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AHHOTanusa. AKmya/1bHOCM®b VcClefloBaHUsI ONpesiessieTcs yBeJudeHeM HHTEeHCUBHOCTH HasleJHBIX [IPOLIeCCOB HA Tep-
putopuu 3anagHoro 3abaikasbs ¢ 2019 r. no HacTosilee BpeMsl B CBSI3M C HACTYIJIEHUEM MHOTOBOJHOTO KJIHMaTH4YeCKOTO
nukiaa. O6beMbl Hajle[leld eXXero/JHO YBeJTUYUBAIOTCs, HAG/II0A0TCA CIy4au NOATOIJIEHHUs] HaceJeHHbIX MyHKTOB U 06beK-
TOB MHQPACTPYKTYPHI, UTO JeJaeT LieJlecoo6pa3HbIM COBpEMEHHOE JleTa/lbHOe U3y4YeHHe HajleJiell ¢ NpUMeHEeHUEeM HOBBIX
TEXHOJIOTMH U MOoJX0A0B. B 6acceiiHe p. Ybl, KOTOPLIH BbIOpAaH B KayeCcTBe TEPPUTOPUU HCCIe[0BaHUs, HajleJU U3y4eHbl
HeJIOCTaTOYHO II0JIHO, CBeIeHUI 0 HUX B JIMTepaType MaJio. BMecTe ¢ TeM OHU ABJSIOTCS LIEeHHBIM PECypCcoOM, NOCKOJIbKY B
MaCCUBHBIX JIeITHBIX MOJISIX aKKYMYJIMPYeTCs 3Ha4UTeIbHAsl 4acTb 3MMHETr0 CTOKAa KaK NOBEPXHOCTHBIX, TaK U MO/I3€MHbIX
BOJ, IO3TOMY HajleZi MOXKHO MCII0JIb30BaTh B X03WCTBEHHBIX L[eJIsSIX B KauecTBe UCTOYHHKA BOJOCHAGXKEHHUS CeJIbCKOXO-
351CTBEHHOT0 IPOU3BO/CTBA IIPU UX TasHUM B TeIJloe BpeMs roza. IJeavio paboTsl AAB/seTCA OlleHKa MHTEHCUBHOCTH NPO-
SIBJIEHUS HaJleJHBIX NTPOLECCOB B MpeJiesiax 6acceiiHa p. Ybl ¢ BbIABJIeHHEM OOLIMX 3aKOHOMEPHOCTEH COBpeMEHHOTro pac-
NPOCTPAaHEHUs HaJsle[led, BJUSHUSA Pa3/IMUHbIX GaKTOPOB Cpe/bl HA UX JAMHAMUKY, @ TaKXKe BO3MOXKHOCTEH MCI0JIb30BaHUs.
06seKkmbl: Haseay, GOpMUPYIOLIMECS B X0J0/AHbIA CE30H rojia B 6acceiiHe p. Y/bl B YCIOBUSAX Pacdy/IeHEHHOTO CpeIHErop-
HOro pesibeda ¥ LIMPOKOTO PACHPOCTPAHEHHUS] MHOTI'0JIETHEMEP3JIbIX I0p0J. Memodsl: AYCTaHLIHOHHbIE U T0JIEBbIE 3KCIIe-
JMIIMOHHBbIE METO/Ibl HAYYHOI'0 HCCJIe[loBaHUs. B KayecTBe MCTOYHMKA HHGOPMALMU IPH AUCTAHLMOHHOM M3y4YeHUH IpPH-
MeHSIJIUCh KOCMUYecKue CHUMKM Landsat-4-5, Landsat-8, Sentinel-2, a Takxe maHHble Pecypc-Il. IlosieBbIMU MeToZaMu B
npoliecce NPOBeJleHNs HaJle[leMepHbIX CbeMOK MOJIyYeHbl CBeJleHUsl 0 MOLIHOCTH Haslefel, c ucnosbzoBanueM BIIJIA co-
CTaBJIeHbl JIOKa/lbHble [[UPPOBbIE MOJIeJIM MECTHOCTH K/I0UEBBIX YYaCTKOB B palloHax pa3BUTHUsA Hajledel. 06paboTka AaH-
HBIX NPOU3BOAMJIACH C Ucnosb3oBaHHeM ['MC-MeTos0B. Pe3ysasmameul. [lonyyeHbl onepaTHUBHBIE (TeKyljas CUTYyaLUs) U
peTpOCeKTHBHbIE KapThl pacnoJiokeHUs Haneel. Ha TeppuTopuu o61el Momaabo 0koj0 35 ThiC. KM2 B 3SMUMHUI Nepu-
0J1, B 3aBUCUMOCTH OT MPUPOJHO-KJIUMAaTHYeCKONH 06CTaHOBKH, popMupyeTcs Ao 3,2 ThIC. HaleAel. B MasoBogHbIe KINMa-
TUYeCKHe LUKJIbI YUCJI0 HaleJel cokpauaeTcs B 1,5 pasa. bosblioe KoM4ecTBO Haje[el P UX CPAaBHUTEIBHO HEGO/b-
HIMX pa3Mepax ABJSeTCs CleACTBUEM NPePbIBUCTOCTH KPUOJIUTO30HbI B palioHe HccleoBaHUA. [Ipeob1afatoT HaleAu Mo j-
3eMHBIX BO/JI, B JIEITHBIX NOJIIX KOTOPBIX B XOJIOAHBIN MepHOJ roJia 3aKJIvaeTcsl 60/blIasg YacTh AebeTa UX UCTOYHHUKOB.
Hanenu 6acceiiHa p. Y bl XapakTepH3yIOT 3anackl N03€MHBIX BOJ| TEPPUTOPHUH, OHU MOTYT OBbITh UCIOJIb30BaHbI B KAYeCTBE
HMCTOYHUKOB BOJIOCHAOXKEHMs CeJIbCKOX035IMCTBEHHOTO MPOU3BO/CTBA B 3aCyLLJIMBBIM MEPHOJ C amlpess MO HIOHb, KOrja
0Ca/IKOB ITPAKTUYECKH He BbINAJAeT.
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Abstract. Relevance. The increase in the intensity of icing formation in the territory of the Western Transbaikalia from 2019
to the present due to the beginning of the high-water climatic cycle. The volumes of icings increase annually, cases of flooding
of settlements and infrastructure facilities are observed. This makes it advisable to conduct a modern detailed study of the
icings using new technologies and approaches. In the Uda River basin, which was selected as the study area, icings have not
been studied sufficiently, and there is little information about them in literature. At the same time, they are a valuable re-
source, since massive ice fields accumulate a significant part of the winter runoff of both surface and groundwater. Therefore,
icings can be used for economic purposes as a source of water supply for agricultural production when they melt in the warm
season. Aim. To assess the intensity of manifestation of icing formation within the Uda River basin with the identification of
general patterns of modern distribution of the icings, the impact of various environmental factors on their dynamics, as well
as the possibilities of their utilization. Subjects. Icings formed in the cold season in the Uda River basin in the conditions of
dissected mid-mountainous relief and wide distribution of permafrost rocks (permafrost). Methods. Remote and field expedi-
tionary methods of scientific research. Landsat-4-5, Landsat-8, Sentinel-2 space images and Resurs-P data were used as a
source of information for remote sensing. Data on icings thickness were obtained using field methods in the course of icings
surveys, and local digital terrain models of key sites in the areas of icings development were compiled using UAVs. Data pro-
cessing was carried out using GIS methods. Results. Current and retrospective maps of icings location were obtained. On the
territory with the total area of about 35 thousand km2 up to 3.2 thousand icings are formed in winter depending on the natu-
ral and climatic conditions. During low-water climatic cycles, the number of icings decreases by 1.5 times. The large number
of icings with their relatively small size is a consequence of the discontinuity of the cryolithozone in the study area. Ground-
water icings prevail, where ice fields contain most of their runoff during the cold period of the year. The Uda River basin ic-
ings characterize the groundwater reserves of the territory and can be used as sources of water supply for agricultural pro-
duction in the dry period from April to June, when there is practically no precipitation.
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BeeaeHue

Teppuropuss 3amagHoro 3abaiiKalmbsi OTINYAETCS
CYpOBBIM PE3KO KOHTHHEHTAJIBHBIM KJIMMAaTOM W IIIH-
POKHM pPaclpoCTpaHEHHEM MHOIOJIETHEMEP3JBIX I10-
poan (MMII), mosToMy 37€Ch aKTUBHO MPOSBISIOTCS
KpUOTEHHBIE Tpoliecchl. M3 Bcero mx MHOroooOpasus
(MoOpo3060itHOE pacTpecKuBaHUE, IMy4YE€HUE U Jp.) IO
MacmTadaM ¥ 4acTOTe MPOSBICHUS BBIIEIACTCS HaJe-
neobpaszoBanue. Hamenu oOpa3yroTcs B XOJOIHBIN ce-
30H rojila B MeCTax BbIXOJla Ha IMOBEPXHOCTh IO/I3EM-
HBIX BOJ B BUJIE POJHUKOB B pycjiax U JOJUHAaX pek,
BIIOJIb PY4YbEB, B Y3KHX paclajkKax OTPOrOB TOPHBIX
XpeOTOoB, y MOIHOXKMH UX CKJIIOHOB. HecmoTps Ha min-
TEJIbHYI0 HCTOPHUIO HCCIIEIOBAHUS MEP3JIOTHBIX MPO-

IIECCOB, CIICIMANBHBIX paboT MO HaJeAsIM JaHHOH Tep-
purtopun maino [1-3].

Hanenn Bo3HMKaArOT TOraa, KOraa CKOpOCTh TPOMEp-
3aHHS TIOBEPXHOCTHBIX BOJIOTOKOB M BOJIOBMEIIAOIINX
TOPU30HTOB TOPHBIX MOPOA MPEBHIIIAET UHTEHCUBHOCTh
CpabOTKH 3amacoB BOJBI, HAKOIUICHHBIX B MPEIIICCTBY-
FOLIHIA Terwiblid iepuos roja [4]. THTeHCHBHOCTh Haste-
neo0pa3oBaHMs 3aBICUT OT MHOKECTBA YCIIOBHH, BKIIIO-
Yasi Te0JIOTHYECKUe, THAPOTe0IOTHIECKIE U TeoMopQo-
JIOTHYECKHe OCOOEHHOCTH TEPPHTOPHH, METEOPOJIOTH-
4geckue (HaKTOpBl Cpefsl, B TOM YHCIE CIUIONIHOCTh M
CTpOEHHE KPHOJIMTO30HBL. 1103TOMY, N3ydeHue HaeneHu,
B T. 4. 0COOCHHOCTEH UX PACIPOCTPAHEHHS U POCTPAH-
CTBEHHO-BPEMEHHON H3MEHUMBOCTH, TO3BOJISIET BBISB-
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JISITh  3aKOHOMEPHOCTH JIMHAMUKH TOJ3€MHBIX BOI U
OLICHUTh COCTOSIHME KPHOJHMTO30HBI TEPPHUTOPUH B
YCIIOBUSAX MOCTOSTHHO MEHSIOIIEr0Cs KJIMMATa.

Harnenu sIBISIFOTCSI MOTCHITHATBHBIM PECYPCOM TS
BOJIOCHAOXEHHsI CEIbCKOX03MHCTBEHHOTO POU3BO/I-
CTBa, TaK KaK B XOJOIHBIN IEPUO T'OJa OHU aKKyMYy-
JIMPYIOT 3HAYUTENBHEIE 3aMachl MOJ3EMHBIX BOJ, KOTO-
pble B TEIJIOE BPEMs MOXHO YCIEIIHO HCIOJL30BaTh
it oporneHus. OHH aKTHBHO HCIONB30BAUCh B XO-
3HCTBE KaK HCTOYHHK BOIOCHAOXKEHHS B IIPOILIOM
[5], Takas HEOOXOAMMOCTH BO3HHMKIA M B HACTOSIIEE
BPEMS B CBSI3U C YBEIMYEHUEM 00BEMOB IIPOU3BOJICTBA
B JKHBOTHOBOJICTBE M PACTCHUEBOJICTBE.

O6'BEKTHI M METOABI HICC/IEJOBAHHSA

Bacceiin p. Yap1 (mwromans 34,9 ThIC. KMZ) pacrio-
JIO’)KEH B LIGHTpaJbHON uyacTu 3amagHoro 3abaiikaibs
(puc. 1). Oxomno 2/3 6acceiina otHocuTcs K CelleHTUH-
CKOMY CpeIHETOphi0. PalloHBI BEepXHETO TEUEHHUsS PEeK
Ve u Kynys, a Takke npuiierarouue Kk EpaBHUHCKUM
o3epaM, SIBJIAIOTCS FXKHOM 4acThio BUTHUMCKOTO TIOC-
Koropesi. Ha ceBepe wacTh cToka (opmupyercs B mmpe-
Jienax ropHoi cuctemsl YiaH-bypracel. lnunHa p. Y el
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coctaBisier 467 KM, CpelHUIl MHOTOJETHHH pacxof
BOJIBI B 5 KM OT YCThsl paBeH 69,8 Mmc.

B TeKTOHHYECKOM OTHOIICHHH TEPPHUTOPHS IPE.-
CTaBISIET COOOM CHUCTEMY CKIIATYaThIX CTPYKTYP, BBI-
TSHYTBIX B CEBEPO-BOCTOYHOM HAmpaBiieHUU. ['opcT-
AQHTUKIMHAIBHBIE TIOMHATHS B peiibede BBIPAKCHBI
XpeO0TaMHu, TpaOCH-CHHKIMHAIA — BIAJWHAMH 3a0aii-
KalnbCKoro Tuma [/]. 30HBI pa3liOMOB BBIPAXKEHBI IO
TpaHMLaM CTPYKTYp H B UX Ipenenax. Pa3moMsr pasHo-
T0 paHTra MHOTOYHCIICHHHI [§].

I'opublie xpe6Thl Tepputopuu (Llaran-/laban, Ynan-
Bypracel, Kypounckwuii, XynaHCKUid U JIp.) CpPEIHEBHI-
cotabie (1500-1800 M), ¢ TUTOCKMMH BEpIIUHAMH W
XOJIMUCTO-YBIACTHIMU  TIPENITOPHSIMHU, TMEPEXOIAT B
TeppacUpOBaHHBIC PABHUHBI BIAIUH 330alKABLCKOTO
trma. CKIamggaTeie CTPYKTYPHI CIIOKEHBI B OCHOBHOM
TPaHUTOMIAMH, B MCHBINCH CTCIECHH TPEICTABICHBI
MeTaMOp(hUUECKUE TIOPOIBI, BIIAJANHBI MEKTOPHBIX KOT-
JIOBUH BBHIIIOJHEHBI OPCKO-MEIOBHIMH M HEOTEH-
YEeTBEPTUYHBIMH OTJIOKEHHUSAMH pa3Horo remesmca [9].
Oxono 60 % TeppuUTOpUM 3aHUMAIOT TOPHBIE XPEOTHI,
octanbHble 40 % — MeXropHble KOTJIOBUHBI, pacuie-
HEHHBIE PYCIOBOH CETHIO PEK M BDEMEHHBIX BOJZOTOKOB.

108° 110° 112
N L

N 2 F ‘3onut mepanoTet

: A ';/ - “

T T
108° 100 12

slc

ala
Puc. 1. Teppumopus uccaedoganusi: a) o63opHas cxema: 1 - peuHas cems, 2 - 2ocydapcmeeHHas epaHuya P®, 3 - epanuya
6accelina p. Ceneneu, 4 — 6accelin p. Yovi; 6) opozpagpuueckas cxema; 8) munsl pacnpocmpaHeruss MMII no [6]:
I - masawie nopodwl, 11 - pedko-ocmposHot, 11l - maccusHo-ocmpogHot, IV — cnaowHOU
Fig. 1. Study area: a) overview diagram: 1 - river network, 2 - state border of the Russian Federation, 3 - boundary of the

Selenga River basin, 4 - Uda River basin; b) orographic scheme; c) types of permafrost distribution according to [6]:
I - thawed rocks, Il - sparsely insular, 1II - massively insular, IV - continuous
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B rugporeonornueckoM OTHOLIEHUH PaiioH Hccie-
JIOBaHUS OTHOCHUTCS K 3amajHo-3a0aiikaibCKON ruapo-
T'eOJOTMUECKON CKIIaM4aToi 00JIACTH ¢ apTe3HaHCKUMU
OacceifHamu 3abaiikanbckoro TUma M OacceiiHamu
TpemmHHbIX BoA [7]. Ilog3emMHble BOJBI apTe3UaHCKUX
0acceifHOB MEXTOPHBIX KOTJIOBHH, B 3aBHCUMOCTH OT
MPUHAUIEKHOCTY K BOZAOHOCHOMY KOMILIEKCY, 3ajle-
raroT Ha rayounax ot 0,5 mo 150 m u 6onee. Mx nura-
HHUE MPOMCXOANT 32 CYET MHOUIBTPAINH C IIOBEPXHO-
CTH U NPUTOKA C TOPHBIX MAaCCUBOB 10 30HaM TPELIU-
HOBATOCTH, pa3rpy3ka MPOUCXOIUT B PycllaX peK MU
yepe3 UCTOYHUKHM B 30HAX Pa3IOMOB. 3HAYUTENBHYIO
9acTh TEPPUTOPUHU 3aHUMAIOT OACCEWHBI TPEIIMHHBIX
BOJ, KOTOpBIE CBfI3aHBI C TOPHBIMH XpeOTamu. OHU
OTIIMYAIOTCS PA3HOOOPA3HEM YCJIOBHN MUTAHUA U pas-
IPYy3KH.

Pacunenennslii penbed M CypoBBIH PE3KO KOHTH-
HEHTANbHBIH KJIUMAT OOYCIaBJIMBAeT IIHUPOKOE pac-
MpoCTpaHeHne B Tpenenax Oacceitna p. Yaer MMIL
['eoxkpuosnoruyeckue ycioBus NMpU 3TOM JOCTATOYHO
pazHooOpasHel. B mpegenax WBonruHO-Y TUHCKOM
BnaguHel MMII uMeroT npeuMyIecTBEHHO PEAKOOCT-
POBHOE pacHpOCTpaHEHUE, MACCUBHO-OCTPOBHOW THII
pactpoctpanenuss MMII xapakrepeH g [OXKHOU H
LIEHTPAJIGHON YacTell TEePPUTOPHUH, BKIIOYAsl TOPHBIE
xpe0Thl Laran-/laban, XynaHckuil U ap., a Takxe pac-
MOJIO’KEHHBIE MEXIY HUMH MEXIOpPHbIE KOTJIOBHHBI C
nonuHamu pexk Kyiitynka, bpsanka, Mnbka, Kwkunra u
np. (puc. 1, 6). Ha ceBepe u ceBepo-BOCTOKE TEPPUTO-
pun  wuccnenoBanus (Xxp. Ynan-bypracel, OacceiiH
p- Kyp6s1 B HrxHeM Teuenun, Kioknaruno-Kynysckas
BraavHa U Jp.) Beiaenensl MMII mipepeiBucToro tuma
pacrpoctpanenus [7]. IIpeMMyIecTBEHHO CILIOMIHON
tun pacrnpoctpanenuss MMII Beiensercs B npezenax
FOKHOM 4acTh BUTHUMCKOro MI0CKOropbs, OTHOCSIIECH-
¢ K Gacceiiny p. Yasr [10].

Ilepeuncnennbie 0COOEHHOCTH MPHUPOJBI TEPPUTO-
PHUU ONPENENA0T HHTEHCUBHOCTD Pa3BUTHS HAJIEAHbBIX
npoueccoB. VX u3ydyeHue NpoBOIMIOCH ITUCTAHLIMOH-
HBIMH W TIOJIEBBIMH SKCIEAUIMOHHBIMA METOJAMU C
MPUMEHEHUEM  TIOJYCTAIlMOHAPHBIX  HAOIIOJCHUN.
Jannpie kocMmuueckoi ceeMkn Landsat-4-5, Landsat-8
(mpoctparctBenHoe paspemenne 30 M) u Sentinel-2
(10 M) wucmosp3oBanMCh TpH KapTorpadupoBaHUU
Hajenel, KOTopoe MPOBEICHO HAa OCHOBE aHAJIHM3a 3Ha-
gernii NDSI| (HOpMann3oBaHHBIA CHEXHO-JIEIOBBIN
uHzekc) [11] mo npuMeHsieMoMy JUIS STHX eIl anro-
pHUTMYy, OIHCaHHOMY B pabotax [12-14], ¢ nocnemxyto-
el pygHoOH OuQpOBKOi (KOMOMHHPOBAHHBIA METOI
nemmgpuposanns). Ha ocHoBe cuuMkoB Sentinel-2
COCTaBJIeHa KapTa TEKYILEro pacloyOKeHUsl Hajenen
(o coctosHUio Ha 2023 T.), C UCHOJIB30BAHUEM CHUM-
koB Landsat-4-5, Landsat-8 perpocrmekTHBHbBIE KapThl,
3a nepuox ¢ 1997 no 2022 rr. Taxke Ha npenBapu-
TEJIEHOM 3Tare C UCIONF30BAHUEM TaHHBIX IH(pOBOH
mozenu penbeda SRTM cocraBneHa JeTanbHas KapTa

THIPOTPadUIECKON CETH W BBIJICICHBI HaJeIHbIC Oac-
ceitnnl |11-VI mopsinxoB (VI — acceitn p. Yasr). Qs
orpesesicHHss 0COOCHHOCTEH pacnpeselieHus Hajeaei
¢ ucmonp3oBanueM MaHHeIX SRTM mpoBenen neranb-
sblii [ MC-ananus penseda TeppuTopui.

Ha xmo9eBBIX ydacTKax, OXBATHIBAIOIIMX OTIEIb-
Hble HanenHeie Oaccelinbl (I mopsmka), mns pacyera
00bEMOB ¥ BBISBJICHUS 3aKOHOMEPHOCTEH B W3MEHE-
HUHM MOIIHOCTH HajJeleHd B 3aBHCHMOCTH OT PacIiolio-
)KeHusT B penbede W JaHMIA(QTHBIX YCIOBHHA B
2021-2023 rr. mpoBeleHBl HalleJeMepHbIe CheMKH Ha
25 oObekrax. BrImonHeHa cheMKa Halleed TMPH HMX
MaKCHUMAaJIBHOM Pa3BHTHU (MapT) W HAICAHBIX IOJISTH
(cents0pp) ¢ 60pta BIIJIA ¢ monoiaHUTENbHON HazeM-
HOH mpuBs3Koi. Pacuer cymmapHoro oobema Hanenen
MIPOM3BOAMIICS IIyTEM WHTETPANFHOTO aHaIHM3a C IpH-
MEHECHHEM JAHHBIX IO IUIOMAASIM (TIOyICHBI IIPH Kap-
TorpaupoBaHNN) U CpeAHEeil MOIHOCTH HajeaeH (Imo-
JydeHBI B IpoIecce HATeAEMEPHBIX ChEMOK).

B 3amaum  momycTamMOHApHBIX — HAOIIOACHUMA
(20212023 rr.) BXOOWJIO YCTAaHOBJICHHE OCHOBHBIX
METEOpPOJIOTHIECKAX MapaMeTpPoB Cpensl B paiioHax
pacnosoxxenuss Hanmeneu. [Ilpm momMomm aBTOMatHye-
CKHUX TEPMOMETPHYCCKHUX NATYMKOB (HUKCHPOBAIUCH
TEeMIIepaTypa BO3AyXa B IepHoA (GOpMIPOBAHUS U pa3-
pyImeHus HaJleAeH (¢ CeHTAOps MO WI0Jb), OCOOCHHO-
CTH CE30HHOT0 MPOMEp3aHus TOPHBIX Mopoj. Pacuer-
HBIMH METOJ[AMH, & TAK)KE C IPUMCHECHHEM aBTOMATH-
yeckoi (hoTodukcaryu (HOTOTOBYIIKU) yCTaHABIHBA-
Jach CKOPOCTh TasHUS HaJeeH.

Pe3yJibTaThl HCCIEA0BAHMS M UIX 06CYXKEeHUE

B nHacrosimee BpeMs B mpepenax TeppuTopuH Oac-
ceifHa p. Y Ibl B XOJOAHBIN MEepHo rojga GopMUpyeTCst
2,2 teIc. Hanenen (puc.2). B 310 umcno BXOIAT Bce
HaJIeIIH, TUIOMAab KOTOpBIX Ooubnie 3600 M (4 nukce-
ma cauMka Landsat ¢ pasperiernem 30 m). CyMMasza;I
mromanb Haneaeh B 2023 r. cocraBuna 101,7 xm*, ot-
HocutenbHas HameaHocTh — 0,29 %. Ilo pasmepam
1643 Hanenn otHOCATCA K O0nbmnM, 321 — K cpeHUM
u 239 — k ouenb GospmmM [15]. I'uranTckux, moma-
b0 Oonee 1 KMZ, B HAcTOSIIee BPeMsl HE BBISBIICHO.
IMopasmnstomee  OonbmuHCcTBO Haytenedt (1800, wim
84 %) o0pa3yroTcss B TOpPHBIX pailoHax TEPPUTOPUN
(baccelHBI TPEUIMHHBIX BOI).

MomHocTs Hallefiell paznudaercs B 3aBUCHUMOCTH
OT TIPUPOAHBIX OCOOEHHOCTEH PaliOHOB MX (popMHUpO-
BaHUA. B oTporax cpeHeBBICOTHBIX TOPHBIX XPeOTOB,
B Y3KHX JIOUIMHAX C HEOOJIBIIUMH PYYbSIMH, B YCIOBHU-
X TpeobianaHusi TPUPOIHBIX KOMIUIEKCOB TOPHOMN
TaWTH CPEIHSIST MOIIHOCTh HAJEIEH COCTABIISIET OKOJIO
0,7 M, MakcuManbHas gocturaeT 1,5 M. Y momHoxwui
CKJIOHOB XPEOTOB, 3aHATHIX JICCHBIMU TOATACKHBIMHU
nanamadTaMy, B JAOJMHAX MAJIbIX PEK B MX BEPXHEM
TEUCHUHN HAKAIUTUBAIOTCS HAJIETU CO CPEIHEU TOJIIH-
HoM npaa 10 0,9 M, MakcuMaabHas cocTaBiseT 1,8 M.
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HawnGonpmas cpemaHss MOIIHOCTh HaNeICH Xapak-
TEpHA JUIsl Y9aCTKOB JIOJIMH B CPETHEM TEUSHHH MaJIbIX
pex (1,5-1,7 M), B HUXKHEM TCUCHHU B YCTHEBBIX Ha-
CTSAX PEYHBIX JOJIMH CPEeldHsSsl MOILHOCTh Haiueneil co-
craBnsier 1,3 M (7lecococrens u crenb). Hameam co
cpelHell MOHIHOCTBIO Ooliee 2 M PEelNKOCTh, XOTS M
BCTpEYaIOTCsl BO BCEX INEPEUMCIICHHBIX ycioBuax. Mc-
X0/ U3 pacHpeieseHusl HaJleel Mo yKa3aHHBIM IpU-
POIHBIM KOMILIIEKCAM, UX CYMMapHBI 00beM B neapnon
MaKCHUMAaJIbHO Pa3BUTHS COCTaBIAET 0KoJo 0,8 kM™.

Hanean peunbsix Box HeMHOTOYUCIHeHHEBL. B 2023 1.
oHu (hopmupoBaiuch Ha pekax bpsuke, Mnbke, Orute
(ITomepeunas), B BepxoBbsix p. KypOsl. Pycna stux pek
(3a uckmouenneMm p. KypOw) Hermybokue (1o 2 M),
BBICOTa OCperoB MeXIy ype3oM BOABI M IOIMOIl He
JIoCTUTAeT U 1 M, TO3TOMY HAJISAW PACTIPOCTPAHSIFOTCS
3a MpeJemsl pycen, 3aTaluiuBasl IOMMEbI, 1 TAaKUM 00pa-
30M ycrenrHo aemudpupyrorcs. Ha tepputopun mpe-
007aat0T HAJEN TIOJ3EMHBIX BOJI, HAKAIUTUBAIOIIHE-
cs B JIOJIMHAX MaJIbIX PEK, BIOJb PyCell py4ybeB, Y pOJl-
HUKOB. HekoTophle U3 HUX AOCTUTaloT momanu 1 km".
OTINYUTEIHFHON 0COOEHHOCTRIO SIBIISIETCSA MEKIOL0BAS
HM3MEHYMBOCTh B PACHOJIOKEHUH MHOTHX HaJleAeH, T. €.
M0 30HAJBHBIM IPU3HAKAM OHU OTHOCSTCA K FOKHOMY

T T
10°B 12°B

PacnpocmpaHerue Hazsedell 8 6acceliHe p. Youl gecHoli 2023 2.: 1 - cpedHue, 2 - 6o1bwiue, 3 - 04eHb 6ObUUE,

Distribution of icings in the Uda river basin in spring of 2023: 1 - medium, 2 - large, 3 - very large, 4 - river network

tuny [16]. IIurarue mpOUCXOIUT B OCHOBHOM 3a CYET
TPYHTOBBIX BOJ. YacTh Haleield COXpaHSeT CBOE Me-
CTOIIOJIOKEHUE €XKErOAHO, XOTs TUIOIAAX ¥ OOBEMBI
UX TIOCTOSHHO MeHs0TCs. OHH OTHOCATCS K YMEpEH-
HOoMy THIry. CpaBHEHHE Pa3HOBPEMEHHBIX KapT, II0-
CTPOCHHBIX MO PETPOCIEKTHBHBIM CHHMKaM Landsat,
MMOKA3bIBACT, YTO B MpEAeTax TePPUTOPUH HCCIIEIOBA-
Hug HacyutbiBaeTcs a0 1100 takux nHamenei. B ux
MATAaHUU KPOME T'PYHTOBBIX BOJ YYaCTBYIOT IOA3EM-
HbIE BOJBI TIyOOKOH nupKysiuu. Haneneit ceBepHoro
THUIIa Ha TEPPUTOPHUU HE BBISIBIICHO.

HaGmtoieHust ¢ MCMONBb30BaHUEM TeMIIepaTyPHBIX
JAaTYHUKOB, aHAJIUM3 AJaHHBIX MeTeOCTaHHI/Iﬁ IIOKa3hbIBa-
0T, YTO B COBPEMEHHBIX MNPHUPOIHO-KIMMATHYECKUX
yCIOBHUAX (POPMUPOBAHHE TIEPBBIX HAJICACH HAYMHACT-
Csi B HavaJe—CepeJMHe JeKaOpsi C YCTaHOBJIICHUEM
CpeIHecyTO4HO# TemnepaTypsl Bo3ayxa —15 °C u Hu-
ske. C MOMEHTa mepexojia CpeTHECyTOUHON TemIepa-
TypsI yepe3 0 °C 10 3Toro BpeMeHH pycia HeOOIbIIIX
BOJZIOTOKOB IIOCTEIIEHHO IMEepeMep3atoT, PEUYHOH CTOK
MOTIOJIHSIET 3amachl BOJbI MOJIPYCIOBOTO U MOMMEHHO-
ro ayutoBus. IIpu mpomep3aHuu ropHbIX NOPOA B MOM-
M€ MOJ3EMHbIE BOZBl BBIXOIAT Ha JHEBHYIO IOBEPX-
HOCTB, 00pa3ysl Hauequ. YBEINYCHUEC HHTCHCUBHOCTH
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HAJICJHBIX TPOIECCOB HAYMHAETCS B SHBApE, MaKCH-
MyM TIPUXOIUTCS Ha cepenuHy (eppanst. CBsI3aHO TO
C IpPOMEP3aHHEM TOPHBIX IOPOA B CIIOE€ CE30HHOTO
MPOMEP3aHUI—OTTAUBAHUS Ha MAKCHMAIIBHYIO TIyOH-
HY ¥ CYXXCHHUEM BOJIOIPOITYCKHOU CIIOCOOHOCTH BOJIO-
HOCHBIX TOPHU30HTOB, B KOTOPBIX IPOUCXOIUT IMPKY-
JIAOMA MoA3eMHBIX Boz,. TasgHue Haleneil HaunHaercs B
KoHIle MapTa. CKOpOCTh TasHUS 3aBHCUT OT METEOPO-
JIOTHYECKUX YCIOBUH M B CPEIHEM COCTABISET OT
9 cM/cyT B CTEMHOM U JIECOCTEITHOM TOsSicaX [0
1,2 cm/cyT B necHOM. B ropHBIX paiioHax, B YCIOBHUIX
TAeXKHBIX JIAHANIA(TOB, TasHUE HATEIACH 3aKAaHYMBACT-
¢ B Hayane HromA. Takum 00pasoM, MHOTOJETHHX
HaJleIel Ha TEPPUTOPUH HET.

PazHOBpeMeHHbBIE KapThl PACIONIOKEHUS HANEICH, CO-
CTaBJICHHBIE Ha OCHOBE JaHHBLIX KOCMHYECKOU CHEMKH, I103-

BOJIIUTU BBISIBUTH TIPOCTPAHCTBEHHO-BPEMCHHBIC PA3IIHYHS B
OTHOCHTENBHOM HaJleJITHOCTH OacceliHa p. Y sl (puc. 3).

ala

KomyecTBo, miomanam U 00beMbl HajIe el MEHIIOTCS
W3 To1a B rofl. B paccMarpuBaeMoM BpEMEHHOM OTpE3Ke
MaKCHMyM WHTEHCHBHOCTH HAJICIHBIX TPOIIECCOB TPH-
xoawicst Ha 2000 r. OO01ee KOIMYeCTBO Hajlenel B Tpe-
Jenax TEPPUTOPUU WCCICHOBAHUS TOTZA COCTABILLIO
3221, cymmapHas miomans — 168 KMZ, OTHOCHUTEIbHASA
HaneaHocte — 0,48 %. MuHMMalbHAass HWHTEHCHBHOCTH
HaJIeHBIX TIporeccoB HaOmromanack B 2017 r. B Gac-
ceifHe p. Y bl HacunThIBaOCh 1887 Hanenelr cymMmapHO#
WIoLAALI0 78 KM%, OTHOCHTENbHAS HaJIEAHOCTH COCTaB-
msina 0,22 %. Pe3yabTaTsl peTpOCIEKTUBHOTO KapTorpa-
(bupoBaHMS TIOATBEPIKAAIOT, YTO B MHOTOBOJIHBIC KIIUMa-
TUYECKHE UKLl OOIIas OTHOCHUTENbHAS HaJICAHOCTh
TEPPUTOPHHU YBEIUUHBACTCS, B MAIOBOAHBIC — COKpAIa-
ercs (puc. 3). Hanu4ue 3amacoB MOI3EMHBIX BOA, HAKOII-
JICHUE KOTOPBIX 3aBHCHT OT OCAJIKOB TEIJIOrO Ce30Ha To-
Jia, B 3HAUUTEIILHOM CTETICHU MPEIONPEICEIsieT MOTCHIU-
abHBIe 00BEMBI Hanesel (puc. 4, a).

o/b

Puc. 3. /JuHnamuka Hasaedeli: a) 2000 a.: 6) 2017 2. Hanedu: 1 - cpedHue, 2 - 6oabluue, 3 - 04eHb 60ablUe

Fig. 3. Dynamics of icings: a) 2000: b) 2017. Icings: 1 - medium, 2 - large, 3 - very large
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Fig. 4.

Dynamics of the areas of icings in the key study area in comparison with the amount of precipitation of the previous

warm period of the year (a) and the dynamics of temperature in the layer of seasonal freezing in the key study area (b)

during the period of icings development in 2022-2023
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BaxHbiM (pakTOpOM, BIHSIONIMM HA HWHTCHCHUB-
HOCTh OOpa30BaHUs HaJelel, sSBIseTCs TeMIepaTypa
BO3/IyXa, TaK KaK OHA OIpeAelseT BpeMsl Hadaia
HQJIEAHBIX MPOLIECCOB, IMYyOMHY M WHTEHCUBHOCTh
IpoMep3aHusl TOpHbIX Hopox. HabmoaeHus ¢ ucnoms-
30BaHMEM AaBTOMATHUYCCKUX PETHCTPATOPOB IOKA3bI-
BAalOT, YTO B YCJIOBHUSIX OTHOCHUTEIBHO TEIUIOW 3WMHI,
KOIJa TeMIeparypa BO3/yXa B Ipefesax TeppUTOpPUU
HCCIIeJIOBaHUs HEe omyckaeTcs Hike —35 °C, riryouHa
CIIOSL CE30HHOTO IPOMEp3aHHsl COCTaBISIET He Ooiee
1,4 M, npu Temmeparype nopox —2,8 °C (puc. 4, 6).
B xomomHbIe 3UMEBI, KOTJa TEMIIEpaTypa BO3AyXa OITyc-
kaercs Hmke —40 °C, a 3Hadenus ot —35 go —40 °C
HaOMIOAI0TCAd B TEUEHUM HECKONBKHUX JIHEH, TOpHBIE
MOPOJbI IPOMEP3aI0T Ha TIyOuny 2,3-2,5 M, Temnepa-
Typa TOpHBIX mopox coctarisier —6,5 °C. Ilpu rimy6o-
KOM TPOMEP3aHUM TOPHBIX MOPOJ BBIIIE BEPOSTHOCTh
CMBIKAaHHsI CE30HHOM M MHOTOJIETHEH MeEp3JIOThI, yBe-
JTUYUBAIOTCS 0OBEMBI TPYHTOBBIX BOJ, BRIXOISIINX Ha
THEBHYIO IMOBEPXHOCTH. BakHyt0 pONb TIpH 3TOM UTpa-
€T XOoJ TeMIepaTypsl Bo3ayxa. UeperoBaHUe MOXOJIO-
JIaHUWA W OTTereNedl B 3WMHUW TEPHOJ| TMPHUBOIUT K
VBETMUEHUIO WHTCHCHUBHOCTH  HaJeleoOpa3oBaHMsL.
OTa 3aKOHOMEPHOCTb, MNPOSBISAIONIAACS BO MHOTHX
paiionax ¢opmupoBanus Haeneu [17, 18], xapakrep-
Ha ¥ U1 OacceliHa p. Y bl

TaxuM 00pa3oM, MEXTOAOBBIC PA3IUUUS B HalE[-
HOCTH OaccelfHa p. Ybl OOBSCHSAIOTCS Pa3HOCTHIO B
KOJIMYECTBE OCAIKOB M XOJIOM TeMIIEpaTyphl BO3AyXa B
nepuoj (OpMUPOBaHUS Hajlelell, YTo corjlacyercsi ¢
UMCIOIIUMHUCA NPEACTABICHUAMU O BJIUAHUU METCOPO-
Jmormdeckux (HaKTOpPOB cpelpl Ha HHTCHCHBHOCTH
HaJIeIHBIX IIpoIieccoB B 3abaiikambe [1].

PaSHOBpeMeHHI)Ie KapTbl AOAaKOT MPCACTABICHUSA O
MPOCTPAHCTBEHHBIX PA3IHUISIX B PACIPOCTPaHCHHUU
Hanenei. B ceBepHOM yacTh TeppuTOpHH, TIE POPMH-
pyercst ctok pek Kyp6sr u Onbl (0KoJi0 9 THIC. KMZ),
npeobmagaer ropHBI pembed (xp. Yman-Bypracer,
3ycel u np.), a MMII umeroT MacCHBHO-OCTPOBHOE
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pacnpocTtpaHeHue (C MepexoloM K CIUIOIIHOMY),
HAJIEHOCTh B pasHble Toael Bapbupyer ot 0,47 mo
0,72 %, 1. e. m3MeHsercs B 1,5 pa3a W ocTtaercs cra-
OunpHO BBICOKOH (puc. 3). B 10xkHO# wyacTu TeppHTo-
PHUH HCCIEIOBAHUS OTHOCUTEIbHAS HAJICIHOCTh MCHSI-
eTcst B Oonee mmpokux mnpexaenax. Jlms Oacceiina
p- Kynyn (IV nmopsinka) miomambio 0KoJio 8 ThIC. kM’ B
TOJIbI C MAJIBIM KOJIMYECTBOM OCAJKOB 3TOT MOKA3aTelb
cocrasiser 0,16 %, B MHOrOBOJHBIE BO3pPACTaeT 10
0,53 %, T. e. m3mensiercs 6onee ueM B 3 paza. ['opHBIE
XpeOThI 3/1€Ch HUKE, YeM B CEBEpPHOM uactu (puc. 2),
peodIaaatoT MEXTOpHBIE KOTIOBUHBI, MMII mMeror
MPEUMYIIECTBEHHO  OCTPOBHOE  PACIpPOCTpaHECHHE.
[IpakTudecku HE MEHSETCS M OCTAeTCS JTOCTATOYHO
Hu3koi (oxono 0,10 %) oTHOCHTENbHAs HANETHOCTH
BOCTOYHOH YacTH TEPPUTOPUU UCCIICAOBAHUS, KOTOpas
pacnonaraeTcsa B mpeaenaax BUTUMCKOTO MIOCKOTOPbS
U JUIS KOTOPO# XapaKTepeH CIUIONIHOW TUI Pacmpo-
ctpaneHuss MMIL.

KaprorpadupoBanue mo3BossieT OICHUTh POJIb pe-
needa (M TeKToHHKH), a Takke MMII B pacnpenene-
Hun Hanene. ConpspKeHHBI aHaId3 ¢ UCTIONIB30BaHM-
€M BBICOTHBIX TaHHBIX SRTM u BeKTOpPHOTO CIosI, CO-
JIEpIKaIlero CBeJIeHHs O HalesuX, ToKa3al, YTo B Ipe-
JieJIax pallOHOB ¢ aOCONIOTHBIMH BBICOTaMHu 10 600 M
OTHOIIEHNE CYMMAapHOW TIIIONIAX HaleIe! K TUIOIIa N
TeppUTOpHU (OTHOCHUTENbHAS HAJICTHOCTh) COCTABIISIET
0,11 %, cpaBHHTeNbHO HEOONBIIOE 3HAYCHHUE. Takke
MHHUMaJIbHAs HaJEeTHOCTh XapaKTepHA JJIS MPHBOJO-
pa3menbHBIX YacTell CKJIOHOB TOPHBIX XpPeOTOB, C BBI-
cotamu Oonee 1100 M. 3xecy Hanenu MPaKTUYECKU HE
(hOpMUPYIOTCSI M3-32 TOTO, YTO ITOJ3EMHBIC BOJBI ITe-
pEMEINATCs 10 BOJOHOCHBIM TOPH30HTaM B Oojee
MOHIDKEHHBIE 3JIEeMEHTHI penbeda. B Oacceiine p. Yl
MaKCHMaJIbHOE KOJIMYECTBO HAJICJCH COCPEOTOUCHO B
BeicoTHOM Tosice 800—1000 m (manmegHocTts 70 0,51 %),
YTO BIOJIHE 3aKOHOMEPHO, TaK KakK 37eCh, B Y3KUX TOp-
HBIX PEYHBIX JOJIMHAX Y TIOJHOKHUI CKIIOHOB XpeOTOB,
MIPOMCXOIMT pasrpyska MOA3eMHBIX BOI (pHC. 5, a).

= KomH4ecTBO Hasleqell [Inomanp Hazenei
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Fig. 5.

Icing distribution in the relief depending on: a) absolute height; b) slope steepness
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HawuGonpmee uwmcno Hameneil ¢opmupyercs Ha
CKJIOHaX KPYTH3HOW 2—3° B AHMIIAX BMAJMH, 110 JOJH-
HaM MaJblX pek. C yBeITMYeHHEM KPYTHU3HBI CKIIOHOB
KOJIMYECTBO Hajlefel M UX TUIOMIA b 3aKOHOMEPHO CO-
kpamaercst (puc. 5, 6). C TOYKH 3pEeHUS IKCIO3UIHU
OOJIBIIMHCTBO HaJeACH OTHOCHUTCS K BOCTOYHBIM, FOI'O-
BOCTOYHEIM M IOKHBIM CKJIOHAaM. 3€Ch HaJeIHOCTb
u3mensiercs ot 0,4 no 0,5 %. UnTtepecHolt ocobeHHO-
CTBIO SBIISICTCSI MHUHHMAaJIbHAs HAJCIHOCTh Ha CEBEp-
HeIX ckioHax (0,02 %), maxe HECMOTpS Ha TO, YTO
IUTOIA/Ib CKIIOHOB C TAaKOM 3KCITO3MIIUEH B OacceiHe p.
Vel 6onbiie apyrux Ha 350-750 KM2. DTO CBSI3AHO C
HEZIOCTATOYHBIM TPUTOKOM COJHEYHOH paTualivu,
0COOEHHO B XOJIOJHBIN MEPHUOJ rojia, U3-3a Yero rop-
HBIE MOPOJIBI MPOMEP3AI0T CHUJIbHEE, YEM Ha OCBEIICH-
HBIX CKIJIOHAX, a IIOTOMY BO3MOXXHOCTH BBIXOJIa Ha T10-
BEPXHOCTbH MOA3EMHBIX BOJI OTPaHHYCHBI.

CpaBHeHHE PETPOCIEKTUBHBIX KapT paclpeesieHus
Hanezelt ¢ kaptoit pacnpoctpanernnss MMII (puc.1) no-
Ka3bIBaeT, YTO HU3KAasi OTHOCHUTEIbHAs HAIEAHOCTH Xa-
pakTepHa Uil paliOHOB C PEIKOOCTPOBHBIM (MEXIOp-
HBIC KOTJIOBUHBI M HU3KOTOPHBIC XpeOTHI HA 3amajie) u
MIPEUMYIIECTBEHHO CIUIONIHBIM THIIAMH PacHpOCTpaHe-
Hust MMII (Butnmckoe tutockoropbe). B 10ykHOM gacTn
TEPPUTOPUU HAJIETHOCTb M3MEHSETCS B IIMPOKUX TIpe-
Jenax — 3TO PalOHBI OCTPOBHOTO PacIpOCTPaHEHHUS
MMII, Bcerma BBICOKOM HAJIEAHOCTBIO OTIMYAOTCS
TOpHbIe palOHBI ceBepa OacceliHa, e NpeodagaroT
MMII maccuBHO-OCTPOBHOTO THIIA PACTIPOCTPAHEHHUSI.

['eonHpOpMaIIMOHHBIN aHANIN3 C HCIIOJb30BAHHUEM
JaHHBIX [9], MOJEBBIX SKCIEAUIMOHHBIX MCCIIEI0Ba-
HUH W pe3ylbTaToOB KapTOrpaUpOBAaHUs TO3BOJIUI
BEIICNINTh Ha TEPpHUTOpHH OacceiiHa p. YAbl Halenw,
pasnuyaronmecs Mo reHe3uCy, UCTOYHHKAM TMHUTaHMUs,
CBSI3aHHBIE C HEKOTOPBIMH THIIAMH TAJTKKOB (pHC. 6).

0+ 125" 25 50 km
> Sahee” T .|

g fi . . 5

52 C

)

T
108°8

Puc. 6.

T
110°B. 12°8

Hasneodu 6acceiina D- Youl no ucmovHukam numaHus U 83auMocesi3u ¢ maaukogbimMu 3oHamu: 1 — Haz1edu 2PpYHMOo8blX

800, C8513aHHblE C HAOMEP3/10MHbIMU MAAUKAMU, pAOUAYUOHHBIMU, NPUPYCA0BLIMU UAU NOOPYCA08bIMUY; 2 — Ha/1edU
CO CMEWAaHHbIM numaHuemM, ¢ npeobaadaHuem 00AU 2PYHMOBbIX 800, C8A3AHHbBIE C 2PYHMOB0-PUALMPAYUOHHBIMU
manaukamu; 3 - Hasedu ¢ 8vICOKolU dosell numaxus 3a c4em nod3eMHbIX 800 21Y60KOU YUPKYAAYUU, MPewuHHO-
JHCUMTBHBIX 800, CBA3AHHbBIE C 2UOP02€02eHHbIMU HANOPHO-PUAMPAYUOHHIMU MAAUKAMU 8 30HAX PA3/10MO8

Fig. 6.

Icings of the Uda River basin by sources of supply and interrelation with talik zones: 1 - groundwater icings connected

with subpermafrost, radiation, near-channel or under-channel taliks; 2 - mixed-feeding icings with predominant
groundwater share connected with groundwater-infiltration taliks; 3 - icings with high share of feeding due to
groundwater of deep circulation, fracture vein water connected with hydrogeogenic pressure-infiltration taliks in fault

zones
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st 9TOTO BEKTOPHBIC JAaHHBIC IO PACHOI0KECHHIO
HaJeied B pa3Hble TOABI cpaBHUBamUCH B ArCGIS
Desktop, MeTonoMm mepeceueHus! MOJUTOHOB yCTaHAB-
JUBATKCh HAJEIH, SXKETOIHO (HOPMHUPYIOIIUECS B OF-
HUX M TeX K€ MeCTax (YMEpPCHHBIH THIT), a TAKXKE MU-
TpUpYIONIHE BIOJL pycenl (FokHbIA THI). CTaOWIb-
HOCTh B PACIIOJIOKCHUU HAIEICH BIONb TEKTOHHYE-
CKHMX HapylIEHU TO3BOJSET TOBOPUTH O pasrpyske
MOJ3EMHBIX BOJ TITyOOKOH IUPKYIISIIINH.

[Ipeobnaganne HECIUIOMHONH  KPUOJHMTO30HBI B
YCIOBHUSAX PACWICHEHHOTO penbeda U CPaBHUTEIBHO
HEeOOJIbIIas MOITHOCTh CJIOS CE30HHOTO IPOMEp3aHHs
(oTTamBaHMWs) MPEAONPEACIIIOT OCOOCHHOCTH MUTAHUS
Hanefel OacceliHa p. Yapl. B OGonblIMHCTBE ciiydaeB
Haseu (OPMHUPYIOTCS TPH Pa3rpy3Ke TPYHTOBBIX BOI
MEPBOTO OT ITOBEPXHOCTH BOIOHOCHOTO TOPU30HTA B
MpoIiecce CEe30HHOTO MpoMep3aHusl TOpHBIX mopoxa. He
MeHee 29 % Haneneit TeppUTOpPUN MMEIOT TaKOM reHe-
suc (puc. 6). B paiionax, rne MMII npeoOianarot Hax
TaJBIMH, OHH CBS3aHBI C HAAMEP3JIOTHBIMH TaTMKAMH,
paIHalIOHHBIMH, IPUPYCIIOBBIMHU HJIH TIOIPYCIOBBIMU.

B paifonax, rae mo reoioro-reoMop¢oIorudecKuM,
THAPOTEOIOTHIESCKAM U TEOKPHOJIOTHIECKUM YCIIOBH-
SIM B XOJIOJHBIM MEPUO] TO/Ia MPOUCXOIUT CMBIKAHHE
CJIOSI CE30HHOTO MPOMEP3aHUsI M BOAOYIOPHBIX IIOPOIT
(B T. . MMII), HabOnromaeTcst (OPpMHUPOBAHHE TaKUX
Haznezaeil. Yare Bcero 3To JoauHbI ManbiX pek. Hanenu
MIPH ATOM UMEIOT JOCTATOYHO OoJbline miomanu (6o-
nee 100 TrvIC. MZ) 1 00BEMEBI, MEHSIOT U3 TOJa B roja
CBOE MECTOIIOJIOKEHHUE (HaJleH F0KHOTO THIIA).

B paiioHax ¢ TOpHBIM pacwiIeHEHHBIM peiabeoM, OT-
JIMYAOIINXCS CIOXKHOW TEKTOHWKOM, B MECTax pacrio-
JIoeHUs1 0cTpoBoB MMII, OOMbIIyI0 POJIh UTpacT MPH-
TOK BOJBI U3 30H TPEHIMHOBATOCTU B KOPCHHBLIX IIOPO-
Iax, W3 TOAMEP30THBIX M MEKMEp3IOTHBIX TAIUKOB
[16]. B Takux ciydasx Ha psay ¢ TPYHTOBBIMH BOJAMH
JIOJII0 B IIMTAaHUE HAJIeACH BHOCST IOA3EMHBIC BOJBI
TITYOOKUX BOIOHOCHBIX TOPU30HTOB. O HAMYNH UCTOY-
HUKOB TTyOMHHBIX MOJI3EMHBIX BOJ ¢ AeouToM a0 20 ji/c
B Xp. Ynan-bypracel, 3ychl 1 ip. yIOMHHaeTcs B paboTe
[19]. CmemiaHHoe mHTaHWE C TpeoOsagaHUEeM OJH
TPYHTOBBIX BOJ XapakTepHO He MeHee yeM st 50 %
Hayenelt OacceiiHa p. Yl (okono 1150 mo naHHBIM Ha
2023 r.). OHHU CBS3aHBI C TPYHTOBO-(PUIBTPAIMOHHBIMU
TaTMKaMHU B CPETHETOPBIX C MACCHBHO-OCTPOBHBIM TH-
noM pacnpoctpanennss MMII. Hanenu pacnonararoTcst
B AHUIIAX Y3KUX PEYHBIX JOJIMH, B pacliajkax BIOJIb
pyuseB. ['eonormueckoe cTpoeHHE W MOPQOIOTHS IO-
JIMH BOJOTOKOB B CPETHETOPHBIX XpeOTaxX TePPUTOPHU
OTIPENIEIISIIOT OCOOCHHOCTH TIEPEIBIKEHUSI TTOI3EMHBIX
BOIl B BOJOHOCHBIX TOPH30HTaxX IOJ ITOBEPXHOCTBHIO.
CTOK OCYIIECTBIIETCS MO KPYTHIM CKJIOHAM K JTHHIIIAM
V-00pa3HBIX WIN SIIUKOOOPA3HBIX JOJHMH MAajbIX PEK
W PpY4bEB. PrIXJIBIC OTIIOKEHMST TaKUX JOOJIMH TIPEI-
CTaBJICHBI MAJIOMOIIHBIM AJUTIOBHEM, 3a4acTylO JTHHUINA
3aIlOJTHEHBI TPyO000IOMOYHBIMHU, B T. Y. TJIBIOOBBIMH,

CKJIOHOBBIMH OTJIOKEHHUSIMU, MHOTJA celeBbIMU. Bogo-
YIIOPHBIMU TOPU30HTAMHU B TaKUX JOJIMHAX BBICTYMAIOT
KOPEHHbIE KPUCTAJUIMUYECKUE TOpHbIE IOpPOIbI, BECH
CTOK CO CKJIOHOB COCPEJJOTOUEH B PBIXJIBIX OTJIOXKEHUSX,
KOTOpBIE B XOJIOAHBINM MEPUOA rojia MPOMepP3aroT, HO 3a
CUeT MHOTOYMCIIEHHBIX IICTOT BOJA BBIXOJUT Ha IIO-
BEPXHOCTh. OTIMUYUTENEHON 0COOCHHOCTBIO OMTMCAHHBIX
paliOHOB SIBJISICTCSI PACIIOJIOKEHUE Hajenel HenouKaMu
BJIOJIb pYyCeNl BOJOTOKOB, HAYMHAS OT MPHUBEPIIMHHBIX
YyacTel CKJIOHOB 10 YCThEBBIX YYaCTKOB PEUHBIX JIOJIHH.

Yactp Haneznelt Teppuropun popmupyercs B paiio-
Hax pa3BUTHUSA TUAPOr€0r €HHBIX HaIOpHO-
(WIBTPAIIMOHHBIX TAJHKOB B 30HaX pa3ioMoB. B
2023 1. TakMX Ha TEPPUTOPHM HACUHMTHIBAJIOCH 450
(umu okono 21 %). Ilpu aHanmM3e y4UTHIBAIUCH JIUIIb
JIOCTOBEPHO YCTaHOBIJIEHHBIE pa3noMbl u3 [9]. Okomno
MOJIOBUHBI HaJlefel, CBSI3aHHBIX C TEKTOHWYECKHMU
HapyIICHUSMH, DPACIOJIOKEHBl Y TMOIHOXHHA TOPHBIX
XpeOTOoB, TIe MPONCXOANUT pas3rpy3Ka BOJ TPEIIMHHBIX
OaccellHOB, BTOpas MOJOBHHA (POPMHPYETCS B TOpax y
HWCTOYHHUKOB, KOTOpBIC JAIOT HAyauo MOCTOSHHBIM BO-
JoToKaM. B muraHuM Takux Hanenedl ydacTBYIOT MOJ-
MEpP3JIOTHBIE TOJ3EMHBIE BOJBI TITyOOKOH IUPKYILLIHH.

BolgeneHre HMCTOYHMKOB TUTAHUS W OTHECCHHE
Hajeneil OacceitHa p. YIIbI K 30HaM Pa3BUTHS Pa3HBIX
TUIIOB TAJUKOB OTJIMYAETCS OINpPENENICeHHOW YCIOBHO-
CTBIO U TpeOyeT NONMOJTHUTEIBHBIX HCCIEAOBAHUMN, TaK
KaK NPUPOAHBIC, B T. 4. MEP3JIOTHO-TEONOTHYECKHUE,
YCIIOBUSL TEPPUTOPHH BechbMa pa3zHooOpaszHel. Kpome
TOTO0, UCTOJB30BaHUE T€OMH(OPMAIMOHHBIX METOIOB
OTpaHUYeHO OO0beMaMu 0a3 JaHHBIX, UMEIOIIUXCA B
pacnopsbKeHUHU. DTO KacaeTcsi, B YaCTHOCTH, CBEICHHIM
0 T€0JIOTHH, TEKTOHUKE U reokpuoioruu. Ha reonoru-
YEeCKUX KapTax 0003HAYCHO 3HAUUTEIBHO OOJIbINE pa3-
PBIBHBIX HapyIICHHUH, YeM €CTh B OIM(POBAaHHBIX Oa-
3aX JaHHbIX, pacupoctpaHenne MMII He Bcerna cos-
najfaeT ¢ MMEIOMMUMUCA JTaHHBIMH, CYIIECTBYIOT pas-
HBIE CXEMBI.

Hanenu sBRstOTCA  €CTECTBEHHBIM — XPaHWJIHILEM
MOJI3EMHBIX BOJ Ha moBepxHocTH. B 3abaiikaibe BOAy
Hajeqed TPaaUIMOHHO HCIIONB30BATIM AJISI OPOIICHMS
ceHokocoB [20]. [TogoOHas HEOOXOAMMOCTh BO3HUKAIA
MO TPUYMHE HEXBATKU BOJBI MOBEPXHOCTHBIX BOJIOTO-
KOB M OTPaHWYEHHOTO HCIOJIb30BAHHS MOJ3EMHBIX BOJ
[5]. Havano BereTamoHHOTO MepuUoja PacTeHWH Mpu-
XOIUTCS Ha HamOoJee 3acylUIMBBIE MeCSIbl (Mail —
Ha4ajo MIOHA), KOTJa OCaJAKOB Ha TEPPUTOPUH BBITAIA-
et He Oonee 10—15 MM (o M/c Hoast Kyp6a), mostomy
HEOOXOAMMOCTh B BoJle KpaiiHe Benwmka. Hamemu, dop-
MUpPYIOLIMECsS TO JOJMHAM MAaJlbIX PEK, MpPU TassHUU
(hakTHUECKH 00ECTIEUMBAIOT MX CTOK [21], 4acTh KOTO-
POTO HCHONB3YeTCsl (3a0UpacTcsl) OPOCUTEIBHBIME CH-
cremMamu. OTAENbHBIC HATIEIN B Pa3HBIX YacTsIX Oacceii-
Ha p. YIbl HAKaIIMBAIOTCS! HICKYCCTBEHHO, IIyTEM Iepe-
KPBITHSL PyCeNl HeOOBIINX BOJOTOKOB H OTBEACHHS BO-
JIbI HA CEHOKOCHI, ¥ B HACTOsIIIIee BpeMs (prc. 7).
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ala

Puc. 7.

olb

Hcnoav3oeanue Hasiedu Kak UCMOYHUKA 8000CHAGMCEHUS 8 CeabCKOM XO03silicmee: d) opocumebHbllli KaHAA 05

3a6opa 600bl npu masiHuu Haaedu y nodHoxcbsl Xp. Yaau-Bypzacol; 6) uckyccmeeHHO HakonjieHHasi Has1edb Ha

ceHokoce & doiuHe p. Boposku
Fig. 7.

Using icings as a source of water supply in agriculture: a) an irrigation canal for collecting water when the icing melts

at the foot of the Ulan-Burgasy ridge; b) artificially accumulated icing in hayfields in the Vorovka river valley

YuuThiBask COBPEMEHHBIC TEHACHLWU Pa3BUTUA
CeJIbCKOTO XO3sICTBA, BBIPAXKAIOIIUECS B YBEIUYCHUN
IOTOJIOBBSl CKOTA, IUIOMAAei CEHOKOCOB M IIAIlHU,
IAHHBIA OIBIT HCHOJIL30BAHUS HAJlEAed B OacceiiHe
p. YIsl B HapOAHO-XO3SIICTBEHHBIX WENAX 1EIec000-
pa3HO THPAXKUPOBATE.

3aKknroyenue

[lo pe3ynpTraTaM HCCIIEZOBaHUS BBIIBICHO, YTO B
OacceifHe p. YIBI B XOJOTHBIN CE30H roja o0pa3yercs
10 2,2 ThIC. Halleliel, NPEeHMYIIECTBEHHO ITOJI3EMHBIX
BoJ. KoMIUIeKCHBIME paboTamMu, BKJIIOYaBIIUMHU Kap-
TOrpaMpOBaHWE W TOJICBBIC HAONIOJCHUS, YCTAHOB-
neHo, uto okono 30 % u3 HuX ¢GopMupyeTcs 3a cueT
BBIXO/Ia Ha IMOBEPXHOCTb TPYHTOBBIX BOJ IPH CE30H-
HOM IIPOMEp3aHHH TOpPHBIX mopox. OO0 3ToM cBHUIe-
TENLCTBYIOT CPaBHUTEIBHO HEOOJbIIME pa3Mephl Ta-
KX Hajlefed U MX 3aBUCHMOCTb OT METeOopOJorHue-
CKuX (PaKTOPOB CpeNbl, B YaCTHOCTH OT KOJHYECTBA
0Ca/IKOB TEIUIOTO CE30Ha TOAa, MPEIIIeCTBYIOIIETO
nepuony obpasosanust Hameped. Jlo 1100 nameneit
€KEroJHO HAOMIOJAI0OTCA B OJHUX M TE€X XKe MECTax,
9TO CBA3aHO C T€OJIOT0-TeOMOP(HOTOTHUECKUMH U TH-
POTEONIOTHYECKUMHU OCOOEHHOCTAMH pailoHOB HX (op-
MUpOBaHUS. B muTaHUM Takux Hajelew y4acTBYIOT
MOZMEP3IOTHBIE TOJ3EMHBIE BOJBI TIIYOOKHX BOJO-
HOCHBIX TOPHU30HTOB, Pa3rpy3kKa KOTOPBIX MPOHCXOAUT
[0 CKBO3HBIM TaJIIMKaM, B T. 4. B 30HaX pa3noMoB. [1u-
TaHWe OOJBIIMHCTBA HaJEIEH KOMIUIEKCHOE, a M3yde-
HHE JOJN pasHbIX HMCTOYHUKOB (TPYHTOBBIC BOIBI,
MEXXIUTaCTOBBIC ITOIMEP3TIOTHBIEC U T. 1.) — Ba)KHAs 3a-
nada Oymyniux MCCIeIOBaHHWM, TaK KaK OHH ITO3BOJIAT
OLICHHUTH 3arachl MOA3EMHBIX BOJ, OIPEAENUTH BO3-
MO>KHOCTH HX HCIOJIb30BAHUS M TPEIyCMOTPETh Me-

POIIPUATHS TIO 3aIUTE OT HAJEICH HACEIEHHBIX ITyHK-
TOB U 00BEKTOB HHGPACTPYKTYPHI.

B MHOTOBOAHBIE KIMMATHYECKHUE UKIBI IDIOMIAIH
" 00beMbl Halleziel B OacceliHe p. YIbl YBEIIMYHBAIOT-
csi B 2 pasa 1O CPaBHEHHIO C MAaJIOBOJHBIMH, T. €.
HaOIrOaeTcsl NUKIMYHOCTh CHHXPOHHAS HM3MEHEHHUIO
o0mIero yBiIaXHEHHS. BrIpa)keHHBIX HaIpaBICHHBIX
TPEH/IOB B JWHAMUKE WHTCHCUBHOCTH PAa3BUTHUS Hajie-
JIcii HEe BBISBIICHO, BMECTE C TeM HaOJII0aeTCs yBEIH-
YeHHE KOJIMYECTBAa CPENHUX HalleeH W COKpalleHHe
YKCJIa OYCHb KPYIHBIX.

CoriacHO COBPEMEHHBIM MPECTABICHUSIM HaJICIH,
KaK OOBEKTHl KPHOC(EPHI, SBILTIOTCS MapKepamMH W3-
MEHCHHUS COCTOSHHS KPHUOJHUTO30HBI. OTO MOATBEp-
JKTAETCS MHOTOJICTHHMHU HCCIICIOBAHUSIMH, MPOBOIH-
MBIMH B pallOHaX CO CIDIOIIHBIM THIIOM paclpocTpa-
wennst MMII [3, 22]. BaxHbIM U HE H3YYCHHBIM [0
KOHI[a OCTaeTCsl BOMPOC O TOM, KakK HalllojaemMoe Ha
CETOTHSLTHAN NIEHb TI0 BCEMY CEBEPHOMY ITOTyIITAPHIO
3eMiH yBEIHYCHHE TEMIIEPATyp BO3IyXa BIMSACT Ha
CE30HHYIO ¥ MHOTOJICTHIOIO MEP3JIOTY Ha FOKHOMN rpa-
HUIE KpUONNTO30HHI [18]. M3yueHue Hanenei 10mKHON
TCOKPHOJIOTHYECCKON 30HBI IMOMOXKET HAWTH OTBET HA
JIaHHBIN Bompoc. Bwmecrte ¢ Tem TpeOyercs pacimpe-
HUE TePPUTOPHATBHBIX TPAHUIl HcciienoBaHus. Csi3a-
HO 3TO C HEOOXOJMMOCTBIO OOJIee IETATFHOTO aHAIN3a
BIIMSIHUSL Pa3lWYHBIX (PAaKTOPOB HA HMHTCHCHUBHOCTH
HaJIeIHBIX TIpolleccoB. B wacTtHoCcTH, B OacceliHe p.
Yabl 0COOCHHOCTH TEKTOHHKH TPEIONMPEACISIIOT Pa3-
IPy3Ky MOJI3EMHBIX BOJ TaM, Iie BRICOKA KOHIICHTPA-
LU Pa3lIOMHBIX CTPYKTYp, a IOTOMY W HajJelaeH B Ta-
KHX paiioHax Oombine. B 3Toll cBsI3M MHTEpEeCHO pac-
CMOTpETh TEPPUTOPHH, OTIMYAIOUINECS IO T€OJIOTO-
reoMop(HOIOTHYECKUM U IPYTHM OCOOCHHOCTSIM.
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