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OLIEHKA U3MEHEHUM NAOLUAAU AEAHMKOB B CEBEPHOM
YACTU XETbICYCKOI'O AAATAY HA OCHOBE AAHHbIX A33

B craTbe 6bIAM MCCAEAOBAHbI UBMEHEHUSI AEAHMKOB B 6acceiiHax pek Akcy-bueH n Aencbi-backan
B ceBepHOM Yactu XKeTbicyckoro AAartay 3a nepnoabl 1956-2001, 2001-2012 1 2012-16 rr. Ha ocHoBe
aHaAm3a AaHHbIX Landsat TM/ETM + m OLIL. B 2001 roay 6biAn o6Hapy>keHbl 245 AeAHMKOB C 06LLei
naowaabio 197.2 km?, k 2016 roay OHM COKPATUAMCh AO 232 AEAHMKOB C 00LLEN NAOLLIAAbIO 165.5 KM?,
yto Ha 31,7 KM? MeHbLLe, To ecTb, M0 1% 3a roa B TedeHue 15 AeT. Tak>ke NpoaHaAM3MpPOBaHbl CKOPOCTU
COKpaLLeHNS AEAHMKOB Ha OCHOBE MX Pa3AMuMii B pa3Mepax, BbICOTE M acCreKkTe CKAOHOB, a Takxke
APYrvx Tonorpadguyecknx napameTpos B natn 6accennax (buen, Akcy, CapkaH, backaH, Aencel), rae
COKpalleHne AeAHVUKOB BapbmpoBaAacb OT 14,9 % Ao 17,5 %. Takast BbICOKas CKOPOCTb COKpaLLeHus,
BEPOSTHO, CBSI3aHa C O6LLEN TEHAEHLMEN MOBbILIEHUS TEMMEePaTypbl U C TEM, YTO HEGOAbLLINE AEAHUKM
PacrnoAO>XeHbl Ha OTHOCUTEAbHO HWM3KOM BblCOTe BHewHux xpebTos XKertbicyckoro Aaartay. OaAHako,
Mo pesyAbTaTam HalliMX MCCAEAOBAHMIA, a Tak>Ke Mo paboTam APYrmMx aBTOPOB, MCCAEAOBABLIMX 3Ty
TEPPUTOPMIO, CKOPOCTb COKPALLEHMS MAOLLAAM AEAHMKOB B CEBEPHOM 4acTn XKeTbICyCcKoro Aaartay
MO CPaBHEHUIO C APYTMMU TEPPUTOPUSIMU HMXKE. Mbl MPULLAK K BbIBOAY, UTO OAEAEHEBLUME PANOHDI
6acceiHa pek Akcy-buen 1 Aencbi-backaH pacrnoAoxkeHbl B HanboAee BAAronpusiTHbIX YCAOBUSIX AAS
OAEAEHEHMSI, YTO MOATBEPXKAAETCS 6GoAee KPYMHbIMM CPEAHMMM pasmepamMmn AEAHWMKOB, KOTOpbIe
BbllLE, Yem B APYrunx GaccerHax, v B pesyAbTaTe nokasaAn 60Aee HU3KYI0 CKOPOCTb COKPALLIEHUS, Yem
Apyrue oreaeHeBLIMe paroHbl XKeTbicyckoro Aaatay ¢ 1956 no 2016 roa.

KatoueBble caoBa: XKeTbiCyckmit AaaTay, M3MEHEHME KAMMATA, COKpalleHWe AeAHWKOB, KapTu-
pOBaHMe AeAHWKOB, FOPHble AEAHWMKU, AUCTAHLMOHHOE 30HAMPOBAHME.
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Assessment of changes in the area of glaciers in the northern part
of the Zhetysu Alatau based on remote sensing data

The changes of glaciers in the basins of the Aksu-Bien and Lepsy-Baskan rivers in the northern part
of the Zhetysu Alatau were studied for the periods 1956-2001, 2001-2012 and 2012-16, based on
the analysis of Landsat TM/ETM + and OLI data. In 2001, 245 glaciers with a total area of 197.2 km2
were discovered, by 2016 they had decreased to 232 glaciers with a total area of 165.5 km2, which is
31.7 km2 less, that is, 1% per year for 15 years. The rate of glacier reduction was also analyzed based
on their differences in size, height and aspect of slopes, as well as other topographic parameters in
five basins (Bien, Aksu, Sarkan, Baskan, Leps), where the reduction of glaciers varied from 14.9% to
17.5%. Such a high rate of reduction is probably related to the general trend temperature increases
due to the fact that small glaciers are located at a relatively low altitude of the outer ridges of the Zhe-
tysu Alatau. However, according to the results of our research, as well as the works of other authors
who have studied this territory, the rate of reduction of the area of glaciers in the northern part of the
Zhetysu Alatau is lower compared to other territories. We came to the conclusion that the glaciated
areas of the Aksu-Bien and Lepsy-Baskan river basins are located in the most favorable conditions for
glaciation — which is confirmed by the larger average sizes of glaciers that are higher than in other
basins — and as a result showed a lower rate of reduction than other glaciated areas of the Zhetysu
Alatau from 1956 to 2016.

Key words: Zhetysu Alatau, climate change, glacier reduction, glacier mapping, mountain glaciers,
remote sensing.
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XK3 aepekTepi HeridiHae XKeTicy AAaTaybIHbIH, COATYCTIK GOAIriHAEri
MY3AbIKTAp ayAaHbIHbIH, ©3repyiH 6araray

Landsat TM/ETM + >xeHe OLI aepektepiH Taaaay HerisiHae 1956-2001, 2001-2012 >xaHe 2012-
2016 >kbiApap Ke3eHaepi iwiHae XKeTicy AAataybiHbIH COATYCTIK GOAiriHaeri Akcy-buer xxeHe Aenci-
backaH eseHaepi GaccemHAepiHAEri My3AbIKTapAblH e3repictepi 3epTTeAai. 20071 >KbIAbl KaArbl
ayaaHbl 197.2 km? 6oAaTbiH 245 My3AbIK, aHbIKTaAAbl, 2016 >XKbIAFa Kapail OAAPAbIH, XKaArbl ayAaHbl
165.5 KM? 6oAaTbIH 232 My3AbIKKA AEMiH asaiiabl, 6YA 31,7 kM2-re a3, arHu 15 XKblA iWiHAE XKblAbIHA
1%-ra kblckapraH. COHbIMEH KaTap, My3AbIKTap ayAaHbIHbIH KbICKAPY >KbIAAAMAbIFbIH OAAQPAbIH OpTalla
MOALLEepi, OUIKTIr MeH OpHaAacy acrnekTiCIHAEri aiblpMalLbIAbIKTapbl, COHAAM-aK, 6ec 6acCeiHHIH
(buen, Akcy, CapkaH, backaH, Aenci) 6acka Aa TonorpagusAbIK, NapaMmeTpPAEPi Heri3iHAE TaAAAHADI,
MYHAQ MY3AbIKTapAbIH a3atobl 14,9%-aaH 17,5%-Fa AeliiH e3repai. My3AbIKTapAbIH MYHAQI >KOFapbl
JKbIAAQMADBIKTA  KbICKAPYbl >KaAMbl TemrepaTypaHblH, KOTepiAy YpAICIMEH >XeHe opTalla KeAeMi
WaFblH MY3AbIKTapAbiH XKeTicy AAaTayblHbIH CbIPTKbl >KOTAAAPbIHbIH, CAAbICTbIPMAaAbl TYPAE TOMEH
OUIKTIKTEPIHAE OpHaAacybiMeH 6alAaHbICTbl OOAYbI bIKTMMAA. AAainaa, Oi3AiH 3epTTeyAepiMisaiH
HoTWMXKeAepi 6oMbiHLIA, COHAAM-aK, OCbl ayMakTbl 3epTTereH 6acka aBTOPAAPAbIH >KYMbICTapbl
6oibiHIIa YKeTicy AaaTayblHbiH COATYCTIK GOAIriHAEr My3AbIKTap ayAaHblHblH 6acka aymakTapmeH
CaAbICTbIPFAHAQ KbICKAPY XKbIAAAMAbIFbI TOMeH. AKCy-BueH xoHe Aenci-backaH e3eHaepi GaccenHiHiH
My3 6ackaH ayAaHAAPbl My3AaHy VLLIIH HEFYPAbIM KOAAMAbl >KaFAaAapAa OopHasackaH — 6yA Gacka
baccerHaepre KaparaHAa My3AbIKTapbIHbIH opTalla KeAemi 6acka GeAiKTepiHAEri My3AbIKTapbIHbIH
opTalla KeAeMiHeH HEeFYPAbIM YAKEH eKEHAIr pactasAbl, HaTwmxxeciHae >KeTicy AaartaybiHbiH 1956
>KblApaH 6actan 2016 KbiAFa AeniHri 6acka My3 GackaH ayAaHAapbiHA KaparaHAA COATYCTIK OOAIriHAe
MY3AbIKTAP ayAaHbIHbIH KbICKapy >KbIAAAMAbIFbl a3 eKEHAITMH KOPCETTi AEreH KOPbITbIHABIFA KEAAIK.

Tyiin cesaep: XeTticy Aaataybl, KAUMATTbIH, ©3repyi, My3AbIKTapAbIH KbICKApYybl, My3AbIKTapAbl
KapTara TyCipy, Tay My3AbIKTapbl, KALbIKTbIKTaH 30HATaY.

BBenenune

JlenHVKH WTPAIOT PEmIAONIyI0 POJh B THIPO-
noruyeckoM nukie Llentpansaoit Azum (Viviroli,
2003: 32; Armstrong, 2010: 20; Sorg, 2012: 725;
Kaldybayev, 2016: 11). B uactHOCTH, JEIHUKU
Tsup-1llanbckoro XpebTa o0OecreuuBaloT BOJIOM
HusMeHHoctu Kaszaxcrana, Keipreizcrana u Y30e-
KHCTaHa, KOTOPBIE SBIISIOTCS OJHUMH U3 KPYITHEH-
HIMX OpolIaeMbix Tepputopuii B mupe (Farinotti,
2015: 716).

Hacenenue 3acylmummMBbIX W TOIY3aCyHUIMBBIX
HU3MEHHBIX PailoHOB (0a3HMCOB M OPOIIAEMBIX CElb-
CKOXO34HCTBEHHBIX yronaui) LleHTpanbHoil Azun
BO MHOTOM 3aBHCHUT OT PEYHBIX BOJI, IOCTYTIAIOIIUX
u3 ropHbix parionoB (Narama, 2010: 42). 'opubie
JIETHAKHA COCTABIIAIOT OCHOBHYIO YacTh ATHX BaXK-
HBIX BOJHBIX pecypcoB. JIeqHUKH COOMparOT TBEp-
JTbI€ OCAJIKM 3UMOM U BBITYCKAOT 3TH OCAJIKH JIETOM
B Bujie Tanoi Boasl (Hagg, 2007: 40; Narama, 2010:
42), obecneunBasi IPyrue HWCTOYHHKH HAICKHOU
BOJIOW B 3acylnumBble rofpl. OxupaeTcs, 4To B
MOCTIE/THNE TOJIBI COKpAIICHNE JISTHUKOB MPUBEICT

K YMEHBIICHUK PEYHOIO CTOKAa B CYXOM JIETHUI
ce3on (Hagg, 2007: 40; Li, 2016: 139).

Bacceiinbl pex Axcy, buen, Jlerncer u backan
pacrnosioxensl B ceBepHOH dactu JKerbicyckoro
Anaray, 3amajgHas 1 BOCTOYHAs YacTH OKPY>KEHBI
CyXOH npuOanxamcKkod HU3MEHHOCTBIO U IYCTHI-
HAMHU (pUCYHOK 1), TZIe OpoIleHne B MEPHUOJI Bere-
TallMM 4acTO 3aBUCHUT OT TasHMA JenHukoB (Kaser
G., 2010: 20; Bunecos E.H., CeBepckuii 11.B, 2013:
12). B aToM pernoHe ajsi OpOIICHUS MHTEHCHBHO
UCTIOJIB3YIOTCST BOJBI pek Akcy, buen Jlemnchr,
backan u ap. B Oacceiinax 3Tux pek Bomo3abop Ha
opomenne moutu 200 TeIC. Ta orneHuBaercs B 1,3
km*/ron (Bunecos E.H., Cesepckuii 11.B, 2013: 12;
Bunecos E.H, 2017: 41). HecmoTps Ha BaXHOCTb
JICTHUKOB U1l PETMOHAJIBHON SKOHOMHKH, HH(OP-
Marusi 0 (aKTUIECKOM COCTOSIHUM JIETHUKOB B
HenTpansHoit A3un octaercs ckynHoil. [Tocne pac-
maga CCCP B 1990-x romax peryisipHbIe OagaHCco-
BBIE MAcChI JIEHUKOB U JPyTHe Ha3eMHBbIE IIIALNO-
JIorHYecKue 3MepeHus B 0acceliHax pek Akcy, buen
Jlencel u backan, kak ¥ BO BCEM F'OPHOM MacCHBE
XKetpicyckoro Anatay, ObUIH TIPEKPAIICHBI.
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Pucynok 1 — Kapra Teppuropuii uccnenosanus. Kapra, ocHoBanHas Ha HannonansHoi
reorpaduueckoii kapte Mupa. bacceiinsl: 1. Akcy-buen 2. Jlencel-backan

[TepBas moapoOHas MHBEHTAPU3AIIHSI JICTHUKOB
«Karanor megaukoB» (Karamor Jlemauko CCCP,
1980 r.) 6p11a OomyOnmKoBaHa B 1980 r. 1 OCHOBBI-
Bamach Ha a’podortocremke 1956 1. Uepkacos
(2004 1.) cocTaBUI BTOPYIO MHBEHTAPHU3AIUIO JIC]I-
HUKOB C HCIIOJIb30BAHUEM TOIIOTPAPUUECKUX KapT
Ha 1: 25 000 maciiTab, OCHOBaHHBIN Ha a3pooTOC-
HUMKax, clieJaHHbIX B 1972 roay, u ele aBa orpa-
HUYEHHBIX UCCIICIOBAHUS JICIHUKOB, TIPOBEICHHBIX
B 1990-x m 2000-x rojgax. ITH ONHCH, OJHAKO, OC-
Tanuch HEOMyONIMKOBaHHBIMU oT4yeTamMu (Bue-
cos E.H., CeBepckuii 1.B, 2013: 12).

Tem HEe MeHee, aHaTW3 WU3MEHEHUS JICITHUKOB
s Bcero JKerpicyckoro Amartay ObUT TIPOBEICH
HECKOJIBKUMHU aBTOpaMu, KoTopsle B 1956-2000
rojiax OIIEHWBAIH COKPAIEHHE TUTOMIA ! JIEAHUKOB
B Oacceiine pek Axcy u Jlernicel Ha 34% (Busecos
E.H., 2013: 12; Kaldybayev, 2016: 11). Kpowme
toro, CeBepckuii u npyrue (Severskiy, 2016: 382)
MIPOBEJIH aHAIN3 JISAHUKOBBIX H3MEHEHUH I BCe-
ro JXeteicyckoro Amaray, 1Mo HUCCICTOBAHUSIM KO-
Topbix B 1956-2011 romax u3MeHEHHE IUIOIIAIU
nenHUKoB B OacceliHe pex Axcy, buen Jlercel n
backan onenuBanock cokpaienueM Ha 36,69%.

Takum 0Opa3zom, U3MEHEHUS TUIOMAAN TTOBEPX-
HOCTH JISTHUKOB JKeThicyckoro Anaray, B TOM YHCIIe
OTJICNTBHBIX 0aCCEHHOB, OCTAIOTCS MATION3YyUCHHBIMU.

Lemnb manHOi paboThl — HA OCHOBE JMaHHBIX /(33
MIPOAHATM3UPOBATH JUHAMUKY U3MEHEHUISI IIIOIIaIeH
JIEMTHUKOB B OacceiiHax pex Axcy, buen Jlerncel u
backan B ceBepHoii uactu JXKeTpicyckoro Amaray.

B oT10i1 cTathe mpeAcTaBieH HAIl MOIPOOHBIIM
aHaIlM3 TUIOINAJM JIETHUKOB OacceiiHa pek AKCY,
buen Jlence m backan 3a mepuombr 1956-2001,
2001-2012 u 2012-2016 r0mOB C HCIIOIb30Ba-
HHEM XOPOIIO 3apEKOMEHJIOBABIINX CEOsI MOJTyaB-
TOMATUYECKUX METOJ0B, OCHOBAHHBLIX Ha COOTHO-
menusix nonoc (Paul, 2013: 171).

MaTepHaJ’lbI U METObI

XKerwvicyckuit Amaray (xyHrapckuii Anatay)
— OIMH M3 KPYIHBIX M CIOXHBIX IO CTPYKTYype
TOPHBIX CHCTEM, KOTOpas MpPOCTHUpPAETCS C IOTO-
3amaja Ha CEBEPO-BOCTOK BJOJIb TOCYIapCTBEHHON
rpanuiel Mexay PecnyOnukoit Kaszaxcran u Ku-
taiickoit Hapogroit Pecniyomukoii. [IpoTsk€HHOCTD
cocrainsieT 450 kM, mmpuHa Bapbupyercs oT 50 10
90 kM, MakcMMayibHasi BeIcoTa — 4622 M. OOmas
rtomaapb JKerbicyckoro Anatay, BKIO4as OGacceiH
pexu boporana na repputopun Kuraiickoit Hapoanoit
Pecny0mnukwu, coctassiet okosio 40 000 km?* (Bunecos
E.H., 2013: 39). [IpononpHbie nomuHb pek Kokcy Ha
3anaje u boporana Ha BocToke AeisaT JKeTbIcyCKuil
Anatay Ha /iBa PacHoJIOKEHHBIX MapajjieibHO IpyT
K Ipyry KpymnHbIx xpeOTa (CeBepHubiit LleHTpanbHbIH
n HOxubiii Llentpanbueiii). bacceiinel pek Akcy,
buen, Jlencel n backaH pacronoKeHbl B 3amaiHON
u ueHtpagbHoi yacTsx CeepHoro LleHTpanbHOro
xpeota (Katamnor negaukoB CCCP, 1970: 84).

JKerpicycknii Anatay HaXOAWTCS TAJIEKO OT OKea-
HOB, KJIUMaT (POPMHUPYETCSI HA OCHOBE BO3/TYIITHBIX MACC
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APKTUYECKOTO U yMepeHHoro mnosico. Ha ero ximimMar
BJIMSIET XOJIOJHBIM apPKTUUECKUI M IOpsUril BO3AYX C
TypaHckoii paBHUHBL. B 3uMHMIA TIepHO/ apKTHYECKHE
BO3/IYIITHBIE MacChl, TIOCTYTAIONIE C CeBepa M CeBe-
po-3amnaia, MPUBOJAT K CHIDKEHHIO TEMIIEPATyphl BO3-
nyxa B ropHoil mectHocTH (Bumecos E.H., 2013: 12;
Kaldybayev, 2016: 11). YMepeHHbIe BO3YIIHBIE Mac-
Chl, (opMmHpyIOIIHecs Hal TEppUTOpUer 3araJHou
Cubnpu, Kazaxcrana u pasuuHoi Typan, Kpyrioro-
JIMYHO BIUSIOT Ha KiuMart JKetwicyckoro Anatay. Kpo-
M€ TOro, TOpsTMHE BO3IYIIHBIE MACCHI, BIUSIONINE Ha
kmMat JKeTsicyckoro Ajaray, oOpa3yroTcst Hajl paB-
H1HOM TypaH, 0IHAaKO MPOHMKHOBEHHE 3THX BO3IYII-
HBIX MacC B JISTHHH TTEPHO]T IIPOUCXOANT KPaifHE PEIIKO.
B npearopwsix cioxkusics 6osiee 3aCyIUTMBbIA, KOH-
TUHEHTAJIbHBIA KIMMaT. Ha BBICOKOTOpHBIX CKJIOHAX
KJIMMaT YMEPEHHBIN: 3UMa XOJIOHAs, JIETO YMEPEHHO
TIPOXJIATHOE, CPEIHSSA TEMIIepaTypa BO3/Iyxa B THBApe
-13°-14°C. CpenHeromnoBoe KOIMYECTBO OCAKOB
coctapisier 600-800 MM, aHOMAJIbHOE KOJIMYECTBO
0CaIKOB HAOJII0IaeTcs B FOr0-BOCTOYHOM yacTh — 400
MM. Crienmduka IpoCTPaHCTBEHHOTO PaCIIpEACIeHHs
arMocdepHbIX ocaakoB Ha Bbicote 1800-2200 M Hanx
ypOBHEM MOpsI B TOPHO#1 30He Komebsercst oT 1000 mm
1o 1600 mm. (Karanor Jlemaukos CCCP, 1970: 84).
MBI HCTIONB30BaH JTaHHBIE ONTHYECKUX CITYT-
HHUKOB, Takux Kak: Landsat 7 Enhanced Thematic
Mapper (ETM+), n Landsat 8 Operational Land
Imager (OLI). MBI Takke ucmoip3oBaiu M300pa-
JKEHHsl BBICOKOTO paspeulieHusi, foctynusie B Go-
ogle Earth (cmytHuk QuickBird), mis ompenene-

HUSI KOHTYPOB JISIHUKOB M OLIEHKH TOYHOCTH. Bce
n3o0paxkeHusi ObUIM TOJYYEeHBI B KOHIE CE30HA
a6y — B iepuoJt co 10 aBrycra 1o 25 ceHTsaops
— KOTJa JISAHUKH B OCHOBHOM OBUTH CBOOOIHBI OT
CE30HHOTO CHeTa B 0€300J1auHbBIX YCIIOBUSIX, HO HEKO-
TOpBIE Kpast JIETHUKOB OBLIN CKPBITHI TEHSMHU OT CKaJl
1 CTEH JISAHUKOBOTO Kapa. Beero Ob110 HCnonb30BaHO
Tpu cuensl Landsat 7 (ETM+), 3a 2001-2012 rr., 1Be
cuenbl Landsat 8 (OLI) 32 2015-2016 .

Mzobpakennst Landsat (yposersr L1T) ¢ reo-
rpaguIecKoil TPHUBSI3KOW OBUTH IIPEIOCTABICHBI
LlenTpoM HaONIONEHUS W HAyKH O pecypcax
3emun (EROS) T'eonoruueckoit cimyx0br CILIA u
3arpyskeHsl ¢ moMouisto nHcrpymenrta EarthExplo-
rer (http://earthexplorer.usgs.gov/). s yiydineHus
Ka4yecTBa CHHMMKOB IIPOBEICH MPOLECC CIUSIHUSL
kaHanoB Pan-sharpening, rie B kauecTBe 0JTHOTO U3
BXOJIHBIX JaHHBIX HCIIOJIb30BaH NAHXPOMATHUECKUI
KaHaJ ¢ pa3penieHueM 15 M (tabnuma 1).

Tak xax Landsat 8 OLI Ob1 BEIBeieH B OpOUTY
tonpko B 2013 romy, a mpubop Scan Line Cor-
rector (SLC) B mnctpymente ETM+ (Landsat 7)
BbilIes u3 ctpost B 2003 roay, caumku ETM+ 2012
roga TpeOYIT NpeaBapUTENbHYI0 00paboTKy, a
nmenHo npouecc Gap filling, To ecTb 3amonHenue
MPOMYyILICHHBIX NHKcenel. Janas npouenypa Obuia
nposeaena B [I0 ENVI ¢ momompio Mmoaymns Gap
Fill. B kauectBe «Master file» ObUTH HCTTOTE30BaHBI
cauMku 2012 roga, B kauecTse «slave file» — cHumkn
2011 roga (pucyHok 2).

Jlo mpexBapuTenbHbIT 00pabOTKH

[Nocne npenBapuTenpHbIiT 00pabOTKN

Pucynoxk 2 — Jlo n nocne nponecca Gap fill (2012)

Kpome Toro, mOmMOMHUTEIBHO K KOCMH-
yeckuM cHUMKaM Landsat OLI 2016 ropa
ucnoab3oBanuchk cHuMku Landsat OLI 2015 roga
M3-3a YIYUIIEHHOW TEHEeBOW OOCTaHOBKH, dUTO,

B CBOIO Ouepeb, MO3BOJSET Oojee JeTalbHO
KapTUPOBATh JICTHUKH.

CIy THUKOBBIE U300paXKeHus, JOCTyIHbIe B GO-
ogle Earth mmsa ompeneneHuss KOHTYPOB JICTHUKOB,
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CITY’KUJTH HHCTPYMEHTOM BH3YaJILHOTO YITPABICHUS,
MPUYEM JJaHHBIC TOCTYIAIH B OCHOBHOM C ONTHYEC-
KHX JJATYMKOB C BEICOKHUM Pa3PEIICHUEM, TAKUX KaK
QuickBird, Worldview, Pléiades 1A u 1B, a Taxxe
SPOT 6 u SPOT 7 (GoogleEarth 2017), x coxarne-
HUIO, OHU OBUIH JOCTYITHBI HE JIJISl BCEX PETHOHOB.
LIMP ALOS PALSAR 0bUI HCTTOJIB30BAH JIJIS
M3BJICUCHUST BOJOCOOPOB M TomorpaduuecKoi

MHpOpMAlUK JUIsi WHBEHTAPU3ALHMH JICTHUKOB.
Takxe, Npu aHanu3e JAUHAMUKH H3MCHCHUS
MJIOMAAy JIEJHUKOB OBLI HCIOJBb30BaH 2-i
BeITyCK 13-To Toma karanora jengunkoB CCCP
(meqaukun  Ha  Tepputopuu  JKeTBICyCcKOTO
Amnaray) 1969, 1970, 1975 u 1980 romos,
OMyOJIMKOBAHHOTO Ha OCHOBE a3p0(OTOCHUMKOB
1956 rona.

Ta6auua 1 — Crucox cuen Landsat, HCIIOIb30BaHHEIX B JAHHOM HCCIIEJOBAHUU

WRS2 Jarst Coytnuk u | [IpoctpanctBennoe | IlpuronHoctsh [IpurogHocTs crieH
path-row JATYHK pasperieHue (M) CIICH
148-029 | 22 Asrycra 2001 | Landsat ETM+ 15/30/60 I'naBHbIi
148-029 | 03 centsiops 2011 | Landsat ETM+ 15/30/60 JlononuuTenbHas 3aroIHeHHE T0JI0C
uHpOpMaIUs
148-029 | 20 Asrycra 2012 | Landsat ETM+ 15/30/60 I'maBHbIi
148-029 | 24 cents6pst 2016 | Landsat OLI 15/30/60 I'maBHbIit Ce30HHBII CHET, TeHEeBbIE TEPPUTOPHH
148-029 | 21 Asrycra 2015 | Landsat OLI 15/30/60 JlononHuTenbHas TeneBble TeppUTOpUU
nHpOpMAaIHs

YueHbIC HCIONB30BAIA PA3TUYHBIC METOJIBI
JUTS. U3BJICYCHHS TPAHUI] JISTHUKOB, BKITFOYAs Pyd-
HYI0 BH3yaJbHYIO WHTEPIPETAIINI0, METOMA TOpPO-
TOBOTO 3HAYEeHHs OTHONICHHWS MOJIOC, METO] HOp-
MaJIi30BaHHOTO HHJIEKCA CHEKHOTO TIOKpOBa U
METO/I TOPOTOBOTO 3HAYEHUS OTHOIIEHHS TOJOC B
COUYCTaHMU C BH3YaJbHOW uHTepmnperarueit (Rob-
son, 2016: 67; Racoviteanu and Williams, 2012: 30;
Rastner, 2014: 190; Bolch, 2007: 12; Paul, 2004: 4).

HccnenoBanns moka3and, 9T0 METOAITIOPOTOBOTO
3HAUCHUS OTHOIICHUS ITOJI0C, OCHOBAHHBIN HA MYJTb-
TUCTIEKTPAJIbHBIX U300paKEHUSX AUCTAHIIMOHHOTO
30HIUPOBAHMS B COUCTAHUM C BU3YaJbHOM HMHTEP-

npeTanyei, OTHOCUTEIBHO TOYCH INPH BBIICICHUN
TpaHUI] JICTHUKOB.

Heckonbko npesentanuii Ha cemuHape GLIMS
MPOJEMOHCTPHPOBAI METOABI ABTOMAaTHYECKOTO
M3BJICUYCHHS YHUCTOTO WIIM CJIETKa 3arpsi3HCHHOTO
JIETHUKOBOTO JIBJIA.

F. Paul (Paul, 2013: 171) nanee mpoBen Tia-
TELHOE CPAaBHEHUE PA3IIMYHBIX METOOB, BKITIOUAs
cootHomenus nosoc Landsat ETM +(Band 3 / Band
5, Band 4 / Band 5), Landsat OLI (Band 4 / Band 6,
Band 5/ Band 6) (PucyHok 3), a Takke MeAHMaHHbIH
(¢uIBpTp ¥ BRIUUTAaHNE TeMHBIX 00bekToB (Paul and
Kaab, 2005: 59).

Pucynok 3 — V3menenust regHukoB B O6acceitne pexn Akcy ¢ 2001 mo 2016 rox
(Landsat OLI, 1 centsiops 2016)
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CornacHO €ro HCCIEIOBAHHIO, COOTHOIICHUS
Landsat ETM +(TM 3/5) u Landsat OLI (OLI 4/6)
SIBIISIFOTCS HAJIS)KHBIM, IIPOCTHIM U TOYHBIM METOJIOM,
OTYACTH JAKe JYUIINM, YeM PYIHOE pa3rpaHUICHHE
(T.e. HE 00OOIIEHHBIM U HEMPOTUBOPECUUBBIM IS
Bcei cuiensl). [IpenMyImecTBo 3TOoro MeTo/1a 3aKIIo-
YaeTCsa B TOM, YTO YHUCTHIHA JIEA MOXKHO HICHTHU-
¢unrpoBaTh Adake TOJ TOHKUMH OOJaKkaMud U B
TeHeBbIX obnacTax (PucyHok 4B).

C y4eroM BBIIICYKa3aHHBIX METOJOB HCCIIEIO0-
BaHUsl, B JIAHHOW pabOTe MBI HCIIOJIB30BaJIN COOT-
HOIIICHUE TOJIOC B COYETAHUH C METOJOM PYUYHOU

KOPPEKTUPOBKH I BBIAEIEHHS TPAHUL] JIETHUKOB
B paiione JKetpicyckoro Anaray. Bo-mepBeix, 0u-
HapHbIC H300paKeHUsI TUIOILAAHN JIGAHUKA OBLIH 10-
Jy4eHBl C WCIMOJB30BAaHHEM COOTHOIICHHS TMOJIOC
(Landsat ETM +: Band 3 / Band 5, Landsat OLI:
Band 4 / Band 6), a mociie TOBTOPHBIX HCIIBITAHHN
MOPOrOBOE 3HaYCHUE OBUIO BBIOpAHO B JHAIla30HE
1,5 ~ 2,1. Mexnay TeM, MEHBIIIHE dJIEMEHTHI H300-
pakeHHsI OBbUIM YJaJieHbl ¢ MCIOIB30BaAHUEM CPEl-
nero ¢uibTpa 3 Ha 3 (median filter), a 3aTem mpe-
o0pasyeTcsi B BEKTOPHBIN (aiii A AajibHEHIIero
penaxtupoBanus (Pucynok 4 a,0,r).

Pucynok 4 — KaprorpadupoBaHust JI€AHUKOB C UCIIOIb30BAHIEM II0TyaBTOMATHUECKOH METOIUKH
cootHomenus noinoc (band ratio). @) TM3/TM5, OLI4/OLI6; 6) nocae punompayuu (median filter 3x3),
8) Kapmupoeanue 1eOHUKO8 8 MEHEBbIX MeCax,; &) npeodpasosanue pacmpa 6 6eKMopHbvlil popmam

W3-3a criekTpanbHOTO CXOACTBAa OOJIOMKOB Ha
JICJIHUKAX W 3a UX MpejesiaMu J0 CHX IOp He Cy-
MIECTBYET METOAa aBTOMATHYECKOTO KapTHpOBa-
HHUSI 00JIOMKOB OOJIBIIOTO KOJMYECTBA JICAHHKOB C
WCTIOJb30BAaHHEM TOJIBKO ONTHYECKUX CITyTHUKO-
BBIX HM300pakeHuid. TakuMm 00pa3oMm, B HECKOJb-
KHX HCCIENOBaHHUSX OBUIM  TPOTECTUPOBAHBI
KOMOMHUPOBAHHBIC IOJXOJbI, KOTOPbIE OOBIYHO
BKITIOYAIOT TOMOrpaduiyeckyro WHGOPMAIIHIO, I0-
nydennyto u3 DEM wu npyrux manubix (Robson,
2016: 67; Racoviteanu and Williams, 2012: 30; Ra-

stner, 2014: 190; Bolch, 2007: 12; Paul, 2004: 4).
OnHako Bce METOJbl TPeOYIOT AJHUTENBHOW pyd-
HOM TIOCTOOPaOOTKH, a Ka4ecTBO PE3yJbTaTOB B
HEKOTOPOH CTETICHW 3aBHCHUT OT OMbBITA aHATUTHKA
(Molg, 2018: 18).

B nannoit pabote B X07e onmpeneacHus KOHTypa
SA3BIKOB JIeAHUKOB 3a 2001 roa rpaHuLbl JTEJHUKOB
ObUTH OLK(POBAHBI C MOMOIIBI TEPMAJIHHOIO Ka-
Haa ETM+ (B6) 1 uTOTOBBII BEKTOP OBLIT HATOXKEH
Ha OTMBIBKY, mosyueHHyto u3 LIMP SRTM 1999
roma. Tak kak 3a 2012 u 2016 roxas!l He OBLIO I0C-
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tynHoro LUIMP, mis onudpoBKkM KOHTYpa SI3BIKOB
JIETHUKOB OBUI HCIOJB30BAaH TOJBKO TEPMaJbHBIN
kanan ETM+ (B6) u OLI (B10) cooTBeTCTBEHHO.
Koneunble pe3ynbTaThl OBUTH HAJIOXKEHBI B CPEAY
Google Earth u eme pa3 npoaHaqTu3upoBaHsl.

Jlist KapTHpOBaHUST TEHEBBIX O0JIACTeH MBI HC-
none3oBau Band 2 ¢ moporom 7400 (mmomyueHo
Bpyunytoo) u SRTM HillShade, paccuurannsiii c
HCTIONb30BaHUEM a3MMyTa COJHLA M JPYTrux THa-
pamMeTpoB, Kak B METaJaHHbIX CHHUMKOB Land-
sat. Mbl MOJMYYMIIM JIGAHUKU B TEHEBBIX O0JIACTAX
kak nepeceyenne Band 2>7400 u Hillshade <= 0
(menbie uimu paBHo 0) (pUCyHOK 4B).

Taoauua 2 - I3MeHeHns B KOIMYECTBE U IUIOIIAN JICIHHKOB

Pe3yabTarhl u 00cyxneHue
Xapaxmepucmuku pacnpocmpaneHus 1e0OHUKo8

ITo manubiM Landsat 3a 2016 1. HaMH BBISIBIIEHO
Y HaHECEHO Ha KapTy 232 JeTHHKa IUIOIIa IbI0 Ooiee
0,005 xm? o61ei momaaso 165,5kM? u3 bacceiina
pek Akcy-buen u Jlenceli-backan B ceBepHOH yacTu
XKetpicyckoro Anaray. W3 nHux 127 nenHUKOB C
o6rmeit miomaaso 77,1 kM? mpuHALIEKAT Oaccei-
Hy pek Akcy — buen, 105 negaukoB ¢ oOrieii mio-
maapio 88,4 KM? COCpeoTOYeHBI B OacceiiHe pek
Jlenicer — backan (Tabnuna 2).

Bacceiinbl 1956 2001 2012 2016 1956- 1956- 2001- 2001- | 2012- | CpenHuit
CEBEpPHOH YacTu 2001 2016 2012 2016 2016 | pasmep B
)Ke;s;(;);z;oro o o o o % % % % % 2001/2016
1 2 3 4 5 6 7 8 9 10 11
Axcy-buen 140,5 93,4 83,1 77,1 -33.5 -45,1 -11 -17, -7,2 0.70/0.60
(135) | (133) (127) (127) (-0,7) (-0,8) -1) 5(-1,2) | (-1,8)
Jlencer-backan 154 103,8 93,7 88,4 -32,6 -42,6 -9,7 -149 -5,7 0.91/0.83
(116) (112) (111) (105) (-0,7) (-0,7) (-0,9) (-1) (-1,4)
OO0t 294.5 197.2 176.8 165.5 -33.0% | -43.8% | -10.3% | -16.1% | -6.4% | 0,8/07,2
(251) | (245 (238) (232) (-0,7) (-0,7) (-0,9) (-1,0) | (-1,6)
Jlemnuxu <0.005 | 4.8 2,4 2,1 1,7 -49.7 -64.6 -12.2 | -29.6% | -19.7 | 0.04/0.03
KM? (94) (52) (43) (40) (-1,1) (-1,1) (-1,1) (-2) (-4,9)

JlemHUKM Manoro M CpeIaHero pasMepa MHOTO-
YHCJICHHBI, HO IMEIOT OIPaHWYEeHHBIN OO 0XBaT,
B TO BpeMSI KaK MEHbILEEC KOJIMYECTBO KPYIHBIX U
KPYITHEWIIINX JIEIHUKOB COCTABIISIIOT OCHOBHYIO
4acTh OJIEIEHEBIINX paiioHOB. CpeqHuii pasmep Jel-
HHKa B Oacceitne pex Akcy-buen cocraBui 0,6 kv?,
a neqHUKK Oacceitna pek Jlencei-backan — 0,83 km?,
Mpy 3TOM Tipeobnaman jeanuk kiacca 1,0-5,0 km?

¢ obmieii mromaasio 85,02 kM? (PHCYHOK 5a), 49To
cocraBiiteT 51,4% ot oOmel mmomanu. JleaHuk
pasmeproro kimacca 0,1-0,5km> umen HauOOIbIIHI
MOKa3aTellb MpU KoiludecTBeHHOM yuete (90 nen-
HukoB) B 2016 1. (pucyHok 50). beuto Bcero uetsipe
KPYIHBIX JICHUKA ITOMA6I0 OT 5 710 10 KM%, HO OHI
cocrtaBiisuia 20,3% oO01el miomaayn oJIeAeHEHUST B
M3y9aeMOM PETHUOHE.
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PucyHnoxk 5 — CoBOKyIHbIC 3HAYSHUS TUIOIAIU U KOJIMYECTBA JICIHUKOB JIJISl CEMU pa3MEpPHbBIX
KJ1accoB B ceBepHOil yacTu XKetpicyckoro Amatay B 2001, 2012 u 2016 rr.
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Pacnipenenienre  1€THUKOBOTO TOKpPOBa  OBLIO
ompeneneHo ¢ nomorpio ALOS PALSAR DEM u
MOKa3a10 HEOOJbIINE PasIMius MEXIY PEerHOHaAMH.
BonbIIMHCTBO JIeTHUKOB OBUTM OPUEHTHPOBAHBI HA
ceBep (ceBep, ceBepo-3amajg U CEeBEPO-BOCTOK) (pH-
CyHOK 6) u pacronaramch Mexay 3200-4000 M Hax
ypoBHEM Mopst (PUCYHOK 7). PacrionoxeHust IeTHUKOB
TIO aCTIEeKTY B HCCIIeyeMOU ropHoi 30He Oonee 35,2%

3449
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- 489
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N(337,5-22,5) 62.95
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°
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S
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Area (km?)
2016 =2012 =2001

(2012-35,6%, 2001-34.4%) mprxoANTCS HA CEBEPHYIO
4acTh, 23.9% (2012-24.4%,2001-24.1% )—na ceBepo-
BOCTOK, 20.8% (2012-22%, 2001-21.5%) — Ha ceBepo-
3araiHy10 4acTh. B BOCTOYHON 4YacTHU pacroiokeHO
7.2%, na 3amazie — 6omee 6%, Ha FOT0-BOCTOKE — OKOJIO
2.5%, a HamMeHee PaCIpPOCTPAHCHHBIMU SIBIISTFOTCS
roxHas (1,7%) u roro-zamagnas (Oosee 2%) yactu
(pucyHOK 6).

W 30 NE
75%
// 20%

—2001
—2012
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SwW SE

Pucynoxk 6 — Pacnipeenenue ruonaieil JeJHIKOB U UX H3MEHEHHE 110 SKCIIO3UIHH
B Oacceitne pex Akcy-buen, Jlencei-backan 3a 2001-2016 rr.

HaunOonpiuas miomans JeIHUKOB pacrojara-
nmach B paiione 3400-3600 M Hag ypoBHEM MOpH,
1 OOJBIIMHCTBO U3 HHUX OBIJIO COCPELOTOYEHO B
Oacceitnax pex Capkan backan u Jlencel. Cpennsist
BBICOTA JICJHUKOB, KOTOPast SIBJSETCS MOAXOISAIINM
U UIMPOKO HCIOJB3yeMbIM HHIAMKATOPOM JIOJITO-
Ccpo4HOl BbICOTHI JuHHMM paBHOBecus (ELA) Ha
ocHoBe Tomorpaduueckux JaHHbIX (Braithwaite
and Raper, 2009: 127), nHaxonutcs Ha oTMeTKe 3550
M HaJl ypoBHeM Mops. JleqHukn Ha Ooyiee HH3KHX
OTMETKax pacliojarajluch B OCHOBHOM B CEBEpO-

3armagHoOM yrily M3ydaeMod Teppuropuu (Oacceitn
p. buen), Torga kak JeTHUKA HA CaMBIX BBICOKHX
OTMETKaX Pacrojaraivch B IEHTPAIbHON YacTH.

[lopasnsitoniee  OONBIIMHCTBO — JIGAHHKOB B
HCCIIeTyeMOl 30HE COCPEIOTOYEHO B OCHOBHOM
Ha BeicoTe 3200-4000 m. ITo manneM 3a 2016 rox,
38,6% nenuukoB B OacceiiHax pek Akcy-buen u
Jlencel-backan cocpenorodyensl Ha BbicoTe 3400-
3600 M Hag ypoBHeM Mopsi. Taxoke 27,5% nenHnKoOB
pacnonoxensl Ha BeicoTe 3600-3800 M, 15% — Ha
BbIcOTE 3200-3400 M (pucyHOK 7).
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PucyHnok 7 — PacnionoxeHnue jgeIHUKOB B 30HE UCCIIE0BAaHU HA MAaKCUMAJIbHOM 1 MUHUMaJIbHOM BBICOTE HaJl YPOBHEM MOpS
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Hszmenenus 6 niowaou 1eOHUK0O8

Hamu BwisiBieno 245 negnuxos B 2001 r.,
238 =8 2012 r. 1 232 — B 2016 1., KOTOpBIE OBLIN
3aHeceHbl B Karajor JIeIHHKOB OOIIEH II0Ima b0
197,2, 176,8 u 165,5 xm? cootBeTcTBeHHO. Kpome
TOI0, BBISIBJIEHBI JICHHUKH C Iuomanso medee 0,005
kM2, 52 -8 2001 1.,43 -B20121. 140 —B 2016 1.
obmeit miomazneo 2,4, 2,1 u 1,7 kxm? (Tabuma 2).

Takum o0Opa3oM, CyMMapHOE M3MEHEHHUE ILIO-
maau 3a mepuon 19562001 rr., Ha TeppuUTOpPUHU
ucciaenoBanus, cocrtaBmio 33%. M3MmeHeHue Imio-
maau 3a 2001-2012 rr. coctaBmuio 10,3%, a u3me-
Henwue mromany 3a 2012-2016 rr. coctaBuiio 7,2%:;
3a BECh MEPHOJ O0OIas IUIOMaab OJICICHEHUS
yMeHbImachk ¢ 294,5 km? (251 nennuk) B 1956 .
1o 165,5 km? (232 nequuka) B 2016 1., T. €. Ha 43,8%
3a 60 jerT.

3a mepuox HAIMX WCCICIOBAaHWUN HE OBLIH
oOHapyxeHsl 19 negHuKoB, 3aHeceHHbIX B Karasor,
1 54 He3aperucTPUPOBAHHBIX MANbBIX JIeAHUKA. Bee
JEAHUKUA HENpPEephIBHO COKPAIIAJUCh B TEUCHUE
BCETO MEPHO/Ia UCCIICTOBAHMUS.

Hamm pe3ynbTaThl MOKa3bIBalOT, YTO MOTEPH
IIOMIATN JICTHUKOB B OacceifHe pek Axcy-buen
u Jlencel-backan B 2001-2016 romax cocraBuiIn
16,1% (-1,07% romoBeix). B TOM "mcie, miomags
JICJIHUKOB, PACIOJIOKEHHBIX B OacceliHe pek AKCy-
buen, 3a mepuon 2001-2016 T1T. CcokpaTmiach Ha

17,5% (-1,2% ronoBeIx), a B OacceitHe pek Jlencel
— backan cocrasuna 14,9% (-1% ro10BBIX).

Kak ormeuarocs Beliiie, B 6acceitre pek Jlercer u
Backan ObLr cambie OOJIBIINE JISTHUKH CO CPEITHUM
pasmepom 0,91 km?, a B OacceitHe pek Axcy-buen
ObUTH caMble MAaJICHBKHAE JICIHUKA CO CPETHUM
pazmepom 0,70 km?. Akcy-bueH uMen 0OTHOCHTETBHO
BBICOKYIO CKOpPOCTh COKparieHust 3a mepuoxa 2001-
2016 TT. IO CPaBHEHUIO C OCTAILHBIMU OacceiiHaMu.

AHann3 OTHOCHTEIHHOTO W3MEHEHUS IUIOIIATN
[0 CPaBHEHHIO C HAYaJbHOHM IUIOIIAABIO JICTHHKA
YKa3bIBaeT Ha OOJBIIYIO TIOTEPIO JICTHUKOB MCHbB-
mero pasmepa (pucyHok 8). OqHako ObLT OOJBINONH
pazdpoc ToOTEeph, OCOOECHHO sl OoJiee MEIKUX
JIEIHUKOB, B TO BpeMsI KaK BO BCEX KJIaccax pa3MepoB
ObBUTH JICTHUKH, KOTOPHIE YMEHBIIIIUCH JIUIh He-
3HAYHUTENILHO. AOCOJFOTHAS TTOTEps IUIOMIAAN ObLIa
BEITIIE JJIs1 O0Jiee KPYIMHBIX JICTHUKOB (PHUCYHOK 9),
a Cpe/IHsIs BBICOTA JITHUKA YBEINYMIACh Ha 25 M, B
TO BpeMSI KaK CPEIHSSI MUHUMAITbHAS BBICOTA JICTHI-
KOB yBenuumiaach Ha 28 M — ¢ 3359 o 3397 m Han
ypoBHeM Mopst 3a 2001-2016 rr. Ha Bcex BbICOTax
OTMEUEHO COKpAIllCHUE IUION[aN JICAHUKOB B IIe-
puon 2001-2016 rtr. (pucynok 10). Jlemuuku, co-
CpPEIOTOUCHHBIC B 3aMaJHON PKCIO3ULIUOHHON CTO-
pore, ymensmuch Ha 20,18%, ceBepo-3amamHbie
— Ha 18,64%, a ceBepubiec — Ha 14% u ceBepo-BOC-
TOYHBIE YMEHBIIMIHNCH Ha £17%.
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Pucynoxk 8 — Toueunast quarpamMmma OTHOCUTENIBHBIX U3MEHEHUH IUIOIIAIN JIETHUKA 110 CPAaBHEHHUIO
C IIepBOHAYAIBHBIM pa3MepoM JieAHUKa Juid 245 nenuukoB B nepuoj 2001-2016 rr.
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Pucynok 9 — Jluarpamma paccestHusi aOCOFOTHBIX H3MECHEHUH TJIOIIAIN JICAHUKA
B 3aBUCHMOCTH OT €ro UcxoaHoro pasmepa B 2001-2016 rr.
4400-4600 |
4200-4400 [
4000-4200  p—
5 000
S
£ soonssco ..
9
]
& oz [ ...
2003400 . ..........
30003200
28003000
0 10 20 30 40 50 60 70 80
2800-3000  3000-3200  3200-3400  3400-3600  3600-3800  3800-4000  4000-4200 = 4200-4400  4400-4600
2016 0,02 1.82 24,97 63.95 45,53 20.36 6.22 2,48 0.14
u2012 0.05 246 30.46 69.89 48.48 21.68 6.65 2.69 0.14
#2001 0.10 3,76 37.48 75,13 50,93 22,51 6.80 2,74 0.14

IInomane (km?)

Pucynoxk 10 — Pacripenenenue miomaaei JeHUKOB U UX U3MEHEHHE B 3aBUCUMOCTH
OT MHTEpBaJa BEICOT B OacceiiHax pek Akcy-buen u Jlencsi-backan

W3MeHeHns1 miomagn MCCIeIOBaHHBIX JIe-
HHUKOB MOATBEPAMIN OKHIAEMYIO U HIMPOKO OITyO-
JMKOBAaHHYIO TEHACHIIMIO K COKPAICHHUIO JICTHIUKOB
(Sorg u mp., 2012; Unger-Shayesteh u np., 2013, He
u ap.,2015).

Pesynbrarhl Halero wccieqoBaHHs IOKa3alu,
YTO TOMOBOH IIOKa3aTelb COKPALICHUS IUIOIAAN
nenHuKoB B Oacceiine pek Akcy-buen u Jlencer-
backan 3a mepuog 1956-2001 u 2001-2016 romos
cocraBui 0,7-1%, HaHHBIM IIOKa3aTellb CXO0XK C
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JpPYTHMH OJIeIEHEHHBIMU pailoHamu XKeTsicyckoro
Amnaray (He, 2015: 11; Severskiy, 2016: 382).

Cesepckuit u apyrue (Severskiy, 2016: 382)
MPOBETM JI€TAlbHbIE HCCIEAOBAHUS JUHAMUKH
U3MEHEHUSI JICAHUKOBOTO IOKpOBa [UJIsl  BCEX
peruonoB JKetsicyckoro Amaray 3a nepuon ¢ 1956
no 2011 roxg u mokasanu, 4TO CKOPOCTh TOJIOBOTO
COKpaIlleHHus JICTHUKOB B OacceifHax pek AKCy-
buen u Jlencel-backan cocrasiaser 0,7%. Ilpu
3TOM OBLIO OTMEYEHO, YTO CKOPOCTh HHTEHCUBHOTO
COKpaIlleHHsl JICAHUKOB B TOPHOH cucTteme HaO-
JoJaeTca B OCHOBHOM B Oacceiinax HOxwnoro Ke-
ThICyCKOTO Alatay, a HauMEHbIag — B OpOrpa-
(bmaeckmx 3aKpBITHIX OacceitHax.

He u npyrue (He, 2015: 11) npoananuzupoBanu
TUHAMHUKY HM3MEHEHHS JIETHUKOBOTO TIOKpOBa B
BoctouHOi yactu JXKetsicyckoro Anatay (KHP) B
1990-2012 rr. Ilo ux wmccmenoBaHUsIM, B TIEPHOJ
¢ 1989 mo 2012 rox oOmas miaomagb JEIHUKOB
BocTOYHON YacTtu JKeTsicyckoro Amnatay yMeHb-
munach Ha 16%, a ckopoCTh TOJI0BOTO COKPALICHUS
cocraBuia 0,73%.

BriBoabI

OTO wWcceoBaHUE JEeMOHCTPUPYET HAYYHYIO
LEHHOCTh NOJAPOOHOT0 MHOTOBPEMEHHOTO JMCTaH-
IIUOHHOT0 aHAJIM3a U3MEHEHNH JIEAHUKOB B Oacceli-
Hax pek Akcy-buen u Jlencel-backan, B koTopoM
B HACTOAIIEe BpPEMs OTCYTCTBYIOT JIOCTaTOYHBIC
3allMCH AaHHBIX HaOroneHui. JlaHHbIE, UCIIONB30-
BaHHBIC B HAIIEM HCCIIEIOBAHNH, BKIIOYAIHN CITyT-
HUKOBble CHUMKHU (paszpemenune 30 M) m ALOS
PALSAR (paspemenue 12,5 m). Meton mopo-
roBoro cootHomenus (TM3/TMS5, OLI4/OLI6)

U BU3yaJbHAsi HHTEPIpPETAlUs XOPOLIO 3apeKo-
MCHIOBAIHM ceOs IS OMPENCIICHUS] TPaHUI] JIeI-
HUKOBOTO TIOKpPOBa B HCCIeAyeMoil obOmactu. B
Oacceiine BbBIIBICHO 245 neaHUKOB O0OIIEH ILIO-
maaeio 197,2 km? B 2001 1., kotopas k 2016 r.
yMEHbBIIHIACh 10 165,5 KM?, mOTepsi COCTaBISIET
31,7 xm? (ckopocTh cokpareHus — 1 % roJoBbIX).
Harmu pe3ynbTarhl MOKa3sIBaOT 00JIee BHICOKHEC
TEMIIbl COKpPAILCHUS ISl U3y4aeMOU TEpPPUTOPHUU,
9eM 71T HEKOTOPBIX JAPYTUX OJICACHENBIX PaliOHOB
Tsaup-1lans. D10 sBICHUE, BEPOSITHO, CBA3AHO HE
TOBKO C PACIOJIOKEHUEM HCCIeTyeMOr0 HaMU
paiiona Ha mnepudepun Kerbicyckoro Adaray,
MMeEBIIICH MeHee OJarompusTHbIC KIUMATHICCKUE
YCIIOBUSI, Y€M BHY TPEHHHUE XPEOTHI, HO 1 C MEHBIITUMHU
pasMepaMu JIEAHUKA TMIPU TIOJHOM OTCYTCTBUU
meOHUCTOTO TIOKpOBa. Pa3nmuusi B COKpaIleHUH
TUIOIIA]TU JISJIHUKOB MEK/y CyO0acceiiHaMu MOYKHO
OOBSCHUTH Pa3IHUYUSIMHU B pa3Mepax, OpUeHTAIHH
M MECTHBIX KJIMMAaTUYECKUX YCIOBUAX. B mepuon
HCCJICTOBAaHHUI HOBBIC JICTHUKH HE 00Pa30BBIBAIIHCE.
SICHO, YTO CJIO’KHBIE B3aUMOJICHCTBUS JIEJHUKOB U
KJIMMaTa HY>KJIAQl0TCA B JaJbHEHIIEM U3yUEHUU.
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MPOEKTa 3a CYET TIPaHTOBOro (HMHAHCUPOBAHUS
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OUEHKA CTPVKTVPHQVI ANHAMUKU COCHOBOIO
bOPA AMAHKAPATAU C MTPUMEHEHMEM AAHHbBIX
ANCTAHUMOHHOIO 30HAUPOBAHUA

CraTbsl oTpaxkaeT AMHaMWKY CTPYKTYPbl AECHbIX MAaCCMBOB C MOMOLLIbIO METOAOB AMCTAHLIMOHHOTO
30HAMpPOBaHMs 3eman (A33). TeppuUTOpPUS NCCAEAOBaHMS NPEACTABAEHA OCTPOBHbBIM COCHOBbIM 6OPOM
AMaHKaparai, pacroAOXEHHbIM B AyAMEKOAbCKOM paroHe KocTaHainckon obaacty KasaxcraHa.
ABTOpamMM pacCMaTpMBaAUCh U3MEHEHUS AECMCTOCTM BO BPEMEHHOM npomexxyTke ¢ 1993 roaa no
2021 roa. MICTOYHMKM AQHHbBIX MPEACTABAEHbl MYABTUCMEKTPAAbHbIMM KaHAAaMM, MOAYUYEHHbIMU CO
cnyTHukoB Landsat 5 TM u Landsat 8 OLI. MeToa UccAeAOBaHMS OCHOBBIBAACS Ha KapTorpadmyeckon
MOAEAM NAOTHOCTM noaora Aeca (Forest Canopy Density — FCD). Moaeab FCD akTyaAbHa AAS OLLEHKM
COCTOSIHMIA AECOB W BbISBAEHUS M3MeHeHUIM B HMX. OHa mcrnoAb3dyeT 4 dakTopa: pacTUTEAbHOCTb,
OrOAEHHOCTb MOYBbI, TEHb OT AECHOM KPOHbl U TEMrepaTypy, BblpakalolMecsi B COOTBETCTBYIOLLMX
MHAEKcax. PaclumMpeHHblil MHAEKC pactuTeabHocTn (Advanced vegetation index — AVI), mHAekc
OTKpbITON nousbl (Bare soil index — Bl), unaekc teHn ot kponbl (Canopy shadow index — Sl) n TenaoBon
nHaekc (Thermal index — TI) 9BASHOTCS MCXOAHBIMM MapameTPamMm AAS BbIUMCAEHUSI AECHOM KPOHbI.
[NoacyeTbl BeAMCh C nomoulblo nporpammHoro obecnevenuns ArcGIS Desktop v10.6. MTorosbie
pe3yAbTaTbl UCCAEAOBAHUS MOKA3aAM pacnpeAeAeHne MAOTHOCTM AECHbIX MAacCUMBOB B UCCAEAYEMOM
TEPPUTOPUM MO CAEAYIOLLIMM KaTeropusiM: MAOTHbIN, CPEAHMI, Pa3PEXXEHHDbIN Aeca U Oe3Aeche.

KAroueBble cAOBa: XBOVHbIA AeC, AMaHKaparan, AMCTaHLUMOHHOIO 30HAMPOBaHUS 3emAan (A33),
MAOTHOCTM MoAOTa Aeca, Mmoaeab FCD, Landsat 5 TM, Landsat 8 OLI.
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Assessment of the structural dynamics of the Amankaragai pine forest using remote sensing data

The article reflects the dynamics of the structure of woodlands, using methods of remote sensing of
the Earth (remote sensing). The research area is represented by the Amankaragai island pine forest, lo-
cated in the Auliekolsky district of the Kostanay region of Kazakhstan. Changes in forest cover in the time
interval from 1993 to 2021 were considered. Data sources are represented by multispectral channels re-
ceived from Landsat 5 TM and Landsat 8 OLI satellites. The research method was based on a cartographic
model of Forest Canopy Density (FCD). The FCD model is relevant for assessing the state of forests and
identifying changes in them. It uses 4 factors: vegetation, soil denudation, shade from the forest crown
and temperature, expressed in the corresponding indices. The Advanced vegetation index (AVI), the
open soil index (Bare soil index - Bl), the Canopy shadow index (SI) and the thermal index (Thermal index
— TI) are the initial parameters for calculating the forest crown. The calculations were carried out using
the ArcGIS Desktop v10.6 software. The final results of the study showed the distribution of the density
of woodlands in the study area in the following categories: dense, medium, sparse forests and treeless.

Key words: coniferous forest, Amankaragai, remote sensing of the Earth (remote sensing), density of
the forest canopy, FCD model, Landsat 5 TM, Landsat 8 OLI.

© 2022 Al-Farabi Kazakh National University 17


https://orcid.org/0000-0002-9026-9534
https://orcid.org/0000-0002-2898-8212
https://orcid.org/0000-0002-0695-3406
https://orcid.org/0000-0003-3996-8433
mailto:makhanova.nursaule@mail.ru
mailto:makhanova.nursaule@mail.ru

O1eHKa CTPYyKTypHOH TMHAMHUKU COCHOBOTO 60pa AMaHKaparail ¢ IpUMEHEHUEM JaHHBIX JUCTAaHIUOHHOIO ...

H.B. MaxaHoBa'", >K.I'. bepaeHoB', A.b. CaHcbizb6aesa?, A.b. CarbiH6aeBa®
'A.H. [ymnaeB atbiHAaFbl Eypasus yaTTbiK, yHMBepcuTeTi, KasakctaH, Hyp-CyATaH K.
2[NaBAopap Nepororukabik, yHMBepcuteTi, KasakcraH, [aBroaap K.
3Kasak, yATTbIK, arpapAbIK, 3epTTey yHuBepcuteTi, KasakcraH, AAMaTbl K.
*e-mail: makhanova.nursaule@mail.ru

KalubIKTbIKTaH 30HATAy AepeKTepiH KOAAAQHA OTbIpbIN,
AMaHKapafai KapafaiAbl OpMaHbIHbIH, KYPbIAbIMAbIK, AMHAMUKACBIH 6aFaAay

Makanaaa Kepai kawbIKTbikTaH 30HATay (PKK3) eaicTepiHiH KemeriMeH opmMaH aAKanTapbl
KYPbIAbIMbIHbIH AMHaMMKacbl cumnatTaAFaH. 3epTreyAe aymarbl KasakcTaHHbiH KocTaHait 06AbIChI
OYAMEKOA ayAaHbIHAQ OPHAAACKAH AMaHKaparar KapaFanAbl OKLIayAaHFaH OpMaHbl YCbiHbIAFaH. 1993
KbIApaaH 2021 XbIAFa AEMIHTT YaKbIT apaAbIFbIHAQFbl OPMaHAbI aAKAMTaFbl ©3repicTep KapacTbIPbIAAbI.
Aepektep ke3aepi Landsat 5 TM >xeHe Landsat 8 OLlI cnyTHWKTEpPiHEH aAblHFaH Ker CreKTPAi
apHaAapMeH YCbIHbIAFAH. 3epTTey 8AICi OpMaH LUbIMBIAABIFbI  ThIFbI3ABIFbIHBIH, KapTorpagusAbIK,
MoaeniHe HerizaeareH (Forest Canopy Density — FCD). FCD MoaeAi opMaHAQpAbIH >KaFAaibiH
GaraAayFa )XKoHe 0AapAarbl e3repicTepAi aHbikTayra apHaaFaH. OA 4 hakTopAbl MaAaAaHaAbI: 6CIMAIK,
TOMbIPAKTbIH >KaAaHALTbIFbl, OPMaH LWbIMBIAABIKTbI KOAEHKE XXOHe TUICTi MHAEKCTEPAE KOpPCETIAreH
Temreparypa. OciMaIKTEPAIH KeHenTiAreH nHaekci (Advanced vegetation index — AVI), awbik, Tonbipak,
uHaekci (Bare soil index — Bl), wbIMbIAAbIKTbI KeAeHKe MHAeKCi (Canopy shadow index — Sl) >xeHe
XbiAy mHAekci (Thermal index — TI) opmaH LWbIMBIAABIFBIH ecenTey YiliH 6acTarnkbl napameTpaep
60AbIN Tabbiraabl. Ecenteyaep ArcGIS Desktop v10. 6 6araapAaManbik, >kaBAbIFbl apKbIAbI XKYPri3iAAl.
3epTTeyAiH KOPbITbIHAbI HOTUXKEAEPI 3epTTEAETIH ayMakTarbl OPMaH aAKanTapblHbIH, TbIFbI3AbIFbIHbBIH
TOMEHAEriaen caHaTTap 6orbiHLA BOAIHYIH KOPCETTI: ThiFbl3, OPTaLlA, CUPETIAreH KOHE OPMAaHChI3.

Ty¥iiH ce3aep: KbIAKAH >arblpakTbl OpMaH, AMaHKaparan, XKepai KawbIKTbikTaH 30HATay (KK3),
OPMaH LWbIMbIAAbIFbIHBIH, ThiFbI3AbIFbI, FCD Moaeai, Landsat 5 TM, Landsat 8 OLI.

BBenenue

[ImarnpoBaHue M OCyIIECTBIEHNE BOCCTAaHOBH-
TEJNBHBIX PabOT JECHBIX YroAuil B YCIOBUAX TJIO-
0arbHOTO TOTETUIEHHUS KJIMMaTa SBJISFOTCSI CETOMHS
OJTHOW W3 aKTyanbHBIX HpoOneM. JlecHbie saHi-
madTel Onarofaps aKKyMYJISIIIAA COTHEYHOU dHEP-
THH COCPEOTAYUBAIOT B ce0e HanOOIbIIIee KOJINYEC-
TBO (PUTOMACCHI IO CPABHEHUIO CO CTEMHBIMU WIIH
JIpyTUMU TpymmamMu JanamadroB. OpHako, exe-
TOIHAsl TPOU3BOAUTENHHOCTh (PUTOMACCHI JIECOB B
JICCSITKY pa3 MEHBIIIE TEX e CaMbIX cTerei. Beicokas
KOTEPEHTHOCTh MEXy KOMITOHEHTAMH 3KOCHCTEMBI
XapaKkTepHa HUCKIFOUUTEIBHO JUISl JISCHBIX JIaH]-
madToB. CiemnoBaTellbHO, IPH HApPYIMICHUH (DyHK-
LIMOHUPOBAHUSI OJHOTO W3 KOMIIOHCHTOB H3MEHE-
HUIO TIOIBEPTalOTCS BCE OCTalbHBIE, TaK Kak
31ech HauboJee Pe3Ko MPOSBISETCS COCOOHOCTH
OpPraHM3MOB CO3/1aBaTh Cpeoy CBOETO OOWTaHUS
(bepnenos XK.I%, 2020: 130-131).

B u3ydeHHM KOMIIOHEHTOB MPUPOAHON Cpeibl
Oonpmryro ponb urpaer JI33 ¢ xocMuyeckux Je-
TaJbHBIX almapaToB. 3a MOCIEAHEE IECATHIIETHE
CYIIECTBEHHO BO3pOCIH 00BEM, pa3sHooOpaszue Hu
KadgecTBO MarepuanoB /[33 u, Kak ClIeCTBHE, pac-
HIUPWICS KPYT TPUIOKEHUH, OTHOCSALIUXCS K UC-
cJe/oBaHUsAM OKpyatouied cpeasl. Ilo kadec-
TBEHHBIM CBOWCTBAM KOCMHUYECKHX H300paKCHUIMA
3eMHOI TOBEPXHOCTH HIACHTH(PHUIMPYIOTCS apea-
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JIBI PaCIPOCTPAaHEHUS IPUPOIHBIX SBICHUN U MPO-
[IECCOB B TpejeNax JIaHAmAadTOB, IPH 3TOM OTOO-
pakaeTcsi COCTOSHUE W JIMHAMHKA BOIHBIX OOBEK-
TOB, PAaCTUTENBHOCTH, MOYB, penbeda, tecoB. Bos-
MOXHOCTH MOJYYEHUS! CBEACHUNW O TEXHOTE€HHOM
HapYIIEHHOCTH JaHIIA(TOB JOCTATOUHO OOIITHPHBI
— 9TO TapH, MOXKapHhI, BEIIIAC CKOTa, HEKOHTPOIUpPYE-
MbI€ BEIPYOKU JE€pEBhEB, TOPHOMPOXOAUECKOE BHI-
pabOTKH, pa3InYHbIC BU/IbI 3aTPA3HEHUS, 3aXOPOHE-
HUS paJI0aKTUBHBIX 0TX00B U T.11. (bepmenos XK.,
2020: 13-14; bexeroBa A.T., 2020: 68-69;
Kapnaues A.I1., 2016).

Ucnonb3yeMass B HaIleM HCCICIOBAaHUU MO-
nenb mioTHoctH nosnora jgeca Forest Canopy Den-
sity (manee no tekcty — FCD) siBnsieTcs Ha ceron-
HA HOBEMIIMM M akTyalbHbIM MetonoMm [133.
Konnerniuss FCD Oblia M3jiokeHa B paMKax ocCy-
IIECTBICHUS  HCCJIEOBATENBCKOM  MPOTPaMMBI
MexnyHapoqHOH OpraHu3aluy TPOIUYECKOU Ape-
BecuHbl — [TTO (A. Rikimaru, 1999 a: 90). [Ipu co-
JEUCTBHUU CIIENHAIMCTOB U3 AMOHCKOM accolruanuu
3apyOEKHBIX KOHCYIBTAHTOB II0 JIECHOMY XO3siiic-
1By — JOFCA panmas mojenb mpemxycMaTpuBaia
WCIOJIh30BAaHNE KAY€CTBEHHBIX WHIIEKCOB paCTH-
TeNbHOCTH, MouBbl U TeHU (A. Rikimaru, 1997 6).
OKOHYaTenhbHO METOAMKA HCCIENOBAHHS CHOPMHU-
poBaach MOCPEACTBOM COTPYOHHYECTBA C TMPEIC-
taputenamMu Uuauiickoro unctutyra 133 — NRSA
(P.S. Roy, 2002: 39-47).



H.b. MaxanoBa u ap.

[IpuknanHble HccenOBaHUS JIECHBIX MaCCHUBOB
OpuTH IpoTecTupoBanbl B AN — octpoB HOXHBIN
Amnpaman (P.S. Roy, 1997), B Unnone3un — 3anagHas
yacte ocrpoBa Kamumanrtan (Rhuandha A.), B
OununnuHax — octpoBa Munnopo u Ilanasan (Vil-
gilio Basa) u B BoctounbIx necax Taiinanga (Sura-
chai R.).

HUccnenoBareny NpoIoibKUIIA Pa3BUBATh U TIPH-
MeHTh Mozenb FCD B HIMPOKOIMCTBEHHBIX Jiecax
Cereproro Hpana (M. S. Jamalabad, 2001: 1-7).

Teoperndeckass 3HaYMMOCTb PabOTHI oOmpene-
JeTCsl BO3SMOXKHOCTBIO MpuMeHeHus: moaenu FCD
JUISL OLIEHKH COCTOSHUSI OopenbHBIX JecoB Kazax-
CTaHa.

OOBeKTOM HccaeJOBaHHS BIOpAaH PEUKTOBBIN
OCTPOBHOW COCHOBBIA OOp AMaHKaparaid, pacro-

JIOXKEHHBIH B AynuekonbckoM paiioHe Kocranaii-
ckoil obmactu. [eorpaduueckuii 1eHTpP OOBEKTa
—52°27'10" c.a. u 63°56"20" B.A. (Pucynku 1, 2).
Cocna oOwikHOBeHHas (Pinus Sylvestris L.), mpo-
u3pacTaiomas Ha aJUTIOBHAIEHO-30JIOBBIX TECKaX,
ABIISIETCSl TIIABHBIM TIPEICTABHUTEIIEM CpEIu Jpe-
BecHBIX mopoa. Knumar paiioHa pe3ko KOHTHHEH-
TaJbHBIN, 3aCYHUTUBBIA, C OONBIION aMIUTUTYION
Temreparypbl Mexnay BpemeHamu rozxa (Kocta-
Hall OONBICBHIHEIY ..., 2018: 27-35). CornacHo naH-
HbIM MeTeocTaHuuu KocraHas, cpegHeronoBble
ocanku cocraBistior 310 mm B rox (URLI1: 2022).
Boszpact naHHBIX OCTPOBHBIX OOpPOB MO JaHHBIM
PaAMOYTIEPOAHOTO NaTHPOBAHUA OTHOCUTCS K TIPO-
MexyTKy Mexay 6000-4500 et nazax (Kremenets-
ki C., Tarasov P. & Cherkinsky A. 1997: 390-404).
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OrneHka CprKTypHOf/'I JUHAMHKH COCHOBOT'O 6opa AMaHKaparaﬁ C IPUMEHCHHUEM JaHHBIX JUCTAHIIUOHHOTO ...

Lenp paboOTHI 3aKIitOYaeTCs B KOJUYECTBEHHOM
1 Ka4eCTBEHHOM OIIEHKE JIECHOTO MacCUBa, KOTOPBIN
noaseprest u3MeHenuro 3a 1993-2021 rr. 3agaun,
ITOCTaBJICHHBIC TIEPE]] HCCIICIOBAHUEM, COCTOST
B CJEOYIOLIEM: BBISIBUTh HApYyIICHHBIC IUIOIIAIU
JIECHBIX YTOIUU, TIOTBITATHCS ONPEACITUTh YIACTKH
MOTCHIIMAIBHO MPUTOJHBIX AJII BOCIPOU3BOJICTBA
JIECOB U JIECOPA3BEJICHHUIO.

MaTepua.nbl U ME€TOAbI HCCJICAOBAHUA

HcTouHNKOM JaHHBIX SBISUINCH MHOTOCIIEK-
TpaJlbHble KOCMHUYECKHE CHUMKH 3EMHOH MOBEpX-
HoctH 'eonorngeckoii ciryx0p1 CLIIA criyTHHKOB 3a
1993 ron — Landsat 5 TM u 3a 2021 rog — Landsat
8 OLI (URL2: 2021). Kocmuueckrne CHUMKH ObUTH
TEOMETPUYECKH U Treorpaguueckuii KOPPEeKTHO
MIPHUBSI3aHBI K MECTHOCTH.

O6paboTka, aemmdpupoBaHre, HOPMATH3ALNS
3HAYEHWH KAaHAJOB M BBIYHCICHHUA KadeCTBEHHBIX
HHJEKCOB BBIMOJIHAINCH B Tporpammax ENVI 5.2 u
ArcGIS 10.6.

VYmenblienue myma. Obnaka, TeHb OT 00IaKOB
Y TEPPUTOPHH, 3aHATHIE BOIOH, SBISIOTCS ecTec-
TBEHHBIM HMH(OPMALMOHHBIM IIYMOM B JaHHBIX
KOCMOCHHUMKOB. OOmaka wmMeroT Ooyiee BBICOKOE
CBOMCTBO OTpa)keHUs, YeM HazeMHbIe naHHbIe. Kpo-
M€ TOTO, KOJIMYECTBO OTPAKa€MbIX TAaHHBIX MEHS-
eTcs B 3aBUCHMOCTH OT TOro, Oejple nu obmaka,
cepble, YepHbIe WM COYETaHHE PA3HBIX OTTEHKOB.
OTH (akTophl OTPULATENFHO BIUSIOT Ha CTaTHC-

THYECKYI0 00pabOTKy W aHajgu3 KOCMOCHHMKOB.
Bonee Toro, TeHp OT 00NMAaKOB MOXXHO CIyTaTh C
TEHBIO OT rop JUOO0 APYrMX HEPOBHOCTEH 3eMHOMN
MMOBEPXHOCTH. DTH MPOOIIEMBI MOTYT OBITh CBEIEHBI
K MHHUMYMY TIyTeM co3aaHus GuibTpanuu odiad-
HOH CLIEHBI U CO3JaHMs OTCEKAIOLIEH TEHEBOM Mac-
KA C HCHOJNB30BaHHEM THCTOrpaMMbl Ha OCHOBE
JTAaHHBIX, TOJY9eHHBIX W3 KaHamoB 1, 2 u 3 TM.
BonHble 00BEKTHI CO31AIOT MOAOOHBIE MPOOIEMBI,
MTOCKOJIbKY BOJ[a TIOTJIOMIACT ONMWKHUNA WHGpaK-
pacHBIi quana3oH cnekrpa. Kpome toro, spurpodu-
[UPOBaHHBIE BOAOEMBI M 0OJIOTa MOTYT OTpPa)kaTb
BBICOKHE 3HAYCHUS PACTUTEIBHOCTH, YTO TAKKE MO-
KET BBECTH B 3a0IykaeHne. Bomoemsl Toxe TOMK-
HBI OTCEKAaThC MACKOH C HMCIOJIb30BAaHHEM THCTO-
rpammbl kKaHaia 4 TM.

[TpumeHsiemast B MCCEIOBAHUH MOJIENb TFIOTHOCTH
nonora jeca FCD ocHOBBIBaeTCsI Ha KadyeCTBEHHBIX
napamMeTpax M XapaKTepUCTHKAaX COCTOSHUS JIECOB.
JlanHas Monenb BKITFOYaeT B cebs OMOCHEKTpasbHBIE
SIBIICHHS] MOJIETTMPOBAHMSI 1 KOMOMHAIIMIO TIOTyYEHHBIX
TAHHBIX W3 4 WHICKCOB: PACIIMPEHHBIA MHIEKC pac-
turenbHOCTH (Advanced vegetation index — AV, VI),
MHJEKC OTKphITOH 1ouBs! (Bare soil index — BI), mamexc
TeHu ot nonora yeca (Canopy shadow index - SI) u
temoBo nHieke (Thermal index — TT).

BrimenasBanHble HHACKCH UMEIOT HEKOTOpHIE

XapaKTEPUCTUKH ONMCAHHBIE U WILTIOCTPUPOBAHHBIE
Huxe. B pucynke Ne3 oTpakeHa B3aMMOCBSA3b MEX-
JIy COCTOSTHHEM Jieca W 4eThIpbMs nHaekcamu (AVI,
BI, SI, uTD).

Bbicokui

wee PacTUTENBHOCTD

w= OronéHHaa no4sa

=== TeHb

Temnepartypa

Hu3Kkmi

>

Pucynok 3 — XapakTepruCTHKH YeThIPEX TapaMETPOB COCTOSHUS Jieca
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Wunexc pacturensHocTH (AVI mim VI) onuna-
KOBO pearupyeT Ha cofiepKaHue XJIoOpoduiia KaKk B
JIPEBECHOM paCTUTEIBHOCTH JIECHOTO MacCHBa, TaK U
B TPAaBSIHUCTON PACTUTEIBLHOCTH, IPOU3PACTAOLIEH
Ha OTKpBITHIX Jyrax. Mugekc AVI Oonee Bocmpu-
MMYHUBO pEarupyeT Ha PacTUTEIbHOCTh IO CpaB-
HEHUIO CO CTaHJApTU3UPOBAaHHBIM  HMHJIEKCOM
NDVI (Pandian. M, 2016: 1-4). Unaexc TeHH BO3-
pacTaeT MPONOPLMOHAIBHO YBEIWYEHUIO ILIOT-
HOCTH 1ojiora jeca. TernygoBol MHIEKC BO3pacTaeT
IIPONOPLMOHAILHO BO3PACTAHUIO KOJIUYECTBA pac-
TUTEIBHOCTH, NPU ITOM TEPPUTOPUHU C HAIMUUEM
[IOYB YEPHOTI'O I[BETA OTPAKAIOT BBICOKUE 3HAYCHUS
TeMIiepatypsl. MTHAEKC OTKPBITON IOYBBI BO3PACTAET
NPOMOPLUUOHAIBHO YBETHYEHHIO CTETIeHH OOHa-
YKEHUS IOYBEHHOT'O TPYHTA, T.€. BBIXOJA HA JHEBHYIO
MOBEPXHOCTH. [lokazaTenn HHAEKCOB BBIUYUCIIAIOTCS
JUTSL K&KAOH sT9edKH pacTpa (TUKCENs).

Tadauua 1 — XapakTepucTHKH NOKa3aTeneil 4 HHAEKCOB

Cnenyer ormetrutb, uto 3HaueHus FCD Bo3-
pacTaroT COOTBETCTBEHHO BO3PACTAaHUIO 3HAUYEHUH
SI. Muade roBops, rae HaOmromaeTcs OONbIIOE KO-
JIMYECTBO APEBECHOM PACTUTENFHOCTH, TaM OOJIbIIIe
o0pazyercs TeHb. B To ke Bpems, rae Habarogaercs
MEHBIIIE OTKPBITOW TOYBBI, T.€. HU3KHE 3HAYCHHS
BI, cooTBETCTBEHHO TaM CHMKAETCs 3HAYEHUE TEM-
neparypbel — TI. Takke OTMETHM, 4YTO 3HAYECHUS
HWHAEKCA PACTUTENBHOCTH — VI «HachILAIOTCI»
panbiie, yeM Tean — SI. YnpoméHHO ToBOpSs, ATO
O3HayaeT, 4YTO MaKCUMaJIbHOE 3HadeHHe VI moryr
HE KOPPETHPOBATHCS C TUIOTHOCTBIO JAEPEBHEB WIIH
necoB. C nmpyroil ctoponsl, 3HaueHus Sl mepBoc-
TENEeHHO 3aBHUCAT OT KOJIMYECTBA BBICOKOH pacTH-
TEJILHOCTH, KaK JIEPeBbs, KOTOpPBIE OTOPachIBalOT
TOYHBIE TOKa3arenu TeHu (Z. Azizia, 2008: 1127—
1130). B Tabnuue | moka3aHbl COUETaHUs XapaKTe-
PHUCTHK MEXAy 4 HHIACKCAMHU.

Wnpexcobl Beicoxuii FCD Huzkuiit FCD 3eMiH, TOKPBIThIE TPABOM ITycteie 3emamn
AVI Beicokuii Cpennuit Bricokuit Huskuit
BI Huzkuit Huszkuit Huszkuit Bricoxuit
SI Bricokuit Cpenuuit Husknii Husknit
TI Huszkuii Cpennuit Cpennuit Bricoknii

Hopmanmsanus kaHanmoB cmyTtHuka Landsat
5 TM. CrekTpallbHbIe KaHAIBI (32 MCKIIOYCHHEM
6 kaHana) OBLIM HOPMAJIM30BaHbI C HCIOJIh30Ba-
HHEM  MeTola JIMHEWHOro  mnpeoOpa3oBaHUs

(dopmymnsr 1 u 2).

A=(Y -Y,)(X,-X,)=(20-220)/
[(M-2S)-(M+2S)]=50/S (1)

B=-AX +Y ; Y=AX+B )

e, X, =M-2S, X =M+2S, Y =20, Y,=220;,
rme M — cpenmHee, S — cTaHAapTHOE OTKJIOHEHUE,
X — UCXOAHBIE JaHHbIE, Y — HOPMAJIU3UPOBAHHbIE
JTAaHHBIE.

Hnoexc AVI. Nnpgexkc NDVI He cmocobeH oc-
BETUTHh TOHKYIO Pa3HHILYy B IUIOTHOCTH TOJIOTA Jieca
(W. Cuizhen, 2005: 1-17). DTo cTao BO3MOXXHBIM
Omaromaps ero ynydqIleHHIO B BUJE BO3BEICHUS MH-
(pakpacHBIX 3HAYCHUH B CTEIECHb KyOHUYECKOTO
kopHs. MUanekc AVI paccunteiBaercs o popmyie 3.

AVI=[(B,+1)(256-B,)(B,-B,)]"*,

ecnu B,<B, nocie Hopmanusauu, Toraa
AVI=0 3)

Unoexc BI. TlokazaTenn 3TOro MHIeKCa y CUJICHHO
OTpaXkaloT TEPPUTOPHH C OTCYTCTBHEM IOYBEHHO-
PacTUTEIBHOTO CJI0sI, 3MJIM IO apOM, BCKPBITHIE
TPYHTEHI, 3aMETHBIE TIOJ] PACTUTENbHOCTHIO. [lomo0HO
KOHIenuuu wuHAekca AVI, uHgekc o00HaXEHHOMI
nouBbl Bl — 3T0 HOpManu3upoBaHHBIM WHAEKC U
Pa3HOCTHBIX CYMM, KOTOpbId nuddepeHnupyer
IIBE pa3Hble 3HAYEHHS PACTHTEIHHOCTH C Pa3HBIM
(hoHOM, 2 UMEHHO, — TTOYTH IyCTOMU, Pa3peKCHHBIH,
motHEIN U T. 1 (S. Li, 2014: 139-144). Uugexc BI
paccunThiBaeTcs o Gpopmyie 4.

BI= [((B5+B3)-(B4+B 1 ))/
((B,+B ) H(B,+B,))]¥100+100;
0<BI<200 @)

Unoexc SI. PacnonokeHue KPOHBI B APEBOCTOE
MIPUBOANT K OOpa30BaHWIO TEHEBOW CTPYKTYPHI,
BIMSIOIEN HA CIIEKTPAIBHBIE XapPAKTEPUCTUKU.
Mosonpie fepeBbs IMEIOT HU3KUE 3HaYEeHUS HHIEKCa
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TeHHu S Mo cpaBHEHHUIO € 3peIbIMU JAepeBbIMU. bo-
Jiee CTaphlid IPEBOCTOM B JIeCy UMEET POBHOE U OI-
HOOOpa3HOe pachpeselieHne Ha rpaduke B CpaB-
HEHWU C OTPBHITOH MECTHOCTBIO C TNPAKTUYECKH
OTCYTCTBYIOIIEH TeHbI0. Sl BBIYUCHSIETCS TIO

dbopmyie 5.
SI= [(256-B,)(256-B,)(256-B,)]'"" %)

Hnoexc TI. IIBa dakxropa 0OBSICHSIIOT OTHOCH-
TENbHO HHU3KYIO TeMIlepaTrypy BHyTpu jeca. Of-
HUM W3 HHX SBISIETCS SKpaHupyromuil s¢dexr
JIECHOM KPOHBI, KOTOpasi OJIOKHPYET U TMOIIoLIaeT
SHEPTHI0 CONHIA. BTOphIM (hakTOpoM sSBISIETCS UC-
[IapeHUE C MOBEPXHOCTH JIUCTA, KOTOPOE YMEHb-
maet Teruto. POpMyTHUpPOBKa TEMJIOBOTO WHIEKCA
OCHOBaHa Ha AITHX SBJIEHMSX. VICTOUHWKOM [aH-
HBIX Ui uHAeKkca T1 sBrnseTcs nHppakpacHbIA Ka-
Hai 6 crnekTpaibHOro kaHana TM. [lanHbele Ten-
JIOBOTO HMHJEKCA HCIONb30BAIUCH TOJNBKO JJIA
oOHapy)XeHHUs TIOYB W HenpeBecHOW TeHH. LIBer-
Hble KOCMOCHUMKH, IIONlydYeHHBbIE H3 KOMOWHa-
WY CHIPBIX JaHHBIX KaHaloB 4, 3, 2 u 4, 3 cuyT-
Huka Landsat TM, mpencTaBisioT 3HAYUMYIO WH-
(dopMario o pacrpeneeHUd TUIIOB JIECHOTO TOK-
posa (J. Southworth. 2004: 689-706). JleiicTBus mo
HOPMaJIM3ALMH HE TIPOBOIATCS AJIs1 JAHHBIX KaHAJa
6 m3-3a KaMMOPOBKYM TeMIteparypsl. JlanHas xamm0-
POBKa TeMIeparypsl TEIIOBOTO HH(PpaKpacHOTo Ka-
HaJa B 3HAYCHUSX TeMIIEPaTyphl TPyHTa Oblia BbI-

MOJTHEHA ¢ UCTIONB30BaHueEM Gopmyn 6 u 7.
LX:Lmin+((Lmax_Lmin)/25 5 ) *B6 (6)
T=K,/(In(K,/L,+1)) @)

rie L, — mokasarens creKTpaabHoro usnydenus (Br/
(MP*ep * Micw));

T — Temmeparypa rpynTa (°K);

B, — 3HaueHus TEMIOBOro MH(PaKpacHOro Ka-
Hana 6.

K,, K, — ynenbnblii TepMaibHbli Ko3QdUUHeHT
TS KaHatia 6 U3 MeTaJaHHbIX.

K, =607,76
K,=1260,56
L . =1,238 Bt/ (M *cp * mMkm);
L .=15303 Bt/ (M *cp * MKm).

Jns kocMocHuMEKOB 3a 2021 rom (ImoxojeHUs
Landsat 8 OLI u TIRS) 0bun mpou3BeneHsl aHa-
JIOTUYHBIC ONEpaly 1Mo o0paboTKe C y4eToM Xa-
PaKTepUCTHK COOTBETCTByIOIMX KaHainoB (URL3,
2021). Kanansr Landsat 5 TM ¢ 1-5 cooTBeTCTBYIOT
KaHasiaM ¢ 2-6 oxonenus Landsat 8 OLI, a BMecTo
6 TerIoBOrO KaHaja ObLI MCHoib3oBaH 10 kaHam
TIRSI (K. Sayler, 2020: 3-15).

IIpoyecc modenuposanus FCD. Cxema nporiec-
ca it kKaprorpaduueckoit Monenu FCD nmmtoctpu-
pOBaHa B pUCYHKE 4.

Jaunble LANDSAT TM

!

TIporecc MONABIEHIS MIyMa
Iy P soRmEpozsai, anochepmn My, oGTaTEe
MIOMATH, IIOMATH N0 TeHb 057K, BOIHEE NIOMATH

)

| Hopmammzamis 1agHEX TM U1 KakI0ro KaHana |

T

BeTeTALIIOHHBIIT ITHIEKC (BI)

PacumpeHHsIT | IIHIeKC OTONEHHOIT IIOIBEI

IIH1eKc TeHn
(SI)

TennoBoit mHIeKe
(TI)

(AVT)

| MeTox IIaBHEIX KOMIIOHEHT }—

| TLI0THOCTB PACTHTENBHOCTII (%) |

‘ »| OGHapyxeHIe TEMHBIX I0YB |

PaCImIpeHHbIi MHIEKC TeHN | MPocTpaHcTaeHHbii
(ASI) npouecc

TIpOLEHTHBIT IHICKC TeHI MpoueHTHoe
(SSI) cooTHOWeHMe

IIHTerpamoHHas MozeIb |

(FCD ,%)

| KapTa II0THOCTE TI07I0Ta Jleca |

Pucynok 4 — Cxema mpouecca kaprorpadudeckoro Mmonenuposanus FCD
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Wunexc pactutenvHol mnotHoctu (VD). [lan-
HBI TIporiecc oObenuHeHus wHAEekcoB AVI u BI
OCHOBBIBAaeTCS HA MCIIOIH30BaHIH METO/A TIIaBHBIX
KOMITOHEHT, TaK Kak, 110 CBoe#l cyTH, uHAeKChl AVI 1
BI umMeroT BBICOKYIO OTPULIATENBHYIO KOPPEIALIHMIO.
[Hanee Bce 3HaueHus uHaekca VD ycTaHaBIMBaOTCS
B mponeHTHo# mkane ot 0 g0 100 (J. Chudamani,
D. L., 2006: 84-95).

MacmrabupoBanubIi nHAeKe TeHH (SSI). Miaekc
TEHH SIBIISICTCS OTHOCHUTENLHBIM TTOKa3areneM. Jlan-
HbIC HOPMAJIM3UPOBAHHBIC 3HAUEHHUS MOTYT OBITh
WCIIOJIb30BAHBI JIJISl BEIUMCIICHUS JPYTUX HapameT-
poB. Uunexc SSI Ob11 pazpaboTan B Lensx o0beau-
HEHUS 3HAYeHWH WHACKCOB PACTUTENLHOCTH U
teHel. Teppuropuu, rme 3HadeHUs wHAeKkca SSI
paBHBI HYJIIO, COOTBETCTBYIOT JICCHBIM YTOIBSIM C
MUHHUMAJILHBIMH 3HAYEHUSAMU TeHEH, T.e. 0%, a Tep-
putopuu, rae 3HaueHus uuaekca SSI paBuber 100,
COOTBETCTBYIOT JIECHBIM YTOIBSIM C MaKCHMAalbHO
BO3MOXKHBIMH 3HaUCHUsMH TeHel, T.e. 100% (K. Jai,
2015: 1026-1032). MacmTaOupoBaHHBI HHICKC
teHn SSI moydJaroT mocpeacTBOM JTHHEHHONW TpaH-
chopmaruu uHaekca TeHei Sl.

Tadauua 2 - 3nauenns knaccoB FCD u uX XapaKTepUCTHKH

Wurerpanmmonnas monens FCD. O0benuneHue
HWHJIEKCa pacTuTeNbHON miotHocTH (VD) m macmi-
TabupoBaHHOTO MHIeKca TeHH (SSI) monpa3zymeBaeT
TpaHCHOPMAIIUIO UX JIUIS 3HAYCHHUH TJIOTHOCTH TIO-
nora nieca (S. Nandy, 2003: 291-297; Mothi Kumar
K. E., 2020). O6a mapameTpa U3MEPSIOT ITIOTHOCTH
B IIPOLICHTHOM COOTHOIIICHUU. Brruncienne unaekca
FCD nony4aercs myTem o0beTuHEHUS 10 hopMyIre 9.
Ha pucyHkax 5 n 6 moka3zaHbl pe3yJbTarbl 00paOdoTKH
IUIOTHOCTH TTonora jieca B 1993 u 2021 romos.

FCD= (VD*SSI+1)"2 -1 ).

JLJ1st TOYHOTO ¥ KOPPEKTHOTO BBISIBIICHHSI CTPYK-
TYpHOU TMHAMUKH B JIECHBIX YTObAX AMaHKaparai
KOCMOCHUMKH OBLTH TIOZ0O0OpaHBI B OJMHAKOBOM Ce-
30HE T'0/la, 3 UMEHHO B CEpeHE aBTyCTa.

Pe3ynbrartnl uccienoBanmii

Crenens miotHocTH Jeca Moaenu FCD Beipaka-
€Tcsl BIpolieHTaxX. PUCYHOK 7 HaIIsIIHO IEMOHCTPUPYET
n3yyaeMsiii 00bekT B Mopenu FCD. [l 6omee TouHoi
OLICHKH OOpabOTKH aHHBIX KaTerOpUH JIECOB OBLIN
TofIpa3iesNieHbl Ha 5 Ki1accoB (Ta0muia Ne2).

Knacc 3nagenus FCD, % XapakTep MECTHOCTH CoxpareHus
- - Tunporpaduueckre 00bEKTH -
1 0-20 HapymenHnsie 3emiuu H3
2 21-50 3emun 6e3 neca bJ1
3 51-70 PaspesxenHblil 1ec PJ1
4 71-100 T'ycroii nec Tl

YcrnoBHble 0603Ha4YeHuUs
- HapyweHHbie semnu (H3)
3emnu Ges neca (BI1)

PaspexeHHbin nec (P)

- Fycton nec (M)

Pucynok 5 - Kapra motHocTH j1ecHoro mojyiora B 1993 roxy
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YcrnoBHble 0603Ha4YeHUsA
- HapyweHHble 3emnu (H3)
[ 3emnu 6es neca (BN)

[ PaspexeHHbii nec (PN)

- ycton nec (M)

Pucynox 6 - Kapra minornoctu necHoro nosuora B 2021 rony

IMockoneky B kaxaom uatepsasie FCD moapaszne-  Bapuaumm «Hapymennsie 3emmu — 3emiin 6e3 secay
JieHsl Ha 4 Kiacca, Mbl monyamy 16 pasnuuaeix Ba-  (H3-BJI) mbo «3emmm 6e3 nmeca — 3emmm Oe3 sreca»
puanmii auHamuky. M3 aux 4 Bapuanun ve otHOcATess  (BJI-BJI) u T.n. Mtoro Mel nmeem 12 pa3HBIX Bapralui,
K W3MCHEHUSIM, KACalOIIMMCS JIECHBIX YIOAWi, T.€.  KacaroLIMXcs CTPYKTYpPHOW JMHAMHKH I10JI0Ta Jieca 3a
knaccel co 3HaueHusiMu FCD mo 50%. Hampumep, — HaOmomaemoe Bpems (pUCYHOK 7 u Tabnuia 3).

YcnoBHble 0603Ha4YeHus
fss - BblpyGKVI OuHamuka

2013-2015 11 L ompocn
‘ g~ 5 - H3-I (nogpocT)
2005 P e e y I 5P oo

: : 5 : I -1 (nopoct)

~ PN-H3 (obeanecexne)

PN-BN (obeanecenne)
- PN-PN (6e3 umeHeHnin)
- PN-rN (nogpoct)
- M-H3 (obeanecexne)
- M-BN (obeanecenne)

- M-PN (obeanecenue)
rooor I T T ] =wap
2 - M-N (6e3 nmexexwit)

Pucynox 7 — Kapra tTuHaMUKH IDIOTHOCTH JiecHOTO Tonora B 1993-2021 romax

Tabauua 3 — Bapuanuu nuHamuku knaccoB FCD B mepuone 1993-2021 rr.

No Kimacc FCD 1993 1. Kimacc FCD 2021 r. Junamuka IInomane, ra
1 2 3 4 5
1 H3 Pl H3-PJI 141,09
2 H3 I H3-TJI 100,31
3 bJ1 PJ1 BJI-PJT 5197,97
4 BJI I BJI-TJI 2585.4
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1 2 3 4 5
5 PJI H3 PJI-H3 283,76
6 PI ) PJI-BJI 6795,01
7 PII PJI PJI-PJI 4117,43
8 PJI it PJI-TJT 2010,74
9 I H3 [JI-H3 223,89
10 1 BJI [JI-BJ1 6246,31
11 I PJI [JI-PJT 13653,25
12 1 1 [JI-TJT 39124,67

CornacHo pe3yibraraMm 00padoTKH AaHHBIX J[33
o kaprorpaduyaeckoit mogenu FCD 1o cocTosHHIO
Ha 1993 ron oOIias MWIOMaab JIECOMOKPBITOW TEp-
putopuu cocrasuia 33370,5 ra, U3 HUX pa3peKeH-
Horo neca — 13235,55 ra u rycroro neca —20134,95
ra. 3a 28 5eT miomaas JeCONOKPhITONH TEPPUTOPUN
ymesblmiack Ha 5506,5 ra u cocraBuna 27864,0

Tab6anua 4 — [lnomans rapeit u BeIpyOok 3a 1993-2021 rr.

ra, B TOM 4HCIIe: pa3pexxeHHoro jeca — 14576,65 ra
u rycroro jeca — 13287,47 ra.

CymMapHas IuIomaap JiecoB JaHamadTa, ocTaB-
masica 6e3 usmenenuii ¢ 1993 . mo 2021 ., cocraBuia
43242,1 ra (53,7%), Tepputopun, oaBepriumecs ooe-
JIECEHHIO JINOO HeTaTHUBHBIM rporieccam, —27202,22 ra
(33,8%), a TeppuTOpHH C €CTECTBEHHBIM 3apPaCTaHUEM
cocHbl — 10035,51 ra (12,5%).

No SIBnenue IInomane, ra
1 rapp 1993 . 1819,07
2 rapsb 1999 r. 2518,13
3 raps 2004 r. 4307,96
4 raps 2005 1. 1120,93
5 rapp 2012 1. 1181,41
6 BeIpyOKH 2013-2015 T 262,76
Beero 11210,55

Ha pucynke 7 moka3aHbl SBJICHHS, KOTOpHIE
3HAUUTENBHO BO3ACHCTBOBAIM Ha COCTOSIHUE Jie-
COmOKphITOro JlaHmmadTa Amankaparaii. OCHOB-
HbIM (haKTOPOM B HETATHBHOM AaCIICKTE SIBJISIOTCH,
HECOMHEHHO, Tapu W Tokapsl (Tabmuma 4). B He-
KOTJa TYCTOM 3amaJHOW 4acTHh Jieca, UMEHYEMOM
«bacamany, HEOTHOKpATHBIE TaAPH, TIOBTOPSIFOIINECS
C UHTEPBAJIOM B 6 JIeT, JOBEJIU CUTYALUIO J0 KpHU-
THYECKOTO YPOBHA. 37€Ch JIECHBIE IUIOMIATN He
BOCCTAHOBWJINCH JIO MPEKHEro cocTosHus. ['app B
cpeaunHoi yactu 1993 roma m MolnHeWmuii mo-
skap 2004 rona B ceBepo-BOCTOYHOM YacTH Ha JIaH-
HBII MOMEHT IOKPBUINCH pPa3peKeHHBIM JIECOM W
naHaAmadT BOCCTAHABIUBACTCS CTAOWIBHO. Boib-
IIMHCTBO CIIEIOB Tapeil U MoXXapoB MMEIOT KOHYCO-
BUJHYIO (OpPMY, BEITSHYTYIO C IOra Ha CEBEp, UTO
COOTBETCTBYET PO3€ BETPOB JTAHHOW MECTHOCTH.

BriBOaBI

JlaHHbIe NUCTAaHLIIMOHHOTO 30HAMPOBAHUS 3EM-
JIA JTaJIM BO3MOXKHOCTB:

— BBISIBUTh W3MEHEHUS B CTPYKTYype JIECHOTO
MacCHBa UCCIETYEMON TEPPUTOPHH;

— TPencTaBUTh MACIITA0Bl M HAIPaBICHUE UX
JMHAMHUKH;

— M0 CyMMapHBIM ToficuéTaM MHIEKCOB MoKa-
3aTh COKpAICHHE TUIONIAIN TYCTOTO Jieca M PEAKUi
MPUPOCT MOJOAOM cocHbl. OgHAKO, Na)Xe MpHU yC-
JIOBUHM, YTO JIeC TMONBEPralicsa TapsM, IoKapam
U BBIpyOKaMm, QakThyeckas IUIONIaIh COCTaBUIIA
11210,55 ra;

— BBISBUTH 10 AaHHBEIM Monenmu FCD obmryro
IJTOIIATh JIECOTIOKPHITHIX 3€Mellb, KOTOPasi B IIEPUOT
¢ 1993 o 2015 ron cokparunaces Ha 5506,5 ra;

25
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— NPUATH K 0OIIEeMy BBIBOLY O TOM, YTO JIEC-  COCTOSIHUM SIBJISIETCS YCTOWYHMBOM I€OCHCTEMOW U
HOM manmmadT AMaHKaparaii B €CTECTBEHHOM  CIIOCOOEH K BOCCTaHOBJICHHIO.
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YKEM YXOHE OMbIA ©3EHAEPI AFbIHABIAAPBIHbIH,
O3IEPYIH BATAAAY

Makanapa XKem, OribiA ©3eHAEpi aFblHABIAAPbIHBIH, ©3repy TeHAEHLMSAAPbIHbIH, HOTUXeAepi
MEH DKOAOTUSI, TEOAOIMs XoHe Taburn pecypctap MUHUCTPAIriHiH (AT TPM) cy caAacbiHbIH FaAbIM-
MaMaHAapbIHbIH, GaCLUbIAbIFBIMEH ©3E€H AAANTapblHbIH, SKOAOTUSIAbIK, XKaFAalblH 6aFaray MakcaTbiHAQ
©3eH aAanTapbl aiMakTapbiHa 6TKi3iAreH 2021 >KbIAFbl SKCMEAMLMAABIK, iIC-CanapAapbIHbIH, HOTUXKEAEpPI
KepceTiAreH. JKyMmbICTbIH Heri3ri Makcatbl — JKem >xeHe OWbIA ©3eHAEpi aFblHbIHbIH ©3repy YPAICiH
6aranay. OcCbl MBCeAeAepAi aHbIKTAay MakCaTblHAQ KApaCTblPbIAbIN OTbIpFaH alMakTapAafFbl ©3eH
aFbIHABIAQPbIHBIH, KAAbINTACyblHA bIKMAA €TETiH HEri3ri METEOPOAOTrMAAbIK, (DaKTOPAAPAbIH, ©3repy
AMHAMMKAChl KapacTbIPbIAQAbI: KbIC Ke3eHIHAEri >KayblH-LlallblH, TOMbIPAKTbIH KY3ri bIAFAAAQHYbI,
ayaHbIH OpTaLla >KbIAAbIK, TEMIEPATYPAChl )KOHE ©3€eH aFblHbIHA aHTPOMOreHAIK 9cepi. AFbIHAbI ©3repyiH
reHeTUKaAbIK, TaAAdy dAiCiMeH Gararay HaTvkeciHae 1950 XbiapaapaaH 6acTan e3eH aAanTapbiHAA
aFblHABI Cyapy YyiliH GeretTep >KyMeciHiH nanAa GOAybl 8CepiHeH TyblHAAFaH aFblHAbIHbIH GY3bIAybl
aHbIKTaAAbl. HaTuxeciHAe, LapyallblAblK, 8PeKeT MeH MEeTEOPOAOrUSAbIK, (haKTOPAAPAbIH, 9cep eTy
Ke3eHAepi aHblKTaAFaHHaH KeliH, Kem >xaHe OWbIA ©3eH aAanTapbl Cy pecypCTapbliHbIH, ©3repyiHiH
COMKecCiHLIe Herisri 3 Ke3eHi aHbIKTaAAbl: WapPTTbl-Tabuin keseH (1935-1950 »K.), WwapyallblAbIK,
apeKkeTTiH acep eTy ke3eHi (1951-1975 »0K.) K8He LapyallbIAbIK, 8PeKeT NeH KAMMATTbIK, (DaKTOpAapAbIH,
e3repyi acepiHiH >KMbIHTbIK, Ke3eHi (1976-2019 xok.). LLapTTbi-Tabufn Ke3eHMEeH CaAbICTbIpFaHAA
LLIApYaLbIAbIK, KbI3MET 9PEKETIHIH XKoHe KAMMATTbIK, (haKTOPAAPAbIH, ©3repyiHiH XUbIHTbIK, KE3eHiHAE
JKeMm e3eHiHiH afblHbl 49 %-Fa, OVbIA ©63€HiHIH aFbiHbl 26 %-Fa TOMEHAEreHi aHbIKTaAAbI.

Ty#iin ce3aep: XXem, OribiA ©3eHAEPI, ©3€H aFbIHAbICbIHbIH, ©3repyi, aya TemrepaTypachbl, >KayblH-
LIALIbIH, KY3Ti bIAFAAAAHY, LLIAPYALLbIABIK, OPEKET.
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Assessment of changes in river runoff Zhem and Oyil

The article presents the results of work to determine the trend in the flow of the rivers Zhem, Oiyl and
results of expeditions to the regions of the river location, conducted in 2021 to assess the ecological state
of the river basins under the guidance of a working group of scientistsWater specialists of the Ministry of
Ecology, Geology and Natural Resources (MEGCR). The main aim of the work is to assess the trends in the
flow of the Zhem and Oiyl rivers. In order to solve these problems, the dynamics of changes in the main
meteorological factors that determine the formation of river flow in the region under consideration are
considered: the sum of precipitation for the winter period, autumn soil humidification, average annual air
temperature and anthropogenic influence on river flow. Genetic analysis of the assessment of changes in
flow since the 1950s revealed a disturbance in flow caused by economic activity with the introduction of a
dam system in the river basins for estuarine irrigation. On the basis of the above-mentioned studies, the as-
sessment of changes in the flow of the Zhem and Oiyl rivers was carried out respectively by differentiating
the mean long-term values of the flow of the conditional-natural period (1935-1950) with the run-off of the
period of influence of economic activity (1951-1975) and the period of influence of economic activity in
conjunction with the change of climatic factors (1976-2019). It was found that during the combined period
of economic activity and changes in climatic factors, compared to the conventional period, the flow of the
River Zhem decreased by 49 %, the flow of the river Oiyl by 26 %.
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OueHka u3meHeHust ctoka pek 2Kem n OibIA

B cratbe npuBeAeHbl pe3yAbTaTbl PaboT MO OMNPEAEAEHMIO TEHAEHLMM U3MEHEHUsI CTOKa pek
JKem, OMbIA 1 3KCNEANLIMOHHBIX KOMAHAMPOBOK B PErMOHbI PACMOAOXKEHUS peK, MPOBeAeHHbIX B 2021
roAy AAsl OLLEHKM 3KOAOTMYECKOro COCTOSIHMS GACCEMHOB PEK MOA PYKOBOACTBOM pabouern rpynmnoi
YUEHbIX-CMEeLMAANCTOB BOAHOM OTPACAM MUHMUCTEPCTBA 3KOAOTMM, FTEOAOTMN U MPUPOAHBIX PECYPCOB
(MIITIP). Lleabto paboTbl SBASIETCS OLEHKA TEHAEHLMM M3MeHeHMIn cToka pek JKem n OnbIA. AAS
peLueHns 3TUX 3aAaY¥ PaCCMOTPEHbI AMHAMWKW M3MEHEHMIN OCHOBHbIX METEOPOAOTrMYECKMX (hakTOpOB,
06yCAaBAMBaIOLLMX (DOPMMPOBAHME CTOKA PEK B PACCMATPUBAEMOM PErroHe: CyMMa 0CAAKOB 3a 3MMHUIA
nepmoa, OCEHHee YBAQXXHEHME MOYBbl U CPEAHEroAOBas TemrepaTypa BO3AyXa M aHTPOMOreHHoe
BAMSIHME Ha PEYHOM CTOK. B pe3yAbTaTe reHeTMUeckoro aHaAmM3a OLEeHKM M3MEHEHWsI CTOKA HauMHas ¢
1950-X roAOB BbISIBAEHO HapyLLEeHWe CTOKa, BbI3BAaHHOE MOA BAUSHUEM XO39ACTBEHHON AESITEABHOCTU C
NOSIBAEHWEM CUCTEMbI MAOTUH B HaccerHax pek AAS AMMAHHOIO OpoLLieHus. Ha OCHOBe BbllleyKa3aHHbIX
MCCAEAOBaHMIA OLeHKA M3MeHeHns cToka pek XKem u OlbIA COOTBETCTBEHHO OCYLLECTBASIAACH NMyTEM
A depeHLMaumm CpeAHEMHOTOAETHUX 3HAUYEHUI CTOKa YCAOBHO-eCTECTBEHHOro neproaa (1935-1950
IT.) CO CTOKOM MepuoAa BAUSIHUS XO39MCTBEHHOM AesTeAbHOCTM (1951-1975 rr.) 1 neproaa BAMSIHUS
XO3SMCTBEHHOM AEITEABHOCTU B COBOKYMHOCTU C M3MEHEHUEM KAMMATUUeckmx aktopos (1976-2019
rr.). YCTaHOBAEHO, YTO 3a CYMMAapHbIN Neproa AeMCTBUS XO39MCTBEHHOM AESTEABHOCTU U U3MEHEHMS
KAMMaTMyeckmx (PakTOpoOB MO CPaBHEHMIO C YCAOBHO-ECTECTBEHHbIM MEPUOAOM YMEHbBLUMACH CTOK

pekn XKem Ha 49 % un cToK pekn YUA Ha 26 %.

KatoueBble cAoBa: pekn ImM6a, YMA, M3MEHEHME PEYHOro CTOKa, Temreparypa BO3AyXa, OCAAKM,
OCeHHee YBAaXXHEHWE, XO39MCTBEHHAs AeSITeAbHOCTb.

Kipicne

Cy pecypcrappl — MEMIEKETTIH TYpPaKThl
JaMybIH aHBIKTAaUTBIH KYHJBI PECypCTHIH Oipi.
Conrbl  omwxbUIAbIKTapAa OpTanblKk — A3USHBIH
THJIPOJIOTHSUTBIK, JKYHenepi MEeH KOopIIaraH OpTachl
ayKeIMIbl  e3repictepre ymbipansr  (Olli, 2012:
433). OHbIH i1IiH/E eTIMI3IeT] 63¢H aFbIHBICHIHBIH
KEHICTIKTIK-YaKbITTBIK TapadybIHbIH ayKbIMIbl ©3-
FePrilliTirl KOHE OHBIH TPAHCIICKAPAJIBIK MaHBbI3-
JOBUIBIFBI Cy PECYpPCTapblH OHTAMJIbl NaijanaHy
(Zhupankhan, 2018: 752; Abubakirova, 2017: 23)
KOHE KOpFaylbl ©3€KTi Macenere alHalAbIPhII
oteIp (AnumMkyoB, 2021: 59; AGyGakuposa, 2014:
62). Kazipri Tanaarbl TYIIBI CYABIH SJIEM/IIK KOPbIHA
JKYKTEMEHIH apTybl MEH KJIMMATTBIH >KahaHJbIK
e3repyi aTallFaH MOCEJIEHIH ©3€KTIUIITH apTThIpy/a.

KnumatTeiy skahanablk e3repyi — oneMm Ta-
PHUXBIHAAFBI IAPYAIIBUIBIKTHIH OapIIbIK cajlaiapblHa
ocep eretin MaHpI3abl e3repic (IPCC, 2014: 1132;
Reyer, 2015: 1639). KnumaTThIH 03repyi )KoHIH/IET
ykiMeTapanblk —capammbuiap ToObHBIH (IPCC)
Oecinmi Oaranmay OasHIaMaChIHBIH HOTHKEIEpiHe
coliKkec, OTKeH Facblpaa A3us eHipiHiH OackM Oelri-
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TiHAe, ocipece KOHTHHEHTTIK OHIpJIepAC KBUIBIHY
JKOHE IKCTPEMaJIIbl TeMIIepaTypaiapiblH KeTepiry
ypaictepi (KOFapbl CEHIMIUIIKTICH) OalKaJIIbl.
MyHpaii esrepicTep CyIblH TaOUFU TeNe-TeHIITiHe
JKOHE CYABIH KOJI JKEeTIMIITITIHE ocep €TeMdi, OHBIH
IIIHAEe KEHICTIKTIK-YaKbITTBIK 3aHIbUIBIKTAP IbIH
e3repyine acep eteni (WWAP, 2015). ABTopmapasig
(Manning, 2018: 26) >XyMbICBIHIA KIUMAaTTBIH
e3repyl KehOip bUIFaN TamIbl aifMakTapaa CyIbIH
JKETICMICYIIIITiH apTThIPaThIHBI aHBIKTAJIFaH.
CoHBIMEH KaTap, ©3€H aFbIHIBICHI PEKUMIHIH
e3repyl TeK KIMMAaTTBIH e3repyiHe FaHa eMec,
maHamaTTEIH  e3repyiHe TIKeIeH ocep eTeTiH
¢axTopnapra (Asocan, 2016: 48) :xoHe aHTPOIOT€H-
nik ocepiepre ae (Illukmomanos, 1989: 243; Osos-
kova, 2000: 161; Medeu, 2020: 301) GarbIHBIIITHI.
Kyprak »xoHe buIFaj Taniibl KIMMaTThl allMaKTa
opHanackan OpTanblk A3usi e3eHIepi eHipiepli
TYPMBICTHIK, OHEPKOCINTIK >KOHE ayBUIIIapyallbl-
JBIK KakeTTutikTepin 90 %-fa neliH CyMeH Kam-
tamaces ereai (Viviroli, 2004: 1017). ConsiMeH
karap, Kaszakcran PecrnyOnukachiHIa TYTBIHBI-
JATBIH Cy pecypcTapbiHBIH 85%-bI ©3€H arbIHIbI-
chiHa THecUTl OoyraHIbIKTaH (AnumkyioB, 2018:



C.B. Caupos xaHe T.0.

80), omapabiH e3repyiH Oaranay eTe MaHBI3bI.
©O3¢H arbIHIIBICH], OHBIH IMIIHIE dCipece Killli 03eH-
Jep, IapyambUIbIK OpeKeT cajJapblHa KbUIIaM
ymeipaiiasl (Baramosa, 2014: 74). ©3 keserinze,
3eprrenin  orbipran  JKaifpik-Kacnuii  cymapya-
IIBUTBIK  alaObIHBIH eAQyip ayMakTapbl Kep YCTi
CyJapblHa Tammbl OOJIybl 3€pTTeY KYMBICBIHBIH
©3eKTUTIrH  apTThIpaabl. Pecrmybnmka trerinzge
Kaitbik-Kacnuii cymapyaibuiblk agaObIHBIH Cy pe-
CypCTapbIMEH KaMTaMachl3 eTiryi He6opi 12 %-mb1
Kypaiasl (I'enepanbHas cxema .., 2016).

OzeHziep ananrtapblHAa MIAPyamIblUIbIK KbI3MET
1950 xpunapaan 6erenaep Kyheci MeH JTMMaHAbIK
cyapy KeIICHACPIHIH OpeKeT €Ty Ke3iHeH OacTarm
e3eH/epiH Taburu pexumi Oy3birraH (BomHbie
pecypchl Kazaxcrana, 2012: 684), an KIMMAaTTHIK
esrepicTepre keneriH Ooicak, «Kasrumpomer»
PMK-ubiH wmomimerTepi OoibiHIna (Esxeromubiit
OroJuieTeHb...,2020:62) 1976-2019 %K. apabiFbIHAa
KazakctanHBIH OapIIbIK ©HIpIAEPiHAE OpTaIia KbLI-
IBIK aya TeMIIepaTypachbHbIH TPEHATEP OH >KOHE
CTaTHCTUKAJBIK MAaHBI3Jbl MOHTE He, acipece eH
KapKBIH/IbI KbLTY OATBIC )KOHE OHTYCTiK-0aThIC OHIp-
nepiage Oatikamansl (op6ip 10 xpima 0,33 °C-man
— 0,50 °C-ka petiin). CoHbIMeH KaTap, OpTaibiK
A3us TeppuTOpHMSCHIHIA JKep OeTi aya Temre-
paTypacbl TEHJCHIMSCHIHBIH >KOFapelnayel 1970
xkputmaH — OacramateiHAelFel  (Unger-Shayesteh,
2013: 4) xymbIchiHaa KepceTinred. OHBIY imTiHAS
aya temneparypacsiabig 1940-2011 0K, Ke3eHIHIe
JKOFapbUIay TeHACHIMACH Ka3akcTaHHBIH OapIibIK
TeppuTOpHsCHHA ToH exeHairi (Salnikov, 2015: 77)
JKYMBICBIHA KOPCETIIreH.

Korapeima aranraH MacenelepiAiH OapIIbIFbI
Kem sxone Oiibl ©3¢HAEp] aFbIHABUTAPBIHBIH ©3Te-
PYIH 3epTTey JKOHE MIApyallbUIBIK 9pPEKETTep MEH
KJIMMATTBIK (PaKTOpIapIblH ©3repyiHiH ocepiH ya-
KBITTBIK-KEHICTIKTIK TYPFBIIaH Oaranay 3eprrey
©3CeKTLNIriH alKbHaaiapl. COHBIMEH KaTap, COHFBI
KBUIIIAPBI 3epTTEy aiiMarbIHJIAFbl ©3CHJICP/IIH CYbI
asarobl Oabikanmyma. Tinti XKem e3eHiHiH TeMmeHTri
aFBICBIHBIH KeHOip yJackenepinae cy eTiMi y3ifim,
Kyprayna. OcbliraH OaiilaHbICThL, aTalFaH ©3eHAep e
aFBIHIBIHBIH a3ai0bl CEOCTTepiH aHBIKTAY 3EPTTEY
JKYMBICBIHBIH HET13T1 MaKCaThl OOJIBIT Ta0bLIa b,

3epTTey MaJIiMeTTepi MeH dicTepi

Kem xone Oiibin e3enumepi Kaiibik-XKem
ycriprinin Myfamkap Taynapbibei 200-300 M
omiktirinme Oactay anateiH, JKailbik-Kacrmii
CyHIapyalblUIbIK aa0bIHbIH OHTYCTIK-IIBIFBICBIHBIH
eneyni cy apHanapbl 6onbin TaOwsuans! (1-cyper).

Byn esenmepmiH cy pecypcrapbl AKTeOE KoHE
ATpIpay O0OJBICTAPBIH CYMEH KaMTaMachl3 €Ty
YIIiH TaianaHbuiagbl, COHAbIKTaH JKaibik-XKem
aliMarbIHa MaHbI3IbI MOHTe He. Herizinen, Akte0e
00JIBICHI ayMaFbIH/A KAJIBINTACKIN, OpTa aFbICHIH/IA
OTIICI aFBIHABI PETIH/E OTIM, aFBIHIBICHI KOFAITBITI
KETETIH TOMEHI1 arbicTapbl AThIpay OOJIBICHIH
kamTuael (Bomaeie pecypebl Kazaxcrana..., 2012:
684).

JKaiiprk-XKeM aymaHmapbIHBIH ©3€HIEpi Cy pe-
JKMM1  OOWBIHINIA AaFBIHIBICHI KOKTEMIT KE3E€HJE
arbIHHBIH KYPT KOTEpUIyIMEH CHIaTTajJaThiH Ka-
3aKCTaHJIBIK ©3CHJICP THITIHE JKaTabl. O3eHaep He-
Ti3iHEH epireH Kap cyiapbIMeH KOPeKTeHe/ 1, HeT13Ti
Cy KelleMi KOKTeM ailapblHia eTedi (GKbULIBIK
arpIHABIHBIH 75-90 % Kypaiiapl), KbIC ailapblHaa
Cybl KaTIalabl, TOMEHI1 arbICTapblHIA HipiMAep
kaneimracansl (ansnepun, 1997: 89; Pecypcs! mo-
BepxHocTHBIX Bog CCCP, 1966: 515).

Kem e3eHIHIH caraChIHAAFBI THIPOMETPHUSIIBIK
OaKplIaysap 6TKEeH FaChIPABIH OpTackiHaa JKem 3. —
Apante0e (1951-1963 xk.) aybUTbI THIPOIOTUSIIBIK
oeketinne xypriziiren. 2002 sxpurnan Oacran XKem
o3. — Cara a. xone 2007 xpurgad 0acran JKem o3.
— AKKHU3TOFail a. THUAPOJIOTHUSIIBIK OeKeTTepiH/e
©3CH arbIHBICEIHA OaKblUIayap Kyprizizyzae. Kem
©3CHIHIH Heri3ri canackl 0oibin TadbbUIaTRIH Temip
©3CHIHIEC THIPOMETPUSIIBIK Oakbuiaymap 1935
KBUITAH OacTan Kaszipri yakplTKa ACHiH Y3IiKCi3
Kyprizimeni. XXem e3eHi amaOBIHBIH Cy pecypc-
TapblH Oaranay yumid Temip e3. — JIeHHHCK a. THA-
pOJIOTHSUTBIK OekeTi skoHe JKeM e3eHIHIH TeMEHTI
arpICHIHIA OPHAJIACKAH AKMEIIIT a. TUAPOIOTUSITBIK
OckeTi OOMBIHIIA aFBIHBIHBI OaKbUTAYIBIH KOTDKBLI-
JIBIK K€3€HI YIIIH JepeKTep NaiaanaHbUIIbL.

Ofipn e3eri anadsr ymrin 1935-1981 xok. apa-
neirbiHaa Oibut 63. — Tantorail a. TUAPOIOTUSIIBIK
Oeketi MeH 1984 xxpurman OacTan )KaHaIaH albUIFaH
Oiibut 03. — OUBLT 8. THAPOJIOTHSIIBIK OCKEeTTEPiHIH
Ka3ipri yakpITKa JeHiH OipJICCKEeH JepeKTepi Imaii-
JManaHbUIAbl. AFBIHABL KaTapbiHaa 1982-1983 sxok.
KBUTIBIK xKoHE 1984, 1986 xone 1998 sxpuimapapiH
opTala Kei0ip ailybIK Cy oTIMIEpiHiH XKOK MOHAEP1
MaTeMaTUKaJbIK CTAaTHCTHUKA oJICIMEH KaJllbiHa
KEINTipUIi.

bexerTep OoibIHITIA aFBIHABI IEPEKTEP] aTaIFaH
aynanna «bettik cy pecypcrape»y (Pecypchr mo-
BepxHOcTHEIX Bog CCCP, 1966a: 515; 19666: 150;
1970B: 511), «Herisri THUAPONOTHSIBIK CHIAT-
tamanap» (OCHOBHBIE THAPOJIOTUYECKHE Xapak-
tepuctuku, 1966a: 205; 19776: 322; 19808: 207),
«KermKpImapIK arpiHAbl ManiMeTTepi» (MHoromer-
HUE ..., 1984: 222), ['uaponorusiblK KbUTHaManap
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Kem sxoHe OlibuT ©3€HIEP] aFbIHABLIAPBIHBIH ©3repyiH Oaranay

OOMBIHINA KUHAKTAIBII, JKapUsJIaHFaH KaJacTpIIiK
MaTepuaiap/iaH, aHbIKTaMaJlblK JKoHE Oacka Je-
PEKKO3IIEp/ICH aIbIH/IbI.

3eprrey JKyMbIChIHAA KazaKCTaHHBIH — Ka3bIK
©3CH/ICPIHIH aFbIHJBICEIH KaJBIITACTBIPYIIBI HETI3Ti

KeJleci METEOpOJIOTHSIBIK (haKTOpIapAbIH: Kap >Ka-
MBUTFBICHI, 9 KE3CHIET1 KaybIH-IIAIIBIH, KY3T1 bUTFaJ-
nmany mamimerrepi 1935-2019 »xok. ke3eHiHAe e3eH
anmaObIH/1a OpHATIACKAH METEOPOJIOT MSUTBIK CTAHIIHSIIAP
(Temip, Otipin MC) GolibIHIIA A aTaHbUIIBL.
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1-cypet — XKem sxone O¥ibuT 03eHIEpI alanTapbIHbIH CYJ10achl

O3eHAepAiH OpTama >KbUIABIK AaFbIHIbl KY-
pictepi e3eH amanTapelHIa OpHAJTACKaH METeo-
ponorusinblk  ctanuusiapasiH,  (Temip,  Ofibin)
KY3T1 bUIFaniaHy (KbIpKyHeK-Ka3aH ailylapblHAaFbl
KUBIHTBIK JKaybIH-IIALIBIH MOJIIepi), KbIC Me3Ti-
JIHJET] KaybIH-IANIBIH (Kapala-aKnaH aijJapblH-
JIaFbl JKUBIHTBHIK JKaybIH-IIAIIBIH MOJIIIEepi) KoHE
opTamia JKbUIABIK aya TeMIIepaTypachIHbIH KO-
FapblJa KOPCETUIreH KEe3CHIEPIHIH JAMHaMHKaa-
PBIMEH CaJIbICTBIPBLIABI.

Kewm sxone O#bLT 03eHIEpi ananTapbIHbIH Ile-
riHOe 1apyambUIbIK KbI3MET IEH KIMMaT e3re-
PYIHIH ©3CHAEPMAIH TUIPOJIOTUSIIBIK PEKUMIHE
ocepiH Oarajay MakcaTbIH/IAa TEHETHUKAJBIK >KOHE
CTaTUCTUKAIBIK Talgay oIiCTepl KOJJaHBUIIABI
(PoxxmectBernckuit, 1974: 424; Kmmbames, 1970:
460; Meronudeckoe pyKoBOJICTBO, 1984: 274).
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3epTTey HOTHIKEJEPi

JKaifprk-2KeM aymaHbl KaybIH-NIANIBIH a3 TY-
CETIH JKoHe OyJIaHybIH KOFapPbUIBIFBIMEH CHUIIATTA-
JAThIH BUIFAJ TAIIbl ayJaHaapra skatansl. Herisri
arpIH/IBI KOJIEMiHIH KoIl 0elliri KeKTeMTi Cy Tacy
KEe3€HIHEe COMKeC KEIETIHMIKTEH, KOKTEMIl >KoHE
COMKeCIHIIe >KBUIIBIK aFblHABl MOJIIEPIH Keleci
HET13r1 KIMMATTBIK (haKTopsap KaJbIITaCThIPA/IbI:
Kap KaMbBUIFBICEIHBIH KOPBI, KOKTEMI1 Cy Tacy Ke-
3CHIHJICTI KaybIH-IIAIIBIH MOJIIIepi, Ky3ri bLIFaj-
JaHy MeJIIepi MEH TONBIPAKTBIH KaTy TepeHJIIri,
Kap aMbUTFBICBIHBIH Py KapKbIHABUTBIFBI. OCBhIFaH
opaii, arbIHIBl KOJIEMiHiH e3repyiH Oaranay Oapsl-
CBIH/Ia KIIMMATTHIK (haKTOpIIap/bl KapacThlpy ©3€K-
TiJriHe OalIaHBICTBI, MaKajana OJIAPIIbIH ©3repy
TEHJICHIUSIIAPHI KapaCThIPbIIAIbL.



C.B. Caupos xaHe T.0.

JKem e3eHi anaOBIHBIH Cy peCypCTapbIHBIH 63Te-
pyiH Oaranay MaKcaThIHAa ©3€HHIH HET13T1 TapMarkl
0OJBITT TAOBUIATBIH AFBIHBI MAIIIMETTEpi Y3MIKCI3
Tewmip e3eHiHiH ManiMeTTepi MaiinadanpuUIAbL. Temip
©3CHIHIH OpTalia >XbUIJBIK aFbIHJBICBIHBIH 1935-
2019 K. Ke3eHIHAET! YaKBITTHIK XYPICIH Tanmay
OapbICHIH/Ia aFIH]IBIHBIH 23310 TEHICHIIUSCHI AHBIK-
Tanjbpl. Allanta >KalblIMalbl cyapyFa apHalifaH
Oerertep KyleciHiH malia O0oyblHA OaIaHBICTHI
1950 s>xpurmapaplH OachklHOA KAPKBIHIBI IIapya-
HIBUTBIK OPEKETTIH ocep €Ty Ke3eHi Oacramazbl
(Bommasre pecypcwer Kazaxcrama, 2012: 684), ocb
Ke3JIeH OacTart opTailia XbUIIBIK aFbIHIBI XKYPICiH/Ie
caThUIBI 43310 JUHAMUKACHI Oaikanansl. OFaH Koca,
1976 xbigan OacTar, KIUMATTHIK (PaKTOPIAP.IbIH
e3repyi ocepiHeH aFbIHIBI TaFbl OipIaMa a3aroja,
ocipece arbIHIBIHBIH ToMeHAeyi 2006 KbUiaaH
OacTan aiiKeIH Oaiikanmags! (2-4-cyper).

Opraiua ®bUIIbIK aya
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Xem e3eHi aFbIHABICBIH KaJBINTACTHIPYIIBI He-
Ti3r KIAMATTBIK (GaKTOPIIApAbIH ocepiH Tammay Oa-
pBICBIHIA aya TEMIIEPaTypPachbIHbIH YaKBITTHIK XKY-
piciHiH Oapiblk Oakpliay Ke3eHIepi YIIiH TYPaKThl
ecyl aHbIKTalabl (2a-cypeT). 3epTTeNill OTBIpFaH
ayAaHzapAa OKbUIBI Me3rinjeri  (HaypbI3-Ka3aH)
KaybIH-IIAIIBIH Menmepiniy 87-99 % Oynanyra
KyMmcanaTeiHbIH  (Pecypchl MMOBEPXHOCTHBIX BOJ
CCCP, 1966: 515) eckepcek, aya TeMIiepaTypachIHbIH
YKOFapblIaybl bUTFaJI TAIIIIBI Ay AaHAAPAbI OyJIaHyAbIH
YKOFapbUIaybIHA aJTBI KEJIETIHIH aTall OTKESH KO H.

JKem e3cHi anaObiHIa, COHBIMEH KOCa, THJIPO-
JIOTHSUIBIK PEXKUMHIH MaHBI3/IbI KypayIbUlapbl — KY3ri
bUTFANIaHy (KBIPKYHEK-Ka3aH aiIlapbIHBIH JKUBIHTHIK
JKaybIH-IIAIIBIH MOJILIEePi) MEH ©3€H aFbIHIBICHIHBIH
HETI3ri KOpPEKTeHY Ke3i OONBbI TaOBUIATHIH KBIC
ME3TLUTIH/IeT] JKaybIH-IIAIIBIH MOIIEPiHiH TpeHaTepi
1975 xburFa ieiiiH >xorapbuiaran 0osica, 1976 xbuinan
Oacran TeMeHzIey TpeHATepi Oalikanasl (20,B-Cyper).
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2-cypet — TeMip METEOPOIOTUSIIBIK CTAaHIMSACHIHBIH aya TEMIIEPaTypachiHbIH (),
KY3T'1 BUTFIaHybIHBIH (0) KOHE KbIC ME3TUTIH/IET] JKaybIH-IAIIBIH MOJIIIEPiHiH (B) YaKbITTHIK XKYypicTepi
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Kem sxone OibLT ©3¢HICP] aFbIHIBIIAPBIHBIH ©3TepyiH Oaraay

Oitbur e3eni amadbiHza 1935-1975 xok. aya
TEeMIEpaTypachl TPEHIAIHIH 6CY KapKbIHIbLIbIFbIHbIH
MaHBI3AbUIBIFEI OONMaIbl FaHa Oosica, 1976-2019
JOK. apalIbIFbIHJIA TPEHI OCYIHIH KapKbIHIbUIBIFbI
enoyip aprtkanbel Oaiikanmel  (3a-cypet). Kysri
BUIFJIIAHY MEH KBIC ME3TLUTIHIH JKaybIH-IIAIIBIH
MemuepiniH (3B-cyper) Tpenarepi 1975 xbuira
NEHIHT1 Ke3eHne >korapeutarad. Jlerenmen, 1976-
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2019 oK. Ke3eH YIIiH OyJ1 mapameTpiiepaid KaTThl
ToMeH/IeY1 OalKaIMali Ibl, TIITi KY3T1 bUTFaHTaHYIbI
kepcereTiH [X-X alnapablH SKUBIHTBIK >KaybIH-
[IaNIBIH MOJIIEPiHiH TpeHAl yirarona, Tek 2008-
2011 oK. apalbIFbIHAQ KY3Tl BUFaHJIaHY]IbIH
TeMeHeyi Oaikannsl (30-cyper). by ke3er OHbLT
©3CHIHIH OpTallla >KBUIIBIK aFbIHJBICHIHBIH €/I0Yyip
azaiirad Ke3iHe CoMKecC KeJel.
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3-cypet — OHBIT METEOPOIOTHSIIBIK CTAHIMSCHIHBIH aya TeMIIepaTypachiHbIH (@), KY3Ti bUIFaIJaHybIHBIH
(6) xaHe KbIC Me3TIIHJIET] JKaybIH-IIaIIBIH MOJIIIepiHiH (B) YaKBITTHIK JXYpicTepi

KrumaTTeIH @3repyi MeH aHTPOTIOTeHTIK 9CePAiH
OPEKeT €Ty KE3CHJEPIH €CKepe OTBIPHIN, COHBIMEH
Karap arajraH e3repic Ke3eHJaepi albIpbIMJIbIK-,
JKUBIHTBIK-UHTETPANABl  KUCBIKTapbl  (4-cyper)
MEH XPOHOIIOTHSIIBIK TpaduKTepi KOMeriMeH
©3CHJICP/IiH aFbIH/IbI KaTapiiapbl ©3repyiHiH 3 Ke3eHi
AHBIKTAJIJIBL:

i-1)/C
Zgahyey - Jlennn a.

Temup o3.

—@— AMHBIPEIMJBIK HHTETPAIIE] KUCHIFEI 0,0

= JKULIHTEIK HHTETPATIE KHCEIFEI

YQ, M3/c
- - 400, 10,00

F 300,0

F200,0

- 1000 -2.00

-4,00

-6,00

aFpIH/IBICH apTTHI-Ta0uFn ke3eH (1935-
1950 xx.);

MIapyanbIbIK OPEKeTTIH ocep eTy Ke3eHi
(1951-1975 xx.);

MIapyamIblIblK,  OpeKeT TIeH KINMAaTTHIK
(hakTopapabIH ©3repyi 9CepiHiH JKUBIHTBHIK KE3CHI
(1976-2019 xx.).

¥ (ki-1)/Cv

Oitbrr 3. - OB a.

8,00
6,00
4,00
2,00

0,00

—@— AMBIPBIM/IBIK HHTETPAIIBI KUCHIFBI

e JKMBIHTBIK HHTETPAIIEI KUCHIFEI

4-cypet — Tewmip 3. — JlenuH a. xxoHe Oibut 3. — OHBLT a. THAPOIOTUSUIBIK OekeTiHaeri 1935-2019 »xok. Ke3eHiHaer
opTaIla KbUIIBIK ©3CH aFbIH/IBICBIHBIH allbIPBIMIIBIK )KOHE KHUBIHTHIK HHTCTPAIIbI KUCHIKTAPhI
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C.B. Caupos xaHe T.0.

Kem e3eni anabbl. Temip e3. — JleHuHckuil a.
OCKeTIHIH AepeKTepi MapTTHI-TA0NFN Ke3EHHIH OpTalia
KOIDKBUIIBIK arbIHABICHI (1935-1950 sxok.) 155 muH.
M®, all KapKBIHIbI IapyalbuIbK, OPEKETTIH acep €Ty
keserinig (1951-1975 »xok.) arbiHabichl 145 muH. M
Kypart, aFbIHIbI KOJICMIHIH IIapTTHI-TAOMFH Ke3eHMEH
caspIcThIpFania 7 Y%-ra azaliraHpIFbH kepcerei. Lla-
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OprTalia *XbUIIBIK aFbIH/IbI, M3/C

1935
1938
1941
1944
1947
1950
1953
1956
1959
1962
1965
1968
1971

—I1IapTTHI-TAOUFH KE3€H
—— lllapyambuibIK SpeKeTTi Ke3eH

PYaIIBUIBIK OPEKETTIH 9cepi MEH KIMMATTBIH €3repyi
JKUBIHTBIFBIHBIH caniapbiHad (1976-2019 xox.) aFbIHAbI
koremi 112 miH. M-re JeiiH a3aiiipl, SIFHU [IAPTTHI-
TaOWFU KE3CHMEH CaIbICThIPFAH/A  IMapyallbUIbIK
OpEKETTIH 9cepi MEH KIMMAaT e3repyiHiH KelleH i acepi
HOTIDKECIHZIC OpTallla KOIDKBUIIBIK aFrblHabl 28 %o-Fa
azaiFaHIbIFbI aHBIKTAIEI (1-KecTe, S-cyper).

1974
1977
1980
1983
1986
1989
1992
1995
1998
2001
2004
2007
2010
2013

—— [lapyammsnibK 9PEKET MEH KINMATTBIH 9CCPiHiH KUBIHTHIK Ke3CHI

—Op KE3CHIET] aFbIHABIHBIH OPTAIIa MOHAEPI

5-cypet — Temip 3. — JIeHHHCKUIT a. THIPOIOTHSIIBIK OCKETIHIETI OpTallla KbUIIBIK aFbIHIBIHBIH Op KE3SHJIET1 YaKbITTHIK JKYypici

1-kecte — Temip 03. — JIeCHHHCKUIT a. THIPOIOTHSUIBIK OCKETIH/ICTI aFbIH/IBIHBIH Ke3eH Iep OOMbIHIIA 03repici

1935-1950 »xox.
([wapTTHI-TAOUFU

Cunarrama

(KapKBIHABI IIAPYarIbUIBIK

1951-1975 xoxk. 1976-2019 xx.

(mapyamsiIbIK OPEKETTIH ocepi MeH

KEe3eH) OPEKETTiH acep eTyi Ke3eHi) KJIMMATTBIH ©3Tepyi dKUBIHTBIFBIHBIH
caJiapbl Ke3eHi)
Oprauia XKbUIbIK ©3€H 4,93 4,59 3,56
arBIHJIBICH], M3/C
Opraiia KeIDKbIIIBIK aFbIHIbI 155 145 112
Koyemi, MITH. M?
AFBIHIBIHBIH KOJEMIHIH 03repy - 10,8 432
mamackl, MItH.M? (%) (-7 %) (-28 %)
JKem e3eHi amaOBIHBIH Cy pecypcTapbiH Temip _ @TMisss—1es0) , @aa
©3eHI aHajorbl OoibiHIIA Oaramay ymriH 1935- K(1935-1950) = OTIL (1951 —3 "o @
(1951 —1568] @TJa
1950 sk, 1951-1975 k., 1976-2019 xok. Ke- P
3eHJEPIHJErT AKMENIT a. THUAPOJOTHIBIK Ocke- Ki1951-1989) = m ® E, 3)
TiHIH OpTalIa MOHIEPiH KOIKBUIIBIK KE3E€HTe KeTi- T ’
py Ko3hdunuentrepi TomMmeHaeri tenaeyiepre (1-4) Kiig75 —op13) = %w ¥ %, “4)
(L35l —1568 | o

colikec ecernrenmi (2-kecTe):

P3a
K':e-:a.rrrip}' wosd—Ti) Q':r[ :3, (1)

MYH/IaFbl: Q3 A KeMm 03. — AKMeENIT a. KbUIABIK
aFBIHJBICHL, M/C; Q,, — Temip 3. — Jlenunckuii a.
JKBUIJBIK aFbIHBICKI, MY/C.
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Kem sxone OibLT ©3¢HICP] aFbIHIBIIAPBIHBIH ©3TepyiH Oaraay

2-kecte — Temip 03. — JIeHHHCKUIA a. )oHE DMOa 63. — AKMEIIIT a. THAPOJIOTUSUIBIK OSKETTEpi YILIiH €CENTEINeH OpTallia KO KbUTIBIK
aFBIH/IBIHBIH Ke3eHIep OolibIHIIa e3repici

O3eH — OekeT 1935-1950 xox. 1951-1963 xox. 1951-1975 xok. 1976-2019 xox.
(mapTThI- (xarap OakpLIay (KapKbIHABI (IIapyamsiIbIK OPEKeTTIH
TaOWUFH Ke3€H) | KYPTi3UIreH Ke3eH) HIapyalIbUIbIK ocepi MeH KIIMMATThIH 63repyi
OPEKETTIH 9Cep €Tyl | JKUBIHTBHIFBIHBIH CalIapbl KE3€H])
KE3€H1)

AFBIH/IBIHBI KOTDKBUIBIK 3,1 3,0 2,8 2,2

opTala MoHiHe KenTipy

koddpunmentrepi, (K)

Opratiia KeIKbUIIbIK aFbIHIbI, M/CeK

Tewmip 3. — Jlennnckuii a. 4,93 4,84 4,59 3,53

JKem 3. — Akmenir a. 15,0 14,5 13,0 7,7

Kem 3. — AxMemrniT a. OEKeTiHIH KenTipy
koo dunuentrepi OOWBIHIIA E€CENTENreH Op-
Tama KOTDKBUIJBIK aFbIHIBICHI MapPTTHI-TaOUFH
kesenge (1935-1950 »xok.) 475 muH. Mm%, an
KapKbIHJIBl NIapYalllbIIBIK OpEKeT Ke3eHiHJIe
(1951-1975 xok.) arbiaabl 411 MiaH. M Kypazsl,
SIFHU arbIHIBI KoJieMiHIH 13 %-ra azaliraH bIFbIH

kepceteni. Lllapyambiabik opeKeTTiH acepi MeH
KJIMMATTBIH  ©3repyi IKUBIHTBIFBl KE3CHIHJIE
(1976-2019 xx.) opramia KOIKBULIBIK aFbIHJIbI
kejieMi 244 miH. M® AeiiiH TOMEHIE, apTThI-
TaOWFU KE3€HMEH CalbICThIpFaH/Ia Oy Ke3eHHIH
opTaiia KO KbUIIBIK aFbIHIBICH 49 %-Fa a3aliran
(3-xecre).

3-kecrte — XKem 03. — AKMEIIT a. THAPOJIOTHSIIBIK OCKeTiHIe aFbIHIBIHBIH Ke3eH/1ep OoifbIHIIa e3repici

1951-1975 xox.

1976-2019 xox.

1935-1950 »xox. 1951-1963 xox. (KapKBIH]TBI (mIapyarmbnIbIK OPeKeTTiH
Cumarramanap (maprTeI- (baxbuTay [IapyamblIbIK acepi MeH KIIMMAaTThIH
TaOUFU Ke3€H) | JKYPTi3UIreH Ke3eH) | 9peKeTTiH acep eTyi ©3repyi KUBIHTBIFBIHBIH
KE3€eH1) cagapsl Ke3eHi)
OpTaH_-Ia KGH)KL;J’LE[LIK AFBIH]IBI 475 458 411 244
KOJIeMi, MITH. M
ANJIBIHFBI Ke3€HHEH 03€H aFbIH/IbICHIHBIH a3a10bl
AFBIHJIBI KOJIEMIHIH e3repy 63,6 230
mramacel, MitH. M° (%) ) (-4 %) (-13 %) (-49 %)

Ofib1 e3eHi anmabbl. OifbuT e3eHi anaderama 1950
JKBUIIaP/IbIH Oac Ke3iHeH OacTar, THIPOTEXHUKAIIBIK
KYPBUIBICTApABIH CHTI3UTyl cammapsiHan (Bommabie
pecypebl  Kazaxcranma, 2012: 684) KapKbIHIBI
apyarbUIBIK OPEKETTIH ocep eTyiHe OailaHbICTHI
©3CH aFbIHJIBICHI OiplllaMa caTbUIbl a3alFaH]IbIFbI
Oaitkanampl, ocipece COHFBI 10 JKBUIIBIKTA ©3¢H
aFbIHJBICHI KYPT a3aifra (6-cyper).

Otisut 03. — ONBLT a. OEKEeTIHIH aFrbIHIBI MAJIi-
MeTTepi OOHMBIHIIA aHTPOMOTEHIK dcepAiH OacTa-
JTyBIHA JCHIH, SFHU IIapTTRI-Ta0uFn Ke3exae (1935-
1950 »xok.) opTaiia KOIDKBUIIBIK aFbIHJbI KeJIeMi

36

310 mumH. M® Kypaca, KapKBIH/IBI [IapyaIlbLIEK dpe-
KeTTiH acep eryi ke3eHinge (1951-1975 xxk.) ocwl
arblHIbl Kojemi 258 muH. M® #eiiH a3aiinpl, SFHU
TaOUFM Ke3eHMEH canbicThipranaa 17 %-ra Te-
MeHmeni. llapyambuiblk OpeKeTTiH ocepi MeH aya
TEMIIEPATyPACHIHBIH KOFAPbUIAYBIHBIH CajllapblHAH
(1976-2019 xok.) opTama KOIDKBUIABIK AaFBIHIIBI
kenemi 230 mutH. M fieiiiH a3aiiabl. XKanmbl mapTTel-
TaOWFW KEe3€HMEH CaNbICTBIPFaH/a, MIapyanrbuTbIK
OpEKeTTiH ocepi MEH KIMMaT e3repyiHiH KelleHl
ocepl HOTHXKECIHAE opTaria KOIDKBUIIBIK aFBIHIIBI
26 %-¥a a3aijapl (4-kecte).



C.B. Caupos xaHe T.0.
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OprTaina XBUIBIK aFBIHIBL, M3/C
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1968
1971
1974

——IllapTTHI-TaONFH KE3€H
— [llapyauIbibIK 9peKeTTi Ke3eH

1977
1980
1983
1986
1989
1992
1995
1998
2001
2004
2007
2010
2013
2016
2019

— [llapyambuibIK 9peKeT NeH KIUMATTBIH 9CEPiHiH KHBIHTHIK Ke3eHi

—Op Ke3CHIET1 aFbIHIBIHBIH OPTAIIa MOHAEPI

6-cyper — Oiibit 03. — ObUT 8. THAPOIOTHSIBIK OEKETIHAETT OpTallia KbUIIBIK aFbIHABIHBIH Op Ke3€HJIeT] YaKbITThIK XKYpici

4-kecte — Oiibut 63. — OWBLT a. THAPOIOTHSUIBIK OSKETiH/IeT] aFbIHIBIHBIH Ke3eHaep OOMbIHIIA e3repici

Cunarrama 1935-1950 xox. 1951-1975 xox. 1976-2019 xox.
(IIapTTHI-Ta0UFH Ke3€H) (KapKBIH]TBI (UIapyarmbnIbIK OpeKeTTiH
[apyanbUTbIK dcepi MEH KIIMMATTHIH 63repyi
OPEKeTTIiH acep eTyl | )KUBIHTBIFBIHBIH CaJIIaphl Ke3€Hi)
Ke3€eH1)

Opratiia KbULIBIK 63€H aFbIH/BICH, M>/C 9,81 8,17 7,30

Opraiua KerpKbULIBIK aFbIHIIBI KOJIeMi, 310 258 230

MJIH. M

AJJIBIHFBI KE3CHHEH ©3€H aFbIH/IBICHIHBIH a3al0bl
AFBIH]IBI KOJIEMiHIH ©3repy IaMachl, - 51,7 73,3
witH. M (%) (-17 %) (-26 %)

OfibL1 ©3€HIHIH OpTallla )KbUIJIBIK aFbIHIBICBIHBIH
1935-2019 k. Ke3eHIHET1 yaKbITTBIK XKYpiciHae
arbIHJIBIHBIH ~ a3al0  TCHJICHIMACHI  OaifKanajibl
(6-cyper).

3epTTey KYMBICBIH/A aJIbIHFaH HOTHKEJIEp
JKaiipik-Kacrnii  cymrapyambuiblK  anmaObIHBIH - Cy
pecypcrapbin Oaranay KyMbIcTapbiHbIH (/laBiiet-
ramues, 2009: 7; JlaBnerramues, 2011a: 56; JlaB-
nerranes, 20156: 73) HOTIKenepiMeH colKec Ke-
nemi. AJanThIH OHTYCTIK-IIBIFBIC aiMarbIHIA Op-
HanackaHn e3enjepiniy (Kem, Oiibut sxoHe Carbi3)
OaxplIaHFaH JKEP YCTi Cy pPecypCTapbiHBIH >KHUbBIH-
ThIFbI KOIDKBULABIK 1940-2007 xk. ke3eHinae 788
MITH. M® Kypaca, COHFbI 30 KbuU1IbIK KezerH e (1974-
2007 sxk.) 669 MiH. M’ KyparaHbl, SFHH COHFBI
Ke3eH/Ie Cy pecypcrapbiabie 119 muH. M-Ka a3aii-
FaHIBIFI aHbIKTaNFaH (aBnerramues, 2011a: 56).

Kem xone OiblT 63eHAepi amanTapbIHBIH
IKOJIOTHSIIBIK KAFIAUBIH JKAaH-)KAKTbI 3epTTey
MaKcaTbIH/AQ KYPbUIFAH apHAbI KYMbIC TOOBI-
HBIH ic-canmap/jiapbIHBIH HITHIKeCI.

2021 xbutel XKem xoHe O¥bLT ©3eHIEpI aan-
TapbIHBIH OKOJIOTHSJIBIK JKaFIalbIH  KaH-KAKThI
3epTTey MaKCaThIHIA apHaibl dKYMBIC TOOBI KYpbI-
JIBIT, DKOJIOTHS, TEOJIOTHSI KOHE TAOUFH pecypcTap
MuHHCTpiHIH KeHecurici C. ExcerenoBriH xone Cy
pecypcTapsl KOMHTETI TOPaFachIHBIH OpPBIHOACAPHI
J1. bekmaram0eToBTiH TeparaibiFbiMeH, «Ka3rui-
pomer» PMK-HBIH Cy canachblHbIH FajbIM-MaMaH-
JApbIHAH KYpaJlFaH )KYMBIC TOObIMEH AKTe0e xKoHe
ATpIpay OONBICTApBIHA MAJaNBIK OKCIICIUITHSHBI
KaMTHUTBIH OipKaTap ic-camapiap YHbIMIAcThI-
PBULIBL.
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7-cypet — «Kasrunpomer» PMK kpi3metkepinepinin XKem men O#buT ©3¢HIEpi aFbIHIBICHIHBIH
03repy HOTHXKEICPIMECH TAHBICTBIPY OassHIaMachl MCH JTANIANIBIK SKCIICIHUIINS iC-canaphbl

Kympic ToOb1 Myramxkap, Temip, Otibin, Kpi-
3bUIKOFA, JKbIIBION aymaHAapbIHBbIH OeliceHIl a3a-
MaTTapbIMEeH apHaiibl Ke3zecynep oTkizmi. Kesme-
cyre aynaH OaclIbUIapbl, KOFaMIBIK OipiecTik My-
miesiepi, aybUIIbIK OKPYT aKcakalJap alKaChIHBIH
eKinaepi, coHmai-ak, cy pecypcrapbl KbI3METiHiH
apJarepiiepi, eHipJiK OyKapasblK aKmapat KypaJiaa-
PBIHBIH OKiNIepi KaThICTHI.

Kesnecy 6apbichiHIa dKYMBIC TOOBI aKIApaTThIK-
TYCIHJIIpY KYMBICTapbIH XKypri3zai. “Kasrugpomer”
PMK wmamanpmapel Makanaga Oepinren XKem xoHe
Oiibul ©3eHIePiHIH aFbIHABICHIHBIH a3al0bl OOWBIH-
114 JKYPri3reH 3epTTeyJepiHiH HOTHXKeIepl Typaibl
OasHaamMa xacasl (8-cyper).

AynaH TYpFBIHAApPBIMEH ©3€KTi OipKaTap mace-
Jenep KeTepii:

—  COHFBI XbUIJIAp/IaFbl ©3CHHIH TOMEHT1 aFbl-
CBIHJa OpHAJIACKaH eJJi-MEeKeHAEpJe ©3€H arblH-
IBICHI a3arona, coHbH iminage 2020 KbUIFBI ©3¢H
arbIHBIHBIH TOMEH/IEYi Ke3eHiHze (cabaiblKk Ke3eH)
Kpi3buikora, JKbuiblol aynaHaapbiHia Cy ©TIMiHIH
Y3UTin, KYpFaybl OPBIH alyia;

- ©3CH arbIHbIHBIH a3at0bI HQTI/I)KeCiHI[e, aybI3
Cy carachbIHBIH TOMEHEYl OpBIH allyJa, aTan auT-
KaHJla, CyJbIH TY3JIbUIBIFBIHBIH apTybl Ko Oaika-
JTyna;

—  eHipjae OypbIH-COHJIbI OOJIFaH OyJIakTap ca-
HBIHBIH a3al0bIHBIH OPBIH ATyl ’KaHe OYJIaK Ke3aepiH
aliry, Tasajay >KYMbICTApbIHbIH KOJIFa aJIbIHOAYbI;

—  ©3€H aHFapJapblHBIH IPTYPJl ILeriHaiiep-
MEH TOJIbIN, ©CIMIIKTEpMEH (KaMbIC, KOFa YKOHE
1.0.) GackIn KeTyi;

—  ©3€H cananapbl OOHBIH/AA, KY3bIPETTI MEKe-
MeJiepie TIpKeIMEreH, Killli THAPOTEXHUKAIIBIK K-
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peUTBIMIApAbIH (OereTTep, MMMaHAap koHE T.0.)
OpHaJacybl;

—  apTe3uaH]IbIK YHFbIMAJIap/IaH KEeJICTIH Heci3
KaJraH cy Oypkakrap (dpoHTaHIap) *OHE ONapIbIH
KaXXCTTI JIeHreiie Kapaychl3 Kalybl.

Ic-camap GaprichiHAa AKTOOE OONBICHIHBIH My-
raypkap, TeMip aynanmapbl skoHe AThIpay OOJIBICHI
Kobuibloil aynanel aymarbiHaa mamaMen 2000 kM
JKOJICBI3 KepMeH kypin, JKem e3¢HIHIH KOFapFbl
JKOHE OpTaHFbl arbICTAPBbIHAA JKOHE aja0bIHAA
OapybiFbl — 43 op Typii HBICAHIAFBI THUIPOTEX-
HUKAJIBIK KYPBUIBICTAp aHBIKTAJIbl, OHBIH 1LIIHJE:

—  Myramwkap ayJaHblHIa OapibIFel — 7, co-
HBIH IOIiHIE: KOMMYHAIJIBIK MEHIIIKTEe — 2; JKeKe
MeHIIikTe — 4; neciz — 1.

— Temip aynmansiHma Oapnwirel — 32, co-
HBIH IIIIHAE: PECITyOIUKAIBIK MEHIIIKTEe — 4; KOM-
MYHaJIJBIK MEHLIIKTEri Oererrep — 2; meciz — 25;
Ta3apTyJbl KaXeT eTeTiH Oyiakrap — 1.

—  JKbutelolt aynanbsiHIa OApIBIFEl — 4, COHBIH
IIH/Ie: KOMMYHAJIJIBIK MEHIIIIKTE — 2; ueci3 — 2.

Kem sxone OHBUT ©3€H alanTapbIHIAFbl JKO-
JIOTHSJIBIK YKaFIalabl CaybIKTBIPY MaKcaThIHIa OT-
Ki3UIreH ic-camapiap OapbICBIHIAFbl Ke3aecysiep
HOTIDKECIHJIC aJIbIHFaH aKapaTTap Heri3iHe Keneci
YCBIHBICTAp Kacalbl:

— Kemrenai FeIIBIMH-3€pPTTEY  KYMBICTaphI
HOTHXECIHAE YOKiIeTTi opranaapMeH «Kem xoHe
Of#ibLT ©3€HICPiHIH Cy PeCYpPCTaphIH KeIIEH Ti, THIM-
Il maiiaanany >KoHe KOpray >KOOachblH» KYpacThIpy
YIIH YCBIHBICTAp 93ipJiey;

— KazakcrannplH 0acka n1a ki e3eHIepiHiH
ananTapsbl YIIiH aJblHFaH TOKIpUOCHI TapaTy Moce-
JienepiH KapacThIpy.



C.B. Caupos xaHe T.0.

KopsIThIHABI

JKem sxone Ofibln e3enaepinin 1935-2020 xok.
KE3CHIHJIET1 aFbIH/IBUIAPBIHBIH ©3repyiH Oaramay
OapbIChIHIA OJIAP/BIH a3al0 TCHJICHIIMSCHI AHBIK-
tannel. COHBIMEH KaTap, 3epTTENiN OTHIpFaH ©3¢H
aJanTapbIiHbIH MIET1HJIE MapyallbUTbIK KbI3MET ICH
KITUMAT ©3TepyiHiH 63eHIepIiH THIPOIOTHSITBIK pPe-
JKUMIHE oCepiH Oarajiay MaKCaThIHJa TCHETUKAJIBIK
JKOHE CTAaTHCTUKAJIBIK TaJlAy SICTEepiH IMaiganaHa
oThIpHIT, JKeM sxoHe OHbLT 63eH1epi ananTapblHbIH
aFBIH/IBICH] IAPTTHI-TAOWFU KE3€HMEH CaJbICTBIP-
FaHJIa MapyallbUIbIK OPEKETTIH 9Cepl MEH KJIMMAaT-
THIH ©3Tepyl JKUBIHTHIFBIHBIH Callapbl Ke3eHIHe
cotixecinme 49 % xone 26 %-ra azalraHbLIFGI
AHBIKTAJI/IBI.

JKem xone OWbUT ©3€HICPI aFbIHJBICHIHBIH
a3alOBIHBIH HET'13T1 ce0enTepi OOIIBI TAOBLTATHIH KBIC
ME3TUTIHIET] KHUBIHTBIK JKaybIH-IIAIIBIH MOJIIepi
MeH KY3Ti BUTFallaHny COHFbI 20 XbIT imIiHAE Te-
MeHjIey TeHIeHIusIchiHA ue. ColKeciHIle, Cy Tacy-

JIBIH KOKTEMI1 ME3TUIIHAEC ©3€H arbIHJBICHIHBIH
TOMBIPAK HMHQUIBTPALMICHIHA IKYMCATAThIHIbIFbI
KOHIH/IE TYKBIPBIM Kacayra Oosaapl. OHipiepaeri
aya TeMIIepaTypachIHbIH OpTaIlla KOIDKBULIBIK MOH-
JICpiHIH ©3TrepyiH Talaay HOTHIKECIH/IC COHFBI KbLJI-
JIapbl KAPKBIHJIBI JKOFaphlIay TCHACHITUICH! aliKbIH-
JIAJIJIBL, SSFHH aya TeMIIepaTyPachIHbIH KOFapbLIaYHhI,
03 Ke3eTiH/e, aFbIHCHI3 OWBICTaphl Komm JKeMm xKoHe
Oiibul e3eHzepi ajanTapblHBIH OeTKelIepineHn Oy-
JaHYIIBUIBIKTHIH JKOFapblIayblHA ajbIll KeJeTiHi
AHBIK.

CoHBIMEH KaTap, ©3eHIEpJiH OpTa XKOHE Te-
MEHT1 arbICTapbhIHJA aFBIHABICHI A3aIOBIHBIH JKOHE
AKOJIOTHSIIBIK JKaFTalibIHBIH TOMEHICYIHIH TaFbl Oip
ceOenTepi Cy bl 3aHCHI3 OYPHIT aFaH ueciz bererrep
JKOHEe KEHEeC IoyipiHAe cajblHFaH, OY3bUIFaH, Cy
KUHAY KaOiJeTi KoK OererTep OOIbII TaObLIa b

Koperteraasinait xene, XKem xxone OHbLT ©3¢H-
JIepi aFbIH/IBUIAPBIHBIH a3aI0bl — MAPYaIIbUTBIK dpe-
KET ocepi MEH 3aMaHayH JKarJaiarbl KINMATThIH
e3repyi cangapbl eKeHIIT co3Ci3.
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BECEHHME AEAOBDIE MPOLIECChI HA P. XXAMbIK (YPAA)

B akoHoMMKe KasaxcTaHa peku UrpaloT OrpoMHOE 3HaueHue, 3TO 00YCAOBAEHO KOHTUHEHTAAbHbIM
KAMMAaTOM MCCAEAYEeMbIX parioHoB KasaxcTaHa, mpu KOTOPOM OCYLLECTBASIETCS obecrnedyeHne BOAO-
CHabXKeHMEeM HaCeAeHUs! U arpOMNpPOMbILIAEHHOrO KOMIMAEKCA, KoTopoe TpebyeT LeAecoob6pasHoro
MCMOAb30BaHMS BOAHbIX PECYPCOB C YYETOM MHTErPUPOBAHHOIO YNpaBAeHMS UMUK, TakyKe Ha KPYMHbIX
pekax pecnyb6AMKM OCYLLECTBASETCS CYAOXOACTBO M pPbl6OAOBCTBO. [1AaHMpoBaHuWe paboTbl BCex
oTpacAen 3KOHOMMKM TpebyeT yyeTa 0COHBEHHOCTEN MMAPOAOrMUYECKOro PEXXMMA PEKM B KAXKAOM U3
CE30HOB roAQ.

B AQHHOM Hay4YHOM MCCAEAOBAHMM PACCMATPUBAIOTCS BECEHHME AEAOBbIE MPOLLECChl Ha p. XKarblk
(Ypaa). NpounseBeaeH aHaAM3 MOAYUEHHbIX PE3YALTATOB C pPe3yAbTaTaMM pPaHee MPOBEAEHHbIX HayUHbIX
WMCCAEAOBaHWUI, B YaCTHOCTU C AQHHbIMM cripaBoyuHMKa «Pecypcos nosepxHocTHbix Boa CCCP — HukHee
MoBoaxbe n 3anaaHbiit Kaszaxcran». Kak nokasaAm uccaepoBaHus, HabAloaaeTcs TeHAeHUms Goaee
paHHEero BCKPbITUSI peKr, MPOXO>KAEHNS AEAOXOAQ M OUMLLEHUSI PEKM OTO AbAQ.

BbiAM NpoaHaAM3MpPOBaHbl pa3AMyUHbIE MEPUOAbI, HO OCHOBHOE BHUMaHWeE ObIAO YAEAEHO YCAOBHO-
ectecTBeHHOMY (Cc 1937 no 1957 rr.) u HapyweHHoMy (koHel, XX — Hayaao XXI| BekoB) mpoueccam
AEAOBbIX IBAEHUI C MCMIOAb30BAHNEM AAMHHOMEPUOAHbBIX HABAIOAEHUIA HA TMAPOAOTMUYECKMX CTAHLMSIX.

Aea Ha pekax urpaet hyHAAMEHTAAbHYIO POAb B GMOAOTMUYECKMX, XUMMUUECKMX M (DU3UUECKMX MPO-
ueccax. Kpome Toro, Aea MOXeT UMeTb OrPOMHOE 3KOHOMMYECKOe BAUSIHME Ha peyHble MpoLLecchbl U
MPOMbILLIAEHHbIE Pa3paboTkM Ha pekax. Bce TexHuMueckue onepaumm U NpoLecchbl Ha peke MoryT Cy-
LLECTBEHHO M3MEHUTHCS U3-32 UBMEHEHMS TOALLMHbI M MTAOTHOCTM AEAOBOIO MOKPOBA, a TaK)Ke BPEMEHU
€ro rnosiIBAeHUs1 MAM OCBOOOXXAEHMS PEKM OT AEAOBOIO MOKPOBa.

KatoueBble cAoBa: peka >Karibik, BECEHHME A€AOBble MPOLECChl, NEPBblE AEAOBbIE SBAEHUS, Ae-
AOXOA, MOABUXKKA AbAQ, BCKPbITHE, MPOAOAXUTEABHOCTb AEAOBOIO NMEpPUoAA.

D.K. Kissebayev'", G.T. Musralinova', S.M. Marchenko?
Al-Farabi Kazakh National University, Kazakhstan, Almaty
University of Alaska, USA, Fairbanks
*e-mail: daulet-ktl@mail.ru

Spring ice processes at the zhayik river (ural)

Rivers are playing a huge role in the economy of Kazakhstan - this is due to the continental climate
and dryness of the some areas of the Kazakhstan, in which water supply is provided to the population,
as well as to the agro-industrial system and infrastructure. It is requiring the expedient use of water
resources, taking into account the integrated management of them. Also on large rivers of the republic
carries out navigation and fishing. Planning the work of all sectors of the economy requires taking into
account the peculiarities of the hydrological regime of the river in each of the seasons of the year.

This research are considering spring ice processes on the Zhaiyk (Ural) River. The results obtained
from our research were compared with the data of previous scientific studies from the reference book
“Surface water resources of the USSR - Lower Volga River Region and Western Kazakhstan.” The result
shown, there is a trend of earlier opening of the river, passing ice drift and clearing the river from ice.

Various periods were analyzed, but the main attention was paid to the natural conditions from 1937
to 1957 and disturbed (by what? What is the cause of the disturbance?) between 20th and early 21st
centuries, using long-term observation from the hydrologic stations.

Ice on rivers plays a crucial role in biological, chemical and physical processes. In addition, ice can
have a substantial economic impact on river functionality. All operations and processes on the river can
change significantly, due to changes in the thickness and density of the ice cover, as well as the time of
its appearance or purification of the river.

Key words: Zhaiyk River, spring ice, processes first ice phenomena, ice drift, ice movement, river
opening, duration of ice period.
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XKaiibik (Opan) e3eHiHAeri KeKTemMri My3 npotecrepi

KaszakcraH 3KOHOMMKACbIHAQ ©3EHAEP YAKEH MaHbI3AbIAbIKKA Me — GYA eAAiH KOHTUHEHTTIK
KAMMATbIHA 0OaMAAHbICTbI, OHAAFbl XaAbIKTbl CYMEH KamTamachi3 €Ty >XOHe CYyAbl KELUEHAl AYpbIC
narAaAaHyAbl TaAan eTeTiH arpoeHepKacinTik pecypcrapmeH Heridaeaeai. CoHAal-akK, ipi e3eHAepAe
KemeAep >ky3yi xaHe GaAblk ayAay Ky3ere acblpbliAaAbl. IKOHOMMKAHbIH GapPAbIK, CaAAAAPb! XKYMbIChIH
>KOCnapAay yuliH XbIAAbIH 9p6ip MayCbIMbIHAAFbI TMAPOAOTMUSIABIK, PEXKMMHIH €PEeKLLIEAIKTEPIH eCKepYAI
TaAamn eTeAl.

byA 3epTTey >KymbicbiHAQ KaibiK, (Opan) @3eHiHAEr T KOKTEMT| My3AbIK MPOLLECTePi KapaCTbIPbIAABI.
AAbIHFAH — HOTWMXKEAEpAiI  OYypbIHFbI  >KYMbICTApAbIH — HOTMXKeAepiMeH, atan  antkaHaa, «CCCP
>KEPYCTi CyAapbIHbIH pPecypcTapbl» aHbIKTaMaAbIFbIHbIH AepeKkTepIMEH TaAAay XKYprisiaai. 3eptrey
KOPCETKEHAEN, ©3EHAE MY3 KO3FaAy YPAICiHIH epTepek 6acTaAybl, My3 XXYPY XXOHe ©3eHHiH My3AaH
Ta3aAaHybl GANKAAAbI.

OpPTYPAI Ke3eHAEp TaAAaHAbl, Oipak 6acTbl Hazap Y3blH KAaTapAbl CTaHUMSIAAD MOAIMETTEpiH
KOAAQHA OTbIpbIn 1937 >kbiAaaH 1957 >KbIA apaAbIFbIHAAFbI LIAPTTbI-TaOMFM Ke3eH xoHe XX FacbipAbIH
coHpl MeH XXI Facblp 6acbiHAAFbI Ke3eHTre MaH OepiAAi.

BUOAOTMSABIK, XMMUSABIK, )KoHe (DM3MKAAbIK, MPOLIECTEPAIH KAAbINTaCyblHAQ ©3€HAEPAETI My3Aap
Heri3ri peA aTkapaabl. COHbIMEH KaTap, My3 ©3eHAEp LuapyallblAbIFbIHA YAKEH 3KOHOMMKAAbIK, acep
eTyi MyMKiH. bapAbIk onepaumsAap MeH npouecTep My3AblH, KaAbIHABIFbIHbIH ©3repyiHe Hemece OHbIH

namaa GOAy XKeHe XOFaAy yakbITbiHa 6AMAAHBICTbI aTAPAbIKTaM 63repyi MyMKiH.
Tynin ce3aep: >Karblk, ©3eHi, KOKTEMIi My3Abl MPOLIECTEP, aAFALLKbl MY3AbIK, KYObIAbICTAp, My3
XKYPY, MY3AbIH, )KbIAXYbI, MY3AbIH, aLLIbIAYbI, Y3aKTbIfbl.

BBenenue

Pexa Kaitpik (VYpan) siBasieTcss OCHOBHOM
pexoit 3amamroro Kazaxcranma. OHa Oeper cBoe
Havyaso B Ypaibsckux ropax (P®) um Bmagaer
B Kacnuiickoe Mope, o0mias HOPOTAIKEHHOCTh
peku Ha Tepputopuu PecnyOomumkm Kazaxcran
coctaBusaeTr 2428 kM (Yubumer A.A., 2008).
OIHUMHU U3 BaXKHBIX HAITPABICHUM UCCIeI0BAHUIN
ABJISAETCA M3y4EHHE THJPOJIOTHYECKOTO, Tep-
MHYECKOTO W JIEAOBOTO pexXuMa peku. B oc-
HOBY [JIaHHOTO MCCIEJOBAaHUS JIETIU PSAbI
JIIMHHOTIEPUOIHBIX HAOMIOJEHUI MO TpeM THA-
posnornueckum mnoctam pexu Kaiipik (Ypam) —
I. Ypanbck, moc. MaxamOeT u . ATbIpay.

Ha ocHOoBaHMM HmaHHBIX O pacxomax BOIBI C
THIIPOJIOTHYECKUX CTBOPOB Ioc. Maxamber u
c. Kymrym Bech nmepuon riccnenoBanuii ObIT yCIIOBHO
pas3zeneH Ha HECKOJIBKO TaIoB:

1. 1936-1957 1T. — YCJIOBHO-ECTECTBECHHBIH,
ONHUCBHIBAIONINI THUAPOIOTUYECKUNA PEKUM PEKH 10
CTPOUTENBCTBA 1 BBOJA B IKCIUTyaTaluto Mpukinu-
CKOTO BOJIOXPAHWJIMINA, PACIIOJIOKEHHOTO B Bep-
XOBBsIX peku B OpeHOyprckoii obnactu.

2. 1958-1990 rr. — ycnoBHO-HApYIIEHHBIH,
T0J] BIMSTHUEM aHTPOIOTEHHOH 1A TEIbHOCTH.

3. 1991-2019 rr. — HapylIeHHBIH, MO BIMS-
HUEM aHTPOIMOTEHHON NEeATENbHOCTH W KIMMaTH-
YECKUX M3MEHEHUH.

[Tepronbl OBLITN BBIACIICHBI COTIIACHO pacyeTaM
M0 M3MEHEHHUIO CTOKa pPEKH, a TaKKe COIJACHO
pacyeTaM Yy4YeHbBIX, 3aHUMAIOIIMXCS H3yYeHUEM
U3MEHEHHUs cTOoka AaHHOU pekn (MBkmHa, 2016)
(Kucebaes, 2020). [lo mpoBeneHHBIM pacueTam
Ha CTBOpax, pacHoJIOKeHHBIX B c¢. Kymym un
. ATeipay, ObLIIO BBIsIBIEHO 3 mepuona — ¢ 1921
no 1957 rox — ycioBHO-ecTeCTBEHHBIHN, ¢ 1958
mo 1990 rox — ycioBHO-HapymieHHBIH 1 ¢ 1991
roja — 1o HacTofALlee BpeMs — HapyLICHHBIH, a
10 CTBOPY noc. MaxaMOeT BBISIBIICHBI 2 IEpHOJa
— ¢ 1932 mo 1975 rox — yci10BHO-€CTECTBEHHBIN
u ¢ 1975 roga — mno Hacrosmiee BpeMs —

HapyILIEHHBIN.

[Tocne ananu3a METEOPOTOTHIECKUX PACUETOB,
IIPOM3BEICHHBIX 110 JaHHBIM 3 METEOPOIOIMUECKUX
cranmwmii (moc. Yamaepo, moc. MaxamOeT, . ATbipay),
PpacrmonoXeHHbBIX BIOJIb PyCIOBON YacTH, peka Oblia
YCIIOBHO pasiesieHa TP TUAPOJIOTHIECKUX OTpe3Ka
(paiiona):

a) CeBepHBI paloH — OT THAPOJIOTUIECKOTO
cTBOpa noc. SHBapIeBo 70 cTBopa ¢. Talinak;

b) IleHTpanbHBIA pailoH — THAPOIIOTUYECKUE
ctBOpbI noc. Munepbop nu Maxamber;

c) IOxHblil paliloH — Ha OTpe3Ke MEKIY
TUAPOJOTHYECKUMH CTBOpaMH TI. AThIpay H
c¢. XXanaranamn.
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Pucynok 1 — Pacionoxenune ruipoiaorn4eckux moctos Ha p. JKaibIk.

CHOXHBIH XapakTep JIEAOBOIO pexnuma o0y-
CJIOBJICH 3HAYMTENBHOMN MPOTSHKEHHOCTHIO PEKU IO
JIOJITOTE ¥ PA3INYHBIMU THAPOMETEOPOJIOTHIECKIMHU
YCIIOBHSIMH HEKOTOpBIX paiioHoB (Kucebaes, beii-
cenbOaeBa, 2021). HccnemoBaHus JIEAOBBIX TIPO-
LIECCOB KpaiHe Ba)KHBI JUISI MHOTHX BHJIOB HApOJ-
HOTO XO3SHCTBa, 3MMHETO PBHIOOJIOBCTBA, OMpEre-
JIeHUs nepruojia HaBuranuu u T.4. (Boansle pecypebl
1 BOJTHOE XO3sHCTBO Ypana, 1977).

MaTepua.nLl U ME€TObI HCC.TIeIlOBaHI/Iﬁ

OOBEKTOM HCCIEOBaHUSI SIBISICTCS JICIOBBIN
pexum pekn JKaiipik (Ypan). B Hacrosmmem wc-
CJICJIOBaHUU OBUIM HCIIOJIb30BaHbI JaHHBIC HAOFO-
JeHut  ruapomereoponorndyeckort cerm  PI'TI
(PecmyOnukanckoe rocynapCTBEHHOE HpEAIpHUsi-
tne) «Kasruapomer», a UMEHHO HaHHBIC IO THI-
ponormdecknM moctam (T. Ypanbek, c. Kymrywm,
noc. MaxamOeT u T. ATbIpay,) 1 METEOpOIOruIec-
KM cTaHIusaM (T. Ypanbck, moc. YamaeBo, Tmoc.
MaxamOet ur. ATsipay). BeiOopka JaHHBIX TPOU3BO-
JITach 3a THaponornyeckuit roa. CpeaHue 1aThl U
MIPOIOJDKUTEINFHOCTD BECEHHHX JISIOBBIX ITPOIIECCOB
BBIUUCIICHBI KaK cpeaHue apu(MeTHYecKue TIo
OTOOpaHHBIM JaHHBIM. [ MAPOTOTHYECKHE pacdeThl
npou3BOAMWINCH 3a nepuoa ¢ 1937 mo 2020 rr, a
Meteoponoruaeckue — ¢ 1930 mo 2020 rr., ywmmms
Ha METEOCTaHIMK 1moc. MaxamMOeT UCIIOIb30BaJIHCh
nmannbelie ¢ 1970 mo 2020
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BekpsoiTHe p. KaiibIk.

BecHoii, B Mexkce30Hbe NPU YCTOHYMBOM Tie-
pexoie CyTOYHOHM Temmeparypbl Bo3ayxa depes 0
rpagycoB llenbcusi (0e3 ydera paaualuOHHOTO
JHEPreTUYEeCKOro OajaHca Ha TOBEPXHOCTH JIENO-
BOTO TMOKPOBA), KOTAAa CyMMa MOJIOKUTEIBHBIX
aHOMAJIMKA TIpeoONafacT HajJ OTPUIIATCIHHBIMU,
HauyMHAETCs TMPOILECC BCKPBITHS JIbJla Ha pEKe.
OcHOBHBIMH  (haKTOpaMH  BCKPBITHS  JI€IOBOTO
MOKPOBA Ha PEKE SBISIOTCS CONHEYHAs pajualus,
MOCTYIUICHUE TeIla W3 BO3Ayxa (aJBCHTUBHBIH
MPOIECC TeIIo00MEHa), a TaKkKe C TEIUIOW BO-
oM — MeXaHHWYEeCKOE BO3JICHCTBHE TaJOM BOJBI
(Tepmonppo3us, Tepmoadpasus). [Ipomecc BCKPHI-
THS HAYMHAETCS C TasHUS CHEra Ha IbAY, Tajas
BOJIa cHera ocnabmser sien. Jlen y Oeperop HauuTaet
TasATh IO TPUYUHE TEIUIOOOMEHA C TPYHTOM U
CTCKAIOIIMMU C HETO TaJlbIMH BOJAMH, a TaKXKe
BCJIC/ICTBUE TIOJHSATHS YPOBHEH BOJBI y OEpPEeroB u
00pazoBaHus 3aKpanH 1 MPoMouH (JIemToBBIi pexum
pex CCCP, 1987).

3a nmaTy BCKpBITHSI PEKU OepyT BpeMsl BO3-
HUKHOBCHHMSI TaJlOW BOJIbI, TEKYIICH MOBEPX JIbJA,
MPOMOWH, 3aKpauH, TPCIIUH B JICJTHOM IOKPOBE
1 T.1. B Tabnume 1 mpuBeneHs! cpeqHue, paHHUE U
TTO3/THUE JIaThI BCKPBITHS PEKH Ha THAPOIIOTHIECKUX
MOCTax.



JI.K. Kucebaes u nip.

Tadmuua 1 - [lats! BekpbiTHs J1b1a Ha p. XKaiibik 3a nepuog ¢ 1937 o 2020 rr.

T'maponornyeckuil noct
[Tepnon Hara I. Vpasbck noc. MaxamGer r. ATbipay
Cpennsist 102* 89 87
1937-1957 12 anpens 30 mapra 28 mapra
Pannss 85 67 62
26 mapra (1946-1947 rr.) 8 mapra (1943-1944 rr.) 3 mapra (1945-1946 rr.)
TTo3nusas 120 104 102
30 ampenst (1937-1938 rr) | 14 anpenst (1951-1952 rr) 12 anpens (1953-1954 rr)
Cpenuss 93 (-9)** 85 (-4) 85(-2)
1958-1990 3 anpeuns 26 mapra 26 mapra
Pannss 77 (-8) 62 (-5) 70 (+8)
18 mapra (1989-1990 rr.) 3 mapta (1989-1990 rr.) 11 mapra (1989-1990 rr.)
[Mo3nusist 111 (-9) 101 (-3) 98 (-4)
21 anpenst (1963-1964 rr.) | 11 anpenst (1968-1969 rr.) 8 anpens (1963-1964 rr.)
Cpenusist 89 (-13) 74 (-15) 69 (-18)
1991-2020 30 mapta 15 mapra 10 mapra
Pannsis 71 (-14) 50 (-17) 48 (-14)
12 mapra (2008-2009 r1.) | 19 despast (1999-2000 rr.) | 17 despasns (2015-2016 rr.)
[Mo3musist 102 (-18) 95 (-9) 98 (-4)
12 ampens (1995-1996 rr.) | 5 anpens (1993-1994 rr) 8 ampenst (1997-1998 1r.)

* Uuco aueit ot 1.01

** CuBrkka (B CyTKax) Ha Ooyiee paHHUE CPOKH AT BCKPBITHS JIbJIa OTHOCHTEIIBHO

nepuoxa 1937-1957 rr.

IIponeccel BekphiTus p. JKailblk IpeTeprienu
ompe/ieNieHHbIe M3MEeHeHus. Tak, Hampumep, ¢ rora
Ha CEBEpP CPOKHU BCKPBITHs HAOIIONAIOTCS paHbIIC
Ha 18, 15 u 13 gHel COOTBETCTBEHHO, €CIIU CPaB-
HUBAaTh MEPUOJBI YCIOBHO-ECTECTBEHHOTO CTOKA U
HapymieHHoro. [oBops 0 Hambojiee paHHHUX JaTax
BCKPBITUSl PEKU B PA3JIUYHBIC MEPUOIBI, MOKHO
3aMeTuTh, uTo B nepuoa 1991-2020 rr. onn oTme-
yajauch Ha 14-17 nHel paHblIe OTHOCUTENBHO IIe-
puona 1937-1957 rr., a B ciydasx OoJiee MO3JTHUX
JIaT CABUT Tpou3orien Ha 4-18 mHel B cTOpoHy 00-
Jiee PaHHEro, C F0’KHOM YacTU B CTOPOHY CEBEPHOIO
COOTBETCTBEHHO. Takum o00pa3oM, aHaJM3 JaH-
HBIX 32 83 Tola MOKAa3bIBAeT, YTO JAaThl BCKPBHITHS

CMEINAIOTC B CTOPOHY Oojiee pPaHHUX CPOKOB.
I'nmaBHOM NPUYMHOM JAHHOTO CMEIIECHUS MOXKHO
CUMTATh U3MEHEHUE KJIMMAara, a UMEHHO IOBBIIIE-
HUE TeMIIEpPaTyphl BO3/1yXa, a TAKXKE BIUSHHUE YEIIO-
BEUYECKOH J1eATEIBHOCTH.

Jlenoxox na p. Kaiibik. JlenoxonoM NpuHATO
CUNTATh BpeMsl, KOT/a JIEJTHON IIOKPOB Ha peKe pas-
OmBaeTcs Ha OT/AETbHBIC JIBIUHBI U HAYMHAET CMe-
AThCS IO TPACKTOPUU ABMKCHUSI PEKH.

B cpemnem nemoxom Ha peke XKaiibik (Ypan)
HAuMHAeTCsl C TPEeThel JIeKabl MapTa B IOKHOU U
LEHTPAJIBHON YaCTAX, & 3aT€M B CEBEPHOU 4acTH —
IIEPBOI WJIM BTOPOM JIeKaIe anpeds.

Tadmuua 2 — Jlate! negoxona Ha p. XKaiibik 3a nepuox ¢ 1937 no 2020 rox

I'maponoruueckuii noct
Hepunozn Hata I. Ypanbck noc. Maxam6er I. ATbipay
1 2 3 4 5
Cpennsist 104 90 87
1937-1957 14 anpens 31 mapra 28 mapra
Pannsist 90 67 62
31 mapra 8 mapra 3 mapta
(1946-1947 ) (1943-1944 r.) (1945-1946 1r.)
TTo3nHsas 114* 104 102
24 ampens 14 ampens 12 ampens
(1941-1942 ) (1941-1942 rr.) (1951-1952 1)
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1 2 3 4 5
Cpensist 97 (-7)** 87 (-3) 85 (-2)
1958-1990 7 anpens 28 mapra 26 mapTa
Panmusist 83 (-7) 69 (+2) 70 (+8)
24 mapra 10 mapra 11 mapra
(1980-1981 rr.) (1989-1990 rr.) (1989-1990 rr.)
[Mo3amstst 114 (0) 102 (-2) 97 (-5)
24 anpenst 12 anpens 7 arpernst
(1963-1964 rr.) (1963-1964 rr.) (1958-1959 rr.)
Cpenusist 95 (-9) 80 (-10) 75 (-12)
1991-2020 5 anpenst 21 mapra 16 mapra
Panuss 83 (-7) 59 (-8) S51(-11)
24 mapra 28 despains 20 despains
(2000-2001 rr.) (2001-2002 rr.) (1999-2000 rr.)
To3musis 106 (-8) 96 (-8) 98 (-4)
16 ampenst 6 anpesns 8 anpens
(1995-1996 rr.) (1993-1994 rr) (1997-1998 rr.)

* Yucno aueit ot 1.01

** CuoBmKKa (B CyTKax) B CTOpOHY Oojiee paHHUX (-) MJIM TO3AHUX (+) CPOKOB JIaT Hadaja JIeJ0X0Aa OTHOCHTEIFHO MEpUoaa

1937-1957 rr.

W3 Tabnuiipl 2 ciaeyer, 4o ¢ ora Ha CeBep CPOKU
Hauajga JIeloXo/la Tereph HaOMIONaloTCs paHBIIe
Ha 12, 10 m 9 nHEW cooTBeTCTBeHHO. M3MeHeHMs
TaKke MPOM3OILIN B JaTax caMoro paHHEro W ca-
MOTO TIO3/THETO Hawauna Jegpoxona. CABMKKA caMbIX
pPaHHUX JIaT C I0ra Ha CeBEp MPOUCXOIUT B CTOPOHY
Ooiee paHHUX CPOKOB, IPUYEM HAMOOIbIIIast pa3HU-
na (11 nueit) HabrOMACTCSI HA FOTE B paiioHe ropoja
ATpIpay: 31ech camasi paHHsIs JaTa Hadaja JIeAoXoaa
Brepuozac 1937mo 1957 rr. ormeuanace 3 Mapra 1946
rona, a B iepuog ¢ 1991 no 2020 rr. — 20 deppais
2000 roma. MI3MeHeHnus caMo ITO3HEH JaThl Hadyajia

Je0X0[a HMMEIOT TMPOTHBOIOIOKHBIA XapakTep:
HanOoJbIIasl CABUKKA B OoJiee PaHHIOI CTOPOHY
HaOJI0/1aeTCsl Ha CeBepe, B IMIPOJIOTMUECKOM CTBO-
pe ropoma VYpanbck (8 mHEi), TIe camoe To3aHee
Hauano Jemoxona Owbwio 16 ampens 1996 rtona.
Ha pucynke 2 mpencrasieno ¢oTto Jiemoxonga Ha
p. XKaiibix (Ypai) Bblle THAPOIOTHIECKOTO CTBOPA
r. OpeHOypr, mpenocTaBIeHHOE CHECIUAINCTAMU
®DenepabHOTO  TOCYJApCTBEHHOIO  OIOIKETHOTO
yupexnenus (OBI'Y) «lIpuBomkckoe yrpaBieHHe
rujipoMeTeoposoruueckor ciryost (YIMC)».

Pucynok 2 — Jlenoxon Ha p. XKaiisik (Ypan)
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ITpoao/sKUTEILHOCTh  BECEHHHMX  JIETOBBIX
MPOIECCOB.

[IponomKUTENFHOCTh BECEHHHUX JIEOBBIX MPO-
neccoB Ha p. JKaiipik (Ypai) B OCHOBHOM 3aBHUCHT
OT TEPMUYECKHUX YCIOBUM OKpYKaroLEen cpebl, T.K.

peKa MpoTEeKaeT ¢ CeBepa Ha 0T, IOATOMY BCKPBITHE
HAuMHAETCS C HU30BUU PEKH U MOCTETIEHHO YXOIUT
B ee BepxoBbs (PII.B. CCCP. Huxnee IloBomxbe
u 3anagasiidi Kazaxcran, 1970). B cpennem Ha pas-
JUYHBIX YYacTKaX PEKU HPOJOJIKHTEIBHOCTH MO-
JKeT BapbUpoBaTh OT 2 10 10 nHeil.

Tab6auua 3 - [IponomKUTeTbHOCTh BECEHHUX JISIOBBIX TIporieccoB Ha p. JKaiieik (Ypain) 3a mepuoxn ¢ 1937 mo 2020 rox

I'upponorunueckuii noct
[Tepuon Hucno aueit L. YpaJlbCK noc. Maxamber r. ATbIpay
Cpennee 4 5 6
1937-1957 Hawubonbmee 12 10 23
(1954-1955 1) (1943-1944 r1) (1946-1947 rt.)
Haumensbiee 1 1 1
(1937-1938 rr) (1955-1956 rt.) (1948-1949 rr.
1950-1951 rr)
Cpennee 9 (+4)** 6(+1) 2(-4)
1958-1990 Haubonbmee 20 (+8) 27 (+17) 14 (-9)
(1988-1989 rr.) (1984-1985 rt.) (1985-1986 rt.)
Haumenbiee 3(+2) 1(0) 1(0)
(1962-1963 rr. (1961-1962 rr.
1969-1970 rr. 1964-1965 rr.)
1975-1976 rr.)
Cpennee 10 (+6) 10 (+5) 10 (+4)
1991-2020 HanGomnbiree 25 (+13) 21 (+11) 20 (-3)
(2008-2009 rr.) (1994-1995 rr.) (2019-2020 rr.)
Haumenbinee 3(+3) 1(+0) 3(+2)
(1998-1999 rr. (2000-2001 rr. (1991-1992 rr.
2001-2002 rr. 2006-2004 rr.) 1997-1998 rr.
2003-2004 rr.) 2002-2003 rr.
2003-2004 rr.)

** M3menenue (B CyTKax) MPOJOJKUTEILHOCTH BECEHHUX JICOBBIX MPOIIECCOB B MEHBIIYIO (-) WK OOJbIIyIO (+) CTOPOHY

OoTHOCHUTENbHO niepuona 1937-1957 rr.

W3 Tabnuipl 3 ciaemyer, 4To MPOAOKUTEIEHOCTh
JICIIOBBIX TPOIIECCOB BECHOMW 3a BECh MEPHOJ HAO-
mogenuid ¢ 1937 no 2020 rox MOXET pa3audarbes
B cpenHeM mnpeaenax oT 2 10 10 guel, B OTAeNbHbBIC
TOABI TIPOIECCHl BCKPBITHS ¥ OUYHUIICHUS MOTYT
MIPOUCXOAUTHh BCErO JIMIIb 3a | AeHb, HampUMep,
B 1938, 1956, 1949, 1951 rT. ¥ B OTJENIBbHLIC TOIbI
XXI Beka. Ecniu cpaBHUBaTh MPOJOIKUTEIBHOCTh
BECCHHUX MPOIIECCOB B PAHHUE U MO3THUE TEPUOIBI,
TO BHUIHO, YTO M3MEHEHHE KIIMMaTa IMOBJIMSIIO Ha UX
MPOAODKUTENBHOCTh: BECEHHUE MPOLECCHl CTalu
Oomee pacTSHYTHIME IO BpeMEHH. JTO 00y CIIOBICHO
TE€M, YTO 3HAYUTENILHO OOJiee paHHWE BECEHHHE
MPOIIECCHl  MPOUCXOASIT MEHEE WHTCHCUBHO, C
IIOCTOSIHHOM CMEHOM BOJIH TEILIa U XOJI0/a.

IIpu 3TOM clieryeT OTMETUTD, YTO, HECMOTPS Ha
0oJee MIPOJOHKUTENBHEIC, YeM PaHbIIE, BECCHHUE
MIPOLIECChl, OYUIIEHUE OTO JbJa p. JKailbik mpouc-
XOJIUT B HACTOsAIIECE BpeMs B 00Jice paHHUE CPOKH.
Ecim cpaBHMBarTh cpemHWE CPOKH BCKPBITHS P.

JKaitpik o Tpem myHKTam (Tadi. 1), Trroc cpeaHss
MPOAOKUTEILHOCTh BECEHHUX MPOIIECCOB B ITUX
ke cTBopax (tabm. 3) 3a mepuombl 1937-1957 u
1991-2020 rT. COOTBETCTBEHHO, TO MOIYUYUTCS, YTO,
HECMOTpsl Ha Oollee pacTIHYTHIE BECEHHHUE IPO-
LIECChl, B HACTOSIIEE BPEMs IEPUOJ BCKPBITUS H
JIeI0X0/1a Ha peKe 3aKaHIUBACTCSI PaHBIIIE.

B paiione 1. Ypansck: B mepuon 1937-57 rr.
cpemHsis aata BCKpbITHs — 12.04, cpensist IpomaoKu-
TENTPHOCTH BECEHHUX JIEOBBIX MPOIIECCOB — 4 THS; B
nepuof 1991-2020 rr. cpenusist nara Bekpbitus —30.03,
CpemHsIsT TIPOMODKUTEIIHPHOCTh BECEHHHX JICHOBBIX
npoueccoB — 10 nHei, T.e. Ha 7 JHEN paHbLIe.

B paiione moc. Maxamber: B mepuon 1937-
57 rr. cpennsis nara Bckpwitus — 30.03, cpennsis
MPOJIOIKUTEILHOCTh BECEHHUX JICIOBBIX TPOIECCOB
— 5 nmmeit; B mepuon 1991-2020 rtr. cpemnss nara
BCKphITHA — 15.03, cpenHsas NpOAOIKUTENBHOCTD
BECCHHUX JICTOBBIX mporieccoB — 10 quei, T.e. Ha 10
JHEH paHblIIE.
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B paiione . Ateipay: B nepuon 1937-57 rr
cpenHss qara BCKpbITHS — 28.03, cpenHsis mpoaoi-
JKUTEITFHOCTh BECEHHHX JIEJIOBBIX IPOIIECCOB — 6
nueit; B mepuon 1991-2020 rr. cpeansis nata BCKPbI-
tust — 10.03, cpenHss mpoJoJKUTENIbHOCTh BECEH-
HUX JIEJOBBIX nporeccoB — 10 nuel, T.e. Ha 14 nuei
paHsbIIe.

Brusiaue QakropoB pazmuvHOTO poia (aHTpo-
MTOTeHHBIX U KIMMATUYECKIUX) Ha CPOKH BCKPBITHS,
JaT Havania JIeM0XOoAa M TMPOAOIDKUTEIHHOCTh Be-
CEHHUX JICZIOBBIX MPOIIECCOB JOBOJIBHO YETKO MPO-
CIIe)KUBAETCS B HANpaBIIEHUU TEUEHHs peku (C ce-
BEpa Ha IoT).

OmnacHsle Je0BbIe ABJEHUS Ha p. KalbIK.

HakomieHHble NeAsHbIC O6paBOBaHI/I${ B pyciie
PCKU BO BPEM:I JICJ0X0/1a B BECCCHHEC BPEMS, SABJISAIO-

IFecs MPUYUHON CTECHEHUS )KUBOTO CEYCHUS PEKH
U COIPOBOXKIAIONIUECS TAKKE MOABEMOM YPOBHS
BOJIBI B peKe, Ha3bIBatOTCsS 3aTopoM. COBpeMeHHBIE
WCCIICZIOBAaHUSl OYCHP YacTO TOKa3bIBAIOT, YTO H3-
MEHEHHE KJIMMaTa U aHTPOIIOTEHHAs JesTeIbHOCTD
BIIHMSIFOT Ha THAPOJIOTUYECKUHN PEXUM PEK, HO €CIH
aHTPONIOTCHHASL JCSITEIBHOCTh BIHSET KOCBEHHBIM
00pa3oM, TO KIMMATHYECKUE H3MECHEHHUS HMEHOT
MpsIMOE BJIMSIHUE Ha BO3MO)KHBIE M3MEHEHUS B TH-
JIPOJIOTHYECKOM M JISJIOBO-TEPMUYECKOM PEKHMAX
(Aragonosa u np., 2016). B tabmuie 4 npeacras-
JIeH KaTaJlol TaKUX OIACHBIX THIPOIOTHYECKAX
JIEZIOBBIX SIBJICHUM, KaK 3aTOphl, 3a mepuoa ¢ 1937
mo 2020 rr. Mo BceM THUAPOJIOTHYECKUM IIOCTaM,
PACIIOJIOKEHHBIM BAOJIb PYCIOBOM YacTH p. JKalbik
(Ypamn).

Tadmuua 4 — Karanor 3aTopHbIX siBIeHNH Ha p. XKaiipik (Ypan) 3a nepuon ¢ 1937 mo 2020 rr.

Tonsr I'maponoruueckuii noct I'ne ormeuancs [IpoaomKUTENEHOCTS,
(BbImIe - A /HIKe - ¥ THU
THIPOJIIOTHIECKOTO IT0CTA)

1 2 3 4
1966 1. c. Kymym A 3
1967 . c. Kymym A 5
1969 . c. Kymym v 3
1970 1. c. Kymrym AV 1+2

noc. Maxamber A 1

1971 . c. Kymrym A 3
1972 1. c. Kymrym A 3
1973 1. I. Ypanbck v 1
c. Kymym v 1

1974 . c¢. Kymym A 1
1975 . c¢. Kymrym v 2
1979 . c. Kymym v 2
1981 r. c. Kymym v 2
1982 1. c. Kymym v 2
1985t T. Ypasbck v 1
c. Kymrym v 3

1987 . c. Kymym A 2
1993 1. c. Kymym v 1
1994 1. noc. SIHBapueBo A 1
1995 1. noc. SIHBapIeBo A 2
c¢. Kymrym v 2

1999 1. c. Kymrym v 6
2001 r. c. Kymym A 2
2002 T. c. Kymym A 1
2004 . roc. SIHBapIeBo v 2
2009 . noc. SlHBapieBo v 1
2011 noc. SlHBapieBo v 1
c. Kymym v 1

2013r. c. Kymym A 2
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1 2 3 4
2014 r c. Kymrym A 1
c¢. XKanaranan v 4

mp. Sux — c. Epkenkana v 4

2015t noc. SlHBapueBo A 4
c. Kymrym A 1

2016~ noc. SlHBapueBo A 2
c. Kymym v 3

2017 . noc. SlHBapueBo A 2
T. Ypaibck v 3

c. Kymrym v 2

2018 . noc. SlHBapueBo v 2
I. YpaJsbck v 1

c¢. Kymrym v 1

noc. Maxamber v 6

CocTaBieHne TaKUX KaTaJoroB SIBISICTCS OYEHb ~ KOW PErMOHa U BCIICACTBUE 3aTOPHBIX SIBICHUN MO-
BXHOH M HEOTheMJIEMOW 3anmaueii (AraoHOBa,  TyT OBITh MOATOIUICHUS ONM3IIEKANTUX TEPPUTOPHH.
banmkoBa, Marpurkuit, 2021) o npudnae Toro, B Tabnuie 5 0000IIeHbI 3aTOpHBIE SBICHUS 32 pa3-
yto peka JKalibik (Ypai) sBisiercss KpynHeHmeil pe-  JIMYHbIC TIEPHOJIBL.

Tadmuua 5 — KonnuecTBo ciy4yaeB 3aTOpHBIX sABIeHU Ha p. XKaifbik (Ypan) 3a nepuoa ¢ 1937 mo 2020 rr.

Ilepuon Konuuectso ciyuaen
(I'maponornyeckue moCThl, Ha KOTOPBIX OTMEYAINCH 3aTOPbI)
1937-1957 rr. 0
1958-1990 rr. 17 (1. Ypansck, c. Kymrym, noc. Maxamber)
1991-2020 rr. 26 (noc. SuBapieBo, r. Ypaibck, ¢. Kymrym, moc. Maxamber)

N3 Tabnumel 5 BHUAHO, YTO KOJIWUYECTBO  IMPEMSITCTBYIOIIMMH OBICTPOMY OYHIIEHUIO PEKU
3aTopoB Ha p. JKalblk pe3ko yBEIHYMIOCh.  OTO JIbJA.
MoOXHO TPEANOoNOXKHATh, YTO 3TO CBSI3aHO B Ha pucynke 3 nmaHo ¢oto 3aropa Jjbjia Ha peke
MepByl odepenbp ¢ u3MeHeHueM kiumata u  JKaiibik (Ypai) B ctBope I. OpeHOypr, peI0CTaBIeHHOS
Oosice pacTSIHYTHIMH BECEHHHUMH mpoieccamu,  crnempanmictamu OBITY «[IpuBomkckoe YIMCy.

Pucynoxk 3 — 3arop npaa Ha p. XKaiibik (Ypan)
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BriBoabI

Ha ocHOBe Mony4eHHBIX pe3yabTaTOB ObLIN
CIEJaHbl COOTBETCTBYIOIIME BBIBOIBL. Tak,
MPOBEJICHHBIE HCCIEAOBAaHMS IOKa3alu, YTO
Ha (OHE MOTEIUICHUS KJIWMara U yBEIUYCHUS
YacTOTHl CTHXHHHBIX SBICHUH HaOIr0MaeTcs
TeHJeHIUsI OoJiee pPaHHEr0 BCKPBITHS PEKHU
Kaiterik  (Ypair), TpOXOXIEHUs JeI0Xoaa U
YBEJIMYCHUE MPOJOJIKUTCIBHOCTH BECCHHHX
JIEJIOBBIX MPOIECCOB.

Kpome Toro, moBoisi HTOTH HayYHBIX HCCIE-
JIOBaHUI JICMOBBIX TPOIECCOB Ha peke JKalbik
(Ypamn), cnemyer OTMETHUTH:

— B HAaCToslIlee BpPeMs pa3pyllIeHHe JeITHOTO
MOKPOBa B CPEIHEM NIPOMCXOAUT BO BTOPOH —
TpeTheil JeKae Mapra;

— B HacTofllee BpeMs OYMIIEHHE PEKH OTO
JbJla B CPEJHEM HPOMCXOAMUT BO BTOPON HOJIOBUHE
MapTa, Havyajie anpess;

— CpemHss TPOAOIDKUTENFHOCTh BECEHHUX
JIEIOBBIX IIPOIIECCOB yBeNUumiack ¢ 4-6 1o 10 queii;

— HW3MEHEHHE XapaKTEePUCTHUK JIEJOBOTO PEXKH-
Ma BO BPEeMsI BCKPBITHS B HOCIEIHNE IECATHIICTUS
BBIpa)KaeTCs B CMELICHUU CPOKOB B CTOPOHY Oolee
panHux par. Haubosee 4acTo cpoku cMeInarTcs B
10KHOH dacTH p. XKaiibik (18 nHeh);

—  KOJIMYECTBO 3aropoB Ha p. JKailbIk pe3ko yBe-
JIMYUIIOCH IT0 CPABHEHUIO C MPEbIIYILIMMHU IEPHOIaMHL.
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AHTPOIOTEHAIK TEOXXYMEAEPAI KAABITITACTbIPYLLbI
®AKTOPAAPADbIH, bIPI PETIHAE ¥AAH ©3EHI AAABbIHbBIH,
TOIbIPAK LUAUBIAYbIH BAFAAAY

TonblpakThbiH LWaMbIAYbl — >Kep PecypcTapblHa, COHbIMEH KaTap XaAblK, LapyallblAbIFbIHA 3USHAbI
8CepiH TUri3eTiH KapKbIHAbI XX8HE KeH TapaAfaH reoMopgOAOrUSIAbIK, YpAICTEPAiH 6ipi. TaburaTThbl
narnAaAaHy, KOpFay >KeHe KarTa KaAMblHA KEeATIpy >Xep pecypcTapblH TOMbIPAKTbIH, LIAMbIAYbIHAH
KOpPFayAblH MaHbI3Abl Geairi. Kasipri yakpiTTa 3p0o3usiAbIK, YPAICTEPMEH KYPEC aybIA LLIAPYALLbIAbIFbI
CaAaCbIHbIH ©3€KTi MOCEABAEPIHE alHAAbIMN OTbIP. ATaAFaH MOCEAEAED 3epPTTeyY HblCaHbl 6OAbIN OTbIPFaH
Lbirbic KasakcTaH obAbiCbiHAAFbl ¥YAaH ©3eHi anabblHa TikeAel KaTbICTbl. ©3eH apHaAapbl MeH
TOMbIPAKTbI CaKTay YiliH 3po3usra 6eniMAl almakTbl 6araray MEH KapTara TyCipy ©Te MaHbI3AbI.

©3eH arnabblHAAFbI TOMbIPAK, 3PO3USCHIH aHbIKTay yiiH ambe6an RUSLE (hopMyAachbl KOAAQHBIAADI.
®opmyaa FTAXK apkblAbl GipIKTIpIATEH 8p TYPAI KOPCETKIITEPAI KaMTUABL. 3epTTEYAIH HOTUXKECIHAE
ArcGIS 6arpapAaamacbiHbiH, - HerisiHae YAaH ©3eHi  aAabblHbliH, - KapTa-cbizbarap (e3eH  aAabbl
TEPPUTOPMSCBHIHbIH, TOMbIPAK, TYPAEPi X8He TOMbIPaKTblH MEXaHMKAAbIK, KyPaMbIHbIH, ©3eH apHachbl
EHICTIrHIH, ©CIMAIK TYpAepi MeH >XepAi ManAaAaHyAbIH) >XUbIHTbIFbl AQMbIHAQABIMN, MOAIMETTEPAI
TaAAQYAbIH HOTUMXKECIHAE aAanTbIH TOMbIPAK, WAMbIAY KOpCeTKillTepi >XblAbiHA 0,1-aeH 7,81 T/ra AeniHri
eKeHAIri aHblkTaAabl. KapTa-cbizbarapAbiH, Herisi petiHae 2020 >biArbl SRTM FapbllThbIK, CypeTTepi
KOAAQHBIAADI.

AAblHFaH HaTuxeaep XKep pecypcTapbiH TypakTbl (ackapy MakcatbiHAQ OeAriai 6ip xep
TeAIMAEPiIHAE TOMbIPAKThl CaKTay MEH »aKCapTy »KOCMapAapbiH a3ipAeyre Heri3 peTiHAe KOAAQHBIAYbI
MYMKIiH. AA TOMbIPaKTbIH, WaMbIAY KOPCETKilliH e3repTyre GarbiTTaAFaH 3epTTEyAEp MEH TaAAayAap
AQHTPOMOreHAIK reoXKyheAepAiH KaAbinTacy (PakTOpAapblH aHbIKTayFa >X8He 3epTTeyre MYMKIHAIK
Gepeai.

Ty#in ce3aep: Tonbipak, 63eH aAabbl, Cy 3PO3USIChI, reoaK NapaTThik >KY1He, MOAEAb.

E.M. Turyspekova*, D.Zh. Zhanabaev, N.E. Ramazanova,
K.M. Dzhanaleeva, M.A. Aralbekova

Eurasian National University named after L.N. Gumilyov, Kazakhstan, Nur-Sultan
*e-mail: elvira.turyspekova@mail.ru

Assessment of soil flushing in the Ulan River basin as one of the factors
of the formation of anthropogenic geosystems

Soil flushing is one of the intensive and widespread geomorphological processes that negatively
affect land resources and the national economy as a whole. The use, protection and restoration of the
natural environment are the most important measures aimed at preventing the flushing of soils from land
resources.

Currently, the fight against factors causing soil erosion is an urgent problem in the field of agri-
culture. These problems are directly related to the studied territory of the Ulan River basin in the East
Kazakhstan region. To preserve the river flow and soil fertility, an important role is played by the assess-
ment and mapping of territories subject to erosion processes.

To determine the degree of soil erosion in the river basin, the universal formula RUSLE is used. The
formula provides coverage of various parameters calculated using GIS. As a result of the conducted
research, the ArcGIS program has developed maps-schemes of the Ulan River basin (the territory of the
river basin, soil types and mechanical composition of soils, the slope of the riverbed, plant species and
land use), and also determined the indicator of soil flushing of the basin territory, which ranges annually
from 0.1 to 7.81 t/ha. The constructed schematic maps are based on satellite images of 2020 SRTM.

The results obtained can be used as a basis for the development of measures to preserve and im-
prove soil fertility of a certain land plot within the framework of continuous monitoring and management
of land resources. And further studies and analyses aimed at changing the indicator of soil flushing will
allow to identify and study the factors of the formation of anthropogenic geosystems.

Key words: soil, river basin, water erosion, geoinformation system, model.
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OueHka cMbiBa noy4B 6acceiiHa peku YAaH Kak OAMH
u3 cpakTopoB hOPMHUPOBAHMS AHTPONOrE€HHbIX FEOCUCTEM

CMbIB MOYBbI — OAMH M3 MHTEHCUBHbIX U LUMPOKO PACMPOCTPAHEHHBIX FEOMOPEOAOTrMYECKMX MPO-
LLeCCOB, HEraTMBHO BAMSIIOLLLMX HA 3eMeAbHbIE PECYPCbl M HAPOAHOE XO35MCTBO B LLeAOM. MCNoAb30BaHuMe,
OXpaHa M BOCCTAaHOBAEHME MPUPOAHOI CPeAbl IBASIOTCS BaXKHEMLLMMU MEPONPUSTUSIMM, HarpaBAEH-
HbIMM Ha MPEAOTBpPALLEHME CMbIBA MOYB M3 3eMEAbHbIX PECYPCOB.

B HacTosiee Bpemsi 60pbba ¢ hakTopamu, Bbi3bIBAIOLLMMK 3PO3UIO MOYB, SIBASETCS aKTyaAbHOM
npobaemMoit B chepe CeAbCKoro xo3sincTaa. [epeuncaeHHble MPOOGAEMbl HaMPSIMYIO CBSI3aHbl C UCCAe-
Ayemoit TeppuTopueit 6acceiHa pekn Yaan B Boctouno-KazaxcraHckon ob6AacTu. AAS COXpaHeHUs
PEYHOro NOTOKa M MAOAOPOAHOCTM MOYBbI GOADLLYIO POAb UFPAET OLIEHKA M KapTUPOBaHME TEPPUTOPUNA,
NMOABEPIKEHHbBIX 3PO3MOHHbIM MPOLIECCaM.

AAS OnpeAeAeHus CTeneHu 3po3um nous B 6accernHe pekn UCMOAb3YeTCs YHMBepCaAbHas hopMyAa
RUSLE. ®opMyaa npeaycMmaTpyBaeT 0XBaT Pa3AMUHbIX MapamMeTPoB, BbIUMCASIEMbIX C UCMTOAb30BaHWEM
[MC. B pe3yAbTaTe MpPOBEAEHHbIX UCCAeAOBaHMIA B nporpamme ArcGlIS paspaboTaHbl KapTbl-CXEMbl
6acceriHa peku YAaH (Tepputopust 6accerHa peku, TUrbl NMOYB M MEXAHWYECKOrO COCTaBa MoYB, YKAOHA
PYCAO peKku, BUAOB PaCTEHWMI M 3EeMAENOAb30BaHWS), a TaKXKe OMpeAeAeH MoKasaTeAb CMbiBa MOYB
TeppuTopun bacceiHa, KOTOpbIi cocTaBAasieT exxeroaHo ot 0,1 Ao 7,81 T/ra. 3a OCHOBY MOCTPOEHHbIX
CXeMaTMyecKkMX KapT B35Tbl KOCMnYeckmne cHuMKM 2020 roaa SRTM.

[NoAyYeHHble pe3yAbTaTbl MOTYT ObITb MCMOAb30BaHbl Kak OCHOBA AASl Pa3paboTKu MeponpusTUi
MO COXPaHEHMIO U YAYULLIEHMIO MAOAOPOAHOCTM MOYB OMPEAEAEHHOrO 3eMEeAbHOr0 yyacTka B pamkax
MOCTOSIHHOTO MOHWTOPUHIA M YNpaBAE€HUS 3eMEeAbHbIMW pecypcamu. A AaAbHerLMe UCCAEAOBAHMS
M aHaAM3bl, HarMpaBAEHHblE HA M3MEHEeHMe MoKa3aTeAel CMbIBa MOYB, MO3BOAST BbISIBUTb U U3YUYUTb

hakTOpbl (POPMMPOBaAHUS aHTPOMOrEHHbIX FEOCUCTEM.
KatoueBble cAoBa: nouBa, 6acceinH peku, BOAHas 3po3usi, reouHgopMaLMOHHas CUCTEMA, MOAEAD.

Kipicne

Tomblpak — JIYHHUEXKY3UIIK a3bIK-TYJIK ©HII-
piciHie MaHBI3IBI PO aTKAPATHIH CAPKbIIIMANTHIH
Taburu pecypc. TONBIPaKTHIH MaHbI3ABUIBIFBI KO-
MipTeri MUKIIHIEe, SFHA Cy/Abl CakTay MeH (hWib-
TpJieyJie, CYy TAaCKbIHbI MEH KYPFaKIIbUIBIK KE3CH-
nepinae Oaiikamansl. bipak, amam opekeTiHiH Kap-
KBIHJIBI OCEpIHIH HOTHXKECIHJEC TOIBIPAK ©31HiH
MaHb3/bl (DYHKIUSIIAPBIH OPBIHAAYABl TOKTATY/a.
Byrinri Tanaa skahaHABIK TOMBIPaK pecypcTapbiHbIH
mramameH 33%-b1 9po3usiFa yubiparad (MoHTrome-
pu, 2015:6). TombIpak >XKaMbUIFBICBIHBIH CalachlH
JKaKcapTy YIIiH aybUINIapyalibUIBIFBIHBIH JAMYHI,
JKepJii Oackapy, TOIBIPAK >KaMbUIFBICHIHBIH JKak-
KYHIH JKePriTKTi )KoHe alMaKThIK OaKbUIAY bl HKe-
TUAIPY Tajan eTuieli. DPO3UsUIbIK 3epTTeYIICPAIH
€H MaHbBI3[Ibl MiHJETTEPiHIH 0ipi — TONBIPAK MIAKbI-
JMYBIHBIH  Kayin-katepiH ©Oaranay (JlapuoHos,
1993:200).

Kazakcran PecrnybnmkaceiHga 3po3ust ypaiciH
3epTTey JKEPriTKTi cunarTa nambin kemeni. Kaszak-
crad PecryOiMKachIHBIH KONTEIeH TEPPUTOPHSI-
napel KeTKimikTi 3eprrenmereH. Conryctik Kazak-
CTaHHBIH YPO3USUIBIK YPAICiH 36pPTTCYMEH aifHaIbIC-
kan raneiM M.E. BenribaeteiH «KazakcraHmarbl
TOTBIPAK 3PO3MSICHI JKOHE OHBIMEH Kypec», «Col-

TycTik xoHe Opranblk KazakcTaHHBIH TOIBIPAK
NeQISIHACHIHBIH 9KOJIOTHSUTBIK-Te0rpadUsITBIK
JKaFainapen MOHOTpadUsIapbl IPO3USIIBIK Yp/Iic-
Tepai 3epTTey OOMBIHINA HETI3TiIep OOJBIN caHaa-
nel. (benribaes, 1970: 254; benribaes, 3oH0B, [1a-
pakmuHa, 1982: 224).

Dpo3ust YpAICIH 3epTTeyMEH aifHaIbIcCKaH Peceld
DenepanrsaCHIHBIH FATBIMIAPEI MEH 3ePTTEYIIICPiH
ne artan eryre Oomansl. OpbIC 3epTTEYLIIEPiHIH
KOpHEKTI ekimaepinig Oipi — M.H. 3acnaBckwmid.
On TombIpaK MoceleNepiH 3epTTel, TOMbIPaKTaHy
MIOHIHEH DYPO3UATaHYyIbl Oeim amyra OacTamarbl
oonran Kenec tonbipakTanymbicel. CoHpaii-ak
M.H. 3acnmaBckuiifig MoHOTpadwsuIapel MEH OKY
Kypanjgapsl OYTiHI1 KyHre JeHiH TONbIpakTaHy ca-
OakTapbIHIA HETI3T1 97IeOneT peTiHae KO TaHbLIa bl
(3acmasckuii, 1983: 320).

Kazipri yaxpITTa peceiiik FajapIMIap TOIIBI-
PaKThIH pagUOaKTUBTI II€3MH JCHICHiH Oaranay
apKBUIBI TOTIBIPAKTAFbl OPTraHHKAJIBIK 3aTTap.IbIH
KYpaMbIH TOMEHJICTIIl 3PO3Usl KbULIAMIBIFBIH ©J1-
mey omiciH konmmanyna (Mwupmynasa, 1967: 179;
MakxkageeB, 1955: 348; Mupixynasa, 1970: 239;
Hobposomsckmii, 2002: 654; Boponun, Ky3Hemnos,
1992: 95).

Kazakcranma cy 9po3usichl MaceneiepiMeH
oprypuixkeuinapel K.b. badaes (1970), T.A. Terucos
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(1975), A.M. Noprauckuii xone K.b. banrabekos
(1979) atinansickad. by ransiMaap IbIH KYMBICTaphl
Tay eTeri alMarblHbIH TaOWFM KarJaiyiapbiHa
apHaJIFaH, OCBIFAaH YKcac J>KYMBICTap, SFHH CY
9PO3UACHl OOWBIHINA 3EPTTEYJIep KOHE OFaH KapChl
ic-1apajap/Ibl )Ky3ere achlpyJia YChIHBICTAp 931ipJiey
OYpBIH KYPTi3UITeHIMEH TOJBIK KoJeMIe 00IMalbI.
A.WN. Uoprarckuii meH K.b. banraGexoBTiH mepek-
tepinge (1979) Tomblpak MAWBUTYBIHBIH >KOFapbI-
Jaybl QCEpiHEH eTICTIKTeri Kapamipik KadaTsl
a3aipIT, TaKbULIAPIBIH OHIMIUTIT TOMEHICHTIHIIT]
aiThutFaH. TONBIPAKTHIH KyHapibl KaOaThIHBIH
a3alobl aybll IIAPyallbUIbIK >KEpJepiHEH OCIMIIK
TYpPJIEPiH a3alThIN, APCHAXKABIK SKEIIepre 3usSH
KEJITIPIIL, )Kep YCTI CyJIapbIHbIH CallachblHbIH TOMCH-
neyine okenyi mymkin (Prasad, 2014).

Conpaii-ak bateic Kazakctangarsl Kimni e3eHIep
aa0bIH/IAFbl TOTBIPAKTHIH MIAHBUTY YPAICIH YJTi-
neymeH H.E. PamazanoBa, b.A. Yamuna aifHansicy-
na (Darbayeva, Ramazanova, 2020: 396-404).

M.C. Ky3nenostsiH, B.B. [lemunosteiy (2002),
A.C. Kepxenues, P. Maiicuepain (2006) sxxone T.0.
FaITBIM/IAP IBIH FRUTBIMA €HOSKTEePiH TaI1ail OTHIPHIT,
Kasipri »arjaina THIMII )KOHE SKOJIOTHSIIBIK Kay-
11ICi3 JKep maiijanaHyabl KaMTaMachl3 €Ty YILIIH eH
aNJBIMEH, apHaibl MaTeMaTHUKaJBIK MOJIEIbIEP I
naiianana OThIPBIIN TOMBIPAKTHIH NIAWBITYBIH Oara-
Jay bl KeJel 9pi HaKThl 00JKay KaKETTUIIr TybIH-
JANTBIHIBIFBIH KOPCETIIT OTHIP.

3eprrey Hbicanbl Oosbin IeFeic KazakcTan
OOJIBICBIHIAFEl Killli ©3€HAep aia0blHA KATAThIH
¥1aH e3eHi anaObl aJIbIHIBI.

¥nan e3eni — EpTictiy con xak canacsl. Hapeim
KOTacblHbIH OaTbic OedirineH Oacray amasnsl,
Y3bIHBIFE amaMeH 40 kM. ¥I1aH e3eHi TayiIbl 03¢H
OOJIFaHIBIKTAH aFbIC JKbUIIAMBIFBl AHTapIIBIKTAN
xbu1gaM. KopekTeHy ke3i — Kap KaMbUIFBICHI MEH
JKaybIH-IIAIIBIH. AJIaM OpEKeTiHIH OeJICeHAITITiHe
0aliIaHBICTBI, SFHU ayBUT APy alIBUIBIK ATKANTAPBIH
OHJICY, KBIPTY, OHIM/II )KUHAYAaH ka3 alaapbIHBIH
asFBIH/IA CYIBIH TY3IaHYBl XOfapbutaiiapl. Taib-
BerTiH eHicTiri 20°, ¢y WMIBIFBIHBI mamamed 1 m3/
CeK TeH. O3eH MIaTKAIJaH MIBIKKAH Ke3Ae TYMNTIK
MeTiHAIIep/e CYABIH eayip 0eiri KaibI KOs/IbL.

¥YaH e3eHi anaObIHBIH aymarbl Kanba TaybIHbIH
OeKTepiH/Ae OpHAJTACKAHABIKTAH allalTblH Kep
Oenepi Taynel Oombin Kenemi. Tayanmer mama 30Ha-
CBl KOHBIP)Kall bUIFAIIBI JKOHE KBUIBI, all OHTYCTIK
OeJiriHfe KOHBIPKAW BICTHIK KJIMMATICH CHUIIAT-
tananael. EH cybIK alifpiH (KaHTap) opTalia TemIe-
patypacsl -14-18°C, eH xbuibl (mizge) +20-21°C.

AnanTeIH ayMarbl YIII KJIMMATTBIK 30Ha/1a )KaTa-
THIHBIHA KapaMacTaH, OJI KYpFaK Jaiajbl TaOWfru-
LIapyaublIbIK aiiMaKTa OpHAIACKaH.
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Byn xymeicta RUSLE dopmynacer men ['AXK
Herizinge Y7naH e3eHi anaObIHIaFbl TOINBIPAKTHIH
NIAWBIUTYBIHBIH 3€PTTEY HOTHIKENepl aJFallKbl PeT
OPBIHAAJIBI KOPCETINAL. 3epTTeY )KYMBICHI AMEpUKa
Kypama Wrarrapeinga 1930 xsuigapaan Oactarn
AKIUI Aypur mapyalibUTbIFEI MEHHCTPIITIHIH TO-
TIBIPAK dPO3UAICHI KBI3METIHIH TOMBIPAK IPO3HUSICHI
Typaslbl MaJiMeTTep Herizinge sxacamran USLE
om0Oeban TeHJCYiH KOJijaHa OTHIPHIN ¥YJIaH ©3€Hi
ana0bIHAAFbl TONBIPAK 3PO3USACHIHA  YIIBIPAFaH
xepiepai Oaramayra OarprrtanraH (United States
Department of Agriculture, USDA) (Wischmeier;
Smith, 1978: 282).

Monens oHIaFaH xbuIIAp O01b AMeprka Kypa-
Ma llltarrapsiHga skoHE OYKiN oleMie TaOWFATTHI
KOpFay/ibl jKocmapiiay MaKCaTbhIHAa KOJJIAHBUIBIIL,
KeNTEereH >kolanapisl Ky3ere acblpyjaa maijgaia-
aeutraH (Wischmeier W.H. 1978: 65).

Anpiaran HoTHKEnep JKep pecypcrapblH Ty-
pakThl Oackapy MakcaThlHIa Oenriai Oip *ep Te-
JMMIEpiHAE TOMBIPAKTHl CaKTay MEH >KaKcapTy
YKOCTIapJIapbIH 93iplieyre HeTi3 peTiHe KOJJaHyFa
Oomaapl. AN TONBIPAKTHIH IIAWBUTY KOPCETKIIIiH
e3repTyre OarbITTalIFaH 3epTTeyJiep MCH Tajiayap
AQHTPOIIOTEHIIK T€0KYHeNepIiH KaJIblnTacy GpakTop-
JapbIH aHBIKTAyFa JKOHE 3epTTeyre MYyMKiHIIK Oe-
peni.

3epTTeyaiH FBHUILIMH METOHO0JIOTHSICHI MEH
MaTepHaIAapbI

3eprrey martepuangapsl perinae ['AXK-texHo-
JIOTUSICHI MEH KOMITBIOTEPITIK dICTEeP/IiH KOMETiMEH
e3eH analdblH Kypy YIIiH FaphIIITHIK CYypeTTep,
¥nan e3eHi anaObIHBIH JKaybIH-IIAIIBIH KapTa-ChI3-
Oachi xacayaa [eireic KazakcTan 0OJIBICHIHIAFbI
OckemeH, AifbipTay, bo3anbaii MmeTeocTaHIMSIAPHI
OotipraIIa 2021 KBUIIBIH Oip JKBUIIBIK YKaybIH-ITa-
IIBIH MOJIIIEPIHIH CTAaTUCTUKAIIBIK ACPEKTEpl; 03¢H
a1a0bIHBIH TOTBIPAK TYPJICPIH KOHE MEXaHUKAJIBIK
KYPaMBbIH aHBIKTAY YIIiH TOTBIPAK )KaMbLIFBICHI 00¥i-
prHmMA 1980-2016 Kpmapaarsl KapTorpadUsIIbIK
MaTepuaniap; xep Oeaepi MeH eHIicTiri OoMbIHIIA
JIEpEKTEP NailganiaHbUI/bI.

Fapeinteik cyperrepai aemmudpiey omictepi
KOJIJIAaHBUIIBI. AJIanTHIK ayMakKTapzbl OipHele Ke-
3CHHCH TYPATHIH T€0aKIMapaTThIK KapTorpadusiiay
ypaicTepi jKy3ere achlpbUIIbI, SIFHH JEepeKTep/i
Oacramkbl eHJACY, KapTOrpausUIbIK MaTepuaiaap
MEH FapblITBIK CypeTTepAl Taijgay, TIeoJepeK-
Tep KOPBIHBIH OipbIHFail 0a3achlH KAJIBIITACTBIPY,
coHJlali-ak xkep Oenmepinin caHuwikK yirici (KCY)



3.M. TypsicnekoBa xoHe T.0.

HETi3iH/Ie TepeHACTINTeH MOP(POMETPHSIIBIK Ta-
Jlay Il KAMTUATHIH 9/licTeMe OOMBIHIIIA JKYPTI31III.

Byn xymbicThiH omicHamanslk Herizi KP XKep
KOJIEKCI, COHJIali-aK >Kepre OpHAJIACTBIPY caia-
CBIHAAFBl FBUIBIMU 3€pPTTEYy MHCTHTYT FalbIMAa-
PBIHBIH YCHIHBICTApPhI, Cy DPO3USICHIH MOJICIbBICY
onxictepi 6ok TadbbuIE (Kazakcran PecryOnuka-
cerabH 2003 xeimrsl 20 mayceimaarst Ne 442 XKep
Kopnekci, Kepxenes, Maiicuep, 2006: 224).

¥Ynan e3eHi anaObIHOAFbl TOMBIPAK MIAWBLTY
texneyine (RUSLE) Herizmenren 3po3usiBbIK Yp-
JicTepAi 3epTTey OapbIChIHAA KaybIH-IIANIBIH KO-
s¢pduumentin R ecenrey ymin ArgGIS 10.5.1
OarmapiaMachlHIAa WHTEPHOJANMS — 9JIiCi  JKOHE
R oaxropein ecenteymin Oanama (opmynacel
(R=0,548257; P-59,9) xonmmaHbLImbl; MYHIOAFel P
— JKaybIH-IIAIIBIHHBIH OpTalla *bUIIBIK MeJIIEpi.
Excel, ArcGIS 10.5.1 OGarmapnamanapblHbIH
KOMETIMEH TONBIPAKTHIH IANbUTYBI ecenteni. To-
MIBIPAKTBIH 3PO3MSUTBIK KepceTkimTepi Spatial Ana-
lyst Kypannmap >KMHArbIHOAFbl TaOUFW aliMak omici
apKBIIBl KECTeJIep MEH MHTEPIIONAIUSHBI OipIKTIpY
Herizinge ArgGIS 10.5.1 Garmapnamaibik Kacak-
TaMachlHJa JKOJOTHSJIBIK allaHJIap/blH KabarTa-
PBIHA SKCIOPTTAIIBI.

¥YnaH e3c¢Hi amaObIHBIH TaOWFH KarmanaapbiH
Tangayaa reoMop@onorusuiblk (opmangapabl Taj-

Jlay MEH FOpU30HTAJIbAAPIbIH OpHaJIacybl HETi3iHae
ToTorpausIIBIK-KapTOTpapusUIbIK  9IiCTep, MaTe-
MaTHKAaJIBIK J)K9HE rpadoaHaTUTHKAJIBIK, COHIai-aK
TOTIBIPAKTHIH MIAWBUTYBIH Oaranay omicTepi KoJsija-
HBLIJIBL.

HaTuikesrep MeH TajKblIayJaap

ArcGIS 10.5.1 Garmapnamaceinga ¥iaH e3€Hi
amaObIH KYpy VIIIH XepJiH CaHIBIK YJTICIHIH Fa-
PBIIITHIK TYCipUTiMIEpi KOJIaHBUIIEL. O3¢H ama0bl-
HBIH TIeKapachlH aHblkTayna EarthExplorer (usgs.
gov) caiiteiHan kykrenareH 2020 xwuirsl SRTM
FapBIIITHIK TYCIpUTiMAEP] HETi3 OOJIIBI.

¥nan e3eHi anadbl YILIIH >KOFapbla aTalfaH
caiittan49°46’ c.e.oxoHe 82°23’ 111.0. KOOpANHATTAPHI
apaJTBIFBIHAA €Ki FAPBITITHIK TYCIPITTiM JKYKTEIIHIIT,
ArcGIS 10.5.1 Garnapnmamaceinga Spatial Analyst
nakeTiHiH ArcToolbox Kypangap >KUBIHTBHIFBIH,
atan aiitkanaa Hydrology ¢pyHkumsuiapbia Kongana
OTBIPBIN OHJCY KYPri3iimi.

O3eH anaObIHBIH [IEKapaChIH KYPY YIIiH OenTisi
anroput™aep opbiHmanasl. ArcGIS 10.5.1 6armap-
JaMachIHIa 0apIIbIK OTepalUsUIAP bl )KYPri3reHHEH
KeWiH e3eH jkenici Oap ¥YiiaH e3c¢HI allaObIHBIH
TEPPUTOPHSICHI OenriyieHin anbiHab! (1-cyper).

LWaptTkl 6enrinepi:
~—— ¥naH e3eHi

| ©3eH anabbiHbiK TeppUTOPUACHI

1-cypet — YiaH e3eHi aJ1a0BIHBIH TEPPUTOPUSICEI
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AHTpOIOreH/TiK reoKyiienepai KaIblnTacThIpy bl (hakTopiaapabIH Oipi peTinae YiaH e3eHi anaOblHbIH ...

¥YraH e3eHi anaObIHBIH KaybIH-IIANIBIH KapTa-
cer30aceiH Kypy ymriH Lerreic Kazakcran oO0bI-
celHarel OckemeH, Ailfbipray, bo3zanOaii mereo-
CTAHIUSJIAPBIHBIH ail CalbIHFBI KAYbIH-IIAIIBIH
MOJIIIEPIHIH JepeKTepi MEH KaJIbl >KUBIHTHIFBI
AJIBIHBIT WHTEPIIOJISAIUS OJICT apKBIIBI JKacajbl.
ArcGIS 10.5.1 6argapnamacbiHAaFbl HHTEPIOISINS
OTICpPAIIMSCH JKacaJFaHHAH KeWiH OckeMeH, ANbIp-
Tay, bo3anOaii MeTeocTaHIUsIIaphl OOWBIHINA ChI-
3BIKTHIK IEHTI(DANIT aJIBIHBIN, HOTHXKECiHAC YJaH
©3CHI aJIA0BIHBIH JKAYBIH-IIAIIBIH KapTa-ChI30achl
KypacThIpbiAbl. JKayblH-mambH KO3 OUITHEHTIH
ecentey USLE omOebanm TeHAeyiHIEri TOMBIpaK
MIARBUTYBIHBIH MaHBI3IBI KOOCUTKImI OOJBIT Ta-
obutanpl. JKaysiH-mambsiH koddduuuenti R dak-
TOpAB! AHBIKTAY YIIIH TeMeHjeri ¢popmyia Koyiaa-
HbU1B (1):

R=0.58 * P-59.8 (1),

[1:500 000]

MyHZaFbl, R — skaypiH-mmamsa ko3¢ dunuenti, P —
0ip >KBUIAFbI JKayBIH-IIAIIBIH MOJIIIepI.

¥naH e3eHi anaObIHAAFBl KAybIH-IIAIIBIHHBIH
opbip kepcetkimi (1) dopmyna OoifpiHIIIA ecer-
TEJIHIM, Kep/ai naiananyaplH KOPBITBIH/BI IICHTI-
(hainbIHBIH aTpUOYTTHIK KecTecinne «R» aem arana-
TBIH J)KaHa OaraH KYpPbUIBII IEPEKTEP Ka3bUIIbL.

Ananrarsl eH xoraprel R dakrop ¥man ese-
HiHIH caraceiHAa Oaiikamamer, R=102,6 (40,4%).
TombIpakThIH MEXaHUKAIBIK KypaMmbl OOMBIHIIA
aybIp KOHE KEHI ca3Jbl TYPl COUKeC KEeNeTiH jKep-
Il MaimamaHynelH Typi — Oay-0akmma MeH JKalbi-
meiM. R=95,5 (37,4%) OosraHmarbl TOMBIPAKTHIH
MeXaHHUKAITBIK KYpaMbl — )KEHIJT Ca3/ibl, ayblIIapya-
HIBUTBIK aJIKaNTapbIHBIH TYpi OOWBIHIIA EricTiKKe,
eH TeMeHri R ¢axrtop kepcerkimi — 56,7 (22,2%)
TEH, MYHJA TOIBIPAKTHIH MEXaHUKAIbBIK Kypambl
aybIp casfibl XKOHE Ca3aKThl, Kep/ll Naijanany Ty-
PiHiH )KalbIIBIMAAPFa ColiKec Kemi (2-cyper).

WaptTel Genrinepi:

¥naw osen
KbinabiK XaybiH-WawbIH Menwepi, MM
R daktop

I 1026

[ ©sen anabumsn reppuropuacy

2-cypet — ¥J1aH 03¢Hi ajJaObIHbIH JKaybIH-IIANIBIH KapTa-ChI30achl

K — rtompipak maitpury koddduimenti — oy
Ke3JIeliCOK TaHaanFaH Kendey Y3bIHABIFB 22,13 M
(72,6 dyt) men OmikTiri 9% OomateiH Oenrimi Oip
TOMBIpaK YIIiH TOHHa/TeKTap (TOHHA/aKp) TOMbI-
pakTeiH opTama xorairysl (Bikram Prasad, 2014).
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Tombipak TUNTEpiH aHBIKTay YIIiH Ka3akcTaHHBIH
TONBIPAK KapTacChbl aJIbIHbII, CaJIBICTBIPY JKOHC
nugpnay Herizinae ¥1aH e3eHi anaObIHbIH TOMBIPAK
JKaMBUIFBICBIHBIH KapTa-ChI30achl KYPacThIPbUIIbI

(3-cyper).



3.M. TypsicnekoBa xoHe T.0.

[lo 14 mapra
Cashback
2%

3-cyper — ArcGIS Garnapnamacsibii ArcMap KocsiMmacsiHarsl KP TonbIpak »kaMBUIFBICHIHBIH pacTpIIbIK OeitHeci

¥YnaH e3eHi allaObIHBIH TEPPUTOPHSICHIHIA TO-
MBIPAKTHIH 5 THITI aHBIKTAIIJIBL: TAYJIBI KOHBIP, TAY bl
Kapa, JKalblIMaJIbl INAJIFbIH/IbI, Ty €TEriHIeri Ko-
HBIp JKOHE Tay eTeriHeri kapa tombipak. Coiike-
CIHIIIE MEXaHUKAJIBIK KypaMbl OOMBIHINA 5 TYpi Oap:
JKEHUT ca3fibl, ayblp Ca3llbl, Ca3ibl, KYMIbl Ca3/iaK
JKOHE Ca3/IaKThl.

RUSLE dopmynacer Ooiteiama K dakTopapiy
moni Universal Soil Loss Equation (USLE) (gov.
on.ca) ciiTeMeciHeri KecTeliK MONiMeTTi maiaa-
JIaHa OTBIPBIT AHBIKTAN/BI. TOMBIPAKTHIH MEXaHH-
KaJbIK KypaMmbl OoiibiHIIa K-(hakTopaplH MoHI Te-
MEHJIETiIell KepCeTKimTepre TeH OOJIbI: JKEHLT
caznel — 0,56, aysip cazmel — 0,34, cazmer — 0,47,

[1:500 000

Kymasl cazgaktel — 0,45, cazmakter — 0,58 (4,
S-cyper).

3epTTernin OTHIpFaH alMaKTarbl TOIBIPAKTHIH
MEXaHUKAJIBIK KYPAMBIHBIH KapTa-ChI30achl FaphbIIIl-
THIK CYPeTTepi IHQPIBIK OHJEY OIIiCi apKbUIBI
ArcGIS 10.5.1 Garnmapiamachl HETi31H]IE JKaCaJJIbI.

3eprreyaiH HOTWXKeciHAe YJaH e3eHi anaObiH-
JIaFbl TOTIBIPAK SPO3MSCHIHBIH KOA((HIMEHTIH ecen-
TeTl, MbIHAJall KOPBITBIHABI KacalbHABL K dakTop-
JIBTH MEXaHUKAJIBIK KypaMbl OOMBIHIIIA €H a3 KOPCETKIIII
— 0,34 aypIp ca3mel Oosica, ©3¢H ajaObIHAAFBI JKEepIIi
naiijianiany Typi — Oay-Oakiiara colikec kenm. A K
(haxTOpIBIH MEXaHUKAIIBIK KYpaMbl OOMBIHINA €H KO-
raprbl kepcerkii — 0,58 TeH, sFHU Ca3/IaKThl TOMBIPAK-
Tap. XKepni maiinanany Typi — eTiCTIK jKoHe KaHbLUTBIM.

Waprrel Genrinepi:

L ———

4-cyper — YnaH e3eHi ajaObIHbIH TOIBIPAK TUITEPiHIH KapTa-chI30ackl (aBTOPIapMEH jKacafFaH)
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AHTPONOreHIK TeoKyHenep/ i KalblnTacThIpyIIb! pakTopiapasly Oipi perinae YiiaH e3eHi aqaObIHbIH ...

WaptTel 6enrinepi:
—— ¥naw o204

[ e vin cav

[ ey casam

1:500 000

[ | Goew anabumumn reppuropicy

S-cyper — ¥aH e3¢Hi anaObIHAAFE TONBIPAKTHIH MEXaHUKAIBIK TYPIEPiHiH KapTa-chI30ack! (aBTOpIapMEH XKacalFaH)

LS ¢akropabl aHbIKTAay YIIiH TEPPUTOPHUSHBIH  KoimaHbULubl. (Spatial Analyst Tools — Surface)
eHictirin 0imy manpiael. On ymwin Slope kypaisl — (6-Cyper).

WaprTel Genrinepi:
—— Yo men

| R ——
o

1

I

23

s

s

Bl ss

[ &

o

6-cypeT — YJiaH o3¢Hi anaObIHbIH €HICTITHIH chi30achl, % (aBTOpJIapMeH JKacallFraH
2
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3.M. TypsicnekoBa xoHe T.0.

Kapra-cb130a1a eHICTIKTiH €H KOFaphl )KOHE TO-
MEHT1 KepCeTKImTepi OeNTIeHIN Ka3blUIAbl. AJar-
TaFbl CHICTIK JieHreli 10 kaTeropusira OeIiHII.

AyMakTBIH eHicTiTi 60ibIHIIA LS hakTopapIH eH
TeMeHT1 MoHi 0 %-Fa, an eH xoraprbl MoHi 10 Y%-ra
TeH Oommel. Xepmi maiimamaHyablH KOPBITHIHIBI
nredngaiasiHbl,  aTpUOYTTHIK KecTecinae «LS»
JIeN aTajaThlH »KaHa OaraH KYPBUIBII JCpEKTEp
JKa3bLIJIbL.

C daxTop — ayslm HIapyambUIBIK JKEpIIepiH
naiinanany koadduuuenti. Tonplpak maibuty yp-
niciH aHbIKTay O6aphickiHaa C GaKTOPHIHBIH MAHBI3-
JIBLTBIFBI OHBIH JKEPJIi UTEPy JTOpEekKeci MCH OHJIAFbI
OCETIH OCIMIIK >KaMBUIFBICHIHA TOYCNIUTITT 060-

7B TaObuTaAbl. Ajan OOWBIHIIA >KEpIiH Hrepity
TIopeskeci skep OemepiHiH JeTpafarisachl dcepiHeH
op Typai Oonbim  Kenedi. 3epTrey OapbICHIH-
na ¥man e3eHi amabwpiaeiH 1:500 000 macmrad-
Ta aybul LIapyallbUIBIK KEpJICPiH NaijganaHy
KapTa-chI30achl KYPacCTBIPBUIBII, ajanTaFbl aybul
LIapyallbUIBIK, JKepJepiHiH OipHeIe KaTeropuschl
AHBIKTAJIBL: KAWBIIBIM, €TICTIK, Oay-Oakia »XoHe
engi-MexeHaep. ¥JaH e3¢HI alaObIHOAFrbl aybll
apyaribUIBIK JKEePIIePiHIH KO OeJIiriH JKalbUIbIM
JKEepJiep aiblll JKaTblp, OHBIH ajanTarbl CaHbl —
274. KaitpueiMaap ayMakTeIH 96%-bIH KaMTHIBL.
Erictik xepraepain cansl — 6 (2%), Oay-0Oakmia — 5
(2%) 6onmer (7, 8-cyper).

Kepai naiinanany typJiepi Canbl
Kaitbuibim sxepiep 274
Ericrik sxepinep 6
bay-6axiia 5
BapabiFel 285

1:500 000

WapTTe! 6enrinepi:

¥nan eaei
Enpi mexkenpep
[ 6ackanapu
B i menive
A ¥ .

C chakTop

ericTk xepnep

[ 6ay- 6anwa

¥aiibinsin Kepnep
[ ©ser anabumsin repouropunce:

7-cypet — ¥11aH e3¢Hi aTaObIHBIH aybUIIIAPYalIbUIBIK aTKANTAPEIHBIH KapTa-ChI30ackl (aBTOPIApMEH JKacallFaH)
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AHTPONOreHIK TemKYHenep/i KalblnTacTIpyIIb! akTopiapasy Oipi perinae YiiaH e3eHi adaObIHbIH ...

®daxrop C, %

= JKaifLIBIM JKepiep

= ETicTiK Xepiep

bay - 6axmra

8-cyper — ¥naH e3eHi ajaObIHBIH aybUIIIaPyallbUIbIK aTKAITapbIHBIH YiIeCl

AnanteiH OYKUT TeppUTOpHACH OolibiHIIA P
— (QaxTop, SFHU aybUIIAPYAIbUIBIK alKanTapbiH
eHJIey dfici — cokameH XbIpTy (0,37) Oonpl.

Tomblpak MmAalBUTYBIHBIH —oMOeOan TeHJEYi
(USLE) keneci (hoopMmynamMeH ecenTeiH/i:

A=R*K*LS*C*P )

MYHJarbl:

1:500 000

A — 0Oip KbpUTAAaFBI TOHHA/TEKTAPFa KOTHKBUIIBIK
TOTBIPAKTHIH AHBLTYHI;

R — >xayprH-mambH ko3 QUITUEeHTI;

K — TonbIpakThiH maibury KOOQQHUIUESHT;

L — y3BIHABIK KOO PUITHEHTI;

S — eHicTiK KOAQPHULINEHTI;

C — ecimMaik TypiepiHiH KO PUIHEHTI;

P — »sposusra Kapchl ImapanapbiH Ko3pQu-
LIMEHTI.

WapTTe! Genrinepi:

[

[ E——.
TonbIpaKTLIK Waibinyb!
A chaxTop

[ LT e —

9-cypet — ¥J1aH ©3¢Hi aIaObIHBIH TONBIPAK MAHBUTYBIHBIH (A (aKTOp) KapTa-ChI30ackl (aBTOPIAPMEH KaCaFaH)
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3.M. TypsicnekoBa xoHe T.0.

¥nan e3eHi anaObiHAarsl A GakTOpAbH (TOTMbI-
PaKTBIH MaibLTy KepceTkimi) Bapuanusce 0,1-nen
7,81 malbI3NBIK apakaThlHACTa EKEHIH KOPCETTi.
A daxTopapiH eH ToMeHTri kepcetkimii 0,1-re TeH,
TOTBIPAKTBIH MEXaHUKaJBbIK Kypambl OOHBIHINIA
KYMIAKTBl 0oJjica, JKepAi TaipalaHyablH Typi —
JKaMbUTBIM JKepiep. An A (akTopAbIH €H KOFapFbl
kepceTkinti — 7,81. TombIpakTBIH MEXaHUKAJBIK
KypaMbl JKEHIUT ca3fpbl, )Kepli MaiaananyaslH Typi
OOMBIHIIIA )KaWBUTBIM JKEpJIEp MEH ETICTIKKE ColKec
KeJi. TonbIpak SpO3MsICHIHBIH €H )KOFapFbl OpTalia
KBUTIBIK KOPCETKIIII ETICTIK Kepiepe Oaikamapl.
Tonblpak 5po3usCbIH TOMEHAETY YyIIiH Oacka na
MOJICHU NaKbUIIAPBIH TYPIH TaHJAy apKbUIBI KOJI
JKETKi3yre OOosabl, MBICAJIBI, >KAHBUIBIM JKepiiep
MeH Oay-0aKia Jakeuiaapsl (9-cyper).

KopbIThIHIBI K9HE 3epTTey HITHKedepi

Cy 9po3uWsiChIMEH Kypecyjie IIapyanibUTbIKKa
THICTI )Kepi TyphIC Maiianana 61y AiH MaHbI3bI 30D.
Ocipece, O xKep Oemepi Kypaesi OONbIT KeJIeTiH Tay-
JBI JKepJiepAe OpHaJacKaH IIapyallbUIbIKTap YIIiH
ote KakeT. Cy 3po3usACchIHA €HICTITI OMiK JKepiepaeri
TaHantap ere Oeiiim Oomanel. COHIBIKTAH MYHJIAM
JKepyiepre JKui KOTChITa Oepyli KaKeT eTNeHTiH
Jakpuaap ceOy kepek. JleHec sxepiepIiH TobIparbH
CY 3pO3HUSCHIHAH KOPFay IapaJIapbIHbIH 1IIiH/IE KO-
aKTapIbl Kecy, KOHTYp OOMBIHIIA KYpri3iieTiH Me-
JIOPAIUSUTBIK JKYMBICTap (3KOJTAKTAIl aFalll OTBIPFBI3Y,
KOIl JKbUIIBIK HIONTEpP €ry) MaHbI3Ibl. TOMBIPAKTHI
CY DPO3HSICHIHAH KOpFayJa arpOTEXHUKAIIBIK Iapa-
JapIblH anaThiH OpHBI 30p. EH OacTeickl, Oy ma-
pajapiisl OpbIHAAy aca KHBIH eMec, oJapibl Ke3
KeJreH IIapyallbUIbIKTapAa KOJJaHyFa MYMKIHIIK
Oap. OmapapiH imiHAeTi eH 0acTBICHI KEPAl AYPHIC
eHzey Oonbin TaObuTaabl. TOMBIPAaK 3PO3USICHIHBIH
QJIJIBIH aJly YIIiH KOPFaHBIII OPMaH aJIKANTapbl MEH
eTICTIKTEp/Al KOPFAWTBIH IIBIpIIANAD  OTBIPFBIY,
KaUBUIBIMIBIK JKepJiep MEH KYMJbl IKepliepre
araiTap ery, TONBIPAKTBl KOpFay YIIiH aybICHajibl
eric YHeciH eHTi3y, TOMBIPAaKThl aynapMail eHey,
TYKBIMJIBI KaTapiamn ceOy, IaTKaigapasl caTbulapra
0eiy, Cy TOKTAaTBIH KaHAImap caiy, T.0. Imapamap
JKYprizinyi Tuic.

Makanasiarpl atajarad OapiblK (aKTopIapabIH
koadp¢urmmentrepi RUSLE ¢opmyrnacer 6oiibiHIIa
ecenTenal )koHe ¥JiaH e3¢Hi anaObIHAaFbl TOMBIPaK
OPO3MACHIHBIH  Jopekeci aHbIKTamapl.  ArcGIS
10.5.1 GarnmapiaMacblHBIH aTpuOyTTap KecTeciHe
Wischmeier, Smith sxacaran omb6ebam ¢opmyia-
na op (akTopra apHaIFaH MOJIIMETTED Ka3bUIbIII,
HoTIKeciHAEe A (PaKTOPBIHBIH MOHI €CENTeNin Kap-
Ta-chI30a KYpacThIPBUIIBI.

¥rnan e3eHi amaOBIHAAFBl APO3USIIBIK AJIEYETTi
KaKcapTy YLIH MoaeHu aakbll Typiepi C koad-
(hUIMeHTIH XKoHE JpOo3UsFa Kapchl ic mapamap P
KO3(QPULIUEHT KOPCEeTKIIliH e3repTKeH jKarnaiina
KOJI )KEeTKi3yTe 601a161. MbIcaibl, 232 TOJUTOHIAFBI
A daxropapiH MoHI KbUTbIHA 7,81 T/Ta TEH, aTaFaH
afMaKTBIH JKepi Tayibl OOJFaHIBIKTAH, MYHIai
kepcetkim LS =10, R=56,7 pakropnapasiH MoHiHE
OaifmanbICTB O0MBIT OTHIP. Erep xepai maigamany
TYPIiH eriCTiKTeH >KaWbLIBIMAAPFa, JKEpIi COKaMEH
OHJICY TYPIH KOJIAaKTapibl Kecy, KOHTypFra aybIC-
TBIPaTBIH ~ OOJICaK, MBIHAJald KOpPCETKIIIKe He
001aMBbI3:

A=102.5*%0.02*0.67*10*0.25=3.4 1/ra/ KbLI.

JKyprizinres ;xyMpICTapbIH HOTHKECIHIIE JKep-
Il maiimanany Typi, eHICY SAicTepi MEH SpO3HsFa
Kapchl ic-miapanap KUBIHTHIFBl TOIBIPAK MIAHBLTY
YpAiciHZe MaHbBI3[bl OPBIH aJaThIHBIH Kepyre 0o-
Jampl.

TonblpakThIH MAaHbUTy KOPCETKILIIHE ocep eTe-
TiH Ke3 KelreH (PaKTOpIBIH ©3Trepyl CaHIBIK JKOHE
camajblK e3repicrepre okenemi. MepIcanbl, Kepai
naiimanany TtypiniH (C ¢(akTopeHBIH) e3repyi
TONBIPAKTHIH IANHBITYBIH a3aiiTy He yJIFaiTyra fa-
Ha eMec, COHBIMEH Karap OoJjamiakra »ep OeTiHiH
reoMopQONIOTHSUIBIK  cHNIAaTTaMalapbIHBIH  ©3Tepy-
1He OKeTyl MYMKiH, OYJT ©3 Ke3€eriH/Ie OChl TepPHUTO-
pusia J)KaHa aHTPONOTCHIK T€OXYHEeHIH KaJbINTa-
CYBIH TYABIPAJIbI.

Ocor 3eprrey GIS omicrepi RUSLE kepcet-
KIIITEPiHIH KEHICTIKTIK OeINiHyiH a7 aHBIKTayFa
MYMKIiHJIiK OepeTinzirin kepcerti. COHBIMEH Kartap,
TOIBIPAK DPO3USCHIH YATIICY KapamaibiM JKoHe
KOJDKETIMJII Kypall eKEHIHE KO3 KETKI3IIK.
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THE PROPOSITION OF COMMUNITY NATURE-BASED
TOURISM DEVELOPMENT PATTERN FOR AKSU-ZHABAGLY
WORLD HERITAGE SITE

This work studies the Community Nature-Based Tourism Development (CNBT) pattern using the
Aksu-Zhabagly world heritage site (WHS) as a sample. The goal is to present a CNBT pattern suitable
for Aksu-Zhabagly nature-based tourist areas, using a combination of field monitoring, expertise, assess-
ment, and cross-country comparison of tourism patterns. The paper identifies strategic recommendations
for the CNBT pattern for the Aksu-Zhabagly WHS by analyzing overseas triumphant CNBT patterns
and comparing them with Kazakhstani patterns. The results concluded that the benefits of selected
overseas CNBT patterns are job creation, distribution of tourism revenues for local growth, and main-
tenance of resources. At the same time, the higher quality of transportation infrastructure, frequent use
of the mass media, priority local employment, and nature preservation are the main positive outcomes
of Aksu-Zhabagly tourism. The pattern comparison results show that overseas patterns perform better
than Aksu-Zhabagly in meeting the requirements (the highest authority, residents’ involvement stage,
benefit distribution, tourism marketing, staff trained program, and quality of services and tourist facili-
ties) for the growth of sustainable tourism. Finally, the article suggests that economic growth, ecological
maintenance, cultural heritage, marketing and image promotion, a attractive political environment and
empowerment of the population are key to the effective implementation of sustainable growth of CNBT
in the Aksu-Zhabagly tourist route.

Key words: Community Nature-Based Tourism Development; pattern; Aksu-Zhabagly; world heri-
tage; Kazakhstan.
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Akcy-XKabarbIAbl AYHMEXY3IAIK TaOUFU Mypa 00beKTiCiHe KaybIMAACTbIKTbIH,
TabuUFaTKa HerisAeAreH TYpu3mMAi AAMbITY MOAEAIH YCbIHY

byA 3epTTey yari peTiHae Akcy->KabarblAbl AYHMEXY3iAIK TabnFn Mypa obobekTiciH (WHS) nainaa-
Aa@Ha OTbIpbIN, KAYbIMAACTbIK, HeridiHaeri akoTypm3am (CNBT) MoaeAiH 3epTTeiiai. Makcat — AaAaAbIK,
6aKblAayAbl, capanTaMaHbl, 6aFarayAbl XK&HE SKOTYPU3M YATIAEPIH €A apaAblK, CAAbICTbIPYAbl KOAAAHY
apkbiAbl AKcy-)KabarblAbl TaburaT HerisiHaeri Typmam 6arbiTTapbl ywiH KoAarmAbl CNBT moaeAiH
yCbiHy. 3epTTey weTteaaik TabbicTtol CNBT yAriaepiH Taapay >koHe oAapAbl Ka3akCTaHADIK, YATIAEPMEH
CaAbICTbIPY apKblAbl AKCy->KabarblAbl AYHMEXY3IAIK Taburn mypa obbekTici yiwiH CNBT moaeaiHe
apHAAFaH CTPATErMnsIAbIK, YCbIHbICTApPAbI aHbIKTanAbl. HaTuxkeaepAeH TabbiC 9KEAY SKOHE XKYMbIC OpPbIH-
AapblH KYPY, KaybIMAACTbIKTbl AAMBITY YLLIH TYPM3M KipiCiH 66AY XeHe Taburn pecypcrapAbl Kopray
TaHAaAFaH weTeaaik CNBT yAriaepiHiH apTbIKLbIAbIFbI 6OAbIN TabblAaAbl A€M KOPbITbIHAbIAAMABI. Co-
HbIMEH KaTap, KOAIK MH(DPAKYPbIAbIMbIHbIH, XKOFapbl canachl, 6yKapaAblk aknapaT KypaAAapbiH >Xui nan-
AaAaHY, XKEPriAiKTI TYPFbIHAQPAbI XXYMbICMEH KamTy, TaburaTTbl Kopray Akcy-’KabarbiAbl TYPU3MIHIiH
Herisri oH, HaTMXeci OOAbIN TabblAaabl. MOAEABAI CaAbICTbIPY HOTUMXKEAEPI KOPCETKEHAEH, LUETEAAIK
mMoaeAbaep Akcy-)KabarbiAblFa KapaFaHAQ TYPU3MHIH TypakTbl AAMybIHAQFbl TaAanTapFa (OKoFapbl
OKIAETTIAIK, KaybIMAACTBIKTbIH KaTbICy AEHreni, KipicTi 6eAy, Typm3M MapKeTUHTI, Kbl3MEeTKEePAEpPAI
OKbITY GaFAapAaMachl, KbIBMET KOPCETY XKaHe TYPUCTIK HbICaHAAPAbIH carnachl) KeOipeK CoMKec KEAEAI.
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MpeaAoXKeHMe cxembl pa3BUTHS 06LLLECTBEHHOTO MPUPOAHOTO Typu3ma
AASl 00bEKTAa BCEeMUPHOro HacAeAus Akcy-XKabarAbl

B AQHHOM MCCAEAOBAHUM M3YUAETCs MOAEAb IKOTypr3ma Ha 6ase coobutects (CNBT) Ha npume-
pe o6bekTa BCEMUMPHOrO NMPUPOAHOro HacAeamst Akcy->Kabarabl (WHS). LleAab cocTonT B TOM, UTOObI
NPEAAOXKMUTH MOAXOASLLYI0 MOAeAb CNBT AAS MPUPOAHBIX TYPUCTCKMX HanpaBAeHuii Akcy->Kabarabl,
MCMOAb3Ysl KOMOMHALMIO MOAEBbIX HAOAIOAEHWI, M3YUeHUs!, OLLEHKM M MEXCTPAHOBOIrO CPABHEHMUSI MO-
AeAen 3KoTypusma. B nccaeaoBaHmm onpeaeAeHbl cTpaternyeckne pekomeHaaumm no moaean CNBT
AAS BcemupHoro goHaa AnKon nprpoabl Akcy->Kabarabl myTem aHaAM3a yCrelHbix 3apyHeskHbIX MO-
Aenert CNBT 1 cpaBHeHMS MX € Ka3axCTaHCKMMU MOAEASIMU. Pe3yAbTaTbl MCCAEAOBAHMS 3aKAIOYAIOTCH
B TOM, YTO MOAYYEHUE AOXOAOB M CO3AAHME PAabOUMX MECT, PACTIPEAEAEHNE AOXOAOB OT Typu3ma AAS
pa3BUTKS COOOLLECTBA U 3aLLMTA MPUPOAHDBIX PECYPCOB SIBASIIOTCS NMPEUMYLLIECTBAMU BbIGPAHHbIX 3apy-
6exxHbIX Moaeaert CNBT. B 10 e Bpemst 6oAee BbICOKOE KaueCTBO TPAHCMOPTHOM MH(PPACTPYKTYPbI,
YacToe MCMOAb30BaHME CPEACTB MAaCCOBOM MHOpMaLmm, NpUopmUTETHOE TPYAOYCTPONCTBO MECTHO-
ro HaCeAeHMs 1 oXpaHa MPUPOAbI SBASIOTCS OCHOBHbIMW MOAOXKMTEAbHbIMW pe3yAbTaTamm Akcy->Ka-
6arAMHCKOro Typusma. MTorm cpaBHeHUs MOAEAEN MOKa3blBAIOT, YTO MHOCTPAHHbIE MOAEAM AYMLLE,
yem Akcy->Kabarabl, COOTBETCTBYIOT TpeboBaHUAM (BbICLLMIA OPraH BAACTM, 3Tar y4acTus coobLLecTsa,
pacrnpeAeAeHue Bbiroa, TYPUCTCKMIA MAapKETUHI, NMPOrpaMma 0OyuyeHms NepcoHana, 0O6CAY>KMBAHMSM
KQueCTBO TYPUCTCKUX OOBEKTOB) AAS YCTOMUYMBOIO Pa3BUTUS Typmn3ma. B 3aBeplueHme pekomMeHAyeTCs,
4TOObI IKOHOMUYECKOE PA3BUTHE, OXPaHA OKPY>KAIOLEn CPeAbl, KYAbTypa M HACAEAME, MAPKETUHT U
UMUAXK, BAAronpusTHas MOAMTUYECKAs CPEAA M PaACLIMPEHUE NMPaB U BO3MOXKHOCTEN >KUTEeAei OblAn
OCHOBHbIMW (pakTOpamu, HEOBXOAMMbIMU AAS 3(DMDEKTUBHON peaAn3almy yCTOMUMBOIrO PasBUTUS
CNBT B TyprCTCKOI AeCTUMHaUmMK AKcy->Kabarabi.

KAtoueBble cAOBa: OOLLMHHDBIN 3KOTYPU3M, MOAEAL, AKCy-XKabarAbl, 06bEKT BCEMUPHOTO HACAEAMSE
npupoabl, KazaxcraH.

1. Introduction

In the case of tourism areas, the local commu-
nities adjacent to the areas where tourism activities
are allowed are often the key stakeholders, as they
are involved as human capital in various events at
the tourist site. Community Nature-Based Tourism
Development (CNBT) is a form of nature-based
natural resource control based on ecological theory
and practice that allows people to exercise signifi-
cant control and involvement in public growth and
control. In many developed countries over the past
few years, CNBT is fast becoming a popular biodi-
versity preservation tool that can increase the living
standards of local communities (Mohd Noh et al.
2020: 5049-5061). CNBT is an umbrella term for
leisure tourism as a condition of natural landscapes
or natural resources or activities, or the land or re-

sources themselves are a core component of tourism
activities. All over the world, regions are reserved
for many unique biodiversity values and the finan-
cial or political support for these protected areas
and local development are largely dependent on the
arrival of nature tourists (Wolf, Croft, and Green
2019: 104). A best experience is also a prerequisite
for future visits or referrals to others, especially if
the personal benefit is enduring and transformative
(Wolf and Wohlfart 2014: 89-103, Wolf, Ainsworth,
and Crowley 2017: 1650-1673, Wolf, Stricker, and
Hagenloh 2015: 358-381). This generates more fis-
cal revenue and reinforces the conservation value of
specific tourist attractions.

Through this form of tourism, residents share
their environment and lifestyle with tourists, while
increasing local income and building the local econ-
omy. By sharing events such as festivals, homestays
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and handicraft production, CNBT aims to protect
the environment, but it is also a way to expand com-
munity capacity by ensuring the degree of control
over tourism programs and their impacts (Fiorello
and Bo 2012: 758-778). An advanced CNBT pat-
tern works with existing residents’ initiatives, lever-
ages public leaders, and seeks to hire residents so
that tourism-generated income stays in the locals
and maximizes local economic benefits (Akbar and
Yang 2021: 1-21).

While tourism often promises to increase liveli-
hoods and sources of employment for local people,
irresponsible tourism practices can deplete natural
assets and exploit local communities (Akbar, Ab-
dreyeva, et al. 2022: 33-48). Approaches to CNBT
development projects should be part of a common
community development strategy and take into ac-
count the views of local people to help achieve the
goals of preserving ancient culture and heritage
(Zhang et al. 2020: 587-605). The key to success-
ful CNBT projects is poverty reduction by increas-
ing incomes and providing local people with the
knowledge they need to be critical of the long term
and make decisions that benefit society (Akbar et
al. 2021). However, residents involvement often
depends on the control system, because in many
cases, due to injustices in the control system, the
participants in decision-making are managers, not
employees (de los Angeles Somarriba-Chang and
Gunnarsdotter 2012: 1025-1043). Our previous re-
search has shown that inequalities in local engage-
ment are shaped by local sociocultural, economic,
and sometimes political tensions. It is important to
increase opportunities to implement Community
Nature-Based Tourism Development growth strate-
gies to understand how public engagement can take
place in different contexts.

In this paper, we aim to present a pattern of CNBT
that corresponds to the Aksu-Zhabagly WHS. To do
this, we first analyze the design and control of some
triumphant overseas patterns of tourism growth. We
then analyze in detail the present pattern of devel-
oping the tourism industry in our research field and
compare it with selected overseas CNBT patterns.
Finally, based on the results of the analysis, we will
propose the most appropriate CNBT pattern for the
Aksu-Zhabagly WHS.

2. Material and methods

The main idea of this article was born in
March 2019 during a week-long survey of the
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Aksu-Zhabagly State Nature Reserve in Ka-
zakhstan and the identification of tourist routes.
Data collection was conducted from March 2 to
March 22, 2019 for 20 days. To obtain a deeper
knowledge of the growth of tourism, interviews
were conducted with representatives of the Ak-
su-Zhabagly Nature Reserve and Aksu-Zhabagly
tourism companies. Face-to-face interviews were
conducted with the akim of Zhabagly village,
who knows the situation of the population’s in-
volvement in tourism, the head of the research
department of the nature reserve and the director
of a tourism company in Shymkent. In order to
address the goals and objectives of the research,
relevant information was collected on selected re-
search areas and interviews were conducted with
experts who studied the reserve. One of the main
methods of the research was a table analysis of
documents prepared on the official website of the
Aksu-Zhabagly State Nature Reserve (www.Ak-
su-Zhabagly.kz). We have analyzed some docu-
ments in detail, including all general reports, mis-
sion reports, periodic reports published in recent
years, and some existing documents. Research
articles on “Community Nature-Based Tourism
Development planning” were also analyzed. The
research was conducted mainly using documents
and content analysis methods. In addition, the
analysis and comparison of overseas advanced
CNBT patterns was used to highlight the advan-
tages and disadvantages of the research area for
the growth of Community Nature-Based Tour-
ism Development.

3. Results and discussion

3.1. Triumphant CNBT growth overseas case
studies

To understand how sustainable tourism ben-
efits local communities, it is important to assess
how well they can participate in tourism planning
and related decision-making processes. This re-
search aims to provide a sustainable CNBT pat-
tern for Aksu-Zhabagly WHS, discussing the top
CNBT patterns in other countries. Thus, opting
for CNBT patterns, we selected the Dadia Forest
CNBT pattern from Greece and the Ko Yao Noi
CNBT pattern from Thailand, as these countries
have extensive experience in CNBT growth and
these selected CNBT growth areas are WHS, like
our research area.
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3.1.1. CNBT pattern of Dadia Forest, Greece

Brief overview of the research area: The for-
est’s name derives from Dadia village, located in
Thrace, 67 km north from Alexandroupoli. The
impressive lush vegetation of Dadia’s Forest, filled
with pine trees, will put a spell on you with trails
leading to some magnificent hillsides, which bor-
ders Bulgaria, Turkey and Greece. Visit the eco-
tourism center 500 meters from the settlement of
Dadia, where there are hotels, restaurants, coffee
shops and an information center that organizes
many eco-tours. You can also stop at the Condor
Observatory 3 km away. Distance from informa-
tion center. Travelers can usually be guided to the
observatory to look the feeding area by a telescope
and binoculars, and a local ecological guide can
explain. In addition, several sidewalks have been
installed in the forest area to highlight the impor-
tance of biodiversity (Schindler, Poirazidis, and
Wrbka 2008: 502-514).

Mechanism of operation of the pattern: The
success of the Dadia project soon became known
in government circles. This was one of the advan-
tages of the EUfunded project: it forced national
authorities to pick up speed and skills in the man-
agement of the protected area. Dadia’s ecotourism
attracted further investments from both private
and public bodies. EU regional development funds
through the Community Support Framework and
community initiatives such as LEADER+ or IN-
TERREG were of far greater magnitude than the
small amount of funding for nature protection
committed at the beginning of the project. Thanks
to the construction of more hotels and accommoda-
tion for visitors, the visitor information center was
expanded, and the local monastery was restored.
The original prison cells there became a residence
for worshipers and other special visitors. More
than 60 international and national summits, fairs,
exhibitions and conferences have been held in Da-
dia-Sufli Forest Reserve, which has a unique natu-
ral heritage since the establishment of permanent
services for the promotion of ecotourism (KISA
OVALI and Tachir 2018).

The Dadia Preservation and Related Commercial
Tourism Service encourages job creation programs
and provides interest and pride for young people. At
the same time, generates a major additional source
of revenue for local families. A number of young

women, who had previously been unable to study or
work in their hometowns, are now postponing mar-
riage and being educators, guides or administrators
or to look for other new positions to increase their
involvement in the Dadia reserve. (KISA OVALI
and Tachir 2018).

3.1.2. CNBT pattern of Koh Yao Noi, Thailand

Brief overview of the research area: Thai
islands in the Ao Phang-Nga Marine National
Park, in the Andaman Sea, near Phuket and Koh
Yao Noi. Despite its location in the heart of Phang
Nga Bay, between two of Thailand’s most popu-
lar tourist hubs - Phuket and Krabi - Koh Yao Noi
and its sister island Koh Yao Yai are surprisingly
peaceful. Koh Yao Noi is home to about 4,000
Thai-Muslim Malays, mainly engaged in fishing,
rice and rubber farming, aquaculture, and more
recently tourism. The Koh Yao Noi tourism proj-
ect has been underway since 1990 when a large
commercial trawler was destroying traditional
marine fisheries and coral reefs (Choibamroong
etal. 2011: 173-186).

Mechanism of operation of the pattern: The
villagers, in cooperation with the non-governmental
organizations, organized the CNBT Cooperative
Tourism Club of Ko Yao Noi. In the mid-1990s,
Koh Yao Noi launched a home-based money-mak-
ing program for 30-35 rural residents as part of the
CNBT project. Around 250 eco-tourists receive ac-
commodation services monthly, and hundreds of
other tourists took part in short-term tourism activi-
ties. They have boat trips, swimming, forest excur-
sions, kayaking, bird watching, fishing, swimming,
cooking, nutrition and many “tourist activities (they)
mangroves, seaweed ecology knowledge that fit the
local way of life and livelihoods. and awareness.”
(Choibamroong et al. 2011: 173-186).

Here, 500 villagers are members of the CNBT
project, which includes hosts, guides and drivers,
as well as food and handicraft producers. They get
about 10% of their annual income from these tour-
ism services. Another 10% of all proceeds from the
project will go to collective funds, local school proj-
ects and local growth funds that support the restora-
tion of coral reefs, seaweeds and mangroves. The
activities of the CNBT project include replanting
mangrove trees along the coast, protesting against
plans to build a Japanese shrimp farm, cleaning up
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garbage on a monthly basis, conducting ecological
education camps for young people, and financing
the construction of toilets in local mosques (Walter
and Reimer 2012: 551-561).

3.1.3. The positive outcomes of the selected
overseas CNBT patterns

The advantages of the above-mentioned best
overseas CNBT patterns can be described in the fol-
lowing 3 main headings.

* Enhancing Sources of Income by Creating
Jobs for Indigenous Peoples: Two leading CNBT
case studies, considered as a model, show that the
establishment of CNBT has helped to provide local
people with sustainable employment and additional
sources of income in their areas. The establishment
of Dadia as a tourist area and related commercial
tourism activities have stimulated the employment
of the rural population. For example, young women
trained as environmental guides share their experi-
ence and knowledge of the region’s biological re-
sources with schoolchildren from all over Greece.
It also instilled in young people a sense of pride and
protection of their homeland. Similarly, 500 villag-
ers in Koh Yao Noi are members of the CNBT proj-
ect. Most of them are guides and drivers, but they
work as manufacturers, sellers and suppliers in the
food and handicraft industry. They receive about
10% of their annual income from these tourist ser-
vices.

* Distribution of tourism revenues for local
economy growth: In all four cases, the presence of
CNBT has been reported to have helped support
regional growth. For example, part of the revenue
from tourism in Dadia is used to improve infrastruc-
ture and open production facilities. As for Koh Yao
Noi, 10% of tourism revenues are transferred to the
Fund for Regional Development. The funds from
the funds in Koh Yao Noi will be used to develop
local school programs, clean up garbage, build an
environmental education camp for teenagers and
build a local mosque.

* Sustainable use of the region’s natural re-
sources: From the above two case studies, it can
be seen that one of the main goals of the develop-
ment of CNBT is the preservation of natural val-
ues and protection of wildlife in the region. For
example, The Dadia Tourism Center has a per-
manent exhibition promoting flora and fauna, as
well as specialized centers and small shops that
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provide information about local products and pre-
serves. In addition, several sidewalks have been
paved to show visitors the importance of biodi-
versity in the forest. As for Koh Yao Noi, 10%
of tourism revenues are transferred to the Fund
for Environmental Protection. The preservation
fund was mainly used to support the restoration
of reefs, seaweeds and mangroves.

3.2. Tourism growth pattern in Aksu-Zhabagly
WHS

3.2.1. Current tourism growth pattern in Aksu-
Zhabagly

Brief overview of the research area: It is the
first nature reserve in Kazakhstan, occupying the
north-western part of the Talas Alatau (Western
Tien Shan) and the Ugam ridge. It is located in
Zhualy district of Zhambyl region and Turar Rysku-
lov district of South Kazakhstan region. The reserve
is located between two rivers, Aksu and Zhabagly.
He died in 1926. created. It includes Karabastau
(126 hectares) and Aulie (100 hectares) in Karatau.
The land area is 128,118 hectares (2007). In 2006,
the Aksu-Zhabagly Nature Reserve was included
in the UNESCO World Heritage List. According
to UNESCO, the reserve is home to 48% of the re-
gion’s birds and 72.5% of the animals. The reserve
is one of the best places in the world for bird watch-
ing and has great potential for the development of
ecotourism.

The reserve area can be divided into several
zones as shown in Figure 1. They are a specially
protected main zone, a buffer zone where semi-
subsistence farming can be carried out, a translation
zone and a multi-purpose area where any economy
can be developed within the law. The Zhabagly
people is more triumphant in achieving sustainable
growth of the CNBT than the Abaiyl residents, and
the overall assessment of the sustainability of the
two communities is moderate. (Akbar, Maksatovna,
et al. 2022: 69-82).

Zhabagly is a village in Zhabagly rural district,
Tulkubas district, Turkestan region. The rural dis-
trict includes the villages of Zhabagly, Abayil and
the railway junction Nel15. The center is Zhabagly
village. The district center is about 17 km south-east
of Turar Ryskulov town. According to the 2009 cen-
sus, the population of the district was 2436 people
(Figure 1).
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Figure 1 - Zoning map of the research area (first author’s work).

Mechanism of operation of the pattern: Pro-
vision of land plots to individuals and legal entities
for the purpose of tourism regulation and recreation
in the specially protected natural area of Aksu-Zha-
bagly will be carried out in accordance with the state
master plan for the development of infrastructure in
nature reserves.

At present, there are 3 ecological trails and 7 ex-
cursion routes for the research and observation of
flora, fauna and landscape on the territory of Ak-
su-Zhabagly, which are equipped with information
boards, signs and shelters. Ecological roads are des-
ignated to generally familiar to the nature beauty and
attractive biodiversity of this natural world heritage
tourist destination. In addition, it serves as an envi-
ronmental education for the people of Kazakhstan.
There is also a tourist center with a museum of na-
ture of the Western Tien Shan, located in the admin-
istrative building of Aksu-Zhabagly WHS. By offer-
ing 10 tourist routes, WHS Control Office organizes
mainly recreational, scientific, cognitive, botanical,
wildlife and bird watching tourism for visitors.

To be a protected area at the national and interna-
tional levels, the pattern of developing eco-tourism
at the Aksu-Zhabagly WHS is strictly implemented
with the involvement of local authorities + Aksu-

Zhabagly reserve administration + national tour
operators + private enterprises. Inside and outside
Zhabagly village + overseas partners + Residents of
Tulkubas district, especially Zhabagly village.

Regional and district administrations and the
management of Aksu-Zhabagly reserve jointly or-
ganize tourist routes. Sometimes the state supports
the field tourist infrastructure in order to provide
convenient surgery for tourists. Tourism is usually
provided by local residents of Zhabagly village and
travel agencies in major cities. Tourist units of Zha-
bagly village can receive guests and organize tours.
At the same time, during the summer season, which
is often visited by tourists, the villagers receive
guests in their homes.

3.2.2 The advantages of Aksu-Zhabagly tourism

1) High-quality transport infrastructure: In-
frastructure growth is carried out mainly with state
support (Aksu-Zhabagly Nature Reserve and local
executive bodies). In an interview with the mayor
(village akim), he said that the transport infrastruc-
ture of this tourist route is well developed compared
to other tourism facilities in Kazakhstan. During the
field work period, we noticed that whole roads to
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the reserve gate in Zhabagly village are smooth and
asphalted. At the same time, we saw that there are
several quality hotels and hotels near the reserve.

2) Marketing and image promotion: Aksu-Zha-
bagly WHS has a special place not only in the south
of Kazakhstan, but also on the map of natural won-
ders throughout the country. Aksu-Zhabagly Na-
ture Reserve is a real scientific laboratory of nature,
where research work is carried out continuously. It
is the first WHS to be awarded the title of UNESCO
Biosphere Reserve in Central Asia.

3) Employment Priority: During the field sur-
vey, we found that the Aksu-Zhabagly Nature Re-
serve Administration Office and its hotel have more
than 50 local employees. Sanitary workers, inspec-
tors, forestry workers, horse caretakers, drivers, re-
ceptionists and cooks, etc. are hired to work under
the contract. included. For example, Aksu-Zhaba-
gly summer camp, Zhenzha and Luda resorts and
Ruslan family tourism company. In total, there are
about 10 local workers, including a sanitary worker,
a door guard, a receptionist, a cook, a shop assistant
and others.

4) Prioritization of nature maintenance: Due to
the richness of its fauna and flora, a comprehensive
study of their biology and features of life has been
well established since the first years of the reserve.
Since 1935, researchers of the reserve have been
systematically and regularly engaged in research.
On their basis, ways of effective use of natural re-
sources, ways of protection are carried out, nature
protection work is propagandized. The beautiful
nature of the reserve fascinates visitors. In its half-
century history, the Aksu-Zhabagly WHS has made
a significant contribution to the protection of nature
of the republic.

3.3 Comparison of Aksu-Zhabagly tourism
pattern with other patterns

Comparing the current pattern of developing
tourism in Aksu-Zhabagly with typical two over-
seas CNBT patterns (Table 1), it was claimed that
the Aksu-Zhabagly pattern works better in terms of
ecological preservation and providing jobs for lo-
cals like other CNBT patterns.

Table 1 — Comparison of Aksu-Zhabagly tourism modes with other CNBT development projects

Similar points

Different points

To demonstrate the importance of bio-
diversity, sidewalks have been estab-
lished within protected areas.

The main type of tourism is nature-
based tourism (for example, eco-tour-
ism and adventure tourism).

Ensuring employment opportunities
for local residents.

Provide equal opportunities for indi-
viduals and organizations to partici-
pate in tourism.

Frequent events in the media to pro-
mote the originality of tourism.

The highest authority: the government in Aksu-Zhabagly and other CNBT-type NGOs.
Public involvement level: This is the initial level in Aksu-Zhabagly, and the higher level in
other CNBT patterns.

Income distribution: The Aksu-Zhabagly State Nature Reserve office is the main benefi-
ciary, but the local is the largest beneficiary of other two CNBT patterns. Revenues from
tourism in other two CNBT project are used to develop local communities.

"Outflow” of tourist income: more in Aksu-Zhabagly, and less in other CNBT pattern areas.
Tourism marketing: Not well developed in Aksu-Zhabagly, but well organized in other
CNBT pattern areas.

Personnel training program: Aksu-Zhabagly failed to do so, but other CNBT pattern areas
have trained their staff.

Tourist services and facilities: In Aksu-Zhabagly low quality of tourist services and facili-
ties exist, but they are well developed in foreign CNBT patterns.

Nevertheless, there are still points that need to
be enhanced. These include: (1) enhancing the sta-
tus of non-governmental organizations, with the
government playing a leading role and other stake-
holders having an equal role in tourism planning;
(2) increase residents’ LRP levels and strive to par-
ticipate in tourism planning, control and decision-
making at all stages; (3) Profit distribution is aimed
at the growth of society; (4) reducing the “outflow”
of economic interest; (5) promoting tourism mar-
keting; (6) training employees in tourism industry
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to increase their service quality and business skills;
and (7) to increase the quality of tourist services and
tourist facilities in Aksu-Zhabagly.

3.4 Appropriate CNBT Growth Pattern for Ak-
su-Zhabagly WHS

The relationship between society, economy and
environment is very close, and social and economic
activities are usually based on local environmental
and resource conditions; at the same time, local envi-
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ronmental and resource conditions are also affected
by the characteristics of human social and economic
activities (Chapin III et al. 2009). The development
of rural tourism affects the resources and quality of
natural capital, physical capital, financial capital,
human capital and social capital in different ways
(Kong Xiangzhi, Zhong Zhen, and Yuan Meisheng
2008: 115-119). Effective use of recreational and
cultural opportunities in nature and their continu-
ous improvement is a guarantee of increasing the
economic viability of Zhabagly village. A number
of strategic measures are needed to stimulate the
sustainable development of tourism in our research
destination, these strategies target commercial net-
works, identifying assets, preserving and using open
spaces, historical heritage, and promoting marketing
and eco-resort. The above mentioned strategies will

allow the local to build a solid foundation for tour-
ism based on current circumstances.

Comparing the Aksu-Zhabagly tourism growth
pattern with triumphant overseas CNBT patterns
and based on the advantages of triumphant CNBT
growth patterns abroad, the work assesses and pres-
ents the advantages and disadvantages of the cur-
rent Aksu-Zhabagly tourism growth pattern. Follow
the Aksu-Zhabagly area CNBT template for tourist
areas. We believe that in order to effectively imple-
ment the sustainable growth of CNBT on the Aksu-
Zhabagly tourist route, it is It is important to include
the suggestions identified in Figure 2 below. This
is because these proposals have borne fruit in many
developed countries and, if applied in Kazakhstan,
can serve as a model for neighboring developing
countries.

A sustainable CBET model for Aksu-Zhabagly natural world heritage site

Economxc Ecologlcal \Iarketmo Fav orable resndents
dev elopment conser\ ation and herltage and i 1maoe law and policy po“ erment

Culture

an Ecotourism
Visitors Center

Establlsh Create a user
lodging friendly map of
opportunities ecological route
l
Develop Encourage

more horse riding
and hiking tours

Create a

database

of local
business owners

l

Built
a cultural center

l

Establish
network of trails

and preserved
land

Improve
transportation
routes

[

[

Collaborate
with public and
private partners

Practice a strict
wildlife
management
program

Utilize
existing clientele
from
the Zhabagly
Community
Fair to establish
smaller, more
focused events

I

l

Develop rural
and agri-
tourism

Promote
opportunities to
learn through

Set up a “Local
Makers Tour™
(i.e. dairy
products maker,
national clothes

v

Commit
to supporting
and utilizing
existing
resources

restoration and
conservation

‘hands-on’ maker and
experiences woodworking.)
’ '
Help
visitors learn how Create
thev can outreach tools to
contribute to highlight

historical sites
within Zhabagly

Increase Support Let
wayfinding the tourism local residents
within Zhabagly| | development in | | participate in
village Aksu-Zhabagly decision
and the l making about
Tulkibas tourism
district Inform development
the local
| residents about
Develop tourism
an unique and development Let'
attractive strategies in local residents
ecotourism || Aksu-Zhabagly | | Participate in
image for Aku- heritage tourism
Zhabagly site management
I
Give
Advertise equsl Lt

active recreation
opportunities to
target audiences

|

opportunities to
local residents
for engaging in
the tourism
industry

local residents

participate in
tourism
planning

Create
a brochure for
the various
available
ecotourism
activities in
Aksu-Zhabagly

v

Let
the local
residents get
more benefit
from tourism
development
than outsiders

A

Let
local residents
participate in
ecological
protection
strategy

Figure 2 — The proposed CNBT growth pattern for Aksu-Zhabagly WHS (first author’s work).
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* Economic development dimension: With its
strong development momentum, tourism has be-
come the most dynamic “sunrise industry” in the
global economic industry. With the development
of tourism, the influence of tourism on the devel-
opment of local economy has become increasingly
apparent, and many experts and scholars have done
a lot of research on it (Chen Jinhua, Lu Min, and
Li Xiangyu 2008: 10-11). Tourism is a development
path for many countries to reduce poverty and im-
prove their economies. In order to see the positive
economic impact of tourism mentioned above, tour-
ism revenues must be fairly distributed. When we
talk to people at our research site, they say that we
do not feel the positive economic impact of tourism
so far. Therefore, implementing the recommenda-
tions shown in Figure 2 is of great significance to
ensure the sustainable growth of CNBT in this field.

» Ecological maintenance dimension: With
many species and habitats already on the brink of ex-
tinction due to harmful changes caused by humans,
preservation is necessary. Local residents benefited
from tourism and began to consciously protect the
environment and enhance their awareness of envi-
ronmental protection (Zhao and Li 2018). As can
be seen from our investigation, the Aksu-Zabagly
Northwest Highlands are effectively protected by
the Special Reserve Law. From the analysis of this
study, we learned that the relevant authorities of the
tourist area have done a lot to protect biodiversity.
However, we believe that the implementation of the
measures described in Figure 2 will help to improve
the positive environmental impact of tourism in
WHS.

o Culture and heritage dimension: Cultural
heritage is a very important tourism resource, and
the development of tourism and the protection of
intangible cultural heritage are important issues in
today’s society. Except for nature-based tourism,
this tourist area has great potential for the growth of
various cultural heritage tours. However, according
to our research, the cultural and heritage value of
this tourist area has not yet been determined.

* Marketing and image dimension: Due to the
vigorous development of tourism and the intensifi-
cation of market competition among tourist destina-
tions, the influencing factors of tourism image have
attracted extensive attention of tourism research-
ers and marketers (Cheng Jinlong and Wang Faz-
eng 2009: 1753-1758). The results of the work in
this area show that the organizers of tourism in the
region have not done much to develop marketing
and image promotion in the tourist area. In order to
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eliminate the identified shortcomings, we believe
that tourism managers need to take into account a
number of marketing and image promotion mea-
sures presented in Figure 2.

* Favorable law and policy: With the advent of
the era of popularization of tourism, many places
have regarded tourism as the leading industry and
pillar industry that drives social and economic de-
velopment, and given it the political mission of ad-
dressing macroeconomic challenges, promoting em-
ployment, and getting rid of poverty; and political
trust is related to these goals (Chen Pinyu and Zhu
Chuncong 2018: 282-292). Based on the results of
our previous research, we concluded that the reason
for the lack of active participation of the rural popu-
lation in the development of tourism in this tourist
area is the lack of a favorable political environment
for sustainable tourism. Therefore, in order to re-
duce these shortcomings, we believe that this tourist
area can achieve sustainable development of tour-
ism, taking into account the important recommenda-
tions summarized in Figure 2.

* Residents’ empowerment dimension.: Tourism
supports the economic opportunities of all people
based on employment, income and business oppor-
tunities. When large businesses use communication
to facilitate communication with local landowners,
there are more opportunities that enhance opportu-
nities (Aghazamani and Hunt 2017). In our paper,
we found that the status and level of involvement
of the local population in tourism is low, and the
right give evaluation and recommendations on tour-
ism projects is shallow. Another thing we noticed
is that tourism organizers in the region usually do
not give their employees as much competence as in
successful foreign tourism development projects.
Therefore, in order to equate the development of
CNBT in this area with the development models of
prestigious foreign tourism, it is necessary to take
into account the best practices presented in Figure 2,
which will allow the rural population to participate
in the development of the tourism industry.

4. Conclusion

As it is a special protected reserve at the national
and international level, the tourism growth pattern
within the Aksu-Zabagly Nature Reserve is strictly
implemented, with the involvement of local authori-
ties + Aksu-Zabagly Reserve control department +
national tourism operator + private sector Business-
es in and out of Zhabagly village + overseas part-
ners + Tyulkibas district, especially local residents
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of Zhabagly village. The positive results are: perfect
tourism infrastructure, good publicity image promo-
tion, job creation for the local area, and priority to
protect the ecology of nature reserves.

From the comparison results of the current Ak-
su-Zabagly tourism growth pattern and the trium-
phant overseas CNBT pattern, and discussing the
CNBT model abroad, we came to the conclusion
that the keys to their success are active community
participation, good leadership, a strong local organi-
zation, equitable income sharing and empowerment.
However, most of these effective measures are not
realized in the Aksu-Zhabagly tourist zone.

Finally, combined with the results of our field
investigation, the advantages of triumphant CNBT
patterns abroad and the advantages and disadvan-
tages of the current tourism growth pattern in the
northwestern mountainous area of Aksu-Zabagly,
a sustainable tourism pattern for the Aksu-Zaba-

gly world heritage tourism area is suggested. The
pattern proposes measures for economic growth,
ecological maintenance, cultural and heritage
preservation, promotion in marketing and image,
creation of an attractive political conditions and
empower locals. In turn, this model will provide
a theoretical basis for the establishment of sus-
tainable tourism in Aksu-Zhabagly, as well as a
reference example for the development of natural
world heritage tourist destinations in the neigh-
boring countries.
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cal education and tourism department of the Aksu-
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