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CoxpaHeHMe JTeJHUKOB U 3P PpeKTHBHOE HCNI0Ib30BaHUE BOAHBIX pecypcoB LleH-
Tpa/ibHOM A3UH.

Jyman6e: Jlonnu, 2024. 189 c.

B c6opHUK BKJIIOYEHbI MaTepHasibl MexyHapoJHOH HaydHOU KoHpepeHuu «Co-
XpaHeHUe JIeJHUKOB U 3¢ PeKTHBHOE UCI0JIb30BaHUE BOAHBIX PecypcoB lleHTpasibHON
Azuny», nocBsiteHHOU «2025-MexXAyHapoAHOMY I'0Jly COXpaHeHUs JieJHUKOBy. [IpescTas-
JIeHHbIe MaTepHaJibl 3aTParuBaloT aKTyalbHble BONPOChI U3yYeHUsI JIEJHUKOB U BOJHBIX
pecypcoB ¢ IpUMeHeHHeM WHHOBAI[MOHHBIX METO/0B UCCIeJOBAHUH, a TAaKXKe peKOMEH-
Jalliy 10 COXpaHeHHUIo JIeJTHUKOB. B MaTepuasax TakKe OCBellleHbl MHOTOJIETHHE KOJle-
0aHMS KIMMaTHYECKUX MIOKa3aTesel U Jlerpafallii JIeJHUKOB, U3MeHeHNe CHEXXHOTO I0-
KpOBaQ, II0CJIE/[CTBUSI U3MeHEHUs KJIMMaTa Ha JIEJHUKU U BOJIHbIE pecypchl LleHTpanbHON
A3zum.

COOpHUK NpeAHAa3HAYEH YYEHBIM U CIEUaJUCTaM B 06JIaCTH TJISIIMOJOTHU TUAPO-
JIOTHH, 9KOJIOTUH U OXPAHbI OKPY’KaIOI[eH Cpesbl.

Preservation of glaciers and sustainable use of water resources of Centeral Asia.

Dushanbe: Donish Publish House, 2024. 189 p.

The Conference proceeding includes materials of the International Scientific
Conference «Preservation of glaciers and sustainable use of water resources of Centeral
Asia» dedicated to the «2025 - International year of glaciers preservation». The presented
materials touch upon current issues of studying glaciers and water resources, using
innovative research methods, as well as recommendations for preserving glaciers. The
materials also cover long-term fluctuations in climate indicators and glaciers degradation,
changes in snow cover, the effects of climate change on glaciers and water resources in
Central Asia.

The Conference proceeding is intended for scientists and specialists in the field of
glaciology, hydrology, ecology, and environmental protection.
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PelnieH3eHThI:
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INPEJUCJ/IOBHUE

3a nociefHUe AeCATUIETUS CTPEMUTEJIbHOE TasiHUe JIEJJHUKOB MOJ
BJIMSIHMEM M3MEHEHMUs KJMMaTa CTajJ0 I100aJbHOM yrpo30W IMJIAHETHI.
[lo HeKOTOPBIM MPOTrHO3aM, B YCJOBUSIX MEHSAIOIIEr0Csd KJIMMAaTa K KOHLY
TEKYILEero CTOJeTHUS MOTYT UCYE3HYTh 10 TPETh JeJHUKOB MUpa. TasgHue
JIeJHUKOB HapyllaeT 3KOJOTUYEeCKUW OaJslaHC, CO3JaeT CylleCTBEHHbIe
yrpo3bl [Jis BOJAHOIO LMKJIa Hallled MJaHeThl. B TOpHbIX pernoHax 3TOT
npolLecc ycyryojsieT Takue CTUXUKHbIe O0e[iICTBUS KaK JABUKEHUS JeJHU-
KOB, HaBO/IHEHHS, JIABUHBI, CEJIH, KOTOpPble IPUHOCAT OrPOMHBIN 3KOHOMHU-
YeCKHH ylep6, Mopor YeJ0BeYeCKUX KEPTB.

BricTpoe TasgsHUe JIeIHUKOB SIBJISIETCS TPEBOXXHBIM MPOLLECCOM U Tpe-
O6yeT OT MUPOBOTO CO0061IeCTBA NPUHATUA 3QPEKTUBHBIX MeP U COBMECT-
HbIX YCUJIUH 110 UX COXPAHEHUIO.

Tepputopusa TagkukrhcTaHa B TeoJIOTMYECKOM MPOILJIOM IO/ Bepra-
Jlach 60Jb1IOMY oOJiefleHeHHIo. [lnomaab efHMKOB TaKMKHUCTaHa 3aHU-
MaeT 6osiee 8000 KM?, 4TO cocTaBJIsIeET GoJiee 6% TEPPUTOPHUHU CTPaHBL [1o
3KCIepPTHBIM olieHKaM, 10 2050 . 06'bEM JIeJHUKOB MOXKET COKPAaTUTbCS
10 50%.

Jlegnuku TamKUKHUCTaHa SBJISIOTCS He TOJIBKO OeCleHHbIMM MCTOY-
HUKaMU NPeCHOW BOZbI, HO U PeryJiiTOpaMy BOJAHBIX PECYPCOB U KJIUMaTa
[leHTpasibHOU A3UH.

Pecny6sinka TagxukucTtaH noJ pykoBojcTtBoM OcHoBaTesisi MuUpa U
HauuonanbHoro eauwHcrBa - Jluaepa Hauuu, [lpesugenta Pecny6sinku
TampxrkucTan yBaxkaeMoro JMoMasu PaxMoHa BHOCUT OOJIbLIOW BKJIA/,
B pelLIeHUU [V1006aJbHbIX 3KOJOTHYECKHUX MpobJsieM, B TOM YHUCJIe BOLHOU
npo6JeMaTUKH.

[To nnuuatuse Ilpe3ugenTta Pecny6inku Tafp)KMKHUCTaH yBakaemo-
ro Imomasiu PaxMmoHa 14 gekabpsi 2022 roga Ha 77-ou ceccuu ['eHepaJib-
HoM Accambsien OpraHusdanuert O6beanMHeHHbIX Hanuyil 6bl1a nmpUHSTA
Pesomonus «2025 roa - MexayHapoiHbIM ToJi COXpaHEHHS JIeJHUKOBY.
CorsiacHo aTo# pesoJtonuy, 21 MapTa 06bsiBJieH MexX/1yHapoAHbIM JHEM
coxpaHeHud JeJHUKOB. [IpuHaTaa Pesosntonusa Takke npejycMaTpuBaeT
co3ganue MexayHapoHoro TpactoBoro ¢ponaa npu OOH a5 cogericTBUA
B COXpaHEHUHU JIeITHUKOB.

YuyuTtbiBasg akTyaJIbHOCTb U3y4yeHUs JIeAHUKOB, B 2017 I. B CTPYKTY-
pe HauuonanbHOU akageMuu Hayk TajpkrvkuctaHa 6bL1 co3gaH [ocynap-
CTBEHHO€e Hay4yHoe yupexaeHue «lleHTp h3ydyeHus JieJHUKOB», KOTOPbIU
NPOBOAUT MHOTOIJIAHOBBIE UCC/EL0BAHUS MO0 U3yYEeHUIO JIeJHUKOB Taj-



KUKHCTaHa C IPMMEeHeHMeM WHHOBALlMOHHBIX METOJ0B U HOBBIX TEXHO-
JIOTUH. ITHU UCCIeLOBAaHUSA OCHOBAHbI HA OLIEHKY AWHAMUKU W3MEHEHHUS
JIeJJHUKOB, UX 00 bE€Ma, IBUKEHUS JIeJHUKOB, OTCJIeXKUBAHUA JIeTHUKOBBIX
03€p M OLleHKa uX pucka. [lyid usyyeHud JieJHUKOB B Ta/PKUKUCTaHe LIU-
POKO NPUMEHAKTCHI MEeTOAbl JUCTAaHLIMOHHOr0 30HAMpoBaHus, 'MC-Tex-
HOJIOTMH, 6eCIUJIOTHBIE JIeTaTeJbHbIe alnapaThl U KOCMUYeCKHe CHUMKHU.

Y4uTbIBasA aKTyaJbHOCTb NP0O06JIeMbl COXpaHEHUS JIEHUKOB U yCTOM-
YHUBOT0 UCI0JIb30BaHUS BOAHBIX pecypcoB, HallnoHa/ibHasA akafeMus HayK
TappxukrcTaHa peryjisipHOro NpoBOJUT Hay4YHble KOH$EePEHIIUH 110 06CYXK-
JIEHUIO BOJIHOM Mpo6JieMaTUKe.

MexayHaposHass Hay4yHasd KoHepeHUUs «CoxpaHeHHe JIe[HUKOB U
3dPeKTHUBHOE HCII0JIb30BaHHWE BOJAHBIX pecypcoB lleHTpasbHOU A3uy,
nocBsuleHHas «2025 - Mex/yHapoJHOMY TO/ly COXpaHeHHUS JieJJHUKOB»
nposoauTca HayyHo-uccie0BaTe/JIbCKUM LIEHTPOM 3KOJIOTUU U OKpYyXkKa-
toueit cpegbl ([yman6e) HaunoHanbHOUM akajieMuu Hayk Ta/pKMKUCTaHa
B COTpyAHUYecTBe C UHCTUTYTOM BOJHBIX NPO06JIeM, 3HEPTeTUKU U 3KOJIO0-
run HAHT, l'ocygapcTBeHHBIM Hay4dyHBIM yupex/eHueM «LleHTp usydyeHusa
snenHukoB» HAHT u CUHB3SIHCKMM MHCTHUTYTOM 3KOJIOTMMU U reorpaduu
Kurtalickoi akagemMuu Hayk. Ha o6¢cyx/jeHnn KoHbepeHIIMU OblIM BHeCe-
HbI aKTyaJIbHble BOIIPOCHI U3y4eHHH JIEJHUKOB U BOAHBIX PeCypPCOB C IPHU-
MeHeHHeM MHHOBALMOHHBIX METO/L0B UCCIELOBAaHUH, a TAKXKe OCBeLeHbl
MHOTOJIETHHE Ko0JilebaHMA KJIMMaTH4YeCKUX INoKasaTesJed U Jerpajaunuu
JIeJHUKOB, U3MEHEHUEe CHEeXKHOI'0 IOKPOBA, OC/IeACTBHUS U3MEHEHHU KJIU-
MaTa Ha JIeJHUKH U BOJHble pecypchl lleHTpasibHOM A3nM.

O6cyxxnaeMble Ha KOHQepeHLUUU [JOKJIAJbl B npenaBepuu «2025 -
MexyHapoHOMy ToJly COXpaHeHUs JieJHUKOB» HECOMHEHHO CII0CO0-
CTBYIOT 06MeHy MHPOpMaLMI0 MeXAy YyYEHbIMU M 3KCIepTaMU MO BHEJ-
PEHHI0 COBpPEMEHHBIX METOJOB HM3y4YeHHUS JIeJHUKOB, CMATYEHHUI0 pUCKa
BO3/IeMICTBUSA CTUXUHHBIX 6€CTBUH, CBSA3aHHbBIX C U3MEHEHHEeM KJIUMAaTa,
paclIMpPEeHNI0 HAyYHOI'0 COTPYAHHUYECTBA N0 JeTaJIbHOMY U3YUYEeHHUIO JIeJi-
HUKOB lleHTpasbHOM A3UM M IPUHATUSA IPEBEHTUBHBIX Mep 110 YCTONYH-
BOMY HCII0JIb30BAaHUIO BOJHBIX PECYpPCOB.



NNEPCIIEKTUBbI U3YYEHUA JIEAHUKA PEJYEHKO
B YCJI0BUAX UBMEHEHHUA K/IMMATA

KaromoB A.K.

TocydapcmeeHHoe HayyHoe yupexcdeHue
«Llenmp u3yyeHus 1e0HUKOB»
HayuoHnanavHol akademuu Hayk Tadxicukucmaua»

2. [lywano6e, Tadxrcukucmat. E-mail: abdkaumov@mail.ru

Jlennuk @equeHKO - caMbli 6OJIBIION JIeAHUK He TOJbKO Ha [laMupe,
HO U B MHUpe 3a IpeJieJlaMU NOJIIPHbIX perdoHoB. [liomaab JeJHUKaA COo-
craBJssieT okosio 700 KBaZpaTHbIX KUJoMeTpoB. Cpeau yieaHrukoB EBpa-
3UH OH yCTyNaeT Mo MJaouaax Tojibko KapakopymckuM jiegHrkaMm CruadyeH
(ayimHa 76 kM, miowaab 750 KB. kM.) 1 banTopo (A1vMHa 62 KM, NJI01a/lb
750 KB. KM).

Paiton iegHrka PeueHKo, 1o/roe BpeMs OblJ1 6e/bIM MSITHOM Ha Kap-
Tax [lamupa, ABAAIMNACA KPYTTHEHUIIUM y3JIOM COBPEMEHHOTO OJieJleHe-
Hus CpeaHeit A3uu. Pycckuil uccienoBaTesb, sHTOMOJior B.D. OmaHuH B
1878 r. oTKpbIaI JieJHUK PeaueHKo.

PaccBeT vccieoBaHUA JIeJHUKOB NPUXoAUTCS Ha 60-80-e rr. mpouio-
ro Beka. Pe3aysibTaToM 3THX paboT, cTasio co3/jaHue «KaTajsiora JieIJHUKOB
CCCP», kyza u Bouwiv JieAHUKA TaKHUKHWCTaHa, B TOM YUCJIE JIEAHUKU CU-
ctreMmbl Peguenko [3]. KosimuecTBa 1 noniaab Jie JHUKOBbIX CUCTEM XapaK-
TepU3yeTCcs B HEM 110 cOCTOsAHMIO Ha 1940-1970-e rT.

K coxanenuro, nocse 90-x rofjoB MpoIIJIOro CTOJETUS CUCTEMaTHye-
CKoe HabJIto/ieHre Ha 3TOM KPYITHOM JieIHUKe U Ha APYTUX JileJHUKaX ObLIU
npeKpalieHbl.

06 stom B.M. KoTnisikoB [9] numiet Tak: «HasemMHble MeToAbl cO60opa
JIAHHBIX OrPaHUY€EHbI TPYAHOAOCTYIHOCTbIO BBICOKUX I'Op. A B OC/eIHUE
roZibl 3TO YCJ0KHSETCS elll€ U TeM, UTO B BbICOKOTOpbe [[aMupa noJIHOCTbIO
JIMKBUJUPOBAHbI CTAllMOHAPHbIE MYHKTbI HAOGJII0JEHUN U U3MEePEHUN».

3a nocineanue 40-50 neT uccaegoBaHue JIeJTHUKOB 6accelina PemgyeH-
KO HOCUT ¢parMeHTapHbId XapaKTep, KOTOPbIK He OTpakaeT peasbHYI0
CUTyall{Io oJieJIeHEHHS Ha 3TOM JIeJHUKOBOM y3Jjie. ITU paboThl 0606111e-
HbI B NyOJIMKaUsX [5-8].

Ileab UCC/I€eA0BAHUA - OLIEHUTb COBPEMEHHOE COCTOSIHUE JieJJHUKa
@eueHKO HAa OCHOBE JIaHHBIX JUCTAHI[MOHHOIO 30HAMPOBAHHUS U MpPOBe-
CTH PETPOCNEKTHUBHBIN aHa/IN3 oJieiIeHeHUsI ero 6acceiiHa B YCJIOBUSX U3-



MeHeHHUSs KJIMMaTa, a TaKKe ONpeAe/IUThb epPCIeKTUBbI U HE0OX0AUMOCTh
CUCTeMaTHYeCKUX MCCAeJ0BaHUM JieJHUKA.

PaiioHBI Ucc/1ief0BaHUSA

Jlennuk ®PenyeHko pacnosioxkeH B TamkukucTaHe B ropax CeBepo-3a-
nagHoro IlamMmupa Ha Tepputopuu [opHOo-BajaxiaHCKOM aBTOHOMHOU
obsiactu. B palioHe seaHuka PeueHKO HAaXOASATCS BbICOYallliLe TOPHbIE
Xxpe6Thl ¥ BeplinHbl Pecniy6uku TafpkukrcTan: XpebeT AkazeMuun Hayk ¢
Bbiciieit Toukoi [Tuk U. Comonu (7495 M), AsrysemMmckuii xpebeT ¢ BepIllu-
Hoit [Tuk PeBostonuu (6974 m), F'apmo (6595 M), a Takxke xpebeT CeBep-
Hbli TaHbIMac. MakcuMasibHasA aMIIMTYAA KoJiebaHUs BBICOT B GacceiiHe
JegHnka PegyeHKo gocturaet 4.6 ThIC. M.

3/ecb cocpefloTOYeHbl TaAKME KPYIMHbIe JIeJHUKH, Kak PegueHko, bu-
BauHblM, HanuBkuHa u Ap. B nesom, B cuctemy segHuka ®enueHko [3]
BxoAuT 100 J1IeHUKOB, U3 KOTOPBIX 26 ABJATCA NPUTOKAMHU IJIABHOTO
JIeJJHUKA, HO OHU CaMU NPe/iCTaBJSIOT COO0M CI0XKHbIE JJOJMHHbIE JIeJHU-
ku. U3 negHuka PenyeHko BoITeKaeT peka Cesbaapa, KOTopasi, CJIMBAsICh C
pekamu banangknuk u Caykcay, faét Hayano peke Mykcy - nuctoky Baxma.

MeToabl McC/Ie0BaHUM

JlJ151 OLleHKU COBPEMEHHOTO COCTOSIHUSA 0JleJleHeHUs 6acceiiHa JieJHU-
ka PefUyeHKO HCIO0JIb30BaHbl MeTO/bl AUCTAHLMOHHOTO 30HAUPOBAHUA
JLJIS1 MHTEerpaJIbHOT'0 aHa/IM3a NOJIyYeHHbIX JaHHbIX. CIyTHUKOBbIE CHUM-
KU CKauMBaJIUCh c mopTasa ['eosoruyeckoit cayx6n1 CHIA (USGS) (http://
earthexplorer.usgs.gov), B OTKpbITOM JOCTyIle B UCCTIELyEMOM PEruoHe C
HauMMeHbllIel 06JIa4HOCTBIO U C JATOW ChbEMKHU, COOTBETCTBYIOIEH KOHILY
nepuojia TassHUSA JIEAHUKOB (aBryCT - HayaJjo ceHTsA6ps). boeliu BbiOpa-
Hbl MYJIbTHCIIEKTpa/JibHble KOCMUYecKUe CHUMKU Landsat 1-5 MSS ¢ npo-
CTpaHCTBEHHBIM pa3pewieHreM 60 M coorBeTcTBEHHO OT 10.09.1972 1. 1
Landsat 7 ETM ot 07.09.2011 r. c npocTpaHCTBEHHBIM pa3peluieHreM 30 M
(maHxpoMaTuyeckuil kaHas — 15 M). /i nOBbIlIEHUS] YPOBHS J0CTOBEP-
HOCTHU MOJIyYeHHbIX JJaHHbIX OBbLJIN MCIO0JIb30BaHbl CIyTHUKOBbIE CHUMKHU
Sentinel 2A ot 17.08.2021 r. ¢ npocTpaHCTBEHHBIM pa3pelieHreM 10 M c
MHUHMMaJIbHOM 06JIaYHOCTBI0O Ha BCEX CHUMKaX. YKa3aHHble CHUMKH HUM-
noptupoBaiu B ArcGIS v ucnosib3oBanuce AJi pacyéTra maolasu OTKPbI-
ThIX YacTel JIeJHUKOB U OL[€HKHU I10JIOKeHUS UX KOHIOB B 1977 u 2021 rr.
KoHTyphbl iefHUKOB 06pabaThiBaJUCh BPYYHYIO C IPUBJI€YEHHEM KOHTYpa
JiefHUKOB 6a3bl GLIMS. YTo6b! onpe/ie/IMTh TOYHOCTDb JelinppUpOBaHUS



IpaHMUI], IPOBOIU/IN MOBTOPHYIO BEKTOPHU3ALMIO JIEAHUKOB, IOTPEIIHOCTD
omnpeesieHUs UX IJIOIIAIM HA CHUMKaX cocTaBuJja He 6oJiee 5% [11,13].

Pe3ysbTaThl pa6oThl. HabirofeHre 32 IPOLeCcCOM TassHUSA JibJla ObLIO0
npoBefieHO [3] Ha Tpex BUJAX NMOBEPXHOCTHU JieJJHUKA: HA MOBEPXHOCTH
JibJ1a, CBOOOJHOM OT MOpEHbI, HA OOHAXKEHHUSX JIb/la CPeIu MOPEHbI U Ha
MOBEPXHOCTH JIEJJTHUKA, TOKPBITOTO CIIJIOIIHBIM MOPEHHBIM YeXJIOM pas-
JIMYHOW MOIIHOCTH. AHA/IM3 JaHHBIX MOKas3aJ, YTO CPeJHAS BeJMYHMHA
CTAauMBaHUSA YUCTOTO JibJa Ha JieJHUKe PeaueHKO 3a Mepuo abisuu 3a
1959 r. Ha +1°C cocTtaBu/Ia AJig UHTepBasa BbicoT 2920-3650 M - 6.0 MM,
s 3650-3960 M - 6.2 MM, auia 3960-4750 m - 7.2 MM [3].

[IpoBeIéHHBIN aHA/IN3 TUHAMHUKU OTCTYIJIEHUS SI3bIKOBOU YaCTH Jie-
HuKa PeYeHKO Ha OCHOBE MCTOPUYECKHUX JAHHBIX U JJAHHBIX CIIyTHUKO-

BbIX CHUMKOB II0Ka3aJl JUHAMHW4Y€E€CKOE€ OTCTYIIJIEHKWE 3TOI'0 JIEAHHWKA (pI/IC
1).

CKOPOCTB OTCTYNNEHME KOHEUHOM HacTH
N.OepuenKo, m/rog

5
..
-
°
1930972

19732011

Puc. 1. lunamuka omcmyn/eHusi 30Hbl ab6AYuu
Ha sedHuKe Peduenko 3a nepuod 1933-2021 ze.

3a 88 net (1933-2021 rr.) iegHuK oTcTynua Ha 1555 M, yTo cocras-
JseT 4.5 kMm% OTcTym/IeHHe JieJHUKA UMeeT HaubOoJIbIyI0 CKOPOCTh B TO-
cieJHee ZieCATUIETHE, UTO cocTaBisseT 32 mM/roa, uto paBHo 0.053 km?/
rof. Orcrynienue negHrka @egueHko B 70-e rofbl MMeeT MUHUMAaJbHOE
3Ha4YeHUe, YTO COOTBETCTBYET MMHMMAaJIbHbIM 3Ha4Y€HUSIM TeMIlepaTypHO-
ro pexxrMa Ha jsiefjHiKe. Camble Tenible roabl cyutaroTcda 2010-2021 rr.
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AHa/1M3 UCTOPUYECKUX JaHHBIX [3] MOKa3bIBaET, YTO MHAYE BeAyT cebs
JlefHUKN KbpI3KypraHckou rpynibl 3TOW Ke CUCTeMbl JiefHUKa PeueHKo.
B TOT e nepuoA 3THU JIeAHUKU aKTUBHO HACTYyIaJIY, Ja>ke aBTOPbI YTBep-
KJAaJIA, YTO He MCKJIIYeHa BO3MOXXHOCTb, YTO OHU BHOBb COEJUHATCA C
neguukoM QenueHko. B yacTHocTH, egHUK Yayroeka ¢ 1959 nmo 1964 r.
HacTynua Ha 480 M ¥ npojoJnKa CBOe NMPOABUKEHHE CO CKOPOCTBIO /10
100 m B rog,.

[lo-BugMMOMYy, NMpoJABHKEHHE 3THUX JIEJHUKOB IPEKPaTUIOCh MOCJe
70-X IT., U OHU HAYaJI1 OTCTYIaTh. AHAJIM3 CIIYTHUKOBBIX JAHHBIX II0Ka3aJl,
4YTO JIeAHUK Yayroeka 3a 1977-2021 rr. orcTynu Ha3aj Ha 292 M. CiieayeTt
OTMETHUTD, YTO B OCHOBHOM 3TH JIEJHUKU NyJibcHpytoiue (puc. 2 1 3). Ha-
npumep, 1eJHUK KocuHeHko 3a 1977-1997 rr. npofBuHyJ/icsA Ha 1255 M, HO
3a nepuop 1977-2021 rr. B 1[eJioM OTCTYyNUJI Ha 522 M, T. e. IpOJBHXKEHUE
3a nepuog 1997-2021 r. - 700 M, yto coctaBiasieT 15 M/roa (puc. 3).
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Puc. 2. /luHamuka usmeHeHusi nedHuka  Puc. 3. /luHamuka usmeHeHus 1e0HUKA
Kocunenko 3a nepuod 1977-2021 ze. Ynye6exa 3a nepuod 1977-2021 ze.

CorylacHO UCTOPUYECKUM JIaHHBIM, B Ilepro/, JISAXIIICKOTO oJie/leHeHUs
JavHa egHuKka PeayeHKo cocTasisiia nodTy 170 KM M oXBaThIBasla LeJIv-
koM Cesilapa u goxouia Ao Jlsxiia. B HacTosiee BpeMs ieAHUK PeueH-
KO UMeeT JJMHY 76 KM. B Hauasie BeKa, B pe3y/ibTaTe Jerpajaluuu JeJHUK



deueHKO NOTEPSJI CBSI3b C 11eJION CUCTEeMOU JIeJHUKOB-NIPUTOKOB, TAKUX
kak Maublii TanbiMac, KocuHeHko, Yinyroek, AnepT U [ip. ¥ K Hadany 60-x
ro/IOB 3TH JIEJHUKU CTAJIU CAMOCTOSITE/IbHBIMU JIeITHUKAMU Y HUX MOSIBU-
JIUCh CBOU KOHEUYHbIe MOpeHbI [3]. 3a 3TOT nepuo/i, TOJbKO YeThIpe KpyI-
HbIX JiegHuka (Penuenko, buBaunbiii, Manbiii TanbiMac U KocrHeHKO)
YMEeHbIIAJIUCh TpUMepHO Ha 1.7 KM? Jib/ia, @ 0611ast IJIOMA/b OJie/leHeH s
bacceiiHa COKpaTHJach 60Jiee yeM Ha 8 KMZ.

[lo naunbiM [3] anvHa neagHuka PenuyeHKo 77 KM, a OTKPbITOM 4acTH
OCHOBHOTO CTBOJIa cocTaBjseT 71.5 KM, T.e. 5.5 KM MOKpBITO MOpPEHOH.
[lnomaab efHUKA 156 KM?, B OTKPBITON YacTyu uMeeT 127.3 KM%, TO eCTb
28.7 kM* OKpbITAa MOpeHHOU. Bcero no paiiony osneneHenus 100 nesHu-
KOB 00IIel mioiaabo 824 KM?, 061HMH 00bEM JIbZJAa B CUCTEME JIeJHHUKA
denyenko paBeH 144.362 k>,

B 00630pax, cocTaB/ieHHbIX B XOJle MOJATOTOBKM HalMoHa/lbHBIX CO-
o61eHu ykasbiBaeTcs [4-8], uTo ¢ 1928 no 1958 rr. negHuk PefueHKO
oTcTynuia Ha 460 MeTpoB, MoTepsAB 8 KM? cBoel miomniaiu. B atoT nepuon
NOHW)XeHHe YPOBHSA NMOBEPXHOCTHU A3blKa JieAHUKa Penuenko 3a 30-set-
HUM nepuog coctaBusio 10 M, B pe3ysibTaTe 4ero JeJHUK notepsia 1.17 km?
JbJia. B To ke BpeMsi ¢upHOBasi 06/1acThb JeIHUKA MOHSAIAaCh IPUMEPHO
Ha 12 M, yTo masno 0.63 kM® npupocTa BeljecTBa Jeguuka. C 1955 no 1978
IT. OH OTCTYNuJI Ha 247 MeTpoB, noTepsiB 0.91 km? miuomazau. C 1979 no
1991 rr., 1eAHUK OTCTYNUI ellle HA 240 M, TPU 3TOM MOTePsI 2.3 KM? 1J10-
11a/1b.

TakuM o6pasom, 3a 63 rojia ieHUK PeueHKO OTCTynuI Ha 947 M no-
Tepsa 11,2 kmM? ibJa, YTO cocTaBJsgeT 15 M/roj, a MoTepy MJIOLIAIN CO-
crasisieT 0.177 km?/rop.

[locnenHue gecatunetus JeHUK Pe[UEHKO OTCTYNAET CO CKOPOCThIO
20 MeTpOB B Iroji, ero NOBEPXHOCTb oceaJa: ¢ 1976 mo 1991 rr. - Ha 15 M B
HWDKHeH 9acTH JiefHUKa, ¢ 1976 nmo 1980 rr. oHa ocefiasia - Ha 2.3 M B ro/,.
[To3iHee ocegaHue yMeHbIINIO0Ch 10 0.5 M B rof,.

[lo npanHbIM [14-16], aavHa jJegHuKa PelUEHKO COCTaBJISIET 72 KM,
00bEM Jibza 165 kM3, momaab geguruka 580 KM?, To ecThb, €CJIM 3TH JaH-
Hble CPABHUBATbD C JJAHHBIMU MEPBbIX UHCTPYMEHTANbHBIX UCCJIe0BaHUH,
TO IJIOIIA/b JIeITHUKA YMeHbIIUIach Ha 69 kM? uiu Ha 10.7 %. [lnvHa nej-
HUKa COKpaTHuJach Ha 4 KM uu Ha 5.2%.

[lo HamIMM JJaHHBIM, AJIMHA JeJHuKa PelueHKOo, C y4eTOM OTCTYILIe-
HUA Ha 1 KM yMeHbIIMJIACh U COCTABJAET 76 KM, a IJIOIA/Ab OJIeJeHEHUS
yBeJIMUUBA/IACh U COCTaBJsIeT 824 KM% BO3MOXKHO 3TO CBSI3aHHO, C HACTY-
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NJIeHUeM HEKOTOPBIX JIEAHUKOB 6acceiiHa. /i1 TOUHOT0 OTBETA HEOOXO/1-
MO IPOBECTH KOMILJIEKCHOE JIeTa/IbHOE 00C/ieloOBaHUE JieJHUKA.

B 1979 r. TosrHa s13b1Ka JiegHUKa @eguenko coctaBisaa 40 - 45 M, a
B 1998 r. - Bcero 20-25 M. Jlaxxe B 20 KM OT KOHI|a JIe/[HUKA, B pailloHe ero
60JIBILIOr0 MPABOT0 NPUTOKA - buBauHoro JiegHuk PefueHKO oces Ha 3TO
BpeMsd Ha 9 M [3].

i1 JIeTHUKOB, MOKPBIThIX MapeHOW, U3MeHEHHE BbICOThI MOBEPXHO-
CTU JIeJlHUKA UMeeT 6oJiee BaXKHOe 3HAaUEHUE, YeM U3MEHEHUs MJIOMIA/IU.
CnenoBaTesibHO, AJis1 TAKUX JIEAHUKOB U3MeHEHUEe 00bEMa SBJSETCS To-
paszo Jy4ylUIUM UHAWKATOPOM, CBI3aHHBIM C KJIMMAaTOM peaKIUil JeHHU-
KOB, YeM U3MeHEHUs IJIOUIA/IU JieIHUKA. Takue JJaHHbIe Mbl MOJYYUIU HA
nenHuke Kei3buicy Bo BpeMs skcnieguuuu B 2021 r. Hamu uccienoBanus
4YeTKO MOKas3aJiy, YTO TasHUEe OBEPXHOCTHU JieJJHUKA UMeET 3aBUCUMOCTb
OT TOJILIMHBI MOpeHHOT 0 nokpoBa (OTyeT akcneauuuy, 2021 r.).

B paHHuX ny6/MKanuax [6] HaMu ObLJIO OTMEYEHO, YTO CHUXKEHUE T10-
BEPXHOCTHU JieJIHUKA OCHOBHOTrO cTBoJIa Pe/lUeHKO Ha BCEM NPOTIKEHUU
JlerpaiupyeTcsl U CHUKAeTCs MO0-pPa3HOMY, TO eCTb CTeleHH Jerpajaluu
MOBEPXHOCTH JieAHUKA B 06J1acTH s3bIKa (2900 M) u BeicoTe 5000 MeTpoB
OT/IMYAEeTCs B ECATH pas.

Ta6snua 2
CHMKeHHe IOBEPXHOCTH JIeIHUKA OCHOBHOTO CTBOJIA
®enyeHKO B 3aBUCUMOCTH OT BBICOTHI [6]

BeicoTa Haz yp. M. 2910 | 3200 | 3600 | 4000 | 4500 [ 5000

YMeHbIIeHUS BbICOTHI
MMOBEPXHOCTH JIeJHUKA 95 65 55 25 15 10
deueHKO

[To nanHbIM [4-8], cBeaeHus o segHuKe PeJueHKO, COCTaBJIEeHHbIE HA
OCHOBe OIyO6JIMKOBAaHHBbIX paboT Hayasia XX Beka (mepBble UHCTPYMEH-
TaJIbHble 3aMepbl MpoBoAWUIN 1928 1., a perysisipHble UCC/IeJOBAaHUSI Haya-
JiM IpoBoAUTH ¢ 1933 1.) npuBoasATCS pasHble UUOPHL. [lo 3TUM JaHHBIM,
JJIMHA JIeJHUKA COCTaBJIsAeT OT 72 [0 77 KM, OH OTCTyIaJ Ha 1 KM Y noTe-
psisl 0KoJ10 5 kM3 J1b/Ia, 10 MJIOLIAAM U3MeHHUJIcs mo4YTH Ha 0.5 %, 1o aJMHe
Ha 1.5 %, a no 06'beMy Ha 3.5%.

[Ipy aHa/M3e CyTHUKOBBIX JaHHBIX JieJHUKa PeadyeHko 3a 88 set
(1933-2021 rr.) MBI NOJIY4YUJIM JJaHHbIE O TOM, UTO JIEJJHUK OTCTYIHJ Ha
1555 M, yTo coctaBisieT 4.5 kM2 OTCTymjIeHUe JieJHUKA UMeET Hau60JIb-
LIYI0 CKOPOCTb B MocC/Je[Hee JeCATUeTHE, YTO cocTaBJsieT 32 M/roj, a
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miomaab ymeHbinaetrcsa Ha 0.053 km?/rog. OTcrymieHnue JenHuka Pen-
yeHKO B 70-e roibl UMeeT MUHUMaJIbHOe 3HayeHue 10.8 M/roz, a miowazab
cooTBeTCTBeHHO cocTaBisiia 0.031 kM?/roj;, 4YTO COOTBETCTBYET MHHHU-
MaJIbHbIM 3HAYE€HUSIM TEMIIEPATYPHOTO peXMMa Ha JiejHuKe. CaMbIMU Te-
IJIBIMU FOZIJaMH 3a BCe BpeMsSl MHCTPYMEHTA/IbHbIX UCC/Ae0BAaHUN CUMTA-
etcs1 2010-2020 rr.

TakuM 06pa3oM, HECMOTPSI Ha UHTEHCUBHOE TasiHUe JieHUKa PeiueH-
KO, 0COOEHHO B 30He a0JIIIMU, HA CETOJHSIIHUN JeHb OH OCTAeTCsl OJHUM
Y3 KpPYMHeNIINX KOHTUHEHTANbHbIX JieAHUKOB Mupa. [losgBieHHe Takoro
KPYMHOIr'0 OJiefleHEHUs] KaK CUCTEeMbl JeJHUKa PefueHKO 00YCJIOBJIEHO
6/1aroNpUSTHBIM COYEeTaHHEM OporpadpuyecKux U KJIUMATUYECKUX YCJIO-
BUU, CHOCOOCTBYIOUIMX OOUJIbHOMY HAaKOIJIEHUIO 0CAJIKOB B BEpXHEH 30HE
ropHOro obpamseHus 6acceiHa.

HecmoTpsi Ha HekoTOpble OTIMYKA B IUQPPOBBIX MOKa3aTessAX pas-
HbIX aBTOPOB, MOJIYY€HHBIX B pa3Hble ro/ibl U Pa3HbIMU METOAUYECKUMU
NOAX0AaMH, B 11eJI0OM, COBPEMEHHOE COCTOsiHUe JieAHUKA DeueHKo, Xa-
paKTepH3yeTCsl, KAK MHTEHCUBHO TAIOIUN JieJTHUK HAa POHE IV106aJbHOTO
noTemnJieHus: kaumaTta. O6paboTkKa CIyTHUKOBBIX JAHHBIX HEOCHOPUMO
JIOKa3bIBaET, YTO Aerpajanus jeJHUKa B OCAeHUE JIECATUIeTHUE UIET
MHTEHCUBHO, 0 YeM CBU/JI€TEJbCTBYIOT KaK Halllu JJaHHblEe, TaK U JaHHbIE
3apy6exXHbIX aBTOPOB.

B03MO0KHO, HEKOTOpOE OTJIMYHE HAUIKX JJAaHHBIX OT JJaHHBIX JPYyTUX aB-
TOPOB 3aKJII0YAETCS B METOA0JI0TUYECKOM MOXO/I€E.

MogenrpoBaHue U IPOTHO3bI COCTOSIHUS JIEJJHUKOB Ha GpOoHe ry106a/1b-
HOrO MOTEIJIEHUSI Ha CpeJlHECPOYHbIe U JI0JITOCPOYHbIE MEPCHEeKTUBDI,
HE3aBHCUMO OT TOTO, UTO UMEIOTCS HEKOTOpPbIe OTJINYHS B 3HAYEHHUSX, HE
yTeurTenbHble. [0 HEKOTOpPBIM clieHapusaM mozenau o 2050 u 2100 rr.
JIEJHUKU KaTacTpoPUUYECKU JeTPaIuPYIOT, U JieAHUK PeJueHKO He sIBJIS-
eTCsl UCKJIYEHUEM, C KOTOPbIM CBSI3aHO CHUXKEHUE T'UAPOJIOTUYECKOTO
pexxuMa OCHOBHBIX peK AMyznapbu U CblpAapbH.

HeocnoprmbiM ¢akToM pe3koil Aerpajalnydu oJieJleHeHUSI CUCTEMbI
denuyeHKO SIBJISIETCS, TO YTO HEKOTOPbIE JIEJTHUKU BCJIEACTBUE COKpalle-
HUS JJIMHBI Y IJIOUIA/IM OTOLJIM Ha3aJ, HA MHOTHE KWJIOMEeTphbl OT TeJia
OCHOBHOTO CTBoOJIa JieAHUKA PelUEHKO U CTa/Id CAMOCTOSITE/IbHBIMU JIe/I-
HUKaMHU.

Ha COP-26 (KondepeH1jus CTOpOH M0 U3MEHEHHUI0 kKauMaTta) B 2021 r,
KOTopas npoxojusa B [J1a3ro, oTMeyaid YTO HECMOTPSI Ha YCUJIME MHOTHUX
rocyZapCTB U peasnsanuio [lapuxKckoro corysauieHus, Ha JAHHbIA MOMEHT
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rjo6ajibHasg TeMIepaTypa MOBbILIAETCS U eCTECTBEHHO YCUJIMBAETCs OT-
puLaTesbHOE BO3/JjeMCTBYE Ha NPUPO/IHbIEe 060'bEKThI, 0COOEHHO Ha JIeJHU-
KH.

CiefyeT OTMETHUTD, YTO HECMOTPSA Ha BCe NMpeMMyliecTBa UJIH HeJo-
cratku Katanora CCCP [3], Heo6xX0AMMO NPUHUMATh €ro 3a OCHOBY, TaK
KaK JJpyrUX JaHHbIX 00 MHCTPyMEHTAJIbHbIX MCCIEe/J0BAaHUAX O JIeJHUKE
denueHko HeT. TakoM ke MOAX0/, CYyLLeCTBYeT K IpyTMM JaHHbIM KOTOpbIe
6bl1M ONY6JIMKOBAHBI B IPOLLJIOM BEKE.

ABTOpbI [16] aHaNU3Mpys apxXUBHbIE JJaHHbIE NPULLJIA K TaKOMY Bbl-
BOJY, YTO MMeeTCsl TPU KapThl JeJHUKa PejueHKOo, oKa3bIBalLlMe ero
COCTOSIHME B TpeX pa3HbIX TOYKax BpeMeHMU C MHTePBaJIOM NPUMEPHO B
25 net. OueHKa 3TUX KapT OKa3aJlach CJA0KHOMW, TaK KAK OHU CUJIbHO OTJ/IH-
YaJIUCh C reOMeTpUYEeCKON TOUKU 3peHus. Kapta 1958 r. copepxana psaj
OTJIMYMHU OT KapThl 1928 I, Ha KOTOPOM OHa paKTHUYeCKH Oblia OCHOBAHa.
CoBpeMeHHas KapTa, OCHOBaHHas Ha cbeMKe 1979 1. ¥ ony6/IMKOBaHHAs B
1985 r., UMeeT B CBOEM OCHOBE COBEPILEHHO UHYI0, OJHOPOJHYIO Te0/ie3U-
YeCKyH CUCTeMY OTCYETa 10 CPAaBHEHMIO C KapTaMHU, C/leJIaHHbIMU BO Bpe-
MsI SKCIIeIUI[ M.

OfHaKoO B CBfI3U C pa3BUTHEM TEXHOJIOTMU U NOSIBJEeHUA LUPPOBOU
KapTbl U JWCTAaHILIMOHHOTO 30HAUPOBAHUSA MOABJSETCAd BO3MOXXHOCTb
YHUPULIMPOBATb M CTaHAAPTU3UPOBATb METOAbI UCCAEJOBAHUSA HAa MEX-
JlyHapO/JHOM ypPOBHE, YTO ObI IIOJIyYeHHbI€e JaHHbIe ObLJIM COIOCTAaBUMBI U
peasibHO OLeHMBAJIU COCTOSIHUE OJleJleHeHUs JII060ro peruoHa. lyisg 3Toro
Heo6X0AMMO pa3paboTaTh NJ1aTGOPMBbI JJis1 LIMPOKOMACITAOHOr0 06MeHa
nHbopMalMel U MeTO0JIOTHEN, a TaKXKe pa3paboTaTb MeXaHU3M yCUJIe-
HUS MHCTUTYLIMOHAJILHOTO U KaJpOBOT0 NOTEHIMaa Ha MeXYHAapOJHOM
YPOBHE.

Heo6xo1MMO yCUINTB MeXAYHAapOJHOe COTPYAHUYECTBO, HO IPX 3TOM
Ha/lo pa3paboTaTh HA OCHOBE COBPEMEHHOU TEXHOJIOTUU COMOCTaBUMbBIE
MeTO/ibl OLleHKH JIeZJHUKOB, a 3aTeM B 3aBUCUMOCTH OT ClleliuPUKHU U 0CO-
O6EHHOCTH OJie[leHEHUS pa3paboTaTh MeX/JyHapo/Hble CTaHAapThl AJis CO-
IOCTaBUMOCTH JIaHHbBIX Pa3HbIX aBTOPOB, KOTOPbIe IPOBOAUJIN UCCIE0Ba-
HUSA B OJHOM peTrroHe, a TaKXKe CONOCTaBJIeHHe JJaHHbIX Pa3HbIX PETHOHOB.

B 3TOM acnekTe UMeTCs MepBble WArk Jjs pa3paboTKU TaKOU Tex-
HOJIOTMHU. JTO ompejesieHUe 6GasaHca Macchl JeaHUKa (npoekt [UUKAZIA
s LlenTpanbHOU A3us), a TakKe pacliMpeHUe UHCTUTYTa HanuyoHasb-
HbIX KOPPECNOHJEeHTOB JJi OopraHu3auuu MUpPOBOH CHCTEMbl MOHHUTO-
puHra snegHukoB (GSMG). Bropoe 3To nmpocToe u3aMepeHHue OTCTYNJIEHUS
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S3bIKOBOM 4aCTH JieJHUKA 3a oNpeJie/IEHHOEe BpeMs, HO 3/1eCb UMEITCS
CBOU TPYAHOCTH, TaK KaK B OTKPBITOM JOCTyIe KOCMHUYeCKHe CbeMKU UMe-
10T pa3peuieHue ot 10 1o 60 MeTpOB, YTO AJiS1 €KEr0OAHOTO MOHUTOPHUHTA
OYeHb TPYJHO, HE TOBOPS O TOM, YTO [IJIs KPATKOCPOYHOTO MOHUTOPHUHT3,
0COOGEHHO /Jis JIeJHUKOB IJIOLA/Ibl0 MeHbIIIe OJHOTO KBaZ[paTHOI'0 KUJIO-
MeTpa 3TU CHUMKH He IpUeMJIEMBI.

CiefyeT OTMeTUTh, YTO JIEJHUKHA MeHbllle OJHOTO KUJIOMeTpa B yC-
JIOBUAX [VI06a/JILHOTO MOTeNJIeHUs [6] ABIATCA CaMbIMU ySI3BUMBIMU U
paHHUMHU NpPU3HAKaMHU Jerpajlaliuyd oJieleHeHUs OIpesieJIEHHOrO0 peru-
oHa. /lyia onpezesieHHOr0 perMoHa TakKue TUIbI JIeJHUKOB UMEIT BaX-
HO€e HapOJHOX03WCTBEHHOE 3HaYeHUe B NpeJropbax U CpeJHErophax, a
TaK)Xe UIpaloT HEMaJIOBaXKHYIO POJIb B COXPaHEHHUU IKOCUCTEMBI B 3THUX
pervoHax. Apkum TakuM npuMepoMm B Ta/pKUKHUCTaHe ABJIAETCA OJiefe-
HeHUs1 bacceliHa peku 3apadiuan, rae u3 1200 segHukoB 40 NpoueHTOB
MMEIOT IJIOLIa/lb MeHblIE, YeM OJUH KBaZpaTHbIU KuoMmeTp. [lo Hamum
IPOTHOCTUYECKUM JJaHHbIM, UMEHHO JIeZJHUKH, KOTOPble UMEIT IJIOIa/b
MeHbllle 0JJHOTO KBaJ[paTHOr'0 KUJOMeTpa BeposTHO, ucye3HyT K 2050 .
[6]. Takue ke nanHble nosyuuau Lambrecht et al.,, 2013 npu MogenvpoBa-
HUM U3MEHEeHUs KJIMMaTa U JlerpaZilaliuu jieJHUKOB. O TOM, YTO HEKOTOpbIe
JIeAHUKU cucTeMbl PefueHKO MOTYT HAaCTyNaTh B ONpeJie/leHHble IepUo-
Jibl UMeIoTCs cBeieHus B Katasiore egHukoB [3, 10]. [laxke TaM yka3biBa-
eTcs [3], 4TO CKOPOCTb HACTYMJIeHUd JieJJHUKaA AocTturaeT A0 100 M B rog,
Takue segHUKH B cucTeMe JyiefHUKa PeueHKO, KaK MPaBUJIO, SBJIAKTCSA
MyJIbCUPYIOIUMHU.

Takum 06pa3oM He06X0IMMO BO30OHOBUThL CUCTEMATHUYECKHE IKCIe-
JUIMOHHbIe U CTallMOHAapHble M3y4deHUs JeJHUKa PeJyeHKO, KOTopble
6bl1M npekpalleHbl nocae 90-x rofoB. [1aBHOe HaZl0 BO30OOHOBUTL PYH-
JlaMeHTaJ/IbHble Uccae/JoBaHUsA Ha JeJHUKe PelueHKO, a TaKXKe Ha JPYyTrUx
JleJHUKAaX, TOJbKO TaK MOXHO peaJibHO OLLleHUTb COCTOSIHUE JIeJHUKOB U
IPOTHO3MPOBATh JOCTYI HaceJeHUsl K BOJe B CpeJHECPOYHOU U [JI0JITO-
CPOYHOM ITepCIeKTHUBE.

B 3akJ/itoueHue cieyeT OTMETUTD, UTO TaKHe [VISILIUMOJOTUYEeCKHe CTa-
[IMOHApHble CTAaHL UM Ha TeppUTOpUHU Ta/PKUKUCTaHA HEOOXOAUMO yCTa-
HOBUTb B 6acceliHe KPyNHbIX peK Kak XuHro6, 3apaduuaH u [IaH1K.
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TagpkuKHCTaH - rOpHasA CTpaHa, pacnoJioKeHHasl B I0ro-BOCTOYHOH Ya-
ctu lleHTpasibHOY A3uH, ABJISETCA OJHUM U3 [IEeHTPOB COBPEMEHHOTO 0Jie-
JeHeHUs B Mupe. [IpumepHo 93% ero TeppUTOPUHU XapaKTepU3YIOTCS Bbl-
COKHMH FOPHbIMM XpebTaMH, KOTOpble 00eCneyrBalOT }KU3HEHHO BaXKHbIe
BO/Z|HblE pecypchl /i1 HaceJIAILMX JOJUHbBI HHXKe 1o TedeHuto [1]. Jlex-
HUKU Ta/PKUKUCTaHA He TOJIbKO CJY»KaT BaXKHEUIIMMU 3aniacaMy IPecHOU
BO/bl, HO U UTPAIOT BAXKHYO POJIb B PErYJIUPOBAaHUU MECTHBIX TH/POJIOTH-
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YeCKUX UUKJI0B. OHaKO OGbICTpble TEMIIbl U3MEHEHUS KJUMaTa BbI3BaJU
TPEeBOXXHbIE CABUTU B IMHAMUKe JIeJTHUKOB [10 BCEMY PErvOHY, 4YTO pUBe-
JIO K CEpbe3HbIM yIpo3aM 3K0JIOTUYECKON CTaOUJIbHOCTU U 6€301aCHOCTH
HacesieHus [2].

[TockosibKy HabJiIOA@eTCs MPoIecC V06aJbHOrO MOBBILIEHUSI TEMIIe-
paTyphbl TO, MHOTHE JIeAHUKU B Ta/PKUKUCTaHe OTCTYNAT 6ecnpene/ieHT-
HbIMM TEMIIaMU. ITO OTCTYIJIEeHHEe IPUBOAUT K 00pa30BaHUIO Jie JHUKOBbIX
03ep, KOTOpble MpPeJCTaBAAT 3HAYUTEJNbHY ONACHOCTb JJI1 MECTHOIO
HaceseHUsA U UHPpacTpykTyphl [3]. [Ipu npeBbllleHUN yJep>KUBaroLien
CMOCOGHOCTH, JIeJHUKOBbIE 03epa MOT'YT ObICTPO UCTOLIAIOTCS, UYTO BEJET
K UX IPOPbIBY, XapaKTepU3YILHecs KaTaCTpoPpHUieCKUM, BHE3AITHbIM BbI-
O6pocoM 6OJIbIIMX 06'EMOB BO/Ibl, YACTO COMPOBOXK/JAEMble OCAJKaMU U
MyCOpOM, 4YTO pa3pylieHueM HUHPPaACTPYyKTYyphl, CEJbCKOXO3NCTBEHHbIX
00BEKTOB U K COXaJIEHUIO, He PeJIKO CONPOBOXAaloliecs YeJ0Be4YecKu-
MU KepTBaMHu. [Ipu 3TOM, B3aUMO/ieiCTBUE MeX/1y TassHUEM JIeJHUKOB U
CEe30HHBbIMU 0CaJIKAMHU MOXXeT YCYTrYOUTb PUCK BTOPUYHBIX ONACHOCTEH,
B BU/le IVIILlMAJIbHBIX CeJiel, CylleCTBEHHO BO3/leHCTBYIOLIMe Ha coobIIe-
CTBa, pacIoJioKeHHbIe HAXe N0 TeYEeHHUIO.

BBuay TOro, 4To 60Jibi1as 4acTb aKTUBHOCTH JIeJHUKOB IPOUCXOAUT B
OT/aJIEHHbIX TOPHBIX pallOHaX, MeCTHbIE COOOLecTBa MOTYT He NOJy4YaTh
CBOEBpPEeMEHHYI0 MHPOPMAIMIO O MOTEHIIMaJIbHbIX YyTP0O3aX, YTO CEPbE3HO
NO/PbIBaeT UX TOTOBHOCTb U YCUJIUSA 110 pearupoBaHuIo [4]. YcTaHOBIIEHO,
YTO e)Kero/Hble C/lydau BOSHUKHOBEHHS OMTAaCHOCTEH, CBAI3aHHBIX C JIEIHU-
KaMM, KOTOpble IPUBOJAAT K NaryOoHbIM NOC/Ie/CTBUAM, BKJIOYas paspylie-
HUe I0MOB, MHQPACTPYKTYPhl U rUbesb JI0Jel, UYTO NogYepKUBAET BaX-
HOCTb YIpeX/awllero MOHMTOPUHTA U ylpaBJeHUs pUcKkaMu. B njeHTpe
BHHMMAaHMUSA JaHHOTO UCC/Ie/JOBaHUS HAXOAATCA 1BA KOHKPETHBIX JIe[JHUKa:
JNenHUuK XupcoH (Meggexuit) u neguuk Merpop (Pycckoe reorpadpuyeckoe
00111eCTBO), KOTOPbIE PACIOJIOXKEHDI B 6acceliHe peku BaHu.

JlenHuk XUpCoH, NpocTUparLyiica Ha 15.8 KM B JJIMHY U 3aHUMMalo-
WU mwiomaap 25.3 kM2, U3BeCTeH CBOUM AMHAMUYHBIM NoBejeHHueM. OH
OepeT HayasI0 Ha 3aMaJJHOM CKJIOHe XpebTa AKaZileMUU HayK Ha BbICOTE 60-
see 4500 M HaZ yp. M., @ ero A3bIK HAXOAUTCA Ha BblcoTe npuMepHo 3000
M Haz yp. M. JleyHuk Merzop, Tak»ke pacnoJsiokeHHbIH B lleHTpanbHoM [la-
MUpE, AABJISeTCSA KPYNHEeNIIMM JIeJHUKOM B 6acceiiHe peku Banu. Ero npo-
TAXKEHHOCTb COCTaBJAeT 24.2 KM, a IJIOIAAb - 64.4 kM2, Bbli0 06Hapy»xe-
HO, YTO Ha 3TOM JIeJ[HUKe eCTb HeOOoJIblIre JIeJHUKOBbIE 03epa, KOTOpble
NOBBIIIAIT PUCK BO3HUKHOBEHMUS CeJiell B IEPUO/bl ObICTPOro TasgHUS.
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BecnunoTHble JieTaTenbHble anmnapaThl (BIIJIA), mpejcraBisiomue
co60il MHOr000elaUUi UHCTPYMEHT, MO3BOJISIIOUIAN paCIIMPUTD Hallle
npejcTaBjeHre 06 0COOEHHOCTSIX JIEJHUKOBBIX CUCTEM, B yCIOBUSAX U3Me-
HEeHUS OKpYy:Kalollel cpesibl, CIOCOOCTBYIOT ObICTPOMY U 3P GEKTUBHOMY
NOJIYYeHUI0 MaTepraoB a3poPpoTOCHEMOK BBICOKOTO pa3pelleHHusi, YTO
MI03BOJIAET UCCIe0BaTE/IAM IPOBOAUTD NMOJAPOOHBIN U ONlepaTUBHbBIN MO-
HUTOPHHI peajlbHOI'0 COCTOSIHUSA JIEJHUKOB U CBsI3aHHble C HUMHU PUCKHU
onacHocTeH. lles1blo HaCTOAIMX UCCIe0BaHUH OblIO BOCIIOJIHEHUE Cyllle-
CTBYIOLUX NPOOEJIOB MyTEM HCNOJAb30BaHUs TexHosioruu BIIJIA g mMo-
HUTOPHHIA COCTOSIHUA MYJIbCUPYIOLIUX JIEJHUKOB B KOHTEKCTE OMaCHbIX
NPUPOAHBIX ABJIEHUH.

Huxe npepcraBisieTcd MHPOpPMaALUsa O TEXHOJOTUM U TEXHUYECKUX
CpeACTBax peajv3alluy UccieJoBaHur c npuMeHeHueM BILJIA.

UccnenoBanus iefJHUKOB XUPCOH U Mergop ¢ ucnosib3oBanueM BIIJIA
npoBoAuauch B aBrycte 2023 r. (puc. 1). YcneuHod peasusaluu cnocoo-
CTBOBaJIa JieTa/lbHas NpeJBapuTeJsibHasA paborta ¢ GOpMHUpPOBAHUEM [0-
POKHOM KapThl UCCIe0BaHUM. [Ipy 3TOM, TpaeKTOPHUHU M0JIETA ObIIM TLIA-
TeJIbHO pa3paboTaHbl, YTO O3BOJIMJIO OXBATUTD SI3bIKU 00€UX JIeJHUKOB U
HNOJYYUTh BH3ya/M3alMI0 UX JUHAMUYECKUX 0CO6eHHOCTeH. C MOMOIIbIO
BIIJIA 6b1/1M MOJy4YeHbl CHUMKH BbICOKOTO paspelieHus U opTodOoToMmIa-
Hbl, 06Jieryarolie aHaau3 COCTOSHUA JIeJHUKOB C Te4eHUeM BpeMeHHU. Hc-
clefjoBaHHEe UHTErpUpPOBaJIO reoNnpOCTPAaHCTBEHHbIEe UHCTPYMEHThI JJI
06paboTKU cOOpaHHbIX a3p0POTOZAaHHBIX, B TOM uucie u Pix4dmapper.

Pe3ysbTaThl Uccie0BaHUSA T03BOJIMIN YCTAHOBUTD, UTO 00a JieJHHUKA
B HaCTOsilllee BpeMs HaXoAATCS B COCTOSIHMU NOKOsl. BMecTe ¢ TeM, cieny-
eT NMOAYEePKHYTh, YTO aHAJIU3 CyLEeCTBYIOIIUX apXUBHBIX JAaHHbIX I103BO-
JIseT yTBepXK/JaTb HaJlW4yde CJA0XXHOM U JUHAMUYHON TPaeKTOPUU AJid
3TUX JIeJHUKOB. B yacTHOCTH, IeHUK XUPCOH JIeMOHCTPUPYET JABUKEHUE
c 1916 r, mpu4yeM 0COGEHHO BBbIpaXX€HHbIN NMoAgbeM npousouiesn B 1951
I, CO 3HAaYUTEeJbHBIM NPOJBMKeHUeM B 1963 T. (puc. 2), 4To 6bICTpOE ero
NpOJABMKEHHUE CIIPOBOLUPOBAJIO 0Opa30BaHUs 3HAYMUTEJbHOU JeJsHOU
IJIOTUHBI BJ0JIb peKu AbyKkaxxop. BeisiBJeHO, 4TO JIeAHUK NPOJBUHYJICSA
Ha Brievatsswoiuye 1750 MeTpoB ¢ nopasuTesbHOM ckopocThio 0 100 me-
TPOB B JiIEHb, IPH 3TOM TOJILUHA JbJa AocTyuraia 160 metpos [5-7]. Oco-
6eHHO 3aMeTHBIMHU ObIIM HaroHbl B 1963 1 1973 rr., BbI3BaBIlIME IPOPbIBbI
JIeJJHUKOBBIX 03ep HUKE 110 TeYEeHHUIO.
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Puc. 1. A3vikosast uacms sedHuko8 XupcoH u Mezdop. ®omo M.C. Cagpaposa.

B nepuog ¢ 1973 no 1983 rr. HakoIJIeHWe Macchl JieJHUKa XUPCOH B
dbupHOBOU 06/1aCTH B CpeJIHEM COCTABJISANIO 27.7 MJIH TOHH B rof. ITO ObLJIO
CHM)XEeHHEeM 110 CPaBHEHMUIO CO CPeJIHUM IT0Ka3aTeJseM Npeablaylieid ¢pasbl
HaroHa B 30.2 MJIH TOHH, YTO OTpaXaeT CTaOMJIU3aLUI0 JUHAMUKH JIeJHU-
ka. [locsenyroniye HaroHbl JielHMKA ObLIM 3aduKcupoBaHbl B 1989, 2001
u 2011 rr. [6, 8-9].

CienyeT OTMETHUTB, UTO JieJHUK Meriop npoJieMOHCTPUPOBaJl 3HAYHU-
TeJIbHOE JIBUKeHUe, 0c00eHHO B 1960-e 1 1970-e I'T. c aKTUBHOU BHYTPEH-
Hel AMHaMUKOW. OTHAKO C TeYeHUeM JIeCATUIeTUN 3TU CKOPOCTH JIBUXKe-
HUSA NOCTENEeHHO YMeHbUIaNNCh. MccaesyeMbli JIeIHUK TaKXe MCHbITAJl
3aMeTHOe OTCTYIlJIEHWe, PaClIMpPUBIIKCh Ha 2.6 KUJIOMeTpa B cepefjHe
XX Beka ¢ peakTHBallMell HAroHOB, 3aperucTpupoBaHHou B 1965 1. KoJte-
6aHNsA B OBeJIeHUH JIeJJHUKa POJ0J/KAIUCh 110 KpallHel Mepe [0 MapTa
2008 r. Takue pakTOpHhI, KAK KAMEHHbIE JIABUHBI U 3P03Us1 OT peKku Abay-
Kaxxop, elié 60Jbllie YCA0KHUIN ero AUHAMUKY [6, 10].

AHanv3 M olLleHKa CylleCTBYIOUIMX MCTOPUYECKUX JAHHBIX M03BOJIU-
JIX KOHCTAaTUPOBaThb, UTO, 00a JieJHUKA UCNIBITAJIM HECKOJIbKO HAaroHOB,
MX 00llee NPOJABMXKEHHUE CTaOUIM3MPOBAJIOCh, YTO YKa3blBaeT Ha IOTEH-
[[MaJIbHble U3MEHEHUS B UX JIOJrOCPOYHOM noBegeHuU. CHUMKHU ¢ BIIJIA
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BBISIBUJIM sIBHble MTPU3HAKH OTCTYIJIEHUS JIEJTHUKOBOTO SI3bIKa, 0COOEHHO
3aMeTHbIe B 30HaX C 00Jiee HU3KMMU BBICOTAMH, YTO CBU/IETEJIbCTBYET O
3HAUYUTEJbHOM U3MEHEHHUHU TH/IPOJIOTHYeCKOTo 6aslaHca, KOTOPOe MOXKHO
OTHECTHU K MPOJI0JKAKIIEMYCsS U3MEHEHUIO KJUMaTa. B yacTHoCTH, a3po-
doTocbeMka, npoBesieHHas B 2023 1., 3a/IOKyMeHTHUPOBaJIa 0KOJIO 22 03€ep
Y IPyZ0B 061e# mioma s 365 M% Ha ieiHMKe XUPCOH U 75 03ep 061weit
IJI0IA/bI0 0K0JI0 15 345 M? Ha 1egHuKe Merzop.

Pexa Aﬁnymp’{op’
i &

St o

" O3epa Ha pexe
Oaykaxop

Puc. 2. llyabcayus nedHuka XupcoH eé eausiHue Ha peKy A6dykaxxop.
a u 8 - 03epo, NOONPYHceHHOoe HACMYNarnuuM 3bIKoM 1edHUKa XUPCOH Ha peke
A6dykaxxop 8 1963 2. u Hacmynarowutl s13bik 1edHUKa XupcoH 1emom 1989 2.
®omo K.II. Pomomaesa [8]; 6-2 - asapogpomocHumku nedHuka 8 2023 2.

Hcnonb3ys o6leAoCTyNHble JJaHHble U U3BECTHbIH Teoe3udecKuit
noAxo/, 6bLja OlleHeHa AWHAMHKAa M3MEHEHWM MOBEPXHOCTU JieJJHUKA C
2000 mo 2019 rr. Ay NpOBEPKU AOCTOBEPHOCTU pPe3yJIbTaTOB MCCAe/0-
BaHus [11-13], mo3BO/IMBIINE YCTAHOBUTD, YTO OJJHOBPEMEHHOE Na/IeHuE
BBICOT IOBEPXHOCTH B LJeHTPAJIbHOM YaCTH U YBeJIUYEHHUE BbICOTHI B I3bI-
KOBOM yacTu. B yacTHOCTH, 6bl/1a 0OHApYKeHa, YTO CPeJIHSA YacTh HCCJie-
JlyeMoro JieJHUKa COKpaTuJach Ha 9.2 M (B rojj) B npolecce U3MeHEHUs
noBepxHocTu JegHuka Mexay 2000 u 2019 rogamu, Torga Kak a3blKoBas
4acTh MMeJia MaKCUMaJIbHbIM POCT 2.4 M. [loslyyeHHble JaHHbIE IOATBED-
»KJAI0T OBICTPOE TasiHUE U3y4aeMOoro JieJIHUKA, KOTOPbIM OBICTPO nepeme-
11aeTCA OT CBOeM BepXHEM YaCTU K HWXKHEM, B pe3yJibTaTe KOTOPOro Jies-
HUK [IOCTENIEHHO TepsieT Maccy B 06J1acTH abJIsLUH.
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Puc. 3. UameHeHUue 8bicombl nogepxHocmu siedHuka Mezdop ¢ 2000
no 2019 ze. m/200-1. HameHeHUs1 8bicombl 1edHUKa 6 nepuod 2000-2019 ez.
Xos100Hble Yeema ykaswbl8aom HA NOJAOHCUMEAbHBILU 6AAAHC MACCHI, Mo2da Kak
menJible Yygema ykas3blearom Ha ompuyamesibHvle 3Ha4eHuUe 8bICOMbl.

HabsaroneHuss noATBepAal0T GaKT OOLIMPHONW WCTOPUU MyJabCaliui
060UX JIeJHUKOB, XapaKTepHble 3aMeTHbIMU MPOJBUKEHUAMU U KOHEY-
HbIMM CZIBUTaMU. /lUHaMUKa 3TUX JIeJHUKOB He TOJbKO CIOCOGCTBYET 00-
pa30BaHUIO JIeJAHbIX IJIOTHH M MPOPbIBOONACHBIX 03€p, HO U yCyryo6Jis-
eT PUCKU ONACHOCTEM HIXKe IO TeYeHHUIO. Bhllllen310)KeHHOe M03BOoJIeT
yTBepK/AaTh, YTO Ha3peJsia BOCTPeOOBAHHOCTb HEOOXOAMMOCTHU BCECTO-
POHHHUX U aJJAITHBHBIX NPOTOKOJIOB HCCJI€JL0BAaHUM, MO3BOJAOIUX 3¢-
$EeKTHBHO OCyLIeCTBASATh MOHUTOPUHT COCTOSIHUS JIEJHUKOB, 0COGEHHO B
YyCJIOBUSIX U3MEHEHUd KJIUMaTa.

TakuM 06pa3oM, pe3yabTaThl UCCAeJOBAHUN NO3BOJISAIOT PeKOMEH/0-
BaTb HEOOXOAMMOCTb NOCTOSIHHOTO HaZ30pa U pa3pabOTKU KOMILJIeKca
Mep yIpaBJeHUd COCTOSIHUEM JIeJHUKOB XUpCcOH U Mergop. /laHHble, 11O-
JlydeHHbIe B XOJle 3TOTO UCCJe[0BaHHUS, NMPeJCTaBASIOT COO0M BaKHBIN
pecypc Al ynAydlleHHWs Hallero NMOHWMAaHHUS COBPEMEHHOrO COCTOSAHUA
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JIEJHUKOB Y MOCJeACTBUMN UX AerpaZaliuu JJisl TUAPOJOTUYECKUX CUCTEM
B pervoHe [laMmupa u IBJASIIOTCA OCHOBOW AJis OYAYIIUX UCCAEIOBAHUM C
NpUMeHEHUEM COBPEMEHHBIX TEXHOJIOTUN U TEXHUUECKHUX CPEJICTB, B TOM
yucse c npuMmeHeHueM BILJIA.
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JBH>KEHMS, a 3aTeM CIIOKOMCTBUA U oTCcTynaHud. [opHada cucrema [lamupa
06J1aZlaeT MHOTMMHU JleCATKaMU TaKUX JieJHUKOB.

Yuénble UHcTUTYTa reorpaduu PAH 3aHUMaOTCA MOHUTOPHUHIOM JIe[-
HUuKoB [lamupa yxe 6osee 50 JyieT. [[pyMeHANUCh U IPUMEHSIOTCS CaMble
pasHble MeTOAbI UCC/IeJOBAHUN — Ha3eMHbIe, BO3YIIHbIe U KOCMUYEeCKHeE.

llenpro JAHHOW CTATbU ABJAETCA LEMOHCTPALUSA OCHOBHBIX pe3yJibTa-
TOB KOCMHUY€CKOI'0 MOHUTOPUHTA NYJIbCUPYIOIIUX e JHUKOB [lamupa B XXI
BeKe U 0030p COBPeMEHHbIX TEXHOJIOTUH, UCMI0JIb3YEMBbIX JIJ151 ITOU LieJsH.

[lamupckue ropel, 4acTo HasbiBaeMble «Kpbllle MUpa», pacloJsioxe-
HbI B IOT0-BOCTOYHOM 4acTH LleHTpanbHOU A3uy, B npejenax Pecry6auku
TakuKHCcTaH. ITOT perMOH U3BECTEH CBOMMU BbICOKOTOPHBIMU JIaHAIIAd-
TaMU U 3KCTPEMAJIbHbIMU KJIMMAaTH4YeCKUMM YCJA0BUAMH. Bricoyaiimue
BepuinHbl [lamupa, Takue kak [luk Ucmousa Comonu (6biBni [uk KoMm-
MyHu3Ma) U [1uk JlenuHa, npeBbiatotr 7000 M Haz yp. M. [1].
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JlepHuku [laMypa 3aHMMAalOT 3HAYUTEJbHYI0 4aCTh PerMoHa, 06pasys
YHUKaJIbHbIE TJISALA0JOTHYeCKUe CUCTEMbI, KOTOpbIe CYLleCTBEHHO BJIMA-
10T Ha JIOKaJIbHY0 TUPOJIOTHUIO U KIMMaT. PadHoO6Gpasue TUIIOB JIeJHUKOB
B 9TOU 06/1aCTHU 06YCJIOBJIEHO OOJIBIIMM JUANla30HOM BBICOT U KJIMMaTHye-
CKHUX YCJIOBUH.

[lynbcupyromue JeJHUKY TaKKe U3BeCTHble KaK JMHAMUYEeCKH HecTa-
OUJIbHbIE, XapaKTEePU3YTCS NepUOJUUYECKUMHU BCIJIeCKAMU aKTUBHOCTH.
B HOpMa/IbHOM COCTOSIHUU 3TH JIeJHUKU JBMXKYTCS MeJJIEHHO, HO Yepes3
onpe/ieleHHble MHTepPBaJibl BDEMEHU OHU MOTYT YCKOPATBCS, yBEJUYUBaAs
CKOpPOCTb T€YeHUs BO MHOTO pa3. ITOT MPOLEeCC YAacTO CONMPOBOMXK/AAETCSA
3HAYUTEeJbHBIM Ilepepacnpeie/leHueM o0'beMa Jib/la OT BEPXOBbEB JIeJHU-
Ka B KOHEYHOU ero 4acTH.

[IpuMeHsieMble TUIIBI CHYTHUKOBOM ChEMKHU:

1. OnTuueckas cvéMka ¢ 6opta MKC. BeimosinseTcs HayrnHas ¢ 2001
I. B paMKax dKcepuMeHTa «Yparan». Ucnosib3yroTcs npodpeccuoHaIbHble
doToannapaTtsl. PazpelieHre Ha MECTHOCTH MOJIy4aeTCs OKOJIO 5 M.

2. JlaHHbIe CO CIYTHUKOB JUCTAHLUOHHOI0 30HAUpoBanusa (Kanomyc.
Pecypc-®, Landsat, Sentinel-2). Paspemenue 10 10 M. YuuTbiBasg Macuitab
SIBJIEHUH, 3TOT0 60Jiee 4YeM JJOCTATOYHO [IJIs1 OLleHKH CKOPOCTH JIBUXKEeHHUS
Y PacCTOSIHUSA, IPOU/IEHHOTO JIbJIOM.

B ocHOBY cOBpeMeHHOTr0 3Tana paboT ObIJIM MOJI0KEHBI UCCIEJOBAHUS
yuyéHnbix MHcTuTyTa reorpadpuu PAH 1970-1990-x rT., UTOrOM KOTOPBIX
cTaso co3faHue Kartasora nyabcupyroumux jgegHukoB [lamupa [6]. Janee
OyAyT OKa3aHbl HEKOTOPBIE Pe3yJIbTaThl, JOCTUTHYThIe ['pynnoit fucTas-
noHHOro 30HAupoBanusa UI'PAH B faHHOM HanpaB/ieHUU.

HecmoTps Ha o611yt0 Alerpajalyio JieJoBoro nokposa 3emuiu Ha [lamu-
pe OHa 4yBCTBYeTCs MOKa c1a60. Ec/ii B HEKOTOPBIX TOPHBIX pailoHax (Ha-
npuMep, AibIbl) psj, paHee NyJbCUPOBABIIUX JIEJHUKOB NOTEPS/IN 3Ha-
YUTEJIbHYIO [I0JIF0 CBOEM MacChl U 60Jiee OT HUX HECTAOUIbHOCTU 0XKUATh
He MPUXOAUTCS, TO B ONIMCbIBAEMOM HaMU peruoHe TaKUX 00CTOSATENbCTB
He oTMeueHO. [I[pakTu4ecku Bce JieJHUKH, IOMeYeHHble KaK JIJMUHaMUYeCKH
HecTabuJ/bHble B UccaefoBaHusAX 1970-1980-x rr., NpoJo/KalT JeMOH-
CTpUPOBATh TaKUe NMpU3HaKU. boJiee TOro, HalleHbl My/JIbCALUN Y HOBBIX.
Ecav HekoTOpBIe € Tex Nop ellé He MyJIbCUPOBaJIU, TO CKOpee BCero NpocTo
IOTOMY, UTO NePUOJ, UX MYJIbCALLMU JJOCTATOYHO OOJIbIION U BpeMs ellé He
HacTaso. Ho MOHUTOPUHT NPOAO/IKAETCA U B aJIbHEHIIEM Mbl 0XKH/laeM
HOBBIX IBJIEHUH.
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Pe3ysibTaThl HCC/1€0BAaHUA

JledHuk /ludasv

HaxoauTtcs B 6acceitHe peku Cypxo0, Ha 10KHOM CKJIOHe. OTMeuYeHbl
Npu3HaKu noaBwxkek B 1897 u 1929 rr., xopo1o onvcaHa nogBuxka 1974
I.. BO BpeMsl KOTOPOM 4acThb JieJHUKA OTOpPBaJiach U COLLJIA BHU3 MO A0JH-
He. Hamu uccnegosana nogsmxkka 2015-2016 rr.,, KoTopas npuBeJia K yBe-
JIMYEHUIO JJIUHBI JleJHUKa o4TH Ha 50%. CyliecTBEHHYO poJib B 3TOM
npoliecce Chirpajyd 06UIbHbIE NOPLMU JIABUHHOTO CHETa, BO3MOXHO, MPO-
JlyUUPOBaHHbIE CEUCMUYECKUMU COOBITUSMU.

JledHuku Ne 501 u Ne 503

HaxopsaTcsa Hegasieko oT gegHuka JAugans. B 2017-2019 rr. Ha JiegHU-
kax N2 501 u Ne 503 6b111 3adUKCHUpOBaHbl BHyTPEHHUE MOJBHXKKH, IPU
KOTOPBIX BOJIHbI aKTUBU3AI[UU HE BbIIJIW 32 Npe/esibl UX 13bIKOB. OCHOB-
HOU MPUYUHOMN Pa3BUTHUS MyJibCALlMU CTAIM 00BaJibl TOPHBIX MOPOJ, C KPY-
ThIX CEBEPHBIX CKJIOHOB XpebTa. B Tpéx ciyyasgx NpUUYUHON 3TUX 06BAIOB
MOIVIM CTaTb 3eMJIETPSICEHUS.

Jlednuku Ne 504, Ne 505 u Ne 506

JTU JIeJHUKHU JelCTBOBaJU 6oJiee pe3Ko, 0OpPYyLIMB B HalpaBJeHUHU
peku Cypxo6 60JibllI0€ KOJIMYECTBO Jib/1a, BOJIbl U KAMHEHN, U B HEKOTOPBIX
Cy4asix MOTOKU JIOCTUTJIU OKpauHbl ropoja Tamxkukabas. Takue coObITHS
NpeACTaBJSIOT 3HAYUTEIbHYIO YTPO3Y JJisl JIOKAJbHbBIX COOOIIECTB U UH-
bpacTpyKTypBhl.

JledHuku Ne 85 u Ne 88

PacnosioxkeHns! B fonuHe Baiisupek, 6acceiiH peku O6GHMXUHro6. 3aHU-
MaloT JiBa OTBUJIKA OAHOM Jlo/MHBL JlefHuk N2 88 npoaBurasicsa Brepés B
1975-1978 rr., noaBmkKKa JiegHuKka N2 85 orMmeuena B 1990-1992 rr. Hamu
3aduKcUpoBaHa napHas noJBxkKa siefHUKOB B 2013-2017 rr. [Ipoasuke-
HUe BHU3 M0 JI0JIMHE COCTABUJIO 2 KM, JIE] JIeJHUKOB JOCTUT peku Bau-
3UpeK U Meperopoiu e€ JoJ1HY, OAHAKO 6e3 06pa3oBaHUs MOANPYAHOTO
o3epa.

JledHuk /Jopogheesa

fABnsieTcs eBbIM NPUTOKOM JieJHUKA [aHf0, 6acceiiH peku OOUXUH-
ro6. Cpeanuit nepuog nyabcauuu - 20 jeT. HamMu oTMeuyeHa moJBHXKKa B
2018-2021 rr. O6uiee npoasmxkeHue coctaBuiio 2300 M, 1ég neaHuka /lo-
podeeBa NpaKTUYECKU MOJHOCTbIO IepPEKPbLI JieJHUK ['aH/10.

B Tol ke fo/1MHe OTMedeHa He6oJ1blasd aKTUBHOCTD JIieJHUKOB N2 193,
Ne 198 u Ne 199.
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Puc. 1. 5manvwi nodsuscku sedHukos N 85 u Ne 88.
1 - cenmsibps 2013 e.; 2 - uroab 2015 2.; 3 - aseycm 2016 2.;
4 -aszycm 2017 2.; a - nedHuk Ne88; b — nednuk Ne85.

JleoHuk CyepaH

JTO OAMH U3 CaMbIX U3BECTHBIX KPYIHBIX MYJbCUPYIOIIUX JIeJHUKOB
[lamupa, HaxoguTcs B 6acceiiHe peku Mykcy. Ero mociesHue mnoJiBHXKU
3adukcupoBaHbl B 1976-1980 rr. u 2002-2005 rr. HaunHas ¢ 2019 r. Ha-
6J/110/jaeTCsl aKTUBU3allMsi OCHOBHOTO JIeJJHUKA U HECKOJIbKUX MPUTOKOB.
@®pOoHT aKTUBU3AL MU NPOILIEJ OKOJIO 3 KM BHU3, OJHAKO HAXOAUTCS MOKa B
cpeZiHeU 4yacTu JieJHUKa, B 10 KM OT ero OKOHYaHUS.
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Puc. 2. Cucmema nedHukoe ['aHdo u [Jopogeesa.
1-aseycm 2017 2.; 2 - cenmsibps 2019 2.; 3 - cenmsibps 2021 e.;
a - snedHuk Iando; b — nedHuk [opogpeesa.

JledHuk Buipc

HaxoauTtcs B gonvHe CyrpaHa, Ha npaBoM 60pTy. [logBHXKH oTMeue-
Hbl B 1983 1 2007 rr. HoBas BosiHa akTUBU3anuu Obljia 3aMedeHa B 2014
r. K 2020 r. oHa gocTur/ia HUXKHEH TOYKHM JieJHUKa. 3a 2021-2022 rr. s1ex-
HUK npojBuHYJicsa Ha 300 M Bnepé. OqHAKO KapTUHA Obljla He TaKas BIie-
yaTJsouas, Kak paHee. [Ipy npeapAyLuX MOABUKKaX JIEJ pacTeKaJics Ha
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BeCb KOHYC BBIHOCA B BH/le OTPOMHOM Jlallbl, OJJHAKO B NOCJeJAHUH pa3 oH
IPOABUHYJICS BIIEPE] JIMLIb Y3KUM A3bIKOM BJ10JIb JIEBOT'0 60OPTA JJOJIUHBI.

JledHuk Baau

PacnosiocxxeH Ha nmpaBoM 60pTy JoJsinHbl Caykcail. 3apUKCUpOBaHbI
noaBwKKA 1977 v 2001-2002 rr. BHOBb Havyas NpoJBHUKeHUE BIEpE] B
2018 r. u k 2021 r. yBesin4yu cBot AJnHy Ha 1450 M., He goiasa 300 m o
peku Caykcam.

Takum o6pa3oM, HECMOTpPSA Ha I0OAJbHOE M3MEHEHUEe KJMMaTa Ha
[laMmupe npojo/kaTCcs JieJHUKOBbIe NyJbcaliui. X npusHaku [5] oTMe-
YeHbl y 60JIBIIOr0 KOJIMYEeCTBa JIEJHUKOB B 6bacceliHax pasHbIX peK. Y4u-
ThIBasg 6O0JIbILYIO MJIOLIA/b TOPHOM CUCTEMBI U TPYLHOLOCTYIHOCTb Tep-
PUTOPHH, KOCMUYECKUI MOHUTOPUHT OCTAETCS IPUOPUTETHBIM METO0M
yccaeJ0BaHUs JUHAMUKH JIeJHUKOB.
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K BOITPOCY MOHUTOPHUHIA TPYAHOAOCTYIIHBIX
JIEAHUKOB TAJXKUKUCTAHA HOBBIMU TEXHOJIOTUAMU

[Mlosuées lL.IL.* Illo3uées II1.%*
*UHCcmumym 2eos102uu, ceticMocmotikoz2o
cmpoumeascmeaa u ceticmonozuu HAHT
2. [lywan6e, Tadxcukucmat, E-mail: shokarim@mail.ru
**GSTEAM
2. lywan6e, Tadxncukucman. E-mail: gulmurod@mail.ru

CoBpeMeHHas 310xa IM106aJbHOTO MOTENJIEHUSI HETaTUBHO MOBJIMsIIA
Ha COCTOsIHUE JieAHUKOB Ta/PKUKKUCTaHa. B pe3ysibTaTe 3TOro TEPPUTOPUS
CTpaHbI MO/IBEp>KeHa MHOTOYHCJIEHHbIM CTUXUHUHBIM 6eCTBUSAM. JlaHHBIN
BOIPOC TpebGyeT OT HAYyYHOT'0 COOOIECTBA AO/KHOTO BHUMAHUS, TaK KakK
NpUPOJHbIE KAaTaCTPOdbl OKA3bIBAIOT HETaTUBHOE BO3/leMCTBHE HA Hace-
JieHUe (JeTel, el ¢ orpaHUYeHHbIMU BO3MOXKHOCTSIMH, MOXKUJIBIX JIIO-
Jleil), SKOHOMUKY U OKpy»Kamwluyto cpeny. Ha poHe MHOTOUMCTIEHHBIX TPU-
POAHBIX SIBJIEHUW MPOJI0JIKAETCs Aerpajanus JeJHUKOB Ta/P)KUKUCTaHa,
YTO BeJIET K COXPAaHEHUIO ONACHbIX SIBJIEHUH JIeJHUKOBOU 30HbI. B 0CHOB-
HOM 3TO OTHOCHUTCSI K CUJIbHO 3a6pPOHUPOBAHHBIM MOpPEHO-JIeJJHUKOBbIM
KoMIiekcaM (Hanpumep, PT'O u ap.), rae B 6yAylieM He UCK/IOYAeTCs Be-
POSITHOCTb BO3HUKHOBEHHUSI U PAa3BUTHS 0YAroB CeJIeBOM OMACHOCTH.

Hcnosb30BaHUe CIYTHUKOBOW aJbTUMETPUHU (J1a3epHOM, paJlapHOM)
Y I'PaBUMETPUH, C TOMOILbI0 KOTOPBIX ONIPEeJIe/IAI0T AUHAMUKY JIeHUKA U
06'beM HAaKOIJIEHHOW Macchl JibJja HA JIeJHUKAX, SIBJISETCS 3aTPaTHbIM U3-
3a BBICOKOW CTOMMOCTH CHYTHUKOBBIX JAAHHBIX. DTU MOJAXO/bI JJOCTYIHBI
TOJIbKO CTpaHaM C pa3BUTOM KOCMHUYEeCKOU cuctemou [1]. OgHako Auis pe-
HeHus npo6JieMbl, CBSI3aHHOU € TasiHUEM JIeJTHUKOB Ha TeppuTtopuu Taz-
YKUKHUCTAHA, Ipe/ijlaraeTcs BHeipeHHue HOBbIX TEXHOJIOTUH.

CoBpeMeHHbI MUP He MOXKeT 000UTHUCh 6€3 HOBbIX TEXHOJIOTHUH, UH-
HOBalMi. ABTOpaMU B NpebIIyIIUX paboTax y»Ke OblJIU Mpe/JIoXKEeHbI UC-
N0JIb30BaHUeE "pos AeTeKTOpPOoB" [2] A/ U3ydyeHHUs LIMPOKUX aTMocdep-
HBIX JINBHEN OT KOCMUYECKUX JIyYeH.

MHHOBalMOHHbIE TEXHOJIOTUU IMO3BOJISIOT 60Jiee NPOAYKTHUBHO BbI-
MOJIHATh 33/ja4yd MO o6ecrnevyeHU0 6e30MaCHOCTH KU3HeAesTeJbHOCTH
HacesieHUs1. [lepexos K UCIOJIb30BAaHUIO BbICOKHUX TEXHOJIOTUN SIBJISETCS
BaOKHEUIIMM 3BEHOM HAyYHO-TEXHHUYECKOTO Mporpecca Ha COBpEMEHHOM
3Tane pa3BUTUS HAOJIIOAEHUS 3a JeHUKaMU. Ucnosib30BaHUe GeCUIOT-
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HbIX JIeTaTeJbHbIX almnapaToB
B posin Mogenu Matrice 210 V2
JaéT HEeKOoTopble IpeuMylle-
CTBa, YNpOILaeT BbINOJHEHUE
c1oXHbIX 3aja4y (puc. 1). Kon-
TPOJIb OCYLUEeCTBJSETCA C IO-
Mouibto npusokenus DJI Pilot.
[IpunoxxeHue AJA ylnpaBJeHUs
I0JIETOM BBINOJIHAETCA B pyd-
HOM U aBTOMAaTHYECKUX PEXU-
Mmax. [lporpamMmma coBMecTHMa
C MNPOMBIIIJIEHHBIMH JAPOHaMHU Puc. 1. BIIJIA modesawb Matrice 210 V2.
DJI, KoTopbI¥ N0O3BOJIAET MUJIO-

TaM BO3MOXXHOCTb /i1 3pdeKTUBHOro ynpaseHUs. PyHKIMOHAA NpoO-
rpaMMbl N03BOJISIET CO3/aBaTh apaMeTphl M0JieTa U YIPaBJAATb €10 BO
BpeMs [10J1eTa, a TaKXKe ynpasJisgeT QyHKLUAMU 3anucy ¢OTo, BUJE0 U APY-
TMMHU CeHCcopaMHU cbopa JaHHbIX. [loak/a04yaeMblid JUCTAaHUOHHBIN MY/IbT
yIpaBJIeHUs 3prOHOMUYEH U IIPOCT, a OCpeAcTBOM porpaMmsl CrystalSky
MOXKHO MOBbIIATh KadyecTBO KapTUHKU HD wau FullHD [3]. [locpenctsom
JIONIOJIHEHUS K IPOTPaMMHOMY 06eCliedeHHI0 ONlepaTop MOXKeT U3MEHUTh
TPaeKTOPHUIO N0JIeTa B HY>KHOe U YA00HOe HallpaBJleHHe CbeMKH JIeJHUKA.
Ucnonb3oBanue BIIJIA nian «apoHOB», OCHALEeHHBIX ClleLUaJIbHbIMU AaT-
yrKaMu ($poTokaMepa, JaTYMK TeMIepaTypbl U JjaBJeHHUs, 3X0JI0KalMOH-
Hasl CUCTeMa, MarHUTOMeTPHUYEeCKUM KOMIJIEKC U Jp.) AJI1 MOHUTOPHUHTA
JIeJHUKOB AIBJIIeTCS1 HAUMeHee 3aTpaTHbIM croco6oM [3]. Ha ocHoBaHUM
IpHYMeHEeHUs TaKOro Mo/xXoJa MOXHO MOJyYUTb MaTepuals JJis AajbHel-
11ero aHaJiu3a JJMHaMUKU JIEJHUKOB U GU3UYECKUX aClIEKTOB MPUPOJHbIX
KaTacTpo®, CBAA3AHHBIX C JIeJHUKAMHU [4].

Ha ocHOBaHMM nOJIydeHHOr0 MaTepuasa C ucnosab3oBaHueMm DBIIJIA
MOKHO pellUTh CJeAyIoLMe 3a/1a4u:

— Toctpouts 3D Mozenb 1eHUKA O a3podpoToMaTepUaiam;

— OnpefenuTb CKOPOCTb TassHUSA JIEJHUKOB B 3aBUCUMOCTH OT W3-
MeHeHHUs [laBJIeHUsl U TeMIlepaTyphbl B paliOHe JieJJHUKAa C IpUMeHEeHUeM
CIEKTPa/IbHOTO BEWBJIETHOTO aHa/v3a JJaHHbIX JAaTYMKOB JaBJIEHUS U
TeMIlepaTyphl;

— IlpousBectn 06HOBJEHHE KapTbl reoMOpPQPOJOTUYECKON TIVIALHU-
aJIbHOM 30HBI MO pe3y/bTaTaM JellindprupoBaHusa aspopoToMaTepUaioB
(cnenyuanbHbIMU IporpaMMamu Python);
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— W3y4uTh JUHAMUKY LIMKJIA HACTYIJIEHUS] U OTCTYIJIEHUS JieJHUKA
0 pe3yJibTaTaM M0JIEBOU reos10ro-reoMopdoaI0ruieckor CbeMKH;

— YcTaHOBUTB My/IbCUpPYIOLHE JIEJHUKU U TPOU3BECTU KJacCUPUKa-
LIMIO [0 CTENIEHU UX OMaCHOCTHY;

— Omnpepnenuts ¢paly akTUBHOT'O HACTYIJIEHUS JIEJHUKOB;

— Omnpepnenuts $pUsnyecKUe MapamMeTpsl JbAa (IPO3pavHOCTb, MJIOT-
HOCTb, CKOPOCTb JBUXKEHHUS U JP.);

— W3y4uTh npouecc gerpazanuu e JHUKOB U IpyTUe aCeKThl.

HakornieHHbIe 3HAHUS MO TJISIIIMAOJOTHM U KPUOJIOTUU C BHEJIpeHUEM
HOBBIX TEXHOJIOTUM B CUCTEMY MOHUTOPUHTA U aHAJKU3a COCTOSIHUSA JieJi-
HUKOB TaZ>KMKHUCTaHa MO3BOJIAIOT B Oy/lyllleM CIPOrHO3UPOBATh CTENEHb
MX OMACHOCTH Y NPeA0TBPAaTUTh KaTacTPpodbl, CBSI3aHHbIE C JIeJHUKAMH.

BIIJIA no3BOJIAIOT MOJIy4aTh BBICOKOTOYHbIE JaHHbIe O COCTOSIHUHU
JIEJHUKOB B peajlbHOM BpPEMEHH, UTO CYLIeCTBEHHO YJy4llaeT MOHUTO-
PUHT U OLIEHKY COCTOSIHUSA JIEAHUKOB. B OT/IMUME OT CIyTHUKOBBIX TeEX-
HOJIOTUHM, KOTOpPblE MOTYT UMETh OTPAaHUYEHHYIO0 pa3pellaolyo cl1ocob-
HOCTb U BBICOKYI0 cTOUMOCTb, BIIJIA o6ecnedyuBaloT 6oJiee JeTalbHOE U
yacToe HabJilo/leHre 3a U3MeHEeHUSIMU B JIeJTHUKOBbIX 30HaX. KpoMe Toro,
BITJIA MO>XHO OCHAaCTUTb Pa3JUYHbIMU TUIIAMU CEHCOPOB, UYTO MO3BOJISIET
NPOBOAUTH KOMILJIEKCHBIM aHa/M3, BKJ/OYasg OLleHKY TeMIlepaTyphl IO-
BEPXHOCTH Jib/1a, U3MEPEHHE ero TOJIIMHBI U OllpeJie/ieHue U3MeHEeHUH B
reoMop@oJioruu JeJHUKOB. Takol MoAXo ], TaK»Ke M03BOJISIeT ONePaTUBHO
pearupoBaTh HAa BO3HHUKaIOIMe U3MeHEeHHUs] U KaTacTpodpuueckue cobbl-
THS, IPOBO/IS Bble3/[Hble 00C/eJ0BaHUS TPYJHOAOCTYIHbIX UJIHA OMACHBIX
y4aCTKOB.

HUcnonwp3oBanue BIIJIA nmoMoraetr B co3faHuM TO4uyHbIX 3D Mopesen
JIEJHUKOB, YTO M03BOJISIET JIyullle IOHSATb UX CTPYKTYPY U AUHAMUKY. /laH-
Hble, MoJiydyeHHble ¢ noMoubio BIIJIA, MOryT 6bITH WCHOJIB30BaHbI AJIsS
pa3pabOTKH U 0OHOBJIEHHUS KapT JIeJIHUKOB, aHAJIM3a UX IMOBEJIEHUS U PO-
rHO3MPOBAHUS MOTEHIMA/bHBIX OMTACHOCTEN, TAKHUX KaK JIABUHbBI WUJIH Jie[-
HUKOBbIE OTPbIBHI.

B ycnoBusx M3MeHeHUs1 KJAMMaTa MHOXECTBO pa3pylLIeHWM U KaTa-
cTpod BBI3BIBAETCS [ABWKEHUEM JIeJJHUKOB. YCTOWYMBOCTb JIeJHUKOB
0OBIYHO PAaCCYUTBHIBAETCS METOJAMHU JIBUXKEHUs CIJIOLHBIX cpefl. OHaKo
KOHCHUCTEHILMsl JIeJHUKOB HelpepblBHO U3MEHSIETCS BO BpEMEHU U MeJ-
JIEHHO Mpeo6pa30BbIBaETCS B O0Jiee NMOoJIHbIE CTPYKTYpbl. CyMMapHOE BJIU-
sIHMe Pa3JIMYHbIX PAaKTOPOB MOXKHO BbIPA3UTh C MOMOIIbI0 BEKTOpPA MOJI3-
y4eCcTH JJisl KaKJ0W TOYKM JieHUKA. BeKTOp MmoJsisyyecTu npeAcTaBJseT
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co60¥ cMellleHHe TOYKH 3a IPUHATBINA IPOMEXyTOK BpeMeHU. Pusudeckue
npo6JsieMbl, CBSI3aHHbIE C JIeJJOBBIMU KaTacTpopaMU NOA00HBI 00PYLIEHUIO
CKJIOHOB [4].

/IBa KpyNHBIX COOBITUSA, CBSI3aHHbIE C JIEJHUKAaMHU U 03epaMU IVIALU-
aJIbHOT'0 NIPOMCXOX/eHUsl, IpoU3oLIe e Ha TeppuTopuu [lamMmupa u fge-
CATKU MeJIKHe COOBITUS CBU/ETENbCTBYIOT O TAKOM MexaHHU3Me. ABTOpaMHu
3TUX pabOT He YYUThIBAETCA TEPMUYECKUN PEXKUM palOH UCC/Iel0BaHUsA
nepes, BO BpeMs U IOCJe COOBITHS, TJie TaKXKe MPOBeJIeH aHa/Iu3 CIyTHU-
KOBbIX CHUMKOB [5, 6, 7].

MexaHu4eckoe oBeJleHUE JIeJHUKOB 3aBUCHUT OT TeMIlepaTyphbl, CKO-
pPOCTb TasiHUA JIeJHUKA, CKOPOCTb Harpy»eHusl (aKKyMyJasaLUs) U APYTUX
dakTopoB [4]. [loaToMy npe/yio)KeHHbIe MOJieJIM Ha MeXaHUYeCKUX Mpe/i-
CTaBJIEHUSAX BbIpa)KeHbl BEKTOPOM I10J1I3y4eCTH He 03BOJIAIOT IPOU3BECTH
OLIEHKHU BEPOSITHOCTH U yCJIOBHSI BOSHUKHOBEHHUS NyJsbcaliuu. Pa3orpesa-
HUE XOJIOJHOTO JielJHUKA MOXeT CII0CO6CTBOBATh BHE3ATHOMY U OBICTpPO-
My ABMKeHU10. OlHAKO MyJibcalys JIeJHUKOB NPOUCXOAUT U B XOJIOHBIX,
Y B TEIJIbIX YCJOBHUAX, HO CTATUCTUYECKUI aHa/IN3 U3-3a OTCYTCTBUSA JlaH-
HBIX JI0 CUX IOP He NPOU3BOAUINCE. [loCTOSIHHOE HaKOIJIeHHEe JaHHBIX Ha
TEPPUTOPHUH JIeITHUKA CEHCOPAMH YCTAaHOBJIEHHbIE HA JPOHAX MO3BOJISET
epecMOTpPeTh 3TU MOJeJar U MOAUPULUPOBATh Npe/JoKEHHbIE MOJeN
C y4eTOM BepPTHUKaJbHOI'0 IpaijueHTa AaBJeHUsl U TeMIepaTyphl, BJAAXKHO-
CTU U ApyTUx GpaKTOpOB.

OnpezesieHue CKOPOCTb TassHUA JIEJHUKOB B 3aBUCHUMOCTH OT H3Me-
HeHUd JlaBJIeHUs U TeMIlepaTypbl B paliOHe Jie/[HUKA; IPUMeHEeHUe CIeK-
TPaJIbHOTO BENBJIETHOI'O aHa/IM3a JaHHbIX JATYMKOB JIaBJeHUs U TeMIle-
paTyphbl M03BOJISIET ONpPeJEeJUTh NEePUOJUYHOCTb NIapaMeTpoB B paloHe
JleHUKa. B MeTo/; BeliBJIeTHOTO aHa/U3a NpejJiaraeTcs caefyrliee: n-
prYHA OKOHHOM QYHKLMH /Il HU3KUX YaCTOT YBeJUYUBAeTCs, a AJs Bbl-
COKHX 4aCTOT - yMeHbIMTCcA. HoBoe 0KOHHOe mpeo6pa3oBaHue MOJyda-
JIOCh B pe3yJibTaTe pacTskeHUs (CKaTHusi) U CMellleHUs 110 BpeMeHU O HOM
nopoxjarwuiei (Tak Ha3blBaeMoW CKeHMJUHT-QyHKLMU — scaling function,
scalet) pyHkuuu. ITa nopoxkaaroiiasg GyHKIMs Obljia HA3BaHA BEUBJIETOM
. Mopie. JlaHHBIF OAX0/, LUUPOKO NPUMEHSIOTCA AJs GUIbTpaLUK, 06-
paboTKH BpeMeHHbIX JJaHHbIX (MeJUIlMHEe, 9KOHOMUKE, CKaTHE JAaHHbIX) U
T.A. [8, 9].
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Puc. 2. CpedHezodosast memnepamypa 8 patioHe sedHuka PedueHko:
a) 200080l x00 memnepamypul, 6) geligsem aHAAU3 memMnepamypbil.

Ha ocHoBanuu npumeHeHus BIIJIA B mosiyueHUM JAHHBIX U MCIOJIb-

30BaHHUE PEKOMEH/I0BAaHHBIX MOJX0J0B MOXKHO MOJYYUTb MaTepuas AJs
JlaJIbHEeNIIero aHa/ld3a JAUHAMUKU JIEJHUKOB M (QU3WYECKUX aACHEKTOB
IPUPOJHBIX KATAaCTPO®, CBA3AHHbIX C JIEAHUKAMHU Ha TeppUTOpuu Tamxu-
KMCTaHa, a TaKXKe MJIaHUPOBATh MEPONPUATHUHN 110 UX NPeJ0TBPALIEHHUI0 U
cMsiryeHuro nocieacTBui. [oBbiaeTcss 3gpeKTUBHOCTh pearupoBaHUs
Ha MO/JIFOTOBKE U MOCJeACTBUS CTUXUNHBIX 6€/CTBUH 3a CYET BHEAPEHUSs
HepcreKTUBHbIX MHHOBAIMOHHBIX TEXHOJIOTUH, B YaCTHOCTHU UCI0J1b30Ba-
HUS 6ECNUJIOTHBIX JIeTaTeJbHbIX alnapaToB.
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CAMOCOXPAHEHUE JIEAHUKOB TAHb-IIAHA NIYTEM
UX TPAHC®OPMAILIUU B MOPEHO-JIEAHUKOBBIE KOMIIJIEKChHI

Epoxun C.A., TysoBa T.B.
HHcmumym 8odHbix npobsaem u 2udposHepeemuku HAH KP
2. Buwkek, Kvipewviackasi Pecnybauka. E-mail: tv_tuzova@mail.ru

B mpoiiecce HEOAHOKPATHBIX OCUUJIISALMU TOPHO-A0JWHHbBIX JIeJHU-
k0B TaHb-1llaHa 3a nepuof Tak Ha3bIBAEMOM «MaJIOW JIEJHUKOBOU 3MOXU»
cbopMHUpOBaIMCh COBpPEMEHHbIE AaKTHBHO Pa3BUBAIOIMECS TeoJioTHuye-
CKHe 060pa3oBaHus - MOpeHO-JeJHUKOBbIe KoMiyieKcbl (MKJT). Kaxkabiit us
HUX NPeJCTaBJIsIeT reoJIoTUYecKoe TeJio, CJIOKEHHOe HabopoM daluasib-
HO-JINTOJIOTUYEKUX PA3HOBUHOCTEH, BKJIIOYas JIEJJOBYI0 COCTABJISAIOLIYIO0
PBIXJIO0OGJIOMOYHBIX TOPHBIX OPOJ, IVISILIMAIbHOT0 FreHe3UCa, Onpe/iesiio-
wux ctpoerHve U popmy MKJI [1]. [TockosibKy OHU NPOABJIAOTCA Ha IHEB-
HOW MOBEPXHOCTU B Mpollecce Aerpajalydu JIeJHUKOB, TO KaXKAbIKH TUI
MKJI oTpaxaeT onpejieiEHHbIN 3Tall UK CTA/IUI0 3TOTO MpolLiecca.

B HacTos1ee BpeMs Ha TsaHb-1llaHe Hab0[aeTcs Aerpajanus Je HU-
KOB, Ha4yaBLIasiCs MOC/Ie «MaJION JIeITHUKOBOU 3MOXHU», KOTOpas 3aKOHYH-
Jach B cepearHe 19-ro Beka. [Iponecc aerpagauuu Ha TsaHb-1llaHe He ObLa
nocTosiHHbIM. OH MpepbIBaJiCcsl OTAEJbHBIMU KPaTKOBPEMEHHBIMU HACTY-
IJIEHUSIMU JIEJHUKOB KaK B OT/I€/IbHBIX [OJIMHAX, TaK U 1|eJIbIX PEruoHaXx,
LeHTpax FOPHOro oJieJleHeHUsl. DTU JIeJJHUKOBbIEe OCHUIALUMU (KoJsieba-
HUSI 00'bEMA JIEJHUKOB) 3HAYMUTEJbHO OCJ0KHUIU GOPMY U COZEpKAHUE
TeX MOPEHO-JIe/[HUKOBbIX 00pa30BaHWM, KOTOPbIe MPOSIBUJIUCh HA JHEB-
HOU MOBEPXHOCTH MOCJIe OTCTyNaHUS JIEJHUKOB.

Kak nokazasiu Hamu MHoroJsieTHUe ucciaeaoBaHuss MKJI Taub-1llaHs,
MHOToo6pa3ue ux GopM 006ycJI0BIEHO B3aUMOAEUCTBUEM IBYX GAKTOPOB
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JIeJHUKOBOTO JIMTOT€He3a - aKKYMYJISALMOHHBIM (A) U TepMOKapCTOBO-3-
po3uoHHbIM (T3) [2].

[lepBblil dpakTOp OTpakaeT JelCTBHe NPOLECCOB, HAalpaBJeHHbIX Ha
HacblllleHYe JIe[JHUKA PhIXJI0O06JIOMOYHBIM MaTepHUaoM U3 pa3pyLleHHbIX
BbIBETPUBAaHHWEM FOPHBIX IOPOJ, C/Iaraolux 60pTa U JHUILEe TOPHOU 10JIU-
Hbl. OH onipe/iesisieT HaChILeHHOCTD JIeJHUKA 00JI0MOYHbIM MaTepHUaioM U
ero CHoCOOHOCTb aKKyMYJIUPOBATh 3TOT MaTepHasl B 30He MOpPeH006pa3o-
BaHusd. [log felictBueM aToro gpaktopa GOpMUPYIOTCA aKKYMYJISTUBHbIE
aneMeHThl peabeda MKJI, Takue kak GpoHTa/IbHBIA U OeperoBble BaJlbl
KOHEYHOW MOpPEHBI, X0JIMUCTO-TPALOBbIN pesibedp OCHOBHOM MOpPEHBI, KO-
HEYHO-MOPEHHBbIH A3bIK.

BTopoii ¢pakTop oTpaxkaeT AeiCcTBUEe NMPOLECCOB TAassHUS U Pa3MbIBa
MOpEeHOJIe[JHUKOBbIX 00pa30BaHWU. AKTUBHOCTb TEPMOKApCTOBbIX NpO-
11eCCOB, 3pO3MOHHAs IHEPTUS NOTOKOB TaJIbIX BOJI, CTEKAIOLUX C JIeJHUKA,
CIOCOOHOCTb 3TUX NOTOKOB Pa3MbIBaTh HAKOIJIEHUS PhIXJIO006JI0MOYHOTO
MOPEHHOI0 MaTepuasia B IPUKOHIIEBOM YacTHU JieJHUKA ONpesesoT Xa-
pakTep AeiicTBUs BTOporo gaktopa. OH nposiBasieTcss B ctpoeHun MKJI
B BHU/ie abJISIIMOHHO-3PO3UOHHBIX GOPM MOpEHO-JIeJHUKOBbIX 06pa3oBa-
HUM, COCTOSAIIUX U3 BHYTPUMOPEHHBIX U IPUCKJIOHOBBIX JleNPeCCUi. Tep-
MOKapCTOBBbIX BOPOHOK U JIOXKOUH.

OT cooTHoueHus ¢pakTopoB A u TI 3aBUCHUT popMa, COCTaB U CTpPoOe-
Hue MKJI. ®opMa MopeHO-JIeJHUKOBBIX 00pa30BaHUM U KOJIMYECTBO Npej-
CTaBJIAIOLUX UX 3JIEMEHTOB pesibeda, 3HAYUTEJbHO U3MEHSIOTCA Y pas-
HbIX TOPHO-/I0JIMHHBIX JIEJHUKOB. /luana3oH U3MeHeHUH BecbMa BeJIUK:
OT IOJIHOTO OTCYTCTBUSl TaKUX 3JIEMEHTOB, [0 HACTOJBKO GOJIbILIOr0 KX
KOJIMYEeCTBa U pa3MepoB, YTO BCe OHU CJAMBAIOTCA B OZJHO MOILHOE MOpe-
HO-JIeJHUKOBO€e 06pa30BaHHe — KOHEYHO-MOPEHHbIH A3bIK.

B nmpouecce Hamux uccaeaoBaHui JefHUKOB TsaHb-Illanga [2] ycTaHOB-
JIEHO, YTO poJib pakTopa TI HauboJiee 3HAYUTEIbHA Y TUTAHTCKUX JIeJHU-
KOB TMMaJIaliCKOT0 UJIM APEBOBU/HOIO THUIIA, a poJsb $paKTopa A y HUX MU-
HUMaJibHadA. O6paTHas cUMTyalus HabJ/0[aeTcsd Ha HeOOIbIINX NPOCThIX
JIOJIMHHBIX JIeJHUKAX UJIM JieJJHUKaX NIPHUCKJIOHOBOTO U CKJIOHOBOI'O THIIA.
3aechb posb ¢paktopa A B popmupoBanuu MKJI cTaHOBUTCS MaKCUMaJb-
HOH, a GpaKTop J UrpaeT He3HAYUTEJIbHYIO poJib. ClieJoBaTe/ILHO, [0 Mepe
yBeJM4yeHus poJid pakTopa A B mpolecce MOpeHO0O6pa3oBaHUA U yMeHb-
meHus pakropa TI coctaB u ctpoeHue MKJIL. B aToM npo1iecce npociexu-
BaeTCsd pAJ, CTaAWM, KaXXJA0M U3 KOTOPbIX COOTBeTCTBYeT cBOM Tl MKJI c
XapaKTepHbIM [IJ1s1 HEr0 CTpoeHueM U GOpMOH.
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Bcero Hamu 66110 BbiZiesieHO 6 TunoB MKJI, oTpaxaruux onpe/esaeH-
HBIU 3Tall UK CTaUI0 perpeccuu jeHuka [2]. [lepBbiil Tl peJCTaBIeH
JIeJHUKaMU-TUTAaHTaMU F'MMaJIakCKOr0 WX JPeBOBUJHOIO THUIA, TAKUMU
kak UHbL1b4ek, Kannapl, MyiketoBa. BOAHOCTB 3TUX JIEIHUKOB Y d9HEPIrUs
IOTOKOB TaJIbIX JIEJHUKOBBIX BOJ, JJI1 HUX HACTOJIBKO BeJIMKH, YTO BeCb
006JIOMOYHBIN MaTepuaJsl, IPUHOCUMBIH JIeJHUKOM, YHOCUTCS 3a NpeJieibl
30HbI MOpeHOo06pa3oBaHus. [IoaTomy MKJI nepBoro Tuna xapakTepusyrT-
€1 MAJIOMOLHBIMH YeXJIaMU MOPEHHOTI'0 MaTepHraJla Ha CKJIOHAaX TPOr0OBOM
JIOJIMHBI U OCTaHLIeB OeperoBbIX MOpeH (puc. 1).

Puc. 1. MopeHo-s1edHuKo8b1ll KoMmnaeke 1-20 muna 8 dosuHe
p. Akcy-3anadHas, 1esom npumoke p. Yon-Kemun c maavimu saramu
60K08bIX MOPEH 6€3 KOHEYHO-MOPEHHbIX 06Pa308aAHUL.

Bropoir Tun MKJI dopmupyercsa Ha /ejHUKax, TJe LeHTPaJbHYIO
4acTb 30Hbl MOpPEHO-00pa30BaHMA 3aHUMMaeT OOLIMpHAas BHYTPUMOPEH-
Hasd Jielnpeccus, MOYTHU MOJHOCTbI OTKPbITAasd BHU3 IO JOJIMHE, TaK KaK
BaJl PPOHTA/IbHOM MOpPEHbl Pa3MbIT NOTOKAMU TaJIbIX JIEJHUKOBBIX BOJ
(puc. 2). Basnbl 60KOBBIX MOPEH 3/leCh XOPOLIO BblpaXkeHbl. POBHOe fHUIIEe
BHYTPHUMOPEHHOMH JlelIpecCUy MeX/ly BajJlaMHd 60KOBBbIX MOpP€eH MOKPbIBAaeT
broBUOIIALMA/IBHOE 3aH/IPOBOE 110J1e, OTKPBbITOE BHU3 N0 Jlo/IMHe. Takue
MKJI o6pa3oBa/ivch Ha 3epaBIIaHCKOM Jie[JHUKe, Ha JieHUKaX TyInHCKO-
ro B fosuHe p. Uccpik-ATa (ceBepHbIN CK/I0H KbIpreiackoro xpe6Ta) u 3a-
naHbii JlxxeTol-Ory3 (ceBepHbIN cK/I0H Tepckeit-AnaToo).
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Tpetuit Tun MKJI npesacTaBJ/ieH, KpoMe BaJloB 60KOBbIX MOPEH, BaJIOM
Y GPOHTaJILHOU MOpPEHDI, 32 KOTOPBIM MeX/y 60KOBBIMU BajlaMU GOpPMHU-
pyeTcsa BHYTPUMOpeHHasd Jenpeccus. PasmbiBarwolasg sHeprus MOTOKOB
TaJIbIX BOJ| Ha JleJJHUKax, GopMupyroimux 3ToT Tun MKJI, emé HacTo/1bKO
BeJIMKa, YTO e€ XBaTaeT, YTOObl IPOMBITh B Bajie GPOHTAJIbHOU MOpPEHDI
npopat. [loaToMy BHyTpHU-MOpeHHas Aelpeccus y HUX OTKpbITA Yepes Mpo-
paH BHU3 B flosuHYy (puc. 3). [I[pumepamu MKJI TpeTbero Tvuna MoryT ciy-
KUTb KOMILJIEKCHI Ha JieAHUKaX KoHypJieHT (ceBepHbIH ckJoH Teckeit-Ana-
T00), JlaBbli0Ba ([0 nepuoja paboT pyaHuKa KymTop), I0xxuHb1id Kapacai
Ha ropHOM MaccuBe Akuniipak, HaivBkuHa B xpe6Te Kokias-Tay.

Puc. 2. MopeHo-/1e0HUKO08bLI KOMN/AEKC 2-20 MUna 8 npuKoHyeeoll yacmu J1edHUKa
Kypymoul (6accelin p. ToH) ¢ 18HO 8bIpa*CEHHBIMU 8A1AMU 6OKOBbIX MOPEH.

MKJI yeTBepTOro Tuna GpopMUpyOTCA JieJJHUKAX, Y KOTOPbIX pa3Mbl-
Balolllell 3HEepruy MOTOKOB TaJbIX BOJ, He XBaTaeT JJisg pa3MblBa BaJa
dpoHTaNbHOU MOpeHbI U GOPMUPOBAHUSA B HEM NpopaHa. BHyTpuMopeH-
Has Jlenpeccusi Ha 3TUX KOMIIJIeKCaX MOJHOCThIO 3aMKHYTa U Ha e€ IHUIlle
06b19YHO popMupyeTcs o3epo (puc. 4). [[pumepamu siBasrorca MKJI Ha nef-
HuKax [leTpoBa v [1aBHbIN KossHibl HAa TOpHOM MaccuBe Akiiniipak; Capbl-
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Top, Kapabatkak u TypreHb-AKcy Ha ceBepHOM CKJIOHe Tepckeii-AnaToo;
JoxkapabikauHabl Ha KeipreisckoM xpe6Te; /lyroBa Ha AnalickoM xpeoTe.

Puc. 3. MopeHo-/1edHUK08bIl KoMnaekc 3-20 muna 8 doauHe p. KoHypaeHz
(ces. ckaoH Tepckeli-Anamoo). BHympumopeHHasi denpeccusi 3aMblkaemcsi
8a/10M (PPOHMA/NbHOU MOPEHBI, PACYAEHEHHOU 8000MOKOM
masvlx 1e0HUKOBbIX 800 - NOKA3AH CMPEJIKOLL.

[lateii Tun MKJI dopmupyeTcs B YCJIOBHUSAX, KOTJa KOJUYECTBO 00-
JIOMOYHOI'0 MaTepuaJa, IOCTyNallero B NIPUKOHLEBYIO YacTb JIeJHUKA,
HACTOJIbKO MpEBbBIIIAET 3HEPTUI0 Pa3MbIBa, YTO 6eperoBbie U GPOHTAJIb-
Hasl MOpEeHBbI CJUBAIOTCA B eJMHbI KOHEYHO-MOPEHHBIN A3bIK, KOTOPbIN
6s1aroiapsi BICOKOMY COZIEpPKAaHUI0 B CBOEM TeJie MOTpeOGeHHbIX JibJ 0B
JBI>KETCS BHU3 110 JJOJIMHE CaMOCTOsITeJbHO. Ha ero nmoBepxHOCTH MOSB-
JIIIOTCS BaJibl CII0JI3aHUsA. MeXly KOHEYHO-MOPEHHBIM SI3bIKOM U 3bIKOM
JieJHUKa 06pasyeTcs Jenpeccusi, B KOTOPOil 06bIYHO GOpPMUPYETCS 03epo
(puc. 5). B kauectBe npuMepoB MKJI aToro Tumna MoXHO IPUBECTH KOM-
IJIEKChl 3a0POHUPOBAHHBIX JIEJHUKOB CEBEPHOT0 CKJOHA KbIprbi3ackoro
xpe6Ta: Kentop, Canbik, AmyTop, YoHkypuak, Kyprakrop, Koabtop, [Ixe-
JIaMblIl U Jp.
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Puc. 4. MopeHo-/1e0HUKO8bLI KoMNAEKC 4-20 muna Ha edHUKe
JorcapdvikauHdsl ¢ dy2006pa3HbIM 8010M KOHEYHO-MOPEHHbIX
06paszosaHull u 6HympumMopeHHol denpeccuell ¢ 03epoM & e€ JHULe.

Puc. 5. MopeHo-/1e0HUKO8bIT KOMNJAEKC 5-20 muna 8 8epxo8bsix /€80l
60k0801i 001UHbI p. AKCY C KOHEYHO-MOPEHHbIM S13bIKOM, BHYMPUMOPEHHOU
denpeccueli u 6aHHOU 03epa 8 eé pacwupeHuu.
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JHeprus pasmbiBa Ha MKJI 6-ro Tuma eé Huxe, 4eM Ha KOMIIJIeKCax
5-ro Tuna. KoHeuHO-MOpeHHBIN A3BIK CI0JI3aeT BHU3 B JJOJIMHY U MOXET
IPOABUHYTbCSA HAa HECKOJIbKO KUJIOMeTpPOB. BHyTpUMOpeHHas JAenpeccus
JIM60 He BhIpaXKeHa, JIN00 NMpeBpallaeTcs B y3KYI0 U3BUJINUCTYIO JIOXKOUHY,
BBITSHYTY!O0 B/10JIb 0CEBOM JIMHUM KOHEYHO-MOPEHHOTO A3bIKa (puc. 6).

Puc. 6. MopeHo-1e0HUKO08bLI KoMN/IeKC 6-20 MUNA 8 BePX0BbSIX
doaunbl p. YoHKypuak (ces. ckaoH Kvipabidckozo xpebma) ¢ y3Kotl A0i#c6UHOU
8HYMpUMOpeHHOLI denpeccuu 800/1b 0ce8oll NUHUU KOHEYHO-MOPEHHO20 513bIKd.

[IpumepoB MKJI 6-ro Tuna MHoro. OHU 06pa3yOTCs HAa 3a6POHUPOBaH-
HbIX JIeJJHUKaX B JJ0JJMHAX CEBEPHOTro CKJoHA Kbipreizckoro xpe6Ta, B J0-
JuHax Tepckeii- u Kynreu-AnaTtoo.

Kaxapbiii u3 mectu tunoB MKJI oTpakaeT onpejesieHHbIM 3Tan pe-
rpeccur GOpMUpPYIOLIETro UX JIeJHUKA, TO ecThb, TUll MKJI siB/isieTcs cBoeo-
6pa3HbIM KpUTEPHUEM, [10 KOTOPOMY MOXKHO OIpe/ieJINTh, Ha KaKOW CTaAuu
perpeccrMy Haxo4UTCA JIeJHUK - IPOLecC HAYMHAaeTCd C IepBOW CTaUU U
3aKaHYMBaeTCs EeCTOU. ITO CBOEro poJia CaMOCOXpaHeHHUeE JIeJTHUKOB, ero
Tpancdopmauusa B MKJI no cxeme: KOHEYHO-MOpPEHHble 00pa30BaHUs —
BHYTPHU-MOpEHHAad Jilelpeccrus — KAMeHHbIH TJIeT4yep.

JdTa cxeMa HanoMHHaeT cxeMy VMBepoHoBoii-JlaBpyiurHa: ayra ¢poH-
TaJIbHOW MOPEHBI — XOJIMUCTO-TPSAA0BbIN pesibed — KAMEHHBIN ryieTuep |3,
4]. OgHako o ux cxeMe GOpPMHUPYIOTCH TOJbKO MOPEHHO-JIe/JHUKOBbIE 06-
pa30BaHUSA OLHOM JIeJHUKOBOW OCUUJLIALUHY, T.e. yacTu MKJIL.
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[l UCK/II0OUEeHUS] TEPMUHOJIOTUYECKOW MyTaHUIbl Mbl Ha3BajJd MO-
peHo-JIeIHUKOBble 00pa30BaHUS OJHOU OCHWISLUM JieJHUKA MOJKOM-
niekcoM. [lockoibKy MOAKOMILIEKC - TOJIbKO YacTb MKJI, To Bce Tesio no-
c/eiHero OYAyT COCTABJSATh HECKOJIbKO MOJAKOMIIJIEKCOB, B 3aBUCUMOCTH
OT KOJIMYeCTBa JIeJHUKOBBIX OCLUJLISLIUN. B npouecce popMupoBaHus Mo-
peHO-JIeJHUKOBBIX KOMIIJIEKCOB, B IEPHUO/, MaJIOW JIeJHUKOBOW 310XH, Ha-
CYUTBIBAJIOCH OT 3 /10 7 JIeHUKOBBIX ocuuasanui [1, 5]. [To pesysbTaTam
HallKX MCCIe0BaHUM uX 6b110 5 (puc. 7) [2]. CiegoBaTesbHO, U3 TAKOTO
’Ke 4KcJia NoAKOMIIJIEKCOB MOXKeT cocTosATb U MKJI.

Puc. 7. Ilocsae kaxcdoll 1edHUKO8OI 0CYUAASYUU K MmesTy MOPEHHO-/1e0HUKOB020
komnsekca Tesmop (6accelin p. AdvleeHe, npumoka p. Asa-Apua) 006aeaa4ucs
HoBble (POpMbl MOPEHHO-1e0HUKOBbIX 06pA308aHUL, 0603HAUEHHbIEe YUPPAMLU.

Ananu3 nporecca TpaHchopMal Uy JeJHUKOB OT CTaJUH K CTaIUU T10-
3BOJISIET BbIIBUTh HEKOTOPbIE €r0 3aKOHOMEPHOCTH:

1. Ilog neficTBUEM OCHUJIISILIMM SI3BIK JIeJHHKA BCe 60JIbIlle HachIIa-
eTcs1 06JIOMOYHBIM MaTepPUaJOM U MOKPbIBAETCS Y€XJI0M MOBEPXHOCTHOM
MOpEeHbI, KOTOpasi 6pPOHUpPYET JIeJJHUK U 3aMeJisieT ero TasgHue. JleJHUK
TpaHCcHOPMHUPYETCs B MOPEHHO-/IeJHUKOBBIA KOMIIJIEKC.

2. [Ipouecc TpaHchopMalyy, XOTS U UMeeT 00111e /Jis1 BCeX JIEJHUKOB
NpPU3HAKH, HO MPOTEeKaeT Ha KaXKJOM JieJHUKe CBOe0Opas3Ho. ITO CBOe-
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o6pa3ue 06yCA0BAEHO OTJIMUUAMU B MOPHOJIOTUHN U TE€0JIOTHU TEX TOPHbIX
Jl0JIVH, B KOTOPBIX pa3BUBAIOTCA JIeJHUKU. B 3TOM IpoLecce e JHUKHU IPO-
XOAAT IIECThb CTaAUM TpaHCcOpMaLMHY, KaXK/I0U U3 KOTOPbIX COOTBETCTBY-
eT CBOUM TUIl MOPEHO-JIeJHUKOBBIX KOMIIJIEKCOB C XapaKTepPHBIM J1JIsl 3TOT0
TUIIA CTPOEHHEM U pOPMOH.

3. [Ipomo/IXUTENBHOCTh KaXK/JA0M CTaJUM Npolecca TpaHCcPopMaLuu
TOPHO-Z0JIMHHBIX JIEHUKOB B MOPEHHO-JIeJJHUKOBbIE KOMILJIEKCHI 3aBH-
CUT OT CBOe06pa3us reoJIornyecKUX U MeTeopoJIOruiecKUX YCJIA0BUM rop-
HbIX I0JIMH.

3aksrodeHue. [log fercTBUEM OCHUJLIALMN TOPHO-A0JUHHBIE JIeJHU-
KM 3a IepuoJ MaJIo JIeJHUKOBOM 3MOXU CAaMOCOXPAHAKTCS, TpaHCPOp-
MHUPYSICb B MOPEHHO-JIeJHUKOBble KOMILJIEKChL. B 3TOM nponecce JieJHUKH
NPOXOAAT WIECTb CTaAWUU TpaHcHopMaIMH, KaXkK/0U U3 KOTOPbIX COOTBET-
CTBYET CBOW THIl MOPEHO-JIEJJHUKOBbIX KOMIIJIEKCOB C XapaKTePHbIM [Jisl
3TOro0 THUNA CTPOeHUeM U GpopMoH. JleJHUKH, HaX0AALMeCs Ha OJHOU cTa-
Y TpaHchopMaluu, 06’be AUHSAIOTCA B OAUH TUIL [l0o KOJIMYecTBY cTaui
TpaHchopMalluU JIeAHUKH pa3/iesisiloTcs Ha 6 TUMOB. 3aKOHOMEPHBIN Te-
pexoJ, JieAHUKA B Npoliecce TpaHCPOpMaLMK U3 OJHOTO0 KJjacca B pyrou
NI03BOJISIET IPOTHO3UPOBAThb X0/, €ro JaJbHellIero pa3BUTHS.
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BO30BHOBJIEHUE IVIALMO0JIOTHYECKUX UCCJIEJOBAHUI
HA JIEAHUKE CEBEPIIOBA (TUCCAPCKUM XPEBET)
U UX IIPEABAPUTEJ/IbHBIE PE3Y/IbTATbI

Xucmarynanun T.U., [TletpoB M.A., Ak6apos ®.H., MamupoB X.A.,
CyBankyJioB C.C., 3ysinuxapos ['.b.
HHcmumym 2eonozuu u 2eogpusuku um. X.M. A6dysaaesa
2. Tawkenm, Y36ekucman. E-mail: timkhism@gmail.com

[opHOe oslefeHeHMeEe — OUH U3 BaXKHENILINX KOMIIOHEHTOB IPHUPOJLHOHU
cpe/Zibl HUBaJIbHO-TIVIAHMa/bHOM 30HbI CpeiHel A3uu. UMeHHO B 3TOU 30He
bopMUpYIOTCS U COXPAHSAIOTCS 3anachl IPeCHOM BO/bI, YTO UMEET XKU3HEH-
HO Ba)KHOe 3Ha4YeHUe B 3aCyLLJIMBOM KanMaTe CpegHel A3uu.

JlonuHa pexku Kamkazgapbsi usapeBJie 6bL1a OAHUM U3 KPYIHbBIX CeJb-
CKOXO3S1IICTBEHHBIX 0Aa3UCOB, I/le KyJbTHBUPOBAJIUCh MOJIMUBHOE 3eMJie-
Jlenve. B HacToslee BpeMs, BBUJY 3HAUMTEJbHOIO0 pOCTA HaceJeHUs U
NPOJ0JIKAIOIEr0Ccsi SKOHOMUYECKOT0 pa3BUTHSA B peruoHe, NOTPeOGHOCTh
B BO/le YBeJIMUMUJIaCh MHOTOKPATHO [0 CPAaBHEHUIO C IPOILJIBIM CTOJIETUEM,
KOT/Jja ObLIM HauaThl peryJyisipHble Hay4YHble UCC/e0BaHUS HUBAJIbHO-TJIS-
[JUAJIbHOTO Mosica Ha TeppuTopuu Pecnybsuku Y3bekucrtan. Haubosee
HacesIéHHble padoHbl KamkazapbuHCKOW o6JiacTv - lllaxpucab3ckuil u
KuTabckuid, cpaBHUTEIBHO XOPOILO 0OecredyeHbl BOJLOM B IEPUOJ, JIETHETO
Jebunura 6yarofaps CHeXKHO-JIeJHUKOBBIM BoJiaM, cTekawmuM ¢ ['vccap-
CKOro XxpebTa U NUTAKLUM peKy AK/Japblo — [JIaBHYI0 COCTaBJSIOLLYIO P.
Kawkagapes. OctanbHble pailoHbl KanikaapbMHCKOM 06/1aCTH B JIeTHee
BpeMsl obecredyeHbl BOJOW NMPEUMYIIECTBEHHO 3a CYET BOJOXPaHUJIULI,
NOABOJAALUX KaHa/IOB, BOJASHBIX CKBaXKMH. BaKHeWIIMM KaueCTBOM BO-
JIHOTO pexxuMa p. AKZapbs SIBJSETCH NUK CTOKA B MIOHE-HI0Je, B IEPUO]
MaKCUMaJIbHOTO BOJONOTpPeO/IeHUs B HAPOJAHOM XO35IMCTBE, YTO obecre-
YHMBAeTCsI UMEHHO HaJIM4MeM B CTPYKTYype CTOKa JieJHUKOBOU COCTaBJISIIO-
mew [1].

B utonie 2024 r. kossiekTuBoM lleHTpa risiasibHOW reoJsioruu UH-
CTUTYTa reosioTUU U reodusukd uM. X.M. A6ayniaeBa B paMKax Hayu-
HO-UCcaenoBaTesbCckoro npoekta ['PP Ne5 «HM3ydeHue reosiormyeckux
0COOEHHOCTEN JIeJHUKOBBIX OTJIOXKEHUU U MPOTHO3 OJieleHEHUs», Oblia
OpraHM30BaHa ¥ NpOBeJeHa sKcneAuLUs Ha JefHUK CeBeproBa (puc. 1),
SABJISIIOLUNACS KPYTHENUIIMM B 6acceliHe p. Kamkazapbs, pacnosio’keHHbIM
B [IPUOCEBOM 30HE CEBEPHOro CKJIOHa ['Mccapckoro xpebTa, y nepeBaJia
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['aBa. JleiHUK UMeeT ceBepO-3alaJHYH 3KCHO3ULUI0 U MPUCKJIOHOBBIN
Mopdosiornyeckuil Tun [2]. lo atoro corpysHukamu LleHTpa pa6oThl Ha
3TOM JIeJHUKE BBINOJHAJNUCL B 1996, 1989 1 1974-1975 rT.

B 1996 r. ocHOBHbIE pabOThl OBIJIU BHINOJHEHbI BMECTE C KOJIJIEraMHU
u3 baiipoiiTckoro yHuBepcutetra ®@PI. PaboThl 6b11M HallpaBJ/ieHbl Ha BOC-
CTAHOBJIEHUE MaJeorALMO0JI0THYECKUX XapaKTePUCTUK JeJHuKa CeBep-
1j0Ba.

B 1989 r. 6611 BbINOJIHEH MOJIHBIA LIUKJI a6JISIIIUOHHO-CKOPOCTHBIX U
M POMeTPUYECKUX, a TaKKe MeTeOopoJIorMyecKUX H3MepeHUU. Kpome
TOro, Oblla BbINOJIHEHA KpyNHOMacluiTabHas Tomorpaduyeckass CbEéMKa
JieJHUKA.

Puc. 1. /lednuk Cegepyosa u ucmok peku XaHakacy, 8ud ¢ epuiuHbl
2opwl Xaszpemu Cyamax. Pomo THU. Xucmamyaauna.

Haub6osiee macmiTabHble pabOThl HA JieJHUKE ObLIW CAelaHbl B X0/le
akcneauuuu 1974-1975 rr., BbINOJIHEHHbIE KOJLJIEKTUBOM lleHTpa, B TO
BpeMs siBJsBLIerocs: JlabopaTopuel rasuyosioruu npu U'ul’ um. X.M. A6-
aynnaeBa AH Y3CCP coBMecTHO € COTpyAHUKaMU CHETroJIaBUHHOM CTaH-
nuu «Jlegnuk CeepuoBa» YI'MC Y3CCP. [losieBast yacTb uccieoBaHUM B
vioJie-aBrycte 1974 r. BkJtouasia B ce0s IsiljMoJioru4yeckre (onpesesneHue
BEJIMYMH TassHUSA JieJJHUKA U CKOPOCTeH ero ABWKeHHS), TUJAPOJIOoTHYe-
ckue (BKJIIOYasi TUPOXUMHUYECKHE), METEOPOJIOTUYECKHE (BKJIIOYAst U3Me-
peHus B MpuUIoBepxHocTHOM 20 cM cJioe), reosioro-reomop¢dosioruyeckue
M3MepeHUs U HabogeHus. B 1975 r. nepeyrcieHHble HAO/0eHUS ObLIN
NOBTOPEHBDI, a TaKXXe ObLIM MOCTaBJIeHbl HOBble IKCIIEPUMEHTHI 10 ONpe-
JleJIeHWI0 MHTEHCUBHOCTHY U BeJIMYUHBbI COJIHEYHOM pajvalyu B pa3Jind-
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HBIX YaCTAX JeJHUKA, UIbTPALMU TalbIX BOJ U A06eraHus jeJHUKOBbIX
BO/, @ TaK>Xe 110 YCTAHOBJIEHHUIO CJIeJI0B IpeBHEro oJiefieHeHud [1].

Jlo ykazaHHoU skcneauuun 1974-1975 rr. Ha JieJHUKe NPOBOJUIHCh
KaK 3MU30JUYecKhe HCCleloBaHUA (HauuMHas C MOCelleHUs JieJHUKa B
1894 r. A.C. bopuieBCKHUM, KOTOPbIM U MPUCBOUJ JAHHOMY JIEJHUKY UM
3HaMeHUTOro ucciaegoBatensa CpegHent Asun Hukosaa AnekceeBuua Ce-
BepLOBA), Tak U ¢ 1957 . perysisipHble reojie3uyeckue paboThl, BbIIOJHEH-
Hble coTpygHukaMu YI'MC Y3CCP u CAPHUI'MU [1].

[Io cpaBHEHMUIO C NpeAbIAYIIMMU 3KCOEeAULUSAMH, NpeANpUHATas B
utosie 2024 r. oTIMYaIaCh MEHBLIUM MaclITab0M paboT. Bbliv BBINOJIHEHDI
(puc. 2, BK/ItOYaeT B cebsl y4acCTOK paboT Ha JieJJHUKe U Y 6a30BOT0 Jiareps):

- YcTaHOBKa abJ/IALMOHHBIX peek (B KoJIMYecTBe 5) B BepXHel 4acTH
s13bIKa JIeJJHUKQ;

- CHeroMepHble paboThl JJaBUHHBIM LIYIIOM JJi NOJIyYeHHUs 06L1ero
npeJicTaBJeHUsl O CHEIOHAKOIIJIEHUU Ha MOMEHT paboT: B BepXHeH JieBOU
4yacTH JieAHUKa (110 MapuIpyTy) 3HaYeHHs] BapbUPOBaJIM B LIMPOKHUX Mpe-
nenax ot 40 cm 1o >300 cM, npeuMylecTBEHHO B paiioHe 250 cM u nocTe-
NeHHO CHUKAsAACh B LIEHTPaJIbHOU I3bIKOBOW YACTH JIeJHUKA.

- OT60p NpPOO6HI MIMHUCTBIX MOPOJ, B PyCJie py4bsl, MPOTEKAIOIIETO CJie-
Ba OT 3aMOpPEHEHHOT0 A3bIKa JIe/JHUKA;

- OT60p npo6kI JibJa U TPO6 BOJIbI IO BEPXHEMY TeYEHHIO p. XaHaKacy;

- MapupyTHble HabaoAeHusA ¢ GoToPpUKcalMel Ha pa3IMYHbIX MOP-
doJiornyeckux sjieMeHTax JeJHUKa.

Ha saTane kamMepaJsibHbIX pabOT IO MOATOTOBKE K IKCHEJUIMH, a TaKKe
B IIpoliecce HavyaJlbHOM 06pabOTKMU MOJIEBBIX JAHHBIX, UCIOJIb30BaH Npo-
rpaMMHbIA KoMIieKC ESRI ArcGIS Pro. C moMouibo HHCTpyMeHTA UEH-
tudukauuu («Explore») ycTaHOB/IEHO, YTO MpeAOCTaBJEHHbIM CEPBUCOM
Maxar 4yepe3 ¢yHKUHUIO «O6a30BOM KapThbl» («Basemap») CIyTHUKOBBIH
CHUMOK cenaH 21 utona 2022 r, 4TO HA MEPBUYHOM 3Talle JOCTAaTOYHO
JlJ151 Tpy6OM OLleHKU COCTOSIHUSA Jie[JHUKa. Pe3ysbTaThl nos1eBoro obcieso-
BaHHUA NoKasasy, 4To ¢ 2022 r. obliee COCTOAHHE JIeAHHKA 3HAYUTEJbHO
He U3MEHUJIOCh, HO B 2024 1. HabJ/1t0/1aeTcsl ropas/io 60/bIINN 00bEM CHe-
TOHAKOIJIEHUS — MOYTH BCS IOBEPXHOCTD JIb/la, HE 3aKpbITass MOPEHHbIM
4yexJIOM, IOKPbITA CHETOM C pa3peXeHHbIM KPyHHO-IJIbIOOBBIM 06J10M0OY-
HbIM MaTepHuasioM, CHECEHHBIM CO CKaJIbHOW CTEHKH, K KOTOPOH, C 4YacCThI-
MU 6epruipyHaMy, NpUMbIKaeT ThIJIOBas 4acCThb JIeJJHUKA.

KosinuecTBOo M pasmepbl 06JIOMOYHOrO MaTepuasjia yBeJUYUBAETCHA
IpY NPUOJIMXKEHUHU K CKaJsle, MeCTaMU GOpMUpYs TUIIUYHBIE JIeJHUKOBbIE
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cToJIbl (MHOTJA MMeHyeMble «JeJHUKOBbIMU rpubamu») (puc. 3). OpuH
y4aCTOK OTKPBITOTO JibJla OblJ1 0OHapy»eH JieBee (M0 TeUYeHUI0) 3aMope-
HEHHOr'0 fA3blKa JieJHUKA (puc. 3), Ha HAKJOHHOM y4acTKe NPOJ0JIbHOI0
npodud, rae ¥ 6bL1a oTo6paHa npoba Jibja (CM. COOTBETCTBYIOILYIO OT-
MeTKY Ha puC. 1, B BUZy MaclITabUpOBaHUS llepeceKaIycs C OTMETKOU
C-ABJI1). ipyroi y4acToK - B KpailHel JIeBOU BepxHel 4acTH JieJHUKA, Ha
CKJIOHE, Nepexo/slleM B nepeBasl, BeAyLUN K NpUJIeJJHUKOBbIM 03€paM,
KOTOpbIe MOXHO BU/I€Th B JIeBOM 4YaCTHU CHUMKA Ha pUC. 2.
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Puc. 2. Kapma ¢pakmuueckozo mamepuasia skcheduyuu
Ha sedHuke Cegepyosa 6 urwse 2024 2.
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Puc. 3. Caesa — 00uH u3 HeMHo2UX 3aPUKCUPOBAHHDBIX 8 X00e skcheduyuu 2024 e.
y4acmKo8 0mKpblmozo /b0d Ha sedHuke Cegepyosa, 2de U 6blia omobpaHa hpoba
/60a; cnpasa — 1edHUKO08bIl cmoJ («2pub») u o6wutl 8ud nogepxHoCcmu 86.U3U
mbl1080U cmeHku sedHuka. Pomo THU. Xucmamyaauna.

B cetu UHTEpHET yAa10Ch NOYYUTh CIyTHUKOBBINA CHUMOK Corona oT
8 okTaA6ps 1964 . [3], yTO N03BOJIAET HAM yXKe celyac NPUMepPHO OLeHUTh
XapaKTep ¥ MaclITabbl AUHAaMUKHU JieJHUKa CeBeplioBa B niepuof c 1967 no
2022 rr. (puc. 4).

N !

YcnoBHble
o6o3HaueHun

FopusoHTanu Ha
ocHose ASTER DEM
[paHuubl negHuka

[ 8 1967 roay
[ 8 2022 ropy

Puc. 4. Kapma-cxema cpasHeHus epaHuy sedHuke Cegepyosa e 1964 u 2022 ea.
¢ ucnosvb3dosarueM cHumka Corona 1967 e. 8 kauecmeae no0/10X4CKU.
IIpoexkyusi cHumka - WGS 1984 (WKID 4326). Xoms das cHumka Maxar 2022 2. uc-
nosavsyemcs WGS 1984 Web Mercator (auxiliary sphere) (WKID 3857), suzyabHo
CHUMKU cognadarom docmamoyHo MOYHO, Ymo6bbl ¢ d0NyCmMuMoll N02pewHOCMbIo
0KOHMYpUMb U CPABHUMb COCMOSIHUSA JIeJHUKA HA Pa3Hble BpeMEHHbIE NePUOJbL.
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B ArcGIS Pro ¢ momompbro umHCcTpyMeHTa «IlocynTaTh reoMeTpUIO»
(«Calculate geometry»), 6bl1M onpejesieHbl MJIOLAAU 060UX KOHTYPOB:
x2.2 1 ~1.5 kM? g1 KOHTYpOB 1967 1 2022 rr. cOOTBETCTBEHHO. PazymeeT-
Ccsl, CyLleCTBYeT Ollpe/ieJieHHas MOTPelIHOCTb B ONpe/e/ieHUH IJIolajen
neaHukoB uyepe3 'MC-dyHk1MoOHaM, 06yca0BAE€HHAsA CyObEKTHBHOCTbIO
JlelinPpPOBKHU ONepaTOpOM, reo/ie3U4eCKUMU UCKaXKEHUSIMH, pa3pelleHu-
€M CHHMMKOB U UX BHU3yaJIbHbIMU JedeKTaMH, HaJIM4YMeM CHEXXHOT0 U MO-
PEHHOTO0 NIOKPOBOB Ha JIeJHUKe, U T. . Ha JaHHOM 3Tane penieHo UCXOLUTb
M3 3TUX 3HAaYEeHUU B OLleHKe JUHAMUKHU JieHUKA. ECTb Takxe 3Ha4yeHUs,
npuBenéHHble B Katasnore seguukoB CCCP 1968-1969 rr. - 2.6 u 2.5 km?
JIJIs1 BCETO JieJHUKA U ero OTKPbITOM 4acTHU COOTBETCTBeHHO [2]. CTouT
OTMeTHUTH, 4TO LUpbl B KaTasore sieJHUKOB NpUBeJEeHbl HE IO COCTOS-
HUIO Ha JlaTy ero nyo6JIMKalyy, a N0 KpynHOMacIITabHbIM KapTaM H3ja-
HUA 1963 I. 1py NOMOIIM NTaJIETKH C KBaAPAaTHBIMU A4eWKaMHU IIJIOLA/ b0
1 MM2, 4TO TaK»Xe MOIJIO IOCIOCOOCTBOBATh OIIMOKAM ONpe/ie/IeHUs 3Ha-
yeHUM. Ucxoada ns faHHbIX, nosydeHHbIX B ['MC 110 BbIlIeyKa3aHHbIM CHUM-
KaM, IpeJiBapUTeJIbHO Mbl MOXKeM YTBEPX/JaTh, YTO 3a nocaenHue 60 et
yObL/Ib JIeIHAKA 10 MJoLaAx cocTaBuaa 232 %.

M3mepeHud pacxoza BoAbl B p. XaHaKacy NPOBOAUJINCh IPUMEPHO B 7
KM OT UCTOKa ($ppoHTa JieAHHUKA) BOJIU3M 6a30BOrO Jiareps (puc. 2, MeTKa
«[uapocTBOp») METOLOM YyCTAHOBKU T'MJPOJIOTMYECKOTO CTBOpA C MOMO-
IIbI0 IOPTAaTUBHOI'O 3JIEKTPOMAarHMTHOTO U3MEepUTeJIsl CKOPOCTH BOAHOTO
NOTOKa («BepTYyLKMU»). B TabJ1. 1 npuBeeHbl pe3y/ibTaTbl U3MEpPeHHU.

Ta6smna 1
PESYJ'IbTaTbI I/I3MepeHI/IIL/'I pacxoaoB BOAbI B
p. XaHakacy B6s1u3u JeHuKa CeBeproBa
JlaTa usmepeHus Bpemst usmepeHus Pacxop Q, m3/c
11.07 8:45 2.34
12.07 10:40 3.83
12.07 17:50 4.08
13.07 11:10 3.45
13.07 13:40 3.47

B6sin3u 6a30BOro Jjarepsi Ha BpeMs NpeObIBaHUS IKCHEAULIMOHHOMU
TpyNIbl TakXe Obla YyCTAHOBJIEHA NepeHOCHAas aBTOMAaTH4YecKas MeTe-
ocTaHlua (puc. 2, MeTKa «MeTeocTaHLUSA BEpX», TAKXKe B TeYeHHE CYTOK
MeTeOoCTaHLUsl paboTasia BOJIM3U ObIBILIEN CHETOJITABUHHOM CTAHIMH HUXKe
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10 Te4yeHMUI0 p. XaHakacy). Ha puc. 5 npuBezieHbl pe3ysbTaThl TeMIepaTyp-
HbIX U3MEPEHHUH.
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Puc. 5. I'paguk usmepeHuli memhepamypbsl 8 6d3080M Jazepe
(7 km om sedHuka Cesepyosa). I1o ocu abcyucc - dama u epems,
no ocu opduHam - memnepamypa 8 °C.

YcTaHOBKA abJ/IILLMOHHBIX peEeK N03BOJIUT BO30OHOBUTH U PO/ O/IKUTh
Macc-6a/1aHCoBble Hab/I0jeHus Ha JieJHuKe CeBeplioBa, YTO ABJISETCA OC-
HOBHBIM (POKYCOM IJIAaHUPYEMBIX B JlaJibHel1IeM paboT Ha JaHHOM IVISLIU-
oJloru4yeckoM 06bekTe. CTOJIb Ke MPUOPUTETHBIM fIBJAETCSA MPOJOJLKe-
HUe TUPOJOTUYECKUX HAO/II0eHUI Ha p. XaHaKacy BOJIM3H JieJHUKA /1
JlaJibHel1 el yBA3KU JAaHHbIX 6ajlaHca Macchl JieJHUKA U )KUJIKOT0 CTOKa C
Hero. [Io BO3MOXXHOCTH, JIaHUPYIOTCA TaKXKe re0XMMHUYeCKre Uccae0Ba-
HUA (0T60pPBI NPOO BOJbI M CHETA), OLleHKA CKOPOCTeH ABUKEHUA JIeJHUKA
0 CMelleHHI0 abJIILIMOHHBIX peeK, reoJ0ro-reoMmopdosioruieckie U mMe-
TEO0pOJIOTUYECKHUE UCCIeJOBAHUS.
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MITIGATING ICE SHEETS AND MOUNTAIN GLACIERS MELT
WITH GEOENGINEERING: A COMPREHENSIVE REVIEW

Feiteng Wang
Key Laboratory of Cryospheric Science and Frozen
Soil Engineering, Northwest
Institute of Eco-Environment and Resources,
Chinese Academy of Sciences,
Lanzhou, China. E-mail: wangfeiteng@Izb.ac.cn

Introduction

The Second Committee at the 77th session of the UN General Assembly
unanimously adopted Tajikistan’s initiative to declare 2025 as the
International Year of Glaciers’ Preservation and to proclaim 21 March of
each year the World Day of Glaciers, to be starting in 2025 (United Nations,
2022). The International Year of Glaciers’ Preservation and World Day of
Glaciers highlights the importance of glaciers as an integral component of
the hydrological cycle and the serious impact of their accelerated melting on
climate, the environment, human health, and sustainable development. The
world’s snow, glaciers, and ice sheets are essential long-term renewable
sources of freshwater, whether in polar regions, in the mountains or in
downstream regions.

The review synthesizes findings from recent studies of geoengineering
research in glaciers and ice sheets, highlighting advancements, challenges,
and the feasibility of implementing geoengineering techniques in diverse
glacial environments. Furthermore, it explores the environmental, economic,
and ethical implications of deploying geoengineering solutions, providing
a comprehensive understanding of their role in climate change mitigation
and glacier preservation.

Current status of geoengineering research in glaciers and ice sheets

Geoengineering strategies for glaciers and ice sheets are primarily
concentrated on radiative intervention engineering, glacier geotechnical
engineering, and other engineering approaches (Fig. 1 and Table 1).
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Fig. 1. Diagram of the concept of geoengineering to mitigate the
melting of ice sheets and mountain glaciers.
Table 1

List of geoengineering techniques to mitigate ice sheets and
mountain glaciers ablation and relevant references

Technique Mechanism References
Stratospheric The injected aerosols scatter | Duan et al. 2018; Quaglia et
Aerosol and reflect sunlight, reducing al. 2024; Lee et al. 2021;
Injection (SAI) | the amount of solar radiation. Robock et al. 2008

Spraying fine sea salt particles

Marine Cloud into marine clouds to increase .
. ) . . . Kravitz et al. 2013; Duan et
Brightening their reflectivity, thereby cool- al. 2018: Zhao et al. 2021
(MCB) ing the Earth by reflecting more v ’ '
sunlight back into space.

Cirrus Cloud | their eoverage enhancing heat | D21 etal, 2018; Lohmann
! v verage, 8 etal. 2007; Gruber et al.

Thinning (CCT) escape from.the Eart.h and de- 2019: Muri et al. 2014
creasing their warming effect.
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Ice sheet siiztt?zsOnb(;frrr)ri)slaglj)tléiitsli;e Lockley et al. 2020; Moore
geotechnical & . ’ . & | etal 2018; Wolovick and
. . basal freezing, bed drying) to
engineering . Moore. 2018
prevent ice mass loss.
Albedo Placement reflective materials Desch et al. 2017; Field et
enhancin to increase and thicken seaice, | al. 2018; Wang et al. 2020;
5 increasing albedo. Huss etal. 2021

Geoengineering for Ice sheets

The IPCC Special Report on Global Warming of 1.5°C reiterates that even
if global warming is limited to 1.5°C within the 21st century, sea levels will
continue to rise beyond 2100 (Allen et al., 2018). Even minor sea-level rise
can cause significant damage. Projections indicate that a 2°C temperature
increase by mid-century will raise the global ocean level by approximately
20 cm, with sea levels in most major coastal cities exceeding current
levels by over 1 meter. Under various future climate scenarios, Hinkel et
al. (2014) predict that, without coastal defenses, up to 1 million people
could be displaced annually, and 100 million to 500 million people may
require temporary relocation, indirectly affecting the majority of the global
population. Sea-level rise could also result in annual economic losses of up
to $50 trillion, devastating coastal cities and island nations.

The ice sheet has become the largest single source of sea-level rise
(Dowdeswell, 2006; Fettweis et al., 2013; Hofer et al., 2020). Therefore,
addressing the sea-level rise caused by the melting of ice sheets is an
urgent task in combating climate change. SRM is often proposed as a
means to avoid critical climate thresholds, such as large-scale ice sheet
mass loss. In recent years, some geoengineering researchers have turned
their attention to polar ice sheets, advocating for geoengineering research
directed specifically at these ice sheets. Nevertheless, the body of literature
on SRM’s impact on polar ice sheets is quite limited (Irvine et al., 2018;
McCusker et al., 2015; Moore et al., 2019; Fettweis et al., 2021). Irvine
et al. (2018) suggest that SRM could prevent significant melting of the
Greenland Ice Sheet by offsetting only 60% of the radiative forcing increase
from a quadrupling of atmospheric CO,, thereby eliminating the ice sheet's
contribution to sea-level rise. Applegate and Keller (2015) utilized ice sheet
models to demonstrate that SRM-induced enhancement of planetary albedo
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could indeed slow the melting rate of the Greenland Ice Sheet, substantially
reducing sea-level rise in the short term, although it cannot fully halt the
process. To further verify the feasibility of SRM across a broader region of ice
sheets, model simulations suggest that aggressive SRM deployment to lower
the solar constant could effectively prevent ice sheet collapse or slow melt
rates (Sutter et al,, 2023; Fettweis et al., 2021). Moore et al. (2023) used the
SICOPOLIS model to simulate changes in the Greenland Ice Sheet from 1990
to 2090 under three scenarios, finding that under RCP8.5, ice loss would
result in approximately 90 mm of sea-level rise; under RCP4.5, about 60.6
mm; and under GeoMIP G4, only around 37.6 mm. The edges of the ice sheet
benefit most under GeoMIP G4. SA], a relatively inexpensive and technically
simple geoengineering technique, holds significant promise (Lo etal., 2018).
Simulations indicate that it can reduce polar region temperatures (Yue etal.,
2021), thereby slowing ice sheet mass loss by 15-20%, which suggests that
SRM could play a role in protecting ice sheets (Moore et al., 2019; Fettweis
etal, 2021). However, SAI does not effectively counteract changes in surface
and upper-atmospheric circulation driven by increased greenhouse gases,
which lead to persistent warm water upwelling near ice shelves, making
it inadequate for ensuring long-term ice sheet stability (McCusker et al,,
2015).

As previously discussed, the accelerated melting of ice sheets is driven
by several factors, including climate warming (Khan et al., 2014; Zwally et al.,
2011),ice-albedo feedback (Ryan etal.,2019; Ryan etal., 2022), warm water
intrusions from ocean currents (Jordan et al., 2023), basal lubrication from
surface meltwater (Schoof, 2010), and the increased flow of ice streams and
glaciers into the ocean (Bevan et al,, 2012). Therefore, mitigating ice sheet
meltnotonly involves deploying SRM and adjusting planetary albedo butalso
includes large-scale engineering efforts to stabilize icebergs formed from
ice shelf disintegration (Moore et al., 2018) and using artificial measures to
enhance the albedo of ice sheet surfaces (Field et al., 2018; Li et al,, 2022).
Addressing the mechanisms behind ice sheet melting, Moore et al. (2018)
formally proposed geotechnical construction methods such as blocking
warm water, supporting ice shelves, and drying subglacial streams. Wolovick
et al. (2018) used an ice sheet model to simulate the dynamics of Thwaites
Glacier with and without barriers at the ice shelf front. Their simulations
showed that when barriers prevented deep warm water from reaching the
ice shelf front, basal melting ceased, and the glacier's front and grounding
line advanced. Building artificial barriers or supports could potentially
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delay, slow down, or even reverse the collapse of Thwaites Glacier. Giirses
et al. (2019) conducted numerical simulations of the Amundsen Sea region
in West Antarctica under a submerged barrier scenario, finding that such
barriers could successfully inhibit warm water inflow and reduce ice shelf
melting. These warm water masses would be redirected to the more stable
Getz Ice Shelf, thus enhancing the overall stability of the West Antarctic Ice
Sheet despite some increased basal melting of the Getz Ice Shelf. Moore et al.
(2018) suggested that glacier geoengineering on a similar scale could delay
the complete melting of much of Greenland and Antarctica's land ice by
several centuries, thereby providingvaluable time to address global warming.
Additionally, there are various other ice sheet protection studies, such as
using environmentally friendly materials to cover ice surfaces, significantly
increasing sea ice by reflecting more solar radiation (Li et al., 2022; Field et
al,, 2018); managing Arctic ice layers by using wind to transport water onto
the ice surface to accelerate freezing, thereby thickening ice or preserving
more sea ice (Desch et al., 2017; Zampieri et al., 2019); increasing snowfall
in ice sheet regions to stabilize the West Antarctic Ice Sheet (Feldmann et
al,, 2019); and introducing large herbivores to permafrost regions to inhibit
vegetation growth, increase albedo, and lower permafrost temperatures
(Moore et al, 2021; Macias-Fauria et al, 2020). The impacts of these
methods will be localized, and there is currently considerable uncertainty
about their feasibility and cooling efficiency. Geoengineering targeted at ice
sheets is a complex system involving numerical simulations, project design,
engineering trials, and political and legal considerations. International
research teams are currently focused on numerical simulations and project
designs. However, the areas covered by these simulations are quite limited,
and their results need to be validated and compared using different models.
Moreover, geoengineering in Polar Regions is a contentious and intricate
field. Any large-scale implementation must carefully consider ethical,
environmental, economic, and technical factors.

Geoengineering for Mountain Glaciers

Global temperature rise accelerates glacier melting through multiple
mechanisms.Itincreasesthe positive degree-days, elevatesice temperatures,
and reduces cold storage in glaciers. Furthermore, the upward shift of
the snowline enlarges the ablation zone, decreases the overall albedo of
the glacier, and further accelerates melting, leading to significant glacier
fragmentation. Therefore, the protection of mountain glaciers involves
both mitigating greenhouse gas emissions to control temperature rise
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and artificially enhancing glacier albedo. Large-scale geoengineering for
mountain glacier protection and stabilization is still in its infancy, with
limited research. However, existing studies suggest that SAI may help
preserve mountain glaciers by reducing summer temperatures (Zhao et al,,
2017).Zhao et al. (2017) found that SAI could lower summer temperatures,
thereby protecting high-mountain Asia glaciers. Their simulations indicated
that under the G3 scenario (adding stratospheric sulfate aerosols or
injecting SO2 into the stratosphere to stabilize the net radiative forcing at
the top of the atmosphere at the 2020 level, with aerosol injection stopping
after 2070) in 2069, glacier area retreat was 40% less than under the
RCP4.5 scenarios. This effect was also superior to that of the G4 scenario
(starting from 2020, injecting 5 Tg SO, into the stratosphere annually under
RCP4.5, with injection stopping after 2070), providing scientific evidence to
support policy decisions in climate change mitigation and adaptation. Most
researchers, considering the dispersed distribution of glaciers, propose
micro-engineering based on geoengineering mechanisms. For instance,
Oerlemans et al. (2017) have used computer models to simulate that
artificial snow augmentation could prevent the thickness of Switzerland's
Morteratsch Glacier from diminishing by 400-500 meters under current
CO, emission scenarios. Wang et al,, (2020) used natural snow to increase
ice surface reflectivity and reduce absorbed solar radiation, reduced glacier
mass loss by 42-54%. Furthermore, Fischer et al. (2016) have summarized
a decade of studies in the Alps, investigating the snow and ice preservation
capabilities of various materials and techniques (foam, sawdust, wood chips,
waterproof sheets, and geotextiles). Their research indicates that placing
geotextiles on the snow surface in spring significantly reduces glacier melt,
which can greatly reduce ablation rate within a shorter period of time (Olefs
and Lehning, 2010; Fischer etal.,, 2016; Senese et al., 2020). Geotextiles, with
their high albedo, reflect more shortwave solar radiation than melting ice
surfaces; their thermal properties reduce melt due to lower turbulent heat
fluxes, and their semi-permeable nature inhibits water pooling, mitigating
the warming effect of percolating water (Fischer etal., 2016). Since the early
21st century, numerous mountain glaciers or glacier ski resorts in Austria,
China, France, Germany, Italy, and Switzerland have experimented with
geotextiles to protect glaciers based on micro-geoengineering principles
(Hussetal, 2021, Xie etal,, 2023; Liu et al,, 2022;). Currently, approximately
0.18 km? of Swiss glaciers, about 0.02% of the total glacier area, are covered
with geotextiles, preserving 350,000 m® of glacier ice annually (Huss
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et al, 2021). Other countries, such as Austria, Armenia, China and Italy,
have also conducted glacier protection trials using geotextiles, showing a
reduction in melt rates by 40-60% (Huss et al., 2021; Wang et al., 2023).
This is primarily because solar radiation is a major energy source for glacier
melting. Changes in the albedo of a glacier significantly alter the amount
of solar shortwave radiation absorbed by the ice (Zhang et al., 2021). Even
small-scale variations in albedo can result in considerable differences
in melt rates, thereby affecting the overall melting process of the glacier.
Consequently, covering glaciers with geotextiles or other high-reflectivity
materials has become a popular method due to its simplicity and immediate
effectiveness in reducing melt rates (Huss et al,, 2021).

Recommendations and Prospects

The current scientific consensus indicates that reducing greenhouse
gas emissions and promoting energy efficiency should be the top priorities.
Although geoengineering technologies show potential in slowing glacier
and ice sheet melting, they should not be prioritized as large-scale
solutions. Here, we identify some broad areas for future research to narrow
uncertainties on this important issue. These overlap in considerable degree
and could be integrated in research planning going forward.

(1) Prioritizing Emission Reduction and Energy Efficiency

Efforts to improve engineering solutions should not overshadow the
importance of energy efficiency and emission reduction, which are key to
addressing climate change. Despite the urgency, global emissions and CO,
levels hit record highs in 2022, with high-income countries not meeting
emission reduction targets and low- and middle-income countries seeing
increased emissions. Immediate and significant actions are required from
all nations: high-income countries must speed up emission cuts and support
lower-income countries financially and technically, while the latter need
to balance development with reducing fossil fuel reliance. Delaying action
could lead to over-dependence on uncertain carbon removal technologies.
Enhanced international collaboration, investment in clean energy, and
stricter emission standards are essential. Significant emission reductions
can be made through better energy efficiency, renewable energy promotion,
and optimization of energy use in industry and transport. A global shift to
a low-carbon economy requires concerted efforts from governments and
businesses to meet the Paris Agreement's climate goals.

(2) Integrating innovative climate change mitigation technologies and
Multidimensional Strategies
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SRM technologies include SAI, MCB, CCT, space-based mirrors,
surface albedo modification, and radiation management techniques.
These methods aim to address mountain glacier and ice sheet melting by
integrating advanced technologies and strategies. Future efforts should
focus on effectively combining these technologies to maximize their
impact. Key considerations involve assessing the innovative potential of
each technology, such as enhancing carbon absorption or adjusting Earth's
radiation balance to slow down melting. Combining traditional and emerging
climate restoration technologies can mitigate glacier melt and regulate the
climate system. Research should also explore cost-effective, small-scale
interventions, like artificial snow augmentation and high-albedo material
coverings, while improving their environmental friendliness and long-term
effectiveness. Future research should develop new environmentally friendly
materials and technologies, such as biodegradable reflective materials and
low-energy artificial snowmaking equipment, to enhance surface albedo
with reduced environmental impacts.

(3) Proactive Construction of Ethical and Legal Frameworks

Geoengineering technologies raise ethical and legal concerns, including
environmental justice and intergenerational responsibility. Implementing
these technologies, which aim to combat global warming or slow ice melt,
requires international cooperation due to their impact on coastal security
and water resources. Research should focus on developing ethical and
legal frameworks to guide technology use and ensure compliance with
standards. Establishing governance structures and research protocols early
on is vital to address potential injustices and facilitate open dialogue among
stakeholders. Coordinated international efforts can reduce duplication and
focus research on key issues, improving efficiency and addressing social
and political risks, particularly those related to climate change mitigation
delays.

(4) Integrated Assessment and Global Governance Development

Geoengineering technologies should consider social, economic, and
environmental impacts, including effects on glaciers and ice sheets. Future
studies should be interdisciplinary, evaluating short- and long-term effects
on communities, economies, ecosystems, and ice stability. Integrated models
are needed to assess cost-effectiveness and risks, providing evidence for
decision-making.Understandingtherisksandimpactsonclimate,ecosystems,
societies, and the cryosphere is vital for clear societal guidance. Developing
geoengineering within a global governance framework is essential due to
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the global challenge of melting glaciers and ice sheets. Establishing global
research alliances, regional cooperation, and transnational governance can
improve technology development, data sharing, and policy coordination.
Innovative governance mechanisms, including those supported by global
climate funds, can ensure fair resource allocation and promote the sharing
of technological achievements in preserving glaciers and stabilizing the
climate.

In summary, geoengineering technologies hold significant potential
in mitigating the melting of mountain glaciers and ice sheets. Future
research should focus on technological innovation and integration,
intelligent monitoring and regulation, comprehensive evaluation, and
global cooperation to ensure that geoengineering technologies can safely
and effectively address the severe challenges posed by climate change and
promote sustainable development in global climate governance.

THE IMPACT OF BLACK CARBON AEROSOLS
ON GLACIER MELTING

Xin Zhang
Key Laboratory of Cryospheric Science and Frozen Soil Engineering,
Northwest Institute of Eco-Environment and Resources,
Chinese Academy of Sciences
Lanzhou, China.E-mail: zhangxin@nieer.ac.cn

Introduction

Black carbon aerosols, the product of incomplete combustion of fossil
fuels and biomass, possess strong light absorption properties and can affect
the energy balance of the earth-atmosphere system through direct and
indirect radiative forcing (Bond et al.,, 2013; Petzold et al., 2013). According
to the Fourth and Fifth Assessment Reports of the Intergovernmental Panel
on Climate Change (IPCC), the global annual mean radiative forcing resulting
from the interaction of seven aerosol components is notable. Compared
to other aerosols, black carbon aerosols contribute a significant positive
radiative forcing of +0.4 (+0.05~+0.8) W/m? (IPCC et al., 2013). The sources
of black carbon can be divided into anthropogenic and natural sources, with
anthropogenic black carbon having an increasingly significant impact on
the global climate. Black carbon in the atmosphere absorbs solar shortwave
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radiation, causing atmospheric warming and exerting a pronounced
greenhouse effect (Ramanathan et al., 2008; Jacobson et al., 2010).

Glaciers are products of climate and are highly sensitive to climatic
changes, particularly in the context of global warming. The accelerated
melting and retreat of glaciers caused by global warming has led to rising
sea levels and increasingly severe issues related to water resources,
water cycles, and ecological environments (Immerzeel et al.,, 2010; Zemp
et al., 2015). Additionally, glaciers serve as unique environmental media,
with their chemical compositions derived from atmospheric wet and dry
deposition, making them natural archives of atmospheric components that
store avariety of chemicals from the atmosphere. As such, glaciers are crucial
indicators of climate and environmental changes. Atmospheric pollutants
reach the glacier surface through wet and dry deposition, influencing glacier
melting through snow and ice surface processes and ablation processes
(Flanner et al.,, 2007; Ramanathan et al,, 2013; Qian et al., 2014; Gabbi et
al,, 2015). The Fifth Assessment Report of the IPCC notes that the radiative
forcing caused by black carbon on snow and ice surfaces is 0.04 (0.02-0.09)
W/m? (IPCC, 2013). Black carbon aerosols possess unique physicochemical
properties, with strong absorption capabilities for visible light and certain
infrared spectra. They play a vital role in various chemical and photochemical
reactions, heterogeneous reactions, and gas-particle conversion processes
in the atmosphere, underscoring the significance of observational studies
on black carbon aerosols in different regional contexts.

Observational studies of black carbon (BC) aerosols have been
conducted in the Tibetan Plateau and its surrounding regions, analyzing
their concentration levels, chemical compositions, and spatial patterns
(Wang et al,, 2013; Chen et al.,, 2019; Dai et al., 2021). In the Arctic, research
has investigated the long-term trends and seasonal variations of chemical
compositions of nine types of aerosols, including BC, and four particle
optical properties across ten sites, revealing changes in the contributions
of anthropogenic and natural aerosols (Schmale et al., 2022). With the
advancement of carbon isotope techniques, the use of carbon isotopes
to differentiate BC sources has become widely adopted. Studies on the
carbon isotopes of BC aerosols in the atmosphere and snow/ice on the
Tibetan Plateau, focusing on BC predominantly from biomass burning,
have proposed countermeasures to reduce biomass burning and mitigate
glacier melting (Li et al,, 2016). The concentrations of BC in the atmosphere,
snow pits, and ice cores serve as essential input parameters. Based on
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atmospheric BC concentration data, the dry deposition fluxes of pollutants
can be estimated, further calculating the impact of BC aerosols on glacier
ablation (Yasunarietal., 2010). BCin ice cores is used to assess the influence
of pollutants on glacier ablation over historical periods (Gabbi et al., 2015).
For instance, studies have found that BC in snow and ice during the early
20th century contributed to a radiative forcing of approximately 9-22 W
m-2, increasing the annual average glacier ablation by 0.9 meters, which led
to the premature end of the Little Ice Age in Europe (Painteri et al,, 2013).
Through BC and other light-absorbing aerosols in snow pits and surface
snow, the impacts on albedo and glacier ablation can be estimated (Zhang
et al., 2017; Kang et al., 2019). For example, BC and dust on snow surfaces
have been found to reduce snow albedo, accelerating snowmelt, resulting
in an average advancement of snowmelt by 17+6 days and a 10-15 day
earlier peak in meltwater runoffin the French Alps and Pyrenees from 1979
to 2018 (Réveillet et al., 2022). In the Antarctic Peninsula and associated
islands, the radiative forcing caused by BC is accelerating snowmelt, with
an average annual reduction of up to 23 mm water equivalent in snowpack
during summer (Cordero et al., 2022). Long-range transported BC aerosols
also significantly impact glacial regions, as evidenced by studies showing
that increased BC concentrations in South Asia lead to reduced summer
precipitation in southern Tibet, further accelerating glacier melting in
the region (Yang et al., 2022). Therefore, collaborative research on BC
aerosols and cryosphere changes has become a hot frontier in global and
regional cryosphere studies. The aforementioned studies have revealed the
spatiotemporal distribution and sources of BC aerosols in the atmosphere
and snow/ice, as well as their radiative forcing and impacts on snow/ice
ablation. However, two key gaps remain: First, most studies focus on the
Tibetan Plateau, while observations of BC aerosols in the atmosphere and
snow/ice in arid to semi-arid regions like the Tianshan Mountains are
still scarce. Only a few studies (Xu et al., 2012) have explored BC aerosol
concentrations and short-term impacts, lacking long-term, continuous,
and synchronized observations and comprehensive analyses of aerosol
and snow/ice chemistry in this region. Second, there is a need for deeper
research into the synergies between BC aerosols and cryosphere changes,
as well as the impacts of pollutants on glacier ablation.

This study will focus on the analysis of black carbon (BC) concentrations
in snow pit samples collected from Urumgqi Glacier No.1 (UG), Da gu Glacier
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(DG), Laohugu Glacier No.12 (LHG) and Muztagh Ata Glacier (MSTG), assess
the impact on the reduced albedo and estimate the glacier melting (Fig. 1).
In addition, this study will explore the potential sources of black carbon
deposited on the glaciers.
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Fig. 1. Location and sampling sites.

Methods

Snow sampling and analyses

Five pits representing snow accumulation were dug in May and June
2020, and a total of 50 samples were taken. 500 ml samples were taken
following the ‘dirty hands, clean hands’ protocol, and stored in Nalgene®
bottles. After sampling, the bottles were kept frozen and transported to the
State Key Laboratory of Cryospheric Science (SKLCS) of Northwest Institute
of Eco-Environment and Resources in Lanzhou.

Inthelaboratory, snow and ice samples were placed at room temperature
and melted in a cleanroom. When the samples were completely melted, we
used the quartz fiber filters (Tissuquartz 2500QAT-UP 47 mm, Pall™) to
filter the samples. The vacuum pump was used to accelerate melting and
the Nalgene® bottles and filter devices were flushed to allow full filtration
(Xu etal. 2006; Wang et al. 2012). The filters were weighed before and after
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filtration using a micro-balance (Liang You FA2104, accuracy: 0.1 mg). We
calculated the difference between the weight before filtering and the weight
after filtering as the mass of insoluble dust. From the melted samples,
particlesin the size range of 0.57 to 387.15 pm equivalent spherical diameter
were counted using an Accusizer 780A. The estimated total uncertainty for
particle concentrations is <1% (including background counts and random
counting error). The MD was weighed by a micro-balance (Liang You FA2104,
accuracy: 0.1 mg). We calculated the difference between the weight before
filtering and the weight after filtering.

The sample deposited on each filter covered an area of approximately
12.56 cm? and 0.5 cm? punches of the filters were used for EC analysis. A
thermal-optical reflectance method for carbon analysis, Desert Research
Institute Model (DRI)® Model 2001A OC/EC, was used to measure the
particulate organic and EC mass on the filters (measurement range: 0.2-750
ugC cm?). Measurements followed the Interagency Monitoring of Protected
Visual Environments (IMPROVE) thermal-optical reflectance protocol (Chow
et al,, 2004). The OC was gradually heated in a non-oxidizing atmosphere at
120,250,450, and 550°C, and the EC was heated in an oxidizing atmosphere
0f 98% He and 2% oxygen at 550, 700 and 800°C. The uncertainty of analysis
was approximately15% for BC and 16% for OC (Xu et al., 2009).

Snow albedo and melt calculation

We evaluated EC and MD in snow of glaciers using the Snow, Ice, and
Aerosol Radiative (SNICAR) model (Flanner et al., 2007; Wang et al., 2017;
Zhao et al,, 2014), which can simulate the change of snow albedo for a given
EC and MD concentration. Details concerning the simulations of albedo
have been introduced in the previous work (Yasunari et al., 2010; Ming et
al,, 2013a). Snow densities and snow grain size were taken as measured.
Clear sky and direct radiation were chosen for the very low cloud amount
(~1).

To estimate the glacier melt enhanced by BC and dust, a model was
constructed in which the absorptivity of the snow was multiplied with
the daily average incoming solar short-wave radiation from the automatic
weather station (AWS) near the Urumgqi glacier No.l. The detailed
information for the simulation of glacier melt has been illustrated by
Schmale et al. (2017).

In this model, average albedo reduction for snow was derived from the
SNICAR model to calculate melt aged snow (MeltAged snow, Eq. 1) (Schmale
etal, 2017).
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Melt, i now=NrsoxAaxSWxSCP (D

Where, N__ is the number of days with temperature > 0°C, Aa is the
albedo reduction between clean and contaminated aged snow, SW is the
shortwave radiation, and SCP is the average aged snow cover percentage.

Results and discussion

BC concentrations in snow

As can been seen from Fig. 2, BC and OC concentrations of snow pits had
more obvious changes with depth on the Urumgqi Glacier No.1 in 2020. BC
concentrations were in the range of 105 to 4188 ppb with an average of 554
ppb, while dust concentrations were in the range of 8 to 1751 ppm with an
average of 129 ppm. The highest BC concentrations were associated with
the strong glacier surface melting effects rather than new deposition.

At the depth of 100~110 cm, the glacier ice (here it is the superimposed
ice) underlying the snow-pack formed in the middle of autumn contained
a large amount of BC and dust, which exceeded 4188 ppb and 1751 ppm,
respectively. These relatively high values could be associated with the
pollutants from cities and deserts (Dong et al., 2016) and the glacier surface

melting conditions of glacier.
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Fig. 2. BC and dust concentrations of snow-packs in Urumgqi Glacier No.1 (UG).
We compared BC concentrations in Urumgqi Glacier No.1 (UG) with Da

gu Glacier (DG), Laohugu Glacier No.12 (LHG), Muztagh Ata Glacier (MSTG)
in High Asia (Fig. 3). Due to the different sampling dates and snow types, fig
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3 could only provide an approximate distribution of BC. By comparison, it
could be concluded that BC concentrations of the Urumgqi Glacier No.1 were
at arelatively high level in the High Asia, this might be attributed to regional
and local emissions (Qu et al., 2014; Li et al,, 2017; Dong et al.,, 2016; Zhang
etal, 2017). Previous research has suggested that local emissions and long-
distance transported pollutants from Central Asia could also be potential
contributors to BC and dust in the Urumgqi River Valley (Dong er al.,, 2016;
Zhang et al., 2020). BC concentrations in this work showed small difference
relative to thatreported concentrations on Urumgqi Glacier No.1, for example,
BC concentrations were in the range of 250 to 500 ng g* in the summer of
2004 (Xu et al., 2012). The proportion of BC in UG was significantly higher
than that in Da gu Glacier (DG) and Laohugu Glacier No.12. The proportion
of BC in UG was lower than that in Muztagh Ata Glacier (MSTG) , which may
be due to the fact that MSTG glacier is more vulnerable to the pollution
beyond China. The epidemic has not yet fully erupted beyond China in the
study period. The OC/BC ratio were 1.04, 2.4, 1.8, 1.85 at LHG, DG, UG, and
MSTG. The highest OC/BC ratio was 3.2 at the depth of 10~20 cm in UG.
Higher OC/BC ratio indicated that local emissions were mainly caused by
biomass combustion.

30°N
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0 250 500 -
[
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o
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Fig. 3. Spatial distribution of BC concentrations in the TP and surrounding region.
The pie chart shows the proportion of BC to other chemical components.
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Provenance of air masses

In order to discuss potential sources of black carbon and water-soluble
ions in the snow pit, the HYSPLIT model was applied to determine the
potential origin of air masses arriving at the study area. We calculated
72-hours backward trajectories at 500 m above ground level during Decem-
ber 2019 to May 2020, and we divided the trajectories into three clusters(Fig.
4). It could be found that the clustering results were different in the four
glaciers. The air mass in Urumgi glacier No. 1 mainly originated from the
arid regions east of central Asia and the regions of Tianshan, this may lead
to a large number of dust particles in the dust source area of Central Asia.
In Glacier No.12, a large part of the air mass (cluster 1, 52.05%) is derived
from the westerly direction during the dust activity of winter and spring
festivals, which may contribute greatly to the terrestrial mineral sources of
black carbon and ions in snow ice in Glacier No.12. In Muztagata glacier, the
air mass source in the southwest accounts for a large proportion (cluster 3,
54.92%), which may indicate that the source of air mass in the southwest
is a large proportion, which may indicate that the source of precipitation in
this area is affected by water vapor in the southwest Indian Ocean, this has
a great impact on ion sources and black carbon transport. The air mass in
the Dagu glacier mainly originated from the Qinghai-Tibet Plateau Region
(cluster 1, 34.56%; cluster 3; 31.42%), the atmospheric environment in this
area is good, the pollution emission is relatively small, and the influence
on Dagu glacier is not great. In conclusion, this transport route and source
of atmospheric air mass have different effects on chemical ion sources and
black carbon transport in glacial snow cover.

The average value of ¢(NO,)/c(50,*) at UG is 0.88, which is less than
1. Based on the air mass backward trajectories analysis, combining with
c(NO,7)/c(S0,*) of snowpit between UG, we proposed that the high levels
of concentration of NO,” and SO,* mainly originated from coal-burning
pollution in winter. Although glaciers distribute in remote areas that far
from human habitation, they still could be influenced by human activity
when there is proper weather condition.
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Fig. 4. The 5-day backward air-mass trajectories calculated
by the HYSPLIT model ending at four glaciers.

Albedo reduction

In recent years, in order to research the RF and the role of climate
change of LAIs, SNICAR model was used to simulate the varying of snow
albedo induced by BC and MD. It should be noted that SNICAR model could
not simulate the effect of OC in snow due to the optical properties of OC
was unreliable (Flanner et al., 2007). Details concerning the simulations of
albedo have been introduced in the previous work (Yasunari et al., 2010;
Ming et al.,, 2013a).
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Table 1

Scheme |Grainsize| BC DUST | Albedo | A Albedo
1 350 31 3 0936112
2 350 157 22 |0874969| 006
3 350 310 30 |0.844774
z 350 1570 | 220 |0693074| 015
5 750 31 3 [0.910399
6 750 157 22 0825829 008
7 750 310 30 |0.785263
8 750 1570 220 |0.604338 0.18

Parameters for sensitivity analysis with SNICAR model for Urumgi
Glacier No.1 was listed Table 1. Based on the melting conditions of glacier
surface, the samples were divided into eight scheme. The influence of BC and
MD on reducing albedo of Urumgi Glacier No.1 in eight melting conditions
was showed in Fig. 6. The sensitivity analysis suggest that BC and MD could
reduce the albedo about 0.06 and 0.08 for grain size was 350 um and 750
um, respective. Considering the enrichment of BC in the process of glacier
melting, BC and MD could reduce the albedo about 0.15 and 0.18 for grain
size was 350 um and 750 um. Therefore, the reduction of albedo by surface
BC and MD were the main factor accelerated glaciers retreating in the
context of global warming.
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Fig. 5. Modeled snow albedo showing the decrease in visible albedo as
BC concentration increases at different grain size (350 um and 750 um).
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Based on the estimation of albedo reduction by BC & dust and related
meteorological parameters in the study region, the calculation indicated
that BC and dust can enhanced glacier melt by 26.2 cm w.e. during the
melting season for the Schemes 3 and 4, which accounted about 15% of the
total glacier melt.

SUFFUSION AND THERMO KARST MORAINE FUNNELS NATURE
OF THE RGO PAMIRS GLACIER IN TAJIKISTAN

Karimov EH., Davlyatova M.Z.
*Institute of Geology, Earthquake Engineering
and Seismology of the NAST
**Tajik National University
Dushanbe, Tajikistan. E-mail: farshed_karimov@rambler.ru

Introduction

The experience of hydrological surveys of the mountain-valley RGO
glacier in Northwestern Pamirs of Tajikistan shows that funnel-shaped
subsidence with characteristic linear dimensions of up to 100 m in order
of magnitude can occur on their surfaces [1-3]. In general, such phenomena
are known for grounds in areas with loose loess-like soils, carbonate, sandy
or frozen rocks [4-6]. The general origin for the formation of such funnels
is stipulated by low consolidation of rocks, their relatively high friability,
porosity and filtration properties. In loess-like soils, as a result of moisture
filtration, carbonate particles, which play a cementing role in these soils,
are washed out and the soil surface subsides; in carbonate soils, in the
same way, as a result of filtration and leaching, soil subsidence is formed
and karst cavities arise; in sandy soils, the smallest fractions are washed
out with surfaces in depth, creating mechanical instability of the surface;
in frozen soils, as a result of melting ice and filtration of the resulting water
deep into the massif, volumes in the upper layers are also released, the
balance of parts of the soil is disturbed, the resulting voids are filled with
nearby dispersed material and, thereby, subsidence occur [4-9].

In the present work, based on the well-known concepts of hydrology
and hydrogeology, the nature of the funnels formed in the moraine of the
RGO glacier in Tajikistan is considered.

This article uses observational materials obtained during field work in
August 2021 in the Vanj Valley in the northwestern Pamirs [3]. The RGO
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glacier, which received its name in honor of the Russian Geographical
Society, is one of the pulsating glaciers of Tajikistan [1-3]. The glacier is the
biggest one in the Vanj valley being about 24 km long and 64 km? in square.

The moraine of the RGO glacier is an accumulation of debris that
is removed from the glacier bed as a result of its movement. When the
underlying soil freezes due to the action of high pressures, adhesion and
friction, the ice “plows through” the underlying rocks and thereby removes
debris from them, which accumulates either in the form of lines along the
edges of the glacier for a lateral moraine, or in the middle part on its surface
for median, inside in the middle part for internal, at the bottom for bottom
ones. If the material is deposited in front of the frontal part, then it is a
terminal moraine. After the next movement, the glacier retreats, and the
removed and remaining debris forms a terminal moraine. The thickness of
the terminal moraine of the RGO glacier reaches several tens of meters. This
is a massif of rocks from thin clays and fine sand to pebbles and separate
boulders, chaotically mixed, loose and uncemented in structure. Currently,
the very front part of the marginal moraine looks like a massif with linear
dimensions of about 1 km, in places dissected by linear crevices and circus-
shaped funnels descending from top to bottom along the mountain slope.
The funnels are connected in series by passages-channels cut through by
water. Numerous funnel-shaped sediments with depths of up to tens of
meters are filled with water to varying degrees (Fig. 1).

S an

Fig. 1. Potholes-channels and funnels with water inside the RGO glacier’s moraine.
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The diameters of the craters reach several tens of meters, their slope
angles compose at an average 30-500, which indicates the intensive
development of erosion processes in the body of the moraine, the removal
of debris from the bed and its accumulation below the frontal ablation zone
of the glacier (Fig. 1-3).

Research methods include analysis of field observations based on
physical modeling of water filtration in moraine rocks, processes of
suffusion and thermo karst, analytical calculations within the framework of
the scheme of extreme equilibrium state of bodies on an inclined plane, like
in the cases of consequential landslides.

Fig. 1. Potholes-channels and funnels with water inside the RGO glacier’s moraine.

Suffusion

The removal of material can occur both under the influence of waters
of external origin, for instance from precipitation, and from waters formed
as a result of thawing of a glacier, firn under the influence of sunlight, as
well as from glacial dendrites. Atmospheric precipitation in the area, where
the moraine of the RGO glacier is located, is relatively frequent during
each year. The presence of water channels between neighboring funnels
(Fig. 1) indicates a certain role of the glacier’s own meltwater and firn in
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the development of suffusion. Large channels form along the edges of the
moraine. Due to the relatively high speed in the central part of the glacier
and the lower speed near the sides, more material accumulates in the
former, an elevated, ridged relief of lakes is formed along the glacier line.
The large channels turned up closer to the sides. In the very anterior parts of
the moraine there is a gentle, valley-like relief with wave-like arcs of debris
carried out by past glacier surging as a sander’s valley.

Fig. 3. The lower terminal moraine of the RGO glacier and the water
outflow into the rivers Abdukagor - Vanj juncture.

As shown in Fig. 1-3, the walls of the funnels have a layered structure
with alternating layers of sand, clay of varying degrees of granularity and
pebbles. Fine layers of sand and clay make up a seasonal, annual ribbon,
the so-called. ribbon dispersed rocks. In the summer seasons, during the
period of intense melting of glaciers, infiltrating streams bring into the
reservoir to a greater extent suspension of fine sand, dust and clay particles.
In winter, melting is slow, and only thin clay particles can be introduced.
Vertical deformations of the rings indicate processes of unevenness and
heterogeneity in the accumulation of moraine material (Fig. 2). When
entering the funnel, the ducts partially spread almost horizontally, and then
flow into it in the form of streams (Fig. 3).
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Mechanism of funnel formation

Obviously, the leaching of finely dispersed material should first
begin from those places on the moraine surface that are favorable for the
accumulation of moisture. These can be linear ditches between oozes and,
in addition, local depressions along the profiles of these ditches (Fig. 4).
At the same time, washing off the surface fine fraction leads to the release
of cavities here, in which even more water can accumulate, which means
that filtration processes, for example, according to Darcy, and suffusion are
accelerated. A positive feedback loop of processes arises: an increase in the
speed of water flow leads to the activation of suffusion, and the activation of
suffusion leads to an increase in flow.

Ditch Ditch local
bottom depression
profile
_____ Ooz crest
Vertical |} X =l
Cross |
section of Streams
- \
the forming ~ _ for
funnel M v / suffusion

Fig. 4. Linear furrow profile with local reducing.

Let’s find the critical conditions for breaking the equilibrium of a particle
on the surface of a funnel filled with water using the principle of extreme
equilibrium [10]. A particle located on the surface of a funnel, the angle of
repose of which is «, is acted upon by two groups of forces: gravitational
force P, hydrodynamic pressure of the water flow F, and viscous friction Fu,
which contribute to its flushing, and normal pressure forces of gravitational
nature N, hydrostatic pressure forces N, friction F, clutches F, preventing
flushing (Fig. 5). The Archimedes force F, in the presented diagram
obviously contributes to the separation of the particle from the surface of
the funnel and belongs to the first group of forces, however, unlike them, it
acts vertically upward. Infiltration is shown here using its velocity vector u.
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Fig. 5. Scheme of washing off particles from the funnel surface.

For simplicity, we assume that the particle is isometric at the three-
dimensional rectangular coordinate system. Let us then denote the areas
in all three directions by the symbol S and the volume of the particle by
V. From the condition of equilibrium of the particle on the surface of the
funnel, written in vector form (1) and in the projection of forces on the
direction parallel to the slope of the funnel (2), one can obtain the following
equalities:

P=F.+F+F,+F + Fp, (1)
pVgsina = kpVgcosa + cS + p,,Vg — AuvVS — p,v3S, (2)

where p is the density of the particle, p_ is the density of water, k is the
coefficient of sliding friction of the particle, c is the coefficient of cohesion
to the funnel surface, u is the dynamic coefficient of viscosity of water, v is
the speed of the water flow acting on the particle.

Let’s assume that the water flow velocity is small enough, so as vx=0
and it can be neglected. Indeed, a violation of the equilibrium position of a
particle can occur without the action of hydrodynamic forces. Then equality
(2) can be reduced to the following form:
c

tge =k + (p—pw)ghcosa’

(3)

where h is the characteristic linear particle size from the expression
V=hS. For a cubic particle, this is its edge, height.

Solving (3) relatively on tga leads to the following critical condition for
breaking the stability of a particle:
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k+bVk?+1—-b?

tgo = ©
where the designation is introduced for the b as
b= c
~ (p—pwgh

From expressions (3) and (4) the natural conclusion follows that for
greater friction, i.e. k, the angle of repose of the funnel is greater, closer to a
right angle. If b>1, then condition (4) is not satisfied, at no angles can there
be a violation of equilibrium, at extremely high adhesion or for small, dusty
particles, their stability is maintained. For non-cohesive soil, when c=0, and,
therefore, b=0, the tga=k, i.e. the angle of repose is equal to the angle of
internal friction in accordance with the well-known theorem (in [11] for
the references), but with taking into the account moistening condition. It
fallows from (3) that for greater adhesion, the angle of repose is greater,
and, in addition, the larger the particle size and the greater its density, the
smaller the angle of repose of the funnel. The latter conclusion is consistent
with the findings of an analysis of the stability of stones on mountain slopes,
the larger the stones, the more likely they are to roll down the slope [11]:
larger stones accumulate in the lower part of the slope. This can also explain
the flattening of the walls of the funnels downwards and the transformation
of the conical shape of the subsidence area into a funnel-shaped one (Fig. 2).

Substituting into (4) the characteristic values k = 0,1+0,3 and c= 0+50
N/m? for weakly cohesive soils [4,7,9,11], taking for the density difference
between soil particles water 1000 kg/m? and taking into account the variety
of types of contact interactions between soil particles, we arrive at the
following critical values of the funnel repose angle for particles with h=0,01
m, which are consistent with the actually observed values:

tgax 0,15+0,90, ax 100+400.

For smaller particles, for example with h=0,001 m, stability can be
violated only at sufficiently low adhesion as 0+5 N/m? and relatively large
angles of repose.

Thermo karst
The considered processes of formation of funnels in the zone of the
terminal moraine of the RGO glacier were the result of suffusion. In this
zone, the ice retreated up the slope of the gorge. However, in the upper
zones of the moraine, where funnels also form, subsurface occurrences of ice
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strata are observed. Frozen soils are common here, which are structurally
unstable and subsidence [8, 9]. Therefore, in this part of the RGO glacier,
in principle, the funnels can also be of thermo karst origin. Also, as in the
case of suffusion, relatively small depressions in the relief can act as crater
nucleation centers, where water accumulates, which infiltrates through
the sand cover and reaches the ice body. At 0°C there is about a state of
thermodynamic equilibrium of free water and ice fractions. However, as
the air warms up, the water temperature rises and becomes higher than
the temperature of the ice, it melts and thus water accumulates in the ice
fraction. A positive feedback occurs: heating causes melting, an increase
in the volume of water activates melting, etc. Apparently, it is this kind of
water that fills the funnels in the upper parts of the glacier moraine (Fig. 1).
If paths for water filtration from a volume of melted ice are opened, then
thermo karst is formed in this volume, and further subsidence of a thin layer
of rocks overlying the thermo karst leads to the formation of a funnel. In the
intermediate zone of moraine between suffusion and thermo karst, one can
expect the action of a mixed mechanism of sinkhole formation.

The movement of the uppermost, covering layers of the moraine,
apparently, can be facilitated by differences in the coefficients of thermal
expansion of the rocks composing the slope. The heat capacity and thermal
diffusivity of cover rocks is much higher than that of ice. Therefore,
the periodicity of the solar heat flux can cause periodic expansion and
contraction of the cover, leading to its general displacement down the slope
[12].

Conclusions

Observations at the terminal moraine site of the RGO glacier in Tajikistan
showed that characteristic funnel-shaped relief forms compose its moraine
body. Funnels up to several tens of meters in diameter and depth form a
hydrodynamic network. In the lower zone of the terminal moraine, where
there are about no ice bodies, the action of the suffusion mechanism of the
formation of funnels is possible, in the upper zone, where ice bodies exist, the
action of the thermo karst mechanism is possible, and in the intermediate
zone, the action of both mechanisms can act simultaneously. Theoretical
calculations have shown that the action of the forces of gravity, friction and
cohesion of moraine soils, at least to a first approximation, provide grounds
for an adequate interpretation of the results of field observations of the
formation of its funnels.
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Study area

The Urumgqi glacier No. 1 catchment (UG1C; 43°05'-43°09'N, 86°47'-
86°53'E) was monitored by the Urumgqi Glacier No. 1 hydrometeorological
station (UG1HMS). Built in 1959 at the front of Urumgqi Glacier No. 1 (UG1)
with an altitude of 3693 m, this gauging station was proposed to be used in
measuring glacial runoff. The catchment is elevated ranging from 3693 to
4484 m a.s.l., with an area of 3.34 km? Currently, 46% of the area is covered
by UG1 (Figure 1). There are seven glaciers in the upstream of the Urumqi
River basin. UG1 is the largest glacier at the source of Urumgqi River.

90°E

86°47'E 86°48'E 86°49'E 86°S0'E 86°51'E 86°52'E

95°E  86°47TE  86°4BE  86°49E  B86°50E  B6°S'E  86°52E

Fig. 1. Maps showing (a) the location of study area in the eastern Tien Shan
(black square) and (b) location of study site in Xinjiang Uygur Autonomous
Region (black square) and (c) locations of AWSs, Urumqi Glacier No. 1 catchment
(UG1C) and Urumgqi Glacier No. 1 hydro-meteorological station (UGIHMS).
The study catchment is outlined in black (inset (c).
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Materials and methods

Datasets

To run the model, the geographical data and meteorological data are
used. In addition, observed discharge data are needed to calibrate and
validate the model.

Methods

In this study, a glacio-hydrologic degree-day model (GHDM) was
introduced to compute the daily glacier mass balance of UG1 and catchment
runoff (ice melt, snowmelt and rainfall runoff) of UG1C.

Results

Seasonal characteristics of hydrologic components

Figure 2 represents the 5-day moving average modelled daily
hydrographs of rainfall runoff, snowmelt runoff, ice melt runoff, and total
runoff regarding UG1HMS from 1980 to 2019. The early summer runoff
begins in mid-April, initiating with the snow runoff derived from winter
snow accumulation of the preceding year within both the glacier surface and
non-glacierized area of the catchment. As winter snow accumulation melts
away, snow melt runoff, more depends on the amount of fresh snowfall. It
peaks in July with a maximum daily value of 4.47 mm around 22nd July.

Ice melt runoff, is positively correlated with temperature and inversely
related to the amount of snow accumulated on the glacier surface. It begins
in early June when winter snow accumulation on the ablation zone of the
glacier melts out. Rainfall runoff is positively related to temperature and
precipitation. The generation process begins in May when the temperature
rises to 0°C, and the rainfall runoff reaches its peak around mid-July with
a maximum value of 2.47 mm. The total runoff, added by three hydrologic
components, obtained a relatively stable peak stage around 17th July-7th
August with an average daily value of 8.33 mm from a superposition of
maximal snow melt, maximal ice melt, and maximal rainfall runoff. Different
peak times of different hydrologic components extended and stabilized
the high value period of total runoff, which benefits downstream water
utilization.
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Fig. 2. 5-day moving average modelled daily hydrographs (April to September)
of total runoff and different hydrologic components (rainfall runoff,
snow melt and ice melt runoff) from 1980 to 2019.

Annual characteristics and changes of hydrologic components

Figure 3 illustrates temporal variations of hydrologic component.
Over the entire modelled period from 1980 to 2019, the average annual
runoff of UG1C is 217.19x10* m?. The highest proportion of 52% of total
UG1C runoff is from snow melt runoff, with 31% from ice melt runoff and
17% from rainfall runoff. In the past four decades, the values of ice melt
runoff fluctuated between 6.88x10* m?® and 144.57x104 m?3, with a mean
of 66.48x10* m3 The values of snow melt runoff from both glacierized
area and non-glacierized area ranges from 71.54x10* m? to 149.46x10*
m? with a mean of 113.56x10* m?. The rainfall runoff with a mean value of
37.29x10* m® contributes to a comparatively small proportion of the total
runoff. The runoff derived from the glacierized area is commonly defined
as glacier runoff, which is composed of ice melt runoff, snow melt runoff,
and rainfall runoff over the glacierized area. The average value of glacier
runoff for the past four decades is 160.55x10* m?, accounting for 76% of
the total runoff. At the same period, the runoff from non-glacierized area is
52.14x10* m3, accounting for 24% of the total runoff. This means that 51%
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of glacierized area in the UG1C has produced 76% glacier runoff, indicating
the tremendous significance of glacier melts to mountainous streamflow.
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Fig. 3. Annual rainfall runoff, snowmelt runoff, ice melt runoff
and total runoff At UG1C from 1980 to 2019.

Interdecadal changes and the response to climate change of hydrologic
components

Figure 4 shows the comparisons of 5-day moving average daily
hydrographs of various hydrologic components (rainfall runoff, snow melt
runoff, and ice meltrunoff) and total runoffata decadal scale. Itindicates that
all hydrologic components have increased overall in the last three decades.
Nevertheless, there are obvious differences in terms of the amplification and
timing among hydrologic components, which were closely correlated with
meteorological variables. Rainfall runoff increased dramatically from June
through to September, while the main increase in snow melt runoff occurred
in June and July, and ice melt runoff occurred in August and September. As
a result, total runoff increased in all months from May to September. The
increase in maximum values of all runoff components, coupled with a 10-
day advancement in the peak water of snowmelt runoff and a 9-day delay
of ice melt, results in an enhanced and stabilized period of high streamflow.
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Fig. 4. Decadal comparisons of 5-day moving average rainfall
runoff (a), snow melt (b), ice melt runoff (c), and total runoff (d)
from May to September in the 1980s, 1990s, 2000s and 2010s.

Discussion

It is found that during the period 1996-2019, opposite to continuous
rising of temperature, ice melt runoff shows an unexpected decreasing
trend (Fig. 5). In order to evaluate the impact of glacier area changes on ice
runoff generation in the historical record, a sensitivity test was conducted
by using constant area value (unchanged glacier area) to a moving window
period in the model runs. The result shows that from 1996 to 2019, the melt
season temperature increased by 15%, and the average modelled ice melt
decreased by 16% under the area reduction (Fig. 5). If the area remains
unchanged in the model run, the ice melt runoff would have increased by
3%. The negative effect of ice melt runoff from glacier area change here was
sufficient for offsetting the positive impact of increasing temperature on
ice melt runoff. Therefore, according to the sensitivity test, the peak value
of the ice melt runoff over the past four decades has occurred during the
period 1996-2019, most likely around 2010.

81



6.5

o
60 L
g
55 3
o
50 @
£
45 |2
4.0
‘g 200 b —— Average temperature during June-August
% Ice melt runoff under constant glacier area value
= | 160 Ice melt runoff under shrinking glacier area value
=
5
b 120
=
—
= 80
£
o 40t
ie)
1995 2000 2005 2010 2015 2020

Year
Fig. 5. Long term changes of annual ice melt runoff and linear trends calculating
by constant and shrinking glacier area values, together with annual temperature
(June-August) at Daxigou meteorological station from 1996 to 2019.

Conclusion

(1) 51% of glacierized area in the UG1C produced 76% of the total
runoff. (2) Over the past four decades, the annual total runoff increased by
122.46x104 m? (44%), 70% of which is believed resulted from increased
meltwater (30% from snow melt and 40% from ice melt) and the rest 30%
resulted from the increased precipitation. (3) The increase in maximum
values of all runoff components, coupled with a 10-day advancement in
the MVD of snow melt and a 9-day delay in the MVD of ice melt, results
in an enhanced and stabilized period of high streamflow. (4) The different
ways that the glacier melts in response to temperature by changing glacier
mass balance on a daily scale versus precipitation can positively stabilize
streamflow, showing a strong capacity of the glacier as a natural adjustment
to streamflow which benefits downstream water utilization. (5) Based on
sensitivity test of the model it is found that the maximum volume of ice melt
runoff during the past four decades appeared during the period 1996-2019,
most likely around 2010.
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AKTyaJIbHOCTb HUCCJIeJOBAHHUS MPOPbIBOONACHBIX BLICOKOTOPHBIX 03€ep
B MOCJIeZIHUE TOZlbl BO3PACTAET B CBSI3U C OBICTPHIMU KJIMMATUYECKUMHU U3-
MEeHEeHUsIMU, HauboJiee CUIbHO MPOSIBJSIOUUMUCS B 06JIaCTSX COBpPEMEH-
HOT'0 TOPHOTO OJIe[leHEHUSs], K KOTOPbIM OTHOCSITCSI U TOPHbIE 30HbI Pecry-
6/1uKH Ta/PKUKHCTaH.

JddekTHBHOE pellleHHe NTPO6JIEeM, CBI3AHHBIX C UCCIeJOBAaHUEM TOp-
HbIX TPOPBIBOOINACHBIX 03€p, HaJIa’)KUBaHH e MeXaHU3Ma 110 UX MOHUTOPHUH-
Iy KaK Ha HallMOHAJIbHOM, TaK U Ha perMOHaJIbHOM ypOBHE, TPeOyeT Io-
c/leJ0BaTe/bHBIX, LieJIeHaNpaBJeHHbIX U PACCYMTAHHBIX HA AJIUTENbHYIO
NepCreKTUBY COBMECTHBIX JleHcTBUM. OHU JO/DKHBI 06beJUHUTD YCUJIHS
IPaBUTEJbCTB, CTPYKTYP IPaKJaHCKOI'0 06111eCTBa, 1eJI0BbIX KPYTOB, yue-
HbIX, 2 TAK)Ke HaJIaIUTh JajIbHel1liee pa3BUTHE MEX/YHAPOJIHOTO COTPY/A-
HUYeCTBa.

CpeZit omacHbIX NPUPOJHBIX MPOLECCOB, XapaKTEPHbIX AJIs TEPPUTO-
puun lleHTpasbHOM A3uM, 0CO60M KaTaCTPOPHUUHOCTHIO OTIHMYAKOTCS Ce-
JieBble MOTOKH, 06pa3yoliuecs Mpyu NpopbiBax FOPHBIX 03ep. B 30HY ux
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nopakeHUsl NoNnaJal0T MHOTHe HaceJleHHble MYHKThI, aBTOJL0POTH, TUHUHU
3JleKTponepezay, TpyboIpoBo/ibl, 3eMeJibHble yro/ibsl U NacTOULIA.

K npopbiBoOnIacHbIM MOXXHO OTHECTH BHYTpUJIEJHUKOBbIE 03epa, KO-
TOpble 00pa3yTCsd BO BHYTPH JIeJHUKOBBIX eMKOCTAX. OHU HEBUJMMBI C
IOBEPXHOCTU U NPOSBJAITCA BO BpeMs HeNOCPeJCTBEHHOT0 UX IPOPHIBA.
Takue npopbIBbl 06LIYHO 00YC/IAaBJAUBAOT GOPMHUPOBAHUE MOILHBIX IJIf-
[IMaJIbHBIX ceseld. BHyTpuUieJHUKOBble eMKOCTH 00pa3yloTca JajeKo He
Ha KaXK/I0M JIeJ[HUKe, a TaM, I/le UMeITCs JieZlona/ibl CO CJI0’KHOM pa3BeT-
BJIEHHOM CUCTeMOM BHYTpU/IeJHUKOBbIX KaHanoB (https://www.filial-nic-
mkur.tj/knigi/18.pdf).

[IpopbIBBI TOPHBIX U JIELHUKOBBIX 03€p, Ipe/CTaBJAIIME CEPbe3HYI0
IPUPOJHYIO, 3KOJOTUYECKYI0 U THAPOJOTHYECKYI0 ONACHOCTh, XapaKTep-
HbI /111 MHOTHUX BBICOKOI'OPHBIX PETHOHOB MUPa, B TOM uucJe U A Pecny-
0JIMKH TaIKUKHUCTaH.

B TamxukuctaHe HacuuTbiBaeTcsa 1449 o3ep ob6uiel miuouaabi 716
kM?, 80 % M3 KOTOPBIX HAXOASTCH B TOPHBIX U BBICOKOTOPHBIX palloHaxX Ha
abcooTHbIX BeicoTax 2300-5100 M Haz yp. M.

UccnenoBaHust pacpocTpaHeHUsl BbICOKOTOPHBIX IVIALIMaIbHBIX 03€ep
B BEPXOBbSAX P. AMyJlapbs, B TOM 4ucJie 6acceiiHa pekU ['VHT, B OCHOBHOM
OpraHU30BaHbI JJ1S 3alUThl TEPPUTOPUM U NMOCEJEHUH, NOABEP)KEHHbIX
BO3/JleMICTBUI0 CTUXUWHBIX O€/CTBUM, CBI3aHHBIX C NMPOPbIBAMU TOPHbIX
o3ep. B o61elt cucTeMe 06'beKTOB BOCIPUHUMAOUIUMU BJIAUSHUE MOCTE/-
CTBUU NpophbiBa 03ep ABAAKTCA ['IC, co3jaHHble HA TeppUTOPUM GacceiiHa
p. 'yHT, a Takxe . Xopor ['opHo-bajjaximaHckoil aBTOHOMHOM 06J1acTH [1].

EcTecTBEHHO B COBpEMEHHBIX YCJI0OBUSAX MOHUTOPUHT COCTOSIHUA JIe[-
HUKOB U IPOPBIBOONACHBIX 03€p ABJSETCH OJHUM U3 OCHOBHBIX, HauboJiee
BOCTPe6OBAHHBIX «MHCTPYMEHTOB» MPOTHO3WPOBAHUS BO3MOXKHOIO MpPO-
pbIBa U YTO HEMAJIO BaXKHO OCYIlleCTBJIEHUsI pAHHETO OIl0OBeLleHUs HaceJe-
HUS, IPOXKUBAIOILETO B HU30BbSX.

CpeZiy CTUXUMHBIX pa3pylIMTe/bHBIX NIPOLIECCOB B ropax ocoboe Me-
CTO 3aHUMAIOT IJIALMaJIbHbIE CeJIY, OT/InYarliuecs 60JbIIMMU 06'beMaMHU
BbIHOCA IpsI3eKaMeHHOI'0 MaTeprasa M BHE3ANMHOCThIO cX0/a. B ocHOBHOM
rIsiAaJibHble ceJieBble KaTaCTPOQbl IPOUCXOJAT B pe3ysibTaTe IPOPbIBOB
JIeJHUKOBBIX 03ep [2].

[11ManbHble cesy, KaK U3BECTHO, ABJAITCA NPOU3BOAHOM KaK Npo-
necca JierpaZjaliuy oJiefleHeH!s, BbI3BAaHHOTO IVI06a/JIbHbIM U3MeHEeHUeM
KJIMMaTa, TaK U UHTEHCUBHOCTH, U HAllPaBJIEHHOTO Pa3BUTHUs COBPEMEH-
HOM TeKTOHUKHU. HanboJsiee BbICOKasi MX aKTUBHOCTb CBOMCTBEHHA 3TalaM
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OTCTYNaHUs JIeJHUKOB, KOTZla B KOHIEBOM 4YaCTH JieJHUKA 00pa3yrTCs
o3épa. Ha Tepputopuu Pecniy6ivku TagkuKMCTaH CyllecTBYIOT 542 o3ep
I AaJbHOTO NporcxoxJeHus [3]. Hanbosiee onacHbIMU U3 HUX SABJISIOT-
cs1JIelHUKOBBIE 03€epa, IepernoiHeHHE KOTOPbIX BeJleT K UX IPOPbIBY U, KaK
cae/icTBYe 06pa3oBaHUIo cesield. Tak, BCleACTBUE NIPOPbIBA VISAI[AAJbHOTO
o3epa B Jlamtaape, (3anagHelil [laMmyp) Bo3HUKJ/IA IPOpPbIBHAsA BOJIHA, 00-
pas3oBaBlIlIasi KPYIHBIN cesieBOU MOTOK 06beMoM 1.2 MJIH. M? 0CaJIKOB, KO-
TOPBIN MOJIHOCTBHIO pa3pyLUUJI HaCeJeHHbIM NYHKT JlallT ¥ cTa/l IPUYUHOU
rubenu 24 gesn. [4].

Wcnosib30BaHWE TEXHOJOTHUU AWCTAHIIMOHHOTO 30HAUPOBAHUS Npes-
CcTaBJjsieT co60M HauboJiee ONTHUMAJIbHBIA U 11€J1eC000pPa3HbId MeToJ,
NpOBEe/IEHUS UCCAe0BAaHUN B TPYJHOAOCTYIMHBIX BbBICOKOTOPHbIX 30HAX,
KaKOBBIM fIBJISIeTCS TaKKe U OacceilH peku ['yHT, ob6ecrneyrBarouidil BO3-
MOXXHOCTb KOMIIJIEKCHOU OLlEHKU OMACHOCTHY Ha 3HAYUTEJIbHbIX 10 IJIOLIA-
i1 TeppuTopusax. [Ipobsiema rvccyiejoBaHMs TOPHBIX 03ep B 3HAYHUTEJbHOMU
CTeNeHU aKTyaJibHa JJis TEPPUTOPUH, 3ace/IEeHHBIX [0 PeYHbIM J0JIMHAM
[5-7].

OfHMM M3 HallpaBJIeHUU UCCIeI0OBAaHU M SIBJISIETCS OCYlLeCTBJIeHUE ba-
TUMETPHUUYECKUX ChEMOK, B X0/le KOTOPbIX, a TaKXKe MPU MOJEeJTUPOBAHUU
NPOPbIBHBIX MABO/IKOB U CeJiel MPOBOAATCH TaKKe WHBEHTapU3alus Bbl-
COKOTOPHBIX 03ép, OLleHKa UX COCTOSHUSA, CTENIEHH YCTOMYUBOCTH MJIOTUH
Y XapaKTePHUCTHKA JI0JIMH PeK HMXKe 110 TeYEHHIO [0 HaceJleHHbIX MyHKTOB,
HaXOJALUXCA B MOTEHI|MAJIbHO ONIACHOU 30HE. YCTAaHOBJIEHO, YTO B IpeJie-
Jlax JilerpayupyroLUuX MOPEHHO-JEeJHUKOBbIX KOMILJIEKCOB PaCIOJIOKEHBI
HauboJiee OMacHble TPyNIbl 03€p, [/ KOTOPbIX XapaKTepHbI OOJIbLINE
00 bEMBI COZieprKalllelicsl B HUX BO/bl, KACKA/[HOE PACIIOJIOKEHUE, HEYCTOM-
YHBbIE MJIOTUHBI, a TaKXKe HeCTabUJIbHOE COCTOsIHME Oeperos U jioxka. Kpo-
Me TOro, HabJII0Jal0TCa COKpallleHue IJIolaZiel JieJHUKOB, CONPOBOX/1a-
I0ll[eecsl MOSIBJIEHUEM HOBbIX 03€p Y UX KpaeBbIX YacTel, popMUpPOBaHHE
3PO3UOHHBIX BpE30B B MeCTax BMa/leHUsI IPUTOKOB U CTOKA BO/IbI U3 03€Pa;
NPOCaIKU MO KpasiM 03€PHbIX 3aNpy/, Ha yYacTKaX CTOKA U B HUXKHEM Obe-
¢de. JlaHHble GpaKTOPbI CBUAELTENLCTBYIOT O BO3MOXKHOCTH MOCTENEHHOTO
WJIM OBICTPOTO Nepexo/ia UCCaeyeMbIX 03Ep OT 6€30MaCHOr0 K MPOPbIBOO-
NacHOMY COCTOsIHWIO. /laHHas TeH/eHIMs, OUEBU/AHO, OYAET YCUJIUBATbHCS
B CBSI3U C HAOJIIOAAIOIIMMUCS B JAHHOM perdoHe U3MEeHEHUsIMU KJUMaTa

[8]-
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[lo pesyabTaTaM aHa/M3a GaTUMETPUYECKUX ChEMOK 03Ep COCTaBJIs-
I0TCA JUarpaMMbl pacnpeziesieHus Ux mJolazei, 06béMOB U MaKCUMaJlb-
HbIX [JIyOUHBI, a TaKXKe onpejesseTcs 6e30macHasi OTMeTKa YPOBHS BO/Ibl
B HEM. /laHHbIe 0 pesibede 03epHOM epeMbIYKH OUYeHb BaXKHbI JJ1S1 TPOEK-
TUPOBaHUSA NPOPUIAKTUIECKOTO ONTOPOKHEHHUS IPOPbIBOONIACHOTO 03epa.
Kapra penbeda 03epHON nmepeMbIYKH COCTABJISETCA MO JAaHHBIM TaXeo-
MeTpHUYEeCKOM ChEMKH, HA OCHOBE KOTOPBIX, B YACTHOCTH, ONpeJes0TCs
JUIMHA Y ITy6HMHA 3BaKyalMOHHOI'0 KaHasla, 06'béM U CTOMMOCTB paboT. [1o-
JlydeHHas OTMETKa, CIYKUTb TaKKe OCHOBOM /IJI1 YCTAaHOBJIEHUS] OTMETKH
BXO/JHOTO OT0JIOBKA CUPOHOB U T.A. (puc. 1 [9]).

1

0 100 200 300 400 500

Puc. 1. I[IpodoabHblll npoduib 03epHOU KOMA0BUHBI U 03ePHOU NepeMblYKU
Ha o3epe Ne 6. Yca08Hble 0603HaveHUs: 1-ommemka nopoza 015 ycmpoticmea
8000C6POCHbLIX (38AKYAYUOHHBIX) KAHA/108; 2-pacdemHas (COpocHas)
6e3onacHasi ommemxka ypoeHs 8006l 8 o3epe; 3-03epo; 4-0Ho 03epa.

ABapuiiHasi MeJsiMopalusi MopeHHOro o3epa B 6biBiieM CCCP 6bL1a
BIepBble IpoBeJieHa B Wie AnaTtay. B 1964-1970 rr. 1J1 CHUXKEHUA yPOB-
HSl MOpeHHOTr0 o3epa N@ 2, pacno/iokeHHOr0 Yy KOHIla JiefHuKa TyHbIKCy B
Bepx0BbsAX Kuiiy AsiMaThl yCHeuHo UCnoab30Baluch cudoHbl (puc. 2) [9].

e
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- > S & N B

Puc. 2. Omkauka 8006l U3 npu/1edHUKO8020 03epd HACOCAMU U CUPOHAMU.
1 - cugponvl, 2 - 1edHUK, 3 - 03epo, 4 - omeodsaujue (c6pocHble) Mpy6onpoeodbl.
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OnopokHeHUs 03ep NPUBOASAT K 0OHAXKEHUIO0 MOPEHHbIX OTJIOXKEHUH, U
TE€M CaMbIM Ha 3TUX YYaCTKaX aKTUBU3UPYIOTCS KPUOTeHHbIe IBJIEHUS, KO-
TOpble CIOCOOCTBYIOT 06pa30BaHUI0 HOBBIX 04aroB cesied. TeM He MeHee,
3QPeKTUBHOCTb TAaKOI'0 NPEBEHTUBHOI'O MeTO/ia ONpeiesisieTcsl U OnpaB-
JIbIBAeTCA pas3psAAKOM HaNpsSXKeHHOCTH CUTYyalddl U mpeJoTBpallleHUueM
dbopMHUpoBaHUS KaTaCTpOPUUIECKHUX ceJiell IV MalbHOro reHesuca [9].

B HacToslee BpeMs crnenualvMcTaMu U ydyeHbIMH KasaxcTaHa Hako-
IIJIEH OTPOMHBIH OMBIT 0 NPeAOTBPAlleHUI0 TPOPHIBA JIeJHUKOBBIX 03€D.

B yacTHOCTH, B CBSI3U C NOSIBJ€EHUEM ONACHOCTH CeJIEBBbIX SIBJIEHUH B
6acceiine p. Kumiu Asnmatel y iegHuka M. MamMeToBo# ¢ 1976 1. npoBoAAT-
csl IpeBeHTHUBHbIE MEPONPUATHSA 110 YMeHbIIEHUIO 00'beMa BOJbI B 03epe
Ne 6. OcHoBHas ujes paboT 3aK/04alach B UCMOJb30BAaHUU NMPUPOJHON
3HEpruu BoJbl (3PO3MOHHBINA Pa3MbIB IPYHTA, BbICOKAsk TPAHCIOPTUPYIO-
1asi CHOCOOHOCTh NOTOKA, MHTEHCUBHBIN Teloo0MeH) A/ G¢opMUpOBa-
HUS UCKYCCTBEHHOT'0 9PO3UOHHOr0 KaHaJia (Bpe3a) B TeJie MOpeHBbI, 10CTe-
IEHHOT'0 BXOX/IeHUsl Bpe3a B 03ep0 U KOHTPOJIMPYEMOTO COpOca 03epHbIX
BO/,.

TexHOJIOrMYEeCKU 3TO peasM30BbIBAJIOCh C MOMOIIbI0 Ope3eHTOBbIX
3KpaHOB U MATKUX 3aTBOPOB (puc. 3). bpe3eHTOBBIE JUCTHI (MOJOTHHUILA)
B pycJ/le ¥ aKBaTOPUM 03epa JO0JDKHbI ObLIW UTpaTh pOJib IPOTUBO3PO3U-
OHHBIX U NPOTUBOQUIBTPALMOHHBIX 3KPAaHOB, KOTOpble MaKCUMaJbHO
CHMXa/IM BO3MOXXHOCTb OOBO/ZIJHEHHUS TaJIOTO MacCHUBa U, CJe[,0BaTebHO,
HEKOHTPOJINPYyEMOI0 IPOpbIBa 03epHOU nepeMbluku. Kpome Toro, aTo no-
3BOJISIJIO MOAJEPKUBATh NPOAOKUTENBHOCTh MOMYCKOB U 00beM cOpa-
CbIBa€MOU BOJibl, KOTOPBIM He JJ0JDKEH OblJ NpeBbIIaTh BeJIUYMHY ecTe-
CTBEHHOTO CTOKa.

OZHUM M3 HaJ|eXKHbIX U MepPCIEeKTUBHBIX TEXHOJOTUHN NpeAoTBpalle-
HUS pUCKa NPOpPbIBAa NPHUJIEHUKOBBIX 03€ep ABJSAETCH YCTPOUCTBO TaK Ha-
3bIBaeMbIX 9BaKyallUOHHbIX KaHAJIOB.

B ocHOBY paboT 6bLJI [TOJIOKEH CIIOCOO ONMOPOXKHEHHUS 110 TOBEPXHOCT-
HOMY 3BaKyallUOHHOMY KaHaJy-TpaHliee (puc. 4, 5), KOTOpbIA NPOKJIazbl-
BaJICAl B TeJle IepeMbIUKH, B CTOPOHE OT CYILleCTBYIOILETO pycJia, 6e3 npoBe-
JleHUsI B3PbIBHBIX PabOT U 3aTeM OCYIECTBJISIJICS KOHTPOJIUPYEMbIN cOpOC
BOJHOM Macchl. ITO 06ecreynuBaso NOBbIIeHHe 6e30MacCHOCTH JIeXalux
TEPPUTOPHUH, TaK KaK MUCKJ0YaJIO NoNaZlaHue cOpOCHbIX BOJ, B HUXKeE pac-
II0JIO’KEHHBIHN ceJieBble Bpe3bl U GOPMUPOBaHUE B HEM IpsI3eKaMeHHOI0
ceJIeBOro NOTOKa.
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Puc. 3. Pa6omul Ha o3epe N2 6 y 1edHuka M. Mamemoeoii 8 6acceliHe
p. Kuwu Anmamet [8]. 1 - 6pe3enmosulii skpaH; 2 - Msa2Kull 3ameop.

JlJ1s1 cesiedd IISIUAIBHOTO TeHe3Kca B KaueCTBe IPOrHOCTUYECKUX NTPU-
3HAKOB Mpe/Jlarajiicb TeMIepaTypHbId (OH, MOJOKEHUE HYJIEBOU H30-
TEePMBbI, CTENEHb YBJQBKHEHHOCTH, COJTHEYHAs pa- Auanusi, aTMochepHble
0CaJIK{, PEXKUM CTOKA, COCTOSIHUE 03€PHBIX IepEeMbIYEK.

Kak nokasasia npakTHKa, UCII0JIb30BaHHE TOJBKO METEOPOJIOTHUYECKUX
IOKa3aTeJiedl MpHU MPOTrHO3€e MPOPhIBA BBICOKOTOPHBIX BOZ0OEMOB He MPH-
BOZUT K MOJIOKHUTEJNbHBIM pe3ysibTaTaM. bosiee apPpeKTUBHBIM Npe/CcTaB-
JISIETCS UCIOJIb30BAaHUE CBSI3U TEMIIepAaTyphl BO3/yXa C TajJblM CTOKOM B
KOHKpPETHOM 6acceiiHe, a TaKKe CO CTOKaMU CMeXHbIX JIeJJHUKOBBIX 6Gac-
ceiiHOB. He3akoHOMepHOe M3MeHEHUE PeXXUMa CTOKA, pe3KOe yMeHblle-
HUe YPOBHS BOJbl B BOJl0€MaX MOTYT CJAYKUTb MPeJUKTOPAMH MPOrHO3a
IpOpbIBA MOBEPXHOCTHBIX U MOJ3€MHBIX BogoeMOB. OJJHAKO /1151 UCIOJIb-
30BaHUsl YNOMSIHYTBIX NPEJUKTOPOB HEOOXOJMMbl ONepaTHBHbIE KOJIH-
YeCTBEHHbIE JJAHHBIE O XapaKTEePUCTHUKAX BOJJOEMOB, COCTOSSHUU 03€pPHbBIX
nepeMblYeK U CETH MOBEPXHOCTHOIO U MOJ3EMHOI0 CTOKA.

XenaTtenbHO UMETH J@aHHBIE O TEMIIepaType BOJAbI U BO3/yXa, M0JIO-
»KEHUH CE30HHOU CHErOBOW JIMHUY Ha JIe[JHUKEe, HA MOPEHHO-JIEJHUKOBOM
KOMILJIEKCE KOTOPOTO HAXOAUTCS CEJIe0NAaCHbIA BOJOEM.

TakuM 06pa3oM, HAQy4YHO 060CHOBAHHBIM HAG0POM U3MepPsieMbIX Mapa-
MEeTPOB Ha MOPEHHBIX 03epax sBJSeTCS: TeMIepaTypa BO3/yxa, 0CaJIKH,
TeMIepaTypa Bo/bl B 03epe, ypPOBEHb BOJbI B 03€pe, CKOPOCTb U3MEHEHHUS
YPOBHSI BOZBI B 03€pPe, MIPUTOK BO/bI B 03€p0, PACX0/| BO/bl, BBITEKAIOILEH
M3 03epa, TeMIepaTypa rPyHTa 03epHOU MepeMbIUKH, BJIKHOCTb IPYHTA
03epHOM NepeMbIYKH, CEMCMOJAaTYUK U JJaTUYUK cxo/a ceud [9].
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Puc. 5. [Ipokaadka ssakyayuoHHozo kaHaia (1) 0451 onoposcHeHust
npu/1edHUK08020 03epa C UCNO01b308AHUEM IKCKABAMOpA U 6y1b003epa.
®omo A.P. @azvinosa (23.08.2017 2.).

Brllien3ioxkeHHOe 03BOJIsIET HAaM /ISl YCIOBUN FOPHBIX NPUJIEHU-
KOBbIX 03ep Ta/pKMKUCTaHa PeKOMEH/I0BaTh KOHIIENTYaJbHO-METO/0J10-
rMYecKre OCHOBBI, a TaKKe IPOBEPEeHHbIe Ha IPAKTUKe TEXHOJOTUU U TeX-
HUYeCKHUe CpeJiCTBa IPeBEHTHUBHBIX Mep CHUXKEHHUS pHUCKa IPOpPhIBA 03ep,
pa3paboTaHHBIX yUeHbIMU U TpaKTUKaMU Pecriy6siniku KazaxcraH.
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Bonpochl coxpaHeHHs U paljiOHaJIbHOTO UCII0JIb30BaHUS TOPHBIX JIE/-
HHKOB 4aCTO OLIEHHWBAIOTCS HA OCHOBE OJJTHOCTOPOHHHUX U KPATKOCPOYHBIX
npeACTaBJeHUH U HHTepecoB. HeloCTaTOYHO YYUTBIBAIOTCS MPOLECCHI
WX W3MeHeHHs], JUHAMHKA U BO3MOXKHbIE TOCJe/CTBUS, KOTOPbIE MOTYT
IPOUCXOAUTH B CPEeJHECPOYHOM U JOJTOCPOYHOM IiaHe. [lociencTBus
HeJIOCTaTOYHOTO BHUMaHHUS U HENPAaBUJIbHBIX PEllIeHUH MPOIIJIbIX JIET OT-
HOCHUTEJIbHO JJAHHOW Mpo6JieMaTUKe, OTCYTCTBHE JOCTOBEPHBIX JJAHHBIX,
OCHOBaHHBIX Ha lleJIeHaNpaBJeHHOE UCCIeloBaHUe, cOopa JAaHHBIX U 06-
MeHa MHpopMaIel o JieJHUKaX PeruoHa, MPOBeJeHHbIE MEPONPUATUS
B JIAHHOM CEKTOpE, KOTOpbIe 3a4aCTy0 OCHOBBIBAJIMCh HA HETOYHBIX JIaH-
HBIX ¥ HEZIOCTaTOYHOM aHaJIM3€e CUTYAl[MH, yYeT UX UCI0JIb30BaHUS CTAIN
NPUYUHOHN CAEepPKUBAHHUSI BbIPAOGOTKU MHTErPUPOBAHHBIX U YCTOWYUBBIX
pelieHni B 06J1aCTH COXPAHEHUS U PAl[MOHAJIbHOTO KCIO0Jb30BaHUS TOP-
HBIX JIETHUKOB.

i pa3paboTku 3$PeKTHUBHOTO MeXaHHW3Ma YIpaBJIeHUs JesTesb-
HOCTH, CBSI3aHHOW C COXpaHEHHWEM W PalMOHAJIbHBIM HCI0JIb30BaHHUEM
TOPHBIX JIEAHUKOB, B IPE/ICTABJIEHHON paboTe cAeslaHa MOMbITKA OXapak-
TEPU30BaAThb JIEJHUKOB, PACHOJIOKEHHBIX B OTAEJbHBIX FOPHBIX XpeOTax
[Tamupa.

[opHas akocuctema [lamupa siBsieTCS caMOM BBICOKOTOPHOM YacCThIO
ctpad CHI, re ropHble NOAHATHS NPEACTABJISIOT COG0U CHCTEMY MOITHBIX
XpebTOB. B 3TUX OTHOCUTEIbHO BBICOKHX XPEOTOB CO3/1aBa/IMCh 6J1IaronpH-
SITHBIE YCJI0BUS pesibeda AJI pa3BUTHUS oJie[leHeHUs, GOpMHUPOBAIHUCH
KpynHedmve JeaHUku CpeaHed A3uu, BbIpaKeHHbIE, NpPeXJe BCEro, B
OTPOMHBIX abGCOJIIOTHBIX BbICOTAX, B HAJIMYMU BbIPOBHEHHBIX MOBEPXHO-
CTSX U IVIY60KHUX Y3KUX 3aTeMHEHHbIX YIIeJTUH.

XpebeT AKasieMHUU HAYK SIBJSETCS IeHTPaJbHBIM 3JIEMEHTOM B y3Jie
osieneHenus1 CeBepo-3anagHoro [lamupa. Ha aTom Xpe6Te cocpesoToueHO
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okoJi0 3200 KM% JIbJja ¥ CHera, YTO COCTaBJIAeT npuMepHo 40% OT Bcero
oneneHenus [lamupa. Kpynueimuii segHuk [lamupa - negHuk @eueHKo
IPOTATMBaEeTCsA OT CEBEPHOrO CKJIOHA f3rysnsMckoro xpebta BJ0Jb BOC-
TOYHOTO OCHOBaHUA XpebTa AkazeMuu Hayk. [laivHa negHuka PengueHko
cocTaBJjsieT 77 KM, a ero iMpuHa BapbupyeTtcs oT 1500 M B caMbIX Y3KHUX
MecTax 0 3100 M B caMbIx mMpokux. O61as maIowaab Jbjaa u pupHa 10-
cruraet 907 kM Jlegnuk PegdeHKO ABAAETCA He TOJIbKO KPYIMHEHIIUM
JefHUKOM [laMupa, HO 1 OJHUM M3 KPYIIHEUIIUX JIeJHUKOB B MUpe, HaXo-
JALUXCS BHE MOJIAPHBIX 30H. PasMepsl U BJIUAHUE Ha TUAPOJIOTUIO PETUO-
Ha 3TOTrO JieJHUKA JieJIaloT BaXKHEHUIIUM 00beKTOM [JIs1 U3yYeHUsl KAMMa-
TUYE€CKUX U3MEHEHUH U UX NOC/TIeCTBUU. XapaKTepHUCTHUKA 3TOr0 JIeJHUKA
npesoCTaBJsAeT K/A4YeBble JaHHbIe 1J1 OLleHKU COCTOSIHUS BCero JieJHHU-
KoBoro nokposa [lamupa. Kpome nennuka ®esueHko, Ha xpebTe Akaje-
MHM HaAyK pacloJioKeHbl U Jipyryue, He MeHee 3HauYUMble JIeJHUKU (Tab.JI.
1) [1-3].

Xpeo6ert lletpa IlepBoro oTaenseTcsa oT xpeb6Ta AkaJleMHUU HaAyK y 3a-
NaZiHOro OCHOBaHMUA nUKa McMmousia COMOHM U MPOCTUpAETCA Ha 3amaf,
Zlo cnusaHusa pek Cypxo6 u O6uxuHroy. OAuMH U3 KpynHeUIIUX JeJHUKOB
Ha ceBepHOM ckJioHe xpe6Ta [leTpa [lepBoro - jsiegHuK bapasimoc umeet
JiBa BbIX0/ja, GOPMUPYIOIIUX PYYbU: OJUH CTE€KAeT N0 CEBEPHOMY CKJIOHY
Y BlaZiaeT B peKy MyKcy, pyroy - 1o 10KHOMY M BllaZilaeT B 6acCceiiH peKku
O6uxuHroy. Ha aToM xpe6Te Tak»xke pacnoJsioxkeHbl JieAHUKHU Carpat, Pop-
TaMb6ek u ['anjo.

Ta6smna 1
OcHOBHBIE JIeAHUKHU XpebTa AKaJleMUH HayK
HaumeHoBaHuUe seHUKA [Lnowasap (KB. KM) JuinHa (kM)
®edueHko 651.7 77
Maunwtii Tanumac 55.0
Awdxcunza 32
Mywkemos 31
T'apmo 114.6 27.5
Pro* 82.2 21.5
Meodsesicwblii 25.3 15.8
Aboyxraxxop 26 11.4
Maszapoapa 25.7

*PI'O - Poccutickoe leozpagpuueckozo Obujecmso.

92




[lnowaap oseieHeHUs ceBepHOro ckjaoHa xpe6Ta Iletpa [lepBoro co-
craBasieT 385 kM?, a 10HOro — 123 KM% Ha 100KHOM CKJIOHE 3aperuCTpH-
poBaHoO 16 Jie/JHUKOB, U3 KOTOPBIX /IBA UMEIOT JJUHY 60Jiee 8 KM, a YeThl-
pe — MeHee 2 KM. Cpe/iu KPYTIHBIX JIEJHHUKOB I0X)KHOTO CKJIOHA BbIJI€/IAI0TCS
neaHuk JeBioxaH aauHou 10.5 kM u tegHuK Fango aauHou 22.5 kM. Jlef-
HUK /leBJ10XaH X0polllo u3BecTeH 6Jsarofaps pabore K.K. MapkoBa (1936),
asiegHuk ['anzo — pa6ore E.B. Tumaiesa (1949). B BocToyHOM YacTu Xpe6-
Ta HauboJiee KPyNHbIMU JleJHUKAMU ABJATCA 310py3aMuH (10.2 kM), [le-
Tpa IlepBoro (13.3 kM), bapanmoc (7.0 kM), My3srasu (OwanuH) (9.8 kM),
[llarasu (6.5 kM), CarpaH (24.2 kM), Beipc (9.8 kM), lllunu bunu (8.8 kM) u
®oprambek (27.2 kM) [4, 5, 10].

KpynHelmui eJHUK ceBEpHOro CkJoHa JlapBa3ckoro xpebTa — Jjief-
HUK ['apMo. ITOT JiIeJHUK NHUTAeTCsA JIJaBUHAMU U KPyTO NaJjanluMu GUp-
HOBBIMHU NOJIIMH, IPUHUMAs NPUTOKU TaKHUX JIEJHUKOB Kak JiefHUK llo-
Kasbckoro (12 kM), 1egHuk BaBusoBa (11 kM), negHuk Bensesa (9.0 kM)
v seaHuk Jlunckoro (5.0 km). [lavHa seguuka Fapmo coctaBiseT 27.5 kM,
mrprHa BapbupyeTcs oT 1200 g0 1700 M, a o6111as niowaib JeAHMKa BMe-
CTe C IPUTOKAaMU U QUPHOBBIMHM MOJIAMM JoCTUraeT 135 kM2,

Xpeo6ert Iletpa [lepBOro u ero jieJHUKU UTPAIOT KJIKOYEBYIO POJib B T'U-
JIpOJIOTHHU Y KJIMMaTe pervoHa. JTH JleJHUKH BJIUAIOT Ha CTOK TaKUX KPYTI-
HbIX peK Kak Mykcy u O6GUXHHI06, YTO UMeeT BaXKHOe 3HaUYeHUe JJ1S 3KO-
CUCTeMBI U HacesieHUs pervoHa. Xpebert [leTpa I[lepBoro, ¢ ero cjioxHbIM
pesibeOM U MOLIHBIMH JIeJHUKOBbIMH MacCHBaMHU, Ipe/CTaB/sIeT CO60U
YHUKaJIbHYI0 IPUPOJHYI0 CUCTEMY, TPEOYIOILYIO TIATEJbHOT0 U3yYeHHUs
Y OXpaHbl.

OnvcaHve pa3MepoB U JMHAMHUKHU JIEJHUKOB, TaKUX KaK JIe[JHUKU
JleBsoxaH ¥ 'aHzo, a Takxke JieAHUK [apMo, mofuepKUBaeT 3HAUUMOCTb
MOHUTOPUHIA U3MEHEHUU B JIeJHUKOBBIX cucTeMax. JIeJHUKHU ABJIAIOTCA
WMH/AMKAaTOpPaMU KJIMMaTU4YeCKUX U3MEHEHUH U UX MOBeJleHUe MOXKET Ipe-
JIOCTaBUTDb LIeHHYI0 UHPOPMALUIO 0 TEKYIIUX U OYAYLIMX KJIUMaTHYeCKUX
TpeHJax.

JleTanu3anus JieJHUKOBBIX CUCTeM, BKJII0Yas MHOTOYUCJIEHHbIE MPU-
TOKU U QUPHOBBIE N0JIsl, TAKWe KaK y JieJHUKa [apMo, leMOHCTpUpyeT
CJIO)KHOCTb M pa3HooOpasue JiIeHUKOBBIX MpoleccoB. [loHMMaHue 3THUX
CUCTeM TpebyeT MeX/JUCLUIIJIMHAPHOTO MO0/X0/a, BKJIYaILero reorpa-
duyeckue, KIMMaTUYeCKHe U IKOJOTUYECKUEe UCC/IelOBAHUS.

TakuM o6pas3oM, ucciefoBaHUe JieAHUKOB XpebTa [leTpa [lepBoro u
JlapBa3ckoro xpe6Ta He TOJILKO NPeJi0CTaBJIsAeT BaXKHY0 UHPOPMALUIO O
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COCTOSIHUU JIeJHUKOB [lamMupa, HO U coco6CTByeT NOHUMAHUIO IJ106ab-
HbIX KJIMMaTUYEeCKUX MPOLECCOB U UX BJIUSAHUSA Ha pErMOHAJIbHYI0 TUAPO-
JIOTHIO U 9KOCUCTEMBI.

Bposib seBoro kpas jejHuKa ['apMo npocTUpaeTcss HECKOJbKO Xpeo-
TOB. Cpei HUX BblJle/Is1eTCs JieAHUK MycuOUH, JIMHa KOTOPOTO COCTaBJISA-
et 10.8 kM. Ha 3anaiHOM 4acTH, BA0JIb CeBEPHOTO0 CKy0Ha [lammMrapckoro
xpebTa, pacnoJioKeHbl HECKOJIBKO HEOOJIbIIUX JIEJHUKOB 00I1el MJiola-
ZbI0 0K0J10 6 KM2, Ha Ma3sapckoM xpe6Te COCpej0TOYeH0 MHOXKECTBO JIe /-
HUKOB, BKJIIOYasd JeJHUK 3opAu-bupoyco giuHoM 8.2 KM, LileHTpa/IbHbIN
JeaHuk CuTtapru AJuHou 6.1 KM ¥ BOCTOYHbIH JeiHUK Carjap AJUHOM 5.5
KM. B uctokax peku batpyT, Bnazaroueil B O6UXUHI00, pacroJioKeH CJI0XK-
HbIM JIBOWHOM [OJIMHHBIM JIeJHUK BaTpyT, 0oJHa BETBb KOTOPOr0 UMeEET
AavHy 8.2 kM, a gpyras - 7.0 kM. K 1oro-BocToky ot siefHMKa baTpyT Haxo-
JSTCA [Ba KPYNHbIX JOJIMHHBIX JIeJHUKA: JieJHUK CKkorad AJuHou 11 KM u
JefHUK Muénany nausoi 8.0 km [7-10].

Ha ceBepo-BOCTOYHOM CKJIOHe Ma3sapckoro xpe6Ta, BKJIKO4as JeJHU-
KU B UCTOKax peku boxyzna, HacunTbiBaeTca 11 JiefHUKOB, U3 KOTOPBIX 9
UMeT JKHY 6oJsiee 5.0 kM. B fosimHe O6uMasop, xapakTepusytollencs
MOIIIHBIM COBPEMEHHBIM 0JIe/IeHeHUEM, HaX0AATCs [iBa KPYNHBIX JieJHUKA:
JapBa3ckuii 1 Masopckuil. /lapBasckuii ieJHUK UMeeT JJUHY 16.5 KM U
061yI0 mIomaab 26 kM2, Ma3opckuii JIeJHUK, pacloJI0KeHHbIN K BOCTOKY
ot [lapBasckoro, uMeeT AauHy 15.5 kM u wiupuny 600-900 M [1, 2].

OnuvcaHue pas3/IMYHbIX XpeOTOB U JIEJHUKOB BJ0JIb JieAHUKAa ['apmMo
U B fosuHe O6MMa3op MoJyepKUBaeT CJ0XKHbIN pesibed pervoHa, KOTo-
pbIF CO3/aéT yca0BUA AJi GOpMHUPOBaHUS Pa3HOOOPA3HBIX JieJHUKOBbIX
¢dopmM. PaszHooOpasue pa3aMepoB U THUIOB JIEJHUKOB, TAKHUX KaK JBOMHOUN
JlOJIMHHBIN JleAHUK BaTpyT U KpynHble JefHUKH Ckoray u1 MuHazy, AeMOH-
CTpUPYET, KaK peJsibepHble 0COOEHHOCTH BJHMSAIOT HA JIMUHAMUKY U pacnpo-
CTpaHeHUe oJieJleHeHUs.

JlenHuKY, Takue Kak /lapBasckui 1 Masapckuy, UrparoT BaXXHYIO pOJib
B GOpMUPOBaHUM BOJAHOIO peXXUMa peK peruoHa, BKJwo4das peky batpyT u
OGUXHHI06. ITHU JIEAHUKH MUTAIOT BaXKHble BOJOTOKH, obeclieyrBas CTa-
OUJIbHBIM BOJOCTOK B YCJIOBUSIX CE30HHBIX U KJIUMATHUYeCKUX KOJIe6aHUH.
PasMepsl U moJsiokeHUe 3TUX JIeJJHUKOB NOJAYEPKUBAIOT UX 3HAYUMOCTh
JUIS1 TUZIPOJIOTUYECKOM CUCTEMBI BCETO perMoHa.

Kpynnele negjuuku Mycu6buH, 3opau-bupoyco u CUTapru ciayxaT Bax-
HbIMM MHJMKAaTOpaMHU KJUMaTH4YeCKUX MU3MEeHEeHUU B peruoHe. MoHUTO-
PHHT 3THX JIeJHUKOB I03BOJISIET OTC/IEKUBATh U3MEHEHUS TEMIIePaATYphl,
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KOJIMYEeCTBA 0CaJKOB U PYTUX KJIMMaTUYeCKUX PAaKTOPOB, UTO BAXKHO [/
OLIEHKU TEKYILHUX U OYAYIINX 3KOJOTMYeCKUX U3MEHEHUH.

JlefHUKM 10KHOTO CKJIOHA /lapBa3a OTHOCATCA K 6acceliHy peku Bany,
SABJAIOIIENCA OJHUM M3 KPYNHBbIX MpaBblXx NpUTOKOB [IsaHmxka. UcToku
BaHya 6epyT Hayaso y JieJHUKOB, paCI0JI0’KeHHbIX Ha CThIKe JlapBa3ckoro
u BaHuckoro xpe6ToB c xpe6ToM AkajzeMuu Hayk. Cpeau HUX HauboJiee
3HauuMbli geHUK PI'O (Poccuiickoe reorpaduryeckoe 0611ecTBO), 1eJHUK
MepaBexuil U 1eHUK AGyKaxxop.

Jlennuk PI'O npezcTaB/sieT co60¥ TUMUYHBIN JOJMHHbBIN JieAHUK. Ero
o61as JJauHa cocTaBaseT 21.5 kM, a miowmazab — 82.2 KM?, 4To AesaeT ero
OJlHUM U3 KPyNHEHUIMX JIeJHUKOB PervoHa, NpOCTUPAIIUMCA 10 OCHO-
BaHusd nuka [apmo. K 3anany ot sieguuka PI'O Ha /lapBa3ckoM XpeoOTe OT-
CYTCTBYIOT JIeJHUKHU NIOJ06HOr0 MacuiTaba. B BepXoBbsAX Ka 01 J0JUHbI
MO>KHO HaWTH 10 5-6 JIeJHUKOB, OJHAKO UX pa3Mephbl PeKO NMPEBBIIAT
1.5-2.0 kM [1-4].

Haubosblive iefHUKU cOCpelOTOYEHBI B palioHe NUKa ApHaBa/, rje
HaxoJATCA JiBa JOJUHHBIX JefHuKa: Cen (6.8 kM) u ApHaBaz (4.9 kM B
AauHy 1 250 M B unpuny). [lnomaas onegenenus JJapasckoro xpe6Ta, 3a
WCKJIIOYeHHeM JieJHUKOB [apmo u PTO, coctaBaser 513.57 kM2, B 6acceii-
He peku OOGUXUHTO6 MJI0IIA/b JIEJHUKOB U PUPHOBBIX MOJIEN COCTABJSET
377.52 kxm?, B Banuckom 6acceiine - 96.05 km?, 1 HemocpeCTBEHHO B 6ac-
ceitne [anmxa - 40 kM2, Beero Ha /lapBa3se 3apeructpupoBaHo 154 seHu-
Ka, CpeJii KOTOPbIX MHOTO KPYNHBIX JJOJUHHBIX JIEJHUKOB pa3MepoM oT 4
nol7xkwm[1,4,7,8].

Ha BaHuckoM xpe6Te HauboJjiee KpyIHble e JHUKU Hax0[ATCs Ha CThI-
Ke ¢ XxpebToM AKaZleMUH HayK U TeCHO CBSI3aHbl C HUM. Cpe/iu HUX JIeJJHUK
Abaykaxxop, AJMHa KoToporo coctasJseT 11.4 km npu wnpuHe 600-1000
M. E1ié oJHUM 13 3HaYMUTebHbIX JIEJJHUKOB Ha 3TOM CTbIKe SIBJISIETCS JIe-
HUK MenBexuil co cpepHed mnpuHoit 500 M u aanHOM A3bika 7.0 KM, a
o611as AJMHA JieJHUKA C 00J1acTbI0 NUTaHUs gocturaet 15.8 km [2, 5, 6].

JlefHUKM I0)KHOTO CKJIOHA /lapBa3a UrparoT BaXKHYI poJib B GopMHu-
pOBaHUM BOJHOIO pexxuMa peku BaH4 u Apyrux nputokoB [laHmxa. ITH
JIeJJHUKHU SIBJISIIOTCS OCHOBHBIMU UCTOYHUKAMU NMUTAHUSA PeK, 0COOEHHO B
BeCeHHe-JIeTHUM [epuoJi, KOT/ja TasiHUe CHera U JibJja yCUJIMBaeT CTOK PekK.
Jlegnuku PI'O u MegBexxMil UMEOT 3HAYUTEJIbHOE BJIUSHUE HA TUAPOJIO-
TUI0 PErvoHa, Jieslas UX KJIIo4YeBbIMU 00beKTaMHU /11 U3yYeHUs1 U MOHMU-
TOPUHTA.
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JlefHUKU perMoHa, 0COOGEHHO TaKHe KpYIHbIe JIeJHUKU Kak AbayKax-
X0p U MeJBexxui, ClyKaT BOXXHBIMYM MHAWKATOPAaMHU KJIUMAaTU4YeCKUX U3-
MeHeHUH. VX pa3Mepsbl, AUHAMHUKA U CTPYKTYpa MO3BOJIAIOT OTCJIEXKHUBATh
VM3MeHeHUd TeMIlepaTypbl ¥ 0CaIKOB B peTHOHe.

Jlenuuku JlapBasckoro u BaHuckoro xpe6ToB MMEIT Ba)KHOe 3Haye-
HUe [JJI1 9KOCUCTEM pervoHa. OHM He TOJIbKO MOAJEpP>KUBAIOT BOJHBIU
6aj1aHC, HO U CIOCOOGCTBYIOT MOAJEP>)KaHHUI0 YHUKAJIbHBIX BBICOKOI'OPHBIX
3KOCHUCTeM. B yacTHOCTH, GoJibIlIME JOJTMHHBIE JIEAHUKH, TaKUe KaK JieJ-
HUK PI'O u Cepn, co3a10T YHUKa/IbHbIE YCJIOBUSA JJIF CyLleCTBOBAHUSA peJi-
KUX BUJI0B GJI0pbI U dayHHBbl.

OnuvcaHHbIe JIeJHUKY UTPAIOT KJIIOUYEBYIO POJIb B 06ecriedeHun yCTou-
YMBOCTHY BOJHBIX U 3KOCHCTEMHBIX IIPOLeCCOB B peruoHe. Ux coxpaneHue
BaXKHO [J1s1 OAAep KaHUS 9KOJIOTHYeCcKOoro 6ajsaHca UM NpeAoTBpalleHUs
BO3MOXHbIX HE[ATUBHBIX MOC/A€CTBUM I7106a/IbHOTO NOTENJIeHUs], TAKUX
KaK CHM>KeHHe BOJHBIX PeCypCOB U erpaZalnus 3KOCUCTEM.

KoJsindyecTBO JieHUKOB Ha CeBEPHOM CKJIOHe BaH/pKckoro xpebTta co-
ctaBJjsieT 49 ogHako, 60JbIIast 4YacTh U3 HUX MeJiKMe. Ha 10)KHOM CKJIOHE
HaCuMThIBaeTCd 23 JIeJHUKA, U3 KOTOPBIX 9 UMelT A1MHYy MeHee 2.0 KM, a
6 - 6oJee 4.0 kM.

Ha fIarysieMckoM Xpe06Te, HAYMHAsA OT OCHOBaHUs MUKa PeBosionuy,
pacnoJsioKeHbl OJHU U3 KPYIHEUIINUX JeAHUKOB [laMKupa, Takue Kak JieJ-
HUK PenyeHko U jefHUK ['pymMm-I'puxkumaino. Jleguuk 'pymm-I'puxu-
MamJio uMeeT JJIMHY 36.6 KM 1 uupuHy oT 700 fo 1700 m. [Tomumo atoro,
Ha XpeOTe HaXOAATCA APYrye KpyIHble JIeJHUKH, Takre Kak Bepxuui Mys-
kyaak (11 kM), Manbiii Myskynak (8.2 kM) u HuxkHuit Myskysiak (4.8 kM)
[1,5,8].

KpynHble Jie JHUKYU CEBEPHOTO CKJIOHA fI3rysieMcKoro xpe6Ta OTHOCST-
csl K 6acceiiny peku A3ryneM. K HUM oTHocATCs iefHUK Masopaapa, JJiMHa
KOTOpOro cocTaBJiseT 17.5 kM U ieJHUK Pak30y, pacnoJ/ioxkeHHbIH B BepX0-
BbsX 0JMHbI Pak3oy c givHol 17.4 km [1, 8].

Ha ceBepHOM ckJioHe fI3rysieMckoro Xpeb6Ta, MJola/lb JeJHUKOB OT
nepesaJsia Onyau no ropsl Jian-Hasap cocraBasiet 141 KM?, B TO BpeMA KakK
Ha I0XKHOM CKJIOHe JIeJHUKH 3aHHMMAIoT Iuomaab B 98 kM2 KosnuecTBo
3aperuCcCTpUpPOBaHHBIX JIEJJHUKOB HAa CeBEPHOM CKJIOHe JocTUraeT 34, a Ha
I0KHOM - 26. Haubosiee KpynHble JIeIHUKU CEBEPHOTrO CKJIOHA BKJIKYAKOT
Bumxupadckuit (11 kM), Borysgapunckuii (7.5 kM) u PamrtaapuHckui
(8.0 kM). Ha 10>)kHOM CKJIOHe HauboJiee KpyNHbIMHU AABJAAIOTCA JeJHUK Pa-
zor (8.2 kM), bagx (6.2 kM) u PaksoBgapa (6.5 kM) [1, 5, 8].
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Ob1iee KOJMYECTBO 3apervCTPUpPOBAHHBIX JIEJJHUKOB fI3ryseMcKoro
xpebTa cocTaB/sieT 98, He cuuTasgs MHOTUX [IeCATKOB MeJIKUX JIeJHUKOB.
O61as nyowazab oJeleHeHus, faxe 6e3 yyeTa JegHUKa PegueHkKo, OCTH-
raet 770 kM>.

Ha Pymano-bazapaapuHckoM xpe6Te 3aperucTpupoBaHo 245 yseqHu-
KOB 0611el mIomazbio 974 KM?, U3 KOTOPBIX Ha CEBEPHBINA CKJIOH NMPHUXO0-
nutcs 193 negHuka c mowmaapio 238.5 kM2, Cpeau KpynHBIX JieJHUKOB
3TOr0 CKJIOHA BblJe/seTcs JeJHUK MapKOBCKOro, AJIMHA KOTOPOIo CO-
craBasgeT 11 KM, a IIoImazab MoBepXHOCTH - 38 kM? [9].

K BOCTOKy OT 3TOro JiefHHKa pacloJiokeHbl JBa KPYMHbIX JieJHUKA
I0OKHOTO CcKJIoHA: JieAHUK Cades06, HaxoadAmUkcsa B ucToke peku Cade-
fl067apa, U JieJHUK Yap, B UCTOKaX MPaBO# coCTaBJsAwOLIeN peku AHJep-
Bazk. Jleqnuk Cadeno6 uMeet aauny 11 kM u miomans 21.5 kMm%, a nea-
HUK Yap - /iuHy 8.5 kM 1 miomazab 20 KM%, pacrnosioxeHHbIH Ha 03epHOM
IJIaTO Ha cThIKe PymaHckoro xpe6Ta ¢ xpe6ToM basapgapa [9, 10].

Asrynemckuid u Banuckuil xpe6Thl, HapsAay c¢ Pymano-basapgapuH-
CKUM XpeOTOM, IeMOHCTPUPYIOT 3HAYMTE/IbHOEe pa3HOOOpa3ue JieJHUKO-
BbIX CUCTEM, OTpaXKkalollee Kak KJIMMaTH4YeCKHUe yCJ0BHUS, TaK U TONOrpa-
¢duyeckre 0c06eHHOCTHU pervoHa. PasHoo6pa3re pa3MepoB U KOJIMYeCTBa
JIeJJHUKOB I103BOJISIET JeTaJbHO U3y4yaThb MpoLeccbl GOPMUPOBAHUA JIe/l-
HUKOB, UX JUHAMUKY U BJIMSIHME Ha OKPYXKAIOILLYI0 CPEAY.

JleAHUKM 3TUX XpeOTOB UTPalOT KJIIOUYEBYIO POJIb B OAAEPKAaHUU BO-
JIHOTO OaJsiaHCca pervoHa, obecrneyrnBasi CTabUIbHbINA BOJHBIA CTOK B JIET-
HUe Mecslbl. 0COOEHHO 3TO BaXKHO [/ peK, TaKUX Kak fA3rysem u BaHx,
KOTOpble MUTAKTCA BOJAAMU KPYNHBIX JIeJHUKOB, BKIO4Yass PeyeHKO U
[pymMmM-I'pukrMaiio. ITH JeJHUKU Takxxe GOPMUPYIOT BOAOpa3/esibl U
NOAJEPKUBAIOT YCTOMYUBOCTb TMPOJIOTUYECKUX CUCTEM.

JlenHUKOBBIE cucTeMbl f3ryseMckoro 1 BaHuckoro xpe6ToB co3at0T
YHUKaJIbHble YCJOBUS JJIS1 CYLeCTBOBaHHS Pa3HOOOPA3HBIX IKOCUCTEM,
OT aJIbIIMMCKHUX JIYTOB [0 BBICOKOTOPHBIX JIEJHUKOBBIX yCTbIHb. PazHoo-
Opa3uve pa3aMepoB U pacnpe/iesieHHe JIeJHUKOB CIIOCOOCTBYET COXPaHEHUIO
6M0JIOTMYECKOTO Pa3HOOOpa3us B peruoHe, obecrneyrBasi pa3IMuHbIe KO-
JIOTUYeCcKre HULIM AJis GJiopbl U GpayHbI.

H3yyeHue siefHUKOB f3rysieMckoro u BaHuckoro xpebTOB sIBJsSETCS
BAXKHbIM [JJi1sl IOHMMaHHUS UX TEKYLIero COCTOSIHUSI U MPOTHO3UPOBAHUS
OyAylUX U3MEHEHUN M0/] BJAUMSHUEM KJIMMaTUYECKUX PAaKTOPOB. YUUTHI-
Basi UX BaXXKHOCTb JJi1 BOJAHOIr'0 6ajslaHCca U 9KOCUCTEM, HEOOXOAMMO Mpo-
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BOJIUTb MOCTOSIHHbI MOHUTOPUHT M pa3pabaThiBaTb CTPATErUU AJIsS UX
COXpaHEeHHUS U YCTOMYHUBOI'0 UCIO0Jb30BaHMUS.

B npepenax llyrHanckoro u llaxpapuHcKoro xpe6ToB 3aperucTpu-
poBaHo 193 snefHUKa, AJIMHA KaXX0W U3 KOTOPBIX NpeBblaeT 1.5 kM. B
3anazHoM okoHeuyHoCTH lllyrHaHckoro xpe6Ta cocpefoToyeHo 140 sefHu-
KOB, a 00111as MJIOLa/ib BCeX JIeIHUKOB U GUPHOBBIX MOJI€H B JAHHOM pau-
oHe gocTuraet 736.13 km? [7, 10].

CoBpeMeHHoOe oJiefieHeHUe lllyrHaHCcKOro Xpe6Ta CKOHLLEHTPHUPOBAHO
B OCHOBHOM B €r0 LleHTpaJIbHOM 4acTH, B UCTOKax pek PuBakapa, Bapmu-
13, Hemocpapa u [lypymaapa. 3aech pacnoJsioKeH caMblid KPYITHBIU JIeTHUK
xpe6bTa - JieHUK Bapiuas, yinHa KOTOPOTO COCTaBJSAET 6.4 KM, IIMPUHA
-900 M, miowazs - 8.8 kM2 Ero koHel, HaxoguTcs Ha BblcoTe 4350 M. Tak-
Ke CTOUT OTMETHUTD JieAHUK Por givHou 4.4 KM U JIeJHUK B UCTOKAX PEKU
Axmame[ asuHo# 4.5 kM. O61ee yucio JeaHukoB lllyrHaHckoro xpe6Ta
Jfocturaet 36, U3 KOTOpbIX 21 pacmnoJsiokeH Ha CeBepHOM CKJIOHe U 15 Ha
10kHOM. Oco6eHHOCThI0 JieAHUKOB lllyrHaHckoro xpe6Ta siB/seTCs He3Ha-
YHTeJibHAsA pa3HULia B BICOTE MeX/y CHETOBOW JIMHHMEN U HUXKHUM KOH-
1[OM JieAHUKOB [5, 9, 10].

Onenenenue lllaxpapuHckoro xpeb6Ta oxBaTbiBaeT Iowagb 252.41
KMZ. CaMblii KPYIHBIN JIEJHUK I03KHOTO CKJIOHA - JIeJHUK 3yrBaH/ Haxo-
JIUTCS Y BOCTOYHOTO OCHOBaHUA nuka Kapsia Mapkca. JlsinHa JiefHUKa [10-
crturaet 8.6 kM, a momazab - 7.0 kM2, PA10M ¢ HUM, K BOCTOKY, PacIoJIOKeH
JNeaHuk Kumrumakapo6 gavuHou 7.7 kM. CpeJid KpYNHBIX JIEAHUKOB CeBep-
HOT'O CKJIOHA CJelyeT OTMeTUThb JieAHUK Kapsia Mapkca B UCTOKax peku
[lla6aii, aaivHa KoToporo npesbimaet 5.0 kM [9, 10].

AHanu3npysd BBILIEN3/I0KEHHOE, MOXKHO 3aKJ/II0OUYUTD, YTO B HACTOAILee
BpeMs ropHble JieAHUKH [laMupa B 11eJ10M XapaKTepU3yITCs OTpULATe b-
HbIM 6a/IJaHCOM MacChl, YTO MPUBOJAUT K UX OTCTYIJIEHUIO, COKPALIEHHUIO
oAy u oobema. OiHaKo Ha 0611eM GOHE HEKOTOPbIE JIEJHUKHU JEMOH-
CTPUPYIOT KPaTKOBPEMEHHOE HACTYIlJIEHUE, IOC/Ie Yero GbICTPO Nepexo-
JAT K CTaJUM OTCTYIaHUSA. ITOT MPOLECC CONNPOBOXKAAETCA HAKOIJIEHHEM
MOpEeH Y HUWKHUX KOHIIOB JIEZJHUKOB, UTO CO3/iaeT NOTeHIIMa/IbHYI0 YTPO3y
06pa3oBaHUA NOANPYLHBIX 03ep. [IpopbIBbI 3THUX 03€p MOT'YT BbI3BaTh pas-
pyLIUTeJNbHbIE IVIALHAAJbHBIE CeJY, Hecylide 3HaYMTeJbHOe KOJNYEeCTBO
06JI0MOYHOT0 MaTepHaJa.

YuuTbiBasg BbILIEU3JI0)KeHHble (aKTbl, HEOOXOAMMO YCUJIUTH Ha-
YYHO-UCCJIe[loBaTe/bCKAEe paboOThl N0 COXPAaHEHHUIO W PaLMOHAJbHOMY
MCII0JIb30BAHUIO TOPHBIX JeJJHUKOB Ta/kukucTaHa. BaxkHo wwupe npu-
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MEHSTb COBPEMEHHbIE JOCTHUXKEHHUSl HAyKU WU MepeJloBOM OMNbIT JAPYrUX
TOPHbIX PETMOHOB B 06/1aCTH ISALUOJ0TUU. IPPEKTHUBHOE pellleHue J1aH-
HOU Mpo6JieMbl HallpaBJieHbl HAa MOBbIIIEHUE SICHOCTH, Y/IyUllleHUe CTPYK-
TYpbl U 060CHOBaHUE BbIBO/Ia O HEOOXOAMMOCTH HAy4YHbIX UCCAEJOBAHUI
Y MPaKTHUYECKUX AEeUCTBUM MO COXpPAaHEHUI0 TOPHbIX JIEJJHUKOB, a TaKXe
M03BOJIUT NPEAOTBPATUTh BO3MOXKHbIE KaTacTpOoPHUUECKHE MOCIE/[CTBUS
Y COXPaHUTbD JIEJJHUKOBbIE 3KOCUCTEMBI JIJis1 OYAYIIUX TOKOJIEHUH.
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AND THIRD GLACIER INVENTORY OF XINJIANG UYGUR
AUTONOMOUS REGION (XUAR ), CENTRAL ASIA

Zhongqin Li, Zexin Zhan, Yufeng Jia
State Key Laboratory of Cryospheric Science, Northwest Institute
of Eco-Environment and Resource, Chinese Academy of Sciences
Lanzhou, China. E-mail: lizq@Izb.ac.cn

There are nearly half of the glaciers in China distributed in the Xinjiang
Uygur Autonomous Region (XUAR) in northwestern China, where the
largest glacierized centers outside polar region are nourished by the highest
mountain ranges on earth such as Karakoram, western Kunlun Mountains,
eastern Pamir and Tian Shan etc. Glaciers are water tower in this vast
arid land in northwestern China. Up-to-date glacier inventory is highly
demanded. Based on the latest glacier inventory compilation techniques
including those for the first and second Chinese glacier inventories, we
currently compiled the third glacier inventory of XUAR, named as Chinese
Glacier Inventory of Xinjiang 2020 (CGI-X2020).

In CGI-X2020, glacier volume (an important parameter in the glacier
inventory) was calculated by the scaling method. To attain more accurate
glacier area-volume scaling parameters and estimate ice reserves in Xinjiang,
it was necessary to consider the spatial heterogeneity of the scaling factors.
To this end, a new empirical formula was established using glacier areas
and volumes from 20 glaciers of different area classes, evenly distributed
across various mountain regions in Xinjiang such as glacier Urumgqi No.1,
Tomur, Muztagh No.16, etc. Ice thickness distributions and volumes for 20
glaciers were modelled using the shear-stress-based ice thickness inversion
model and validated using Ground Penetrating Radar (GPR) data collected
over the past five years.

According to GIX2020, by 2020, there are 24,441 glaciers in XUAR,
covering an area of 23,528.1755 km? among which 1154 glaciers are
debris-covered, with a total debris-covered area of 847.2114 km?. The
largest glacier, Yengisogat glacier in Karakorum has an area of 368.9947
km?. There are 15 glaciers larger than 100 km? accounting for 31.19% of
the total glacier area in XUAR. The glacierized area in Kunlun Mountains,
Tian Shan and Karakoram account for 39.53%, 29.95% and 20.13% of the
total glacier coverage in XUAR, respectively. Glaciers in Altai Mountain are
the least distributed, accounting for only 0.66% of the glacier area in XUAR.
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B/IMAHUE IIBIVIEBBIX BTOP2KEHUA HA PAIUALIMOHHBIE
XAPAKTEPUCTUKHU ATMOC®EPbBI B PA3/INYHbBIX
PETMOHAX TAVKUKHCTAHA

A6aynnosona C.@.* lllepanuzona H.II.**, Baxo6os P.P.*
*usuko-mexHuueckuti uHcmumym um. C.Y. Ymapoea HAHT
a. lywan6e, Tadxncukucman. E-mail: sabur.f.abdullaev@gmail.com
**[lenmp u3yuyeHus nedHukoe HAHT
2. [lywano6e, Tadxrcukucmat. E-mail: nazrialo@mail.ru

Ta>)kMKHCTaH pacloJyioKeH B NbLJIEBOM IOsiCe HA MYTH JeCATU KPYII-
HbIX NycTbiHb Caxapwbl, nycTbiHd Wpana (Jawmrtu Jlyt u Jamtu Kabup),
NycTbhIHSA ApaBUU U NyCTbiHb lleHTpasbHOU A3uu (ApasnkyM, KbI3bLiKyM
u Kapakym), a Takke Taksa-MakaH u 06w, rae c anpesis 0 KOHI|A HOS-
Ops NPOUCXOAAT €XeroJHO NblieBble BTOPKeHUS. [IblieBble BTOp:KEHUS
00BIYHO MOCTYNAIOT C I0ra U 3amna/ia CTPaHbl U AOCTUTAIOT CTOJIUIBI CTpa-
Hbl TI. Jlyman6e [1-2]. B cBsi3u ¢ TeMm, uTo T. JlyliaHn6e oKpy>keH X0JIMaMHU
Y ropaMy, NblJIb, NONaZawiias B CTOJNULY, AJUTeabHOe BpeMs (0T 2-3 0
10 gHel) coxpaHsieTcs B aTMochepe roposia U OKa3bIBaeT CylLleCTBEHHOE
BJIMSIHME Ha KauyecTBa Bo3ayxa. Hanpumep, sietoM 2001 r. B atMocdepe T.
Jyiian6e nouytu 29 cyTok npeobJsazgasa nblib [3-4].

B utosie 2021 r. c noMoipio cosiHeuHoro ¢potoMeTpa CIMEL-318B (mpo-
n3BoacTBo ®pannus) Jymano6uHckoit cetd AERONET 6b1s10 3apeructpu-
pPOBaHO HECKOJIbKO MbLIbeBbIX BTOPKEHUU. KpuTepuil npu perucrpayuu
NblJIIEBBIX BTOPXKeHUM NpUBeJeHbl B TabJ1. 1. Ha puc. 1 nokasaH grHaMu-
Ka MU3MeHEeHUs] ONTUYECKOW TOJILUHBI aTMOCPEPHOro a3po30Jid 3a UI0JIb
2021r.

Hcnosb3ys cnyTHUKOBBIE JaHHbIe [5] 3a utosib 2021 1. 3apeructpupo-
BaHbI laHHbIE 0 HECKOJIbKUX TUIAX U3JIyYeHUs], TAKUX KaK:

- ALLSKY_KT — HHaekc npo3payHOCTH UHCOJISILIMU Bcero Heba (6e3-
pa3smepHblil). Ha puc. 2 nokazaHbl U3MeHeHUs T0Ka3aTeJ s NIPO3payHOCTH
BCEW MHCOJISALMU Heba AJisl NyCcThbIHU AUBaK, aTMocdepnl T/ Jlyman6e u
nenHuka PegueHko.

- PacueTrs! nokaszanu, uyto K03QPUIMEHT Koppensinuu MexAay r. [ly-
maH6e ¥ AiBagxoM 3HauuTesbHO (0.87), mexay T. [lymian6e u ®egueHko
(0.55) koppessinyg BhIClIe cpeHee, HO MexAy AliBamkoM U PeyeHKO OH
ropaszo MmeHblie (0.28).
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Puc. 1. /luHamuka usmeHeHUs1 0nMu4eckoli moAWUHbl AMMoCc@HepHo20
a3p0304s1 3a utoab mecsiy 2021 2.: 06bi4HbIL deHd 2. [lywaHbe - 4 utoas 2021 a.
(a); detv HogoyHUS - 8 utonsi 2021 2. (6); deHb cunbHOl nbiau - 10 uroas 2021 e.
(8); 28 urosa51 2021 2. (2) u deHb nblaeswix obaakos - 31 uroas 2021 2. (0).

Ta6siuna 1

XapaKTepuCTHKA BU/I0B OTMOCHEPHOT0 a3po30Jis
Tunb! asapo3osiei T(A) a(A)
YHUCThI KOHTHUHEHTAIbHbIN <0.2 > 1.0
CBEXHEe MOPENpPOAYKTHI <0.2 <09
AHTPONOTEHHbIH /I0XKAPHBIH >0.3 >1.0
KpYIHbIE YaCTHUL bl /TIbLJIb >0.6 <0.7
TOJIBKO NbLJIb >0.6 <0.2

- ALLSKY_SFC_PAR_TOT - PAR ¢oTOoCHHTETHYECKH aKTUBHOE H3Jy4de-
Hue (Bt/m?). Ha puc. 3 moka3aHo u3aMeHeHHe POTOCUHTETUYECKU aKTHUB-
HOU paauanuu Bo BceM HeGe (puc. 3a) U ero YUcTou yactu (puc. 36) aJs
NycTbIHU ANBa/K, aTMocdephl I. Jlyman6e u ejHuKa PegueHKo.
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Puc. 2. U3meHeHUe noka3zameAs npo3pavyHocmu ecell UHCOASIYUU Heba
dz151 nycmoulHu Atisadic, ammocgepul e. [lywanbe u sedHuka PedueHko.

ALLSKY_SFC_UVA — All Sky UV-A (Bt/m?), ALLSKY_SFC_UVB — All Sky
UV-B (Bt/M?) u ALLSKY_SFC_UV_INDEX - unzekc ynbrpaduosieToBoi pa-
Jvanuu (6espasMepHbIN).
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Puc. 3. HameHeHue homocuHmemuyecku akmugHol paduayuu 60 8cem
Hebe (a) u e2zo yvucmoti yacmu (6) d1s nycmwviHu Atisadc, ammocgepbl
2. [lywan6e u nedHuka PeduyeHko.
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Ha puc. 4 nokasaH cyTo4yHbl xof Y®-usnyyenus A (puc. 4a) u b
(puc.46), a Takxke ero UHAeKC (puc. 4B) AJid NyCTbIHU AWBa/K, aTMocdephl
r. /lymian6e u negHuka @eueHko B utosie 2021 r.

OpHuM U3 HauboJiee BaXKHbIX GAKTOPOB ABJSAETCS YAbTpadUOIETO-
Bblil uHAeKC (YOU), MexxayHapoAHBIM CTaHAAPT ONpe/ie/leHUs KoJinde-
CTBa yAbTpadUO0JEeTOBOTO U3JIy4eHus], pa3paboTaHHbI BceMupHoii opra-
HU3anuen 37paBooxpaHenus (BO3), [Iporpammoit OOH mo okpyxatoieit
cpene (FOHEII) u BcemupHoit MeTeopoJsioruueckoi opranusanueii (BMO).
OH mpu3BaH NOAYEPKHYTb MOTEHI|MAJ/bHble HEraTHBHbIE IMOCJE/[CTBUS
Y®-usnydyeHus v no6yAUTh JIIOAEN 3alUIIaATh cebsi. YeM Bbilie Y D-usiy-
YyeHHe, TEM Bblllle BePOSITHOCTb MOBPEXK/EHUSI KOXKHU U IJ1a3 U TeM 6oJiblie
BpeMeHU TpebyeTcs JJi1 BOSHHUKHOBEHUS TaKoro noppexeHus. CosHie-
3alUTHBIN KpPeM CJieiyeT MCIOJIb30BaTh, Korja YP-UHAEKC paBeH 3 WU
Bbille. MHAEKC yabTpadroeTOBOrO U3/YyUYEHUSI XapaKTepPU3yeT YPOBEHb
nonazaHus yjabTpaduosieToBoro u3ajnydeHuss CoJsiHI[A HAa MOBEPXHOCThb
3eMJIY U ompe/iesisieT CTeNeHb OMAaCHOCTHY 3TOr0 U3JIyUYeHUs /1Sl UeJloBeKa.
06s1acTb yibTPpadH0JeTOBOr0 U3/IYUYEHUST BKJIOUYAET BOJIHBI B J[Uaa30oHe
100 - 400 HM u paszesisieTcs yCaA0BHO Ha Tpu rpynnbl: YO-A (UVA) (315-
400 umM); UVB (280-315 umM) u UV-C (UVC) (100-280 um).

Bce usnydenue YO-C, nocturatoiee 3emsu ot CosHLa, U 0koJio 90%
Juana3oHa Y®-B noroiaeTcss 030HOM, BOASIHBIM MapoM, KUCJIOPOJOM U
YIJIEKUCJIBIM ra3oM (JUOKCUJIOM yIyiepo/a). Bausanue atMmocdepnl Ha pac-
npoctpaHeHue Y®-A -u3nydyeHus 3HAYUTEJbHO MeHblIe. TakuM 06pa3omM,
Y®-usnydeHue, JOCTUTraKOlIEe MOBEPXHOCTH 3€MJIM, COCTOUT B OCHOBHOM
u3 YO-usnyyenus A u He60/1b1IOr0 KosiMmyecTBa Y P-B-usnyyenus.

WHpekc ypoBHsA Bo3zelcTBUA YP [6], eciu OH paBeH 2 U MeHee, KaK
«HU3KUK» OT 3 10 5 — «cpeAHUI» OT 6 10 7 — «BBICOKUW» U «04EHb BbICO-
KUM» B fjuanasoHe 8-10, a TakxKe «TsiKeJbli» 11.

CpefiHeMecsiYHOe 3HayeHUe ynbTpaduosera - A (puc. 4a) aaa r. [y-
maHb6e cocrapiseT — 17.40, ana nycteinu ABamx - 17.51, ana nengHuka
denuenko - 17.87 Br/m?% CpegHeMecssyHOe 3HauYeHUe yabTpaduosera B
(puc. 46) cocraBasert - 0.46 anaa r. lyman6e, 0.44 aya nycTblHA AUBaK
u 0.52 Bt/M? giig iegHrka @eueHKO. A 3TO TOBOPUT O YUCTOTE FOPHOTO
BO3/1yXa, HO C [pyTOil CTOPOHBI, CO3/JAeT PHUCK 003Ke4yb KOXKY B ropax. Ha-
npumep, ¢ 08-11; 24-26 v 31 utona 2021 r. 3aperucTpUpoBaH UHJEKC 60-
Jiee 3, 4YTO 3TO 3HAaYEeHHE TPeOYeET 3alUThI OT COJIHLA. A /1J1d 3arpsi3HEHBIX
JIHEeW — HaJM4us 06J1aKOB, a3p030JieH, NbLJIM 3TU 3HAYE€HHS 3HAUUTENbHO
HU>Ke CpeJIHEr0 3HaYeHUS U He TPEOYIOT 3alUThI OT COJTHEYHBIX JIYU€EH.
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Puc. 4. CymouHblil x00 yrempaguosema A (a) u b (6), a makoice e2o
uHdekca (8) 013 nycmoiHu Atisadxc, ammocgepunl 2. [[ywanbe
u nedHuka Peduerko 8 ure 2021 2.
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Puc. 5. ObpamHast mpaekmopusi (puc. 5a u puc. 58) u nocaedyrnwas mpaekmopusi
(puc. 56 u puc. 52) HanpasseHus1 803dyUWHO20 NOMOKA, 8MOpP2Uie20 8
Tadxcukucman 10 utons 2021 2. u nepeHeceHHO20 U3 He20 8 dpya2ue CMmpaHbl
Ha ebicombt 500 M, 1500 m u 2500 m Had nosepxHocmuvro 3emau (puc. 5a u puc. 58)
u aHcambab u3 27 mpaekmoputl Ha ebicome 1500 m (puc. 56 u puc. 5 2) 3a 7 dHell.
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CpefHeMecsiYHOe 3HayeHUe ynbTpaduosera - A (puc. 4a) aaa r. Jy-
maH6e coctaBJsseT - 17.40, anas nyctbiHu AuBamx - 17.51, ania negHuka
®enuenko - 17.87 Bt/m% CpenHeMecsiyHOe 3HavYeHHe yabTpaduosieta B
(puc. 46) cocraBaset - 0.46 paa r. [lyman6e, 0.44 ni1s nycTblHU AWBaX
u 0.52 Bt/™M? giig iegHuka @equeHKo. A 3TO TOBOPUT O YUCTOTE TOPHOTO
BO3/lyXa, HO C Ipyroil CTOPOHBI, CO3JlaeT PUCK 06Keyb KOXKy B ropax. Ha-
npumep, ¢ 08-11; 24-26 u 31 utosg 2021 r. 3aperucTpupoBaH UHJEKC 60-
Jiee 3, YTO 3TO 3HaUYeHHUe TpebyeT 3alUThI OT COJHLA. A /1 3arpsA3HEHbIX
JIHEW — HaJIU4UsA 06J1aKOB, a3p030Jiel, blJIM 3TU 3HaYeHUS 3HAYMTeJbHO
HU>Ke CpeJIHero 3HaueH!s U He TPeOYIoT 3allUThl OT COJIHEYHBIX JIyYeH.

B pesysabTaTe nccief0BaHUN OBIJIO YCTAaHOBJIEHO, YTO NblIEBOE BTOP-
»xeHue B Tapkukuctan 10 uross 2021 r. gocturaa jegauka Peguenko. Jlo-
Ka3aTeJIbCTBOM 3TOr0 BbIBO/IA AABJIAIOTCA MUHMMYMbI, 3apUKCUpPOBaHHbIE
B TPeX perMoHax, npe/icCTaBJeHHble Ha PUCYHKax 2-5.

Ucnonb3ysa mozenb HYSPLIT [7] Ha pucyHKe 5, 06paTHOM TpaeKTOpPUHU
(puc. 5a u puc. 5B) U nocjaeAy0UUN TpaeKTOpUM (puc. 56 u puc. 5r) Ha-
npaBJ/ieHUs BO3/JYIIHOTO NOTOKa, BoweAuero B Tampkukuctadn 10 urwons
2021 1. ¥ nepeHeCeHHOT0 U3 HeTO B Zipyrue cTpaHbl Ha BbicoThl 500 M, 1500
M U 2500 M oT ypoBHs 3eMJiu (pUc. 5a U pUc. 5B) U aHCaMbJ15 U3 27 Tpaek-
TopuH Ha BbicoTy 1500 M (puc. 56 u puc. 51) 3a 7 gHeit (168 yacoB) npen-
JlaratoTcs. Kak 6b1J10 yCTaHOBJIEHO, MbLJIb J10 F0XKHOUW U 3aN1aIHOU IPaHUIbI
TampkrkucTaHa MMeeT UCTOUHKU Ha ceBepe Adpuku - nycTtbiHg Caxapa,
nyctelHUA Mpana ([Jawtu Kabup u Jamwru JlyT) u nyctbiHu LleHTpanibHOU
Azuu (Apankym, Kapakym u KbI3bliKyM) 1 TpOHUKIIH B TaZPKMKKCTaH C ero
3amaja U rora (puc. 5a ¥ puc. 5B). 3aTeM 4acThb NbLJIY IepeMecTHIach Ha ce-
Bepo-3ana/, Ta/P)KUKUCTaHa B coceiHUe cTpaHbl (puc. 56 u puc. 51). B aTom
HalpaBJIEHUU MblJIb Nlepecek/a JeAHUKH Ta/pKkukrcTaHa (0CO6eHHO Je/i-
HUK PelueHKO), 0 YeM CBUZETEJNbCTBYIOT PUC. 2-4 U MUHUMYMBI Ha pUC. 5.

JIMTEPATYPA

1. Nazarov B. I, Maslov V.A., Abdullaev S.F. Optical and Microphysical
Parameters of Arid Dust Aerosol // Atmospheric and Oceanic Physics,
2010.V.46.N 4. P. 468-474.

2. Hofer]., Althausen D., AbdullaevS.F. et al. Long-term profiling of mineral
dust and pollution aerosol with multiwavelength polarization Raman
lidar at the Central Asian site of Dushanbe, Tajikistan: case studies //
Atmos. Chem. Phys., 17, 1459-1457, https://doi.org/10.5194 /acp-17-
14559-145772017.

107



3. Abdullaev S. F, Sokolik I.LN. Main Characteristics of Dust Storm sand
Their Radiative Impacts: With a Focuson Tajikistan // ]J. Atmos. Sci. Res.,
2, https://doi.org/10.30564 /jasr.v2i2.352,2019 .
4. Abdullaev S. F, Sokolik I.N. Assessment of the Influences of Dust Storms
on Cotton Production in Tajikistan // Landscape Series, Vol. 17, Garik
Gutman et al. (Eds): Landscape Dynamics of Drylands across Greater
Central Asia: People, Societies and Ecosystems, https://link.springer.
com/chapter/10.1007/978-3-030-30742-4_6
https://powerlarc.nasa.gov/data-access-viewer/
https://meteoinfo.ru/uvi
https://www.ready.noaa.gov/hypub-bin/trajtype.pl ?run type=archive

Now

WATER CYCLE IN THE AGUASTIC SYSTEM
OF THE UPPER REACHES OF VAKSH RIVER

Abdushukurov D.A.*, Lentschke ].**, Azimov S.*, Shaymuradov F.*
*Institute of Water Problem, Hydropower and Ecology
of the National Academy of Sciences of Tajikistan.
Dushanbe, Tajikistan. E-mail: abdushukurov.dj@gmail.com
**Humboldt-Universitaet zu Berlin

The team of authors prepared a project that was registered by the
International Scientific and Technical Center (ISTC) as project TJ0009
"Genesis and water cycle for the Vakhsh River in Central Tajikistan". The
project is currently being reviewed by the ISTC expert council.

The main goals of the project are: determining the genesis (origin) of
water and its circulation in natural environments in the Vakhsh River basin;
determining the balance of surface and groundwater. Development of a
mathematical model of water balance for the Vakhsh River.

In nature, all waters of the hydrosphere on land are subject to
circulation and renewal. To study the processes of formation the surface
and groundwater, isotope methods are increasingly used

The Vakhsh is a very important river for the energy sector of Tajikistan
on which a cascade of Vakhsh hydroelectric power stations operates,
including the largest in Central Asia, the Nurek and Rogun hydroelectric
power stations. Vakhsh, together with Pyanj, forms the Amu Darya. The
length of the river is 524 km, the drainage basin area is 39100 km?, the
average annual water flow in the lower reaches is 666 m?/s. In the Vakhsh
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River basin there are 569 mountain lakes with a total area of 1737 km?,
mostly located at altitudes of 2800-3500 m. At the mouth of the Vakhsh
there is a marshy area-reserve "Tigrovaya Balka". There are 42 lakes with
an area of 550 km? on the territory of the reserve. The water surface in the
reservoir of the Nurek hydroelectric power station is 98 km?, and the Rogun
hydroelectric power station is 170 km? Without taking into account the
water surface of the Vakhsh River itself, the total water surface in the basin
is 2555 km?. This is a large area from which intense evaporation of moisture
occurs, especially in summer. A study of the wind rose in the basin showed
that in the Garm village, at the upper point of the Rogun reservoir, in July,
during the hottest period, when maximum evaporation of water from the
surface of reservoirs occurs, the winds blow strictly to the north towards to
the mountains and to the end point of the Vakhsh valley Fedchenko glacier
and its foothills. This phenomenon allows to collect all the evaporated
moisture on glaciers and their surroundings. Water is recollected in to the
Vakhsh River and reservoirs.

The study of the balance of groundwater will be carried out using several
methods, including the water-salt balance of water, and the concentrations
of metals and substances dissolved in water.

The main objectives of the project are:

Study of the genesis (origin) of water in the river basin using a stable
isotope analyzer “Picaro L2110-I",(Fig. 1); 2. study of surface flows using
the Doppler flow meter “River Cat” Scitec USA 3 (Fig. 2). Study of the
hydrochemistry of water in the river basin. studying the water-salt balance
of water using Hydro-Lab devices; 4. study of the concentration of metals
and substances dissolved in water with mass spectrometer 5. Study of
meteorological data (amount of precipitation and wind patterns (according
to archival data).

For different seasons of the year (high water and low-water periods),
calculations will be made of the amount of moisture (water) transferred
back to the mountains; water flows carried by underground rivers and the
general water balance of the river for the upper reaches of the Vakhsh.

In summer, during the hottest period, when maximum evaporation of
water from the surface of reservoirs occurs, the winds blow strictly to the
north towards to the mountains and to the end point of the Vakhsh valley,
the Fedchenko glacier and its foothills. This phenomenon allows to collect
all the evaporated moisture on glaciers and their surroundings. Water is
recollected in the Vakhsh River and reservoirs.
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Fig 2. Wind rose in the village of Garm, at the top point
of the Rogun reservoir in the July month.
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In our early studies of the Vakhsh River, it was established that an
underground river flows under the river itself, the flow of which depends
on the height of the water in existing reservoirs.
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HGAKTOPbI #§OPMHUPOBAHUA CTOKA I'OPHBIX PEK
(HA MPUMEPE BACCEMHA PEKH IICKEM)

BuHoropos A.A.
Mockosckutl 2ocydapcmeseHHblll yHusepcumem umeHu M.B./lomoHocosaq,
2. Mockea, Poccutickas ®edepayus. E-mail: aleks.vinogorov@yandex.ru

BaxxHeH1IMM HanpaBJieHHeM pPa3BUTHUSA THPOJOTUYECKON HAyKU B-
JsieTcsl nu3ydeHue GOPMUPOBAHUSA peXHMMa TOPHBIX PeK, MMOCKOJIbKY €ro
3aKOHOMEPHOCTU NOJAYMUHAIOTCS COBEPLIEHHO OCOOBbIM 3aKOHaM, HeXeJu
y PaBHHUHHBIX BOJOTOKOB. /lJ1s1 aGCOIIOTHOTO OOJIBIIMHCTBA PEK, IPOTeKa-
IOLMX B ropax, XapaKTepHbl TypOYJeHTHbIA PEXUM IOTOKAa C BBICOKUMHU
CKOpPOCTSIMU T€YEHMUS], CHEXKHO-JIe/ITHUKOBOE NUTaHue (/11 palilOHOB C MHO-
roJIeTHUM TOPHBIM OJieJleHeHUEeM), TeMIIePaTypPHbIM PeXUM, 3aBUCUMBIN
OT BbICOTHOM MOSICHOCTH, U HEKOTOpPBIE pyrrie 0COOEHHOCTH.

B kauecTBe pyuMepa ropHOU pe4yHOM CUCTEMbI ObILJ B3SIT 6aCCENH peKU
[IckeM, oTHOcALeNcA K peke YupuuK, NpUTOKY p. Ceip-/lapbs, KOTOpPBIU
XapaKTepu3yeTcs BBbICOKOM CTeNeHbI0 TUAPOJOTMYECKOW U3Y4YEeHHOCTH,
3HAYUTEJbHOU IPOJOKUTE/bHOCTBIO KaK TMJPOJIOTUYECKHUX, TaK U MeTe-
opoJioTHYecKUX HabuoieHrui. CaMm palioH, pacnoJsiokeHHbIH B 70 KM K ce-
BEPO-BOCTOKY OT TallkeHTa W OTHOCALMKCA K PeciybsiikaM Y36eKkucTaH
v KazaxcraH npejcraBJ/isieT cO60M Y3KYI0 MEXTOPHYIO JIOJIMHY B 3aMaJHON
yactu Tanb-lllang ¢ pazmepamu 30 Ha 120 KM U BBITAHYTOCTBIO Ha CeBe-
po-BocToK. U3 2840 kmM? muromma iy okosio 100 kM? 3aHMMaeT MHOTOJIETHUMN
Y Ce30HHBIN JIeJJ0BbIM NOKPOB. bacceiliH peKku COCTOUT U3 Tpex YacTeu - BOo-
floc6opoB pek MaitganTtan u Oiirausr, cainBatoiiuxcs B [IckeM, v cobcTBeH-
HO 6acceiiH p. [IckeM, 3aHMMaOIIMU HXKHIOI YaCTh PEYHOU 0JIUHBI.

/1 OLleHKU BJIMAHUSA pa3M4YHbIX GaKTOPOB Ha popMHUpOBaHUE TOp-
HOTO CTOKa ¢ 6acceiiHa p. [IckeM, ObLIM MCNOJB30BaHbl JaHHbIE TH/PO-
JIOTUYECKHUX eXerogHUKoB 3a 1961-2020 rr., 6aHKU MeTeopOoJIOTUYECKUX
JlaHHBbIX (rp5). B xo4e paboThl 6b1J1 NPOBEAEH BCECTOPOHHUN aHAINU3 U HA-
MMKU KJIUMATHUYECKUX U3MEHEHUH 3a JaHHbIM BpeMEeHHOW IPOMEXYTOK,
Obl1 IPOU3BeJileH KOPPEeJALMOHHBINA aHa/M3, KOTOPbIA M03BOJISIET BbIfA-
BUTb BpeMeHHbIe IPOMEXYTKH, KOT/la u3ydyaeMblil paKkTop MMeJ1 HauboJiee
CUJIbHOE BJIMSIHUE Ha JIMHAMUKY BOJAHOIO CTOKa. [l 3TOM 1jeJ1U OblIu Uc-
[10/Ib30BaHbI JJaHHble MeTe0pOoJIoTu4eckoi ctaHuuu «Ilckem» B moc. Myui-
Jlasia (HUKHSAA 4acThb JOJIMHBI) U CHEroJIaBUHHOW CTaHUUU «OUrauHr» B
BepXHeH 4acTH JJ0JIMHBIL. /[/15 BbISIBJI€HUS JOTIOJTHUTEbHOU U yTOYHEHHOU
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MHPopManuu o GopMHUPOBAHUU BOJHOTO CTOKA ObIJIM MCII0JIb30BAaHbI Me-
TeopoJIoOTHYEeCKUe JaHHble peaHanu3a ERAS.
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Puc. 1. CpedHezodosbie 3HaueHUst memnepamypbl 8o3dyxa (1)
U UX pa3HOCMHO-UHMe2pa/abHas kpueas (2), xapakmepHuvle 015
Mmemeocmanyuu «Ilckem» 8 noc. Myaaaaa 3a 1961-2020 ea.
(cpeduee 3uauerue T, °C pasHo +9.54°C).

B mpeapiylieM Beke HA6J10[anoCh YyepejoBaHUE MEPUOJO0B MOBbI-
IIEHHOT'0 ¥ MOHWKEHHOTO BbINAaJeHHUS 0CaAKOB, a TAKXKe Yepe0BaHUE yC-
JIOBHO «XOJIOJHBIX» U «TeIJIbIX» epuoioB. Kak moka3bIBalOT U3MEHEHHUs
Ce30HHbIX TeMIlepaTyp BO3Jyxa 3a uccjaeayeMbli nepuos (puc. 1), Hauu-
Hafd ¢ koHLa 1990-x - Hayasa 2000-X IT. HAMeTHUJICA YCTOMYHUBBIM TPEH/, Ha
MOBbILIEHYE 3HAYeHU . A aHa/IM3 JaHHbIX 110 IMHAMUKE KOJIM4YeCcTBa 0Cas-
KOB I0Ka3aJl, YTO MOCJIe AeCATUIETHH C MOBBILIEHHBIM I'0JIOBLIM BbIIa/le-
HUeM ocaZikoB (1960 u 1990-e rr.) cpesiHEr00BOE KOJUYECTBO OCAZIKOB B
nocjeaHee eCATUIeTHE 3HAYUTEJbHO COKPATUI0Ch. OCOGEHHO H3MeHe-
HUSI 3aMeTHbI Ha rPadUKOB 0CaIKOB U CpeJIHEN TeMIIePaATYPhbl B XOJ0AHbBIN
epuo/ ro/ia, YTO He MOXKET He OTPaXKaThbCsl HA PEYHOM CTOKE.

Baccelin peku [IckeM oTin4aeTcs: 60JBIION MJIOIAJbI0 TOPHOTO OJie-
JeHeHus1. KiimMaTuyeckue 0COGEHHOCTU U CJIOXKHasi oporpadust cnocoo6-
CTBYIOT 3HAYUTEJbHOMY HAKOIJIEHUIO BJard B HUBAJIbHO-TJISUAJIbHOM
nosice, Ha4MHaroumMcs oT BbicoThbl 3000 M. Tak mo cocTossHUIO Ha 1968 1. B
bacceliHe peKH 6bLI10 0K0J10 250 JIeTHUKOB € 0611ei miomaabo 127.8 km?,
T. €. 4.5% oT ero o6wmel miomaau. OgHako k 2010 r. ux o611aa MJoLAAb
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yMeHbIuach 10 93.6 km? (Ha 23% mo cpaBHeHuUIo ¢ 1968 r.), npuyeM 3a
nepuoz 1960-1980-x rr. ux mJowab eXXerogHo yMeHblaaach Ha 0.62%, a
B 1980-2000-x - Ha 0.39% B roz, a ux 0611e€e KOJUIYECTBO YBEJIUYUIOCh HA
40% [1].

X, Mm —] 3(Ki-1)
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Puc. 2. CpedHezodosble 3HaueHUs1 cymm ocadkos (1) u ux
DPA3HOCMHO-UHMe2paabHas kpueas (2), xapakmepHuvle 015
Mmemeocmanyuu «Ilckem» 8 noc. Myanaaa 3a 1961-2020 ea.

(cpedHee 3nauenue (X) pasHo 840 mm).

[Ipy U3y4eHUU IUMHAMUKU CPeJHUX IO OBbIX pacxoJ0B BoAbI 3a 1961-
2020 rr. ¥ 1OCTPOEHHBIX Pa3HOCTHO-UHTerpaibHbIX KpuBbIX (PUK) 3a uc-
ciaefyeMbld nepuo/, (puc. 3) 6bLI0 BbIBJEeHO Haaudue JByX 30-J1eTHUX
LIMKJIOB BOJHOCTH. B IlepBbIil IIUKJI Cpe/iHEr0/l0Bble pacxo/bl BOJbI B peKe
[IckeM cocTtaBssiin oT 60 go 140 m3/c (B 1965-1973 rr. - Bbilie 80 M3/c).
Makcumym 6611 3adukcupoBaH B 1969 r. (136.4 m*/c), mocie yero B 1970-
1980 rr. npoX30LLI0 CHUXKEHHE 3TOU BesnuuHbl 10 50-90 M3 /c (c Hempo-
JIOJDKUTENIbHBIM NEPUO0M MOBbIIIEHHOW BoAgHOCTH B 1978-1981 rr.). B
koHIe 1980-x rogoB Haya/icd HOBBIM LIMKJI IMOBBIIIEHHONW BOJHOCTH Gac-
CelHa, J1J11 KOTOPOTo yKe OblJI0 XapaKTepHO Yyepe/joBaHue MHOTOBOJHbIX
Y MaJIOBO/IHBIX JIET C yCTOMYHUBbIM BO3paCTaIOIIUM TPEH/OM (CpeJHerozo-
Boi pacxos B 1980-1990 rr. - 60-100 m3*/c. C HayasioM HOBOT0 BeKa (M Hava-
JIOM yCTOMYMBOM TEH/JEHLIMH KJIMMaTa K [0TeIJIEHHI0) HACTYIUJIO BpeMs
IOCTENEHHOTO ciaja. Tak B caMbli IOC/IeJHUM O/l MCClelyeMOoro nepuo/a
(2020 r.) 6bL1 3adUKCUPOBAH CaMblii MUHUMaJIbHbIN pacxo/; BoAbl 3a 60
JeT - 51.3 M3/c, 4TO TOBOPUT 0 HauboJiee BbIpAXKEHHOM MaJIOBO/IbeE.
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Puc. 3. Cpedrue 200o8ble 3HaueHUs1 pacxodos 8oobi (1)
U UX pA3HOCMHO-UHMe2zpaabHas kpusas (2), xapakmepHvwle 0415
2udpo102u4eckoz2o nocma Ha peke I[Ickem 6 noc. Myaaana 3a

1965-2020 2z. (cpedHee 3HaueHue - 76,4 m3/c).

MbIH 110 popMmy.ie: 5 Wy — Wiy

rae W, - W, - CTOK 3a MI0JIb-CeHTsA6pb, W
CorJlacHO JJaHHOW METOJUKe JIJIs KQK/I0T0 THAPOJIOTHYECKOTO MOCTa
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Puc. 4. MHo201emHs1a duHamuka sHaveHus1 koagpuyuenma Llyavya & no
audpoio2udeckum nocmam Ha p. [lckem (noc. Myananaa), p. MatidaHman

u p. OtizauHe (cm. «MatidaHman»).
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CorylacHO MOJIyYMBIUMMCS 3HAQUEHUSIM, PeKH HIDKHEM 4aCTH pedyHOoU
cucteMbl (OCHOBHOM 6acceiiH p. [IckeM) uMeiv mpeuMy1eCTBEHHO CHETO-
BO-JIe[HUKOBO€e NHUTaHue. PeKu BbICOKOW YacTH J0JMHBI (cucTeMbl Olira-
MHra ¥ MalijaHTajia) OTHOCHUJIMCh K TUIY JIeJHUKOBO-CHE['OBOT'O MUTAHHUS.
JTO NOATBEPXKAAIOT JaHHble MHOT0JIETHUX HAOJ/II0[JeHU: CpeJHErof0Boe
3HauyeHUe koapPunmenTa llynbna aasa pek [Ickem, OlirauHr u Maijantan
paBHbI 0.78, 1.03, 0.93 cooTrBeTcTBeHHO [3]. B oTAe/bHBIE TO/BI B 061 el
peuyHoii cucteMe p. [IckeM npeo6sagan oguH TN nuTanud (B 1983 r. - nef-
HUKOBO-CHeroBoi, B 1990 r. — cHeroBo-JyieJHUKOBBIN ). UHTepeCHO, UTo, yKe
HayMHas ¢ pybexxa BEKOB, NUTaHUe pek cucteM OiravHra u MaiaHTasna
pe3KO CMEeHUJIOCh C JIeJHUKOBO-CHEIOBOTO Ha CHEroBO-JIeJHUKOBOE, YTO
He B [I0CJIeZIHIOIO OYepe/ib CBA3aHO C NOTellJIeHUeM KJIMMaTa U 3Ha4UTe lb-
HbIM COKpallleHHeM IJIolaZiell U 06'beMa rOpHOTo oJie/leHeHUs.

OcHoBHble paKkTOpbl GOPMUPOBAHUSA CTOKA AEJATCHI Ha MOCTOSIHHbIE
- ¢usuko-reorpaduryeckue (K KOTOpbIM OTHOCATCS pa3Mep bacceiHa, pac-
NI0JIO’)KeHHEe OCHOBHBIX T'OPHBIX XpeOTOB, paclnpejiejieHHe IJIOaJied Mo
BBICOTHBIM 30HaM, IKCIIO3ULMS, PACTUTEJBbHOCTb Y IOYBEHHO-Te0JI0THYe-
CKHe 0COOEHHOCTH) U lepeMeHHbIe — TUPOMeTe0pOJIOrMYecKre yCI0BHUS,
K HUM OTHOCAITCA U KJUMaTudyeckre pakTopsl [4]. OHUM Bce AeHCTBYIOT Of-
HOBPEMEHHO U NPU aHa/M3e YCJI0BUM GOpMUPOBAHUSA CTOKA JOJHKHBI pac-
CMaTpUBATbCA B KOMILJIEKCE.

BacceutH p. [Ickem HaxoauTca B 3anagHou dactu Taub-llana u pac-
noJioxkeH Ha BbicoTax oT 800 no 4000 m Hax yp. M. BepxHioto yacThb 6ac-
ceilHa MOXXHO pa3/ieJIMTh Ha HECKOJIbKO M0J16acCEMHOB, OTHOCSILIUXCA K
pekaM OiravHr u MalaaHTaJ, Ube CAUSIHUE U 06pa3yeT IVIABHYI0 PeKy
6acceiina. [I[puTokn ocHOBHOM pekH, MalaaHTan U OUravHr, IpoTeKaT
0 [VIyOOKUM M y3KUM JOJMHAM C KPYTbIMU CKJIOHAMH, HACbIIleHHbIMHU
MHOT0YMCJIeHHbIMU MopeHaMHU [5]. [opHble XpeOThl, OKaUMJISAIOIUE L0JU-
Hy, ODUEHTUPYIOT ee YCThe U ee CPpeJHerOPHYI0 YacTh Ha loro-3anaj. Cie-
JloBaTesbHO, [IcKeMcKad [0/IMHA NOJBepKeHa BJIUSHUIO KJIMMaTUYeCKUX
BTOPKEHHUM C I0ro-3anaja, 3anaZa U ceBepo-3anaja, a Takke BJIHUAHUIO
10ro-3anaiHoil nepupepuu CHOUPCKOro aHTULMKJ/IOHA. YCThe J0JIUHbI 00-
pallleHo K I0ro-3anajy, ¥ oHa NnoJBep:XeHa [JMK/JI0HaJIbHbIM BTOPXKEHHUAM C
tora Kacnuiickoro Mopsi 4 noJisipHbIX BO3/yIIHBIX MacC, 4eM U 00bSCHSAET-
sl ;0OBOJIBHO 60JIbILIOE [0/I0BOE KOJIMYECTBO 0CaZKOB [2].

OTpesibHOe 3HaueHHe B GOPMUPOBAHUM TOJ0BOr0 CTOKAa UrpaeT pac-
npejieJieHUe CKJIOHOB 10 3Kcno3uLuu. Ha s1eBo6epexxHoM yacTu 6acceiiHa
npeo6/1alaloT CKJAOHBI CEBEPHBIX IKCMO3ULUH, YTO TOBOPUT O 3aMe/JIeH-
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HOM CHEroTassHMM Ha 3HAUUTEJIbHOW 4yacTu 6acceilHa. CKJIOHBI HOKHbIX
9KCHO3ULUH NIPeUMYIeCTBEHHO BCTPEYAOTCS Ha NpaBobepeXbe HUXKHeH
yacTu 6accerHa. /[ JaHHOW TeppUTOPUH [JOJKHO OBITh XapaKTepPHO 60-
Jiee IPOJIOJKUTENIbHOE U HEPABHOMEPHO paclipe/ie/ieHHOe (BHE 3aBHCHU-
MOCTH OT BbICOTbI) TassHUE CHEXHOI'0 TOKPOBa.

Jlia ropHbIX pek CpefiHel A3uM, caMbIM I[VIaBHbIM GakTOpoM GpopMHu-
pOBaHUSA CTOKA SIBJISIETCA MOCTYIJIEHUE TasbIX BOJ U3 CHEXHOI'O MOKpPO-
Ba U U3 JieAHUKOB. CHEXXHbIX MIOKPOB B UCCIeyeMOM OacceliHe HAaUMHAeT
006pa30BbIBAThCS B OKTSAOpe-HOSI0pe, B HIXKHEH YacTu 6acceiiHa 3TOT Mpo-
1iecc 3aTArUBaeTcs [0 leKabps. NPOL0DKUTENbHOCTD 3a/1eraHusl YCTOUUU-
BOT'O CHEXKHOTO MokpoBa — 117 u 176 nHel COOTBETCTBEHHO Ha HUKHEU
MeTeopoJsiorudyeckou craHuuu «llckem» B moc. Myssiana U BepxHeW CTaH-
1y «OUravHr» [6].

Jl/11 BpeMeHHOT0 aHaJIu3a CBSI3U MeX/Jy KOJIMYeCTBOM OCaZJKOB, BbI-
NaBLIKX 32 XOJIOAHBIN mepuo roaa (HOSA6pb-MapT UK HOSIOpb-anpeJib)
M 001IMM 0ObeMaM CTOKa 32 BereTallMOHHbIN MepuoJ, Ha HCCIefyeMbIX
CTBOpax pek (amnpesb-ceHTAOPb, MapT-OKTAOPb, U MapT-CEHTAOPD) ObLIN
paccyuTaHbl NapHble KO3PPUIHUEHTHI KOPPeIALUU MeX/1y CyMMaMU Me-
CAYHBIX JJaHHbIX 3TUX JBYX IOKa3aTeJAMU B Pa3JIMUYHbIX BapuaHTax. /i
ONMCaHUs CBSI3U BO BCeM bOacceliHe ObIJIIM UCIOJIb30BaHbl JJaHHbIEe IO Me-
CAYHOMY CTOKY 10 TUAPOJIOTUYECKOMY NOCTY Ha p. [Ickem B noc. MyJiiana
(Ta6s. 1.). Beuin npoBefeHbl Koppeasauuu JaHHbIX 3a 20 seT, 30 jieT U 3a
Bech nepuo/, (60 JyieT). B kauecTBe HCXOHBIX METEOPOJIOTUYECKUX JAHHbBIX
OblJIM B3AThl CpeJjHEMeCs4YHble 3HAYeHUs1 0CaJKOB [IJI1 MeTeOCTaHLUHU
«[Ickem» u «OirauHr» 3a 1961-2020 rogpl. Takke ObLJIM B3SIThI CpeiHEME-
csYHble laHHble peaHann3a ERAS.

Ta6snna 1
[TapHble K03PpPUIMEHTHI KOPPEIAUN MEX/1y KOJTUYECTBOM 0Ca/IKOB,

BBINABIIKX B XOJIOJHbIN epuo, (HosI6pb-MapT/amnpesib) U KOJUYeCTBOM

cToka B p. [IckeM (moc. MyJsisiana) 3a BereTallMOHHBINA epUOJ,

P (ct. P (cr. P (peananus

Mepuon Crok (W) «ITckem» ) «OHrauHr») ERA5S)

110 ce30HaM

XI-IIT | XI-IV | XI-IOD | XI-IV | XT-10 XI-IV
1961-1990 I IV-IX__ 1 0.775 [ 0825 [ 0863 [ 0.877 | 0.754 | 0.787
(30 seT) [I-X 0.77510.823 | 0.845 | 0.858 | 0.726 | 0.759
1991-2020 IV-IX 0403 105771059310688{ 0419 | 0515
(30 jeT) II1-X 0.414 1 0.577 1 0.583 [ 0.671 | 0.422 [ 0.515
1961-2020 IV-IX 0.5731068910737107861 0611 | 0.675
(60 seT) I11-X 0.577 [ 0.687 | 0.722 [ 0.767 | 0.598 [ 0.660
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Jpyrum $akTopoM, KOTOPBIA BJMSET HAa OOLIYI0 JUHAMUKY BOJHOTO
CTOKa, SIBJISIeTCS KOJIMYECTBO BbINMABIIUX JOX/AEBbIX 0CA/IKOB B JIETHUH Te-
puoa. [Tockosbky B 6acceiine p. [IckeM ocaziky B BH/le CHEra MOTYT BbINa-
JlaTh C HOSAOPS MO0 MapT B HUXKHEW YACTH U C OKTSOPS M0 anpeJsib B BepXHEH
yacTu 6acceiiHa, TO JJis paCCMOTpPEHUs caelyeT OTPAaHUYUThCS BpeMEHEM
BereTalMOHHOTO Mepuo/a (C anpeJisi N0 CEHTAOPH), KOTOPOE OJHOBPEMEH-
HO SIBJISIETCSl U BpEMEHEM M0JIOBO/bSI.

Tab6smna 2
CBsI3b KOJIMYECTBA 0CA/IKOB B TEIJIbIM NEPUOJ rofia
(ampesib-oKTSA6pb) CO CTOKOM B BereTallMOHHBIN Mepuos,

[Tepuof Cr. «IIckem» | Ct.«O¥iraunr» | Peananus (ERAS)
1961-1990 (30 JsieT) 0.652 0.574 0.856
1991-2020 (30 JsieT) 0.565 0.466 0.702
1961-2020 (60 sieT) 0.573 0.491 0.792

JlaHHble peaHa/iM3a MOKa3bIBAKOT JIOBOJILHO IpHeMJieMble 3HAaYeHUs
KOppeJssiliii, 0OCOOEHHO B C/Iy4yae J0X/1eBoro ctoka. CTOUT OTMETHUTb, YTO
HauboJiee BbICOKHE KO3 PULIMEeHTbI KOppessui Hab/II0JaIuCh B IepBble
30 sieT nepuoa Ha6oAeHu (10 0.70-0.90), a Bo BTOPOM TPUALLATHUIETHUH
3TH e 3HayeHUs cTaHoBATcA MeHble (10 0.40-0.60).

OTAesibHBIM PAaKTOPOM, BJUAIOIIMM Ha BEJIMUMHY €CTeCTBEHHOTO CTO-
Ka, ABJISIeTCS UCNIapeHKe, OJJHAKO B TOPHBIX pallOHAaX OHO HE3HAYUTEJILHO,
IIOCKOJIbKY COIJIaCHO JJaHHBIM peaHasuu3a ERAS ob1ee ucnapeHue Ha Tep-
putopuu [IcKkeMCKOM [0JIMHBI He NpeBbillaeT 3-4 MM B HIOHe-HoJle. Ente
0lHUM $aKTOPOM, KOTOPbIM HE3HAYMUTEJbHO BJIMSET HAa GOPMUPOBaHHUE
BOZJHOTO CTOKA B TeIJIbIK epUO/ rojJia, ABJsEeTCH N0J3eMHbIN CTOK — 00-
11iee KOJIMYeCTBO BO/bl, KOTOPOE NMOCTYNAeT B PEYHYIO CUCTEMY U3 IPYHTO-
BbIX BOJI. B 3MMHI0I0 MeXXeHb IPaKTHU4YeCKU BEChb CTOK CPOPMHUPOBAH IPyH-
TOBBIMH BoaMHu (ok. 20-30 m3/c).

[TocnegHuM paccmaTprvBaeMblM GaKTOPOM OblJ JieJHUKOBBINA CTOK. B
KauecTBe MeTOo/la OLleHKU BJIMAHUS JIEJHUKOBOTO CTOKA MCII0JIb3yeM CpaB-
HeHUe KO3QPUIIMEHTOB NAapHOU KOppesllud MeXAy CpeJlHeMeCAYHbIMU
TeMIlepaTypaMHy BO3/lyXa M KOJMYECTBOM CTOKa IO MecsllaM BereTalu-
OHHOI'O NepuoAa Ha pekax MaWgaHTan u OWravHr, Tak KaKk UMEHHO B UX
b6acceiiHe HaxOJUTCS OOJIBIIMHCTBO BCEX JIEJTHUKOB JJAHHOTO PEYHOro 6ac-
ceiiHa (TabJ1. 3). Kak noka3bIBalOT JaHHble Koppeasauuu 3a 30-j1eTHuUe Ie-
pHO/bI, MecAaMU C HAUOOJIbIIMMU 3HAaYEHUSIMU KOPPEJISALIUN MeX/y TeM-
nepaTypou ¥ CTOKOM fIBJISIETCA anpesb U MI0Hb. OJHAKO B IepBOM CJy4ae
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MMeeT MeCTO ObITh UHTEHCHUBHOE BeCEHHee CHeroTasiHue, HauboJib1as H-
TEHCUBHOCTb KOTOPOI'0 XapaKTepHa UMeHHO JJig 3Toro Mecsaua. Koapdu-
[IMeHThl KOppeJALUU B JIETHUHN N1epuo/, HauboJsiee BeJIMKU B UIOHE, KOT/a
H0JI0OBO/IbE JOCTUTAeT CBOET0 MUKA U IPOUCXOUT HanboJiee MHTEHCHBHOE
TasgHUe JIEJHUKOBOTr o NMoKpoBa B [IckeMckou fosunHe. [lyia pekn OlravnHr
Haw/Iydllyde 3HAa4YeHUs KOppessllud OTMeYyaJUuCh B HUioJie nepBbix 30 seT
(zo 0.6 no gaHHBIM cTaHMU «OWrauHr»). B To e BpeMs asd p. MaiaaH-
TaJ, Ko3QPUIMeHThI KOppesaLUY 3aMeTHO MeHbIIIE.

Ta6snna 3

CBsI3b TEMIIepaTyp BO3/lyXa B TENJIbIH NEPUOJ rofia
(anpesb-ceHTAGPD) CO CTOKOM B BereTalMOHHbIN MEPUO/,

Cpe/iHeMeCsAYHbIE TEMIIEPATYPbI BO3/yXa
CTok p. OfiravHr p. MaiigaHTan
Mepron (W) Cr. Peananus Cr. Peananu3s
«OUramHr» ERA5 «OUramHr» ERA5
A% 0.433 0.535 0.488 0.578
V 0.204 0.307 0.290 0.358
1961-2020 | VI 0.465 0.388 0.386 0,322
(60 seT) VII 0.040 0.023 0.013 -0.015
VIII 0.233 0.216 0.148 0.134
IX 0.162 0.124 0.253 0.132

HepaBHOMepHOCTb CE€30HHOM JWHAMHUKH KO3QPHUIIMEHTOB KoppeJsi-
IIMU 00bsICHAETCS 0COOEHHOCTAMU POPMHUPOBAHUS TAJIOTO CTOKA B J10JIU-
He. B ampesie-Mae nNpouCXoJUT NPOLECC IOCTENEHHOTO CTAaMBAaHUS CHEX-
HOM Macchl, B pe3y/bTaTe KOTOPOTro popMHUPYyeTCs MoJaBJsoNas 4YacTb
ro/iloBoro ctoka. [luk nosoBo/ibsi NPUXOJUTCS HA UIOHb: UMEHHO [JIs JlaH-
HOI'0 Mecsilja XapaKTepHbI caMble BbICOKHE KO3PPUIUEHTHI KOPPeIsLiUH.
B utoJie, Korjia CTOK HAQUMHAET YMEHbUIATbCS, CBSA3U MEX/Y TeMIlepaTypou
U CTOKOM NPAKTUYECKU HET. ITO TaKXKe FTOBOPUT O TOM, YTO JieJHUKOBBIN
CTOK B IaHHOM Mecsille HeBeJIMK Y He BbI3blBaeT CEpbe3HOr0 BJMSHUS Ha
obuyto fuHaMuKy. CorsacHo Tab6Jl. 3, CylecTBYeT ellé OJAUH MaKCUMyM
KOppeJIsiliiU — B aBI'yCTe, OJJHAKO 3TO He 03HAYaeT TOro, YTO JieJHUKOBBIN
CTOK KaKHM-TO 06pa30M yBeJIMYHMBaeTCs. A B CEHTA0pe HauMHaeTCs ocTe-
IeHHOe MOHWXEeHHWe TeMIlepaTypbl B BBICOKOTOPHOW MECTHOCTH U JIeJHU-
KOBBI CTOK MpaKTUYeCKU NpekpailaeTtcs. PaboT, B KOTOPbIX pacCMaTpHU-
BaeTcs JIeJHUKOBBIA CTOK M ero BKJIaJ, B 001U CTOK peK OTHOCUTETbHO
HEMHOTI0, UYTO CBSI3aHO C TPYAHOCTbIO U3MEPEHHS CTOKA C JIEJHUKOB B MO-
JIeBbIX YC10BUAX. OJHAKO CYI1eCTBYIOT PU3UKO-CTAaTUCTUYECKHUE MOJEJH C
JIeJHUKOB B 6acceiiHax pek CpesHelt A3uu.
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B pesy/nbTaTe KOppeJssiiMOHHOrO aHa/KM3a (AaKTOPOB, BJAMUSIOIUX Ha
dbopMHpoBaHUeE FOZ0BOTO CTOKA C 6acceiiHa p. [IckeM MOXHO cZie1aTh Bbl-
BOJl O TOM, UTO HaubOoOJiblllee BJAUSTHUE UMeeT CTOK TaJIbIX CHET'OBBIX BO/I,
nocJje 4ero UAYT MOA3e€MHbIN, JIEJHUKOBBIA U JOXAEBOU CTOK. OJHAKO
BJIMSIHYE Ha OCOOEHHOCTH roI0BOM JUHAMUKH MOA3€MHbIN U JIeJTHUKOBBIN
CTOK UMEIOT OMOCpe/JOBaHHOE: UX BKJaJ, B GOpMHUpPOBaHUE KAapPTUHbI T'O-
JIOBOTO CTOKAa He3HA4YUTeJIeH, TIOCKOJIbKY NepPBbIM U3 HUX B T€YEHUE roja
M3MeHsIeTCSl 0YeHb €J1ab0, a BTOPOM MOCTOSIHEH U XapaKTepPeH TOJIbKO AJis
JIETHEro Mepuro/ia, KOrja u30TepMa HyJIeBOU TeMIlepaTyphl JJOCTUTAET Bbl-
COTbI JIETHUKOB.

['opaszo 6oiblilee BJAUSTHUE HA 0OI11YI0 KAPTUHY I'OJIOBOr'0 CTOKA OKa3bl-
BalOT FU/IpoMeTeopoiornyeckue GpakTophl, TaKUue Kak oblee KOJM4eCTBO
CHEro3amnacoB M KOJIMYECTBO BbINABIIMX OCAaJKOB 3a BEreTallMOHHbIN Ile-
puo/. 3aMeTHbI BbICOKHE CTENEHU KOPPEIALMU MeXY 3HaYeHUSIMU J10%K-
JIEBBIX 0CA/IKOB B BereTallMOHHbIN epUO/, U 00I1ero KOJMYeCTBa 0CaZIKOB
3a X0JIOAHbIY IePUOJ, roZja CO CTOKOM B BereTallMOHHbIN IIePHUO/I, B paMKax
KOTOPOT0 U HAabJII0JAeTCs OJIOBOJBE.

Mexronosasa AMHAMHKa TOBOPUT 0 ciaedywouieMm: B 1960-1970 rr. u
2000-2010 rr. Mex/ly CHETOBbIM U OOLUM CTOKOM HaOJII0AAIUCh BBICOKHE
creneHu koppensanuy, B 1980-1990 rr. ux 3Ha4eHUe XOTb U He NOTEPSJIO0
CBOEM 3HAYUMOCTH, HO HECKOJIbKO 0cJ1abJ10. CBSI3aHO 3TO C pe3KO BO3POC-
UM KOJIMYECTBOM JOXKAEBBIX 0CaZKOB, 0co6eHHO B 1990-e roarnl. C Hava-
Jla HOBOTO BeKa HaMeTUJICA TPeH/l Ha MOCTEeNEHHOe YBeJIMYeHHUE BJAUSHUSA
TaJIOr0 CTOKA Ha pOHE MOCTENEeHHOTr0 NOBBILIEHHS TEMIIEPATYP BO3AyXa U
yMeHbIlIeHUs BOJJTHOCTU baccelHa.
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YCTOMYMUBOE YIIPABJIEHUE BOJHbIMU PECYPCAMHU
PEKHU CAPBI-/IXKA3 KbIPT'bI3CKOM PECITIYBJIMKH

Konpomwonsa H.A., A6aynnaes M.C.
HHcmumym 800Hbix npobaem, cudposnepzemuku HAH KP,
2. bBuwkek, Kvipevizcman. E-mail: nurzada.zholdoshova@internet.ru

Jlo HacTos1ero BpeMeHU Bo/IHbIe pecypchl 6acceliHa peku Capbi-/[xkas,
cobcTBeHHO, B KbIprei3cTaHe He UCIOJb3yOTCS. [locTOSSHHOTO HaceseHus
B OacceliHe MPaKTUYECKU HET, 3eMJIM M3/laBHA UCMOJIb3YIOTCS KaK 3UMHHE
nacTOuIla, TOCKOJIbKY 0Ca/IKOB 3/1€Ch BbINAa/JaeT MaJo U 3UMOU CKOTY Jier-
KO ,06bIBaTh KOPM U3-110J, TOHKOTO c/1051 cHera. bacceliH peku Capbi-/lka3
M30JIMPOBaH OT OCTaJIbHON TEPPUTOPHUU PecyOJIMKU BbBICOKUMU TOPHBIMU
XpebTaMu, BECb peYHOU CTOK YXOAUT B coceJHMM KuTall M Ha ocBoeHUe pe-
cypcoB 6acceiiHa B PecniybJyiMke mpakTU4eCKH He obpaljaju BHUMMaHus. B
1959 r. 6b1/1a OTIIpaBJIeHA 3KCIEAUIIMS THAPO3IHEPreTUKOB, 3a/1a4ell KOTO-
po¥ 6Oblia npeJiBapuTe/ibHas OlleHKa MOTeHLUaJIbHbIX TUPO3HEpPreTuye-
CKUX PECYPCOB M BO3MOXXHOCTHU UX UCIOJIb30BaHUS MIyTEM CTPOUTENbCTBA
Kackajia TUpo3JIeKTPOCTaHUUK. B mpouecce paboT ObLIM OmnpejeseHbl
CTBOpPBI U MecTonoJsioxeHus: oTuH ['IC. [Ipeasaranock sHepreTryeckoe
MCIIOJIb30BaHUE CTOKa peku Capwbl-/Ika3 myTeM CTPOUTEJNbCTBA YEThIPEX
TU/IpO3JIeKTPOCTAHIMH, PACIIONIOKEHHBIX HA CTBOJIE PEKU.

I'maposornyecKkass U3y4eHHOCTb U BOAHBIN PeXXKUM peK

B rupposioruueckoM oTHolleHUM GaccelH peku Capbl-/»ka3 u3yueH
HeJ0CTaTO4YHO. PexkuMHble HabJII0[eHUs 32 CTOKOM MPOBOAUJIUCH HA pe-
kax Kyiunto, Capbi-/>ka3, Akuuniipsk, UHblibuek u Kaiungpt [1]. Ha Teppu-
Topuu KbIpreidcTaHa JiyinHa peku cocTtasisieT 198 km [1].

[Ipoo/mKUTENIBHOCTD Hab/0AeHUH He mnpeBbimaeT 15-20 jeT. CTok
peku Capsi-/Ixa3 B norpaHudyHoM ¢ KuTaeM cTBope ocTaeTcsi HEU3yUeH-
HbIM, IO3TOMY MapaMeTpbl CTOKAa B 3TOM CTBOpPE MOJIy4YeHbl pacieTHbIMU
MeTOJaMHU.

PeXXuM ¥ TUII TUTAHUSA peK 6accerHa

[TorugposioruueckomMy pexuMy peku 6acceitHa oTHOCATCS K TaHb-1llan-
CKOMY TUIY C IBYMSI IPKO BbIpaXKEHHBIMU pa3aMU CTOKA — OCEHHEe-JIETHUM
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M0JIOBO/IbEM U OCEHHEe-3UMHeUN MexXeHblo. B mepuo nosioBo/bsi ipKo 060-
3HavyeHbl /|Ba MaBOJ KA CHETOBOM — allpesib-UI0Hb, KOT/1a IUTaHUe OCYIeCT-
BJISIETCA 3a CYET CE30HHbIX 0CaJKOB, HAKOMUBUIMUXCSA B rOpax 3a XOJ04HbIN
nepuo/, U JIeJHUKOBbIN — HI0JIb-CEHTSAOPD, 32 CUET TasHUe JieAHUKOB. Ha
puc. 1, 2, 3 npeacraBiienbl ruaporpadsl ctoka pek Capoi-/kas, Kyt u
AKIIMUPSAK 3a 3KCTPEMaJIbHbIE TO/ibl - MHOTOBOJAHBIM U MaJIOBOJHBIM.

250

200

pacxon Badpl, M.kyo/c

AHU, MecsALb —+—1985 —=— 1983

Puc. 1. 'udpozpagsi cmoka peku Capbui-/Ixcas 3a 200bl pasau4Holi 00HOCMU.
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Puc. 2. Tudpoepagvi cmoka pexu Kytiato 3a 200bl pazau4Hoii 600HOCmu.
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pacxopn Boapl, M.kyd/c

1 2 3 4 5 6 7 8 9 10 1 12

MecsLbI, AHN = 1975-ManoBoaHbIN
—a— 1980-MHOroBOAHbIN

Puc. 3. T'udpoepagsl cmoka pexku Akwutipsik 3a 2006l pa3Au4Holl 600HOCMU.

[lo nokaszaTtesto Tumna nuTaHus (OTHOLIeHHMe O00bEMa CTOKa 3a
UI0JIb-CEHTSA0Pb K 00'bEMY 3a MapT-UIOHb) peKU bacceiHa OTHOCATCH K
JIeJHUKOBO-CHETOBOMY NMUTAHUIO, IOCKOJIbKY BeJIMUMHA €ro HaXO4UTCS B
npenenax 2.3-2.9.

BHyTpHUroaoBoe pacnpejejgieHue CTOKa

Bo BHyTpurogoBoM pacnpejiesieHUU cToka (puc. 4-8) oCHOBHOU 00'b-
€M CTOKa NPUXOJUTCS Ha UI0JIb-CEHTAOPS, B UI0JIE, aBr'yCTe HABJII0AAI0TCS

MaKCHMaJIbHbI€ pacXoJbl BO/ibl, KOTOpPbIE d)OpMI/Ipy}OTCH B OCHOBHOM Jie/-
HHUKOBBLIM CTOKOM.
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1 2 3 4 5 6 7 8 9 10 11 12
mMecsubl
Puc. 4. Pacnpedesenue cmoka no mecsiyam 8 % om 20008020 pexu Capul-/]sca3.
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Puc. 5. Pachpedesenue cmoka no mecsayam 8 % om 20008020 peku Kytiato.
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Puc. 6. PacnpedeseHue cmoka no mecsayam 8 % om 20008020 peku Awutipsik.
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O 60JIbLIOM POJIU JIEJHUKOBOTO MUTAHUS MOKHO CyIUTH [0 BHYTPUTO-
JIOBOMY pacrnpe/ieJIeHHI0 CTOKA 10 MecsllaM M ce30HaM Ha HanboJiee KpyI-
HBIX MPUTOKax peku Capri-/Ika3 (TabJ. 1).

(B % oT rooBoro o6’bémMa CToKa)

Ta6smna 1
BHyTpUTro0BOE pacnpeie/ieHHe CTOKA M0 JIETHUM MecslaM U ce30HaM

Mecsaywl no10800bs Ce30HblI

7-9 | 5-6 |10-4
Peka

5 6 7 8 9 0CeHb-

JIETO | BeCHa
3uMa
BepxoBbs Capei-/>ka3 | 7.3 |16.4 (239 |24.2 |10.0 |[58.1 |23.7 |18.2
Kyiinto 41 |13.1|288 |275 |87 |650 |17.2 |17.8
WHbLIBYEK 3.7 |99 |258 (380 |94 |73.2 |13.6 |13.2
Axmuipsk 6.4 |19.1|279 |266 |70 |615 |255 |13.0
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Ilos10BOABE 1 MAaKCHUMaJIbHBIE PACXOAbI BOAbI

[TonoBoabe sABAsieTCA OCHOBHOM (a30il T'MApOJIOTMYECKOTO pexuma.
Ha pekax 6acceliHa n0J10BO/ibe HAUMHAETCS B anpeJie UM HavyaJle Mas, 3a-
KaHUYMBAETCS B CEHTsOpe.

[Tocne mpoxoX/jeHHsl NepBOro NMUKa NaBojKa (anpeJib-UIOHb) OT Tas-
HUS Ce30HHBIX CHEr0OB, HAKONMBUIMXCS B ropax 3a X0J0AHbIN nepuoy, (ok-
TA6pb-MapT), OTMeYaeTcss BTOPOM (MI0Jb, aBrycT) 6ojiee MOLIHBIA — OT
TasiHUA JIeJHUKOB U «CHEXXHUKOB» BbICOKOTOpbA. [locsie 3TOro Hactynaet
paBHOMEPHBIH cna/, ¢ He6OJbIIMMU MUKAMU TaJI0TO UJIU J0/,eBOT0 Mpo-
UCXOX/IEHUSA 0 cepe/JUHbl CEHTAOPS, NepexoJsliui B IOCTENeHHOoe yObI-
BaHHE pacXoJ0B BOJibl (MeXeHHbIN CTOK) /10 Havya/la 0J0BO/bs CleAyI0-
wero roja (puc. 6, 7).
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6/c
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CpeaHecyTOYHbIN pacxon BoAbl, M.KY!

40

30

20

10
0

AHU, MecsALbl
Puc. 6. T'udpoepag nos10800bs p. AKWUiipsiK.

Peka AKIIMUPSIK - CaMbli 60JIbIION 10 MJIOUIA/AU U JIJIMHE TPUTOK PEKHU
Capsni-/Ika3, uMerouMil HauboJibllee oJiefleHeHre. bacceiH peKu uMeeTt
CJI0’KHOE CTPOEHME C pa3BeTBJIEHHOU rujporpadudeckoi cetbio [3].

Pexn Kyiiito v Y4Ky/ib TEeKyT B OTHOCUTE/IbHO IPAMOJIMHEHNHBIX JJ0JIN-
HaX C JIOCKUM rajiedHbIM AHOM, mMpuHoi 200-500 M 1 yMepeHHO pa3BeT-
BJIEHHBIU pyCJIaMH.

JIMTEPATYPA
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B/IMAHUE UBMEHEHHUA K/IMMATA HA CTOK
PEKHU BYKTbBIPMA: OHEHKA U [IPOTHO3

Hyp6anuna A.A., TypcyHoBa A.A.
HHcmumym eeozpaguu u 800HOU 6e3onacHocmu
2. Aamamel, Kazaxcmat. E-mail: aliya.nurbatsina@gmail.com

BBeaenue

[Jl06a/ibHOE MOTEeNJIEHHE, KOTOPOE € cepeiHbl 70-X I'T. POLLJIOT0 CTO-
JIeTUs1 UJET BbICOKUMH TeMIIaMH, MPUBOJUT K YBEJUYEHUIO MPOJOJIKU-
TEeJIbHOCTHU TEIJIOT0 Mepuo/ia, MHTEHCUBHOMY TasiHUIO CE30HHOTO CHera U
yBeJIMYEHUI0 YK CJIa TABOJIKOBBIX U CeJieBbIX sIBJeHUH Ha pekax lleHTpasib-
HOM A3uu. [leproJUYHOCTb KPUTHYECKUX AaHOMAJIMN BbINAIeHUSI 0CaJIKOB,
JIN60 pe3Koe TasiHUEe CHEXXHOr'0 MOKPOBA MPHU «APYKHOCTU» BECHBI MOTYT
NpUBECTU K GOPMUPOBAHUIO UJIM CIAULIKOM GOJIBLIOTO, MW CAUIIKOM Ma-
JIEHbKOTI'0 06'beMa BOJIHBIX PECYPCOB, C/Ie/ICTBUEM KOTOPOTO SIBJISIIOTCS Ha-
BOJIHEHHS WJIM 3acyxH [1].

YnpaBJsieHUe BOJHBIMH pecypcaMH B NMPOCTPAHCTBEHHOM HM3MeHEeHHUHU
npeJiCTaB/sIeT HAUOOJIBIIYIO CJI0KHOCTh, TaK KaK HECET B cebe He TOJIbKO
IpOIeCcChl U3MEHEeHHUs KJIUMaTHYeCKHX YCI0BUH, a TaKXKe MOICTUIAIoIeN
MIOBEPXHOCTH, B YCJIOBHUSX aHTPONIOTEHHOTO BO3/eicTBuUs. [IpuMepoM siB-
JisieTcs1 6accelH peku ByKTbIpMa, KoTopas SBJsETCS OAHOW M3 HauboJiee
KPYIHBIX peK Ha AJiTae, pacrnoJio’KeHHbI B BEpPXOBbSIX PEKU B Y3KOU J10-
JINHE T'Op, a B HU30BbSIX BBIXOJAUT Ha 60Jiee MJIOCKY0 MoBepXHOCTh. Ha co-
cTosiHUe JaH/madTa B 6acceiiHe 0Ka3a/y BJAUSHUE TOPHOMPOMBIIIJIIEHHOE
POU3BO/ICTBO, BbIPYOKa JIECOB HA CKJIOHAX, TH/IPO3HEPTeTHYECKOE CTPOU-
TeJIbCTBO, paclalllKka 3eMeJIb, a TaKXXe NacToulHas aerpeccus. Co3gaHue
ByKTBIpPMHUHCKOI'0 BOJJOXPAHHUJINIIA 00YCTOBUJIO H3MEHEHUE FUIPOTEPMHU-
YeCKOT0 pexkuMa JIaHA1adTOB pevyHOoro 6acceiiHa, MPOSIBUBILETOCS B YCJI0-
BUSIX OPOKJIMMATHYeCKOTO 6Gapbepa YBeJUYeHUeM 0CaZIKOB [2].
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O6BbeKT U MaTepHaJIbl HCC/IELOBAHUA

Pexka Bykmobipma. OfHa U3 HauboJiee KPyIHbIX peK Ha AsiTae, OTHOCS-
muxca Kk nputokaM Eptuca (puc. 1). lsinHa peku coctaBiasieT 336 KM, ILJ10-
maab Bogocoopa 12 660 km?. Havyaso 6epéT u3 ByKThIpMUHCKOrO 03€pa,
Ha BbicoTe 2600 M ¢ xpe6Ta l0xkHoro Anrtas. Bnagaet B BykTelpMUHCKOE
BOJIOXpaHUJIMILIEe, OCHOBHbIe NPpUTOKU: besnasa bepesb, CapeiMcakTel, Typ-
rycyH U Ap. Penbed MecTHOCTH, npuierawliei K JoJMHe PeKU, TOPHBIH,
nepecedyeHHbIH. [llupuHa foauHLl 5 - 6 KUJIOMeTpPOB (B cykeHusax 0.3 - 0,4
kusoMeTpa). [lutanue cmemanHoe: 50 - 55% cHerosoro, 25 - 35% poxae-
Boro, 15% rpyHToBoro. CpeHu# rofoBoi pacxof Bojbl 214 M3 /c. B HuxX-
HeM TeYeHUU peKU UMEITCH 00beKThl IHEPreTUYeCKOU MPOMBILIJIEHHO-
CTH, peKa U ee IPUTOKU UCHOJIb3YIOTCA JJIs1 OPOILEeHUs U BOJLOCHAOKEeHUA
HaceJIeHHBIX NMYyHKTOB. Bbicliasg Toyka 6GacceiiHa HaxXxO4UTCSA Ha BBICOTE
4506 M Haj yp. M., yCTbe peKU ByKTbIpMBI JIEXKUT Ha 4 KM HUXKe.

KA3AXCTAH |
Poccua

] Een%z}m

4506 &

\ t.\\g{(

CepebpsiHck 7 &, bepenbckue 1edHuKu:
b \ coKpaweHue naowadu

Ha 15-20% 3a

*x nocniedHue 50 nem
XMOPMUHCKOe 80XP. b

Mwaporpadus u penved
aYNbKeH HappiH N e - \
fffff PeuHoit baccenH KatoH-Kaparan = AP +X++++-"’N;g-@*

+++++  [0CynapcTBeHHbIE rPaHNLbI o KUTAU

15
/k CpeaHerofoBoi pacxoa Boabl (M¥c) 0 50 kM

Puc. 1. l'udpozpagdpus u pesaveg sodocbopa pexu
Bykmuipma - c. /lecHas [Ipucmany [3].

BboJibiioe B/MsIHME Ha (l)OpMPIpOBaHI/Ie IMOBEPXHOCTHOTI'O CTOKA B I'/IALI -
aJIbHO-HUBAJIbHOM M0siCe OKa3blBaeT Ha/IMuKe BeYHOU Mep3JIOThI. Hemy-
060KO 3aJjieraromasd BedHad Mep3Ji0Ta B Te4EeHHe BCero TeIljioro nmepuoza
roga CJay>MUT XOpOoIIMM BOAOYNIOPOM, IIO KOTOPOMY OCyUE€CTBJIAETCA I10-
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BEPXHOCTHBIM CTOK TaJbIX U JOX/JEBbIX BOJ, C MUHUMAaJIbHbIMU NIOTEPAMHU
Ha MHQuUIbTpanuo. OCHOBHble KOMIIOHEHTbI TOPHON Kpuocdepsl, onpe-
Jlesisiiolue ycaoBUsl GOpMUPOBAHUS BO30OHOBIISIEMbIX BOJHbBIX PECypPCOB
KazaxctaHa u cTpaH LleHTpasibHOM A3UM — CHEXHbBIW MOKPOB, JIEAHUKU U
N0/I3eMHBIE JIb/ibl (IOTpeOeHHbIe JIEJHUKH, JIb/ibl KAMEHHBIX IJIETYEPOB U
BeYHOU Mep3JioThl). CTpeMHUTeNIbHOE COKpallleHHe JieJHUKOB lleHTpasib-
HOM A3uU 3a nocJie[iHUe M0JIBeKa U KpaliHe He61aronpuaTHbIe IPOTHO3BI,
COTJIaCHO KOTOPBIM OJieJleHeHHe IJIaBHbIX 6aCCeHOB peK peruoHa yXe B
Te4eHHUe TeKYIero CTOJeTHUsI MOXKEeT COKPATUTbCS B pa3bl OTHOCUTEJIbHO
COBPEMEHHOTO JIMO0 MCYe3HYTh BoBce [3-8], cTa/iu NpuYUHOU Bce HGoJjiee
IPUCTAJbHOI0O BHUMAHUs yYeHbIX K Ipo6JieMaM KJIUMaTO00yCI0BJIEHHbIX
M3MeHeHUU ropHOU Kpuocdephl.

[lnomans oneneHenvs Kasaxcrana B mepuof ¢ 1955-1956 rr. mo
2015 . ¢ 1744.8 o 1032.1 kM? TO ecTb Ha 712,7 KM? 1 OTHOCUTEJIbHOE
yMeHbllleHHe MI0IaAu bjaa coctaBuio 40.8 % (0.68 % B rog). B koHIe
60-x IT. IpOIIJIOr0o BeKa Obl cocTaBJseH nepBblil KaTasnor segnukos Ka-
3axXCTaHCKOro A/Tas C XapaKTEpPUCTHUKOM UX COCTOSIHUA Ha HayaJlo BTO-
poii nosioBUHBI cToseTus (1950-1955 rr.). [lo anHbIM 3TOrO KaTasnora, Ha
TEPPUTOPUU pacCMaTPUBaeMbIX 6aCCEMHOB HACUUTBIBAIOCh 323 JieJJHUKA
C YUCTOH MJIoIaAblo (6€3 KOHeUYHbIX MOpeH cTaguu pepHay) 71.4 kM* u
o6beMoM Jsibza 2.41 km? [9].

[To ganHbIM [10], ¢ 1955-1956 rr. mo 2015 r. yucso aefHUKOB B Kasax-
CcTaHCKOM AJuiTae cokpaTuoch Ha 60%, B 4aCTHOCTH B 6acceiiHe BEPXOBbs
BykTbipMbl Ha 40,5%. COOTBETCTBEHHO UX IJIOLIA/lb COKpaTUach B Kazax-
craHckoM Asntae ¢ 71.4 go 37.2 km? Ha 47.9 %, B 6acceliHe BepxoBbs Byk-
ThIpMBI € 23.3 10 12.94 km? Ha 44.4 % (puc. 2) [11,12].

Kak BU/IHO U3 yKa3aHHOTO Bhbllle rpadurka, Hab/I0aeTcsl TEHAEHI U
HeOO0JIbIIOTr0 MOBbILIEHUS CTOKA JIJ151 TUJIPOJIOTMYeCKOro NOCTa.

Ha puc. 3 npeacTtaBsieH rpadpUuk MeXroA0BOro Xo/ia CpeJJHUX 3HAYEHU N
pacxoi0B BOAbI 3a EPUOJ, allpesib — CEHTAOPDb (BereTallMOHHbIN NepUOZ,)
JlJ1S1 yKa3aHHOTO 00'bEeKTa.

B kayecTBe MeTeOpOJIOTUYECKUX CTAHLIUH, paCIIOJIOKEHHBIX HA TEPPHU-
TopuM bacceiiHa BykTblpMa, BbIOpaHbl ciaeAywolue ctaHiuu: Katon-Kapa-
rai, JlennHoropck, YabkeH-HapbiH, TepekTsbl. /Iy BbIOpaHHBIX MeTe0po-
JIOTUY€eCKUX CTAHL[UH NOATOTOBJIEHBI JOCTYIHbIE JJaHHbIE 110 TeEMIIEPAType
BO3/lyXa M ocajikaM. Ha puc. 4 npezacrtaBieHbl rpadUKU MEXI0J0BOT0 X0/ia
Ce30HHBIX TeMIIepaTyp BO3/yxa U 0CAJKOB JIJ11 yKa3aHHbIX MeTE€OCTaHLU K.
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Puc. 2. Ilnowads osedeHenus 6accetiHos pek KazaxcmaHckozo Aamasi
no cocmosinuto Ha 1955 u 2015 ze.
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Puc. 2. Ilnowads osedeHenus 6acceliHos pek KazaxcmaHckozo Anamasi
no cocmosiHuto Ha 1955 u 2015 ee.

Kak BUJHO U3 npe/cTaB/JeHHbIX rpadUKOB, HAOJ/I0JaeTCsl TEHAEHIUSA
yBeJIMYeHUs] TeMIepaTypbl BO3/yxa B MepUOAbl SHBAapb — MapT, allpesib
- ceHTa6pb. [lo ocafikaM B Mmepuo/i HAKOMJIEHUSI CHEro3amnacoB (fIHBapb
- MapT) 0COOBIX TEHAEHIUN UX U3MEHEHHU He BbISIBJIEHO, 32 TEMJIbIN XKe
nepuo/, anpesb - MIOHb UJET HEOOJIBIION Ca/i B KOJIMYECTBE BbIMABLIUX
0Ca/IKOB.
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OHHBIX U OMOTe0XHMHYECKHUX MporeccoB [13].

Puc. 4. I'paduku mexnc20008020 X00a C€30HHBIX 3HAYEHUTL
MeToa0/10rUs UCII0JIb30BAHUA FrUAPoOJIorndeckon mogesu SWIM

Mogens SWIM mnpejctaBiisieT co6oil pU3UKO-MaTeMAaTUUYECKYIO MO-

AeJib TellJio-



Ha pganubiii MoMeHT SWIM BkJlO4aeT B ceOsl OMUCAaHUE CAEAYIOIIUX
npoueccoB GOpMUPOBAHUA TEIJOBOTO U BOAHOIO peXXHWMa pasIMYHbIX
9KOCHUCTEM CYyIIM: NlepexBaT XUJKUX W TBepAbIX aTMOChEpHBbIX Ocaj-
KOB paCTUTEeJIbHbIM NOKPOBOM, a TaKXe HUX N0CJeAyollee UCTIapeHHe U
BO3MOXXHO€ TasiHue UJIM 3aMep3aHue; GopMUpOBaHUE CHEKHOTO ITOKPOBa
[0/, TOJIOTOM Jleca M Ha OTKPBITHIX y4aCTKaX B XOJIOAHBIA MepUOJ roja
(aKKyMy/siLlMs JOCTUTILHUX IOBEPXHOCTH TOYBbI TBEPABIX 0CA/IKOB, UX UC-
napeHue, TassHUe U BO3MOXKHOE 3aMep3aHue TaJol BOJbl B CHere B C/y4ae
NOHWXXEeHUS TeMIlepaTypbl BO3/JyXa 0 OTpULIaTeJbHbIX 3Ha4eHUl); dop-
MUPOBaHHeE [MOBEPXHOCTHOIO CTOKAa M BIMUTBhIBaHWE BOJbl (MOCTymaro-
1lel Ha NMOBEPXHOCTb NOYBbI BCJEACTBUE BbINAJIEHUS XUJKUX 0CaJIKOB
WU TasiHUA CHera) B NMOYBY; GpOpMHpOBaHUe BOJHOr0 0OaJjiaHCa 30HBI
aspanuiu (BKJ/OYawILero B cebs TpaHcnupanuio, Gusndeckoe McrnapeHus
BO/Ibl IOYBOM, BOZOOOMEH C TPYHTOBBIMM BOJAaMU U U3MeHeHHe MOYBEeH-
HbIX BJIaro3anacoB); ¢popMuUpoBaHHe TEIJIOBOrO 6ajlaHca U ee TepMUYe-
CKOT0 peKMMa; IpoMep3aHUe U OTTauBaHUE MOYBHI.

/I BBOJla MOJZie/IM B ONlepaTUBHYIO MPAaKTUKYy HEOOX0JUMO eé Tuia-
TeJIbHOE TeCTHUPOBaHUe Y IPOBEPKaA pe3y/IbTaTOB Ha KauecTBO [14-16].

[l mpoBesieHUsA KaJUOPOBKU MOJEJU JJIs1 pedyHOro 6acceiiHa y4u-
ThIBalOTCA 6oJiee 35 MmapaMeTpOB, OCHOBHBIMU U3 KOTOPBIX SBJSAKTCH:
K03$PUIMEHTHI 1IEPOXOBATOCTU pyCJa, MapaMeTpbl MaKCMMaJbHON BO-
Jl0EMKOCTH NOYBbI, MIapaMeTpbl UCNAPEeHHUs, TapaMeTPbl TPYHTOBLIX BOJ,
napaMeTpbl 3p03MHU NOYBBI, NapaMeTpbl NepBOHAYaJIbHOr0 3amaca BJaru
B IPyHTaX, NapaMeTphbl pycJa, NapaMeTpbl CHEI'OHAKOIIJIEHUS U CHeroTas-
HUA, KO3POUIMEHTHI U3MEHEHUS XapaKTEPUCTHUK C BBICOTOH, MapaMeTphl
MIOWMBI PEKH.

Ilodzomoska I'MC-cnoes no pekam Bykmuipma

Jlna nocta p. bBykteipMma - c. JlecHas [lpucranp miomajb Bojgoco6opa
coctaBsisgeT 10700 km?, cpesHui pacxos 215 m*/cek. 3a nepuop c 1954 r.
HauOOJBIIKUKN pacxos Habsogancsa 28.04.2015 r. 2740 m3/cek. HauMeHb-
IIUI pacxo/, B IepUOoJ OTKPBITOr0 pycJia 6bl1 u3MepeH 23.10.2004 r. - 38.9
M3/cek. HauMeHbIIMK pacxo/i, B 3MMHHUH Mepuo/, Habwoganca 18.12.1970
r. - 9.0 M3/ cex.

Bblv MoAroTOB/IEHBI BCIOMOTraTe /IbHble KapThl B IpUoKeHUU ArcGIS
- ArcMap 10.2 (puc. 5).
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1) Kapta Bojjoc6opHOii 06aacTu 2) Kapra iudgpoBoii Moenu 3eMiu

BorocdopHas ofacTs

1UMP Gacceiina
pBywitapwa-c.Teenan-Tipnerans.

pByktbipya-c. lecuas-Tpucrans

— e

- 4482

-202 I 202

3) Kapra 3emJIenolib30BaHus 4) Kapra THUIIOB I0YB
_ Kapraiows o Gacceliue

Kapa scmicnonsosanus
n facc a

Puc. 5. BcnomozamesbHble Kapmol 045 8odoc6opa
pexu Bykmuipma c 6ycepHoti 3010l 10 km.

Ha ocHOBe nocTpoeHHbIX BCIOMOraTe /IbHbIX KapT NO0JIydeHa KpaTKas
OCHOBHasl XapaKTepUCTUKa Bogocoopa p. bykTeipma. HauMmensbias Bbico-
Ta Bogocbopa cocrasisieT 202 M, Haubosb1Ias - 4482 M, cpefiHssA BbICOTA
BoA0COOpa cocTasJsieT - 2342 M. Tepputopus 6acceiiHa nojpas/esieHa Ha
15 BUJ0OB 3eMJ1en0JIb30BaHMs, coryiacHO npoAykTa «Globe Land 30» u 14
THUIOB MOYB, COIJIacHO Kyaaccupukauuu no FAO.

[Ipoeknys U3MeHEeHM CTOKA 0 KJIMMAaTU4YeCKUM CLleHapusaM

KinMaTuveckre cueHapyuy OXBaTbIBAIOT ILieJIblM pPsiJi BOSMOXKHBIX OY-
Aymux GakToOpoB, B TOM YMCJie U/ ea/lM3upOBaHHbIe JONYIEHUS O BbIOPO-
cax Win KOHUeHTpauuax. OHU BKJIIOYAIOT UJJIIOCTPATUBHbIE CUTHAJIbHbIE
cueHapuu Ha nepuog 2000-2100 rr. u MoJesibHbIe 3KCIIEPUMEHTHI C Iap-
HUKOBBIMU ra3aMU M KOHLIEHTPALUSAMHU a3p0o30Jield Ha IOCTOSIHHOM ypOB-
He niocsie 2000 nam 2100 1.

B 3TO uccienoBaHue ObLIO pellieHO BKAKWYUATD CLleHapUU yMepeHHbIX
M BBICOKUX BbIOPOCOB A0 KoHIa XXI Beka. C 3TOM 1ie/ibl0 BCE MPOTHO3bI
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ObIJIM pacCYUTaHbl B COOTBETCTBUM C TPAEKTOPUAMU KOoHUeHTpauuu PTK
4.5 (cueHapuit ymepeHHbIx BbI6pocoB) U PTK 8.5 (cuenHapuil BbICOKHX BbI-
6pocoB) Ha nepuoz ¢ 1950 mo 2100 rr.

Ha puc. 6 nokasaHa ce30HHas JMHaAMUKa PeYHOTr0 CTOKa /s p. ByKThI-
pMa - c. JlecHad [Ipuctanb ¢ 2010 o 2099 rr., untepBasiom 30 seT.

CorslacHO MOJIyYeHHBIM pe3yJibTaTaM, o CLeHapuio rcp 4.5, usaMeHe-
HUS B CTOKE BOJbl Ha HcciaegyeMoM nocty A0 2040 r. 6yayT He3HAYHUTeb-
HbIMM Y NPUOJIMKEHDBI K PEXXUMY PeKH B HacTosilee BpeMs. [locie 2070-x
IT. HabJII0/]aeTcsl yBeJIMUeHUe BOJHOCTH PEKU B anpeJie Mecsle B 2,5 pasa.
[Iuk mosoBOAbS, 3a CYeT MOCTYNUBILIETO GOJIBIIOTO KOJMYECTBA BOJbl B
ampeJie, B Mae Mecsilie yMeHbIIUTCA. Hayasio nos10Bo/ibs TaK»Ke NPUXOJUT-
cs Ha MapT Mecs1l,

[lo cuenaputo rcp 8.5 uamMeHeHus B CTOKe BOJbl, Ha epuof o 2040 r.,
OyAyT He3HAYMTEJbHbIMU U NMPUOJIMKEHBI K PEXXUMY PEKHU B HaACToslLlee
Bpems. B nepuog c 2041 no 2070 rr. Hab0aeTcs yBeJMYeHUe BOJAHOCTH
peku B amnpeJsie Mecsne B 2.5 pa3a. B 2071-2099 rr., cornacHo cueHapuio,
MK I0JI0OBOZbS OYZIeT CMeLeH C Masi Ha anpeJib Mecsl,

a) 0)
River discharge RCP4.5 River discharge RCP8.5
2010-2040 2010-2040

m'ls

2041-2070 2041-2070

m'/s

2071-2009 2071-2099

m'fs

Vode spread [l Fus pess [l Retworcapodos  Model median — Fuespaded == Refecenceparcd

Puc. 6. Ce3oHHas duHamuka cmoka peku bykmuipma - c. Jlecnaa-IIpucmaHb
no daHHbIM cyeHapues, a) no rcp 4.5, 6) no rcp 8.5.
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BbIBOABI

Hcnonb3ys KJIMMaTUYeCKre CLleHapUU IJ100aJbHbIX MOJesied JaHHbIX
no CMIP 5, Ha ocHOBe ruaposiorudeckoit mogenu SWIM, 661U MOJy4eHbI
NpPOEKIMU cTOKa BoJibl 10 2099 1. AHa/IM3 NOJIyYeHHbIX pe3yJbTaToOB (M0
cueHapusaM rcp 4.5 u rcp 8.5), mokasas, YTO U3MEeHEHHUS B CTOKEe BO/IbI /10
2040 r. 6yayT HEe3HAUYUTEJbHBIMU U NPUOJIMKEHB]I K PEXXUMY PEKU B Ha-
crosuiee Bpems. B nepuog ¢ 2041 no 2070 rr. HabJIOJAeTCS YBeJIUYEeHHUE
BOJHOCTH PEKM B ampeJsie Mecsle IpUMepHO B 2.5 pasa, B YUCJI0OBOM 3Ha-
yeHuu ¢ 170 go ~ 400 m3?/c. Bbicokue YypoBHHU BO/Jbl 6YAYT AepKaThbCsA Ha
npoTtskeHuu Mecsua. B 2071-2099 rr. no AaHHBIM cueHapus rcp 4.5, nuk
II0JIOBOZbA B Mae Mecsle YMEHBIIUTCH, HO B allpesie 0XKUJAeTCH pe3Koe
yBeJIMYeHUe YPOBHSA BOZbI, 10 JAHHBIM CLieHapus rcp 8.5, MUK MoJ0BOAbSA
OyZeT cMelleH C Masi Ha anpeJib Mecsl1,

Pe3ysbTaThl BOJHOCTHA peKH IO CLleHApUAM IOKA3bIBAIOT 3HAYUTEJIb-
HOe U3MeHeHHe BPeMEeHHOTI0 ¥ KOJIMYeCTBEHHOI0 pacnpeeseHUsl BOLHO-
CTU peK B OyayuieM cTtosieTud. OCHOBHOE BJIMSIHHE Ha MOBEPXHOCTHBIN
CTOK OyJleT 0Ka3blBaTh MpoLecC TasgsHUA JIeAHUKOB. Bkyaz oT ferpajgauuu
JIeJHUKOB B CTOK peK MOXeT /jlaBaTh yBeJMUYeHHe NIMKa M0J10BOAbsA 0 1.5
pasa. [locsne 2041 r. HauboJiee 3aMeTHOE YBeJIMUEHUE OCA/JKOB MpeEJIo-
JlaraeTcs, B OCHOBHOM, 3UMOM, a TaKXe yBeJIMYeHHe JIMBHEBBIX 0Ca/IKOB
BECHOW, I03TOMY UHTEHCUBHOE CHErOTassHUe U JOXK/JY CIPOBOLUPYIOT BbI-
COKHe BeCeHHHe NaBO/IKH, B 2-2.5 pa3a npeBoCXoAsIHe TaBOJ KU Ha HACTO-
Amud MoMeHT. B nepuog ¢ 2071 no 2099 rr. MakcHUMaJibHbIM 00be€M — MUK
IIOBEPXHOCTHOT'O CTOKA — CMECTUTCS Ha 60Jiee paHHUH [TepUOJ, TaK Kak Mo-
BblllIeHHWe TeMIlepaTypbl BO3/yxa NpUBeZeT K 60Jiee paHHEMY HavaJly o-
JIOBOZbS1 HAa peKax. boJiee paHHUe CPOKY Haya/la CHErOTassHUSA NIPUBEAYT K
COKpallleHUI0 Ilepro/ia CHErOHAKOIIJIeHHs B 6acceliHaxX UCCielyeMbIX PeK,
yMeHbUIEHUI0 TPOMep3aHHUs NT0YBbI, U CHUXKEHUIO BOAHOCTH PeK, 110 CpaB-
HeHHUI0 ¢ nepuogom 2041-2070 rr.
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TEOT'PA®O-TUAPOJIOTMYECKHUE OCOBEHHOCTH
U K/IMMATHYECKAA AJU®PEPEHIHUALNA TAZKUKUCTAHA

['ynaésoB M.IIL*, *** ®aszbLioB A.P**
* HayuHo-uccsaedosamenvbCcKull yeHmp 3Ko/102uu U OKpyxcaroweu
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** UHcmumym 800HbIX npob.1eM, 2udpo3Hep2emuKU U 3K0102Uu
HAH TadacukucmaHa
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*HE¥ CUHBY3SITHCKUT UHCMUmMym 3Ko/102uu u 2eozpaguu,
Kumatickoii akademuu Hayk
2 Ypymuu, KHP. Email: majid1983@mail.ru

Pecny6sirika Ta/>KMKHCTaH ropHasi CTpaHa, pacroJio)keHa B IOT0-BOC-
TOYHOM 4YacTu lleHTpanbHOM A3uy, B ileHTpe EBpa3niickoro KOHTUHEHTA,
3aHMMaeT maomaab 142.6 Toic. KM? ¢ OTMeTKaMH abCOJIIOTHBIX BBICOT OT
300 go 7495 m Hag yp. M. npocTtUpaeTcsa Mexay 36°38' u 41°07' ceBepHOH
mUpoThl U Mexxkay 07°31'u 76°14' BocTo4yHOM AoroThl (0T [puHBUYA), U
BBITSIHYTA C 3aMa/ia Ha BOCTOK Ha 690 km [1].

TamKUKUCTaH - KpyIHENIUKA TOPHBIA PETMOH CO CJI0KHOUM oporpadu-
el ¥ BbICOKOM JIaHAIaPTHO-KJAMMaTUYeCKOU AuddepeHIIMPOBAaHHOCTbIO
C IPKO BbIpa>KEHHOW BBICOTHOM MPUYPOYEHHOCTHIO JaHAUAPTOB K ONpe-
JleJIeHHbIM fipycaM peJibeda, a UMEHHO K BbICOKOTOPHOMY, CpelHETOPHO-
My, HU3KOTOPHOMY, TaKXe BbIJEJSI0OTCI MEeXIOPHO-KOTJIOBUHHbBIE U TOp-
HO-/ZJ0JINHHBIE KOMIIJIEKCHI.

Tepputopusa TagKukucTaHa XapaKTepHa pa3JIMYHbIMU QU3UKO - Treo-
rpapruyecKMMH yCJIOBUSMU MECTHOCTHU, MECTaMU OCHOBATEJIbHO OTJIMYa-
I0LHecs 0 KOMILJIEKCY Cararlyx ee JJaHAA(QTHBIX 3JIEMEHTOB OT MPH-
MbIKAIOIUX NpocTpaHCTB LleHTpanbHOU A3uu. [IpyyeM NpPUCYTCTBYIOT
OTZeJIbHbIe PallOHBI, [10 XapaKTepy peJibeda, BHICOTHOMY MOJIOXKEHHUIO U 110
KJINMaTU4YeCKHUM yCJI0BUSIM COBEPIIEHHO He MOX0XXU Ha COCeJHHE C HUMU
paiioHbl. OOLIMPHBIE Xe NPOCTPaHCTBA BbICOKOropHOro [laMmupa AABAAIOT-
cl eIMHCTBEHHBbIMU B CBOeM poJie Ha TeppuTopuu lleHTpanbHOU A3uUU.
[lo xapakTepy peJsibeda 3HaYUTE/IbHAA YaCTb TEPPUTOPUU TaJKUKUCTaHA
npezcTaBJsieT cO601 YepeJ0BaHMe TOPHbIX XPEOTOB U Y1 EeJTUU C Y3KUMH,
VMHOT/Ia 3aMKHYTBIMH JJOJINHAMU U KOTJIOBMHaMHU (puc. 1).
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Puc. 1. ®usuueckas kapma Tadxicukucmaua.

Ha 3anmaze ®epranckoi fo/1MHbl, B 30He [0JI0HOM CTENU pacloJioxe-
Ha ceBepHas Tepputopus TajpkukucTtaHa [2, 3]. Cieayroiias Aajee K 0ry
IIMPOTHAs M0JI0Ca HAYMHAETCsA Ha BOCTOKe AJslalickuM xpebToM (cpeaHss
BbIcOTa 0K0J10 4000 M Haz yp. M.), pa3e/isiollasics Ha [iBe napaJsijieJibHble
BeTBU (ceBepHasi BeTBb - TypKUCTAHCKHUM XpebeT, 10kHasg-MaTYUHCKUN
xpebeT), pacnosioxkeHHble Ha 3anajie. [Ipu aToM pa3jessieTcs Ha iBa Xpeob-
Ta: 3epaBIIaHCKUM U ['MccapcKum.

CaelyeT OTMETUTD, YTO YObIBaHUE BbICOTHI Xpe6TOB B Ta/PKUKUCTAHE,
IPOUCXOAUT OT BOCTOKA K 3anajy. K rory ot 'mccapckoro xpe6Ta pacnoJio-
»KeHa ['Mccapckasi paBHUHA, NpeJCTaBAAKILAsA COO0M LHUPOTHYO MOJIOCY
710 115 kM B AJ1MHY U 10 18 KM B unpuHy. BocToyHas yactb TafpkukrucTana
3aHATa BbICOKMM [laMUpPCKUM HaropbeMm, npejCcTaBasoIUK oporpadpuye-
CKUU y3es paja ropHbix cucreM: TaHb-lllanckad, lanpykynickasa, KysH-
ayHbd, Kapakopyma u 'amasiaeB. BeicoTa oTgenbHbIX rop [lamMmupa foctu-
raet 3HayuTeNbHOU BesinynHbI ([Iuk uMeHu A6yanu u6H CuHbl 7131 M Haz
yp- M, [luk Ucmounsau CoMonu 7495 M Haz yp. M). BHyTpeHHss yacTb [Tamu-
pa - cucteMa XpeOTOB, JOJHUH U 6ECCTOYHBIX KOTJIOBUH, JHUIA KOTOPbIX
Ha BoctoynoM [lamupe pacnosioxkeHsl Ha BeicoTe 3800-4000 M Haz yp. M,
a pazjeJisiole ux XpeoThl MOJHUMAITCS Hai HaMu elie Ha 1500-2000 m.

CeBepo-BocTO4YHbIe palloHbl TamkukucTaHa (npeaasepbe [lamupa) 3a-
HATBI TOpHbIMU XpebTamu [letpa I, lapBasckoro, Banuckoro u fA3srynem-
CKOTO W OHM 3aHATbl BbICOKUMU CHEXHBIMU OJIeleHeJIbIMU FOpaMH, a UxX
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BEPIIMHBI JIeKaT BbIlIe 00/1aCTel CYpOBBIX BEYHbIX CHETOB U JIEJHUKOB, B
TO BpeMs KakK JI0JIMHBI, JiexKalllue Y OJHO0XKbS 3TUX XpeOTOB, Ipe/iCTaB/s-
10T COO0M L[BETYIMe paBHUHBI, UHOI/IA C TPONUYECKOW PACTUTEJbHOCTDIO.

I0ro-3anagHas yacte Ta/pKUKKCTaHa, K 10Ty OT ['MCccapCKOW paBHUHBI-
06J1aCcThb, NepeceyeHHass HEBbICOKMMU XpebTaMU U rpsagamu - 0xuo-Taz-
YKUKCKOE HU3KOTOpbe, I/le MOXKHO BbI/IeJINTh BaXUICKy0 J0JIMHY, JIeXKallly 0
B HIDKHEM TedeHUH peku Baxui (puc. 2).

Pacnpenenenve BOAHBIX apTepui, Kak B 1jesioM B LleHTpanbHOU A3uy,
TaK U Ha TeppuUTOpUMU TaJPKUKUCTaHA, BeCbMa HepaBHOMepHoe. Tak, Ha
OOLIMPHBIX PAaBHUHAX, 3aHMMarLUX 0KoJio 70% o6uieid Tepputopuu Len-
Tpa/ibHOM A3UH, BOJOTOKU BCTPeYarTCs OYKBaJbHO eJUHULLAMU. [Ipruem
OTZeJIbHble pycJia peK BO BCeEM CBOEM IYTH OT BbIXOJA U3 rop A0 yCTbs
O0OBbIYHO He UMEKT NMPUTOKOB. B MPOTHBONOJIOXKHOCTh PaBHUHHBIM NpPO-
CTPAHCTBOM pPErvuoHa, ee ropHas TePPUTOPUSA U3pe3aHa, UCKJIIOUYUTETbHO
pPa3BeTBJIEHHOW, XOPOLLIO Pa3BUTOU PEYHOU CEThIO.

Puc. 2. Opozudpoguueckas cxema Tadxcukucmawa.

[opHbIe CUCTEMBI C OTBETBJIEHHUSIMH 00Pa3yloT rujijporeorpadpryieckue
ob6sactu TampkukucTana, GOpMUPYs IPU 3TOM PeUYHbIe CUCTEMbI: peK AMy-
Japbu U Ceipgapbu. [Ipy 3TOM Ha ceBepe CTpaHbl PACHOJIOKEH GacceilH
CoeipgapbH, miomaabio 13.4 Thic. KM?, a OcTaJibHasi 4aCTh TEPPUTOPHUHU Pe-
cny6auKu Ta/P)KMKHUCTAH HAaXOJAUTCS B peUHOM OacceiiHe peku AMyaaphbsl.
I'naporpadudeckas cetb TafxkuKUcTaHa BKJ4aeT B cebs 25800 pek,
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NPOTSX)KEHHOCTbIO 69.2 ThIC. KM, B TOM 4Hucie 4 peku aauHHee 500 kM, 16
pek guuHou 100-500 kM u 947 pek ganHoi 10-100 kM. Hanpumep, kpy1-
Hble peku 3To: Baxu - 524 kM, Baptanr - 528 kM, Kapupnuran - 387 ku,
3epadman - 310 kM (nosHasa aauHa 877 kM), [Iaumxk - 521 kM, Ceipaapbs
(B mpepenax Tapkukuctana) - 180 kM. [J1aBHbIe peyHble OacCeHbI MO TU-
JiporpaduyecKoMy MOJIOXKEHUIO BblJleJIeHbl B OTAe/ibHble 6accelHbl: ChIp-
Japbd, Baxw, [Taumxk, 3epadian, Kadupuuran, Kaparar - lllupkeHT, Kbi-
3bLicy-fAxcy (puc. 3). CeBepo-BocTO4YHbIN [laMUp OTHeceH K 6eCCTOYHBIM
6acceiiHaM [3].
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Puc. 3. Mecsiybt Haubo1bwez2o cmoka pek Tadxcukucmaa.

Opdorpaduueckue ocobeHHOCTH LleHTpanbHOU A3MM, B TOM YMCJIEe
u TafKUMKHUCTaHA, a TaKXe YAAJEeHHOCTb ee OT OOLIMPHBIX BOAHBIX MPO-
CTPAHCTB, KJIaAyT cnenuduriecKkre OTIeYaTKU Ha KJIMMaTHYeCKHUe 0COOEH-
HOCTH LleHTpasibHOM A3UH, B TOM uyMce TaJp)KUKUCTAHA, a TAKXKE U Ha 0CO-
OGEeHHOCTH peXkruMa BoAHbIX apTepui [3]. [locsieHee MPOUCXOAUT OT TOTO,
YTO, KIUMaTHUYeCKHe PAKTOPHI SIBJISIOTCS OCHOBHBIMH, BJHUSIOILIME HA IPO-
1eccbl GOPMUPOBAHUS peyHOro cToka. CieyeT OTMETUTD, UTO TaKO€ BJIU-
siHMe MPOUCXOAUT Ha o61ieM GoHe BO3AEUCTBUS O0OUIUX JaHAIAPTHBIX
YCJIOBUM Ha NPOLLECCHI CTOKA B TEX UJIM UHBIX peYHbIX OacceiiHax. [Ipuuem
B 3aBUCHMOCTHU OT U3MeHeHUs1 PU3UKO-TeorpadpUuecKruX YCA0BUH, KO-
YyeCTBEHHbIE COOTHOLIEHUSI MeX/1y BEJIMYMHON CTOKA U BJAUSIOIIMMU KJIU-
MaTU4eCKUMU GpaKTOpaMu OyyT IPUHUMATh pa3Hble GOPMBI, XOTS 00LIHe
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dusuyeckre aHHble, YIPABAAKOIIME IBJEHUSIMU CTOKA SABJISIOTCH BCIOAY
HeU3MeHHbIMHU [4].

Ha puc. 4 npeacraBieHa cxeMa-KapTa C YKa3aHUeM CpeJHeros0BOro
pPEYHOro CTOKA U THUII IUTAaHUA peK TaKUKHCTaHa.
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Puc. 4. CpedHezodosoll peuHoll cmok u mun numaHus pek Tadxcukucmaua [4].

OcHOBHbIE YepThl KJAUMaTa CTPaHbl, KAK U3BECTHO 00YCJIaBJIMBAIOT-
Csl COJTHEYHOM pajualued, XapaKTepoM MO/ CTUJIAI0IENd TOBEPXHOCTH U
CBSI3aHHOM C HUMHM LUPKyasaueld atMmocdepnl. CieloBaTebHO, U BCE U3-
MeHeHHe 3JIeMEeHTOB KJIHMMaTa, B YAaCTHOCTU TeMIlepaTypHble yCJI0BHUS,
KOJIMY€eCTBA 0CaAKOB U UX pacrnpejiesieHre BO BpEMEHU U 110 TEPPUTOPHUH,
BJIQX)KHOCTU BO3/1yxa 006JIaYHOCTH U T. 1., 3aBUCAT OT U3MEHEHUS TOr0 HUJIU
WHOTO COCTABJISIIOLIEr0 UJIHU OT U3MEeHEeHHs BCero KoMIljieKca MpuiuH, 00y-
CJIaBJIMBAIOIIUX KJIUMAT MECTHOCTH.

M CK/II0YHUTEbHO CJI0KHBI U MHOT00OPa3Hbl PaKTOPbI, ONpeAesolue
KJIUMaTUYeCKHe YCJI0BUS TOPHOHM cTpaHbl. [loMUMO BbICOTHI HaJl ypOBHEM
MoOpsi, Ha KJIUMaT OT/e/IbHbIX PAOHOB U MYHKTOB FTOPHON MECTHOCTH BJIH-
SIIOT LleJIbIM psii MeCTHBIX GAaKTOPOB, KaK TO, HAXOAUTCS JIM paloH (MMyHKT)
Ha JiHe JOJIUHbI, UJIM Ha e€ CKJIOHE WJIM BepllrHe, 6JIM3KO JIK pacIoJioxkKe-
Hbl 06LIMPHbIE GUPHOBBIE MOJIS U JIEAHUKH U T. A. Tak, Ha OJHON U TOU Ke
BBICOTE U MO/, OJHOW M TOU Ke LIUPOTOH, I0XKHBIM CKJIOH JOJIUHBI, ecTe-
CTBEHHO, OYyZleT HarpeBaThCsl CUJIbHee, YeM ceBepHbIH [5]. OpreHTHUpOBKaA
TOPHBIX Ienen onpe/essieT He TOJbKO YCJOBUS BbINaJeHUH 0CaJIKOB, HO
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TaKXXe BJIMAeT U Ha TeMIlepaTypHble YCJ0BUA MeCTHOCTH. OLHOU U3 0CO-
6eHHOCTel rOPHOro KJMMaTa 3aKJH4daeTcs, pex/e BCero, B TOM, 4TO C
NOJAHATHEM BBepX MOHMKaeTcs aTMOoCcpepHoe JaBjieHHe B Hadasle Ha 10-
11 MMm., Ha Kaxgble 100 MeTpOB MOAHATHSA, a4 IO Mepe MOAHATUSA BBILIE,
3TOT K03pdUuUeHT yMeHblaeTcs. [loHMKeHHe aTMOChEePHOro JlaBJeHuUs
C BBICOTOH, B CBOIO 0uepe/ib, 00yCIaB/IMBaeT BMeCTe C HOHWKEHUEM TeMIIe-
paTypbl BBICOTOM, YyMeHbLIEHHUE COJlep>KaHKs BOJAHbIX TIapOB B aTMocdepe.

YianeHHbIA Ha ThICAYM KUJIOMETPOB OT MUCTOYHMKA BJArd - OKeaHa,
Ta/pKUKHCTaH OTJIMYaeTCs pe3KO BbIpaKEHHBbIM KOHTUHEHTaJIbHbIM TH-
IIOM CyOTPONMYECKOT0 KJIMMAaTa, XapaKTepPHbIMU YepTaMU KOTOPOTO SIBJISA-
I0TCS OJJTHOOOPA3HO Cyx0e U »KapKoe JIETO CO CPeJHUMU TeMIlepaTypaMu
okoJs10 300 C, u KpaliHe HEYyCTOWYHMBAs MOro/ia 3UMbI C BbIllaJleHUEM 0Ca/-
KOB M Pe3KMMM CMeHaMHU TeMIlepaTypbl. [0/j0Boe KOJIM4YeCTBO BblNa/alo-
IIUX 0CaZKOB, AJI 3TOr0 TUIA KJIUMAaTa, UCKJIIOYUTENbHO MaJjas 06./1a4-
HOCTb Y 00JIbIlIasi CyXOCTb Bo3ayxa [3-6].

B 3uMHee Bpemsa Ta/pKMKUCTaH, Kak ¥ Becb LleHTpa/sbHO-A3MaTCKUM
pervoH, Hax04UTCS K I0TY OT M0JIOChI BBICOKOTO JIJaBJIEHUS U K I0Ty-3anajy
oT o6s1acT CUOMPCKOr0 aHTUIUKJIOHA, HAbJ/I10/JaeMO€e BO BHYTPEHHUX 06-
JIACTSIX CUJIbHO OXJIaXKAamLierocss A3MaTcKoro MaTepuKa, Iie CO3/alTcs
06J1aCTH BBICOKOIO JlaBJIEHUS C IeHTPOM y o3epa balikai.

HecMoTps Ha TO, 4YTO B TeyeHHe BCeH 3UMbl BO BCEM pervMoHe npeoo-
JIaA0T X0JIOJHblE CEBEPO-BOCTOYHbIE BETPHI, UCX0AsAIIMe U3 CHOUPCKOTO
AHTUILMKJIOHA HAa TeppUTOpPUU Ta/pKMKHCTaHa BJAMSHUE 3TOTO X0JIOLHOIO0
BO3/lyIIIHOTO T€YEHUs], B CUJIy HAJUUUS TOPHBIX CUCTEM, OcjJabeBaeT, Mo-
CKOJIbKY TEPPUTOPHUSA CTPaHbl 3arOpPOXKeHa OT BETPOB ropaMy Kak ILUP-
MoU. CHaya/1a TeppUTOPHUA 3aLLULIAETCA FOPaMy, OKauMJISIOLUMU C CeBe-
pa @eprany, a fajiee K 0Ty - ropaMu AJIaliCKON CUCTEMBI.

B sieTHee BpeMsl, Kak U3BECTHO, yCUJIMBAETCs 06/1aCTh BBICOKOIO /laB-
JieHus AtnaHTtudeckoro OkeaHa (A30pCKUM MaKCUMyM), OChLIAOLas Ha
OTpOTH, Ha BOCTOK, B EBpony, B cBAI3u ¢ yeM Ta/PKUKHUCTaH NOANAaJaeT MO/
BJIMSIHUE CJIOXKHOW BO3AYLIHOW LIUPKYIALMU. Mcxoasle oT OTPOroB BO3-
JlylIHble TeYeHUs] IPOHUKAIOT B PeTUOH B BU/ie CeBepO-3ana/iHbIX BETPOB.

B cBsi3u c ocobeHHOCTSAMU oporpaduu Ta[PKUKUCTaHA - pacxoX/JeHue
Y IOHM>XeHHMe TOPHBIX LieJied K 3anazy, HaJlM4Kle OTKPBIThIX K 3anazy npo-
JlOJIbHBIX JI0JIUH, B TOM 4Mc/e U ['Mccapckol, Ha TEpPpUTOPUU peciybIUuKU
CO3/1al0TCH UCKJYUTENbHO 6JIaroNpuUsTHbIE YCJI0BUA TJIyOOKOMY HpoO-
HUKHOBEHHUIO B TOpbI, IPUHOCUMOM 3aMaJHbIMH BETPaMH U BJary.
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OcobeHHOCTH reorpadUYecKoro MoJIOKEHUsI pecnyO6JIMKH, SCHOCTb
Heba, CyXOCTb BO3/lyXa U CUJIbHAsA UHCOJIALMUS, CO3/4A0T B JIETHUX YCJIOBU-
aX B Ta/PKUKUCTaHe 3HAUUTE/IbHBIA HarpeB NOBEPXHOCTH MOYBHI U IPUJIe-
»alUX cjoeB Bo3ayxa. 0cobeHHO CUJIbHBIM HarpeB MOYBbI U BO3JyXa PO-
UCXOUT JIETOM B H0°KHOHM 4acTu Ta/pKUKHUCTaHa, B Jj0JIMHe pek [IaHmx U
AMyznaps4, TZie CpeiHAs UI0JIbCKasd TeMIlepaTypa Bo3ayxa JoxoauT 1o 30°C
(Ayctn). 3HauuTesbHasA TeMIlepaTypa JIeTOM XapaKTepHa U [iJis ceBepa
Tampxukucrana. Tak, cpegHaa UI0AbCKad TeMnepaTtypa B Xy/»KaH/ie paBHa
27.6°C, B Awrte 27.0°C, B [lenmxukenTe 25.2°C. CUIbHOMY JIETHEMY Harpe-
BaHUIO HU3KUX 30H Ta/P)KMKUCTaHaA CIOCOOCTBYET xapaKTep peJibeda 3TUX
palloHOB, TaK KaK OHU UMEKT BU/ KOTJIOBUH, OKPYKEHHBIX BO3BbILLIEHHO-
cTAMU U ropaMu. [losiHbIe ke popMbl pesibeda, KaK U3BECTHO, HarpeBaoTCs
IPHY CXOJHBIX YCJOBUAX LIMPOTHI U BBICOTHI HaJi YPOBHEM MODPSs], CUJIbHEE,
yeM pOBHble, IJIATOOOpa3Hble MOJHATHIE WM BbINYKJIble NOBEPXHOCTH.
MMeHHO Tako¥ XapakTep UMeeT ['MccapcKkas paBHUHA U I0JIMHA peK AMy-
Japbu U [IHDK, rie abCoII0THAsA TeMIlepaTypa Bo3AyXa A0XoAuT 10 45°C.

Hecko/JbKO MHBIe K/JIMMaTH4YeCKHe YCJIO0BHUSA UMEKT BbICOKOTOpPHBbIE
panoHbl Ta/pKMKHUCTaHA. 34eCh C NOAHATHEM B rOpbl, KOJIMYECTBO 0CAaAKOB
yBeJIMYMBAETCA [0 HEKOTOPOH Npe/e/IbHOM BbICOTHI, TeEMIlepaTypa BO3y-
Xa MOHMWKaeTcs1, a 6e3MOPO3HBIM NepUO/ ¥ IEPUO/, BereTalluu PaCTUTEIb-
HOCTHU cokpaljaeTcs. 0CO6eHHO pe3Ko OT/IMYATCSA KJIMMaTUYeCKUe yCJio-
BUS B 3UMHMH Nlepuoz B pahoHax Boctounoro Ilamupa. B cuiny Hanndusa
BbICOKHX I'Op Ha MYTH JBUKEHUS BO3AYLIHbIX MacC, BO3yX Ha BocTouHbIN
[TaMmup npuxofuT 60see CyxuM. Pa3pexx€HHOCTb U CyXOCTb aTMocdephl Ha
BbicoTe 3500-4000 M Haz yp. M, ACHOCTb Heba, He3alUILeHHOCTb 3eMHOHU
IOBEPXHOCTH 06JIa4HBIM IOKPOBOM OT JIy4eHUCIyCKaHUs - BCe 3TO CI0CO6-
CTBYeT OYeHb CUJIBHOMY OXJIQXK/J€HUI0 IIOBEPXHOCTH 3eMJIM. B ¢BA3M C 0co-
6eHHOCTSAAMU oporpaduy, T. €. HAJIMYMeM 3aMKHYThIX KOTJIOBUH, B KOTOPbIX
MOXeT CKallJIMBAaTbCA X0JIOAHBIN TSXKeJIbIM BO3/yX, 3MMa Ha [laMupe o4yeHb
CypoBa Y npojo/pKkuTesbHa. CpeHASA MHOTOJIETHAA TeMIlepaTypa BO34y-
Xa siHBaps Mecsua s Mypra6a paBHa -17,7°C, a cpegHss rogoBas -10°C.
Tosbko 5 MecsueB Ha BoctouHoM [lamupe uMeeTcs cpefiHIOI0 TeMIepaTy-
py Bbllle Hy/1s (Mal-ceHTA6pb). Mopo3bl o HoyaM Ha [lamMmupe cayvyaroTcs
Jlaxke B JIeTHUE Mecslbl. AGCOJIIOTHBIM MUHUMMYM TeMIlepaTypbl BO3JyXa
omyckaeTcs 37iech 710 -46°C u gaxe -47°C.

BbicokoropHsble 06/1aCTH LeHTPa/IbHOTO Ta/PKUKUCTAHA, B CUJIy HaJU-
4 3/1eCb 3MMOW 3HAUUTENbHON 00JIa4HOCTU U OTCYTCTBHE 3aCTOSI OXJIaXK-
JleHHbIX Macc BO3/iyxa, HabJitojaeTcsa 6oJiee MArkas 3uMa, 4yeM Ha [lamupe.
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B 3TuX palloHax UMeeT MeCTO AJIUTeJbHOe 3aJeraHue CHeXXHOT 0 IOKPOBa,
WHOT/ZA B 3aBUCUMOCTHU OT BbICOThI Ha MPOTS>KEHUU HECKOJIBKUX MeCSLEB,
a Ha 60Jiee BbICOKHMX BepIIMHAX rop B TeYeHHe KPyIJoro roja. B Teuenue
KpPYIJIOr0 rojia NOKPbIThl BEYHBIMU CHEraMU U JIeJHUKOBBIMU MacCUBaMHU
3HaYUTeJbHasA 4aCTb FOPHBIX XPeOTOB CeBEpPO-BOCTOYHOro Ta/pKUKHCTa-
Ha. [IpyyeM, HaJiMYMe 3TUX JIeJHUKOBBIX MAaCCUBOB OKa3bIBaeT MCKJIIOUU-
TeJIbHO 60JIbLIOE BJAUSHUE Ha KJIMMaTUYeCKre YCI0BUS pallOHOB, 3aHATBIX
JIeJHUKaMHU, a TaKKe NpUJIerarliiux pakoHoB.

3HayMTeJibHOe pa3HooOpasve QU3UKO-reorpapuyecKkux YCJOBUH B
TapxukrcTaHe ABJATCA NPUYMHONM HEpPaBHOMEPHOTrO pacnpejiesieHust
BBICOTBI U MPOJOJDKUTEJbHOCTH 3aJ/leTaHus cHera. B yacTHocTH, B fosu-
Hax HuwxHero Kadupnurana, Kyns6a, Baxia, ['mccapa paBHUHBI ceBepHOU
4acTH pecnyO6JIMKU YCTOMYMBBIN CHEXXHbIU TOKPOB OTCYTCTBYET, a B 3-15%
TEPPUTOPHUU OTCYTCTBYIOT COBCEM [6, 7].

KnuMmaTtuyeckue oco6eHHocTH Tag»KMKHUCTaHa caMHU 110 ce6e JJOBOJIbHO
MHOT006pa3Hbl U L|eJIMKOM 3aBUCAT, KaK OT IIMPOTHOTO IMOJIOXKEHUS pe-
CHyOJIMKH, TaK U OT e€ oporpadpudeckux ocobeHHocTel. B TajpkukucTane
- CTpaHe rop, Kak 1 B JINO0M BbICOKOTOPHOM CTpaHe ¢ 60JIbIIMMHU KoJieba-
HUSIMU BBICOT, UMEET MeCTO HaJiuyre 60Jibliioe pa3HO06pasue KJIUMATOB
Y KJIMMaTH4YeCKHUX 30H, CMEHAIIUX JAPYyT Apyra He TOJbKO B IIJIaHe, HO U
B BepTHKa/JIbHOM HanpaB/ieHUMU. Ha npumepe TafkuKucTaHa MOXKHO Npo-
CleJUTh BCe NIOCTeNeHHbIe epeXxo/ibl OT CTENHOI0 KJUMaTa NpeAropun u
HU3KUX JI0JIMH J10 MIOJIIPHOTO KJMMaTa BepluuH. CylecTBeHHasA pa3HULa
B KJIMMaTUYeCKHUX YCJIO0BUSX, IPex/ie BCero, 0Ka3blBaeTcs Mexy nepude-
pHUYECKUMHU U BHYTPEHHUMHU 06J1aCTAMU pecnyobIuKU. ITO pa3auyre 0co-
O6EHHO pe3KO0 BbICTyNaeT TaM, [/le Hapy»KHble FOpHbIe LelH, pacnojarasch
Ha NMyTH BHELIHUX BJAXHbIX BO3/JYIIHBIX Te€YEeHUH, MepexBaTbIBAIOT HUX
BJIar'y U KOH/IEHCUPYIOT ee Ha CBOMX CKJIOHAX.

[opel TapkuKHUCTaHa He TOJBKO SBJISIOTCH BaXXHEWIIUM UCTOYHUKOM
BO/|HbIX, JHEPreTUYeCKUX U OUOJIOTUYECKUX PECYPCOB CTPAaHbI U PETHOHA,
HO Y UT'PAIOT KJIDUYEBYIO POJib B BBIXKMBAaHUHM 9KOCHUCTEMbI peruoHa. Peskoe
TasiHUe JieJHUKOB Ta/PKUKUCTaHa U yYaCTUBLIKECS CTUXWUHbIE SIBJIEHUS
B [IOCJIe/IHYUE JleCATUIETUS CBU/€TEbCTBYIOT O TOM, YTO FOPHble paliOHbI
HauboJiee OCTPO pearupyroT Ha Bce aTMOCPepHO-KIMMaTUIECKHE U3MEeHe-
HUSI, U UX HaceJleHWe HauboJiee YsI3BUMO K JIDOBIM IJI06a/IbHbIM U3MeHe-
HUSIM U BbI30BaM [8].

CnoxxHOCTh pesbeda TeppUTOpUM TaPKMKHUCTaHA, LIMPOKas BBICOT-
Has rpajZanus, o0ycJaBJMBalOT, KaK y»e Bblllle OTMeueHo, 60JblIoe pas-
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HOOOpa3ure KJIUMaTHYeCKUX 30H U palioHOB. KiiMMaTu4eckue palloHbl, Kak
IpaBUJIO, OXBATbIBAIOT MPOCTPAHCTBA 6oJiee UM MeHee OJHOPOJHbIE B
OTHOLIEHUH reorpadpUuecKoro nNoJ0KeHus, UMeT OJJMHAKOBbIe abCOJIIOT-
Hble BBICOTHI U YyCTPOMCTBA MOBEPXHOCTH. /IBa UM HECKOJIBKO KJIMMATH-
YeCKUX PalOHOB CXOJIHBIX WM OJM3KUX MEeX/Ay COO0M, HO pas3/iesieHHble
MeX/Jy co60M JpYrMMH KJIMMAaTU4YEeCKUMHU palilOHaMH, OTJIMYAKLUMHU OT
HUX, MOTYT ObITb 00beJJUHEHbI B 06JIaCTh OCHOACTBA TOrO0 WJIU UHOTO
TUIA KJIMMaTa.

s Tepputopun TafpKMKHUCTaHa XapaKTepPHBI CJleAy0lHe TUIIbI K-
Mara:

IlyCTBIHHBIW KJIMMAT - OYeHb KapKHUH U CYXOU JIeTOM, pe3KO KOHTH-
HEeHTaJIbHbIH, C O0JBIIUMHU CYTOYHBIMU U T'OJJOBBIMU KOJIEOAHUSMU TEM-
nepatypsbl. [on0Boe KosMyecTBO 0caikoB MeHee 250 MM. OTHOCHTe/IbHAsA
BJIQXKHOCTb Y 06J1a4HOCTb 04eHb MaJibl. 06/1a4HOCTb B CpejHEM 3a roJi, paB-
Ha 27-30%. [IycThIHHBIM TUN KJUMaTa OXBaTblBaeT HanboJiee HU3KKe Yac-
TH TaJ>KUKUCTAHA, UMeIoLHe BbICOTHbIE OTMeTKU B 350-450 M Haf yp.M.
CBOUMCTBEHEH HEOO0J/bIIOMY yyacTKy Ta/pKMKUCTaHa MO MpaBoOMy bGepery
AMyziapbu 1 HUXKHeMY TedyeHUI0 pek Baxur u KagupHuras.

CTenHOM K/IMMAaT NPeArOpMM - CPaBHUTEJIbHO CyXOH U XKapKWH Je-
TOM, HO y>Ke € 60JIbLIIMM KOJIMYeCTBOM OCaZKOB, YeM MYyCTbIHHbIN KJIMMaT,
BeJIMUMHA uX KoJsiebseTcs oT 250-500 MM u Bblllle U XapaKTepeH JJis 60-
Jiee BO3BbIIIEHHbIX MECT, YeM NMYCTBIHHBIK U pacloJiokKeHbl Mo Lieidam
u npefropbsM xpe6Tos: TypkectaHckoro, ['nccapckoro, [letpa I, lapBas-
CKOro, a TaKXe CpeJiHeMy TedyeHHIO pekU 3epaBliaH ([leHmxUKeHTCKUN
paiioH), U 06J1acTeil KPaCHOLBETHBIX HU3KOTOPHUM I02KHOTO Ta/PKUKHCTA-
Ha. 3HayUTeJbHasA TEPPUTOPHUSA XapaKTepHas JJaHHbIM KJIUMaTOM JIEXKUT B
npepesax ot 500 go 1000 M Haz yp. M., B 0COGEHHOCTU Ha CpeiHEM Teye-
HuM p. Kapupnuras.

TopHBIN KJIKUMAT - 60Jiee BJQXKHBIN U IPOXJIaZHbIN CO 3HAYUTEbHbIM
pPaBHOMEPHBIM pacnpezie/leHheM 0CaZKOB B Te4eHHe rofa, C TeMiepary-
poli yMeHbLIAWIAsACA [0 Mepe yBeJUW4YeHUsl abCOITHOM BbICOTHI. O6-
JIACTb TOCIOACTBA JAHHOI'0 TUIlA KJIMMaTa OXBaTbIBaeT CpeJiHUe 30HbI TOp
cBbicoTaMu oT 1500 1o 3500 M Haz yp. M. nepexo/isi NOCTENeHHO B BEPXHUX
TOPU30HTAaX rop B MOJIAPHBIM KJUMAT. [OpHBIM THUN KJXMaTa CBOUCTBEH
neHTpasibHoMy TafpkukucTany U 3anagHomy [lamupy (ropHomy bajaxia-
HY), a TaKXKe BepxHeMy TeueHUIo p. KapupHuUraH U psjy ero npuTOKOB.

BBICOKOTOpPHBIN-NYCTBIHHBbIN KJIUMAT - pPe3KO-KOHTHUHEHTAJbHbIN
C Ype3BbIYAaMHO PEe3KUMH U GOJIbIIMMHU CYTOYHBIMU U TOJO0BBIMHU KoJieba-

144



HUSIMM TeMIlepaTypbl cBocTBeH BocTouHoMy [lamupy. CpesiHue rofoBble
aMIIMTyAbl TeMnepaTypbl 6oJiee 30°C. PasHOCTb MexAy abGCOIOTHBIMU
KpalHUMU TeMnepaTypaMu JoxoguT g0 80°C. 3uMbl 04eHb CYypOBHI C ab-
COJIIOTHBIMU MUHUMyMaMHU J10 -50°C u HuxKe. MOpo3bI cIy4yarTcs BO Bce
Mecsila roga. KosmdecTBo ocaZjkoB HauMeHblee 1o Bced CpenHed A3uu
- MmeHee 130 MM (Mypra6 73 MM, Kapakysb 62 MM).

Kax oMy 13 BblllleyKa3aHHbIX THUIIOB KJMMaTa CBOMCTBEHEH Olpeje-
JIEHHbIH JIaHAWAQT, ABAAKIIUNACA pe3y/IbTaTOM ero BO3/eiCTBHUS.

[TogTBEpXK/€HO, YTO 06J1aCTh TOCMO/CTBA KaXK/A0T0 U3 IepeuyuCcaeHHbIX
TUIIOB KJIUMAaTa 3aHUMaeT pa3JInuHble BbICOTHL. Tak, 06/1aCTh MyCTbIHHOIO
KJMMaTa OXBaThlBaeT HauboJiee HU3KUe YaCTU TeppUTOpuM TaKUKuUCTa-
Ha, NpeJ/CTaBJ/sALIMe, MO0 LHPOKUE peyHble Teppackl, CJ0KeHHbIE U3
aJIJIIDBUAJIbHBIX OTJIOXKEHUH, JIM60 11eldbl rop, 06pa3oBaHHble MPOJIIO-
BUAJIbHbIMU BIHOCAMU 00JIOMOYHBIX IPOAYKTOB pa3pylleHUs 3TUX Top.

O6s1acTU CTENHOr0 KJAMMaTa NpeACTaBJISAT M0 IPeuMyllecTBY 6oJjiee
BbICOKHE YaCTU FOPHBIX 11J1eH (OB, NperOPHbIX HAKJIOHHBIX PABHUH WX
HeBbICOKME, 0OBIYHO CUJIbBHO pacyJieHEeHHbIe, B BU/Jle XOJMUCTOIO JIaH[-
mwadTa, npesropbs.

O6s1aCcTH TOPHOTO KJIMMaTa MOTYT ObITh pa3zesieHbl Ha PAJ, [VIaBHBIX
BepPTHUKaJIbHBIX OSICOB:

a) HuskoropHbll, rje TeMnepaTypa Bo3jyxa 6JM3Ka K TeMIlepaType
NpuUJIerawlUX paBHUH, HO KOJIMYECTBO OCaZKOB 00Jiblie, yeM B HUX. [lo
BbICOTE OH OXBaThIBaeT BbICOTHI OT 1500 fo 1700 M Haz yp. M., NpeACTaB-
Jisisl NepeXo/HYI0 30HY OT CTEeNHOM 30Hbl K TOPHBIM yCJI0BUAM. XapaKTep-
HOM 0COOEHHOCTBIO JaHHOTO Nosica B JIaHAIIAaQTHOM OTHOLLIEHUHU SIBJISIET-
€Sl TO, YTO OH MMeeT MHOTI'0 0611ero C 30HOM CYXUX CTelNeu.

6) CpefHUI TOPHBIM MOSIC XapaKTepeH 3HAYUTEJIbHbIM MOHWXXEHU-
eM TeMIlepaTypbl BO3/yXa, CO 3HAYUTeJIbHbIM YBeJUYeHUEM KOJIMYeCcTBa
0Ca/IKOB I10 CPAaBHEHMUIO C HWXKeJIeXKalUMU palOHaMHU U paclipoCTpaHsaeT-
cs1 Ha BbicoThl oT 1500 - 10 3000-3500 M Haf yp. M. ¥ 0XBaThIBalo1[as 60Jb-
1IYI0 4aCThb IJIOLAZen rop.

B) BbICOKOTOpHBI UM a/IbIIUHACKUU NOSIC, OTJIMYAETCH TEM, YTO TeMIle-
paTypa Bo3/lyxa 04eHb HU3Ka, a KOJIM4eCTBO 0CaJIKOB 3HAUUTEIbHO YObIBa-
eT [10 CPAaBHEHMUIO C HUKeJlexKalUMU 30HaMU. HayasibHOM BBICOTOM JJAHHO-
ro sBjs0TcsA BbicoTbl 3000-3500 M Haj yp. M. U IPOCTUPAETCS BBEPX /10
caMbIX BepIIUH rop. B npejgesiax aToro nosica npoxoAuT CHeroBasi JIMHUS,
CJIy>Kalllas BaXKHOU 30HAJIbHOU FPaHULIEN, Aedlleld aJIbIIMMCKUN MOSC Ha
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2 4aCTH: HUXKHIOK (COGCTBEHHO aJIbIIMMCKYI0) U BEPXHIOK (HHUBAJIbHYIO)
30HBI.

Takum 06pa3oM, onMcaHHbIE BhIlIe TUIbI KJIMMATa, a TAKXKe KJIUMaTH-
YyecKUe 30Hbl, CaMO CO00M pa3yMeeTcs, OTHOCATCS K OGIIMPHBIM 06J1acTAM
TeppuTopuu TapxkukrcTadHa. OJHAKO BHYTPU 3TUX 06J1acTell, BHYTPU OT-
JleJIbHbIX KJIMMaTUYEeCKUX PAaOHOB, B YCJI0BUSAX Ta/PKUKHCTAHA UCKIIIOYU-
TeJIbHO Pa3BUThl MUKPOK/JIMMaTHU4YeCKHe - MeCTHbIe YCI0BUS, 00yCIaBIu-
BaeMble 0COOEHHOCTSMU MeCTOI0JI0KEHUS JaHHOTO pailoHa, NyHKTa. Bcem
nepevyrcJeHHbIM Bblllle KJIUMAaTUYECKUM 30HAM W MOsICAaM CBOMCTBEHHBI
onpeJie/leHHbIA pesbed MECTHOCTH, PacTUTEJbHBbIA IMOKPOB, XapaKTep
NOoYBbI U Ap. B npenenax ofHOM ¥ TOM Xe MUKPOKJIMMATUYECKON 30HBI
M3MeHeHre NOYBEHHOT0 U PaCTUTEIbHOTO IOKPOBA He 3ps CYUTAETCS MO-
Ka3aTeJieM U3MeHeHHUs KJIUMaTHUYeCKUX YCA0BUH, T.K. JOCTaTOYHO TeCHas
CBSI3b UX HECOMHEHHa.
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TPAHCT'PAHUYHBIE BOAHBIE PECYPCbI
LIIEHTPAJIbHOM A3UM U ITPOBJIEMbI UX KBOTUPOBAHUA
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HayuoHanabHblll yHU8epcumem Y3bekucmaHna um. Mup3o Yayzbeka,
2. Tawkenm, Y36ekucmat, E-mail: uz-hydrolog@mail.ru

BBeaenue

[TocTcoBeTCKUM ONBIT BoA0OGecedeHUs1 Y36eKHUCTaHa, Mo-BUAUMOMY;,
npeJiCTaBJ/sieT UHTepecC AJis1 06061eHu [17, 21, 26]. 3Ta MHOroacneKTHast
TeMaTHKa, HECOMHEHHO, 3aC/Iy>KMBaeT O4YeHb TUIATEJbHOU U OCHOBATEJIb-
HOM pa3paboTku. OHAKO U peJBapUTebHble HAPAOGOTKHU 110 OTAEIbHbIM
acreKTaMm XOTs 6b1 B GopMe 3cce, M0-BUAHUMOMY, TaKXKe aKTyaJIbHbI.

KoH1enT npejJiaraeMoro acce UCXOAUT U3 pakTa 6uoreoprusnyeckoro
e/JMHCTBA PEYHOI'0 CTOKA KKHOTO CKJIOHA 6acceiiHa Apa/ibCKOTr'0 MOps, KO-
TOPBIN Npeaonpe/esisieT HayaJlbHble YCAOBUS YIOPSA0UYEHUST UCTOb30-
BaHUS M OXpaHbl TPAHCIPAHUYHBIX BOJ| 3TOM YyacTu cy6koHTHHeHTa [30].
HeynopsijoueHHOe KCMOJIb30BaHUE 3TUX BOJ, MPUBHOCUT GECHOpPSALOK B
BoZ006ecriedeHuU MPUOPEKHBIX CTPaH, U3-3a Yero NPOUCXO/sAT HaBe/|eH-
Hble MaJIOBOZIbSI UJIM 3aTOIJIEHUSI OTAEJNbHbIX TEPPUTOPHUN, YCI0XKHSET-
Csl YIPaBJIsIEMOCTb BOJHBIX PECYPCOB B YCJIOBUSIX HEONpPEAEJeHHOCTU U
OTPaHUYEHHOCTH FOPU30HTA MJIAHUPOBAHUSA U T. A. K ToMy ke, HbIHE Me-
»KOTpacJieBble MPOTUBOPEYHs] COBETCKOI0 Nepuo/ia Mepelid Ha YPOBEHb
MEXTIOCYAapCTBEHHbIX OTHOLIEHUH. OT HUX yCTpaHeHUs B 3HAYUTEJbHOU
Mepe 3aBUCAT NepCreKTHUBbl BoAoobecneyeHusi. Ho mpobsieMmaThka KOH-
GJIMKTOB, HACKOJIBKO 3TO BO3MOXKHO, «BbIBeJIeHa 3a CKOOKH» 3CCe U orpa-
HU4YeHa 06CyKAeHHeM eé HEKOTOPbIX eCTECTBEHHOHAYYHbIX U METO/0J10-
Ir'M4eCKHUX acleKTOB.

Boaoo6ecneyeHHOCTh

OCHOBHBIMM HUCTOYHHKAMH BOZ006GecrnedeHUsI CYOKOHTUHEHTA SIBJISI-
10TCs 6osiblIMe peKu AMyaapbsi U CbipZapbs ¢ npuTokaMu. CToOKoo6pa3o-
BaHUE NMPOUCXOJUT, IJIaBHbIM 06pa3oM, B FOpPHbIX cucTeMax TsHb-lllaHs
u [lamupo-Anas. Ha paBHMHaX CTOK pacceMBaeTCsl UM NMPOTEKaeT TpaH-
3UTOM. ApasibCKOoe Mope — OOLIUK 6a3UC CTOKA [/ 00erX OO0JIbIINX peK
[32]. Hacenenne cyOGKOHTHHEHTA HUCCTApU YA OBJIETBOPSJIO XO35HWCTBEH-
HO-MIUTheBbIE HYXK/bl B BOJle U 06eCleurBaJio el opoliaeMoe 3eMJieiesre
— OCHOBY 3KOJIOTMYECKOW HUILIU PACCEJUBIIUXCS 3/leChb 3THOCOB. M3 aTHX
peyHbIX CUCTeM BHavasie XX BeKa B 3TOM YaCTU CYOKOHTUHEHTA 0POILaIoCh
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npruMepHo 4.5 MJIH ra 3eMesib [11], a B KoHLe - okoJio 8 MJIH ra [26]. [Ipo-
BO/JMJIaCh PEKOHCTPYKL M CTAPOOPOLIaeMbIX U OCBOEHUE HOBBIX 3eMeJIb B
KOMILJIEKCe ¢ Menropanuei [12]. B cpeaHuii mo BOAHOCTHU roJ, B Ipejesiax
ConpyxectBa HezaBucumbix l'ocymapctB (CHIY) 06b€M peuyHOro cToka mno
HabJsr0ieHUsIM olleHuBaJIcs 9, 13, 14, 17, 18, 19, 20, 23, 26, 27, 28, 29, 32]
npuMepHo B 110.2+5.5 km? ([JoBepUTeNbHBIN HHTEpPBaJ MPUHAT PAaBHbIM
5%, T. e. COOTBETCTBYIOILUM NPELIU3MOHHBIM U3MepeHUsM). U3 3Toro 06b-
éma: Ha Amyzapbe - [Isaamxke - 66+3 kM® [19] u Ceipapbe - Hapbine - 352
[18]. B 6acceiinax 6osblInX pek dopmupyeTtcs euié no 6.6 + 0.3 u 2.6
0.1 kM? cTOKa peK co «caenbIMU KoOHIaMu». OZJHaKO peyHOU CTOK QUIYKTY-
MpyeT U MO3TOMY B perjlaMeHTax, HO He Ha NPaKTHKe, IPOLLJIbIX JIET ero
MCII0JIb30BaHUE OTPAaHUYHUBAIOCh BeJIMYnHOU roga 90% obecreueHHOCTH.
Bes perysupoBaHus cTok roga 90% obecrnedeHHOCTH OLleHUBAJICS 0 F0XK-
HOMY CKJIOHY 6acceiiHa Apasibckoro Mops B 92.0+4.7 km*; AMyzaapbe - [1sH-
Ky — 58.2+2.9; Ceippapbe - HapbiHy - 26.1+1.3; pek co cjienbIMU KOHLJAMHU
cooTBeTcTBeHHO — 1.5+0.3 1 1.9+0.1 xm* [9, 13, 14, 18, 19, 20, 23, 26, 27, 28,
29, 32].

B MHoroBozaHbIe roApbl, K npuMepy, 10% obecneyeHHOCTH, 06BEM pey-
HOI'0 CTOKA JJOCTUTaJ B IepevYrCIeHHbIX Bbllle 6acceiHaX OpUEeHTUPOBOY-
HO: 136%7; 80.4+4;45+2.2;7.5+0.4; 3.5+0.2 km? [9, 13, 14, 18, 19, 20, 23, 26,
27,28, 29, 32].

Pa3zmax kosie6aHUlM 06bEMOB PEYHOT0 CTOKA B MHOT'OJIETHEM pa3pese
OblJ1 B MPOLIEALIYI0 KJIUMAaTUYECKYI0 310Xy, KaK BUJHO, CYLLeCTBEHHBIM.
Hactynaroujas kinumaTrHyecKkas 31oxa [7106a/1bHOro noremneHus [4], cyasa
10 NPOSIBJSIOLUMCS CUMIITOMaM [6, 7, 26, 29], OCJIO)KHUT YCJIOBUS CTOKO-
06pa30BaHUs HAa CYOKOHTHUHEHTE U CABUHET €ro B CTOPOHY, I0-BUJMMOMY;,
MasioBoAibs. Takasl yrpo3a B 06111eM HaMeTUJ1aCb, YTO TPEOYET OT apUHbBIX
CTpaH 3a6J1aroBpeMeHHOr0 NPHUHATHSA, HACKOJIBKO 3TO BO3MOXKHO, KKOHTP-
Mep».

OCo06eHHOCTH peryJiupoBaHUs pe4YHOro CTOKa

B MHTepecax 3KOHOMUKH B [IpoLIe/illIeM BeKe peYHOU CTOK pacCMaTpHU-
BaeMOM 4aCTU CyOKOHTHHEHTAa B 3HAYUTEJbHOW Mepe ObLI 3aperyaupo-
BaH. B MeHb1Iell Ha AMyziapbe - ¢ K03 PULIMEHTOM peryJIMpoBaHUs OKOJIO0
0.80, a Ha Ceipzapbe noutH g0 0.90. Ha AMyznapbe pery/impoBaHue BeJoCh,
IJIaBHbIM 06pa3oM, pycioBbiMU HypekckuM u TysIMyHOHCKUM BOJOXpa-
Hunumamiu [38, 14, 28], a Ha Ceipaapbe - kackaZoM HuxkHee-HapbiHCKHX
PYCIOBBIX BOAOXPAHHUJINIL BO IJ1aBe ¢ TOKTOryJIbCKUM éMKOCTbIO 19 kM3, a
Takke Kalipakymckum (~2.6 km*) u YappappuHckuM (~5 km®) - Ha ChIp-
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Japbe, AuamkaHckuM (~2 km*) - Ha Kapagapbe, YapBakckum (~2,0 km?)
- Ha Yupuuke u gpyrumu [8, 13, 23].

06bEM 3aperysnpoBaHHOro croka 90% obecnedeHHOCTU HAa AMyZiapbe
OLleHHBaeTcs npuMepHo B 65+3 kM® [28] 1 Ha Coipaapbe - 33+1.7 km? [27].
PeryivpoBaHueM yJ0B/JeTBOPSAINCh TPeOOBAaHUS UppUTralMy, 4eMy 3Ha-
YHTeJIbHO CIOCOOCTBOBAJIU 0C06eHHOCTH TaHb-Illanbckoro THNAa BHYTPHU-
ro/l0BOr0 pacnpe/ieJieHus1 CTOKa.

YroBieTBOpeHUe HblHE TPeOOBAaHUM 3HEPreTUKH MMOMEHSJI0 BHYTPU-
rofoBoM xoJ croka. Ha Baxiie v HapbiHe CTOK JieTHHUX MOJIOBOAUM U Ma-
BO/ZIKOB CTaJl lepepacnpezensaThca Ha 3uMy. be3 KoHTppery/avupoBaHus |3,
9, 15, 16, 25, 26], A1 KOTOPOTO MOKa He CO3/JjaHbl YCJ0BHUS, 0COOEHHO, B
CpefjHeM M HW)XKHEM TedeHUU AMyJlapbU U B cpeiHeM TedueHUU Cblpfapbu
B BeTreTalMI0 HppUralUs He/l0MoJIy4aeT BOAY [10 BeJIMYMHbI ObLIbIX TUMU-
TOB [8, 17, 22, 28].

Bo/0X035lCTBEHHBIE CHCTEMBI

Bo/ioxo3s1cTBeHHbIE CUCTEMbI Y36eKHCTaHa paccpe0TOYeHbI o 6ac-
ceiHaM AMyzapbu U CeIpZiapbHy, a KOOPAWHALIUA HAYUMHAETCSA B BEPXOBbAX
Y 3aBepllaeTcs B HU30BbAX OOJIBLIMX PEK UM OHU 060C00SAI0TCA B 6ac-
celHaxX CpeJJHUX U MaJIbIX «PeK CO CJIeNbIMUA KOHLIAMU».

B BepxoBbsx AMyzapbu GyHKLHOHUPYeT CypxaHJapbUHCKas BOJOXO-
3slCTBEHHas cucTeMa Ha cToke pek CypxaHjapbs u lllepabas c npuToKa-
MU U BOJ03abopaMu B AMy-3aHICKMU MallMHHBbIKN U3 AMyzaapbu U boJib-
o 'mccapckuii kaHasbl U3 p. JlymaH6UHKA. JTa CUCTeMa 0b6ecreyrBaeT
IpenMyIeCTBEHHO HY/ibl UPpPUTALlMU U ONlepUpyeT 06’béMaMu PEYHOT0
cToka B cpefHeM 5.5-6.2+0.3 km?/rog [8, 14, 28].

B cpegHeM TeyeHMH Ha HACOCHOM BoJ03abope u3 AMyapbu GyHKIMO-
HUpytoT KapmnHckas v bByxapckas cucTeMbl € BBICOTOM KayaHUs COOTBET-
ctBeHHO 147 1 85 M. 06'bEMbI BOZI03ab60pa JOCTUTAIOT B cpe/iHEM 6-6.5+0.4
u 4.5-5.2+0.3 km?/rog [8, 14, 28]. [1aBHBIA MOTPEOGUTENL — OpoOLIaeMoe
3eMJie/iesue.

B HmxkHeM TeueHUU 060c06s0TCsA Xope3MmcKkas, TypTkyabckas, [Ipa-
BO- U JleBoGepexxHble 1eJIbTOBble CUCTEMbI C MaruCTPaJIbHbIM MUTaHUEM
cooTBeTcTBeHHO 4.5-5.0£0.3; 1.8-2.0%+0.1; 6.0-6.5+0.4 u 5.0-5.5 +0.3 xkm?/
rof [8, 14, 28].

B 6acceliHax 3apaduana v Kamkazapbu — pek co «CJenbIMU KOHLa-
MU», QYHKIIMOHUPYIOT HAa UX CTOKE OJHOWMEHHBbIEe BOJ0OXO3MCTBEHHbIE
cucteMbl. 06'bEM BOJIONIOIa4YU B 3THU CUCTeMbI gocTturaet 4.8-5.3+0.3 u 1.3-
1.5+0.1 km*/rop [8, 14, 28].
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060co6s1eHHy0 O3ULUI0 3aHMMaeT HaBouiickasi 06/1acTHast BOJ0XO-
3AMcTBeHHasa cucteMa. OHa QyHKLMOHMpPYeT B OOJIblIel 4YacTH Ha BTO-
pUYHBIX pecypcax p. 3apadIlloH U noAnuThiBaeTcsd U3 Amyzapbu no Ha-
BOMMCKOMY KaHaJ/ly — KOHL[eBOM 4acTU AMy-Byxapckoro MaructpajbHOTO
kaHasa. OHa Bogoo6ecneynBaeT npuMepHo 100-110 Tric. ra opoiaeMbIx
3eMeJIb M KPYITHBIY IPOMYy3eJI C MOLIHOU TelJIOBOU 3JIeKTpoCcTaHLuen. Bo-
JIONIOTpebJIeHHE COCTABJSAET OlleHOYHO 2.5-3.0+0.1 kM3 /roz.

TakuM o6pa3oM, B 60Jib1I0M HacceliHe AMyiapby BO/103a60p B BOI0XO-
3AMCTBEHHbIE CUCTEMBbI Y306eKUCTaHa ObLJI 3alpOrpaMMUPOBAH Ha YPOBHE
41-47+3 xm3/rop [9, 28]. OH cocTaBJsLICs NEPBUYHBIMU (PEYHBIMH) U BTO-
pUYHBIMHU (BO3BPaTHBIMU) BOAHBIMU pPeCYpCaMHU.

B 6acceiine CbipiapbH B0103a60p B BOJ0X03MCTBEHHbIE CUCTEMBI Y 3-
OGeKHCTaHa COCTABJISAJ OKOJIO 22-26+1.3 KM?/Tof, pe4HbIX U BO3BPATHBIX
BO/ [8, 13, 27].

B BepxoBbsix 3azelcTBoBaHbl [IpaBobepexkHas uau CeBepo-Pepran-
ckas U JleBo6epexxHasa uian H0xxHo-PepraHckas BoJ0X03HCTBEHHbIE CU-
CTEMBI.

[IpaBoGepexxHas cuctemMa obpasyetcsa boabminm Hamanranckum u Ce-
Bepo-PepraHcKUM KaHalaMU C MarucTpaJjbHbIM IUTaHUEM U3 p. HapbiH 1
Ipynnbl MajbIX pek, cnagarwux ¢ KypaMmuHackoro, YaTkanbckoro u ATou-
HaKCcKoro xpe6ToB. Bono3abop B cuctemy gocturaet 3,3-3.9+0.2 km3/rog u
pacxoAyeTcsi B OCHOBHOM Ha HY/Jbl Uppuranuu [8, 13, 27].

JleBoGepexxHasi cucTeMa obpa3syeTcs kaHasaMu UM. ). AxyH6abaeBa,
Bosbimumu AuuxaHckuM U @epranckuM, I0xHo-Pepranckum, p. Kapaga-
pbél ¢ AHJAMXKaHCKUM BOJOXPAaHUJIMUILEM U MaJbIMU peKaMH, CaJaroLiu-
MU ¢ Anarickoro, TypkecTtaHckoro U @epraHckoro xpe6ToB. ITa cucTeMa
TaK)Ke 4acTblo opowaeT 3eMau Keipreisctana u Tagxukucrana. Bogosa-
60p Ha HYXJbl Y36ekucraHa gocturana 8.6-10.4+0.5 km®/ron [8, 13, 27].
Bmecrte ¢ KbiprbizcranoMm (0.35-0.4) u TagxukucranoMm (1.6-1.8) usbarus
B BereTtanuo us pyciaa Celpfapbu — HapbeiHa cocraBuiu okosio 7.5-10.0+0.5
KM®/TozI, IpY TOM, KaK CTOK MaJIbIX PeK MOJHOCTbI0 OCBAUBAJICS B Mpeje-
Jax @epranckoit gosuHsbl [8, 13]. B cpe/iHee TeueHUe OTTEKAIOT peyHbIe U
BO3BpaTHbIE BO/IbI 0OIIUM 06bEMOM OKoJio 12-17+1 kM3 /rop.

Ha neBoGepexbe cpenHero TeyeHus Coipgapbu — HapbiHa QyHKIMO-
HupyeT /lxku3ak - ['osiofHOCTelNCKas cucTeMa, KoTopasi o6ecrieyrBaeT BO-
JloN0Tpeb/IeHre KaK y30eKHCTaHCKUX 06J1acTel, TaKk U HEKOTOPBIX paio-
HoB Ta/xukuctaHa U Kazaxcrana. B cymMe oHo onieHuBasiocs B 7.8-8.9+0.5
km?/ron [8,13,27] u B paspe3e Ha3BaHHbIX rocyAapcTB 5.1-6.1+0.4; 1.3+0.1;
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1.4+0.1 kM*/roj. MaJsible peKH MOAMUTHIBAIOT 3TY CUCTEMY NMPUMEPHO Ha
0.5 km3?/rog,.

[IpaBoGepexxbe cpenHero TedyeHus Coipgapbu - HapblHa 3aHuMMaer
Yupuuk - Axanrapan - Kesnecckas cuctema (HAKHWP), kotopas dyHkiuo-
HUpPYyeT Ha CTOKe OJHOMMEHHBIX peK. [MApoTexHHUYecKass CTPYKTypa CH-
CTeMbl OPraHM30BaHa TakK, 4To CTOK Yupuuka - YaTkasa mepepacnpepes-
eTcsl B 6acceliHbl AxaHrapaHa U Kesieca. BogonoTpe6/ieHre Ha opolieHHe
M3 CUCTEeMbI pacCUMThIBaIOCh HA 5.4+0.3 kM3 /ropx [8, 13, 27], u3 HUX Y306e-
KUCTaH MOT uMeTh J10 4.6+0.2 km3/roa, Kazaxcran - 0.7+0.1; Kbiproiactan
okoJsio 0,1. 3To mpu TOM, UTO CTOKOOOpa30BaHHE B CPeJHUM 1O BOJAHOCTH
roJi B 6acceiiHax pek jgocturajo npumepHo 8.2+0.4 km?® [8, 18, 20, 27]. l'a-
paHTUPOBaHHbIE NNONYCKU PEYHBIX U BO3BPATHBIX BOJ, B YapAapHHCKOe BO-
poxpanuauuie no Coeippapbe u u3 YAKHPa numutrupoBanvce Ha ypoBHe 10
km?/ropn [23, 24, 27], 9To AomycKasio 6e3BO3BpaTHbIE MOTEPU CTOKA BEPX-
HETo U CpeiHEro TeYeHUM B CpeJHUM MO BOJHOCTHU IO/, B nipejesax 25+1,3
KMZ,

K ToMmy e, u3 YapZilapuHCKOTr0 BOJOXpaHUJIMIIA NPOJIOKEHBI OTBO-
JiSIle COOPYKeHHs B 6ECCTOYHYI0 cucTeMy AWap-ApHacaliCKuX 03€p, C
MOBEPXHOCTHU KOTOPBIX B rof, ucnapsiercs Ao 4-5+0.5 km® peyHbIx U BO3-
BpaTHBIX BoZ. COpoOC B 03épHYI0 CUCTEMY HAXOAUWJICA IPUMEPHO B Ipeje-
nax 4.5-9.5 km®/rop [31].

Bogoxo3aiicTBeHHas cCUTyalUsl B 6acceiiHax 00JbIINX peK AMyzAapbs
u CblpZiapbsi HECKOJIBKO Pa3JiMuyaeTcs M0 YPOBHAM HCYepNaHUs PeyHOro
CTOKa.

Bosibiias peka AMyiapbs U3-3a 6€3BO3BpaTHOI0 U3bATUSA CTOKA B BEP-
XOBbAX, CPe/JHEM U HHXKHEM TeYeHHUAX IpUobpesia B yCThe «CJIeNod KOHel»
Y He JJOHOCUT CBOU BOJbI [0 €CTECTBEHHOr0 6a3uca CToka — ApasbCKOro
MODH.

Bospmaa peka Celpgapbea noka BmnagaeT B Capbl-YaraHak - 3a/uB
Apanbckoro mops [21]. IToMy cnocO6CTBYyeT TPaH3UT, 0COOEHHO HeBere-
TalMOHHBIN IepUO/I, SHEPTETUYECKUX NTONYCKOB C BEPXOBLEB, HE3aperyJ/u-
pPOBaHHbBIM CTOK BO3BPAaTHBIX BOJ, peryjiuipoBaHue B YapAaprHCKOM BOJ0-
XpaHUJIMLIE U B TUAPOY3J1aX HU30BU.

Bo0x03ACTBEHHBIN KOMILIEKC

Bo10X031MCTBEHHBIM KOMILJIEKC CTPaHbl MOJpa3zesiéH Ha TEPPUTO-
pHabHO-IPOU3BO/CTBEHHbIE KOMILJIEKChl. OHU TakXe, KaKk U BOJXO035H-
CTBEHHbIE CUCTEMbI OPZAMHUPOBAHBI M0 YACTAM OOJIBLINX PEK.
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BoponoTpebsswomue oTpaciyd KOMIJIEKCA COCTaBJSIOT OpollaeMoe
zemsegenue (fo 90-95% ot Bojo3abopa), Tenso3HepreTUKa, MeTalayp-
r'usi, XMMH4YecKas U HeTe-, ra3onepepadbaTbiBaroLiast IPOMbILIJIEHHOCTb U
T.J.

OTpaciu BOZOM0JIb30BaTENHN — 3TO THJPOIHEPTETUKA, pblOHOE X035~
CTBO, peKpeaLus, XOTS U UM IPUCYILU 6e3BO3BpaTHbIE IOTEPHU.

TeppuTOpHaIbHO-NIPOU3BOACTBEHHbIE KOMILJIEKCHl (QYHKIMOHAJIbHO
6a3MpyOTCS Ha BOJOX03AMCTBEHHbBIX CUCTeMax. [103TOMy ¢ HEKOTOPBIMHU
Jl0NyCKaMHU BOJOEMKOCTb BOJJ0X03IICTBEHHOI'0 KOMIIJIEKCa CTPaHbl U €ro
TePPUTOPHATBHBIX GOPMHUPOBAHUH, I0-BUAUMOMY, MOXKHO IPHUPABHSATH K
B0/03a60py U3 peK (U JpyruX UCTOYHUKOB).

CorslacHO [1eMCTBOBAaBIIMM perjiaMeHTaM Y30eKucTaH Ha AMyjapbe
pacmoJiaraj mpaBoM Ha Bojio3abop 46.2 kM?/roa, B T.4. HA opolieHue 38
km?/rop [28], a Ha Ceipapbe 25.5 kM?/rof, B T.4. Ha opolueHue - 24 KM*/
roj; [27]. O61ui IMMUT COCTABJISL 0KoJio 71.7 KM3/ro, B T.4. Ha OpollIeHHe
- 60 km?/roj. Takol 06'bEM PEYHOTO CTOKA U BO3BPATHBIX BOJT BO3MOXKHO
6b1J10 pa36MpaTh B BOJ0X0351ICTBEHHbIE CUCTEMBbI CTPaHbI P TOJIHOM MC-
IOJIHEHWU NIPOTPaMM UX peryJupoBaHUs.

HcToleHue U McyepnaHue, 3aco/IeHHe U 3arpsi3HeHHe BO/,

UcToweHne pedyHOro CTOKa - 3TO CJeJCTBUE HapyLIeHUS yCJI0BUH
bopMUpOBaHUA UM Jerpajialvsi UCTOYHUKOB NMUTAHUS, NPUBOAALIUX K
COKpalleHHI0 ero 06'bEMOB, B GpHUHasIe — OJIHOTO.

B llenTpasbHOM A3uHU erpajupyeT ropHoe oJiefieHeHUe. Ero 06'béMbl
10 HEKOTOPBIM OLleHKaM COKPAaTWJIMChb MOYTH Ha ofHYy TpeTh [6, 10]. Ta-
sIHUe JIeJHWKOB B HayaJsle MOBbIIIAJI0 BOAHOCTb pPeK, a Tenepb JieJHUKO-
BOe NMUTaHUe coKpaujaeTcs. HeT noka sCHOCTH ¢ U3MEeHEHUsSIMU CHETOBOTO
U JIOK/IeBOT0 NUTAaHUA PeK, a TakXe — MoJ3eMHOoro. Tak 4To TeHJeHLUs
VCTOLLeHUs BO/J elé HEYyCTOMYMBasi, HO HaMeTuJacb. Heonpee/iéHHbIMU
TaK)Ke 0CTAalTCA NapaMeTpbl BEPOSATHOTO COKpallleHHUs CTOKa.

TeMa ucTouleHUs BOJ, B perMoHe 60Jiee YeM aKTyaJlbHas U yacTcs JIU
eé pacKpbITh 6e3 crenyaabHbIX UCCAEI0BAaHUMN NTOKA HE SICHO.

W cyeprnaHue peyHOTO CTOKA — 3TO CJIe/ICTBUE ero U3bATUSA U COKpallle-
HUSI IPU 3TOM 06'bEMOB 110 CTBOJIY, UYTO B pHHAJe NIPUJAET YCThIO PEKU CJie-
IO KOHell. JTO fIBJIeHHe OXBAaTUJIO HAa CYOKOHTUHEHTE MaJible, CpeJlHUE U
6oJsibLIMe pekd. McuepniaHue peqHOro CToKa 00yc/10BUJI0 TpobsieMy Apasia
[2].

Ha o6uem ¢oHe aeduiiiTa BOAHBIX PeCypCOB BeCbMa CylLIeCTBEHHOE
3HaueHUe NpUoOpesio U3MEHEHNE KayeCTBa BOJ, KaK-TO UX 3acOJIeHUe U
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3arpsisHeHue. 3acojieHue BoJ 06yC/I0BIEHO UCTTApEHUEM U TPaHCIHpaLH-
eil. [IporekaeT Kak B ¢popMe KOHLEHTPUPOBAHUS PACTBOPEHHBIX COJIEH,
TaK U BbINa/|eHUS UX B 0Ca/IOK. ITU sIBJIEHHUS Cpeloobpasyolire, 00ycaoB-
JINBAIOT 3aCOJIEHUE MTOYB U JPYTUX KOMIIOHEHTOB JlaHAadToB. iMu oxBa-
YeHbI KPYMHble TEPPUTOPHUH.

3arpsi3HeHHe BOJ, — 3TO YXy/ALIeHHe UX KauecTBa U3-3a BHECEHUS B BO-
JIHble 00'beKThI TOKCUYHbBIX ¥ PaJJMOAKTUBHBIX BELIECTB, NATOr€HHBIX MHU-
KpoG6OB, TeMJa U APYTUX MOJIIIOTAHTOB. JTO SIBJIEHHE PACIPOCTPAHSETCS B
dbopMe apeasioB OT UCTOYHUKOB 3arpsi3HEHUS BOJ,

B npezesie oT 3acosieHHs U 3arpsi3HEHUs BO/JIbl CTAHOBSITCS HENPUTO/ -
HBIMU JIJIS1 UCTIOJIb30BAHUS, B TOM YHCJIE U THAPOOGHOHTAMU BOJHBIX 00'b-
€KTOB. ITO NPUBOAUT K OGUOLUAY HaceJleHUsI aKBaTOPHUH, KaK, HalpuMep,
Apasbckoro Mops.

HcyepnaHue BOJHBIX PeCypcOB M HeraTMBHOe M3MEHEHHEe KauecTBa
BOJ, 0OYC/IOBUJIM Ha CyOKOHTHUHEHTe 0060CTpeHHe 3KOJIOTMYecKol obcTa-
HOBKH OT KaTacTpoduueckoro (Apanbckoe Mmope), 6eacTBeHHoH ([Ipuapa-
Jibe) 710 Ipo6JIeMHOM (OpollaeMble U 3aCTPOEHHbIE TEPPUTOPUH).

IlepcneKTUBBI yCTOMYMBOI0 BOA006€eCeYeHH s

OxuaemMoe MasioBO/ibe TPeOyeT 3a6/1aroBpeMeHHOr0 HaBeleHUs B3a-
MMONPHEMJIEMOTO MOPs/Ka UCI0JIb30BaHUS TPAaHCIPAHUYHBIX BoJ,. ToJb-
KO COJIM/IapHasi OTBETCTBEHHOCTDb MPUOPEKHBIX FOCYJAPCTB M0 NPHUHIUITY
«He BpeAu» MO3BOJIUT MPeAYNpeAUThb 3KOLUJ, B KOTOPBIN mepepacTaeT
6uonu/ ruJpoO6GUOHTOB UMEIOLIUA MECTO U3-3a AECTPYKLUU THAPOIKOCH-
creM. be3 focTkeHUsT BOIOXO3SIUCTBEHHBIMU CHUCTEMAMH U KOMILJIEKCa-
MU NE€PEeIOBOr0 TEXHOJOTMYECKOT0 YPOBHS TOTAJbHOTO BOA0COEpEKEHUS
BEPOSATHOCTb YCTOWYMBOrO BOA0OOOECTEYEHNUS] aPUHBIX CTPaH HUYTOXK-
Ha. Heo6xX0AMMOCTb MOATOTOBKH K IPs/ylieMy MaJIoBO/bi0 oyeBu/HA. 06
3TOM CBHU/JETEJBCTBYET ONBIT ABYX MOCJEeIHUX JAECATHUIETHH, KOTrJa Aaxe
B YCJIOBUSIX MTOBBIIIEHHON BOAHOCTH HAHOCUJICS 3KOJIOTHYECKUH Bpes HU-
30BbSIM M TPAH3WTHBIM 30HAM, 3 9KOHOMHUYECKHE BbIT'0/Ibl BEpXOBbeB [1],
M0-BUMMOMY, OKa3bIBaJIMCh HIXKE 0XKU/[aeMbIX.

[lepcnekTUBBI BOAOOOECTIEYEH S, TIPEXE BCETO, TpebyeTCsl OCHOBa-
TeJIbHO OLEHUTb B HALMOHAJIbHBIX BOJOX03SHCTBEHHBIX NMPOrpaMMax, a
3aTeM MPHUKTH K COTJIALIEHUI0 B 6ACCEHOBBIX MPOTPaMMax € y4ETOM KBO-
Thl HAa BOAY MPUPO/bI, AAKe B YCJIOBUSX }KECTOKOTO MaJIOBOAbS.

B 3TOM mporpaMMupOBaHUH, NO-BUJUMOMY, 3aCAyKHBAeT BHUMAHUSA
caeaytole 06CTOATEe/NbCTBRA:
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1. Ha cy6KkOHTHHEHTe HacTynaeT MaJoBo/iHasa snoxa. OHa oTMevaeTcs
v HabsogeHussMu. Ho, B 06111eM, B KaKuX IapaMeTpax MposiBUTCS, MaJI0OBO-
Jibe I0Ka OCTAETCA Heollpee/IEHHbIM.

2. C nocnenHero AecsaTUJETUs JIBaAllaTOro BeKa, B bacceiiHax AMy/ia-
pbu U ChipJlapby M3MEHUJIOCH 11€JIEBOE UCMOJIb30BAaHME PEUHOI0 CTOKA —
OCHOBHOT'0 UCTOYHHKA BOZ000ecIieyeHus BCero CybKOHTUHeHTA. /151 Bep-
XOBBIX F'OCYZapCTB, IPUOPHUTETOM MPEJCTANU TUPOIHEPTOPECYPCHI.

CozmeprKaTesbHO YUET MepeuyrcJeHHbIX U BHOBb BbISIBJIEHHBIX 06CTOSI-
TEJIbCTB, CBEJIETCS K 9KOJIOT0-3KOHOMHUYECKOUN OMTUMU3ALMU TAapaMeTPOB
NpOrpaMMHUpPyEMOU XKU3HEJeSITeIbHOCTHU COLLUYMOB, 9KOJIOTUYECKUX HULI,
PaCTUTEJIbHOTO U )KMBOTHOTO HAaceJIeHUs U T.[I. B HallMoHa/IbHOU porpaM-
Me, MO-BUAMMOMY, HEOOXOJUMO PYKOBOJACTBOBATbCA HAeeill GpOopMHUpOBaA-
HUS e[JUHON BOJIOX03SIMCTBEHHOM CUCTEMbI Y30€KHCTaHa.

B o061ieM nepcrneKTUBBI BOA00OeCeYeHUs] 3aBUCAT HE TOJIbKO OT
«Ka3yCoB MPUPOAbI», HO OT TOTO KaK CKOPO OyAeT HaBeJEH MOPS/I0K B HUC-
M0JIb30BAaHUU TPAHCTPAHUUYHBIX BOJ, U KaK YCIEUIHO W 3a6J1arOBpeMeHHO
BO/I0X035IICTBEHHbIE CUCTEMbI, U KOMILJIEKChI OYAyT a/laiTUPOBAHbI K yC-
JIOBUSIM MaJIOBO/bSI.

3aK/IloyeHue

OnacHocTbh AUCOYHKIIMU BOJOXO3SIMCTBEHHbBIX CUCTEM U KOMILJIEKCOB
B MECCHMaJIbHbIX YCJA0BUSX MaJIOBOJbsl U HEYNOPSA0YEHHOIO HCIOJb30-
BaHUs TPAHCTPAaHUYHBIX BOJ, 0OYE€BU/HA, TeEM HOJiee UYTO TAKOBbIE MPOSABJIS-
I0TCA BCE yaie. CHU>KeHHe PUCKOB OT 3TUX OMACHOCTEXW BO3MOKHO JIUIIb
3a CYET UX ycTpaHeHUs U 3G PeKTUBHOTO0 BojlocbepexkeHus. [locieHee f10-
CTU>KHMMO PU MO/IepPHU3ALMU BO/IOX035IICTBEHHBIX CUCTEM U KOMIIJIEKCOB.
Y>ke 60Jiee UeM NOJIYBEKOBOE 3aMa3/iblBaHUe C BHEJ[pEHUEM BOA0COepexe-
Hbsl OTPA3UJIOCh HA BEKTOPE U TEMIIAX POCTA KAaueCTBa >KM3HU HaceJeHUs
cyokoHTHUHeHTA. [[apafgokcaibHO, HO GaKT: MepCIeKTUBbI BOJl00becneye-
HUSI B MAJIOBOJHYIO 310Xy HANPSIMYI0 3aBUCAT OT 3G PEeKTUBHOCTHU BOAOC-
OepexxeHUs M KayecTBa yIpaBJieHUs BOJAHbIMU pecypcaMu. [loaToMy kak
CKOPO COIIMYMbI MOOUJIU3YIOT CBOM YCUJIUS U PECYPChI HA yCTPAHEHUE «3a-
BaJIOB UCTOPUU» U NPEOAOJIEIOT UX, TAK Ha JieJie POSABATCSA MEPCNEKTUBBI
BOJl0OGeceYeHu .
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CIIOCOB KAYECTBEHHOM OIIEHKHW U3MEHUYUBOCTH YPOBHA
T'PYHTOBBIX BOJ C IPUMEHEHUEM I'MC-TEXHOJIOTHH
(HA IPUMEPE AHAMXXAHCKOH OBJIACTH)

Hcmaunosa J.A., Hazunosa /I.X., Té B.C,,
3akuposa ['B., Xacanb6aes X.®.
Tocydapcmeentoe yupexcoeHue «HHcmumym 2udpozeoso2uu
U UHM#CEHEepHOU 2eo102uu»

2. Tawkenm, Y36ekucman. E-mail: radjapivna@mail.ru

[udpoBusauus pazHOOO6pas3HbIX pabOYMX MPOLECCOB CHOCOOCTBYET
YOPOILEHUIO TPYAOEMKHX 3aJlad U MNOBBIIIEHUI NPOU3BOAUTENIbHOCTH
TpyAa. B reosioruueckoil chpepe MpOUCXOJUT aKTUBHBIM MepeBOJ MHO-
»)KeCcTB onepalui B uudpoBor GpopMaT, HAUMHASA OT NPOCTOTO JOKYMEHTO-
000poOTa ¥ 3aKaHYMBas OllepaTUBHbIMU pellleHUSMU CJI0XKHBIX 3a/ia4 pU
BbITNIOJIHEHUHU I'e0JIOTUYECKUX UCCIeJOBaHUM.

Bueapenue reorpapuueckux nHopmanuonHeix cucrtem (F'MC) B ru-
JIpOreoJIOTMU — OJHO U3 KJII0UeBbIX HanpasieHUH. [MC-TexHo0rnM 06.1a-
JIal0T IIUPOKUMU BO3MOXKHOCTSAMU [J11 pelleHUs1 pas3IM4yHbIX 3a4a4. OHu
He TOJIbKO YNPOIAIT paboTy ¢ 60/bIIMM 00'bEMOM JIAHHBIX, HO U MOBbI-
Q0T TOYHOCTb pe3y/JbTaTOB 6Jsarofaps MHOTOYMCIEHHBIM (QYHKIMO-
HaJIbHBbIM IPEUMYILeCTBaM.

C pa3BUTHEM COBPEMEHHBIX TEXHOJIOTUM MOABJSATCA BO3MOXHOCTHU
[IJ11 pellleHMs 6OJIbLIEro CneKkTpa 3aZay, B YaCTHOCTH, B TU/IPOTe0JI0OTUH
CreLMaJMCThl 00palalTCAa K aHa/IM3y U OLleHKe O60JIbLIMX MacCUBOB JjaH-
HBIX 10 CKBa>XKMHaM. Co37at0TcsA 6a3bl JaHHBIX, CoZiepKaliye MHPOPMaLUI0
0 HabJoAaTe/bHbIM IYHKTaM, 10 KOTOPbIM OLleHUBAIOTCA TUAPOAUHA-
MHYECKUH peXHUM U I'MJpOXUMHUYECKHEe YCA0BUS UCCIe[lyeMbIX TEPPUTO-
puii [1].

Ha ceropHsAlIHMN [eHb, IPU CTAaGUJIBHOM Pa3BUTUM COBpPEMEHHBIX
MEeTO/I0B I'M/IpOre0JIOrMYeCKUX UCCIeJOBaHUM MTOBBIIIAETCA CTelleHb BO3-
MOoxXHOCTed npuMeHeHud ['MC-TexHOJIOTUH, B TOM 4HUCie U [JI1 pelleHUs
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3aJlay B 06/1aCTU MOHUTOPUHIA U YIIpaBJeHUs1 BOAHBIMU pecypcaMu. B pa-
60Te paccMaTpuBaeTCs CNOCO6 aHaJu3a U3MeHEeHUs] YPOBHS I'PYHTOBbIX
BoJ, (YT'B) B npocTpaHcTBe M BpeMeHHU. HacTosmuii cnoco6 nojpasymeBa-
eT IpoBeJleHhe Ka4eCTBEHHOM OLeHKU U3MeHYUBOCTH YI'B.

V3MeHYHUBOCTb — 3TO CBOMCTBO WUJIM CIIOCOOHOCTb U3MEHATBCS, BApbU-
pOBaThCA UJIM NIOJBepPraTbCcs U3MeHeHUAM. B pa3HbIX KOHTEKCTaX 3TO CJIO-
BO MOXXeT UMeTb pa3/IMyHble 3HAaYEeHMUS.

B 61o10ruM U3MEHYMBOCTD — 3TO CIOCOOHOCTb OPraHM3MOB U3MEHSATh
CBOU NPU3HAKU U CBOMCTBA B OTBET HAa U3MEHEHUs OKpY:Kalllleld Cpesbl.
IJTO MOXeT ObITh CBA3aHO C FeHETUYEeCKMMU MyTallMsIMU UJIHU aJanTalusi-
MU. B cTaTUCTHKe U3MEHUYUBOCTh (BapuabesbHOCTh) — 3TO Mepa pasbpoca
3HaYeHUU JaHHbIX OTHOCUTEJIbHO CpeiHero 3HadyeHus [2].

B 06111eM KOHTEKCTe U3MEHYMBOCTb 03Ha4YaeT BO3MOXKHOCTb UJIU TEH-
JEeHIIMIO Yero-Ju60 MeHATHCS WU ObIThb HEIOCTOSHHBIM.

B pamkax ruZporeosioru4eCKMX HCCJeJOBaHUU TEPMHUH «U3MEHYHU-
BOCTb YPOBHS TPYHTOBBIX BOJ» ONUCHIBAET KoJiebaHus YI'B B onpesesieH-
HOM MeCTHOCTH UJIK 06J1aCTH C TeUeHHEM BpeMeHU. JTU U3MEHEHUS MOTY T
ObIThb BbI3BaHbI pa3JIMYHbIMU GaKTOpPaAMMU:

- JKCIJIyaTalusl BOAHBIX PeCypCOB: yesioBeyecKas J1esITeJIbHOCTb (Mc-
110J1Ib30BaHHe I'PYHTOBBIX BOJ, /Il CEJIbCKOT0 X035MCTBa, NPOMBILIJIEHHO-
CTU WJIU IUThEBBIX HY/]) MOXXeT 3HAYUTeJbHO BJUATh Ha YI'B.

- Ce3oHHble U3MeHeHUsA: YI'B MoxeT koJsie6aTbcsd B 3aBUCMMOCTH OT
BpeMeHHM roza. Hanpumep, BeCHOM U J1eTOM, KOIZia UJeT TasgsHUe CHera u
60Jiee YacTble JOX/H, YPOBEHb IPYHTOBBIX BOJ, MOXKET OBbITh BBILIE, YEM
3UMOM.

- KinmMaTuyeckue M3MeHeHUS: NOJTOCPOYHbIe U3MEHEHUs KJIMMaTa
MOTYT IPUBECTU K U3MeHeHUAM YI'B. HanpuMep, usmenenue remneparyp
Y peXMMOB 0Ca/IKOB MOXKET BJIMATH Ha BOJHbIM 6a/1aHC B pervoHe.

TakuM 06pa3oM, U3MEHYMBOCTb YPOBHSA IPYHTOBBIX BOJ| — 3TO Pe3yJib-
TaT B3aUMOJENUCTBUS IPUPOJHBIX U aHTPONOreHHbIX GaKTOPOB, KOTOpPbIE
MOTYT BbI3bIBaTh KaK KPaTKOCPOYHbIE, TaK U JOJIrOCPOYHble KOJiebaHUsA
YPOBHS NO/3€MHBIX BOJ,

[Ipy u3yyeHUU rUipoJUHAMUYECKOTO peKUMa I'PYHTOBBIX BOJ, C NIPU-
BiedyeHreM ['MC-TexHOJIOTMM UCIOJIb3yeTCH aJrOPUTM JeUCTBUM, BKJIIO-
YawIUK B cebs1 cUCTEMaTHU3aLUI0 JaHHBIX 10 CKBa)XMHAM U BpeMeHHbIM
OTpe3KaM, B UHTepBaJie KOTOPbIX MPOBOAUIUCH HAbJIIOAEHUS; reorpadu-
YeCKyH NPUBA3KY JJaHHbBIX [10 KOOpJIMHATaM OTOOPaHHBIX CKBaXKMH; CO3/ia-
HUe 0011el 6a3bl JaHHBIX [Js AajJbHENUIIero UCrnoib30BaHUus B paboyeit
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cpejie MpUBJIEKAEMOIr0 NPOrpaMMHOr0 obecredyeHusi, 06paboTKa AaHHbIX
IIpY IOMOIIY UHCTPYMEHTOB aHa/IM3a.

PaHee uccnefoBaTessiMU B KaueCcTBe MEePBUYHOIO Crocoba aHaiu3a
JAHHBIX TMAPOJAUHAMUYECKOr0 peXXMMa B TOM WJIM UHOM HCCAeAyeMOM
pervoHe NpuMeHAIUCb MeTo/Abl udydenuda YI'B. [losryueHHble pe3ynbTaThl
II0Ka3bIBAIOT CXeMaTU4YHOe u3MeHeHUe YI'B B mpocTpaHCcTBe M BpeMeHHU

[3].
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Puc. 1. Cxembl amnaumyo usmeHeHusl 3Ha4eHuli cpedHe20008020 YI'B:
a-c2018no0 2019 22,6 -c2019 no 2020 22.; 8 - c 2020 no 2021 ea. [3].

PaccmaTpuBas noZijpo6Hee pe3ybTaThl aHAJIU3a aMIJIMTY/, U3MEeHEeHHUs
YI'B MOHO OleHUTb AWHAMUKY u3MeHeHHUs YI'B no Bpemenu (puc. 1). B
pa3Hble Mepuo/ibl MOKa3aTeJy B juana3oHe OT - 5 /10 5 M UMeIlOT BbICOKU U
YPOBEHD YAaCTOThI, XapaKTepU3yLUN HanboJIbllee pacipoCTPaHEHUE 110
IJI0LaAu. 3HaYyeHUs B APYTUX iMana30Hax UMEIT HU3KUM YPOBEHb 4acCToO-
ThI, YTO OTPaXKaeT JIOKaJIbHbIM XapaKTep aHOMaJIuK aMIINTY/, U3MeHeHHUs
YI'B. 3ameTuM, 4TO pa3dbpoc JaHHBIX 00 aMIJIMTYJaX U3MEHEHUS /151 Kax-
JlOTO Nepuoja pa3iMyHbIN.
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ABTOpaMu BBINOJIHEHBI UCCJIEL0BAaHUA 10 U3YYEHHUIO U BbIJIEJIEHUI0
TEPPUTOPHUU N0 NpHU3HAKYy U3MeHYUBOCTH YI'B. CocTaBsieHBI CXeMbI JUHA-
MUKW U3MEHEeHUs1 3Ha4eHUM cpegHerofoBoro YI'B, mo KoTopbIM BhljeJie-
HbI 30HBbI [1I0JIOKUTEJIbHBIX U OTPULIATENbHBIX aMIIMTYZ, U3MEHEHUH 3Ha-
yeHU (puc. 2). [losoxkuTebHble 3HAaYeHUS yKa3blBAlOT HA MOBbILIEHHUE
YI'B oTHOCUTENIbHO JJaHHBIX 33 MpeAbIAYIIUN roJ HabJI0AeHUH, OTpUlia-
TeJIbHble 3Ha4eHHUA — Ha TOHMKeHue YI'B.

OueHnBasg cxeMbl, IpeACTaBJeHHble HA PUC. 2, MOXXHO KOHCTAaTHUPO-
BaTbCA O pa3J/IMYHble paclpefeseHud 30H u3MeHeHud YI'B B pasHble Ie-
puozel ¢ 2018 nmo 2021 rr. B nepuog ¢ 2018 no 2019 rr. oTpunaTesbHas
JIMHaMUKa u3MeHeHus (noHwxeHue YI'B) npeo6siaiaeT Ha 6oJiblIed Tep-
pUTOPUU AHIM>KAaHCKOM 06J1aCTH, 30HbI OJIO)KUTEbHBIX U3MeHeHuUH (110-
BbllleHHe YI['B) pacnpocTpaHeHbl, IJIaBHbIM 06pa3oM, B BOCTOYHOM YacTH.
B nepuog ¢ 2019 no 2020 rr. HabroAaeTCs aHAJIOTUYHAsA KapTUHA COOT-
HOLIEHHUSA MeX/y 30HaMHU OTPULATe/IbHBIX U II0JI0KUTEIbHbBIX U3MEHEeHUH,
OJJHAKO y4acTKU noBblilieHUd YI'B oTMedaroTcs no Bceu Mmio1aau uccaeso-
BaHus. B nepuog ¢ 2020 o 2021 rr. nposBsgeTcqa CUTyalUsl pacluupeHus
30HBbI NOJIOKUTENBHBIX U3MEHEHUH, OTMevarliMecs NpeuMylieCTBEHHO
B 3alla/lHOM MOJIOBUHE 00J1acTU. B cymHOCTH, Takol noAxXo/ ciaefyeT BOC-
INpYHUMMATh KaK KayeCTBEHHYIO OlleHKy u3MeHeHHUs YI'B, Beab B paboTte
Mbl KJacCUPULUPYeM JIMIIb 10 HAllpaBJIEHUIO U3MEeHEHUs, He YUUTbIBas
KOJINYeCTBEHHYI0 XapaKTEePUCTUKY U3MEHEHUS.

CieyroyMM 3TalOM UCCIeLOBAHUH ABJISIETCS OLleHKAa U3MEeHYHUBOCTHU
JUHaMUKHU udMeHeHus YI'B, a umMmeHHo kosie6aHus YI'B Bo BpeMeHU 1o mJ10-
mwaau. Crnocob OLeHKU COCTOUT M3 OLleHKU BapUalui U3MEHYUBOCTH, APY-
TMMH CJIOBAMU, aHAJIU3 paclpesiesleHHsd 30H — He MeHALUX HallpaBJieHue
Y CMEeHSIIIIUX HanpaBJieHUe u3MeHeHUus YI'B (cTaGU/IbHBIX M HENOCTOSIH-
HbIX). 30HbI IEPBOTO THIIA MOXXHO pa3/ie/IMTh Ha NOCTOSSHHO OTpULATe b-
Hble ¥ IOCTOSIHHO I0JIOKUTe/IbHble U3MeHeHus. Bropou Tun — 30HEI, cMe-
HAKLMe HallpaBJIeHUe U3MEHEeHU C OTPULIATEeJIbHOI0 Ha MOJIOXKUTEJIbHOE
U C MOJIOXKUTEJNIbHOI0 Ha OTpUllaTesibHOe. TaKUM 06pa3oM, Ha pe3y/bTH-
pyrolied KapTe YBUAUM pacrnpezesieHre 30H 4 KJIacCOB, YKa3bIBAKOIIUX Ha
pas/JIMYHBIA XapaKTep U3MEHYUBOCTH TUAPOLAMHAMHYECKOrO pexuMa B

npezesax ucciaelyeMoi 06J1aCcTU M B yKa3aHHbIX BpEMEHHbIX paMKax (puc.
3).
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Puc. 2. Cxembl OUHAMUKU U3MEHEHUS 3Ha4eHUs1 cpedHe200d08020 YT'B:
a-c2018no 2019 2e.; 6 - c 2019 no 2020 2e.; 8 - ¢ 2020 no 2021 ea.
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Puc. 3. Cxema sapuayuti usmeH4yugocmu.
HzmeHneHue YI'B: 1 - ompuyamenvHoe, 2 — no/10xcumensHoe; udmeHyugeocms YI'B:
a - NOCMOsIHHO ompuyameJibHoe; 6 — C 0Mmpuyame1bHO20 HA NO/10HCUMENbHOE;
8 — NOCMOSIHHO NOJ/10X4CUME/IbHOE; 2 — C NOJ0XUMENBLHO20 HA OMmpuUyamesbHoe.
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B xozne paboThl oLleHeHa U3MeHYUBOCTb YI'B npu cpaBHEeHUH ¢ UHAMU-
KOM M3MeHeHUH B paMKaX TpeX BpeMeHHbIX 0Tpe3koB: 1) ¢ 2018 no 2019
rr.; 2) c2019 1m0 2020 rr.; 3) 2020 mo 2021 rr. beL1 npoBejeH CpaBHUTEb-
HbIM aHa/IM3 MeX/y NepBbIM U BTOPBIM, a TaKXKe MeX/Jy BTOPbIM U Tpe-
TbUM BpeMeHHBbIMHU HHTepBaJjaMU. [losiydeHbl pe3ysbTUPYIOLIUE CXEMBI,
XapaKTepu3ywlie pacnpejesaeHre 30H pa3JIMYHOM n3MeH4uBOCTU YI'B.

Ha nepBoii cxeMe oTMevaeTcsl Npeo6JiailaHie 30H C IOCTOSIHHO OTPHU-
LaTeJbHbIMU M3MeHeHUsAMU (54%). Ha 3TUX TeppUTOpPUAX NPOUCXOAUIIO
cTabuibHoe noHwxeHue YI'B (puc. 4a). Takxke NpUCyTCTBYIOT 30HBI, CMe-
HAMWLMe HallpaBJleHMe U3MeHEeHUH C I0JI0KHUTEeIbHOT0 Ha OTPULIaTeJIbHOE
(23%). B npesienax JaHHBIX y4aCTKOB NIPeI0JI0KUTENbHO YXY/LLINJI0Ch CO-
CTOsSIHUE TUJPOJMHAMUYECKOTO peXkMMa. 30Hbl CMEHbI HallpaBJIeHUs C OT-
pHUIaTeJbHOTO Ha MOJIOXKUTENIbHOE u3MeHeHue (22%) uMeroT HeboJiblIoe
pacnpocTpaHeHHe B OCHOBHOM B BOCTOYHOM 4acTu ob6JiacTd. BeposATHO,
TaKoe U3MeHeHHe MOXXHO UHTepPIpeTUPOBAaTh KaK NPOLecC BOCCTAHOBJIE-
HUA YI'B. 30HbI NOCTOSAHHO MOJIOKUTEIbHBIX U3MeHeHUH (1%) oTMevyeHbI
JIOKaJIbHbIM pacnpoCcTpaHeHUeM Ha OT/eJIbHbIX y4acTKaxX 00J1acTH.

U3MeHYMBOCTb ANHAMUKM
B rocrosto otpuyarensHoe [T orpuyarensHoe-nonoxutensHoe

- NOCTOAHHO NONOXUTENbHOE L l nonoxuTenbHoOe-oTpuuaTenbHoe

Puc. 4. Cxembl usmenvyusocmu YI'B: a — 2018-2019 2z2. < 2019-2020 22.;
6 -2019-2020 22. < 2020-2021 ze.
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Bo BTOpOM ciydyae UKcUpyeTC CMeHa IJIOLIAJAM paclpocTpaHe-
HUSA YKa3aHHbIX 30H U3MEHYMBOCTH (pHUcC. 46). 30HbI NOCTOSIHHO OTpHULa-
TeJIbHbIX U3MeHeHUM (43%) cMelaloTcs B OCHOBHOM B BOCTOYHYIO 4acCTh
06J1acTH, TaKXe 3aMeTHO COKpallleHWe TeppUTOPHUM JaHHOro TUNA U3-
MEHYMBOCTH. YBeJIMUMBaAeTCAd IJIOIAJb 30H CO CMEHOW HalpaBJIeHUs C
OTPHULIATEJILHOTO Ha MOJIOKUTeJbHOe u3MeHeHUe (34%). YkazaHHBIN TUI
3aHMMaeT 6O0JIbLIYI0 YacThb 3anaJiHOM MOJIOBUHBI UCCAelyeMOr 06JIaCTH.
Taxke oTMe4yaeTcs 3aMeTHOe COKpalleHHe 30H CMEeHBI C IT0JIOKUTEJIbHOTO
Ha oTpuuaTtesbHoe udMeHeHue (13%), xapaKTepU3yIOUIMXCSA pacrpeje-
JIeHHe OT/ieJIbHbIX yYaCTKOB B Pa3HbIX 4acTAX 06J1acTU. B cBo ouepe/b,
30HbI IOCTOSIHHO MOJIOXKUTEbHbIX U3MeHeHUU (10%) nposBASAITCA MO-
BBbILIEHHEM IJIOLIA/IU PaclpoCTPaHEeHHUS.

Tak, oneHnBas pacnpezesieHHe 30H Pa3HOr0 xapaKTepa U3MeH4YHUBO-
cTu YI'B B pa3HbIX BpeMeHHbIX UHTEepBa/laX OTMETUM, YTO BO BTOPOM CJIy-
yae HabJII0JaeTcda MOBbINIEHHE CTelleHU BoccTaHoBJIeHUs YI'B, oco6eHHO
B 3amaJiHOM 4YacTy AHJIMKAHCKOM o6Js1acTU. BeposiTHO, 3TO pe3ysbTaT pa-
60ThI TMJIPOTre0JIOTUYECKHUX CJ1yK0, HallpaBJIeHHBIX HAa YCUJIeHHEe BeJleHUs
MOHMTOPHHIA 32 BOAHBIMU pecypCcaMHy U yIpaBJIeHUS UX 3KCIJIyaTaluU.
HemasioBaXHO, 4YTO JJaHHbIE, KCII0JIb3yeMble B pab0Te, MOKAa3bIBAIOT CPeJ-
HerozoBou YI'B Ha kaxabiii rog B nepuoz ¢ 2018 no 2021 rr. [losTomy no-
JlydeHHble pe3y/IbTaThl ONpee/A0T JUIIb TOBEPXHOCTHbIN (IepBUYHBIN)
a”asu3 usMeHeHud YI'B Bo BpeMenu. OLieHuBas pe3yJbTUPYIOLHE CXEMBI,
pPa3HOPOJHOE U HeyNopsL0YeHHOe pacnpesiesieHre Y4acTKOB BCeX THUIIOB
M3MeH4YUBOCTU YI'B, HanpamuBaeTca BbIBOJ O TOM, YTO 3TO MOCJAe/CTBUE
06paboTKU ocpeAHeHHbIX AaHHbIX YI'B mo rogam. [IpeanosioxuTesnbHoO,
Ipy aHa/Mu3e UHPOpMaLUK B oNpe/ie/leHHble MOMEHTHI BpeMEHU KapTUHA
M3MeHeHHs IpPaHuL, YKa3aHHbIX 30H MOTJIa ObITh 60J1ee CTabUIbHOM U paB-
HOMEPHOM.

Heo6xonyMMo moA4epKHYThb, YTO HAcCTOsllasg paboTa HalpaBJieHa Ha
OLIeHKY BO3MOXXHOCTEU HOBBIX METOZ0B U TEXHOJIOTUM NPHU pelleHUH 3a-
Jlay BeJleHMs] MOHUTOPUHIA U NOBbIIeHUS 3P eKTUBHOCTH paljMOHa/b-
HOM 3KCIJIyaTalluM BOJHBIX pecypcoB. IIpesaJsiokeHHbIN CIOCOO6 OCHOBaH
Ha UcrnoJyib30BaHUM ['MC-TexHOJI0TUH, yIIPOIAKIUX TPYAO0EMKUH MPOLecC
aHa/iM3a 60JIbLIIMX MAaCcCUBOB JJaHHbIX MO CKBaXKMHaM. [IpruMeHeHue onu-
CaHHOTO CIoCco0a MOBHINIAET TOYHOCTh UCCAeJ0BaHUM, 06eclieuruBaeT Ie-
pexoJ, OT TPAaAULIMOHHOM MeTOJUKH OLLeHKH, BbIIIOJIHEHHOW BPYYHYIO, K
MPpPOBOMY METO/Y C BbICOKOU CTENEeHbI0 J0CTOBEPHOCTH.
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[Ipumenenne I'MC-TexHOJIOTUHA MO3BOJIIET BU3yaJIM3UPOBATh MpPO-
CTPaHCTBEHHOe paclipe/ieieHHe BOJAHbBIX PeCypCOB, BbIABIATD TEHAEHIUU
U aHoMasuu. [IpoBefileHHbIN aHa/M3 BbISIBUJ 3HAYUTEJbHYI HU3MEHUYU-
BOCTb YPOBHS IPYHTOBBIX BOJ, B AH/AMKAHCKON 006J1aCTU. ITO MOXKET ObITh
CBSI3aHO C PA3JIMYHBIMU MPUPOAHBIMU W AHTPONOreHHbIMU (aKTOpaMHu
(k1MMaTHYecKue U3MeHeHUsl, UHTEHCUBHOE MCII0JIb30BaHME BOJHBIX pe-
CypCOB JJI51 CEJIbCKOT'0 X031 CTBA U Ap.). KauecTBeHHas olleHKa 03BOJISET
6oJiee TUOKO U KOMIIJIEKCHO NOJOUTHU K U3YYEHUI0O U3MEHYMBOCTHU I'PYH-
TOBBIX BOJI, YYUThIBasl IIMPOKUN clieKTp GpaKTOpPOB U ycaoBUH. [1s 6osiee
JleTaJIbHOTO MOHWMaHHWs U3MEHUYUBOCTU YPOBHS FPYHTOBbBIX BOJ, PEKOMEH-
JyeTcsl NPpOBOAUTDL [ONOJHUATE/bHbIE UCCAe0BAaHUA C UCIIOJIb30BaHUEM
['MC-TexHOJIOT MM, a TaKXKe paclIupATh 6a3y JaHHBIX U IPUBJIEKaTh HOBbIE
MeTO/bl aHaJIU3a.

TakuM o6pasomM, npuMeHeHHe 'MC-TexHOIOTUH NTPeIOCTaBJISIET MOIILL-
Hble UHCTPYMEHTbI [Jil KQaueCTBEHHON OLIEHKU U YIpaBJIEHUS T'PYHTO-
BbIMH BOZLlAMU. JTO 0COOEHHO BaXKHO [IJIs1 pETMOHOB, NO/IBEP>KEHHbIX 3Ha-
YHTEeJIbHOW MU3MEHUYUBOCTH BOJHBIX PECYPCOB, TAKUX KaK AHJMKaHCKas
06J1aCThb.
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BOJAOCBEPETAIOINUME TEXHOJIOTHUU - IIYTDb
PAIIMOHAJIBHOTI'O UCI10JIb30OBAHHUA BOJAHbLIX PECYPCOB

[TynaTtoB A.2.*%, Ilynatos II.4.** PosukoB A.A***,, Pazakosa ['T.***
*UHCcmumym 800HbIX npobeM, 2udpoaHepzemuku u skosozuu HAHT
2. [lywano6e, Tadxcukucmat. E-mail: tj water@mail.ru
**Tadxcukckutl azpapHblii yHusepcumem um. L. Ilomemyp
a. [lywaro6e, Tadxrcukucman. E-mail: sh.pulatov@mail.ru
*#**/laneapuHckull 2ocydapcmeeHHbll yHU8epcumem
2. laneapa, Tadxcukucmat. rozikov.abdulmutolib@mail.ru
XY «TadwcukHUHUTuM.
e./lywano6e, Tadxwcukucmat. E-mail: ms.peymon@mail.ru

BogHble pecypchbl fIBASIIOTCA OCHOBOW COLMAJIbHO-3KOHOMHUYECKOTO
pa3BUTHUA CTPaH peruoHa U BaXKHEWIIUMM (aKTOpOM obecrevyeHUs HalU-
OHaJIbHOW U peruoHaJbHOM 6€30MacCHOCTHU U I'oJ 3a FOJl0M eé 3HaYMMOCTh
pacTéT, U 3TO TpebyeT 3HAUMTEJIbHOTO NMOBbIIIEHUS BHUMaHUA K panyo-
HaJIbHOMY MCIIOJIb30BaHHUIO M OXpaHe BOJAHBIX pecypcoB. CorsiacHO OT-
4YE8THOCTHU N0 BOJHOMY KaZacTpy, 6osiee 90% BOAHBIX pecypCcoOB pervuoHa
MCII0JIb3yeTCsl OpoLIaeMbIM 3eMJieJie/IMeM, KOTOpoe obecrneynBaeT 0KOJIO
30% BBII u 3anATOCTB 60s1€€ 60% HaceseHUU perMoHa.

OfHMM M3 OCHOBHBIX METOJOB palMOHAJBHOTO MUCIO0JIb30BaHUA BO-
JHBIX PecypcoB B YCJOBUAX HapacTawpllero eé gepuuura U Harpy3ky, a
TaKXe JlerpaZialiuy opollaeMbIX 3eMeJib ABJASETCS [lepexo/, Ha BHeJIpeHue
BoZlocOeperarouux TexHosorui. CTpaHbl pervoHa J0J/DKHbI UMeTb rocCy-
JlapCTBEHHYIO MPOrpaMMy Mo BoJocOepeXeHHo, MporpamMMy Mo BHeJpe-
HUIO OCHOBHBIX NPUHIIMIIOB UHTETPUPOBAHHOTO YIpaBJieHUS BOJLHBIMH
pecypcamu (MYBP) Ha ocHOBe PBIHOYHBIX MEXaHU3MOB XO03SIMCTBEHHOU
JleITeJIbHOCTHU Y TOCYAapCTBEHHOW MO IEPAKKHU.

B ycnoBuAX OrpaHU4eHHOr0 U JIMMUTHPOBAHHOTO BOAOJE/NIEHUs JJif
NOBBILIEHMS BOL000EeCIIeYeHHOCTH CTPaH peruoHa, obecrneyeHrs BOLHOU,
NPOJ0BOJILCTBEHHOM, 3HEPreTUYeCcKOor, 3KOJIO0TMYeCcKOU 6e30IacHOCTH,
COLIMa/IbHO — 3KOHOMHWYECKOMY pa3BUTHIO U B LieJioM AocTuxeHuwo LIYP,
Heo0X0MMO NepelTH Ha BOAHYIO MOJIMTUKY, OCHOBaHHYIO Ha «Bojocbepe-
KEeHHe».

[loaToMy B HacTosllee BpeMs BoJocOepekeHWe U pallMOHa/IbHOe UC-
[10JIb30BaHUeE BOJHBIX PECYPCOB CYMTAETCA KaK HALlMOHAJIbHbIA NPUOPH-
TeT U COCTaBJIIeT OCHOBY HAllMOHAJIbHBIX CTpAaTerui, KOHLENLUNA U ro-
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CylapCTBEHHBIX MporpaMM. B mporpaMMHbIX 3ajadax MexAyHapoAHOIO
JecAaTtuneTus AeucrBui «Bojga gus ycroruuBoro passutus, 2018-2028
rr.». (Pesosntonusa lenepanbHoit Accambsien OOH ot 21 nekabps 2016 r.)
0co60e MecTO OTBOJUTCS K BOZ0COEepeXKEeHHUIO.

llenu B obsiacTtu ycrouuBoro pasButusa (LIYP), coctosimue us 17 ue-
Jier 1 169 yesieBbIX NOKa3aTeJer, IPUHATBIX BCEMU FOCY/lapCTBAMU - 4Jie-
Hamu OOH B 2015 r. B paMkax «[loBecTKH AHS B 06J1aCTH yCTOMUYUBOTO pas-
BUTHUA Ha nepuoj Ao 2030 roga», TakKe NpeayCMaTPUBAKOT 3HAYUMOCTD
BOJHBIX PecypcoB il UX peanusanuu. Ocob6oe 3HayeHue uMeet L[YP 6:
«0b6ecrnedyeHre HaJWYUSA U PALlMOHAJIBHOIO UCIOJb30BAaHUSI BOJHBIX pe-
CYpPCOB M CAHUTAPUHU JIJIsl BCEX».

BopocbepexeHue, palluoOHaIbHOE UCII0J1b30BaHUE BOJAHBIX PECYPCOB U
6epeXHOe OTHOILIEeHHe K BOJAHBIM pecypcaM SIBJASIOTCA OJHUM U3 OCHOB-
HbIX NPUHLUUIOB MHTErpupoOBaHHOrO yIpaBJeHUsl BOAHBIMU pecypcaMu
(UYBP). Onu 3anoxeHsl B «IIporpamMmme pedpopmbl BogHoro cekropa Taz-
»KUKUcTaHa Ha nepuof 2016-2025 rr.», koTopas yTBepxkJeHa [locTaHoBJie-
HueM [IpaButenbctBa Pecnybsinku Tamkukucrad ot 30 gekabpsa 2015 r,
Ne 791 pna peanusauuu [1, 2].

TakuM o6pa3oMm, B ycl0BUAX AepULUTA BOJHBIX peCypCOB U yCTAHOB-
JIEHHOT0 JIMMUTA Ha BOJy, TpebyeTcs palMOHaJIbHOE HCIOJIb30BaHUE
OpOCHUTEJIbLHOU BOAbI MYTEM yCOBEPLIEHCTBOBAHUSA NPHUHIMIIOB MOYBEH-
HO-MeJIMOPATUBHOTO U THUJPOMOAY/IbHOTO PallOHUMPOBaHUS, pa3paboTKU
Y BHeJIpeHUsl Hay4YHO-0OOCHOBAHHBIX PEXKUMOB OpPOLIEHUS U YCTaHOBJIE-
HUS BOJONOTpeOJIEeHUSI CeJlbCKOXO3SIMCTBEHHBIX KYJbTYp, NPUMeEHeHHe
IPOTPECCUBHBIX BOJOCOEperarmuiux TEXHOJOIMU OpOIleHUs, yIydlleHue
MeJIMOPAaTUBHOI'0 COCTOSIHUSA 3eMeJib, a TaKKe pa3paboTKa U BHeJpeHue
HOBBIX, IPOTPECCUBHBIX CIIOCOOOB TEXHUKU U TEXHOJIOTUX OPOLIEHUS, U UX
ONTUMHU3AL MU, 00eClieurBaOLIMX NOBbIIIEHUE YPOXKaHOCTH, yBeJIMYeH e
BbIXOJla MPOAYKL UM C MOJHUBHOTO reKTapa U BBeJleHHe B 060pOT HOBBIX
opolIaeMbIX 3eMeJib, UMeeT BaXKHOe Hay4yHO-IIPUKJ/IaJHOe 3HaueHue [3, 4,
5].

Pe3ynbTaThl KMCClIeL0BAaHUU 0 U3YYEHUIO CPAaBHUTEJIbHOW OL€HKHU
pas3/IMYHbIX METO/JO0B MOJIyYeHUs JONMOJHUTEIbHOTO 00'béMa BOJHBIX pe-
CypCOB, IOKa3aJii, YTO HauboJjiee SKOHOMUYECKH 11eJ1eCO006pa3HbIM C TOY-
KM 3peHus GUHAHCOBBIX 3aTpaT fABJSAIOTCSA - BojocOeperaroliyie TEXHOJIO0-
rud. Pe3ynbTaTbl NpOM3BEEHHOr0 pacuyéTa CpeJHeB3BelLIEHHbIX 3aTpaT
Ha MOJIyYeHHe JIOMOJIHUTeJbHOTO (3koHOMHOro) 1000 mM* o6béMa BOJIbI
pa3HbBIMU IpUEMaMHU U MeTO/IaMHU Ipe/iCTaBJIeHbl B Tao1. 1.
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Ta6suna 1
CpenHeB3BellleHHbIE 3aTPaThl [1J151 TOJAYUYEHH S
nonosiHuTeabHOoro 1000m3 Bozbl

rll\;_)n Memodbl noayyeHust 800bl aoizjl?]))aa:(béﬁl A
1 OnpecHeHHe MUHepPaJIM30BaHHBIX BOJ 1000£250

2 Peabusintanus ruipoMesMopaTUBHbBIX CUCTEM 800+100

3 TeppuTopuasbHOe NepepaciipeiesieHue 750200

4 O4YucTKa CTOYHBIX BOJ], 120£20

5 PerysimpoBaHue BOJOXpaHUIMLY 7020

6 BHeapeHue BoJjocOeperaroiuux TeXHOJIOTUN 3+2

B cBS13U4 € 3TUM, HAMU B pa3/IMYHbIX NOYBEHHO-KJIUMATUYECKUX YCJI0-
Busax TamxukucrtaHa (['mccapckoit u Baxuicko#t jonivH, a Takke Corgui-
CKOM 006J1acTU) TNpOBeJeHbl MHOroJieTHUe wucciaenoBaHus (2016-2022
IT.), LIeJIbl0 KOTOPBIX SIBJISIJICS pa3paboTKa U BHeApeHHe MHHOBAIIMOHHbIX
BOJIO-U pecypcocHeperarinx, 3KoJ0TMYEeCKU 0Oe30MacHbIX TEeXHOJIOTUM
OpOIIEHUS CEJbCKOX03SIMCTBEHHBIX KYJIbTYP B YCJAOBUSAX KJIUMaTUYECKUX
n3MeHeHUU Pecny6ivku Ta/PKUKKCTaH, MO3BOJISIOIIMX 3KOHOMUIO OPOCH-
TeJIbHOW BOJbl, PallMOHAJIbHOE UCI0JIb30BaHUe BOJHO-3eMeJIbHbIX Pecyp-
COB, MOBBILIEHUE YPOKAWUHOCTH CEJIbCKOXO3SIMCTBEHHBIX KYJBbTYp U 00e-
criedyeHue NpoL0BOJILCTBEHHOM 6€30MacHOCTH [6].

OcHOBHbIe pe3yJbTaThbl U 3aK/I0YEHUs 110 BOAOCOeperamiiuM TeXHO-
JIOTUSIM, HalpaBJieHHbIe HAa 3O PeKTUBHbIE UCIOIb30BaHUS BOJHBIX pECYp-
COB U3J/1araloTCs HUXKe:

[IpakTHKa npuMeHeHHs 60P0O3KOBOI0 I0JIMBA IOKA3bIBAET, YTO COPOC
OpOCUTEJIbHOM BOABI NpU 3TOM cocTaBJsieT 20-30 % 1 NpoUucxoauT 60Jb-
as uppurayoHHas spo3us noussl (50-150 T/ra u 60Js1ee 3a BereTaloH-
HbI} nepuoy). 3-3a c1aboil MexaHU3aLMM U HECOBEPIIEHCTBA TEXHOJIOTUH
N0JIMBa IPOU3BOAUTENBHOCTb TPy/Zia NoJuBabliuKa HUu3Kas (20-30 ra 3a
Ce30H) Y KauecCTBO MoJyirBa (K03pPUIMEHT PaBHOMEPHOTO YBJIXKHEHUS —
0.6) oyeHb HU3KOE;

TexHOJIOTHS KameJbHOTO OPOLIEHHS XJIOMYaTHUKA B ycaoBUAX LleH-
TpasbHoro Tamxukucrana (puc. 1.). B ycioBusax LlenTpanbHoro Tamku-
KMCTaHa JJs nojiydeHus 55.5 11/ra x/onka-cbipiia npy KaneJabHOM OpO-
IeHUH Heob6xoauMo B cpeaHeM 3450 Mm3/ra opocuTesibHOW Bojpbl. [luis
3TOro He06XoAUMO NpPOoBOAUTH 31 MoJKB, yepe3 Kaxzable 3-oe cyTok. [lo-
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JIUBHasi HOpMa B cpeiHeM cocTtasisieT 110 m3/ra. PacuéTHble HOPMBI 110-
JINBOB YCTaHaBJIUBAIOTCA N0 MHTErpaJibHOM KPUBOU BOJONOTpebJIEeHUS],
a paKTHYecKue - 10 CYMMe TPeXCYTOYHOU MCNapsieMOCTH M0 NoKa3aTeJto
rcnapometpa (I'THU-2000, I'TU-5000) ycTaHOBJIEHHBIM Ha MOJie WX AAT-
YHWKAaMU BJIQXKHOCTHU NMOYBBIL. /loNOJHUTE/NIbHASA NPUOBLIb OT NPUMEHEHHUs
KarneJbHOr'0 OpOIleHUs Xjon4yaTHUKa ¢ 1 ra coctaBiget 1030 gou. CHIA.
KanesibHOe opouleHre M03B0OJISIET NOBBICUTh YPOXKAaWHOCTD XJIOMYaTHHUKA
[0 CPaBHEHMIO C OOPO3KOBBIM MOJMBOM Ha 1.8-2 pasa, CHU3UTb pacxof,
BOZbI 10 51% 1 B 2 -2.2 pa3a cOKpaTUThb 3aTpaThl TPy/ia Ha BO3/le/IbIBAaHUE
XJIOMMYaTHHUKA [7].

Puc. 1. Cucmema kanesnbHO20 opoweHus uy4acmka ¢ X/10n4dmHUuKoM.

[IpuMeHeHUe TUApOTesiss KaK MHHOBALMS B 00J1lacTH BojocbHepexe-
HUs. Mcnosib3oBaHue ruporesed yMeHbIIaeT KOJUYECTBO MPOBOJAUMBIX
BereTalMOHHbIX MOJMBOB 33 CUET YBEJUYEHUsI MEXIOJMBHOIO MEPUO/a,
M03TOMY 3aTpaThl BOAbl U 9HEPTUU OYAYT CIKOHOMJIEHBL. [IpyM BHeceHUHU
B MOYBY THJpoOreJiell MPOUCXOAUT aKKyMyJUPOBaHHUE 60JIbLIOTO 06bEMa
BO/Ibl, TEM CaMbIM 06€CNeYHNBAIOTCS 3HAYUTEIbHOE MOBbILIEHHE BJIAXKHO-
CTHU B [10YBE U 6JIarONPUSATHBIE YCA0BUSA JJIs1 pOCTA U pa3BUTHS PaCTEHUU.

Hamu BmepBble cZieslaHa MOMNBbITKA MCIOJIb30BaHUS TUApPOTess AJs
BbIpallMBaHUs MPOMAIIHbIX CeJIbCKOX03IUCTBEHHbBIX KYJIbTYP B YCI0BUAX
opoliaeMoro U 6orapHoro 3emJjejenus LleHTpanbHoro TafkukucraHa. B
1|eJIOM, TPUMeEHEeHHEe TUAPOTe/is B OPOLIaeMOM U 60rapHOM 3eMJIe/leIUU
TapKMKHCTaHAa KaK HOBOTO HETPAJUIIMOHHOTO MeToJa BJjarocbepexe-
HUS, 1aéT BO3MOXKHOCTb OBBICUTh BJIaroob6ecrne4eHHOCThb OCEBOB, VY-
IIMTh BOJAHO-QU3HUYECKHe CBOMCTBA MOYBbI, 06eCeYUTh YCTOMUUBOCTD K
AepULUTY BJary, AeUCTBUIO 3aCyXH U MOJy4YaTh 6oJsiee BbICOKHUE yPOXKau
xjon4yaTHUKa 4.07 T/ra (B ycJ0BHSX OpOILIAEMOro 3eMJie/iesiisi) U 3epHa
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nimeHUbl 2.75 T/ra (B HeopollaeMbIX YCJIOBUAX 60TapHOIo 3eMJie/ies1us).
PekoMeHyeTcss BHOCUTH TrUjporesib (kesnaTesbHO ¢ GOCHOPHBIMU y10-
O6peHUsIMH) B IOYBY PAAOBBIM CIOCOOOM NOCEBA C NIpe/ijiaraeMbIM YCOBEP-
IIeHCTBOBAHHBIM YCTPOMCTBOM Nepe/ BCNallKoW Ha ry6uny 25-30 cM.

Puc. 2. I[lonesvle uccaedosanus ¢ 2udpozesem.

Ucnosnb3oBaHue rujporesisi 06ecrnedrMBaeT MOBbILIEHNUE BJIAroyAepKu-
Balolllel ClIOCOOHOCTHU MOYBbI, IKOHOMUIO OJIMBHBIX BOJ, Y MOJy4YEeHUE Bbl-
COKMX YpPOXKaeB CeJIbCKOX03IMCTBEHHbIX KyJbTYp. Jlydllive BoAOyAepKHU-
BalOIlle XapaKTEePUCTUKU TUJpPOress AT 3HAYMMbIA 3KOHOMUYECKUHN
3¢ deKT B opolIaeMbIX U 60rapHbIX ycaoBusax LleHTpanbHoro Tafxukucra-
Ha [8, 9].

OnTuMu3anus peKuMa OpolIeHUs XJION4YaTHHUKA. B ycioBusax tu-
NHUYHBbIX cepo3eMoB /laHTapUHCKOr0 MacCUBa C YPOBHEM TPyHTOBBIX BOJ,
HUKe 3-X METPOB ONTHUMaJIbHBIM PEXXHMOM OPOLIeHUs], 06ecrnedrnBa UM
noJiyueHue HauboJIbLIero KaueCTBEHHOT0 YPOrKasl XJIONKa-ChIpLIa, ABJISET-
csl cxeMa noJsivBa 2-4-1 B pac4éTHBIX c104X o4Bbl 0-70 cM B epuo/ibl 10
1BeTeHHUs U B co3peBaHue, 0-100 cM - B nepuo/ 1|BeTEHUS-1J104,000pa3o-
BaHUs. [l co6/I0leHUsI 3TUX YCJIOBUM CpeJJHEBOJIOKHUCTOMY XJIOMYaAT-
HUKY HEe06X0AuMO 7 MOJIMBOB, U3 HUX /iBa MOJIMBA [0 [IBETEHUS, YeThIpe
[0JINBA — B IepUO/, LIBETEHUS-IIJIOL000pa30BaHUS U OJIUH IIOJIUB B IEPUOJ,
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CO3peBaHUs C OPOCUTEIbHOU HOpMOU B cpeaHeM 7152 m3/ra. [Ipu atom
obecrneyrBaeTcs noJiyyeHue B cpepHeM 40.3 11/ra xJ10nKa-cblplia, U3 KOTO-
pbix 37.7 11/ra ABJAAIOTCA JOMOPO3HbIMU COOpPaAMHU.

[TosMBBI, IPOBOAMMBIE B IPOU3BOJCTBEHHBIX YCIOBUSAX, He 006ecredu-
BalOT ONTUMaJIbHbIM BOJHBIM PEKUM N10YBHI. B 3TOM ciiydae npu 4 nosiMBax
3a BereTal1io 00JbIIMMU NOJMBHBIMA HOPMaMHU U JJIMHHBIMH MeXI0JINB-
HbIMM NepUOJaMU NpeNoJMBHAsA BJAAXHOCTb OYBBI CHUKaeTcd 10 45%
oT HB, 4To NpuUBOJUT K CyL|eCTBEHHOMY CHWXXEHUIO ypoxkasd — B CpeJJHEM
13.2 1/ra no cpaBHEHHUIO C ONTHMaJbHbIM BapuaHToM. [Ipu 3TOM opocu-
TeJibHas HopMa Ha 10.2 % Bblllle, YeM Ha ONITHMaJbHOM BapuaHTe [9].

TexHo10rus NMOJIMBA JOLEPHbI AOKAeBaHUeM. Pe3ysbTaThl uccie-
JIOBaHUM U NPOU3BOJCTBEHHOI'0 UCNBbITAHUSA 10 BJUSHUIO CTENIEHU BOJ0-
obecrie4eHHOCTH NOCEBOB NPH 10X/ eBaHUHU JIIOLLEPHbI Ha €€ NPOAYKTHUB-
HOCTb NIOKa3aJ/Ix, YTO NPH YMEHbIIEHUH OPOCUTEJbHON HOpPMBI Ha 20, 40,
60 %, cHMxaeTcda ypoxKau ceHa JironepHbl Ha 8.9, 31.6 u 46.1% cooTtBeT-
CTBEHHO. A yBesJiIM4yeHHe HOpMbI opolleHrd Ha 30% NPUBOAUT K NOBBILIE-
HUIO ypoxkas ceHa Bcero jsinuib Ha 5%. [Ipu fox/eBaHuH 0L epHBI Ipej-
NOJIMBHAs BJIQXXHOCTb MOYBBI He J0JDKHA onmyckaTbcs HUxke 75-80% HB.
YcTaHOBJIEHO, YTO C POCTOM YpOXasi CeHa JIIOLLepHbl, CHUKaeTcs Ko3ppu-
I[MeHT BojonoTpe6eHus ot 50.4 10 26.5 m3/11.

TexHoJIOrMs OpOlLIEHUSA JIIOLEPHBI JO0XJeBaHUeM MO3BOJIUT obecre-
YUTb CTAaOUJIBbHYIO BOJ0NI0/A4y, PABHOMEPHOCTD [I0JINBA, 3HAYUTEBHO 10-
BBICUTb YPOXKaWHOCTb JIOI|EPHBI, COKOHOMHUTb OPOCUTEJIbHYIO BOZY, CHU-
3UTh HENPOU3BOJHWTEJbHbIE IOTEPU BOJbl, UCKJIIYUTh UPPUTALMOHHYIO
3p03HI0 U NOBBICUTH NPOU3BOAUTENBHOCTD TPYAa NoJuBajbLKKa [10].

TakyuM 06pa3oM, Ipy NpMMEHEHUU HOBbIX MHHOBALMOHHBIX BoJ0COe-
peramwIux TeEXHOJ0TUM OpOLIeHUsI 3KOHOMHUS OPOCUTETbHOU BO/bI I0CTH-
raet 7,0 50%, NoBbIIAeTCA YPOXKaNHOCTb B 2-2.5 pa3a ¥ NpOU3BOAUTEb-
HOCTb TPyZa B 2 pa3a. ITO N03B0OJISIeT 0CBOUTb HOBbIE OpoOllaeMble 3eMJIH,
ob6ecrneyuThb NPOJ0BOJIBCTBEHHYIO 6€30MacCHOCTb U a[JallTUPOBAThHCA B YC-
JIOBUAX KJIMMAaTUYECKUX U3MEHEHHU.
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BBeaenue

®narMaHOM CaHAaTOPHO-KYPOPTHOTro JiedeHUs1 B Ta/pKMKUCTaHE fB-
JseTcsa KypopT Xo[pKaoburapMm, UCHOJIb3YIOUIMN B IessX O6aJjibHeoJsieve-
HUSI paZJOHOBble TepPMbl MeCTOpPOXAeHUs1 Xo/pkaoburapm B aToit oTpac-
JIU MeIMLIUHbBI 33/]eICTBOBAaHbI re0JIOTH, 3IKOHOMUCTHI U Bpayd, KOTOpPbIe
paboTarT COBMECTHO [AJ OLEHKU W PalMOHAJbHOTO UCHOJIb30BaHUS
NPUPOAHBIX PECYPCOB, pa3paboTKH 3PpPeKTUBHBIX Je4yeOHbIX NPOTPaMM
Y obecreyeHUs] 9KOHOMUYECKOM YCTOMYUBOCTH peruoHa. ['eosioru nsyya-
I0T COCTaB U CBOMCTBA TepM, obecrieyrBasi UX 6e3omnacHoe U 3pPeKTUBHOE
ucnoJsib3oBaHue. CnenyaarcTbl B 00J1aCTH 3ipaBoOOXpaHeHUs1 pa3pabaThl-
BAaIOT M BHEJAPSIOT TepaleBTUYeCKHe NPOorpaMMbl, OCHOBaHHbIe Ha CBOM-
CTBaxX PaJIOHOBBIX TepM, obeclieynBas yjay4dlleHHe 30POBbs MallEHTOB.
JKOHOMUCTHI aHAJIU3UPYIOT NOTEeHLUATbHbIE BBITO/ibl, CBI3aHHbIE C MPHU-
MeHeHHeM OaJibHeOTepanru. ITU UCCAeL0BaHUSA NPeJCTaB/SIOT UHTepeC
B IJIaHE PacyéTOB COLUATbHON 3PPEKTUBHOCTU KYPOPTHOTO HaJibHEO Ie-
YeHHs, CI0COOCTBYIOILEr0 MOBbIIIEHUIO Ka4yeCTBa »KM3HHU MalUEHTOB.

lFeorpadusa U MCTOpUYECKUN 0630p UCCIAEA0BAaHUN MECTOPOXKAe-
HUSA

MecTopoxaeHre pafoHOBBIX TepM XoJKaoburapMm HaxoguTcs B Llen-
TpaJibHOM Ta/KMKHUCTaHe U OKpYy»eHo ropamu ['mccapckoro xpebTa c ce-
Bepa, 3alla/ia U 10ra, pacnoJiarasicb aJMUHUCTPAaTUBHO B Bap3ob6ckoM paii-
oHe Pecny6sinku TapKUKHUCTaH B 57 KM K ceBepy OT T. /lyliaH6e Ha BbICOTe
1780-1870 M Hag yp. M. B yliesbe p. Masap.

YHUKaZIbHOMY MECTOPOXJEeHHIO TepMaJbHbIX BOJ, X0/PKaoburapm Io-
CBSILEHO HeMaJso TPYyJOB MyTelleCTBEHHUKOB-UCCJeJ0oBaTesNlen, THPO-
reoJIOroB M Y4€HbIX HECKOJIbKUX NOKoJieHUU. [lepBbie cBeeHUs 06 3THUX
VCTOYHHUKaX OTHOCATCA K KOHLY XIX 1 Hadasny XX BB. U HOCAT JIMLIb O3HA-
KOMUTeJIbHbIN XapakTep. ITo paboTsl J.E. Topgona (1877), B.W. Jlunckoro
(1902), B.H. Be6epa (1917). B 1925 1. B knure H. KopxxeHeBckoro «®usu-
Ko-reorpaduueckuii ouepk CpeaHe Asumu», B ctatbe U.U. besgeku u J1.1.
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MyuikeTtoBa (1925) npy onucaHUM MUHEpPaJbHbIX UCTOYHUKOB TaJPKUKU-
CTaHa XapaKTepU3YITCS U ropsiyve caabocepoBOLOPOJHbIE HUCTOUYHUKHU
Xomxaoburapm.

C 1929 r. Ha ropsiyMe UCTOUYHUKHU XoAKaoburapm obpaiaercs 6oJsee
npucTajJbHOe BHMMaHUe. MHOrja ¢ nmoceuieHMeM HCTOYHUKOB, a Yalie 1o
KOMITUJIATUBHBIM JJAHHBIM O HUX, C Pa3HOU MOJIHOTOU YIIOMHUHAIOT O HEM
A.C. YksoHckuit (1930), 0.M. l'ony6koBa (1937), A.C. Ko6o3es, T.B. Ca3o-
HoB, ['M. CMouiko, 3.3. Kapctenc u M.P. JlaBpos, H.E. Xpucaudos u I'U. Ky-
koB, H.A. Orunbsy, H.U. TosnctuxuH, A.B. Epuinitent, A.U. [Tlonos (1937) B.A.
AnexcanzipoB (1939) u ap., IpU 3TOM NPUBOAATCA XapaKTEPUCTUKHU BOJbI
Y BbICKA3bIBAIOTCS pa3/IMYHble BEPCUU O reHe3Hce ropsYuX UCTOUHUKOB
Xomxaoburapm

[Tos0xUTeIbHBIE BBIBO/bl YYEHBIX NOCAY>KUJIU OCHOBAaHUEM /151 00'b-
SIBJIEHUS1 pallOHa MCTOYHUKOB KJHUMAaTO-0aJbHEOJOTUYECKUM KypOPTOM
pecny6/JMKaHCKOT0 3Ha4eHUs1, KOTOPbIH OblJ opraHu3oBaH B 1934r. [1].

XapaKTepuCTHKa TepMaJIbHbIX BOJ, U PaJ0OHOBOr0 napa

B HacTos1ee BpeMsi Ha 6a3e MeCTOPOXKAeHUs QYHKIIMOHUPYET KYpopT
pecny6JMKaHCKOT0 3Ha4eHUs, Ipe/iCTaBJeHHbIH IByMsl CAHATOPHBIMHU Y-
pexJeHUs MU — AKIITMOHEPHBIM 001eCTBOM OTKPBITOTO THMNA «X04Ka00u-
rapm» (AOOT) Ha 650 MecT, U TOCTUHUYHO-03/J0POBUTEbHBIM KOMILJIEK-
coM «Capo6» Ha 50 MeCT KpyTIJIOrOAUYHO.

Ha kypopTe 41 Hapy>KHbIX BOAHBIX 6a/IbHEONPOLeZypP UCIOJIb3YIOTCSA
TepMaJibHble BOJbI BYX Pa3HOBU/AHOCTEH, LUPKYJIUPYIOLIHE B TPELIUHO-
BaTbIX I'PAaHUTAX CPeJHEro Mnajeo30s], U BblBeJleHHble Ha y4acTKe MecTo-
pPOXAEHUsA pa3BeJ0UHO-3KCIJIyaTallMOHHBIMU CKBaXXWUHAMH, NpPOOYypeH-
HbIMU B 1954-1957 1 1963-1967 rT.

KopeHHble BOAbl MeCTOpOXJAeHUs XO/KaobWrapM C TeMIlepaTypou
90-980C mogHUMAKTCA MO TEKTOHUYECKOW 30HE KOHTAKTa CEPbIX U PO-
30BbIX TPAaHUTOB B CEBEPHOM (TMIICOMETPHUYECKU 6oJiee BbICOKOM) 4aCTH
«TepMaJIbHOTO CKJIOHAa», He J0CTUras MOBEPXHOCTHU 3eMJiu. TepMasibHas
BO/la pacTeKaeTCs B IeJIIOBUU B I00-BOCTOYHOM HalpaBJIeHUH, CJIeiys 10
YKJIOHY KPOBJIX PO30BBIX TPAaHUTOB, U Pa3rpykaeTcs UCTOYHUKaMU B BUJle
TPEX LUUPOTHBIX 30H. B BepxHel 30He BCKPBIThI HauboJjiee ropsiure BOJAbI €
TeMiepatypoi 92-98°C (kycThl ckBaxkvH 1 U 2), B cpeiHel - ¢ TeMIieparTy-
po#t 75-79°C (ckBaxkunbl 7, 11) u B HUxHel - 60-68°C (ckBaXkUHBI 6, 8, 12).

Bhlllle 0 CKJIOHY OT KyCTOB CKBaXXMH 1 U 2 HaXOAMUTCH Y4acTOK, IJe
IPOUCXOAUT pa3rpy3Ka TepMabHOU BO/bl, IPOsIBJIsieMas Ha TIOBEPXHOCTHU
«TepMaJIbHOTO CKJIOHa» B BH/le BbIXOJ0B ropsiuero napa. Tepmsl, nonazas
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13 06J1aCTHU BBICOKOT'0 B 06J1aCTh IOHUKEHHOT0 aTMOChEepPHOTro JjaBJleHu ],
HayMHAIOT BCKUIIATh U Jlera3upoBaTh [2]. BogsgHoM nap ¢ TeMepaTypamy,
BapbUpPYOILUMUCA B UHTepBaJie 77-90°C (ZaHHble peXXUMHBIX HabJroze-
Huit 2013-2019 rr.), comepKUT paZioH U 3GPeKTUBHO UCN0JIb3yeTCs B Ma-
pO3MaHaTOPUHU KypopTa JJis JIeueHHUs IUPOKOro ClieKTpa 3ab0/1eBaHU M.

[-1 pa3HOBUAHOCTD BOJ, (OCHOBHAsI «TEPMOBBIBO/ISIIIAsl 30HA») - a30T-
Hble, esouHble (pH 9.1), BeicokoTepMasibHble (T 93-96.2°CHa 26.12.2020)
BO/ibl, 10 MOHHOMY COCTaBY — XJIOPUJHO-TUJPOKapOOHATHbIE HATPUEBBIE C
MUHepanu3sanuei 0.5 r/J, NOBBIIEHHBIM COJlep>KaHUEeM KPEMHEKHUCJI0ThI
(140-146 mr/n), ¢ropa (9-10 mr/a) u pagona 1.4 HKu/a [3]. Bogbl BbIBO-
JATCSA Ha IOBEPXHOCTb KyCTaMU CKBOXXUH 1 U 2.

II-1 pa3HOBUHOCTB BOJ, («30HA pacTeKa») - a30THbIe, LiesiouHble (pH
8.5-8.6), BeicokoTepMasibHble (T 61.3-76°C) BozAbl, 1O MIOHHOMY COCTaBY -
XJIOPUJHO-CYAbPaTHO-TUPOKApOOHATHbIE HATPUEBbIE C MUHepaJn3alU-
et 0.5-0.6 r/n, conepxkanrueM kpeMmeKucaoThbl (116-135 mr/a), dropa - 7-8
mr/u v pagoHa 3.1 HKu/.

[IpoTtokosom I'K3 CCCP Ne 5314 oT 22.12.1967 r. 10 COCTOSIHUIO U3Y-
yeHHOocTH Ha 01.09.1967 r. no kateropuu A+B B kosinyectBe 911.4 M3/cyT
u no kateropuu C1l - 216 m*/cyT. [IpousBoAuTEIBHOCTL Aapo3abopa Ha
19.09.2019 r. coctaBasna 35.2 1/c [4, c.151-156].

AHa/l0rOM TepMaJibHbIX BOJ, X0/KaobUrapM siBJsieTCs MUHepaJibHas
BoJla «Kynbayp» (XabapoBckuil kpaii, P®), MuHepasibHble BaHHBI, Je4e6-
Hble AYyLIM U NpoLeAypbl napoaMaHaTopus nokasansl HHUUKu® npu 3a-
60JieBaHUAAX OPraHOB JBUXKEHUS, KPOBOOOpallleH!sl, THHEKOJIOTUYECKUX U
OpraHoB JiblxaHus [5].

[locregHue wuccienoBaHUsS COBETCKOTO Iepyuofa IPOBOJUJIMCH B
1989 r. [N «KypopTnpoekT» (I. MoCKBa), KOTJa onpeJesaics XUMAYeCKU I
COCTaB TepMaJIbHbIX BOJ, ¥ BOJOBMELIAKUIMX I0POJ MeCTOPOXKAeHUs X0/ -
»kaoburapm. [lockoibKy pe3ysibTaThkl ycTapesu, To B 2017 r. B aHaIUTHYe-
CKUX JlabopaTopusax /JJalbHEBOCTOUYHOTO Ie0JIOTUYECKOTO U OKEeaHOJIOTH-
yeckoro UHCTUTYTOB /IBO PAH ObL1u BbINOJIHEHBI MOJHbIE XUMHUYECKHE
aHaJIM3bl TEPMaJIbHBIX BOJ, Ha 52 3/ieMeHTa.

UccienoBaHue M30TOMTHOrO COCTaBa KUCJI0POAA U BOLOPOJA TEPM II0-
KasaJio, 4YTO cofepkaHue Kucaopoga-18 cocraBaser 13.1% u ocraércs
CTaOUJIBHBIM OT CKBaXXUHbI K CKBaXHHe. U30TONHBIN cocTaB 6JIM3KO JIO-
KUTCA BJOJIb IJ1I06AJIbHOM JIMHUM MEeTEeOpPHBIX BOJ|, CBUJIETENbCTBYS 00
MHQUIBTPOreHHOM NMPOUCXOX/AeHUH BoJ. HU3KMe 3HaYeHUs coflep:KaHUsA
M30TONA TPUTUSA B TepMax FOBOPUT O JOCTATOYHO JOJITOM IIEPUOJZE BOJO-
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06MeHa 3TUX BOJ, U O MPAKTUYECKH MTOJIHOM OTCYTCTBHUU CMELINBAHUS C NO-
BEPXHOCTHBIMU F'OPHU30HTAMU I'PYHTOBBIX BOJ, [6].

[ITo XMMHYEeCKOMYy COCTaBy paZJOHOBble TepMbl MeCTOPOXJeHUs XOA-
»KAaoOUTrapM OTHOCATCA K MaJlIOMHUHepaln30BaHHbIM (0 450 mr/ma) xJjo-
pPUAHO-CY/IbPATHO-TUAPOKAPOOHATHBIM HATPUEBbIM KPEMHUCTBIM BOJAM.
Bogpb! o6oramiensl ¢gTopoMm (Lo 18 Mr/i) u psajoM Apyrux MUKpPO3JeMeH-
TOB, B TOM 4ucJie pajjoHoM (o 22 HKu/x).

TepaneBTH4YeCKHe CBOMCTBA TePpMaJIbHBIX BOJ, M PaJJOHOBOro0 napa

C 6a/1bHE0JIOTMYECKON TOYKHM 3peHHUs TepMaJibHble BOJbl X0/1Ka00U-
rapM onpezessiloTc Kak 6aKTepUOJIOTUYeCKH U XMMHUYeCKH He 3arpss-
HeHHble JiedeOHble BOJbl CO CTaOUJIbHBIM XMMUY€CKHUM COCTaBOM U PpU3U-
YeCKHMU CBOWCTBAMH, ;eMOHCTPUPYIOLUMH TepaneBTUYecKUe 3QPeKThI,
JIOKYMEHTHPOBaHHble KIMHUYECKUMU UCIBITAHUAMU. IQPEeKT KOMIIEeKC-
HOT'0 1eMiCTBUSA JiledeOHbIX BOJ| CBSI3aH C MEXaHUYeCKHMMHU, TEpMUYECKHUMU U
XUMHUYECKUMHU PaKTOpaMHU.

MexaHnuueckre 3¢pdeKThl JiedeOHbIX BaHH BKJIIOYAKOT CHMXKEHUE MbI-
IIEYHOT0 HAaNPSXKeHUs, yIy4ylleHue MO BHXXHOCTH CyCTaBOB U 00JieryeHue
60J11.

TepMoTepanusi yMmMeHbllaeT 60Jib, TEMJO MOBbILIAET 3JACTUYHOCTb
TKaHeH, TO eCTb CYX0XKUJINH, CBA30K U CYCTaBHBIX KaICyJl, TeEM CaMbIM yBe-
JINYUBas JUaNa3oH JBMXKeHUN B MOPaXKEHHBIX CYCTaBaxX U NO3BOHOYHHUKE.

[TorsouieHue pajsioHa NpoucxoAuT Ha 95% B nérkux; 6osee 90% ero
BbIBOJMTCS C BbIIOXOM B JIETKUX, @ OCTABIIAsACA 4aCTb BbIBOAUTCA Yepes
NOYKU U KOXKy. [lapopaZioHOBBIe NpoLielypbl OKa3bIBAlOT BJIUSHHUE HA rOp-
MOHaJ/IbHYIO PETy/ALUIO, IPU 3TOM Y KEHLIMH B MeHOIay3e MOBbILIeHHbIN
YPOBEHb 3CTPa/in0J1a U TOPMOHA CO3peBaHUsA GOJIJIMKYIOB 06J1er4aeT CUM-
ITOMbI MEHOIAY3bl, @ Y MY>KYUH YIy4lIaeTCsl KOJMYECTBO U NOABUXKHOCTD
CIIepMaTO30U0B. Y MY>KUMH, CTPAAAIIIMX apTeprualbHOU TMIIepTeH3Uel,
10/, BJIUSIHMEM PaJIOHOBbIX BaHH HabJII0/laeTcsl CHUXKEHUe CpeIHUX MoKa-
3aTeJiell apTepUabHOTO aBJeHUS U MOBBILIEHUEe YPOBHSA HOHU3UPOBAH-
HOT'0 KaJIbL|Usl, TapaTUPEOUHOI0 FTOPMOHA U KaJbLJUTOHUHA [7].

TepMasibHble BaHHbBI U JieueHHe NMApopaZloHOM Ha KypopTe y/ayylia-
10T eprudepruyeckoe KpoBoobOpallleHHe U corpeBaHue KOHeuHOoCTel. [Ipu
3TOM YMeHbIIAeTCcsl OTEYHOCTb, CYCTaBHble U CYXO0XKUJIbHO-MbILIE€YHbIE
60/ U moBbIlIaeTcs Gpu3ndeckass paboToCnocooHoCTh. Takke HabJOAa-
eTCsl YCKOPeHHOe BbIBeJleHUe BpeIHbIX IPOJAYKTOB 0OMeHa BelecTB, 0CO-
OeHHO MpPU TAKUX 3a00JieBaHUSX, KaK caXxapHblil AuabeT u nojarpa. Ilog
BJIMSIHUEM paZloHAa HOPMaJIU3yeTCsl apTepUabHOe JlaBJlIeHUue, 0COOEHHO Y
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JIIOJleH C JIETKOW FMIepTOHUEeN U HabJ/II0/jaeTCsl CHUXKEHMEe YPOBHS 0011 ero
X0JIeCTEpUHA U TPUTJIMLLEPUIOB. YIyUlIalOTCA TaKXKe MoKa3aTeJu KPpOBH,
CHMKaeTCs CKOPOCTb OCeJlaHUsl 3PUTPOLUTOB U yBeJMYUBAETCH KOJIMYe-
CTBO reMOIJIOOMHA U 3pUTPOLUTOB B Nepudepruieckor KposH [8].

OnucaHue MeTOA0B UCCJ/IeIOBAHUSI

Jis olleHKU coluaJbHOU 3QQPEKTUBHOCTH JieUeHUs PaJOHOBBIMHU
TepMaMH MeCTOpOXJeHUs Xo[pKaoburapM y4uTbiBaeTcs psaf GaKTOpOB,
BKJIIOYasl BJMsSIHUE HAa Ka4eCTBO KM3HU U TPYAO0CNOCOOHOCTD MalMeHTa, a
TaK)Ke KOCBEHHbIe 3aTpaThl U BbITO/bI AJi 061ecTBa. B laHHOM Hccaeso-
BaHWM CPAaBHUBAKOTCA JiBa MeTO/a JiedeHUs: GasbHeoJedyeHue U ajabTep-
HaTHBHOE MeJJUKaMeHTO3HOe JieYeHUe JJisl MALUEHTOB C XPOHUYECKUM
3ab0/1eBaHMEM ONOPHO-ABUraTeJbHOIO anmnapara. B pacuérax 6bLIM HC-
I10J1b30BaHbI CeAyoLe GopMyJIbL:

1) dxoHOMUSI HA OOJIBHUYHBIX JTHSAX:

JkoHoMus = KoJi-Bo cokpaleHHbIX AHer x CpeHAA JHEBHAs 3apIlJia-
Ta

2) YBesinueHHe NPOAYKTUBHOCTH:

YBesmyeHve NpoAyKTUBHOCTH = % ysnydymieHusa x CpepHeMecsa4Has
3apmiarta x Kosi-Bo MecsieB

3) CHM>KeHMe 3aTpaT Ha MeJJUKaMeHThI:

CHmwxeHHUe 3aTpaT=IlepBoHaya/ibHbIe 3aTPaThl HA MeJUKaMeHThbl x %
COKpallleHUs

JdTta MeToAuKa U GopMyJibl 06€CreYruBalOT KOMILJIEKCHBIM MOAXOM, K
OlleHKe COIlMa/ibHOU 3PPEeKTHBHOCTU JieUeHHs, YUUTbhIBas IKOHOMUYeE-
CKMe M KauyeCTBEHHbIe aCeKThI )KU3HU NallueHTa.

Pe3yibTaThl

PacuéTel conuanbHOM 3QPEKTUBHOCTH JiIeYeHUs TepMaMH U Mapopa-
JIOHOM

CpaBHUM YCJOBHUSA U BJIHUSIHUE Oa/ibHeOJIeYeHUS] U aJIbTEPHATHBHOTO
Me/IMKaMeHTO3HOTI0 JiIeYeHUsI Ha NallueHTa C XpOHUYEeCKUM 3a60/1eBaHUEM
ONOPHO-/IBUTATEJIbHOTO anmnapaTa C TOYKU 3peHUs1 COLHaJbHOU addek-
TUBHOCTH.

YcioBuA U B/IMSAHME Ga/IbHEOIeYeHUs U aJIbTePHAaTUBHOIO0 MeJM-
KaMEeHTO3HOro JieYeHU

basnvHeonevenue

1. CokpauieHve 601bHUYHBIX AHel: 10 gHel (Ipy BO3BpallleHUH K pa-
60Te yepe3 mMecsL).
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2. YBesinueHUe NPOAYKTUBHOCTU: 15% ysydiieHue (Ha OCHOBe CHUXe-
HUSI CHMIITOMOB U YJIy4YllleHUsI 001 ero COCTOSIHUSA ).

3. CHm>KeHMe 3aTpaT Ha MeZinkaMeHThl: 50% (yMeHblIeHHe MOTpe6HO-
CTH).

AnpTepHaTHUBHOE JleYeHHe

1. CokpauieHue OOJbHUYHBIX AHeW: 5 JHel (IpH 4YacTbIX BU3UTaX K
Bpauy).

2. YBesinyeHHe NPOJyKTUBHOCTHU: 5% yiydieHue (C y4ETOM MOO6OUHBIX
3dpdekTOoB).

3.3aTpaThl Ha MeJUKaMeHTbI: 6€3 U3MeHEeHUH.

CoyuanbHast 3¢ PeKTHUBHOCTb B pacyéTax

basavHeoneueHue

1. dJxoHOMUSA Ha 6OJBHUYHBIX AHAX (cpeAHssA 3apmaTta no PT - 2013
com./mec.) [10]:

10 gHel x 67 coM./neHb = 670 COMOHM.

2. YBesiMueHUe NPOAYKTUBHOCTHU:

15% x 2013 com./mec. = 302 com./Mec. (Ha 6 MecsLeB = 1812 coMmoHH).

3. CHH>KeHMe 3aTpaT Ha MeJMKaMeHThI:

1850 com. / 2 =925 com.

Utoro: 670+ 1812 + 925 = 3407 coMOHHU.

AnbTepHaTHUBHOE JleYeHHe

1. 3koHOMHUS Ha OOJILHUYHBIX JHAX: 5 [HeN x 67 com./aeHb = 335 co-
MOHH.

2.YBenyeHue NpoAyKTUBHOCTHU: 5% x 2013 com./mec. = 101 com./mec.
(Ha 3 mecqana = 303 com.).

3. 3aTpaThl Ha Me/JUKaMeHTbI: 6€3 U3MeHEeHUH.

Utoro: 335 + 303 = 638 comoHH.

TakuM o6pa3oM, conyanbHasg 3GPEeKTUBHOCTb Ga/IbHEOJ€YEHUST CO-
craBJssieT 3407 cOMOHU, TOrJla Kak aJibTePHAaTUBHOTO JiedueHUs1 — 638 co-
MOHH.

O6cyxaeHue

PacuéTpl mokasaJiu, 4To ob6uias coyuasbHasgs 3QpPeKTUBHOCTb 6aJjib-
HeosiedeHUs1 (3407 cCOMOHM) 3HAUMTEJNbLHO MpeBbilaeT 3PPEeKTUBHOCTh
aJibTepHAaTUBHOrO JieueHUs (638 COMOHM) U IeMOHCTPUPYET, UYTO HabHe-
oJledyeHUe fABJSAETCA 6oJiee BBIFOAHBIM U 3Q(PEKTUBHBIM C TOYKU 3pEHUS
yJIy4lIeHWs KaueCcTBa )XU3HU U TPYAOCIOCOOHOCTH MallueHTa.

Bmecte c TeM, GasbHeoJsiedeHHe MOKa3blBaeT J0OJITOBPEMEHHbIe IO-
JIOKATeJIbHble 3P(EKTh], YTO MOATBEPXKAAETCH NPOAOKUTENIbHOCTBIO

177



yJy4lleHH!s MPOJyKTUBHOCTH Ha NPOTSXKEHUU 6 MecsleB. B To BpeMs Kak
yJy4lleHre IPU aJIbTepHATUBHOM JieYeHHUU HabJI10/1aeTCsl TOJIbKO B Teue-
HUe 3 MecsIEeB, YTO MOXKET MOTPeO6OBATh MOBTOPHBIX KYPCOB JIEUEHUS U
JIOTIOJTHUTEJIbHbBIX 3aTpPaT.

[lToMuMo 3TOro, CHMXKeHUe 3aTpaT Ha MeJUKAaMEHTbl MpU OaJibHEO-
JIedueHUHU Jies1aeT ero 6osiee GUHAHCOBO AOCTYIMHBIM /il NAlUEHTOB. JTO
0COOEHHO BaXKHO JJil JIIOJlel C XpOHUYEeCKUMU 3a60JieBaHUSIMHU, KOTOPbIe
TPeOyIOT MOCTOSHHOTO JIeYeHU .

BbIBOABI

PajjoHOBbIE TepMbl, HUCIOJIb3yeMble B JieHeHUU Ha KypopTe Xo/ka-
oburapm™, MoJIOKUTEJNbHO BJHUSAKT Ha 03/0pOBJEeHHE MalueHTOoB. Kiu-
HUYEeCKHe HabJIIo[ileHHs MOKa3bIBAalOT, UTO HUCHOJIb30BAaHUE MPUPOAHOTO
JIEKapCTBEHHOT'O CbIpbs B $OpMe TepM U mapopaZioHa 3¢pPeKTUBHO AJid
M3JiedeHrus] MHOTUX 3a6oJieBaHUN. Mcnosib30BaHUE 3TUX TEPM B ILessIX
6aJibHeOJIeUeHUs] MOXKET 3HAYMUTENbHO YIYUYLIUTh Ka4yeCTBO KU3HU Hace-
JIEHUSs], IPUBJIEYb MECTHBIX U 3apyOeKHbIX TYPHUCTOB U CIOCOOCTBOBATH
3KOHOMHYECKOMY pa3BUTHIO Bap3ob6ckoro paiioHa. [loaToMy B Mexjuc-
UIJINHAPHOM TMO/X0/le 3TOT0 acleKTa JesiTeJIbHOCTHU Nepe/| reojioraMy,
3KOHOMHCTAMH U 6aJibHEOJIOTAaMH CTOUT 3a/ia4a pa3BeKu, 000CHOBaHUS
MCIIOJIb30BAHUS U MPUMEHEHUs MPUPOAHBIX JiedeOHbIX PAKTOPOB HOBBIX
MeCTOPOXK/IEHUH TEPMOMUHePaIbHbIX BoJ, Ta/pKUKUCTaHa.
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CIIOCOB MOJIYYEHUSA KOATY/ISHTOB /11 O4YMCTKHU
IMUTBLEBO BOJIbI M3 BOJONPOBOJAHOIO OCAJIKA

Axmagos I1.A., Hlapud3zoga LK.,
Py3sues /[Ixk.P,, AMupsoza 0.X.
HHcmumym 600HbIx npob.iem, 2udpoaHepzemuku u akosno2uu HAHT
a. lywan6e, Tadxncukucman. E-mail: orif2000@mail.ru

BBegeHue. B [1efiCTBYIOIIMX HOPMATUBHBIX JOKYMEHTaX BOZONPOBO-
JIHBbIM 0Ca/l0K He pacCMaTpPUBaEeTCsl KaK OMacHble UM TOKCUYHbIE OTXO0/bI
[1]. OxHako BakHO cJieflyeT MOAYEPKHYTb, YTO MPOO6JieEMbl 06pa3oBaHUs
Y YTUJIU3AL WU BOAOMPOBOAHOI0 0CaZiKa 0COOEHHO Ype3BblYaiiHa U aKTy-
asibHa AJd ropoza JlymaHbe, Tak Kak 6oJiee moJioBUHBI (0koJ10 60%) Ha-
ceJleHUsl ropozia obecrneyrMBaeTCsl LieHTPaJU30BaHHbIM BOJOCHAGKEHUEM
13 OBEPXHOCTHBIX UCTOUHUKOB, TO eCTb U3 peku Bap306. [Ipu Bogono/ro-
TOBKE 3TH 0Ca/IKU BbI3bIBAIOT OOJIBIIYI0 TPYJHOCTb 3a CYET TMI'POCKONHY-
HOCTH Y BBICOKYIO BJIQ)KHOCTb, TEM CaMbIM 00YCJaBJUBAET YBeJIUYEHUEM
KOJIMYECTBA UCI0JIb3YeMbIX KOAryJsIHTOB.

Jlo HacToslIlero BpeMeHU Ha CTAaHLUSAX BOJOMOATOTOBKHU I. /lyliaH6e
BO/ZIONIPOBO/IHbIE 0CAIKU He 00€3BOXKUBAIOTCS U He YTUIU3UPYIOTCS. B 1e-
JIOM, B IPaKTHKe NMpobJieMa YTUIU3AL UK BOJIONPOBOAHBIX OCAZIKOB CYUTA-
eTCcsl MaJIo uccaelyeMol U MeHee pa3paboTaHHbIN BONPOC, TaK KaK OTHO-
CUTCS K HauboJiee TEXHUYECKU CJI0KHOW Y 3aTPAaTHON TEXHOJIOTHH.

s pelieHusi Tpo6sieMbl 06pabOTKU WU yTUJIWU3ALMU BOAOIPOBO-
JIHBIX 0Ca/IKOB HEOOXO0IUMO TPeOYeTCs OCYyILeCTBIEHUs Psi, MEPONIPUSTUI
10 COKpall[eHHI0 06'beMOB ero 06pa3oBaHus (HanpuMmep, NyTeM YaCTUYHOU
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WJIU TIOJIHOM 3aMeHbl M'U/IPOJIU3YIOIIUXCA KOAryJssHTOB U QJIOKY/ISHTOB),
NOBTOPHOMY MCII0JIb30BaHHUIO HEOOPAaOOTAaHHOTO (ChIPOr0) 0cafika, pa3pa-
060TKe 1 BHeJIpeHHUI0 60Jiee COBEPILIEHHBIX CIOCOO0B ero KoaryJsiuu, ooe-
3BOKMBAHUA U yTU/IM3alMU. B HEKOTOPBIX TOpoJiax MMeeTcsl HeOOJIbIIOH
IPaKTUYECKHUH ONBIT MPUMEHEHHUs COBPEMEHHBIX TEXHOJIOTUHA 06paboTKU
BOZ0NIPOBO/IHOTO 0ca/ika. Hanmpumep, Ha 04MCTHBIX COOPY>KEHUAX TOPOJ OB
Poccum ocaziok mocjie rpaBUTAllMOHHOTO YIJIOTHEHUS C MeJIJIEeHHBIM Iie-
peMelIMBaHUEM U Jl00aBJieHHMEM (QJIOKY/ISIHTA 00e3BOXKMBAeTCs Ha JIeH-
TOYHBIX QUJIbTP-NIpeccax 3apybeXHOro NPpOU3BOACTBA U HANlpaBJIsieTCs Ha
yTUIM3aLMI0 [2-4].

llesib uccnenoBaHus. OCHOBHOM 1ieJibl0 MCC/A€J0BAaHUS 3aKJIK4aeTcs
B pa3paboTKe TEXHOJIOTUU MOJIyYeHUs1 KOAryJssHTOB U3 BOAONPOBOJHOIO
oCaZika Ha BOJOOYHCTHBIX CTaHLUAX ropoja JlymaH6e C 1je/1blo UX HOBTOP-
HOT'0 MCII0JIb30BaHUS.

MeToabl ucciaesoBaHusA. McnblTaHUs NPOBOAWJINCH B JabopaTopuu
[leHTpa KOHTPOJIsS MPOU3BOACTBA MUTheBbIX Bog npH ['YII «/lyman6eBomo-
KaHaJl» M0 CJAeAylleld MeTOoAHKe: NPoObl OblIM OTOOPAHbI U3 BOJOIMPO-
BOJHOTr0 ocaZika 6acceiiHOB cyTo4yHoro peryanpoBaHus (BCP) B pa3sHbix
TOYKax B 00béMe 500 Kr U BbICYILLIEHBI 10 IOCTOSHHOTO Beca.

XuMuyeckud coctaB BoJonpoBoaHoro ocajgka BCP 6b1 onpesenén B
JlabopaTopuu TallIKEHTCKOTO XMMUKO-TEXHOJIOTMY€eCKOI'0 MHCTUTYTA C I0-
MOIIIbIO BBICOKOIIPOU3BOAUTENbHOI0 3HEPTOAUCIIEPCUOHHOT0 PEHTIE€HOB-
ckoro ¢uyopecueHTHOro cnekTpoMeTpa (PPA). PesynbTaThl XUMHUYECKOTO
cocTaBa BOZ,ONPOBOJHOI0 0Ca/ika NIPUBOAATCA B TabJI. 1.

Ta6suna 1
XHMMHUYeCKHUH COCTaB BOAONPOBOAHOTrO ocagka bCP
CoJeprxaHue KOMIIOHEHTOB % Mac.

e lo|c’| « o wlsols’a] olo’|lo,| - o || lo,
-—S—ND’o-—QOON?UgONLN:Q)NONg%%fGNVJN.-Q ONQQ,OQQ mNEN:S.%
Sla|lz |S|< |B |G [ |[O|lE|> |C|[S|m O [Z|O N[O || |> |b [N|Z |@a|E |= |5 < |6
o | n mooxoﬂ. O O |IN (N (1 |0 | O OONLDQ“MC\Q“Q‘
wOO@@\D[\mHmwQ‘NQHWI\WMﬂ‘wmOO[\N\—(NNOHI\
S I A S R o b P b B Ll Do bl e L P L e S A LR A o pe R N R IR R IR
oSl e Clo | |@ S |S|S|o|c|s|alc S|P |c|S|c |o|o|c|s

[Ipu 06paboTKe BOAONPOBOHOIO OCaIKa C CEPHOU KUCJIOTOM NpOTeKa-
10T C/IelyIolie peaKIuu:

AL,0,+3H,50,=AI,(S0,)3+3H,0; Fe,0,+3H,50,=Fe,(S0,)3+3H,0;
Ca0+H,S0,=CaS0,+H,0;

MgO+H,SO,=MgS0,+H,0; K,0+H,S0,=K,SO,+H,0; Na,0+H,SO =
Na,SO,+H.0.
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Pacxoj KUCI0TBI 111 CEpHOKUCIOTHOT'O PasJIoXKeHUA ONpJesidacs Co-
[JIACHO CTEXMOMETPUYEeCKUM pacy€TaM [0 NPOTEeKaeMbIM peaKLUaM Mex-
Ay KUCJIOTAaMHU U XUMMHUYECKUM COCTAaBOM BOJOIPOBOAHOrO ocazka. IIpo-
1eCC pa3JIoKeHHUs NMPOBOAUJCA IPU KOMHAaTHOW TeMIlepaType B TeYeHUe
30 munyT. [losryyeHHble NyJiblibl OTQUATPOBAIUCH C L|EJIbI0 OTAEJIEHUS
pPacTBOPUMMOM 4YacTU OT TBEPAOro ocaZka. PactBopuMas 4acTb, KOTOpas
COZlEPKHUT Cy/ibGaThl AJIIOMUHUS U 3KeJie3a, UCCe[j0Balach Ha KOaryJaupy-
I0llIMe CBOUCTBA. Pe3ysibTaThbl HCC/ieJ0BaHHS NPUBOJASATCS B Ta0OJI. 2.

Ta6snna 2
Pe3ysibTaThl UCNIBITAHUSA TOJYYEHHBIX KOATY/ISTHTOB
CEpPHOKHUCJIOTHBIM Pa3JioXKeHHUeM U3 BOJIONPOBOIHOTO ocaska bCP

T=25-30 °C (npu Jo6aBeHHe KUCAO0Thl HarpeBaeTcs
no 50-60 °C); p=1,055 r/cm?

HWcxoHast MyTHOCTb BoAbl: - 330 Mr/a

Pacxon koarysisiHTa OcTaTo4yHasi MyTHOCTb - CTENEHb
MT/J1 BO/ibl, (Mr/ 1) koarysasuu, (%)
2 78.0 76.36
3 52.0 84.25
4 41.30 87.45
5 33 90.0

Kak BUAHO W3 Ta6/HULbI 2, IPU J00aBJEHUN KOATy/sSIHTA OT 2 MT/J1 10
5Mr/na creneHb Koaryasuuu usMensietcs ot 76.36 1o 90.0 %. [Iposegén-
Hble HCCJIEJJOBAaHUS MOKA3bIBAIOT, YTO MOJIyYeHHbIA KOATYJISHT U3 BOJO-
NPOBOJHOr0 0Cajika BO3MOXXHO HMCIIOJIb30BaTh [IJII IOBTOPHOIO IMpe/Ba-
PUTEJIbHOTO OTCTAaWBAHUSI.

Ha ocHoOBe nmoJiyueHHbIX JJaHHbIX COCTaBJIEHbI KpUBble pocTa 3dpdek-
THUBHOCTHU CTENEHU KOATY/ISIUN U CHUXKEHUS] MYTHOCTU BOJbI (puc. 1).

@ OcTaTouHas MyTHOCTb BoZbl (Mr/n) M a-cTeneHb Koarynsumum (%)
92
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/I’ o
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OcraroyHas MYTHOCTb BOJbI
o5 8@Y3 388

Q-CTeNeHb Koarynsauuu (%)

0 1 2 3 4 5 6

Puc. 1. Kpusvle agpdpekmusHocmu cmeneHu
Koaz2ynsyuu U CHUMCeHUs MymHocmu 8odbl.
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[IpoBesieHHbIe HCC/IeOBAaHUSA MTOKA3bIBAKOT, YTO, YeM OGOJIbIIE PACXO[
KOaryJisiHTa MoJIydeHHbIM MeTO/I0OM CyJibGaTU3alUM, TeM JIydllle CTeleHb
Koarysnsanuu. Takke Mo06HbIE UCCIeIOBAHUS TPOBO/IUIHU MIPU 6OJiee BhI-
COKOH MYTHOCTH. Pe3ysibTaThl MPOBE/IEHHBIX JIAOOPATOPHBIX UCIBITAHUN
JIOKa3bIBAKT, YTO MPU OTCTAUBAHUH BOJIbI C MYTHOCTBIO — 420 MT /)1 pacxof,
cy/1bGaTUPOBAHHOTO KOATyJ/ISIHTA COCTaBJisieT B 06beMe 10 Mr/j, u cTe-
NeHb Koaryasiiuu aocturaet A0 99.4% (Tab.1. 3).

Ta6siuna 3
PeSy.J'[bTaTbI HCIIBITAHUA Cyﬂb(i)aTHpOBaHHOFO KOaryJidHTa,
IMMOJIY4€HHOTI'0 U3 BOAOIIPOBOJHOTO OCaJKa

UcxoaHas MyTHOCTb BOJibl: - 420 Mr /1 (c UCcII0JIb30BaHUEM CYJIbGATUPOBAHHOIO
KOaryJIsiHTa, N0Jy4eHHOI0 U3 BOJJOIIPOBO/IHOI'0 0Ca/iKa)
Pacxop KoaryJisiHTa, OcTtaTo4Hass MyTHOCTb a- cTeleHb
Mr/u BOJIbI, (Mr/J1) koaryasuuy, (%)
8.0 9.8 97.66
9.0 8.3 98.02
10.0 2.3 99.4

Ha ocHoBe mpoBeJieHHBbIX HCCJeZJ0BaHUM pa3paboTaHa cJjeAyollas
NpUHIMNHATbHAsA TEXHOJIOTMYecKasi cxeMa rnepepaboTKH BOAONPOBOAHO-
ro ocajika MeTo/J0M cyJbdaTHU3anuu (puc. 2).

O160p ¥ TPaHCIOPTHPOBKA BOJONPOBOIHOIO 0Ca/IKa U3 GacceiiHoB
CYTOYHOI'O pEryJIMpoBaHus

Cyu.n(a 0CaJIKOB B €CTCCTBEHHBIX
ycnoBusax

Pa3menbuenne

(d=1+3u)

H>S504 1=300-450°c

Cynbdatn- Cynbparoco-

\ COC/IUHEHHUSI
H0

Heounniennsie KOaryJisiHTeI JUIs ; ; {

YMCHBIICHHUS MYTHOCTH MUTHEBOH
BOJIBI

Puc. 2. [IpuHyunuaibHas mexHo102uyeckas cxema
nepepabomku 8000npo80JdH020 ocadka.

3alus Créka
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OCHOBHBIMM HeJIOCTaTKaMH JAaHHOTO CMOCO0a SIBJSIOTCS BbICOKas
BJIQXKHOCTb 0CaJika M HeyJ00CTBa MPU UX OTOOpe U TPAHCIOPTHUPOBKH,
MCII0JIb30BaHUE OOJIbUION MJIOUIA/IN 3eMeJb JJisl CYyUIKH 0CaJiKa, BJAUSIHUE
NOrOJHBIX YCJIAOBUM JJIs1 €CTeCTBEHHOM CYILKH, HEraTUBHOE BJIMSIHHUE Ha
OKPY?KaloUIYyIo cpefly Npu cyJbdaTU3aLMHU.

3aK/IlouyeHue

1. Pe3ysibTaThl NpoOBeIEHHBIX J1aO0PATOPHBIX UCCIEJ0BAHUM SBJSIOT-
Cs1 MOJIOKUTEJIbHBIMU, U YUUTBIBAs aKTYa/IHOCTb MP06JIeMbl 06ecriedeH st
HaceJIeHUs1 YUCTOM NMUTHbEBOU BOJOM, PEKOMEHAYITCH AJisl MPOBeLeHUs
ONBITHO-MIPOMBIIIJIEHHOTO UCNBITAHUSA MOJYYEHHOTO KOAryJsiHTa U3 BO-
JIOIIPOBOJHOTO OCa/IKa.

2. /IlpyruM HalnpaBJieHUEeM YTUINU3AL MU BOAONPOBOJAHOrO 0Ca/iKa ABJISA-
eTCsl UCTIOJIb30BaHUE €T0 B Ka4eCTBe JI00aBOK K ChIPbI0 CTPOMMAaTEpPHAJIOB,
0COOEHHO /1Ji5l IOJTYYEeHUSI KEPAMUUECKOTO ChIPbsl, OTHEYNIOPHbIX MaTePH-
aJIoB, KOMIIOHEHTOB CTPOUTEJIbHBIX MaTepUaJIOB, B TOM YUCJIE LLEMEHTOB,
6ETOHOB U 3alMTHBIX NOKPbITUH.

3. /lns npoBesieHUs] aHAJIU30B MOJIyYEHHOTO Cy/ibPaTUPOBAHHOTO KO-
aryJisiHTa COTJIaCHO TPeOOBaHUIO CTaHAApPTa KayecTBa NMUTbEBOW BOJbI
HEOXOJ MO MOJIYYUTh 3aK/JIHYEHHE CIeAYIUUX KOMIIETEHTHBIX rocyjap-
CTBEHHBbIX OpraHoB: ['0CyjapCTBEHHON CAaHUTAPHO-3MUAEMHUOIOTUIYECKON
CAy»0bl; ArTeHTCTBA M0 CTaHAapTU3al[i1, METPOJIOTUH, CEPTUPUKAIIUU U
KOHTpoJig ToprosJs npu [IpaButenbctBe Pecny6avku Tagxukucras; Ha-
YYHOW MeJUIIMHCKOMN IKCIIEePTU3BI.

KpomMe Toro, A5 onpefesieHUs1 paiuOU30TONOB B COCTaBe cyabdaTu-
POBAHHOIrO KOAryJisiHTa Heo6X0JMMO MOJIYYUThb 3aKJl4YeHUe JabopaTo-
puu AreHTCTBa 0 XMMUY€ECKOW, OMOJIOTUYECKOW, paiUallMOHHON U sifiep-
HOU 6e3omacHocTU HanimoHaibHOM akajieMur Hayk Ta/pKUKucTaHa.
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XUP3U ITUPAXXO0 A3 OBIIABUU BAPMAXAJI BA HAKIIIU
ITUPAXX0 JAP TAbBMUHU AMHUATHU MUIJIMK TOYUKUCTOH

CasnmmoBa M., AkpamoB VY., Camuena 3.
Kymumau xugsu myxumu sucmu Ha3du Xykymamu Jymxypuu ToyukucmoH
w. lywanébe, ToyukucmoH. E-mail: salimzoda_mahina@mail.ru

Jlap MyxyTH TabuaT Ta'bCUPU KOHYHUSTXO0U TabUKUKM BobacTa 6a 06 UM-
KOHUATU Ga'bOJIM TAlIaKKYJIEOUU CUCTEMAxOU 00TaBJIUAKYHI Ba HUT0X/10-
pur 06pO TaAbMHUH MeHaMOSIH/I. 3axupaliaBuu 6apd Ba sx ap CUCTeMaXou
3KO0JIOT UMKOHUAT MeAuXaj, KU Aap 4op dacau coj XyAyAu UH € OH MUH-
TaKau Tabui 60 Hepyu XaéTOaxIll TAbMHH Kapja WwaBaj. AMMO 3epy Tab-
cupy GabOJIUATH UCTEXCOJNUI0 XU3MATPACOHUM WHCOH, XOpUY, FapAUJaHU
Ha KaM a3 ca/ixo0 MUJUIMOH ToHHa naptosxou CO,, CO, CH, aap 50 cosin oxup
3axupa 1yaa, 6ovcu a3 6aiiH padptanu 1000 nupsax gap xyayau Toyuku-
CTOH rapauaaact [1, 2].

Jlap skocucTteMaxou TabUMU TOYUKHUCTOH rapAuuid o6 gap Tabuart
TYJIX Xa30pCOJIal OXUP 6ApOU CYKyHATH MaB4Yy[0THU 3UH/Ia BA MYXHUTH XOCU
OHXO IIAapoOUTHU Mycou[i dapoxaM oBapjaacT. PaBanau cypbaT nanao Kap-
JlaHu uctudo/iam 3aXxupaxou Tabuu Ba TaFruup épTaHu MyHOCHOATH YoMea
0a 3axyMpaxou 061, 60MCH KOXHUII éPTaHU MACOXATH MUPAXX0 rapAu/1aacT.
MacasaH, gap XaB3au Japéu Bap3o6 a3 31% To 47%, nap xaB3au Aapéu
KodapHuxon a3 37% to 64%, nap xaB3au aapéu Baxu a3 33% to 65%, Ba
Jlap xaB3au Japéu 3apaduoH a3 41% 1o 73% koxuil épTaHU MacoxXaTH
nUpsxxo 6a Hazap Mepacaf [3].

Yymxypun TOUMKUCTOH Jap KUCMaTH 4aHyOy mapkuu Ocuéu MuéHa,
Jap muHTakau 30°5' Ba 40°5' ap3u wnMosn Ba 67°5' Ba 75° Tyiu mwapku
BOKe'b rapii/a, lap TallaKKyJ1€0MU MaHOa'bX0M 001 HAKLIA MYXHUM Mebo-
3a/l.

Jap akocucteMaxou ToyukucToH 6emr a3 8500 nupsx Tawakkya édra-
aacT Ba 6apou HUT'OXJ0PHUH IKOCHCTeMaxou Tabuuu Ocuéu Mapkasi axam-
MUSATU MYXUM J0paHz, [4].

MacoxaTu nmupsaxxod ToYMKUCTOH 6220 KM?-po TalllKWJI Meauxan, [1u-
psixu PenyeHKo, KM KaJloHTapUH nupsaxu Ocuéu Mapkasi 6a Xxucob mepa-
BaJ 907 kM? MacoxaT Ba 77 KM Aapo3i JioliTa, FahCcuu KabaTu X Jap OH
TOo 1000 MeTppo TalIKKUJI MeAUXA/.
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Peyau ruziposioruu 06M NUPSIXX0 KUCMaH Jap KyJIX0u KyXi 6a TaH3UM
JlapoBap/ia MelaBaz,. Jlap Ay Aaxcojiau OXUp TaXTH TabCUPU rapMILlaBUHU
MKJIUM 3uéna a3 25% MacoxaTu NUPSXXOU Oy3ypr MaxAyA rapAuaacT, KU
60MCH TaFUMPEOHU UKJIUM, OYXPOHU IKOJIOTH Zlap IKOCUCTEMaxou Tabunuu
MUHTAaKaxo0u Kyxd Ba CypbaT rMpUdTaHu XaTapu o$paTxoU TabUM rapiu-
JlaacT.

Jap xaB3au gapéxou [lanyy Baxum kapu6 1700 kynxou XypAy MUEHaA
MaBYyAaHJ, KU Aap 6anHaioHd Kapokyn, Paurkyn, 3opkys, Cape3 Bafdmui-
KyJ1 HUCOATaH a3uMTapaH/, Ba 60 TabCUPU TaFUUPEOUU UKJIUM X0JIaTH
OHXO0 6a TaFUMPOT TMpUPTOp rapAuza, 60UCU HOYCTyBOp rapAuiaHU Yyo-
pulaBUM 06 Merapzaz,

Jlap MuHTaKaxou Tabuuu ToyukuctoH 3uéa a3 200 Ky/iu KaJIOHTapUH,
kU 716 kM? MacoxaT Ba 46.5 kM® xauM sopaH/ 061 HYIIOKH TaBJIU/, MeKY-
HaH/| Ba TABO3yYHU TaOMHUU 3KOCHCTEMAX0PO YCTYBOP HUTOX MeJJOpaH/,

Tubku MabaymMoTxou uami 3uéga a3 1000 aga nUpsaXXou XypAy MHU-
éHa gap ToyukucTOH myppa 06 LyJa, XayMHd YMyMUH MUPSIXX0 KAapUb ce
MapoTHb6a KaM rapZiuaacT, K1 6a X0J1aTH 3KOJIOTUH 9KOCUCTEMAX0U TabUM
Ta'bCUPU MaHOUU XyApo OelrTap MepacoHaz, [3].

Tabcupu TaxUAX0U MyOCUD, CYpbaT TUPUPTAHU OYXPOHU 3KOJIOTH 3a-
pPypUATHU TaTOMKU 6apHOMau /Jlaxcosiau 6aiHasiMuIanuu amasna ‘06 6apou
pyw iy ycTyBop” 6ewrtap MerapZloHag,

Canau 8 mapTu conu 2021 Acocrysopu CysxXy BaxAaTH MUJLIH - [leliBon
musiat, [lpesngentu Yymxypun ToyukrucToH MmyxrapaM IMoMaau PaxmMoH
Jlap 4yopabuHuU caTxu 6asaHj - “TaTouku xagady Basudaxou PysHomau
2030 poyeb 6a Macbasaxou 06", ku gap Kapoproxu CMM gap maxpu Hro-
Hopk 6a TaBpu Mayo3il Gaprysop mys, 6emrTap 6a MachaJaxou oGIIaBHU
NUpAxx0, Tanapeéoru 3axupaxou 00H, aBY rupudtaHu odpaTxou Tabuu
Mbpo3 HaMyAaH/, KU OYXpPOHX0U 06U COJ a3 CcoJl Jap XoJaTh adp3oull Ba
TaxJUAKYHaHJa Kapop XOXaH[ TUPUPT, KU 60MCU HOPACOUU 00U HYIIOKH
Jlap 4axoH Merapzag,.

MaBpuju 3UKp acT, KU jAap acocu KaTbHOMau a3 4oHUOU xalaTu
Yymxypun TOYUMKUCTOH memHuxoAwyaan Maymau Ymymun CMM a3 18
MapTu cosii 2018 TaxTh YHBOHM “Bo3HUrapuu MuéHaMmyxJjaTu Gpaporupu
Jaxconau 6aliHaiMuanuy aman ‘06 6apou pyumau ycrysop, 2018-2028"
Jloup my/a, 6yxponxou o6m aap Ocuéu Muéna 6emrtap gactrupi éPr Ba a3
yoHUOU 147 KUILIBapU AyHE facTrupy rapaug,. bo tama66ycu [IpesuseHTr
Yymxypun ToYyUKUCTOH MyxTapaM IMoMaan PaxMoH fap 4dasacau caTxy
6asiaH/ ouJ, 6a aXxaMMUSAT Ba xajfadxou 3bJa0HU Jlaxcosan 6alHaIMUIA-
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aur amana “06 6apou pywau ycryBop” cosxou 2018-2028, ku 6a TaTOUKHU
Xazadxou pyuiu ycTyBopyd MapoyT 6a 06 MycouiaT MeHaMOs/[l, JaCTTUPH
édr [4].

Yymxypun TOYUKUCTOH TallK Ay Aaxcojau oxyup Oemtap Jap XaJjiu
MacbhbasaXx0M TabMHUHHU YoMea 60 06U TO03a, TAJOIMIXOU 3UEAEPO YUXATU
nemobypAu Macbhbaiaxou Xud3 Ba OKUJI0Ha UCTUDOjabapUH 3aXUpPaxor 061
Jlap XaB3ax0, KMUIBAPX0 Ba py3HOMaW YaxXOHUU DPYLIJ POXAH/J03M MeHa-
MosiZ. bo Tasomxou 3uén Ba AypaHJemioHan Acocry3opH cyaxy BaxpaaTu
MUJLIA - [lemBon Mmusiar Ilpesugentu Yymxypuu TOYUKUCTOH MyXTapaM
Imomanu PaxmoH 8 KarbHoMan Maymau Ymymuu Cozamonu Mustanu MyT-
Taxyu/ Jlap Macbasaxou xud3u 06 Ba uctudpomabapuu cappakopoHau o6
Jlap caiiépau 3aMUH Kaby1 1y1aacT, KM 6a XMd31U NUPSAXX0 Ba 6apKapopKy-
HUM X0JIaTH 3KOJIOTUU OHX0 3aMHHAU YCTYBOP MyXaiié Meco3af.

Poxxou xa/iiu 6YXpOHU 3KOJIOTH, a3 yyMsa XUP3U NUPSAXX0 60 UCTU-
doja a3 6apKapop Kap/laHU MacoxaTH YAaHTaJI30pX0H xaMellacab3 mMeTa-
BOHA/I 3axMpaxou 3uéau 6apdpo fap Tabuat 6a HU30M AapoBap/. Tabuatu
kuiBapu TOYMKUCTOH 6apoy TALIKUJIM YaHTAJI30pX0H MaxH6apr Ba Cy3aH-
6apr, LapouTH MyCcou/J fopa. A3 UH py, Aap Aovpau amanuco3uu CTpare-
rusu cab3, OyHE U YaHTaJI30pX0 Ba YOPH HaMy/JJaHU TEXHOJIOTUSU cab3po
Jlap KuuBap 60/ xaMayoHU06a poxaH/031 HaMy/ .
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