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ARTIFACTS IN THE ARCTIC DIGITAL BATHYMETRY
MODELS

A.S. Abramova'

! Geological Institute Russian Academy of Sciences, Russia

ABSTRACT

Several types of artifacts have been identified in digital bathymetry models
which represent shape of the Arctic seafloor. This work presents the classifica-
tion of the types of artifacts encountered in several versions of bathymetry grids
such as IBCAO, GEBCO grid, SRTM30_Plus and Global Topography. All of the
above-listed products are publicly available through the internet. The artifacts
observed could mislead geological interpretations; therefore it is necessary to
emphasize the limitations of the portrayal of the seabed by digital bathymetry
models. Any digital bathymetry model is a compilation of various data sources
with different accuracies, resolution and distribution. Artifacts in the bathyme-
try grids are characterized by presence and distribution of the source data. They
can be caused by systematic errors in the source data, differences in source data
horizontal resolution, by the lack of source data, by gridding algorithm and
interpolation method (e.g. filling data gaps with gravity, spline interpolation).
The encountered artifacts were classified according to the sounding source data
types which characterize them. These include: multibeam surveys, singlebeam
surveys, single spot sounding, depth contours digitized from contour maps,
“patching” different data sources, coastline dataset used for gridding, as well as
the lack of any data. The observed artificial “morphology” in bathymetry grids
include small and large scale artificial features: ridges and troughs, peak-like or
pit-like features, flat areas, deeps and rises, artificial steps, terracing on slopes
and negative depth values on land.

Keywords: artifact, digital bathymetry model, IBCAO, GEBCO, Arctic

INTRODUCTION

The release of global (e.g. GEBCO [13], SRTM30_Plus [2], Global
Topography and regional compilations (e.g. IBCAO [6]) improved
our understanding in the most of earth processes, since bathymetry
serves as the base map for any geological, geophysical, environmen-
tal or oceanographic investigation. Beyond fundamental research
bathymetric applications vary from navigation purposes to studies
of coastal erosion and environmental issues. The off-shore conti-
nental shelf bathymetry is of particular interest to coastal states’
resource sovereignty, exploration for natural resources, submarine
cable planning, habitat mapping, fisheries management, predicting
landslides and modeling tsunami impact [1]. Nowadays there is a
drastic increase in the number of applications of digital bathymetry

1
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and not only for the scientific purposes. Ever since the release of
such exploratory tool as Ocean layer in Google Earth, basically an-
yone can explore and interpret marine environments and the shape
of the ocean floor.

Meanwhile even in the current bathymetric era of high resolution
and accuracy multibeam echo sounding and global remote sensing
technologies (satellite radar missions), global and regional DBMs
of the ocean floor provide limited representation of the shape of the
seafloor. Especially such remote and ice-covered areas as the Arctic
lack detailed accurate data coverage. Only ~11% of the IBCAO ba-
thymetry model, the most authoritative representation of the Arctic
seafloor, is based on multibeam surveys while the remaining ~90%
of the Arctic seabed are characterized by single beam soundings
from national hydrographic archives, historic point soundings from
ice camps and hydrographic charts and in many areas on digitized
contours from paper charts [6]. The resolution of digital bathymetry
models is defined by the resolution of underlying bathymetric data,
which has very sparse density and irregular distribution of source
data of various resolutions, which is too inadequate for many marine
applications [7]. These data limitations leave the question of accura-
cy and quality of the DBMs [1].

Artifacts are widely known and common in DBMs. Practically any pub-
lication on marine application of DBM mentions artifacts in the mod-
els. For many applications the absolute accuracy of the model is not
as important as the consistency in the relative change of values. Any
operation on the neighborhood values such as aspect, slope and other
local derivatives will be affected by the inconsistencies (or artifacts)
in the surface [3, 7]. The DBMs are very prone to errors for the rea-
sons of large data gaps that has to be filled by interpolation and wide
range of data accuracies [4, 8]. Construction approach of DBMs can be
opposed to terrain modeling methods which are often locally adaptive
to important landscape features such as ridges and stream lines [14].
One of the main applications of terrain modeling includes hydrological
analyses; therefore modeling of land topography is produced on the
elements that are hydrologically important. The fact that the surface
drains water down the slope provides information to adopt gridding to
the directions of the flow, and at the same time serves as a powerful
tool for detecting artificial features, such as sinks (pits or depressions)
[15]. In the bathymetry world (at least for global products), there has
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been no attempt yet to constrain gridding by geomorphologic informa-
tion, which is one of the reasons for distinct artifacts in the bathymetry
surface.

All the working groups involved in digital bathymetric modelling ex-
amine optimal gridding methods which minimize artifacts caused by
interpolation on large data gaps [11, 12, 4, 6]. There is a great num-
ber of studies on elimination of artifacts specific to particular data ac-
quisition sensors, e.g. multibeam sonars [5, 8]. Smith addressed the
main problems of gridding bathymetry from contour data and errors
in DBMs created by systematic errors in singlebeam data. Marks and
Smith addressed errors in six publicly available global bathymetry
compilations, such as some interpolation artifacts (terracing effect, vis-
ible tracklines in the bathymetry, edge matching) and misregistration
errors. Meanwhile there is no recent systematic overview of the types
of artifacts that can be encountered in the global and regional digital
bathymetry compilations.

This work presents classification of the artifacts encountered in cur-
rent and previous versions of regional and global digital bathymetric
models, which provide the Arctic coverage. The analyzed grids include:
regional grid IBCAO and global DBMs SRTM30_Plus, Global Topogra-
phy and GEBCO_08. Illustrated artifacts originate from different ver-
sions of these models. We present typical artifacts caused by the data
of particular type (singlebeam, multibeam, single soundings, contours),
the interpolation method (e.g. filling data gaps with predicted bathym-
etry), or gridding algorithm used. In the DBMs which use predicted
bathymetry (such as Global Topography, GEBCO and SRTM30_Plus)
the artifacts are more emphasized due to the gridding algorithm used:
the original measured depths are restored into predicted bathymetry
surface with smooth transition using spline in tension algorithm [2,
12]. At the same time IBCAO shows more smooth appearance due to
improved gridding algorithm, so-called stacked spline method, which
yields preserving bathymetric detains of high-resolution data and sup-
pressing the single trackline artifacts [4].

Three regions were chosen for visual inspection for the presence of ar-
tifacts in order to cover all types of source data. The types of source
data correlate mostly with different morphologic provinces. The follow-
ing regions were chosen:

Region 1: Shelf area—mainly singlebeam soundings and historic sin-
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gle soundings; correlation of gravity with bathymetry is poor because
of assumed crustal density and sediment thickness;

Region 2: Abyssal plain—singlebeam soundings and multibeam cover-
age; correlation of gravity with bathymetry is poor because of the great
sediment thickness;

Region 3: Mid-oceanic ridge— multibeam combined with singlebeam
and hydrographic soundings; correlation of gravity with bathymetry
1s good because sediment thickness is low (depending on the local geo-
logic conditions).

The types of artifacts encountered are classified according to the nature
of the source data types which characterize them. The classification ta-
ble and description of the artifacts’ “morphology” is given in Table 1.

Table 1. Classification table of types of artifacts encountered in the
DBMs, classification is given according to the source data types which
characterize them.

Source data type “Morphology” of an artifact
multibeam and other swath data (Fig. artificial high frequency peak-like
2, Prof.1) features in the bathymetry

linear artifacts such as artificial
singlebeam (Fig. 2, Prof. 2,3,4) «ridges» and «troughs» or point features
like those caused by single soundings

artificial peak-like («kbumps») or pit-like

single soundings (Fig. 4) (choles») features

terracing on slopes, or artificial
contours (Fig. 3) features where contours don’t agree
with surrounding soundings

interpolation artifacts in the areas

with large data gaps (Fig. 5) flat areas, artificial deeps

artificial deeps and rises in the areas
where there is no correlation between
bathymetry and gravity

no sounding data in predicted
bathymetry (Fig. 1)

edge artifacts—patching several data

sources (Fig. 2, Prof. 1) artificial steps

negative depth values on land,

coastline dataset artificial islands

CONCLUSION

This work presents classification of the artifacts encountered in cur-
rent and previous versions of regional and global digital bathymetric

4
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Figure 1. Explains artificial deeps in the SRTM30_Plus (ver. 6.0) bathymetry, in
the areas where no correlation between bathymetry and gravity is observed (abys-
sal plain with high sediment thickness). The dots on the maps (d, e) show the
sounding source trackline coverage used for construction of SRTM30_Plus. As dis-
cussed in [12], the gravity (a) is scaled by correlation coefficient to the predicted
depths (b), and then the measured depths are “polished” to the predicted bathym-
etry grid to create the final bathymetry grid (c). As can be seen from the profiles,
the bathymetry is taken from scaled gravity in the area with no sounding coverage
(yellow arrow). Although when gravity and bathymetry profiles are compared in
the area where the source sounding data is present (red arrow), there is no ob-
served correlation between them.

models, which provide Arctic coverage. The DBMs include: IBCAO,
SRTM30_Plus, Global Topography and GEBCO_08 grids. We present
typical artifacts caused by the data of particular type (singlebeam,
multibeam, single soundings, contours), the interpolation method (e.g.
filling data gaps with predicted bathymetry), or gridding algorithm
used. Since the artifacts coincide with the source data coverage used
for construction of the grids one of the methods to identify an artifact
is to look at source trackline information (e.g. SID). The types of source
data correlate mostly with different morphologic provinces, therefore
somewhat artifacts also have this correlation. Any DBM is prone to
have artifacts, but depending on gridding algorithm they will stand
out more or less—e.g. IBCAO bathymetry shows more smooth appear-
ance due to improved gridding algorithm, while datasets which include

5
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Figure 2. Global Topography bathymetry (ver.13.1) in the mid-oceanic ridge area

overlain by source tracklines (white dots) from the Source Identifier file (SID). Ar-

tifacts observed: Profile 1: artificial step in bathymetry (patching different data

sources), high freq. peak-like features (multibeam); Profile 2,3,4: artificial ridges

and troughs (singlebeam). Rainbow depth color scale: from 1200 m (red)—3600 m
(purple). Vertical exaggeration is used.

predicted bathymetry will have more emphasized artifacts. The scale
of artifacts varies: from artifacts that can be neglected in deep water
areas—to the most pronounced artifacts with the amplitude up to 50%
of water depth observed on shelf in DBMs which utilize predicted ba-
thymetry.

ACKNOWLEDGEMENTS

This study was conducted under the theme “Geological hazards in the
World Ocean: connection with geodynamic state of the crust and up-
per mantle and neotectonics” (No 0135-2016—-0013, State Registration
A17-117030610105-9) and supported by the Russian Foundation for
Fundamental Research (Grant 18-07-00223A).

6



Proceedings of International youth scientific conference on the polar geodesy, glaciology, hydrology and geophysics

depth, m

Figure 3: GEBCO_08 bathymetry (ver. 20091120) in shelf area overlain by source

tracklines and contours. Artifacts observed: terracing on slopes due to using con-

tours for interpolation. Rainbow depth color scale: from 120 m (red)—360 m (pur-
ple). Vertical exaggeration is used.
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MOJEJINPOBAHUE I'MAPOI'PA®A CTOKA
MAJIBIX JIEAHUKOBBIX PEK T'TOPHOI'O AJITAA
(HA IITPUMEPE P. AKTPY)

10. . Amusosa', H.I'. Uanmes!, B.A. 3emiios!

! Tomckuit rocyiapcTBeHHBIN YHUBEpCHTET, Poccus

AHHOTAIINA

BrimosiHeno MonenmpoBaHume TuaporpadoB CTOKa JIEIHUKOBOM peKU AKTpY
C CYTOYHBIM pa3pellleHreM II0 MEeTEOJaHHBIM M XapaKTepHUCTHKaM BojocOopa.
IIpencraBiieHBl mIepBBIe pe3yJIbTATHl ANPOOAIINY MOEJN JUIS IIPe/ICKA3aHUs
rugporpada pPeKr ¢ y4eToM M3MEHEHUs JIeTHHKOBBIX 30H C HCIIOJIH30BAHUEM
mporpammel TRANS_df, paspa6oraunoit H.T'. MUaumessim B Tomckom rocymwu-
BepcUTeTe.

Knrouessie ciioBa: rugposorudeckoe mogenuposanue, ['opasrit Anrait, ARTpy,
H3MeHeHue KJINMara.

AKTHBHBIE KJIMMATUYECKVWe W3MeHEeHWs, HAYABIIHECST JJOCTATOUYHO
JIaBHO, HEe MOTJIM He CKa3aThCs HA XapaKTepUCTUKAX CTOKA pek. Bry-
TPUTOI0BOE pacIpejieIeHre CTOKA 0COOEHHO pearupyer HA KJINMATH-
YeCKYI0 I3MEHUYNBOCTDb, TAK KAK 3aBUCHUT OT MCTOYHUKOB ITUTAHUA, Me-
HAIUXCSI B 3aBUCUMOCTH OT BBICOT BOjIocOOpa, IjIomiaam OacceiHa,
CJIATAIONIUX II0OPOJ U JApyroro. M3aMeHeHUs RIUMaTa UMEIOT pPa3jind-
HBIe peTHOHAJIbHbIEe IIPOABJIEHUSA W IIOCJIEJICTBUSA M He BceTga HOCAT
HETaTUBHBIM XapaKTep. B TOPHBIX YCIOBUSAX C 9TUMU U3MEHEHUIMU
CBSI3aHBI KoJIeOaHUsT OaJjiamca MAacChl JIGIHWKOB ¥, COOTBETCTBEHHO,
peunoro croka. ['opHBIM AJiTail ABJIAETCA KPYIIHBIM PAOHOM OJIejie-
weruus l0xuoit Cubupu. Ilo namasim [9], [10], [11] mromagu u oobe-
MBI JIeTHUKOB ['opHOTO AsiTast B mociieHee BpeMsi HHTEHCUBHO COKpPAa-
maoTCA.

[TpobsreMa TIPOTHO3UPOBAHUS CTOKA C yYETOM TEKYIIUX M3MEHEeHUH
KJIMMaTa W, KaK CJIeJCTBUe, M3MEeHEeHUs IJIOMAAN JIETHUKOB MOKET
OBITH pelreHa ¢ MOMOIIBI0 THIPOJIOTHYECKUX MOJEJIeH Pa3HOTr0 THUIIA

(61, [7].

[Henbio paGoThl ABJISETCA OIIEHKA BO3MOYKHOCTU HCIIOJIb30BAHUS MOJE-
mau TRANS_df, paspaborannoii B8 TomckoM rocyHuBepcuTeTe, IJIs MO-
JIeJITMPOBAHUSA CTOKA T'OPHBIX JIEAHUKOBBIX PeK. Pamee aTa Momesnb wuc-
[I0JIb30BAJIACH JJI UMUTAIIUHA CTOKA PABHUHHEBIX PEK C 3aJIECEHHBIMU
¥ 3a00J109eHHBIME Bogiocbopamu [5].
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O0bexTOM HmccJIeOBAHUS ObLJIa BHIOpaHa pexa AKTpPY, JIEBBIH IIPUTOK
p. Uys. Bepxusasa vacts 6acceiiHa AKTPY pacIiosioskeHa B TOPHOM y3Jie
Buni-Uupny (Ceepo-Uyiickuit xpedeT), KOTOPBIN SIBJIAETCS OJHUM U3
KPYHHEUIIUX IIeHTPOB oJseneHenus [opHoro Ausrasa. Ilmomans rop-
HO-JIeqHuKoBOr0 Oacceitna AxTpy mo mereocranimu (I'MC) AxTpy co-
crasysetT 42,9 km?, [12] cpemusaa Bercora 3055 M. 3HauuTeabHasa 4acTh
Teppuropuu 3aHATa Jeguukamu (14 xkm2) [8], camble KpyIIHbIE U3 HUAX
Bouseiroit 1 Mausterit AkTpy 3arumaror 13 kM2 3a Havasio pexu AKTpy
OpUHUMAKTCS JABa BOHoTOKA— Bosrbmroit m Masterit AKTpy, KoTOpbIE
TEKYT OT KOHIIOB OJHOMMEHHBIX JIEJHUKOB, Jieskanmux Ha BeicoTe 2400
u 2200 M (puc. 1).

Ilo pexrumMy p. ARpr OTHOCHUTCA K peramM CO CHEeroBO-JIEJHUKOBBIM IIM-
rauuem. CTox BOJBI (bOpMI/IpyeTCH, B OCHOBHOM, B pe3yJjbTaTe TadHUud
CHera u JIEJHHWKOB M IIPHUXOOUTCA Ha TeIJIBbIHN IIepuog (C Mad II0 CeH-
TH6pB). Pexa XaparxTepu3yercd 3HaAYUTEJIbLHbIMU KOJICOAHUSMH CTOKA
II0 TogaM, B TeYeHUe Ce30Ha U B TeYeHUe CyTOK, YTO CBA3aHO C PEKUMOM
TeMIlepaTtyp, 0OCalKOB U TasdHUA JIETHUKOB.

IC Axtpy

777 - neanukmn

" - IPaHuL|bl 20H

Puc. 1—Cxema Bepxueit uactu 6acceiina p. AKTpy. I —TeppHUTOPUS IEPBOTO yIACT-
Ka; 2—TepPUTOPHS BTOPOIO YIACTKA; 3—TePPUTOPUS TPETHETO YIACTKA.

B rauecTBe Momesnn 1714 MCCIEIOBAHNS CTOKA PEKU AKTPY OBbLIA UCITOIb-
soana mnporpamma TRANS_df, paspaborammas ma xademape rumpo-
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sgoruu Tomckoro rocynupepcurera H.I'. Uaumessim [1], [2], [3]. Tpu
pacuere cToka p. AKTpY B MOIEJH YYUTHIBAETCSA BHICOTHAS IIOSCHOCTH
u maggmadTHAS HEOTHOPOIHOCTE B bacceine. JJ1a rasm ool BeIIeI€H-
HOM 30HBI C OJHOPOOHBIMHU YCJIOBUAMH (QOPMUPOBAHHUS CTOKA HAMU
paccunTaH ruaporpad CTOKa 3a KAMKIBIA I'OJ MHOTOJETHEro Meproaa
(1973-1991 rr.) ¢ cyrounbiMm pasdpernenuem. Jyis pacuera rugporpada
HCIIOJIB30BaHO OoJiee 30 mapamMeTpoB, YacTh U3 KOTOPHIX OIpeesieHa II0
MMEIOIINMCS JAHHBIM 0 DacceiiHe, 4acTh— MeTOI0M ONTUMU3AInu Po-
3enOpora. OcHOBHBIE HmapaMeTpbl MOAEIH: K0dQPPUIINEeHT M3MEeHEeHNUI
3amaca BOABI B CHEre C BBICOTOM, XapaKTEePUCTUKN OOKOBBIX IIPUTOKOB,
K02(p(pUIIMeHT CcTANBAHNS, IIAPAMETPHI, YUUTHIBAIOIINE IIOTEPU BOJIBI
Ha Bojocbope.

O]_[eHRa 3aIrracoB BOALBI B CHEXHOM IIOKPOB€E BBIIIOJIHAETCA IIO0 MaTepua-
JiaM CHETOMEPHLBIX CbEeMOK IIepe]l HavaJIOM TasdHNuA CHera UJInk 110 CyMMe
0CaJKOB 3a 3SUMHUHN IIepuoI. Ef)Re,E[HeBHaH BOOoIIoga4va Ha IIOBEPXHOCTH
Bo,u0060pa OIIpeneJsideTcs 110 pe3dyJabTaTaM pacueTa NHTeHCUBHOCTU CHe-
roTadHUA 1 BOOOOTAAaYU 13 CHera I10 MeToay A.T. Kossemsc yueToM He-
PAaBHOMEPHOCTH 3aJieTaHMHA CHEKHOI'O0 IIOKPOBA B BHIJEJIEHHBIX 30HAaX.
PacnpeneneHHe 3aIlracoB BOJBI B CHeEIe B IIpelaesiax KaKI0M BBIIEJIEH-
HOM 30HBI AIIIIPOKCUMUPYyETCA RpI/IBOﬁ raMMa-pacliipeagejIeHud.

Vuer OCaZKOB B II€epHOJ] CHETroTadHUA IIPOM3BOJUTCA TaAKHUM 06p8.30M,
YTO eCJId OHHU BBIIIaJAal0T B TBEPJIOM BHJIE, TO ,HOGaBJIHIOTCH K CHery, Ha-
KOIIUBIIIEMYCdA 3a 3UMHUU IIepuoI. ,Z[aJIbHeﬁU.Iee TadHHNe cHeroaalriaca
IIPOJOJIZKAaeTCd IIOoCJIe TOro, KakK pacraeT CBe’KeBBITIABIIIUMN CHET. OC&L[-
KH, BBIIIQJAIOIIe B KHUIKOM BHE, HpI/I6aBJIHIOTCH HeIIoCpeaJCTBEHHO
K CRJIOHOBOMY CTORY C YyY€TOM HX IIOTEPb.

EsxenneBHas Bogoormaya 0acceiiHa OIpenesisiiach Kak pasdHoCTh CJI0EeM
BOJIBI IIOCTYITHBIIIAM HA BOI0COOP ¥ €ro BOJIOYIeP:KUBAIOIIEH CIT0COOHO-
CTBHIO, T.€. BOZOOTAAaUYa HAYHETCSI TOJHKO IIOCJIe TOr0, KaK II0BEPXHOCTH
Oymer machinieHa. Benmunia BogoyaepsKUBAOIIEN eMKOCTH epes Ha-
YaJI0M TASHHUS 3aBUCUT OT YBJIAKHEHHs OacceiiHa IIpeJIIecTBYIOIeHl
oceHbI0. B KadecTBe IOKAas3aTessd CTEIEHU 3aMOJIHEHHUsS BOJIOYIePIKH-
BaoIed eMKOCTH IIepel HavyajioM TAsSHHNSA CHera IIPUMEHSIIOTCS OCeH-
Hue ocanku. [Ipemmosaraercs, 94To CyIIECTBYET IIPOIECC AKKYMYJIAIIIN
BOJBI HA CKJIOHAX, W MEJKIy 9TUMHU 3aIlacaMu BOIBI U CKJIOHOBHIM CTO-
KOM CYIIIECTBYEeT HeJINHeHHAasT CBI3b.

CKJIOHOBBIHA CTOK q.cC KaKI0M 30HbBI BBIPpAKAIOTCA KaK CTeIIeHHad (bYHR-
oda JUHaMHIYEeCKOIr'0o 3alraca:
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W, +W, )"

qf =aIth =(x1( 2

3mech n—oMIMPHUYECKUN I1apaMerp (IOIMyCKaeTcs, 4YTO OH OJIM30K
K euHUIIe); a,—K0d(DUIIMEHT, 3aBUCAIIUH 0T BPeMEHHOTO 3a/lepsKa-
HUSA TAJIBIX BOJ CHEI'OM.

Jlasnbire TparcdopMAalsa CKJIOHOBOIO CTOKA MAET 0 KPUBBIM gobera-
HUA ¢ KaKJI0M BBICOTHOM 30HBI OTJEJIHHO.

OcHOBHOI BXOMHOM WHQMOPMAIIMEN IS IPOrPAMMEBI SIBJISIIOTCS MeTe-
OpOJIOTUYECKHe JAaHHBIE 110 METeOCTAHITUU AKTPY, PaCITOJIOMKEHHOM
B parioHe THIPOJIOTMYECKOro cTBopa Ha BeicoTe 2150 m. Pacuer rumpo-
rpada BBITIOJIHSAJICS 34 TIePHUO;T MOJOKUTEILHBIX TEeMIIepaTyp BO3ayXa
(c 1.05 mo 31.08). B rauecTBe oceHHEro yBIAMKHEHNS IPUHATHI KUK
ocanku 3a mepuox or 1.09 10 JaThI co cpeTHECYTOUYHONM TeMITepaTypon
Boaayxa +2 °C.

[Tpm KaMOPOBKM MOMEJIM WCIOJIF30BAHBI JaHHBIE HAOIOIeHWN 3a
cpegHecyTOUYHBIMU pacxogamu Bogbl B ctBope [MC AxTpy, esxemHes-
HBIMU CYMMaMU OCaJIKOB U CPEJHUMU CYyTOYHBIMU TeMIIepaTypaMu BO3-
nyxa 3a mepuos ¢ 1973 mo 1991 rr. TemmepaTypa Bo3ayxa M OCaIKH Ha
Pa3HO# BHICOTE PACIIPEJIEJIEHBI C YYeTOM UX TPaJUEeHTOB, KOTOPHIE TaK-
sK€ 3aBHUCAT OT BBICOTHI BogocOopa [12].

MopdomeTpryeckrie XapakTepPUCTUKN BOL0CO0Pa OBLIN IIOJIyYEHBI TP
mocTpoenuu rudposoit mogenu pesbeda (LIMP) B mporpamme ArcMap.
Bxogusmvu mamabivu mia [IMP cranu Tomorpaduyeckrie kapTsl Mac-
mrrabsr 1:50000, kocmocHrMOK 1 SRTM-marpuiisr (http:/srtm.csi.cgiar.
org/). Bechk BomocOop ObLI pasmeseH Ha Tpu yuacTka (puc. 1): 1) Bosbiroi
Axrpy, Briodaromuit seqHuku [Ipaseiit u JleBorit AKTpY ¥ BOJOTOK 10
cimsaua ¢ Massiv Axrpy, 2) Maseiii AKTpY, BRIIOYAOIINNA JTeIHIKN
Mautsiit Axrpy, Kap Masoro AkTpy ¥ BOZOTOK [0 CJMAHUS C BOJTOTOKOM
Bousbiroro Axrpy, u 3) pexa AKTpY OT CIAMAHHUS IIOTOKOB ¢ Bosibiroro
u Masoro Axrpy mo rumgpomerpudeckoro ctBopa 'MC Arrpy B patiome
asprutarepsi. Bee yuacTrm ObLIN pasiesIeHbl 0 BBICOTAM C HHTEPBaJIOM
gepe3 200 m (ot 2000 mo 4000 m). B 3aBHCHMOCTH OT BBICOTHI 1 IIPUHA-
JIESKHOCTH K YYaCTKY HCCJIeIyeMasi TepPUTOpus pasaesseHa Ha 41 30HyY,
JIJIST KAsKI0M M3 KOTOPBIX ITOJIyUYeHbI TapaMeTphl, KOJTUYEeCTBEHHO Ompe-
JIeJISTIoIMe TIPpoIiece (popMUPOBAHUS CTOKA.

Brimenenme 30H, pa3JIMYHBIX TI0 CBOUM XapaKTepPUCTHKAM (BBICOTE, OT-
CYTCTBHIO WJIU MIPUCYTCTBUIO JIETHUKA) JAET BO3MOKHOCTD IIPOCIIEIUTD,
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KaK M3MeHsIeTCs CTOK. B peaysbTaTe IIOCTPOEHHUS MOJIEJIH YIaJI0Ch II0-
JIyIUTh THApPOTpadbl CTOKA 34 TEILJI0e BpeMsi Ioja MHOTOJIEeTHEro Iie-
puona. Ha puc. 2 mokasaH KOMILIEKCHBIN IpaduK, KOTOPBIM BKJIIOYA-
eT (paKTUUeCKHIA M PACCUMTAHHLIA THUaporpadsl co Bcero Bomocbopa,
a TaKsKe C KasKI0M BBIIEJIeHHON 30HbL. TaKk MOMKHO IIPOC/IEIUTE, B KaKoe
BpeMs ¥ KaKOH BKJIA B CTOK B 3aMBIKAIOIIEM CTBOPE BHOCHUT KaKIas
oTHeN bHAsd 30HA. TaKkike HA KOMILIEKCHOM rpaduKe MOKa3aH X0l Cpejl-
HECYTOYHOM TEMIIEPATYPHI, 0CATKOB, XaPaAKTEPUCTUKU CHEKHOTO IIOKPO-
Ba TI0 KaKJI0M BBIJEJICHHOM 30HE, UTO JAaeT BO3MOKHOCTL OI€HHWBATDH
X0 ruaporpadga B 3aBHCHMOCTH OT 9THX oJieMeHToB. Oienka adpdex-
TUBHOCTHU MOJIEJIN OIPee/IsseTcs CPeIHEeKBAAPaATHIECKON OIINOKOM qJI
BCEro IIeproja WX JIJIs oTIaesbHoro roga. Jliisa pacuernoro 1990 roga
KpuTepuit kKadecta K, , orpesiesisieMblii KaK CpeJIHeKBaIpaTUIecKoe
OTKJIOHEHHE PACCYUTAHHBIX CYTOYHBIX PACXO0JI0B BOIBI OT HAOIOIEH-
HBIX, cocrasisier 0,53 mM%/c, UYTO TOBOPUT O TOM, YTO MOJIEJIb JaeT OYeHb
XOPOIIUH Pe3yJIbTaT allIPOKCUMAIIIH THuaporpada.

1990 FAY == WWWW

L e Ll o, ...|I vl .....I.I|.]I.<|.I.| vial

| ek o e,
ﬂTHTIiHIII I ”tl|[||IiIJ|||||}|::::.........‘.......
.||I|||“|| I |||”[||I||||||||||||i||||rm-....‘......

— O chawer.
- O wod.

Puc. 2— ®parmMeHT KOMILIEKCHOTO IpaduKa THIPOMETEOPOJIOTHUECKUX ITOKA3aTe-
seit nuist 3oubl No 24 GacceitHa p. AxTpy 3a 1990 rog @ (baRT—d)aKTI/I‘IeCRI/Iﬁ pacxom;
QMM.—CMOL[eanOBaHHHI?I pacxo.

Takum o00pasom, OOCTATOYHO OJIM3KOE COBIAMEHNE pPAaCCUNTAHHBIX
U (PAKTUUYECKUX CYTOUYHBIX PACXOLOB BOIBLI IIO3BOJISET MCIIOJIb30BATD
momenb TRANS_df mis umuranmu rugporpada cToka o THApOMeTeo-
POJIOTHYECKHUM II0KA3ATENIAM C YYeTOM TPAHCHOPMUPYIOLIUXCA BO Bpe-
MEHU XapaKTepUCTUEAM BOI0cOOpHOM miromany. B manbHeirem numeer
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CMBICJI IIPEMEHATH MO EJIb OJIA NMHUTAIITXMOHHOI'O MOJEJIMPOBAHMA CTOKA
BOJBI B YCJIOBUAX M3MEHEHUA I1JIOITaau, 3aHATON JIeTHUKaAMH, II0 Mepe
O6H.Iel"0 €e COKpallleHud M IlepepaciipeesieHudA II0 BBICOTHBEIM 30HaAM
B pedyJjibTaTe USMEeHEeHHUA KIimMarTa.
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N CCJIIETOBAHUE UBMEHEHUA OB BbEMA JIEJHUKA
KOJIKA HA OCHOBE JAHHBIX HABEMHOH
CTEPEOCKOIIMYECKON ®OTOCBEMEKHN

K.A. Apucros!

! Teorpaduueckwuii pakynsrer MI'Y umenu M. B. JlomoHocosa,r. Mocksa, Poccust

AHHOTAIINA

B pabore mpesncraBiieHBl pe3ysbTaThl MCCIIEOBAHUS M3MEHeHUs 00béMa Jies-
auka Kosika, BoccraHaBmBarIerocs mocie riisiiuaibHoi Katactpodsl 2002 r.
WccnenoBanue mpoBeleHO HA OCHOBE JAHHBIX HA3E€MHOM CTEPEOCKOIIMYECKOM
chéMKY, BeImosiHeHHON B 2014,2016,2017 rr. Paccmorpena meTonka aBTOMATH-
aupoBauHoro rocrpoenusi [IMP B mporpammuom obecieuernn Agisoft PhotoScan
Ha OCHOBE ITU(MPOBBIX HA3EeMHBIX POTOCHIMKOB, IIOJIYIEHHbIX C UCII0JIb30BAHUEM
3epKaJIbHOTO doToammapara ¢ IpoCTPAHCTBEHHOMN IIPUBSI3KON 110 00bEeKTaM, KO-
OpJMHATHI KOTOPBIX OIpemessiuchk guddepennnansasiM GNSS-npuémanKOM.
BrimosiHeHO cpaBHEHME TOYHOCTH, TeTAJIBHOCTH M TPY/I03aTPAT II0 OTHOIIEHUIO
K JIPYTHM MeTojaM Tororpadudeckoro kaprorpaduposanus. Jlana oreHka Bo3-
MOKHOCTH IIPUMEHEHUsI JJAHHON METOINKY B TOPHOM MECTHOCTH B YCJIOBHUSIX OBI-
CTPO M3MEHSIOIIErocs pesbeda.

Kmouessie ciora: mequuk Konka, rsmmaabaas karacrpoda, Ha3eMHas Iud-
poBas crepeodoToChEMKA, ITU(MPOBBIE MOIEIU pesbeda

BBEJEHHUE

CoryiacHO JefCTBYIONMM HOPMATHUBHBIM JIOKyMeHTaM [1] Tororpadrrde-
CKOe KapTorpadyrpoBaHMe MOKET BBITIOTHATHCS CIIEIYIOIIIMMI METOTAME:

® TaXeOMeTPpHUYeCKHUM,
® CIIYTHHKOBBIX I'e0Ie3UYeCKUX OHpeI[eJIeHI/IfI;

e BO3IYIIHBIM JIA3€PHBIM CKAHUPOBAHKEM B COUETAHUU C IIIQPO-
BOM 29p0h0TOCHEMKOIL;

e HA3EMHBIM CTATHYECKHUM UJIA MOOUJILHBIM JIA3€PHBIM CKAHHUPO-
BaHUEM,

e 1udpPOBOI ad9POdOTOCHEMKON, B TOM YHCJIE C IIPUMEHEHHEeM
0eCITMIIOTHBIX JIETATEILHBIX AllllapaToB;

e  CTEpeoTOrorpadyuIecKuM;
e KOMOMHHPOBAHHBIM a3pO(OTOTOIIOrPA(PUIECKIM, B TOM YHCJIE

¢ mpuMeHeHHeM pe3yJibraTtos J133;
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® CcoYeTaHHueM pa3JIMYHBbIX METOIJ0B

Hawubosee pacmpocTpaHEHHBIMA METOIAMH BBIIIOJHEHUS TOHOrpadm-
YEeCKOU CHhEMKH B TOPHOU MECTHOCTH Ha JTAHHBIU MOMEHT SABJISAIOTCA
TaXeoMeTPUIECKAasd ChEMKA, METO]T CIIyTHUKOBBIX I'e0Je3NIeCKUX OIIpe-
JeJIEHUH W Jla3epHoe CKaHWPOBAHHWE, HO paHee IMUPOKO MCII0JIb30BaJI-
cs crepeoronorpaduueckuii Meron. B [2] aTor MeTon ommcaH Kak Ha-
3emHas pororornorpaduueckas cbéMKa, HO B IIOC/TIEIHEEe BpeMs OH He
HAIIE MUpoKoro mpuMeHeHns. OCHOBHBIMU MPUYUHAMUE, 110 KOTOPBIM
JAHHBIA METOJ He UCIIO0JIb3YeTCs B IIPOU3BOJICTBE ABJISIOTCS CJIOMKHOCTD
BBITIOJTHEHUS DOTOTEOIOJIUTHOM ChEMKH, 4 TaKsKe TPYIHOCTH Ipu obpa-
00TKe Ha3eMHOU Iu(POBOM CTEPEOCHEMKH C MCII0JIb30BAHUEM KJIACCH-
YecKuX (POTOTPaMMETPUUYECKUX METOIHUK. IIoABUBIIIMECT B ITOCIEIHEE
BpeMs IpPOorpaMMHBIE IIPOJAYKTEI, [I03BOJIAIOT B 3HAYNTEJILHOM CTeIeH!
aBTOMATHU3UPOBATH IIPOIlecC 00PabOTKH ITUQPPOBBIX CTEPEOCKOITUUECKIX
dororpadmit [6]. OgHaro ocTaércss OTKPBITBIM BOIIPOC BBHIIOJIHEHUS
TOIIOIPA(PUIECKON CHEMKM C HCIIOJH30BAHUEM JTaHHBIX TEXHOJIOTHH,
a TaksKe TOYHOCTH II0JIyYaeMbIX Pe3yJIbTaTOB.

O0BbeKTOM HCCIeTOBAHUSA B paMKaX JaHHON PaOOThI SABJISAETCS JIETHUK
Konxka, pacmonosxkennsiii B paiione r. Kasoex mHa Ilenrpansamom Kas-
kasze. 20 cenrssopsa 2002 r., B Xome KaTacTpoPUUECKUX COOBITHIM, TEJIO
JIeTHUKA IIepPeMeCTHJIOCh BHU3 II0 JIOJIMHE, C(DOPMHUPOBAB JIEIOBO-Ka-
MEHHYI0 JIABUHY, TPaHC(OPMHUPOBABIIYIOCI B CeJb. B Iociemymolime
oI B OCBOOOIHMBIIIEMCS JIOKE JISHUKA HAYAJIM HAKAILJIMBATHCSI Mac-
CHI JIbJIA ¥ KaMeHel, moctynatmux ¢ Kasdexcko-I[sxnmapatickoro mac-
cuBa u obpaayrorue Teso HoBoro Jiegauka Hoaka [3]. Ero moBepxHoCTD
MOYTH OJIHOCTHIO ITIOKPBHITA 00JIOMOYHBIM MaTEPHUAJIOM, IIOCTYIIAIOIIIHM
Ipyu KaMHeIaJgax ¢ CeBEePHOro ckJoHa. Hexkoropble KaMeHHBIE TJIBIOBI
JOCTUTAIOT HECKOJbKHUX METPOB B JUaMeTrpe, YTo JeJiaeT ux OoJiee 3a-
MeTHbBIME Ha moBepxHocTu. OeHKa M3MeHeHus o0béMa HaKaIlIuBa-
€MOro MaTepraia, CKOPOCTH HAKOILJIEHWs, a Takske HaOJIofeHue 3a
H3MEHEeHUIMH, IIPOUCXOIAIINMI HA SIBJIAJIACh OCHOBHOM 3ajavell mpu
MOHUTOPUHTE U IIPOTrHO3UPOBAHUY OT00HBIX STBJICHUM.

B xome Brimosimenmsa pabor ObLIa paspaboTaHa M IIPOTECTHPOBAHA Me-
TOIMKA BBIIOJHEHUS IIM(PPOBOM HA3EMHON CTEPEOCKOIIMYECKOM ChEM-
KM U eé JajbHeiIrel o0paboTKkM B IPOrpaMMHOM KOMILIeKce Agisoft
PhotoScan c 1espro mosryuerns [IMM (1idpoBbIX MofesIeit MECTHOCTH)
3a HECKOJIBKO JIET.

IloneBrie paborwel ObLIM paszmesieHsl Ha asa arama: GNSS (Global

19



St. Petersburg, Russia, 17-19 May 2018 Theory and Methods of Polar Science

Navigation Satellite System)-cbéMKa OMOPHBIX TOUYEK W CTEPEOROTO-
chbeMKa JienHnKa. Kamepasabable paboThl BBHIIOJIHAINCH B TPU JTAIla:
BBIUMCJICEHNE KOOPAMHAT OIIOPHBIX TOYeK, 00paboTka crepeodororpa-
duit u mosryuenne [IMM, cpaBHeHMe 1 aHA U3 TT0JTyUYeHHBIX [TMM.

OIIPEAEJIEHUE KOOPJIMHAT OIIOPHBIX TOYEK

KoopauunpoBaHue OMOPHBIX TOYEK IIPOBOIMIIOCH KOMILIEKTOM OIHO-
yactoTHbix GNSS-npuémunros Trimble R3. Cremra mmposoguiace 6e3
IITATHBA, AHTEHHA Pa3MellaJiach HEeIOCPEICTBEHHO HA KOOPAUHUPY-
emoii Touxe. Mamepenus mposoguiauch B pexume «Fast Static». Mu-
HUMAaJbHOE KOJMYECTBO BpeMEHN M3MepPeHNi Ha TouKe (IPU HAJIWINN
CHUTHAJA OT 6 CIIyTHHUKOB 1 6os1ee) — 15 muH. J[omoIHATEIbHO IIPOBOIN-
Jach oTocheMEa OImopHoi Tourn. [Ipu aToM Ha Kaape purcrpoBaiach
«CUTYyaIs» BOKPYT, IJId 00JerdeHus II0C/IeAYIOIIero IOMCKa OIMOPHOM
TOYKHK Ha cTepeooToCHUMEAX. BEIOODP pacIosomeHus OIMOPHBIX TOYEK
OBLIT 00YCJIOBJIEH HECKOJIBKUMHE (PAKTOPaAMIU:

e paBHOMEPHOE paCIIpe/iesIeHIe TOYEK 10 IIOBEPXHOCTH KapTorpadu-
pyemoro o0beKTa —Jie HuKa. TOYKN PacIIoIOKeHBI KaK HA (DPOHTE
JIEHUKA TaK U B €r0 THLIIOBOH YacTH, 0c000e BHUMAHUE Y IeJIAI0Ch
PACIIOJIOKEHMIO TOUeK Ha 3aHeM IutaHe (B THLIIOBOM YaCTH JIe-
HUKA), T.K. C yJaJeHHeM OT TOYKH (POTOrpadprpoBaHMs BO3pacTaeT
TOTPEIITHOCTE OIIPeIeJIeH KOOPIMHAT 0 (DOTOCHUMEKAM.

e yBepeHHAas JeNU(pPUPYEeMOCTh OMOPHBIX TOUYEK HA (POTOCHHUM-
kax. B rKadecTBe OMOpPHBIX TOYEK, KAK IIPABUJIO, BRIOMPAJIHCH
KpyHHble KaMHU (TJIBIOBI), BBIIEJIAONIecsT Ha (poHe MMOBEpX-
HoCTH JieqHUKA KoJka, IMOKPHITON 00JOMOYHBIM MATEPHAJIOM.
CToUT OTMETUTD, YTO OIPEIeIeHIe OIIOPHBIX 00BEKTOB (KaMHell)
CJIeJlyeT BBIIOJIHATH 3apaHee IPU PEKOTHOCIIUPOBKE, T.K. IIPHU
MPOXOKIEHUHN MapIIPyTa OBIBAET TPYIHO OIIEHUTH BO3MOYKHOCTD
TIOCJIEIYIONIETO JeNTNpPUPOBAHUA HA CHHUMKE TOTO WU WHOTO
ramus. JlomomHuTeTbHAS MAapKUPOBKA (HAIIPUMED KPACKOL)
OTIOPHBIX TOYEK He IIPOBOJUIACH, T.K. HU3MEPSIUCHh KOOPIUHATEI
yIJIOB (BEpIIWH) KaMHel, KOTOpble OTYETIMBO MOYKHO OIIpeje-
JIUTH Ha (DOTOCHUMEKE C TIOTPENTHOCTRI0 He Oosiee 3 TUKCeIe

e JOCTYIIHOCTH M 0€30IIaCHOCTH IIPK BEINOJHEHUN W3MEpeHUM.
OrmopHbIe TOUKH HAXOIATCS B Ielei qoctynHoctr. [Tpu mpoxosk-
JIeHUH MapIIPyTa UCKJII0YAJIOCH IOMTaJaHe B 30HbI KAMHEIIa 0B
obOpaasyroImxcsa Ha 0KHOM ckJioHe Kasbekcko-/[:xumapaiickoro
MAaccuBa.
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Cxema pacriosioskeHus OmopHBIX Touek B 2016-2017 r. mpuBegeHa Ha
puc. 1

Puc 1. Cxema pacmososxenuss pationa pabor: I—oOmopHbBIE TOUKH; 2— PaCIOJIOMKe-
HUe TOYeK CTePeodOTOCHEMKY; 3— IPAHUIIBL JIETHUKOB.

Brrumcienme koopauHAT OTIOPHBIX Touek Ha asuruticonge WGS-84 mpo-
BOAMJIOCH B JIBA arama. Ha mepBoM arame OT JeHCTBYIOIHUX 0a30BBIX
crauruit GNSS ObLIH BBIYHCITEHBI KOOPAWHATHI AHTEHHBI TPUEMHUKA
(«0a3p), a HA BTOPOM dTalle OT «0a3bD» BBIUUCJISJINCH OIOPHEBIX TOUEK
(«poBepar). TouHOCTD ITOJIyUYeHHBIX KOOPAUHAT OIIOPHBIX TOYEK He Ipe-
Boiraer 0,30 m B tare u 0,5 M II0 BBICOTE, YTO corjiacHo [1] cooTser-
CTBYeT TOYHOCTH IIyHKTOB ILJIAHOBO-BBICOTHOTO 000OCHOBAHMS MacIiTadba
1:5000.

MNOPOBAA HASEMHAA CTEPEO®OTOCBHLEMEKA

CrepeodorocheMKa BBIIOJIHAIACH IUQPPOBON 3epPKAJILHON KaMepoit
Canon EOS5D Mark II. Ucnonbsosasca oobexktus Canon 50 mm /1.8
¢ (PUKCUPOBAHHELIM (POKYCHBIM PACCTOSHUEM.

CpemMka TPOBOAMJIACHE B pekuMe mpuopureTa muadgparmer (Av)
¢ MakKcUMaJbHBIM auadparMeHHBIM YHCJIOM JJis I[IPeI0TBpAIIle-
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HUS «pa3MbiBa» 00beKTOB. DOKyCHPOBKA OCYIIECTBJISAIACH B Pyd-
HyIo» Ha O0eckoHeuHocTh. [Ipu sumavenmsax ISO me Gosee 400, ocse-
MIEHHOCTH O0BEKTa IT03BOJISIJIA BBIMOJHATH CHEMKY C BBIIEPIKKON
1/250-1/500 ¢, mmoaToMy CheMKa IITPOBOIHJIACH 0€3 MCIIOJIb30BAHUS
mratuBa. PoTochEMKA ITPOU3BOIUIIACH C IIPOU3BOJIBHBIX 0a3HCOB,
pAacIoJIoKeHHBIX Ha oporpaduyuecKky JIeBOM MopeHe Jemuuka Komka
u Ha xpebre, pasmessomem qoauHbl JeaguukoB Koaka u Illay. Tou-
KU ChEMKHN BBIOMPAJINCHh MCXOISA M3 yCJIoBUl MecTHOCTH. OCHOBHBIM
TpeboBaHMEM SBJIAJIOCH OTCYTCTBHE (MJIM MUHUMAJbHAS IJIOMIAIb)
00BEeKTOB HA IlepeaHeM ILJIaHe KaJpa, IPU 9TOM PACCTOSHUIE MEKIY
TOYKAMHU CheMKHU cocTaBsissio mernee 100 m. Hampasienue chemru
BBIOMPAJIOCH TAKUM 00pas3oM, YTOOBI IIOKPHITH 00BEKT ChbEMKU MAKCH-
MAaJIBHBIM KOJIMYECTBOM CTEepPeoIap CHUMKOB. B HEKOTOPBIX CJIydasix
C OJTHOM TOYKH CHEMKHU BBIIOJHAJIOCH poTOrpadupoBaHue B PA3HBIX
HapaBJIeHUIX.

ITo cyTu mpoBeméHHBIE PAaOOTHI IIPEACTABISIOT COO0M KOHBEPTEHTHYIO
M POBYI0 HA3EMHYIO CTepeodoTOCheMKY ¢ MaJibIMu Oasucamu. Tpe-
0OBAHUS C IPOBEIEHUIO CHEMKN OBLIN B3ATHI M3 PYKOBOICTBA II0JIB30-
BaTeJssa mporpammuoro obecrreuenust Agisoft PhotoScan [4]. Bo Bpems
cpéMmin npu nomomu GPS mHaBuraropa gpuECHpoBaIHCh KOOPIMHATHI
CHUMKOB, KOTOPBIE B IIOCJIEACTBUIN OBLIN 3aHECEHBl B MeTaJaHHbIe H30-
OpasKeHMn.

IIOCTPOEHUE MOJEJIN JIEJTHUKA

O6paborka dororpadguili IIPOU3BOOUIACE B (POTOrPAMMETPHYECKOM
mporpammHaoM Komintekce Agisoft PhotoScan [4] u OpL1a pasmenena Ha
HECKOJIBKO 9TAIOB:

1) IIpegsapuTesibHOE aBTOMATH3UPOBAHHOE BBIPABHUBAHUE (POTO-
rpadui

2) PaccraHOBKA OIIOPHBIX TOUEK W ONTUMU3AINS BEIPABHUBAHUS

3) IlocTpoenue miorHOrO 0OOMaKa TOoueK, mocrpoenue [IMM, cosma-

HHUe OpTO(i)OTOHJIaHa 9KCIIOPT JAaHHBIX JIJIA IIOCJIEAYIOIIEero aHa-
Jir3a.

Crowutr OTMETHUTH, YTO BCe 9TaIlbl 06pa6OTRI/I, KpoMe paCCTaHOBKH OIIOP-
HBIX TOYEK, IIPOU3BOAATCA aBTOMAaTHUYE€CKU U MOT'YT OBITH 3allynieHHbI
B pexrume ImaKeTHON O6pa6OTRI/I, YTO 3HAYUTEJIbHO COKpaIimaeT TpyHao-
3aTparThl.
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Puc 2. Mogesnp mequura ¢ omopubiMu Toukamu (Bun B cropony Kasbercko-/lxmnma-
paricKoro MaccuBa).

O6paborka cTepeodOTOCHUMKOB IIOJIyYEeHHBIX ¢ 0a31COB, PACIOJIOMKEH-
HBIX Ha OOKOBOM MOpeHe M Ha XpebTe BHIMOJIHSAIACH B PA3HBIX OJIOKAX
C TIOCJIeTYIOIIEH CITUBKOM B eIMHYI0 MOjiesib. [lorpenraocTr ypaBHUBA-
Hust porocHUMEKOB B Agisoft PhotoScan mo ommopubiM ToukaM He ITPEBHI-
maior 2,3 m B mare u 0,7 m mo BeicoTe. JIJIsT OI@EHKH TOYHOCTH IIOJIY-
gyenHbIx [[MM mpoBoauiioch cpaBHeHUE 3HAYEHUI BBICOT U3MEPEHHBIX
reogmesndyecknmu GNSS-npuémunkamu u [IMM. [Tonyuernnsie pe3ysib-
TATHI O3BOJISIIOT TOBOPUTH O TOM, YTO II)POBAasi Ha3eMHasi crepeodo-
TOCHEMEKA MOKET UCIOJIb30BaThesA ipu cozfgauuu [{MM c¢ TourocThI0 110
BBICOTE 110 1,5 M.

AHAJIN3 ITOJIVIEHHBIX TAHHBIX

PesympraTer 06paboTku crepeodoTocHUMEOB (MOHe b pesibeda B opTodo-
Toriad) OeuTH aKcrioptupoBaHbl B opmar GeoTIFF, koropwrit momiep-
skmBaerca OosbmmecTBOM ['MC-makeros. Ilocie mocrpoermss IIMM 1o
pe3yJibTaTaM ChbEMKHM 38 KaKIbIH T0JT, ITPOBOIMIIOCH X CPABHEHWE B IIPO-
rpamvuoM Komintekce QGIS2.18. C ucroms3oBanmem naerpymenta Profile
Tool OBLIH ITOCTPOEHBI IIPOIOJIHLHBIN U IOIIePeYHbIe IPOQuIn (puc.3).

Ha ocuose pesynbraroB cpasuenusi IIMM, BBIIOJIHEHHOTO B MOIYyJIe
«Kapkyiiarop pacTpos» OBLIM CO3TAHBI KAPThl M3MEHEHUS IOBEPXHO-
cru JegHuka (puc 4).
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Puc. 3 Ilpodmnu mosepxuoctu seauura Konka B 2014—-2017 rr.

Brrunciienue o0néma ocyiectBiisiiock B MoayJie Raster Volume mpo-
rpammHoro npmirokenus SAGA (2.3.2), Buenpénuoro B obosiourky QGIS.
3a mepuoy 2014—2016 rr. 00bEM HAKOILJIEHUS JIEJOBO-00JIOMOYHOTO Ma-
TepuaJjia B IIUpKe JIeMHUKa cocTaBuia 3,4 + 0,5 MuH. Ky6 M., a 3a IIepuo/I
2016-2017 rr. 4,0 + 0,5 MuH. Ky6.M
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Puc. 4 Kapra namenenus nmosepxuoctu jgeauura Koaxa B 2014—2017 rr.
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CPABHEHHUE C IPYI'MMU METOIAMHA
TOIIOT'TPAONYIECKOU CbEMKH

B 2014 r. cpémra moBepxHocTH geaHuka Koska oqHOBpeMEHHO BBIIIOJ-
HSJIACh HECKOJBKHUMU METOJAMU: CTEePEOTOMOTPA(PUIECKIM, TaXeoMe-
TpudeckuM, Irdposoii aspodorochémroii ¢ BITJIA [3].Haubosiee Tounbie
(mo 3 cm) m mompobubre IIMM 1o/IydeHbl ¢ UCIIOIL30BAHKEM adpodoTo-
cbéMEHn, ogHako mpuMenenre BIIJIA B ropHoif MECTHOCTH IOCTATOUHO
3aTPYIHEHO M3-32 METEOPOJIOTHYECKOro haKkTopa (CHIIBHBIE TIOPHIBEI Be-
Tpa, HeycToiunBasi mmorofa). [Ipu BBITTOJTHEHUS TAHHOTO BHAA CHEMKHU
JIOCTATOYHO BBICOK PHCK «IIOTEPID CHEMOUYHOr0 000pymoBaHus [5].

TaxeomerpuyuecKkuii MeTOM MO3BOJISET IIOJIYYUTb TOUHBIE KOOPIUHATHI
CHHUMAaeMBIX TOYEK, HO OTPaHWYEeH B MX KOJHUYECTBE. 34 CHEMOUHBIN
JIeHb BO3MOYKHO IOJIYIUTH HECKOJIBKO COTEH TOYEeK, II03TOMY KapTorpa-
dupoBaHme 371eMEHTOB IOBEPXHOCTH OCYIIIECTBJISIETCS B KaMepPaIbHBIX
YCJIOBHUAX C IIOMOIIIBIO IIPOPHICOBKU TOPU3OHTATIEH.

Merto/1 CIIyTHUKOBBIX OITPeIeIeHUI MCII0JIb30BAJICS TOJIBKO JJIST KOOP-
IUHUPOBAHUS OMOPHBIX W IIPOBEPOYHBIX TOYEK ILIAHOBO-BBICOTHOTO
0bocHOBaHHUA a3podoTo- U crepeorormorpaduyueckoil crémin. Kcross-
30BaHMe TAHHOTO METOJIA JIJIsI ChEMKH ITOBEPXHOCTH JIETHUKA SBJISIETCS
He IIeJIeCO00Pas3HBIM, T.K. M3-3a CJIOMKHOTO pelibeda IIPUXOIUJIOCH OBl
JlesaTh TUKETHl Ha paccToduuu 10 20 M, TP 9TOM 00IIast MPOTIKEH-
HOCTh MAapIIPYTOB CHEMKHU COCTABHMJIA OBI 0K0JIO 30 KM, a TaK:Ke BBUILY
TPYIHOIOCTYITHOCTHA HEKOTOPHIX 30H JIETHUKA.

SARKJIIOYEHUE

B xone mosreBrbix pabor, npoBenéuubx B 2014, 2016, 2017 rr. HA JIegHH-
ke Kosika, Ob1a ampobrpoBaHa METONUKA HA3EMHOI CTepeodoToChEM-
KM C IPOM3BOJILHBIX 0as3mcoB. MaTtepuasbl JaHHON CHEMKU TO3BOJISIOT
TOJIyYUTh ITUQPPOBBIE MOJIEJIN TOPHONH MECTHOCTH, TOYHOCTH KOTOPBIX
coorBercTByeT kapram macirrabda 1:10000 u kpymaee. OgHAKO ciiemyer
0o0paTUTh BHUMAaHMWE Ha HEIOCTATKHU HCITOJIHE30BAHMUS TAHHOM METOIUKA:
HAJIMYWe «TeHEeBBIX» 30H, M300paskeHne KOTOPBIX He IIOMAaJI0 HA Kapbl,
COOTBETCTBEHHO MOJIeJIb pesibeda B 9TUX 30HAX WHTEPIIOJIUPYETCS U 3a-
YacTyIo He COOTBETCTBYET JIeHCTBUTEILHOCTH, HAKOILIEHUE TTOTPEIITHOCTH
oIIpeeIeHusI KOOPIUHAT TOUYEK II0 Mepe YIATEHUS OT TOUKH ChHEMKH; Ha-
amune 1edeKToB opTodOTOIIaHa HA TJIOCKHME YYaCTKU MECTHOCTH, CHS-
THIE TIOJ OCTPBIM yryioM. Mcrosib3oBaHmMe TaHHON METOOUKM Hamnbosee
11eJIeCO00PA3HO P MCCIIESOBAHUM OBICTPOM3MEHSIOIINXCS, OOJIBIIINX 110

25



St. Petersburg, Russia, 17-19 May 2018 Theory and Methods of Polar Science

O6’béMy 00BEKTOB B I‘OpHOﬁ MECTHOCTH, IIOBEPXHOCTH KOTOPBIX ITI0O3BOJIAET
BBITIOJIHATH aBTOMATHU3UPOBAHHYIO 06pa60TRy CTEepPEeOCHHUMEKOB.

CpaBHeHIe IIOJIYYEHHBIX BXOJle HA3EMHOM CTEPEOCKOITMYECKON ¢oTo-
CBEMKH MoOJIeJIel pesibeda MoKa3asio, uTo a3bik Jenuunka Koaka 3a me-
puox 2014—2017 rr. mpoABUHYJICS BHU3 II0 JIOJIUHE B cpeHeM Ha 50—
70 m. O6mmit 00béM Jteguuka B mepuos ¢ 2014 mo 2017 rr. yBermuniics
Ha 7,4 +1 MuH. Ky0. M.

BIIATOJAPHOCTH

PabGora Bemmonzena npu gpuHancoBoi mognepskre PO, npoexr 18—
05-00520. Astop Omaromaput Ilerpaxosa J.A., B.H.c. Kadeapsl IiIda-
ITAOJIOTUU U KPUOJIUTOJIOTHU Teorpaduyeckoro daxyabrera MIY mwm.
M. B. JIomoHO0COBa 3a IIOMOIIE B IIOATOTOBKE MaTepHasia, 3a IIpeIoCcTaB-
JIEHHY0 BO3MOXHOCTD YUYaCTBOBATDH B OKCIIEIUITHASIX ¥ 000PYI0BAHHIE UC-
OJIL30BAHHOE IIPU MOJIeBLIX paborax; Tyrybamuny O.B. B.H.c. 1abopa-
TOPUU a9POKOCMHUYECKUX METOJ0B reorpadudueckoro daxyaprera MI'Y
um. M. B. Jlomonocosa, Jpobeimesa B.H. corpynanrka Bragukaskas-
CKOT'0 HAYYHOTO IIEHTPa 34 IIPeI0CTABJIEHHOE T'e0Ie3nuecKoe 000py/I0-
BaHME U IIOMOIIb Ipu 00paborke GNSS nsmepeHuii.
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IDENTIFICATION OF THE HEAT FLUX ON THE
SURFACE OF SOILS FROM THE TEMPERATURE
MEASUREMENTS

NIAEHTUOUKANINA TEIIJIOBOI'O IIOTOKA
HA ITIOBEPXHOCTHU I'PYHTOB 110 BAMEPAM
TEMIIEPATYPBI

T.A. Adbanacsesal, II.II. Ilepmarxos'?, C.II. Bapnamogs?,
II.H. Cxpsadusn!

! MuctutyT Mep3noroseneHus CO PAH, Skytck, Poccust
2 MHerutyT dusuko-rexHudeckux npobdiem Cesepa CO PAH, Skyrck, Poccus

AnHOTanusa

OLIeHKa TEePMHUYIECKOI'0 COCTOSAHUA MEP3JIBbIX I'PYHTOB B CBA3U C UIBMEHEHUEeM KJIN-
MaTa U TeXHOIreHe3eM ABJIAeTCA a}cTyaanofI 3ajjavyent B T'€OKPHUOJIOTHUHU. B cBsizu
C 3THUM IIPEeJIOKEH HOBBIT aJITOPUTM OIIpeaesiIeHUs TeIIJIOBOI'O II0OTOKAa Ha II0BepX-
HOCTH T'PYHTOB, I'leé JOCTOBEPHOCTHL YHCJICHHOI'0 MOJEJIMPOBAHUA TEPMHUYIECKOI'0
peruMa I'rpyHTOB JOCTUT'AETCsA COBEPIIEeHCTBOBAHUEM I'DAHUYHBIX yCJ'IOBHﬁ.

B JIaHHO! cTaThe paccMaTpuBaeTCA aJITOPUTM I/IHBHTI/I(bI/IKaLII/II/I TeIlJIOBOI'O IIO-
TOKa Ha IIOBEPXHOCTH I'PyHTAa, I'le PeIleHHe OCYIIEeCTBJIAETCA CIIeIIMaJIbHBIMU
PEeryjadpu3upyIoIInMUy aJropuTMaMy, T.€. HCKOMOe pellleHrne 3aa49Yi HaX0qUuTCa
U3 MUHHMYyMa (byHRLH/IOHaJIa HeBsA3KU. B kadecrse BXOOHBIX JAaHHBIX, 68pyTCH
SKCIIEepHMEeHTAaJIbHbIe U3MepeHud TeMIlepaTyp I'PYHTOB.

HpI/I YUCJIEHHOM MOIEJIMPOBAaHHUU HCIIOJIB30BAH I/ITepaL[I/IOHHbel aJIrOPpUTM pe-
TyJadpu3anyu OJIsd BOCCTAHOBJIEHUA MCKOMOI'O ITapaMmeTpa MaTeMaTHUIeCcKOu Mo-
JeJd TeIlJIOIIPOBOJHOCTU B MEP3JIbIX I'PyHTax. PeSyJ’IbTaTH BBIYUCJINTEJIBHBIX
OKCIIEpHMEHTOB IIOKA3bIBAIOT BBICOKYIO SfbcbeRTI/IBHOCTL MeToga I/ITepaTI/IBHOfI
peryjadpu3anuyl 1 BOSMOMXKHOCTE pPeIlleHHnsI C ero IIOMOIIIBI IIHMPOKOI'0 CIIEKTpa
HeJMHEWHBIX 3a0a4.

KiroueBsie ciioBa: mepsibie rpyHTbI, TeMIeparypa IpyHTOB, 0OpaTHas 3a/a4a Teruio-
IIPOBOJHOCTH, TEILIOBOI MOTOK.

Beenenue

Hapytenus mpupoaHbIx ycsioBuit (BEIpyOKa Jieca, yaaJleHue CHEeKHO-
ro W HAIIOYBEHHOI'0 MOKPOBA, Pa3BUTHE PACTUTEJIHHOCTH) IIPUBOIAT
K M3MEHEHUI0 TEeOKPUOJIOTUYECKUX YCJIOBUM, PA3BUTHUI0 HETATHUBHBIX
KPUOTEeHHBIX ITPOITECCOB YTPOKAIOIINX YCTOMYUBOCTH MHIKEHEPHBIX CO-
opysxeHuit. JIJIa ducIeHHOro IIPorHo3a mporecca IIpoMep3aHus U IIpo-
TAWBAHUS MEP3JIBIX TPYHTOB HEOOXOIUMbI UCXOJHbBIE TaHHbIE, KaK Ha-
JaJabHble, TAK U IPAHUYHBIE YCJIOBUA. [IpaBUIILHEIN BHIOOP MCXOIHBIX
JTaHHBIX TEILJI000MEHA ITOBBIIIAET JOCTOBEPHOCTD IPOTHO34a.
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B peaspHBIX yCHOBUAX IPpaHUYHOE YCJIOBHE HA IIOBEPXHOCTH 3aBUCHUT
OT MHOTHX IIapaMeTPOB: PACTUTEILHOCTH, CyMMAPHON COJHEYHOM pa-
IUAIAH, aJb0e0 MOBEPXHOCTH, CKOPOCTH BETPA, BBHICOTHI CHEra U T..,.
BoccrasosiiennemM rpaHUYHBIX YCJIOBUM HA MEP3JIBIX TPYHTAX 3aHUMA-
JINCH MHOTHE HCCJIeN0BATe N, HO IIpobiiema ocraercss oTkpeiToin ([Tas-
JI0B # 1p., 2010).

Boccranosiienne TIpaHUYHBIX YCJIOBUM OTHOCHUTCS K KJIaccy HEKOp-
pextubix 3ama4u (Camapcruii, 2009). Perenrme ocyIecTBIIsseTcs CIIeIiu-
AJBHBIMHU PEryJsApusupyomuMu  ajaropurMamu  (Anudanos u 1p.,
1998; Camapcrwuii, 2009; Woodbury, 2014; Hamidreza Najafi, 2015),
HCIOJIB3YS TOIOJHUTEILHBIE 3aMephl TEMIIEPATYPhl BHYTPH HCCIIEIY-
eMOoro o0beKTa.

Mertomsl 00paTHBIX 3aJaY B IIOCIIETHNE TeCATUICTU HAILIA IIHPOKOe
IpUMEHEHNe B PA3JIMYHBIX 00JIaCTAX HAyKU ¥ mHparktuku (Anudaros,
1998). Ilenpoo maHHOM PabOTHI ABJILETCS Pa3pabOTKa METONUKU IJIS
ompeaesIeHus OJHOI0 M3 IIapaMeTPOB I'PAHNYHBIX YCJI0BUM (ILJIOTHOCTH
TEIJIOBOTO IIOTOKA) Ha IIOBEPXHOCTH MEP3JIBIX TPYHTOB, IIPOBOIA CIICIIH-
aJIbHBIE HATYPHBIE KCIIEPUMEHTHL.

ITocranoBka 3agavyu U aJITOPUTM PeEIIEHU

TemmepaTypHoOe moJie MepaJIBIX TPYHTOB € y4eToM (PazoBOro Iepexoaa
IIOPOBOM BOMBI OIMCHIBAETCS CIIEAYIOIIEH 3afadell TeIIoIIPOBOTHOCTH
(upsmas 3agauva) [5, 6]:

oT* 1 0 oT" —
Pob —— = — — | A" — |,R <r<R,,0<1t<7 ,B=LN, )
¢ at " or ' or 1 <7< S nP
B
xﬁal=0,r=RN,0<rSrm, 2)
r
T (r,0)=TF(r), R <r<R,, B=LN, 1=0. (3)

rae—oadderTUBHAS TEIJIOEMKOCTh TPYHTA ¢ yueToM (ha3oBOro Iiepe-
xoza B cuekTpe Temieparyp, Jx/(kr-K);—mirorHocTs rpynTa, Kr/m3;—
Temmeparypa, H;—TemmonpoBoguocth rpyHTa, BT/(M-K),—Bpems,
C;— IIPOCTPAHCTBEHHAS KOOPAWHATA, M; COOTBETCTBYET IEKAPTOBOM,
MUIMHIPUIECKON U cheprudIecKod KOOpIUMHATAM;,— IPAHUIILL 00JIACTH,
M;—IIpaBoe TPAaHUYHOE 3HAUEeHNE BPeMEeHHOI0 MHTEePBAJIA.

Ha creike JABYX CJIO€B BBIIIOJIHAIOTCA YCJIIOBUSA COIIPAKECHU !
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TB|R5 =7

FE)
Ry

B B+ _—
;Lﬁai :xﬁ“aT— ,0<t<t ,B=LN-1],
a}’ R E)r Ry
rime
P (T
CB:CB(T):CEK+C,,(D§+(Ce_c.1)0‘)53 (’]—')-i_llacoaﬁgjE )’
B _wh
=20 (1) = (120 DI
: ’ I/I/() _ch

Tpebyercst BocCTAHOBUTH OJHO M3 IpaHUYHBIX ycaoBuit 11 poma Ha Jte-
BOM rpanwuiie (Ha II0BEPXHOCTH 1 €JI05) Ipu
1
0T _
or

r7le UCKOMBIM IapaMeTPOM SBJISIETCS PYHKITHT .

q(t), r=R, 0<t<7 (4)

m?

JlJ1s1 BoccTaHOBJIEHMST MCKOMOTO HapaMeTpa HYsKHBI JOIOJTHUTEIbHBIE
3aMephl TeMIIepaTypPhl BHYTPH HCCJIEyeMOoro oopasiia

T(r1)=T"(1), i=ln, 5)

>"m*
1€ —4YHNCJI0O YCTAHOBJICHHBIX TEPMHUYCCKUX JaTYNUKOB.
Jaunuyio samgady copMmyaupyeM Kak 3agavy ONTUMAJILHOIO yIIpaBJie-
HUSA: HAUTU PYHKIIAO U3 MEHIMYMA 11eJIeBOT0 (DYHKITMOHAIA

T,

o

7w)= 3 [n, ()T (5:0)-1 (5.7)) as ©

i=l o
o R
IJle—BeCOBBIe MHOMKUTENH ¢ pasmepHocTsio K¢ T(r,1),T(r,1) —
pacueTHAd U 3aMepeHHAsA TeMIIepaTypHI B i-il TOUke Mep3JIoro MacCHBa.

['panmunast obparHas 3amaya TPOMepP3aHUS — IMIPOTAUBAHUS MeP3JI0-
T0 TPYHTA SIBJISETCS HEJIWHEHHON, 1 MUHUMHU3AIHUS (PYHKITMOHAIA He-
BSI3KHU OCYIIECTBJISIETCST METOJOM COIPSIKEHHBIX TPAIUEHTOB, KOTOPHIH
OTHOCUTCS K KJIACCY UTEPAITMOHHBIX PETyJISPU3UPYIONINX UNCIEHHBIX
aysroputmoB [1].

Hckomasa dpyHKIMA MoxkeT OBITH ompeieieHa IIyTeM MUHUMU3AILIU
dyurIOHAA (6) TPAIHEeHTHBIMEI METOIaMU:
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u=u -B,S’, s=0,1,...,
s =0 (uw)-y,8", §" =), v, =0. (7)

Koaduriment, ompemensomuii riryOUHy CIIyCKa IIPU IIepexoje K ciie-
IYIONIEeMY IIPUOIMKEHUI0, HAXOIUTCA U3 YCIOBHUS

rﬁlZiOnJ(us —BS‘). (8)

[Tapamerp 3amaercsa pasJMYHBIMU CIIOCO0AMHU B 3aBUCHUMOCTH OT
CBOWCTB 11eJieBoro pyHKIMoHasa. Tak, HampuMep, eciii BTopas Ipous-
BogHasa qpyukima mo Opelre U3MeHsETCS MaJIo, TO IIAPAMETP 3a1aeTCs
o popmyie

(s r(,,s-1 r(, s
y __(J (u ),J (u )—J (M ))qu (9)
s ’ s 2 )
J (u )Rmo
ECHI/I MI/IHI/IMI/I3I/IpyeM131ﬁ d)yHKHI/IOHaII 6HI/I3OK K KBaJIpaTUIYHOMY, TO
OIIpenesdeTcsd 110 BEIPpaXKEeHHUIO
.(ux)z
e (10)
s (st 5 N
VA

Uctonbayst mpenmoskennsiit agroputm (1)—(10), ocyiiecTBIeHO YmC-
JIEHHOE OIIpejieJIeHre IJIOTHOCTHU TEIJIOBOTO MTOTOKA HA ITOBEPXHOCTSIX
€CTEeCTBEHHBIX U OTOJIEHHBIX 9KCIIEPUMEHTAIbHBIX I1JIOIIA/IOK.

PesynbraThl u 00CyskIeHNE YUCJI€HHOTO PellleHus

ITpumep 1. Paccmorpeno BiausiHUE BOCCTAHOBJIEHUS IIJIOTHOCTH TEILJIO-
BOTO TIOTOKA IIPU PA3JIMYHBIX HEOJHOPOTHOCTAX T'PyHTA. ['pyHT cOCTO-
WUT U3 MATU CJIOEB, TJIe PA3MeIleHbl TePMUYECKUe JAaTIYNKU Ha Pa3HBIX
riryomHax. B peasibHBIX yCJIOBUSX MCXOTHBIE TEIJIOPU3UUECKIE U MeXa-
HUYECKHEe XapaKTePUCTUKN T'PYHTOB 3aaI0TCA C HEOIIpeIesIeHHOM IIo-
rpenrHocThio. [lesrbio YrcIeHHOT0 MOIETUPOBAHUS SIBJISETCA U3yUeHne
BJIUSTHUS TTOTPEIITHOCTH BXOAHBIX JAHHBIX HA TOYHOCTH BOCCTAHOBJICHUS.

Ha puc. 1 npuBemeHo BOCCTAHOBJIEHHE IIJIOTHOCTH TEILJIOBOTO ITOTOKA
IIPU PA3JIMYHBIX 3HAYEHUAX TEIIONMPOBOIHOCTH IIePBOTO cyiosd. Kak
BUJIHO W3 PUCYHKA MPU IMOHUKEHUU KOIQPUITMEHTA TEIJIOIIPOBOIHO-
CTU 3HAYeHHe TeIlJIOBOT'O IIOTOKA YBEJIMYUBAETCH, a IIPU IIOBBIIIEHUN
yMeHBbIIIaeTCs.
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Puc. 1. ITioTHOCTD TEILIIOBOTO IIOTOKA IIPK PA3JIUYHBIX 3HAUEHUSAX TEILJIOIPOBOIHO-
CTH TTOBEPXHOCTHOTO ¢JIost: 1-2 —; 3 —

B peanpHBIX yCI0BUSAX BIAMKHOCTHU IIOYBBI 3aBUCAT OT METEOPOJIOTHYE-
CKUX YCJIOBHUH, a TEIIOPHU3UIECKHEe XaPAKTEePUCTUKYN UMEIOT HeJIMHEeH-
HYI0 3aBUCHUMOCTH OT BJIasKHOCTU. Ha puc. 2 mipefcTaBiaeHbI IJIOTHOCTH
TEeIIJIOBOTO TIOTOKA IIPU PA3JIMUHBIX YCPEeTHEHHBIX BJIASKHOCTAX IIOYBEL.
W3 pucynka BUIHO, YTO IIPOIlECC BOCCTAHOBJIEHUS 3aBUCHUT OT BJIAKHO-
CTH TPYHTA.
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oktAbpb pexabpe Qespane anpenb MIOHb aBryct  okTabpb

Puc. 2. JluramMuka IJIIOTHOCTH TEILJIOBOTO IIOTOKA IIPYU PA3JIMYHBIX 3HAYEHUIX YCPe/I-
HEHHOU BJIAYKHOCTH ITOBEPXHOCTHOTO cJyiosi: 1-9%; 2—13%; 3—19%

Pacnpeaenem/m IIJIOTHOCTH TEIIJIOBOT'O IIOTOKA OT IIJIOTHOCTH TPYHTAa
IIpeacTaBJICHEI HA PHUC. 3. BI/I,I[HO, YTO IINIOTHOCTH TEIIJIOBOI'O IIOTOKA 3aBH-
CHUT OT IIJIOTHOCTH IIOYBEHHOI'O MAaCCHBA IIPU IIOBBIINIEHNH €I'0 SHAYECHMA.
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Puc. 3. JlumaMuka TeILI0BOT0 IIOTOKA IIPY PA3JINYHBIX 3HAUEHUS ILJIOTHOCTH ITOBEPX-
HOCTHOTO cJiost: 1-920 wr/m?; 2—1220 xr/m?®; 3—1420 xr/m?

[Ipumep 2. PaccMoTpero BoccTaHOBJIEHHE TEIIJIOBOTO IIOTOKA HA CTAIIH-
omape Tyiimaana. HauanbHoe paciipenesieHre TemIiepaTypbl COOTBET-
cTByeT (paKTUUeCKUM HAOJIIIeHUAM Ha cralrmoHape. B kauectse mmpu-
BeJIeHbI H3MepPeHUa TeMIepaTypsl Ha riryouHe 0,2 m.

IIpuBenen rpadur BOCCTAHOBJICHUS TEILJIOBOI'O IIOTOKA HA IIOBEPXHO-
CTH Pa3HOTPABHOIO JIyTa M OroJIeHHON romanku (puc. 4). s pucynka
BHJHO, YTO HA OTOJICHHOM ILJIOIIAJKE IIpollecc IpoMep3aHud (KpuBasd
1) mmer GoJiee MHTEHCHMBHO B 3MMHEE BpeMsd II0 CPABHEHUIO C paas-
HOTpaBHEIM JyroM (KpuBas 2). B mapre—ampene nmer MHTeHCUBHOE
MOCTYILIEHHE TEIJIOBOTO IIOTOKA HA OrOJIEHHOM ydYacTKe, a B JIeTHee
BpeMs HMHTCHCHBHOCTHL IIOTOKA IIPAKTHUYCCKH OJMHAKoBa. Kpusaa 3,
OTPAKAIONIA IJIOTHOCTD TEIIJIOBOI'O IIOTOKA II0 MHOTOJICTHUM JAHHBIM,
ompeesieHa YHCJICHHBIM METOIOM II0 JAaHHBIM TeILI00aIaHCOBOr0 Ha-
omomenns (Ilasmos, 1979). M3 pucyHKa BUIHO, YTO B 3UMHEE BpeMs
a0CcoJIIOTHOE 3HAUYeHHe TellaoBoro moroka 1o maHueiM A. B. Ilasiaosa
HISKE TI0 CPABHEHUIO C peayabTaTaMy Halux Habmomerni. [lpu otom
MHTEHCUBHOCTL TEILJIOBOI0 IIOTOKA 3aBHCUT OT TEILJIOM30JIAIIMOHHBIX
CBOMCTB CHEra, KOTOPHIH OIIPeIesIaeTcss BEICOTOM, IIJIOTHOCTBIO 1 CTPYK-
TypO#l CHEXHOTo IMOoKpoBa. CTPyKTypa CHEMKHOI0 MOKPOBA 3ABHCHUT OT
ILJIOTHOCTH, TEMIIEPATypPHI, BOOAHOIO Hapa M T.O. B jeTHuil mepuon
ILJIOTHOCTH TEILJIOBOT'O IIOTOKA CHJIBHO He OTJIMYAIOTCA M3-3a 3aTEHSIO-
IIUX BIASAHUNA PACTUTEIHHOCTH.
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3akaoueHue

IIpennosxkeH HOBBIN aJITOPUTM OIIPeAesIeHUsT TEIJIOBOTO IIOTOKA Ha II0-
BEPXHOCTU T'PYHTOB, IJle JOCTOBEPHOCTH UMCJIEHHOI'O MOIEJIUPOBAHUSA
TEPMUYECKOT0 pPeRUMa TIPYHTOB JOCTHUTAEeTCS COBEPIIEHCTBOBAHUEM
TPAHUYHBIX yCJIOBUU.

JlocToBEepHOCTE BOCCTAHOBJIEHUS IIJIOTHOCTU TEILJIOBOIO IIOTOKA CHUJIBHO
3aBUCHUT OT TEILJIOPU3UIECCKUX U MEXaHNUECKUX XaPAKTePUCTUK, BJIAK-
HOCTH IIOACTHJIAIOIINX TPYHTOB. ['010BO# X0 TEIJIOBEIX IIOTOKOB OIIpe-
neJssieTcsa TUHAMUKON ITapaMeTPOB CHEKHOTO ITOKPOBA U TEMIIEPaTyPhI
BO3ayXa.

IIpennosxkeHHyl0 METOMMKY BOCCTAHOBJIEHUS TEILJIOBOTO IIOTOKA
B MeP3JIBIX TPYHTAX, IIPU MOIEJINPOBAHNH TEPMUIECKOI0 COCTOSHUSA Y-
0aHM3WPOBAHHBIX TEPPUTOPUH MOKHO HCIIOIB30BATE IIPU MEHSIIOTITHXCS
KJIUMATUYIECKUX YCIIOBUAX.
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ABSTRACT

Uccnemosanus comepskanusa cTrabmibHbIX uaorornos (6D and 6'%0) mpoussomn-
nuck B miosie 2016-2017 rr. Ha maccuse Ilambarapas, ceBepo-samamHas MoH-
rosusi. OCHOBHOM 11€JIBI0 SIBJISLIIOCH OIIpefieJIeHre 0COOeHHOCTEN (POPMUPOBAHMS
CTOKA C BBICOKOTOPHBIX PAMOHOB C PA3BUTHIM COBPEMEHHBIM OJIEJ[EHEHUEM B Ce-
penune ce3oHa abssmuu. [lo pesymapraram MMpon3BOUMBIX PabOT OBLIN TIOJIY-
YEHBI CpeJHUEe HM30TOIHBIE XAPAKTEPUCTUKU OCHOBHBIX CTOKO(OPMUPYIOIIIX
KOMIIOHEHTOB, TAKUX KAaK JIEJHWKOBBIA JieJl, CE30HHBII CHEr HA IIOBEPXHOCTH
JIeTHUKOB, atMocdepHble ocaaku. V30TOIHBIE UCCIIE0BAHUS COIIPOBOKIAINCE
u3MepeHusiMu 00IIeil MUHEePATU3AIINY, a TAKKe TUIPOJIOTMUYECKUMU U MeTeo-
poJiorudeckuMu HaboqeHnsM. MeTo/10M U30TOHOro pasjieseHus ObLIN TOJTy-
YEHBI JIOJIM OCHOBHBIX CTOKO(OPMHUPYIOIIAX KOMIIOHEHTOB JIJISI KPYIIHBIX BOZIOT-
OKOB MaccuBa. B pedysbrare ObLIA ITOKA3aHA BBICOKAS POJIb JIEHUKOBOTO JIBJIA
B bOPMUPOBAHUY CTOKA, OBLIIN OIPEeJIEHBl PA3JINYUs B YCIIOBUAX (DOPMHUPOBA-
HUU HECKOJIBKUX BOJOTOKOB, DEPYIIMX CBOE HAYaJla Y KPYIHEUIIUX JOIUHHBIX
JeTHUKOB MaccuBa. [losydueHHble JaHHBIE 00 M30TOITHOM COCTaBE OOBEKTOB T'H-
npocdepsl MOTYT OBITH WCIIOJIB30BAHBI B JAJIBHENIINUX TIISIMOJIOTUYECKUX, TH-
JIPOJIOTUYECKUX U KJIMMATOJIOTUYECKUX HCCJIEIOBAHUSAX HA TEPPUTOPUU JIAHHOTO
parioHa.

BBEJEHHUE

B ocHOBe M30TOmHOrO MeTOIa JIESKUT OIIpeiesieHrue OTHOCUTEIbHBIX
KOHIIeHTparuii n3oromor kucaoposa (6%0) u Bomopoga (6D) B Bome[7].
Jlanubie 00 M30TOITHOM COCTABE PEYHBIX BOJ[ IIO3BOJIAIT IIOJIYYUTH
HHQPOPMALIAIO 00 MCTOUHHKAX BOALI B PeKe, pa3lesiuThb ee rumaporpad
Ha cocrasisomue[8]. Oro-Bocrounsrii Asrraii oTyimuaercss BBICOKOM
apUIHOCTHIO. BeseacTBue aToro JISMHUKN UIPAI0T 3HAYUTEBHYI0 POJIb
B (popMHpOBAHHM BOIHOIO OajlaHCA HAHHON TeppuTopumu. B mocien-
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HIe HeCKOJIbKO JeCSATKOB JieT Ha AJTae, KaK U B OOJIBIITUHCTBE TOPHBIX
cTpaH Mupa, HabJIogaeTcs gerpaganus ojiegeHenus. [lostomy nsorom-
HbI€ HCCJIEIOBAHUSA YCJIOBUU (DOPMHUPOBAHUSA CTOKA APHUIHBIX BBICOKO-
ropuii mprodpeTarT 0co0yI0 aKTyaJIbHOCTH. IloapoOHBIE H30TOITHBIE
uccaemoBanusa Ha Teppuropun IOro-Bocrounoro Asiras mpoBomgsaTCs
¢ 2013 roma[l]. B mammoi#t pabore OymyT mpelcTaBJIEHBI Pe3yJIbTAThI
SKCHeIUIIMOHHEIX pabor 2016—2017 rr. Ha maccuse [lambarapas.

Maccus Ilambarapas HaxonuTcs Ha ceBepo-3amage Morrosmu, Ha pac-
CTOAHNY HPpHOaAn3uTeIbHO B 150 kM oT rpanuisl ¢ PO u 170 kM oT rpa-
auibl ¢ Kuraem. Bepmmaa maccuBa—ropa I[lacr-Yiia mmeer BwICOTY
4203 m. ITpu masioit BeicoTe ropHOro oopamienus (oxoso 3600 M) en-
HUKHU CYIIIECTBYIOT 3a CYET BBHITOTHOM TEHEBOM U ITOABETPEHHOMI CeBepo-
BOCTOYHOI OKCIIO3UITAM, a TAK/Ke MOBBIIIIEHHON KOHIIEHTPAIIUU CHera
B kKapax. Ilo cocrossuuio ma 2015 r. Ha TeppUTOPHUU XpPedTa HACUUTHIBA-
oTes 67 JIeTHUKOB CyMMAapPHOH IIomanbo 68,41 km?, cpeaHeB3BeIeH-
Has BBICOTA (DMPHOBOM IrpaHUIlsl cocrasiser 3748 m. ITo nanHbIM MeTe-
ocrauu Basuuyp (35 KM K ceBepo-BOCTOKY OT XpebTa, Beicora 1364 m.)
cpejiHee TOJ0BOE KOJIMYECTBO 0CATKOB OYeHDb HeBeauko— 87 Mm [2].

PE3YJIBTATBI

B urone 2016 1 2017 roga Ha TEPPUTOPUH JAHHOIO MACCHUBA OBLII HAJIA-
sKeH 0TOOp mpob BOMBI, JIbJAa W CHera Ha M30TONHBIN aHaaus (ompese-
snenwne 680 u 6D). PaGorer B 2016 roay HOCHJIN PEKOTHOCITMPOBOYHBIN
xXapakrep, OCHOBHBIE paboThI ocyIecTBIamch B 2017 romy.

Bceero B 2017 roay 6p110 oTobpano 187 mpob. [Tomumo cbopa obpasiios
OBLIM HAJIAMKEeHbl BpeMEeHHbIe THAPOJOTMUECKIe U METEOPOJIOTHIECKIE
Habmogerus. OCHOBHOM IeJIbI0 JAHHOIO BHAIA PA0OOT SBJISAIOCH U3yUe-
HUe yCJIOBUI (DOPMUPOBAHUSA JIEJHUKOBOIO CTOKA B APHUIHOM KJIMMATE
ceBepo-3amnaga MOHIOIMK, a UMEHHO OIIpeIeseHue 0K TAJBIX JIed-
HUKOBBIX BO, TO €CTh BOIBI, 00PA30BAHHON IIyTeM TASHUS APEBHEro
JIEJHUKOBOIO JIbJIa, U JOJIM TAJBIX CHErOBBIX BOJI, TO €CThb BOALI, 00pa-
30BAHHON IIyTeM TASHUS Ce30HHOTO CHera Ha IIOBEPXHOCTH JISTHUKOB
maccuBa. CorjacHo 0JHOMY M3 IIOAXO0I0B B IVIALIMOTHIPOJIOTHH, 34 JIe-
HUKOBBIN CTOK IIPUHUMAETCS TOJIBKO BOJa, 00pa3oBaHHAS U3-3a TASTHUS
IpeBHero gbAa. JlaHHbIN moaxon Hanboaee IPUMEHUM B APUIHBIX BhI-
COKOTOPBSX, TAK KAK II03BOJISET CIPOTHO3UPOBATHL M3MEHEHUS B BOJ-
HOM OaJjiaHce TEPPUTOPHH IIPHU JAJbHEHIeH erpagalun oJIeIeHeHNd,
TO eCTh IIPYU COKPAIIEHUH IIOCTYILIEHU BOIBI 3AKJIIOUEHHON B JIIHU-
Kax.[3, 6]
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MaMmepeHuns M30TOMHOrO cocTaBa OBLIN OCYIIeCTBJIEeHEI B JlaGopaTopuu
u3MeHeHusa KianmaTta u okpyskawomieir cpeast AAHWN, Tounocts name-
peuuii 1o 680 cocrasisia 0,1%o, YTO JOCTATOYHO JJIS IIOJOOHOTO pojIa
ncememopaunii. Taxsxe IPOM3BOOUINCH THAPOJIOIAYECKIE H3MEpPEeHUS
HAa JBYX BpeMeHHBIX ruaporocTax. Kapra-cxema paifioHA M30TOIIHBIX HC-
ciaemosannii Ha maccuse [lambGarapas mpegcrasiena Ha puc. 1.

v
T

A v Epauannsia
TWAPOTOCTEl
Tourw oTBopa
M3DTONHBLLEX NPod

Puc 1. Kapra-cxema paiioHa mccjieIoBaHUsI ¢ TOYKAMH 0TOOPA M30TOIMHBIX TIPO6

OcHoBHBIE PAOOTHI TPOU3BOAWJINCH B OacceiiHe pexu OpertuiiH-I'os
y kpas genauka Operruiin (No 7 Ha Kapra-cxeMme) U B bacceliHe peru
Amar-Ton y kpas sequura (Ne 9 Ha Kapra-cxeme).

VY kpas senHuKa Opertuiid ObLIO BHIIEJIEHO 2 OCHOBHBIX ITIOTOKA, HA KO-
TOPBIX OBLIM 3aJioskeHbl gBa BpeMeHHBIX ruporrocra (I'TI1 u I'TI2 ma
kapra-cxeme). Pacxos Bl ©3MepsAsICcs METOI0OM MOHHOI'O ITABOIKA B IIe-
puozc 21 mo 27 mrosst 2017 roma. Ha I'TI Ne 1 mamepeHmst por3BOIUIIHCD
Tpu pasa B cyTku, Ha ['T] No 2 3a yKaszaHHBIHN mepro ObLJIO IPOU3BEIEHO
6 u3MepeHUli pacxoaa BOILI B pasHoe BpeMs cyTok. Kaskmnoe namepenue
pacxojia COIPOBOKIAIOCH 0TOOPOM IIPOOBI Ha M30TOIIHEIN aHAINS.

Ha puc. 1 BHUOIHO, YTO BHE 3aBHCHUMOCTH OT pacxoJa U BpeMeHHn 0T60pa
M30TOMHBINA COCTAB BOJBLI M3MEHAETCS HE3HAUUTEJIHHO. MosxHO BEIIE-

37



St. Petersburg, Russia, 17-19 May 2018 Theory and Methods of Polar Science

JIATH JIMIIh HEe3HAYHUTEJILHOe 00JIerdeHre M30TOIHOro cocrasa (o -15;
—15,2%0) B qHEBHOE BpeMs.

16

14

Pacxon (M?/C)
5150 (%o.)

08

06

0,4

0,2

21.07 21.07 21.07 2207 22.07 22.07 23.07 23.07 23.07 24.07 24.07 24.07 25.07 2507 26.07 26.07 26.07 27.07 27.07
Yrpo [ewb Beuep Vipo [lewb Bewep Y1po [lewb Beuep Yrpo [flews Bewep Yrpo [fews Yrpo [lews Bevep Vipo Bewep

[Marta. Bpema cyTok.

Puc 2. Pacxon 1 n3oTomusIil cocTaB Boabl Ha Tuaporocty No 1
Cron6irsr— pacxox, Boger. Jluana —§%0

Awmajsrornynasi curyanus HaO0JI0aIach W HEIOCPEJCTBEHHO y Kpas
neguuka Opertuit Ha ruaporocty No 2 (Puc. 3.). Uamenunsocts 60
B BOJle Ha HeM ObLIa TaK’Ke HEBeJWKa BHE 3aBHCHUMOCTU OT Pacxoia
BOJIBI.

V xpas neganka Ne 9 orbop mpod TaJIBIX JIEIHHKOBBIX BOJ HE COIIPO-
BOJKJIAJICST M3MEPEHUAMH pacXoja BOJBEL. B pasHoe BpeMsi CyTOK H30-
TOITHBIA COCTAB BOJBI KAK B IIOTOKE, KAK M OKOJIO JIJHUKA DperTuitH
ocTaBajics IPaKTUYeCKH HenaMeHHBIM (0T -15,2 10 —15,6%o0).

OTcyTCcTBYE 3HAUNTEIBHBIX BAPUAIIUI M30TOITHOTO COCTABA BOJLI 34 IIe-
puo HAOJIIOMEeHN TOBOPUT O TOM, YTO COOTHOIIIEHE OCHOBHBIX KOMIIO-
HEHTOB, (POPMUPYOIIUX CTOK C JIEJTHUKA, TAKUX KaK JIETHUKOBBINA JI€/T
¥ Ce30HHBIN CHEr Ha IIOBEPXHOCTH JISTHHUKA, JJIS KasKI0r0 BOLOTOKA 34
mepuoa HAOIIOIeHUH 0CTABAJIOCHh HEM3MEHHBIM,

OaHAKO 3aMeTHBI CYIIECTBEHHBIE PAa3JIMUUSI B CPEJHEM HU30TOIHOM CO-
cTaBe BOABI HA JIBYX T'HAPOIIOCTAX M B MOTOKe ¢ Jiemuanka No 9. OTo ro-
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BOPHUT O pa3dHOM COOTHOIIIEHMWHN CTOKO(bOpMI/IpyIOH_H/IX KOMIIOHEHTOB IIpH
O6pa30BaHI/II/I TaJIBIX BOM. 3Has CpeaqHue M30TOITHbIE XapaKTePUCTUKI
CHeDRHO-(bI/IpHOBOﬁ TOJIIIIX Ha IIOBEPXHOCTH JIEJHHMKA MW JIEJHHKOBOI'O
JIbJAa, C IIOMOIIBI0 YPpaBHEHNA U30TOITHOT'O OajiaEca MOKHO oIIpeaesIdaThb
J0JIN 3THUX KOMIIOHEHTOB B d)OpMHpOBaHI/II/I CTOKaA. YPaBHeHI/Ie H30TOII-
HOTO DataHca JJ1A ABYXKOMIIOHEHTHOI'O paCYJIEeHEeHUA nMeeT BUJI:

R™0.f+ R®0.f,=R™0, roe R0, —130TOIHLIH COCTaB IEPBOI0 KOMIIO-
HeHTa, f,— 0] IepBoro KoMmnoHeHTa, R'®0, n30TOmHEIH cocTaB BTOPO-
ro KOMIIOHeHTa, f,—10J1d BToporo KommoHeHTa, R'*O—pesynbrupyio-
LU M30TOIHEIN cocTaB([5].

Jlia ompenesieHus1 cpemHero M30TOIIHOTO COCTABA JIEAHMKOBOIO JIbIA
OBLJI0 0TOOpaHo 26 mpod B Pa3HBIX YACTAX SI3BIKA JIESHUKA OPerTUiH
u 25 1pob Ha gemuure Ne 9. CpegHue 3HaYeHUs M30TOIIHOIO COCTABA
HAa JBYX HCCJIeyeMbIX JIETHUKAX OKa3aJIiCh 0YeHb OJm3ku: —16,5%0 Ha
JeITHuKe JDpertuiid u —16,3%0 Ha geqauke Ne 9.

Taxsxe orOupaInch MOBEPXHOCTHEIE IIPOOBI CHEra ¥ (PUPHA B 30HE aKKY-
MYJIAIAA JIeTHUKA JPEerTHiH U 00pasiibl M3 CHEXHO-(PUPHOBOTO IITyp-
da Ha IJIOCKOBEPIIMHHOM JIETHHUKE B I0OI0-BOCTOUYHOM YaCTH MACCHBA.
CpenHre 3HaYeHUS M30TOIIHOTO COCTABA II0 TPYIIAM 00pas3IoB IIpe/l-
craBJyieHHBl B Tabsmiie No 1.

Tab6auita Ne 1. Cpenune 3HAYEHNA U30TOIIHOIO COCTABA II0 IPYIIIIaM

00paasIios
Cpennee Kosmaectro
I'pymma mpo6 5150 Juanagzos 580 1po6
T'upormoct Ne 1 -14,8 -14,6; —15,2 24
T'unpomoct No 2 -16,5 -16,2; -16,6 6
ITorox ¢ meguuka No 9 -15,4 -15,2; 15,6 15
JlenHUKOBEIHA Jies -16,4 -12,1;, -27,2 51
CuesxHO-pUpHOBAS TOIIIA -12,9 -11,8; -15,6 21
AtmocepHbIe ocamKn -10,8 -7,2;-16,8 12

B pesynbrare OBLIIO IIPOM3BEIEHO M30TOITHOE PA3JIeIeHUE M KasKI0u
TOYKM MOHUTOPHMHTA HM30TOITHOTO cocraBa. Jlomu cTokodopMupyronmx
KOMITOHEHTOB OITPEIe/ISJINCh JJIsT CPeJHUX, MUHUMAJLHEIX WU MAKCH-
MaJIbHBIX 3HaueHU# %0 pesysibTUpYIOIEro moToka. B KadecTse wc-
XOIHBIX JAHHBIX OpaJicsl CPeJHUN COCTAB JIETHUKOBOTO JIblia JIETHUKA

39



St. Petersburg, Russia, 17-19 May 2018 Theory and Methods of Polar Science

OT KOTOPOr0 HAYMHAETCS BOJOTOK U CpeIHIEe 3HAYEHHUs cHera u (pupHa
HA MOBEPXHOCTHU JIeTHUKA Jpertuitd (—12,6%0). Pesyabrat usoromHoro
pasneneHns mokasad B Tadsmiie No 2

Tabmuira Ne 2. JTosm cTokodOpMUPYIOIIUX KOMIIOHEHTOR II0 Pe3yJIbTa-
TaM M30TOITHOTO pa3eIeHus.

JleTHUKOBBIN
sen/ cHer

u ¢upH (%) o

cpemguemy 60

JleqHUKOBBIN
nen/ caer u pupH
(%) 1o MuHU-
MastbHOMY 60

JleqaukoBoro
sen/ cHer u upH
(%) mo makcu-
masbHOMYy 60

T'uapomoct Neo 1 57/43 67/33 53/47
I'unpormoct No 2 100/0 100/0 93/7
Torox ¢ rememia 76/24 81/19 71/29

Ne 9

Passmyunsa B coOOTHOIIIEHUAX CTOKOPOPMUPYIOIIUX KOMIIOHEHTAaX 00hsAC-
HSAOTCS TIPOUCXOKIEHUE BOJOTOKOB, HA KOTOPHIX ITPOU3BOIUIICS MOHU-
TOPUHT M30TOITHOTO cocTaBa. Tak BOJIOTOK, HA KOTOPOM OBLI 3aJIOKEH
rugpornoct No 1, Oeper Havas0 BBIIIE Kpasi JIEJHUKA U, COOTBETCTBEHHO,
nuTaeTcs B OOJbINEH cTerieHn (DPUPHOM U CHETOM W3 30HBI aKKyMYJIs-
mun. [lorok y xpas mequuxa Opertuita (I'mapomoct No 2) HaunHaercs
y OTKPBITOTO OT cHera si3biKka. COOTBETCTBEHHO, JT0JIST JIETHUKOBOTO JIb/Ia
B €r0 MUTAHUU 34 TePUOJ HAOTOIeHUN MPAKTUYECKH BCETJa COCTAB-
astia 100 mporerToB. Best Boma, oOpasoBaHHAst m3-3a TAasSHUS CHera
¥ (ppHA B 30HE AKKYMYJIAIINU JJHUKA OPErTHHMH MO0aaeT B IMOTOK,
aauyuHatmmwmiics Boimre (I'TI Ne 1).

Bce Taseie Bogsl siegauKa No 9 dopMupyoT euHbIi Bo0TOK. [loaTomy
COOTHOIIIEHUE CTOKOQOPMUPYIOIIUX KOMIIOHEHTOB B HEM JIOJIZKHO XOPO-
1110 OTPAaKATh yCJA0BUS DOPMUPOBAHUS JIETHUKOBOTO CTOKA JOJTUHHBIX
JIeTHUKOB MaccuBa. BumHO, 4TO M0/ cHera u (pupHa HA MOBEPXHOCTU
JIeTHUKA B ITUTAHUU TAaJBIX BOJ He mpeBbIaeT 30%, B cpexuaeM 24%.

HO JAaHHBIM aBTOMATHUYECKOM MeTeOpOJIOl"H‘IeCKOﬁ CTAaHIIUN MAaKCH-
MaJbHAS TeMIepaTypa BO3AyXa 3a Mepuoj, HaOJeHUN ITPUIILIACH
Ha 27-29 urosss. BsaumocBs3u Mesk Iy TeMmepaTypoil 1 H30TOIHEBIM CO-
CTaBOM BBEIIAJAKIINX 0CATKOB He o0Hapy:keHO. Bcero 3a Bpemst pabor
BBIIIAJIO 8 MM OCAIKOB, IIPENMYIIECTBEHHO B BUIe MOk, VI30TOmHEIM
COCTaB 0OCAJIKOB HAmMOOJIee TSKeJIBIH Cpeay BceX T'PYIIl 00pasIiioB (cM.
Tabs. 1), HO uX BKJIAT B (pOPMUPOBAHUE CTOKA TI0 M30TOITHOMY COCTABY
HeE IIPOCJICKHUBAJICA.
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Ha pwuc. 5 morasama BaammocBs3b Mesxay 60 m 6D 1mo ocHOBHBIM
rpymmnaM o6pasiios. BuaHa HM3Kas M3MEeHYNBOCTD U30TOIIHOTO COCTABA
B Tourax ero mouutopuara (I'TI Ne 1, I'TI Ne 2 1 morok ¢ nmemuuka No 9).
Taxske XOpOIIIO 3aMEeTHBI PA3JIMYNSA MEKIY U30TOIHBIM COCTABOM JIbJa
U CcHeXHO-pupHOoBOM Toamu. CHer u pUpH HA HOBEPXHOCTH JICTHUKOB
00pPa30BLIBAIMCEH B KOHILE BECHLI UJIM B HAUAJIE JIeTa U UMEIOT TSKeJIbII
HM30TOIHBIN cocTaB. JIeTHUKOBEIN Jiel, cyad mo suavenusm 0'°0, obpa-
30BBIBAJICA IIPEUMYIIECTBEHHO OCEHBIO TN BECHOM.

50 (%0)
-22 -20 -18 -16 -14 12 -10 -8
-60
@ ocagem % ®
¥ CHer Ha NOBEpPXHOCTH 70
¥ neg &
+ rnl p
u m2 80
& Motok © negruka Nod
JaeucumocTs (ocagku) &D =5,86%0- 22
JasucumocTs (cHer v dmpH) 5D = 8,060 + 13 L4 -50
3aBucumocTs (neg) &D=7,66%0 +9,7
-100
1105

-130

140

-150

-160

Puc 5. Baaumocsssb Mesxay 620 u 6D 10 0CHOBHEIM IpyIaM o0pasIioB

VYpasuenus guHeiHo! cBa3u mexay 6°0 u 6D s cuera, dpupHa 1 Jabaa
0JIM3KO K ri1o0asbHoM auHUA MeTeopHbIX Box (6D = 8 60 + 10). s 06-
PAasIioB COOBITUIHBIX OCAIKOB YIJIOBOM K03 (QHUIIMEHT ropasio HusKe. ITo
TOBOPUT O GOJIBIIIOM BJIMAHUY UCIAPEHUA HA U30TOIHBIN COCTAB 0TOMpa-
eMbIxX 0caakoB. CBSA3aHO 9TO € JOBOJIBHO BHICOKMMY 3HAYEHUSIMHU TeMIIe-
pPaTypBl ¥ HU3KOM OTHOCUTEJIBHOMN BJIAKHOCTBIO Bosmyxa. Ckopee Bcero,
B IIPOLIECCE BBIIAIEHUA OCATKOB B YKAIKOM BUIE [IPOUCXOIMIIO UX AKTHUB-
HOe HWCIIapeHVe, BBI3BIBAIOINee M30TOIMHOe (PPAKITMOHUPOBAHKE W UCKA-
sKaIolee MX M30TOITHBIM COCTAB. AHAJIOIMYHAS CUTYAIlUA HAOJIIONAeTCs
B JIETHHE MecsAIbl, HampuMep, B Axyrun [4]. Takse ucnapenue Morso
[IPOMCXOIUTD B IIPOMEIKYTOK MESKIY ITOIaaHIueM JOMKIA HA II0BEPXHOCTD
JIJIs1 0TOOPA M HEIIOCPEeACTBEHHBIM COOPOM IIPO0.
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BbBIBO/JIbI

CylecTBYIOT CYIIIeCTBEHHBIE PA3JINYUA B M30TOIIHOM COCTaBe CTOKO(Op-
MUPYIOIIUX KOMIIOHEHTOB, II03BOJISIOIINE BEIUJIEHATh UX U3 JIeTHHUKOBO-
ro croka. Taxum o0pasoM, 10JIs1 TAJION BOJABI CE30HHOI0 CHEra B IIePHO/I
HAOJIIOIeHUH pasinyHa [IJIsd TPeX U3y4YaeMbIX BOJOTOKOB MaccuBa. Jiis
KPYIIHBIX TOJTUHHBIX JETHUKOB J0JIS TAJIbIX CHETOBBIX BOJ C IIOBEPXHO-
CTH JIEIHUKOB B cepenuHe ce3oHa abisamuu 2017 roma He IIpeBBIIIaa
30%. CuemoBaTesbHO, MOYKHO CIeJIaTh IIPeIBAPUTEJILHLINA BBIBOI, UTO
IPEBHUN JIGTHUKOBBLII JIe[ UTpaeT O4eHb OOJIBIIYIO POJIb B DOPMHUPOBA-
HUH BOIHOIO OajIaHca TePPUTOPHHI.

Jiia mosydenust Gojiee IompoOHON mHQOPMAIUH 00 YCIOBHAX (Op-
MHUPOBAHUA JIEJHUKOBOIO CcToka maccuBa llambarapaB B yacTtHOCTH
¥ 0 GOPMHUPOBAHUH BOTHOIO bastaHca ApuaHbIX BEICOKOrOpHii B 1eJI0M
Heo0X0oauMBI 0oJIee ITPOI0JIKUTE IbHBIE II0JIYCTAI[MOHAPHEIE HAbJII0me-
HUsA, 3aXBATHIBAIINE PASHBIE CTAIUN CE30HA a0JIAIUMN.
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ABSTRACT

Field data on Quaternary sediments of several outcrops at Gydan Peninsula and
their comparison with literature data have revealed areas with three types of
relative sea-level (RSL) histories. At Mamonta Peninsula and Cape Khonaras-
alya, the last considerable marine transgression happened in MIS5; after that,
in MIS3—Holocene, lacusrine, boggy and alluvial deposits containing mammoth
fauna, terrestrial peat and wood debris accumulated. At Yavay Peninsula, marine
sediments of MIS3 age or younger are overlain by in situ peat formed at the end
of MIS3—beginning of MIS2 covered by Holocene lacustrine and cover deposits.
At Beliy and Sibiriakov Islands, marine sediments of MIS3 are covered by coast-
al-marine Holocene sands, giving evidence of a Holocene RSL highstand of 3—4 m.

Keywords: Quaternary sediments, sea-level, Gydan Peninsula, permafrost,
Pleistocene, Holocene

INTRODUCTION

Gydan Peninsula and islands of the Kara Sea are a crucial area for the
understanding of the stratigraphy and palaeogeography of the West
Siberian North, as they are situated in the northernmost part of the
Yamal-Gydan area, and their sediments therefore reflect the complex
history of Neopleistocene altering glaciations and marine transgres-
sions. Studies of Quaternary sediments at Gydan started back in the
second half of the XX century [9, etc.]. In 1973-1985, the Tyumen en-
gineering-geological expedition of the faculty of geology MSU studied
Quaternary stratigraphy, ground ice and modern geomorphic process-

s [14]. In 1977-1981, geological and aerogeological surveys were con-
ducted [2]. In the last years, permafrost sequences of the Yavay Pen-
insula and southern Mamonta Peninsula were described [7]. On Beliy
Island, perennially frozen Quaternary deposits and soils were studied
on the western [10, 8] and southern [1] coasts. Sibiriakov Island is
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studied relatively well [12, 5], while other southern Kara Sea islands
were visited only occasionally; detailed chronostratigraphic works be-
gan at the end of the XX century only [13, 6]. Despite existing studies,
unvisited locations and outcrops on the coasts of Gydan Peninsula and
Kara Sea islands are still numerous, and there is need of new data on
their Quaternary sediments. Therefore, the present work aims at de-
scribing several outcrops on the coasts of Gydan Peninsula and Beliy
Island for the studies of stratigraphy, age and origin of Neopleistocene
and Holocene perennially frozen deposits.

MATERIALS AND METHODS

Fieldwork was conducted in 1994 during the Russian-Swedish expe-
dition “Ecology of the tunra-1994”, 2012—-2013 during “Yamal-Arctic”
expeditions and in 2016—-2017 in expeditions sponsored by IEC “Arctic”
on Beliy Island, Yavay Peninsula, on the eastern coast of the Gulf of
Ob near Khonarasalya Cape, and on the southern coast of Mamonta
Peninsula to the east of Yayne-Vonga Bay (fig. 1).
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Fig.1. Location of the outcrops, mentioned in the article: a) own field data, b) liter-

ature data. I—western coast of Beliy Island; 2—eastern coast of Beliy Island; 3 —

western coast of Yavay Peninsula; 4—Mamonta Peninsula, Bay Yayne-Vonga; 5—

cape Khonarasalya; 6—mouth of Mongocheyakha River [3], 7—Sibiriakov Island

(12, 5]; 8—Mamonta Peninsula, coast from cape Pakha-Sale to cape Nyadasalye

[7]; 9—Yery-Maretayakha River mouth [7]; 10—Mongotalangyakha River mouth
[15]; 11— mouth of Krestyanka River [11]; 12— Sverdrup Island [13]
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On each of the key areas, outcrops of several km long were described;
geologic boundaries were observed; boreholes were drilled in 100-200
m from the coast; samples for laboratory analyses were taken. Con-
ventional radiocarbon dating of wood and peat was performed at the
laboratory of geomorphologial and palaeogeographical investigations
of Polar regions and the World Ocean named after V.P. Koeppen, St
Petersburg State University (25 samples). AMS-dating of organic car-
bon in sediments from boehole cores was made at the National Ocean
Sciences AMS Facility Department of Geology and Geophysics Wood-
sHole Oceanographic Institution, MA, USA (6 samples). Grain size
analysis was made in the Laboratory of evolutionary geography of the
Institute of Geography RAS (Moscow) (36 samples); diatom analysis
was performed by Z.V. Pushina in VNIIOkeangeologiya (Saint-Peters-
burg) (24 samples). Analysis of water extract salt content was made in
the Insitute of Physico-Chemical and Biological Soil Science Problems
(Puschino) (24 samples) and in the NIIOSP named after N. M. Gerse-
vanov (Moscow) (5 samples).

RESULTS AND DISCUSSION

On Beliy Island (points 1,2 fig.1), three main units are outcropping: the
lower one seen at up to 1.5-2 m a.s.l. consists of clay and silt with well-
washed redeposited moss remnants and plant debris aged 35970+1840
(LU-7858) and 32480+1060 (LLU-8235) in the eastern and 29020+450
(LU-8463) radiocarbon years (fig. 2A) in the western part of the island.
These sediments are characterized by high salt content (1.33%). They
are poor in microfossils: only fragments of Palaeogene Paralia grunowii
Gles. diatoms and undistinguishable marine diatoms and sponge spic-
ula were found. Initial parallel and wave lamination is considerably
deformed by thawing and re-freezing. These sediments were probable
deposited in shallow marine conditions within a littoral in MIS3.

The middle unit consisting of light grey and yellow sands up to 4 m
thickness composed most of the cliffs up to elevations of about 5 m. It
is characterized by altering parallel and flaser lamination and includes
peat lenses aged from 8000+110 (LU-8462) to 9440+110 (LLU-8239) ra-
diocarbon years, which, judging by their irregular shape, were re-de-
posited in water. Despite low salinity (0.04 to 0.06%), coastal-marine
origin of these sands can be supposed based on sedimental textures
(incision channels, typical for the coastal zone, uniform textures and
composition on large areas, etc.). Judging by the age of the included
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allochtonous peat in the sands and by the age of autochtonuous peat
overlying the sands, they formed between 8 and 4.5'*C ka BP.
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Fig. 2. General sections of the outcrops: A) Beliy Island, B) western coast of Yavay
Peninsula, C) eastern coast of Yayne-Vonga Bay, southern part of Mamonta Pen-
insula, D) cape Khonarasalya (Ngarka-Khortiyakha River mouth). Genetic units
of Quaternary sediments: I—Holocene and modern cover, slope and aeolian de-

posits (prQ,): sandy loams, silts, sands, occasionally with peat; 2—Holocene and
modern alluvial deposits (aQ,): parallel and cross-bedded sands with lenses of silt,

sandy loam and peat; 3—Holocene and modern laida deposits (m-b@Q): silts, sandy
loams and sands, interbedded with peat; with cryopegs; 4—Holocene lacustrine

sediments (1Q,): sandy loams, sands and silts with parallel bedding; 5—Holocene

marine sediments (mQ,): sands with parallel and flaser with lenses of allochtonous
peat dissected by thick ice wedges; 6—Late Pleistocene lacustrine-alluvial sedi-

ments (MIS3 (laQS): sands with plant roots and peat; silts with remnants of mam-

moth fauna; 7—Late Pleistocene marine sediments (MIS3) (mQ,): silts and clays
with well-washed moss debris and single layers of sand; 8—Late Pleistocene ma-
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rine sediments not younger than MIS3 (mQS?): heavy silts and clays; well-washed
sands with flaser bedding with wood and plant debris; 9—marine sediments of

MIS5 age or older (mQ,, ,): rhythmically laminated well-washed light sands with
wood debris and drfitwood and parallel bedded bluish clays. Dated material (not
in scale): 10—wood, I11—peat or redeposited moss debris, 12—mammal bones.

Other: 13—ice wedges. Age of sediments: 14-1*C obtained by conventional radio-

carbon dating of bones and plant remnants, 15-1*C obtained by AMS radiocarbon
dating of organic matter in cores of frozen sediments [4], 16—locations of samples
in the coastal outcrops: a) for grain size, chemical water extract and diatom anal-
ysis, b) for chemical analysis of water extract only, ¢) for grain size analysis only.
17—Dboreholes, 18—numbers of separate outcrops in the coastal cliffs, 19—Dbor-
ders between sedimental units: a) observed in boreholes and outcrops, b) assumed.

The upper thin (up to 0.4—1 m) unit includes interbedded peaty silts,
clays and badly washed aeolian sands. These continental sediments
have been accumulating after 4.5C ka BP.

Similar sedimentation history was typical for Sibiriakov Island ([12,
5]; point 7 in fig.1). In the lower part of the bluffs, marine silts and
clays aged from 41 to 45.8 ka (MIS3) outcrop [5]. Above lie sands with
peat lenses aged from 11.4 to 27.2'*C ka [12] in the western part and
from 6 to 7.4™C ka in the eastern part [5].The covering in situ peat
formed 3.4“C ka BP [12]. Therefore, on both Beliy and Sibiriakov is-
lands in MIS3, shallow sea existed, after which, sea-level fell and peat
accumulated. Holocene RSL rise led to the formation of sandy layers
with allochtonuous peat lenses during an Early-Mid-Holocene high-
stand. Subsequent sea-level fall resulted in the formation of in situ
peat, boggy and aeolian deposits. The highstand at the Kara Sea is-
lands, however, wasn’t considerable: to the north of Sibiriakov Island,
on Sverdrup Island (point 12, fig.1), in situ freshwater peat with ages
from 9.8 to 11.6*C ka lies at 7-8 m a.s.l. [13], suggesting RSL high-
stand elevation of less than 7-8 m.

On the western coast of Yavay Peninsula (point 3 in fig.1, section B
in fig.2), the lowest sedimentary unit outcropping in bluffs of 12—15 m
1s similar to the marine sediments of Beliy and Sibiriakov islands. It is
composed of parallel laminated greyish clays and silts or well-washed
sands with flaser lamination. The salt content varies from non-saline
to high-saline; however, SO,, ions prevail over Cl, contradicting the
version of marine accumulation. Microfossils are almost absent.

Above lie layers of interbedded sandy loam and in situ peat aged from
24500+220 (LU-7972) to 30710+420 (LU-7971) “C years. Part of this
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peat is fresh; however, two samples are characterized by average or
weak salinity; therefore they could have accumulated on low surfaces
inundated during high tides and surges (laidas).

In the central and southern part of the outcrop, the peat is covered by
pale yellow parallel laminated sandy loams. Unconformities are absent
within this unit: separate laminae of 1-2 cm thickness can be traces
for hundreds of meters. The sandy loams are non-saline; microfossils
are rare and re-deposited. Rare peat lenses and wood fragments are
encountered in the sandy loams; their age is from 8270+90 (LLU-8229)
to 8920+90 (LLU-7973) C years. Parallel undisturbed lamination, low
salinity and wood and peat debris allow to suppose lacustrine origin of
the sandy loams, which accumulated during the Atlantic period of the
Holocene.

The upper layers are brownish sandy loams and silts with cryoturba-
tions, with low salinity and no microfossils. These are boggy and cover
deposits which formed at the end of the Holocene.

Therefore the lower unit formed in water conditions (marine or lacus-
trine) not later than MIS3, the overlying peat formed from 24 to 30 *C
ka BP, and above lie Holocene lacustrine sandy loams covered by the
Holocene and modern cover silts.

Similar sections were earlier described in the southern part of Yavay
Penisula, near Ery-Maretayakha river (point 9, fig. 1). The lower clays
and silts with marine mollusc shells are covered by sandy loams with
peat aged 21.9'C ka, which are overlain by lacustrine-boggy sandy
loams with roots and peat aged 8.5 and 9.1™C ka [7]. In a neighbour-
ing outcrop in the mouth of Mongotalangyakha river the lowest unit is
composed by grey sandy loam overlain by interbedded sandy loam and
peat with ages from 21.9 to 30.2™C ka; above lies sand covered by peat
aged 3.91C ka [15].

In this way, all the three sections on Yavay Peninsula are composed of
the same units: presumably marine (due to presence of shells of marine
molluscs near Ery-Maretayakha according to [7]) sandy loams, sands,
silts and clays not younger than MIS3; peat accumulated MIS3-begin-
ning of MIS2 and Holocene lacustrine and cover sediments.

In the southern part of Mamonta Peninsula near Yayne-Vonga
Bay (point 4, fig. 1), marine well-washed sands with Na-Cl low or inter-
mediate salinity are overlain by lacustrine and alluvial MIS3 deposits.
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In these MIS3 unevenly laminated clays and silts, bones of Mammu-
thus primigenius were found in situ. Conventional radiocarbon dating
of the bones yielded ages of 30520+640 years (LU-8245); AMS-dating
showed a radiocarbon age of more than 45000 years (GrANr-62453).
The enclosing silts are non-saline (salinity from 0.04 to 0.11%), and
almost don’t contain diatoms, save for re-deposited marine centric
species. Above the silts lie badly washed cross-laminated non-saline
sands with lenses of silt and peat aged 6310+100 radiocarbon years
(LU-8234). They contain rich freshwater diatom complexes with pre-
vailing Staurosira venter (Ehr.) Cleve et Moller and according boggy
species Tabellaria fenestrata (Lyngb.) Kiitz. and others; cysts of the
Chrysophyte algae Chrysophytes were encountered.

Therefore, in point 4, no marine sediments of MIS3 age are found.
To the east of our outcrop, between capes Paha-Sale and Niada-Sale
[Oblogov et al., 2012], a lens of lacustrine sediments with Holocene peat
in embedded in ancient marine sediments older than MIS3 as well.

The low laida of Yayne-Vonga Bay, according to drilling data (Bore-
holes 2,3, fig. 2C) is composed by coastal-marine (laida) saline silts
and clay with cryopegs [Demidov et al., 2016]. Their AMS-ages at
depths from —5 to —6.5 m are 17400+150 (OS-108015) and 11800+75
(OS-108016) radiocarbon years (fig. 2), giving evidence of relatively
high RSL at the end of MIS2.

In the area of Cape Khonarasalya, situated in the western part of
central Gydan (point 5 in fig.1; fig. 2D), in a borehole in 800 m from
the mouth of Ngarka-Khortiyakha River, cross-laminated non-saline
alluvial deposits with freshwater diatoms were observed up to the
depth of —6 m. Below lie saline marine sands and clays [4]. This gives
evidence that low laidas and deltaic plains of 1-2 m elevation can be
composed by both saline laida and freshwater alluvial sediments in
different areas.

CONCLUSIONS

In the northern Gydan Peninsula, several regions with different Late
Neopleistocene-Holocene RSL histories can be selected. In the south
(points 4, 5 and 8, fig. 1), the youngest marine sediments accumulated
not later than MIS5; above lie lacustrine, alluvial, boggy and cover
sediments of MIS3, MIS2 and Holocene. A similar section was also de-
scribed on the north-east of Gydan on the coasts of the Gulf of Enisey,
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near Mongocheyakha River [3], where most of the section is composed
by marine sediments of MIS5 or older.

On Yavay Peninsula (points 3, 9 and 10, fig. 1), there is evidence of ma-
rine sediments, that could be aged MIS3 or older, covered by MIS2 and
Holocene lacustrine, boggy and cover deposits. Marine sediments of
MIS3 age (based on IR-OSL dates) were also described on the western
coast of Taimyr near the mouth of Krestyanka River (point 11 at fig.1)
at elevations up to 2 m a.s.l. [11].

On Beliy and Sibiriakov Islands (points 1,2 and 7, fig. 1), there is evi-
dence of MIS3 marine facies overlain by Holocene marine sands, which
accumulated between 8 and 4.5 ka as a result of a local RSL highstand
not exceeding 3—4 m.
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MOJEJIUPOBAHUE TAAHUA JIETHUKOB TAHDb-
HOTIAHA B XXI BEKE

E.B. Benoaépos ', JI.A. Ilerpaxos !, M. B. Kupeesa ', E.II. Pen, ?

! Teorpaduueckuii pakynsrer MI'Y, Jlenunckue ropsi, . 1, 119991, Mocksa
2 Uucruryt Boausix [IpoGiem PAH, ymuna I'yokuna mom 3, 119333, Mocksa

AHHOTAIINA

IIpobnema wnameneHusi pednoro croka ajs PecnyOsmumru Keipreiscran urpaer
BAJKHYI0 POJIb, IIOCKOJIBKY HEIOCPEICTBEHHO OTPAKAETCS HA COCTOSHHUU 9KO-
HOMUEKM cTpaHbl. [lo pesysbraram HAOIOAEHUN HA TUIPOJIOIMUYECKUX IIOCTAX,
METEOPOJIOTUYECKUX CTAHITUAX U OMOPHBIX JegHukax Ha Tsuab-lllane mpowncxo-
IUT OBICTpasi Jerpajalus OJeJeHeHNUs W yBeJWJYeHre BOJHOCTH pek. AHanua
U3MEeHEeHUY THUAPOMETEOPOJOTHIECKUX IapaMeTPOB B PEerroHe IIPOBOAUJICT Ha
ocHOBe naHHBIX ['mapomerrentpa PecnyOsmkn Keipreiscran. BeisiBiewno, yro
¢ 1978 roma mo 11 MeTeopoJIOTUYECKUM CTAHIIUSIM CpeIHEro/IoBas TeMiieparypa
nogHsAIack Ha 156—-45% (ot 1 mo 4 C°), kosmmdecTBo ocaakoB Ha 5—15%, 4To mMpUBo-
IUT K YBEJIMIEHUIO BOJHOCTU PEK PETHOHA 34 CYET TAJIOTO CTOKA.

B xauecTBe OmopHOTO 00BEKTa IJI MOIEJIUPOBAHUS TAadHWSA CHera M JIbIa
B IUIAIAAJIbHO-HUBAJIBLHON 30HEe OBLI BeIOpaH JeqHuk No 354, pacIososmeHHbII
B BepxoBbaX p. Ceipmapba B maccuse Ax-Iluitpax (Buyrpennuit Taub-Ilaus).
Jlna paGor wmcemonb3oBasack momesb A-Melt, xopomo sapexoMeHIoOBaBIIAS
ce0s B PasJIMYHBIX IIPUPOJHBIX YCJIOBHUAX. B KauecTBe BXOOAIIMX IMapaMeTpPOB
HCIIOJIb30BAJIMCh METEeOpOJIOTUYeCcKHre JaHHble ¢ mereocraHiuu TsHb-IIlaHb-
Kywmrop, pacronosxensoit meHee yeM B 10 KM OT JIeHHKA, W IIMMPOBAA MOIEH
pesbeda MOBEPXHOCTH JIeAHUKA, MOJyUeHHAs HA OCHOBE CTEPEOIIaphl KOCMUYE-
cxkux cHUMKOB GeoEye mera 2012 r. Bepudukamusa Momenu IpoBOAUIACH TPHU
TIOMOIITY TTI0JIEBBIX JIAHHBIX O TASHUU CHEra U Jibjaa, coopaHubix B 2015-2017 rr.
B pesynbraTe ycTaHOBIEHA TECHAS CBA3b MEMKIY OAJAHCOBBIMU COCTABJISIOLIN-
MH JIEJTHUKA IT0JIyYEHHBIX ¢ IIOMOIIBI0 MOAEIMPOBAHUS U IOJIEBBIX HAOIIONeHUI,
a TaKiKke MesKIy OaJlaHcoM Macchl Jequuka No 354 W pacIioIoKeHHOro T00JIM30-
ctu sepgaura Capsr-Top. C 2004 o 2015 rr., GBI CMOIEIUPOBAH TOJIBKO OIMH
IO C TIOJIOYKUTEILHBIM 0AJIAaHCOM MACCHI, B OCTAJIbHBIE TObI 0AJIAHC MACCHI OBLIT
orpuniatesieH. KymynarusHbiii Gamamc macesl 3a 2004—2015 rr., cocraBm—
5,8 M BOJHOI0 9KBMBAJIEHTA. PE3K0 OTPHUIIATE/ILHBIN 0AJIaHC MACCHl JIGTHUKOB
IIOKa CII0COOCTBYET POCTY BOAHOCTH pek. [Ipomosmkaromieecs cokpalleHue Jies-
HUKOB IIPUBEJET K IMIOHMKEHUI0 BOJHOCTH OCHOBHBIX PEK yiKe B OJIMIKAKIINE Ie-
CSTUJIETHUS.

Kmniouessie ciioBa: tasume JIBIOB, CTOK PEK, gerpamanud JIEJHUKOB, U3MeHe-
HUe KJyMara.

BBEJEHUE

[Tocnemume 50 set B crpanax Cpenneit Asum HabmogaeTcs mpodiema
HEXBATKM BOJHBIX pecypcoB. Tak Kak OJWH M3 OCHOBHBIX HMCTOYHUKOB
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BOJBI B PErHOHE 9TO TaJible BOABI JIETHUKOB, TO M3MeHeHHe KJImMaTa
aKTUBHO BJIMSET HA BOJHOCTh Pek permona. Hampumep, 1i1s1 oporrenus
Ha CeJIbCKOX03AMCTBEHHBIE HYKIBI UCIO0JIb3yeTcsa okoyio 90% Bcex mc-
MOJIb3YEMBIX BOJHBIX pecypcoB. BoaMoskHO ceidac mpobemMa CTOUT He
TaK OCTPO, M3-3a yBEJIMUYEHUs BOJHOCTU PEeK PervoHa 3a CUeT TasSHUSI
JITHUKOB, OHAKO pecypc TaJIbIX BOJ B Ojmskaiiiiee BpeMs Oymer wmc-
YyepraH.

Y0051 IIOJIYYHUTD IIpeicTaBJIEeHHEe O IIPOUCXOOAINNX N3MEHEHUAX OBLIIO
IIPOBEOJEHO HCCJIeJOBaHKE B TpexX Macirrabax. HepBBIﬁ MacIirrab—aTo
HnccgaeagoBaHue JUHAMHUKH T'MAPOKJIMMATHEYCKUX moKasarejie Pecny-
OJIMKYT HBIpI‘BI3CT3.H, JJIA 3TOIr'0 HUCIIOJIB3YIOTCA JaHHbIE O TeMIlepaType
BO3ayXa, KOJInueCcTBe 0CaIKOB, CTOKE PeK. BTOpOfI Tall—a3To u3yvyeHue
TpaHC(bopMaLII/II/I CTOKa B IIpedesiax OJHOI'0 peIlpe3eHTAaTHuBHOI'0O BOJOC-
6opa. HOCJIe,E[HHfI Macirrab HCCJIeJOBAHHUA—3TO MOJEeJIMPpOBaHMUE Tasd-
HHUA JIETHHUKA, JJ1d OIleHKH BKJIaJa TaJIOT'O CTOKA.

MATEPHAJIBI 1 METO/1bI

Jliia aHanm3a WM3MEHEHWH THAPOJIOTO-KJINMATAYECKUX II0KA3aTesIel
B PecrnyOimke. Mcmonb3oBairch MaTepuasbl Mo 43 THAPOJIOTHUECKUAX
mocrtax u 12 mereoposiormyeckux craHiusax. C IIOMOIIBI0 COBETCKUX
¥ 3apy0esKHBIX MCTOYHUKOB OBLIIO YCTAHOBJIEHO, UYTO mocsie 1978 roma
IIPOUCXOIUT CTAOMJIbHOE TassHUe JIeHUKOB. 110aToMy BCe maHHBIE CpaB-
HUBAJIVCH JI0 W II0CJI€ BHIOPAHHOIrO rojga. AHAJIN3 IIPOBOIUIICS C IIOMO-
IIBI0 pasdHocTHO-uHTerpanabHeX KpuBblx (PUK), criameHHbIX cpemuux
KPUBBIX, a4 TAKIKe IOCTPOEHUS KaPTOCXEM.

Jls maydenus TpamchopMaliy CTOKA B IIpeaesax OJHOro OacceiiHa
mayvajiach Ha mpuMepe Oacceiina pexn Keispui-Cyy, ua-3a Toro, 4ro Ha
TEePPUTOPUN BOJOCOOPA HAXOAUTCA 4 THAPOJIOTAYECKUX II0CTA U 2 MeTe-
OPOJIOTUYECKHUX CTAHIIAM, a4 TAK/Ke BeAyTCs HAOIOAeHUs 32 OIOPHBIM
nexaukom Kapabarkak. B cesre Koisbui-Cyy cHIIbHO pasBUTO CEJIBCKOE
X03AMCTBO, II03TOMY 0OJIBIIOE KOJIMYECTBO BOIBI M3BIMAETCI HA OpOIIe-
HIe, B CBA3HU C 9TUM (PAKTOPOM U3yUYeHHe CTOKA TOPHOM PEeKH ¢ mpeoba-
IAIOIIAM IIMTAHKUEM TAJIbIX BOJ BAKHBII MOMEHT HCCJICTOBAHM.

YT00BI M3yUNTh BIWSHNE MOTEIJICHNE HA CTOK PEeK 34 CUeT TAJIBIX BOJI
0b11 BEIOpaH JegHUK Ne 354, Ha KOTOPOM IIPOBOIMJIOCH MOIEIAPOBA-
HUe TasgHHus JegJHHKa. BeiOop OBLI CBS3aH elne ¢ TeM (PaKTOPOM, YTO
B Oym3ocTr HaxomurTesa onopHbA jgengauk Caprer-Top, Ha KoTopoM Be-
nyrea Habmogerus cosee 50 ser. CylmecTByeT yrpoaa, u4To M3-3a Je-
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ATEJILHOCTH 30J10TOM00bIBatoIell Kommanuu «Kymrop» mabiromeHwms
OyxnyT mpepBassbl. [losToMy OBLIA TPEIIPUHATA IIOMBITKA C IIOMOIIBIO
MOJEIUPOBAHNA 0AJIAHCOBBIX COCTABIIAIOIINX JieqHuKa Ne 354 mepene-
CTH IIeHHYI0 mH@opManuio o Habaomenusx 3a Jeguukom Capsi-Top
Ha gegauk No 354. MomenupoBasue IpoBOLMIOCE C IIOMOIIBIO MOEJIN
A-melt, BXOZTHBIME JAHHBIMU IJI KOTOPOM SABJIAIOTCS: METEOPOJIOTH-
veckue gauabie Mereoctranmun «Taus-llaus Kymrop», mudposas mo-
nenb peabeda (IIMP) nosepxuoctu stegunka [1]. Bepudukaiusa moge-
JIM IIPOBOJMJIACE II0 CHEIOMEPHBIM HAOIIOIEHIAM, 4 TAKIKE ¢ IIOMOIIBIO
a0JIAIMOHHBIX peek Ha JgemHuke No 354. JIJ1sa pacuéroB MCIIONIb3yeTes
SA3BIK IporpamMMupoBaHus Fortran, mis BuayaamsaluyM S3BIK IIPO-
rpaMMupoBanud R.

PE3YJIBTATBI

B permone mpoucxoqut akTuBHOE M3MeHeHMe kimMaTa. K Hacrosmemy
MOMEHTY Ha TePPUTOPHUU CTPAHBI IIPOU30IILI0 YBeJIUYeHe CPeIHEeH ro-
JIOBOM CYMMBI 0CaIKOB ITpuOan3uTesbHo HA 25% (¢ 400 mo 500 mm) [3].
Bomomorpebsienne Pecnybsmku Keipreiscram k 2025 roay yBeJIUmduTCs
Ha 25% [2], HO CTOK pek perroHa He OygeT BEYHO PACTH 34 CYeT Ta-
seix Boj. Ilo mporrosam k 2100 rogy MakCHMaJIbHBIN 3HAYEHHE CTOKA
p. You-Kemun ymenbmmmres Ha 60 MJIH. M°, ¥ IUK ITOJIOBOILS OyIeT He
B MI0JIe-aBTyCTe KaK ceiiuac, a B Mae [4].

Ananuaupyst moJiydeHHBIe Pe3yJbTaThl 10 U mocie 1978 roma, OBLIO
BBISIBJIEHO yBeJWUYEHUe CPEeIHET0J0BON TeMIlepaTyphl Bo3ayxa B Pe-
cuyosmke Kerpreiacram Ha MeTeoposorudeckux cranimsax ot 1.2 C° mo
3.8 C°, MmakcuMaIbHbIE U3MEHEHUS TPOHCXOIAT B PETHOHAX HA OKpau-
He TOPHBIX MacCHUBOB. V3MeHeHMe 0CATKOB MMeeT aHAJIOTHIHYI0 JUHA-
MUKy, TJle HanOoJIbIllee yBeandeHne 10 15% B 1o mpuypodeHo K OKpa-
WHaM TOPHBIX MACCHUBOB. B CBS3W C BHINIe OMMMCAHHBIM 3UMOM B ropax
HaKaIlJIUBAeTCsI MEHBIIe CHEKHO-JIeJTHUKOBOM MAacCChl, YBEJIUINBAETCS
IPOJIOJIPKUTEIIFHOCTD IIePUO0Jia C IOJIOKUTEIIBHOM TeMIIepaTypoM, YTo
OPUBOJIUT K YCKOPEHUIO II0TEPU MACC JIETHUKOB.

CpenrerooBoit pacxox Boabl PecryOsmkm KeIprei3cTaH yBeImUuniIcs
Ha 10-50%, OosbIlIe H3MEHEeHUs IIPOUCXOIAT B MaJIBIX TOPHBIX Dacceii-
HAX ¢ MAKCHUMAJIBHOM ILIOIIAIBIO OJIeeHeHns. PocT BOQHOCTH pex pe-
rHoHa Taksxe Habmomaerces ¢ cepequnsl 70-x rr. XX B. Basmnuo orMeTHTSD,
YTO M3ydYeHrne MIHUMAJIbHBIX PACX0I0B BOJBI 00Jiee BOCTPeOOBAHO, TAK
KaK OHU SBJISIOTCS OMPAHMYMUBAIOINIAM PAKTOPOM B BOIOIIOTPEOICHUH.
MunuMa IbHBIA pacxo[ BOABI B IMepuo[ mociie 1978 r. yBeJImuniics 10
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150%. IIpomcxoouT cMenieHne MUKOB BOIHOCTH PeK Ha OoJiee paHee Me-
CSIIBI: MaM-UIOHbD.

WNamenenust croka pempeseHTaTuBHOr0 BogocOopa peru Koispui-Cyy
TI0KAa3aJI0, YTO BOJHOCTh yBeJaumumBaJjachk ¢ 1978 roja, ofHaKo HaA paB-
HUHHOM vacTty, 01u3b o3epa Uccoik-Kyiib, n3-3a aHTPOIIOIeHHOTO BJIH-
STHUS IIPOMCXOIUJIO YMEHbIIIeHrne pacxoaoB Boabl. CpemHeromoBoit pac-
X0l U3MEHUJICA ¢ 5 mo 8 m°/cexk.

IIpu momomm mampeix [IMP, mereoposiormyeckux JaHHBIX II0 METEO-
craurmu «Taap-Illans KymTopr, mpoBommiocsk MogeawpoBaHue Jiemd-
Hrka No 354 ¢ momomso momesn A-melt. Bepudmuraiusa nposoguiiack
0 JAHHBIM COOPAHHBIM BO BpeMs IIOJIeBBIX HaOaomeHms 3a 2015—
2017 roma. B pesysbpraTe pacueToB ycTaHOBJIEHO, uTO, HaumHasa ¢ 2004
mo 2015 ro KyMyJISTUBHBIN OaJIaHC MacChl paBeH —5,8 MeTPOB BOIHOTO
axBuBaJieHTa (M.B. 2.). [IpakTYecKn Bo Bce MOJEIIUPYEMBI TOa IIPOKC-
XOIMJI IIPOIIecC IIOTEPU MacChl JeTHUKA, uckadenre 2009 romx, omHa-
KO 9TO CKOpee mckJodeHne, yeM npasuio (Puc. 1). B pernone umeercsa
psg paboT 110 pacueTy TasTHUSA JIGTHUKOB JPYTHUMH METOAAMH, B HUTOre
MOSKHO CKa3aTh, YTO PE3yJIbTATHI UMEIOT CXOKUI XapaKTep Jerpagallun
onenenenud [5], [6].

ap mEamec a0 mAGIAM o)

08

as

CYMULPHa EXTINE MITEH. 1

Pucy. 1. 'padur nsmenenuii, cocraBisdionux dasianca Maccer Jegauka Ne 354, 1mo-
JIyYEHHBIX B Pe3yJIbTaTe MOIEJMPOBAHUS (Q), COBMEIIEHHBIN rpaduKk M3MeHEHUs
KyMYJISTUBHOTO 6asiarca maccsl (0).

B pesysbpraTe Budyanmmuaaiiusa mMomeau ¢ marom cetku 30 MeTpoB IIpo-
CJIE’KUBAETCS, YTO HUKHUE YaCTH JIeTHUKA OO0JIbIIIe BCETO IIOJBEpIKe-
HBI IIPOIIeCCY Jerpajalini. BiausHue MeTesIeBoro mepeHoca, u3-3a Jero
IIPOUCXOIUT IIPOIECC HAKATIIMBAHUS CHEIKHOM MACCHI B OITPeIeIeHHBIX
MecTax, T/ie 3aMe/IJIsIeTCsI TAAHUS JeTHUKA. B HuskHel yacTu JIeJHuKa
OTEePU MACCHI IOCTUTAIOT —5 M. B. 9., TOJIBKO Ha MAaJIOH ILJIOIIA/THN JIETHU-
kKa (meubIite 15%) uaeT akKyMyJIAIIUA 10 3 M.B. 9.
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[TpocnesxuBaercsa cBsa3b 6anmamca macesl JgenHuka No 354 u JjemHUKA
Capsr-Top (r = 0.96), m0sTOMY C ITOMOIIBI0 HEKOTOPHIX PACYETOB MOYKHO
IIepeHeCcTH M IIPOJOJIKUTH MOHUTOPUHI IUHAMHUKU OJIEIEHEHUS B Pe-
THOHE.

BBIBO/1bI

Briu perens! Bece mmocraBiieHHBIE 1IeJIM HccieqoBanusa. Ha teppuropun
Pectiyosmukn Kupruscras mmpoBeieH aHaus TUIPOJIOTHMYECKUX M METEO0-
POJIOTHYECKUX M3MeHeHni B peruoHe. IIposemen amaius Tpaxcdopma-
LMY CTOKA TOPHOI0 BogocOopa, ¢ DOJIBLIIION Jo1ei osieneHenus. Ilposenen
pacyér TasgHus JeTHMKA C IIOMOIIEI0 Mogeau A-melt.

VBesmmuenue CpegHEroJ0BOM TeMIIepaTyphl B HCCJIEIYyEeMOM peruoHe
¢ 1978 roga npom3omia Ha 10-45%, rommyecTBa ocagkoB Ha 5—15%.
[IpoucxomuT mpoliecc yBeJndeHne BOJHOCTH PEK PErroHa, POCT Cpej-
HEeroIOBBIX pacxoioB Boawl HA 10—50%, MUHUMAJIBHBIX PACX0JI0B BOIBI
or 0 mo 150%. Ha BeIOpaHHOM B0omoCOOpe POCT CPEeIHEroJOBBLIX Pacxo-
OB mpowuaolies Ha 25%, cpemHeromoBas TeMIepaTrypa YBeJIUuduiach
Ha 10%, KosmuecTBo ocaakoB HA 15%. [Iuk BoguocTu pexu Kespui-Cyy
cMecTHJICS Ha 0oJiee paHHUE MeCSIIbl. Y MEHBIINUIACH IIPOIOJIMKUTE Ih-
HOCTB XoJs10Ho0ro nepuoga. Omopueri neganka Kapabarkax Ha momeHT
2012 rona oTcTymaeT co CKOPOCThIo 12,5 MeTpoB B TO.

MonesnmmpoBanue Jemuauka No 354 IT0Ka3ao0 aKTHUBHYIO JerpaIalfiio
Macchl JegHuka. KomdaecTBo BOIBI B JIETHUKAX YMEHBIIAETCS U3 rojia
B rox. CMmonesmmpoBaHHBIN Oasiarc Maccsl gegauka No 354 TecHo Koppe-
aupyet ¢ gexaukoMm Capsl-Top, M09TOMY €CTh BO3MOKHOCTH IE€pPECUH-
TaTh U IPOJOJIKUTH MOHUTOPUHT TOPHOTO OJIeIeHEeHM.

HameHenune kimMaTa B perroHe CHJIBHO BJIMSET HA BOTHOCTH pek Pe-
cuyonmkn KbIpreiscran, a Takske Ha oKOHOMMKY CTpaHbL. B cTpaHax
Cpenneit A3uu UCIIoIb3yeTcs 60IbIIOe KOJIMIECTBO BOIBI HA OPOIIeHHeE,
C B CBSI3HU C 9THM MOKET BO3HUKHYTH IIp00JIeMa HEeXBATKU BOJHBIX Pe-
CYPCOB, TAK KaK 3aIIaCchl BOABI B JIEJHUKAX C KAMKIBIM T'OJOM CTAHOBATCS
Bce menbIre. JlanHasa mpobiiema Tpebyer 0ojiee IOIPOOHOT0 U3yUeHs
s crpad Cpenuent Asum.
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DELINEATION OF UNDERBED TALIK IN THE LENA
RIVER DELTA WITH THE USE OF GEOPHYSICS —
RESULTS OF GPR, TEM AND ERT MEASUREMENTS

N. Bobrov', A. Titov'?, A. Krekhov'

! Saint-Petersburg State University, Russia
2 now at Colorado School of Mines, USA

ABSTRACT

Presented are the results of geophysical works carried out in the Lena river
delta near Samoylov Research Station with the aim to evaluate the thickness
of hydrogenic talik under the bed of one of delta channels. Three geophysical
methods have been used—ground penetrating radar (GPR), transient electro-
magnetic (TEM) sounding and electrical resistivity tomography (ERT).

GPR survey proved to be inappropriate for the study of sub-bottom talik due to
high water mineralization that leads to strong damping of radar signal. TEM
voltage responses obtained in the Lena river delta are everywhere complicated
by fast decaying induced polarization (IP) processes that can be explained only
by specific cryogenic structure of frozen ground. In the onshore part of the pro-
files two polarization processes with different characteristic times were identi-
fied. The first IP process completely disappears in the responses obtained on the
channels, whereas the second one remains visible. This means that permafrost
is apparently presented under the channels.

ERT measurements made in the continuous resistivity profiling (CRP) mode
with the use of towed cable revealed substantial growth of resistivity values at
the depth of 4050 m below the bottom of the river. Joint consideration of TEM
and ERT data makes the most possible the assumption, that underbed talik
has limited (tens of meters) thickness under the channels of Lena river delta.

Keywords: permafrost, underbed talik, ground penetrating radar, transient
electromagnetic method, electrical resistivity tomography.

INTRODUCTION

One of the important scientific problems in permafrost regions is de-
tecting of talik zones (i.e. rocks and sediments being in the thawed
state among frozen environment), determination of their sizes and
connection with the geological structure of the territory. This task be-
comes particularly actual in view of modern climatic changes that lead
to an increase in the proportion of soils being in the thawed state es-
pecially those related to the hydrological network. Knowledge of the
parameters of taliks is important for building models of heat balance
in permafrost regions, assessment of the dynamics of hydrological pro-
cesses and rate of change in the state of frozen ground.
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Geophysical and especially—electromagnetic methods are effective
tools for solving this task. Freezing leads to abrupt decrease of conduc-
tivity due to stepwise reduction of the free water content. When thaw-
ing, the reverse process occurs. So, the precondition for talik detection
and determination of its shape and size with the use of electromagnet-
ic methods is substantial conductivity difference between thawed and
frozen sediments. Besides temperature, the conductivity depends on
lithological composition of sediments and porous water mineralization.

In 2016-2017 geophysical works have been carried out in the Lena
river delta near Samoylov Research Station aimed at evaluation the
thickness of hydrogenic talik under the bed of Bolshaya Tumatskaya
channel. Hydrogenic taliks exist everywhere below the riverbeds in per-
mafrost zone, but talik thickness is questionable in any particular case.
Three geophysical methods have been used—ground penetrating radar
(GPR), transient electromagnetic (TEM) sounding and electrical resis-
tivity tomography (ERT). In the Fig. 1 the location of geophysical pro-
files is presented. GPR and TEM measurements were conducted along
profiles 1 and 3 in the winter season of 2016, and ERT measurements
in the CRP mode—along profiles 1 to 5 in the summer season of 2017.

Bolshaya Tumatskaya
channel

Samoylov Island

Samoylov Research Station

Figure 1. Location of geophysical profiles (red lines) in the Bolshaya Tumatskaya
channel near Samoylov Research Station (red star).
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EQUIPMENT AND MEASUREMENTS TECHNIQUE

GPR 1s a cost and operationally effective geophysical method
based on emitting short electromagnetic pulses to subsurface and
registering reflected pulses from objects and boundaries underground
(or underwater, when GPR operates from the surface of fresh-water
basins). Results of radar survey are usually presented as radargram—
visualization of reflected signal along the profile of measurements.

GPR works have been carried out in April, 2016, from the ice-snow
cover with SIR3000 radar (manufacturing GSSI, USA). The main
instrument of work was 200 MHz antenna, being portable and easy
to operate. Besides, low-frequency 40 MHz Subecho antenna was
used, which allowed to enhance the depth of investigations (but not
to distinguish underbed talik). The positioning of 200 MHz antenna
was ensured by survey wheel, whereas measurements with 40 MHz
antenna were carried out in continuous mode with indicating marks at
radargrams when passing the installed topographic pickets. In July,
2017, the survey with 40 MHz antenna was repeated along the profile
3 with the use of inflatable rubber boat.

Radargrams obtained with SIR radar (.dzt files) were transformed into
format of Geoscan32 program (.gpr files) and processed with special
procedures. Basic procedures included correction of zero, adjustment
of scale and amplification, subtracting mean. Sometimes low-pass
filtration was applied for elimination high-frequency noise.

Transient electromagnetic (TEM) sounding is a kind of induction
electromagnetic sounding based on measuring of transient process
(voltage response) induced in receiving loop after switching-off current
in transmitting loop, both loops placed at the surface of the ground.
The works by TEM method have been carried out with TEM-FAST
equipment (manufacturing AEMR, the Netherlands). One-loop array
with square loops 50*50 and 25*25 meters was used. Measurements
have been carried out in April, 2016, from the ice-snow cover and
repeated in the onshore part of the profile 3 in July, 2017. The section
of conductivity can be obtained through the inversion procedure of
measured data.

ERT is the present-day modification of classical resistivity method,
which is based on excitation electric current in the Earth and
measurement of appearing voltage, which depends on the medium
electrical properties. Varying distance between current and potential
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electrodes (spacing) we can adjust the depth of investigation, thus
performing electrical resistivity sounding. Multi-electrode cables and
multi-channel equipment are used for conducting ERT. Each electrode
can serve as current or potential one, electrodes commutation is
realized automatically via programmed protocol.

As a result of a measurements cycle two-dimensional (2D) geoelectrical section
is obtained—which means the distribution of conductivity (or inverse value—
resistivity) along the profile and in depth. The depth of investigations depends
on spacing and can reach several tens of meters when standard cables and power
batteries are applied. If a network of parallel profiles is available one can obtain
three-dimensional (3D) image of the medium. In principle, the application of ERT
can give us representation of section structure and the state of frozen materials at
a depth inaccessible for drilling with portable facilities.

ERT measurements were carried out with Syscal Pro 48 instrument (manufactur-
ing IRIS Instruments, France) in July, 2017. Multi (10)-channel measurements in
motion—continuous resistivity profiling (CRP) were conducted from the surface
of the river. One towed cable of 240 m length with electrodes spacing equal to 10
meters and dipole-dipole configuration of measurements were used. The equip-
ment was placed in the motor boat, with the help of which the cable was towed
(Fig. 2). At the profile 3 CRP results were accompanied by on land ERT sounding
at the bank of Samoylov Island.

Figure 2. Continuous resistivity profiling at the river.
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RESULTS OF GEOPHYSICAL WORKS

1. GPR results. The survey with 200 MHz antenna has allowed to
reveal the probable talik zone, flanking the channel, and to follow
geological interfaces in the onshore part of the section. A part of ra-
dargram obtained at the profile 3 is presented in the Fig. 3. Horizon-
tal axis is the distance along the profile measured in meters, verti-
cal axis—time measured in nanoseconds. Depth scale is not placed
in the picture, because depth to refracting surface cannot be simply
calculated due to difference between velocity of GPR wave in water
and ice cover. Talik zone seen next to the river bank is characterized
by disappearing reflections from the boundaries in the frozen sec-
tion identified as responses from ice-rich intervals in the column, as
nearby borehole data show. The bottom of the channel under the ice
cover could be seen at the radargram down to depth of approximately
6 meters. Application of 40 MHz antenna has allowed following the
bottom down to depth of approximately 9 meters. However, the thick-
ness of the talik under the channel could not be detected by GPR. It
should be noted that water mineralization is relatively high in win-
ter season in Lena river channels. Electrical conductivity determined
at samples collected from holes amounts the value 500 mkSm/cm,
which corresponds to water resistivity 20 Ohm*m. This leads to extra
damping of radar signal and does not permit to penetrate deeper than
9 meters even with low-frequency antenna. In the summer electrical
conductivity of water was about 100 mkSm/cm, and resistivity — 100
Ohm*m. Radar survey with 40 MHz antenna has allowed to obtain

Figure 3. The part of radargram obtained with 200 MHz antenna at the profile 3

crossing the bank of Bolshaya Tumatskaya channel. Horizontal axis—distance, m,

vertical axis—time, ns. Water is colored with blue, ice is white. Multiple reflections

from the ice-water boundary are seen. Dashed blue line—probable boundary of the
talik, flanking the channel.
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the depth profile of the channel (with maximal depth 11 m), but radar
reflections indicating the bottom boundary of underbed talik were not
recorded. So, penetration depth of GPR in these particular conditions
occurred to be insufficient to solve the problem stated. The main rea-
son for this is low resistivity of water and thawed sediments below
the river bottom.

2. TEM results. An important phenomenon that was revealed in the
results of TEM soundings obtained in the Lena river delta is the sign
reversal of transient voltage response, the reason for which is induced
polarization (IP) of geological medium. This effect was multiply ob-
served in permafrost regions [1, 2] and can be explained only by specif-
ic cryogenic structure of frozen ground, if ore mineralization is absent.
If polarization manifests itself in the time range of micro- and millisec-
onds, it 1s often called “fast decaying IP” to discriminate it from rela-
tively slow decaying classical IP. This phenomenon makes ambiguous
the interpretation of TEM sounding curves because additional param-
eters emerge that should be taken into account. Only measurements
made next to nearby parametric holes of sufficient depth could help to
avoid ambiguity.

TEM sounding curves obtained at the profiles 1 and 3 crossing Bolshaya
Tumatskaya channel have the following peculiarities:

1. At the sounding curves measured in the onshore part of the
profiles two polarization processes with different characteristic
times can be identified. The first one appears in the time range
10-100 mks, the second one—in the time range 100—1000 mks
(example in the Figure 4, curve A). Summer measurements in
2017 confirmed the behaviour of the curves.

2. When sounding array is approaching to the river bank from
the land side, the first polarization process becomes less pro-
nounced and completely disappears on the ice of the channel.

3. The second process remains visible at the curves obtained on
the ice of the channel (example in the Fig. 4, curve B). Such
behaviour of curves was characteristic for both geophysical pro-
files crossing the channel. This means that permafrost is ap-
parently presented under the channel. Estimates based on the
results of numerical modelling give the thickness of the talik
not exceeding first tens of meters. But it is impossible to recover
the section only from TEM data themselves.
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Figure 4. Two examples of transient process recorded at the profile 3 crossing Bolshaya
Tumatskaya channel: A—land site, B—river site. Horizontal axis—time, mks, vertical
axis—normalized voltage, V/A.

3. ERT results. CRP in the Bolshaya Tumatskaya channel has found
considerable growth of resistivity values at the depth of 40-50 m be-
low the bottom of the river. This confirms the assumption, basing on
the results of TEM soundings that permafrost is apparently presented
under the channels of Lena Delta. An example of combined CRP and
land ERT data inversion for the profile 3 is given in the Fig.5. Zon-
dRes2D program was used, and NLPCG algorithm was applied, that
uses the conjugate gradient method to solve a nonlinear optimization
problem. It should be noted that resistivity of the thawed sediments
(40-70 Ohm™*m) proved to be less than resistivity of water in the chan-
nel (about 100 Ohm*m).

zZm Res, Ohm-m,

100 200 300 400 500 600 700 800 X,m

Figure 5. Resistivity section obtained as a result of CRP data inversion (dipole-di-

pole array), combined with the results of land ERT data inversion (Schlumberg-

er array) for the profile 3. Horizontal scale—distance along profile, m. Vertical

scale—depth, m. Resistivity values are given by the color scale in the right: ma-

genta—more than 1000 Ohm*m (permafrost), blue-green—40-70 Ohm*m (talik),
light green in the top—about 100 Ohm*m (fresh water).
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In the Fig. 6 pseudo 3D picture of resistivity below the Bolshaya Tu-
matskaya channel is presented as a result of CRP data 2D inversion.
The thickness of underbed talik is the first tens of meters almost every-
where in the studied area, possibly with the exception of narrow (40—
60 meters width) apparently thawed deep zone adjacent to permanent
frozen sediments under the Samoylov Island (left side in the Figures
5 and 6). It is not well pronounced at the profiles 4 and 5 because the
structure of the medium is not quite 2D for these lengthwise profiles.
The nature of this zone is a subject for future investigations.

Figure 6. Pseudo-3D picture of resistivity under Bolshaya Tumatskaya channel

obtained as a result of CRP data inversion (dipole-dipole array) for the profiles 1-5,

combined with the results of land ERT data inversion (Schlumberger array) for the

profile 3. View from the north-east to the south-west (Samoylov Island in the left).
The color scale of resistivity values is the same as in the Figure 5.

CONCLUSION

Different geophysical methods were tested in the Lena river delta to estimate the
thickness of underbed talik below one of the channels. The most effective method
proved to be electrical resistivity tomography in a modification of continuous
resistivity profiling, providing the greatest penetration depth. The talik proved
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to have limited depth of 40-50 meters below the riverbed. Obtained estimates of
the talik thickness are of great importance for building permafrost energy balance
models.
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AEO@OPMAINOHHBIE XAPAKTEPUCTURH
OTTANBAIOIIUX I'PYHTOB O. KOTEJIbHBIN
(HOBOCUBUPCKHUE OCTPOBA)

N.C. Baxpuu

OI'bY Uncruryt mepsnorosenenus um. [1. M. Mensaukosa CO PAH,
Sxytck, Poccust

AHHOTAIINA

Crarhs MOCBAIIEHA BOIIPOCY U3YUYEHUs] BJIMSHUS JIbIUCTOCTH HA JIeOopMAaIHOH-
HBIE XaPAKTEePUCTUKN OTTAMBAIIIUX MEP3JIBbIX TJIMHUCTHIX IPYHTOB (K0addu-

I[IAEHTOB OTTAUBAHUS (Ath) u cxumaemoctu (m)). Ilpencrasiaensr dpusudeckne
XapaKTEePUCTUKY 00Pa3II0B CyIeCH U CYIJIMHKA, 0TOOpaHHBIX HA 0. KoTesbHbIi.

Wanoxena MEeTOOMKA 3KCIIEPUMEHTAJIbHOT'O OIIpeaeJIeHUuA KOS(b(bI/H_[I/IeHTOB Ath
U m. HpI/IBe,I[eHI)I pe3yJibTaThl UX OIIpeaesIeHUA CylleCHu U CyIVIMHKA paS.TIH‘{HOﬁ
JIBOAUCTOCTH. ,Z[JIH HCCJIENOBAHHBIX I'DYHTOB yCTaHOBJIEHA JIUHEWHAas1 3aBUCHMO-
CTH KOSd)dT)I/ILII/IeHTOB OTTaMBAHUA U CAKUMAEMOCTHU OT JIbBAUCTOCTH.

KnroueBsie ciroBa: Mepastsiil TpyHT; qeOpMAaIiOHHBIE XapAKTEPUCTHKH; KPU-
OTeHHad TEKCTYPa; JIbJIUCTOCTD.

BBEJEHHUE

BrusHare kproreHHON TEKCTYPHI M JIBJUCTOCTH HA TedOopMaITMOHHEIE
XapaKTEePUCTUKN OTTAWBAIOIIUX MEP3JIBIX TPYHTOB SIBJISIOTCS OJTHOM
n3 HamuboJiee CJIOMKHBIX M BAKHBIX IPO0JIeM HHIKEHEPHOMN I'eOKpPHUO-
snoruu. JlanpHelnme nceaeI0BaHus JOJKHEI OBITH HATIPABJIEHBI HA
TIOBBINITEHUE JOCTOBEPHOCTH PE3YJIBTATOB OMPEIeJIEHUS JJIsS IIPOTHO-
3UpOBaHME OCAJOK OTTAMBAIOIIUX TPYHTOB. AKTYyaJIbHOCTH U II€JIb
WCCJIeIOBAHUS 00YCJIOBJIEHBI HEOOXOJIMMOCTHI0 PEKOHCTPYKITUU HH-
skeHepHOU mHppacTpykTyphl 0. Korenbubiii HoBocubupckoro apxu-
meJsiara BXOJSIIETr0 B COCTAB IIPUPOTHOTO pe3epBa ['ocymapcTBeHHOTO
s3amoBenuuka «¥Ycrb-Jlenckuit». Knumar ocrpoBa apkrudeckuii, cy-
poBerit [4]. OCcTPOB KOTEJIBHBIN PACIIOJIOMKEH B 30HE CIIJIOITHOTO Pac-
MIPOCTPAHEHUsT MHOTOJeTHeMep3JbiX TpyHToB. OTiIOMKEeHUA oCcTpoBa
WMEIOT IOJUTeHeTHYECKUI XapaKTep, HeOolJIeHCTOIeHOBOTO BO3PAacC-
ta [5].

XAPAKTEPUCTUKA OB'BEKTA MCCIIEJOBAHU A

WccnenoBanubie TPYHTEI KIIACCUPUITUPYIOTCS KAK CYIIeCh U CYTJIMHOK,
rpaHyJIOMETPUYECKHUI COCTAB KOTOPLIX IIPUBOAUTCSA B (Ta0. 1).
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CyMMapHasi BJIAKHOCTh W ILJIOTHOCTH 00PA3LOB TPYHTA KOJIeOJIeTCs
B IIIUPOKOM Juarra3one (tad. 2).

Tabmuiia 2. Ouandeckne XapaKTePUCTUKY UCCIIEOBAHHBIX IPYHTOB

W Pr
Hawumenosaune
min max min max
cynech 0,323 0,945 1,42 1,80
CYTJIMHOK 0,300 0,732 1,47 1,83

Kpuorennoe crpoerne 00pasIioB st oKCIIEPUMEHTAJIHLHOIO OIpeiesie-
HUA 1edOpMAaIlIOHHBIX XapPaKTePUCTUK I'PYHTOB IPeIBaAPUTEIbHO HU3Y-
YaJI0Ch MAKPOCKOITMYECKUM METOIOM. Y CTAHOBJIEHO, YTO I'PYHTHI BMe-
OT CJIONCTYIO0 KPHUOTeHHYI0 TeKCTypy (puc. 1).

1067 - frofew

a) cyrmech 0) CyrJIMHOK

Puc. 1. Kpuorennas rexkcrypa oopasiioB rpyuTa a) u 0).

METOJIUKA UCCJIEJOBAHUI

JledopmanmoHHBIe XapAKTEPUCTUKHA OTTANBAIOIINAX IPYHTOB OIIPE/IeJIs-
JINCH II0 CTAHAAPTHOM METOIMKEe KOMIIPECCHOHHOTO CKATHSA HA H3Me-
puTenbHO-BEIUKCauTe IbHOM KoMmiuiekce «ACHCy» [1], paspaboraHHOM
Hay4yHO-Ipon3eoacTBeHHbIM mpeanpusaTueM «EOTEK» [3]. Obpaarisr
MEep3JI0ro TPYHTA AJIS UCHLITAHAA BEIPE3AJINCh U3 MOHOJINTA II0 (DOpMe
pabouero koJbIa guamMeTpoM 87 MM M BBICOTOM 25 MM B IIOMEIIEHHHU
¢ OTpHIIATEJIBLHOM TemIiiepaTrypoii. Jlamee paboume kosbIa ¢ odOpasia-
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MU TPYHTA MOMEITAJINCh B IpuOop Kommpeccuornoro cxxatus ['T 2.0.5.
(puc. 2), yCcTaHOBJIEHHBIM B XOJIOAWJIBHOM KaMepe W Ilepe]l UCIbITaHH!-
€M BBIJIEPsKUBAJIUCH IIPU TEMIIEpATYpe TPYHTA B MacCUBe B TeueHne 12
vacoB. Ha mepBoii cTymeHu 3ajaBajiach Harpyska, paBHAs OBITOBOMY
IaBJIEHUIO.

i ST "~ rrwiaarimoraes ===

Puc. 2. Yeranoska xommpeccuonnoro cxxatus I'T 2.0.5

PE3VJIBTATBI OKCIIEPEMEHTOB

[Tomydensl  neopManMOHHBIE XapaKTEPUCTUKH OTTAWBAFOIINAX
rpyHTOB 8 00pa3ioB cynecu u 10 006pa3ioB CyriuHKa HEHAPYIICH-
HOTO CIIOKEHUS C MPHUPOTHON BIAKHOCTBHIO U JILIUCTOCTHIO, OTO-
OpanHbIX B mHTepBasie ryoun 0,3-3 m. (Tadi. 3).

Tabmua 3. JlebopmalimoHHEIE XapaKTEPUCTUKN UCCIIETOBAHHBIX

TPYHTOB
A, m
Haumenosaume
min max min max
cymech 0,146 0,547 0,032 0,127
CYTJIMHOK 0,109 0,430 0,026 0,095

IIpumeuanre: min—MUHUMAJIbHBIE 3HAYEHUS; MaX — MAKCUMAJIbHbBIE 3HAUSHUS; Ath_
K0o(pPUIMEHT OTTAUBAHUA [I. e11.; 1M — CikrMaeMocTh pu orranBanum MIlat
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Ha ocHoBe craructuyeckoit 00pabOTKH pe3yiIbTaTOB OMpPEaeTICHUS
ne(OpMaITMOHHBIX XapaKTEPUCTHK TIOJYYEHBI JTHHEHHBIC 3aBUCH-
MOCTH WX OT JbAUCTOCTH (puc.3 u 4).

Ath d.ed.

0,6
0,5

+1) Ath=1,0998l,,.-0,2832 ¢

m2)

0,4

0,3
0,2

01

0

0,3

0,4 0,5 0,6 0,7 0,8
|, d.€0.

Puc. 3. BaBucumoct KoadduIleHTa OTTANBAHUA Ath 1) cymecu u 2) CyTJIMHKA,

CJIOMCTBIX KPHUOT'€HHBIX TEKCTYpP OT CyMMapHOfI JIBAUCTOCTH Itot

[u]

S

=
=

0,14
0,12

+1) &

01

m?2) m = 0,2036,,, - 0,0468 —

0,08
0,06

0,4 0,5 0,6 0,7 0,8

leoe D0,

Puc. 4. 3aBucuMocTH CKMMAaeMOCTH TIPYU OTTaWBaHUA M 1) cymecu u 2) CyTJIMHKA,

CJIOUCTBIX KPUOT'€HHBIX TEKCTYpP OT CyMMapHOfI JIBAUCTOCTH I

tot
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AHann3 MOJTy4YeHHBIX JTJMHEWHBIX 3aBUCUMOCTEH K03(DPHUIIHEHTOB OT-
TaWBaHUs U C)KMMAEMOCTH MPU OTTAaWBAaHUM CYINECH M CYIJIMHKA OT
CYMMAapHOM JIBIUCTOCTH TIOKa3aJl CHIIBHYIO KOppemsiuio (Tad. 4).

Tabmuia 4. Koaddunment koppessimn

T, I.ef.
[Tapamerp HaumenoBauue
A, m
7 cymech 0,912 0,805
tot CYTJIMHOK 0,905 0,818

C yBenmdenneM JILAUCTOCTH K03 UITHEHT A, BO3pacTaeT CyIiecTBeH-
HO, a CKMMAEMOCTh I yBeJIMUNBAETCI He3HAYNTeJIbHO. B muamasonax
apaucroctu ot 0,3 1o 0,8 1. en. medopMallOHHBIE XaPAKTEPUCTUKHU CY-
IIeCH HECKOJIBKO 0O0JIbIIe KO3(P(HUIIMEeHTOB CyrJIMHKA, CKOpee BCEro aTo
00yCJIOBJIEHO C KPHUOIeHHBIM CTPOEHNEM MEP3JI0r0 IPyHTa

BbBIBO/1 bl

OKCIEepUMEHTAJIbHBIMA HCCIIEHOBAHUAME MEP3JILIX I'PYHTOB CO CJIO-
WCTON KPUOTEHHOW TEKCTYpPOH YCTaHOBJIEHA JIMHEWHAas 3aBUCHUMOCTH
K02(pdHUIIIeHTOB A, ¥ M TP OTTAMBAHUY OT JIHJUCTOCTH B JUATIA30HAX
or 0,3 mo 0,8 nm. ex. JanpHeiime wMcciaeqoBaHUA OyIyT HAIIpaBJIEHBI
Ha oIIpeJeJIeHns TepopMaIllMOHHEIX XapaKTePUCTHUK MEP3JIbIX I'PYHTOB
C Pa3JINYHON KPUOTe€HHOU TEKCTYPOU U JIBIHUCTOCTHIO.
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MHOT'OJIETHAA JUHAMHNKA JIEJOBOI'O PEKUMA
CPEAHUX PEK APKTUYECKOUM 30HBI CUBPU

J.1. Boakosa 2
E.B Pymauuesa 2

! Cankr-TlerepOyprekuii rocyapcTBeHHbIN yHuBepcuTeT, HCTHTYT Hayk o 3emite, Poccust
2 ApKTHYECKHUI 1 aHTAPKTHYECKUI HAyYHO-UCCIIEN0BATEILCKUI HHCTUTYT, Poccus

AHHOTAIINA

OrieHKa MHOTOJIETHENM M3MEHUYMBOCTU JIEJIOBOTO DPEKUMA PEK SIBJISEeTCS aKTy-
aJIbHOM 3a71aveil B CBA3U C M3yUeHUEM BJIMSHUS COBPEMEHHBIX KINMATHYECKUIX
U3MeHEeHUY Ha IOBEPXHOCTHBIE BOJHBIE O0BEKTHL. VcciiemoBamHue ITOCBSIIEHO
JIEJIOBOMY PEKUMY CpelHHX pek Apxruyeckodl 30HbI CHOMPH, KOTOpBIE OTHO-
carcs k Bogocoopam KpynHbix pek Enwuces, [lsscunbt u Xaranru, a raxkxe O6u
U ee yCTheBOM 00J1acTu. BEIOOp per 00yCII0BJIeH HAJIMYMEM MIPOIOJIKUTEBHBIX
PSAJIOB HAOJIIIOIEHU 32 JIeJOBBIME SIBJIEHUSIMUA U TOJIIIUHOMN JIbJa. 30HAIbHBIE
0COOEHHOCTH M3MEHUMBOCTH JIEJOBOTO PEKMMA HAMO0JIee TIOJIHO OTPAKAIOTCS HA
CpPeTHUX PeKax.

Ilenp wccemOBaHMS — IIPOCTPAHCTBEHHO-BPEMEHHOM aHAaJIN3 XapaKTePUCTUK
JIEZIOBOTO PEKMMA CPEIHUX PeK ApKTHYecKod 30HBI CHOMpPHM 32 MHOTOJIETHUN
mepuos. MaTeprasioMm MCCIIeIOBAHUS SABJISTIOTCSA JaHHBIe HAOIONEHNA Ha TOCY-
IAPCTBEHHBIX THAPOJIOTHYECKUX TocTax. JJIs aHammsa MpUMEHSIOTCS METOIBI
MaTeMaTHIecKoi 00pabOTKM, B TOM YHCJI€ CTATUCTHYECKHN aHAJIM3 MHOTOJIET-
HUX PSAJIOB JAHHBIX, OIIEHKA WX OJHOPOIHOCTH, TPEHIOBBIM AHAJN3 C YIETOM
CTATUCTHYECKON 3HAYNMOCTY JIMHEWHBIX TPEeHI0B. MHOroIeTHIE PSJIBI TAHHBIX
pas6uTs Ha gBa mepuona: 1950-1979 rr. u 1980—2010 rr.

OrmpeesneHo, 4To AJIs BCeX UCCIEIyEeMbIX PEK IIPOCIEeKUBACTCA OMUHAKOBASA T€H-
JEHITUS YMEHBIITeHUs ITPOJIOJIKUTEeILHOCTH JiegocTasa 3a nepuoya 1980-2010 rr.
W3MeHYnBOCTE TIPOJIOJISKUTEIBHOCTH JiefocTaBa cocrasisger 7—-23% 3a coBpe-
MEHHBIN KInMaTHYecKuil mepuo. OIHOPOSHOCTE PAIOB 110 Kpurepuio CThooaeH-
Ta MOITBEPsKIEHA JIJIs UCCIIeIyeMbIX peK, 3a uckiandernueM pex Herma u Jyouec
(o TpomoJKUTEIbHOCTH JiemocTaBa) u pek Jlamumua n Hopuika (o Tommune
Jba). B ompesesieHuy cTaTUCTUYECKON 3HAYUMOCTH TpeH10B (ipu 5% ypoBHeE)
He IIPOCJIeKUBAETCA OJHO3HAYHAS 3aKOHOMEPHOCTh. 3a mepuon 1980-2010 rr.
00JIbIIIe 3HAYNMBIX TPEHIOB, YeM 34 IPEeIIIeCTBY IO IIePUOI.

Knrouessie cioBa: jieioBBIN peskuM, ApKTHUeCKas 30HA, CPeTHUE PEeKU, MHO-
TOJIETHSIST U3MEHYUBOCTh.

BBEJEHHUE

B coBpeMeHHBIX YCIOBHUSIX W3MEHUYMBOCTH KJIMMATHYECKON CHCTEMBI
mpobJieMa OIeHKU JUHAMUKH JIEJOBOTO PEKUMA PEK SBJISETCS aKTy-
AJIPHOM M 3HAYMMON. APKTHUYECKHI PEruoH B IEJIOM U ApKTHYeCKAsS
3oHa CubWpW B 4acTHOCTH HAmbOOJI€e YSI3BUMBI K IIPOITECCAM KJIMMATH-
YeCKUX U3MEeHeHUN.
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OcobeHHOCTH JIEJOBOI0 PEKUMAa PEK OIMPEeIesISOT YCIOBUSA WX HCITOJIb-
30BaHUS TPAHCIIOPTHOM UHQPACTPYKTYPOii, 0beceunBasi COIUaaIbHO-9-
KOHOMHYECKoe pasButTue Teppuropuit. HoBeiit BuToK ocBoenus Poc-
CUHCKON APKTHUKH CBA3aH C peaTu3allneil KOHIIEIIIUH «OIIOPHBIX 30H»,
OCHOBAHHOI HA CHCTEMHOM Pa3BUTUU TEPPUTOPUHU B YCIOBUAX BO3POC-
II1ero MHTepeca K Jo0BIBAOIIEH 0TPACTH d9KOHOMUKH [1].

Ilenpro nceaenoBaHusa SBISETCS IIPOCTPAHCTBEHHO-BPEMEeHHON aHAaAIN3
XapaKTePUCTHUK JIEJOBOI0 PEKUMA CPpeTHUX PeK ApKrudeckoii 3oHb Cu-
oupwu 3a muorosierauit mepuord. Corstacuo 'OCT 19173-73 [2] k cpex-
HUM peKaM OTHOCSTCS PEKH, PACIIOJIOKEeHHbBIEe B OJJHOM reorpadgpuyecKoi
30HE, TUIPOJIOTHYECKUN PEesKUM CBOMCTBEHEH peKaM JTOM 30HBI. Ilo-
mwagb Bomocoopa cpenHmx pek cocrasiser 2000-50000 xm?. Daxrop
KJIMMATAYECKUX U3MEHEHUN SBJIgeTcs 0ojiee 3HAYMMBIM IJIs CPEIHUX
PeK B OTJIMYME OT MAJIBIX PEK, IOJBEP:KEeHHbBIX JOKAJIBLHBIM (PaKTopaM,
¥ OT OOJIBIIUX PEK, (POPMUPYIOIIUX THAPOJIOTUIECKAX PEIKUM Ha OTPOM-
HOH ILIOIIASU Bogochopa.

HcenenyeMbie cpenHue peKkn HAXOOATCA B APKTHUYECKOM 30HBI 3ama/l-
moit m Cpenueit Cubupu, OTHOCATCS K BOI0COOpaM KPYITHBIX pek Exu-
ces, Ilsacuupr m Xaranru, a Taksxe OO 1 ee yCTheBOM 00J1aCTH.

JlenoBrrii pesrnm pex Poccuiickoin ApKTHEM Beerga mMeJl BaskHOe 3Ha-
YeHUe B CBSI3U C €r0 JUMHUTHPYIOIIEH pPOJIbIo IJIs CyJOXOICTBA, B OC-
HOBHOM 9TO KaCaJIOCh KPYITHBIX ITOJH30HAJBHBIX PEK. SHAUUTEbHBIE
HAyJHBIe KCCJIEJOBAHUS II0 JIEJOBOMY PEKUMY KPYIHBIX CHOUPCKUX
PeK 1 uX yCTheBBIX obJsiactei mpoBomuiuch panee B AAHUU [3, 4]. Uc-
CJIeJOBAHIS 110 OIIeHKE CBI3U KINMATHUECKUX M3MEeHeHUH ¢ JIeJOBhIMU
SIBJIEHUSIMU ITPOBOJUJINCH U HA OCHOBE COBPEMEHHBIX JaHHBIX, Pe3yJIb-
TAThI 9TUX UCCJIEIOBAHUM IIPEJCTABICHHI B IIyOIUKaAIUAX [5, 6].

B mamnOoM mcceiemoBaHuM ciesiaH aKIEeHT HA aHAJIU3 JIeI0BOM HHGOP-
MAIAM II0 CPEJHUM pPEeKaM B MAJIOM3YyYEeHHBIX paloHax ApPKTHYECKON
3ounl Cubupn.

MATEPHAJIBI 1 METO/1bI

MarepraioM K HCCICTOBAHUIO MOCIYYKHAINA JAHHBIE HAOIIOIEHUN Ha
CpeIHUX peKax 3a JIeNOBLIMU ABJICHUAMY M TOJIIMHE JIbJIa Ha THIPO-
JIOTHYECKHUX II0CTAX TOCyIapCTBEHHOM ceTn Pocruapomera B ApKruue-
ckout 3oue 3amagHoil u Cpenueit Cubupu. B Tadbnmiie 1 mnpencrasiier
CIIMCOK THUIPOJIOIMYECKUX IIOCTOB, MCIIOJIb3YEMBIX [IJIS HCCIIEJOBAHUI.
COop JaHHBIX ITPOU3BOIMJICS 110 OIyOJMKOBAHHBIM MaTepuaaam [ocy-
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JapcTBeHHOro BogHOro Kamacrpa. CdhopMupoBaHbl aTpHUOyTHUBHEBIE Ta-
OJIHIIBI T10 JIEJOBHIM SBJICHHAM W TOJIIIIAHE JIbJa Ha peKax JJIs 0as3bl
JAHHBIX THIPOJIOTUYECKOM WHQOPMAIIUU II0 BOXHBIM o0BbexkTam Poc-
cutickoit ApkTukn. JIJ1s1 pex BBIIEIeHO II1eCTh OCHOBHBIX JIETOBHIX (a3
IJIst 0a3bl JAHHBIX: JaTa IIepBOM IMMOABMIKKM, JaTa Hadasa JIeaoxoja,
Jara OYHIINEeHUs, JaTa J000ro yCTOMYHBOIO JIeJ0BOr0 SABJICHHS, JaTa
YCTOMYMBOTO ILJIABYUYEro Jieao00pas3oBaHWs, JaTa Havaia JieqocTaBa.
CozaHbl 9JIEKTPOHHBIE APXUBEI 10 JIEJOBBIM (hasaM ¥ MaKCHMAaJIbHOMN
TOJIIIIMHE JIbJa UCCJIeIyEMBIX PEK.

Tab6amia 1. 'ugposrornyecKkre MOCTH HA UCCIEIYEMBIX PeKax

No nligfa Pexa—rmoct Hnomam;c;gﬂoc%pa,
1 11548 p. Jlamua—c. Capaunayiab 18500
2 11558 p. Homy#i—rme. [Houmyit 15100
3 11806 p. Hetma—-c. Heima 6700
4 11644 p. Jles. Xerra— fAresnHoE 5710
5 03401 p. Xera—r1oc. Boouanka 32900
6 09455 p. Hopuika—moc. Basex 19800
7 09432 p. XauTaka—HUCTOK 12300
8 09425 p. Typyxau—daxr. duos Cran 10100
9 09401 p. Esoryit—rmoc. Kemtor 16300
10 09385 p. youec—axrr. Canmaxuec 8360

B nanmoit pabore 1yia aHAIM3a MHOTOJIETHENH M3MEHUYMBOCTH JIE€IOBO-
0 peskuMa HMCCJIeyeMBIX peK OBLIM BBIOPAHBI CJIEMYIONIHe XapakKTe-
PHUCTUKH: ITPOI0IKUTEIFHOCTD JIeJIOCTaBa U MaKCUMAaJILHAS TOJIIIIHHA
abgaa. OT IpoIoIKUTEIFHOCTH JIeJIOCTaBa 3aBUCUT IEPHUO]T HABUTAIIUH,
YTO MMEeT OYeHb BaKHOEe 3HAUYEHWE JIJIs XO3SIMCTBEHHOM JesaTeJIbHO-
CTH, 4 TAKKe JIJIS COIMAJIPHO 3HAYUMBIX 00BEKTOB MH(MPPACTPYKTYPHL.
MagkcumasrbHAA TOJIMIUHA JIbA XapaKTepPU3yeT CTelleHb TPOMeP3aHus
pPeKm.

MeTOL[I:I HCCJIeJOBAaHUA OCHOBBIBAIOTCA HaA MaTeMaTUYIeCKOH 06pa60TKe
JAaHHBIX MHOTOJIETHUX PAJTOB IT'MAPOJIOTHYECKHUX XapPaKTEepPUCTHUK C HC-
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OJIb30BAHUEM CTATUCTHYECKOT0 aHaJM3a. 3a OCHOBY CTATHUCTUYECKO-
0 aHAJIM3a B3ATHL MeTogudecKkue pexoMenganmu [7]. B uccnenosanumu
OpHMeHEeHBl aHaJIN3 HA OJHOPOIHOCTD 110 KpuTrepnio CThIoNeHTa, TPeH-
IOBBIA aHAaJIN3, B TOM YMCJIE HCIIOJIB30BAH METO[ OIeHKH CTATHCTHUE-
CKOM 3HAYMMOCTH JUHEHHBIX TPEH/IO0B.

PE3VJIBTATHBI 1 OBCYXKJIEHUE

B mestom nia aganmaa uccsemoBasiyich MHoroserue psaasr 1950-2010 rr.,
KOTOpBIe ObLIIM pasaesieHbl Ha aBa repuona 1950—-1979 rr. m 1980—2010 rr.
IIpuHaTO momyieHue, 4T0 MEPEJIOMHBIM T0I0M sBJisgeTcss 1980 rox, Kak
roJI Ha4yaJjia COBPEMEHHBIX KIMMATHUECKIX H3MeHeHu [8, 9].

Bruauaiie ObIn ompeneneHbl cpelHne 3HAYEHUS IPOLOJIKUATEILHOCTH
JIeocTaBa W TOJIIIIUHEL JIbA JJIS IBYX IIEPUOJI0B, BEIUMCIEHA PA3HUIIA
CpeIHUX 3HAYEHUHN oTUX Mepro0B. Pe3yibraTsl pacyeToB IIpejicTaBiie-
HbI B Tabsutie 2. J{J1s Bcex rcciieIyeMbIX peK XapaKTepHo YMeHbIIIeHne
IPOJOJIKUTEILHOCTH JIeNoCTaBa U MAKCHMAJIbHOM TOJIIMHEL JIbIa 34
COBPEMEHHBIX KIIMMATHYECKUH rmepuoy,. VaMeHe s PO KUTe IEHO-
CTH JIieJocTaBa KoJiedsaooresa B mupengesnax 7—23% wunan 5—11 pueii. Hau-
OosibIliee m3MeHeHMe Ha0Ioa0ch Ha pexax Herna, [Tomyit, Xauraiika

Ta6JII/H_[a 2. CpeﬂHHe 3HaAYEeHUA XapaKTePHUCTHUK JIeJIOBOI'O pexurmMa

HpO,I[OJI)KI/ITeJIBHOCTI) JiegocraBa,
ER MaKCI/IMaJ'II)Haﬂ TOJIIIIUHA JIbJa, CM
HOZ[ C elHee 3HaYeHe C eIHee 3HaYeHHne
IIocra p p
1950~ 1980~ Pagruma 1950~ 1980— Pagruma
1979 2010 1979 2010
11548 203 197 —6 (12%) 88 81 —7 (6%)
11558 216 208 —8 (17%) 118 110 —8 (9%)
11806 298 218 ~10 (23%) 76 72 —4 (3%)
—22
_ 0
11644 190 185 5 (10%) 110 88 24%)
03401 120 113 —7 (8%) 81 76 5 (4%)
~15
. 0,

09455 111 105 6 (7%) 140 125 1%
09432 146 135 —11 (16%) 96 89 —7 (%)
09425 126 120 —6 (8%) 80 71 —9 (7%)
09401 151 145 —6 (9%) 77 70 7 (5%)
09385 149 138 —11 (16%) 91 86 —5 (5%)
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u Jlyouec, Haumenbiee namenenrie —Ha pexe Hopuika. ITo ymenbime-
HUIO cpeqHero 3HaveHnda 3a nepuoy 1980—2010 rr. TONMMIUHBI JIbJIA BHI-
nensoresa pexn Jlesasa Xerra (24%) u Hopuika (21%), ocrajibHBIE pEKHA
XapaKTepPU3yITCA HEBBICOKOM M3MEHUYNBOCTHIO TOJIIIUHEL JIbaa 10 10%.

Jlamee paanl ObLIN IPOAHAIU3NPOBAHEI HA OJHOPOAHOCTD IO KPUTEPUIO
CreionenTa. PesynbrarTel ompemeseHus OTHOPOIHOCTH MHOTOJETHHX
PAI0B IIpuBeneHbl B Tabaulle 3. BoablmmHCTBO psaaoB 10 o0enM Xapak-
TEPUCTUKAM OJHOPOIHEI, OJHAKO €CTh UCKIoUYeHus. [1o mpomosskuTe ts-
HOCTH JIE[0CTaBa HEOSHOPOSHBIMU ABIA0TCA peku Heima u y6uec, mo
MAaKCAMAJIbHOM ToJmuHe Jbaa—peku Jlanna n Hopuiaka. g asyx
cpaBHHBaeMbIX peruoHoB 3amanaHoi u Cpemreit Cubupu CyIIecTBYIOT
HEOIHOPOIHBIE PAIBI, HO B KAUECTBE UCKIIIOUSHU.

Tabauiia 3. OMHOPOAHOCTE MHOI'OJIETHHUX PSIOB

Pexa— moct ITpomomkuresnn- MaxcumanbHas

HOCTB JIEJIOCTaBa TOJIIIMHA JIb1a
p. JIssmmua—-c. Capaunnayib + -
p. Homyit—rme. [Tomyit + +
p. Herma—c. Heima - +
p. Jles. Xerra— fArenpHoe + +
p. Xera—moc. Bosouanka + +
p. Hopuiika—moc. Banex + —
p. XaHTaKka — HUCTOK + +

p. Typyxan— daxrr. Auos Cran + =/t

p. Emoryit—moc. Kemor + +
p. HAy6uec— daxr. Cangaxduec - +
«+» — PST] OJTHOPOJIEH, «—» — PSIJT HEOTHOPOJIEH, KH/» —HeT JaHHBIX

Cuie Iy oM 9TaoM MCCIIeI0BaAHMS ObIJI aHAJIN3 BPeMEeHHON H3aMeHYH-
BOCTH XapPaKTEPUCTHUK JIEIOBOTO PEKMMA U MCII0JIb30BAHUEM JIMHENHBIX
TPEHI0B. BBIJIO BBISBJIEHO, YTO TEPHOJ JIEJ0CTABA M MAaKCHMAaJIbHAS
TOJIIIITHA JIbJa JJis Bcex pek B mepmord 1980—2010 rr. ymMeHbBITAIOTCA.
Tewumennu J1eI0BBIX XapaKTEePUCTUK ITepBoro mepuosa (1950-1979 rr.)
VMEIOT Pa3JIMYHBIM BUJI, HO JIJIs OOJIBIITMHCTBA PEK XapPAKTEPHO YBEJIH-
JeHMe 9TUX mmapamerpoB. Ha puc. 1 mpuBeseHBI XpPOHOJIOTHYECKHE Tpa-
UK TUHAMUKY TPOIOJLKUATEILHOCTH JemocTaBa pek [omnyit u Jlanuu
C BBIJIEJIEHUEM TPEHIOB JJIS IBYX IIE€PHUOIOB.

Ha puc. 2 mokaszana MHOTOJIETHSISI H3MEHIHUBOCTE ITPOJIOJISKUTETEHOCTH
JenocraBa cpequux pek Apkrmueckoit 30ubl Cpemmeit Cubupwu. Jiis
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IIpoananuaupoBana craTUCTHYECKAS 3HAYMMOCTE JIMHEMHBIX TPEHIOB
mpu 5% ypoBHE 3HAUYHUMOCTH, pe3yJIbTaThl IPUBeIeHbl B Tabsure 4. 3a
mepuoy 1950-1979 rr. TpeHABl SABISIOTCI HE3HAYNUMBIMU II0 CPEITHUM
pexam Aprrrueckoii 30HbI Cpenneit Cubupu, s pex 3amnamguoi Cubdu-
P TpeHObI He 3HAYMMBI IO TOJIIUHE JbJa W 3HAUKUMBI 110 IIPOJ0JIMKH-
TeJbHOCTH Jemocrasa. 3a mepuorn 1980—2010 rr. HeT 0JHO3HAYHOM 3a-
KOHOMEPHOCTH 3HAYMMOCTH TPEHIOB, HO BEIABJIEHO OOJIBIIE 3HAUMMEBIX
TPEH/IOB, YeM 32 IPEeIbIAYIINI IePuoI.

Tabauiia 4. CraTrcTUYecKasa 3HAYNMOCTD JIMHEMHBIX TPEH/IOB

IIpomossKuTEe IBHOCTE Maxcumanbaas
JIeiocTaBa TOJIIIIMHA JIBJ1a
Pexa—mocr
1950— 1980— 1950— 1980—
1979 2010 1979 2010
p. JIsnua—c. Capaumnaysis + + + -
p. Homy#—rme. Iomyit + - - -
p. Herma—c. Heima + - - +
p. JIeB. Xerra— fAresbroe + + - -
p. Xera—rioc. Bosouauka - + - +
p. Hopuiika—moc. Banex + - +
p. XaHTalKa — UCTOK - - - +
p. Typyxau -daxr. Auos Cran - + - =/
p. Enoryit—moc. Kesmor - - - -
p. Hy6uec—darr. Canmaruec - + - +
«+»—3HAYUMBIHA TPEH/I, «—»— He3HAYUMBII TPEH/I, «H/I» — HeT JaHHbIX
BbBIBO/bI

B xone ncciieqoBanus copmMyIMpoBaH OCHOBHOM BBIBOJ O €TUHOM TEH-
IEeHIINN YMEHBbIIeHUS TPOJOIKUTEIHHOCTH JIeIOCTaBa ¥ MaKCHUMaJIb-
HOM TOJIIIIAHBEI JIbJIa Ha CPEeIHUX peKax ApPKTHYECKOM 30HBI 3artaIHOM
u Cpennett Cubupu. OpHako pexn 3amaguaoit Cubupu mmeT Gosee
TPOJOJIKUTEIBHBIN IIEPUO]T JIeJOCTaBa U IPKO BEIPAYKEHHOE er0 m3Me-
HeHue 3a mmepuox 1980—2010 rr.

BosbmmHeTBO MecieqyeMbIX psaaoB 110 Kpurepuio CThIOIeHTa SBJISIOT-
¢l OOHOPOSHBIMM, OJHAKO €CTh MCKJIIUYEeHNA B BuIe IByX pek B Cpen-
Heii u Bamaguoi Cubupu. CpefHue BeJMYMHBI IEPHOIA JIEIOCTABA
U MAaKCHUMAJILHOM TOJIIIMHEL JIbJA II0 CBOCH BeJIMYMHE MEHbLIIe BO BTO-
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PO paccMaTpHBAEMBIN mepuoid, yeM B mepshiii. CpenHue mMa3MeHeHUsS
HPOJOJIKUTEILHOCTH JIeocTaBa Koebores or 7—23% i 5—11 nueii.
MagkcumasibHAA TOJIMHA JIba B CPeIHEM /I PeK YMEeHBIINJIAch Ha
3—24% (4—22 gHs). 3a COBpeMEHHBIN KJIMMATHYECKHN IIePHOoM, OTMe-
YeHBl CTATUCTUYECKH 3HAYMMBIE TPEHIBl AHAJIU3UPYEMBIX JIEJOBBIX
XapaKTePUCTUK, HO ABHOM IPOCTPAHCTBEHHON 3aKOHOMEPHOCTH He Ha-
oJIIoaeTcd.

VHHUKAIBHOCTD HccJIeIJ0BaHuA 3aKJIo4dYaJiaCb B TOM, 4YTO B HO,H06HI:IX
HCCJIeJOBAHUAX NJTMHAMMWKH JIEJOBOI'O peruMa valle BCero BBI6I/IpaIOTCH
KPYIIHbIE PE€KU, a B JaHHOM pa60Te o0BeKTaMU HCCJIeJOBaHUA OBLIIV BBI-
6paHBI cpeaHue peKr, B OCHOBHOM He IIOABEPKEeHHbIe aHTPOIIOT€eHHOMY
BJIMSHUIO U OoJiee peripe3eHTaTUuBHBIE 110 CDABHEHUIO C KPYITHBIMUY WUJIN
MaJIBIMH PEKaMH.

Takum 00pasom, yIUTHIBAA UCCJIEI0BAHUSA 00 YBeJIUUEHUH TEeMIIepaTy-
PBI Bo3ayxa B ApKTHKe, CJIeIyeT OTMETHUTh, UTO JIEJOBBIM PEKUM CPeJI-
HHUX PeK NOJABEP:KeH KINMATUYECKUM N3MeHeHUusaM 3a mmepuon ¢ 1980 r.
WaMmeHenne Takoi XapakKTePUCTUKY KAK IIPOJIOJIMKUTEIEHOCTE JIETOCTA-
Ba MMeeT BasKHOe 3HaYeHMNe IJIS X03sIHMCTBEHHOI0 MCIIOJIb30BAHIA PEK.
Benencreue ero ymeHbIlieHus, yBEJIMIUBACTCSI CyMMAPHBIA II€PHOJ JIe-
JI0X0/a, JIeI000pa30BaHMUsA U OTKPBITOrO pycja Ha peKax. Y BeJIndeHue
meproga OTKPBITOTO pPycJia II03BOJISIET YBEJIWYUBATH IIEPHOJ] HABUTA-
I,
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ABSTRACT

We report an attempt to reconstruct slushflow activity, evaluate its contribu-
tion into sediment budgets and impact on geomorphic structure and fluvial pro-
cesses in the Khibiny Mountains valleys by means of detailed description of
associated landforms and correlated deposits analyses (structural, grainsize,

radionuclide fingerprinting, *C dating). Slushflow represent a specific type of
gravitational flow of water-saturated mixture of snow with limited amount of
clastic material. Available results for the studied basins suggest slushflows as
a leading mechanism of downstream sediment delivery and valley floor trans-
formation in Holocene. Recurrence interval of medium-magnitude slushflows
does not exceed 10—30 years, though fluvial topography is suppressed or almost
nonexistent as streams are unable to rework slushflow deposits. Frequency of
extreme events is much lower. Nevertheless, largest-scale bottom features and
piedmont fans can be related to much more intense events associated with last
deglaciation stages.

Keywords: slushflow, debris flow, mountain valley, subarctic, fluvial

INTRODUCTION

Slushflow represent a specific type of gravitational flow of water-sat-
urated mixture of snow with relatively limited amount of clastic
sediment (< 12%, size up to 1-2 m) occurring in low-order stream
channels [3]. Slushflows are considered either subtypes of wet snow
avalanches, or debris flows, or independent phenomena between
the latter two [11, 5, 4]. Widespread mostly in Arctic and Subarctic
mountain environments they cause hazardous and potentially dan-
gerous episodes. Those are common for the Ural, Putarana and Kola
Peninsula mountains and Scandes in Eurasia [10, 6], Brooks ridge,
Quebec region and Canadian Arctic Archipelago in North America [1,
9] and rarely reported for the lower latitude mountains. They could
cause fatal consequences [8] increasing both the scientific community
and public awareness and social demands for prediction and sound
protective measures [13].
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Compact low mountains of Khibiny (up to 1201 m ASL) located in
central part of the Kola Peninsula is a Devonian pluton of multiphase
alkaline intrusion [12] partly exposed by denudation. Extreme min-
eral concentrations triggered extensive industrial exploration of the
massif for almost a century that yielded in numerous quarries, mines,
plants, roads and civil engineering constructions. Lately, rapidly
growing touristic flow has focused on Khibiny ski resorts, mountain-
ous tracks and newly established National park. At the same time,
being an arena of widespread hazardous processes (snow avalanches,
rockfalls and screes, slushflows and debris flows) it requests reliable
assessment of potential environmental risks. Debris flows here are
thoroughly investigated since 1960s [3] providing a unique dataset of
>200 slushflow-affected mountain catchments that have been active at
least once in centennial. However, those surveys concentrated largely
on monitoring the presently observed episodes whether knowledge of
distribution, magnitude and frequency of such hazardous events is
still limited by the lack of reliable spatial data and age characteristics
on the debris flow deposits and landforms allowing paleogeographic
correlatations.

MATERIALS AND METHODS

In order to evaluate slushflows intensity in the Khibiny, its contribu-
tion into sediment budgets and influence on geomorphic structure and
fluvial processes we accomplished a detailed study of associated land-
forms and correlated deposits. Geomorphic interpretation of high-res-
olution aerial and satellite imagery from public services and detailed
topographic maps presented widespread evidences of debris flow phe-
nomena within most of them. Through 2015-2017 fieldworks compre-
hensive section descriptions and sediment sampling for grainsize anal-
ysis, 2?Th radionuclide fingerprinting and C dating were carried out
in the six mountain valleys allow revealing the age and common struc-
ture of slushflow environments. In addition, reference photo points
were established and aerial photography using unmanned aerial vehi-
cle was accomplished for further monitoring of modern slushflow con-
sequences.

RESULTS AND DISCUSSION

Numerous deep (100-500 m) erosional valleys, glacial troughs and
cirques, and tectonic lineaments dissect Khibiny plateau-shaped sum-
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mits and relatively steep slopes. Field inspection of six river basins
(Fig 1) revealed both modern and older slushflow landforms: valley
floor and stream bank incisions, ridges, levees and hummocks, debris
covers, terraces and fans. Surfaces of relatively fresh landforms have
no or poor vegetation (fragmentary mosses, lichens, herbs and shrubs)
and do not exceed 1 to 2 m in height and 0.02 km?2. Older ones are
larger (up to 10 m high and 0.05-0.4 km?) and mostly well forested
or have thick moss-lichen cover in tundra. Deposits vary from large
boulders and blocks to sandy silts depending on the geomorphic posi-
tion above the streambed, the distance from slushflow sources, age and
flow energy. Usually up to three levels of debris flow accumulations of
different age could be distinguished. Along the middle reaches of 2434
order streams, they are traced as sequences of superimposed or lean-
ing against each other terraces. At the lower reaches, they appear in
cross-sections as series of humic or peat layers buried between coarse
debris flow deposits.

The youngest slushflow deposits were found almost days and months
after their accumulation, respectively, in the valleys of Alyavumjok
and Northern Lyavojok and Mannepahkuay. In the latter, they
formed small debris covers, individual hummocks up to 1.5 m high
and ridges 7-8 m long during the early spring snowmelt 2016 (fresh
silty gravel and boulder loads were registered later, in the end of
June at the confluence of main headwaters). The successive remote
sensing data analysis allowed narrowing the discharge periods of
previous slushflows down to spring 2014 and at least once before, in
2012-2013. Larger young landforms were formed by slushflow from
the main left tributary in Northern Lyavojok basin. According to the
vague vegetative cover of the debris fan protruding the forested area,
it happened less than 10-15 years ago. Evidences of relatively young
slushflows of extreme volume are observed in the Malaya Belaya river
basin. Couple of small catchments (Alyavumjok and Eljok) on the left
bank in its middle reaches have large unvegetated debris fans. The
valley floor of the former one is almost devoid of loose sediments in its
upper part, and the latter has a deep (up to 35 m) V-shaped incision
in the middle part. Debris fans with boulder pavings and 200-250 m
radius have already been shown on the first historical topographic
maps of the Khibiny from the 1930s. Thus, they are at least 90 years
old and are superimposed on the older (better vegetated) and even
greater in size fans displaying repetitive activity of extreme slushflows
in the region.
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Khibiny Mountains ";,“’

(i) o

Fig 1 Location of the Khibiny mountain massif at the Kola Peninsula, Russia (i) and
case study basins (ii) (Google global topography, infrustructure and settlements).

The frequency of such disastrous events can be estimated by the
14C dating of buried soils within the forested piedmont area of the
Mannepahkuay valley. Here, the ages of organic-rich paleosol layers
overlaid by slushflow deposits under well-developed spruce forest
are 540+80 (IGRAS-5404) and 1310+70 (IGRAS-5402) *C yrs. in two
successive slushflow accumulation zones 0.5 km apart. Therefore,
we can expect high-magnitude slushflows to release at least twice
per millennia in the basin and probably much more often. Such
extreme episodes could cause radical changes for the mountain
valley and piedmont environments. Besides essential adjustments
in surface conditions of large areas (eliminating primary sediments,
soil and plant cover), they lead to great alterations in topography and
landscape dynamics. Large tributary slushflow fans overlap receiving
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valley floor and induce the main river channel to intensely erode or
even significantly shift its position. Thus, large forced meander up to
350 m in radius occurred in the Malaya Belaya river valley due to the
Alyavumjok fan. Dramatic imprints of both slushflows and rockfalls
great in clastic volume but transported for relatively short distances
were observed at the Northern Khibiny. Here, in the neighboring
headwaters of Northern Lyavojok, Kalijok and Perevalnaya, large
debris bodies and debris fans appear at the foothills of glacial cirques
walls and apertures of short brooks. Multiple signs of faulting and
widespread ongoing rock failures on valley sides suggest still unreleased
tectonic tension in the bedrock at the described areas. Poorly sorted
clastic material (blocks >1-3 m size) and common distribution of such
landforms in the closely located valleys indicate definite relationship
between active seismotectonic zones and the discharge and magnitude
of those catastrophic slushflows.

The magnitude of slushflows can also be affected by the specific geo-
morphic structure of a basin. For example, feather-shaped drainage
network pattern induce slushflow runout zones from steeply inclined
tributaries to allocate in the flattened bottom of main valley sometimes
completely blocking it. Such coarse debris dams provoke the stream
to filtrate through deposits and may lead to further outbursts and
even typical granular debris flows downstream. All that cause unequal
transporting distances of sediment load and specific “wavy” structure
of slushflow deposition in the lower reaches spreading into piedmont
forest zone. Consequently, in the higher order river basins, it is of-
ten hard to recognize zones of dominant slushflow origination, trans-
port and accumulation whether simple arranged catchments (mostly
streams of the 1%t order) usually present distinctively confined morpho-
dynamic zones of slushflows.

A little 1s known about hydrological mode of slushflow-affected streams.
Registered discharges in the lower reaches of the Tulijok River (the
biggest watercourse of the Khibiny) rise from 4.5 m?®sec during the low
water periods up to 80 m3/sec in the high waters. Occasionally, slush-
flows exceed the latter value. At the same time, main river channel is
almost devoid of modern debris flow phenomena with an exception of
local outbursts when riverbed snow dams in upper reaches are being
destroyed. Those small slushflow events generally of the wet avalanche
type intensely erode floodplains and terraces riverbanks leaving chan-
nel extensions, hummocky and ridge shoals and accumulative coarse-
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grained levees along the floodplain edges. Floodplain here has two lev-
els almost non-differentiated by height above the riverbed. However,
the younger step has distinct ridges of debris flow and alluvial gene-
sis along the upper valley part whether the older and slightly higher
one is almost flat and does not show any signs of recent accumulation.
Slushflow traces of various ages were observed in numerous tributar-
ies of the Tulijok dissecting slopes of adjacent plateaus, but modern
slushflow accumulation terminates inside their catchments not reach-
ing the main valley floor.

Erosional potential of slushflows could be estimated based on the ge-
omorphic evidences. Deep V-shaped incisions in the upper reaches of
the 1%t-order streams and brooks almost dry during most of the warm
season attest to its origination by agent other than fluvial. In plac-
es, they dissect even bedrocks showing great intensity of the eroding
flow. Usually, catchment basins above them (cirques, niches, etc.) pro-
vide abundant snow and water supply and serve as slushflow sources.
Downstream major valley, several incisive cycles are imprinted into
the bottom topography of the basins of higher orders. According to the
relatively low discharge rates and no geomorphic indication of active
erosion by fluvial processes, those should also be correlated with slush-
flow episodes probably caused by climatic fluctuations, or sometimes,
local base level declines.

Fig 2 Slushflow landforms: (i) large fan and (ii) fresh deposits, Alyavumjok valley .

To evaluate geomorphic effects of hazardous slushflows and its inter-
actions with other exogenous processes it is important to distinguish
both main sediment sources with their relative contribution and zones
of debris deposition. Radionuclide fingerprinting approach has been
proved useful determining sediment sources and sinks in wide vari-
ety of geomorphic landscapes. Radionuclides can serve as tracers in
cases 1if their chemical properties display dominant redistribution
in fixed conditions with sediment particles. Two valleys—Hackman
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and Northern Lyavojok—with confirmed Thorium-232 radionuclide
sources have been chosen for fingerprinting studies. Both basins in
the Southern and Western Khibiny are located in the highly contrast
geological conditions characterized by alternation of alkaline plutonic
rocks with different content of radionuclides. At the first one, strong
232Th signal is confined to the lovchorrit vein and associated radioactive
mine damps on the right valley side. In opposite, radionuclide sources
in the second valley are scattered along the catchment and do not show
any proven bedrock concentration. Frequently affected by slushflows,
valleys are an arena of potential sediment transport and redistribution
of naturally radioactive deposits.

Gamma-spectrometry analysis of the ?*?Th radionuclide content re-
vealed definite concentrations in accumulative deposits in valley bot-
toms compared with adjacent colluvial slopes, on one hand, and al-
luvium in streambeds, on the other. This allows confirming episodic
powerful removal and mixing of material along the Hackman valley by
slushflows [7]. Contribution of constant water flow within the stream
channel is limited to washing out of fine fractions of loose material.
The latter, according to the first results of alpha-spectrometry, make
the most relevant contribution to the total radioactivity of the samples
and, possibly, can cause positive radioactive anomalies in the sedimen-
tation basins (deltas, lakes, artificial ponds) outside the studied catch-
ments. Thus, secondary re-deposition of the ??Th contaminated thin
material is possible downstream the receiving Uksporrjok valley, right
into the Bolshoy Vudyavr lake.

At the same time, increased 232Th values in the bottom of Northern
Lyavojok valley, as well as in the bottom sediments of the receiving
reservoir, Goltsovoye Lake, with respect to the potential scattered
sources require further investigation. Probably, in the latter case, the
granulometric differentiation of sediments takes place. Further anal-
ysis of the #?Th content fluctuations in the lake sedimentary column
provided with several *C dates and palaeogeographic reconstructions
[15] may clarify the dynamics of slushflow activity (indirectly by the
amplified release of silts with higher radioisotope content with the hy-
perconcentrated floods anticipated by slushflows in the upper reaches).

CONCLUSION

The frequency and magnitude of slushflows and debris flows at the
regularly affected river basins display definite relationship with the
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morphology, history and age of basins. Obtained results suggest that
slushflows and, possibly for some valleys, even typical debris flows
with lower frequency are a leading mechanism of downstream sedi-
ment delivery and valley floor transformation of the 1s*-order streams.
Fluvial topography here is extremely suppressed or nonexistent under
such conditions, as stream channels are unable to rework slushflow
deposits and are forced to passively adjust. In typical erosion valleys
of the 2™ order with narrow floor and V-shaped cross-section (Man-
nepahkuay, Northern Lyavojok, Alyavumjok, Eliok, Hackman, etc.),
fluvial processes are also almost completely paralyzed by even minor
deposition of high-frequency slushflows. A stream is redirected to wash
out and re-deposit the finer fractions of slushflow fans and internal del-
tas (both recent and older ones), forming secondary alluvial features
downstream. Small river valleys of the 3" and higher orders with typ-
ical glacial topography (wide-bottomed troughs with steep slopes) are
usually devoid of major slushflows (Malaya Belaya, Lednikovaya, Tuli-
jok etc.) except particularly low-magnitude events generally of the wet
avalanche type in the riverbed. Only rare extreme slushflow ejections
from tributaries producing large superimposed fans in the main valley
floor can influence its fluvial cycle. Those lead to major river channel
shifts, deep fresh-looking incisions and ungraded convex fragments of
valley bottom long profiles.

Recurrence interval of medium-magnitude slushflows in studied val-
leys does not exceed 10-30 years that is in agreement with the pub-
lished monitoring data. Thus, the largest numbers of slushflow events
within a single year have been detected at the Khibiny in 1943 and
1946 (presumably), 1950-1952, 1960, 1966, 1969, 1977, 1987 and 1995
[3]. Frequency of extreme events is, however, much lower. It was esti-
mated to be at least twice per millennia in several valleys, according to
14C dating of humic layers separating different slushflow deposit bodies,
analysis of archive topographic maps and aerial photography. Never-
theless, extensive occurrence of distinctive large relic landforms and
thick bottom deposits without any detectable organic material indicates
substantially higher magnitude of debris flows activity in the distant
past. Most likely, they functioned in colder environments during the
last deglaciation stages, particularly associated with moraine-dammed
lake outbursts. Reliable chronology of those stages is yet to be obtained
by the means of comparative analysis of grainsize, radionuclide and
organic content of the correlated deposits (slushflow fans, deltaic and
lacustrine sediments) and *C dating. Such reconstruction of slushflow
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dynamics represents the most challenging problem for future research
and may provide reliable basis for further risk assessment in the area.
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IFEOMOP®OJIOI'NA 1 AUHAMUKA APKTUYECKHUX
IIOBEPEKUN KAK ®AKTOPHI 9KOJIOTMYECKOM
YYBCTBUTEJIbBHOCTHU K PA3JINBAM HE®THU
(HA IPUMEPE MOPEI1 KAPCKOI'O 1 JIAIITEBBIX)

A.A. Epmosnios

MockoBckuii rocyaapcTBeHHbIH yHuBepcuteT uM. M. B. JlomonocoBa, MockBa, Poccus

AHHOTAIINA

B crarpe mpesicTaBieHbl OT/IeIbHBIE PE3YJIBTATHI Te0MOPQOJIOTUYECKOr0 Panio-
auposanus (Macmrrad 1:1000000) 1 OIIeHKH 9KOJIOTUYECKON UyBCTBUTEILHOCTH
Geperosoit 3oub! Mopeit Kapckoro u Jlanressix (00111eii IpOTSsKEHHOCTHIO O0JIee
36,500 kM) K pasauBaM HeTHU 1 HeQTEIIPOIYKTOB C UCIIOIb30BAHNEM MEsKIyHA-
poxmoit cucremsl nHAekcoB ESI (Environmental Sensitivity Index), agamrupo-
BAHHOM K IPUPOIHBIM ycsioBusaM Apkruru. Ha ocHoBe KoMIiekcHOro reomopdo-
JIOTMYECKOTO aHAJIN3a M PAVOHUPOBAHUS IPUOPEIKHON 30HBI C UCIIOIH30BAHUEM
JIAHHBIX JUCTAHIIMOHHOTO (CIyTHUKOBOTO) 30HUPOBAHUS, KAPTOrpadruecKux
u (POHIIOBBIX MAaTEpPUAJIOB B paboTe pellleHA 3a7ada OLEHKH IKOJOTMYECKOMN
YyBCTBUTEIBLHOCTU OEPETOB TPYIHOIOCTYITHBIX APKTHUYECKUX PANOHOB, BKJIIOYAS
OCTPOBA U apXuIlesaru. BaskHON 4acThIo UCCIIeIOBAHUS CTaJIa Pa3paboTka yHU-
BepCaJIbHOU MOP(OIUHAMUYECKON TUIU3AIIMH MOPCKUX OEPEroB, COIIOCTaABUMOM
¢ TUIIaMu 0eperos, IPUMeHsSIeMBIMUA B MeKIyHAPO/HO cucTeMe nHiekcoB ESI.
B pesynbrare yeranosiieso, uto csaiire 5300 kM (oxos10 50%) GeperoBoit JIMHUN
mopsa Jlanresbix u oxosio 2200 kM (20%) Geperosoit stmanu Kapckoro mops co-
OTBETCTBYIOT PAHIOHAM C BHICOKUM MHIEKCOM 9KOJIOTHUYECKOH UyBCTBUTEIHHOCTH.
Takue pafioHBI TPEOYIOT IPHUOPUTETHON 3AIUTHI B CJIy4yae pas3iuBa HeTH HaA
aKBATOPUM, YTO JIOJFKHO YUYHUTHIBATHCS IIPU Pa3paboTKe IJIAHOB JIMKBUIAIIAM
PA3JIMBOB HEPTU U IIPUPOIOOXPAHHBIX MEPOIIPUSITUN.

Kirouessrie citoBa: 6eper0BaH 30Ha, I‘eOMOp(bOJIOI‘I/IH, AVMHAMHUKA, OKOJIOT .

BBEJEHHUE

Cpeu cOBpeMeHHBIX NCTOUHUKOB 3arPsA3HeHUs APKTHKY Pa3IUBEI yTJIe-
BOJIOPOJTHOTO CHIPBST ABJISIOTCS OHUMH M3 HamboJiee ormacHeix. OHM oka-
3BIBAIOT CYIIIECTBEHHOE BO3IeMCTBIE HA (PU3UKO-XUMUYECKHE U OMOJIOTH-
YecKre XapaKTepPUCTUKU MOPCKOM CPeJIbl U MpuOpeskHoi 30Hbl. HaunHas
¢ MOMEHTa BO3HUKHOBEHUS aBapUU U PACIPOCTPAHEHUS YTJIEBOJIOPO/I-
HOI0 3arpsI3HEeHUs B3aUMOIeHCTBHE C MOPCKOI CPeaoil U cy0CTpaToOM MO-
SKeT IIPOUCXOIUTE TI0-PA3HOMY U OyIIeT OIpeIessaThCs KaK CBOMCTBAMU
CaMOro 3arPsI3HUTEJIS, TAK U IIPUPOJTHBIMU (PAKTOPAMMU, 00JIaAIOIIIIMI
PAIOM CHEIU(pUIECKHX 0COOEHHOCTEN B APKTUYECKUX PETrMOHAX.

Beper, sBisAsch ecTeCTBEHHON I'paHUIIER IBYX CPEI, CIYRUT IIperpa-
IOM Ha IyTHU PACIPOCTPAHEHUS HEe(MTIHOr0 pPasjinBa, U CIIOCOOEH IpU
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OIpe/ieJIEHHBIX YCJIOBUAX aKKYyMYyJIUPOBATH HE(PTh U MPOIYKTHL ee IIpe-
obpasoanus. C a1pyroif CTOPOHBI, IPUYCTHEBBIE BAMOPbSA KPYITHBIX PEK
u OeperoBasi 30HA ABJISIOTCS HamOoJIee IIPOAYKTUBHBIMHU B OHOJIOTHAYE-
CKOM OTHOIIIEHUH — 3]IeCh COCPeJ0TOUeHa OCHOBHAs OrmoMacca MOPCKUX
¥ IpUOPEesKHBIX PACTEHUHN U KUBOTHBIX. B yCIIOBHUSAX HU3KHX TeMIlepa-
TYyp BO3[yXa, IIPOIOJIMKUTEJIHFHOTO OTCYTCTBHUS COJIHEYHON pPagualluu
u giurenabHon (o 9-11 MecsIiieB) KOHCEPBAIUY TPUOPEIKHOT0 MEJIKO-
BOJIbSI M aKBATOPUH apPKTUYECKUX MOpPE MOPCKHUMU JIBIAMU IIPOIIECCHI
€CTEeCTBEHHOI'0 CaMOOYHMINEHW Ha Oeperax CyIIeCTBEHHO 3aMe.IJIeHbI
M MOTYT IMPOTEKATHb [IeCATUJICTHUSIMHU. SHAYUTEJFHO YBEJIUINBAETCS
¥ TEePHUOJT COXPAHHOCTH PAa3JIUTOM He(TH, YeMy CIOCOOCTBYeT HU3Kas
TUAPOIUHAMUAYECKAS AKTUBHOCTD CPEIbl HA OOIMTUPHBIX MEJIKOBOIbIX,
XapakTepHbIX, HAIIpuMep, 11 Mops JlamnreBoix.

Bce a0 ompemesnsier MpUOPUTETHOCTD 3AIMUTHI MPUOPEIKHBIX PAOHOB
IpH IIJTAHUPOBAHUHU U ITPOBEIEHUY MEPOITPUATUH 110 JUKBUIAIIAYN Pa3-
JINBOB He)THU ¥ HEOOXOIMMOCTH OIpeIesIeHus KaKk Hambojiee IMeHHBIX
B 9KOJIOTMYECKOM OTHOIIEHUH, TaAK ¥ HamOoJiee UyBCTBUTEJILHBIX K 3a-
IPsI3HEHUI0 0eperoBbIX y4acTkoB. JJ1s aTuxX Iesieil paspadaThIiBaOTCsS
CITeIuaJIbHbIE KAPTHI 9KOJIOTMYECKOM YYBCTBUTEILHOCTH Oeperos, oTpa-
JKATIOIIME KOMILIEKCHYIO 9KCIIepTHYIO olleHKy. [litanupoBanme neiicTBuil
[0 JUKBUIAIIAHA Pa3JIMBOB HedTH, BKJIOYAS pa3paboTKy TaKUX KapT,
JIEKUT B OCHOBE OIIEPATUBHOTO IPHUHATHUS PEIIeHUN B Ype3BbIYaANHOMN
CUTYaIlUH U SBJISIETCS HeOOXOIUMBIM ITPY OCBOCHHUHU Hep Iesabda.

[enbio MccaemoBAHMSA ABJISAIOCH T€OMOPQOTIOITIECKOe PAHOHUPOBAHNE
¥ OLIEHKA 9KOJIOTMYECKON YyBCTBUTEJIHLHOCTH Oeperos mopeii Kapckoro
u JlamreBhIxX K pasnuBam HedTH U HeTEIIPOIYKTOB ¢ UCIIOIb30BAHNEM
MEsKIyHAPOIHOM CHCTEMbI MHIEKCOB 9KOJIOTHUYECKON UyBCTBUTEIbHOCTH
(ESI—Environmental Sensitivity Index) [1]. O6mas mpoTsasKeHHOCTD
aHaAJIM3UPyeMO OeperoBoil JIMHUN IIPEBBIIIAET 36 THIC.KM, 3HAUMMAS
ee 4acTh pacrojaraercsa B mpeaesax 16 oco6o 0XpaHsaeMbIX IIPUPOIHBIX
TEePPUTOPUN — 3aKASHUKOB, 3AII0BEIHUKOB 1 HAIIMOHAJIBLHBIX IIaPKOB.

B pasBuTre mesxayHapo HON METOTUKH 9K0JIOT0-T€0MOP(OIOTMIeCKIi
MOJIXOJT PellaeT 3a1a4y OIMEeHKN 9KOJOTHYECKON UyBCTBUTEJILHOCTH Oe-
PeroB TPYIHOMOCTYITHBIX PAMOHOB APKTHUKM Ha OCHOBAHUM KOMILIEKC-
HOIO0 TeoMOP(OJIOTHUECKOr0 aHAJIW3a W PAVOHUPOBAHUSA 0OeperoBoi
30HBI 110 JTUCTAHIITMOHHBIM CIIyTHHKOBBIM, KapTOrpaduieckuM u QOH/I0-
BBIM JTaHHBIM. BasKHBIM acIIeKTOM SIBJISIEeTCS pa3paboTKa YHUBEPCAJIb-
HOM TUMNU3AIAN aAPKTHYECKUX 0eperos, COIIOCTABUMOM ¢ TUIIAMH Oepe-
TOB MEKIYHAPOIHOM CUCTEMBI MHIEKCOB YyBCTBUTEILHOCTH.
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IF'EOMOP®OJIOTUYIECKHE YCJIOBUA

I'eosoro-reomopdosiornueckoe CrpoeHHe MATEPUKOBOIO IT00EPeskbsi
¥ 0cTpoBOB MOpPs JlamTeBBIX, KAK U BCEr0 apKTHYECKOrO II00EperKbs
Poccun, orpaskaer ciaosxkHOe B3AUMOIECTBUE KINMATHIECKAX U3MEHe-
HUY ¥ HEOTEKTOHUYECKHUX TBUKECHUMN, IPUBOIUBIINX K TPAHCTPECCUIM
U perpeccusM MOPCKUX 0ACCeHHOB, IPEBHUM U COBPEMEHHBIM OJIeIeHe-
HUAM, TEKTOHUYECKUM BO3IBIMAHUIM U OIIyCKAHUAM, (DOPMUPOBAHUIO
crrermraeckux gpopM pesibeda U OTJIOMKEeHNN, BAPUAIIMAM B IIOCTABKE
PEYHEBIX HAHOCOB U B YCJIOBUSX cequMeHTaruu. HeomHopomgHoe CTPYK-
TYPHO-TEKTOHUYECKOE U T'e0JIOTMYECKOe CTPOEHHE I100epeskbs oIpeme-
JIZeT MHOroobpaasue MOP(OJIOrMIeCcKUX U JIUTOTUHAMUYECKIX 00CTaHO-
BOK B 0€peroBoii 30He JIeJJOBUTOr0 IIPUJIMBHOTO MOPs JlanTeBoix.

[IoGepesxbe mops JlanTeBBIX HA 3HAYUTEIHHOM IIPOTSIKEHUH 00pas3o-
BaHO IIPUMOPCKUMU HU3MEHHOCTAMU. B 10:KHOM YacTu ropHbIE yIaCTKU
pacIIpocTpaHeHbl TOJIbKO Meskay menbroil Jlemsr u Oyxroit Byop-Xas.
COOTBETCTBEHHO PA3JIUUYAIOTCS MEP3JIOTHO-TEOJIOTHIECKOe CTPOEHUE
¥ COCTAB OTJIOMKEHWH, ciaraiomux Oepera mMops. BepxHsas gacts Kpu-
OJIUTO30HBI IIPUMOPCKUX HU3MEHHOCTEH MPeCTaBIISIET COO0H MOIIHYIO
(mo 50—60 M) TOJIIILY CJIOYKHO CTPATU(MUIIMPOBAHHBIX MO3IHEILIEHCTO-
IIEHOBBIX OTJIO}KEHUU JIeJIOBOTO KOMILJIEKCA U BJIOMKEHHBIX B HUX TOJIO-
IIEHOBBIX 03€PHO-TEPMOKAPCTOBBIX OTJIOKEHUH. 37eCh (POPMHUPYIOTCS
TepMoaOpasvoHHBIE W TEPMOJEHYIAIIMOHHBIE Oepera, Jepemyoluecs
C aKKYMYJIATUBHBIMU YIaCTKAMU PA3JIMIHOTO TUa. Bricora kimndors Ha
y4acTKax paciIpocTpaHeHUsI JeJ0BOro KoMilekca B ocHoBHOM 10—40 M,
03ePHO-TEPMOKAPCTOBLIX OTJIOMKeHn— 1-12 M. ['JytaBHAs 0cobeHHOCTD
JIeJTOBOTO KOMILJIEKCA —HAaJUYMe B HeM MOIIHBIX ITOBTOPHO-KUJIHLHBIX
JIBJIOB, BEPTUKAJIFHBIN pa3Mep KOTOPHIX gocturaer 50 M, a IMIUpUHA J0
10 m [2]. Jlegsambie sxuiIbl, 00pas3yss MAacCUBHYIO PEIIETKY, IPOCIICIKH-
BAIOTCS CBEPXY BHU3 II0 BCEMY Paspedy U 3a4acTyl0 BCTPEUYAITCS HUKe
YPOBHS MOPS.

[Ipubpeskro-1enbdoBasi KPUOJIUTO30HA HAXOAUTCSA B JTOCTATOUHO CTA-
OMJIBHOM COCTOSTHUY U XaPAKTEPU3YeTCs CILJIONIHBIM PaCIIPOCTPAHEHIEM
B mHTepBaJIe riryous Mmops ot 0 10 50—60 M, IpepBIBUCTHIM ¥ OCTPOBHBIM
pacmpocrparenuem Ha riryoraax 50—100 m. MHoroseTHeMepaJibie IIopo-
ITBI TIEPEKPBITH TAJIBIMU U oxJiaskmeHHsM Huske 0 °C ocagraMu u mopo-
IaMu MOTITHOCTEIo ;10 100 M. KpoBJitst MHOTO/IETHEMEPSJITBIX TTOPO/T BECHMA
HepaBHOMepHa. Hambostee BBICOKOE IIOJIOMKEHME KPOBJIM CBSI3AHO C CY-
IIEeCTBOBAHMEM B HeJIaBHEM IIPOIIJIOM Ha 9TOM MECTe YHUUTOKEHHBIX
TepMoabpasueil 0OCTPOBOB, CJIOMKEHHBIX TOPOJAMU JIEJIOBOTO KOMILIEKCA
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[2]. OrpuriiatenpHble TeMIEPATYPHI IIPUIOHHOIO CJIOS BOIBI HE CII0COD-
CTBYIOT aKTHBHOMY Pa3BUTHIO TePMOIEHYIAITMOHHBIX IIPOIIECCOB HA THE
W TePMOKAPCTOBEIE (DOPMBI 00pa3yI0TCs IPEUMYIIeCTBEHHO B palioHax,
TIO/TBEPIKEHHBIX OTEILJISIONIEMY BO3IEHCTBHUIO PEUHOI0 CTOKA.

OcCHOBHBIMH (PAKTOPAMHU JIUTOSUHAMUKH SBJISIOTCS BETPOBBIE, CTOKO-
BBI€ W IIPUJIMBHO-OTJIMBHBIE T€UEHNs, BOJHEHHEe 1 MOpcKue Jababl. 11o-
cJieHUE TPAKTUYECKH IIOCTOSHHO IIPUCYTCTBYIOT B AKBATOPUH MOPS
¥ OKAa3bIBAIOT CYIIIECTBEHHOE BJIHSHIE HA JUHAMHUKY Oeperos, mporec-
cbl POPMHUPOBAHUA pelibedpa M ceTuMeHTaAlln B 0eperoBoil 30He W Ha
menabde. Tamxenaa nemoBas odcranoBka B Mope JlanTeBrIX cBsI3aHa He
TOJIBKO C CYPOBBIM KJIMMATOM, HO U BJIUSHHEM MAaCCUBOB JIPeHQyOIIIX
JIBJIOB, KOTOPBIE ITOJTHOCTHIO HE pa3pylIaiTcs B TeUeHHue JieTa, a JIUIIb
orcTynaioT k ceBepy. Ilo mampaBiieHHIO ¢ 3amraja Ha BOCTOK ITPOIOJI-
SKATEJIBHOCTEh 0e3JIeJHOTO BpeMeHH uaMeHnsaercs or 1-1,5 no 2,5-3 me-
cAIeB. YBeJIWYeHHEe IIPOJOJIKATEIbHOCTH IIEPHOSA OTKPBLITOM BOIEI
B I0I0-BOCTOYHBIX PafOHAX CBA3AHO C BJIMSHHEM MOIIHOIO CTOKA PEKH
Jleunr. JlenoBeI HOKPOB Pe3ko 0cjaadiIsgeT WHTEHCHUBHOCTH BOJIHEHUS
¥ 00yCJIOBJIMBAET CYIIECTBOBAHNE AHOPMAJIBHOTO (BBIIIOI0KEHHOI0) II0-
IEePEeYHOro IPOQHIIA IIOABOJIHOI0 CKIIOHA, 00PA30BAHMIO 3ACTOMHBIX 30H
U aKKyMYJISIINYA TOHKOAWUCIIEPCHBIX TJIMHUCTBIX OTJIOMKEHUHN Jaske Ha
HPHUOPEKHOM MEJIKOBOIbLE, a TAKMKE 0C000I0 MUHEPAJIOIMUYECKOI'0 COCTA-
Ba OTJIOMKEHUIU C HEe3HAYUTEJIbHBLIM COAEpPKaHnueM TAMKeJION (ppaKiium.
He cayuaiiso mrpokoe pacmpocTpaHeHe TOHKO3ePHUCTBIX 0CaIKOB Ha
MEJIKOBOJIHBIX YUYACTKAX CUYUTAETCS CITeIIHM(PUIECKON 0COOEHHOCTRIO Ce-
IUMEHTOreHe3a BOCTOUHBIX apKTHYECKUX MOPEM, OTJIMYAOIINXCI HAM-
0oJiee CypOBBIMH JIEJOBBIMHU YCJIOBUIMH.

B coBpemMeHHBIX yCaoBHAX TepMoabpasuoHHbBIE Oepera B BUIE OTIeIb-
HBIX YYACTKOB PACIIPOCTPAHEHEI B XaTaHICKoM 3asimse, Ha o.Boix.Bern-
4eB, B npegenaax Auabapo-OJieHeKCKoM HM3MEeHHOCTH, BKJIYas bepera
Amnabapcroro u OJieHEeKCKOro 3aJIMBOB, Ha II0JIYOCTPOBE BBIKOBCKOTO,
3amaaubix Oeperax fdHckoro sanusa, B rydoax Cessxckoii, BaHbKuHOMM,
Dobenaxckoit, Byop-Xas, momyoctpoBe Ilmporocran, HoBocmbupcrmx
ocrpoBax, o.Myocrax u np. TepMmomeHynanmoHHbIe Gepera BCTPeYatTCs
Ha moJsryoctpoBe Byop-Xast, HoBocubupckux ocrpoBax, B AHabapckom
3aJIMBe W Ha APYTUX YYACTKAX MATEPUKOBOrO mobepesxnbs [3].

Ha sHaunTe IbHBIX 110 IPOTAMKEHHOCTHA YIACTKAX 3AIIaJHOr0 U I0MKHOI0
nobepexbsa Mops JlamTeBrIX pacipocTpaHeHbl adpasvoHHEBIE U abpa-
3MOHHO-IEeHYNAIINOHHLIe Oepera, BHIPAOOTAHHBIE B JOYETBEPTUYHBIX
mopogax. Bepera aTux THUIIOB BHIAEJIAIOTCA HA OTAEJIbHBIX yIaCTKax Oe-
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pera Ilponunmesa, Xaraurckoro saausa, Agadapckoro saiusa, o.Bou.
Beruues, B 6yxte Hopasuk, Ha 3amaguaom 6epery OJIeHEKCKOTo 3aInBa,
Ha 3anajgHom Oepery ryosr Byop-Xas, m. Cesaroit Hoc u Ha ormenbHBIX
yuactrax JIsxosckux ocrpoBoB [3]. Ha octpoBax Cesepmoit 3emutu pac-
IIPOCTPAHEHBI BEIBOAHBIE JICTHUKY, 00pa3yolIye JedaHble TePMOIeHY-
IAIlMOHHBIE YCTYILI B 0EPEeroBoil 30He.

AxrgymynstuBHble Oepera mops JlamreBsix sammmanT 0Kos0o 60% Oe-
PEroBo# JMHUM W TIPEJICTABJIEHBI CJIEIYIOIIUMH OCHOBHBIMU THUIIAMU:
OTMEJIBIMH C BETPOBBIMH OCYIITKAMH, C TPUMKHYBIITUMH TepPpacamu;
JIaTYHHBIMUA ¥ JEJbTOBBIMH. PacmpocTpamHeHue OTIeIbHBIX THUIIOB Oe-
pera, Kak W WX MPOTSIKEHHOCTb B PA3JUYHBIX pailoHAX BecbMa He-
pPaBHOMEDPHO ¥ 00YCJIOBJIUBAETCS COYETAHHEM ITEJIOTO Psiia MOPQOIIH-
TonuHaMuUYecknx QaxTopoB. Hambosiee UeTKy TpPOCTPAHCTBEHHYIO
¥ TeHETUYECKYI0 MPUYPOUEeHHOCTh JEMOHCTPUPYIOT JIeJIbTOBEIE Oepera,
BBIJIeJIsIEMBIE B TIpeiesiax Je/IbT KPYITHbIX 1 cpenaux pek — Jlensr, Oute-
Her, Aubl u ap. Biaarogapst BBICOKOI M3pe3aHHOCTH GeperoBOil JIMHUN
JIeJTbTOBBIX PAMOHOB, M300MIIYIONTEH MEJIKUMH OCTPOBAMH, 3aJTMBAMU
¥ OyXTaMu, OH UMEIOT HaruOO0JIBIIYIO IIPOTAKeHHOCTh — OoJiee 3600 kM
uu 0KoJI0 35% 00IIIelt NIUHBI 0ePEeTroBOH JIMHUN MOPS. AKKYMYJISTHB-
HBIe OTMeJIble Oepera ¢ BETPOBBIMH OCYIITKAMH UMEIOT 3HAYHUTEIbHYIO
MPOTSKEHHOCTh B BOCTOYHOM YACTU MOPS, JJIs KOTOPOH XapaKTepHBI
MHUHUMAJbHBIE YKJIOHBI ITOJBOTHOTO 0€PETroBOr0 CKJIOHA M 3HAUUTEIh-
HBIe 00beMBI HAHOCOB, TTOCTYITAIINX C TBEPIBIM CTOKOM pek. OHu dop-
MUPYIOTCST Ha BOCTOKe SIHCKOTO 3aJIMBa, T/e BBIIEISETCS OHA U3 KPYII-
HeUNmX aKKyMYJISTUBHBIX popM — ocyIika octpoBa Makap Ha BBIX0Te
u3 Cestsgxckoii ryonl. B 3amagHoit yactu mobepeskbs 9TOT THII Oepera BbI-
JesisteTcs BOKPYT mosryocTpoBa Tepmstii u B Oenexckom 3asmmse. Cpequ
OCTPOBOB, CJIOKEHHBIX PHIXJIBIMU YEeTBEPTUIHBIMU OTJIOKEHUSIMU, MHO-
SKeCTBO ITOJIBEPTAIOTCS TEPMOAOPA3UOHHBIM IIPOIeccaM, aKKyMYJISTHB-
HBIe Oepera UMeIoT OOJIBIIYIO TPOTSKEHHOCTh B BOCTOUYHOM YaCTH MOPS.

CTpyKTYypHO-TEKTOHUYECKNE U TeOJIOTMYECKHe PA3JINYUs B CTPOCHUM
mobepesxbsa 00yCJIOBUIN MHOT000pa3ue COBPEMEHHBIX THUIIOB 0eperos
Kapcroro mops. Ha apxunesnare Hosas 3emns, o.Baiirau, IOropckom
mosiyocTpoBe ceBepHee yerbsa p.Kapa u moGepesxbe Taiimbipa BocTod-
Hee Ilsacuncroro 3anmsa u 3amamHee JluxcoHa mpeobsiamaioT abpasu-
OHHBIE U a0pa3MOHHO-IeHyJAllNOHHbIe Oepera, BHpaboTaHHbIE B IIPOU-
HBIX KOpPeHHBIX IIopomax. Ha moro-socrounom mobepeskne IOropcroro
IIOJIyOCTPOBA I0MKHee AMIEPMBbI, 3aIIaJHOM U CEBEPHOM II00epeskbe II0-
JayocrpoBa fmai pacrpocrpaHeHsl Gepera ¢ TepMoaOpa3UOHHBIM WU
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a0pasnOHHO-TePMOAEHY TAIIHOHHBIM 6€PEroBBIM YCTYIIOM, Yepe IyIOIi-
ecs ¢ yUaCTKAMHU BBIPOBHEHHBIX M OTMEJIBIX aKKYMYJISTUBHEIX O€peron
¢ IIPUMEHYBIIAMA aKKYMYJIATUBHBIMHA (POPMAMU U JIATYHHO-0YXTOBBIX
oeperos (o.Topacaseii, o.JIesaues, saix.MytHsiit, o-Ba Illapamoser Korr-
ku 1 ap.). OOIIMpHBIE IPOCTPAHCTBA B I0OT0-3aIIAJHON YaCTH MOPS 34-
HUMAIOT MOPCKHE JIAMIBI, KOTOPEIE 0COOEHHO IITUPOKO PACIIPOCTPAHEHBI
B KyToBoll yactu ba#maparikoit ryosr. Ha mobepeskbe I10JIyOoCTPOBOB
Taszosckuit u I'smamckwmii, HA ceBepo-3amagHoM Oepery Emxmceiickoro
3asmBa M K 3ananay oT IIscuHCKON ry0bl Ha OTKPBITHIX yYaCTKAX IIpe-
obJiamaroT TepMoadbpasuoHHbIe Oepera, B rybax M 3aJnBax—TepMoJie-
HyIaIlMOHHBIE Oepera, a Takike OOIIMpHBIE IIPOCTPAHCTBA HEBOJIHOBOM
axxymyJisaiun. Ocobernoctoio Hopoit Semuin u CeBepHoit 3emitu AB-
JISIeTCSI PaCIpoCTpaHeHre B 0eperoBoil 30He BBIBOIHEBIX JIETHUKOB, 00-
pasyoiux JIeasHble TepMOIeHyAAIIMOHHbIe yeTynbl. Cpequ ocTpoBOB
Kapcrkoro Mopss MHOKECTBO CJIOKEHO KOPEHHBIMU CKAJILHBIMHU IIOPO-
JaMH W XapaKTePHBIM SBJISETCS A0pPa3MOHHBIM M aOpasHOHHO-IEHY-
JAIlMOHHBIM TUII Gepera, HAMBIBHBIE OCTPOBA, CJOMKEHHBIE PBHIXJIBIMU
YEeTBEPTUYHBIMU OTJIOMKEHUSAMH, IOABEPTraloTcs aOpasuOHHBIM W Tep-
MO0aOpPa3UOHHBIM IIPOIIECCAM, AKKYMYJIATUBHBIE YUACTKHA UMEIT MEHb-
LIYIO IPOTSSKEHHOCTb.

OIIEHKA B3KOJIOTUYECKOM YYBCTBUTEJILHOCTU
BEPEI'OB

JIo1s1 OIleHKM 9KOJIOTMYECKON YyBCTBUTEILHOCTH Oeperos mopeir Kap-
ckoro 1 JlamTeBBIX NPUMEHAJICA 9KOJIOT0-IeOMOP(OIOTHUCCKIAI 0/ -
XOJl, OCHOBAHHBIM Ha 0Aa30BBIX NPHUHIIMIIAX PAHKHPOBAHHUS 0Eperos
B COOTBETCTBUU C MeKIyHapomHou cucremoit muaexcoB ESI. Ocoboe
BHUMAHNE YIEJISJIOCH T'e€0JI0r0-reoMOpgOIOTHYECKAM M THIPOIUHA-
MUYECKUM YCJIOBHUSAM (PYHKIIMOHHUPOBAHUS OEPEroBBIX CHCTEM, Ieo-
KPHOJIOTUYECKUM ¥ THIPOMETEOPOJIOTMYECKUM (PaKTopaM, KOTOPBIE
OIIpEeIesIAT YCJIOBU PA3BUTHs Oepera He B MEHBIIEH CTeIleHH, YeM
BosHeHHe. IlprmHUMAaIuCh BO BHUMAHUE OCOOCHHOCTH IIepeMeIleHIs
¥ AKKyMYJISIIUM HAHOCOB, HEOOXOOMMBIE [IJIs IIOHMMAaHUA Xapakrepa
pacIpocTpaHeHnsa HeTeIpoayKToB B OeperoBoil 30He, OIpefesIeHus
30H BO3MOYKHOI'0 HAKOILICHHWS HeTH U BPEeMEeHHU yAepsKaHWs ee Ha
bepery.

OcHOBAHHBIN HA IIPEACTABICHUSAX 0 IreoMopPdOIornu OeperoBoi 30HbI
[4], [5], Takoit TOAXO He MPOTHBOPEUHUT IIPUHITUIIAM MEKyHAPOIHOM
METOIUKH, a ABJISIETCA ee OoJiee IMMPOKUM AHAJIOTOM, JOIIOJIHSIOIIIM
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VIIPOIEHHYI0 TUIIU3AIHUIO II0 OTIEJbHBIM KPUTEPUSIM PaHKUPOBAHUA.
BaskabIM apryMeHTOM B €ro MMoJIb3y SBJISETCS yAAJIeHHOCTh U HeI0CTa-
TOYHAS U3yYEHHOCTh MHOTHX OEpPEeroBbIX PAaiOHOB APKTHKN, CEPbEe3HO
OTpaHUYUBAOIIAS BO3MOYKHOCTh UX 9KOJOTHUYECKOTO PAMOHUPOBAHUS.
leomopdomoruuecknit aHamu3 CcIocO0€H HUBEJIUPOBATH HEIOCTATOK
uHpoOpMAaIru 0 beperax TPYIHOIOCTYIITHBIX PAMOHOB.

Jlpyrum acrekTom siBJIsieTcs cBoeobpasue (PyHKIIMOHUPOBAHUSA APKTH-
YEeCKHX Oeperos, CJOMKEHHBIX MHOTOJETHEMEP3JILIMHU OTJIOMKEHUSIMHU.
Tax, MIHUPOKo pacmpocTpaHeHHbBIE IIPOIIECCHl TEPMOAOPA3ZUN ¥ TEPMOIe-
HyJaIlud HUKAK He YUYUTHIBAIOTCS MEKIYHAPOTHOM CHCTEMON NHIEKCOB
ESI. A Benp X0opoIlo M3BEeCTHO, YTO OJIaromaps paspyIleHui0 MHOIO-
JIETHEMEP3JIBIX JIbIUCTHIX OTJIOMKEHUM OTCTYIIaHNEe 0ePEeroBhIX YCTYIIOB
MOYKET COCTABUTH IEPBBEIE METPHI— JECATKH METPOB B TEUEHHE OHO-
ro mTopMoBOro cesoHa. COOTBETCTBEHHO Oy[eT MEHATHCI W IPOQHIb
0OeperoBoil 30HBI, CMEIIATHCA JUHUSA 3aIlJIeCKa, WHTEHCHBHO IIepepa-
0aTBHIBATHCA W 3aMeIAThCsA ILISAMKEeBhIe OTJIOMKEHHUS, 4 BMECTe ¢ HUMU
M BO3MOJKHOE 3arpssHeHnne —HePTb u HedTempoayKTel. JlobaBum, 4To
B YCJIOBHSX TEXHOIM€HHOT'O BO3IEHCTBUA 000HbBIEe OeperoBhle 9KOCUCTe-
MBI OTJIMYAIOTCS KpaliHe HU3KON yCTOMUMBOCTBIO [6] 1 TpebyoT BcecTo-
POHHEH OILIEHKM PUCKOB IIPU PasdpaboTKe ILIAHOB JUKBUIAIINNA PA3JIN-
BOB HedTH.

C yderoMm pa3paboTaHHBIX IIOAXO00B [7] HA HAYAJIBHOM IJTame ObLIO
BBIIIOJTHEHO MOP(QOAMHAMUYECKOe PANOHUpOBAHME 0Oeperos, KOTOPOe
ImpeacTaBisger 000OIIEHHYI0 T'€0JIOr0o-reoMOP(OIOTHUECKYI0 XapaKTe-
puCcTHKY 0GeperoBoil 30HBI, HEOOXOAUMYIO [IJIs OIIEHKH OKOJIOTHYECKON
YyBCTBUTEJILHOCTH K padymBaM HedTu. PazpaboTka TUNIM3AIINN U Kap-
TorpadpoBaHue OCYIIECTBIIAINCH C yUETOM UMEIOIIUXCS IIPeIcTaBIe-
HUH 0 TeoMOP¢OIOTUH 1 JIMTOIUHAMUKE 0ePEroBOM 30HBI APKTUUECKUX
Mopeit. Mcmosb3oBasicsa 00JIbITON 00beM KapTorpadpuieckux, CIyTHH-
KOBBIX M JINTEPATYPHBIX JAHHBIX, MATEPHUAJIBI SKCIISTUIIMOHHBIX HCCIIe-
IOBAHUN PA3JINYHLIX JIET, UMeoIIrecsa (poTo- U BugeoMaTepuasl. B oc-
HOBY MOPQOIMHAMUYECKON TUMU3AIMN OBLIM II0JIOMKEHBI M3BECTHEHIE
KJIaccuuKanuy 0eperoB BHYTPEHHUX U OKPAWHHBIX MOPEH, YUYUTHIBA-
o1ye 0cO0eHHOCTH IIMPOTHON 30HAIbHOCTH U CIIeIIUPUKN peruoHa [3].
Boino Beigeneno 10 MopoauHAMUYECKUX TUIIOB 0EPEroB, CIOMKEHHBIX
IIPOYHBIMHU KOPEHHBIMHU IIOPOJAMHU W 0CAJOYHBIMU YeTBEPTUUHBIMU OT-
nosxeHusaMu (cM.tadsr. 1). 9To 1Mo3BoIMIIO BecbMa IOIPOOHO oXapakKTe-
pu3oBaTh mobepesknbe mopeit Kapekoro n JIanTeBrIX, XOTS M HE HUCKIIIO-
YHJI0 HEKOTOPBIX 0000IIEHUIA.
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Tabmuiia 1 Mopdomguaamudeckre TUIb beperos Mmopei Kapckoro
u Jlanresrix (Macmrrad 1:1 000 000)

O01Iast IPOTSIKEHHOCTD, KM

Twum Gepera
Kapcroe JlamreBsIx

Bepera, Boipaboranubie B TUTAPUIIMPOBAHHBIX IOPOJAX:

1. AGpasuoHHbBIE 5327 1174
2. AGpa3nuoHHO-/TeHy/TaI[HOHHEIE 4450 835

Bepera, BeipaboraHHbIE B JIEJHUKAX:

3. TepmonmenymanoHHbIe, 00PA30BAHHBIE BBIBO-
JTHBIMU JIEJHUKAME

576 110

Eepera, BHpaGOTaHHLIe B HeJII/ITI/I(bI/IL[I/IpOBaHHBIX IIopogax:

4. TepmoabpasnoHHBIE 2365 577

5. TepMogeHyTaIInOHHBIE 3151 1605

6. AGpasuoHHBIE C OTMEPIIIMM UJITH OTMUAPATOIIAM
0eperoBLIM YCTYIIOM, OKANMJIEHHBIM aKKyMYJIs- 542 281
TUBHOH Teppacoi

7. AKKyMyIAITUBHBIE BEIDOBHEHHBIE, C [IPUMKHYBIIIU-

4020 517
MU aKKYMYJISTUBHBIMU (DOPMAMI
8. AKKYMyJISTUBHBIE OTMEJIbIe ¢ BETPOBBIMU 5210 616
OCyIIKaMU
9. AKKYyMyJISTHBHBIE JIaTyHHBIE 350 1206
10. JlespToBEIE 149 3637
Bcero: 26140 10558

JlaspHeluil aHaJIN3 IPOMU3BOIKIICA B PAMKAX OTHEJIbHBIX JIATOIUHA-
MHYECKUX CHUCTEM WJIU OTPE3KOB Oepera, 00JIaJaionuX CXOKUMU ITOKA-
3aTenaMu MOPQOJIOIUY U JIATOJIOTHH. Ha OCHOBe 9KCIIEPTHOM OLEHKU
OCHOBHBIX KPUTEPUEB PAHKUPOBAHUA KAKIOMY YUYACTKY IIPUCBAUBAJI-
CsA MHJIEKC YYBCTBUTEJIBHOCTH K HEQTIHOMY 3arpsA3HEHHI0O B COOTBET-
crBum ¢ cucreMoit uHekcoB ESI. Tuer aBapuilHBIX CUTYyaITAi, MOIEJIN
pacipocTpaneHnus (mpeiida, pacTeKaHus U IIpP.), BO3MOKHBIE CIIOCOOBI
JIMKBUAIAIINY 3arPI3HEeHU U BAPUAHTEI (DU3UKO-XUMUYECKOr0 U MeXa-
HUYECKOr0 B3aUMOIeCTBUS He)TeIIPOIyKTOB C 0CAIKAMU HA apKTHYe-
CKHUX I100epeskbsax ObLIN IIPUHATHEI B COOTBETCTBUU C PYKOBOACTBOM [8]
u mouorpadueit [9]. VuursiBaImch 0COOEHHOCTH B3aUMOIEMCTBUS Hed-
TH C Pa3JIMYHBIM CyOCTPATOM, YCTAHOBJIEHHBIE JKCIIEPUMEHTAIbHBIM
IIyTeM, BO3MOYKHOCTb €CTECTBEHHOI'0 3aX0POHEHUA He(pTH U ImepeMerre-
HUsA TPYHTA, IIPEIIIoJIaraeMble CII0COObl YCTpaHeHus 3arpsasHenus [8].
[Ipu arom B pacuer He IIPUHUMAJIKCH IPUPOJOOXPAHHBIA CTATYC TOTO
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WJIH WHOTO Oepera, OMOJIOrHYecKoe pasHoobpasue U yaaJeHHOCTh OT 0C-
HOBHBIX 00bEKTOB HH(PPACTPYKTYPHL.

Bceero B mpenenax odcnemosannoi yactu Kapcekoro mopss u mops Jlamn-
TeBBIX OBLIO BBIAEJIEHO 13 THUIIOB GeperoB ¢ pasIUJHBIMA WHAEKCAMU
OKOJIOTHYECKON UyBCTBUTENbHOCTH. [1pu paspaboTke JIereHAbl B OPUTH-
HAJIbHBIE HA3BAHUS OTIEJbHBIX OKOJOTMUYECKUX THUIIOB Oeperos OBLIN
BHECEHbI U3MEHEHMsI, KOTOPHIE MOYKHO CUNTATH MUHUMAJILHBIMU. JTOT0
YAAJI0Ch JOOUTHCS 34 CUET MCIOJIB30BAHUSA €MKHX IIOHSITHN M reHepa-
JIU3aINU OJU3KAX II0 XapakTepy IIPeAIoaraeMoro B3auMOIeHCTBUS
¢ He(pThIO U HedTempoayKTamMu TUIIOB Oepera. IMeHHO ¢ 9TUX MO3UITHI
HCIIOJIB30BAJIACH IIPEIJIOMKEHHAS 3aPYOesKHEIMI KOJLJIEraMU 1 allpoOu-
poBauHas [10] mpu OIleHKEe dKOJIOIMTYIECKOM YyBCTBUTEILHOCTH OEPeroB
Kapcroro Mmops rpafaiimsa KpymHOCTH ILIAYKEBBIX OTJIOMKEHUM, COOTBET-
crByforias cucreme umaaexkcoB ESI. B Oymyimem momobuas crammapTu-
3alMsa METOOMYECKHUX TOAXO00B II03BOJIUT paspaboTaTh eIUHYI0 THIIH-
sanmio Geperos mopeit Ceseproro JlemoBuToro oxeaHa, 0TBEUAIOILYIO
POCCHUMCKMM M MEXKIYHAPOIHBIM CTAHIAPTAM.

Jlo1st olleHKM aKTyaJIbHOCTH M IIPUMEHUMOCTH paspaboTaHHOM THIN3a-
LUK CJIEIYET ellle pa3 HOTUEPKHYTh PeTHOHAILHYIO CIIenUKy DyHK-
IIIOHUPOBAHUA APKTHUECKUX 6€PEros, 00yCI0BICHHYIO CyPOBBIMU KJIH-
MATHYECKUMH yCJIOBUAMH peruoHa. Tak, B JIeMoBBIA IIepHo IINPUHA
IIPUIIas CUJIBHO M3MEHSeTCs BIOJIb M00epeskbsa U Ha OTMEJIBIX beperax
Mops JlamTeBhbIX JocTUTAET JeCATKOB KUJIOMETPOB. MOpCKMe JIbIbI KOH-
TAKTUPYIOT C JHOM HA OOJIBIINX IIPOCTPAHCTBAX U BECHOM IITUPHHA II0-
IIOIIBEI IIPHIIAS, CMEP3IIAsCA ¢ TPYHTOM, MOKET JOoCTHraTh 8—10 KM.
JIbaer OJIOKHPYIOT JeATEIHLHOCTh OOJIBIIIMHCTBA pPesibed000pas3yoIimx
IIPOIIECCOB, CHUKAETCS MJIM IIOJHOCTHIO MCKJIIOUAETCS BEPOSATHOCTH
KOHTAKTA M IIPOHUIIAEMOCTb OTJIOMKEHUM I HedTH U HeTEeIpoayK-
T0B. COOTBETCTBEHHO, B 3TOT IIepHo Oepera IMpakTHIYeCKU He UyBCTBH-
TeJIbHBI K He(PTIHEIM Pa3InBaM HA AKBATOPUU W MAJIOUyBCTBUTEJIHHBI
K pasauBaM HEIIOCPEICTBEHHO Ha 0ePeroBhIX yUaCTKAX.

BosmosxHOCTE pacipocrpanedus HedTH B 0eperoBoil 30HE, ee HeIlo-
CPEICTBEHHBIN KOHTAKT ¢ 0OeperoM M CIOCOOHOCTH K IIPOHMKHOBEHHIO
HeTeIIPOAYKTOB B OTJIOKEHUSA IIJISIKEH apKTUYECKUX MOPeH ITOSBJISA-
eTcs TOJIBKO B JIETHUH IIepuof roga. Torma sxe oTTanBaeT JesaTeIbHbIN
CJION W aKTUBU3UPYIOTCS 9K30T€HHBIE TeoJiornveckre mpoiiecchl. Maxk-
CUMaJIbHAS TJIyOMHA Ce30HHOI0 OTTAMBAHUS BAPBUPYET B PErvoHe OT
0,2—0,3 mo 2,5 M 1 TocTUTaeTcs K KOHILY aBTycTa Ha IUIAKAX U OCYIITKAX
IO, OTEILISAIONINM BO3IeHCTBHUEM CAMOM BOIHI.
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Taxum 06pasom, OIIEHKA 9KOJOTHYECKON UyBCTBUTEIbHOCTA U TUIIN3A-
LU APKTUYECKUX O0EPeroB aKkTyaJIbHbI UCKIIOUUTEIBHO I KOPOTKOTO
besnemuoro mepuona roga (2—5 Mmecsiies), Koraa MOpcKre bepera Boc-
MIPUAMYUBEL K BHEITHEMY BO3JEHMCTBHUIO. JTO CIIeAyeT YIYUTHIBATH P
OCBOCHMHU IIeJb(OBBEIX MECTOPOMKICHUNA M pasdpaboTKe ILIAHOB JIUK-
BUJALINY PA3JINBOB He(TH, BEPOATHOCTh BO3SHUKHOBEHUS KOTOPHIX HE
OTPAHUYMBAECTCS OTHEJIBHLIMI Ce30HaMU I'0JIa.

SAKJIIOYEHUE

WccnemoBanusa moxasastu, uto 6osee 30% OpoTSAskeHHOCTH 0eperoBoit
muarn mopei Kapcekoro u JlanTeBbIx cOOTBETCTBYET BHICOKOMY HHJIEKCY
9KOJIOTMYECKON UyBCTBUTEJBHOCTU. Takue Gepera TpeOyOT mepBooOUe-
PEeIHOI 3aIUTHL B CJIy4ae BOSHUKHOBEHUS Pa3/inBa HeTHU U JOJKHBI
VUATBHIBATHCS [P OCBOGHUH IeITH(OBBIX MECTOPOIKIEHUN 1 pa3padoT-
Ke TPUPOI00XPAHHBIX MEPOIPUATHIN. TpPYIHOMOCTYITHOCT ¥ HHU3KAs
appeKRTUBHOCTD OOJIBIITMHCTBA CYIIECTBYIOIIHUX METOI0B OYHMCTKHU JTUX
0Oeperos ompeessaT 0coboe 3HAUYeHNe TaKuX PaKTOPOB, KAK CKOPOCTD
00HAPYKEeHUA PA3JIUBA U OMOBEIIEHUS CIIeINATU3NPOBAHH

BIX CJIy’K0, CBOEBpPEMEHHOE pearnpoBaHue W IIPUMeHeHUe Haubosee
PAIIMOHAIBHEIX € dKOJOTMYECKON TOUKN 3PEHUS TeXHOJIOTHHI yCTpaHe-
HUS YTJIEBOJOPOAHBIX 3arPA3HEHNI HAa aKBATOPUH, BAAJINA OT OEPeros.
[ToaTomy B paiioHax J0OBIYH YTJIEBOIOPOIHOIO CHIPhS HEOOXOIHUMO 00-
YCTPOMCTBO COOTBETCTBYIOIINX 00BEKTOB HHPPACTPYKTYPHI, padpaboTKa
¥ BeJleHHe CIIyTHUKOBOIO ¥ HA3eMHOI'0 MOHUTOPHHTA.

[Ipumenenue a9K0I0r0-reoMOPdOIOTHIECKOTO IIOAX00A IIPU PAKOHUPO-
BAHUY U TUIIU3AIINKA OePEeroBoi 30HBI apKTUYECKHUX MOpPEH Ha OCHOBE
CHCTeMBI WHIEKCOB uyBcTBUTEbHOCTH KSI, HA B3r/Isa1 aBTOpA, OTBEYA-
eT IIOCTABJIEHHBIM 3ajJiavyaM U 00beMy MCXOIHBIX JAHHBIX, a Ipejjara-
e€MBIH TIOXO0/ ¥ aJalTUPOBAHHAS MEKIYHAPOIHAS CUCTeMa UHIEKCOB
MOTYT OBITH PEKOMEHIOBAHBI JIJIs OIEHKN YyBCTBUTEJIHLHOCTH OEperos
IPYTUX apKTUYecKux mopeit Poccuu.
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BJIINAHUE NTHOWJIBTPAIIUN JIETHUX .
ATMOC®EPHbLIX OCAIJKOB HA TEMIIEPATYPHDBIU
PEXUM MEP3JIBIX 'PYHTOB

A.®. Kupxos!, M.H. EKenesnax', II.Il. Ilepmakos'?

! MucturyT mepsnorosenenus um. I1. Y. Menshuxosa CO PAH, Poccus
2 UnctutyT usuko-Texuudecknx npodiem Cesepa um. B. 1. Jlapuonosa CO PAH, Poccust

PEOEPAT

JleTHue ocamku mpeacTaBIIAIOT cO00M OHO M3 CAMBIX U3MEHUYUBHIX BO BPEMEHU
¥ IIPOCTPAHCTBE METEOPOJIOIMUECKHUX IIPOIIECCOB, ABJISIONIUXCSA OJHUM U3 OIIpe-
IeJIAIIIUX [1apaMeTpoB (POPMHUPOBAHUS TEMIIEPATYPHOTO PERKUMA TI'PYHTOB.
C 1IeJIbI0 OLIEHKM BJIMSHUSA WHQUILTPAIMK JETHUX aTMOC(EepHBIX 0CAKOB HA
TeMIIepaTypPHbIA PeKUM TPYHTOB OBLI IIPOBEIeH HATYPHBIA OKCIIEPUMEHT, C UC-
KYCCTBEHHBIM YBeJIMYeHUEeM KOJIMYECTBA OCAIKOB B TPU Pa3a Ha OJHOU U3 JABYX
IJIOIIAJIOK, IIPU IIPOYMX PABHBIX yCJI0BHAX. KOHTpOJIBHAS ILIOIIAAKA HAXOU-
JIaCh B €CTECTBEHHBIX YCJIOBHUAX. B peayJibraTe sKCIIepUMEHTa HAMHU YCTAHOB-
JIEHO, YTO yBeJIMYeHUe B 3 Pas3a KOJMYECTBA BHITAIAIOIINX JIETHUX aTMocdep-
HBIX 0CAJIKOB B ITEPBHIN I'0JI, IPUBOJIUAT K IOBBIIIEHHUIO TEMIIEPATYPHI TPYHTOB HA
pasanyHBIX rIyonHax Ha BesuduHy ot 0,5 mo 1,3°C B romosom 1mksie. OgHako,
B IIOCJIEAYIOIIME T0/a, IPH IIPOJOJIXKEeHUH SKCIIEPUMEHTA C JOIOJIHUTEIbHBIM
[IOJIMBOM, Ha OKCIIEPUMEHTAJIBLHOM ILIOMIAKe HAOJI01aeTcs TOHKEHne Cpe/l-
HEeroI0BBIX TeMIIepaTyp IpyHTOB. VI3 aTOr0 ciieyer, 4To IpH yCJI0BUU yBeJIMYe-
HUS KOJIMYECTBA JIETHUX aTMOC(EPHBIX 0CAIKOB IIPOI0JIKUTEIBLHOE BpeMsl, IIPU
[IPOYUX PABHBIX YCJIOBUAX, UX BJIUSAHNIE HA TEMIIEPATYPHBIN PEKUM MOKET ObITh
oxJaskaanmumM, B yesosusax Llearpanbroin Axyruu. Eciu cunraTs, uro Kimma-
TUYECKHe yCJIOBUSA B APDKTHUECKOM peruoHe cyposee ueMm B llenrpansnoit dxy-
THH, TO 9TOT a(PeKT MOKeT UMETh MECTO U B 9TUX paiioHaX.

Knrouesnie cioBa: jerHue arMocepHBIE OCAKH, TEMIIEPATYPHBIA DPEKUM
TPYHTOB, WHQPIIHTPAIHS JIETHUX aTMOC(EPHBIX 0CATKOB, MHOTOJIETHEMEP3JIBIe
TPYHTHI.

INFLUENCE OF INFLATRATION OF SUMMER
ATMOSPHERIC SEDIMENTS ON TEMPERATURE
CONDITIONS OF FROZEN SOILS

A.F. Zhirkov!, M.N. Zheleznyak!, P.P. Permyakov'?
! Melnikov Permafrost Institute SB RAS, Russia
2 Larionov Institute of Physical and Technical Problems of the North SB RAS, Russia
ABSTRACT

Summer precipitation is one of the most volatile events in space and time of me-
teorological processes, which are one of the defining parameters for the formation
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of the temperature conditions of soils. In order to assess the effect of infiltration
of summer atmospheric precipitation on the temperature conditions of soils, a
full-scale experiment was conducted, with an artificial three-fold increase in the
amount of precipitation on one of the two sites, all other parameters being identi-
cal. The control area was in natural conditions. As a result of the experiment, we
found that a three-fold increase in the amount of summer precipitation in the first
year leads to an increase in soil temperature at different depths from 0.5 to 1.3 °C
in the annual cycle. However, in the following years, with the continuation of the
experiment with additional irrigation, the average annual soil temperatures de-
crease on the experimental site. It follows that, provided that the amount of sum-
mer precipitation increases for a long time and other parameters being identical,
its effect on the temperature conditions can be cooling in the conditions of Central
Yakutia. Considering that the climatic conditions in the Arctic Region are more
extreme than in Central Yakutia, this effect can also take place in these regions.

BBEJIEHUE

Eme B 19 crosernu Obl1a 3aMedeHa MpsMasi CBA3b IVIYOMHBI OTTaWBa-
HUS MEP3JIBIX TOPHAIX IIOPOJT OT KOJIMYECTBA aTMOC(EPHBIX 0CAIKOB [4].
B mospamBbie TOBI Mepasible TOJIIIW IPOTAWBAIOT HA OOJIBIIYIO TUIy-
OuHy, YeM B CyXue, IecUaHble OTJIOMKEHHUS IIPOTAMBAIOT IJIy0ske TJIM-
HUCTHIX U T.II. Ilociemyromme wcciieoBaHUs B MPUPOIHBIX YCIOBHAX
MIOATBEPIUIIN 3TH HAOIIIOMEHN W PEKOMEHI0BAIN YUNTHIBATE HAPSILY
C TEILJIOIIPOBOIHOCTHIO TIOPOJ] ITIEPEHO0C TeILIa BOIOM.

TersrooOMeHHBIE TPOIECCHI B JAEATEJIFHOM CJIO€ TPYHTOB 00YCJIOBJIE-
HBI KOMIIJIEKCOM (paKTOpPOB, Cpeay KOTOPHIX MaKCHMAaJIbHOE BJIUSHUE
OKAa3BbIBAIOT: MOTOK COJIHEUHOW paJIUallii, TeMIlepaTyphbl ITPU3EeMHOT0
BO3/IyXa, aTMOC(QEePHBIX 0CAJTKOB M CAMUX HIKEJIEKAINX CJIOEB TOp-
HBIX TTOpoJ1. B pesysbrarte mmepeuncaeHHBIX PaKTOPOB IIPOUCXOIUT QOP-
MHUPOBAHUE TEeMIEPATYPHBIX M3MEHEHUHN B JTIOBOJIBHO TJIYOOKHX CJIOSIX
rpyHTOB. [JIyOMHBI BO3/IEHCTBUSA U3MEHEeHUs TeMIIePaTyPhbl 3aBUCIT OT
BEJIMYUHBI TEIJIOPU3UIECKUX XaPAKTEePUCTUK IIOYB U CAMUX I'PYHTOB,
YCJIOBHUH TEIJIOOOMEeHa Ha IT0BEPXHOCTH, a TAKIKe pa3MepPHOCTH MaTepH-
aJia PBIXJIBIX OTJIOSKEHUH, UX BJIASKHOCTU.

Ter10BoM peskuM M MOIIHOCTH OTTAWBAHMSA MEP3JIBIX T'OPHBIX IIOPOJT
B 3HAUMUTEJILHON CTEIEeHH 3aBHUCAT OT HACBIIIEHUS I'PyHTOB Biaroi. I1o
9TOM IIPUYMHE B JIIOOBIX UCCIIEIOBAHUSIX HEOOXOIUMO YUUTHLIBATE B JIVC-
MEePCHBIX MOPOJAX JIeATEIbHOTO CJI0S COIepPIKaHue OIpeIesIeHHOr0 KO-
JIMYeCcTBa BOLI, IPEUMYIIECTBEHHO B KHIKOM WM TBepaoMm (JIEm) co-
CTOSAHUSAX, OIpeNesIsseMbIX UX BJIAsKHOCTBLIO (JIBIUCTOCTHIO) [1].

Biauanwem mHuUIbTpaimu aTMocepHBIX 0CAIKOB M IIOBEPXHOCTHBIX
BOJ Ha TeMIepaTyPHBIN peskUM I'PYHTOB 3aHUMAJINCh MHOTHE UCCJIIe]IO-
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parenu (lompaman, 1956, 1958; Becemos, 1958; Jlocroasios, Kynpss-
eB, 1967; Ilepabmrreitn, 1968, 1979; ®enpaman, 1977 u ap.), pe3yiib-
TaThl KOTOPBIX BeChbMa Pa3HO00pa3HEI.

Bona, punbprpyomniasics ¢ moOBepXHOCTH, JBUKETCS BHU3 110 BEPTUKAJIN
OJ NeMCTBHEM CHJI I'PaBUTAIIMKU. B 00y1acTsaxX pacmpocTpaHeHHs MHO-
rOJIETHEMEP3JILIX TOJII, MH(HUILTPAIUS COIPOBOMKIAETCA Ilepemadeit
TeIlIa OT MOBEPXHOCTHU K TPAHUIIE pasgesia TaJbIX U MepP3JIbIX IIOPOJ.
[ToaTomy 00BIUHAS KOHIYKTHBHAS Iepegada Telia B TPYHTAaX COIIPOBO-
JKIaeTcs TeIlJIOTOM, mepeaaBaeMoi ITopoiaM BOTOM.

B cBsizu ¢ atuMm, B cratbe 0ojiee 0OCTOSATEIHHO, TEOPETUYECKH U C HC-
TOJIb30BAHUEM OKCIIEPUMEHTAJIbHBIX METOIOB PaCCMOTPEH IIPOITecc
BJIMSTHUSA HHQUIBTPAIIUN B JIETHEE BPeMs KUIKUX aTMOCQEPHBIX 0Ca -
KOB Ha (pOpMHUPOBAHKE TEMIIEPATYPHOIO PesKrMa IPYHTOB.

IIOCTAHOBKA U METOJIUKA UCCJIETTOBAHUI

Jlyisg KoJIM4eCcTBEHHOUN OIEHKW BJIHSHHUS HWHQUIBTPAIIUH TEILJIBIX
JIETHUX aTMOCQEPHBIX 0CAJIKOB Ha TeMIIepPaTyPHBIM pPesKuM Iecua-
HBIX TPYHTOB HA HAYYHO-dKCIIepHMEHTAJbHOM mojurone «Tyiimaa-
na» Muacturyra mepanoroBenenus um. 11. 1. Menpuukosa CO PAH
OBLIIM CKOHCTPYHPOBAHBI W O00OpPYIOBAHBI [BA HAOJ0IATEIBHBIX
yuactra (puc. 1). 9T yuyacTKM IpeacTaBJIAOT CO0OM oKCIepUMeH-
TAJIBHYIO IJIOIIAIKy padmMepoM 3 X 3 MeTpa, OrOPOKEeHHYI0 ¢ 00KOBBIX
CTOPOH I€JbHBIMHU JKEJEe3HBIMHU JIMCTAMH, JIS MPOTHBOIEHCTBUS
yreuku (IIPUTOKA) 0CAJKOB II0 TOPU30HTAJH. [ IyOuHa OrpaskIeHus
120 cm. Ha mromagkax mpoOypeHo 1Mo 2 CKBaKUHBI TJI1yonHoM 2 u 10
MEeTPOB, B KOTOPBIX YCTAHOBJICEHBI ABTOMATHU3UPOBAHHBIE CUCTEMBI HAa-
OJriomenust (JIOTTephl) TeMIEePATYPhI U TEPMOKOCHI JIJIST MCCIe0BAHMU
TeMIIepaTypPHOro pesruMa rpyHToB. Jlorrepsl QUKCHPYIOT N3MEHEeHHTe
TeMIIepPaTyphbl B CE30HHOTAJIOM CJIOE, & TEPMOKOCHI — B CJIO€ TOTOBBIX
TEILJI0000POTOB.

JlJ1s oty yeHUS KOPPEKTHBIX JTaHHBIX 9KCIIEPUMEHTA, Ha 9TUX ILJIOIIA-
kax B mepuox 2011-2013 rr. Besnch HAOIOIEHUA 3a TEMIEPATyYPHBIM
PEKMMOM TPYHTOB B €CTECTBEHHBIX YCJIOBUSAX. BBIIOJIHEH I'paHyJIoMe-
TPUYECKUN aHAJIN3 U3yYaeMbIX TPYHTOB U OITpe/IeJIeH UX MUHePaJIbHBIHI
cocraB. O0a yyacTka MOKPBITHI IIOYBEHHO-PACTUTEIbHBIM CJIOEM, IIPeJI-
CTaBJIEHHBIM pasHOTpaBbeM. IlpenBapuresibHbBIE HCCIEIOBAHUSA IIOKA-
32/ UAeHTUYHOCTDh TEMIIEPATYPHOTO PEeKUMa TPYHTOB 9THUX YYIACTKOB,
B CBS3U C YeM IIPOBEJEeHUE TAKOTO 9KCIIEPUMEHTA IPaABOMOYHO.
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Puc. 1 [lnan-cxema HayuHo-9KcIIepuMeHTabHOM Tosmrone «Tyiimaana» MuctuTy-
Ta mepasorosegenus uM. 11. V. Meapaurkosa CO PAH ¢ ykasammem skcmepumeH-
TaJIBHBIX TLJTOIIAJIOK.

[TepBast TTOIAIKA JOMIOJTHUTEIBHO UCKYCCTBEHHO OPOIIAJIOCH BOJIOM.
Bropas momanka Oblaa ¢ ecTeCTBEHHBIMU OcagkaMu. B cBssu ¢ Mma-
JIBIM KOJIMYecTBOM ocaiakoB B llemrpaspHoit AxyTwu, u 9ToOBI MOJTY-
YHUT OIyTUMBIE Pe3yJIbTaThl OBIJIO PEIeHO MCKYCCTBEHHO YBEJIUYHUTH
KOJIMYECTBO OCATKOB B IIEPBOM ILJIOIIAKE B TPU pasa, 4To 000CHOBHIBA-
€TCS MEYKTOJOBOM M3MEHUYMBOCTHIO KOJIMYECTBA JIETHUX aTMOCHEPHBIX
ocakoB. MHaue roBops, K BBIIABIINM €CTECTBEHHBIM 0CAIKAM JIOII0JI-
HUTEJIBbHO BJIMBAJIOCH (OPOIIAJIOCh) JIBE HOPMBI BBIMIABIINAX OCATKOB,
B pe3yJIibTaTe KOJHUYECTBO OCAJIKOB yBEJIWUYHMBAJIOCH B Tpu pasa. Jlus
YHMCTOTHI dKCIIEPUMEHTA TeMITePaTypPy UCKYCCTBEHHO OPOITAeMOM BOJIBI
TIO/ITOHSIIN K TeMIIepaType BO3MIyXa IIPU BBIMAJIEHWH OCATKOB, TAKIKE
JIOTIOJTHUTEJIFHO BJIMBAEMYIO BOJIY OPOIIIAJIM Cpaldy Mocje J0MkKIsa (B Te-
YeHHM CYTOK C MOMEHTA OKOHUAHMS OCAJKOB) UTOOBI M30€:KATh YOBLIN
0CaJTKOB 3a CUeT WCITapeHMsI.

PE3YJIBTATHI HCCJIEJOBAHUIN U UX OBCYKJIEHUE

JlaHHBIN oKCIIEPUMEHT IIPOBOIUIICS 3 Ce30HA, B TeIlIble mepuoas ¢ 2014
mo 2016 rr. 3a mepuoj SKCIepUMEHTAa OBLIN MIPOaAHAJIHU3UPOBAHEBL KJIH-
MaTHUYeCKHe JTaHHbIe (CpeIHeroIoBass TeMIepaTypa Bo3ayXa U KoJIude-
CTBO ocaaKoB) (TabJ. 1).
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Tabauiia 1. TemmepaTtypa Bo3ayxa U KOJIUUECTBO OCAIKOB B ITEPHO.T
9KCIIepHUMEHTAa U JJIs cpaBHeHud B mepuoy 2012—2013 rr.

n/m C OKTs0ps 110 CEHTAOPH
l'ona 2012-2013|2013-2014|2014-2015]2015-2016
EgéuHeronosaa TeMIIepaTypa BO3IyXa, 97 66 74 73
Konm4ecTBo 0CajikoB 3a MepHol, B MM 308 253 198 237
KonudecTBo JKUIKAX OCATKOB, B MM 243 169 123 165

Beicota cHera, cpennee, B cM (makc.) | 23,2 (32) | 23,3 (37) | 18,4(30) | 21,7(35)

ITo pesysibraTaM TpoOBEIEHHOTO IKCIIEPUMEHTA U aHAIU3A TOJIYUeHHON
wH@QOPMAITUY HaMH OBLIN IIOCTPOEHBI KPUBBIE PACIIPE/IeIEHUS CPeIHe-
TOJTOBBIX TeMItepaTyp 1o riryoune (Puc. 2), ¢ TOMOIIBI0 KOTOPHIX MOYKHO
OIEHUTDH BIUAHUSA WHQUWIBTPAITAHN KUIKUX ATMOCPEPHBIX 0CATKOB HA
TeMIIepaTyPHBIN pesKuM IpyHTOB B yciioBusx [lenrpanpHoit AxyTuu 3a
rofioBoit mepuo. s cpaBHEeHUS Ha JAaHHOM PUCYHKE PEJICTABJIEHBI
KPUBBIE pacIpeeseHus CpeJHETOOBEIX TeMIlepaTyp 3a mepuoy 2012—
2013 rr. 6e3 oKCIIepUMEeHTA.

Pacupenenenus cpegHerogoBBIX TeMIIEPATyp IO TIyOMHE ILIONIAIKH
¢ JOIOJHHUTEIbHBIM IIOJHUBOM MEHSETCSI B JOBOJILHO IIIMPOKOM HHTEp-
BaJsie (cMm. puc. 2). B mepBeIi ro oKCIIEPUMEHTA CPEIHEroI0BbIe TEeM-
mepaTypsl FPYHTOB IO BCEeM IUIyOMHE PEe3KO IIOBBIIIAIOTCS, TOXOHI 0
—1°C u Hm:ke. OTO 00BACHAETCA IPUBHOCOM IOIIOJIHUTEILHOIO TEILIa
3a CUeT yBeJHNYEeHHUs KOJUYECTBA BBIIATAIIINX JETHUX aTMOCHEPHBIX
ocankoB. OmHAKO M CpegHEroIoBas TeMIepaTypa 9TOr0 roma camas
BBICOKAS 3a BeChb Ieproj sxcrepuMenTa. Ho, HecMorpsa Ha 210, TOIIOJI-
HUTEJILHBINA IPUBHOC TEILIA 34 CYET YBeJIMYEHHUs KOJIMUECTBA OCAIKOB
HaOmogaercsa. PasHuiia remmeparyp mo BceM IVIyOMHAM OKCIIEPHMEH-
TAJIBHOTO YYACTKA II0 CPABHEHHUIO C YUYACTKOM C €CTeCTBEHHBIMU YCJIO-
Busmu pasHa ot 1 1o 1,5°C. Eciau ydects, UTO ecTecTBeHHAS pas3HHUIIA
MEKIy paclpefesieHHeM CPeJHEeroI0BEIX TeMIIepaTyp II0 paspesdy oT 2
1o 10 merpos B cpenueM pasHa 1°C, a B mearenpHoM ciioe—0,5°C, To
BJINSHYE UHQOUIBTPALIMA KUIKUX aTMOC(EPHEBIX 0CATKOB B Pe3yJIbTa-
Te akcrnepumenTa gocruraer ot 0,5 no 1,3°C B citoe rogoBBIX KoJIe0a M
TeMIeparyp. OTH 3HAUYEHHUS IOATBEPIKIAI0T TEOPETUYECKNe PaCUeThl
B.A. Kynpsistiesa [8], a Takse, K TAaKOMy ke pPe3yJbTATy HTPUXOIST
Bapmamos u gp. [3].
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Puc. 2. KpuBsre pacripesiesieHust cpefHerofoBbIX TeMIIEpATyp [0 MIyOrHe JOII0JIHIU-
TEeJIBHO OPOIIIaeMOM ILIOMAa KN (a) ¥ IIJIOIIAKHU C eCTeCTBeHHBIMU yeaoBusamMHu (0) 3a
IIePUOJEL C SKCIIEPUMEHTOM U 6e3.

OpxHako, mocieayolme ToAa, IIPU IPOIOJIKEeHUN SKCIePUMEHTAa, pac-
ImpeJeaeHne CpeJHeroJ0BhIX TeMIIePaTyp Mo IUIyOMHe HAauWHAEeT BOC-
CTAHABJIUBATHCA U HOET K IIOHMMKEHMIO jgocturas B cpemuem —2°C.
Ecim mocMoTpeTh Ha cpemgHErofoBble TeMIIePATypPhl YYACTKA C ecTe-
CTBEHHBIMHU YCJIOBHUSMM, OHH a0COJIOTHO KOPPEJIUPYIOTCI C CpemHe-
TOIOBOIM TEMIIEPATYPOR BO3AyXa W C 3HAYECHUSAMHU BBICOTHI CHEXXHOTO
IIOKPOBA, a4 HAa yYacTKe C JOIOJHUTEIbHBIM IOJUBOM pacIipeesieHne
CPEeIHEroI0BEIX TEMIIEPATYP € KAMKIBIM TOA0M HoHMxaeTes (cM. puc. 2
0). OTO 00CTOATEILCTBO OOBACHSAETCSA pPe3yabTaTaMU oKCIePUMEH-
TAJbHOTO YBEJIMYEHHUS KOJMYECTBA JIETHHUX KUIKUX aATMOCHEPHBIX
ocagkoB. COOTBETCTBEHHO, MOKHO IIPUNATH K BBIBOAY, YTO, IPH YCJIO-
BUM YBEJIWUYEHUN KOJMYECTBA JIETHUX aTMOC(EPHBIX OCATKOB, CPel-
HeroIoBas TeMIlepaTypa IPYHTOB MOKET MOHMKAThCA. MiHade roBops,
[IPU YCIOBUM YBEINUEHHUS KOJIUUECTBA JIETHUX aTMOC(EPHEIX 0CATKOB
IIPOIOIKUTEIbHOEe BpeMsl, IIPU HPOYNX PABHBLIX YCJIOBUAX, UX BJIMS-
HUE Ha TEeMIIePATYPHBIA PEKUM OyIeT OXJIAMKIAIOIIUM, B YCJIOBUAX
enrpanpuoit AxyTuu.
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BbBIBO/JIbI

Wexons u3 mpuUBeIeHHOTO aHAIW3a W 00OOIIEHUS [OJYYEHHBIX pPe-
3yJbTATOB MOYKHO CHEJIATH CJIEHYIOIIHe BBHIBOILI IO OLIEHKE BJIMAHUSA
HHQUIBTPALIMN JIETHUX aTMOC(QEPHBIX 0CAJKOB HA (POpMHPOBAHHE
TeMIlepaTypHoro pexkuma rpyHToB B llenrpanbpuoit Axyrun. Orerisa-
oIee BIUAHAE WHQUIBTPAIIUH KUIKUX aTMOCHEpPHBIX OCAIKOB HAa
TeMIIepaTypPHBINA PEKUM CPYHTOB B FOJI0OBOM IIHKJIe nocturaer or 0,5 1o
1,3°C B cyioe romoBeIX KoJiebauuii Temmeparyp. [Ipu yciaoBuu ysesu-
YeHHs KOJIUYECTBA JIETHUX aTMOCHEPHBIX 0CAIKOB IIPOI0JIKUTEIBHOE
Bpems (Tpu u 0oJiee JIeT), IPU IIPOYNX PABHBIX YCJIOBUSAX, UX BIIUSIHHE
HA TeMIIEPATYPHBINA PEKUM MOKET OBITh OXJIAKIAIOIIUM, B YCJIOBUAX
Henrpanpuoit Akyrun. OtuM Mosxker 00bACHATCS HAOJIIOgaEeMOe B He-
KOTOPBIX PErHOHAX CTAOMIbHOE COCTOSTHUE €CTeCTBEHHBIX MEP3JIOTHBIX
YCJIOBUU JIaske IIPU IIOBBIIIEHUH CPEeIHEroI0BOM TeMIepaTyphl BO3ILY-
xa. Ecau cuurarh, 4TO KIMMaTHYeCKUe yCIOBUS B APKTUYECKOM pe-
ruoHe cyposee yeM B Llenrpanproit AxyTum, To aT0T adpperT MOKET
MMETh MECTO U B 9TUX PaioHaX.
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I9BOJIIOIIUA NHCOJIANONN B OKBUBAJIEHTHBIX
HINPOTAX B APKTUKE 1 AHTAPKTUEKE

N.NU. Cmynsckmnii, A. A. Usanosa
NK3 TromHII CO PAH, Poccus

AHHOTAIINA

KosnmaecTBo costHeUHOro Ternia, IOCTYIANIero Ha 3eMIII0, OIIPeIesIsaeTCs dKC-
LIEHTPHUCUATETOM OPOUTHI, €€ HAKJIOHOM K ILJIOCKOCTH 9KBATOPA W TIOJIOKEHHMEM
nepureausd. Bce oty mapamMeTpsl O BpeMeHeM MEHSIIOTCS, [I09TOMY U3MEeHSIeTCs
KOJIMYECTBO COJTHEYHOTO TeIlia WU WHCoJAnusa. Munyrun MuiankoBUY 11
aHaJIM3a U3MEHEeHUs WHCOJISIIUY BBeJI WHCOJSIUI0 B 9KBUBAJIEHTHBIX IITUPOTAX
3a sierHee nosyroaue. OHa BeIpaskaeTcs B Bue MUpoThl CeBepHOro moIyuapus,
HA KOTOPYIO B pacCMaTpUBAeMyI0 9II0XY IOCTYIIaeT TaKoe sKe KOJIMYeCTBO Terria,
KaK 1 B COBPEMEHHYIO 2110Xy. B paboTe BBEIEHBI MHCOJIAINNA B 9KBUBAJIEHTHBIX
MIMPOTAX: 3a IO/ U 3a 3uMHee moJryroaue. [IprBeien aJropuT™ JIJIst UX pacdera,
HA OCHOBE KOTOPOTO CO3/IaHa KOMIIbIOTepHAas mporpamma. [IpoanasimaupoBaHbl
OTJINYUS OTUX HHCOJIAIIUNA B coBpeMeHHyI0 arnoxy mia Cesepuoro m IOsxmHoro
noJrynrapuii. PaccMoTpeHbI Bce TP UHCOJISIITAY B 9KBUBAJIEHTHBIX IITUPOTAX JIJIs
TpeX PasHBIX AII0X, KOTOPBIE COOTBETCTBYIOT 9KCTPEMyMaM: 1) ITOCJIeTHEro Jiemd-
HuUKO0BOr0 Makcumyma (15.88 TeIc. JteT Hasaxm), 2) moreriennsa (31.28 .1.H.) u 3)
0oJ1ee paHHEero JIEIHUKOBOro mepuoaa (46.44 1.51.1.). HCOIAINS B 9KBUBAJICHT-
HBIX IITUPOTAX 34 T0JT CHMMETPUYHA OTHOCUTEJIEHO 9KBATOPA, T.€. 9T MHCOJISIIHS
oIMHAKOBA 1A 00oux mosyrrapuii. OMHAKO BU TOIOBOM MHCOJIAIAY I Pas-
HBIX 9II0X CHJIBHO OTJIMYAETCS, 0COOEHHO B TEIIyio omoxy 31.28 T.i.u. MHcomsa-
IUsT B 9KBUBAJIEHTHBIX IITUPOTAX 34 JIeTHEee MOJIYyro/iue B X0JIOAHbIe amoxu 15.88
u 46.44 TeIC. JeT Ha3aJ Ha muporax 60° u BHINIE TTOKA3BIBAET MEHBIIIee KOJIU-
YeCTBO TeILIa, YeM ceuac Ha II0JIce. A B TeIIyo 210Xy Ha IIUpoTax oT 17° mo
IOJIIOCOB B JIETHUI IIEPHOJ] TeILIa 0OJIbIIe, UeM ceiuac Ha okBaTope. MHcorsamus
B 9KBUBAJIEHTHBIX IIHPOTAX 34 3UMHee IT0JIyTrore I BCeX pPacCMaTpPUBAEMBIX
9II0X MMeeT IIPUMEPHO OAUHAKOBBIN BUJ C 9KCTPEMYMOM BOJIM3U aKBaTopa. I'pa-
GUKM OTIIMYAIOTCA TOJBKO BBIIYKJIOCTHIO PACIpPENeIeHUN: JJIS XOJOMHBIX 310X
OHA 0JTHA, a JIJIS TeILJION JII0XU — JApyTrasi.

Kiouessie ciioBa: MHCOIAINS, 9KBUBAJIEHTHBIE [ITUPOTHI, HHCOJIAIHOHHBIE IIe-
puonsr, CeBepHoe mosyrapue, OsxHoe mosytapue.

BBEJEHHUE

ActpoHOMUUecKass TeopHUs M3MEHEHUs KJIMMaTa 0asupyercsa Ha Ha3-
MEHEeHHN OpPOUTAJIBHOINO M BPAIIATEJHHOIO IBHMKEHWN 3eMJin. 3a
CYeT IBOJIIOINY 9TUX JIBUKEHUN BO BpeMEeHH M3MEHSIETCS KOJUYIECTBO
COJTHEYHOTO TeIlIa, IOCTYIAIIIero Ha 3eMJI0, WJIN e€e WHCOJISITHI.
B pesyabprare HOBOro peunreHus aTux IrpobdsieM [1] moyueHbl 3HAYM-
TeJIbHBIE KOJIe0AHMS WHCOJISIIUHN, KOTOPBIe 00BSICHSIIOT 9BOJIIOIHIO T1a-
JeokaumMara [2].
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M. Munankosud [3] nJid aHAIN3a N3MEHEHU I MHCOJISIINY BBEJI JIETHIOK
HHCOJIATIMIO B OKBUBATEHTHEIX mupoTax I . OHa m3MepsaeTcsa B IIHpoTe
(, Ha KOTOPYIO B COBPEMEHHYIO 9II0XY 34 JIETHEee IIOJIyTOAue IIOCTYIIAeT
TaKoe ke KOJMYECTBO TeIlJIa, KaK U B paccMaTpuBaeMylo amoxy. Vmco-
JIAIUS B OKBUBAJICHTHEBIX IIIUPOTAX II03BOJIACT 9(pPEeKTUBHO aHAJIN3H-
POBATH KJIMMATEI IIPOIILIIOTO.

B macroameir paboTe BBIIOJIHEHO CpaBHEHUE M3MEHEHUSA WHCOJIAIIAN
B OKBHMBAJIGHTHBIX mupoTax (3a rox I, sernee I u sumuee I 1osyro-
nust) B CeBeprom u IOQskHOM MOJIyHIapusix B COBPEMEHHYIO 9II0XY.

Jnsa Tpex mociieTHMX MHCOJIAIMOHHEIX Iepuonos: I, (15.88 T.1.H.), 2|
(31.28 T.y1.H.) 1 3, (46.44 T.J1.H.) IpOBeJieH aHAIU3 U3MEHeHUs UHCOJIA-
MY B CPAaBHEHUU C COBPEMEHHOI IIIOXO.

AJITOPUTM BBIYUCJJIEHUA NHCOJIAIINU B DKBUBA-
JIEHTHBIX HITUPOTAX

C momorbio ACTPOHOMHUYECKON TEOPUN M3MEHEeHUs KJIMMAaTa B JII00YI0
3aJaHHYI0 oI10Xy 1’ MOYKHO IIOJIyYUTH M3MEHEHNe MHCOJIAINN, HAIPH-
Mep, JieTHell @, 1o mupoTre 3eMIH @.

Ha puc. 1 mokazano uaMeHeHUe HHCOJIAIMIM 3a JIeTHee @), 1 3uMHee @
HOJIyrofus, a Tak:ke 3a rof €, Ha mmpoTe @ CeBepHOro IOJIyIIapHUs
B coBpeMeHHyI0 artoxy 1950 r. Ora amoxa co Bpemenem 1 = 0, ¢ KOHKpeT-
ot maroir 30.12.1949 r. mpuHsTa 3a craHmapTHyo. JIJIa cranmapTHON
9II0XM, HAIIPUMeE), JIETHSISA WHCOJAINUA ABJsSeTca (PYHKI[UEH IMTUPOTHI
Qs, (@), n—cumBon cranmapTHO# mHconAnmMH. 'paduru nHCOMAIMI
@, @, 6 u @, TOJyYeHBl B pe3yJbTaTe BBHIYUCIEHWI I KOHKPETHBIX
MIUPOT U JJI KOHKPETHBIX 3HAYEHU BPEMEeHH, T.€. OHU SBJISIOTCS JTIC-
KpeTHBIMH. A caMu (PYyHKITAN QS, (p) aBnsaoTCa HeMHeHHBIMH. YTOOR!
MMEeTb UX 3HAUYEeHUS IIPHU JIFOObIX 3HAYEHHUAX IITUPOTHI (@ 1 BpeMmeHu T,
9TH (PYHKIIMH HHTEPIIOJIHUPYIOTCA I1apaboIMYecKOd 3aBUCHMOCTHIO II0
TpeM Toukam. [lociie HaxokIeHUSA K0d(PMUIIMEHTOB WHTEPIOJISAIHOH-
HBIX I1apaboJI MOYKHO IIOJIYYUTH 00PATHYI 3aBUCHUMOCTH IITHPOTHL () OT
WHCOJISIIAY, HAIIPUMED JIJIs JIETHETO IIOJIYTO s (ps(st ). Ecmu B xaxy-
10-T0 o110Xy 1" Ha mWHUpPOTe @, JIETHION MHCOJAIMI 0003HAYMM @ ,, TO
C IIOMOIIBIO 00OPATHOM 3aBUCHUMOCTH (ps(Qs, ) MHCOJIAIINIO B 9KBUBAJIEHT-
HBIX ITUPOTAX oIpesiesseM Tak [ = (p(QSY ). Tak kak MHCOJIAIUY 34 JIeT-
Hee () U 3UMHee @ TOJIYToIus UMEIT CBOM oTJimdus st CeBepHOTO
u l0:xHOrO MMoJTyIIapumii, TO 3a CTAHAPTHY0 UHCOJISITUI0 O€peTcs MHCO-
snsauss CeBepHOTo MOIyIIapus.
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Jlist paboThl anropurMa 00s3aTEILHBIM YCIOBUEM SIBJISETCS MOHOTOH-
HocTh (pyHimun. Kasaerii Bun mHcomsamun B CeBepHOM IIOJIyIIApUU
HMeeT dKCTPeMyMEI Ha pasHHIX mupoTax. [omoBas mHCcomAMA @ MO-
HOTOHHO yObIBaeT ot axBatopa (0°) mo ceBepuoro mosoca (90°), meTHss
@, MOHOTOHHO yObIBaeT oT 25° o 87.5°, a sumHaAA @ ot 2.5° 1o 90° (puc.
1).

L QS

ha SO
o

0r2
k
O
0 S~
0 30 60 ¢° 99

Puc. 1. amenenue ronogoit @, nerred Q) u sumueit @ wHconsamuu B I'mx/m® B Ce-
BEPHOM IIOJIyIIAPHAH B COBPEMEHHYIO JII0XY.

OCHOBHBIE 3aBHCHMOCTH JJIA pacueTa HHCOJIAIUN B OKBUBAJICHTHBIX
IIMPOTAX PACCMOTPUM Ha IpuMepe JeTHeir mHcoaanuu. O0osHaumm
3HAYeHNd JIETHeH MHCOJIAIMY Ha PA3HHIX IIUPOTaxX @, ,, Kak @ e

s, n, 13

N—3HAYOK CTAHIAPTHOM IIMPOTHI, I3—MHICKC KOHKPETHOI'0 3Hade-
Hug mupoTsl. Torma gpyHKIIMOHAIBHAS 3aBUCUMOCTD JJIS CTAHIAPTHON
nerHeil nHcosAMHU Oyner @ .9, ). [ onpenenenns crangapTHoO#

IIMPOTEI, HA KOTOPOH mHCcoIAIMa @ B anoxy T'OyaeT paBHa QS, , B OIIOXY

T, He0OXO/TMMO HCIIOIH30BATh 00PATHYIO 3aBUCHMOCTD @, o (@ 1))

Tax xax saBucumocTs @, (€ ) IS CTAHIAPTHON WHCOJISIIUU JTHC-

s, n, i3

KpeTHa, TO MHCOJISIINS B OKBUBAJIEHTHBIX IIIMPOTAX IIPHU JIF0OOM 3HAYe-
HUHU WHCOJIAINH () HAXOJUTCA C IIOMONIBI0 IapaboImdecKoi HHTePIIO-
JIAIUNA

I = AiQﬂ(Pst + By 00, +Cig_5 &

e 1Q—MHIeKC HavYaaa mapaboImyecKoro yuacTKa ampOKCUMATIAH.
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Vpasuenus (1) ©CIoIb3yIOTCS JIJIs HaXOKIeHUA Koo uimenTos A, B
u C HHTepPIOIAIMOHHEIX TapaboJI, TOIbKO BMeCTo I MCTIoTb3yIoTCA TITH-
POTHL (,, CTAHIAPTHOTO paclpenesieHus wHcosanuu. Torma BeIpaske-

Hue (1) ImpeacTaBjseT CHUCTEMY JIMHEMHBIN aJireOpamdyecKuxX ypaBHe-
HUH, B KOTOPBIX HEM3BECTHBI TPYIIIEI IO TpeM Koaddurtuentam A, B,,
u C,, rme i3—wuH/IEKC KOHKPETHOTO 3HaYeHus mupoThl. CocTasisem
CHCTEeMBI YpaBHEHUH B Tpex Toukax i3—1, i3, i3 + 1, B pe3yJjbrare ux

penreHnd HaX04M BbIpaKeHMA OJId 9TUX MHIEKCOB!

Puizea = @izt Poizn = Puys

Aﬁ — Qs,n,i3+2 - Qs,n,z’3+l Qs,n,i3+1 - Qs,n,i} ; (2)
‘ Qs,n,i3+2 - Qs,n,i3
(pn,i +. _(pn,i +! .
Bi3 = m - Ai3 .(Qx,n‘i3+2 + Qs‘n,i3+1) ’ 3)
2
Ci3 =@, 50 Ai3 .(Q.v‘n,i3+1) - Bi3 'Qx,n,ml . (4)

IIpu pacuere MWHCOIAIIMY B 9KBUBAJIEHTHEIX IIXPOTAX COIIACHO (hopMy-
ne (1) nagexc 1@ mogdupaercsa Tak, YTo0Bl paccMaTpUBaeMoe B 910Xy 1
3HaYeHHe HHCOJAMN (), HAX0/IUJIOCh MEsK/Ty 3HAYEHUAMH Q) Q1 X Q,
n,iQ*

ITo aHaIOrMYHOMY AJITOPUTMY PACCUUTHIBAIOTCA TOJ0BAdA I, M 3UMHAA
I wmHCONAIMY B 9KBMBAJEHTHBIX mupoTax. Kak ymommuamoch panee,
OHHU CIIPABEIJIMBEL HA MOHOTOHHOM YYaCTKE M3MEHEHU MHCOJIAIIMA 110
mupore: TomoBad @ ot 0° mo 90°, sumHEAT @ 0T 2.5° 10 90°.

NHCOJIAIMOHHBIE ITEPUO/IbI

B pa6ote [2] mo uamenenwuio setHeit uHconAnuu @ N Ha mupore 65°
OBLIM YyCTAHOBJIEHBI 13 WMHCOJIAIIMOHHBIX IIEPHUOJIOB CO CJIEAYIOIINMU
rpagalusaMu: OYeHb XOJIOAHBIN, XOJOHBIN, YMEPEeHHO X0JIOAHBIH, yMe-
PEHHO TEeILJIBIH, TeIJIBIA U OYeHb TeIIbli (puc. 2). 'paHuIs mepuoos
OBLTH OIpe/esIeHbI 110 OTKJIOHeHUI0 HHCOIAIMH @ N oT cpeqHero 3Ha-
yeHus @ (manus 1, puc. 2).

3a 200 ThIC. JIeT OBLIO qBA OUYEHD TeILILIX Iepuoja: 2, u 8, ¥ IBa OUYeHb
XOJIOMHBIX epuoza: 3, u 7,. Tersix mepnomos 6b110 ABa (4, 1 12), a X0-
sonHbIX Tpu (1, 9, 1 11)). OcTanmbHEIE TEPHO/EI OBLITH YMEPEHHO TeILyIbI-
MU WM YMEPEHHO XOJIOAHBIMH. B pesyJsbraTe COIOCTaBJIEHUS C IaJie-
oxmMaToM B pabore [2] morasamo, uro B 3amamgHoi Cubupu mepuon
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O, cOOTBEeTCTBYeT ONTUMYMY TOJIOIeHa, I —CcapTaHCKOMY OJIe/IeHeHHIO,
2,—KapTrUHCKOMY IIOTEIIEHHIO, a J,—ePMAaKOBCKOMY JIEJIHUKOBOMY
mepuoay. AHAJIOTMYHBIE H3MEHEHUs KJIMMATA B 9TH IIE€PUOIbI IIPOUCXO0-
VTN HA eBporeiickoM KouTuHeHTe U B CeBepHOT AMepuKe.

65N 65N
LV O8Y oV oag, | 10r | 9 | 8 | 7 | 60]Se 4 | 3 | 2 | 1r |04
20° 1 7.5

/2' ﬂ ﬂ -
37.5°1 6.75 o O m

A T AN T
; \ | A [

55° 1 6.0
65° |

72591 5.25
90° L 4.5

-200 -150 -100 -50 T, kvr [

Puc. 2. NHconsAimosHHbIe Iepuoabl U3MEHEeHN KJINMATa OI, 1, 2,... 12,32 200 T.71.H.
U JIETHSS MHCOJIAIMA B 9KBUBAJIEHTHEIX muporax [ %N ma mmpore 65° Q %N—mumn-
coAIuMsA 3a JIeTHee moyyroxue B Imx/m* I —cpenuas mHconamua @ ; It w 2t—
mepBasi ¥ BTOpas TPAHUIIBI TEIUIBIX YPOBHEH; Ic 1 2c—IiepBas U BTOpAs TPAHUIIEI
XOJIOIHBIX YPOBHEH; y.T., T., 0.T.— TeILJIbIe YPOBHH; ¥.X., X., 0.X.— XOJIOJHbIE YPOBHH.

Ha puc. 2 mpuBenen Takske rpaduk JeTHEH MHCOISITUNA B 9KBUBAJIEHT-
ueix mmporax [. Konebanma I mpoeHTHYHE! KostebaHUAM @, OITHAKO
VX BBIPQYKEHHAS B IIUPOTAX aMILIUTYAA CBUIETEIbCTBYET, HACKOJIBKO
CYIIIECTBEHHBI 9TH KoJiebaHus. BepxHue ropr3oHTABHBIE TLIONIAIKA
B IepUoAEI 2, U 8, MMOKA3BIBAIOT, YTO HA IMHUPOTE 65° B 9TH IEPUOIBI JIe-
TOM Teria OBLIO OOoJIbINTe, YeM cefvac Ha dKBATOpe. ITO JeHCTBUTEIb-
HO OBLIIM OYeHbB TEILIbIe ITePHUObl. | OpM30HTaAIbHEBIE HUKHUE YIaCTKU
B mepuonsr I, 3, 7, 9, u 11, MOKA3BIBAIOT, YTO B 3TO BPEMs TeILJIa Ha
mupore 65° eToM OBLIIO MEHBIITe, YeM cefuac Ha II0JIoce. JTO 03HaYa-
€T, UTO CHET 34 JIETO He TasiJI ¥ 00Pa30BBIBAJICS JIETHUKOBHIM TOKPOB. To
€CTb, 9TO JEeMCTBUTEJIHLHO OBLIN JIEHUKOBBIE TT€PHOIEI.

COBPEMEHHOE PACIIPEJIEJIEHUE NHCOJIAIIUAMN 110
HNIUPOTE SEMJIN

Ha puc. 3 morxasano mameHenme mHcosanui 3a rox I, 3a metHee I
u 3uMHee [ IIOJIyToaus 110 IIMPOTe 3eMJIH B COBPeMEeHHYIO 3moxy. ['o-
J0Bas HHCOJIAIMA [, CHMMeTPpUYHA OTHOCHTENILHO 9KkBaTopa (¢ = 0): Ha
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9KBaTOpe OHAa MaKCHMAaJIbHA U paBHA HyJo, a Ha momocax—I, = 90°.
Wamenenusa I, Ha BceX IIMPOTax JIMHEHHEI 10 IIHPOTe, T.€. [, = @.

00
I AN
30°

o N

e AN

00
I

30° 7_\/\
600 / IsN \
90°

0° >

I w 1, wN < .,
30° v .

60° '

900 5. Hemisphere N. Hemispher.é"-,%
90 60 -30 0 30 60 ¢°90

Puc. 3. Pacupemesenue 1o mupore 3eMJIH WHCOJISAIUYA B 9KBUBAJIEHTHBIX IITAPOTAX

saron I, 3a erree I u sumuee I mosyronus B coBpemenHyo amoxy (30.12.1949 1.):
—90° — Osknb1it mmostoc, +90° — CeBepHBbIi OJTIOC.

Jlernsasa unconanusa I, o mupore usmensercs 6osee ciosxkHo. B Cesep-
HOM TI0JTyIIIapPUH Ha TI0JII0Ce NMeeTcst HeOoIbIoi Mmakcumym I = 85.934°,
3aKaHUYMBAIONIANCA MUHUMYMOM IS = 87.494° pu ¢ = 87.5°. Barem o
IITAPOTHI @ = 25° JIETHSIS WHCOJIAIINSA U3MEHIeTCs 10 JIMHEHOMY 3aKOHY
I = . Tlocne Mmakcumyma JIETHAS WHCOJIAIMA yMEHBIIACTCS /10 BeJIH-
YMHEI IS = 47.185° BOIM3H oKBATOpA. 3/IeCh UMEETCSI MUHUMYM JIeTHeM
uHcossauu. [lpuuem oH maxomurcsa B CeBepHOM MOJIyIIAPUH. 3aTeM
uHconaAnus [ ysenuuusaercs ¢ mepexogom B l0skHoe mosymapue u j10-
CTHUTAaeT TOPU3OHTAJIBHOTO YYaCTKA, KOTOPHIA HAXOOUTCS Ha ITHPOTaX
—40° < @ <-10°. 'opu3oHTaIbHBIN YIACTOK 03HAYAET, YTO JIETHSS MHCO-
JIAIUS HA 9TOM auamasoHe mupoT B IOskHOM mostymapuu 00JIbIie, yem
MakcuMaJsbHasa Ha Tponrke CeBepHOro moJIyIapus.
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ITocite TOPHM30HTAIBEHOTO YUACTKA JIETHAA HHCOMANNA I ¢ JaTbHeHITHIM
yBeandenreM mupoThl KOsKHOro mmomyaprs HeJIMHEHHO YMEeHbIIIAeTCs
no I = 83.729° na mupore ¢ = —90°. JIunueit I 1y1a cpaBHEHUS II0-
Kas3aHo Mm3MeHeHue JjeTHen nHcosaanun B CesepHom momymapuu. Kak
BUJIUM, TOPH3OHTATBHEIN 1 HeJauHelHbH yuactku I B IOmxHOM mosTy-
mapuu JieskaT Beime wHcoArun I CeBepHOTo MOIyIIapHsd, T.e. JIETO
Bo BceM IO:xHOM mosyimapun teriee jiera B CeBepHOM MOJIYIIIAPUHN.

SuMHAA UHCONANUA [ TOYTH CUMMETPUYHA OTHOCHTE/IHHO 9KBATOpA:
Ha I0JIIocaxX OHa MUHUMaJIbHA 1 paBHa I = 90°, a Ha sKBaTOpe —MaK-
cumaabHa u Haxonautces BOmuau 0°. B CeBepHoM mostyirapuu 10 MAKCH-
MyMa Ha IIupoTe @ = 2.5° OHa M3MeHseTCs 1o JInHeHHoMy 3akoHy [ =
@. Ot aToro makcumyma yo ostoca B I0:xHOM mostymapun I, usMeHser-
ca kBasunuHelHo. JIunus I | nsamenenus uHcosAnuy CeBepHOTO TOJTY-
mapus Jie:RkUT Bbimte uHconAnuu I IO0skHOTO moOMymIapus, T.e. 3UMBI
B HeM, xosoHee 3uM CeBepHOTO MOJIyITapus.

CPABHEHUE PACIIPEJIEJIEHUN UHCOJIAIIUNA
B DKCTPEMAJIbHBIE [TEPUOJIBI

Ha puc. 3 ObLIM paccMOTPEHBI pacipene/ieHusa MHCOJIAIMA 10 IIAPOTe
3Bemsn B coBpeMeHHylo aroxy. Ha puc. 4 npusenens: uacosnamyu I, I
u I B TIeprosEl TpeX MHCOIAIMOHHBIX ONTHMYMOB 1), 2, u 3,. Kak yxe
OTMEYaJIOCh, ONTHMYM I, COOTBETCTBYET CEpeJMHe IIOCJIeTHETO JIeTHMU-
KoBoro Iepuona. Ilo cpaBHeHMIO ¢ COBpeMEeHHOM amoxoi (puc. 3) romo-
Bad MHCONAIMA [ Ha puc. 4 IMeeT TOPU30HTAIbHEIE YIACTKH B IKBATO-
PHAIBbHOM 00JaCTH U IPUIIOIAPHBIX 001acTsax. OHU CBUIETEeIbCTBYIOT,
YTO B 9Ty SIIOXY TEILIA 34 TOJI B 9KBATOPHUAJIBLHOM 00J1acTH OBLIIO OOIbIIIE,
JeM ceiuac B 9TOM 00JIaCTH, a B IOJISPHOM obacTu ¢ > 70° Temia ObLII0
MeHBIIle, YeM cefiuac Ha mosoce. Ha puc. 4 munauavu [, —Ipusese-
Ha romoBas uHcoJAMsa CeBepHOro MoIyIIapus B COBPEMEHHYIO JII0XY.
B Toit obmactu mmpor, rae I, HaxonuTes Bbime I, —T00BOE KOJIUYE-
CTBO TeIlJIa B ONTHMYM I, ObLI0 GosTbIlle, a Ha MUpOoTax, rae [, nuxe L,
TEILI0 34 I'oJl OBLJIO MEHBIIIE.

Jlernsasa unconsanus I B onTuMyM | Ha puc. 4 OTIMYAETCA OT COBPEMEH-
HOM 9II0XHW HAa PHUC. 3 HAJUYHEM MOPU30HTABHBIX YYACTKOB B BHICOKUX
muporax ¢ > 62.5°. Ha arux mmporax Temsia JieroM ObLIO MEHbIIIe YeM
ceyac Ha II0JI0Ce, T.e. JeHCTBUTEIbHO 31eCh ObLJI JIETHUKOBBII ITePHO/I.
B sxBatopuanbroit obsractu CeBepHOro IOIyIIapys ITOABUIICS TOPU30H-
TAJbHBIN ydacTok (puc. 4), T.e. 3/iech Teria ObLI0 00JIbIle YeM ceiruac
B aKBaTOpmasbHOM obsactu. C apyroit ctoporst, B IO:kHOM mToTyTiapun
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B OKBATOPHMAJBHOM 00JIACTA TOPU30HTAJLHBIA yYACTOK YMEHBIIAETCS
110 CPABHEHUIO C PHC. 3, T.€. B AIOXy I TeIIa JIETOM B S9KBATOPHAJIEHOM
obstactu IOsxHOrO MMOJTyIITapUs OBLIIO MEHBIIE YeM cemldac.
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Puc. 4. Pacnpenenenne o mupore 3eMiIn WHCOISAIUN B 9KBUBAJIEHTHBIX IIUPOTAX
3a Tof IT, JIeTHee IS U 3UMHee IW TIOJIYTOMUA B TPH JIOXH C MHCOJIAIIMOHHEIMHI dKC-
TpeMyMaMU: 11—15.88 T.JL.H. 21—31.28 T.JLH. U 31—46.44 T.JI.H.

JIunuavu I ) Ha puc. 4 HaHeceHa JIeTHAS WHCOJIAIUSA B COBPEMEHHYIO
aroxy. B obmactu mupor, rie oHa Beiie I ObLIO X0I0IHee, YeM B COBpe-
MEHHYIO JII0XY.

Sumuaa nHconaAnusa I B amoxy I, Ha puc. 4 mMeeT Gosiee BBIIYKJIBIH
Opoduiib, YeM B COBPEMEHHYIO oIloXy Ha puc. 3. Kax BuaHo us puc. 4,
B OospImeil yacTu MUPOT I, IPOXOTUT BhINIE IwNO, T.e. B 9TOH obJiactu
TerIa 3UMOM OBLIIO DOJIBITIE YeM B COBPEMEHHYIO JII0XY.

B smoxy ontuMyma 2|, CHIIBHOTO MTOTEILIeHNs, TpaduK roJ0BOH HHCOJIA-
uun I, (puc. 4) cymiecTBeHHO OTJIMYaeTcss oT rpacdukos I, B XOJIOIHbIE
oroxm I, ¥ 3, ¥ B COBpeMeHHyIo 10Xy (puc. 3). B sxkBaTopmasbHOI 00-
JIaCTH TOfI0BasA MHCONANMA I, Ha puc. 4 Oosbmre 15°, T.e. HA GKBaTOpe
T0J/IOBOTO KOJIMYECTBA TeIlljia OBLIO CYIeCTBEHHO MeHbIIle YeM ceidac.
B BBICOKUTX TITpOTaX, HA000POT, Jaske HA II0JIOCE TeIIa ObLIIO He MEeHb-
nre yem cetigac Ha mmpoTe 60°. [Ipu cpaBHenun rpaduka I, ¢ THHAAMYI
I, BUITHO, YTO B 9KBATOPHAJILHEIX ITUPOTAaX OBLIO XOJI0HEe, a B Cpel-
HUX U BBICOKUX — TeILjIee.,
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JleTHada nnconanma IS B 9IIOXY 2, Ha mupoTax orT 12.5° 1o 90° nepsxurca
Ha ypoBHe 25°, T.e. Telyia B 9TOM 00JI1aCTH JIETOM OBILJIO OOJIBIIIE YeM Ceit-
vac Ha sakBaTope. JIoCTOMHO yIUBJIEHUS TAKOe KapKoe JIeTO B 0OJIbIIeH
vactu 3emMHoro mapa. O0 aToM Takske CBUIETEIBCTBYET PACIIOJIOKEHITE
rpacduka I nan munuedt I .

Sumusaa uncosAnus [ B amoxy 2, (puc. 4) umeer dopmy yriia ¢ BOTHY-
TBIMH CTOPOHAMH, B OTJIMYKE OT YIJIA C BBIIYKJIBIMHA CTOPOHAMHM B XO-
JIOHEIE 3LOXH I ¥ 3|, ¥ C IIPAMBEIMH CTOPOHAMH B COBPEMEHHYIO SIIOXY
Ha puc. 3. [lo pacnonoskenuto rpaduka I mon rpadurom I (puc. 4)
BUJIHO, YTO HA BCEM 3eMHOM IIIape 3uMa ObLiIa X0J0IHEee COBPEMEHHOM.

B smroxy camoro xos101H0T0 IEpHOIA 3, 3a mocsreguaue 200 THIC. JIET MHCO-
nanus I, (puc. 4) uMeeT BUJ aHAJIOTMYHEIN XOJIOMHOMY IIepHody I, HO
¢ GOJTBIITUM OTKJIOHEHHEM OT JIUHUH I, . OTO 03HAYAET, YTO B BBICOKHX
IIMPOTAaX TEIJIa 34 I'oJl OBLI0 MEHbBIIE, a B OKBATOPHAJILHBIX OO0JIBIIIE II0
CPaBHEHUIO C IepuogoM I .

Taxoit sxe BEIBOJ cJIe/TyeT U3 CPaBHEHM B IePHOJ 3, JIeTHeH MHCOIAIINN
I na puc. 4. Hampumep, sieTom Tersia MeHbIIle YeM ceifdac Ha IoJroce
B Iepuoy, 3, ObLIO Ha IMHPOTax ¢ > 55°, B To BpeMs Kak B Iepuoy I, Ha
mmpoTax ¢ > 62.5°. Hapanay ¢ aTum B mepuos 3, uMeeTca KadecTBeHHOe
orimuue or nepuona I: B CeBepHOM IOJIyNmIapuu B 9KBaTOPHAJILHEIE
IITAPOTHI JIETOM TeILJIa IIOCTYIIAJI0 MEHBIIIe YeM ceifiuac Ha IMTUPOTHI 42°.
Taxum obpasom, B mepuo; 3, JeTo OBLIO OYeHb X0JI0gHBEIM Bo BceM Ce-
BEPHOM ITOJIYIIIAPUH.

SumHaa uHCONIATMA [ B Iepuos 3, KaK ysKe 0TMedasioch, IMeeT dopmy
yrjia ¢ BBIMYKJIBIMU cTopoHamu. [Ipuuem ropms3oHTaIbHASA ILIOMIATKA
B 9KBATOPUAJIBHON 00J1aCTH CBUIETEILCTBYET, YTO B 9TOM 00J1aCTH 3UMa
ObLTa TellTee, YeM ceiyac Ha oKBaTope. A 110 pacIioIoKeHN0 rpaduKa

I man rpadurom I BuAHO, YTO Ha Becell 3emiie B IEPHOM 3, 3UMA

ObLJIA TeIlee, YeM ceivac.

SAKJIIOYEHUE

BrimonmenHsle mccieqoBaHUA II0 M3MEHEHUIO MHCOJIAIIMUA B OKBHUBA-
JIEHTHBIX IIHPOTAX II03BOJIAIOT CPABHUTL KJINMATHUUYECKOE COCTOAHUE
Cesepnoro u I0:xuoro nmomymapuii. CTpyKTypa COBpEeMEHHOr0 KINMATA
Ha 3eMiie oTpaskeHa rpaduKaMy U3MeHeHNA KOJIMYeCTBA TeIlIa 34 IOl
I, n3anonyromus I u I na puc. 3. Okaszasoch, YT0 roJioBas HHCOJATIUS
B OKBHUBAJIEHTHEIX IIIPOTax [, OIMHAKOBA JJIA 000MX IOJIyIIapHi, TOT-
na Kak jgetHaAd I u suMHAA I oTmdaioTed. DTOH CTPYKTYPOH cosTHed-
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HOT0 TerTa 00yCJI0BJIEHBI aTMOC(EPHBIE ¥ OKeaHUYeCKHe POIeCChl Ha
Bemite. COBMECTHO ¢ MHCOJIAIMEN OHU CO3JAI0T KJIMMAT 3€MJIM, KOTO-
poiit MBI HaOmogaeM. Kak BumHO 13 puc. 4, B Ipyrue aImoXu CTPYKTypa
HHCOJISAIIAN 3eMJIH MOYKeT CYIIeCTBEHHO OTJIMYATHCSI OT COBPEMEHHOM.
OTO IIPUBOAUT K M3MEHEHHIO aTMOC(EePHBIX U OKeaHUIECKUX IIPOILECCOB
U B COBOKYITHOCTH IPHUBOIUT K CYIIIECTBEHHOMY M3MEHEHHIO KJIUMAaTa.
OH cTaHOBHUTCA TAKUM, KOTOPOTO MbI HE 3HAeM. OTO HEOOXOIUMO YUHU-
THIBATH IPU MHTEPIIPETAINH I1aJIe0CBUIeTeIbCTB. Hampumep, ecitm ux
MHTEPIIPETUPOBATH C MIO3UIIUU COBPEMEHHOTO KJIMMAaTa, TO HEKOTOpPhIe
M3 HUX, KOTOPBIE 00YCJIOBJIEHBI XOJIOTHON 3UMOM, MOYKHO OTHECTH K JIeT-
HUKOBOMY II€pHOAY. B I1eficTBUTEIbHOCTH XOJI0JHAS 3UMAa IIPUCYIIA Te-
IJIOMY IIEPUOJY, a B JIEHUKOBBIN IIEPUO— 3UMa BCeraa Tellyiasi.
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A.P. Rupunnun, U.E. Mucaiiios, A. ®. iKupkos,
M. H. Keneausak

Wnctutyt mepsnotoBenenus uM. I1. . Mensnukosa CO PAH, Poccus

AHHOTAIINA

IIpencrasiieHsr u 06CYRIAIOTCS PE3YJIHTATHI UCCIEAOBAHUN TEILIIOMU3UIECKUX
CBOWCTB M (PU3WUECKUX [IAPAMETPOB MATMATUYECKHUX, METAMOP(MUUECKUX U Me-
TaMmopU30BaHHBIX TOPHBIX opos KeicreikTaxckon momanu Ha Cesepe Kpac-
HOSIPCKOTO Kpasi. Beimosuens! onpeenenns Ha 102 o6pasiiax. YcraHOBIEHO, YTO
yKa3aHHbIE CBOMCTBA TOPHBIX IIOPOJ XapPAKTEPHU3YIOTCS IIHPOKUM THATIA30HOM
VX 3HAYEHUHN. JTO CBOMCTBEHHO METAMOP(MUIECKUM U MAaTrMaTUYECKUM I0PO/IaM,
BCJIEJICTBUE WX CJIOKHOTO MHUHEpAJIHHOro cocraBa. OmpesesieHbl IpejiesibHbIe
¥ OCpeJHEeHHBIe 3HAYEHUS TEIJIOMPOBOJHOCTH U 0OBEMHOM MAaCChl CKeJIeTa JJIst
PA3JIMYHBIX TUIIOB 1OpoJ. [IpoBesieH mMopoOHBIN aHAIN3 TOJIYYEHHBIX Pe3yJib-
TATOB B 3aBUCUMOCTHU OT OCOOEHHOCTEN BEIeCTBEHHOT0 COCTABA TOPHBIX ITOPOJI.

Knrouessie ciopa: Meramopdudeckue moposs!, TpaHUTHBIE HHTPY3UBEI, Te-
IJIONIPOBOAHOCTD, 00BEeMHAs TeIJIOEMKOCTb, TeMIIEPATyPOIIPOBOAHOCTE, 00BEM-
Hasd Macca cKejeTa.

BBEJEHHUE

KeicTBIKTaXCKAA MJIOMIABL IOMCKOBO-PA3BEIOYHOr0 OypPEeHHs PpacIo-
JIoskeHa Ha ceBepe KpacHOSpPCKOro Kpas, B ceBepo-3allaHBIX 0OTPOrax
maato [lyropaso, B Mmesxaypeune p. Kerererkrax u Oumomomu. [momans
eé cocrasister okosto 90 kM2 Cerep KpacHosipckoro kpas mo cBouM 10-
TEHIIMAJIBHBIM 3aI1aCaM IT0JIe3HBIX MCKOIIAeMBIX U UX 9KOHOMHYECKOMU
3HAYMMOCTY IIPUHAJIEKAT K OJHOMY M3 BAsKHBIX PEruoHOB Poccum.
[Tomumo kpymuetinmero Hopuiabeckoro pymHoro paiioHa B permoHe Co-
CpeJIOTOUEeHbI KPYIIHBIE PECYpPChl AllaTHUTOB, IIPUPOIHOIO rasa, HedTh
U JIPYTHX II0JIE3HBIX UCKOIIAEMBIX.

OmnpeesieHre TEIJIOMPOBOIHOCTH TOPHBIX ITOPOJT PA3JIUIHOIO COCTA-
Ba C UX JETAJbHOU HEeTPOPU3NUECKON XaPAKTEPUCTUKOM IT03BOJIUT
O00OBSCHUTEH BBISIBJIEHHBIE PETHMOHAJIbHBIE 0COOEHHOCTH TreoTeMIIepa-
TYPHOTO II0JISI, OIIEHUTHh IapaMeTpPhl MHOTOJIETHEMEepP3JI0H Mep3JIoHn
TOJIIIYU U BEJIMYNHY BHYTPHU3EMHOTI'0 TEIIJIOBOTO IIOTOKA.

[TpuBenenuble B cTaThe JaHHBIE OYIyT HCIIOJB30BAHBI B TEOpeTHUYE-
CKHMX pacyeTax reoTeMIIepaTypPHBIX IIOJeH M B IIPOEKTHBHIX PeIIeHUIx
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IIPH CTPOUTEJIbCTBE HA3EMHBIX M IIOA3€MHBIX COOpymeHI/II‘;I B IIpoirecce
OCBOEHH A MeCTOpODIC,HeHHfI.

U CCJIETOBAHUA TEIIO®U3UIECKUX CBOMCTB
T'OPHBIX ITIOPOJ]

Temmodusnyeckre CBOMCTBA IIOPOM BO MHOTOM ONPENEJISIOT TeMIIe-
paTypHoOe IoJjie JIMToChephl U CYIeCTBEHHO BJIMAIOT HA MOPQOJIOTHIO
KPHMOJIUTO30HEL. VlcXoms M3 CHpaBOYHBIX JAHHBIX II0 OIIPeeICHUIO
TEIIOIPOBOIHOCTH TOPHBIX IIOPOJ, 3aJIeTalollnX B IIpeaesax paccMma-
TPUBAEMOM TEPPUTOPUH, AUAIA30H N3MEHEHUS TeILJIOIPOBOSHOCTA HX
Bappupyer ot 1,6 Br/m K mo 3,2 Br/(m ‘K) [2], [3], [4], [5]. OnHoTHIIHbIE
IIOPOABI YACTO OTJIMYAIOTCS YCIOBUAMU 00Pa30BAHWA M MUHEPAJILHBIM
COCTABOM. OTO OIIpeIesiseT 3HAUNTeIbHbIe N3MEHEHNs B TeILI0(pu3ne-
CKUX CBOMCTBAX OJHOTHUIIHBIX IIOPOJ, PA3JIUYHBIX T€OCTPYKTYP.

Meroguka Temodu3NUYECKUX MCIILITAHUN 00pasiloB BKPATIE CBOJIH-
Jack K ciaenymortemy. Ilociae mqocraBku mpob ¢ mecra orbopa B Jrabopa-
TOPHUIO0 00PA3IbI U3TOTOBJISJINCH PACIIMIOBKOM KepHAa Ha KaMHEPEe3HOM
cranke. [lepes ombITOM OHM YBJIAMKHSIJIUCH J0 IOJIHOTO BJIATOHACHIIIE-
HUS B OKCHKATOPE, TAK KaK B IIOAMEP3JIOTHEIX TOPU30HTAX TOPHLIE IIO-
POIBL B €CTECTBEHHOM 3aJIeTaHuN HAXOATCSI B COCTOSIHIHY II0JIHOTO BJIa-
roHacelenus. TaxuM o0pa3oM, IIOCPEICTBOM TEILJIOBOI0 KOMIIapaTopa
VYUT-1 (puc.1l) 1 npubopa ONTUUYECKOI0 CKAHUPOBAHMS JIJIsI N3MEPEHUI
rertonpoBogaoctd (Thermal Conductivity Scanning—TCS) (puc.2)
H3MEePAINCH 3HAUeHUA Koo PUIIMEeHTa TEILIOIPOBOJHOCTH BJIATOHACHI-
IIEHHBIX 00pa3IloB MOPHBIX IIOpod B TasioM cocrosHuu. O0béMHAad Te-
IJIOEMKOCTD 00Pas3IloB HAXOIWJIACh PACUYETHBIM IIYTEM II0 CJIEIYIOIIei

dopmy.re:
CY = (CCK + C&/IW) YCK (1)

rae ¢, U Y, — yZJeJIbHas TeIJI0EMKOCTh | IJIOTHOCTh CyX0ro ckesera (Kr/
M?); ¢, —yaesbHasA TeIIO@MKOCTh Biary, paBHad 4,2 kllx/(kr K) B Ta-
aom u 2,1 gJls/(kr ‘K) B Mépaom cocTostHUAX 1TOpoIbl; W — BJIAsKHOCTD
B OTH. ell. Bemmummbl ymenbHO# TeroéMrocTa (C, ), HCIOJIb3yeMble
B hopmyute (1), TToJIyUeHBI HAMU B pe3yJIbTaTe MHOTOJETHUX KUCCIIeI0BA-
HUIA Bcero MHoOrooopaaus ropasix mopox Cesepo-Bocrorka Pocenn [3], [4].

Koadduriment TemmepaTyponpoBOJHOCTH HAXOIUIICS 10 (DOPMYJIe:

a = 7“/67
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Jlist maMepeHnit TeIIoPU3NIECKHUX CBOMCTB 00Pa3IloB TOPHBIX IIOPO/T
"Hamu npumensics npubop YUT-1(paspaboran A.H. Kanmamaeim
B Cubupcrom HUM merponoruu (CHUKWM) [1], [6]) (puc. 1), a Takmxe
TCS (meton ontnueckoro ckauuposanud ). A. ITomosa [7]) misa mpo-
BEePKH TOYHOCTH HMaMepeHui. J[asg mccrnemoBaHMN MCIIOJIb30BAJIUCH
00paaipl KepHa JJIUHONM 5 CM M ¢ OQHON IJIAJKO OTILIN(OBAHHON II0-
BEPXHOCTBIO (Mccaemyemoit). Bo BpemMs maMepeHH He HY$KHO CTPOTO
BBIAEPIKUBATE U KOHTPOJIUPOBATH TEMIIEPATy Py MCCIIeAyeMbIX 00pas-
1oB. ITosToMy HcIIBITAHMA 00PA3IIOB IIPOBEIEHBI IPXU KOMHATHOMN TE€M-
meparype 6e3 TepMOCTATUPOBAHMUA.

" 12
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Puc. 1. Cxema TerioBoro KoMapaTopa Jijis U3MepPeHUH TeIJIOIPOBOIHOCTH:

1—mwuccmenyemsiit obpaser;; 2—MenHble OAIIMAYKU; S— KOHITBI TEPMOSOHIOB IIIa-

poBO# pOopMBI; 4— TEPMO3OH/IBI U3 JIATYHH; 5—HU3MepuTeabHas quddepeHImaib-

Hasi TepMoIiapa; 6— MeIHbIe TIACTUHKY, 7— peryaupyomas auddepeHnmaibHas

Tepmornapa; 8—repmoasexrpuueckas darapes TBM-2M; 9—ycuiuresab MOIIHO-

ctu; 10—wucrouynuk tmraHus +3B; []—KOMIIBIOTEPHO-U3MePUTEeIbHAS CHUCTEMA
AK-6.25; 12—xrommbiorep.
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Pa6ora Temmosoro xommraparopa [1], [6] (puc. 1) ocHOBaHA Ha ABYXTO-
YEeUHOM TEILJI0BOM 30HAUPOBAHMU OBEPXHOCTH MCCJIEIyeMoro oopaaiia
IBYMs T€PMO30HIAMHU—4, MEKIY BePXHUMHU KOHIIAMHU KOTOPBIX C IIO-
MOIIBIO IIOJIYIIPOBOJHUKOBOM TEPMOJJIEKTPUUECKOM OGaTapern—S8 coa-
Iaéres W HOANEPKUBAETCS IIOCTOSHHAS PA3HOCTh TEMIIEPATYP OKOJIO
1 mB. IlocrosHCTBO pasHoCTH TeMIlepaTyp 00ecIednBAeTCs aBTOMATH-
YecKo# cucreMol perynupoanusa c¢ momompbio [TAIl Bxomsimero B co-
cras KMC AK-6.25-11; ycunuresiss mortHocT— 9; TepmobaTapen— 8
" guddepeHnnaIbHON TepMoIapsl— 7.

O TerIompoOBOIHOCTH HCCJIEAyeMOoro obpasiia—1 CyasaT M0 PasHOCTH
TEeMIIepaTyp MeRIy HIKHUMH KOHIIAMU T€PMO30HI0B HA OalrMadykax
IpU UX KOHTAKTe C II0BEPXHOCTHI0 00pasiia B yCTAHOBUBIIEMCS TEILIO-
BOM PEKHME U PETUCTPUPYIOT €€ ¢ IIOMOIIbI0 TuddepeHIInaaIbHOMi Tep-
Momapbl— 5.

Tax xax B 0OCHOBY TEILIOBOIO KOMIIAPATOPA IIOJIOMKEH CPABHUTEIbHBIN
MeTOJ OIpeAe/IeHNsl TeILJIOIPOBOSHOCTH, TO IIPUOOP JOJKEH OBITH OT-
rpaJyrpoBaH Ha aTTECTOBAHHBIX Mepax TeILIompoBogHocTh. OTHOCH-
TeJbHAs MOrPEITHOCTh TeIJIOBOr0 KoMIlapaTopa cocraBmia +6%. I[lpu
IIPOBEIeHNN N3MEePEeHU HAa 00pasiiaXx TOPHEIX II0POJ, HEPEIKO IMoIIaga-
I0TCSI TAKWE, KOTOPBIE MMEIOT HeOTHOPOIHbIE MeJIKNe BRIIOUeHNU. dTo-
OBl yMEHBIIIUTE BIIMAHIE BKIIIOUSHUI TOPHBIX ITOPO/] HA TEMIIEPATyPHOe
I10JI€, TEPMO30HIBI KOMIIAPAaTOpa CHAGKEHBI KOHMYECKIMHU HAKOHEUHMN-
kamu (bamMavyxkaMu) ¢ IJIOCKMMM OCHOBaHMaMU. Jyia cHusxeHus Tep-
MHYECKOI'0 COIPOTUBJICHUS MEMKIy OAIlIMadyKaMU TePMO30HIOB U IIO-

BEPXHOCTHIO 00pasIia IIPUMeHIH TeIIOMPoBoaHYy 0 macty Tuna KIIT-8.

Jliia  ycrpaHeHMsT pPa30BBIX OTKJIOHEHHH pPe3yJIbTATOB WM3MEpPeHUH
BCJIEJICTBUE BHINMEYKA3aHHBIX IIPUYUH B OJTHOIM CEPUU OIBITOB ITPOBOIH-
JINCh MHOTOKpAaTHBIE 10 5—10 m3MepeHuil ¢ mocJIeayoIei 00paboTKoM
JTAHHBIX.

IIpunmmn meroma ontuyeckoro ckaupoBauus (TCS) ocHoBan Ha Ha-
rpeBe M3y4yaeMbIX 00pas3IioB TOPHBIX IIOPOJ ONTHYECKUM H3JIyIeHUEM,
COCPEIOTOYEHHBIM B HEOOIBIIIOM IISTHE, KOTOPOE IIePeMeIaeTcs BI0Ib
ILJIOCKOM MW IMUAJIUHAPAYECKON IIOBEPXHOCTH 00pAa3IlioB KepHAa ¢ II0-
CTOSHHOHI cKopocTbio (pmc.2). [ HarpeBa MCHOJIB3YIOT ONTUYECKUN
MCTOYHMK. Y POBHU HArpPeBa W HAYAJILHOM TeMIepaTyphl o0paaiia pe-
TUCTPUPYIOTCS MPUEMHUKAMY MHQPAKPACHOTO M3JIyUYeHUs, II0JIe 3pe-
HUS KaXKI0T0 M3 KOTOPBIX IIepeMellaeTcsa BAOJIb TOH e ITOBEPXHOCTU
00pPAa3II0B TOPHBIX IIOPOJT C TAKOM ke CKOPOCTHIO, UTO M IISTHO HATPEBA.
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B oxgny cepuio ¢ maydaembiMu 00pasiiaMu IIOMEIIAIT OBA CTAHIAPT-
HBIX 00pasna (sTaoHa) ¢ M3BECTHHIMU 3HAYCHUAMM TEILIOIPOBOSHO-
cru. OmpegesesHne TEIIOIPOBOIHOCTH 00PA3IIoB IIOPO IIPOBOIUTC Ha
OCHOBE CpaBHEHHUS YpPOBHEN MX HATpeBa ¢ YPOBHEM HArpeBa dTAJIOH-
HBIX 00Paa3IioB.

Hudhpakpoaciinue perncTpaTops

TEMIEpETY

Puc. 2 Ilpuaiun MmeToga OITHYECKOT0 CKAHUPOBAHUS

WNamepeHus IpoBOgSTCS HA IIHMJIMHIPUYECKON IIOBEPXHOCTH KepHa (Ipu
CKAHMPOBAHUY 00PA3IIOB BIOJIb OCH KePHA) MJIU Ha IIJIOCKON ITOBEPXHO-
¢ty 06pasIoB. B HEKOTOPHIX CiIyuasx 1esiecoobpasHo coueTaTh uaMepe-
HUA Ha MUJIHHIPUYIECKON IIOBEPXHOCTH KepHA W Ha €r0 TOPIlax.

[Ipn craHmpoBaHMM 00PA3IOB HMCTOUHHKOM OITHYECKOIO H3JIYyUCHUSI
U JaTYNKaMH TEMIIEPATypPhl PEeruCTPUPYETCs HPOMMIb TEILIOIIPOBO-
IHOCTH. JTO OAET BO3MOYKHOCTH OIIPENEJIATh, KAK CPeIHIe 3HAUYCHMSI
TEILIOIPOBOIHOCTH IJIS BCEro 00pasiia, TaK 1 JOKAJIbHEIE ¢ 3HAUCHN
B OTIOEJbHBIX YacTAX oOpasmna. JlaHHas XapaKTepUCTUKA MIO03BOJIAET
xoporro guddgpepeHIPOBATh HOPOIEI ¢ OJIM3KOM TEILIOIIPOBOIHOCTIO,
HO PA3JIMYHBIMU CTPYKTYPHO-TEKCTYPHBIMH 0coOeHHOoCTAMH. JlocTomH-
crBoM TCS saBiIsIeTCa BHICOKAS CKOPOCTH U TOYHOCTH M3MEPEHMI, BO3-
MOSKHOCTB IIPOBOAUTH MX HA 00pasiiax IIPOM3BOJILHON (DOPMBI M paas-
mepa. Texmmueckme xaparxrepumcruru TCS: nuamasoH wusaMepeHHi
TertonpoBogaoctr Merserca ot 0,2 mo 50 Br/(m ‘K), morpemnocts ua-
MepPeHUH TeIJIOIIPOBOSHOCTH cocTaBsseT 3% (IIpu JOBEPUTEIHLHOMN Be-
posttaoctu 0,95) [7].
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PE3YJIBTATbBI U CCJIEJJOBAHUMA TEINIO®U3UIECKUX
CBOUMCTB OCHOBHBIX THUIIOB I'OPHBIX ITIOPO/]

Jlia ompemesieHus TEIIO(PU3UIECKUX CBOMCTB IIOPOJ OBLIM O0TOOPAHEI
00pasIlbl ¢ pa3JIMYHBIX IJIYOMHHBIX MHTEPBAJIOB M3 CKBAKUH. B j1abo-
PaTOPHBIX YCJIOBUSX OIpEIe/IeHbI 3HAUEeHUST 00bEMHON MACChI CKeJieTa
U TeIlJIO(pHU3uUecKre CBoMcTBA 45 00pasiioB MeTaMOpUIECKUX TOPHBIX
mopo. [TockombKy 06pasITbl ABIATCS MAKCUMAJIBHO IIJIOTHBIMH IT0PO-
laMU, X BJIQJKHOCTH BAPbUPYET B OUYE€HDb MAJIBIX IIpeIesaxX, ¥ Ha OCHO-
BAHWU 9TOTO OHA He IIpuBeaeHa. MaJsrast BJIasKHOCTh 00pa3IloB IT03BOJIH-
Jia HAM WCIOJIF30BATh MOJIYIYeHHBIE 3HAUEHUS TEILJIOMPOBOTHOCTH JJIST
MEP3JIOro cocTossHUU [5].

B peasyabrare ananmsa moJlydeHHBIX TEIIOPU3UUICCKUX JAHHBIX yCTAa-
HOBJICHO, YTO TOpPHBIE IIOPOALI PAa3pe3a KBICTHIKTAXCKOM ILIONIALN
XapaKTepuayoTcs OOJIbIIMM [HAIA30HOM HM3MEHCHWs 3HAUYCHUN Te-
mironposoguoctu or 0,83 mo 3,57 Br/(m-K). B Ttabauie 1 mpusemeHsl
mpefesibHbBIe M OCPEIHEHHLIC 3HAYEHHUS TeILIO(PU3NIYeCKUX CBONCTB
1 00beMHOM MAaCCHI CKeJIeTa.

ITo MuEEpaIBLHOMY cocTaBy 00pPa3LOB TOPHLIX IOPOLI BhIAeseHo 11 pas-
HoBHIHOCTEH (cM. TabJI. 1):

Ta6muiia 1. [IpemespHble (UUCIIUTEIH) U OCPETHEHHBIE (3HAMEHATEJIb)
3HAYEHUS TeIIO(PU3NIECKUX CBOMCTB M 00BEMHOM MACChl MarMaTHuye-
CKHUX ¥ OCAJI0YHBIX TOPHBIX ITOPO/T

a-10°,

No Turer mopos Y, Kr/m® A, Br/(m K) cy, &Jlx/(v? K) A

2368 +3322 0,83+2,98 1588 +2657 0,45+1,33

L | Bamm 2837(40) |  1,56(40) 2245(40) 0,70(40)
27753006 1,20+2,05 | 2220:2400 | 0,50+0,87
2 | Homepu 2907(19)|  1,68(19) 2324(19) 0,73(19)
2762+2894 1,66+3,57 | 22102315 | 0,75+155
3| Honowams 2844(15) | 2.83(15) 2275(15) 1,24(15)
28503054 137+176 | 2287+2443 | 0,60+0,72
4 I'a6bpo
2946(12) | 1,53(12) 2357(12) 0,65(12)
26422843 172299 | 1720:2273 | 1,00+132
5 Tydut

2842(10) | 2,36(10) 1997(10) 1,16(10)
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No THITEI TTOPOST Y, KT/™M? A, Br/mK) | ey, wllx/(v’ K) 31;/112(/):’
Mukpozuo-
6 2907(1) 1,74(1) 2326(1) 0,75(1)
pPHTEL
7 | Anespommrer | 2633(1) 2,24(1) 2106(1) 1,06(1)
8 VsBecTHAK 2781(1) 3,23(1) 2225(1) 1,45(1)
9 Anarurs 2967(1) 3,44(1) 2374(1) 1,45(1)
10 Jlarmren 2946(1) 2,26(1) 2357(1) 0,96(1)
11 | Tecuarmmx 2726(1) 2,51(1) 2181(1) 1,15(1)

B basanbrax Y, uaMeHsercs ot 2,37 no 3,32 r/em’; A—ot 0,83 10
2,98 Br/(mK); ¢,—ot 1588 510 2657 kJx/(m*K) u a—or 0,45 mo
1,33*%10°% (m%/c);

B foJiepuTax Y, Bapbupyer ot 2,77 o 3,00 r/em®; A—ot 1,20 10
2,05 Br/(m'K); s c, [z Tox/ (% K)] — 2220 + 2400; gnos a—ot
0,50 mo 0,87%10°6 (m?/c);

B JIOJIOMHUTAX Y, Kosebsercs oT 2,76 o 2,89 r/em® A—ot 1,66 10
3,57 Br/(mK); ¢,—ot 2210 o 2315 kJI:x/(m3 K); a—ot 0,75 1o
1,55%107% (m?%/c);

B rabbpo y, mensercs ot 2,86 mo 3,05 r/cm’; A—ot 1,37 mo
1,76 Br/(mK); ¢,—otr 2287 mo 2443 kJlx/(m*K); a—or 0,6 mo
0,72%1075 (m?*/c);

B Tydax y_ cocraBiasger 2,84 r/cm’; A Bapbupyer ot 1,72 mo
2,99 Br/(mK); ¢,—otr 1720 mo 2273 kJ:x/(m3K); a—ot 1,00 1o
1,32*%107 (m?/c);

B MuKponuoputax y, = 2,91 rlem’; A = 1,74 Br/(m-K); c, = 2326
g :x/(3K); a = 0,75%107 (m%/c);

B aJIeBPOJIMTax Y, paBHa 2,63 r/em’; A = 2,24 Br/(m-K); ¢, = 2106
g :x/(m3K); a = 1,06%107% (m%/c);

B M3BECTHAKAX Y _cocTasiger 2,78 r/cm®; A = 3,23 Br/(mK); c, =
2225 gJIx/(m*K); a = 1,45%107% (m?%/c);

B anaTHTax Yy, paBHaerca 2,97 riem’; A = 3,44 Br/(m-K); ¢, =2374
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(1]

g :x/(m3K); a = 1,45%107% (m%/c);

B lanuTax Y, paBHa 2,95 r/em’; qua A = 2,26 Br/(m-K); ¢, = 2357
kJ:x/(m3 K); a = 0,96%107 (m%/c);

B IlecYaHMKax Yy, paBHa 2,73 r/cm® A = 2,51 Br/(mK); ¢, = 2181
kJx/(m*K); a =1,15%107% (m%/c);
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ASSESMENT OF THE MODERN STATE OF RIVER
YANA ON HYDROCHEMICAL INDICATORS IN THE
IMPACT ZONE OF THE EXTRACTIVE INDUSTRY

M.I. Ksenofontova

Institute of Applied Ecology of the North-Eastern Federal University, Russia

ABSTRACT

The object of study is the river Yana, which is formed at the confluence of the
rivers Sartang and Dulgalakh. Hydrochemical studies in the basin of the river
Yana were held during the summer-autumn periods. In general, for the water-
courses of the basin of the river Yana is characterized by a low mineralization
with a slightly alkaline medium. The concentration of suspended solids aver-
ages up to 42 mg/l. The composition of water is predominantly sulfate-mag-
nesium-calcium. In the water microelement composition Mg, Cu and Fe are
separated. On average, the excess of the standards for maximum permissible
concentrations for fishery purposes (hereafter MPCs) for Cu is 1.2 times and
for Fe up to 2.0 times. The maximum excess of MPCs per Mg is 1.9 times, for
Cu up to 2.0 times, for Fe up to 10 times. In addition to the background areas
of the river Yana, we studied its tributaries, prone to the technogenic impact of
the mining industry.

Thus, in comparison with background levels of the basin of the river Yana local
sites subject to technogenic impact have high values for Mg, Cu and Fe. On
sections of rivers with a technogenic factor, a rather high content of suspended
substances is noted, and substitution of sulfate as the dominant anion and cal-
cium as a cation by chlorides and sodium, respectively, is observed.

Keywords: river Yana, hydrochemistry, mineralization, sediments, surface water.

In the basin of the river Yana permanent monitoring of surface water
quality by hydrochemical indicators is carried out by the Yakutsk
Hydrometeorology Department. The existing network of observation
posts of Roshydromet’s subdivisions for the quality of surface water
objects was organized, mainly, in the 60—-70s of the 20th century. At
the present time, at the stage of intensive industrial development of
natural resources and urbanization of the river Yana basin, the in-
formation effectiveness of the state monitoring system is recognized
as insufficient. Therefore, a number of science research organizations
carry out a single study of the quality of the river Yana basin waters.
In addition, in areas with intensive anthropogenic press monitoring
1s carried out by the state control departments.

From 2015 to 2016, Research Institute of Applied Ecology of the North NEFU
within the framework of the Russian Federation Ministry of Education and Sci-
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ence state task carried out comprehensive environmental research in the upper
reaches of the river Yana. In this article are given the results of hydrochemical
studies, carried out in the basin of the river Yana upper reaches. The total of 20
samples of surface waters and bottom sediments were taken during the sum-

mer-autumn periods (Fig. 1).
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Figure 1. Points of research on the river Yana.

Chemical and analytical works were carried out in the laboratory of physical and
chemical methods of analysis of NIEPES NEFU, using the methods of capillary
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electrophoresis, atomic absorption spectrometry, fluorimetry, titrimetry, potenti-
ometry, gravimetry.

The river Yana is formed at the confluence of the rivers Dulgalaakh
and Sartang, flows into the Laptev Sea. The length of the river is 872
km, the catchment area is 238 thousand km?, the average annual wa-
ter flow is 1000 m?3/s. The name of the river is of even-evenks origin:
“yene”—a large river [1].

The drainage basin of the river is composed mainly of hard-leaching
rocks of Permian, Triassic and Jurassic sandstones, shales, siltstones,
etc.). Underground waters form their composition in these rocks and
play, apparently, an important role in the feeding of the river and they
are characterized by a very weak mineralization with a predominance
of hydrocarbonates in the anionic composition, calcium ions, and, more
rarely, magnesium, in the cationic composition. Often an important
role in these waters is played by sulfate ions formed as a result of the
oxidation of minerals of the sulphide group, contained in pyrite nod-
ules of the Jurassic age [2].

Upper Yana (the rivers Dulgalaakh and Sartang) have a mountain
character. After reaching the Verkhoyansk depression, Yana flows in a
wide valley and takes a flat character. The bed of the river to the con-
fluence of Adycha is narrow, islands and shoals are extremely rare. The
river strongly meanders, in the valley there are many old lakes. Below
the confluence of the river Adycha, the Yana water sharply increases.
There are numerous islands, shallow channels and pebble shallows.
According to M. I. Lvovich, on the river Yana observed a mixed type of
food with a predominance of rain [1].

According to the literature, the river waters of Yana have a small miner-
alization (up to 89.3 mg/dm?), refer to the bicarbonate type of the calcium
group. In the summer, the water is very soft, in winter it is soft and mild.
The pH value of water throughout the river varies during the year from
6.60 to 7.80, more often it is 6.80—7.40. The content of biogenic elements
1s insignificant. The oxygen regime is satisfactory. The most polluting
substances are easily and hardly oxidizable (according to BOD, and
COD) organic substances, compounds of copper, iron and phenols [1,2].

In the period 2015-2016, hydrochemical testing covers areas of the
river Yana tributaries, prone to anthropogenic impact—the extraction
of a placer gold deposit. The results of hydrochemical studies are given
in Table 1.
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Table 1. The main indicators of the regional background of hydro-
chemical parameters of the river Yana basin

Indicators Max Min Regional background (n=50)
Mineralization, mg/dm? 75,1 20,8 33,0
pH 7,9 7,3 7,6
Hardness, mmol/ dm?® 0,9 0,1 0,3
Suspended solids, mg/dm? 365 2,0 42,2
Ca? 7,1 1,2 4,0
Mg? 9,2 0,5 1,7
Na* 2,5 <0,5 0,9
K* 2,1 <0,5 0,9
HCOS’ 42,7 6,1 6,7
CI- 14,9 <0,5 1,1
SO42’ 51,9 3,9 15,5
NO,- 1,0 <0,2 1,0
Mn 0,019 0,004 0,007
Cu 0,002 <0,001 0,0012
Fe 1,02 <0,05 0,20

During the study, the water of the river Sartang at the site of conflu-
ence with the river Dulgalaakh is characterized by low mineralization
(up to 30.0 mg/dm?) with a neutral medium and very soft water. On
the classification of Alekin O.A (1953) [3], water composition of the
river Sartang is predominantly SO -Mg-Ca. Exceeding the standards
of maximum permissible concentrations for fishery purposes (here-
inafter MPCs) is revealed by Mn and Fe total to 1.9 and 1.3 times,
respectively.

Water of the river Dulgalaakh is also characterized by low mineraliza-
tion (up to 37.2 mg / dm3) with a neutral medium and very soft water.
The composition of water is SO,-Mg-Ca. The excess of the MPCs was
fixed for manganese up to 1.3 times and the total iron up to 6.9 times.

In the area above and below of Verkhoyansk town, water of the riv-
er Yana has a small mineralization up to 35.9 mg/dm?® with a neutral
medium and very soft water. The composition of water according to
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Alekin O.A classification (1953) is predominantly SO,-Mg-Ca. Exceeds
of the MPC norms for the studied hydrochemical indicators were not
revealed.

The investigated water of the river Yana in the area above and be-
low Batagay settlement and its channel is also characterized by low
mineralization with a neutral medium and very soft water. The ionic
water composition is dominated by SO,-Mg-Ca. Exceeds the standards
of MPCs in the water of the river Yana is revealed to the following in-
dicators: above Batagay—Mn up to 1.2 times, Fe up to 10.0 times; flow
of Batagai settlement— Fe 4.8 times. Below the settlement of Batagay,
there were no exceedances of MPC standards.

The plot of the river Yana above and below the confluence of the river
Adycha is characterized by low mineralization up to 36.3 mg/dm?. The
water environment is neutral with very soft water, the composition is
predominantly SO,-Ca-Mg. Exceedances of MPCs were recorded for Fe
up to 1.6 times in the area above the mouth of the river Adycha.

In the basin of the river Adycha are investigated several areas, in-
cluding 4 of its tributary—rivers Sentachan, Sorevnovanie, Nelgese,
Charky.

The Adycha River is the right tributary of the river Yana. The length
of the river is 715 km. The basin area is 89.8000 km?. The source of the
river lies on the southern slopes of the Borong Range at an altitude
of 1815 m. On the first 15 km the water mark drops to 1150 m. In the
upper reaches of the river it flows in a deep canyon with rocky walls
100-120 m high, bending to the left of the Nendelginsky Range. Below
follows the alternation of wide (up to 2 km) and narrow (150—200 m)
sections of the valley with steep rocky slopes.

On the chemical composition of the riverAdycha, which until the conflu-
ence of the river Sentachan is characterized as a hydrocarbonate-mag-
nesium, make influence the waters of its tributaries, in which basins
are conducted (or were conducted) mining works on the development of
mineral deposits (Sentachan River, streamlet Sorevnovanie).

Water of the river Adycha after the confluence of the streamlet Sor-
evnovanie remains not very mineralized with a slightly alkaline envi-
ronment and very soft water. The water composition is predominantly
HCO,-SO,-Mg-Ca. Exceeds of the standards of MPCs in the Adycha
river water below the confluence of the streamlet Sorevnovanie is not
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revealed. Water of the river Adycha above the mouth of the Nelgese
has a small mineralization with a slightly alkaline medium and very
soft water. In the anionic water composition SO, and HCO, dominate,
while in cationic water dominate Ca and Mg. Exceeding the norms of
MPC is noted only in the general gland up to 5.7 times.

On the site above and below the mouth of the river Charky, water of
the river Adycha is characterized by a low mineralization with a slight-
ly alkaline medium and very soft water. Water composition of the river
Adycha according to Alekin O.A. classification (1953) is predominant-
ly HCO,-SO,-Mg-Ca. The excess of the MPC standards was found for
manganese up to 1.4 times at the observation point below the mouth
of the river Charky. The remaining indicators are within the limits of
MPC or below the detection limit of the analysis.

The Charky River is the right tributary of the river Adycha, and during
the study it iwas characterized by a low mineralization with a slight-
ly alkaline environment and very soft water. The suspended matter
content 1s 23.0 mg/dm?®. According to the classification of Alekin O.A.
(1953) water composition of the river Charky is HCO,-SO -Ca. Exceeds
of the MPC norms for the studied hydrochemical indicators were not
revealed.

In addition to the background sections of the upper basin of the riv-
er Yana are explored 2 local sites, where the alluvial deposit of gold
“Lazo” and “Sentochan” is being mined. Characteristics of the chemical
composition of water is presented below.

The Lazo site. The Nelgése River is characterized by low minerali-
zation with a slightly alkaline environment and very soft water. The
concentration of suspended solids reaches up to 48.0 mg/dm3. Water
composition of the river Nelgese is different and has a chloride-calci-
um-magnesium composition. This influx differs by a different chemical
composition due to an increase in the proportion of chlorides and so-
dium in the ionic composition. Exceeds the standards of MPCs in the
water of the river Nelgeseis is fixed only by copper up to 2.0 times.

Section “Sentachan”. Water of the riverSentachan has a small miner-
alization with a slightly alkaline medium and very soft water. There
is a very high content of suspended solids, reaching up to 365 mg/dm?,
which is an average of 2 times higher than the concentration in the wa-
ter of the river Adycha. The composition of the water is predominantly
sulfate-calcium-magnesium. Exceedances of MPCwere identified for

137



St. Petersburg, Russia, 17-19 May 2018 Theory and Methods of Polar Science

manganese up to 1.4 times, for copper up to 2.0 times and for general
iron up to 7.7 times.

To assess the quality of the investigated waters of the upper reaches
of the river Yana basin, the specific combinatorial index of water pol-
lution (UKIZV) was calculated—this is a relative complex indicator
of the degree of contamination of surface waters. It conditionally esti-
mates the proportion of the polluting effect, introduced into the overall
degree of water pollution caused by the simultaneous presence of a
number of pollutants, on the average, one of the ingredients considered
in calculating the combinatorial index and water quality indicators. It
allows comparison of the degree of water pollution in various sites and
points (RD52.24.643-2002) [4]. The results of calculating the UKIZ-
Vare presented in Table 2. A characteristic pollutant in the waters of
the river Yana and Adycha are common iron, in some areas—manga-
nese. Perhaps the high concentrations of these indicators are associat-
ed with a high water level during the sampling period.

Table 2. Calculation of the specific combinatorial index of water
pollution

Characteristics of the state of water

Watercourse UKIZV .
pollution

River Yana—upper
reaches

2nd class discharge

0,83 «slightlycontaminated»

River Adycha—bottom
current

2nd class discharge

0,92 «slightlycontaminated»

Bottom sediments of surface watercourses are traditionally used as
an ecological indicator for detecting the composition, intensity and
scale of man-made pollution. It is known that channel sediments, as
the most important component of alluvial landscapes, act as the final
link of the entire common system of interfaces, which combines the
geological environment and all the components of modern ecosystems,
including soils, natural waters, vegetation and atmospheric precipita-
tion (Yagnyshev, 2005).

The pH of the investigated sediments varies from 5.8 to 7.2, which cor-
responds to a weakly acidic and neutral medium. Chlorides, hydrogen
carbonates and calcium (Fig. 2) dominate the averaged data of aqueous
extracts in the ion composition of the bottom sediments of the studied
watercourses.

138



Proceedings of International youth scientific conference on the polar geodesy, glaciology, hydrology and geophysics

NatX
HCO3

3%
|
%
Ca i
457 Ca N o
7% | 255
R
4
w
S04
8%
River Adycha- bottom current River Yana—upper reaches

Figure. 2. Tonic composition of the investigated sediments.

The local geochemical background of mobile forms for zine, copper, man-
ganese and lead extracted with 1 N nitric acid is calculated, which is
calculated for surface watercourses located in the upper reaches of the
basin of the river Yana (n = 20). The bottom sediments of the studied
watercourses according to the calculated concentration coefficients (Kc)
differ in the manifestation of the concentrations of a number of chemical
elements that are elevated relative to the local geochemical background.
From the values of the concentration coefficients, microelement accu-
mulation series were constructed that characterize the composition of
the bottom sediments of the studied water objects (Table 3), with the
exclusion of sampling points where no excess was recorded.

Table 3. Geochemical characteristics of bottom sediments of the stud-
1ied watercourses

Point of observation Rows of accumulation

Lower current of the river Adycha

T-1—river Adycha, above the mouth of the river Sentachan Zn —Cu —Mn, ,

T-2—river Sentachan above the mouth Cu, ,—Zn, ,—Mn_
T-3—river Adycha, below the mouth of the river Sentachan an 3
T-4—river Sorevnovanie above the mouth Cu, ,—7Zn .
T-5—river Adycha below the mouth of the stream Cu
Sorevnovanie 1,6
T-6—river Adycha above the mouth of the river. Nelgese (Cu-Mn) 1 —Zn 15

It was revealed that the bottom sediments of the lower reaches of the
river Adycha have the largest spectrum of the accumulation series. In
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the river Sentachan are noted relatively high coefficients of accumu-
lation of copper, zinc and manganese. In other points of observation,
exceeding the values of the local background is not fixed.

In general, the watercourses of the basin of the river Yana is charac-
terized by a low mineralization with a slightly alkaline medium with
very soft water. The concentration of suspended solids averages up to
42 mg / dm3. The composition of water, according to Alekin O.A. clas-
sification (1953) is predominantly sulfate-magnesium-calcium.

In the microelement composition of water in the watercourses of the basin
of the river Yana is allocated manganese, copper and general iron. On av-
erage, the MPC standards for copper are 1.2 times higher and for general
iron up to 2.0 times. The maximum excess of MPCs for manganese is 1.9
times, for copper up to 2.0 times, for total iron up to 10 times.

Generally, surface waters of the upper reaches of the river Yana as a
whole are characterized by low-mineralized water and slightly alka-
line medium. The main dominant ions are sulfates, calcium and mag-
nesium. In the waters studied, elevated levels of iron, manganese and
copper are noted.

In comparison with the regional background levels of the river Yana
local sites, subjected to technogenic impact, have high values for man-
ganese, copper and general iron. On sections of rivers with a techno-
genic factor, a rather high content of suspended substances is noted,
and also is observed the substitution of sulfate as the dominant anion
and calcium as a cation by chlorides and sodium, respectively.

It is necessary to continue the studies of the hydrochemical composi-
tion of the surface waters of the Yana River basin, in connection with
the prospect of developing a mining hub in the Arctic.

REFERENCES

[1] Rivers and lakes of Yakutia: consult. Yakutsk: Bichik, 2007, 136 p.

[2] Surface water resources of the USSR. T. 17 Leno-Indigirsky district. Ed.
M.S. Protas’eva. L .: Gidrometeoizdat, 1972, p. 384—408.

[3] Alekin OA Fundamentals of Hydrochemistry. L .: Gidrometeoizdat,
1953, 295 p.

[4] RD52.24.643-2002. Method of complex evaluation of the degree of
surface water pollution on hydrochemical indicators. Rostov-na-Donu,
2002.

140



Proceedings of International youth scientific conference on the polar geodesy, glaciology, hydrology and geophysics

IFEOMOP®OJIOI'NA 1 AUHAMUKA APKTUYECKHUX
IIOBEPEKUN KAK ®AKTOPHI 9KOJIOTMYECKOM
YYBCTBUTEJIbBHOCTHU K PA3JINBAM HE®THU
(HA IPUMEPE MOPEI1 KAPCKOI'O 1 JIAIITEBBIX)

A.A. Epmosnios

MockoBckuii rocynapcTBeHHbIH yHuBepcureT uM. M. B. JlomoHOCOBa,
MockBsa, Poccust

AHHOTAIINA

B crarpe mpesicTaBieHbl OT/IeIbHBIE PE3YJIBTATHI TeOMOPQOJIOTUYECKOr0 Panio-
auposaHus (Macmrrad 1:1000000) 1 OIIEHKH 9KOJIOTUYECKON UyBCTBUTEILHOCTH
Geperosoit 3oub! Mopeit Kapckoro u Jlanressix (00111eii IpOTSsKEHHOCTHIO O0JIee
36,500 kM) K pasauBaM HeTHU U HeTEIIPOIYKTOB C UCIIOIb30BAHNEM MEsKIyHA-
poxmoit cucremsl nHAekcoB ESI (Environmental Sensitivity Index), agamrupo-
BAHHOM K IPUPOIHBIM ycsioBusaM Apkruru. Ha ocHoBe KoMIiekcHOro reomopdo-
JIOTMYECKOT0 aHAJIN3a M PAVOHUPOBAHUS IPUOPEIKHON 30HBI C UCIIOIH30BAHUEM
JIAHHBIX JUCTAHIIMOHHOTO (CIyTHUKOBOTO) 30HUPOBAHUS, KAPTOrpadruecKux
u (POHIOBBIX MAaTEpPUAJIOB B paboTe pellleHA 3a7ava OLEHKH IKOJIOTMYECKOM
YyBCTBUTEILHOCTU OEPETOB TPYIHOJIOCTYITHBIX APKTHUYECKUX PANOHOB, BKJIIOYAS
OCTPOBA U apXWUIlesaru. BaskHON 4acThIo UCCIIeIOBAHUS CTaJIa Pa3paboTka yHU-
BepCcaJIbHOU MOP(MOIUHAMUYECKON TUIU3AIIMH MOPCKUX OEPEroB, COIIOCTaABUMOM
¢ TUIIaMU 0eperos, IPUMeHSIeMBIMUA B MeKIyHAPOHOM cucTeMe nHiekcoB ESI.
B pesynbrare yeranosisieno, uto csaiire 5300 kM (oxos10 50%) GeperoBoil JIMHUN
mopsa Jlanresbix u oxosio 2200 kM (20%) Geperosoit tmanu Kapckoro mops co-
OTBETCTBYIOT PAHIOHAM C BEICOKUM WHIEKCOM 9KOJIOTHUYECKOH 1yBCTBUTEIHHOCTH.
Takue pafioHBI TPEOYIOT IPHUOPUTETHON 3AIUTHL B CJIy4Yae pas3iuBa HedTH Ha
aKBATOPUM, YTO JIOJFKHO YUYHUTHIBATHCS IIPU Pa3paboTKe IJIAHOB JIMKBHUIAIIAM
PA3JIMBOB HEPTU U IIPUPOIOOXPAHHBIX MEPOIIPUSITUN.

Kmnouessie ciioBa: 6eper0Ba$I 30HA, I‘eOMOp(’bOJIOI‘I/IH, AVMHAMHUKA, OKOJIOT M.

BBEJEHHUE

Cpenn COBpeMEHHBIX HCTOYHWKOB 3arpsi3HEHHs APKTUKU PA3JIUBBI
YTJIEBOJOPOTHOTO CBHIPHS SIBJISIIOTCS OJHUMM W3 HAW00Jee OMACHBIX.
OHHM 0Ka3BIBAIOT CYIIECTBEHHOE BO3JEHMCTBUE Ha (PU3UKO-XUMUUECKHE
U OHMOJIOTHYECKHE XapaKTEePUCTHUKN MOPCKOM Cpembl U TIPUOPesKHOM
30Hbl. HaunHasi ¢ MOMeHTa BOSHMKHOBEHUSI aBAPUU U PaACIIPOCTPaHEe-
HUSA YTJIeBOJIOPOJHOI0 3arpA3HeHN A B3auMOJleCcTBYE ¢ MOPCKOM cpeoit
¥ cy0CTpaToOM MOJKET IIPOUCXOTUTH M0-PA3HOMY U OyIeT OIpeIesIsiThCs
KaK CBOMCTBAMHU CAMOTO 3aTrPsI3HUTEJIS, TAK U IIPUPOIHBIMU (harTopa-
MU, 00JIaJAOIINMK PASOM CIIEIIM(PUUIECKIX 0COOCHHOCTEeH B apKTHUYe-
CKUX PerMoHAax.
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Beper, saBisisichk ecrecTBEHHOU T'paHUIEH JBYX Cpell, CIYKHT IIperpa-
0¥ Ha MyTHU PACIpPOCTPAHEHUS HEe(MTSIHOr0 pasjinBa, W CIIOCO0EH MpU
OIpe/ieJIEHHBIX YCJIOBUAX aKKYyMYyJIUPOBATH HE(PTh U MPOIYKTHL ee IIpe-
obpasoanus. C a1pyroif CTOPOHBI, IPUYCTHEBBIE BAMOPbHSA KPYITHBIX PEK
u OeperoBasi 30HA ABJISIOTCS HamOoJIee IIPOAYKTUBHBIMHU B OHOJIOTHAYE-
CKOM OTHOIIIEHUH — 3JIeCh COCPeJ0TOUeHa OCHOBHAs OrmoMacca MOPCKUX
¥ IpUOPEesKHBIX PACTEHUHN U KUBOTHBIX. B yCIIOBHUSAX HU3KHX TeMIlepa-
TYyp BO3[yXa, IIPOIOJIMKUTEJIHFHOTO OTCYTCTBHUS COJIHEYHON pagualiuu
u giurenabHon (o 9-11 MecsIiieB) KOHCEPBAIUY TPUOPEKHOT0 MEJIKO-
BOJIbSI M aKBATOPUH apPKTUYECKUX MOpPE MOPCKHUMU JIBIAMU IIPOIIECCHI
€CTEeCTBEHHOI'0 CaMOOYHMINEHW Ha Oeperax CyIIeCTBEHHO 3aMe.IJIeHbI
M MOTYT MPOTEKATH [IeCATUJICTHUSIMHU. SHAYUTEJIFHO YBEeJIUINBAETCS
¥ TEePHUOJT COXPAHHOCTH PAa3JIUTOM He(TH, YeMy CIOCOOCTBYeT HU3Kas
TUAPOIUHAMUAYECKAS AKTUBHOCTD CPEIbl HA OOIMUPHBIX MEJIKOBOIbIX,
XapakTepHbIX, HAIIpuMep, 11 Mops JlamnreBoix.

Bce a0 ompemesnsier MpHUOPUTETHOCTD 3AIMUTHI MPUOPEIKHBIX PAOHOB
OpH IIJTAHUPOBAHUHU U ITPOBEIEHUY MEPOITPUATUH 110 JUKBUIAIIAY Pa3-
JINBOB He)TH ¥ HEOOXOIMMOCTH OIpeIesIeHus KaKk Hambojiee IMeHHBIX
B 9KOJIOTMYECKOM OTHOIIEHUH, TaAK ¥ HamOoJiee UyBCTBUTEJILHBIX K 3a-
IPSI3HEHUI0 0eperoBbIX y4acTkoB. JJ1s aTuxX Iesieil paspadaThIiBamTCs
CITeIuaIbHbIE KAPTH 9KOJIOTMYECKOM YyBCTBUTEILHOCTH Oeperos, oTpa-
JKATIOIIME KOMILIEKCHYIO 9KCIIepTHYIO olleHKy. [litanupoBanme neiicTBuil
[0 JUKBUIAIIAHA Pa3JIMBOB HedTH, BKJIOYAS pa3paboTKy TaKUX KapT,
JIEKUT B OCHOBE OIIEPATUBHOTO IPHUHATHUS PEIIeHUN B Ype3BbIYaNHOMN
CUTYaIlUH U SBJISIETCS HEOOXOIMMBIM IIPY OCBOCHHUHU Hep Iesabda.

[enbio MccaemoBAHMA ABJIAIOCH T€OMOPQOTIOITIECKOe PAHOHUPOBAHNE
¥ OLIEHKA OKOJIOTMYECKON YyBCTBUTEJILHOCTH Oeperos mopeii Kapckoro
u JlamreBhIxX K pasnuBam HedTH U HeTEIIPOIYKTOB ¢ UCIIOIb30BAHNEM
MEsKIyHAPOIHOM CHCTEMbI MHIEKCOB 9KOJIOTHYECKON UyBCTBUTEIbHOCTH
(ESI—Environmental Sensitivity Index) [1]. O6mas mpoTasKeHHOCTH
aHaAJIM3UPyeMOl OeperoBoil JIMHUN IIPEBBIIIAET 36 THIC.KM, 3HAUMMAS
ee yacTh pacrojaraercsa B mpegesax 16 0oco60 0XpaHsaeMbIX IIPUPOIHBIX
TEePPUTOPUN — 3aKASHUKOB, 3AII0BEIHUKOB 1 HAIIMOHAJIBLHBIX IIaPKOB.

B pasBuTre mesxayHapo HON METOTHUKH 9K0JIOT0-T€OMOP(OIOTMIeCKIi
MOJIXOJT PellaeT 3a1a4y OIMEeHKN 9KOJOTHYECKON UyBCTBUTEJILHOCTH Oe-
PeroB TPYTHOMOCTYITHBIX PAMOHOB APKTHUKM Ha OCHOBAHUM KOMILIEKC-
HOTO0 TeOMOP(OJIOTMYECKOr0 aHAJIW3a W PAVOHUPOBAHUSA 0OeperoBoil
30HBI 110 TUCTAHIITMOHHBIM CILyTHHKOBBIM, KapTOrpaduieckuM u QOH/I0-
BBIM JaHHBIM. BasKHBIM acIIeKTOM SIBJISIeTCS pa3paboTKa YHUBEPCAJIb-
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HOU TUIIU3AITUN APKTHUYECKHUX 6epeI‘OB, COIIOCTABUMOM C THUIIAMU 6epe-
I'OB MemnyHapoaHoﬁ CHUCTEMbI MHJIEKCOB YyBCTBUTEJILHOCTH.

TFEOMOP®OJIOTUYECKHNE YCJIOBUA

I'eosoro-reomopdostornueckoe CTpoeHHE MAaTEPUKOBOIO IT00EpPesKbs
U 0CTpOBOB MOpsA JlamTeBBIX, KAK M BCETO APKTHUYECKOTO IT00E€PEeKbs
Poccumn, orpaskaer cioskHOE B3aUMOIeHCTBYE KJINMATAYECKUX U3MeHe-
HUU 1 HEOTEKTOHUYECKUX IBUKEHUM, IPUBOIUBIIHNX K TPAHCTPECCUSIM
U perpeccusiM MOPCKUX 0ACCeHHOB, JPEBHUM U COBPEMEHHBIM OJIe/IeHe-
HUAM, TeKTOHUYECKUM BO3IBIMAHUSIM W OILyCKAHUSAM, (DOPMHUPOBAHUIO
crreriuraeckux gopm pesibeda U OTIIOMKEHUN, BAPUAIIUMAM B IIOCTABKE
PEYHBIX HAHOCOB W B YCJIOBUSX cequMeHTarnu. HeomaHOpo HOE CTPYK-
TYPHO-TEKTOHUYECKOE U T'e0JIOTUUECKOe CTPOeHHe IM00epeskbs oIpese-
JIsieT MHOroo0Opasre MOP(OJIOTMIeCKUX U JIUTOJUHAMUYECKIX 00CTaHO-
BOK B 0eperoBoil 30HE JIeJJOBUTOTO IIPUJIUBHOTO MOps JlamreBhIX.

[TobGepesxbe Mops JIanTeBBIX HA 3HAYUTEIHHOM IIPOTIKEHIH 00pa30BaHO
MIPUMOPCKUMH HU3MEHHOCTAMU. B I0/KHOM YacTh IOpHBIE YJYaCTKUA pac-
IIPOCTPAHEHBI TOJIBKO MesKIy aesbroi Jlewsr u Oyxroit Byop-Xas. Coor-
BETCTBEHHO PA3JIMYAIOTCI MEP3JIOTHO-T€0JIOTMYECKOe CTPOEHME U COCTaRB
OTJIOJKEHUH, caramiux oepera Mops. BepxHss 4acTb KPHUOJIUTO30HBI
MPUMOPCKUX HU3MEHHOCTE! IpeCcTaBIIsgeT co00i MorrHyo (o 50—60 )
TOJIIILY CJIOYKHO CTPATH(UITMPOBAHHBIX O3 JHEILIEHCTOIIEHOBBIX OTJIOMKE-
HUI JIeJOBOT0 KOMILJIEKCA U BJIOJKEHHBIX B HUX I'OJIOIIEHOBBIX 03€PHO-TEP-
MOKAPCTOBBIX OTJIOKEHHUU. 37ech (DOPMHUPYIOTCA TepMoadpas3roOHHbIE
W TepMOIeHYIaITHOHHBIe Oepera, Yepeayoliuecs ¢ aKKyMYyJIATHBHBIMI
y4aCTKaMH Pa3JIMYHOro TUIla. Bercora KindoB Ha yuacTKax pacipocrpa-
HEHU JIeJIOBOTO KoMILTekca B ocHOBHOM 10—40 M, 03epHO-TepMOKapCTO-
BBIX O0TJIOsKeHU — 1—12 M. [JtaBHAsST 0C00EHHOCTD JI€IOBOTO KOMILIEKCA —
HaJIMY¥e B HEM MOIIHBIX TOBTOPHO-KUJIBHBIX JIBIIOB, BEPTHUKAJIbHBIMN
pasmep xotopsix gocturaer 50 M, a mmpuHa 1o 10 M [2]. Jlemsaubre suisl,
00pasyst MacCUBHYIO PEIIeTKY, IIPOCIeKUBAIOTCSA CBEPXY BHU3 II0 BCEMY
paspesy u 3a4acTyi0 BCTPEUAIOTCS HUKE YPOBHSI MOPS.

[Tpubpeskwo-1rebdoBas KPUOJIUTO30HA HAXOIUTCSI B JOCTATOUHO CTA-
OMJIBHOM COCTOSHHUHU U XapaKTePU3yeTCs CILIOIITHBIM PaCIIPOCTPAHEeHUEM
B mHTEepBaJIe rryous Mops ot 0 10 50—60 M, TpepbIBUCTHIM 1 OCTPOBHBIM
pacmpocrpanenuem Ha riryoraax 50—100 m. MHOro/IeTHEMEP3JIBIE TTI0PO-
IIBI TIEPEKPBITHI TAJIBIMA U oxJiaskeHHbIM Himke 0 °C ocamgkaMu U 11opo-
Jamu MOIITHOCTEIO 10 100 M. KpoBiisa MHOTOIETHEMEP3JIBIX ITOPOJ] BEChMAa
HepaBHOMepHa. Hawmbosiee BBICOKOE ITOJIOMKEHIE KPOBJIM CBS3AHO C CY-
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IIIeCTBOBAHNWEM B HeJaBHEM IIPOIIJIOM HA 9TOM MeCTe YHUYTOKEHHBIX
TepMoabpasueil OCTPOBOB, CJIOMKEHHBIX IOPOIAaMU JIEJOBOI0 KOMILIEKCA
[2]. OrpuriatresnpHble TEMIEPATYPHI IIPUIOHHOIO CJIOS BOIBI HE CII0COD-
CTBYIOT aKTUBHOMY Pa3BUTHIO TePMOIEHYIAITMOHHBIX IIPOITECCOB HA THE
U TePMOKAPCTOBEIE (DOPMBI 00pa3yI0TCs IPEUMYIIeCTBEHHO B palioHax,
TIO/TBEPIKEHHBIX OTEILJISIONIEMY BO3IEHCTBHUIO PEUHOI0 CTOKA.

OcCHOBHBIMH (PAKTOPAMHU JIUTOSUHAMUKH SBJISIOTCS BETPOBBIE, CTOKO-
BBI€ W IIPUJIMBHO-OTJIMBHBIE T€UEHNs, BOJHEHHEe 1 MOpcKue Jababl. 11o-
cJieJHUE TPAKTUYECKH IIOCTOSHHO IIPUCYTCTBYIOT B AKBATOPUH MOPS
¥ OKAa3bIBAIOT CYIIIECTBEHHOE BJIHSHIE HA JUHAMHUKY Oeperos, mporec-
cbl POPMHUPOBAHUA pelibedpa M cequMeHTaAllM B 0eperoBoil 30He W Ha
menabde. Tamxenaa nmemoBas odcranoBka B Mope JlanTeBrIX cBsI3aHa He
TOJIBKO C CYPOBBIM KJIMMATOM, HO U BJIUSHHEM MACCUBOB IPeHQyOIIIX
JIBJIOB, KOTOPBIE ITOJTHOCTHIO HE pa3pylIaiTcs B TeUeHHue JieTa, a JIUIIb
orcTynaioT k ceBepy. Ilo mampaBiieHHIO ¢ 3amraja Ha BOCTOK ITPOIOJI-
SKATEJIBHOCTEh 0e3JIeJHOTO BpeMeHH uaMeHnsaercs or 1-1,5 no 2,5-3 me-
cAIeB. YBeJIWYeHHEe IIPOJOJIKATEIbHOCTH IIEPHOSA OTKPBLITOM BOIEI
B I0I0-BOCTOYHBIX PafOHAX CBA3AHO C BJIMSHHEM MOIIHOIO CTOKA PEKH
Jleunr. JlenoBeI HOKPOB Pe3ko 0cjaadiIsgeT WHTEHCHUBHOCTH BOJIHEHUS
¥ 00yCJIOBJIMBAET CYIIECTBOBAHNE AHOPMAJIBHOTO (BBIIIOI0KEHHOI0) II0-
IEePEeYHOro IPOQHIIA IIOABOJIHOI0 CKIIOHA, 00PA30BAHMIO 3ACTOMHBIX 30H
U aKKyMYJISIINYA TOHKOAWUCIIEPCHBIX TJIMHUCTBIX OTJIOMKEHUHN Jaske Ha
HPHUOPEKHOM MEJIKOBOIbLE, a TAKMKE 0C000I0 MUHEPAJIOIMUYECKOI'0 COCTA-
Ba OTJIOMKEHUIU C HEe3HAYUTEJbHBLIM COAepKaHueM TAMKeJION (ppaKiium.
He cayuaiiso mmrpokoe pacmpocTpaHeHre TOHKO3ePHUCTBIX 0CaIKOB Ha
MEJIKOBOJIHBIX YUYACTKAX CUUTAETCS CIIeIIM(PUIECKOM 0COOEHHOCTHIO Ce-
IUMEHTOreHe3a BOCTOUHBIX apKTHYECKUX MOPEM, OTJIMYAOIINXCI HAM-
boJiee CypOBBIMH JIEJOBBIMHU YCJIOBUSIMH.

B coBpemMeHHBIX yCIoBHAX TepMoabpasuoHHLBIE Oepera B BUIE OTIeIb-
HBIX YYACTKOB PACIIPOCTPAHEHHI B XaTAHICKOM 3aJiuBe, Ha 0. Boix.Bern-
4eB, B npegenaax Auabapo-OJieHeKCKoM HM3MEeHHOCTH, BKJIYas bepera
Amnabapcroro u OJieHEeKCKOro 3aJIMBOB, Ha II0JIYOCTPOBE BBIKOBCKOTO,
3amaaubIx Oeperax fdHckoro 3anusa, B rydoax Cessxckoii, BaHbKuHOMM,
Doenaxckoi, Byop-Xas, momyoctpoBe Ilmporocran, HoBocmbupcrumx
ocrpoBax, o. Myocrax u ap. TepMmomenynanmonHbsie Oepera BCTpeda-
ores Ha mosryoctpoBe Byop-Xast, HoBocubupckux octpoBax, B Anabap-
CKOM 3aJIMBe U Ha JPYIUX y4acTKaX MATePUKOBOTO Imobepesxbs [3].

Ha sHaunTe IbHBIX 110 IPOTAMKEHHOCTHA YIACTKAX 3AIIaJHOr0 U I0MKHOI0
nobepexbsa Mops JlamTeBrIX pacipocTpaHeHbl adpasvoHHEBIE U abpa-
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3MOHHO-IeHYNAIINOHHLIe Oepera, BHIPAOOTAHHBIE B JOYETBEPTUYHBIX
mopogax. Bepera aTux THUIIOB BBIAEJIAIOTCA HA OTAEJIbHBIX yIaCcTKax Oe-
pera Ilponunmesa, Xaraurckoro saausa, Agadapckoro saiusa, o.Bou.
Beruues, B 0yxte Hopasuk, Ha 3amagaom 6epery OJIeHEKCKOTo 3aIuBa,
Ha 3anajgHoMm Oepery ryosr Byop-Xas, m. Cesaroit Hoc 1 Ha ormenbHBIX
yuactrax JIsxosckux ocrpoBoB [3]. Ha octpoBax Cesepmoit 3emutu pac-
IIPOCTPAHEHBI BEIBOAHBIE JICTHUKY, 00pa3yolIye JeddHble TePMOIeHY-
IAIlMOHHBIE YCTYILI B 0EPEeroBoil 30He.

AxrgymynstuBHble Oepera mops JlamreBsix sammmanT 0Kos0o 60% Oe-
PEroBoi# JMHUM W TIPEJICTABJIEHBI CJIEIYIONIUMH OCHOBHBIMU THUIIAMU:
OTMEJIBIMH C BETPOBBIMH OCYIITKAMH, C TPUMKHYBIITUMH TepPpacamu;
JIATYHHBIMUA ¥ JEJbTOBBIMH. PacmpocTpaHeHue OTAeIbHBIX THUIOB Oe-
pera, Kak W WX MPOTSIKEHHOCTb B PA3JUYHBIX pailoHAX BecbMa He-
pPaBHOMEDPHO ¥ 00YCJIOBJIUBAETCS COYETAHHEM ITEJIOTO Psiia MOPQOIIH-
TonuHaMuUYecknx QaxTopoB. Hambosiee UeTKy TpPOCTPAHCTBEHHYIO
¥ TeHETUYECKYI0 MPUYPOUEeHHOCTh JEMOHCTPUPYIOT JIeJIbTOBEIE Oepera,
BBIJIeJIsIEMBIE B TIpeiesiax JeIbT KPYITHbBIX 1 cpenaux pek — Jlensr, Oute-
Her, Aubl u ap. Biaarogapst BBICOKOI M3pe3aHHOCTH GeperoBOil JIMHUN
JIeJTbTOBBIX PAMOHOB, M300MIIYIONIEH MEJIKUMH OCTPOBAMH, 3aJTMBAMU
¥ OyXTaMu, OH UMEIOT HaruOO0JIBIIYIO IIPOTAKeHHOCTh — OoJiee 3600 kM
uu 0KoJI0 35% 00IIIelt NIUHBI 0ePEeTroBOH JIMHUN MOPS. AKKYMYJISTHB-
HBIe OTMeJIble Oepera ¢ BETPOBBIMH OCYIITKAMH UMEIOT 3HAYHUTEIbHYIO
MPOTSAKEHHOCTh B BOCTOYHOM YACTU MOPS, JJIs KOTOPOH XapaKTepPHBI
MHUHUMAJbHBIE YKJIOHBI ITOJBOTHOTO 0€PETroBOr0 CKJIOHA M 3HAUUTEIh-
HBIe 00beMBI HAHOCOB, TTOCTYIIAIINX C TBEPIBIM CTOKOM pek. OHu dop-
MUPYIOTCS Ha BOCTOKe SIHCKOTO 3aJIMBa, T/e BBIIEISETCS OTHA U3 KPYII-
HeUNmX aKKyMYJISTUBHBIX popM — ocyIika octpoBa Makap Ha BBIX0Te
u3 Cestsgxckoii ryonl. B 3amaguoit yactu mobepeskbs 9TOT THII Oepera BbI-
JesisteTcss BOKPYT mosryocTpoBa Tepmsiii u B Onenexckom 3asmmse. Cpequ
OCTPOBOB, CJIOKEHHBIX PHIXJIBIMUA YEeTBEPTUIHBIMU OTJIOKEHUSIMU, MHO-
SKeCTBO ITOJIBEPTAIOTCS TEPMOAOPA3UOHHBIM ITPOIeccaM, aKKyMYJISTHB-
HBIe Oepera UMeIoT OOJIBIIYIO TPOTSKEHHOCTh B BOCTOUYHOM YaCTH MOPS.

CTpyKTYypHO-TEKTOHUYECKHE U Te0JIOTMYECKHe PA3JINYUsa B CTPOCHUM
mobepesxbsa 00yCJIOBUIN MHOT000pa3ue COBPEMEHHBIX THUIIOB 0eperos
Kapcroro mops. Ha apxunesnare Hosas 3emns, o.Baiirau, IOropckom
moJsiyocTpoBe ceBepHee yerbsa p.Kapa u moGepesxbe Taiimbipa BocTod-
Hee Ilsacunacroro sanmsa u 3amagHee JlmxcoHa mpeobsiamaioT abpasu-
OHHBIE U a0pa3MOHHO-IeHyJAllNOHHbIe Oepera, BHIpaboTaHHbIE B IIPOU-
HBIX KOpPeHHBIX IIopomax. Ha moro-socrounom mobepesknbe IOropcroro
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IIOJIyOCTPOBA I0MKHee AMIEPMBbI, 3aIIaJHOM U CEBEPHOM II00epeskbe II0-
sayocrpoBa fmai pacrpocrpaHeHsl Gepera ¢ TepMoaOpaA3UOHHBIM WU
a0pasnOHHO-TePMOAEHY TAIIMOHHBIM 6€PEroBBIM YCTYIIOM, Yepe IyIOIi-
ecs ¢ yUaCTKAMHU BBIPOBHEHHBIX M OTMEJIBIX aKKYMYJIATUBHEIX 0€peron
¢ IIPUMEHYBIIAMA aKKYMYJIATUBHBIMHA (POPMAMU U JIATYHHO-0YXTOBBIX
oeperos (o.Topacaseii, o.JIesaues, saix.MytHsiit, o-Ba Illapamoser Korr-
ku 1 ap.). OOIIMpHBIE IPOCTPAHCTBA B I0OT0-3aIIAJHON YAaCTH MOPS 34-
HUMAIOT MOPCKHE JIAMIBI, KOTOPEIE 0COOEHHO IITUPOKO PACIIPOCTPAHEHBI
B KyToBoll yactu ba#maparikoit ryosr. Ha mobepeskbe I10JIyOCTPOBOB
Taszosckuit u I'smamckwmii, HA ceBepo-3amagHoM Oepery Exmceiickoro
3asmBa M K 3ananay oT IIscuHCKON ry0bl Ha OTKPBITHIX yYacTKAX IIpe-
obJiamaroT TepMoadpasuoHHbIe Oepera, B rybax M 3aJuBax—TepMoJie-
HyIaIlMOHHBIE Oepera, a Takike OOIIMpPHBIE IIPOCTPAHCTBA HEBOJIHOBOM
axxymyJisaiun. Ocobernoctoio Hopoit Semuin u CeBepHoit 3emitu AB-
JISIeTCSI PaCIpoCTpaHeHre B 0eperoBoil 30He BBIBOIHEBIX JIETHUKOB, 00-
pasyoimx JIeasHble TepMOIeHyAAIlMOHHbIe yeTynbl. Cpequ ocTpoBOB
Kapckoro Mopsi MHOKECTBO CJIOKEHO KOPEHHBIMU CKAJIBHBIMU IIOPO-
JaMH W XapaKTePHBIM SBJISETCS A0pPa3MOHHBIM M aOpasHOHHO-IEHY-
IAIlMOHHBIM TUII Gepera, HAMBIBHBIE OCTPOBA, CJIOMKEHHBIE PBHIXJIBIMU
YEeTBEPTUYHBIMU OTJIOMKEHUSAMH, IOABEPTraloTcs aOpasuOHHBIM W Tep-
MO0aOpPa3UOHHBIM IIPOIIECCAM, AKKYMYJIATUBHBIE YUACTKHA UMEIT MEHb-
LIYIO IPOTSSKEHHOCTb.

OIIEHKA B3KOJIOTUYECKOM YYBCTBUTEJILHOCTU
BEPEI'OB

Jlo1st OLleHKM 9KOJIOTMYECKOM UyBCTBHTEJIBHOCTH Oeperos mopeit Kap-
croro n JlanTeBBIX IPUMEHSJICS OKOJIOI0-IeOMOPGOIOTMUCCKUM 10 -
XOJI, OCHOBAHHBII HA 0A430BBIX NPHUHIMIAX PAHKHAPOBAHUS Oeperos
B COOTBETCTBUH C MeKIyHapomHoi cucremon mumexcoB ESI. Ocoboe
BHUMAHUE YIeJsJI0Ch I'e0JIOr0-TeOMOPQOIOTHIECKIM U THAPOIMHAMU-
YECKHUM YCJIOBUAM (PYyHKIITMOHUPOBAHUS 0€PETrOBBIX CHCTEM, T€OKPHOJIO-
TMYECKHAM U TEIPOMETEOPOJIOIIUYECCKIM (paKkToOpaM, KOTOPLIE OIIpeaesis-
10T YCJIOBHSI PA3BUTHUS Oepera He B MeHbIIEeH CTeIIeHN, YeM BOJIHEHHE.
[TpuHuManmmch, BoO BHUMAaHAE 0COOEHHOCTH IePeMeIeHII U aKKyMYyJIs-
MY HAHOCOB, HEOOXOOMMEIE IJIA IIOHMMAHHA XapakTepa paclIpocTpa-
HeHUs HedTeIpoayKTOB B OEperoBoil 30He, OIpeIeIeHNsT 30H BO3MOMK-
HOT'0 HAKOILJIEHUSI He(PTH M BpeMEeHH yIep:KaHusd ee Ha Oepery.

OcHOBAHHBIN HA IIPEACTABICHUSAX 0 IreoMopPdOIornu OeperoBoi 30HbI
[4], [5], Takoit TOAXO He MPOTHBOPEUHUT IIPUHITUIIAM MEKyHAPOIHOM
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METOUKH, a SBJISETCS ee 0oJiee IIUPOKUM aHAJIOTOM, JTOIIOJIHSIOIIIIM
VIIPOIEHHYI0 TUIIU3AIHUIO II0 OTIEJbHBIM KPUTEPUSIM PaHKUPOBAHUA.
BaskHbIM apryMeHTOM B €ro MMoJIb3y SBJISETCS yAAJIeHHOCTh U HeI0CTa-
TOYHAS U3yYEHHOCTh MHOTHX OEpPEeroBbIX PAaiOHOB APKTHKN, CEPbEe3HO
OTpaHUYUBAOIIAS BO3MOYKHOCTh UX 9KOJOTHUYECKOTO PAMOHUPOBAHUS.
leomopdomoruuecknit aHamu3 CcIocO0€H HUBEJIUPOBATH HEIOCTATOK
uHpoOpMAaIru 0 beperax TPYIHOIOCTYIITHBIX PAMOHOB.

Jlpyrum acrieKToM SBJISETCS CBOeoOpasdre (PpyHKITMOHUPOBAHMUS apKTHIe-
CKUX 0EperoB, CJIOYKEHHBIX MHOTOJIETHEMEP3JIBIMU OTJIOMKeHUAMU. Tak,
IIUPOKO PACIIPOCTPAHEHHBIE IIPOIIECCHl TepMOadpasuy U TePMOIEHY/1a-
[IUY HUKAK HE YYUTBIBAIOTCA MEKIyHAPOIHOM cUcTeMO nHIeKcoB KSI.
A Bemb XOPOIO M3BECTHO, YTO OJarofaps paspyIlleHHi0 MHOTOJIETHEe-
MEeP3JIBIX JIBIUCTBIX OTJIOMKEHUM OTCTyITaHHe 0ePeroBhIX YCTYIIOB MOYKET
COCTABUTH II€PBBIE METPHI—JECATKA METPOB B TEUEHHE OHOI'O IITOp-
MOBOTO ce30Ha. COOTBETCTBEHHO OyIeT MEeHSThCSI U IIPOodHIb OeperoBoi
30HBI, CMEIATLCA JIMHUSA 3aIlJIeCKa, WHTEHCHBHO IlepepadaThbIBaThCs
¥ 3aMelIaThCsa IUISAKEBbIe OTJIOKEHUsI, a BMeCcTe C HUMU ¥ BO3MOYKHOE
3arpssuenne —HedTh U HedrempoayKTel. J[06aBuM, UTO B yCJIOBUSX TEX-
HOT€HHOTO BO3JeMCTBUS I10100HbBIe O€PEroBhIe dKOCHUCTEMBI OTIMYAIOTCS
KpaifHe HU3KOM YCTOMYUBOCTBIO [6] 11 TpeOyIOT BCeCTOPOHHE! OIeHKH PH-
CKOB IIpX pa3paboTKe IJIAHOB JIUKBUIAIINN PA3JIUBOB HeITH.

C yderoMm pa3paboTaHHBIX IIOAXO00B [7] HA HAYAJIBHOM IJTame ObLIO
BBIIIOJTHEHO MOP(QOAMHAMUYECKOe PANOHUpOBAHME 0Oeperos, KOTOPOe
ImpeacTaBisger 000OIIEHHYI0 T'€0JIOr0o-reoMOP(OIOTHUECKYI0 XapaKTe-
puCcTHKY 0GeperoBoil 30HBI, HEOOXOAUMYIO [IJIs OIIEHKH OKOJIOTHYECKON
YyBCTBUTEJILHOCTH K padymBaM HedTu. PazpaboTka TUNIM3AIINN U Kap-
TorpadpoBaHue OCYIIECTBIIAINCH C yUETOM UMEIOIIUXCS IIPeIcTaBIe-
HUH 0 TeoMOP¢OIOTUH 1 JIMTOIUHAMUKE 0ePEroBOM 30HBI APKTUUECKUX
Mopeit. Mcmosb3oBasicsa 00JIbITON 00beM KapTorpadpuieckux, CIyTHH-
KOBBIX M JINTEPATYPHBIX JAHHBIX, MATEPHUAJIBI SKCIISTUIIMOHHBIX HCCIIe-
IOBAHUN PA3JINYHLIX JIET, UMeoIIrecsa (poTo- U BugeoMaTepuasl. B oc-
HOBY MOPQOIMHAMUYECKON TUMU3AIMN OBLIM II0JIOMKEHBI M3BECTHEHIE
KJIaccuuKanuy 0eperoB BHYTPEHHUX U OKPAWHHBIX MOPEH, YUYUTHIBA-
o1ye 0cO0eHHOCTH IIMPOTHON 30HAIbHOCTH U CIIeIIUPUKN peruoHa [3].
Boino Beigeneno 10 MopoauHAMUYECKUX TUIIOB 0EPEroB, CIOMKEHHBIX
IIPOYHBIMHU KOPEHHBIMHU IIOPOJAMHU W 0CAJOYHBIMU YeTBEPTUUHBIMU OT-
nosxeHusaMu (cM.tadsr. 1). 9To 1Mo3BoIMIIO BecbMa IOIPOOHO oXapakKTe-
pu3oBaTh mobepesknbe mopeit Kapekoro n JIanTeBrIX, XOTS M HE HUCKIIIO-
YHJI0 HEKOTOPBIX 0000IIEHUIA.
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Tabmuiia 1 Mopdomguaamudeckre TUIb beperos Mmopei Kapckoro
u Jlanresrix (Macmrrad 1:1 000 000)

Oo0masa
IIPOTSIFKEHHOCTD,
KM
Tum 6epera
Kap- Jlamre-
CKOe BBIX
Bepera, BerpaborasHbie B IUTHQOHUIIMPOBAHHBIX ITOPOIAX:
1. AGpasuoHHbIE 5327 1174
2. AOpasuoOHHO-IeHYIaIlHOHHBIE 4450 835
Bepera, BeipaborasHbIe B JIeTHUKAX:
3. TepMoneHyaIIMOHHBIE, 00PA30BAHHBIE BBIBOJIHBIMEA 576 110

JIeTHUKAMU

Bepera, Beipaboranubie B HEIUTUQUIIMPOBAHHBIX TIOPOIAX:

4. Tepmoabpas3noHHbIe 2365 577
5. TepMogeHyTaITnOHHBIE 3151 1605
6. AGpa3uoHHbIE C OTMEPIINM WJIF OTMHUPAIONINM OePEroBbIM 549 981
YCTYIIOM, OKaUMJIEHHBIM aKKyMYJIATABHOM Teppacoit
7. AKKyMyJISTUBHBIE BEIPOBHEHHBIE, C TPUMKHYBIITUMU AKKY-

4020 517
MYJIATHBHBIMEA )OPMaMU
8. AKKyMyJISTUBHBIE OTMEJIbIE C BETPOBBIMU OCYIITKAMU 5210 616
9. AKKyMyJIATUBHBIE JIATYHHBIE 350 1206
10. JlesbToBEBIE 149 3637
Bceero: 26140 10558

JlanpHe#IMit aHaIM3 TPOU3BOIUIICSI B PAMKAX OTIEIBHBIX JINTOIMHA-
MHWYECKUX CHCTEM WUJIN OTPE3KOB Oepera, 00JIa afouX CXOKUME TIOKA-
3aTesisMu MOpQOJIOTHuY U JIUTOJIOTHN. Ha OCHOBe 9KCIEePTHOM OIeHKU
OCHOBHBIX KPUTEPUER PAHKUPOBAHUS KAKIOMY YUIACTKY IIPUCBAWBAJI-
€ MHJEKC YYBCTBUTEJBHOCTA K HEeTSIHOMY 3arps3HEHUI0 B COOTBET-
crBum ¢ cucreMoi uHekcoB ESI. THIlbl aBapuilHBIX CUTYAIIMH, MOEJIN
pacipocrpanenus (mperida, pacTeKaHus U IIpP.), BO3MOKHBIE CIIOCOOBI
JIUKBUIATINY 3aTPA3HEHUS U BAPUAHTEI (DPU3UKO-XUMUIECKOT0 U MeXa-
HUYECKOT0 B3aMMOIeCTBUS Hed)TeIIPOIYKTOB C OCATKAMY HA apKTHUYe-
CKUX TT00ePeKbIX OBLIN MPUHSATHI B COOTBETCTBUU C PYKOBOIACTBOM [8]
u Mmouorpadueit [9]. VuursIBamch 0COOEHHOCTH B3aUMOLEMCTBUS Hed-
TH C Pa3JIMYHBIM CyOCTPATOM, YCTAHOBJIEHHBIE JKCIEPUMEHTAIHHBIM
IIyTeM, BO3MOKHOCTb €CTECTBEHHOTO 3aX0POHEeHUsT He)TH U ITepeMerre-
HUSI TPYHTA, IIpeJIroaraeMblie CIoco0bl yCTpaHeHUsT 3arpsidHeHus [8].
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[Ipu aToM B pacuer He IPUHUMAJIKCH IPUPOIOOXPAHHBINA CTATYC TOTO
WJIH WHOTO Oepera, OMOJIOTHYecKoe pasHoobpasue U yaaJeHHOCTh OT 0C-
HOBHBIX 00bEKTOB HH(PPACTPYKTYPHL.

Bceero B mpenenax odcnemosannoi yactu Kapcekoro mopss u mops Jlamn-
TeBBIX OBLIO BBIAEJIEHO 13 THUIIOB GeperoB ¢ pasIUJHBIMA WHAEKCAMU
OKOJIOTHYECKON UyBCTBUTENbHOCTH. [1pu paspaboTke JIereHAbl B OPUTH-
HAJIbHBIE HA3BAHUS OTIEJbHBIX OKOJOTMUYECKUX THUIIOB Oeperos OBLIN
BHECEHbI U3MEHEHMsI, KOTOPHIE MOYKHO CUNTATH MUHUMAJILHBIMU. JTOT0
YAAJI0Ch JOOUTHCS 34 CUET MCIOJIB30BAHUSA €MKHX IIOHSITHN M reHepa-
JIU3aINU OJU3KAX II0 XapakTepy IIPeAIoaraeMoro B3auMOIeHCTBUS
¢ He(pThIO U HedTempoayKTamMu TUIIOB Oepera. IMeHHO ¢ 9TUX MO3UITHI
HCIIOJIB30BAJIACH IIPEIJIOMKEHHAS 3aPYOesKHEIMI KOJLJIEraMU 1 allpoOu-
poBauHas [10] mpu OIleHKEe dKOJIOIMTYIECKOM YyBCTBUTEILHOCTH OEPeroB
Kapcroro Mmops rpafaiimsa KpymHOCTH ILIAYKEBBIX OTJIOMKEHUM, COOTBET-
crByforias cucreme umaaexkcoB ESI. B Oymyimem momobuas crammapTu-
3alMsa METOOMYECKHUX TOAXO00B II03BOJIUT paspaboTaTh eIUHYI0 THIIH-
sanmio Geperos mopeit Ceseproro JlemoBuToro oxeaHa, 0TBEUAIOILYIO
POCCHUMCKMM M MEXKIYHAPOIHBIM CTAHIAPTAM.

JIi1s1 OIleHKM aKTyaJIbHOCTH M IIPUMEHUMOCTH Pa3paboTAHHON THIIH-
3alUM cJIeayeT ellle Pas3 MOOUePKHYTHh PErdOHAJIbHYIO CIEINpUKY
QYHKIIMOHMPOBAHUSA APKTUYECKUX Oeperos, 00yCIOBIEHHYIO CYpO-
BBIMH KJIMMATHYECKMMM YCJIOBHAMH peruoHa. Tax, B JIeJOBBIN IIe-
pHOI IIMPUHA IPUIIAS CHIbHO M3MEHSAETCS BIOJIb II00epeskbs U Ha
oTMeJBIX Oeperax mops JlamTeBBIX JOCTUraeT AeCATKOB KHUJIOMETPOB.
Mopckue JIbOBI KOHTAKTAPYIOT C JHOM Ha OOJIBIIMX IIPOCTPAHCTBAX
¥ BECHOM IIHPUHA IIOAOLIBEI IPUIIAs, CMEP3IIAsacsa ¢ TPYHTOM, MOKET
mocturath 8—10 kM. JIbABI GIOKMPYIOT IeATEeIbHOCTH OOJIBIIHHCTBA
penbed000PasyoIInX IPOIeCCOB, CHIUMKAETC WJIH II0OJIHOCTHIO MCKJIIO-
YaeTcsd BEPOSATHOCTH KOHTAKTA M IIPOHUIIAEMOCTH OTJIOMKEHHWH I
Hedtu 1 HedTenpoaykToB. COOTBETCTBEHHO, B 9TOT IIepHoj Oepera
MIPAKTUYECKY He YYBCTBUTEIbHEI K HE(PTAHBIM Pa3/IMBaM Ha aKBATO-
PUH M MAJIOUyBCTBUTEJILHBI K PAa3JIMBAM HEIIOCPEJCTBEeHHO Ha bepe-
TFOBBIX yYACTKAX.

BoamoskaOCTE pacipocTpanenuss HedpT B 0eperoBoil 30HE, €e HeIlo-
CPEeJICTBEHHBIN KOHTAKT ¢ 0eperoM M CII0COOHOCTh K IIPOHUKHOBEHUIO
HeTeIIPOAYKTOB B OTJIOKEHUS IIJISIKEH apKTUIECKUX MOPEH ITOSBJISA-
eTcst TOJIBKO B JIETHUH mepuoy rofa. Torma ske oTTanBaeT JIessTeIbHbIA
CJION W aKTUBU3UPYIOTCS 9K30T€HHBIE TeoJiornveckre mpoiiecchl. Maxk-
CUMaJIbHAS TJIyOMHA Ce30HHOI0 OTTAMBAHUS BAPBUPYET B PErvoHe OT
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0,2-0,3 mo 2,5 M 1 TocTUTaeTcs K KOHILY aBTycTa Ha IUIAKAX U OCYIITKAX
II0JT OTEILISIONINM BO3IeHCTBHUEM CAMOM BOIHI.

Taxum 06pasom, OIIEHKA 9KOJOTHMYECKON UyBCTBUTEIbHOCTA U TUIIN3A-
1S ApKTUYECKUX 0EPeroB aKkTyaJIbHbI UCKIIOUNUTEIBHO I KOPOTKOTO
besnemuoro mepuona roga (2—5 Mmecsiies), Koraa MoOpcKre bepera Boc-
IPUAMYUBEL K BHEIITHEMY BO3JEHMCTBHUIO. JTO CIIEAyeT YIYUTHIBATH P
OCBOCHMHU IIeJb(OBBEIX MECTOPOMKICHUNA M pasdpaboTKe ILIAHOB JIUK-
BUJALINY PA3JIUBOB HEe(TH, BEPOSTHOCTh BOSHHKHOBEHUS KOTOPHIX HE
OTPAHUYMBAECTCS OTHEJIBHLIMI Ce30HaMU I'0JIa.

SAKJIIOYEHUE

WccnemoBanusa moxasastu, uto 6osee 30% OpoTSAskeHHOCTH 0eperoBoit
muarn mope Kapcekoro u JlamnTeBbix cOOTBETCTBYET BHICOKOMY HHJIEKCY
9KOJIOTMYECKON UyBCTBUTEJBHOCTU. Takue Gepera TpeOyOT mepBooUe-
PEeIHOI 3aIUTHL B CJIy4ae BOSHUKHOBEHUS Pa3/inBa HeTHU U JOJKHBI
VUATBHIBATHCS [P OCBOGHUH IeITH(OBBIX MECTOPOIKIEHUN 1 pa3padoT-
Ke TPUPOI00XPAHHBIX MEpPOIPUATHI. TpPyIHOMOCTYITHOCTh ¥ HHU3KAsS
apperTUBHOCTD OOJIBIITMHCTBA CYIIECTBYIOIIHUX METOI0B OYHMCTKHU JTUX
0Oeperos ompeessaT 0coboe 3HAUYeHNe TaKuX PaKTOPOB, KAK CKOPOCTD
0o0HAPYKEeHUSA PA3JIMBA U OIIOBEIEHUS CIIeIINATU3UPOBAHHBIX CJIYKO,
CBOEBPEMEHHOE pearupoBaHre W IpUMeHeHHe HamOoJiee PaIluoHAJIb-
HBIX C 9KOJIOTHYECKOM TOUYKU 3PEHUS TeXHOJOTUI yCTPaHEHUs yIJIeBO-
JOPOJHBIX 3arpA3HEHUM Ha aKBaTOpuUH, BAaJim oT Oeperos. [loaromy
B paMoHaX JT0OBIYH YIJIEBOJOPOIHOTO CEIPHSA HE00X0IUMO 00yCTPOMCTBO
COOTBETCTBYIOIINX 00BbEKTOB MHQPPACTPYKTYPHI, pa3paboTKka U BeJeHune
CIIyTHUKOBOTO ¥ HA3€MHOI'0 MOHHUTOPHUHTA.

[Ipumenenue a9K0I0r0-reoMOPdOIOTHIECKOTO IIOAX00A IIPU PAKOHUPO-
BAHUM ¥ TUIIU3AIINKA OePEeroBOi 30HBI apKTUYECKHUX MOpPEH Ha OCHOBE
CHCTeMBI MHIEKCOB uyBcTBUTEAbHOCTH KSI, HA B3r/Is1 aBTOpA, OTBEYA-
eT IIOCTABJIEHHBIM 3aJ1avyaM U 00beMy MCXOIHBIX JAHHBIX, a Ipejjara-
e€MBIH TIOAXO0/ ¥ aJalTUPOBAHHAS MEKIYHAPOIHAS CUCTeMa UHIEKCOB
MOTYT OBITH PEKOMEHIOBAHBI JIJIs OIEHKN YyBCTBUTEJIHLHOCTH OEperos
IPYTHX apKTUYecKux mopeit Poccuu.
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U30TOITHBIN COCTAB CHEXKHOI'O IIOKPOBA
KAPEJINN

M. A. Jlesuues', . A. Kpaiinioxosa?, I'. C. Bopoaynaunal,
H. B. Tokapes?

! Kapenbckuii Hay4Hblil 1ieHTp Poccuiickoii akagemun Hayk, Poccust
> Hayunbiit mapk Cankr-ITeTepOyprckoro rocyIapCTBeHHOrO yHHBEpCUTeTa, Poccst

CHeropoe muTaHve, KAk MPABUJIO, IIPE00IATAET B PEYHOM H II0/I3EM-
Hom croke Kapemmm. OrleHKa perwmoHATBHBIX TPEHIOB W3MEHEHUS
usororuoro cocraBa (6'%0 u 62H) cuera s sumser 2015-2016 rT. BBI-
TIOJTHEHA B KOHIIEe MapTa 10 CyOMepuINOHAIBHOMY U 2 CyOITHPOTHBIM
npoduiIAM B I03KHON u meHTpasbHoi Hapenwu. Ha 45 cranmusx or-
OmpaJinch TOJIHBIE CHEesKHBIe KOJOHKU, HA 40 mccie0BaHbl ITOMHTEP-
BaJIbHBIE pa3peswl. M3oTomublin coctag cuera 60 = -15,7..-21,1 %o,
62H = -118..—-158 %o BapbHpyeT B CYIIECTBEHHO MEHBLIINX IIperesiax,
yeM OCagKH 3a 9To ke Bpems: 620 = —8,7..—30,9%o, 6°H = —77..—239 %o.
BamerHoe obJierdyeHre M30TOITHOTO COCTABA CHEra IPOMCXOIUT C fora
HA ceBep PermoHa B COOTBETCTBHE C MOHWKEHUEM 3UMHEN TeMIIepaTy-
per Bo3ayxa. 1o gByM cyOmImpoTHbIM TTPOHIISIM SIBHBIX TPEHJIOB H3-
MeHeHUs M30TOITHOTO COCTaBa cHera He Habogaercsa. Vckirodennem
siBJisiercst cHer B 30He IlerposaBomack—IIpsxa—I'upBac ¢ sterkumu 3Ha-
vyenusamu 6%0 (mo -21 %o). VIaMeHeHMs M30TOIHOIO COCTaBa B pa3pese
CHEKHOT0 ITIOKPOBA HOCST, B I1€JIOM, XAOTHYHBIN XapaKTep, XOTs Ha 1ore
u 1oro-3anaje Kapesnu cambre JieTkne 3HAYEHUST (DPUKCUPYIOTCS B HUK-
Hel YacTU KOJIOHKHU CHera.

BBEJEHHUE

Ceemennst 006 M30TOITHOM COCTaBe aTMOCHEPHBIX 0CATKOB (COMEPIKAHMIX
netirepust — 62H u xucimopoma-18 — §%0) MIIMPOKO UCITOIB3YIOTCS JJIST
M3YYEeHUsT BOAHBIX U JIEJOBBIX O0OBEKTOB IIPU PEIeHUN TPUKJIATHBIX
3amav U (pyHIaMeHTAJILHBIX HccaemoBaHuii [1,2]. B mociegume rombr
B Poccum mHTepec K MCIOSIB30BAHUO JEHUTEPUs U KHUCJIOpoaa-18 rak
THUIPOJIOTO-THAPOTEOJIOTHIECKUX W KJINMATUYECKHX TPACCePOB CyIIe-
CTBEHHO Boapoc [3,4,5,6,7,8]. ITockonbky arMocdepHBIE OCATKY CIYKAT
OCHOBHBIM HCTOYHUKOM (DOPMUPOBAHUS JPYTUX COCTABJIISIIONINAX BOHO-
ro bastarca Teppuropun, B Kapemunu ¢ 2009 r. HauaTo u3yyeHune u30-
TOITHOTO cocTaBa aTMocqepHBIX Bhimamennit. Iless HacTosei pabors
— OIIEHKA PEeTrMOHAJBLHBIX TPEHIIOB M3MEHEHWS M30TOITHOTO COCTaBa
CHEYKHOTO TTIOKPOBA.
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PANOH UCCJIEJOBAHUI

Kapenus pacmomosxena B Bocrounoi yactu Oernnockaumun (60—70° ¢.ir.
u 30—40° B.1.) ¥ BEKJIOYAET KpylHelne BogHble 00bekThl CeBepa eB-
porreiickoii Teppuropuu Poccun: Bemoe mope, Ounesxcroe u Jlagosxckoe
(qacTmuHOo) o3epa. KimMaTuwyeckuii pesKuM XapaKTepu3yeTcs Kak Iie-
PEXOIHBIN OT MOPCKOTO K KOHTHMHeHTaJabHoMy. Teppuropus Kapesmu
OTHOCUTCS K ATJIAHTUKO-apKTUYECKON 30HE YMEpPEeHHOro Iosca C Xa-
paKTepHBIM IIPeobsIaTaHueM BO3IYITHBIX MACC ATJIAHTUYECKOTO W ap-
KTHYECKOTO ITPOUCXOMKIEHUS (3eCh U ajiee KIMMATUYECKOe OITHCAHIe
nmaercs 110 [9]).

Biusocts Banruiickoro, Besoro u BapeHniiera mopeit u MHTeHCUBHAS
KPYTJIOTOUYHAS ITUKJIOHUYECKAs JeSITeJIbHOCTh 00YCTOBIUBAIOT IIPO-
OJKUTEIBHYI0, HO He cypoByio 3umy. CpeaHss Temmeparypa sSHBaps
uamensiercs or —9..—10° C B roskHBIX 10 —12..—13° C B ceBepHBIX pailoHaX;
BeCHA OTJIMYAETCS YACTBIMU BO3BPATAMU XOJIOJOB; JIETO — IIPOXJIAHOE
M KOPOTKOE CO CPeIHMMHU Temmeparypamu uwoJd 14..15° C Ha ceBepe u
16..17° C ua 1ore. HeycroiiunBOCTb IIOIMOIHBIX YCJIOBHI, BHICOKAS OTHO-
CUTeJIbHASA BJIAYKHOCTb BO3/IyXa W 3HAUYUTEJIHbHOE KOJUYECTBO OCATKOB
pU IIAPOKOM pa3Hoobpasuu JaHmIIAadToB (pacuieHeHHBINH pebed,
obmtre o3ep u 60JIOT, 3HAUUTEIBHAS JIECUCTOCTD) TTO3BOJISIOT ITPEIIIO-
JaraTh HaJW4ue CJIOMKHON KapTUHEI PacIpe/ieJIeHUs N30TOITHOTO COCTa-
Ba 0CAJKOB B IIPOCTPAHCTRE.

Haunnas ¢ 1989 r. ormeuaioTcst 3HaYNMbIe H3MEHEHHUS B KJINMAaTHYe-
croit cucreme Mupa, 4eTKO IPOSIBUBIIIMECS B TIOBBIIIIEHUH CPETHET0/I0-
BOM Temmeparypbl Bo3myxa Ha 1-2° C [9,10]. Haubosiee mHTEHCHBHOE
MOTeIJIEHNE OTMEYaeTCss B 3UMHHE MeCSIlbI, YTO O0YCJIOBHJIO YaCTOe
HACTYIJIEHUE OTTelleJIel, KaK IIPaBUJI0, IIPU ITPOXOKIEHUN aTIaHTUYe-
cxux 1ukJIoHOB. Ha Teppuropun Kapennu kpome TemmeparypHoit aHoO-
MaJIU¥ OTMeYaeTcs POCT TOJOBBIX CyMM ocaiakoB. CpemHue MHOTOJIET-
Hue 3HaveHUsd 3a 1991-2013 rr. mpeBHIIIAI0T KINMATHIECKUE HOPMBI
Ha 20-70 MM.

METOJIUKA UCCJIETOBAHUI

Cuer sumbr 2015-2016 r. orobpaH B KOHIIe MapTa II0 CyOMepuImo-
"HasmbpHOMY IIpodro — Ononen—Tenuso (IporsskeHHOCTH 650 KM) 1 2
cybmmporabiM npoduiiam — Koukoma—Kocromymra (130 xkm), ITerposa-
Bouck—CoprasaJia (180 xm, puc. 1). {as onpoboBaHust BEIOMPAJIHCH OT-
KPBIThIE, HEOOJIBIIIIE 110 ILJIOMIAIN YIACTKY, He UCIBITHIBAIINE BETPO-

153



St. Petersburg, Russia, 17-19 May 2018

Theory and Methods of Polar Science

'L o : Cogepwanue 5180
., | ¢ [P0 . <-20
N 2 @ -20--19
\ 250 @ -19--18
| ® -18--17
20 A ® -17--16
p ® >-
{ 21® .
4 20® A  MeteoctaHunn
P, A
| 190 A
'__.Z‘ 180 - Benoe
Eenomopck 4 Muhth
) gy 200
\ 27®
31 o e 20 A
1 30@ 430 f
200 280 .
A g 438
. 44@ A /
B\ 450 '
350 & -
b 16 |
by 368 J
S Meneemberopck ™,
/ a7 N,
: 389 E
]
'y !
i
L

Puc. 1. Pasmernenne cranmuit orbopa 06pasiior cHera (1udpbl — HOMepa CTAHIIHIT)

BOTO ITepeoTsIosKeHusa cHera. [Ipo0sl oTOMpasinch TPYOKOM JraMeTpoM
100 MM m XpaHWJIUCH HA XOJIOJIe B 3-XCJIOMHOM IIJIACTUKOBOM MeEIITKE.
[Tocste mocraBku B s1abOPATOPHUIO CHET PACTAILIIMBAJIN IIPA KOMHATHOMN
TeMIleparype, 3aMepsijid 00beM TaJIOM BOJBI U IePeIUBAIN BO (JIAKO-

HBI 00beMoM 50 MJI.
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CHEeXHBII IIOKPOB Havajl popMHUpoOBaThCsa B HosOpe 2015 r., HO u3-3a
YacTBIX OTTEIeJIeH 3aIlachl CHera Ha OOJIbIIeN YacTH TEePPUTOPUN Ha-
Jay CKAILIMBATBCSA JIUIIb B sHBape-espasie. CpeaHss TeMiiepaTypa
Bo3ayxa B aaBape 2016 r. Ob1a camast Huakas s Kapesmuu ¢ 2010 1.
(-15° C B Ilerposasoacke, -16° C Ha cesepe), a B deBpasie — camas
Beicokas (-2 u -4°C, coorBercrBenHo). Orremnesns 11.02.16 r. npusesna k
PE3KOMY COKPAIIEeHHUIO IIOKPOBA, B I0JKHOIM YaCTHA PeruoHa J0 IMPaKThIe-
CKH TIOJTHOT'O CTAMBAHMUS, IIOCJIE Yer0 CHeTOHAKOILIEHHE PO I0JISKIIOCD.
OxonuaTesibHASA Jderpagaliisa CHEKHOI0 IIOKPOBA B IOKHBIX pParoHaX
HadYajach B IIEPBOH JieKaje MapTa, B IIEHTPAJIbHBIX U CeBEPHBIX — B
nocyenHeln (MeTeomaHHbIe ¢ cauTa http:/rp5.ru).

MomsocTs CHEeroBoro moKpoBa kojebdasack oT 15 cm Ha rore 1o 70 ¢ Ha
cesepe. Ha 45 crannusax ormpoboBasiach Bes ToJIA cHera, a Ha 40 craH-
IUAX, KPOMe BaJIOBOM IIPOOBI, OIIPOOOBAHLI 3 T'OPH30HTA — BEPXHUIA,
cpeqHu u HykHANA. Ha 109KHBIX ¥ 10r0-3ana JHbIX CTAHIIUAX CHET Cpejl-
HEero ropu30HTa OTJIMYAJICS 0oJiee ILJIOTHOM CTPYKTYPOM, TPAHUITLI CJIOS
MAapKHUPOBAJIMCH JIEIAHON KOPKOM. B ceBepHBIX pailoHaxX CJIOMCTOCTH
cHera MeHee BhIpaskeHa.

Wamepenus comepsraHnii JedTepus U KUCI0poaa-18 B ocagKax BBIMOJI-
HSJINCH Ha JIa3epHoM HH@paxkpacHoM ciexrpoMmerpe Picarro L 2120-1 B
Hayurmom mapke Caukr-IlerepOyprecxoro rocyjapcTBeHHOTO YHUBEPCH-
Tera. UcnonwpsoBansl cragmapTel V-SMOW-2, GISP, SLAP u USGS-45
u USGS-46. Ommbra namepernus cocrasisaia +£0,1 %o gy 60 u £1 %o
misa 6°H. Beero Beimonneno 174 amanmsa. OTpuilaTeJbHBIN JedTepue-
BBII oKcIiece (8 1po0) OBLI IIPUHAT, KAK JUATCHOCTUYECKUM IIPU3HAK YC-
IIOPYEHHOM IIPU MOATOTOBKE WJIM XPAHEHUHN IIPOOKLI ¥ TAKKE Pe3yJIbTAThI
WCKJIIOUEHBI U3 paccMoTpeHus. KoHTposeM KauecTBa SIBJISETCS TAKIKE
CpaBHEHME Pe3yJIbTATOB AHAJIM3a IIOJIHOM IIPOOKI U CPeIHEB3BEIIeHHO-
ro 3HAYEHUS OCJIOMHOTO OIPOOOBAHMSI.

PE3VJIBTATBI U OBCYXKIEHUE

CyOMepranoHaJIbHBINA TPOUIL XapaKTepU3yeT IIPAKTUIECKH BCE OpO-
rpadgmueckne paiionsl Kapesmu. AGCOIIOTHBIE OTMETKH CTAHIIAI BAPbU-
pyiot ot 9 M (CeBeproe [Ipunamosxbe) 10 175 M (Oneskcro-Bemomopekmi
Bogopaazmesr). CyOIIupoTHEIe IPO(QUIN OKA3aINuCh HEJOCTATOYHO IIPe-
CTABUTEILHBIMH, YTOOBI OTPA3UTH BCE PErMOHAIBLHBIE 0COOEHHOCTH.

B menowm, B caesxuom moxpose 610 =-15,7.-21,1 %o u 6°H = -118..-158 %o.
Hawubosee tamxensie coctaBel 61%0 =-15,7..-16,1 %o 0oTMeUYeHBI HA I0KHOM
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bepery Bestoro mopst (ct. 42, Cymckoit mtoca), B cesepHoM Ilpuiramoskbe
(ct. 9) u B paiione r. Osonna (cr. 14), 4To oTpaskaeT KOMOMHHPOBAHHOE
BJIMsSTHUE ITUPOTHOTO adpderta u apdeKT yaaaIeHus OT KPYITHBIX BOJIO-
emoB. Haubosbiiee uzoronnoe ucromenne 60 mo -21,1 %o 3aduxcu-
poBaHO Ha ceBepe pecnybanky u 3anagHoM bepery OHesxCKOro o3epa B
patione [Ipsaska—IlerposaBoack—I'upBac (pucyrok 2). [Ipu uckrovernnn
TOYEK C dTOT0 yYACTKA OKA3BIBAETCS, UTO IIUPOTA MECTHOCTH SBJISETCS
onpegesstiomuM parTopom. JlaHHAS KOPPEIAINA ABJISETC Pe3yJIbTa-
TOM PErHOHAJILHOTO TPeHIa 3WMHeH TeMIepaTyphl Bo3ayxa. Jlerxui
M30TOIIHLINA COCTAB aHOMAJILHOMN 30HBI, BEPOSATHO, CBA3AH C YCTAHOBJIIE-
HIEM TeMIIepaTypPHONM MHBEPCUU B JoanHax KpynHbX pek [lys u Cyna
B 3UMHee BpeMsl.

T,°C
-9 -8,5 -8 7.6 -7 6,5 -6 -E.5 -5 4.5 -4
r~ 67
. 1
GG
y=-2u+E3 . -
Rz 0,29 B+ 3
* 83 D‘-'
v=-1,2x+41,32 L 5o
o . Fi=0,702 ¥
LC 3
r G0
-22,0 -21,0 -20,0 -18,0 -18,0 -17.0 -16,0 -150 -14.0 -13.0 -12,0
5180

Puc. 2. Coornomenne 6'°0 (uepHBIE TOUKM), CPeIHEN TeMIIEPaTypPhl BO3AyXa IE€pPHU-

0J1a 0CaIKOHAKOIIEHUSI (POMOBI) M IIUPOTHI MECTHOCTH JIJISI CyOMEPUIHOHAIBHOTO

IpodMJIsT CHETOBOTO OMPOOOBAHUS (HE3aJIUThIe KPYsKKH — IIPOObI CHera B paiioHe
[Ipstzra—IlerposaBonck—I'upsac).

Ha pwmc. 3 morxasaH M30TOMHBIN COCTAB BAJIOBBIX IIPOO CHEra OTHOCH-
TesibHO Ti1obasrbHoM (I'VIMB) u mokanbuoit (JIJIMB) nmunmit meTeopHBIX
Bog. Ypasueuune JIJIMB 62H = 7,65%5'%0 + 5,4 moaydyeHo Ha OCHOBAHUU
HeMPepBIBHBIX psiaoB Habomenuit B 2009—2017 r. B 1. [leTposaBock.
JIvHMS amIIpoKCHMAIINH [1JIsI BAJIOBBIX pob mepecexaer JIJIMB B Touke
6180 = -23 %o u 6°H ~ -167 %0 1 COOTBETCTBYET CpeJHEeMY COCTABY CHera
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3a aaBapb (Tadamiia). CaMblil Jerkuil cpeIHeB3BeIlleHHbIA N30TOIHEBIN
cocTaB cHera oTMeveH B sHBape 2016 ., Ipu sKCTpeMaIbHBIX 3HAYEHH-
ax 680 = -30 %o u 62H = -222 %o u Temmepartype Bosayxa jo -29,1° C.
B nexabpe 2015 r. cpegHeB3BeIIeHHBIN M30TOIHLIA COCTAB CHEra OBLII
HanboJIee TAMKEebIM, IIPU dKCTPEeMaIbHEIX 3HadeHuax 680 = -12,6 %o u
6%H = -96 %o.

Tabauia. CpenHeB3BellleHHbIE MECIYHbBIC 3HAYCHUA N30TOIIHOTO
cocTaBa 3UMHUX aTMOCEPHBIX 0caIKoB B T. [leTpo3aBojick B 3umy

2015-2016 r.
Tlepuos HabI0 e HIHT Kosmraectso 6180, %o 62H, %o
po6
Hoabps 2015 7 -16,4 -122
Jlerabpn 2015 3 -14,6 -113
Ausaps 2016 6 -22,4 -164
®Depasn 2016 4 -17,4 -125
18
-25 =20 5%0 -15 =10
T T LI ¥ -100
ot ol
// '.v*\ >< 2
g -120
Ak - % 3
o~
& : .
/‘Aﬁ' -0 + 5
A A [ 8
A A v=6,92x- 11,34 _
o RS0 593 -180 &
-———-7
7
. =180

Puc. 3. M3oromusrit cocras cHera (1) u cpefHEMeCTYHBIA U30TOMHBIA COCTAB 3UMHUX

aTMocepHBIX ocaakoB (2 — HoAOpL 2015; 3 — mexabps 2015; 4 — saBaps 2016; 5 —

despans 2016); 6 — I'VIMB, 7 — JIJIMB, 8 — nuHuA anmpoKCUMAIIMH W30TOITHOIO
cocraBa cHera (ypaBHeHUe Ha Juarpamme).
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Bapuaruu m3oromHOro cocraBa cHera B BHIIAJEHUSAX CBA3AHBI C IPHU-
XOJIOM BO3IYIIMHBIX MACC M3 PA3JIMYHBIX PErroHOB. TaK BO3IYIITHBIE
MAacCChI, COZIepsKaIe U30TOIUIECKHU TSAKEJIYIO BJIATY, IIOCTYIIAIoT, IIpe-
HMYIIIECTBEHHO, C 3amaja 1 I0T0-3aIaia, a coaepsKaliie n30TOIUIeCKH
JIETKYIO BJIATy — C ceBepa 1 BocToka (puc. 4).

Z M“? | h \\ 5y

a) 6)

Puc. 4. Ob6paTHbIe TpaeKTOPUN JBUKEHUS BO3IYIITHBIX Mace 111 BbicoThl 200 M, Boc-
craHoBJIeHUe Ha b cyTok murst 24.12.15 (a) u 13.01.16 (6). Ja mocTpoeHuss UCIIoIb-
3oan nHcTpyMeHnT HYSPLYT c caitta NOAA.

B rosxmoit Kapenun B BasoBweix mpobax cHera Ha mpoduie Ceerose-
po—Coprasaia 60 = —18,8..—15,7 %o, a B ceBepHoit Ha mpodmite Kou-
roma—Kocromykima 6'%0 = 17,6..—19,1 %o. Craumuu 42, 43 Ha IOMKHOM
mobepeskbe Besoro Mopst OTJIMYAIOTCS OT BBISIBJIEHHOHN IITUPOTHOMN 3aKO0-
HOMEPHOCTH aHOMAJIFHO TSIKEJIBIM U30TOIMHBIM cocTaBoM 6180 = -15,7 u
-17 %o, uTO 0OBSICHSIETCS BAUSTHIEM MOPs. [1o cyOrmmupoTHEIM ITpoduIIsIM
SIBHBIX PETMOHAJILHBIX TPEHJIOB M3MEHEHUS U30TOITHOIO COCTAaBa CHera
He BBISIBJIEHO.

Ha GosbirmHcTBE cTaHIMA B paspese CHera OTMEYAlOTCS 3HAYUTEIb-
Hble M3MEHEHHSA M30TOIHOI0 cocTaBa C IiIyOmHOM. [loBepXHOCTHBIMN
CHEr, KakK IIPABHJIO, 0oJiee M30TOIMMYECKH TAMKEJIBIM, UeM HIKHUM.
Kpaiiune suavenus ma crammmu 15 cocraBmian 6'°0 = -15,4 u -23,3 %o
(pucyHoK 5a). B cHeKHBIX KOJIOHKaX I0r0-3alaIHoro paioHa, e 4eTKO
BBIJIEJISIETCST CJIOM M3MEHEHHOT0, 4acTo 00Jiee TEMHOTO CHEera, CpeIHuH
CJIOM OKA3BIBAETCS TSIMKeJIee IIOBEPXHOCTHOTO (puc. 50). B meHTpabHbIX
M CeBepHBIX palioHaX, HAIIPOTHUB, HA (POHE M30TOIIHOI0 O0JIErYEeHUs C
IJIyOMHOM CpeqHUM CJIOM CHera M30TOIMYEeCKH Jierde HUKHero (puc. 5B).
Bapwuariuu n30TomHOTO cocTaBa 3aBUCAT OT MECTHBIX YCJIOBUI CHErOHA-
KOILJIEHUS.
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Puc. 5. Pacupegenenne §'%0 B cHe:xHbIX kosioHKax Kapemnu mo riyoume. Bepru-

KaJIbHbIe JIMHUKM Ha rpaduiax: MyHKTUpHAs — 3HadeHue 0'°0 II0JIHOM KOJIOHKH

BAJIOBOM TPOOBI CHEra; INTPUX-IIYHKTUPHAS — CPEJHEB3BEIIeHHOe 110 TPeM TOpU-
30HTaM IIPU IIOMHTEPBAJIHHOM OIIPOOOBAHUM.

JIs1st cTaHI|it ¢ TTIOCIOMHBIM OITPOOOBAHMEM CHEKHOTO TTOKPOBA PACCUH-
TaH CpeIHEB3BEIeHHBIH M30TOIMHBINA COCTAB C yIYeTOM 00BbeMa TaJIou
BOJBI U3 TIP00 Kask0r0 ropusonTa. CpaBHeHMe pe3yIbTaToB OIIpodoBa-
HUS TTOJTHOY KOJIOHKU M CPEJTHEB3BEIIIEHHBIX 3HAYEHUH 110 TOPU30HTAM
(t-tect 0,02) mOKA3aJI0 XOPOIIYIO CXOAUMOCTH, UTO CBUIETEILCTBYET O
TOM, YTO OITPOOOBAHME IIYTeM 0TOOPA TTOJTHOM KOJOHKH SBJISETCS T0CTAa-
TOYHO WH(MPOPMATUBHEIM CITOCOO0OM M3yUeHUs M30TOITHOTO COCTABA CHEXK-
HOTO TIOKPOBA.

BbBIBO/JIbI

CHeroBoe muTanue, Kak IIPaBUJIIO, IPeodsIagaeT B PEYHOM U TO3eMHOM
croxe Kapesmu. OtieHKa M30TOTHOTO COCTABA CHETOTAJIOTO ITUTAHUS OBLIA
BBITTOJTHEeHA B KoHIle 3uMbl 2015—2016 r. (MapT) IpsMBIM OIIPOOOBAHIEM
cueroBoit Tosru. OmpoboBaHMe BRIIOIHEHO TI0 CyOMepUINOHATBHOMY U
2 cyOImupoTHEIM (B I03KHOHN 1 IeHTpasbHoM Kapesun) mpoduiasav. Ha 45
CTAHIIUSIX OTOMPAJINCH TTOJTHBIE CHEeIKHBIe KOJIOHKN, HAa 40 TOTOTHUTEh-
HO MCCJIe0OBAHBI TIOMHTEPBAJIbHBIE pa3pe3bl. V30TOMHBIN COCTAB cHEra
Bapbupyer B mmpegesiax 60 = -15,7..-21,1 %o, 6°H = -118..—158 %o, cy1ire-
CTBEHHO MEHBIINX, YeM OCAaJKU 3a 310 ke Bpemsa 6'°0 = —8,7..—-30,9%o,
62H = —77..-239 %o. ObJierdenrie M30TOITHOIO COCTABA CHEra IIPOUCXOIUT
C 10ora Ha CeBep PerroHa B COOTBETCTBHE C MOHMKEHUEM 3UMHEH TeMIie-
paTyphI BO3IyXa, a TaKiKe MIPU yIaJIeHUN OT KPYITHBIX BOgoeMoB. B cy0-
ITUPOTHBIM HATIPABJIEHUH SIBHBIX PETHOHAJIBHBIX TPEHIOB M3MEHEHMUS
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HM30TOITHOT'O COCTaBa cHera He BbIaBeH0. O0HAPY KEHBI JIOKAJIbHBIE aHO-
Maauu 00JIerYeHus M30TOIHOT0 cocTaBa cHera (paiion IlerposaBomck—
[Ipsra—T'upBac), Koppeaupymolre ¢ THBEPCHEH TeEMIIEPATyPhI BO3IyXa.
WameHeHMsT M30TOITHOIO COCTABA B pas3pes3e CHEKHOrO ITOKPOBA HOCST, B
IeJIOM, XaOTHYHBIN XapaKTep, XOTs Ha Iore 1 oro-zamajnae Kapesun ca-
Mble JIeTKYe 3HAYEHUs (PUKCUPYIOTCA B HIKHEN YacTH KOJIOHKH CHera.
JlokampHBIN (U1 OTIEIBHBIX BOJIOCOOPOB) CYMMAPHBIM COCTAB CHEra 3a
3UMYy, IO-BUAUMOMY, He MOKET OBITh OIl€HEH Jaske IPUOJIMKEeHHO 13 Ha-
OsromeHu 3a aTMOC(PEPHBIMI OCATKAMU, €CJIM CTAHITHS MOHUTOPHHTA
yaaJjieHa.

BIIATOOJAPHOCTD

PaGora BeImosIHEHA MIpHU IOOLEpP:KKe I'paHTa POCCHICKOro HAyJHOIro
douga (mpoexT Nel4-17-00766).
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JIETHNUKU 1 KAMEHHBIE I'NIETYEPBI CEBEPO-
BOCTOFKA AKYTUUN

B.M. JIeiTkun

Wnctutyt MmepsnotoBenenus uM. I1. . Mensnukosa CO PAH, Poccus

AHHOTAIINA

Jlequuky 1 KaMeHHBIE TJIeTYePhI SBJIAIOTCA HAnOoJIee APKUMU IIPOABICHUAMU
TOPHOM KPHUOJIUTO30HEI, (DOPMUPYS B BEPXHEM II05ICE TOP CIIeINUIECKUE TIIAIIN-
anbHO-Kpuorennsle KoMmiutekcsl (I'KK), TecHo cBsizanHBIE B IIpoCTpaHCTBEHHOM
u remetnueckoM otHomreHuu [1]. Peaxnma 'KK ma mpoucxomsamnime kianmarude-
CKHe M3MEeHEeHUs HeoJHO3HAUHA. 3a IIOCIeIHIE II0JIBeKa PUKCUPYETCS CTPEMU-
TeJIbHOE COKpAIlleHNe JIeJHUKOB 110 BCEMYy MHPY, B TO K€ BpeMs yCTAHOBJIEHA
AKTUBU3AIINAA IIPOILECCOB (POPMUPOBAHNA KAMEHHBIX IJIETYEPOB, MHOTHE U3 KO-
TOPBIX YCKOPSAIOT CBOE IBUYKEHUE.

CoBpeMeHHBIe JIeTHIKA Ha CeBEePO-BOCTOKe S KyTun pacripocTpaHeHsl B XpedTax
Cyurap-Xasra, Yepcroro u Opysran. B mepuos cosmanms Karasmora sequnkos

CCCP ux obmas mwromans cocrasisana 375,38 km?. K HACTOSIIEMY MOMEHTY
OHU 3aMeTHO OTCTYIIWJIN, TaK JieqHuku xpebra CyHrap-Xaara COKpaTHINCh HA
36% [2], xpebra Opysran Ha 62% [3], xpedra Yepcroro Ha 28% [4]. Jlerpamarmsa
JIETHUKOB IIPUBOIUT JIMOO K OTCTYIIAHUIO KPast JISJHUKA U (DOPMUPOBAHUIO 0JI10-
KOB JIBJIMCTOM MOPEHBI, JTu00 K (hDOPMUPOBAHUIO A0JIAIMOHHOTO Ie0HUCTO-TIIbI-
G0BOro yexJsia Ha 3HAYUTEJBHON ILJIONIAIA, KOTOPAs JIJI MAaJIOIIO{BUKHbIX Ka-
POBBIX JIEHUKOB SBJISETCS HAYAJIOM OOPA30BAHUSA KOMILJIEKCHBIX KaMEHHBIX
TJIETYEPOB.

Kamenwubie riieTueps! MUPOKO PACIPOCTPAHEHBI B IEPUTIIAIIMAIBHOM II0sICe Ce-
BEPO-BOCTOKA AKyTHUH, HO JT0 HACTOSIIIIETO BPEMEHH SIBJISIOTCSI MAJIOU3yIeHHBIMU
00beKTaMU TOPHOM KPUOJIMTO30HBI. B pesysibrare IUCTAHITMOHHOTO KAapTOrpa-
upoBaHUs U TOJIEBBIX HATYPHBIX HAOJIIOEHUI BIIEPBbIE OBLIM YCTAHOBJIEHBI
KaMeHHble TyeTdepbl Ha xpebre CyHTap-Xasdra, KOTOpbIE paHee CYNUTAJIUCH
«IICEeBJIOTEPPACAMIY, «PparMeHTaAMU KOHEYHO-MOPEHHBIX BAJIOB II03/THEIJIENCTO-
IIEHOBBIX oJIefleHeHui» [5]. YcTaHOBIeHHBIE KAMEHHBIE TJIeTIYepPHl Pa3IMIHBIX
TUIIOB pacIIpocTpaHeHbl B mHTepBaJse BhicoT oT 1300 mo 2400 M H.y.M. U BMe-
CTe C JISHUKAMU SIBJISTIOTCS WHIUKATOPHOM hopMaIiueis TOpHOM KPUOIUTOI0HBI
¥ IePUTIISAIIHATIBHOTO osIca.

Kmniouessie cioBa: COBpPpEMEHHOe OJIeJeHEeHUWe, KaMeHHbIe IJIeTUYepPhbl, TOpHasd
KPHUOJIUTO30HA, JUCTAHITMOHHOE RapTOI‘pa(bI/IpOBaHI/Ie.

N3YYEHUE JIEJHNKOB U KAMEHHLIX I'VIETYEPOB
CEBEPO-BOCTOFKA AKYTUNB XX BEKE

Bnepsrie sequukm ceBepo-BocTora AxyTun 0BT 0OHAPYIKEHBI B KOH-
me 30-x rr. XX croserus B repuon paborsl MHAUTHUPCKOM SKCIIeUIIIT
Jlanbcrposi. BaskHeiium aTamomM B M3yYeHUU COBPEMEHHOI'O0 TOPHOTO
OJIeJIeHEeHUsT PEeTHOHA ITOCIYKHUJIO IIPOBeIeHrNe aspodOoTOCHEMOK, HA-
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vyaTteix B 1944 r. orcrnequiuest Jlamserposs. Ha ocHoBe pesysibraTos
aspodoTocheMKH OblIa OpraHM30BaHa reorpaduyecKass MapTUS IS
H3yYeHUs JIeTHUKOB ceBepo-BocToka Aryruun. [IpoBens sHmaunTesbHbIE
MAapIIpyTHBIE UCCIEIOBAHUSA B PA3JIMYHbBIX yacTax peruona, JI.JI. Bep-
MAaH IIePBBIM OIyOJIMKOBAJI KOJUYECTBEHHBIE JAHHBIE O COBPEMEHHOM
oJIeJIeHeHUY BePXOBUY pekn VHIWUTHUPKHU, BKIIOYAIINNA TOPHBIA Mac-
cuB Byopmax (xpeber Uepckoro), xpeber Cymurap-Xasra, MiopesnH-
crmit, Kyxtunckuit u r. Yen. B cocraBienHoM kaTaJiore JeTHUKOB, 00-
mas IJIOAAbh COBPEMEHHOro oJieJeHeHus cocrasuiaa—588,8 xkm? [6].
ITosske, B 1955 romy Beimia B cratha A.Il. BackrkoBckoro, B KoTopoit
ObLTH JaHbl HanboJee perpe3eHTaTUBHBIE Pe3yJIbTAThl UCCJIeI0BAHMIN
cospeMmenHoro onenenennss Cesepo-Bocroxa CCCP. Ocoboe BumMaHue
aBTOp AKIEHTHPYeT HA KpailHe He3HAUYUTEJbHYIO dHEePTHI0 OJIeIeHe-
HUSA, 9TO OBLJIO IIOATBEPIKICHO B XOJIe IIOCEIYIOIINX HCCJIeJOBAHUMN.
Kpome Toro, A.Il. BackkoBckrM ObLIa mpoBegeHa MOBTOPHAS OLEHKA
CyMMAapHOI ILJIOIIA T JIEJHUKOB CEBEPO-BOCTOKA SIKyTHM, COCTaBUBIIA
393 xm? [7].

Baskmeimum mepuoioM M3yveHU JIETHUKOB CEBEpPO-BOCTOKA AxyTnm
CTaJIH TVISIIAOJOTHYECKIE UCCIIETOBAHNS B PAMKAX KOMILJIEKCHOM TJIs-
IIA0-TeOKPUOJIOTUYECKOM aKciequimyu MesxyHapogHoro reoduamde-
ckoro roga. MceemoBaHus BEIIOJIHSINCH HA IPOTSKEHUH 3 JIeT C HO-
s10ps 1956 mo centsopa 1959 r. KimoueBbIiM 00BEKTOM M3ydYeHUs OBLI
BBIOpaH JegHuK Ne 31, paciiosIoKeHHBIM B CEBEPHOM MacCHBe XpedTa
Cynrap-Xasara. B 1estom 3a mepuos mccienopauuii Ha Jieqauke No 31
BHUMAaHHE OBLIO0 AKIIEHTUPOBAHO HA CJIEAYIOIMe BOIPOCHL: MOPQOJIO-
I'Ms W JeTaJbHas ToIorpadguyeckas CheMKa II0BEPXHOCTH, KOJIHMYe-
CTBEHHAs OIleHKA HUTAHWSA, A0JaIuy M Oajiamca, OIeHKA CKOPOCTH
OBEPXHOCTHOT'O JIBUKEHUs Ha OCHOBE pelepoB, U3ydYeHHe BHyTPEeHHEe-
0 CTPOEHUS U M3MepeHUe TeMIIepaTyp Ha OCHOBe OYPOBBIX CKBAYKHH.
B xome pabor sxcrmenuimuy, Takike OBLIM BBIIOJIHEHBI HAOIIOMEHNU HA
HEKOTOPBIX JIPYTHX JIEJHUKAX, a Ha OCHOBE CTEPEOCKOITMYECKON adpo-
dorocremin 1944—1947 rr. OBLI COCTABJIEH IIOJIHBIA KATAJIOT JIEJHUKOB
xpebra Cynrap-Xasara ¢ oreHKol ux mioragu. CymMmapHas ILIoma b
JeTHUKOB xpedra cocrasmia 206 xm? [8].

B 70-x rr. B paffoHaX COBpEMEHHOI0 OJIeIeHEeHUs ceBepo-BocToKa AKy-
THUH BBIIIOJIHAINCH UCCIEI0BAHUA dKcIenunuu Mueruryra reorpadpun
AH CCCP, Uucturyra mepaimorosegennsas AH CCCP 1o cocrasienuio
Karasora nmegaukos CCCP. Uucturyr reorpaduu AH CCCP cBou wmc-
ciieqoBanmus mpopoamiia Ha xpedre Cynrap-Xasra. B xome akcrequiiim
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BBIIIOJIHEHEI a9pOBU3yasIbHbIe HAOIIOIeHNs U Ha3deMHbIe paboTh ¢ Iie-
JIBI0 OLIEHKH IIPUTOJHOCTH a3p0odOTOCHEMOUYHBIX MATEPHUAJIOB, TAKKE
HCCJIETOBAJIACH XapaKTep W HAIIPAaBJIEHHOCTH H3MEHEHWH ILIOIIANN
onenenenus, upoucireqiux ¢ nepuoga MI'T. Utoru naumsoi paboThl 1c-
noJb3oBasInck A cocrasienusa Karasora aegquuxos CCCP, B koTopom
st xpebra CyHrap-Xadra ykasaHa ILIomanb ojemeHenus 199,4 wkm?
[9]. C 1971 mo 1975 rr. skcneguitusa MHCTUTYTA MEP3JIOTOBEIEHUS pa-
borasia B xpedbre UYepcroro. B pesyisbrare ObL1a mama moapoOHAsS xa-
PAKTEepPHUCTHUKA COBPEMEHHOI'0 OJICTCHCHUS, IIPUBEICHBl (PAKTHICCKUE
MaTepPHUAJIBL 0 KOJIAYECTBe, MOP(OIOTHN U PesKUMe JISTHIKOB, OIlCHCHEI
MacirTadbl oJiefeHeHns. JlaHHble 9TUX MCCIIeTOBAHUM JIETJIN B OCHOBY
Karausora sieqaukos CCCP, roe cymmapHas mioma s JeTHUKOB Xpeo-
Ta cocraBmiia 156 xm?[9].

Ecnu coBpemenmoe oJsiefieHeHHEe CeBepO-BOCTOKA AKYyTHH T0CTATOYHO
HM3y4YeHO, TO CBEJIeHUS 0 KaMEeHHBIX IJIeTdyepax ceBepo-BocToka Axyruum
KpaiiHe CKYIHBI, a IOPOI Jake IIPOTUBOPEUYHUBEL. Tak B IIepPHO]T IIPOBe-
JeHUST KOMIIJIEKCHOM TJIAIIO-TeOKPHUOJIOTHYECKOHN saKcmenuiuy Mesxk Ty -
HapoaHOro reoduamdeckoro roga B xpedre Cyurap-Xasara M. M. Kopeii-
II1a OIKCHIBAET PACIIOJIOMKEHHBIEe B JOJIMHE p. Bypraiu mprcKJI0HOBBIE
KaMeHHBIEe TJIeTUYepPhl, KaK «KOJLIIBHaIbHbIe Teppacky. K. M. Karaco-
HOB [5] mmenTudUIMPOBAT UX KaK «mcesmoreppacek», M. A. Hexpacos
[5] aT; 0OpasoBaHMa MEHOBAJ 00BAIHLHO-MOPEHHBIMHI KOMILIEKCAMH,
OCJIOJKHEHHBIMU CKJIOHOBBIMU OT/I0skeHUAMI. K cosxasienuio, Bce mmepe-
YHCJIEHHbIE ABTOPHI HUYEro He YIIOMHUHAIOT 0 MOP(OJIOTUH ITOBEPXHOCTH
U (PppPOHTAIILHOTO OTKOCA, IIACTUYECKHX dedpopMaIiisax W IIpU3HAKAX
TeueHUsA. [IpUCKIIOHOBBIE KaMeHHBIe IJIeTYephbl OTMEUYEeHBI B MACCHUBE
Byopmax (xpeder Yepcroro) 3amopyesbim B. B. B 1975 rony, HasBa ux
«IIceBIOTEppacaMm» W pacCMaTPHUBAJ, KAK PA3HOBUIHOCTH KAMEHHBIX
riietuepoB. [IpuBens Hexoropoe onmcarnue MOpgOJIOTHM, UM OTMEUYEHO,
YTO OHU UMEIOT KPYyTU3HY 0TKOoca mopsiaka 40—45°, moBepXHOCTh JIAIIIE-
HA PACTUTEJILHOCTH W OTKOC JIBUTAETCS, KAK HEYCTOMYIUBAS OCHIIIb.

Crnabast M3y4eHHOCTh KAMEHHBIX IJIeTYEPOB 00BSICHSIETCS TeM, UTO 00-
II1e TeopeTUUEeCKUe IPEICTABICHNI 0 HUX KaK He3aBUCHMOM MOPQo-
TEHETHUYECKOM THIIE, a TAKMKe reoMOPQOIOrIUecKre U NelIn(pOBOYHEIE
IUCTAHIIMOHHBIEC IIPU3HAKK B OTEUECTBEHHOM JuTepaType copMyJiu-
POBAHBI OTHOCHUTEJILHO HenasHo. KaMeHHEBIE IiieTuyephl He BKIIIOYCHEI
B JiereHanl ['ocy1apCTBEHHBIX T€0JIOTHUECKUX KAPT, II03TOMY B Pa3Jind-
HBIX CJIyYasax KapTorpadupoBaIuCh KaK 00BAIbHO-OCHIIHEIE, JIETHIKO-
BBIE, COMUQIIIOKITMOHHBIE U JPYTHE 00pa30BAHMUSI.
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COBPEMEHHOE COCTOdIHHUE JIEAHUKOB
CEBEPO-BOCTOFKA AKYTUN

Ouepenabie PAOOTHI IT0 U3YYEHUIO OJIEIEHEHUS CeBepo-BOCTOKA ARy TrI
BBIIIOJIHEHEI JIMIIh TPHUALATE JIET cIycTd B Hadajse XXI Bexka. Otu uc-
CJIeIOBAHUS 3aKJIIOYAJINCH B OIIEHKe CTeIeHU COKPAIIEHUS JIETHUKOB
Ha doHe TIT00aTbHBIX KINMATHIECKUX N3MEHEeHUH U TPOTHO3 UX JUHA-
MUKH Ha Oymskatiniee oyayinee. Taxue paboThl BBIIIOJIHEHEI IS JISJHH-
koB xpebra Cynrap-Xasra, Yepcroro u OpyJiras.

B 2001 r. B pamrax coBmecTHOM skcmenuimu MuHcTHTyTa reorpadumn
PAH u MucTuryra Hu3KHX TeMIilepaTyp ¥ HUBepcuTeTa XOKKANUI0 ObLIH
uccaenoBaHbl Jenuukn xpedra Cymrap-Xasra. Paborsl mpoBommimch
npeumyirecrBerHo B CeBepHoM MaccuBe xpebra. B xome pabor ObLIO
yCTaHOBJIEHO oTcTynaHue Kpas Jegauka Ne 31 ma 200 M mo ropus3oHTa-
au u Ha 20 M mo BepTuraau 3a mepuor ¢ 1959 mo 2001 rr. [10]. Kpome
TOTO, TI0 UTOTaM PA0OT OBLIIM BBIIOJTHEHBI ITPOTHO3BI OTCTYIIAHUS JIe-
Huka Ne 31 Ha ocHOBe OIICHOK 0aJiaHCa ero MacChl U U3MEHEHUd KJIU-
MaTHUYeCKUX I1apaMeTpoB Bcero permona (Amammuea 2003a, 20030;
Kasnysxuurosa, 2005).

B 2006 r. Ha ocHOBe mM3ydueHHsa KocMuueckux cHuMEKOB Landsat 2003 r.
[11] mnsa reppuropun xpebra Cymrap-Xasra ObLIo HacuuTaHo 195 sen-
HUKOB 0011 miomanbo 163 kv?. B cpaBuennu ¢ ganuasivu M. M. Ko-
PERTIIN 3TO SKBUBAJIEHTHO COKPAIIeHHIO IyIomaay mpuMepHo Ha 20% 3a
nepuos ¢ 1945 o 2003 r. Ilo MHeHMIO KCcIeI0BaTe s, COKpaIlleHIe JIeT-
HUKOB Ha IPOTSKEHUU 57 JIET IIPOUCXOIUIIO CO CPEeTHEI CKOPOCTHIO OKO-
710 0,37%/rox. OcobeHHO IIPOTUBOPEUHBBIE PE3YJILTATH OKA3AJINCh II0JIY-
YeHBI TEM jKe aBTOPOM Ha OCHOBE MOJIeJITUPOBAHUS OJIeIeHeHUsT XpeoTa
Cynrap-Xasara ¢ ucioyb3oBaHueM Kianmarudeckux mogeaeit ECHAM4
u ECHAMS [11]. Haubosee mecCcMMUCTHYHBIN M3 HUX IPEICKA3bIBAET
COKpallleHre CYMMAPHOM ILIOMIAIH OJiefleHeHus xpebra 10 9 km? K UH-
tepBasy 2040—2060 rr. 1 mosTHOe mcuedHoBeHUe JIeJHUKOB K 2070 romy.
Bosee ontuMucTHUHBIN TPOTHO3 JIJIST 9TOTO Ke TIePHUo/ia IIPeICKa3bIBAeT
K 2040-2060 rr. cokpalieHue mIoIa u OJIeJeHeHs TOJIbKO 10 111 xm?.
B 2011 r. 6611 011y0JIMKOBAH COBEPIIEHHO MHOM IPOrHO3 TUHAMUKH OJIe-
eHeHusT XpebTa, COrIaCHO KOTOPOTO IIPHU CYIIECTBYIOIIEM TPEH e KJIH-
MAaTUYEeCKUX u3MeHeHu jieqHuK No 31 COKpaTUTCS TOJIBKO HATIOJIOBUHY
ToJibKO yepes 400 JteT, a vepe3 1000 ster—ua 80% [12].

B nepmop ¢ 2012 mo 214 rr. Ha jgegHuKax xpedra Cynrap-Xaara ObLIn
[IPOBEIEHEl COBMeCTHBIe paborel MucTuTyTa MepasmoroBenenusa ¢ M-
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CJIEJOBATEIbCKUM HHCTUTYTOM TJIO0AIbHBIX wuaMeHeHuln (Amomms).
B pesyibrare mcesieqoBaHmil OBLIH ITOJIyYE€HBl HOBBIE JaHHBIE O COKPA-
[IeHUHX JIJHUKOB 9TOr0 perruoHa. [lo pesyabraTtam aTHX MCCIIEI0BAHUI
mwIomags ojieqeHeHus xpedora CyHrap-Xadra ¢ cepeguHBbI IIPOIIIOro
BeKAa [0 HACTOAIIero BpeMeHu cokparuiack ¢ 200 mo 130 km?, 4TO BHI-
3BAHO IIOBBINIEHUEM MECTHOM CHEroBOI rpaHUIlbl Ha 61+38 M ¢ 2346+56
(1959 r.) mo 2407+55 m m.y.M. (2011 r.). B mepuog paboThl oKCIIeTUITAT
Takske OBLIIM M3yYeHBI IpUJIeralre K I3bIKy Jeauuka No 31 MOpeHbI
¥ OLleHEeH HX BO3PacT, C IIPHMEHeHHWeM MEeTOI0B JINXEHOMETPUHN U Te-
cTa OCTATOUYHOHN ITpouHOoCcTH. llosydeHHBIE JAaHHBIE O BO3pacTe MOpPEH
CBUIETEJILCTBYIOT, YTO MAKCUMAJIBHBIX PA3MEPOB JIeJHUKN pernoHa J10-
CTUTIJIH y3ke B mepByio gady Mastoro iegankoBoro mmepuoga (XI-XV BB.)
¥ COXPAHSIN IIPAKTHYECKU CTAIIMOHAPHOE COCTOSHME BILJIOTH J0 cepe-
munabel XIX B. [13].

Eciu ma xpebre Cynrap-XasTa BIUIOTH 10 HACTOSAIIEr0 BPeMEHU Be-
JINCh HATypPHBIE HMCCJIEIOBAHUSA JIEIHUKOB, TO JieTHUKH xpebra Yep-
croro u OpyJiraH MCCJIEI0BAJINCH JIUIID JUCTAHIIMOHHBIMUA METOIaMU
¥ KacaloTcs, IpeskIe BCero, M3MeHeHU0 UX IUIomanu. Tak rpynmna as-
TopoB [3] mposens aHanmus Kocmuuecknx cHUMEKOB ASTER niisa xpedra
OpyJiras, u cpaBHUBAS 9TH pe3yJIbTATHI ¢ JaHHBIMH Kartasora jgemHu-
koB CCCP, mpumnutm k BeiBOAY, uTo 30% JemaHUKOB Mcueasia 3a 50 Jjer,
a CpeIHss CTelleHb COKpalleHmus cocraBmia 62%. Taxme ObLIM TAHBI
pacuyeTHBIe OIEHKU OYIYIIEero COCTOSHUS JICTHUKOB IIPU YBEJIMICHUN
ryiobaspHON Temirepatypsl Ha 1,5 °C 1mmo cpaBHeHHUO ¢ ypoBHEeM 1981—
2000 rr., a Takxe npu peanusaiuu cienapusas RCP4,5 ¢ momoniso Mo-
nesiu ECHAM 4, B pesysibrate OBLIO IIOJIYYEHO, YTO JICTHUKNA PETHOHA
ucue3HyT K cepequnae XXI Beka. Jliis meaaukos xpedra Yepckoro ObLIm
MOJIyYeHBbI CBEJeHUS 0 UX TUHAMHUKE C HUCII0JIb30BAHUEM KOCMHYECKUX
canMioB Landsat [4]. [To pesysbraram aTuX MCCIIeqOBAHUM, JTeIHUKN
aroro peruoHa ¢ 1970 mo 2001 rr. coxparmiauch Ha 28% u o0IIas ILJI0-
magb cocrasmiia 113 xm?.

KAMEHHBIE I'NIETYEPBI CEBEPO-BOCTOKA AKYTUN

Bnepseie mist ceBepo-BocTora AKyTun OBLIM yUYeHBI KaAMEHHBIE TJIeT-
vepnl Ha xpedre Cynrap-Xasara. g ux maydeHuss ObLIN HPUMEHEHBI
MEeTOAbI JUCTAHIIMOHHOI0 KapTOrpadgupoBaHusa W HATypHBIE HAOJI0Ie-
HUS Ha KJIIOUYEBOM YYACTKe, JJIS 3aBePKHU JeIIn(POBOYHBIX IIPU3HAKOB.
[TomeBoe mM3yuyeHMe KAMEHHBIX TIJIETYEPOB BBHIMIOJHAIOCH B OacceriHe
BEpPXHEro TeYeHUs P. Byprajm, MCTOKM KOTOPOro PACIIOJIOMKEHBI HA Ce-
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BepHOM crJioHe T. Myc-Xas (2959 m). 31ech B ICTOKAX PEKU PaCIIOIoKe-
HBI HECKOJIBKO KPYITHBIX JIOJTUHHBIX JIETHUKOB. [1epBhIil IIPUCKIOHOBBIN
KaMeHHBIH IJIeTdyep PaciioyIoskeH B OOPTY TPOTOBOM JOJIMHBI M HAXO/IHUT-
cs Ha PacCTOTHUHU 1 KM. OT Kpas Jiemuuka Ne 29 B mHTepBaJsie BBICOT
1950-1980 m H.y.M. OH mmeer aiauHy oKo0 126 M, mupuHy 600 M,
MaKCHUMAaJIbHYI0 MOIIHOCTh 35—40 M. Kamenwnsrit rimetuep nmeer popmy
oJIyMecsIia, OPUEHTUPOBAHHOM BBIIIYKJION YacTh0O B CEBEPO-BOCTOY-
HOM HampasJieHuu. [[0BepXHOCTh KAMEHHOIO IjieTdepa cjaado HaKJIo-
HEHA B CTOPOHY TaJibBera M CJIOKeHa Ie0He-TJIBI00BBIM MAaTepuaioM
BEPXOSTHCKOT0 KOMILJIEKCa (BBICOKO MEeTaMOP(H30BAHHBIE KPEMHUCTHIE
aJIEBPOJIUTHI U IIeCYaHUKH). Ha IToBepXHOCTH KaMEeHHOr0 rjieTyepa mIpo-
SIBJISIETCS IIOJIMTOHAJIbHEIE TPEIUHEL, ¢ qruamMeTpoM adeek 15-20 m. Cue-
OYIOITUE KaMEeHHBIH IJIeTYep PacIoIOoKeH Ha PACCTOTHUU OKOJIO 8 KM OT
Kpas ygegauka No 31 B mpaBoM OOpPTY TPOTOBOM JTOJIMHBI CEBEPO-3alIIal-
HOM oKCITO3uIMK B mHTepBase BeicoT 1780-1820 m m.y.m. Kamewnusiit
rjieTyep 00pa30BaH ceprell CIAUBIIHUXCS JiomacTed JmmHuoi 10 200 M,
Kask1as U3 KOTOPBIX MUTaeTcs m3 1—2 OChITHBIX KoHycoB. OOImas rm-
puHa kaMeHHOTO 1yieTdepa gocturaer 1800 m, mromrane 0,4 kM2, a Mak-
cuMasibHass moirHocTh 70 M. KameHHBIN riteTyep pesko HamoJI3aeT Ha
3aJIePHOBAHHYI TPaBIHUCTO-KYCTAPHUYKOBOM PACTUTEIBHOCTHIO TIO-
BEPXHOCTH ITOMMBI p. Byprasum, BeicoTa KOTOPOI cocrasiisger 2—3 m. Ero
PAMOY (PPOHTATIBHBIN 0TKOC KpyTH3HOI 40—50° 1 BBICOTOM 10 70 M CBH-
JIeTeJIbCTBYET O BBICOKOI aKTHBHOCTH. BpoBKa 1 mo1o1Ba ppoHTaIBLHO-
T0 OTKOCA M3BUJIUCTHIE, YTO CBI3aHO C PA3JITMYHON AKTHUBHOCTHIO M HEO-
JTUHAKOBBIMH CKOPOCTSMU JBUKEHUS OTHAEJIbHBIX JIOIACTEH KaMEHHOTO
ritetyepa. [loBepxHOCTH €j1a00 HAKJIOHEHA B CTOPOHY TaJIbBEra, MMeeT
OyrpHCTO-IMYATHIN MHUKpOpeabed ¥ pasduTa MHOKECTBOM pas3HOHA-
MPABJIEHHBIX TVIYOOKUX TPEIIUH, B KOTOPBIE IIOIPYsKAIOTCS TJILIOBI U IIe-
OeHb.

Ilocite mmenTuduKaIMM KaMeHHBIX TJIETYEPOB, 3aBEPKHU JIeIrudpo-
BOYHBIX IIPU3HAKOB W M3yYeHHU MOP(OJIOTHU YIaJI0Ch MX KapTorpa-
dupoBaTh ¢ IpUMEHEHHEeM KOCMUYECKUX CHUMKOB BBICOKOTO pa3perre-
vua. [lpu unenTuduramy KaMeHHBIX TJIETYEPOB MBI HCIIOJIB30BAJIN
HauboJIee palmoHAJIbHEIE dJ1eMeHThl Kiaaccuduramuu JI. Bapmra [14].
B pesyibrare kaprorpadupoBanusa B mmpegesax xpeora Cyarap-Xaara
ObLT0 yecTaHOBJIeHO 540 KaMEHHBIX TJIETUYEPOB, Cpeau HUX 47 KapoBBIX
u 493 IIPUCKJIOHOBBIX. B TpyIiile KapoBBIX KaMEHHBIX IVIETYEPOB IIpe-
00JIa1al0T aKTUBHBIE IIPOCTBIE M KOMILJIEKCHBIE KAMEHHbIE TJIeTYephl,
HMeIOIe HEeCKOJIbKO Pa3HOBO3PACTHRIX reHeparmii. Cpeau IIPUCKJIO-
HOBBIX YCTAHOBJIEHO 450 ITOJIMJIONACTHBIX KaMEHHBIX IVIETYEpPOB, y KO-
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TOPBIX HacyuTaHo 161 arTuBHBIX, 174 HeaKTUBHBIX, 112 oTMepInmx
WHIUBUIYAJIbHBIX jonacrei. K mpocTbiM oaMOpHOHAIBHBIM KaMEeHHBIM
rjieTyepam OTHeCeHO 43 KaMeHHBIX IiieTdepa. AHAJIM3 YacTOTHBIX pac-
mpeneJeHUN II03BOJIAET II0JIaraTh, YTO KaMeHHbBIe TJIeT4ephl paccma-
TPUBAEMOT0 palioHa pacipe/iesieHbl B MHTepBaJje a0COIITHBIX BBICOT OT
1297 no 2402 m. Bmecre ¢ TeM, OCHOBHAS YAaCTh AKTUBHBIX 00pa30BAHUI
npuypoueHa K uHTepBay 1500-1900 M H.y. M.

IIpoBenéunbie moJsieBble pabOTHI W JUCTAHIIMOHHOE KapTorpadupoBa-
HUe JIETHUKOB U KAMEHHBIX IJIeTYE€POB IT03BOJIUJIN YCTAHOBUTH 30HAJTh-
HBIH XapakTep pacipeIesIeHus JIeJHUKOB U KaMeHHBIX riieTuepos. [Tpu
9TOM JIETHUKU U KaMEeHHBIE TJIeTYePhl SIBJISIOTCS MHIUKATOPAMU CJIie-
OYOIIUX TPAHUIL [MOSICOB: 1) HUBAJIBHO-TVIAIIUAIBHBIA MOSIC IPUYPOUEH
K mHTepBatty 2400—3000 M, mpocTUpasich BBINIIE COBPEMEHHOMN CHETOBOM
rpanutisl (2407+55 m). Beayiyio posib Mopdoresnesa 3gech UTpaimT Co-
BPEMeHHBIE JISJHUKH U CHEKHO-(PUPHOBBIE II0JIs1, 3aHUMAIOIIe 00JIb-
MY YacTh ILIOMIAMH; 2) TVIAIAaIbHO-KPUOTeHHBIN II0SIC PACIIOJIOMKEH
B rpenesiax 2400-2000 m. B aTroM mHTEpBaJIe HAXOAUTCS 30HA A0JIAIINHA
COBpEMEHHHBIX JIETHUKOB, a TaKiKe II0sCa IT03THET0JIOIEHOBBIX MOPEH
¢ sapaMu MeTaMOp(UUYECKHUX JIbJ0B, AKTUBHBIE KAPOBBIE, ITPUCKJIOHO-
BbI€ ¥ IIPUJIEJHUKOBBIE KAMEHHBIE TJIeTYepPhl U COBpeMeHHbIe ()JIIOBH-
OTJISAIIAJIbHBIE KOHYCHI; 3) BHICOKOTOPHBIN KPUOTEHHBIN II0SIC IIPHYPO-
veH k uaTepBaLy 2000—1700 M. 30ech HA KPYTHIX CKJI0HAX U-00pa3HbIX
JIOJIMH, BEIPA0OTAHHBIX IT03JHEIIeCTOIIEHOBBIMU JIeTHUKAMU, aKTHUB-
HO Pa3BUBAIOTCA O0OBAJIBHO-OCBHIITHBIE ITPOIECCHI W OTJIOKeHUs. WHmu-
KaTOPHBIMHA MOPQOCKYJIBITYPHBIME 00pa30BaHUAMU B IIpejesiax mosca
SIBJISIFOTCSI TIPUCKJIOHOBBIE KaMeHHBIe TJIeTYePhl JIOIIACTEBUIHOTO THUIIA,
pa3Ho00pas3HbIe II0 pa3dMepaM U IIPOTIKEeHHOCTH; 4) HU3KOTOPHBINA KpH-
OTeHHBIN II0SIC PacIIojIoiKeH B mHTepBaJie BbicoT 1700-1400 M, ero HUK-
HSIS TPaHUIA MapKUPYeTCs II0JI0KeHUeM COBPEMEHHOM I'PaHUIIBI JIpe-
BECHOIT pacTUTEIbHOCTH.

SAKJIIOYEHUE

JlenHuky U KaMeHHbIE IJIeTYephl Ha CeBePO-BOCTOKe AKyTHUM maydeHsl
HeoHOpPOoAHO. JIemHWKM TaHHOrO pernoHa u3ydyeHbl HawmboJiee pas-
HOCTOPOHHE, CPeJIu BCeX MOPHBIX 0bJracTeil ceBepo-BocToka AxyTrn Han-
boJtee mayueHHBIM ocTaercs xpeber Cynrap-Xaara. Tax B HayvHOH Jiu-
TepaType BCTPeYaroTCsa paboThl, MOCBAIIEHHBIE OTIAEJIbHBIM BOIIPOCAM
0 Pa3JIMYHBIX ACIEeKTaX JIeJHUKOB, HAUMHAS C cepearHbl XX BeKa J0
HACTOAIIEro BpeMeHu. HauMeHee M3ydyeHHBIM B 9TOM ILJIAHE OCTAETCS
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JIEJHHUKOBAA 00Js1acTh xpe6Ta Opy.TII‘aH, KOTOpad pacCIIoJIOKeHa B apKTH-
YeCKOl 30He U sBJIgeTcs Hambosee TPYAHOOOCTYITHBIM. CnexyeT oTMe-
TUTh, UYTO B IOCJETHUN IIepuoa n3yvyeHusd JICTHUKOB CTaJIU IIPUMEHATH
OVCTAaHIIMOHHBIE METOIbI MCCJIeJOBAHUIM, pe3yJsibTaTbl KOTOPBIX SABJIA-
oTCca HamboJiee IIPOTUBOPEYUBLIMHU, a IIOJIYY€HHbIe IIPOrHO3HbIE MO/JIe-
JIM Ha UX OCHOBE JUCKYCCHUOHHBIMU.

Kamenusre rieruepsl ceBepo-BocToOKa AKyTHH ocTaroTcsa «OeJIbIM IIST-
HOM» B MHPOBOI HayKe, HECMOTPS Ha TO, YTO UX MOPQOKINMATHIECKIE
yCIOBUS OJATONPUATHBI IJIs (DOPMHUPOBAHUSA KAMEHHBIX IJIETUYEPOB.
Bnepsrie HA 0OCHOBE QUCTAHIIMOHHOTO KAPTOrpaUPOBAHNSA UX YIAJI0CH
KaTaJIOTM3UPOBATE U BBIABATH HEKOTOPHIE 0COOEHHOCTH PACIIPOCTPaHE-
HuA b 171 xpeodra Cyrrap-Xasra.
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HOBBIE OCTPOBA HOBO 3EMJIN. U3YYEHUE
TAAHNA JIEJHNKOB APXUIIEJIAT'A HOBAS 3EMJIA
IIO KOCMOCHHUMEKAM HA ITPUMEPE JIEJHUKOB
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AHHOTAITUSA

BremmosrHensr uaMepennsi nuHaMuku TasgHus 11 jegHuKoB apxwuiesiara Ho-
Bas 3emuis, Bxomanux B cocraB HII «Pyccras Aprrura» 3a 2016 u 2017 romasr
¥ TIPOBEJIEHO CPABHEHUE CPEIHErOJ0BBIX M3MEHEHHUH C MPEeIIeCTBYIONIIMMI T0-
nmavu, HaumHAasg ¢ 1952, mo cmyTHHUKOBBIM m30OpaskeHumsM Landsat-5,—7,—8
u Sentinel-1A,—1B,—2A ¢ mpoctpancTBeHHBIM paspernteraneM 10—15 m/mukcesb.
BrimosrHeHa orieHKa BHICOTH (DPOHTA W CKOPOCTH JBUIKEHUS JIBIA Y JISTHUKOB 10
Pa/IMOJIOKAITHOHHBIM W ONTHIECKUM M300paskeHusaM. [[puBeIeHbl mpuMepsl u3-
MeHeHUsT 0ePeroBoil JIMHUY M3-3a COKPAIIEHUS TIJIOIATA BEIBOAHBIX JICTHUKOB,
YTO MIPUBEJIO K TOSBJIEHUIO0 HOBBIX OCTPOBOB M MBICOB. IIpoBeieHbI uccitetoBaHmst
JIBYX HOBBIX OCTPOBOB, 00PA30BaBIIHAXCS TTOCIIE OTCTYIAHUS JeJHIKA Brae 3umoit
2015-2016 roga u neguuka Bumskuiikoro IOsxubIi ocenbio-aumoit 2017 roma.

Kmiouessie ciioBa: JIEOJHUK, Hosas SeMJ'IH, OCTPOB, IIJIOIIAaOb

BBenenue

JlenquuroBast cucrema apxumesiara HoBoit 3eMin sIBIIsSIeTCS KPYITHEMH-
mret 1o momanu B Poceuiickoir ApKTHKe, n3ydeHne eé JTUHAMHUKH II0-
3BOJISIET TOBOPUTH O TEHIAEHIIUAX B M3MEHEHHWH KJIMMAaTa Ha IJIaHeTe.
OO01eit TeHOeHIMEeN B ITUHAMUKE HOBO3€MEJIbCKHUX JISTHUKOB HAUNHAL
¢ 1950-x TT. ABJIAETCS TTOCTEIIEHHAA JeTrpaIaliisa UX ITIOKPOBHOTO oJIeie-
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HEeHUA, B pe3yJjibTaTe 4ero rioABJIATCAd HOBbIEC 3aJIUBHI, 6YXTBI, OoCTpoBa
1 MBICHI.

WsmeHneHnus B odepTaHAM OeperoBoi 30HBI 3a mociaemune 100 mer xo-
pOII0 BHAHBI IIPW CpaBHeHMH KapThl HoBoil 3emiim, cocTaBieHHON
pycckum mossapHukom B.A. Pycanoseim B 1910 1. [1], u coBpeMeHHOT0
rocMocHuMEA. CeromHs Ui M3ydeHus TUHAMHUKN JIGTHUKOB IIIHPOKO
OPUMEHSIOTCS METOAbI TUCTAHIIMOHHOro 30umupoanusa Semuau (JI33)
M3 KOCMOCA, B YACTHOCTH, ONTHYECKNE W PASUOJOKAIIMOHHEIE CITyTHH-
KOBBIE M300pasKeHNA.

Pation nccirenoBanmsa— 11 e HUKOB 3amagHoro mobepesxbsa CeBepHoro
ocrpoBa apxuiesara Hosoit Semuin (prc.2), BXOIAIIME B COCTAB HAIIHO-
masgpHoro mapka (HII)«Pycckas Apkruxa». Kpome Toro, mcciieqoBasbl
nenaukn Bunbkuikoro Cepeprsbiit n I0sxuberit (No 67 1 68 mo kaTasiory
nexaukoB CCCP), rme B 2017 roay o0HapyskeH HOBBIN 0cTpoB (puc. 1).

Puc. 1. Paitonsr mcciemoBanust MOKA3aHbl HA BPE3Ke IIBETHBIMHU IIPSIMOYTOJIBHU-
ravu. Ha coyraukoBoMm cuumre Landsat-8 manporus ucciaenyembrx jiemaukoB HIT
«Pyccrast Aprrura» npusenens! ux Homepa mo Karasory mequukos CCCP.

OreHKa M3MEHEHHUS IUIOUIAIN BBIBOJHBIX JIGAHHUKOB 3a OIpEACICHHBIC MEepHo-
ael (1952-2001 u 2001-2015) ocymecTBnanach myTeM py4YHOH BEKTOPH3AlUU
(pOHTAILHON YacTH Ha TeONPHUBA3aHHBIX ONTUYECKUX KOCMOCHHMKAX CITyTHH-
koB Landsat-5,-7,—8 u Sentinel-2 ¢ mpocTpaHCTBeHHBIM paspemieHueM 30Mm,
15m u 10 M, cobpannbix B BeO-I'MIC npunoxennu «l'eoMuKcepy, 1 U3MEpEHHs
TIoa M MeXAY (ppOHTaMU JIeIHUKA HA pa3Hble MOMEHTHI ChEMKH.
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Puc. 2. Onudposra dppoHTaIBEHON IUHNN JIeJHUKA BUIBKUIIKOTO B BeO-IIPUIIOIKE-
aun «'eomurcep.

Jliist ottpeiesieHuMsT TIOJIOKEHUS (PPOHTOB JIeJHUKOB 3a 1952 rox u 1970-
€ ToObl MCIOJIL30BAINCh KapThl 1970-X romoB (¢ 00CTAHOBKOM II0 JaH-
HBIM aspodorochbeMEKn 1952 roma) m paccekpedeHHBIEe KOCMOCHHUMEKH
mporpammbl «Kuxoys» (CIIA). CpenmeromoBass CKOpPOCTh OTCTYIIAHUS
HWJIN HACTYIIaHHA JIETHHNKA PACCUYUThIBAJIACH II0 OTHOCUTEJIPHOMY H3Me-
HEHUIO IJIONIAIN BBIBOJHOM YACTH JIEHUKA 34 UCCJIEAyeMBIH IePHUO/T
(mamepsitack B KM?/rox miiu ra/rof). B 1essax mosiydeHus TOYHBIX OIle-
HOK TOJTOBOY JUHAMUKH JIETHUKOB HUCII0JIH30BAJINCH KOCMOCHUMEKH, ClIe-
JIaHHBIE B KOHIIE Ieproja abJIsIiy J0 BBIIAJIEeHUs HOBOro cHera (aB-
rycT-ceHTsI0pb). B KauecTBe MCXOMHBIX JAHHBIX UCIIOJIb30BAJIUCH TAKIKE
pe3yabpTaTH 110 TUHAMUKe JeTHUKOB 3a 1952—2001, mosrygeHHBIE B pa-
oore A. @. I'masosckoro [['masosekmit A. @. Hosasg 3emutsa. B xku.: Onene-
nenne CesepHoit u [lenrpanproit EBpasuu B coBpemennyo amoxy. OTB.
pen. B.M. Kornaxos. Mocksa.: Hayxka, 2006. C. 105-107]. amenenue
IJIOIIAY JIEAHMKOB PacCUMTaHO mo cHuMKaMm Landsat-7 (16.06.2001,
25.06.2001, 20.07.2001, 08.08.2001) u Landsat-8 (31.07.2015,
10.09.2016, 19.09.2016, 17.09.2017 u 13.10.2017).

CKOpoCTh IBUKEHUS JIb/IA OIpeesieHa MeTOIOM KOTe€pPeHTHOTO JeTekK-
THUPOBAHUSA CABUTA II0 AMILIUTY4E CUTHAJIOB IIAPhI PATHOIOKAIIIOHHEBIX
usobpaskeunii (PJIN) cuyrEmra Sentinel-1 ¢ IIOMOIIBI HPOrpaMMEbI

173



St. Petersburg, Russia, 17-19 May 2018 Theory and Methods of Polar Science

SNAP (uamepsimace B m/cyTkn mym km/rox). Jlyis comocraBiieHus 1mo-
KasaTejiell IUHAMWKN JIEJHUKOB HCIIOJIb30BAJIMCH OIyOJIMKOBAHHBIE
pesyabraTel uccaegoBanuii Zeeberg & Forman (2001), A. I'taszoBckoro
(2006), A. Kypaesa (2006) u ap. [1-4].

OIINCAHUE PE3YJIBTATOB

PeaynbraTel maMepeHMI MO CIIyTHUKOBBIM M300pPAMKEHUSAM CBEIEHBI
B TabI. 1.

Tabauiia 2. CpenHeromosas CKOPOCTh TasgHuS 11 JIeJHUKOB HAIHO-
HaJbHOrO mapka «Pycckast Apkrura» B 1952—2017 rr.

Tomer 1952-2001 2001-2015 2016 2017

CpenHss rogoas

N -1,59 -3,34 -10 -3,2
CKOPOCTb, KM?/TO]T

OCHOBHOI TeHIEHIIMEN SIBJISETCS YCKOPEHUE Nerpamallii MCCIIeIOBaH-
HeIX JegaukoB Hosoit 3emun. CpemgHeromoBasi CKOPOCTH OTCTYIIAHIS
aemuukoB B 2001-2015 rr. BeIpocsa B 2 pa3a o CpaBHEHUIO C ITIEPUOJIOM
1959-2001 mo —3,34 km2/rox ¢ —1,59 km?/rox (tabu. 2). JlunamMuka TasHus
JIETHUKOB HEpaBHOMEpPHA B Pa3HbIE TOMIbI U CPETN PA3HBIX JIETHUKOB.

Broimesiena rpymma caMbIx OBICTPOTAMIINX JIETHHKOB C BBIBOJHOM
meabgoBoi yacteo: B 2016 rogy —ienuukn Bepnr, Maxa, Ilasiosa,
Buse, B 2017 rogmy—IlaBioBa, Bepsr, Benbrena. PasuonampasiieH-
HYIO JUHAMHUKY JeMOHCTPHUPYIOT JIegHnKN AHyunHa, Bpoyrnosa u MHo-
crpannesa. OcrajbHBIE JTeIHHUKN— OTCTYIIAIOIINE, HO OTHOCUTEJILHO
cTaOuJILHEIE.

Camoe ObIcTpOe TasHME JIeTHUKOB oTMedeHo B 2016 r., KOTOPHIM OBLI
0 JAHHBIM BceMUpHON MeTeopoJIOTMYeCKON OpraHu3alluu CTaja pe-
KOPJHO TEeIJIBIM JJIs1 ceBepHoro monyriapus [5]. B 2016 r. memguuku
WCCIIeyeMO TPYIOBI moTepsaysu B miomianu —10 km?, uTto B 3 pasa
0oJIBIIIE CPETHErO0BOM CKopocTy orcTynauusd (—3,34 km?/roxm). Ciemyer
OTMETHUTH, YTO ILJIONIA b, TOTepsaHHaA JegaukamMmu B 2016 1., cocTaBH-
JIa TMATYI0 YacTh OT TOTeph 3a mpejrinecTByorire 14 jet (—46,8 km? 3a
2001-2015 rr.). ITo mosyyeHHBIM DaHHBIM, TUHAMNKA JegHukoB HII
«Pyccrast Aprkrura» B 2017 roy COOTBETCTBYET IIPUMEPHO CpeHecTa-
THCcTIYecKnM mokasaressam 3a 2001-2015 rr.

B peasynbrare cokparnenus 1omagy JeIHnKa Bruse mpubausuTe IbHO
B ssaBape 2016 r. B 3a;1mBe 00pa30BAaJICS HOBBIM OCTPOB ¢ KOOPAUHATAMU
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meHTpa 76°26:36» cir u 65°10:37 B (puc. 3). OcrpoB umeer dopmy He-
IPaBUIHLHOI0 0BAJIA ILIOIIAAbI0 0K0JI0 0,1 KM?, MaKCHMAaJIbHBIN pasMep
o ocu BocToK-3amang— 540 m, mo ocu or-cesep — 240 M. Ha meransHbIX
CHUMKAX BUJIHBI KOpeHHbIe Mopoabl. OIHON W3 IPpUYUH Pa3pyIIeHNs
genuuka Buse sumoit 2015-2016 rr. MorJia ¢cTaTh aHOMAJIBHO TeIlIas
3uMa B ApKTHEKe, B pe3yJIbTaTe Yero IMUPOKUI IPHUITai v JIeTHUKOB Ha
3aIaTHOM I100epeskbe He YCTAHABINBAJICST W Ha0JII01a/I0Ch OTCTYIAHTe
JeTHUKA Iaje B SUMHUU mepuoy [6, 7].

Puc. 3. Jlunamuka cokpalneHus: Iiomanu jgeganka Buse B 1952—2016 rr., B pe-
3ymbrare dero B 2016 1. B 3auBe mepes GpOHTAIBHON YACThI0 00PAa30BAJICST HOBBIM
ocrpoB. CauMmok Sentinel-2A, 18.09.2016. OESA.

Bricokass ckopocTh oTcTymmanus 3adUKCUpOBaHA W Y JIETHUKOB Buib-
ruikoro I0:xuoro u CeBepHoro, B peayJibrare y I0skHOrO IeiHMKA B J1e-
kabpe 2017 r. o6pasoBaJjicss HOBBIHA OCTPOB ILIOIIAABI0 0K0J0 0,19 KM?,
CJIOKHOM popmbl padmepom 780 m Ha 410 M B paiioHe ¢ KOOpAUHATAMU
meHTpa 75,568582 cir, 58,298478 Bx. (puc. 4-5).

Psimom ¢ HOBBIM 0CTPOBOM HAXOIATCS €IIE ABA, 0CBOOOIUBIIINECS M3-IT0T
apga B 2001-2010 rr. Cirteqyer oTMeTHTh, YTO aHAJINU3 TeHEH Ha JIeJHH-
Ke II03BOJIMJI BBEISIBUTH HAHYTAK, KOTOPBIA B IIOCJIEIYIOIIHe TOIbI II0CJIe
paspyIiesus JIeTHUKA TaK/Ke MOKEeT CTaTh HOBBIM ocTpoBoM. B xome uc-
CJIEJOBAHUS Ha KOCMOCHUMEAX 3a()UKCUPOBAHO M3MEHEeHMe 0eperoBoi
YepPTHI II0JIyOCTPOBA M3-32 OTCTYIIAHUS U TASHUS JIETHUKA.
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Puc 4. lunamMuka coxpalieHus IJIOManu Jeganka Busbkuiikoro B 1952—-2016 rr.
Cuumoxr Sentinel-2A, 18.09.2016. OESA.

Puc. 5. [Tosieirenne HoBOrO OocTpoBa y stequuka Bumprurknit 0:xusii 8 2017 1. Core-
Ba—13.10.2017. Landsat-8; cupasa—08.03.2018, Sentinel-2A. OUSGS, ESA.

Namenenne mauHBI © QOPMBI MBICA MOYKHO OOBSCHUTH 9PO3MOHHBIM
JIefCTBHEeM BOJIH 3aJIMBa U IPUIAWHBIX JBJI0B, a TaKKe TeM, UTO MBIC
OBLT cOPMUPOBAH M3 OTHOCUTEIBHO MSATKHUX ITOPO/I, BHIHECEHHBIX JIeJ-
HUKaMH, KOTOPBIE TT0CJIe TASTHUS U OTCTYHIAHUs 00HAKUIIN 60pTa MbICA.
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IIpoBemena omeHKa MaKCHMAJBLHOM CKOPOCTH IBHKEHMS IIOKPOBHOI'O
JIbJA HA IIOBEPXHOCTH BHIBOJHBIX JIeAHUKOB 110 nmapaMm PJIM B 2017 r.
C IIOMOIIBI0 ITPOIEAYPHI O(PCETHOrO IeTeKTHPOBAHUS CIBUTA II0 aM-
mutyae curaasioB (offset tracking), peasnnsoBaHHON B IIPOrpaMMHOM
romirexkce SNAP. Tlonydyenusie pesyabTaThl IPUBENEHBI B TAOJIAILE.
Camasi BEICOKAsI CKOPOCTD JIBHKEHUS JIbJA OTMedeHa Ha JiegHuke VHo-
crpanIieBa (2 m/cyTkn), Ha Jiequukax Besbkena, Maxa, Bepa u Buase
JIeJT IBUKETCS ¢ MAaKCUMAaJIbHBIMU CKOPOCTAME OT 1 110 1,4 M/CyTKH.

BBIBO/IbI

ITokpoBHOE oOJIeleHeHWEe WMCCIeNOBAHHBIX JIETHUKOB HAIITMOHAJBHOIO
mapra «Pycckas Aprrura» apxuiesnara Hosas 3emuist mpomosmkamT
onIcTpo merpagupoBaTh. CpeaHeromoBasi CKOPOCTb OTCTYITAHUSA JIeHd-
HUKOB B 2001-2015 rr. BRIpOCTA B 2 pas3a II0 CPaBHEHUIO C II€PHOIOM
1959-2001 (3,34 m?*/rox 1 —1,59 km?/ron). JuHaMuka TassHus JIeIHHI-
KOB HEpaBHOMEPHA B Pa3HbIE TOABI U CPEIU PA3HBIX JIETHUKOB.

B 2016 roay (pexopIHO TEIIOM JIJIsI CeBEPHOI0 IIOIyIIapus) 3aUKCH-
POBaHO AaHOMAJIBHO OBICTPOE TasHUE JIeTHUKOB. JIeTHUKY rcciie yeMort
TPYIIIBL ITOTepsAan B mromagu —10 kM?, yTo B 3 pasa OoJIblile cpeHe-
roJI0BOM CKopocTH orcrynanusd (—3,34 km*/ron). Ilmomans, morepanuas
neqaukamu B 2016 ronny, cocTaBmIa TATYIO YaCTh OT ITIOTEPH 3a IIpeJIIie-
crByfornue 14 mer (—46,8 km? 3a 2001-2015).

B 2017 r. pumamuka negaukos HII «Pycckas Apxruka» B 2017 1. co-
OTBETCTBYET CpeIHeroJoBbIM morasareiasMm 3a 2001-2015rr. Hawm-
OoJIbIlIMe ILIOIIAAM ITOTePH OOHApYsKeHBI y JeqHukoB Bepa, IlaBiosa
u Benbrena.

Bricrpoe TasHMe W oTcTymaHue JIEIHUKOB CIIOCOOCTBOBAJIM 00pa3o-
BAHUIO HOBBIX OCTPOBOB U MBICOB. B sBape 2016 r B pesyJbrare Io-
CTEIIeHHOI'0 pa3pylleHus W OTCTYyIIaHWsA JieAHUKa Buse obpasoBaJics
HOBBIH ocTpoB. [liIoIaas HOBOrO OCTPOBA, KOTOPOMY ITaJii BPEeMEHHOe
HasBaHMe XpycTaabHbIH, cocraBuia 0,1 km?, a paamepbl— 240 X 540 m2.
B nexabpe 2017 roga y neganka Buabpruiikoro IOskmoro sadukcuposa-
HO 00pa3oBaHue HOBOI'O OCTPOBA ILIOIIAIbI0 0KoJo 0,19 KM2, ciiosHOMI
dopmer pazmepom 410X 780 m2.

MaxkcuManbHAasg CKOPOCTh OBUMKCHHS IIOKPOBHOIO JIbIA PA3IHMYHBIX
JIETHUKOB 110 JaHHBIM aHAJIM34 AP PaIuoI0KAIIMOHHBIX N300 paske i
Sentinel-1B B 2017 r. cocraBuiu ot 0,5 g0 2 m/cyrku. Camast BbIicOkast
CKOpOCTD, paBHad 2 M/cyTkH, 3aduKcUpoBaHa Ha JenHuke MHocrpan-
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eBa; ckopoctu bostee 1 M/CyTKM HaAOJII01a/IHCh HA JIETHUKAX BebkeHa,
Magxa, Buse u Bepa, a Taxsxe Buiskuiikoro.

Peaynbrars! uceitenoBanmii mpeacrasieHsl Ha KoposeBeckux Mmosomes-
gIX yTeHHAX B Camape u B MJII1 «Aprex» B 2016—-2017 rr. [6-7].
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AgTops! BeIpaskaroT OiaromapuocTh Kpasrosoit B. . mokropy reorpa-
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IFEOTEPMUYECKHUE UCCIIENOBAHHUA B ITPEJNEJIAX
AHABAPO- XATAHI'CKOM CEJIJIOBUHBI

N.E. Mucaiinos, A. P. Kupuiiun

Wucruryt mepanoroBenenus um. [1. . Mensaukosa CO PAH, Axyrck, Poccus
ventura-83@mail.ru

AHHOTAIINA

Ha ocHOBe reoTepMuUYECKUX UCCIIEIOBAHMUIA B IIyOOKHUX CKBAYKMHAX JIAHA XapaK-
TEPUCTUKA Fe0TeMIIePaTyPHOTrO TI0JIS ¥ OIIpeJiesIeHa MOIIHOCTh TOJIIIIM MHOT0JIe-
TEeHEeMEeP3JIBIX IIOPoJ B Ipemenax Anabapo- XaTaHICKOM ceaJIOBUHEL. B abopa-
TOPHBIX YCJIOBUSAX OBLIN OIPEeJIeHBI TerI0(U3nIecKre mapaMeTpbl OCHOBHBIX
THUIIOB TOPHBIX TOPOJ U OllEHEHA BeJMYMHA BHYTPU3EMHOIO TEILJIOBOIO IIOTOKA
B MeP3JIOi TOJIIIE U MOAMEP3JIOTHOM TOPU3OHTE.

Knrouecerie ciioBa: Temiieparypa TOpHBIX IIOPOJI, T€OTEPMUYECKUM I'PAIFEHT,
MOIITHOCTH TOJIIIIY MEP3JIBIX II0POJ], BHYTPHU3EMHON TEIIJIOBOM IIOTOK, TeII0du3un-
YecKUe CBOMCTBA.

GEOTERMAL MEASUREMENTS OF THE ANABAR-
KHATANGA SADDLE

I.E. Misaylov, A.R. Kirillin

Melnikov Permafrost Institute, SB RAS, Yakutsk, Russia
ventura-83@mail.ru

ABSTRACT

Based on the geothermal measurements in deep boreholes, this study provides
the first characterization of the subsurface temperature field and permafrost
thickness inside of the Anabar- Khatanga saddle. The laboratory determina-
tions of thermophysical properties for the main types of rocks, as well as the es-
timations of geothermal heat fluxes in and below the permafrost are presented.

Keywords: ground temperature, geothermal gradient, permafrost thickness, ge-
othermal heat flux, thermophysical properties.

BBEJIEHHUE

Nsyuenne ocobeHHOCTEH PACTIPOCTPAHEHNST MHOTOJIETHEMEPS3JTBIX TOJIIIL
(MMT) u eé mapaMeTpoB SIBJISIETCST HEOOXOIMMBIM YCJIOBUEM JIJIsI OIeH-
KU WHKEHEePHO-Te0JIOTHYECKUX YCJIIOBHUHN IIPU Pa3paboTKe MECTOPOsKIe-
HUH TI0JIE3HBIX UCKOIIAEMBIX.

OCHOBHOH LIEJIBI0 MCCJICAOBAHUN ABJISAJIOCH IIOJIyUYeHHe TAHHBIX O Ieo-
TeMIIepaTyPHOM II0JIe U OIleHKe MOIITHOCTH MHOTOJIETHEMEP3JIOU TOJIIITU
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B IIpefesiax yuactra Xapa- Tymyc, pacmososkernroro Ha ceBepe KpacHo-
sipckoro kpasa. B 2017 roay mpoBeeHbl MeP3JI0THO-Te0TePMUYECKIe HC-
CJIeIOBAHUS, B pe3yJIbTaTe KOTOPHIX JaHa OIIeHKA MOIITHOCTH MHOTOJIET-
aemepastoi oty (MMT); usyuer TeMmepaTypHBIN PEIKUM 0 TJIyOMHBI
1000 m; oxapakTepru30BaHbI TEILTOPUIUIECKIE CBOMCTBA OCHOBHBIX TH-
IIOB TOPHBIX IOPOJT ¥ OIIpeJieIeHa BeJIMYMHA BHYTPU3EMHOTO TEILJIOBOTO
TIOTOKA.

IMPUPOAHBIE YCJIOBUA

Paiion mccemoBaHmit pacmosioskeH B mpegenax Amadapo-XaTaHTCKOM
CEeJIJIOBUHBI U AJIMUHHCTPATUBHO oTHOcHUTCA K Taiimpipckomy Jlosira-
Ho-HenerkoMmy MyHHIIMIAIBHOMY paiioHy B cocraBe HKpacHOspcKoro
Kpas (puc. 1).

Puc. 1 O63opuas cxema paiiona pabor
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Kimvar paiiona apxrmueckwuii. CpemgHeromoBas TeMIiieparypa BO3IY-
xa 15-17° mmxe Hyssa. OOIIee KOJHMYECTBO OCAIKOB 34 TOJ JOCTHUTAET
350-400 mm. 3uMa HaCTyIIaeT BO BTOPOU ITOJIOBUHE CEHTAOPS U JJIUTCS
10 cepeauHbI Masi. B auMHMI mrepuo)1 Bo3ayx oxJiaskmaercs 10 35—450C.
Jlero ®opoTrkoe—1,5—-2 Mmecsma co CpeIHEeMEeCAYHOM TeMIIepaTypoi
3—5° BhIIIe HYJIA, MAaKCUMaJIbHOU 16—18° BhIlte Hys1. B Teuenwme Jyiera
OTTAMBAET JINIIb He3HAUNTeJIbHBIN MOYBEHHBINA TOPU30HT, Ha KOTOPOM
TOCIIOACTBYIOT TYHIIPOBBIE MXOBO-JIUITAWHUKOBHIE PACTUTEJILHBIE ac-
COIUAIIAY C PEIKUMH MEJKAMU KYCTAPHUKAMU KapJIMKOBOU Oepesku
¥ TIOJIAPHOM WBBI, PACIIPOCTPAHEHHBIMMU B OCHOBHOM IIO JOJUHAM PEK

W PYYBEB.

PE3YJIBTATHI UCCJIEJJOBAHU

Corutacuo reoxpuosnoruveckoii kapre (Kommparpesa K.A. u 1p.,1996)
u monorpadun I'eoxpuosiorma CCCP (I'eoxpuosiorma CCCP, 1989)
B paiioHe HCCJIeJOBAHUN MHOTIOJETHEMEP3JIble IIOPOJbl PAa3BUTHI IIO-
BCEMECTHO M XapaKTepU3YIOTCS CILIONIHBIM pPAaCIIPOCTPAHEHUEM II0
TeppuTOpuU. B Iiesiom mo paroHy mpesamnosiaraemasi MorrHocth MMT
orteanBaeTcsa oT 500 mo 700 M, a cpemHeromoBas TeMIilepaTypa II0POJT
coctaBysieT —9—10°.

B mportecce mposegenus mosieBeix pabor B 2017 r., I8 XapakTepH-
CTHUKH TEeMIIEPATYPHOTO II0JISI IIPOBEIEHBI MEeP3JIOTHO- Te0TePMUYECKUe
uccaemoBanua 10 rayouuasr 1000M, KOTOpbIe ITO3BOJIMJIN OIEHUTH TJIY-
OuHY 3ajieraHus HyJIeBOU mM30TepMbl (MOIIHOCTh MHOTOJIETHEMEP3JIOH
Tommm) (puc. 2).

TemmepaTtypa ropHbIX 1mopos Ha riryomaax 100, 300, 500 u 1000 meTpoB
CcoOTBeTCTBEeHHO pasHa —10,2; —7,2; —1,7 u 13,8 °C.

B mepasioit Tome B muTepBaste riryoms ot 10 M go 110 M Habogaeres
oTpHuIaTe bHad caabo rpaguenTHasa 3oua (mo 0,8 °C/100m), masee co
120 m 10 360M oTMedeHO IIOBHIIIIEHE T'PaJIieHTa TeMIepaTypsl 10 1,8
°C/100 M u ¢ riryomssr 360 M g0 570 M reoTepMUYECKHI IPAIUeHT CO-
crasisger 2,9 °C/100 m.

B mopMepasioTHOM TOpH30OHTE BEJIMYMHA I'e0TePMUYECKOr0 IpaaueHTa
Bappupyer ot 2,9 1o 3,5 °C/100M, a B muTepBase riayousa 590—-1000m
uMeet cpenuee 3gavenue 3,2 °C/100m.

I[lo maHHBIM IIOJIyYeHHBIM TEeMIIEPATYPHBIX H3MEPEHHN MOIIHOCTH
MHOTOJIETHEMEP3JION TOJIIIIH COCTABJISAET 575 M.
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Puc. 2 Ilporiece BoccTaHOBIEHUST TEMIIEPATYPHI TOPHBIX ITOPO]T

Temtopusudeckue cBOCTBA rOPHBIX IIOPOI.

[Tpu nayyeHHUM 3aKOHOMEPHOCTEH IIPOMEP3aHUs IIOPOJ B BEPXHHUX IO-
PHM30HTAX 3eMHOM KOPBI W IIPOBEIEHNH PACUYETOB II0 TEILJIOBOMY B3aM-
MOJEMCTBUI0 MHKEHEPHBIX COOPYIKEHUM ¢ MEep3JIBIMH I'PYHTAMHU Tpe-
OyloTcs 3HAHUS TEIIO(PU3NUYECKUX XAPAKTePHCTHUK TOPHBIX IIOPOI:
TemronpoBogHocTh A [Br/(m*K)], oobemuas temmoemrocts cy [rIsx/
(m?+ K)] 1 remmepaTtypompoBoaaocTh a [M%/c]. Mes1y HUMH CyIIecTByeT
CBSI3b, KOTOpPAs MOYKET OBITh BEIpaskeHa (OPMYJIOi:

A =c, -a
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DKcIIepuMeHTaILHBIE OIPeIeIeHIs TEILI0(PU3NIECKIX CBOMCTB IOPO.T
B IIpefeliax pacCcMaTPUBAEMOr0 YYACTKA OCYIIECTBIISJIMCH HA YCTAHOB-
ke TCS u KD-2 g 42 00pa3moB, 0TOOpaHHBIX ¢ PA3JIMYHBIX TJIyOMH-
HBIX MHTEPBAJIOB 110 4 PA3HOBUIHOCTSIM TOPHBIX IIOPOJ.

Terodusuyeckme cBOMCTBA HCCJIEIOBAHHBIX 00pa3IlOB XapaKTepu3y-
I0TCA IIMPOKUM OUAIIa30HOM uxX mameHeHuin (tabds. 1). Taw, xoaddu-
IIMEeHT TeIlIopoBoaHocTr Bapbupyer ot 0,33 mo 2,23 Br/(m* K), a 005-
éMHBIN Bec ckesera—oT 1615 no 2797 kr/mM?, uTo CBA3aHO CO CJIOKHBIM
BEIIECTBEHHBIM COCTABOM OTHEJIbHBIX MeTaAMOP(UUECKUX WJIH METaco-
MATHUYECKUX IIOPO/I.

Ta6awuma 1. [IpemenbHble (YMCIUTENB) U OCPEIHEHHEIE (SHAMEHATEITh)
3HAYEHUS TeII0(PU3NIECKUX CBOMCTB U ILJIOTHOCTH CKeJIeTa TOPHBIX
mopoz yudacTtka Xapa-Tymyc

No | Twumsr mopom |y, kr/mM® | A, Br/(mK) c, kax/(m®K) | a10% m%/c
19832641 | 0,50+2,23 |  1032:1932 0,38+2,16
1 Hecwammen | 7536950y | "146(22) 1414(22) 1,07(22)
2015+ 2633 914 +2563 0,41+1,67
2 | Anespomtst | T537613) 1656(13) 1,01(13)
N 2026+2797 | 1,05+160 1163+1897 0,58+1,29
3 | APTHILIHTHL 2282(5) 1,30(5) 1634(5) 0,83(5)
4 | Vroms 1615 0,33 917 0,36

HpI/IMe‘{aHI/Ie — B CKOOKax OTpasKeHO KOJIUIeCTBO 06pa3u0B IIpU OCpeaHEeHUN.

B Tabn. 1 npuBemeHsl mpenesbHbIE M OCPEIHEHHBIE 3HAYCHUA TEILIO-
IIPOBOJHOCTH 1 00BEMHOIO0 Beca cKeseTa 00pasiioB mo Hauboiee Xapak-
TEePHBIM PA3HOBUIHOCTAM mopon. [lecuanukn xapaxrepusyercs IIIpo-
KMMU IpeaeaMy 3HAUYEHUN TeIlJIOPU3NUECKUX CBOMCTB U 00BEMHBIM
BECOM CKeJIeTa, 4TO OOYCJIOBJIEHO MX IE€PEMEHUYMBBIM BeIlleCTBEHHBIM
cocraBoM. HM3Kasa TeIIOmMpPOBOIHOCTDL IIECUAHHKOB IJIS HAHHOMN Teo-
JIOTHYECKOM CTPYKTYPHL OIIPENeIgeTCs I0JIEBOIIIATOBEIM COCTABOM Ya-
CTHIL U IIpeodagaHueM IJIMHHCTOr0 Marepuasa B meMmeHTe. O0macTs
M3MEHEHHs TEIJIOIIPOBOIHOCTYA U IJIOTHOCTU CKeJIeTa apTUJIINTOB 00-
Jee y3kada u cocrasiger 1,05-1,60 Br/(mK) u 2026-22797 kr/m®. Cpenu
M3MEpeHHBIX 00pa3iioB II0PO MAKCHUMAJILHOM TEILIOIPOBOIHOCTHIO 00-
JIaJAI0T aJIEBPOJIUTEI, 9TO 00BACHAETCS BEIeCTBEHHEBIM COCTABOM, B HA-
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JIMYAU KOTOPOT'O M3BECTHAK, KOTOPHIM MMeeT TeIlJIONPOBOgHOCTE 1,7 Br/
(m'K). Ocpennennble 3HaUYeHUS IIPOBENEHHBIX 3aMePOB [IJIsI AJIEBPOJIH-
TOB COOTBETCTBYIOT IIapaMerpaM 3HAYeHWH, IIOJIyYeHHBIX paHee IJIsd
Ennceii-XaTanrckoro mporu6a, y, u A coCTaBJIAOT Hopsaaka 2379 xr/m?
u 1,61 Br/(m'K) Taspuises, 1998, 2004, 2013).

ITo mosyyeHHBIM AAHHBIM PACCUMTAHA BEJIUYMHA BHYTPHU3EMHOIO Te-
ILJIOBOT'O IIOTOKA B IOAMEP3JIOTHOM FOPU30HTE, KOTOPAs COCTABJIAET 46,5
mBr/M2.

SAKJIIOYEHUE

B pesysbpraTe reorepMudecKuX UCCIEI0BAHUN YCTAHOBJIEHO, YTO:
1. MoIHOoCTh MHOI0JIETHEMEP3JION TOJIIIH COCTABIIET 575 M;

2. Temmeparypa mopox Ha riryomuax: 100, 300, 500 1 1000 M coor-
BeTcTBeHHO pasHa —10,2; —7,2; —1,7 u 13,8 °C;

3. B mommepssioTHOM rOpH30HTE BeJIWYMHA Ie0TePMUYECKOro Irpa-
IUeHTa uMeeT cpenHee sHavenne 3,2 °C/100Mm.

4. OmpegeneHHble TeIIopU3NYecKre CBOMCTBA 42 00pasiioB xa-
PAKTEPHU3YIOTCA IMUPOKAM JUAIA30HOM MX n3aMeHeHni. Tax, xo-
a(ppurmenT remsromrpoBogHocTH Bapbupyet ot 0,33 1o 2,23 Bt/
(m+K), a 00béMHuBLI Bec ckesiera—oT 1615 g0 2797 xr/m3.

5. Benwuwma BHYTPHM3eMHOr0 TEIJIOBOI'O ITOTOKA cocTaBJisger 46,5
mBr/™M2.
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ABSTRACT

Mountainous areas of Eastern Siberia are characterized by a variety of land-
scapes, relief, climatic conditions and, as a consequence, the dominant hydro-
logical processes. In the northern regions, where climate change is more pro-
nounced than in other parts of the world and the standard hydrological network
is shrinking, the assessment of the hydrological characteristics, the water bal-
ance, and its future change is important. Therefore, it is necessary to improve
research methods that can be used in the conditions of extreme poorly and lack
of the observational data, for example, methods of the deterministic modeling.

The main aim of this study was the development of a database of landscape, soil
and other features for modeling the runoff formation processes at the Russian
permafrost area. Parameters are based on the data at special observations at
the high-altitude Suntar-Hayata station (Indigirca river basin) in 1957-1959,
the Kolyma water balance station (Kolyma river basin) in 1948-1997 and the
“Mogot” station (the upstreams of the Amur River basin) in 1976-1983 where
hydrological, geomorphological and geocryological observations were carried out.
The developed parameters were tested using the “Hydrograph” model at the
Suntar river (7680 km?) and the Nelka river (30.8 km?) and its three tributar-

ies with watersheds area from 2 to 5.8 km?. After that the parameters were
transferred to unexplored catchments of different scales. The results of mode-
ling were considered satisfactory. Thus, process based model parameterizations
that are confirmed and refined in basins with unique observations can be ap-
plied in watershed at the permafrost area.

Keywords: hydrological modeling, Hydrograph model, parameterization, spe-
cial observation, permafrost

INTRODUCTION

East Siberian mountain regions are specifically characterized by their
unique diversity of landscapes, terrain, climatic conditions and subse-
quently by predominant hydrological processes. At present, the most
important task is the large-scale development of the social and eco-
nomic infrastructure that allows extracting, process and transporting
the natural resources of Siberia.
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Considering the high cost of construction projects and engineering
surveys in hard to reach areas of Siberia, as well as the rapid re-
duction of observations hydrological network in Russia [10], the de-
velopment of the regions depend on the task of developing scientific
methods for calculating, forecasting and assessing the risk of floods
and hydrological regime for the projected and already operating in-
dustrial and social infrastructure.This task is especially relevant
in the context of climate change [7, 9], since this region undergoes
the most pronounced climatic changes that affect all components of
the environment, including aquatic ecosystems, the water balance
of river basins, cryogenic processes, etc.

Thus, the main objective of the research is to develop and test meth-
ods for modeling of hydrological processes in different mountain land-
scapes in permafrost region, taking into account explicit influence of
variable states and water-and-thermal regime of active layer on the
runoff formation processes, which can be used in the face of extreme
lack of observation data. While modeling characteristics of subsurface
permafrost and runoff formation processes, the role of landscapes is
often being ignored, though various studies have proven it as deter-
mining [1]. The lack information of the landscape and the conditions of
the runoff formation sets the task of systematizing the observational
data for the possibility of obtaining hydrological characteristics for un-
explored catchments.

The research and modeling based on using the Hydrograph hydrological
model [12]. Analysis and quantitative evaluation of the frozen
ground water-and-thermal regime and runoff formation processes
are suggested to be performed at scale, comparable to the scale of a
process. Parametrization of the Hydrograph model performed based on
joint analysis of soil hydrothermal regime and consistent patterns of
runoff formation in typical landscapes [6]. The each catchment divides
into runoff forming complexes (RFC), or primary types of landscapes.
Properties of the model characterize RFC in general, are fixed within
its bounds and change steeply at its borders. A single soil column is
examined, then the result is spread over an elementary slope or a
typical landscape, after that—modeling for a small catchment and
transferring parameters onto medium and large basins. At each of the
stages modeling results are verified against corresponding observation
data, received, for example, at observation network and experimental
sites. It allows to track adequacy of the estimated values in comparison
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with natural environment, as well as to transfer parameters estimations
from the studied catchments to unstudied ones, which have similar
characteristics.

SUBJECT OF THE RESEARCH

The research of the runoff formation and the systematization of data
for using the “Hydrograph” model, was carried out at two different
area of Siberia: for the Yana and Indigirka river basins and for the up-
per Amur river basin at the Baikal-Amur Mainline (BAM) area (Table
1). In the study were used the reports on the comprehensive observa-
tions at detected basins.

The first main basin of the study was the Suntar river (7680 km?) at
the mouth of the Sakharyniya river heads from the Suntar-Hayata
Range at the Indigirka basin. The presence of special observation data
conditions this choice: in the Suntar river basin during 1957-1959 pe-
riod, under the program of the International Geophysical Year, the
high-altitude Suntar-Hayata station was operating, where glaciolog-
ical, geomorphological, geocryological and hydrological observations
were carried out [4]. The observations at this station are unique for the
high-mountain areas of the Eastern Siberia and North-East of Russia.

The second basin was the Nelka river (30.8 km?) and its three tributar-
ies with watersheds area from 2 to 5.8 km? related to the hydrological
polygon “Mogot” (State Hydrological Institute, 1976-1985), existing
for studying the processes of runoff formation and other elements of
water and heat balance.

To verify the results of the assessment of developed hydrological model
parameters, the basins at the selected areas were taken. There are
the Sukharynya river basin at the Indigirka river; Unakha and Tynda
basins at the upper Amur river (Table 2).

PARAMETRIZATION OF THE HYDROLOGICAL MODEL AND
SYSTEMATIZATION THE PAREMETERS

1. The Suntar river basin

The observations at the Suntar-Hayata station are unique for the
high-mountain areas of the Eastern Siberia and North-east of Russia.
In the developing parameters and research the hydrological process-
es were used the reports on the comprehensive observations at the
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high-altitude Suntar-Khayata station under the program of the Inter-
national Geophysical Year from the archive of the SB RAS Melnikov
Permafrost Institute in Yakutsk [3, 4, 5].

The climate of the region is extremely continental with altitudinal zo-
nation and temperature inversions. The studied territory is situated in
the region of continuous permafrost, its thickness within the mountain
ranges 1s about 400-600 m, and under stream valleys—200-300 m
[2]. The rivers of this region have the Eastern Siberian type of run-
off which is characterized by spring freshet and rain summer-autumn
floods. In winter both studied rivers freeze completely. Maximum run-
off occurs in summer months.

According to altitudinal zonation the catchment of the Suntar river
is schematized into 4 RFCs: goltsy complex, mountain tundra, sparse
larch forest and riparian forest at waterlogged soils. For each RFC, a
schematization of the vegetation-ground profile is developed that con-
siders soil composition and its hydro-thermal regime, vegetation type,
snow accumulation characteristics [8].

Goltsy complex is located at the altitude range 1900 to 2700 m a.s.].
(average height is 2040 m). Soil profile of this complex consists of mac-
ro fragmental argillite broken stone (specific density 2920 kg/m?) with
admixed loam materials, cemented together with ice and with layers of
clean ice up to 2 m depth. Vegetation is absent.

Alpine tundra belt is located within the altitudes of 1450—-1900 m
a.s.l. (1630 m on average). It is characterized by distribution of a tight
and depressed layer of grass and moss with bushes. Upper 10 cm layer
of the alpine tundra profile consists of moss cover, under which there
is rock formation with some ice with admixtures. The seasonal thaw
depth in alpine tundra is 80—90 cm.

Taiga (1100-1450 m a.s.l.,, 1310 m on average) consists of thin
larch wood on the north slopes and dense larch forest on the south
slopes.

Swamped sparse forest and meadow moors are typically situated
within rivers valleys and floodplains (828-1100 m a.s.l.,, 1060 m on
average). A distinguishing feature of larch taiga and floodplain on bog-
gy soils is the presence of peat layer, which is located under the moss
cover and is spread as deep as 20 and 40 cm deep correspondingly. This
layer is characterized by low heat-conducting, increased porosity and
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water retaining capacity. Seasonal thaw depth changes within 85-150
c¢m in taiga and 30—115 c¢m in rivers valleys and floodplains.

One of the most important sets of the model parameters presents phys-
ical properties of soil column. In general they can be divided into three
main groups: thermal properties of soil layers (density, heat capacity
and conductivity), water-related properties (porosity, maximum wa-
ter-holding capacity, wilting point, infiltration coefficient) and param-
eters of soil runoff elements. These parameters were classified for the
purpose of using data on unexplored catchments.

Various measurements were carried out at the station, including soil
temperature measurements at different depths, snow cover and evapo-
ration observations. According to these measurements, the model was
verified. Mean absolute deviations of the calculated monthly tempera-
tures accounted for 1,4 °C, 1,5°C, 1,1 °C and 0,6 °C, and their maximum
values—+3,8 °C (June), +4,0 °C (November), +3,2 °C (June) and —1,6
°C (January) at 5, 50, 100 and 200 cm depths correspondingly. Overall,
calculated and observed soil temperature values at different depths fit
together. Comparison of the calculated and observed values of snow
depth and storage during winter seasons 1958-1959 proves the model
adequacy. Results of modeling variable states can be considered satis-
factory, which indicates the possibility of using the developed param-
eters.

2. The Nelka river basin

The complex hydrological, geomorphological and other research was
conducted by the State Hydrological Institute expedition at the Mogot
experimental polygon in the BAM area. During this work we used the
monograph [11] with the general results of this expedition.

The natural conditions of the territory are typical for low-mountain
landscapes of the southern slope of the Stanovoi Range. The area is
located in the continuous and discontinuous permafrost zone, its thick-
ness 1s about 100-250 m with temperatures 1-3 °C. The mean annual
air temperature is 7.5 °C. In the warm period (April-September), more
than 80% of the annual precipitation falls at a rate of about 560 mm.
The rivers of this territory refer to the rivers of Far Eastern type with
high spring flood and rain floods.

The diversity of the soil and vegetation cover, combined with the relief,
creates conditions for the runoff formation. The Nelka River watershed
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was divided into four RFC.

The tops of the watersheds are located at altitudes of more than 850
m and are characterized by well drained soil. Vegetation is represent-
ed by sparse larch. The soil layer has a thickness of 100-120 cm. The
upper layer is represented by a dry layer of lichens, passing into loam
and sandy loam.

The slopes of the shadow exposure, which are within the altitude
range of 650—850 m, have a soil layer formed by forest litter. The thick-
ness of the organic soil-soil layer is more than 20 cm, the depth of the
seasonally thawed layer reaches 120 cm.

The slopes of the light exposure, also altitude ranges from 650 to
850 m, are characterized by the arrival of more solar radiation. This
RFC has the greatest depth of thawing reaching 160 c¢cm, as well as
the least developed vegetation consisting of larch forests and secondary
birch forests. The thickness of the organic layer is 15-20 cm, most of the
sandy loam column distributed at depths of 40—160 cm.

The river valleys are distributed at altitudes of less than 650 m.
They have waterlogged blueberry larch forests, sphagnum mosses and
the blueberry-sedge vegetation. The depth of the seasonally thawed
layer reaches the smallest values about 30—40 cm. A distinctive fea-
ture of this complex is the presence of a peaty horizon and a thick moss
cover. For each KAC the typical soil profile of the underlying surface
was developed.

The verification of the developed RFC parameters was carried out on
the basis of data of snow cover, depth of thawing/freezing, soil temper-
ature and evaporation from the surface of different landscapes.

The results of modeling snow cover show that with satisfactory mode-
ling of snowmelt periods the calculated value of the maximum SWE in
some years (1981-1982, 1983-1984) is much lower than observed. The
authors attribute this discrepancy to the insufficient accuracy of the
input information about the winter precipitation due to the considera-
ble remoteness of the meteorological station. The dynamics of depth of
thawing/freezing, and also the value of soil temperature at depths of
50, 100, 150 cm, is described adequately by the model. In general, the
results of the state variables modeling show that the model and the set
of parameters satisfactorily reproduce the processes at the catchment
area.
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RESULTS OF MODELING THE RUNOFF FORMATION
PROCESSES

Continuous runoff modeling with daily temporal resolution was car-
ried for the Suntar river basin for 1957-2012, using data from four
weather stations for the different period.

The hydrological characteristics were simulated for the watersheds of
the Mogot polygon for 1976-1985 with data of the Mogot meteorolog-
ical station. Key water balance components are presented in Table 1.

At the Suntar river, during the function the Suntar-Hayata station,
the calculated annual precipitation depth for the Suntar river basin
1s 344 mm on average, the calculated runoff depth—199 mm, which
1s on average 10% higher than observed value of the runoff depth (180
mm). Evaporation from the catchment equaled 143 mm. The average
Nash-Sutcliff coefficient of efficiency of calculating hydrographs for
the main-stream outlet was 0,75. Overall, despite minor overvaluation
of the runoff during flood period, the calculated runoff hydrographs
match the observed ones quite well, both in phases and absolute dis-
charge values.

At the Nelka river for 1976-1985 the values of precipitation reach to
658 mm and total evaporation to 327 mm. The difference between the
annual simulated and observed values of the annual water balance
did not exceed 10%. The average Nash-Sutcliffe was 0.70. Thus, the
results of modeling the water balance, and hydrographs are satisfac-
tory. For small tributaries the difference between the observed and
simulated flow may exceed 100 mm (for example, the Zakharenok Riv-
er). The authors attribute this to the low quality of flow accounting at
small streams.

According to the altitude location, orientation, local conditions all ad-
ditional catchments were divided into runoff formation complexes in
accordance with the area and developed parameters were assigned.
After that the modeling the hydrological processes at the three water-
shed without the spatial observation was carried out (Table 2).

Although the results have the small NS value, the modeling of the
water balance is satisfactory and the simulated and observed hydro-
graphs have good convergence. Despite the extreme inadequacy of me-
teorological information (only one meteorological station in the each
basin) in the basins of the Unakha and Tynda rivers, the results of
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modeling on them can also be considered satisfactory. The maximum
NS values for these watersheds are 0.73 and 0.69 for the Tynda and
Unakha rivers, respectively.

CONCLUSION

Based on the observation data at the high altitude Suntar-Khayata
station under the program of the International Geophysical Year in
1957-1959 and “Mogot” hydrological polygon under the State Hydro-
logical Institute program in 1976-1985 parameters for the Hydro-
graph hydrological model were developed, which describe the runoff
formation processes in the different area of permafrost zone. Various
states of snow cover, heath dynamics in soil profile at the landscapes
and other were modeled, as well as runoff formation process at the re-
search river. Modeling results are considered acceptable.

The area of the unexplored watersheds was divided into the corre-
sponding RFC and modeling was performed with systematized pa-
rameters. The results of modeling were considered satisfactory. Thus,
process based model parameterizations that are confirmed and refined
in basins with unique observations can be applied in watershed at the
permafrost area.

Nowadays, in the permafrost area at the Siberia there isn’t any re-
search station left to perform a comprehensive study of runoff forma-
tion processes in different landscapes. Therefore, systematization of
the parameters and data of spatial observation, development and ver-
ification of methods for hydrological processes modeling that are used
while data is extremely scarce, become more of great current interest.
The study presented has demonstrated that the Hydrograph hydrolog-
ical model can become a foundation for solving scientific and practical
issues in the research region.
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PE3YJIBTATBI JUATOMOBOI'O AHAJIN3A
I'OJIONEHOBBIX OTJIOKEHNHN B PAUOHE
AVHAEPBYXTDI, SAITATHBIN INITUITBEPTEH

K.B. ITonemyx %, C.P. Bepkymnuu?, 3.B. [Iymuna 2%,
A.C. Okyues *

! Cauxr-IleTrepbyprekuii rocymapcTBeHHBIN yHUBepcuTeT, Poccrst
2 Aprrrdecknii v AHTAPKTUYECKUN HAYYHO-UCCIIeI0BATEILCKIM MHCTUTYT, Poccrst
3 BeepoccuiicKuil HAyYHO-UCCIEI0BATEIBCKUI NHCTUTYT I'e€0JIOTUH
¥ MUHEPAJIbHBIX pecypcoB MUpoOBOro okearHa MMeHU akaJeMuKa
. C. I'pambepra, Poccus
* [ossipHAsT MOPCKAs T€0JIOTOPA3BeI0UHAS JKCIIeauIns, Poccrst

AHHOTAITUSA

B xome orcmemmimm 2016 roma o0BeIMHEHHBIM OTPSIOM TI'eOMOP(OJIOrOB
IIMI'PO u ®I'BY «<AAHUW» ugyuanuck 3ajeranue U CTPOEHUE YeTBEPTUIHBIX
oTJIOMKeHUH Teppac monuHbl peru Jlyunep B patione Jynmepoyxrer (3anaaasrit
IMoumbepren). V3 paspe3oB OTIIOMkEHUM OBLIM 0TOOPAHBI 00PA3ITEI HA JAATO-
MOBBIH, PAIHOYTJIEPOTHEIN U Ipyrue aHaudbl. Hanbosiee madgopMaTUBHBEIM U3
M3yYeHHBIX cTasl pa3ped Sd-40 obimieit MOITHOCTHIO 2 M, KOTOPHIH hOpMUPYeT
9acTh BOCBbMUMETPOBOM TEPPACH U IIPEICTABICeH MOPCKUMHU ocagkaMu. B coot-
BETCTBUH C PAJUAOYTJIEPOJHBIM JTATHPOBAHUEM, BO3PACT HUIKHEH MaYKU 0Caj-

KOB paapesa cocrasister 8380+150 '4C 1. Jluatomosas duiopa mpencrasieHa
31eCh YeThIPbMHA 9KOJIOTUYECKUMU I'pylIIaMu, a JUHAMAKA UX COOTHOIIEHUA 110
paspesy MM03BOJIAET BBIIEJIUTh TPU 3KO30HBI. BTI/I 9KO30HBI OTpaKanT U3MeHe-
HUSA yCJIOBUY IPUPOSHON cpenbl B pailioHe B paHHEM — cpeJHeM ToJIolleHe, I10-
3B0OJIAA OXapaKTepUu30BaTh 3TAIIbl CHUKEHUA YPOBHA MOPA U I1epexoaa OT OTHO-
CHUTEJIbHO TEILJIBIX K OTHOCUTEJIBHO XOJIOAHBIM yCJIOBHUAM OCATKOHAKOIIJIEHUA.

Karouessie cinosa: Illnunbeprewd, roJioneH, ypoBeHL MOPS, JAATOMOBBIA
aHaua, najgeoreorpadus

BBEJIEHUE

B wmrome- aBrycre 2016 roma uieHaMM OKCHEOUIIMH, BKJIIOYAIOIIEH
crneruaanctos IIMI'PO u OI'BY «AAHW», mpoBoguInch KOMILJIEKC-
HbIE TeoJIOTHYEcKre, reoMopdoIoTuUecKre U maJjeoreorpaduaeckmne
uccnegoBanus B paiione Jyumepoyxrter (Bemust Yomensa-Apmcbepra,
3amagHoM mobepesxkbe 0. amamabiii Hlouibepren). PaboTsr reomop-
dostorrueckoro oTpsaga ObLIM HATIPaBJIEHBI HA cOOp MaTepuasia s
dopMHpPOBAHUS IIPENCTABJICHUN 00 M3MEHEHHUSX IPUPOIHOM Cpembl
B paiioHe B IO3IHEM HeOILJIeNCToIleHe — roJIolieHe. B xome mappyTos
BBIIIOJIHSIJIACH T€OMOP(OIOTNYECKasi CheMKa TEPPUTOPUH C OIIHMCAHMU-
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eM TOYeK HaOJI0IeHUH, BhIIeJSAINCh Ipeodiiagaioliue reHeTHIeCKue
TUIBl 1 POPMBI pesibeda, yCTAHABJIUBAJIMCH BBICOTHBIE YPOBHU JTHX
dopm. B mapiipyrax Takske IIPOBOJHJINCH IMOWCK W M3yUYeHUE ecTe-
CTBEHHBIX PA3Pe30B YETBEPTHUUYHBIX OTJIOKEHUIN ¢ 0TOOpOoM 00pa3IiioB
Ha JIUATOMOBBIN, POpaMUHH(EPOBHIHA, CIIOPOBO-MIBLILIIEBOM, MAaKpO-
dayHUCTHUECKUN 1 PATUOYTJIEPOIHBIN aHAIUSHI (TIOJIOKEeHME KITI0Ue-
BBIX pPa3pe30B MOKA3AaHO HA pHC. 1).

Puc. 1. Paiton HccJieJ0BaHUA U PACIIOJIOKEeHHE KJIIDUYEBbIX Pa3pe30B Ha CHUMKeE.

PE3VJIBTATHI U OBCYXKIEHUE

YeTBepTUUHBIE OTJIOMKEHHUS B pACCMATPUBAEMOM paiioHe OBLIN HU3yde-
HBI B IIpeeliaxX HHTepBaja BeICOT 2—52 M Hal ypoBHEM Mops. B menom
MECTHBIE EeCTeCTBeHHBIC OOHAMKEHUSA XapPaKTepU3YIOTCA HeOOIbIION
MOIITHOCTBIO, UTO CBSA3AHO ¢ 0COOeHHOCTAMU (DOPMHUPOBAHUA peabeda
TEePPUTOPUH, 4 UMEHHO C AKTUBHEIM JIeHACTBHIEM BOIHBIX, BOJHO-JIEIHH-
KOBBIX M COJUQIIOKIITMOHHO-AeHYJAIIMOHHEIX IIPOIleccoB. Beero ObLIO
ommcaHo 7 paspes3os, U3 HUX HamboJIee IpeaCTaABUTEeIbHBIMU (KJII0Ue-
BBIMH) ABJIAIOTCA 4 paspesa (puc. 2). Onucanue BKJIOYAJIO BhIAEICHIE
OTHOPOJHBIX TOPHU30HTOB, (PMKCHMPOBAHNE 3HAYMMBIX XaPAKTEPUCTUK
(BeT, cocTaB, XapakTep 3ajleTaHus, KOHTAKT C IIePEeKPhIBAIOIINMU
¥ THOACTUIAIONIMMHA TOPU3OHTAMH, BBICOTHBIE OTMETKN T'PAHMUIL TOPH-
30HTOB M MecTa oTOopa o0pasIioB). MCCIEeJOBAHHBIX paspe3on. OTbop
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00pAa3IIOB IPOBOIMIICA Uepes Kasmablie 5—20 ¢M B 3aBUCUMOCTH OT 3HA-
uyumocTu matepuasa. Hambosee meranbHO ObLIM U3yYeHBI M OTOOPAHBI
OTJIOMKEHHUSI MOPCKMX AJIEBPUTOBLIX IIECKOB CEPOTO IIBETA C PAKOBUHA-
mu in situ (Mya truncata, Astarta sp, Hiatella arctica), BCcTpedeHHBIX
B BBICOTHOM JIMAIIA30HE OT 3 J0 13 M HajJ ypoBHEM MOps. JTOT Ma-
TepruaJ B OCHOBHOM CJIaraeT BTOPYI0 AKKyMYJISTHBHO-a0pa3MOHHYIO
Teppacy (8—10 m Haxg yposHeM Mops). Kpome Toro, pacrnpocrpanenue
Ceporo mecyaHoro MaTeprasa XOpOoIlo BUIHO HAa CHUMEe (cM. puc. 1),
4UTO JejlaeT ero MHIMKATOPOM IIPOCTPAHCTBEHHOI'O ITOJIOMKEHUS 30HBI
IIPEeNMyIIeCTBEHHO MOPCKOI'0 TeHe3nca.

JlnaToMOBBIT aHaIM3 OTOOPAHHBIX M3 pa3pes3oB 43-X 00pasIioB IIOKA-
3aJI, YTO JWATOMOBBIE KOMILIEKCHI COXPAHUJINCH TOJIBKO B paspese
Sd-40 obmieit MOITHOCTEIO 2,5 M. JTOT paspes3 pacloJiaraercs B CTeH-
Ke, O0OHaKeHHOU OJHUM U3 PyKaBoB pexu Jlyumep. Ero Bepxusaa rpa-
HHUIIA COOTBETCTBYET IIOBEPXHOCTH BTOPOI Teppachkl. Paspes ciioskeH
MPEUMYIIECTBEHHO CpeIHe-, TOHKO3ePHUCTBIMU IIeCKaMU U aJIeBpHUTA-
vu. Hambosrbiuit wHTEpeC MpecTaBIIAIOT TOPHU30HTH MOPCKUX aJIeB-
PHUTOBBIX IIECKOB CEPOT0 ¥ TEMHO-CEPOro IIBeTa ¢ PAKOBUHAMH MOPCKUX
MOJLITIOCKOB i1 Sitl, B KOTOPBIX COXPAHUJICS TIOJTHOIIEHHBIN JHUATOMOBBIN
KOMILJIEKC. DTUM rOPHU30HTAM COOTBETCTBYIOT MIyomHsbI ¢ 0,95 M 1m0 2,4 M
(cM. pmc. 2.) OT TOBEPXHOCTHA Teppachkl. B HukHel yacTyu Ha IIyOuHe
OKO0JIO 2 M OT IIOBEPXHOCTH pa3pesa ObLI 0TOOpPAH OpraHuYeCcKUui Mare-
puas (paKOBUHBI MOJIJIIOCKOB), JaTHPOBAHHUE OIIPEIEJINJIO €r0 BO3PACT
B 83804150 C j1.H. 9TO HO3BOJIAET IPEAIIOJIATATh (POPMHUPOBAHIE TOJI-
I MOPCKUX aJIEBPUTOBBIX IIECKOB CEPOTO ¥ TEMHO-CEPOro IIBeTa B KOH-
e paHHero— CpeIHeM IoJIOIeHe.

OT6op 00pasIoB HA JUATOMOBBII aHAAN3 13 paspesda Sd-40 mpoBogHII-
cst yepes 5—10 cm, HaumHasa ¢ riryouusr 0,45 m 10 2,4 M; Bcero OBLIO
orobpano 22 obpasia. Iloaroroska mpod BHIIOJIHSAIACH IO CTAHIAPT-
Hoit mertonuke [1] B staboparopuu OI'BY «<AAHWW» B Bapenrioypre.
Ananus moxasasi, uro cpenu 22 o0pasmos 15 comepsxaT AUATOMOBBIE
Bostopocau. Beero B o0pasiiax 06110 00HapyskeHo 80 pa3IuYHbBIX BHI0B
nouaToMen.

B ycraHOBIIEHHBIX KOMILIEKCAX [IPEJICTABJIEHBI 4 9KOJIOTUYECKHEe TPYII-
MBI CyOJIMTOPaAJIbHBIE COJIOHOBATOBOIHO-MOPCKHE, CYOJIMTOpAJIbHBIE
MOpPCKHEe, HePUTHYECKHE MOPCKHEe U HEePUTHYECKHE JIeJ0BO-MOPCKUE
(cMm. puc. 3). KommuecTBeHHO Ipeod1aaaoT BUIAbI CyOJITUTOPATITBHON MOp-
croit arostormueckoi rpymumsl (60%)— Cocconeis costata W. Gregory,
Grammatophora angulosa Ehrenberg, Pleurosigma angulatum
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Puc. 2. JIutoctpaTurpaduueckre cXeMbl KJIIOUEBBIX PA3Pe30B YeTBePTUIHBIX OT-

snoskenutt B mosmae Jynnep. Paguoyritepoguoe naruposanue 00pasiios BHIIOJIHE-

Ho B JIa6opaTopuu reoMopdOJIOTHUECKUX U MTaIeoreorpadnIecKux UCCIeT0BaHuN
MOJISIPHEBIX perroHoB 1 Mupororo okearna Uucruryra Hayk o 3emute CIIGLY.

(J.T. Quekett) W.Smith, Odontella aurita (Lyngbye) C.Agardh,
Fragilaria investiens (W. Smith) A. Cleve-Euler, Rhabdonema ar-
cuatum (Lyngbye) Kitzing u np. Hanuune B 3HAYMMOM KOJIHYECTBE
mopckux Heputudeckux BuaoB (Thalassiosira hyalina (Grunow) Gran,
Thalassionema nitzschioides (Grunow) Mereschkowski u np.), a Tak-
sKe X paclipejiesieHue 110 KOJIOHKE, MOYKEeT CBHUJIeTeJIbCTBOBATH O TPAHC-
TPECCUBHBIX TIepuoaax. BaskHYI0 poJb WUrpaeT MHPUCYTCTBHUE JIEJ0-
Bo-Mopckux BumoB (Bacretosira fragilis (Gran) Gran u Fragilariopsis
oceanica (Cleve) Hasle). Benuro pasHoobpasme Cy0JIHTOPATIBHBIX CO-
soHoBaTOBOmMHO-MOpCcKuX BumoB (Tabularia fasciculata (C. Agardh)
D.M. Williams and Round, Rhoicosphenia abbreviata (C. Agardh)
Lange-Bertalot, Navicula cf. perminuta Grunow, Scolipleura tumida
(Brébisson ex Kiitzing) Rabenhorst u ap.), uro roBopuT 0 BEPOSITHOM
pacipecHeHNN IPUOPEsKHON 30HbI, B KOTOPOU (POPMHUPOBAJICA JaHHBIN
KoMILTeKC [2,3].

Ha ocHOBe m3MeHeHHs IIPOLIEHTHOTO COOTHOIIEHUS BUOB 9KOJIOIHYE-
CKUX T'PYIII 110 pa3pe3y ObLIM BBIIEJIeHbI 4 30HBI (puc. 3).
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Puc. 3. Jluarpamma pacripe/iesieHust JUATOMOBBIX BOJIOPOCyIel B paspese Sd-40.

3oua 1 cooTBeTcTByeT Hayaldy (POPMHPOBAHUS OTJIOKEHHUMN, PACIIO-
JoskeHa Ha riryomHax 2,4-2,2 M. Jlyia 9Toi 30HBI XapaKTepHO OTHOCH-
TEJIBHO BBICOKOE KOJMYECTBO CYOJIMTOPATIBHBIX MOPCKUX BHUIOB C IIO-
CTEIIeHHBIM yMEHBIIeHNEeM KOHIIEHTpAIMK BBepX Io paspesy. Tawxoe
pacipemenenue IOATBEpsKIaeTecs cooTHomenueM Bumos Cocconeis
costata, Odontella aurita, Rhabdonema arcuatum u np. (cm. puc. 3).
Taxsxe 30He 1 COOTBETCTBYIOT MAKCHMAJbHLIE 3HAUECHUS KOJUYECTBA
HEPUTHYECKUX MOPCKHUX BHUIOB, B OCOOCHHOCTH 3TO CIIPABEIJINBO JJIS
pona Thalassiosira (;io 25% oT 00IIEr0 KOJIUIECTBA CTBOPOK). [Ipu aTtom
0TMEeYAaeTCsI He3HAUNTEILHOe KOJIUYECTBO JIET0BO-MOPCKUX BUIOB U OT-
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HOCHUTEJIBHO BBICOKOE — CYOJIUTOPAIBHBIX COJIOHOBATOBOJHO-MOPCKUX
BUJIOB. OTOT IIEPHUOJ] XaPaKTEPU3yeTCsT OTHOCUTEJIbHO TEILJIOBOIHBIMI
YCJIOBUAMU 1 HEOOJIBIIION TUIyOMHOM ITPUOPEIKHON 30HBI, B KOTOPOI ITPO-
MCXOUT HEKROTOPOE OIIPeCHeHUe, HO TaKiKe eCTh ITPUTOK MOPCKHUX BOJI,
0 YeM CBUJIETEJBCTBYET IIPOIEHT HEPUTUUECKUX BUJIOB.

3omna 2 pacmosioskena Ha riryounax 2,2—1,75 m. Ha dome cradbunbuo
JOMUHUPYIOIIEH TPYIHBl CyOJUTOPAJIbHBIX MOPCKHUX BHUJJ0B 3aMerT-
HO yMeHbIIIeHHEe T0JI HEePUTHIYECKUX MOPCKHUX W yBeJHYEHUEe T0JIU
CyOJUTOPAJIbHBEIX  COJIOHOBATOBOAHO-Mopckux BumoB (Tabularia
fasciculata, sunbr poma Navicula, Chaetoceros sp.). Kpome Toro,
yBeJauvYeHne KoanmdecTBa cTBOpok Chaetoceros sp. MoKeT YKa3bIBATh
Ha POCT OMOJIOTHYECKOM MPOIYKTUBHOCTH Bojgoema. B To ke Bpems
oTMeUYaeTcsa HEKOTOpoe yBesmueHwe moau Bacretosira fragilis, ot-
HOCAIeNCA K HEPUTUUIECKON JIeJOBO-MOPCKOM 9KOJOTUYECKON TI'PyII-
me. Takum 00pa3oM, OTHOCUTEJIHHO MPEIBIAYINEero TAHHBINA IEePHO/I
XapaKTepua3yeTcss BO3MOYKHOU TEeHIeHIMeN K ITOXO0JOJaHUI0 U 00JIb-
ImeMy ONPEeCHEHWI0 BOoaoeMa, a TaKyKe YMeHbIIeHUueM BJIUAHUS OT-
KPBITO-MOPCKUX BOJ, YTO MOYKET YKA3bIBATH HA IMOHUKEHUE OTHOCH-
TEJIBHOTO YPOBHSI MOPSI.

3ona 3 coorBercrByer riryomHam 1,75—1,2 m. Ha atom oTpeske 101 110-
MUHAPYOIIAX CYyOJIUTOPAIBHBIX MOPCKUX BHUJOB JIOCTUTAET CBOET0 MaK-
cumyMma, 0cobeHHO BesimKo koJsmdecTBO Buma Cocconeis costata. Ilpu
9TOM 3HAYUTEJIFHO YMEHBIITAeTCSA IIPOIEHT HEPUTHIECKUX MOPCKUX BH-
JIOB, a JI0JIT HEPUTUUECKUX JIeI0BO-MOPCKUX, HAIIPOTUB, YBEJIMYNBAET-
cs. Taksxe HECKOJIBKO IMOHMIKAETCS OOIMUM MPOIEHT CyOJIMTOPATBHBIX
COJIOHOBATO-BOAHBIX BHUOB, TOTIA KAK KOJUYECTBO CTBOPOK OT/IEeJIHHBIX
BUJIOB MOKeT jocturarhb cBoero maxcumyma (Tabularia fasciculata).
B 1estom, aTOoT 0OTpe3ok BpeMeHU XapaKTepuayercsa 0ojiee XOJIOIHO-
BOJHBIMH YCJIOBHSIMU, Ye€M B Hadajie paspesa, a Takke MOHMKEHUEM
YPOBHSA MOps 1 (popMUPOBAHHEM HA HEOOJIBIION TJIyOrHe TPHUOpPesKHO-
ro BogoemMa CyOJIHTOPaIbHOTO MOPCKOTO KOMILJIEKCA C IOCTOSTHHBIM He-
OOJIBIIM pacIpecHeHHEeM.

B 30He 4 nuaToMoBBIE BOIOPOC/IH TIPEICTABIEHEI €TMHUYHO UJIH OTCYT-
CTBYIOT.

SAKJIIOYEHUE

N3yuenuble YeTBePTUYHBIE OTJIOKEHHUS, CJIATAIOIINE BTOPYIO MOPCKYIO
AKKYMYJIATABHO-a0pa3vOHHYI0 Teppacy JOJIUHBI, (OpMUPOBAJIHCH
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B KOHIIEe paHHETr0O—CpeJHeM I'OJIOIIeHEe. OrnosxeHus IIpeacTaBJIdT CO-
boit MOPCEKME aJIEBPUTOBBIE IIECKH, BKJIIOYAIOT paKOBHMHBI MOPCKHXX MOJI-
JIIOCKOB U coJepxarT boraTeIi OMaTOMOBBIN KOMILJIEKC.

I[HaTOMOBBIﬁ aHaJIn3 06pa31_1;03 YEeTBEPTUYIHBIX OTJIOXKEHUI ITIOKa3aJ,
YTO JOMUHHPYIOT BHUABI Cy&TIHTOpaJILHOﬁ MOpCROﬁ 9KOJIOTTYIECKOM
TPYIIIIBL. HpI/I 9TOM, COOTHOIIIEHNE OCTAJIBHBIX TPEX I'PYIIII II0 pa3pedy
oTpasaeT JMHAMUKY BoJgoeMa.

[IpencraBiieHHBIN TUATOMOBBIM KOMILIEKC (POPMUPOBAJICS B YCIIOBUSIX
HerJIyOOKOTO BOJI0eMAa, BEPOSATHO B IPUOPEsKHO-MOPCKOI 30HE Ha IJIy0u-
He HeCKOJbKUX MeTpoB. C KOHIIA paHHEero roJiolieHa YpOBeHb BOJIBI Ha-
XOJIWJICSI B PErPeCCUBHON (rase 3a UCKJIIOUEHHUEeM HeOOJIBIIOro IMoIbeMa
B HavaJie OIIMChIBAeMOT0 mepuo/a. Takske IPOCIeKNBACTCI TeHICHITI
K IIOXO0JIOaHUIO Ha (DOHE YMEHbIIIeHUS OIPEeCHEeHN U CHUYKEeHUS POJIT
OTKPBITO-MOPCKUX BOJ. IlpearmosioskuresbHo, OO0JIbIllee OIIpPecHeHHne
M OTHOCHTEJILHO TeIlJIble YCJIOBUS B IIEPBOI ITOJIOBUHE OITHMCHIBAEMOTO
meproaa CBUIETEIHCTBYIOT O TASHUU JIEHUKOB B OIITUMYM TOJIOIIEHA.
OTOMY OTPE3KY BpeMEHH TaK/Ke COOTBETCTBYET OTHOCUTEIBHO BBICOKMI
ypoBeHb Mops. Ilocienytoriee yBeaudeHre XOJIOI0JIOOMUBBIX BHJIOB,
a Tak/Ke YMeHbIITeHUe OIIPeCHeHUs U MOHUKeHUe YPOBHsS, BEPOSTHO,
TOBOPSAT O BO3MOYKHOM ITOXOJIOTaHUU.
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ABTOpBI OJIaTOAAPAT COTPYIHUKOB POCCHICKOM HAYYHOM apKTUUYECKOMN
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ABSTRACT

Lovozerskiye Tundry is a plateau-like mountainous massif located in the cen-
tral part of Kola Peninsula 10 km eastward from the Khibiny Mountains. Slush-
flows—one of the main processes of valley development there—are a specific
subtype of debris flow. Geomorphic interpretation of high-resolution satellite
imagery from public services and topographic maps displayed widespread dis-
tribution of geomorphic evidences of debris flow phenomena within the massif.
Detailed field survey conducted in 2017 generally confirmed these results. Par-
ticular landforms and deposits specific for active slushflow origination, transit
and deposition zones were observed in 23 out of 30 investigated valleys longer
than 3 km. Apparently, at the Lovozerskiye Tundry most of slushflows initiates
in narrow deep channels at the larger basins upper reaches by rapid snowmelt,
possibly added by rainfall. In addition, gravitational slushflows usually localize
in steep avalanche tracks starting as wet snow slab failures similar to wet snow
avalanches. Typical granular debris flows—with low content of fine material —
are possible, at least, in four basins due to periodical extreme water discharges
triggered by avalanches and/or rockfalls into moraine-dammed lakes in their
headwaters. It was also established that granular debris flows in the lower val-
ley reaches could start as slushflows in their upper parts. Thus, during the
2017 field campaign initial stages and consequences of such a complex event
were observed on July 3 in the Sengisjok valley. The following field survey has
established the limits of all morphodynamic zones and maximum splash levels
of the event.

Keywords: debris flows, slushflows, Lovozerskiye Tundry, mountain valley,
morphodynamic zone

INTRODUCTION

Lovozerskiye Tundry is a compact low mountainous massif in the cen-
tral part of Kola Peninsula located 10 km eastward from the Khibiny
Mountains. The massif is referred to the Subarctic zone of debris flow
formation [1], where slushflows are the most widespread type of the
phenomena.

Slushflows, according to the V.F. Perov’s genetic classification, belong
to snow debris flows [2]. Slushflow mass consists of mixed snow grains,
water and clastic material with a density of 900-1199 kg / m®. Fresh de-
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posits consist of compressed wet snow with a lumpy structure or a min-
eral-firn mass with inclusions of gravel and boulders; clastic material
accounts for 5—-10% of the volume [3]. Slushflows occur during the spring
snowmelt period due to fast thaws caused by a sharp rise in air tempera-
ture; in rare cases, they appear in connection with heavy rainfalls [4,5].

MATERIALS AND METHODS

Currently, Khibiny is the most studied area of debris flow phenomena
among the Subarctic mountains. Detailed studies of slushflow activity
conducted by the Faculty of Geography, MSU [6] provided thorough
mapping of its basins within the massif. Initial data on the debris flow
phemomena in the Lovozerskiye Tundry was accomplished by follow-
ing research of the Department of Geomorphology of Palaeogeography,
MSU [7]. However, there are no debris flow basins schemes of the Lo-
vozerskiye Mountains or reliable published data on the activity and
intensity of debris flows, at least, for the specific basins. The inventory
of such basins is necessary as a basis for further natural risk assess-
ments in the region. To obtain the reliable result, the inventory proce-
dure was divided into the following steps (Fig.1):

PRELIMINARY VERIFICATION COMPREHENSIVE
INVENTORY $ DURING $ DATABASE

(DESCRIPTION) FIELD SURVEY

Fig.1 The inventory procedure

We compiled a list of criteria to identify traces of debris flow phenom-
ena using remote sensing data and large-scale topographic maps (Ta-
ble 1). Geomorphic interpretation of the high-resolution satellite im-
agery from public services and 1: 50000 topographic maps processed
by QGIS software established wide distribution of these phenomena
within the massif. Debris flow landforms and active slushflow appa-
ratus were traced in almost all relatively large valleys (with the ex-
ception of I’'ma and Tavajok valleys).Field inspection has verified the
preliminary scheme of debris flow basins. Detailed descriptions of the
valleys with modern or ancient traces of the debris flow phenomena
were fixed by the portable GPS receivers.

The Sengisjok valley became a case study basin to understand the con-
sequences of debris flow occurred on July 3, 2017. The post-event field
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Table 1. The list of criteria to identify traces of debris flow
phenomena using high-resolution remote sensing data
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survey and remote sensing data analysis have established the limits
of starting, track and run-out zones of the later flow and its maximum
splash levels by the debris traces and large plant remnants. Detailed
sketches of valley floor morphology and vegetation change patterns
and lithological map for the runout zone were compiled. Additionally,
sampling of fresh debris flow deposits and large-scale aerial photogra-
phy of four key sections of its floor using the unmanned aerial vehicle
DJ Phantom 3 were accomplished for further monitoring.

RESULTS

Detailed field survey of the Lovozerskiye Tundry generally confirmed
the results of preliminary remote sensing data interpretation. 22 out
of 30 investigated valleys of constant watercourses longer than 3 km
had traces of debris flow phenomena. In general, valleys have certain
structure: starting zone, track and run-out zones successively follow
each other downstream from headwaters. In some cases, local accumu-
lation zones also exist in the inner expansions of valley floor (Fig.2).
In addition, run-out zone may not be expressed in the lower reaches
where debris flow sediments are destroyed by erosion).

Track zone where sedimentary transport prevails is usually a V-shaped
bottom cut or box-shaped channel with boulder ridges along the valley
stream first tens of meters in length and 0.5—-1 m in height. Channels
cut not only bedrock or moraine valley bottoms but also older debris
flow deposits—densely packed pebble-boulder strata with basal aggre-
gate. In the latter case, debris flow terraces appear as gently sloping
(up to 3-5°) towards the channel surfaces up to 10 m wide and tens of
meters long.

Run-out zone is fan-shaped and is composed by deposits of differ-
ent-age debris flows of various magnitude those were able to transport
different volumes of clastic material. As a result, the granulometric
composition of sediments is quite diverse. There are variously sized
boulders, pebbles, gravel and a sandy-gravel mixture lying in the form
of ridges or stripes. Within these fans, ridges could either be covered
with grass or forested or undeveloped by vegetation. As a rule, younger
landforms are superimposed or incised in older ones. There are often
traces of stream channel transformations within run-out zones. Chan-
nels meander, divide into sleeves and furcate; they have a lot of dry
ducts and dams caused by logs or large clastic blocks. Occasionally,
run-out zones occur in the internal expansions of valleys where debris
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ridges are found on the channel sides, low terraces or large islands
composed by debris flow deposits.

Fig. 2 Debris flow basins structure of the Lovozerskiye Tundry (1—Dborders of sim-

ply arranged debris flow basins (first-order basins), 2—borders of basins consisting

of several debris flow apparatuses, 3—modern tracks, 4—ancient tracks, 5—run-

out zones (modern fans), 6—run-out zones (ancient fans), 7—small slushflow ap-

paratuses, 8—both avalanche and slushflow apparatuses, 9—isohypses, 10—wa-
tercourses, 11 —Ilakes).

In addition, we have detected debris flow traces in the valleys of small-
er watercourses, 1-2 km in length. The structure of such basins is al-
ways simple; they lack intermediate accumulation zones. Such small
basins (tributaries of Kuftuay and Kitkuay) are located on the western
slope of the massif, and within the outer southern slope and inner part
of the Lovozerskiye Tundry (Bukhta and right Chivruay’s tributary
valleys).

Tracks of valleys opening to the piedmont areas usually have a length
from 1 to 5-7 km and a fan area from 0.2 to 0.6 km? with the only ex-
ception of Sengisjok fan of about 4 km?2. Basins of relatively large wa-
tercourses are localized between 400 to 800-900 m (at the inner slopes)
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above the sea level. Their tracks have length of about 1-2 km, and fan
area is 0,2 to 0.8 km?.

Most of slushflows in the Lovozerskiye Tundry initiates in narrow deep
channelsin the larger basins upper reaches by rapid snowmelt, possibly
added by rainfall. Moreover, gravitational slushflows usually localize
in steep avalanche tracks starting as wet snow slab failures similar to
wet snow avalanches. Typical granular debris flows—with low content
of fine material —are possible, at least, in four basins (Sengisjok, Azi-
muth, Kitkuay and Rayjok) due to periodical extreme water discharges
triggered by avalanches and/or rockfalls into moraine-dammed lakes
in the headwaters.

It was also established that granular debris flows in the lower valley
reaches could start as slushflows in their upper parts. Thus, during
the 2017 field campaign initial stages and consequences of such a com-
plex event were observed on July 3 in the Sengisjok valley. The valley
has rather complex structure. Potential starting zone lies both in the
moraine-dammed Sengisjavr lake surrounded by rockfall slopes and
narrow deep channel downstream where snow may dam the stream.
Distinct V-shaped cuts into moraine and debris flow deposits and ac-
cumulative terraces are widespread in the modern track zone. Run-out
zone is a fresh narrow fan up to 200 m in width and a length of 1 km.
It is a part of larger ancient fan of a triangular shape up to 500-800
m wide and 5 km long. Additionally, two small slushflow apparatuses
function on the left valley side.

The post-event field survey and remote sensing data analysis have es-
tablished the limits of all morphodynamic zones of the flow (Fig. 3)
and helped identifying some specifics of its origin. Later debris flow
occurred presumably to rapid melting of snow concentrated in the nar-
row deep channel in upper part of the basin. Apparently, it started on
a steep step of the stream channel profile, immediately downstream of
the vast flattened surface of the glacial cirque. Downstream it trans-
formed into a typical granular debris flow, which maximum splash lev-
els were determined as about 3 m for the track zone and 2 m above the
channel for the deposition zone. In the track zone, the flow resulted
in deep cuts up to 1-1.2 m. In the run-out zone (Fig.4), channel struc-
ture underwent serious reorganization. Numerous dry channel sleeves
were revived due to the rise of water table by 1.5-2 m.
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Fig 3 Morphodynamic structure of the Sengisjok debris flow basin (1—borders of

simply arranged debris flow basins (first-order basins), 2—borders basins consist-

ing of several debris flow apparatuses, 3—narrow deep channels where snow dams

may form, 4—lake splash zone, 5—tracks, 5—run-out zone (ancient fan), 6—run-

out zone (modern fan), 8—terraces, 9—small slushflow apparatuses,, 10—iso-
hypses, 11—watercourses, 12—lakes).

Fig.4 Derivative channels at the forested piedmont run-out zone of the Sengisjok
valley: dry before (left) and discharging during the debris flow episode on July
32017 (right).

CONCLUSION

Thereby, information on morphological features of the debris flow
landscapes has been collected, basins with traces of active debris flow
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transformation at the Lovozerskiye Mountains are identified, the lim-
its of debris flow morphodynamic zones are determined.

Debris flow phenomena develop in the basins of watercourses of the
first to third order. There are debris flow basins of various structures
and genetic types. Most of them 1is originated by rapid snowmelt, in
narrow deep channels in upper reaches of larger basins. There are also
gravitational slushflows localized in steep avalanche tracks. Typical
granular debris flows are possible in basins with moraine-dammed
lakes in headwaters.

Since debris flow phenomena are widely spread in the Lovozerskiye
Tundry, it is advisable to organize monitoring system for these process-
es in the light of further economic development of the region (as for in-
dustrial infrastructure as for recreational activities). We have compiled
the map of debris flow basins of the Lovozerskiye Tundry; at present,
we are also underway to create a comprehensive database with a set
of morphometric parameters of the basins (containing information on
the catchment area, type of starting zone, track’s length, fan areas etc.)
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MucruryT reorpadun PAH, Poccust

ABSTRACT

B 2015 r. B npuycTheBoit yactu moiuusl ['perganen (ocrpoB 3amamuasrit [lmm-
mbeprex, BOJM3U moceska bapeHIOypr) ObLT OOHApPYEH U M3ydYeH paspes
4eTBePTUYHBIX 0TJIoskeHuN GD-1 MorrHocTh0 3.7 M, IPUYPOUYEHHBIA K CKJIOHY
PEYHOM Teppachl BEICOTOM OKOJIO 16 M HaJ ypoBHEM MOps. Bo BpeMs mMOJIeBBIX
paboTr OBLIO BEHITIOJTHEHO ITOPOOHOE JIMTOJIOTUYECKOE OIMCaHue U 0TOop 00pas-
I[0B Ha MUKPOITAJIEOHTOJIOTHYECKHE AaHAIU3BI ¥ PAIHOYTIIEPOTHOE TaTHPOBAHUE.
BekpriThie B pa3pese TOJIIIM IPeJICTaABIEHE IePeCIanBaIOIIUMCS CYTJIMHUCTHIM,
CyIleCYaHbIM U TaJI€YHO-TPABUMHBIM MATEPUAJTIOM CO 3HAUYUTEJIHHOM MTPUMECHI0
OpPTaHUKH, B TOM YKCJIE PACTUTEILHBIX 0CTATKOB. OCOOEHHOCTH JIMTOJIOTUUECKOTO
coCTaBa, TEKCTYP, Pe3yJIbTaThl CIIOPOBO-IIBLILIIEBOT0 AHAIN3A W PAJITHOYTIIEPO]I-
HOTO JIATUPOBAHWUS TTO3BOJIVJIN TIPE/IIIOJIOKUTD, YTO 0CATKOHAKOIIEHNE BCKPHI-
TOU TOJIIITY OTJIOKEHUI ITPOUCXOIUIIO B TeueHue mocsieqaux ~14500 jer B yciro-
BUSIX HEOJTHOKPATHOIO M3MEHEHUs IIPUPOITHON cpebl. [IperBapuresbHO MOKHO
BBIJIEJIATH JTBA OCHOBHBIX 9TAlla HAKOIUIEHUS OTJIOKEHUH B MPUYCTHEBOM YACTH
nmouHEL ['peHgasen: B MOPCKUX YCIIOBUSIX B X0JI€ HEIIPEPBIBHOTO MIAIeHUs YPOB-
s Mops (~14500-5000 J1.H); ¥ B KOHTUHEHTAJIHHBIX YCIOBUSIX UJIN B YCJIOBUIX
YACTUYHO H30JIMPOBAHHOIO IIPECHOBOIHOTO Bomoema (mocsemuue ~5000 ser).
Ilo pesymbraTam CIIOPOBO-IIBLIBIIEBOIO aHAaJM3a OBLIO BBIIEJIEHO 4 arama pas-
BUTHS PACTUTEJILHOCTH B paiioHe wcciemoBanui. [lodrw mosHOE OTCyTCTBUHE
mukpodoccnnii Ha arame ot ~14500 mo 5000 JI.H., BEPOATHO, CBUIETEIBCTBYET
0 JTUHAMHUYHOM cpefie, BHICOKOM CKOPOCTH OCAKOHAKOIUIEHWS U CKYIHOHN pac-
TUTEJILHOCTH; IPUOJIU3UTEIHHO B CPEIHEM U II03JTHEM TOJIOIeHEe IIpeobJiagaan
0COKOBO-3JIAKOBBIE PACTUTEJILHBIE COOOIIECTBA; Ha CJIeIYIOIIEeM dTale, BePOsSTHO,
BBICIIIFIE T[BETKOBBIE PACTEHUS He OBLIM IIPEJICTABJIEHBI B PACTUTEIBHOM IIOKPO-
Be, UTO CBSI3BIBAETCS HAMHU C MOXOJIOJAHUEM, IIPEIIOJIOKUTEIHFHO, MAJIOT0 JIe-
HHUKOBOTO Tepuoja. PacTUTeIbHOCTh COBPEMEHHON TPAaBSHO-UBKOBOM TYHIPBI
chopMHUpPOBAIACH HA 3AKIIOUUTEILHOM TAlle B TIOCJIeHYEe HECKOJIBKO COTEH JIET.

Kmouessie ciiosa: apxuIiresar H_[rmu6epreH, YeTBEepPTHUYHBIC OTJIOMKEHMA, I'0JIO-
IIeH, paguoyrjepoaHoe JaTupoBaHue, CHOpOBO-HBIJIbL[eBOﬁ aHaJIn3.

BBEJEHHUE

HpI/IHOJIﬂpHBIe PETrnoHbI HanboJIee YYBCTBUTEJIbHBI K KOJICOaHUSIM
KJauMaTa Ha ILJIaHeTe. HeOGXO,E[I/IMOCTL B IIPOTrHO3UPOBAHUU 6y,E[yI_T_[I/IX
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nU3MeHeHU! HpI/IpO,Z[HOfI cpearnl O6YCJIOBI/IJIa AKTYaJIbHOCTDL IIaJieoreo-
I‘pad)I/I"IeCRI/IX mccJIeJOBAHUM. HpI/I 9TOM 0O0JIBIIIOE BHUMAHNE yaeiadaercsa
HN3YYECHUIO 3BOJIIOITNN HpHpO,I[HOﬁ Cpearnl B IIOCJICJIEJHNKOBLE —II€PHO/
CTaHOBJIEHUA COBPEMEHHBIX KINMAaTHUYECKUX yc.TIOBHfI.

HeCMOTpH Ha 3HAYUTEJbHBINM MacCUB HAKOIIJIEHHBIX 3HAHUU O I1aJieo-
I‘eOI‘pa(bI/II/I HlnHuGepI‘eHa, CYIIIEeCTBYEeT pdAd TUCKYCCHUOHHBIX BOITPOCOB,
KacCalollluXCcsdad pa3BUTHUA HpHpO,Z[HOﬁ Cpeabl apXxuliesiara B T'OJIOIIEHE.
PeROHCTpYRU,I/II/I 9BOJIIOIIIM JIaH,E[H_Ia(bTOB Pa3JIMYHBIX PETHMOHOB Irrm-
u6epreHa TaK¥Xe He OTJIMYaITCA JeTAJIbHOCTHIO, OXBAThIBAIOT OoJIbIIIHE
9TaIlbl ICTOPHH.

Brinosimenne JIeTaJIbHOU PEKOHCTPYKIIUN Pa3BUTUA JIaHL[I_Ha(bTOB I
BCeIro apxuIiiesiara IHHI/IU,6epI"eH Ha JaHHBI MOMEHT He IIpeacraBJIdeTCa
BO3MOKHBIM BCJIEeJICTBHE 0O0JIBIIION PasHOPOJHOCTH yCJIOBI/IfI HpI/Ipo,I[HOfI
Cpelbl B Pa3HBIX YaCTAX apxXuiiesiara, HpI/I"II/IHOfI ROTOpOﬁ ABJIAIOTCA KJIM-
MaTHYeCKre 0COOEHHOCTH KaiKI0ro paﬁOHa, pa3Had CKOPOCTh TEKTOHU-
YeCKUX IBUKEeHUH, pasyaInvHad IIJIOTHOCTD JIEJHHMKOBBIX IIOKPOBOB M IP..

B mannoit pabore paccmarpuBaerca paitod sanuba ['perdnopz (puc.l),
PACIIONIOMKEHHOTO B ceBepo-3amaaHoil yactu 3emian Hopmenmensaa (0.
Bamagusrii [oubepren). Cam 3a/IUB ABJIAETCS IPUYCTHEBBIM OTBET-
BienreM s3aiuba Mcdoopn. OOmaa mjmHa 3ajimBa OKoJIo 17 KM mpu
mupuHe 10 4 KM, PBOpI IMeeT CeBepo-CeBepo-3ama Hoe IPOCTUPaAHTE.

Puc. 1. Bamus ['perdnopm, octpor 3amamueni [nuibepren. Mecromososkenve nay-
qenHoro paspesa — GD-1.

Ha murporaumar I'perdbop1a 60IbII0e BIIUSHIE OKA3BIBAET OJIM30CTH
K OKeaHy, YaCTUYHO 0CJIa0JIeHHOE TTPeTrpaskIaoluMU CUCTEMaMH Xpeo-
TOB Ha 3aIIaJHOM 1 BOCTOYHOM Iobepesxbe (BeicoToit ;o 700 m). Biuae-
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sKallye JISTHUKHU, caMble KPYIIHBIE M3 KOTOPHIX 3araaHbiil, BocTounbiit
I'perdropadpeer u eqHUK AJIBIETOH/IA, a TAKIKe PeKU, OepyIiue CBoe
HAYAJIO OT JIEJHUKOBBIX CHCTEM, W 3HAYNUTEJIBHO OIPECHSIOIINE BOJIbI
3aJIMBa, TAKKe OIPeNesIaloT HPUPOIHEBIE yciaoBus permona. Cambre
KpYIIHBIE PeKH, Bragaminme B 3anus— [ 'ped u ['perdnopaaa.

Ha Bocrounom mobepeskbe sanmusa ['perdropa pacogaraercess BTOpoi Ha-
ceJIeHHBIN MyHKT Ha apxumesnaare Hlmumbepren—ocesiok BapeHioypr.

WNsyuenwne maseoreorpadguu aToro paiioHa BeIeTCA ellle C CepeIuHbI
MPOIILIIOTO CcToIeTHsI. BoJibIloe BHUMAHME B X0/1€ UCCIeI0BAHUN VIeIs-
JIOCH TOJIOIIEHOBHIM HM3MEHEeHUSM ypoBHS Mops [7, 11, 12, 13, 14], urto
HAIPSMYIO CBSI3aHO C IMTUPOKUM PACIPOCTPAHEHHEM MOPCKUX OTJIOMKE-
HUH, ITO3BOJIAIONINX HAMOoJIee JeTaJIbHO U3YYUTh UMEHHO 3TOT ACHeKT
M3MEeHEeHUs IIPUPOTHOI Cpeabl.

Ilo pesyjJgbTarTaM naneoreorpadpuqecmnx M3BICKAHUU B paﬁOHe 3aJIiuBa
FpeH(bep,H OBLII BBISIBJICHBI cileaywiinye CymeCTBeHHble N3MEHEHUA
HpI/IpO,HHOfI Cpennl perumoHa B II0O3JHEM ILJIerCcToIeHe — IOJIOITeHe.

YpoBeHbL MOpPsS BIOJB 3alafHOr0 II00epeskbs OCTPOBA 3amagHbIN
[Mouibepren yecTaHOBHUIICS IIOCIIE NETJIAIUAIIAN OKPYMKAIOIIUX IIPO-
crpaucTB 13000-10500 sr.m. [11,14] u OBLI 3HAYMUTEJILHO BHIIIE CO-
BpemenHoro (mo 70 m). Cam 3asuB riay0OKo BmaBajicsa B cyIry [7].
[Tocneayromiee n3ocTaTudecKkoe MOSHATHE OBLIO OBICTPHIM U IIPOIOJI-
sgastock 10 10600—10000 1. 1. [14]. Jlanuble M3yUeHHUS T'OJIOIIEHOBBIX
OTJIOMKEHUM K 3amany or ['peHdbopaa Takme CBUIETEILCTBYIOT O CY-
IIECTBOBAHUSA KOJIe0aHUM yPOBHSI MOPSA B IIpeJesax BHICOTHBIX OTMe-
Tok 50-64 M 11000-10000 m.m. [12].

ITocire 10000 s1.H. mpomoskHMIach perpeccuss okeama. OTcyTcTBHE
CBUJIETEJILCTB O 3HAYUTEJIbHOM IIPOIBUKEHUYN JIEJHUKOB BO BpeMs
O3IHETO JpHaca MOKeT 03HAaYaTh, YTO IIOX0JIOTaHUEe B 9TOT IIEePHUO/I,
HOBJIUSIBIIIee HA PAa3BUTHUE HMPUPOIHOMN Cpelbl B YMEPEHHBIX IIUPO-
Tax, He moByusaiio Ha [llounbepren B 3HaunTebHOM Mepe. OgHAKO
mpearosaraeMasi OCTAHOBKA Jerpagaliuu JeIHUKOB B 9TOT IIEPHUOL
yKa3blBaeT Ha 0oJiee MPOXJIaJHBIe YCJIOBUS, II0 CPABHEHHIO C HEI-
"HemrHuMmu [9].

Oxoso 9600 s1.H. oTMeYaeTcss KIIMMATAYECKUM OIITUMYM, BO BPeMs KO-
TOPOTO HAKAILJIMBAIOTCS OTJIOMKEHIS MOPCKHX Teppac Ha [0KHOM U 3a-
magHoM mmobepeskbe 3anuBa Vcdbop, a Takske B KYTOBOIM YaCTH 3aJIUBA
I'peadwopx [7].
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8000—4000 s1.H mpeobsamaer roJolleHOBas TpaHcrpeccus. IIpemmosa-
raercsi, YTo MaAKCUMyM TPAHCI'PECCUU HACTYIIHJI 0koJio 5550 i.H. [7,12].

B mosgaem rosorere (4000—1000 s1.H.) ypOBEeHb MOpsS OBLT HHUIKE CO-
BPEMEHHOr0. JT0 00ycJI0BMIJIO DOPMHUPOBAHIE BJIOJIb IT00epeskbsa I'peH-
dropaa u wxHOro mobepexnbsa Mcehoopma Mopckrx abpasuoHHBIX TEp-
pac, HbIHe PACIOJIOMKEeHHBIX Ha TIyomHax 10 —10 M; B KyTOBOM dacTh
3anmBa ['peHdbopa HAKAILINBAINCH MOIIHEIE TOJIIN IPUOPEIKHO-MOP-
CKUX OTJIOMKEHUMH, JIGHHUKM B 9TOT IEPHOJ COKPAIIAIMCh B pasMepax,
BO3MOYKHO, cue3asi IOJIHOCTEIO [7].

B masom stemruroBom mmepromge (800—100 J1.H.) OTHOCUTEJILHBINA YPOBEHD
MOpsI OBLII OJIM30K K COBPEMEHHOMY, JIETHUKHU |'peHdbopa u AJbaeroH-
Ia XapaKTepu30BaJIMCh HAWOOJBIINM PACIpOCTpaHeHueM, POpPMUPYI
HAIIOPHBIA BaJI U KOTJIOBUHY BBIIAXWBAHHUS B KyTOBOM YACTH 3aJIMBA
(memuuk I'perdbop:) u BaIbl KOHEYHO-MOPEHHBIX rpan, (megHur AJib-
merowuma) [7].

ITocste Masoro JIeJHUKOBOIO IIEPHOAA HAYAJIACH CTPEMUTE/ILHAS Ierpasa-
1A JIETHUKOBBIX CHCTEM. Taxas TeHIeHInA Ha0Io1aeTcsa U B HAIIN JTHHA.

[Ipumenenne masmeob0TAHUYECKUX METOMOB IIPH HU3YUYEHHUU YeTBEp-
TUYHBIX OTJIOKEHUM HAaHHOIO paiioHa, KaK M BCero apxuliejara,
3aTPyIHEHO, BCJIEJCTBHE OTPAHMYEHHOCTH 4YHCJIa O0BEKTOB, IIPH-
TOJHBIX JIJIs M3ydeHus. Tak, B mccaegyeMoM palioHe paHee ObLIa U3-
yueHa KOJIOHKA JOHHBIX OTJIO:keHHWH o3epa CrapabepHa, IpU 9TOM
CIIOPOBO-TIBLJIBIIEBOM AHAJIM3 03€PHBIX OTJIOKEHUN IT03BOJIUJI BBIIE-
JIUTH 0JIATOIPHUATHBIE YCIIOBUS JJIS PA3BUTUS PACTUTEIHBHOCTH B IIe-
puox mesxay 8000 m 4000 [9]. Ha ocHoBe m3ydyeHUS MaKpPOOCTATKOB
pacTeHuil B OTJIOKEHUSAX OBLIN BBISBJIEHBI CJIEIYIOIIME IIOKA3aTeJIH:
KJINMATHYECKHEe YCJIO0BUA OBLIM 3HauuTe bHO Temiee (mo +1.5 °C
K cpenHe wmiosibckuM temiepatypam) 8000-4000 s.u. OtcyrcTBHE
makpodoccuanii B mepuox ¢ 4000 mo 2500 J1.H. MOMKET CBHIETENb-
CTBOBATH 0 HEOJIATOHNPHUATHBIX IMPUPOAHBIX ycioBusax. C 2500 . u
KJIMMaTHUYECKHUEe YCJOBUS COBIIATAIOT C COBPEMEHHOI pacTUTeIbHO-
cThio B paiioHe CrapabepHsl [8].

B 2015 romy B xome pabot masteoreorpadguyeckoit maptuu Poccuiickoit
HAYJYHOU AapKTHUYECKON oKcmeauimu Ha apxuiesare lllnumbepren
OI'BY «<AAHUW» (PAS-III) On11 HalifeH 1 OIIMCAH Pa3pes YeTBepPTHY-
HBIX OTJIOKEHUHN B MPUYCTHEBOM YACTU JOJIMHBEI ['peHjajieH, SBJISIO-
mielicss KpyITHeHIed JOJWHOM, BRIXOAsAIIel B 3aiauB ['peHdbopa (cMm.
puc. 1). Paspes mpuypodeH K Teppace Ha IIpaBoM 00PTY JOJUHBI PEKHU
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I'pen Ha BBICOTE OKOJIO 16 M Hax ypoBHEM MOps. MOITHOCTH BCKPBITHIX
YeTBEePTUYHBIX 00pa30BaHUM cocTaBmiia 3,7 M.

B xome moseBbIx pabor OBLIO HMPOBEIEHO IIOAPOOHOE JIUTOJIOTUYECKOe
OIIMCaHWe BCKPBITBIX TOJII, TPEICTABJIEHHBIX B OCHOBHOM CYTJIMHU-
CTBIM, CYIIECUaHBIMU T'aJIEYHO-TPABUIHBIM MaTEPUAJIOM CO 3HAUNTEITh-
HOM MpPHUMeChbI0 OPTAaHUKH, B TOM YHCJIe, PACTUTEJbHBIX O0CTATKOB. Ha
CIIOPOBO-TIBLIBIIEBON aHaJm3 ObLI0 0ToOpamo 20 mpobd M3 KaskIoro ro-
pusonTa. Kpome Toro, 1o Bceil MOIITHOCTH YeTBEPTHUYHBIX 00Pa30BaAHUI
OBLIH 0TOOPAHBI ITPOOBI HA PAIHOYIJIEPOIHOE JaTUPOBAHTE, HA JUATO-
MOBBI ¥ T€OXUMUYECKUH aHAJIH3EI.

K mHacrosmemy MoMeHTY MHOJIydeHO 4 pamguoyrIepomHbIe TAaTHPOBKHU
(Tabu. 1), MO3BOJIMBIINME OTHECTH OIMCAHHLIE YeTBEPTUUYHEIE 00pas3oBa-
HUS K IIO3JHEMY ILIeHMCTOLeHY — I'OJIOIeHY. PaauoyriiepoqHbIii aHAIN3
pormmostaer B LIKII «JlaGopaTopust pamuoyryiepogHOTo JTaTHPOBAHUS
¥ 2JIEKTPOHHON MUKPOCKOIIMI» of pyKoBoacTeoM O. I1. 3azoBckoii.

Tabmuiia 1. PesynbraTser ompenesienus abCOTIOTHOTO BO3PACTA OTJIOMKE-
it u3 paspesa GD-1 (I'penganen-1)

I'my6una or6opa obpasiia (0T JHEBHOMN

14C, n.H. (HeraIHOPOBAHHBIIN)
TIOBEPXHOCTH), CM

66-67 4160+160
110-115 4600+60
315-320 13995+40
320-345 14520+40

JlaGopaTopHble McCiIeqOBAHUS IIPOO HA CIIOPOBO-IIBLIBIIEBON aHAJIN3
BBITIOJTHEHBI B HAYYHOH s1abopaTopun «['eoMopdoiornyeckux u majeo-
reorpaduyUecKuxX MCCIETOBAHUN MOJISTPHBIX PernoHoB U MupoBoro oke-
ama» um. B.II. Kenmena, CII6I'Y. Ilpeasapurensuas o6paborka mpobd
IIpoBeJIeHa 110 CTAHIAPTHOM METOJIUKEe C IIPUMEHEHUEM TIKeJI0M KU/
KOCTH C yIeJbHBIM BecoM 2, 29 r/cm?® [1] u mociieqyromeil OYucTKr OT
MIeJTUTOBBIX YACTHUIL IIPY TIOMOIIH yIbTPa3ByKoBoil BaHHSB! [10]. Ompe-
JleJIeHre U TI0fCYeT MUKPOQOCCUJINI BBITIOJHEHBI C HCIIOJIb30BAHUEM
mukpockorna Mukpomen 3 ¢ yeeaudernuem 400.

ITo pesysibTaTaM cIOpOBO-ITBLIIBIIEBOTO aHAJIM3a IIOCTPOEHA TuarpaMma
(pmc.2). IlporeHTHOE CoMepsKaHTe KAMKIOTO TAKCOHA PACCUUTAHO OT 00-
e CyMMBbI IBLJIBIIBI HA3€MHBIX pacTeHUH.
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Hacroimmensoers mpermapaToB MUKPOMOCCHINSAME HHU3Kasg. B Imosy-
YEHHBIX CIIOPOBO-IIBLJIBIIEBHIX CIIEKTPAX IIPUCYTCTBYeT MBLIBIA KaK
MecTHBIX pacreHuit (Betula sect. Nanae, Salix, Cyperaceae, Poaceae,
Caryophyllaceae, Ranunculaceae, Polemonium sp., Rumex sp. u np.),
Tak u ganpHe3anocuas (Pinus, Alnus fruticosa). B rpymie Tpas 0bLI0
OIpeaesIeHo BCero 14 TUIIOB IIBLIBIEI, CPEIN KOTOPOM IIOCTOSTHHO JOMHU-
HUpOBAJIK TOJbKO 2 TarxcoHa— Cyperaceae m Poaceae. B momasisio-
1eM OOJIBIITIHCTBE TIPO0 COMEPIKATCS YIJIUCTHIE YaCTHIIBI, JOUYeTBePTHY -
HbIe MEKPOMOCCUIINY ILIIOX0M COXPAHHOCTH M JUHOMIIATEIIIISTHL.

KommuecTBo moueTBepTUUHBIX MUKPOQOCCUINIY BBIYKMCIEHO OT OOIei
CYMMBI YeTBEPTUYHON HBLJIBIIBI U CIIOP.

CHOpOBO-HLIJIbL[eBOfI aHaJIN3 BCKPBITBIX YETBEPTHUYHBIX 06pa303a-
HUU TTO3BOJIUJI BBIEJIUTH HECKOJIBKO JTaIlOB Pa3BUTHUA PACTHUTEJIBHO-
CTH M BBIABHUTH HEKOTOPHbIE 0COOEHHOCTH YCJIOBI/Iﬁ OCaIKOHAKOIIJIEHUA
B HUYKHEM T€YEeHHH DP. FpeH B BEpXHEM IJ1eficToIleHe —I'oJIoIIeHe.

ITouTu 1moJIHOE OTCYTCTBYE TIBLIBITHL 1 CIIOP YeTBEPTHYHOTO BO3pacTa B UH-
TepBasie or 370 mo 150 cm (masmHOo30Ha 1) MOMKeT OBITH CBSI3AHO KaK CO
CKYIHBIM PACTUTEILHBIM IIOKPOBOM, HU3KOM IIPOLYKTUBHOM CITOCOOHOCTHIO
pacTeHuii U mpeobJagaHrueM BEereTaTUBHOTO PA3MHOKEHUS B YCJIOBHAX
KpaiiHe CypOoBOTO KJIMMATA, TAK M C BBICOKOI CKOPOCTHIO 0CATKOHAKOILIE-
HUsI, HAIIpUMeEp, B YCJIOBUAX MOpcKoro Oacceitra. Ilocienmee mpesmosto-
SKEHEe KOPPeJIMPYeTCs C JINTePATYPHBIMU TAHHBIMU O BBICOKMX OTMETKaX
ypoBHA Mops B mepros ¢ 13000 1.1, 1o 5000 j1.1. Hammume mepeotstosken-
HBIX MUKPO(QOCCHJINI ¥ YTJIUCTBIX YACTHUIL IO BCEMY pa3pesy CBUIETeJIb-
CTBYIOT O Pa3MBIBE JIPEBHUX JTOUYETBEPTHUYHBIX OTJIOMKEHUI W IIPUBHOCOM
AJUIOXTOHHOIO MaTepraja Ha MPOTSKeHnr (DOPMUPOBAHUS BCEI BCKPHI-
TOH TOJIIIHN OTJIosKeHMi. VICK/TIoueHmre cocTaBIIsAIoT BepxXHue 17 CM OTJIoMKe-
HUM, KOTOPbIE (DOPMUPOBAJIHCH B COBPEMEHHBIX YCIOBHUIX.

[MTanuHO30HA 2a OTpaskaeT pasBUTHE OCOKOBO-3JIAKOBBIX TYHIpP C yda-
CTHEM KYCTAPHUYKOBLIX HMB M 0epes3, KOTOpPOe CMEHSIeTCS MOHOLOMM-
HAHTHBIMA COOOIIIECTBAMU W3 IIPEJCTABUTENEH CeMeMCTBA OCOKOBBIX,
OT[IeJIbHBIE YUYACTKHN OBLINA 3aHATHI COOOIIECTBAMM C YUACTHEM 3JIAKO-
BBHIX (masmHo30HA 2b). Brire mo paspesy (mmanaueo3oHa 2 ¢) B cocTaBe
TPABAHUCTEIX OCOKOBO-3JIAKOBBLIX PACTUTEJILHBIX COOOIIECTB BHOBL IIO-
ABJIAIOTCS KyCTAPHUYKOBBIE BUIBI UB U bepea.

Mautoe CoepiKaHMue IIBIJIBIIBI M CIIOp B TOJIIIIE OTJIOXKEeHUM, BBIJEJIeH-
HBbIX B ITIAJIMHO30HY 3, a Takxke obmime J0YEeTBEPTUYIHBIX MI/IRpO(bOCCI/I-
bz CBUIETEeJIbCTBYET O He6JIaI‘OHpI/I$[THI:IX YCJIOBHUAX IJ1d HAKOIIJICHU A
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IIBJIBITBI X CIIOP HA 9TOM JdTalle M, BOBMOIKHO, OTCYTCTBHUU IIBETKOBBIX
paCTeHI/Iﬁ B COCTaBe PaCTHUTEJIBHOI'O IIOKpOBa Moxro IIPEIII0OJIOKUTD,
YTO JaHHAA IIaJJMHO30HA OTpaMaeT XO0JIOJHbIe YCJIOBUSA MaJIoTro JIEJHM-
KOBOTI'O IIepuoaga.

O6uire IBUILIEL UBBL M TPAB B BEPXHUX 00pasiax (majmHo30Ha 4) oT-
paskaeT COBpEMEHHYI0 PACTUTEILHOCTh — TPABSHO-UBKOBYIO TYHAPY.

B mporiecce mpoBemeHmsT CIIOPOBO-IBLIBIIEBOr0 aHAIM3a OBLIM OOHA-
PYSKeHBI BOJHBIE ITAJIMHOMOPQBI, MPEeICTaBIeHHbIe HUTUYATEIMU IIPec-
HOBOJHBIMH BOJOPOCJISAMU THUITA Zygnema ¥ IIUCTAMH JUHOQIATEIJIIIAT
(puc.2). [TpucyTcTBUE Boopocsiell B BepxHei yacTu pa3pesa (3558 cm)
CBUIETEJILCTBYET O IIPECHOBOJHBIX YCJIOBHUAX OCAJKOHAKOILIeHus. Ha-
JIMYMe WCKOITaeMbIX JUHO(IATE/IAT B HUMKHUX CJIOAX, HAITPOTUB, MO-
sKeT TOBOPUTEL 0 MOPCKOM reHeawuce [3,4,15].

BBIBO/1bI

NayueHubIil paspes 4eTBePTUYHBIX 00PA30BAHUN COMEPIKUT MH POpMA-
1110 00 0COOEHHOCTSAX PA3BUTHUSA IIPUPOTHOM CPEIbl B IIPUYCTHEBOM YacTH
mosmmHbl ['peHgasieH, oxBaThIBass BPEMEHHOM MHTEePBaJ 3a IIOCJIeIHIe
~14500 mer JluTonorumyeckre OCOOEHHOCTH OTJIOMKEHWN U IIPEeIBAPH-
TeJbHBIE Pe3yJIbTAThl aHAJIUTUIECKUX MCCJIEeIOBAHUN B COBOKYIIHOCTH
C UMEIOIITUMUCS JIUTePATYPHBIMU JAHHBIMU IT03BOJIUJIN CIEJIaTh CJIeY-
FOIIHIe BHIBOJIBI:

—  OoTJIOsKeHHs (DOPMUPOBAJINCH B YCJIIOBUSAX HEOJHOKPATHOI'O H3-
MeHeHUs YCJIOBUY 0CATKOHAKOILJIEHUS U JTUHAMUKY CPeIbl, UTO
00ycJIaBJIMBAET CIEIU(PUKY JTUTOJIOTHIECKOTO COCTABA, TEKCTYP
¥ pasjmuyre B 00IIEeM COOEepP:KaHMWM IIBLJIbIILL U CIIOP B OTJIOMKE-
HUIX;

— MOSKHO BBIJIEJIUTH JBA 3HAUYUTEJILHBIX dTala 0CaIKOHAKOILIEHUS
B IIPUYCTHEBOM YACTH JOJHUHBI ['peHgaeH: MOpCKoe 0CaaKoHa-
rorterre (mo 5000 J1.H) mpy HEIpPepPBHIBHOM IIAIeHUU YPOBHS
MOPS ¥ KOHTUHEHTAJIBHOTO UJIH YaCTUYHO M30JIUPOBAHHOTO BO-
Jmoema;

- CHOpOBO-HBIJILHeBOfI aHaJIN3 MO3BOJIUJI BBIIEJIUTH 4 arama pas-
BUTHUA PACTHUTEJIBHBIX COOGH.[BCTB B paCCManHBaeMOfI JOJINHE,
CBA3aHHBIX KAaK C UISMEHEHUAMU KJIMMAaTHUYECKHUX YCJIOBHfl, TarK
1 C YPOBHEM MOPI;

— TIAJUHO30HA 3 ¢ HU3KUM ColepiKaHueM MI/IRpOd)OCCI/IJII/IfI, II0-BH-
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AUMOMY, OTpaxaeT yXyJdllleHrne RIMMAaTUuYeCKUuX YCJIOBI/Iﬁ " MO-
JKeT COOTBETCTBOBATH MAJIOMY JIEAHUKOBOMY II€pHUoay.

[IpencraBieHHble Pe3yJILTATHl ABJIAITCA IIPEABAPUTEIBHBIMH, IIO-
JIyueHNe HOBBIX JAHHBIX II03BOJIUT YTOUHUTEH W JIOIOJHHUTL CBEICHUS
0 Pa3BUTHM IPUPOSHON cpensl B noanHe ['penmasnen, lloumbepren.
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INFLUENCE OF BOTTOM WATER TEMPERATURE
VARIABILITY ON THE RESULTS OF GEOTHERMAL
MAESUREMENTS IN THE KVITOYA TROUGH
(BARENTS SEA)

E. Sukhikh'

! Geological Institute of the Russian Academy of Science, Russia

ABSTRACT

Strong positive heat flow (HF) anomaly was indicated by the geothermal inves-
tigations in the Kviteya trough (northern part of the Barents Sea), done in 25"

(2007) and 27" (2010) cruises of the RV Akademik Nikolaj Strakhov. In this
study the geothermal data quality was checked on the example of stations from
the northern part of the trough with a range of measured HF values 407-484

mW/m?. The thermal state of the near-bottom layer, which is influenced by the
Fram Strait branch of Atlantic water with pronounced intra- and interannual
variability of the thermohaline properties, was also taken into account. After
the intra-annual variations of near-bottom temperature were applied as the
upper boundary conditions for simulation of the temperature distribution in
sediments, the actual endogenous HF values for the investigated group of geo-

thermal stations are in the range of 250—-330 mW/m?. The calculated contribu-
tion of exogenous thermal fluctuations to the in-situ HF values is 30-37% for
the northern part of the trough.

Keywords: water temperature, geothermal gradient, heat flow, marine geo-
thermics, Barents Sea

INTRODUCTION

According to the geological and geophysical survey data of the RV
Akademik Nikolaj Strakhov 25% cruise (September 2007) complex to-
pography and acoustic basement structure in the Kviteya trough were
detected, as well as the abnormally high values of the bottom heat flow
density (HF). Presence of all these features indicates neotectonic pro-
cesses in the research area [1]. This strong HF anomaly, discovered in
the 25 cruise, was confirmed by the geothermal measurements results
of the RV Akademik Nikolaj Strakhov 27* cruise (September 2010) [2].

Geothermal measurements in the trough were carried out with a bot-
tom isothermal layer condition, demonstrating the «linearity» of the
temperature distribution in sediments. These thermal features can
serve as an indicator of the exogenous effects absence on the meas-
urements results [3]. However, the available hydrological data [4,
5, 6] indicate that the study area is in zone of the Atlantic water

223



St. Petersburg, Russia, 17-19 May 2018 Theory and Methods of Polar Science

(AW) influence, which is characterized by significant seasonal and
interannual variability of thermohaline (7'S) properties. Fram Strait
Branch of AW enters the troughs of the Barents-Kara continental
margin from the north during the circulation through the Nansen
Basin as a cyclonic boundary current [5, 7], and the average depths
of the troughs corresponds to the depths of the AW core (temperature
and salinity distribution maximums). Thus, the thermal state of the
AW is the main factor in thermal regime formation for the bottom
water and consequently for the upper sediments layers of troughs in
the northern part of the Barents Sea.

Hydrological stations were selected from the PANGAEA database [8]
according to the spatial criteria (Fig. 1) for the time and spatial tem-
perature variations evaluation. The areas (I, II, III) dedicated by the
dotted lines on figure 1 unite geothermal and hydrological stations
with geographically close location for the possible joint analysis of wa-
ter column and upper sediments thermal conditions. According to the
temperature distribution curves comparison for stations within the
selected areas (Fig. 2) the temperature in the near-bottom layer var-
ies quite significantly: the difference is up to 2 °C, depending on the
trough site. To evaluate this exogenous temperature effect on the up-
per sediments layer thermal state, the data of area I (one) were used,
since the thermal state of the near-bottom water layer for this trough
site 1s most dependent on the temperature fluctuations within the AW
core over the continental slope.

The M4 station (NABOS project) moored on the Nansen Basin slope
(Fig. 1) had been measuring temperatures on depths 214 m and 466
m twice a day from IX.2004 to VI.2008 [9]. The analysis of the mean
monthly temperatures allowed us to distinguish the following features
of the intra-annual AW temperature variability for the depth of 466 m
(a value close to the depths of the trough mouth and the area I) during
the period before 25™ cruise geothermal measurements. A long warm
period (XI.2006-11.2007) with a few maximum temperature values (for
the four-year M4 measurements time) was abruptly replaced by a long
cold period (ITI-VI.2007), followed by a slight temperature increase.

Calculation of the exogenous temperature fluctuations influence on
measured HF values was carried out using the finite element method.
The one-dimensional vertical temperature distribution in the bottom
sediments was calculated with a step of 20 cm. The depth of the sim-
ulation interval was 10 m, since below this level the influence of exog-
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enous factor on the background geothermal gradient is less than the
error of its measurement = 0,001 mK / m.
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Fig. 1: Study area with the points of hydrological and geothermal stations done in
the Kviteya trough in different years.
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Fig. 2: The water temperature distribution for stations with a close geographical
location: A) the northern part of the trough (area I); B) the central part (area II); C)
the southern part of the trough (area III).

The used thermophysical properties of bottom sediments were: ther-
mal conductivity (k) 1 W/(m - K); heat capacity (c¢) 1000 J/(K - kg); den-
sity (p) 2400 kg/m?, thermal diffusivity (a =% - (¢ - p) *) 4.2 - 1077 m?/s.

Setting the initial conditions an assumption was made that at the time
t© =0 the geothermal gradient was not affected by exogenous disturbing
factors. Note that this is non-critical, since the time delay for reaching
a depth of 10 m in the temperature front is much shorter than the time
until the moment of measurement. Therefore, the effect of the initial
conditions on the temperature regime at the time of measurement can
be considered insignificant.

At the lower boundary, a constant HF was set from 150 to 350 mW/
m? in 50 mW/m?increments. As the upper boundary condition, the in-
tra-annual temperature variability at the surface of the bottom sed-
iments was taken (Fig. 3), determined taking into account the com-
parative analysis of the temperature measurements data at the M4
mooring station of the NABOS project and the temperature distribu-
tion data in the trough.

Fig. 4 shows the distribution of temperature in sediments for various
values of the HF (150-350 mW/m?) taking into account the tempera-
ture fluctuations at the upper simulation boundary (Fig. 3). For com-
parison, the distribution of temperature in sediments, observed in situ
at station STR25_31, was introduced on the graphs.
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Fig. 3: Temperature variability at the upper boundary of the simulation.
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Fig. 4: Results of the simulating bottom sediments temperature distribution in
time with the given temperature fluctuations at the water / seabed boundary and
with different values of the endogenous heat flow on the lower boundary.
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The temperature distribution to a depth of 4 m in bottom sediments is
presented. It is the layer, where the maximum temperature fluctuations
are observed. The convergence of the curves occurs only at a depth of 10 m.

The curve of the in situ temperature distribution in sediments demon-
strates the greatest overlap with the simulation results with the en-
dogenous HF = 250 mW/m? and the duration of simulating situation of
220-230 days, which is 3.5 months of cooling on the water-sediments
boundary: in September, in the bottom layer of the trough, the «cold»
phase (observed over continental slope from March to July according to
M4 data) was finishing. Therefore, «the linearity» of the temperature
distribution in the bottom sediments was observed.

The simulating curves react immediately to the temperature increase
on the upper boundary (temperature distribution for 270 days), so cal-
culations are presented only up to this point, since simulation results
became out of interest zone moving away from observed «linear» distri-
bution with high geothermal gradients to «zero» position.

The value of the HF for the STR25_31 station calculated direct from in
situ measurements was 407 mW/m?, and the maximum value for the
area I was 484 mW/m?. There is no sense in the simulation up to the
observed values, because with the endogenous HF = 350 mW/m? the
simulating gradients have already been much higher than the in situ
observed gradient (Fig. 4).

CONCLUSION

The study shows importance of the bottom temperature variability in-
vestigation on an intra-annual scale for interpretation of geothermal
measurements and calculating the actual endogenous HF values. Even
in the presence of a sufficiently pronounced near-bottom isothermal
layer during the measurement period, the temperature fluctuations,
that occurred a few months earlier, made a definite contribution to the
observed temperature distribution in the sediments.

Based on the simulation results, the contribution of exogenous temper-
ature fluctuations to the formation of the geothermal gradient curve
was 30—-37%. The values of the actual endogenous HF for the geother-
mal stations group of area I range from 250 to 330 mW/m?, that is also
significant not only for the Barents Sea (mean HF values are near 50
mW/m?), but also for the Arctic Ocean, and indicates active neotectonic
processes in the Kviteya trough.

228



Proceedings of International youth scientific conference on the polar geodesy, glaciology, hydrology and geophysics

ACKNOWLEDGEMENTS

The study was carried out with the financial support of the state budget
theme No. 0135-2015-0021.

(1]

(2]

REFERENCES

Khutorskoi M.D., Leonov Yu.G., Ermakov A.V. et al., Abnor-
mal Heat Flow and the Trough’s Nature in the Northern Svalbard
Plate, Doklady Earth Sciences, Russia, vol. 424/issue 1, pp 29-35, 2009.

Bationuer A. B., Cokosos C. 0., Maszaposuu A. O. u ap., Ctpoe-
HIUe 30HBI mepexoga oT xpedra Xosrapi k 1iarto Ilouibepren
(mo mamuabiM 27-r0 petica HUC «Aragemur Hukosrait Ctpaxosy),
JIAH, Poccus, 1. 439/Ne 4, c. 514-519, 2011.

Xyrtopckoit M. 1., Axmenssuos B.P., Epmakos A.B. u ap, 'eo-
tepmus Aprruueckux mopeti. // M.: TEOC, Poccus, 232 c., 2013.

Pfirman S.L., Bauch D., Gammelsred T., The Northern Bar-
ents Sea: Water Mass Distribution and Modification. In: The
Polar Oceans and Their Role in Shaping the Global Environ-
ment. AGU, USA, pp. 77-94, 1994.

Ivanov V.V., Polyakov I.V., Dmitrenko I.A. et al., Seasonal
variability in Atlantic Water off Spitsbergen, Deep Sea Re-
search Part I: Oceanographic Research Papers, vol. 56/issue 1,
pp. 1-14, 2009.

Lind S., Ingvaldsen R.B., Variability and impacts of Atlan-
tic Water entering the Barents Sea from the north, Deep Sea
Research Part I: Oceanographic Research Papers, vol. 62, pp.
70-88, 2012.

Pnyushkov A. V., Polyakov I. V., Ivanov V.V. et al., Structure
and variability of the boundary current in the Eurasian Basin
of the Arctic Ocean, Deep-Sea Research I, vol. 101, pp. 80-97,
2015.

https://www.pangaea.de—Data Publisher for Earth & Envi-
ronmental Science

http:/mabos.iarc.uaf.edu/data/—Nansen and Amundsen Ba-
sins Observational System.

229



St. Petersburg, Russia, 17-19 May 2018 Theory and Methods of Polar Science

OIIBIT 'EOAE3UYECKOI'O OBECIIEYEHNA
INIAOUOJIOTUYECKUX UCCIIEJOBAHUU HA
JIEJJHUKAX MOHT'OJIBCEKOI'O AJITAA

A. Tepexos', M.B. Ceipomaruuna?, II. JIroonmkmii?,
K.B. Yucraxos?

! UucturyT o3epoBenenus Poccuiickoit akamemun HAyK, Poccus
2 NucruryT Hayk o 3emite, Caukt-IleTepOyprekuii rocyrapcTBeHHBIH
yauBepcurer, Poccust

AHHOTAIINA

B crarpe ommcaH OOBIT reofe3MUecKOro 00eCredeHus TIISAIUOJIOTHIECKUX WC-
CJIJIOBAHUN B paMKax KOMILJIEKCHBIX reorpadmueckux orcnemuimit CIIGIY
Ha JIEIHUKAX MOHTOJIBCKOM YacTu ropHoro MmaccuBa Taobia-Bormo-Omna B 2014—
2015 romax. [Tpu momomn HazeMHOM TormorpaduUeckoi chbeMKr U auddepeHIm-
aJIbHBIX M3MEPEeHHN ¢ IMPUMeHEHNeM TJI00AJbHBIX HABUTAIIMOHHBIX CIIYyTHHUKO-
BeIx cucreM ['JIOHACC u GPS BBIIIOIHEHO padBUTHE CHEMOUYHOI0 000CHOBAHUS,
ChEMKA cUTyaluu u pesibeda, a TAKKe Olpesie/IeHNe BeKTOPOB IepeMeleHmit
abJISIIIMOHHBIX PeeK 3a JIeTHUM nepuos. [lpusenens: nudposast Mosess pesibeda
[IOBEPXHOCTH sI3bIKA JiengHuKa Ko3iioBa, cocTaBieHHas 1o MaTepraiaM TOIoTreo-
JIe3UIECKUX CHEMOK, 4 TAKIKe II0JIe TIOBEPXHOCTHBIX TOPU30HTAIBHBIX CKOPOCTEMH
JIBUIKEHUSI OT/IeJIBHBIX yUacTKOB JieqHnKoB [lorannna u Anekcanipsl, oJIydeH-
HOe IIyTEM MHTEPIIOJISAINH IIepeMenieHuil abasiiuoHHbIX peek. [lomgobuble 1aH-
HBIE, [I0JIyYeHHbIe KOMILIIEKCOM HA3€MHBIX METOJI0B, MOTYT OBITH MCIOJIb30BAHbI
LTSI TaJIbHEMIIIero MOHUTOPUHTA JUHAMUKY JIeJIHUKOB, a TAKIKe 715 BepuduKa-
IIUU Pe3yJIbTATOB AUCTAHITMOHHOTO 30HIUPOBAHMUSI.

Kmnouessie ciosa: ropusie senuuku, GNSS, coyrHukoBBIe MeTOmbI, mudde-
PeHIHAJIbHBIE OIIPeIesIeHHs, II(POBast MOJETh MECTHOCTH

BBEJEHHUE

Tlopusrit maccus Taberia-Bormo-Ou1a, pacmomoskeHHbIN B 10T0-BOCTOYHON
vactu Asrae-CassHCKOM TOPHOM CTpaHBI Ha CTHIKE TOCYIAPCTBEHHBIX
rpauwutt Poccrn, Mouronmu n Kuras, sipistercst oHUM M3 IIEHTPOB CO-
BPEMEHHOT0 ropHOTO oJiefernenns B [learpanpuoit Asun. Jlemquuknu Kos-
soBa, [loranuna u Anexcasapsl, BXOISIINE B YMCJI0 HAN00 €€ KPYITHBIX
JIEJTHUKOB MAacCCHUBa, SIBJISIOTCS O00BEKTOM KCCJIEIOBAHUS KOJIJIEKTHBA
Nucturyra Hayk o 3emuze CIIOIY ¢ 2013 r. [6, 10]. 3meck 6GepyT HAUATO
pexu Ilarau-Yc (BepxoBbsa p. Xosn) u Iarau-Ios, kpynHeimmi 1eBoIi
OPUTOK P. XOB/I, SIBJISIOIIEHCS BAKHEHIITNM HCTOYHUKOM IIPECHOM BOIbI
JIJIsI TIPEITOPHBIX OIYCTHIHEHHBIX paBHUH 3anaaHoi Mouroanm.

HccmenoBanmst, IpoBOAUMEBIE B TOPHBIX JIEJHUKOBBIX OacceiiHax, Tpedy-
0T HAJWYUST KOOPAWHATHON MPUBI3KHU, IJIAHOBO-BBICOTHOE 00OCHOBA-
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HUe IJIs1 KOTOPOM, C OQHOM CTOPOHBI, BBHIIOJHAETCS N3BECTHBIMU Ieojle-
3UYECKMMHU MEeTOJAaMU, HO, C JPYToil CTOPOHBI, ©UMEET CBOIO CIIeITU(UKY,
KaK M3-3a JUHAMAYHO MEHSIOIIeics 00CTaHOBKY (TasgsHNe U IBUKEHIE
JIeJHUKA, IBUKEeHNe OOKOBBIX MOPEH 1 OCHIIIAHNE, KPUOTeHHBIE IIPOIIeC-
CBl), TAK ¥ M3-34 IIOBHIIIEHHOI0 BHUMAHUA K 00ecIIeueHn0 6e30I1acHo-
CTH IIpU IpoBeaeHnn pabor. BHyTpukoHTHHEHTAIbHOE (PU3UKO-Teorpa-
duueckoe mosoMeHne paoHa U OTHOCUTEILHO MaJjas aHTPOIIOTeHHAS
HATPy3Ka II0 CPABHEHHUIO ¢ 0oJiee OCBOEHHBLIMM PABHUHHBIMHU TEPPHU-
TOPUSAMH, SABJISETCI KAK IIOMEXOH [JId Teole3WdyecKoro obecrevyeHus
paboT, ¢ TOUYKM 3peHUs HeIOCTATKA PA3BUTON CETH ToCyIapCTBEHHBIX
reole3NYeCKrX IYyHKTOB, TAK M IIPEHMYIIECTBOM, BBHAY OTCYTCTBHUS
IPEeBEeCHON pPAaCTUTEJIbHOCTH, paauosokaropos, ¥YHKB-mepematunkos,
JIOTI, aBasmoommxes MOTEHIIUAILHBIMU IIOMEXAMU HPU IIPOMU3BOLICTBE
CIIyTHUKOBBIX HaOI0mennir [1].

Huxe paceMoTpeH ONBIT HpUMeHEHHS IeOde3UYeCKUX METONOB IJIS
petenus cienyomux samad: (1) g Tomorpadguueckoi CbEMKHA C I10-
CIIeAYIOIIMM IIOCTpOeHreM HU(POBOM MOMENN IIOBEPXHOCTH JIeIHMU-
ka (nua aegamnka KosioBa) u (2) miisa HaOMIOZEHUS 34 CMEIIeHUSIMUA
A0AIIMOHHEIX PEeK C MOCJIeAYIOIIMM IIOCTPOCHUEM IMOJIeH CKOpocTei
TOPHU30HTAJIBHOIO ABMAKCHI Jabaa (m1a nemuukos Ilorannua u Anex-
CaHJIPHL).

MATEPHAJIBI 1 METO/1bI

B pacnopssxenny sKcIemuMIIMM HAXOOMIOCH M OBLIO MCIIOJIB30BAHO
clleoyllee Teofe3uyueckoe 00OpyHOBaHME IIPOM3BOICTBA (DUPMBI
Trimble: mHOrokaHa IbHBIE ABYX4YacTOTHBIe MpuéMHHUKN R8 m R6,
moseBoir koHTposiep TSC3, a TakrKe JJIEKTPOHHBIA TaXeoMeTp
M3DR5.

TexHOoIOTHsA HMOATOTOBKK PAbOT C MCIIOJIH30BAHNEM CIIyTHUKOBBIX M3Me-
PeHuIL BRIIIOYAET B cebsl, B TOM YHCIIe, PellleHNe TAKUX BOIIPOCOB, KAK BhI-
60p METO0B IIO3UITMOHUPOBAHUS U BHIOOD «CPOKA IIPEI0CTABICHHU JaH-
HBIX» (TO eCTh pabOThI B «peaIbHOM BPEMEHI» HJIH C KII0CT-00paboTKOM)
[1]. MeTosbr M3MepeHMi OrOBOPEHBI B HOPMATHUBHBIX JOKYMEHTax [3], HO
WX OKOHYATEJIbHBINA BBHIOOP 3aBHCEJI M OT MHBIX (PAKTOPOB: JIETKOCTH [0-
CTyIla K IyHKTaM HAOJIONeHMH, yIo0cTBA PACIOJIOMKEHN allapaTyphbl
HAa IIyHKTAaX 1 0e30IIaCHOCTH YJIEeHOB sKcmeauiuu. Ho riasBHeIM darTo-
POM ocTaéresa MOTEeHITUAIBHO JOCTHKIMAA TOYHOCTh MeToma. Ha Pue. 1
MIOKA3aHbl JUATIA30Hbl TOUHOCTH OOJIBIIMHCTBA HCIIOJIB3YEMBIX METOI0B
HO3UIMOHUPOBAaHUA [7].
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Puc. 1. Tounocts meromor GNSS-usmepennii (o [7], ¢ m3aMeHeHUSIMM)

B Bompoce BBIOOpa IOJIyueHUsSI MAaHHBIX B pPeaJbHOM BPEMEHM WJIH
¢ mocT-00paboTKoi, mocT-00paboTka OOHAPYKMBAET 3HAUYNTEJILHOE
IIPEUMYIIIECTBO, IO3BOJISAS IIOJYUYUTh TOYHBIE dd)eMEepPUIbl CIIyTHUKOB,
a TaKsKe IMIPOM3BECTH B KAMEPAaJIbHBIX YCIIOBUAX YPABHUBAHUE CETH, CO-
BMmectHoe ¢ myakravu [TRF.

Jlenaux Koamnosa

OCHOBHOH 11eJIBI0 T€0e3UIECKOr0 COIIPOBOMKIEHU paboT Ha JIeTHUKE
Koamosa siriisiiocsk obecriederre TOorpaduyeckoil CbEéMKU ITOBEPXHO-
CTU A3BIKA JIEJHUKA U IIOCTPOEHUS ITHUQPOBOM MOJIEJIH C IIeJIhI0 JalTh-
HEeHIero MOHUTOPUHTA ero JUHAMUKU. T1omorpaduyuecKkyio ChEMKY
BBIIIOJIHAIOT ¢ TOYEK MECTHOCTH, IIOJIOMKeHUe KOTOPBIX B IIPUHATOU CHU-
cTeMe KOOPIMHAT U3BeCTHO. TaKMMU TOUKaMu 00BIUHO CIIYHKAT ITYHKTHI
OIIOPHBIX I'OCYJAPCTBEHHBIX U MHIKEHEPHO-Ie0le3NUeCKUX ceTel, oJHa-
KO B YCJIOBHUSIX MAJIOOOKHMTOM BBICOKOTOPHOM TEPPUTOPUM MUX KOJIAUE-
CTBAa, IIPUXOAINIETOCI Ha paliOH CHIMAaeMOTIo JIeJHUKA, HeJOCTATOYHO.
CuiienoBaTesIbHO, JIJISI HAYAJIA TTPOU3BOJICTBA CHEMKM HE00OX0IUMO OBLIIO
00€eCIIeunTh CryIIeHne re0qe3nIeCcKoil OCHOBEI.

Jia cosmaHmsa ChEMOYHOrO O0OOCHOBAHMSA OBLIO PEIIEHO IIPOU3BECTH
ompeesieHrne KOOPAUHAT OJHOMN «0a30BOM» TOYKH CIIyTHHUKOBBEIMU IIPO-
JOJIKUTEIbHBIMA A0COIIOTHLIMY HAOIIOICHUAMI METOJ0M CTATHKH,
a 3aTeM C GOJIbIIIEeH TOYHOCTHIO OITPEJIeTUTh KOOPIMHATHI ITPOYNX ITHKe-
TOB OTHOCHUTEJIBHO «0a30BOro».
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Jleguuxku Ilorasnaa u Anexcasgpsl

['1aBHOI 1EJIBbI0 TE0Ie3NUECKOro 00eCIIeUeH s dKCIIeJUIIMOHHBIX padoT
Ha Jgemuukax [Toranmua u Anekcanapsl B 2015 roay ABJISIOCH OIIpee-
JIHUE IIPOCTPAHCTBEHHOIO IIOJIOMKEHHUA A0JIAIIMOHHBIX PEeK, IPOBOIH-
MOe€ IBasKIbl: B KOHIIE MIOH (HAvasIo ce30Ha abJIsaIiu) cpasdy IIocje 3a-
OypuBaHUs peeK B IIOBEPXHOCTD JIEAHUKA, U B KOHIIE aBrycra (B KOHIIE
cesona). Ilo pesynbraram cpaBHeHHs OBYX 00JIAKOB TOYEK IIPEIIIoJjia-
raJioch IIOJIYYUTh BEKTOpA IIepeMelleHus Peek, a Ha UX OCHOBe — IT0JIe
CKOPOCTeH TOPU30HTAJILHOTO JBUKEHUS JIETHUKOB.

CbéMEKa IOJIOMKEHII peek IIPOBOIUIIACH METOIOM OBICTPOI CTATUKHI OTHO-
CUTEJIFHO 0A30BOM CTAHITUH, YCTAHOBJIEHHON Ha IT0JIOTOM CKJIOHE 324 IIpe-
JleJlaMu JIETHUKA W OOKOBOM MOpeHbI, BOm3u jareps. [Ipomosmxnres-
HOCTH CEaHCOB OBICTPOM CTATHUKH OIIPeIesIeHa 10 IMITUPUIECKO hopMyJte
JJIsT IBYXYACTOTHBIX ITpuéMHUKOB: 10 Mua+1 Mmus/km [8]. [l goctuaxe-
HUS MAKCUMAJIBHOM TOYHOCTH, KOOPIUHATH 0230BOTO IIYHKTA OBLIN BHI-
YHCJIEHBI IIPH ITOCT-00paboTKe He Ha OCHOBe IepeIaBaeMbIX B HABUTAITH-
OHHOM COOOIIIEHUN TapaMeTpoB, a C HCIOJIb30BAHUEM AIIOCTEPHUOPHOTO
ompeneseHus apeMepuT Ha OCHOBE JAHHBIX M3 0aHKa HAIIMOHAJIBHOM
reomesuueckoi cay:x0bl CIIIA (NGS). TounocTs aTuxX adpeMepu BBIIIE
IIPOTHO3HBIX MTOYTH HA ITOPSIIOK, YTO CYITECTBEHHO BJIMSET HA UTOTOBYIO
TOYHOCTH OIpejessseMbIx koopauHat [2, 5]. Kpome Toro, 6bL1 3arpyskeH
apxuB maHubIX crryTHUKOBBIX HabmomeHut SOPAC (The Scripps Orbit
and Permanent Array Center) u ypaBHeHAa ceTb CTATHYECKUX HAOJIIOIE-
HUH Ha OIIpeesisieMoM IIyHKTe U Ha Oymkaimux crarmuax cetu I'TRE.

PE3SYJIBTATBI 1 OBCYKIIEHUE

Jlequux Koamosa

Basosas crauius Obliia yeTaHOBIIEHA HA YIAJIEHUH OKOJIO 3 KM OT Kpast
nequnka KoamoBa Ha poBHOM cTa0MIBHOM IPYHTE B HEIIOCPEICTBEHHOM
osmm3octu ot jgareps. s paborsr BeiOpana cucrema koopauuar UTM
3oua 45N (marym WGS84), BEICOTEI OPTOMETPUYECKHE II0 MOJIEJIH Te0H-
ma EGM2008. KoopauHaTs! «0a3bD OIpeaesieHbl a0COIIOTHRIM METOL0M
B pesKuMe CTaTUKHU (BpeMs HabIogeHuil 13 yacos).

CeThb BpeMeHHBIX TeONe3WUYEeCKMX IIYHKTOB CO3aBajiach Ha JIeBOM
¥ TIpaBo¥ OOKOBBIX MOpeHax s3bika Jiegauka (Puc. 2). 3axkmanka myH-
KTOB Ha MOpEHE CBA3aHa ¢ He0OX0IUMOCThIO 00ECIIeUNTE IIPAMYIO BUIH-
MOCTBH MEKIY IIYHKTAMH U ITOBEPXHOCTBIO JIEJHUKA IS TaJIbHENIIero
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BBITIOJTHEHUS TAXEOMEeTPUIECKON ChEMKN. B KadecTBe MaTepuasia s
UKETOB B MOPEHY 3a0MBaJIMCh KYyBAJI0N OTPE3KH CTAJHHOM apMary-
pet quamerpom 10 MM u JIuHOM 1 M, TakuM 00pa3om, 4TOOBI HA IIO-
BEPXHOCTU 0CTaBAJOCh 3—10 ¢M ux aanHbL. BOKpyTr 3a0UTHIX CcTEpIKHEeMN
BBLJIOJKEHBI KAMHH B pOpMe Kpyra JUaMeTpOM OKOJIO 1 M, HAaHeCeHBI
OII03HABATEJIbHBIE 3HAKKA a3P030JIbHON KPaCKOU JIS BU3yaJILHOIO 00-
HApy’KeHUsS IIYHKTOB Ha MeCTHOCTU. HalOsogeHne ceTh BPEeMEHHBIX
IYHKTOB IIPOU3BOIUJIOCH B PEKUME CTATUKYU OTHOCUTEJIBbHBIM METOIOM.
B Tab6u1. 1 mpuBeseHs! moJydYeHHBIE KOOPIUHATEI IYHKTOB ¥ TOUHOCTH
ompe/ieJIeHUsT KOOPAUHAT OTHOCUTEJIFHO 0A30BOM CTAHITHUM.

Puc. 2. Cxema pacmosioskeHus IIyYHKTOB BPEMEHHOI0 ChbEMOYHOTO 000CHOBAHUS BO-
KpyT si3bIka Jeaauka Kosmosa.

Tabauiia 1. BeomocTh KOOPAUHAT OTIOPHBIX IIYHKTOB B OKPECTHOCTSIX
nenauka Koamosa

B i) | Eige | e T | T
2 5433466,842 564652,798 2669,709 0,008 0,013
3 5433592,147 564643,318 2695,790 0,008 0,013
4 5433940,744 564593,659 2757,223 0,005 0,009
5 5434250,461 564578,436 2814,303 0,005 0,010
6 5434634,777 564596,473 2879,843 0,006 0,009
7 5434901,695 563974,749 2894,665 0,008 0,011
8 5434518,992 563955,613 2883,934 0,005 0,009
9 5434016,927 564084,343 2799,466 0,012 0,021
10 5433460,028 564249,433 2736,940 0,005 0,007

Hecmorpst Ha mOTEHITMATIBHYIO TTOABUAKHOCTE OOKOBOM MOPEHBI, KOTO-
pas MOKeT IIPUBOAUTH K CABUTAaM OTHOCHUTEJIBHO APYT Apyra ChEMOK,
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IIPOM3BENEeHHBIX B pasHble JHH, CIelndura paboT B yCIOBUAX IIepe-
CEUYEHHOr0 BLICOKOTOPhS OIIpeesigeT Heo0X0qUMOCTh 00eCIIeUYnTh MaK-
CHMAJIbHYI0 JOCTYIIHOCTH MECT YCTAHOBKM IIyHKTOB, yJIOBJIETBOPEHUE
VMU OCHOBHBIM YCJIOBUAM 0€30IIaCHOCTH IPH IIPOBEIEHNH II0JIEBEIX pa-
00T, a TaKe UX XOpOoIllee OIO3HAHMNE Ha MeCTHOCTHA. Beé aTo mpuBoguT
K HEeoOXOMMOCTH COOJIIOIeHMs DalaHCca MEYKIy TOYHOCThI0 paboT u Ie-
peYNCIeHHBIMY BHIIIE YCIOBUSIMHU.

C BpeMeHHBIX CHEMOUHBIX IIYHKTOB ObLJIA BHIIOJIHEHA TAXeOMETPUUECKAST
CBEMKA MPAKTUYECKN BCEH IMOBEPXHOCTH JICOHUKA B COOTBETCTBUU C [4].
ITocste BHIIOTHEHMS TAXEOMETPUUECKON ChEMKN OBLIM JOCHATHI IIPU II0-
morr ['HCC-060opymoBasmst TOUKKA B «<MEPTBBIX 30HAX», HEe BUAUMBIE HIU
¢ oxHOro m3 IyHKTOB Ha 00koBoit Moperne. [HCC-chemrka ImmpoBommiiach
IOABUKHEBIM IIPUEMHUKOM B PEKUMe KMHEMATHAKH C IIOCT-00Pab0TKOM.

Ha ocuoBe MaTepnaIoB TaXeOMETPUUECKOM U CITyTHUKOBOM CHEMOK IIPHU
nomory mporpammbl ArcGIS OpLia Brimmosimena tpéxmepaass TIN-mo-
[IeJIb TIOBEPXHOCTH JeIHUKA MeromoM Tpuauryauniuu Jemone. Ha oc-
HoBe TIN-Momenn BHIIIOIHEHO IIOCTPOEHNE TOPU3OHTAIEH TOBEPXHOCTH
JeIHUKA C ceueHreM b5 MeTpoB (1Jia Tororpadguueckoro miaxa, Puc. 3),
a TaksKe TpEéxMepHas Buayasauaarms mudposoit mogenu (Puc. 4).

Puc. 3. Penbed nmosepxuocrn aseika gegauka Kosmnosa: TIN-momess (ciesa), n3omnu-
HuH (B IIEHTPE) U TOIIOrpaUIeCcKuii IJIaH M0 COCTOSHUIO Ha aBryct 2014 r. (crpaBa).
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Puc. 4. TpéxmepHuas Busyanusaius nudpoBOi MOEIN ITOBEPXHOCTH SA3BIKA JIeTHU-
ka Koasosa (110 cocrossamio Ha asrycr 2014 roga)

JIleguuku [loranuna u Anexcaugpsel

AOnammonnsie peiiku OblIM 3a0ypeHbI B KoHIe mioHsa 2015 roma
(B HayaJjie ce3oHa abJAINN) B HECKOJLKHX YCJIOBHO BBIJIEJI€HHBIX
BBICOTHO-MOp(bOIIOI‘I/I‘-IeCRI/IX 30HAaX. HpI/IHI/IMaH BO BHHMAaHHE Xapak-
Tep IIOBEPXHOCTHU JIEJHHKA, IIOTOJHBIE YCJIOBHUA U IIpOoYMe (baI{TOpBI,
yIagoch 3a0yputh 17 peer Ha jgenuuke [loranmHa B BBICOTHOM IH-
amasone or 2920 mo 3374 M u 16 peek Ha JIegHHUKe AJIEKCAHIPHI
B BBICOTHOM auamnasone ot 2873 go 3380 m. B xonie asrycra 2015 r.
OBLJIM IIOBTOPHO CHATHI OTCYeTHl. K cosxasienuio, n3-aa 6ojiee sHAYU-
TeJBHBIX CKopocTedl abisaruu B 2015 1oy mo cpaBHEHUIO C IPeJIbI-
OYIIUMHU TOJaMUu, HEKOTOPhIe PEHKU BBITASJIU, IIO3TOMY II0 Pe3yJib-
TaTaM TOBTOPHBIX M3MEPEHUH IIOJOMKEHUN peeK OBbLIU IT0JIydeHBI
BEKTOpA UX IIepPeMeIleHns JUIb Ha OTJAeJIbHBIEe YUACTKU JIETHUKOB.
Ha ocHoBe mpoekIinm BeKTOPOB Ha ITOBEPXHOCTDH JJIJITUIICOUIA ObLIa
IpoBeIeHa UHTEPIIOJIAIUS U IIOJYIYEHO T0Jie TOPU3OHTATBHBIX CKO-
pocreit neuskenus geqaura (Puc. 5). Ilpu atom cpenmsia BenrumumHa
CJIOSI CTAMBAHUS 34 BECh IIepuo HAOJII0aeHU (0KO0JI0 JBYX MECSIIER)
cocraBuya okoso 180 cm Ha nemHuke Ilorarmua 1 oxoso 200 cm Ha
JIemHuKe AJIeKCaHAPHI, UTO HAaEéT CPeIHNe CKOPOCTH CTAUBAHUS OKO-
J0 3 cM/cyT.
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Puc. 5. Cxema pacmosiosxennsi abIsAIIMOHHBIX PeeK U I10JIe TOPU30HTAJIBHBIX CKO-
pocTeil gBU:KeHUsT (CEpBIM— yTepsSIHHBIE 3a Ce30H petikn). CIyTHUKOBAs CHEMKA
GeoEye © 2010 DigitalGlobe, Inc.

Ha puc. 5 BugHO, 4TO TOPU30HTATIBHBIE CKOPOCTH B CPEIHUX YACTAX A3BI-
KOB JIETHUKOB I10 pe3yJIbTaTaM UcCIeI0BaHuit 3a JieTHui ce3ou 2015 roga
cocTasJisaioT ot 4 cv/cyT (14.6 m/ron) mo 12.5 em/cyt (45.6 m/rom). Anasio-
TMYHOEe HcciemoBanue Ha jgemunke [lorammua sa 2003-2009 rr. [9] mo-
KaszaJio ckopocTu 1o 17-31 m/ron B cpenmuein yactu Jjeguuka (u 0.8-2.6
m/Tox Ha a3bike). Taxmm 00pa3oM, 3HAYEHUS CKOPOCTEN MMEIOT OMH II10-
pAmok; moayuerHoe B 2015 rogy mpeBBIIIeHe MaKCUMAaJIBEHON CKOPOCTH
MPAKTUYIECKH B II0JITOPA Pasa MOYKHO OOBSCHUTH TE€M, UYTO M3MEPEHUs
TIPOBOIMJIVICH TOJIBKO B JIETHUM CE30H, KOT/IA CKOPOCTU IBUKEHUS B Iie-
JIOM BHIIIIE, B TO BpeMs Kak 1udps! 3a 2003—2009 rop SIBISIOTCS OCpe-
HEHHBIM Pe3yJIbTaToM 3a Bechb rof [9].

SAKJIIOYEHUE

[Ipu reomesmvyecKoM COIPOBOMKICHUN IKCIIEIUIIMOHHBIX paboT B Top-
HBIX JIeJHUKOBBIX OaccefiHax HAWJIYUINe pPe3yJIbTaThl JOCTUTAIOTCS
KOMILJIEKCOM HA3E€MHBIX U CIIYyTHHKOBBIX METOIOB, ITO3BOJISIOIIHUM CO-
OsrrocTH OaJIaHC MEIKY TOYHOCTHIO, IIPOU3BOIUTEIbHOCTRIO U Oe3omac-
HOCTBIO pabor. Pabora HemocpeICcTBEHHO Ha IIOBEPXHOCTH JIETHUKA
HMeeT HEeKOTOpble 0COOEHHOCTH: pabOoThI IO TOIIOIPA(UUECKON ChEMKE
B CE30H a0JIAIUU JOJIKHBI IIPOU3BOJUTHCA B MAKCHUMAJIBHO CiKATHIE
CPOKH JIJIsT MUHUMU3AIUH d9QQEeKTOB, CBA3AHHBIX C TASHUEM JIeTHUKA.
Kpowme Toro, BO3HUKAIOT TeXHUYECKHE IIP00JIeMbl: HAIIpUMep, [IPH yCTa-
HOBKE IIITATUBA HA IIPOJOJIKUTEIbHOE BpeMs (Kak mpu pabore B pesKu-
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Me 6LICTpOI>i CTaTI/IRI/I), IIpoTamBaHKeE JIbJAa IIOJ IITAaTHBOM ITPOHMCXOIUT
HepaBHOMEPHO, B pe3dyJibTaTe Yero cMemaeTrcda HeHTpUuPOoBaHe 1 Hapy-
nraeTcsa rOpu30HTAJIBHOCTE YCTAHOBKU an6opa.

B ycioBusix KoHTpacTHOTO pesbeda, CIyTHHUKOBBIE HAOIIOAEHUS, HE
TpeOyolue IPAMOM BUAUMOCTH MEWKIY OIIpPemesIsaeMbIMU IIyHKTAMH,
IeMOHCTPUPYIOT IIpeBocxoacTBo. OqHaKo, HeCMOTPS HA TO, YTO B 00IIeM
ciyuae quddepenmnuansbaags [HCC-créMra MoskeT OBITH 00Jiee BBICO-
KOIIPOM3BOIUTEILHOMN, HeMeIn TaxeoMeTrpuueckas [2, 7], mpu pabore
HA JIeJHUKE 3HAYNTEJIbHOE BPeMs 3aTPAUYNBAETCA Ha Iepexol YesoBe-
Ka ¢ BeXOH MJIN C HOABUMKHBIM IPUEMHUKOM OT OJHON TOUKH K IPYTOM,
II03TOMY 3TO IPEUMYIIECTBO HUBEJIUPYETC.

O6GocHoBaHME IJIs TOIOrPA(UUIECKON CHEMKH CIEAYeT CYNTATH BPEMeH-
HBIM, TAK KAK €r0 IIYHKTHI 3aKJIAJBIBAIOTCA B OKPECTHOCTSX JIETHUKA
B JUHAMMUYHOM I'€0JIOI0-TeOMOPQOIOrTIeCKoi 00CTAHOBKE, U, CJIeI0BA-
TeJIbHO, TOABEPIKEeHBbI cMelleHusaM. JJIsa McImoab3oBaHUS TaKoro 060-
CHOBAHUSA B PA3HbIe CE30HBI (MJIM MECSIIBI OJHOIO Ce30HA) He0OXOIMMO
IIPOBOJUTH KOHTPOJIb HEMOABUKHOCTH IIyHKTOB II€pel HAYaJIOM Che-
MOYHBIX Pa0boOT.

BJIIATOJAPHOCTH

OxcreguioHubie padboTsl 2014—2015 IT. BBIIOJIHEHB HOPU PUHAHCO-
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10089_x, No 15-05-10186_k), xamepaapHas o0pabOTKa MaTepuaia
¥ IIOATOTOBKA ITYOJIMKAIIMY BBIIIOJIHEHA IIPU (PUHAHCOBOM IIOIIEPIKKe
Bcepoccuiickoii ob1ecTBeHHOI opranusaiuu «Pycckoe reorpadudieckoe
obmrectBo» (rpanTt Ne 08/2017-U «OTKIMK HpHUPOALI M XO3SHCTBA TOP
Buyrpenneit u llenrpanpHoit A3uy Ha peruoHaJIbHBIE W IVI00aJIbHBIE
uaMeHeHus»). KoJIJIEKTHB aBTOPOB BhIpaskaeT 0JIarogapHOCTH COTPYI-
HUKaM XOBJCKOI'0 IOCYJapCTBEHHOTO yHHBepcuTeTa U MOHTOJIBCKOTO
rocyJapCcTBEHHOTO YHUBEepCUTEeTa 00pa30BaHU 3a IIOMOIIb B OpraHuaa-
IIUY ¥ IIPOBEIeHUH I10JIEBBIX PaloT.
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METOJINUYECKHUE ACIIEKTbBI OHEHKH
KOMIIOHEHTOB TEIIJIOBOI'O BAJIAHCA
I'OPHOTI'O OJIEAEHEHHN{A HA ITPUMEPE

PEIIPESEHTATUBHOI'O JIEAHUKA T KAHKYAT
(HIEHTPAJIbHBII KABKA3)

II.A. Topomos ?A.A. Illecrakosa®, A.M. CmupHuoOB',
B.B. Ilorrosuun!

! MockoBckuii TocynapcTBeHHbIH yHUBEpcHTET HMeHn M. B. JloMoHOCOBA,
l'eorpaduuecknii pakynsret, Poccus
2 Nucturyt leorpauu PAH, naboparopus knumaronoruu, Poccus
3 Uncruryt ®usukn armocdepst PAH, tabopatopust B3auMOJIeHCTBIS OKeaHa i aTMOC(hephl
Poccust

AHOTAIINA

Jleguuk JsxaHKyaT BXOAUT B MEPOBYIO CIIy:0y MoHHTOpUHTA JeguukoB WGMS
u cumraercs pernpeseHTatuBHBIM s [lenrpansuoro Kasrasa. Eskeronmsie Ha-
OJrrofleHUsT 38 KOMIIOHEHTaMuU OaJiaHca Macchl BeyTes 37ech ¢ 1969 roma. Ana-
JIU3 JAHHBIX Macc-0aJIaHCOBBIX HAOJIOIEHUN Ha JIeJHUKE II0KAa3aJl, YTO pe3Kasi
Ierpafanus JeAHuKa B mocienuue 20 JeT cBsA3aHA C AHOMAJIMSIMU A0JISAIUN.
Ha ocHoBe pe3ysbTaTOB METEOPOJIOTUYECKUX M3MEPEHUH IPOaHaIN3UPOBAHBI
OCHOBHBIE KOMIIOHEHTBI TEIJIOBOrO OasaHca s ce3oHa abmsarmuu ¢ 2007 mo
2015 rr. IToy4yensr KoJIMUeCcTBEHHBIE OIIEHKH TOYHOCTH pacdera TypPOyJIEHTHBIX
II0OTOKOB TeILJIa C IIOMOIIIBI0 PA3JIMYHBIX MeTO/10B. [[okasano, urTo B KavecTBe «aTa-
JIOHHOTO» MOKHO WCIIOJIb30BATH MIPSIMOMN IIyJIbCAITHOHHBIA METO], OCHOBAHHBIN
Ha pacyeTax TYpPOYJEHTHBIX IyJIbCAIIUN CKOPOCTU BETpa W TeMIIepPaTyphl BO3-
JIyXa, U3MepPeHHbIe C MOMOIIBI TPEXKOMIIOHEHTHOTO aKyCTHYECKOT0 aHeMOMe-
tpa ¢ gacroroit 10 ', Cpesur pacueTHBIX METOOB HANOOJIEe TOUHBIM SBJISIETCS
MeTOJ| ad9pOoUHAMUYECKUX (PopMyJI. BeImosHeHa OlleHKA BpeMeHHOM M3MeHYNn-
BOCTH OCHOBHBIX KOMIIOHEHTOB TEILJIOBOTO DajiaHca M BKJIAJA PA3IHYHBIX QaK-
TOpOB B (DOPMUPOBAHUE CJIOS CTAMBAHUS: PAJUAIMOHHOrO 0ajaHca HA yPOBHE
50-80%, TypOysreHTHOrO TertoooMmera 20—40%.

KimoueBsie ciioBa: ropHas MeTEOPOJIOTHs, TNISAIUOKJIUMATOJIOTHS, TEILJI0BOM
baJIaHC TOPHBIX JISTHUKOB

BBEJEHHUE

B ocmoBe GoJsbITMHCTBA AJTOPUTMOB OIEHKM aOJISAIIMU TOPHBIX JIeI-
HUKOB JIEKUT OIIeHKa KOMIIOHEHTOB TEeILJIOBOTO DaJiamca, KoTopas He-
KOTOPBIMU HCCJIEOBATEIIMU BBIIIOJHSETCS Ha OCHOBE JAHHBIX Ha-
omomenwnit, [10, 2]. B gpyrux paborax mpemIpHHAMAIOTCS IIOIBITKI
mapaMeTpu3aliud MOTOKOB IPAMOM U pacceIHHOU paaualiid U ypOB-
HsI TIIE€POXOBATOCTH HA MTOBEPXHOCTH JIEJHUKA C YIETOM OCOOEHHOCTEMH
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MHUEKpoOpeabeda, paccessHHOM pamualdy, ajab0eno B 3aBHCUMOCTH OT
TEeMIIEPATYPhl U IIPOMEKYTKOB BPEMEHHW MEKAY CHETOIAadaMU B CE30H
abssamun, u 1.7, [8]. Takse UCIOIB3yIOTCS MOIEJIN, OMUPAIOIIUecsa Ha
CTATUCTAYECKH 3HAUNMYIO CBI3b MEKIY CYMMAMU TEMIIEPATYD 34 CE30H
a0y u tagaug [9]. OgHAKO oTH MOJEIN He IO3BOJISIOT BLIABUTH
dusnueckre MeXaHU3Mbl AHOMAJINNA TASHUA.

O6mupHass mporpaMma MeTEeOPOJOTHYECKUX U T'UIPOJIOTHUYECKUX
HaOJ0IeHu# TpoBoausIachk Ha crammonape Jskankyar B 70-x rr. [2].
Opuaxo, HaumHasa ¢ 2007 r. DOABMJIACHE BO3MOMKHOCTL M3MEPEHHH
IOCPEJCTBOM COBPEMEHHOT0 METEOpPOJIOTUUECKOT0 000pyI0BAHUI,
C IIOMOIIBI0 KOTOPOI0 MOYKHO IIOJIyYaTh BBICOKO IUCKPETHBIE PSIbI
MEeTEeOPOJIOTHYECKUX JaHHBIX Ha Jemuuke Jsxaukyar [11]. Oguoit us
BaKHEUINX Ipo0JIeM, CBA3aHHBIX C OIEHKON CJIOS abJIAIIUH MOPHBIX
JIETHUKOB, SIBJIAIOTCS METOAUYECKHEe ITPo0JIeMbl pacueToB TypOyJIeHT-
HOTO TemJI000MeHa, KOTOphIe, KaK IPaBUJIO, 0a3UPYIOTCSA Ha YIIPOIIEH-
HBIX aspoauHaMHuUYecKux QopmyJsax miau teopuu Mommaa-O0yxoBa.
B mammoit pabore Ha OoCHOBe JaHHBIX M3MepeHuM Ha JeqHuke J[sxam-
KyaT OIleHWBAeTCsI TOYHOCTh PACYETOB TYpPOYJEHTHOI'O TeILIoo0MeHa
C TIOMOIIBI0 PA3JIUUYHBIX METOI0B. TaKike paccMaTpUBAIOTCA METOIH-
YeCKHe aCHeKThI MPo0JIeMbl HEBSI30K MEKIY U3MEPEHHBIM W PaCCUH-
TAHHBIM CJIOSIMUA CTAWBAHUS.

JAHHBIE 1 METO/IbI

Jleguur J[sxaHkyaT BXOOUT B MUPOBYIO CJIy:k0y MOHUTOPHHTA JIEIHMN-
koB WGMS u cumraercs perpesedratuBHbIM 1y I{enTpanbuaoro Kas-
kasza (puc.1.) [3]. Esxerogunie HaboneHns 3a KOMIIOHEHTaMH 0ajiaHca
MAacchl BeAyTes 3ech ¢ 1969 r.; mpoBoAATCa N3MepeHUs MaKCUMAJTbLHON
TOJIIIMHBI CHEKHOTO IIOKPOBA IIepe.l HavaJIoM Ce30HA abIAaIUy ¢ TOUHO-
cTbI0 3—7%, IJIOTHOCTH CHEKHOTO IIOKPOBA B OIOPHBIX IIypdax, a TakK-
sKe CJIOS CTAMBAHMS CHEra M JIbJA 110 OIOPHBEIM PeMKaM B IIEPHUOJI C II0-
CIIeIHEeH JeKaabl Mas II0 IOCIEeIHION JeKaay CeHTIOPS BRIIUYNTEILHO
[6]. Cpemusiss TOUHOCTD OIEHKHU CYTOYHOM a0JISAIIAH 110 OTIOPHBIM pefKkam
cocrasJsier 7%, cesoHHOro Tasuusa 3% [5].

Meteoposiorndyeckne naMepeHus IPOBOIATCA C CePeIUHbl MIOHS 10 Cce-
PeIUHBI CeHTSA0Ps, 0OXBATHIBAsI OOJIBIIYIO0 YaCTh ce30Ha abJydaruu. B He-
KOTOpBIE I'OJIbI M3-3a CJIOMKHBIX IOTOTHBIX YCJIOBUI UJIN B CBSI3H C HATIPS-
SKEHHOM IIOJIMTUYECKON 00CTAHOBKOM B PErvoHE IIePHOJ HAOJII0IeHUI
OKa3BbIBAETCS CYIIECTBEHHO Kopodue. B mamHON paboTe HCITOIb3YIOTCS
METEeOPOJIOTUYEeCKHe JaHHbIe, IIOJIyYeHHbIe aBTOpaMU HA JIeTHHUKE
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Puc. 1. Jluarpammbl paccestHUsI, TTOKA3BIBAIOIINE CPABHEHNE U3MEPEHHOMN TOJIIIH-

HBI TATHIHEBHOTO cyios abmsmun (H\) ¢ Beramcirennoit mo ypasHenuo TerioBoro
bastanca (3) ¢ MCIOIB30BAHMEM PA3JIUYHBIX CXeM pacdyeTa TypOyJIEeHTHOTO TeILIo-

obmena: a) MeToza asponuHamudeckux qopmyn H,, 6) merona Kyssmuma H, B)

merona Mormua-O6yxosa H, ., r) mpamoro meroma H A+ 1IYHKTHPHBIME JIMHUSIME
[IOKA3aHBI OMCCEKTPUCHI, COOTBETCTBYIOIINE UIeATLHOMY COBIAIEHUI0 N3MEPEHHBIX
3HAYEeHUH C PACCINTAHHBIMU.

Jlxaukyat B cesousr abssimit B 2007—2015 rr. Cpeau HUX TemIiepary-
pa Bo3ayxa, OTHOCUTEbHAs BJIAKHOCTH, CKOPOCTh ¥ HAIIpABJIEHUE Be-
Tpa HA YPOBHE 2 MeTpa, CJI0H CTauBaHUsA, KOMIIOHEHTHI PAIAAITMOHHOTO
basamca, TypOyJIeHTHBIE IIYJIBCAITUA CKOPOCTH BETPa U TEMIIEPATYPHI
C TIOMOIIBI0 TPEXKOMIIOHEHTHOTO aKycTrdeckoro anemomerpa GILL.

oh

Ecnu Bennunu - O603Ha"II/ITb, KakK 3aTpaThl TeIllJla Ha Tad-
fpi a
t

melt

Hue abaa), a Beipamkenne SW (1- A)—(LW* - LW™) —xax R (pagua-

LMOHHEIN 0aJIaHc), TO ypaBHEHNE 3 MOYKHO 3allKcaTh B elle OoJiee 00-
et popme:

Q.. =R+H+LE (1)
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PacemorpuM ocHOBHBIE METOABI OIIEHOK TYpOYJIEHTHOTO TEILIO- W BJIa-
roobMeHa JIeTHUKA ¢ aTMOC(epoii, KOTOPhIe NCII0JIb30BAJIUCH B JAHHON
pabore.

Meron TemsioBoro GajiaHca OCHOBAH Ha aHAJIM3€ YJIEHOB ypaBHE-
mua 3. [Ipu sToM BesmumHa pasuanmoHHOro dasiamca R umsBecTHa U3
uaMepeHuil. 3aTpaThl TellIa HA TagHUe () | 32 OIpesesIeHHEII ITpoMe-
SKYTOK BpeMeHU (UACHI, CyTKH) OLIEHUBAETCS, KaK [IPOU3BEIeHNe U3Me-
PEHHOr0 ¢ mIOMOIIEI0 JaTunka Sonic Ranger ciost cramBauusa Ah Ha Be-
smanHy Lp,. Jlasa omeHEm TypOyJ/IeHTHBEIX IIOTOKOB TeIlJIa M 3aTpar

TellJia Ha UCIIapeHre BBeJdeM OTHOIIIEeHIe Boyaﬂa:

C
_H _%AT @)
LE L Aq
KOTOpOQ onpeaenaeTCH 110 I/I3MepeHHBIM BepTI/IKaJILHLIM I‘pa,HI/IeHTaM
TeMIIepaTyphl ¥ MAaCCOBOM I0OJIM BOMISHOIO Irapa Hasmo JibaoM. Vcirosrs-

3ys otHotenne BoyaHa, MoskxeM M3 mpeoOpPa3oBAHHOIO ypaBHeHUs (4)
OIIPeeJIUTh TYpOYJIEHTHBIE TTIOTOKHU TeIJIa M BOJSIHOTO ITapa:

Bo

H=LE-Bo (3)

Meron Mouuna-O0yxoBa oguH 13 HanboIee PasBUTHIX B reopu3u-
YEeCKOW THUAPOIUHAMUKE, B YACTHOCTHU—B (PpU3WKe aTMocephbl, OCHO-
BAHHBIA Ha Teopuu pasdmepHocTei u momobus [4]. CyTb MeToIa CoCTOUT
B CTPOTOM BBIPAYKEHUU TYPOYJIEHTHBIX ITOTOKOB TeIlJIa, BJIATH W WM-
IIyJIbca 4Yepe3 yHUBepCAJbHBIE Oe3pasMepHble (DYHKIINHU, 3aBUCSIIIHE
IIpeskJIe BCero OT TeMIlepaTypHOU crpaTudukarun. JlauHeit MeTos pa-
boTaeTr IpU YCIOBUY TOPH30HTAIBLHOM OJHOPOIHOCTH ITOJICTUJIAIOIIEH
IIOBEPXHOCTH, B IIPEJIIOJIOKEHNUNA O CTAITMOHAPHOCTA METEOPOJIOTHYE-
CKUX YCJIOBHU B T€UEHWE 3aaHHOI0 IIPOMEKYTKA BpeMeHHU (B HAIEM
ciaydae, 15 MUHYT), a TaksKe 0 HEM3MEHHOCTH TypPOYJI€HTHBIX ITOTOKOB
10 BBICOTE B IIPU3EMHOM CJIOE.

Asponuunamuyeckuii meron. B obmem Buae dopmyssl myia pacuera
TypOyJI€HTHBIX IIOTOKOB TEILIA U BOISHOIO IIapa B paMKaxX aspoLuHAa-
MHYECKOI0 METO/Ia IPEeICTABJIAIOTCA B CJICAYIOIIEeM BUIE:

H=Ckp(T,~T,); LE=Lkp(q,~q,) @)

[TockonbKy B pamMkax Meroja Temieparypa 1 W BIIATOCOJeps:KaHUE ¢
u3MepseTcs Ha IBYX YPOBHAX (2 MeTpa W BOJIM3U MOBEPXHOCTH), €IUH-
CTBEHHBIM HEU3BECTHBIM UJIEHOM SIBJISETCA K0dQQHUITHEeHT TypOyIeHT-
HOTO 00MeHAa k, KOTOPBIA 00BIYHO OIIPEIesISeTCs CAeSyIOIINM 00pa3oM:
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2
xu

k=——— f(Ri,) )
(%)

rae z,—IapaMeTp IIepOXOBATOCTH, JJIA PA3IUYHBIX JIGTHUKOB OH KO-
nebmercs ot 0,5 1o 3 MM, B HaIeM ciydae z,=1 MM; QyHKITUS 00beMHO-
ro umcsia Puvyap/icoHa, yYUTHIBAOINIAS CTPATUPUKAIINIO B IPU3EMHOM
cJioe aTMOC(epHI:

Meron TypOy/ieHTHBIX NyJbcaluil (WM MPSMOM MeTOH) IIpej-
ImoJraraeT WM3MEpPeHUsl IIyJIbCAIIUHM TPeX KOMITOHEHT CKOPOCTH BeTpa
(BepTUKAJIBLHON W JBYX TOPM30HTAJIBHBIX), TEMIIEPATypPhl, YIeJIbHOM
BJTAYKHOCTHU B CJIO€ TIOCTOSTHHBIX TIOTOKOB (ITPU3E€MHOM CJIOE) C ITOMOIITBI0
BBICOKOUYBCTBUTEJILHBIX AKYCTUYECKUX AaHEMOMETPOB, OCHOBAHHBIX HAa
adpderre Hommepa. IloToxku Temra u BOOAHOrO IIapa BBIYKUCIISIIOTCS II0
KOBaApHUAIIUAM MEKIY HUMH, ITOJPOOHO C METOIMKON PAaCUeTOB MOKHO
03HAKOMUTHCS, HATIpUMeED, B [7].

H=cpwT’; LE =p,Lw'q’ (6)

OnrumasibHAsI 4acTOTa M3MEPEeHUM COOTBETCTBYET YACTOTe Hambosiee
MeJIKUX TYpOYyJIeHTHBIX ITyJIbcAlluii B aTrmocdepe u cocrasiser 10-20
I't. Bpemst ocpemsenus moIydeHHBIX JAHHBIX BEIOMPAETCS TaK, YTOOBI
OHO 00ECIIEUYMBAJIO CTATUCTUYECKYI0 YCTOMYMBOCTH pe3ysbTaToB. Kak
TIOKA3aJIN CIIeINAJIbHbIE MCCIeIOBAHUS, OIyOJIUKOBAHHEIE ere B [1],
OIITHMAaJIbHOE BpeMs ocpeJHeHUs cocTaBisgeT 30 MUHYT.

OIIEHKA METOJOB PACYETA CJIOS ABJIAIINN

[Ipssvble m3aMepeHUs CJI0s CTAUBAHUS JaTYnKoM Sonic Ranger, 1mo3Bo-
JIUBIITHE OIEHUTDH BeJIMYMHY () B YPABHEHHHU 3, B COYETAHHH C JI0-
CTATOYHO TOYHBIMHU H3MEPEHUAMHU pPaIualloHHOr0 6asnamca R masu
BO3MOKHOCTB I10/I00pATh OIITHUMAJIBHBIM METOJ, pacuyera TypOyJIEeHTHBIX
IMOTOKOB. VIHBIMU CJTOBAMU, CyTOYHASI CyMMa PaJUualloOHHOTO Oajiamca
R B ypaBHenum 4 3amaBajach IO TaHHBIM M3MEPEHUM M 0CTABAJIACDH
HEM3MeHHOM, B TO BpeMs, Kak Beauunubl H u LE MeHAINCh B 3aBUCH-
MOCTH OT WCIIOJIb3yeMOM MeTOIWKH pacdera. MTorosas paccunraHHas
BEJIMYMHA CJIOSI CTAWBAHUS CPABHUBAJIACH C M3MEPEHHOMU. B 1essax wmc-
KJIIOUEHUST CIIYYAaMHBIX IIOTPEITHOCTeH, yMa M CTATUCTUYECKUX «BBI-
OpPOCOB» OBLIIM BBHITTOJIHEHE IIEHTAa HbIe (IATHIHEBHBIE) OIIeHKH.

Ha pwuc. 1 xoporiro BUIHO, YTO TOYHOCTE OIEHKU CJI0sI aOJISIUHU CyIie-
CTBEHHO 3aBHCHUT OT BBIOOpA MeTo[a pacyera TypOyJIEHTHBIX ITOTOKOB
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remia. Koadpdunment nerepmuuanmy R? moxasbiBaeT TOYHOCTH All-
MPOKCUMAITAH II0JIYYeHHBIX JMHEUHBIX 3aBucumocreit. OmHaAKO TOY-
HOCTb CAMHUX METOIOB CJIeAyeT OIIEHHWBATH II0 ITOJIyYeHHBIM ypaBHe-
HUAM Perpeccuu, KOTOphIe IJIS BCeX YeThIpeX HCIIOJIb3yeMbIX METOIIOB
umeroT Bua npaMbix Y = kX + b. [lpumevarespbHO, YTO JIJIs BCEX CJIyva-
€B BeJIMuMHA b, XapaKTepU3yoIllas CUCTEMATHIEeCKOe 3aBBIIIIEHNEe CJIOS
crauBaHusa, cocrasmia 0,1-0,16 m 3a 5 cyrok. MosKHO IpeIoaraTh,
4TO OIIMOKA CBA3aHA C BO3MOMKHEIM 3aHMMKEHMEM IIOTOKA OTPAasKeHHOMN
pajguanuy B KOHKPETHOM TOYKe M3MEepeHUH: ajb0eno ajaeMeHTapHOMI
wIomanky Jegauka miomranabio 100x100 M, BEIOpaHHON B 30HE a0JIs-
I, BeChMa U3MEeHUYUBAas BeJIMYNHA, U, KaK ITI0Ka3aJI1 HaTypHbIe u3Me-
penwns, moskeT MeHAThe oT 0,2 mo 0,4. JIpyroit IpuYrHON 3aBBIIIIEH
00ILIero CJI0sI CTAaUBAHMUS 110 CPABHEHUIO ¢ U3MEPEHHBIM MOJKET OBITh [10-
OyIlleHre paBeHCTBA TeMIIepPaTyphl HA TTOBEPXHOCTU JIEHUKA U B CJI0€
mepoxosaroctu 0 °C. B peasbHOCTH 3TO 3HAUEHME MOKET OBITH BBIIIE
0 °C, mOCKOJIbKY II0BEPXHOCTD JIeTHUKA IIPEeJICTaBJIsIeT co00M cMech Ta-
IOIIEro JbA ¢ MEeJKHMH YaCTUIIAMU MOPEHHOT0 MaTepruasia 1 BOMOH.

SAKJIIOYEHUE

KosddummenT £ B paccMaTprBaeMbIX JUHEMHBIX CBA3IX (pHc. 1T) Mesx-
Iy PacCYUTAaHHBIM M M3MEPEHHBIM CJI0eM cTauBaHus MmeHsercs ot 0,7
1o 1,6. Jlyia meroma TypOyJIEHTHBIX IIyJIbCAITHM er0 BeJMYHHA paBHa 1
(puc. 1r). OTo 03HAUaeT, YTO pacyer TypOYJIEHTHOI'O IIOTOKA Ha OCHOBE
IaHHBIX akycrudeckoro anemomerpa GILL MoskHO cunTaTh 9TaJIOHHBIM.
[Torpemraocts MeToma cBsi3aHA TOJIBKO C OOIIMM 3aBBIITEHUEM CJIOS
CTaWBaHU, PeUYb 0 KOTOPOM IIjia Bbilie. HamMeHee TOYHBIM OKAa3bIBA-
ercst merorn MoumHaa-O0yxoBa (puc. 2B): ero IpuMeHEHUe JI OIeHKH
TypOyJI€HTHOIO MOTOKA TEeILIa IPUBOIUT K 3ABBIIIEHUI0 PACCUNTAHHOTO
ATHATHEBHOIO CJIOST CTAWBAHUS 110 CPABHEHUIO C M3MEPEeHHBIM B 2—2,5
pasa, To ectb Ha 100-150%. He couimkoM ycIiemrso 3apeKoMeHI0Ball
cebsa u meron KyspmmHAa, JJIS KOTOPOro XapakTepHa MaKCHMAaJbHAs
(10 cpaBHEHWUIO ¢ APYTUMHU METOMAMMU) TUCIIEPCHUS OIIHNO0K, OIPe e IiB-
mas caMblil HU3KHU Koaddurment gerepmunanuu (0,44). B cpennem,
MEeTO/]T 3aHMKaeT 3HaveHus MoToKoB Ha 30% (puc. 10). Haubosee ycrrer-
HBIM OKA3aJICS METO]T aspOJWHAMUYECKHX (POPMYyJI: CPeIHssS OIIMOKa
0e3 ydeTa CHCTEMaTHYECKOr0 3aBBIIIeHNs cocTaBser —10%.
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ABSTRACT

For Antarctic research, one of the most important support tasks is a monitoring of sledge
routes, airfields, and other visited areas for detection of open crevasses and revealing of hid-
den, snow-covered ones. We present a novel approach for revealing hidden crevasses, which
is based on geomorphometric treatment of high-resolution, glacier digital elevation models
(DEMs) produced from aerial imagery captured by unmanned aerial systems (UASs). The
study was conducted in East Antarctica. The surveyed territory included an initial section of
a sledge route from the Progress to Vostok Stations. The survey performed by Geoscan 201,
a flying-wing UAS, resulted in a set of aerial photographs with the resolution of 6 cm. Han-
dling these images, we produce several high-resolution glacier DEMs for a typical area of
the sledge route with snow-covered crevasses examined in the field. The glacier DEMs with
the resolutions of 25 cm, 50 cm, and 1 m were then treated by methods of geomorphometry.
We derived models of 16 morphometric variables including horizontal, vertical, minimal,
and maximal curvatures, catchment area, etc. For the 1-m resolution DEM, mapping of
some variables allowed us to reveal one of the hidden crevasses. The developed approach is
functional, at least, for hidden crevasses with a width of 1.5 m and wider.

Keywords: unmanned aerial system, geomorphometry, digital elevation model.

INTRODUCTION

Crevasses constantly form on the surface and in the near-surface layer
of glaciers and ice sheets [1]. These features pose a significant danger
to polar explorers. Thus, for Antarctic research, one of the most im-
portant support tasks is a rapid and safe monitoring of sledge routes,
airfields, and other visited areas for detection of open crevasses and
revealing of hidden (snow-covered) ones.

For real-time detection and revealing of crevasses, ground penetration
radars are usually applied, with antennas mounted in front of the mov-
ing vehicle [1]. Although aerial imagery may be utilized to monitor
crevasses, a rapid aerial survey from manned aircrafts is not always
possible due to its high cost as well as weather and lighting conditions.
Moreover, aerial photographs of glacier surfaces cannot always be in-
terpreted because of specific conditions for image formation, such as
low contrast of scenes, as well as glare from snow and ice surfaces.
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Unmanned aerial systems (UASs) introduce a low-cost alternative to
manned aerial survey [2]. The use of UASs may facilitate the work
of researchers in severe conditions of high mountain glaciers and ice
sheets [3]. In particular, UAS-derived images can be utilized for pro-
ducing high-resolution digital elevation models (DEMs) [4], which are
initial data for further digital terrain analysis and geomorphometric
modelling [5].

Crevasse formation and propagation are reflected in the geometry of
a glacier surface. To reveal crevasses, it is, therefore, reasonable to
analyse glacier DEMs. In this paper, we present a novel geomorpho-
metric approach for revealing hidden crevasses based on treatment of
UAS-derived glacier DEMs.

DATA AND METHODS

During the austral summer 2016/2017, an unmanned aerial survey
was conducted in East Antarctica within the frameworks of the 62"
Russian Antarctic Expedition (RAE) in cooperation with Geoscan Ltd
[6, 7]. The surveying was performed by Geoscan 201, a flying-wing
UAS (its description can be found elsewhere [7]). In particular, the
unmanned aerial survey was conducted along an initial section of a
sledge route from the Progress to Vostok Stations (the survey is de-
scribed in details elsewhere [7]). The surveyed strip has a length of
about 30 km and a width of around 3 km (Fig. 1). Within the surveyed
strip, we selected a typical area measuring 1300 m X 770 m, which
includes two, long and short, snow-covered crevasses (Fig. 2). The long
one was examined in the field (Fig. 3a). The crevasse had a width of 1.5
m and an observed depth of at least 2 m. It was covered by a snow layer
with a thickness of 25 cm. Visually, it is difficult to detect the crevasses
in the field and aerial images (Fig. 2).

To explore geomorphometric techniques in terms of revealing hidden
crevasses, we carried out the following procedures: First, we obtained
several glacier DEMs for the selected area. The glacier DEMs with
resolutions of 25 cm, 50 cm, and 1 m (Fig. 4) were photogrammetrically
produced using software Agisoft PhotoScan from a set of 133 aerial im-
ages (7 flight stripes “ 19 photographs) with forward and side overlaps
of about 70% and 50%, correspondingly. Aerial images have the aver-
age resolution of 6 cm. The photogrammetric procedure is described
elsewhere [4, 7]. Second, to suppress high-frequency noise and arte-
facts, the glacier DEMs were smoothed 1-3 times by a weighted aver-
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age filter. Finally, applying software LandLord, we derived models of
16 morphometric variables from the smoothed DEMs including hori-
zontal (k,), vertical (k)), minimal (£, ), and maximal (k) curvatures,
slope (G), catchment area (CA), etc. (Fig. 5). For formulae, definitions,
and interpretations of the variables, see [5].

FE" 5 km

Fig. 1. Location of the study area: LH — Larsemann Hills; PS — Progress Station;
white frame SR — the surveyed strip along the initial section of the sledge route
(red line) from the Progress to Vostok Stations; grey rectangle — the study area.
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Fig. 2. Orthomosaic for the study area (the central point: 69°33’48.33” S,
76°15’52.85” E; see Fig. 1). Arrows — snow-covered crevasses; SR — the sledge
route.

Fig. 3. (a) A cleared portion of the long crevasse. (b) Snow microtopographic patterns.

RESULTS AND DISCUSSION

The orthomosaic of the study area (Fig. 2) displays many snow elon-
gated patterns of aeolian origin (apparently, little sastrugi), which
are stretched from southwest to northeast, perpendicular to the local
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katabatic wind direction. Aeolian snow microtopographic patterns
(Fig. 3b) can also be seen on the maps of k,, k£, and CA (Fig. 5a, b, f).
The k&, map demonstrates a system of snow microterraces stretched
from southwest to northeast (Fig. 5b), also perpendicular to the local
katabatic wind. The k, and CA maps (Fig. 5a and f) show a system of
snow micro-“flows” stretched from southeast to northwest, from up- to
downhill, parallel to the local katabatic wind.

Visually, the both snow-covered crevasses cannot be easily found in
the orthomosaic (Fig. 2). At the same time, morphometric variables
derived from the 1-m resolution DEM revealed the long crevasse as
a lineament (Fig. 5). Maps of all variables somehow display this cre-
vasse, because it is reflected in the geometry of the glacier surface.
However, different variables have different ability to reveal the cre-
vasse, because a particular morphometric variable describes topo-
graphic features according to its physical and mathematical meaning
[5]. The crevasse is best detected by k, and k& . (Fig. 5a, c). Although

min

the measured width of the crevasse is 1.5 m (Fig. 3a), the width of its
trench manifested in the snow microtopography is 5—6 m. Otherwise it
would not be revealed by the 1-m resolution models due to consequenc-
es of the sampling theorem.

Fig. 4. Elevations of the study area (the 1-m resolution DEM).
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Fig. 5. Geomorphometric maps of the study area derived from the thrice-smoothed
1-m resolution glacier DEM: (a) horizontal curvature; (b) vertical curvature. Arrows
— the revealed long crevasse; SR — the sledge route.

The short crevasse is not detected on the 1-m resolution morphometric
maps (Fig. 5) because it is narrower than the long crevasse. The 25-cm
and 50-cm resolution glacier DEMs include high-frequency noise and
artefacts, which are associated with specificities of the formation of
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17

Fig. 5. Cont’d: (c) minimal curvature; (d) maximal curvature.

glacier aerial images and their photogrammetric processing. We were
unable to suppress adequately the noise and artefacts. Thus, geomor-
phometric treatment of these two DEMs did not allow us to reveal the
crevasses.
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Fig. 5. Cont’d: (e) slope; (f) catchment area.

CONCLUSION

We described a novel approach for revealing hidden crevasses, which
is based on geomorphometric treatment of UAS-derived glacier DEMs.
The field test demonstrated that the approach is functional, at least,
for the case of snow-covered crevasses with a width of 1.5 m and wider.
It can be used as an alternative or complement to existing methods of
crevasse detection. To provide revealing narrower crevasses, further
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studies will be focused on suppressing of noise and artefacts in high-
resolution glacier DEMs.
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BOPA B PASJINYHBIX PE'TOHAX APKTUKH
(HOBAJ 3EMJIA, IIEBEK, INIIUITBEPI'EH)

A.A. Illecrakora

WNucruryt dusurn armocepsr umenu A. M. Obyxosa, Poccust

AHHOTAIINA

OdderT pesroro yCuIeHUs CKOPOCTH HA ITO{BETPEHHBIX CKIIOHAX MPOTIKEHHBIX
rop mpu Gope, hbéHe U IPYTUX MECTHBIX BeTpax HAOII01aeTcsa BO MHOIMX pafioHax
mupa. Takue ABJIEHUA He TOJIBKO IIPEJICTABIIAIOT YIPO3y JJIA 4eI0BeKa, HO TaK-
K€ CHJIbHO BJIMAIOT HA TeIJIO0OMeH aTMoc(ephbl ¢ MOPCKOM ITOBEPXHOCTHIO U HA
KJIUMATHYECKyl0 cucTeMy (HampuMep, yCKOpeHue TasHUA JIeJHUKOB IIpu QéHe
na [Mlnunbeprene). B poccuiickoit ApkTrke Kk HanboJee N3BECTHBIM TI0[BETPEH-
ueM Oypam (“downslope windstorms”) oTHocsATCS HOBO3eMeJIbCKas 6opa, IeBeK-
cknit 1oskak, pén Ha Illnundeprene. Jis JaHHBIX BETPOB IIPOBOJMTCSA AHAJINS
[IO/IBETPEHHBIX BO3MYIIEHUN (CKOPOCTH, TEMIIEPATYPHhI, JaBJICHU) U HATEKAI0-
IIeT0 TIOTOKA, OTIPEJIeJIAIONIET0 PEsKUM 00TeKAaHUA XPeOTOB.

Kmiouessie ciioBa: mojBeTpeHHble OypH, 60pa, EH, ME30METEOPOJIOT S, THC-
JIEHHOE MOJIeJINPOBAHIE

BBEJEHHUE

Betps! Tuma 6opsl 1 (HEHOB, KOTOPbIE MMEIOT OJMHAKOBYIO TIPHPOLY M pa3inya-
10TCSI JIMIITh N3MEHEHHEM TEMITEpaTyphl Ha MMOABETPEHHON CTOPOHE TOP, HA3BIBAIOT
noaBeTpeHHBIME Oypsamu (“downslope windstorms™). HecMoTpst Ha 3HaYHTETEHOE
KOJIMYECTBO Pa0OT, MOCBSIIIEHHOE STOMY SIBJICHHIO (IIPEMMYIIECTBEHHO, YHHYKY
B CIIIA, anpruiickuM (hEHaM, apraTHICCKON Oope, HOBOPOCCHUICKOM Oope), of1-
HO3HaYHOTO MHEHHS O POJM TEX WJIM WHBIX (PU3NUECKUX MEXaHM3MOB B (hOPMU-
POBaHWM MOJBETPEHHBIX Oyph HEeT. C OHOW CTOPOHEI, CYIIIeCTBYEeT BOJIHOBOM
MeXaHU3M, CBSI3AHHEIN ¢ 00pa3oBaHUEM, PACIPOCTPAHEHNEM U 00pyIIe-
HUEM HaJ ropaMy BHYTPEHHUX I'PaBUTALIMOHHLIX BOJIH (masiee— BI'B),
a Takske Mx pezoHaHcoM [11]. JIpyroii moaxoa— rugpaBInuecKuii, pH KOTO-
POM HaTEKaroIUi MOTOK alllPOKCUMHUPYETCS OTHOCIOWHOHN HECTpaTH(HUITPOBaH-
HOM ’KMJKOCTBIO, @ pEIICHUE NOTyYaeTcs U3 ypaBHEHUHN Menkoi Boabl [6]. MHo-
THEe HCCIIeIOBATEeNI OTMEYAIOT, YTO CHJIbHBIC MOABETPEHHBIC OypH, CBSI3aHHBIC
C BOJIHOBBIM OOPYIICHHUEM, CXOXKH C PEaKIMeH IMIpaBIMIecKOro MOABETPEHHOTO
TIOTOKA.

IlogBerpenusie Oypu B ApKTHEE H3y4eHBI ¢JIabo, UTO CBA3AHO ¢ MAJIOR
IJTOTHOCTBIO HACEJIEHMUS, a TAKIKE C OTHOCHUTEIFHO HEeOOIBIITUM KOJIAYe-
cTtBoM craHIwmit Habomennit. HoBozemensckas Gopa (CHIBHBIN BOCTOUHBIH
BeTep, BOHUKAIOIINI Ha 3alaJHbIX CKIIOHAX apxunenara Hosast 3emiist) ocBere-
Ha B paborax [1, 3, 8]. CuuibHBIN 10TO-BOCTOUHBIN BeTep B [IeBeke, Ha3pIBaeMBIi
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«IO’KaKOM», TYIOIHMI Ha OIBETPEHHON CTOPOHE IIEBEKCKOro XpeOTa, H3yUeH 3Ha-
YUTEJBHO JIydllle, Y4eM HOBO3eMelIbcKasi Oopa. [IeBeKckoMy «IokaKy» HOCBsIIEHA
monorpadus I1. 1. 3umuaa [2]. IToxerpernnas Oyps Ha nwmmbeprene, kotopas
9acTo BBIpakaeTcd B Buae (hEHa Impu BOCTOYHBIX BETpax (Hajee Ui MPOCTOTHI
OyzneM ymoTpeOnaTs TepMHUH «IIMUIOepreHcKuil GEH»), yIIoMHHAETCS B paboTax
[4,5,7]). UncnenHomy monenupoBannio obrekanus LlImuibeprena BO3AYIIHBIM
ITOTOKOM TIOCBAIIECHEI padotsr [9, 10].

B mamsOM mMccnemoBaHMHM peanayeTcsd KOMILJIEKCHBIN IIOOX0Md K H3-
yuyeHUI0 moaBeTpeHHBIX Oyph Ha Hosoit 3emie, Ilnuibeprene
u B IleBere, MCIONIB3YIOTCA OOMHAKOBBIE METOIBI 00pabOTKM IaH-
HBIX ¥ Pe3yJIbTATOB MoJeJupoBaHusa. [IpoBoguTcs cpaBHATEIbHBIN
aHAJIN3 TPeX BEeTPOB, BOHUKAIOIINX B PA3JIMYHEIX pernoHax ApKTu-
KM ¥ B YCJIOBHUSX PA3HOro peiibeda, ¢ MCI0Ib30BAHUEM JTOCTYIITHBIX
IAHHBIX HAa3eMHBIX METeOPOJIOTHYESCKUX HAOJIOICHAN U YUCICHHOI0
MEe30MAacCIITA0HOT0 MOIeJIUPOoBaHus ¢ momombio mogean WRFEF-ARW.
Oco6Goe BHUMAaHMUE yIesIseTcsa N3yUYeHNI0 HaTeKAIOIIero II0TOKA, TaK
KaK OH MIpaeT OIpPemelIAIollyio PoJib Ipu (POPMUPOBAHUN PERUMA
00TeKaHMA TOp, 4 3HAYUT W MOJBETPEHHBLIX BO3MYIIEHUN CKOPOCTHU
BeTpa.

JAHHBIE 1 METO/1bI

Jlanuble HA3eMHBIX M3MEPEHUN METeOPOJIOTMYECKHX IapaMeTpPOB BO
BpeMs HOBO3eMeJIbCKOM OopbI mmosryueHbl co cranimu Masteie Kapwma-
KyJIbI, BO BpeMs IeBEKCKOro oskaxka—co cranmuu [lesex (Puc.la, 0).
Ha IMnoumbeprere oTCyTCTBYIOT CTAHITUW HAOJIIOJIEHHUM, PACIOJIOKEH-
HbIe HEIIOCPEICTBEHHO Y IIOTHOMKIS CKJIOHA, BI0JIb KOTOPOTo AyeT 0opa,
kak Ha Hopoit 3emite u B Ilesexe (mm, mo Kpaiineil Mepe, UX JAHHBIE
OTCYTCTBYIOT B OTKPBITOM goctyiie). Hambosiee OJIM3KO O CpaBHEHUIO
C IPYTUMHU CTAHIIUSIME OTPAKAIOT MeTeollapaMeTPhI IIPHU I0IBETPEHHOM
Oype aBTOMaTHYeCcKHe MeTeocTaHImH B paiione Jlomrimpa (Puc.1r),
ycTaHoBJIeHHBIE YHuBepcuTeTckuM IeaTpom CBasnbaga (UNIS) u mo-
CTYyIIHBIe Ha caiTe https://www.unis.no/resources/weather-stations/.
Jlia ncenenoBadus ObLI0 0TOOpaHo Mo 12 HanboJIee CUJILHBIX JIIM3010B
moJBeTpeHHBIX 0yph B parione Hosoit 3emu u IleBera 3a mociemume
40 met (koraa JOCTYITHBI JAHHbBIE HATYPHBIX HAOJIIOJEHUN U peaHasIn-
3a). Cropocthb BeTpa (cpenusas 3a 10 MUH) B 0THX 3IIM305aX IPEBLIIIAIA
30 m/c. s Ilnunbdepresa 0b110 BeIOpaHo 10 Hambosiee CUIILHBIX IO -
BeTpeHHBIX Oypb 3a mepumona 2010—2017 rr., Korma JOCTYIIHBI JAaHHBIE
AMUC B paiione Jlouritupa.
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TOJIbHUKAMY — PACIIOJIOKEHUE II0IBEeTPEHHbBIX MeTeOCTAHIINA, KPeCTaMU — II0JIOKe-

HEe y3JI0B peaHaJIn3a, B KOTOPBIX aHAJIM3UPOBAJICS HATEKAIONIUH IOTOK, CTPeJIKA-
MU — HAPaBJIEHUE HATEKAIOIIEero IIOTOKa

Jls1st mceseioBaHMS HATEKAIOIIEro IIOTOKA B PAMKAX TAHHON paboThI Hc-
IOJIL30BAJINCEH IIPOIIN BeTpa U TeMmuepaTypsl u3 peanaau3a MERRA
¢ IPOCTPAHCTBEHHEIM paaperienuem 2/3° mo mosrore u 1/2° mo mmpoTe
C HaBETPEHHOM CTOPOHBI XpedToB. PacmososkeHne y3J0B peaHanunaa,
B KOTOPBIX aHAJM3UPOBAJICSI HATEKAIOIINH MOTOK, IToka3aHno Ha Puc. 1.
B kadecTBe MOTIOTHUTEITLHOTO MHCTPYMEHTA HCII0JIH30BAJIACH ME30MAaC-
mrabuaa mogenb WRF-ARW 3.4.1, xopo1o 3apekoMeHmoBaBIas ceds
IPU MOJ[eTUPOBAHUHU TIOJBETPEHHBIM OyPb 110 BCEMY MUPY, B TOM UUCJIE
HOBOPOCCHUCKON 1 HOBO3EMEeJILCKOM O0PHI.

Xpeber B patione IleBexa—HauMeHbINH cpeau u3dydaeMmbrx. HoBose-
MeJIbCKUI XpebeT mmeeT cxoskyio BbIcoTy (600 M), HO HAMHOIO IIIHpe
neBexckoro. Pesped Ilnuirbeprena—manbosiee CI0MKHBIN, ¢ O0IBIINM
KOJIMYECTBO (PHOPJIOB, KOTOPHIE OCJIOMKHSIOT aHAaJM3 II0IBETPEeHHO
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Oypu. MakcumasibHast BeicoTa ocHOBHOTO xpebra Ha Illmurbeprerne —
1700 M, TunmmuHasa BeicoTa— 0K0J10 1000 M.

PE3YJIBTATBI

HecmotTpst Ha pasanams KpyITHOMACIITAOHOM ITUPKYJIAIIAA aTMOCHEPHL,
Ha (poHE KOTOpPOH pas3BUBAIOTCS H3ydyaeMble Oporpad)uuecKre BeTPHI,
HATEKaIIHHA MOTOK JJIS TPeX PAfioHOB MMeeT CXOKue 4epTsl. Tak, xa-
PaKTepHO HAJIMYKE TPeX TePMUUECKUX CJI0EB B TPOIIOCepe — HUKHUN
CJIOI O cTpaTU(PUKAIel, OJIM3KON K HeUTPAJIBHOM, CJIa00yCTONYNBOM
WU cJIaOOHEYCTOMYIUBOM, CJION IIPUIIOAHATON WHBepcHU (BBICOTA Hinv,
rommuaa Dh, 1 mepemaz TeMIIePaTypHl Y, B KOTOPOH CHJIBHO Pa3HsIT-
CsI He TOJIBKO JJIS PA3HBIX PAMOHOB, HO W JJIS PA3HBIX JIIU300B OIHO
M TOTO 7K€ BeTpa), a TAK/Ke BBIIIEJIIKAIIUI CJI0M CO CTpATU(UKAIINEH,
OJIM3KOM K TAKOBOM JIJIs CTAHAAaPTHOM aTMocdepsl. OueHb BasKHO, YTO
WHBEPCHUS B CPeIHEM pacIiojiaraeTcsa Ha BBICOTAX, OJIM3KUX K BHICOTAM
xpeoroB (Tab6s. 1). Hanmuwme Taxoil MHBEpCHUH IO3BOJISET, HAIIPUMED,
HCITI0JIb30BATD JIJIS OIMCAHUS SIBJIEHUS TUIPaBINYECKyI0 Moaesb [13].
OnHako MpPM 9TOM BepXHSAS TPaHUIA WHBEPCHUHW JOJIKHA PacIoJia-
raThCsA BBIITE XPeOTOB, UTO YAaCTO HAPYIIAETCS HPHU IIMUAI0EPTeHCKOM
dére. Taxske mpoceskrBaeTCs JJOKAJIbHBIM MAKCHIMYM CKOPOCTH BeTpa
B HMKHeM 1-2-KM ciioe Ha BeicoTe H  —mHuskorpomocdepHoe cTpyii-
Hoe Tedenne (HCT) —c tunmmanbivu ckopoctamu U 10-20 m/c (Tabo.
1). Hamnpasienue BeTpa ¢ BbICOTO# uyalie Bcero meHsercsa (B 70-90%
cJIyuyaeB), B pe3yIbTaTe Yero KOMIIOHEHTa CKOPOCTH, MePIIeHTUKYJIAP-
Hasa xpeOTy, oOHysseTcsa. Bricora obpamenus serpa H mabmonaercs
Jalme BCero B cpegHell Tpomocdepe. B HEKOTOPHIX ciyuasx Berep, mep-
MeHIUKYJIAPHBINA Xpe0Ty, IyeT 110 Bcei Tpormocdepe, 4To 0JIarompusiTHO
1 pacipocrparnenus BI'B.

B Teuenme Bcex paccMaTpUBaeMBIX OIIM300B HOBO3E€MEJIBCKON OOpEHI,
IIEeBEKCKOT0 I0KaKa U IMITHUII0ePreHCKOro (péHa MOKeT HaOI01aThCs va-
CcTUYHOE OJIOKMPOBAHME IIOTOKA XpedTaMu, KOTOpoe MPUBOIUAT K CTarHa-
ITUH TIOTOKA C HABETPEHHOI CTOPOHBI U POCTY IIeperiaga IIoTeHITNaTIbHON
TeMIIepaTypbl MEKIY HABETPEHHOM U MOIBETPEHHON CTOPOHOM XpedTa.
OHAKO B MOMEHTBI KyJIbMUHAIINN XapaKTepHO YMEHbBIITeHNe BeJTMIMHbI
OJIOKMPOBAHUSA, KOTOPOe OBLIO BBISBJIEHO HA OCHOBAHUU YMEHBIITCHUS
beapasmepHoro urcsia boprepa u obparaoro BHyTperHero yrncaa Opymna:

Bu= [ N,
/L, " T U

7
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rme U—cropocTs HaTerawllero ioroxa, N—uacrora Bpeura-Bsii-
cansa, f—mapamerp Kopmonmca, L —nauHa IpenaTCTBAA BJOJb II0-
TOKA, A _—BEICOTA IIpenATcTBUA. COTJIaCHO STUM KPUTEPHAM, OJIOKHPO-
BaHWe BO3HMKaeT pu Bu >1 u Fr ' >I1. PeaynbTaThl MOIEIUPOBAHUS
MOATBEPANIIN HAJIUYNE YACTHUHOrO OJIOKMPOBAHUS MOTOKA. ToJmuHa
cJ10s1 GJIOKMPOBAHUA Z,, BRIYUCIEHHASA 10 BHICOTe 30TEPMEI B HATEKa-
IOIIIEM IIOTOKE, COOTBETCTBYIOIIEH IIOTEHIINAIBLHON TeMIIepaType y 3eM-
JIM C TIOABETPEHHOM CTOPOHEI XpedTa, CHIILHO PA3JIMYAETCS I PA3HBIX
noaeerpeHubx 0ypsb (Tabi. 1). Bespasmepubie uncia u ToJueaa 0J10-
KMPOBAHUSA CBUAETEILCTBYIOT O 3HAUUTEIHLHO OOJIbIIeM OJIOKMPOBAHUN
moToka (a 3HA4uT, O0JIBIIIEM O0TeKaHun XpeOTOB ¢ OOKOB, a HE CBEpPXY)
B CJIydae IITHAI0epreHcKoro péua. B 0onbInuHCTBE CIydyaeB MpH UL
OepreucroM (héHe Bech CII0M HATEKAIOIIET0 BO3AyXa HIUME BBICOTHL Xpeo-
TOB GJIOKHIPYETCS TOPAMH, a HA IIOABETPEHHYI0 CTOPOHY OIIyCKAeTCs BO3-
IyX ¢ BBICOTHI 1.5—2 kM. B couerannu ¢ mpeobamaoieil oro-BOCTOUHOM
afBeKIInel BO3ayxa, aqnabaTudecKrii HAaTPeB BO3AyXa IPHU OILyCKAHWHI
(T.H. péHOBBIN a(ppeKT) MPUBOIUT K PE3KOMY U 3HAUUTEIHLHOMY ITOBHI-
LIEHNIO TEeMIIEPATYPhI Y 3€MJIM.

Ta6muia 1 Cpenrre sHAYEHUS XapaKTEPUCTUK HATEKAOIIEro MOTOKA
(cM. TIOSICHEHUST B TEKCTE) BO BpeMs KyJIbMUHAITMOHHON (ha3bl HOBO3e-
MEeJILCKOM 0OPHI, IIEBEKCKOr0 I05KaKa 1 IINMUAII0EePreHCKoro peéua

Dhinv Yinv Umux * -1
}Iimr ™) m) (K/100m) | (m/c) Hmu,\' ) Hu ) Frm Bu Zh )
Hosazn 430 | 940 1.0 16 420 | 5440 | 05 | 1.3 | 220
3emisa
Ierex 260 | 725 1.4 141 | 285 | 6600 | 0.9 | 29 | 320
Wm0 51 45 0.6 108 | 775 | 6500 | 25 | 1.0 | 1730
Oeprexn

* CpemHsist BBICOTA 00pANIEHNS BETPA € BBICOTON PACCYUTHIBAJIACH [IJISI CILyIAEB,
KOIyia OHO HAOJI01asI0Ch B HIKHEM 16-KustomeTpoBoM ciioe. Boitee Bricokme cion
aTMocdepsl He paccMaTpUBAJIUCh.

NurepecHo, uto n3 10 paccMaTpUBAEMBIX CIIyYaeB IOIBETPEHHBIX OyPhb
Ha [[lounbeprene B 2 HAGII01AJIOCH IOHUKEHNE, a He TTOBHINIIEHNE TeM-
meparypsl, To ecTh bopa. Takue curyammu HaOJIIOOAINCH IPKU HIPeob-
JIaJIaHUM CeBepO-BOCTOUHBIX ITOTOKOB BO3JIyXa B HHUIKHEN Tporocdepe.
Ha Hosoit 3emiie B 3aBHCHMOCTH OT 3HAKA aOBEKIIMI, TeMIEepaTypa
BO3/yXa Ha IOJBETPEHHOM CKJIOHE TaKKe MOKET KaK ITOBBIIIATHCS, TAK
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u moHmkaThesa. B IleBexe Takoil M3MEHUYMBOCTH IIOBEIEHUS TEMIIEPA-
TYphl He HAOJI0IaeTCs B CUJIy CyOIIMPOTHOIO PACIOJIOMKEHUS XpeOToB
¥ IpeobJagaHus OJHOIO HAIPABJICHUS ANBEKIUM, YTO U IIPUBOIUT
K IIOBBIIIEHUIO TeMIIepaTyphl. Kar mokasaso cpaBHeHHe HAOIOMeHUN
HA CTAHIMAX, OKPY:RaoIuX [leBex, MOBHIIIIEHNE TeMIIepaTyphl IIPOKC-
XOIUT IIOBCEMECTHO 34 CUeT aJBEKI[UM TeIlIa, a (PEHOBHIN addeKT, Kak
¥ OYKHIAJIOCH IIPH TAKKUX HeOOJIBIINX BEICOTAX Xpedra, Kpaiine MaJ. Pe-
3yJIbTATHI MOJIEJINPOBAHUS IIOKA3BIBAIOT, YTO aInabaTUIeCKUi HATPeB
Ha Hosoit 3emite u B [leBexe mpuMepHO 0OJJMHAKOBBIN U UyTh 00JIBIITE —
Ha [IInumnbeprene, 3a cueT OOJIBIINX BBICOT XpeoOTa.

IToTox Ha mOABETPEHHOM CKJIOHE OTJIMYAETCA CHJIBLHOM TypOysIu3o-
BAHHOCTBIO. AMILIATYIa N3MEHEHUs CKOPOCTH BETpa 3a 3 4aca MOKET
mocturath 25 m/c. Jlasa mpumepa ma Puc. 2 mpuBemeHBI X0 CKOPOCTH
BeTpa, JABJIEHWs, TeMIIePATyphbl U OTHOCUTEJILHON BJIAMKHOCTU IIPHU
mmunoepresckoM gpére mo gaaasiM AMC Adventdalen (Puc.1r) ¢ Bpe-
MeHHBIM pasperneHueM 1 ¢. XopoIllo BUIHO, YTO PEe3KHe IIyIbCAIIUN Xa-
PaKTepPHBI IJI BCeX METEOPOJIOTHUECKUX BEeJIUYUNH.

a) a0

Ll L1 |

JlaBnenue, rlla
FA LA A

o
~

Temmeparypa, 'C

0/, ‘4LOOHNKRLE BRHIIRLHIOHL()

538348888

12/80/12 12/30/12 12/30/12 12@1/12 123142 1283112 01/0148 0170141
03:00 11:00 19:00 03:00 11:00 18:00 03:00 11:00

Puc. 2 Xop ckopocTu Berpa (a), maBiaenus (0), TeMIIepaTypbl ¥ OTHOCUTEIHHOM BJIAK-
HocTH (B) BO Bpems mmuiioeprenckoro géna 30 mexadps 2012—1 sasapst 2013 .
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Bce paccmarpuBaembre Oypr XapakTepHU3yIOTCS PE3KUM IIaJeHHueM aTMOC-
depHOTO TaBIEHHUA HA IOABETPeHHOM cropoHe. [lo mpoBeqeHHBIM OIeH-
KaM, Ieperray] JaBJIeHus MeJKIy IOIBEeTPEHHBIM 1 HABETPEHHBIM CKJIO-
HOM B 3HAYWTEJHLHOM CTEIIEHH MOKET CO31aBaThbCs Me30MAaCIITaOHBIMI
mporteccaMu (BKJIAT Me30MACIITAOHBIX IIPOITECCOB IIPH IIEBEKCKOM I0KaKe
B OTJIeJIbHBIE CPOKH MoxkeT gocTurath 90—100%, mpu HOBO3eMeJIbCKOM Oope
u nnmnpeprerckoM gpéae—60—-70%). Cpenu HanboIee BePOSTHEBIX HCTOY-
HUKOB Me30MACIITAOHBIX BO3MYIIEHUN TaBJIEHUS IIPU II0IBETPEHHBIX
OypsIX OOBIYHO BBIIEJISIOT BOJIHOBBIE IIPOIlecchl [12], To ecTb BOJIHOBOE CO-
MPOTHUBJIEHME (CyMMapHas CIJIa, BOSHUKAOIIAA B aTMocdepe 3a CUeT reHe-
paru BHYTPEHHUX IPABATAIIMOHHBIX BOJIH ITPY O0TEKAHNH ITPEIIATCTBI).

SAKJIIOYEHUE

Jl71st Bcex m3ydaeMBIX BETPOB OYEBHUIHO CXOJICTBO HATEKAIOIIETO TIOTO-
Ka ¥ TOIBETPEHHBIX Bo3MyIieHui. [lomydeHbr KomyecTBeHHBIE OITE€H-
KU CTPYKTYPHI HATEKAIOIero II0TOKA, BBIIBJIEHBI OCHOBHBIE PA3INYUA
MeKTy pacCMaTPUBAEMBIMH TI0JIBETPEHHBIMU Oypsmu. [Ipu 5ToM xapak-
TEpHBIC YePTHI TOIBETPEHHON OypH—TO €CTh BBICOKAst CKOPOCTH BETpa, TypOy-
JU30BaHHOCTh TOTOKA (MTOPBIBUCTOCTH), MaJCHUE TAaBICHHUS Ha ITOIBETPEHHON
CTOpPOHE — 10 BCEH BUIUMOCTH HE 3aBUCST OT H3MEHEHHUH TeMIIepaTypsl Ha TO-
BETPEHHOW CTOPOHE, UTO W ITO3BOJISIET OTHECTH BCE pacCMaTPUBAEMbIC CHCTEMBI
LIUPKYISAIHNA K OJHOMY KJIacCy SBICHUH. JJaHHbIe 9epThl MPUCYIIN U JPYTUM O~
BETPEHHBIM OypsIM MO BCEMY MHPY, UTO MO3BOJISIET MPEATIONATaTh CIUHBIC MEXa-
HU3MBI IS BX (OPMUPOBAHHS.

B 3aBucmmocTy 0T yCJI0BMIT HATEKAIIEr0 ITOTOKA MOYKHO IIPEIIoJIaraTh
peaM3aIiio KaK THIPaBIMIEeCKOro, TaK M BOJIHOBOIO MeXaHH3Ma IIpi Qop-
MUPOBAHUY 9TUX sABJIeHNHA. CII0H MPUIIOMHATON MHBEPCUM MOKET CIIYsKUTD
BepXHEeH IpaHullei B THAPABIMIECKON 3a1aue 00TeKa s XpeOToB, 10 aHa-
JIOTWH CO CBOOOJHOM TPAHUIIEH MEsKIy BOIOM ¥ BO3IYXOM. B TO ke Bpemsd,
pe3yIbTaThl MOJIEIUPOBAHUSA TOKA3BIBAIOT HAJTWYNE BHYTPEHHUX I'paBU-
TAIMOHHBIX BOJIH B Tpomocdepe HaJ TOpaMu IIPH IOABETPEHHBIX OyPSX.
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ACCESS TO DRINKING WATER IN THE ARCTIC ZONE
OF THE RUSSIAN FEDERATION: PROBLEMS AND
PROSPECTS
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ABSTRACT

Free equal access to safe drinking water is one of the 17 sustainable devel-
opment goals identified by the United Nations until 2030. The need in solv-
ing problems related to this goal is also relevant for the Arctic countries. The
Working Group on Sustainable Development in the Arctic Council conducted
a study on the basis of the WASH project aimed at analysis of access to water
and sanitation. It was found the data to be inadequate in Russian Arctic. Ac-
cording to modern strategy of the development of the Artic zone of the Russian
Federation (AZRF), the water demand will increase in nearest future due to
renewal of industrial development and increasing of population. In this way the
objective was to identify problems and prospects of access to drinking water in
the AZRF. The materials of this study were regional and federal reports on the
sanitary-epidemiological situation and protection of the environment, schemes
for the integrated use and protection of water bodies, as well as water supply
and sanitation schemes for settlements located in the AZRF. Although, it was
found the quality of drinking water in some areas does not meet the standards,
the situation changes for the better every year. However, it is noted that due to
local development of nature management in the Arctic, the problem of availa-
bility and accessibility of drinking water should be considered within the main
settlement areas.

Keywords: water resources, drinking water, sustainable development, Rus-
sian Arctic

INTRODUCTION

The importance of drinking water in everyday life is difficult to over-
estimate. Understanding of this fact exists both at the household level
and at the level of scientific organizations, economic communities and
political structures.

According to “The 2030 Agenda for Sustainable Development” [1], en-
suring the rational use of water resources is one of 17 goals of sus-
tainable development. A number of objectives are set to achieve this
goal. These objectives are to ensure universal and equitable access to
drinking water, improve the quality of water, improve the efficiency of
water use and ensure the supply of fresh water to reduce the number
of people suffering from water shortages and others by 2030.
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The solution of these issues is relevant not only to the arid and semi-ar-
id areas, but also to the northern regions. It is noted in various reviews
and analytical reports, including the Arctic Human Development Re-
port [2, 3], the Arctic Social Indicators [4] and the Survey of Living
Conditions in the Arctic [5]. International scientific community have
developed indicators for assessing the health of the Arctic population,
including water availability per capita, water availability, the number
of waterborne diseases, drinking water pollutants, water quality con-
trol and water safety plans [6].

The regional report [3] indicates that there are trends in the Arctic in
reducing food security, including water security, as the basis for liveli-
hoods of the population. The reasons for such negative trends are con-
sidered as changes in the social and economic development of the north-
ern regions, as well as changes in the environment. Other results were
obtained within the framework of the project “Improving Health in the
Arctic Communities through Safe and Affordable Access to Household
Running Water and Sewer: Water, Sanitation and Health” (WASH),
held by the Working Group on Sustainable Development in the Arctic
Council. This project includes a large-scale survey aimed at assessing
access to drinking water and sanitation. It was found that in most Arc-
tic countries there are positive trends in the quantitative reflection of
the studied indicators. Since respondents’ answers were not received
from Russia, it is difficult to reliably estimate the modern state of this
question in the Arctic zone of the Russian Federation (AZRF) [5, 7].

The situation in the Russian Arctic is most fully covered in the works
of A.A. Dudarev and co-authors [8]. The analysis of water consump-
tion, chemical and biological contamination of water supply sources
and quantitative characteristics of specific chemical and biological pol-
lutants in drinking water has been carried out using official statistic
data. As a result, it was found that the sources of water supply in the
northern regions of Russia are characterized by a high level of chemi-
cal and biological pollution.

The purpose of this work is to identify problems of access to clean
drinking water in the Arctic zone of the Russian Federation (AZRF).

MATERIALS AND METHODS

The study is based on regional and federal reports on the sanitary-ep-
idemiological situation and environmental protection, schemes for
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the integrated use and protection of water resources, as well as wa-
ter supply and sanitation schemes for the settlements of the Russian
Arctic.

The main methods of research are general scientific methods of analy-
sis and synthesis of information.

RESULTS AND DISCUSSION

Analysis of reports on the sanitary and epidemiological situation of the
regions belonging to the Russian Arctic according to the Presidential
Decree [9] showed that in addition to direct contamination of water
supply sources noted in previous works, there are a number of chal-
lenges that the local population faces.

Despite the fact that the Arctic is considered to be a region with high
water availability, in some areas there is limited access to water re-
sources, which in case of emergency creates challenges for public util-
ities. A clear example is the situation in the port town Pevek. A dam
was built on the Pevek creek for water supply of the town, both techni-
cal and household. However an emergency accident developed on it in
2012, entailing major repairs. In this regard, the town’s water supply
is carried out using a desalination plant of sea water, as well as by the
delivery of water by road tankers [10].

Another issue is the access to drinking water in permafrost areas,
where the rate of water supply sources may be limited, which is why
they are sometimes seasonal. Up to 23% of the population receives im-
ported water in Yakutia.

Inadequate water treatment systems are also quite relevant to the re-
gions of the Russian Arctic. Thus, in the Chukotka Autonomous Okrug
there is not water treatment in most settlements, including Egvekinot
village, which is the regional center of the Iultinsky district with a
population of more than 5 thousand people [11]. There is not also wa-
ter treatment system in town of Labytnangi in the Yamal-Nenets Au-
tonomous Okrug. The preparation of drinking water on wastewater
treatment plants has been found ineffective in the towns of Salekhard,
Tarko-Sale and Noyabrsk [12]. 73.4% of aqueducts from surface sourc-
es in Yakutia in 2016 did not meet the requirements of sanitary legis-
lation. It is because of the lack of a necessary set of treatment plants
and decontamination facilities [14].
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Also, the actual problem is secondary pollution of water due to pollu-
tion from water supply networks. From 40 to 80% of the water pipe-
lines need to be replaced in the Chukotka Autonomous Okrug [11].

Non-compliance with sanitary protection regimes varies by region. In
the Yamal-Nenets Autonomous Okrug, this indicator is below the na-
tional average, and it is 40% [12].

Thus, for example only 12.3% of the population of the Republic of
Sakha is provided with high-quality water, and 74.8% of the popula-
tion is provided with conditionally qualitative water [13]. These in-
dicators differ in the Arkhangelsk region. The proportion of the pop-
ulation provided with high-quality drinking water reaches 25%, and
with conditionally qualitative water reaches up to 52% [14]. 17.6% of
the population was provided with good quality drinking water in the
Murmansk region [15].

It is worth noting that the analysis of all of the above challenges within
the regions is significantly hampered by the local spread of economic
activity. This makes it necessary to develop a comprehensive method-
ology for assessing access to drinking water based on the data of spe-
cific settlements in order to avoid interpolation of the characteristics
under study within the heterogeneous administrative areas.

CONLUSION

The present paper formulates and illustrates the main challenges of
access to clean drinking water in the Arctic zone of the Russian Fed-
eration. These may include the limited access to water resources and
the limited flow rate of water supply sources in permafrost areas, the
underdevelopment of water supply systems and the unsatisfactory
condition of water supply networks.

It is proposed to develop a comprehensive methodology for assessing
access to drinking water based on the data of settlements with a view
to further spatial classification outside the administrative and territo-
rial boundaries.
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ASSESSMENT OF EXTREME RIVER RUNOFF IN
NORILSK INDUSTRIAL AREA

E. Shestakova'?, E. Rumiantseva'

! Arctic and Antarctic Research Institute, Russia
2 St. Petersburg State University, Russia

ABSTRACT

Many hydrologists state hydrological cycle to become more intense in the condi-
tions of climate change. In previous studies, changes in seasonal river runoff for
northern Siberia were established, but still there are not evaluations of chang-
es in extreme runoff. The minimum values of the Norilka River discharge were
observed in 2013, which led to negative consequences for the water supply of
the Norilsk industrial region. This article has the following goal to evaluate the
changes in the maximum runoff of high water period and the minimum runoff of
the winter and summer low water periods. We analyzed time series using statis-
tical and graphical methods, including homogeneity analysis, decomposition of
time series into trend and random components, analysis of the significance of the
trends, and visual analysis of smoothed curves. Data include extreme river runoff
for high-water and low-water periods from 12 hydrological stations. The findings
of the research illustrate that there are not significant trends for summer river
runoff both for the whole period of observations and modern climate period since
1981. The trends for high-water period have negative sign, when the trends for
summer low-water period are positive. The winter runoff undergoes the greatest
changes. There is a disruption in the homogeneity of the samples of the gener-
al dataset. Values increase over time. The number of years with extremely low
amounts of water decreases. In general, the results are consistent with the trends
observed throughout the country. The identification of the causes of local and
regional differences remains an open question.

Keywords: extreme river runoff, Norilsk industrial area, climate change, long-
term variability

OINEHKA 9KCTPEMAJIBHOI'O PEYHOI'O CTOKA
B HOPMWJIBLCKOM ITPOMBIIIJIEHHOM PAUOHE

E. H. Illecraxosa'?, E. B. Pymaunmnesa!

! Arctic and Antarctic Research Institute, Russia
2 St. Petersburg State University, Russia

AHHOTAITNSA

Muorumu yYéHBIMHU-THIPOJIOTAME YTBEPIKIAETCS, UTO MTPOUCXOIUT WHTEHCH-
(puraIus TUIPOIOTUIECKOr0 IIUKJIA B YCJIOBHUSX M3MEHeHHs Kiaumara. B mpe-
IBIIYIIUX UCCJIEIOBAHUAX OBLIM YCTAHOBJIEHB M3MEHEHUS B CE30HHOM PETHOM
cToke 17151 ceBepHOM CHOMPH, HO 70 CHX IIOpP HET KOJIMYECTBEHHBIX OIIEHOK M3Me-
HEHUH 9KCTpeMasIbHOro peyHoro croka. B 2013 roxy Ha pexe Hopmika Hab0-
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aJInch MUHHUMAJbHBIE 3HAUEHUS BOJHOTO CTOKA, UTO IIPUBEJIO K HEraTHBHBIM
nocirecTBusM s Hopuibckoro mpomsbinuienHoro paiiona. llesns Hacrosimeit
CTaThbU — OLIEHUTH M3MEHEeHHU MaKCUMaJIbHBIX PACX0JI0B PEK B IIOJIOBOJIHE U MU-
HUMAQJIbHBIX MEKEHHBIX PACXOJI0B B 3UMHUM U JIeTHE-0OCeHHHUH ITepruoasl. B pe-
3yJIbTaTe IIPOAHAJIM3NPOBAHBI BpeMEHHEBIE PAJIBI C UCIIOJIE30BAHUEM CTATHUCTHYE-
CKUX U rpaduyecKrx MeTO0B, BKJIIOUYAS AHAJIM3 HA OJJHOPOJHOCTD, PA3JIOKEHIe
BpEeMEHHBIX PAJIOB Ha TPEHJIOBYIO U CIIYIaHHYI0 KOMIIOHEHTY, IIPOBEJEH aHAIN3
3HAYMMOCTH TPEHJIa W BU3YaJIbHBIM aHAJIN3 CrUIAMKEeHHBIX KPUBBIX. Vcxomubie
laHHBIE BKJIIOYAIT B ceOsi JaHHBIE 00 dKCTPEMAJIbHOM PEYHOM CTOKE II0JIOBO-
IIbsI ¥ MEKEHU Ha 12 TUIPOJIOTHYECKUX CTAHITUSIX. Pe3ybraThl MCCIIeT0BAHUST
II0OKa3aJId, YTO JJIA BPeMEeHHBIX PAJOB JIETHETO CTOKA 3a BECh IIePUOJ U COBpe-
MEHHBIN KJIUMaTUYecKui nepuos ¢ 1981 roma oTCyTCTBYIOT 3HAYMMBIE TPEH/IBL.
B mepwuos mosoBogbs TEHAEHITUYM WMEIOT HeraTUBHBINA XapakTep, TOrua Korma
TEHEHITUN B JIETHIOIO MEKEeHb— ITOJIOMKATEIbHBIN. SUMHUN CTOK IIpeTeplieBa-
er HamboJbInve u3MeHeHus. J[JI1sT TaHHBIX 0 3UMHEM CTOKe XapaKTepHO Hapy-
IIeHre OJHOPOIHOCTH. MUHMMAaIbHBIE 3HAYEHUST 3UMHEr0 CTOKA CO BpeMeHeM
YBEJIMUUBAIOTCA, a KOJIMYECTBO JIET C UPEe3BBIYAHO HU3KUM KOJIMYECTBOM BOJIBL
yMeHbITaeTcsi. Pe3ysibTaTsl COOTBETCTBYIOT TEHIEHITUSIM, HAOJI0JaeMbIM B Iie-
siom 1o crpane. OTHAKO BBISIBJIEHUE ITPUYHNH JIOKAJIBHBIX U PETHOHABHBIX pas-
JIMYUN OCTAETCSA OTKPHITHIM BOIIPOCOM.

Kouessie ciioBa: okCTpeMAaJsIbHBIA PEYHOM CTOK, HOPHMIBLCKUI HPOMBIIILICH-
HBIA pailoH, U3MEeHeHHUs KJIMMAaTa, MHOTOJIeTHAS U3MEeHYNBOCTh

BBEJIEHUE

Bogmbie pecypchl urpaoT onpenesollyio PoJib B sKU3HEIeITeIbHOCTHA
YyeJI0BeKa, OJHAKO MX KAadeCTBeHHBIE M KOJHUYECTBEHHBIE XapaKTepH-
CTUKU MOABEPIKEeHBI KAaK BHYTPHUTOI0BOM, TaK M MEKIOJOBOM M3MEeHYH-
BOCTH, II09TOMY OII€HKA IIPOIILJILIX M IIPOrHO3 OYIYIIUX TPpaHCchOPMAIIHA
CTAHOBUTCS aKTyaJbHOU 3aadel.

K macrosmemy MoMeHTY BOIIpOC TUHAMMKK PEYHOrO CTOKA, KaK Of-
HOHM M3 HEOThEeMJIEMBIX COCTABJISIOIINX BOSHBIX PECYPCOB, JOCTATOYHO
IIMPOKO M3y4YeH JJIs KPYIIHBIX pek EBpasmu m mjig psaga cpegHuX pex
Apxrrueckoit 3oHb1 Poccuiickoit @enepanuu (ASP®). Ilepsrie cucre-
MAaTHYECKUe HCCJIETOBAHUS OTOM MIPOOJIEMATHKM IIOKA3aJIM, YTO IJIS
CYMMAaPHOI'0 CTOKA ApKTHYECKUX PeK 34 IIPEeIbIAYINre HEeCKOJILKO e-
CATUIETUN XapaKTepHBI IOJIOMKHUTEIbLHbIe TeHmeHiun [1, 2]. B mais-
HeHIIeM 3TOT Te3WC IIOJIYYWJI PA3BUTHE B padoTax, HAIIPABJIEHHBIX HA
HOMCK KJIIOYEBBIX (DAKTOPOB yBeJIMYEHHs HpHUTOKA IIpecHbIX Box B Ce-
Bepubit JlemoBuTerii oxean. Haubosbillee BHUMaHMe yaessieTcss BJIH-
STHUIO IIPOIECCOB MAKPOLMPKYIAINY [3], U3MEHEeHUN pesRkrMa 0CaIKoB
W OTTAMBAHHS BEUYHON Mep3JIoTH [1, 4], a Takse BIMSHHUIO BOIOXpa-
sy [5]. 3axoHOMEPHBIM HPOMOJIKEeHNEM aHAJIN3a CPeSHEroI0BhIX
BEJIMYMH PACX00B PEK SABJISIOTCS PaOOTHI 110 MCCJIENOBAHMIIO CE30HHOT0
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[6], MuHEMAIBEHOTO M MaKCUMAJILHOTO cToka [7; 8]. AHanmna MHOroJer-
Hel IUHAMHUKH CTOKA cpenHux pex Aprruyeckoit 3ous1 PO mnposoauicsa
[Meuunuoit E. B. ¢ mpuMeHeHreM CTaTUCTUYECKUX METOIOB HA OCHOBE
0pHUITMATIBHBIX OIIYOJHUKOBAHHBIX JAHHBIX U3TaHUN IOCYTapPCTBEHHOTO
Boxmoro xamactpa [9]. B pesynbpraTe Obliia BBISBJIEHA HeCTAIlMOHAP-
HOCTB PSAJOB cJI0s cToKa ¢ 1980-x rr.

[To-mpesxHEMY CIIa00M3yUEHHOM ABJISETCI MHOTOJIETHSSA INHAMAKA PEK
cesepa KpacHosspckoro kpas, orHocsamuxcesa K 6acceiiny pexu Ilsacuna
B mpenesiax A3P®, roe pacmonosxern HopmiibCKHE IIPOMBIIIIIEHHBIN
pation. PesymbraThl mccieqoBaHUA TOZOBOIO M CE30HHOI'O CTOKA ITHX
pex mpencrasiieHsl B paborax [10, 11, 12].

Hopuiabckmii HpoOMBINIJIEHHBIA paiioH, PAaCIOJIOMKEHHBIA HA ceBepe
KpacHospckoro kKpas u BKJIIOYAIONIUN EJIBINA PAS HACEJIEHHBIX ITYH-
KTOB, SABJISIETCS T'yCTOHACEJIEHHOU TeppuTopuei mo mepkam ASP®, urto
CBSI3AHO C WHTEHCHUBHBIM XO03SMCTBEeHHBIM ocBoeHmeM. Ceituac smapo
IIPOMBIIIIJIEHHOTO paitoHa— HopuiIbek,— SABJIsI€TCST BTOPBIM 110 YKCJICH-
HOCTH HacesieHus: ropogoM 3a CeBepHBIM MMOJIAPHBIM KPYyroM, a KpoMme
TOT0 9TO OAWH W3 KPYHHEUIINX B MHpPE METAJLIYPrUUYeCKUX IIeHTPOB.
YeoBust X03AMCTBOBAHUS, KAK W HEPABHOMEPHOCTH PAaCIIpeIeIeHIs
HAaCeJIeHUs, a TaK/Ke IPUPOIHBIE YCJOBUSA OIPEIesISTIoT XapakTep BO-
nocHab:xeunss Hopuibeka. Yersipe u3 ceMu Bozo3ab0poB paiioHa OTHO-
CSTCS K TIOBEPXHOCTHBIM UCTOYHUKAM, B TOM YKCJIE BO03a00PhI U3 PEKHU
Hopunka, ozep Ilomxamennoe m Anbikess. 3abpaHHAd BOJa KCIIOJIb-
3yercs Kak JJIs IeJied X03IUCTBeHHO-IIUTHEBOTO BOJOCHADOKEHMUs, TaK
M JJIs TeXHudeckoro [13].

B 2012-2013 rugpostormyeckom roay Ha TaiiMbipe, B ToM yncye B bac-
cellHAX paccMaTpHUBAEMBIX PeK, HaOJIogasIcsa aHOMAJILHO HU3KHHA Io-
JOBOM 1 MEKeHHBIN CTOK, a TAK/Ke HU3KUN CTOK BECEHHEIr0 II0JI0OBOJIbS.

Takum o00pas3oMm, IeJIb JAHHOI'O HCCJIEIOBAHUSA 3aKJII0YAETCS B BHISIB-
JIEHUM TIPOCTPAHCTBEHHO-BPEMEHHBIX 3aKOHOMEPHOCTe! WM3MeHEeHU!
9KCTPEMAJILHOIO0 BOJHOTO CTOKA peKk HOpHIbCKOTO IIPOMBIILIEHHOTO
patioHa.

MATEPHAJIBI 1 METO/1bI

I/ICXO,I[HBIMI/I MaTepuaJiaMU UCCJIeJOBAHUA ITIOCJIY KU JaHHbIE Ha0JII0-
OeHul Ha THUJIPOJIOTHYECKHUX IIOCTax I‘OCYL[apCTBeHHOﬁ ceTnu POCI‘I/I,Z[pO-
MmeTa. C6op JAHHBIX OCYIIIEeCTBJIAJICA II0 U3TaHUAM FOCY,HapCTBeHHOI"O
BOJHOT'O KagacTpa.
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Bri6op myHKTOB HAOII0IeHUI CBA3AaH C HAJTUYNEM JTaHHBIX HAOII0eHIH
3a pacxolaMu BOJBI B IIPEJIIIIECTBYIOIINX U B COBPEMEHHBIN KJINMATHAIe-
ckmii mepmox ¢ 1981 r. {1 amanmnsa MCIoas30BaIach MHQPOPMAIIUS 110
cpenueil pexe Hopuika u manbiM pexam 0acceiina pexu Ilacuua.

Ha ocHoBaumum onmcaHHBIX Kpurepues 0T60pa PEK U T'MIPOJIOTHYECKUX
IIOCTOB C(bOpMI/IpOBaH MaCCHUB OJAaHHBIX MaKCHMaJIbHBIX W MHWHKWMAaJIb-
HBIX JIETHHUX U SUMHHX PAaCX0JI0B BOIEI II0 12 THUAPOJIOTHYECKHM IIoCTaM,
PAacCIIOJIOKEHHBIM B I'PAHUIIAX HOpI/IJIbCROI‘O IIPOMBIIIJIEHHOI'O paﬁOHa.
Brabn. 1 IIPpUBEeOEeH CIIMCOK I'MPOJIOTHMYECKHX IIOCTOB, II0 KOTOPBIM IIPO-
BeJEeHO JaHHOe MCCJIeJOBaHUeE.

Tab6amia 1. 'ugposrornyecKkre MOCTH HA UCCIEIYEMBIX PeKax
HopuiibCroro ImpoMBIIIIIIEHHOr0 palioHa

Hawumenosauwue Bo- Inomans Tlepmog
No Kox
THOTO 00BbEeKTa U IIyH- BomocOopa,
/o mocTa M N
KTa HaOJI0IeHUNR KM (KOJIMYeCTBO JIeT)
p. AmGapuas— 1947-1953, 1956, 1957,
1 09495 19 &M ot ycrha (2,4 kM 243 1965-1970, 1976-1984
Huske pyd. Kaitepram) (68)
2 09585 | P-AmMbapHaa-33 xum 176 2006 (1)
OT yCTbs
3 | 09587 p. Kairepran— 14,8 2006, 20102013 (5)
2,8 KM 0T yCTbsI
p. Honnesikan—p3z. . .
4 09496 Hannekas (2 KM oT 97 1945 194Z£61)968 1980
YCThsI)
5 09586 p. lonymixan — 52,3 2006, 2010-2013 (5)
10,7 KM OT yCTbs
6 | 09494 p. Kymen-cax. «Ho- 26,7 1968-1969 (2)
PUITBCKUI
p. Kymem—roc. 1983-1984, 2003, 2007,
7 09553 Kymerr 26,6 2010-2014 (9)
p. Hopuaka—roc.
1938-1982, 1988-2005,
8 09455 Banek B 2,3 kM HHIIKE 19800 2009-2014 (68)
ycThs p. Bamek
T 911k 1963-1968, 1972,
9 | 09475 | PrrasHax—aLLEM 34,1 1976-1982, 19841986,
o yerea 1989, 1999-2014 (33)
p. Tannax—18,1 km 1969-1972, 1976-1982,
10 09476 OT yCThA 38,2 1999-2014 (25)
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p. Tomymax—120 m
11 09486 BBIIIIEe yCThs p. Ma- 14,5 1968-1969 (2)
et Tomyax

p. Tomynax—6,0 km
OT yCTbA

12 09580 23,2 2002, 2009-2014 (6)

AHanu3 JAHHBIX W BHISIBJIEHHE MTPOCTPAHCTBEHHO-BPEMEHHBIX 3aKO-
HOMEPHOCTEH OCYIIEeCTBIISAIUCH IPadUIeCKUM METO/IOM CrJIAKeHHBIX
KPUBBIX, a TaK/Ke CTATUCTUIECKUMM METOJAMHU OIIeHKU JIMHEWHBIX
TPEHI0B BPEeMEHHBIX PAJOB M MX 3HaummocTH. Maremarndueckas 00-
paboTka JaHHBIX HAOIOJeHUHN BHITTOJIHSIJIACH C TIPUMEHEHNEeM CITeIH-
aJTM3UPOBAHHOTO MIPOTPAMMHOTO 00€CIIeYeHUST JIJIS THAPOJIOTHIECKUX
pacdeTos.

Bamerum, uro pera Hopuika orsrmyaercss BBICOKOM e€CTECTBEHHOM 3a-
PeryJIupoBaHHOCTBIO. JTO O00YCJIOBJIEHO TEM, YTO PEKY MUTAEeT IIeJIbIN
rackan o3ép— Menxoe, Jlama, Kera, I'iyborxoe u Cobaune. B merumii
Iepuo/] poJb 03€p B IUTAHUU HUMeeT KJII0UeBOe 3HadYeHUe, IIOCKOJIb-
Ky T'PYHTOBOEe IIUTAHUE 3aTPYJHEHO PacCIpoCcTpaHeHHeM MHOI'OJIeTHe-
Mep3JIbIX mopos. Ilpu HemocTaTOYHOM 3AIIOJIHEHHH 03€DP B ME/KEHHBIN
IepuoJ] PeYHOU CTOK 3aKOHOMEPHO YMEHbIIIaeTC .

PE3YVJIBTATbI

B pesysbpraTte 06paboTEM MCXOTHON MHQOPMAITUHA BOJHOTO CTOKA PEKH
Hopuika BBIsIBIIEHA qUHAMPKA 32 MHOTOJIETHUM ITepuol. PaccumTanbl
OCHOBHBIE XapPAKTEePUCTUKH: CPEeTHEMHOTOIeTHee, HAaNMeHbIllee ¥ HAW-
Gombiiee 3HaveHus, koaddunuentsr Bapuaruu (C) m acuMMeTpun
(C,). PeaynpTatTh pacueToB ImpesicTaBJIeHEl B Ta0I. 2.

Hopunka sBasercs Hanbostee TOJTHOBOIHOM PEKOHN CPETN MCCIIEyeMBIX
BOJIOTOKOB. MI3MeHUYMBOCTDH ME/KEHHOTO CTOKA ¥ B 0OCOOEHHOCTH JIETHETO
BBIIIE, YeM NU3MEHUYNBOCTh MAKCUMAJILHOTO CTOKA TTOJIOBOJIBS, JIJIST KOTO-
poro koaddurmeHT Bapuaiuu He mnpessiiaet 0,3.

Jiss paga MakcUMaJIbHBIX PACXOJO0B BOJBI XapakTepHa HEOTHOPO-
HocTh 10 Kpurepusm Dumrepa u CreiomenTta. TpeHsT JJIsT BCero Iepwu-
o/1a HaOJIIOIEeHNsI HOCUT IIOJIOMKUTESIFHBIN 3HAK, a JJISI COBPEMEHHOTO
KJIMMaTHdecKoro—orpuriaresbubiii (Puc. 1a). OtcyTcrBrme gaHHBIX
HabOmogeruit ¢ 1983 mo 1987 rom He IIO3BOJIAET IOCTOBEPHO CYIUTD
0 3aKOHOMEPHOCTAX KOJeOaHWI MaKCUMAJIbHBIX PACXOJIOB, HO aHAJIN3
CTJIAKEHHBIX KPUBBIX IIOKA3BIBAET BO3MOYKHOE CYIIIECTBOBAHIE OIIpe/ie-
JEHHOU IUKJINYHOCTH B MHOTOJIETHEM XOJ[€ 9TOH XapakTepucTuru. Mu-
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HuMyM 2013 roga mpeBBICHII 110 MOy TI0 MuHEMYM 1999 roma. 3a Bco
HMCTOPUIO HAOJIIOIEHUM CAaMBIA HU3KHM PACXOJ IIOJOBOLbS MMEJI MECTO
B 1960 roxy (Puc. 1a).

Tabmuiia 2. OCHOBHBIE CTATUCTUYECKHE XaPAKTEPUCTHKN MHOTOJIETHIX
psanoB pacxomoB Boas! p. Hopunka —rioc. Basex

Xapaxrepuctiia Tepuon Qo Quermin Qpoanin
1938—
2014 2254 509 48
A 1938—
3
Cpennee, m°/c 1980 2143 495 44
1981—
2014 2444 524 55
11993880_ 932 (1960r.) | 219 (1960 r.) 16 (1941 1.)
Munanmywm, m®/c 1981 510
2014 (2013 1.) 190 (2013 r.) 35(1991r.)
1938— 4050
4 1980 (1968 1) 850 (1944 r.) 66 (1948 1)
Marcemayas, e 1981 4040 1110
2014 (1992 1.) (1989 1) 101 (2012 r.)
1938
2014 602 178 15
1938
CRO 1980 515 166 12
1981—
2014 690 198 19
1938
2014 0,27 0,35 0,32
1938
v 1980 0,24 0,34 0,27
1981—
2014 0,28 0,36 0,35
1938
2014 2,90 2,60 3,50
1938
Cs/Cv 1980 3,60 2,50 -0,90
1981—
2014 1,50 2,60 3,30
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Puc. 1. Xapaxrepusie pacxonsr Bogst p. Hoprtka qiist mepuoma ¢ 1938 mo 2013 rozer:
a) MAKCHMAJIBHBIH JeTHHH, M°/c; 6) MEHUMAIBHBIH JIETHHH, M°/C; B) MEHIMATLHBII

sumEHi, M%/c, rae 1—XpOHOJIOrMUecKas KpUBAs, 2— CIUIAMKEeHHAS KPUBAL, 3— JIH-
HEWHBIN TPEeHI 3a BeCh IIEePUOJ HAOJIIONeHnM, 4— IUHeN b TpeHa 3a 1981-2013
TOJIBI.

JleTHne MesKeHHBIE PACXOmbl BOAEI peku Hopuiika mMenT oTpuilaTesib-
mele Tegaennmn (Puc. 16). OgHopomHOCTE psAma IOATBEPsKIEHA II0 CTa-
tuctrueckuM kpurepuam CroionenTta u Ouinepa. Munumym 2013 roma
cTaJI peKOPAOM 3a Bech mepuon Habmomenuit (Taods. 2).

JlJ1s1 MHOTOJIETHETO PsAla SUMHUX MEKEeHHBIX PACXO/I0B XapaKTepHa He-
OJTHOPOIHOCTE 10 KpuTepusam Durepa u CreionenTa. JIMHeHHbIN TPeH]T
KaK JIJIs BCET0 epuo/ia HaO IeHUH, TaK U JIJIs COBPEMEHHOT0O IIePUO-
J1a UMeeT TIOJIOKUTEIbHBIA 3HAK, OJHAKO TOJBKO ITePBBIM CTATUCTAYE-
CKUM 3HAYKMM. OTO XOPOIIIO ITPOCJIEKUBAETCS I0 pUCYHKY 1B. OueBmIHO,
uT0 B 90-e TOAbI Ha0JII0TaJI0Ch YMEHbBIITeHNEe 3HAUEeHU N 9KCTPEMAaTbHBIX
suMHEX pacxogosB. B 2000-e rr. psmg mMeeT 0OpaTHYIO TEHIEHIIHIO, HO
B HEM BbIesasercs muaumyMm 2013 r. Bupouem, muammym 1991 roma
uMeJ1 0oJiee Hu3Kkoe 3Havenne— 35 m%/c (Tabmuma 2).

AHam3 COBMECTHOM JUHAMHUKM CTOKA MaJibiX pek Hopmiabckoro mpo-
MBITIJIEHHOTO paiiona u pexu Hopuika moxasast, uto K09 UITHEeHTH
KOPPeJIAIUU MeKIy psagamMu kosebsrores B guanasone ot 0,3 mo 0,4,
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YTO He IM03BOJISET TOBOPHUTH 0 eJUHCTBe TeHaenruit. OqHaK0 MUHUMYM
2013 roma OBLIT BBIABJIEH JJIS BCEX MCCJIEAYEeMBIX BOJOTOKOB. JIJIa peku
Tammax Ha paccrogauu 21,1 KM OT yCThs MAKCHMAJBHBIN Pacxoi Io-
JIOBOABS COCTaBHJI 36%, 3UMHUN MesKeHHBIH pacxonq— 132% ot cpen-
HEMHOTOJIETHEr0 3HAYeHus 3a 33 roma HaOJIIeHui B mepuos ¢ 1963
mo 2014 rr. [Tpuumaamu Takoro pasbpoca MOryT OBITH HE TOJIBKO ecTe-
CTBEHHBIE IPUYUHBI, HO ¥ IIPUYUHEI IPYTOro pPoaa, a UMEHHO KauyeCTBO
MCXOOHBIX JAHHBIX.

B IIEepBYIO o4uepeab, OJId pacCMaTpuBaeMbIX PEK XapaKTepHO HaJIn4iue
IIPOIOIHUTEIBHBIX IIPOIITYCKOB B Ha6JIIO,[[eHI/IHX 1 OTCYTCTBHUE BO3MOK-
HOCTH BOCCTAaHOBJIEHHUA HX IIO pdJdaM-aHaJioraM BBUAY HU3KUX KOSd)-
(bI/I]_II/IeHTOB KOppeJIdIim. BO-BTOpBIX, JaHHBbIEe IJId MHOTHX PEK, B TOM
qucJie TaJIHaX, 3a4acCTyro HpI/I6JII/I§KeHHI:Ie B CBA3HU C T€M, YTO OHH IIOI-
CYMTAaHBI II0 HeoOeCcIIeuYeHHOM’ HN3MEpPpEeHuAMHN pacxoga BOJBI YaCTHU KPH-
BOU B IIepuoJa II0JIOBOJbA, KOraa (bOpMI/IpyeTCH HanOO0JILIIAL YaCTh CTO-
ka. B cBs13u ¢ aTum Ha6JIIO,HaeTCH HeBA3Ka CTOKA MeXIy N3MepeHUAMMN
Ha CTBOpPAax BBIIIE 1M HUKE II0 TEYECHUIO. Beé aTo He mosBosiszer J0CTOBEP-
HO CyaUTDH 00 M3MEHYUBOCTH HncciienyeMbIX XapaKTepUCTUK Ha BO,Z[OC60-

pax MaJIbIX pex.

SAKJIIOYEHUE

Paccmorpena quraMuka xapaKTepHBIX pacxomaoB pexku Hopuiaka u ma-
JbIX pex HopuiIbCcKoro mpoMBIIIIIIEHHOTO pafioHa.

YeraHOBIIEHO, UTO [IJIsI BPEMEHHBIX PAJ0B JIETHEr0 CTOKA 34 BECh IIePUO.]
¥ COBPEMEHHBIN KIuMaTHUYecKuit mepuos ¢ 1981 roa oTCcyTCTBYIOT 3HA-
yuMble Tpeuabl. Habmaomaeres onpeneéHHas 3aKOHOMEPHOCTE B CMe-
He IIePHOJ0B C BBICOKMMH U HHU3KUMHU 3HAYEHUAMN MAaKCHMAaJIbHBIX
pacxonoB. Eci B mepuop, 1oJI0BOILS TEHIEHIIMA UMEIOT HeraTHUBHBIN
XapakTep, TO TEHIEHIIUH B JIETHIOHN MeKeHb— I0JIOMKUTeIbHBIA. Jia
MHUHUMYMa MesKeHHOro JieTHero croka 2013 roj crasl peKopJaHO aHo-
MaJbHBIM, HO 9TOT TOJ He SBJISIETCS 9KCTPEeMAaJIbHBIM 34 BCIO MCTOPHIO
HAOIIONeHUN OJI CTOKA IIOJIOBOOLA M 3MMHMX MEMKEHHBIX PaCXOJI0B.
OmHako MMEHHO 3UMHUM CTOK IIpeTepleBaeT HauOoIbIIne N3MEeHEeHUsI.
JlJ1a maHHBIX 0 3UMHEM CTOKE XapaKTepHO HapPYIIeHUe OTHOPOIHOCTH.
MununmasbHble 3HAYEHHS 3WMHEr0 CTOKAa CO BpeMeHeM yBeJIUJuBa-
IOTCsI, a8 KOJHMYECTBO JIET C UPE3BBIUAMHO HU3KHM KOJMYECTBOM BOIBI
yMeHbITaeTcsA. Pe3yJsibTaThl COOTBETCTBYIOT TEHICHITMAM, HaOJI01a-
eMBIM B IIeJIOM II0 cTpaHe. BeIgBJIeHNe HPUYMH JIOKAJIbHBIX W PEruo-
HaJbHBIX PA3JIHYNN OCTAETCSI OTKPBITBIM BOIIPOCOM.
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AHaua3 MTUHAMHUKN CTOKA MAaJIbIX PEeK He JaJI OJHO3HAYHBIX Pe3yJibTa-
TOB B CBSI3U C HU3KHUM KA4eCTBOM MCXOHBIX JTAHHBIX, 00YCJIOBJIEHHBIM
POIYyCKaMi B HAOJIOJEHHUAX ¥ IIPUOJMKEHHBIMU IIepecuéTaMu II0
KPHUBOI CBA3U YPOBHEU U PacXOIOB.

B sakgouenue CcTOMT OTMETHTH, YTO AHOMAJHHO HU3KHUU MEKEHHBIA
crok B HopuiibckoM ITPOMBIIIIJIEHHOM paiioHe HeceéT B cebe yrpo3y He
TOJIBKO HEJIOCTATOYHOIr0 00eCIIeueHsT BO03a00p0B, HO TAKIKe U dKCTPe-
MAaJIBHOTO 3arpsA3HeHUsT BOIHOM Cpebl IIPH COXpaHeHnn 00bEMOB 0bpa-
30BAHUS CTOYHBIX BOJ B COOTBETCTBUM C JIEUCTBYIOIIUMHU HOPMATUBAMHU
IpeJIesIbHO JOILyCTUMOT0 cOpoca IIPK MAaJIBIX 00bEMAax PEYHOT0 CTOKA.
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