Fig. 3);

(iii)) Combining different DEMs with subse-
quent editing (Fig. 3).

DEM preprocessing

The catchment delineation process was carried
out step by step with the help of the Spatial Analyst
tools in ArcGIS software. Before filling sinks in the

DEMs, the Mosaic To New Raster tool was used to
combine multiple DEMs into one covering the en-
tire case study. (Fig. 4).

At the next stage, the Fill Sinks tool was used. This
stage of DEM processing made it possible to eliminate
small defects on the surface of the raster, associated
with the so-called “sinks”. The fill sinks tool in Spatial
Analyst tools was used to fill sinks in the Digital Eleva-
tion Model. This was done to ensure that, if there are
cells with higher elevation surrounding a cell with a
lower elevation, hinders the water to flow and makes
it trapped in the lower elevation cell, hence the water
cannot flow out of the cell (Qin et al., 2017).

Figure 3 — Examples of mismatches between the boundaries and sizes of the DEM and the study area:
a) study area; b) an intersection of the study area with the sub-area; c) area outside the study area

Figure 4 — Combining DEM tiles into a single raster

The Flow Direction tool was used to deter-
mine sink flow directions. Flow direction tool
was used to indicate the direction of the steepest
descent to a neighbor cell and defined for each
grid cell. Generally, this function computes the

36

flow direction for a given grid in which the val-
ues computed in the cells of the flow direction
grid indicate the direction of the steepest descent
from that cell (Fig. 5a). It is based on pixel depth
in bits. In this case, ArcGIS automatically se-
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lects one of three flow-directional determination
algorithms:

(i) D8 flow modeling algorithm, which con-
structs a flow direction from each pixel to its neigh-
bor with the steepest slope neighbor.

(i) Multiple Flow Direction (MFD) algorithm,
which splits the flow from a cell to all downhill
neighbors; here the flow splitting exponent is cre-
ated using an adaptive approach based on local ter-
rain conditions and is used to determine the fraction
of flow that flows down to all downhill neighbors.

The D-Infinity flow algorithm (DINF), which
defines the flow direction as the steepest downward
slope. The flow direction is a floating-point raster
represented as a single angle in degrees counter-
clockwise from 0 to 360 (eastward only) (Tarboton,
2003).

a)

To further simulate the flow of water volume
along the slope (Fig. 5b), the Flow Accumulation
tool was used, which applies an analogy to the same
Flow Direction tool, but in this case, the pixel values
are filled by identifying the flow volume and every-
thing else, that is, the flow volume will have no pixel
value (0), and the surrounding terrain takes a pixel
value equal to 1.

Flows over the entire drainage basin area are de-
fined through the Basin tool. All drainage basins in
the DEM are delineated by defining ridgelines be-
tween basins. The inlet flow direction raster is ana-
lyzed to find all sets of connected cells that belong
to the same drainage basin. The creation of drainage
basins begins with the identification of points of com-
mon outflow. The result is a grid of drainage basins
in different shades of gray (Fig. 6a) (MaDGIC, 2014).

b)

Figure 5 — Flow direction maps: a) flow directions according to the pixel value;
b) accumulation of pixels into one common stream

Drainage basins are formed, and then it is neces-
sary to select the necessary contour is selected, which
will be the boundaries of the study catchment for Sa-
markand Reservoir. For this purpose, the raster data-
set is converted into polygons through the Raster to

a)

Polygon tool. The logic of contour building is also
based on the size of the same contained cell values,
which form the drainage basin area and highlight it
with a color different from other boundaries lying
outside the investigated catchment area (Fig. 6b).

b)

Figure 6 — Drainage basin maps: a) raster format; b) vector format
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Data collection

Mosaicing

Flow direction

Flow accumulation

Basin definition

Raster calculation

Raster to polygon &
polyline

-«

Stream networks

Clipping

4 Delineated catchment gl

Catchment boundary

Figure 7 — Summary of the workflow

The final processing step is to cut out a fragment
of one feature class using one or more objects of an-
other class. In other words, the DEM was cut along
the catchment boundary from the obtained polygon
using the Clip tool.

Fig. 7 provides a summary of the main proce-
dures during the catchment delineation process to
the definition of stream networks and catchment
boundary.

Results and Discussion

The catchment was successfully delineated
for different drainage threshold areas using gully
grating points as outlets. In this study, it was ob-
served that varied drainage threshold area param-
eters and resolutions of DEM play a significant
role in determining catchment area and stream
networks.

The selection of the threshold was observed to
have a twofold impact on the watershed delineation
process. The first issue is based on the speed of de-
lineation. When a large threshold was selected, then
a few initial subwatersheds were generated with a
bit faster process and was efficient since the extract-
ed grids were still large.
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It was also observed that threshold selection
plays an important role in the generation of adjoint
catchments. When the threshold was more than
20,000, the delineation process produced empty
adjoint catchments. Therefore, the threshold was
reduced to 1000 the process was able to success-
fully generate the adjoint catchments. The threshold
definition (stream definition) was performed after
the flow direction and flow accumulation grids were
determined.

The smaller threshold was observed to be result-
ing in a larger number of subwatersheds and stream
networks. Moreover, the smaller threshold defini-
tion was observed to speed-up the delineation for a
point (as the extracted flow direction grid is smaller)
but increased the time to perform all the required
preprocessing steps.

On the other hand, collecting suitable DEMs from
open sources was observed to be a time-consuming
process. Unfortunately, all organizations on the ter-
ritory of the Republic of Kazakhstan provide these
DEM images on a commercial basis, even taking into
account the scientific goals pursued by students at
universities. Probably this is a temporary trend since
GIS development in Kazakhstan is rather new and not
all regulations on data provision are still in place. So,
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on the example of a large organization JSC NC “Ka-
zakhstan Garysh Sapary”, we can conclude that re-
search on “Optimization of the technical parameters
and methodological approach to the use of remote
sensing data by domestic satellites KazEOSat-1, 2”
began only in 2018 (bakreidexos, 2017; Duisenbai,
2018). Abroad, only high-precision images with a
resolution of up to 10 meters are commercially avail-
able, while the rest is available to the public on a
free-of-charge basis. They are stored on special serv-
ers of organizations studying space, which have their
satellites or they supervise missions to collect data
and send them to study the planet. Five large foreign
servers with DEMs of different resolutions were re-
viewed. In one of them, in OpenTopography, DEMs
with full coverage of the territory of Kazakhstan with
a resolution of 10 m were found.

The selection of software for DEM processing
is based on the high demand ranking, equal to 97%
among the programs of this kind. ArcMap software
allows to fully working with raster data and process
DEMs. It should be noted that the second alternative
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was to use second or third generation. The only dis-
tinguishing feature of which is considered is that the
second version is free and open for private use and
implementation of its tools.

The determination of the boundaries of the
catchment boundaries consisted of several stages
using different tools of the ArcMap software, with
three basic algorithms of flow calculation techniques
based on the data processed. As a result of the mul-
tistep processing of the DEM data, the boundary of
the catchment (located in the Nura-Sarysu basin)
was built, its area and boundary length were calcu-
lated, which were 22877 km? and 1118 km, respec-
tively. This .shp file can be used to geographically
overlay the contour on other types of spatial data,
which allows highlighting or excluding informa-
tion in or outside the catchment. The boundaries of
the catchment were then validated using the Google
Earth Pro engine, the results it was observed that the
delineated catchment was sufficiently covering the
study catchment from the .kml file generated using
ArcGIS (Fig. 8).

Qertoustiovie Kerres

Kerterely leprepersl .
.Naragayky =R

Figure 8 — Catchment boundaries raptured on Google Earth (a) boundary only (b) boundary
with fill (c) with nearby places

Thus, the results define the purpose and rel-
evance of the study in connection with the in-
creasing construction plans in Kazakhstan in the

next 10 years, as well as for the monitoring of
existing hydrotechnical structures built more
than 50 years ago.
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Based on the catchment boundary obtained and
the simulation using algorithms and pixel values, a
simulation of water volume flows along the slopes
was built (Fig. 9).

Further, a DEM of the catchment area with ras-
ter data was prepared, which can be used for a com-
prehensive study of the Nura-Sarysu water basin us-
ing other ArcGIS software tools.

Figure 9 — Flow directions within the catchment area

The case study catchment delineation was ac-
complished, where the boundary of the entire catch-
ment as well as its streams, were properly computed
with a well-drained catchment with up to four stream
orders. In general, the simulated fourth, third-order,
and most of the second-order streams, matched per-
fectly with existing streams on the ground. How-
ever, most of the first-order streams could not be
captured in the delineation, especially for the 30 m
resolution DEM.

The approach investigated in this study is in-
creasingly finding practical application in the mod-
ern principles of HS design. Domestic attempts to
introduce GIS in the design and construction of HS
were widely discussed at conferences, and a num-
ber of articles were devoted to this (Kabzhanova et
al., 2020; Kabzhanova et al., 2019; Kabdulova et al.,
2019). For example, the KazEOSat-1 first images of
the Kazakhstan remote sensing satellite were used
for flood forecasting in the Central Kazakhstan re-
gion. The object of the study was the problem of
floods in the basin of the river Zhabai, which is a
frequent phenomenon, and the obtained DEM in
combination with data from the hydrometeorologi-
cal service “Kazgidromet” allowed us to simulate
and predict its frequency (Baktybekov, 2020). An-
other direction in the use of GIS is clearly shown in
the example of the processing of forest resources of
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the Republic of Kazakhstan. The model created by
(Kabdulova et al., 2020) makes it possible to iden-
tify forest areas that have changed, in particular,
due to logging and fires. In general, the use of GIS
approaches can solve many global strategic tasks if
there is the availability of high-resolution satellite
images, as well as powerful technical equipment for
fast data processing.

Conclusion

The potential applicability of the GIS-based ap-
proach in the catchment delineation and monitor-
ing of hydraulic structures for a case of Samarkand
reservoir in the Karaganda region of the Republic
of Kazakhstan was investigated. DEM was used
as the main input data to the catchment delineation
process in ArcGIS to demarcate the boundary of the
catchment and define stream networks. From the
delineation process, a well-drained catchment with
up to four stream orders. In general, the simulated
fourth, third-order, and most of the second-order
streams, matched perfectly with existing streams on
the ground. However, most of the first-order streams
could not be captured in the delineation, especially
for the 30m resolution DEM. Therefore, high-res-
olution DEMs are preferable for a more accurate
definition of stream networks. The approach was



A K. Aldungarova et al.

able to demarcate 228777 km? of the entire catch- Acknowledgement
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MOAEAUPOBAHUE TAAOTO CTOKA
HA TNMPUMEPE YYACTKA PEKU HYPA
OT CAMAPKAHACKOIO AO UHTYMAKCKOIO
BOAOXPAHUAULL,

bacceitH pekn Hypa XxapakTepu3yeTcs HepaBHOMEPHbIM BHYTPUIOAOBBIM pPaCnpeAEAeHEM
ctoka, 90 % peyHoro CTtoka MPUXOAMTCS HAa BECEHHEE MOAOBOAbE, MPU ITOM CAEAYET OTMETUTD,
UYTO OTAMUMTEABHON XapaKTepHOW u4epTor pedyHoro OaccerHa peku Hypa gBasercs TO, 4TO
CTOK TMOAOBOAbS (DOPMMPYETCS 3a CUYET CHEroBOro TaAoro crtoka. MHdgopmaums o TaAom cCToke
HeoOXOAMMA MPU MPOrHO3MPOBAHMM MABOAKOBOM CUTYyaLMU AAS KPATKOCPOYHOrO M AOAFOCPOYHOrO
neprvoAa B OTPACAEBOM MPOM3BOACTBE, Tak Kak AAS TeppuTopum KasaxcTaHa 3ToO BeCbMa akTyaAbHas
npobAemMa. TaAblit CTOK SIBASIETCS OAHMM M3 FA@BHbIX (DAaKTOPOB (POPMMPOBAHUS CTOKA PEKU, Mpu
OOWMABHOM CHEroTasiHuM 3TO SIBASETCS OAHOWM M3 TAABHbIX MPUUMH (DOPMMPOBAHUS 3aTOMAEHMI,
MOATOMAEHMIA U HABOAHEHWUI. B CBA3M C 3TMM MOAEAMPOBAHME TAaAOrO CTOKA SIBAYETCS aKTyaAbHOM M
3HauMMon 3apadeit. CHeXHbI NMOKPOB MrpaeT BakKHYI0 POAb MPWU B3aMMOAENCTBUM KAMMATUUECKMX,
FMAPOAOTMYECKMX M FASILIMOAOTMYECKMX MpoLeccoB. CHEr SIBASIETCS MOLUHbIM KAMMATOOOPasyoLmm
(hakTOpPOM, OKa3bIBAIOLIMM CYLLECTBEHHOE BAMSHWE Ha (pOpMMpOBaHME MOroAHbIX ycAoBui. OAHOM
M3 BaXKHENMLUMX XapaKTEPUCTMK CHEXKHOrO MOKPOBA SBASETCS 3anac BOAbl, MAM BOAHDIA 3KBMBAAEHT,
TaKXXe MMEHYEMbI TaAblih CTOK. [103TOMY NpPeAMETOM MCCAEAOBAHWUS CTAaAO MOAEAMPOBAHME TAAOrO
cTtoka. Lleab cTaTbu — NporHo3npoBaHue 1 MOAEAMPOBAHME TAAOrO CTOKA HA MPUMEpPE y4acTKa peku
Hypa ot CamapkaHACKOro Ao MHTYMakCcKoro BOAOXPaHMAMLL C MICCAEAOBAHMEM AaHHBIX 32 NepuoA C
01.11.2013 no 01.04.2014 roa v nporHo3om mMoaeAmpoBaHna ¢ 1.04.2014 no 06.04.2014. INepuop,
nccAeaOBaHMst GbIA BbIOpaH He CAyvaiiHO. B xoae aHaAM3a AQHHbIX M XapakTepUCTMK MO AQHHOMY
Yy4acTKy MMeHHO nepuoa 2014 roaa 9BAIACS OAHUM M3 CaMbIX MHOFOBOAHBIX TOAOB. B cBS3M € uem
BbIOpaH BbIWEYKA3aHHbIA MepuoA UCCAEAOBaHMS. MccAep0BaHUS MPOBOAMAMCL Ha OCHOBE A@HHbIX
PIT1 «Ka3l'mapomeT» No rmaApOAOrMYECKMM M METEOPOAOIMYECKMM MOKa3aTeASIM M UMGPOBON MOAEAM
peAbeda.

KAloueBble CAOBa: TaAblit CTOK, TMAPOAOrMUYECKOE MOAEAUMPOBAHUE, MPOrHO3MpOBaHUe, GaccenH
peku, ungpoBblie MOAEAN peAbeda.
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Modeling of meltwater runoff on the example of the Nura river section
from Samarkand to Intumak reservoirs

The Nura River basin is characterized by an uneven intra-annual distribution of runoff, 90 % of the
river runoff falls on the spring flood, while it should be noted that a distinctive characteristic feature of
the Nura River basin is that the flood runoff is formed due to snow melt runoff. Information about melt-
water runoff is necessary when predicting a flood situation for a short and long-term period in industrial
production, since this is a very urgent problem for the territory of Kazakhstan. Thawed runoff is one of
the main factors in the formation of river flow, with heavy snowmelt-it is one of the main reasons for
the formation of flooding, flooding and flooding. In this regard, the modeling of melt runoff is an urgent
and significant task. Snow cover plays an important role in the interaction of climatic, hydrological and
glaciological processes. Snow is a powerful climate-forming factor that has a significant impact on the
formation of weather conditions. One of the most important characteristics of the snow cover is the
water supply, or water equivalent, also called melt runoff. Therefore, the subject of the study was the
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modeling of melt runoff. The purpose of the article is forecasting and modeling of melt runoff on the
example of the Nura River section from the Samarkand to Intumak reservoirs with the study of data for
the period from 01.11.2013 to 01.04.2014 and the forecast of modeling from 1.04.2014 to 06.04.2014.
The study period was not chosen by chance. Since during the analysis of data and characteristics for this
site, it was the period of 2014 that was one of the most high-water years. In this connection, the above-
mentioned study period was chosen. The research was carried out on the basis of the data of the RSE
“KazHydromet” on hydrological and meteorological indicators and a digital relief model.

Key words: meltwater runoff, hydrological modeling, forecasting, river basin, digital terrain models.
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Hypa e3eHiHiH, MbICaAbIHAQ epireH aFbIHAbI MOAEAbAEY
CamapkaHATaH bIHTbIMaK Ccy KOMMaAapbiHa AeHiH

Hypa e3eHiHiH 6acceiHi afbiHHbIH, >KbIA iWiHAEri OipkeAki 6eAiHbeyiMeH cunaTTaraabl, ©3eH
arbiHbIHbIH 90%-bl KOKTEMri Cy TackpblHblHA KeAeAi, aa Hypa e3eHiHiH 0accCenHiHiH epekLieAiri —
Cy TacKblHbl KApPAbIH epireH arbiHbiHa 6GaliAaHbICTbI KaAbinTacaAbl. EpireH afbiH TypaAbl aknapar
CaAaAbIK, BHAIpICTEri KbiCKa Mep3iMAi X8He y3akK, Mep3iMAi Ke3eH YLWiH Cy TacKblHbl >KaFAaiblH
6oAXKay KesiHAEe KaxkeT, enTkeHi KasakcraH aymarbl yuwiH GyA eTe e3ekTi maceae. EpireH arbiH ©3eH
aFbICbIHbIH, KAABINTACYbIHbIH, HETi3r (hakTOpAapbIHbIH, 6ipi 6GOAbIN TabblAaAbl, KAPAbIH KO epyi Ke3iHAe
CYy TaCKbIHbl, CY TaCKbIHbl KX8HE Cy TaCKbIHbIHbIH MaiAa GOAYbIHbIH Heri3ri cebentepiHii 6ipi 60AbIN
Tabbiraabl. OcbiFaH GaMAAHBICTbI €PireH aFbiHAbI MOAEAbAEY ©3€KTi >KOHE MaHbI3Abl MIHAET GOAbIM
Tabbiraabl. Kap >KaMbIAFbICbI KAUMATTbIK, TMAPOAOTMSIABIK, )KOHE MASLIMOAOTUSIAbIK, MPOLIECTEPAIH ©3apa
apeKkeTTecyiHAE MaHbI3AbI POA aTKapaAbl. Kap aya-panbiHbIH KAAbINTacyblHa alTapAbIKTal acep eTeTiH
KyaTTbl KAMMATTbIK, (bakTop 6OAbIN Tabbiraabl. Kap >KaMbIAFbICbIHbIH MaHbI3Abl CHMaTTamaAapbIHbiH
6ipi — Ccy KOpbl Hemece epireH afblH Aen ataAatbiH cy 6Garamacbl. COHAbIKTaH 3epTTey TaKbipbiObl
epireH arblHAbI MOAEAbAey 6G0AAbl. MakaaaHbiH Makcatbl — 01.11.2013-01.04.2014 >xblApap
apanbiFbiHAAFbl AepekTepAi 3epTTeymeH 1.04.2014—-06.04.2014 >XbIApQp apaAblFbIHAAFbl MOAEABAEY
6oAxambiMeH CaMapKaHATaH bIHTbIMak, Cy KOMMaAapbliHa AeriHri Hypa e3eHiHiH yyackeci MbiCaAbiHAA
epireH cy arblHbiH GOAXKAY >KOHE MOAEAbAEY. 3epTTey Ke3eHi Ke3AeCokK TaHAaAMaAbl. Ocbl yuyacke
6oMbIHILIA AEPEKTEP MEH CMMaTTamaAapAbl TaaAdy OapbiCbiHAA ABA OCbl 2014 KbIA Ke3eHi eH Ker
CY XbIAAAPbIHbIH, Oipi 60AAbl. OcbifaH GaiAaHbICTbl XXOFapblAd aTaAFaH 3epTTey Ke3eHi TaHAAAAbI.
3eptreyaep «Kasrmapomer» PMK-HbIH rMAPOAOTUSIABIK, KOHE METEOPOAOTrUSIAbIK, KOPCETKILUTEPi MeH
peAbedTiH CaHAbIK, MOAEAI BOMbIHLLIA AEPEKTEPI HETi3IHAE XKYPri3iAAiL.

Tyiin ce3aep: epireH arbiH, TMAPOAOTMSIAbIK, MOAEAbAEY, GOAXay, ©3eH GaccenHi, peAbedTiH
CaHAbIK, MOAEAbAEPI.

BBenenue

TasitHue cHera BbI3bIBACT (HOPMUPYIOIIMKACS
CTOK, KOTOPBIN UMEET MHOTO(ha30BbIC U MHOTO(aK-
TOpPHBIE TPOIECCHI, XapaKTepU3yroImuecs (HU3NKO-
reorpa)uueCKMMH YCJIOBUSAMU U HMEHYEMBIC Kak
Tanblid cTok. [locTyrieHne CONIHEYHOW paauauuu
U TEIJIa Ha CHETOBYIO MOBEPXHOCTh 3€MHOIO Il1apa
obpasyer Taibrii crok (Dorothy K., 2001: 5).

OcHoBHBIE (DaKTOpPBI, CIOCOOCTBYIOIIHUE TIPO-
[ecCy TastHUS CHETa, OMPENeNSIFOTCS OOIIIM KOJIH-
YECTBOM CHEXHBIX 3aI1aCOB, PABHOMEPHOCTBIO pac-
MpeJIeNIeHNs], HAIMYUEeM OTTEeTIeI M, OOIUM KOJInJe-
CTBOM TEIUIOTHI, MOCTYMNAIOIIe Ha HCCIETyeMbIil
Y4acTOK, HWHCOJISILIMM, AaKTHMBHOTO TEIIOOOMEHa
MEX]Ty BO3AYIIHOW 000JO0YKOM U CHEXXHBIM TTOKPO-
BOM, TETNIOOOMEHOM MEXIy MOBEPXHOCTHIO pa3ze-
JIOB MIOYBEHHOI'0 U CHEKHOT'O MOKPOBOB, TaK¥K€ 3TO

anpOeHas XapaKTEPUCTHKA IO CHEXXHOMY ITOKPO-
BY, pelibe()y MECTHOCTH, HAIIPABJICHUIO U BETPOBOU
ckopoctr. [Ipu B3auMOIEHCTBUM TEPEUYHCICHHBIX
(hakTOpOB OMpEeAEIACTCS CTOYHAS HHTEHCUBHOCTH
Y TIOYBCHHBIN CMBIB, BBICOTHBIC OTMETKH I10 THIPO-
rpady MOJOBOMABS U €ro MPOJOKUTENbHOCTH. 1o
THAPABINYCCKUM M THIPOXMMUYCCKHM XapakTe-
PUCTHKAM C BOJIOTOKOB IO CKJIOHAM, HCIOJb3YIO-
IIUMCS JUTS IPOTHO3UPOBAHUSI HABOHECHUH, TIPOCK-
TUPOBAHUS 10 MPOTHBOIPO3IHMOHHBIM, TOPOIKHBIM H
KOJUICKTOPHBIM COOPYXKEHHSM, JUIS PEUICHUS psa
9KOJIOTHUYECKHX 3314 IAHHBIC MPOLIEYPbI SIBISIOT-
cs1 HeoObxonmuMbeIMu U BaxkabsiME (Buchele, B., 2006:
485; De Moel H., 2009: 13; Genovese, E., 2006;
Galland J.C., 1991: 148).

dopMmupoBaHHe CTOKA [0 CKJIOHAM HCCIIe-
JyeTCsl yXe JOJIrOoe BpEeMs YYCHBIMU C Pa3HBIX
cTpaH u mupa. Tak, Bompocsl HOPMHPOBAHUS CTO-
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ka mzydanuch B.II. JIugosemm, A.B. Kapaymesbim,
K.M. 3ybkoBem, I'.U. I1IBebcom, H.M. Makkage-
€BbIM. B JaHHBIII MOMEHT MHTEHCHUBHBIE HCCIIEO-
BaHus mnposoxarca A.I'. Tapapuko, B.A. I'puro-
peeBeiM, M.C. KyznenoBeiM, I'.A. JlapHOHOBBIM,
C.IO. bynpirunsiM, M.A. Heapunr, XX.E. Moppu-
coH (Van Alphen J. and Van Beek E., 2006).

3HauuMasi poiib CHEXXHOTO TIOKPOBA 3aKITI0YaeT-
Cs B TOM, YTO OH (DOPMHUPYET U B3aMMOJICHCTBYET
C THIPOJIOTHYECKUMH U TISIHOIOTHYECKUMH TIPO-
neccamu. OH TaK)Ke SIBISAETCS MOIIHBIM KIMMAaTO-
oOpasyromum  (HakTopoM, OKa3bIBAIOIIUM CYIIe-
CTBEHHOE BJIMSHWE Ha (HOPMUPOBAHUE ITOTOIHBIX
yenosuii (Cocana B.C., 2014; Anmmonos b.A., 1974:
246; Abbott M. B., 1967: 97).

Bacceiin pexu Hypa xapakrepusyeTcsi HepaBHO-
MEpPHBIM BHYTPHUTOJIOBEIM pacIpeneieHHeM CTOKa,
90 % peyHOoro CTOKA MPUXOJUTCS HA BECEHHEE MO-
JIOBOJIbE, TIPU 3TOM CIIEAYET OTMETUTh, YTO OTIIHU-
YUTENBHOW XapaKTepHOH YepToil pedHoro OacceiiHa
pexu Hypa siBisieTcst To, 4TO CTOK MOJOBOABS (op-
MHUPYIOTCS 32 CUET CHETOBOTO TAJIOTo cToKa. Pacrio-
JokeHne B IeHTpe Kazaxckoro MemKkocomoyHuKa,
TaK)Ke MMEIOLIEro Ha3BaHue Kak Kazaxckas ckian-
yaTas CTpaHa, U B IleHTpe EBpasun cka3piBaeTcs Ha
KJINMATE ¥ XapaKTePU3YeT ero Kak pPe3Ko KOHTUHEH-
TaJbHOE U KpaiHe 3aCyIUIMBOE MECTO C HEIOCTa-
TOYHBIM YBII&XXHEHHEM U HU3KOH BIAYKHOCTHIO BO3-
Iyxa ¢ mpeo0raiaHieM apKTHYECKUX, MOJISPHBIX U
TPOMMUYECKUX BO3TYIIHBIX Macc.

HNudopmarus o TaaoMm cToke HeoOXoauMa TIpu
MPOTHO3UPOBAHWU TMABOJKOBOM CHUTyallWul JJIst
KPAaTKOCPOUHOI'O M JIOATOCPOYHOr0 XapakTepa B
OTpacjIeBOM TMPOM3BOACTBE, TaK IS TEPPUTOPUU
Kazaxcrana 310 BecbMa akTyanbHas npobiema. Ta-
JIBIA CTOK SIBJSIETCS OJJHUM M3 TIABHBIX (haKTOPOB
(hopMupOBaHUS CTOKA PEKH, IIPH OOMIHLHOM CHETO-
TassHUU 3TO SBISETCS OJHOUW M3 TJABHBIX MPUYUH
(hopMupOBaHUs 3aTOIIICHUH, MMOATOINICHUN U Ha-
BoJiHEHUM. B CcBS3U ¢ 3TUM MOJIeTUPOBAHUE TAJIO-
ro CTOKa ABJSAETCS aKTyaJlbHOW M 3HAYMMOW 3aja-
yeit (ILloBenrepar P.A., 2010: 16; Burakov D.A.,
2019).

HNmenHO mo3ToOMy yenv uccredosanus OAHHOU
cmamwvu — IPOTHO3UPOBAHUE W MOJICIIMPOBAHHE Ta-
JIOTO CTOKA Ha mpuMepe ydacTtka pexu Hypa ot Ca-
MapKaHJICKOTOo 10 MHTYMaKCKOTO BOJOXPaHUJIMIL
¢ HccleoBaHueM JaHHbIX 3a nepuon ¢ 01.11.2013
o 01.04.2014 rox 1 mporHO30M MOACITUPOBAHIS C
1.04.2014 no 06.04.2014.

Tepputopus 6acceiina pexun Hypa ucciemosa-
J1ach Ha MPOTSHKEHUH MHOTHUX JIET, KOJTMYECTBO Ha-
OJIF0TaCMBIX THAPOJIOTHYECKUX MOCTOB ¢ 1930 rona
10 HACTOAILEEC BPEMsSI COCTAaBIsIO 73, HA JaHHBIN
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MOMEHT JIEUCTBYIOLIMMH SBJISIIOTCS 7 TUIPOTIOCTOB:
c. bec-O06a, c. IIponerapckoe, ct. bansiktel, Kapa-
MypbIH, a. AkMmemuT, PomanoBka u bupnuk. [Ipu
aHalM3e CyIIECTBYIOIIUX JaHHBIX HaONI0eHUH
M0 MaBOJOYHOMY CTOKY peku Hypa Obuio oOHapy-
KEHO, YTO MAaKCHMAaJIbHBIE PACXOAbl B OCHOBHOM
MIPOXOVIN B BECEHHUI MEpPHOA M3-3a TasiHUA CHe-
ra, 4YT0 TOBOPUT O CUTyallMu HOJOBOAbS. Tak mpu
paccMOTPEHUH JAHHBIX, HAIIPUMED IO THAPOIOCTY
KapamypbiH, TMKOBBIE pacxobl MPOXOAWIN B TIe-
puoa ampens Mecsina. Camble MakCHMallbHBIE pac-
xonbl poxoawn B 2014 romy. IlosTomy mepuon
WCCIIeIOBaHUsl BBIOpaH He ciydaiiHo. B xonme anHa-
JM3a TaHHBIX M XapaKTePUCTUK MO JAaHHOMY Y4acT-
Ky nuMeHHO nepuon 2014 ronma SBISICS OJHUM U3
CaMBbIX MHOTOBOJIHBIX T0/10B. B cBsI31 ¢ ueM HMEHHO
JAHHBIA Mepruo ObUT B3AT AJIS1 SKCIIEPUMEHTAIbHO-
ro uccuenoBanus. JlanHble OBUTH B3SITHI 34 NIEPHUOJ
¢ 01.11.2013 mo 01.04.2014 ron, a mporHO3HBIN Te-
puon 661 B3AT ¢ 1.04.2014 mo 06.04.2014. Huxe
naHa Oosree moapoOHas wHbOPMANHS IO HCCIISI0-
BaHUIO.

3adauamu uccredosanus OamHOU cmamvu 56-
JANUCD!

e cOop HeoOxomumbIX (hu3MKO-reorpaduye-
CKUX JAaHHBIX UCCIIELyEeMOro OObEKTa,;

e cozmanue nudpoBoil Moxenu penbeda IIIo-
HIagu HCCIeAyeMOro o0BbEeKTa ¢ HCIOJIb30BaHHEM
nporpammbl ArcGIS 10.5;

e ompeneieHWE IUIOMAAN  3aCHEKEHHOCTH
Ka)XJI0i 30HbI HA OCHOBE CITyTHUKOBBIX JIaHHBIX;

e cOOp M aHanM3 IMEPEMEHHBIX NaHHBIX II0
00BEKTY HCCIICZIOBAaHUSI HA OCHOBE CITyTHUKOBBIX
JAHHBIX 11 paboThl C MOAEIBIO IporpamMmbl Win-
SRM;

® BBIYMCIIEHHE PACCUMTAHHBIX MapaMeTpoB
Ut paboThl ¢ MoJeNbIo porpaMmbl WinSRM;

® MOJEIMPOBAaHME €KEIHEBHOI'O IIPOTHO3A Ta-
soro ctoka ¢ 1 mo 6 anpenst 2014 roga u cpaBHeHHe
¢ (aKTHUYECKUMHU TaHHBIMH;

® OIIEHKA TOYHOCTU MOZEJH TaJIOrO CTOKA.

Vhuxanvnocms  uccneooeamenvckoii  pabomoi
3aKII0UANACH 8 MOM, YMO.

® TIPOTHO3HAs MOJIEJh MTOKa3ana BEICOKUH MPo-
LEHT anpo0anuy ¢ TOYHOCTHIO B 92% Ha HEeU3y4yeH-
HOM y4acTke peku Hypa, Ha KOTOpOM OTCYTCTBYIOT
CTaIFiOHapHBIE THAPOIIOCTH OCHOBHOTO PyCIa;

® TpH BBIYMCICHUH IUIOMAAN 3aCHEKEHHOCTU
WCTIOJIb30BaHbl JaHHbIC AUCTAHIMOHHOTO 30HIUPO-
BaHms, a UMEeHHO KaHaima MODIS amepukanckoro
cinytHuka TERRA c¢ nomocoii 3axBara 2330 u npo-
cTpaHCTBeHHBIM paspemienueM 250-1000 MeTpos;

e s JeneHuss OOBEKTa WCCIIEOBAaHUS Ha
30HBl OJHOBPEMEHHOTO CHETrOTasHHs IO BBICOT-
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HBIM OTMETKAaM HCIOJb30BaHbl mporpammbl GIS-
texHosorui, a umeHHo ArcGIS 10.5 u QGIS;

® JCIIOJIb30BaHA BHICOKOTOYHAS ITU(PPOBas MO-
JIeNb penbeda ucciaeayeMord TEpPUTOPHUH.

MaTepnanbl U ME€TOAbI

Obvexm uccnedosanuss; TPOTHO3HAS MOMIEITH
Tajgoro cToka ydactka pexku Hypa ot Camapxani-
CKOT0 10 THTyMaKCKOTO BOAOXPAHHUIIUIII.

Hcxoouvie Oanubie: tuaponoctsl KapamypbsiH
u BanbIkThl (JaHHBIE IO CTOKY — €XKECYTOUHOMY
pacxony) u Meteoctanimu byxap-XKeipayckas (Ka-
paraanuackuit M) u 1. Kaparanga (Kaparanga M)
(maHHBIC TIO CPEAHEH TeMIiepaType U 0CaaKaMm).

Memoowi uccnedosanus: CTaTUCTUYECKUI aHa-
JU3 JaHHBIX MO0 00BEKTY MCCIETOBAaHUSI U TIPOTHO3-
HOE MOJICIMPOBAHUE TAJIOTO CTOKAa B IPOTpamMme
WinSRM.

PesynabTathl

Bacceitn pexn Hypa 3anmmaer Hambosee BO3-
BBIIIEHHYI0 4YacTh Ka3axckoro MerKoCONOYHUKA
Capblapku, KOTOpasi HpeAcTaBisieT co0ol CBOeo-
Opa3Hyro, BeChMa HEOTHOPOAHYIO B reomMopdoIo-
THUYECKOM OTHOUICHHH, CUJIIBHO NPHUIIOAHATYIO TEP-
putoputo. Ha 3anane x Heit mpumsikaet Topraiickas
J0)KOWHA U CeBEpPO-BOCTOK TypaHCKOW HHU3MEHHO-
CTHU, HAa IOIr¢ — TJIMHUCTAas IyCTbIHA EeTnaK)lana u
o3epo banxami.

Cnenan c6op HEOOXOIUMBIX PH3UKO-Teorpadu-
YeCKUX JaHHBIX M CO3[aHa HUu(poBas MOACIb pe-
nbeda miIomaay ueciueayeMoro 00beKTa ¢ HCIob-
30BaHueM nporpammbl ArcGIS 10.5.

MogenupoBaHnue 1 IPOTHO3UPOBAHHUE CYTOYHO-
ro CTOKa B OacceilHax rOpHBIX PaliOHOB, A€ BaX-
HOH COCTaBIISIOIIEH sBJIIETCS TassHUE cHera. Mme-
€T MeCTO OBIThb MOJENb TaJIoro cToka MapTHHeKa,
Taxke uMeHyemast kak Moaens Maptuneka-Panro.
Hannas Monens paspabaTsiBajgach MapTHHEKOM
Juts OacceitHOB ¢ Masoi miomasio. Ho mosxe nan-
Hasl MOJIeJIb Hayana UMeTh IPUMEHEHHUe AJs Oosee
KpPYMHBIX 0acCEHHOB IOCE TOr0, KaK BBEIH CITyT-
HUKOBOE JMCTAHIIMOHHOE 30HANPOBAHHUE MO CHEX-
HOMY ITIOKPOBY B MOJIeJIb Tajloro croka (MapTuHek,
2004: 15).

B uccnenoBanun Obula aganTUpOBaHA MOJENb
WinSRM u1st paBHUHHOHN TeppUTOPHUH, T.C. B JaH-
HbIC JIA paCCYUTAHHBIX ITapaMCTPOB BKIIHOYUIIN
TaKXXe CBOHCTBAa (U3UKO-Teorpaduiyeckux Xapax-
TEPUCTHK OacceiiHa pexku Hypa mo paBHUHHO# Tep-
PUTOPHUH U MIPU pacyeTe MCIOIb30BaIH MOIPOOHBIE

JIAaHHBIC, TAKXKe MTPOBOIIIA KaTHOPOBKY IO KO3(h-
(uIHMeHTaM perpeccuy M TeMIepaTypHOMY Ipajiu-
SHTY.

Jig oOmmx WMCXOAHBIX HAHHBIX TEPPUTOPHS
00beKTa UccIeI0BaHUs MMO/ICIeHa Ha 2 30HBI B CBSI-
3W C TE€M, YTO HAXOJIUTCS B PABHUHHOW YacTH U HE
UMeeT PEe3KUX Pas3iMyHlil 10 BBICOTHBIM OTMETKaM
(puc. 1).

[Ipu pacdere pa3HHUIBI BBICOTHBIX OTMETOK
OBLIN B3STH MAKCUMalIbHAs 1 MUHUMAJIbHBIE BBICO-
TBI 11O 2 30HaM U BKJIIOYEHBI B MApaMETPhl MOJEIH
JUTSE MOJISITHPOBAHUS.

Bbut cniporHo3upoBaH 00bEM Taloro CTOKa JUIs
pycna peku Hypa ot Camapkannckoro no HHTy-
MaKCKOT'O BOJIOXPaHIIIHUIIA.

Pucynok 1 — [IMP yuacrtka peku Hypa ot Camapkanackoro
110 THTYMaKCKOTO BOJIOXPAHMJIMILL.
OmnpeneneHne BoJOCOOPHON IIIOIIA M

[Tmomans pycna pexku Hypa or CamapkaHacko-
ro 10 MHTyMaKCKOTO BOJOXPaHWIHIIA JUIS KAXKIOH
30HBI U ee cpeqHss BeicoTa (Zone Area and Hypso-
metric Mean elevation):
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F, =592,1 xm* (3,4 % ot o0wieit nyomanm)

uh_=4725m
F,=16789,7 xm’ (56,6 % ot 0OI1IIeH TIOIIA TN )
U hcp2=822,5 M

Paznuma mMexny MakcuManbHBEIMEU (max) BBICO-
Tamu 110 30HaM — Reference Elevation (m):

* MakcuMalnbHas BRICOTA T10 TIepBoi 30HE — 605 M,
1o BTopoii 3oue — 1500 M.

Ah—1200-195-705m
KoopauHarsl 00beKTa UCCIICIOBAHUS:

latitude (mmupora) — 49°
and longitude (monrora) — 72°

Taxxe onpeacicHa Iuiomaiab 3aCHC)KCHHOCTH
Ka)KZIOﬁ 30HBI Ha OCHOBE CIYTHUKOBBIX HdaHHBIX

(puc. 2).

Caumok Ha 21 mapra 2014 . Caumok Ha 30 mapra 2014 .

PucyHoxk 2 — I[lnonaas 3acHE)KEHHOCTH KaXKA0H 30HBI, ClleIaHHAs
Ha OCHOBE CITyTHUKOBBIX JaHHBIX yyacTka peku Hypa or Camapkanackoro 10 MHTyMakcKoro BOZOXpaHMIIHII

[To pucyHKy 2 MOXXHO HPOCIEIUTH MpOIEce
CHEroTastHUS U 3aJEpP>KKHU TajJoro CTOKa TI'PyH-
TOoBbIMU BojJamu. IloarasBmuii cHer 21 maprta
2014 roma mocTymuia depe3 MOA3EMHBIN CTOK B

oCHOBHOe pycyio peku Hypa tompko 1 ampeins
2014 rona.

[Tnomaner 3acHexxeHHoctw Ha 21 mapra 2014
rojia COCTaBHjIa B KM2.

Ta6muuna 1 — [Tnouans 3acHeskeHHocTd Ha 21 mMapra 2014 roga, km?

Cuer

SeMis CHer 3emis

Pycno pexu Hypa ot Camapkanackoro

16538
10 HTyMaKcKoro BOAOXpaHMININA

10054 381 335

st cOopa m aHanm3a MepeMEHHBIX JTaHHBIX T10
00BEKTY HUCCIICIOBaHUS OBLIH B3SThI JAHHBIC 32 TIe-
puon ¢ 1 HostOpst 2013 roma mo 1 ampens 2014 roga
o ruzapornoctaM Kapamypbia n banbikTs! (1o cro-
Ky — CpeIHeEMY pacxofy) u MereocTaHusM byxap-
Kerpayckwuii (Kaparaamuackuit M) u r. Kaparanga
(Kaparanma M) (o cpennei Temmneparype u ocaj-
KaMm).
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Jnst viccnenoBanust 0OBEKTa 10 TIEPEMEHHBIM T1apa-
MeTpam: 00xBaTa cHerom Teppuroprd (B %/100) — CDC
1 koaGdrpieHTa cotHeHOH pampari — Net Radiation
MPOaHATM3UPOBAHEl JAHHBIE KOCMOCHHMKOB C CaiiTa
NEO NASA EARTH OBSERVATIONS https:/neo.sci.
gsfc.nasa.gov/ 1 manmpIe o KocMocHIMKaM LandSat 3a
niepriof] ¢ 1 HosiOpst 2013 rozma mo 1 anpenst 2014 roxa
TO ©XKEHEBHBIM U €KeMeCSIHbIM CHUMKaM (Prc. 3 —4).
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Pucynok 3 — Unrepdeiic caiita NEO NASA EARTH OBSERVATIONS https://neo.sci.gsfc.nasa.gov/
1 vHTep(eHc BKIAIKH 10 CHEXXHOMY ITOKpOBY (B %/100)
— CDC https://neo.sci.gsfc.nasa.gov/view.php?datasetld=MOD10C1_D SNOW&year=2013

Pucynok 4 — UnTepdeiic BKIaaKu 0 00Ja9HOCTH
https://neo.sci.gsfc.nasa.gov/view.php?datasetild=MODAL2 D CLD_ FRé&year=2013
¥ K03 HUIIeHTa COTHETHON pauaIun
— Net Radiation https://neo.sci.gsfc.nasa.gov/view.php?datasetld=CERES NETFLUX Dé&year=2013

Jnst aHanu3a M MCCIEIOBaHUS KOCMOCHUMKOB
10 TpeM MapameTpam Uil KaXIOro IHS M Mecsna
BBITIOJTHEHA (DYHKIUS aHAITN3A.

PesynbTarthl BBIMHCICHUS 1O PAaCCUUTAHHBIM
nmapameTpam s Mozenn mporpaMmbl WinSRM co-
CTaBHJIH:

- cpenHMiA cTOK 110 30HaM — Initial Runoff (m¥/s)
- 1,97 m¥/c

- CpeIHee KOJIMYECTBO OCAJIKOB MO 30HAM B CM —
Rainfall Threshold (sm) — 1,02 mm = 0,102 cMm

- (hakTop rpamyc-neHp (kodddunneHT crampa-
Hus cHera) — degree day factor = 0,38

- KpUTHUECKas TeMrepaTypa — critical tempera-
ture =2 °

- TeMIepaTypHBI rpaJueHT — temperature lapse
rate = 0,4

- BpeMs gobOeranus (4) — log time to gage (hr)
=20 4.

- ko3¢ duureHT croka oT cHera — runoff coef-
ficients (snow) = 0,2

- ko3 duIreHT croka ot aoxkas — runoff coef-
ficients (rain) = 0,18

- IIouaas oxBara goxiaeM — rainfall contribut-
ing area =0

- K03(uIMeHT perpeccun X — X recession coef-
ficients = 0,62

- KO3 GUIMEHT perpeccun y — y recession coef-
ficients = 0,75.

Jis nporHo3a o0beMa Tajaoro CTOKa HCCieny-
eMoro obbekrTa 3a mepuoj ¢ 1 mo 6 ampens 2014
roga B nporpamme WinSRM Obl1 BBINOJHEH ai-
TOPHUTM ACHCTBHM, BKIFOYAIONTHN BBOJ OOIUX HC-
XOJHBIX TaHHBIX, IEPEMEHHBIX JAHHBIX 32 IEPUOJ
¢ 1 Hos16ps 2013 mo 1 ampens 2014 u takxe pac-
CUMTAHHBIX IMAPAMETPOB IUJISI MOJEIH TPOTPAMMBI
WinSRM.
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https://neo.sci.gsfc.nasa.gov/
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file:///C:/%d0%a0%d0%90%d0%91%d0%9e%d0%a7%d0%98%d0%95%20%d0%a4%d0%90%d0%99%d0%9b%d0%ab/%d0%9a%d0%b0%d0%b7%d0%9d%d0%a3_%d0%bc%d0%b0%d1%80%d1%82-%d0%b0%d0%bf%d1%80%d0%b5%d0%bb%d1%8c-2020/%d0%93%d0%a3%d0%9b%d0%ac%d0%9c%d0%98%d0%a0%d0%90/%d0%92%d0%b5%d1%81%d1%82%d0%bd%d0%b8%d0%ba%20%d0%93%d0%b5%d0%be%d0%b3%d1%80%d0%b0%d1%84%d0%b8%d1%8f%203-2021/%d0%be%d1%82%d1%80%d0%b0%d0%b1%d0%be%d1%82%d0%b0%d0%bd%d0%be/ 
file:///C:/%d0%a0%d0%90%d0%91%d0%9e%d0%a7%d0%98%d0%95%20%d0%a4%d0%90%d0%99%d0%9b%d0%ab/%d0%9a%d0%b0%d0%b7%d0%9d%d0%a3_%d0%bc%d0%b0%d1%80%d1%82-%d0%b0%d0%bf%d1%80%d0%b5%d0%bb%d1%8c-2020/%d0%93%d0%a3%d0%9b%d0%ac%d0%9c%d0%98%d0%a0%d0%90/%d0%92%d0%b5%d1%81%d1%82%d0%bd%d0%b8%d0%ba%20%d0%93%d0%b5%d0%be%d0%b3%d1%80%d0%b0%d1%84%d0%b8%d1%8f%203-2021/%d0%be%d1%82%d1%80%d0%b0%d0%b1%d0%be%d1%82%d0%b0%d0%bd%d0%be/ 

MOZ[CJ'II/IPOBaHI/Ie TaJIOTO CTOKa Ha MpUMEPE yJacTKa pEKU Hypa oT CaMapKaHIICKOrO 0 HHTyMaKCKOI‘O BOOOXPAaHUJIUIL

Pezynomamur pabomut 6 npoecpamme WinSRM.
MopenupoBaHue €XE€IHEBHOIO IPOrHO3a TaJIOro
cToka pycna peku Hypa or Camapkanackoro Ao
HNutymakckoro Bomoxpanwmmma ¢ 1 mo 6 ampens
2014 roma B mporpamme WinSRM mokazaio, exe-
JTHEBHBINA (DAKTUYECKUII U CMOJICIMPOBAHHBINA pac-
xoJ Bojwl (Puc. 5-6, Tabum. 2).

st pycma peku Hypa or CamapkaHacKoro
10 MHTyMakckoro BogoXpaHmiIMia (HaKTHYCCKHIA
o0BeM Tajoro ctoka ¢ 1 mo 6 anpens 2014 roxa co-

craBun 45,006%¥10° M?, cMomenupoBaHHbIH 00beM
tanoro croka — 41,346*10°m>. TouHOCTH TIPOTHO3a
00BeMa TaJI0ro cToka cocranmia 92%.

®dakTuueckuil cpeaHuil pacxon BoAsl ¢ 1 mo 6
armpens 2014 roga ms pycna peku Hypa ot Camap-
KaHACKoro 0 MHTYyMaKCKOTO BOJOXPaHWIUIIA CO-
ctaBun 86,817 M*/c, CMOJCTHUPOBAHHBINA CpeIHUI
pacxoz Boabl paBeH 62,596 m’/c.

Taxoke oka3adbl OOIIHE JAaHHBIE 10 NCXOIHBIM I1a-
pameTpam OcaJIKOB, CpeiHel Temreparype (puc. 7-8).
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PucyHnok 5 — ®axkTuveckuii 1 CMOIENTUPOBaHHBII 00BEM TaJIOTO CTOKA
u cpeqHero pacxoza Boasl ¢ 1.04.14 mo 06.04.14 mns pycna peku Hypa
ot CamapKaH/ACKOTo 10 MHTyMaKkcKoro BOJOXPaHMIIUII

1.04.14 2.04.14 3.04.14 4.04.14 5.04.14 6.04.14

—— DAKTUYECKUIA CTOK CMOAEenMpoBaHHbIN CTOK

Pucynok 6 — ['padux GpakTHIECKOTO M CMOAETMPOBAHHOTO €KETHEBHOTO pacxoa BOJbI
3a nepuoz ¢ 1.04.14 o 06.04.14 ans pycna pexu Hypa ot Camapkanackoro
10 VIHTYMaKCKOTO BOJJOXPaHHIIUILL]




M.A. AnarymxaeBa u Jp.

Tabauna 2 — akTHuecKkuil 1 CMOJICIUPOBAHHBIN exeTHeBHBIH pacxo Bos ¢ 1.04.14 o 06.04.14 nus pycna pexu Hypa ot Camap-

KaHJICKOro 10 I/IHTyMaKCKOFO BOJOXPAaHUJIUIIL

Jara (I)aKTI/I'-IecsKI/Ifl CTOK, CMoz[enMpoEaHHHffl CTOK, TO‘«IHOCTI:) MIPOTHO3a,

Mm/c Mm’/c %

1.04.2014 36 15,05 41
2.04.2014 72,6 56,54 78
3.04.2014 93 71,48 77
4.04.2014 110 100,68 92
4/5/2014 117 107,64 92
4/6/2014 92,2 81,19 88
Hroro W, MjiH. M 45,006 41,346 92

Pucynok 7 — Ocanku u cpenuss Temmneparypa 3a nepuog ¢ 01.11.13 mo 01.04.14
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Pucynox 8 — [lnomanp o6xBara cHera 3a nepuox ¢ 01.11.13 mo 01.04.14

BoiBoabl WHTYyMaKcKoro BOAOXpaHWIMII MOKa3aja 3HAYH-

TEJIBHYI0O TOYHOCTH ampobauuu, 92% 3a mepuon

Pa3zpabGorannass mnporHosHas mozgens Tanoro ¢ 1 ampens 2014 roga mo 6 anpens 2014 roxa Ha
cToka ydactka peku Hypa or CamapKkaHACKOTO O  HEU3yYECHHOM y4acTKe peku (puc. 9).

Pucynok 9 — MoznenupoBaHue m1aBojika 00beKTa HCCISI0BaHUS
Ha 4 anpens 2014 roga
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ITo cmonenupoBaHHBIM W (HAaKTUYECKUM JIaH-
HBIM MIPOCIIEKUBACTCS HEKOTOPOE pa3iniue B MPO-
IECHTHOM COOTHOMICHUH TOYHOCTHU ITPOrHO3a. TaK,
paccMmarpuBasi JaThl MHKA CTOKA, CTOMT OTMETHUTH
OoJiee TOYHBIC TIPOTHO3BI, KOTOPBIC B MPOIICHTHOM
COOTHOIICHUN JocTuraroT 92%, camblii HaUMEHb-
M TPOIICHT TI0 TOYHOCTH HAOIIOAeTCs B MIEPBBIN
JieHb mporHo3a u coctasisieT 41%. Ho, paccmarpu-
Basl IPOTHO3 1O 00IeMy 00bEMy CTOKA IO CMOJIe-
JUPOBAHHBIM U (PAKTUUESCKUM JAHHBIM, MOXKHO OT-
METHTh TOYHOCTH B 92%. DTO TOBOPUT O TOM, YTO
MOJIeIb MOXKET paboTaTh U JlaBaTh 0OJiee TOYHBIC
MIPOTHO3bI TP MOJTHBIX JAHHBIX, COOTBETCTBYFOIIHX

pacuerax ¥ aganTHPOBAHHOCTH MOAEIH HoA (HU3H-
KO-Teorpaduueckre XapaKTepUCTHKH UCCIISTyEMOM
TEPPUTOPHH.

OCHOBHBIM HEJOCTATKOM IPOTHO3HOW MOJIENIN B
nporpamme WinSRM sBiisiicst pacdeT mporHO3HBIX
KO3 PULMEHTOB MOACTHPOBAHUS MABOAKA HEABTO-
MaTH3UPOBAHHBIM MaTEMaTHYECKUM CIIOCOOOM, UTO
MOXKET CKa3aTbCs Ha OMEPATHBHOCTH U OBICTPOTE
paboTsl.

Hannoe uccnedosanue 6vi10 npoghunancu-
posano  Komumemom muayxu Munucmepcmea

obpazoganus u nayku Pecnyonuxu Kazaxcman
(BR10965352).
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IAE ©3EHI ATbIPAYbI AYMATbIHbIH
KAP XXAMbIATbICbIHbIH,
HETI13I'l ®U3UKAADBIK-XUMUAADBIK NMAPAMETPAEPI

ByA >kymbicTa aafawl peT Iae e3eHi aTblpayblHbiH aymarbl YLLUIH OAAQPAbIH XMMMSABIK, KypPambl
Heri3iHAE Kap >KaMbIAFbICbIHbIH MapaMmeTpAepiHe hr3nKa-XMMHUSIAbIK 6ara 6epirai. Kap >KaMbIAFbICbIHbIH
M3BUKAABIK-XMMMSABIK KACMETTEPI OHbIH TYCY COTIHEH 6acTar, ayaTemnepaTypacbiHbiH, bIAFAAABIAbIKTbIH,
63iHAIK CaAMaFblHbIH, XEAAIH, KYH PaAMaLMSCbIHbIH, COHAQM-aK, TEXHOTEHAIK 8CEPAEH YHEMI e3repin
oTblpaAbl. Kap »KaMbIAFbICbIHAQ AACTayLLbl 3aTTapAbIH, XXMHAAYbIHA TMAPOMETEOPOAOT USAbIK, >KaF AaiAap
MeH oporpadUsAbIK, OPHAAACY epeKLIEAIKTEPI MaHbI3AbI POA aTKapaAbl. XMMUSABIK, TaApsayAQp KEAECI
rnapameTpAepre Xyprisiaai: pH, nepmMaHraHaTTbiH TOTbIFYbl 60MbIHLLIA OPraHMKAAbIK, 3aTTap, KaAKbiMa
3aTTap XXeHe MuHepaAmsaums. Kap >KaMbIAFbICbIHbIH, (PU3MKa-XUMMSIABIK, MapaMeTpAepiH GararayAblH
aAAbIH aAa HoTuxKeAepi OOMblHLLA, OpPTaAblK, BEAAEYAEri Kap >KaMbIAFbICbI KaTTbl GOALIEKTEP MeH
MUWHEepaAM3aLMIHbIH MAaKCMMaAAb! KYPambIMEH CUMATTAAATbIH KEMOIP AaCTaHyAapbl aHbIKTAAAbI.

Kap >aMbIAFbICbIHbIH, KbILKbIAAbIFBI (PH) 6,1-aAeH 8,0-re aAeitiH, aa aymak, 6onbliHIIA opTalua 6,9
(6eittapan) 60AAbl. KapAarbl KaAKbiMa 3aTTapAbiH MOALLEpi 12-aAeH 80 MIr/AM-Te AeMiH, aA OPraHUKaAbIK,
3aTTap 1,60-TaH 11,52 mr/am’-re aenit esrepai. Kap >KamMbIAFbICbIHbIH MUHEPAAAAHYbIHbIH, MOHI 135-
731 Mr/am® apanbiFbiHAQ 60AABI. KapacTbipbiAFaH MapameTpAepAiH, >KOFapbl MOHAEPI 25 HyKTere ToH
GOAABI, IFHU |A€ ©3€HiHIH aTbipaybl ayMarbiHbIH OPTaAbIK, 6eAiri. Xorapbl MOHAEP KaTTbl GOALLEKTEPAIH
MaKCUMaAAbI KYPaMbIMEH >KOHE Kap >KaMbIAFbICbIHbIH MMHEPAAAAHYbIMEH CMMATTaAATbIH aTMOCHEPaHbIH,
AaCTaHyblHa GaiAaHbICTbl, BYA CybIK, ME3TiAAE XXMHAKTAAFaH AaCTayllbl 3aTTapAblH AEHreii TypaAbl
TYCiHiK 6epeai.

TyiiH ce3aep: Kap XKaMbIAFbIChI, KbILUKbIAAbIFbI, KAAKbIMA 3aTTapbl, OPraHMKaAbIK, 3aTTap, MOHAbI-
TY3Abl Kypambl, MUHEPAAU3ALLMS, AACTaHY.

A. Madibekov”, L. Ismukhanova, A. Mussakulkyzy,
A. Zhadi, B. Sultanbekova, R. Kulbekova

JSC «Institute of Geography and water Security», Kazakhstan, Almaty,
*e-mail: madibekov@mail.ru

Basic physical and chemical parameters
of snow cover the territory of the lle river delta

In this work, for the first time, a physicochemical assessment of the parameters of snow cover based
on their chemical composition for the territory of the lle River delta is given. The physicochemical
properties of the snow cover from the moment of its occurrence under the influence of air temperature,
humidity, own weight, wind, solar radiation, as well as technogenic impact are constantly changing. Hy-
drometeorological conditions and orographic features of the location play a significant role, contributing
to the accumulation of pollutants in the snow cover. Chemical analyzes were performed for the following
parameters: pH, organic substances by permanganate oxidizability, suspended matter and mineraliza-
tion. According to the preliminary results of the assessment of the physicochemical parameters of the
snow cover, some pollution was found in the central zone, which are characterized by the maximum
content of solid particles and the mineralization of the snow cover.

The acidity (pH) of the snow cover ranged from 6.1 to 8.0, and the average for the territory was 6.9
(neutral).The content of suspended solids in the snow varied from 12 to 80 mg/dm?, and organic matter
from 1.60 to 11.52 mg/dm?.The values of the mineralization of the snow cover were in the range of 135-
731 mg/dm?.High values of the considered parameters were typical for point 25, i.e. the central part of
the territory of the lle river delta.The high values are due to air pollution, characterized by the maximum
content of solid particles and the mineralization of the snow cover, which gives an idea of the level of
pollutants accumulated during the cold period.

Key words: snow cover, acidity, suspended matter, organic matter, ion-salt composition, mineral-
ization, pollution.
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A.C. Maanbekos”, A.T. McmyxaHoBa, A. MycakyAKbi3bl,
A.6. Xoamn, 5.M. CyaTanbekosa, P.A. KyaGekoBa

AO «MHCTUTYT reorpacmm 1 BoAHOM Ge3onacHoCTM», KasaxcTaH, r. AAmarsl,
*e-mail: madibekov@mail.ru

OcHoBHble (PU3UKO-XMMHUYECKUE MapaMeTPbl CHEXXHOI0 NMOKPOBa
TEPPUTOPUM AeAbTbl pekn Mae

B aaHHOI paboTe BriepBble AaHa (HM3MKO-XMMMYECKas OLLeHKa MapameTpoB CHEXXHOMO MOKPOBa Ha
OCHOBE MX XMMWYECKOr0o COCTaBa AASl TEPPUTOPUM AeAbTbl pekun Mae. DU3nKo-xMMmyeckmne CBoMCTBa
CHEXKHOrO MOKPOBa C MOMEHTA €ero 3aAeraHusi NoA BAMSHMEM TemrepaTypbl BO3AyXa, BAQXKHOCTH,
CcoOCTBEHHOr0 Beca, BeTpa, COAHEYHON paAMaLmm, a TakXKe TEXHOrEHHOro BO3AENCTBUSI HEMPEPbIBHO
MEHSIOTCS. 3HAUMTEABHYIO POAb MIPAOT TMAPOMETEOPOAOTMYECKME YCAOBMS U oporpadmyeckme
0COBGEHHOCTN MECTOMOAOXKEHUS, KOTOPbIe CMOCOOCTBYIOT HAKOMAEHMIO 3arpsi3HAIOLLMX BELLEeCTB B
CHE>KHOM MOKpOoBe. XMMNYeCKME aHaAM3bl BbIMOAHEHbI HA CAEAYIOLLME NapaMeTpbl: pH, opraHnyeckme
BELLECTBA MO MEePMaHraHaTHOM OKMCASIEMOCTM, B3BELUEHHble BelecTBa M MWHepaAnsaums. [lo
NpPeABapUTEAbHbIM pPE3yAbTaTaM OLEHKM (DU3MKO-XMMMYECKMX MapaMeTPOB CHEXXHOro MOKpoBa
06Hapy>KeHbl HEKOTOPbIE 3arpsi3HeHS B LLEHTPAaAbHOM 30HE, KOTOPbIE XapaKTePU3YIOTCA MaKCMMAAbHbIM
COAEP>KaHMEM TBEPABIX YaCTHL, U MMHEPaAM3aLMe CHEXXHOMO MOKPOBa.

KucaotHocTb (pH) cHexxHoro nokpoBsa 6biAa B nipeaeAax ot 6,1 Ao 8,0, a B CpeAHEM M0 TeEppUTOPUM
6,9 (HenTpanbHble). CoaepykaHne B3BELUEHHbIX BELLECTB B CHEXHOM MOKPOBE BapbMpoBaAo OT 12
50 80 Mr/am?, a opraHuyeckmx BewectB — oT 1,60 a0 11,52 Mr/am®. 3HaueHWs MUHeEpaAmM3aumn
CHEXXHOr0 MOKPOBa HAaXOAMAMCH B MHTepBaAe 135-731 Mr/aM?. BbICOKME 3HaUeHUS pacCMaTprBaeMbIX
napameTpoB OblAM XapakTepHbl AAS TOUKWM 25, T.e. LEHTPAAbHOM 4acTu AeAbTbl pekun Mae. Bbicokne
3HaueHUsi 0BGYCAOBAEHbI 3arpsi3HEHMEM aTMOC(MEPbI BO3AYXA, XapaKTEPU3YIOLLMMCS MaKCUMAAbHbIM
COAEpP>KaHMeM TBEPAbIX YaCTWLL U MMHEPaAM3aLMKM CHEXKHOTO MOKPOBA, YTO AAET NMPeACTABAEHWE O

HaKOMAEHHOM 32 XOAOAHbIM NMEPUOA YPOBHE 3arpsiHSIOLLMX BELLECTB.
KAloueBble CAOBa: CHEXHbIA TMOKPOB, KMCAOTHOCTb, B3BELLEHHbIE BELLECTBA, OpraHMyeckue
BELLLeCTBA, MOHHO-COAEBOWM COCTaB, MUHEpPaAM3aLms, 3arpsisHeHue.

Kipicne

CopOumsuTbIK KaOieTi >KOFaphl Kap )KaMBLIFBICHI
TeK aTMoc(epasblK > KAaybIH-IIANIBIHHBIH ~ FaHa
eMec, COHBbIMEH Oipre armocdepanblk ayaHbIH
TEXHOTCHIIK JIaCTaHYBbIH, COHJal-ak Cy MeEH
TOTBIPAKTHIH ~KEHIHTT JTacTaHyblH aAHBIKTAWTHIH
aKnapaTTaHIbIPBUIFaH HhICAH OOJIBIIN Ta0bLTA B!, Ey-
pora eNjepine Kap KaMbUIFBICHI OipHEIe OHAaraH
KbIIIap OoMbl aTMoc(epara JTacTayIIbl 3aTTapIbIH
eryiHiH HHANKATOPHI PETIHIE KOITAHBUIBIT KT
(Engelhard C., 2007: 286; Koztowski R., 2012: 71;
Siudek P., 2015:225; Stachnik L., 2010: 389).

Kapna 0o0daTblH T'€OXMMHSJIBIK — ayBITKYyJIap
atMoc(epaHblH SKOJOTHSJIBIK JKaFJailblH, IKep
OeTiHe OOJBIN XKAaTKaH ©3TepiCTepidiH IUHAMH-
KacklHa TaOWFH, TaOWFU-aHTPOIOTCHIIK JKOHE
AHTPOIIOTCHIIK ocepiH kepceteni. Kap Oenrimi
Oip Ke3eHJeri aHTPOIOTEHIIK JIAaCTaHy aiMaFbIH
KOPCETE OTHIPHIT, KYIITI aHTPOMOTCHIIK KYKTEMEC]
O0ap ayMakThiH aya OacceWHAEpiHIH JIaCTaHYbIH
Oaranay Ke3iH/e )kaHaMa 9JIiC PETiH/Ie KbI3MET eTiTl,
TEXHOTEHJIK aybITKyJlap IpOIeCTepiH Oaramayra
MyMKiHgik 6epeni (Rybalko A., 2018: 135; Tpodu-
moB B.T., 2006: 718).

Onebn nepekkesnepae (Maxonsko .11, 1976:
109; MamubekoB A.C., 2017: 295; Nawrot A.P.,
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2016: 1; ®enendepr I'., 1997), aBropmap xein-
IIH  KBULIAMIBIFBI,  aTMoc(epaliblk  ayaHbIH
BUIFANIABUTBIFEl  JKOHE T.0. CHSAKTBI KIMMATTHIK
dakTopnapAblH ~ 9CEpiHEH  TOKCHUKAHTTapIbIH
BUIFAJIZIBL  KOHE KYPFAaK JKaybIH-IIAIIBIHBIHBIH
HOTIDKEJIEpiHAEC Kap KAMBUIFBICHIHBIH JIACTaHYBI
naiiga OonaTeiHbl aiThuirad. Herisri dakrop kap
OeJIIeKTEPiHIH MOJIIepi KoHE OJapAbIH KeTepilty
OmikTiri. Ocipece KapAblH YJIKEH MeIIIeperi
OeMIIeKTEP] 9NIETTE, AJFAIIKBI caraTTapja HeMmece
Oip ToyJsiK >Kayaapl, Oipak oJlapAblH MeJIIepiHe
KapaMacTaH, erep oJIap JKeTKITIKTI OHiKTiKTe OoJIca,
aNbIC KAIBIKTHIKKA TaChIMAITAaHybl MYMKIiH.
Ocpnaiiima, KapIblH XUMUSUIBIK ~ KYpaMbIH
3epTTey TaOWFH OPTaHBIH JIACTAaHYBIHA OKEJIEeTiH
aJlaMHBIH iC-opeKeTiHe 0alIaHBICThI KAXKET 00JIa b,
ATMOcdepanblK KaybIH-IIANIBIHHBIH — XUMHSITBIK
KYpaMBbIH, OHBIH IIIIHAE IIeTeN/e Kap KaMbUIFBICHIH
3epTTey callaChIHIAFbl MAHBI3/Ibl JKYMBICTAp Kaca-
1bl (Sherrell R.M., 2000: 1002; Salo H., 2016: 128;
Pilecka J., 2017: 173), onmap kaybIH-IIAITEIHHBIH
XMMUSUTBIK  KYPaMBIHBIH DOJIiH 3epTTeHli KoHe
Ta0UFW OpTaHBIH JIACTAaHy JEHreuiepi Typabl
Kanmbel TyciHik Oepeni. Kankeima Gemmiextep MeH
TOKCHKAHTTApAbIH  KOHIEHTPALUACH  KaHaJaH
JKayFaH Kapra KaparaHza, Oipa3 yakpIT JXaTKaH
KapAa olJeKaiiia >koFapsl eKeHIH aTal ©TKEH JKOH.
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Jlemek, Kap OYJI TEXHOTEH/IIK 9Cep €Ty HOTHKECIH/IS
JacTayIibl 3aTTapAbIH TAOUFU KOHMACHI et alTyra
0oajipl, OUTKEHI YIIbI 3aTTap aTMOC(EepalbIK ayara
KaparaHja Kapja ke xuHanaasl. COHbIMEH Katap,
KapJIblH XUMISUTBIK KYpaMblH 3epTTey JlacTay-
IIBI 3aTTap/blH KEHICTIKTIK TapalyblH JKOHE 3epT-
TEy YIIIH KEH ayMaKThl JIACTAY KApPKbIH/bLIBIFBIH
Oaramayra MyMKIiHIIK Oeperi.

TakpIpbINTBI  TAHAAYABI
MAaKCcaThl MeH MiHIeTTepi

JIleKTey JKOHe

Ine e3eHi aThIpaybIHBIH aymarbl — OpTanbIk
A3susnarel eH ipi TaOWFH iIIKi aThIpay, OHBIH XKaJ-
el ayaadsl 20 MBIH KM?-Te JKETelli, OHBIH Kazipri
aThIpaybl IIaMaMeH 8 MBIH KM’ aJiblll JKaThIp,
KalFaHel — OipHemIe apHajdapaaH — OakaHacTaH
KYpaJfaH exenri ateipay. ATeipay aymarsl Pamcap
KOHBEHIVSICBIHBIH XQJIBIKAPaJIbIK MAHBI3EI Oap CYIIbI-
0aTHakThI JkepJep TiziMiHe eHrizired. 2018 KbUTbI
YKIMETTIH KayJbIChiHA ColiKec lie @3¢HiHIH aThipa-
ybl aymarblHAa Lie-bankam memilekeTTik TaOuru
KopeIrel  («lne-bankam»y MTP) kypbuimbl xoHE
KOPBIK PEXKHUMI CHTI3IITEHHEH KEHiH IKOJIOTHSIIBIK
pectaBparnusackl OOWbIHIIA OalaMachl JKOK Oipereit
HbICaH OobI TaObIaab! (I'ocymapCTBEHHBIN MPH-
ponuslit pesepBaT «Mne-banxamnm, 2018).

3epTTey HbICaHBI — lie e3eHiHIH aThIpaysbl
MeH Lne-bankamm MTP aymarsr AnmaThl OOJBICHL,
bankam aynaneiaga bBankamn kesiHIH OHTYCTIK-
HIBIFBIC OOITiHE OpHANacKaH. O3eH aThIpaybIHBIH
3epTTENIETiH aymarsl ImamameH 25177,62 &m?
KypaWapl, OHBIH IIIIHAE pPEe3epPBaTThIH ayJaHbl
4151,642 xm? Kypaiasl, ol €Ki y4acKeleH TYpaJbl
— «IIpubankamckuii» (ayaansl 3562,962 km?) sxoHe
«Ine e3eHiniy ateipays» (aymaans 588,68 km?) (Co-
BpPEMEHHOE KOJIOTHUecKoe cocTosiHue... / Ilox pen.
T.K. Kyzaexona, 2002: 388).

O3iHiH epekiie OalbIFBI MEH QJICYeTIMEH
Oy allMaK KeNTereH oJeyMETTIK, YKOHOMUKAIBIK
JKOHE  OJKOJIOTHSIBIK — TIpoOiieManapiabl  OactaH
Kelripei, e3repMelli jKoHe aHTPOIOTEH[IIK dcepre
ere ocan (Kopomesa E.I'., 2019: 61). IlpoGxe-
Majap KemeHiHiH imiHge bamkam MeTammyprus
KOMOWMHATBIHBIH 3USHJIBI IIBIFAPBIHABLIAPE EPEK-
e OpBIH ajajlbl, MBFAPBIHIBUIAPIBIH YIIFAIObIHA
OaifTaHBICTBI aTBIPAy AayMarblHBIH JIACTaHYBl Ja
OCTi, OUTKEH1 XKOFaphlAa aTalfaH KoCImopbIHAapAaH
atMoc(epara TYCETiH JlacTaymIbl 3aTTap ajbIC
KaIIBIKTBIKTapFa Tapajiabl.

OJEMJIIK IIOJICHTTCHY JKOHE Jerpalalusuiany
(Ceipmapus, Amynapus, Ly e3ennepiniH atbipay-
Japbl JkoHe T.0.) aschiHAa Kasipri line e3eHiHIH
aTeIpayblHBIH ayMmarbl OpTta A3USarbl KalFbI3

CaKTaJIFaH ©3€H aTblpaybl 00JbIN TadbbuIaab!. bipak,
3epTTENCTIH allMaKThIH JKOXKYHECiHEe TEXHOTEHIIK
KBICBIM KaFaiiblHAa TaOWFaTKa aHTPOINOTCHIIK
acep eTy Typajibl OOBEKTHBTI aKIapaT KaxeT.

Ocpiran OaiiylaHBICTBI aTMOC(EPAHBIH XUMHS-
JBIK KYpPaMbIH KOPCETETiH, TaOWUFU >KOHE JlacTay-
bl KOMIIOHEHTTEPAl KaMTUTBIH aTMoc(epabIk
JKaybIH-IIAITBIHHBIH XUMUSITBIK KYPaMbIH 3epTTEY i
aya caracbhlHBIH MHIAMKATOPHI PETiHAe Naliaananyra
Oomamel. ATMoc(epanblKk ayaHBIH JIACTaHYBIH
Oakpulay Ke3iHAe TaOWFU IUIAHIICTTEp Jer ara-
Janapl, ojlap TEXHOTCHIIK JAacTaHyAbIH TYHIBIPY
OpTachl PEeTiHIE Kap >KaMbUIFBICHIH KapacTbIPaibl
(Engelhard C., 2007: 286; Dong Zh., 2017: 1140;
KoztowskiR.,2012: 71; Baysal A.,2017: 275) xoHe
TOIIBIPAKKa TYCETiH XKaHOBIPJAH albIpMAaIIbLIbIFbL,
Kap TOIbIpaK OCTiHJEe Y3aK YaKbIT CaKTalajbl,
ochlIaima Oip XbUIOBIH Kapibl Ke3eHIHJe OapIbIK
aTMoc(epablK XKaybIH-IIAIIBIHABl KAMTHIBL.

Ine e3eHi aTHIpaybIHBIH J>KOHE pPE3EPBATTHIH
ayMarbIHIaFbl KapAblH XMMUSUIBIK Kypambl CHUIAT-
TaMaJapblHBIH CAHIBIK JKOHE CamlalblK KepceT-
KIIITepiH 3epTTey anFam peT 3eprremyne. Kazipri
yaKpITTa JIaCTayIIbl 3aTTapIblH  >KUHAKTATYBI
aTMocdepalblk ayaHbIH JIACTaHYBIHBIH HHTETPAIIbI
KOPCETKIIITEPiHiH O1pi OOJIBIN caHAIA b, a1 KAPIbIH
XUMUSUIBIK  Kypambl OOMBIHINA JacTaFbIIITAPIBIH
MUTPaNUSUIBIK OaFbIThl MEH KYpPaMbIH aHBIKTAayFa
Oomaznpl. Ockl TYPFBIIAH aNfaHAa, Kap KaMBUIFBICHI
peTiHAe J>KMHAKTAyIIbl oOpTajap aTMoc(epanblk-
TEXHOTEHJIIK JIaCTaHy bl MOHUTOPHUHTLJICY YIIiH Oa-
ChIM OOBEKTLUIEPAIH Oipi OOIBIT TaOBLIAIBI.

FoluabivMn 3€pTTEY euicnaMacm

OKcnenuUsUIbIK 3epTTeyiiep Ke3iHAe Kap Chl-
HaMaJapblH ady JKalmbl KaOBUIMAHFaH OoJiCTEMEre
(PyxoBOACTBO 1O KOHTPOJIIO 3arps3HEHHs] aTMOC-
tepsr, 1991: 693) coiikec OenriieHTeH HYKTeIepae
xyprizinmi. Jamaneik 3eprrey sxymbictapsl 2021
KbUTFBl 19 Haype3 Oen 17 coyip apanbiFbiHIA
OCNTiJICHTeH HYKTeNepAe OpBIHIAIABL. Ine e3eHi
aTBIpAybIHBIH ipreyiec aymarsl sxoHe «lime-Bamkamn
MTP aymarsl angpiH ana TeH KBaaparrtapra (<120
KM?) GemiHin, HeMipieHreHiH (50 HYKTe) aTam eTy
Kaxer (1-cypeTTi KapaHsbI3).

Hana >xyMbicTapbl OapbICBIHAA ChIHAMalap
pe3epBaT ayMarblHAAFbl TOPT HYKTEMEH TOJBIKTHI-
PBULABL, JoIipeK aTkaHaa, JyHUexKy3LTiK sxabaifbl
taburatr KopblHBEIH (WWF) TypaH >ko0ia0apbhIChIH
OYpBIHFBI MEKEHJEY OpBIHAAPBIHIA PEUHTPO-
OyKuusuiay Oaraapiiamachl OOWBIHINA, KyJIaHIap
MEeH KapakyWpbIKTapFa apHaJfaH BOJbEpIEPAC,
TaOurarTarbl  OWMOJOTHSJIBIK  OPTYPINNIK  TEH
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TEHrepiMAi KyTKapyfa OarbiTTanrad. bipak, mama-
JMBIK ~ JKYMBICTapABIH  Kemlipek OacTamybIMeH
KOHE KapKBIHIBI Kap epyiMeH colikec KeiyiHe
OalmaHBICTBI, KAap ChIHAMAaNApbiH TeK 13 HykTeneH

anmyra, SFHU 13 [IapmbIHBI KaMTy FaHa MYMKIH
Oonapl, IereHMEH OYJI 3epTTENeTiH ayMaKTarbl
KapIblH XUMHSJIBIK KYpPaMblH HHTEPIOJSIHSIIAY
YILiH KeTKUTIKTI (1-cypeTTi KapaHsI3).

1-cyper — Kap cbiHamanapsIH aimy HYKTelIepiHiH cbI30ackl

Ouznka-XUMHUSJIBIK  TTapaMeTpiIepal  3epTrey
VIIH ChbIHAMajiap aliblK TEric ajaHaa ajbIHIbI,
Kap eJuey OarbIThl OOMBIHIIA KapABIH THIFBI3IBIFbI
MEH BUIFAJIABUIBIK KOPBIH OJIIIeY KaTap XKYpri3iyii.
Kap cblHamasiapbiH ipiKTEy MOJMATHIICH KamTapra
1x1 M2 amaHga TOMBIpAK YCTIiHAET 5 ¢M KabaTThI
KOCIIaraH/a, Kap KaMbLIFBICHIHBIH OapIIbIK KyaThIHa
mypd onicimen xyprizingi. HlypdreiH exmemuepi
aTMocdepanaH TYCETiH IIeriHaijgep OoKaHATHIH
ayJaH/bl eCenTey YIIiH Y3bIHIBIK ITeH eH OOHbIHIIa
OJIIIICHII.

Opicreme  OOWBIHIIA, CHIHAMaNapAbl  aly
Ke3iH/le, OJapApl CaKTay jKOHE 3epTXaHara Tachl-
MaJiiay Ke3iHie cbiHamMara 0er/ie 3aTTap IbIH TYCyiHe
xoin Oepinmeiini. Hlerinninepne epired 3aTTapabiH
MeJiiepi a3 OoJFaHIBIKTaH xoHe | aM® cyma Mu-
JUTPaMHBIH HEMECe TiMTi MAUTUTPaMHBIH (ppaKIusi-
JapeIMEH OJINICHETIHAIKTeH, ChIHAMAalapAbl aiy,
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caKTay JKOHE Taijay MIapTTapblH KaTaH CakKTay
KOKET. 3epTxaHara IKETKI3UIMeH  ChbIHamajap
eHaeyre Aewin -5 —15 °C Ttemneparypana
cakranael. Kapael epitTy YIIiH YATiHI TYHAE alIbIH
aja JadblHAaIFaH bIabIcTapra canbiHibl. [llerinmi
ChIHAMaHBI 9pi Kapal XUMHSITBIK-TOKCUKOIJIOT USITBIK
Tajjmay jkacay YIIIH aK JIeHTalbl Kara3 CY3TiaeH
OTKI31IAI.

Kap  XaMBUIFBICBIHBIH,  (DU3UKA-XUMHUSIIBIK
KOPCETKIMTEPIH Talgay Kazipri 3aMaHFBI Kbl
KaObUIJaHFaH oJIICTEMENIK HYCKaylapra ColKec
Kyprizinai. Kap epireHHeH keiliH alblHFaH CyaaH
Oipmen pH, opraHuKambIK 3aTTap, KaJIKbIMa 3aT-
TapblH MOJIIEepi KoHe MUHEpAIN3alysl aHbIKTal-
nel. pH ampixray ywin pH/EC/TDS/ Hi9811-5
(«Hanna» ¢upMachkIHBEIH) TeMIIEpaTypasbIK IOp-
TATUBTI eJIIIErini KoygaHbliabl. OpraHuKaibiK
3arrap mnepmanranatr opicimen (Kybens amici),
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KBIIIKBUT OPTaJa KYKiPT KBIIIKBUIBIH KOCY apKbLIbI
(1:3); xankpiMa 3attapmablH  Memmepi DR3900
cnekrpodoromerpinae (Hach pupmackiHbIH) aHBIK-
tanmel. Kap CyBIHBIH TY3ABUIBIFBI HETI3r1 HOH-
napaei (Ca*, Mg*, Na'+K*, CI, HCO,, SO*)
KOCBIH/ILICEIMEH, TUTPUMETPHSLIBIK QJIiCIICH
AHBIKTAJIIEL.

Bapnbirsl 13 chiHaMa >KUHAIBIN, TangaHasl, 13
omniey koHe 117 XUMUSIBIK TaJIay OPBIHIANIEL.

HoTm:xesiepi skoHe TaJKbLIaMa

KapaplH — (QHU3HKANBIK-XUMUSIIBIK ~ KaCHUETTEpi
aya TeMIIepaTypachiHbIH, BUIFAIIbUIBIKTBIH, ©31H-
JIK CcaJMaKThIH, JKEJIJIIH KbICBIMBIHBIH, KYH pajua-
IUSICBIHBIH, COHIal-aK TEXHOTCHIIK dCepIiH maiiaa
OoJrFaH COTiHEH OacTaI YHEMi ©3Tepill OTHIPaIbI dKOHE
TYpaKkThl OONMMalbl. AHTPOMOTEHMIK XYKTEMEHI
Oaramaymarbl MaHBI3IBI KOMIIOHEHTTEPIIH Oipi
KBIIKBUIIBIK, KAJIKbIMA jKOHE OPraHUKAJIBIK 3aTTap,
TY3Aap/IbIH MeJIepi O0JbIT TaObLIAIbI.

Kap ’KaMbUTFBICBIHBIH  KBIIIKBULABIFEl  (pH)
6,1-nern 8,0-re meiiin, aymak OOWBIHINIA opTaria
6,9 (Oeiitapam) Oonael. e e3eHIHIH aThIpayblHA
iprefiec ayMakThl WHTEPIONALUSIIAY Ke3iHIe Kap
JKAMBUIFBICBIHBIH ~ KBIIIKBUIABIFBIHBIH ~ YKOFaphl
KOPCETKIIITEepl 3EPTTENCTIH ayMaKThIH OHTYCTIK-
IIBIFBIC JKOHE IIBIFBIC OediriHge opHamackaH (pH
7,8-8,0) 1 xoHe 25 HYKTeCiHAE alKpIH KepiHenl.
ContycTik OemiriHeH OHTYCTiK JKOHE OHTYCTIiK-
Oarpic OemiriHe aeiiH opHamackan 2, 6, 18, 40
xkoHe 47 wmykrenepae pH w™oHi 6,7-meH 7,6-fa
neiin e3repai. pH Oeiitapan opTachl 3epTTeNeTiH
ayMaKThIH 0aThIC J)KOHE CONTYCTIK-0aThic Oemirinae
JKOHE KBIIIKBIJIMCH JIaCTaHyFa a3 OehiM.

AyMaKTBIH IIBIFBIC O6JIri a3iam  KbIIIKbLI-
OBUTBIKIIEH — cHUMATTanaabl  (2-cyper), ImamMameH
Kaparanipl 00JIBICBIHIa OpHAJIACKAH OHEPKACIITIK
KOCIITOPBIHIAP/IAaH  JIACTAYIIBl 3aTTaplblH  aJbIC
KAlIBIKTHIKKA ~ TachIMalJIaHyblHA  OalJIaHBICTHI
00JIybl BIKTUMAaJ, OMTKEHI 3E€PTTENETIH aiMaKThIH
©3iH/Ie TEXHOTCH/IIK JIACTaHY Ke37epi )KOK.

Kemeci (Epemuna W.J., 2010:55; Dossi C.,
2007:649; Siudek P., 2011: 484; Jarzyna K.,
2017:1591) xymbictapnan Oenrini  OonraHjai,
Kapnarel pH MoHI atMocdepamaH TYCKeH KaTThI
Oemexkrepre raHa OalIaHBICTBI €MEC, COHBIMEH
Karap KYKIpT II€H a30TTBIH Ta3 TOPi3Jli JIaCTayIIIbI
KOCBUIBICTApBIHBIH TYCyiHE OailJIaHBICTBI, OJIap
Kap epireHHeH KeWiH TOmbIpakKa acep eTeli,
KBIIIKBUIIAHAA6l HEMECE CLITIICHE]T].

JKanmer, 3epTTeNeTiH ayMaKThl KapJIbIH KBIII-
KBULIBIFBI ~ TYPFBICBIHAH — KapacThIpcakK, aHTPO-
MOTEHIK acepre aca yIblpaMaiiibl, SFHUA KbIII-
KBUIZaHy TIPOIEeCTepi JKOK, OV a’po30yib 0ell-
MICKTEPIH allbICKa TachIMANJAy KbUIAMIBIFBIMCH
0aifaHBICTH OOTYBI MYMKIiH.

KankbiMa JkoHe opraHukanblk 3atTap. Kap
JKAMBUIFBICHI  CallaChIHBIH MAaHbBI3JbI KOPCETKIII-
TepiHiH 0ipi — KaIKpIMa 3aTTapIbIH MeJIIepi.

Kapaarsl KajKpIMa 3aTTap HETI31HEH aBTOKOJIIK
[IBIFAPBIH/BUIAPBIHBIH ~ MOJIIIepiHe OalIaHbICTHI,
COHJIBIKTaH Ke3 KeNTeH JKOJI OOIKTEepiH, acipece
ipl aBTOXOJIAPAbl KapJblH XUMUSUIBIK KypaMbIHA
alTapipIKTall ocep eTEeTiH JaCTaHyAbIH TOyelci3
JKOHE KYIITi KO3iHe )KaTKBI3Y KepeK.

Kap ceiHaManapelHIaFbl KaJlKbIMa 3aTTaplIblH
Kypambl yikeH auanasonga 12,0-men 731 wr/
oM neiiin aybsITKuasl (3-cyper). JKanmsl, Kapaarst
KankeiMa 3artap 12-men 80 wmr/mmi-re neiiin
ayBITKUIBI, aJl OJapIblH €H KOFapbhl MOHIEpi
3epTTEJICTIH ayMaKThIH OpTabIK Oemirinae 112-aex
731 mr/ami-re aeiiin xoHe bakaHac aybUTBIHAAFBI
1-aykreme 123 mr/om*-re meiiid TipKelIreH.

KankbiMa 3aTTapblH KYPaMbIHBIH KOFaphbl
MoHzepi 295-731 mr/am® neitin xeteni (3-cyper)
JKoHe aya aTMmoc(epachblHBIH JacTaHyblHa Oaii-
JIAHBICTBI, OYJI ©3 Ke3eriHJe KaJKbiMa OeJIIeKTep-
JH MakKCUMalJbl KYpaMbIMEH JXOHE Kap JKaMbLl-
FRICBIHBIH MUHEpaIaHybIMeH TyciHmipinemi. Ke-
HICTIKTIK Tapaiyla KaJKbIMa 3aTTap/blH >KOFaphbl
moHzepi bakanac-Kapoii aBTOMOOMII IKOJBIHBIH
OOMBIHIA JKOHE JKAKbIH MAaHIArbl IIaFbIH €Il
MEKEHJIep/Ie OpHAJIaCKaH HYKTeJIepre ToH.

Kankpima 3atTapapiy TeMeH MoHaepi «lme-
bankammy MTP aymarbiaa, ocipece OHBIH KJIACTEPITIK
ydacKeJepine, COHJal-aK 3epTTENCeTiH ayMaKThIH
IIBIFBIC, OHTYCTIK-IIBIFBIC OeiriHne ToH xoHe 32,0
Mr/am? neiid sxeremi.

Kapnarel opraHukajiblk —3aTTapiblH — Kypa-
MBIHJIa OChl ayMaKTBIK cUMaT OalKananubl, SFHH
KapJarbl KQJIKBIMA 3aTTapIbIH YIFAIOBIMEH OpPTaHU-
KanplK 3arrap 1,60-tam 11,52 wmr/ami-re nmeiiin
ywiFasael. 3epTTeeTiH ayMaKThIH IIBIFBIC OeJiri
AHTPOITOTCHIIK JIacTaHyFa a3bIpak OeiiM, ai
OpTaJbIK aiiMakTa OYJI MOHJIEp OopTa ecemreH 6,32
Mr/mm® ieitin yiraiiraH.

KaskpiMa yxoHE OpraHMKaIBIK 3aTTapIbIH MYH-
Jlail KeHICTIKTIK Tapaiaybl aTMoc(epanblK ayaaarbl
OpPTaHUKAIIBIK ~ KOCBUIBICTAPIBIH  OeJIIeKTepiHe,
KYHiHE XK0HE KATTHI a’dpo30Jib OemekTepine Oaii-
JIAHBICTEI.
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2-cypet — Kap »xambutrsicbiHaFsl pH

3-cypet — Kapaarsl KaJIKbIMa 5KOHE OPraHUKAJIBIK 3aTTapAbIH MOHIEP1

Erep kap XaMbUIFBICBIHBIH JKardallblH KaJ-
KbIMa JKOHE OpraHHWKaJbIK 3aTTap OoibIHIIA Oara-
JAaWTBIH 0OJICaK, OHAA OJIAPABIH OpTalla Kypambl
aymakka Ttuicinme 126 xone 4,47 wmr/am®. Byn
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nmaTTanaabl, Oyl Kap >KaMBUIFBICBIHBIH XUMUSITBIK
KYPaMbIHBIH ©3TepyiHe alTapibIKTail ocep eTei.
Kap >kaMbUTFBICBIHBIH MUHEPAIH3aIIXs MOJIIIEpi
epireH Kap CyJapblHBIH MUHEpalaHy JICHIeWiH
aHBIKTARIBI J)KoHE 013 Tanmay Ke3iHAe aHBIKTaJIFaH

OapiBIK HETi3ri MOHIAPIBIH KOCHIHIBICH pETiHIe
ecenteiimiz. e e3eHIHIH aThIpaybl KoHE OHBIH
immiane «lne-Bankamy MTP aymarsr OoiibIHIIa Kap
YKaMBUIFBICBIHBIH MUHEpanu3amus MoHi 135-731 mr/
1M? apaiteikta 60uibl (4-cyper).

4-cypet — Kap »aMBUIFBICBIHBIH MHHEPAIM3aIsl MOHJIEP] XKaHe HeTi3ri HoHAap Kypambl-Yo

Eneyni monnmep 25 Hykrere ToH Oommel — 731
MI/IM3, COHBIMEH KaTap 3epTTENIETiH ayMaKTBIH
opTanbIK Oesirinaeri pH meH >kaimbl KEPMEKTUTIKTIH
JKOFaphI IEHTeHiHe COMKeC Keei.

MuHepanu3aiyss MOHIHIH Tapany CHIaThIHIA
OYKiN ayMmak YIIiH alIbl 3aHIbUTBIK OaiiKaiakbl,
chIiHaManapablH 92%-HaH acTaMblHIa MHHEpa-
nmany tmamacel 135-ten 345 mr/pmP-re nmeiiid, an
700 mr/am® actam mamanap Tek Oip »karmaiina
Ke3zecei.

«lne-bankamr» MTP aymarblHBIH Kap >Kambli-
FBICBIHBIH MuHepanmu3anusicsl (33, 34 xone 40
— HyYKTeJep) opra ecemmeH 129 mr/mM® Kypamsl.
JKanmer 3epTTeNeTiH aymMaK MUHEpaTU3AIUSHBIH
JKOFapFbl MOHJCPIMEH CHIATTaNabl, Oy CYBIK
Ke3eH/le JKWHAKTaIFaH JIacTayllbl 3aTTap.IbIH
JICHT el TypaJibl TYCIHIK Oepei.

4-cyperTe KepceTiAreH el Kap )KaMbUIFbICHIHBIH
HOHJIBIK KYpaMBbl apajiac TUITE, OipaK HETi3ri HOH-
JapabIH KaTelHACKIHIA TuApokapOooHart (70 %) xoHe
HaTpui-Kanmuid moHmapbl OaceiM Oonambl (100%).
(Anexun O.A., 1970: 442) Heri3ri >KYMBICBIHIA,
TUAPOKApOOHAT MOHJApPhl TAOUFU CYJIAPJBIH HOH-
JIBIK KYPaMBIHBIH MaHBI3Jbl OOJIriH Kypaumbl Jem
alThUTFaH. 3epTTENICTIH ayMaKTBIH OpTajbIK 0e-

miri cynedar kinaceiMeH 16,3-tem 21,9 %-3kB
KaTbIHACHIH/IA, HATPUI-KaJIMii KaTUOHAPbIHBIH Oa-
CBIMBUIBIFBIMEH €peKLIeITiHe .

E.A. benosa (2013:9) atan erkeHmeir, Kapaa
cyab(aT HOHAAPBIHBIH 0ackiM OOJyBl TapThLIY
KYIIHIH OCEpiHEeH ayajaH MaHMeH Oipre KyKipT
JTUOKCHJII adpO30JIbJEPiHIH IIeryiHeH, COHJail-aK
TOMBIPAKTBIH Ty3 O6JIIeKTepiMeH JKeNAeHyiHEeH
oonaasl. 76-man 326 mr/nm3-re nediiari SO+ MoHi
AHTPOTIOTCHIIK YKOHE TaOWFH Ke3/eplieH allbiC Ta-
ChIMaJIZIaHy HOTHIKECIHIIE YIIKEH ayAaHaapaa KyKipT
KOCBUIBICTAPbIHBIH ~ IIAIIbIpayblHAa  OaiIaHBICTHI
QJICi3 JTaCTaHyIbl KOPCETE/].

Kapnaret HCOs  KOHICHTPAIMSCHIHBIH KO-
oeroi, armocdepanarsl CO: KOHIIEHTPAUHUSCHIMEH
aHBIKTANA/IbI, all ayaja THIPOKapOOHAT HOHAAPHI
KOHIIEHTPALMSICBIHBIH JKOFaphlIaybl KOMipKBILIKbLI
ra3blHbIH, €H aJAbIMEH, aHTPOIOTEHAIK LIbIFapbIH-
JIbLIIAPBIHBIH KOOCIOIH KOPCETEe .

Ocpuiaiiia, 3epTTENeTiH ayMaKThIH ayachIHBIH
KYKIPT OKCHIIMEH >KaJIbl TOMEH JIACTAaHYBI JKOHE
aTMocdepara Kell MeJlIep/e MAaHHbIH TYCYi IIaH
KYPaMBbIHAAFbl TEXHOT'€HAIK KapOOHATTapAbIH epyi-
He OailIaHBICTBI THIPOKAPOOHAT WOHIAPHIHBIH
ke0eroiHe oKenei en aiTyra 60aabl.
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3 xoHe 4-cypeTTepleH KepiHill TypraHiai,
KapAa KajJKpIMa J>KOHE OpPTaHHMKAIBIK 3aTTaplblH
KYpaMBbIH/Ia KoOHE OHBIH MUHEpaNJaHybiHaa Oipae
cunar Oalikananel. Byn 3epTTeneriH ayMakThIH
aTMOoCQepaNbIK ayachIHBIH KYKIPT OKCHIIMEH KaJl-
IBI JIACTAHYBIH JKOHE aTMocdepara Kol MeJIepie
LOIaHHBIH ~ TYCyiH KepceTenmi, Oyn  a’3po3oib
OONIIIeKTEPiHAeTI TEXHOTEHIIK KapOOHATTapIbIH
epyiHe OaiiiaHbICTBl OHKapOOHAT HWOHAAPBHIHBIH
KOoOE0iHE JKeJIei.

C.K. AcwutbexoBa (2011:7) xkymbICHIHAA,
aTMocepanblK ayalaH BUIFAIIbl XOHE KYpFaK
MIeTIHAINEPiH JKHHAKTAaTybl OOMBIHIIA KYpTi-
3iiren 3eprreyiep «bankamiBerMer»y Ob mibFa-
PBIHIBIIAPBIHBIH ~KOJIEMi MEH CalachblH CHIIaT-
TalJpl, OJAPABIH JKbULABIK caHbl 738,5 MbIH T
(2005 x.), karThH hpakumsapabiH yieci 13,4 MbIH T
HEMECE IIbIFAPBIHIBUIAP/IBIH KBl MaCCACHIHBIH
1,8 %-bIH Kypauel.

Jlactayuibl 3aTTap/blH Tapaly OpeosIapbIHbIH
JKAIMbl KECKiHI, JXKel 6pHEriHe JKOHE KOJIiH
YCTiHEH TYTiHHIH OTy XXHeJIriHe coiikec opraria
KOTl XKBUIIBIK >Kalmblman 59 % kypaiiasl. Jlemek,
«bankamrycriMer» Ob aya 1IbIFapbIHABLIAPBIHBIH
OCBIHIAH MeIepi KOJIiH YCTIiHEH OTim, imiHapa
OHBIH OeTiHe TYHBIN, JIACTAyIIbl 3aTTapblH
LIBIFApPbUTy Ke3iHEH OHTYCTIK-OaThicKa Kapail
73 KM-T€ CO3bUIBII KaThIP.

Ty:KpIpbIMaap

JKyMBICTBI KOpBITBIHIBUIAH Kene, Keiecizen
TYKBIPBIM Xacayfra 00Jabl:

- Kap YKaMBUTFBICHIHBIH KBITITKBUIIBIFE (pH) 6,1-
neH 8,0-re neiiiH, ax opta ecernrieH 6,9 (Oeiitapan);

- Kap/ia KaJKbpIMa 3aTTapAbIH Kypamsl 12-a1eH 80
MI/AM?-Te JIeiH, al opraHuKaiblk 3attap 1,60-TaH
11,52 mr/mm3-re neitin aybITKHIBL;

- Kap KaMbUIFBICBIHBIH MUHEpaiany MoHi 135-
731 mr/am?® apasbIiFbiHaa GOJIBL;

- KapacThIPbUIBIIl OTBIPFaH IapaMeTpiepaiH
KOFapbel MoHzAepi 25-HykTere, sFHU Ine e3eHi
aTBIPaybIHBIH OPTAJBIK OeIiriHe ToH OONIbL.

Aya aTMocdepachHBIH JacTaHybIHa OaimaHbI-
CTBI KOFapFbl MOHJIEP, KATTHI OOJIIEKTEP IiH MaKCH-
MaJIZIbl KYPaMbIMEH JKoHE Kap KaMbUIFbICBIHBIH MH-
HEepalJaHybIMEH CHUIATTaNabl, Oy CYBIK K€3eHJe
JKUHAKTAIFaH JlacTayllbl 3aTTapAblH  JeHIeidi
Typaibl TYyCiHIK Oepeni. Kap KaMBUIFBICHIHBIH
MOHJIBIK Kypambl TuapokapboHar noumaps! (70%)
JKoHe HaTtpuii-kanuii uongapel (100%) GaceiM 6o-
mateiH apanac tunti. Kapmaret HCOs  xorapb
MoHIepi arMmocdepamarbl CO:2 KOHIEHTPAIHSICHI-
MEH aHBIKTaJIaJbl, OYJI aHTPOMOTEHIIK BIKTUMAI
ecebiHeH aTMocdepara Kol MeJIep/e MMaHHBIH
TyCcyiHe OaillaHBICTBI ayara KOMIpPKBIIIKBUI Ta3bl
UIBIFAPBUTYBIHBIH YKOFapbUIAybIH KOPCETE].
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AAMATbI KAAACbIHbIH, OYEXXAUBIHAAFbI
METEOPOAOTUSADIK NMAPAMETPAEPAIH,
BUIKTIK BOMUbIHLUA TAPAAY EPEKLUEAIKTEPI

Kasipri yakpITTa aye KemMeAepiHiH yllyblHa KEAEPri 9KeAin >KOHe aBMaulmsl TeXHWMKACbIHA 3aAaA
KEeATipeTiH aTMocdepa napameTpAepi TypaAbl 3epTTey aBMaLMsiHbl METEOPOAOTMUSAbIK, KamTamachbl3
eTYAE€ MaHbI3Abl MaceAeAepAiH 6ipi 60Abin Tabbiraabl. COA cebenTi MeTeollamaAapra OakpbiAay,
OAAPAbIH TapaAy epekLIeAikTepiHe Kapain apekeT eTy aBMaLMs CaracbiHAQ MaHbI3ABI.

AAMaTbl KaAacbl ayexalbl — KasakcTaHaarbl €H YAKEH ayerkan. Oyexxain apKpblAbl KasakcraH
6OVbIHLLIA >KOAQYLLbIAAPABIH, >KapTbIChbl X8HE >XYKTepaiH 68% eTeai. ABvauus ywiH KayinTi
METEOPOAOTUSIABIK, MApaMETPAEDP MeH KYObIAbICTap aBMaKaCiNopbIHAAPbIHA YAKEH 3aAAA, LWbIFbIH SKEAYi
MYMKiH. COHABIKTaH, AAMaTbl KaAacbl ayeXkalblHAQ 8ye KEMEAEpIHE acep eTeTiH METEOPOAOTMUSAABIK,
napameTpAEpPAIH TapaAyblH 3epTTey Kasipri TaHAa ©3eKTi MacereAepAiH 6ipi. EAiMI3AiH 6apAbik,
KaraaapbiHaa «KasaspoHaBuraumsi» eHipAiK OpTaAblKTapbl 6ap XXOHEe COHbIH, illiHAE, apHarbl MeTeo
Kayinci3AiKTi KamMTachi3 eTeTiH METEOPOAOIMSIAbIK, OBAIMAED XKYMbIC aTKapyAa.

BbyA Makanapaa AAMaTbl KaAacblHblH, 8yealAarbliHaa 2013-2017 >K. apaAblfblHAQ TipKeEAreH
METEOPOAOTUSIAbIK, MapaMeTpAEpAIH  OMIKTIK OOMbiHIIA TapaAy epeKkleAiKTepi KapacTbIpbIAFaH.
9Jye KemeAepiHe (OK) acep eTeTiH KeAeCi METEOPOAOTMSAbIK, MapamMeTpPAEp KApPaCTbIPbIAAbL: aya
Temrnepartypacbl, aTMOCKEPAAbBIK, KbICbIM, YXEA XXbIAAAMAbIFbI MEH 6aFbiTbl, OYATTBIABIKTBIH TYPi MeH
MALLIEpPi, COHbIMEH KaTap BUIKTIKTe acep eTeTiH KeAeCi KayinTi KyObIAbICTap: ylIaKTapAblH LLANKAAYbI,
yllakTapAblH My3AaHYbl, XXbIAFAAbl afFbicTap >XeHe T.6. MaAiMeTTepAiH 6apPAbIFbl a3POAOTUSIABIK,
AMarpaMma TyYpiHAE MHTEPHET XeAici apKpbiAbl flymeteo.org caiTbiHaH aAbiHADI.

TyHiH ce3aep: aspOAOrMSAbIK, AMarpamMma, Temreparypa, GYATTbIAbIK, XXEA, TPOMOMAy3a, My3AaHY,
LaKaAY, >KbIAFaAbl afFbicTap.

G.T.Suleimenova, Zh.E. Tursyn’

Al-Farabi Kazakh National University, Kazakhstan, Almaty
*e-mail: tursyn_zhansaya@mail.ru

Features of the distribution of meteorological parameters
by height at the airport in Almaty

Currently, the study of atmospheric parameters that hinder the flight of aircraft and cause damage to
aviation equipment is one of the most important issues of meteorological support for aviation. Therefore,
it is important to monitor weather parameters, to act depending on the features of their distribution.

Almaty Airport is the largest airport in Kazakhstan. Half of passengers and 68% of cargo pass through
the airport in Kazakhstan. Meteorological parameters and phenomena that are dangerous for aviation
can cause serious damage to air enterprises. Therefore, the study of the distribution of meteorological
parameters affecting aircraft at the airport of Almaty is one of the urgent problems at the present time. In
all cities of the country, there are regional centers «<Kazaeronavigation», including meteorological depart-
ments that provide special weather safety.

This article examines the features of the distribution of meteorological parameters over height for the
period 2013-2017. at the airport in Almaty. The following meteorological parameters affecting aircraft
(AC) were analyze: air temperature, atmospheric pressure, wind speed and direction, type and size of
clouds, as well as the following hazardous phenomena affecting the height: aircraft turbulence, aircraft
icing, jet flow, etc. Meteorological data in the form of upper-air diagrams were taken from the Internet
from flymeteo.org.

Key words: aerological diagram, temperature, cloud cover, wind, tropopause, icing, jet stream.
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AJMaTBI KallaChIHBIH 0yeKalbIHIAFbl METEOPOJIOTUSUIIBIK TapaMeTpIiepAiH OUiKTiK OOWBIHIIA Tapally epeKIIeTiKTepi
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OCo6€eHHOCTH pacnpeAeAeH!si METEOPOAOrMUYECKUX MapaMeTpoB
no BbICOTE B a3pONopTy roposa AAmarbl

B HacTosdLEee Bpema MCCAeAOBaHME NapaMeTPoOB aTMOC(EPbI, MPENSTCTBYIOLMX MOAETY BO3AYLLUHbIX
CYAOB M HaHOCAWMX yllepb aBMaALMOHHOM TEXHUKE, SBASETCS OAHMM M3 BaXXKHEMLUMX BOMPOCOB
METEOPOAOrMYeckoro obecreyeHns asuaumu. [103TOMy BaXKHO CAEAMTb 3a MeTeornapameTpam,
AEMCTBOBATb B 3aBUCUMOCTM OT OCOGEHHOCTEN UX PacrpoCTpaHeHus..

AsponopT r. AAMathl camblil 60AbLION B KasaxcTaHe. Yepes asponopt no KasaxcraHy npoxoamt
MOAOBMHA MACCaXXMpPoOB M 68% rpy30B. MeTeopoAOrnyeckme napamMeTpbl M SBA€HMS, OMaCHble AAS
aBMaLMM, MOTYT HAHECTU Cepbe3HbIN ylepb aBManpeAnpusaTUaM. [103ToOMy U3yueHue pacrnpeAeAeHms
METEOPOAOrMYECKMX MAPAMETPOB, BAUSIOLLMX Ha BO3AYLUHbIE CyAa B @3pOonopTy . AAMaTbl, SBASETCS
OAHOW 13 aKTyaAbHbIX MPpo6AEM B HacTosLLee Bpemsi. Bo Bcex ropoaax CTpaHbl AEMCTBYIOT perMoHaAbHble
ueHTpbl «KazaspoHaBuraupms», B TOM YMCAE METEOPOAOTMYECKME OTAEAbI, 06ecreymBatoLLme Crieumanb-
HY10 MeTeo6e30MacHOCTb.

B AaHHOM cCTaTbe paccMaTpMBAlOTCS OCOOGEHHOCTM  PACMpPEAEAEHUS  METEOPOAOTrMYECKMX
rnapameTpoB Mo BbicoTe 3a nepuoa 2013-2017 rr. B a3ponopTy r. AAMaTbl. AHAAM3MPOBaHbl CAEAYIOLIME
METEOPOAOrMYECKME MAPAMETPbl, BAMSOWME Ha BO3AywHble cyaa (BC): TemnepaTypa BO3AyXa,
aTMOCEepHOE AABAEHME, CKOPOCTb WM HarpaBAeHMe BeTpa, TUM M pasMep OOAQUHOCTM, a TakxKe
CAEAYIOLIME OMacHble SBAEHUS, BAUSIIOLLIME Ha BbICOTY: 6OATAHKA CAMOAETOB, 06AEAEHEHME CAMOAETOB,
CTPYMHOE TeuyeHne n Ap. MeTeopoAornyeckmne AaHHble B BUAE adPOAOTMYECKMX AMArpamm B39Tbl C

canTta flymeteo.org.

KAroueBble caoBa: dAdpPOAOIrnyecKkada AmMarpamMmma, temneparypa, O6/\aHHOCTb, BeTep, Tponoray3a,

O6AeAeHeHl/le, CTPYMHOE TeyeHune.

Kipicme

Merteoposnorusiblk (akTopiaap — Oy a3aMar-
THIK ABHALMSHBIH TaijanaHy KbI3METiHE TiKeJen
HEMece jKaHama ocep eTETIH Hemece acep eTyi
MYMKIH Ke3 KenreH arMoc(epanblK Karaaiuap,
KYOBUTBICTAp, IIaMajlap MEH cUmaTTamanap. benrimi
0ip MeTeopoJIOTHSUIBIK (DakTOpiapabIH acepi dye
amartelHa, TIOTI erep Oy (akTopiaapAblH ocepi
IyphIc OarananbaraH 0oJjica, amaTKa oKelryl MyMKiH
(borarkun O.I'., 2005: 68). COHIBIKTaH /a2 aBHAIIH
cajacblHa METEOPOJIOTHSIIBIK aKnapaTThIH
HaKTBUIbIFbl MaHbI3/bI.

CaTci3 yinyablH Herisri (akTopiapblHBIH Oipi
JIOCTYpIi Typae Taburu QaxTopiap Jien arajajibl,
SFHM aya palbl Kargaiiapbl. XaJbIKapajbIK
azaMarTeIK aBuarus YUbIMBIHBIH (MKAQO) nepek-
Tepi OolbIHIIA aya palbiHa OalIaHBICTHI €H
ayblp aBHAIMSIIBIK ~amarTap Kbl CaHHBIH
6-21 %-b1H Kypaiiabl. bipak Oy METEOPOIOTUSIIBIK
XKarjgaitnap OipmeH cebenm OonaThlH JKarmaiiap.
Erep aya paiibl anarTeiH Tikenel cebebi Oommaca
Jla, OFaH BIKNAJl €TKEH J>XarJaliaplIbl ecKepeTiH
0oscak, opOip YIOIHIINI amaT MeTEeOpPOIOTHUSIIBIK
JKaFaaiapra Tikeliel HeMece jkaHama OailJIaHbICThI
00Ja1bl EKEH.

OJIeMHIH 9p TYKIIipiHAe, oHBIH iminae Kazak-
CTaHJa Jia, OKIHINIKe Kapai, oye KeIKTepiHiH
amarTapsl OOJBIN, agaMIap Ka3a Tayblll >KaTajbl.
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EnimMizae cCOHFBI OHXXBUIABIKTA KaHIIaMa agaMHBIH
OMIpiH KuFaH, ipi Kelleciiel anarTap OpbIH ajFaH:

2012 xbu1, AH-72. 25 sxenrokcan kyHi AcTta-
HagaH [llemmkxentke ymkan AH-72 ymarer [bmv-
KEeHT JyekalibiHa 20 KWJOMETp KajFaHaa amaTka
yinsiparaH. ¥1IaK pagaplaH *KepriTiKTi yakbIT 00¥-
pIHIIA caraTr 18:55-Te koranbin KeTkeH. bopTTarsl
OapiwIK 27 amaM Ka3a OOJIIbL.

2013 k51, Bombardier CRJ-200. SCAT xom-
nanusaceiHa Tuecini Bombardier CRJ-200 ymarst
Kekmreray-Anmarsl aBuapeicinae AiaMarbl 00ibI-
ceiHaarel KpI3pUITY enjii MekeHiHe KyJiaabl. bopt-
Tarbl 21 agamHBIH OapibiFbl Kaza Ooyabel. Amatka
aya-paiibl MEH SKHITKIBIH KaTeliri ceben OorFaH.

2015 xpu1, AH-2. 2015 xeuter 20 KaHTapaa
KamOp11 obnbiceinaars! «lllaTeipken» KeH OpHBIH-
na AH-2 ymars amatka ymsipagsl. bec agam xasza
TamKaH.

2016 b1, UP-MD 600-N Tikymarsl. 27
KaHTapjaa aya-paipraa 6atmansictel UP-MD 600-N
TIKYIIaFbl AJIMaThl OOJIBICHIH/IA KYJIA]IbL.

ConblH imiHge conHrbl Bek Air ymak ama-
11 — 2019 xpurrsl 27 xentokcan KyHi Bek Air
oye KOMIAHWSCHIHBIH AJyMaTel-AcTaHa OaFbITHI
Ootipiaa Z9 2100 HeMipii pelciH OpbIHIANWTHIH
Fokker-100 ymrarer AmMaThl Kaylackl MaHBIHIAFBI
Kp3puiTy enpi-MekeHiHe amarka yielpagsl. 12
JKOJayIIbl KaWThIc OONFaHAbIFEl Oenrimi. baiikara-
HBIMBI3JIAl, OCBI anaTTap/blH KOIIIJIIT aya panbl-
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MeH OaiiJlaHbICTRUIBIFBIH KopeMi3. by meteomama-
Jlapra JIereH HEMKYPaliIblK 5)KOHOMHUKaFa FaHa eMec
KaHIIaMa ajaM IIBIFBIHBIH ajblll Keleli. OpHHE,
Kazipri TaHaa ediMi3ze ocbl OaFbITTa ic-IIapaiap
aTkapeuTyna. SFHM, mep Ke3iHae KayinTi KyObl-
JBICTApIbl OOJDKAY/Aa KOMEK KOPCETiH JKaHa KypbLi-
FbUTap, OoJpKay amictepi katansl. COHBIMEH Kartap,
CHHONTHUKTIH IMJIOTKAa OEpreH KOHCYJIbTALUSICHI
SKUMAXKFa a’poJIpoM alMarbIHAa, MapIIpyT OOMBI-
MEH XoHE 0acka a’poApoMAaplIarbl aya paiblH
aHBIKTAHTBIH KBICKIM XXYHeENepiHe, aya Maccaaapbl-
Ha, (QpoHTanmbABl aliMaKTapFa cHIarTama Oepeni.
CHHONTHKAIBIK MPOLECTEpre epekile Hazap ayaa-
pBIIanbl: OYATTapAbIH TOMEH OpHAJacybl, KOpiHy
KAIIBIKTHIFBIHBIH, Halllapiiaybl, Hai3arai, My3IaHy.
Conpaii-ak, TpOIOIIAy3aHBIH OpHAJACYBI, Xeple
XKOHE OMIKTIKTE aya TeMIlepaTypachbIHBIH e3repyl
Typausl aiftemanst (Opnosa M.A., 2010: 25).

3epTTeyaiH MaKkcaThbl MeH MiHIeTi

3eprreyniH MakcaTbl AJMarbl Kajachl dye-
Kapl  JKaFgaimappl  YIIIH — METEOPOJIOTHSIIBIK
napameTpiepiH TapaxyblH 3epTTey jKOHE ONap.IbIH
9Cep eTyiH TEOPHUSUIBIK UTIMMEH CaBICTBIPY OOJIBIIT
Ta0bLIa bl 3epTTEeY OapBIChIHIA KeIeCl MiHAETTePl
KapacTBIPIBIK: AJIMaThl Kalachl oye)KalbIHAAFbI
TeMIeparypa MeH JKeNmiH OWIKTiKk OOHBIHIIA
Tapaixybl, COHBIMEH KaTap, OWIKTIKTE OailKaaaThIH
KYOBUTBICTapAbIH Tapallybl €peKIIENiKTepi.

Kazakcranma OMIKTIKTETi METEOPOIOTHSIIBIK
KYOBUTBICTapFa  erkei-terkeini  OoynkaMaap
xacay KublH. «Kazasponasurauus» PMK-ubiH oye
KeMeJlepiHe opJaiibiM OOPTTHIK aya-palibIH O0JDKayFa
TBHIPBICAJIBI )KOHE OJI TYPaNIbl YCHIHBIMIAPABI Oepei.

3epTTey MaTepuanaapbl MeH dicTepi

3epTTey HBICAHBI — AJIMAThI KaJlachl 9yeKaubl.
MeTeopoNIOTHSIBIK ~ TTapaMeTpiepiHiH  OMIKTIK
OoiibiHIIA TapanyblH cumartay yurH 2013-2017
JKBUTIAP apalbIFBIHAAFB MOJIIMETTEP a3POTIOT USIIBIK
IuarpaMMa TYpPiHAE WMHTEPHET JKENlici apKbLIbI
flymeteo.org caiiteiHan ansiap! (flymeteo.org)

Aya paiibl MyparaTThIK MOJIIMETTEPiH KOJIAaHY
apKbUTBI OOJDKaM JKacay >KOHE IOJIIITIH TEeKCepy.
Oye KeMmeliepi MeH MY IeN1 YIbIMIap apachiHa aya
paiibl Typasibl eCKepTYJIepi TapaTy dAiciH a3ipiey.

AnmMaTbel  Kajlackl oyekalblHAa aya paiibl
KBI3METIHIH KeJIe] KYMBICBIHIA HAKTBUIBIK 9JIiCiH
OJlaH opi Naianany yIIiH YChIHBIMIAp Oepy.

3eprTey O6aphICHIHIA Keleciiel Heri3ri amicTep-
i KOJNJAHMABIK: €CEeMNTIK, CaHMABIK, (DU3UKAIIBIK-
CTAaTUCTHKAIBIK, CHHOIITHKANIBIK-CTATUCTUKAIIBIK,.

3epTTey HITHAKeIePi JKIHEe TANKbLIAYIap

3eprTey OapbhIChl algbIMEH AJIMAThl KaJlachl
oyeKaWbIHAAFbl aya paibl Xarjauaapsl Typallbl
aKmaparThl JKMHAY JKOHE OHJIEy/leH OacTaibl.
MereomramanapaplH aBUAlAsAFa ocepiH Oaranay
XKoHe OoJpKay YIIH XalblKapajblK aiMacy CTaH-
OUsJIapbIHAH aFBIMIaFbl METEOPOJIOTHSUIBIK aKIa-
part XKuHaIIbl. MeTeopoIOTHUsIIBIK JAepeKTep adpo-
norusielk  puarpammanad  (URL:  flymeteo.org)
aNBIHBIN, OWIKTIKTE Tapaidybl KapacCTBIPBUIIEIL.
AnMathl Kajlachl oyexkaibl OOMBIHINIA OUIKTIKTE
aya-paiibIH Oarajay YIIiH KOJIaHbLIAThIH METEOPO-
JIOTHSUTBIK, TIaMaliapabIH Ti3iMi:

Aya TemmepaTypachl — aTMOC(EpaHbIH JKbI-
JMYIBIK KYWIH CHIIATTAUTBIH METEOPOJIOTHUSIBIK
emmemMaepaiy Oipi. On aya paiiblHa OaiIaHBICTHI
YHEMi ©3repill OTHIPaJbl JKOHE OUIKTEreH CalbIH
e3repeni. Aya TeMrepaTypachlHbIH OMIKTiK OOWBIH-
ma e3repyi TeMIlepaTypaHblH BEpTHUKaIbdi Tpa-
JIUCHTI apKbUIbl cunartajianel. Opoip 100 metpre
OMIKTEreH caiiblH TeMIIepaTypaHblH ©3Tepy MoHiH
TEeMITepaTypaHblH BEPTHUKAILAI TpPamdCHTI IeHmi
(7,°C/100 m). Aya TemnepaTypacsl OMiKTiK OOWBIH-
ma TeMEHJEeCe, OHBIH BEPTHKAIBII T'PATUCHTI OH
TaHOAJIBI, all OJ1 OWIKTIK OOHbIHIIA ecce (MHBEp-
CHUSUIIIBI), OHJIa OHBIH BEPTUKANbB]II TPAIUEHTI Tepic
TaHOaNB! Oonael. M30TepMus skaFqaiibIHIa TEMITe-
parypa OuikTik OOMBIHINA ©3repMeii, TYPaKThl 00-
nansl (Xpomos C.I1., Ilerpocsan MLA., 2006: 6-26).

1-kecTeme AnmMarhl Kaytacel oyexaiisrama 2013-
2017 >xpumap apaiblFbIHIA OalKanraH aya TeM-
MepaTypackiHbIH OWiKTIK OOWBIHINA Tapanybl Kep-
CETIUITeH.

Kecrene kepceTuireHneit, KbICBIM —a3aiifaH
cailblH aya TeMIepaTypachlHbIH TOMEHICUTIHIH
Oaifikayra Oomanpl. KapacTeIpburran I KbIIgapsl
AnMaThl K. oyeXalblHAa aya TeMIlepaTypachIHbIH
MoHiI OmikTik OoitbiHIIa 20,5 °C-tanm mmayc 61,1
°C apanpIfbIHIA ©3TepreH. Op Me3Til OOMBIHIIA
KapacTeIpca, KbICTa TEeMIIEpaTypaHbIH MaKCHUMYM
MoHi MuHYC 1,7 °C-Ka, an MUHIMYM MoH1 MuHYC 61,0
°C-ka TeH OonraH. KexTeme OHBIH MaKCHMAab.Ii
moaHi 10,2 °C-ka, MuanMYyM MoHI MuHYC 60,4 °C-Ka,
sazaa on 20,5 °C-tan munyc 60,8 °C apanbiFblHa,
an xy3zae oubrH MoHi 18,0 °C-tan munyc 61,0 °C-ka
©3repreH.
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1-kecTe — AnMatsl K. ayesxaiipiaaa 2013-2017 xpuinap apansiFeinia OaikanraH aya TeMIlepaTypachIHbIH OMIKTiK OOMBIHIITA MOHAEPI

®)
P Kepic Kekrem Kaz Kys
XII I 1I I v \% VI VII VIII IX X XII

925 -2,3 -8,1 -4,7 -1,7 4,8 8,4 15,5 18,4 17,6 16,0 8,5 1.4
850 -1,7 -4,7 -4,8 0,2 5.3 10,2 14,5 20,0 20,5 18,0 11,1 33
700 6,0 6,8 9,5 3,7 26 0,9 3,9 8,0 9,5 4.6 0,3 4.0
500 -25,4 -23,7 -25,4 -23,1 -20,2 -17.8 -14,7 -10,4 -8,8 -9,8 -14,1 -36,0
400 -36,2 -38,0 -36,9 -35,4 -33,4 -31,5 -27,0 -26,3 -24.4 -26,8 -28,0 -34,2
300 -49,2 -52,2 -50,6 -50,2 -49,3 -46,6 -39,7 -37,7 -36,9 -40,7 -43,8 -47,0
250 -57,5 -59,1 -59,1 -57,7 -55.5 -53,7 -50,1 -44.,6 -47,4 -48,7 -49.,3 -56,8
200 -60,5 -61,0 -61,0 -60,4 -59,7 -58,7 -54,3 -50,5 -48,6 -54,8 -57,3 -58,9
150 -61,1 -60,6 -59.5 -58,9 -57.3 -57,0 -57,2 -54,7 -56,6 -55,9 -57,0 -59.4
100 | -60,0 | -61,0 | -60,6 | -583 | -573 | -57,7 | -592 | -584 | -60,3 | -60,8 | -61,0 | -59,8

ABuanus canacblHAa Kayinti wmeteomapa- — JKepnaeH OuikTereH cailblH YHKeENIC KyLIi a3asisbl,

MeTpaepaiy 0ipi — o, xen. XKem — ayaHbIH XKep

COHIBIKTAH JKEIAIH JKBUIIAMIBLIFEI

Ia ecenl.

OeTiHe KaThICThl K6OIHECe TOPU30HTANIb OaFrbITTa
ko3ranybl. O atMocdepa KabaTTapbiHaa KIChIM-
HBIH OipKesKi TapamMayblHaH Maiina 0oxaasl api
JKOFapbl KBICBIMHAH TOMEHT1 KbICBIMFa Kapai 0a-
FRITTAIANBI. Aya KbICBIMBI YaKbIT IE€H KEHICTIKTE
TYPaKThl  OOJIMAaWTHIHABIKTAH  JKEJJIH  KbLI-
JaMABIFBl MCH OarbIThl YHEMi ©3Tepill OTHIPAIbI.

8,00 T
> 7,00 T
6,00 11
5,00 11
4,00 1
3,00 11
2,00 1
1,00
0,00 1L,

%

KaﬁTaHaHyIHLIIILIFBI

JKeuimamasiFeiMeH  Oipre JKenaiH OarbIThl  J1a
esrepelli, o n300apa OarbIThIHA KAKBIHIANIIBI
(Edward Aguado, James E. Burt., 2015: 16).
3epTTeNreH XbUigapbl AJMaThl K. dyekaWbIHIa
TIpKeITeH  OpTallallaHFaH  JKell  JKbUIAaM-
IBIFBIHBIH OMIKTIK OO#BIHIIA e3repici l-cyperre
KOPCETIIreH.

925

&0 700 500 400 300 250 200 150 100

KBICBIM, TIla

20-10 =10-20 =20-30

30-40 m40-50 =50-60 m60-70 m70-80

1-cyper — AnmMaTsl K. oyexaiisiaaarsl 2013-2017 sxpuinap apanbIFbIHIAFEI XKET
JKBUITAMIBIFBIHBIH OMIKTIK OOMBIHIIA KaHTadaHyIIBUIBIFEL, %o

Anmater K. oyexaisiaga 2013-2017 xwuigapbt
KBICBIM JI€Hreill TOMEHIEreH CaWblH >KeJI JKBLI-
JAMJIBIFBIHBIH apTKAHBIH Oalikayra Oonazpl. SIFHMH,
JKeJl KbULIAMIBIFBl OMIKTEreH CalblH KyIIeHel.
Kennin rpaiMeHTTIK OOJBIN €CeNTeNCeTiH OUIKTITi,
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SFHH YHKeNiC KaOaThIHBIH KAJIBIHIBIFBI JKOHE e
OpTYpJli OMIKTIKTEri XKeJAiH BEpTHUKaIbAl TIpa-
IueHTi TecenMme OeTTiH OymipiiriHe, aTtmocdepa
CTpaTU(UKAIUACHIHA JKOHE JKEJJIH ©31HIH KbLJI-
JaMmIplFbiHa  OaitaHbicTel  Oomagel. JKep Oerti
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HEFYPIIBIM OYAip:i OoJica yiikemic KabaThl COFYPIIBIM
Omikte opHamacamel. JKem  KbUIIAMIBIFBIHBIH
TOMEH MOHJepi TOMEHTi OWIKTIKTepHe, all OHBIH
JKOFapbl MOHJIEP] KOFapFbl OMiKTiKTe OalKaIFaHbIH
Kepyre Oomamel. MomiMeTTepre CcolKec, JKem
JKBUIIAM/IBIFBIHBIH MAKCUMYM KalTaJaHyIIbUIBIFbI,
0-10 m/c apanbireiga 925 rlla nenreitinge 6,96 %
Oaiikanmran. Ay, muHUMyM Kepcetkim 100 rlla
neHredinae 70-80 wm/c  apanereiHma  0,01%
KalTaTaHyIIBUTBIKKA Ue OOJIFaH.

3epTTeynepre Coiikec, XKepre IJKaKkplH aya
Ka0aThIH 12 )KeJTiH )KbUTIaMIbIFbI 30 MeTp OMIKTIKKE
JIeHiH JKBUIIaM eceli, an OaFbITBl ©3TepMewn/Ii.
Opan KOFapel, OHBIH OAaFbBITHI CONTYCTIK IIapjaa
oHfa OypBUTajbl, OHTYCTIK Iapaa coyiFa OypbLIabl
(TpamueHTTIK JKenre )KeTKeHre JIeiiH).

Kemeci 2-cyperre Anmatsl K. oyexaibIHIA
2013-2017 xpungap apanblFbIHIA OaKalFaH Kell
OarbITHIHBIH KalTalaHyIIBUTBIFBI KOPCETUITEH.

C
CCB40,0 CClI
CB 300 CIII
BCB 20,0 IICII
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b 0,0 111
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0

2-cypeT — Anmartsl K. ayexaiibiaga 2013-2017 xeuinap
apaJIbIFbIHIA OaliKaJIFaH XKel OaFbITHIHBIH OMIKTIK OOHBIHIIIA
KalTalnaHylIbUIBIFbL, %0

Kapacteipbuiran xbpuigapel AIMatel K. 9ye-
JKalbIHA OUIKTEreH CalbIH KeJl OarbITHIHBIH 0aThIC
OarbiTTa 6ackM OonranbIH (30 %) Oalikayra Oomambl.
OwnbIH cebebi, ATMaThl KaJacklHBIH Oporpaduschl-
Ha OMIKTIKTE OaThIC JKeJIJepi OPbIH alaThIHABIKTaH
Anmartsl ycriage 3,5-5 KM KOFapbl Kell apaalbiM
OarpicTaH coranmbl. A, JKeNAiH a3 KaWTalaHyIIbl
OaFrbITHl WIBIFBIC )KOHE OHTYCTIK IIBIFBIC OaFbITHIHA
cal keneni.

ConblMeH Karap Oyl Makanana, AIMarhl K.
oyexaiibiHplH 2013-2017 xblnpap apajblFbIHAAFBI
a3pOJIOTHAJIBIK ~ JUarpaMMalarbl  MOJiMerTepi
OolibIHIIIA OUIKTIKTE KeJieCi KYObLIBICTap IbIH OaiKa-
JaThIHBl aHBIKTANABI. ATam alWTcak, OYITTBUIBIK,

My37aHy, [maikary (OOJTaHKA) >KOHE JKBLUIFAIIBI
arpicTap.

XKanmer, OynT nereniMiz Oy, arMmocdepana
KaJKpIFaH ©OTe YCaK Ccy Oybl TaMIIbUIAPbIHBIH
KOHE MY3 KPHCTAIJApPBIHBIH JKUBIHTHIK KyHeci.
On xep OeriHeH 2-18 kM-Te JCiiHIT OWIKTIKTE
armocepanblH TeMeH Oemirinae (Tpomocdepa)
Kypaiajsl. byirrap aya KypaMbIHAaFBI Cy OYBIHBIH
KOIOJIaHYBI HOTI KECiH e Taiia 6onaabl. BynTThUIbIK
— acmaHAarbl OYNTTapiblH CaHBIH CHUIATTAWTHIH
mraMa; OyJs1 OVJITTap JKayblll TYPFaH achaH OCTiHiH
OapIbIK acriaH KyMOe3iHe KaThICHIMEH aHBIKTAIa bl
10 OGanmmeik xyiiemen emmeneni (OpakoBa I'.0.,
2014: 3).

3-cyperte ANMaThl K. 9yeKailblHIA KapacThl-
pBUIFaH JKBUIIAP apalbIFbIHAA OaiiKaaraH OyiIT-

TBUIBIKTBIH ~ali  OOWBIHIA KaWTaJlaHYIIbUIBIFbI
KOpPCETUITEeH.
3-cyperTe  KOPCETUITCHACH,  KapacTBIpFaH

JKBLIIAPBI AJIMATHI K. 9yeKalbIHIa OYIITThUIBIKTHIH
Me3Tii OOWBIHINA TapPaTybIH/Ia, OHBIH MOHI KbUIIBIH
CAJIKBIH ME3TUTIHAE apThIN, ajl THICIHIIE >KBLIBI
Me3riiae TemeHaereH. OHbI OYJITTBUIBIKTBIH aya
TeMIepaTypachlHa TOYEIAUTITIMEH XKOHE BUTFaJIbI-
JBIKKAa OalIaHBICTBI OONYBIMEH TYCIHIIpyTE O00-
Janapl. BYITTBIIBIKTBIH MakCMMyM MoHI, Ky3 O€H
KOKTEM Me3TiJliHe cail KeJenmi, SFHU HaypbI3,
KaHTap >KOHE Kapala ainapeiaaa coiikecinme 11,2
xkoHe 11,1 %-nmb1 Kypalasl. AJ, MUHUMYMBI ka3
Me3TiTiHe COWKeC KeeIi, SFHUA TaMbI3 allbIHa OHBIH
KalTamaHymbUIBIFSL 4,2 %-Fa TeH.

3eprrenren aitmakra 2013-2017 xbinmap apa-
TBIFBIHAA OaliKaFaH OYJITTBITBIKTHIH Kb OO BIHIIIA
KaiTa aHyIIbUIBIFbI 4-CypeTTe KOPCETUIIeH.

JuarpaMManaH  Kepinl  OTBIPFaHBIMBI3JIAM,
OyITThUTHIK eH kem 2016 >xputel OalKanmFaH, Ol
OapibIK sxargaiiapiH 24,2 %-bIH Kypaiiasl. A eH a3
o1 2015 xobutet (16,5 %) TipkenreH. 2015 >KbUIABIK
opTama MoOHIHIH TOMeH OONysl KIMMAaTTBIH
e3repyiMeH, SFHU AJIMaThl KaJachIHAA COJI YKBLIbI
TEeMIepaTypaHblH KIUMATTHIK HOpPMaJiaH acyblHa
0aifaHBICTBl JKBUTBI JKBUIAAP KaTapblHA KipyiMeH
tyciamipineai. An, 2016 >KbUIABIK OpTallaHbIH
JKOFapbl OONybl KBICTBIH ONIETTETIACH Y3aKKa
CO3BUTYBIMEH TYCIHIIpiTIEI.

AJl OoiibIHIIA 5 KBULIBIK MAJIIMETTEPIe COUKEC
OynTTBUIBIKTBIH 3 Typi Oalikanran. Omap: Sc, Ac,
Ci. Ochl OaifkanFaH OYITTBIIBIKTHIH TOMEHT KOHE
JKOFapFbl KabaTTapbl apKbUIBI  OYITTBUTBIKTHIH
KaIBIHJBIFBl aHBIKTANBL. 2-KecTene AJIMaThl K.
oyexalplHAa 3epTTeNreH JKbUIIAP apajbIFbIHAA
OaiikasiFaH  OVITTBUIBIK  TYPIHIH  KaJbIHJIBIK
OOMBIHIIA KalTaTaHyIIBUTBIFBI KOPCETUITEH.
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3-cypert — Anmats! K. ayexaiibiga 2013-2017 sxsuiaap apanbIiFeiHIa OaliKanraH
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4-cypet — Anmarsl K. ayexaitbraaa 2013-2017 sxpuigap apansiFbiHIa OaiKaaraln

OYJITTBUTBIKTHIH BT OOWBIHIIA KAl TaTaHyIIBUIBIFBI, %0

2-kecte — Anmatsl K. oyexaibinna 2013-2017 xpuinap apajibiFbiHaa GalKanFaH OYITTBUIBIK TYPiHIH KaJIBIHJABIFBI OOMBIHIIA
KalTanaHyIbUIBIFEL, %

KanbiHasirel, M Ci Ac Sc Bapibirbl
30-150 0,1 0,1 0,6 0,8
150-270 0,0 9,4 8,2 17,5
270-390 3,5 6,3 9,1 18,8
390-510 3,0 4,7 15,1 22,8
510-630 2,5 12,5 17,3 32,4
630-750 0,0 1,6 3,6 5,2
750-870 0,0 0,8 1,7 2,5
Bapnbirsr 9,1 35,4 55,6 100
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Kectene KOpCeTUIreHACH, Anmatel K.
JyekaiibIHAa KapacThIPBUIFaH XKbIIaphl OalKalFaH
OVITTBUIBIKTBIH ~ KanbiHAbIFEI 30 Oen 870 ™
apanbiFbiHAa OalikanraH. EH keml KaTmapuibl-Oynak
OynrrTapsl 6arikanraH (55,6 %). OnaH keiiiH OpTaHFBI
Kabat OynTTaphl, ssFHU OMiK-Oyaak Ooyirtapsl (35,4
%) >koHe >xOoFaphl KaGaT OyNTTapbl, SIFHU IIApObI
oyrrap (9,1 %) TipkenreH. 3epTTey HOTHXKENEPiHE
colikec JKOFaprbl KabaT OyiTTaphl OOWBIHINA €H
ken 270-390 M KanbIHABIKTAFBI OYJITTAp, OJAP/IBIH
KalTamaHymbUIBEIFel 3,5 %-Fa TeH, an eH a3z 30-150
M KanelHAbIKTaFel Oynarrap (0,1 %) OalikanraH.
Opranrel KabaT OynTTapel OoitbiHIIa eH ken 510-
630 M xamerHABIKTAFE (12,5 %), am ex a3 30-150
M KanbiHabiktarel Oynrrap (0,1 %) TipkenreH.
Temenri xabar OyirTapsl OoiibiHIIA eH kem 510-
630 M xamerHABIKTAFH (12,5 %), an eq a3 30-150 m
KaJbIHABIKTaFbl OyTTap (0,1 %) TipkenreH.

My3gaHny — TYMaH J>XoHe CyJNbl Kapja YIIy
OapbIChbIHIA apHAWbl KYPBUIFBICBIHBIH  CBIPTKBI
OemiKTepi, COHBIMEH KaTap, YIIaK NeH TiKYIIAKThIH

14,0 T
12,0 +
10,0 +

%

cyilip OemikTepiHAeri MY3ABIH KaTybl. YOIy
OMIKTIKTEPiH/IC ayaJa CATKBIHAATHIIFAH TAMIIBLIAD
Oompi, am oye KeMelepiHiH OeTkeli Tepic
TaHOaIBI OoJica, My3/laHy maiaa 6omansl. My3nany
aliMakTapbIHJa dye KeMeJlepiHiH YIy canachblHbIH
TOMEH/EYl MY3[aHy KapKbIHABUIBIFBIHA ~ YIIAK
OcTKeliHIe KaTKaH MY3 CaHbIHA MY3 KalIBIKTapbl
(dopmachiHa KoHE MY3 KYPBUTBIMBIHA OaiIaHBICTHI
Oomagpl. My3naHyAblH ME3TULNIK  TapaltyblHAa,
OHBIH KaWTaJlaHyIIBUIBIFBI KBICKBI ME3T1I/Ie JKa3Fbl
Me3riire Kaparanga keOipek OONbIll  KeJemi.
OpuHe, My3IaHyIbIH Maiaa OONybIHIA MaHBI3IbI
(hakTOp TeEMIIEepaTypa €KEHi MoNliM. ©Ocipece,
TEMIIepaTypaHblH Tepic MOHJIEpi call  KeJesi.
CoHbIMEH, KaTtap OCbl MY3/AaHYIbIH Maiaa Oorybl
Oye kemenepiHiH (OK) XKbigaMapiFsl MEH TYpiHe
OaitnanbicThl Oonaabl (Robert N. Buck., 1988: 306,
Yashmitha Kumaran, N. Sumathi., 2017: 45).

Anmatel K. dyeXalbIHIa 3epTTENTeH JKbUIIAp
apanbIFbIHAA OaiiKaliFaH My3JaHyAbIH alJIbIK XKYpici
5-cyperTe KepceTinreH.
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5-cyper — AnMatsl K. oyexaiibraga 2013-2017 sxsuinap apanbiFelHAa OaliKaaraH
MY3/IaHyIbIH aif OOHBIHIIA KalTalaHyIIBUIBIFEL, %

AJMaTHI K. oyealbIHIa My3/IaHyIbIH aii OOMbIH-
IIa TapaayblHAa 2 MaKCHMYMBI MEH 2 MHHUMY-
Mbl OailikayFaH. MakcUMyM MOHJIEpi, aKIaH >KOHE
JKENITOKCaH aifflapplHa, al MUHHUMYM MOHIEpi May-
CBIM JKOHE TaMbI3 aillapbelHa call Kenemi. My3nmaHy-
JIBIH afITBIK )KYPICiHIe MAKCUMYM MoHZEpi 12,3 koHe
10,1%-ra, an MmuanMyMBI 4,5 MeH 4,3%-Fa TeH OoIFaH.
JKammer, My3maHymeIH aii OOMBIHINA TapaTybIHAA
OHBIH MayChIMFa OarbIHBIITHUIBIFBEIH  OaliKayra
oomanpl. Kapacteipran arimakta 2013-2017 >xputmap
apabIFbIH/Ia OaliKaJIFaH MY3/IaHy TIbIH JKbIT OOMbIHIIIA
KalTalaHyIIbUIBIFBI O-CYypPeTTe KOPCETLITEH.

My3naHyablH KbUT OOWBIHINA KaWTalaHYIIbI-
JBIFBIHAA OHBIH MakcuMyMm MoHi 2014 xbutra
(21,9 %), an muaumym moHi 2015 xbeurra (17,9%)
kenemi. JKanmbl, MY3maHYOBIH JKBUIIBIK OKYpici
TEeMIIepaTyPaHbIH JKbUIABIK KYPiCIMEH cail Kemei.

ConbiMen Oipre AJ] OolibiHINA, MY3IaHY/IBIH
TOMEHT1 JKOHE JKOFApFBl KabaTTapbl apKBLIBI
OHBIH KaJBIHJIBIFB aHBIKTAIABI. AJIMAThl K. dye-
JKaMbIHAA 3€PTTENreH JKbUIAAP apallbIFbIHIA Tip-
KEJITeH MY3IaHyABIH KaJIBIHIBIFE OOWBIHIIIA OHBIH
KalTalaHyIIBUILIFEI TOMEHJET CypeTrTe Kepce-
tinreH (7-cyper).
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6-cyper — AnmMartsl K. syexaiibiaaa 2013-2017 sxpuiaap apasibiFbiHga OaliKanraH
MY3IaHyAbIH JKbUT OOMBIHIIIA KAWTaIaHyIIbUIBIFBL, Yo
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7-cypet — AnmMartsl K. ayexaitbiaaa 2013-2017 xpligap apanibiFbiHIa
TipKENTeH MY3/1aHy/IbIH KaJbIHIBIFBI OOUBIHINA KAl TaIaHYIIBLUIBIFRL, Yo

3epTTey MoliMETTEepiHe ColKec, My3JaHy €H
kerm 600-1100 M apanbIFBIHAAFEl  KAJTBIHBIKTA
(27,5 %), an ex a3 4100-4600 M apalbIFBIHAAFHI
kanberHBIKTA (0,2 %) Kaiitananassl. XKanmel, Mmy3na-
HYJIBIH KAJIBIHIBIFBI Iy KBUIIAM/IBIFEI MEH OYIIT-
TBUIBIKTBIH, CYJIBUIBIFBIMEH TiKeJel OalIaHbBICTHI.
XKone ne mayceiM OOWBIHINIA MY3IaHYIBIH KallbIH
KalTallaHyIIBUIBIFBI CYBIK Mep3iMre, all a3 KaJbIH-
JIBIKTA JKbUIBI MayChIMFa caii Oomanel. AJ, OpHa-
nacy OMIKTIriHZE My3AaHy KbIC ME3TUIiHAE TOMEH
OMIKTIKTEp/Ie, all ’Ka3da OHBIH OMIKTITI >KOFapbl-
naiinel. Cebebi TeMrepaTypaHblH TEpiC MOHTE OTY
OHMiKTITiHE J1e OalIaHbBICTHI.
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¥Yuryna jkoHe KOHyJa LIalKaldy KaTTbl TypOy-
JICHTTIKKE OaiJIaHBICTBI VIIAKTBIH €CEMNTIK Tpack-
TOPHUSICHIHAH JKOFaphl JKOHE TOMEH YIIaKTBhIH
enoyip waiikamynap Oomysl myMmkin. Iladikany —
atMochepanblk TypOyneHTTUTKTIH (AT) acepiHeH
JKETKUTIKTI  YJIKEH KHMUTIKIeH (ayblp YIakrap
yurie [ yIkeH yneci jkoHe KeHUT YIIakTap YIIiH
1 T'u-ke paeitiH) yiry anmaparblHbIH aybITKbIFaH
Kosrasibichl. AT oye KeMeciHiH Macca HEeHTpPiHiH
KEHICTIKTEr1 KO3FaJbICBIH XKOHE Macca IeHTpPiHiH
alfHaNachIHIAFrel OYPBINITHIK TEepOENiCTepAl TYIbI-
panel. Erep malikamynap YIIakTbIH YOIyl Ke3iH-
Jle HeFypIIbIM KayilTi ocep €eTydiH CBIHAAPIbI
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OypblbIHAa OONMyBIHA OKEN COKTBIPYBI MYMKiH
0oJca, OH/1a YIITIAKTHIH TOMEH JaKTHIPYHI XKep HeMece
cy OeTIMEH COKTBIFbICYFa dKelyl MYMKiH, OyJ1 yIIy
Ke3iHze Je, KOHy Ke3iHge ae Oipaeit KayinTi OoJbim
tabsutanel (Developed by the ICAO Meteorology
Panel, 2018: 67).

Anmatel K. oyexaibiga 2013-2017 >xbuinap
apaJIBIFBIHA TIPKEITEH IaKaIyIslH aif 0OMBIHIIIA
KalTalaHyIIbUIBIFEI KeJleci 8-CypeTTe KOpCeTUIreH.
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3epTTeNnreH JKpuIgapia MIAWKaTyIblH MaKCH-
MyMBI KBUIIBIH CAaJIKbIH ME3TiIiHE, all MUHUMYMBI
JKBLIBI ME3TIIre cail keneni. SIFHu OyJ1 KyOBUIBIC €H
Kol kenTokcaH aitbiHAa (14,9 %) opbelH ainca, eH
a3 maycheim aietaga (3,9 %) tipkenred. Temenzeri
cyperre Anmartsl K. ayexaibaaa 2013-2017 xpui-
Jap apalblFbIHIA OalKalFaH MMARKATYIbIH Kb
OOMBIHIIIA KaWTaJIAaHYIIBIIBIFEl KeJlleciie Kepce-
tinreH (9-cyper).

6 7 8 9 10 11 12
annap

8-cypet — Anmarsr k. ayexaiibiaga 2013-2017 xpuinap apaibiFbIHIA
TipKeJTeH MaifKaTy sl aif OOHMbIHIIA KaiiTalaHyITBUTBIFEL, %o
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9-cypert — AnMarsl K. oyexaiibiaaa 2013-2017 xblinaap apajibiFbIHIQ
OPBIH aJIFaH NIAHKATYIbIH JKbIJT OOMBIHINA KaWTATaHYIIBIIBIFGL, %0

by cyperren AnMatel K. oyexaiblHaa Kapac-
THIPBUIFAH JKBIIIAPhI MAKaTy KYOBUTBICH €H KOr
2017 xsusr (22,0 %) TipkenreHiH, an e a3 2013
sxkoHe 2016 >xpurmapel (19,0 %) OalikanraHbIH
Kepyre 0oJabl.

ApbI Kapaii aiKayIblH OaiikairaH OUiKTIriHe
0aifIaHBICTBl OHBIH KAPKBIHIBUIBIFB aHBIKTAIIBL:
o11ci3, oprarra xoHe kymri (10-cyper).

AnMaTel K. oyeKaWblHAa IIaKaTyIblH Kap-
KBIH/IBUTBIFBIHA OaiNIaHBICTBI €H KON oJCi3 Kap-
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KBIH/IBUTBIKTAFbl IMaHKady TipKENITeH, O OapibIK
warmaineiH 58,2 %-biH Kypahgel. OpmaH KediH
KapKbIHABUIBIFBI ~KYIITI [IAHKaly OpBIH ajca
(28,2%), keiiiH opTama KapKbIHABUIBIKTHI [IaHKaTy
13,6 %-0eH Oalikamanupl.

12-cyperte Anmars K. oyexaisiaaa 2013-2017
KBUIIAp apalbIFbIHAA OalKanFaH IIalKamyIblH
OMiKTIK OOMBIHIIIA KA TaaHy ITBLTBIFBI KOPCETIITeH.

Cypetke colikec, madkany KYOBLIBICHI €H
kem 850-1700 M OMIKTIK apaiabIFbIHAA TipKeneai

(69,4 %), an ex a3 >8500 m Owmiktikte (0,6 %)
Oariamanpl. JKanmel, omeOuerrepre colikec,
malKanyablH €H KOl KalTallaHYIIBUIBIFBl TPO-
nocdepanbly TemeHri kKabateiHma (0-2 &M)
TEPMHUKAIBIK JKOHE MEXaHUKAIBIK TypOyJeHT-
TUTIK KarjgaWplHga Oalkananel. A, opra
Tpomnocdepana MmalKaly KalTalnaHyIIbUIBIFBI
a3, JKOFaprel Tpomocdepana Tporomnay3a JeH-
reifine KaKbIHJAaFaHJa, HE MaKCHUMAalbJIi XKeil
JKBUIAaMIBIFbIHA KETKEH/ 1€ JKOFapbLIaiIbl.

" 9Jci3  ®oprama  ® KymTi

10-cypet — KapKbIHIBUIBIFBIHA
0alIaHBICTHI HIaAWKATYABIH
KalTanaHyIbUIbIFEL, %
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11-cyper — Anmats! K. oyexaiibiaaa 2013-2017 sxpuiaap apanbiFbiHAA
GaiikaraH 1aiiKaxyJbIH OMiKTiK OOMbIHIIA KaHTaNaHyIBUIBIFBL, Y0
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KopsIThIHABI

AJMAaTHI K. 9ye)Kaibl OOMBIHIIIA 3EPTTEY KYPrizy
HOTIDKECIHAIEC MeTeollamManap KaymiHiH JICHIeHiH
Oaranay »KYMBICBI XYPri3ijai. AJMaTbl KalachbIHBIH
MaHBIHIA YCHIHBUIFAH OMICTIH apTHIKIIBUTBIKTAPHI
MEH KEMINUTIKTepi aHbIKTaaabl. KayinTimik neH-
reifin Oaramaymarbl KaTellikTep AJMAaThl K. dye-
KaWBIHIA oJeM JKYMBICBIHA KaparaHia Oipmiama
TeMeH. JKymbic HoTmxkenepi OoitbiHima «Kazaspo-
HaBuranus» PMK skenen KymbIcblHA aya paiiblH
OoKayIbIH JKaHa QMIICTEPIiH SHTI3y Ke3iHae KOMEK-
TECETiH OKY JKOHE 9JIICTEMEINIK Kypajaap >Kacajbl.
JKana TexHOIOTHSIApABI €HTI3y KayilTi aya paubl
eCKEepTyJIepiHiH camachlH apTTeipaapl. Camaibl
0omkaM MeTeolaManap Typaibl JaybLl TYpPajibl
€CKepTyJIepre XalbIKThIH CEHIMIH apTThIPabl JKOHE
SKOHOMUKAJIBIK HIBIFBIHIAAP/IBI a3aHTaIbl.

MomimeTTepre colikec, AnMarel K. oye-
JKaWbIHIAa aya TeMIepaTypachIHBIH KOFapbLIayhl
YIIaKTBIH KO3Faly Y3BIHIBIFBIHA alTapJIbIKTaM
acep erenmi xoHe 20,5 °C-tan mmuyc 61,1 °C
apalbIFbiHAA ©3repreH. Meicanbl, oa 1°C-ka
OCKEH/Ie, VIMAKTHIH KO3Fally Y3bIHIBIFE 1%-Fa
eceli, aln aTMoc(epanblK KbIChIM 1%-Fa ecKeHIe
OHBIH KO3FaJdy Y3BIHIABIFBI 2%-Fa KBICKAapaJbl.
YmakTelH KOHY Ke3iHJe J€ OChl MpOIeCTep
Kypenmi. Aya TeMmmepaTypachlHBIH 6©Cyl MeH
KBICBIMHBIH TOMEHACY1 (THIFBI3IBIKTBIH a3aiobl)
YIIaKTBIH KOHY BUIJAM/IBIFBIH JKOFapbLIATaIbI,
COFaH caill KO3Fally Y3bIHJBIFHI Ja Y3apabl.

¥YIIaKTBIH YIIBII-KOHYBIHA XKaHBIHAH COFATHIH
ken jJe ocep eredil. JKaHbIHAH COFAaThIH JKel
Ke3iH/Ie KOHY YIIAKTHIH KaTThl ayBITKYbl 9CEpiHCH
KUBIH OOJBIT TaOBUTambl. AJMATHI K. dyeKaHbIHIA
xen HoTmkenepi 0-10 m/c apanbiFbiHIa OOJFaH.
YmakrapaslH OapiblK THII OarbITTac e KbLI-
MaMIBIFBI 5 M/C-TaH KOFaphl OoJIMaraH >Karmainia
YIIIBIT KOHA anajiel. Kapama-kapchl Jesn YIIiH KbLl-
mamabeirel 25-30 M/c-Thl Kypaiapl. JKen >Kpuigam-
IBIFBIHBIH IIEKTI MOHIEPIHEH acKaHma YIMaKTHIH
YIIIY-KOHYBIHA THIHBIM CaJIbIHAIBI,

AnmMartsl K. oyexaitpl Ooitpramma 2013-2017 x.
apaNTBIFBIHAAFEI 3epTTEY OOMBIHINA HOTHXKE TCOPHS-
JIBIK 1TIMMEH caif keneai. SIFHu, TypOyIeHTTiIIK eH
YIIaKTHIH MAHKaTybl KBUIFAIBl arblC aiiMarbIHIA
Oaitkananpl. Kepiny kambIKTBIFBI 50-200 M Ky-
paiinel. Cs OYATTHUIBIFBIHIA YITY Kayirci3 OO0k
ta0butael. Keiine Cs OYITTBUIBIFEI aTMOC(HEPATBIK
(dbpoHTTapMeH OaiyiaHBICTBI OOJIFaHIA YIIIY Ke3iHIe
QJICi3 My3JIaHy oHE oJci3 aipinaey Oalkananbl.
Cs OYITTBUIBIFBIH/IA KOPIHY KAIIBIKTHIFBI 1 KM-/IeH
acrmaiapl. ¥3aK yakbIT OOMbI YIIKaHAA YIIAKTBhIH
ANEKTPIICHY1 OaKbUIaHAIBI.

ConbIMeH KaTap, 3epTTey 0apbhIChIHIa ATTMATHI K.
OyeXKalbIHBIH OYJIT JKOHE OHBIMEH OaiJIaHBICTHI
aya padbIHBIH Haii3arail, Hecep, OyplIaK, TOMEH
OYJITTBUIBIK X9HE T.0. KYOBUIBICTAPBIHBIH TYBIHA-
ybIHa OeliiM ekeHiH Oaiikaabik. CeOeoi, oporpadusi-
JBIK TayJIbl aiiMaKKa »KaTaThIHIBIFBIMEH TYCIHJIi-
pinemi. Onmap yurynapabl KMBIHAATAObI, all Keroip
JKaFaaiiapaa yiry MyMKIHIITIH )KOKKa IIbIFapaibl.
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CREATING SCHEMATIC MAP OF TOURIST ROUTES
AND INFRASTRUCTURE OF AYUSAI GORGE
(Ile-Alatau national park)

Today, the number of visitors to national parks grows exponentially every year, hence the anthropo-
genic load in the mentioned sites increases impacting flora and fauna, as well as other natural resources.
To ensure tourism development in all regions, not only popular tourist destinations, creation of maps to
ensure development of tourism industry and regulation of tourism activities are important tools, which
indicate main tourism resources. User-oriented maps are designed to provide the geospatial information
they need primarily for their interests to make geospatial decisions. Well-designed tourist maps may
increase the attractiveness of a region and help meeting tourists’ needs. This article presents the process
of creating schematic map of routes and infrastructure along Ayusai Gorge for the sustainable develop-
ment of tourist and recreational activities on the territory of lle-Alatau National Park using GIS technol-
ogy. Graphic and attributive data, namely digital raster and vector images, semantic information, the
principle of layer-by-layer classification and coding of tourist destinations were used. The raster-vector
transformation for data digitization was used within the research and thematic map layers were created
on the basis of remote sensing (RS) data, point, linear and polygonal localization objects were digitized.
The schematic maps of the routes of the Japanese trail, the Ayusai waterfall trail, the Myn Koz trail and
the infrastructure map of Ayusai Gorge were created based on RS data. For the first time, when mapping
this territory, satellite images were used and a database of tourist objects was created. The results of this
work can be useful in the planning and travelling for consumers, as well as for the creation of a geoinfor-
mation database of the national park.

Key words: tourist routes, mapping, geographic information systems (GIS), remote sensing (RS).

O. Taykebaes, M. Ceitkasbi*, P. CaaMyp3ayAbl,

b. Caxapues, A. AkTbiMbaeBa, A. TycynkaHoBa, . bartaii
OA-Dapabum atbiHaaFbl Kasak, yATTbIK, yHuBepcuTeTi, KasakctaH, AAMaTbl K.
*e-mail: moldirseytqazy@gmail.com
Alocait 1aTKaAbl 60MbIHLLA TYPUCTIK MapLIpyTTap
MeH MH(PPaKYPbIAbIMAAPAbIH, KapTa-CXeMacbIH )kacay
(Ine AAaTay YATTBIK, Mapki)

ByriHri TaHAQ YATThIK, casibakTapra KeAyLiAepAiH CaHbl XXbIA CalbiH FTEOMETPUSIAbIK, NPOrPECCUIMEH
O6CyA€, COHABIKTAH aTaAfaH HblICAaHAAPAAFbl aHTPOMOreHAIK >KyKTeme apTbin, pAaopa MeH dayHara,
coHAaM-ak 6acka Aa Taburu pecypcTapra >KykTeme akeAeai. TaHbIMaA TYPUCTIK OpPbIHAAPAbIH FaHa
emec, 6apAbIK aiMaKTapAa TYPU3MHIH AaMYbIH KaMTamachI3 Ty YLLiH TYP13M MHAYCTPUSICbIHbIH, AAMYbIH
JKOHE TYPUCTIK KbI3BMETTI peTTeyAl KamMTaMachl3 eTy YLLUIH KapTaAap »acay Herisri TypucTik pecypcrap
KOPCETIAreH MaHbI3Abl KypaA G0AbIN TabblAaAbl. [aiaaraHyLIbiFa GaFbITTaAFaH KAPTAAAP FEOKEHICTIKTIK
weLiMAep KabblAAdy YLLiH GipiHLLI Ke3eKTe 0AaPAbIH MYAAEAEPI YLLIH KQXKEeT reoKeHICTIKTIK aKknapaTTbi
Gepyre apHaafaH. >KakCbl >kacaAfraH TYPUCTIK KapTaAap amMakTbiH TapTbIMABIAbIFbIH apTTbIPbIM,
TYPUCTEPAIH KaXKETTIAIKTEpiH KaHaraTTaHAbIpyFa kemekTeceAi. Makanaaa TAXK TexHOAOrMsAapbiH
KOAAAHa OTbIpbIN, IAe-AAaTay YATTbIK, MapKi ayMarblHAQ TYPUCTIK-pPeKpeaumsiAbIK, KbI3MeTTi TypakTbl
AAMbITY  YLIH Alocal wWaTKaAbl OoMbIHIIA MapupyTTap MeH MHQPaKYPbIAbIMAAPAbIH  KapTa-
CXemacblH »acay npoueci KapacTbipblAFaH. XXymbicTa rpadmkabik, >koHe aTpubyTTbiK, MOAIMETTEp,
aTan amTKAHAQ, CAHAbIK, PACTPAbIK, XX8He BEKTOPAbIK, KeCKIHAEP, CEeMaHTUKAAbIK, aknapaT, TYpUCTiK
HbICaHAAPAbl KabaTTapra >KiKTey >XoHe KOATay MPUHUMMI KOAAAHbIAAAbL. 3epTTey leHbepiHae
AepeKkTepAi LMdpAay YIiH PacTPAbIK-BEKTOPABIK, TYPAEHAIPY MaiaaAaHbiaabl >keHe XKK3 aepekTepi
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O. Taukebayev et al.

HerisiHAe KapTaAapAbliH TakKbIPbINTbIK, KabaTTapbl >XKacaAAbl, HYKTEAIK, >KEAIAIK XXOHEe MOAMIOHADIK,
AOKaAM3auMsl HblCaHAApbl UMdpAaHAbIpbiaabl. XKK3 aAepekTepiHiH, HerisiHae >KanoH coknaFbiHbIH,
Alocai capkblpamMacbiHa anapaTtbiH COKMaKTbiH, MblH K63 COKNaFbIHbIH, KapTa-CXxemMachbl >XaHe Atocan
LWATKAAbIHbIH, MH(PPaKYPbIAbIM KapTachl >XacaAAbl. AAFaLL PET OCbl ayMakTbl KapTorpadumsAay KesiHAe
FapbIWTbIK, TYCIPIAIMAEP ManAAAaHbIAAbI XXOHE TYPUCTIK HbICAaHAAPAbIH AepekTep 6asachbl KYPbIAAbI.
ByA >KyMbICTbIH, HOTMXXeAepi TYTbIHYLLIbIAAP YLiH CasixaTTbl XXKOCMApAay MeH >Ky3ere acbipyaa, COHAAN-
aK, YATTbIK, MapKTiH reoaknaparTbik MOAIMETTEP 6a3achbiH KypyAa ManAaAbl GOAYbl MYMKIiH.

TyiiH ce3aep: TYpUCTIK MapwpyTTap, kKapTorpadus, reorpadmsiAbiK, aknapaTtTbik, xxyrieaep (FTAX),
XKepai KawbIKTbIKTaH 30HATaY (KK3).

O. Taykebaes, M. CenTkasbl*, P. Caamyp3ayAbl,

b. Caxapues, A. AkTbiMbaeBa, A. TycynkaHosa, I'. baTai
Kasaxckuil HauMoHaAbHbIM YHMBepcUTeT nMern aab-PDapabu, KasaxcraH, r. AaMarbl
*e-mail: moldirseytqazy@gmail.com
Co3AaHue KapTbl-CXeMbl TYPMCTCKMX MapLUPYTOB
M MH(PPACTPYKTYpPbI M0 YleAblo Alocan
(MAre-AraTayCK1ii HALMOHAABHDINA NapK)

Ha ceroaHsIlHWI A€Hb KOAMYECTBO MOCETUTEAEN HALMOHAAbHBIX MAPKOB C KaXXAbIM FOAOM
pacTeT B reoMeTpmyYecKkon Mporpeccmm, CAEAOBATEAbHO, YBEAMUYMBAETCSl aHTPOMOreHHasi Harpyska B
YMOMSIHYTbIX 00bEKTax, YTO BEAET K Harpyske Ha Aopy M dayHy, a TakxKe Ha APyrue nprvpoAHble
pecypcbl. Co3paHne KapT AAs obecriedeHus pasBUTUS MHAYCTPUM Typr3mMa M PEryAMpoBaHMst
TYPUCTCKOM AESTEAbHOCTM BO BCEX PervoHax, He TOAbKO MOMYASIPHbIX TYPUCTCKMX MECT, SIBASeTCS
Ba>XHbIM MHCTPYMEHTOM, FA€ YKa3aHbl OCHOBHbIE TypuUCTUYeckue pecypcbl. KapTbl, OpreHTUpPOBaHHble
Ha MOAb30BaTeAsl, MpeAHa3HauyeHbl AAS MPEAOCTAaBAEHMS TeonpOCTPAHCTBEHHOM WMH(OPMALIMK,
KOTOpasi UM HY>KHa, B MEPBYIO OUYEPEAb, MO UX MHTEPECAM AAS MPUHSTUS MMM FeONPOCTPAHCTBEHHbIX
peLueHuit. XopolLlo COCTaBAEHHbIe TYPUCTCKME KapTbl MOTYT MOBbICUTb MPUBAEKATEAbHOCTb pPernmoHa
M CrnocobCTBOBaTb YAOBAETBOPEHMIO MOTPEOHOCTE TYpMCTOB. B cTatbe paccmatpumBaeTtcs npouecc
CO3AQHUSI KapTbI-CXEMbl MapLUPYTOB M MH(PACTPYKTYpbl MO YLIEAblO AloCai AAS YCTOMYMBOIO
pa3BUTUS TYPUCTCKO-PEKPEALMOHHON AEITEAbHOCTM Ha TEepPUTOPUM HaLMOHAAbHOro napka Mae-
Aaatay ¢ npumeHeHnem MC-texHoaormit. B paboTe mcrnoAb3oBaHbl rpadmyeckme 1 atpudyTHBHbIE
AQHHbIE, @ MIMEHHO LM POBbIE PACTPOBbIE 1 BEKTOPHbIE M306paXkeHMsl, ceMaHTHYecKast MHcpopmaums,
MPUHLMI MOCAOMHOM KAQCCUMMKALIMM 1 KOAMPOBaHMS 0ObEKTOB TYPMUCTCKOro HasHaveHus. B pamkax
MNCCAEAOBaAHMS BbIAO MCMOAb30BAHO PACTPOBO-BEKTOPHOE MPeobpasoBaHne AAS OLUMGPOBKM AAHHbBIX
M CO3AaHbl TEMATUYECKME CAOM KapT Ha OCHOBE AaHHbiX A33, oumdpoBaHbl 06bLEKTbI TOUEUHOM,
AMHEINHOM M MOAMIOHAAbHOM AOKaAm3aumu. Ha ocHoBe aaHHbix A33 ObIAM CO3AaHbI KapPTbI-CXEMbI
MapLLpPYTOB SIMOHCKOM TPOMbl, TPOTbl HA BOAOMNaAb! Atocai, Tporbl MbiH Ko3 1 kapTa MHpacTpyKTypbl
yweAbs Alocan. Bnepsble npu kapTorpadmpoBaHMM AQHHOM TEPPUTOPMM ObIAM  MCMIOAb30BaHbI
KOCMOCHMMKM M CcO3AaHa 6aza AaHHbIX TYPUCTCKMX 0ObEKTOB. Pe3yAbTaTbl 3TOM pabOThbl MOTYT ObiTh
MOAE3HbI MPY MAAHUPOBAHNM M PEAAM3ALMN MYTELIECTBUI AAS MOTPEBMTEAEN, a TakXKe AASI CO3AAHMS
reoMHMOPMaLIMOHHOM 6a3bl AAHHbIX HALMOHAABHOIO Mapka.

KAloueBble cAOBa: TYpUCTCKME MapLIPYThl, KapTorpadmpoBaHme, reoMHpopMaLMOHHbIE CUCTEMBI
(TMC), aAaHHblE AUCTAHUMOHHOIO 30HAMPOBaHMS 3eman (A33).

Introduction

In Kazakhstan, there are various types of
specially protected areas: from natural monuments to
wildlife sanctuaries etc. (Ob osobo okhraniaemykh
prirodnykh territoriiakh, 2013).

The system of specially protected natural areas
as a whole is a large, highly complex and delicate
structure. Purpose of national parks, along with their
conservation function, is to establish of conditions
for recreation and regulated tourism in a natural en-
vironment. (Perspektivy razvitiia ekoturizma v Ka-
zakhstane, 2010).

Tourists need to use equipment, including tourist
maps, among other things. Despite supposed popu-
lar use of general maps, tourists most often use trail
maps. These are mainly maps (Uvarova 2012:1) at
a scale greater than 1: 100,000, but also maps at a
smaller scale covering lowland or less popular tour-
ist areas. A separate subgroup of general maps in-
tended for hikers can be identified. Such maps are
complemented by smaller-scale inset maps that
show hiking trail layouts and additional information
related to selected hiking trail sections.

Maps for hiking in mountainous areas and low-
lands constitute a separate category of maps (Jance-
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wicz 2017:7). On maps for hiking in mountainous
areas and lowlands, the general geographical basis
should be worked out in sufficient detail, as well
as natural features (lakes, waterfalls, caves, etc.)
should be clearly localized. Terrain visualization is
great significance not only for mountainous areas,
but also for general recognition of any terrain, for
estimating the difficulty of routes. The presence of
relief increases the precision and attractiveness of
the image, greatly facilitates the perception of the
map. The icon method remains one of the main ways
of displaying images on tourism maps. To demon-
strate architectural, historical, archaeological sights,
as well as sites and objects that merit the attention of
tourists and excursionists, a variety of icons are be-
ing developed — geometric, letter, visual pictograms.

Thus, the main task of the tourism industry is to
provide information with high-quality cartographic
products, both traditional (tourist maps, map-charts,
booklets) and modern (3D-digital models, audio and
video materials, virtual tours, web-resources). Geo-
graphic information systems (GIS) are among such
advanced technologies, containing a large amount of
information and fully providing cartographic tourist
requests (Kuzyk Z., Rutska L. 2019:92).

The promising possibilities of tourist GIS are:

1. Analysis and assessment of the resource
potential for the development of different types of
tourism.

2. Monitoring and forecasting of recreational
needs and demand for tourism services.

3. Development of programs for the collection
of information data on socio-economic indicators in
the field of tourism, creation of a unified information
network.

4. Development of schemes for the development
and placement of tourist centers for different types
of tourism.

5. Development of schemes for new effective
forms of tourism, tours and routes.

6. Forecasting the development of the situation
in the tourism market by region, depending on
changes in the recreational needs of the population
in the short and medium term.

7. Development of an algorithm for the formation
of regional (municipal) tourism policy.

8. Assessment of the impact of tourism on the
development of other sectors of the economy.

9. Determination of the territorial boundaries of
tourism development, based on the real conditions
of the ecological, socio-cultural and infrastructural
state of the territories.

10. Coordination of activities for the development
of regional tourism.
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11. Providing users with tool search and view of
the placement of tourist sites on an electronic map.

12. Providing tools for entering or correcting in-
formation on tourism objects.

13. Providing the ability to analyze the gener-
alized characteristics or concentration of individual
objects within selected fragment of an electronic
map.

14. Visualization and printing of map fragments,
as well as geodatabase “tourist and recreational po-
tential of the territory” (Panin A.N., Makhmudov
R.K., Prikhod’ko R.A., Umerenko A.A. 2014:572).

The use of GIS technology provides an
opportunity for better analysis of the current
situation, spatial representation of results, planning
and management of tourist and recreational
activities, which will allow obtaining benefits by op-
timising the management structure and tourist and
excursion flows in the study areas.

Given the above, aim of creating a series of
route and infrastructure maps of Ayusai Gorge in
Ile-Alatau National Park based on GIS technology
implies solving the following tasks:

- analysis of the experience of creating multi-
tasking maps using RS data;

- creating of an interactive database in digital
format;

- creating a schematic map based on RS data
along three trails: Japanese, Ayusai waterfall, Myn
Koz;

- introduction of attributive and geometric data
with reference to the coordinates of routes of tour-
ist trails, resting places, points of passage through
water bodies, gazebos, tables, benches and other ob-
jects in the geobase;

- performing verification of objects along the
trails, i.e. introduction of objects on the vector sche-
matic map of the considered areas, taking into ac-
count the coordinate referencing;

- creation of a three-dimensional digital eleva-
tion model (DEM); and

- ultimately, to ensure sustainable development
of tourist and recreational activities on the territory
of the national park.

Thus, in order to promote and improve the ser-
vices offered by the national parks, the results in the
form of geographical maps will help to attract and
discover new tourist destinations.

Object of study
Ayusay Gorge is the left branch of the Big

Almaty Gorge (BAU), about 6-7 km long, starting
slightly east of the summit of the Big Almaty Peak
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(Akulov 2017). There is Ayusai river in Ayusai
gorge with a length about 7 km long (Kantarbaev
S.S., Mynbaeva B.N. 2015:71).

The Japanese trail. Trail length: 10.2 km, trail
of medium difficulty. The elevation difference is
597 metres. The current mountain serpentine is
the remnants of a working road that was built
during the construction of HPP-1. The tunnels
through the mountains were driven by Japanese
prisoners of war, who were in Camp 40, stationed
in Almaty from 1939 to 1956 (Guzeva A, Auba-
kirov 1. 2019). The mountain serpentine is gentle
and easy. The ascent along does not require much
physical effort, and if you come from the side of
Ayusai Gorge rather than the Kokshoky settle-
ment, there is bicycle trail for tourists (Guzeeva
A, Spivak N. 2019).

The Myn Koz trail. Volunteers are currently de-
veloping new walking tours. One of them is the Myn
Koz trail. The length of the trail: 2.5 km, the level
of difficulty of the trail is easy. The elevation differ-
ence is 92 m. It is suitable for parents with children
and older people. The second trail will be specially
equipped for disabled visitors. In the future, issue
of acquiring cross-country wheelchairs is being con-
sidered (Today.kz 2020).

The Ayusai waterfall trail. The length of the
trail: 1.9 km, the difficulty level of the trail is medi-
um. The height difference is 415 m. Ayusai Gorge is
famous for its many mountain waterfalls, of which
there are more than five along the river. On the right
of the waterfall there is a steep talus, and if climb up,
you may go further along the path to the interior of
Ayusay, sometimes losing sight of the familiar river.
Soon the path will lead to a narrow rocky canyon
where a second waterfall falls from a height of three
metres (Turanga.group 2020). One of the tallest is
the third waterfall, which falls steeply from a height
of 12 metres.

Materials and methods

Geographic information systems can be used in
the study of large areas as well as local tourism sites
(Vishnevskaia E.V., Bogomazova 1.V., Litvinova
M.I. 2012:179). A geodatabase is used for storing
spatial and attributive data. In the geodatabase, ob-
jects and related attributes are structured as an inte-
grated system with the help of rules, relations and
topological relations. In addition to the tourism map,
databases of specialised digital maps characterising
recreational objects can be placed in the GIS:

- recreational facilities and tourism infra-
structure;

- schemes of existing and prospective tourist
routes;

- schemes of transport routes;

- natural monuments;

- architectural, historical and cultural monu-
ments, etc.

Graphic and attributive data, namely digital ras-
ter and vector images, semantic information, the
principle of layer-by-layer classification and coding
tourist destinations, raster-vector transformation for
data digitization and creation of thematic map lay-
ers using the space image were used in the work.
Objects of different localization - point, linear, po-
lygonal - have been digitized.

These types of work include georeferencing
space images to a single coordinate system, vector-
izing contours, creating shapefiles and updating the
database. A vector layer of contour lines was created
according to ALOS PALSAR DEM, three hiking
trails and objects along Ayusai gorge were digitized.

The ability to identify and characterize features
in an image depends on both the spatial and radio-
metric resolution of the image. When planning the
creation of a cartographic output product, it is neces-
sary to remember that the requirements determined
by the map scale affect not only the accuracy of the
contour positions, but also the detail of the situa-
tion representation, so it is necessary to make sure
that all classes of objects can be interpreted (Adrov
V.N., Karionov Iu.l., Titarev P.S., Chekurin A.D.
2005:4). Also, when selecting RS data for mapping,
spatial resolution and image price are usually the
main criteria.

Satellite images are interpreted using visual and
automated methods. The technology of visual analy-
sis is based on comparing available information ar-
ray and the qualifications of a specialist.

Vectorization of interpreted objects by raster
implies using raster image as a basemap for the
creation of vector objects (Lur’e 2008). All three
methods of vectorization were used in this work:
manual vectorization in dialogue mode; interactive
(automated) vectorization; automatic vectorization
(About preparing raster data for vectorization 2019).

In this case, vectorization is performed in
special software packages ArcGIS, QGIS for RS
data processing and the software program forms a
vector map, arcs in which repeat image pixels. As a
result, a vector map is formed, in which the objects
have a characteristic “serrated” boundary.

Satellite images obtained from the BirdsEye
Satellite Imagery Garmin satellite, with a resolution
of 2 m in GeoTiff format, were used to create digital
maps as a source material, respectively, and Alos
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Palsar matrix to create a digital elevation model
(Oskorbin N.M., Sukhanov S.I. 2013:87).

Creation of geographic and semantic database.
A geographic information system is distinguished
from other information systems by its spatial
analysis function. Spatial analysis helps to identify
trends in the data, create new relations from the
data, view complex relations between data sets
and make more informed decisions. Although data
entry tends to take the longest time, GIS is used
specifically for data analysis. To answer questions
about the real world, analysis functions use
spatial and nonspatial attributes in the database.
Geographic analysis helps research of real-world
processes through the development and application
of models. Such models illuminate major trends in
geographical data and thus make new information
available.

Before embarking on a geographic analysis, it
is necessary to assess the problem and set a goal.
Analysis requires stage by stage processes to arrive

at conclusions. The series of geographic analysis
procedures can be divided into the following
categories: database query, network analysis,
overlap, digital terrain model, proximity analysis,
statistical and tabular analyzes.

The procedure for creating the database includes
the following:

- acquisition of graphic maps of the region;

- converting paper maps into digital maps by
vectorization (digitization);

- creating a topology to establish relationships
between map objects;

- conversion to real world coordinates.

To create tourist maps, it is necessary to integrate
vector graphic shapes (for example, paths consisting
of straight and curved lines), text information and
images. A thematic layer is assigned to each type of
object. Each layer brings together related features
such as roads, buildings, or waterways. A traditional
multi-layer model is used to integrate tourism data
(Figure 1).

Figure 1 — Extended layer model
(Access Maps, Layers, and Data 2021)

Analyzing the above, GIS is presented as a set
of methods and tools for managing and analysing
spatial and related attributive (thematic) data and
thus differs from mapping and computer-aided
design systems, as well as other information systems.
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Results and discussion

For a more accurate transfer of field data to a
cartographic base, satellite images were selected
and interpreted, assuming visibility, frequency and
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regularity of acquisition, high spatial and radiometric
resolution.

The next crucial point for the optimal selection
of RS data is to define the requirements for the
output products, i.e. their composition (orthopho-
tomaps, digital maps, DEMs, etc.), accuracy and
detail (determined by the scale of the output prod-
ucts).

The main characteristics of RS materials are the
scale or spatial resolution of the imagery, its type
(black and white, colour, multispectral, visible, in-
frared or radio bands of the electromagnetic wave
spectrum), season and time of acquisition. The
choice of images (Figure 2) with certain character-
istics depends crucially on the purpose of the survey
and the properties of the area to be covered.

Landsat 8

Sentinel-2

BirdsEye Satellite Imagery
Garmin

Figure 2 — Selecting satellite images

In the course of our work, we carried out an
interpretation of an area with a high degree of
fragmentation of dense vegetation cover using an
expert classification method on images taken in
summertime.

The integration of the interpreted fragments into
the final map was carried out using raster algebra
techniques. It should be pointed out that the inter-
pretation of vegetation with high-resolution imag-
ery is subject to generalization problems. Detailed
processing of high-resolution images (spatial reso-
lution of 1-2 m) is redundant for the interpretation
of vegetation classes. At the first stage information
on initial images was generalized by filtering, at the
final stage of the interpretation all segments with the
insignificant area were deleted. The final result of
the interpretation was converted from raster data to
vector data (Figure 3).

Figure 4 shows object attributes, which is a
special type of data file that stores information on
each spatial object on the digital map (point, arc, or
polygon). The figure shows that an “attribute layer
table” includes a given set of fields (columns) and
records (rows), the number of which is equal to the
number of spatial objects in the digital map. Thus,

one digital map object corresponds to one record in
the attribute table.

Figure 3 — Land cover interpretation

The size of the object attribute must be sufficient
for the longest stored value and is up to 254 for char-
acter type and up to 16 for numeric type, including
number sign and decimal point.
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Figure 4 — Vector layer attribute table

The next step is map vectorization, which
involves the process of converting a raster image
into a vector graphic. A raster image is put together
from pixels like a mosaic. Vector graphics are
more precise because every line in the drawing is
the result of mathematical modelling. Therefore,
professionally performed vectorization of maps is
necessary to display engineering schemes, relief,

buildings and structures as correctly as possible
(D’iakonov V.V., Zhorzh N.V. 2008:38).

For further work in the program on the
georeferenced map base we have formed the
working layers: water bodies, forest plantations,
roads, symbols of tourist objects (NPS Map
Symbols, 2018). Figure 5 shows the stages of the
object vectorization process.

Figure 5 — Vectorization of objects

Before creating the surface, it is necessary to
understand how accurate the model is in interpolating
the values at the unknown points. Cross-validation
and routine checks help to make an informed decision
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regarding the choice of model that will provide the
best interpolation. Computational statistics serve
as a diagnostic tool that shows whether the model
and/or the values of the associated parameters are
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acceptable. The checks are based on the following
principle - removing one or more data locations and
interpolating the associated values using the data in
the remaining locations (Figure 6, 7) (Performing
cross-validation and validation 2016).

Within the framework of the project

«Creating a schematic map of tourist routes and

infrastructure of Ayusai Gorge (Ile-Alatau Na-
tional Park)” the staff of Remote Sensing Cen-
tre together with the Department of Recreational
Geography and Tourism organized a hike along
each trail to verify the location of markers (tour-
ist objects) on the map using a GPS device (Fig-
ure 8).

Figure 6 — Markers before and after verification (Myn Koz trail and Ayusai waterfall trail)

Modern GPS receivers are extremely accurate due
to their parallel multi-channel signal processing design.
Garmin GPS receivers provide location accuracy of up
to 15 metres 95% of the time. Users can typically observe
accuracies in the range of 5 to 10 metres (16 to 33 feet)
under normal conditions (Garmin Russia, 2021).

As a result of the work performed, a map of
terrain elevations and vector objects of hydrography,
roads, forests, settlements spread over layers was
obtained (Figure 9). The created geodatabase also
serves as a basis for other applications, as the created
maps can be exported to a specific GIS.

After vectorization we move on to map design
and layout - placement of the map image itself, title
of map, legend, and another data inner the frame and
on the fields of the map. If all the elements of the map
are arranged appropriately, it is compact enough, i.e.
the space of the map is organized rationally, and the
image is visually balanced, then the layout of the
map is considered successful.

Several factors were taken into account in
the map layout: map projection; the shape of the
depicted area (water area); its orientation within
the frame; the need to show neighbouring areas;
the size of the legend; the placement of inset maps;
additional graphs, diagrams, etc.

Especially many problems arise when
mapping territories with a complex non-compact
configuration. Then the remote part of the territory
can be given in the inset. In other cases, the
protruding parts of the mapped area are displayed
in the frame breaks. Sometimes the inset repeats
the same area, but on a smaller scale. Sometimes
several territories (or one territory several times)
are freely placed on one sheet without frames, they
are called “floating” layouts. Depending on the
configuration of the territory, a place is chosen to
place the name of the map, legend, scale inside or
outside the frame - the design options are very di-
verse.
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Figure 7 — Markers before and after verification (Japanese trail)

Figure 8 — Hike for verification along the Myn Koz trail,
the trail to Ayusai waterfall trail and the Japanese trail

A map representation is constructed on a
mathematical basis, the elements of which in a map
are the map projection, the coordinate grids, the scale
and the base. The choice of projection is influenced
by many factors, which can be grouped as follows:

- the geographical features of the area to be mapped,
its position on the globe, size and configuration;

- the purpose, scale and theme of the map, the
intended audience;
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- the conditions and uses of the map, the tasks
to be performed on it, and the requirements for the
accuracy of the measurements.

Using RS data, trail maps and infrastructure
were created for three trails: Japanese Trail, Ayusai
waterfall trail, and Min Koz Trail. The total length
of the trails is 14.6 km, of which the Japanese Trail
is 10.2 km, Ayusai waterfall trail 1.9 km, and Min
Koz Trail 2.5 km (Figure 10).
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Basemap of OpenStreetMap (OSM)

Digitized basemap with hillshade

Figure 9 — Comparative result of vectorization (digitization)

Creating a digital elevation and terrain model.
Digital elevation models (DEM) are one of the
important modelling functions of geographic
information systems, comprising two groups of
operations. The first of these serves the task of
creating a terrain model, while the second serves the
task of using it.

A DEM is a quantitative representation of
Earth’s surface data and spatial information, which
has become a vital source of elevation, slope and
terrain information for scientific research and
researchers. It replaces traditional paper topographic
data sources and formats. It also takes over data
structures for storing, displaying, and analyzing
topographic information.

DEM can be derived from a variety of sources:
interpolation of contour lines, existing topographic
maps, field surveys and photogrammetry, with field
surveys being the most accurate compared to other
sources.

The Alos Palsar satellite image data was used
to create DEM and altitude contours of the study

area, as well as to obtain the markings of the hiking
trails’ benches. All the images were atmospherically,
geometrically and radiometrically corrected in ENVI
5.0 SP3, ArcGIS 10.7 and ArcGIS Pro 2.7 software.

Thus, the source data for the digital elevation
model (DEM) was the ALOS PALSAR survey with
12.5 m resolution (Figure 11).

After the standard correction of the input data,
DEM of the project area was recreated taking into
account the correction of abnormal heights using the
GPS coordinates of the terrain points. The resulting
DEM was used to create a 3D terrain model and
elevation isolines on the ArcGIS Pro platform.

The main stages of the technology for creating
a digital terrain model based on satellite imagery
using available cartographic materials include:

* collecting available cartographic materials,
ordering satellite images;

» control of the correspondence of the
coordinates of the points of the image and the terrain;

* recalculation  of  coordinates, frame
transformation, accuracy check;
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Figure 10 — The final version of the schematic map approved by Turanga Group LLP

* interpretation and creating layers of a vector
map;

* creating the digital terrain model and verifica-
tion of its accuracy;

* producing a hard copy of the map.

The first stage is the ordering satellite images
and collection of existing cartographic materials.
They can be used to estimate the geo-referencing
error of the satellite image, as well as to create a
digital terrain model.

It is also required to check the position of the
image in the study area. An additional request to the
image archive (catalog) is generated when “uncov-
ered” areas are detected. If the contrast of the se-
lected objects is disrupted, this operation is also per-
formed. When it is necessary to correct the spectral
brightness of the processed fragments, processed
from several satellite images acquired at different
times from different satellite orbits, then the initial
information about the study area can be done in the
ENVI program. The problem of ortho-rectification
of an image arises after obtaining high-quality frag-
ments.
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Asetofreference points and a digital elevation
model with sufficient accuracy in elevation and
in the plan are required for orthorectification.
The determination of coordinates of reference
points is commonly uncomplicated, but the
situation with acquiring a digital terrain model
is deadlocked. Highly accurate digital terrain
models are the domain of the military. The
American Alos Palsar terrain model with a
spatial resolution of 5 m is the only thing that
the ordinary user can rely on.

A survey base has been created in the form of
a network of reference points, which are specially
installed geodetic signs for photogrammetric
processing of digital data received from Turanga
Group LLP. The survey network became the basis
for subsequent photogrammetric processing of the
digital images. Satellite-based determinations have
been completed in two steps in the research:

* acquisition of a large amount of satellite
measurements;

* continue statistical processing with the
determination of surveying points’ coordinates.
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Figure 11 — Creating a digital elevation model of the Ayusai Gorge in ArcGIS Pro

Tasks of transferring points on a digital image
in a pixel coordinate system to a terrain coordinate
system, building on them digital irregular (TIN,
Triangulated Irregular Network) and regular
(DEM, Digital Elevation Model) surface models
and textured terrain models (TMM, Textured
Terrain Model) based on them and orthophotomaps
were solved in the process of photogrammetric
processing of the results of aerial photography of

the UAV. At an altitude of 170-200 m with 60%
overlap of images, an aerial survey of the UAV was
carried out. The coordinates of a large number of
points on digital images, as well as a 3D model
of the textured surface were obtained during
photogrammetric processing (Figure 12). Large-
scale orthophotomaps of the study area (M 1:1000)
and a DEM were created as a result of the digital
processing of the aerial photos.

Figure 12 — Final version of 3D schematic map approved by Turanga Group LLP
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Three-dimensional terrain modelling in the
planning and development of tourist routes allows
to clearly show the area, the features of the terrain.

Conclusion

Taking into account the above, the set goal of
creating a schematic map of routes and infrastructure
along Ayusai gorge of the Ile-Alatau National Park
based on GIS technologies involves solving the
following tasks:

— analysis of experience in the creation of multi-
tasking maps using RS data was carried out;

— an interactive digital database was created;

— using RS data, maps were created for routes
and infrastructure along the Ayusai gorge (Japanese
trail, Ayusai waterfall trail, Min Koz trail);

attributive and geometric data were entered into
the geodatabase with reference to the coordinates of
the routes of tourist trails, resting places, points of
passage through water bodies, gazebos, benches and
other objects;

—verification of objects along the trails, indicated
on the vector schematic map of the given area, was
carried out;

— a three-dimensional digital elevation model
(DEM) was created.

Thus, in order to promote and improve
the services offered by the national parks, our
geographical maps will help to attract and discover
new tourist destinations.
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COATYCTIK-WWbI¥bIC APAA TEHI3IHIH,
K¥PFATAH TABAHbIHbIH, TOIbIPAKTAPbIHDbIH,
MOP®OAOTIUSAADBIK, BEATIAEPI
MEH XMMUSAADBIK K¥PAMbIH TAAAAY

ApaA TeHi3iHIH KypfaFaH OeTiHAe TomblpaK, TY3iAYAiH 63iHAIK YpAicTepi >KypeAi. AAAbIMEH
KypFaFaH TeHi3 6eTiHAE TeHi3 MaHbIHbIH TOMbIPAKTapbl TY3iAEAI A€, OAAPAbBIH apbl Kapan Aamybl LLIOAAI
30HaAbIK, TMM GOMbIHLLA >KYPeAi. bacTankbl KaTTbl Ty3aaHy MeH KapGOHATTbIAbIK, (DOHBIHAQ TOMbIPaK,
TY3iAY YPAICTEPIHIH BACI3 TYPAE AaMybl XaATbl 3aHABIAbIK, GOAbIM TabbIAAAbI.

JKyprisiareH aananblk, 3epTTeyaep HoTuxKeciHae COATYCTIK-LWbIFbIC ApaA MaHblHAQ TapaAFaH
Heri3ri Tonblpak, TUMNTepi MeH 0AaPAbIH MOP(OAOTMSABIK, GEAFIAEPI, XMMUSIABIK, KYPaMAapbl (KaTMOHAAP
MeH aHnoHaap, rymyc, CO,, pH, ciHipiAreH Herisaep), TonblpakTapAarbl ayblp METaAAAP MOALLEPAEpI
(>KaAMbI XKOHE KbIA>KbIMAABI) >KOHE OA TOMbIPAKTAPAbIH TY3AaHYbIHbIH OEATiAI 6ip XKakTapbl aHbIKTAAAbI.
3epTTey arMarblHAQ KeAeCi Tomblpak, TUMNTePi aHbIKTAaAAbl: KBAIMI COp TOMbIpak, Takblp Topi3ai cop
TonMblpak, TaKbIPAAHFAH COP TOMbIPaK, LWAAFbIHAbI COP TOMbIPAK, T€Hi3 MaHbIHbIH COP TOMbIPaFbl, LUOAAIH,
KYMbI, LWIBAAIH Ty3AaHOaraH KOHbIP Tombiparbl. ApaA TeHi3iHiH Kypfraybl HaTuxeciHAe COATYCTIK-
LWbIFBIC APaA MaHbl TOMbIPAKTAPbIHbIH, ©3repiCTepiHe CaAbICTbIPMaAbI 6aFraray >KYPrisiAai.

TeHi3aiH TyOiHIH >KaraHalTaHFaH GETIHAE TOMbIPaK, >XAMbIAFbICbIHbIH, KAAbINTaCybl MEH AaMYbIHbIH,
6acTbl (DAaKTOPbI — LBAAIK KAUMAT GOAbIMN TabblAaAbl. BYA dhakTop TeHi3 TapTbIAFaHHAH KeRiH Ty3AaHy
YPAICIHIH AaMybl MeH ayMaKTbIH apbl Kapan Te3 apuam3aumsAaHybiHa cebentui 60AaAbl.

TyHiH ce3aep: Tomnblpak, COpP TOMbIpaK, Ty3AaHy, TOMblpakTap MOPQOAOrusckl, kapboHaTTap,
CiHipiAreH Herizaep, ayblp MeTarAap, AeAILMNS, apuAM3aLIMS.

G.T. Issanova'?, K.M. Tynybaeva', A.B. Saduakhas',
K.K. Kulymbet', A.K. Kalybaeva', S.I. Tanirbergenov'
'U.U. Uspanov Kazakh Research Institute of Soil Science and Agrochemistry, Kazakhstan, Almaty

2Research Centre for Ecology and Environment of Central Asia (Almaty), Kazakhstan, Almaty
*e-mail: saduakhas.amandyk@gmail.com

Analysis of morphological features and chemical properties
of the dried seabed soils of the North-Eastern Aral Sea region

On the dried-out surface of the Aral Sea, peculiar soil-formation processes take place. First, littoral
soils whose development proceeds according to the zonal desert type. The general pattern is weak de-
velopment of soil-forming processes on the background of strong initial salinity and carbonation.

As a result of conducted field researches the basic types of soils and their morphological, chemical
properties, content of heavy metals (gross and mobile) and specific features of salinization of soils of
north-eastern Aral region are determined.

The following soil types have been identified: typical solonchak, takyr-like and takyr solonchak,
meadow solonchak, seaside solonchak, desert sand, brown desert non-saline soils. A comparative as-
sessment of soil changes in the Eastern Aral Sea region as a result of the Aral Sea desiccation has been
carried out. The leading factor of soil cover formation and development on the exposed seabed surfaces
is the desert climate, which determines the development of salinization process after the sea receded,
followed by rapid aridization of the area.

Key words: soil, solonchak, salinity, soil morphology, carbonates, absorbed bases, heavy metals,
deflation, aridization.
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AHaAn3 MopddOAOTMYECKUX NMPU3HAKOB U XMMMUYECKMX CBOMCTB NMOYB
o6coxwero AHa CeBepo-BocrouHoro NMpuapanbs

Ha Bbicoxwem AHe ApaAbCKOro Mopsi MPOUCXOAST CBoeobpasHble NMPOoLLEeCChl MOYBOOOPA30BaHMS.
B nepByio ouepeab, NPMMOPCKME MOYBbI, PAa3BUTME KOTOPbIX MPOTEKAeT MO 30HAAbHOMY MYCTbIHHOMY
Tiny. O6Len 3aKOHOMEPHOCTbIO SBASIETCS CAaboe pasBMTHE NPOLECCOB NoYBoobOpa3oBaHmus Ha hoHe
CUABHOIO MCXOAHOIO 3aCOAEHMS M KapOOHATHOCTY.

B pesyAbTaTe NMpOBEAEHHbIX MOAEBbIX MCCAEAOBAHMIA OMPEeAEAeHbl OCHOBHbIE TWMbl MOYB M MX
MOP(OAOTrMYECKME, XUMUUYECKME CBOMCTBA, COAEP >KAHME TIXKEAbIX METAAAOB (BAaAOBbIM M MOABV>KHbIN)
1 crneumdurueckre vyepTtbl 3acoreHnst nouB CeBepo-BocTouHoro Mpuapanbs.

OnpeaeAeHbl CAEAYIOLLME TUMbl MOYB: COAOHYAK OObIKHOBEHHbI, COAOHYAK TaKbIPOBWMAHBDIN
M OTaKblPEeHHbIN, COAOHYAK AYroBOWM, COAOHYAK MPMMOPCKOM, MECOK MyCTbIHHbIM, Oypasi MyCTbiHHAs
He3acoAeHHas noysa. [1poBeaeHa CpaBHMTEAbHAs OLEHKA M3MeHeHus nous BoctouHoro Mpuapaabs B
pe3yAbTaTe 06CbIxaHMs APaAbCKOro Mops. Beayuwmii dpaktop hopmmpoBaHms U pa3BUTHS MOYBEHHOTO
MOKPOBA Ha OOHAKMBLUMXCS MOBEPXHOCTSX MOPCKOrO AHAa — MYCTbIHHbIA KAMMAT, OMPEAEASIOLLMNiA
MOCAE OTCTYMAEHMWS MOPS PasBUTHE MPOLIECCA 3aCOAEHMUSI C MOCAeAYIoLe ObICTPor apuaM3aumeit

TeppUTOpUN.

KAtoueBble cAOBa: MOYBA, COAOHYAK, 3aCOAEHME, MOPCOAOTMS MoYB, KapOoHaTbl, MOrAOLLEHHbIE
OCHOBaHMUS, TSXKEAble METaAAbI, AePAILMS, apraM3aLms.

Kipicne

Apall MaHbl TONBIPAKTAPBIHBIH JKOJOTHSIJIBIK
JKOHE XMMHUSIIBIK KaFIaibl KONITETSH OTAHIbIK KOHE
IIeT eNAIK 3epTTeyNepAiH apkaysl Oonasl. CoraH
KapaMmacraH, Oyl Kasipri TaHIa erKeh-TersKeni
3epTTEYAl KaKET ETETiH MaHBI3Ibl MOCEIeNep/iH
Oipi.

Apan TeHi3iHIH KypFaraH TaOaHBIHBIH OCTiH
JKOHE Apajl MaHbI TOMBIPAKTAPBIHBIH MOHUTOPUHT1H
JKYPTi3y, OHIAFBl XKYpil JKaTKaH YpAICTepAiH IH-
HAMHUKACBIH 3€pPTTCy, alWMaKThIH 3KOJIOTHSIIBIK
JKaraalbplH Oaranay oJli KYHTe JEeHiH e3eKTi cypak
oomeim Tadobsmans! (Tomunaa, 2009: 11-15; Ko3sibae-
Ba, 2015; MexnyHnaponnsiiit ®onn ciacenus Apana,
2003).

Apan TeHi3iHIH KypraraH XepJepiHaeri Tym
HIeTiHAUIEpiHAE TONBIPAaK TY3UTy YpAicTepi ToH.
TeHi3miH KypraraH Ta0aHBIHBIH JKANIbBl ayJaHbI
1,8 muH. Ta, omapasiH 60 %-b1 — cop TOMBIpaKTap
(Issanova, 2015, 12:3213-3224).

Kazipri Tanma Apan TeHi3iHIH KYpJBIK Oen-
JIeyTepi Ky3 elly IakbIpbIMHaH actam. JKamaHam-
TaHFaH TYN HIOTiHALUIEpi TEHi3, ©3¢H XoHE apajac
TEHE3UCTI MOTIHAUIEPICH TYPabl.

TewHisnin KypraraH TaOaHBIHBIH JKA3BIK KEP
Oenepi, TEPPUTOPUSHBIH aFBIHCHI3 TEric OO0y
JKOHE JKEeP acThl CYJIapbIHBIH JKep OeTiHe KaKbIH Op-
HaJIacybl TOIBIPAKTAPBbIH KapKBIHIBI TY3IaHybIHA

Karmai xkacaiasl. Con ceOenTi KypraraH sKepiepIiH
HET13r1 O6JITiH/Ie COP TOMBIPAKTAP TapaliFaH.

Apalt TeHi3iHiH KYpFaFraH jKepIJIepiH/ie TOMBIPaK
TY3ymIi ¢akTopIapAbIH ScepiMeH Jamybl HETi3iHze
I6J1i-30HAIBIK, TUIITET] TeHI3 MaHbl TONBIPAKTAPHI
TY3U1e1.

Teni3 TyOiHIH TOMBIpAaKTaphl KEIICHIHJE MIa-
FBIHABI-0aTHAKTHI, TaKblp TOPi3Ai, cop (ANFaiIKsbl,
TEHi3 MaHbl, KaOBIPIIAKThI, KaOBIPIIaKTHI-YIIEKTi,
COp), TeHi3 MaHbI TOMBIPAKTAPHI, Kymaap OachIM
6onbim keneni (Ioussr Kazaxckoit CCP, 1983: 238-
248; dansos, 2003: 97-101).

Ogzrepill OTBHIPATBIH THUAPOTEOJOTHSIIBIK JKaF-
Jaiiap MEH apuiaTi KIMMATTBIH 9CEpiHEH YaKbIT
OObIHIIA TONBIPAKTAPIBIH AaMybl THAPOMOP(THI-
JIaH aBTOMOP(THIFa ajMaca OTBIPBIIT )KYPEIi.

JKeHin MM TOIOTUsIIBIK KYpam/1a TOTIBIPaKTapAbIH
JaMybl SIETTE BOJIBIK 3PO3USIBIK-AKKYMYJISTUBTI
JKep O€lepiHiH TYy3UIyiMeH asKrajgaabl. AybIp
MeXaHHUKaJIBIK Kypam/ia )KeTiIreH cop TUITET] e
TONBIPAKTAPHI TY3UIE I, O1ap YaKBIT OTe KeJIe TAKbIP
TombIpaKTapra e3repeni. JKaObIK OacceiiHaep MeH
JaryHauapia 9JeTTe cOp TONbIpaKTap TY3iiaemi.

TompIpak TY3UTy YpIICTEpiHIH HETI3Ti OaFbITHI
Apan TeHi3iHIH TyOiHEH UIBIKKAH TOIBIPAK JIH-
TOJIOTUSICBIHA OalIaHBICTEI €KEeHI ECKEepLIeTIH
karmaid. JKeHinm TombIpakTapia TY3dapabl KENTipy
JKOHE IIAIIBIPaTy YPIICTepl KapKbIHIBI KYpeai, a
ayelp TOMBIpakTapaa Oasy xypeni. Hotmxkecinme
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Conrycrik-1IsFeic Apan TeHi3iHIH KypraraH TaOaHBIHBIH TOIBIPAKTapBIHBEIH MOP(OIOTHSUTBIK OemTinepi ...

aybIp TOMBIpaKTapJa TaKbIp TOPi3li TONBIpaKTap
KaJIBIIITACCA, KEHLT TOMBIPaKTapaa TeHi3 Karaaaysl
TOIBIPAKTAPHI KAJIBIIITACATIBI.

TombIpak >KaMBUTFBICHIHBIH KaJBINTACYHI JIAH]I-
madT TY3UTymiH 9p TYpii ¢akTropiapbIMeH Oaii-
JIAHBICTHI JKOHE TYI IIOTiHIUIEPiHiH JUTOJIOTHUS-
CbIHA, TEHi3 TYOiHIH Xep OenepiHe, TEHI3 CybIHBIH
MUHEpaTN3aIIIChIHA )KOHE KIIMMAT dcepiHe Kapai
anbpIkTanansl (Issanova, 2017: 243-250).

Kypraran TeHi3 TyOiHme AaMHUTHIH reoMopdo-
JIOTHSUTBIK ~ YPIICTEP AaKBAaTOPHUSHBIH Op TYPIIi
Oemiktepinae OIpTeKkTi emec, SFHH, KypraraH
JKarajay TYpPIMEH aHBIKTaJalbl.

byran xypraran OemnnmeyniepiHiH eHi, Keybeyi,
JIUTOJIOTHSICHI, MUKPO Xep Oelepi, Ty3AaHybl KoHe
T.0. TBIFBI3 OailnmaHbICTEl Oonazpl (Stulina, 2004:
121-125).

Apan TeHi3iHIH Kypray YpAicTepi TeHi3IiH
KypraraH TaOaHBIHBIH TOIBIPAK >KaMBUIFBICBIHBIH
*kaHa (HOPMAIUSCHIHBIH TY311yiHe okeai. XKanaaan
TY3UIT€H KYPJIBIK TONBIPAFBIH 3€PTTEY 6T€ MaHBI3/IBL.
ONTKeHI 01 alfTapIIBIKTal KAIIBIKTHIKKA TapalaThIH
HIaHJBI JaybUIIap MEH TY3Iap/IblH KaiiHap ke3i 60-
neim ta0butanel (Kotlyakov, 2010: 4-38). Jlemek,
Ka3ipri Ke3/ie MaHIbI-TY3/1bI 1aybUIIap TOMBIPAKTHIH
JKOHE OCIMIIKTEPAIH JerpalallusChIHbIH HETi3Ti
(akTopaapbIHEIH 0ipi OOJBIT OTHIp.

Hedumsauus ypaictepi, TONBIPAKTBHIH CYy XOHE
TY3 pexumIepi kebiHece Apan TEHI3iHIH Kyp-
Fam kaTKaH OenneyiHiH naHAmadTTapeIHBIH JaMy
TUHAMHKACHIH aHBIKTaiAbl. COHIBIKTaH IIOIEHT-
TEHy JopekeciH Oaramayna, KypFaraH »KOJaK-
TaplaH Ty3JapIblH KemlyiH Oakpuiayja, ©cCiMIiK
JKaMBUTFBICBIMEH TOIIBIPAKTapIbl OEKITY MYMKiH-
LIUTIKTEPiH aHBIKTayAa >KOHE OSKOJIOTHSIIBIK JKaF-
Jainbpl KakcapTyna onapabl eckepy kaxer (Kapa-
KaHoB, 2005: 123-124).

Apan TeHi3IHIH KypFaraH TaOaHBIHIA KaJbII-
TacKaH ipi MacCHUBTETi TY3ABl JKepiep (Map-
ITBl COPTaHTap, TEHI3 MaHBI COpPTaHAaphl, T.0.)
aliMaKTarbl SKOJIOTUSIIBIK aXyaJlJblH [IUCIICHICYiHe
oKeJin coKThI. OCBIFaH Opai CONTYCTiK-IITBIFBIC Apall
OHIpIH/IEeT1 TOMBIPAKTHIH MOP()OIOTHSUTBIK OemnTiiepi
MEH XHMUSUIBIK KYpaMblH 3€pTTeYy JKoHE Taijay
MaHBI3AbI OOINBINT TaOBUTAMBL. OWTKEHi, TOIMBIPAK
nednaus  Ke3iHAeri YIKAaH —MaTepHaIapablH
XUMUSUIIBIK KYpaMbIH 01y KaxeT. Ce0ebi, KypraraH
TeHi3 Ta0aHBIHAH YIITKAH TY3AbI-IaHIbl a3pP030ih-
JICp TOMBIPAKTBIH JKOHE OCIMIIKTEp/iH Jerpaia-
LUSCHIHA, COHBIMEH KaTap KIMMATThIH ©3repyiHe
pIKnan ereni. Hotmxkecinme, Apan TeHi3i aymarsl
TOIBIPAKTAPBl KATTHI COPTaHAaHYbIHA YIIBIPAIIb,
Oy imKi gpeHakapl OacceiHaepae copTaH LIl
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aliMaKTap/bIH OCYIHE, CyapMasibl JKepJepIiH cop-
TaH/IaHYbIHA JKOHE KAJIbBI MPOTPECCUBTI IIOICHT-
TEHyTe, COHBIH INIHIAE OCIMIIKTepIiH Aerpama-
nusaceiHa okeneni. COHABIKTAH KypraraH TeHI3
TaOAHBIHBIH ~ TOMBIPAFBIH  JKAH-)KAKTBI  3EPTTEY
MaHBI3/IbI.

3epTTEy HbICAHBI MEH dicTepi

3epTTey HbICaHBl Apajl MaHBIHBIH KYpFaraH
TaOaHBIHBIH TOMBIPAK JKAMBUIFBICH OOJBINT TaObLI-
Ibl. Apaql MaHBIHBIH KJIMMATTBhIK ardailbl eTe
karaH. Kesemi 1miarbid Apaj TeHI31HIH TPOMUKAJIBIK
eMec IIeJ alMarblHAa OpHAIACYBl KJIMMATTHIH
KYPT KOHTHHEHTAJIABUIBIFBIHA OKENINl COFaJbl.
JKa3zel KypFak >koHE BICTBIK, KBICBHI CYBIK, aya-panbl
typakcsi3 (Pankova, 1996).

MyHmarel ayMakTHIH eAoyip OeiriH menbTa-
AIUTIOBUAI/IBI JKa3bIKTap b >KaTelp. OmapIbiH
Kelbipeynepi  campICTBIpMaibl  TYpA€  TYIIBI
meriHaiiepaeH (OHTYCTIK-IIBIFBIC 06JIiri), am Kel
Oeutiri aifHanma KopIlam TypFaH YIITiK Oop Ke3eHi
YCTIpTTEpiHEH aKKaH CylapMEH OKENIHTeH TY3JbI
cazmapgaH Typansl (IMIBIFBIC KOHE COJTYCTIK)
(Qadir, 2009: 134-149).

Jamansik sxcrieauius 2020 KbUIAbIH ’Ka3bIHBIH,
OacelHIA JKYpri3unmi. Apail TEHi3iHIH COJNTYCTiK-
IIBIFBIC OOJIITIHE JaNlabIK KCICIUIUIIAD Ke3iHae
TOTIBIPAK KECKIHIepl CaNBIHBIM, TOIBIPAK ChIHA-
MaJlapbl ANBIHJBI JKOHE ChlHAMAap ajlblHFaH HYK-
TeJEepiHiH KOOPAWHATTAPBI aHBIKTANABI. Jlamaimbik
3epTTey OapbichiHAa 21 TombIpak KecKiHaepi albl-
HBII, TONBIPAKTHEIH MOP(HOIOTHSIIBIK Oenrinepi MeH
XUMHSITBIK KypamMaapbl OOWBIHIIA 7 TONBIPAK THITIHES
TONTACTHIPBIIIHL.

3epTTey aicTeMeci TOMBIPaKThIH MOpdoorus-
JBIK, OENTiNepiH, XUMHSIBIK KYPaMbIH, COHJAN-aK
MHKPOJIEMEHTTEPAI eMKEH-TeMKEHIl  3epTTeyre
apHAJIFaH JAajajblK 3epTTeyNep/li KAMThI/IBL.

Jananplk 3epTTeyiep KelIeHIl CHIlaTTa XKYp-
TI3UTIM, TOMBIpAK KeCKIHAEpiH caly Ke3iHae Kep-
TUTIKTI  KepJIiH OCIMIIK JKaMbUIFBICHI, ©CIMJIIK-
TEpHiH Kall TybICKA >KATaTBIHIBIFBI JKOHE HAKTHI
Typiiepi (KypaMbl, Kal-KyHi >kKoHE >XKOOaJbIK jKa-
ObIHBI) aHBIKTANABL. Jlanmanelk 3eprTeyre Keleci
MIHZETTep KipAi: >kep OemepiH cumarray, HETisri
yJacKesep/li TaHIay, TOMBIPAK KECKIHIEpiH caiy,
TCHETUKAJIBIK KabaTTapbl OOMBIHINA TOMBIPAK OCTiH
MOP(MOJIOTHSIIBIK CUTIATTAy, TOIBIPAK YJITUIEPiH
aiy. TombIpakThl cUMATTay CTaHAAPTTHI YATI 00¥-
bIHIIA XKYprizinai. Tonsipak ynrinepi ©.0. OcnanoB
aTeiHAarbl Kazak TombIpakTaHy j>KOHE arpoOXHMHUS
FBUIBIMU-3EPTTEY WHCTHTYTBIHBIH 3€pTXaHAChIHAA
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TaJIaH/bI )KOHE TOMBIPAKTAP/IBIH KEIeCi XUMHUSITBIK
KypaMmaapbl aHBIKTAIIBL: Cy CY31HIICIHIH TOJBIK
KypaMbl OOHBIHIIA TY31ap/IbIH MOJIIIEPI, SFHH OHBIH
annonnapel (CO,>, HCO,, CI', SO,) MeH KaTHOH-
napel (Ca*, Mg*, K) TOCT 26425-85 6oiibIHIa,
cy cysinaicinig pH xepcerkimi 'OCT 26423-85
apKbUIBL, OpraHukansik 3atel (rymyc) I'OCT 23740
— 79 6ombinmia, kapobonarrap (CO,) F'OCT 26425-
85 OoiibIHIIA, COHTal-aK MUKpodieMeHTTep i (Cu,
Zn, Pb, Cd, Ni, Co, Mn xose T.0.) kypambel [[OCT
27262-87 apKblUIbl aHBIKTAJIIBI.

3epTTey HOTHIKeJIepi JKIHe 0J1apAbI TAJIKBLIAY

3epTTey HOTHXKECIHJEC TOIBIPAKTBIH Keyecl
TYpJIepi aHBIKTANABI: KOOIMILI COp  TONBIPAaK,
TaKpIp TOPI3Ii COp TOMBIPAK, TaKBIPJIAHFaH COp
TOTBIPAK, IIAJFBIHJIBI COP TOMBIPAK, TCHI3 MAaHbI COP
TOTIBIPAFBI, IO KYM, II6JNIiH KOHBIP TOIBIPAFHI.
3epTTedreH TOIBIPAK Typiepi MOPQOIOTHSITBIK
Oenrinepi )koHe XUMHSUTBIK KYpaMbl OOWBIHIIIA ©3apa
alpBIKIIaTaHbL.

Kaomimri cop Tombipak. N
60,98423, H=51wm.

Mopdgonozusnvix 6encinepi: Jlamansl kxa3bIK.
OCIMIIIK  KaMBUIFBICHL: TETHIp-OyTa. KobOambik
eciMik xaObiHBI — 25%. KeckiHHIH TepeHmir —
100 cMm. I'ymyc KaOaTHIHBIH KaTbIHABIFEI A + B =35
cM. Ty3 KBIMIKBUTBIHAH KaifHaybl OeTKi KabaTbIHaH
Oacran Oaiikanansl. KepiHeTiH kapOoHATTap >KOK
(1A-cyper).

Koraprer (0-10 cM) TOPH3OHTTarbl TyMYC
Menmepi adTapneikTaii emec, 0,99% Kypaiiasl,
KECKiH TepeHereH caiiblH OHbIH Meumepi 0,66%-ra
neiiin Tomengeni (2-cyper). CO, kapOoHaTTapbIHbIH
MOHI KECKIHHIH TOMEHT1 OeJiriHaeri MakCUMyM-
MmeH 7,73-ten 8,51%-ra peitin e3repeni (3-cyper).
TompIpak epiTiHIICIHIH peakmusICchl OYKid KeCKiH
OotibiHINa cinTiii, ssFau, pH 8,29-8,46 apanbirbinaa
e3repeni (4-cypet). TonbIpak rOpU30HTTAPHIHAAFHI
CIHIpIITEH HETI3ep JKUBIHTHIFBIHBIH MaKCHMall-
el MoHI 100 T TombIpakka — 55,37 MI-3KB KoHE
TOTBIPAK TepEeHIriHe Kapah 45,72 Mr-sKB-Ke JeiiH
temenzeiai. CiHIpIITeH HeTi3AepIiH KypaMbIHIa
HATpUi KAaTHOHBI ©achlM, KaJIbIUA MEH Mar-
HUN KaTHOHBIHBIH Yieci Je >Xorapsl (5-cyper).
Komimri cop TombIpaK 0acka cop TOIBIpaKTapaaH
kaparanna okorapel CO, MemepiMeH KoHe
ciHipinren HerizznepiMeH epekmenenai. CiHipinreHn
HETI3MepiHiH KypaMbIHIAa HATpHA HOHIAPBI KOl
o6onaer (47 %). Na" 6omybl TomblpakThiH pH
KOpCeTKilliMeH ThIFbI3 OalnaneicThl. HaTpuit kaTn-

45,65578, E

OHBI TONIBIPAK OpPTAChIHA CUITINI peakust Oepir, Ken
MOJIIepAe OCIMIIKTEPIIH >KOHUBUTYBIHA OKENEI,
TOIBIPAK, KYpPBUIBIMBIH Oy3ansl (Semenov, 2009:
30-32).

Ayelp  METANmApABIH  JKaIIbel  Meepi
TombIpakThIH 0-50 cM KabaThIHAA KeJeci meKTepae
0oxbl: MeIpbI 37,06-45,86 mr/kr, meic 21,33-32
Mmr/kr, kagmuid 9-11,7 mr/kr, kopraceH 13,2-17,46
MI/KT, HUKEIb 25,2-30,4 mr/kr, K06ansT 7,7-9,06 Mr/
kr, Mapraner] 236-343,8 mr/kr. Kagmuiinen O6acka
OapiBIK 3epTTENTeH DJIEMEHTTEP TOIBIPAKTaFbl
KJIApK INeTiHJe eKeHi aHbIKTanbin, Memmepi [ITPK-
nmaH acranpl. Kagmuii memmepi IIIPK-man 10 ece
JKOFaphI OOJIIIBI.

AyBIp MeETaNIapbIH JKBUDKBIMATBl MOJIIEpi
tombIpakThIH 0-50 cM KabaThIH 1A KeJTeciiei o3repii:
MbIpbin - 3,76-6,03 wr/xr, wmeic 0,7-1,4 wMr/kr,
KaJMUH aHBIKTaIMajbl, KoprackiH 2,1-3,1 wmr/kr,
aukens 0,13-0,5 mr/kr, xobamst 0,06-0,2 Mr/kr,
mapranern| 161,46-206,1 mr/kr, Temip 22,4-49,63 mr/
Kr. XXpunKbIMans! popManapabiH idliHEH TEK Mapra-
gerr HIPK-gan acTel.

KemnTreren MHUKpO3JIEMEHTTEp YIIIH OyiaHy
KOHIICHTPAIMACH JTUTOCEPAHBbIH KIIAPKbIHA Ka-
KbIH. TombIpakTap e37epi KaJblTacKaH TOIBIPAK
TY3YLII SKBIHBICTAPJBIH JJIEMEHTTIK KYpaMbIHA
yKcac Kypamael Oonaapl. TomblpakTaFbl MHKpPO-
3JIEMEHTTEPIiH HEeTi3T TaChIMaIIayIIbUIaphl Ca3abl
MuHepanaap, Fe xone Mn rugpokcuarepi, Kykipr,
KapOOHATTap JKOHE OPraHUKAJIBIK 3aTTap OOJIBII
tabsmanel (MmemH, 2012: 220; Kabata-Pendias,
2011: 548).

Takeip Topisai cop Tombipak. N 45,77021 E
61,01485; H=45 m.

Mopgonocusnvix  beneinepi: Teric xka3bIK.
Ocimaik YKaMBLIFBICHI ademepri-Ky3riHIi-
cekceyimmi. Ocimaikrepmid OmikTiri — 10-15 cmM,
Oyramapel 1,5 m-re nediin. YKoOanblk >KaOBIHBI
— 40 %. Keckin tepenmiri — 130 cm. T'ymyc
Ka0aThIHBIH KaJnbIHIABIFE A+B=23 cM. XKorapsr
KabaThlHAH OacTam Ty3 KbIIIKbUIbIHAH KaWHANIbI.
Kesre kepiHeTiH kapOoHATTap MEH TY3Iap MKOK
(1B-cyper).

OJeTTe O TOMBIpAKTAp €XKEIT1 ajTFOBHAIIbI-
JIENbTANBIK MI6JEHTTEHTeH XKa3bIKTapAa Ke3aece/I.
Myspali Teric TYHBIK OWNATTBl Takblp TOpi3i
Oerrepre Ty3map MaHAWBIHAAFBl CONl KOTEPIHKI
KEHICTIKTEeP/IiH TOMBIpaK OeTiHeH aTMoc(epabiK
JKaybIH-IIAIIBIHHBIH aFBIHBIMEH IANBLIBIT KEJIeIl.
XKep actel cymapel ere TepeH, MHHEpalJaHFaH,
TONBIPAKTHIH JKOFApFBl KaOaTTaphIMEH TiKenel
Gaitmanbicel xKOK (bopoBckwii, 1978).
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1-cypet — Conrycrtik-1LbFpIc Apan MaHbI TONBIPAKTAPBIHBIH TOMBIPAK MPOQHIIL XKoHE MOPHOTOTHUSIIBIK Oenriaepi

By cop TomblpakTapma TyMyCTHIH MeJIepi
a3, srau 0,49-0,14% O0NIbI J)KoHE KECKIH OOMBIMEH
TepeHairine Kapad Temenzeni (2-cyper). CO,
kapOoHaTTapbiHBIH MoHI 4,86-man 5,38% neiiin
e3repe/li )kKoHe KeCKiH TepeHIIT1 OOHbIHIIA OipKeTKi
tapangsl (3-cyper). Tomblpak epiTiHIICIHIH peak-
uusicel 7,79-8,18 apanbireinga Oonabl (4-cyper).
CiHipinTeH HeTi3aepAiH )KUBIHTHIFGI maMasl, 100 T
TombIpakka Imakkanga 8,08-13,07 Mr-skB apaisbi-
reiHAa 0osnpl. CiHIpUITeH Heri3nepaiH KypambIHaa
KanmpIil KatuoHmapsl OaceiM (90-95 % neidin),
eKiHII Ke3eKTe MarHuii KaTnoHAapsl (2-5 %) 6omabt
(5-cyper).

Ayelp  METANmApABIH  JKaIIbl  Meepi
TombIpakThIH 0-50 cM KabaThIHAA KeJleci meKTepae
e3repi: MeIpbim 28,8-32,8 Mr/kr, mbic 2,5-5,4 mr/
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KT, KaJIMUH aHBIKTaIMabl, KOPFachiH 3,8-4,9 Mr/kr,
aukenb 10,2-13,8 mr/kr, kodansT 2,8-2,26 MI/KT,
Mmapraner| 142,5-188,53 mr/kr.

AyBIp MeTanmap[elH KBUDKBIMAJIBl MeJIIepi
TonbIpakThIH 0-50 cM KabaThIH/IA KeJIeCiaeH o3repIi:
MbIpbim  2,26-3,36 mr/kr, meic 0,8-0,86 Mr/kr,
KaJIMUH aHBIKTAIMa]TbI, KOPFachIH 2,1 MI/KT, HUKEIb
0,2-0,33 mr/kr, kobansT 0,03-0,05 Mr/KT, MapraHery
96,7-119,36 mr/kr, Temip 31,1-41,8 mr/kr. bapmibik
ayblp MeTaNJapbIH KAl JKOHE >KBUDKBIMAJIBI
¢dopmamnapst HIPK-gan acnanpr.

TaxkpIpaanFan cop Tonbipak. N 45,68805;
E 61,00987; H=46 m

Mopdghonoeuanvix Gencinepi: Teric Kas3bIKTHIK.
OcCiMIIK KaMBIIFBICH Oy TaTbl — d3eMepIi-KY3TiH 1.
Ocimaikrepaiy omikTiri 5-10 cm, Oyranapsr 1,5 M-re
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nerin. JKoOaneik xa0biHel — 30 %. KeckinHig
teperairi — 120 cm. 'ymyc KaOaTBIHBIH KaIBIHIBIFbI
A+B=30 cm. Xorapsl kabareiHaH OacTam TY3
KBIIKbUTBIHAH ~ KaiHahapl. KapOonattap ke3re
Oaitkammaiinsl. Ty3gap 10 — 30 cm Gactam TambIpiiap
Typinme, 30 — 52 cMm-ge TY3 JaKTapbl TypiHze
Oaiikanans (1C-cyper).

Takpipmanrad cop TomeIpakrapaa rymyc 1,34-
0,54 % mieringe O0JIIBI, €H KOIl MOJIIIePi KOFapFhI
kabatta 60set (0-10 cm), a3 Memmepi, colikeciHie,

40-50 cm Kkabarra Oaiikanger (2-cyper). CO,
KapOOHATTapeIHEIH MoHI 5,77-neH 7,07%-fa neitin
e3repeni, npoduip OoiBIHIIA Tapalrybl OipKeiKi
(3-cyper). Tonblpak epiTiHIiCiHIH peakuusichl 7,79-
8,32 apanbirplHAa OONIBI, CON CUITUTINEH JKOFaphl
currimikke aedin e3repeai (4-cypet). CiHipinreH
Herizaepain 100 r tomblpakTarel Memmiepi 17,72
— 29,9 wmr-akB apansireiana Oonmbl. CiHipiATeH
HETI37epAiH KYpaMbIHIa KaJbIIMii MEH MarHHi
KaTHOHaphl 6ackiM 00abI (5-cyper).

2-cypet — Contycrik-11IbIFpIC Apan MaHBI TONBIPAKTapBIHAAFEI TYMYC MeJIIIepi

3-cyper — Conryctik-IlIbirsic Apan Manp! TonbipakTapbiHaarsl CO, Memepi

99



Conrycrik-1IsFeic Apan TeHi3iHIH KypraraH TaOaHBIHBIH TOIBIPAKTapBIHBEIH MOP(OIOTHSUTBIK OemTinepi ...

MuUKpOosIeMEHTTEpAIH JKAIMBl MeJIepi To-
meIpakTeiH 0-50 cM KabaThIHIA Kejleci apalibIK-
tapaa e3repai: Mbipbii 30,2-34,9 mr/kr, meic 11,6-
13,31 mr/kr, kagmuii 7,6-8,11 Mr/kr, KOpraceiH 8,4-
8,6 Mr/kr, Hukenb 17,8-21,9 mr/kr, xkobanet 4,9-
5,7 mr/kr, mapraunen 282,2-304,8 Mr/kr.

MuKposIeMeHTTepIiH JKbUDKBIMAIBI MOJIIEpi
tonbIpakThIH 0-50 cM KabaThIHIa KeTeciiel o3rep/i:
MbIpbi 3,45-4,21 mr/kr, meic 1,68-2,4 Mr/kr, kaj-
MUH aHBIKTaNManabl, KoprackiH 1,38-1,71, Hukens
0,2-0,48 mr/kr, kobansT 0,14-0,38 Mr/KT, MapraHery
142,8-223,5 mr/kr, Temip 29,9-43,82 mr/kr. 3ept-
TenreH Oapiblk ayblp meranmap LIIPK-man acmaii-
JbI, TEK S>KbUDKBIMAJbI MapraHell TOIBIPaKTarbl
IPK-nan 1,59 ece acein Tycei.

MManrsinasl cop. N 46,07393. E 60,88898.
H=38 m.

OeTTe MUKpOpenbed dIeMeHTTepiHiH OeTKel-
JIEpiHJIe KOHE a3 MOIIIepi aFrbll XKaTKaH ©3€H ap-
HACBIHJAFbl apBIKTAPBIHIA, 63€H JKalbUIMaIapbIHIa
KaJneInracaabl. by Tomblpak OCTiHIH KAaTThI TY3-
JAaHYBIMEH JKOHE KECKiH TepeH/Iiri OOWBIHIIIA CaTBIC-
TBIPMAJIBI TYPJE 9JICI3 TY3JaHYbIMEH CHUIATTaaIbl.
MuHepanu3anuscbl OpTamia HeMece oJICi3, IKep
acTBI CyJIaphl )KaKbIH OPHAIACYBIMEH CHIIATTANIAIbI.

Mopgonocusnvix 6encinepi: Teric Ka3bIKTHIK.
OCiMIIK  KaMBUIFBUIAPEl  KBIHFBUIIBI-COPAHIBI.
OciMaiktepaiy oumikriri 10-15 cMm, Oyramapsl 1-2 M.
Kobanbik xabbiabl — 40 %. Keckin Teperiri — 100
cMm. ['ymyc kabatbiHBIH KanblHABIFEI A+B=20 cMm.

Ty3 xpmmkeuteiHad (HCl) Tombipak Oerinen Oac-
Tan KaiiHaiiel. Ke3re kepiHeriH kapOOHaTTap MeH
Ty3aap Oaiikanmans! (1D-cyper).

Cop TomBIpakTapABIH OYJ TypJepiHae TyMyc
Meumiepi TonbipakThiH 0-10 cMm kabateiHga 1,22%,
40-50 cm kabarra 0,50% Oonmer (2-cyper). CO2
KapOOHATTApPBIHBIH MOHI 6,47-neH 7,77%-Fa neiiin
e3repni, mpodmias OOWBIHIIA Tapadybl OipKenKi
(3-cypert). Tombipax epiTiHIICiHIH peakuschl 7,86~
8,48 apanpirpiHna Oonagel (4-cyper). CiHipinren
Heri3mepaiH KoceHAbICHl 100 T Tombipakka 13,78-
16,87 wMr-skB apanbirbigaa Oonabl. CiHipUITeH
HETi3Iep/AiH KypaMbIH/ia KaJdblMii MEH MarHUi Ka-
THOHAAPHI 6ackM (5-Cyper).

AybIp MeTaNIap/bIH JKaJIMbl MeJIepiepi To-
meipakTheiH 0-50 cM KabaThIH/A Kelleci apalbIKTapaa
e3repmi: MeIpeim 29,3-78,9 mr/kr, meic 10,4-13,1
Mr/kr, kaamuii 16,5-18,4 mr/kr, koprace 7,1-9,5
Mr/kr, Hukeab 18-20 Mr/kr, kob6anst 4,6-5,6 MI/KT,
mapranen 119,1-173,2 mr/kr. Kagmuiinia xaimsi
memuepi IPK-nan xone nuTtocdepanarbl Kiapk-
TaH 36 ece KOFapbl.

TonbIpakTapAplH KaJMUMUMEH JIaCTaHYbIHbIH
HETI3T1 K631 eHJIPICTIK KAIIBIKTap KOHE akada Cy-
map 00BN TaOBUTAIBI, COHBIMEH KaTap KaJMHUIIH
adTapibIKTall ~ MeImmepi  TombIpakka  docdop
THIHAWTKBIIITAPBIMEH, 9KTI MaTepUAIIAPMEH TYCyl
MYMKiH. biznig 3eprreynepimizne kagmuiinin [HPK-
HbI YKOFapbUIATYbl OCBI TOIBIPAKTAFbl MBIPHIIITHIH
JKOFaphl MeiepiMeH 0ainaHbICTBl 00Tybl MYMKIH.

4-cypet — Conrycrik-11Ibreic Apas MaHbI TObIpakTapsHBH pH KepceTkimi
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AyBIp MeTaAapAbIH KBIIKBIMAIBI MOJIIIIEPIIEPI
TonbIpakThIH 0-50 cM KabaThIHIa KeJeci apaybIKTa
ayBITKBIIIBL: MBIpbILT 4,1-7,02 Mr/kr, MbIC 2,92-3,52
MT/KT, KaJIMUI1 aHBIKTaJIMaIbl, KOpFaceiH 1,77-2,25,
nukenb 0,6-0,42 wmr/kr, xo6anstr 0,1-0,17 Mr/kr,
Mmapranen 188,57-227,35 mr/kr, Temip 55,85-80,82
MI/Kr. MapranenriH xpibKbiMansl popmacet LHIPK-
nmaH 1,62 ece xorapsl OOJIBL.

Teniz manbl cop Tonbiparbl. N 45,95825; E
60,94990; H=35 m.

Mopgonocuanvix 6encinepi. Kypraran TeHi3 Ta-
0aHbI Teric Ka3bIKTBIK. OCIMJIIK KaMBUIFBICBL: COP
menTi — OyTanpl. OCIMIIK KaMBUTFBICHIHBIH OWiK-
Tiri — 5 cM, OyrakTtap — 1-1,5 m. YKobanbIk xabObI-
Hbl — 60 %. Keckinnin Teperuiri — 110 cm. A+B=30
cMm. TomblpakThiH OeTki KabaTbiHaH OacTam Ty3
kprukpLTbIHAH (HC) Kaitratinsl. Kap6onaTTtap xesre
Oaiikanmaiiael. Ty3nap 52-110 cM TeperikTeH Oac-
Tan cupek Kburnap Typinnae kesneceni (1E-cyper).

I'ymyc memmepi 0-10 cMm TombIpak KabaThIHIA
1,42 %, an 40-50 cm Tombipak kabateiHga 0,43 %
Mejepin Kypaasl (2-cyper). CO, Memepi TOnbI-

pakteiH 0-100 cm kabateiHma 7,52-7,9 % apa-
TeIFBIHIA O0IEI (3-cypet). TompIpak epiTiHaiCiHIH
peakiuscel  Kejeci miektepae Oomabl: 8,03-8,46
(4-cyper). Cinipinren Herizuep >XUBIHTBIFE 100 T
TombIpak, Meumepine 15,68-41,77 Mr-skB OOJIIBI.
CiHipinreH Herizliep KypambIHa KaJdbIIMii MEH Ha-
TpUi KaTHOHJAapH! 6ackiM 00AbI (5-Cyper).

Ayelp  METANmApABIH  JKaNImbel  MeJepi
TombIpakThiH 0-50 cM KabaThIHAA KeJleci meKTepae
e3repi: MeIpeI 16,6-38,6 mr/kr, Meic 9,6-11,4 mr/
KT, Kaamuii 8-14 Mr/kr, KopracheH 6,8-8,6 MI/Kr, HU-
kenb 17-17,8 Mr/kr, kKobansT 5-5,4 Mr/Kr, MapraHeir
24,6-226,6 Mr/kr. MUKpO3IIEMEHTTEp apachIHIa TeK
kaamuii [IIPK memmepinen 28 ece sxorapbl OOJIIEL.

AybIp MeETaNJapJbIH JKBUDKBIMAIBI MJIIEpi
tombIpakTeiH  0-50 cM KabaThlHAA Keneciiei
ayBITKBIIBL: MbIpbIT 6,2-10,4 mr/kr, Mbic 3,4-7,65
MI/KT, KaJIMUH aHBIKTaIManabl, KopracekiH 0,9-2,15,
aHukens 0,3-0,7 mr/kr, kobansT 0,05-0,3 Mr/kr, Map-
ranen 214,35-288,75 mr/kr, Temip 24-63,45 mr/kr.
MBpIcTBIH XKbUDKBIMaIBI popmarnaps! LIIPK-nan 2,55
ece, ai Mapraner| 2,06 ece >korapbl OOJIIIBL.

5-cyper — Conrycrik-11IbFbic Apan MaHbI TONBIPAKTAPEIHAAFBI CIHIPUITeH HETi3AepAiH Memepi

Meaain kymbl. N 45,82428; E 61,01455;
H=46 m.

Mopgonocuanviy  bencinepi. A3man  KeH
TOJNKBIHALI JKa3bIKTBIK. OCIMAIK  KaMBUIFBICHI
KY3TiHIi-OyTakTa. OciMmaikrepnain Owuikriri 10-15
cM, Oyrakrap 1,5 merpre meitin. XKoOanwiK xaObI-
Hbl — 40%. Keckinnig teperuiri — 110 cm. ['ymycTsl
Ka0aTThIH KalbHIABIFE A+B=25 cm. TombipakTeiH

OcTki KkabaThlHAH Oactam Ty3 KbIIIKbUIBIHAH
KaifHaliapl. Kesre alKpiH KepiHeTiH kapOoHaTTap
MeH Ty31ap Kok (1F-cyper).

T'ymyc memmepi 0,21 %-0,09 % apanbirbiHia,
TOTBIPAK TEPEHIITIHEe Kapail rymyc Medepi a3as-
1wl (2-cypert). TombipakTsie 0-100 cm KaOaTBIHIAAFEI
CO, xapbonarrap memmepi 5,97-nen 6,17 %-ra
neitin esrepeni (3-cyper). TombIpak epiTiHAICIHIH
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peaknmusicel  7,56-8,63  miektepinme  (4-cyper).
Cigipinred Herizgep XUBHTBHIFEI 100 T TOIBIpaK
Meutiepine 5,3-22,22 mr-3kB. CiHipiareH Herizaep
KYpaMbIH/Ia KaJlbIUi MEH MarHui KaTHOHIaphl Oa-
CBIM OO0JIITEI (5-CypeT).

AybIlp  METaAapAbIH  KaIIbl  MeJIIIEpi
tonbIpakThiy 0-50 cM KabaThIHIA KeJeCi MeKTepae
e3rep/i: MeIpbI 30-32,8 Mr/kr, MbIC 2,8-3,6 MI/KT,
KaJIMUH aHBIKTaIMaJbl, KOpFackiH 3,2-3,6 MI/KT,
aukensb 10,8-13,2 mr/kr, xkobanbr 1,6-2,4 MI/KT,
mapranen 169,2-304,4 mr/kr.

AybIp METAIAAPABIH KbUDKBIMAIBI MOJIIIEPIIEPI
tombIpakThiH  0-50 cM KabaThlHAA Keneciiei
ayBITKBIABL: MBIpEIT  3,1-3,7 wmr/kr, meic 0,7-
0,9 w™r/kr, KagMuil aHBIKTaJIMaJbl, KOPFACBIH
aHpIKTaaIMaznepl, HuKeab 0,04-0,5 mr/kr, xoOaibT
0,2 mr/kr, mapranern 110,3-136,6 mr/kr, Temip 66,6-
89,7 Mr/xr.

By Tombipak TUTiHAE KapacThIPHUIBINT OTHIPFaH
OapIIbIK AIEMEHTTEPIIH JKAJIbI )KOHE KBUDKBIMAJIBI
momuepiepi [ILIPK menmepineH sxorapsl 00IMabL.

MMesnin Ty31aH0aFaH KOHBIP TONBIPAKTAPHI.
N 45,76625; E 61,31009; H=63 m.

Mopgonocusnvix 6encinepi. Keckin cy anra-
pbiHAa. TOJNKBIHIBI-KA3BIKTHIK. OCIMIIK JKaMbII-
FBICBHI d(eMepiti-epMeHIi. OciMIIKTepaiH OUIKTIri
— 5-10 cm. XobGanbeik xa0biHbl — 60%. Keckin
teperairi — 90 cm. 'ymyc KaOaTBIHBIH KAJTBIHIBIFBI
A+B=28 cm. Ty3 KbIIKBUIBIHAH KaiHaybl OeTKi
kabatran Oactamn. KapOGoHaTTap ke3re KepiHmeui.
Ty3nap na xok (1G-cyper).

I'ymyc memmepi 0,64 %-0,42% mekrepinae 601-
nel (2-cypet). CO, kapOoHaTTap MOHI TONBIPAKTBIH
0-100 cm kabarprHma 0,68-2,21 % apanbiFbiHAA
e3repai (3-cyper). Tombplpak epiTiHOICIHIH peak-
nuscel 7,57-8,17 mektepinae Oonmsl (4-cyper).
Cinipinren nHerizaep ®ubHTHIFB 100 T TOMBIpaKka
3,46-8,41 mr-3kB apanbirsiHga Oonmbel. CiHipireH
HETi37Iep KYpaMblHAa KajblMii MEH MarHuil KaTH-
oHJapsl 6ackiM 0onabI (5-Cyper).

Ayelp  MeTaNImapAbIH ~ JKaambl  MeJIIepi
TombIpakThIH 0-50 cM KabaThIHAA KeJleci MmeKTepae
e3repi: MeIpbI 28,8-34 mr/kr, MbIc 3,6-6,8 MI/KT,
kaamuid 8-18,4 Mr/kr, KopraceH 3,2-5,2 MI/KT, HU-
kenb 10-20,4 mr/kr, kobanet 2-3,6 MI/Kr, mMapra-
mer 320-500,8 mr/kr. Kagmuiini xanmsl GopMace
IIPK-man 36 ece xorapsl OOIIHI.

AybIp MeTaJIIap IbIH KbUDKBIMAIIBI MOJIIIePIIePi
tombIpakThiH  0-50 cM KabaThlHAA Kelnecifei
aybITKbIBL: MbIpbI 0,1-3,3 MI/Kr, MbIC, KaaMHii,
KOPFachlH, HUKEIbh, KOOAJIBT aHBIKTAIIMAIbl, Map-
ragenn 120,5-210 wr/kr, Temip 1,6-16,6 w™r/kr.
Mapranenrin kpuDKbIManbl Gopmacel PK-gan
1,5 ece »orapbl OOMNIBIL.
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KopbIThIHABI

AyMaKTBIH alTapiibIKTail OeJiriHae TOMBIPAK
TY3YLIl KBIHBICTAP YLIIHIII KEe3€HHIH LIeriHfinepi
(memoBHiA KoHE AIIOBUI) KOHE TOPTIHIII Ke3CHHIH
aJUTIOBHAJIIBI IIOTIH TPl 00BN Ta0blIaabl. Apal
TEHI31HIH COJTYCTIK-IIBIFBIC OOJIriHe analibiK
SKCTICTUITIMSTIAP KE31HIE TOIBIpaK KeCKiHAepi ca-
JIBIHBIN, 3€PTTCY HOTIIKECIHAE TOMBIPAKTAPIBIH
KeJleciiel TypIiepi aHbIKTAIABI: KOAIMI1 COp, TAKBIP
TOpI3Mi COp, TaKBIPJIAHFAH COp, ITAJFBIHILI COP,
TEHi3 MaHbl COpP TOMBIPAFHI, 6T KYMAAPHI, IOJIiH
KOHBIP TOTBIparbl. AMaKTa TapaliFaH TOIBIpaKTap
MOP(QOJOTUSIBIK ~ OenTiyiepi  KoHE  XUMUSIIBIK
KypamJiapbl OOMBIHINA alpBIKIIATaH b,

I'ymyc menmepi OoibIHIIA OapIIbIK KECKIHAEPAE
EpEeKIle alBIPMAIIBUIBIK JKOK, OHBIH KECKiH OOoM-
BIHIIA Tapadysl Oipaeit. ['ymyc memmepi OeTki
KaOBIPIIaKTHl KabaTTa *oHE OHBIH TOMEHI| Kada-
TBIHIA a3/all JKOFapbl, TOMEHIe Kapail a3asibl.
3epTTelNreH ayMak TEPPUTOPHUSACBIHIAFH TYMYC
MeJlepi eTe TOMEH KaMTBUIFaH CaHAaTKa KaTaJlbl
(2%-ra pmeiiin).

Tonblpak ~ epiTinxiciHig  peakuusicel  (pH)
3epTTeNnTeH OapiblK TOMBIpaK THHITEpiHAe OeTki
KabaTTapaa oJNci3 CUITiN, TeMEHre Kapail opTa-
IIa JK9HE KYIUTI CilTinire adHajmanel, TOMbIPaK
OpTachIHBIH peakIuschl 7,6-meH 8,8  meliHTi
apaJIbIKTa aybITKUJIBI.

KapOonaTtrap OapiblK TONBIPAK THITEPiHAE
aHBIKTANABI, SFHU, KaszakcTaH TOMBIPaKTapBIHBIH
KapOOHATTBUIBIFBIH ~ KepceTemi. CO2  xorapbl
MeJiepi KomimMri cop Tomeipakrapaa (7,73-8,51%),
TEeHi3 MaHBpl Ccop TombIpakTapbiama (7,52-7,9
%), TakbIpianraH cop Tombipakta (5,77-7,07%)
aHBIKTAJ/IBI, TOIBIPAKTHIH O€TKi KabaTTapblHAa
TOMEHT1 KabaTTapra KaparaH/a >KoFapbl O0JIIEL.

CiHipiireH HEeTi3/Iep/IiH JKUBIHTIFBI KOIIMTI COp
TonbIpakTapaa (45,72 — 55,37 mMi-3kB), TEHi3 MaHbI
cop TombiparbHaa (15,68 — 41,77 MII-3KB) KOFapbl
0o b

bizniyg 3eprreynepimizne Cd men Pb xmapk
MOHJIEpiHEH >Kofapbl, coHbIMeH Kartap Cd, Mn
IPK-gan >xorapel. KagmMuii kenrereH MuHeEpa-
Japa, dcipece MBIPBIII MOJIIepi JKOFapbl MUHe-
pangapaa kem Meiepae Oonanbl. byn skarmait
Oyl MeTanmapIblH OCBhl TEPPUTOpHSNA OeNCeHII
TEXHOTCHJII MHIPANHACEIMEH JKOHE IKEPTLTIKTI
JKEPIIH IIOFBIPIAHBIPYIIBI T€OXUMUSIIBIK CHUIIa-
ThiMeH OaiinmanbicThl. CoHbIMEH KaTtap, OpTalbiK
ABUAITBIK aiiMaKTarbl Apai MaHBIHBIH TAOUFH JTacTa-
yiel ke3zepi Kapakywm xone KpI3bikyM meniepi,
COHBIMEH Karap OCTiHEH TY3/Ibl IIaHAAPAbIH YJIKCH
Maccachbl JKEIMEH KOTepuTim, TapalaThlH Apal



I.T. Vcanosa xoHe T.0.

TEHi3iHIH KypraraH Ta0aHbl OOJBIN TaObLIAMIbI.
Ty3napMeH aybpUIIIapyalIbUTBIK XUMHUKATTAPBIHBIH
TOHHAJIAPhl — NECTHLUATEP MEH THIHAWTKBIIITAP
KaJIBIKTaphl, ayblp METalAap oHe T.0. TachIMal-
JaHabl.
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