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BBenenue

AKTYaJIbHOCTb TeMbI (MpeaMeTa) ucciaenoBanus: V3ydeHne cocTosSHuUs
OJICZICHEHHSI B COBPEMEHHBIX KJIMMATUYECKUX U3MEHEHUSIX SIBJISIETCS OOHUM U3
OCHOBHBIX 3aJlad B O0JACTH THUIPOJIOTMH W TJsAuuojoruu. KiuMmartudeckue
W3MECHEHHSI HETATHUBHO BIIUSAIOT Ha YSA3BUMBIE Teorpaduieckue oObEKThI, B TOM
YHUCIIE Ha JIEIHUKA U BOJHBIE pecypchl Ta/kukucrana. bamanc Macchl TOPHBIX
JICTHUKOB SIBJSETCS OJHMM W3 OCHOBHBIX HWHJMKATOPOB KJIMMaTHYECKUX
W3MEHEHU OT KOTOPOTO 3aBUCHUT PEYHOM CTOK PErMOHA B JIETHEE BpEMS.
HccnenoBanusi MECTHBIX M 3apyOEKHBIX  CIEHHMAIMCTOB  MOKAa3bIBAIOT
COKpallleHHe TIJIOIIAIA JEIHUKOB Ha BCEX KOHTMHEHTAX, 0COOCHHO Jierpajaliuu
MTOJIBEPKEHBI JIEAHUKU MAJIBIX Pa3MEPOB.

CnenunanucrtamMu MPUMEHSIETCSI MHOKECTBO METOJIOB M3YyUYCHUS JICTHUKOB,
TAKWE KaK aHAJIN3 OTCTyNa SI3bIKOBOW YacCTH JICAHWUKA, CPABHUTEJIBHBIA aHAJN3
MHOTOJIETHUX METEOJAHHBIX, AHAIN3 U3MECHEHHUS TUIOLIANM JICAHUKA U APYTHUE
BUJIBI aHaIM3a JIeAHUKOB. OJHAKO TPUMEHEHHE IOJO0OHBIX METOJIOB TPH
M3YUYCHHUH JICTHUKOB UMEET CBOU HEIOCTAaTKH, B TOM YHUCJE U HECMOCOOHOCTH
TOYHO OTpa)kaTh M3MEHEHHUE JIEAHUKOB OT roja k roxay. Ha 3To BiusgeTr Bpems
pEaKUHUM JICJHUKA HA WU3MEHEHHUS B KJIMMATE, TO €CTh CYIIECTBYET 3aJEpiKKa
MEXIy U3MEHEHHEM KJIMMATa U PEAKIUU JICTHUKA.

B ornmuune oT 3THX MOAXOI0B HM3MEpeHHe OajlaHca MacChl TO3BOJISIET
MOJYYUTh JAHHBIE O COCTOSIHMM JIEIHUKA OT roja K TOJy, IMPOCJIEKHBas €€
JTUHAMHUKY eXeroaHo. Mcxoas U3 AToro nmpuMEHEeHHe MeToja OajlaHca MacChl
JeHUKA, IIO3BOJIAET IOJy4daTh Oojiee TOYHYIO HHOOPMAIUIO O COCTOSHHH
JIEJTHUKA OCOOEHHO B KPATKOCPOYHOM MEPUO/IC.

Takum oOpa3om, wu3MepeHHe OajaHca MacChl JICIHHKOB ITO3BOJISCT,
ONPEAECITUTh COCTOSHUE JICAHUKOB CEHYaC M Ha 3TUX JAHHBIX MPOTHO3UPOBATH
OyIymiee HUX COCTOSIHUS, YTO TO3BOJUT ONPEACIUTh JOJII0 Tajoll BOJLI B
OyayiieM B PEYHBIX CHUCTEMaxX TOPHBIX PETHOHOB. DTO TMO3BOJIUT MPUHUMATH
pelieHus g afanTalMOHHBIX MEP K KIMMATHYECKUM M3MEHEHUSIM W CHU3ZUT

ymiep0 oT e€ BIusSHUS.



Hcxons W3 BBIIEU3IIOAKEHHOTO, NMPOBEACHUS HAYYHBIX HCCIENOBAaHUN B
[EJIOM  CIIOCOOCTBYIOT OOECIEUEHHUIO PA3BUTHIO  PA3IUYHBIX CEKTOPOB
AKOHOMHUKHU TPU IIJIAHUPOBAHUM, MPOTHO3UPOBAHUM W YIIPABJICHUS BOJIHBIMU
pecypcamu.

CreneHbp M3YyYeHHOCTHM Hay4YHOH Tembl. Boctounsli [lamup ¢ Touku
3pEeHUs] W3YUYCHHS JICAHUKOB SIBISACTCS O€IbIM MATHOM IS CHEHUAIMCTOB U
YUYEHHBIX HU3YYalOIIHe KINMAaTUYECKUE M3MECHEHHUS M WX BIHMSHUE HA PEUYHBIC
cucteMbl, COBETCKMMH YYCHBIMH OBLIM TPOBEACHBI PEKOTHOCIIMPOBOYHBIC
UCCJIeIOBAHMSI JIETHUKOB TAHHOW MECTHOCTH, YTO OCTaBJIsijia OOJIbIIe BOIPOCOB,
yeM oTBeTOB. MccnenoBanus nenHukoB Bocrounoro Ilamupa coBpeMEHHBIMH
YYEHBIMU TMPOBOAUINCH C TOMOINBIO JIUCTAHIIMOHHOTO 30HAMPOBAaHUS 0e€3
HA3€MHBIX MOJIEBBIX U3BICKAHUI, YTO CKAa3bIBAE€TCS HA TOUHOCTDH JJAHHBIX.

['mauunosornyeckue  HMCCIAEAOBAHMSA,  IOCBAIIEHHBIE  OJIEACHECHUIO
3anagnoro U Bocrounoro Ilamupa, ObUIM TPOBENEHBI TAKUMHU YYEHBIMH Kak
KotnsakoB B.M. [1], Pororaesa O.B. [173], Bunorpagos O.H. [87], Ocunosa
I'.b. [74], u ap.

Taxoke ciemyeT OTMETUTh BKJIAJ B U3yueHUE Kpuochepbl COBPEMEHHBIX
yuéHbIX Takux, kak T. Saks [21], E. Miles [58], E. Pohl [16], M. Barandun [38],
M. Hoelzle [11], F. Pellicciotti [13], Konosanor B.I". [91], ITeTpakos JI.A. [82],
KatomoB A. [7].

N3mepenue nuHaMuku OanaHca Macchl JieqHUkoB Bocrtounoro ITamupa
TIISIIIUOJIOTUYECKUM METOJIOM B MPOULJIOM HE TPOBOIWIINUCH, UTO SIBJISIETCS, LIEITIO
JAHHOW JHCCEpTAlMOHHOM paboThl. JlaHHas nauccepranmoHHas pabota
COJICP)KUT aKTyaJIbHbIC JaHHbIE O KOJHWYECTBE JIGTHUKOB, H3MEHEHUE WUX
TIOMIAM, OajJaHCe MAcChl JISAHUKOB U MOJICTTUPOBaHKe OamaHca MacChI.

Cesa3b HcciIe0BaHusl ¢ nporpaMMamMu (IPOeKTaMH) M HAYYHOH
TeMaTukoi. Tema 1uccepTallMOHHOM paboThl pa3paboTaHa Ha OCHOBE
CTpaTeTUYeCKUX JOKyMeHTOB PecnyOmmku Tamkukuctan, B YaCTHOCTH
«l"ocynapcTBeHHasi mporpaMMa U3y4YeHHUs U COXpaHEHUs JIETHUKOB PecryOnmku

Tamkukuctan Ha 2010-2030 ronpl, «HanumoHanpHas BoOJHAsA CTpaTerus



PecnyOnmuku Tamkukucran Ha mnepuoa a0 2040 roma»; a Takke MOpH
BBITIOJTHEHWH HAay4YHO-HMCCIIeI0BaTeIbCKOM padboThl, mpoBoaumont 'HY «IlenTtpa
W3y4eHUs JICTHUKOBY» HanunoHanpHOW akanemMuu HayK TaKMKHCTaHA HA TEMY:
«Pa3paborka Karamora (atnaca) neaHukoB PecmyOnmuku TamkukucTaH Ha
OCHOBE MHHOBAIIMOHHBIX T€OMH(OPMALIMOHHBIX TEXHOJOTHI» Ha nepuos 2022-
2026rr. (HUP): I'P NeO123TJ1528.

OBIIASA XAPAKTEPUCTUKA NCCIEAOBAHUA

eab ucciie0BaHUsI - M3YUYCHUE MU OLICHKA BIIMSHUS KIMMAaTHYECKHUX
U3MEHEHU Ha OalaHc MacChl M JUHAMUKY JIEIHUKOB B BBICOKOTOPHOM
MeCTHOCTH OacceiiHa o3epa XoBapKyJsb Ha Bocrounom [Tamupe.

3agauu  wucciaenoBanusi. J{ns TOro, dYTOOBI TMOJYYUTH KEIaeMbIe
pe3yabTaThl HEOOXOAUMO PEIIUTH CIICTYIONINE 3aaUH:

1. IlpoBectn anHanu3 oneaeHeHus OacceiiHa o3epa XOBapKyjb C
IIPUMEHEHUEM HOBBIX TEXHOJIOTHUM 3a 2018 T.

2. HMcnonb3ysi COBPEMEHHBIE TEXHOJOTHH, TPOBECTU OLICHKY JIWHAMUKH
oneneHenus ¢ 1977 no 2018 rr. 6acceitna o3epa X0OBapKyJb.

3. YcoBepieHCcTBOBaTh METOIbI M TEXHOJOTUU Pacu€ToB Oalanca MacChl
JIeTHUKOB OacceitHa o3epa X0BapKyb.

4. CmonenupoBaTh 0aaHC MacChl JIEAHUKOB OacceliHa o3epa X0BapKyJib.

OO0beKT uccjieoBaHus — oyieicHeHue 6acceitna o3epa X0oBapKyJb.

IIpeaMeT ucce0BaHUS - COBEPIICHCTBOBAHUE METOJOB U TEXHOJIOTUH
u3MepeHusi OajaHca MAacChl JIGIHUKOB, MOJCIMPOBAHUS W TMPUMEHEHHBIX
METO/IOB  JMCTAHIIMOHHOTO 30HIAMPOBAHMS JICAHUKOB OacceiiHa o3epa
XO0BapKyJib.

[IpssMo#t TIANMOIOTHYECKUN METOJ JJII HW3MEpeHus: OajaHca Macchl
JICTHUKOB, OCHOBAHHBIM Ha TMOJIEBBIX HM3BICKAHUAX W KaMepaldbHBbIX paldoTax.
MopaenupoBanue OanaHca Macchbl JICAHUKOB ¢ MOMOIIb0 mojaenu "SMB'".
Hcnonp30BaHue  JTUCTAHIIMOHHOTO  30HAMPOBAHMS, KOTOPbIE  BKIIHOYAIOT

00paboTKy cyTHUKOBBIX CHUMKOB Landsat 1-8, Sentinel 2A, [IMP Alos Palsar



u SRTM, o6paboTka JaHHBIX MPOUCXOIUT B TakuX IMporpammax kak ArcGIS,
QGIS u apyrux reouHpoOpMaIMOHHBIX CUCTEMAX.

Hay4ynasi HoBU3HA.

1. H3ydeHO cCOBpeMEHHOE COCTOSTHUE OJieJiecHeHus1 OacceiiHa o3epa
XOBapKyJib.

2. CocraBieHbl COBpPEMEHHBIC KapThl JICIHUKOB OacceiiHa o3epa
XO0BapKYJIb.

3. Ilomy4ensl nepBbie AaHHBIE OalaHCa MAcchl JEAHUKOB OacceilHa o3epa
XoBapkyib (Ha mpumepe Jiegauka Nel39).

4. VYcoBepuIEHCTBOBaHA METOJIMKA MOHUTOPUHIA COCTOSIHUS JIETHUKOB
OacceiiHa o3epa X0BapKyJib.

5. CmonennpoBaHo OGallaHC MacChl JIEITHUKOB OacceifHa o3epa X0BapKYyib.

6. Pa3paboraHbl peKOMEHJAIUU TI0 HCCICIOBAHUIO JICAHUKOB C
npuMeHeHneM /133, MOJenupoBaHMEM U TMPAMBIMU  TIISIHAOJIOTUYECKUMHU
METOJIaMH € Yy4€TOM OCOOCHHOCTEW KIMMATOreorpapuueckux YCIOBHIM
OacceiiHa o3epa X0BapKyJib.

IHon0kxeHus1, BLIHOCHMbIE HA 3ALIUTY:

1. Ananu3 wu3MepeHusi TasHUS JIEIHUKOB C ucHoJib3oBaHueM J[33,
OacceiiHa o3epa X0BapKyJib.

2. CoCTOSIHMSI COBPEMEHHBIX JIETHUKOB M H3MEPEHHE OanaHca MaccChl
nequuka Nel39 B 6acceline o3epa XoBapkyiab Ha Boctounowm [lamupe.

3. PesynpraThl MopenupoBaHHMs OamaHca Macchl JseaHuka Nel39 B
OacceitHe o3epa X0BapKYyJib.

Teopernueckasi MW NpaKkTHYecKasi 3HAYUMOCTb HMCCJIEIOBAHUS.
PesynbraThl JaHHOW aUCCEPTAIIMOHHONW pPabOThl MOTYT OBITh HWCIOJIb30BAHBI
npu:

- MOHUTOPHUHIE OJICJICHCHHUSI W OICHKE BJIMSHUS KJIMMaTa Ha JICIHUKUA C
MPUMEHEHUEM METOJI0OB JUCTAHIIMOHHOTO 30HIUPOBAHUS;

- pacuére OajlaHCca MaccChl JIETHUKOB B COBPEMEHHBIX KIMMATHYECKUX

ycaoBusix Bocrounoro [Tamupa;
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- MOJieNIMpoBaHue OajaHca MacChl JIEMHUKOB B KIIMMATUYECKUX YCIOBUSIX
Bcero Bocrounoro ITamupa.

- UW3yYCHHE TIBIIIUOJOTUYECKOTO PEKUMa JICTHUKOB O0acCeHOB peK
TamKuKUCcTaHa ¢ MPUMEHEHUEM COBPEMEHHBIX cpeacTB [33;

- METOJIMYECKUE M TEXHOJOTMYECKUE OCHOBBHI OIlpejeneHus OanaHca
Macchl JJEAHUKOB U MOJICIUPOBAHUS;

CreneHb T0CTOBEPHOCTH Pe3yJITATOB JANCCEPTAIMM OCHOBBIBACTCS HA
CJIEAYIONINX KIIFOUEBBIX aCIEKTaX: UCIOIb30BaHUE METOIOB ISl UCCIIEIOBAHUM,
KOTOpbIE CYIIECTBYIOT U IMPOBEPEHBI BPEMEHEM, a Takke HX 3(PPEeKTUBHOCTDH
MOJATBEPKJECHA OTEUYECTBEHHBIMU M 3apyOeKHBIMH YUYEHBIMH B IIpoIiecce
MOJYyYEHUs]  pe3yJbTaToB 3a  MHorojetHuid mnepuox. IloareepkiaeHue
JIOCTOBEPHOCTh  pE3yJbTaTOB  PabOThl  0OeCcHeuMBaeTCs  KOMIUIEKCHBIM
MOAXOJI0OM, BKJIIOYAIONIMM MPUMEHEHUE MPOBEPEHHBIX METOJIOB, MPOBEIICHUE
MOJIEBBIX W KaMepaJbHbIX HCCIEIOBAHUM, MCIOJIb30BAHUE COBPEMEHHBIX
texHonorud [I33, cratucTUYeCKHWil aHaNW3, CPaBHEHUE C JAHHBIMU JPYTHUX
uccneaoBareneid 1 0400pEHHBIMUA HAYYHBIM COOOIIECTBOM.

CooTBercTBHE IHCCEPTANUM MACTOPTY HAYYHOM CIIEIHMAJIbHOCTH.

Conepxanue TaHHOW paOOThl OTPa)KAET CICAYIONIME MyHKTHI Macropra
cienuanbHocT  2.1. T'eomorusi, reoae3usi, THUIAPOJOTHUS, CTPOUTEILCTBO,
apxurtektypa (2.1.37. - 'uaposorus Cyim, BOJAHbBIC PECYPChI, THIPOXUMHUS )

3. IIpoOnembl peruoHaNbHOW THUAPOJOTHUM TONOOMS U pa3IUUUs
BOJIOCOOPHBIX TEPPUTOPHIM MO YCIOBUSM (OPMHUPOBAHUS PEYHOTO CTOKA,
reHe3rca COCTaBIAIONIMX CTOKA, (U3MYECKOM M CXOJACTUYECKOW MPUPOIBI
KOJIeOAHUM BOJHOCTH PEK, MPOCTPAHCTBEHHO-BPEMEHHOM H3MEHUYUBOCTH
PErMOHATBHBIX U MECTHBIX BOJIHBIX PECYPCOB.

4. OcobenHoct TUJPOJIOTUYECKHUX, TUJIPOXUMUYECKUX u
TUAPOOHOIOTHYECKUX MPOIIECCOB B 03€pax U BOAOXPAHUIIUIIAX, TUHAMUYCCKUEC
SBJICHUSI B 03Epax, BOJOXpPAHWJIMINAX W TPyJaxX, T€HE3UC U TpaHChHOpMaIus

COCTOAHUA BOAHBIX MaAcCC, HpO6J’ICMBI JIMMHOJIOTUYCCKOIr0o MOJACINPOBAHNHA
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BHYTPUBOJIOEMHBIX SIBJICHUH, THUAPOIKOJIOTMUYECKON ONTUMHU3ALNU PEKUMA
BOJIOEMOB CYIIIH.

12.  PazpaboTka  METOAOB  MAaTeMaTHYECKOTO  MOJCIUPOBAHUS
THAPOJIOTHYECKUX U THAPOXUMHUYECKUX MPOIIECCOB.

JIMuHbI BKJAJ COWCKATEJs Y4YeHOH CTemeHHM B TOATOTOBKeE
auccepranuu. J[lanHas paboTta sBIseTcs  pe3yibTaTOM  MPOBEAEHHBIX
uccienoBanuii aBropa B «lleHTpe wu3yuyeHus JsenHUKOB HanmonanpHOU
akageMud HayK Ta/)KMKUCTaHa» M COCTOUT B BBIOOpPE HaIpaBIEHUS
UCCJICIOBAHUSI M pEIICHUS TOCTAaBJICHHBIX 3aJad, MPOBEACHUS IOJIEBBIX
U3bICKaHUM, 00pabOTKe W aHaiIM3e TMOJYYEHHBIX JIaHHBIX, pa3paboTke
pEKOMEHJAlMi, a TakKe BHEJIPEHUS WX B HAyYHbIE U HCCIEI0BATEIbCKHE
paboTHI.

BriBo/IbI 110 pe3yJibTaTaM MPOBEAECHHBIX HAYYHBIX, - U HAYUYHO-TIOJIEBBIX U
DKCIEIUIMOHHBIX  MCCIENOBAaHMWA  OBUIM  OCYIIECTBIEHBl  HAYYHBIMH
PYKOBOJIUTEIISIMHU.

AnpoGauuss U BHeApeHue. Pe3ynbraThl paOOThl OBUIM JOJIOKEHBI U
00CYXJI€HBI Ha PECITYOJIMKAHCKUX M MEXIYHAPOIHBIX HAYYHBIX KOH(DEpEHIIUIX:
«JleTHas 1mKonma MO akageMuyeckoMy TucbMy B pamkax Konkypca
CTYJICHYECKUX HCCJIEIOBAHUNA MO0 YCTOMYMBOMY YIPABJICHUIO MPUPOJHBIMU
pecypcamu B llentpanbHoii A3um u Adranucrana» (r. Amnmatei, 2019),
MexayHaponHas  HaydyHO-IpakTHueckas  KoH(pepeHuuss  «CoBpemMeHHOe
COCTOSIHME JICAHMKOB, OJIEIEHEHHEe M Kpuocdepa B Ipolecce TII100aTbHOTO
noTeruieHus», (r. dyman6e, 2021), «IlepBast kondepenims no npoekty [lamupy»
(r. ®pudypr, Hleitmapusa, 2022), «Jlemnuku PecnyOnuku TamKuKucTaH:
COCTOSIHUE, TIOJIOKEHWE W TepCreKTuBbl u3ydeHus» (. Jymanbe, 2022),
MexnayHaponHas Hay4yHasi KoH(pepeHuus «Bompockl H3ydeHHs, COXpaHEHHUS
JIEIHUKOB M pallMOHAIBHOE HCIOJIb30BaHUE BOAHBIX pecypcoB LleHTpanbHOM
Azun” (r. Jyman6e, 2022), MexnyHnaponnas koHbepeHius «bakuHckuit

MOJIOJICKHBIN KnMaTudeckuit auanor I» (r. baky, 2024).

12



Iyonmukanmu mo Teme aucceprauuv. OCHOBHBIE PE3YJbTAThI
UCCJIEIOBAHUM IO TeME JUCCEPTAIMU U3JI0KEHbI B 16 Hay4YHBIX CTaThsiX, B TOM
YHUCJIE O HAYYHBIX CTaTel OMyOJIMKOBaHbI B BEAYIIUX PELEH3UPYEMBIX HAyUHBIX
xypHanax BAK npu Ilpe3unente Pecnyonuku TampKkukucTaH.

Crtpykrypa u 00bEM auccepranum. JucceprannoHHas paboTta COCTOUT
n3 151 cTp. KOMOBIOTEPHOrO TEKCTa, W3 HUX 120 CTp. OCHOBHOTO TEKCTa, U
COCTOMT W3 BBeleHUsA, 4 TJiaB, 3aKIOYEHUsT W MpuwioxeHud. B pabote
conepkutcst 56 pucynkoB u 14 tabmun. CHUCOK MCIOJIB30BAHHOMN JTUTEPATYPHI

cocTouT U3 182 HauMeHoBaHM, B TOM unciie 108 Ha HHOCTPaHHBIX A3bIKAX.
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I'nmasa 1. BOAHBIE PECYPCBI U ITPUPOJHO-KJIMMATUYECKUE
YCJI0OBUA BOCTOYHOI'O ITAMUPA U UX BKJIA/L B
T'UAPOJIOTUIO IEHTPAJIBHOM A3

«Jlemnuku Oaccelina o3epa X0BapKyjIb OCTAIOTCS Majiou3ydyeHHbIM. OTHUM
W3 KPYNHBIX HCCIeNOBaHWN OacceiiHa o3epa  XOBapKyJb  SBISICTCS
a’podoTochémMka B 1953 TOmy Ui KaTaNOTH3allUd  JICAHUKOB JTAHHOTO
Oacceitna» [1]. M3-3a TpyAHOIOCTYITHOCTH, OTJAIEHHOCTH MECTHOCTH, a TAaKXe
OeccTOYHOro XapakTtepa o3epa XOBapKyJjb, pacrnojokeHHOTro Ha BbicoTe 4000
M, BEJICHUE CEJIbCKOXO3IMCTBEHHOM ESITEIbHOCTH B 3TOM paiilOHE HEBO3MOKHO,
a TIOCTOSIHHBIE HCCJIEIOBAaHUS JIEAHUKOB CUUTAIOTCS HELEIeCOOOpa3HbIMU C
PKOHOMHMYECKON TOYKH 3pEHUSI HO HCCJIEJOBAHMS TOKAa3bIBAIOT YTO 3a
IIOCJIENHUE TOJBl YPOBEHb 03€pa XOBapKyjldb MOJHUMAETCA U 3TO MOXKET
IIPUBECTU K HEIMPEACKAa3yeMbIM IMOCHEACTBUSIM. TeM He MeHee, MPOBEACHHE
HAayYHbIX HCCJIEIOBaHMA B 3TOM 0OacceiiHe BaXHO, OCOOEHHO I
MOJICIMPOBAHUSI M TPOTHO3UPOBAHUS KOJEOAHW JIEIHUKOB B YCJIOBHSX

HU3MCHCHMU KJIIMMAaTa.

YpoBeHb BoAbl B o3epe Kapakynb
Bocro4Hbin NMamup

OTHOCUTENLHBLIN YPOBEeHbL BOAbI, CM
440 -

400
360
320

280

KoHTyp o3epa

~._B 2001 roay

240 -

0 10 km
="
200 T T T 1
1970-71 1980-81 1990-91 2000-2001

UcTouHuk: Y no ruapomeTeoponormm

Pucynok 1.1. - Yposens Bozbl B 03epe XoBapKysb Ha Boctounom Ilamupe [24]
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«B llentpanpHoii A3uM uU3MepeHHs OajlaHca MacChl JISTHUKOB
npoBoMINCH Ha JenHukax bateim Cook, Tyrokcy, AGpamoBa, iegauk Ne 354 u
JIPYTUX PENpPEe3CHTATUBHBIX JIEHUKAX, HAIpUMep Ha JienHuke bormanoBuua B
Nne Anaray B 2008 roay, 6ananc Maccel coctaBui (-0,987 m 3a 2007/2008 ron),
Y aHallu3 COKpallleHWd Iuioniaau Jennuka Ha 45,9% c 1915 mo 2008 rr. co
cpenauM temrioM nerpanamuu 0,5% B Tom» [2, ¢.27]. «3a 2006-2010 rr.
cpenHuit OaylaHC Macchl JieqHuka Ty#bIkcy coctaBui -0,587 m/ron, njnvHa
yMeHbmmnack Ha 25,1 m/ron, mromans cokparunack Ha 0,0134 km%/rox. Dtu
JTAHHBIE CBUJICTEIICTBYIOT O TIPOJOJDKAIOIIEMCS COKpAlIeHUW JIeTHUKA B
YCIOBUSIX TJ00aNbHOTO TMOTEIUICHUS KJIMMaTa, TJie TJaBHBIM HETaTUBHBIM
(baxTopoM SIBIISICTCS MOBBINICHUE JICTHUX TeMIepaTyp Bo3ayxa» [3]. «Anamm3
JaHHbIX 32 1978-2021 rr. nmokasan COKpalieHHe IO JIETHUKOB CEBEPHOTO
ckiioHa 3awnmiickoro Asaray Ha 18-36%. CpeaHeroioBoil OajllaHC MaccChl
nennnka Llentpaneusiii Tyrokcy 3a 2016-2021 rr. cocraBun -0,63 M BOAHOTO
9KBUBAJICHTA, YTO COOTBETCTBYET TPCH/LY JCTPalalliyl OJICICHEHUS peruoHa [4,
c.536]. «Habnronenus neqnuka Tyrokey (3amnmiickuii Anaray, Tsaab-11lanb) ¢
1950-x mo 1990-¢ moka3bpIBalOT: HETaTUBHBIA OajaHC MacChl, YMCHBIICHUE
wiomwaan Ha 27%, noHwkeHue noepxHoctH Ha 0,67 M/rog M COKpallleHue
ekl Ha 180 M 3a 15 jer» [5, ¢.75-76]. «Ha ocHoBe a’podoToChEMOK U
KIIMMaTUYeCKUX JaHHbIX B OacceitHe peku Ycek B JxyHrapckom Anatay
aBTOpHl ompeaeauwid, 4yro 3a 34 roga (1956-1990) konuuecTBO JEAHUKOB
yMeHbIIIIIOCh Ha 49,4%, ux mnomanab cokparmiack Ha 40,6%, a 00bEM Jbaa -
Ha 41,8%. CpenHuii MHOTOJETHUM JIETHUKOBBIM CTOK coctaBua 116,1 muH
M3/TOZl, HO K KOHIly IIEpPHOJA 3HAYMTEIHLHO COKPATUIICS W3-332 YMEHBIIEHUS
wiomaaun jgeaaukoBy [6]. «IIpu 3ToM H3MepeHHe AUHAMHUKH TEMIIEPATypPHOIO
peXrMa MOBEPXHOCTH 3€MJIU CBUJICTEIIbCTBYIOT O €KErOJTHOM €0 YBEIUUYCHUH,

0COOEHHO 3a Mmocjeauue aecaruaets» [7, ¢.77].
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Pucynok 1.2. - 3yuenue nequukoB B LlenTpanpHoit Azun

B pa6otre Hagg WJ u np. [8] ucnonb3yrorcst pa3sHble METOIbI ONPEIeTICHUS
yAEIBHOTO OanaHca Macchl JieHKa TYIOKCY U UX CpaBHEHUE, TTPU ATOM OaaHC
MaccChbl, ONPEICNEHHBIN TIISIIIUOJIOTMYECKUM METOI0M, 3a 1958-1998 rr. paBeH -
16,8 M BogHOTO 3KBUBaNeHTa. B nccnenoBanuu Pycinana Kenmkabaesa u ap. [9]
"Habmronenue u pexoHCTpykKius OanmaHca Macchl jeaHuka barteim Cook" 3a
nepuos ¢ 2011 mo 2016 roasl cpennuii 6ananc maccel Jieguuka bareim Cook
coctaBul -0,34 M BogHOTO dKBHBaJieHTa B roj. Marlene Kronenberg u np. [10]
MpoBejia PEKOHCTPYKIMIO Oananca Macchl Jieqauka Ne354 (xpebetr Axmuiipax,
Keipreizcran) 3a nepuog 2003-2012 rogoB, u KyMyJISTUBHBIA OajaHC MacCChI

JIaHHoro JeaHuka coctaBui -0,40 M BOJHOTO SKBUBAJICHTA.
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Pucynoxk 1.3. - I3MepeHHbIe U pEKOHCTPYHPOBAaHHBIC BPEMEHHBIE Psiibl OajlaHca MacChl JUIs

«B pabore Hoelzle,

HentpansHoit Azuu [38]

M. mnpennmaraemas WM MOJEIL ISl PErvMoHa

Boctounoro Ilamupa paér norpemHocts +150 cM, 3Ta BeaMYMHA OYEHb

OoJjpIIass ¥  BHECEHHE

norpemHocTh» [11, ¢.105].
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PaznuuHble ucciaenoBaHMS TBITAIMCH OOBSCHUTH HAOTIOJAEMYIO0 H
CMOJICTUPOBAHHYI0 HEOJHOPOJHOCTh pPEaKIuu Kpuochepbl HAa H3MEHEHHE
kiumata B lleHTpanmbHOW A3MH, HO MHOTHE MPOLECChl U UX MOCIEACTBUS
OCTaIOTCSl HEOOBSICHUMBIMU, BO MHOTOM H3-3a OTCYTCTBHS MPSMbBIX U3MEPEHH.
CymiecTByeT ocTpasi HEOOXOUMOCTh JIydIlle TOHATh Kpuochepy pernoHa u eé
B3auMoJIeiicTBie C aTtmocdeporr u ruapochepoit. IIporHo3sl CBs3aHBI C
HEOMpPEAECIEHHOCTIMU, CBSI3AHHBIMU C HEMOJHBIMU 3HAHHUSIMHU, HAIPUMEp, O
KIIMMAaTHYECKUX U HE KIMMATHICCKUX (haKTopax, MOJICTUPOBAHHUH JICTHUKOBOTO
MOKPOBA ¥ IOHMUMAHUU OyAyIIETO JIETHUKOB.

«Bocrounblii [lamMmup SBISIETCS YHUKAIbHOW IUIOIIAAKOW JJII W3MEPEHUS
OasaHca Macchl JICAHUKOB H3-3a MOP(OJIOTHYECKHX, METCOPOJIOTUYECKUX H
JIPYTUX CBOWCTB, OOYCIIOBJICHHBIX TE€M, YTO PABHHHBI HAXOJSATCS Ha BBICOTE
okosio 4000 M. H. y. M., a TOpHBIE XpPeOThI BO3BBINIAIOTCA OoJiee ueMm Ha 6000 M.
KnumaTtnyeckue yciaoBusi TaHHOM MECTHOCTH CYpOBO XOJOJHBIE, U BMECTE C
TEM 3/IeCh BBIMAJAeT OYeHb Majio atMoc(epHbIX ocaakoB. Hecmotps Ha 310, B
Oacceline o3epa XoBapkyiab umeetcs: 6osiee 400 ienHUKOB oL oosee 0.1
KM? a o0mas IIolaab OJEAEHEHUs cocTapiseT Oonee 560 kM2 B Gacceline
o3epa XOBapKyJib UMEIOTCSI KaK Majble JEAHUKHU, TaK U KPYIHBIE ACHIPUTHBIC

JCAHUKKWM MW OJHHMM H3 TaKUX JICAHUKOB MABJISICTCA JICOHHUK OKTH6pCKPII>i Cc

IJIOMIAIBI0 0KOJIO 60 KM?
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Pucynoxk 1.5. - Bacceitn o3epa XoBapkyJib

«HeratuBHoe BiMssHME WuW3MeHEHHs KiauMmara B lLleHTpanpHOU A3un
HOJITBEP>KJIE€Hbl MHOTMMH YYEHHBIMH, OJIHAKO €CTh HEOOXOJIMMOCTh JJisi Oojee
rIIyOOKOro M3y4eHHs JaHHOro (akTopa, Tak Kak 3TO HEraTUBHO BJIMSET Ha
Kpuocepy u TeM caMbIM Ha KH3Hb MWJUTMOHOB Jioaeil. LlenTpanbHas Asus
U3BECTHA CBOMMH pPa3HOOOpa3HbIMU KpHOC(hEpHBIMU, TOMOrpaUYECKUMU U
KJIIMMAaTUYECKUMH YCIOBUSIMU M 3TO NPHUBOJUT K CIOKHOMY PEKUMY CTOKa W
rEOJIOTUYECKUM OMACHOCTSIM. Jleauuku SBJISIFOTCS MPUPOJHBIMU
BOJIOHANIOPHBIMU OAalllHAMHU, KOTOpbIe OOECIeYMBAalOT BOJOM B 3acyLUIMBbHIE
neTHue ce30Hbl BCro LleHTpanbHyro A3suio. JIeqHWKH SBISIOTCS HE TOJIBKO
VUCTOYHHKAMHU TIPECHOM BOABl, HO M HUCTOYHHKOM ONACHOCTEHW M TIpH
WHTCHCUBHOM TAasHUM MOTYT IIPUBECTH K CEJIEBBIM IIOTOKaM MW JPYTUMH
Ype3BbIYAHBIMYU CUTyalMsiMU. He cMOTps Ha TO, 4TO MpOULIOE, HBIHEUIHEE U
Oyayliee COCTOSIHME JIGJHUKOB TECHO CBSI3aHO C BOJHBIM OallaHCOM B

[lentpanbHoi A3uu ee OyAyllee COCTOSTHUE OCTAaETCs HE /10 KOHIIAa U3BECTHBIM U
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BaXHBIM (PAKTOPOM MJI1 3TOTO OCTAETCA peaklys JIEAHUKOB HAa HU3MEHEHMs
KJIMMaTa, Ha KOTOPYIO BIIMSET pPa3HOOOpa3HbIE IPOCTPAHCTBO BPEMEHHBIE
3akoHOMepHOCcTW» [11,13].

«enTpanpHass A3Ms CTAJKMBAe€TCd C YHUKaJIbHBIMU IpOOJIEMaMH,
yCyTryOIsieMbIMU TEM, YTO MHOTHE TOpHBbIE OOIIUHBI MCIOJB3YIOT HATypalbHOE
CeIIbCKOe X03siicTBO» [14].

«39T1H coobuiecTBa 0COOEHHO YSA3BUMBI K KOJIEOAHUSAM BOJOCHA0XKEHHUS, YTO
YCUJIMBAET MOBBIIICHHYIO YSA3BUMOCTh CTpPaH K MPUPOJIHBIM U aHTPOIOTE€HHBIM
omacHocTsiM» [15]. «C pocToM HaceleHUs W PacUIMpPEeHHUEM BOTHOTO CEKTopa
BaXXHOCTh HaJEKHOTO BOJOCHAOXKEHUSI BO3PACTAET, C OJHOBPEMEHHBIM POCTOM
nedunmra Boab» [16], a Takke MPOOJIIEMBI OCIOXKHSIOTCS OTPAaHHYCHHBIMU
BOJIHBIMHU pecypcamu [14].

B pabote [17] nokazano, uto B Ta/pKHMKHUCTaHE OXKUIAETCS POCT AePuunTa
BOJIbI JJIsl OPOILIEHHUSI, TOCKOJIbKY nociie 2040 r. 3amachel BOJAbI B JI€AHUKAX OyayT
IIOCTENIEHHO MCTOINAThCA M3-3a WX JErpajallid B YCJIOBHUAX IOTEIUICHHUS
KJIMMara.

[IporHo3bl CBSI3aHBI C HEOIPEACIICHHOCTSMU HM3-3a HEMOJHBIX JaHHBIX,
Harpumep, 0 GakTopax MOAETUPOBAHUS JIEAHUKOBOIO MOKPOBA M IMOHUMAHUSA
Oynyuiero jgeaHuKoB. KnumaTuueckue clieHapuu MpeacKa3blBAlOT YCTOMYHMBOE
NOTEIJICHUE, YTO YCYT'YOUT BOJHBIN Ae@UUUT B OyaymieM. YiIydllleHue JaHHBIX
Oyayliero BO3JEHUCTBHUS Ha KJIUMAT SBIAETCS MPUOPUTETOM, YUWUTHIBas
pacxXxokKJeHUs B TMpOLUIbIX Ha0opax KIMMAaTHYECKUX JAaHHbIX 10 BceH
[enTpanbHoii A3un. CyOpernoHanbHbIE OLIEHKH KIMMATHUYECKUX MEPEMEHHbIX
MMEIOT peniaroniee 3HayeHue i 0oJjiee TOUHbIX UCCIIEOBAaHUN BO3EHCTBHUS.

1.1. Ocodennoctu popmMupoBaHus BOAHBIX pecypcoB B Tagxukucrane

CoumanbHO-3KOHOMUYECKOE pa3BuTue lleHTpanbHOW A3UM  CUJIBHO
3aBUCHUT OT BOAHBIX pecypcoB. Ctpanbl LleHTpaiibHON A3uuU CBsI3aHbl OOIIMMU
BOJHBIMHU PECypcaMy, UMEIOLIUMHU TPaHCTPaHUYHBIN XapakTep. B ropax Gepyt
Hayasio Oosiee 6000 pek, B ToM uyucie peku Amynapes u Ceipaapesi. B

OCHOBHOM OHH MHUTAIOTCS 3a CU€T TasHWs CHeroB M JjegHukoB (70-80%) c
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ropabix xpe0dtoB Ilammpa, I'muaykyma um Tsas-Ilans [18, 19, 20, 21, 22].
OGmwmii cpexHeronosoii crok — 120 kM3, u3 xoTopeix 116 kM° npuxoauTcs Ha
Amynapeio u Ceipaapeio. Amyaapbs Oepét Havano B Tamxkukucrane (62,9
km°/ron), Ceipaapes — B Keipreiscrane (27,4 xm®/ron) [19, 23]. OcranbHble

CTpaHbl CUJIBHO 3aBHUCAT OT CTpaH BCPXHCTO TCUCHMA.
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Pucynok 1.6. - Boamsie pecypcesl LlentpansHoit Asun (Www.cawater-info.net)

«Tanas nemHUKOBasi BOJA CYIECTBEHHO PETYIUPYET TUHAMUKY PEYHOTO
cTOKa. B cpemHeM TasHWE JIETHHUKOB cOCTaBisgeT okoyio 6% st Celpaapbu u
20% mast Amynapbu exxerogHo» [24]. «B ce30H TasHUSA 3TOT BKJIAJ MOXET B
1,5-3 pasa mnpeBblmaTh cpeaHerofoBoi nputok» [21]. «TasHue neaHHKOB
o0OecrieunBaeT HAAEKHOE BOJIOCHAOKEHHUEY.

«Oxupaerca, 4ro noTemiieHHne B LleHTpanbHOMl A3uMM  IIPEBBICUT
CpPEIHEMUPOBOM YPOBEHB, Npu 3ToM K 2100 roay temmeparypa HOBBICUTCS B
cpeareM Ha 5-6°Cy [25]. JI€n u TassHUE CHETOB SABJSIOTCS OCHOBHBIMH BOJIHBIMH
pecypcaMu T'yCTOHACENEHHbIX HU3MEHHOCTeW lleHTpanbHON A3MM W UTPAIOT

pemaronyo poib IS TOPHBIX coobOmiectB [26, 27, 28]. HakomieHue cHera
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JNEUCTBYET KakK pe3epByap Uil BOJAbI, OCOOEHHO B 3HMHHE MECSUbI, H
KOHTPOJIMPYET CTOK BECHOW M B Haudasie JeTa. JIeqHUKM M BedHass Mep3J0Ta
BBIJICTISIIOT OOJBIIYI0O YacTh TAJOM BOJbI B MEPUOJ C HIOJIS MO CEHTSOPb.
W3MeHeHHs cHera, JIEIHMKOB W BEYHOW MEP3JIOTHI, BBI3BAHHBIE M3MEHEHUEM
KJIUMaTa, OKa3bIBAIOT TIJIyOOKOE BO3JICUCTBME Ha BOAHBIE pecypchl. Jlis
Jy4dlllero TOHUMaHUs peakuuu KiIuMaTta HEoOXOAUM  JIOJTOCPOYHBIM
MOHUTOPUHT KOMIIOHEHTOB KpHOChepbl. «ITO TaKKe IMOMOXET Jyulle
KOJIMYECTBEHHO OIIEHUTH CBSI3aHHBIE C 3TUM M3MEHEHHMS BO BKJIQJI€ CTOKA Tajou
Boab» [29]. Ilo muenuio Mankuna [30] k cepeAWiHE CTOJIETHS PETHOH
JIOCTUTHET MUKA MOTPEOHOCTH B BOJIE M3-3a YBEJIMYEHHUS JICAHUKOBOTO CTOKA,
KOTOpPBIA 3HAYUTEIBHO CHU3UTCA MOCJIE BTOPOM MOJIOBUHBI cTojeTus. «B
HACTOSIEE BPEMs E€XKErOJHBIA BKJIAJ TalbIX JICAHUKOBBIX BoA TsaHb-lIllaHs B
BepxHUN cTOK Coeipmapeu coctaBisieT 10%. Bxiiag tanbix J€IHUKOBBIX BOJ B
Amypapero coctaBiiieT okono 40% B roa. OaHako B 3aCylUIMBBIE JIETHHE
MeCSIbl BKJIAJl TAJIONW BOJIBI JEAHUKOB MOXKET PE3KO YBEIUUYUTHCA 10 96% miis
Amynapen u 1o 42% pns Ceipaapeu» [26]. Tlo mporrosam, k 2050 romy
MMOBEPXHOCTHBIN CTOK HA AMyAapbe yBEIUUHUTCS Ha 25% B JIETHUE MECALBI U3-
3a YBEJIWYECHHS TasHUS JIEAHUKOB, a 3aTeM CHU3UTCS 10 28% 10 KOHIA
cTroysietTusi. Mojenu TPOTHO3UPYIOT aHAJIOTMYHOE YBEJIMYEHHE CTOKa B
Celpgapbe B UIOJIE W aBrycre. byayliee COKpallleHHEe KOJWYECTBA TBEPIbIX
OCaJKOB, B MIEPBYIO OUEPE/Ib, MOBIUACT HA BECEHHUN U PAHHUU JIETHUM CTOK.
«Kak skcTpeManbHble HaBOJHEHHS, TaK M DKCTPEMaJIbHBIC 3aCyXU OyIyT
YBEJIMYHMBATHCS, PABHO Kak W oOmmil aedunut Boabl. 3MeHeHUs Ce30HHOCTHU
CHEXHOT'O TIOKPOBA, MPUBOJISIINE K O0Jiee paHHEMY TassHUIO, MOTYT IMPUBECTH K
YBEJIIMUYEHUIO BECEHHEr0 M JIETHEr0 CTOKAa B MAJIOCHEXKHBIE TOJbl WU B
sacynuiuBbie  roab» [31]. «OTO MOXKET CHpPOBOLMPOBATH JICAHUKOBBIC
HABOJIHCHMSI, CEJIeBble TMOTOKHM U OIOJ3HHM, KOTOPbIE€ MOTYT HAHECTH YIIepO
ONMu3NIeKaUM HaceNEHHBIM TMyHKTaM. [lOoCKONbKY Be4Hass Mep3jioTa TaeT B
OTBET Ha TMOBBIIICHUE TEMIEPATYphbl, OHA BO3BpAIIACTCS B KIMMATHUUYECKYIO

CUCTCMY, BbIACIIAA 3aXBAUYCHHBI METaH WU er'ICI(HCHBIﬁ ras. PGSy.HI)TaTOM
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SIBIIICTCSL yCHIICHHE MapHUKOBOro s¢dexra» [32]. «IloTeHImanbsHOM yrpo3oi
JUTSl PETUOHA SIBIIIETCS HEPETYJIUPYEMOE UCTIOIB30BAHUE BOJIbI, B OCHOBHOM LIS
CEIBCKOXO3SIICTBEHHOTO oOpolieHusi. Kpome Toro, Boja SIBISIETCSI OCHOBHBIM
HMCTOYHUKOM DJIEKTPOIHEPTUH, BBIPAOATHIBAEMON THIPOIIEKTPOCTAHIIUSIMU
[27]. BecnepeboiiHoe cHaOXeHHE HACENCHUS JJICKTPOIHEPTHEH 3aBUCUT OT
ypoBHs Bojgoéma. OgHAKO M3-3a UBMEHEHHUS KJIMMaTa EMKOCTh BOJAOXPaHUIUIIA
C Ka)kJIbIM r0oJIoM yMeHbIaercs. [33, 34].

PecnyOnuka Tamkuxuctan oOiamaer OoraTbiIMH BOJHBIMU pecypcamMu U
3aHMMaeT Kiro4YeBoe mnojoxkeHnue B lLleHTtpanpHoil A3un. OCHOBY BOJIHBIX
pecypcoB Tamkukucrana cocTaBisitoT JeaHukd. [lpu oOmieit  miomaau
oneneHenns npumepHo 9 000 kM2, uTO MOKpHIBaeT 5% TeppUTOPHHU CTPAHBI.
OOmuii 066EM JIb1a B JIEIHUKAX CTPaHbI COCTABJIAET 0KoJo 800 ke,

«Ilo Tepputropum cTpaHbl NOpoTeKaeT OkKoio 947 pek, oOmias AJIMHA
KOTOphIX mpesbimaer 28500 kM, HO HamOoJiee 3HAYUTEIBHYIO POJIb UTPAIOT
Ceipnapss, [lsumpk, Baxm, Mypro6, Kabupnuran, Cypxo0, Oxcy, 3epaBiian u
np. 3nech HacuuThiBaeTca Oosnee 1300 o3ép (omuHo u3 kpynHeimux - Capes).
Osepa Tamkukucrana cojepsxar oonee 46,3 km® Bozsl, 13 HUX 20 kM3 mpecHON.
B ctpane umeercs 10 Bomoxpanwmnumy (Hypekckoe, Kaiipakymckoe u p.)
o0muM 006EMOM 15353 kM3, OCHOBHBIMM MONIB30BATENSAMH BOIABI B
TamkukucTane SBISIOTCS TMHUTHEBOE BOJOCHAOKEHHUE U BOJOOTBEACHHE,
TUAPOIHEPreTHKA, OpoIIaeMoe 3eMJiie/Ieue, MPOMBIIIUICHHOCTh U PhIOOJIOBCTBO.
TamxukucTan (pakTHUECKH HCHOJBb3yeT Juilb 17-20% BOJIHBIX PECypCOB,
oOpasyromuxcst Ha ero Tepputopun. 84% Bobl B TaKUKUCTaHE UCTIOJIB3YETCS
B OCHOBHOM I CEJIbCKOTO XO3sicTBa, 8,5% mnoTpebsieHus NMPUXOIUTCS Ha
IIUTHEBYIO BOAY U KOMMYHAJIbHOE X035MCTBO, 4,5% Ha NpOMBIIUIEHHOCTh U 3%
- Ha pyrue nojs3osareny. Exeroano TalKUKUCTaH OPOU3BOJUT OKOJIO 64 kM3
BOJBI, UTO COCTaBJIIECT OKoJo 55% ot oOmero oO0béma Bombl B OacceiiHe
Apanbsckoro mops. JIETHUKU W TOA3EMHBIE MCTOYHUKHA BOJIBI 00ECIICUHMBAIOT
okosio 25-50% T010BOrO CTOKa (B 3aBUCMMOCTH OT HAJIMYUS JEAHUKA). DTH

JIEHUKY yIEPKMBAIOT MacCy BOALI B 845 kM3, 4To B ceMb pa3 IPEBBILAET
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oOIIHi ro10BOM CTOK Oacceiina Apaabckoro Mmopsi» [35, 28, 36].

«O3epo XoBapkylb - KpynHeiiee U3 o3€p Ha Tepputopuu PecnyOimuku
TamKUKKUCTaH, ¢ IIOmMAb0 3epkana 380 km?, Tiry6uHoM 10 238 M. U 00BEMOM
6onee 26 km°. OHO PAaCIOIOKEHO B IIIOCKOH TOPHOM KOTJIOBUHE, HA BBICOTE
3914 m. H. y. M., B ceBepHOi yacTu [lamupa, k rory ot 3aanmaiickoro xpedta. B
HEro BIAJIaI0T HECKOJBKO PEK, OCHOBHBIE U3 KOTOphiX — Kapamxunra, Kapapr,
Axmxunara, Myskon. ['paHunamMm paccMaTpuBaeMoro panoHa  SABISIOTCS
KpyNHbIE TOpHBIE XpeOThl, BbicOTOM 10 5500-6000 M. O3zepo XoBapKyib

OeccTo4YHOE, BO/Ia B HEM ropbKo-coJieHas» [1].

o

-

\ m—— MapkaHcy £
| 7

Pucynok 1.7. - Cxema kpynHbIX pek OacceiiHa o3epa XoBapkyinb (Kapakyis)
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1.2. KnumaTuuyeckue mosica M NpUMpPoOAHO-KJIUMATHYECKHE YCJI0BHS B
HenTpanbHoii A3un u TaJuKUKHCTaHA

«llenTpanbHas Azus XapaKTEePHU3yeTCs 3aCYIUTHBBIM W
MOJIy3aCYIIUIMBBIM KIIMMATOM C KapKHUM U CyXHUM JIETOM, U XOJIOJHOW 3UMOH,
WHOTA ¢ CHIbHBIMEH cHeromagamu» [37]. «Iloutn 80 MUITMOHOB YEIOBEK B
nati crpaHax lleHTpambHON A3WHM 3aBUCAT OT BOXBI, Oepylied Haydaio B
peruoHe, Tlie Ha BBICOKMX XpeOTax Haxoautcs Oosee 25 000 nemnuxor» [38].
«JlemHUKM BHOCST 3HAUMTEIBHBIM BKJIAL B CTOK Amymappui M CeIpmaapbu |
SBIISIIOTCS.  MHAWKATOpaMH  KJIMMaTU4eckux  u3MeHeHwit» [39].  «['opsr
YYBCTBUTEJIbHBI K MOTEIJICHUIO M3-3a 3allacOB PECYpPCOB B BHJIE JIETHUKOB U
cuera» [40]. ITo nanaeiM ARG, nequuku ucuesnyT Ha 70% B LleHTpanbHOW |

3anagHoit A3um k koHIy XXI Beka.
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Pucynok 1.8. - Heomnopoanas peakius ieqaukoB Tstab-11anst u [Tamupa [59]

lopwr IlenTpansHoil A3unM UMEIOT peIIaroliee 3HAYCHUE /I CHAOXKEHUS
IPECHOW BOJOW W3-3a KPYNHBIX JIEAHUKOB B peruone. Mcropuuecku
MOHUTOPHUHT OajaHca MacChl JIGAHUKOB Haudaics B cepeauHe 1950-x rogoB BO

Bpemena CCCP [41, 42], o moutu mpekparuics B Hadaie 1990-x rom0B.
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VYeunust 1o BOCCTaHOBJIECHUIO MOHUTOPUHTA JIEIHUKOB Haudanuch B 2010 romy
[43], uTO crIOCOOCTBOBAIO PETHOHAIBHBIM OLICHKAM.

«Omnenka 3(dexTuBHOCTH TI00aTFHON KIMMAaTUYECKOW MOJCIH TIPH
MOJICIMPOBAHUU XapaKTEPUCTUK TeMIlepaTypbl M ocaakoB Haja lLlentpanbHoii
A3uell MoKa3pIBaIOT TPEH MOTEIVIEHUS] U YMEHBIIIEHUE OCaJKOB K KoHIly 2070-
2100 romoB» [29, 44]. CriieHapun M3MEHECHHs KiIMMaTa IMPEJICKa3bIBAIOT OoJiee
3aCylUIMBBIC JIETHUE U 00Jiee BIIAXKHBIE XOJOAHbIE CE30HBI. [Iporuno3upoBanoch
Oynymiee yBenuueHue ocaakoB B llenTpansHoil A3um Ha 2011-2100 rr. mo
CMIP5 [45]. «Dike, V. N. npeamnonoxui, yto aTMochepHbie TOTOKH BOISHOTO
napa ¥ IMOBEPXHOCTHOE HCIAPEHHUE MOTYT OBITh MEXaHU3MaMH YBEIHMYCHUS
ocankoB u mo pesynbrataM SSP B GCM CMIP 6pimo crnporaoszupoBano
YMEHBIIICHUE OCAJKOB Ha IOT€ PETHOHA, a Ha CEBEpPE PEruoHa YBEIWYCHUE
aTMoc(epHBIX O0CaaKOB. [46].

Hccnenopanus Huss u Hock (2018) moka3eiBaioT, 4To M3MEHEHHE KIMMaTa
OyJZeT oka3bIBaTh OOJBINOE BIUSHUE HA THIPOJIOTMUECKUN peXUM B OacceitHax
KOTOpbIE, TTUTAIOTCA OT JICAHWKOB. lloiydeHHBIC MaHHBIC MPOTHO3UPYIOT, YTO
MOTEePsS. MAaCChl JIGTHUKOB MPUBENET K 3HAYUTEILHOMY YBEJIMUYEHUIO CTOKA, Kak
3MMOM, TaK W JIETOM II0 BCEMY MHUPY H 3TO CBSI3aHA C YCKOPEHHBIM TasTHHEM
JICTHUKOB I0J] BIMSHHUEM HW3MeHeHus kiumata. Mccnemomanust Kaser et al.
(2010) Takke TOATBEPKIAIOT, YTO JICMHUKU OyIyT BHOCHUTH 3HAYUTEIHHBIN
BKJIaJ] B 0OecreueHrne BoJI0i 0COOEHHO B 3aCYIJIUBBIE PETUOHBI, OJTHAKO TaKOM
BKJIal OyZeT BpEeMEHHbIM U OyJeT yMEHBIIATCS C YMEHbBIIEHHUEM TUIONIAIN

JICTHUKOB.
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Pucynok 1.9. - Cxemarnueckoe u300pakeHUE 0KUAAEMBIX U3MEHEHU B CTOKE MPU
YCIIOBUSX MPOJOJDKAIOLIETOCS U3MEHEHUs Kiumara. (a) Bausaue o6mumii 00bEM Tanoit BobI.

(6) Ce3oHbI ¢ 1OCTYIIOM BOJIBI [38]

[Ipn yBenMyeHUM CTOKAa MOTYT TMOSBUTHCS €II€ W PUCKA MPOphIBa
JIETHUKOBBIX 03€p, 1 BOSHUKHOBEHHE CEJIEBBIX IOTOKOB

Bolch et al. (2011) BesIBUIM HamWYWe TMOTESHIUAIBLHO OITACHBIX
NISIMUAIBHBIX 03€p B ceBepHOM TsHb-1IlaHe, KOTOpbIE MOryT HpPUBECTH K
NpopbIBAM W BO3HMKHOBEHUWIO CelieBhIX MOTOKOB. «Erokhin et al. (2018)
M3Y4WJIM ciydail mpopbiBa o3epa Tezrop B KeIprel3ctane, KOTOPBIM BbI3Bal
celieBble  NOTOKM, MOMYEPKHBAas, UYTO TaKUE COOBITHS MOTYT  OBITh
CIPOBOLIMPOBAHBI HECTAITMOHAPHBIMHU TJISIIUATLHBIMU 03epammy» [47].

C Iopyroil CTOPOHBI, OKHUJAETCS, YTO B 3aCYILLJIMBBIE JIETHHE MECSIBI CTOK
OyneT yMeHbIaThesl K KOHITy ctojeTus. Kure et al. (2013) nporHo3upytot, 4To B
CHEXHO-JIEAHUKOBBIX OacceiiHax TaKMKHCTaHa CTOK OyJeT yMEHBIIAThCs W3-
3a COKpaIeHHS TJIOMAIM JISTHUKOB M CHEXKHOTO mokpoBa. Hagg et al. (2007,
2013) Taxxe MOJIETUPOBAJIN, YTO CTOK B JICAHUKOBBIX OacceitHax LleHTpasbHOM
A3um OyZIeT CHIXKAThCS IO MEPE COKPAILCHUS JIETHUKOB.

«lIppyHuMass BO BHUMAaHME OTU IPOTHO3UPYEMBIE HW3MEHEHHsI CTOKa,
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BBI3BAHHBIC TIOTEPEM JIETHUKOB, HEOOXOIUMO pa3padoTaTh 3PQeKTUBHBIC
CTpaTE€TUU YIpaBJICHUS BOJHBIMH pPECypcaMd U MOHMTOPHHIA TISLHATBHBIX
CUCTEM JJIs MUHUMH3AIIMN HETaTUBHBIX MOCIENCTBHA. KOMIIIIEKCHBIN MOAX0a K
YOPABJICHUI0O ¥  MOHUTOPUHTY T[O3BOJUT  QalTUPOBAThCA K  HOBBIM
THJIPOJIOTHICCKUM YCIIOBHSIM B JISTHUKOBBIX OacceitHax» [48, 49].

«ITo mporuozam, k 2050 roxy cpenHeronoBas TeMieparypa yBEJIMUYUTCS Ha
2°C, oco0eHHO B mepuojJ C Jekabps mo aBrycT. Temmeparypa MOCTOSHHO
MOBBIMIANIACH CcO cpeaHeit ckopocthio 0,2—0,25 °C/mecatuneTne B 3amagHOM
yactu Tamkukucrana» [50]. «B cepenmne Beka (2041-2070 rr.) mpowusoiimer
3aMETHOE TOBBIIICHUE TeMIlepaTyphbl (MEXKMOICNbHBIA AuanazoH ot +1,1 1o
+2,8°C mpu RCP8.5), a B otnmanéuHoir mnepcrnektuBe (2071-2099 rr.)
TeMIlepaTypa 3HAYUTEIBHO MOBBICUTCS (MEXMOJIETbHBIN quanazoH ot +4,8 1o
+6,6°C mpu RCP8.5). IlporHo3upyemblii CHUTHAJI WU3MEHEHUs KiIUMaTa B
OTHOUIEHUHU OCAJKOB CIa0blid, MOAEIN JAIOT MPOTUBOPEUYUBBIE NMPOTHO3bI. B
3almajlHON 4acTH CTPaHbl 0XKHUJIAETCS YMEHBIICHHE OCaIKOB, B BOCTOUYHOU —
yBenmuenue Ha +10% (+5 mm wim +10 MM B rox)» [51]. «byayiee morerienne
KJIMMaTa MPUBEAET K TasHUIO CHErOB M YacThiM HaBogHeHusM» [40]. «VYxke
ceifuac HaOmIOJAeTCsl COKpallleHWe IUIOIIaau OJeleHeHus TalKukucraHa,
KOTOPBIM MOKpbIBAI 6% Tteppuropun Tamxkukncrana, cokparuinack 10 5%, a
00béM Jiba yMeHbImics Ha 30%» [7]. «Ilo mporHo3aM cpeHero10Bor peuHoM
cTtok yBenmuutcs 10 2060 r., Ho ¢ 2080 r. yMEHBIIUTCSA M3-32 UCUE3HOBEHUSA
HEOONBIINX JICAHUKOB» [52]. «B utore OymeT HaOMIOmAThCS 3acyxa, KOTOpas
npUBEAET K HEXBATKE BOJHBIX PECYPCOB, Ta B CBOIO OYEpelb MPHUBEAET K
YBEIUYCHUIO KOHIICHTPAIIMM IMATOTCHHBIX MHKPOOPTaHMU3MOB U POCTY
uHpexuii. [loBbilieHne TEMIEpaTypHOTO PEXHMa MPUBEAET K YBEIMUYCHUIO
CTpoca Ha MPECHYIO BOAY, YTO MPUBIEUET 32 COOON UCTOIICHHE TPYHTOBBIX BO/I.
BrleykazaHHple MPOSBICHUS TMPUBEIYT K YacThIM CTHUXUUHBIM OCICTBUSM,
HampUMep OIOJI3HIM, HABOJHEHHUSIM, 3acyxe | snuaeMusm» [53, 54].
«CTuxuitHple OCICTBUS Ha TEPPUTOPUU TaDKUKUCTaHA SIBISIOTCS YaCThIMH

sBineHussMH, Hanmpumep B 1990 romax Obw1o 3apermctpupoBaHo okoio 50000
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onoym3Hed, a 85% Tepputopun TamkukucTaHa SBISAETCS IMOTEHUHUAIBHO
cesreonacHbIM» [55].

«Bocrounsii [lamup XxapakTepusyercs Kak MECTO, TZI€ XOJIOJHOE JIETO U
CypoBasi MaJIOCHEXKHAasl 3MMa, 3/IeChb OTCYTCTBYIOT O€3MOpPO3HBIE MEPHOJIbI, a
CpeIHEroioBasi TeMmreparypa Hu3kas U coctaBisier (5-7°C moposza). 910 BcE
JOTIOJTHSICTCS CHJIBHBIM BETPOM, PE3KUMU KOJCOAHUSIMHU TEMITEpaTyphl U MaJIbIM
KoJimuecTBoM ocaakoB (70-120 MM B T0a) W 3TO BCE CO3MaéT 3acCyIUIUBBIC
yCIIOBUS JIUIsE MeCcTHOCTH» [1, 56].

Hcxonsa U3 BhIIEYKAa3aHHOTO U3JI0KEHUS, MOSABIISETCSI HEOOXOAUMOCTD JIJIst
co3fganust dPpGEeKTUBHOM CTpaTeruu JJisl YIpaBJCHUS BOJHBIMH PECypcaMH B
CBSI3U C YBEIMYEHUEM CTOKa JI0 CEpEIMHBbl BeKa U €€ YMEHBIICHHUS K KOHILY
BEKa, a Tak)Ke HEOOXOJAMMO NMPUHHUMATh MEPHI JJII YMEHbBIICHUS] PUCKOB TPU
YMEHBIIIEHUU 00BEMA JIbJa B JIEJHUKAX, TaK Kak I00ajlbHOE MOTEIUICHUE U
NOBBIIICEHUE TeMIeparypbl, ocobeHHo B ropax Ilamupa u Tsaubp-lllans
NoMuEPKUBACT HEOOXOAUMOCTh TMPOBEJCHUS KAYECTBEHHBIX aJanTallMOHHBIX
Mep MPU U3MEHEHUU TUIPOJIOTMYECKOT0 PEKUMA.

1.3. CoBpemenHoe cocTosiHue osienenenus Ilamupa

«Bce negHuKHM, HE3aBUCUMO OT WX THWIA, PACIOJIOXKEHHUS M Pa3MEpoB,
MOCTOSTHHO JIBUXKYTCS TIOJI CUJION CBOEW TSKECTH, U TEM CaMbIM (pOpMHpYETCSI
XapakTepHblid maHAmadT. JIeMTHUKN MOCTOSHHO aJanTUPYIOTCS O] U3MEHEHUE
KJIUMaTa, HO KaXJbId JIEAHUK JeJIaeT ATO IMO-pa3HOMY, HalpuMep OOJIbIINM
JeIHUKAM HeoO0XoAuMo OoJbIlle BPEMEHH i ajanTalldd W O3TO HHOTAA
3aHMMAeT COTHU JIET, a MAJICHbKUE JISTHUKHU OBICTPO pearupyroT Ha U3MEHECHUS
KIUMaTa. B TIAIMONIOrMM 3TO HA3bIBAE€TCS BpPEMS pEaKIUM JIeJHUKA Ha
u3MeHenus kaumartay [38, 57, 58, 59].

«OCHOBHBIM MCTOYHHMKOM MPECHOW BOJBI B OacceiiHe ApajabCKOro Mops
ABIIAETCS JIEAHUKHU U CHEXHBIN MTOKPOB. 3-3a HEOTHOPOIHOCTH KIIMMATUYECKOU
cpeabl U YyBCTBUTEIBHOCTH rop IlaMupa ABASIOTCS KpPYNHBIM LIEHTPOM
COBPEMEHHOI'0 OJIEICHEHUS C YHUKAJIbHOW BPEMEHHOM U IPOCTPAHCTBEHHOU

u3MeHunBoCcTRIO» [16, 58, 59, 61, 62, 63, 64, 65, 66]. «Kpuochepa
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TamkukucTaHa NpPENCTaBlIsAeT COOOW YHUKaJbHYIO TOPHYIO BOJOHAIMOPHYIO
OallH, KOTOpas SBISETCA OYEHb YA3BUMBIM K IJ100aIbHOMY MOTEIUICHUIO, TIPH
ToM TaKUKHCTaH UCTIOIB3YeT UMb 0 20% COOCTBEHHBIX PECYPCOB IIPECHOM
BOJIbI, HO BKJaJ B OOECIIEUEHHUE CTPaH HHU30BBbS, TAKMX KaK Y30€KUCTaH U
TypxMenucTan oueHb 3HaunteneH» [13, 24]. «B perunone llenTpansHoii A3uu
CTOK PEK OT CHEroB M ocajikoB cocTaBisieT 70%, a OT TasHUS JEAHUKOB U
BeuHOU Mep370Thl 30%, HO TasHUE JIEIHUKOB MPUXOAUTCA HA BETE€TALIMOHHBIM
nepuoj, kKoraa OOJbIIE BCEro OIIYIIAETCS HEXBaTKa BOABI U TEM CaMbIM
SBJISICTCS. MCTOYHUKOM TPECHOM BOJBI B CaMblii HeoOXomumbld mepuony [20,
60].

«IlepBble uccinenoBanusa Ha [lamupe ObuIM mpoBeAeHbl B KoHIE XIX U B
Hayasle XX BEKOB, Korja uccienosarenu n3 Poccnn m EBponsl mpoBoauiu
WCCIIC/IOBAaHMSI B BBICOKOTOPHBIX paiioHax llentpampHoit Asum» [67]. «[lns
Katajoru3zanuu JienHukoB Ilamupa B 1946 romy Obuia mpou3BencHA
a’poorochéMKa JEeIHUKOB, a B 1971 romy ObUIM caesaHbl BEPTOJIETHBIC
OOJIETHI JJTs1 BU3yaJIbHOT'O OCMOTpa | ACMUPPUPOBaHUS a3pO0(hOTOCHUMKOBY [1].
«C 1990-x ro0m0B, MNpOBEACHUE TIISIIMOJIOTHYECKMX MCCIEIOBaHUM Ha
Tepputopun [lamupa CUIBHO COKPATUIIOCh, 3TO OBUIO CBSI3AHO C JIOPOTOBU3HOM
NPOBEJICHUST Pa0dOT U TPYAHOIOCTYITHOCTBHIO JIETHUKOBY» [7]. «ccrnemoBaHust
denHukoB Ha Ilamupe BO30OHOBMJIMCH OTHOCHTEIBHO HEAABHO, HO
pacHIMpAIOTCS U METOJMKH  HUCCJIENOBAaHMUM, a Takke  KOJIUYECTBO
pEeNpe3eHTaTUBHBIX JIEAHUKOB, Ha KOTOPBIX BO300HOBHWJIMCH TMOCTOSIHHBIE
HaOmroenus» [11, 38, 69].

«Jlemnukn Tamxkukucrana cocpenotoueHsl Ha I[lamupe, re cambiM
KPYIHBIM JIEJHUKOM SIBJII€TCA JIEAHUK PEqUeHKO, UCCIEIOBAaHUS NTOKA3bIBAIOT,
YTO HECMOTpPS Ha TO, YTO AAHHBIA JIEAHUK SIBISIETCS OJHUM M3 KpPYIMHEHIINX
JICTHUKOB MUPA, TaKe OH IMpeTepres 3HaYUTENbHYI0 MOTepro MouHOCTH ¢ 1928
roga. Temmnbl cokpamenus mwiom@aan ¢ 2000 no 2016 rox ysennumnucs B 1,8
pa3a mo cpaBHeHutro ¢ 1928-2000 rr., gaxke BBICOKHE aKKyMYJSLIHOHHBIE

OacceifHbl HCTOHYAIIUCHh CO CKOpocThio oT -0,2 mo -0,4 m/rox B 2009-2016 rr.
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Hecmotps Ha 3TO, COCTOSIHUE JIeJHUKA denquenko ocTaércs
YAOBIIETBOPUTENIbHBIM, W  OKCTpEeMalibHas  Jlerpajaluds  JIeJHUKA  He
Habmomaercs» [70, 71, 72, 73].

Pexxumbl JIETHUKOB M UX YYBCTBUTEIBHOCTH BEChbMa HEOJIHOPOIHBI [24,
74], 9T0 TPUBOIUT K pa3HBIM TeMilaM OTcTymieHus [59, 75]. HeogHopomHas
peaknus JICTHUKOB YCIOXKHSET MMOHMMAHHE COBPEMEHHBIX B3aUMOACHCTBUI
JICIHUKOB U Kiaumarta [ 76].

Bapanayn u ap. [59] mpemmoxuiau CyOpEerHOHBI CO CXOXXKHUM OajlaHCOM
Macchl. Maiin3 u ap.  [58] oOHapyxwim, 4to TOJNBKO 41% JieAHMKOB
HakammBaiii Maccy Ha muomanu MeHee 20%, u tompko 60% + 10%
PETHOHAILHOMN a0JIANA KOMIICHCUPOBAJIOCh HAKOIIJICHUEM. ABTOPHI TIPUIILIH K
BBIBO/LY, UTO 0€3 HAOII0JIEHUI Ha MECTE MMOHUMaHNE U3MEHEHUsI KpuocQephl He

MOJKET OBITh YIydIeHo [62].

TTSMB -70.58+0.32 m w.e

{2000-2018)"

SMB';‘I)

ooz01g, ~0:20+0:32 mvwse. Vi

SMB_}UM .’OIHv: é‘

-0.40+0.32 m'W.e, yr'
x'.

Fovaabad
Te 9
-0.29+0.32 m-wiesyri= 8

(2000-2018)°

Annual surface mass balance (m w.e. yr-1) [ Fedshenko region Southern margin Southern Pamir [ Western margin Central Pamir
® -187--060 @ -0.19--0.10 @ 0.11-0.20
® -059--040 © -009-000 @ 0.21-040
@ -039--0.20 © 0.01-0.10 ® 041-060

Pucynoxk 1.10. - T'otoBoii 6alaHC TOBEPXHOCTHOM MACCHI [T KXKOTO JICTHUKA MO0
6onee 2 km? Ha [Tamupe. CyOpPErioHbl O CXOKUM 0aTaHCOM MACChl OBILITH TIPE/IOKEHbI B
pabore Barandun et al., B koTopo# mog4epKiBaeTCs CHIIbHBIN KOHTPACT B PEXKHUME JICTHUKOB,

peaKIMy U 4yBCTBUTEIbHOCTH Kinmara [59]
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«Habnronenus, cocpeoTOUYCHHbIE Ha W3MEHEHMSIX IUIONIAAU JICTHUKOB U
NOTEepU TUIONIAJM HA Pa3JIMYHBIX BOAOCOOpax MOKA3bIBAIOT, 4TO B TeueHue 20
Beka yienHuk Caykmapa OTCTynWI Ha 2 KM., B HEKOTOPBIX OacceiHax TUIONIaab
negHukoB 3a S50 et cokparwiack Ha 25-30%, nemnuku ['mccap-Anas
OTCTYIIAIOT HEOAHOPOIHOY [24, T7].

N3mepenns OGamanca macchl B TamkKuKuCTaHe BO30OHOBUIIUCH JIMIIL B
MocleIHUE TO/bl. MOHUTOPUHT BeAETCS Jisl JeagHukoB SAxapum, I'TTI, Ne383,
3yamapra u Ne457. Monutopunr B OacceitHe o3epa XOBapKyJb YIyYIIUT
IMOHMMaHue U3MeHeHn Ha Bocrounowm [lamupe. Y CTOWYMBOCTD M pacIIupeHue
CETH MOHUTOPHHTA JIOJKHBI UMETh HAUBBICIIUN MPUOPUTET it O0JIee TOYHOTO
MOHUMAHUS TPOUCXOJIAIIUX MTPOLIECCOB HA JICTHUKAX.

OTCTYnNesne Rakikn
nearva @eaqeHro

KoHeuHam wopenn
‘; neanurs Coartenko

’
PacTasnmwas
HHCT L MeaHNKS

Moo, TY 10 RI250 wspenns tan Crnynemmcuan asSopmeuier. Cooge Euh VT ess TV 00 IR oMancsoncine  CIRTemans im@opwn et Gaoge Sarh

Pucynok 1.11. - Bepxy cneBa) Otcrymienue senauka Banmxsax 1933-2006 rr., BBEpXy
crpaBa) Ocenanue moBepxHOCTH JienHruka Banmxsax 1980-2006 rr., BHU3Y ciieBa)

Orcrymienue nennuka ['apmo u BHU3y cripaBa) OrcryrieHue nennunka barpyn [24].

B Jgeanukax Oacceiina o3ep XoBapKyJ/Jb HaOII0JaeTCsl Ype3BbIUANHO

BBICOKOE TMOJIOkKEHHWE (PUPHOBON JUHUM B cpenHeM 5200 M M MaKCHMaJIbHOE
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5600 M. leno B TOM, YTO 3amaiHblii, OCHOBHOW BO3IYILIHBIA IMOTOK, TEPSET
OOJBIIYI0 YacThb CBOEH BIard Haja TOpHBIMU Lemsmu 3anaaHoro I[lamupa.
[TocneguuM BBICOKMM OapbepoM Ha TMyTH JTOTO IOTOKA BIaru mepen
IIPOHUKHOBEHUEM B palOH SIBISIETCS MEPUIUMOHAIBbHBIA XpebeT 3yilymapr, Ha
CKJIOHaX KOTOPOTO, BEPOSITHO, BbIMaJaeT HauOoJbIIee KOJINYECTBO OCAJIKOB B
3TOU 00JIACTH.

B pe3ynbrare BHICOKOTO pacnoiokeHus (PUPHOBOM JIMHUU B paiioHe, TJie
xpe6Tsl mogHuMatotcsi Bbime 5000 M, JIETHUKHA HaXOASATCS B OTHOCHUTEIHHO
Y3KOM BBICOTHOM Tosice Top. CpelHuil BEPTUKAIbHBIM JHANA30H OJEACHEHUS
cocraBisieT 480 M, U, HECMOTps Ha OOJbIlIKME a0COJIIOTHBIE BBICOTHI, Pa3BUTHE
OJICJICHCHUSI OTPAaHUYCHO 4Ype3BblUaiiHO cyxmm kiammaroMm [1]. «B Oacceiine
o3epa XOBapKyJb U pekn Mapkancy HaxoauTcss 436 JIENHMKOB, KaXKIbId M3
KOTOPHIX MMeeT paszMephbl Oosnee 0,1 kM? M 3aHMMAaeT OOILyIO IUIomams 566,2

2

kM?. ITomumo »storo, 196 nenuukoB Mmenbme 0,1 km?

3aHUMAIOT OOIIYIO
Iomaab Bcero 8,8 km? Ha cocrosiHue 2018 romay [1-A].

«Jlennukn B OacceliHax o3epa XOBapKyJb M PEeKU MapkaHCy HMEIOT
pasznuyHbie pa3Mephl. TeM He MeHee, CyIIeCTBYeT 001as 3aKOHOMEPHOCTh IS
BCEX YUYACTKOB paccMarpuBaeMon Tteppuropun: 60-70% Bcex JI€THUKOB
COCTABJISIIOT MEJIKHE JIeTHUKH Tuiomansio 1o 0,5 kM2, a 6oee 80% COCTABISIOT
JIEIHMKY TUIOIAb0 MeHee 1 kM. B palioHe BCEro ceMb KPYIHBIX JIEIHUKOB C
mnomanso 6onee 10 kM2, HO, HECMOTpPS Ha UX HEOGOJNBIIYIO YUCIEHHOCTh, OHH
cocTaBisitoT okosio 40% oOmel TuIomaan OJeICHEeHHs, KOTOpasi COCTaBIISIET
210,3 km®» [1-A].

«O4eHp MoKa3zaTeibHO, 4YTO B IIEHTPAJIBHOM palioHe, TIe JICIHUKU
pacrmoyiaraloTcs Ha CKJIIOHAaX KOPOTKHUX XpeOTOB, OPUEHTHUPOBAHHBIX CAMBIM
pazuuHbIM 00pa3zoM, 80% JeHUKOB, 3aHUMAarOMKX 87% IJIOIaAN OJICICHEHUS
paiioHa, «BbIOpan» ceBepHbIe pyMOBI. JIuiib 13 1eTHUKOB 371eCh 0OpaIieHbl Ha
BOCTOK U 3amajl, a JCIHUKU C DKCIO3UIUSIMU FOKHBIX HAMpaBICHUN BOOOIIIE
orcyTcTBytoT. Ha 3amagHom ckioHe CapbIKOJBCKOTO XpeOTa 3arajJHoun

AKCIIO3UIIMU TTPUHAIICKUT JIUIb 17,4% 1iomaay ojieIecHEHUsI, B TO BpeMsl Kak
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ceBepHBIM pyMmOaM - 6osiee 76%. B Gacceline p. My3Kkos Ha CeBEpHBIX CKIOHAX
HaxoauTcs 6onee 97% momaan geqHukoB. Ha paccmarpuBaemoi TeppuTopun
HE TaK MHOTO MOP(OJOTHYECKHX THIIOB JIEAHUKOB, KaK B ropax 3amaJHoro
[Tamupay» [1-Al].

«B xaxxnoM U3 ceMu paillOHOB MPOCTHIE JOJIUHHBIE U CKIOHOBBIE JIETHUKH
cocraBisitoT Oonee 70% Bcex neanukoB. Iloutm 97% mnmomanu oseneHeHUs
COCTAaBIISIFOT BCE BHUJBl JOJIMHHBIX JIEAHUKOB, BKJIIOYAs KPYHHBIE CIOKHbBIC
JAeaHUKU. Menkue BUCSYHEe, KAPOBBIE U JIEAHUKU MNIOCKUX BEPIIUH COCTABIISIOT
meHee 3% oOmel mmiomaan» [1-A]. MopeHa oueHb PEIKO BCTpEUaeTcs Ha
neanukax Boctounoro Ilamupa: Bcero 3,3% oOrieit miomnaau JeAHUKOB 3TOTO
peruoHa HaxOJIUTCA IOJ MOPEHHBIM NOKpoBOM. Jlennnkn Bocrounoro [Tamupa
B OCHOBHOM OTJIMYAIOTCS CcTaOUiIbHOCTHIO. CpaBHeHue MarepuanoB 1946 wu
1971 ronoB nokasano, 4To OOJBIIMHCTBO JIETHUKOB COXPAHWIA CBOU Pa3Mephl U
dbopmy B TeueHue mocienHux 25 jet. B Oacceline o3epa XO0OBapKylb TOJBKO
KOHIIbl KPYMHBIX JIEAHUKOB MPETEPHEIN 3HAUYUTEIbHbIE W3MEHEHUs. Takum
oOpazoMm, s3eIk JienHuka Bomnomapckoro (Ne  243-245) 3HauUUTENBHO
yMeHbITWICS. Pa3nuunbie yacTu KOHIIA JIEHUKA OTCTYIUIIM HEpaBHOMEPHO (Ha
100-200 wm), mOoTOMy dYTO MEHTpalbHas, y3Kas 4YacTh S3bIKa, 3aKpbITAs
CpPeAMHHON MOpEHOM, OoJsiee cTabwiibHa MO cpaBHeHUIO ¢ kpasmu. [lo Mepe
CTaMBaHUsI MOpPEHA 3aKpbUla YacTh OTKPBITOW MOBEPXHOCTH JEAHUKA. SI3bIK
KPYITHOT'O JOJWMHHOrO JeaHuka Ne 254, KOTOpBIM 3aKaHYMBAETCA PAIOM C
KOHIIOM JieqHuKa Bosomapckoro, Takxke yMenslunics. Kpai npaa orcrynun Ha
100-150 M, B TO BpeMsi KaK OTKPBITAst 4acTh ObllIa yMEHBIIIEHA HE MEHEee, YeM Ha
500 M. ¥V coBpeMeHHOTO KOHIIa JIeTHHKa 00pa30BajioCh 03€po, MpU 3TOM Oepera
03epa 4aCTHYHO TOKPBITHI JIbaI0M [1].

1.4 IlpupoaHo-KJIUMATHYECKHE YCJIOBHS U UX BJIUSTHHE HA TUHAMUKY
TOPHBIX JIETHUKOB

N3-3a HEXBaTKW JaHHBIX O OajaHCe MAacChl U MOJEIUPOBAHUS JICTHUKOB B

TamKuKuCTaHE HUXKE TPUBEACHBI PE3yJIbTaThl padOT MO M3MEPEHMIO OanaHca

MaCCbl MW JUHAMHKH OJICACHCHHA JICIHUKOB B JPYIrux pPCTrUOHOB, TIC
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MPOBOJUINCH UCCIIEIOBAHU.

bananc maccbl JeIHMKOB M ero mojaeaupoBanue. VccinegoBaHus
JUHAMUKH 1 OajlaHCca Macchl JIEHUKOB B PAa3JIMYHBIX TOPHBIX PETMOHAX MUpa
UTPAIOT BAXHYIO POJb B MOHMMAHUU MPOIIECCOB, MPOUCXOAIINX B Kpuochepe
NoJl BIMSHUEM U3MeHeHus kinuMara. OCHOBHBIM (DaKTOpPOM, OIpenesIonM
TasHUE JIEJHUKOB, SBIIAETCS paJdalMOHHBIA OajaHC MOBEPXHOCTH, a
TypOYJCHTHBIA TCINIOOOMEH BHOCHUT 3HAYUTEILHO MEHbIIWH BKkiIan [78].
JluHaMyKa BHEIIHEr0 MAaccOOOMEHa JIEAHUKOB TECHO CBSI3aHA C TEHJACHIMSIMU
KJIIMMAaTUYECKUX W3MEHEHUN pPEeruoHa, 4TO MO3BOJSET HUCIOJIb30BaTh JAHHBIC
IIIALMOJIOTUYECKOTO MOHUTOPMHIA Il PEIICHHs 337a4  KIMMAaTHYECKOTrOo
MoHHTOpHHTA [79].

AHanmu3 pPEeKOHCTPYKIMM JUHAMUKH OallaHca Macchl JbJa M JaHHBIX
MHCTPYMEHTAJIbHBIX OanaHCOBBIX H3MepeHud mno 125 negnukam CeBepHOro
NOJIylIapys BBISIBUI METaXpOHHOCTh B OaJlaHCOBOM JMHAMHUKE JIEBSITH
JEIHUKOBBIX paioHOB B XX B. IIpoaomKuTenbHOCTs IEUCTBUS TPYIIII
LHUPKYJSIUM SIBISETCS MPUYMHOW METaXpOHHOCTH B JUHAMUKE OajaHca MaccChl
Jba JIEIHUKOBBIX paiioHOB [79]. I MOHMTOpUHra M MPOrHO3a COCTOSHUS
TOPHBIX JIEIHUKOB M pacyéra JIEMHUKOBOIO CTOKA HEOOXOAMMO YYHUTHIBATH
O0COOEHHOCTH TEII000MeHa 3aMOPEHEHHBIX YYaCTKOB. Omnucana
MaTemMaTHueckas MoJelb OajlaHca MacChl TOPHOIO JIEAHMKAa C Y4YacTKaMu,
HOKPBITEIMH MOPEHHBIM yexjioM [81].

CornacHo oneHkaM, K KOHIy XXI Beka NpOW30HIET 3HAYUTEIBHOE
COKpalleHre 00bEMa U IO HEOOIbIINX JIEIHUKOB B Pa3IMUHbIX PETHOHAX,
takux kak Ilamup u Tasup-lllans [82, 83, 84]. IlpumeHeHue MeTOI0B
reonH(popMaImOHHOTO KapTorpadupoBaHuUs u MaTeMaTU4eCKOro
MOJICJIMPOBAHUS MO3BOJISET KOJUYECTBEHHO OLICHUTH JOJI0 JJABUHHOTO MUTAHUS
B 3MMHEM OaJlaHCe€ MacChl JIETHUKOB 0€3 MPOBEICHUSI AETAIbHBIX CHETOMEPHBIX
HaOMoeHN B 30HaX JaBUHHOW akkymyssinuu [83]. CymectByeT oOpaTHas
CBSI3b MEXKIY JOJIeH JTAaBUHHOTO MUTAHUS U (POHOBOW CHEKHOCTBHIO 3UMBI: YEM

MEHBIIIE CHEXKHOCTh, TEM OOJIBIIYIO POJIh TPHOOPETAIOT JTABUHBI KAK KOMITIOHEHT
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IIPHUX0/1a BEllecTBa Ha JieJHuK [82].

W3 npoBeAEHHBIX HCCIEOBAHUN CIEAyeT, YTO HAOJII0JaeTcs Aerpaaalius
COBPEMEHHOT'O OJIEICHEHHSI B Pa3JIMYHBIX PETHMOHAX MHpPA, YTO COrJIACYeTCs C
U3MEHEHUSIMU KJIMMaTa. JTOT TIpolecc OOYCIOBJIEH KaK €CTECTBEHHBIMU
MPUYUHAMHY, TaK ¥ aHTPOTIOTEHHBIMU (haKTOpaMHu.

[To pammeiM [85], merpagamusi COBPEMEHHOTO TOPHOTO OJICACHCHUS
CBsA3aHA C YCHUJICHUEM MEXIIMPOTHOTO TEIIO0OOMEHa, O0O0YCIOBICHHBIM
YMEHBUICHUEM YIJIa HAKJIOHAa OCH BpalleHUs 3€MJIM M COOTBETCTBYIOIIMM
YCUWJICHHEM MEPUIUOHAIBHOTO TpagueHTa HHCOJMSAUMUA  (MHCOJISIUOHHOM
KOHTPAaCTHOCTH).

PesynbraTel MogenmupoBaHus [86] MOKa3bIBAIOT, 9YTO OCHOBHEIM (DaKTOpOM,
ONpeNeNsIIoNMM TasiHue Jennuka Agpaeronaa (3anaansiii [lnunbepren),
ABJIAETCS PAJAMALMOHHBIA OalaHC MOBEPXHOCTH JIEAHWKA, a TYpOYJIEHTHBIN
TEIJIO0O0OMEH BHOCUT B TasHUE Ha TMOPSAOK MeHbMU Bkiaa. Dusuko-
maTemaTuueckas wmozenb AMelt [79] xopowo BOCHPOU3BOAUT MpsIMbIE
WU3MEPEHUS TasHUS U YMEHBIIEHUS MMOBEPXHOCTH JeAHUKOB Capsl-Top u Ne354
Bo Bryrpennem Tsaub-lllane. CormacHo wuccienoBanuio [87], B yCIOBHUSAX
peanu3auu dKCTpeMaabHoro kimMarudaeckoro cueHapus RCP8.5 k kony XXI
BeKa Ha OnbOpyce O0XUAAETCS CYLIECTBEHHOE OTCTYIAHWE CHErOoBOW JIMHUM,
COKpall€HUWE IUIOIIAAM AaKKYMYJSIMM W YCWIHMBAIOWIASCSA  Jerpajanus
oneneHeHus. ABTopbl [88] oTmeuarorT, 4YTo Y4€T OpOHHUpPYIOIIEH pOIU
MOPEHHOT0 YexJyla HeOOXOIUM JUIsl KOPPEKTHBIX pacyETOB JIEAHUKOBOTO CTOKA,
O0COOEHHO B PErMOHax ¢ HIMPOKUM PACIIPOCTPAHEHUEM JAHHOTO SIBJICHUSI.

I[To pesynbraram moxeaupoBanus [17] ¢ 2004 mo 2015 rr. B peruone TsHb-
[[Tanst TONBKO OAMH TOJ WMEN TOJIOKHUTEIbHBIA OalaHC MAacChl JIETHUKOB, a
KYMYJISITUBHBIN OanaHc 3a 3TOT Mepuoi COCTaBUA -5,8 M BOJHOTO SKBHUBAJICHTA.
Pabota [89] nocBsiieHa orieHKe J€JHUKOBOIO U CYMMApHOT'O CTOKA C JIETHUKOB
Oacceiina p. Ilckem (Cpennsst A3usl) Ha OCHOBE aHajiM3a 3aBUCHMOCTEH 3THX
XapaKTEPUCTHUK OT MAaKCUMaJIbHOM BBICOTHI CHETOBOM TpaHUIbl TaKXe B

uccinenoBanun [90] 3aduKCHpOBAHO YMEHBIICHHE IUIONIAA OJICICHCHUS
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Kamuatkn Ha 10,6% c cepenunbl XX no Hadao XXI Beka B pesyJibrare
MOBBIIICHUS JIETHUX TEMIEPaTyp BO3AYyXa M COKpAILEHUS KOJUYECTBA TBEPABIX
OCAJIKOB.

UccaenoBanue JieJHUKOB JIUCTAHIIMOHHBIM MeToa0M. B o0030pe
JUTEpPaTypbl PACCMATPUBAIOTCS PA3JIUYHBIC ACHEKThl HU3YyUYECHUS JICAHUKOB H
OJICICHEHUS! C WCIOJIb30BAHUEM JIaHHBIX JIUCTAHIIMOHHOTO 30HAUPOBAHUS
3emumn. [lpuBoasTcss cBeaeHUss 00 HM3MEHEHMM JICAHUKOB B PAa3IMYHBIX
peruoHax, Takux kak Oaccelinbl pek @acrarnoH u Mckagon Ha LleHTpansHOM
Kagkaze [93], 6accelin yieqnuka 3epaBiianckuid B Cpenneit Azum [22], xpeber
Uepckuii u ropel CynTtap-Xasta B CeBepo-Bocrounoit A3uu [92]. OTmeuaercs,
YTO JIGTHUKHU SIBJIIIOTCS WMHIWKATOpAaMH M3MEHEHUs KJIMMaTa, U HaOJ0/1aeMoe
MOTEIUICHUE IPUBOIUT K UX JCTpaallii U YMEHbIIEHUIO pa3MepoB [93, 94, 95].

Jnst u3yueHus JIeTHUKOB MIUPOKO UCIIOIB3YIOTCS JAHHbBIE JUCTAHIIMOHHOTO
30HAUpPOBaHMs 3eMiM co coyTHUKOB Landsat. DT naHHbIE MO3BOJSIOT
ONpENENATh TAKHE XAPAKTEPUCTUKHU JIEAHUKOB, KaK IUIONIA/lb, CHEKTPAIBbHOE
anp0eno, JAMHAMUKA MOPEHHOTO TMOKPOBAa M MYJbCAIMOHHBIX TOJBHUKEK.
Paznuunbie KOMOWHAIIMM CIIEKTPAJIbHBIX KAaHAJIOB KOCMHUYECKHX CHHUMKOB
Landsat 8 npumeHsiIOTCS AJisl aHAJIM3a COCTOSIHUS PACTUTENILHOIO IOKPOBa,
BOJIHBIX OOBEKTOB, JIECHBIX MAaCCHBOB, MOYB U APYTUX MPUPOJHBIX OOBEKTOB
[91, 92, 95].

CpaBHEHUE COBPEMEHHBIX JaHHBIX JAUCTAHIIMOHHOTO 30HIUPOBAHUSI C
apXUBHBIMU JaHHbIMM, TakuMu Kak Karanor neguukoB CCCP, naét
BO3MO>XHOCTh KOJIMYECTBEHHO OLIEHUTh W3MEHEHHUs IUIOAACH JIEIHUKOB 3a
omnpenesieHHbI nepuo BpeMeHu. B Oacceitnax pex ®dactarmon u Mckagon Ha
[entpansHoM KaBkaze KOJIMUECTBO JIEAHUKOB YBEIUYHIOCH ¢ 7 B 1966 roay Ao
15 B 2018 roay, HO ux o0mas iomaab ymeHnbiuiaach ¢ 4,04 km? 1o 3,357 km?
3a TOT ke mnepuos. B ropax Cynrap-Xasra u xpedbre Uepckoro romiaab
JEeTHUKOB cokpatuiach Ha 19,3% wu 28% COOTBETCTBEHHO C MOMEHTA
cocraBieHus Karanora neguukos CCCP [93, 95].

B Gacceitne nennuka 3epaBmianckuii B CpenHeld A3uu 1O COCTOSTHUIO Ha
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2017 ron Haxomwiioch 72 nemHuka oOmier miomanbio 134,67 kM2, a TEMIIBI
nerpaganuu ojieqeHenus 3a nepuoa 1980-2017 rr. ObUIM mOYTH B JiBa pasa
HKe, 4yeM 3a mnepuonx 1957-1980 rr. (0,24% B rog u 0,42% B rox
COOTBETCTBEHHO) [94].

O0630p nuTEepaTypbl TOCBAMIEH W3YYCHUIO W3MEHEHUW JICAHUKOB B
pa3IMUHBIX TOPHBIX permoHax Poccum ¢ UCHOJNB30BAHMEM  JaHHBIX
JTMCTAHIIMOHHOTO 30HJIMPOBaHMS 3€MJIM M CpaBHEHHMS C OoJjiee paHHUMU
KaTajioraMu JeJHUKOB. PaccMarpuBaroTcsi M3MEHEHUs IUIOMaau U o0bEma
nenuukoB ['opHoro Anrtas ¢ cepeauubl XX Beka g0 2008 roga, mpu 3TOM
neaauku norepsan 172,4 km? miomanu (27,4%), a cymMMapHOE COKpalleHHe
o0béma coctaBmio 8,9 km. Jlms nemgamkoB Bocrounoro CasiHa cocTaBicH
HOBBIM Katajor mo coctossHuio Ha 2000 roa ¢ HMCMHOJIB30BaHWEM CHHUMKOB
Landsat u nanasix SRTM, rae miomans J€THUKOB cOKpaTuiiach Ha 59+22% ¢
cepenunbl XIX Beka [96, 97].

Hnsa rop belppanra Ha TaliMblpe NOpPOBENECHO CpPaBHEHHUE IUIOLIAACH
JIETHUKOB 110 kocmuyeckuM cHuMKam Landsat 2003 rona u Kartanory negHukoB
CCCP 1967 rona, nokazaBiiee COKpalleHUE IIONAAN JEAHUKOB MPUMEPHO HA
17% 3a stot mepuox [98]. B ropax Ky3nenkoro Anaray maible MPUCKIOHOBBIC
nenHuku cokpatuiauck Ha 70-90%, Torma kak KpyIHBIE KAapOBBIE M KapOBO-
MPUCKIIOHOBBIE JIEMHUKN OTCTYNWJIM HE3HauuTenbHO, a ¢ 2005 roma ycnoBus
JUTSL X CYIIIECTBOBAHUS CcTau OoJjiee OaronpusTHbiME [99].

Capana B.A. B cBoeit pabore [100] paccmarpuBaer BoOmpoc o
pa3rpaHUYECHUM MEXKJY MHOTOJETHUMU CHEXHMKAaMU U JISIHUKAMU B
apKTUYECKUX U cyOapkThueckux pervoHax Poccun. OH npennaraer
paclIMpeHHOE OMpeAeieHrue '"Majloro JieAHUKA" KaKk MaJoMOJBHKHOTO
(UPHOBO-JIEASHOTO TeJIa HUYKE CHErOBOM IpaHUIlbI, 3aHUMAIOIIETO OJIHY (hOopMy
penbedpa W cymiecTByromiero Omarojapsi  OJaronpuUsATHOMY  COYETAHUIO
oporpauyYecKuX U KIMMATHUYCCKUX (paKTOpoB. Majble JETHUKH Pa3IaelITIOTCS
Ha OCTaTOYHBIC W B HACTOAIIEE BpeMsi OOJIBIIMHCTBO M3 HUX HAXOJUTCS Ha

CTaguun ACrpaaain, XO0TA CTCIICHDb ACTpadallii HCBCIIMKA.
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Marnple JNeIHUKA W MHOTOJIETHUE CHEXHUKU WIPAIOT BAXKHYIO pPOJb B
W3YUYCHHH W3MEHECHHM TE€OCHCTEM M KiuMara. YETKoe pas3lelieHHue JSTUX
O00BEKTOB HEOOXOAUMO JJIsi MPAaBUIBLHOM OIEHKHU TISIUANTBHON OOCTAaHOBKU U
MporHo3oB. Kputepuii MmpoAoKUTEIbHOCTH HEMPEPBIBHOTO CYILIECTBOBAHUS
MOJKET OBITh MCHOJB30BaH ISl PA3IMUYEHHUS] MajbIX JIETHUKOB M MHOTOJICTHUX
CHE)XHUKOB. Maible JIeTHUKH CyIIecTBYIOT B Ky3Henkom Anartay HENpEpbIBHO
B TEUCHHE KaK MUHUMYM HECKOJBKHX CTOJETHUMH, B TO BPEMSI KaK MHOTOJICTHHE
CHEX)KHHUKH MOTYT IOJTHOCTBIO UCYe3aTh 3a OJWH HeOmaronpusaTHeiid oy [101].

CoBpeMEHHOE KOHTHHEHTAJIBHOE OJIEACHEHUE 3EMJIM COCTOUT U3 OKOJIO
198 ThIcAY OTHENBHBIX JIEAHUKOB OOMIEH TIUIomanapio okono 726 800 kw2,
PerynspHplii MOHUTOPHHI AWHAMUKH JIEAHUKOB HEOOXOIMM, OCOOEHHO IS
PENpEe3eHTATUBHBIX PETUOHAJIBHBIX BBIOOPOK B KPYMHBIX PEUHBIX OacceiHax.
BO3MOXXHOCTM ¥ METOABl ONpPENETCHUsT JIMHUM paBHOBECUS OOBEMOB
akkymyssiun 1 abnsiuuu (ELA), cocTaBisiiolmux roJioBoi OajaHC MacChl U
anp0es0 C MCHOJB30BAHMEM JIaHHBIX JIUCTAaHIIMOHHOTO 30HIUPOBAHUS 3E€MIIH
(133) cayxat OCHOBOW [IJIsi aBTOMATHU3UPOBAHHOTO MOHHMTOPUHIA OCHOBHBIX
napaMeTpoB oJieieHeHusl. MHOrocneKkTpaibHble N300paXeHUs] BHICOKOTOPHBIX
tepputopuii co crmyTHUKOB LANDSAT 7 ETM+, TERRA u npyrux sBisrorcs B
HACTOSIIIEe BpPEMSl €IMHCTBEHHBIM HMCTOYHUKOM pEryJIIipHOM HHGpOpMAIU O
rno0ambHBIX M PETHOHAJbHBIX ~ M3MEHEHUSX  pa3MepoB  OJI€/ICHEHUS.
Tematnueckoe aemudprupoBaHUe dTUX U300paKEHUN U 00paboTKa pe3yIbTaToOB
¢ nmomotibio ['MC-TexHomoruit mo3BOJISI0T 00€CTIEUNTh TPUEMIIEMYIO TOYHOCTD
OLICHOK MHOTOJIETHEN BOJIFOLIUU OJIECHEHUS.

OcBoeHne BO3MOXKHOCTEH KOCMUYECKHX aIllapaToB U CPeACTB 00paboOTKU
JI33 cBs3aHO C peHIeHHEM TEOPETHUECKMX U TMPUKIATHBIX TpoOsieM
[JIALMOJIOTUY, TaKUX Kak Mepexo]l OT YACNbHBIX 3HAYEHUH COCTaBISIOLIUX
BOAHOTO OanaHca K OOBEMHBIM MpPU PErHOHATILHOM OIPEACICHUH OCaJKOB,
UCIIAPEHUs, CTOKa M  BOAHBIX PECYpCOB  OJEACHEHUS C  YYETOM
POCTPAHCTBEHHO-BPEMEHHON M3MEHUYMBOCTH, a TAKKE 3aBEPLICHUE CIUIOLIHOM

KaTaJOTU3aIliH OJICICHEHUs 3eMJIM U €r0 PeryJsipHbIi MonuTopuHT [105].
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JIuCTaHIIMOHHBIE  METOJIbI, TaKWe Kak MpoPUIbHOE TeopagapHOe
30HJIUPOBAHME JISl OIpPEJCICHUS TOJIIMHBI JibJa W (OpPMBI JIOKa JIEAHUKA,
COBMECTHO C pAaHHbIMH /I33, mo3BOJIAIOT Oo0Jiee TOYHO U3MEPATH OOBEM
JICIHUKOB, YE€M I10 CrienuaabHbIM Moessm [106].

JlenHUKM  ABASIOTCS  BaXHBIM ~ MCTOYHHUKOM TPECHOW  BOABI  JUIsS
[lentpanbHoli A3uu, BBICBOOOXKAash BOAY JIETOM, KOrjJa OCAJKOB MaJyo, a
NMOTPEOHOCTh B BOJIe BbICOKA. l3MeHEHHs Macchl JICTHHUKOB MOTYT OBIThH
HaIMpsMYIO CBSI3aHbI C KJIMMAaTOM U CTOKOM, B OTJIMYHME OT U3MEHEHUH TOJBKO
miomanau. B nonune Ana-Apua B Kuprusckom xpedte Ha CeBepHOM TsHB-
[[Tane neanuk momanasio ~40 km? norepsin 18,3+5,0% miomanu ¢ 1964 no
2010 rom ¢ HempepbIBHBIM COKPAIIEHHEM BO BCE HCCIEIYyEMBIE IEPUOLBI.
bananc maccel sToro jeaHuka coctaBuil -0,45+0,27 M BOJHOro >KBUBAJICHTA B
roxa 3a nepuox 1964-1999 rr. u -0,42+0,66 M BOJHOTO 3KBUBAJICHTA B I'OJ 3a
1999-2012 rr.. OOmwmii 00BEM NbJa B dTOH HoJMHE oleHuBaerca B 1,56+0,47
km® spaa B 2000 romay, m Bech JEM MoxkeT ObITh moTepstH K 2100 roay mpu
COXpaHEHUH TaKou e morepu Maccel [107].

JJIs1  CBOEBpEMEHHOW OILIEHKH COCTOSIHUSI TOPHOIO OJIEJCHEHHS U
MPOTHO3UPOBAHUS OMACHBIX TIISIIIUATBHBIX IMPOIIECCOB pa3zpaboTaHa METOJMKa
aBTOMATU3WPOBAHHOIO JeU(PUPOBAHUS JICAHUKOB IO OOUIEJOCTYNHBIM U
peryssspHo oOHOBJsieMbIM JaHHBIM JI33. [IpMHIIMI METOAMKH 3aKIt0YacTCs B
BBIJICJICHUM TPAHUI] YUCTOTO M 3aMOPEHEHHOTO JibAa. ['paHuIlbl YKCTOTO JibAa
BBIZICJISIIOTCSL HAa OCHOBE MeETOJa COOTHOIICHMS KaHalioB. BrijgencHue
3aMOPEHEHHOTO JIbJJa OCHOBAHO Ha BBISBJICHUU KA4Y€CTBEHHBIX CBOMCTB
JICTHUKOB, TaKWX Kak JIBIDKEHHUE M (opma B IUI1aHe. J|0CTOBEpHOCTh TpaHUIL
JICTHUKOB, MOJTYYEHHBIX C TTIOMOIIBI0O aBTOMATU3UPOBAHHOTO e (pprupoBaHus,
OIICHUBAJIaCh MYTEM CPABHEHUSI C OIMYyOJMKOBAHHBIMU KaTaJloraMu JICTHUKOB
IUIA ~ WCCIENYyEeMOM  TEpPUTOPUU.  YCTAHOBJIEHO,  4YTO  PE3YJIbTAThI
aBTOMATH3UPOBAHHOIO JICIIH(PPUPOBAHUS COMOCTABUMBI C KaTaJloraMd Kak Ha
KaueCTBEHHOM YypoBHE (OOlIMe ouepTaHusi TpaHUll, MOJoKeHue (QpoHTa

JETHUKA), TaK W Ha KOJWYECTBEHHOM (CXOXKHM€ 3HA4YCHUsS IUIOIIAJEeH U
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norpentHoctei). TouHOCTh JemupUpoOBaHUs 3aMOPEHEHHBIX YYaCTKOB BBIIIIE,
YyeM TOpd  BU3YaJIbHOM  J€MIM(PpPUPOBAHUHU, TOCKOJIBKY  OTCYTCTBYET
CyObEeKTHBHAs OIIEHKA IIPU UHTEPIPETAIUU.

[IpenmyiectBoM MeTo10B J[33 sIBIsieTCS BBIABIEHUE OCHOBHOI'O CBOMCTBA
JeIHUKa — JABWXKEeHHs. Takasg MeToAuKa akTyajlbHa W BOCTpeOOBaHA IS
ONPEAEICHUS] TPAHULl JICAHUKOB M MOHHUTOPHUHTA HMX COCTOSIHHSI C LEJIBIO
MPEAYNPEKICHHS OMACHBIX IIISIHAATBHBIX IIPOLIECCOB.

PerynsipHblii MOHUTOPUHI JWHAMHKA HEOOXOIHMM, €CJIM HE [JIsi BCel
re€HepalbHON COBOKYIIHOCTH, TO, IO KpaWHEN Mepe, Uil PEnpe3eHTATHUBHBIX
PErHOHANIbHBIX BBHIOOPOK JICIHUKOB B HanbOoJee KPYIHBIX PEYHBIX OacceiHax.
BO3MOXXHOCTH ¥ METOABI OMNPENENCHUS JIMHUM pPaBHOBECHUS, OOBEMOB
aKKyMYJISIIMKA W a0JIAlMK, COCTABJISIONIMX TOJAOBOW OanaHCc Macchl U anb0Oeno
CIIy’)KaT pPEAJbHOW OCHOBOM Il aBTOMATU3UPOBAHHOTO MOHMTOPHHIA pslia
OCHOBHBIX TMapaMeTpoOB OJIEACHEHUA. MHOIOCIEKTPaIbHbIE HN300paKeHUs
BBICOKOTOPHBIX TEPPUTOPHUH, MTonydaeMmblie co criyTHUKOB LANDSAT 7 ETM+,
TERRA wu npyrux, sSBISIOTCS B HACTOSIIEE BPEMS €IMHCTBEHHBIM HNCTOYHUKOM
peryisipHoli uHGOpMAIMK O TJIOOAIBHBIX W PETHOHATBHBIX W3MEHEHHSIX
pa3mepoB osteneHenwus [108].

[IpodgunbHO-TIIOMaAHAS ~ METOJMKA  CIYTHUKOBOTO  30HIMPOBAHMS
OCTPOBHBIX JIEAHUKOB Poccuiickoro 3anoysipbsi, MO3BOJIMBINAS MOJIYYUTH
KOJIMYECTBEHHBIE W KA4YEeCTBEHHBIC OILICHKW HM3MEHEHUU 00bhEMa, pexuma u
Oamanca Macchl JIeAHUKOB. Pe3ynbrarel odopMmiieHBI B BHJIE CEpUHU
CpEeIHEeMAaCIITA0HBIX TEeMaTUYeCKUX KapT. IIpoBenéHHbIE UCCIIEIOBaHUS
MO3BOJIWIIM YCTAHOBUTH CYILECTBOBAHME PACTYILMX JIEAHUKOB Ha (poHe o01ero
OTPHUIIATEILHOTO XapakTepa M3MEHEHHH o0BhEMa, pekruma U OanaHca MacChl
nenHukoB Poccuiickoro 3amnonsipbs. J[Jisi J€ASHBIX MIANOK HAKOIUJICHHWE JIbJa
MPUYPOYEHO K BEPIIMHAM, B TO BpeMs KaK TIOHWXEHHE TOBEPXHOCTH
NpUypOYEHO K MUHMMAJIbHBIM BbicoTam [109].

[Togxonel nemmdpupoBaHus JEAHUKOB FOro-3amnaaHoro ['uccapo-Aunas,

pacloJIOKEHHBIX B TIpelenax TEeppUTOpUU  Y30€KHCcTaHa, Ha OCHOBE
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WCIIOJIB30BaHUs Pa3HOBPEMEHHBIX KOCMHMYECKMX CHHUMKOB Landsat. Jlns
UISHTU(PUKAIIMK JISTHUKOB OBLIM KCIOJIb30BaHBl aBTOMATUYECKUH METOJ
YOpaBIsIeMOr  KJIacCU(UKAIMK, TOJYyaBTOMATHYECKHH METOJ  OTHOIICHHS
KaHaJOB W  BUBYAJIBHO-PYYHOM  METOJ  OKOHTYPHUBAaHHS  JICTHUKOB.
ABTOMATHU3UPOBAHHBIE METOJIbI TMO3BOJSIIOT OBICTPO BBISIBUTH TEHACHIUIO
W3MEHEHHUS IUIONIAAN OJICICHEHUs, HO JUIsl aHalin3a MOBEACHUS KaXKJIOro
JIeTHUKA HE00X0IMMO HCII0JIb30BaTh BU3yaJIbHO-PYYHOMN METOJI
UACHTU(GUKAIIMY TPAHWI] HA CIIYTHUKOBBIX JAHHBIX BBICOKOTO Pa3peIICHUS
[110].

[IpuBenEnHbie UCCIEIOBAHUS IEMOHCTPUPYIOT MACIITAOHYIO JErpaallrio
JIEIHUKOB B pa3/IMYHbIX peruoHax. Jlemnuk AnmOek Ha 3amagHom KaBkase c
cepequnbl XIX Beka cokpaTuiics B JIMHY Ha 650 M, o miomaau Ha 0,67 kM2, a
BBICOTA €r0 KOoHIa noBbicunack Ha 110 M. Ha ropaom maccuBe Mynky-Capasik
(Bocrounsni Casn) nepnuk Pamne 3a 120 ner morepsin 0,31 xM? momany u
yMmeHbiwics B JuuHy ¢ 1 g0 0,4 kM, a ero 00bEM cokparuics B 3 pa3a. Ha
MaccuBe MyHky-Capasik u xpedte Kapnbikrar (Boctounsiii Tsiab-I1lanb)
JEJHUKU COKpPATUIIMCh, HO C Pa3HOW CKOPOCTHbIO, MPU 3TOM OTMEUYAIIUCh
aHomasibHble yBenmueHus B 2013 u 2021 romax [102, 111]. CocraBnenue 6a3
JIAHHBIX JISAHUKOB, TaKMX Kak Ha miato [lyropana, BaxXHO IJIsI OTCJICKUBAHUS
UX IWHAMHKH, KOTOpas IMOKa3bIBaeT OOINYI0 TEHACHIUIO cOokparieHus [112].
[Tocne xatactpodsr 2002 rona s3bik gegnuka Konka (KaBkas) 3a 2014-2017 rr.
MPOBUHYJICS BHU3 110 gonuHe Ha 50-70 M, a ero 00bEM yBenmuumiics Ha 7,4 + 1
MiaH. ky0. M [113]. Ha apxumenare HoBas 3emist cpemnHeromoBas CKOPOCTH
orctynanus jeaHukoB B 2001-2015 rr. ynpownack no cpaBaenuto ¢ 1959-2001
rogamu, a B 2016 roay m3-3a aHOMaIbHOM Kaphbl JICIHUKU MOTEPSIIN MIIOLIATU B
3 paza Oombie cpenHerogoBoil HopMbl [114]. Takum o6Gpa3zoM, pUBEIEHHBIC
MPUMEPHl  CBUJICTECIILCTBYIOT O 3HAYUTEIILHOM COKpAIleHWU JISTHUKOB B
pa3JIMUHbIX pernoHax Mupa 3a nociieTHUE JECATUIETHS U CTOJIETHS.

['eone3nyeckue  HAOMIOJEHUST M IPUMEHEHHE  JAUCTaHIIMOHHOIO

SOHAUPOBAHUA [IJIS1I HU3YUCHUA IUHAMHUKHU JICAHUKOB B PA3JIMYHBIX TOPHBIX
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pernoHax Mupa TO3BOJIIET TOJy4YaTh TOYHBIC JaHHBIE 00 M3MEHEHUSIX
IO M 00hEMA JICAHUKOB B CBSI3M C M3MEHEHHEM Kimmara. KoMriekcHoe
WCITOJIb30BAaHUE HA3EMHBIX W CIYTHUKOBBIX METOIOB OOecleuuBaeT OanaHc
MEXJy TOYHOCTBbIO, TPOU3BOAUTEILHOCTEIO M 0€30MacHOCTHIO  TMPH
uccnenoBanun JienHukoB [115]. IlpuMeHeHne OECHUIOTHBIX aBHAIMOHHBIX
CUCTEM W TeOMH(GOPMAIMOHHBIX TEXHOJOTHUH TMEPCIEKTHBHO I HW3yYCHHUS
JTUHAMUYECKUX XapaKTepUCTUK JeAHukoB [116]. JlaHHBIE IUCTAHIIMOHHOTO
30HIUPOBAHUS u porIIbHO-TIIOMAAHAS METOIUKA ITO3BOJISIOT
KapTorpadgupoBaTh ¥ KOJUICCTBEHHO OLICHUBATh U3MCHEHHS oyeneHeHus [117].
Ha mpumepe nenHuka AnmOeKk IOKa3zaHa KOPPEISIIUS MEXIY ITOBBIIIIEHUEM
TEMITepaTypbl U yMCHBIICHUEM IUIONIAIN JICIHUKA, a Takke 3(PQPEeKTHBHOCTH
uHaekca NDSI gms maTepmperanuu kocMocHuMkoB [102]. HaGmromarorcs
3HAUYUTENIbHBIE COKpAIICHUs Tulomaned M o0bEMOB JsienHUKOB Ha (CeBepo-
Bocroke Poccum B mocnmemnue mecsatmneTus, ocooeHHo Ha JlanpHeM BocTtoke,
BciencTeue pocra temmeparyp [107,118]. HMsmenenue Termomnpuxoa,
OTPa)KaeMo€ CPEJIHEIIECTHEN TeMIlepaTypoi, OKa3bIBaeT HAMOOJIbIIIEE BIUSIHUE Ha
JUHAMMKY JICIHUKOB, YTO HOATBEPKIACTCS JaHHBIMHU 110 JeAHUKY Tommu [119].

CucremMaThyeckoe  HAOIONCHHWE  JICAHUKOB € HMCIOJIb30BAaHHUEM
KOMOWHAIIMA HA3eMHBIX M  CIyTHUKOBBIX METOJOB HEOOXOAMMO IS
MIPOTHO3UPOBAHUS OYyIyIIUX H3MCHCHUH OJISICHCHUS M CBSA3aHHBIX C HUMH
THIPOJIOTHYECKUX MPOIIECCOB.

1.5 CoBpemMeHHbIE METOIbI HA3€MHOI'0 M3y4Y€eHHsI U TUCTAHIIUOHHOTO

30HIUPOBAHUS TOPHBIX JIETHUKOB

OCHOBHBIC ~ METOJNBI ~ WM3YYEHUS TOPHBIX  JICAHUKOB  BKJIFOYAIOT:
re0JIC3NUECKYI0 CBhEMKY [UJII W3MEPEHHs] U3MEHEHHH 00béMa | IUIOMIAAH
JeNHNKaA, OypeHHE JIbJia IS aHaJu3a €ro CTPYKTYpPhl M COCTaBa, M3MEPCHHE
CKOPOCTH JIBWDKCHHS JIeAHWKa C Tomombio GPS-matunkoB, CIyTHHUKOBYIO
ChEMKY JJII MOHUTOPUHTA U3MEHEHUH TUIOIAAN JISTHUKA, a9pO(POTOCHEMKY IS
CO3MaHMS JICTAIBHBIX KapT TIOBEPXHOCTH, JHJAAPHOE CKAHHPOBAHWE JIS

MOCTPOEHUsI  TPEXMEPHBIX  Mojenedl  penbeda,  pagroIOKAIMOHHOE
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30HIUPOBAHWE  JJIA  ONPENEJCHHs  TOJIIMHBI  JIbAa,  CelcCMUYecKoe
npoduipoBaHue ISl U3YUYEHUsI BHYTPEHHEU CTPYKTYpbI JICAHUKA, U3MEPEHHE
OalaHca Macchl JIeIHUKA (HAKOIJICHUE U TasHUE), aHalIU3 JIEAHUKOBOTO CTOKA U
XUMHUYECKOTO COCTaBa TAJIbIX BOJ, aHAIM3 JICAHUKOBBIX KEPHOB JIJISi MU3yUEHUS
najeokiiuMara, CO3JaHhE MaTEeMaTUYEeCKUX MOJENeH JIUHAMUKU JICTHUKOB,
MPOTHO3WUPOBaHUE OYAYIINX N3MEHEHUN Ha OCHOBE KJIMMATHYECKUX CIICHAPHCB.

IToneBBbIe HCcCIe10BAHUSA

OCHOBHBIM U CaMbIM BaXHbIM B MCCJIEIOBAaHUU JICAHUKOB SIBISIOTCS
NoJIeBbIe (IKCIEIUIIMOHHBIE) HAOMIOIEHUS, 3TO TO3BOJISIET MOJydaTh Haubosee
TOYHBIC JaHHBIE O TEKYIIEM COCTOSHUHU JIEIHUKOB, CIOCOOCTByIOIIUE Oojiee
rIyOOKO BHUKHYTh B TIPOIIECCHI, MPOUCXOJAIIME Ha JeaHukax. IloneBbie
UCCIICIOBAHUSI TIO3BOJISIFOT ONPENEIUTh TOJIIMHY JIEAHHKA, JUHAMHKY €ro
TassHUSI ¥ TMOBEPXHOCTHOE JIBM)KEHHUE, UTO JA€T BO3MOXKHOCTH 0O0Jee TOYHO
ONPENICNIUTh €r0 HBIHEITHEE COCTOSTHUE U CIIPOTHO3UPOBATb.

OmHuM U3 BaXHBIX NApaMETPOB JIEAHHWKA SBIETCS €ro TOJIIWHA,
UCIIOJIB3YS B OyAyllie U3MEHEHUS MOJIEBBIX UCCIEAOBAHUIX reopaaapbl, MOKHO
ONpENENUTh TOJIIWHY JIEMHUKA W €ro BHYTPEHHIOK CTPYKTypy, a MJid
OTpEeNeNICHUs] TMOBEPXHOCTHOTO pelibepa W TpaHUIl JICIHUKOB MOXKHO
UCIoabp30BaTh pasznmnuHble GPS ycTpoilicTBa M B COBOKYNHOCTH 3TH JIAHHBIE
JTaayT XapaKTepUCTUKY M CBOMCTBA JIHWKA, ATH JaHHBIE MO3BOJSIOT OoJsee
Ka4eCTBEHHO IIPOBOJMUThL JPYrUe HA3€MHBIC HCCIICIOBAHUS, HAMpuUMep IS
NpoBeIeHUs M3MepeHust OataHca Macchl jteaaukoB [120, 121].

OnHuM W3 METOJIOB HCCIICIOBAHUS JIEMHUKOB, KOTOPBIA ITOKA3bIBAET
MEXT0/JIOBYI0 HM3MEHYMBOCTh, 3Ta H3MEpeHue OajaHca macchl jeaHuka. s
ATOTO W3MEpPEHUs] HEOOXOIMMO OIpPEJCIUTh HAKOIUIGHWEe CHEera B 30HE
AKKyMYJISIIUY, TyTEM KomaHus mypda u U3BMEPEHUs ero MIOTHOCTH, a TaKXKe C
MOMOIILI0 a0JISIMOHHBIX peek ompesaensercsa ero tasHue. [locie momyueHus
JAHHBIX O HAKOIJICHUW CHEra W aOJISAIHM JIEMHUKA PAaCCUMTHIBAETCS OajaHc
Macchl. JlJis mosydeHus HauiIydlliuX pe3yJbTaToB MPOTHO3UPOBAHUS OYIyIIUX

M3MEHEHUI OajlaHca MaccChl JCAHHUKAa B KOHTCKCTC MHM3MCHCHHUA KJIMMAaTa
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UCIIOJIB3YIOTCS UMEHHO JaHHbBIC HA3€MHBIX MOJIEBBIX padot [122, 123].

JIBU>KeHUE JIeTHUKA SBIIETCS OJHOM M3 BaXXHBIX XapaKTEPUCTHUK JICAHHKA,
s e€  U3Y4YeHHA ~ TaKkKe IPUMEHSIOTCS  METOAbl  JAMCTAHIIMOHHOTO
3oHaupoBaHus. [Ipy  U3y4eHHMM  ONTHYECKUX M  MHOTOCHEKTPAIbHBIX
CIYTHUKOBBIX CHHMKOB BO3MOXKHO OIIPEIETUTh CKOPOCTh M HampaBlcHUE
JBUKCHUS JIeqHUKAa. MOXXHO Tak)Ke HCIIOJIb30BaTh HAa3eMHBbIE MapKephl s
U3YUYECHUS JBUKEHUS JICAHUKA, TPU KOMIUJIEKCHOM HCIIOJIb30BAHUU 3TUX JAHHBIX
MO’KHO TMOJIy4UTh Hanbosiee TOUYHYI0 WH(OPMAIIMIO O CKOPOCTH JIBIKEHUS U €&
HaIpaBJICHUE, YTO IMO3BOJIUT YIYUIINUTh OIICHKY Oananca Maccel [124, 125, 126].
[TpumeHsist  BblLIEyKa3aHHbIE METOJbl, MOHO IOJYYUTb BCECTOPOHHEE
NPEJCTaBICHUE O COCTOSIHMM JIGAHUKOB, YTO [JIsl TOHUMAaHHUS pEaKiuu
JI€IHUKOB HAa U3MEHEHUS KIMMaTa OY€Hb BaXHO.

JlucTaHIMOHHOE 30HAUPOBAHUE 3eMJIH

Ha cerogusimHuii eHb OAHUM M3 BAXKHBIX METO/AOB, MPUMEHSIEMBIX B
U3YYECHUU JICAHUKOB, SIBIISIETCS JWCTAHIMOHHOE 30HAMPOBAHME, TaK KaK 3TOT
METOJI TO3BOJSET 3a KOPOTKHW TEpHOoJ MpOoaHAIM3HPOBATh MHOTOJIETHHE
U3MEHEHUS B JIEAHUKAX HCIOJb3Ysl Pa3HOBPEMEHHBIE CITyTHUKOBBIE CHHMKH, a
TaKkK€ TMPOBOJUT MOHHTOPHHT B  TPYAHOJOCTYMHBIX  BBICOKOTOPHBIX
MECTHOCTSIX.

Hcnonp3ys CIyTHUKOBBIE CHHUMKH BBICOKOTO pa3pelieHUs, HarpuMmep
Sentinel-2 ¢ paspemennem m0 10 MeTpoB, MOXHO NPOBOAMTH ONUMPOBKY
KOHTYPOB JIETHUKOB, a TaK)X€ IMPOCIHEAUTh 3a AMHAMHUKOM S3bIKOBOW YacTH
JeIHWKA TpU OTCTYIUIBHMM WM nyiabcamuud. OAHMUM M3  OCHOBHBIX
NPEUMYIIECTB HCIIOJNIb30BaHUS JAHHOTO METO/Aa SBIISCTCS WCCIICIOBAHMS
JeIHUKOB B TPYIHOJIOCTYIHBIX MeCTaX, TIJl€ TPaaUIUOHHbIE METOMAbI
UCCIICIOBaHMsI HEJOCTYIHBI OCOOCHHO Ha KpPYMHBIX JIEAHHUKAX, HampuMep
nenuuk Tampkukucrad, Mensexuil, OKTSIOpbCKMH W Jpyrux MOJ0OHBIX
JeTHUKAX.

Hcnone3ysi CIyTHUKOBBIE CHHMKH pPa3HBIX TOAOB, AaET BO3MOXKHOCTH

INpOBOJUTh H3MCPCHHC JHHAMHKH ILIOIODAAW JICIHHKOB 0e3 Ha3zeMHBIX
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M3BICKAHUM YTO 3HAYWTENBHO YIpOIar paboTy M YMEHbBIIAET 3aTpaThl
MO3BOJISIA  MPOBOAUTH  W3MEPEHUE  JUHAMUKH  JIGAHUKOB, JaXe B
TPYAHOJIOCTYIIHBIX BBICOKOTOPHBIX paiioHax oJeaeHenus. HccnenoBaHus
JETHUKOB C TMPUMEHEHHUEM CIYTHUKOBBIX CHUMKOB HE OTpPaHUYMBACTCS
TOPHBIMU JICTHUKAMH, TTOJT0OHBIC METOJIBI MPUMEHSIOTCS M JUIsl UCCIEIOBAHUS
JIEJHUKOBBIX IMUTOB B APKTHUKE U AHTapKTHJIE.

Hcnonb30BaHWE METOJI0OB IUCTAHIIMOHHOTO 30HIUPOBAHUS C TPUMEHECHUEM
CIyTHUKOBBIX ~CHHMKOB TIIO3BOJISIET  PACUIUMPATh TPAHUIBI  MOHUMAHUS
MPOUCXOAIINX TPOIIECCOB HA JIEAHUKAX U TPOBOJUT MapajlIein ¢ U3MEHEHUEM
KJIUMaTa JJis JIy4lIero MOHUMaHHUs OYJIYIIEro COCTOSHUS BOJHBIX PECypPCOB.
[127, 128]

Hpyrum metogom [I33 sBisieTcss TPUMEHEHHE PaIUdOJOKAIlMOHHBIX H
JUJAPHBIX TEXHOJOTHUM, KOTOPBIC SIBJISIIOTCS BaXKHBIMH B U3YUEHUU CTPYKTYPHI
JIETHUKA, OMPEAECICHUE BHYTPEHHETO CTPOCHUS JIEAHWKA, JIOKa HAa KOTOPOH
pacnoJiaraeTcs JeAHUKA SIBJIAIOTCS BaXHBIMU ISl IPOTHO3UPOBAHUS OBEICHUS
JIETHUKOB. PamnosiokanmoHHbIE TEXHOJOTHH KOTOPbHIE MO3BOJIAIOT OMPEICIUTh
TOJNIIMHY M TOJ3E€MHBIA peibed JICTHUKOB IMO3BOJISET ¢ BBICOKOM TOYHOCTHIO
OMpeeuTh O0BEM JIETHUKA, TAKOW METOJI KOHEUHO K€ TPYAHO MPUMEHUTH KO
BCEM  CYIIECTBYIOIIMM  JIEMHUKA  OJIHAKO  O3TOT  METOJ  MO3BOJISIET
CKOPPEKTHUPOBATh  MHOTOYHCIICHHBIE MOJEIM W (GOPMYJIBI  KOTOpPBIC
npeaHa3HauYeHBI JJIsl ONpe/iesieHUs] 00bEMa JISTHUKOB B OOJIBIIMX JICTHUKOBBIX
OacceifHax, Takke YTOYHEHHBIC JHaHHBIC MO3BOJISIOT HamOOJee TOYHO OICHUTH
3amachl MPECHOM BOJIBI B JeHUKAX [129].

WNHTterpupoBanue pa3audyHbIX MeToAoB J[33 B ucciegoBaHus JI€AHUKOB
MO3BOJIIET  TOJYYUT  KOMIUIEKCHBbIE  MMapameTpbl  JIEAHUKOB, KOTOpBIE
HE00X0 MBI [T (DyHIaMEHTAIbHBIX HccienoBanuil teaHukos [130].

MopeaupoBaHue JeJHUKOB

B ycnoBusix n3MeHeHus1 KJiMMaTa MOJEIUPOBAHUE UTPAET KIIFOYEBYIO POJIb
B TMPOTHO3UPOBAHUM TIOBEJICHUS JIEJHUKOB, TaK KaK 9TO HEOOXOAMMO Jis

ITIOHMMaHUA 6y/:[y1uer0 COCTOAHUA JICAHUKOB. DTO MOHUMAaHHE HGO6XOI{I/IMO JJIA
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MPOBEACHUS ANANTAlUOHHBIX MEpP, TaK KAK JIEAHUKUA UTPAOT OYEHb BaKHYIO
pOJIb B PETHOHAX, T/I€ B BETE€TALIMOHHBIN IEPUOJ] CTOK PEK 3aBUCUT OT JIEITHUKOB.
B MozennpoBaHWM JEJHUKOB YYMTBHIBAKOTCS TAKWE BAXKHBIE MAPAMETPHI Kak
TeMIiepaTypa BO3/AyXa, OCaJKH, Tomorpagusi MECTHOCTH U (PU3UUYECKHE
CBOICTBA JICIHUKA. B 3aBUCMMOCTH OT KJIMMATHYECKUX CLUEHAPUEB BO3MOKHO
CIPOTHO3MPOBATh IMOBEACHWE TWHAMHKH M 3BOJIONWH JieaHukoB [131, 132].
Hpyroii o4deHb BaXHBIH (HAKTOp, KOTOPBIM TpeOyeT MOACIMPOBAHUS 3TO
JBIDKEHUE JICTHUKA, TO €CTh MPOIIECCHI, MPU KOTOPHIX MPOUCXOIUT AePOopMaIIHs
U TEYEeHHE JICJAHHKA. OTH MPOIECChl OCHOBAaHbI Ha (PU3MYECKUX 3aKOHAX,
KOTOpBIE OINKCHIBAIOT MOBEJICHUE JIEAHUKA IOJl BO3ICHCTBUEM TIpaBUTAIUU U
JIPYTUX CHUJI, KOTOPBIE BJIMSIOT HA 3TU MPOLECCHl. J[aHHbIE MOJENIH SBIISIIOTCS
TaKXe€ BAKHBIMH, TaK KaK MOMOTalOT B MOHMMAaHUW PEarupoBaHUs JICIHUKA HA
VM3MCHSIONIMUCS KIMMAT W KaK 3T JICIHUKHU BIUSIOT HAa OKPYXKAIOUIYIO0 Cpexy
[133, 134].

OnHYM U3 BaXKHBIX aCIEKTOB IMPU MOAECIHPOBAHUU SIBISICTCS ONPEACIICHUE
KOJIMYECTBa BOJbI BHICBOOOXKIAIOUIEHCS TpPU TasHUM JICIHUKOB, MPOBEJICHUE
MOJOOHBIX MOJCIUPOBAHUN OYEHb BAXKHO ISl OMPENETICHHUS JOJIM TaJlou
JIETHUKOBOW BOJIBI B PEYHOM CTOKE M BKJIaJa TasHUS JICIHUKOB B TMOBBIIICHUE
YPOBHSI MUPOBOI'O OKeaHa. J[Jsi 3TOro mpUMEHSIoTCs MOJeau OajlaHca Macchl
JIEHUKOB, KOTOPbIE YUUTHIBAIOT HAKOIUJIEHUE CHEra W TasHUE JbJa. Tak Kak B
COBPEMEHHOM MUpPE HaOUpaeT MOMYJISIPHOCTh UCII0JIb30BAHUE MOJCIUPOBAHUS B
YOPaBJICHUH PEYHBIMH CHUCTEMaMH, MOJEIHU CTAHOBATCS 0O0Jiee CIOKHBIMU U
TOYHBIMUA. COBPEMEHHBIC MOJIEIH YUYUTHIBAIOT PErHOHAJIbHBIE OCOOEHHOCTH U
MPOTHOZUPYIOT ISl OT/ACJIBHBIX JICAHUKOBBIX CHCTEM, YTO OUYCHb YJIOOHO MJIs
pa3HOOOpa3HBIX TOPHBIX CHUCTEM, TNI€ PACIOJIOXKEHBI JEAHUKUA. ITO OYECHBb
BAXHO, TaK KaK B PA3JIMYHBIX PETMOHAX BKJIAJ TajoOW JIETHUKOBOW BOJIbI B
PEUYHBIX CHCTEMAX OCYIIECTBISAETCS MO-pasHOMY. OuUeHb BaXXHBIM aclEKTOM B
MOJICIMPOBAHUU  SABJISICTCS TIOHMMAaHUE HEONPEAEIEHHOCTH, COBPEMEHHBIE
UCCJIeIOBATENN TaKXe paboTaroT Haj €€ yhydnieHueM. J[Jig 3Toro Heo6XoaumMo

[MpOoaHAJIU3UPOBATE MHOKCCTBO PA3JIMYHBIX HeOHpeHeHeHHOCTeﬁ " OIIPCACIINTD
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WX BIIMSHUE HA TPOTHO3bL. DTOT MOAXOJ IMOMOTaeT yBEJIWYUTh TOYHOCTh H
Ka4eCTBO MOJEJICH TPU MPOTHO3WPOBAHWM HM3MEHEHHUs JienHukoB [131, 135,
136].

XuMH4YeCKHe H H30TOIMHBIE HCCJIeT0BAHUS

OmHUM W3 BaXHBIX HAMNPABICHUN MJI1 W3YyYCHHs] KIMMaTa B IPOIIJIOM
SBJITFOTCS. XMUMHYECKHE ¥ W30TOIMHBIE WCCICIOBAHUS JICASHBIX KEPHOB C
JICTHUKOB, ATH UCCIICIOBAHMS TAKKE€ BaKHBI JIJI ONPEJIeTICHUs] aHTPOTIOTEHHOTO
BO3JICHCTBHSI HA OKPYXKAIOIIYIO Cpeay W JeAHWKU. V3ydas JeasHble KEpHHI,
MOHO TPOBOJUTh PEKOHCTPYKIUIO KJIMMara B TPOLLJIOM U OMNPEACIUTh
UCTOPHIO HAKOIUICHUS CHera B JieqHuKax. Takue yuéHele, kak Dansgaard [137]
MIPOBEJIA MICCIICIOBAHUS M 3QJIOKIIA OCHOBY JIJISl MCITOJIB30BAaHUS CTaOMIIBHBIX
H30TOIOB B CHEXHBIX M JICJAOBBIX KEpHAX KaK HMHJMKATOPOB KIMMATHUYECKUX
W3MCHCHUM.

[IpoBeneHre M30TOMHOTO aHAJIM3a IMO3BOJISAET, U3YUHT JICASHBIC KEPHBI U
OMpENeIUTh B HUX THICSIYCIICTHIO HCTOPHUIO KJIMMAaTa, COOTHOIICHUE
CTaOMJIBHBIX W30TOIOB KHCJIOPOJa W BOJIOPOJA BO JIbAY JAFOT BO3MOXKHOCTH
OMPENCIIUTh TEMIIEPATypy BIAKHOCTh M HMCTOYHHK aTMOC(EpHOM BiIaru B
MPOIIJIOM. DTOT METOJ IMIMPOKO NMPUMEHSETCS B MCCIICIOBAHUS JICAHUKOB, IO
BCEMY MHPY HauWHAs C JICAHUKOBBIX IIWTOB B [ peHnananu U AHTapKTHIBI,
3aKaH4YMBass B TOPHBIX JICTHUKOBBIX cuctemax Ilamupa m Tsaup-llans [137,
138].

[Ipy u3ydyeHHMH XHUMHYECKOTO COCTaBa JIGAHUKOB, OTKPBIBACTCS
BO3MOXXHOCTh M3YUYCHHS BO3AYIIHBIX ITOTOKOB M IEPEMEICHUE 3arpsSI3HSIONINX
BEIIIECTB 110 BceMy MHUpY. Tak Kak Ha JIeTHUKaX OCeAar0T YaCTHIIbI MU, TIPH UX
U3YYCHUU MOXKHO OIPEICIUTh BIUSHUE AaHTPONOTEHHBIX BO3JEHCTBUN Ha
3arpsi3HEHHE BO3/IyXa. Pe3ynbTaThl MOAOOHBIX UCCIICIOBAHUNA MTOKA3BIBAIOT, UYTO
TUHAMUKA U3MEHEHUS TSDKEIBIX METAUIOB M JPYTHX, 3arpsI3HSIONINX BEIICCTB
HE BCErJa pPYKOTBOPHA YeEJIOBEKOM. BcTpewaioTcs MOMEHTBHI, B KOTOPBIX
JIOKA3aHO 4YTO 3arps3HEHHWE BO3AyXa TakKKe MOXKET OBITh IPUPOJIHBIM.

HOI[06HI)IC HCCJICAOBAHUs BaXXHBI MJIA IIOHHMMAHHA H OLCHKH BOBI[CﬁCTBHH
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yelioBeKa Ha NpUpOAY W Ui JIydllero noHuManus Oyaymiero. IlogoOHbie
MCCIIEIOBAHUS MPOBOAWINCH B ['pEHIIaHINM, KOTOPBIE IMO3BOJIMI OMNPENEIIUTH
KaK aHTPONOTEHHbBIE, TAK U MIPUPOJIHBIC UCTOYHUKH 3arPSI3HSIONINX BEIIECTB.

IManeorassuooruyecKui MeToa uccjaeI0BaHum

[Taneornsuuosiorust JaET HaM BO3MOXKHOCTb H3YYHUTh ThICSYEIETHIOK
UCTOPUIO JIPEBHETO OJIEICHEHUs W €€ JMHAMHUKy. KaMmeHHble BallyHBbI
CKATBIBAIOTCSI C BEPIIMH TOpP Ha JIEAHUK W TpPU JABWKECHUM JIEIHUKA
HAKaIlJIMBAIOTCS y OOKOBBIX CTOPOH U (DpOHTAIBHOW YacCTH JIETHHUKA, CO37aBast
TEM CaMblM MOPEHOE OTJIOKEHHE. 32 MHOTHE ThICSYENIeTUsS ObLJIO HECKOJIBKO
ATAIOB MOTEIUICHUS U TOXOJO0/IaHMs KJIIMMAaTa U 3TO MOKHO YBHUJIETh HAa IPEBHUX
U COBPEMEHHBIX MOPEHBIX OTJIOXKECHUSX, TPAHUIIBI KOTOPBIX YETKO pa3JIeJCHBI.
VIMEHHO 3TH OTJIOKEHHUS M PACCKA3bIBAIOT O MPOUUIOM JIEAHUKA U SBISIOTCS
00BEKTaMU JIJISl KCCIICAOBAHNI UCTOpHH JieAHUKOB [141, 142].

[Taneornsuuoiorusi Mo3BOJISIET HAM JIaTUPOBATh MOPEHBIE OTJIOKEHUS H
TOT 4TO (haKT YTO OOBIYHO MUMEIOTCS MOPEHBIC OTJIOKEHHUS PA3HBIX BPEMEHHBIX
NIEPUOJIOB, 3TO MO3BOJIAECT ONPEACIUTh BPEMsI HAKOIUIEHUS KaKJIO0M U3 MOpPEH.
TeM caMbIM MOYHO MOJIy4a€M XPOHOJOTHIO NWHAMUKHU JIEAHUKA C JaTaMU OT
MOPEHBIX OTJIOXKEHUH 32 MHOTHE ThICSUENETHS. B maneorisiuonorun uMeroTcs
pa3HbIe METOJbl MPOBEICHUS UCCIEIOBAHWM M OCHOBHBIMHU W3 HUX SIBIISIOTCS
paguoyriaepolHOE  JaTUPOBAHUE,  KOTOPBIA  MO3BOJISIET  ONPEACIUTh
oprannyeckue marepuaibl Bo3pactoM a0 50000 ner, u aHanu3 KOCMOTE€HHBIX
M30TOMNOB IO3BOJSIIOIIMNA  ONPENEIUTh BO3PACT TOPHBIX IOPOJ, KOTOpBIE
MOABEPTraJIICh MHOTOJIETHUMU KOCMHUYECKUMH U3TyYCHUSIMU.

N3 3a peakuuu JeAHUKOB Ha W3MEHEHUE KIMMAaTa, IMPOBEACHHE
MOJICOTJISIIUOJIOTUUECKUX HCCIEA0OBAHUN TO3BOJISIET, MOJYYUT HUCTOPUYECKUE
JaHHbIE O JWHAMUKE JIJHUKOB C OTHOCHUTEJIIBHO TOYHBIM BpPEMEHU HX
OTCTYIUICHHS a TaK)Xe€ MPUBSI3aTh 3TH JaHHbIE K KIMMATHYECKUM U3MEHEHUSIM,
YTO TMO3BOJIUTh MPOBOJUTH PEKOHCTPYKUHIO THICAYETETHEW HCTOPUM KJIMMAaTa
Ha 3emuie [141-144].

Nudopmaruss o MNPOIUIOM JEAHUKOB OYCHb Ba)KHA JUIS IOHHMMAaHUS
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OyIylIero COCTOSIHUSA JIEAHUKOB, TaK KaK JWHAMHUKA JIEHUKOB HMEET
TBICSYEIIETHIOIO MCTOPUIO U TOJICOTJISIHUOJIOTHYECKUE METOJbl UCCIEA0BaHUN
MO3BOJISIFOT MTPOBOJUT MAPAIUICIIH MEXAY NUHAMHUKOW JIEAHUKOB U U3MEHEHHUEM
KJIMMata. OTO CHOCOOCTBYET MPHUHATUIO CTPATETHYECKUX PpEIIECHUN IS
OyayIero moJib30BaHUSI BOJIHBIX PECYPCOB, UTO SIBJSETCS OCHOBHBIM (PaKTOpOM
WCCIIEIOBAHUS JIETHUKOB.

B nanHOli paboTe OBUIM HUCIOJNB30BAHBI METOABl JUCTAHIIMOHHOTO
30HJAUPOBAHMS, KOTOPBHIE TMO3BOJIMJIM OIPEACIUTh COCTOSIHHUS OJICICHEHUS
OacceitHa o3epa XO0BapKyJib U ONPEIEIUTh U3MEHEHUE TUIOIIAAN OJICICHEHMUS.
Jlnst ompeneneHus MEXIroJ0BOTO COCTOSIHHS JICTHUKOB OBLIM HCIIOJIb30BAHBI
[JISIAOJIOTUYECKUE  METONbl  JIJIi  M3MEpeHMs OajmaHca Macchl U e
MOJEIUPOBAHUSI.

1.6. Ob6ocHoBaHMe BbIOOPA 00bEKTA MCCIEA0OBAHUI

AHanu3 HUMEIIUXCS HWCTOYHUKOB CBUAECTEIBCTBYET, 4YTO BOCTOUYHBIN
[TamMup Ha TaHHBIA MOMEHT OCTAETCS O€JIBIM MSATHOM B IJISIIMOJIOTHH, TaK KaK Ha
JaHHOW  Tepputopurd  (yHIAaMEHTAIbHBIE HUCCICAOBAHUS  JISTHUKOB HE
npoBoauiInChk. [IpoBenenre u3mepeHus: O6anaHca mMacchl JEAHUKOB Ha JAHHOM
TEPPUTOPUM OTKPHIBAET MHUPOBOMY HAYYHOMY COOOIIECTBY MOHUMAHHUE O
KJIMMaTUYECKUX TMPOIECcCaX, KOTOPhIE TMPOUCXOISAT HAa  BBICOKOTOPHBIX
tepputopusix. Boctounsni [lamup yHukanen mo cBoemy reorpadudecKkoMy
MOJIOKEHUIO Y KIIMMAaTHUYECKOMY XapaKTepy, HECMOTPSl Ha TO, YTO HA JTAHHOMU
TEPPUTOPUM  BBIMAJA€T OYEHb MaJ0 aTMOC(EPHBIX  OCAIKOB, 37ECh
pacmoyioKeHbl  OOJIbIlIME JISAHUKHA JJIuHOM Oonee 15 kuiomerpoB. B
COBOKYITHOCTU BC€ 3THU (haKThl MPUBJICKAIOT BHUMAaHUE MHPOBBIX YUYEHBIX K
mpolieccam, MPOUCXOAAIINX B Kpuochepe TaHHOW TEPPUTOPHH.

YuuTbiBas BBIIEYKA3aHHYI) CHUTYallMiO, OBLJIO TIPUHATO PEIICHUE
npoBoauTh Ha Bocrounom Ilamupe B OacceitHe o3epa XOBapKyJib
byHIaMEHTAIbHBIE MCCIICIOBAHUS, B TOM YHCIIE M U3MEpPEeHHUE OajlaHca MacCCh
nequauka Nel39 (Bocrounslit 3yamapT) 1j1s onpeiesieHusl TMHAMUKH JISHUKA B

YCJIOBUAX U3MCHANOUICTOCA KJIMMATaA. OcobenHocT BI)I60pa JaHHOI'O JICAHHNKA
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3aKJIOYAIOTCA B TOM YTO, HE KaXJIbId JIEAHUK IO CBOMM XapaKTEPUCTHKAM H
JIOCTYITHOCTH TIOJIXOJUT JIJISl IOCTOSIHHBIX HaOmoaeHui, a tequuk Nel39 Obut
BbIOpaH UW3-3a CBOEM  YHUKAJIBbHOM  XapaKTePUCTUKH U  YAOOHOMY
pacnionoxxenuto. Ha nanHom negnuke ¢ 2018 roma mpoBOIATCS €XKEroIHbIC
u3MepeHne OajaHca MacChl U APYrHe UCCIENIOBAaHUS IS JTy4YIIEro MOHUMAaHHUS
KJIMMAaTUYECKHUX MTPOLIECCOB, MPOUCXOASIINX HA JAHHONU TEPPUTOPHH.

BbIBOBI 110 IEPBOH IJIaBe

1. Tamxukucran u ropsl [lamupa SBIAIOTCA YHUKAJIBHOW TEPPUTOPUEH, TIE
dbopMHpyeTCs OCHOBHOM CTOK pekr AMYyAapbu U 3TOT (PakT rOBOPUT O TOM, YTO
npoBeneHre (yHIAMEHTAIbHBIX HCCIEAOBaHUM Kpuochepbl Ha JaHHOU
TEPPUTOPHUM SIBIIAECTCS HE TOJBKO MPUOPUTETOM Il TaKUKHUCTaHA, HO U IS
Bcero peruoHa lleHtpanbHoit A3uu.

2. MupoBble AaHHBIE TOKA3bIBAIOT YCKOPEHHYIO TEHJICHLMIO TastHUS
JIEIHUKOB MO BCEMY MHPY 3a MOCJIEIHUE AECATUIIETHS, CUTYyallHsl yCyryoseTcs
pE3KUM JIeMOrpaUUecKuM POCTOM W 3TU (aKThl YKa3bIBAIOT HA KPHU3UC B
BOJHOM CEKTOpe B Onwxkaiiiem OyaylieMm, ecid He OyIyT MpUHSTHI
COOTBETCTBYIOIIUE MEPHI.

3. IlpuMeHeHne pa3IuyHbIX METOAOB IIPU U3YYEHUH KPpHOCPEPHI Jat0T HaM
BO3MOYKHOCTh TMOHHMMAHHS KJIMMAaTHYECKUX IPOILECCOB [JIsi CBOEBPEMEHHOTO
MPOTHO3UPOBAHUS OYyIYIIEr0 COCTOSHHS OJICJIEHEHUS. DTO B CBOIO OuYepelb
CIIOCOOCTBYET MPOBENCHUIO MPABUIIbHBIX aIalITAIIMOHHBIX MEP MO COKPAILIEHUIO
HETaTUBHOT'O BIUSHUS U3MEHEHUS KJIMMarta.

4. B pe3ynbTaTe HU3y4YCHHS JUTEPATypbl YCTAHOBIICEHO, YTO Ha JIEAHUKAX
Boctounoro Ilamupa 3a nocineanue 50 yer GpyHmaamMeHTaIbHbIE UCCIEIOBAHUS
HE MPOBOJAWIMCH. A H3MepeHHue OajlaHca MacChl JIEAHUKOB HE IMPOBOJIUIOCH
BoBce. [loaToMy wu3yyeHHME U UCCIENOBAHHUE JAHHOW TEMbl CUHMTAETCS

AKTyaJIbHBIM.
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I'maga 2. I'VIAHWMOJIOT'MYEKHUE NCCJIIEJOBAHUSA C
MPUMEHEHUEM COBPEMEHHBIX TEXHOJIOTUA U
TEXHUYECKUX CPEACTB MOHUTOPHUHI A
2.1. CoBpeMeHHBbIE€ TEXHOJOTMH U TEXHHUYECKHE CPEICTBA UCCIEeI0BAHUS
JICTHUKOB

['NC npencrasisier co00l KOMIBIOTEPHYIO CUCTEMY 7Sl cOOpa, XpaHEeHHUS,
aHanu3a " BHU3YyAJIN3aLUH IIPOCTPAHCTBEHHBIX JAHHBIX [145].
['eonndopmarmonnas cucrema (I'MMC) coctour w3 anmmapatrHOro u
IPOrpaMMHOr0 OOECIEeUEHUs, OHa IMPENOCTABIIAECT reorpaduyeckue AaHHbBIE U
MeTOoJbl uX 00paboTku, reorpaguyeckue nanuele B ['MIC mpepocTtaBistoTcs B
BEKTOPHOM U pacTpoBoM (¢opmare. BeKTopHble JaHHBIE OTOOpa)KaroT
uHpOpMallMI0O B BUAE TOYEK, JUHUM M TMOJUTOHOB, a pPACTPOBHIE IaHHbIE
IPEJICTABIISIIOT COOOW STYCHKHU C YUCIIOBBIMH 3HaUeHUsMU [ 146-148].

CO6op nannbix g pabotsl B ' UC MOXKeET ObITh OCYIIECTBIIEH pa3IMYHBIMU
cnocobaMyu TakMMU Kak, JIucTaHIIMOHHOE 30HAMpPOBaHUE, OLU(POBAHHBIE
Oymaxkuble kapTthl, GPS ycrpoilcTBaMH W MHOTMMHM JPYTHMH CMEXHBIMU
metogamu. CreuuanbHble TNPOCTPAHCTBEHHBIE CTPYKTYpbl 0a3bl JaHHbBIX
MO3BOJISIIOT XPAHUTh MOJYYEHHbIE JaHHBbIE C YCTPOMCTB W HUX 00pabOTaTh.
Anaim3 panHbelix B ['MIC ocymiecTBasieTcss TPOCTPAaHCTBEHHBIMU OIEPALASIMU,
HanpuMep TaKUMHU Kak, Oydepuzanus AaHHBIX, HAJIOXKEHHE CJIOEB U aHAJIN3
cxoxkectn. A Takke [MC mnpenocraBiisieT BO3MOYKHOCTH CETEBOIO AaHAIM3a
HaIlpUMeEpP, MOUCK ONTUMAJBHBIX MapLIPYTOB WM PACIPENECICHUE PECYPCOB
[149-151].

Buzyanuzamus nanaeix B I MIC ocymecTBisieTcs myT€M cO3JaHus Kapr,
UCIIOJIB3YIONINX METOJbI TemaTudeckol kaprorpaduu [152]. TMC mmpoxo
OPUMEHSIOTCS B Pa3IMYHBIX OOJACTAX, BKJIIOYAs 3€MJIENOJIb30BAHUE W
IUIAaHUPOBAHME, SKOJOTUYECKU MOHUTOPUHT, YIPABICHUE CTUXUIHBIMU

OenCTBUSIMHU, TPAHCIIOPTHYIO JOTUCTUKY M MHOTHE apyTue. [153]
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2.1.1. ObaacTb NpUMeHEeHUs! JUCTAHIUOHHOT0 30HIUPOBAHNUS 3€MJIH
NP UCCJIeIOBAHNH JIETHUKOB

PacmmudpoBka eTHUKOB MPOBOAWMIACH IMYTEM aHAIHW3a CITyTHUKOBBIX
cauMkoB (Landsat 2-5-7-8, 3arpykeHHbIX ¢ moptana earthexplorer.usgs.gov)
[154]. Wnentndwukamwss JETHHKOB C HCIOJB30BAHUEM JIUCTAHIIMOHHOTO
30HUPOBAHMS UMEET CBOM OCOOCHHOCTH, U I M3Y4YEHUs JETHUKOB OacceitHa
o3epa X0oBapKyJib 3T0 ObUIO yuTeHO. [Ipu uaeHTHUKALMY JETHUKOB JAHHOTO
OacceiiHa ObUTM BBIOpPAaHBI CIYyTHHUKOBHIE CHMMKH KOHIIA aBryCcTa W Hadaa
CEHTSIOps, TaK Kak B O3TO BpeMs JIGAHUKH JAHHOrO OacceilHa MOJIHOCTHIO
OCBOOOJIEHBI OT CE30HHOTO CHEXXHOTO MOKpoBa (Tabmnwuia 2.1). A Takxe ObuiH
YYTeHBl OOJAYHOCTh Ha CITYTHUKOBBIX CHHMKAaX, KOTOPBIC MPEISITCTBYIOT
UAeHTUGUKAIIMKY  JIETHUKOB M MaKCHUMallbHas OOJA4HOCTh JUISl  KaXKJOoro
CIIyTHUKOBOTO CHMMKa He mpeBbimana 10% [95, 98, 155].

[lepen TeM Kak TIPUCTYNMHTh K OIU(PPOBKE JICAHUKOB, OBLIO
MIPOAHATIM3UPOBAHO MHOYKECTBO CITYTHUKOBBIX CHHUMKOB JIJISi OIpPEACIICHUS
CIIyTHHUKOBBIX CHHMKOB HaWJIY4IIeTO KadecTBa. BwIOpaHHBIE CIYTHUKOBBIC
CHUMKH ObLTH 00paboTanbl B ArcGIS, u ¢ momornisio ¢pyHKIu COMposite bands
oemn o0benmuHeHBl SWIR, NIR, RED kanamer nmns mydmiel BuU3yalu3amuu
JICTHUKOBBIX OOBEKTOB Ha CIYTHHUKOBBIX CHHUMKaX. ABTOMATHYECCKHUN METOJ
COCTOSITT U3 HECKOJBKHUX JTAroB, KOTOPHIE BKJIIOYAIH B ceOsl, KiacCU(PHUKAIIUIO
Ha3eMHBIX 00OBEKTOB C TOMOIIILIO COOTBETCTBYIONICH (DYHKIIMK B KOTOPOH ObLIH
OTIpEJICIICHBI JICTHUKU W OCTaJIbHbIE OOBEKTHI Ha TOBEPXHOCTH, BCEM OOBEKTAM
Ha CIIyTHUKOBOM CHUMKE OBIJIO TPUCBOEHO OJIHO 3HAYEHUE a JIeTHUKAM
COOTBETCTBEHHO JPYroe 3HaUCHUE U TeM CaMbIM Obljla MOJyYeHa U300pakeHue
r7ie B pacTpoBoM (popmate ObUTH 0TOOpaKeHBI BCE JeTHUKH. Jlaee ¢ TOMOIIbIO
¢yukumn raster to polygon pacTpoBblii CHUMOK OBUI TMpeoOpa3oBaH B
BEKTOPHBIN C KOHTYpPaMH JIEIHUKOB. b1 POBEAEH KOMIIJIEKCHBIN aHaJIU3 BCEX
JAHHBIX N1 MUHUMHU3AIWK OMMOOK ¥ TIOBBINIGHUE TOYHOCTH TIPH

I/I,Z[GHTI/I(l)I/IKaL[I/II/I H OIIPCACIICHUHU KOHTYPOB JICAHHUKOB.
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Tadauna 2.1. - CnyTHUKOBBIE CHUMKH, UCIIOIH30BaHHbBIE B Pab0Te

Tun cnyrunka JlaTa cbéMKH Kombumats
KaHAJIOB
Landsat 02 MSS 1977.09.28 SWIR-NIR-RED
Landsat 05 MSS/TM 1994.09.01 SWIR-NIR-RED
Landsat 05 MSS/TM 1998.09.12 SWIR-NIR-RED
Landsat 07 ETM+ 2008.07.29 SWIR-NIR-RED
Landsat 08 OLI/TIRS 2018.09.03 SWIR-NIR-RED
Sentinel-2 2015-2018 SWIR-NIR-RED
SRTM 2000
ALOS PALSAR 2006-2011

Jms yay4dmieHus KadecTBa PE3yJIbTaTOB IPU HCCIEIOBAHWM JICIHUKOB
OBLIO TPUMEHEHO MOJIYyaBTOMAaTUYECKUN METOJ HACHTUPUKAIIMU ITOT METOJ
BKJIIOYAET B C€0s1 aBTOMATHYECKYIO paciupOBKY JICTHUKOB C UCTIOJIb30BAHUEM
HHCTPYMEHTOB Ha OCHOBE OOy4YeHHe M Jajiee I YIy4YlIeHUS TOYHOCTH
KOHTYPOB JISTHUKOB B PYUYHBIM 3KCIIEPTHBIM METOJIOM OBbLIIU HUCTIPABJICHBI TAKHUE
HEJI0YEThI KOTOPBIE BCTPEUAIOTCS B aBTOMATHYCCKON UICHTU(UKAIIUY JICTHUKOB
KaK, 3aTeHEHHbIE 00JIACTH, CE30HHBIN CHEXKHBIN MOKPOB a TaK)Ke MOBEPXHOCTHAS
MapeHa. VccrienoBaHusi MOKa3bIBAlOT, YTO MOJOOHBIM KOMIUIEKCHBIM METOA
MOBBHIIIIAET  JIOCTOBEPHOCTh M SBJISETCS  Haumboyee  MPAKTUYHBIM B
rncnons3oBanuu [106, 156, 157].

HecmoTrpss Ha mmMpokoe MNPUMEHEHHME aBTOMATHYECKOTO  METOJa
OMPEJICIICHUS] KOHTYPOB JICITHUKOB C MCIIOJIb30BAHUEM CIIYTHUKOBBIX CHUMKOB,
JIAHHBIA MeTOJ 00JaJaeT TaKXKe HEJO0CTaTKaMH, KOTOpble TpeOyeT pelIeHU.
OCHOBHBIMHM HEJIOCTaTKaMH IIPH aBTOMATHYECKOW HICHTH(HUKAIIUN JICTHHUKOB
SBIIICTCS 3aTCHCHHBIC 00JACTH, TJ¢ MO TCHIO, MOXKET HAaXOJIHMTHCS JICIHUK a
ABTOMATUYECKUN METOJ HE TO3BOJISIET ONPEACIUTh TAKUE YUYACTKHU KaK JICAHUK,
a TakkKe APYyrod mpoOJeMol NpU aBTOMATUYECKON HUIESHTU(UKAIIUN JICTHUKOB
ABIIAETCS CE30HHBIM CHEXKHBIM TMOKPOB, NMPU UCCIEAOBAHUM JIEAHUKOB JTAHHOW
TEPPUTOPUH OBUIH OIpPEACICHB HEKOTOpPHIE TOJa C CE30HHBIM CHEXHBIM

IIOKpPOBOM KOTOpBIﬁ U3 3a OTHOCHUTEJIBbHO XOJIOJHOIrO JIETa 3a JICTHUM nepuon
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MOJIHOCTBIO HE pacTasil, ¥ B HCCIECIOBAHUM CIIyTHUKOBBIE CHHMKH JaHHBIX
NEepPUOJIOB ObLIM UCKIIOUYEHBI. VX051 U3 BBIIEIEPEUUCICHHOTO ONTUMATbHBIM
BApUAHTOM I WACHTH(PUKAIMKA JICTHUKOB SBISETCA TOTyaBTOMATHYCCKUI
METO/ C J0pabOTKON JAHHBIX PYYHBIM IKCIEPTHBIM METOAOM, YTO TMO3BOJSET
CKOPPEKTHPOBATh OOJACTH C 3aTEHEHHMEM U CE30HHBIM CHEXHBIM IOKPOBOM
MOJy4YUTh HanOoJiee TOYHBIC TaHHBIE O JICTHUKAX B CJIOKHBIX TOPHBIX yCIOBHIA
Bocrounoro [Tamupa.

Jlns onpeneneHust BLICOT UCTIONB30BATUCH pagapHble cHuMKku ALOS 2007
rojia, IOJY4YEHHBIC C JJEKTpoHHOro pecypca «https://search.asf.alaska.edu»
[158]. PagapHast chéMka mpoBoawiiach B L-auama3oHe ¢ MPOCTPaHCTBEHHBIM
paspemiennemM oT 7 M. no 100 m. B 3aBHUCcMMOCTH OT pexnma CbeMKH. C
UCIIOJIb30BaHUEM (PYHKIIUU CO3/IaHUs Kilacca JIMHEHMHBIX 00BEKTOB U30JIMHUM U3
pacTtpoBoil mnoBepxHocTH B mporpamme ArcGIS 10.5 Obui MOCTPOEHBI
TUIICOMETPHYECKHE JIMHUA BbicoT [118].

2.2. T'asiuumosioruvyeckue uccjie0BaHuA: BLIOOP HATIPABJIEHUS U3y4YeHUs
JICTHUKOB

[mauuonorudyeckue WCCAEAOBaHUS - 3TO BaXHas o00JacTh HayKH,
U3ydaronias JeTHUKU U UX B3aMMOJICHCTBHE C OKpYKaromien cpenon [161].

B 3aBucmmocTM  OT LEeneld  HMCCIENOBaHUS M CYLIECTBYIOIIMX
BO3MOYKHOCTEH, KOTOphIE HUMEIOTCS HJisi TMPOBEACHUS HAy4HBIX pPadOT, IO
W3YUYCHHUS JICTHUKOB OMPENENACTCS METO, KOTOPhId OyJeT MPUMEHSThCS JIs
JOCTUKEHHUSI  TOCTABJICHHBIX 3amad. Ecinu  maHupyercss  NOpoBeICHUE
MCCJICIOBAHUM IO OMIPE/ICTICHUIO0 JUHAMUKH JICAHUKOB, NeopMaluu IBIKEHHE
U (pakTophl, BIMSAIONIME HA OTO TMPUMEHSETCS METOA JAUCTAHIIMOHHOIO
30HJIUPOBAHMS C AHAIM30M KIMMATUYECKUX W3MEHEHUW, OJHAKO €CIIH
IUIAaHUPYETCs M3MepeHHre OajaHca MacChl JIETHUKOB, OINpPEAENICHHUE MPOIECCOB
AKKyMYJISIITUA W aOJISIIUW JICIHUKOB, a TakK)Ke€ WX BIMSHUE Ha OOIUA O00BEM
JeAHUKAa TO HEOOXOJAMMO TMPOBOAUTH TISIUOJOTHYECKHUE WCCICAOBAHUS U
JY4YLIUM BapUaHTOM SBIISIETCS MPOBEJICHUS HAa3€MHBIX pabOT HEMOCPEACTBEHHO

Ha JeaHuKe. Takke MpPU MPOBEJACHUHM HA3€MHBIX Pa0OT BaXXHBIM CUHUTAETCS
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MIPOBEJICHUE TUAPOJIOTHUECKUE UCCIICTIOBAHMS JISTHUKOBOTO CTOKA UTO SIBIISETCS
BXHBIM KOMIIOHGHTOM JUISS KOPPEJSIMH JaHHBIX C TISAIAOJIOTHUYECKUM
METOJIOM U3MEpPEHUs OalaHca MacChl JISTHHUKA.

JIJis TOCTYOKEHUST HaWTy4IIuX Pe3yJbTaTOB B 00JaCTH M3yUEHUS JICTHUKOB
MPUMEHSETCS KOMIUICKCHBIE HCCIEAOBAaHUS C TPUMEHEHHUEM Ha3EeMHBIX
WCCJICIOBAHNM, a TaK)Ke HCIOJIb30BAaHUE JWCTAHIIMOHHOTO 30HIUPOBAHUS H
NPUMEHEHHE DPAa3IMYHBIX THAPOJOTHYCCKUX M TISIUOJOTHICCKUX MOJICIICH,
KOTOpPBIE JTal0T BO3MOKHOCTh, TIOIYYUT 0a3y B3HAHHWHA, KOTOPHIE MOYKHO
UCTIONIb30BaTh ISl TMPHHATHNA PEIICHUH MO YCTOWYMBOMY pa3BUTHIO. BriOop
KOHKPETHOTO HAaNpaBJICHUS 3aBUCUT OT HAYYHBIX HHTEPECOB, OCTYITHBIX
pecypcoB u crienudukya pernoHa wccienoBanus [168]. MHorue coBpeMeHHbBIE
TJIAIMOJIOTUYECKUE MCCIEIOBAHUSA HOCIT MEXIUCIUIUIMHAPHBIN XapakTep,

00beIMHSS pa3InuHble 00JacTH 3HaHuiH [169].

2.2.1. Baj1anc Macchbl JIeIHUKOB - B3aMMO/1eliCTBHE 0JIeIcHEHUA U KJIUMAaTa

HccnenoBanrie BBIMOMHSJIOCh B COOTBETCTBUU C IIMPOKO HCIOIb3YEMOU
METOMKOMN, TIPOBEPEHHOMN TOJaMi NMPAKTUKA MUPOBBIX uccienoBateneit [170].
[lepen Havamom mpoBeneHHs] pabOT MO M3MEPEHUIO OallaHca MacChl JIETHUKA
MOSIBIJIACh HEOOXOJMMOCTh TOJIyYUTh TMEPBOHAYAIbHBIC JaHHBIE O JICAHUKE,
KOTOPBIN TO3BOJIUI OBl ONPEACIUTh XapaKTEPUCTUKHU JITHUKA JUISl JIYUIIIEeTO
MOHMMaHUS O00BEKTa wucclenoBanus. s 3TOro ¢ HCMOJb30BaHUEM
ciyTHHKOBOro cuumka Sentinel-2A 2019 roga u mporpammer ArcGIS Obiia
MOCTPOCHA CXEMa JIEJHUKA, OMNpEleSieHa €ro IUIoNaJb, C HCIOJIb30BaHUEM
pamapHoro cHnMka SRTM Obumm 100aBIEHBI W30JMHUHM, a TAaKXKE CO37aHA
TpexMmepHas Mojaenb JyenHuka Nel39 nns sydmero moHuMaHus penbeda
MOBEpXHOCTH JieaHuKa. Co3MaHue TPEeXMEpPHOW MOJACIM JIeJHUKA SIBISETCS
OJIHMM W3 BaXKHBIX TMOAXOJOB JIJIsi U3y4YeHHE OajaHCca MAcChl JICIHUKA, TaK Kak
py OmpeieNIeHuu OalaHC MacChl U JUHAMHUKH JICTHUKA BAXKHYIO POJb UTPAcT
oporpadus JIeTHUKA, CKIIOHBI TUTAIOIIUE JICIHUK JJABUHHBIM TUTAHUEM, CKIIOHBI

PACYICHCHHUC IIPUTOKOB JICAHHUKA KOTOPBIC TAKKC BIIMACT HAa CKOPOCTH JICIHHKA
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U TpeXMepHas MOJCIb ITO3BOJISICT JCTANBHO W3YYUTh CTPYKTYpYy JICIHUKA |
MOBBICHTH 3HAHUS O JICTHUKE IPHU OTIPE/ICIICHIUHN OajlaHCca MaCcChI.

TpéxMepHass MOJENb JISAHUKA 00OTaIaeT MCCICOBAHNE TeorpaduIeCcCKux
00BbEeKTOB, oOecreunBas Oojiee TIyOOKOe TIOHMMAHHUE U BO3MOXKHOCTH
MIPOBEICHMSI IETATLHOTO aHAIM3a €r0 XapaKTEPUCTUK U N3MCHECHHM.

HccnenoBanusi JIeqHUKA TPOBOJMUINCH C  HCIOJIB30BAHUEM TIPSMBIX
[JISIIIHOIOTHYECKUX U3MCPCHHUM, ITO3BOJISIOIINX U3MEPUTH TOJIBKO
KOJIMYECTBEHHBIN, TTOBEPXHOCTHBIN Oamanc macchl [170, 7-A]. OObuHBIN METO
ompeseacHusT 0ajlaHca MacChl BKIIFOYACT M3MEPCHHE aKKyMYJISIIUM U aOJISIHH
Ha TTOBEPXHOCTH JICAHUKA C YYETOM TOPHU30HTA TassHUS MPEAbIAYIIEro roja.
TonmmuHy ¥ TUIOTHOCTH CHeTa W (UPHA B 30HE aAKKyMYJSAIHH OOBIYHO
uccienyoT B mypdax, a abianuio JICAHUKA OMPEACNISIOT C MOMOIIBI0 peek,
WCXOJIS U3 MPEITOJIOKEHHS, 9TO TUIOTHOCTH JIbJIa cOCTaBisieT okoio 900 kr m—3.
BaxxHO TIPOBOIUTH W3MEPEHUS B PENPE3CHTATHBHBIX TOYKAX, OCOOCHHO Ha
JeTHUKAX ¢ OOJBIITUMHU TPYAHOIOCTYITHBIMU yYaCTKaMHU.

[Ipouiecc wcciienoBaHW BKJIIOYAI JIBA J3Tana: MOPOBEJACHHE IOJIEBBIX

U3BICKaHUH (pUCYHOK 2.1) U KamepanbHy10 paboTy Mo MOACYETY OanaHca MacChl

JCAHUKA. IToneBnie HCCJIC0BAHMA BKIIIOYaJINW BBINTIOJIHCHUC CIICAYIOIINX pa60T.

Pucynok 2.1. - OcHOBHBIE METOIBI TIOJIEBBIX paboT: A) Peiika B 30nHe abmsmm; b) [lypd B

30HE akKKyMyJisiiuK; B) 30HbI a0Jsiiiuy 1 akKyMyJIsiiuu Jenauka (CHumok Google Earth)
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Pa0oThI B 30He a0aganun

B 2018 rogy Ha 3apanee omnpeneiaEHHBIX TOYKaX, MACHTH(PUIUPOBAHHBIX
yAaI€HHO, OBLIO pa3MeNIeHo 7 peek Ha rIyOuHy 4 U 6 METpOB I U3MEPCHUS
a0ysiiuu (pucyHok 2.1 A). Peiiku niig OlleHKH MOTEpU MAacCChl B 30HE a0JIALIUM
JieIHMKa OBLIM yCTaHOBJICHBI C UCTIOJIb30BaHUEM Mapolypa (pucyHok 2.2 A) Ha
naty 05.08.2018 roma. B 2019 roxy 5 aBrycra ObutH MOTyYEHBI JaHHBIE C PEeEK

(pucyHnok 2.4. A, b), 1 3aTrem ObUIH ITePEyCTAHOBIIEHBI HOBBIE PEHKHU.

Pucynok 2.2. - [IpoBenenue moneBsx padboT B 30He a0ismun: A) [Tapodyp; b) YcranoBka

peek; B) Peiika 2018 rona

Pa0GoThI B 30He aKKYyMYJISILMU

Pesynbrarhl paboT B 30HE aKKyMYJSIIMUA JATd BO3MOXXHOCTH TMOJYYUTH
UH(POPMAIIHIO O IMJIOTHOCTH U BBICOTE CHEIKHOTO HAKOTUICHHS (PUCYHOK 2.3).

[Ipennonaraemasi 30Ha pabOT ObLIa oOmNpeaeseHa Ha OCHOBE JIaHHBIX
JUCTAHIIMOHHOTO 30HJIMPOBAHUS W TIOJIEBBIX M3BICKAHWM, HA JTAHHOM JICTHUKE
Obl1 BeIKOMAaH oamH mypd. Ilocme BbIOOpa MecTa MPOBEACHUS H3BICKAHWN
05.08.2018 roma Ha BbICOTE 5315 mpoBOAMIIOCH packambiBaHue Irypda 10
IPOILIOTOHET0 CHera (KOTOphIi OoJiee MIIOTHBIN U MOCTETIEHHO MPeBpalaeTcs
B (upH). 3aTeM u3MepsIach BBHICOTA, KOTOpas cocTaBuiaa 93 c¢M U IIJIOTHOCTH
cHera (TUIOTHOCTH OMpeseNsiiach ¢ Ucmojab3oBanueMm cHeromepa BC-43). Cuer
Opasicst BAOJb mypda B IUIMHIAPE U B3BEIIMBAJICA ISl ONpeesieHus] o0béMa U

Beca CHera JuIsl TOCIEayromiero pacuéra rmioTHoctd (pucyHok 2.3 b) B
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cooTBeTcTBUH ¢ MeTtoaukamu Ostrem, u Jackson [171, 172].

Pucynok 2.3. - OcHOBHbIE OHATHUSA MOJIEBBIX PadoT B 30He akkymyssiiuu: A) Hlypd B 30He

akkymyssinuy; b) Mcnone3oBanue cHeromepa

Hcnonb3oBanue MeTOJa KOHTYPHBIX JIMHMI 1Jisl pacuyéTra roaoBoro
0a1aHca Macchl JIeTHHKA

« /st pacu€ra Gananca Macchl JIeTHUKA OBIJIO BBISIBIICHO CPEAHEE 3HAUCHUE
OaslaHca Macchl JUIsl KakI0M 00JacTH U OompeJiesieHa UX Tuioaab (pUcyHok 2.4
b,B). 3arem nmnosydeHHble 3HaueHHs OanaHca OBUIM yMHOXEHBI Ha
COOTBETCTBYIOIIME 3HAUeHUsA Tutomanu moned (pucynok 2.4 I, JI). Cymma

pe3yabTaToB OblIa TMOeCHa Ha OOIIYFO MJIOIIa b JeaAHuKay [7-Al].
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A5=1079374 »

A*b=AM (M B.3.*M?)

AM,,,...=AM1+AM2+...+AM6 (m B.3.*Mm?)

Pucynok 2.4. - MeTo KOHTYpHOH JIMHUH — CXeMaTHYeCKOe CyMMUpoBaHue: A) Bkiouenue
TOYEYHBIX U3MEPEHUH Ha KapTy; b) JIunuu mexay Touek; B) Briuucnenue miomanm Kaxaoro
nojs; I') Onpenenenue cpegHero 6anaHca Macesl 17 Kaxkaoi obsacty; 1) Beruucienue

OanaHca Macchl s Kaxkoro noss [7-Al.

Ha ocHoBe moJlydeHHBIX JaHHBIX ObLIa IMOCTpOEHA NOApPOOHas KapTa
JIeJTHUKA C JIMTHUSIMUA PABHOTO OajiaHCca MaccChl.

«Ha mannom nemnuke ¢ 2018 roma ObUIO MPOBEICHO MIECTh AKCICTUITUN.
Kaxnaplli TOJ yCTaHABIMBAJIWMCh HOBBIC aOJSAIIMOHHBIC PEWKH, a TakkKe
MPOBOAWIOCH packambiBaHue 1yphoB B 30HE akkymyJsinuu. [lomydeHHBIC
JaHHBIE TIOJIBEPraIUCh pacu€TaM W MOcienyrmeid oO0paboTke B Iporpamme
ArcGISy [2-A].

Jns ananmmza OajaHca MacChl MPUMEHSUTMCH JIBa METOAA: MPO(HIbHBIN
METOJ U METOJI U30JIUHUU.

[IpodunbHbIA METOJ OCHOBAaH Ha HW3MEHECHHUM JIOKAJIbHBIX 3HAYCHUM
Oaranca Macchl B 3aBHCUMOCTH OT BBICOTBL. MeTon m30auHui OajlaHca MaccChl

3aKJIFOYAETCS B UHTETPUPOBAHUHU MO BCEH TIOMIAAM JIETHUKA.

60



«HWcnonb3yst mpoUIbHBIA METOJ] Mbl aHATU3UPOBAIM OaJaHC MacChl JJIs
kaxaoro 100-MeTpoBOro MHTEpBasia BBICOT, KaXIBIH U3 KOTOPBIX UMEN CBOIO
wiomane. [ns ob6nactu aOisuu ONPEAeTSUIM TUIOMIAAh MEXAY W30JMHHUSIMU

KakK HHHGﬁHYI-O PETrpeCCrI0, COOTBCTCTBYIOIIYIO BCEM CKCTOAHBIM U3MCPCHUAMY

[2-A].
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Pucynoxk 2.5. - [IpoduinbHblii MeTO (ClIeBa) U METO M30JIMHUH (cripaBa) [2-A]

Jns MeTona N30JIMHKUI MBI IPUMEHSEM PABHOMEPHBIN MHTEPBAJI C IIArOM B
0,5 M BogHOro SKBHBaj€HTAa. V30JMHUN PUCYIOTCS BPYUYHYIO Ha IIOBEPXHOCTH
nequuka B mnporpamme ArcGIS, a OamaHc Macchl BBIYHCHSETCA MYyTEM
UHTEPIONAINNA Mexay J>Tumu JuHusmu [173, 174]. Tlocme storo maGioH
UHTEPIOJIALNY BHUMATEIBHO NPOBEPSETCS, U Ul KaXKIO0M OTAEIbHOW 00J1acTH

ompeenseTcs cpeaHnii bamanc maccel [9, 175, 2-A].

2.3. MeToabl MaTeMaTH4YeCKOT0 MOeJMPOBAHMS 1JIsl pacuéra 6ajanca
Macchl JIeTHNKOB
PocT HaceneHuss W pa3BUTHE DSKOHOMUKHM HAampsMyK BIUSAET Ha
BOJONOTPeOIEHNE U MPOTHO3UPOBAHUE BOJHBIX PECYPCOB UIPAET BAXKHYIO POJIb
st Oyayuiero. VIHTEHCUBHOE TasiHUE JIEIHUKOB SIBJSIETCS OCTPOM MpoOiIeMoi

JUISL MHOTHX CTpaH MHpA.
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bynyiiee u3MeHeHue KiMMaTa B PErMOHAJIBHBIX MaciliTabax He Bceraa
COBNAAAIOT C TrJ00adbHBIMU M3MEHEHUsIMU. CJO0XKHO TMPOTHO3HPOBATH
pEernoHaIbHOE M3MEHEHHE KIMMaTa, KOrJla CaMUu TJ00aibHbIE KIMMAaTUYECKUE
U3MEHEHUS OCHOBAaHbI HAa TE€X WJIM HWHBIX KIMMAaTHUYECKUX CLEHApUSAX W
SBIISIIOTCA JOCTaTOYHO CHOpHbIMH. OJHAKO CTpaHbl, KOTOPHIE HAXOIATCS B
TOPHBIX W  MPEATOPHBIX  PErMoHaX ©  COLMAJbHO  SKOHMUYECKHE
UHOPACTPYKTYPhl, CHIBHO 3aBUCAT OT HCIOJb30BaHUS BOJHBIX PECYPCOB,
HY)KJAIOTCSI B HAy4YHO OOOCHOBAaHHBIX JOJTOCPOYHBIX IJIAHUPOBAHUAX
BojonoTpednenHus. s 3Toro HeoOXOAMM TakXe TMPaBWIbHBIA MPOTHO3
JIEIHUKOBOT'O CTOKA, JAHHBII MPOTHO3 HANPSIMYIO CBSI3aH C MPOTHO3UPOBAHUEM
U3MEHeHHus1 OanmaHca MAacChl JIETHUKOB, KOTOPBIN OMONHSETCS BEPOATHBIM
PErMOHANIbHBIM KIIMMAaTUYECKUM U3MEHEHUEM.

OmHolt W3 THaBHBIX TPOOJIEM B  OKCTPOCHEKTUBHBIX  pacuérax
MIPOTHO3UPOBAHMUS SIBISIETCS OTCYTCTBUE WM HEJOCTATOK MPSAMBIX HAOIIOICHUH,
KOTOpBIE CBSI3aHBl C TPYAHOJAOCTYMHOCTBIO M JOPOTOBU3HE IPOBEACHMUS
uccnenoBanuit [177]. TIporHo3 »5BOJIOIUU OJICICHEHUST HEOOXOIUM Jif
CTPAaTEernyecKoro IJIAHUPOBAHUS W OLEHKH pUCKAa BO3HUKHOBEHHS OMACHBIX
NPUPOAHBIX siBJICHUH [178].

Hanéxuble  MpOTHOCTHYECKHE  OIEHKM  W3MEHEHHMS  OJICJACHEHUS
HEBO3MOXKHBI 0€3 MCIOIb30BaHHUsI METOJIOB MaTEMaTUYECKOTO MOJICIMPOBAHUS
[179]. [Ins KOppEeKTHOTO NPOTHO3UPOBAHUS SBOJIIOLWU JICTHUKOB TpeOyeTcs
neTanbHas uHQopmalus 00 OTKIMKE OJICICHEHUSI HA COBPEMEHHBIE U MPOILIbIe
n3meHenus: kimmara [10]. Takyro wmHoOpmaiuio MOryT AaTh Kak MpsiMbIe
HaOmoieHUsT 3a OallaHCcOM MacChl, TaKk M MOJEIMPOBAHHE MaccOOOMEHa
JenHuKa. MaTemaTHueckoe MOJEIUPOBaHHE KOMIIOHEHTOB OallaHCca MaccChl
JCTHUKOB TPUMEHSCTCS JUIsl pelIeHHs [mupokoro kpyra 3amad [180].
CratucTuyeckoe MOJCIUPOBAHUE U PEKOHCTPYKIUS CE30HHBIX O00BEMOB
pPEYHOT0 CTOKAa M COCTAaBJISIOUIMX TOJOBOro OajaHca Macchl JIETHUKOB MOTYT
OBITh UCTIOIB30BaHbI TIpH MpoekTupoBannu ['DC, 000CHOBaHUU CTPOUTEIHCTBA

BOOOXpPAaHUJIUIL, MHOTOJICTHCIO PCTYJIHPOBAHUA CTOKA, COBCPIICHCTBOBAHUU
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MCTOOAOB CBCPXAOJIOCPOYHBIX  THAPOJOTHYCCKHUX W TIIAOUOJIOTHYCCKHUX
IIPOIrHO30B, a TAKKC IJIAI PA3BUTHUA I/IH(bOpMaHI/IOHHOI‘/’I )41 Hay‘IHO-MeTOI[I/I“IGCKOﬁ

0a3bl PETHOHAIILHBIX THIPOJIOTO-TIIAINOJIOTHYSCKUX HeceaoBanui [181].

2.3.1. IasinuoJiornyeckoe MoeJIMpoBaHue 0ajaHca MACChl JI€IHUKOB C
HCIOJIb30BaHueM Moaeaun SMB

Ha negnuke Nel39 (Boctounsii 3ynamapt) umepeHus OanaHca MaccChl
nenHuka Havanuch B 2018 romy, Ha NPOTSIKEHUM MIECTH JIET HA JAHHOM
JICIHUKE TPOBOMASITCS HEMpEphbIBHbIE HAOJIOJEHUS 3a 0alaHCOM MacChl U 3TH
JAHHbIC TMO3BOJSIIOT HaM MPOBOAWTH MOJIETUPOBAHUE W PEKOHCTPYKIIUIO
OayaHca Macchl JaHHOTO JieAHUKa. J[JIsi MoIenupoBaHUsI Mbl MCIOJIb3YEM Kak
METEOPOJIOTUYECKHUE JTaHHbIC, TAK U JAHHBIEC, MMOJYyYECHHBIE MMyTEM IMPOBEACHUS
AKCTIEAUIIMOHHBIX paloT.

[Ipn MOnEenMpoOBaHWH MBI HCHOJIB30BAIM MOJenbs SMB, KoTtopas sBisercs
npoaykrom IlIBeitiiapckoro yHuBepcutera Bo dpelibypre, a pa3paboTuuKOM
ATOM MOJIEIIH SIBIIAETCSA DHPUKO Marre.

Jlnst MmonenupoBaHusi OalaHca Macchl ObUIA MCTIOJIB30BAaHbI TAKUE JTaHHbBIE
KaK TasHHWE JIJHUKA B 30HE aOJslUM, KOTOpble OBLIM TOJYYEHBl MyTEM
YCTAHOBKH B 30HE aOJAIMU aOJISIIIUOHHBIX PEEK, U HAKOIJICHUE CHEra B 30HE
aAKKyMYJSIIUK TTyTEM TPOBEJICHUS U3MEPEHHi B IIypde, BHIKONIAHHOM B 30HE
akKyMyJiauu. Takke i1 MOJEIUPOBAHUS Mbl MCIIOJIB30BAIM METEOJAHHBIC,
KOTOpble OBUIM TMOJy4YeHbI ¢ obOmieaocTymHoro caira rpS [182], roe moxkHO
MOJIYYUTh MHOTOJIETHUE METEOJaHHBIEC.

Hpyrue naHHbIe, KOTOpbIE HEOOXOIUMBI IJII MOJEIUPOBAHUS, MOJCIb
dbopMupyeT aBTOMaTHYECKH, UCTIONB3YSI UMEIOIIHNE Y Ce0sT MOJTYJIH.

JanHas Mozenb uMeetr okosio 70 MOyJiei, KOTOpble OTBEYAIOT 3a COOp
aHaju3a M BBIBOJ JAHHBIX M, TEM CaMbIM, YMEHBIIIAs PUCKHU OIIMOOK, KOTOPHIC
MOKET JOIYyCTUTh YeloBeK. HeoOXoMmMo 3aMeTuTh, 4TO JaHHAS MOJEIh UMEET
GyHKIMIO, KOTOpas ONpEAe/sIeT CTENEeHb TasHWs JIEAHUKA I10J] MOPEHHBIM

YCXJIOM, 4YTO ACIACT MOACIHNPOBAHHMC M HaA JICAHMKAX, IIOKPBITBIMH MapCHaAMM,
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BO3MOKHBIM.

MeToabl M HHCTPYMEHTBI

JlanHass wmojenp TpeOyeT HHCTAUISAUMNA HECKOJBKUX Mporpamm JUJis
KOPPEKTHOM paboThl MOJENM M MOATOTOBKM BXOAHBIX (ailioB IS
MOJICJIMPOBAHUS, a TAKXKE HACTPOMKHA MOJEIIbHBIX IApaMETPOB.

1. UHcTa/iis s He00X0AUMBbIX NPOrpamMM

2. IToaroroBka BBOAHBIX (ailI0B MOAEIN

3. HacTpoiika MoaeJIbHBIX IapaMeTPoOB

4. 3anmyck MojeJiu.

1. UacTanasanusa

HeobxoaumMo yCTaHOBUTH MPOrpaMMbl B CIEIYIOLIEM MOPSJIKE: YCTaHOBKA
nporpamMmbel R, 3atem RStudio u ycraHoBuTh mnaketrsl g R, kotopele
UCIIOJIB3YIOTCS  MoJenbto. JlJIs yCTaHOBKM MporpaMM M MAaKeTOB, BaM
notpedyercs noakioueHue Kk Matepuery u He menee 2 I'b cBoOonHOro Mecra
Ha JHCKE.

* HeoOxogumo 3arpy3uTh M yCTaHOBUTH mporpamMmy R, mus Tou
OINEPallMOHHON CHCTEMBI, KOTOpPasi yCTAaHOBJIEHA HA KOMITBIOTEPE.

[Toce 3arpy3ku OTKpOWTE MpPOrpaMMy YCTAaHOBKM U CIHEAYHUTE
MHCTPYKIUSM 70 3aBEPILICHUS YCTAHOBKH

 Barpy3utre u ycraHoButre RStudio. 3arpy3ure yCTaHOBIIUK,
COOTBETCTBYIOIIMK  Bamled onepaunoHHOM cucreme. CHOBa  OTKpOWTE
YCTaHOBIIMK U MpojoikaiiTe, moka RStudio He Oynet ycTaHOBIIEH.

« Jlns yCcTaHOBKM HEOOXOJUMBIX MaKeTOB R HE0OX0IMMO HCHOJIB30BaTh
nporpammy install packages.R. Otkpoiite ¢aiin install packages.R B RStudio u

HAXMUTE KHONIKY Source (pUCYHOK 2.6), 94TOOBI 3aIyCTUTD MTPOTpamMMy.
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Fle Edit Code ¥iew Plots Session Build Debug Profile Tools Help

O - Op| - ~ Addins -

@ mainR - @' install_packages.R — History C Tutorial —

Source on Save ~ Import Dataset ~ & List +

lobal Environment -

Environment is empty

1=
2
3
4
5
6
7

packages_cran <- c("cowplot”,
"ggplot2”,

9 "ggpubr,

10 "gstat”,

11 "insol",

12 ‘metR",

13 "qpdf"”,

14 "raster”,

15 "Repp”,
16 ‘remotes”, Files Plots Packages Help Viewer

17 ‘reshape2”, - Export ~
18 "Rfast",

19 "RStoolbox",

20 "scales”,

21 C
32:2 (Untitled) = R Script =

Console  Terminal (|

scrivi 'contributors()' per maggiori informazioni e 'citation()’
per sapere come citare R o i pacchetti di R nelle pubblicazioni.

Scrivi 'demo()' per una dimostrazione, 'help()' per la guida in linea, o
'help.start()' per 1'help navigabile con browser HTML.
Scrivi 'q()' per uscire da R.

>

Pucynok 2.6. - Knonka Source B RStudio

* [IporpaMma 3arpy3uT U yCTaHOBUT HECKOJBKO MAaKETOB aBTOMATHUYECKHU.
Yepe3 HEKOTOpOE BpeMsi OTKPOETCS HOBOE OKHO sl YCTaHOBKU «Rtoolsy:
Heo0XoauMo HaxkaTh «Next» u «Instally, 9ToOBI TPOIOTKUTE.

 Korma install_packages.R 3aBepmmrcs (All packages installed
successfully!), Heodoxomumo 3akpsiTh RStudio.

2. Bxoanbie ¢ailiibl

Jns monenu OanaHca Macchl HEOOXOAMMO MPEJOCTABUTH HEKOTOPHIE
BXOJHBIC JJaHHbIC. Ba)XHO OMECTUTHh BXOJHBIC JJAHHBIC B HYKHOE€ MECTO: BCE
BXOJIHbIE JAHHBIC JTOJDKHBI OBITH BHYTPH MAIKX MOJIEIIU B MMANKe C UMEHEM input
\. B 370l manmke He0OXOUMO CO37aTh IOAINAINKY ¢ Ha3BaHWEM JICIHHKA: input
\zulmart\. B na3Banuu jgeIHUKA HE JOLKHO OBITH IPOOEIIOB.

[ToaroroBka BXOAHBIX JAHHBIX JJI MOJIEIIH:

* TEKCTOBBIN (Dailyl ¢ €)KeTHEBHBIMU METEOPOJIOTHYECKUMU JaHHBIMU;

* TEKCTOBBIN (pailsl ¢ m3MepeHussMu OajaHca MacCChI,

* KOHTYDp JIEIHUKA B BEKTOPHOM (popmarte (1ienn-daiin);

 cerka BbicoT (Ha3piBaemass «DHM»: mnonHBI OPSMOYTOJBHUK,
MOKPBIBAIOITUI 00JaCTh JISTHUKA);

* ceTKa THMa MOBEPXHOCTH (Jel, GUpH, CHET);
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* 365 ¢aiioB CyTOUYHOU COTHEYHOM paHaIlvu.

HeoOxoaumMo moAroToBUTH Tpu (alia ¢ BXOMHBIMH JaHHBIMH, (aiii ¢
METCOPOJIOTHICCKUMH JaHHBIMU U (Daiii ¢ JaHHBIMU O OaJlaHCe MACChI, a TAKXKe
HEOOXOJMMO TMOATOTOBHTH (aili ¢ KOHTYpPOM JIEAHWKA WM JISTHUKOB IIO
HEOOXOJUMOCTH €CIM IUTAHUPYETCS IPOBECTH MOJICIIMPOBAHHE HECKOJIBKHUX
JIETHUKOB. [[71s1 MOATrOTOBKM elie Tpex (aijaoB HEOOXOAMMO BOCIOJIb30BATHCS
BCTPOCHHOM mporpammoii make_input.r, naHHas mnporpaMmMa aBTOMAaTHYECKH
CO3/1aCT OTMETKH BBICOT, THIT TOBEPXHOCTH U PATUAIIMOHHYIO CETKY.

MeTteopoJioruyecKkue JaHHbIE

MeTeopoaornieckre JaHHbIe 3aIUChIBAIOTCS B TEKCTOBBIN (Daliil i COCTOUT
U3 AT KoJoHOK; roj (Yyear), meub roma (1-365) (day of year (1-365)), gac
(hour), Temmieparypa (temperature), ocaaku (precipitation) (pucynok 2.7). s
ompenesieHUs Ha3HaueHus (aitma, ¢aiiny ObBUIO NPUCBOCHO Ha3BaHUE
weather_zulmart.dat w panHbli Qaiim HEOOXO0IUMO TIOMECTUTh B IMAIKY
input\zulmart\weather\. /lannas Momenp padoTaeT ¢ CyTOYHBIM pa3peIIeHUEM
TEMIIEPATypbl W O0O0Iee CYyTOYHOE KOJUYECTBO OCAJKOB, B MHJUIUMETPAx
BKJIIOYAsi TBEPIbIC M KUAKHEC ocaiaku «temperature, precipitationy. Komonka
«hour» Bpems B JaHHOM (paiisie UIMeeT MOCTOSIHHOE 3HaueHue 12 exenHeBHO. B
daiine ¢ METEOPOJIOTrMUYESCKHUMH TAHHBIMH MOYET OBITh TEKCT ¢ KOMMEHTAPHIMH
JUIST OOBSICHEHHWS COIEPKUMOTO (ailla, B MOJEITHM HMEETCS BO3MOXHOCTh

UTHOPUPOBATH IaHHBIE CTPOKH JIJIsl KOPPEKTHOU €€ paboThI.

Yakarcha daily weather (virtual elevation 4000 m),
from ERA5 reanalysis (temperature corrected with lapse rate of -6.5 °C / km, precipitation untouched.
ERA original cell elevation: 2620.8 m

year doy hour t2m mean precip

2018 1 12 -17.7185480651166 0

2018 2 12 -14.6076480374782 0

2018 3 12 -11.8609889460022 1.39179517586388

2018 4 12 -14.7327949901437 4.10392266821068

2018 5 12 -17.4879757612759 2.5714413503746

2018 6 12 -17.9348769901036 0.0203597889974231
2018 7 12 -17.43855001927 3.51552476618514

2018 8 12 -17.8744948028253 2.10866334646316

2018 9 12 -17.952224695118 0.197489953275004

2018 10 12 -17.7166002526239 0.27282117256547
2018 11 12 -17.6719831727096 2.552303148717062

Pucynoxk 2.7. - TlepBble CTpOKH METPOJIOTHUECKOTO (haiina

[Ipumeuanue: B Mereo-(ailyie JOJDKHBI OBITh JTAHHBIC 32 KaXIbli JICHBD,

KOTOpPBIA MOJEIUPYETCs,, HHAY€ MOJIEJb OTKaXeTcs OT Hero. Mojenb Bcerjaa
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BKJIIOUaeT B ce0s1 Bech ruaposiorudeckuit roa (¢ 1 oktaOps mo 30 ceHTsops).
Monenb Takke BKJIIOYAeT BECh M3MEPEHHBIN Mepro Ha perKax.

HN3mepenus 0aj1anca Macchl

N3mepenust OanaHca Macchl 3aITUCHIBAIOTCS B POCTOM TEKCTOBBIN (paiiit ¢ 8
KOJIOHKaMUu: uMsl Todku (0e3 mpoOenoB), gaTa Hayama, JgaTa OKOHYAHWSI,
KoopauHata X, KoopauHaTa Y, BBICOTA, U3MEPEHHOE H3MEHEHHUE Ha pEHKe,
U3MEpeHHass IUIOTHOCTh (pucyHok 2.8). Mbl  Ha3biBaeM 3TOT  (aii
mb_zulmart.dat u momeniaem ero B HOByto nanky: input \zulmart \massbalance \.
Mb1 mopenmupyem 2019 roa, mostomy «zara Hadana» - jero 2018r., «aara
OKOHYaHUs» - JeTo 2019r. dopmart - «jaeHb.MecAll.ro», Hanpumep 14.8.2019
s 14 arycra 2019 1.

OOpatuTe BHMMaHHUE, YTO HAa PHUCYyHKe 2.8 HEKOoTOpbie M3MepeHus (Zma)
UMEIOT ClenuaibHyo JaTy Hadaina NA: 3To UCHoJib3yeTcs AJid JIETHUX yp(oB
CHEra W 30HIUMPOBAHHUE CHEra, TIAe «JlaTa Haudajla» OOBIYHO HEU3BECTHA
(M3MepeHHOE U3MEHEHHE B 9TOM CIIydae OIpeAeIsieTCs] OT TOBEPXHOCTU B KOHIIE
MPEAbIIYIIETO CE30Ha TasTHUS ).

Takum oOpa3zoM, 1jIsi Bcex HM3MEpeHHil ¢ naToil Hadaia NA Mojenb
aBTOMAaTHYECKM YCTAaHABJIMBAET JlaTy Hauyaja B KOHIE MPEIbIAYIIEro CE30Ha
TastHUSL.

Koopaunatet X u Y nmomwksbl ObiTh B MeTpax (UTM: mis Zulmart M
ucnonbzyem 30Hy UTM 43N, kortopas Ttaxxe HasbiBaetci EPSG: 32643).
N3mepenne ykaspiBaeTcss B caHTHUMeTpax, > 0 misg akkymymsiud u < 0 as
a6nsiumu. I110THOCTE BBIpaskaeTcs B r.cM® (Boga = 1, ex = 0,9). u3MepeHns yxke
JlaHbl B CAHTUMETpPaX BOJAHOTO SKBUBAJICHTA (CM B.3.), TO3TOMY MbI UCIIOJIb3YEM

IJIOTHOCTH = 1.
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1 hml 16.07.2018 15.07.201%9 327235.0%6 43050&80.654 4669 -150.3
2 zm2 16.07.2018 15.07.201% 327115.271 4304887.087 4707 -141.3
3 =2m3 16.07.2018 15.07.201% 227017.504 4304321.470 4718 -177.3
4 zm4 1&.07.2018 15.07.201%9 3Ze967.104 4304329.344 4793 -143.1
5 =2Zm5 16.07.2018 15.07.201% 326710.458 4303572.635 4560 -99.0 1
& =zmé& 16.07.2018 15.07.Z201% 3Z26404.070 4303125.721 5000 -18.9 1
T zm7 16.07.201%8 15.07.201% 3Ze6073.8e9% 4302937.633 5100 -9.0 1
i zmZ H&4 15.07.201% 325258.167 4303266.247 5351 46.0 1

R

PucyHnoxk 2.8. - ®aiin ¢ u3mepeHusMu 6ajgaHca Macchl

Kouryp Jeqnuka

KoHnTyp nemnmka mnpeacTaBiasieT coOOM TOJMTOH, OTPaHUYHBAIOIIHMA
MOBEPXHOCTH JieAHHKa (pucyHok 2.9). UtoObl co3aaTh KOHTYpHI IHIeHI-daiiia,
MBI PHUCYEM €ro BPYYHYIO IIOBEPX CITyTHHKOBOTO HW300paKCHHS JICTHHKA,
cnyTHuK Sentinel-2. CkaunBaem uzoopaxkenue ¢ noptaia EarthExplorer. UtoOws

HapUCOBaTh KOHTYp, Mbl Hcnosb3dyeM mnporpamMmmy QGIS wmm ArcGIS, wnm

JTH00YI0 IPYTyI0 IPOrpaMmy, KOTOpast UMeeT OXO0KUe QyHKIUH.

Pucynoxk 2.9. - Jlennuk 3ynmapt B noptaine EarthExplorer.

* B neBoii kononke BeiOMpaeM Data range — Sentinel — Sentinel-2, 3atem
HaxkumaeM Results.

* B 7eBoil KOJOHKE OTOOpa)kaeTcs CIHUCOK HM300paKEHUM Ha MHOTHX
cTpanuiax. Mel BBIOMpaeM TOT, KOTOPbI HaM HEOOXOJIHUM.

 PacnakoBbiBaeM zip-¢aiiin 1 OTKphIBa€M CITy THUKOBBIN CHUMOK B QGIS.

* B QGIS mbI nepexonum k neaHUKYy U HaxxuMaem Layer — Create Layer
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— New Shapefile Layer, tun reomerpun Polygon, wums daiina
outline sirmbdre 2019.shp, cucrema koopaunatr EPSG: 32643.

* 3aTeM MBI BpY4YHYIO OOpPHCOBBIBAEM KOHTYp JIeJHUKA: HakuMaeM Toggle
Editing u Add Polygon Feature, 3aTem prcyeM HOJUTOH 110 KOHTYPY JI€IHUKA.

« Jlanee, mbl cHOoBa HaxxumaeM Toggle Editing u coxpaHsem U3MEHEHHUS.

e#in-daitn cocTouT U3 5 OTHEABHBIX (DalIOB, KOTOPBIE 3aKAHYMBAIOTCS
Ha .shp, .shx, .dbf, .prj u .cpg. Msl nep>xuM HX HaroToBe, Tak Kak Oyjem
UCIIOJIb30BaTh X B CIEIYIONIMNX IlIarax.

oMmP

Tonorpadus neanuka onpenensiercs daitiom DEM. Mrb1 3arpykaeM 3TOT
daiin u3 EarthExplorer: nponenypa takas e, Kak U 11 n300paxkeHus: Sentinel-
2 (cM. Beime), Ho daiin Haxogutcs B manke Data Sets — NASA LPDAAC
collections — ASTER collections — Aster Global DEM V3 (ue 3a0ynbre
yAaIuTh Npeapayie Haoopsl JaHHbIX (Sentinel — Sentinel-2) nepen tem, kak
HaxaTh Results). CkaunBaem dopmar GeoTIFF u pacnakoBsiBaem archive.zip.
oIHUM W3 BaxHBIX (QaittoB sistercs STGTMV003 _N38E068_dem.tif stor

daiin octaérca Ha CBOEM MecTe U OyJIeT UCIIOJIb30BaH MO3KE.
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EarthExplorer

Search Criteria Additional Criteria Results
2. Select Your Data Set(s)

Check the boxes for the data set(s) you want to search. When
done selecting data set(s), click the Additional Criteria or Resuilts
buttons below. Click the plus sign next to the category name to
show a list of data sets.

[] Use Data Set Prefilter (what's Tnis?)

Data Set Search: | |

- Aerial Imagery
F-AVHRR

FCEOS Legacy

B -Commercial Satellites
[ Declassified Data
[ Digital Elevation

B Digital Line Graphs
B Digital Maps
BE-EQ-1

E-Global Fiducials
E-HCMM

E-1SERV

E-Land Cover
E-Landsat [J

E LCMAP

[l NASA LPDAAC Collections
Bl Radar

El'Sentinel

- ©[E g Sentine-2
FHuas

B 'Vegetation Monitoring

[ 1SRO Resourcesat

Clear All Selected | Additional Criteria »

Pucynok 2.10. - [Topran EarthExplorer, Beibop ucrounnka nanseix Sentinel-2
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-
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S

Pucynok 2.11. - Koutyp neanuka Nel39, momoskka CryTHUKOBBIH CHUMOK Sentinel-2,

[Tporpamma o6padoTkn QGIS
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IIporpamma make_input.R

JUis  NOATOTOBKM  BXOJAHBIX  (paliJIoB  HEOOXOJMMO  HCIIOJIb30BAThH
BCTPOCHHYIO B MOJIeNb ITporpammy Make input.R, mporpamMMHoe obecrieueHue B
X0Zle CBOEH pabOThl aBTOMATUYECKU NPEOOpa30BBIBAET CUCTEMY KOOPIMHAT
BcexX (ailyioB B TOT KOTOPBIA HEOOXOAUM ISl KOPPEKTHOM pabOTHI MPOTPaMMBI.

Jlns Havama paboOTel C MpOrpaMMoi HEOOXOIHWMO OTKPBITH (aiin

make_input.R xotopuii HaxoauTcs B ¢aiite UtIlS ¢ moMOIIBI0 ITPOrpaMMEI

RStudio.

file Edit Code View Plots Session Buld Debug Profile Tools Help

LERIRA+ g + Addins - K Project: (None)

. History  C Tutorial [

© | make_input.R
p RunApp + %4 - # Import Dataset + & List «

7 Global Environment ~

Environment is empty

DN AW N

9~
10
11 suppressPackageStartupMessages(library(insol

12 suppressPackageStartupMessages(library(shinyFiles
13 suppressPackageStartupMessages(library(shinyjs

14 suppressPackageStartupMessages(library(raster

15 suppressPackageStartupMessages(library(sf

16 suppressPackageStartupMessages(library(tools Files Plots Packages Help Viewer = 7]

17 rasterOptions(todisk = TRUE) # Sav me y usage when p ing large ters 2 Export «
18
19 ~ »

261:10 E3 Extract grids with buffer R Script 2

Console  Terminal —

/media/ocirne94/Samsung_T5/unifr/Lavoro/mb_model/mbmodel_repo/utils/

R @ un progetto di collaborazione con molti contributi esterni.
Scrivi 'contributors()' per maggiori informazioni e 'citation()'
per sapere come citare R o i pacchetti di R nelle pubblicazioni.

Scrivi 'demo()' per una dimostrazione, 'help()' per la guida in linea, o
'help.start()' per 1'help navigabile con browser HTML.
Scrivi 'q()' per uscire da R.

-l
Pucynok 2.12. - Knonka Run App B RStudio

B otkpeiBIIEMCS OKHE HEOOXOAMMO 3amyCcTUTh KoMaHay Run App
(pucyHok 2.12) koTOpBIi OTKpBIBaeT OKHO Mass balance model assistant, B 3Tom
OKHE 3aIlOJHAIOTCS TaKWEe JaHHbIE KakK, Ha3BaHMe JieqHuka (Toxe camoe 4To H
Ha3BaHUE IMAaNKd B KOTOPOM COXpaHSAIOTCS BCE JaHHbIE), BBOJUTCA JaTa
MOJEJIMPOBAaHUS KOTOPBIA B HameM ciydae ycraHaBiuBaetrcs 2019 rox. [ns
3arpy3kd BBICOTHBIX XapakTepucTuk JeaHuka (dain DEM) nHeoOxomumo
OTKpBITH KHOTIKY Choose one or more input DEM files u 3arpy3uTh co3manubIi
panee ¢aiin. Ecim daiimn DEM cocTont u3 HeCKOIBKHX YacTel, TO MporpamMma

aBTOMATHYECKU 00beAUHSET 3TU (Dailyibl B oAuH (haits repes; 00paboTKOM.
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* Mb1 Haxxumaem kHomky Choose input glacier shapefile u BeIOMpaem
HIekI-(aiiy KOHTYpa, KOTOPBIM MbI co3aaiu panee: outline zulmart 2019.shp.

* OcranbHblE KHOTKM HE TPOTaeM, B TEKCTOBOM IOJI€ BBHIOMpaeM pa3Mmep
nosst 100 M o KoHTYpYy.

* OcraBisieMm mmycThiM grid cell size, OH BBIUUCIACTCS aBTOMAaTUICCKUA. MBI
TaK)K€ MOXKEM 3a/aTh KOHKPETHBIM pa3Mep sUeWKH, HamucaB 3HAYCHHE (B
MeTpax).

* Brioupaem Compute daily potential solar radiation (Bwramcnuts
CYTOYHYIO IOTCHIIUATBHYIO COTHEYHYIO PaIUAIIUIO).

» Hakonern, Haxxumaem kaonky RUN! (pucyHok 2.13).
Open in Browser "= Publish =

Choose glacier name: sulmart
Choose modeal year: 200
Choose one or more input DEM files
Choose input glacier shapefile
Choose input firn shapefile [opticnal)
Choose input debris shapefile (optional)

Choose reference grid file joptional)

Choose margin size around the cutline, in meters:

Choose grid cell size in meters (leave blank for
automatic cell size):

# Compule dally potential selar radiation [(SLOW!)

Glacher name seleclad
Model year selected
Input DEM file(s)] selected
Input autline file selacted.
RUN!
-

Pucynok 2.13. - Oxno make input.R nocne Bei6opa JaHHBIX TOTOBO Ui HakaTHst Ha RUN!
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* [Iporpamma Tenepp paboTaeT, ’TO MOKET 3aHATh HECKOJIBKO MUHYT. BBl
MOJKETe CIIETUTH 3a mporpeccoM B okHe RStudio.

 Korma mnporpamma 3aBepmmrtcs (yBemomuieHue Processing finished
(O6paboTka 3aBepilicHa)), BHYTpH mamku utils \ mosBUTCS HOBas mamka ¢
umeHeM zulmart \. Ona conepykut manku dhm \, outline \,radiation\ u surftype\.
MBeI nepemeriaeM Bee 370 (Bcro manky utils \zulmart \) B manky input \ zulmart \.

* B KOHIIe BXOZHAsl IalKa BBINIIIUT Kak pucyHok 2.14: B input \ zulmart \
ectb 6 mamok (dhm \, massbalance\, outline \, pamuarus \, surftype \ u weather
\). ITanka outline \ comepuT micHn-daiia, mamka pagdanus\ COACPKUT 365
paauanuoHHbIX pacuéToB (mepBas HazbiBaeTcs dir00124.tif ), a ocranbHbIe

ManKy COJAEePKaT TOIbKO 1o 1 daiiny.
> mbmodel_repo > input >Zulmart

i - | B | B i B l | il

| QGIS b | QGiS |
hm mar t dat =
if = a [ QGis |
jgaes [ 9GS | | 9GS | =3 [ QGIS | [ QG115 |

Pucynok 2.14. - [Tanka input\zulmart\ mocse moaroToBku BceX BXOIHBIX JaHHBIX

IHapamerpsl Moaeu
[TapameTpbl Monenu 3anaroTcsi B (aiine set params.R B manke monenu. Mbi
oTKpbIBaeM 3TOT (haiinn B RStudio u ycraHaBinBaem nmapameTphl, Kak TOKa3aHO B

Tabnuie 2.2. EcTb MHOTO APYTUX MapaMeTPOB, KOTOPHIE MOKHO YCTaHOBHUTH, HO
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B O3TOM II€CPBOM MOJACIUMPOBAHNH Mbl YCTaHABIIMBACM TOJIbKO CaMbIC BAKHBIC M3

HHUX. HpI/I HN3MCHCHHUU IMapaMCTPOB BAKHO COXPAHHUTH TOT KC (bOpMaTI KaBbIYKH

("") m 3amsaTeie (,) JOJKHBI OCTABaThCA MPESKHUMH WIM MOJAEIb He Oymaer

paboTaTs.

Tabauua 2.2. - [TapameTpsl MOEIH, KOTOPBIE MBI H3MEHSIEM

Parameter name Value Explanation (ITosicHenue)
(Umsn) napamerpa) | (3HaueHue)
name_glacier "zulmart" Mms teHMKa, 3TO TO K€, YTO M Mamka B input \

filename weather

"weather_zulmar

MMms meTeo (aiina, KOTOpoe Mbl YyCTaHOBWIIU

t.dat"
file weather nskip 4 Konn4yecTBO CTPOK, KOTOpBIE HYXXHO IPOIYCTUTH B
MeTeo-daiiie, ecTb 4 CTPOKH, KOTOPbIE HE SIBISIOTCS
TaHHBIMH
grids_crs 32643 EPSG xon cuctembl koopauHar, 32643 - 3osa UTM|

43N

filename massbalance

annual

"mb_zulmart.dat

Ms daitnia ¢ rofoBbIMH H3MEpPEHUSIMU OaiaHca

MAacCChI, KOTOpLIfI MbI YCTaHOBUJIN

filename massbalance

winter

Vms  ¢aitna ¢ 3UMHUMHM  HM3MepeHMsIMHU OallaHca
Macchl. Y Hac 3TOT0 HET, IOITOMY MBI OCTaBJISIEM €TI0

myctbiM (")

weather aws elevation

4000

Bricota MereomanHbix. B daiine 3ynmapT ykazaHa

Beicota 4000 m

first _ year 2019 [lepBblii rOJ], KOTOPBII MBI XOTUM CMOZEINPOBATH:
2019
last_year 2019 [Tocnemumii roJ, KOTOPBIi MBI XOTUM

CMOACIIMPOBATb, MBI XOTHM CACJIATh TOJIBKO OIWH

roJI, TaKk 4To 3TO cHoBa 2019
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Pucynoxk 2.15 - koast EPSG 300 UTM B LlenTpanbHoi A3uu ¢ COOTBETCTBYIOIIUMU

JOJITOTHBIMHU I'PaHUITaMU

3anyck Moaeau

[Tocitie yCTaHOBKM MapamMeTpOB MbI MOXKEM 3aIllyCTUTh MOJCIb OYCHb
MIPOCTO: MBI IPOCTO OTKpbIiBaeM B RStudio ¢aiin main.R u Haxkumaem Ha Source
(pucynok 2.6). [loka moaens paboTaeT, Mbl MOKEM BUAECTH IPOTPECC B KOHCOJIH
RStudio (pucynok 2.16). B koHCOMM MOIENs MOKWKET B PEaTbHOM BPEMEHHU
pe3yapTaT CUMYJIAIAHA, a TakkKe Jo0bie coolOmeHns o0 ommoOkax. Bcee

cooOrieHust Takke 3anuceiBarorcs B log file (B logs)\).
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file Edit Code View Plots Session Build Debug Profie Tools Help

[+ I+ = = # Go to fileffunction —— - Addins ~ R Project: (Nong) ~
@' set_params.R ﬂ, make_input.R @ main.R =0 Environment History Connections Tutorial =]
Source on Save Q Y ahd SRun %3 HSource - = % [ 7 Import Dataset - ;’ List = -
5 # mass balance measurements. # {1 Global Environment -
6 # This file contains the main loop and instructions. #
8

9 #5 logging console output. Environment is empty

18 dir te("logs", showWarnings = FALSE)

11 si e = file.path("logs", paste@('mb_model_run_", format(Sys.time(), "¥YHm¥d_fHXMXS"), ".log")), split

12

13 - ## t parameters and load function definitions ####

14 # English language for dates (in the plots).

15+ 1 s.info()["sysname"] == "Windows") {

16 .setlocale(category = "LC_TIME", locale = "English")

17~ ) e |

18 .setlocale(category = "LC_TIME", locale = "en_US.UTF-8")

Files Plots Packages Help Viewer =]
creates list run_params with the model parameters. -5 Export ~

2! ("set_params.R")

2 -

24 e e e = : = : D
16:5 Set parameters and load function definitions & R Script ¢
Console  Terminal =l
Imedia/ocime94/Samsung_T5/unifr/Lavoro/mb_model/mbmodel_repo/ -]
month 02 a
day 29
sV rev 77875
language R
version.string R version 3.6.3 (2020-62-29)
nickname Holding the Windsock

Loading required R packages...

Pucynoxk 2.16. - RStudio console ¢ nHpOpMaLMOHHBIMU COOOLIEHUSMH, HATUCAHHBIMU

MOJCJIBIO
BoixoaHbie (paiiabl
model output 3anmuceiBaeTCs B manky ¢ umeneM output\zulmart.
Cnenyromme  moapoOHblE  pe3yibTaThl  MPENCTaBlIeHbl B (aiiie

massbalance 2020.pdf, B output\zulmart\Annual_results\:

2018/2019
MO:[eJIHpOB aHHe Measurement period (annual, corrected): 07/16 - 07115

by =-0.172 m w.e.
RMS: 0.154 m w.e.

Elavation fm a.sl]

Mass balance fm we]

&
s

Bug Sep |Oct Mov Dec Jan Feb Mar Apr May Jun "l dug Sep
-t ' e =

=- [
Mans balance [m w e

08

0.4

02

Mass balance [mw.e.]

]
Get Nov -D-c'{?]ir; “Feb Mar Apr May Jun Jul Aug Sep
=100 0 100 200

00

SﬂB[mw.n.]_ L eee——
=20 =18 =10 =05 =02 00 00X 08 10 15 320

PucyHnok 2.17. - Pe3ynbTaTsl MOJICTHPOBAHUS
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 Kapra Gananca macchel 3a TUAPOJIOTUYECKUMA TO/I.

* Kapra Gananca maccel 3a nepuoj u3MepeHui.

» Kapra OGamanca Macchl 3a TOAOBOW IMEPUOA HM3MEPEHUN C JIOKAIBHOU
KOppeKIuen pe3ysibTata MOJIeNId Ha OCHOBE J0Jiel (METOJl KOHTYPHBIX JIMHUN).
Oto HazeiBaeTca "[lepuoa namepenus (rooBoi, CKOPPEKTUPOBAHHBIN)".

 Kapra 6ananca maccel 3a 3MMHUNA IEPUO/I.

* Meteoposnoruueckue psapl (TeMiepaTypa U OCaJIKm).

* CyTouHbIE BpEMEHHBIE PsIbI KYMYJISITUBHOTO OajlaHCa Macchl 1O BCEMY
JICAHUKY, TAKXKE C OTACIIbHBIMA KOMIIOHEHTAMU TasiHUS U HAKOILJICHUSI.

 ExxennHeBHbIE OOBEMBI TAJIBIX BOJ U OCAJIKOB, KOTOPBIE MOKHO CPABHUTH C
U3MEPEHUSIMH CTOKA.

* BeicoTHble podunm 6anaHca macc, TaKkKe B CPABHEHUU C U3MEPEHUSIMU
pEeNKu

* ExxetHEeBHBIN BpeMEHHOM psiJl OajlaHca MacChl Ha perKax.

Kaptel 6ananca Macchl Takke 3alTUCHIBAIOTCA B OTNebHBIEe (aiibl GeoTiff
(mpumep:mb_annual hydro 2020.tif ), koTopbie MoxxHO UcTOIB30BaTh B QGIS
umu ArcGIS.

OcranbHble 3HAYEHMS, BKJIIOYAsi CYyTOYHOE M 0Ollee TasHHE, HAKOIUICHHE,
Oananc Maccel ¥ rainfall, 3anuceiBatoTcst B TekctoBble ¢ainasl CSV (mpumep:
mb_daily_series_glacier 2020.csv).

Mopnenb Takke MpeBpaliaeT CBOJAKY Pe3yJIbTaTOB B JIBa 0030pHbBIX (aiina:

output \zulmart overview.pdf u output \zulmart_overview_areaplot.pdf.

BbiBOABI 10 BTOPOI#i I1aBE
1. UccnenoBanne OCHOBAaHO Ha aHANIM3€ CIyTHHUKOBBIX CHUMKOB Landsat
(2-5-7-8) u Sentinel-2 3a mepuox 1977-2018 rr. WaeHtudukanus JIeIHHUKOB
NPOBOAMIACH TIOJyaBTOMAaTHYECKHMM METOAOM C TOCIEAYIoUmeH pydHOH
KOppekiuen. J[7s OleHKW IWHAMHUKHU OJIEACHEHHS WCIOIb30BAIUCh CHUMKH
KOHIIa aBryCTa - Hadaja CEHTIOps, KOraa JICIHUKH MaKCUMaJlbHO CBOOOIHBI OT

CE30HHOTO CHEra. YUYHUTHIBAIHCH (DAKTOPHI OO0JIAYHOCTH JUIsi MUHUMH3AIAN
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MOTPEIIHOCTEMN.

2. I'mammonornyeckuii 0ananc Maccel jgeaauka Nel39 Biirouasa IojeBbIE
paboThl W KamMepaibHyt0 00pabOTKy MaHHBIX. VCIOMb30BaMCh CITyTHHKOBBIC
caumku Sentinel-2A, nporpamma ArcGIS uisi MOCTpOEHUs CXEMbI JIeIHHKA, a
TaKkKe TMpsIMbIe TJSIUOJIOTHUYECKUE HW3MEpPEHUs Mg ompeaereHus OaaHca
MAacCCBhl.

3. st MmonenmupoBanus 6aaHca MaccChl JIETHUKOB MCIOJIb30BaAJIaCh MOJIEINb
SMB, pa3zpabotannas IlIBeiinapckum ynusepcutetoM Bo dpeitbypre. Monennb
YUUTHIBAET PA3IMYHBIE [apaMEeTpbl, BKJIOYas METEOJIaHHbIE, TIPATUCHTHI
TEMIIEpaTypbl W OCAJKOB, COJIHEUHYIO paJualuio U reorpaduueckue

XapaKTCPHUCTUKHU JICIHHKA.
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I'nasa 3. UCJIEJJOBAHMSA U PE3YJIbBTATHI KAMEPAJIBHOM
OBPABOTKH PACUYETA TUHAMMWKM JIEJJHUKOB
3.1. UccaenoBaHusi COBPEeMEHHOI0 COCTOSIHUSI 0J1e/leHeHus1 DacceiiHa o3epa
XoBapkyJib

Jlnst  oOmiero TOHWUMAHUS COCTOSHUS —OJIeJIcHEHUs1 OacceifHa o3epa
XoBapkyib Oblia TMpow3BeneHa OIU(POBKA BCeX JETHUKOB. Hymeparmms
JICIHUKOB MPOU3BOJMIACH B COOTBETCTBUU C HyMEpallMel Karajora JIeIHUKOB
CCCP. Ilocne onudpoBkH JeIHUKOB OBUTH OMpeesieHbl MoOp(hoMeTpuuecKkue u
JIpyTHe CBOMCTBA JICIHUKOB U COCTABJICHBI TAOJUIIBI C JAHHBIMU O JIETHUKAX
OacceiiHa o3epa X0BapKyJib.

Ha kaprax (pucynok 3.1 m 3.2) mpencraBieHa JEIHUKOBas CHCTEMa
Oacceitna o3epa XoBapkynab. Ha kapre (pucyHok 3.2) Mbl BUIUM oOIIee
pacrojoXeHNEe OCHOBHBIX JIGAHHMKOB M WX THIIOB, OTMEUYEHHBIX pPa3HBIMU
nBeramu. Camblii  KpPYNHBIA JIETHUK, OOO3HAYEHHBIA TOJIyObIM IIBETOM,
JOJIMHHOTO TUIIA, IPOCTUPAETCSI C CEBEPO-3aliajia Ha For0-BOCTOK BJ/I0JIb INIaBHON
nonuHbl. K HeMy TPUCOENMHSAIOTCS HECKOJNBKO OOKOBBIX  IPHUTOKOB,
0003HAUYEHHBIX 3€JIEHBIMU M OPAH)XEBBIMU IIBETAMM, KapOBBIX M BUCAYUX
JI€THUKOB COOTBETCTBEHHO. Ha fore Mbl BUANM OTAEIBHOE CKOTUICHUE
JIeIHUKOB, 0003HaUYE€HHOE KENTHIMA M KPAaCHBIMU IIBETAMH, YTO yKa3bIBAeT Ha
WX MEHBIINE pa3Mepbl U Ooliee mepecedEHHbId penbed MOBEPXHOCTH, ATO
KapoBbIC U BUCSIYME JICTHUKU B 00JIee BBICOKMX TOPHBIX ITHPKAX.

Ha xapre (pucynok 3.1) Toka3aHa  IJIOmMAab  OJEACHEHUS,
CTpYNIUpOBaHHas 1o BenuuuHe. KpynHble jeIHUKH OO0O3HAUYEHbl CHHUM H
3e7EHBIM I[BETOM, CBETJIO-3€JIEHBIM I[BETOM MMOKa3aHbl HAMMEHBIITUE JICTHUKH.

O0e KapThl AEMOHCTPUPYIOT CIIOKHYIO U Pa3BETBICHHYIO JIETHUKOBYIO
CHCTEMY B TOPHOM PETHOHE, C IPeoOIaaHieM KPYHBIX JOJIHHHBIX JICTHUKOB B
IJIABHBIX JIOJIMHAX W MHOXXECTBOM 0oJiee METKUX MPHUCOSAHHSIOIINXCS
JI€IHUKOB pa3JMYHbIX TUIIOB HA CKJIOHAX M B OOKOBbIX wHupkax. Crout
OTMETUTh, YTO 03€p0 XOBapKyJdb B IICHTPATbHONH YacTH KapThl, SBISETCS

BOI[OéMOM, B KOTOPOM CKaINIMBAIOTCA TaJIbIC BOALI JICIHHUKOB.
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KapTa G6acceiiHa o3epa XoBapKynb
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Pucynok 3.1. - O6muii Bua neTHUKOB OacceifHa o3epa X0oBapKyIb
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YcnoBHbie 0603HaYeHUNA

Xpebrwl
Pexwn

| | Oaepei
Tunel negHUKOB

- Lenppurossie

ACCHMETPUMHO-A0NHHHEE
- Crnosoasie

Bucauwe

- HonuHsble

- CNoMHO-AONUHHBbIE

[:l Kaposkie

- Mnocrxo-sepuwnHHme

Nicwref 1 510 000

Pucynok 3.2. - O0muii Bu JIeTHUKOB OacceifHa o3epa X0BapKyJIb MO THIIAM
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KoJsin4yecTBO JIeAHUKOB 10 0acceiiHAM peK

B tabmuue 3.1 nmpuBeneHoO pacnpeneneHue KOJMYeCTBa JIEAHUKOB IO
pa3IMyYHBIM pEeYHBIM OacceiiHamM B HccleayeMoM paiioHe. Bcero yureno 432
JeHUKa, MPUYEM HamOOoJbllIee KOJIMYECTBO JIAHUKOB HAXOJIUTCS B OacceiHax
pex Koxcoii, KokxuykypOamm, Apma-laasr u KymOynak (16 negHukoB) Ha
ceBepHOM YyuacTke CapblKolbCcKOro xpe0Ta, a Takke B OacceifHax pek

Kapamxkuira (38 neauukoB) u batiramka (41 neguuk) [1-A].

Ta6auna 3.1. - KonnuecTBo JeTHUKOB MO OacceitHam pek

Pexn

KoaunuecTBO

JeAHUKOB, IIT.

Koxkcoii, KokuykypOammm, Apna-anst u KymOynak

CeBepubiii  yyacTok CapbIKOJIBCKOTO XpeOTa; OacceiHbl

pex

16

Oaccelinbl pek 3op. Kysanael u Capeitarin 2
Oacceitn peku Kapaapt 32
Oaccelinbl pek Mystecy u Caap 25
Oaccelin pexu KbI3bUHKUnK 13
OacceitH pekn AkOaiiran 25
6acceitn pexu Kokuykyp 12
OacceitHbl pexk AKmpkumira u bessiMsiaHas | 44
6acceitnbl pex bespivsianas 11, Kaparam u Kapauum 24
bacceiin BepxoBbs peku Kapamxunra 38
Oaccelin pexu baiiramka 41
6acceitn pexu Kokcait 42
bacceliHbl HUKHUX NPaBbIX IPUTOKOB peKu MapkaHcy 23
bacceiinbl mpaBbIx NpUTOKOB pekn Kokcoit u peku Kokcon 14
OacceitH pexku Yiicy 41
6acceitn pexu Kypymab 30
Oaccelin pexu KeiHbrucy 10
Bcero 432

[pumeyanue: 6e3 yu€ra pa3aenuBIIAXCS JIECTHUKOB.
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PacnpenesieHue e THUKOB MO BeJIMYNHE UX TUIOIATH

Tabnmuma 3.2 1OKa3bIBaeT paclpeiesicHHe JCAHUKOB IO ILIOIIAJIH.
Hanbomnbmee kommdaectBo neaaukoB (177, wmm 40,6%) umeer mromans ot 0,1
o 0,5 km?. JlemnukoB ¢ miomanasto 6onee 10 km? Bcero 7 (1,6% ot oOmero
KOJIM4ecTBa), HO OHM 3aHuUMaT 20,2% oT oOmel IUIomaay OJICACHSHUS

paiioHa.

Tadauna 3.2. - PacnpeneneHue JISTHUKOB 110 BEJIMYNHE WX TUIOIIAIH

KonudyecTBo J1eJHUKOB [L1omans
[Lmomans neaHUKa,

, JlaHHOM % 0OIIEro [KM? % 0OImel IIoIaN
- rpaaluu KOJINUECTB OJICICHCHUS
0—0,1 24 5,5 1,6 0,3
0,1—0,5 177 40,6 44,4 7.8
0,5—1,0 97 22,2 68 12
1,0—3,0 93 21,3 148,8 26,3
3,0—10 38 8,7 189,1 33,4
10—BpeImie 7 1,6 114,3 20,2
HUToro 436 100 566,2 100

[pumeuanne: C yu€ToM IUIOMAACH pa3IeUBIINXCS JIEHUKOB.

PacnpenesieHue JieTHUKOB Pa3jIMYHBIX MOP(OJIOrHYeCKHX THIIOB

Tabmuma 3.3 TmpeAcTaBisieT  pachnpefereHue  JEAHUKOB M0  UX
MopdonornueckuM TunaM. Hambosee pacrpocTpaHEHHBIMUA THIIAMHU SIBJISTFOTCS
nonuHHbIE (139 neauukos, 29,4% moianu ojieICHEHNS) U CKJIOHHBIC JICTHUKH

(129 nemuukos, 12,2% miomanu oneacHenns) [1-A].

Ta6auua 3.3. - Pacripenienienue JeTHUKOB pa3IMIHBIX MOP(POJIOTHUECKUX THIIOB

Tun negnuka Yucao 1eJHUKOB IImomane
JlaHHOTO % 001mero kM2 | % obmeit
THIIA KOJIMYECTBA ILIOIA A
JlomuHHEIT 139 32,4 165,9 | 29,4
ACHMMETPHYHO JTOJTMHHBIH 14 3,3 16,6 |29
Bucstunii 53 12,3 111 |2
Bucstunii oInHHBIN 3 0,7 1,2 0,2
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IIponomxenune Tadauubl 3.3

Bucsunii 1oIMHHBIN, 4YacTh CIIOXKHO | 5 1,2 4.7 0,8
NOJTUHHBIN

JoyuHbl, 4acTh IEHIPUTHBIN 9 2,1 91,7 |16,2
JlonuHBI, 9acTh CIOKHO JONUHHBIN | 43 10 155,8 | 27,6
Kapogsrit 17 4 4,1 0,7
KapoBo nonuHHBII 3 0,7 1,8 0,3
[TnoCcKOBEPIIMHHBIHA 1 0,2 2,9 0,5
CKIOHHBIH 129 30 69 12,2
CKJIOHHBIN, YaCTh JICHIPUTHBIN 4 0,9 79 1,4
CKIJIOHHBIH, 4acTh cIJIOXKHO | 3 0,7 1,9 0,3
JNOJUHHBIN

CI105KHO JOJIUHHBIA 3 0,7 124 | 2,2
C0KHO JIOJIMHHBIMH, yacTh | 1 0,2 17,2 |3
JICHIPUTHBIN

Hroro 427 100 564,2 | 100

HpI/IMe‘-IaHI/ICZ Hosrie JICAHUKU B Ta6n1/1uy HE BKJIIFOYCHBEI.

Pacnpe)IeJIeHne JICAHUKOB 110 3KCIIO3UIINAM

Jannas tabnuia (Tabmmia 3.4) Moka3pIBaeT paCpeeICHUE JISTHUKOB 10

AKCIIO3ULIMAM (OpUEHTAlMU CKJIOHOB). Haubomblnee KOJIWYECTBO JIETHUKOB

opueHTHpoBaHO Ha ceBep (125 nemnumkoB, 22,4% 1muiomanyd oJieJICHCHHS) U

ceBepo-BocTOK (79 nmemuukoB, 17,5% mommaam oJjieieHeHHUs). DTO CBS3aHO C

OoJsiee OJArompuUsITHBIMU YCJIOBUSIMH IS COXPAaHEHMS JbJJa Ha CKJIOHaX

CEBEPHBIX PyMOOB.

Ta6auna 3.4. - Pacnipenenenue JeTHUKOB MO SKCIIO3UIIUSIM

DKcro- KonuuecTBo eTHUKOB ITnomanw

SULUS JIAaHHOU % 4ucna JeTHUKOB KM? % mutomaay oneaeHEHUs
AKCIO3ULINU paiioHa paiioHa

B 36 8,4 355 |6,3

3 19 44 20 3,5

C 125 29,2 126,3 | 22,4
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IIponoskenune Tadaunbl 3.4

CB 79 18,5 99 17,5
C3 76 17,8 533 |94
1{0) 21 4,9 39,7 |7
OB 32 7,5 48,6 | 8,6
103 7 1,6 16,7 | 2,9
B, IOB 3 0,7 5 0,9
B, 103 1 0,2 1,9 0,3
C B 1 0,2 1,9 0,3
G 3 1 0,2 0,5 0,09
C,CB 4 0,9 11,8 |21
C C3 1 0,2 0,7 0,1
CB,B 3 0,7 242 |43
CB,C 2 0,5 3,6 0,6
C3,C 1 0,2 3,9 0,7
C3, 10 1 0,2 0,7 0,1
C3, 103 1 0,2 1,3 0,2
IO, OB 3 0,7 36,7 |65
IO, 103 1 0,2 1,4 0,2
IOB, 103 2 0,5 3,8 0,7
3,103 1 0,2 1,4 0,2
C3,3 1 0,2 0,7 0,1
10, 3 2 0,5 22,5 |4
IOB, IO 2 0,5 2,2 0,4
103, IO 1 0,2 1,2 0,2
Hroro 427 100 564,5 | 100

PacnpenesieHue JieTHUKOB 110 IKCIIO3MIMSAM HA Pa3HbIX XpedTax

Ora Tabnuma (tabnuna 3.5) AeTanu3upyeT pacnpenesieHue JETHUKOB IO

AKCTIO3MIIMSM JJIs OCHOBHBIX XpeOTOB HcclieqyemMoro paiiona. Hampumep, Ha

CappikosibcKOM XpeOTe Mpeo0IafatoT JeIHUKU CEBEPHBIX, CEBEPO-3aMaIHbIX U

CEBEPO-BOCTOYHBIX IKCIO3ZUIIUM.
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Tadauua 3.5. - PacnipeneneHue JIeMTHUKOB IO SKCTIO3UITUSAM Ha Pa3HbIX XpeOTax (B

YUCIIUTCIIC - YUCJIO JICAHUKOB, B 3HAMCHATCJIC - IIJIOIIAaAb, KMZ)

Xpebet Yucnone | Inomans | OKCIO3UIIUA

JHHKOB | EIHUKOB, C CB B IOB | IO 103 |3 C3

M2
Capsikonbc- | 88 86,3 32 13 2 2 1 1 11 26
KHH XP. 322 |79 08 |13 |02 |29 |172 |238
Xp. 37 38 29 3 1 4
30pTariKoi 32,9 1,8 1,3 2
[lenTpans- | 66 46 23 21 11 2 9
HBIN paiion 21,7 |134 |68 04 |37
BepxoBws p. | 77 84,8 13 21 7 16 2 1 17
Kapa oxur 228 262 (66 |93 |2 0,4 17,5
bacceitn p. | 41 1249 4 5 9 6 4 5 5 3
Kokcaii 31 28,66 | 158 |93 |398 |162 |76 |44
bacceiin 51 85,8 8 15 4 6 10 8
PEKH P.
Mapraricy 62 |471 |61 |185 |59 2
(3amagHas
4acTh)
Baccelin 63 96,8 24 4 3 4 10 3 3 12
PCKH D. 17,8 |09 19 136 523 |29 |17 |57
Beco paiion | 423 562,6 133 82 37 34 27 10 21 79
OnIeACHeIT 136,8 [ 126 [39,3 |52 |100, |224 [26,9 |59,1
2

[Ipumeuyanue: HoBbie semHUKHM B JaHHOW TaOnuie HE ydTeHbl. JIeMHWKH, KOTOphIE

pa3IeTWINCh Ha JIBE YaCTH, B JAHHOW TaOJIUIIEe CUYMTACTCS KaK OJUH JICTHUK.

Pacnpene.ﬂem/le IIoImaau oJeaACHCHHUA MO0 BBICOTE

Tabnuma 3.6 mokas3pIBaeT pachpeaesieHUe IUIOMAad OJeACHEHUs TO0

BBICOTHBIM 30HaM. HamOounbiras momans oneacHeHus (28,4%) npuxoaurces Ha

BbICOTHI 4400-4600 M Hax ypOBHEM MODS, a B LIEJIOM OCHOBHAs YacTh JIEAHUKOB

pacnosioxkeHa B nuana3zone BoicoT 4200-5000 wm.
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Tabauua 3.6. - Pacripenienenue miomniaay oJ1eeHeHUs 0 BBICOTE

BricoTHas 30Ha, M. ITmomane
KM? % oOIIel IUIomaad OJIeAECHEHUS
paiioHa

4200—4400 120,2 21,3
4400—4600 160,4 28,4
4600—4800 148,8 26,3
4800—5000 95,8 16,9
5000—5200 28 49
5200—5400 5,2 0,9
5400—5600 1,7 0,3
5600—5800 49 0,9
Hroro 565 100

BbICOTHBIE XapPAKTEPUCTUKH JEJHHKOB 10 OCHOBHBIM pailOHAM

0acceliHa

B Ta6JII/ILI€ 3.7 INPpUBCACHBI CPCIHNC, MUHHUMAJIBHBIC W MAKCHMAJIBHBIC

BBICOTBI KOHIIOB JICAHHUKOB, BBICIINX TOYCK JCAHUKOB JJI1 OCHOBHBIX paﬁOHOB

HCCIIEYEMON TEPPUTOPUM. OTH JAHHBIE BAXKHBI JUISI AHAIM3Aa BBICOTHOTO

pacnpeneneHus OJICICHEHHUS.

Ta6auua 3.7. - BeicOTHBIE XapaKTEPUCTUKH JICTHHUKOB IO OCHOBHBIM paifoHaMm OacceiiHa M.

HaJl yp. M.

Paiton Bricora

oJIeICHEHUS KOHIIOB JICTHUKOB BBICIIICH TOYKH JICTTHUKOB
Cpe/Hss |MUHH- MaKCH- Cpe/Hss |MUHH- MaKCH-

MallbHas ~ [MaJbHas MallbHas  [MaJbHas

CapbIKOIBCKUHN XP. 4826 4242 5410 5453 5056 5850

Xp. 3oprarikon 4990 4689 5292 5571 5047 6095

[{enTpanbHbIN paiioH 4973 4614 5333 5342 5088 5597

BepxoBbs p. Kapamkuira 4895 4487 5304 5349 4946 5752

bacceiin p. Kokcait 4813 4376 5251 5940 5153 6728

bacceitn pexu p. Mapkancy

(3amajast acTh) 4884 4373 5395 5674 4777 6572
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IIpoxoskenne Tadaunbl 3.7

bacceiin peku p. MapkaHcy

4934 4215 5653 5557 5060 6054
(BocTOYHAS 4aCTh)
Hroro 4902 4428 5376 5555 5018 6092

Kpynneiimue jJeJHUKHN paiioHa

B Tabmume 3.8 mepedunciieHbl KpyMHEWUIIWE 110 TIUIOMIANA JICTHUKH

HCCIICAYCMOT'O paﬁOHa, HUX THIIBI, INIOMAJW MW PaCIOJOKCHHUC I10 PCUYHBIM

Oacceitnam. CambiM  KpynHBIM  siBiisieTca  JienHuk Ne276  (3anmagHbii
OxTs6pbckuil) mwomaaeso 18,08 km? B 6acceitne peku MapkaHcy.
Ta6auua 3.8. - Kpynueiimme ieqHukH paiioHa
bacceiin o3epa XoBapKyJib
Hasanue u Homep |[bacceitn peku (Homep Tun [Lnomans,
e THUKA paiioHa) e THUKA M2
1 Xp. 3opTaikon TOJIMHHBIN 5,467
3) Xp. 3opramkon CJIOKHO JTOJTHMHHBIN 7,114
10 Xp. 3opramkon TOJTMHHBIN, 9aCTh CIIOKHO [5,247
TTOJIMHHBIN
52(by3-Uy0ek) Xp. 3opTamkon TOJIMHHBIN 5,108
94( Ax-baiiTan) Xp. Ax-baiiran TTOJTUHHBII 5,642
243 Xp. 3ynmapt NTOJTMHHBIN, 9acTh CJI0XKHO (8,823
(Bomomapckoro) TOJIMHHBIN
244 Xp. 3yamapt TTOJTMHHBIN, 9aCTh CJI0XKHO (7,249
(Bonomapckoro) TTOJTMHHBIN
272 Xp. 3yamapr TTOJIMHHBIN, 4acTh CI0XKHO (6,606
TTOJIMHHBIN
275 (Okts10pbckuit) [3aanaiickuit Xp. TOJIMHHBIN, 4acTh 30,793
TIEHIPUTHBIN
276 (3amaHbIi Xp. 3ynmapt TOJTMHHBIN, 4acTh 18,08
OKTsOpBCKUiL) NICHPUTHBIN
277 Xp. 3yamapr TOJIMHHBIN, 4acTh 6,413
JICHIPUTHBIN
283 Baanmaiickuii Xp. TOJIMHHEIHN, YacTh cioxuo |9,104

TOJTMHHBIN
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IIpoxoskenne Tadaunbl 3.8

285 3aanaiickuit Xp. TOJMHHBIH, 4aCTh CI0XKHO 5,732
JTOJIMHHBIA
Baccelin peku p. Mapkancy

36 bacceitn pexu p. Mapkancy (3anagHast |J{oauHHBIH 6,3
4acTh)

44 (Viicy) bacceiin pexu p. Mapkancy (3amagnas |[leaaputaeii (17,2
4acTh)

45 bacceitn pexku p. Mapkancy (3anagHas |[lennputaeii (10,8
JaCTh)

A7 bacceitn pexu p. Mapkancy (3anagHas |[lennputaeii (14,9
JaCTh)

82 bacceiin pexu p. Mapkancy JlonuHHBIH 5,4
(BOocTOUYHAs 4acTh)

88 (Jlennuk No2)  |bacceitn peku p. Mapkancy JloTMHHBIN 10,9
(BOCTOYHAS 4aCTh)

89 bacceiin pexu p. Mapkancy JloTMHHBIN 6,1
(BOCTOYHAS 4aCTh)

91 (Kypymzpbr) bacceiin pexu p. Mapkancy JlonuHHBIN 12,6
(BOocTOUYHAs 4acTh)

93 (JIemnuk Ned4)  |bacceiin peku p. Mapkancy JlonmHHBIN 9,9
(BOCTOYHAS YaCTh)

115 bacceiin pexu p. Mapkancy JloTMHHBIN 6,3
(BOCTOYHAS 4aCTh)

JerpagupoBannbie JeaHuku (Mcuye3nyBuiue)

Tabmuna 3.9 comepxutr wuHPOPMAIMIO O JBYX JErpagupOBAHHBIX

JCAHNKAX - MX HOMCpA, KOOPAHWHATHI, MOp(l)OJ'IOFI/I‘leCKI/Ie THUIIBI, IIOINAaAW H

BBICOTHBIC AHAIIa30HEI.

Ta6auna 3.9. - [lerpagupoBannbie neanuku (Mcuesnysuime)

Ho | Mun. | Makc. | O0mas MopdoJio- ITnomans, | Koopauuarsl
Mep | BbICOT | BBICOT | IKCIO3MUMS | THYeCKHil KM?
a a JIeAHMKA THII JIEAHUKA

Bacceiin ozepa XoBapkyJib

42 5100 5380 C3 CKJIOHHBIH 0,2 73°41'51,834"E
38°52'2,268"N

Bacceitn pexku Mapkancy

75 4850 5000 B Bucsunii 0,1 73°21'24,514"E
39°25'47,811"N
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B menoMm, nmpeacTtaBieHHble — TaOMUIBI  colepiKaT — MOJPOOHBIE
KOJMYECTBEHHBbIE JaHHbIE O JIEHUKaX HCCIEAYyEeMOIro pEeruoHa, uX
MOP(OJIOTUYECKNX  THUMAX, pa3Mepax, BBICOTHOM ¥  3KCIO3WUIIMOHHOM
pacmpesiefieHdd, 4YTO SBIAETCS I[EHHOW uH(oOpManuend Juisi HU3y4eHHs

COBPECMCHHOI'O COCTOAHMA OJICACHCHUA U €T0 JTUHAMHWKH.

3.2. Pa3paboTka KapThl IOBEPXHOCTH JIeAHNKOB OKTAOpbCKHii U Yiicy
OacceiiHa o3epa X0BapKyJb

Hwuxe npuBeneHsl moapoOHbIE Tomorpaduueckue KapTbl MOBEPXHOCTH
nenHuKoB OKTSAOpbCcKkUM M YHiCy, TOJy4YEHHbIE BbIINICYKAa3aHHBIMU METOJIaMH,
pacmnoJioKEHHbIE B CEBEPHOW YacTU OacceitHa o3epa XoBapkyib. KapTel naroT
HarJsHOE MPEICTaBICHUE O BBICOTE MOBEPXHOCTH JIETHUKOB U OCOOCHHOCTSIX
penbeda ¢ TOMOLIBIO0 IBETOBBIX KA U KOHTYPHBIX JIMHUM.

Ha caumke (pucyHok 3.3) u3o0paxéH negHuk OKTAOPbCKUM, KOHTYD
JEHUKA IIPEACTABICH PAa3JIMYHbIMU OTTEHKAMHM JKEITOTO0, OPAHXEBOTO U
KpacHOTO IIBETOB, OOO3HAYAIOIIMMU pa3JIMYHbIE Auana3oHbl BbicoT. Camas
BBICOKAasl TOYKa JIEAHWKA, OTMEYECHHAs KPAacHbIM LIBETOM, JAOCTHUTAET BBICOTHI
6746 mMeTpoB HaJ ypPOBHEM MOpS, a camasi HU3Kasi TOYKa, OTMEUEHHAs 3eJIEHBIM
LIBETOM, HaXOJUTCS Ha BbICOTE 4489 METPOB HAJl yPOBHEM MODHI.

KOoHTypHBIE JIMHMM WIM W30TUICHI, KOTOpHIE HAHECEHBI Ha Kapry,
0003Ha4yal0T BBICOTHBIE JIMHUM, KOTOPBIE OTPAXAIOT peibed U Tomorpadpuio
JIETHUKA.

Jns nenmnmka Yiicy Takke Oblla co3jaHa MOApoOHas KapThl BHICOT, Ha
Kapte (pUCyHOK 3.4) OTpaKCHBI camasl BBICOKas TOYKa JICAHHKA KOTOpas
JOCTUraeT BBICOTBI 6579 METpOB HaJ ypOBHEM MOps M camas HU3Kas TOYKa,
KOTOpast HaxoauTcs Ha BbicoTe 4402 MeTpOB HaJl YPOBHEM MOPS UTO TOBOPHT O
nepenaze BbICOT Ha JIETHUKE B 2177 MeTpoB.

Tomorpaduueckue KapThl i1 O3TUX JICAHUKOB OBUTM CO3JaHBl C
UCIIOJb30BaHMEM IM(POBBIX Mojenel penbeda c paspenieHrnemM okojio 30

METpPOB, KOTOpasi OblIa CO3JlaHa Ha OCHOBE pajapHbIX CHUMKOB SRTM. [lns
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TOrO 4YTOOBI MOIY4YUTh ULU(POBOM MOAEHb penbeda U  XapaKTEPUCTHUK
HOBEPXHOCTH JIEJHUKA PaJapHble CHUMKH ObUIM 0OpaOOTaHHbBIE B MpOrpamMme
ArcGlIS.

JeHaApuTHBIA JeaHuuk OKTaopbekuii Ne275, 277-287

Ha ocHoBe mogy4yeHHBIX KapT U UX aHaIu3a ObLIO BBISBICHO, YTO OCHOBHAS
4acTh 30HBI A0JSAIUN HAXOIUTCS Ha BbIcoTe 10 S000 METpoB, a BBIIIE 3TOM 30HbBI
HAYMHAECTCS 30HA AKKyMYJISILIUW, TAaKHE BBICOTHBIE XapaKTEPUCTUKH JICTHUKOB
aBisieTcs HopMou mia Bocrounoro Ilammpa. IlpuumHa TOrOo 49TO JIETHHK
OKTAOpCKUMl sIBISIETCA OAHUM M3 KpPYNHEMIIUX JIEAHUKOB HE TOJBKO Ha
Boctounom Ilamupe HO u B Tamkukuctane 310 OOUIMPHBIE TEPPUTOPUU 30HBI
aKKyMyJsiuuu jenHuka. Ha xaprte, sxenTele 00J1acTH ¢ JAJIEKO PaCIOIOKEHHBIE
Ipyr OT Jpyra W30JMHUM IIOKA3bIBAIOT OTHOCHUTENIBHBIE POBHOCTH, OTO
MO3BOJISIET HAKAIUIMBATh JIOCTATOYHO TBEPIBIX aTMOC(EPHBIX OCAAKOB JUJIS
nutaHus JeaHuka. KpacHas o0nacTe Ha JIEMHUKE, TJ€ JMHUU BBICOT
pAaCIIONIOKEHHBIE  PALOM, TOBOPAT O KPYTBIX CKJIOHaX BOKPYI  30HBI
aKKyMYJISILMU JIEIHUKA, TEM CaMbIM CO3JaBas LUPK U3 XpeOTOB BOKPYT 30HBI
aAKKyMYJISILUUY JIETHHUKA.

Jlenuuk  OKTAOpPBCKHII 3TO JEHAPUTHBIA JI€IHUK, KOTOPBIA HUMEET
MHOYKECTBA NPHUTOKOB, KaK M NPUMBIKAIOIIMX TAK W HE NPUMBIKAIONIUX, B
OCHOBHOM IIPUMBIKAIOIIUE JICAHUKA HAXOIATCS HA CEBEPHOM CKJIOHE IIPaBOIO
pykaBa xpeOta inemHuka OKTAOPHCKOTO. A HE NPUMBIKAIOIINE JIETHUKH
PacCIIOJIOKEHBI B IPOTHUBOIIOJIOKEHHON CTOPOHE HA FOKHOM CKJIOHE JIEBOTO
pykaBa xpeOTa JeTHHUKa.

OCHOBHBIMM TPUTOKAMH, BIHSIOIIMMH Ha JWHAMUKY BCEU CHUCTEMBI,
aBisaroTest neguuku 277, 282, 283 m 285. C 1946 o 1973 rox HIKHSS 4acTb
A3bIKa JIEAHUKA JErpaJupoBalia, 3HAYWTEIIBHBIE YYACTKA MEPTBOrO JbJAa
pacTasiiii, a y4acTKU MPEXJIe aKTUBHOTO JibJla ObUIM OTCEYEHbl BOJOTOKAMHU OT
COBPEMEHHOT0 Tejla JeIHHKA. 3a 3TOT Mepuo] (PpOHT JieAHHKA OTCTYHHJ Ha
1500 m, a x 1975 rony em€ Ha 50 m. B nepuon ¢ 1975 no 1980 rox nerpanamus

A3bIKa MPOAOJIKATIACH U €ro KoHel oTcTynui emé Ha 500 m.
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Jlennuk 276 (3anmamubiii OKTSIOpbCKUiA), KOTOpBIM B 1946 romy Obud
npuTokoM neaHuka OKTs0pbekuil, B 1971 rogy yxe He nmpuMmbikai Kk Hemy. Ha
kocmuuecknx cHUMKax 1975, 1980 m 1990 romoB BHAHO, YTO S3BIK ITOTO
JIETHUKA JIeTpaaupoBai U oTcTynui K 1990 rony Ha 1 kwm.

B 1989-1990 romax mnpou3onuia MOIIHAs MOABWXKKA JIEHUKA
OKTsIOphCKH, 3aBepIIAONIUi  ATalm KOTOPOW YEeTKO 3apUKCHpOBAaH Ha
kocmuueckoM cHuUMKe 1990 roma. K 1990 roma jauHaMHUYecKHMil KOHEIT
B3YBLIErOCs SI3bIKA JIEAHUKA NpoaBUHYJICS HA 1300 M, HO HE TOCTHUT TPAHUIIBI
nenqauka 1946 roma. B moAaBMKKE NPUHSUIM y4acTHE OCHOBHBIC IPUTOKHU
nennuka: 277, 282, 283, 285-287. MX A3bIKM MNPOJBUHYJIUCH BMECTE C
OCHOBHBIM CTBOJIOM Ha pacctosius oT 1900 m (mennuk 277) no 3500 m (eaHuK
283). IlpaBbie nputoku, Jeagauku 278—281, npakTHuecku He ObUIM 3aTPOHYTHI
rmonBkkon 1989-1990 romos.

Cpa3y nocine 3aBepuieHus NOABWXKKUA B 1990 romy puCyHOK COWJIEHEHUS
OCHOBHOTO CTBOJIa U MPUTOKOB, a TAKXKE€ NAJIbHOCTh WX MPOTSKEHUS BIOJb
OCHOBHOTO CTBOJIa MPAaKTUYECKH COOTBETCTBOBaIM puCyHKY B Kartanore

negaukoB CCCP, otpaxkaronieMy cocTostHuE JeaHuKa B 1946 rony.

JleHApUTHBIH JienHUK Yiicy Ned4 — 49
Jlenauk  VYiicy sBAseTCS JIEHIPUTOBBIM JIETHUKOM, OOpa30BaHHBIM
CIUSIHUEM ILIECTH JIEAHUKOBBIX TOTOKOB, CTEKAIOIINX BEEPOM C IIECTUTHICSIUHBIX
rpeOHert 3aanalickoro xpedTa M €ro IOKHOrO OTpora. ITH IIECTh ITOTOKOB
CIIMBAIOTCS B OOIIWI JICTHUKOBBIN S3BIK MIUPUHON OKOJIO 1,5 KM B monuHe. Bee
COCTAaBJISIIOIIME MOTOKM JUHAMUYECKU AKTUBHBI 1 ACUHXPOHHO MOCTABIISIOT JIE

B OOIIMUA CTBOJI JIEJIHUKA.
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Pucynoxk 3.4. - Jlennuk Viicy

OO6mwmii s3bIK JeNHHKA YHCY HMMEET CIOKHYIO CTPYKTYpPY CO CleIaMH
MPOIUIBIX TOJABUXKEK OTMAEJIbHBIX IMMOTOKOB U MMOKPHIT MOIIHBIM MOPEHHBIM
yexsioM. OPOHT S3bIKA PE3KO OYEPUEH, KPYT, MECTAMU OOPBIBUCTBIM U TTOKPHIT
TOCTOSIHHO OCBIIAIOIIECHCS MOPEHOM.

[ToaBUKKHU COCTaBIISIFOIIUX JIEAHUKOBYIO CUCTEMY MOTOKOB MPOUCXOMST B
npefenax — oOIero  JCAHUKOBOTO  sI3bIKA W UX  HIDKHHE  TPAHUILBI
pacnpocTpaHEHHUs MOKPBIBAIOTCS MOPEHOM.

Mexnay 1980 u 1990 romamm, COrJIaCHO KOCMHUYECKHMM CHUMKaM,
COCTOSIHUE JIEIHMKA YHCYy M €ro COCTaBIISIIOIIMX MOTOKOB IPAKTUYECKH HE
W3MEHHJIOCK.

3.3. I'nguuojioruueckue HCCJaeA0BaHUs M OIEHKA THHAMMUKH 0JIeleHeHHu s
0acceiiHa pexku CapbIryH JUCTAHIIMOHHBIM METO0OM

bacceitn peku CapbIryH SIBIISIETCS TPaBbIM NMPUTOKOM PEKU AKIKWIITA,
KOTOpasi B CBOIO Ouepelb BIaJaeT B 03€po XOBapKyJb. I[IpoBenaéHHas

orudpoBKa JIeMHUKOB OacceiiHa peku CapbilyH M OIEHKAa HX IUIOIIAH
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oxBatbiBaeT nepuoA ¢ 1977 mo 2018 rox (tadauna 3.10). AHaIM3 CITyTHUKOBBIX

CHHMKOB 3a 9TOT IIECpUOJ IMOKa3all
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Pucynok 3.5. - bacceitn peku CapbiryH, NIPpUTOK 03epa XOBapKYJIb.

YMCHBIICHHC INIOIAAM IIOYTH BCCX JICAHHMKOB, 34 MCKIIOUCHHEM JICAHHKA

Nel35. bomee mnonpoOHble naHHbIE 00 W3MEHEHHWH IUIOMIATU JICTHUKOB

npuBeeHsl B Tadnmue 3.10 [3-A].
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Taoauua 3.10. - [Tnomaau TeTHUKOB IO JAaHHBIM JUCTAHIIMOHHOTO 30HaUpoBanus ¢ 1977 mo

2018 rT.

Pexa Capbiryn nputok p. Akakuira. bacceitn 03. XopapkyJib

Ne Dkcro3 | ITnomans TeTHIKOB KM?
JeTHUKA T UM 1977r. | 1994r. | 1998r. 2008r. | 2018r.
132 JlonMHHBIN C3 0.59 0.55 0.54 0.54 0.53
133 JlonMHHBIN CB 0.41 0.41 0.41 0.33 0.33
JlonuHHBIN, YacTh
134 CIIOKHO C 1.49 1.46 1.46 1.43 1.36
JTOJTUHHBIN
CKIIOHOBEBIH,
135 9acTh cioxkno | C3 0.18 0.18 0.18 0.18 0.18
JIOJTMHHBIA
JIOJIMHHBIM, 4aCTh
136 CJI0KHO C 1.01 0.94 0.94 0.89 0.89
JIOJTMHHBIA
137 JlonMHHBIN B 0.16 0.16 0.17 0.15 0.14
138 Kaposo 5 CB 0.24 0.22 0.26 0.21 0.21
JOJTUHHBIN
139 JlonHHBII C 3.85 3.76 3.75 3.7 3.66
140 JlonHHBIH 3 0.14 0.14 0.14 0.13 0.12
141 Bucsranii 3 0.25 0.25 0.25 0.25 0.24
142 JlomHHBIN B 0.97 0.97 0.98 0.94 0.92
143 CKJ1OHOBBIN B 1 1 0.99 0.93 0.89
144 CKJIOHOBBIHT C 0.54 0.52 0.52 0.47 0.46
145 JlomMHHBIIH CB 0.81 0.81 0.81 0.79 0.79
146 JlomHHBIN B 1.32 1.28 1.27 1.23 1.23
147 CKJIOHOBBIHT CB 0.84 0.81 0.82 0.74 0.7
148 ACHMMeTIV)HqHO B 0.71 0.68 0.69 0.62 0.58
JTOTUHHBIN
149 JlonmmHHBII B 0.14 0.13 0.13 0.11 0.11
Bcero 14.65 14.27 14.31 13.64 13.34
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HccnenoBanusi BBISIBIIIM  COKpAIlleHHE OOIIEH IIOMIaaAN JISTHUKOB B
n3ydaeMoM Oacceline Ha 9% (1,3 km?) ¢ 1977 mo 2018 rox. Ilpu >ToM B IIepBOE
JecATHIETHE yMeHbIIeHre cocTasuio 0,38 KM% BO BTOpPOE — HE3HAUUTEIILHOE, a
B TpeThe — 0,67 kM. B 4eTBEPTOE JIECATHIICTHE TIIONIAIb OJICICHEHUs OacceiiHa
cokparuiach Ha 0,3 kv,
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Pucynok 3.6. - Orcryn sieqauka Nel39
Ha pucynke 3.6 mokasanbsl MpOHyMEpOBaHHBIE TPAHHUIIBI JICTHUKA 10 TOAaM

Ha OCHOBE CHYTHUKOBBIX CHUMKOB. JIunusi 1 — rpanuna 2018 roga, nuaus 2 —
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2008 roma. Bugno, uro ¢ 2008 no 2018 rox neanuk orcrynui Ha 80 m. C 1998
o 2008 rox (muHum 3, 2) orctymieHue coctaBuiio 40 m, ¢ 1994 o 1998 ron
(mamm 4, 3) — 30 M, ¢ 1977 o 1994 rox (muMEM 5, 4) — 50 M. B oOmei

cnoxxHoctu ¢ 1977 no 2018 rox neauuk orcrynui Ha 200 METPOB.

3.4. llepBu4HBbIE pe3yJbTaThl H3MepeHHs 0anaHca Macchl JeaHuKka Nel39

[lepBoe u3Mepenue OajlaHca Macchl JieMHHKa Ha BocToyHOM Ilamupe B
OacceliHe o3epa XOBapKylib, MOKa3al HUXECIEAyrolue pe3yibrarsl. M3-3a
CBOMX BBICOTHBIX XapaKTEPUCTUK MEpBas JIMHUS HAUYMHAETCS BbIIIE M30JMHUU
4700 M u ormycKaeTcsi HUKE 3TON M30JMHUU. ITO 00YCIOBIEHO TEM, UTO JIETTHUK
MMEET HEPaBHOMEPHOE MUTAHUE IO MPABOMY U JieBoMy OopTy. JIMHUS paBHOTO
OaaHca Macchl JIEAHUKA TPOBEJIEHA MEXIy TOYKaMHu, paBHbIMU 1,5M B.3.,
KoTopasi pasmenser obnactb Al m A2 (pucyHok 2.4); mis obnactm Al ¢
mnomanso 0,06 kmM? GbIIO IPUCBOEHO 3HaYeHue -1,75 M B.3., a 11 obnactu A2
¢ mromanso 0,53 kM? ObUIO MPHUCBOEHO 3HadeHue -1,25 (pasauma 0,5 M B.3.).
O6nacte A2 uMeeT OOBIIYIO TJIONIAAb HA JAHHOM JIEHUKE, 3TO CBSI3aHO C TEM,
YTO JaHHas IUIOIIAb PACIOJIOKEHAa HA IOJOrOM MECTHOCTM M HE HUMEET
OOJIBIIION Pa3HUIIBI BBICOTHI.

Cpennuii 6ananc maccel B oOnactu bl= -1,75M B.3., momaabs JaHHOU
oomactu pasHa A1=0,06 xm?, mo Qopmyne A*b=AM Obu1 momyueH GaaaHc
Macchl ganHoro nosist — AM1= -0,105 m B.3. Takue neficTBust ObUIA TPOBEIEHBI
U JUTSL IPYTHX MOJIeH, Kak ykazaHo Huxke [7-A]:

A = 0611acTh C PaBHBIM 0AJIAHCOM MAaCChI (30HBI MEXK/y H30JIUHUM), KM?
b = nprcBoeHHOE 3HaUeHUE OajaHca MacChl, M B.0.

A*b=AM

AMpa= AM1+ AM2+ ... + AM6

AMywnial Acysa= B M B.D.

Taoauna 3.11. — Pacuér 6anaHca Macchl

[Tnomane Kaxaoro moJist KM? bamanc macchl KakI1oro ImoJst

A1 =0,06 xm? AM1=A1 *b 1 = 0,06*(-1,75)= -0,105
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IMpononxenune Tadbauuni 3.11

A2 = 0,53 km? AM2= 0,53*(-1,25) = -0,6625

A3 =0,17 xm? AM3= 0,17*(-0,75) = -0,1275

A4 =115 xm? AM4= 1,15%(-0,25) = -0,2875

A5 = 1,21 km? AM5= 1,21*0 = 0

A6=0,11 xm? AM6 = 0,11*0,25 = 0,0275

A7 = 0,42 xm? AM7=0,42%0,5 = 0,21
AM1 + AM2 + AM3 + AM4 + AM5 + AM6 +
AM?7 =-0,945

AMcymMma B —0,945
Acymma B 3,66

BbasaHc macchbl = = —0,26 M B. 3.

Ha xapre (pucyHok 3.7) pa3IMYHBIM I[IBETOM 00O3HAYCH CPEIHUIT rOI0BOM
OaslaHC Macchl JEAHUKA JJI1 KaKI0ro nojis. B Touke, rue ObL1 BeIKOMaH mypo,
30HE AKKYyMYJSIIMM NPUCBOCHO 3HadueHue 0,49 m B.3. MCXOAS U3 DATOTO, IS
BEpXHEH o001acT akKyMyJsiiuu ObUlo TpucBoeHO 3Hadenue 0,50 M B.3.
(pucyHok 3.6, cuHss 0071aCTh), TaK Kak pacuéT OanmaHca MacChl OCYIIECTBISIETCS
C pa3HUIICH MEXy JUHHSAMHU C OJIMHAKOBBIM OalancoMm Maccel B 0,5 M B.3. [l
MPOBEJICHUSI HYJIEBOM JIMHUM HWCIOJL30BaH 30HJ, KOTOPBIM MPUMEHSIETCS JIs
OTPEICSICHUs] BBICOTHI CHEKHOIO TOKPOBAa HEMOCPEJICTBEHHO Ha JICIHHUKE, U
criyTHUKOBBIM cHUMOK SENTINEL, mMmo3BOJMMBIINK ONpPEACIUT, CHETOBYIO
muanio [7-A]. B HOro-BocrouHo#t 4acTu JieAHMKAa HMMEETCS KPYTOH CKJIOH
(pucynok 3.7, 6emnas obnacte Ha kaprte (pucynok 2.4 T', JI, obmacte AS), Ha
KOTOPOM HAaKOIJIEHHE CHEra MAaJIOBEPOSTHO, MO3TOMY MbI IPUCBOWIIU ITOU
00JlacTU 3HAYEHHUE HOJIb. Y TOJHOXHUS CKJIOHA MMEETCS CKOTUICHUE CHEKHOMU
JIAaBUHBI, KOTOpas MuTaeT JeaHuK. [Ipu uHTeprnpeTanun JaHHBIX OBUIO PEIICHO

MPUCBOUTH 3TOM 00nacTu 3HayeHue 0,25 M B.3.
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[To nanabiM BeceMupHO# City»KObl MOHUTOPHUHTA JIETHUKOB, ¢ 1960—1970-x
u g0 cepeauHbl  1980-x rr.  OajaHC ~Macchl  JICIHUKOB  HECKOJIBKO
CTaOMIM3UPOBAJICS BO MHOTHX paiioHax 3eMHOro mapa — B Kanaze, Ha Asscke,
B AJIbIIax, B TAHb-IIAHBCKOM peruone u ap. [176]. Ho cienyer oTMeTHTh, YTO B
pa3HBIX pETrHOHAX JWHAMUYECKHE KOJICOaHUsI JICAHUKOB TIPOUCXONAT II0-
pa3HOMy, 4YTO CBSI3aHO C KIMMAaTUYECKHUMH OCOOCHHOCTSMHU, peinbedomM
MECTHOCTH, PAaclOJIO)KEHHEM JICAHUKOB M JPYTUMHU CBOMCTBAMHU Camoro
JICJTHUKA.

UccnenoBanusi, mnpoBeAc¢HHble Ha JjeaHuke Nel39 mokasbiBalOT, YTO
neqaukn Ha Boctounom Ilamupe B OacceiiHe o3epa XoBapkynb 0Oojiee
cTaOWJIbHBI, YeM B JIpyrux OacceiiHax pek Tamxukucrana. Ckopee BCEro, 3TO
MOKET OBITh CBSI3aHO C TEM, YTO JICIIHUKH, PACIOJOKEHHbIE Ha BbICOTE Oojee
4500 MeTpoB HajJ ypOBHEM MOpsS M TJie KIMMAaT CypoBO XOJOXHBIA [7-Al.
OpnHako, €ciau MPUHITH BO BHUMaHHME TOT (aKT, YTO HKCIO3UIHUS JIEAHUKA
CeBEpHasi W JICIHUK HAXOJUTCA B IIMPKE OTPOroB xpedra 3yIMapT U 3TO
OTpAaHUYMBAET TNPSMbIC TOMAJaHUs COJIHEUHBIX Jydyed Ha JIEAHUK, 4YTO
CUMTAETCS] OJHHUM U3 TJABHBIX (DAKTOPOB TasiHUS JIEAHUKOB Ha Bocrtounom
[Tamupe, a Takke TaKO€ PACMHOJIOKEHUE MPEMSITCTBYET CHOCY C MOBEPXHOCTH
JIETHUKA CHEXXHOTO MOKPOBA, TO M 3TH (PAKTOPHI MOTYT MOBIUATH HA JTUHAMUKY
nanHoro jemnuka (pucyHok 3.8). FOro-Bocrounas cropona nemnmka Nel39
MMEET KPYTOUl CKJIOH, IJIe BBIMABIINN CHET CITyCKAETCs BHU3 B BUE HEOOJBIINX
JIABUH 3TO MOKHO 3aMETHUTh MO CITyTHUKOBBIM CHUMKAaM M TI0 XapaKTepy CKIOHA
MOXHO OIPEIEIUTh, YTO CHETOHAKOIJIEHHE B TaKUX CKJIOHAX CUYUTAETCS

MaJIOBEPOSITHBIM.
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Pucynok 3.8. — 3D monens negauka Nel39

3.5. MHuoroJieTunii 6aj1anc Mmacchbl Jegauka Nel39

st Toro, 4troObl WMMETh NPABUIBHOE MOHUMAHUE O OallaHCe MacChl
JeTHUKAa HEOOXOAMMO MMETh MHOTOJICTHUU psia HaOmomenuid. Jlegamk Nel39
SIBJISICTCS YHUKAJIBHBIM, MOTOMY YTO SIBJISETCS €IUHCTBEHHBIM JISAHUKOM Ha
Bocrounom [Tamupe, KOTOpHhIi MMeeT OAOO0HBIN Psif. DTH pabOThI MO3BOJIUIIH,
MOJIYYHTh IICHHYI0 MHGOPMAIHIO O JISAHUKE U Ha €€ OCHOBE MOKHO TOJIyYHTh
o0Iee NOHMMAaHWE O JUHAMUKE JICAHUKOB B JaHHOM MecTHOCcTH. Hibke
MIPUBEACHBI PE3YyJbTAaThl MHOTOJCTHHX WCCIICIOBAHWN Ha JIGTHUKE, KOTOPHIE
UMEIOT OOJIBIIIOE 3HAYCHUE TSI OCIICIYIOIIUX U3bICKAHUM.
3oHa abasauuu

[TpoBeaéHHBIC SKCICAUIIMOHHBIE PAOOTHI MMO3BOJUIN ONPEACIUTh TasSHHUC
JeTHUKA B 30HE aONsAUU C TOMOIINBIO YCTAaHOBJICHHBIX peeK. Peiiku Obum
ycTaHoBJIEHbI Ha BbicoTax oT 4600 no 5100 meTpoB Hag ypoBHEM MOpH,

KOTOPBLIC IMO3BOJIMJIN OIIPCACIUTDb I'PAAUCHT TassHUA JICAHUKA B 30HC a6JI$II_II/II/I 3a
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BCE IMEpUOJbl HCCIENOBAHMS JIEIHWKA, TaK KaKk JaHHble peHKu mpu
HE0OXOIMMOCTH MOBTOPHO YCTAaHABIUBAIUCH HA TEX K€ MECTaX. ITO MO3BOJIIET
ONpENENUTh YPOBEHb TasHUA JIEIHUKA HAa PA3HBIX BBICOTAX E€KETOJHO, YTO
SIBJIIETCS] BAXKHBIM JIJIs1 TOHUMAaHUS TPOLECCOB, TPOUCXOISIINX Ha JICTHUKE.

[Io monydYeHHBIM JAHHBIM C PEEK OBLUIO BBIABIEHO, YTO B CPEAHEM
MOBEPXHOCTH 30HBI a0JSAIMKU TaeT Ha 1 MeTp, a TPaAUEHT TasHUS HAYMHAETCS OT
1,5 merpa Ha BbIcOTax 4600-4700 metpax; 0,7 merpa TaeT Ha BbicoTax 4800-
4900 metpoB; Ha BbicoTax Oosiee 5000 METpPOB TasHHE COCTABISET HNPUMEPHO

0,2 metpa [14-A].

JlanHbIe a0JSIIMUOHHBIX peeK

Jnst  gydiero  TMOHUMaHMS — XapakTepa JUHAMUKA  TOBEPXHOCTH
a0JIAIIMOHHON 30HBI KOJIMYECTBO TOYEK JJI YCTAHOBKU PEEK ObLIO YBEIUYEHO
10 10 mTyK, B KaXJI0W TOYKE KaXKJbId TOJi YCTAHABIMBAIUCH PEUKH MO MEpPE
HeoOxoauMmocTu. s ompenenieHus] TpaaueHTa TassHUSI MMOBEPXHOCTH JICTHHUKA
OBLIIO OMpENICNICHO CpeHee 3HAUCHUE TasHUS JICTHUKA JJIT KaXI0W TOUYKH, TJIe
Obutn ycTaHOBIEHBI peiiku. Ha pucynke 3.9 mpuBenéH rpaduk, rie yKazaHbl
JIaHHBIC O TAsTHUW TOBEPXHOCTH JISTHHKA 1O BhIcoTaM. Ha rpaduke BUIHO, 4TO
nenHuk ot BeICOTHI 4600 mo 4800 meTpoB TaeT nmpumepHO oaumHakoBO OT 1800
MM. B.3. 10 1400 mMm. B.3., a HaunHag ¢ BeICOTHI 4850 neauuk taet mennmie 1000
MM. B.3. U gocturaet ypoBHs 200 mM. B.3. Ha BbicoTax 5000-5100 metpoB. Tem
CaMbIM pHUCYyeTCsl 00I1asi KapThUHA TPAUEHTa TasiHUS JIEJHUKA B 30HE aOJIALNH,
JIAaHHBIM TPaJUEHT TOBOPUT O TOM, YTO OCHOBHas Macca JbJa TepseTcs NpH
TasHUM SI3BIKOBOM 4YacTH JieAHWKa 10 BbICOTHI 4900 MeTpoB, a mocie TasHue
JeHUKA PE3KO YMEHbIaeTcs. XOTeJIoch Obl OTMETUTh TOT (aKT, 4YTO MO
BBICOTHI 4900 30Ha abmsammu 0ojiee moJioras M IMIMPOKasi, a MOCJIE dTOH BBICOTHI
HAYMHAETCS KPYTOW CKIIOH CO CJOXHBIM penbedom (pucyHok 3.8), rme Ha

AWHaAMHUKY JICAHUKA MOTYT IIOBJIUATH MHOKCCTBO (baKTOpOB.
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BbicoTa H y.m.
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Pucynok 3.9. - Cpennee 3HaueHne aOIAIMOHHBIX peek 3a 4 roja

Ha pucynke 3.9 mpuBemeHbl yCpeIHEHHBIC NaHHBIC TasHUS JICTHUKA IO
KKJIOU pedKe Mg OOIIero MmoHUMaHUsl JUHAMHUKUA MOBEPXHOCTU JIEAHUKA IO
BbicoTaM. Ha pucynke 3.10 oroOpaxxeHbl TasHUE JIEIHUKA MO KaXJIOW peike
YCTAHOBJICHHBIE 32 MIEPUOJ UCCIIEIOBAHUS, T/I€ HATJISTHO OTPAKEHBI €KETOJHbIC
U3MEHEHHUSl JUI1 KaXKJOW YCTAaHOBJIEHHON aOnsuuoHHOW peiku. JlaHHbIe
ITIOKa3bIBAIOT, UTO TAsHUE JIEAHUKA B KaXKJIOW TOYKE MU3MEPEHUSA IOJ 3a T'OJIOM
YBEJIMYUBACTCHL.

HepaBHOoMepHOE TasiHME HA BCEX PEUKAX SBJISETCS PE3yJIbTATOM CIIOKHOIO
penbeda MOBEpXHOCTHU JIEAHUKA, OJJTHAKO MOJTYyUYEHHBIE pe3yJIbTaT MOATBEPKIAET

($hakT 0 TOM, YTO JIETHUK C KAKJIBIM T'OJIOM TepsIeT BCE OOJbIIE MACCHI.

BeicoTa 1 v.m.
4600 4700 4800 4900 5000 5100 5200
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-200 * P
-400
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£ -1000 A
= 1200
A
-1400 - F
-1600 i
1800 o

-2000
#2019 W2020 & 2021 <2022

Pucynoxk 3.10. - 3menenue nosepxHoctu neanuka Nel39 mo peiikam 3a 4 roja.
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IIpocTpancTBeHHOE pacnpeaesieHue adasiuu

Pacnpenenenne peexk Ha MOBEPXHOCTH JIEJHUKA ObllIa C YUYETOM CIIOKHOTO
penbeda MOBEPXHOCTH, T/I€ IO JTaHHBIM PEEK B HMKHEH YacCTH SI3bIKA JICTHUKA
uMeeTcs HauOoJbllee TasHUE TaK Kak B 9TOH 00JIaCTU OTCYTCTBYET JIABUHHOE
NMUTAaHWE, a IUIONIA/Ib PACMOJIOKEHA HA OTKPHITOM MECTHOCTH, a COJHEYHBIE
Jy4d TOMAaJal0T HEMOCPEICTBEHHO Ha ATy 4YacTh JICAHWKA B TEUEHUU JHS.
OO6nactp abigAIMM BBIIIE, KaK yXe€ ObUIO CKa3aHO, MMEET TaKKe CIIOMXHBIM
penbed, yTo BIEUET 32 COOOM MHOXECTBO (DAKTOPOB, KOTOpPHIE BIHSIOT Ha
TasHUE JIeMHUKA. OTU (AKTOPbl 3aBHUCAT OT HAKOIUJICHHOTO CHEra B 30HE
aKKyMYJSIIUM W JIABUHHBIX  OTJIOKEHWUM, a TakkKe OTpOrH XpeOToB,
3aropakMBaIOIIME COJIHEUHBIA CBET, KOTOphIE TaKXK€ BIMSIOT Ha TasHUE
BEpPXHEH YacTu 30HbI abJIALNU JICTHUKA.

3.6. MogenupoBaHue U BU3YyaJIH3alus pe3yabTaTOB PacuéTa roioBoro
Oasanca jgegHuka Nel39

Mopnenb oToOpaxkaeT pacnpeseieHre ToJI0BbIX 3HAUCHUN OallaHca MacChl
noBepxHoctu (SMB) nns negnuka Nel39 na Boctounom Ilamupe B Oacceiine
o3epa XoBapkysb 3a mepuoa ¢ 07/16/2018 mo 07/15/2019. Pa3nwie 1mBera
NPEACTABIAIOT pa3auuHble 3HaueHuss SMB B mMeTpax BOJHOTo SKBUBajeHTa (M
B.2.).

HaubGonee neratuBHble 3HaueHHe OanmaHca macchl (SMB), cocraBnser ot
-1,0 1o -1,5 M B.3., 3T 00JaCTH B OCHOBHOM PACIIOJIOKEHBI Ha SI3IKOBOW YaCTH
JICTHUK M 0003HAYEeHBI OPAHkKEBBIM 1BETOM (prCYHOK 3.11.), 3TO yKa3bIBaeT Ha
3HAYUTEIBHYIO MMOTEPI0 MACCHI B 3TOM 00yiacTu. 30Ha aKKyMYJISIIIUU JIETHUKA Ha
pucynke 3.11. o6o3HaueHa CBETJIO TOJyOBbIM IIBETOM, TJI€ MOJIEIb MOKAa3bIBACT
HakorieHue cHera ot +0,2 10 +0,5 M B.3. 3TO TOBOPHUT O TOM, YTO JIETHUK UMEET
OOIIIMPHYIO 30HY HAKOIUIEHUsI cHera. HecMoTpst Ha 3TO JICAHUK JEMOHCTPUPYET
OTPHUIIATENIHHBIN OanaHC MAcChI JIEIHUKA, KOTOPBIN cocTaBisieT 3a nepuona 2018-
2019 rr. -0,247 ™M B.3., 4TO yKa3bIBaeT Ha OOIIYI0 TOTEPIO MACCHI JICITHUKA.
CpenHexkBajpatiuHas oOIIMOKAa B MoOJeIUpOBaHUM OanaHca Maccel (SMB)

cocrapimsier 0,090 M B.3., MOJEIh MMOKAa3bIBAET OTHOCHUTEILHO HEOOIBIIYIO

105



HOTPEIIHOCTb, YTO CBUAETEILCTBYET O XOPOIIEH TOYHOCTH pacyETOB.

OnHako M3-3a CIOXKHOTO peibeda NOBEPXHOCTHU JIEIHUKA OTPULIATEIbHBIC
3Ha4YeHHUsl OajaHca MacChl BCTPEYAIOTCS U Bbllle ()UPHOBOM JIMHUH, HO Ha
o01Mii 6anaHc Macchl ATU 3HAUYEHUS CUJIBHO HE BIIUSAIOT.

B pesynbrare MoAenMpoBaHus MOJIy4YeHa IeTalbHas cXeMa OajlaHCa MacChl
noBepxHoctu (SMB) neanuka, 9TO TO3BOJSET JIydllle MOHSATH MPOIIECCHI,
OPOUCXOASIINE Ha €ro IOBEPXHOCTM M B JajibHeilleM Ooyiee TOYHO

IMPOTHO3UPOBATH COCTOAHNUC JAHHOIO JICIHUKA.

2018/2019

Mepuog nimepeHnn (roQOBOW, CKOPPEKTMPOBaHHEIR): 07/16 - 0715
b, =-0.247 m B.3.

CK3: 0.090 m B.3.

NEm [M B.3.] N S e
-40 -30 -20 -10 -04 00 04 10 20 3.0 40

Pucynok. 3.11. - Cxema pe3yibTaTa Moi€TUpoBaHus OanaHca Macchl Jeanuka Nel39 3a

2018-2019 rr.
3.6.1. Ouenka u BU3yaju3anus pe3yjbTaTOB JMHAMUKH I0JI0BOr0 0ajlaHca
Macchbl JeaHuka Nel39
Ha rpaduxe (Pucynox 3.12) oTpakeHbl pe3yJibTaThl MOJCTUPOBAHUS
3UMHEH, JeTHEHM MW TOJ0BOM OajaHca MaccChl JICAHHKA II0 MecsiaM, 53TO
MO3BOJISIET OTCIICKUBATH IEPUOJIbI HAKOTUIEHUS U TasHUe deaauka Nel39.,

Ha pucynke 3.12a moka3aHo M3MEHEHHE B TEUEHHE THMIIPOJOTHUYECKOrO
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rojia Mo Mecsiam, OTpHUIaTeIbHbIe 3HAUCHUsI HAOIIOAAOTCS C HUIOJIS TI0 HOSIOPB,
JOCTUTasi MUHUMYyMa 0KoJIo -0,6 M B.3. B OKTAOpE, UTO COOTBETCTBYET MEPHUOTY
abmsuuu  (TasHus) JeaHuka. [lonokuTenbHbIe 3HAYCHHS HAOIOJAIOTCS C
JIeKadps 10 HIOHB, CO 3HaYeHHEeM 10 0,2 MyHKTOB B M B.3. TIOBBIIIICHUS.

Ha pucynke 3.126 otpakeHbl JaHHBIC 3UMHEMH, IETHEW U TOA0BOM OanaHca
MacChl B OTIEIBHOCTH YTO IMO3BOJISET, MPOCICAUT 32 JUHAMHUKON JICTHWKA B
OTJCJIBHBIX BPEMEHHBIX MEPHOAaX, BAXHOCTh TAKMX JAHHBIX 3aKIIIOUAeTCS B
WCITOJIb30BAaHUU B THIPOJOTHUECKUX MOJEISAX IS JIyYIIero MPOTHO3UPOBAHMUS
CTOKa PEK OT JICTHUKOB.

Hanusiii rpaduk (Pucynok 3.12 6) wuttocTpupyeT XapakTepHbIA roJI0BOM
IIUKJI OalaHca MacChl IS JISAHUKA B OTOM PETHOHE, ¢ YETKO BBIPAKCHHBIM
NEePUOJIOM AaKKyMYJISIIMM B 3UMHHE MeECSIbl W a0JisIUu B JIETHUE, C
MaKCUMyMaMH 1 MUHIMYMaMH B COOTBETCTBYIOIIHE ITEPHOIBI.

ComocTaBieHHE OSTUX BPEMEHHBIX JAHHBIX C TMPOCTPAHCTBEHHBIM
pacrnpenenenueM SMB Ha kapTe MOXET JaTh 0oJiee MOJTHOE MPEJCTAaBICHUE O

nponeccax, BIUAIOMNUX Ha OaJjraHc Macchl B PAa3INYHBIX YaCTAX JICAHWKA.
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BbiBOABI 10 TPeThEH IJ1aBe
1. B Gacceiine o3epa XoBapKyJib HacCUUTHIBaeTCs 432 JeAHHUKA TUIONIAAbIO
6onee 0.1 km?. HanbGonpiee koanuecTBo neaHuKoB (40,6%) UMeeT mIomans oT

2, CaMple KpynHble JemHMKH (ruiomagsio Gosee 10 km?)

0,1 mo 0,5 km
cocTaBisaioT Bcero 1,6% ot obmiero koaudecTBa, HO 3aHuMaror 20,2% oOmiei
IJIOIIA/IA OJICACHEHUS.

2. B Oacceitne o3epa XoBapkyib mnpeobnanator aoiduHHble (32,4%) u
ckimoHoBble  (30%)  nmemmwkm.  HamOoibmiee — KOJIMYECTBO — JICAHUKOB
opueHTHpoBaHO Ha ceBep (29,2%) u ceBepo-BocTok (18,5%). Haunbonbimas
wiomanas oneneHeHus: (28,4%) npuxoautcs Ha BbICOTHI 4400-4600 M Hax
ypoBHEeM Mopsi. OCHOBHAsl 4acThb JIEAHUKOB PACIOJIOKEHA B JUAMa30HE BHICOT
4200-5000 wm.

3. Cpennee TasgHue B 30HE almsiuuu cocTaBmwio okosio 1000 MM BOJHOTO
AKBUBAJICHTA B roj. MakcumanbHOe TasiHue Habiroganoch Ha BbicoTax 4600-
4700 m (1500 MM B.3.), a MuHUMAalbHOE - Ha BeicoTe 5000 M (200 MM B.3.).

4. TonoBoil OamaHC MaccChl JIEMHHUKA TJAIMOJOTMYECKUM METOJIOM 3a
uccienyembrit nepuon (2019-2022 rr.) BapsupoBaics ot -206 mo -310 mm B.5.
KyMynsTUBHBII OanaHC Macchl 3a 3TOT NEpHOJ cocTaBui -250 MM B.53.

5. MoaenupoBaHue rooBoi 0ajgaHC Macchl JiemqHrka 3a nmepruoxa 2018-2019
rr. coctaBui -0.247 M BOJTHOTO SKBUBaJEHTA (M B.3.), UTO YKa3bIBaeT HA OOIIYIO
noTepro Maccel. B 30He abnsuuu notepu JiegHuKa 3aUKCUpoBaHo oT -1.5 a B
30HE aKKyMYJISIIIUM 3a()UKCUPOBAHO COXPAHEHHE CHEKHOTO MokpoBa j0 +0.5 M
B.7. BbIsiBIIeH 4€TKHil TOOBOW UK C MIEPUOOM AOJISIIK C UIOJS 10 HOSIOPh
(MuHUMYM OKOJIO -0.7 M B.3. B OKTSI0p€) U MEPUOJIOM aKKyMYJISIIIUU C JeKaOps

10 UIOHB (MakcumMyM okouio 1.0 M B.3. B anipene-mae).
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I'naBa 4. OLIEHKA U AHAJIN3 U3MEHEHUM JIEJHUKOB
BACCEHNHA O3EPA XOBAPKY.Ib
4.1. luHaMUYecKHe XaPAKTEPUCTUKH JIeJHUKOB M0 pe3yabTaramM
AUCTAHIIMOHHOTO 30HIMPOBAHUSA
AHanu3 Jerpajgayu JEAHHKOB B 3aBUCUMOCTH OT 3Kcmo3uiuu [159, 3-A]
MOKa3aj, YTO JICAHUKH C BOCTOUYHBIMU M CEBEPO-BOCTOUYHBIMHU 3KCIIO3UIUSMU
MOJIBEP>KEHBbI Jerpafanuu OoJibllie, YeM JICAHUKU CEBEPHOW, 3amagHOd H

CeBepO-3anaJHOM 3Kcrno3unun (pucyHok 4.1) [3-A].

CB

103 ] IOB

10

=@=—13MmeHeHne Nnowaam No 3KCNO3nLUUAM

Pucynok 4.1. - CoxpatieHue mionaam ojeIeHeHns 0acceliHa 1Mo IKCIIO3UIINH B TPOIEHTaX

3a mepuos 1977 - 2018 rr [3-Al].

109



Ananuz AWHAMHWKH JCTpagaliyd B 3aBUCHUMOCTH OT THUIIA JICAHUKOB BBIABUII,
yTO HanuboJee IMOABCPIKCHBI ACTpadalluil ACUMMCTPHUYIHO-A0JIUHHBIC, CKIIOHOBBIC

¥ KapoBO-JIOJIMHHBIC JICTHUKH (Tadymna 4.1).

Tadauua 4.1. - I3MeneHus mioiaay ojie/IecHeHus 0acceiiHa 1o TUITY B MPOIIEHTaX

Tun 1eqHUKOB YMenbmenue miaomaau B %
JonuHHbIN -T%

JloMMHHBIN, 9aCTh CJI0KHO JTOJWHHBINA -10%

CKJIOHOBBIN, YaCTh CIIOKHO JOJWHHBIN 0%

KapoBo monmHHBIHI -13%

Bucsunii -4%

CKJIOHOBBIN -14%

ACUMMETPHYHO JOJTUHHBINA -18%

AHaJIM3 JTaHHBIX JTUCTAHI[MOHHOTO 30HAMPOBAHUS TOKa3aJl COKpalleHHE
TUIOIIAAN JIETHUKOB B Oacceiine peku CapoiryH. B wactHoctH, ¢ 1977 nmo 1994
roj noreps miomany cocrapuia 0,38 km? uiam 3% ot obmei, a ¢ 1994 no 1998
roj IUIOLIAJIb MOYTH HE M3MeHWIach. B To xe Bpems ¢ 1998 mo 2008 ron
YMEHBIICHUE TUIOMAN OJICICHEHUS JOCTUIVIO MakcuMyma, okoio 5%. C 2008
no 2018 rox cokpaimeHnue coctaBuwiio Bcero 2%. HauOosbliiee ymeHbIIEHHE
wiomaan npunuiock Ha 1998-2008 roapl. 3a 3TOT nepuoa OCHOBHYIO TUIOMIAIb
MOTEPSUIN JICITHUKA BOCTOYHOM M CEBEPO-BOCTOUYHOM HSKCHO3UIIMM TUIOMIABIO
0,1-0,3 xm?, morepsBmme okono 20% IUIOIAAW, W TAKOW K€ DSKCIIO3HIUN
wiomaapio 0,4-0,7 kM2, notepsaBire okojio 10% miomniaay, 4To NOATBEPKIAET
Te3uc O Oosiee OBICTPOM TassHUM MaJIbIX JIEMHUKOB. OcTajbHbIC JIEAHUKU
OacceiiHa, HE3aBHCHUMO OT IUIOIIAAW M SKCIO3WIIMU, UMEIIH HE3HAYUTCILHBIC
W3MEHEHHUS TUJIOIIAIU, CPEITHUM TOJI0BOM TEMIT COKPAILCHUS TIIONIAIN JICTHUKOB

coctasui 0,33 kM.
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NunHamuKa obuiei naowaam onegeHeHUa Km?
15
®. 1465
14.5
W 14.27 A 1431
&= 1977r.
14
W 1994r.
X 1364 A~ 1998
135
% 13.34 - 2008r.
M- 2018r.
13
125
1977r. 1994r. 1998r. 2008, 2018,

Pucynok 4.2. - JlunamMuka miomaan oJeIeHeHHs.

4.1.1. JluHaMHUKH 3epKajJbHOI II0IIAAH 03epo XoBapKyJb ¢ 1972 mo 2021
IT.

Hcnonb30BaHne AUCTAHIIMOHHOTO 30HIUPOBAHUS MMO3BOJIMIIO ONPEICTUTh
JWHAMHUKY oO3€epa XOBapKyllb, PpE3yJbTaThl MOKa3bIBAIOT, YTO 03€pPO
YBEJIMUMBAECT 3€PKAIIbHYIO IUIOMIAIM 3a HCCIEAyEeMbId MEpHOoJa W TUIOLIAb
YBEJIMYEHHsI COCTaBIsgeT 36,9 KM? M 3TO MOXET OBbITh CBA3aHA C TasHHEM

JIETHUKOB OacceiiHa o3epa XOBapKyJib.

73 2‘10 E 73 31130 E

38"58"30"N

Legend . ] s = v Legend

e ¥
NDWI 1977 ‘ £ el g . NDWI 1994

[ 05521875 - -0,486366422 e 7 ‘ ¢ GRS I 0599999976 - 0071432864 |*
[] 0486366422 - 0201819853 [ -0.071432864 - 0,195625057 |

[ 0291819853 - 0,9921875 ! 9 7 I 195625957 - 0,846153855
] §
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Pucynok 4.3.

- JlnHaMuKu 3epKaIbHOM TUTOMIAAN 03epo X0BapKyb ¢ 1977 mo 2018 rr.

Ta6auna 4.2. - JlunaMuky 3epKalibHOM Miomaan 03epo XoBapkyis ¢ 1972 mo 2021 rr.

CnyTHUKOBBI CHUMOK Mara Iiomans IMpumeyanue
03epo, KM

LMO1_L1TP_162033_19720908_2018042 | 19720908 372,4 NDWI
9 01_T2_BATIF

LMO02_L1TP_162033_19770822_2018042 | 19770822 375,9 NDWI
2 01 T2 BATIF

LTO5 L1TP_151033_ 19940901 2017011 | 19940901 396,7 NDWI
3 01 T1 B2.TIF

LCO08_L1TP_151033_20130905_2020091 | 20130905 4123 NDWI
2 02_T1_B3.TIF

LCO08_L1TP_151033_20180903_2018091 | 20180903 4154 NDWI
2 01 _T1_B3.TIF

T43SCD_20200821T055641 BO03.jp2 20200821 410,6 NDWI
T43SCD_20210905T055641_B03.jp2 20210905 409,3 NDWI
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4.1.2. CoBpeMeHHOE COCTOSTHME MAJIBIX JIe/IHUKOB 0acceifHa o3epa

Xo0BapKYyJib: HCCJIETOBAHNUS U OLEHKA

ManbiMi JleIHUKaMHU TPUHATO Ha3biBaTh 00BEKTHI pasmepom menee 0,1
kM? [160]. Mansle ek Gojee YyTKO PearnpyloT Ha U3MEHEHHE KJIMMaTa U
NpUBEAEHHBIE HIDKE MpPUMEPBl ATOMY NOATBEp)kIAeHME. Ha ocHoBaHHM
IIPOBENECHHs PabOThl MO AUCTAHIIMOHHOMY 30HAupoBaHuio ¢ 1994 mo 2018 rr.
IS BBIABICHMS KOIMYECTBA M IUIOMIANH JeAHUKOB MeHbIe 0.1 km? B Gacceline
o3epa XOBapKyJb IHOJYYEHbl CIEAYIOIIME PE3yJNbTaThl:  HAOIIOHAETCA
3HAYUTEIBHOE COKPAILEHHE KOJWYECTBa JIEAHUKOB 3a mnepuoa ¢ 1994 mo 2018
rof. 3a 3TOT NMPOMEXYTOK BPEMEHU YHCIO JEAHUKOB YMEHBIIWIOCH ¢ 247 1o
197, uto cocraBimsger cHwkeHue npumMepHo Ha 20%. Ilomumo ymeHbHIEHUSA
KOJIMYECTBA, TaKXe IPOM30ILIO 3aMETHOE COKpallleHue oOIel IUIonaiy,
3aHUMAaeMOM JIETHUKAaMH B 3TOM peruone. B 1994 rony nx cymmapHas miomanb

2 a k 2018 romy ona cHmsmnack 10 8,7774 kM2 D10

coctaBmsuia 11,0216 km
03HAYaeT HOTEPIO OKOJIO 2,2442 KM? IeIHMKOBOI MOBEPXHOCTH WM 0K0JIo 20%
OT UCXOIHOW miom@aau. Takum o00pa3oM, TMPEIOCTABICHHBIC JTaHHBIC
CBUJIETEJIbCTBYIOT O 3HAYUTEIBHOM COKpPAIllEeHUW YHUCICHHOCTH W IUIOLIAIN
MaJlbIX JIETHUKOB B OacceitHe o3epa XoBapKyJb 3a nepuos ¢ 1994 o 2018 rog.
YMeHbIIIeHNEe YUCICHHOCTH U TUIOMIAIA MaIbIX JIEAHUKOB JCHCTBUTEIHHO
MOXET CIYKUTh SIPKUM HHANKATOPOM MU3MEHEHHUs KIMMaTa B JJaHHOM PErHOHE.
Marblie NeTHUKU SBISIOTCS 00Jiee UyBCTBUTEIBHBIMU H3-32 OBICTPOM pEaKIUU
Ha KoJieOaHUsl KJMMaTa M TI0ITOMY COKpalleHHe IUIOMAAM W KOJIMYECTBA
neqaukoB Ha 20% 3a 24 roma sBAsieTCS JOKa3aTEIbCTBOM TOTO 4YTO U Ha
BocTtounom I[Tamupe onrymiaercst nociaeACTBUS U3MEHEHUs KiuMarta [4-A].
Kentele Toukn Ha kapte (Pucynok 4.4.) moka3piBaioT JieqHUKU B 1994
rojJly, KOTOpbIE paclpeiesieHbl TI0 BceMy OacceiiHy o3epa XO0BapKyJb 0COOCHHO
Ha F0KHOM CKJIOHE 3aajaiickoro xpebrta, ognako k 2018 romy MHOTHE W3 ITHX

JICTHUKOB MCYE3JIM, OCOOCHHO B I[EHTPAJIILHON M CeBEpHOM vacTtu OacceiiHa [4-

Al
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Takoe 3HaueHUE TasHHUE JIEAHUKOB MOXKET MOBIUATH HA TUAPOIOTHUECKUI
peXUM U DKOCHUCTEMYy OacceilHa M YyBeJIMYEHHE IUIONIAIA 3epKaja o3epa
XOBapKyJib 3a TOCJHEAHUE TOJbl 3TO TMOATBEPXKAAET, a TAKXKE CTOJb
WHTCHCUBHOE TAasHUE OJICACHEHUS MOXET MOBIMATh HE TOJBKO HA YPOBEHb
03epa XO0BapKyJIb HO ¥ HA €€ COCTaB YTO UMEET MOCIEAYIOIINE TOCIEACTBUS IS
DKOCUCTEMBI. TakKe YMEHBIIEHWE KOJIMYECTBA W IUIOMIAJAN OJICACHEHHUS
HEraTUBHO BJIUSET HA OTPAXaTEJbHOW CIMOCOOHOCTH TMOBEPXHOCTU (aibbeno)
JJAHHOM MECTHOCTH, YTO YBEJIWYUT MOTJONIEHHE COJIHEYHOW paJualvu, 3TO B
CBOIO OYepe/lb MPUBEIET XOT K HEOOJIBIIOMY, HO YBEIMYEHUIO TEMIIEPaTyphl B
JTAaHHON MECTHOCTH.

N3ydyeHnust ManplX  JISOHUKOB  SBJISETCS  HEOTHEMJIEMOM  YacCThIO
UCCIIeI0BaHUS KpHOC(EphI U SBISETCS BAXKHBIM U3 32 CBOMX CBOMCTB K OBICTPOIA
PEaKINM HA KIMMAaTUYECKUM U3MEHEHHS.

JlanHass paboTa BHOCUT BaXKHbI BKJIaJ B HM3yYEHHE 3TON MHpoOIeMbl U
JEMOHCTPUPYET  LEHHOCTb  HWCHOJIb30BAaHUS  JAaHHBIX  JUCTAaHUIMOHHOTO
30HJAUPOBAHUS ISl OTCIIC)KUBAHUS JUHAMUKHU JIEAHUKOB. Takol MOHHTOPUHT
HEOOXOJMM JUIsi CBOEBPEMEHHOTO BBIABJICHHS W3MEHEHUN U, NPUHATHS
COOTBETCTBYIOIMX Mep MO aJanTaiuu K Hum [4-Al].

Humxe npuseneHa kapra ¢ Jeguukamu Menbmie 0.1 kM? «Kak TOUKH»
OacceitHa o3epa X0OBapKyJib, BBISIBICHHBIC C TIOMOIIbIO CITYyTHUKOBBIX CHUMKOB.
Pe3ynbTarhl MOKa3bIBAIOT, YTO JIEAHUKH MAJIBIX Pa3MEPOB PACIPENCIICHBI 1O
BceMy Oacceliny. JlemHuku Ha Kapte, 00O3HAYCHHBIE KPACHBIMH TOYKAMH,
MOJYYEHBI CO CITyTHUKOBBIX CHUMKOB 2018 roja a >kKEnThle TOUKU — JICAHUKH,

TIOJTYYCHHBIC CO CITyTHUKOBBIX CHUMKOB 1994 rona [4-A].
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°  JleaHuku 1994

Pucynok 4.4. - Kapta MansIx JIeTHUKOB O6acceiiHa o3epa X0BapKyIib
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4.2. BajgaHnc Macchbl JJeIHUKA

I'onoBble 3HAYeHNS OaJIaHCA MACCHI

[Tocne xamepanbHBIX PAacUYE€TOB MOJYUYEHHBIX TAHHBIX C JIEIHUKA MYTEM
MIPOBEICHUSI SKCIIEAUIIMOHHBIX pa0OT ObUIH MOIYUYEHBI CIETYIOIINE Pe3yIbTaThI.
Nzmepenne Gamanca maccel 3a 2018-2019 ron mokazano -260 M. B.3., 3TO
NEPBBIN pe3yJabTaT U3MEpPEHUs Oaanca Macchl Jieqauka Ha Bocrounom [Tamupe.
[Tocnenyromue wu3MepeHusi OajlaHca Macchl JICAHMKA Jalld  TOXOXKHE
pesynbtarel. M3mepenue 2019-2020 rr. ganu pesynbtaT -210 Mm. B.3., 2020-
2021 rr. -206 mM. B.3. a B 2021-2022 rr. pe3yabTaT U3MepeHus: OaaHca MaccChl
obu1 -310 MM. B.3.

Pacuér 0asanca maccol

JlaHHble, IOJyYEHHBIE Ha TOJIEBBIX M3bICKAHUSX, JAIW HaM BO3MOXHOCTb
paccuuTaTh OajaHC MAacchl METOJIOM HM30JUMHUN (PUCYHOK 4.5) U NpodUIbHBIM

METOIOM (PUCYHOK 4.6).

lop,
2019 2020 2021 2022

MM. B3

0,3

0,35

Pucynok 4.5. - bananc maccel METOJIOM U30JTUHUI
Meron HU30MHUN [TOpa3yMeBaeT MOCTPOCHUE KApT U HAHECEHUE Ha Heé
U30JIMHUN, KOTOpBIE MOKAa3bIBAIOT 3HAU€HHE OanaHca Macchl Ha MOBEPXHOCTH
JIeIHUKA, WCIOJb3ysd JaHHble peeKk B 30HE a0msauuu u wypda B 30HE
aKKyMyJiauuu. JlaHHBIA METOJ TMOKa3blBaeT OOIIME XapaKTEPUCTUKHU TastHUS

JICAHHKA B PA3JIMIHBIX o0nacTsx.
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M B.3. -0.5 0.5

Pucynok 4.6. - bananc Maccel mpoQHUILHBIM METOJIOM

bamanc Maccel nemHMKa TPO(PHIBHBIM METOAOM JaéT BO3MOXKHOCTH
BU3YaJIbHO OIPEJEIUTh B3aWMOCBSI3b BBICOTHBIX JIMAMA30HOB MpouiIe u
JAHAMUKU JICHUKA, YTO SBJISICTCS BaXXHBIM JUIsI TOHMMAaHUs MOBEICHUS

JICAHHUKA.

4.2.1. Cpennuii 6a1aHCc MAcChl U €r0 U3MEHYMBOCTD

Pe3ynbTaThl ucCCIEqOBaHUS TOKA3bIBAIOT, YTO CpEAHUN OallaHC MaccChl
JEeHUKA 3a UCCIeqyeMblil mepuona coctaBwil -250 MM B.3. 3a uccleqyeMblil
NEepPUOJI TOAOBOW OalaHC MacChl U3MEHSJICS HE3HAUUTEIbHO, 32 MCKIIOUEHHEM
NnocJjeAHero rojaa. B mocimeqHeM roay B 30HE aKKyMYJSILUM CE30HHBINA CHET
MOJIHOCTBIO pacTasyl, U TMOATOMY JUIsl 30HBI aKKyMYJISIIUM OBLIO TPHUCBOCHO
3Hadyenue 0, uro mokaszano Oananc maccel -310 MM B.3. HecmoTtpst Ha HyJieByO
aKKyMYJISIIIAI0, OajaHC MacChl M3MEHWJICS HE CTOJb KPUTUYHO WU OBbUT B

npejenax oOIiel TeHACHIIMNA JMHAMUKY Jieannka [14-Al].
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4.2.2. IlepcnieKTUBBI Haj1aHCA MACCHI
B memom maHHBIE pe3yabTaThl IMOKA3bIBAIOT, YTO JIEAHWK BOCTOUYHBIH
3yaMapT Ha JaHHBIA MOMEHT HaXOJHUTCSI B COCTOSTHHHM OTPHUIIATEIHLHOTO OanaHca
Macchl 3a mocneaHue 4 roga. MOKHO MPEANONI0XKUTh, YTO TPH yMEPEHHBIX
METEOPOJIOTHICCKUX YCIOBUAX, €CIM 3UMHHE OCAAKW OYyIyT BBINIC CPETHUX
3HAUCHUHN, a JICTHUE TeMIEpaTyphl HE OyAyT KPUTUYECKH BBICOKHMH, TO TIPH
TEKYIIUX YCIOBUAX a0JIAINUN MOXHO Oy/IeT YBUIETh U MOJTOKUTEIBHBIN OaaHc

MacChl Ha JaHHOM jeanuke [14-A].

4.3. MOIle.]Il/IpOBaHI/Ie yCJ'lOBI/Iﬁ H3MeHeHHs 0ajiaHca Mace JICAHUKOB I10

OTMETKaAM BEPTHKAJbHBIX II€PENagoB BbICOT

Ha  wu3o0paxenun  (PucyHok 4.7) mpeacTaBieHbl  pe3yJbTaThbl
mozaenupoBanuss JneaHuka Nel39. Ha rpaduxe (Pucynokx 4.7a) mnoka3zaHbl
pa3IMyHble OLEHKH TOJOBOTO HW3MEHEHMS BBICOTHI JIEJHUKA B JUANa30HE
3HauUE€HUW OamaHca Macchl. [[BETHBIMM JIMHHUAMHM OTpa)kaeTcs pe3yiabTaT
MOJIeJIMpOBaHUe OanaHca Macchl JIeTHUKA TPO(UIBLHBIM METOJOM, I'/ie KpacHas
JVHMS TIOKa3bIBa€T U3MEPEHUE T'OJJOBOro OanaHca MacChl JIETHUKA, OpaHKeBas
JUHUSL OTpa)kaeT OalaHC Macchl MOJIHOTO THUPOJIOTMYECKOTO roja, a CHHSISA
JIMHMS TOKA3bIBAaeT 3MMHEE HAKOIUIEHUE CHera Ha jenHuke. OCOOEHHO BaXKHBIM
Ha A9TOM TpaduKe SBIACTCS 3alITPUXOBAHHAS OOJACTh C JIEBOM CTOPOHBI
rpaduka, KOTopas MOKa3blBAET MU3MEHEHHUE IUIOUIAJAH JIEAHUKA B 3aBUCUMOCTH
OT BBICOTBI.

Ha  mpeacraBnenHom  rpaduke  (pucyHok  4.70)  oTpaxeHa
CpeIHEeKBaapaTUyHas OIIMOKAa M CMELIEHHWE OT HOPMBI, MOJENb paccyuTaia
OayaHc Macchl JeAHUKA ¢ MOrpemHoCcThio 0,226 M BOJHOTO 3KBHBAJICHTA, 3TO
FOBOPUT O TOM YTO, HUMed JOCTaTOYHOE KOJMYECTBO IIOJIEBBIX H
METEOPOJIOTUYECKUX JAHHBIX, 1a€T BO3MOKHOCTh IPOBOAUTH MOJEIMPOBAHUE C
BBICOKON TOYHOCTH.

Pe3ynbraThl ganmu HamM BO3MOMKHOCTb J1aTh KOJMYECTBEHHYIO OLICHKY

coctostHus JienHuka Nel39 Ha Bocrounom Ilamupe U OLIEHUTH CBA3b MEXKAY
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KOJIMYCCTBOM OCAAKOB M TEMIICPATYPHBIMU KOJICOAHMSIMH C JUHAMHUKOMN

JICAHHUKOB.
5500
- FopOBOW, NEPUOA N3MEepPeHNs a)
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Pucyok. 4.7. - I'pacduk u3mMeHeHHsI BBICOTHI JISHUKA B IMAaNla30He 3HAYCHUN OaliaHca

MacCChbl

4.3.1. UucaeHHoe Mo1e IMPOBAHUE U3MEHEHUS NOBEPXHOCTHOM
0ajlaHca MacChl JIETHUKOB 110 U3MEPEHHBIM TOYKAM
['paduku, mnpenacraBieHHble Ha pPUCYHKE 4.8 TMOKa3bIBAIOT JIETAIBHOE
M3MEHEHHSI M0 KaXKJOW peiike Ha MPOTSHKEHUM HCCIENyeMOro mnepuoaa s

nenanka Nel39. I'paduku TOKa3bIBAIOT CMEMICHUE TOYHOCTH MOJICTUPOBAHHE
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JUTSL KQKJIOM pelKH, yCTAaHOBIIEHHOM Ha JIEIHUKE, JaHHBIE OTPAXAIOT HE TOJIBKO
CMEIICHUE TOYHOCTH, HO U JCTaJIbHAs €XEMECIYHasl peKOHCTPYKIUS JUHAMUKA
MOBEPXHOCTH JIbJA I KaXKJA0W peiiku, KOTOphIe Ha rpaduke 0003HAUEHBI KaK
«ZM» C COOTBETCTBYIOIIMMU HOMEPAMHU.

BeptukanbHas ock Ha rpadukax OTpakaeT HW3MEHEHHE BBICOTHI Ha
MOBEPXHOCTH JIEJHMKA B METpax BOJHOIO JKBHUBAJICHTa, a 3HAYCHUS
MPOIMUCAHHbIE Ha TpaduKax MOKAa3bIBAIOT HA CMEIIEHUE TOYHOCTHU MOJETU OT
peanbHbIX JaHHBIX. ['OpU30HTaIbHAsI OCh OTpaXaeT BpEeMsl OXBAaThIBas OJIMH
TUIPOJIOTHYECKUN TOJl, a CIUIOIIHAS JMHUS TOKa3bIBAET CMOJEIMPOBAHHOE
W3MEHEHHE BBICOTHI JIHUKA B JaHHOM Touke. Ha rpadukax TouKoit
0003Ha4YeHbl (PaKTUYECKHE H3MEPEHUs, MOJIyUCHHbIE Ha IOJIEBBIX paboTax ¢
YCTaHOBJICHHBIX a0JISIIMOHHBIX PEEK Ha JISTHUKE.

[Ipu aHanuze rpadgukoB OBLIO BBISIBIICHO KaK OTPUIIATEIbHBIE CMEILIEHUE OT
HA3eMHBIX JTAHHBIX TaK W MOJOKUTEIbHBIC, PEHKN ¢ 0003HaYeHUsIMHU ZM3, Zm4
U ZMS MOKA3bIBAIOT CMENIEHUE CO 3Ha4eHueM OKojo -0,3 M B.3. a pelKu C
oOo3Hauenuem zZml, zm2, zm7 u ZMY MOKA3BIBAIOT HEOOIBIIOE CMEIIEHUE
okosno +0,1 mo +1,7 m B.3., peilka ZM6 B OTIMYUHU OT JPYTUX IOKA3bIBAET
3HAYUTEJIBHOE MO3UTUBHOE CMEIIEHUE KOoTopoe coctasisier +0,3 M B.3., Takue
pa3yinuvsi B CMEIICHUH OT Ha3€MHBIX JTAHHBIX MOXXET OBbITh U3-3a 0COOECHHOCTEMH
penbeda TMOBEPXHOCTH JeAHUKA. Takue moapoOHbIE JaHHBIE MPEICTABIISIOT
IEHHYI0 MH(OpMaIio 00 MOBEPXHOCTHBIX M3MEHEHUSIX JICIHUKA, 9TO BAXKHO

AL IIOHUMaHWA JTUHAMWKHU JICAHUKA 1 PCAKIIMH Ha TCMIICPATYPHBIC KoJIcOaHMs.
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zm1: +0.156 m B.3. zmz: +0.098 m B.3.
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Pucynok 4.8. - I'paduku 1eTanbHBIX pe3ybTaTOB MOAEITHMPOBAHUS TOAOBOTO OalaHca

Macchl 1 U3MEHEHUS BBICOTHI ITOBEpXHOCTH JenHuKa Nel39 no pelikam

4.3.2. Pe3yabTaThbl MOJEJIMPOBAHMS 0aj1aHCca MacChl JIeTHUKOB facceiiHa

pexku CapbIryH, NnpuTOKa 03epa XoBapkyJb 3a 2018/2019 roasi.

brina npoBeneHa MojaenupoBaHue OajlaHCa MacChl JIETHUKOB B OacceiiHe
pexu CapbIryH KOTOpas SBJISIETCS PAaBbIM MPUTOKOM PEKU AKIDKUIra KOTOpas B
CBOIO O4Yepelb BTEKAET B 03€p0 XOBAPKYJb, IJs1 OMNPEIEICHUS COCTOSHUS
JIETHUKOB Ha Pa3JIMYHbIX BHICOTAX.

OO6mumii otpunaTenbHbIi O0amanc maccsl (bm = -0.282 M.B.3.) yka3pIBaeT Ha
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npeo0iaalonly0  MOTEPI0 Macchl JIEAHUKAMM B 3TOM OacceilHe 3a
paccMaTpuBaeMblii  MepuUojl. ITO corjacyercss ¢ oOmel TeHJeHIuen
COKpalIEHHUs OJICJICHEHUS B TOPHBIX palilOHaX B pe3yJbTaTe U3MEHECHUS KIIMMAaTa.

Pa36poc nHauBUyanbHBIX 3HAaUeHUH OajaHnca Macchl oT -2.0 10 +1.0 m.B.53.
JIEMOHCTPUPYET 3HAYUTEIbHYIO MNPOCTPAHCTBEHHYIO M3MEHUYMBOCTH MPOIIECCOB
AKKyMyJISIUKA W a0isiyMyd Ha pas3HbIX JeAHukax. OHa MOXKeET OBbITh BbI3BaHa
pa3IMyusIMU B UX pa3Mepax, BbICOTAX, OPUEHTAILIMH, OKpY’KalolleM pelibede u
mukpoknumare. [IpeoOnananne KpacHBIX IBETOB (OTPUIATENBHBIN OanaHc)
TOBOPUT O TOM, YTO OOJBIIMHCTBO JIEAHUKOB B 3TOM PETHOHE TEPsUIM Maccy B
TEUEHHE U3MEPEHHOro nepuoja. OIHAKO HAIMYKWE HEKOTOPBIX CHHUX IBETOB
(MOJIOKUTENBHBIN OanaHC) yKa3blBa€T HA TO, YTO JUISl OTHEJBbHBIX JICAHUKOB
ycioBUsl ObUTH 00Jiee OIarONPUATHBIMU JIJISI aKKYMYJISIITUNA MACCHI.

CpennexBanpatuyras ommbka 0.107 M B.3. SABIAETCI OTHOCHUTEIHHO
HU3KOM, YTO CBUACTEIBCTBYET O XOPOIIEH TOYHOCTH MOJICTUPOBAHUS B IIEJIOM
JUTst ATOro peruoHa. Jjist 6osnee riry0okoro aHanusa TpeOyeTcs: JOMOTHUTEIbHAs
uHpopMaIsi O METEOPOJIOTUYECKUX YCIOBUSX M OCOOCHHOCTSIX OTIEIbHBIX
JICTHUKOB, a TaKXKe JIOJITOBPEMEHHBIM P HAOMIOACHUN JUIsl BBISBICHUS
YCTOMYUBBIX TPEH/IOB.

B uenoMm, pe3ynbTaThl yKa3blBAlOT HA CJIOXKHYK KapTUHY H3MEHEHUS
OJIEJICHEHUS C MpeodaaHueM MOTEPU MAcChl B ITOM BBICOKOTOPHOM PETUOHE B
nepuon 2018/2019 rr., 4to coryiacyercss C OXHUJIAEMbIMH TIOCJIEICTBUSIMHU

N3MCHCHMS KJIMMAaTa.
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2018/2019

Mepwuoa namepeHunn (roqoBOKW, CKOppeKTUpoBaHHbIW): 07/16 - 07/15
b, =-0.282 m B.3.

CK3: 0.107 m B.3.
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PucyHnok. 4.9. - Mozgenupopanue 6aaHca Macchl JISTHUKOB OacceifHa peKH

CapbIryH puToKa o3epa X0oBapKyJib
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BbiBOABI 110 YeTBEPTOIL Ii1aBe

1. C 1977 nmo 2018 rox oOmias miomags JETHUKOB B OacceiiHe peku
CappiryH TpaBOTO MPUTOKA PEKHM AKIKWITA, KOTOpas BIAJAET B 03€pO
XoBapkynb, cokpatunack Ha 9% (1,3 xm?). HauGonbliee COKpallcHHE
Habmoganoce B mepuon 1998-2008 rr. JlenHWKM BOCTOYHOW M CEBEpO-
BOCTOYHOI 3KCIO3UIMY MTOABEPININCH HAUOOBIIEH Aerpaaliii.

2. 3a mepuoa c 1994 mo 2018 rojx KOJIUYECTBO MajbIX JICJHUKOB
(mnomansio Menee 0,1 km?) ymensmmiocs ¢ 247 no 197 (wa 20%). Ux obmas
mIomaas cokparunack ¢ 11,0216 km? no 8,7774 KM? (Taxxke Ha 20%).

3. AHanu3 JaHHBIX 110 OTAEIBHBIM peKaM MOKa3al pa3Inuus B CMEIICHUE
JAHHBIX TPU PEATBHBIX U3MEPEHUSAX Ha JICTHUKE U MOJCITMPOBAHUEM HA Pa3HBIX
y4acTKax JICAHUKA. Pe3ynbTarhl MOKa3ald OT OTPHUILATEIBHBIX CMEIICHHUH (10 -
0.3 M B.3.) 10 TOJOXUTENBHBIX cmemeHuit (Mo +0.3 M B.3.), a cpemHee
cMmemeHrue cocraBiaser okono 0.17 m B.3. JlaHHBIE CMEIIEHHMS II0 KaKIbIM
OTJICJIbHBIM pEeHWKaM SIBJISIOTCS HE 3HAYUTEIIBHBIMM M TIOKa3bIBAIOT XOPOIIUN
pe3yJbTaT KaTuOPOBKU MOJIEIH.

4. MopenupoBanue OajaHca Macchl JISTHUKOB OacceitHa peku CapbiryH
npuToka o3epa XoBapkyiab 3a 2018/2019 rr. mokazano o0l OTpUILIATEIHHBIHN
6amanc -0.282 M B.3., ¢ HHAMBUAYATBHEIMHU 3HAYeHUSIMHU OT -2.0 10 +1.0 M B.3.
JUISL Pa3HBIX JICTHUKOB.

5. CpennekBaaparndeckas omuOka mojaenu coctaBmwia 0.090 M B.3. s
aeqauka Nel39 u 0.107 M B.3. musa Bcero OacceitHa pekn CapbITyH, 4YTO

CBHUJETEIBCTBYET O XOPOILIEH TOUHOCTH PACUYETOB.
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BbIBO/IbI

1.Ha ocHOBe KOMIUIEKCHOTO aHajlu3a C UCIOJIb30BAaHUEM JaHHBIX
JHUCTaHIIUOHHOTO 30HAUPOBAHMUS, I'cC TEXHOJIOTUH, 1u(poBOTO
MOJICJIMPOBAHUS U HA3EMHBIX MOJIEBBIX HAOIIOICHUH MTOIyYeHbI HOBBIEC HAYUYHBIE
pEe3yJbTAThl M0 IMHAMUKE OJICICHEHUS! B BHICOKOTOPHOM pernoHe BocTtoyHoro
[Tamupa Ha ipuMepe OacceitHa o3epa XoBapkyib [1-A, 10-Al].

2.IloaTBepk/ieHO, UYTO  JAMCTAHIIMOHHOE  30HAMPOBAHUE  SIBIIACTCS
OTIEPATUBHBIM W HEJOPOTHM HCTOYHHUKOM WH(OpPMAIMU MPHU HCCICIOBAHUUA U
aHanu3e JIENHUKOB. JIaHHBIA METOJ IIO3BOJISIET ONPENEIUTh OCHOBHBIC
XapaKTEPUCTHKH JICTHUKOB, B TOM YHCJIC XapakTep ux AuHaMuku [9-A, 13-Al.

3.YcTaHOBIEHO, YTO HW3MEpeHHE OajaHCca MacChl JICTHUKOB SIBIIACTCS
HanOoJiee TOYHBIM METOJOM JUISl OMNpPEACICHUS] €XKETOAHOTO COCTOSHUS
JICTHUKOB, ATO TIO3BOJIIET B KOHTEKCTE HW3MEHEHMsI KJIMMaTa OMNpeAeUTh
€KEroJIHbIe U3MEHEHUS B Kprocdepe, YTO MO3BOJIIET MPOTHO3ZUPOBATh CTOK PEK
C JICJIHUKOBBIM ITUTaHUEM HanboJjee TouHo [4-A, 7-A].

4. TlomydyeHHbIE JaHHBIE BHOCSAT CYIIECTBEHHBIM BKJIQJL B Pa3BUTHE
TIISIIIUOJIOTUYECKUX MCCIIEIOBAaHUN Y MMOHUMAaHUE MPOLECCOB, MPOUCXOISIINX B
JETHUKOBBIX cucteMax Boctounoro Ilamupa. OHM MMEIOT BaXXHOE HAyYHOE U
NPUKIAIHOEC 3HAYEHHWE JJI1  OLEHKA  BOJHBIX  PECYpCOB  PEruoHa,
MPOTHO3UPOBAHUS U3MEHEHUN CTOKA M CBA3AHHBIX C HUMH PUCKOB B YCIIOBHSIX
MEHSFOIIerocs: KiiuMara [3-A, 4-Al.

5. DBbigBieHB OCHOBHBIE XapAaKTEPUCTUKU JAUHAMHUKHA  OJICICHCHUS
OacceitHa o3epa XOBapKyjb, KOTOPbI€ TMOJTBEPKAAIOT OOIIYI0 TEHACHITUIO
COKpallleHUs oJieIcHeHus o Bcemy mupy [11-A, 12-A].

6.CmonenupoBaHa OanaHca Macchl JEAHUKOB OacceiiHa peku CapbITyH,
KOTOpasi BTEKAeT B 03. XOBAPKYJib, JJIS ONPECICHUSI COCTOSIHUS JICITHUKOB Ha
pa3MuHbIX BbIcoTax. OO oTpunaTeabHbiil 60ananc maccel (bm = -0. 282 m
B.3.) VyKa3bplBaeT TOTEPIO MacChl JIeAHUKaMH B JTOM OacceitHe 3a
paccMmaTpuBaeMblid  Mepuojs. ITO corjlacyercs ¢ oOumed  TeHJeHIUen

COKpAIIEHHUS OJICICHEHUS TOp NMPH KJIMMATHIECKUX U3MEHEHUAX [2-A]
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PEKOMEHJALIUU 110 TIPAKTUYECKOMY UCITIOJb30OBAHUIO
PE3YJbTATOB

1. Hcnonp30BaHWE [AaHHBIX O COBPEMEHHOM COCTOSSHUM W JIMHAMHKE
JICIHUKOB JJIsi YTOUHEHHsSI MPOTHO30B M3MEHEHHUs BOJHBIX PECYpPCOB PETHOHA.
[TommydyeHHble KOMWYECTBEHHBIE OIICHKM OallaHca M HM3MEHEHHs IUIOIIaei
JIETHUKOB TMO3BOJISIIOT JIydllle M OoJee TOYHO MOJEIMPOBaTh MOCTYIIEHUE
TaJgblX JICAHUKOBBIX BOJI B PEUYHbIE CHUCTEMBbl U 03€pa. OTO BAXKHO IS
IJIAHUPOBAHUS BOJOIIOIB30BAHUS B CEJIbCKOM XO35MCTBE, SHEPIrEeTUKE U JPYTUX
OTpacsix.

2. IlpumeHeHue neTambHBIX KapT OJieeHEHUS W Tomorpaduu JIETHUKOB
JUISL OLEHKM pHUCKA, CBS3aHHOIO C OMNACHBIMH JIEAHUKOBO-TJIMLIHAIbHBIMU
npoueccamu (IPOPBIBbI  JIEAHUKOBBIX 03€p, JIEAHUKOBBIE OOBajbl, CEJIEBbIE
MOTOKHU U Ap.). DTU MOTPEOHOCTH HEOOXOAUMBI JIJIi COCTABIICHUS KaJaCTPOBBIX
00BEKTOB U pa3pabOTKU MEP MO 3alIUTe HACEIEHHBIX MYHKTOB U 3aHSATOCTH.

3. Pe3ynbTarhl uccieoBaHUs OJEIEHEHUS MOMOTalT CHPOTHO3UPOBATH
BO3MOYKHBIE MMOCJEICTBUS KIMMAaTHYECKUX U3MEHEHUN U ONpEeInTh Hanboee
ySI3BUMBIEC pallOHBI, KOTOPBIE TPEOYIOT IPUHATHUS aJaNTaIlHOHHBIX Mep.

4. Marepuanbl auccepTaudid MOTyT OBbITh HCIOJIb30BaHBI B KadyeCcTBE
WUTIOCTpAallMid M OOHOBJIEHUH YYEOHBIX KypcoB. Pe3ynbTaThl auccepTaiuu
UMEIOT HIMPOKHUI CIEKTP BO3MOKHOIO IMPAKTUYECKOTO NMPUMEHEHHS B HAYYHOM,
00pa30BaTeIbHON U MPUPOIOOXPAHHON IEATETbHOCTH, a TAKXKE JJIsl YIIPABICHUS
BOJHBIMUA MEPONPUITUSIMH W MPEIOTBPAILCHUS BO3HUKHOBEHUS PHUCKOB B

TOPHBIX paliOHaX.
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HHPUJIOXEHUA

[Tpunoxenue 1

«YTBEPXKJIAIO»

JupekTop AreHTcTBa o
ruapoMeteoponoru  Komurera

10 OXpaHe OKpY)Karomlei cpebl

;“{*—"#&f\;}gpannTeHLCTBe Pecry6nuku
Tkt \.'-_CTH

Kyp6onsona A.X.

T 0% 2006

«/ »  APHE 2026 r. dymwante

0 BHEJPEHHH pe3ylIbTaTOB MCCepTalHoHHOH pabotel KypGonuéna Xycpasa
Kyp6onmxona Ha Temy: «/InHamuka OajnaHca Macchl JIEIHHKOB B
COBpEMEHHBIX MPHPOIHO-KJIHMATHYECKHX YCJIOBHSX Ha NpHMepe Gacceiina
ozepa Xosapkyias (Kapakyas) Bocrounoro Ilammupar, [peJcTaBIeHHOH Ha
COMCKaHHWE YUEHOW CTeleHH KaHIHWIaTa TeXHHYECKHX HayK II0 CHeHHalbHOCTH
2.1.37 — I'magponorus cymH, BOAHEIE PECYPCHI, THAPOXUMHS

KomuccHs B cocTase:

Ipencenareas komuccun: Hasupsona Kamomuanux 3aiiHUIUH — 3aMeCTHUTEb
HauanbHHKa [leHTpa risumonorud AreHTCTBa IO THApoMeTeoponoriu Komurera
110 OXpaHe OKpykatomeii cpeasl npu [IpaButenscTse Pecybnuku TakuKucTaH;

YneHbl KOMHCCHH:
1. Xomxuzona A.D. — HadanbHHK OT/eja ITIAIHOJIOIHH M CHEroJlaBHHHBIX
ucciaenosanuii LleHTpa rnsumonorud AreHTCTBa Mo riApOMETEOPOJIOTHH;
2. Jixypabeksona H.M. - HaganbHHK OTJeNa NPOrHO30B, HHOOpPMALMH H
apxuBa L{eHTpa IJIsIHONOrHH ATeHTCTBa 110 THAPOMETEOPOJIOTHH;
3. XymomomoB X.Sl. - Ha4ambHHK TIHAPOrpauyecKko - IKCNEJHIHMOHHOTO
otnena LleHTpa rIsALMOIOrHH ATeHTCTBa [0 THIPOMETEOPOJIOTHH.

HacTOSIMM aKTOM IIOATBEPKIAeTCs, YTO pPe3yNbTaThl JMCCEePTALMOHHOM
pab6ote Kyp6onuéna XycpaBa KypGoHmKoHA BHEAPEHBl H HCMOJB3YIOTCS IIPH
MpoBeleHHH  OKCIEJUIIMOHHBIX ~ HCCIEJOBaHWH  JIeTHHKOB Pecriy6nnku
TaKUKWCTAH W BBINOJHEHMH  Hay4HO-HCCIEOBaTeNbCKMX  paboT 1o
MOHHTOPHHTY JIEAHHUKOB U KPHOCHEPHI.

AKTya/ bHOCTH TeMbl. VccienoBaHue 00yCIOBIEHO HEOOXOMMMOCTBIO
KOMIUIEKCHOTO HM3y4YeHHs COBPEMEHHOTO COCTOSHHS JIeJIHMKOB Ta/UKMKHCTaHA B
YCIOBHAX TIOOANBHOrO HM3MeHeHHMs kiumata. Jlexnuku BocTouHOro ITamupa
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ABJISAIOTCS BaXHEHIIUM KOMIIOHEHTOM Kpuocheps! LleHTpanbHOM A3uu U UrparoT
3HAYUTENIBHYIO pOJIb B ()OPMHPOBAHUU BOJHBIX PecypcoB peruoHa. M3meHeHue
KJIMMaTa OKa3blBaeT CYIIECTBEHHOE BO3JEHCTBHE Ha IPHUPOIHBIE CHCTEMEI,
BKJIFOYasl JIeIHUKH Ta/KUKHUCTaHa, a OajiaHC MacChl JIETHUKOB SIBJISETCS OJHUM U3
Haunbosiee ”HPOPMATUBHBIX HHIUKATOPOB 3THX U3MEHEHHIA.

MHorouucieHHbple  UCCIEJOBaHHUS CBHJETENBCTBYIOT O COKpalleHHH
IUTOLIA/IM JIEJHUKOB BO MHOTMX PEerHOHaxX MHpa, OCOOEHHO MaJIbIX JIEAHUKOB. Jliis
U3y4YeHMs] JMHAMHKU OJIe/IeHEeHUS NPUMEHSIOTCS pa3jIM4yHble METOJBI, BKJIHOYas
aHaJIU3 TI0JIOXKEHUS SI3bIKa JIEJHUKA U MHOTOJIETHUX METEOPOJIOTHYECKUX JTaHHBIX.
OpnHako Takue MOAXOJbI HE BCEraa IMO3BOJIAIOT ONEPATHBHO OLIEHUTH €XKEroHbIE
HU3MEHEHHS, TIOCKOJIbKY peaklls JeJIHUKOB Ha KiIUMaTH4eckhe (akTOpbl MOXKET
NPOSIBIIATBECS C BPEMEHHOM 3a1epIKKOM.

B ornuune or HHX, u3MepeHHe OanaHca Macchl JIEAHHKOB oOecreYrBaeT
nosydeHue Gosiee TOYHOH M aKTyalbHOM MH(POPMAILMH O COCTOSIHUH M IMHAMHKE
JIEIHUKOB, OCOOEHHO B KPaTKOCPOYHOM nepcrniekTuBe. [[aHHBINA MeTO[ MO3BOJISET
OLICHMBAaTh TEKYIEe COCTOSHUE JIEJHHUKOB, INPOTHO3UPOBATh HMX JallbHEHIHe
HU3MEHEHHUs] M OIIPE/IeIUTh BO3MOJXKHOE BIHUSHHE Ha (OPMHUPOBAHHE BOJHBIX
pecypcoB rOpPHBIX PETHOHOB.

[TonyueHHsle pe3ynbTaThl UMEIOT OOJBIIOE 3HAYEHHE IS pa3paboTKu Mmep
aJianTali¥ K M3MEHEHHWIO KJIMMaTa, MOBBIIIEHHI0 3()(PEeKTUBHOCTH yIpaBlIeHUS
BOJHBIMM pecypcaMd M OOECNeYeHHIO YCTOWYMBOTO Ppa3BUTHS pa3TMYHBIX
oTpaciie 3KOHOMUKH.

B paGote nosryyeHs! ciieayiouiHe HOBbIE H JOCTOBEPHBIE Pe3yJIbTATHI:

Hayynas HoBHM3Ha pa0oThl 3aKiIO4aeTcs B TOM, 4YTO BIEpBBIE JUIS
HCCIIEAyeMOro paloHa BBINIOJIHEHA KOMIUIEKCHas OLIeHKa AWHAMHKHA OanaHca
MacCel JIEJHUKOB B COBPEMEHHBIX IPUPOJHO-KIMMATHYECKHUX YCIIOBHSX.
[ToryueHsl HOBBIE JaHHBIE O IIPOCTPAHCTBEHHO-BPEMEHHBIX OCOOEHHOCTSX
U3MeHeHHs JeAHuKoB Bocrtounoro Ilamupa. IlpoBemensl HaGmogeHus 3a
Oanancom macchl negHuka Nel39 u onpeneneHbl OCHOBHBIE (DAKTODBI, BIMSIOIINE
Ha IIPOILIECCH aKKyMyJsiLMM M abmsauuu. PaszpaboraHbl Hay4YHO-METOAMYECKHE
IOAXOJABl K IPOBEJCHHI0O MOHHUTOPHHIA JIEAHHKOB C HMCIIOJIb30BaHHEM JaHHBIX
JMCTaHLIMOHHOI'O 30HAUPOBaHUS 3eMJIH U reOMH(GOPMALIHOHHBIX CHCTEM.

O6GOCHOBaHHOCTH M JIOCTOBEPHOCTh  IONYYEHHBIX  PE3yJbTATOB
IIOATBEPXKAAIOTCS HMCII0JIb30BaHUEM Oo0nbpIIoro odbema IOJEBBIX MaTepHAIOB,
INPYMMEHEHHEM COBPEMEHHBIX METOJOB TIJIALMOJOTHYECKMX HCCJIeIOBAHUM,
reoMH(QOPMAIMOHHBIX TEXHOJOTHWH, NaHHBIX IUCTAHIIMOHHOTO 30HIMPOBAHMS
3eMild, CTAaTHCTUYECKUX METOJOB 00paboTkM HMHGOpPMALMH, a TakKKe
CONOCTaBJIE€HUEM IIOJIyYeHHBIX pe3yJbTaTOB C [JaHHBIMH OTEYECTBEHHBIX U
3apyOe)HBIX UCCIIeJOBaHUH.
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IpakTuyeckass  3HAYHMOCTD pe3y/IbTaTOB  AHCCEPTALHOHHOTO
Hec/Ie0BAHHS 3aK/II0YAeTCsl B ClIeyIoleM:

1.  TlomydueHHble JaHHBIE HCIIONB3YIOTCS IPH BeJIEHUH rOCy1apCTBEHHOTO
MOHUTOPHHI'A JIEJTHUKOB 1 kprocheps! Pecry6muku TauKUKACTAH.

2.  PazpaGoraHHbIE METOIbI 1 MOIXOABI IPUMEHSIOTCS TIPH COCTABICHHH
u akTyanusanuu Karasnora (ATnaca) JieTHUKOB Pecmy6nuku TafKUKACTaH.

3.  PesynpTathl MCCIIeIOBaHMH MCIIONB3YIOTCS UL OLCHKA COCTOSIHHUS
BOJHBIX DECYpPCOB JIETHMKOBOIO MPOHCXOXK/ICHHUA ¥ TIPOTHO3HPOBAHUA KX
M3MEHEHHM B YCIOBUSIX COBPEMEHHOTO H3MEHEHM KIMMaTa.

4. Co3panHas 0a3a JaHHBIX H kapTorpauyeckue Marepraibl MOryT
JCIIONB30BaThCs TOCYAapCTBEHHBIMH ~OpraHaMH, Hay4YHO-HCCJIeJ0BaTeIbCKUMH
YUpeXICHUAMH ¥ MEXIyHapOIHBIMA opraHu3alsAMH NPH pa3paboTKe IporpamMm
aZanTAlME K M3MEHEHHIO KIMMaTa U pallMOHAIBHOTO HCIIONIb30BaHMsl BOJIHBIX
pecypcoB.

5.  PesynbraThl HCCI€I0BAHUA CroCOOCTBYIOT — COBEPIIEHCTBOBAHHIO
CHCTEMBI HAOMIONEHWI 3a JI€JHHKaMH, Pa3BUTHIO COBPEMEHHBIX METOJIOB
[JISIMOJIOTMYECKOTO MOHHTODHHIZ H TOBBIIICHHIO 3 (}EeKTHBHOCTH HAyIHOTO
oBecrieyeHys NeATeNbHOCTH B 00nacTd H3yHdeHHS H COXpaHeHHs JIe[IHMKOB
Pecriy6nuku Ta/UKHKHCTaH.

Pe3yabTaThl AMCCEePTANHOHHOH  padoThl  HMEIOT cyulecTBeHHOE
npaKkTHYeCKOoe H Hay4YHOe 3HAYCHHE. Pesy/IbTaThl JAMCCEPTALHOHHOH paGoTBhI
MMEIOT CyIIeCTBEHHOE Hay4HOE H MPaKTHYECKOe 3gadyeHue ¥ OyayT BHEJPEHBI B
HAYYHO-HCCIIEIOBATENBCKYIO NEATEIBHOCTD [leHTpa TVIALMONOTHH ATEHTCTBA IO
rugpoMereopororu  KomuTera 1O OXpaH® okpyatomeif ~cpeisl  IIpH
IIpaButenscTBe PecryOmuky Ta/DKUKUCTaH, Te MCIOJB3YIOTCSA MpH MOATOTOBKE
HaydqHBIX OTYETOB, pa3paboTKe TeMaTH4eCKMX KapT OJIeJCHEeHHs, OLCHKE
COCTOSIHHS JIeJHUKOB U NIPOBEJICHAN MOHUTOPHHIOBBIX UcclIeJOBaHMH.

MHHOBALMOHHOCTh ~ HCCIEOBAHMS  3aKJ09aeTCs B KOMILIEKCHOM
HCIIOTb30BAHUH TOJIEBBIX IIISAIIMOIOTHIECKUX HabmoneHui, reonHGOPMALMOHHBIX
CHCTeM, CIIyTHHKOBBIX JaHHBIX BBICOKOTO Pa3pelieHIUA M COBPEMEHHBIX METOJI0B
OLIeHKH 6anaHca Macchl JIeTHUKOB. IIpuMeHeHue yKa3aHHBIX TIO/IXOJI0B MO3BOJIHIIO
[OBBICHTD TOYHOCTH OIIEHKH COCTOSIHHS JISIHHMKOB, COKpaTHTb 00BeM TOJIEBBIX
pabor u obecreduTh JAOCTYI K OOBeKTUBHOM HH(OpMAIMA O JAUHAMHKE
oJieIeHEeHUS.

OCHOBHBIE DTAIIBI PEATTM3ATIAHA MOJIYYEHHBIX
PE3VYJIbTATOB

Peanu3auus pe3yJIbTaToB JIACCEPTALHOHHOTO HCCIIeJOBAHUS
OCYIIECTBISIETCS TOCPEICTBOM BHEIPEHHA pa3paGOTaHHBIX METOJONOTHHECKIX
MOIXO0B B HAyYHO-MCCIEIOBATENBCKYIO JCATEBHOCTE IlenTpa TJIALKOJIOTHH
ArenTcTBa To TapoMereoposorus KomuTeTa IO OXpaHe OKpYIKalOIEeH CpeIbl

154



npu IlIpaButenscrtBe Pecny6mukn TaKMKHCTaH, HCIONB30BaHHE MOJYYEHHBIX
JAaHHBIX [P MOHMTOPHMHIE JIEJHUKOB, IIOATOTOBKE HAYYHBIX IIPOTHO30B U
pa3paboTke peKOMeHalMii [0 aJanTal|y K [TOCIeACTBUSAM H3MEHEHHUS KIIMMATA.
O KHUJAEMBIE PE3YJIbTATBI
Hcnonp3oBanue pe3ysibTaToOB AUCCEPTALMOHHOTO UCCIIE0BAHMS TIO3BOJIUT:
e IOBBICUTh 3((PEKTUBHOCTP MOHHUTOPHMHIA JIEAHHKOB W KpHOC(hEpHI
Pecny6nuxu Tamxukucran;
¢ YCOBEpLIEHCTBOBaTh METOJbl OLEHKH OajlaHca Macchl JIEHHKOB U
MPOTHO3UPOBAHUS MX U3MEHEHMH;
+ obecrieyuTh MOJNy4eHHE JOCTOBEPHOM HHOOPMALMM O COCTOSHUH
nenHukoB BoctouHoro [Tamupa;
e TOBBICHTH  KayeCTBO  HAYYHBIX HCCIENOBaHMNA B  obyactu
TJISILMOJIOTHH, THAPOJIOTHH M U3MEHEHHS KIIMMATa;
¢ CO37aTh HAy4yHYI0 OCHOBY /s NPHHATHS peIeHHHA B cdepe
YOpaBjieHHs BOJHBIMH pecypcaMH W aJanTalMd K KJIAMaTHYECKUM
U3MEHEHUM;
¢ COBEpIIEHCTBOBAaTh CHCTeMy HaOmOOeHHWH 3a JIelHUKAaMH U
00ecneynTh coXpareHHe JOITOCPOYHBIX PSIOB MNISIHOJIOMMYECKUX JaHHBIX.

IIpencenarens KOMHCCHH,
3aMeCTHUTeNb HadaubHuKa [leHTpa risiuono
AreHTCTBa 10 THAPOMETEOPOJIOTHH Hasupsona K.3.

YJieHbl KOMHCCHHU:

Havanesauk OTAe1a rIsiHUOJIOTUH
U CHEroJIaBUHHBIX HCCJIE€IOBAHUH

HavansHuk otnena mporuo3os,
UHGOpPMAIUH U apXUBa

Hauansuuk rugporpaduyecko " A
9KCIEAULMOHHOTO OTIea ¢ A 3W Xynononos X.51.

Bepno:

HavanbHuk ynpasnenue kaapos

ATeHTCTBa 10 THIPOMETEOPOJIOTUH g%éﬁp Amypanues /.
«/E» w7l 2026, LW
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[Ipunoxenue 2

OHAJIbHOT'O YHHBEPCHUTETA,

’F{WCM

AKT BHEJIPEHUSI
PE€3yJIbTaTOB HAYYHBIX HCCJIEA0BAHUH B y4eOHbIH nponece

3akasyuk - kadexpa MeTeOpOIOrHH U KIIMMaTOoJIOruM, (u3nyeckoro dakysprera
TaKHKCKOro HALMOHAIBHOTO YHHBEPCHTETA.
Hacrosimum axtom moxarsepiknaercsi, 4o Pe3yNbTaThl MCCIEIOBAaHHMA, BBIIIOIHEH-
HBIX Ha COMCKaHHE y4CHOH CTeNeHH KaHIMJaTa TEXHHYECKHX HAYK IO CHEMATbHOCTH
25.00.27 - T'unposorus cymm, BogHbIe PECYpPChI, THAPOXUMHUS 1O TeMe «JuHamuka Ga-
/laHca MacChl JIEJHUKOB B COBPEMEHHBIX NPUPOIHO-KIMMATHYECKUX YCIOBUSX HA npu-
Mepe Gacceiina o3epa Kapakyns Boctounoro [Tamupa» 3aBenyrommm otnenom “MoHu-
TOPHUHTa JIETHUKOB KpUOChepsl, rsuuosoruu u ' UC-rexnosoruii” THY «LlenTpa usy-
denus nennukoB HAHT» Kabyrossim X. BHeapeHE! B y4eOHBIH nporecc.
1. Ileas BHeApenusi: OCHOBHOM LEIbIO NAHHOM paboTel SABISAETCS NpeACTaBIECHHE
METOZMKH pacyeTa OanaHca MacChl JIeJHHKA TIPSIMBIM TIISLHONOMMYECKHM METOZIOM JUIst
BOCIIPOU3BENICHHS TaHHOTO METO/Ia Ha IPYIUX JIeJHUKAX.
2. Buabl BHeApsieMbIX pPe3y/IbTaTOB:
- HOBBIE METOABI oOmpejesieHHe OalaHcca MAacchl JEJHHKOB B MOJIEBBIX K
JAUCTAHIIMOHHBIX YCJIOBHUSAX,

- OCHOBHBIC 3aMe€pBI Ialld BO3MOXXHOCTh PACCYUTATH GaTaHC MACCHI JIeTHUKA.

- KaMmepaibHas paboTa W NpOBeNeHHe M3OIMHMI Ul MOACYETa OAnaHca MacChl
JIeTHHKA C y4€TOM 0COOEHHOCTEH U penbeda IOBEPXHOCTH JIEHHKA.

3. ®opma BHeapenus:

[loaroroBka yuyeGHo-Hccne0BaTeIBCKHX paboT GakanaBpOB M MAarucTpoB MO Kyp-

caM Jucuunine «O6was rugponorusy», «Isuuonorusy, «['uapomereoposnoruye-

CKHE CpPE/ICTBA K METO/IbI H3MEPeHHs», U « MAPOIOrHYeCcK e IPOrHO3bI».

4. DpdekTHBHOCTL NpaKTHYECKO peajiH3anuu:

[loBbIIeHue KauecTBa MOArOTOBKH GaxanaBpoB, maructpos u PhD.

DaKT MPaKTHYECKOTO HCIIOIB30BaHUS PE€3yJIbTaTOB HAy4HBIX HCCIEIOBAHHH I10/I-

TBEPXKAaeM:

Hexan pusndeckoro pakysrera,
K. O-M. H., JIOLIEHT Y Koaupsona 3.A.

3am. ekaH puznueckoro dbakynbTeTa
I10 HAyKe U MHHOBALMAM, K. (b-M. H, JOLEHT Mlapudu Tx.I.

3aB. kadenps! Mereoposoruu u

KIMMaTOJIOTUH, I.X.H., podeccop W Hopmatos MUL.111.
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