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VIIK 551.467

OPUT'MHAJIbBHAS CTATbS ORIGINAL ARTICLE

IIpocTpaHcTBEHHBbIE H3MEHEHHS 0CAAKH KHJIel TOPOCOB
Ha akBaropuu mops JlanreBbIX

A.K. Haymos"", E.A. Cxymuna’, J].0. Axumywrun’
' — THI] P® Apxmuueckuii u anmapkmuueckuti Hay4HO-UCCTe006aAMenbCKULl UHCIUNTyn,
Canxm-Ilemepoype, Poccus

2 — Apxmuueckuii nayunwiti yenmp, Mockea, Poccust
‘nmv_alex@rambler.ru

Pe3rome

Hacrosmas cTaTbs IMocBAIIeHa U3y4YCHHUIO MOpq)OMeTpI/I‘ICCKI/IX 0COOCHHOCTEH HIKHEH TNOBEPXHOCTHU JICAAHOTO
TIOKpOBA HA aKBATOPHUU MOPsL JlanrreBbix. OCHOBHOE BHUMAHIE YACICHO U3YUCHUIO OCAZIKU KUIeH TOPOCUCTBIX
06pa30BaHHﬁ nu HpOCTpaHCTBCHHOfI HM3MEHYMBOCTH ATOH BETHYHMHEL.

Jlns mpoBeneHns MCCIeOBaHNs NCTIONb30BAHbl JaHHbIE, MOMYUEHHbIE B TEUEHHE HECKONBKUX (OT ABYX 10
YeThIpex) JNeA0BBIX ce30HOB B meproA ¢ 2014 mo 2019 1. ¢ momompo THAPOIOKATOPOB BEPXHETo 0030pa,
BXO/IMBIIHX B COCTAB MPUTOILICHHBIX aBTOHOMHBIX OyiikoBbIx cTanuuil (IIABC). Cranumn pacrnonaraiucs B
TIATH TOYKaX Ha akBaTopur Mops JlanTeBbix. [lomydennble Ha CTAHIMAX PSB! HAOTIONEHUH 33 0CaIKOH Jesis-
HOTO TIOKPOBA MO3BOMIMIIN BBLIEINTH HH(OPMAIIHIO 00 0Ca/IKe KUJIeH TOPOCHCTEIX 00pa30BaHMil B OTAETBHBIX
TOYKaX aKBaTOpHH Mops. B pesynbrare Obinmu chopMIpOBaHBI BEIOOPKM 3HAUEHHH OCAAKU KHIEH TOPOCOB 10
OT/ICNIbHBIM JIEIOBBIM CE30HAM ISl KaKIO0H M3 MATH cTaHuuil. [lanee Oblia BBIMONHEHA cTaTHCTHYECKas 00-
paboTKa MOTyYeHHbIX JaHHBIX. B 4acTHOCTH, TS KaXI0T0 13 TeI0BBIX CE30HOB OblTa MPOBEIEHA MPOBEPKA HA
OJTHOPOAHOCTh CPEIHHX 3HAYCHMI 1 AucTiepcHii BBIOOPOK 10 CTAHIMAM, a TAKKe IPOBEPKA HA COBMAACHNE HX
pacmipenenennit. CpaBHUTENbHBII aHATN3 TAHHBIX METOAMH MAaTEMATHIECKO CTATHCTHKY MO3BOMIMI ONHCATh
MPOCTPAHCTBEHHYI0 H3MEHYMBOCTh OCAJKH KUJIeH TOPOCHCTBHIX 00pa30BaHMil Ha akBaTopHy Mopst JlanTeBbx
sl OTAETBHBIX JIEIOBBIX Ce30HOB. [0 pesynmbratam mpoBeeHHOr0 aHamM3a ObLTH OMPEIETICHBI KKITIOUEBBIE»
TOYKH (CTAaHIHH), OMUCHIBAIONINE POCTPAHCTBEHHYIO H3MEHUNBOCTH OCAJKU KHIEH TOPOCUCTBIX 00pa3oBa-
HUI JUTA BCEX PACCMOTPEHHBIX JIEJOBBIX CE30HOB, UTO, B CIIydae HEOOXOAMMOCTH, MO3BOMACT ITAHUPOBATh
JanbHeHIIe uccaenoBanms ocaiku paa ¢ npumeneHneM [IABC (ompenensats He0OX0aUMOE YUCIO CTAHINI
¥ TOYKU HX YCTAHOBKH).

KuroueBsle c/10Ba: KpuTepHy OJHOPOAHOCTH, JEASHOM MOKPOB, Mope JIanTeBbIX, 0cajka Jibja, TOPOC, TOPO-
cuctoe 00pa3oBaHue.

Jast uuruposanus: Hayvos A.K., Ckymuna E.A., Axumywxun J[.O. IIpocTpaHCTBEHHBIC U3MEHEHHUS OCAJl-
KU KWJIelt TopocoB Ha akBaropun Mopst Jlanteseix // [Ipo6memsr Apkruxu n Antapkrukd. 2022. T. 68. Ne 4.
C. 332-351. https://doi.org/10.30758/0555-2648-2022-68-4-332-351.

Hoctynuia 27.07.2022 Iocue nepepadorku 18.11.2022 Ipunsita 25.11.2022
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A.K. Haymos, E.A. Cxymuna, /.0. Axumywikun A.K. Naumov, E.A. Skutina, D.O. Yakimushkin
Spatial variations of the hummocks keel draft in the Laptev Sea area

Alexey K. Naumov"', Elena A. Skutina!, Dmitriy O. Yakimushkin®

!— State Scientific Center of the Russian Federation Arctic and Antarctic Research Institute,
St. Petersburg, Russia

2 — Arctic research center, Moscow, Russia
‘nmv_alex@rambler.ru
Summary

The article investigates the morphometric features of the ice cover lower surface in the Laptev Sea area. The main
attention is paid to the study of the hummocked formations’ keel draft and the spatial variability of this quantity.
The data for the research were obtained during several ice seasons (from two to four) in the period 2014-2019
using upward-looking sonars, which were part of the submerged autonomous buoy stations (SABS). The stations
were installed at five points in the Laptev Sea area. The data obtained from a series of observations of the ice
cover draft allowed extracting information on the hummocked formations’keel draft at separate points of the sea
area. As a result, samples of values of the hummocks keel draft were formed for separate ice seasons for each of
the five stations. Further, a statistical processing of the data obtained was performed. In particular, for each of the
ice seasons we checked the homogeneity of the mean values and of the distribution of samples by stations. Also
checked was the distribution matching. A comparative data analysis using methods of mathematical statistics
made it possible to describe the spatial variability of the hummocked formations’ keel draft in the Laptev Sea
area for separate ice seasons. The “key” points (stations) describing the spatial variability of the hummocked
formations’ keel draft for all the ice seasons considered were determined according to the results of the analysis
performed, which allows planning further ice draft research using SABS, if required (to determine the necessary
number of stations and points of their installation).

Keywords: homogeneity criteria, hummock, ice cover, ice draft, ice ridge, Laptev Sea.
For Citation: Naumov A.K., Skutina E.A., Yakimushkin D.O. Spatial variations of the hummocks keel draft in

the Laptev Sea area. Problemy Arktiki i Antarktiki. Arctic and Antarctic Research. 2022, 68 (4): 332-351. [In
Russian]. https://doi.org/10.30758/0555-2648-2022-68-4-332-351.

Received 27.07.2022 Revised 18.11.2022 Accepted 25.11.2022

BBEJIEHUE

B cBsI31 ¢ aKTUBHBIM OCBOCHHEM IIIelb(a apKTUIECKUX Mopeii Poccuu B ocenHee
BpEMsI B XOJI€ MPOBECHUS pa0OT BOSHUKAET HEOOXOANMOCTD B ONPE/ICIICHUH TapaMeTpOB
nensHoro mokposa. C 2012 . ®T'BY «AAHUM» mo 3akazy I[TAO «HK “POCHE®TBH”»
BBITIOJTHSIET HA AKBATOPHUSIX aPKTHUYECKUX MOPEH JIeOUCCIIEI0BATENILCKUE PAOOTHI C IETIBI0
cbopa okeaHorpaduyeckoil u yenoBoii nHpopmanuu. Ha akBaropusix mopeit Kapckoro,
JlanTeBbix 1 YyKOTCKOTO yCTAaHABIUBAIOTCS IIPUTOILUICHHBIE aBTOHOMHbIE OYHKOBBIE CTaH-
un (ITABC), B cocTaB KOTOPBIX BXOIHUT THAPOIIOKATOP BEPXHEr0 0030pa, MpeaHa3HaAYEH-
HBII 7151 cOOpa JaHHBIX 110 0CaJIKe JISASHBIX 00pa3oBaHuid, Ipeiidyomux Hag mpudopom.

ITono6HbBIe PabOTHI MPOBOAMINCH HeomHOKpaTHO. Ha menshe Caxanuna ObLTH 110-
Jy4eHbI JaHHbIE 00 0CaJIKe JIbJ[a ¢ MOMOIIIBI0 aKyCTHUECKUX Mpodunorpados, ycTaHOB-
JICHHBIX Ha JUIMTENIbHBINA niepuon [1].

B pabore [2] npeacTaBieHbl pe3yabTaThl K3MEPEHUH OCAKH Ha TPEX CTAHIIUSIX
B Mope Bodopra 3a mpoomKUTebHbIH epruoj BpeMeHH. Takke MPOBEICHO CpaBHEHHE
JIAaHHBIX 10 CTAHLMSIM U ce30HaM. [IpiuMedarensHo, 4TO MecTa OCTaHOBKH CTaHIMH Ha-
XOIWIIUCH Ha Oobinol riryouHe (6onee 3000 m).
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B nacrosmeit pabore aHaIM3UPYIOTCSI MaTepHAIIb, TOJTYYCHHBIC HAa aKBATOPUH MOPS
JlanTeBBIX: B TEKCTE MPUBEECHBI ONMUCAHMSI UCXOAHBIX JAHHBIX U JE€JOBBIX YCJIOBHH, B KO-
TOPBIX OHU OBLIM TIOJTyUCHBI; BBIMOIHEH CPAaBHUTENIBHBIN aHAIN3 PE3yIbTaTOB U3MEPCHUIA,
noJTy4eHHBIX ¢ oMombio ITABC B TeueHne HECKOIBKHX JIEIOBBIX CE30HOB.

LlensiMu cTaTby SIBISIIOTCS: 1) BBISIBIICHHE NPOCTPAHCTBEHHON N3MEHUMBOCTH OCAIKN
JIeASTHBIX 00pa3oBaHUI Ha akBaTOpUU Mops JIanmTeBBIX C TMOMOIIBIO MPUMEHEHUS pa3-
JWYHBIX CTaTUCTUYECKNX KPUTEPHEB; 2) ONPEICIICHNE «KITIOUEBBIX TOUEK» Ha aKBATOPHHU
MOpSI — TOYEK, YCTAHOBKHU CTAHIIUH, TaHHBIE C KOTOPBIX OMHUCHIBAIOT IPOCTPAHCTBEHHYIO
U3MEHYUBOCTh OCAJKH KUJIEH TOPOCHUCTBIX 00pa30BaHU I BCEX JICTOBBIX CE30HOB.

NCXOIHBIE JAHHBIE

Jlng aHanmm3a MpOCTPAHCTBEHHBIX M3MEHEHUH OCAIKH JIbAa B Mope JlanTeBhIX ObUTH
HCIIONTB30BAHbI JaHHBIE 00 Ocallke KIel TopocoB 3a 4 nemoBrIx ce3oHa: 2014/15, 2015/16,
2016/17 n 2018/19 rr. 3a yxazanusle nepuozb! ¢ nomoiuibio [IABC, ycTaHOBICHHBIX B ISITH
Toukax Mops JlanTeBwix, ObUTI0 00CiIe0BaHO dyTh Oosiee 45000 kM mpoduiIs JIeATHOTO
mokpoBa (tabdm. 1, puc. 1).

B kaX70M U3 YeThIpeX pacCMaTPUBACMBIX JICJOBBIX CC30HOB YHCIIO CTAHIIUH, Ha
KOTOPBIX MOJYyYEeHBI JaHHBIE 10 OCAAKe JbJa, kojaebmercs oT 3 mo 5. Haubomnee mpors-
JKCHHBIC TIPO(MIIH JISASTHOTO MTOKPOBA MCCIeIOBaHbI HA cTaHmax 11 m 12.
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Fig. 1. The layout of the setting points of underwater autonomous buoy stations in the Laptev Sea
in the period 2014-2017 and 2018/19
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Tabnuya 1
XapakTepuCTHKA MCXOIHBIX JAHHBIX M0 0CA/IKe JIbJa, M0JYy4eHHbIX Ha AKBATOPUH MOPSI
JlanTeBbIx B nepuon 2014-2017 u 2018/19 rr.
Table 1

Characteristics of the initial data of the ice draft obtained in the Laptev Sea in the period
2014-2017 and 2018/19

TTpOTSHKEHHOCTD JICIOBOTO HPOduiis (KM)
Cramuna No == 00015 | 2015/16 | 2016/17 | 2018/19
4 3598 2586 -
6 - 3610 1955 2232
1 3491 3599 2839 2400
12 3956 2276 3383 3415
13 3480 3785 - -

Jlist mosrydeHust nH(GOpPMaIKU O HIDKHEH TTOBEPXHOCTH JIEISTHOTO TIOKPOBA HCTIONb-
30BaJICs THIPOJIOKATOP BEpXHEro o63opa i npoduaupoBanus jibaa (IPS — awen. ice
profiling sonar). ITonyueHHsle gaHHBIE (CEPUH M3MEPEHUI OCAIKH JIEASHOTO ITOKPOBA
B TOYKAX YCTAHOBKH 00OPYI0BaHMS ) TIO3BOJIMIIN TTPOCIIETUTH BHYTPUTOOBYIO (BHYTpHCE-
30HHYI0), MEKXTOIOBYIO (MEKCE30HHYI0) U IPOCTPAHCTBEHHYIO U3MEHUNBOCThH 3HAYEHUN
OCaJIKM JIbJa JJIsl KXKJIOW CTAaHIMM, a TAKKe MPOAHAIN3UPOBATh MPOCTPAHCTBECHHYIO
M3MEHYMBOCTb ATOW BEIWYMHBI BHYTPHU OT/CIBHBIX CE30HOB.

JlaHHbIe, TOy4YEeHHBIE C THAPOJIOKATOpa, — ITO PsiJ| 3HAYCHUI (0cajKa Jibja, pac-
CTOSTHHE OT Hadaja Mpo¢miis) ¢ AUCKPETHOCTHIO 1 ¢. OOpaboTka TaHHBIX MPOBOANIACH
B HECKOJIBKO 3TaIloB:

1. [lepBuunast 06paboTKa — MpOBEpKa UCXOAHBIX JIAHHBIX Ha HAJIW4KE BBIOPOCOB.

2. OuabTpanys JaHHBIX.

Ha nanHOM 3Tame mpoBOAMTCSI yMEHBIICHHE 00beMa AaHHBIX 3a CUET BHIOOpA U3
MCXOJIHOTO psijia [0 OCaJIKe JIbJIa JIOKAJIbHBIX IKCTPEMYMOB M 3aMEHbI LIEIIOUEK HEMEH:I-
IOIINXCSI 3HAYEHUH OCAIKH Ha Mapbl HA4aJI0O—KOHEI] IICTIOUKH.

3. Beigenenne Kuiiei TOpocoB M y9acTKOB POBHOTO JIbJIA.

Ha nannoM 3Ttare B OT()UIBTPOBAHHOM PSY:

a) BBIIEJIAIOTCS 3HAUYEHHsI OCAJIKH, OTHOCSIIHECS K yJacTKaM POBHOTO M BCTOPO-
IIEHHOTO JIb/1a (BBIOOPKH IO CTAHIMSAM Pa3OMBAIOTCS HA MECSYHBIC CEPHUHM, Ul KaXIOH
CepUH BH3YaJbHO OLICHUBAETCS CPEIHSIS 0Ca/IKa POBHOTO JibJia /1, TOI/A y4acTKU POBHO-
TO JIbJJa — YYacTKH C ocaakoit / + 0,14, 3a y9acTKU HACIOCHHOTO JbJa MPHHUMAIOTCS
YYaCTKH C OTHOCHTEJBHO POBHOW ocankoi 4 : 1,1h <h < 2h; ocTanbHble ydacTkn pac-
CMaTPUBAIOTCS KAK YYaCTKH BCTOPOILEHHOTO JIBJA;

0) B 3aBHCHUMOCTH OT OCAaJK{ POBHOTO JIbJ]a HA MCCIEAYEMOM NMPOoduiIe, C yIeTOM
MMEIOIIHXCS TAHHBIX O COOTHOIICHUH T€OMETPUIECKHX PAa3MEPOB TOPOCOB, BCTOPOILICHHbIE
YYaCTKH HUCCIICAYEMOTO JISOBOTO MPOMUIIsi, HAXOMAIIMECS PSIOM, MOTYT ObITh 0OBEIHU-
HEHBI KaK OTHOCSIINECS] K OJHOMY TOPOCY;

B) MOCJIC BBISBIICHUS YYaCTKOB JIb/1A, OTHOCSAIINXCS K OJJHOMY TOPOCY, ONPECIIAIOTCS
3HAUCHHUA OCaJAKHU KHUJIeH OTAECJIbHBIX TOPOCOB.

[onpobHo mMeTomuka 06pabOTKM JaHHBIX HW3TOkeHa B padore [3]. lannas pabota
MOCBAIICHA U3YUCHUIO OCAJKU TOPOCHCTBHIX 00pa30BaHMi, IOATOMY B JJAHHOM CiIydae
B pe3ynbrare 00paboTKU JaHHBIX THJPOJIOKATOpa Mbl ()OPMHUPYEM IBYMEPHBIH MacCHB,
TJIe TIEPBBINA CTOMOCI] — PACCTOSTHUE OT Havajia JeJ0BOro mpoduist (M), BTOpoit — ocaaka
kst Topoca (M). ChOpMUPOBAHHBINA TaKMM 00Pa30M PSiJL CITy>KHT UCXOJHBIMU JaHHBIMU
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JUISL OLICHKN OCHOBHBIX CTATUCTHYECKUX XapaKTEPHCTHK OCAJKH KHUJIEH TOPOCOB Ha MC-
CJICIOBAHHOM 3a BpeMsl paboThI THApoIoKaTopa npodue.

JIJ1s cCpaBHUTENIFHOTO aHAJIN3a BEIOOPOK, COIEPIKAIINX OCAAKH KWIEeH Ha pa3IMIHbBIX
CTAHIMAX, OBUIN MTPOBEACHBI:

— IPOBEpKa Ha OJHOPOHOCTH CPETHHUX 3HAYEHHH BBHIOOPOK;

— MpOBEpKa Ha OHOPOAHOCTH JANUCIEPCHI BBIOOPOK;

— IIPOBEPKA HA COBIAJICHNUE PACIIPEeNICHNI BBIOOPOK.

AHaiu3 BBITIOJIHSUICS TTOTIAPHBIM CPaBHEHHEM MMEIOIINXCS] BEIOOPOK M MX Xapak-
TEPUCTHK.

JIiist IpOBEPKH THUIOTE3bI 00 OAHOPOAHOCTH PACTIPEIETICHUH HCIIONb30BaJICS KJIac-
cuueckuil kputepuit Konmoroposa—CmupHoBa [4]. B HEKOTOpBIX cilydasix IPOBOAMUNACH
JOTIOJIHUTEIbHAS TIPOBEpPKaA 10 KputepusiM Jlemana—Po3enbnarta u Aunepcona—/lapnumra,
00JTagaronmx, BO MHOTHX CITydasX, OOJIbIIeH MOITHOCTRIO [5—7, 8—11].

JI1 cpaBHEHUS] MECSIUHBIX CEpHUI 0CaJIKU KUJIEH TOPOCOB, MOJyUEHHBIX HA Pa3HBIX
CTaHIIUAX, HEOOXOANMO YUHUTHIBATh, YTO KOIMYECTBO JAHHBIX HA PA3IUYHBIX CTAHIUSIX
HEeoMHAaKoBO. UTOOBI y4ecTh 3Ty 0COOCHHOCTb, /ISl CPAaBHEHUSI CPEIHUX 3HAYCHUI Me-
CSIYHBIX BBEIOOPOK OBUI ITpUMeEHEH KpuTepuid ThIOKHM JiIsl BBIOOPOK pa3zHoro oonema [4].

C momMomipto cTanaapTHOro Kputepus Jlerene [ 12] mpoBepsuiuch TUTIOTE3bI 00 OHO-
PORHOCTH JAUCTIEPCHI HCCIIEyeMBbIX BEIOOPOK.

PABBUTHUE JIEJSHOI'O IIOKPOBA MOPS JIAIITEBBIX
B UCCJIEAYEMBIX JIEJOBBIX CE30HAX

Jlnst orvicanus J1eIoBBIX ycioBuit B Mope JlanteBbix B nepuospt padotst [TABC 1 no-
JIy4eHHs CepUM HaOJIIOIEHNUH 32 0Ca/IKOM Jib/la ObLIN NPOAHAIN3HPOBAHbI JIETOBBIE KapThI 38
ce3onsl 2014/15, 2015/16, 2016/17 u 2018/19 1. (http://old.aari.ru/odata/_d0004.php). Co-
IJIACHO KapTaM, MOXXHO BBIJICJIMTD CIICAYIOIINE OCOOCHHOCTH Pa3BHUTHS JIJSTHOTO TIOKPOBA:

— pa3BUTHE JIEISHOTO MOKPOBa B HOAOpe OBbLIO JUIL CE30HOB Pa3IM4HbIM, Oojee
nerkast KapTuHa oTMmedanach st 2014 u 2018 rT. (mpeobnafgaHue Ha aKBaTOPHUU FOXKHEE
82° ¢. 11I. cephIX U cepo-0eITbIX JIbJ0B, HEOOBIIOE KOTMISCTBO TOHKUX OTHOJICTHUX JIHIIOB),
6onee Tsokenble — B 2015 1 2016 rr. (Hanugue OobIIeH IO OMHOIETHUX TOHKUX
JBJIOB, @ TAKXKE CTAPBIX M OCTaTOYHBIX JIBIOB B CEBEPHON YaCTH MOpSI);

— B Oexabpe KaxJ0ro N3 paccMaTpUBaEMBbIX JISJIOBBIX CE30HOB HAOIIONANIOCHh PAa3BUTHE
JIEASTHOTO MOKPOBA M TIEPEXO0Z CepOo-0ebIX JIBJIOB B TPAJALIMI0 OJHOIETHUX TOHKHX JIBJIOB,
KOTOpBIE CTAJIM TPe00IIa/IaloMH Ha BCEH aKBATOPHH MOPSI, — 3TO TOBOPHT O OoJiee MHTEH-
CHBHOM HapacTaHuH Jibjia B ce3oHax 2014/15 n 2018/19 rr; B TO 7K€ Bpemsi IPH CIIIKMBAHUT
pa3Uumii B BO3PACTHOM COCTaBe JibJia Ha BCel akBaTtopuu Mopsi JlanTeBwix B nexadpe 2015 .
TIOSIBUITHICH OJTHOJIETHHE CPETHUE JIbIBL, st iekalpst 2016 1. Ob1T0 XapaKTepHO HAIMYHE CTa-
PBIX M OCTATOYHBIX JIBI0B B CEBEPO-BOCTOYHOM YacTH MOPS, TO €CTh B J€KaOpe JUIsi CE30HOB
2015/16 1 2016/17 rr. B Mope JlanTeBbIx MO-MPeKHEMY OTMEUAJIHUCh OOJiee TSHKEIbIE JIe/IOBbIe
ycsoBus (10 cpaBHEHUIO ¢ cezoHamu 2014/15 u 2018/19 rr);

— B AH6ape Pa3BUTHE JIEASHOTO MOKPOBA MPOAOIKUIOCH: ISl BCEX CE30HOB OT-
MEUEHO HaJIMUUe OAHOJETHHX CPEAHUX JIbJI0B, OFHAKO MX TPAHHUNA OT CE30HA K CE30HY
pacrioiaraeTcst mo-pa3HoMy; Oosiee OIMM3KUMHU SIBISIFOTCS] TPAHUIIBI OHOJIETHUX CPETHUX
IIBJ10B, 3auKcupoBanHbie B stuBape 2015 u 2019 rr, a takxke B ssBape 2016 u 2017 rr;

— B hegpauie TIepexo]] TPaJaliii OJHOJIIETHUX TOHKHX JIbI0B B OAHOJIETHHE CPEIHUE TIPO-
nomkuiics, a B 2016 u 2017 TT. Ha aKBaTOPHX MOPSI, PACIIONIOKEHHOMH toskHee 82° C. 11., OBLTO
OTMEYEHO TOSIBIICHUE OHOJIETHHUX TOJICTHIX JIbJIOB; IJIOIIA/Ib OJHOJNETHUX CPEAHUX JIbJIOB
YBEJIMYMIIACh; OIHOJIETHUE TOHKHUE JIb/Ibl HA AKBATOPHH TAKXKE COXPAHSUINCH, HO HX ILIONIAIb
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COKpaTHJIACh, 3TH JIbJIbl PACTIONATaJINCh IT0JI0COH BIoib apX. CeBepHas 3eMils, oOepexbs
n-oBa TalfMBIp ¥ MaTeprKoOBOro MOOEpeXbst 10 paidoHa ycThst p. JIEHBI (11 BCeX CE30HOB)
U Jiajee K ceBepHOMY ToOepesxbio 0. KotenbHblit (3a nckiouenuem despans 2016/17 r);

— B Mapme OIHOJICTHUE TOJICTBIE JIbABI OTMEUAINCh HA aKBATOPUHU MOpst JlanTeBbIX
YK€ BO BCEX PacCMaTpHBAEMbIX CE30HAX; IMOJIOKEHHE TPAHMIBI OJHOJIETHUX TOJICTBIX
JBI0B OBUTO MPUMEPHO onMHAKOBBIM B MapTe 2016 u 2017 rT. (¢ HEOONBIIUM CABUIOM
B [IEHTPAIBLHOW YacTh MOps K foro-3amaay B 2016 r.); a B mapte 2015 u 2019 rT. 312 rpa-
HUIIa pacroaranack cesepree Ha 0,5—1° mo mmpore Ha Beell akBaTopuu Mopst JlanTeBsIx;

— B anpene B 2016, 2017 u 2019 rr. mpakTUYECKH BCE OTHOJETHUE TOHKHUE JIbIbI
[epelnId B rpalaliiio OAHOJIETHUX cpeanux; B 2015 1. Takoil mepexon oCyliecTBUIICS
JIMIIb Ha MTOJIOBUHE aKBATOPUH, 3aHSITON OJHOJIETHUMH TOHKUMH JIbJJaMH, OJJHAKO TPaHU-
na pacrnpoCTpaHC€HUusA OAHOJICTHUX TOJICTBIX JIbAOB MPOABUHYJIACH 3HAYHUTCIILHO FOXKHEC
BHosb MepuauanoB 120-130° B. 1. (mo 76° c. m1.), mo cpaBHeHuIo ¢ anperem 2016, 2017
n 2019 rr.; rpaHUIBI PacIPOCTPAHEHMS TOJICTHIX OJHOJIETHUX JIBJIOB JIUISI BCEX paccMa-
TPHUBAEMBIX CE30HOB COJIHM3HIIKCH;

— B JMae BO3PAaCTHOM COCTaB JIbJOB M MX PACIPOCTPAHEHHE IO aKBaTOPUU MOPS
JlanTeBBIX COXPAHSUICS MO CPABHEHMIO C aIrlpesieM; yCTAaHOBHUBIIHMECS B arpese TPaHHIb]
JIBJIOB pa3sHbIX BO3PACTOB HEMHOI'O CMECTUIIUCH U B UTOT'C MMPAKTUYCCKH COBIAJIN JJIA BCEX
paccMarpuBaeMbIX ce30HOB (2014/15, 2015/16, 2016/17 u 2018/19 rr.);

— B Ui0OHe HAYaJIOCh OYMIIEHHE aKBATOPUH OT JIbJIa, KOTOPOE MPOJIOJKIIOCH B HIOJE.

Takum 00pa3oM, paccMarpruBaeMble CE30HbI, BO BPEMsi KOTOPBIX Ha aKBaTOPHU MODSI
JlanrreBBIX padotamm [TABC, MoxxHO pa3nemuts Ha 2 rpyms! (epsast — 2014/15 u 2018/19 r,
Bropast — 2015/16 u 2016/17 rr.), paznuuust Mex Ty KOTOPbIMH HaOJFONAIMCh B IEPUO] C HO-
s0pst o MapT (B Havauie JieZIoBbIX ce30HOB 2014/15 n 2018/19 rr. Habnmronanuck Ooliee Jerkue
JITIOBBIE YCIIOBHS TIO cpaBHEHMIO ¢ ce3oHamu 2015/16 m 2016/17 rr). B mepuon Makcnmab-
HOTO pa3BUTHS JIJITHOTO TIOKPOBA (Arpelib—Maii) pasinymsi PaKTHUECKH NCUE3ITH.

ITo maHHBIM peruoHanbHBIX JieqoBbiX KapT (http://old.aari.ru/odata/_d0004.php),
JIETOBBIE YCIIOBHS BO BCEX TOYKAX IPOBEACHUS U3MepeHwuid (B Toukax yctaHoBKH [IABC)
B T€UEHUE KaXKJIOT'0 JIEJOBOTO CE30HA PAKTUIYECKN COBMAIAIOT. MICKiIIoueHneM sBIsieTcst
cranius 13, rae B sitHBape—Mae HaOmogaeTcs 0oiee TOICTHIN Jies (Ha OHY Tpaialliio 1Mo
TOJIIUHE, cortacHo HomenkmaType Mopckux 6108 [ 13]), yem Ha crarnusx 4, 6, 11 u 12.
D710 00BSICHSIETCSl B IEPBYIO OYEpEIb PACIIOJIOKEHHEM CTaHIMK 13, KoTopasi HaXOIuTCs
ceBepHee U HanboJsee yJaleHa OT OCTaNbHBIX CTaHIuH (puc. 1).

CE30H 2014/15 .

B nenoBom ce3one 2014/15 . gaHHbIe 10 OcajKe JbJa ObUIM MOJYYEHBI B TOUKAX
rmocTaHoBKY ctaHmmid 11, 12 u 13 (puc. 1).

[TpumMeHeHne KpUTepreB CPaBHEHMUS JJIsl CE30HHBIX CEpH (JIaHHBIX CO CTaHIMHU 3a
BECh CE30H) M0Ka3aJI0 3HAYMMOE Pa3JINuie B CPEIHUX 3HAYCHUSIX MEXK/y BCEMH CTAHIUAMU
3a BECh JIIOBBII CE30H (PEe3yNbTaT MOMAPHOTO CPABHEHHSI C TPUMEHEHHEM [-KPUTEPU).
BMmecTe ¢ 3THM MOXKHO OTMETHUTB ONpeJIelieHHY10 Onn30cTh (00mmii Bua rpaduka) xoaa
CpelHeMECIYHBIX 3HaYeHU (puc. 2a).

Ha puc. 26 nmpuBeneHs! pactipeeneHns 0caaky Kiiel (3HaueHns pyHkoun F(x) =1 —
CDF(x), rne CDF(x) — 3Ha4eHus pacrpe/eiiCHUs HAKOIJICHHOW TNIOTHOCTH BEPOSITHOCTH
BEJIMYMHBI OCAJIKU Kuiel TopocoB (0T aner. cumulative density function), mosy4eHHbIe
0 JIAHHBIM JIJISl BCETO JISJJOBOrO ce30Ha. HecMoTpst Ha Onu3ocTh (GyHKIMI pacrpeserne-
HUSI OCAJIKH KWJIeH Ha cTaHIusIX (puc. 20), NPUMEHEHNE KPUTEPHUEB CPAaBHEHHMSI TI0Ka3aJ10
3HAYMMOE Pa3JIMUMe CPEAHUX 33 CE30H BEIMYMH OCAKH KUJIEH TOPOCUCTBIX 00pa30BaHHN.
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Puc. 2. Cpennemecsynble 3Ha4eHUs (a) U pacrpeeicHne 3HaYeHNH (0) 0CaJKN KUIICH TOPOCHCTHIX
00pa3oBaHuii M0 JaHHBIM BCEro Je0Boro ce3ona 2014/15 .

Fig. 2. Mean monthly values (a) and the distribution of the draft values (6) of ice ridge keels according
to the data of the entire ice season 2014-2015

JlucriepcoHHBIN aHamU3 ce30HHBIX cepuil g cranimit 11, 12 u 13 mokaszan, uto
B 11estoM 3a ce30H 2014/15 1. HanbonpIee pa3nuyane HaOIIOMAIOCH MEXKAY CTaHIsIMHA | 1
u 13, Haumenblllee — MEXy cTaHuusMu 12 u 13.

B Tedenue nenoBoro nepuona Qgopma pacrnpeenieHns: 0CaJI0K KHIeH TOPOCHUCTBIX
00pa30BaHMil CHIIBHO M3MEHSETCSI OT MECAIa K MECAIly Ha KayKIOW M3 paccMaTpHUBaEeMbIX
crannuii (puc. 3). ITo pyHkumm pacnpeneneHns: 04eHb XOPOIIO MPOCIISKUBACTCS CE30HHBIN
X071 0CaAKU 1e(OPMHUPOBAHHOTO JIbJIa: HAYMHAS C HOSIOPST OHA «JIBUTAETCs» BIIPABO JO I1e-
pHOa MAKCHMAJIBHOTO Pa3BHUTHS JIEASHOTO ITOKPOBA, 3aTEM «BO3BPAIIACTCS» HA3a/1 B HIONIE.

Bceero 3a ce3on 2014/15 1. 6110 MOMy4eHO MO 9 MecsYHBIX cepuil (BHIOOPOK) Ha
Kaxa0u u3 3 cTaHiuid. J{ias cpaBHEHHsSI MECSIYHBIX CEPHIl OCAJKU KUIIEH TOPOCOB, MOIY-
YEHHBIX Ha PA3HBIX CTAHIHMSIX, HEOOXOANMO YUNTHIBATH, YTO KOJIMYECTBO JAHHBIX HA pa3-
JIMYHBIX CTAHIMAX HEOJMHAKOBO. UTOOBI y4eCTb 3Ty 0COOCHHOCTD, /ISl CPABHEHUS CPEAHIX
3HAYCHUI1 MECSIYHBIX BHIOOPOK MCIONB3yeM KpUTepuil ThioKH 17151 BHIOOPOK pa3HOro 00b-
ema [4]. [lna cpaBHEHHS QUCTIEPCHI NCIIONB3yeM CTaHOapTHEIN Kputepuit Jlesene [12].

[Tpumenenne kputepust ThIOKH 151 BRIOOPOK pasHOro 00beMa IToKa3allo, 9To B CPETHNX
3HAYEHMAX PA3NIMuMs OCAJKU KWJIeH B Hadase ce30Ha (B HOSOpE) He3HAUMMBI JJIsl CTAHLIUH
12 u 13, B nexabpe — s cranmmii 11 u 12, B ssHBape — mna crarmmii 12 u 13; mo mepe
Pa3BUTHS JIEITHOTO TTOKPOBA PA3IMYHUS UL BCEX CTAHIMI CTAHOBATCS 3HAUMMBIMU; B KOHLIE
Ce30Ha (MI0JIb) HE3HAYMMBIMH CTAHOBSITCS pa3iIMyMs B CpeHUX At cTanimit 11 u 13.

[Ipu nonapHOM CpaBHEHUM AUCIIEPCUM MECSIUHBIX CEPUH C NOMOIIBIO CTAHAAPTHO-
ro kpurepus JleBeHe ObUIO BBISBICHO, UTO JUIs cTaHIMK 11 1 12 pasnnunst He3HAYMMBI
B JiekaOpe, Mapre U WroHe; Jjist ctanuuii 11 u 13 — B nexkabpe u mapre; Ui CTaHIMMA
12 u 13 1 Bcex MecsIeB pa3iInymsl BBIOOPOUHBIX TUCIIEPCHIA SBISIOTCS 3HAYNMBIMH.

Ha puc. 4 npeacraBneHo pacnpeieneHue ocaakl KHaeld TOpoCoB MO MecsIaM Ha pas-
JIMYHBIX cTaHIMAX. HecMoTps Ha Xopoliee BU3yaJbHOE COBIA/ICHUE, IPUMEHEHUE KPUTEPUS
comtacus KomvoropoBa—CMHpPHOBa TOKA3a110, YTO HE3HAYMMBIE PA3INUMs OOHAPY KEHBI JIUIIb
JUTSL CIIeTyroIuX Tap BeIOOpok: cranimu 11 u 12 3a nexadpp, cranuum 12 u 13 3a HOSIOPB.

O0001IICHHBIC PE3yJIbTaThl CPABHCHHS MECSYHBIX CEpUN HAONIOACHUHN 3a 0CaIKON
TOPOCHUCTBIX 00pa30BaHMUI C UCIIOIB30BAHUEM CTATHCTUYECKUX KPUTEPUEB, YUHTHIBAIOIINX
pa3Hble 00BEMBI HCCIIETYEeMbIX BEIOOPOK, TIPECTaBICHEI B Ta0. 2.
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Puc. 3. dyHkIuu pacnpeneneHusl 0CaoK KUiel TOPOCUCTBIX oOpa3oBaHuid Mo craHmusM 11 (a),
12 (6) n 13 (8) B Teuenue aenoBoro ce3ona 2014/15 r.

Fig. 3. Distribution functions of the draft of ice ridge keels by stations 11 (a), 12 (6) and 13 () during
the ice season 2014-2015
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Puc. 4. Pacnipenenenue ocanku KWJIEH TOPOCHUCTBHIX O00pa3oBaHMiI B TCYCHHE JICIOBOTO CE30HA
2014/15 r. mo Mecsuam:

a) — Hosiopb 2014 1., 6) — nexadpp 2014 1., 8) — sHBapb 2015 ., ) — despans 2015 1., 0) — mapr 2015 .,
e) — anpenb 2015 ., o) — mait 2015 1, 3) — utonb 2015 r, u) — uronb 2015 .

Fig. 4. Distribution functions of the draft of ice ridge keels during the ice season 2014-2015 by months

a) — November, 2014, 6) — December, 2014, ¢) — January, 2015, 2) — February, 2015, 0) — March, 2015,
e) — April, 2015, o) — May, 2015, 3) — June, 2015, u) — July, 2015
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Tabruya 2

Mecsinibl ¢ HE3HAYUMBIMH PA3JIHYUSIMHU 110 MECSYHBIM CEPHsIM,
MoJIy4eHHbIM Ha cranumsx 11, 12, 13 B 1eqoBom ce3one 2014/15 .
Table 2

Months with insignificant differences in the monthly series
received at stations 11, 12, 13 in the ice season 2014/2015

N CpaBHeHHe CpaBHeHHe CpaBHeHHe
[ape! cTannmii N .
CpPEIHHX JIUCTICPCHii pacrpeneneHuit
11-12 XII XII, 11, VI XII
11-13 VII XII, 1T -
12-13 XI, 1 - XI

C ydeToM aHaIM3a CPEIHUX, MOKHO CKa3aTh, UTO «OIM30CTHY MECSYHBIX BEIOOPOK
MpOSIBUJIACh JIMIb B Haydalie JIEJOBOro ce30Ha. B ator mepuox ais cranuuid 11 u 12
CpeIHue, AUCIIEPCUN U paCTIpeACTICHIsI Pa3IMYaoTCsl HE3HAYMMO, YTO TIO3BOJISIET OTHECTH
OCaJIKV KWJICH Ha ATHUX CTAHIMAX B eKadpe K onHOI BEIOOpKe. COrTacHO TaHHBIM JICOBBIX
KapT, JIeI0OBbIE€ YCIOBUS Ha ATUX CTAHLUSAX MPAKTHUECKH COBIMAIaIH.

Taxxe MOXKHO OTMETHTD, YTO B MECSIIIbI, KO/ Pa3indus ObUIH HE3HAYUMBI, JJTHHBI
WCCIICIOBAaHHBIX JISTOBHIX MPO(MIel Ha CTAaHIMUAX OBUTH JOCTATOYHO OIM3KH.

B menom pacmpenencHusi BRIOOPOK OCaIKU KWIICH TOPOCOB B palilOHAX YCTaHOBKHU
CTaHIMI MO0 MecsAllaM MPAaKTUYECKU BO BCEX CIIyYasX MMEIOT 3HaunMble pazmuuus. Cre-
JOBaTENbHO, B IeNIOM 3a ce30H 2014/15 1. 3HaueHus ocagku KWJeH TOPOCOB B Pa3HBIX
paiioHax akBatopuu Mopsi JlanTeBhIX (CTAHIIMU HAXOMWINCH HA JTOCTATOYHOM YNAJICHUU
JpyT OT Jpyra, puc. 1) 3HAYMMO OTIMYAIKCH IPYT OT ApYyTa.

CE30H 2015/16 r.

B 3TOM Cce30He, B OTIMUKE OT MPEIBITYILET0, ObLTH COOPAHBI JAaHHBIC HA TSITH CTAHITHAX:
4,6, 11, 12 u 13 (cm. puc. 1). IIpumeHeHne KpuTeprueB CpaBHEHHS JUIS CE30HHBIX BRIOOPOK
BBIIBUJIO 3HAYMMOE Pa3IMIMe B CPEAHUX 3HAYCHMSIX MEKTY BCEMH CTAHIMSAMH 32 BECh Je-
JIOBBII Ce30H (BBIBOJI IO Pe3yJIbTaTaM MOMAPHOIO CPABHEHHS C TIPHMCHEHUCM /-KPHTCPHS).

XoJ cpeTHeMEeCYHbIX 3HaUeHMI Ha cTaHusX 6, 11 u 13 6bu1 ouens 6nu30k (puc. Sa).
JanHble Ha cTaHOWHU 12 UMEroTCs UG 10 MapTta. CperHeMecsiaHbIe OCaAKH KUJIeH Ha
CTaHIIMU 4 B ampelie UMCIOT BBIPaKCHHBIN «IIPOBADy (HAOIIOIACTCS PE3KOe YMCHBIIICHHE
CPEIHET0 3HAYCHUS OCAJKH 10 CPAaBHEHUIO C TIPEABLAYIINM U TTOCIEAYIONTUM MECSIIAMH).

OYHKINH pacTpeieeH s U BCEX CTaHIINH 3a BECh JICOBEIA CE30H MPEICTABICHEI
Ha puc. 56. CpaBHEHHE paclpeaeIeHuil uist Bcero Jienosoro ce3oHa 2015/16 1. monTsep-
JIAJI0 3HAYUMOCTb PA3IMYMM ISl BCeX map CTaHIUMU.

OyHKIMS pacTpefeNieHus, Tak ke KaK U IS IPeIbIAYyIIero ce30Ha, IMEET SPKO
BBIPaKCHHBIN CE30HHBIHN X011 (pHc. 6).

JIucTiepCOHHBIM aHaIM3 Ce30HHBIX cepuil uist cranimid 4, 6, 11, 12 u 13 mokasain, 4to
B 11e71oM 3a ce30H 2015/16 1. HanbombIiee pasidre Habmonanoch MeXx Iy cTaHmsve 12 u 13,
HaMMEHbIlIee — MEXIy CTaHIusIMU 4 1 13. B nopsiike Bo3pacTaHus pasiuuuii MeXIy CTaH-
sIME (OT HAMMEHBIIHMX PA3INYUi K HAHOOJBIINM) ChOpMUPOBATIACH CACAYFOIIAS IIEMOYKa:

4-13 - 6-11 - 4-11 - 6-12 > 11-13 546 —> 11-12 - 6-13 - 4-12 — 12-13.

s nenoBoro cezona 2015/16 1. ObLTO MOTYYCHO 1O 9 MECSYHBIX Cepuil (BEIOOPOK)
Ha craHiusx 4, 6, 11, 13 u 6 BeIOOpoK Ha cTanmmu 12.

B pesynprare npuMeHeHns KpuTepus ThIOKA 711 BRIOOPOK HEpaBHOTO 00beMa OBLIO
BBISIBJICHO, YTO B CPEJHHUX 3HAYCHHSX B Hauaje ce30Ha (B Jekadpe) pa3nudus He3Ha-
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Puc. 5. CpennemecsiaHble 3HA4eHUS (@) ¥ pacnpe/ie/ieHIe 3Ha9eHUH (6) 0CaIKu KHIIeH TOPOCHCTHIX
00pa3oBaHuil 10 JaHHBIM JIeq0BOTO ce30Ha 2015/16 .

Fig. 5. Mean monthly values (a) and the distribution of the draft values (6) of ice ridge keels according

to the data of the entire ice season 2015/2016
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Puc. 6. DyHkun pacmpeaeneHus 0CaI0K KHISH TOPOCUCTHIX 00pa3oBaHmii o cTaHwsM 4 (a), 6 (6),
11 (8), 12 (2) u 13 (0) B Teuenue aemoBoro cezona 2015/16 .

Fig. 6. Distribution functions of the draft of ice ridge keels by stations 4 (), 6 (6), 11 (s), 12 (¢) and

13 (0) during the ice season 2015/2016
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yuMbl Ui craHuui 4 u 6, 6 u 11 u 11-12-13; B auBape — nns cranumii 4-11-13; no
Mepe Pa3BUTHUS JIEASHOTO MOKPOBA PA3INUuUs sl BCEX CTAHIUN CTAaHOBATCS 3HAYMMBIMU;
B KOHIIC C€30HA (MIOHb—HIOJb) HE3HAYMMBIMH CTAHOBSITCS PA3IUYNs CPEIHUX 3HAYCHUN
I ctaHmi 4—13, 6-11, 11-13.

CpaBHeHHE TUCTIEPCUI BBHIOOPOK (ITONapHOE CPaBHEHHE C WCIIOIb30BAHHEM CTaH-
JnapTHoOro KpuTepus JIeBeHe) mokasasno, 4To B Havyaje ce30Ha (HOSOPh) pa3inyus He3HAYU-
MbI JuIst craHuuil 4—12—13; B stuBape — Ha ctauusx 6—11-13. B koHIle ce30Ha HE3HAYMMO
OTJIMYAIOTCS! BBIOOPOYHBIE TUCIIEPCHH Ha cTaHImsX 6—11 u 6-13.

Ha puc. 7 npencraBineHo pacripeielieHle OcaJKu Kujieil TOpocoB Mo MecsiaM Ha
Pa3IMYHBIX CTAaHIMAX. DYHKINH PACTIPEAEIICHNS MECSIYHBIX CEPHMA, ITOTyYeHHBIX HA CTaH-
musix B 2015/16 1., BU3yallbHO OYEHB ITOXO0XKH (0COOEHHO JUTsl HOSIOPSI, IeKaOpst U STHBApS).
Mexay TeMm Mo pe3yibrataM NpuMeHeHHs kputepueB Kommoropoa—CmupHoBa, Jlema-
Ha—PozenOnarra n Angepcona—/lapniHra MOXKHO CZIeNaTh BBIBOA O TOM, YTO PA3IMUMs
B PacHpeIeNICHUsAX 0CAIKU KUJIEH TOPOCOB MO MeCsILaM ABJISIETCS 3HAUMMbIM MPAaKTHYECKU
JUIS BCeX Mmap cTaHuuil. HesHauMMBbIMI OKa3aIKCh U Pa3IMYHs IS map cTaHnuii 6—11
B Mapte u 11-13 B mexabpe.
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Puc. 7. PactipeneneHue 0caaku KUIeH TOPOCHCTHIX 00pa30BaHHiA 1O MeCsIIaM B TCUCHHUE JICTTOBOTO
ce3ona 2015/16 r.:

a) — Hosiops 2015 1., 6) — nekadbpp 2015 1., 8) — stHBaps 2016 1., 2) — deBpanb 2016 ., 0) — mapt 2016 1.,
e) — anpenb 2016 T, o) — mait 2016 1., 3) — mrons 2016 1., ) — urons 2016 1, k) — aBryer 2016 1.

Fig. 7. Distribution functions of the draft of ice ridge keels by months during the ice season 2015/2016
a) — November, 2015, 6) — December, 2015, ) — January, 2016, 2) — February, 2016, 0) — March, 2016,
e) — April, 2016, o) — May, 2016, 3) — June, 2016, ) — July, 2016, k) — August, 2016
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Tabruya 3
Mecsupl ¢ He3HAYUMBIMU PA3JTHYUAMEI 10 MECAYHBIM CEPUSIM,
NMOJIy4eHHbIM Ha cTaHuMsAX 4, 6, 11, 12, 13 B sienoBoMm ce3one 2015/16 1.
Table 3
Months with insignificant differences in the monthly series
received at stations 4, 6, 11, 12, 13 in the ice season 2015/16
o CpaBHeHHe CpaBHeHHE CpaBHeHHE
IMape! cTannmii N .
CPeTHHUX JCIIePCHii pacnpeseneHui
4-6 XII IL IV -
4-11 LV - -
4-12 - XI -
4-13 I, VII X1, XIIL, IV -
6-11 XIL 10, 11, VI I, VIl I
6—12 - - -
6-13 11 L1V, VI -
11-12 XII v -
11-13 XIIL 1 I X1
12-13 I, III XI -

O06001meHHbIe pe3yabTaThl CPABHEHHS MECSIHBIX Cepuil HAOMIOICHUH 3a 0CaIKon
TOPOCHUCTBIX 00Pa30BaHMUI{ C UCTIONB30BAaHUEM CTATHCTUYCCKUX KPUTEPUEB, YUUTHIBAIOIINX
pa3HbIic 00BEMBI HCCIICYEMBIX BBIOOPOK, MPEICTABICHBI B Ta0M. 3.

Taxum 00pa3om, «OIHU30CTE» MECAYHBIX BBHIOOPOK IO CPEAHWM 3HAYCHUSAM H IHC-

MIEPCUSIM OTMEUACTCsS B OCHOBHOM B HadvaJje JIGAOBOTO ce30Ha. PacmpeneneHust BEIOOPOK
OCaJIKU KHUJIEH MO MecsIaM MPaKTUYECKHU BO BCEX CIydasx UMEIOT 3HAYUMbIC Pa3ITUUMSL.

Ha ocHoBaHum aHanmm3a CpeIHUX, TUCTIEPCHH U pacTIpeeNIeHI HanOobIIas «OIm-
30CTh» HaOmromaercs st ctannuit 6—11 u 11-13 B Havane nemoBoro cezona. [Ipu aTom
OTMETHUM, YTO CTAHIUU 6 U 11 PaCIOIIOKEHBI JOCTATOUHO OJIM3KO IPYT K IPYry U CTAHIIUS
6 4ayTh Oonee ynaneHa ot ctaHmu 13 (o cpaBHeHHIO co cTaHnuei 11).

B ce3one 2015/16 1. cepun HaOMrOICHUH OBUTH ITOTYYCHBI HAa BCEX 5 cTaHNUAX. B Ka-
YeCTBE MOKa3aTessl pa3audus MapaMeTpoB OCaIKU KUIIEH TOPOCOB Ha CTAHIUSAX MOXKHO
BEIOpaTh MaKCHUMaIbHOE paccTOsTHUE U3 Kputepus KommoropoBa—CMupHOBA.
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Puc. 8. Pe3ynbrar MHOrOMEPHOTO IIKAJIMPOBAHUSI 1O JAHHBIM JieoBoro ce3oHa 2015/16 .: paznuune
MEK/ly CTAaHLIUSIMH I10 0CaJIKaM KHJIel TOPOCOB B 2 M3MEPEHUSIX
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Fig. 8. The result of multidimensional scaling according to the data of the 2015/2016 ice season: the
difference between stations in the draft of ice ridge keels in two dimensions
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Brraucnenne JaHHBIX BEIUYHH U JabHEHUIIIEe MHOTOMEPHOE IIKATHPOBAHHE B TIPO-
CTPAHCTBE JBYX U3MEPCHUN TIO3BOIISCT MOMYYUTh KAPTHHY, HATTOMHHAIOIIYIO pa3HECCHHE
CTaHIM{ B IPOCTPAHCTBE. Pe3ynbrar MHOrOMEPHOTO MIKAJITMPOBAHMUSI IPUBE/ICH HA PUC. 8.

Taxum 00pa3om, IO pe3yabpTaTaM aHali3a JaHHbIX, IOTyYeHHBIX 32 JISOBBIH Ce30H
2015/16 1., MOKHO CclleNIaTh CICAYIOMINI BBIBOI: B I[EJIOM 32 CE30H 3HAUYCHHS OCAIKH KUICH
B pa3HbIX pailoHax akBaTopuu Mopsi JIanTeBbIX 3HAYMMO OTIMYAIKICH JAPYT OT Jpyra, B TO
BpeMsI KaK B HaJaje JISAOBOTO CE30HA pasIiyusl ObUTH HE3HAYNMBI Ha ONMDKAHIINX JAPYT
K Apyry craHuusx 6 u 11.

CE30H 2016/17 r.

B nenoBom cezone 2016/17 1. ObuIM TONy4YEHBI CEpUM HAOIIOCHUN HA YEThIpEX
cranmusx: 4, 6, 11 u 12 (cm. puc. 1).

Xox cpenqHeMecsSYHbIX 3HAaYEHUN MOoKa3aH Ha puc. 9a. JlaHHble HAa cTaHUUU 6 UMe-
FOTCs JIANIB 710 Masi. CpeIHEMECSIUHbIC 0CaIKU KUJICH Ha CTAHIMK 12 UMEIOT HEOOBIIOH
«mpoBa» B Qespane. [[puMeHeHne KpUTEPUEB CPABHEHUS JIJISi CE30HHBIX BBIOOPOK TO-
Ka3aJI0 3HAYNMOE Pa3IMyhe B CPETHUX 3HAYCHISIX MEXKIY BCEMHU CTAHIUSIMHU 3a BECh
JIEZIOBBIN Ce30H (BBIBOJ MO Pe3y/bTaTaM MOMapHOTO MPUMEHEHUS {-KpUTEpHs).

DYHKIMHU PACIIPENEIICHUS ISl BCEX CTAHLUMI 3@ BECH JIEJOBBIA CE€30H MPEICTABIECHbI
Ha puc. 96. CpaBHEHHE pacTIpeae]IeHHU A1 BCETO Ce30Ha MOKA3aJI0 3HAYMMOCTh Pa3Inanit
JUId BCEX Map CTaHIMH.
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Puc. 9. Cpennemecsanble 3Ha4eHUS (a) U pacrpeelcHue 3HaYeHNH (0) 0CaJIKN KUIICH TOPOCHCTHIX
oOpasoBaHuii s Beero nenoBoro cezona 2016/17 1.

Fig. 9. Mean monthly values (a) and the distribution of the draft values (6) of ice ridge keels according
to the data of the entire ice season 2016/2017

JucnepcroHHbIN aHAIM3 CE30HHBIX cepuid [uist craHuuid 4, 6, 11 u 12 nokasain, 4yto
B 1esioM 3a ce30oH 2016/17 1. HanbGonblnee pa3nune HaOIIONAI0Ch MEX/Y CTaHIUSIMU
6 u 11, HanMeHbIIee — MeXAy cTaHmusIMH 4 1 12. B mopsiake Bo3pacTaHus pa3inauit
MEXIY CTAaHIUAMH (OT Mapbl ¢ HANMEHBIINMHE Pa3THIMSIMH K Tape ¢ HAauOOIBITUMH)
MoJIy4yaeTcs cieayroliasi IoCiIeJ0BaTeIbHOCTh:

4-12 546 — 11-12 —» 6-12 — 4-11 — 6-11.

Ecnu TOBOPUTH 0 MECSYHBIX Cephsx, TO 3a ce30H 2016/17 1. ObUIO MONyYeHO 0
8 BbIOOpOK Ha cTaHmusx 4, 11 u 12, 7 — Ha craHuu 6 (IaHHBIC TOJIBKO J0 Mas).

OYHKIMS pacTpefeTeHUsI MECSUYHBIX 3HAUYCHHUH, TaK e KaK M JUIS MPEeAbIIYIINX
CE30HOB, UMEET SIPKO BBIpAKEHHBIN CE30HHEIN X0 (puc. 10).

[TpuMeneHne KpUTEpHEB CPABHEHUSI BBIOOPOUHBIX CPEIHHUX U JUCTIIEPCHI TTO3BOJIHIIO
c(OpMyYIIMPOBATh CIICAYIOINE 0COOCHHOCTH:
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Puc. 10. ®yHKmm pacnpeneneHns 0CaaoK KIIeH TOPOCHCTHIX 00pa3oBaHUi MO cTaHIMAM 4 (a),
6 (6), 11 (8) u 12 (2) B Teuenue negpoBoro cezona 2016/17 1.

Fig. 10. Distribution functions of the draft of ice ridge keels by stations 4 (a), 6 (6), 11 (¢) and 12 (2)
during the ice season 2016/2017

— B CpPEIHUX 3HAYCHISIX B HAYaJIe Ce30Ha (B HOSIOpE) pazimyrst He3HAYUMBI [T CTaH-
it 4-6 u 11-12, B nexadbpe — ams cranmmid 11-12; B suBape — mu1s1 cranimii 4—6, 6—12
u 11-12; mo Mepe pa3BUTHSA JEIITHOTO TTOKPOBA PA3IHYMS IS BCEX CTAHIUN CTAHOBSTCA
3HAYNMBIMU (aHAJOTHYHBIC PE3YIBTATHI MOTYYCHBI U B MPEIIICCTBYIONINX CE30HAX);

— pasiuyusl JUCTIEpPCUi B Hayalle ce30Ha He3HAUUMBbI cTaHImid 4—6—11; 1i1st cepeanHsl
CEe30Ha pasINyus AUCIIEPCHUI HE3HAYMMBI IS apbl cTaHmui 6—11.

Tabnuya 4
Mecsipl ¢ He3HAYMMBIMH PA3JTHYHSIMH 10 MECTYHBIM CEPHUSAM,
MOJy4eHHbIM HA cTaHuusAX 4, 6, 11, 12 B J1eoBoM ce3one 2016/17 1.
Table 4
Months with insignificant differences in the monthly series
received at stations 4, 6, 11, 12 in the 2016/17 ice season
N CpaBHeHHE CpaBHeHHe CpaBHeHHE
Iaper cTannmii N o
CPeIHUX JIUCTICPCHit pacrpeaeeHui
4-6 XI, 1 XIL IV 1
4-11 v XL 1V, V -
4-12 - - -
6-11 - X1, XII, 11, I1, V I
6-12 I - -
11-12 XI, XII, I, V I -
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Puc. 11. Pacnipenenenue ocaaku Kuiei TOPOCUCTBIX 00pa30BaHHIA IO MECSIIaM B TEUCHHUE JISTIOBOTO
ce3zona 2016/17 r.:

a) — Hosiopb 2016 1., 6) — nexadps 2016 ., 6) — stHBaps 2017 1., 2) — deBpans 2017 ., 0) — mapT
2017 1., e) — anpeins 2017 1., orc) — mait 2017 ., 3) — urons 2017 1.

Fig. 11. Distribution functions of the draft of ice ridge keels by months during the ice season 2016/2017
a)— November, 2016, 6) — December, 2016, ) — January, 2017, &) — February, 2017, 0) — March,
2017, e) — April, 2017, o) — May, 2017, 3) — June, 2017

DYHKINY pacipeeNIeHUs MECSUHbBIX CEpUll sl pa3InYHbIX CTAHIIUHN, TPUBEICHHbBIE
Ha puc. 11, Bu3yanpHO 04eHb MoX0xkH. OcOOEHHO [T STHBAPS M Mast. MEXIy TeM pa3iIiyus
B paCHpEIENICHUsAX MECSUHBIX CEPUSX SBISIIOTCS] 3HAUMMBIMU MPAKTUUECKH AJIsI BCEX Map
cTaHnui. He3HaYMMBIMHU SIBIISTFOTCSI JIMIIB PA3IHYUs JJIs APl CTaHIui 4—6 B HOsOpeE.

O000111IeHHbIE Pe3yJIbTaThl CPABHEHUSI MECSYHBIX CEepUil HAOMIOEHHI 32 OCaIKON
TOPOCHCTHIX 00pa30BaHMI C MCMONBb30BAHIEM CTATUCTUIECKUX KPUTESPHEB, YIUTHIBAIOIINX
pa3Hbie 00BEMBI UCCIICTYEMBIX BRIOOPOK, MPEICTABICHBI B Ta0M. 4.

CornacHo UMEIOIIMMCSI TAHHBIM, OJHOPOAHOCTh MECSYHBIX BBIOOPOK TIO CPETHUM
3HAUEHUSIM U JIUCIIEPCHSIM MPOSIBIsLIacCh B OCHOBHOM B Hadajse JIEIOBOro ce3oHa. Ha
OCHOBaHUM aHAN3a CPEIHMX, MUCICPCUIN M pacIpeicicHU HanOOIbIIas «OIU30CTh
Habmoanace uisi Haudosee OIM3KO PaCONOKEHHBIX CTaHIMK 4—6, a Takxke 6—11.

Pacnipenenenust BRIOOPOK OCaJKK KIJISH TT0 MeCsIIaM Ha TIPOTSHKEHUH BCETO JIETIOBOTO
ce3ona 2016/17 1. mpakTHYECKH BO BCEX CIIydasX UMEIOT 3HAYMMBIC Pa3IHUHS.

CE30H 2018/19 r.

Jannbie B miepuoj JiegoBoro ce3oHa 2018/19 . ObUIM MONyYeHBI HA 3 CTAHIIMSIX:
6, 11 u 12 (cm. puc. 1).

XoJ cpenHeMecsYHbIX 3HAUeHUM Ha ctaHuusx 6, 11 u 12 nokazan Ha puc. 12a.
B omnuune oT mpeapiIymux ciiy4aeB, HUKAKUX TaK Ha3bIBAEMbBIX IPOBAJIOB)» B CPEIHE-
MECSYHBIX 3HAUEHHSIX OCAIKW KWJIeH B cepenuHe ce30Ha He HaOmomanocs. [Ipuvmenenne
KPUTECPHUCB CPAaBHEHHUS JIJIsI CE30HHBIX BEIOOPOK ITOKA3all0, YTO, KaK M BO BCEX MPEIBIIY-
IMX CIy4asx, HaOI0aNloCh 3HAYMMOE pas3iiniyue B CPEIHUX 3HAYEHUSIX MEXKIY BCEMH
CTaHIIMSAMH 32 BECh JICTOBBIN CE30H (PE3yNbTaT MOMapHOTO IPUMEHEHUS /-KPUTEPHs).
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Puc. 12. Cpennemecsunble 3Ha4eHUs (@) U pacipeieeHue 3HaYeHUH (0) 0CaaKy KUIeH TOPOCUCTBIX
o0pa3oBaHHuii 10 AaHHKIM JiefoBoro ce3ona 2018/19 r.
Fig. 12. Mean monthly values («) and the distribution of the draft values (6) of'ice ridge keels according
to the data of the entire ice season 2018/2019
OyHKIMY pacpeeNIeHus I CTAaHLMHI 32 BECh JIEIOBBIN CE30H Ipe/ICTaBlIeHbI Ha puc. 13.
CpaBHeHHe pacipeeNeH i il BCEro ce30Ha KPUTEPUSIMH OTHOPOAHOCTH MOKA3aJI0
3HAYUMOCTb PA3JIMYMM 1JIs BCEX Map CTaHLUH, YTO B IPUHLUIIE BUJIHO U BU3YaJbHO.
JlucnepcHOHHBIN aHallM3 CE30HHBIX cepui i craHuui 6, 11 u 12 nokaszan, 4To
B 11e710M 3a ce30H 2018/19 1. Haubombinee paziuune HAOMIONATOCH MEXKIY CTaHIUSIMU
6 u 12, HanMeHbIee — MEXIy cTaHmsiMu 11 u 12.
OYHKIMS paclpeesieHus] UMEET BbIPaKEHHbIA CE30HHBINA X0, KOTOPBIM MPOsBIs-
eTCsl, TIOXKaIyH, OOJIbIlIe, YeM B IPEALICCTBYIOIIUE Ce30HbI (puc. 13).

a 6,
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O 0,0100 ——  Degpanv 2019
e e Mapm 2019
0,0010 Al’lpeﬂb 2019
— Maii 2019

0,0001
0 2 4 6 8 1012 14 16 18 20 22 24
Ocajika KWist, M
Puc. 13. ®yHKmM pacnpeneneHns 0CaJI0K KHIe TOPOCHCTBIX 00pa30BaHMid IO cTaHIUsAM 6 (a),

11 (6) u 12 (8) B TeueHwue seoBoro cezona 2018/19 .

Fig. 13. Distribution functions of the draft of ice ridge keels by stations 6 (a), 11 (6) and 12 () during
the ice season 2018/2019

[Tpumenenune xkpureprueB Thioku n JIeBeHe Tt MECSYHBIX BEIOOPOK (B JTAHHOM CE30HE
MOJYYEHO MO 7 MECSYHBIX CepPUH Ha KaXIOH M3 3 CTaHIMil) MoKa3ano, 4To:
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— B CPEIHUX 3HAUCHMAX: PA3IN4Ms MEXIYy BCEMH IapaMy MECSYHBIX BBIOOPOK Ha
CTaHIMSX SIBJSIIOTCS 3HAYMMBIMU, 32 UCKIIIOUEHHEM mapbl ctaniui 11-12 nias mapta
(B 3TOM OTIIMYKE JAHHOTO CE30HA OT CE30HOB, PACCMOTPEHHBIX paHee);

— B IUCTIEPCHSIX: B IIEPBOH ITOJIOBIHE CE30HA (STHBAPb) ISl CTAaHIMK 6—12 pasnuans
HE3HauuMbl; B (heBpajie pasziauyuusi He3HAYMMBbI JUIsl BCEX pacCMaTpUBAEMbIX CTaHIIMM;
B MapTe M0 JAWUCIEepPCHH Hepa3nnduMa napa cranmmi 11-12.

Ha puc. 14 npeacrasiieHo pacnpeneneHiue 0CaaKku KWIed TOpOCOB 110 MeCsILaM Ha
pa3IMYHBIX CTAHIUSIX.

a 6, [
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Puc. 14. Pacnipenenenre ocaiku KHjIel TOPOCUCTHIX 00pa30BaHUIA 1O MECSIIIaM B TEUCHHUE JICTOBOTO
cezona 2018/19 r.:

a) — Hostops 2018 1., 6) — mexadps 2018 1., 6) — sHBaps 2019 1., 2) — despans 2019 1, 0) — mapr 2019 T,
e) — anpens 2019 T, oc) — Maif 2019 .

Fig. 14. Distribution functions of the draft of ice ridge keels by months during the ice season 2014/2015

a) — November, 2018, 6) — December, 2018, ) — January, 2019, ¢) — February, 2019, 0) — March, 2019,
e) — April, 2019, o) — May, 2019

O000IIeCHHBIC Pe3yIbTaThl CPABHCHHS MCECSYHBIX CEepHUil HAONFOICHUMN 3a 0CaIKON
TOPOCUCTHIX 00PA30BaHMIA C UCTIOIH30BAHUEM CTATUCTUYECKUX KPUTEPUEB, YIUTHIBAIOIIHX
pa3HbIe 00BEMBI UCCIIETyEMBIX BEIOOPOK, TIPECTABICHEI B Ta0M. 5.

B orimume ot mpeaniecTBYOMKUX ce30HOB, B 2018/19 1. HabmogaeTcs SIPKO BbI-
pakeHHOC OTIUYHe (PYHKIMH PACTIPEICICHUS MECAYHBIX CCPUNA OCAIKU KUJICH TOPO-
COB Ha Pa3NIMYHBIX CTAHIUAX HAYMHAs C MapTa. B Mae pasnuyus MexXay CTaHIUIMU
6 u 11 gocTurarT OOJBINIUX 3HAYCHHH. MOXHO OTMETUTDH, UTO KOJMUYECTBO JAHHBIX
B Mae Ha cTaHUWU 6 B 3 pa3a MeHbIe, yeM Ha cTtaHumsx 11 u 12. Jlornuno, 4To
7 KPUTEPHUH CPABHEHHS MOKA3aIHM 3HAYUMBIC Pa3aUdus U1 BCEX MMap CTAHITUH IS
BCEX MECSAUYHBIX CEpUH.

ITo pe3ynbraram aHanm3a JaHHBIX OJTHOPOJHOCTH MECSYHBIX BBRIOOPOK IO CPETHUM
3HAYEHUSAM JJIS JAHHOTO Ce30Ha MPOSBHIIACH JIUIIG T cTaHimid 11 u 12 B sHBape.

OMHOPOIHOCTH AUCICPCHI MPOSIBISICTCS B OOJBINCH CTETICHU: B (DeBpaie, HalpuMep,
CTaHIIUHM HEPA3IUYUMBI 110 TUCTIEPCHUH.
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Mecsinbl ¢ HE3HAYUMBIMH PA3JIHYUSIMHU 110 MECSTYHBIM CEPHSIM,
MOJIy4eHHbIM Ha cTaHMAX 6, 11, 12 B segoBom ce3oHe 2018/19 r.

Months with insignificant differences in the monthly series
received at stations 6, 11, 12 in the 2018/2019 ice season

n . CpaBHeHHe CpaBHeHMe CpaBHeHUe
apbl CTAHIUH N .
CpeIHUX TIUCTICPCHUIT pacrpeneneHuit
6-11 - 1I -
6-12 - I, 1T -
11-12 1 11, 111 -

Tabruya 5

Table 5

PaCHpe,I[CJICHI/IH BBI60pOK ocaaKu KWICH 110 MeECAlaM BO BCCX CiIydasaxX UMCHOT 3HaA-
YUMBIC pas3invus.

BbIBO/IbI

0000112t pe3ynbTaThl aHAIN3a JaHHBIX 10 0CaJKaM KUJIEH TOPOCUCTHIX 00pa3oBa-
HUH, monydeHHbIX B iepuox ¢ 2014 mo 2017 r. u B negoBom cezone 2018/19 1., Mmoxem
c(OpMYIMpPOBATh CIEAYIOIINE BHIBOJIBI.

JlenoBble ycioBus B TOUKax HAOMIOACHHS B TEUEHHE KaXKIOTO JISTOBOTO CE30Ha ObUTH
MPAaKTUIECKH OIMHAKOBBIMH, 32 UCKIIIOUEHUEM CTaHIH 13, rae Habmonancs 6onee ToJ-
CTBIH JIEJT 3a CUET, B IIEPBYIO OUepesib, ee Ooliee CeBEpHOTO, MO CPABHEHUIO C OCTAILHBIMA
CTaHIOUAMU, ITOJIOKCHUS. He6onpimme pasaniusa MEXKAY JIEJOBBIMU CE30HAMU, BO BPEMA
KOTOpPBIX Ha akBaropuu Mops JlanteBbix padotanu [TABC, mo3Bonsromme pazaenuThb
nx Ha 2 rpymmsl (2014/15, 2018/19 . m 2015/16, 2016/17 rr.), Habmonanuchy B MepHo
C HOSIOpSI 1O MapT; B MEPUOJ MAKCUMAJIBHOTO Pa3BUTHS JIEASTHOTO MOKPOBa (arpenb—Maii)
Pa3IMYNs IPAKTHYECKH HCUE3IIH.

AHanu3 JaHHBIX C MOMOIIBIO CTATUCTHYECKUX KPUTEPHUEB TPOBEPKHU THUIOTE3 00
OJHOPOAHOCTHU BbI60pOK MPUBOAUT K 3AKIIIOUYCHHIO, YTO MEKAY CTaHIMUAMU B 1LICJIOM Ha-
OJIONArOTCS PA3INYUS IO OCaIKe KHJIeH TOPOCOB Ja)ke B CE30HBI CO CXOKHMH JICIOBBIMH
YCIIOBUSIMH.

CuibHee BCero IMpOCTPaHCTBEHHBIC PA3IMUMsI Ha MPOTSHKEHUU BCETO JIEJOBOTO Ce-
30Ha MPOSBUIINCH MEXAY cTaHImsMu 6 1 11 B cezor 2016/17 ., B TO BpeMs Kak B Hadaje
Ce30Ha Pa3INYMs Ha ATUX CTAHIUIX MPOSBUIINCH MEHEE BCETO.

B 11e110M cX0ecTh OLEHOK OCa KK Jib/la HAOII0AeTCsl B OCHOBHOM B HavalIe JISZ0BO-
T'O CE30HA, B MOMEHT, KOTJIa JIEIOBBIC YCIIOBUS Ha BCEX CTAHLMUAX JOCTATOYHO cX0oxkH. [1pu
9TOM B Havaje Ce30Ha JUIMHA JIJIOBBIX MPpOoQHiIei Ha pa3IMYHbIX CTAaHIMAX pa3indaiach
MEHBIIIE, YeM B CepeIMHE U, 0OCOOCHHO, B KOHIIE JIEJOBOTO CE30HA.

B cepenunne 1e10BOTO ce30HA CKOPOCTH Ipelida, U, COOTBETCTBEHHO, IPOTKCHHOCTh
npoduieit ymMeHbIanack. B KoHIle JeI0BOT0O ce30Ha 3aMETHO YBEIMUUBAIACh CKOPOCTh
npetica JeaTHOro MOKPOBa.

VYenoBus apefida BIMSIOT Ha MapaMeTphl OCAaKN KHUJIeH JIeAsSHBIX 00pa3oBaHUM,
10 HaIlIeMy MHEHHIO, B OOJbIICH CTETIeHH, YeM JICIOBbIC YCIOBHS. VICKIIIOUeHNST MOTYT
OBITh JIMILIL B ci1yyac 0O0JIBIIOTO pacCToAHNA MEXKAY CTAaHIUAMMU. XoTs aHanu3 pa3J'IPI‘-IPII7[
XapaKTepUCTHK KWIeH Ha cTaHmmax 12 u 13 (MakcuMalbHO yHaleHHBIE IPYT OT Apyra
TOYKH) TIOKa3bIBACT MX CXOXKECTh JUIS Hadyasa JIEJIOBOTO CE30Ha.

B uenom ananuz cobpanubix ¢ nmomoinsto [TABC naHHbIX 00 ocajke Jibjia MoKa-
3aj1, yTo craniuu 11, 12 u 13 MOXKHO Ha3BaTh KJIIOYEBBLIMH TOYKAMH, OIMMCHIBAIOIINMU
MPOCTPAHCTBEHHYIO M3MEHYHNBOCTh OCAJKH KWJIEH TOPOCHUCTHIX 00pa3oBaHMH JUIS BCEX
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JEZIOBBIX CE30HOB. JlaHHBIE, TONyYeHHBIE HA CTAaHIMAX 4 1 6, HE BHOCST MPAKTHYECKH
HUYETO B MPOCTPAHCTBEHHYIO N3MEHUUBOCTb.

Paccrosaus MCXKIY CTAaHIUAMH HAIIPAMYIO HE BJIUAIOT HAa BCIUWYUHY pas3jinydusd
B OCaJIKe KWJIEH TOPOCHCTHIX 00pa3zoBaHuil. Paccrosaus kpurepus Konmoroposa—Cwmmp-
HOBA, BBIOpaHHBIC KaK KPUTEPUH Pa3Inyus B MHOTOMEPHOM IIKAJIMPOBAHHH, a/I€KBaTHO
OTIHCHIBAIOT MPOCTPAHCTBEHHBIC PA3NIUYMS OCAIKU KHUJIEH TOPOCOB.
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Pe3rome

[To cpenHEMECYHBIM JTaHHBIM peaHaii3a ciy THUKOBBIX m3Mepennii NASA MERRA-2 nccnenoBans! KimuMaTu-
YeCKHE 3MEHEHHS TeMIeparypbl Bepxuux 1,5 MerTpos noussl (TIT), TOMIKMHBL 1 IIOM[AH CHEXXHOTO MOKPOBA
(CII), Bmarocoziep:kaHus BEpXHEro cJ10s oyssI TonmuHoi 1 meTp (BII) n BmasxxHOCTH BO3IyXa Ha BEICOTE 2 MET-
pa ot moBepxHocTH (BB) B pernone 3amagnoit gactu Poccuniickoit Apkruku (60°—75° c. m., 30°-85° B. 1.) 32
1980-2021 rr. PaccmarpuBaemslii BpeMeHHOM HHTepBan pa3ouT Ha 2 mepuoza: 1980-2000 rr. u 20012021 rr.
BbIumcienbl pasHOCTH MEKILY CPEAHUMH 3HAYCHUSAMH HCCIIEyeMbIX IapaMeTpoB 3a 9TH Tepuozisl. OTAeIbHO
PacCMOTPEHBI KIIMMATHYECKIE H3MEHEHNS, IPOM30LIE/IIINE IS 3MMHETO | JIETHEr0 CE30HOB, a TAKIKE IS KakK-
1oro Mecsina rofia. C HOMOLIBIO BBIYHCIICHHS JTHHEITHBIX 1 KBAIPaTHYHBIX TPEH/I0B 00HAPYKEH YCKOPSIOMIMIICS
poct TII uccnemyemoro perrona B 2001-2021 rr. [lokazano ymensmenue tommmusl CII u cymectBenHOE
cokparenne miomanu CII B Hos0pe u anpene. O6napyxeH poct BII Ha 1oro-3amajie n BOCTOKE HCCIELYEMOTO
pernona B meproa 2001-2021 rr., u moxa3aHo 3HaunTENbHOE yBenuyeHue BB 3amaxnoii wactu Poccuiickoit
ApKTHKH 32 HCCTeTyeMblii BpeMeHHOH nHTepBai. [Ipudyem poct BB cymectsenno yckopmcs B 2001-2021 rr.
o cpaBHenuio ¢ 1980-2000 rr. Hag akBaropusimu bapeniesa, Kapckoro u beroro mopeii.

KutroueBble ciioBa: atianTidukaius Apkruku, baperieso Mope, beroe Mope, Biarocoaep:kaHue MO4BbI, BIak-
HOCTb BO31yxa, Kapckoe Mope, KITMMaTH4eCKUi CABUT, MHOTOJIETHAS MEP3I0Ta, 00paTHbIE CBA3HU, HOTEILICHHE
KJMMara, ceepo-3anaz Poccuu, CHeXHbIN IOKPOB.

Jast nutuposanus: Cepuix U.B., Tonemuxos A.B. I3meHeHus knumara 3anafHoi yactu Poccuiickoit ApkTuku
B 1980-2021 rr. Yacts 2. Temmeparypa mouBsl, cHer, BIaxxHOCTS // [Ipobnemsr Apktukyu n AHTapKTHKH. 2022.
T. 68. Ne 4. C. 352-369. https://doi.org/10.30758/0555-2648-2022-68-4-352-369.
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Summary

Based on average monthly data from the re-analysis of NASA MERRA-2 satellite measurements, the paper
explores climatic changes in the temperature of the upper 1.5 meters of soil (TS), the thickness and area of the
snow cover (SC), the moisture content of the top layer of soil 1 meter thick (SM) and air humidity at a height of
2 meters from the surface (AH) in the western part of the Russian Arctic (60°-75° N, 30°-85° E) for 1980-2021.
The time interval considered is divided into two periods: 1980-2000 and 2001-2021. The differences between
the average values of the parameters studied for these periods are calculated. The climatic changes that have
occurred for the winter and summer seasons, as well as for each month of the year, are considered separately.
Calculation of linear and quadratic trends has revealed an accelerating growth in the TS of the region studied in
the period 2001-2021. A decrease in the thickness of the SC and a significant reduction in the area of the SC in
November and April are shown. An increase in SM was found in the southwest and east of the region studied in
the period 2001-2021, and a significant increase in AH in the western part of the Russian Arctic over the time
interval studied is shown. Moreover, the growth of AH over the waters of the Barents, Kara and White Seas
significantly accelerated in 2001-2021 compared to 1980-2000.

Keywords: air humidity, Arctic atlantification, Barents Sea, climate shift, climate warming, feedbacks, Kara
Sea, northwest Russia, permafrost, snow cover, soil moisture content, White Sea.
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BBEJJEHUE

B 1-ii wactu crarbu [ 1] nokasano, 4to Hauboee CHIBHOE YBEIMICHHE TEMIICPaTyphl
MIPUTIOBEPXHOCTHOTO CJIOSI BO3JyXa B McCieayeMoM perrnoHe Apkruku (60°—75° c. .,
30°-85° B. /1.) oT™MedaeTcs ISt HOSIOPSI M anpeltsi, 4YTO CBUAETEIBCTBYET O ITPOU3O0IIEIIEM
CMEIIEHUH TPaHMI] CE30HOB — OoJIee T03/1HEM Hadalle 3MMbI U PAaHHEM €€ 3aBEpIICHUH.
B nepuon 2001-2021 rr. Temneparypa ObIcTpee Bcero pocia B akBaropusx bernoro, ba-
peniesa u Kapckoro Mopei, 1 3TOT pOCT IPOUCXOAUI C YCKOPEHUEM. YBEIUUEHHUE KOIH-
YecTBa 0Ca/IKOB 0COOCHHO 3aMETHO TPOSIBIISUIOCH ISl BCETO JIETHETO CE30HA M CEHTSOPS,
a BBI3BAHHOE MM MOCTYIJICHUE MPECHBIX BOA B MOPS CIIOCOOCTBOBAJIO PACIPECHEHUIO
BEPXHEro CJI0sI BOJBI, Oosiee paHHEMY OOpa30BaHMIO MOPCKOTO JIbJIa, COKPAICHHUIO T10-
TOKOB TEIUIa M3 OKeaHa B arMoc(epy M MOHWKEHUIO TPUITOBEPXHOCTHON TEMIIEPaTyphl
BO3JyXa B 3MMHHE IEPUObI B JIOKAJBHBIX pallOHAX BIIaJAEHUs KPYIHBIX pek B Kapckoe
u bapenneso mopsa. B 3umuuii cezon 2001-2021 rr. 8 bapennesom u Kapckom mopsix
MPOU30LUIO0 YCUIEHUE F0KHOTO BETPA, a B JICTHUH CE30H — YCHJICHHE 3aI1aJHOrO BETpa
no cpaBHenuto ¢ 1980-2000 rr. Takum oOpa3om, 3a UcciaeayeMblii BpeMEHHON MHTEepBall
MPOMU30LUIN CYILI€CTBEHHbIE U3MEHEHNUS KIMMaTa 3anajiHoi yactu Poccuiickoit ApKTHKH.
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Bo 2-ii yacTu craTbu paccMaTpUBAIOTCSl KIMMAaTHUYECKUE U3MEHEHMs TEMIIEPATyphl
BepXHMX 1,5 METPOB MOYBBI, TOJIIMHBI U IUIOMIAN CHEKHOTO TTIOKPOBA, BIArOCOACPIKaHMUS
BEPXHETO CIIOsI TTOYBBI TONIIMHON | METp M BIIAKHOCTH BO3/yXa Ha BBICOTE 2 METpa OT IO-
BEPXHOCTH B PeruoHe 3araaHoi yactu Poccuiickoit Apkruku (60°—75° c. mr., 30°-85° B. 11.)
3a 1980-2021 .

M3MEeHUMBOCTb 3THX MTAPAMETPOB I APKTHKHI UTPAET CYIIECTBEHHYIO POJIb, TOCKOIBKY
B YCJIOBHSIX MOTEIUICHMS KIIMMara MPOMCXOUT Aerpajialiis TPYHTOB ¢ MHOTOJIETHEH Mep3-
notoii [2-8]. TIporecc pa3pymieHns: KPHOIUTO30HBI OMTACEH AMUCCHEH TTAPHUKOBBIX Ta30B,
BBIMBIBAHUEM OPTaHMYECKUX W HEOPraHHMYECKNX (POPM OMOTEHHBIX AJIEMEHTOB, TSDKEIBIX
METAJIOB M APYTMX MOTCHIMAIBHBIX 3arpsA3HATENEH, copepkamuxcsi B mouse. [anee atn
BEIIECTBA C MOCTOSIHHBIMU M BPEMEHHBIMHU BOJOTOKAMH MOTYT TIOTIACTh B OKPAHHHBIE MODS
Cesepnoro JlenoBuToro okeaHa. PacterieHre Mep3JI0ThI BBI3BIBACT A(OPMALIHIO U paspyle-
HHE CTPOUTEINBHBIX KOHCTPYKIIMH, BKJIFOYasi MHOTOYHCIICHHBIE TPYOOIIPOBOABI, HE(hTETa30BbIC
COOpY’KEHHSI, IOPOTH, JpyTrrue MHPPACTPYKTYypHBIC OOBEKTHI, PACHOIOKEHHbBIE B APKTHKE.
[Mo mannEM [9], U3-32 IpOTAMBaHUS U JAETPAJAINN TPYHTOB Ha HE(PTIHBIX MECTOPOKICHIIIX
3amagHoi CHOMPH B CpeHEM TIPOUCXOMHT OKoio 7400 aBapwii B TOJ, B TOM YHCIIC MTOPSIKA
1900 — tonbko B XaHTbI-MaHCUIICKOM aBTOHOMHOM OKpYTE€.

B nocnennue ronel B APKTHKE OTMEYAETCsI N3MEHEHNE TOJIINHBI CHEXKHOTO I10-
KpOBa, CMEIAIOTCSl CPOKH €T0 yCTAaHOBICHHMS 1 paspymieHus [10]. Dtu npoueccsl Bius-
10T Ha OCBOEHHE PECYPCOB B BBICOKHX IIMPOTAaX, MPUYEM, HAPUMED, NPH yBEINICHUN
TOJIIIMHBI CHEXKHOTO TIOKPOBA MOXKET MPOUCXOJUTh KaK YMEHBIICHHE, TAaK U YBEINYCHHE
3amaca xoJofia B mojacTunaroniei moBepxuoctH [11]. [Ipuamaa 3T0TO KpoeTcst B pa3HOM
cTpaturpaduy IMOKpPOBa B CHITY YepEIOBAHUS OTTEIeNeH U KUIKUX ocaakos [11]. Takum
00pa3om, pa3IUuHbIC TPYHTHI PEArnpyIOT Ha MOTETIICHUE TPU3EMHOM TeMIIepaTypsl BO3-
JlyXa ¢ pa3HON MHTEHCHUBHOCTBIO, M BO3/ICHICTBHE HA MHOTOJIETHIOIO MEP3JIOTY B KasKIOM
KOHKPETHOM Cily4ae HeopHo3HauHO [5]. [ToaTomMy mccnenoBanusi, HalpaBiIeHHbIC HA W3-
yUeHHE AMHAMUKH MHOTOJIETHEH MEP3JIOThI, OYCHb Ba)KHBI.

Llens nanHOM pabOTHI: ONPEAETUTh KIMMAaTHYEeCKUEe U3MEHEHUSI TEMIIEPaTyphl 110-
YBBI, TOJIIMHBI ¥ TUIOLIAIM CHEXXHOTO TOKPOBA, @ TAK)KE BIAKHOCTH ITOYBBI M BO3yXa
B permoHe 3amanHoi yactu Poccuiickoit Apkruku (60°—75° c. mr., 30°-85° B. 1.) 3a me-
puoxn 1980-2021 rr.

JAHHBIE U METOJUKA

HccnenoBansl CpeTHEMECSYHBIC TAHHBIC TEMIICPATYpPhl BEPXHUX 1,5 METPOB TIOYBBI, TOJ-
IIMHBI 1 (PaKIMOHHOM TUIOIIA/IM CHEXXHOTO TOKPOBA, BIATOCOACPYKAHHSI BEPXHETO CIIOS TOYBBI
TOMIIMHOM | METp U BIAKHOCTH BO3/LyXa Ha BBICOTE 2 METpa OT MOBEPXHOCTH U3 peaHaIn3a CITyT-
HKoBbIX n3Mepenuii NASA MERRA-2 na cetke 0,5° 1. x 0,625° 1. 3a nepuon 19802021 rr. [12].

B kauecTBe rpaHHYHOrO (pOpCHHTa s YIYUIICHHON BEPCUM MOJICIH TTOYBEHHOTO
rxomrnioneHTa MERRA-2 (NASA Catchment Land Surface Model — CLSM) B cpeanux
¥ BBICOKUX IUpoTax CEBEPHOro MOIYLIAPUS HUCIOJIB3YIOTCS MPU3EMHBIC METEOPOIIO-
rudeckue moiii MERRA-2. B uccienoBanuu [13] mpeacraBicH U OIICHEH Bech HAOOp
JAHHBIX, CO3/IaHHBIN C MTOMOIIBIO 3TOM MOJECIH, O COCTOSHHH MHOTOJICTHEH MEpP3JIOTHI
Cesepnoro nonyiiapus ¢ paspemiennem 81 km?. TIpu stom MERRA-2 wucrions3yet naH-
HbIC, OCHOBaHHbBIC Ha HAOIIOCHUSX, JUISI KOPPECKTUPOBKH CITYTHUKOBON WH(pOpMAITIH
0 BBINIAJIAIOIINX ocajakax [14].

TommuHa cHesxHOro mokposa B JanHbIX MERRA-2 peructpupyercs kak ToNIMHa CHera
B IIpe/ieiiaxX 3acHeKeHHoM yactH [15]. Kora cHer mamaet Ha paHee CBOOOMHBINH OT HETO Tai
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(Taiinm — 3TO BBIYMCIMTEIbHAS CAMHNIA MOJEIH; HECKOIBKO TalJIOB COCTABISIIOT SYEHKY
CETKH), OH HAKaIUTMBAaETCs J0 TeX TOp, MOKa €ro Macca Ha €AMHUILY TUIOMIAIN B 3aCHEKCH-
HOI 4acTH srYeiKU He COCTaBUT 26 KI/M%. DTOT MOPOr U3BECTEH B MOJIEIN KaK MHHHMAJIbHAS
Macca CHeTa B JI0JIe 3aCHEKEHHOH IUIOIIAAN W MPUMEHSETCS I 3alllUThl OT O4eHb TOHKHX
CJIOEB TBEPABIX OCAAKOB, KOTOPBIE Oy/IyT YHCICHHO HecTaOmiIbHbIME. [1o Mepe HakorieHus
CHeTa 3aCHE)XEHHas! IUIOMIA/Ib YBEIMUMBACTCS, HO €r0 Macca B TPE/IeNIax 3aCHEKEHHOM 10N
0CTaeTCs MOCTOSIHHOM Ha ypoBHE 26 Kr/M%. TToCTeneHHO pacIpeHue 3T IO/ PUBOIUT
K TPEBbILICHHIO ropora 26 kr/M?. B Beixoaubix ganHbix MERRA-2 nipejicTaBieHbl ToIIMHA
CHEXKHOTO TMOKpOBa (B METpax) U macca cHera (B Kr/m*). B naHHO#H paboTe B KauecTBe HC-
CIIETyeMOTO MapamMeTpa BbIOpaHa TOJIIMHA CHEXXHOTO MOKPOBA, MTOCKOJIBKY OHA OKA3bIBACT
BIIMSTHAE HA TIPOMEP3aHNE MOYBHI B 3UMHHIA TIEPHOI.

Jannble 0 BnaxHocTd 1ouBbl JocTynHbl B MERRA-2 B 1ByX pa3iMyHbIX €JUHULIAX
m3mepenus [16]. [lepBas — B Oe3pa3MepHBIX €IMHHUIIAX OTHOCHTEIFHON HACHIIICHHOCTH
JUISL PA3IIMIHBIX DTyOWH cJ0s. 3HaueHHe | yKa3bIBaeT Ha TOJHOCTHIO HACHIIICHHYIO ITOYBY,
a 3HayeHne () yKa3bIBaeT Ha MOJHOCTBIO 00E3BOKEHHYIO MOUBY. BTopast — 310 comeprkanue
BJIarH B MOYBE B OOBEMHBIX SMHUIAX M>/M’, T. €. 00beM BOJIbI B 00ObeMe TpyHTa (BKITIOUAs
BECh TBEPIbIH Marepuall, BOLY U BO3IyX). B o0omx cirydasx repeMeHHbIE BIKHOCTH T10-
YBBI TPEIOCTABISIOTCS A1t BepxHero ciost 0—100 cm. B pabote [17] mpencrasneHa cucrema
YCBOEGHHSI JJaHHBIX O 3emiie U arMocdepe, UCIoab3yeMasi B Mozienu 17100ambHOi CHCTeMBI
HaOmoneHns 3a 3emieit HACA (NASA’s Global Earth Observing System model), kotopas
npumensiercs B MERRA-2 111 yCBOEHHUS CITyTHUKOBBIX JJAHHBIX O BIQXKHOCTU IOYBBI .

B uccnemosanmu [18] xpyroBopot Bomsl B MERRA-2 cpaBHHBaeTCS ¢ COBpEMEHHBI-
MU peaHanu3aMu U JanasiME HaOmonernii. MERRA-2 BrirtodaeT mapaMeTpsl, HalpapJieH-
HbIC HA MUHUMH3ALHUIO JIOKHBIX TNI00AJBHBIX Bapualnii, CBSI3aHHBIX C HEOIHOPOJHOCTHIO
B HaOmMroneHNsAX. XOTS MOXXHO BBISIBUTH HEKOTOPBHIE CHCTEMAaTHUECKNE PErMOHalIbHbIC
orknonennss, MERRA-2 npousBoauT cornmacoBaHHBIE BpEeMEHHBIE PSIBI OOMIETO KOJH-
YecTBa BOABI B CTONIOE arMoc(epsl U mepeHoca BOAbI U3 OKeaHa Ha cymry. OqHako Ha
MEKI0IOBYI0 M3MEHUYMBOCTh MCIIAPEHUS OKEaHa BIMSIET MEHSIOIasics crucTeMa HaOIro-
JICHUH 32 MMPU3EMHBIM BETPOM, 3 M3MEHUYMBOCTH OCAJKOB TECHO CBS3aHA C UCTIAPEHHEM.
Ha Gananc mMoBepXHOCTHOW SHEPTUH TAK)KE CHIIBHO BIMSET MEXIO0Bas H3MECHUYMBOCTD
ucrapeHns okeana. Kpome Toro, orieHka TemMIreparypsl ¥ BOISHOTO apa MOKa3bIBAET, YTO
B3aMMOCBS3H BOJSTHOTO Tapa ¢ Temrieparypoit cmtabee B MERRA-2, wem B onpenensemMpIx
HaOJFOICHUSIMHI aTMOC(EpHBIX MOJIETISIX MM peaHaIn3ax 0e3 aCCHMMIISALIMI BOSTHOTO Hapa.

B kaXk11oM y371€ CeTKH MCCIeayeMbIX JaHHBIX PACCUUTAH CPETHUH TOI0BOM X0 3a T1e-
prox 1980-2021 rr. 3aTreM 3TOT CpEeIHUIA TOIOBOM X0 B KaXKIIOM Y371 CETKH BBIYUTAIICS W3
JIAHHBIX JUIS TTOJTYYEHHSI CPETHEMECSIHBIX aHOMAIIH OTHOCHTEIBHO CPEIHEro T'0I0BOTO XO/ia
(manee — mpocto anomanmu). 1o nceneyeMpIM TaHHBIM IS peTHOHA 3anaaHoi yactn Poc-
criickoit Apkruku (60°—75° ¢. 1., 30°-85° B. I.) pacCUNTAHBI M IIOCTPOSHBI CITSYFOIIHE TIOJIS:

1. Cpennne 3nadeHus 3a nepuogst 1980-2000 rr. u 2001-2021 rr.

2. Cpennne m3meHeHus Mexxay nepuogamu 1980-2000 rr. m 2001-2021 rT. (pa3HOCTH
CpeIHUX 3HAYCHUH MEXIYy dTHUMH IIEPHOIAMH).

3. Cpennue 3Ha4CHUS I 3UMHUX (JIeKaOpb—(eBpaib) U JIETHUX (HIOHb—aBIYCT)
ce30HO0B U 12 mecsues roga 3a nepuonsl 1980-2000 rr. u 2001-2021 rr.

4. CpenHrie U3MEHEHHUS [T 3UMHHAX (IeKaOpb—(heBpalib) U JIETHUX (MIOHb—aBTYCT)
ce30HOB 1 12 Mecsres rona mexnay mnepuogamu 1980-2000 rr. m 2001-2021 rr. (pa3HOCTH
CpeIHUX 3HAYCHUH MEXIYy dTHUMH IEPHOIAMH).
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5. CKOpOCTh (TMHEHHBIN TPEHT) M3MEHEHUI CPEeTHEMECIIHBIX aHOMAIUK OTHOCH-
TEJIBHO rooBoro xona 3a nepuonasl 1980-2000 rr. u 2001-2021 rr., oueHeHHas ¢ 1O-
MOIIBIO MPUOJIMKECHNS MTOJMHOMAaMH 1-H cTeNneHW METOJO0M HaMMEHBIINX KBaJpaToB
(1-s mpomsBoIHAS).

6. YcropeHrrie (KBaipaTiiHbI TPEH/T) M3MEHEHNH CPeIHEMECSIHBIX aHOMATAI OTHOCHUTEBHO
rozoBoro xora 3a reprrozas! 19802000 rr. i 20012021 1T, oLieHeHHOE C TTIOMOIIIBEO TIPHONKEHUS
TIONTMHOMAMU 2-i CTETIEHN METOZOM HAUMEHBIIINX KBAAPATOB (2-5T TIPOM3BOIHAS).

Cpennue 3HadeHns U pazHocTd Mexay 1980-2000 rr. u 2001-2021 rr. mo3BOINISIOT
OLICHUTH U3MEHEHUS NCCIIEYEMbIX KIMMaTHUECKUX N1apaMeTPOB, IIPOU30MIEAIINE MEKITY
STHMH BPEMEHHBIMH NIEPHOIAMH, A JIMHEHHBIC W KBAJPaTHYHBIC TPEH/BI JAIOT BO3MOXK-
HOCTb OLIEHUTh M3MEHEHHUs, IPOU30IIEANINE BHYTPH CAMUX 3THX NEpHOI0B. TakuM 00-
pa3oM, MOKHO JOCTaTOYHO TOIPOOHO HCCIIEA0BATh MPOCTPAHCTBEHHBIE U BPEMEHHBIC
0COOEHHOCTH M3MEHEHUIl aHAIN3UPYEMBIX THAPOMETEOPOIOTHIECKUX MapaMeTPOB 3a-
nagHoi yactu Poccuiickoit Apkruku 3a 1980-2021 rr

Bri6op BpemenHoit rparuisl 2000/2001 T Mexxay TieprogamMu moapoOHO 000CHOBaH
B 1-it wactr crarpu [1]. JlonmomHUTENFHO K HAaMcaHHOMY B [ 1] MOKHO JOOABHUT, YTO HCCIIEITY-
eMbIit BpeMeHHO naTepBait 1980-2021 . pa3out Ha meproast 1980-2000 . u 20012021 rr.
TaKoKe UCXOMI U3 TOTO0, uTo Ha pydexke XX n XXI BeKOB MPOH30IIEI Iepexo KIMMATHIeCKOM
CHCTEeMBI 3amagHoi gacTu Poccuiickoil ApKTHKH B HOBOE (azoBoe coctosiHEE [19]. DTOT
TIepexo] MOKET OBITh CBsI3aH ¢ KiMMarndeckuM cauroM B CeepHoit Atmantuke [20, 21]
u Tuxom okeane [22, 23], MOCTy>KUBIIAM TPUTTEPOM Hadasla M3MEHEHHUI B APKTHKE, KOTO-
PpbIC 3aTeM YCHJIMIIUCH 3a CUET PErHOHAIIBHBIX MOJIOKHUTEIBHBIX 00paTHBIX cBsizei. Crenyer
MOJUEPKHYTh, YTO TOT IEPEXO, HE MPOU30LIEN 3a OMH To, a ponoikaics 5—10 ner, npu-
omsurensHO ¢ 1998 mo 2007 1. EcTh OCHOBaHUS MPEATIONOKUTD, YTO TAHHBIA KIMMAaTHYe-
CKHH cIBHT Hadaics B 1998 T. mocie oMHOTO U3 CHITPHEHIIHX 32 BCIO UCTOPHUIO HAOMIOMECHIH
cobbrtis Dmb-Huapo 1997-1998 1T, 32 KOTOPBIM BO BTOPOii motoBrHe 1998 T. mocenosano
OIHO M3 CaMbIX 3aMETHBIX M MPOJOIDKHUTENBHBIX coObrTnit Jla-Huabs 1998-2000 rr. 310
CHIJIBHEHIIIee M0 aMIUIUTY/IE MEXKTO0BOE KoleOaHue KIIMMaTa OKa3alo I0OaIbHOE BIIMSIHUE
1 MOIJIO TIOCITY KUTh UMITYJILCOM JUIS TIEpeXo/ia KIIMMATHIECKON CHCTEMBbI APKTHKH U3 OTHOTO
coctostHuA B Apyroe. OfHOM N3 IPUYMH 3TOTO SBISETCS TO, YTO MPH COOBITHAX Dib-HUHBO
TIPOUCXOINT TTOHIDKEeHNEe Temreparypbl baperniesa, bemoro n Kapckoro mopei, a mpu coObI-
Tisix Jla-HuHbS — TMOBBIIICHNE TeMIIEpaTyphl B 3THX MOpsX [24-27].

PE3YJIBTATBI U OBCYXXKJAEHUE

Ha puc. 1 npencraBiensl cpeJHAE 3HAUYCHHST TEMIEPaTyphbl BEpXHUX 1,5 M TOUBBI
(TIT) 3a mepuoasr 1980-2000 rr. m 2001-2021 rr. ITockonbKy DIyOHMHA CJIOSI CE30HHOTO
MIPOMEP3aHUsI-OTTaNBaHUsl B UCCIIEyeMOM pEruoHe cocTasisieT BepxHue 1,4-2,4 M mo-
YBBI, TO MO cpefHUM 3HaueHHsIM TI1 MOXHO MPEAIONOKUTE HATWYNE MO0 OTCYTCTBHE
MHOTOJIETHEH Mep3JI0ThI B 1aHHOM siueiike ceTku MERRA-2 pazmepom 0,5° 1. x 0,625° 1.
Tak, npu cpenneronoBoii TII Bbitre npudau3uTenbHo +3 °C (5KeNTO-KpacHbIE 1BETA)
CYIIECTBOBAaHHE MHOTOJIETHEH MEp3JI0Thl MPAKTUYECKH MOJIHOCTBIO HCKItoueHo. [1pu
cpenneronoBoit TII nmpubmusurensHo ot +3 °C 1o 0 °C (3eneHbld 1IBET) BOBMOXHO 00-
pazoBaHHE OCTPOBHOM U MPEPBIBUCTOW MHOTrojieTHe Mep3noTel. IIpu cpeaneronoBoit
TII menbure 0 °C (roay0oii 1 (pUONETOBBII 1IBETa) MHOTOJIETHSSI MEP3JI0Ta CTAHOBUTCS
HENpepbIBHOM, T. €. 3anuMaet 6osiee 90 % ruromaau mousbl. OHAKO ClieIyeT MPUHSTH
BO BHUMaHHE, 4TO Ha CYIIECTBOBAaHUE M THIT MHOTOJIETHEH Mep3s10Thl kpome TII Biusitor
TaKKe TaKHe MapamMeTpbl, KaK CHE)KHBIH ITOKPOB, THII ITOYBHI, 3aTEHEHHOCTb, PACTUTEIb-
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Puc. 1. Cpenuue 3HaueHus: TeMneparypsl BepxHux 1,5 M moussl 3a nepuoasl 1980-2000 rr. (a) n
2001-2021 rr. (6) mo nanasiM MERRA-2

Fig. 1. Average temperatures of the upper 1.5 m of soil for the periods 1980-2000 (@) and 2001-2021
(6) according to MERRA-2 data
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Puc. 2. Cpennue n3MeHeHus TeMieparypsl BepxHuX 1,5 M mouBsl Mexy nepuogamu 1980-2000 rr.
1 2001-2021 rr. (pa3HOCTH CPEIHUX 3HAUCHUH MEXy STHMH neproaamu) o gaHueiM MERRA-2

Fig. 2. Average changes in temperature of the top 1.5 meters of soil between the periods 1980-2000
and 2001-2021 (difference of average values between these periods) according to MERRA-2 data

HOCTb, BJI@XXHOCTb IIOYBBI, HAJIMYKE BOJOEMOB U Jp. TeM He MeHee CpelHHe 3HAYCHUS
TII, Hapsxy CO CHEKHBIM ITOKPOBOM, H3MEHEHHS KOTOPOro OyayT pacCMOTPEHBI HMXKE,
SBIIAIOTCS (PAKTOPAMHU, BO MHOT'OM OIPEIEISIONIMMH BEPOSTHOCTh CYLIECTBOBAHHUS MHOTO-
TeTHeH Mep3noTHl B sueiike cetku MERRA-2.
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ITo puc. 1 1 2 MOXXHO OICHUTDH M3MEHEHUs cpeqHux 3HadeHnd TI1, mpownsormemiie
Mexay nepuomamu 1980-2000 rr. m 2001-2021 rr. Bugao, uro TII BeIpocia Gonee yeM Ha
0,5 °C na 3amajie nccieyeMoro pertona (puc. 2, OpaHKeBblii 1 KPaCHBIH 11BETa). ITO MOXKET
TIPUBECTH K COKPAILEHHIO 1 JJAKE TTOJTHOMY HCUE3HOBEHHIO OCTPOBHOW MHOTOJIETHEH MEP3TIOTHI
Ha KombckoMm nomyoctpoge, Tre cpemssis TI1 B 2001-2021 T mpakTHYecKn BCIOMY BRIPOCIA
u crana npesbiuars +3 °C (puc. 16). B ieHTpe 1 10ro-BOCTOKE HCCIIEAYyEeMOTO PEroHa peod-
nagaeT HesHaunTeapHoe yBemmaerne TI1, Ho cymecTBeHHbIX n3mMeHeHni TI1 He HabmomaeTcs
(>KenThI, 3eJICHBIA U TOMyOO0i 1BeTa). BO3MOXKHO, YTO B 3THX paifoHaX POCT KOJIMYECTBA
TeIIa, MOCTYIAIOIIEro 3 arMocdepsl, Tparturces Moxensio MERRA-2 Ha mporiece TasHus
OCTPOBHOH M IPEPBIBUCTON MHOIOJETHEH Mep3J0Thl. M1 €cTh OCHOBaHUS MPEAIOIOKHTD,
gro poct TII HauHeTcs mocie Ga3oBoro mepexona BOIbI, COIepIKaIIeiicss B BEpXHEM CIIOe
TIOYBBI, M3 3aMEP3LIET0 B JKUIIKOE cOCTOsiHUE. MIHTepecHBIM, Ha Halll B3I, OOHAPYKEHHBIM
PE3yIIBTaToOM SIBHIIOCH 3aMeTHoe noHmwkeHne cpenneit TII (wa 0,5-1,0 °C) B 2001-2021 ™.
o cpaBHeHHO ¢ 1980-2000 rT. Ha ceBepo-BOCTOKE 3amafHON YacTH PoccHifickoil ApKTHKH
(puc. 2, dpuonerossrii 1BeT). PaccmorprM 310 ormkerne TIT 6onee moapoOHO.

Ionst TMHEHHBIX ¥ KBaApaTHIHBIX TpeHI0B m3MeHenuit TI1 3a 2001-2021 rr. (puc. 3)
JIeMOHCTpUPYIOT, uTo B 2001-2021 rT. mpakTHdecku Ha Beei 3anmamHoit yactu Poccutickoit

A
30° 35° 40° 45° 50° 55°

60

Puc. 3. Cpennsist CKOpOCTb (JIMHEHHBIN TpeH ) (@) U yCKopeHue (KBaapaTHIHbIN TpeH ) (6) M3MEHeHUH
CpEAHEMECSYHBIX aHOMAJMHN (OTHOCUTEIBHO FOJJOBOTO X0/1a) TeMIepaTypbl BepxHuX 1,5 M moussr (°C
3a 10 J1eT), OLlCHEHHBIE C TOMOIIIBIO TPUOTHKEHSI TOTHHOMAaMH -1 1 2-i CTENeHN COOTBETCTBEHHO,
3a nepuox 2001-2021 rr. no nauusiM MERRA-2

Fig. 3. Average speed (linear trend) (a) and acceleration (quadratic trend) (6) of changes in average
monthly anomalies (relative to the annual variation) in the temperature of the upper 1.5 meters of
soil (°C for 10 years), estimated using approximation by polynomials of the 1st and 2nd degrees,
respectively, for the period 2001-2021 according to MERRA-2
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Apxruku Habmronancs poct TII (puc. 3a), ¥ IPOUCXOANI OH B OCHOBHOM C TIOJIOKUTEIb-
HBIM yCKopeHueM (puc. 36). [Ippuem Ha ceBepO-BOCTOKE NCCIIETYyEMOr0 PETHOHA 3HAYEHHS
JIMHEHHOTO U KBajpatuyHoro Tpenaos uaMeHenuid TII B 2001-2021 rr. siBisitoTcs caMbIMu
BBICOKMMHU. TO ecTh Ha ceBepo-BOCTOKe HccieayeMoro pernona TII 3ameTHO BbIpocia
B 2001-2021 rr., a BeTBU mapadoi1, KOTOPEIMU TPUOIIKeHBI m3MeHeHus 111, B 3ToM paii-
OHE JJOBOJIBHO KpyTO HanpasieHbl BBEpX. [lockonbky B 2001-2021 rr. Ha ceBepo-BOCTOKE
HCCIIeyeMOTo pernoHa Habmronancst yckopeHHbIi poct TII (puc. 3), a cpemussa TII 3a
2001-2021 rr. B 3TOM paifone Hmke, ueM 3a 1980-2000 rr. (prc. 2), TO MOXKHO TPEAIo-
JIOXHUTB, 4TO B 1980-2000 rT. B 3TOM pailoHe MpOUCXOIMIIO CyLIeCTBEHHOE oHmkeHne TII.
Wzmenenns TII Ha ceBepo-BocToke (67°—72° c. mr.; 68°-85° B. 1.) 3anmamHON 4acTh
Poccuiickoii ApKTHKH TIpencTaBieHbl Ha rpaduke puc. 4a, Tae BHIHO, YTO MOHIKECHHUE
TII B aTOM paitorne nmponzonwio B 1980-2000 rr., a B 2001-2021 rr. HabiromaeTcs ee pocT.
YkazanHoe Beimie mormkeHne TI1 B 1980-2000 rr. MokeT OBITH CBSI3aHO C COKPAIICHUEM
TommuHbl cHeskHOTO TokpoBa (TCII) (puc. 40) u, Kak ciaeacTBue, ¢ OoIee CHILHBIM BBI-
XOJIaKMBAaHMEM BEPXHETO CJIOsI TIOYBBI B 3UMHHI Ce30H. B cBOIO ouepesns, pocT cpenHei
TII B paiione (67°-72° c. mr.; 68°-85° B. 1.) B 2001-2021 rT. (puc. 4a) MOXKET OBITH CBSI3aH
C YBEIMUCHNEM TEMIIEpaTyphl BO3/lyXa B JIETHUH CE30H B 3TOT NEPUO, KOTOPBIi ObLT 00-
Hapy>XCH paHee U IMoKa3aH Hamu B |-if wactu crateu [1], mpu aTom TCII 3a 2001-2021 T
B 9TOM paiiOHE CYIIECTBEHHO HE M3MEHMJIACh U Aa)K€ HEMHOTO yBEIN4IMiIach (puc. 46).
Takum oOpa3oM, oOHapyKeHHBIE KpyIHOMacIITabHble m3MeHennus 111 3amamgHoi
yacti Poccuiickoil ApKTHKHM MOIIIN OBITh BBI3BaHBI N3MEHEHUSIMU KaK TEMIIEpaTyphbl BO3-
nyxa y nmosepxaoctr (TBII), Tak 1 m3MEHEHUSIMHA CHEXHOTO MOKpoBa. M3menenus TBII
3anaaHoi yactu Poccuiickoilt Apkruku 3a 1980-2021 rr. vccnenoBanbl paHbLIE U NPEa-
craBieHbl B 1-i gactu crateu [1]. Ilo puc. 5 MOXXHO OLIEHUTH W3MEHEHHS TOJIIUHBI
CHEXXHOI'0 IOKpOBa, npouszoeamue Mmexxay nepuogamu 1980-2000 rr. u 2001-2021 rr
BuaHo, 4TO B IEHTpE MCCIEIyeMOTo PEernoHa U, B OCOOEHHOCTH, B palloHE YpPalbCKUX
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Puc. 4. lI3MeHeHHs CpeHETOIOBBIX 3HAYEHUIT TeMIIepaTypbl BEPXHUX 1,5 M MMOYBEI (@) M TOJIIHHBI
CHEXHOTO TIOKPOBa 3a HOsIOpb—amnpelns (6), OCPEAHSHHBIX Ul CEBEPO-BOCTOKA 3allaHOW YacTH
Poccwuiickoii Apkruku (67°—72° ¢. mr.; 68°-85° B. 11.)

Fig. 4. Changes in the average annual temperature of the upper 1.5 meters of soil («) and the snow
depth for November-April (6) averaged for the northeast of the western part of the Russian Arctic
(67°=72° N; 68°-85° E).

ARCTIC AND ANTARCTIC RESEARCH * 2022 * 68 (4) 359




METEOPOJIOI'MA U KITUMATOJIOI'HA METEOROLOGY AND CLIMATOLOGY

75°
c.u. JE))

70°

65°

c.w. {16)) -0.04
-0,08

-0,12

-0,16
70°

65°

60°
30° 35° 40° 45° 50° 55° 60° 65° 70° 75° 80° B.A.

Puc. 5. CpenHre n3MeHeH s TOMIIMHEI CHEKHOTO IIOKPOBa (MeTphI) Meskay nepruopamu 1980-2000 rr.
n 2001-2021 rr. (pa3HOCTh CPeJHMX 3HAYEHUH MEXIy dTHMH NEpPHOIaMM) JJIs 3UMHEr0 Ce30Ha
(nexabpb—despains) (a) u anpens (6) mo nanabiIM MERRA-2

Fig. 5. Average changes in snow cover thickness (meters) between the periods 1980-2000 and
2001-2021 (difference of average values between these periods) for the winter season (December-
February) (a) and April (6) according to MERRA-2.

rop TCII yBennunach, a Ha 3arajie ¥ BOCTOKE HCCIIEAyEeMOro perioHa — YMEHbBIIHIIACh
3a 19802021 rr. Ymensienue TCII Ha ceBepo-BocToke B 2001-2021 rr. mo cpaBHEHHIO
¢ 1980-2000 rr. (puc. 5) MOIIIO CTaTh OJJHOM U3 IIPUYMH OMMCAHHOTO BBIIIE YMEHBILICHHUS
TII B aTOM paiione. 3UMON CHET 3[1eCh UTPAET POJIb TEINIOM3O0ISATOPA MEXKIY OUYEHb XO-
JIOZIHBIM BO3YXOM Y ITOBEPXHOCTH U BEPXHHUM CJIOEM TIOYBBI, I03TOMY TIPH COKpAIICHUH
TCII BepxHUil clIOi MOYBBI Ha CEBEPO-BOCTOKE 3amajHoN yactu Poccuiickolr ApKTUKU
TepsieT OoIblIe Teria.

VYmensbiienne TCII 3umoit B 1980-2021 rr. Taxke HabmogaeTcst Ha 3araje uccie-
JyeMOT0 PeruoHa, 3a UCKJoueHHeM rora Kosibckoro noiayoctpoa. OcoOeHHO 3aMETHO
ymenbiienne TCII Ha 3amaje ucciieyeMoro perioHa B ampene (puc. 50), 4to, 1o Bcei
BUJMMOCTH, CTaJIO CJIEJICTBUEM Ooliee paHHero Hadana TasgHust cHera B 2001-2021 rr. o
cpaBHenuto ¢ 1980-2000 rr. Dto npouzonwio uz-3a noseimenuss TBII 3amagHoii yactu
Poccuiickoii ApkTHKH, HanOoJICe 3aMETHO MPOSBUBIIECTOCS B HOsIOpe u ampere [1]. Xa-
paxTepHo, uTo JuIsi anpeis (puc. 56) Ha tore Koibckoro rnoiyocTpoBa He HaOIOIAETCs
nonoxuTeNbHbIX aHomaiuii TCII, koTopbie 3aMETHBI JijIsl 3UMHEr0 ce3oHa (puc. Sa). [o
BCEil BUIMMOCTH, 9TO MOXKET OBITh CBSI3aHO C OoJjiee paHHUM HavajoM TasHUs CHera Ha
tore Konbsckoro nomyoctposa B 2001-2021 rr. no cpaBHenuto ¢ 1980-2000 rr.
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Puc. 6. Cpennue n3meHeHUs ppaKIIMOHHON IIOMIAAN CHEKHOTO MTOKPOBA MeK Ty reprogamu 1980-
2000 rr. m 2001-2021 . (pa3HOCTH CPETHUX 3HAYCHHUH MEXKTY STUMH IIEPHOAAMM) ISt HOSIOPA (a)
n anpenst (6) o nanasiM MERRA-2.
Fig. 6. Average changes in the fractional area of snow cover between the periods 1980-2000 and
2001-2021 (difference of average values between these periods) for November (a) and April (6)
according to MERRA-2 data.
Nomumo ymensmenus TCII Ha 3anane uccnenyemoro perunona B 2001-2021 rr. mo

cpaBHenuto ¢ 1980-2000 rr., mpou301LI0 CYIECTBEHHOE COKpAILEHHE TUIOIIAAH CHEKHOTO
nokposa (I1CIT) B HOsiOpe U ampene (puc. 6). MOXXHO clienaTh BBIBOJ, YTO HA 3amajie Uc-
CIIEyEMOr0 PErnoHa COKPaTUIACh MPOJOJLKUTENIEHOCT CHEKHOTO CE30HA, UTO MPHUBEIIO
K YMEHBIIICHHIO OTpa’kaTeJIbHON CIOCOOHOCTH TIOBEPXHOCTH, ee Oosee ObICTpOMY HarpeBy
COJIHEYHOH pajuaiyenl 1 3amycKy aabOeTHBIX TOJIOKHUTEIBHBIX 00PAaTHBIX CBA3EH MEXIY
cokpamienueM I1CII n nossimenuem TIT u TBIIL. Dta nonoxurensHast oOpaTHasi CBS3b
MOIJIa CTaTh OAHOW M3 MPUYHMH HAOIIOIaEMOT0 YCKOPSIOMIEroCs pocTa TeMIeparyphl 3a-
nagHoi yactu Poccuiickoil ApKTHUKU B UCCIIEAYEMBIM EPUO]L.

Bonee pannee Hayano TasHus cHera B 2001-2021 rr. no cpaBrenuto ¢ 1980-2000 rr.
MOTIJIO TIOBJIUSITH HAa U3MEHEHUE BIIArocojepkanus Bepxuero cios noussl (BIT) (puc. 7).
IMockonpky TCII Ha 3anaje ncciaeyeMoro pernoHa yMeHbIIMIach (puc. 5), To M KoJIn4e-
CTBO BJIard, MOMAa/AIOIICH B MOYBY MPU TassHUM CHETa, JOJDKHO OBUIO CTaTh MEHBIIE, YTO
BhIpa3mioch B noHwkeHun BII Ha roro-3amazne pernona B 2001-2021 rr. no cpaBHEeHHIO
¢ 1980-2000 rr. (puc. 7a). Tem He MeHee, TOMUMO CHera, Ha BII BIusIOT e1e u Kuakue
0CaJIKH, N3MEHEHHE KOTOPBIX OBUIO paccMOTpeHO B 1-# wactu crarb [1], T1e mokazaHo
YBEIMUYEHHE KOJIMYECTBAa OCAAKOB Ha 3amaje ucciaenyemoro peruona B 2001-2021 rr,
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Puc. 7. CpenHue n3MEHEHUs BIAroco/iep KaHusi BEPXHETO CJIOS [TOYBBI TONIMHON 1 M MeXay nepu-
omamu 1980-2000 rr. u 20012021 rr. (pa3sHOCTH CpEIHUX 3HAUCHUN MEX]y 3TUMU leprogamu) (a)
U CpelHsisi CKOPOCTh (JIMHEHHBINH TPEeH/) U3MEHEHHUI CPEAHEMECSYHbIX aHOMAJINH (OTHOCHTEIIBLHO
TOJIOBOTO X0/1a) BIIATOCOICPKAHMUSI BEPXHETO CIIOSI TOYBBI TOMIIKHO#M 1 M (M*/M° 3a 10 11eT), olleHeHHast
C MOMOILBIO TPUOIKEHMs TonuHOMaMu 1-it crenenu (1-s1 mpousBosHas), 3a nepuon 2000-2021 rr.
(6) mo nanasiM MERRA-2

Fig. 7. Average changes in the moisture content of the top layer of soil 1 meter thick between the
periods 1980-2000 and 2001-2021 (difference between the average values between these periods)
(a), and the average rate (linear trend) of changes in monthly average anomalies (relative to the annual
variation) in the moisture content of the top layer of soil 1 meter thick (m*/m? over 10 years), estimated
using the approximation by polynomials 1st degree (1st derivative), for the period 2000-2021 (6)
according to MERRA-2 data.

BCJICJICTBHE YETO B ATOT Mepro Habmronaercst poct BII mpakTiyeckn Ha Beel TeppuTOpHn
3anaiHol yactn Poccuiickoit Apkruku (puc. 76).

Poct xonnuectBa ocankoB u Temneparypsl B 1980-2021 rr. noBnusin Ha yBeIHUEHHE
BIXHOCTH Bo3ayxa (BB) B 3amannoit wactu Poccniickoit Apktuku (puc. 8). Buano, uro
BB BeIpocna 3ameTHee Bcero Han akBatopusimu benoro, bapenuesa u Kapckoro mopeit
1 MEHBIIIE BCETO HA I0Te EHTPAIBHON YacTH UccienyeMoro pernona. Ilo Bcell BuguMocTy,
yBennueHue BB Haj akBaTopusMH MOpel CBSI3aHO C YCHJIEHHEM HCIAPEHUs C UX MO-
BEPXHOCTH BCIEICTBHE POCTA TEMIIEPATYPhl OBEPXHOCTHU BOJBI U COKPAIICHUS MIOIMIAIH
MOpCKOro JbJa. Takke Ha pOCT UCTIAPEHHS MOIIIO TIOBIIUATH YBEITUUEHNE MOAYSI CKOPOCTH
BeTpa y nmoBepxHocTH bapentieBa n Kapckoro mopeii, mokazanHoe B 1-if wactu ctarsu [1].

Poct BB Hawascs Ha 3amajie HcClle[yeMoro perioHa, B 0COOCHHOCTH HaJl akBaTOPHEH
Benoro mopst, B 1980-2000 rT. (puc. 9a). B 2001-2021 rr. yBenmuenue BB pacripoctpa-
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Puc. 8. Cpennue n3MeHeHUs yAEIbHOH BIAKHOCTH BO3LyXa Ha BBICOTE 2 M OT TIOBEPXHOCTH (I/KT

3a 10 net) mexy nepuomamu 1980-2000 rr. m 2001-2021 rr. (pa3HOCTH CPEHUX 3HAUCHUH MEXKITY

STHMH eproaamHu) mo fanasiM MERRA-2

Fig. 8. Average changes in specific air humidity at a height of 2 meters from the surface (g/kg over 10
years) between the periods 1980-2000 and 2001-2021 (difference of average values between these
periods) according to MERRA-2 data.

55°  60°  65° ° P B
Puc. 9. Cpensist CKOPOCTb (JIMHEHHBIH TPEHT) I3MECHCHHUH CPEIHEMECSYHBIX aHOMAJIUH (OTHOCHTEIIb-
HO TOJIOBOTO X0J1a) y/CIbHOIl BIAXKHOCTH BO3/IyXa Ha BHICOTE 2 M OT noBepxHocTH (I/Kr 3a 10 ner),
OLICHEHHAsI C TIOMOLLBIO MPUOIIMKCHHUSI OJIMHOMaMH 1-it crenenu (1-s1 mpor3BoOHAs), 38 EPUO/IB
1980-2000 rr. (@) 1 2001-2021 rr. (6) mo nanasiM MERRA-2

Fig. 9. The average rate (linear trend) of changes in monthly average anomalies (relative to the annual
variation) in specific air humidity at a height of 2 meters from the surface (g/kg over 10 years),
estimated using the approximation by polynomials of the 1st degree (1st derivative), for the periods
1980-2000 (a) and 2001-2021 (6) according to MERRA-2 data
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40° 45° 50° 55° 60° 65° 70° 457 80°  B.A.

Puc. 10. Cpennee yckopeHue (KBaJpaTUIHbIA TPEH/T) U3MCHCHHI CPETHEMECSYHBIX aHOMAIH (OT-
HOCHTEIILHO I'OJIOBOTO X0J1a) YICIbHOM BIQYKHOCTH BO3/IyXa Ha BHICOTE 2 M OT IIOBEPXHOCTH (T/KT 32
(10 n1et)?), OLIEHEHHOE C TIOMOIIBIO MPUOIIMIKCHUSI TIOIMHOMAMHU 2-ii cTeneHu (2-si Ipou3BOIHAs), 32
neproas! 1980-2000 rr. (@) 1 2001-2021 rr. (6) no nanasiM MERRA-2
Fig. 10. Average acceleration (quadratic trend) of changes in monthly average anomalies (relative to
the annual variation) of specific air humidity at a height of 2 meters from the surface (gram/kg for
(10 years)?), estimated using the approximation by polynomials of the 2nd degree (2nd derivative),
for the periods 1980-2000 (@) and 2001-2021 (6) according to MERRA-2 data
HUJIOCH Ha IIGHTP ¥ BOCTOK MCCIIEAYEMOT0 PETHOHA C HAaHOOIBIIEH CKOPOCTHIO pOCTa HaJl
akBaropusimu bapeniiesa, benoro u Kapckoro mopeii (puc. 96). [Ipuuem poct BB Han ak-
BaTopusAMH 3TUX Mopei B 2001-2021 rr. mporCXOaUII CO 3HAUUTEIbHBIM MOJI0KUTETbHBIM
yckopenueM (puc. 10). Takum oOpa3om, HaOmomaeMble B 3anajaHol yactu Poccuiickoii
Apxkrrku nporeccs nossienus TII u BB pacnpocTpansiores ¢ 3anaia Ha BOCTOK U MOTYT
SIBIISITBCS CIIEICTBUEM yCHIIMBAtOIIerocst BnusHust CeBepHON ATIAHTUKHU HA UCCIIELyEMBbIi
peruoH. JlaHHBIN MPOIECC YCKOPSIOLIErocs pocTa TeMIEPaTypsl U BIaXKHOCTH 3aMajHoN
yactu Poccuiickoit ApKTUKH MOXKHO Ha3BaTh TEPMUHOM «aTIAHTH()UKAIHS» STOTO PETHO-
Ha, KOTOPBIA M3HAYaJIbHO ObUT BBE/ICH /ISl 0003HAYEHHS U3MEHEHHH (DM3NYECKUX CBOWCTB
BEPXHETO CJI0s1 BO/IbI MpuaTianThuueckoil yactu CeepHoro JlenoBurtoro okeana [28, 29].
[NoBeiienue yaenpHoi BB (conepikanus Bozbl B aTMOCc(epe) yBEIUIMIO KOIUICCTBO
BOJISIHOTO Tapa, KOTOPBIN SBISIETCSI OAHUM M3 MapHUKOBBIX ra3oB. JDTO CIIOCOOCTBOBAJIO
YCUIICHUIO HUCXOJAIIEH (OTpayKeHHO) JUTMHHOBOJIHOBOH pajinalliy, 4To, B CBOIO OYEpe/lb,
MOBBIMIAET TEMIIEPaTypy, UCTIapeHHe M, KaK CIIeCTBUE, BIaroco/ep)aHue arMochepsl.
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Takum 00pa3oM, ycHiImiiach oOpaTHasl MMOJIOXKHUTENNbHAsS CBsI3b Mexay BB u temmnepary-
poii, BrusitolIas Ha MoTeryieHue 3amnaanoit yactu Poccuiickoit Apkruku. OHaKo clieayer
MPUHATH BO BHUMAHUE, YTO U3-3a MOBBIILIEHUS] TEMIIEPATYPhI OBEPXHOCTH YBETUUMIACH
Y JUIMHHOBOJTHOBAsSI YXOASIIAsl pajnualius, YTO B HEKOTOPOH CTENEHN KOMIIEHCUPYET BIIU-
ssHue yBenuueHus BB Ha poct Temmeparypsl.

Bcenencteue obnapyskenHoro o nqanHbiM MERRA-2 yBennuenus temrmeparypsl
U BJIAXKHOCTH BO3I[yXa B HIDKHEM CJIO€ TPOMOC(EephI 3anaqHoi 4actu Poccuiickoii ApKTHKH
B 1980-2021 rr. npou3011I0 yBeIUUYEHUE TEILIOCOAEP KAaHUS ATOro caosl. Ilockonbky Te-
TUTOBAsi SHEPTHSI, CONIEPIKAIIAsCs B aTMOC(epe, OKa3bIBaCT BIMSHUC HA aMIUTATYLY, YaCTOTY
Y TPOJIOJIKUTENEHOCTh SKCTPEMANIBHBIX MOTOAHBIX SBJIEHUH, TO MOXKHO MPEANOJIOKUTD,
YTO B 3amajHoil yactu Poccuiickoit ApKTHKHU JOJKHBI MPOUCXOAUTh U3MEHEHHS TaKUX
coObITHil. TakuM 00pa3oM, aHATN3 U3MEHCHUI aMIUTUTY/bI, YACTOTHI U IPOIOKUTEIh-
HOCTH DKCTPEMAaJIbHBIX MTOTOIHBIX SIBJICHUI 3arma Hoi yactu Poccuiickoit ApkTHku TpedyeTt
JIOTIOJTHUTEITLHBIX UCCJICTOBAHMM.

BbIBO/JbI

1. ObOHapyeHO TOBBIIIEHHE TeMIleparypsl BepxHux 1,5 M moussl (TII) mpubmmsu-
tenbHO Ha 0,5 °C B 2001-2021 1. o cpaBHenuto ¢ 19802000 rr. Ha 3amaje ucciemryeMoro
pernoHa. 3To MOKET MPUBECTU K COKPAIIECHHIO U IAKE TTOIHOMY HCYE3HOBEHHIO OCTPOBHOIM
MHOTOJIETHEH Mep310Thl Ha KonbckoM monyoctpose, rie cpeausiss TIT B 2001-2021 rr
MIPAKTUYIECKH BCIOAY BhIpoCia U craja npesbimarsk +3 °C. B 2001-2021 rr. Hagancs ycko-
psiiormiicst poct TIT Taxke 1 Ha CEBEPO-BOCTOKE 3amaJHOM 9acTh POCCHICKON ApPKTHKH.
Takum 00paszom, B HacToslee BpeMs Ha OOJIbILeH YacTH MCCIIeyeMOro peruona HalIo-
naercs yckopstrowuiicst poct TII, 4To MOXeT BbI3BaTh TassHUE MHOI'OJIETHENH MEP3JIOTHI.

2. Iloxa3aHo COKpaIIeHHe TOJIIMHBI CHEKHOTO MOKPOBA Ha 3araje U BOCTOKE HC-
ciemyemoro peruona B 2001-2021 rr. mo cpaBuenuto ¢ 1980-2000 rr. Ha 3amane uccie-
JlyeMOTO PEerHOHa TaKKe MPOU30IUIO CYIIECTBEHHOE COKPAIICHNE TUIOMAAH CHEKHOTO
MOKPOBa B HOsIOpe | anperne. M3-3a 3Toro ycuiwiachk ans0eHas 00paTHast MOJ0KHUTETbHAS
CBSI3b MEXIY TEMIIepPaTypoil U CBOOOIHOW OT CHETa MOBEPXHOCTHIO, YTO MOTJIO SIBUTHCSA
OJIHOM M3 NPUYMH COKPALUEHUS JUIMTEIbHOCTH 3UMHErO CE30Ha B 3amajHoi yactu Poc-
CUHCKOW APKTHKH.

3. Poct ynenpHOM BIa)KHOCTH BO3IyXa Ha BeICOTE 2 M OT moBepxHOocTH (BB) Ha-
yaJIcs Ha 3amajie UCCIeIyeMOoro PernoHa U B 0COOCHHOCTH HaJ akBaTopueii bemoro mops
B 1980-2000 rr. B 2001-2021 rr. yBenuuenne BB pacnpocTpaHuiaoch Ha IEHTP U BOC-
TOK MCCIIEyeMOTO PETHOHA, C HANOOIbIIeH CKOPOCTHIO POCTa HAJ aKBATOPHSIMHA MOPEH,
npuueM pocT BB npoucxonuin ¢ nosoxurenbHbIM yCKopeHueM. BeposiTHo, yBenuueHue
BB nan axBaropusimu benoro, bapenuesa u Kapckoro Mopeii CBsI3aHO ¢ YCUIJIEHUEM HC-
MapeHusi C UX MOBEPXHOCTEH BCIEICTBHE POCTAa TEMIEPATyphl TIOBEPXHOCTH BOJBI U CO-
KpalieHusl IIomaal MOpCcKoro Jbaa. JJonomautensHo k pocty BB B 2001-2021 rr. Ha
3amajie ¥ BOCTOKE HCCIEAYeMOro PEernoHa HaOIIONAICS POCT BIAroCOIEpKaHHs TOYBHL.

4. NccnenoBaHHas MPOCTPAHCTBEHHO-BPEMEHHAS JHHAMUKA POCTa TEMIIEPaTyphl
1 BIQYKHOCTH 3aIaIHOM 9acTu Poccuiickoli ApKTUKY UMEET TEHACHITUIO paCPOCTPaAHEHHUS
C 3ara/ia Ha BOCTOK, YTO MOXXHO OOBSCHHUTH yCHIeHHeM BiusHUA CeBepHOi ATIaHTHKY Ha
HCCIITyeMbIi peruoH. JJaHHBIN MpoIlecC MOKHO Ha3BaTh «aTJIaHTHU(HUKAIHNEH» KIuMaTa
3amaaHol yactu Poccniickoli ApKTHKH. YBEIMUSHHE TEMIIEPATyphbl M BIQKHOCTH BO3IyXa
HCCIIEIYeMOTO PETHOHA PUBETIO K POCTY TEIUIOCOACPIKAaHNS HIKHETO CIIOST aTMOC(Epsl —
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YBEIMUCHHIO €r0 TEIUIOBOM SHEpruu. BeimeacTBue 3T0ro MOXHO OXKHAATh yBEITHMUCHUS
KOJINYECTBA, CHJIBI U MTPOAOIKUTENIBHOCTH SKCTPEMAJIBHBIX ITOTOAHBIX SIBJICHHUH B 3ar1afHON
yacth Poccuiickoil ApKTHKU.

KongaukTt uHTEpecoB. ABTOPHI CTaThH HE MMEIOT KOH(IMKTA HHTEPECOB.
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Pe3iome

B pabote mpeacTaBieHsl pe3ysIsTaThl TOMOrpaguueckoil 1 reohu3ndecKkoil CheMoK Ha JeHuKe BocTouHbIi
Jlanb(hoHHa IIOMAIBE0 OKOJIO 2 KM, pacroioxeHHoM Ha apxurernare [lnuubepret K rory ot roceska bapei-
Oypr. CpenHss TonuMHa J1ba 1o coctosHuto Ha 2019 1. coctasnser 82 M, makcumanbaas — 170 m. Ha ocHose
CpaBHCHHUA C apXWBHBIMUA JaHHBIMWA JUCTAHIUOHHOI'O 30HAMPOBAHUA MMOKA3aHO, 4YTO 3a 12 6aﬂaHCOBbIX JICT
nenHuk norepsn 16 % cBoero o0bema, 4To SKBUBAJICHTHO noTepe Macchl B 12,05 + 0,85 M B. 3. CpaBHeHHEM
IBYX LIECTHIETHUX NEPHOJIOB YCTaHOBJIEHO, 4To B 2008—2013 rr. moTeps Macchl 3aMeUIsach 0 OTHOLICHHUIO
K mocunenyouiemy uurepsany 2013-2019 rr, uto comiacyercs Kak ¢ HAOIOICHUSIMH Ha COCEIHEM JICHUKE
Bocrounbrit [péudbopa, Tak u ¢ o01meit Macc-0anaHcoBOi M3MEHUMBOCTHIO HA apXuIesare. IT0 MPUBOIUT K
BBIBOJLY, YTO Ha BPEMEHHBIX HHTEpBaIax nopsiaka 5—10 et u3MeH4YHBOCTb OallaHca MAcChl ICAHUKOB B paioHe
Bapenioypra orpeensercst (pakropamu perHoHaIbHON0 MaciuTaba, a IMEHHO CMEHaMH PEXXHUMOB aTMOC(epHON
uupkyssiun Ha [lnnnbeprene, KoTopsle MOTYT OBITh OXapakTepU30BaHb! MPe0OsIaaHueM TOIOKUTEILHON
6o oTpunareabHoi (a3l nuaekca Ceepo-Ariantuueckoro koaebanus (NAO) getom.

KaroueBble ci10Ba: 6amanc Macchl, reopajiapHas CheMKa, U3MEHEHus kinMara, uHaeke NAO, nenuuk, -
OepreH.
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Summary

Previously published geodetic mass balance data indicate glacier shrinkage in the Barentsburg area of Svalbard
since the beginning of the 20th century on the decadal time scale. However, observations for shorter time spans
allowing one to compute the inter-annual variability of the mass balance are scarce. The study presents results
of ground-based GNSS and the GPR surveys of the Austre Dahlfonna glacier (2 sq km) located on Spitsbergen
island, south of the town of Barentsburg. According to the GPR survey of spring 2019 at 50 MHz frequency,
the area-averaged ice thickness was equal to 82 m, while the maximum was 170 m. The results confirm the
polythermal structure of the glacier, with a layer of underlying temperate ice. Since the end of the Little Ice Age,
the area of Austre Dahlfonna has halved. By comparing the GNSS survey results (the end of the melt season of
2019) with the co-registered archived remote sensing data (ArcticDEM strip of 2013 and SO Terrengmodell of
2008), it was computed that, within the last 12 years (2008-2019), Austre Dahlfonna lost 16 % of its volume,
which corresponds to a geodetic mass balance of —12.05 + 0.85 m w. e. The mass loss in 2008-2013 (5.22 +
0.37 m w. e.) was lower than in 2013-2019 (6.83 + 0.48 m w. e.), which is in agreement with the ongoing direct
measurements on the neighboring Austre Grenfjordbreen glacier and with the archipelago-wide mass-balance
patterns. We demonstrate that the less intensive glacier mass loss, which occurred in 2005-2012 and was
detected previously for the whole archipelago, definitely took place in the Barentsburg area as well. This time
interval is characterized by the prevalence of a negative NAO phase (65 % of recurrence), which may indicate
more frequent intrusions of colder Arctic air masses. This fact proves that the mass-balance variability of the
Barentsburg area glaciers is governed in time spans of 5-10 years by regional-scale factors, presumably by shifts
in the atmospheric circulation regimes.

Keywords: Barents Sea, climate change, glacier, GPR, mass balance, North-Atlantic Oscillation, Svalbard.
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BBEJEHHUE

Apxunenar [Imumbeprer — oanH U3 KPyMTHEHIIHX IIEHTPOB COBPEMEHHOTO OJIeICHE-
Hus B Apkruke. [IpoBeneHHbIN B cepenuHe nepBoro aecsatwietus XXI B. aHaJIN3 JaHHBIX
JVMCTAaHIIMOHHOTO 30HANPOBAHMUS MOKa3aJI 3HAYUTEIBHOE YCKOPEHHNE TEMITOB ITOTEPH MACCHI
nemaukamu [mumdeprena. B pabote [1] aBTOpBI Ha OCHOBE IMTOBTOPHBIX JIUIAPHBIX Che-
Mok 1996 u 2002 IT. yCTaHOBMIIM, YTO B STOT BPEMEHHOI NMPOMEXYTOK CpeNHUIl OamaHc
Macchl JISTHUKOB apxurienara coctaBisit —0,19 M B. 3. B rox, 9To B 1,6 pasa HIDKe, 4eM 3a
npeapiaymue 30 met. B 2003-2005 1T. cHIKEHHE BBICOTHI IIOBEPXHOCTH JICTHUKOB CTAJIO
emie Ooee MHTEHCUBHBIM — B 4 pa3a BBIIIIE, YEM 3a MEPBBIi TOCTYMHBIN AJIs pacdeTa Mo
ApXUBHBIM JaHHBIM Tiepuoa ¢ 1936 o 1962 1. [2]. PexopaHO OTpHIIaTeIHHBIC TOKA3ATEIN
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GanaHca Macchl HAOMIONAINCH U MPSIMBIMU M3MEPEHUSAMH Ha aOJAMOHHBIX pelKax Juls
JIETHUKOB B OKpecTHOCTAX bapennOypra [3, 4]. Temeps, B KOHIIE BTOPOTO IECATHICTHS
XXI B., cramo u3BecTHO, 4To B 2005-2012 rr. Ha [lInnnbeprene mocienoBai Mepuos
HEKOTOPOTO TOBBIIMICHNS OajlaHCca MacChl, BHOBb CMEHHMBIIMICS 00JIee OTpHIIATEIbHBIMU
mokazatermsimMu ¢ 2013 1. [5]. [To rpaBUMEeTpHYECKUM JTaHHBIM CITyTHHKOBOW MPOTpaM-
Mbl GRACE 65110 paccuntano, uro B nepuon 2005-2012 rr. cymMmapHas moTepst Macchl
JIeTHUKAMH apXuIieyara MpakTHIecKu IpeKpaTmiachk [6]. B pabore [7] Ha ocHOBe naH-
HBIX peaHajiu3a 3TOT (akT 00OCHOBaH CMEHAMH aTMOC(EpHON MUPKYISIIUN B PETHOHE,
B pesynbrare KoTopbix B 2005-2012 1. Hag apXumenaroM gaiie TOCIIOJCTBOBaIN Oojee
XOJIOJHbIE apKTHUECKHE BO3LYIIHBIE MAacChl, IPUXOSIINE ¢ ceBepo-3anaga. Ecimu npernmo-
JIO’)KEeHUE BEPHO, TO NMOA00HAs IEPHOANIHOCTh Macc-0aJlaHCOBBIX XapaKTEPHCTHK JOJDKHA
ObLTa OTHOBPEMEHHO HAOIIONAThCSA U B OKpecTHOCTIX bapeHnOypra.

Hecmotpst Ha nMmeromuecs myOnmkanuyu o 6alaHce Macchl HEKOTOPBIX JIEAHUKOB
B paifoHe bapenuOypra (Hampumep, pabotsl [8, 9]), mpuBOOUMBIC B HUX JaHHBIC OTHO-
csTes MO0 K TPEbIAYIEMY CTOJIETHIO, JTN00 K 3HAYUTENIBHBIM 10 MTPOJOJKUTEIBHOCTH
MHTEpBajaM JIeT, MaciiTada AeCATUIICTHI, YTO HEe IO3BOJISET JIeNIaTh BEIBOABI O KPAaTKOBpE-
MEHHOW M3MEHYNBOCTH Macc-0aTaHCOBBIX XapaKTEPUCTHK B paccMaTpUBaeMON 00IacTH.

Bamanc maccel nenHukoB parioHa bapennOypra B 2005-2012 rr. ocBemieH B co-
BPEMEHHBIX IMyOnuKanusax ciabo. Ha ceromHsmHuii 1eHb N3BECTEH TOJIBKO OJMH Macc-
0aITaHCOBBIN PsiJl, OXBATHIBAIOIINIA YKAa3aHHBIN Meprol, ¢ JieqHuka Bocrounsiii [péH-
¢ropn [10]. OnHako B paclOpsHKCHUH aBTOPOB MMEETCS JTOCTaTOYHOE KOTHMYECTBO JaHHBIX
¢ negarka Bocrounsiii Jlanb(hoHHa, KOTOpBIE MO3BOJIST PACCYUTATh OalaHC MACCHI 3a 1B
OJMHAKOBBIX I10 MPOAOIKUTENBLHOCTH iepruoaa 10 U nocie 2013 r. u npoBepuTh, AeHCTBU-
TEJIFHO JIM B HEJABHEM IIPOIIJIOM MMEIN MECTO 3MN30]] C TOBBIIIEHHEM OanaHca MacChl
JIETHUKOB B OKpeCTHOCTAX bapeHnOypra. OTo u SBISETCS LENbI0 JAHHOTO NCCICAOBAHUS.

MATEPHAJIBI U METO/IbI

Obvexkm uccnedosanus. Jlenuuk Bocrounslii Jlanb(poHHA — TOpPHO-TOJUHHBIN
JISJIHUK TUTONIAIBI0 OKOJO 2 KM?, PacroNOKEHHBII NPHOIU3UTENBHO B 15 KM K 10ro-3a-
najty oT HacelleHHOTo IyHKTa bapenuoypr. Jlennnk 3annmaet quana3on Beicot ot 100 10
550 M, cryckasichk OT Jiefiopas/eiia ¢ 0ojiee KPYIHBIM JIeAHUKOM 3anaaubiid [peéadnrop
B nonuHy OpycTaaneH, oTHOCAIIyIocs K BogocOopy I'peHnanackoro Mopsi.

Hamypnsie cvemku. I'eopainonokanonHas CbeMKa Obliia BeITIONTHEHa 4 1 6 anpedst
2019 . MapupyTsl CheMKH, 001I1as JUIMHA KOTOPBIX COCTaBHIa 7 KM, TIOKa3aHbl Ha puC. 1.
[Tpu nponsBozcTBe HaOMIOAEHUH HcTionb30Batcs reopaaap Pulse EKKO PRO c anrennoi
50 MI'u Bmecte ¢ THCC cucremoit Sokkia GRX2, padorasieii B pexxume RTK (Real time
kinematic). Cucrema cbopa reoduzndeckoil HHpopMannu Oblia pa3MelieHa B Creralb-
HBIX CaHsX, NepeMeIIaeMbIX 110 MPOQUISIM PU oMolu cHeroxoza. I1lar 3onupoBanus
o npopwito coctaBui 0,5 M, IPU 3TOM ISl KQXKIOW TPACChl 3alUCHIBAINCH TOUHBIC
TUTAHOBBIC U BBICOTHBIC KOOPAWHATHI N3MEPECHUI.

[TomyueHHbIi MaccuB reo(pU3NUECKHX JaHHBIX ObUT 00paboTaH B mporpamme EKKO
Project V5 (Sensors&Software, Kanazia) o crangaprHomy rpady, BKIIFOYaBIIEMY BBSIICHUC
ronpaBok 1 cMmenieHuii 3a nonoxenue ' HCC-npueMHuka u pasHoc aHTEHH, YaCTOTHYIO
($wIpTpanrio CUrHaja 1 MUTPALUIO MTOJYYSHHBIX Pa3pe3oB JUIsl KOPPEKTHPOBKHU TIOJIO-
JKEHUs HaKJIOHHBIX rpaHuil. Ha ciiemyromeM srarne BBINOIHIOCH PYyYHOE NMUKUPOBAaHHE
I'PaHUIIBI JIOXKA JISTHUKA U TIePecyeT MOJTyUYSHHBIX BpeMEH B INIyOUHbI. 3HaYEHHE CKOPOCTH
3MEKTPOMATHUTHBIX BOJIH MPUHATO PaBHBIM 168 M-MKc !, Kak OBLIO PEKOMEHIOBAHO IS
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Puc. 1. Pacionoxenue sennrka Bocrounsrit Jlansdonna n Mapmpyts! ceemMok 2019 r.: / — Tormo-
rpaduueckas creMka, 2 — reopajiapHasi CheMka

Fig. 1. The location of the Austre Dahlfonna glacier and the routes of 2019 surveys: / — ground-
based GNSS survey, 2— GPR survey

neaHuKoB 3ol yacTu LlInunbeprena B padore [11]. Ha ocHOBaHMM TIpeNbIIyIIIUX U3MEpe-
HUI CKOPOCTEH paclpoCTPaHEHHs! JEKTPOMArHUTHBIX BOJIH B TONIIE TOJIUTEPMUUECKUX
neJHUKOB [ 12] aBTOpamMu NPHHATA OTHOCUTEIbHAS MIOTPEIIHOCTL CKOPOCTH B 2 %, KOTOpast
Jlasiee BBEAEHA B MOJyYSHHBIC BEIMUYUHBI 00BEMOB JICTHHKA.

HazemHas Tomorpaduueckass cheMKa Ha JieqHHKe Oblia npoBeneHa 20 aBrycra
2019 r., Ommke K KOHIly ce3oHa abmsumu. Ee mMaprmpyTsl mokasansl Ha puc. 1. PaGotsr
nipoBouiHch MHOrokanaiabHbIMH ' HCC-npuemunkamu Sokkia GRX-2 knHemMarnueckum
METOJIOM € OCcTOOpaboTKOH. Ha 0cHOBE pe3ynbraToB CheMKH, IOCIIE TPEABAPUTETLHOTO
OTCEBa BCEX TOYEK C BEPTHKAIBbHON TOYHOCTHIO Xyxke 10 cM, Oblta moctpoeHa nugposas
Mmozenb penbeda (LIMP). st maTeprionsuuu ucnoip3oBan anroputM Thin Plate Spline.

Konmyput neonuxa. Kourypsi nepnuka Bocrounstii Jlanshonna, HeoOxoanmble 11t
pacuera n3MeHeHui oObeMa, OBLIN OIpe/ieIeHbl Ha TpH MOMeHTa BpemeHu: Jutst 2008, 2013
n 2019 rr. Takxe At CpaBHEHUS TUIOMIAeH M JUTHH JIEJHUKA HAMH OBUIN OKOHTYPEHBI
HauOoIee paHHUN M3 JOCTYIHBIX JJIsI aHAJIM3a KOCMUYECKUX CHUMKOB, Ha 1963 1., 1 Mak-
CHMaJbHOE paclpoCTpaHeHHE JIeHUKa. MakcuManbHbIe UIMHA U TJIOLIA b BIAEICHBI MO
HauOOJbIIEMY MOKPBITHIO MOPEH B JIOJIMHE, OTMEYEHHOMY Ha TONOTrpauYecKnx Kaprax
Kartdata Svalbard [13]. Haubonee BeposiTHO, YTO 3TH MOpPEHBI OTHOCSTCSI K MOMEHTY
okoHuaHust Majoro neaaukoBoro nepuona (nanee MJII, ~1900 . [14]). Mcnionbs3oBaHHbIe
JUISL OTIpEZIEJICHHsI KOHTYPOB JIEJIHUKA MaTeprallbl IepedrciieHsl B Ta0m. 1.

JI71s1 OLleHKM MOTPeIIHOCTH OMpEeeIeHUs MIOIaAeld M0 KOCMUYECKUM CHUMKaM
BJIOJIb KOHTYpA JIeJHUKa ObUT MocTpoeH Oydep MMPUHON B MOJIOBHHY IUKCEIS CHUMKA.
[Tnomane Oydepa OblIa yCIOBHO NMPHHATA 3a MOTPEITHOCTh. Tam, rjae KOHTYp ObLT OT-
pHCOBaH 110 TOoTOrpaguueckoil ChbeMKe, MOTPEeNTHOCTh MPUHSTA MPEHEeOPEKNMOH, TO-
CKOJIBKY TIJIaHOBasi OIIMOKA CITYTHUKOBBIX M3MEPEHUIH MHOTO MEHBILE MUKCEIs] CHUMKA.
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Tabruya 1
MarepuaJibl, MCII0JIL30BAHHBIE /IS MIOJY4eHHs] KOHTYPOB JeaHnka Bocrounblii Jlanbponna
Table 1
Materials for the delineation of the Austre Dahlfonna glacier
Ton Hcrounuk Paspemienune
2019 |Sentinel-2 + Tonorpaduveckas cheMka 10m
2013 |Landsat-8 (LCO8 L1TP 216004 20130928 20200912 02 T1) I5S™m
2008 |Kartdata Svalbard 1:100 000 (S100 Kartdata) —
1963 |ARGON (KH-5) (DS09058A024MC013) 30 m

[orpemuocts muomaneit Ha 2008 1. u Ha koHery MJIIT oLleHUTH CI0XKHO, MOCKOIBKY JUIS
UX pacueTa ObUIM MCIOJIB30BaHbl TOTOBBIC KapTorpaduueckue Marepuaisl. [loatomy a1
BCJIMYUHBI TPUBEACHBI aBTOpaMu oe3 JOBEPUTCIIbHBIX UHTEPBAJIOB.

H3menenun oovema u maccel 1eonuka. Viamenenne oobeMa JIeJJHUKA OIPEIENICHO
BBIYMTAHHEM JPYT U3 Jpyra Tpex pasHoBpemeHHbIx [IMP: SO Terrengmodell [15] Ha 2008
r., pparmenTa ArcticDEM Ha 16 cenrsiopst 2013 1. [16] u LIMP, nonydenHoi#t o Tornorpadu-
yeckoii cremke 2019 r. [lepecuer eauuul 00beMa B eIMHHILIBI MACChI TIPOM3BOMIICS ITyTEM
YMHO)KEHHSI Ha BEJIMYUHY MIOTHOCTH 850 + 60 Kr M, Kak peKOoMeHI0BaHO B pabdote [17].

[Tepen cpaBHEHHEM BBICOT COOTBETCTBYMOLIMX Mukcesneld [IMP 6buto HeoOxonnmo
MpeaABapUTECIIbHO YCTPAHUTE CUCTEMATUYCCKUC PA3JINUKMA B 3HAUYCHUAX, BBI3BAHHBIC OIIJI/I6—
KamMH BepTHKaibHOU npuBsizku [IMP. ®parment ArcticDEM 0Obu1 npuBsi3an Ha OCHOBE
BEKTOpa IMepeHoca, paccuuTanHoro cosznarensmMu [IMP Ha ocHoBe u3mepenuii IceSat
U COZIeprKaIierocs: B MetagaHubix (aiina. Bexkrop cnsura (dz, dx, dy) cocrasun (+1,243,
+0,503, +3,088) metpa.

s xopeructpanun gpparmenta [IMP SO Terrengmodell k IIMP ArcticDEM 0bu1
ucnonp3oBaH maket demcoreg [18], peanusyromuii Ha s3bike Python amroputm B3amm-
HOU mpuBs3kH, pa3padborannbiii Nuth u Kaab [19]. Bekrop cnsura (dz, dx, dy) cocraBui
(+34,181, +0,637, —2,453) metpa.

Bce pacuers! Benuch B cucteMe BhICOT OT amunconna WGS84. Jlnsa nepexona
K CpeTHEMY YPOBHIO MOPSI M3 BCEX 3HAYEHHMH BhIUMTANACh BenuduHa 32,563 M, paccuu-
TaHHas Ha OCHOBE CITyTHHUKOBBIX M3MepeHMH B bapeHnOypre u nmpuHsATas MOCTOSHHON
JUIs BCero paiioHa pabot. [lanee Bce pe3ysibTarhbl MPEACTABICHBI B CUCTEME BBICOT OT
YPOBHS MODSI.

Huoexc Cesepo-Amnanmuueckozo konevanus (NAO). B pabore UCoib30BaHbI
3naueHus uuaekca NAQO, paccunrannbie opranuzanueii Climate Prediction Center (NOAA)
W TOoCTymnHbIC Ha caiite [20].

PE3VJIBTATbBI U OBCYXJAEHHUE

KonTyps! u penbed moBepxHocTH eaanKa BocTounsiii Jlanb(poHHA IO COCTOSHUIO
Ha KoHer ce30Ha abmamuu 2019 1. mokazaHbl Ha puc. 2a. B pacueTsl XapakTepHUCTHK
JIETHUKA HE BKITIOYEH KPYITHBIM CHEXXHUK, PACTIOJIOKCHHBIN Ha KPyTOM CEBEPHOM CKIIOHE
ropsl XapanbIpbeIeT 1 HeIOCTYITHBIH st KaKMX-TH00 Ha3eMHBIX ChbeMOK. B mociennme
TOJIbI CHEXXHUK OTIEIIMIICS OT OCHOBHOM 4acTH JIEJHUKA U pactajcs Ha HECKOJIBKO JacTeH,
opIcTpo Aerpanupys. UyTh Oojee 4eM 3a CToJeTHe, MpoIIeamee mocie okonganus MJIIT,
TUIOMIAh JISTHUKA YMEHBIIMIIACh BIBOE (Tadm. 2).

[To pacueram aBTOpOB [5], cOBpeMeHHasI cHeroBast TUHUA Ha apxwurenare [Llmm-
Oepren pacronokeHa Ha BeicoTax 500-550 m. Ha pwuc. 2a BUAHO, 9TO MTOBEPXHOCTH
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Puc. 2. BeicoTsl moBepxHocTH JieHnka Boctounstii Janbhonna (a) u MOIHOCTH Jibja (6), Mo co-
crostHUio Ha 2019 1. / — ycioBHAs HeHTpajbHAs JIUHUS BIOJb JIEIHUKA
Fig. 2. Surface topography of the Austre Dahlfonna glacier (@) and its ice thickness (6) in 2019.
1 — the glacier centerline

BbicoTbl

Tabruya 2

T'eomeTpnueckue XxapakTepucTUKH JeaHnka Bocrounsblii Janbponna
B 1963, 2008, 2013 u 2019 rr.
Table 2

Geometric characteristics of the Austre Dahlfonna glacier in 1963, 2008, 2013 and 2019

XapaKTepUCTUKU Koneng MJIIT 1963 2008 2013 2019
JliimHa BIOMB YCIIOBHOM 5260 4 600 3 890 3 830 3690
LEHTPaJIbHOMN JINHUU, M
TTnomans, km? 4,12 3,36 £0,12 2,25 2,10£0,06 | 1,92+0,03
OO6mmii 00seM, KM? — — 0,187 +0,003 (0,174 +0,003|0,157 + 0,003

nenarka Bocrounsiit JlanehoHHa B HacTosiiee BpeMsl PacrioyioKeHa MOJTHOCTBIO HIKE
9TOH I'paHHUIIBI U, CJICIOBATEIBHO, J0JDKHA OBITH TPAKTHYECKH MOJTHOCTHIO JIMIIICHA 30HBI
AKKyMYJISLUH.

Ha puc. 26 nokazaHo nMpocTpaHCTBEHHOE pacrpezeieHue 3anacos jbaa. Obnacte
¢ HanOOJIBIIUMH MOILTHOCTSIMU J10 170 M pacrioo’keHa BIOJIb Jiefopas/ena ¢ 3araaHbiM
I'péudroprom, B TO BpeMst Kak CpeHsisi MOITHOCTS Jibjia cocTanisieT 82 M. Ha Bcex moiy-
YEHHBIX reopaIioJIOKAIIMOHHBIX pa3pe3ax ObUIN MTPOCIIEKEHBI YUaCTKH TEIIIOT0 JIbJA, YTO
comacyercst ¢ pesyJabraraMy MPeAbIYIHX reopu3ndeckux cheMok Ha yacrore 20 I,
npe/CcTaBiIeHHBIMH B padoTax [21, 22]. [Ipumep 00paboTaHHOTO reopajruoIOKaHOHHO-
TO paspes3a ¢ BBEACHHBIM pesibe()oM, IJIe BHIHBI OTPaXKEHUS! OT MMOBEPXHOCTH paszeia
XOJIOJHOIO U TEIJIOro JbJa, a TAKXKe JIOXKE U TOBEPXHOCTD JIEJAHUKA, IIOKa3aH Ha puc. 3.

BennunHbl CHUKEHHUS TOBEPXHOCTH 110 JIBYM BpeMEeHHBIM HHTepBaiaM (2008-2013
1 2013-2019 rr.) noka3zans! Ha puc. 4. BujHo, 4T0 CHIKEHHE TIOBEPXHOCTH 3a NEPBBII U3
HEPHOI0B 3HAYUTENILHO MEHBIIIE, YEM 3a TOCJIEAYIOLNNA: CPEJHUE BETUUMHBI PA3INYal0TCs
NPUMEPHO Ha YETBEPTh. 3HAYCHUS YOBIBAIOT C YBEIMUCHHEM BBHICOTHI (pHC. 5), U3 4ero
MOKHO CJIeJIaTh BBIBOJ, YTO B HEJTABHEM IIPOLIIOM U3MEHEHHS IOBEPXHOCTH ONPEIEIISIINCh
B OOJIBIICH Mepe ee TastHHEM, HEXKEIU JABMKEHHEM U e(hOopMaIisIMU JIbJA.
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Puc. 3. O6paboTaHHBIi reopa HoI0KalMOHHBIH pa3pes JeaHuka Boctounslit JlansdonHa no pesyis-
TataM cbeMKH 2019 r.: / — MoBepXHOCTh pas/ielia XOJIOAHOTO U TEIJIOro JbJa

Fig. 3. Processed cross-section of the Austre Dahlfonna glacier based on GPR-survey of 2019: 7 —
boundary between cold and temperate ice
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Puc. 4. I3meHeHne BHICOTHI TOBEPXHOCTH JieAHUKA BocTounsrit J{anbs(oHHa 10 1BYM MIECTHICTHUM
uaTepBanam: 2008-2013 rr. (@), 2013-2019 rr. (6). / — ycnoBHas IEHTpaIbHAsI TMHUS BAOJb JICTHUKA

Fig. 4. Surface lowering of the Austre Dahlfonna glacier within two six-year spans: 2008-2013 (a),
2013-2019 (6). I — the glacier centerline

500

400

300

200

BbicOTa Hag ypOBHEM MOpsi, M

0 1000 2000 3000 4000
PaccTosiHVe BAONb YCNOBHO LIeHTPanbHOW NIMHUM NeAHNKA, M
Puc. 5. I3menenns npopoiasHOro npoduirs neganka Bocrounsnit lansgponna B 20082019 rr: 7 —
moBepxHOCTh B 2019 1., 2 — moBepxHOCTH B 2008 T, 3 — NOKeE JICTHIKA

Fig. 5. The changes in the longitudinal profile of the Austre Dahlfonna glacier, 2008-2019: 7 —
surface in 2019, 2 — surface in 2008, 3 — bed topography
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[IpocymMMHpOBaB 1O IUIOMIAN JICTHUKA MOTYUCHHbIC 3HAUEHUS, TOIYIHM, YTO
3a mepuon B 12 6amancoBbix jet, ¢ 2008 mo 2019 1., Bocrounsrii [Janshorna moTepst
30,2 mua M nbaa, uim 16,1 % cBoero oobema (Tadu. 3). DT0 SKBUBAICHTHO CPEIHEH 10
romaay morepe maccel B 12,05 £ 0,85 M B. 3. I'py0ast skCTpanossius mo3BoJseT 3a-
KJTFOUUTD, YTO JIEJHUK MOJHOCTBIO HCUE3HET MpUMepHO uepe3 60 JieT, 9To, Il CpaBHEHNS,
B J[Ba pasa J0JIbIle, YeM MO00HAs JKe SKCTPAIONSAINS JaeT JCIHUKY AJIbJICTOH/IA, pac-

A.B. Tepexos, V.B. Ilpoxoposa, A.JI. Bopucuk u op.

MOJIOKEHHOMY B HECKOIIBKHAX KMIIOMETpax ceBepHee [23].

Tabruya 3

N3meHeHne XapaKTepUCTHK 1 HasiaHe Macchl JeHuKa Bocrounslii Jlanbdonna
B 2008-2019 rr.

Table 3

Changes in the parameters of the Austre Dahlfonna glacier and its mass balance
in 2008-2019

XapakTepucTHKU 2008-2013 rr.| 2013-2019 rr. | 2008-2019 1T
YMeHbIIEHNE TUIOIAI1, KM> 0,146 0,186 0,332
YMmenbenue oobemMa, MITH M* 13,3 mma M® | 16,9 mma m® | 30,2 M M?
Ymenpienue oobema (0T 00bema Ha 2008 1) 7,1 % 9,0 % 16,1 %
IToTepst Macchl, MITH T 11,3+0,8 143+1,0 25,6 £1,8
CpenHee 1o IIoAAu CHUKEHUE TOBEPXHOCTH, M 6,14 8,03 14,17
Bananc maccel 3a mepuoa, M B. 3. -522+0,37 | —6,83 +0,48 | -12,05+ 0,85

Hcnonp3oBanHbii B pacuerax (parment ArcticDEM, a taxxe LIMP, noctpoenHas mo
pe3yabraram Tornorpaduueckoil CheMKH aBTOPOB, OTHOCSITCSI K KOHIYy C€30HOB aOIIsIINU.
Bckope mocine mpoBeieHus TONOCHEMKH TasHUE JIb/a Ha TIOBEPXHOCTH 3aMEUTHIIOCH TTPaK-
THYECKH 10 HYJIsI, 4TO ObUIO 3a(PMKCHPOBAHO 110 aOJISILIMOHHBIM PeiiKaM, yCTaHOBICHHBIM Ha
coceaneM Jennuke 3ananabiil [ péudropa. [IMP na 2008 r. 6bu1a oyuena HopBexckum
MOJISIPHBIM MHCTHTYTOM Ha OCHOBE a3pO()OTOCHEMKH, BBIIIOJIHEHHOW B CEpeMHE WO,
KOTJ]a OTCTYIJICHHE CHETOBOH JIMHUM BBEPX IO JIGAHUKY TOJIBKO HAYMHAIIOCH, & 3HAYHT,
TassHUE JIbJa OBII0O MUHUMAJbHO, — T09TOMY [IMP MOXHO OTHECTH K caMOMy Hauajy
ce3ona abmsauu 2008 r. Takum oOpa3om, 00a paccMarpuBaeMbIX MHTEPBaJa BKIIOYAIOT
B ce0sl POBHO I10 NIECTh 0AJIAHCOBBIX JIET ¥ MOT'YT OBITh CONOCTABJICHBI APYT C JPYrOM
HanpsMyo, 6e3 JOMOTHUTENbHBIX KOPPEKLIUii.

B tabn. 3 Buano, uro B 2008-2013 rr. cpeaHsisi HOTEPsl MACChI JISTHUKOM JIeHCTBU-
TenbHO ObLIa Hike, yeM B 2013-2019 rr. JJaHHBIX 110 COCEHUM JIAHUKAM ISl CPAaBHEHHS
uMeeTcs HeMHOro. B cratbe [24] mpuBoAsTCS pe3yIbTaThl Macc-0aqaHCOBOTO MOHHUTOPHHTA
JeIHUKOB Aubjieronsa u 3ananuslid ['péudropa B 20162019 rr. J{ns aHanoruyHoro jaH-
HOH pabore mectuierHero uatepsaia 2013-2019 rr. Ha ocHOBe a3poOTOCHEMKH ObLI
paccunrtan OanaHc ajis jgenauka Bepunr [25]. Onnako nepuoa 2005-2012 rr. ocBemieH
B JITeparype mioxo. Tak, Ui JeqHuKa BepuHr pacder Uit 3TOro MHTEpBaja OKa3anucs
HEBO3MOXKEH, TIOCKOJIbKY JICJHUK JIS)KUT Ha CTBIKE JIBYX Pa3HOBPEMEHHBIX ()parMeHTOB
(2008 n 2010 rr.) IMP SO Terrengmodell, kotopast siBisieTcst €MHCTBEHHBIM HCTOYHUKOM
0 penbede MOBEPXHOCTH B YKa3aHHBIH MPOMEXYTOK BpeMeHH. Ha nenHuke 3amaqHbiid
I'péudropa MOHUTOPUHTOBBIE PAOOTHI ObUTH HayaThl TONIBKO B 2013 ., TO €cTh yKe nocie
MIPEAToiiaraeéMoi CMEHBI PeKuMa IUPKYIALNH.

EauHCcTBEHHBII Macc-0anaHCoBBIN psifl, ONMyOJIMKOBAaHHBIA B HACTOSIIEE BPEMs
W JIOCTYIHBIN /I CPABHEHHUS, OTHOCHUTCS K JienHUKy Bocrounsiii ['péudropa. B padore
[10] mokazano, uTo Teome3nyeckuii 0amanc maccel Bocrounoro I'péudropaa cocra-
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B —0,97 M B. 5. B rox st nepuona 2008-2013 rr. u —1,45 m B. 5. B rox st 2013-2017
[Ipsmoe conocTaBneHne aOCOMOTHBIX 3HAUYCHNH C MOJyYCHHBIMH B HACTOSIIEM HCCIIe-
JIOBaHWU MaJlo WH(GOPMATUBHO, MTOCKOJIBKY OHM 3aBUCAT OT BBICOTHOTO PAaCHpeiesIeHHs
KOHKpETHOTO JeqHnka. OnHako BUIHO, uTo mepuor mo 2013 . Takke XapakTepu3yeTcs
3HAUUTEJIFHO MEHEE OTPUILATENILHBIM OalaHCOM MaccChl.

LIMpKyss1Hs B aTITaHTHYECKOM CEKTOpE APKTHKH XOPOIIO OTHCHIBACTCS C TIOMOIIBIO
nanekca Cesepo-Arnantudeckoro konedanus (NAO). [lomoxurensHbIe U OTPUIIATSIIHHEIC
(a3bl MHIEKCA, PACCUNTHIBAEMOI0 Ha OCHOBE PA3HOCTH JaBICHUH Mexay Mcinanackum
MUHIMYMOM U A30pPCKHM MaKCHUMYMOM, SIBIISTFOTCS XapaKTEPUCTHKON aTMOC(HEepHON THp-
KyIsinuu B pernoHe. [IpenmonokuTenpHble MeXaHU3MBI cBsi3u uHAekca NAO ¢ macc-
0aaHCOBBIMHU XapaKTEPUCTHUKAMH JICTHUKOB Ha ceBepe EBpombl omucansl B padote [26]:
pu onokuTenbHoi (haze NAO mTopM-Tpek cMmemnaercs TIyO0OKO Ha CeBep, BCISICTBHIE
yero Inudepren nomyyaer GoblIe TEMia 3a CYET €ro MEePeHOCa NUKIOHAMHE; TIPH OT-
pHUnaTenbHON (a3e MTOPM-TPEK CMEIAeTCs IXKHEE, 3a CUeT Yero apxurnesar Oosiee mos-
BEPKEH BIIMSHUIO aPKTUYECKUX BO3JYIIHBIX MACC C CEBEPa M BOCTOKA.

Jnst anammza naaexca NAO HOBTOPSIEMOCTD €TO MOJOKHUTENBHBIX U OTPULIATEIbHBIX
(a3 B TeueHNE MECAIIEB C TIOJOKUTETHHON CpeTHel TeMIlepaTypoil Bo3ayxa (MIOHb—CEH-
Ts10pp) OblIA CTPYNIMPOBAaHA B PABHBIC 1O NMPOAOIDKUTEILHOCTH MEPUOIBI IO MIECTh
net. JIBa u3 mepuomoB (2008-2013 u 2014-2019 1) coBmamaroT ¢ MHTEpBaJaMH pac-
yera OamaHca Macc JeqHuKa Bocrounsni Janb(poHHa, a TPEAMEeCTBYIOIUN UM TIePHOT
2002-2007 rT. mpUMEPHO COOTBETCTBYET HAOMOABIIEMYCS B Ha9aJle CTOJNICTHS YCHIICHHIO
WHTEHCUBHOCTH TasHUA. Ha puc. 6, roe n3o0paxeHo mporeHTHOe cooTHomeHne gaz NAO
110 yKa3aHHBIM II€PUOAAM, BUIHO, YTO OoJiee OIaronmpusITHBIA AJIsl JIETHUKOB MHTEPBAII
2008-2013 rr. 1eHCTBUTENBHO XapaKTEPU3YETCsl IOBBIILIEHHOM YaCTOTOM OTpULATEIbHON
¢a3er NAO. D10 commacyercs ¢ 3aKIF09eHHEeM 0 00JIee YaCThIX BTOP)KEHHSIX apKTHUECKUX
BO3JYIIHBIX Macc B 3TOT MPOMEXYTOK BPEMEHHU JIETOM, COPMYIUPOBAHHBIM HA OCHOBE
peananusa B pabdore [7].

Taxum obpazom, 6aanc Macchl tenHuKOB Boctounstit lanmsdonna n Boctounsrii [pén-
(bBOpPA corTacyroTes MKy co00H U yKITaapIBalOTCA B 00IIIyTO 10 apxumnenary Lmumnbepren
N3MEHUYMBOCTb, CBSI3aHHYIO, BEPOSITHO, CO CMEHAMH PEXHUMOB aTMOC(EPHOH IUPKYIISLINH.
Pe3ynbraTel n3MepeHuii, mokazaHHbIE B paboTax [8, 24, 7eMOHCTPHPYIOT, YTO B KOHKPETHBIC
TOJIbl MHTEHCUBHOCTD TastHUS JIGAHUKOB paiioHa [péHdropaa pazaudaercs: MakKCUMyMbl
1 MMHUMYMBI TIOTEPH Macchl MOTYT NPUXOIUTHCS ISl Pa3HBIX JIEAHUKOB Ha PAa3HBIE TOJBI.

80
[ 1]
)
60

40

20

[ons ¢a3 uiaekca NAO, %

2002-2007 2008-2013  2014-2019
Puc. 6. CoorHomenne nosropsemocteii a3 nugexca NAO 3a urob—cenTsIops B 2002-2019 rr:
1 — orpunarenbHast (a3za, 2 — MOJIOKHUTEIbHAS (a3a

Fig. 6. Recurrence of the NAO index phases (June—September) in 2002-2019: / — negative phase,
2 — positive phase

378 IIPOBJIEMbI APKTHKH U AHTAPKTHUKH * 2022 * 68 (4)




A.B. Tepexos, V.B. IIpoxoposa, A.JI. bopucuk u dp.  A.V. Terekhov, U.V. Prokhorova, A.L. Borisik et al.

OT1OoT (aKT 0OBACHIETCS aBTOpAaMH JIOKAJIbHBIMH OCOOCHHOCTSIMH MECTHOTO MacIiTada,
K TIPAMEPY, Pa3IHYHSIMHI B SKCIIO3UINH ¥ B KOHPHUTYPAIHH CKATBHOTO 0OpaMIICHHS, 3aTe-
HSIOIIETO JIeAHUK. VICXOs N3 HAIlleTo aHalli3a, MOYKHO TPEIIONIOKHTE, 9TO B Oojee mpo-
JIOJDKUTENBHBIC TIEPHOBI BPEMEHH, Topsiaka 5—10 JeT, I3MEeHINBOCTh Macc-0aTaHCOBBIX
XapaKTepUCTHK B paiioHe bapeHnOypra ompenensercss CMEHaAMH PEKUMOB PETHOHATIBHOM
arMoc(epHON IUPKYIAIIH. JTO AeTaeT UX HAJCKHBIM HHANKATOPOM KIMMATHICCKHUX H3-
MeHeHn# Macmraba Bcero apxurnenara [lmumoepren. [lomoOHas rumore3a MOXeT OBITH
TIOATBEPIKIeHa OyIyIIeH myOMuKaIieit psimoB pe3yabTaTOB MOHIUTOPHHTA C JICTHUKA AJTb/Ie-
TOH[Ia, KOTOPBIE OXBATHIBAIOT MocieaHue 20 JIeT, TO €CTh BCe TPH IEPHO/A, BRICIIOMINXCS
B M3MEHYHMBOCTHU OanaHca Macchl enHukoB [lmmmbdeprena ¢ Hagama XXI B.

3AK/IIOYEHUE

B pabore ObuH IpecTaBlIeHBI PE3yIbTaThl TONOrpaduueckoil 1 reopr3nUeckoi che-
MOK Ha JiefiHuKe Bocrounsrit Jlanegdonna, pacronoxeHHoM Ha apxumnenare Inunoepren
K fory ot noceska bapennOypr. Cpennsist TommHa Jibjia 1mo coctostuuio Ha 2019 . cocrasiser
82 M, MmakcumaibHast — 170 M. 3a nocnenHee cronerue, ¢ konna MJIT, Bocrounsrii [lab-
(hoHHA MOTEPSLT OKOJO MOJNIOBHHBI CBOCH IUIONIAH, YMEHBIIUBIINCH B pa3Mepax 10 2 K.
Ha ocHoBe cpaBHEHUS ¢ apXUBHBIMU JAHHBIMU JUCTAHIIMOHHOTO 30HAMPOBAHUS MOKa3aHO,
410 3a 12 GanaHcoBbIx JieT (2008—2019) neguuk motepsti 16 % cBoero oobeMa, 4TO SKBUBA-
JeHTHO notepe Maccsl B 12,05 £ 0,85 M B. 5. IIpu 3TOM, B EpBYI0 NOJIOBUHY ATOTO NEPUOJA,
B 2008-2013 rr, moTeps Macchl 3aMeUIsUIach 0 OTHOUIEHHIO K MOCHIEIYIOIIEMY UHTEPBATY
2013-2019 rr., uTo comiacyercst KaKk ¢ HaONFOICHHUSAME Ha COCCTHEM JICTHUKe BocTodHbIi
I'péudropn, Tak 1 ¢ obmIEit Macc-0aTaHCOBOM M3MEHYMBOCTHIO HA apXHIIenare. JTO IPUBOINUT
ABTOPOB K BBIBOJLY, YTO HA BPEMEHHBIX HHTEpBajax nopsaka 5—10 JieT ©3MeHUMBOCTh OanaHca
Macchl JIETHUKOB B paiione bapeHnOypra onpenernsiercst pakropamMu pernoHaIbHOrO MacliTaoa,
a IMEHHO CMEHaMH PeXXNUMOB arMocdepHoi mupkyssiimy Ha Lnbeprene, XapakTepu3yeMbIxX
npeo0ialaHueM TIOJIOXKUTEIILHOM JIMO0 oTpuiarenbHoi ¢assl nHaekca NAO nerom. Takum
00pa3om, JISAHUKN B pacCMaTpHBAaEMOM pallOHE MOTYT SIBIISITBCS HAJICKHBIM UHANKATOPOM
PETHOHANIBHBIX KIMMAaTUUECKUX N3MEHEHUN Ha apXUIesare B LIEIOM.

Kongaukt naTepecoB. ABTOPHI 3asIBISIIOT 00 OTCYTCTBUM KOH()IMKTa HHTEPECOB.

®unancupoBanue. lccnenoBanue BbIIOIHEHO B paMkax TeMbl 5.1.4 Tlnana HUTP
Pocrunpomera «MOHUTOPUHT COCTOSTHUSI U 3arpsI3HEHUS] IPUPOTHON Cpelibl, BKIIOUAs
Kprocdepy, B APKTHUECKOM OacceifHe 1 palioOHaX Hay4HO-HMCCIIEI0BATEIbCKOIO CTAIHO-
Hapa “JlemoBast 6a3a Mpic bapanoBa”, ['mapomereoponorndeckoit oocepBaropuu THKCH
u Poccuiickoro HayuHoro neHrpa Ha apxumenare HInmmnoepren».

BaarogapHocTH. ABTOPBI BRIPAKAIOT ONAr0JapHOCTh y9acTHUKAM Poccuiickoit
apkTHYecKoi skcreaunuu Ha apxunenare Llmunoepren ®I'BY «AAHUIN» 3a mpemo-
CTaBJIEHHOE 00OpPYyIOBaHNE, 32 ITOMOIIb B OPIaHU3alMU U TIPOBEICHUN OJIEBBIX padoT.
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Pe3rome

BrrranBanmue nommronansHO-KITBHBIX 16108 (IDKJT) onpenenser uraMuky penbeda MoauroHabHbIX TOpgs-
HIKOB. MacCHBBI HOMMTOHATBHBIX TOp(sHIKOB [Typ-TazoBckoro Mexaypedss cOCTABISIOT B cpesaeM 6,5 % ot
o0meit mromtaay. L{ensio necnenoBanus ABISETCS YCTAaHOBICHNE KPAaTKOCPOYHEIX TEMITOB M HAIIPABICHHOCTH
M3MEHEeHNs penbeda TOPGIHUKOB 1107 COBMECTHBIM JEHCTBHEM TEXHOTEHHBIX M €CTECTBEHHBIX (haKTOPOB,
OCHOBaHHOE Ha MOHHTOpHHTE 32 iepron 20052022 rr. [1o ciyTHUKOBBIM CHUMKaM H OpTO(OTOILTAaHAM OKOH-
TypeHbI MOP(OIOTHIECKUE HTEMEHTHI TOP(SHNKA H OTIPE/IeTCHBI MX IUIOMAH 3a pa3Hble Tojbl. MccienoBanms
TPOBEJICHBI HA TOP(SHUKE, HETIOCPEACTBEHHO MPIJIETAIONIEM K aBTOJ0POTe, TIOKPBITOIl OETOHHBIMHU ITHTAMI
(T1), mHa GoHOBOM TOp(SHUKE HA YAaTCHUN TpHMEepHO B 1,5 kM ot noporu (T2). 1151 BRISBICHNS €CTECTBEHHBIX
TPHYHH H3MEHEHHs pebeda TOpIHIKOB pacCMOTPEHO BIMSAHKE 0a30BBIX KIMMATHICCKUX XapaKTEPUCTHK.
VCTaHOBIIEHO, YTO HA YYacTKe K CeBEpO-3amaiy OT JOPOTH HaOMomaeTcs cTabMIM3aIys MOJIUTOHAIBHOTO
topsanka T1. Ha roro-Bocrounom yuactke T1 serpafarms mocie CTpOHTENIbCTBA JOPOTH PE3KO yCHITHIIACK.
[TonmronanbHbIE KaHABI PACIIMPSUTICH 3 CUET Aerpaaruy moinuroHos. Ha gonoBoM Topdsanke T2 ckopocTs
Ppa3pyIIeHus TOBEPXHOCTH HECKOIBKO BEIIIE, YeM Ha ceBepo-3anaaHoM yaacTke T1. ComocTaBineHne 0CHOBHBIX
TIOKa3aTelell KIMMara U CKOpoCTel Jerpajaluy MOMUTOHANBHOTO penbeda He Jano SBHEIX 3aBHCHMOCTEH.
BeposttHo, Gonbliree 3HaUCHIE MMEET PEXUM aTMOC(EPHBIX 0CAKOB, IepepacpeieieHie TOBEPXHOCTHOTO
CTOKA M CMEHa PEKIMOB 3aTOILICHNS TONTHTOHATBHEIX KAHAB 1 X IPSHUPOBAHNS, OTIPEICIIEMOT0 PUTMUIHBIM
XOZIOM JIETpajaIiy perbeda.

Kurouesnie cioBa: bIIJIA-chemka, KiMMaTH4eCKE apaMeTphbl, OJTUTOHbI, HOJIUTOHAIbHbIE KAHABbI, TOJIUT0-
HAaJIbHO-)KHIIBHBIE JIb/IbI, CITy THUKOBBIE CHUMKH, CTOK, TEPMOKAPCT, TEPMO3PO3HSL, TEXHOTCHHOE BO3ICHCTBHE.

Jast uutupoBanus: baokun E.M., babxunaE.A., JletiomanM. O., Xaiipyrnun P.P., Xomymoe A.B. MOHUTOPUHT
M3MEHEHHH penbeda MOMUroHaNbHBIX TOP(IHUKOB, TPUMBIKAIOIINX K aBTOA0pore 3amomspHoe — Ta3oBckwuii //
[Ipobnemsr Apkruku u Antapktuku. 2022. T. 68. Ne 4. C. 384-405. https://doi.org/10.30758/0555-2648-2022-
68-4-384-405.
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Summary

The thawing of polygonal ice wedges determines the dynamics of polygonal peatland relief. The polygonal peat
plateaus in the Pur-Taz interfluve account for an average of 6,5 % of the total area. The purpose of the proposed
study is to establish the short-term rates and direction of change in the plateaus’ relief under the combined action
of technogenic and natural factors, using monitoring data for the period 2005-2022. Based on satellite images
and orthophotoplans, elements of the peat plateaus have been outlined and their areas have been determined for
different time slices. The studies were carried out on a peat plateau immediately adjacent to the highway (T1)
and on a background peat plateau at a distance of about 1.5 km from the highway (T2). To identify the natural
causes of changes in the relief of the peat plateaus, the influence of climatic parameters is considered. The rates of
relief change in natural conditions and under the impact of the highway are also compared. It has been established
that in the area to the north-west of the highway the relief of the T1 polygonal peat plateau has stabilized. In
the south-east section of T1, degradation has sharply increased after the construction of the highway. Due to the
degradation of the polygons, the polygonal troughs expanded. In the background peat plateau T2, the rate of
relief degradation is somewhat higher than in the northwestern portion of T1. Comparison of the main climatic
parameters and degradation rates of the polygonal relief did not show any clear correlations. Probably, of greater
importance are the regime of atmospheric precipitation, the redistribution of surface runoff and recurrence of
flooding and drainage of the polygonal troughs, determined by the rhythmic course of the relief degradation.

Keywords: climatic controls, ice wedges, polygons, polygonal troughs, runoff, satellite imagery, technogenic
impact, thermoerosion, thermokarst, UAV survey.
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BBEJEHHUE

Ha ro)xHOM Ipefienie CIUIONIHOTO PacpoCTpaHEeHHsT MHOTOJICTHEMEP3ITBIX Topo B SIMa-
no-Herenkom aBroHOMHOM OKpyTe (IHAO) pacnpocTpaHeHbI TOPOSHUKHA C PA3BHTHIM IO~
JIATOHAITBHBIM Pebe()OM, KOTOPBIi (hOPMHUPYETCS CHCTEMOM TTOJMTOHATBHO-KIITBHBIX JIBIOB
(IDXJT), mocruraromux MomHOCTH 5 M [1-7]. CymiecTByeT HECKOIBKO KiIacCH(DUKAIHI TOP-
(hsTHUKOB, B OCHOBHOM MOP(OJIOTHIECKHX C BBIICICHAEM OYTPUCTBIX, INTOCKHUX M BAJIMKOBBIX
[4, 8, 9]. CragnitHOCTB B pa3BUTHH pelbeda TOPGSHUKOB B CBSI3U C TMHAMHUKOH PacTHTEIb-
Hoctu paccMarpuaeT A.IL. Teiprukos [4]. H.H. Pomanosckuii [10] oueHuBaer BiusHue
W3MEHEHHUI TEMIEPaTypHOTO PEXKIMA, COCTaBa M BIAYKHOCTH ITOPOJ] B XOIE KIIMMATHICCKUX
KoJleOaHWI Ha YepeJOBaHKE CTaINH pa3BUTHS MOIMTOHAIBHOTO MUKpopesbeda. B atux pabo-
TaX pacCMaTPHUBACTCS JOITOCPOYHAS SBOIOLHS TOPPSHUKOB, COMPSDKEHHAS C UX TIEPEXOIOM
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OT BAJIMKOBBIX K IUIOCKOOYTPHCTBIM U Jajlee K BBIMYKJIO-OyrprucThiM. OHAKO HUKTO paHee
HE OIIEHMBAJI KPAaTKOCPOUHBIE OBICTPBIE M3MEHEHHUS pebedha TOPPSIHUKOB, CBA3aHHbIE C CO-
BMECTHBIM JCHCTBHEM TEXHOTCHHBIX M €CTECTBEHHBIX (PAaKTOPOB.

IDKJT B TopdsiarKaxX QOPMUPYIOTCS CTONCTUSAMU W THICSUeneTusiMi. OTTanBaHUe JKe
MOYKET TIPOMCXOMUTH B TeueHue necsrmwietuit [11-13]. Jderpamammu [TDKIT cocoGeTByeT
TIOTEIUIEHNE, 0COOEHHO YBEIMUEHHE TEMIIEpaTyphl BO3IyXa U KOJIMYECTBA OCA/IKOB B JICTHUN
neprion [11, 14, 15]. 3a c4eT 3TOro MPOUCXOAUT YBEIMMYEHIE ITyOMHBI MHOTOJIETHETO TIPO-
TanBaHus ¢ goctikeHneM kposiu [DKJL. Kpome Toro, yBenmuenue nryOHHBI IPOTaUBaHM,
TIOBBIIICHUE TEMIIEPATypbl TIOPOJI, YMEHBIICHNE BIAKHOCTH M TTOCIIEIYIOIIEE BHITANBaHUE
TDKJI moryT OBITH CBA3aHBI C HAPYIIEHUSIMU [TOYBEHHO-PACTUTEILHOTO MOKPOBA, 00YCIIOB-
JICHHBIMU TaKHMH MPHYUHAMH, KaK TI0Kapbl, IPOE3]] BE3/IEXOMHOW TEXHUKH, CTPOUTEIIHCTBO
1 dKCIUTyaTanys aBrogopor [8, 16-22]. Tem caMbIM MPOBOIMPYETCS aKTUBH3AIHS ITPOIIECCOB
TepMOKapcTa M TEPMOAPO3HH. B HEKOTOPBIX MCCIIENOBAHUAX OTMEYACTCS, YTO JIeTpaaiis
IDKJT cBsi3ana miaBHBIM 00pa3oM € SKCTPEMAJIBbHBIMH 3HAUCHUSIMU JIETHEH TeMIlepaTyphl
BO3/yXa U CyMM 3UMHHX OCAJKOB, a HE C ITOCTETICHHBIM MOTeIUIeHHeM Kimmara [ 11, 23-25].

Hecmotpst Ha nHTEpeC K U3y4eHHIO TOP(HSHUKOB, TOCIETHEE BPEMsI OCHOBHOE BHU-
MaHHe YIeIsIeTCs N3YUCHUIO TeHe3rca U CBOICTB Topda [6, 26-28]. Ilyonukanuii xe 06
0COOEHHOCTAX Pa3BUTHS TOP(PSIHIKOB B COBPEMEHHBIX KIIMMATHIECKUX M aHTPOIIOTEHHBIX
YCIOBHAX HemocTaTodHo [29, 30-32].

Herpanammst [DKJT onpenensier AuHaAMUKY penbeda MONMUTOHATBHBIX TOP(QIHUKOB.
HUccnenoBanne npoueccoB aerpagannu [DKJI 1 tuHAMUKH TOTUTOHAIEHOTO perbeda
BKJTIOYAET N3MEPeHNsI MOP(HOMETPHUECKUX XapaKTepucTHK MuKpopebeda 1 IDKII, Temme-
paTypHOTO peXXrMa 1 IIIyOUHBI TPOTAaNBAHMs, HUBEIUPOBAHNE TIOBEPXHOCTH, OTOOP 1pod
M10YB, PACTUTEIBHOCTH U JIbJIA; TUCTAHIIMOHHBIC METO/BI BKIIOYAIOT eI PUPOBAHHIC
a’podoTocHIMKOB pa3HbIX JeT [11, 25]. Ocoboe BHUMaHME yIenseTcss H3yICHUIO THIPO-
JIOTHYECKOTO PEXHMMa M er0 M3MEHEHHH B cBs3U ¢ merpanxarmeit [DKII [29, 11, 33]. [lns
9TOTO UCTIONB3YIOTCS U TIOJIEBBIC N3MEPEHHMS (B TOM YHCIIe U3MEPEHUSI MOP()OMETPHUYECKUX
XapaKTePUCTHUK, IIIyONHBI CHEXKHOTO MIOKPOBA), M TUCTAHIMOHHBIE METOBI U MOJICINPO-
BaHHe [29], a Takke aHAU3 KIMMAaTHYeCKUuX AaHHbIX [11, 33].

JleTHre TemmepaTypHBIE SKCTPEMyMBI mociieqHero necstmierus (2012, 2016
u 2020 IT.) cKa3aIuCh Ha YBEIWYCHUU TITyOMHBI CE30HHOTO MPOTAWBAHUS M CBSI3aHHOM
C OTHM aKTUBHU3AIUU KPHOTEHHBIX MIPOIIECCOB TIPH TAsHUH MMOA3eMHOTO Thaa [34, 29]. Kor-
Jla K TeMIIepaTypHBIM KOJIeOaHUSIM 100aBIIseTCs TEXHOTEHHOE BO3/IeiiCTBIE, KPUOTEHHbIC
MIPOIIeCCHI TIPOTEKAFOT erle MHTeHcuBHEe [35, 36]. MacCHBBI TOMUTOHABHBIX TOP(SHIKOB
ITyp-Ta30BCKOTO MEXypeubs! BHIICICHBI C MTOMOIIBIO JIETATBHOTO ACMINA(PUPOBAHUS MO-
3aWKH KOCMHUYECKUX CHUMKOB [37]. Ha aToii Teppuropun 3adukcupoBano 2450 oTAENbHBIX
TOp(SHBIX MaCCHBOB, IPU 3TOM HUX BCTPEYaEMOCTh Bo3pactaeT ot menee 1 Ha 100 km?
BIOJTh FOXKHOW TPaHUIIBI 30HBI PACIIPOCTPAHECHUS MOJUTOHATBHBIX TOPHSIHUKOB 10 225
Ha 100 kM B paiioOHE HUCCIICAOBAHUS, COCTABIISS B CpeaHeM 6,5 % oT obrieil mionam.

C 2016 1. aBTOpPBI IPOBOAAT KOMILICKCHBIE TEOKPHUOIOTHICCKIE UCCIIEIOBAHUS B Ce-
Bepo-BocTouHOM yacTh [1yp-TazoBckoro Mexxaypeuss [38, 39], B ToM guciie BKIFOYAFOIITIE
HCCIIeIOBaHMS M3MEHEeHH penbeda Topdsankos [40, 41].

Llenbio mpeyIaraeMoro UCCIeA0BaHM SBISIETCS YCTAaHOBIEHHE TEMIIOB M HAIlPaBJICH-
HOCTH M3MEHEHHS pelbedha OMUTOHAIBHBIX TOp(sHNKOB ceBepHOit yacTh [Typ-TazoBckoro
MEXAypeubs, cBA3aHHOTO ¢ BbiTauBaHueM IDKJI, nox nelicTBUEM eCTECTBEHHBIX KIMMa-
THYECKHUX KOJIEOAHWI M TEXHOTEHHBIX BO3IEHCTBUIA.
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Penbed paiioHa nccineqoBaHUi — PaBHUHHBIN, TOBEPXHOCTh XapaKTEpU3yeTCs
3HAUUTENBHON 3a00m04eHHOCThIO [8, 42]. Teppurtopus npeacraBieHa MepBoOi U BTOPOi
HaJINONMEHHBIMU TeppacaMu ¢ a0COIIOTHBIMU BbIcoTaMu 0T 2—3 1o 10-25 m [43]. Paiion
HCCJIEJIOBAHUN OTHOCHUTCS K 30HE CIUIOIIHOTO PacHpOCTPAHEHUS MHOTOJIETHEMEP3IbIX
nopox [44, 45].

Jnst uccnenyemoro paiioHa XapakTepeH CYpOBBIHM KJIMMAT, CpeJHss ToJoBas TeM-
neparypa BO3ayxa Mo mereoctanuuu TasoBckuii 3a nepuog 1969-1989 rr. cocrapmsi-
na —9,3 °C [46], a 3a nepuon 2001-2021 rr. ona nossicunack 10 —6,8 °C [47]. Cym-
Ma aTMOC(EpHBIX 0CaIKOB, OCpeaHeHHas 3a nepuoi 1966—1990 1. cocrapmsuia 355 mm,
npu 3ToM Oosbmast ux yacth (200 MM) Beinajana B Teruiblil nepuon [47]. 3a nmepuon
2001-2021 rr. cpeansisi cyMMa ocaJlkoB BeIpociia 1o 560 MM, npudem OoJibliast X 4acTb
MPUXOIUTCS Ha 3UMHHN niepuox (B cpemnem 320 mm) [47, 48]. Temneparypa mopon Ha
IIyOWHE HYJIEBBIX TOJOBBIX aMIUIUTYJ B pernone Bapwsupyercs ot 0 °C mo —3...—6 °C.
Bornee BricOKast TeMneparypa HaOmonaercs B oiiMax pek 1 Ha | HaamoiiMeHHOH Teppace,
Oonee Hu3kas — Ha Il HajmoOMeHHOM Teppace U B MaccUBax TOPQstHUKOB [42, 46]. s
HCCJIEyeMOr0 paiioHa XapaKTepHbI MOJIUTOHAIBHBIE TOP(SIHUKH, HAXOSIIHECS] B HUCXO-
nsieit craauu passutus no H.H. Pomanosckomy [10].

HcenenoBanust mpoBeieHbl Ha TOP(SHNKE, HEMOCPEICTBEHHO MPUIIETAIONIEM K aBTO-
nopore (merpamupytorieM Topdsiauke T1), 1 Ha POHOBOM TOP(SIHUKE HA yIaJICHUH PH-
MepHO B 1,5 kM ot noporu (craduibhbiii Topdsiauk T2) (puc. 1). Penbed uccnemyempix
TophsiHUKOB M3y4vascs ¢ 2016 . exXeroHo B Hayasie M KOHIIE JIETHETO CE30HA Ha3eMHBIMH

S5

0 2 4 8 12 16 KM
Puc. 1. Cxema pacnolioXeHusl y4aCcTKOB HCCIIEI0BaHMs. 3eIeHBIMH KPY)KKaMu MOKa3aHbl: / — Topdsi-
HHK, TTOIBEP)KEHHBIN TeXHOreHHOMY Bo3zeiicTBHIO (T1), 2 — TOpdsSHUK B €CTECTBEHHBIX YCIOBHUSIX
(T2). I'pannusl kocMuueckux cHUMKOB: A — 2005 u 2016 rr,, b — 2012, B—2017 .

Fig. 1. Sketch-map of study sites. Green circles refer to: / — peat plateau under technogenic impact
(T1); 2 — peat plateau in natural environments (T2). Limits of satellite images dated: A — 2005
and 2016; 5 —2012; B— 2017
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Tabruya 1
I[MapaMeTpsl HCNOJIb3yeMbIX THCTAHIHOHHBIX MATEPHAJIOB
Table 1
Parameters of distance materials used
Hucno pucit ., |ObopynoBaHme-
C TIOJIOXKHUTEIEHON
T N UCTOYHUK Hara IIpocrpancTBeHHOE
un TEMIIepaTypoit
BU3YaITbHBIX ChEMKHU paspelieHue, M
BO3IyXa MEKIY
JTAHHBIX
JaTaMH ChbEMKHU
KocmocHumMok - Quickbird-2 | 02.09.2005 0,5
="— 888 WorldView-2 | 01.07.2012 0,4
To xe 543 «“ 15.07.2016 0,5
To xe 132 WorldView-3 | 18.07.2017 -"—
OprodoToruanst 126 DIJI FC300X |19.07.2018— 0,03
20.07.2018
=" 128 DJI Mavic Pro | 30.06.2019— 0,02
07.07.2019
To xe 169 DJI Mavic | 06.07.2020- ==
Pro 2 13.07.2020
To xe 149 —“— 18.07.2021— To xe
24.07.2021
To xe 155 To xe 21.07.2022— To xe
26.07.2022

MeToamMHy. B Hauarne mcciietoBaHMi IPOBOIMIIACH TAXEOMETPUUECKAs CheMKa, ITO3IHEE 3a-
meneHHast Ha BITJIA-ceeMKy n3-3a yenoxnusmierocs penbseda. Taxxe pemmdpruposanich
JIOCTYITHbIE KOCMOCHHUMKH BBICOKOTO IPOCTPAHCTBEHHOTO pa3perenust (Tadm. 1). [TokperTue
KOCMOCHHUMKAaMH HCCIIElyeMbIX Y4acTKoB He coBragaeT (cM. puc. 1). Topdsiauk T1 moxpsIT
KocMuueckon chemkoit 2005, 2012, 2016 u 2017 rr. u BITJIA-cpemroit 2018-2022 IT. TOIBEKO
Ha [0ro-BocTo4HOM cermenTe Topdsiauka T1ro (M. Tabm. 1). CeBepo-BOCTOUHBIN CETMEHT
OKPBIT KocMocheMkoit 2005, 2012 rr. u BITIA-cwemxoit 2022 1. {nst Topdsiauka T2 ecTb
rocmocHuUMKH 2005 1 2016 rr. m BIUUIA-chemka 2022 1. (cM. puc. 1, Tadm. 1).

[Tocrpoens! mudpoBsie Mozesu penbeda n oprodororuiansl. C momorso oprodo-
TOIUIAHOB 110 MHIWKAIIMOHHBIM ITpHU3HaKaM ((h)OTOTOHY, THIIAM PACTUTEIBHOCTH U BIAaX-
HOCTH, JINHEWHOCTH I'PAHUI]), & TAK)KE C UCIOIb30BAHUEM TIPEBBIIICHNI TOBEPXHOCTH Ha
OCHOBE JICTAILHBIX HU(POBBIX MOJIeNeH penbeda OKOHTYPEHBI SIIEMEHTHI TOp(sIHIKa —
TIOJIUTOHBI ¥ TIOJIMTOHAJIBHBIE KaHABBI 1 ONPE/EIICHBI MJIOMAAN U ITyOMHA pacuieHEHHs
JUISL KQKJIOTO 2JIEMEHTA.

J171s1 BBISIBIIEHUSI €CTECTBEHHBIX PUYHH JeTpaialiii TOp(sHUKOB 00pabOoTaHbI 1aH-
Hble MeTeocTaHIui. OCHOBHBIE (PAaKTOPBI — CyMMa MOJIOKUTEIBHBIX TEMIIEPaTyp BO3/IyXa
1 KOJIMYECTBO aTMOC(EPHBIX 0CaIKOB — 00padaThIBaIiCh 0co0BIM criocoboM. [Tockombky
OCHOBHOW aHAJIM3 M3MEHEHUH perbeda MpoBOAMICS 32 EPHOIBI MEXKAY JaTaMH CITyT-
HUKOBBIX U HA3eMHBIX CbEMOK, TO M KJIMMaTHIECKUE NapaMeTpbl CyMMHPOBAIIUCH 33 3TH
TIEPHOBI MEXTy JlaTaMu, IIPUBEJCHHBIMH B Ta0I. 1. [l TOro 4ToOBI COMOCTABIIATE TEMITHI
paspyuieHus: penbeda, NoITyUYeHHBIE 32 pa3Hble MPOMEXYTKH BpeMeHH (OT HECKOJIBKUX
MECSIIIEB /10 HECKOJIBKHX JIET B 3aBUCUMOCTH OT JIOCTYITHOCTH AMCTAHIIMOHHBIX MaTrepua-
JIOB), TIApaMeTPbl HOPMHUPOBAIMCH OTHOCUTEIFHO NMPOJOJIKATEIBHOCTH TEILIOTO NEPHOJIa,
3aKJIFOYEHHOT0 MEX/Iy COCEIHUMHM JlaTaMH CheMKH (CM. Tall1. 1, BTopast KOJIOHKa).
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Moauronanbusiii Toppsanuk T1

[MonuronansHelit TopdsiHuk T1 pacronoxeH Ha TOBEPXHOCTH XachIpest ¢ adCOIOT-
HbIMH oTMeTKaMH 6—9 M. [ToBepXxHOCTH TOpdsiHNKA sTYencTast, pa3duTa MHOTOYHCIICHHbI-
MH TI€PECEKAONMMUCS MOPO300OHHBIMH TPEIIMHAMHU Ha MPSIMOYTOJIbHBIE, TPEYTOJIbHbIE
Y MHOTOYTOJIbHBIE TJIOCKUE MOJIMTOHBI, 00paMJICHHBIE TTOJIMTOHAJIBHBIMY KaHaBaMH. L{eH-
TpajbHas 4acTh MOJIUTOHOB YacTo Ha 0,2—0,3 M Hike nepuepuitHol, a UX MOBEPXHOCTh
MecTaMM MeJIKOOyropKoBarasi, yBilaxHeHHast. TOp(QSIHUK MepeceKaeTcss HaChIIbI0 aBTOMO-
OMIIBHOMW JIOPOTH BBICOTOH 70 3 M, MocTpoeHHOW B repuox 1994-1995 rr. u nokpeiToi
O6eToHHBIMU TIMTAaMH. DparMeHT TophsIHMKA K CeBepo-3araay OT J0poru 0003HaueH KaK
Tlc, a k roro-BocToky Kak Tlio (puc. 2a).

100 150 m|

Puc. 2. CtpykTypa MOBEpXHOCTH MOJUTOHAIBHBIX TOPQSHNUKOB: @) T110 (Y4aCTOK K I0T0-BOCTOKY OT
aBrogoporu) u T lc (y4acTok K ceBepo-3anany ot aBTooporn); 6) T2 (o6a Ha kocmocHuMKe 2005 1n);
[ — rpaHuMIIa y4acTKa ChbeMKH 1 MOHUTOPHHTA, 2 — KOHTYPbI IIOJIUTOHOB H TIOJNTOHAIBHBIX KaHAB
MEXIy HUMH, 3 — KaHaBbl 0€3 PAaCTHTEILHOCTH, 3alOJHEHHbIC HAa JIaTy CheMKH BOJOMH. IpsiMas
Geast mMoI0ca — HACHINb ABTOJOPOTH

Fig. 2. Polygonal peat plateau surface structure: @) Tlro (site south-east of the highway) and Tlc
(site north-west of the highway); 6) T2 (both sites on a 2005 image); / — limits of the survey and
monitoring site; 2— outlines of the polygons and polygonal troughs in between; 3 — troughs without
vegetation, flooded with water on the date of the survey. The straight white stripe is a highway.
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B npenenax TopdsiHIKa BBIIEISIIOTCS:

— MOBEPXHOCTH MOJINTOHOB, OTHOCUTEIBHO JIPEHUPOBAHHAS,

— CHIDKEHHAsl TIOBEPXHOCTD ITOJIMTOHOB, CIa00ApEHUPOBAHHAS;

— MOJINTOHAJIBHBIC KaHABBI, YBIAXXHEHHBIC;

— mepeynTyOiieHHbIe, OOBOTHEHHBIE MTOJIUTOHAIBHBIC KAHABbBI, BOSHUKIINE B PE3YIlb-
tare BbITauBanus [DKJL.

[TepeyrnyOneHHbIE KaHABbI, THO KOTOPBIX IMOKPHITO Ca00pa3sIoKHUBIICHCS PACTH-
TEIBHOCTBIO0, YaCTHYHO OBIBAIOT 3aTOIICHBI BOJIOH, B HUX OOHAPYKMUBAIOTCS 00BATMBILINECS
(parMeHTHI OJIMTOHOB C OCTATOYHOM PACTUTENBHOCTBIO, HEKOTOPBIE KaHABBI JOCTUTIAIOT
DIyOMHBI 3 M U HEPHOINYECKH IPEHUPYIOTCS Yepe3 CTOK B CMEXKHOE 03€po.

IInowaoka monumopunza Tlr. [y ouenku temmnos nerpagauuu [DKJI Ha yuyactke
Topdsiauka T1r0 1 ciemyromero 3a 3TUM U3MEHEHUs penbeda MpoaHaTM3MpOBaHA M-
HaMUKa MTOJUTOHOB TOP(SHUKA Ha OCHOBE Ha3zeMHOU chemku 20162021 rT. u aHanmm3a
kocMocHUMKOB 2005, 2012 1 2016 tT. (cM. Tabmn. 1). Onenensr Temmsl aerpaganun [IDKIT
Ha y4gacTke Top¢sanka T110 u n3MeHeHH! penbeda.

Co Bpemenu crpoutenscTBa aBrogoporu (1994—1995 rr.) mo 2005 r. (mepsoro no-
CTYITHOTO KOCMOCHHMMKA) MPOM30ILIO HE3HAYUTEIBFHOE Pa3pylICHHE TTOBEPXHOCTH TOP-
¢sHMKa 3a cuet BhITanBaHus [1DKJI, mponcxosiero ToiabpKo y OCHOBAHUS HACBIIHN 3a
CUET CKOIUICHHUS BOJIbI B CHIDKCHHBIX yJacTKaxX, YTO U MHAWIHUPYETCS HA CHUMKE YEPHBIM
(oToToHOM. Pa3pymienns momuroHoB 3a mpeesiaMu OAHOXKbSI Hackiy Ha cHUMKe 2005 1.
HE BBISABIICHO (CM. puc. 2a).

Ha BeigenenHo# mwiomany B 26958 m? (cM. puc. 2a) 10 KOCMOCHUMKAM CBEPXBbI-
COKOT'0 TIPOCTPAHCTBEHHOTO paszpenieHus 1 mo cHuMkaM ¢ BITJIA Bbranciens! miomann
Ka)KJJOr0 MOJIMTOHA ¥ CyMMa IUIOIIa el BCEX MOJINTOHOB Ha KKIYIO JaTy ChbeMKH. 3aTeM
13 IUIONIA M Y9acTKa ChEMKH BBIYTEHA CyMMapHast IUIOMIA b TIOJIMTOHOB, YTO B PE3YJIBTATE
JlaeT IUTONIa/b BCEX IOJIMTOHAIBHBIX KaHaB. OTAENbHO KapTHPYIOTCS ITOJIMTOHAIBHBIC
KaHaBbl, BBIACISIIONINECS HA CHUMKAaX O4€Hb TEMHBIM LIBETOM, YTO WHTEPIIPETUPYETCS
HaMM KaK OTCYTCTBHE PACTHTEIBHOCTH, & CIEJOBATEIbHO, JIerpajanys C MOBBIIICHHON
CKOPOCTBIO, W BBIYMCIICHA MX IJIOMAAb. M3 CyMMapHOW IUTONMIa M KaHAB BBIYTEHA ILIO-
aJb JETPajupyONMX MOJIUTOHAIBHBIX KaHaB, TAKUM 00pa3oM yCTaHOBJICHA IIJIOIIA/b
BCE eIlle CTAOMIIbHBIX KaHaB.

Ha pucynke 3¢ mokazaHa JUHAMHKA IUIOIIA ITOJMTOHOB M MOJIMIOHAJIBHBIX Ka-
HaB, MOJyYCHHAs! COITOCTABICHUEM 3HAYCHUI M3MEPEHHBIX IUIOMAAeH Ha KOCMUYECKUX
CHHMKaX ¥ OPTO(OTOIIIaHaX, COCTaBICHHBIX Ha ocHOBaHWH BITJIA-chremkn 2005-2022 T
(cm. Tabm. 1).

Ha puc. 3a BunHO, 4TO CyMMapHas IUIOIA(b MOJUTOHOB, KaK U IUIOIAb CTa-
OWMIIBHBIX KaHAB, OTPAXKAIOIINX UCXOIHOE COCTOSHUE TOP(SIHIKA, YOBIBAIOT ¢ OOJBIICH
ckopocTbio 10 2019 1., mocie yero ux paspyuieHue HeMHOTO 3amemisiercs. [Ipu R?
6omnee 95 % MOXXHO ZOCTATOYHO JOCTOBEPHO OLICHUTH MOTEPIO IJIOMAAN B MPOIIIOM
CTAaOMIILHOTO MOJUTOHAIBLHOTO TOP(SHUKA HA HEKOTOPBIH MEPHUO BpeMEHU. 3a cuer
YMCEHBIICHHS MJIONIaAN TOJIUTOHOB M CTa0MJIBHBIX IOJIMTOHATIBHBIX KAHAB PAaCIINpS-
I0TCSI ¥ PacTyT MO IUIOMIAAM JIErPaJNupPYIONNe MOJUTOHATIbHBIE KaHaBBI, OJHAKO CO
CKOpPOCTHIO, TaKkke yOriBatomieit mocie uromnst 2019 r. [lmomans gerpaaupyonmx mo-
JUTOHAIBHBIX KaHAB pacTeT ObIcTpee, YeM CyMMapHas IUIOINAJb KaHaB, a 3HAYMT, CO
BpEMEHEM CTa0MJIBHBIC KaHABBI BOBJIEKAIOTCS B IIPOLIECC 3aTOIICHUS, TIPOTaNBaHMUS,
pa3MbIBa U OCAJIKH.
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Puc. 3. Jlunamuka pa3pymieHus MOJIUToHaNBHOTO TopdsiHuka Tlio B 2005-2022 rT. 0 HaHHBIM
JIUCTaHIOHHOTO 30HMPOBAHUS: ¢) N3MEHCHUE IUIONAH MOJIUTOHOB U IIOJUTOHAIBHBIX KaHaB;
0) MI3MEHCHNE IUIOMAAN CTAa0MIBHBIX U ACTPAAUPYIOMINX ITOJUIOHAIBHEIX KaHaB, B IIepecyere Ha |
CYTKH JICTHETO [IEPHOJIa; 8) CBSA3b M3MEHEHUS IUIOIAAN ITOJTUTOHAIBHBIX KAaHAB C KIMMAaTHIeCKIMU
XapaKTEPUCTUKAMHU.

I-1V — srams! gerpaganun penabeda TophsIHuKa

Fig. 3. Dynamics of polygonal peat plateau T 110 change in 2005-2022 estimated using remote-sensing
data: @) changes in area of polygons and polygonal troughs; 6) changes in area of stable and degrading
polygonal troughs normalized with respect to 1 summer day; 6) relation of polygonal trough area
changes to climatic parameters.

I - IV — Stages of peat plateau degradation
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[ockonmbKy pe3ynbTaThl IMOTYYCHBI 32 Pa3HbIe IPOMEKYTKH BPEMEHH, TO MBI PaCCUnTa-
T TIPOJOIDKUTENFHOCTD TETIOTO MepHo/ia MEXKIY AaTaMH ChEeMKH, KOTOpast CKIIaIbIBACTCS
13 BTOPOIA TIOJIOBUHEI JI€Ta MPEIBIAYIIETO rofia M MepBO MOJIOBUHBI JIETA CIEAYIOIIETO Tofa
OT HIOJIS JI0 MEOJIA (CM. TaOM. 1), ¥ IprBeENH pe3yabTaThl H3MEPEHNUS TUIOMIA e K CyTOUHBIM,
pa3zmenuB Ha MPONOIDKUATENFHOCTE 3TOro Iepuofa. Kak cinemyer u3 rpadukoB (puc. 30),
TUTOIA/Th TIOIMTOHATBHBIX KaHAB B [IEJIOM YBEIUYMBACTCS (ILIOMIAIh KOPUIHEBOH (PUTYPHI
OOITBIIIe TIIOMIAAN 3eJICHOW 10 a0COMOTHOW BEMUUMHE). MaKCHMAaTBHBIA POCT MPHIIIEICS
Ha seto 2017 1., mocne yero o0a rpaduka cTary IpUONMKATECS K HYIEO, 3HAYHT, TIPOLIECC
3aryxaeT BO BpeMeHH. OIHAKO JerpaaupyroNIie MOJMTOHaIbHbIC KaHABHI 32 BpeMsl Ha-
OJFONEHUI yBEITMYMBAIOTCS IO TUTOIIA I HAMHOTO OBICTpee, YeM BCe KaHaBEI CYMMAapHO.
Ha rpaduke (cMm. puc. 36) 3T0 BBIpakaeTcsi B TOM, YTO TEMITh YBEIMUYCHHUS TUIOIA I CTa-
OWJIBHBIX KaHAB YMEHBIIAFOTCS ITOYTH 10 HYIA yke K 2020 1., a rromans 1erpaaupyrommnx
KaHaB, C YMCHBIIICHIEM TEMITOB U3MEHECHHS WX TUIOIIAIH, TEM He MEHEe MTOCTOSHHO PACTET.
K 2022 r. nuomaap erpaaupyomux KaHaB yBEJIUUMBAETCSl HE3HAYUTENBHO, a IUIOMIAb
CTaOWIbHBIX KaHAB MPAKTUYECKH HE MEHSETCS, a 3HAUUT, B 3TOT MIEPHO]] M COKPAIIICHHE III0-
II[a/I1 TTOUTOHOB HE3HAYUTENHHO U CBSI3aHO TOJBKO C PaCIIMPEHUEM JETPAIUpPYIOMINX KaHaB.

Ha rpaduxe (cM. puc. 36) 0OTIeTIINBO BBIACISAIOTCS 4 dTamna:

— TIOCTeTIeHHAas ACTpaJalus penbeda TopPsHuKa ¢ HeOOTBIIONH CKOPOCTHIO JI0 HIONS
2017 . (I);

— pe3koe yCHIICHHE TEMIIOB JIerpaIaliiy ¢ KoM K Hadary sera 2018 . (1D);

— pe3koe CHIDKEHUE TeMITOB Aerpaganni kK Hadany jera 2020 r. (1ID);

— MOCTETIeHHOE 3aTyXaHue aerpamganuu k sety 2022 . (IV).

ComnocraBieHHe CKOPOCTEH pocTa IUIOMIaIi MOJUTOHATBHBIX KaHAB C KIIMMaTHie-
CKUMH TTapaMeTPaMH TTOKa3aJIo CIeAyoIee. IKCTPEMYM POCTa IDIOMAIH KaHaB, KOTOPBIA
Bblnaj Ha jero 2017 r., He CBsI3aH C CyMMaMH MOJIOKUTEIbHBIX TEMIIEPATyp U OTYACTU
OTpakaeT MUHUMYM aTMOC(EpPHBIX 0CAIKOB 3a MEPHO MEXIY W3MEpeHUsIMH (pucC. 38).
Opnako, Bo3MOkHO, THK 2017-2018 rT. sBNsieTCs peaknueld Ha BOJHY MOTEIUICHUS 3a
HecKoJbKo npenpinymux jet ¢ 2012 no 2017 r. HeonpeneneHHOCTh CBsA3aHa OTYACTH
C OTCYTCTBHEM 00Jiee YaCTBIX CHEMOK, KOTOPBIE TTO3BOIMIH OBl OMPEAETHTH TEMIIBI YBE-
JINYCHUS TUTOIIAIM ITOJIMTIOHANBHBIX KAHAB 32 KayKIbIH MECSII MU HEIEI0 U COIIOCTaBUTh
WX C COOTBETCTBYIOIIMMH KIMMATHUECKAMHU MapaMeTpaMH.

IInowaoxa monumopunza Tlc. [1j1s1 OIEHKH COBMECTHOT'O BIIUSIHUSI €CTECTBEHHBIX
YCIIOBUM M HACBIIIM PACCMOTPENH y4acToK T 1c, pacnonoKeHHbIN K ceBepo-3anany oT aB-
TOAOPOTH M OTIIMYAOIIIIICS BU3YAIBHO MO TeMIIaM JeTpaganud penbeda (cMm. puc. 2a).
Hanmuane m paspernieHne QUCTAaHIIMOHHBIX MAaTEPHAJIOB IS 3TOTO YYacTKa MO3BOJIMIIH
paccMoTpeTh aBa BpeMeHHBIX oTpeska: 09.2005-07.2012 u 07.2012-07.2022 . (puc. 4).
Habnronaercs TeHOeHNINS, aHATOTUYIHAS TOH, 4To Ha ydacTke T110. CHIKaeTcs romanb
MTOJIUTOHOB U CTaOWMJIBHBIX KaHAB MPH YBEIMUCHNUH IUIOMIAAN JIETPAIUPYIOIINX KaHAB, TIPHU-
4yeM TocjeqHee — ¢ 0ojee 3aMEeTHBIM TpanueHToM (puc. 4a). 3a mepuox 2005-2022 rr.
IUIOLIA/Ib JACTPAUPYIOLINX KAaHAB HA 9TOM ydacTke Beipocia B 2 pa3a (¢ 1142 o 2316 m?).

Ha puc. 4a BumHO, 9T0 CyMMapHas IUIONIa b MOIUTOHOB, KaK ¥ TUIOMIAb CTAOMIBHBIX
KaHaB, OTPaXAFOIINX UCXOITHOE COCTOSHHE TOP(PSIHUKA, YOBIBAIOT MPAKTUICCKH THHEHHO
C OUYCHH HHU3KOH CKOPOCTHIO. Jlerpaaupyromire moMroHa bHbIe KaHaBbl PAcTyT ¢ MaJlon
CKOpOCTHIO. I10CKOIBKY IIIOMIAIh CTAOMIBHBIX KaHAB YOBIBAaET SBHO OBICTpEE, YeM TLIO-
a1k TOJIMTOHOB, TO MOYKHO CYUTATH ITOJIUTOHBI MMPAKTHYESCKH CTAOMIHHBIMHE, a TIPOHUC-
XOIUT 3aTOIUICHUE W PACIIUPEHUE CTAOMIBHBIX TPEekK/Ie KaHaB.
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Puc. 4. lunamuka paspyuieHus noiuronansHoro topdsiauka Tle B 2005-2022 rr. mo JaHHBIM
JMCTAHIMOHHOTO 30HMPOBAHUS: @) U3MEHEHHE IUIOLIA/IH MOJIUIOHOB M IOJIMIOHAIbHBIX KaHAaB;
0) U3MEHEHHE IUIOIAM CTA0WIbHBIX U JerpaJupyIOIHX IIOJIUTOHAIBHBIX KaHaB, B IIepecueTe Ha
1 CyTKH JIETHETO NEPUO/IA; 6) CBSA3b M3MEHEHHU ILIOIIA 1 HOJIMIOHAIBHbIX KaHAB C KIIMMaTHYECKUMU
XapaKTepUCTUKAMU

Fig. 4. Dynamics of the polygonal peat plateau T1c change in 2005-2022 estimated using remote-
sensing data: a) changes in area of polygons and polygonal troughs; 6) changes in area of stable
and degrading polygonal troughs normalized with respect to 1 summer day; ) relation of polygonal
trough area changes to climatic parameters
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Puc. 5. JIlunamuika paspyuieHus noiuroHaibHoro topdsuuka T2 B 2005-2022 rr. mo JAaHHBIM
JICTAHIIMOHHOTO 30HIMPOBAHUS: () U3MCHCHHUE ILIOIIAH MOJUTOHOB M MOJUTOHAIBHBIX KaHAB;
6) U3MCHCHHE TJIOIAAN CTAOMIIBHBIX U JIETPAUPYIOIINX TOJIMTOHAIBHBIX KaHaB, B MIEpecUcTe Ha
1 cyTKHM JIETHETO EPHO/IA; 6) CBSI3b H3MEHEHHUS TUTOIIA U TTOJIMTOHAIBHBIX KAHAB C KIIMMATHYCCKUMU
XapaKTepUCTUKAMU

Fig. 5. Dynamics of the polygonal peat plateau T2 change in 2005-2022 estimated using remote-
sensing data: @) changes in area of polygons and polygonal troughs; 6) changes in area of stable and
degrading polygonal troughs normalized with respect to 1 summer day; 6) relation of polygonal trough
area changes to climatic parameters
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I'paduxu (puc. 40) TOCTPOEHBI AHAIOTHYHO TPUBEACHHBIM Ha puc. 36. IInomans
MOJIMTOHAIBHBIX KaHAB B II€JI0OM yBEIMYHMBACTCS (TLIONIA (b KOPHUHEBOH (UTYpHI OObIIIe
TUTOIIA/IH 3€JIeHOH 1o abcomoTHOH BenmunHe). [Tpn 3TOM npupocT MmiIomann 1erpaaupy-
IOIINX TTOJIMTOHAJIBHBIX KaHaB 32 BpeMsl HaOMIOICHNH yObIBACT, a TIIOMAAN CTaOMIBHBIX
KaHaB CHIDKAIOTCS, HO C MEHBIIUM T'PaJNEHTOM.

ComocraBieHre U3MEHEHNS TIOMAAN TTOJIMTOHAIBHBIX KaHAB ¢ KIMMaTHYeCKUMHA
napaMeTpaMH ToKa3aHo Ha puc. 46. [locieanss nexana xapakTepusyercst 0osiee BEICOKOH
CYMMO JISTHUX TEMIIEpaTyp U MEHbIIIEH CyMMO arMOC(EpHBIX 0caaKkoB. OIHAKO TEMITBI
MPUPOCTA TUIONIAIN ACTPaIUPYIOMINX MTOJUTOHATIBHBIX KaHAB CHIDKAIOTCS, KaK U TEMITBI
CHIDKCHUS TUIOIIAAN CTaOMIIbHBIX KaHaB, YTO B HEKOTOPOH CTETNIEHH COOTBETCTBYET TPEHY
CYMMBI aTMOC(EpHBIX OCAKOB, a HE JIETHETO TEIUIa.

Moauronaasusiii Toppsinuk T2

JI71st OLICHKHM BIMSIHUS @BTOIOPOTH Ha TEMITBI IETPaIalliyl PHIIETAIOIIETO TOP(DIHUKA
pe3ysbTaThl MOHUTOPHHTA JeTpagupyroniero Topdsianka T1 comocTaBieHsl ¢ pe3yib-
TaTaMu, MOJYYEHHBIMH Ul Top(hsiHUKa T2, HAXOASIIEToCss B €CTECTBEHHBIX YCIOBUAX
(cMm. puc. 260). Takum 00pa3zoM, TakKe MOKET OBITh OLIEHEHO HETTO-BIHMSHUE KOJICOaHMA
KJIMMara.

Ha puc. 5a BuaHO, 9TO CyMMapHasi TIOMAAb TTOJMTOHOB YOBIBAET OYE€Hb ME/UICHHO,
a CyMMa IUIOIa el cTaOMIbHBIX KaHaB yOBIBAET HECKOIBKO ObIcTpee. ITockonbKy miomnans
CTaOMIBHBIX KaHAB yObIBAET OBICTpEE, YEM IUIOMIAb TOTUTOHOB, TO MOXKHO CUUTAThH I10-
JIMTOHBI MTPAKTHYECKH CTA0MIBHBIMU. [liT01anp qerpaanpyonmx MoOIUTOHAIBHBIX KaHAB
pacTeT HaMHOTO OBICTPEE M 3a CUET IUIONIAN ITOJIUTOHOB, 1 33 CYET IUIOMIAAN CTa0MIbHBIX
kaHaB. [Ipndem mpeobpa3oBaHue KaHaB 3aMETHO yckopsiercs jietom 2012 1.

Hannune n paspemeHre CHUMKOB TO3BOJIMIM PACCMOTPETh JBA BPEMEHHBIX OT-
peska: 09.2005-07.2016 u 07.2016-07.2022 rT. (cM. puc. 5). Habmromaercs TeHAeHITNS,
cXomHas ¢ TOH, 9yTo Ha y4acTke T1ro. CHIDKaeTCs IIIOMIaak TOJMUTOHOB U CTaOMIBHBIX
KaHaB TIPH YBEIMUCHUH TUIOMIAAN JIETPAANPYIOMNX KaHaB, IPHUYEM ToceHee — ¢ Ooree
3aMETHBIM TPaJIneHTOM (CM. pHuC. 5a). IIocKoNbKY TUTOmAAh CTAOMIBHBIX KaHAB yOBIBACT
MEJUICHHEE, YeM PacTeT IUIONIa/b ACrpaJpyIOINX KaHaB, TO, 3HAYNT, KAHABBI AETPai-
PYIOT B OCHOBHOM 3a CYET pa3pyIICHHUs MMOIUTOHOB (puc. 50). ComocTaBieHne CKopocTeit
poCTa IUIOLIAN TOJIMTOHABHBIX KaHAB C KIMMAaTHIECKUMH MTapaMeTpaMH TOKa3aHo Ha
puc. 56. IlepBast yacTb pacCMaTpUBAEMOTO IEPHO/IA XapaKTEPHU3YETCs] MEHBIIIMMH CyMMaMH
MOJIOKUTENBHBIX TEMIIEpaTyp 1 OoJbIIel cyMMOil aTMOC(EPHBIX OCAIKOB MO CPABHEHUIO
CO BTOPOH YacThIO Meprosa. ITOMY COOTBETCTBYET W TEHICHIUS YBEINYEHHS IIIOMAAN
JIETPaANpPYIOIINX MOJUTOHAIBHBIX KaHAB.

JUCKYCCHUs

Hecmotpst Ha TO, 4TO MCXOAHAS CyMMapHas IJIOINAab JAErpajupyonuX KaHaB Ha
Tlc Gonbmre, yuem Ha Tlro, TeMIBI pocTa Aerpagupyromux kaHas Ha T 1o 3a mepuon
2005-2022 rr. 3HauuTenbHO Bhime u coctapisior 0,17 m?/m? npotus 0,04 m*/m? Ha Tlc
(tabm. 2). IpupocT aerpagupyromux kaHae coctapmi 0,04 m?/m* Ha T2. Takum o6pa-
30M, yuactok Tlc 3a mocnenuue 17 et He mojaBeprajics OTPULATEIbHOMY BIHSHUIO
aBrofoporu. [lockonpKy HawyajgbHas IUIONIAb JIETpaUpYIONINX KaHaB Ha y4dacTke Tlc
Obu1a BBINIE, YeM Ha ydacTke T1io (cM. Tabi. 2), TO MOXHO 3aKJIIOYUTh, YTO aBTOJIOPOTa
ChIrpajia CTaOMITM3UPYIOIIYIO POJIb JUTs penbeda ITOro ydacTka. MBI roaraem, 4to npH-
YHMHA 3TOTO JIGKUT B TIepepacipe/ie]IeHHH TIOBEPXHOCTHOTO CTOKA, KOTOPBIA M3MEHHJIICS
OJ] BIUSTHUEM JIoporH (puc. 6).
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Tabruya 2
CpaBHeHHe CKOpOCTeii pa3pyieHus pesibeda Tpex y4acTKOB MOHUTOPHHI A
Table 2
Comparison of relief destruction rates of three monitoring sites
WHupexc ygacTka MOHUTOPHHTA Tlrwo Tlc T2
[Lnomane yyacTka MOHUTOPUHTA (Hy, M%) 26958 27187 35228

[Tnomans aerpaaupyrommx KaHas (HAK), 5143 —492 =465112316 — 1142=1174|1933 — 447 = 1486
00pa3oBaBIIMXCS HAa yYacTKE 3a MEPUOJ
2005-2022 rr,, (11 2022 —I1_2005) Mm?
VnenbHas Iomas Jerpajaupyonmx 0,17 0,04 0,04
KaHaB, 00pa30BaBUIMXCS HA YYaCTKE 32
nepuox 2005-2022 rr.,

(H“K2022 - HILKZOOS/Hy) M%/m?

Puc. 6. Cxema mnepepacrpeieiCHUs] MOBEPXHOCTHOTO cToka Bozbl: a) 2005 1.; 6) 2017 r.; ¢) 2022
rox. / — CTOK ¢ Bojiopasjena; 2 — CTOK BJIOJIb TIOAHOXKbsl HACBIITU M BJIOJIb ITOJIMTOHAJIbHBIX KaHAB
TopdsiHuKa; 3 — BOAONPOITYCKHas TpyDa

Fig. 6. Sketch-map of surface runoff re-distribution in: a) 2005; 6) 2017; ¢) 2022. I — runoff from
the watershed; 2 — runoff along the embankment base and along the polygonal troughs of the peat
plateau; 3 — a culvert

B 2005 1. mpu TassHEM CHETa CTOK C BOAOPA3AEIIOB (KpacHBIC CTPEIKU) CKATLTABAIICS
y TOZIONIBHI CKIIOHA BOJOpaszena. Jlajgee CTOK pacipeielsuIcs YacThio K 03epaM U 9acThio
K Jopore (>KeJIThble CTPEJKH). B1oib 10r0-BOCTOYHOTO OTKOCA HACHIITM BOJA CTEKaja o
KaHaBaM B CaMyI0 HU3MEHHYIO 4acTh TOP(QSHNKA, B KOTOPOH 3aJI0’KeHa BOAOIIPOITYCKHAsI
TpyOa. Jlanee Boza muta yepe3 BOIOIPOIYCKHYIO TPyOy ¢ I0r0-BOCTOKAa HA IPOTHBOIIO-
JIO)KHYIO CTOPOHY HACBIIH, CKAIUIMBAsACh B TEPMOKApCTOBOM OItoziie (YepHOE MATHBIII-
KO Ha CHMMKE) M TI0 Mepe HAllOJHEHUs JJaJIbllIe TeKJa 10 KaHaBaM B CEBEpO-3amaHoe
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03epo (cM. puc. 6a). IIpu 3TOM TmpoIecchl TEPMOKApCTa U TEPMOIPO3HUHN C BBHITAHBAHHEM
TDXJT pazBuBamichk BAOIbL TOPOTH y OCHOBAHUS HACBIIH M 10 HANPABJICHUIO CTOKA, 000-
3HAUEHHOTO JKEJITHIMU CTPEJIKaMH Ha pHC. 6, OT TpyObl K CEBEpO-3aIaHOMY 03€epy IO
CYIIECTBOBABIICH paHee IPO3HOHHON TPOMOMHE.

[To mammMm HaOmoneHusM, k 2016 1. cBon (pyHKIIMK TIepecTasia BBITOTHITH BOJO-
IpomyckHas TpyOa. B cBsi3n ¢ 3TUM BOja Havaja CKaIUIMBATBhCS B OOJIBIINX 00ObeMax
U C I0r0-BOCTOYHON CTOPOHBI HACHINH, YTO B CBOIO OYEPEdb 3aIlyCTHIIO MPOIECCH Tep-
MOKapcTa ¥ TEPMOIPO3HUH B HAIPABICHNH IOTO-BOCTOYHOIO 03€pa ¢ 00pa30BaHUEM CETH
JIETPaTUPYIOIINX KaHaB (CM. puc. 60).

B nepuoa ¢ 2016 no 2022 1. ¢ ceBepo-3anaHON CTOPOHBI HACBIITA U3MEHEHUE CTOKA
HE BBISBIICHO, OCKOJIBKY HE OBIIO IepepacrpeneieHus croka yepe3 TpyOy. C roro-soc-
TOYHOH CTOPOHBI HACKHINHN CTOK Yepe3 CeTh ACTPATUPYIONINX KAaHAB HAXOANT BBIXOA B OTO-
BOCTOYHOE 03€pO, MUHYS BOJJOIPOITYCKHYIO TpyOy (cM. puc. 6g).

Ha BbIcOKOAETAIBHBIX KOCMOCHUMKAxX U cHUMKax ¢ BITJIA xopolio BUAEH pexum
3aIl0JHEHUSI MTOJMTOHAIBHBIX KaHaB BOAOH WM MX APEHHPOBAHUE, A 3HAYWT, U MPEoo-
JaJaHne B UX JIETPAIalUK MPOIECCOB TEPMOKAPCTa MM TEPMOIPO3UH COOTBETCTBEHHO.
Tak, ¢ 2005 o 2016 1. 3aTorIeHNEe MOMUMTOHAJIBHBIX KaHaB IIIJI0 MHTCHCUBHO BMECTE C HX
Jlerpajannei moa JeficTBHEM TepMOKapcTa, BOAa 3aHMMana 10 74 % turomany KaHas.
B nepuon 2016-2017 rr. Hauanoch ApEeHUPOBAHME NOJUTOHAIBHBIX KaHaB, U B 2019 1.
IpopBajack IMepeMbluka Mexy T110 1 Ioro-BoCTOYHBIM 03epoM. B 3TOT mepuon Hauan
mpeodiagaTh MpoIecce TepMOdpOo3uH U yrryonenus kaHas. K mepuony 2020-2022 rr.
ocTasach TOJIBKO 3aCTOIHAs BOJa Ha HanOoJIee HU3KMX y9acTKaxX JHUIIA MOJIUTOHAIBHBIX
KaHaB, 3aHMMAIOIINX IUIONIa s MeHee 5 %.

AKTHBHU3AILIMIO KPHOTEHHBIX MPOIIECCOB B MTOCIIETHHUE JCCSTHIICTHS CBSI3BIBAIOT C TI0-
TEIJIEHUEM KJIMMara, a IMEHHO C POCTOM CPEIHHX TOIOBBIX TEMIIEpaTyp BO3/IyXad, CYMM
MOJIOKUTEBHBIX TEMIIEpaTyp BO3/AyXa M KOIMYECTBA JIETHUX M 3UMHHUX arMOC(EpHBIX
0CaJIKOB, BIIMSIONIMM Ha COCTOSIHUE IMOJ3EMHBIX JbJIOB [34, 15, 49-54]. OTtmeuaercs, 4To
BeitanBanue [DKJI mporcxomut 3a cuer 4pe3BblYaiiHO BBICOKMX 3HAYCHUH JIETHUX TEMIIC-
paTyp BO3ayXa 1 KOJIMYECTBA JIETHUX OCAIKOB OT/ICIBHBIX JIET, TOTA KaK MOCTENEHHOE TI0-
TETICHIE KIIMMaTa He OKa3hIBaeT CyIIecTBEHHOTO BimsHwA [ 11, 23-25]. Tlo HammM TaHHBIM
HE YCTaHOBJICHO SIBHOE BIIMSIHUEC KOPOTKOIIEPHOIHBIX KOJICOaHUH KIMMaTa Ha pa3pylicHUe
TDXJT B Topdsirmkax Ha ceBepe [Typ-TazoBckoro mexmypedsst. KopoTkomepromaHas cTauii-
HOCTb, MO-BHANMOMY, CBSI3aHA C THPOJIOTHYECKAM PEXKHUMOM, KOTOPBIH KOHTPOIUPYETCs
COBMECTHBIM BJIMSIHHEM CyMM aTMOC(HEPHBIX 0CA/IKOB, H3MEHEHHS HAIIPABICHHS CTOKA, B TOM
YHCIIE TIO]T BIIMSTHUEM HACBIIH aBTOJJOPOTH M pabOUYeTo COCTOSHUS BOAOTIPOITYCKHON TPYyOBI,
M COOCTBEHHO pa3pymIeHNEM TOP(SIHIKOB B PE3YIBTATE CMEHBI peXUMa OIOKUPOBAHUS HIIH
pEeXNMa YCKOPEHHUS CTOKA.

BbIBO/IbI

MoHuTopHHT pernbeda MoTUroHaIbHBIX TOPGSIHUKOB, HAXOSIUXCS B €CTECTBEHHBIX
YCIIOBUSIX W TOJI BO3/ICHCTBHEM HACHINU aBTOAOPOTH, ITOKa3al CIEIyIoIIee.

— Ha yuacrtkax, nmpuerarommx K HachIl1 aBTOJJOPOTH, HAOIIOAAETC s CYIIECTBEHHOE
paznuuue MeXIy TeMIIaMH JIerpajalliy yJyacTka K FOr0-BOCTOKY M K CEBEepO-3araay OT
aBrozioporu. Ha ceBepo-3amaHOM y4acTKe B pe3yJbTare CyllleCTBOBAHUS Ha HA4yallo MC-
clieoBaHUH c(hOPMHUPOBABILEHCS DPO3UOHHON KaHABBI U MEPEPACTIPEICIICHHUS TOBEPXHOCT-
HOTO CTOKa CKOPOCTb JIerpa/ialiii TOp(sIHUKA COKPATHIIach, TO €CTh aBTO/IOPOra OKazasa
CTaOMIM3MpYIOIlee JIeHCTBIE Ha pebed MOJIUTOHAIBHOTO TOP(SIHUKA.
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— Ha 10ro-BOCTOYHOM yd4acTKe Ierpajalfisi mociie CTPOUTENIbCTBA JOPOTH PE3KO
ycmmunack. [lonmuroHansHple KaHABBl PACIIHPSUTACE 33 CUET JeTrpaJalliy IOIUTOHOB.

— Ha ¢oHOBOM yHyacTke CKOpOCTH JIeTpafalliii perbeda MOIUTOHAIFHOTO TOp(IHUKA,
HAXOJSIIETOCS B €CTECTBEHHBIX YCIOBUSAX, HECKOJIBKO BEIIIE, €M Ha yJacTKe, MpHjiera-
FOIIEM K aBTOZOPOTE C CeBepO-3amaia. ITO MOATBEPKAAET BBIBO O TOM, YTO aBTOIOPOTa
OKa3bIBaCT CTAOMIM3UPYIOIIee BO3ACHCTBIE Ha peribed) TOP(sIHUKA HA CEeBEpO-3aaHOM
ydacTKe.

— ComnocTaBieHNEe OCHOBHBIX TIOKa3aTelei KiiMMaTa i CKOPOCTEH Merpagaiui mo-
JUTOHAJIEHOTO penbeda He Jall SBHBIX 3aBHUCHMOCTEH. BeposTHo, Oonblee 3HaYCHHE
MMeeT TepepacipeielieHrne MOBEPXHOCTHOTO CTOKAa M CMEHA PEXMMOB 3aTOTUICHUS I10-
JUTOHAJNBHBIX KaHaB M MX JAPEHUPOBAHUS, ONMPEISIIEMOT0 CAMIM PUTMHYHBIM XOJIOM
JIeTrpaganuu penbeda: aKTHBH3AIM OOPYIICHUS TIOJUTOHOB B TEIUIOE JIETO MPUBOJUT
K OJIOKMPOBAHMIO CTOKA IO KaHaBaM M TEpPMOKapcTy. B Ooiee XOIOMHBIE TIEPHOIBI, CO-
YeTaIoMHecs CO 3HAYUTETHLHBIMU aTMOC(EPHBIMH OCaTKaMH, IpeodIafaeT IPOTOIHEIH
peXHUM B KaHaBaX W TEPMOIPO3Hs KaK (HaKTOp yBENHUYCHUS TIIyOWHBI M IUIOIIATH TI0-
JINTOHAJILHBIX KAHAB.

— BrIsBICHNE 3aKOHOMEPHOCTEH B3aUMOBIUSHIS JCTPAIallii TOJUTOHAIBHBIX TOP-
(hTHUKOB W KIMMATHIECKUX MAapaMeTpoB TpeOyeT OONBIIero BpEMEHHOTO pa3peIieHus
JUCTAaHIIMOHHBIX MaTEpUasoB, HAIPUMEP CbEMKH KJIHOueBbIX IUIomanok ¢ BITJIA B exe-
HE/ICTTHHOM PEXKHME.
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AHI/I30Tp0I[I/Iﬂ CHJI TPCHHUSA MOKOSA U TPECHUSA CKOJIbKCHUS
MOHOKPHUCTAJJIOB JIb/JAa
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Pe3rome

CBoiicTBa JIb/10B IIPHPOIHBIX BOZOEMOB 00YCIIOBICHBI X KPUCTAIIMYECKUM CTpoeHHeM. KpoMe MeXaHH4IecKnx
¥ IPOYHOCTHBIX XapaKTePHUCTHK JIb/Ia KAK TBEPIOTrO TeJa, UMEIOT O0JIbIIOE 3HAYCHNE XaPAKTEPHCTHKH TT0BEPX-
HOCTEH Jibja, IPOsBIIsieMble B TIpoliecce TpeHns. B pabote mccien0Banoch TpeHHe AByX MOHOKPHCTAILIOB
JIbJIa IPYT OTHOCHTEIBHO JIPyTa KaKk OCHOBA /ISl TOHUMAHHUS 3aKOHOMEPHOCTEH TPEHHsI HATYPHOTO, OINKPH-
CTAJUINYECKOTO Jba. B padoTe mpuBeaeHbI pe3yIbTaThl H3MEPEHHS XapaKTEPUCTHK CYXOTO TPEHHUs IOKOs H
TPEHHUs CKOJIbKEHHSI MOHOKPHCTAIUIOB JIb/ia. 13 HCKYCCTBEHHO BBIPAICHHOH IIACTHHBI MOHOKPHCTAILIA JIb/Ia
JUIsL SKCTIEPUMEHTA M3TOTaBIMBAINCH 00Pa3Libl MOHOKPHCTAILIOB JIbjia C ONpe/IesieHHOi opuenTanueii C-ocu.
Wsmepenne ko3 duiiieHTa TpeH s MOKOS MOHOKPHCTAILIA JIbjIa PEaIi30BaI0Ch 10 KIACCHUESCKOM CXEME Per-
CTpallii MUHUMAJIBHOTI'O YIUIa, IIPU KOTOPOM MOHOKPHUCTAJIT HAUMHAJI CKaTbIBATHCS 110 HAKJIOHHOH IMOBEPXHOCTHU
BTOPOro MOHOKpHcTaia. bpina oGHapyxeHa 3aBUCHMOCTb K09 (DUILMEHTA TPEHHUS TOKOs MOHOKPHCTAILIOB JIb/JIa
OT B3auMHOH opuenTarun C-oceil MOHOKPHCTAIIIOB IPYT OTHOCHTENBHO Apyra. Ko GuimeHTs! TpeHns okos B
ciyyae, koraa C-0ci MOHOKPHCTAILIOB JIb/1a TAPAJLISIbHBI APYT APYTY, 3HAYUTENLHO IPEBBICHITH KO DULIMEHTHI
TPEHUS TI0KOsL B cirydae, koraa C-0ci MOHOKPHCTAIUIOB JIbJa NEPHEHAUKYIISPHBI APYT APYTY.

HpOBeL[eHHbIe HUCCICN0BaHUS ITOKAa3aJIX HATUYNUE aHU30TPOIMUU CUJI TPEHUS ITapbl MOHOKPUCTAJUIOB JIbJia.
KuaroueBsie ciioBa: AHU30TPOIIN, 0asucHble IIJIOCKOCTH, MOHOKPHUCTAJI JIb/1a, C-och MOHOKpHUCTAJlIa, TPEHUE
TIOKOSI, TPCHUE CKOJIBKCHUS.

Jlast uutupoBanus: Ecopog b.11. AHU30TpONNS CHII TPEHUS TOKOS U TPEHHS CKOMBKEHHS MOHOKPHCTAIIIOB
neaa // pobnemsr Apkruku u Anrapkruku. 2022. T. 68. Ne 4. C. 406-419. https://doi.org/10.30758/0555-
2648-2022-68-4-406-419.
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Summary

The properties of the ice of natural reservoirs are due to its crystalline structure. The dependence of the mechanical
and strength characteristics of single ice crystals on the angle between the direction of application of force to
a single crystal and the direction of its C-axis is known. Basically, this dependence is due to the possibility of
the base plates of a single crystal of ice sliding relative to each other. In physics, in addition to the mechanical
and strength characteristics of a solid, the properties of the surfaces of a solid state, manifested in the process
of friction, are of great importance. The friction of two single crystals of ice relative to each other has been
investigated in experiments on rest friction and sliding friction. From an artificially grown plate of a single ice
crystal, samples of single crystals of ice with a certain orientation of the C-axis were made for the experiment.
The measurement of the rest friction coefficient of a single ice crystal was realized according to the classical
scheme of recording the minimum angle at which the single crystal began to roll down an inclined surface.
The dependence of the rest friction coefficient of ice single crystals on the mutual orientation of the C-axes of
single crystals relative to each other was discovered. The coefficients of rest friction in the case that the C-axes
of single ice crystals are parallel to each other significantly exceed those obtained when the C-axes of single
ice crystals are perpendicular to each other. Measurements have shown that the anisotropy of sliding friction
increases with increasing initial velocity of the single crystal on the surface of the second single crystal. This is
explained by the fact that with the growth of the path traveled by the M, crystal, the time of interaction of single
crystals of ice also increases, during which the properties of the anisotropy of single crystals of ice relative to
sliding friction are manifested. Studies have shown the presence of anisotropy of the friction forces of rest and
friction of sliding of a pair of single crystals of ice.
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BBEJEHUE

AHU30TPOIHNS — 3TO 3aBUCUMOCThH (DU3MIECKUX CBOMCTB BelIecTBa (MEXaHUIECKHUX,
ANIEKTPUYECKUX, ONTHYECKUX) OT HANPABJICHUS. AHU30TPOIHNS MEXaHUUYECKUX CBOMCTB
KPHCTAJUIOB COCTOHUT B Pa3IMuU¥ TBEPAOCTH, YIIPYTOCTH, IIPOYHOCTH B Pa3HBIX HAIpaB-
nenusix. [IpuarHON aHU30TPOIIMU KPUCTAIUIOB SIBJISIETCS YIIOPSIOUYSHHOE PACIIOIOKEHHE
YaCTHUI B HUX, [IPU KOTOPOM PACCTOSIHUE MEXK/Y COCEIHUMH YaCTUIIAMH, a CJICI0BATEIIBHO,
Y CHJIBI CBSI3M MEXKJly HUMU Pa3jIM4YHbI B Pa3HbIX HanpaBiieHUsX. [[oMuKpUcTaiInuecKie
MarepHuabl, COCTOSIINE U3 OOJIBILIOrO YKCIIa CIYYailHO OPUEHTUPOBAHHBIX MEJIKUX KPH-
CTaJUIOB, U30TPOITHBI.

Tpenue, BO3HUKAIOIIEE MPH MOCTYNATEIILHOM MEPEMEIICHUH OJHOTO Telia I10 I10-
BEPXHOCTH JIPYTOr0, HA3bIBACTCS MpeHuem ckoaviicenusi. TpeHne Mex 1y B3aMMHO HEro-
JIBIYKHBIMH TEJIAMH Ha3bIBaCTCSl mpeHuem nokosi. OHO TPOSIBISETCS B TOM, YTO JUIsl BO3HUK-
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HOBEHHS OTHOCHTEJILHOTO NEPEMEIIEHHUS JIBYX CONPUKACAIOIINXCS TEJ Hy>KHO MPUIIOKUTD
BHEIIHIOW cuily F'> F, tie F— TaK HasbiBaeMas NpejieNibHas Cuiia TpeHust moxos [1].

CylIecTByIOT JBa NIPUHIUINAIBHO PA3IUYHBIX MEXaHU3Ma TPEHUS — KUJIKOE, UIIU
a’pOrUAPOAMHAMUYECKOE, U cyxoe. B paboTe paccMaTpuBaeTcst CyXoe TpPEeHUE ITOKOs
U CyX0€ TpeHHe CKoNbxkeHus. CHila CyXOro TPEHUs! CKOJIbKEHHS BBI3bIBAETCSI B OCHOBHOM
MEXaHNYECKUM 3aleTICHHeM MEK1y HEPOBHOCTSIMH MOBEPXHOCTEH TENl M CIETUICHHEM
MEXIY MOJIEKYJIAMH 000MX TeJ B 00JaCTSIX HEMOCPEICTBEHHOTO CONMPUKOCHOBEHUS [2].

XapaKTepUCTUKHN CHJI TPEHUS TOKOSI U TPEHUS CKOJIBKEHHS JIbJIa ONPEACISIIOTCS
CBOICTBaMH €ro IMOBEPXHOCTH.

B paborax [3, 4] aBTOp HCCIIeMyeT MEXaHUUECKIE CBOMCTRA JIb/Ia B CyOMUKPOOObEeMax,
TOHKHMX IPUIIOBEPXHOCTHBIX CIIOSX M IUICHKaX. B pabore [5] ObUIM MpoBeNeHBI H3MEPEHHS
AQHU30TPOIINH CHJI KHHETHYECKOTO TPEHHSI, BOSHUKAOLINX TTPY CKOJIBKEHNH IIapHKa U3 Kap-
6uya Bonmb(pama B pa3IMUHBIX HANPABICHHUSX 110 TOBEPXHOCTH MOHOKpHCTAIA JIbaa. Oc-
HOBHOE BHUMAHHE HCCIIEI0BATENH YCIMIN XapaKTepUCTHKaM TOBEPXHOCTH MOHOKPHUCTAILIA.

B nanno# paboTte paccMOTpEHBI HEKOTOPHIE BOIPOCHI B3aMMOAEHCTBHUS TOBEPXHO-
CTel AByX MOHOKPHCTAJUIOB JIbJIA.

Llens vccietoBaHUsI — W3MEPUTh AaHU30TPOIHIO CHJI CYXOTO TPEHHMS TTOKOSI U TPEHHS
CKOJILKCHHS! ITapbl MOHOKPHCTAJIIOB JIBJIA.

Cunbl TpeHUS MOKOS M TPEHHS CKOJNBKEHHsS MOHOKPHCTAJIOB JIbAA APYT O Apyra
OITOCPEJJOBAaHHO BHOCSAT CBOW BKJIAJ B MPOYHOCTHBIC XapaKTEPUCTUKU TTOJUKPUCTAIIIH-
YecKoro JbJa. MccienoBanue XapakTepUCTUK CHIJI TPEHHUS TTOKOSI U TPEHUS CKOJIBKEHHS
KPHUCTAJLJIOB JIbJa MPEACTABIIIET HAyUYHbI HHTEPEC U MMEET IPAKTUUECKOE 3HAYECHHE. DTH
3HAHMS HEOOXOJMMO YUHMTBIBATh IIPU MOJEIMPOBAHNHN PACTEKAHUS JISITHUKOB, X CKOJIb-
JKEHUsI 110 BHYTPEHHUM IUIOCKOCTSIM U JIOXKY, TAK)Ke OHM BayKHBI JUIs1 IOHUMAHUs 0COOCH-
HOCTEH B3aMMOJICHCTBHS OTACIBHBIX 3€PEH JIbJla B MEXaHN3Me Je(hOpManiy JISISTHBIX TEll.

ITIOCTAHOBKA 3AJ1AY UCCJIEAJOBAHUSI

JI7is MOCTIOKeHMSI TIOCTABJICHHOU IIeJH PabOThl HEOOXOIUMO OBLIO PEIIHUTh CICIY-
IOIINE 3a/1a4H:

— BBIPACTUTh OJOK MOHOKpHCTAIJIA TPECHOTO JIbJA;

— U3 0J0Ka MOHOKPHUCTAIUIA JIbJIa U3TOTOBUTH 00pa3ibl MOHOKPUCTAJUIOB C pas-
MEpaMu U OpUCHTALIUAMU C-ocei/'[, HeO6XO}II/IMLIMI/I JJI IOCTAHOBKU SKCIICPUMEHTOB,

— pa3paboTaTh METOAUKY U3MEPCHHsI KOA(PPHUIIMCHTOR CHUII TPCHHUS MTOKOS;

— pa3paboTarh METOANKY M3MEpeHHs KOI(P(PHUIUESHTOB CUII TPEHHS CKOJIBKEHHS;

— IPOBECTHU IKCIIEPUMEHTHI 110 M3MEPEHUSIM KOI(D(OUIIMEHTOB CHII TPEHHSI ITOKOSI
MPU pa3iaNyuHbIX opueHTAIMsIX C-ocell MOHOKPHUCTAIIIOB U MPU Pa3iIMYHBIX BPEeMEHAX
BBIJICPIKKU COIIPUKOCHOBEHU MOHOKPHUCTAIOB NIOBEPXHOCTAMU APYT C APYTOM;

— MIPOBECTH HKCIIEPUMEHTHI IO U3MEPEHUIO KOA(DDUIIMEHTOB CHUII TPEHHSI CKOJIBKEHUSI
IpU pa3nUYHBIX opueHTanusax C-ocell MOHOKPHCTAIIOB;

— IIPOAHAJIM3UPOBATE OJYYEHHBIE PE3YIbTATHI.

METOJUKHU UCCJIEJOBAHUSA U UCITOJBb3YEMOE OBOPYJOBAHUE

OO0BeKTOM HCCIIeIoBaHMs OBLUTH 00pa3Ibl MOHOKPHCTAJIIOB JIbJa, TIPeTHA3HAYCHHBIC
JUISL IPOBEICHUSI SKCIIEPUMEHTOB 110 M3MEPEHUIO CHII TPEHUSI TIOKOSI M TPEHHS CKOJTB)KCHUSL.
OO0pa31el M3rOTaBIMBAINCH N3 OJIOKa MOHOKPHCTAIUIA JIb/IA, BBIPAIIEHHOTO B XOJIIOAHON
JICTONCCIIEIOBATEIECKOH Ta00paTOpHH 10 METOMKE, pa3padboranHoit Hukomaem Bacnbe-
BUuYeM YepenaHOBBIM.
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Meroznka BbeIpaniBaHus OJ10Ka MOHOKpHCTAJUIA Jiba cienytomas. EMkocTs pas-
mepamu 100x100x100 cm® umena TepMOU30IHMPOBAHHBIE CTEHKH ToImHON 10 cM. Bay-
TPEHHHE CTCHKH E€MKOCTH COOpaHBI M3 OaKeIM3UpOBAaHHOHN (aHephl TOMMUHONW 10 MM.
Emrkocth pacnionaranack Ha 6etonHoM kyde 110x110x70 cMm?, pacnonoXeHHOM Ha Iec-
YaHOW MoAyLIKe TOJMMHOM 50 cM, HACBIIAHHOM Ha MOBEPXHOCTH 3emiid. B 3aropogHoi
OITHO3Ta)KHOM XOJIOAHOMN JTab0paTOpHHX A 3TOH LEeNN ObLI BCKPBIT MOJI 1 CMOHTHPOBaHA
JJaHHasi KOHCTPYKIHS, 3HAYNTEIBHO CHI)KAIOIIAS BUOPALIMIO €EMKOCTH C BOJIOW NPH JIBH-
JKEHUHM Hapy»KHOI'0 Ha3eMHOro TpaHcnopra. EMkocTh 1o BbicoTe Ha 90 cM 3amoiHsu1ach
OT(hMIBTPOBAHHON W JIera3upOBaHHON BOAOHU. J[JIs mera3ammu BOIBI OHA HarpeBaitach 10
temreparypsl +80 °C u BbIIepKHBaJIaCh B TAKOM COCTOSIHUM B TEUEHHE Haca.

B Boze Ha THE €MKOCTH pacnonarajics INIOCKHH HarpeBaTeIbHBIN 3JIEMEHT C HJIeK-
TPHUYECKOH PETyIMpOBKON Harpesa. PerynnpoBaHue HarpeBa OCYIIECTBISIIOCH 1O JIEK-
TPUYIECKUM IPOBOJAM, BBIBEICHHBIM N3 EMKOCTH Ha IyJbT YIIPABICHHUS.

Bo BHyTpeHHEH yacTH eMKOCTH MOHTHPOBAJIACh TEPMOKOCA ISl K3MEPEHUS TIPOQUIIS
TeMIIepaTypbl BOJIbl IO BEPTUKAIH ¢ warom 10 cMm.

TemmepaTypa Bo3ayxa B XoioxHoU Taboparopuu coctasisiia —10 °C.

Korza Ha mOBepXHOCTH BOJBI HAPACTAET MOHOKPHUCTAII JIb/A, BHYTPU EMKOCTH yBe-
JMYUBAETCS AaBJIeHHE BoAbl. Jlisi KOMIIEHCAnny JaBieHUs] 000pYI0BaHHUE pacIioaraio
cucTeMoil copoca M30bITOYHOTO 00beMa BObI. [IJIsl 3TOTO HIMKHHE CJION BOJBI COCIMHEHBI
TEPMOU30INPOBAHHON TPYOKOH ¢ HapyKHOMN IMOBEPXHOCTHIO EMKOCTH 1 BBIBEICHBI Ha ypo-
BCHb BEpXHEH MOBEPXHOCTH MOHOKPHCTAJIIA JIba. BHYTpH TpyOKH yJIOXKEHa B 1B SKHIIBI
TOKOIIPOBOZISIIIIAs ITPOBOJIOKA, TI0 HEH TOJAeTCsl TOK, BBI3BIBAIOIINI HE3HAUNTEIIbHBINA HAarpeB
HIPOBOJIOKH, IPH KOTOPOM €€ TEMIIEpaTypa Ha HECKOJIBKO TPalyCOB IPEBBIIIACT TEMIIEPATY Py
IaBseHus 1baa. [Ipyr 3ToM n30BITOK BOBI, BOSHUKAIOLINI C POCTOM MOHOKPHCTAJLIA, B0
«TETIIO» MPOBOJIOKH BBITEKAET N3 EMKOCTH, HE BBI3bIBAs B HEH POCTA JAABICHUS BOJBI.

C TeueHHEM BPEMEHH TEMIIEpaTypa BOIbI B EMKOCTH MOHIKAIach. Korma temmnepary-
pa MOBEPXHOCTHOTO CJIOS BOABI BEIpaBHUBaack Ha otMeTke 0 °C, Temneparypa HHKHETO
ciost BoIbI B eMKocTH coctapisiia +0,4 °C. B 310 BpeMs ¢ eMKOCTH CHIMAaJach KPBIIIKa,
¥ HAYMHAJIOCh MHTCHCUBHOE BBIXOJIAKMBAHHIE BEPXHETO CJI0s BoAbl. PaboTa mpoBoauiack
B HOYHBIE Yachl JJIsI HCKITFOUEHHS KOJIeOaHUI EMKOCTH C BOJIOH, BBI3BAHHBIX JIBIKYIIINMCS
TpaHcnopToM. [Ipu oTCyTCTBHM BHOpAIMK BOABI B EMKOCTH IO TIPOLIECTBHH HEKOTOPOTO
BPEMEHN BEPXHUH TOHKUH CIIOH BOJBI CTAHOBHUJICS ME€PEOXIAXKICHHBIM, TO €CTh €r0 TeM-
neparypa omyckanace Hike 0 °C. Borpocam (pu3nkn BO3HUKHOBEHHS CIIOS ITE€PEOXITAXK-
JICHHOH BOJIBI M €€ B3aNMOJICHCTBUS C HIIKEJIEKAIIINMHU CIIOSMH BOJbI ITOCBAIIEHA paboTa
[6]. Co BpemeHEM B CBsI3M € TOIAJaHUEM Ha TOBEPXHOCTH MEPEOXJIAKICHHOTO BEPXHETO
CJIOSL BOZIBI TIBUTMHOK HAYMHAJICS MPOIecC KpUCTAIM3aun Boabl. Ha moBepxHOCTH 00-
Pa30BbIBAJICS MOHOKPUCTAIT JIbAA. B HauanmbHBIN EpHo/] CKOPOCTh POCTAa MOHOKPHCTAIIA
JbJa JOCTATOYHO BEJIMKA, 3aTeM HaYMHAET CHIDKAThes. B mporecce pocta MOHOKpHCTAIIA
HE0OXOIMMO TIO/IEPKUBATh MOJIOKUTEIbHYIO Temmneparypy +0,4 °C B HIDKHEM CJI0€ BOJIbI
MIOCPE/ICTBOM TOJIOTPEBa €€ AIEKTPHUUECKUM HarpesaresieM. Heobxonumo ciieants 3a
TEM, 4TOOBI HE MOBBICUTH TEMIIEpaTypy HIKHETo cinost BoAs! Beie +4 °C. B mporuBHOM
Cllyyae BO3HMKHET KOHBEKTHBHBIN IEPEHOC «TEIUION» BOIBI BBEPX, K HIDKHEH MOBEPX-
HOCTH PAcTyIIEr0 MOHOKPHCTAJLIA, YTO IPUBEAET K HAPYIICHUIO €ro CTPYKTyphl. C-0ch
pacTyIero B éeMKOCTH MOHOKPHCTAJUIa OPUEHTUPOBAHA MEPIEHINKYISIPHO IIOBEPXHOCTH
3aMep3aHus JIb/1a, & 0a3MCHBIE INIOCKOCTH MOHOKPHCTAJIIA OPHEHTHPOBAHBI MTAPAIIEIBHO
MOBEPXHOCTHU 3aMEp3aHusl.
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JlocTaTouHO KpYITHBIE MOHOKPHCTAJUIBI JIbJa BCTPEUAIOTCS M B HATYPHBIX YCIIO-
BusX. FIX MOXXHO HaOMOIaTh BO JIbAX HPHUPOAHBIX BOJOEMOB, OTHOCSIINXCS KO JIbJAaM
tuna A-1 no knaccuduxanuu H.B. Uepenanosa [7]. OqHako BeIpe3aTh U3 JICASHOTO II0-
KpoBa 00pa3iibl MOHOKPHCTAJUIOB JIbJIa ¢ pa3MepaMu, HEOOXOAUMBIMH ISl TIPOBEIICHUS
9KCTIEPUMEHTa, 0e3 HapyIIEeHHs MX LEIOCTHOCTH HE MPEICTAaBIACTCS BOZMOXKHBIM. JTO
0OCTOSITENILCTBO MPEIOPENLIINIO HEOOXOAUMOCTh BBIPAIINBATh MOHOKPHUCTAILT JIb/1a
B J1a00OPATOPHBIX YCIIOBHUSX.

ITpn mocTikeHNN OJIOKOM MOHOKpPHCTAIUIA JIbAA HEOOXOIMMOH TOJIIMHBI OH H3BIIE-
KaJICS U3 EMKOCTH M pa3pe3aJicst Ha 00pa3iibl ¢ pazMepaMu, HeOOXOIUMBIMH IS TIPOBEICHUS
9KCIIEPUMEHTOB. 11py 3TOM HEZOITyCTHMO TTOJIb30BATHCS PEXYIIMM HHCTPYMEHTOM, TaKHUM,
Kak, HallpUMep, pydHasi HOXOBKa, MOCKOJIbKY 3TO HMPHUBEIET K 00pPa30BaHNUIO B MOHOKpPH-
cTaiie KPyIHBIX U MEJIKHX TpeuIrH. MOHOKpHCTAIUT pa3pe3aicsi Ha 00pasIibl pa3orpeTon
MEKTPUYECKUM TOKOM HUXPOMOBOI IPOBOJIOKOH. [IpoBonoka nmerna npy>KHHHOE HaTsDKe-
HHE, KOMIICHCHPYIOIIEE €€ TIPOBHCAHNE, CBSI3aHHOE C yIUIMHEHHEM TpH HarpeBanuu. [lepen
HavajoM paboThI CIIEIyeT B TEPMOCTATe YCTAHOBHUTH TEMIIEpaTypy OJ0Ka MOHOKPHCTAIIA
B npenenax —0,2...—0,4 °C. B npoTuBHOM citydae Boaa, 00pasyromascs Py pacIIaBICHUH
JIbJIa Pa30rpeTOr HUXPOMOBOM ITPOBOJIOKOM, IOHU3UT CBOIO TEMIIEPATYPY OT KOHTAKTa C «XO-
JIOZHBIM» 00BEMOM MOHOKPHCTAIIIA 10 TEMIIEPATYPhI JIEA000Pa30BaHMs, YTO TIPUBEALT K 3a-
Mep3aHuio pe3a. Pazpezanne 6roka MOHOKpHCTAILIA JibJla Ha 00pasIibl CleLyeT NPOBOANTE
10 BO3MOXXHOCTH OBbICTpO. OTpe3aHHbIe KyCKH HACyXO MPOTHPAINCH XJIOMIAaTOOyMaXKHON
TKaHBIO, I TOTO YTOOBI yOpaTh C MX MOBEPXHOCTH OCTATKK BOBI. I1py M3roToBIeHNN He-
00XOIMMBIX JUTSl SKCIIEPUMEHTA 00pa3Ii0B MOHOKPHCTAILIOB JIbJIa U3 OJI0Ka yUUTHIBAIOCH TO
obcTosTenseTBa, 4To C-0Ch OJI0Ka MOHOKPHCTAIIIA JIb/Ia, BEIPAILIEHHOTO Ha TOPH30HTAIBHON
TIOBEPXHOCTH BOJIbI, HAIIPABJICHA BepTUKAIbHO. Hampasnenust C-oceil M3roToBICHHBIX 00-
Pa31ioB MOHOKPHCTAJUIOB JIbJja KOHTPOJIMPOBAINCH B MOIIPU3AINOHHOM CBETE.

[Tepen n3mMepeHNEM CHIT TPEHHS TTOKOSI M TPEHHMS CKOJIBKEHHST 00pa3ioB MOHOKPH-
CTaJUIOB JIbJa JOJDKHBIM 00pa3oM 00pabaThIBAIKCEH UX MOBepXHOCTH. CHavama moBepx-
HOCTH MOHOKPHCTAJIIIOB, KOTOPBIE OYIyT HAXOAUTHCS BO BPEMsI SKCIIEPUMEHTA B COTIPUKOC-
HOBEHMH, NITM(OBAINCH HA HAXKAAUHOM Oymare, 3aTeM CJIeTKa OIJIABIIIINCH HA TEILION
MTOJIMPOBAHHOM JIATYHHOH IUIMTE M HACYXO MPOTHPAIHMCH XOPOIIO BIUTHIBAIONIIEH BOILY
XJIOIMIaTO0yMaXHOH TKaHBIO. TeMmIepaTypa IoJHpOBaHHON JIATYHHOH IUTATHI IIOJ0MpPAaTach
9KCIIEPHMEHTAIIBHBIM ITyTEM M ObliIa HECKOJIBKO BBIIIE TEMITEPaTy bl TIABICHHS IIPECHOTO
abp1a. HemomycTrMa BbICOKast TeMIleparypa JaTyHHOM IUIMTHI, PU KOTOPOIl IIaBIeHHE
JbJIa TPOMCXOANT MHTEHCHBHO. He ciienyer ycranaBnuBaTh U HU3KYIO TEMIIEPaTypy, pH
KOTOPOH TpoIlece TUIaBICHU JIbaa 3aTaruBaercs Ha 10 u Gomee cekyHn. Bpems miasie-
HUSI TOHKOTO TIPUITOBEPXHOCTHOTO CJIOS MOHOKPHCTAJIIA JIbJja HA TOBEPXHOCTH «TEILION
JIATYHHOU IUIMTHI cOCTaBisuio ot 1,5 1o 2 cekyna. [Ipu 5ToM MOHOKpHUCTAIT UHTEHCUBHO
TIepeMeIacs: pykoil o IMOBEpXHOCTH IUHUTHL. [locie orraBnenus padbodeii MoBepxXHOCTH
MOHOKpHCTAJIJIa Ha JIATYHHO! TUTMTE OH OBICTPO TEpPEMEIAJICSl HA POBHYIO TIOBEPXHOCTh,
TTOKPBITYIO TKaHBIO, XOPOIIO BIUTHIBAIONIEH BOLY. MOHOKpPHCTAIII HHTEHCHBHO TI€peMe-
majcs B TeYEHUE 3 CeKyHJ 110 MOBEPXHOCTH TKAaHH, JJISl TOTO YTOOBI TOHKHH CIIOH BOIDI,
OCTAIOIIHICS HA HI)KHEH MOBEPXHOCTH MOHOKPHCTAIUIA TTOCIIE OIIIABICHUS Ha JIaTyHHON
IUIATE, OBICTPO W PAaBHOMEPHO BIIUTAJCS B TKaHb. TaK JOCTHUTAINCh POBHBIC, TIIAJKHE
TIOBEPXHOCTHU CKOJILKCHNSI MOHOKPHCTAIUIOB JIBAA.

DKCIIepUMEHTHI POBOAMINCH B XOJIOAHOH J1TAOOPAaTOpUX MpPU TEMIIEpaType BO3-
nyxa —9...—11 °C. XonoxHas abopaTopus MpencTaBisuia co00i TepMOU30IHMPOBAHHOE
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HOMeIIeHHe ¢ pasMepaMu 3x2x2 M. B 9ToM noMeneHnn OblT yCTaHOBJICH OXJIKIAFOIINH
BO3IyX pasnarop.

[TpoBenenHas paboTa HOCHT XapakTep (PeHOMEHOJIOTHUECKOTO NCCIIEJOBaHNUS.

«lpyrum oOIIMM METOJOM HOIX0/1a K UCCIIEI0BAHMIO JIBIKEHUSI MaTEPHAIIBHBIX TEll
SBIISETCS TOCTPOCHHNE ()EHOMEHOJIOTMYECKOH MaKpOCKOIIMYECKOH TEOPHUH, OCHOBAaHHOH Ha
00IIMX, JOOBITHIX 13 OIBITA 3aKOHOMEPHOCTSIX M I'MIToTe3aX. MaKkpOCKOMYECKHE TEOPHU
ABJIAIOTCS 3()(PEKTUBHBIM CPECTBOM PEIICHHS NMPAKTHUECKH BAXHBIX 3a/1a4, ¥ TOOBITHIC
C WX TIOMOIIBIO CBEJICHHUS COTJIACYIOTCS C OmBITOM» [8, c. 19].

[Tpumenenne (peHOMEHOIOTHYECKOTO METO/a MO3BOMISIET YCTAHOBUTH 3aKOHOMEP-
HOCTH MEX/ly TapaMeTpaMu, KOTOpbIE ONMCHIBAIOT JaHHOE siBNIeHnE. [Ipu 3TOM BemecTBO
paccMaTpuBaeTCs Kak CIUIOIIHASA cpesa, 0e3 ydeTa ero MUKPOCKOIMYECKOTO CTPOSHHS.

To ectp B pabote, MpoBOANMON B paMKax (JEHOMEHOJIOTHYECKOTO HCCIIEIOBAHUS,
HE paccMaTpHUBAINCh BOIPOCH MOJICKYJISIPHOW OPHEHTAlNH, CTPYKTYphl M (hopMbI 1iIe-
POXOBaTOCTEH MOBEPXHOCTH MOHOKpHcTaa. [1o pe3ynbraram 3Toro (eHOMEHOIOTH-
YECKOTO MCCIIEOBAHUSI MOXKHO BBIIBUHYTH I'HIIOTE3y (0OOCHOBaHHOE IPENIONIOKEHNUE)
OTHOCHTEJIBHO XapaKTEPUCTUK MUKPOCTPYKTYPHI TOBEPXHOCTH MOHOKpHUCTamia. s
MOATBEPXKJICHNS JINOO OIMPOBEPKEHUS 3TON THUIOTE3bl BO3HUKAET HEOOXOIUMOCTD MpO-
BE/ICHUS OT/ICJIbHBIX, TOHKAX M3MEPEHUH, HalpuMep, ¢ MCIIOIb30BAHUEM ONTHYECKHUX
100 ANEKTPOHHBIX MHKPOCKOIIOB.

N3mepenne koahGuiinenTa TpeHuUs MOKOs IIPOBOAMIOCH 110 CIIEAYIOLIEH METOIHKE.
B skcnepuMeHTe MCIONB30BAINCH JIBa MOHOKpPHUCTAIUIA JibAa. [lepBbIii MOHOKpHCTAIT
abia M| umen pasmepsl 200x200x10 Mm?, a BTOpoit MOHOKpHCTAIT Jiba M, umen pas-
Mepbl 50x50x10 mm3. TToBepXHOCTH CKOMBKEHUS OBIITH coOTBETCTBEHHO 200%200 MM?
1 50x50 mm?. MoHokpucTaul M| pacnonaraicst ropu30HTalbHO. UIMerouii MeHbuine
pasMepbl MOHOKPHCTAIUT M, TIOMENIAJICS Ha BEPXHIOI NMOBEPXHOCTH MOHOKPHCTAIIA
M,. Ilpu moMeleHun MOHOKpHUCTaIIa M, Ha OBEPXHOCTh MOHOKpHCTaa M, jio Ha-
yaJia HKCIIEPUMEHTA J[aBajach HEKOTOpasi BBIACPIKKA 110 BPeMEHHU Af. DTa BBIAEPIKKA
cocrapnsia 5, 60 n 600 cexyna. 3arem 60JIbIION MOHOKPHCTAT M| Ha9MHAI OBOPa-
YUBATHCSI BOKPYT TOPU30HTAIBHON ocH. IIpn ompesneneHHOM yIiie TOBOPOTa MEHBIIHH
MOHOKPHCTaIUT JibAa M,, pactoo)keHHbIH Ha BEPXHEN MOBEPXHOCTH GONBIIOTO KpH-
CTaJula, HAYMHAJ CKAaThIBAThCS C HETO BHU3. V3MepsI10Cch MUHIMAaIbHOE 3HAaUE€HHE ATOTO
KPUTHYECKOTO yTiia HakioHa. KoapuuueHT TpeHus MOKos f CBSI3aH ¢ A — HAUMEHBITHM
KPUTHYECKMM YIJIOM HaKJIOHA IUIOCKOCTH K TOPH3OHTY, PH KOTOPOM MOHOKPHCTAILT M,
Ha4YMHAJ CKOJB3UTh BHU3 I10]] IeHCTBHEM COOCTBEHHOTO BECa, COOTHOIIEHHEM [ = tgA
[1]. Y3 dpopmynsl BUAHO, 9YTO KOAPPHUIMESHT TPSHHUS MOKOS HE 3aBUCUT OT Beca MOHO-
Kpucraia M,.

Bpamenne kpuctamia M, BOKpYT OCH BpAIIEHHs OCYIIECTBIISIOCH BPYYHYIO de-
pe3 O1ok co ckopocThio Bpamenus 0,25 pan/c. Hagano nemwxenns MOHOKpHCTamia M,
0 HAKJIOHHOH MOBEPXHOCTH MOHOKpHCTamIa M (QUKCHpOBanoCh BH3yalbHO. B oTOT
MOMEHT BpaIlleHHe MOHOKPHCTaIa M| NPEKpaIanoch, U IIpH MOMOLIM MEXaHUIECKOTO
YHHUBEPCAJIILHOTO YITIOMEpa C MOTPEeIIHOCTHI0 M3MepeHus +1,0° u3mMepsuicst yroin HakJIoHa
MOHOKpucTaia M,.

Bruta mpoBenmeHa cepusi SKCIEPUMEHTOB ¢ pa3nuyHoi opueHTamueir C-oceit
MOHOKPHUCTAJUIOB JIb/IA APYT OTHOCUTEIbHO Apyra. CXemMbl pacroloKeHUs! B 3THX
sKcnepuMenTax C-ocel MOHOKPUCTAIIOB M, 1 M, IpyT OTHOCHTENBHO ApyTa Npe-
cTaBiIeHbl Ha puc. 1.
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Puc. 1. Yetnipe cxembl (a, 6, 6 u 2) opuentanuii C-oceit MOHOKpUCTaIoB M, u M, B 3KCriepHMEHTax
10 U3MEPCHUIO KO (HUIIMEHTOB TPEHHS TOKOSi MOHOKPHCTAJUIOB JIb/a

Fig. 1. Four schemes (a, 6, 6 and 2) orientations of the C-axes of single crystals M, and M, in
experiments to measure the friction coefficients of rest of single crystals of ice
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Puc. 2. JIge cxembl (a u 6) opuentanuii C-oceit MOHOKpUCTaIOB M, 1 M, B 5KCHIEPMMEHTAX MO
UCCIIeJOBAHUIO TPEHHS CKOJIBKEHUSI MOHOKPUCTAIIIOB JIbJIa

Fig. 2. Two schemes (a and 6) orientations of the C-axes of single crystals M, and M, in experiments
to study the friction of sliding single crystals of ice
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B.II. Ezopoe B.P. Egorov

Crenyromasi cepusi SKCIIEPUMEHTOB 3aKJIIOYAJIach B M3MEPEHUN aHU30TPONINH CHIT
TPEHHUS CKOJIbKEHHUS MOHOKPUCTAIJIOB JbAa. CXeMy SKCIEpUMEHTa MOSCHSET pHC. 2, T/e
npeJcTaBiieHa cxema pacnonoxkenus C-oceit MOHOKpUCTaIOB M| 1 M, B 9KCTIepUMEHTax
0 UCCIIEJOBAHMIO CHJI TPEHHS CKOJIBKEHHUS.

Cua TpeHUs! CKOJIBKEHUS OIIeHWBAIACh MO JJIMHE MyTH, MPOHAEHHOTO MOHOKPH-
crajiom M, 1o oBepXHOCTH MOHOKpHCTaiIa M. Uem Golbile paccTosHHUE, IPOHIEHHOE
IPU CKOJTBKEHUH MOHOKPHCTAJUIOM JIbJa MO TMTOBEPXHOCTH APYTrOoro MOHOKpHCTAa/UIA MPU
MIPOYUX PABHBIX YCIOBHUSX, TEM MEHBIIIE CHJIa TPEHHUsS CKOJbKEHMs. bblla peann3zoBaHa
CIIEyIOIIas METOIMKA UCCIIE/IOBAHMS CUJIbI TPEHUS CKOJb)eHus. MoHokpucTamt M, mo-
MeIIajIcs Ha MONU3THIICHOBYIO TUICHKY, PACIOIOKEHHYIO Ha MTOBEPXHOCTH MOHOKPHCTAIIA
M,. Monokpucrast M, pacriofaraiicst BIUIOTHYIO K CKaTOi Ha ONPEAEIEHHYIO JJIUHY He-
OonbuIol MpyskuHE. PacpAMIIAACS, TIPy)KHHA NPUBOJMIIA MOHOKPHCTAILT M, B JIBIOKEHHE.
MomnokpucTamn M, cockalnb3bIBall ¢ TONUITHICHOBO! IIICHKU M HAYMHAJ JBUTATHCS II0
MIOBEPXHOCTH MOHOKpHCTaina M . PaccTosHue, KOTOPOE MPOXOAUT MOHOKPHCTAT M, 110
MOBEPXHOCTU MOHOKPUCTAIIA M| JI0 OCTAHOBKH, U3MEPSIOCH JIMHEWKON € TOYHOCTBIO
+1 MM. DTO pacCTOsHHE OIPEEISIIOCh CHIION TPEHUSI CKOJTbKCHHS.

OTHOCHUTENBHO MPOCTO U3MEPUTh KOIPPHUIIESHT TPEHHUSI MOKOSI 110 OIIMCAHHOH BhIIIIE
KJIacCCHYeCKOM MeToanke. M3MepuTh KO3((GUIHMEHT TPEHHUS CKOJIBKEHHs 3HAYUTEIILHO
cioxaee. KoapuIrenT TpeHust CKOJIBKEHHS ABYX TEJI PABEH OTHOIICHHIO CHJIBI TPCHHUS
CKOJIBXKCHHUSI K BecCy ABIKyierocs tena. KoapduuueHT TpeHus: CKObKEHUS! 3aBUCHT
OT CKOPOCTH JBMKEHUS Tena. J{Jis Kaxaoi CKOPOCTH JBUXKEHUs Tela OH CBOH. DTUM
o0yciioBIeHa HEOOXOMUMOCTh N3MEPATH KOO(PPHUIINEHT TPEHHs CKOIBXKECHHUS IIPH PaBHO-
MEPHOM MPSIMOJIMHEHHOM JBM)KEHUH Tena. UToObl 00ecrneunTh paBHOMEPHOE TPSMO-
JMHEIHOE JIBIKCHNE MOHOKPHCTAJUIA JIbA C ONPEJIEICHHON CKOPOCTBIO NPH HAJIWYHU
TPEHUS CKOJIBKEHUSI, K IBHKYIIIEMYCSI MOHOKPHCTAILTY HEOOXOANMO NPHUKIIABIBATE CHITY
C OTpHUIATEIbHON 00PaTHOHN CBA3BIO OTHOCHTENBHO CKOPOCTH JIBUKEHUS MOHOKPHCTAJ-
na. To ectp, eciamM CKOPOCTh JBMKEHHSI MOHOKPHCTAIIA JIbJ]a YBEIHMUMBACTCS, TO CHILY,
JEHWCTBYIOIIYI0 HAa HET0, HEOOXOMUMO YMEHBIINTE. [l peanu3anuyl TaKoro M3MEpeHHs
noTpedyeTcs CIIOKHBIM KOMILIEKC JIaOOpaTOpHOro 000pyAOBaHUS JIE€L0BOH TabopaTopun
U CIIELUAJIbHBINA BEICOKOUYBCTBUTEIBHBIN N3MEPHUTEIBHBIH KOMILIEKC.

B nocTaBneHHOM 3KCIIEPUMEHTE MCCIEN0Balach aHU30TPOIHS CHI TPEHHS CKOJIb-
JKeHHsI MOHOKPHCTAJIA JIbJA IIPH €ro JBIKCHUU C 3aMeJICHHEM OT HadyaJdbHOM CKOPOCTH
JIBIDKEHUS IO OCTaHOBKH. [103TOMY OBIJT BBE/IEH YCIOBHBIN KOI(Q(PUIIMEHT TPEHHS CKOJIb-
KeHus H. DTOT KOAQPHUIIHEHT paCCIUTHIBANICS KaK OTHOIICHNE PACCTOSHHUSA, TIPOHACHHOTO
MOHOKPHCTAIIOM M, B DKCIIEPUMEHTE, MPU KOTOPOM C-0CH TEPIEHIUKYIIAPHBI JIPYT
K JIPYTY, K PacCTOSHMIO, pH KoTopoM C-0CH MOHOKpHMCTaIoB M, 1 M, mapasuienbHbl.
IIpn 3TOM HavambHBIE CKOPOCTH JBIMKEHUS! KPUCTAIUIOB OBLIM OJMHAKOBHI.

MaxkcumanbHON HaYallbHOW CKOPOCTH JBWXKEHHMS MOHOKpUCTAUIA M, COOTBETCTBYET
MaKCHMaJIbHBII NPOIIEHHBIN UM ITyTb. [1010k1M, UTO B IEPBOM HKCHEPUMEHTE JUTHHA IPOii-
JEHHOTO MOHOKPHCTAJJIOM ITyTH PaBHa /,, @ BO BTOPOM SKCIIEPUMEHTE HadaIbHAs CKOPOCT
JBHIKEHUs MOHOKPHCTAILIA Oblla MEHbIIIE M MEHbIIE ObUT ITPOHIEHHbIH UM myTh /. Beenem
L — OTHOCHTENEHYIO HAa4aJIbHYIO CKOPOCTh JIBHKEHHS MOHOKPHCTaILIA, paBHyo L/l , Kak
OTHOIIICHUE JJIMH MPOHICHHBIX MyTeH (MMPOMOPIMOHAIBHBIX Ha9aIbHBIM CKOPOCTSIM JIBHKE-
HHSl MOHOKpHCTAIIA). DTy BEIMYMHY Oy/IeM HCIIOIB30BaTh ITPU UCCIIEIOBAaHUH 3aBUCUMOCTH
AQHU30TPOIHHU TPEHUS! CKOJILKEHUSI MOHOKPUCTAILIOB JIbJIa OT CKOPOCTU UX JBUXKCHUSL.
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JIEJOTEXHHUKA ICETECHNOLOGY
PE3YJIBTATBI UCCJIIEJJOBAHUS

Pesynbrars! m3Mepenns Koa(uirenTa TpeH!s TOKOsI MOHOKPHCTAIIIOB JIbJa TIPH Pa3ind-
HOIi opueHTarmu C-ocell MOHOKPHCTAJIIOB APYT' OTHOCHUTENBHO JIPyTa MPEICTaBIeHbI B Ta0M. 1.

Tabruya 1

3aBucuMocTh K03(uienTa TpeHus MOKOsi MOHOKPHCTAJLIOB JIb/A f 0T B3aHMHOIT
opuenTtamun C-oceii (puc. 1) MOHOKPHCTAJIIOB JIbJa MPH PAa3JIHYHBIX BpeMeHaX BbIIEP:KKH Af
Table 1

The dependence of the rest friction coefficient of single ice crystals f on the mutual
orientation of the C-axes (fig. 1) of single ice crystals at different exposure times Az

Cxewma opuenraruu C-oceit | At, ¢ A, Tpan. f

a 5 31, 43,28, 31, 33, 33, 25, 26, 36 | 0,55+0,15
60 65,75,73 4+1
600 90, 90,90 —0

6 5 18,25, 18, 16, 18,27, 18 0,36+0,05
60 45,57,55,48 1,3£0,3
600 89,90 —00

6 5 58, 38, 46, 50, 38, 40 1,0+0,3
60 90,90, 90 —0

2 5 18, 24,25, 16, 18,22, 18 0,36+0,07
60 32,33,22,27, 41 0,59+0,16
600 83, 66,77 4,8+2.8

Ilpumeuanue. B nepBom crosnbie — cxembl opueHTanuu C-oceil MOHOKPHCTAIJIOB COIIACHO pHC. 1]
At — Bpems npebbiBaHUs MOHOKPUCTAIa M, Ha MOBEPXHOCTH MOHOKpHUCTasIa My; A — KpUTHYECKUI
YTOJl HAKJIOHA B IPajlycax, MpH KOTOPOM 10 MOBEPXHOCTH MOHOKPHUCTALIA Jiba M| HauMHaJ CKOIb3UTh
MOHOKpMCTAII Jibaa M,; f* — k03 UIHEHT TPEHHS TIOKOSL.

Note. The first column contains the orientation schemes of the C-axes of single crystals according to Fig. 1;
At is the residence time of a single crystal M, on the surface of a single crystal M,; A is the critical angle
of inclination in degrees at which a single crystal of ice M, began to slide on the surface of a single crystal
of'ice M ; fis the rest coefficient of friction.

W3 Tabnuiel BUIHO, YTO KOA(DOUIIMEHT TPEHHMs TTOKOS 3aBHCUT OT B3aHMMHOI OpH-
entanun C-ocel MoHOKpucTamnoB M, u M, . KoodduuenT TpeHus MOKost H3MEHSIICS OT
0,36 1o 1,0 mpu BpemeHHU BbIEpKKU Af, paBHOW 5 cekyH, U OT 4,8 110 oo, MPU BpEMEHU
BEIICpPKKH Af paBHO# 600 CexyH.

KoaddurmenT TpeHns moxost 10CTaTOYHO CTAOMIICH JUIsl KayK/10 KOHKPETHOM CUTY-
ar. MakcuMaIbHEIA KodduuneHT Bapuanuu (cxema 6, At = 5 cexynna) coctasmi 0,3.

DKCIEepUMEHT MOKa3all, 4To nociie 4—5 u3MepeHni NOBEPXHOCTH MOHOKPUCTAJIJIOB
M3MEHSIOT CBOM CBOWCTBA, MPH ITOM TIEPECTACT MPOSIBISTHECS AHU30TPOIHS CHI TPEHHS
nokosi. [1py 5TOM KpUTHUYECKHIA yroJl HakjIoHa B JII0O0H U3 cxeM pacnonoxenus C-ocei
TIPH BBIIEPIKKE, paBHOH 5 ceKyHaaMm, coctaBisut 30-35°. Ecnu 06paboTaTh MOBEPXHOCTH
MOHOKPHUCTaJIJIOB CHOBA, KaK YKa3aHO BBIIIE, 3HAYCHUSI KOO UIIMEHTOB TPEHUS TTOKOS
BOCCTaHABJIMBAIOTCSl B COOTBETCTBUH C JTAHHBIMH, YKa3aHHBIMH B Ta0m. 1.

Tak e, KaK ¥ B CJIlydae ¢ TPEHHEM TTOKOs, IPU MCCIICTOBAHNH TPEHHS CKOJIBKEHHS
MTOBEPXHOCTH MOHOKPHCTAJUIOB IOCHIE 4—5 OMBITOB M3MEHSIOT CBOM CBOMCTBA, M aHU-
30TPOIHSI CHJI TPEHHUSI CKOJILKEHUSI TIEPecTaeT MposBIATHCA. [Ipu 9TOM JUIMHBI TyTei,
KOTOPBIE MPOXOST MOHOKPHCTAJIIBI JIb/1a, OJMHAKOBBI U YK€ HE 3aBHCAT OT B3aUMHOU
opuenTanuu ux C-oceit apyr oTHOCUTENBHO Apyra. [locie moBTOpHOI 00pabOTKH MOBEPX-
HOCTEI MOHOKPHCTAIIJIOB TI0 BBIIICONMCAHHON METOIMKE AHN30TPOTINS TPEHUSI CKOIBKEHUS
MOHOKPHCTAJIJIOB BOCCTaHABINBAJIACK.
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E.I1. Eeopos

Bbu10 0OHapyxeHo, 4TO MociIe HaXOXKJICHUS Ha BO3AyXE B XOJOIHOI Jraboparopun
B TeueHHe 12—15 MUHYT 0COOCHHOCTH TIOBEPXHOCTEH MOHOKPUCTAIIIOB JIbJA, TPOSBIIS-
IOIINECS] B @HU30TPOIINHU CHJI TPEHHMS MTOKOSI M TPEHMS CKOJIBKEHHSI, CBOIMIINCH HA HET.

B Tabin. 2 mpencraBieHsl pe3ynbTaThl H3MEPEHNI aHU30TPOITMH MOHOKPHCTAIIIOB
JbJla IPU TPEHUH cKombxeHus. Kaxoi cutyarun B Tabnune (Ne skcriepuMenTa) cooT-
BETCTBYET OIpE/IeJICHHAs HauaJlbHasl CKOPOCTh JBIKEHUSI MOHOKPHUCTAIIA JIbJA, OIpeie-
JsieMas IepBOHAYaIbHON e(OopMaIiueit Py KIHEI.

B.P. Egorov

Tabnuya 2

3aBHCHMOCTE PACCTOSIHUSA S, KOTOPOE NPOXOAUT MOHOKPUCTAJLI M, IIPH CKOJIbKEHHH

10 NOBEPXHOCTH MOHOKpHcTaLIa M, 0T B3auMHoii opuentanun C-oceii KpUCTALI0B
M, u M, (puc. 2) aist pasiMYHBIX 3HAYEHHH HAYAILHOI CKOPOCTH ABUKeHHsI MOHOKpHcTaLIa M,
Table 2

The dependence of the distance S travelled by a single crystal M, when sliding along
the surface of a single crystal M, on the mutual orientation of the C-axes
of the crystals M, and M, (fig. 2) for different values of the initial velocity of the single crystal M,

No Opuenrarust C-oceit
SKCH epI;MeHTa MOHOKPHUCTAJIJIOB JIb/a S, cMm S+ AS, cMm
M uM,
1 a 65,70, 80,80 | 74+7,5
6 45,42,40,40 | 42424
2 a 45, 55, 65 55+10
o 29,35, 38 34+4.6
3 a 31,42 36,5+7,8
o 26,28 27+1,4
4 a 24,26, 25 25+1
o 18,19, 17 181

IIpumeuanue. S — paccTosHus, TIPOKICHHbIE MOHOKpUCTAIIOM M,, cM; S + AS — cpennune 3Ha4eHus U
CTaHJAPTHBIE OTKIOHEHHUS PACCTOSHUM, TPOUJIEHHBIX MOHOKPUCTAIIOM M., cM

Note. S is the distances covered by the M, single crystal, cm; S+ AS is the average values and standard
deviations of the distances traveled by the M, single crystal, cm

PesysbTarTsl U3MepeHus 3aBUCUMOCTH KOA(D(HULIMEHTA TPEHHSI CKOJIBKEHNSI MOHOKPH-
crajuia H OT OTHOCHTEIBHOW CKOPOCTH €ro JABMKCHHS L MpeACTaBICHBI Ha rpaduke puc. 3.
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Puc. 3. I'paduk 3aBucuMocTH K03 UIIMEHTA aHU3OTPOIIHU TPEHHUS CKOJIbXKeHHs1 H 0T L — OTHOCH-
TEJILHOM HAYAIIbHOM CKOPOCTHU JBMXKEHHSI MOHOKpHCTaILIa M,

Fig. 3. Graph of the dependence of the coefficient of anisotropy of sliding friction A on L — the
relative initial speed of motion of the single crystal M,
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JIEJJOTEXHUKA ICETECHNOLOGY
OBCYXJIEHHUE PE3YJIBTATOB, BBIBO/IbI

JIbbI IPUPOITHBIX BOZOEMOB: PEUHBIE, O3EPHBIE, MOPCKHE — B BEPXHHUX CIIOSIX
JISISTHOTO TIOKPOBA, TaM, Ille OHU MEJIKOKPHUCTAIMUECKUE, KaK MPaBHIIO, H30TPOIIHEIL.
B HIWKHNX CIOSIX JIEITHOTO MOKPOBA KPUCTAIUIBI JIbA 3HAYUTEIBHO KPYITHEE U BBITSHYTHI
10 BEPTHKAIH. ba3ucHbIE MIOCKOCTH ATUX KPUCTAIUIOB MEPIEHIUKY/ISIPHBI TOBEPXHOCTH
3amep3aHus Jbaa [9]. AHH30TPOINS MIPOYHOCTHBIX M PEOJIOTHUECKHUX XapaKTEPHCTHK
JIbJIa HWOKHUX CJIOEB JIEJSIHOTO TTOKPOBA SIPKO BBIpa)keHa M 00YyCJIOBJICHA aHU30TPOIINEH
MEXaHMYECKUX XapaKTEPUCTUK KPHCTAIIIOB JbJa. V3BeCTHO, YTO MOHOKPHCTAII JIb/a
COCTOMT U3 0Aa3MCHBIX TUIACTUH — AIIEMEHTAPHBIX IUIACTHH, Pa3eIeHHBIX MEXKILY cOO0M
IUIOCKOCTSIMH OCITabNeHus Win TpaHcmaun. B padorax [10, 11] 6b1u1a recnenoBana aHu-
30TPOIHSI MEXaHUUECKHX, TIPOUHOCTHBIX M PEOJIOTHUECKHX XapaKTEPUCTUK MOHOKPHCTAI-
JIOB JIbJIa. BBIIO 1MOKa3aHO, 9YTO OCHOBHBIM MEXaHW3MOM, ONPEIEISIONINM aHH30TPOITHIO
MEXaHMYECKHUX CBOMCTB MOHOKPUCTAIIJIA JIb/IA, SIBIISIETCS] CHOCOOHOCTH OA3MCHBIX TUIACTHH
MOHOKPHCTAJIIA CKOJIB3UTh JIPYT OTHOCHTENIBHO JpyTa.

[IpoBeneHHOE HCCeNOBaHHE HOCUT (PEHOMEHOJIOTHUECKUH XapakTep, M03TOMY
MOKHO JIMIIb BBICKA3aTh MPEATIOIOKEHNE, OOBSICHSIIONIEE aHM30TPOITHIO CHUIJI TPEHUSI T10-
KOSl M TPEHHMSI CKOJIBYKEHHSI MOHOKPUCTAIIJIOB JibJa. JlomycTum, yTo 0a3uCHbIE MIaCTHHBI
OIIPEAEIAIOT TAKKE U AaHU30TPOIINIO CHJI TPEHUSI TOKOSI M TPEHUSI CKOJIBKEHHUSI MOHOKPH-
CTaJUIOB JibJia. [Iperonokum, 4To TIpH OIUIABICHUH MOHOKPHCTAJUIA JIbJia Ha JIaTyHHOU
IUTATE TIPOMEKYTKHA MEXITy 0a3MCHBIMHU IUTACTHHAMU (0OBEMBI OCITa0NCHHS) PacIlIaBiIs-
I0TCSI HECKOJIBKO MHTEHCUBHEH, 4eM 0a3MCHbIE TUIACTUHBL. DTO MPUAACT MUKPOCTPYKTYpE
MTOBEPXHOCTH MOHOKPHCTAJIA JIbJla BUJ «CTUPAIBHONW HOCKH». Takoe MpeArnoIoKeHne
I03BOJISIET B [IEPBOM ITPUOIMIKEHUN OOBSICHUTH OCHOBHBIE 3aKOHOMEPHOCTH, OOHAPYKEH-
HBbIE B JAaHHOW pa0oTe, IPH M3MEPEHUAX CHI TPEHUSI MOKOS M TPEHMS CKOJBKEHUS UL
pasnmuHbIX opueHTaiui C-oceil MOHOKpHCTAILUIOB. [Ipy MapaienbHOM pacoIoKEHUH
C-oceil MOHOKPHCTAJUIOB JIBAA CHIJIBI TPEHHS TTOKOS M TPEHUS CKOJIBKEHHS MPEBBIIIAIOT
CHJIBI TPEHHMS B CiIydasiX, korja C-0cH MOHOKPHCTAJUIOB TEPIEHIUKYIISIPHBI.

W3 tabn. 1 u puc. 1 BuaHo cnenyromee. Ecni C-ocn MOHOKPHCTAJUIOB JIbJA TIa-
paJuIeNbHBI IpYT APYTy (IKCIEPUMEHTHI 10 CXEME ¢ U 0 CXeMe 8), TO Kod(p UIMEHTHI
TPEHUs TIOKOSI 3HAYUTEIBHO MPEBBIMIAIOT KOA(D(UIIMEHTHI TPEHUS TTOKOS B CIIydae, €Cin
C-ocH MOHOKPHCTAJUIOB JIbJIa MEPIEHIUKYISIPHBI APYT IpYyTy (IKCIIEPUMEHTHI IO CXeMe
O W IO CXeMe 2).

B skcriepumenTax, IpoBEEHHBIX MO cXxeMaM a U 8, C-0cH 000MX MOHOKPHCTAJLIOB
napauienbHel. Ho pasmmuHo ObII0 HaNpaBleHUE NBMKEHHMS MOHOKPHCTaUIA M, 0 TIOBEpX-
Hoctd M. Ecim B oKcIiepuMeHTe 110 CXeMe @ HalpaBjIeHUe JIBHKEHHs MOHOKpHCTauia M,
OBLTO HEPHEHAUKYIAPHO C-0CSM MOHOKPHCTAINIOB M, 1 M,, TO B SKCIIEPUMEHTE TI0 CXEME
6 HanpaBJIeHHE JIBHKEHHs MOHOKpHCTasLia M, 6b110 napaiienbHo C-0csiM MOHOKPHCTAILIOB.

DKCIIEpUMEHT TI0Ka3ald, 9To KO3 (PHUIIMEHT TPEeHHS TOKOS B CITydae, KOT/ia HalpaB-
JIEHUE JIBUKEHUSI MOHOKPHCTAJUIOB JPYT OTHOCHUTENBHO JIpyra napajuieiabHo C-ocsim
MOHOKPHCTAJIIOB (IKCIIEPUMEHT II0 CXeMe 8), TIPEBhImaeT K0d(O(OUIIMEHT TPEHHS MOKOS
MOHOKPHCTAJIIOB, JABMKYIIUXCS IEPIEHIUKYIIPHO C-0CsIM (IKCIIEPUMEHT IO CXEME ).
IlepBOHaYaIEHO MOHOKPHCTAJIIBI HAXOIMIINCH B OIMHAKOBBIX YCIIOBHUSX, B 000HX CITydasx
0a3MCHbIC IIACTHHBI MOHOKPHCTAIUIOB OBUIH MapajuiesbHbI IpyT Apyry. Oka3ajiock, 4To
JUISl IPUBEACHUS B IBIJKEHUE MOHOKPHCTAIIJIOB APYT OTHOCHUTENBHO JPYra MapaulelnbHO
0a3UCHBIM IUIACTHHAM TPeOyeTCs MEHbIIIAsl CUJIA, YeM JUIsSl IPUBE/ICHUS B JIBHXKEHUSI MOHO-
KPHCTAJUIOB TEPIEHANKYIISIPHO Oa3MCHBIM IUIACTHHAM.

B skcniepumenTax 1o cxeme 6 Koa(OUIMEHT TPEHHUS TOKOsI PACTET ObICTpPEE C yBEIIH-
YEHHEM BPEMEHH NPEObIBaHUs Af MOHOKpHCTaIa M, Ha HOBEPXHOCTH MOHOKpHCTama M ,
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YeM B 9KCHEPUMEHTAaX M0 cxeMe a. [Ipu peanu3anuy 3KCIEpUMEHTOB TI0 cXeMe 6 ObLI0 00-
Hapy»KeHO, YTO TOJILKO B ATOM CiTy4yae KO3(D(QUIMEHT TPEHHSI ITOKOSI f — 00 yKe TIPU BPEeMEHH
BBIJIEPXKKM MOHOKpHUCTasia M, Ha MOBEPXHOCTH MOHOKpUCTaILIa M|, paBHo# 60 cekyHiam.
To ecTb TOIBKO B 3TOM CIIydae MOHOKPHCTAJLIBI CMEP3atoTcs yxxe uepes3 60 cekyH.

Pe3ynbraTbl U3MEpeHUs MOKa3aIn, YT0 KOY(PQUIMEHTH! TPEHHUsI MOKOS IIPU peasu-
3K DKCIIEPUMEHTOB 10 cXeMaM 6 U 2, To ecTh korna C-ocu MoHoOKpucTamioB M, u M,
HEPIEeHINKYISIPHBI APYT APYTY, 3HAUUTEILHO MEHBIIIE, €M B CIIyJasiX MPH HapauieIbHOM
pacnosnioxkenun C-ocelt MOHOKpucTamios M, u M,

CpaBHMBasI pe3yJIbTaThl SKCIIEPUMEHTOB, ITPOBEACHHBIX 110 CXeMe O U 2, MOXHO
YBHIETh, YTO KOI(PPUIMEHTHI TPEHUsI MOKOSI TPU BPEMEHHOH BbIJIEpKKE Af = 5 cexyH/
y HHUX PaBHBI, 3aT€M HAYMHAIOT MPOSIBISATHCS pasnuuus. Tak, eclu BpeMEHHas BBIACPXK-
Ka yBeauuyuBaeTcs 10 60 cexyH, To Ko3()(UIMEHT TPEHUS MOKOsI B IKCIIEPUMEHTAX IO
cxeMe 6 yBenmuuBaeTcs B 5,1 pasa, a B 9KCIIEPUMEHTAX 10 CXEME 2 YBEJIMUUBAETCS BCETO
nuuib B 1,6 paza.

[Ipu eme Gosee amuTenbHON BBIAEpKKe Af = 600 cexyHn kod(hHUIMEHT TpeHus
MOKOSI MOHOKPHCTAJIJIOB JIbJIa B DKCIIEPUMEHTAX, MPOBEICHHBIX M0 CXeMe O, paBeH Oec-
KOHEYHOCTH (MOHOKPHUCTAJUIBI CMEP3IIUCH), a KOA(M(OUIIUCHT TPSHHS MTOKOS B DKCIICPH-
MEHTax, MPOBEJIEHHBIX 10 CXeMe 2, paBeH 4,8. MOHOKpHCTaIbl HE CMEP3JIUCh, U 3TO
€IMHCTBEHHBIN CiIy4aid, KOrga MOHOKPHCTAJUIBI JIb/a, IPEObIBasi B COMPUKOCHOBEHUN
B TeueHue 10 MUHYT, HE CMEP3IUCh. DTOT 3PPEKT 00YCIOBICH OCHOBHBIM CBOWCTBOM
pocTa MOHOKpHCTAIa Jbjaa: Mostekyna H,O JIeTko NpucoennHseTcst K KpasiM O0a3sucHOM
IUIOCKOCTH, @ 00pa3oBaHue HOBOW 0a3MCHOMW INIOCKOCTH 3aTPYyJAHEHO, MOCKOJIBKY 3TOT
nporecc 0onee SHepro3aTpaTHbIil (CHEXUHKH ITIOCKHUE; II0 MEPE POCTa JIESTHOTO TIOKPO-
Ba Kpuctauibl ¢ C-0Chl0, NMapajiesbHOM MOBEPXHOCTH JIEASHOIO ITOKPOBa, CTAHOBSITCS
npeobmanaromumu [9]). B paccMoTpeHHOM citydae OIWH M3 MOHOKPHCTAIIOB, @ IMEHHO
M, rpaHMYUT ¢ MOHOKPHCTAJJIOM M, IJIOCKOCTBIO Ga3MCHOM IJIACTUHBI, MPHCOEIHHE-
HHue K koTopoi mostekyn H,O 3arpynneno snepretnyecku. 1103ToMy MOHOKPHCTaILTBI HE
CMEp3JIUCh, JaKe MPeObIBast B CONPUKOCHOBEHUH B TeueHHe 10 MUHYT.

HaxoxaeHne MOHOKpHCTAUIA JIba HAa BO3JyXE B XOJOAHOHN JIaDOpaTopuu MpHUBO-
JIIT K YMEHBIICHHIO U 3aTeM K ITOJHOMY HCUE3HOBEHUIO aHU30TPOIINH CHII TPEHUS TTOKOSI
U CKONIbKeHHUs. [IpoBeieHHbIE SKCTIEPUMEHTHI JaI0T OCHOBAHHUS TIPEOI0KNTD, YTO 3TO
0OBsICHSIETCS KOHZCHCAIMEH BOASHOIO Iapa Ha MOBEPXHOCTSIX MOHOKpUcTawuioB. [Tpu
3TOM Ha IMOBEPXHOCTH MOHOKPHCTAIIA 00Pa3yloTCsl y9aCTKH, TIOKPBIThIE TUNICHKON BOABI,
IPU 3aMep3aHUK KOTOPOH 00pasyercst jieA. DTH IUICHKU BOJBI M «KOPOUKWY JIba CKpa-
JIBIBAIOT YHUKAJIBHBIE 0COOCHHOCTH MOBEPXHOCTH MOHOKPHCTAIUIA JIb/ia, TPOSIBIIAIOINECS
B aHM30TPOINHMH CUJI TpeHus. B cirydae HaxokIeHHst MOHOKPHCTa/1a M, Ha IOBEPXHOCTH
MOHOKpHUCTa/Ia M| 9TOT MEXaHHW3M yMEHBIIEHHS aHU30TPOIIMH MCKIIOYAETCS, TaK Kak
K MOBEPXHOCTSIM CONPHKOCHOBEHUSI MOHOKPHUCTAJIOB JIbJIa HE MOCTYIAeT BO3IYyX, CO-
JIeprKaluil BOISHOM nap.

Bomnpocam TOHKOH CTPYKTYphI TOBEPXHOCTH JibJa MOCBsIIeHa padota [3]. B Heit
asrop numieT: «CTpyKTypa M CBOMCTBA MIOBEPXHOCTH JIb/Ia, TPAaHUYAIIEH C ITapoM, OCTa-
eTcs BO MHOTOM HesicHoW. OJiHa u3 HanOoJiee MHTPUTYIOLIMX THIIOTE3, BBIABUHYTAS €1le
M. dapaneem, 3aKIIOYACTCS B CYIIECTBOBAHUM HA ITOBEPXHOCTH JIbAA KBA3MIKUAKOTO
CJIOSI TOJILMHOM B JECSATKHU-COTHH aHrctpeM. OCHOBaHHEM JIJIsI ATOTO SIBJISIIOTCSI HE TOJIBKO
YMO3PHTENBHBIE TOCTPOCHUS U TEOPHUHU CTPYKTYPBI IPUIIOBEPXHOCTHBIX CIIOEB U3 CUIIBHO
nonspu3oBaHHbIX Mosiekyst H,O, Ho 1 ToHKHe u3MepeHHus (METOIOM $1EPHOTO MarHUTHOTO
pe3oHaHca) (ha30BOTO COCTOSIHUS HOBEPXHOCTH JIb/IA, @ TAKXKE €r0 TIOBEPXHOCTHOH MTPOBO-
JquMocTtH. OHAKO B OOJIBIIMHCTBE PAKTUUECKH BAXKHBIX CIIy4aeB CBOWCTBA MOBEPXHOCTH
JbJ1a, CKOPEE BCETO, OMPEIEIIIOTCS HATMINEM MaKpOCKOMYECKON BOJSTHON INICHKH, a He
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KBa3mWKHUIKOTO cos» [3, ¢. 70]. B pabote [4] aBTOp paccMaTpuBaeT METOIUKH H3MEPEHUS
XapaKTEePUCTUK TOHKHX MOBEPXHOCTHBIX CJIOEB M IJICHOK.

Taxum obpa3oM, B 3TUX paboTax MOATBEP)KIAACTCSA HAIlle MPEATOoIOKeHHe 00 00-
pa3oBaHUM U3 BOJASHOTO Mapa TOHKOH IUIEHKH BOJBI HAa ITOBEPXHOCTH MOHOKPHUCTAJLIA,
MIPUBOAAIIEH K YMEHBIICHUIO aHU30TPOIIMU CHJI TPEHHUS MOHOKPHCTAIIIOB JIbJA.

Pesynbrarbl U3MEpEeHHH CHIJI TPEHUS MOKOSI B TIEPBOM MPUOIMIKEHUH OOBSICHSIOTCS
HAIllUM TIPEAIIOI0KEHHEM O BOJIHOOOPa3HONW MHKPOCTPYKTYpE ITOBEPXHOCTH MOHOKPH-
cTajuia, 00yCIIOBICHHON 0a3MCHBIMHU TUIACTHHAMHU U 30HAMH OCJIA0JICHHST MEX/y HUMHU.

B pabore [5] ObutH IPOBEICHBI U3MEPEHHST AHU30TPOITHH CHJI KHHETHYECKOTO TPEHHS,
BO3HHUKAIOIIEH IPH CKOJIBKEHUH IIapuKa U3 KapOuaa Boib(pama B pa3iiMuHbIX Halpas-
JICHUSIX TI0 TIOBEPXHOCTH MOHOKpHCTAIIA JbJa. Takxke U3Mepsuiach MUPUHA JOPOXKKH,
00pasyroleicss Ha MOBEPXHOCTH MOHOKpHCTaJIAa. AHA30TPOIUs ObliIa OOHAPY)KEHA KaK
B KO3 PUIIMEHTE TPEHUs, TaK U B IIUpUHE AOPOoXKKH. [InprHa nopoxku ObuIa MaKCH-
MaJIbHOM ITPU CKOJILKEHUH IIapa 110 HOPMaJI K 0a3UCHBIM TUIOCKOCTSIM ¥ MHHUMAaJIbHOU
IIPY IBOKCHUH TIAPAIIIETIBHO UM. XOTS KO3((UIMEHT TPEHUsI ObUI MUHUMAJIBHBIM MTPH
CKOJIL)KEHUH 110 HOPMaJIM K 0a3MCHBIM IUIOCKOCTSIM M MAaKCHUMAJIbHBIM MapajliIeNIbHO MM.
AHHM30TPONUIO IUPUHBI TOPOXKKH aBTOP OOBSICHWII C TOYKH 3PEHMS BEJIMYMHBI BKIAIa
MeXaHU3Ma CKOJIbKEHHS B JieopManuio odpasia.

W3 rpaduxa Ha puc. 3 BUIHO, 9TO KOIP(UIIMEHT aHU30TPOIIMN TPEHUS CKOJIBKEHHUS
H pacteT ¢ pocTOM HaJalbHON CKOPOCTH JIBMKEHHs MOHOKPHUCTaIa M, 1o MoBepXHOCTH
MOHOKpHCTaiia M, (0T IIpOHIEHHOTO MyTH, ONPEAENIEMOTO HaYaIbHOH CKOPOCTBIO JBHIKE-
Hust M, 10 OBEPXHOCTH M ). DTO MOKHO OOBACHUTL POCTOM MPOUICHHOTO KPUCTAIIOM
M, nyTH W yBEIMYEHHEM BPEMEHH B3aMMONEHCTBHS MOHOKPHCTAIUIOB JIbJA, B TEYCHHE
KOTOPOTO M IPOSIBJISIOTCS CBOWCTBA aHW30TPOIIMH, PAacTeT U ILIOLIa/b TOBEPXHOCTEH
MOHOKPHCTAJIJIOB, IPEOBIBAIONINX B CONPUKOCHOBEHHUH.

B pabotax [6, 7] ObUIO IIPOAEMOHCTPUPOBAHO HAJTMYKME AHU3O0TPOIMU MEXaHHYCSCKIX
XapaKTEPUCTUK MOHOKPHCTAJUIOB JIb/1a, KOTOPBIE 00YCIOBICHBI CKOJIbKEHUEM Oa3MCHBIX
IUIACTUH MOHOKPHUCTAJIA JIPYT OTHOCUTEJIBHO JIpyTa.

B Hacrosimeit padote nokazaHa ornpeziessiroras poib 0a3uCHBIX IIACTHH MOHOKPHCTAIIIA
JbJa B ()OPMUPOBAHUU OCOOOW XapaKTEPUCTHKH MUKPOCTPYKTYpPBI €r0 IIOBEPXHOCTH, MPO-
SIBJISTFOLIEHCS. B MAKPOCKOITMYECKOH aHU30TPOITMN CHJT TPEHHSI TTOKOSI M TPEHUSI CKOJIB)KEHHS.

OOHapy>KeHHast aHU30TPOIIHSI CUJI TPEHUSI TOKOSI MOJKET OIIOCPEIOBAHHO TPOSIBIISTh-
Csl TIPH MCCJICIOBAHNN TIPOYHOCTHBIX XapaKTEPUCTHK JIbJIOB, COCTOSAIINX M3 KPYITHBIX,
BEPTHKAJIbHO OPUEHTHPOBAHHBIX KPUCTAIIIOB. B JIeIsTHOM IIOKPOBE, COCTOSILIIEM M3 ATOTO
THIIA JIBAA, Yoke ¢ ypoBHS 40 CM M HIKE KPHCTAIUIBI JbJla BEPTUKAILHO OPUEHTHPOBAHBI.
Wx C-ocu napaiienbHbl BEpXHEH MOBEPXHOCTH JISISTHOTO OKPOBA U PACIIONOKEHBI Xa0-
THuHO. B ciydae, ecimm C-ocu ABYX CONPUKACAIOMINXCS KPUCTAJUIOB HEPIICHANKYIISPHBI
JpYT APYTY, TO, P BO3HUKHOBEHHH BO JIbJly HalPSDKEHMS, TH KPUCTAJUIBI ¢ OOJbIIEH
BEPOATHOCTBIO CMOTYT T€PEMEIAThLCS IPyT OTHOCUTENIBHO JPYTa, YeM Iapa colpHKaca-
IOIIUXCST KPUCTAJIOB C TapaijenbHoi opueHTanueit C-oceil.

OCHOBHBIM PE3YJIBTATOM JIAHHOT'O MCCIIEIOBAHUS SBISIETCS SKCTIEPUMEHTAIBHOE IO/
TBEPIKACHHE HAINYUS Y MOHOKPUCTAIIIOB JIbJ]d aHU30TPOITMH CHJI TPEHUSI TIOKOS U TPEHHS
CKOJIB)KCHUSI.

[TpoBeneHHast paboTa 1o N3MEPEHHIO XapAKTEPUCTHK CHIT TPEHHUSI TIOKOSI U TPEHUSI CKOJIb-
YKEHIS] MOHOKPHCTAJIIOB JIbJIa IIPECTABISIET HAYYHBIH HHTEPEC U MPAKTUUECKOE 3HAUYCHHE.

Kongankt natepecoB. ABrop 3asBisicT 00 OTCYTCTBUHM KOH(IMKTa HHTEPECOB.
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OTBETUTb MCCIIEN0BAHNE: KAKOBA POITb IPUPOHOH 1 COLMANBHOM HEOMPEAETEHHOCTH B JKH3HEHHBIX CUTYAIAX
TIOCTOSHHOTO HaceneHust ApkTuku? KakoBbl cTparernn AefiCTBUI HACENEHHS B YCIOBHAX HEONPEIETIEHHOCTH?
KakoBa ponb pa3nuuHbIX aKTOPOB B NIPEO0IEHNH HETATUBHBIX MOCIEACTBUN MPUPOAHBIX H COLUANBHBIX He-
ompezienenHocTeit? Jlaetcs 0030p TEOPETHUECKHX M METOJONOTMYECKMX OCHOB MPOEKTa M JTHTEPaTyphl MO
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K.B. Ucmomun, H.B. Baxmun K.V, Istomin, N.B. Vakhtin

Summary

The article introduces readers to work on a new research project “Overcoming Uncertainty in Interaction with the
Physical and Social Environment in the Russian Arctic” by describing its conceptual and theoretical approach and
premises as well as the steps of designing it. It opens with an analysis of the concept of risk, which is currently
popular in the Arctic Social Studies and which is sometimes claimed to be the central concept in the field. It
proceeds by describing the new approach, which is based on the concept of uncertainty, both natural and social,
which constantly accompanies human life in the Far North. The inhabitants of the North know from experience
that uncertainty cannot be ruled out, but one can be constantly prepared for it by planning one’s behavior with
this factor in mind. Furthermore, one can suggest that the effects of ecological, economic and social changes
are experienced by these inhabitants first and foremost as shifts in the level and kind of uncertainty. Therefore,
the concept of uncertainty can replace the concept of risk in the studies of the effects of change on northern
communities; in fact, “uncertainty” is preferable because its conceived nature is obvious, while in many risk
studies, risk is still perceived as something objective. The main questions that a study of uncertainty can answer
are: what is the role of natural and social uncertainty in the everyday life of the permanent population of the
Arctic? What are the action strategies of the people in the face of uncertainty, including discursive strategies to
explain the growing uncertainty? What is the role of state authorities, industrial companies, local organizations,
urban and rural communities in overcoming the negative consequences of natural and social uncertainties? How
are social connections and networks involved in dealing with situations of uncertainty? The paper demonstrates
how these questions can be answered on the basis of anthropological fieldwork. It also uses examples from the
Komi Republic (Vorkuta), Yakutia (Chersky settlement), and Magadan area to demonstrate the sort of problems
the uncertainty-based approach can contribute to solving. A review of the existing literature in Russian and
English is presented in order to give the reader useful insights into the field of uncertainty studies and outline
the main directions of research that a study of uncertainty can take.
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BBEJJEHUE

B nocnecnoBun K TOJIBKO YTO M3IAHHOMY KOJUIEKTHBHOMY TPYIY, TIOCBSILICHHOMY
COIMAJIbHBIM HCCIICAO0BAHUSIM APKTUKHU U HOCSIIEMY OY€Hb XapaKTepHOE, Ha Halll B3IV,
Ha3BaHHe «PuckoBaHHOE Oyaylee: KIMMaT, TeONoIUTHKA U MECTHBIE PEAInH HEONPEIeIeH-
Horo nossipaoro Cesepay [1], Maiikn bpaBo onpenensier 3aaqy 3Toro Tpyaa u, mupe, co-
[UaJIbHBIX UCCIIEIOBAHNI APKTHKH BOOOIIE KaK ONMCAHUE U aHAJIM3 «CO3BE3ANH PHCKOBY
[2, p. 210], T. e. KOMILIEKCOB B3aUMOCBSI3€l B IKOJIOTMUECKOM Cpefie, COLMaIbHON cpesie
U MEXJly HUMH, pa3pylieHne WK TpaHcdopMmanusi KOTOPBIX MOTEHIHAIBLHO CIIOCOOHBI
HAHECTH 3HAYNTEIbHBIH YPOH oOuTarensiM ApKTHKU. PenakTopsl KOJIEKTUBHOTO TpYy/a,
Ombra Ynerypramesa u bapbapa bonenxops, siBnstoniuecs, kak 1 M. bpaso, Becbma
3HAYUMBIMU (PUTYpPaMU B COBPEMEHHOM COLIMAJIbHOM CEBEPOBEJICHNH, TAK)KE YKA3bIBAIOT
PHUCK B HallMCaHHOM MMH BBEJCHUH K JAHHOW KHHUI'€ B Ka4€CTBE OJHOTO M3 KIIFOYEBBIX
MOHSATHUN CBOECH NUCHMUIUIAHEI [3].

Takoe «yBIleueHHE)» PUCKOM Ka)KETCsl BIIOJIHE YMECTHBIM, YUUTHIBAas POCT JKOJIO-
TMYECKHX, COLMANIbHBIX, DKOHOMUYECKUX U MOJIUTHYECKHX YIPO3 B COBPEMEHHOM MHUpE,
noXkanyi Hanbosiee CHIIBHO OIIYIIaeMblil B apKTUUECKOM pernoHe. I Tem He MeHee, Ha
HAIll B3NS, KOJUICKTUBHBIN TP/ MOT ObI CHJIBHO BBIUTPATh, B TOM YUCIIC B IUTAHE OIICHKU
BO3JICHCTBHS HA HAceJeHUe APKTHKU YIIOMSHYTBIX YIPO3, €Cli Obl peIaKTOPBI TOMEHSIIN
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MeCTaMH B €ro 3ariaBuM U, 4To elie Oosiee BaXKHO, B TPE/IaraeMoil UMK TEOPETHYECKON
pamKe (KOTOpYIO OHH, KaK MBI y’K€ CKa3ajii, CKJIOHHBI PaCIpOCTPAHITh Ha BCIO TUCIHU-
TUTMHY ), TOHATHS «PUCK» U «HEOMPEACTICHHOCTDY.

JleficTBUTENBHO, YK€ TIOUYTH COPOK JIET Ha3ajJ B JaBHO CTaBIIEH 3THOJOTHYECKON
Kiaccukoil pabore «Puck u kynbrypa» [4] Mapu Jlyriac u Aapon Bungascku nokasanm,
YTO B XapakTepe mpeodsa aronmx B 00IIECTBE COLMAIbHBIX CBSI3CH MPOM3OIIEN CyIe-
CTBCHHBIN CIBUT: TUIAT()OPMON, Ha KOTOPOM MIPOUCXOAUT (POPMUPOBAHUE KPYITHBIX 00IIIC-
CTBEHHBIX TPy U 00bEAMHEHUH — MapTHii, OOIIECTBEHHBIX JBUKCHHUH, MOJIOJCHKHBIX
CYOKyJNBTYp | T. . (BKJIIOUasi U HEKOTOPBIC PETUTHO3HBIE TPYIIIBI), — MepecTaeT ObITh
OOIIHOCTH KJIACCOBBIX, PACOBBIX, KYJIBTYPHBIX M T. Il. HHTEPECOB; Ha IEPBBIH IUIaH BCe
Oosbliie U OOJIbIE BBIXOJHUT TO, YTO MCCJIEIOBATEIN HA3BAIH «OOLIHOCTHIO CTPAXOBY.
Amnanuzupyst Haubosee spKre oOIIeCTBEHHbBIE ABUKEHHS CBOCTO BPEMEHU — JIBUIKCHHE
B 3aIIUTY MPUPOABI U JBHKCHHUE 32 Pa3opy>KeHHE, — aBTOPbI MPHUIIIN K BBIBOAY, YTO
YJICHOB 3TUX JIBWKEHHH OOBEIMHSIET HE CXOIHOE OOIECTBEHHOE MOJIOKEHHUE, YPOBEHb
00pa3oBaHMsl, STHYECKOE MJIM PAacOBOE MPOMCXOK/ICHHUE, a COIIMAIBHO CKOHCTPYHUPOBAH-
Hasl HepapXusl pUCKOB. Tak, B MPeICTaBICHUN YJICHOB JIBUKEHUS 3a PA30pyKECHHE PUCK
AJICPHON BOMHBI MPEBBIIIAET BCE OCTAJbHBIE PUCKH, 1 UMEHHO 3TO NpeJCTaBICHHE Ha-
HOJTHSIET UX JIEATEIBHOCTD CMBICIIOM U OTJIMYAET UX KaK OT WICHOB JPYTUX OOIIECTBEHHBIX
JIBYOKEHHH, TaK U OT OCTAJIbHBIX MPEACTaBUTENCH 00IIeCTBa, Ybsl «HEPAPXUSI PUCKOB
ycTpoeHa uHave. (J{pyrum cyiiecTBeHHBIM BKJIaIoM uccienoBanus Jyrnac u Buanascku
B QHTPOIIOJIOTHYECKOE 3HAHHUE CTajla IEMOHCTPAIMs TOr0, YTO PUCKU — a yXK TeM OoJiee
UX HepapXUH — COLUAIBHO CKOHCTPYHPOBaHbI. K 3TOMy HX yTBEp:KJICHHUIO MBI €IIIe Bep-
HEMCS B TEKCTE HACTOSIIEeH paboThI.)

XoTs COOBITHSI IPOLIEAINX COPOKA JIET MOKA3aJIH, YTO aBTOPHI CIErKa MOTOPOIIIICEH
cOpachIBaTh CO CYETOB «KJIACCHYECKHE» (DAKTOPHI COIMAIBbHON MOOMIU3AINU, UM TEM
HE MEHee yIaJloCh «HAIlyNaTh» HEUTO BaXXHOE U HOBOEC. 3aJ0KEHHOE MU HallpaBiICHHUE
HCCIIE/IOBAHMIT HAIIIO CBOE TPOJIOIDKEHHE, HANPUMeED, B padorax Yinbpuxa beka [S] u Hau-
Oonee sipko — B padorax J[»Buna Yeitnu (Hamp., [6]). [Tocnequuii yrBepxkaaer, 4to Ha
CMEHY KJIACCOBBIM Pa3M4MsIM B COBPEMEHHOM OOIIECTBE MPHILIN PAa3JIUUUs B CTHISX
xu3Hu (lifestyles) 1 IMEHHO OHM ONPEJENSIOT COBPEMEHHYIO OOIIECTBEHHYIO CTPYKTY-
py. Ctuiib xu3HH, IO MbICN YeiHu, MeeT JBe CTOPOHBI: surfaces (IIOBEpXHOCTH), T. €.
BHEIITHHE MPOSBJICHNS, 3aKIIOYAIOIINECS B ONIPEACTICHHOM CTHIIC OJICKbI, TOBEICHNS, T10-
TpeOiIeHHs MaTepHalbHBIX M KYJIBTYpHBIX OJar, 1 sensibilities (4To MOXKHO 1epeBecTH Kak
«0eCHoKOMCTBaY), T. €. 0COOBII HA0OP TEM U TUCKYPCOB, OOBIYHO OTCHUIAIONINX K TOW WX
MHOM 001IeCTBeHHO npobieMe (TToJI0KeHUE KEHIIMH, PaBa MOPOCTKOB, TIOIMTHUECKHE
NPEATNOYTEHUS U T. J1.), BBI3BIBAIOIIUX CUIBHYIO SMOLMOHANBHYIO peakiuio. FIMeHHO Ha
0a3e sensibilities HOCHTEIN TOTO WJIM MHOTO CTHJIS JKU3HU M OOBEAMHSIOTCS MEXIY CO-
60ii. lHpIMHK clTOBaM, B COBPEMEHHOM 00111ecTBe JIeicTByeT MakcumMa: «CKaxu MHe, 4TO
TeOs1 OECIIOKOUT, U s CKaXKy, KTO ThI», IPUYEM, Kak yTBepkaaeT YeiiHu, oHa jieiicTByer
KakK ITPU COLMAIIbHBIX KOHTAKTaX U MEXKIMYHOCTHOM OOIIEHHH, TaK U MPU GOPMHUPOBAHUU
y JIMYHOCTH «00pa3a cebs», co3MaHuN COOCTBEHHON UICHTUYHOCTH.

HecomHuenHo, «becriokoiicTBay UelHH 3HAYMTENBHO OTIMYAIOTCS OT «HEepapXHuu
puckos» lyrnac u Bunnascku, 1a U caMa €ro TeOpHsl CTUIIEH KU3HU OCTACTCSI OTKPBITOM
JUIsl KpUTUKK. MBI 1oj1araem, OjiHaKo, 4TO Topa3 o BakHee 00Iias MbICIb, KOTOpas CBsi-
3bIBACT 3TH TEOPETUYECKUE PAOOTHI, & TAKKE YIOMSHYTYIO BbIle paboTy beka u menbiii
pAn Ipyrux ucciaenoBaHuil (Hamp., [7 u 8]), @ UMEHHO, YTO JIsl MOHUMAaHUS TPOIIECCOB,
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MPOUCXOAIINX B COBPEMEHHBIX UEJIOBEUECKHX (C0)OOIEeCTBaX, MaI0 YUYUTHIBATH JIMIIIb
TE€ COOBITHSI M UI3MEHEHUsI, KOTOPBIE JEHCTBUTEILHO IPOUCXOIAT BHYTPH U BOKPYT HETO;
Ba)KHOE 3HAYCHUE NMEIOT TAK)KE COOBITHS M N3MEHEHNS, KOTOPBIE MO2ym MPOU30UTH (Mn
HE MPON30UTH) C TOYKH 3PEHHSI YWICHOB 3THX coodmecTB. OneHKa BO3MOXKHOTO BIIUSET Ha
JIecTBUS JIIOZIEH HE B MEHBIIIEH CTENIEHH, YEM OLIEHKa peanbHoro. K HacTosiemMy MOMEHTY
HaKOIUICHO, 110 HAIIEeMy MHEHHIO, IOCTaTOYHO SMITMPUYECKHX J0Ka3aTeNIbCTB ITOW MBICIIH,
Y Ha MOBECTKE JTHS CTOUT Pa3paboTKa KOHIENTYaIbHOTO anmnapara 1 MEeTOA0B, CIIOCOOHBIX
Pa3BUTH €€ B NCCIIEIOBATENLCKYIO IIporpaMMy. Takas mporpamma, Ha Halll B3I, oOnasiana
651 ropa3io OONBIINM ITOTEHINAIOM B TIOHUMAaHWHU BO3ACHCTBHS CYNIECTBYIOIINX YIPoO3
Ha 4YeJIOBEUECKHE COOOIIECTBA, B TOM YHCIIE MPOKUBAOIINE B apKTHIECKOM PETHOHE, MO
CPaBHEHHIO C KJIACCHYECKUMHM HCCIIEAOBAHUSIMN prcKa. K coxxaneHuio, B 3TOM HalpaBiie-
HHUHM JI0 CHX IOp CJIeNIaHO HE TaK MHOTO, OCOOEHHO B TEOPETHYECKOM ILIaHE.

Lenp HAacTOAIIEH CTaThll — HAMETUTh OCHOBHBIC YEPTHI OAOOHON MPOTpaMMBL,
OpUEHTHPOBAHHOW Ha MCCIIEOBAaHUE YEIIOBEUSCKUX co00mecTB Poccuiickoit ApKTHKH.
B ocHOBY ee MoJIOKeH Halll ONbIT pa3pabOTKN NCCIIEJOBATEILCKOTO MTPOEKTA 10 TaHHOH
temaruke s Poccntickoro HaygHOTO (hOHIA.

ONPEJAEJIEHUE INPEIMETA UCCJIEJOBAHUSA

HccnenoBanue poiy ¥ MecTa BO3MOXKHOTO B (JOPMHUPOBAHUH YEIIOBEUYECKOTO I10-
BE/ICHUS UCTOPUYECKH HAUMHAJIOCHh KaK UCCIIE0OBAaHUE PUCKA U OTHOIIEHUS K HEeMy. AH-
TPOMOJIOTHS U COLUANIbHBbIE HAyKH, BIPOUYEM, B JAHHOM CJIydae HE OJUHOKHU: PUCK yXKe
JIONTO€ BpeMs SBIISICTCS MOMYJISIPHBIM IIPEAMETOM UCCIIE0BaHUS B 9KOHOMUKE, METULIMHE,
WHKEHEPHOM JIeJie U psijie ApYrux Hayk. bonee Toro, NoHATHE puCKka — TOT PEIKUI cydali,
KOI7Ia HayYHbIH TEPMUH, MIPUILEIINI U3 SKOHOMUKHI U UMEIOIIUI CTPOroe MaTeMaTHueCcKoe
omnpenencHue (yugepd om coobimust, YMHOICEHHbLL HA 8ePOSIMHOCTb 9mMo2o coovimust [7])
MIPOHUK B JKHMBYIO peub M CTaJ] 4acTbIO MOBCEJHEBHOIO AucKypca. HeynuBurensHo mo-
3TOMY, YTO PHCK JIOJT0 BOCHPUHUMAJICS — M YacTO BOCHPUHUMAETCS A0 CUX HOp — Kak
cyry0o 0OBEKTHBHOE SIBJICHUE, CYILECTBYIOIIEE BHE ¥ TIOMUMO YEJIOBEYECKOTO CO3HAHMSL.
(3ameTuM, UTO B KOTHUTHBHOM IICUXOJOTUHU CYIECTBYET 1[€JI0€ HAPaBIEHUE UCCIIE0Ba-
HUMH, IPU3BaHHOE OOBSICHUTD «OIIMOKM» B OLICHKE PHCKa M HEOPE/ICIEHHOCTH, KOTOPbIE
MBI «IIOCTOSIHHO COBEpIIIaeM B OOBIICHHOW Ku3HU» [17]).

HenocTtarouHocTs Takoro nojaxoia K pucky odeBujaHa. Hauano ero xputuku mosuo-
JKHUJIO YKe YIIOMSIHyTOe HaMu uccienoBanue M. Jlyrmac u A. Bunpgascku [4], roe Obu10
BIEPBBIC TPOJIEMOHCTPUPOBAHO, UTO OL[EHKU PHCKA U HEONPEACTIEHHOCTH 3aBUCAT OT KyJIb-
TYPHBIX U COIMAJIBHBIX (pakTopoB. OHAKO HanboJee CYIIECTBEHHBIMY B IIAaHE KPUTHKH
«O0OBEKTHBUCTCKOTOY» MOJIX0/Ia K PHCKY U HEONPEACICHHOCTH CTaIn paboTsl 00 «O0mecTse
pucka» Y. Beka [5]. B aTux paboTax, (paKTHYCCKHU 3aJ0KUBIIAX OCHOBY TCOPUH pedlicK-
CHBHOW MOJIEpHH3aIINH, TIOKa3aHO, YTO COBPEMEHHOE OOIIECTBO HE MPOCTO CaMO CO3/1aeT
PHUCKHU U HEONPEAETICHHOCTH, HO UX CO3/aHue (U MOCNeAyolee NPeoioieHHe) clIelyeT
CUUTaTh HOPMaAILHOH (opMoii ero pyHkMoHMpoBanus. [Ipu 3ToM Bonpoc 00 0OBEKTHB-
HOCTH 3THX IOHSATHH BOOOIIE HE UMEET CMbIcia: OOJBIIMHCTBO PUCKOB B COBPEMEHHOM
0011IeCTBE MOPOXKJICHO CaMUM OOIIECTBOM, TO €CTh PHCK HE SIBISICTCS OOBEKTHBHOW pe-
AIbHOCTBIO, KOTOpasi «IIPaBUJIBHO» WIIN «HETIPABUIIBLHO» BOCIPHUHATA €r0 YJICHAMHU.

OT0 ynoOHO MokaszaTh Ha MPUMEPE U3MEHEHHs KIIMMara, KOTOPOEe 4acTo Ha3bIBAIOT
OJTHMM M3 HauboJiee CyIIeCTBEHHBIX PHCKOB B COBpeMEeHHOM mupe. Ecim B mpomuiom
BEKE — U JIa)K€ B MIEPBOM JIECATHICTUN HBIHEIIHET0 — PUCKH, CBSI3aHHBIC C H3MEHEHUEM
KJIMMara, TPaKTOBAJIHNCh KaK 0ObEKTHBHBIC, HECMOTPSI HA PAa3HUILY UX OLEHKH B Pasiny-
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HBIX CTpaHax, TO CETOAHA B IUTEpaType MPOYHO YTBEPIUIACH MBICIb, YTO OI[CHKA PHUCKA
100a TBPHOTO MOTETICHUS HEOTAETNMa OT BOCIPHSTHS 3TOTO PHUCKa B 00mIecTBe (CM.
9-12]. D10 BBI3BAJIO MIKBAJI COIMOIOTUICCKIX HUCCIICTOBAHUN BOCTIPUSATHS TII00AITEHOTO
MTOTEIUICHUS Pa3IMIHBIMA TPYIIIIAMH HACEIICHHS, B TOM YHCJIe — KOPEHHBIM HACEICHUEM
Cegepa (cM., Hamp., [13—16]). Hanbonee MacmTaOHBIM IPAMEPOM TAKOTO HCCIISTOBAHUST —
1 OMHOBPEMEHHO MPU3HAHUEM HX BaKHOCTH — CTal MpoekT Opranmsanin OObeIIHEHHBIX
Harmuit “Peoples’ Climate Vote”, pe3yasraTsl KOTOPOTo OBLTH OITyONMKOBAaHBI B STHBApE
2021 roma (cM. https://www.undp.org/publications/peoples-climate-vote).

CyImiecTBeHHBIM HEOCTAaTKOM HCCIEAOBAaHUI TaKOTO poja, OIHAKO, SBISETCS HX
COXPAHSIOIIAsCS TPUBSA3KA K «IKOHOMHUYECKOMY» M «HHKCHEPHOMY» TIOHSATHSAM PHCKa,
YTO, TI0 HAIlIEeMy MHEHHIO, CHJIBPHO CHIDKACT UX MH()OPMATUBHOCTH, MTOCKOJIBKY TOHSITHS
9TH COIEepKaT HEM30EKHYIO OTCHIIKY K OMACHOCTH, YOBITKY H aJapMHICTCKOMY THCKYPCY
B IIeTIOM. B pesymbrare I MHOTHX, €CTH He OOJBINNHCTBA, JIOACH «PHUCK» CTAHOBUTCS
MIPAKTHYECKH CHHOHUMOM ITOHSATHS «OTACHOCTHY», M HUCCIICIOBATEIHCKOC BHIMAHHE He-
M30€KHO HATIPABIISACTCS B CTOPOHY OICHKH OMACHBIX, IIOTEHIIHAIEHO Pa3pyIIUTEIhHBIX
TTOCIICACTBUI TIPUPOTHBIX W CONUAIBHBIX U3MEHEHUH. DTHM, B YaCTHOCTH, OOBICHSCT-
Csl IIHPOKO PACTHPAKUPOBAHHBIN 00pa3 ceBepsiH, 0COOCHHO «KOPEHHBIX», KaK KEPTB
KIIMMATHIeCKIX U3MCHEHUH, KOTOPBIA B MOCIIEAHEE BPEMs CIPAaBEITUBO KPUTHKYECTCS:
«OmHako ObUTO OBl OIMMOKOW paccMaTpUBaTh KOPEHHBIE HAPOIBI TOINHKO KaK MOTEHITH-
aNBHBIC KEPTBHI II00AIEHOTO M3MEHEHHUS KinMara. Ha caMoM Jiene KOpeHHBIE HapOIbI
PEeAKO TPEICTAaBIAIOT ce0s OSCIIOMOITHBIMU WIIH HECIIOCOOHBIMH CIIPABUTHCS C Tepe-
MEHaMH. ..; [0]HH OOBIYHO MOAYEPKHUBAIOT, YTO MX OKPYIKAIOIIAs Cpelia BCera MEHsIIACh
1 TTOCTOSTHHO MEHSIETCS. .. OHH TaK)Ke CHCTEMaTHUECKU BBIPAKAIOT YBEPEHHOCTH B CBOCH
CIIOCOOHOCTH aJanTHPOBAThCS K JTFOOBIM 00CTOATEIHCTBAM, KOTOPHIE MOXKET MPHHECTH
n3MeHeHne kmumaray [18, p. 9].

BrIxomoM #3 3TOH cHTyanyd MOTIIO OBl CTaTh CMeIIeHne (POKyca MCCIeTOBaHUS
C TIOHATHS PHCKA U €T0 BOCTIPUATHA KUTEISIMA APKTUKA K MTOHATHIO HEOTPEACICHHOCTH
W aJanTaiui K Hel KaKk OCHOBHOTO MPEIMETa MCCICIOBAHUA. JTO JaeT BO3ZMOXKHOCTH
OLIEHHUTH BOCIIPUATHE KUTESIAMHI APKTHKH MTPOUCXOAIINX H3MEHEHHUN B UX B3aUMOCBSI3HU:
BeIb KIIMMAaTHICCKIE N3MEHEHUS — JaJIeKO He CMHCTBCHHBIN (XOTA U BaYKHBII) 2JICMEHT
HEOIIPEIEIEHHOCTH B APKTHKE, 1 OH HECET JaJICKO HE TOIBKO OMMAaCHOCTH, HO M BOZMOXK-
HOCTH, KOTOPBIE TaKKe BIUSAIOT HA OICHKY dTHX W3MEHCHUH.

KoHeuHo, HEKOTOpBIC TTIOCIEACTBHSA, CKaXKeM, TIPUPOTHBIX N3MEHEHUH MOTYT OBITh
OIHO3HAYHO YTPOXKAIOIIIMHU — HAIPUMEp, 3SUMHHUI JOXK/Ib, BEI3BIBAIONIHI HATEAb F MaIeK
OJICHEH, — HO MHOTHE U3 HUX MOTYT OBITh HEHTpaIbHBIMH, & HHOTIIA U COIEP>KaTh HOBBIC
BO3MOJKHOCTH, B 3aBUCHMOCTH OT BOCTIPHSTHS HX U peaKkIiy Ha HUX. Tak, Ooyee mo3IHuiA
JIEI0CTaB U IIPOMEP3aHKe TPYHTA MOTYT BBI3BaTh 00JIee MO3/IHEE OTKPHITHE 3HUMHHUKOB, UTO
B HEKOTOPBIX KOHTEKCTaX MOXKET OBITH BOCIIPHHATO Kak yrpo3a. OJHAKO Te JKe SIBICHHUS
MOTYT IPOTUTH BOJHYIO HABHUTAIIMIO, OTKPHITH HOBBIE BOSMOXKHOCTH JUISI PHIOOJIOBCTBA
WM CEIBCKOTO X03siicTBa. [l09TOMY METOmONOTHYECKU MTPAaBUIHHO, 0COOCHHO B KOHTEK-
CTe Ka4eCTBEHHOTO WCCIIEIOBAHMUS, TOBOPUTH HE O PHUCKAX, CBA3AHHBIX C TPUPOTHBIMH
WA COMANBHBIMA U3MEHEHUSIMH, a O TIOPOKIaeMO UMH Heonpedenenrocmu (cM. [19]).

[ToHsiTHE HEONPENEICHHOCTH IICHHO €Ie U ITOTOMY, YTO MO3BOJIIET IMMOCTABUTH
BO3/ICHICTBHE W BOCIPHUATHE MPUPOTHBIX M CONMATHHBIX W3MEHEHHI B 0Ojiee MIMPOKHA
koHTeKCcT. Kak cnpaBemumBo mumier Mrops KpymHEK, «mporiecce “HopManm3auu’ IS
TaKWX [apKTHYECKUX| OOIMIKMH 03HAYAET, YTO 32a00THl 00 M3MEHEHHIX KIMMaTa OKa3aliCh
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BIUICTCHBI B TKaHb IIOBCEAHEBHOH KM3HU, IZ¢ IPyrHe TPEBOTM — CMEpPTh U OOJIe3HH,
9KOHOMHKA, IIeHa OCH3MHA JJIsI MOTOPOB, OTCYTCTBHE 3apIUIaThl M T. Il. — YacTO BOJIHY-
I0T JIFOZICH He MEHbIIE, ecii He OOJIblle, YeM COCTOSIHHE MOTOABI U Jibaa. HUKTo yxe He
OouTcs “M3MeHeHNH KIUMaTta” ¥ He COOMpaeTcs u3-3a HUX ye3kaTh. “JIF000Bb K pomHON
3emiie” — (aKTop, OTCYTCTBYIOIINI B MOJEINAX KIMMATOIOTOB, IOMOTAET JIIOASIM OBITH
croitkumu (resilient), MpeANMPUAMYNBBIMHU WM MTPOCTO yOpssMbeiMm» [20, c. 183].

BO3MO’KHBIE OFBEKTbBI U 3AJJAYU UCCJIIEJOBAHUS

AHanm3 IMEIOIIMXCS JaHHBIX ¥ COOCTBEHHBIC HAOJIOICHMUSI TTOKA3bIBAIOT, YTO HEOIIpe-
JISTICHHOCTh — YYTh JI HE BCEOOBEMITIONIAsl KaTeropusi, ONpeAeIsonias OueHb MHOTHE
aCIIEKTHI )KU3HU U NoBesieHus HaceneHus Kpaiinero Cesepa, mpudyeM NposiBIEHUS BO3/EH-
CTBUSI IPUPOJHBIX HEONPEIEIEHHOCTEN CBSA3aHbl C HEOMPEAECICHHOCTSIMU COLIUATbHBIMU
TaKUM 00pa3oM, YTO COKpAIlEHUE MPHUPOAHBIX NCTOYHUKOB HEOIPECIICHHOCTH BEICT
K POCTYy COILIMAJIbHOW HEONpeeNICHHOCTH, ¥ HA00OPOT: POCT NMPHUPOIHON HEOIpE/IeIeH-
HOCTH CHW)KAeT HEOIPEAEICHHOCTh connaibHylo [21, 22]. DTOT akT OTKpBIBACT IIUPOKHIA
BBIOOp OOBEKTOB, M3y4YEHHE KOTOPBIX MOXKET BHECTH BKJIa/l B IOHUMAaHHUE IPOLIECCOB,
CBSI3aHHBIX C HEONPEAEICHHOCTHI0. Huke BCero Juib HECKOIBKO MPUMEPOB:

(1) Dmmaemuss COVID-19, 3arparuBast B TOW WJIN MHOM CTETIEHN BCE HacelCHHE
Hallle CTpaHbl, IPHOOPETAET 0COOYI0 aKTYyaIbHOCTh B APKTHYECKOM PErHOHE: pa3pe-
JKeHHast HH(pacTpyKTypa 3aTpyHsIEeT OKa3aHWEe CBOCBPEMEHHOW MEIUIIMHCKON TTOMOIIIH;
00JIBIIIOE KOJIMYECTBO NMEPUOANIECKH CMEHSIONIMXCS BAXTOBUKOB CO3/1a€T MPAKTHYECKU
uzieanbHbIE YCIOBHS IJISl paCIpOCTPAHEHUS BUPYCa; CKyUYEeHHOCTh HACEJIEHHs B TIOCENKaX,
€ro JUIMTEJIFHOE MPEOBIBAHNE B 3aKPHITHIX MTOMEIICHUSAX B 3UMHUI IEPHOJT YBEJINYNBAIOT
CKOpPOCTB pacIlpoCTpaHeHHs 3apaskeHusi. HecMoTpst Ha TO, 4TO 9TH (haKTOpPBI M3BECTHBI,
TEMIIbl IPUBUBOYHON KaMMaHUU B APKTUKE B IIEJIOM OKa3aldlCh HEBBICOKU. Ilpu sToM
BPSIZT JIM MOXKHO CKa3aTh, YTO OOJIBIIMHCTBO HACEJICHHUS APKTUKH HETIPABHIGHO OIIEHHBAJIO
PHICKH, CBSI3aHHBIC ¢ OOJIE3HBIO, MM NPEYBEINYNBAIIO PUCKH, CBSI3aHHBIC C BAKIIMHAIIMCH.
[IpobGiema cocToUT Kak pa3 B TOM, YTO JIOJM HE BOCHPUHHMAIOT W HE OIIEHUBAIOT IO
OT/ICNIEHOCTH PUCKH OOJIE3HM M PHCKU BaKIMHAIMU U HE COMOCTABISIOT UX. 371Ch MIET
pedb O CIIOKUBILIEHCS 32 BpeMsI ITUIEMHH clieHU(pUIecKoii (hopMe repeKkuBaHms Heorpe-
JIEIICHHOCTH, (haKTOpaMu KOTOpO# sBIsiFOTCs 3a0oneBaecmocth COVID-19, BakiuHamus,
JICHCTBUSI MECTHBIX M LIEHTPAIBHBIX BIIACTEH B ATOH cepe n, BOBMOXKHO, LEIBIH psij
npyrux ¢akropos. Kakosa sta opma? Kak oHa paziandaercss Mey TpyNaMH HaCEICHUs
u pernoHaMu ApkTukn? KakoBbl pa3iauuHble MyTH aJanTalUy KUTeIe APKTUKH K 3TOH
HeonpezeneHHocTH? JIuIib OTBETUB, ITyTeM THIATEIBHOTO AIMIMPUUECKOTO UCCIIEOBAHUS,
Ha 9TH BONPOCHI, MOXHO MOHSTH IPUYMHBI HEYAAYM KaMIIAHUW BaKLIMHAIIUU B APKTHKE
Y HAMETHUTh IYTH PEIIeHHUs O00HBIX MpoliieM B OyrymieM.

(2) Topon BopkyTa 1 npuiexaniye K HeMy HIaXTOBbIE MOCEIKH JaBHO CTAIN CHUM-
BOJIOM IOCTCOBETCKOM Aenomynsinuu B Apkruke. C 1992 . anoMeparus norepsjia no4Tu
70 % MpOLEHTOB CBOETo HaceneHus; ¢ koHna 1990-x Ir. Ha ypoBHe npaBUTENbCTB Peciy-
6mmkn Komu u Poccniickoii deneparym 00Cyk1annch iaHbl «CBEPTHIBAHMS» BOPKyTEHI.
B pesynbrare cpein KUTENEH armoMeparuy pacipoCcTpaHmIach yOeKI€HHOCTh, YTO X
TOPOJI ¥ TIOCEJIKK 00pEeUYCHBI Ha HCUe3HOBEHNUE. B TO ke BpeMst HEKOTOpbIe KPYIHbIE KO-
HOMUYECKHE MPOEKTHI MPOLIEIINX ABYX ACCITUIETUI BBI3bIBAIH Yy HAaceNeHUsI BopKyThl
«BCTIBIIIKU HAJEKIBD, IPUBOAMBIIHE JaXKe K 3aMETHOMY YBEIMUYECHHUIO [ICH HA HEABMKU-
MocTb. Cpean KuTenel MOCTOSIHHO MJIYT pasroBOPHI, YTO I'pajoodpasyromiee IpeInpH-
aTHEe cOOMpPAaEeTCsl MMOCTENEHHO, MO0 Mepe BBIPAOOTKH MMEIOIINXCS IIAXT, KYXOIUTH) W3
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BopkyTtunckoro paiioHa, 4To, pa3yMeeTcsl, O3Ha4aeT KOHEeIl JUI Topoja U OKPY’KaIoIINX
ero nocenkoB. Kak >kuTean roposia BOCIIPHHUMAIOT TaKHE PE3KHE TIEPEXOABI OT HAZEHKIbI
K neccumu3My? Kak OHM CHpaBIISIIOTCS ¢ HEONPENEICHHOCTBIO CYIbOBI TOPO/Ia U CBOEH
coOcTBeHHOU cynb0bI? KakoBBI cTpaTernn AEHCTBHUI B YCIOBHUSAX 3TOH HEOTIPEICICHHOCTH,
CBSI3aHHBIC, HAIIPHMED, C CO3AHUEM «3allaCHBIX a3pOIPOMOB» B IUIaHE pabOTH U MecTa
xuTenabeTBa? Kak Takylo HEONpeneIeHHOCTh MePeXUBACT MOJIOJECKD, MPEICTABUTEIN
KOTOPOH POAMIINCH U BBIPOCIH B YCIOBHUSIX IIOCTOSHHOTO OXKUIAHHS «3aKPBITUS Topoaa?

(3) B HEOOMBIIMX apKTHUECKUX COOOMIECTBAX, B 3HAYUTEIFHON Mepe MOTAraroIIHXCs
B CBOEM XXM3HEO0ECIEUCHNH Ha TIPOMBICIIOBBIC MPAKTUKH, HCTOYHUKOM HEOPEEIEHHOCTH
MOXET OBITH HE TOJILKO TTOCTOSTHHASI BAPHATHBHOCTH OKPYKAIOIIEH CPEebl, TO €CTh B 1aH-
HOM ClTy4yae KJIIMMaTH4eCKHe N3MCHEHHNS U CBA3aHHBIC ¢ HUMH U3MEHEHHsI OMOIOTHYECKIX
LIUKJIOB 1 apeasioB OOMTaHMS )KUBOTHBIX M PACTCHUH, HO M N3MECHEHHSI B 3KOHOMHYECKON
KOHBIOHKTYpE: BOCTPEOOBAaHHOCTh TOTO MJIM MHOTO MPOMBICIIOBOTO pecypca, KoseOaHus
PBIHOYHOI CTOMMOCTH COBIBAEMBIX PECYPCOB, LICH Ha MPOAYKTHI U TEXHUKY, YPOBHS OIIATHI
TPyZa ¥ BO3MOXKHOCTEH 3aHsToCTH. [IprpoiHble U conpanbHble (hakTopsl 31ech paboTaroT
B KOMIUIEKCE, M, KPOME TOTO, CYIIECTBYIOT O0IIHME CONNAIbHBIE MEXaHU3MBI TIPEOOICHHS
9THX HeomnpeaeneHHOoCcTed. Kakne oObsICHEHNST IPOUCXOSIINX N3MEHEHNH M30UparoT
KHUTEIN 3THX paiioHoB? Kak OHM CIIPaBIIAIOTCS ¢ HEOIIPEAEIEHHOCTBIO PE3YIIbTaTOB KH3-
HeoOecnedeHust, KAKUMH CPEICTBAMU KOMIIEHCHPYIOT BO3MOXKHBIE TTOTEPH?

(4) Yxe B TeueHHE HECKOJIBKUX JIET JIETHNE JICCHBIE MOXKAPBI BHIHYKIAIOT XKHUTE-
Jel SIKyTHH CyIIeCTBEHHO MEHAThH CBOIO XKM3Hb, OTBOAS YacTh jieTa Ha O0prOy ¢ orHeM
B yIIepO Apyroi ce30HHOH paboTte. JlecHbIe TOKapHI 3aTparuBalOT MHOTHE pailoHbI SIKy-
THH, B PSZIE CITydaeB MOAXO/s BIUIOTHYIO K HacEJICHHBIM ITyHKTaM. [locieqHuMm Takum
neHTpoM BHUMaHHA AKyTckux CMMU cramo cropesmee ceno bsace-Kroénp; mns mccre-
JIOBAaHMSI HHTEPEC TPEJICTABISIOT TAKXKE U «PsIOBBIC» HACEICHHBIC MYyHKTHI, PyTHHHO
MIPOTUBOCTOSIINE OTHIO, HarIpuMep noc. Yepckuii, Tie MponuIsiM U T03arpoILIbIM JIETOM
necHol moxkap yrpokan mectHoit JIDII. Kak mosBnerne momoOHOH HEOMpeaeIeHHOCTH
MEHSIET J)KN3Hb HaceneHus rnocenka? KakoBbl conmalbHbIe MEXaHU3MBI, ITO3BOJISIONINE
JIOASIM TTPOJIOIDKATh HOPMAJIbHYIO )KHU3Hb B 3THX YCIOBHAX? UTO, 10 MHEHMIO JKUTEINEH,
SIBISIETCS] IPUYMHOM YYaCTHUBIINXCS TIOKapoB?

Yucno mogo0HBIX TPUMEPOB JIETKO YMHOKUTE. OOBEANHSIET NX, OJHAKO, TO, YTO JUIs
OTBETa Ha MOCTABJICHHBIC B HUX BOIPOCHI — a BONPOCHI 3TH MMEIOT HE TOJILKO TEOpe-
THYECKUH MHTEPEC, HO U CYIIECTBEHHYIO NMPAKTHUECKYIO 3HAYUMOCTh — HEJOCTaTOYHO
aHAJM3UPOBATh PUCKH M MX BOCIPHUATHE MECTHBIM HaceleHHeM. Bocmpusitue puckos
JIOJDKHO OBITH TIOCTABJIEHO B COLMANIBHBIN, KYJIBTYPHBIH, SKOHOMUYECKUH 1, BO3MOXHO,
HCTOPUYECKHI KOHTEKCT. [IOHATHE HEOTPEAEIeHHOCTH TI03BOJISIET IPOBECTH TAKOI aHAIN3
B paMKax aHTPOIIOJIOTUYECKOTO MCCIICIOBAHMS.

OnHOBPEMEHHO C OIpeZeIeHnEM OOBEKTOB YIaJIOCh ONPEICIUTh M BOIPOCHI, OT-
BETHI Ha KOTOPHIE COCTABIISIOT B HAIIIEM CiTydyae 3aj]ady uccienoBanus. B obmei hopme
9TH BOTIPOCHI MOXKHO C(HOPMYJIHPOBATH TaK: KAKOBA POJIb MPUPOIHON M COIMATBHON He-
OTIPEJENICHHOCTH B TE€X WJIM WHBIX XKU3HEHHBIX CHUTYalUsX, MOBEACHUH U MOTHBAIMIX
MTOCTOSTHHOTO HaceJeHnsT ApKTHKHU? KakoBEI cTpaTeruu IeicTBUIT HACEICHUS B YCIOBHAX
HEOTNPEEIEHHOCTH, B TOM YHCIIC — JUCKYPCHUBHBIE CTPATETHH, TIO3BOJISIONINE OOBSICHUTD
pacTylyro HeonpeneneHHOCTh? Kak BUANTCS KUTENISIM PONIb PAa3IMYHBIX aKTOPOB (Opra-
HOB TOCYAAapCTBEHHON BIIACTH, MPOMBIIIICHHBIX MPEANPUSITHH, MECTHBIX OpPTaHHU3ALUH,
TOPOACKHX U IMOCEJIKOBBIX COOOIIECTB) B MPEOOICHIH HETAaTHUBHBIX MOCIECACTBUN TPH-
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POAHBIX M COLMAIBHBIX HeompeeneHHocTell? Kak B pemeHnn cuTyaruii, CBI3aHHBIX
C HEOMPEIENICHHOCTHIO, 33/ICHCTBOBAHBI CONMANIBHBIC CBA3M M ceTH? B monckax oreeTa Ha
3TH, B 3HAYNUTEIBHON CTETIEHN TEOPETHUECKHE, BOIIPOCHI MBI IIPEATIONATaeM OITUPaThCs Ha
MIPUMEPBI, UMEIOIINE MMPAKTHUECKYIO 3HAYNMOCTD; KPOME TIEPEUHCIICHHBIX BBIIIE, MOKHO
yKa3aTb ¥ TAKHE BOTIPOCHI, KaK CO3AaHNE KOMIIEHCATOPHON MH(PACTPYKTYPHI CIIACCHNUS Ha
cirydait aBapuii Ha KoJpIMCKoif Tpacce, cTpaTeriun peoaoieHns HeperymsapHocTi Cesep-
HOTO 3aB03a (TOTUTMBA M MPOAYKTOB) B MOCENKN OacceifHOB pek HanTupka u AHaIBIPb,
MEXaHU3MBbI PEOIOJICHUS] HEOTIPEICICHHOCTEH B MIPOMBICIIOBOH AEATEIBHOCTH U COBITE
I0OBITOTO HA BOCTOKe TaitmbIpa u 1ip.

TEOPETUYECKHW KOHTEKCT UCCJEJTOBAHUSA

CymiecTBylomye 3THOTpaduIeckne MCCIIe0BaHus KU3HH C HEONPEACICHHOCTHIO
MHOT000pa3Hbl, HO HE CUCTEMAaTHUYHBL. Cpeld HIUX MOXKHO BBIJCIIUTH HECKOJIBKO TEMa-
TUYECKUX M METOIOJIOIMYeCKNX (POKYCOB: 1) MUKPOCOIMOJIOTHS HEONPEAEICHHOCTH —
CKOHIICHTPUPOBAHHBIN Ha JETAJSIX aHAIU3 HESICHBIX KOMMYHUKATUBHBIX cUTyauui [23];
2) aHayM3 CTPYKTYpHI uyBCTB (structure of feeling): nmposiBeHuid HaEkKAbI, TPEBOTH,
BOJIHCHUSI, TIPEABOCXUIICHUS U JAPYTUX aQPEKTUBHBIX PEAKIIHIA 11O TOBOMY OymyIIero
[24-26], B T. u. b. AHEpCOH U COABTOPHI MPEAIAralT PaCCMaTPUBATh Pa3HbIE CTPYKTYPBI
YYBCTBa B CBSI3U C HEOMPEEICHHOCTBIO KaK Pa3Hble «PEKUMbI HEONpeAeIeHHOCTHY [24];
3) dbopmupoBaHHe CHCHUPHUCCKUX, 00YCIOBICHHBIX HEOMPEICICHHOCTHIO CYOBCKTHB-
HocTel [24, 25, 27, 28, 30]; 4) aHamu3 HEONMPEEIEHHOCTH KaK TCXHHUKH BIACTH — T. €.
yIpaBlIeHUS TOCPEICTBOM CO3AHUS HEONpeaAeneHHOCTH [26, 29-31]. BaxxHoe mecTo B 3T-
HOTpaMUCCKUX MCCICAOBAHUIX HEOIPEICIICHHOCTH 3aHIMACT ONMMCAHUE Pa3HOOOPA3HBIX
TaKTHK JXH3HH B HEOTIPEICICHHOCTH: COCPEIOTOUCHHE HA TIPAKTHKAX 3a00ThI O JOMAIITHEM
mpocTpaHcTBe Ha (oHE (PUHAHCOBOTO Kpm3uca [32], B 4acTHOCTH Ha pykomenuu [33],
pas3BUTHE TEPIICHUS B CUTYaIMX JOJITOW XpOHMUYECKOH Oones3nu [34], oTka3 OT IIaHUpPO-
BaHUS B M0JIb3Y UCIIOIB30BAaHUS ciiydas [27], 3anpoc KOMIIEH AU, TPUBJICUEHUE YUSHbIX
1 9KCIICPUMCHTUPOBAHKE B CITyYac PaJHOaKTHBHON KaracTpodsl [28], oOpamieHue K Jyxam
npenkoB [35] ¥ T. . DTH TAKTUKU B 3HAUUTENBHON CTENEHH OIMPEIEISIOTCS KOHTEKCTOM.

C peruoHanbHON TOUKH 3pEHHSI UCCIIEA0BaHUS HEOMPEAECICHHOCTH COCPEI0TOUECHBI
IJIABHBIM 00pa30M B MECTaxX ¢ HECTAOWIbHOW BOCHHON W/WIIH YKOHOMHUYECKONH 00CTaHOB-
Kol — B cTpaHax Adpuku [27, 36-39] u Uspawmne [30, 31, 40, 41]. Ha mocTcoBeTCKOM
MIPOCTPAHCTBE HEOMPEEIEHHOCTh UCCIIEI0BANIACH OMTOCPEIOBAHHO — B paMKax U3y4eHUs
ajanTalud K YKOHOMUYECKUM U MOJUTHYECKUM MEePEeMEHaM «IepeXOAHOroy Mepuoja
1990-x. XoTsl 3TH UCCIIeOBAHUSI IOYTH HE OTIEPUPOBAIIU TTOHSATHEM «HEOPEIETIEHHOCThY
U COCPEIOTAUYMBAIACH TOJIEKO HA HECTAOMIIBHOCTU COLMAIBHOM Cpe/bl, HCKOTOPhIC Ha-
OmoneHust, cieIaHHble UX aBTopamu (Hamp., [35, 42, 43]), MOTYT OBITh ITOJIC3HBI IS
CpaBHEHUs B MpeJIaraeMoM HccieoBaHuu. VccnenqoBanust HEopeIeIeHHOCTH B APKTHKE
TaKKe MoKa equHUYHbI [44, 45].

Ha poccuiickom marepuaiie Xopomio pa3padoTaHa KOJIHMYCCTBEHHAS COIHMOIOTHS
pucka — B padorax O. H. SAuunkoro, A. B. M0o3roBoii ¥ COTpyIHHUKOB CEKTOpa MPooIieM
pucka u karactpod Mucrutyra connonoruu ®HVCL] PAH; 3! Tpy/asl BRIIOTHEHBI TJIaB-
HBIM 00pa30M Ha MaTepHaIax COIHOIIOTHYCCKHUX OMPOCOB M AKCIICPUMEHTOB. B mocnename
TO/IbI COIMOJIOTH PUCKA TAK)Ke UCCIEAYIOT U aanTaluio K HeonpeaeneHHoctu [46-51],
OHAKO WX (DOKYC HAIPAaBJICH HAa HACEIICHHE CTPAHBI B IICJIOM U HE YUUTHIBACT BIUSHHS
PETHOHAJBHBIX OCOOCHHOCTEH Ha BOCHPHUSTUE HEOIPESICICHHOCTH U TAKTHKHU JKU3HU C HEH.
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«AHTPOIIOIOTUS HEOIPEICICHHOCTH», O CO3/IaHIH KOTOPOH OOBSBISUIOCH YK€ He-
CKOJIBKO pa3, MPEeACTaBIsIET co00i ObICTpO pacTyliee U ciabo CTPYKTYpHpPOBaHHOE Ha-
MIpaBJIEHUE CO MHOKECTBOM ITOJXO/IOB, COCTOUT NPEUMYIIIECTBEHHO M3 HCCIICIOBAHUM,
Pa3pO3HEHHBIX TEMAaTHUECKH M PETHOHAIBHO, W CYIIECTBYIOIINX BO MHOTOM OT/EIHHO
OT HUX TEOPETHYECKUX U METOJOJIOTHIECKNX HapaOboTok. CrcTeMaTHIecKue peMeTHbIC
HCCIIEZIOBaHUS KHU3HHU C HEOIIPE/ICICHHOCTHIO, BKITIOYAIOIIECH B ce0s pa3InyHble BUIBI He-
OIIPEEIEHHOCTH, TI0Ka OTCYTCTBYIOT. IIpencTaBisercs, 9To Uil AadbHEHIIero pa3BUTHS
9TOTO HaNpaBJIeHUs] HEOOXOIMMBI HCCIIeI0BaHMsL, Ooee C(OKYyCHPOBAHHbBIE KaK TEMaTH-
YECKH, TaK U PETHOHAIBHO, IPOBOANMBIEC HE OT/ICIbHBIMHU NCCIIEA0BATEISMH, a HAYIHBIMH
KOJJIEKTUBAMH M CO3/IAIOIINE, TAKUM 00pa3oM, OCHOBY /IS IIMPOKHAX 000OIIEHHH.

METOHOJIOT MYECKHUM MMOIXO

ITocTanoBka Haliero HUCCJICAOBAHHUA B ONMCAHHBIN BbIIIE TeOpeTI/I‘leCKI/Iﬂ KOHTCKCT
MO3BOJIMJIA SICHEE YBUJAETh €r0 METOJOJOTHYECKH Ba)KHbIE OCOOCHHOCTH U HAaMETUTh
Meroposiorndeckuid noaxoz. Crayo siCHO, YTO OCHOBHAsE OCOOCHHOCTD MCCIIEIOBAHHS —
ero pernoHaybHbIN xapakrep. Kpaitnuii CeBep, Apkruueckas 30Ha PO — crparerndecku
3HAYMMBI MaKpOPETHOH, TEPPUTOPHUS SIKCTPEMAIBHBIX KIIMMAaTHYECKUX YCIOBHH, TpeOyto-
I1ast OT ee KUTeJei OOJIBIION TMOKOCTH U TIpUCIIocoOsieMOCTH. FIMEHHO B TakuX 00CTO-
ATENbCTBAX MaJeHle U3MEHEHUs B OKPYXKAIOLIEH cpeae WIN Jake Kaxyllascs yrpos3a
9THX U3MEHEHUI 0COOEHHO CHIILHO OTPaXKAalOTCsI Ha MOBE/ICHUN M )KU3HEHHBIX PEIICHUSX
mozei. Pacripocrpanenne COVID-19, npoexTsl pa3Butusi HeTe00bIBAIOIIECH OTpaCiIH
WM yraJok yrne,uo6b1q1/1, HN3MCHCHHUA B IIPAKTHUKAX CYyJ0XOACTBA, KIIMMAaTUYCCKUE CABUTH,
HU3MCHCHUS HyTeﬁ Mnrpaum‘/i JKUBOTHBIX, YCIICIIHOCTL 3aB0O3a IMPOAYKTOB U TOILJIMBA Ha
OTJAJICHHbIE TEPPUTOPUN — IIPUMEPBI OUECHDb PA3HBIX, HO B PABHON MEPE AKTyaJIbHBIX UL
JIOKAJIbHBIX COO61116CTB ﬂBJ’leHHﬁ, TaK KaKk UMEHHO C HUMHU OHHU CBA3BIBAIOT CBOC 6nar0-
nonyuyre. B aTux ycioBusix ocoOyr0 3HaYMMOCTh NMPHOOPETAET BBIBICHUE U ONHCAHHE
YHHMBEPCAJIbHBIX MEXaHU3MOB IPEOONECHUS HEONPEACICHHOCTE!, CYIIIECTBYIOIUX Y Ha-
cenennst Cepepa.

BTOpOﬁ OCO6eHHOCTbIO HCIOJIB30BaHUA ABJIACTCA MPUMEHCHUE KaUCCTBEHHBIX METO-
JIOB K KOHKPETHBIM TOUKaM. B Hayke CyIIECTBYIOT OJM3KHE IO TEMaTHKe MCCIIEIOBAHNS,
HO OTCYTCTBYIOT aHAaJIOTMYHBIC CPABHUTCIILHBIC UCCIICAOBAHU, 6a314py101unec;1 Ha 1Ipu-
MEHEHHMHU Ka4eCTBEHHBIX METO/IOB U paCCMATPUBAIOIIHE PA3INYHOIO POJIa HEOPEIEIEHHO-
cTH B KomIuiekce. CylecTBYIOIINE KOJTHMYECTBEHHbIE UCCIEI0BAHUSI PUCKOB U BOCIIPUSATHS
KJIMMAaTHYCCKUX U3MCHEHHH [52, 53] MO3BOIIIOT OYEPTUTH MPOOIeMy B 00IIIEM BUJIE, HO HE
JTAt0T BO3MOYKHOCTHU ONUCATh KOHKPETHBIE TAKTUKH KU3HU C HEOIPEIEICHHOCTBIO, 8 UMEHHO
TaKoe OIMHMCaHHE MO3BOJIUT CO3/aTh MOJIE3HBIE PEKOMEHAAINHN ISl MECTHBIX YIPaBIICHIIEB,
COTPYAHUKOB PA3JIMYHBIX PCTHUOHAJIbHBIX BEAOMCTB, a}IMI/IHI/ICTpaHI/Iﬁ MYHUIIUIIAJIBHOT'O
" pETUOHAJILHOTO ypOBHeﬁ, MOXKET JICYb B OCHOBY COLIMAJIBHOT'O ITPOTHO3UPOBAHU.

MeTo0J1I0rHYeCKH Hallle UCCIIeJOBAaHUE JI0IDKHO MPEK/IE BCEro pa3inyarh (GakTopsl,
BIIUSIIOLIME Ha HEOIPEIeICHHOCTh, U MEXaHH3MBI ITPUCTIOCOOIeHUs K Heil. C TOUKH 3peHHst
(I)aKTOpOB, BJIMAIOIUX HA HCONMPCACIICHHOCTD B ApKTI/IKe, MOXHO BBIJICJINTH TaKUC ABJICHUA,
KaK HEONpEeeIEHHOCTh B OTHOIICHUSIX C (JUKON) MPUPOIOH, MPEXKIE BCETO C XOIO0M,
a TaKKe ¢ XMIIHUKaMK (MeJBEeIH U Ap.); [Uis Oosee IKHBIX paiioHoB CeBepa — c Jiec-
HBIMU TIO)Kapamu (1 cTpaxoM nepes HuMu). Crofa k€ OTHOCUTCSI HEOMPENeNEeHHOCTb,
CBsA3aHHas C MOCTOAHHBIMU IMMPUPOAHBIMHU U3MCHCHHUAMU (KJ'II/IMaTI/I'-leCKI/Ie U3MCHCHHUA,
HACTYIUICHUE MOPSI U O0pYILEHHUE CYIIN, PAaHHEE TasHbE JIbIO0B U JIp.), a TAKXKE pacripocrpa-
HCHHUC BUPYCOB U IMPOYHMX IMATOT'CHOB. KpOMe TOT'0, MOXXHO BBIACIIUTD HCONPEACIICHHOCTD
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B TPAJUIIMOHHOM >KH3HEOOeCTeueHn! (0X0Ta, MPOMBICIIBI), CBSI3aHHYIO C SKOHOMHUYE-
CKUMH KOJI€OaHUSIMH M KOHBIOHKTYPOH PBIHKA, a TAKXKE HEOIPE/IEIIEHHOCTD, CBI3aHHYIO
¢ moctaBkamu Ha CeBep mpomykToB u TorumnBa (CeBepHbIM 3aB0o30M). Cioza ske€ MOYKHO
OTHECTH HEOIPEJCIIEHHOCTh Oyymero (SBJICHUS JIEHOMYJISALINN, TO €CTh COKpaIeHHE
HaceJIEeHMsI B TOCEJIKAaX M IOpOax, MOSBICHNE MTOCEIKOB-IIPU3PAKOB, PAcIIPOCTPaHEHHE
YTpO3 3I0POBBIO U pa3pekeHHAs MHPPACTPYKTypa st OOpBOBI C HUMH), CTpax Mepen
OyaymuM (OKHIaHHUE 3aKPBITHS TPAI000PasyOIIETo MPEAIPUATHS WK Ta/ie’kKa ONCHEH)
U IUCKYPCUBHBIE OOBSICHEHNS ITHX SIBICHUI CPEJ MECTHOTO HACEIICHUSL.

MexaHn3MBbI IPUCIIOCOOIEHUST K HEOIPEIEIEHHOCTSIM M UX MPEOIOJICHNS MOTYT
BKJIIOUaTh COIMAJIBHBIC CETH M MX CO3HATEIbHOE KOHCTPYMPOBAHHE KAaK CTPAXOBKH OT
HEOTPEINICHHOCTH, a TAKKE BOCIIPUATHE TOCYAAPCTBEHHBIX CITy’KO M MEXaHU3MOB, TIPH-
3BaHHBIX CTPAxXOBaTh OT PUCKOB (CaHABMAINS, ITyHKTHI CIIACCHUS HA TPACCe, SKCTPEHHbIE
(hOpMBI 1OCTaBKH ¥ TOCYIAPCTBEHHOM MOIICPKKH H JIp.).

Takum 00pa3om, Hallle NCCIIEI0BAaHUE JTODKHO BKIJIIOUATh PA3JINUHbIE ACTIEKTHI XKU3HU
HaceneHus Kpaiinero CeBepa, B TOM YHCIIe:

— 0CO3HaBaeMbIe H3MEHEHHUS CPOKOB, (hopM, F3P(PEKTHUBHOCTH TPaTUIIMOHHOHN XO035Tii-
CTBEHHOI! IeSITEIbHOCTH MECTHOTO HACEJICHUS;

— pOJIb YAaCTHOTO TPAHCIIOPTA, MEXaHU3MbI KOMIIEHCALMH Ae(UINTa, COLUAIbHbIE
CEeTH B3aUMOIIOMOIIIY;

— POCT HEOIIPE/ICICHHOCTH M PUCKOB UPE3BBIYAIHBIX CUTYallli M OTHOLICHUE K HUM;

— COOTHOILIIEHHE AUCKYPCOB O HMPUPOJHBIX M CONMAIBHBIX U3MEHEHUSIX «CBEPXY»
U «CHH3YY;

— 3TMYECKHE M MOPAJIbHBIC YCTAHOBKHU U COIIMAIbHBIC HOPMBI, TTOBBIIIAIONIIE TIPE/I-
CKa3yeMOCTb ITOBEACHHS YWICHOB COOOIIECTBA MEPE/T JINIIOM HEOTIPENEICHHOCTH U, TAKMM
00pa3oM, YMEHBIIAIOIINE 3Ty HEOIPEIEIICHHOCTD;

— POX/IEHUE COLMAIBHBIX MU(OB, CTPAXOB, MIPEXKAE BCEr0 — HUPPAIHOHAIBHBIX
M KOHCTIMPOJIOTMYECKUX MHTEPIPETALMI TPOUCXOASAIINX TIPOIECCOB, a TAKXKE JEHCTBUN
MECTHOH, pETHOHAIIBHON U (peiepalibHOM BIACTH MO MPEOI0JICHUIO HETaTUBHBIX MTOCTIE-
CTBHH TaKWX M3MCHEHHI;

— mpoOJieMa J1I0BepUsI MECTHOTO HAaCENIeHHsI K BIACTH (MECTHOM, perHOHAIBHOM,
(hemepanpHOIL).

[Tpu 3TOM yYHUTBIBAIOTCS JTOKATBHBIE 0COOCHHOCTH, BO3PACTHBIE, TEH/ICPHBIC U JIPyTHE
ACTIEKThI BOCIIPUATHS M TIEPEKUBAHNS HEOIIPEIEIIEHHOCTH 1 MCIIOJIb30BAHHS MEXaHU3MOB
ee MPEO0ICHHS.

OCHOBHOM KJIacC METOOB HAILIETO MCCIIEOBAHMS — KadeCTBEHHBIE: BKIIIOUCHHOE
HaOJIIOZIeHNE B YCIIOBHAX MOJICBOI pabOTHI M yIITyOJIEHHBIE HHTEPBBIO C MIPEICTABUTEISIMH
nocrostaHoro Hacenenus: Kpaitnero Cesepa. Beibop 3Toro pernona mccienoBaHust npen-
CTaBJIsIeTCsl 000CHOBAHHBIM C METOJOJIOTHUECKOH TOUKH 3pEHNS 110 JBYM NpHYuHaM. Bo-
MEePBBIX, MaJIasi IVIOTHOCTh HACEJICHUS, CKY/IOCTh TPAHCIIOPTHBIX CBSA3EH, CyIIECTBEHHAS
POJIb OXOTBI, PHIOOJIOBCTBA M COOMPATENHCTBA BEYT K TOMY, YTO IPHPOAHBIE HEOIpeEie-
JIEHHOCTH (CPOKH JIEIOCTaBa, CPOKH MIPOMEP3aHUS [10YB, ONPEACIISIONINE CPOKH OTKPBITHS
3MMHHKOB, U T. JI.) TOPa3/l0 CWJIbHEE BIUSIOT HA KM3Hb MECTHOTO HACENEHHS I10 CPABHEHHIO
C HEHTPAIBbHBIMHU 001acTsiMu Poccny, 1 MOTOMY CYIIECTBYIOIIAS 31€Ch HEONPEIEIEHHOCT
HE TOJIBKO OOBEKTHBHO BBIIIE, HO ¥ BOCIIPHHUMAETCSI OcTpee. Bo-BTOPBIX, IPUPOIHBIE
M3MEHEHHS B apKTUIECKON 30HE MTPOUCXOASAT 3aMETHO OBICTPEE U pe3ue, YEM B IIETIOM IO
ctpane [53], 0 4eM HaceleHHIO MOCTOSHHO HanomuHatoT CMU.
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3AK/IIOYEHUE

OnucaHHbIE B HACTOSIEH paboTe TeopeTHYeCKHe BEIOOPHI 1 HAPAOOTKH TTO3BOJIMIN
copMHpOBaTh MPOrpaMMy HCCIICIOBAHNH, OKA3aBIIYIOCS JOCTAaTOYHO YOANTEIBHON JUIst
TOTO0, 4TOOBI IpuBIIeYsb pruHaHcupoBaHue Poccuiickoro HayuHoro dona. C mast 2022 1. MbI
IIPUCTYNIIIN K OCYILECTBIEHHIO HAIIETo MTPpoekTa. B HacTosiee BpeMsl MUIOTHBIE M0JIEBIE
HccIeIoBaHus 1o npoekTy nposenensl B Henenxom AO (noc. 1lloiina), B Pecry6nmke
Kowmu (1. Bopkyra), B Pecniyonmke Caxa (SIkyrtus) (noc. Uepckuii), B Uykorckom AO (11o-
CEJIKH I10 TeYeHUIo p. AHazbIph). KoyulekTuBy MccienoBarenell pecTouT emie padborars
B SImano-Henerkom AO (1. Canexap, MOCEIKU U TYHIPOBBIC paiioHbl), Ha TaiiMbipe (T10C.
Ceianacko u [Toruraii) u B Marananckoii obiactu (KombsiMckast Tpacca).

EcTb u nepBble, MOKa MpeiBapUTeNbHbIC, pe3yabTarhl. [IpeaBapuTenbHO MOXKHO
YTBEPIKIATh, YTO CUTyaLlUsl C HEOMPEAETICHHOCTBIO U PEaKIMU Ha Hee B HACTOSIIEE BpeMs
3aMeTHO MU3MEHWINCH 110 CPABHEHUIO C CUTyaluel rog Ha3ax. Tak, MOXKHO BUJETh POCT
Pa3INYHBIX «KOHCIIHPOJIOTHYECKUX)» MHTEPIPETALUI TPOUCXO/IET0, HalpuMep 00b-
SICHEHHE T1a/1eKa OJICHEeH CO3HATEbHBIMH 3JI0HAMEPEHHBIMU JISHCTBUSIMU Ta3000bIBaIO-
mux koMnaHuil. ITone3HbIM KaxeTcs U MOHATHE «IIPECKa3yeMOH HEONPEeAEICHHOCTHY:
CE30HHOM, CBSI3aHHOW C TIOTOJION MJIM C PETYJSIPHO HEYIaYHBIMU JACHCTBHSMH CHAOKEHIIEB.

Mpl HazieeMmcs, 4TO AajibHEHInas padbora 1o 3TOMY IPOEKTY IPUHECET HE TOJIBKO
HWHTEPECHBIE PE3yNbTaThl KaK TEOPETHYECKOr0, TaK U MPAaKTHYECKOTO IUIaHa, HO U Oyjer
nojie3Ha A Jrofei, Hacenstomux Kpaitauit Cesep PO.

O0600mas Hall oNbIT pa3pabOTKU MPOTrPaMMBbl UCCIIEOBAHUN, MBI CYUTAEM BO3-
MOYKHBIM MOJAYEPKHYTH CJIEAYIOIINE OCHOBHBIE MOMEHTHI.

Bo-niepBbIX, Halll OMBIT HE MOKET OBITh ITOJTHOCTBIO CKOIIMPOBAH B JIPYTHX UCCIIEN0-
BaTEJIbCKUX KOJIJIEKTUBAX: OUEHb MHOT'HE METO/I0JIOTMUECKUE U TEOPETUUECKHE MOMEHTBI
B HaIlleM MCCJIEIOBAHUH 00YCIIOBJICHBI MHCTUTYIIMOHAIBHON HAIPaBICHHOCTHIO M JINUHBIM
HMHTEPECOM WICHOB HAIIEro KOJUIEKTHBA K HcciienoBaHusM CeBepa U ero HacelneHUs. X0Td
9TOT PErMOH, HECOMHEHHO, TNTyOOKO MHTETPHPOBAH C JIPyTMMH PErHOHAMH CTPaHBI, CBSI3aH
C HUMHU MHOTOYHCIJICHHBIMH COLIMAIBHBIMHU, SKOHOMHUUECKUMH U UH(PACTPYKTYPHBIMU
CBSI3SIMH, HEJIb3s HE TIPU3HATH, YTO OH HMEET CBOIO CHIENU(HKY, KOTOpast IPKO NPOSBUIIACH
B HallleM BbIOOpE 0OBEKTOB MCCIIEIOBAHUS M, CKOPEE BCEro, CONPSDKEHHBIX ¢ HUMH HC-
CJIe/IOBATENIbCKUX 3a/a4. TeM He MEHee HallUM OIBITOM BbIOOpA M OlepaliMOHaIN3aIN
IIPeAMETa UCCIIEA0BAHNS BIIOIHE MOXHO BOCIIOIb30BAThCS U B APYTUX HCCIIEA0BATEIbCKUX
KOHTEKCTaXx.

Bo-BTOpBIX, HAIll OIBIT ITOKA3bIBAET, YTO TPH pa3paboTKe MCCIIEI0BATEIbCKUX MPO-
rpaMM Ba)KHO HE OCTABaThCsl MPUBS3aHHBIM K MOHATHHHOMY U KOHLENTyaJIbHOMY arra-
paty «cBoeil» OCHOBHOM JUCUUIUIMHEI (B HAIEM CIIy4Yae — COLIMAIbHONM aHTPOIOJIOTHH ).
[IpuBneuenue NOHATUN U KOHLUEMIMNA MHBIX AUCHUILUIUH — Belllb, KOHEYHO, JOCTATOYHO
OIacHasi, HO BO3HUKAIOIIUE B CBSI3U C 3TUM PHUCK U HEONPEAEICHHOCTh YacTO BIIOJIHE
OITPaB/IbIBAIOT cEOsl.

Mpbl HajieeMcsl, YTO HaIll OIBIT OKaKETCs TOJIE3HBIM U BOCTPEOOBaHHBIM HAIIMMU
KOJUIEraMHu.

Kongaukr narepecoB. KoHQIUKTH HHTEPECOB OTCYTCTBYIOT.

®unaHcupoBanue. VccienoBanue BBIIOIHEHO 3a cyeT rpaHTa Poccuiickoro Ha-
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K TEKCTy HACTOSIIEH CTaTbU.
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IMPABUJIA JJI1 ABTOPOB
KYPHAJIA «ITPOBJIEMBI APKTUKU 1 AHTAPKTUKMN»

B >xypHaie myOnuKyoTCs CTaTbU 10 TEMaTHKE MCCIIeJOBAaHNH MOJISPHBIX o0nacTei,
a TaK)Ke HayYHBIE COOOLICHUSI TEOPETHYECKOTO, METOINYECKOT0, HKCIIEPUMEHTAIBHOTO
¥ TIPUKITATHOTO XapaKkTepa, TeMaTHIecKhe 0030pHI (IT0 3aKa3y PEedaKIliy), KpUTHICCKUE
CTaThbH W pEIeH3UH, Onbnuorpaduyeckue CBOIKH, XPOHUKA HAYIHOH >KM3HU. TEKCTHI
cTareil TOJHKHBI OBITh Ha PYCCKOM MJIM QHIJIMHCKOM s3bIKe. [IpuHNMaroTcs cTateu, paHee
He OMyOJIMKOBaHHBIC U HE HAXOASIINECS Ha PACCMOTPEHUH B JPYTHX H3JaHUSIX.

Bce marepranbl HarmpaBiIsIOTCS B PEAKIMIO B 2JIEKTPOHHOM BHJE OH JIaiH uepes
JIMYHBIA SJICKTPOHHEIN KaOWHET aBTOpa Ha caiiTe )KypHaua https://www.aaresearch.science.
ABTOpBI TOMKHBI MPEICTABUTH TEKCT CTAThH CO BCTABICHHBIMH PUCYHKaMH, a TAKXXe OT-
JIETFHO OPUTHHAIBHBIC (haiiIbl PUCYHKOB (CM. TpeOOBaHUS K PUCYHKAM), AKT SKCIIEPTH3HI
0 BO3MOXKHOCTH ITyOJIMKALUK CTaTbU B OTKPBITOM MeyaTy U (ailil ¢ MoJHbIMU CBEICHUSIMU
00 aBropax: (haMHIIMs, UMSI ¥ OTYECTBO (TIOJHOCTBIO), MECTO PabOTHI (MOJHBIN anupec),
yuYeHasl CTETICHb, JOJDKHOCTD, aJpec 3JIEKTPOHHON MOUTHI U Tele(OH OJJHOTO U3 aBTOPOB
IUTA CBsI3U. PekoMmeHayemblit 00beM crateid — ot 8 1o 20 crpanwui Texcra (depe3 1,5 uH-
TepBajia), BKIFOUasi TaONHIIBI U CIHCOK JINTEPATYphl; pUCYHKOB He Ooiee 6, TabmuIl He
Oomee 6. Tekct HaOupaetcst B popmare Microsoft Word. TTapameTpsr Habopa: mpudT
Times New Roman, kerib 12, uarepsai 1,5. CTpaHHIbl B CTAThe HyMEPYIOTCS.

Bce nocrynaromnyie MaTeprabl IPOXOAST MPOBEPKY Ha OTCYTCTBHE 3aMMCTBOBaHHN
B COOTBETCTBUH C STHUECKHMH IPaBHIaAMHU MyOINKaAIUH.

Bce crarbu mpoxonsT IBOWHOE PEleH3NPOBAHUE.

[TyOnukamys B HamIeM >KypHajle ITOJTHOCThIO OecIuiaTHa.

CTpyKTypa cTaThbu

Cratpu opopmMIstoTes ciemyrommmM odpasom. Cradana naercs Y/IK; 3atem Ha pyc-
CKOM $I3bIKE — Ha3BaHWE CTaThH, MHUIMAJIBI U (aMIIMK BCEX aBTOPOB (MIpHU yKa3aHUU
aBTOPOB CTaThH CHaualla WIyT MHULKAIBL, 3aTeM (amuius. Maunuans: u hamuius pas-
JIETISIFOTCST TPOOEIIoM ), TTOJTHOE Ha3BaHWE OpraHM3aliK(1INi), T7Ie BBIITOJIHEHA paboTa U ee
(ux) agpec; AMEKTPOHHBIN aJpec aBTOPa, OTBETCTBEHHOTO 3a CBSI3b C peakuueil. 3areM Te
K€ CBEACHHS IPUBOJSTCS HA AHIIIMICKOM SI3BIKE: 3aIVIaBHE, aBTOPHI, YUPEXKICHUsSI, BTOPOH
pa3 e-mail mmaBHOTO aBTOpa. IIpM 3TOM MMEHa aBTOPOB JAIOTCS MOJHOCTHIO, OTYECTBO
cokpareHHo. [Tocne 3Toro Ha aHIIMIICKOM SI3bIKE IMUITYTCS KIIOYEBBIC CIIOBA B COOTBET-
CTBHHU ¢ aHIMiickuM andasurom (He 6osiee 10 ciioB U He OoJiee JBYX CIIOB B COUETAHMSIX)
n aBTOopckoe Summary cratb Ha 20—25 cTpok (31ech ke JUIst KOHTPOJISl 00s13aTesIbHO
IpuIaraeTcest mepeBosl Summary Ha pyCCKHH SI3BIK).

KittoueBsle citoBa JOIKHBI OTpa’kaTb OCHOBHOE COAEP)KaHUE CTAaTbU, TIOBTOPATH
TEPMUHBI U3 TEKCTA CTaThbH M MO BO3MOKHOCTH HE MTOBTOPSITH TEPMUHBI 3aIVIaBUSI; CIIEyeT
MOMHHUTb, YTO 3TH CJIOBA JIOJKHBI OOJIErYMTh MOUCK CTaThH CPEACTBAMU MH(OPMAIIMOH-
HO-IIOMCKOBOM CUCTEMBL.

Summary 10/mKHO OBITH TOHATHO Oe3 0OpaleHus K CaMOH ITyOIMKalny KaK He3aBH-
CHMBIH OT CTaThbH UCTOYHHUK MH(pOpMaIi. OHO JOIHDKHO OTBEYATh CJICTYIOIIMM KPUTEPHUSIM!
HH(POPMATHBHOCTH (HE COAEPIKATh OOIIHX CIIOB); COMEPIKAaTeIBHOCTH (0TpakaTh OCHOBHOE
COZIEpKaHUE CTaThU: 3a]1ady PabOThI, METO/bI, ITIABHBIE PE3YNIBTAThI HCCIIEI0BAHHN); T10-
CIIeZI0BATeIbHOCTH M3NokeHus. [lepeBog Summary Ha aHITHHCKHNA S3BIK TOJDKEH OBITH
BBITIOJIHEH Ka4€CTBEHHO, C UCIIOIb30BaHUEM aHIVIOS3bIYHOM CIIEIMAIbHON TEPMUHOIOT Y,
He OBITh JOCIIOBHBIM MEPEBOJIOM PYCCKOS3BIYHON BEpPCUH (IIPU HEOOXOIMMOCTH CIIEAYET
TaKXKe BKJIIOYATh MOSICHEHUSI JUISi HHOCTPAHHOTO YHMTATENs, CBSI3aHHBIC CO CHEIN(UKOH
HCCIICIOBAHMH ).

ARCTIC AND ANTARCTIC RESEARCH * 2022 * 68 (4) 437




AHHOTaIMSI HA PYCCKOM SI3bIKE W Summary JOJDKHBEI ObITh CTPYKTypHPOBAaHHBIMH,
T.€. OTPaXkKaTb KPATKO MPOOIEMyY HCCIIEIOBAHHS M €€ COCTOSIHUE, 11eNb pabOThl, METOIBI,
pe3yabTaThl U 3aKIFOYCHHUE.

Janee npojoimkaercst ”HOpMAIKs Ha PYCCKOM SI3bIKE: KJIFOYEBBIE CJIOBA B COOT-
BETCTBUM C pycckuM aidasutoM (He Oonee 10), kparkas anHoTtanus (7—10 ctpok) (6e3
TIepeBo/ia Ha aHNIMIICKNUI) M HAUMHACTCSl TEKCT CTAThH.

Jis cTaThy, IpeIcTaBIsIeMO Ha aHITIMIICKOM si3bIke, TpeOytoTes: Y/IK; mepeBox Ha
PYCCKHIA s3bIK Bcell nH(pOpMaIyy, KoTopas AaeTcsl Mepesl HayajaoM CTaThbH B XKypHaJe.
Kpome Toro, B KoHIlE cTaTbu HEOOXOAMMO MPUBECTU PACIIMPEHHBIN pycCKui pedepar
(1-1,5 ctp.), a B mognucax K pUCyHKaM JaTh MX MEPEBOJ HA PYCCKHIM SI3BIK.

Ocnosnoti mexcm pa3ouBaercst Ha paszaesnsl. OOBIYHO ATO BBEJCHHUE, TOCTAHOBKA
po0JIeMbI, METOJMKA MCCIIEI0BAHMM, PE3ysIbTaThl NCCIEIOBAaHUH, 00CYKICHUE PE3yIb-
TaTOB, 3aKJIIOUYCHNE (BBIBO/BI). B KOHIIE cTaThi Hy>KHO IMMOMECTUTH CIIEIyIONyto HH(Op-
MaIuro Ha JIByX s3bikax: KondmukT uaTepecoB/Competing interests; @uHaHcupoBaHUe/
Funding; braronapaoctu/Acknowledgments. JKenarenbHo Tarke yka3aTb BKJIa]] aBTOPOB
B pabotel — Bxuan aBropos/Authors contribution. B paznene ®unancupoBanue HeoO-
XOJIMMO YKa3aTh MCTOUYHHMK (PMHAHCOBOH MOAJIEPIKKH, CIOCOOCTBOBABIIHNI BBHITOJHEHHIO
9TOM paboTh! (rpaHThl POHIOB, IPOTPAMMEI U T.11.), B biiarogapHoCTsIX MOXKHO ITOMECTHTH
671aroJapHOCTb JIMIIAM, OKa3aBIIMM ITOMOIIb B ITOJTOTOBKE CTATHU.

IHoonucu nod pucynkamu AAOTCS K KaXXJOMy PUCYHKY B COOTBETCTBHH C €TI0 pac-
TOJIOKEHUEM B TEKCTe: cHavana Ha pycckoMm (Puc. 1. /lanee moamuce), a MOTOM Ha aH-
mmiickoM s3bike (Fig. 1. Figure caption). B noamnucsx HeoOX0quMMO OTAEINSATh COOCTBEHHO
Ha3BaHUE PUCYHKA OT OOBSCHEHHH K HeMY (IKCIUTMKAIUS ), KOTOPBIE HAJI0 JaBaTh C HOBOH
CTPOKH.

Pucynxu u pomoepaghuu momemaroT B OTIENBHBIX (haiiiax: I pacTPOBIX H300pa-
xeHnit B pactpoBbeix ¢opmarax JPEG/TIFF/PNG/PSD, B Bektopabix — CDR, Al, EPS
u B hopmare XLS (ne nomyckatorcsi pucyHku B hopmare Word). Pazpernenue pacTpoBbix
n300paxeHunii B orrenkax ceporo 1 RGB-uger nomxno 61T 300 dpi. Bee crioBecHbie Ha-
IIFCH Ha PUCYHKaX JIal0TCsl TOJIBKO Ha PYCCKOM si3blke. Bee ycioBHbIE 3HaKH 0003HAYaIOTCS
udpamu (KypcuBoM) ¢ 00s3aTeIbHON pacIn(pOBKOM B MTOAPHCYHOUYHBIX MTOATUCSX, TIE
OHH TaKke 0003Ha4a0TCsl KypcHBOM. L{dpbl MOXKHO CTaBUTH M Ha JIMHUAX rpaduxoB. Ha
rpaukax Bce MIKaJIbl 00s13aTeNbHO MOAIUCHIBAIOTCS M YKa3bIBAETCS PA3MEPHOCTh BEITMUNH.

Tabnuywl. J{nst G0ABIINX TAOMUIL CIETyeT UCTIOIb30BaTh albOOMHYIO pa3MeTKy CTpa-
Huwbl. HoMmep u HanMeHoBaHue TaOMIbI (J1Ba OT/EIBHBIX a03alia) NPUBOAITCS Ha PYCCKOM
W aHIIIMHCKOM sI3bIKax. 3aroJoBOK TaONHUIIBI He TOJDKeH mpeBbiath JIBYX cTpok.

Tabnuuel 1 rpadbl JOIKHEI UMETh 3ar0JIOBKHM, COKPAILICHHS CJIOB B TaOJIUIAX HE
norryckaroTes. Tabmuipl HabuparoTes, Kak u TekcT, B (opmare Word mpudrom 9 nt.
Ecnu y Tabnuie! ecTh IpuMedYaHue, OHO TOKE MTPUBOANTCA Ha ABYX si3bIKax. [Ipumedanus
BHYTpPHU TaONuIpl He Harorcs. Mcroib3yroTes CHOCKH KO BCEW TaOMHIe WK OTJCIbHBIM
ee MoKa3aTelsIM.

B Tekcrte ciemyer naBaTh CCHUIKM Ha BCE PUCYHKH M TaOnuipsl. [Ipu mepBoit cchli-
ke — puc. 1, Tabn. 1; mpu moBTOpPHBIX — cM. puc.l, cMm. Tadm. 1. Eciu B Tekcre maercs
oziHa TaOIMIA WM OJMH PHCYHOK, TO CCBUIKM B TEKCTE MPUBOAATCS CIIEIYIOIINM 00pa3oM:
TIPH TIEPBOH CCHUIKE — (TabmwIa), (PUCYHOK); TP OBTOPHOM CCBIIKE — (CM. TaOIHITy),
(cM. pHUCYHOK).

Maremarnueckre 0003HaYEHUS, CHMBOJIBI M MPOCThIe (POPMYJIBI PEKOMEHIYeTCs
HaOupaTh OCHOBHBIM IIPU(TOM CTaThH, CIOXKHBIE (GopMyasl — B rporpamme MathType
(v B Bepemsix Word 1o 2007 roza BKITIOUMTENBHO). HyMepyroTcst TOIbKO Te (hOpMYITBL,
Ha KOTOpBIE €CTh CCHUIKH B TeKCTe. Pycckue u rpedyeckue OykBbl B (popMynax U TEKCTe,
a TaKke XMMHYECKHE 3JIEMEHThl HAOMPAIOTCSI MPSAMBIM IIPU(TOM, JTATHHCKUE OyKBBI —
KypcuBOoM. AGOpeBHATYphI B TEKCTE, KPOME OOIICTIPHUHSATHIX, HE JIOMYCKAIOTCS.
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B cnucke numepamyper (ion 3aroinoBkoM «CIIHCOK JIUTEPaTyphI») CChIIKM HA JINTEpa-
TYpy HyMEpYIOTCS OCIIEA0BATEIBHO, B COOTBETCTBUH C MOPSIIKOM HX IIEPBOTO YIIOMHHA-
HUS B TeKCTe. [[pUBOIATCS TONBKO OMyOIMKOBaHHBIE PaOOTHI. CCBHUIKH MO TEKCTY JAr0TCA
B KBaJpaTHBIX CKOOKaX Ha HOMEpa CIIMCKa, Yyepe3 3alsiTyro ¢ mpodenom: [1, 7, 23-27].
Crarbsi JOJDKHA COJIep)KaTh CChUIKU Ha Bce pabOThl, IPUBEJICHHBIE B CIIMCKE JIUTEPATyPhI.
KonnyecTBO MCTOUHUKOB TOIDKHO OBITH He MeHee 10. OOpamiaeM BHHMaHHME Ha HENO-
ITyCTUMOCTH BKJIFOUCHHUS B CITUCOK JIUTEPATYPhl W3MaHUH, BRIMYIIEHHBIX 0e3 ISSN- mm
ISBN-Kom10B (3TUM YacTo rpemat COOpHUKH MaTepHasioB KOH(EpeHINH (TE3UCH WIH J10-
KJIaJipl), a Takxke apTopedeparoB ITUCCEpTAlUi U AUCCEPTALNiA, apXUBHBIX M (HOHIOBBIX
MaTepHasoB, HAYYHO-TEXHUYCCKUX OTYCTOB, YUYCOHUKOB U yueOHbIX nocobuii, [OCTos,
pacnopsixeHuil u np. KoiandecTBo CChUIOK Ha Hay4HO-TIOMYJISPHBIE U3JAaHUS JOJKHO
OBITH MUHMMAJIbHBIM.

KomnmuecTBO caMOIUTHPOBaHU JOKHO OBITH He 6osee 10—12 % oT obmero komm-
YECTBA CCHIJIOK HA OPUTMHAJIbHBIE HCTOYHHKH.

Hanee mpumnaraetcs BTopoil cimcok auteparypsl (References). B crimcke Ha natu-
HUIIE CTPOTO COXPAHSIOTCS T€ K€ MOCIEeI0BATeIbHOCTh M HyMepalus UCTOUHUKOB, YTO
U B «TPaAUIMOHHOMY criicke. CChUIKM Ha MHOCTPAHHBIE HCTOYHUKY MIPUBOIATCS B 000MX
CIHCKaX JUTEPaTyphl.

CraTby, HE COOTBETCTBYIOLINE yKAa3aHHBIM TPEOOBAHUAM, PACCMaTPUBATHCS HE OyIyT.
ITpu pabote HaJ PyKOMUCHIO PENAKIHS TI0 COMIACOBAHHIO C aBTOPOM BIIPABE €€ COKPATHTb.
ABTOp, IOAMICHIBAS CTAThIO U HAIIPABIISS €€ B PENAKIMIO, TEM CaMbIM MepeaeT aBTOPCKHE
npaBa Ha M3JaHue 3Toil crarhy xKypHaiy «[IpobiaeMbr ApkTHKH W AHTapKTHKH/ Arctic
and Antarctic Researchy.

PenakimonHast KOJUIETHSI HE BCTYTIAeT B JMCKYCCHU C aBTOPaMHM IO MOBOIY MpH-
HUMAEMBIX €10 PELIEHUH.

Bornee nonuble cBeneHust o 0pOPMIICHUIO CTAaThH NPHUBEAEHBI B TIoKyMeHTe «Tpe-
OoBaHNs K OOPMIICHHIO CTaTeH, NMPUChUIAEMbIX B XKypHas [IpobieMbr ApkTHKH U AH-
TapKTHKN», KOTOPBII 00s13aTeleH JJIsl 03HAKOMIICHHSI TIPH TTOJIrTOTOBKE MaTepHajoB CTAThU.

06 Annomayusx. Pemakuns peKOMEHAYET BCEM aBTOPAM O3HAKOMHTHCA ¢ Peko-
MEHJAIUSIMU 110 0()OPMIICHHIO aHHOTAIMK HAa aHIJIMHCKOM SI3bIKE, KOTOPBIC SIBIISIFOTCS
JUIsSl ”THOCTPAHHBIX YYEHBIX U CHELUAINCTOB OCHOBHBIM U, KaK IPaBHJIO, CJMHCTBEHHBIM
HCTOYHUKOM MH(OPMAIIMU O COAEP)KAaHWU CTAaTbU U M3JI0)KEHHBIX B HEH pe3yJbrarax Hc-
CIEIOBaHUM.
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