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Annortauus. IIpencraBieHsl pe3yabTaThl MOHHUTOPHHIA MPOLIECCOB HAKOIUICHHSI CHEXHOTO
TIOKPOBA B BEPXOBBAX TpaHcrpaHudHoi pexu [Isamk Lenrpansaoit Azun. C ydeToM HaTHIus
YeTblpex KIMMaTtndyeckux 30H B ['opHo-bajaxmianckoii aBTOHOMHON 00JacTH, BKJIFOUAroIeit
Tlamup u sByIsAtONIEHCS 30HOW (OPMHUpPOBAHUS TpaHCTPAHUYHOW peku [ISHIK, MOHUTOPHHT
(hOpMHpOBaHUS CHEXKHOTO TMOKPOBa MPOBOJIWIICS IO METEOPOJIOTHYECKUM  CTAaHLUSAM,
PAcIOJI0KEHHBIM B COOTBETCTBYIOIINX KIMMAaTHUYECKUX 30HaX. B Xo7e n3yueHus 3aBUCUMOCTH
3HAQYCHHUI BBICOTHI CHEKHOTO IOKpOBa OT BBICOTBHI PACIOJIOKECHUA METCOPOJIOTrHUYCCKUX
CTaHIIMH HaJX YpOBHEM MOpsi OOHAapyXKeHO, 4TO0 (OPMHUPOBAHHE CHEKHOTO TIOKpPOBAa U
MIPOCTPAHCTBEHHOE paclpeeeHne aTMOC(epHBIX 0CaikoB B ropHoM [lamMupe B OCHOBHOM
oInpeAeNaloTcs oporpadgueil MECTHOCTM M BHAAaMH INPOHHMKAIOMIMX BO3AYLIHBIX Macc.
YCTaHOBIIEHO, YTO COOTHOIICHHE TOXOBOH CYMMBI aTMOC(EPHBIX OCAIKOB K TITyOHHE CHEXKHOTO
TMOKpOBa BBIABJIACTCA TEMIICPATYPHBIM PCKUMOM H BBICOTOM MECTHOCTH. CyHIeCTBOBaHI/IC
a¢dekra BIMSHHUA Oporpaguu Ha MPOJBIIKCHHE BO3AYIIHBIX MAacC B TOPHBIX MECTHOCTSX
CIOCOOCTBYET TOMY, YTO MPOMCXOAMUT CMEICHHE MEPUOJIOB HAKOIJICHNSI CHEXKHOTO MOKPOBA B
pa3Hble KIIMMaTH4eCKue 30HbI. [IpelnonokeHo, 4To MEXAy NMEepUOJaMH BBINAJCHUS MaKCH-
MaJIbHOTO KOJIMYECTBA CHETra B 3alla/JIHOW, LEHTPaJIbHOM KiIMMaTH4yeckux 30Hax Ilamupa, xa-
pakTepusyeMbIx Oojee OOWJIBHBIMH OCaJIKaMH, M BOCTOYHOW CYXOH KJIMMaTH4ecKOi 30HE
JOJDKEeH HAONI0NaThCs MPOMEKYTOK BPEMEHH, CBA3AHHBINA ¢ TeM (DaKTOM, YTO CyxXas BO3IYII-
Has Macca, TIepeBaJIMBILIAsACS Yepe3 TOPHBIC XPeOThI, TOJHKHA HACBIIIATHCS MapaMu BOBI.
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BBeaenune

JlaHHBIC TOCIETHUX NECATHICTHH CBHUJICTEIBCTBYIOT 00 YCHIJICHHH COKpa-
HICHUS TUTOMIAJICH OJIeICHEHUs] M CHEXKHOTO TIOKPOBa B ropax Kak FXKHOIO, TaK U
ceseproro nonymrapus 3emun [I[PCC. Climate change ... , 2007]. Oxunaercs,
4T0 reorpaduyecKre pailoHbl, B BOJHBIX IUKJIAX KOTOPHIX JOMUHUPYET THAPOJIO-
TUS TasHUS JICIHUKOB W CHera, OynyT OoJiee BOCIPHMMYHUBBIMU K HM3MEHCHUIO
KITUMara, T. €. U3MEHEHHIO CE30HHOCTH CTOKa peyHoi cucteMbl [Adam, Hamlet,
Lettenmaier, 2009].

OTH KIUMaTHYECKUEe PEeakIy TOPHOH PEeYyHOU THAPOJIOTHU B COYETaHWU C
MOTCHI[UAIbHBIMA M3MCHCHUSMHU Ha MOBEPXHOCTH 3€MJIU, POCTOM YHUCICHHOCTH
HaCelleHUS M YXe CYIIECTBYIONIMM JIe(hUIIITOM BOJHBIX PECYPCOB MOTYT CO37a-
BaTh CEPhE3HBIC MPOOJIEMBI JIJIi TOPHBIX PErMOHOB. PernoHaibHbIC KIMMaTHYe-
ckre nporHo3el MI'OUK (2007) mokasbiBaroT, uro K KoHIy XXI B. oxumaercs
norerenne LlentpansHoii A3ub na 3,7 °C ¢ HanbonpIIMM 3HaUYeHHEM Ha Ooliee
BBICOKHX Teppacax, ocoOeHHO Ha Tuberckom miato w B ['mmanasx [Bhattarai,
Dhananjay, 2011].

Hakorutenue cHera oOBIYHO BO3pAcTaeT C YBEIWYCHHEM BBICOTHI U3-32 KOM-
OuHMPOBaHHOTO 3 dekTa MpeodaAaIIUX HU3KUX TEMIIEPATyp U MOBBIIICHHON
YacTOTHl OCAJIKOB, BBI3BAaHHBIX oporpadudeckumu dpdexramu [Kuchment, Gel-
fan, 2001].

JlaHHBIE O pacnpeseNeHrH TITyOHHBI CHeTa, TUIOTHOCTH M €T0 BOJHOTO 3KBH-
BaJICHTAa C BBICOKUM IIPOCTPAHCTBCHHBIM M BPEMEHHBIM pa3pelleHUeM HEe00XO0-
JUMBI JUTS TIPOBEPKU W/WIIM BBOJIA TaHHBIX B MoJenH Jpeida cHera [Sensitivity
analysis and ... , 2015] u Mmozenu cHer-croka [Sensitivity analysis and ... , 2008].
Takum 00pazoM, cymiecTByeT Oobias NOTPeOHOCTh B JAHHBIX 110 pacIpesiene-
HHUIO CHEra, B OCHOBHOM ISl OINIPE/ICNICHNs] BOJHOTO DKBUBAJICHTA CHEra. 3Haue-
HUS IPOCTPAHCTBEHHOTO pacrpeaeNieH s BOJIHOTO YKBUBAJICHTA BXKHBI JIJIsI MHO-
IUX 3aMHTEPECOBAHHBIX CTOPOH. Hampumep, MX MOKHO UCIOJIB30BAaTh B KAY€CTBE
BKJIaZla B HOBOE IMOKOJICHHE THIPOJOTHUECKUX MOJENEH, MPOrHO3UPYIOIUX CTO-
ku npu cHerotasHuu [Development and test ... , 2008; Kolberg, Gottschalk,
2006; Udnaes, Alfnes, Andreassen, 2007].

B Gacceitnax Amyzaapsu u CelpJapbi pecypehl Tauoi BoJbl COCTABISIOT CO-
OTBETCTBEHHO 69 m 79 %, T. €. IOJII CE30HHOTO CHETrOTasHHS B BOJHBEIA CTOK
HAMHOT'O TIPEBHIIIACT JIOJIO JICTHUKOBBIX.

Lemnpro HacTosimieil pabOTHI SBISAETCS WCCIEIOBAHWE METEOPOIOTHIECKUX
YCIIOBUH KIMMAaTHYEeCKUX 30H [lamupa, TMHAMUKY HAKOIUICHUS! CHEXXHOTO TOKPO-
Ba Ha Teppacax, pacloJIOKEHHBIX Ha Pa3IMYHBIX BHICOTAX W B PA3IMYHBIX KIMMa-
TUYECKHX 30HAX.

O0BbeKTBI " METOAbI UCCJICA0BAHUSA

Hacrosimast paboTa 0XBaThIBaeT pe3yJibTaThl MOHHTOPHHIA PACIIPEICICHHSI
aTMOC(EpHBIX OCAJIKOB M CHEXHOTO MOKPOBAa BEPXOBbS TPAHCTPAHHMYHOU PEKU
Tk, [l 3TOro MCmosib30BaHbl IAHHBIE O BHICOTE CHEXKHOI'O IMOKPOBa METEO-
ponornueckux cranuuidi Xymporum (N 38°17°; E 71°20°), Pyman (N 37°57’;
E 71°33”), Xopor (N 37°30’; E 71°30’), UpxT (N 38°10°; E 72°38”), bBynynkyn
(N 37°42’; E 72°57’) u Waiimak (N 37°32’; E 74°49’) 6acceitna p. [lsHmx u cra-
THCTUYIECKUN METOJ 00paOOTKH TaHHBIX.
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Pe3yJ'll)TaT])I HCCJIeJ0BaHUA

OcoOeHHOCTD pacnpeacaCHUsA BBICOTBI CHCXKHOI'O IOKPOBAa U KOJIMYCCTBO
aTMOC(bCpHI)IX 0CaJIKOB ITO BBICOTE PACIIOJIOXKCHUA MECTHOCTHU B T'OPHBIX TE€ppacax
IMOKa3aHbl HA pUC. 1.
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Hapeoz Xymporn Pymwan  XHopor  Hpxr  Bymymxoynlilafimaax

Puc. 1. PacnpeﬂeﬂeHI/Ie aTMOC(I)epHLIX OCaZIKOB B 3aBUCUMOCTH OT BbICOTEI
PacIioJI0KECHNU MECTHOCTHU

U3 puc. 1 BUAHO, 4TO BIMSIHUE BBICOTHI PACIIOJIOKEHHS Ha (OPMHUPOBAHHUE
CHE)XKHOTO TIOKpPOBa, a TaKXKe 3aBUCUMOCTh KOJINYECTBA aTMOC(EPHBIX OCATAKOB OT
BBICOTBI HE OITUCHIBAIOTCS U3BECTHON 3aKOHOMEPHOCTBIO.

Hanpumep, 3HaueHne atMocepHBIX OCaIKOB 110 METEOPOJIOTHIECKOM CTaH-
ruu [laiimak, pacnonoxenHol Ha BeicoTe Ooiee 3800 M Haj y. M., MaJO OTJIUYA-
€TCs OT 3HAYSHHH, XapaKTEePHBIX TSI MECTHOCTH PACIIONIOKEHNS METEOPOJIOTHYIE-
ckoii craniuu HUpxrt Ha BbicoTe 3276 M Han y. M. To e camoe MOXXHO OOHapy-
JKUTHh M TIPY CPaBHEHWU 3HAUYEHHWH BBICOTHI CHE)KHOTO MOKpPOBA M aTMOC(hEpHBIX
0CaJIKOB 110 APYTUM METEOPOJIOTHUECKUM CTaHIIHSM.

[IporieHTHOE COOTHOIIEHUE CPETHEMHOTOJIETHUX 3HAUYEHUI BBICOTHI CHEX-
HOT'O TIOKPOBa M aTMOC(EPHBIX OCaJKOB B 3aBHCUMOCTH OT BBICOTHI PACIOJIOXKe-
HHSI MECTHOCTH BapbUpYeTCs B IINPOKUX Npeaenax (puc. 2).

st MeTeoposlornueckor craHuuu PymaH, paclonoXeHHOW Ha BBICOTE
1981 M Hax y. M., IPOLIEHTHOE COOTHOIIEHUE CHEKHOTO IIOKPOBA K aTMOC(HEPHBIM
ocajikaMm coctasJsiet okoso 27, aist aiimax — 20, a myist Xymporu — He 6oiiee 5 %.

Kak 6bm10 yrazano B [Meteorological Features of ... , 2017], npocTpaHcTBeH-
Hasi HEOJAHOPOAHOCTH aTMOC(EPHBIX OCAJKOB B TOPHBIX MECTHOCTAX MPEXKIIE BCETO
00ycJIOBJICHA BJIMSHHEM Oporpaduu MECTHOCTH Ha PacHpOCTPaHEHHE BIIAXKHBIX
BO3IyIIHBIX Macc. Ha Gonee ymepeHHbIX BbicoTax ([lapBa3) cpenrHeromoBoe yBemm-
YeHHE TeMIIePaTypbl IPOUCXOAUT ¢ O0JIee OLyTUMOM CKOPOCTBIO, YeM B BEPXOBBSIX.

N3sectust MpKyTCKOro rocy1apcTBeHHOrO YHUBEPCUTETA
Cepust «Hayku o 3emnie». 2018. T. 23. C. 74-82



PACITIPEJIEJIEHUE OCAJIKOB I10 KIIMMATUYECKHM 30HAM PEKU IAAHJDK 77

80
70
60
50
40

30

ar

1288  1737Tm 1981w 2080mM 3276m 374 m 3840 m

BuIcoTA CHSKHOT 0 NOKpOEaA, CM

Hapeoz Xymporn Pyiman Xopor Hpxr Bymymxvn Hlafivax
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Puc. 3. CpenHemecssuHbIe 3HAYEHUS BHICOTHI CHE)XHOTO ITOKPOBa
[0 METEOPOJIOTMUYECKUM CTaHIUAM Oacceitna p. [TsHmK
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Hcxomst u3 aToro, Ha Teppacax pacrooKeHNs METEOPOIOTHIECKON CTaHITHH
JlapBa3z atmocepHble OCaJlKi 4allle BBINAJNAIT B XKUIKOH (aze, u Gopmupyro-
HIMIACS CIIOW CHEXHOTO TOKPOBA MPH ONaronpUsITHBIX TEMIIEPATypHBIX YCIOBHSIX
XapaKTepU3yeTcsl KOPOTKIM BPEMEHEM CYyIIIECTBOBAHUSI.

Ha rpanuue roxHOi M LEeHTpasbHOM 30H IlaMupa BepTHKaIbHBIA IPaUEHT
cocraBiser okosio 40 MM Ha 100 M TOTHSATHS, YTO CBUICTEILCTBYET O Ooiiee
BJIQKHBIX MPEATOPhIX M CYIMECTBOBAHWU MIUPOKUX KOTIOBHH, HMEIOIIUX OTKPBI-
TBHIA BBIXOJ] HA 3aIaj], HaBCTPEdy BJIAXKHBIM BO3AYIIHBIM MOTOKaM. [lo Mepe mpo-
JBIKEHHS BO3AYIIHOTO TEUCHHUS BIITyOb TOPHOM 00JIACTH U MepeBaIMBaHuUs yepes3
XpeOThI BIaXKHBIH BO3AyX KOHBEPTUPYET BJIary U CTAHOBHUTCS CYXHM.

CpemHerooBoe KOIMMYECTBO aTMOC(epHBIX ocaakoB B Bocrounom Ilammpe
HE3HAYHUTEIhHOE U Bapbupyercs B npeaenax 40—-140 MM co cpeTHUM MHOTOJICTHAM
3HaYeHueM okoio 76 MM. Jeduuut ocankos B Bocrounom Ilamupe o0ycnosiexn
TeM, uro Ha 3amagHoM [lamupe, XapakTepusyromiemMcss BBICOKUMH TOPHBIMHU
xpebdramu (5000-6000 M Ha® y. M.), TPOUCXOTUT pas3rpy3Ka BIAXKHOTO BO3TyXa C
BBIMAJICHUEM OOMJIBHBIX OCAJIKOB, a NEPEBaJMBIIMN uepe3 XpeOThl 3amajHoro
ITamupa Bo3yx craHoButcs cyxum [Meteorological Features of ... , 2017].

B mpunnumne, Mexmy mepruojamMu BBITaIEHUS MaKCHMaJbHOTO KOJMYECTBA
CHEra B 3alaJHO#, UEHTpaJIbHON KIuMaTHyeckux 30Hax [lamupa, KOTOpbIM CBOM-
CTBEHHBI OoJiee OOMJIBHBIE OCAJKHM, U BOCTOUYHOW CyXOW KIMMAaTH4eCKOH 30HE
JTIOJDKEH HAOII0JAaThCs MPOMEXYTOK BpeMEHH. DTO TMPEX/E BCETO CBA3aHO C TEM
(dakToM, UTO cyxas BO3AYIIHAash Macca, MepeBajuBIIasics Yepe3 TOpHbIE XpeOTHl,
JIOJDKHA HACBIIATHCS TapaMH BOJBI.

W3 pucynka 3, rie mpeacTaBieHO CpelHEMHOTOJIETHEE MECSYHOE 3HAUYSHHE
CHE)KHOTO TIOKPOBA 110 METEOPOIOTHIECKAM CTaHIsIM Oacceitna p. [IaHmK, BUIHO,
YTO HAa BOCTOYHBIX METEOPOJIOruueckux craHmusx bymynkyn u [llaiimak ¢popmupo-
BaHUE MAKCHMAJIBbHOI'O 3HAYEHHUsI CHEX)KHOTO MOKPOBA COOTBETCTBYET MapTy.

[osiBIeHne MakCHMANBHOTO 3HAYEHHS CHEXHOTO ITOKPOBa Ha METEOPOJIOTH-
Yyeckol craniuu Mmkamum B qekabpe cBs3aHo, M0 HalleMy MHEHUIO, C TPOHHK-
HOBEHHEM BO3JyIIHBIX Macc co cTopoHbl Mpana n Adranucrana (puc. 4).

[Ipu cpaBHEHMHU TUCTOTpaMM Ha PUC. 2 CTAHOBHUTCS SIBHBIM, YTO 3amajHas U
HeHTpaNbHas KimMaTrdeckue 30861 (Xopor, Mpxt, Pyman u bymyakyi) xapakre-
PH3YIOTCS IOCTaTOYHBIM KOJIMYECTBOM aTMOC(EpPHBIX OCaJKOB, a TEMIEpaTyPHBIH
PEXUM CITOCOOCTBYET (HOPMHUPOBAHUIO CHEKHOTO TTOKPOBA JIOCTATOYHOH BBICOTHI.

B 6accetine p. ['yaT Ha BeicoTax Oonee 4300 M Hag y. M. CHEXHBIN ITOKPOB
(6onee 50 %) coxpaHsieTcst ¢ HOSIOps 10 MapT. Y YUTHIBAs 3TO, a TAKKE OOUIbHbBIC
aTMocdepHble ocagku B OacceiiHe peku, npeanonaraioT [Pu, Xu, Salomonson,
2007; Large-scale monitoring ... , 2009; Identifying Changing Snow ... , 2014;
Sensitivity analysis and ... , 2015], yTo cHerorasHue MOXET BHECTH CYIICCTBEH-
HBIH BKJIJ B BOJHBIN OaaHC M JOPMUPOBAHKE CTOKA peK OacceiHa.

Hssectus MpkyTcKoro rocy1apcTBeHHOr0 yHUBEPCUTETA
Cepust «Hayku o 3emnie». 2018. T. 23. C. 74-82
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Puc. 4. CpennemecsiaHble 3HAUE€HUST BEICOTHI CHEKHOTO
ITOKpOBa MO AaHHBIM MeTeocTaHuuu Uimkammm (2524 M Hag y. M.)

BriBoabI

OOHapy>xeHa TPOCTPAaHCTBEHHass HEOAHOPOJHOCTH PACIpENENCHUs aTMO-
cepHBIX OCAJAKOB M TJIyOMHBI CHEXHOTO IOKPOBA IO KIMMAaTHYECKHM 30HAM
[Tamupa B BepxoBse p. [IsHmK, 00ycmoBieHHas oporpadueii ropHOW MECTHOCTH U
0CcOOEHHOCTBIO MPOJBIKEHHS BO3AYLIHBIX Macc. boiee oOunbHbIe aTMOC(hepHbIe
OCaJK{ CBOMCTBEHHBI 3alaJHON KIMMAaTUYECKON 30HE MO CPAaBHEHHUIO C BOCTOY-
HOH, Xapakrepusyomeiica aeguuurom ocankos. IIpennosnoxeHo, 4To mpomo-
JKUTEIBHOCTh COXPAHEHHUS! CHEKHOTO MOKPOBA INIABHBIM 00pa3oM oIpeesnsieTcs
TEMIEPATYpPHBIM PEKUMOM MECTHOCTH.
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The Spatial Distribution of Precipitation by Climatic Zones
of the Upstream of the Transboundary Pyanj River

S. O. Mirzokhonova
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B. A. Markaev
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Dushanbe

P. I. Normatov
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R. U. Eshankulova

Institute of Water Problems, Hydropower and Ecology AS Republic of Tajikistan,
Dushanbe

Abstract. The monitoring results of the snow cover accumulation processes in the upstream of
the transboundary Pyanj River are presented. With the availability of four climatic zones in
Gorno-Badakhshan Autonomous region that covers the Pamir and which is the formation area
of the Pyanj River the snow cover monitoring was carried out at the meteorological stations
located in appropriate climatic zones. By the study of the dependence of the snow depth vs the
height values of the meteorological stations a.s.] it was observed that the snow cover formation
and spatial distribution of precipitation in the mountainous Pamir is mainly determined by the
orography of the terrain and types of penetrating air masses. It is found that the ratio of the
atmospheric precipitation annual amount and the snow cover depth is determined by the tem-
perature regime and elevation. The existence of the orography effect on the promotion of air
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masses in mountain areas promotes to ensure that there is a shift of periods of the snow cover
accumulation in different climate zones. Suggested that between the deposition periods of the
maximum amount of snow in Western, Central climate zones of the Pamir mountains, charac-
terized by more abundant rainfall and a dry Eastern climate zone shall be the period of time
associated with the fact that the dry air mass, that is passed through the mountains, must be
saturated by water vapor.

Keywords: Pyanj River, snow cover, orography, Pamir, atmospheric precipitation, temperature.
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