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OuneHka ycnemHocTu
aHcamM0J1eBOro J0JITOCPOYHOI0 METEOPOIOTHYeCKOro NPOrHo3a
B 3anasiHoil ApKTHKe

N.A. Unbromenkosa'™, B.1O. Ilenenes'?

' THI] P® Apxmuueckuil u anmapKmuiecKkuil Hay4HO-UCCLe008AMENbCKULL UHCTIUMYM,
Canxm-Ilemepbype, Poccus

2 Mocrosckuil (huzuxo-mexHuyeckuil uHCmunmym (HayuOHAIbHbII UCCLe008AMENbCKULL
yuusepcumem), Mocksa, Poccus

Eilyushenkova@aari.ru
AU, 0009-0006-9643-3063; BIOL, 0000-0002-7386-7233

AHHoTanus. B crarbe npuBesieH aHaMH3 NPUMEHEHNs aHCAMOIEBOTO TIOAX0/A TS COCTABICHHS T0IT0CPOY-
HOTO METEOPOIOTHYECKOT0 IPOTHO3A 110 3armajHoi ApKTHKe ¢ 3a01ar0BpeMEHHOCTBIO B O1MH Mecs. [Iporro3
CpeIHEMECSUHBIX MOJIEH NaBICHNUS Ha yPOBHE MOPS 1 MPH3EMHOM TEMTIEPATyPBI BO3LyXa IPOBOAHIICS MO MOJie-
1 CFSv2. [IpencrapieHbl OLEHKH YCIEIHOCTH PETPOCTIEKTHBHBIX MPporHo30B 3a 2010-2018 rr. mpu nomonm
JIByX METOZI0B aHCAMOIEBOTO TIPOTHO3a — METOJ CPEHETO MO BCEM WIEHaM aHCAMOIS U METOJ] MPOTHO3a 110
TydmeMy KIaccy, BBIICTEHHOMY U3 BCETO aHcaMOIeBoro Habopa mporeaypoit kiactepu3amun. PaccMoTpeHst
YeThIpe OL[EHKHU yCIENIHOCTH MPOTHO30B: CPeIHEKBaApaTHIecKas omuoKa, koaduuuent koppemnstiuu, kooddu-
IUEHT FeOMETPUYECKOTO OR00MS MEX /Ty (paKTHUECKUM U IIPOTHOCTUIECKIM TOJISIMH H CPEJHEKBApaTHIeCKast
mepa MactepeTsa. st 2018 i 2024 rr. 6b1a ZOMOIHUTETBHO MPOAHATH3HPOBAHA YCIICIITHOCTD A0ATOCPOYHOTO
METEOPOIOTHIECKOTO MPOTHO3a MO0 MaKPOLMPKYIAIMOHHOMY MeTony Banrenreiima—I upca. Haubomee Bbico-
KO€ KauecTBO TIPOTHO30B 10 METOAY JYYIIEro Kiacca OTMEUEHO B JIETHHH NMEPHO, a CPEAHEKBaAPaTHIECKAs
onmOKa IMPOrHO30B B 3TO BpeMst MUHIMabHA. [[porHO3 M0 MeToy BCeX UIeHOB aHCAMOIS MPEATOYTHTEIBHO
HCIIONB30BATh B 3UMHHIT CE30H.

KutroueBble ci10Ba: armochepHas LUPKYIALES, aHCAMOJIEBBIil IPOrHO3, OITOCPOUHBIN IPOTHO3 MOTObL, 3a-
MaJHas ApKTHKA, OLIEHKA KauecTBa MPOTrHO3a, IPU3EMHas TeMIlepaTypa BO3yXa, AaBIeHHE Ha YPOBHE MOpS,
mozens CFSv2

Jast unrupoBanus: istomenkosa 1. A., [enernes B.1O. Onenka ycrenHocT aHcaMOIeBOT0 10JIr0CPOYHOTO
METEOpOJIOrNYECcKOro NporHo3a B 3anajHoit Apkruke. [poonemvt Apkmuku u Anmapxmuxu. 2025;71(2):108—
122. https://doi.org/10.30758/0555-2648-2025-71-2-108-122

MMoctynunaa 25.11.2024 MMocsie nepepadotku 21.02.2025 Mpunsara 01.04.2025
© Asropsl, 2025 © Authors, 2025
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Assessing the success of ensemble long-term meteorological forecasting in the Western Arctic

Assessing the success
of ensemble long-term meteorological forecasting
in the Western Arctic

Irina A. Ilyushchenkova'®, Valerii Yu. Tsepelev'?

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

2 Moscow Institute of Physics and Technology (National Research University), Moscow, Russia

Milyushenkova@aari.ru
IAI, 0009-0006-9643-3063; VYT, 0000-0002-7386-7233

Abstract. The article presents quality assessments of using the ensemble approach to produce long-term
meteorological forecast in the Western Arctic with a one-month advance. The assessment of retrospective
forecasts’ quality of the sea level pressure anomalies field and surface air temperature anomalies has been
performed for 2010-2018. The ensemble forecast for the second month was made using two methods. The
first method is the forecast of the mean field of meteorological parameters for all ensemble members. The
second method is the forecast of the mean field made by the best class selected from all ensemble members
by the clustering procedure. The best class was selected by comparing macrosynoptic process evolution of
the first forecast month of each selected class with the actual observations. In the area considered, which is
bounded by coordinates from 20° W to 100° E and from 60° N to 80° N, 108 retrospective forecasts were made.
As an independent series, the forecast success for 2018 and 2024 was analyzed using two ensemble forecasting
techniques and a synoptic-statistical method (the Wangenheim—Geers macro-circulation method). Three estimates
of the forecast quality were obtained — the mean square error, the correlation coefficient between the forecast
and actual fields of meteorological parameters, and the coefficient of geometric similarity of the forecast and
actual fields of the meteorological parameter. The estimation of quality was made for two parameters — sea level
pressure and surface air temperature. The highest quality of forecasts using the best class method is observed
in the summer season, and the RMS error of forecasts is minimal at this time. The forecast by the method of all
ensemble members is preferable in the winter season. The results show that, in general, the best-class ensemble
forecasts are more accurate for forecasting the phase of pressure anomalies, while for forecasting the magnitude of
temperature and pressure anomalies, it is preferable to use the forecasts for all ensemble members. For 2018 and
2024, both ensemble forecast methods showed higher forecast quality scores than the synoptic-statistical method.

Keywords: assessment of forecast quality, air temperature, atmospheric circulation, ensemble forecast, long-term
weather forecast, surface air temperature, Western Arctic, sea level pressure, model CFSv2

For citation: Ilyushchenkova I.A., Tsepelev V.Yu. Assessing the success of ensemble long-term
meteorological forecasting in the Western Arctic. Arctic and Antarctic Research. 2025;71(2):108—122.
(In Russ.). https://doi.org/10.30758/0555-2648-2025-71-2-108-122
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BBenenue

Hauunas ¢ 1930-x rr. B ApKTUYECKOM M aHTAPKTUYECKOM Hay4YHO-HCCIIEJ0BATEIbCKOM
WHCTUTYTE B ONCPATUBHOM TOPSIIKE pa3padaThIBAIOTCS TOIATOCPOYHBIC TIPOTHO3BI TTOTOIBI
¢ 1enbro obecrieueHus 6e3omacHoi 1 3pdekTHBHON HaBUTaIMK 10 CeBEpHOMY MOPCKOMY
myTd. OCHOBBI CHHONTHKO-CTaTHCTHYSCKOTO METOa MPOTHO3HPOBAHKS OBLTH 3AJI0XKCHBI
I'41. BanrenreitmoMm [1]. X0Tst MakpOUUPKYISUOHHBIA METOJ MPOJIOJIKAET COBEPILIECH-
CTBOBAThCS U B HacTosllee BpeMs [2, 3], ero nanpHeiiiee pa3BUTHE CIEPKUBACTCS Orpa-
HUYCHHOH UTMHOM psifa HAOIONCHUI ¥ 3HAYNTSITbHBIMA KITMMATHIeCKUMHU H3MCHCHUSIMH
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TIOCIIEHNUX JECATIICTHH, 0COOCHHO 3aMeTHBIMU B ApkTHKe [4]. B mocnenaue necsiruie-
THSI B MUPOBOH HPAKTUKE MPOMCXOANT TIEPEX0/l Ha METO/IBI YHUCICHHOTO MOAEINPOBAHMS
aTMOC(EepHBIX MPOIECCOB VIS AOITOCPOIHOTO POTHO3UPOBAHMS ITOTOJHBIX IPOLIECCOB.

B Hacrostiiee Bpemst KauecTBO IPOTHO30B aTMOC(HEPHOI UPKYIISAIMN, OCHOBAHHBIX
Ha II00aNbHBIX MOZENAX aTMoc(epbl U OKeaHa, 3HAYUTENIFHO YIYUIIHIOCh Ul CPOKOB
MIPOTHO3MPOBAHMA J0 ABYX Hezmedb. OnHaKo mpobieMa MporHo3a Morojbl Ha IMEPHOJIbI
Oojee MecsIa BCe eme ocTaeTcsl HepemeHHO! [5]. OCHOBHBIMU MPETSITCTBUAME IS
COBEPIIEHCTBOBAHMS YMCICHHBIX MOJieneil aTMocdepbl 0CTalOTCs HEAOCTATOUHAS TIOT-
HOCTH HAONIOAATENIHON CETH, OTPAaHMYEHHOE MOHMMaHue (PU3MUECKUX MPOIECCOB Ha
Pa3IMYHBIX BPEMEHHBIX U IPOCTPAHCTBEHHBIX MaclITadax, Ae(HUINT BHIYUCIUTEIBHBIX
MOIITHOCTEH M HECOBEPIICHCTBO CAMUX I'MIPOJMHAMHUYECKUX Mozenell. OmmoOku B Ha-
YaJbHBIX ¥ TPAHUYHBIX YCIOBHAX MOJEJNEH HapacTaloT B MPOIECcCe UX MHTETPUPOBAHUSL.
VYoxe uepes JIBe HEleNIN Pe3ysIbTaThl IIPOrHO30B CTAHOBSTCS HEPHUMEHUMBIMH M3-3a TIpe-
BBIIIICHUS] UMH €CTECTBEHHOW H3MEHUYNBOCTH aTMOC(EPHBIX nporeccos [6]. ATmocdepa,
Oy/lyur XaOTHUECKOW CHCTEMOM, Ype3BbIYaiiHO UyBCTBUTEIbHA K MEJIKUM BO3MYIIICHUSM,
YTO BBI3BIBAET HEOMPE/IEIICHHOCTh JETEPMUHUPOBAHHBIX MPOTHO30B [7].

Kpome Toro, Ha BpeMEeHHBIX MacmITabax oT Mecsla 1 Oosiee JUHAMHKA aTMOC(hEpBI
B OOJIBIIEH CTENEHH ONPEAEISETCS TAKUMH HeaquabaTHIeCKMMHU HCTOYHHKAMH M CTOKaMH
TeIIa, KaK OKEaHbI, CHEXKHBIHM U JISSTHOM MTOKPOB, a TAK)KE M3MEHEHHsI IPUTOKA COJTHEY-
HOW pagmaruu. [IporHo3upoBaHNE COCTOSHUS 3TUX MCTOYHHUKOB M CTOKOB Teria JH00
OTCYTCTBYET, TM00 NMEET HEJOCTATOYHOE KAaueCTBO.

Jl1s mpeoioeHnst HeoNpeIeIIeHHOCTH ITPOTHO30B OOBIYHO MCIIONIB3YETCs] aHCAMOIEBBIN
nozrxozt. JIi1st ero peanusary MOJIEb CTAPTYIOT OT PAa3INYHBIX Ha9albHbIX yCIIOBUH, MOITy-
YEHHBIX ITyTEM BHECCHHS BO3MYIIICHUH B TaHHBIE HaOmMoneHuit [8]. AHcaMONIeBbIif IIPOTHO3
JIaeT MHOJKECTBO PaBHOBEPOATHBIX CIICHAPHEB, MPEICTABISIOMINX JTHANa30H BO3MOKHBIX
Oymymux cocrostHui armocdepsl. VicTHHHOE cocTosHIE aTMOoc(ephl, Kak MPenoIaraeTcs,
HaxXOANTCS B MpesieNax Auctiepcur ancamOns. FceienoBaHus TIOKa3bIBAIOT, YTO YCPEAHEHHUE
T10 aHCAaMOJTIO YIIydIIaeT MPOTHO3bI, XOTS ¥ TIPUBOAUT K CIVIAXKUBAHHIO 3KCTPEMAIIBHBIX CO-
CTOSIHUH ¥ MPUOJIFKAET pe3ylbTaThl IPOrHO3UPOBAHUS K KIMMATHYECKOH HOpMe'.

3ajaua BBISBICHHS HAHOOJIEe BEPOSATHOTO CIIEHAPHUS N3 MHOXKECTBA WICHOB aHCaMOIIs
OCTaeTcs akTyasbHOH. /1151 ee pemeHnst NpUMEHSIOTCSI HeHPOHHbIE CEeTH, MalllMHHOE 00-
YUCHHE W METOJbI KiIaccu(UKAMK aHCcaMONIeBbIX WieHOB [9]. Takxke BeayTCsI MONBITKH
00BEIMHUTH CHHONTHKO-CTAaTUCTHIECKHE U THAPOANHAMUYECKIE METOBI TPOTHO3UPOBAHUS
JUTS ydeTa ombita cuHonTrdeckux kot [10, 11]. OxHako BEIOOp Hamboiee BEpOSTHOTO
MIPOTHOCTHYECKOTO CLIEHAPHS N3 COBOKYITHOCTH BCE €IIIE OCTAETCS HEPEIIEHHON MPOOJIEeMOTA.

B Hacrosimeii crarbe npecTaBIeHbl PE3YIbTAThl OLEHKH JIBYX MPOTHOCTHYECKHX Me-
TOJIOB, IPIMEHSEMBIX K 33j1ade MPOTHO3a MOTOJIbI ¢ 3a01aroBPeMEHHOCTHIO B J[BA MecsIa
Jutst 3aragHoi ApkTukd. K HIM OTHOCSATCS — METOJ| IIPOTHO3a I0JIs MeTeonapaMeTpa,
TIOJTy9€HHOTO 10 BCEMY MPOTHOCTUYECKOMY aHCaMOITI0, M METOI JIYHIIIero Kiacca IpoTrHo-
cruueckoro ancamois [12]. Taxoke B cTaTbe MPUBEACHBI IPHUMEPHI CPABHEHHS! YCIICIITHOCTH
MIPOTHO30B, pa3padOTaHHBIX aHCAMOJIEBBIMH METOJaMH, C IIPOTHO3aMH, COCTaBICHHBIMU
CHHONTHKO-CTaTUCTUUECKUM METOZIOM.

OCHOBHO¥ 11€JIBIO TIPOBEAECHHOTO MCCIIEA0BAHNS SIBIISUIACH OLIEHKA BO3MOXKHOCTH TTPH-
MEHEHUsI aHCaMOJICBOTO O/IX0/1a TS JIOITOCPOYHOTO TIPOTHO3A T0JIei aHOMAJINi AaBICHUS

! PyKOBOZ[HHII/Ie YKa3aHus 110 CUCTEMaM aHcaMmOJIeBOTO MPOTHO3UPOBAaHUA U IPOTrHO3UPOBAHUIO.

Bceemuphas mereoponoruueckas opranuzanus. Jlokymenr BMO-Ne 1091. M.; 2012. 24 c.
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Ha YPOBHE MOPsI ¥ TIPU3EMHOHN TEMIIEPATyphl BO3IyXa B 3anagHoi ApkTrke. ABTOpamu ObLn
MPOTECTUPOBAHBI IBE MOJM(HKALINK aHCAMOJIEBOTO METO/IA: KJIACCHYECKUH METOJI TPOrHO3a
CpPEIHEro Mo aHCaMOJI0 M METOJI BBIOOpA JIYHIIIEro Kiacca MPOrHOCTHYECKOTO aHCaMOJIs.

MaTepna.m,l H METOAbI

J171st OlleHKH KayecTBa aHCaMOJICBOrO MPOTrHO3a B 3amaiHoil APKTHKE UCTIONIb30BaINChH
JaHHbIC Mporaoctudeckoit Mogenu Climate Forecast System Ver. 2 (CFSv2), cocrosiiue
u3 24 qaienoB ancam6is [13]. 3a mepron ¢ 2010 o 2018 1. aBTOpamMu OBLIO PAaCCMOTPEHO
108 peTpoCHeKTHUBHBIX MPOrHO30B CPEAHEMECSYHBIX aHOMAIUH IPU3EMHOM TeMIIepaTypbl BO3-
JlyXa M JJaBJICHHs] Ha YPOBHE MOpsl. 3a01aroBpeMEHHOCTb IPOrHO30B COCTABIISIIA JIBA MECSIIA.

B kauecTBe (hakTHUECKUX JaHHBIX, C KOTOPBIMH CPaBHUBAJIKMCH POTHO3BI, paccMa-
TpuBaiuch ganHbie peanann3a NCEP/NCAR Reanalysis 2, B3siTbie B y3/1ax peryiispHOi
CeTKHU ¢ maroM 2,5° o mmpote u gonrote [14].

Pacuer oneHOK kauecTBa MPOTHO30B MIPOU3BOAMIICS JUIs paiioHa 3amaHON APKTUKH,
orpanuueHHoro koopaunaramu ot 20° 3. 1. 1o 100° B. 1. u ot 60° c. m1. 70 80° c. 1. BoI-
00p KpUTEpHEB UIsl OLIGHKH KauecTBa MPOTHO30B MPOUCXOIMII C YYETOM PEKOMEHAAINH
BMO?***3 u PJ] 52.27.284-91¢. B ka4ecTBe OCHOBHBIX OIICHOK Ka4eCTBa MPOrHO30B ObLIH
UCIIOJIb30BaHbI 4 KpUTEPHs: CPeHEKBaApaTHYeCcKasi OIIMOKa NPOrHo3a, KodQQHUIUeHT
KOPPEJISIIIMKA MEXY MPOrHOCTHUECKUMHU M (PaKTHYECKUM TOJISIMHU, KodpduuueHt RO
M Mepa MacTepcTBa.

Kosdpdumuent RO orpakaeT reoMeTpUIeCKOe MOJ00He MPOrHOCTUYCCKOTO U (haKTH-
YeCKOro MOJIeH, SBIISETCS] KOIMYECTBEHHON OIIEHKOI KauecTBa IMPOrHO3a 3HaKka aHOMAaJIHi
METEOPOJIOTNYECKHX TTapaMeTpoB. [IporHo3 B y3iie CEeTKH CYMTAETCS ONPABIABLINMCS, €CIN
3HaK MPOTHOCTUYECKON aHOMaJIMH MapamMeTpa COBMAJaeT CO 3HAKOM aHOMaJHMU B y3Je
CeTKH (paKTHYECKOTro MOJIs:

RO=——, (1)

IJIE 11, U I_— YUCJIO Y3JI0B PETYIAPHON CETKH, I/Ie IPOTHO3 ONPABAJICA ¥ HE ONPABIAJICT
COOTBETCTBEHHO; N — 00I1Iee YHCII0 Y3JIOB PETYISIPHON CETKH.

Mepa macTepcTBa ONpeAenseT KaueCTBO METOAWYECKOTO MPOrHOo3a MO CpaBHE-
HHUIO CO «CTaHIApTHBIM». B KauecTBe «CTaHAAPTHOTO» MPOTHO3a HCIIOIB3YeTCs KINMa-
TOJIOTUYECKUH TPOTHO3. J{JI MaeanbHBIX IPOTHO30B MEpa MacTepcTBa paBHA 1; ecnn
MSSS = 0, To KauecTBO METOUIECKOTO ITPOTHO3a HAXOUTCS HA YPOBHE «CTAHIAPTHOTOY,
a ecim MSSS < 0, To HIKE «CTaHAAPTHOTO» MPOTHO3a. PEKOMEHIaIy 1Mo MCI0JIb30Ba-

2 Hacrasnenue o Komriekcuoi cucreme 06pabotku u nporuosuposanus BMO (Jononuenue [V

k Texanueckomy permamenty BMO). BMO-Ne 485. 2023.

3 WMO'’s Standardized Verification System for Long-range Forecasts. New Attachment I1-9 to
the Manual on the GDPS (WMO-Ne. 485). Volume 1. 2002.

*  Guidance on Verification of Operational Seasonal Climate Forecasts. WMO-Ne 1220. 2018.
> Manual on the Global Data-processing and Forecasting System. Volume I — Global Aspects.
WMO-Ne 485. 2010.

¢ PI52.27.284-91 Meroanueckue ykaszanus. IIpoBeieHNHe MPOU3BOJCTBEHHBIX (OTEPATHBHBIX )

UCIIBITAHUH HOBBIX U YCOBEPIICHCTBOBAHHBIX METOJIOB THIPOMETCOPOIOTHUECKUX U Tenoreodu-
3u4ecKuX nMporuo3os. JI.: Fuapomereonsnar; 1991. 150 c.
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HUIO MEpHI MacTepcTBa MpUBOAATCS B qokyMeHTe BMO-Ne 485 ot 2023 1. PacueT mepsr
MacTepCcTBa OCYIIECTBIAETCS 10 dopmyre 2:

Z W,MSE;

MSSS =1-S——, 2)

2., wMSE,
rie MSE, — cpeaHeKBaapaTHiecKast OLIMOKa METOJMYECKOTO TIPOTHO3a; MSE ,— cpenue-
KBA/IpaTHYECKas OUIMOKA KIMMATHYECKOro NPOrHO3a; W, — KOCHHYC HIMPOTE (COS(())),
Ie @, — WHPOTA y3/1a j UHPOTHO-AO0ITOTHOM CETKH.

ITpu aTOM A1 POTHO3a, IJI€ UCCIEAYEMBIH apaMeTp UMEET Ty Ke aMIUTUTYAY, YTO
n HaOroneHus, MSSS MeHbIIe HyIs 10 TeX 1op, NOKa KOI(QGHUIUEHT KOPPEIISIIHHA MEXKITY
MPOrHOCTHYECKUM U (PaKTUUECKHUM I0JIeM He TocTUrHeT 3HadeHus +0,57. TIoCKombKy Itst
IIPOTHO30B IOTO/(bl AHOMAJINI JIABJICHUSI U TEMIIEpPaTypbl XapakTepHble KOI(PPHUIIUESHTHI
KOPpEeJSILUK, KaK MpaBHIIO, He mpeBblmatoT 3HadeHus 0,358, To momydeHHbie B pabote
OLIEHKU SBJISIFOTCS OTPULIATEIbHBIMU.

ABTOpamH TaKoke ObLIa IIPOBE/ICHA OLIEHKA CTATUCTHYECKOI 3HAYMMOCTH Pe3y/IbTaToB
pacyeroB. Tak Kak pa3mep CETKH CpaBHUBAEMBIX JaHHBIX cocTaBisieT 49%9 y3en (Bce-
ro 441), To py UCIIOIBL30BAHUM JIOBEPUTENIBHBIX HHTEPBAIOB 95 % Bce 3HaUYEHMST KOI()-
(urreHToB Koppesiuy Bhie 3HaueHui +0,1 wiu Hiwke —0,1 SBISIFOTCS JOCTOBCPHBIMH.

Mertoz BbIOOpa JIydIIero Kiacca ancamOust pe/rnosaraeT KiacCH()UKAIHIo BCex viie-
HOB aHCcaMOJIsl 110 MOJISIM ITPU3EMHOM TeMIIepaTypbl ¥ JaBjIeHHs Ha YPOBHE MOPSI i BBIOOD
TOTO KJ1acca, KOTOPbIH MaKCUMaJIbHO OJM30K K (haKTHUECKH HAOIIOJCHHOMY COCTOSHHIO
armocgepsl. [TogpoOHO anropuT™ BeIOOpa JTyHIIEro Kiacca IPOrHoCTHYECKOro aHcamMOust
(cuenapust pa3BUTHsI Makporpolecca) npusezneH B padore B.1O. Llenenesa [12].

B Hacrosiiem ucciieoBaHuN aBTOpaMu OBbIIIM COCTaBJICHBI PETPOCIIEKTUBHBIE MTPO-
THO3BI T10JIeH aHOMAJIMI JJaBJICHUS U TEMIIEPATYPBhI C 3a0J1arOBPEMEHHOCTBIO /1B MECsLIa.
Jlanee K MpOrHOCTHYECKOMY aHCaMOIII0 Oblila IPUMEHEHA MpoLieypa KiaccuuKanuy no
JIJAaHHBIM MIEPBOIo MPOrHocTHUeckoro Mecsina. Ha crnenyrommem srane npoBeieHo CpaBHEHHE
roJiel peaHann3a NpU3EMHON TeMIeparypsl BO3AyXa U JaBJIeHHUs Ha ypPOBHE MOpsI IEPBO-
ro Mecslia MPOrHo3a ¢ MPOTHOCTUUYECKUMH TOISIMU KaXI0T0 U3 MOJIyYE€HHBIX KJIACCOB
aHncamOs1. B kauecTBe mporuo3a Ha BTOpOil Mecsil ObLI MCHOJIB30BaH TOT ITPOTHOCTHYE-
CKUH KJIacC, MOJIsl aHOMAJIMK AaBIE€HUS U TeMIepaTypbl KOTOPOr0 UMEIOT MAaKCUMAJIbHYIO
CTENEeHb CXOJICTBA C MOJISIMU peaHanusa [12].

AHaau3 u pe3yabTaThl HCC/ICI0BAHUA

s ucciienyeMoro paiioHa COCTaBJIEHBI IIPOrHO3bI MOJEH MPU3EMHOIO JABICHUS
Y TIPU3EMHON TeMIIepaTypbl BO3AyXa ¢ 3abimaroBpeMeHHOCThIO 2 Mecsma. Ha rpadukax
puc. 1, 2, 3, B Tabn. 1 u 2 mpeacTaBiIeHBI CIEAYIOMNE OICHKN KadeCcTBa PETPOCIIEK-
TUBHBIX aHCAMOJIEBBIX MPOTHO30B: RO — KOA(DPUIIMEHT reOMETPUIECKOTO TTOI00MS;
CORR — xo3ddurtuent xoppensiun;, RMSE — cpeHeKBagpaTHIecKas OInoKa mporHo3a
u MSSS — mMepa macTtepcTsa.

Crnenyet OTMETHTD, YTO OIIEHKH KaueCTBa IMPOTHO30B, TPEACTaBICHHBIC Ha TpaduKax
¥ B TaONHIax, MPUHUMAIOT HU3KWE 3HAUCHHS. DTH 3HAUYCHUS XapaKTEePHBI JJIS OLEHOK

7 Guidance on Verification of Operational Seasonal Climate Forecasts. WMO-No 1220. 2018.

§  Manual on the Global Data-processing and Forecasting System. Volume I — Global Aspects.

WMO-Ne 485. 2010.
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Puc. 1. Cpenneronossie onieHkn kauectBa RO u CORR 3a nepuoz ¢ 2010 mo 2018 . a4 1ByX THIIOB
MPOTHO30B MMOJIeil aHOMANMii aBIeHNsT Ha YPOBHE MOpsI (¢ M 6 COOTBETCTBEHHO) U aHOMAJIMH MpH-
3eMHOH TeMIepaTypbl BO31yXa (6 U & COOTBETCTBEHHO) A1 paiioHa ot 60° no 80° c. . u ot 20° 3. 1.
10 100° B. 1.

THIIBI TPOTHO30B OTMEUCeHBI U (PaMU 1 IIBETOM: / — OLICHKA IT0 BCEMY aHCaMOJIIO IS BTOPOTO Mecsilia IPOTHO3a,
2 — OIIeHKa M0 JIy4IIeMy KJ1accy aHcamOIst

Fig. 1. Average annual quality estimates RO and CORR for the period from 2010 to 2018 for two
types of forecasts of sea level pressure anomalies (« and 6, accordingly) and surface air temperature
anomalies (¢ and ¢, accordingly) for the area from 60° to 80° N and from 20° W to 100° E.

The forecast types are indicated by numbers and colors: / — estimation of ensemble method quality for the second
month, 2 — estimation of selected ensemble class quality

BCEX IPOTHO30B C 3a0JIarOBPEMEHHOCTBIO OT MecsIa U OoJiee, 4TO OKa3aHo B JIOKyMEH-
te WMO-No. 1246°, rne npezacrapieHa Tabiuia ¢ XapakTePHbIMH 3HAYCHUSIMH OLICHOK
KauecTBa MPOrHO3a aHOMAJIMH MPU3eMHOM TeMIeparypsl Bo3ayxa B CpeaAn3eMHOMOPCKOM
peruoHe 1o mecTH MozeisM. B tabnuiie nokazaHo, 4To 3HaYSHUs! OLICHOK KauecTBa Ipo-
THO30B B BHJE KOA(P(UIMEHTOB KOPPEISIIMK HE TpeBbImarT Beaunuunsl +0,34. Mcxons
U3 TOTO, YTO C YBEJIUYEHHUEM HIMPOTHI MajaeT KaueCTBO IPOTHO30B, MPEACTABICHHBIC
aBTOpaMU pe3yJbTaThl OLICHOK Ka4ecTBa MPOrHO30B JUIs ApKTHUYecKoro OacceiiHa siBis-
I0TCSI XapaKTEePHBIMU pe3y/bTaTaMu Il COBPEMEHHBIX MMIPOINHAMUYECKUX MOJIENIEH.

OneHka KadecTBa MPOTHO3a Mojiedl aHoManui AaBieHus mo mnapamerpy RO
(cm. puc. 1a) monoxkurenbHa U 3HauuMa B 2010, 2012, 2016 rT. ¢ XapaKTepHBIMH 3HAYC-
Husmu +0,15... + 0,27 u orpunarensna B 2017 u 2018 rr. ¢ xapakTepHbIMH 3HAUEHUsI-
mu —0,12... —0,15. ITpu 3TOM POrHO3bI 1O BCEMY aHCAMOJIIO MOKA3aJI1 JIYYIIYIO yCHell-
HOCTh B 3 romax u3 9 (2010, 2012 u 2016), a mporHO36I M0 JIyYIIeMy KJIAcCy aHCamOIs
B 6 OCTaBIIUXCS rofax.

OreHka KauecTBa MPOrHo3a Mosell aHoManuil MPU3EeMHON TeMIepaTypsl BO3ayXa 10
napametpy RO (cM. puc. 16), Ha000poT, pacter co 3HadeHuit +0,05 B 2010 . 10 3HAYCHMIA
+0,39 B 2018 1. [IporHo3bI 110 BceMy aHCaMOIIO MOKa3aJIH JIYUILYIO YCIIEITHOCTh B 5 To/iax 13
9 (2010, 2014, 2015, 2017, 2018), a IPOrHO3HI IO JIYUIIIEMY KJIACCY aHCAMOJIS B OCTAIBHBIX.

®  Guidance on Operational Practices for Objective Seasonal Forecasting. WMO-No. 1246. 2020.
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Puc. 2. Cpennemecsunsle onenku kadectsa RO u CORR 3a nepuon ¢ 2010 mo 2018 . ans aByx
THUIIOB IIPOTHO30B IT0JIeH aHOMAJTHIi JABJICHHs HA YPOBHE MOPSI (@ ¥ 6 COOTBETCTBEHHO) ¥ aHOMAJIHI
NPU3EMHOM TeMmIiepaTypsl Bo3ayXa (6 U 2 COOTBETCTBEHHO) A paioHa oT 60° mo 80° c. m. u or
20°3. 1. 1o 100° B. 1.

Tursr TIPOTrHO30B OTMEYCHBI I_II/I(bpaMI/I N IBETOM: 1— OLICHKa IT0 BCEMY aHcamOITIo JUIsI BTOPOI'o MeEcCsIia Iporao3sa,
2 — OLeHKa I10 JIy4IleMy Kiaccy aHcamous

Fig. 2. Average monthly quality estimates RO and CORR for the period from 2010 to 2018 for two
types of forecasts of sea level pressure anomalies (¢ and 6 accordingly) and surface air temperature
anomalies (¢ and ¢ accordingly) for the area from 60° to 80° N and from 20° W to 100° E.

The forecast types are indicated by numbers and colors: / — estimation of ensemble method quality for the second
month, 2 — estimation of selected ensemble class quality

OIICHKH KauecTBa MPOTHO30B 10 KO3(D(HUIIMEHTY KOPpENISAnU KaK ISl MMOJIcH aHO-
MaJliii IaBlIeHUs], TaK U MPU3EMHOI Temneparypbl (cM. puc. 16 u puc. 1) mokasbBaoT
OTHOCHTEIILHO 00Jiee BBICOKYIO YCIEIIHOCTh JUIsl METO/Ia IIPOTHO30B 110 BCEM WIEHAM
ancamoOust fuist 5 et u3 9. [Ipu 3TOM cpeHeroJoBbie OLEHKH KauecTBa MPOrHO3a MoJe
aHOManuil JaBieHus HIDKe YpoBHA 95 % 3HaumMocTH 3a uckiodenuem 2010 . (+0,11)
W OMYCKAIOTCS K OoTpuuaTebHbIM 3HaueHusiM B 2018 1. (—0,06). Jlns nmporHosa moneit
AHOMAJIM{ TEMIEPaTyphbl CPETHETOIOBBIE OIEHKH Ka4eCTBa MPOTHO3a TaKkKe CTATUCTH-
YECKH HE3HAYUMBbI M HaxoAsaTcs B auanaszoHe ot +0,02 go +0,08. B oTnenbHbIC MeCSIIbI
napametrpel RO u CORR xak Jyisl TOJield aHOMallui JaBleHUs, TaK U TeMIIepaTyphl J0-
cruraror 3Hadenuii +0,3 ... +0.4.

Ouenku RMSE nporHo30B aHOMAUi NaBIeHHs U TEMIEPaTyphl I METO/a MPo-
THO3a 110 BCeMy aHCaMOIII0 HIDKE, YeM JJIsl METO/la IPOTHO3a 110 BRIOPAaHHOMY KJIACCy IS
BCEX paccMaTpUBAEMBIX JIET (CM. pHC. 3a U puc. 360).

JI71st MOHMMaHUsT BHYTPUTOJIOBOTO PACIPEEIICHUs OLIEHOK Ka4eCTBa MPOTHO30B 10
JIBYM METOJMKAaM MOCTPOEHBI rpaMKK OLEHOK JUIs KaXJI0ro Mecsua (cM. puc. 2).

3Havyenust orieHKu RO (CM. puC. 2a) CTAaTUCTHUECKH 3HAYMMBI U TTOJIOKUTEIbHBI TSI
MPOTHO30B aHOMAJIMH JaBJICHHS 110 BEIOPAHHOMY KJIACCY B sIHBape, MapTe, Mae, OKTIOpe
u nexabpe. OTpunarenbHblie 3HaueHus A1 RO HaOmonarotes B uioHe. Onenka RO st
MPOTHO30B TI0 BCEM YICHAM aHCaMOJIsl MOJIOKUTEIbHA U CTATHCTHYCCKU 3HAYMMA B SIH-
Bape, (eBpajie, aBryCTe M CEHTSIOpE M OTpHUIlaTe/IbHA B OKTIOpE U Aekabpe. YCIemHOCTh
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Puc. 3. CpenneronioBsle u cpefHeMecsYHble OLleHKH KadecTBa RMSS 3a nepuox ¢ 2010 o 2018 .
JUISL IBYX THIIOB ITPOTHO30B I0JI€H aHOMaJIHUil JaBJIeHHsI Ha YPOBHE MOPS (¢ ¥ @ COOTBETCTBEHHO) U
AQHOMAJTMH PU3EMHOM TeMIepaTypsl Bo3ayxa (6 ¥ 2 COOTBETCTBEHHO) uts paiiona ot 60° o 80° c. 1.
u ot 20° 3. 1. 1o 100° B. 1.

Tursr IIPOTrHO30B OTMEYCHBI III/I(bpaMI/I W IBETOM: 1— OLICHKA I10 BCEMY aHcaMOJII0 JUIsL BTOPOT'O MEcsla IporyHo3a,
2— OILICHKA 10 JIy4JIIEMY KJIacCy aHcamos

Fig. 3. Average annual and monthly quality estimates RMSS for the period from 2010 to 2018 for two
types of forecasts of sea level pressure anomalies (a and g accordingly) and surface air temperature
anomalies (6 and e accordingly) for the area from 60° to 80° N and from 20° W to 100° E.

The forecast types are indicated by numbers and colors: / — estimation of ensemble method quality for the second
month, 2 — estimation of selected ensemble class quality

[IPOTHO30B aHOMAJIMI JaBJIeHUs 1o napamerpy RO 1o BEIOpaHHOMY KJIacCy BBIIIE, YeM
TIPOTHO30B TI0 BCEM WIEHAM aHCaMOJIsI, B MapTe, Mae, Hroje, OKTs0pe u nqexadpe. B saBape
oreHKH RO 11 000WX METOOB MPAKTHUECKU OAMHAKOBEI U JOCTHUTAIOT 3Ha4eHus +0,35.
B cBoro ouepenp onenkn RO Iyt IPOTHO30B IO BCEM WICHAM aHCaMONIs BBILIE, YeM IS
TIPOTHO30B TI0 BEIOPAHHOMY KJaccy, B )eBpaje, HIOHE, aBIyCTe U CEHTIO0pe.

Koahdumment xoppensamuu (cM. puc. 20) MeXIY TPOTHOCTUISCKUMHU U (paKkTHde-
CKHMH TIOJISIMHU He TIpeBbImaeT 3HadeHns +0,13 amsa o6onx metomos. IIpu 3ToM kKauecTBO
MIPOTHO30B 110 BEIOPAHHOMY KJIACCY BBILIE, YeM JUIS TPOTHO30B 110 BCEM WICHAM aHCaMOIs
B IIECTH KaJICHAAPHBIX MecAIlaX — MapTe, Mae, hroje, oKTs0pe, HosOpe u nexadpe. Ka-
YeCTBO IPOrHO30B 10 BCEM WICHAM aHCaMOlIs MakCHMallbHO B (peBpaie, anpelie, HioHe,
aBTyCTE U CEHTI0pE, a B SHBape OLEHKHU KO3 (DUIIHEHTA KOPPEISAIIH I 000UX METOIOB
MIPAKTUYECKH OJMHAKOBBI M HE NPEBBINIAOT BesnurHbl +0,07.

J171s Beex KaJleHJapHbBIX MecsLeB, Kpome (eBpais u oKTI0ps, CpeaHeKBaIpaTnyecKas
ommnOKa MMPOrHO30B aHOMAJIMK JABJICHHS 110 BEIOPAHHOMY KJIaccy BBILIE, YeM JUIS IIPO-
THO30B I10 BCEM WICHaM aHCcaMOms (cM. puc. 46). st mMpOTHO30B aHOMAITHI TEMITEPaTypPhI
CpeHEeKBaApaTHIeCcKas OIIMOKa IIPOTHO30B aHOMAJIMI TaBJICHHMS 110 BEIOPAaHHOMY Ki1accy
BEIIIIE, Y€M IS IPOTHO30B IO BCEM HWIeHAM aHcaMOms (cM. puc. 42) B MapTe, amperne
u nexabpe. [ o6enx METONWK MUHUMAbHAs OMIMOKAa OTMEYAeTCs C Masl 10 aBTyCT,
korma RMSE naxonutcs B guamnasone 3,86—5,30.
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Tabruya 1

Ouenkn kayecrBa MSSS ¢ 2010 mo 2018 r. a5 mosteii aHOMaJIUii JaBJIeHUs HA YPOBHE MOPS
17151 paiiona ot 60° 10 80° c. m. u ot 20° 3. 1. 10 100° B. 1.
Table 1
Quality estimates MSSS for the period from 2010 to 2018 for sea level pressure anomalies
for the area from 60° to 80° N and from 20° W to 100° E
Ton
Mecsr | 2010 2011 2012 2013 2014 2015 2016 2017 2018

0
1I rf1ryo0|-1yo0|-1}1 |-t {-1|-1|{-1{0|-1]-1]-1]01|1
1 -1 |{-1|-1|-1|-1|1|-1|-1|-1|-1|-1|-1|-1|-1| O |-1]|1
v 1 (-1|-1{-1{-1f0|-1{0|-1|(-1]J0|-1{O0|-1]0]|-1]|-1|-1

VI -1{-1f{0|-1|1 (-1 1 |-1|1T]O0O|]O|-1|-1]O]|-1]-1]-1]-1
VII -1|{-1{0| 1 |-1|-1|-1|-1| 1T [T |-1]0]|-1|-1|-1]|-1]11]0
VIII of(-1(1|-1{o0o (-1 1| 1]0f|-1[0]|-1]O0

IX 1o |-1|-1|{-1|O0| 1 |-1|-1|-1] 1|1 }{O|-1|1}|1]|-1|-1
X “1|-1|(-1| 1|1 |=1|=1|-1] 1|1 |]O]|-1]1

XI 1 [-1|-1|-1|-1]O0|-=1|-1]O0[ 1 |[-1]-1]1

XII r(1|-1| 1|1 |-1|-1|1|-1|-1|-1|1|-1|-1|-1]-1]-1]|-1
Ipumeuanue. TUIbI TPOTHO30B OTMEUEHBI I(ppaMu: | — OLEHKa 110 BCceMy aHCaMOITIO JUIsi BTOPOTo Mecsa
MPOTHO3a, 2 — OLICHKA [0 JTyYIIeMy KJIaccy aHcaMmOIst

Note. The forecast types are indicated by numbers: 1 — estimation of ensemble method quality for the second
month, 2 — estimation of selected ensemble class quality

IIpu anHanu3e OLIEHOK KauecTBa aHOMAJIMH MPU3EMHOM TeMmepaTypbl BO3AyXa OT-
MeYeHO, 4To 3HaYeHHs1 RO IOJI0KHUTEIbHBI I BCEX, KPOME TPEX BECEHHHX, MECSIIEB, KaK
JUISL IPOTHO30B MO BHIOPAHHOMY KJIAcCy, TaK M JUIs HPOTHO30B 110 BCEM YJIeHaM aHcamOuIs
(cm. puc. 26). C HOSIOps 110 arpernb U B CEHTS0pEe YCIEIHOCTh IIPOTrHO30B 110 BCEM WIEHaM
aHcamOJIsl MPEBOCXOJUT YCIEIIHOCTh POTHO30B 110 BBIOpaHHOMY Kiiaccy. ToJbKO ¢ Mast
I10 aBr'yCT ¥ OKTSIOpE YCIIEIIHOCTb IIPOrHO30B MO BEIOPAHHOMY KJIACCY BBILLE, YEM yCHElI-
HOCTB ITPOTHO30B 110 BCEM 4ieHaMm ancamOus Ha BenuuuHy ot 0,1 1o 0,2. MakcumanbHas
YCIICITHOCTh NPOrHO3a 3HAKa aHOMAJIMU TEMIIEpaTyphl BO3/lyXa BBISBIICHA C aBrycTa MO
OKTSI0pb, a 3HaueHue kodpdumnuenta RO coctasmio ot +0,38 mo +0,43.

KoadduimenT xoppensinun (cM. puc. 22) MEXIy NMPOrHOCTUYECKUMH U (pakTHye-
CKUMH TIOJISIMM QHOMAJIMH IPU3EMHOM TEMIIepaTypbl HU30K M HE MPEBBILIAET 3HAUCHNUE
+0,14. Jlnst nporHo30B 10 BEIOPAaHHOMY KJIACCY OH BBIIIE, YEM JUIsl IIPOTHO30B 110 BCEM
YJieHaM aHcaMOJIsl B MIOJIE, aBrycTe M HOsIOpe, a B 3MMHHE MECSIIbI ¢ ieKkalpst 1o deBpab
K03 (HULIUEHTHI KOPPEISIUK TI0 000MM METOAaM NPUMEPHO paBHbI U KosieOitorest ot +0,08
1o +0,1. MakcruMaibHOE KauecTBO IPOTHO30B BENMYMHBI aHOMAJIMI TEMIIEpaTyphbl BO3IyXa
OTMEYEHO B OKTAOpE JJIsi METOIMKH IPOTHO30B 0 BCEM WieHaM aHcaMOisl. 3HaueHHe
koapurenTa xkoppemsinuu cocrasuiio 0,14.

RMSE nporuo30B 1oseii aHOMaJIuii JaBJICHUs 110 METO/ly BBIOPaHHOTO KJlacca MEHb-
mre, yem 1y1si RMSE porHo30B 110 METOLY BCEX WIEHOB aHCaMOJIsl TOJILKO B MapTe, arpe-
ne u aexabpe (cM. puc. 36), a Uit IPOrHO30B TOJICH aHOMAJIMK TeMIleparypbl BO3ayXa
RMSE paccunTaHHOE 10 METOJy BBIOPAHHOTO KJIacca BCETZla MEHbIE, YeM 110 METO/y
BCeX WIEHOB aHcaMOist (cM. puc. 32). Ilpu aTom pasuuia B 3HaueHusix RMSE i 1ByX
METOJJ0B MHHUMaJIbHA JJIsl IIPOTHO30B aHOMAJIMI JIaBJICHHS B atipelie, UioJjie U CeHTI0pe,
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Tabruya 2

Ouenkn kayectBa MSSS ¢ 2010 mo 2018 r. 1151 aHOMAJIU MPU3eMHOIT TeMIepaTypbl BO31yXa

a1 paiiona ot 60° 1o 80° c. . u ot 20° 3. 1. 10 100° B. 1.

Table 2
Quality estimates MSSS for the period from 2010 to 2018 for surface air temperature anomalies
for the area from 60° to 80° N and from 20° W to 100° E
Ton

Mecsau | 2010 2011 2012 2013 2014 2015 2016 2017 2018
|21 (2|1 |2(1j2|1 212|101 ]|2|1]2]1]2

II 1|1 1 1
118 -1|-1|-1]-1
v -1|(-1|-1|-1|{-1}{-1|-1|-1|-1|(-1|-1|-1|-1|-1|-1|-1|-1|-1

(=R )
|
—
|
—
—_
—
|
—
(=)
|
—
O = =
(=)
(=)
|
—
(=
—_

VI -1|-1|-1|-1|-1|-1|-1|-1|-1|-1|-1|-1|-1|-1|-1|-1]|-1]|-1
VII -1|-1|-1{-1r|{-1r|-1|-1{-1|-1]0|-1|-1|-1|-1|-1|-1]-1]|-1
VIII -1|-1|-1|-1|-1}{-1|0|-1|-1|-1|-1|-1|-1|-1|-1|-1|-1]|-1
IX 1110 |-1| 1 |1 |-1|-1|-1|-1|-1|-1| 1 |=1|-1|-1]-1]|-1
X of(-1|{1|(-1|{-1|-1|-1|(-1|-1|-1|-1|-1]O|-1}1/|-1]1]/ -1
XI -1|{-1|-1{1{-1|-110|-1|-1]-1[O0|-1|-1|0/|-1]-1]-1|-1
XII 1|11 |-1|-1|-1|-1]0]0|-1]|1 1 |-1|(-1|1]0]1]|-1
Tpumeuanue. TUTbI IPOrHO30B OTMEUYEHBI L(ppaMu: | — OLIEeHKa 10 BceMy aHCaMOJTIO ISl BTOPOTO Mecsila
IPOTHO3a, 2 — OILIEHKA I10 JIy4lIeMy KJjiaccy aHcamoOis

Note. The forecast types are indicated by numbers: 1 — estimation of ensemble method quality for the second
month, 2 — estimation of selected ensemble class quality

a TIPOTHO30B aHOMAJIMI TEMIIEPATYPhI B sSTHBape U vroje. MakcumalibHble 3HaueHuss RMSE
1o 000MM MeTo/1aM HaOJIIOAI0TCS B XOJIOHBIN MEPUOJ Io/la, & MUHUMAJIbHbIC B JICTHHIA
nepros. Munumym RMSE B porHo3ax JapJjeHUs] U TEMIIEpaTypbl HAOIOIAETCs B HIOJIe
U aBrycrte. A MakCUMyM B OKTsI0pe, HosiOpe 1 JiekaOpe, a JJisl IPOrHO30B aHOMAUIWIT J1aB-
JICHUS JIOTIOJIHUTENILHO B sSIHBape U (eBpase.

Pe3ynbrarbl O1IeHOK TPOTrHO30B IOJIEH aHOMAIMK aBJ€HUS MO Hapamerpy Mepa
macrepcta (MSSS) npencrasnens! B Tabnuie (tadun. 1). st mporuo3oB 1no BeIOpaHHOMY
KJIaccy mosiel aHOMa i TaBIEHUS Ha YPOBHE MOPSI OJIOKUTEIbHBIC 3HAYEHHUS MEPhI Ma-
CTepCTBa HAOIMIOJAIOTCA OT JBYX CIy4aeB M 0ojee ¢ CeHTAOpA 1o MapT, a I IPOTHO30B
M0 BCEM 4IEHAM aHCaMOIIs JOTIOJHHUTENIBHO B UIOHE U aBIYCTE.

IIpousBeneH aHanu3 OIIEHOK KayecTBa MPOTHO30B IOJEH aHOMAJIUNA NPU3EMHOU
TEMIIepaTyphl 10 napaMeTpy Mepa Mactepcrsa (Tads. 2). st mporHo30B M0 BEIOPAaHHOMY
KJIacCy TOJIOKHUTENbHBIC 3HAUEHUS MEPBl MacTEPCTBA BCTPEYAIOTCS TOJIBKO B 3UMHUE Me-
CsILIBL, @ JUIsl IPOTHO30B 110 BCEM YICHAM aHCcaMOIIs IOMIOHUTENBHO U B OCCHHUM TIEPHO/I.

AHaJIn3 OlIEHOK KaYecTBa IMPOrH030B TECTOBOI'O NMepuoaa

Jls IpoBepKHU MOyYEHHBIX BBIBOAOB O Kaue€CTBE IIPOrHO30B IO METOAY CPETHETO
M0 aHCaMOJII0 U METO/y JIyYIIero Kjacca aHcaMOisi M CPaBHEHUS! X Ha OrPaHUYCHHOM
HE3aBUCHMOM MaTrepuayie ¢ CHHONTUKO-CTaTUCTUYECKUMU IIPOrHO3aMH Ha Mecsll 1o 3a-
nagHoi ApkTuke ObUTH B3STHI MPorHo3bl 32 2018 1 2024 1. K coxxanenuio, mMeromuics
PS4 CHHONTUKO-CTaTUCTUYECKUX NIPOrHO30B OFPAaHUYEH TOJIBKO JIBYMsI FOIaMU U SIBISETCS
HE0CTaTOYHBIM /ISl PEMPE3EHTATUBHBIX BBIBOJIOB. B 9TOH CBSA3U NOIy4YeHHbIE Pe3yabTaThl
CPaBHEHHsI IPOTHO30B HOCST WILUIIOCTPATUBHBIN XapakTep.
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Puc. 4. Cpennemecsiunbie oueHku kadectBa RO u CORR 32 2018 1 2024 rr. 1y1st TpeX THUIIOB IPOTHO30B
oJIel aHOMaJIMH JIaBJICHYSI HA YPOBHE MOPSI (@ M 6 COOTBETCTBEHHO) M aHOMAJIHIA TPU3EMHO TeMITe-
parypsl BO3/iyxa (6 U ¢ COOTBETCTBEHHO) st paiioHa o1 60° no 80° c. 1. u ot 20° 3. 1. 1o 100° B. 1.
Turme! TPOrHo30B 0TMEUeHBI M (PaMH U IIBETOM: / — OLICHKA IT0 BCEMY aHCaMOIIIO 1T BTOPOTO MecsI[a IPOTHO3a,
2— OIICHKA I10 JIy4YIIeMYy KJIacCcy aHCaM6J'I$I, 3— OIICHKA IT0 CHHONITUKO-CTaTUCTUICCKOMY METOLY

Fig. 4. Average monthly quality estimates RO and CORR for 2018 and 2024 for three types forecasts
of sea level pressure anomalies (a and 6 accordingly) and surface air temperature anomalies (¢ and
2 accordingly) for the area from 60° N to 80° N and from 20° W to 100° E.

The forecast types are indicated by numbers and colors: / — estimation of ensemble method quality for the second
month, 2 — estimation of selected ensemble class quality, 3 — estimation of synoptic-statistical method quality.
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Puc. 5. Cpenuemecsiunble ouenku kauectBa RMSE 3a 2018 u 2024 rr. 11 Tpex TUIOB IIPOTHO30B
oJIel aHOMAaJIN AaBJIeHUs Ha ypOBHE MOpsI (@) M aHOMaJIN IPU3EMHON TeMIeparypbl Bo3yxa (6)
11 paiiona ot 60° o 80° c. . u ot 20° 3. 1. 1o 100° B. 1.

Turisl IPOrHO30B OTMEUYEHBI M(PAMU 1 IIBETOM: / — OIIEHKA 110 BCEMY aHCAMOIIO /171l BTOPOTO MECsII[a IPOTrHo3a,
2 — OIIEHKa M0 JTy4IIeMy KJIaccy aHcamoOst, 3 — OIeHKa 10 CHHONTHKO-CTaTUCTUYECKOMY METOTY

Fig. 5. Average monthly quality estimates RMSE for 2018 and 2024 for three types forecasts of sea
level pressure anomalies (@) and surface air temperature anomalies (0) for the area from 60° N to
80° N and from 20° W to 100° E.

The forecast types are indicated by numbers and colors: / — estimation of ensemble method quality for the second
month, 2 — estimation of selected ensemble class quality, 3 — estimation of synoptic-statistical method quality
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CHHONTHKO-CTaTHCTHYECKUI METOI ZIOJITOCPOYHOTO IPOrHo3a Banrenreiima—I upca
pa3palarbIBacTCsl B OTIEPATHBHOM IMOPSIJIKE B JIAOOPATOPHUHU JIOIATOCPOIHBIX METEOPOIOTH-
yeckux nporao3os ['HIT PO «AAHUN.

AHaM3 OLEHOK KauecTBa MPOBOJMIICS Ui JBYX METEOPOJIOTMYECKUX Mapame-
TPOB — AQHOMAJINU JaBJICHHS HA YPOBHE MOpPS M aHOMAaJIMH IMPU3EMHON TeMIeparypsl
Bo3ayxa. Ha puc. 5 mpencrasnen rpaduk U3MEHEHUS CIEAYIONINX OIICHOK KadecTBa
M3y9aeMbIX MPOTHO30B — k03P dumuerToB RO, CORR nu RMSE, ocpeqHEHHBIX 10 Ka-
JICHJAPHBIM MECsIaM.

AHanu3 Mojgy4eHHbIX OLEHOK KauecTBa JJIsl IPOrHO30B MOJIeH aHOMAaJIUi JaBIeHHs
Ha ypOBHE MOpsl II0Ka3aJl, YTO MPOTHO3bI TI0 METOAY Jydinero kinacca RO BBIXOIST Ha
nepBoe MecTo B (eBpaiie U Mae (CM. puc. 4a), a 10 CHHOINITHKO-CTaTHCTHYECKOMY METO-
JIy — B arpe’ie, UIoHe, aBrycre, CEeHTIOpe n HosiOpe. MeToa MporHo3a 1o BCeM WieHaM
aHcaMO1 Hanbolee ycmenieH o orneHke RO B stHBape, uione u nexadpe. OneHka mo koag-
(bULIMEHTY KOPPETALUH Ul CHHOITHKO-CTaTUCTUYECKHUX MPOTHO30B M0Ka3asia HanXy/IIne
3HAYECHUS U3 TPEX METOJI0B, KpOME HOSIOPSI, T/Ie OH BBIIIEN Ha MEPBOE MECTO (CM. puC. 40).
B siBape, ¢deBpane u Mae 3a)UKCHPOBAHO HAWIyulllee KayeCTBO IPOTHO30B 110 METOY
JydIIero Kiacca ancamOIIs, a IPOTrHO3bI 10 BCEM YJIeHaM aHCaMOJIsl OKa3alk Hawrydiiee
KauecTBO M3 TPEX METOJIOB B arperne, utoie u aBrycre. CpeHeKkBagpaTHiecKas ommnoka
IIPOTHO30B O BHIOPAaHHOMY KJIacCy MUHHMAaJbHA CPEAM TPEX METONOB B Mae M OKTS-
Ope (cM. puc. 5a), a IO CHHONITUKO-CTATUCTUIECKOMY METOJY B ampere, HIoHe, CEHTIO0pe
1 HOsIOpe. MUHMMaIbHBIE 3HAYCHUSI CPEAHEKBA/IPATHUECKOM OMIMOKH /ISl METO/Ia ITPOrHO3a
[0 BCEM 4JIeHaM aHcaMOJIsi OTMEYAIOTCs B sIHBApe U HMIOJIE.

AHanm3 OLeHOK KavyecTBa IPOTHO30B MOJIel aHOMaITM MIPU3EMHON TeMIepaTyphl BO3-
JyXa IoKa3aJl, 4To oneHka RO nMeeT HanOOIBIIYIO BEIMYNHY U3 TPEX METOJIOB JUIs METO/Ia
JYYIIIeTo KJIacca aHcaMOJIs B Mae, HIOHE, aBTYCTe B ¢ OKTSIOps 1Mo Aekadph (cM. puc. 46).
B ocTanpHBIE MecCALBI, 32 UCKIIOYEHHEM arpelis, MaKCUMalIbHbIE OIleHKH RO HabIro0-
JIAOTCsI JUTsl IPOTHO30B, COCTABIICHHBIX 110 BCEM WiieHaMm aHcamoOist. B ampese Gosee
yCIIeIIeH CHHONTHKO-CTaTHCTHYECKUI METO| ITPOTHO30B. KoadduipeHT koppesuun st
MPOTHO30B 10 CHHONTHKO-CTaTUCTUYECKOMY METOJy MMEET JIYUIIYIO YCIEIIHOCTh B (heB-
paute, ceHTsi0pe 1 HosiOpe (cM. puc. 42). [Iporno3sl Mo BceM wieHaM aHcamOIst Hanbosee
yCIICIIHBI B STHBApE, UIOJNE, aBrycTe U Aekadpe. [IporHO3bl, COCTAaBIEHHBIE TI0 JTyqLIeMy
KJIaccy aHcaMOIs, SIBJISIOTCA JIYYIINMHU B Mac U OKTAOpeE.

B anpere, uioHe U ¢ aBrycra mno Jekadpb CpeJHEKBapaTHuecKas ourrdka npo-
THO30B 10 METOJY JIY4IlIero Kjacca ancamOIisi MaKCUMaJlbHa U3 TPEX METOJ0B, & MUHH-
MaJIbHOE €€ 3HaYeHHEe OTMEYaeTcsl B CeHTsIOpe (cM. puc. 56). CpenHeKkBaapaTHuecKas
ommOKa MPOTHO30B, COCTABICHHBIX MO BCEM YJICHAM aHCAMOJIsL, SIBISICTCS MUHUMAIbHON
U3 TPEeX METOAOB B jAekadpe, sSTHBape M ¢ aBrycTa 1o OKTA0pb. CHHONTHKO-CTATHCTH-
YECKUH METOZ NMOKa3bIBAET HANMEHBIIYIO CPEIHEKBAIPATHUECKYIO OIINOKY B (eBpaie,
amperse, UIOHe, Hioje U Hosope.

[TonyueHHsle 1151 ABYX JIET BBIBOJBI HE NMPOTHBOPEYAT BHIBOJAM, ITOJYYCHHBIM U3
aHaJM3a PETPOCIIEKTUBHBIX NPOrHO30B. CHHONTHKO-CTaTUCTUYECKHUI METOJ JUISl 9THX JIBYX
JIeT He TI0Ka3bIBaeT a0COIOTHOTO MPEUMYIIECTBA, TO3TOMY COBMECTHOE €T0 HCIONIb30-
BaHME C aHCAMOJIEBBIMHM METOJaMU MOKET HOBBICHTH OOIIYIO YCIIEIIHOCThH IPOTHO30B.
B nanpHelmeM rmaHUpyeTCs IPOBECTH CPABHEHHE OLICHOK KaueCTBA BCEX TPEX METO0B
Ha TEKyIIeM Marepualie B ONEPaTUBHOM PEKUME.
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O0cysxaeHue pe3yJIbTATOB U BBHIBOJbI

ABTOpBI HCCIIEIOBAHMS MPOBEIH OLEHKY KadecTBAa MPOrHO30B, COCTABICHHBIX MO
JIBYM pa3HbIM METO/IaM aHCaMOJIEBOTO JOJITOCPOYHOTO MPOTHO3A. AHAIHN3 OLEHOK Kade-
cTBa MporHo3os 3a nepuoA ¢ 2010 no 2018 . mo3BOISET CAENATh CIEAYIOLINE BHIBOJIBI.

1. IIporuos nozeit aHoManuii NPU3EMHON TEMIIEPATYphl BO3AyXa.

1.1. Meron nmporHosa 1o JydmemMy KIaccy MpOrHOCTHYECKOTO aHCaMOIIsI TIOKa3bIBACT
JydIlIe OLCHKH KavyecTBa 10 JAHHBIM TapaMerpa RO, OTpakaloIIero COBMaieHNE (paKTu-
YECKUX M IPOTHOCTUYECKHX ToJiel aHoManui 1o ase, yem oreHkn RO Uil IPOTHO30B,
OCPEIHEHHBIX 110 BCEM WICHAM aHCAMOIIsI, B MECSIIBI TEIUIOTO MepHoa C Mas 110 aBTyCT.
MerToz porHo3a 1o BCEM KJ1accaM aHcaMOJIsl ITOKa3bIBACT JyUIIyFO ONPaBAbIBaeMOCTb 110 RO
B XOJIOHBIH TIEPHOJ TOTa C HOSIOPsI 110 ampenb. [Tpr 7ToM MakcHMalTbHBIX 3Ha4eHui oT +0,38
1o +0,43 mapamerp RO NOCTHTaET B OCEHHHIA, IEPEXOIHBIN TIEPHOJ TO/IA C aBI'yCTa MO OKTAOPb.

1.2. KoappumpeHTs! Koppessiuy NPUHUMAIOT 3HaYCHU, HE TPEBBIIIAIONINE BEITH-
yuael +0,14. ITpn 3TOM MPOTHO3BI IO BCEM WIEHAM aHcaMOJIsl UMEIOT JIydllee KadecTBO
B 50 % ciydaes, a MPOrHO3HI 1O JIy4IIEMy KJIacCy aHcaMOIsl JOMUHHUPYIOT B HIOJIE, aBIyCTE
1 OKTSI0pE, TO €CTh B JICTHUI M OCEHHUI IEpPHOIBI TOAA.

1.3. Ouenka RMSE 1o BBIOpaHHOMY KIIACCY BBIIIE, YeM UIS MPOTHO30B IO BCEM
YIeHaM aHcamOIIsl, TOJIBKO B MapTe, arpene u aekaodpe. IIpu aTom makcumanbabie RMSE
HaOII0A0TCsT BO BTOPOi MOJIOBUHE OCEHW — B OKTAOpE, HOSIOpe M aekadpe, a MUHU-
MaJIbHBIE B TEIUIBIH MIEPHOl — B HIOJIC U aBTYCTE.

2. IIporuo3s nosieil aHoMaiauii AaBIeHUsI HA YPOBHE MOPSI.

2.1. YcnemHoCTh MPOTHO30B aHOMAJHMH MaBJICHUS Mo mapamerpy RO 1o MeTomy
BBIOPAHHOTO KJIacca MakcHMallbHa B MapTe, Mae, uroje, okTsiope u nexadpe. Onenkn RO
JUISL TIPOTHO30B TI0 BCEM WICHAM aHCaMOJIsl BBIIIE, YEM JJIsI IPOTHO30B 110 BEIOPaHHOMY
KJaccy, B (heBpasie, MIOHE, aBIyCTe U CEHTSO0peE.

2.2. KoahurmeHTs! Koppemsuy MPUHAMAIOT 3HAYEHNS], HE MPEBBIIAOIINE BETMINHBI
+0,13, mo oboum Meronam. IIpn 3TOM KauyecTBO MPOrHO30B MO BHIOPAHHOMY KJIACCy BBIIIIE,
YeM ISl IPOTHO30B IO BCEM WICHaM aHcaMOJIsl, B MapTe, Mae, Uioile, OKTA0pe, Hos0pe u jie-
ka0pe, a 70 METOy BCEX WICHOB aHCaMOIIst — B (heBpaste, ampere, HIoHe, aBrycTe M CEHTAOpE.

2.3. Onenka RMSE nns BceX KaJeHIAPHBIX MECSIIEB, KpoMe (eBpas U OKTSIOPS, IO
METOJy BBIOPaHHOTO KJlacca BBIIIE, YeM JUIsS IPOTHO30B 110 BceM WwieHaM ancamoOus. [Ipn
9TOM MakcuManbhble RMSE HaOmonatoTcst B XOJIOAHBIN Mepruox — B OKTsOpe, HOAOpe,
nexadpe, sHBape U (eBpaiie, a MUHUMAIbHbBIC B TEIUIBIH MEPHO — B HIONIE U aBIYCTE.

3. OueHka KadecTBa MPOTHO3a MOJICH aHOMAIMI IPU3EMHOMN TEMITEpaTyphl BO3IyXa
o mapameTpy RO, HaoOopoT, pacteT co 3HadeHuit +0,05 B 2010 1. mo 3mavenuit +0,39
B 2018 r. IIporHO3EI MO BCeMy aHCAMOINIO TTOKa3alld JIYYIIyI0 YCIICITHOCTh B 5 Tomax
n3 9 (2010, 2014, 2015, 2017, 2018).

4. OueHKHM KadecTBa MPOTHO30B 10 KO3(D(UIIMEHTY KOPPESIMA KaK ISl TOJIeH
aHOMaJIMH JIaBJICHNS, TaK ¥ IPU3EMHOI TeMIIepaTyphl TIOKa3bIBAIOT OTHOCHTEIIFHO OoJiee
BBICOKYIO YCIEIIHOCTB JUIS METO/Ia TPOTHO30B TI0 BCEM WICHAM aHcaMOIst i 5 jieT u3 9.

JLiis monTBep K ICHNS BBIBOZIOB, IMOMYYeHHBIX 3a iepron 2010-2018 rr., Heo6xommmo
MIPOBECTH JOTOIHHUTEIBHBIC HCCIECA0BAHNS HA HE3aBUCUMOM IPOTHOCTHYECKOM MaTepHae.

Hcxonst M3 aHanm3a MoydeHHbIX OLEHOK KauecTBa MPOTHO30B 110 3anaHoi ApKTHKe
MOXKHO TIPEJBAPUTEILHO BBIPAOOTATh HECKOJIBKO PEKOMEHIAINH.

1. TTo cOBOKyMHOCTH OLICHOK, POTHO3 IO METOY JIYUILETo KJIacca MPOTHOCTHYE-
CKOTO aHCaMOJIsl IPEeAIOYTUTENbHEH HCIOIb30BaTh B TEIUIBIH MEPHOA rofa, a 1Mo BCEM
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4YIIeHaM aHCaMOJIsl — B XOJIOAHBIA TIEPHO, KaK IS IIPOTHO3A MOJIeH aHOMAJIHiA TaBICHUS,
TaK M TeMIIEPaTypHI.

2. B Templil mepros rofa cpeIHeKBaIpaTHUECKUE OMIMOKH MTPOTHO3a MOJIeH aHOMa-
T TABICHUS U TEMIIEPaTypbl MUHIMABHBI, & B XOJIOTHBIH TIEPHO]] FoJJa MAKCHMAJIBHBI T10
000oMM MeToaM, YTO TaKXKe JaeT MPEUMYIIECTBO METOAY IPOTHO3a IO JIYYIINM KJlaccaM
aHcaMOIls B TETUIBII NepHOA TOAA.

3. KauecTBo mporHo3a nosel 3Haka aHOMaJIHX TeMITePaTypbl MAKCUMAaJIbHO B OCEH-
HUH TIEpUOJ C aBTyCTa IO OKTAOPb.

4. Jlns moirydeHus BEIBOJOB O MPEUMYIIECTBE TOTO MIIM MHOTO METOa — aHCaM-
OJIeBOTO MPOTHO3a WIIM CHHONTHKO-CTATUCTHYECKOTO — HEOOXOIMMO TIPOBECTH JIOTION-
HUTEJIbHBIC HCCIIEOBAHUS.

Kon(uukT nHTEpecoB. Y aBTOPOB HcClIeI0BAHMS HET KOH(IMKTA HHTEPECOB.

®unancuposanue. Vccnenoanue BoinonseHo B pamkax HUTP 5.1 Pocrunpomera na 2025-2029 rr. «Pas-
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MOPCKOTO JICSHOTO II0KPOBA, JISAHUKOB M BEUHOI MEP3/I0ThI, IPOLIECCOB B3aUMOACHCTBHS JIb/Ia C IPHPOIHBIMH
00BEKTaMH M HHKCHEPHBIMU COOPYKEHUAMH JUI1 APKTHKIY.
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AnHoTanus. [IpencraBieHs! OLEHKH 10U aHTPOIIOTEHHOTO MTOTOKA TeTl1a, 00y CIOBICHHBIE OTOTICHHEM, TIPH
MPEONOKEHNHH, YTO OH 3aBUCHT OT TEMIIEPATYphl HAPYKHOTO BO3IyXa, a 3MAHUS YAOBICTBOPSIOT TEMIO(H-
3MYECKUM HOPMaM, PUBEICHHBIM B CTPOUTENBHBIX paBuiax. Ha 0cHOBe BeO-kapTorpaduueckoil miatdopmbl
OpenStreetMap, cepsuca Annexc Kaprer u F'UC XXKX noctpoensl Mozenu 3actpoiiku 12 ropoioB u moce-
JICHHI1, PAaCTIONOKEHHBIX Ha ceBepe Poccuu. Paccuntanbl 00beMbl  MIIOIMAIH OTPAXIAOIINX KOHCTPYKIIMIA
BCEX 3/[aHUiA. PacCMOTPEHbI TPU Pa3INyHBIX aIrOpUTMA BBIYUCIICHHS aHTPOIIOTEHHOTO TT0TOKA Teruia. [lepsbiit
AIITOPUTM UCIIOJIB3YET MOHATHE HOPMUPYEMOTO CONPOTUBIICHHS TEILIONEPeIade OrpaXIat0IIUX KOHCTPYKIIUH;
BTOPOH OCHOBAH HAa HOPMUPYEMOM 3HAYEHHUH YICIBHON TEIIO3AIUTHOH XapaKTePUCTUKHU 3/IaHHUS; TPETUH HC-
TOJIB3YET HOPMUPYEMYIO YICIbHYI0 XapaKTePUCTUKY PACX0ia TEIJIOBOM IHEPTHH HA OTOTUICHUE U BEHTHIISLIMIO
3nanus. [lpeanaraercs UCONB30BaTh YCPEIHEHHYIO OLIEHKY aHTPOTIOIeHHOTO MOTOKA TEIIa, MOTYYEHHYIO M0
BCEM aJIrOPUTMaM. AHTPOIMOTCHHbIN MOTOK TeIIa OMPEIesIn ¢ aAMUHUCTPATUBHON U ypOAHU3UPOBAHHOI
Tepputopu. [IpuBeeHb! OLCHKHU BBIAETAEMON 38 OTOIMUTEbHbII MEPHO AHTPOTIOTEHHON SHEPTHH € aIMUHHU-
CTPATHBHOU U ypOaHU3UPOBaHHOM TeppuTopuil. C aIMUHUCTPATUBHOM TEPPUTOPHE TCHEPUPYEMOE KOTMYECTBO
terua HaxoauTest B uatepsae (B [11x) aus Cypryra 8,29-20,7; fAxyrcka 9,57-23,6; Apxanrenscka 7,37-15,4;
Mypmancka — 5,16-11,6; Hopunbexa — 2,99-9,09; BopkyTsl, Anatutos u Canexapna — 1,29-4,80; Hapbsiu-
Mapa — 0,961-1,92; dymuuku — 0,537-1,42; Tukcu n dukcona — 0,247-0,681. [InotHocTh MOTOKA TeMIIa
B HANpaBJIEHUH K TOJCTUIAIONIEH MOBEPXHOCTH OT HWKHEH PAHMUIIbBI 3aHUH B CPEIHEM B TEUEHHE OTOIH-
TEIBHOTO Mepro/ia Haxomutest B uHTepBane 1,20—1,96 Br/m2. [IpuBe/eHbl 3Ha4YCHHs aHTPOTOTCHHON SHEPTHH,
ycpeiHeHHbIe 3a oTonuTeNnbHble nepuosbl 2013-2018 n 2018-2023 r.
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Abstract. Estimates are presented for the share of anthropogenic heat flux caused by heating, based on
assuming that anthropogenic heat flux depends on outdoor air temperature and that buildings comply with the
thermophysical standards specified in the construction regulations. Using the OpenStreetMap web mapping
platform, the Yandex Maps service, and GIS housing and communal services, building models were constructed
of 12 cities and settlements located in northern Russia. The volumes of all buildings and the surface areas of
their enclosing structures were calculated. Three algorithms for estimating the anthropogenic heat flux are
considered. The first algorithm uses the concept of normative heat transfer resistance of enclosing structures.
The second is based on the normalized value of the specific heat protection characteristic of a building. The
third uses the normalized specific characteristic of heat energy consumption for heating and ventilation of
the building. It is proposed to use the average anthropogenic heat flux estimate obtained by all algorithms.
anthropogenic heat flux is estimated from an administrative and urbanized area. During the heating period the
anthropogenic heat flux density from the urbanized area per 1°C difference between indoor and outdoor air
temperatures ranges from 0.31 to 1.75 W/(m?-°C). The anthropogenic heat fluxdensity from the urbanized area
for the average heating period temperature is located within the range where the lower boundary is estimated
between 9.60 and 19.5 W/m?, and the upper boundary between 30.0 and 61.2 W/m?, depending on the settlement.
In this case the total emitted anthropogenic energy (in PJ) from the administrative area is equal to 8.29-20.7
for Surgut; for Yakutsk 9.57-23.6; Arkhangelsk 7.37-15.4; Murmansk — 5.16-11.6; Norilsk — 2.99-9.09;
Vorkuta, Apatite and Salekhard — 1.29-4.80; Naryan-Mar — 0.961-1.92; Dudinka — 0.537-1.42; Tiksi and
Dixon’s — 0.247-0.681. The anthropogenic heat flux density directed downward toward the underlying surface
during the heating season is in the range of 1.20-1.96 W/m?. Values of anthropogenic energy averaged over the
heating periods 2013-2018 and 2018-2023 are given. Maps of the spatial distribution of the anthropogenic heat
flux density for Vorkuta and Apatite are presented.

Keywords: anthropogenic heat flux, anthropogenic heat flux to the underlying surface, heating period,
anthropogenic heat flux distribution maps, administrative territory, urbanized territory, urban heat island
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BBenenue

Oxoro nByX Tpetei Tepputopun Poccuiickoit deneparii OTHOCUTCS K 30HE MHOTO-
netHelt Mep3noTsl. B konue 60-x — Hauvane 70-x rr. XX B. M.W. Bynbiko mpeanoaoxu,
YTO B PE3yJbTaTe aHTPOIIOTEHHOTO 3arpsI3HEHUS aTMOC(epbl HAYHETCS TIOBBIIICHHUE TIPH-
3eMHOH TEeMIIepaTypbl BO3AyXa, TPUIEM MAKCHMAJIbHOE TIOTEIUIeHHE OyeT HaOmoaaTses
B BBICOKHX mupoTax [1]. B exxeromaom otuere NOAA yxa3biBaercs, 9To 11-i rox moapsiz
B ApPKTHKE HaOmoaeTcst 6osiee CHIIbHOE MOBBIIICHUE TEMIIEPATYPHI, Y€M Ha OCTaIbHbBIX
Tepputopusix [2]. Takoe M3MEHEHNE aPKTHUECKOTO KIIMMATa MOXKET IPUBOIUTD K TAsTHHIO
BEYHOI MEP3JIOTHI, YTO MOBJICUET 3a COOON 3HAYUTENBHBIC OTPHLIATEIBHBIC TIOCIEICTBUS
JUTSl SKOHOMUKH U JKUTEJICH CeBEPHBIX HINPOT.

Beinensemast B armocdepy 4acTb OTpeOIsIeMOoi SHEpTr iy, Ha3bIBacMast aHTPOIIOTeH-
HBIM 110TOKOM Tetuia (AIIT), cocTonT U3 MOTOKOB TEIIa OT 3[aHUH, TPAHCIIOPTA U METa-
Oonm3ma KuBBIX Opranm3MoB [3]. B Teuenue otommrensroro iepuona AIIT ot ropoackoit
3acTpoiiku cocTaBisieT oT 89 10 96 % [3], mpryeM OH JOCTHTaeT MAaKCUMAaJIbHOTO 3HAYCHUS
Ha ypOaHU3MPOBAHHOM TEPPUTOPUH, XapAKTEPU3YIOIIEHcss Hanboee TIIOTHON 3aCTPOHKON
n He npeBbrmatommeit 10 % ot agMuHHCTpaTuBHOM TeppuTtopun ropoxa. AIIT B *KuiIbIx
Y TIPOMBIIIICHHBIX pafOHaX ABJSETCS ONHUM M3 OCHOBHBIX (DAaKTOPOB mporiecca TasHus
BEYHOI MEp3JIOTHI B XOJIOAHOE BpeMst roza. Jletom 3ToT mporiece oOyciiosieH HaOmona-
€MBIM TIOTEIUICHHEM B CEBEPHBIX MIMPOTAX, HAa KOTOPOE HAKIAABIBACTCS ITOTOK TEIUIA OT
3IaHUH, 00yCIOBICHHBIH HArPEBOM MHCOMAIMEH HETPOHUIIAEMBIX MAaTEPUAIOB ¢ OOJIBIION
TEIUTOBON WHEPITUEH C TOCIEAYIOmeH HX TeIooTaa4de [4].

HHTeHcuBHOCTB 0CTpoBa Terua, o0ycioBneHHoro AT B xonomHsIi iepros, 3aBUCHT OT
(3nKo-reorpahIIecKoro MOI0KEHNS TOPO/a U YUCIEHHOCTH €T0 HACETIECHHUS, OT CTPYKTYPBI
MPOMBIIIICHHBIX MPEANPUSTHH U T. T1. [I7151 TOPOZIOB, PacTIONOKEHHBIX B BEICOKHX IIMPOTaxX
Y IPUMBIKAIOMINX K HUIM YMEPEHHBIX IIUPOTAX, KOIMYECTBO BBIIEISIEMOTO aHTPOIIOTEHHOTO
TeruIa B iekabpe 1 THBape MOXKET ObITh COM3MEPHMO HITH JaKe OOJIbIIE KOJIMYECTBA MOTTIOMICH-
HOIi conHeuHoit paauaruu. Tak, B ciydae 6e3o0maunoro ueba cormacHo CIT 131.13330.2020!
Ha mmporax 60, 64 1 68° c. III. cyMMapHasi COTHEYHAs pauals (pssMast M paccessHHas) Ha
TOPU30HTAIBHYIO TIOBEPXHOCTH COCTABIIACT: 32 HOSIOPE 97, 56, 14; 3a mexadbps 39, 0 u 0 u 3a
saBapb 70, 29 u 0 MDx/m?. Cpenremecstunbie otienku AITT (B MJDx/m?), paccurtaHHbIe
3a OTONUTEJBHBIN MEPUO N0 CPETHECYTOUHBIM TemneparypaMm B Teuenue 2013-2023 rr
JUIsl ypOAHW3NPOBAHHON TEPPUTOPHN HACEIECHHBIX ITyHKTOB Poccny, pacronoKEeHHBIX Ha
mmporax 61-62° c. m. (Hampumep, Cypryt u Skyrck), 64,5-66,5° c. m. (ApxaHTeIbCcK
u Canexapn), 67,5-67,6 (Bopkyra, Amarutsl u Hapesa-Map) u 68,5-69,5° c. m1. (MypmaHCK
1 Hopuibck), HaXomsITcss COOTBETCTBEHHO B MHTEpBayiax: B Hosope 1,58-5,28, 1,07-3,41,
1,14-2,99 u 1,25-5,79; B mexadpe 1,82-6,71, 1,35-3,95, 1,27-3,41 u 1,44-6,85; B stHBape
2,00-6,82, 1,46-4,28, 1,35-4,88 u 1,60—7,14. Ilpusenenusie 3Hauenus AIIT yka3biBatoT Ha
BaKHOCTH €T0 OLCHKH B HACENICHHBIX ITyHKTAX CEBEPHBIX IIMPOT.

AIIT MOXeT BIMATH HA CTPYKTYPY M CBOWCTBA TOPOJICKOTO aTMOC(HEPHOTO MTPU3EM-
HOTO CJIOSl, TaK KakK, C OJJHOM CTOPOHBI, MOBBILIEHUE TEMIIEPaTypbl, 0COOCHHO B IUIOTHO
3aCTPOCHHBIX paifoHax, MOXKET CO3/1aBaTh OOJIee MHTEHCHBHYIO KOHBEKIIUIO U TEM CaMbIM
BIIMSATH HA IIOTOAY, C IPYrOil CTOPOHBI, B pallOHAX C MUHTEHCUBHOM 3aCTPOMKOM 1IEpOXOBa-
TOCTb TMIOBEPXHOCTH BO3PACTAET, @ 3TO IMPUBOAUT K TOPMOKEHHUIO BO3/IYLIHOTO IIOTOKA B pe-

' CIT 131.13330.2020 (CHUII 23-01-99*). CBox mpasuit. CTpouTEIbHAS KINMATOIOTHSL.
URL: https://docs.cntd.ru/document/573659358 (nara oopamenus: 09.03.2025).
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3yNbTaTe MOBEPXHOCTHOTO TPEHMS 1 3aMeUICHNIO 0OMEHA TEIUIOBOM IHEprHeil ¢ armocde-
poii [5]. Bozneiicteue AIIT Ha mpu3eMHEIH CII0i aTMOC(EpBl BO MHOTOM OTIPEIEIISICTCS
TeM, KaK 3TOT MOTOK TeIJIa PaCTIPEeIsIeTCs] MEXK/Ty KOMIIOHEHTaMH TEIUIOBOTO OajaHca
moBepxHocTH. Yacte AIIT o0ycioBneHa Terionepeaadeii u3 MoMereHuii B atMochepy
Yyepe3 CTeHBl W KPBIIIN 3JaHNi U BEHTWIALMIO, a pyras 4acTh TEIla HAalpaBJIeHa BHU3
K TIOJICTHJIAIOIIEH TTOBEPXHOCTH M3-3a ITOTOKA YePe3 HIDKHIOI TPAHUILY 3AAaHHS, K KOTO-
pOMy 100aBIISIFOTCS TETIIIOBBIE CTOKH OT pabOThI CHCTEM KaHAJIN3alWH U BOJIOCHAOKEHNSI.

AITIT, oOyCIOBIEHHBIN YHEPTUEH, HCIIONB3YIOMICHCS UIS OTOIUICHUS, 3aBUCUT OT
TeMITepaTypbl HApyKHOTO BO3AyXa. JTa 3aBUCHMOCTh NPHUBOJNT K MOSBICHUIO OTPHIIA-
TEJNBHOM 00paTHOH CBSI3M MeX Iy Temreparypoit Bo3myxa u AIlT, TOCKOIbKY TOHMKEHHE
TeMITepaTypsl aTMOC(EepHOTo BO31yxa yBenuuuBaeT sHepronorpednenne n AlIlT, a yse-
muaerne AIIT mpUBOAMT K pPOCTY TeMIEepaTypsl MPU3EMHOTO Bo3myxa [6]. Hambomnee
cymectBenHoe BiaustHue AIIT gocturaercst mpu Manol MHCONISLUN WIIH TIPH TTOJTHOM
€e OTCYTCTBHH, B 3TOM CIIy4ae BO3MOXKHO IOJIABJICHHE BEPTHKAIBHOTO MEPEMEIINBAHNS
IIPY TIEpEeXo/ie K yCTOWYNBOW CTPaTU(UKALUK U, B YACTHOCTH, YMEHBIICHHE TOJIINHBI
arMocdepHoro nepementanHoro ciost. C apyroii croponsl, nHTeHCUBHBIN AIIT Moxer
MIPUBOANTH K YBEJINYEHHIO TOJIIMHBI MEPEMEIIAHHOTO CIIOS 32 CYET KOHBEKIMH M Jaxke
K TTOJTHOMY MCYE3HOBEHHIO HOUHOH NMpH3eMHON HHBEpcuH [6].

Onenka AIIT MoxeT ObITh ONTyYeHA PA3TMYHBIMU CIIOCOOAMH, HAIPUMeEp, MHBEH-
Tapu3anuel (CyMMHpPOBaHNE MOTPEOIIeMON SHEPTUH), ANCTAHINOHHBIMHU CITy THUKOBBIMHA
M3MEPEHUSIMH U TPSAMBIMA n3MepeHusmu [7—10]. Taxke moMIMO H3MEPEHHAN UCTIONB3Y-
etcst yucneHroe moxenuposanue AIIT [11]. Tak, pernoHanbHas KITUMaTHIeCKast MOIEIb
COSMO-CLM c pa3pemerrem | kM, B KOTOPOH YUUTHIBACTCS SHEPTOMOTPEOICHIE 3MaHuH
npu omoru napamerpuzanuu DCEP, sBrsieTcst METOIOM OLIEHKH «CBepXy BHH3Y» [12].

Ha ocHoBe reonH(pOpMaOHHEIX TEXHOJOTHI U HH(GOPMAIIMOHHOTO MOJICITMPOBAHHS
3naHui nosBuics Metof oueHkH AIIT, KOTOphIif MOXKHO Ha3BaTh «CHU3Y BBEpX». B pamkax
takoro noxxoaa AIIT Beraucisiercs A1t KaXI0ro 37aHusl, a MOJTHbIA TOPOICKOM MOTOK Teruia
MOJTydaeTcs CyMMUpOBaHueM 1o BeeM 3manusM [ 13, 14]. JIna . boctona (CIIA) onmcan ,
o cyTtH, omm3kuil moaxon k ouenke AIIT [15], HO ncHomb3yrONMA APYTYIO TEXHOIOTHIO:
paccMaTpHUBAIOTCSl HEKOTOPBIE 3/1aHMs, ISl KOTOPBIX C TEYEHHEM BPEMEHH M3BECTHO MO-
BE/ICHHE MX dHepreTuyeckoro 6amanca (mapamerpusanus BEP + BEM), uro nosBomsier
BbruuciuTh AIIT OT 9TUX 31aHUH; IpenonaraeTcs, YTo OHOTUITHBIE 3/1aHUs T€HEPUPYIOT
CO BpEMEHEM TaKoH ke MOTOK TeIJIa; BCe 3aHusI TOPOsia PacIpeieNaioTCs 0 OTHOTUITHBIM
rpynmnam ¢ nocueayroummM cymmupoanueMm AIIT. K coxanenunio, Takoif METOJ OICHKH
HE MOKET UMETh IIUPOKOTO MPUMEHEHHS, 3TO CBSI3aHO C OTCYTCTBHEM HEOOXOIUMBIX H3-
MepeHnil TemIopU3NIECKNX XapaKTePUCTHK 31aHNH, TpeOyIomuX O0OIbIINX (pHHAHCOBBIX
3aTpaT, U BO3MOKHOCTU UCIIOJIb30BAHUS COOTBETCTBYIOLIEH MAaTeMaTU4eCKON MOAEIH.

B nanHoit pabore npumensiercst anbTepHaTUBHBIN crioco0 onenusanust AIIT no
cxeme «CHM3y BBepx», koraa AIIT Berumcisercs i KaxXJI0ro 37JaHUS Ha OCHOBE Jeii-
CTBYIOIINUX CTPOUTEIHHBIX HOPM IO TEIUIOM3OJIALNHU 31aHUN U UX YHEPTrONOTPEOICHUIO
CIT 50.13330.20122, CII 131.13330.2020 u TOCT 30494-20113, a monusiii AIIT mony-

2 CII 50.13330.2012. Ceox npasui. Teruiosas 3amura 31aHuid. AKTyald3upOBaHHAs PEIaKIHs

CHull 23-02-2003. URL: https://docs.cntd.ru/document/1200095525 (nara o6parenust: 09.03.2025).

3 TOCT 30494-2011. MexrocynapCTBEHHBIH CTaHAapT. 30aHust KUIble W 00IIecTBeHHbIE, [1a-

pameTpsl MukpokianMara B nomenteHusix. URL: https://docs.cntd.ru/document/1200095053 (nara
obpamienus: 09.03.2025).
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4aeTcs CYMMHUPOBaHHEM T10 BCEM 3IaHUSAM HACENICHHOTO MyHKTa [6, 13, 14]. Takoit meTox
MOXKET UMETh IIMPOKOE NMPUMEHEHUE MIPU 00IagaHUM OIPEACICHHBIMUA HABBIKAMH IIPO-
rpaMMHpPOBaHUS U He TpedyeT OONBIINX MaTepHalbHbIX 3aTpar. Tak, B HAIIeH MpeIblIyIeH
pabore [14] npusenens! oneHku AIIT ans 47 ropoxoB Poccun ¢ HaceneHneM He MEHee
MIOTYMIJITHOHA YeNNoBeK. B manHoi pabote paccuntan AIIT mis 12 HaceIeHHBIX ITyHKTOB,
PacIONOKEHHBIX B MPUITOISIPHBIX U MOJSIPHBIX 00macTax Poccnm.

C wucnonp30BaHHEM OTKPBHITOW BeO-KapTorpaduyeckol miIaT@opMbl
OpenStreetMap (OSM)?, cepsuca Sunexe Kaprer’ u TNC XKKX® nony4ena undopmarius
0 KOHTYpax 3/aHMH M UX BBICOTAX, HA OCHOBE KOTOPOW MOCTPOCHBI IBYX- M TPEXMEp-
HBIE (TOYHEE 2,5-MEepHBIE) MOJIEIIN TOPOACKON 3aCTPOIKH, TTO3BOIMBIIIE HANTH TUIOMIAIb
OTpakJarome KOHCTPYKIUH Ka)XXJOTO 3[aHMs M €ro 00beM, KOTOpbIE B COBOKYIHOCTH
¢ TeTTO(PU3MISCKUMH XapaKTePUCTHKAMH 3IaHIsI TT03BoIIsTtoT onleHUTh AIIT [13, 14].

Ha ocnose CIT 50.13330.2012 peanmsoBans! Tpu anroputma orieHkd AITT. TlepBrrit
6a3upyeTcst Ha HOPMUPYEMOM 3HAYEHHUH COIIPOTUBIICHHUS TEIIOTIepe/iade OrpaskIatoIIiX KOH-
CTPYKLMII 31aHus1. BTopoli Hcnonb3yeT NOHATHE YAEAbHON TEIUIO3AUTHON XapaKTEPUCTUKI
37aHKs. B OCHOBE TPETHETO JISKHUT PacieTHOE 3HAYCHUE YACIBHON XapaKTEePUCTUKH PacxXoza
TETJIOBON SHEPIMH Ha OTOIUIEHHE W BEHTWILILHIO 371aHust. HeoOXoaMMOCTh paccMOTpeH s
TPeX pa3INYHbIX aAJITOPUTMOB O0YyCIIOBIICHA TeM, 4TO B riepBoM anropurme AIIT paccuntsl-
BaeTCs 1O IUIOMIAAN OrPAXKIAONIEH KOHCTPYKINH 31aHMS, BO BTOPOM M TPEThEM — I10 €ro
00BbeMY, HO, B OTIIMYHUE OT IIEPBOTO M BTOPOTO, B TPETHEM AITOPUTME YUHUTHIBAIOTCS TTOTEPU
Teria 4epe3 BeHTHIIALHIO0. [lepBhie /1Ba pertaMeHTHPYIOT TEIUIO3aUTHBIE XapaKTEePUCTUKH
000JIOUKH 3[aHMS, & TAKKE YUUTBIBAIOT KIMMAaTHIECKHE YCIIOBHS, @ TPETHI aJITOPUTM pervia-
MEHTHPYET pacxo]] TETUIOBON SHEPIUH Ha OTOIUICHNE M BEHTHIIALMIO. K ToMy ke Mcrolb30-
BaHHE NIEPBOTO aropruT™Ma 1o3BossieT oreHUTh AT uepes HIKHIOIO TpaHUITy 3/1aHUS BHU3.

OTH METOIUKH UCIIONB3YIOT JaHHBIE U3 CBOZA MPABUII, SIBJISIOIINECS, 110 CYTH, CPEa-
HUMH 3HaYE€HUSAMH, OITyYCHHBIMH B PE3ybTaTe 00pabOTKH OOJIBIIOr0 MACCHBA JaHHBIX.
Kpome storo, CHull, a 3arem cBOA mpaBHiI MEHSUTUCH C TEUCHUEM BPEMEHH. 3/1aHMs, 110-
cTpoenHble kKak 10 mossneHnss CHull u cBoma mpaswun (no 1929 r), Tak u mocie, MOTyT
UM HE yZIOBIETBOPSTH. [I03TOMY MBI paccMaTpHBajIM BCE TP alTOPUTMA, MO3BOJISIONIHE
OLICHUTH JMaIa30H BO3MOKHBIX 3HaueHuil AIIT ¢ teppuropum ropoza.

AIIT oueHuBanu Kak 1o CpeAHel TeMiieparype Bo3ayxa B TEUEHUE OTOMMUTEIbLHOTO
neproza £, (CI1 131.13330.2020), Tax 1 110 €XKeTHEBHBIM CPEHECYTOTHBIM TEMIIEPATY PaM
BO31yxa’ B TEUCHHUE OTONHUTENbHBIX MepuonoB 2013-2018 u 2018-2023 rr.

ITocTpoeHsl KapThl pacmpeeneHns IVIOTHOCTH aHTPOIIOTCHHON SHEPTUH HACEJIeH-
HBIX ITyHKTOB B IOJISIPHOM oOmacT Poccuu 3a OTONUTENBHBINA MEPHOJL IIPU TEMIIEpaType
HapyXKHOTO BO31yXa f,,,, PABHOH [, , KOTOPBIE MOTYT OBITH TTOJNE3HBI IS YTOUHEHHUS
COCTABIISIIOIINX TEIUIOBOTO OajlaHca MpH MOJEIMPOBAaHUH PETHOHAIBHOM atMocdeps
Y TOPOJICKOTO TTPU3EMHOTO CJIOSL.

4 OSM. OpenStreetMap. URL: https://www.openstreetmap.org (accessed 09.03.2025).

> Kaprorpaduueckuii cepuc Sunexc Kaprer. URL: https://yandex.ru/maps (nara oOpaiieHus:
09.03.2025).

¢ TocynapcTBeHHast HHPOPMAILMOHHAS CHCTEMa KHJIUIITHO-KOMMYHAJIBHOTO X03s1#icTBa. Peectp 00b-

ekxToB xunuiHoro ¢poraa. URL: https://dom.gosuslugi.ru/#!/houses (nara oopamenns: 09.03.2025).

7 Crienuanu3upoBaHHbIC MACCUBBI [T KIIMMaTHyeckux ucenenoBanuii. URL: http://aisori-m.meteo.

ru/waisori/ (nata oopamienus: 09.03.2025).
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00 aKkTyaJIbHOCTH MPEAJIAraeéMoro MCCIIEIOBAHUS TOBOPHUT TO, YTO B B MOZAEIISIX IIPO-
THO3a ITOTONIBI M KIIMMAaTa W3-3a HeJIOCTaTOYHOTO UX Pa3pelIeHus] HeIOCPEICTBEHHBIN yUeT
TETI000MEHa MEXITy TOPOICKAMH 3IaHUSAMH H aTMOC(EpOii B HACTOSIIII MOMEHT HEBO3-
MoOxeH. JIJIs pemieHus 3Toi mpoOiieMbl HEOOXOAUMO HICIIONB30BaTh MapaMeTPU3aIHI0 TI0-
TOKa TEIIa OT TOPOJICKOM 3acTpoiiku. Kak mpaBuito, Takas mapameTpu3arys 0a3upyeTcs Ha
TIPEICTaBICHUH TOPOJICKOTO KaHFOHA B BUJIE IBYX 3aHHM, CTOSAIINX Yepe3 JOPOry HAIIPOTHB
npyr npyra [11]. B HacTosme# paboTe oleHrBaeTCs TIOTOK TEIIa OT PeaTbHBIX TOPOICKAX
3nanuii ¢ paspemernem 30x30 M2, 9To Mo3BoJsIET CHOPMYIHPOBaATh OoOJIee aJIeKBATHBIC
KpaeBbIe YCIOBHSA sl yPaBHEHHS TETUIOBOTO OaaHCca B perMOHAIBHBIX MOJIEISX IPOTHO3a
ITOTO/TBI U KJIMMaTa M YTOYHUTH MTapaMeTPU3aIHI0 aHTPOIIOTEHHOTO ITOTOKA TeTlIa.

Lenb manHOW paboOTH cocTosta B: a) oueHke AIIT mist 12 HaceIeHHBIX MyHKTOB,
PACTIONIOKEHHBIX B BBICOKHX IIUPOTAX M MPUMBIKAIOIINX K HIM YMEPEHHBIX MIHPOTaX;
0) OIICHKE TETUIOBOTO MOTOKA, HAIPABJICHHOTO BHU3 K TTOCTHIAIONICH TTOBEPXHOCTH Yepes
HIDKHIOIO TPAHMUILY 3/IaHUS, YTO Ba)KHO MPH aHATN3E TasHUS BEYHOH MEpP3IIOTHI B TOPO-
CKUX YCIIOBHSX; B) OIIEHKE IPOCTpaHCTBEHHOTO pactpeneneHus AIIT; r) onpenenenun
3apucumoctu AIIT OT YHCTIEHHOCTH HaceNeHHs U 00beMa 3aHAi TOPOICKON 3aCTPOUKH;
1) oreHke cpenuux 3HadeHnit AIIT 3a marmnernue nepuoast 2013-2018 n 2018-2023 rr.

FeOMeTpuqecxaﬂ MO/1€/Ib HACCJICHHOI'0 ITYHKTA

[TocTpoeHsl reoMeTpuUecKre MOJAEIN FOPOJOB U HACEIEHHBIX IMyHKTOB Poccun,
PAacIIOIOKEHHBIX 338 CEBEPHBIM TOJISIPHBIM Kpyrom i BOmu3u Hero: Cypryta, SIkyTcka,
Apxanrenscka, Mypmancka, Hopunbscka, BopkyTsl, AnatutoB, Canexapaa, Hapeaa-Mapa,
Nynunku, Tukcu u Jlukcona®. B nanbHeiiieM 1yist yio0CTBa U3I0KEHHs TI000H U3 miepe-
YHCIIEHHBIX HACEIEHHBIX MTyHKTOB Oy/leM Ha3bIBaTh TOPOJIOM.

Cpenu pa3nu4HbIX TeOMH()OPMAIIMOHHBIX CEPBUCOB, TaknX Kak SIHmexc Kaprer,
Google Maps’, 2I'C'°, OpenStreetMap (OSM) u ApyrHx, MO3BONSIONIMX BU3YATH3HPO-
BaTh TOPOJICKYIO 3aCTPOHKY, TOibKO OSM 1aeT BO3MOXKHOCTD TTOJTYYUTh KOHTYPBI 3AaHUH
B BEKTOPHOM (popMare, 4To MO3BOJSIET TOYHO OLCHUTH WX IuIomazab. [1o »Toit npuunne
MOJIEJIH TOPOJIOB MOCTPOCHBI HA OCHOBE JIAHHBIX BeO-KapTorpagpuueckoro pecypca OSM,
KOTOPBI TAKKe COACPKUT MH(POPMAIHIO O MaTepuaiax M THIaX 3aHui, T0porax, 3eJIeHbIX
HacaXJIeHMsX U T. . Ha ocHOBaHMM Takol MH(GOPMAINHU ONpEAeIeHbl KOHTYPbI 31aHUH
1, B HEKOTOPBIX CJIydasiX, MX BBICOTA M THII.

Henocraromue gaHHble 0 BRICOTE HEKOTOPBIX 3/IaHUH IOCTYITHBI HANPSIMYIO U3 CEPBH-
ca Slunexc Kapter uepes caiit Haponnas kapra'!, rie npusenena nadopmanust 06 axpece,
THUIE U BBICOTE 374aHni. [Ipr OTCYTCTBMM TakHMX JAHHBIX MCIIOJIB30BAIN HMH(OpMALNIO
c cepsuca 'MC XXKX (xoropas He yunThIBajach B Ooyiee paHHUX paborax [6, 13, 14]).
B paccmarpuBaeMsix ropopax it 80 % cTpoeHHH M3BECTHA BBICOTA, 32 UCKIIIOUEHUEM
Tukcu (56 %), duxcona (59 %), SAxyrcka (65 %) u Bopkytsl (73 %). 3naHusMm ¢ Hews-
BECTHOH BBICOTOM, a ATO, KaK MPaBHJIO, OTHOATAXKHBIE CTPOCHUSI HEOOJBIION IIONIA N,
TIPUCBAaNBACTCS BBICOTA, paBHas 3 M.

CHucok ynopsiio4eH o Mepe YMEHbIICHUs YMCICHHOCTH HaceIeHuUsI.

Google Maps. URL: https://www.google.com/maps/ (nara oopamenus: 09.03.2025).

10

Kaprorpadmueckwuii cepsuc «2I'MMIC». URL: https://2gis.ru/ (nata obpamenus: 09.03.2025).

" Hapoausie kapthl (penaxkrop Supexc Kapr). URL: https://n.maps.yandex.ru/ (nara oOpaiieHus:

09.03.2025).
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J1y1s BRIYUCTICHNS TUTOIIAIH U 00beMa 3[JaHus HAIMCAaH CKPUIT Ha si3b1ke Python [16],
COOHMpAIOIINI TEOMETPUUECKYIO U reorpaduueckyro nHpopmarmio n3 OSM u yuuTeIBa-
IOLLMI BBICOTY 3JaHMM.

YHCIIEHHOCTD HACeNIeHHs1'? 1 OCHOBHBIE TTapaMeTPhbl TOPOJICKOMN 3aCTPONKH TIPUBEICHBI
B Ta0I. 1, r/ie JaHHbIe, OTHOCAIIMECS K aIMUHUCTPATUBHOM TEPPUTOPHUH, PUBE/ICHBI B BEPXHEH
CTPOKE, COOTBETCTBYIOIICH HA3BAHUIO TOPO/IA, & K YPOAHU3UPOBAHHONW — B HIWIKHEH CTPOKE.

Tabruya 1

YnciieHHOCTh HaceJIeHUs U apaMeTpbl 31aHUi
HA aIMHHHCTPATHBHOI (BepXHSs CTPOKA) U YPOAHN3UPOBAHHOI (HILKHSAS CTPOKA) TEPPUTOPUHU

Table 1
Population and building parameters
for administrative (top row) and urbanized (bottom row) territories

¥ g >5

2 T8 | &

= g - el - . = €

) or] = = = =

g S g ) = 5| & G
o 2 3) = = =) 3 = g =
= = = 4 A = o T 4 )
T = = ) = B = [ =
2 2 S o S o 5 S 3 T <
g 3 S g% E% 8z g g g% = g
& g g s E g Ee | &g gz Es | 88
= T oF | E= == = =2 E= | X&
Cypryt 396443 6,1 13,4 8,18 0,0930 0,320 196,8 4,16
15,0 10,3 4,96 0,0770 0,262 15,53 31,9
SIkyTck 355443 6,1 13,0 8,15 0,0730 0,401 181,1 4,50

13,7 7,81 3,81 0,0540 | 0,286 13,63 28,0
Apxanrensck| 301199 6.8 13,2 8,29 0,0802 | 0,371 339.,5 2,44
15,3 9,03 4,44 0,0617 | 0,290 15,88 28,0
Mypmanck | 270384 10,5 9,15 5,46 0,0583 0,344 170,9 3,19
19,1 7,30 2,71 0,0456 | 0,279 10,25 26,4
Hopunbck 174453 13,6 4,47 1,86 0,0275 0,298 20,06 9,27
19,3 4,22 1,49 0,0259 | 0,278 5,46 27,3

BopkyTa 56985 10,4 2,75 1,75 | 0,0175 | 0,357 | 82,60 | 2,12
12,4 2,41 127 | 00155 | 0,319 | 494 25,7
ANaTHTbl 49647 8,3 2,06 1,53 | 0,0149 | 0,344 | 3223 | 475
14,4 1,61 0,87 | 0,0119 | 0,282 | 3,06 28,4
Canexapn | 47910 6,7 2,51 1,54 | 0,0136 | 0411 | 7624 | 2,02
12,2 1,52 0,75 | 0,0096 | 0,315 | 2,99 25,1
Hapesi-Map| 23399 9,2 1,61 0,80 | 0,0075 | 0,428 | 46,14 | 1,73
22,8 1,05 035 | 0,0052 | 0,337 1,59 22,0
JlyauHka 19556 9,5 0,69 049 | 0,0044 | 0,380 | 1096 | 4,47
16,5 0,53 022 | 0,0032 | 0,303 0,83 26,5
Tukcn 4173 7,9 0,31 027 | 0,0018 | 0,472 | 509 | 5,30
14,1 0,16 0,07 | 0,0009 | 0,333 0,32 21,9
JIMKCOH 319 6,5 0,28 023 | 0,0014 | 0,529 | 0890 | 25,84

11,5 0,11 0,05 | 0,0006 | 0,350 | 026 19,2

12 Tlo mepenucu 2020 r.
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Jlons 1utomaan KphIl OTHOCUTENBHO TUIOMAAN aJMHHHUCTPATUBHOW TEPPUTOPHU
HaXoIWTcs B mHTepBaie ot 1,7 mo 9,3 % 3a uckimrodeHneM nocenenus ukcoH (25,8 %).
Takum 06pa3oMm, IO s 3aCTPOMKH Ha aIMHUHUCTPATUBHON TEPPUTOPHH HE TIPEBbINIA-
er 10 % i ogMHHAIIATH PACCMATPUBAEMBIX TOPOJOB, YTO COBIAJAET C INIOTHOCTBIO
3acTpoiiku B ropoaax Poccum ¢ HaceleHHeM HE MEHee IMOJYyMIIIIHOHA 4yesloBek [14].
CrenoBarenbHO, IEIECO00PA3HO pacCCMaTPHUBATh YPOAHUSUPOBAHHYIO MEPPUMOPUIO, TAK
kak He MeHee 90 % agMMHUCTpAaTHBHON TeppuTOpuH He reHepupyroT AIIT.

3a ypbanuzuposannyio meppumopuio IPUHAMAETCS 9aCTh TOPOJIa CO 3AaHUSIMH BbI-
COTOH He MeHee 6 M, a ee IUIOLIA/b ONPENeIIeTCS CYMMAPHON IIJIOIA/IBIO STUEEK CETKH,
cozieprKaIux XOTsl ObI 4acTh OJHOTO TAKOTO 3/aHMA. S[4elKM pacueTHOW CETKH He OT-
HOCATCSI K ypOaHM3UPOBAHHON TEPPUTOPHH, €CIIM OHHM HE COZIEPXAT IEMEHTHI 3JaHui.
Hanpumep, He oTHOCATCS K ypOaHM3MPOBAHHOW TEPPUTOPHUHU CaJlbl, TAPKH, TJIOIAH,
IBOpH U T. 1. [13, 14].

Ha angMuHMCTpaTHBHOW TEPPUTOPUN MEJUAHHOE 3HAYCHUE BBICOTHI 31aHUH KOJIEO-
aercs ot 3,0 1o 15,0 m, ono pasno 15,0 m g Hopuiibcka, 9,0 M st BopkyTsl, 3,0 ans
Cypryra u 6,0 M U1 ocTaJbHBIX TOpoRoB. Ha ypOaHN3npoBaHHOM TEPPUTOPUN MEAHNAH-
Has BBICOTA HaXomuTcsa B auamna3oHe oT 9,0 mo 15,0 m, mpuuem mns Cypryra, SIKyTcka,
Canexapna u Jlukcona ona pasHa 9,0 M, st Apxanrenbcka U Bopkytsr — 10,0 M, a s
OCTaJIbHBIX TOpo0B — 15,0 M.

OTHOIIEHNE IIIONIAAN TTOBEPXHOCTEH HAPY)KHBIX OTPakJAlOMINX KOHCTPYKIHN
K 3aKJIIOYCHHOMY B HHUX 00bEMy 3/1aHMs Ha3blBacTCs 3((EKTHBHBIM IOKa3aTeNeM KOM-
MIAKTHOCTH 3/1aHKA. bojee BbICOKHE 3HaYEHHE 1TOKA3aTeNsl KOMIIAKTHOCTH COOTBETCTBYET
Oornee BBICOKOMY YPOBHIO Teruionoreps, Hampumep, AIIT ¢ oxHOro KBajpaTHOro MeTpa
BO3pacTaeT B 2-2,3 paza B 3aBUCHMOCTH OT KJIIMMAaTHYECKUX YCIOBHH NMPH yBEINYECHUN
storo nokasarens ¢ 0,15 mo 0,65 m! [17]. Ha anMHUHUCTPATHBHOW TEPPUTOPUU CpPEHEES
3HAYCHHUE TT0KA3aTeN sl KOMIIAKTHOCTH 110 BBIOOpKe — 0,39 M, 3aMeTHM, 4TO [UIst KPYITHBIX
rOpOJIOB CPEAHMUE MO BBHIOOPKE IMOKa3areiib KOMIIAKTHOCTH Takxke paBeH 0,39 m' [14].
Ha yp6aHn3upoBaHHOM TEpPUTOPUH TTOKa3aTellb KOMIIAKTHOCTH MEHbIIIE, OH COCTAaBIISET
mopsiaka 6693 % OTHOCHUTENFHO aIMHUHHUCTPATUBHBIX TPAHUI. TakuM 00pazoM, 3MaHHS
Ha ypOaHW3UPOBAHHOW TEPPHUTOPUHU OOJAMAIOT OONBIIEH dHEPTrod(hPEKTHUBHOCTHIO, UTO
MIPUBOAUT K MEHBIICH IMUCCHUHU TEIUIOBOH aHepruu ¢ 1 M>.

Bo BpeMst OTOIUTENBHOTO NEPHOAA HEKOTOPBIE 3aHNS HE H3ITydatoT Teruio. VX Mox-
HO OTIPEJIETINTh KaK IO THITY, TaK M 110 IUIOMIA/IH, a IPOBEPUTH TUI — I10 aTPUOYTHBHON
napopmMarn n3 OSM [16]. K TakuM 31aHISIM OTHOCSTCSI TOCTPOMKH TUTOIMIAIBI0 MEHBIIIE
20 M?, KOTOpBIE SBILSIFOTCS JIMOO BCIIOMOTaTeNIbHBIMH M HE OTAIUIUBAIOTCS, MO0 JTAI0T He-
3HAUUTEJBHBIN BKJIa B OOIIMI MTOTOK TEIUIA, a TAKXKE rapaskd, CTOSHKH, BOJOHAIIOPHBIE
OarIHu, NUCTEPHBI, 3JIEBATOPHI U T. II., T0O3TOMY OHH OBIIM yAajeHsl n3 Mopenu [13, 14].

[Tnomutans ypObaHM3UPOBAHHON TEPPUTOPHUH OTHOCHTENBHO aIMUHUCTPATHBHON TEPPHUTO-
pHH COOTBETCTBEHHO cocTaBisieT 29 % st Jukcona u 27 % mis Hoprbeka, 11 0CTanbHBIX
TOPOJIOB 3TO OTHOIICHUE HAXOAUTCS B MHTEpBase 3—9 %, mpH 3TOM Ha ypOaHU3UPOBAHHON
TEPPUTOPHH TUIOIIA b 3aCTPOUKH (KpBIII) 3aHMMaeT nopsiaka 20-30 %.

Ha puc. 1 B xagecTBe mpumepa NpHUBEAEHA OCTPOCHHAs TeOMETPUIECcKasi MOJIENb
paiiona ['Bapaetickoii Tumomamu B T. Hopuibcke u poTorpadus SToi mIomaan co CTOPOHBI
yi. Kuposa. CpaBHeHue (ororpadun 1 MOJEINH, 110 KpaHEeH Mepe BU3yalbHO, YKa3bIBACT
Ha MPaBUIIBHOCTH MOJIENIN TOPOACKOHN 3aCTPOWKH (3TO TAK)Ke MOATBEPIKIACTCS N300parke-
HUSMH TOPOZACKOM 3acTporku B [13, 14]).
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Puc. 1. Bua Ha ['Bapjelickyro miomias co ctopoHsl yir. Kuposa B . Hopribeke (ciieBa) U TpexMepHast
MOJICITh ATOH JKE TePPUTOPUH (CTIpaBa)

Fig. 1. View of Gvardeyskaya Square from the Kirov St. in Norilsk (left) and a three-dimensional
model of the same territory (right)

ITo reomeTpuyecKkoil MOJIEIN BBIYMCIECHBI IIIOMAH BCEX OrPaKAAIOIINX KOHCTPYK-
i, yro Heooxoaumo Juts oneHkH AIIT mo nepBoMy anropurmy, a Takke 0ObeMbI BcexX
3[IaHUH, SBISIOIUECS] OCHOBOM amst onpenenenus AIIT mo BTopoMy U TpeTbeMy aaropur-
MaM. [TocTpoeHHast Mozienb MO3BOMSAET PACCUUTATh IPOCTPAaHCTBEHHOE pactpenenenue AIIT
C TIPOHM3BOJILHBIM Pa3pelieHHeM, KOTOpOe B IaHHO pabote BbIOpaHOo paBHbIM 30%30 M2,

Pacuer AHTPOMOI€HHOI0 MOTOKa TeIJjia

Tpu anropurma pacuera AIIT pazpaboTaHbl IPH MPEIIONIOKEHUN, YTO TOPOICKUE
3/IaHUSI COOTBETCTBYIOT ACHCTBYIOIMM cTpouTenbHbiM HopMmaM CIT 131.13330.2020,
CIT 50.13330.2012 u T'OCT 30494-2011. IlepBelii 1 TpeTHii aITOPUTMBI ONMCAHbI B 00-
Jee paHHUX paborax [6, 13, 14], Bropoit anroput™ usnaraercst Brepsbie. Onenka AIIT
HPOMCXOJIUT C y4ETOM Pa3HOCTH TEMIIEPATyp BO3TyXa BHYTPH ,, ¥ CHAPYHKH £, , 3AHHSL.

Iepegviii ancopumm [13, 14] ucions3yeT «Hopmupyemoe conpomusieHue menionepe-
dave ozpadicoarouux xoncmpyiyuiiy R . TIpuseieHHOE CONPOTUBIIEHHE TEIUIONEPeIaue
OT/IENBHBIX OrPAK/IAIOIIMX KOHCTPYKIMHA R «IOJKHO OBITh HE MEHBIIIE HOPMUPYEMBIX
3HauYeHUH (1mosneMmeHTHbIe TpeboBanus)» (myHKT 5.1 B CII 50.13330.2012). 3nauenue
RI-HOP 3aBUCHUT OT PETMOHA U OIPECIIIeTCs CPeIHEN MHOTOJIETHEW BEJIMUMHON «I'pajlyco-
cytku oronurensHoro nepuoaa (I'COIT)» (cm. (5.2) B CIT 50.13330.2012)

I'COIl = (¢, — 1) 4, @)

oT ?

rjie ¢, — CPeIHsAs TeMIepaTypa arMoC(EpHOro BO3/yXa 3a BpeMsl OTOIHUTENLHOTO IIEPUO-
na, °C, u f — ero NpoJoIKUTENBHOCTD, CYT., 6epyTcs u3 Tadmuub 3.1 8 CIT131.13330.2020.

R™ BriGupaetcs pasubM R, 4TO COOTBETCTBYET MAKCHMAILHOMY YPOBHIO TETLIO-
noteps 3aanus. CortacHo dopmyse (5.1) B CIT 50.13330.2012, R pasno tpebyemomy
CONPOTHBIICHUIO Terutonepenade R'" mpu koddduumente m =1, T1e MCTIONB3YIOTCs
HWHTEPIOINPOBAHHBIC 3HAYCHHUS R,.TP w3 tabmunst 3 CIT 50.13330.2012 s »KuAisIx 31a-
HU, TOCTUHHUI] U OOLIeXKHUTHI. B 3HaueHusX ko3 uUIeHTa YIUTHIBAIOTCS HAUXY/IIINE
[OTO/THBIE YCIIOBHUSI, B TOM YHCJIE BETPOBAsl HArPy3Ka M BBHICOKAs BIAKHOCTb.

Arctic and Antarctic Research. 2025;71(2):123—146 131



B.A. @ponvkuc, 1.A. Escuxos
AHTPONOreHHBbIH MOTOK TeJia, BbAeJsieMblil B aTMoc(epy H MO4YBY B TeYeHHe...

Kospduument rennonepenaun K, Br/(m*-°C) uepes i-i s1eMeHT orpaxaaroniei
KOHCTPYKITNH BRIYHCIsACTCS 10 dopmyne (em. tadn. 3 B CIT 50.13330.2012),

K, = %ef" : @)

Taxum obpazom, AIIT (BT) oT pa3HBIX YacTel OTrpaKHaromIeii KOHCTPYKIIUH, TI0-
Ta/IAI0IINX B j-10 STYCHKY PacUeTHOW CETKH,

Q}lv ()= K, (tgy —tyap)S; () 3
rae S(j) , M?, — cyMMapHasi MO b i-X 2IEMEHTOB Orpak/aomeli 000I0UKH, TIONABIIMX
B j-I0 si4eliKy; i = 1 — CTeHbl, i = 2 — KPBIIIU ¥ HUXKHSISL TPaHULA 31aHuil, i = 3 —

CBETONPO3pauHbIC KOHCTPYKIUH, KpoMe (poHapeil.

KoapduumenTs Temnonepenadu K, IPUHAMAIOTCS TTOCTOSHHBIMU 1711 BCETO TOPOJIa.

Bmopoii ancopumm Mcnonb3yeT «Hopmupyemoe 3HaveHue yYOeibHOU Meniosd-
WUMHOU XAPaKmMepucmurku 30 aHusi» kb, Bt/(m3-°C). YnenbHas TEruio3aiiuTHas Xa-
paKTepUCTHUKA 3[JaHUs IOJDKHA OBITH HE OOJIBIIIC HOPMUPYEMOTO 3HAYCHUS, BEIIMYUHA
KOTOPOTO OTPEEsAeTCs] OTAINIMBACMBIM 00BEMOM 3[aHUSI U TPaAycO-CyTKaMH OTO-
MMATEIBLHOTO TIEPHO/a B pallOHE CTPOUTENIBCTBA COMIAacCHO Tabu. 7 u dopmymnam (5.5)
u (5.6) B CII 50.13330.2012,

O () = ko ity —tuap Vi (), )

rae V(j) — obbeM 4acTH i-ro 31aHus, HOMAAIONIEro B j-I0 Auekky, M°, a kgg ;, — HOp-
MUPYEMOE 3HAUEHUE YICIIBHON TEIUIO3alUTHON XapaKTePUCTUKU ITOU YaCTH 3aHMs.
Tpemuui ancopumm [13, 14] ucnonb3yer «Hopmupyemyio (6a308y10) YOeubHyo xa-
PAKMEPUCTIUKY PACX00a Menio6oli SHEP2UlL HA OMONTEHUE U GEHMUTAYUIO 30AHUY oy
(em. myskr 10 B CIT 50.13330.2012).
PacueTHoe 3HaueHue yaenbHOM XapaKTepUCTUKHU pacxoja TEIIOBOW SHEPruu Ha

OTOIUICHHE ¥ BEHTHIAINIO 3IAHHS (o HE JOIDKHO MPEBBILIATD dor , Br/(M*-°C), kotopoe
OTIpEIeIACTCS KOMMISCTBOM 3TaxkeH u TrroM 31anus (cM. Tadm. 14 8 CIT 50.13330.2012).

3HaueHUE ¢, 3ABUCUT OT COJHEUHOW Pajualuyu (KOTOpas Maja), BHYTPEHHEro
TETUIONOCTYIUICHHSI, BEHTUJISIIIMY, TEIUIO3aLUTHBIX XapaKTepUCTHK 3anusl. [[Ba mocne-
HHX IapameTpa ONPEJENSIOTCS KIMMATHYECKUMH yCIOBUAMA. Bennunna ¢g, J0IDKHA
PaCCUUTHIBATHCA TSI KQXKIOTO 3[aHHA, YTO HEpealTbHO, TaK KaK OTCYTCTBYET MOAPOOHAS
nHpopMaIHs 0 KOHCTPYKIIMH 3[[aHUI 1 UX MHKCHEPHBIX CUCTEMaX. Y UUThIBasI, UTO JIOTIK-
HO OBITB g.; < ¢& , JUTA OMyYeHHs BEPXHEH OLEHKU TEIUIONOTEPD 31aHUs B PACUETax
NPUHUMAETCS o = qon , TIE qon OMPENENSETCs TOIBKO STaKHOCTBIO U THIIOM 3/[aHUs
U HE 3aBUCHUT OT KIMMAaTHUYECKUX YCIOBUN B PErHMOHE CTPOUTENILCTBA. B KOHEYUHOM cueTre
TEIUIOBasl HHEPIHsl, pacxXoAyemasi Ha OTOIUICHHWE M BEHTUJISIHUIO, BBIJEISIETCS B OKPYXKa-
omyto cpeny B Buge AIIT.

AIIT (BT) ot i-it yacTu 371aHuUs, HAXOASAIETOCS B j-i pacueTHOW sUelike,

Q}-“ = qsz,i(tBH =ty Vi (J)s ®)

e gl , — HoOpMHpyeMas yjelbHas XapaKTepPHCTHKA PAacXoja TeILIOBOI SHEpruy Ha
OTOIIEHHE 1 BEHTUIIALMIO 371aHus i-ro Tumna, B1/(m*-°C), V(j) — obbem uacTu i-ro 31aHus
B siYEMKE j, M.
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AIIT ot pa3ubIX 3manuii B j-it ssaeiike (cm. (3)—(5)),

0r (1) =2.0:())-
Ortcrona nomydaem onenky AIIT ms repputopun
N
O = z O (),
j=1

rae N — 9YHUCII0 pacueTHBIX SYeeK, HAKPBIBAIOIINX TEPPUTOPHIO.

[MoTepn Tera m3-3a BEHTWISIHH 34aHUS omeHUBArOTCS B 20 % OT oOmmX 1mo-
Tepb [18], mooTOMY HTOTOBOE 3HA4UEHHE (), B PAMKaX 71€p6020 W 6MOp020 ANTOPUTMOB
HEOOXOMMO OTKOPPEKTHPOBATb:

O
= &r 100 %,
O =305 07

[Ipu TpaHCIIOPTHPOBKE TEIUIA K 3AHUAM IO MaruCTPaJIsAM, PacIOIIOKCHHBIM IO
o V)
3emJel, TepsaeTcs nopsiaka 10 % B BHIE TEMIOBBIX CTOKOB AQEg, nostomy AIIT O, B pam-
Kax BCEX aJTOPUTMOB JOJDKEH OBITh YBETHUEH HA BEIWYHHY TEIJIOBOTO CTOKA:

0,=0,+AQ,, =(1+0,1) 0,

[Tnotaocts AIIT, ycpenHeHHas 10 PErHOHY,

5 _ 9
Or = (6)
STep
rae S — IuIomaas alMUHUCTPATHBHON WM ypOaHU3UPOBAHHOW TEPPUTOPHUH.

Tep
Koathdummentsr Temonepenadan K, (cMm. (3)) moCTOSHHBI B Mpeaenax roposa, k$$
3aBHCAT OT 00BEMA 31aHHS, g OMPEIEISETCS THIIOM H BBICOTOM 3/aHHS, T. €. Koy 1 dor
WH/IUBH/YAIIbHBI JIJISI K&K/I0TO TOPOICKOTO 3/IaHHSI.
B pamkax nepBoro anropurma AIIT mpomopripoHaieH MiIonai Orpaskaatoux
KOHCTpPYKIWiA 31aaus (cM. (3)), B paMKax BTOPOTO U TPEThETo — 00beMy 31aHus (cM. (4)
u (5)). Bo Bcex anroputmax mius AIIT maercs oreHka CBEpXYy.

P o
OTKII0HEHHE pacxolia SHEPruu Ha OTOIICHUC U BEHTHUJIALHUIO dor oT HOpPMUPYEMOU

BeIUMHBL Jor ompezeseT Kiacc 3Hepro3dGeKTUBHOCTH 3aHUs, TI09TOMY 3HAHHE KJIacca
9HEProd((HeKTUBHOCTHU MO3BOJISIET YTOUYHUTH (PaKTHUECKHN pacxoi dHepruu. [oponckum
3[aHHSIM B HACTOSIIIIMK MOMEHT TIPUCBANBAIOTCS KJIACCHI AHEPTrod((HEKTHBHOCTH, 3TO MO3BO-
T B Oynymiem npu pacuere AIIT B paMKkax TpeThero aaropuTMa mojyduTs 0osee TOUHYIO
OLICHKY PHEPromnoTpeOIeHys, 4To JeaeT 3Ty METOAUKY Oonee nepcrekTuBHOH. Kak mpa-
BIJIO, NIEPBBIH aITOPUTM JlaeT MUHUMaNbHYIO onleHKy AIIT, a Tpetnit — MakcuManbHy1o,
MO3TOMY MOXKHO MPEAJIOKUTh HCIOIb30BaTh YCPEAHEHHYIO 0 airopuT™Mam oreHky AIIT.

AIIT ¢ Tepputopuii, He copepKaIuX 34aHNUs (IyCThIe SYEHKH PacdeTHOW CETKH),
MIPUHUMAETCS HYJIEBBIM.

PaccmarpuBaemble METOAMKH UCTIONB3YIOT JAHHBIE U3 CBO/IA TIPABUII, SIBIISAIOIINECS,
M0 CyTH, CPEJAHUMH 3HAYCHUSIMH, TIOJYUYCHHBIMH B pe3ynbrare o0paboTKu OOJbIIOro
MaccHBa JJaHHBIX, IOATOMY MOJYYCHHBIE PE3yIbTaThl MPUBOIAT K YCPETHEHHON TIO Tep-
putopun ouenke AIIT.

CymmMmapHnsiit AIIT 3a Bech OTONMUTENBHBIIN MEPUO BO BCEX AITOPUTMAX MOXKET OBITh
BBLIUKMCIICH, HAPUMED, B PE3YNLTaTe YMHOXKEHUA O, NPH f,,, = . Ha JUINTEILHOCTD
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orormurensroro nepuona d . (CIT 131.13330.2020) wm CyMMHPOBaHHEM 3a JIHU OTO-
MMUTEIFHOTO TIEPHOa C YISTOM HaOIIOMaeMbIX CPeTHECYTOUHBIX Temrepatyp [13, 14].

Ilpw pacuere AIIT Temmeparypa Bosayxa B momemenu . (cm. (1), (3)—(5)) npu-
HuMaercs pasaoit 20 °C [13, 14].

Pe3y.1'leaTI)I MOJC/IMPOBAHUA AHTPOIMOT€HHOI0 IMOTOKA TeIlJia
AJIsl CEBEPHBIX ITOPOAOB B TEYECHUE OTOIUMTEJIBHOI0 IIEpUOIa

[Monuerit AIIT BbIYKCIIETCS KaK B paMKax aIMHHUCTPATHBHBIX TPAHUIl, TaK U 110
ypOaHU3MPOBaHHOW TeppuTopuu. B cpemHem 1o BeIOOpKE JOJsI IUIOMAAN CTCH pPaBHA
70 %, wiomanu kpein — 50 %, oobema 3manuii — 73 %. Orcrona cnenyer, uto AIIT
¢ ypOaHU3UPOBAHHOM TEPPUTOPUU OPUCHTUPOBOUHO JOJDKEH OBITh mopsaka 60—-80 % ot
AIIT ¢ anMUHUCTPaTUBHON TEPPUTOPUU rOpoOJa.

Brinensemas ¢ aMUHUCTPATUBHON U ypOaHU3UPOBAHHOW TEPPUTOPHUHN B Tede-
HHE OTOIUTEIBHOTO CE30Ha YCpPeAHCHHAas 1o peruony mioTHocth AIIT (Bt/(m2-°C))
(cM. (6)) mpu pasHOCTH MeXTy BHYTPEHHEH £, ¥ Hapy»KHOH £, , , TEMIIepaTypaMH BO3/1yXa

B 1°C (ty, — ., = 1 °C) mo Tpem anroput™am, NpuBeeHa B Tab. 2.

Tabruya 2

Cpennsisi INIOTHOCTH AHTPONOT€HHOTO MOTOKA TemJIa
NPU PA3HOCTH M}y BHYTPEHHeI 7, U HAPY:KHO¥ 7, , TemnepaTypamu Bo3ayxa B 1 °C (Br/(m?-°C))
Table 2
The average density of anthropogenic heat flow
with the difference between the internal 7, and external 7, , air temperatures of 1 ° C (W/(m*-°C))

Topor oC AJMUHHUCTPAaTUBHBIE TPAHULIBI VYp6aHu3upoBaHHas TEPPUTOPUS
or Amnroputvm 1 | Anroput™ 2 | Anroputv 3 | Asroputw 1| Anroputym 2 | Asroput™ 3
Cypryr -9.3 0,066 0,102 0,163 0,592 0,963 1,68
SIkyTCK —20,6 0,060 0,085 0,147 0,445 0,671 1,38
Apxanrensck| —4,5 0,041 0,062 0,086 0,559 0,885 1,34
Mypmanck | —3,3 0,055 0,082 0,124 0,638 1,01 1,61
Hopuibek -15 0,167 0,227 0,506 0,557 0,769 1,75
Bopkyra -9.5 0,030 0,042 0,077 0,415 0,595 1,11
AnaTHuTHI 4,5 0,070 0,105 0,170 0,516 0,830 1,38
Canexapn -11,3 0,029 0,041 0,069 0,425 0,622 1,18
Hapwsin-Map| —7,3 0,031 0,041 0,061 0,522 0,698 1,16
Jynunka -15,0 0,055 0,072 0,145 0,470 0,651 1,41
Tuxcu -19,4 0,053 0,067 0,134 0,375 0,469 1,09
JIuKcoH -11,2 0,281 0,360 0,697 0,308 0,423 0,96

B pamkax paccmarprBaemoii BBIOOpKH pa3zopoc 3HadeHui cpenneit motnoct AllT,
npu ty, —t,,, = 1 °C, 11s aAIMUHUCTPAaTHBHOK W ypOaHU3UPOBAHHON TEPPUTOPHUI COCTAB-
nsiet B Br/(M2-°C) 0,03-0,28 u 0,31-0,64 mo nepsomy anroputmy; 0,04-0,36 u 0,42—1,00
1o Bropomy anroputmy; 0,06-0,70 u 0,96—1,75 no TpeTbeMy aJrOpUTMy COOTBETCTBEHHO.

Cpennsis motHocTh AIIT (B B1/M?) MOXeT OBbITh NOJTy4eHa IIPH YMHOKEHUH JIAHHBIX
Taln. 2 Ha Pa3HOCTh TEMIEPATyp MEXKy BHYTPEHHUM [, W HapY’kHBIM f,,, BO3ILYXOM

(g — tyap)- Cpennss mnotaocTs AIIT (BT/M?) ¢ anMUHMCTpaTHBHON M ypOaHH3MPOBAHHOM
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Puc. 2. CpenHsis IIIOTHOCTB aHTPOIIOT€HHOTO IIOTOKA TeTlIa ¢ a]MUHUCTPATHBHOH (BEPXHHI PHCYHOK)
1 ypOaHHU3UPOBAHHOM (HIKHUI PUCYHOK) TEPPUTOPHH MPU TEMIIEPATYPE HAPYKHOTO BO3AYXa f,,, .,
PaBHOM cpefHel TeMrepaType OTOMUTENBHOTO Nepuona ¢, (B1/m?)

Fig. 2. The average density of anthropogenic heat flow from the administrative (top drawing)
and urbanized (bottom drawing) territories with the outdoor temperature ¢, , equal to the average
temperature of the heating period z, (W/m?)

HAP

TEPPUTOPHI IPH TEMIEPATYPEe HAPY»KHOTO BO3/yXa ., PABHOW CpeIHER TemIeparype
OTONUTENBHOTO Ce30Ha . (., = I,;) CII 50.13330.2012, mokasana Ha puc. 2.

Ha agmuHUCTpaTHBHONW TeppuUTOpHH 3HadeHUs cpenHer mrotHoctu AIIT mpum
tyap = lop HaXoOATCs B nuanazonax 0,84-8,8, 1,12-11,2 u 1,67-21,7 Br/m? mo 1-my, 2-my
U 3-My aaropuTMaM COOTBETCTBEHHO, a JJS ypOaHW3NPOBAHHON TEPPUTOPUU HMMEEM
9,60-19,5, 13,2-28,2 n 30,0-61,2 Br/™m>.

Jnst cpaBHEHHS, COIVIACHO MOZENN KPYITHOMAcIITaOHOTO TOPOJICKOTO MOTpedIeHns
sueprun (LUCY) mmobaneHbiil cpenuuit ropoackoir AIIT mmeer CyTOUHBIN Awara3oH
0,7-3,6 B1/m? u Gornbliie, HarpuMep, B BaHKyBepe B OTIEIBHBIX SYEHKAX CETKH OH MOYKET
nocturars 119 Br/M?, a B Jlonmone — 106,7 Br/m? [3]. B omeHkax, MpUBEACHHBIX IS
Tomcka [19], mrotHOCTE AIIT, 00YCIOBIEHHOTO OTOIJIEHHEM C HOSIOPS 1O (peBpajb, HAXO-
JIATCSL B HHTEpBaie oT 3 10 4 B1/M?, aHanornunas oreHka st Tomcka B [20] 3akirodaercst
B mHTepBase oT 2,48 mo 3,84 Br/M?. CormacHo pacderam B [14], MOMyYCHHBIM TI0 TIEPBOMY
¥ TPETBEMY AITOPUTMaM, PACCMATPHBAEMBIM B IAHHOH CTaThe, oTHOCTh AITT npw 7,,,, = 7,
nuist ToMcKa ¢ aIMHHICTPATHBHOM TeppuTopHH pasHa 2,93 u 6,91 B1/M? cOOTBETCTBEHHO.

YMmHOXkas cpenHioro motHocTh AT (cm. Tabm. 2) na (¢, — 1,,,,) ¥ Ha JUIMTEIEHOCT
CYTOK (B C€K.), MOJTy4NM CPETHIOI0 IJIOTHOCTH @HTPONOT€HHON 3HEPTHH, BBIACIIEMON
C aIMHUHHUCTPATUBHON U ypOaHN3UPOBAaHHON TeppUTOpuril. B pamMKax aIMHUHHCTPAaTHBHBIX
TPaHHUI] MFIOTHOCTh AHTPOIIOTEHHON SHEPTUH, U3JIydaeMasi B TEUEHHE CYTOK, HaXOIUTCA
B npenenax 0,05-0,54 MJDx/(m?*-cyT) o mepBomy anroputmy, 0,06-0,69 MIx/(M*cyT) o
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Bropomy u 0,12-1,34 MJlx/(M*cyT) 1o TpetbeMy. [y ypOaHU3UPOBAaHHOH TEPPUTOPHH
cootBercTBeHHO UMeeM 0,59-2.24, 0,77-3,52 u 1,67-5,66 MIx/(M?*-cyT).

VYmuoxkas cpennioro miotHocTh AIIT (cum. Tab. 2) Ha (4, — £, ,), Ha JNITETBLHOCTD
CYTOK (B CEK.) ¥ Ha IUIOMIa(b aIMUHUCTPATUBHON (M ypOaHU3UPOBAHHOW) TEPPUTOPHU
u3 Tabi. 1, HaifJeM aHTPOIIOTeHHYO SHEPTHUIO, BBIIEISIEMYIO C TEpPUTOPUH 3a CyTKH. [la-
Jee CyMMHPYS 3Ty S9HEPIHUIO 32 BECh CPOK HJIM KOHKPETHBIE JTHH OTOMUTEIILHOTO HIepUo/a,
MOJTy4YaeM OLICHKY M3JIy4aeMON aHTPOIIOICHHON SHEPTHUH.

CpenHsist aHTPOIIOTEHHAsT SHEPTHsl, U3Iy4aeMasi 32 OTONUTEIbHBIH CE30H ¢ aIMH-
HUCTPATUBHOM (BEPXHsA CTPOKA JUIA KaXKIOro ropoia) U ypOaHHM3MPOBAHHOH (HMKHSIS
CTPOKA) TEPPUTOPHIA IPH SKESIHEBHOW CPEIHECYTOYHOU TEMIIEpaType HapyXHOTO BO3-

Tabnuya 3

Cpennss dueprus (10" JI:x), BbiiesasieMasi 32 OTONUTEIbHbBII Ce30H

¢ aIMMHUCTPATHBHOI (BepPXHsAN CTPOKA) H YPOAHM3UPOBAHHON (HMKHSASA CTPOKA) TEPPUTOPHH

NPH CPeHECYTOYHOI TeMIepaType HapyKHOIO0 BO31yXa 7, , .,

ycpeaHenHoii B Tedenue 2013-2018 u 2018-2023 rr.

Table 3

The average energy (10" J) emitted during the heating season

from the administrative (top row) and urbanized (bottom row) territories

with the average daily outdoor air temperature 7, , averaged over 2013-2018 and 2018-2023

Topox Aunroputm 1 Anroputm 2 Anroputm 3
2013-2018 | 2018-2023 | 2013-2018 | 2018-2023 | 2013-2018 | 2018-2023

Cypryt 7,29 6,84 11,37 10,66 18,2 17,0
5,42 5,05 8,83 8,22 15,37 14,31

SkyTck 8,56 8,47 12,12 12,00 21,1 20,9
4,94 4,90 7,46 7,39 15,30 15,15

ApXaHTeIbCK 6,52 6,67 9,81 10,02 13,6 13,9
4,12 4,21 6,53 6,68 9,90 10,11

MypmaHck 4,64 4,76 6,92 7,09 10,4 10,7
3,23 3,31 5,09 5,22 8,18 8,39

Hopunbck 2,64 2,52 3,60 3,44 8,02 7,66
2,40 2,29 3,31 3,17 7,53 7,19

Bopkyra 1,67 1,63 2,34 2,29 4,27 4,16
1,38 1,35 1,98 1,94 3,71 3,62

Anarutel 1,11 1,14 1,66 1,71 2,69 2,76
0,77 0,80 1,24 1,28 2,06 2,13

Canexapn 1,59 1,53 2,22 2,13 3,74 3,59
0,90 0,87 1,32 1,27 2,52 2,42

Hapesin-Map 0,866 0,829 1,15 1,10 1,73 1,65
0,506 0,485 0,677 0,648 1,128 1,081

JynuHka 0,474 0,452 0,623 0,596 1,25 1,20
0,308 0,294 0,426 0,407 0,923 0,882

Tukcu 0,255 0,246 0,321 0,310 0,643 0,620
0,113 0,109 0,142 0,137 0,331 0,319

JlnkcoH 0,223 0,217 0,285 0,277 0,552 0,538
0,071 0,069 0,098 0,095 0,223 0,217
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nyxal’, yepenHenHas 3a kaxapiid u3 nepuogos 2013-2018 u 2018-2023 rr., npuBeieHa
B Tabn. 3. IIpu 3TOM BBIYMCICHNH OTONUTEILHBIN CE30H HAYMHAETCS, KOIJia B TEUCHHE
5 cyTOK cpesHecyTO4YHas TeMIlepaTypa Bo3lyxa He mpesbimaeT § °C, U 3akaHUMBaeTCA,
€CJI CpeHECYTOYHAs TeMIlepaTypa Bo3ayxa npesbimaer 8 °C.

Cypryt, Sxyrck, Hopunbcek, dynuaka u Tukcn xapaktepu3yroTcst 0ojee HU3KOH Ha-
OiromaeMoit cpetHel cpetHeCY TOUYHON TeMIIepaTypoil B TeUCHNE OTOIUTEIBHOTO CE30Ha 32
nepuog 2018-2023 rr. mo CpaBHEHUIO C MPEILIECTBYIOUIMM, HO UX OTOIUTEIbHBINA CE30H
ABIISIETCS OoJiee KOPOTKUM. B OCTasIbHBIX TOposiax CpenHsist TEMIIEpaTypa OTOUTEBHOTO Ce-
30Ha BBILLIE, HO IIPU 3TOM B ApxaHrenbcke, Mypmancke, Bopkyte n Anarurax OTONUTEIbHbIN
ce3oH umHHEe, a B Canexapne, Happsa-Mape u Jlukcone — xopode. B urore 3a mepuon
2018-2023 rr. B ApxaHnrenbcke, MypmaHcke U Anarurax BblIEJIEHHas aHTPONOIreHHAas
SHEprus OOJIbIIE, YEM 3a MPEAIICCTBYIOMNN MEPHO, @ B OCTAIBHBIX TOPOAAX — MEHBIIIE.

W3 tabn. 3 crexyert, 9To 3a UCKIIIOYEHHEM ApXaHrenbcka, MypMaHcKa U ATIaTUTOB
nepuox 2018-2023 rr. xapakTepu3yeTcsi HECKOIBKO MEHBITIM 00beMOM aHTPOIIOTCHHOTO
TeTIa, YeM MPEeAbIIyInii.

Jlo71s1 aHTPOTIOTeHHOM SHEPT UM, M3JIy9aeMOH 3a OTONUTEIBHBIH CE30H ¢ ypOaHW3MPOBaH-
HOM TepPUTOPHH, TIPU yUETE €XKETHEBHOI CPEAHECYTOUHOH TeMIIEpaTyphl HAPYKHOTO BO3Y-
Xa, U ycpeqHeHHas 3a S-netnuil nepuoa 2018-2023 rr, 110 BCEM alNropuTMaM OTHOCHTEIBHO
a/IMUHUCTPATUBHON TeppuTOpUH cocTasisieT B %o: mis Cypryra — 74-84, Slkyrcka — 58-73,
Apxanrenbcka — 63—73; Mypmancka — 70-78; Hopunbcka — 91-94; BopkyTtsl — 83-87;
AmnarutoB — 70-77; Canexapaa — 57-67; Happsa-Mapa — 58-65; dynuaku — 65-74;
Tuxcn — 44-51; Tuxcona — 32-40. XoTs aHTPOIIOTeHHAs SHEPTHS C ypOAHU3UPOBAHHON
TEPPUTOPUH MEHBIIE, YeM C aAMHHUCTPATHBHOM, HO OHa JIoKajn3oBaHa Ha 10 % agMuHu-
CTpaTHBHOU TeppuTopuu (cM. Tadim. 1, 3a uckmoderneM Jlikcona n Hopribcka).

CormacHO JaHHBIM TI0 TerutocHaOkeHno: B CypryTe OTIyCK TEIIOBOW SHEPTUH
3a 2021 r. cocrasusier 3916,88 Thic. 'kan', uro sxBuBanientHo 16,4 I1/x; B SkyTcke 3a
2008 1. ananoruuHo umeem 2210 toic. ['kan's, wiu 9,25 I1]1x; B Mypmancke 3a 2024 1.
2004,3 toic. I'kan'®, nmu 6,28 I1)[x; B Anarurax u Kuposcke 3a 2024 1. 1524,81 Toic. ['kan'’,
wmn 6,38 T1/Ix, uro maer must Anaruros 4,79 T1/1x'S; B Canexapne 3a 2015 1. ormymieHo
B ceThb 495,24 Toic. ['kan', unu 1,61 Ik, B Hapesa-Mape 3a 2012 . moTpaueHo Ha OTOrIe-

13 Crenmanmn3upoBaHHbIE MACCUBBI ISl KJIMMaTHYecKux uccienosanuii. URL: http://aisori-m.meteo.

ru/waisori/ (nara oopamenus: 09.03.2025).

14 O6GOCHOBBIBAIOIINE MATEPHAIIBI K AKTYaJIM3UPOBAHHON CXEME TEIIOCHAGKEHH S TOPOICKOTO OKpyTa

ropox Cypryt Ha tepuozn 10 2035 rona (Axryann3anus Ha 2023 rox). Kuaura 3. I'masa 2. CymecTBy-
IolIIee ¥ NePCIeKTUBHOE MOTPeOIIeHNE TETUIOBON YHEPTUH Ha IIEJHU TEIIOCHA0KEH s MIcTIoHuTeNb!
000 «JIKU1 AIMHAMUMKA®. . Canxr-IlerepOypr, 2022 r. https://admsurgut.ru/files/materials/files/
files6/Kaura 3 I'maBa 2 Ilepcnexrusa-1.pdf (mara oopamenms: 11.03.2025).

15 Taspunos C.1O., Aunpuesckuii B.B. OcoGeHHOCTH CXeMbI IEHTPATM30BaHHOTO TETLI0 CHAOKESHHST

r. SIkyrcka. HoBoctr TemnocHa®xkennst. 2009; 3(103). https://www.rosteplo.ru/Tech_stat/stat shablon.
php?id=2674 (nara oopamenus: 11.03.2025).

16

https://www.tgc1.ru/production/complex/kolsky-branch/ (nara obpamenus: 11.03.2025).

17" VkazaHa cyMMapHast TEIuIoBasi MOIHOCTb, oTpebisieMast AnatutaMud 1 KHpOBCKOM, 1103TOMY

IPUBEJCHHOE 3HAYCHUE CKOPPEKTUPOBAHO € Y4eTOM 00beMa 3aHui Ui roposa AnaTuThbl

8 To xe, uro 17.

19 https://docs.cntd.ru/document/444824558 (nara obpauenus: 11.03.2025).
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HHE ¢ ydeToM noTepsb B tertocetsix 271,1 teic. T'kan®, umu 1,14 T1)Ix. Yka3aHHble 3HAUCHHs
B IIEJIOM COTJIACYIOTCS C pe3ylbTaTaMu B TaOll. 3, HO 3aMETHM, YTO OCOOCHHO B HEOONBIIHX
CEBEPHBIX MOCENEHIAX IS OTOIDICHHUS TaK)Ke MCIONB3YETCS MIEKTPHUISCKast SHEPTUsl.
AHanm3 pe3yabpTaToB OKA3bIBACT, UTO CYIIECTBYET JIMHEHHAS 3aBUCHMOCTh MEKTY BbI-
JeIsIeMOl aHTPOIIOTeHHOM SHEpTHel 1 00beMOM 3IaHMH, TpecTaBIeHHas B Ta0M. 4 1 5 (B KO-
TOPBIX ANIATUTHI OTHECEHBI K TPYIINE TOPOIOB C HaceleHHeM He MeHee 50 ThICSY YeTIOBeK).
['ucTorpaMMbI aHTPOTIOTEHHOM SHEPTHH U €€ TUIOTHOCTH, a TaKXKe KapThl pacipese-
JICHUS TUIOTHOCTH aHTPOIIOTEHHOH SHEPTHH, BBIIEIIEMON 32 OTOMUTEIEHBINA IEPUO ITPH

ZLHAP - tOT

TpPEX AJITOPUTMOB Ha puc. 3 U 4.

C aIMHMHUCTPATUBHBIX TEPPUTOPHUI BOPKyTHl 1 ANaTUTOB, N300paXKEHBI IS

Tabruya 4

Ko3¢ppuuunent muneitnoii perpeccun (M/Lx/M%) Mek1y aHTPOIOreHHOI IHeprueii,
BbleJIsIEMON ¢ a/AIMUHHUCTPATUBHOM U ypﬁaﬂmnpOBaﬂﬂoﬁ TeppUTOPHUIL

B T€4€HHE OTONMUTEJILHOI'0 nepuoaa (l'[pﬂ t

TOT) ’

U CyMMAapHbIM 00beMOM 31aHuii

Table 4

Linear regression coefficient (MJ/m?) between anthropogenic energy emitted
from administrative and urbanized territories

during the heating period ( with 7., , =7 ), and the total volume of buildings
B cinyuae B ciyuae
AJIMUHHCTPATHBHON TEPPUTOPUH ypOaHU3UPOBAHHON TEPPUTOPHH
Anropurmel | Hacenernue | Hacenenne . Hacenenne | Hacenenne .
MeHee HE MEHee o seeit MeHee HE MEHee Mo seeit
50 TeIC. wen. | 50 ThIC. Yer. BeIGopKe 50 teIC. wen. | 50 ThIC. Yer. BrIGOpKe
1 98,6 90,2 97,0 90,6 63,1 79,0
(R*=0,94) | (R*=0,75) | (R*=0,94) | (R*=0,96) | (R*=0,85) | (R*=0,97)
2 143.6 145,0 146,8 136,0 1144 126,6
(R*=0,96) | (R*=0,84) | (R*=0,96) | (R>?=0,98) | (R?=0,92) | (R*=0,99)
3 243,0 186,6 2274 242,1 157,5 218,3
(R*=0,94) | (R*=0,60) | (R*=0,91) | (R*=0,95) | (R*=0,56) | (R*=0,91)
Tabruya 5

Koa¢ppunuent nuneiinoii perpeccun (I/x/4en.) Me:k1y aHTPONOreHHOM YHEPrueii,
BbIIEJISIEMOIi ¢ a/IMHHUCTPATHBHON TEPPUTOPHH

B TEYCHUEC OTOIMUTEJIbHOTO nepnona (l'[pl’l tHAP N YUCJICHHOCTBHIO HACCJICHUSA
Table 5

=t

Linear regression coefficient (GJ/person) between anthropogenic energy
emitted from the administrative territory
during the heating season ( with 7, . =) and the population size

Hacenenne menee Hacenenne He MeHee .
ANropuT™Mbl ITo Bceit BEIGOpKE
50 ThIC. Ye. 50 ThIC. Yen.
31,9 (R*=10,95) 22,7 (R*=0,92) 22,0 (R*=0,95)
44,9 (R*=0,95) 34,3 (R*=0,94) 33,1(R*=0,96)
3 72,9 (R*=0,97) 53,1 (R*=091) 52,5 (R*=0,95)

20 https://www.rosteplo.ru/w/Hapbsia-Map (nara obpamienus: 11.03.2025).
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B Bopkyte no nepsomy anroputmy, Hanpumep (cM. puc. 3(1.1)), 10 % 3nanuii BoI-
JIEJISIIOT MUHUMAJIbHOE KOIM4uecTBO aHTponoreHHou snepruu 0,009 I1J[x ¢ miioTHOCTEIO,
He npesbimaronieid 0,03 Tx/m?; 10 % — rerepupyror 0,036 I1/Ix ¢ INIOTHOCTBIO OT
0,03 mo 0,07 I'/Ix/m%; a 10 % — makcumanbao uznydaror 0,481 I/ ¢ MIOTHOCTBIO
or 0,53 no 1,33 T'Jl)/M> B nenom Bce 3aaHus CO3Aal0T dHEepruro B oobeme 1,88 TTJ[x.
AHaNIOTHYHEIE pe3yNbTaThl MMOKa3aHbl Ha puc. 3(2.1) mo Bropomy u Ha puc. 3(3.1) mo
TpeTbeMy anroput™am. IIpuBeeHB KapThl pacipeieseHus IIOTHOCTH aHTPOIIOTCHHON
SHEPruu ¢ TeppuTopuu BopkyThl o mepoMy (cMm. puc. 3(1.2)), Bropomy (cM. puc. 3(2.2))
u TpetbeMy (cM. puc. 3(3.2)) anropurmam.

Ha puc. 4 nokazansl pe3ynbTarsl Aisi AnatuToB. BusyanbHoe cpaBHEHHE MpHBE-
JICHHOH TETJIOBON KapThl ATIATHTOB C ITOJIEM TEMIIEPATYPHI, MOITyUYCHHBIM 110 TEIUIOBBIM
KOCMHYECKHM CHHMKaM BBICOKOTO MPOCTPaHCTBEHHOTO paspemieHus [10], mokaspiBaer
XOpOIIee COMTACOBAaHNE MEXKTy HUMH.

Hcnonp3oBaHue nepBoro anroputma mo3possieT oneHnTs AIIT BHU3 K oAcTHIIAIO-
el ITOBEPXHOCTH OT HWKHEH TPAHUIIBI 31aHHS B TEUCHNE OTOIMTEIBHOTO ce30Ha. Taxk,
mwiotHocTh AIIT npw ¢,,, = ¢, ¢ ypGanusuposanHoii Teppuropun (B Br/m?): Cypry-
ta — 1,96, Sxyrcka — 1,88, Apxanrenscka — 1,65; Mypmancka — 1,43; Hopusbcka
u AnarutoB — 1,60; Bopkyter — 1,43; Canexapma — 1,47; Hapesa-Mapa — 1,20;
Hynunkun — 1,69; Tuken — 1,23 u dukcona — 1,20. [Ipu sToM 3HEprus 3a OTOIH-
TEJIbHBINA TIEPUOJ, BIJEsAEMas ¢ ypOAHU3UPOBAHHON TEPPUTOPUN BHHU3, COOTBETCTBEH-
HO paBHa (II/Ix) mns Cypryra — 0,669; SAxyrcka — 0,557; Apxanrenscka — 0,562;
Mypmancka — 0,346; Hopunbscka — 0,224; BopkyTtel — 0,182; Anatutos — 0,114;
Canexapna — 0,108; Hapesa-Mapa — 0,0474; Qynuaku — 0,0358; Tukcu — 0,0100
u duxcona — 0,0099.

KosddumenTs! nuHeiinoi perpeccun K, MKy aHTPONOTEHHON SHEPrueH, BhI-
JIeNsIeMON ¢ aIMUHHUCTPaTUBHOM TEPPUTOPUH BHHU3 K MOYBE, B 3aBHCUMOCTH OT 00beMa
30aHUI ¥ YUCICHHOCTH HACEJICHNSI COOTBETCTBEHHO MPUBE/ICHBI B Ta0I. 6 1 7.

Tabnuya 6

Koadduument nuneiinoii perpeccun (M/Ik/M°) MesKIy aHTPONOreHHOIi JHeprueii,
Bbl/1eJIsIeMOi BHU3 OT HUKHEH I'PaHUIbI 31aHUH
¢ AIMMHUCTPATHBHOI ¥ YPOAHM3UPOBAHHOI TepPUTOPHIi
B TeueHue OTONUTENbLHOro nepuoia (upu t,,, = .), ¥ CyMMapHbIM 00beMOM 3/1aHUi

Table 6
Linear regression coefficient (MJ/m?®) between anthropogenic energy
released downwards from the lower boundary of buildings
in administrative and urbanized areas
during the heating period ( with 7., , =), and the total volume of buildings
B cinyuae B ciyuqae
AJIMUHUCTPATHBHOW TEPPUTOPUH ypOaHU3UPOBAHHOU TEPPUTOPHU
Hacenenue Hacenenue . Hacenenue Hacenenue N
ITo Bceit ITo Bceit
MeHee HE McHee BE6opKe MeHee HE MCHEe BEIGOpKe
50 tbic. yen. | 100 ThIC. yen. 50 TbIC. went. | 100 ThIC. uen.
13,4 14,0 12,9 11,1 9,19 8,81
(R*=10,98) (R*=0,87) (R*=10,96) (R*=0,98) (R*=10,93) (R*=10,98)
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Tabruya 7

Koadpunment nuneiinoii perpeccun (I'Ix/4es) Mexk1y aHTPOIOreHHOM IHeprueii,
BblIe/JIsIeMOli BHU3 OT HMKHel TPaHULbI 31aHMI ¢ AIMUHUCTPATUBHON TepPUTOPHHU
B TeYeHHe OTONMHUTENLHOrO nepuofa (npu ¢, , = f,,), U YHCIEHHOCTHIO HACEJIeHUs
Table 7

Linear regression coefficient (GJ/person) between anthropogenic energy
emitted downwards from the lower boundary of buildings from the administrative territory
during the heating period ( with 7., , =7, ), and the population size

Hacenenue menee Hacenenue He meHee .
ITo Bceit BEIOOpKE
50 ThIC. Yenl. 50 ThIC. Yyer.
3,92 (R?=0,95) 2,97 (R*=0,89) 2,88 (R*=0,94)

AHTpOIIOTEHHOE TEIUTO, HAITPSIMYIO HAlPABIEHHOE K TOJICTUIIAIOIIEH TOBEPXHOCTH
OT HYDKHEW TPAHUIIBI 31aHHS B TEYCHHE OTOMMMTENBHOTO CE30HA NPH £, , = I, IS A[IMH-
HUCTPAaTUBHOM TeppuTOopuil BOpKYThI 1 ANaTUTOB NPEACTABIECHO Ha pUC. 5.

3akjoueHue

[pemsoxeH u peaar30BaH METOJ] OIICHKH C BBICOKHAM IPOCTPAHCTBEHHBIM pa3pelie-
HUEM PACIPEICICHUS aHTPOIIOICHHOI'0 [TOTOKA TEIlIa OT TOPOJICKOM 3aCTPOMKHU B TCUCHHE
OTOINHUTEIILHOTO MIEPUO/Ia, KOTOPBIA HE TPEOyeT MPSIMBIX H3MEPCHUN.

TpeOyeMble 3HAYCHHS COMPOTHBIICHHUS Teruionepeaade R'", NPHBEICHHbIC B Ta-
omune 3 CIT 50.13330.2012, ycTaHaBIMBAIOTCS MPH MPOSKTUPOBAHUM 3/IaHUS. ITO MHU-
HUMaJIbHbIE TPeOOBaHUsL, a He (haKTUYECKUE XapaKTEPUCTHKU CYIECTBYIOIINX KOHCTPYK-
1uid. PeanbHble 31aHKsT UMEIOT TEIJIOBbIE MOCTHI (CTBIKM, apMarypa), U3HOC U OIIHOKU
MOHTa)Xa, YTO CHIKaeT F(PPEKTUBHOE CONMPOTHUBICHUE M YBEINYMBACT TEILJIONOTEPH.
Ecinu npu BbINOMHEHUH pacyera yIelbHOM XapaKTepUCTHKN PacXo/a TeIJI0BON YHEPriu
Ha OTOIUICHHE ¥ BEHTHIIALMIO 31aHHS 110 TPETHEMY AITOPHTMY PAaCcYeTHOE 3HAYCHHE (o
TIPEBBIIAET HOPMUPYEMOE 3HAUCHUSL Gy , TO JIOTYCKAETCS yMEHBIIEHHE HOPMHPYEMOTO
CONPOTHBIICHHS TEIUIONEPEe/Iade OrpakAarolnX KOHCTpYKIimii R, uro peamnsyercs
BBIOOPOM KO3 PHIIHCHTA m < 1 (em. (5.1) B CIT 50.13330.2012). CnenoBarenbHO, OlEHKA
AIIT no nepBoMy ajroputMy MOXKeT ObITh YBEJIMYEHA /10 3HAYCHHUs, TOJy4aeMOoro 1o
BTOpOMY, 1o3tomy BeiuduHa AIIT go/mkHA HAXOAWUTHCS MEXKIY OLEHKAMH I10 HEPBOMY
U TPEThEMY aJITOPUTMaM.

B pamkax repBoro u Broporo ajaropuTMOB HUCIIOIb3YETCsl IPEANONI0KEHHE, YTO BEH-
TIWIANASA co3naeT aononHuTensHo 20 % termonoreps [18]. DTa omeHka momydeHa IS
00IIeCTBeHHBIX 3[aHui, modTomy BennunHa AIIT, paccauTanHas o TPEThbeMy aJlTOPUTMY,
YUUTBHIBAIOLIEMY MOTEPH TeIlJla Ha BEHTWISILUIO Pa3HbIX THIIOB 3[[aHUH, OTIMYAETCS OT
OLIEHKH 10 BTOPOMY QJITOPUTMY.

Taxum 00pa3om, TIepBbIE 1Ba AITOPUTMA (B OTIIMYHE OT TPETHETO) HEAOCTATOIHO KOP-
PEKTHO YUHUTHIBAIOT IOTEPH TEILIA HAa BEHTHJISALHIO, @ TPETHI HE 3aBUCUT OT KIIMMATHYECKHUX
YCJIOBHIA B pErHOHE CTPOUTEIBCTBA. K TOMY K€ IPEIIIOI0KEHNE, YTO 31aHUsI COOTBETCTBYIOT
CTPOMTENILHBIM HOPMaM 10 TEIIOM30JISILIIH, BBIIOIHSIETCS 110 Topoy B cpeaaem. Ciemno-
BaTeJIbHO, HE 3Hasl KJ1acChl SHeProd(HEeKTUBHOCTH 31aHUI U YUUTHIBasI HEOTIPEIEICHHOCTh
B TEIUIO(U3MYECKUX [IapaMeTpax 3/1aHui, a TaAKXkKe TO, YTO KaK/IbIH U3 aJrOPUTMOB HMEET
CBOM MHHYCBI H IUTIOCHI (Y4eT BEHTUIISIIIMY, KIMMAaTHUECKUX YCIOBUM, THIIOB 3/1aHMUIT), MbI
npe/yiaraeM MCIoiib30BaTh YCPEIHEHHYIO 10 TpeM ajropurmam oreHky ATIT.
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AHanu3 TEIUIOBbIX KapT [MOKa3bIBaeT palloHbl ¢ MakcuMalibHbIM ypoBHeM AlIT, T. e.
paiioHbI ¢ MAaKCHMMAaJIbHBIM TEIUIOBBIM BO3/IEHCTBHEM TOPOACKOH Cpelbl Ha arMochepy.

Brinensemast ¢ ypbarnsupoBanHO# TeppuTopun miioTHOCTh AIIT npu cpenueit Tem-
TriepaType OTONMTENLHOTO TEPHONA /. HAXOAWTCS B MHTEPBAJIE, HMKHSAS IPAHHIA KOTO-
poro ouenuBaercst ot 9,60 1o 19,5 Br/m?%, a Bepxuss rpanuia — ot 30,0 1o 61,2 Br/m?
JUIS pa3sHBIX HACEJICHHBIX IyHKTOB. [IpM 3THX yCIOBHSIX M3iIydaeMasl aHTPOIIOTCHHAS
sueprus (B I1J[x) ¢ amMuHUCTpaTUBHON Tepputopuu pasHa: 8,29-20,7 mmsa Cypryra;
9,57-23,6 nnsa Sxyrcka; 7,37-15,4 nns Apxanrenscka; 5,16—11,6 mist MypmaHcka;
2,99-9,09 mns Hopunecka; 1,29-4,80 mns Bopkytsl, AnarutoB u Canexapaa; 0,961-1,92
st Hapesin-Mapa; 0,537-1,42 ans dynunku; 0,247-0.681 nns Tuken u Jukcona. [omy-
YEHHBIE PE3yJIbTaThl CONIACYIOTCS ¢ KOJIMYECTBOM SHEPTUH, OTITyCKAeMOH TEIIOreHEepH-
PYIOIINMH KOMITAHUSIMU.

[T10THOCTH AHTPOIIOTEHHOTO TOTOKA TETIa BHU3 K MOJICTHIIAIONICH TOBEPXHOCTH
C aJIMMHHCTPATHBHOHM W ypOaHW3UPOBAHHOH TEPPUTOPHH TIPH £,,, = f . COCTABIAET CO-
orBerctBenno 0,04—1,19 u 1,20-2,96 Br/m?.

Temmeparypa Bo3ayxa BHYTPH 3/aHHH, OCOOCHHO JKHMJIBIX, 3a4acTyIO BBIIIE
20 °C, mpenycmotperasix ['OCT 30494-2011, mostomy peansHoe 3HaueHne AIIT MmoxeT
OBITB BBIIIIE PACCUNTAHHOTO.

Kondaukt nnrepecoB. KoHQIUKT MHTEPECOB OTCYTCTBYET.

Ounancuposanue. Mccnenopanue BbIIOIHEHO IIPH NOAAEPAKKE BaKHEHIIET0 MHHOBALOHHOTO IPOEKTAa FOCy-
napcreenHoro 3Hadenus (BUINI'3) «Equnas HanpoHanbHas cucTeMa MOHUTOPHHTA KITMMATHYECKH aKTHBHBIX
BemecTs» (pacropskerne [Ipasurenscrsa PO ot 29 oxrabps 2022 . Ne 3240-p) B pamxax HUP «Pacmmpe-
HHUE CHCTEMBI KIIMMATHYECKOTO U 3KOIOTMYECKOI0 MOHUTOPHHTIA U IIPOTHO3UPOBaHMs Ha Tepputopur Poccun
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C OIYCTBIHHBAHHEM».
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AnHoTanus. B pabore 000CHOBaHA aKTyalIbHOCTB IPOOJIEMBI y4eTa IPOIOIKUTEIBHOCTH O€3IeIHOT0 IepHoIa
B APKTHYECKUX MOPSIX C LEJIbI0 H3yYCHHUs KIIMMAaTa i PaKTHYECKOTO HCTIONB30BAHMS B X035CTBEHHOM 1esTeb-
HOCTH. VICTI0B30BaH BPEMEHHOIT PSiJI AT OYMIICHNUS AKBATOPUH OTO JIbJla H HavaJla 3aMep3aHHsl, PACCMOTPEHA HX
MEXKTOJI0Basi H3MECHYHBOCTD B PA3IUYHBIX YaCTIX apKTHYECKHX MOpei. CIelaHo JONOIHHTENBHOE Pas/IeICHHe
akBatopuu Mopei JlanteBbix 1 BocTouHO-CHOMPCKOTO 110 OIHOPOHBIM JICHOBBIM YCIIOBHSM Ha CEBEPHbIC 1
10KHBIC HX yacT. OG0CHOBaHA HEOOXOXMMOCTB TAKOT0 paseseHus. MceneoBaHa MeXro10Bas H3MEHYHBOCTD
THPOIOJDKUTEIBHOCTH OE3MEIHOTO NePHO/Ia B PasIMYHbIX 4acTAX apKTHYECKHX MOpEH 3a mocienuue 33 roza.
TTosTy4eHBI YHCIOBBIC XaPAKTEPUCTUKH POIOIDKUTEILHOCTH OE3IEAHOTO EPHOJA /IS BCETO PACCMOTPEHHOTO
psiia M Ui TpeX OXMHHA/IIATHICTHHX nepuosoB. [lokazao, uto B Mopsix JlanreBbix, Kapckom 1 Ha ceBepo-
3anazie Boctouno-CHOMPCKOro MOps yBEIHYCHHE MPOAOIKUTEIBHOCTH OE3JIEHOTO MepHOaa MPOUCXOHIIO
II0 BCEM PAaCCMOTPEHHBIM BPEMEHHBIM OIMHHA/ILATHICTHAM [IepHOaM. B 1oro-3amaiHoi 1 BOCTOYHON YacTAX
Bocrouno-Cubupckoro mMops, a Taike B YykoTckom Mope 3a rocienue 11 1eT mpor30Iuio He3HAYUTENbHOe
YMEHBIICHHE TPOIOJIKUTEIBHOCTH OE3JIeAHOT0 NEPHOTIA.
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Abstract. The Arctic seas are subdivided by the characteristic features of the ice regime into natural areas
identified in the course of many years of observations and research by various scientists. At present, the ice
cover of the Arctic seas is traditionally determined relative to such areas, identified in 1972 at the Arctic and
Antarctic Research Institute. The ice-free period has some advantages over ice cover; for example, its start and
end dates are an important ice characteristic. However, it is not always possible to determine the ice-free period
for a large area of the sea since ice rarely disappears over its entire water area. In addition, climate change has
led to the boundaries of some previously identified areas not fully corresponding to parts of the sea with uniform
ice conditions. Warming in the Arctic has led to the southern waters of the Laptev Sea and the southwest of
the East Siberian Sea becoming free of ice almost every year in recent decades, while in their northern part the
ice-free period does not occur in some years. Therefore, for a more accurate dating of the ice-free period for
the Laptev and East Siberian seas, this article proposes making some additions to the traditional zoning. The
increase in the duration of the ice-free period in different parts of the seas began at different times, on average
around 2000. To describe this process in the article, the time period from 1991 to 2023 was divided into three
equal eleven-year periods. For each of them, the values of the duration of the ice-free period were calculated.
The data analysis showed that the duration of the ice-free period in all parts of the Arctic seas in the second
period (2002-2012) increased significantly compared to the first period (1991-2001). The increase ranged from
13 to 88 days, depending on the area of the sea. Over the past 11 years (2013-2023), the duration of the ice-free
period in the Kara, Laptev, and northwestern part of the East Siberian Sea has increased by 818 days compared
to the second time interval (2002-2012). In the southwestern and eastern parts of the East Siberian Sea, as well
as in the Chukchi Sea, the ice-free period has not increased over the past 11 years, although compared to the first
time period (1991-2001), it remains quite large.

Keywords: Arctic seas, beginning of freezing, disappearance of ice, ice-free period
For citation: Porubaev V.S., Mochnova L.P. Change in the duration of the ice-free period in the Arctic seas from

1991 to 2023. Arctic and Antarctic Research. 2025;71(2):147-163. (In Russ.). https://doi.org/10.30758/0555-
2648-2025-71-2-147-163

Received 16.09.2024 Revised 01.11.2024 Accepted 02.04.2025

BBenenue

B Hacrosmee BpeMs B apKTHYSCKIX MOPSX HHTCHCUBHO Pa3BUBACTCS XO3HCTBEHHAS
JeSITeTbHOCTD. YBEIHYHBAIOTCS Tpy301epeBo3kH mo CeBepHomy MopckoMy mytu (CMIT),
pacIIupsIeTCs NeATSILHOCTD 110 J0ObIUE YITICBOIOPOIOB Ha mielb()e apKTHUCCKAX MOpeit
[1]. OTo oOycnmaBnMBaeT aKTUBU3AIMIO MCCICIOBAHUS JICAOBBIX U THIPOMETECOPOIIOTH-
yecknux ycnoBui Ha Tpacce CMII u B mpuneratonux paifoHax Apktukd. IIpomomku-
TEJIBHOCTH 0E3JICTHOTO MePUOIa — OJIHA U3 BAYKHBIX XapaKTCPUCTHUK JICTOBBIX YCIOBUIA,
Y 3HaHUE O HEM JUTS Pa3IMYHBIX PAfOHOB MOpEH MMO3BONISIET IUTAHUPOBATH TIABAHUE CYIIOB
HU3KHX JIEZIOBBIX KiaccoB B akBaropuu CMII, B onTHManbHBIE CPOKH MPOBOANUTH HHKE-
HEPHO-T€0JIOTHYECKHE M3bICKaHUsI M pa3BepouHoe Oypenue. Tak, anst Kapckoro mops
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paccMoTpeHa MeKToI0Bast H3MEHIHBOCTD O€3JIeTHOTO MEpHOoAa B pailoHe MEPCIIEKTUBHBIX
YIIIEBOJAOPOAHBIX CTPYKTYP B OT0-3aMaIHON YacTH MOPSI U MOKa3aHO, YTO CPETHSS MPO-
JOJDKUTEIBHOCTE O€3JIeIHOTO TIEpHOo/ia B 3TOM paiioHe 3a mocieanue 10 JIeT cymecTBeHHO
yBenumumiach [2]. [o cIryTHHKOBBIM JaHHBIM MHUKPOBOJHOBOTO IHAIla30Ha pacCMOTpeHa
MPOIODKUTEIILHOCTE O€3/ICIHOTO Mepro/ia B MpropexHoii 30He Kapckoro mopst u B Mope
JlanTeBBIX, U TaK K€ OTMEUCHO YBEIMUYCHHE MPOJODKUTEILHOCTH OCS3JIeTHOTO Mepruoaa
B mocienane necsatmnetus [3, 4]. [TokazaHel 0COOCHHOCTH TasHUS JICASHOTO ITOKPOBa
u B paifone Kananackoro Apkruueckoro apxumnenara [5—8]. JlemoBbie ¢a3bl, B 4aCTHOCTH
JIaThl OYMIICHUS OTO JIbJa ¥ HayaJla 3aMep3aHusl, KOTOPhIC U OIPEICIISIOT MPOIOJIKUTEITb-
HOCTB O€3IJIeTHOTO MEPUO/Ia, SIBISIOTCS BaYKHOW COCTABILIONICH MPOLIECCOB B aPKTUIECKUX
MOpSIX. DTH BOMPOCHI paccMaTpuBaloTcs B psae padbot s mopst Jlantewix, BocTtouno-
Cubupckoro u Uykorckoro mopeit [9-12].

MesxromoBast U3AMEHIUBOCTh TPOJODKUTEIFHOCTH O€3JIeTHOTO TTePHO/Ia TECHO CBSI-
3aHa ¢ U3MCHCHUSAMHE KuMara. VcciieoBaHHIO KJMMara Ha OCHOBE JICIOBBIX HAOIFOICHUIA
BCEIJIa YICISUIOCh OONBIIOe BHUMaHKE. Psiji aBTOPOB JietaeT 000CHOBAHHBIN BBIBOJI, YUTO
B apKTUYCCKOM PETHOHE 3e€MJI OCHOBHBIC M3MECHEHHS COCTOSHHUS JICASHOTO TTOKPOBa
MIPOUCXOJIAT MO/ BO3CHCTBUEM €CTECTBEHHBIX (PAKTOPOB, KOTOPBIE MPEBBIIIAIOT aHTPO-
MOreHHOe Bo3neicTBUe Ha kiumar [13]. OOCTOATENBHO MPOBEICHBI UCCIICIOBAHISI H3-
MEHYHBOCTH JICTOBBIX YCIIOBHH Pa3IMIHBIX MPOCTPAHCTBEHHBIX M BPEMEHHBIX MACIITa00B
B mociieHel yetBeptd XX B. B 1IeIb(POBOI 30He Mopei bapennesa u Kapckoro [14].
W3ydeHbl 1 TTOKa3aHbl KIMMAaTHUYCCKUE U3MCHCHHS JICIOBBIX YCIOBUH, MPOU3OIICAIINS
B koHIIe XX — Havyana XI B. B azuarckoil yactu Poccuu, BKiItouasi apKkTUUECKUE U AaJTb-
HEBOCTOYHBIE MOps [15].

CocrosiHie U3YYeHHOCTH JIEIOBBIX YCIOBUM B apKTHUeCcKUX Mopsix Poccuu ¢ cepe-
JIUHBI TIPOIILTOTO BEKa J0 ABAIATHIX TOAOB TEKYIIETO BeKa ITOAPOOHO OMMHUCAHO B paboTe
E.Y. Muponoga [16]. Ipyrue 0nu3kue ucciaeaoBanus BKIIOYAIOT B ce0sl OMUCAaHUe XapakK-
TEPUCTUK KIMMATHYCCKUX U3MCHECHUH JICOBUTOCTH B POCCHICKHUX APKTUICCKUX MOPSX
[17], BOmpOCHI HapacTaHUs U TasHUA JIEASHOTO MOKpoBa [18, 19], ocobeHHOCTH YBOTIONNT
JIEITHOTO TTOKPOBA B COBPEMEHHOM KIMMaTHueckoM mnepuoze [20, 21].

KimmaTtnueckrne U3MEHEHUs, a TaKXKe 3alpoChl Ha 00CCIICUCHUE XO3SICTBCHHOM
NESTETFHOCTH ONPEACTISAIOT aKTyalbHOCTh MCCIICIOBAHIS JICTOBBIX U THIAPOMETEOPOIIO-
THYCCKUX YCIOBUH B APKTHKE, BAKHYIO POJIb B KOTOPBIX UIPACT MPOJODKUTECIBHOCTD
Oe3JieIHOTO Teprona B Mopsx Poccuu, aHamm3 MeKrooBOH U3MEHUMBOCTU KOTOPOTO 32
TIOCTICIHUE ICCATUIICTHS U SBISACTCS LENbI0 TaHHOH PaOOTHL.

I/ICXOJIHI)IC JAaHHBbIC

Jlist omipeienieHust JaT OYMIIEHNsT MOPel M CPOKOB Havasa Jef000pa3oBaHusl UCIIONb-
30BaHbl 0030pHbIe JenoBbie kapThl AAHWUU, noctpoeHHble IO CIIyTHUKOBBIM CHUMKaM
C IMICKPETHOCTHIO 0 BpeMeHH | Hemens. Psn HaOmromeHuH, NCTIONB30BaHHBIA B padoTe,
oxsarbiBaeT nepuoa ¢ 1991 mo 2023 . C 1991 no 1996 r. nanHbIe ObUTH CHSATHI C JIETOBBIX
Kapt, xpansimuxcst B ponnax AAHUMN. Jlenoseie kapthl 3a nepuox ¢ 1997 mo 2023 .
B (hopmare SEAGRID-3 pasmemiens! Ha caiite (http://old.aari.ru/odata/ d0015.php). s
3UMHETO MePHoa pacipeiesieHre JISTHOTO MTOKPOBa MPEICTABICHO B BUE BO3PACTHOTO
cocrtapa (0011ast 1 4acTHasl CIUIOUEHHOCTh JIbJOB Pa3HOTO BO3PACTa), JJIsl JIETHETO MepHojia
Ha KapTax MpencTaBicHa HHGOPMAIHS O paclpeeIeHIH CITIOYEHHOCTH JIh/IA.
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Oco0eHHOCTH PaliiOHMPOBAHUSI AKBATOPHH APKTHYECKUX MOpei
B COBPEMEHHBIX KIUMAaTHYECKHUX YCIOBHAX

Besnenubiii epron 171st BCEro MOpsi ONPEEINTh HE BCETa BO3MOXKHO, TaK Kak JieJ
peaKo ucyesaeT Ha Beeil ero akBaropuu. [osToMy miis ompeseneHus JeI0BbIX XapaKTepu-
CTHK, B TOM 4HCIIe OE3MIEAHOTO MEPHOia, NCTIONBb3YeTCsl paliOHUPOBAHNE aKBATOPUH MOPEHL.
Pa3nenenune akBaroprn Mopeil Ha 4acTH B 3aBUCUMOCTH OT 3a/1ad MCCIIEIOBAHMS HIMEET JaB-
HIOIO TPaAUIHI0. BOmpock! AeneHns akBaTOpul apKTHIECKUX MOPEH IO JISOBBIM YCIIOBH-
sIM paccMaTpUBAIIICh TaKUMH HccienoBarersiMa ApkTuky, kak A.B. Komgak, B.1O. Buze,
H.H. 3y60B u apyrumu. PalioHnpoBaHue Mo3BONISET yUUTHIBaTh Teorpaduueckue 1 JIeoBbIe
0cOo0eHHOCTH apkTHdeckux Mopei. B pabore I.b. Kapemna [22] momdepkHyTa Ba)KHOCTB
ydeTa reorpauecknx 0coOOSHHOCTeH MOpel M oOpalaercsi BAUMaHue Ha HEOOXOIMMOCTb
CPaBHHTEIILHON OIEHKH JIEOBBIX YCIIOBHI OTHOTO paifoHa ¢ ApyruM. Takxke OTMEueHo, YTo
«ceBepHas JacTb Mopsi JIanTeBbIX SBISAETCS MO CYIIECTBY 3aJIMBOM JIETOBUTOTO OKeaHa»,
IOKHAS! %K€ 9acTh MOJBEP)KEHA BO3/ICHCTBHIO TETUIBIX BOA CHOMPCKUX PEK U XapaKTepHU3yeTCs
Tpeo0aJatoNM BEIHOCOM JIbJ]a B CEBEPHOM HaNpaBIeHNH. B 310l e paboTe roBOpHUTCS, UTO
Ha 3anaze Boctouno-Crbnpckoro Mopst B JIETHHI TIEPUOT JIE]] CTANBACT ¥ OOBIYHO OTCTYIIAeT
cesepree HoBocnOmpcekmx ocTpoBoB. OIHAKO pa3/ielieHIe akBaTOpHH Mopst JIanTeBbIX, a TaxKe
3araiHoi yacth Boctouno-CHOMPCKOro MOpst MO MPHHIUITY CEBEP—IOT HE HAIIIIO OTPAKESHHS
B MociieyroueM paiionnpoBanuy. B Hacrosiee Bpemst B AAHMU ucnons3yercst Tpaauuu-
OHHOE palilOHMpPOBaHHE, Iie¢ B KapckoM Mope BbIENeHBI FOr0-3anaaHas 1 CeBepO-BOCTOUHAs
4acTH, B Mopsix Jlantebix 1 BocTouno-CHONPCKOM BbIZIETICHBI 3aI1a/THBIE  BOCTOYHbIC YACTH.
B UykoTckoM MOpe pOCCHICKasi akBaTOPHsI MOPS pa3ZelieHa Ha CEBEPYIO M IOPKHYIO YACTH.

BakxHbIMH XapaKTepUCTHKAMH JISASTHOTO TOKPOBA SIBIISOTCS JIESTHBIE MACCHBBI, KO-
TOpPBIE UTPAIOT OOJIBIIYIO POJIb B PAHOHUPOBaHMH akBaTopuu Mopei. [ToHsTre 0 neasHbIX
MaccHBax (Jieq crutodeHHOCThI0 7—10 6amoB) chopmymuponan eme B 1945 . IT.A. Top-
JIUeHKo [23], B 9ToM ke paboTe MOKa3aHa cXema PacIoJIOKCHUS JICISIHBIX MAaCCHBOB.
Omnpenenenne JeASHBIX MAaCCHBOB, MX HAa3BAHUS M CXEMa PACIIOJIOKEHUS MPAKTUIECKU
HE TIpeTepIiesii U3MEHEHNI B COBPEMEHHON Hay4YHOIl JIUTEpaType.

[Torennenue B ApKTHKE, TPOUCXOAAIIEE B MOCIIEIHNE JECATUICTHS, TIPUBEIIO K TOMY,
YTO ONPENEIUTh OE3IEAHBIN EPHO U HEKOTOPBIX YacTeH MOPS COTNIACHO TPAAMIIOH-
HOMY pallOHHMPOBAHUIO MOXXHO BecbMa NMpHOIM3UTENbHO. [Ipobiema B TOM, 4TO 3a I0-
CJIeHUE ACCATHIICTUS OYMIICHUE IOKHON YacTH MOpEH MPOUCXOIMIIO TOPa3a0 paHbIIe,
YeM ceBepHO akBaropuu. Hepenku cirydyan, Korza B OTAEIbHBIE TOABI B HEKOTOPBIX MOPSIX
B IO’KHOHM 4acTH NMPOMCXOAMIIO MOJTHOE OYMIIECHHUE, a B CEBEPHOW MX YaCTH JIe]l OCTaBajcs
JI0 Hayajla HOBOTO 3amep3aHus. K TakuM 4acTsM OTHOCATCS 3amaj ¥ BOCTOK Mopsi Jlam-
TEBBIX, a Tarkke 3arnaa Bocrouno-Cubdupckoro Mops. IIpogomknTenbHOCTD 6e31eJHOTO
TIepro/ia 1 JIEOBUTOCTD, OTIPEAEICHHbIC TI0 TPAAUIIMOHHOMY PAallOHHPOBAHUIO, HE BCETAA
OTPaXKAIOT PEaJIbHYIO JIEAOBYIO CHTYalHIO.

Jlnst Gosiee TOYHOTO OTperesIeHNs] XapaKTePHCTUK Oe3JIEHOTO Meproia BO3HUKIIA He-
obxommumocTb st Mopeit JlanreBbix 1 BocTouHo-CrOMpCKkoro, He N3MEHSSI TPAHULL TTPEKHUX
patioHOB [24], caenaTs qomoMHUTeIbHOE pasneieHne (puc. 1). [Ipu monomHNTeT-HOM pafoHu-
POBaHMM TPH TPAAULHOHHBIX paiioHa — 3araHas ¥ BOCTOUHAs YacTH Mopst JIanTeBbIX u 3a-
TnagHast 9actb BoctouHo-CrnOupcKoro Mopst — OBUTH pa3/eNieHbl Ha FOXKHbIC ¥ CEBEPHBIC YaCTH.
I'parmmer parionoB Kapckoro n UykoTckoro Mopeii, a Takke BOCTOK BoctouHo-Crnbupckoro
MOpst OcTaiCh NpexxHUMH. B UykoTckoM Mope ero ceBepHast 4acTb B TPaJUIMOHHOM PaiOHH-
POBaHUH HE BCEI/IA NCIIONB3YETCS, U JISOBUTOCTh B HEH B HACTOSIIIIEE BPEMsT HE OTIPE/IETIACTCS.
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80° 80° 70° c.om.

90° 120° 150° B.1.
Puc. 1. I'paHu1p! apKTHYECKUX MOpEH U UX PaliOHOB.

1 — roro-3anan Kapckoro mopsi, 2 — ceBepo-BocTok Kapckoro mopsi, 3 — ceBepo-3anan mops JlanteBbix,
4 — roro-3anan Mops JlanTeBblx, 5 — ceBepo-BOCTOK Mopst JlanTeBbix, 6 — 10ro-BocTok Mops Jlanressbix,
7 — ceBepo-3anajx Bocrouno-Cubupckoro Mopsi, § — roro-3arnaja Bocrouno-Cubupckoro Mopsi, 9 — BOCTOUHAs
yacth Bocrouno-Cubupckoro mopsi, /0 — ceBepo-3anaj Yykorckoro Mops, // — roro-3amnaj; YyKOTCKOro Mopst

Fig. 1. The boundaries of the Arctic seas and their regions.

1 — southwest of the Kara Sea, 2 — northeast of the Kara Sea, 3 — northwest of the Laptev Sea, 4 — southwest
of the Laptev Sea, 5 — northeast of the Laptev Sea, 6 — southeast of the Laptev Sea, 7 — northwest of the East
Siberian Sea, 8§ — southwest of the East Siberian Sea, 9 — eastern part of the East Siberian Sea, /0 — northwest
of the Chukchi Sea, /1 — southwest of the Chukchi Sea

JlononHuTeNbHOE pa3/iesieHue akBaTOPUH MOpPsI Ha YacTH JaeT BO3MOXKHOCTBH 00-
Jiee TOYHO ONPENENIUTh Hauano Oe3JIeIHOr0 Meprosia B paiioHax MOpsi, OHAKO B TEIUIOE
BpeMsi rojia HeOOJIbIIOEe KOJIMYECTBA JIbJa MOYKET OCTaBaThCsl B MOpPE JI0 Hadajia HOBOTO
3aMmep3anust. [loaToMy faTa OuuILEeHHs OTO JIbJA OMPEEAeTCs IPU HEKOTOPOM JOIYCKE.
B aT0i1 pabore cpokoM ouHMIEHHsT aKBATOPHU OTO JIbJia CYMTANIACH JlaTa, KOTr/a IUIoMab
JbJIa JII000H CIUIOYEHHOCTH B pacCMaTpHBacMOM paiioHE COCTaBisla MeHee 3 0auioB.

B Hacrositiee Bpemst ISl OLIEHKH MPOIODKUTEIBHOCTH O€3JIeIHOT0 TIepHo/ia YacTo
ucnonbsyercs 15 % noporoserit Metof [3—5]. YuuTbIBasi, 4TO B MEPUOJ, MAKCUMATBHOTO
CTauMBaHMUs JieJ| OCTAeTCsS B OCHOBHOM Ha mepudepruu MOpsi U UMEET HeOOJIBIIYIO CILIO-
YEeHHOCTbh, KpUTEpUH MeHee 3 0aJuIoB JaeT pe3yJbTarhl, OMM3KUE K pe3ysibTaraM, Moiy-
YEHHBIM IpPU UCNOIb30BaHUU 15 % moporoBoro merona. Mcnons3oBanue 15 % merona
MOXKET IPUBOANUTH K TOMY, YTO TPH HEOOJIBIIOM KOJIMYECTBE JibJla Ha epudepun Hadauo
0e3JeJHOTO Nepro/ia B MOPE B HEKOTOPBIX CIIy4asX OMPEeIIsieTCs] CIMIIKOM O3IHO WIIN
HE OIPEJIeNIAETCS COBCEM.

Me:krogoBasi H3MEHYMBOCTb CPOKOB OYMIIEHHsI M HAYAJIa 3aMep3aHusi
B palioHaX apKTHYecKHX Mopeii 3a nepuoj ¢ 1991 no 2023 r.

ApKTHYECKHEe MOPSl M UX PallOHBI PACIONOKEHBI B PA3IMYHBIX reorpaduaeckux
U KIIMMaTHYECKUX 30HaX APKTHKH, YTO OIPEENACT B HUX JIeOBbIe ycinoBus. Kinumarn-
YeCcKHe 0COOCHHOCTH, XapaKTEpHBIC Ul OMPEACIEHHOTO PsAla JIET, MPOSBISIOTCS B Jie-
JIOBBIX YCJIOBHSIX MOPCKHMX PETHOHOB. B 4acTHOCTH, pernoHaJIbHBIN KIMMAT ONpEIeseT
MPOJOJKUTEILHOCTE OE3/IETHOTO TEPHUOAA B PA3IMYHBIX palioHaX MOPEH.
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Puc. 2. JlaTel ounieHus OTO JIbAa U Hadaa JIeoo0pa30BaHus B CEBEPO-BOCTOUHOI (@) M 10r0-3a-
naiHoi (6) wactsix Kapckoro mopst.

1 — naThl OYUILEHHUS OTO JIbJA, 2 — JaThl Ha4yaja J1e1000pa30BaHus

Fig. 2. Dates of ice clearing and the beginning of'ice formation in the northeastern («) and southwestern
parts (0) of the Kara Sea.

1 — dates of ice clearing, 2 — dates of the beginning of ice formation

Ha puc. 2 moka3zaHo MeXroaoBoe M3MEHEHHE NIaT OYUIICHHS OTO JIbJ]a W CPOKOB
Hagaya Jeqo00pa30BaHus B CEBEPO-BOCTOYHON M I0OT0-3aMaIHOM gacTax Kapckoro mops,
Ha KOTOpPBIE MOpE Pa3/IeiICHO COTTIACHO TPAIUIIMOHHOMY PalOHHPOBAHHIO. 30HEI JIbIa
B TMIEPUOJ] TassHUS B dTHX paifOHAX XOTSA M WUMCIOT HEKOTOPYIO JIOKABHYIO TPUBS3KY, HO
WX TIOJIOKCHUE 3aBUCUT BO MHOTOM OT IIEPEMEHHOTO HAIPaBICHUS BO3IYITHBIX IIOTOKOB.
[TosTOMY HET HEOOXOMUMOCTH B pa3AeiIcHUH akBaTopuu Kapckoro Mopsi Ha TOTTOTHUTEIb-
Hble yacTd. OTHUM W3 TIPOSBICHUEH KIMMATHUECKUX M3MCHEHUH B CEBEPO-BOCTOUHON
YacTH MOpS SIBISICTCS TO, UTO Oe3nenubiil mepuorn ¢ 2004 . cTam oTMeJaThCst SKETOIHO.
B roro-zamamHON 9acTH MOpsl Ha paccMaTpHBacMOM BPEMEHHOM HHTEpBaje Oc3JIeIHbIH
TIEPHUOJ] IMEJT MECTO BCET/Ia, a KIIMMATHICCKUEe N3MEHECHHUS TIPOSBIIIOTCS B O0JIee paHHUX
JaTrax OYMIICHHUS OTO JIbJa M OoJiee MO3MHUX CPOKaxX Havyajia 3aMep3aHusl.

Ha puc. 3 mokaszaHsI rpadyuky JaT OYMINCHHS OTO JTbJa W Hayalla 3aMep3aHus B JI0-
TTOJTHUTEIRHO BBIACTICHHBIX YacTsaX 3amana mops JlanteBsix. B ceBepo-3amamgHoii yactu
MOpSI HEPEIKO OYHICHHUE OTO JIbJa He Mpoucxommio. [IpuanHoii sToro srsercs Taii-
MBIPCKUH JIITHON MacCHB, KOTOPBIH PaclpoCTpaHsSETCS HA 3Ty 9acTh MOps JlanmTeBhIX.
B 1oro-zanaanoit ywactu Mopst HauuHast ¢ 2008 I. ouMIIEHHE TPOUCXOIUIIO €KETOTHO, ETO
MIPOIOIDKATENIFHOCTE XapaKTepHU30Balach OONBIION aMIUIUTYIOW. AMIDIATY/IA CPOKOB Ha-
gana 3aMep3aHus B 000MX YacTsAX MOpPS 3HAYUTEIFHO MEHBIIE, YeM aMIUTUTYIa CPOKOB
OUHIIECHUS OTO JIbJA.

B ceBepo-BocTouHON YacT MOps JIaNTEBHIX OUUIICHHUE OTO JIH/IA B OTACTHHBIC TOBI
HE TIPOHCXO/IIIIO, B TO BPEMs KaK B €ro FOr0-BOCTOYHOH YacTH OHO MUMEIIO MECTO BCET/a,
kpome 1996 1., X0Ts 31€ch pacmonoxkeH SHCkui nensHoi MaccuB (puc. 4). OcHOBHOE
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Puc. 3. Jlate! ounineHus 1 Havaja Jie1oo0pa3oBaHMs B CEBEpO-3amMagHoi (a) U 1oro-3anagHoi (0)
yacTax Mops JlanTeBbIx.

1 — naThl OUHUIICHUSI OTO JIbJIA, 2 — JaThl HAYaa Jie[000pa30BaHuUs
Fig. 3. Dates of ice clearing and the beginning of ice formation in the northwestern (a) and southwestern
parts (0) of the Laptev Sea.

1 — dates of ice clearing, 2 — the dates of the beginning of ice formation
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Puc. 4. JlaTe! ouniieHust 1 Hayana Jeg000pa30BaHus B CEBEPO-BOCTOYHOIL (@) U FOTO-BOCTOYHOI ()
yacTax Mops JlanTeBbIx.

1 — naTel OYMILEHUS OTO JIbJa, 2 — JaThl HaYaJIa JIe000pa30BaHUs

Fig. 4. Dates of ice clearing and the beginning of ice formation in the north-eastern (a) and south-
castern parts (6) of the Laptev Sea.

1 — dates of ice clearing, 2 — the dates of the beginning of ice formation
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Puc. 5. JlaTbl ounieHust U Hayana Je1000pa3oBaHusl B ceBEpO-3amaaHol (a) U roro-3amnaaHoi (0)
gacTsix BocrouHo-Crbupcekoro Mops.

1 — naThl OUMIIEHUS OTO JIbJia, 2 — JaThl HAYaJIa JISJ000pa30BaHUS

Fig. 5. Dates of ice clearing and the beginning of ice formation in the northwestern (a) and southwestern
parts (0) of the East Siberian Sea.

1 — dates of ice clearing, 2 — the dates of the beginning of ice formation

BJIMSHHUEC HA TasAHUC JIbJla B IOTO-BOCTOYHOM YacTH Mops JlanTeBBIX OKa3bIBAIOT BOJbI
CHOMPCKHUX PEK M BO3AYIIHbIC TIOTOKK C KOHTHHEHTa B TEIUIbIi nepuoj roga. B cesepo-
BOCTOYHOM YaCTH MOps 0TMEYa1aCh CPABHUTCIIBHO 60)’[}3].[]35[ AMITJINTY/Jla CPOKOB OYUIICHUA
0TO JIbJIa, IO CPABHEHUIO C KOTOPOIl aMIUIUTY/Ia CPOKOB Hayasla 3aMep3aHus B 3TOH YacTH
MOpPA U aMIUIMTY/Zla CPOKOB OUMIICHUA U Ha4YaJla 3aMCp3aHus B FOrO-BOCTOYHOM YacTH Mops
6LIHI/I 3HAYUTCIIbHO MCHBIIIC.

MexronoBasi UI3MEHYHBOCTb CPOKOB OUHILIEHHUSI OTO JIbJia M Hayajla 3aMep3aHus B Ce-
BEpO-3aIlaIHON ¥ I0ro-3amaHoi yacTsix Boctouno-CuOUpCKoro Mopsi mokasaHa Ha puc. 5.
B ceepo-3anagHoii yacTu 3TOro Mopsi O3JIeHBIN MEPHO B OT/ICIBHBIC IOJIbl, 0COOCHHO
B niepBbIe 15 niet, Hepenko oTcyTeTBOBal. B roro-3anaHoii yact Boctouno-Cubupcekoro Mopst
Oe3nenubiit iepuon HaynHast ¢ 2000 . HaOmomasncs, kpome 2018 1., TOCTOSHHO, XOTS 31eCh
pacnionaraerca HoBocubupckuii nesHoit MaccuB. [IprunHONM 3TOTO SIBIAIOTCS BO3IYIIHBIC
TMOTOKH C KOHTUHEHTA B TCIUIOC BPEMA I'olla, KaKk U B FOr0-BOCTOYHOM YacTH MOpst JlanTeBbIX.

Ha puc. 6 mokazana MeXrojoBasi U3MEHUMBOCTh CPOKOB OUMIIICHUS U Ha4aja 3amep-
3aHUs B BOCTOYHOM yacTu Bocrouno-Cubupckoro mopst. Kak BUAHO U3 pUCYHKa, Oe3ie-
HBII NIeproj B 3TON YacTH MOps He HAOIIOJAJICs ¢ Hadala pacCMaTpHBAaEMOro BPEMEHHOTO
unTepBaia g0 2004 r. B mocneayrorme roapl 0S3IeAHbIN MepHo/] ObUT HE3HAYUTEIBHBIM,
a B pszie JIeT BOOOIIe OTCYTCTBOBA, UTO SIBJISIETCS CIIEACTBHEM PACIIOIOKEHHOTO 371eCh
AfioHckoro maccuBa. IloTeneHne kiauMaTa IposBUIOCE B ToM, 4To ¢ 2005 . akBaTopus
B 9TOH 4acTH MOPS B OTJICJIbHBIE TO/IbI CTaJIa OYMIIATHCS OTO JIBAA.

Ha puc. 7 nmoka3aHo MeXrogoBoe U3MEHEHHE CPOKOB OYHMIICHUS M Hayaia 3amep-
3aHMsI B CEBEPO-3aMaJHOM U I0r0-3amaJHOM palioHax YyKoTCcKoro Mopsi. DTH JiBa pailoHa
OTHOCSTCSL K POCCUMCKOM 4acTu MOpsL.
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Puc. 6. [laTel oumieHnst 1 Hayaa Jiegoo0pa3oBaHust B BOCTOUHON yacT Boctouno-Cubupckoro Mopst.
] — 1aThl OYMILEHYS OTO JIbJa, 2 — JaThl HaYaJla JIe000pa30BaHus

Fig. 6. Dates of ice clearing and the beginning of ice formation in the eastern part of the East
Siberian Sea

1 — dates of ice clearing, 2 — the dates of the beginning of ice formation
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Puc. 7. JlaTbl ouHIIICHUST OTO JibJla M Havaja JIeA000pa3oBaHus B CEBEPO-3aMagHON (@) U Oro-3a-
najHoii (6) yactsix YykoTckoro Mopsi.

11— J1aThl OYHUIICHHU OTO JIbJa, 2— JaTbl Ha4Yalia Heﬂ006pa30BaHI/Iﬂ

Fig. 7. Dates of ice clearing and the beginning of ice formation in the northwestern («) and
southwestern () parts of the Chukchi Sea.

1 — dates of ice clearing, 2 — the dates of the beginning of ice formation

I'maBHOE oTiIMUMe Oe3/IeAHOT0 Meprosia B 3TUX paiioHax UyKOTCKOTO MOpsi B €TO
MPOJOJDKUTENLHOCTH. B ceBepo-3amaaHoi 4acTH MOps B TIEPBbIE OJMHHAAATH JIET pac-
CMaTpPUBAaEMOT0 BPEMEHHOTO MHTEpBajia Oe3eTHbIi nepruoa ObIT Masl I00 ero He OBII0
coBceM. B mocienyromem, HauuHas ¢ 2002 1., Oe3/1eIHbII IEPHO/ 31ECh OTMEYAICS B 00JTb-
IIKUHCTBEC JICT, HO UMCJI HCGOJII)HlyIO IMPOAOJIKUTEIIBHOCTD. B IOFO—SaHa}IHOﬁ qacTu Mopid
Oe3JeHbIi epro] UMeNl MeCTo Bcerna, kpome 1998 1., mpogomKUTeIbHOCT ero Oblia
3HAYUTENIFHO OOJIbIE, YEM B CEBEPO-3aMaTHOI YacTH, YTO ONPEEISIETCS €€ I0KHBIM T10-
JIO)KCHNEM W BIMSHUEM TETUIBIX BO3IYIIHBIX IIOTOKOB CO CTOPOHBI THXOTr0O OKeaHa.
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Cpoxu ouHIIeHHS OTO JIbJAa U HAYAJIa 3aMep3aHHus,
NMPOI0JKATEJILHOCTH 0e3/1eJHOr0 Nepuoxa
B paiioHaxX apKTHYecKkHX Mopeii ¢ 1991 mo 2023 .

B Tabn. 1 mpuBeneHs! CpeaHne U SKCTPEMaNbHBIC JaThl OUUIICHHS PAfOHOB apKTH-
YeCcKUX Moper oTo sipaa. CpeqHne JaThl OUMIICHUS BO BCEX YACTAX MOPEH MPUXOIATCS
B OCHOBHOM Ha aBTYCT M H3MEHSIOTCS OT 26 urois A0 6 ceHTs0ps. CTaHmapTHOE OTKIIO-
HeHue u3Mensiercst ot 12 10 21 AHs B 3aBUCMMOCTH OT palloHa MOpSI.

Panpme npyrmx oto mpIa 0CBOOOXKIACTCS FOro-3amanHas 4acte Kapckoro mops.
OunreHre oTo JbJa 30eCh B CPEIHEM IIPOUCXOANT B KOHIIE HIOJIS, HANOOJIee paHHee OT-
MEYEHO B KOHIIC MIOHS, a caMoe MO3IHee — B MEPBOIL Aekane ceHTAOps. CpaBHUTEIBEHO
paHHEee OYHIIEHHE OTO JbIA dTOW aKBaTOPHUU OOBSCHSICTCS MPOHUKHOBEHUEM TETLTBIX
aTTaHTHYECKUX Boz M3 bapeHiieBa Mops M FOKHBIM TOJOKCHHEM STOH 9acTH MOpSI.

Hambornee mo3aame cpeqHie CpOKH OYHIISHISI OTO JIbIa HAOMIOMAIOTCS Ha BOCTOKE
BocTouno-Cubupckoro Mops ¥ B ceBepHOI yacTi YyKOTCKOTO MOpsI, KOTOPBIE B CPEIHEM
MIPUXOASTCS HA HAYalO CEHTAOPS. DKCTPEMalbHO paHHEE OYHIEHHE B DTHX YaCTIX
MOpel OTMEUYEHO B Hadalle aBryCTa, a AKCTPEMaJbHO IMMO3JHEE MPOU3ONLIO0 B TPEThEH
neKane CeHTAOps. DTH IBa COCEOHUX palioHa TpaHWYaT ¢ APKTHYECKUM OacceiHOM
7 yOAJeHBI OT ATIaHTHYECKOro W THXOTro OKEaHOB, YTO OMpPENENSeT 3[eCh IMO3IHHE
CPOKH OYHIICHHUS OTO JIbJA.

B ocrampHBIX paiioHaX apKTHIECKUX MOPEH CpeHIe NaThl OYHIICHUS TIPUXOIATCS Ha
aBTYCT, a SKCTPEMAIBHO PAHHUE OTMEYAJIHCh B HIOJNIC. DKCTPEMAIBHO MTO3IHEES OUUIIICHIC
OTO ITba TIPOUCXOAMIIO BO BCEX MOPSX TOJNBKO B CEHTIOpE.

Oco0EHHOCTBIO CPOKOB Havyalla 3aMep3aHus B apKTHUSCKUAX MOPSX SBISETCS TO, YTO
B OONBIIMHCTBE YacTEH apKTUYECKUX MOPEH CpemHUe NaThl Hayajla 3aMep3aHus OTMeUa-
foTcs B OKTs0pe (Tabm. 2). Tompko B ceBepo-3amagHoil yacTu Mopsi JIanTeBBIX CpemHss
JaTta 3aMep3aHus [IPUXOAUTCS Ha KOHEIl CEHTAOPs, 9T0 00YCIOBICHO reorpaduniaecKiM
MTOJIOKEHUEM ATOTO paifoHa W PACIOIOKEHHBIM 3/1eCh TalMBIPCKIM JISITHHIM MaCCHBOM.

DKCTpeMaIbHO paHHEe Hadalo JeI000pa30BaHMs BO BCEX YACTIX MOpEH HAYMHATIOCH
B aBTyCTe, KpOME CeBepo-3amaia Mops JIanTeBrIX, e 0HO OTMEJATIOCh B CEHTAOpE. 31ech
YBETMUYCHUE TDIOIMAIHN JISATHOTo MoKpoBa B 2006 I. Ha4aIoCch B KOHIIE aBTyCTa BCIICACTBHE
BBIHOCA JIBJIOB U3 APKTHUYECKOTO OacceifHa.

DKCTpeMaTbHO TO3IHeE Ha9ao 3aMep3aHus JIb/Ia B YACTIX MOpEH UMeeT OOIbIIOi
pa3dpoc 0 BPEMEHHU B 3aBUCHMOCTH OT MX T'e0Trpa(pUIecKoTo IMOIIOKCHUS U THIPOMETe-
OpOJIOTHYECKUX YCIOBUH KOHKPETHOTO TO/a.

CranmapTHOE OTKIOHCHHE CPOKOB Hayalla 3aMep3aHust u3MeHsercs ot 9 no 17 mueit
U B CpEHEM COCTaBJsAeT 12 mHEH, 9TO MEHBIIE 110 CPAaBHEHHUIO CO CTaHAAPTHBIM OTKIIO-
HEHHMEM JIaT OYMIICHHUS aKBaTOPHUHU OTO JIbJ]a, KOTOPOE COCTABISICT B cpenHeM 16 mHEi.

Ha mpomomkutensHOCT Oe31IeTHOTO MeprUoa OKa3bIBAIOT BIMAHUC PA3IHYHbBIC (hak-
TOPBI, TAKME KaK TeMIIEPaTypHBIH PeKUM aTMOCQepsl, Ipeiid Jbaa, Tero3amnac Mopsi, Ha-
JIMYHE OCTaTOYHBIX JIbI0B. UHCIIEHHBIC XapaKTePUCTUKH MTPOJODKHTEIEHOCTH OE3TIeTHOTO
reprona B palloHaX apKTHUECKHX MOpeW ImpuBeACHHI B Ta0n. 3. Hambomnpmas cpemHss
MIPOIOIKUTENEHOCTE OE3JIeTHOTO TIepHoa UMEET MECTO Ha foro-zamane Kapckoro n Ha
tore YykoTckoro Mopeil. B 3Tux ke paifoHax Oblla 0OTMeueHa HanOOIbIast MAaKCUMaJTbHAs
MIPOIOJKUTENEHOCTE Oe3JIeIHOTO Tieproa, kKotopas B KapckoMm mope coctaBmia Oosee
IIATH MECALEB, a B UyKOTCKOM 0o0JIee YeTHIPEX, YTO 00BICHACTCS ONM30CTHIO TEIUTBIX BOI
AtimanTrueckoro ¥ THXOro OKeaHOB.
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Tabruya 1
CpenHue u 3KCTpeMasibHbIe CPOKH OYHLIEHHS] AKBATOPHH 0TO JIbJIA
B Pa3JIMYHbIX YacTAX Mopeii 3a mepuox ¢ 1991 mo 2023 r.
Table 1
Average and extreme times for ice clearing
in different parts of the seas for the period from 1991 to 2023
OkcrpemaibHo | CpenHue | DKCTpeMabHO Crannaprioe
OTKJIOHCHUE
paHHUE IaThl JIaThI MTO3THHE AT
Yacte Mopst CPOKOB
OUMILIECHUS | OYMILEHMSA | OYMILICHUA
OYHIIICHHS,
0TO JIbJ1a OTO JIbJIa OTO JIbJIa
JTHU
Ceepo-BocTok Kapckoro 31.07 22.08 25.09 14
IOro-3amax Kapckoro 25.06 26.07 07.09 17
Cesepo-3anay JlanteBbix 18.07 21.08 28.09 19
FOro-3amnazn JlanteBbIx 05.07 12.08 17.09 21
CeBepo-BocTok JlanTeBbIx 05.07 06.08 18.09 18
FOro-BocTok JlanTeBbix 18.07 10.08 17.09 15
Cesepo-3arnan Boctouno-Crubupckoro 11.07 21.08 20.09 17
IOro-3amax Bocrouno-Cubupckoro 28.07 22.08 10.09 12
Boctok Bocrouno-Cubupckoro 03.08 02.09 22.09 15
Cesep UykoTCcKOro 02.08 06.09 26.09 13
IOr Yyxkotckoro 15.07 08.08 23.09 18
Tabnuya 2
Cpennue H KcTpeMalIbHbIe CPOKH 3aMepP3aHusI AaKBATOPHH
B Pa3JIMYHBIX YacTAX Mopeii 3a nepuox ¢ 1991 no 2023 r.
Table 2
Average and extreme periods of freezing of water areas
in different parts of the seas for the period from 1991 to 2023
CranmapTHOE
OkcrpemanbHO | Cpemaue | DKCTpeMaibHO OTKNOHCHIE
Yacte Mopst PAHHHC J1TbL TO3HHE /ATl CpOKOB Hayasa
JIaThl HAYaja HavaJa HavaJa
3aMep3aHus,
3aMep3aHus | 3aMep3aHus | 3aMep3aHus i
Cesepo-BocTok Kapckoro 08.09 07.10 29.10 14
FOro-3anan Kapckoro 29.09 22.10 04.12 13
Cesepo-3anan JlanteBbIx 31.08 28.09 27.10 11
TOro-3amaz JlanreBBIX 22.09 06.10 30.10 10
Ceepo-BocTok JlanTeBbix 12.09 06.10 06.11 12
IOro-Boctok JlanTeBbix 22.09 09.10 27.10 9
Cesepo-3amag Bocrouno-Crbupckoro 14.09 04.10 05.11 12
IOro-3anaa Bocrouno-Cubupckoro 14.09 06.10 24.10 10
Boctok Bocrouno-Cubupckoro 14.09 03.10 01.11 11
Cesep UykoTckoro 22.09 11.10 12.11 15
TOr Yyxkorckoro 21.09 29.10 01.12 17
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Hawnmenbmast cpeHsis IpOJOKUTENBHOCTD OE3JIEHOTO Neprosia Halmoxaercs
B CEBEpO-3arajHoi yacTu Mops JlanTeBbIX 1 B BOCTOYHON yacTH Boctouno-Cubupckoro
MOpsl, KoTopas coctaisieT 17 u 13 el cooTBeTCTBEHHO. [[puunHON HENPOAOIKUTENb-
HOTO 0E3JIeTHOTO TepHo/a SBIISIOTCS PACIIOIOKEHHBIE 3[1€Ch OOJBIINE JISISTHBIE MacCH-
BBl — TaiiMpIpckwii 1 AHOHCKHH, B COCTaB KOTOPBIX BXOAAT OCTATOYHEIC BYXJICTHHE
1 MHOTOJIETHHE JIb/Ibl. B ceBepHOIt yacTi UyKoTCKOTO MOpsI O€371e1HBIH TepHOol HECKOIBKO
OorbIe 1 B cpemHeM cocTaBisieT 30 qHel, X0Ts 371echk pacronokeH Yykorckuit CeBepHBIi
JEISTHONM MacCUB. B OTIenbHBIE TOBI B COCTAB 3TOTO MacCHBA BXOIST CTAPBIE JIb/IBI, YTO
BJIMSICT HA CPOKH OUHUILECHUS OTO JIbJIA.

CpaBHUTEIBHO HEOONMBIION CPEeAHUH O€3/IeAHBIN MEPHOL OTMEUYAETCsl B CEBEPO-3a-
nasHOHM yacti BocTouno-Crnbupckoro Mopsi, OH cOCTaBiIseT 32 HS, HECMOTPSI Ha TO YTO
JEASHOTO MaccuBa 37ech HeT. Cka3bIBaeTCs BIMSIHUE APKTHYECKOro OacceiiHa n Oii30CTh
ATOHCKOTO MaccHBa, KOTOPBIN B OT/IENIBHBIE TOJBI PACTIPOCTPAHIETCS U Ha CEBEPO-3ariajl
Bocrouno-Cubupckoro Mopsi.

Ha ¢one noreruienus kinuMara ApKTHKH KpOMeE JIEASHBIX MAaCCHBOB Ha MPOIOIKH-
TEIBHOCTH O€3JIeIHOTO MepHo/ia BIUSIOT U Apyrue ¢axktopel. Harpumep, B 10r0-BOCTOUHOM
yacTi Mopst JIanTeBBIX B X0NIOAHOE BpeMs rofa Gpopmupyercst SIHCKHi JTeAsSHONW MacCuB,
HO HPOAOJDKUTEIBHOCTH OE3JI€HOTO Mepro/Ia 3/1eCh COCTaBIseT 68 MHEH, YTO 3aMETHO
BBIIIE, YEM B COCEAHUX YaCTSAX apKTHUECKUX Moper (cM. Tabim. 3). Ha oummenue oro
JbJIa 3/1ECh BIMSIOT MTPE00IalatoNIie BO3AYIIHbIC TIOTOKH ¢ KOHTHHEHTA B TEIIOE BPEMs
rona U OOJBIION pedHOH CTOK [22].

Ha ceBepo-BocToke Mopst JIanTeBBIX JI€ISTHOTO MAacCHBa HET, HO CPEIHSS TPOIOIDKUTENb-
HOCTB 0€371e/THOTO IIepro/ia 3/1ech MPaKTHIECKH Takasl e, Kak Ha ceBepo-BocToke Kapckoro,
Ha foro-3amaje JlanteBbx 1 roro-3amanae Bocrouno-Cubupckoro mopeit (cm. Tadm. 3). brmskue
3HAYEHUS TIPOIOJLKUTENBHOCTH OE3JIEIHBIX MEPHOA0B, KOTOPBIE 3[6Ch COCTAaBILIIOT OT 40
70 47 nHelt, 00yCIIOBIIEHBI BIMSIHUEM Pa3iIMYHBIX (JaKTOPOB, TAKHUX KaK JICISHBIC MACCHBBI,
HalpaBJIeHUE BO3IYIIHbIX IOTOKOB, TEMIIEPATYPHBIN PEXUM aTMOc(hepsl U IpyTHE.

JInst TOCTOBEPHOH OIEHKH KIMMAaTHIECKNX M3MEHEHHH HEOOXOIMMO yUUTHIBaTh MU-
HUMAJIBHBIN PSIJT JIET, IO KOTOPOMY IIPOBOANTCS OLCHKA. [IJ1s1 OIIEHKH COCTOSIHUS KITMMaTa
OBUIO MTPEATIOKEHO HCIIONB30BaTh OCPEIHEHHBIE JIEOBBIE M THAPOMETCOPOIOTHIECKHE
XapaKTepUCTUKH 3a rmepuonsl He MeHee 10 meT [25]. AHOManbHBIE XapaKTePUCTUKU CO-
CTOSTHHMS JIEZSTHOTO TIOKPOBA MM aTMOCc(epbl B KOHKPETHBIN TOJl MOTYT CBHIETEIbCTBOBAT
TOJIKO O MEKI'OZI0BOM M3MEHUYMBOCTH SIBJIICHHA. B Haliem ciryyae TpHILATHTPEXIETHHNA
PSIT ©KETOAHBIX 3HAUCHUH NMPOIOIKUTEIBHOCTH OE3JIeIHOTO Meproa ObII0 yIo0HO pas-
JIeTTUTh Ha TPU OJMHHAUATHICTHUX BPEMEHHBIX MHTEPBAJIA, YTOOBI MOIYyYUTH MO HUM
KIIMMaTH9eCKUE OLICHKH.

AHanu3 JaHHBIX TOKa3ajl, 9TO CPEAHSS MPOJOJDKUTEIIBHOCTE OE3JIeTHOTO TIEpHOoa
¢ 1991 r. 3a kaxple NOCIEAYIOIIKE OIMHHAALATUIETHIE TIEpHO/Ibl 3MeHsu1ack. [1o cpaBHe-
HUIO ¢ epBeIM TiepronoM (1991-2001 rr.) Bo Bropom mepuozne (2002—2012 1T.) oHa cytie-
CTBEHHO yBeIMumiack. B cperHeM o BceM pailoHaM yBEIHYEHUE COCTaBUIIO OKOJIO 20 AHEH.

B tperpem mepuozpe (2013-2023 rr.) MO CpaBHEHHIO CO BTOPBIM MTPOAOIDKUTEINb-
HoOCTh Oe3enHoro nepuoga B Mopsix Kapckom n JlanTeBbIX, a TaKKe B CEBEpO-3aIaHON
gacti Boctouno-Cubupckoro Mopsi yBeIHMYnIach B cpeqHeM Ha 15 mueit. Ha roro-3amane
Boctouno-Cnubnpckoro Mopsi, B €ro BOCTOYHOM 4acTé U B YyKOTCKOM MOpE MPOU30ILIO
HE3HAYNTEIbHOE YMEHBIICHHE OE3JIeTHOTO TEPHUOAA, XOTS IO CPABHEHHUIO C MIEPBBIM IIe-
puonom (1991-2001 rr.) oH ocTascss GOTBITNM.
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O0cyxnenue pe3yJbTaTOB

Borpockl, cBsi3aHHbBIE € XapaKTEPUCTUKaMK O€3JIeTHOTO MepHoJia B apKTUUECKUX MO-
PsIX, paccMaTpUBaINCh BO MHOTHX padorax. bombie Bcero paboT omyOIMKOBaHO 110 10T0-
3amagHoi yactu Kapckoro mopsi. OmHako CpaBHEHHE Pe3yIbTaTOB HE BCETIA BO3MOXKHO,
IIOTOMY YTO B pa3HbIX pab0TaxX MCHONIB3YIOTCS Pa3HbIe KDUTEPUH U Pa3INUHbIE UCXOHbIC
nmarable. B paborax [18, 19] cBeneHns 00 OYMIIEHNUH OTO JIbIAa U CPOKAX YCTOHUIHBOTO
ne000pa3oBaHus MPEJCTABICHBI B BUIEC M30JMHUI JaT JIenoBbIX (a3, a He B BUJIE YHC-
JICHHBIX XapaKTepucTuK. B pabdorax [3, 4] HCIIOIB30BaHBI CITyTHUKOBBIE CHUMKH MHUKPO-
BOJIHOBOTO JMAana3oHa C pa3perieHue 25 KM, 4TO MPUBOANUT K OOJBIIUM MOTPEITHOCTSIM
TIPY OTIPEETICHUH MPOIOKUTEIEHOCTH O€3JIeIHOT0 IepHoIa.

B 6onee panneit padore E.Y. MupoHoBa ¢ coaBropamu [2] MPOIOIKUTEIBHOCTE 0€3-
JIETHOTO TEPUO/Ia ONpEAesIach B KOHKPETHBIX TOUKaX [EHTPaIbHOW YacTH I0ro-3amajia
Kapckoro Mopst Mo cHUMKaM BUAMMOTO U HMH(PAKPACHOTO THANIA30HOB C pa3pelIeHueM
1 kM. Cpe):[HS[H IMPOAOJIKUTEIILHOCTD 6C3HCHHOFO nepuoaa mo 3TUM JaHHBIM 3a ABaJAUATb
net (1989-2008 rT.) cocraBmia 90 mHei. B nanHo# paboTe Takke OBLTH HUCIIOIBE30BaHEBI
CIyTHHKOBBIE CHIMKH BHIUMOTO M HHPPAKPACHOTO TUANA30HOB, HO OC3JIEIHBIN MEePHO
OITpeIeIIsICs [UIsl BCEH aKBaTOPUH I0T0-3aI1aIHON YacTH MOPSI, U CPEHSIS TIPOJIOIKHTEIb-
HOCTB €ro 371ech 3a Oomm3kuit psap et (1991-2008 rr.) coctaBmna 73 mHA. 3a cieayromiee
necartuierre (2009—2018 rr.) cpeaHsis MPOIOJIKUTESIBHOCTh O€3JICIHOTO Meproa 1o
MpeabAYyIIMM TaHHBIM [2] cocTtaBuia 132 1Hs, O BHOBb MOJTYYEHHBIM HAaMU JaHHBIM 32
ATOT Ke nepuoa — 99 nHen.

[TponomKHUTENLHOCTD O€3JIeIHOTO TIepHo/ia B TIEPBOM M BTOPOM CIIydasix Y Hac OKa-
3ajach MEHbINE, YeM B Tpeabiaymieil padore [2], Ha 17 u 33 qHSI COOTBETCTBEHHO. JTO
OOBSICHAETCSI TEM, YTO MBI ITPOBEJM PACUeT MO JaHHBIM JUISl BCEH aKBaTOPUH, BKIIOYAs
MIPUOPEKHBIC U CEBEPHBIC PAOHBI I0TO-3aITaHON YacTH MOPS, TIe OYUIIECHHE OTO JIbJa
HPOUCXO/IUT I03XKE, a 3aMeP3aHUE HAYMHACTCSI PaHbIIE M0 CPABHEHHUIO C IIEHTPAIbHOU
YacThIO MOPSI, YTO U ONPEAEITHIO OoJiee KOPOTKHUHA Oe3JIeTHBII TTepHo/.

V3BecTHBI 3HAYCHNUS TIPOIOIDKUTEITBHOCTH OE3JIeIHOTO MEPHOIa B IPHOPEKHON 30HE
Kapckoro mopst, nosy4eHHbIe Uit 9T HaOOPOB CITyTHUKOBBIX JIAHHBIX MHUKPOBOJIHOBOTO
nwarazona [3]. [ roro-3anmagrHoit yacti Kapckoro Mops Tofy9eHHas MPpOIoIHKUTETEHOCTD
OeaznenHOrO nepuoaa uaMensercst ot 74 1o 101 qHs B 3aBUCUMOCTH OT HAaOOpa JAaHHBIX.

Bce pesynbrars 110 1oro-3amnaHoi 9acti Kapckoro Mopst, IpUBEICHHBIC B YIIOMSIHY-
TBIX paboTax, OTHOCATCS K Pa3MTUYHON IJIOIMIA N, PACCIUTAHBI ITO0 PA3THYHBIM BPEMEHHBIM
MHTEpBAJIaM, B pacuyeTax MUCIIOJIb30BaHbI CITyTHUKOBBIC IAHHBIC C PA3IMYHBIMK NPOCTPaH-
CTBEHHBIMH PA3PEUICHISIMH, UTO 3aTPYIHIET CPAaBHEHHE TTOMYICHHBIX PEe3yIbTaToOB. AHAIN3
MOJTYYEHHBIX PE3yJbTaTOB B pa3HbIX padOTax JaeT JIMIIb OLEHKY MPOIOKUTEIBHOCTH
0e3neTHOTo Meproa AT Pa3INIHBIX BPEMEHHBIX HHTEPBAJIOB U JUIS PAa3IMIHBIX pailoHOB
1oro-3arnajHoii yactu Kapckoro mopsi.

3akJiroueHue

AHalu3 MEXroloBOro M3MEHEHHsI NPOJAOJIKUTEILHOCTH O€3JIeJTHOTO Meproa Io-
Kazaj, 4TO 3a MOCIEIHUE JEeCSITUICTUSI B OONBIIMHCTBE PAHOHOB aPKTHYECKUX MOpEH
IIPOM30IILIO 3HAYNTEIBHOE €T0 yBeIUYeHHE. [laThl OUHMIIEHUS OT JIbJIa UMEIOT TCHCHIUIO
K Ooree paHHEMY, a CPOKHM 3aMep3aHus K Oonee MO3AHEMY NX HACTYTIJICHHIO, B PE3yJIbTaTe
Yero MPOAOJDKUTENFHOCTh OE3JIEAHOTO TEpHo/ia YBEINUNBaeTCs. B pasnmuHbIx gacTsax
Mopei yBeJIHMYeHHE MPOAOJDKUTEIIFHOCTH OE3JIeIHOTO TIepHo/ia HadyaloCh B Pa3IMuHOE
BpeMsI ¥ IPUIIIJIOCH B OCHOBHOM Ha IEPBOE AECATUIIETHE 3TOTO CTONETHS.
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B cpenneM B ceBEpHBIX YaCTAX MOpPE NPOAOIKUTEIBHOCTE O€3JIeTHOTO TIEpHOoa,
paccuuTaHHas 1o 33-ieTHeMy psiy, u3aMeHsercs oT 17 no 47 aHeil, a B FO)KHBIX — OT
40 no 88 nHeil, B 3aBUCUMOCTU OT pailoHOB MOpsl. TallMbIpCKUI 1 AHOHCKUM JIEJsTHbIE
MacCHBBI OKa3bIBAIOT OOIBINOE BIMSHUE HA MPOAOIDKUTEIBHOCTE O€3JIEHOTO IepHoa.
B Tex gacTax Mopei, e pactonokKeHsl JeSTHbIE MACCUBBI, TPOJOJDKUTEIBHOCTD Oe3ie -
HOTO Teprozia Hebomnbmas. B ceBepo-3amamanoii yactn Mops JlanTeBbIX OHa cOCTaBisIeT
17, a Ha BocToke Bocrouno-Cubupckoro mopst 13 mHEi.

BaxHOil 0cOOEHHOCTBIO 0€37IEIHOTO IEepHoJia B apKTHUYECKUX MOPSIX SBISETCS
TO, YTO 3a MOCJIEJHUE OJMHHAALATH JIET, KaK U 3a OAMHHAILATH HMPEIBIIYIINX, €TO
CpenHssl IPOAODKUTEIBHOCTh yBenudmIach B Mopsax Kapckowm, JlanteBsx u B ce-
Bepo-3amagHoil yactu BocTouno-Cubupckoro mopst (cMm. Tabn. 3). B roro-3amagHoit
M BOCTOYHOW yacTsax BocTouno-Cubupckoro mMops, a Takxke B UyKOTCKOM Mope 3a
MOCJIEAHNE OJUHHAIIATE JIET CPEAHSS €ro NMPOJOJDKUTEIBHOCTh HE YBEIHMYMIIACH,
a B OCHOBHOM HECKOJBKO YMECHBIINIIACH.
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Abstract. This study seeks to demonstrate the relationship between magnetic anomalies and geological structure
of Precambrian complexes of the Bunger Oasis and Highjump Archipelago, East Antarctica. Aeromagnetic
data effectively maps geological units, revealing distinct magnetic signatures for Neoarchean and Palaeo-
Mesoproterozoic terrains. This provides the possibility of significantly improving existing geological maps,
particularly in poorly mapped areas like the Highjump Archipelago. Magnetic anomaly intensity and strike
correlate with rock composition and regional structural trends, enabling better differentiation of lithological
units like magnetic metapelites and non-magnetic metapsammites. Tilt derivative calculations enhance structural
mapping by linking magnetic sources to specific rock suites. As an example, a prominent northeast-striking
belt of positive magnetic anomalies marks a key boundary between Archean and Mesoproterozoic complexes.
Variations in the belt’s strike suggest complex tectonic history, including potential fault contacts. Intrusive
bodies exhibit complex magnetic characteristics. The Paz Cove intrusion displays a negative anomaly likely due
to reversed remanent magnetization, while the Algae Lake intrusion has both positive and negative anomalies
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reflecting varying rock compositions. The Gabbro intrusions in the northeastern part of the Highjump Archipelago
correlate with positive anomalies, while the intense negative anomaly over the Kashalot Island gabbroic intrusion
suggests reversed magnetization. This study aims to produce a structural (tectonic) map of the Bunger Oasis and
Highjump Archipelago by analyzing magnetic anomaly data collected by an unmanned aerial vehicle during the
69th RAE, combined with existing geological information for the area. The study highlights the value of UAV
aeromagnetic surveys for detailed geological mapping in challenging environments, providing crucial insights
into East Antarctica’s Precambrian history.
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Introduction

From the tectonic and geodynamic point of view, the Bunger Oasis and Highjump
archipelago area plays a crucial role in the architecture of the Indo-Australo-Antarctic junction
within Gondwana and Rodinia supercontinents [1, and references therein]. According to
the studies that have been published, the Bunger Oasis area records the Mesoproterozoic
assembly of Australo-Antarctica during the process of Rodinia supercontinent amalgamation.
In particular, the region under study is considered as part of a wide Mesoproterozoic
orogeny (1300—1150 Ma), extending from South-West Australia (Albany-Fraser Orogeny)
towards its Antarctic counterparts in Wilkes Land: Windmill Islands, Bunger Hills, Obruchev
Hills and some outcrops on the Denman glacier [1, and references therein]. But the effect
of the Neoproterozoic—Cambrian amalgamation of Gondwana on the Indo-Australo-
Antarctica subcontinents remains debatable. Aeromagnetic data obtained enables one to
constrain the tectonic units, terrains, their relationships and structural features. Integration
of aeromagnetic data with the geological map and tectonic model may clarify the geological
history of the Bunger Hills Proterozoic province within the context of the Mesoproterozoic
orogeny, including its relationship to its Australian counterparts.

The Bunger Oasis and Highjump Archipelago were previously surveyed
aeromagnetically during the First Soviet Antarctic Expedition in 1956 and since that
time the area has not been surveyed in detail. Several recently acquired acrogeophysical
profiles by international programs conducted in this region mainly aimed to study only
the structure of Denman and Scott Glaciers [2]. To fill the gap in the knowledge of the
geologically complex Precambrian Province the VNIIOkeangeologia and Radar-mms
undertook a high resolution aeromagnetic survey using a fixed-wing unmanned aerial
vehicle (UAV) in January of 2023/24 field season, a world first [3]. The aecromagnetic
survey was primarily conducted to expand the magnetic dataset for East Antarctica. This
was necessary to refine our understanding of the crustal structure of the Bunger Oasis
and Highjump Archipelago, and to better establish the geological connections between
Antarctica and the formerly adjacent Gondwana and Rodinia supercontinents. The survey
was accomplished with a profile spacing of 250 m and tie-line spacing of 1250 m. It was
flown draped at ~120—150 m above the relief surface (Fig. 1). The airborne magnetometer
system allowed a rapid acquisition of data covering 2940 linear kilometers over an area
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Fig. 1. Aeromagnetic survey flight lines in the Bunger Oasis and the Highjump Archipelago against
abackground of surface topography from SPOT-5 satellite data. The inset (red square) shows the survey
area within Antarctica. / — survey lines

Puc. 1. Cxema MapLIpyTOB a3pOMAarHUTHOR CheMKHU B oasuce banrepa u apxunenare Xaipkamil Ha
(one penbeha MOBEpXHOCTH O aHHBIM ciryTHHKa SPOT-5. Ha Bpeske kpacHSBIi KBaapaT HOKa3bIBaeT
paiioH paboT B mpenenax AHTAPKTUBI. | — MapIIPyThl ChbEMKH

of 601 km?. The onboard magnetometric system was equipped with a high-precision two-
frequency satellite positioning system for accounting differential corrections using a ground
base station in Post Processing Kinematic mode. The data underwent rigorous processing
including several corrections: magnetic compensation for the aircraft’s maneuvers, de-
spiking, application of the International Geomagnetic Reference Field, adjustment for
diurnals measured by a temporary base station and full levelling [3].

The survey results were used to compile a magnetic anomaly map at 1:25,000 scale,
which clearly demonstrates the variability of morphological and amplitude characteristics of
deeply metamorphosed Precambrian complexes (Fig. 2). The map shows significant variations
not only in the strike but also in the shapes of anomalies ranging from individual features to
complex systems. Areas of a sharply differentiated field are presented alongside the relatively
quiet sections. Geological features of diverse scales, from several hundred meters up to
the regional scale of the survey area, were identified through analysis of the aeromagnetic
data, highlighting its comprehensive coverage. This includes the tectonic contact between
Neoarchean and Mesoproterozoic terranes and abundant mafic to felsic intrusions [1, 4, 5].
However, it is broadly accepted that, when the distance between the magnetic sensor and
the geological source exceeds the assumed size and internal dimensions of the magnetic
rock body, interpretations of these parameters become inherently uncertain.

The primary objective of this work is to create a structural (tectonic) map of
the Bunger Oasis and Highjump Archipelago based on the analysis of the magnetic
anomaly data gathered during the 69th Russian Antarctic Expedition (RAE) using UAYV,
combined with existing geological information for the area.
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Fig. 2. Magnetic anomaly map of the Bunger Oasis and Highjump Archipelago. The blue lines indicate
the location of lakes and islands. The thick brown line represents the coastline and the grounding
line of the ice shelf

Puc. 2. Kapra anomanbHOro MarHuTHOro nojst oazuca banrepa u apxunenara Xaimpkami. Cunue
JIMTHUY TIOKa3bIBAIOT MECTOIIOJIOKEHHE 03ep U 0CTpoBOB. TolicTass KOpHYHEBAs JIMHHS OTBEYaeT Oe-
PEToBOIi YepTe U JIMHUH HaJleTaHHs IIeJIb(OBOTO JICTHUKA

Geological Overview of the Bunger Oasis and Highjump Archipelago

According to [1], the Bunger Oasis and Highjump Archipelago comprise three or
possibly four main structural-lithological complexes (tectonic units), defined by their
structural and lithological characteristics: 1) an Archean terrane composing the eastern
and southeastern parts of the Bunger Oasis and represented mainly by the orthogneissic
complex of tonalite—trondhjemite—granodiorite (TTG) composition with protolith
crystallization ages ranging between 2800 and 2600 Ma. This terrane, interpreted as part
of an Archean basement reworked during the Mesoproterozoic orogeny, is juxtaposed
against the Proterozoic metamorphic terrane by a blind thrust fault. It is thought to be
located on the margin of the Mawson protocraton; 2) a Paleo- to Mesoproterozoic volcano-
sedimentary metamorphic terrane; 3) a Mesoproterozoic magmatic complex represented
by several gabbro-monzonite-granite plutons (Paz Cove intrusion in the center; Algae
Lake intrusion in the south; Booth Peninsula batholith in the north-east) and 4) Dyke
swarm complex represented by late Mesoproterozoic mafic dikes (1130 Ma, continental
tholeiites) and, presumably, late Neoproterosoic, alkaline dykes (basanites-trachybasaltes-
phonotephrites and lamproites) [6].

Russian geologists further subdivided the main tectonic units into lithological suites
during the surveys of the Bunger Oasis conducted between the 62nd and 69th Russian
Antarctic Expeditions (RAE, 2017-2024). The resulting geological map from the studies
has not been published yet, but it was presented at the SCAR scientific conference in
Chile [7]. Many suites on this map have small horizontal dimensions (tens to hundreds of
meters) but extend for hundreds of meters to kilometers [Egorov, pers. communication].
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This means that many geological features are undetectable in the magnetic anomaly field.
Magnetic sources in this area range from weakly to strongly magnetic and are often closely
spaced [Egorov, pers. communication]. The resulting superposition effects make it difficult
to definitively correlate specific suites with individual anomalies.

The lack of modern geological surveys in the Highjump Archipelago necessitated
the use of two existing maps: the Soviet map [4] and an Australian Geological survey
map (Fig. 3 [1, 5]). However, the geological information on both maps is too generalized and
lacks too much detail to be a match for the geophysical information obtained. In particular,
the complexity of interpreting the magnetic anomaly map arises from the necessity of
identifying several metamorphic suites characterized by homogeneous magnetic properties.
These suites are tentatively correlated with rocks found in the Bunger Oasis.

The Archean terrane occupies the southern and the southeastern parts of the Bunger
Oasis and comprises interlayered felsic and mafic orthogneisses of TTG compositions.
The magmatic protoliths of Archean orthogneisses were formed between 2800 and 2700 Ma
and inherited zircons from Bunger metasedimentary suites [1]. The Archean orthogneissic
complex is represented by interlaying mafic schists, felsic orthogneisses, tonalitic to
granodioritic orthogneisses (overlaying with schists, 2,685+25 Ma and 2,705+15 Ma,
protolith crystallization) and orthogneisses of alkaline granite composition (2,618+34 Ma
and 2,602435 Ma, protolith crystallization) [1]. In general, more felsic orthogneisses are
represented by orthopyroxene-bearing tonalites and granodiorites whereas the mafic ones
are represented by quartz-rich dioritic gneisses, as defined by [1]. Migmatization is evident
as orthopyroxene-(+) hornblende leucosome. Locally, the Archean orthogneissic complex
contains lenses of pelitic metasedimentary rocks. Metamorphic zircon rims yield lower
intercept and concordant ages of ca. 1,250-1,200 Ma [1]; there is no evidence of Archean
metamorphism (ca. 2700 Ma). Zircons from the orthogneisses and paragneisses exhibit
morphological and isotopic similarities, as well as similar geochemical characteristics,
suggesting their formation through fractionation from a single magmatic source. This
allows the association of these rocks to be interpreted as a syngenetic sedimentary-volcanic
series formed in an extensional basin setting [1].

At the Neoarchean-Paleoproterozoic time, a newly formed crust began to develop
with the formation of the primarily sedimentary suite being deposited on the Archean
basement. The protoliths of these rocks were predominantly argillaceous sediments and
basic graywackes. The metapelites of this suite contain an inherited zircon population
providing ages of around 2700 Ma [1], suggesting that the sediments were derived mainly
from the local Neoarchean rocks. Sm-Nd data from the primary sedimentary rocks also
indicate a significant contribution of the Archean crust to their protolith.

The paleoproterozoic metamorphic complex is composed of variably migmatized
orthopyroxene plagiogneisses corresponding to quartz diorites, tonalites or granodiorites.
The largest bodies of this suite occur in the central part of the Bunger Oasis, where
the outcrop widths approach 1 km [Egorov, pers. communication]. They extend from
the northern shore of Lake Figurnoye northeastward and northward to Zakrytaya and
Ostrovnaya Bays. In the western and eastern parts of the oasis, the rocks of this suite
form smaller discontinuous, lenticular bodies with outcrop widths not exceeding 300 m.

The mesoproterozoic rocks in the Bunger Oasis are most prevalent around
Transkriptsii Gulf, the northwestern and northern shores of Lake Figurnoye, and
along the coast between Ostrovnaya Bay and Kinzhal Inlet. They are subdivided into
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Fig. 3. Simplified regional geological map of the Bunger Hills and Highjump Archipelago (figure
modified after [1]). / — composite mafic-felsic orthogneiss; 2 — tonalitic-granitic orthogneiss;
3 — interlayered pelite-orthogneiss; 4 — migmatitic metapelitic gneiss; 5 — pyroxene-bearing
quartz monzogabbro; 6 — gabbro; 7 — quartz monzonite-monzodiorite; § — hornblende-pyroxene
granite; 9 — garnet-pyroxene granite; /0 — mafic dyke; // — aeromagnetic survey area boundary
Puc. 3. YnpoueHHas peruoHanbpHas reojioruueckas kapra xonmoB banrepa n apxunenara Xaipkamin
(pucyHok n3meHeH 1o [1]). / — KOMIUIEKC pacCIOCHHBIX OPTOrHEHCOB (0T MauiecKux 10 ¢enb-
3MYECKHX); 2 — TOHAJIUT-TPAHUTOBBII OPTOTHEiic; 3 — mepecaauBaroIuecs NeJIUTOBbIC THEUCh U
OPTOTHEHCHI; 4 — MUTMATUTOBBIN METANEIUTOBBIN THEHC; 5 — MUPOKCEH-COACPIKALIUI KBapLIEBbIN
MOHLIOTab0po; 6 — radbopo; 7 — KBaPLEBbIi MOHLIOHUT-MOHLIOANOPUT; 8 — MUPOKCEH-COACPIKALINIT
POroBoOOMAaHKOBBIN IPaHUT; 9 — IpaHaT-MUPOKCEHOBBIH rpanuT; /0 — madudeckue naiiku; 11 —
KOHTYP IUIOIIA I 89POMarHUTHOM CheMKH

primary volcano-sedimentary and sedimentary sequences. The Mesoproterozoic stage of
the crustal formation in this area is thought to have begun with active volcanism, leading
to the formation of predominantly tholeiitic effusive rocks. Subsequently, volcanic activity
transitioned to a sedimentation regime, resulting in thick sedimentary sequences dominated
by metapsammites and metapelites. The maximum depositional age for metapsammites
is estimated at 1368+22 Ma, and for metapelites at 1490+27 Ma [5].

Primarily tholeiitic, metaeffusive rocks are overlaid or embedded as lenses and boudins
within aluminous metasedimentary gneisses. The metaeffusive rocks are represented by
variably migmatized ortho- and clinopyroxene schists of mafic to intermediate composition.
The metasedimentary gneisses, represented by garnet and sillimanite-garnet gneisses, quartzite
gneisses, and calc-silicate rocks, also include the subordinate suite of migmatized schists [4, 5].
In most cases, the schists form elongated lenticular bodies (up to 8.5 km), reaching thicknesses
of several hundred meters. Fragments of this migmatized schist suite, as lenticular xenoliths
of varying thickness and length, are also mapped within the Paz Cove intrusion.

Among the metapsammite rocks, variably migmatized garnet and sillimanite-garnet
gneisses, quartzite gneisses and quartzites dominate. The protoliths of this formation were
most likely represented by sedimentary rocks with a subordinate amount of volcanic
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material. The metapsammite suite rocks are found in close spatial association with
the schists of mafic to intermediate composition, forming continuous lenticular bodies
that are 30-380 m thick. They are also observed within the Paz Cove intrusion as small
and thin lenticular xenoliths [4, 5].

The metapelitic sequence is represented by cordierite-garnet, garnet-cordierite,
and orthopyroxene-cordierite felsic gneisses. Subordinate components of the metapelitic
sequence are sillimanite-biotite-garnet gneisses with embedded schists and garnet-biotite-
orthopyroxene plagiogneisses. Even less common are garnet and biotite-cordierite-
orthopyroxene schists and quartzite gneisses. The protolith of this suite is assumed to be
argillaceous rocks [1]. The overall composition of the formation can be characterized as an
alternation of predominantly intensely migmatized, highly aluminous rocks with a distinctly
subordinate proportion of quartzose rocks (metapsammites). The maximum depositional
age of the sedimentary protolith of biotite-garnet-cordierite gneiss is 1490+27 Ma [1].

The metapelitic sequence is widespread in the western and eastern parts of the Bunger
Oasis (on the Vertoletny and Krylaty Peninsulas, along the northern shore of Lake
Figurnoye, and east of Kinzhal Inlet) where it forms relatively large bodies with apparent
outcrop widths of up to 1100-1700 m [4, 5]. Fragments of lenticular xenoliths of this
suite are found within the Paz Cove intrusion. These fragments do not exceed 100 m in
thickness, and their maximum observed length is about 900 m.

The next stage in the region’s development is associated with intense tectonothermal
activity, leading to deformation and high-grade metamorphism. This process was accompanied
by the emplacement of intrusions ranging in composition from mafic to felsic, approximately
between 1200 and 1170 Ma. Mesoproterozoic metamorphism reached peak conditions at
granulite facies at interval between 1190415 Ma [8] and 118348 Ma [9]. U-Pb LA-ICP MS
(Laser ablation-inductively coupled plasma-mass spectrometry) geochronology for monazite
from metamorphic rocks provided retrograde (isobaric cooling) metamorphic ages ranging
between 1177412 and 1164+5 Ma [10]. Prograde metamorphism may have begun earlier,
at 1250 Ma, coinciding with pluton emplacement, according to [1]. Peak conditions reached
5.5-7.2 kbar and 800-960 °C and persisted between 1220 and 1180 Ma. The evolution
of the endogenous regime followed a near-isobaric cooling path. The metamorphism
corresponds to stage II of the Albany-Fraser Orogen and reflects the extension potentially
associated with unloading and uplift (exhumation) during the development of a collisional
orogen that arose after tectonic stage I in the Albany-Fraser Province [1].

The Mesoproterozoic intrusive complex is represented by three large intrusions:
Charnockitic Peninsula (Booth Peninsula) batholith in the north, the Algae Lake pluton
in the South, and the Paz Cove batholith (hypabyssal intrusion) in the central part [5].
The rocks exhibit a compositional range from mafic orthopyroxene-bearing gabbro to
intermediate quartz monzogabbro and monzodiorite, and ultimately to felsic monzonite
and charnockitic/orthopyroxene-bearing granites. The Algae Lake pluton and Paz Cove
batholith are petrographically very similar [5]. The Paz Cove batholith forms a complex
intrusive body, with interfingering relationships observed along its contacts with the host
gneissic complex. It also contains sheet-like xenoliths hundreds of meters long, such
as those near the southeastern contact. The presence of numerous sheet-like xenoliths,
conforming to the contact of the Paz Cove intrusion, may be explained by the formation
of a multiphase lopolith. In some areas, the rocks of the intrusion are foliated and even
described as migmatitic [1].
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The Algae Lake pluton predominantly consists of quartz gabbro and quartz
monzogabbro while the Paz Cove pluton varies in composition from gabbro-diorite to
granodiorite. U-Pb zircon geochronology for quartz gabbro collected both from the Algae
Lake and Paz Cove plutons provided statistically indistinguishable magmatic crystallization
ages of 117143 Ma and 1170+4 Ma, respectively [11].

The Booth Peninsula batholith (Charnockitic Peninsula pluton, [4, 5]) is the largest
and most compositionally diverse intrusion of the Bunger Oasis region. Ravich et al. [4]
estimated the exposed area of the intrusion to be 300 km?, though a significant portion
remains hidden beneath ice and fjord waters. The Booth Peninsula batholith outcrops across
most of the Charnockitic, Geomorfologov, and Skalisty peninsulas, as well as nearby islands
and part of Miles Island. The eastern part of the Charnockitic Peninsula batholith, including
small nunataks 5 km east and 20 km east-northeast of Miles Island, is generally more
felsic than the other two large intrusions and contains a variety of intrusive rocks ranging
from orthopyroxene-bearing quartz monzodiorites to quartz monzonites and granites (i. e.,
charnockites sensu stricto). According to [11], the batholith is predominantly charnockitic
but transitioning locally to quartz monzonitic. However, contacts between the different
plutonic rock types within the batholith are difficult to map because they are gradational and
most exhibit the characteristic dark reddish-brown weathering of charnockites. Generally,
more felsic varieties intrude later than the more mafic ones, though locally they transit into
one another [11]. U-Pb zircon geochronology for quartz monzogabbro from Booth Peninsula
yields a crystallization age at 1151+4 Ma, which is younger than the crystallization age
obtained for the Paz Cove and the Algae Lake samples [11].

To the west, the Booth Peninsula batholith is bounded by a linear intrusion composed of
gabbro and quartz gabbro. This sill-like intrusion extends as a sub-meridional belt for 15 km
from Kashalot (Fuller) Island to Miles Island. Sheraton et al. [5] noted that these rocks are
petrographically similar to the more mafic rocks of the Algae Lake and Paz Cove intrusions.
However, the age of this intrusion is unknown and, therefore, its genetic relationship, if any,
to the Booth Peninsula batholith or other intrusion still remains an open question.

Northwest-southeast trending dolerite dikes swarm is widespread in the Bunger
Oasis and the Highjump Archipelago. Dyke swarm is represented by continental tholeiites
and has a crystallization age at 1130+10 Ma (U-Pb zircon, baddeleyite; [6]). The lack
of metamorphic overprinting in these dikes indicates that the area has not undergone
significant thermal reworking. The dikes were emplaced approximately 20 million years
after the last known phase of plutonism in the Bunger Oasis. They were intruded at
the end of the second stage of the Albany-Fraser Orogeny, signaling the termination of
a protracted period of lithospheric thermal weakening that may have been caused by
prolonged underplating of basic mantle material during orogenic collapse.

Magnetic properties of rocks

Over 15,000 magnetic susceptibility measurements were performed on
a comprehensive collection of Bunger Oasis rock samples spanning from the Neoarchean
to the Mesoproterozoic [Egorov, pers. communication]. The sample collection was gathered
during recent Russian geological, which included ground magnetic measurements as
well. For example, [16] based on ground magnetic data from the 64th Russian Antarctic
Expedition (RAE), reported that a negative magnetic anomaly with an intensity of —500
to =700 nT corresponds to the porphyritic quartz monzodiorite and granodiorite sequence of
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the Paz Cove intrusion. These intrusive rocks are characterized by a unimodal distribution
of magnetic susceptibility (27.1x107* SI units), indicating they are magnetic rocks.
Therefore, reverse magnetization is a likely possibility for these rocks.

Golynsky et al. [2019] also note that the Paz Cove metagabbroids correspond to
a low-gradient negative magnetic anomaly field with anomaly intensities of <(400-700 nT)
and exhibit a bimodal distribution of magnetic susceptibility with modes corresponding to
2.92x1073 ST units and 24.2x107* ST units. The discrepancy between the magnetic properties
of the rocks and the sign of the magnetic field intensity is most likely explained by
the reverse direction of the magnetization vector. The gabbro-dolerites forming the largest
dike of the Bunger Oasis exhibit a unimodal distribution of magnetic susceptibility
(48.0x107* SI units), which enables one to classify them as magnetic rocks [7].

Among the geological suites identified in the Bunger Oasis only two exhibit low magnetic
susceptibility values: the Mesoproterozoic metapsammite sequence and the Neoarchean-
Paleoproterozoic sedimentary sequence, primarily argillaceous sediments and basic
graywackes [Egorov, pers. communication]. The magnetic properties of the metapsammite
sequence remain invariable throughout the Bunger Oasis. They are attributed to the variably
migmatized garnet and sillimanite-garnet gneisses, quartzite gneisses and quartzites [7]. At
the same time, very weakly and weakly magnetic varieties predominate, therefore, these rock
types collectively influence the overall magnetic properties of this suite. All the remaining
metamorphic and igneous lithologies within the Bunger Hills oasis demonstrate variable
magnetic properties classified as weakly to strongly magnetic [7].

A collection of samples gathered by N.V. Borovkov and V.A. Maslov of
VNIIOkeangeologia from the western part of the Charnockitic Peninsula enabled them
to measure the magnetic susceptibility in a series of intrusive rocks. Specifically, Opx-,
Bt-, and Gt-bearing monzodiorites, as well as Opx-bearing diorites and monzonites were
measured. These rocks exhibit high magnetic susceptibility values ranging from 20x107 to
36x1072 ST units. It was also noted that stringers of fine-grained Opx-monzodiorites possess
even higher magnetic susceptibility values — up to 110x107* SI units, whereas Q-bearing
monzodiorites show significantly lower values, in the range of 4.3x107 to 5.6x1073 SI units.

Even with a limited sample collection, the results suggest that granitic (i. e.,
charnockites sensu stricto) rocks play a primary role in the structure of the Charnockitic
batholith while most intermediate rocks have a restricted distribution. Among others,
Q-bearing monzodiorites exhibit significantly lower magnetic susceptibility compared to
other rock types. This assumption is based on the fact that despite their high magnetic
susceptibility values intermediate rocks do not produce intense magnetic anomalies across
the entire batholith area.

Summarizing the magnetic properties of the Bunger Oasis rocks, it’s clear that
the significant variability in magnetization poses challenges for the interpretation of the
magnetic anomalies [7]. Determining the specific source suite for a given local magnetic
field component is not always straightforward.

Results

The geological structure map of the Bunger Oasis and Highjump Archipelago was
constructed using calculations of the first vertical derivative of the magnetic anomaly
field derived from aeromagnetic survey data. This derivative is most effective for
highlighting local features of magnetic anomalies, such as the axes and lines of disruption
in the magnetic field structure, which are particularly important in analyzing areas with
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Fig. 4. Shaded relief map of tilt derivative of the Bunger Oasis and Highjump Archipelago acromagnetic
data

Puc. 4. Kapra TeHeBoro penbeda Mpon3BOAHON HAKIIOHA a3POMAarHUTHBIX JaHHBIX oasuca banrepa
U apxunesnara Xaipkamn

sharply differentiated fields. Additionally, calculations of the horizontal derivative and
the tilt derivative (Fig. 4) were performed. The tilt derivative provides the most accurate
delineation of magnetic sources as, according to theory, the zero contour line of the tilt
derivative corresponds to the location of the edge anomaly source [12].

All the aforementioned transformations were generated as colored shaded relief
maps. This visualization method provides a clearer picture of the magnetic anomaly
distribution, revealing the underlying geological bodies. It also facilitates more confident
identification of the magnetic field’s key morphological features when each is distinguished
by unique attributes. In constructing the geological structure map (Fig. 5) we primarily
relied on the tilt derivative calculations which allowed identifying the main magnetic
sources and areas devoid of them throughout the study area. These were then correlated
with geological suites and intrusive bodies. These bodies were examined, and if they
were found to correspond to the rocks of a specific formation, they were then assigned
the index of that formation. Areas lacking magnetic sources generally correspond to the
non-magnetic metapsammite suite, part of the Mesoproterozoic Wilkes Land orogen [1].

For the protocraton region, the correlation between magnetic sources and the identified
formations is ambiguous. Nevertheless, the primary magnetic sources were associated
with the felsic orthogneisses which are most widespread in this arca. We interpret
the remaining protocraton rocks as interlayered suites, including metaintrusive gabbroids.
The predominantly mafic crystalline suite is the exception, sometimes correlating with
high-amplitude anomalies (see Figs. 2, 5).

The magnetic anomalies in the Bunger Oasis and Highjump Archipelago region
are characterized by a complex structure. The principal geological features of the region
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are effectively revealed in the complete set of amplitude, morphological and structural
characteristics of the magnetic anomaly field. The intensity of the magnetic anomalies is
determined by the lithology of the geological sequences while the strike of the magnetic
anomalies corresponds to the prevailing geostructural framework. The magnetic field
is relatively calm in some areas, while others show sharply contrasting fields with
high-intensity anomalies. These anomalies have significant horizontal gradients and
amplitudes up to 1800 nT. This is characteristic, for example, for regions composed
of layered migmatites associated with metapelitic paragneisses. The high horizontal
gradients of magnetic anomalies in zones where paragneisses occur are caused by several
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Fig. 5. The geological structure map of the Banger Oasis and the Highjump Archipelago, based on
aeromagnetic survey data.

Mesoproterozoic Wilkes Land orogen: / — predominantly layered migmatites with a substrate
of cordierite-garnet and garnet-cordierite, orthopyroxene-cordierite schists and gneisses; 2 —
predominantly migmatized ortho- and clinopyroxene schists of basic to intermediate composition; 3 —
predominantly migmatized garnet and sillimanite-garnet gneisses, quartzite gneisses, and quartzites.
Neoarchean-Paleoproterozoic Mawson protocraton: 4 — migmatized pyroxene schists and
metagneisses; 5 — orthopyroxene orthogneisses of plagiogranite-tonalite-granodiorite-granite
composition; 6 — interlayering metamorphic rocks of various compositions with meta-intrusive rocks.
Intrusive rocks: Paz Cove intrusion: 7 — predominantly biotite- and orthopyroxene-metamorphosed
gabbro, gabbrodiorite, diorite, and quartz diorite porphyrites, less commonly granodiorite porphyries;
8 — bodies of porphyritic orthopyroxene granodiorites; 9— interlayering of orogenic and intrusive rocks.
Algae Lake intrusion: /0 — metadiorites-quartz metamonzodiorite; // — gabbro and gabbro-diorite
porphyrites with subordinate diorite porphyrites.

Mesoproterozoic plutons: /2 — gabbro and quartz gabbro pluton associated with a magnetic low;
13 — gabbro and quartz gabbro plutons; /4 — plutons of quartz monzodiorites, quartz monzonites,
and granites.

Other elements: /5 — dolerite and gabbrodolerite dykes; /6 — large folds expressed in magnetic
field; /7 — axes of local positive and negative anomalies highlighting the concentric zoning of the
Paz Cove intrusion and surrounding country rocks; /8 — faults, structural discontinuities, lineaments;
19 — normal faults
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factors including the heterogeneous composition of the formation, varying degrees of
migmatization, the presence of schistosity and blastomylonitization zones, the occurrence
of metagabbro and schists with high titanomagnetite content.

The aeromagnetic data results reveal a complex pattern over the areas where both
metapelites and metapsammite sequences occur. In several instances, across extensive
areas (Thomas and Kashalot Islands), where literature sources suggest the predominance
of rocks we associate with the metapelitic suite, the intense negative anomalies are also
observed, potentially, originating from different rock types (see Fig. 2). The presence
of intense negative anomalies on the Aviatorov Peninsula indicates predominantly non-
magnetic rocks, compositionally similar to the metapsammite suite. However, published
maps from previous studies (see Fig. 3) indicated the presence of both aforementioned
formations in this area characterized by roughly equal distribution [4, 5], which, we
believe, is inaccurate. However, no recent detailed geological investigations have been
conducted in these areas.

Areas dominated by intense negative magnetic anomalies (up to —1200 nT) correlate
with the metapsammite sequence, which primarily consists of variably migmatized garnet
and sillimanite-garnet gneisses, quartzite gneisses and quartzites, also characterized by
extremely low modal magnetic susceptibility values.

The boundary between Paleoproterozoic-Neoarchean and Mesoproterozoic terranes
in the southeastern Bunger Oasis is clearly delineated by an extensive linear zone (belt)
of positive magnetic anomalies. This zone strikes northeast and is characterized by
variations in the shape and amplitude of the anomalies (see Figs. 2—4). This belt exhibits
an en-echelon arrangement of anomalies comprising the most intense anomalies (up to
900-1000 nT) concentrated within the Mesoproterozoic part of the metamorphic complex.

Puc. 5. Cxema reonoruueckoro ctpoenus oaszuca banrepa u apxunenara Xaiipkamil, o Marepuaiam
a’POMArHUTHOM CHEMKH.

Me3sonporepo3oiickuii oporen 3emin Yujikca: /| — HPEeUMYIIECTBEHHO MMOCIONHBIE MUTMATUThI
¢ cyOcTpatoM KOPAMEPUT-TPAHATOBEIX U TPAaHAT-KOPAUEPHTOBBIX, OPTOIMUPOKCEH-KOPIHEPUTOBEIX
CJIAHIICB U THEHCOB; 2 — MPEUMYLIECTBEHHO MUTMAaTU3HPOBAHHbIE OPTO- U ABYIIUPOKCEHOBBIC KpU-
CTAJTMYECKHE CIIAHIIEI OCHOBHOTO-CPEIHEr0 COCTaBa; 3 — IPEUMYIIeCTBEHHO MUTMaTH3HPOBAHHbBIC
TPaHATOBBIC M CHJITMMAHHUT-TPAHATOBBIC THEHCHI, KBAPLUTOIHEHCHI U KBAPIIUTEL.
Heoapxelicko-nanenporepo3oickuii NpoTokpatoH Moycona: 4 — MUIMaTU3UPOBaHHBIC ITUPOKCE-
HOBBIC KPUCTAJUINYECKUE CIIaHIIbI U MEIaHOIHEHCBI; 5 — OPTONHUPOKCEHOBBIC OPTOTHEHCHI M1arko-
TPaHUT-TOHAIUT-TPAHOJHOPUT-TPAHUTHOTO COCTaBa; 6 — IEPECIaNBAIONINEC METaMOp(UISCKHe
HOPOJIbl PA3IMYHOIO COCTaBa ¢ METAUHTPY3UBHBIMU IIOPOJAMU.

Wurpysusasle nopoxsr: Uutpysus I1a3-Koys: 7 — mpeobiafaroniue ABy- ¥ OPTOMHPOKCEHOBBIC
MeTaMop(H30BaHHbIE TA00PO-TabOPOIHOPUT-, TUOPUT- U KBApIEBEIE AUOPHUT-NOP(UPHUTEL, Pexe
TPaHOAUOPUT-TIOPHUPHI; § — Tea MOPHUPOBUIHEIX OPTOIMPOKCEHOBBIX TPAHOHOPHUTOB; 9 — Iepe-
CJIaUBAHUE [IOPOJ OPOI€Ha U UHTPY3UBHBIX IIOPOJ.

Wurpysus Anro-JIbiik: 10 — MeTaauOpHUTHI-KBapIIeBbIe METAMOHIIOAUOPUTEI, /] — rab0po- u rad-
OpOIHOPUT-TIOPPHUPUTEI C MOAIMHEHHBIMU THOPUT-TIOPPUPUTAMHE.

Me3omnpoTepo3oiickie IIyTOHBL: /2 — INTyTOH Tab0po M KBapueBBIX Tab0po, acCOMMPOBAHHBIN
C MAaTHUTHBIM MUHAMYMOM; /3 — IUTyTOHBI Fa00PO U KBapIEBIX rab0pO; /4 — INTyTOHBI KBAPIEBEIX
MOHIOIUOPUTOB, KBAPLEBBIX MOHIIOHUTOB U FPAaHUTOB.

IIpoune smeMeHTHI: /5 — K0IepUTOBBIE X TaOOPOI0IEPUTOBEIE NAlKK; / 6 — KPYITHBIE CKJIAJIKHU, BEI-
paXXEHHBIC B MATrHUTHOM T10J1€; / 7 — OCH JIOKaJIbHBIX MOJIOKUTEIBHBIX M OTPUIATEIILHEIX AaHOMAIIUH,
HOYEPKUBAOIIUX KOHIEHTPHYECKYIO 30HAIIBHOCTB I0poJ UHTPY3uu I1a3-Koys 1 BMeInaronmx nopos;
18 — paznoMsl, TMHUN HAPYIICHUS CTPYKTYPHI ITOJIS, IMHEaMeHTHI; /9 — cOpoch
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The foreland of the Mawson paleocraton [13], which we hypothesize is exposed
in the southeastern part of the Bunger Oasis (see Fig. 5), lacks such intense anomalies.
In some cases, they only reach 500-700 nT. Furthermore, the anomaly trends in this
area are predominantly sub-latitudinal and characterized by short-wavelength anomalies
unlike the boundary zone where the superposition effect from various sources results in
a regional-scale anomaly.

The strike of the intense anomaly belt changes noticeably from west to east, trending
northeast east of the Algae-Lake intrusion. The central segment extends sub-latitudinally
along Lake Figurnoye suggesting that the lake is located at the contact between two
major tectonic elements, the paleocraton and the mobile belt. The eastern segment strikes
north, and it is orthogonally juxtaposed to the east by predominantly intense anomalies
associated with relatively thick units with felsic orthogneisses, along with minor layers of
intermediate orthogneisses and schists, despite both formations possessing only moderate
magnetic susceptibility values. In contrast, alkaline orthogneisses mapped in this area
strikes concordantly with the aforementioned magnetic belt and/or the boundary between
the two metamorphic complexes.

The overall magnetic anomaly pattern over the paleocratonic block is quite complex
lacking a clear correlation with the identified metamorphic suites, whose layers often
exhibit limited horizontal extent. A wide range of relationships between main rock types
and the magnetic anomalies has been established. However, since felsic orthogneisses
are predominant, their distribution largely determines the magnetic anomaly pattern in
this area, with other formations contributing additional elements. Numerous dikes of
metagabbro, metabasites, and gabbro-dolerites, possessing strong magnetic properties,
further complicate the magnetic anomaly pattern.

It should be noted that the Neoarchean rocks of protocratonic region are characterized
by a striking prevalence of positive magnetic anomalies, varying significantly in intensity,
wavelength, form, and orientation. Negative anomalies are extremely rare, largely
corresponding to areas of low relief, such as Lake Figurnoye with its branches and Lake
Dalekoe, suggesting their tectonic nature.

Gabbro and orthopyroxene granite intrusions, mapped in the northeastern part of
the Highjump Archipelago (see Figs. 2, 5), correlate well with local, low-intensity magnetic
anomalies occurring against a background regional negative minimum. While anomalies
associated with gabbro intrusions can exceed 800 nT, those above the orthopyroxene
granite intrusions of the Charnockitic batholith rarely exceed 50 nT. It is important to note
that these low-amplitude anomalies correspond to all bedrock outcrops in the Highjump
Archipelago region and should be attributed to granitic intrusions. The high concentration
of local anomalies further supports the existence of a large batholith intruding into the
metasedimentary sequence.

Westwards from the batholith, a linear chain of islands trending sub-meridionally
and composed of gabbro intrusions, also correlates primarily with short-wavelength
magnetic anomalies with intensity varying from 150-300 to 600-800 nT (see Fig. 2).
These anomalies also occur against a negative background, but here the amplitude of
the minima is significantly higher in comparison with the area of quartz-monzodiorite and
granite intrusions, reaching —700 to —900 nT. One of the gabbro intrusions, according to
literature sources, is mapped in the northern part of Kashalot Island [4, 5]. However, in this
case, it corresponds to a deep minimum exceeding —1000 nT in amplitude. At this stage of
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research, such an unusual magnetic field anomaly distribution over this gabbro intrusion
remains an enigma without a definitive explanation. Several hypotheses do exist, but they
are still speculative, and it is crucial to verify the actual composition of the intrusion. If
it is indeed gabbro, it is most likely that it intruded during a period of reversed magnetic
polarity, and its remanent magnetization exceeds the induced magnetization. This suggests
that all the other gabbro intrusions within the 15-km belt differ in their emplacement
age. Determining their relative ages will require geochronological studies. However, it is
noteworthy that a strong minimum is also observed over the Paz Cove intrusion, which
may indirectly indicate a synchronous emplacement of these two intrusions.

Regarding the two other largest intrusions of the Bunger Oasis, Paz Cove and Algae
Lake, both are clearly discernible in the magnetic anomaly pattern, but in distinctly
different ways (see Figs. 2, 4, 5). All rock varieties of the Paz Cove intrusion, despite
some variations, are most often characterized as moderately magnetic (27.1x107* SI units).
The overall magnetic susceptibility distribution is primarily influenced by quartz diorite
porphyrites and granodiorite porphyrites, to a lesser extent by diorite porphyrites, and even
less by gabbro and gabbro-diorite porphyrites [16]. Given this, the presence of a broad
minimum over the intrusion can only be explained by assuming the rocks possess reversed
remanent magnetization.

The Paz Cove hypabyssal intrusion (see Fig. 5) is primarily associated with a region
of predominantly negative anomalies shaped like a sub-meridionally elongated, deformed
oval. The periphery of the oval is marked by a belt of intense positive anomalies flanking
the intrusion from the west, south, and east. Only in the north is a relatively low-amplitude
maximum recorded, likely representing the northern limit of the intrusion (see Figs. 2, 4, 5).
The decrease in anomaly intensity in this case is explained by the deepening of magnetic
sources beneath the Edisto Glacier along a system of normal faults. The most intense
negative anomalies (over —700 nT) are registered in the west of the intrusion, where they
correlate with the area of porphyritic orthopyroxene granodiorites.

There is every reason to believe that within the main oval of the magnetic anomaly
field distribution, an inner oval exists, formed by local anomalies of low intensity
(50-150 nT) interspersed with relatively deep minima (=300 to —700 nT), which is clearly
captured by all magnetic anomaly field derivatives (see Figs. 4, 5). In the north, west,
and south, it is formed mainly by linear anomalies, while in the eastern part, diversely
shaped anomalies prevail, but in all cases, they are conformal to the outer boundary of
the intrusion. Moreover, in the western part of the intrusion, there is another branch of
the oval that gradually fades as it moves from north to south, suggesting asymmetry in
the intrusion’s structure. The central part of this structure is associated with a mosaic
magnetic anomaly field pattern. This can likely be explained by the fractionation of
the magmatic melt and the presence of interlayers of host rocks, as documented by
geological observations [4, 5].

Almost all islands in Fishtail Bay (Paz Cove) are composed mainly of gabbro and
gabbro-diorites, and in some cases, they are interspersed with thin lenticular layers of
basement rocks. A majority of them coincide with local positive anomalies, contradicting
the earlier suggestion about the nature of the magnetic minimum being related to the reversed
remanent magnetization of the rocks composing the Paz Cove batholith and the low magnetic
properties of metapsammite rocks. The reason for this phenomenon is not entirely clear, and
it is possible that it is caused by more magnetic basement rocks buried at shallow depths.
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It should also be noted that the contact between the Paz Cove intrusive rocks and
the host rocks in the western part of the area is more or less clearly traced in the magnetic
field as a linear gradient zone with a sub-meridional trend. Conversely, a zone of strong
positive magnetic anomalies appears over the intrusion in the south and east, contradicting
existing geological maps. This is likely due to the basement rocks occurring at a relatively
shallow depth. These basement rocks are presumably the primary source of the magnetic
anomaly field in the eastern and southern parts of the intense magnetic anomaly belt. Here,
the superposition effects from different sources are most pronounced. In addition, there
is a significant difference in the anomaly gradients on either side of the eastern branch
of the belt. High gradients are characteristic of the east of the belt and they noticeably
decrease to the west, which serves as an additional argument in favor of the assumption
of buried anomaly sources beneath the igneous rocks of the intrusion.

Establishing the spatial boundaries of the hypabyssal intrusion is further complicated
by the observations of Stiiwe and Wilson [14], who noted that the contacts generally
conform to the layering within the surrounding gneisses, whose mineralogy is also similar
to that of the batholith rocks, and the contact relationships are gradational. Only in some
places the contacts are intruded by coarse-grained, non-foliated charnockites.

In the magnetic anomaly field, the Algae Lake intrusion is also characterized in
a unique way with areas of both positive and negative anomalies, primarily developed over
gabbroic rocks. The predominance of hemo-ilmenite over titanomagnetite in the gabbroic
rocks may indicate the presence of lamellar magnetism and the occurrence of anomalies
due to reversed remanent magnetization [15]. Positive anomalies correlate more with areas
dominated by diorite-quartz monzodiorite compositions, characteristic of the southwestern
part of the intrusion. It’s important to note that only the northwestern boundary is reliably
determined. This boundary coincides with a minimum in the tilt derivative and extends
northeastward to Lake Figurnoye. The most ambiguous magnetic anomaly distribution
pattern is observed in the south and east of the intrusion, where anomalies may be caused
by buried rocks of the Mesoproterozoic orogen, particularly rocks of the metapelite
sequences suite, mapped in close proximity to and as small interlayers within the intrusion.

According to geological data, the thickness of dolerite and gabbro-dolerite dikes
varies widely, from a few meters to 50-80 meters, as in the case of the region’s largest
dike, which crosses Bunger Oasis from northwest to southeast. Due to their small size,
almost all known dikes cannot be discerned in the magnetic anomaly pattern, despite their
high magnetic susceptibility values (41.5-107 SI units). As for the largest dike in Bunger
Oasis, it also lacks a clear expression and correlates fragmentarily with both negative and
positive anomalies, primarily residing within areas of low magnetic values. This is clearly
visible in the area south of Lake Figurnoye, where the southern segment of the dike lies
almost entirely within a region of positive anomalies. However, the local components do
not show a clear correlation with the dike’s location. A similar anomaly distribution was
observed in ground survey data [16]. This situation may indicate that the dike, due to its
dimensions, is not reflected in the magnetic field, but it is also possible that they intruded
during a period of reversed polarity. One of the oasis’s extensive and thick dikes, intruding
along the coastal zone on both sides of Zakrytaya Bay, exhibits a similar pattern when
local anomalies along its strike are randomly distributed.

Among the most striking geological structures clearly revealed in the aeromagnetic
data of Bunger Oasis are folds mapped in several locations (see Figs. 2, 4, 5). For
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example, on the southern coast of Izvilistaya Bay and Lake Dolgoe, as well as the south
of Ostrovnaya Bay. Existing literature on well-studied regions of the world indicates
that fold geometry, including the dip, strike, and plunge of the axial plane, as well as
the dip angles of the limbs, all influence the magnetic response [17]. Aeromagnetic data
are most effective for visualizing upright and inclined folds (with vertical or steeply
dipping axial planes) and less effective for visualizing recumbent folds (with horizontal
axial planes). The folds in the southwestern part of the oasis are characterized by near-
vertical axial planes, which allowed the detection of a system of positive and negative
anomalies caused by the combined effect of interlayered strata, including those with low
magnetic susceptibility values. The most contrasting folds relate to the D, deformation
episode, belonging to the class of tight to isoclinal F, folds with subvertical or steeply
dipping axial surfaces (dipping towards recumbency and having shallow, generally south-
southwest plunging axial planes). The strike of the axial planes of the F, folds varies from
sublatitudinal to northeasterly [4].

It is noteworthy that the observed increased intensity of the anomalies in the
fold hinges may be related to the superposition of magnetic responses from the two
limbs. However, such higher-amplitude anomalies could also develop due to localized
increases in magnetic mineral content resulting from structural focusing of fluids in
hinge zones during deformation or from limb attenuation and hinge thickening during
intense fold tightening.

Most of the faults identified on the interpreted map, with rare exceptions, do not
directly correspond to observed magnetic maxima and are mostly associated with minima
that contrast with the surrounding field pattern. Additionally, faults were identified by
the displacement and bending of anomaly axes, as well as their attenuation or termination.
Normal faults were recognized by abrupt changes in the spectral composition of magnetic
anomalies and by the appearance of regional anomalies with diffuse outlines, and also by
a significant decrease in amplitude.

Thus, the analysis of the magnetic anomaly pattern of Bunger Oasis and Highjump
Archipelago, combined with geological information, has identified two fragments of
major geological provinces within the region. These are the structural-material Mawson
Neoarchean-Paleoproterozoic cratonic complex and the Paleo-Mesoproterozoic volcano-
sedimentary complex of the Mesoproterozoic orogen (mobile belt) of Wilkes Land,
as a westward continuation of the Albany-Fraser Orogen in southwestern Australia,
which are further subdivided into a number of smaller units identified by researchers.
The Mesoproterozoic intrusive complex is represented by three large plutons: Paz Cove,
Algae Lake, and Charnockitic, in which the main rock varieties are gabbro, tonalites,
quartz monzogabbro, granites, and quartz monzodiorites.

Conclusions

The magnetic anomaly map reveals distinct patterns correlating with specific
geological units: a Neoarchean terrane, and a Palaco-Mesoproterozoic complex of
orthogneiss, pelite gneiss, migmatitic pelite gneiss, and Mesoproterozoic plutonic
rocks. This data provides valuable insights into the regional geological evolution and
the Precambrian history of East Antarctica. The observed magnetic anomaly patterns,
and the resulting spatial distribution of the source bodies, offer a significantly more
effective tool for detailed geological mapping than existing published maps, particularly
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for the Highjump Archipelago (e. g., Thomas Island), Kashalot Island, and the Aviatorov
Peninsula, where current maps demonstrate a clear lack of detail.

Within the Bunger Oasis and Highjump Archipelago, magnetic anomalies reflect
the underlying geological structure, with anomaly intensity linked to rock composition and
anomaly strike aligning with the regional structural framework. Tilt derivative calculations
aided in mapping this structure, associating magnetic sources with specific rock suites
and non-magnetic areas with metapsammite rocks.

Although widespread felsic orthogneisses are likely to be the primary magnetic
source within the protocraton, correlating specific anomalies remains challenging due
to the potential contribution of other sources, including numerous dikes, which further
complicate the magnetic anomaly pattern. High-intensity positive anomalies (up to
1800 nT) are associated with magnetic, layered migmatitic metapelites, while strong
negative anomalies (down to —1200 nT) correspond to non-magnetic metapsammite rocks.

A prominent northeast-striking linear belt of positive magnetic anomalies (see Fig. 2)
demarcates the boundary between the Paleo/Neoarchean and Mesoproterozoic complexes
in the southeastern Bunger Oasis. This zone, characterized by an en-echelon arrangement,
hosts the most intense anomalies (up to 900—-1000 nT) within the Mesoproterozoic complex.
Conversely, the hypothesized Mawson paleocraton foreland (see Figs. 2, 5) exhibits weaker,
sub-latitudinal anomalies (maximum 500-700 nT) with shorter wavelengths, indicating
a distinct geological setting. The strike of the intense anomaly belt varies: (1) northeast
east of the Algae Lake intrusion; (2) sub-latitudinal along Lake Figurnoye, potentially
marking a tectonic contact; and (3) north-trending in the east, orthogonally juxtaposed
against intense anomalies associated with felsic and intermediate rocks.

Aeromagnetic data reveal a complex relationship between magnetic anomalies and
intrusive bodies. The Paz Cove and Algae Lake intrusions exhibit contrasting magnetic
signatures (see Figs. 2, 4, 5). The moderately magnetic (27.1x107* SI units) Paz Cove
intrusion [7] is associated with a broad negative anomaly, likely due to reversed remanent
magnetization. This sub-meridionally elongated, deformed oval is bounded by intense
positive anomalies (west, south, and east), with a low-amplitude northern maximum
marking the intrusion’s limit (see Figs. 2, 4, 5). The northward decrease in anomaly
amplitude suggests deepening magnetic sources beneath the Edisto Glacier along
normal faults. The strongest negative anomalies (>—700 nT) correlate with porphyritic
orthopyroxene granodiorites to the west. High magnetic gradients along the eastern edge
of this anomaly belt, decreasing significantly westward, further support the presence of
buried sources beneath the Paz Cove intrusion.

Within the main negative magnetic oval of the Paz Cove intrusion, a lower-intensity
inner oval (50—150 nT with minima of —300 to —700 nT) is apparent in magnetic
field derivatives. This inner structure, defined by linear anomalies to the north, west,
and south, and more complex anomalies to the east, conforms to the outer intrusion
boundary. A westward-trending branch fades southward, suggesting structural asymmetry.
The central mosaic anomaly pattern likely reflects magmatic melt fractionation and
interlayered host rocks [4, 5].

The Algae Lake intrusion displays a distinct magnetic signature characterized by
both positive and negative anomalies. Negative anomalies predominantly correspond to
gabbroic rocks, where the prevalence of hemo-ilmenite over titanomagnetite suggests
lamellar magnetism and the possibility of reversed remanent magnetization as the anomaly
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source. Positive anomalies are most confidently correlated with areas dominated by diorite-
quartz monzonite-diorite rocks, particularly in the southwestern portion of the intrusion.
Only the northwestern intrusion boundary is reliably defined, coinciding with a tilt
derivative minimum extending northeast towards Lake Figurnoye. The southern and eastern
boundaries exhibit a more ambiguous magnetic signature. Here, positive anomalies may
originate from underlying Mesoproterozoic orogenic rocks, particularly metapelites mapped
near and within the intrusion as enclaves.

In the northeastern Highjump Archipelago, gabbro and orthopyroxene granite
intrusions correlate with localized, low-intensity magnetic anomalies (150-800 nT
for gabbro, <50 nT for granite) superimposed on a regional negative minimum
(see Figs. 2, 5). Low-amplitude anomalies over bedrock outcrops correspond to granitic
intrusions, supporting the interpretation of a large batholith within the metasedimentary
sequence. A sub-meridionally trending chain of gabbro intrusions west of the batholith
exhibits short-wavelength anomalies (150-800 nT) against a strong negative background
(=700 to —900 nT), significantly more negative than that observed near quartz-monzodiorite
and granite intrusions [see Fig. 2]. The gabbro intrusion on Kashalot Island is associated with
an exceptionally deep magnetic minimum (up to —1000 nT), requiring further investigation.
A leading hypothesis attributes this, and potentially the reversed magnetization observed
in the Paz Cove intrusion, to emplacement during a period of reversed magnetic polarity,
exceeding the induced magnetization. This hypothesis necessitates further analysis,
including compositional and geochronological studies of intrusions within a 15-km belt
to determine relative ages.

Magnetic susceptibility measurements of Bunger Oasis rocks reveal a wide range of
values, from very weakly magnetic psammitic rocks and granitic veins (<0.3x107* SI units)
to strongly magnetic mafic schists, metagabbroids, metabasites, and dolerites/gabbro-
dolerites (>47.8x1073 SI units), with intermediate values observed in other suites [7].
The presence of magnetite-rich rocks within the metapelite suite likely explains the
significant positive magnetic anomaly (4600-6190 nT; [16]). Thin dikes of magnetic
rocks (e. g., metagabbroids) produce only localized positive anomalies.

In conclusion, this study demonstrates the effectiveness of fixed-wing UAV
aeromagnetic surveys for mapping complex geological structures in areas like the Bunger
Oasis and Highjump Archipelago, highlighting a strong correlation between magnetic
anomaly characteristics and the composition and distribution of geological units.
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Pacmiupennbliii pedepar

Harmre nccneioanue 1eMOHCTPUPYET B3aHMOCBS3b MEX Ly MarHUTHBIMU aHOMAJTHSIMH H T€0JIOTNYECKOH CTPYK-
TypOii TOKeMOPUICKIX KOMILTEKCOB oasrca banrepa u apxumnenara Xaiipxamm B Boctounoit Autapkruze. Aspo-
MarHuTHbIE TaHHBIE Y(PEKTHBHO KapPTHPYIOT F0NOTHUECKHE OAPA3/IENICHNS, BBISBIISA OTUCTIHBIC MATHUTHBIE
YepThl /11 HEOAPXEICKUX U [aJIe0-Me30IIPOTEPO30HCKUX TOILI. DTO 1a€T BO3MOKHOCTb 3HAUUTEIIBHO YIIYUIIUTh
CYILECTBYIOIIHE 'EOJIOTNIECKHE KapTh, 0COOCHHO B CIIA00M3YUEHHBIX paiioHaxX, TAKMX KaK apXumesar XaipKamr.
WHTEHCHBHOCTD U MPOCTHPAHUE MATHUTHBIX AaHOMAJIMH KOPPEIUPYIOT ¢ COCTABOM MOPOA U PErHOHAIbHBIMU
CTPYKTYPHBIMH TPEHIAMH, YTO MO3BOJIAET J1y4Lie U epeHInpoBaTh TUTONOTHYECKUE OAPa3eIeHHs, TAKHE
KaK MATHUTHBIC METAMENUTHl X HEMATHUTHBIE METaNCaMMUThI. PacueTsl MPOM3BOAHOH MarHUTHOTO HAKIOHA
YITydIIatoT CTPYKTYPHOE KapTHPOBAHHE, CBA3HIBASI MATHUTHBIE HCTOYHHUKH C KOHKPETHBIMH KOMILIEKCAMH TTOPO]I.
Tak, HanpuMmep, BHIPaKEHHBII N0AC MOJIOKUTEIBHBIX MATHUTHBIX aHOMAIUH CEBEPO-BOCTOUHOIO MPOCTUPA-
HHUsL OTMEYAET KJIFOUEBYI0 IPAHUIYY MEKIY apXeHCKUMU U ME30IpOTepo30icKuMU KoMIuIekcaMu. M3MeHeHus
B [IPOCTHPAHUHU N0SCA YKA3bIBAIOT HA CIOKHYI0 TEKTOHMYECKYIO MCTOPHIO, BKJIFOYAsl BOSMOMKHBIE Pa3IOMHbIC
KOHTaKThl. IHTPY3UBHBIE T€Na JEMOHCTPUPYIOT CIIOKHBIE MATHUTHBIE XapakTepuctuku. MuTpysus [1a3-Koys
TPOSBNISETCS B BUJE OTPUIATETBHOH aHOMAIIH, BEPOSITHO, H3-32 00PAaTHON OCTAaTOYHOI HAMArHUIEHHOCTH, B TO
BpeMs KaKk HHTPY3HS 03epa AT IMeeT KaK TOJOKHTEIbHbIE, TAK ¥ OTPUIATENIbHBIC aHOMAITHH, OTPAKAIOIIHe
Ppa3nuuHEIi cocTas nopox. MHTpy3uu rabbpo B ceBepo-BOCTOYHON 4acT! apXuIienara XalpkaMIl KOppelupyroT
C MOJIOKUTENIbHBIMYI AHOMAJIUSIMU, TOT/IA KaK MHTCHCHBHAS OTPULIATEIIbHAS AHOMAIKS HaJl HHTpPY3UEH 0CTpoBa
Kammanor npeanonaraer o0paTHyr0 HAMarHUYEHHOCTb.

OcHoBHasl I1eJTb JAHHON PabOTHI 3aKITIOYACTCS B CO3AAHNN CTPYKTYPHOI (TEKTOHHYECKOIT) CXeMEI oasuca ban-
repa M apXurernara Xai/pkamIr Ha OCHOBE aHaIM3a aHOMAILHOTO MArHUTHOTO OIS, IOMYYeHHOTO B X0/ paboT
69- i1 PAD ¢ npuMeHeHneM GeCITMIOTHIKA CAMOJIETHOTO THIIA, M CYIIECTBYIOIIEH reoornyeckoil nudopmarun
10 JaHHOi1 TeppuTopun. VccienoBaHne noa4epkuBaeT HEHHOCTh a3POMArHAUTHBIX CheMOK C HCTIOIb30BaHHEM
BILTA s ieTalbHOro re0IOrHYecKoro KapTHPOBAHHUS B CIIOKHBIX YCIOBHSX, IPEIOCTABIISA BOKHYI0 HH(OD-
MaIHIo 0 IOKeMOPHICKO# nctopun BocTouHOM AHTApKTHIEL.

KaroueBsble cii0Ba: adpoMarHuTHas ChbeéMKa, MarHUTHbIC aHOMAJIUU, MarHUTHbIC CBOMCTBA, oasuc baHrepa,
apxumenar XaioKamIi, T0keMOPHIACKHE TOJIIH, HHTPY3HH

Jas uutupoBanusi: Golynsky A.V., Golynsky D.A., Leitchenkov G.L., Borovkov N.V., Antsev V.G.,
Gutorov F.G., Simakov A.E. Crustal structure of the Bunger Oasis and Highjump Archipelago (East Antarctica)
based on magnetic data acquired by using fixed-wing UAV. IIpotnemvt Apkmuru u Anmapxmuxu. 2025;71(1):164—
183. https://doi.org/10.30758/0555-2648-2025-71(1)-164-183

Moctynuaa 07.04.2025 [Mocie nepepadorku 12.052.2025 Mpunsra 27.05.2025
Arctic and Antarctic Research. 2025;71(2): 164-183 183



HU.U. Anekcees, E.H. I'pex, A.A. Yemseposa
Opnurtorennble nouBbl bepera IIpaBabl n apxunenara Xacyiui, Bocrounass AHTapKTHAA...

IKOJOI'usA, BUONEHOJOI'UA U BUOTEOTI'PA®USA
ECOLOGY, BIOCENOLOGY AND BIOGEOGRAPHY

OpurnnanbHas cratbs / Original paper

hitps://doi.org/10.30758/0555-2648-2025-71-2-184-200 ()OS
NC
VIK 631.4

OpHutorennbie nousbl bepera Ilpasasl u apxuneaara XacyaJui,
Bocrounass AHTapkTHAA:
Mop(oJioruyeckoe crpoeHre U GMOreoXuMu4ecKne 0coO0eHHOCTH

U.U. Anekcee"™, E.H. I'pex'?, A.A. Uerepopa'

"' THI] P® Apxmuyeckuil u anmapkmuyeckuil Hay4yHOo-Uuccie008amenbCKuti UHCmumym,
Canxm-Ilemepbype, Poccus

2 @I'BY ®UI] «Kapenvckuii nayunwiti yenmp Poccuiickoti akademuu HayKy,
Iempo3zasoock, Poccus

> @I'BY «locydapcmeennvlii cuoponocuveckuti uncmumymy, Cankm-Ilemepoype, Poccust

& alekseev@aari.ru

HHA, 0000-0002-0512-3849; EHI, 0000-0002-5515-4686; AAU, 0000-0001-7461-3617

AHHOTaNusl. B ycIoBUsX IPo0IKAIOIIET0Cs PACIIUPEHNS YEN0BEYECKOT0 IPUCYTCTBHS B AHTAPKTHKE BAXKHBIM
npezcTaBisiercs 6onee 3GHEKTUBHOE OCYIIECTBICHNE MUPOKOTO KPyTa Mep C IEeIbI0 BCECTOPOHHEH 3aI[UThI
OKpYKarOIIeH Cpesibl, a Takke coOmoneH s (yHIaMEHTaTbHBIX IPUHIMIIOB CHCTEeME! JloroBOpa 06 AHTapKTHKE.
[TouBs! ABIAIOTCS BaXKHEHIIMMI KOMITOHEHTaMH BCEX HA3EMHBIX IKOCHCTEM I HTPAIOT POIIb IPOCTPAHCTBEHHOI
OCHOBBI 9KocHcTeM. HecMOTps Ha MHOTOYHCIICHHBIE HCCIEOBAHHS, MPOBEACHHBIC B PA3THUHBIX CEKTOPaX
AHTapKTHKH, TOYBBI ITOTO PETHOHA OCTAIOTCS HEAOCTATOYHO M3y4eHHBIMHU. LIebl0 TaHHOTO MCCIEN0BAHMSA
ABIISICTCS H3yUEHHE IPOIIECCOB OMOTEHHOH aKKyMYIIAIHH BEIECTBA U OHOTeHHO-a0MOTeHHBIX B3aNMO/ICHCTBII
B noysax bepera [Ipaszipl n apxunenara Xacyaii, Bocrounas AnTapkTuia — OKpECTHOCTU KPYIIOTOJUYHON
crannuy MupHsii. B xozie nccrnenoBanmus ObUTH POBEIEHE! MONEBBIEC HAOMIOACHNS 1 1a00PAaTOPHBIC aHATH3HI
TOYB, C AKIEHTOM Ha OMPEEIeHIe XMMUYECKOTO COCTABa ¥ yPOBHEH HAKOMIIEHHS OPTaHNIECKOTO BEIIECTBA.
YeTaHOBIIEHO, YTO TIOYBBI HIMEIOT YMEPEHHO KUCITYIO U ONHU3KYI0 K HeHTpaipHOU peakiuto. Ha octpoe Xacyamn
3a(MKCHPOBAHBI BEICOKUE YPOBHI HAKOIUIECHNUS 00IIEro yriaepoaa, 00yCcloBIeHHbIE OPHHTOTEHHBIM BIHSHHAEM.
B otnmune ot apyrux nous Boctouno# AHTapKTUIEL, 37€Ch HAOMIOAETCS HAIMYHE TYMYCOTOIO0OHOH ILTa3MBl.
M3yqeHHbIe OYBBI XaPAaKTEPU3YIOTCS HU3KHM (MM YMEPEHHBIM) yPOBHEM 3arPS3HEHHS COTIIACHO TE0aKKyMyJIs-
IIOHHOMY HHJEKCY /geo, OHAKO OTMEUAETCsl yBETHUEHNE TEMITOB aKKYMYJISAIINH TTOJITIOTAHTOB B OPHUTOTCHHBIX
MeCTOOOMTaHMAX M Ha TIOBEPXHOCTH TOP(SHBIX TOPU30HTOB.

© Asropsl, 2025 © Authors, 2025
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Abstract. In view of the continuing human expansion in Antarctica, it is crucial to implement a wide range of
measures to effectively protect the natural environment and uphold the fundamental principles of the Antarctic
Treaty system. Soil is the most important component of all terrestrial ecosystems, which plays a crucial role as
the spatial basis of ecosystems. Despite the considerable research performed in different sectors of Antarctica, soils
and soil-like bodies of Antarctica remain poorly investigated. The aim of this study is to investigate the processes
of biogenic accumulation of substances and biogenic-abiogenic interactions in the soils of the Pravda Coast and
the Haswell Archipelago, East Antarctica — vicinities of the Antarctic station Mirny. Field observations and
laboratory analyses were conducted, focusing on determining the chemical composition and levels of organic
matter in the soils. It was found that the soils exhibit a moderately acidic to near-neutral pH. High levels of
organic carbon accumulation were recorded on Haswell Island, influenced by ornithogenic factors. Unlike most
soils in East Antarctica, these soils display a presence of humus-like plasma. The soils studied are characterized
by low (or moderate) levels of contamination, according to Igeo (geoaccumulation index); however, an increase
in pollutant accumulation rates is observed in ornithogenic habitats and on the surfaces of peat horizons.
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BBeaenue

Db dexruBHas peann3alus Mep Mo OXpaHe OKPYXKAIOIIEH Cpeibl KpaiiHe BakHa JUIst
COXPaHEHHs] YHUKAJIbHBIX 9KOCHCTEM AHTAPKTHKH, & TAKKE JUIsl HaJIe)KaIero coouoe-
HUSI OCHOBOIIOJIATAIOIINX MPUHIUIOB JloroBopa 00 AHTapKTHUKE. DTH MEpbI BKIIOYAIOT
OLIEHKY aHTPOIOI€HHOTO BO3/ICHCTBISI HA OKPYKAIOIIYIO Cpe/ly (BBULY HHTEHCU(DHUKALIN
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TYPUCTHYIECKON JIESITENbHOCTH, PACIIMPEHUS MTPUCYTCTBUS HAIIMOHAIBHBIX aHTApKTHUE-
CKHX IIPOTPaMM H TIp.) ¥ TIOCTOSTHHBI MOHUTOPHHT Pa3JINYHBIX KOMIIOHEHTOB IIPHPOTHBIX
9KOCHCTEM, TAaKMX KaK MOYBBI.

Hecmotpst Ha yBenn4eHHe KOIMYeCTBA HAyYHBIX NCCIIEOBAHNI PUPOIHON CPeIIbI
AHTapKTHIBI, TIOYBBI ATOTO PETHOHA BCE €IIIe OCTAIOTCS HEJO0CTAaTOYHO N3yYEeHHBIMH. XOTs
B OOJNBIIMHCTBE MCCIIEAOBAHUN A€NaeTcs BBIBOA O Mpeodnaganuy cnabopa3BUTHIX MOYB
1o Bceil AHTapkruze [1-3], HeKoTopble U3 MOCIEAHUX PabOoT TOKAa3bIBAIOT 3HAUUTEIHHOE
pasHoobpasue 1mouyB [4—7]. CTOUT OTMETUTH, YTO IS OONBIIMHCTBA TOYB AHTAPKTHIBI
(ocobeHHO MPUOPEKHBIX 0a3ucOB BOCTOUHONH AHTApKTHABI) XapaKTEPHBI CIEAYIOINE
0COOCHHOCTH: OTCYTCTBHE (MM C1a00Pa3BUTOCTH) BEPXHUX OPTaHOTCHHBIX U OPIaHOMH-
HEepaJIbHBIX TOPU30HTOB, cl1a00 BhIpakeHHAs! AN PepeHIINALNS TTOYBCHHBIX TOPU30HTOB
1 X JlaTepajbHasi CIUIONIHOCTh, OTCYTCTBUE CTPYKTYpBl IIOUBEHHOTO MaTepHaia u 00-
pa30BaHUs MIMHUCTBIX MUHEPasoB [5]. [TouBbIl AHTAPKTH/IBI B LIEIOM OTIIMYAIOTCS C1a00-
Pa3BUTBIMHU BBICOKOCKEIIETHBIMH MPO(GMIIMU C HU3KUMHU COZIEPKAHUSIMU OPTaHNIECKOTO
BemecTBa [4—7]. Tak Kak OCHOBHBIM JIMMUTHPYIOIIMM (haKTOPOM MOYBOOOPA30BAHUS HA
IIECTOM KOHTHHEHTE SIBJSIETCS YBIa)KHEHHUE, a HE TeMIIepaTypa, To Hanbosee Biaroodec-
TICYCHHBIE MECTOOOUTAHMSI, KOTOPHIE 3aHSThl KOMIUIEKCAMHU HU3IINX PAaCTCHUH, SBISIOTCS
ITIAaBHBIMH apeajiaMt «KJIAaCCHYECKOTo» To4BooOpazoBanus [6—8]. [Ipu ciiabonHTEHCHBHOM
Pa3NOKEHNH U IT'yMA(DHKAIMN PACTUTEIBHBIX OCTAaTKOB, CBSI3aHHBIX C KOPOTKHUM NIEPHOJIOM
OnOJIOrNYeCcKON aKTUBHOCTH, ITPOLIECCHI TOYBOOOPA30BAHNS MPOXO/T 3aMETIEHHO. DKOCH-
CTE€MBbI AaHTAPKTUIECKNX 0A3UCOB U MPHOPEKHBIX TEPPUTOPHI MCIBITHIBAIOT BO3CHCTBHE
MIPUBHECEHHOTO OPTaHMYECKOTO BEIIECTBA — I'yaHO, KOTOPOE KOPEHHBIM 00pa3oM BIHSET
Ha XO0/J] T0YBO0OPA30BaHUS 1 BHIBETPUBAHMS CKAJIBHBIX MOPOJI. TaK, 10 OImyOIMKOBaHHBIM
paHee JaHHBIM, KOJIOHUH ITMHIBHHOB Ha ocTpoBe Xacyaiul (1 KM?) IPUBHOCAT Ha CyLIy
oxoro 10 ToHH oborameHHOTo a30ToM U (hOCHOPOM OpraHMUECKOTO BemecTBa B rof [1].

OpHUTOTCHHBIE TTOYBHI SBJISIOTCS CIIENU()UIECKNM BapHAHTOM IIOUYBOOOPA30BAHMS,
KOTOPBIHf OCOOCHHO IMPOKO MpeAcTaBieH B 3amagHoi Arrapkruae [9]. OtnensHbIe Hc-
CIIeZIOBaHMS MPUBOAATCS U U ApKTHueckoro permona [10, 11].

Pa3HbIME aBTOpaMK paHee ObUIa yCTaHOBJIEHA Crienn(HUKa OpraHu3aly U (GyHKIHO-
HUPOBAHHS OPHUTOTEHHBIX I0YB AHTapKTUKH [9, 12, 13]. BpII0 0TMEUEHO, YTO BBICOKHIHA
YPOBEHb HAKOIICHHS OMO(MIIBHBIX JIEMEHTOB BMECTE B OPHUTOTEHHBIM IIEPEHOCOM CEMSH
1 LEJBIX PACTEHHH SBISETCS NPUUMHON (HOPMHUPOBAHUS TYHAPOBBIX coodmiecTB B Ma-
PUTHUMHOM 30He AHTapKTHKH, YTO KOPEHHBIM 00pa30M OTINYACT 3Ty 30HY OT OCTAIbHBIX
yacreit pernona [9]. M.A. I'ma3oBckas [ 1] omuceiBaia ryOOKy 0 TpaHC(HOPMAITUIO MHHE-
pabHON MacChl TOYBOOOPA3YIOIIUX TTOpo o MaTepraiom ryano. K.K. Mapkos B cBoeit
pabote [14] ormeuan, 4To K 3BTPO(UKAIINH BOZOEMOB OCTPOBA Xacy3Jul 1 HHTCHCUBHOMY
pPOCTY HM3MIMX PACTEHUH B HUX MPUBOAAT HMEHHO OIPOMHBIE 3aJI€XKU TyaHO. DTO TOJI-
TBEpIKIaeTCs JaHHBIMU, ommyonukoBaHHBIME B padboTe E.E. Cripoeukosckoro [15]. ocra-
TOYHO TOJIHBIN 0030p ITapaMeTPOB OPHUTOTEHHOTO TOYBOOOPA30BAHMS JaH B MCCIICA0BAHUH
Opasmnsckux koiurer [16]. Tak, B 9acTHOCTH, KaK OTACIBHBIH MOYBOOOPA30BATEIIBEHBINA
Tporecc ObII BBIAEIEH MPOLECC OPHUTOTEHHOTO T0YBO0OPa30BaHus (aBTOPHI BBIICISIOT
HakorieHne Qocdopa n a30Ta, a TAKKEe HHTEHCHBHOE JACTOHUPOBAHUE OPTaHMUYECKOTO
BEIlECTBA KaK OCHOBHBIEC IIPH3HAKK 3TOTO THIA TTOYBOOOpazoBanus). [lomumo 3toro, 66110
OTMEYEHO, 4TO B CIy4ae OPHUTOTCHHOTO MOYBOOOPA30BaHUS ()OPMHUPYIOTCS HOBBIC ITOY-
BEHHBIE MIHEPAIHI kiacca ¢pocdaro. B riemom opaurorennsie moussl (Ornithosols) [17]
XapaKTepU3yIOTCsl HU3KMMH 3Ha4CHUSMHU pH, BBICOKMMHU 3HAUYCHUSIMH OPTaHUYECKOTO
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yriepona u azora [18, 19]. OpHuTOreHHBIN TpoLece TOYBOOOPA30BAHMS MTPOSIBISETCS
B CyOCHANPOBaHNHU OCTHBIX HA3EMHBIX HKOCHCTEM IE€CUaHBIX M KAMEHHCTBIX OCTPOBOB
OpPTraHWYECKHUM BeUIeCTBOM. Ha MOBEpXHOCTh TOYB MOCTYMAIOT YIIIEPO M A30T, UTO CIIO-
coOcTByeT (OPMHUPOBAHHUIO OPHUTOTEHHBIX MIOYB M IOCTOPHUTOICHHBIX CYKIIECCHH pac-
TUTENbHOCTH. OPHUTOTEHHOE OYBOOOPA30BAHNE MPOSBISIETCS HE TOJIBKO B ydacTKax
HaKOIUICHUS TyaHO, HO M TIPH KOJIOHU3AIMH CYOCTPaTOB PACTEHUSIMH U MEIKHMHU O€CIIo3-
BOHOYHBIMH OpPTraHM3MaMH, IEPEHECEHHBIMH B pe3ynbTate opHUTOXOopHu. Kpome Hemo-
CPE/ICTBEHHOTO BIIMSIHUS NITHI] HA JIOKAJIUTETHI IOYB OPHUTOTCHHBIX IUISDKEH, NX BIUSHHE
pacIpocTpasseTcs IyTeM YacTHYHOTO PACTBOPEHMUS U MUTPALMH BEIECTB B JIAaHmadTE,
HUTPHU(UKAINN, YTO MPUBOJNT K 3aITyCKY MOCTOPHUTOTEHHBIX CYKIIECCHUH M KOPEHHOMY
M3MEHEHHIO JIOKATFHOU TeoXuMuH IaHamadros [16].

Hacrosiiee nccnenoBanust HOCBSIEHO HCCIIEIOBAHUIO MOP(OIOrHIECKHX 0COOeH-
HOCTEH, (PHU3NKO-XMMHUYECKUX N OMOJIOTHYECKUX XapaKTEPUCTHK TTOUYB, a TAKXKE OIpesie-
JICHUIO XapaKTEePHBIX 0COOEHHOCTEH MPOIieccOB OMOTeHHON aKKyMYIISIIMN OPraHUIEeCKOTO
BEIECTBA M OLICHKE BO3MOXHBIX MCTOYHHMKOB 3arpsi3HeHMs B rouBax bepera IIpasis
u apxunenara Xacyaui, Bocrtounast AnTapkruja.

MaTepI/Ia.T[I)I H METOAbI

[ToseBbie 3KCIETUIIMOHHBIC PA0OTHI BBITOIHSITUCH B paMKax Ce30HHOM 69-if Poccwuii-
CKOM aHTapKTUUYECKOM SKCTIEAUIIUN B palioHe cTaHIUU MupHbIi B sHBape—Mapte 2024 .

Beper IIpasas! u apxuneaar Xacyauin
JauHublii paiion ucciaenoBanust (66° 31’ ro. 1., 93°00" B. 1.) mpuieraeT HEMOCPEI-
CTBEHHO K TEPPUTOPHH POCCHUCKOHN KPYIIIOTOAMYHON cTaHIMKA MupHbIi. CTaHnus pac-
nosnoxkeHa Ha bepery [Ipasnsr (3emist KoponeBst Mapw) (puc. 1). OKpecTHOCTH CTaHIIUH
CTUXMITHO 3aBaJICHBI Pa3HBIM OPOILIEHHBIM HEHCIIPABHBIM M Pa300paHHBIM 000PYyI0BaHUEM,
pacXomHBIMH MaTeprallaMy, 3aIT9acTsIMH, 3arps3HEHBI pa3iiBaMH Macyia n OcH3uHA. Ap-
xurienar XacyaJul pacliojIoKeH BCEro B 3 KM OT cTaHIMKM MUpPHBIH Ha KOHTHHEHTAJILHOM

3.4.40° 20° 0° 20° 40° B.2.

“ PaifoH uccnesosaxus

Puc. 1. Kapra paiiona ncciaenosanus — beper IIpaBasr n octpoB Xacyai, TOUKaMu 0003HaYECHBI
MeCTa 3aJI0KeHHsI TOUYBEHHBIX pa3pe3oB (IIPHUKOMNOK) (ocHoBa n3obpaskenust ©OGoogle Earth 2010)

Fig. 1. Map of the study area — Pravda Coast and Haswell archipelago, points — location of soil
pits (background image credit @Google Earth 2010)
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6epery mops [pBuca [16]. OctpoB XacysIur — caMblif KPYITHBIN H3 OCTPOBOB apXuIesara,
pacronoXeHHbIH y modepexbs AHTapKTHAbL, TpuMepHO B 3 kM (1,9 Munm) k ceBepy OT
Mbica Mabyc Ha 3emiie Koponesst Mapu. OctpoB Xacyain npuzHad Oco0o oXpaHseMbIM
paiioHom AHTapkTHKH Ne 127 [20], Tak Kak SBISAETCS MECTOM T'HE3IOBAHUS MOYTH BCEX
BHJIOB NITHII, THE3IAMINXCS B BocTouHOM AHTapKTHIE (AHTAPKTHYECKHHA OypeBECTHUK
Talassoica antarctica, cepedpucto-cepoiii OypeBecTHUK Fulmarus glacioloides, xanckuii Oy-
pesecTtHUK Daption capense, CHEXHbII OypeBecTHUK Pagodroma nivea, kadaypka Bumbcona
Oceanites oceanicus, ¥KXXHOTIONSPHBIA ToMopHUK Catharacta maccormicki, TAHTBUH AJeTH
Pygoscelis adeliae). B paiioHe BCTpeUaroTCs MITh BUIOB JACTOHOTHX, BKIIOUAsl OXpaHsie-
Moro TioneHst Pocca Ommatophoca rossii. FOro-BocTounee ocTpoBa Ha MPUIARHOM JIbJLy
pacronaraercst KpyIHasi KOJIOHHSI MMIIEpaTOPCKUX MUHTBUHOB Aptenodytes forsteri [21].
ITomrane octposa cocrasisier 0,82 km?, Beicota 93,1 M HaJl ypoBHEM MOPs. AGCOTIOTHBIE
BBICOTHI OOJIBIIMHCTBA OCTPOBOB HE MPEBHIMIAIOT 35 M HaJ YpoBHEM Mops [22].

Jlns paiioHa CTaHIIMM XapaKTEpPHBI 4acThle METEIH, OCOOCHHO 3MMOii, a Takke
CHJIbHBIE CTOKOBBIE BeTpbl. CpeiHsisi CKOPOCTh BeTpa cocrasisier 11,2 M/c, Makcumaib-
Has — 56 m/c. B Teuenue roga B cpenHeM 204 mHS CKOPOCTH BeTpa B palflOHE CTAHIUH
Mupsslii ipeBbimaet 15 m/c. [Ipeobnanaroniee HanpaBieHne BETpa BOCTOUHO-IOT0-BOC-
touHoe. CpenHeronoBasi TeMreparypa Bo3ayxa cocrabiser —11,5 °C, MakcumanbpHass —
6,8 °C, muanmanbHaas —40,3 °C. Paiion Oorar aificOepramu. Bompmyto 9acTs roma Mope
MOKPBITO IpunaeM. B Mope [I9Brca MakcuManbHas IIUPUHA TIPHIIAs B CEHTSIOpe—OKTsI0pe
nocturaet 30—40 km [19].

MeTtonuku J1a00paTOPHBIX HCCJIEA0OBAHUT

Iomy4eHHbIe B paMKax MOJEBBIX MapLIPyTHBIX HCCICIOBAHUH TPOOKI II0YB HA 6OPTY
HOC «Axanemuk TpémmmnkoBy» 0puH gocTaBieHsbl B CankT-IletepOypr mis ganpHEHIIEro
aHanm3a. B xone nabopaTtopHbIX aHAIM30B OBLIN ONPENSNICHB XUMUYECKHE U QU3HIECKHe
mmapaMeTphl TI0YB 1I0 CTAaHIAPTHBIM MeTonukam [23]:

— pH Bognoi1 cycnensun u comnesoit pH (1:2,5);

— COZIep)KaHUE OPraHMYECKOTO YITIeposia U a30Ta Ha JJIEMEHTHOM aHanu3arope Vario
EL IIT (Elementar, Germany);

— OOMeHHas KUCIOTHOCTh M T'MAPOJIUTHYECKAS KHCIOTHOCTB;

— TpaHyJIOMETPHYECKUIl COCTAaB MOYBHI (JI0JIS MENKO3eMa) NHIeT-MeTonoM KaynH-
ckoro [24];

— IMOYBCHHOE JBIXaHNEe — MHKYOAIIMOHHBIA METON 1T0 AHAEpcoHy [25].

HImmdsr w1 MUKPOMOPHOIOrHIeCKHX UCCIIeOBaH I ObUTH MOTYYeHBI M3 MUKPOMOHO-
JIUTOB TI0YB, OTOOPAHHBIX B MOJEBBIX YCIOBHAX. [IpoOBI OBUTH BBICYIICHBI M HACHIICHEI
cmonoi. [Imudsr ObUTH HCCIeoBaHBI C TIOMOIIBIO TTONIAPU3AIIMOHHOTO MUKpOcKkomna Leica
DM 750 p (Leica, IlIBefitiapust) B IpOXOIAIIEM CBETE W MPU CKPEIICHHBIX HUKOISX. Bhimm
HCCIICIOBAHBI CIEAYIOIINE MUKPOMOP(OIOTHYECKUE TTOKA3aTeNd OYB: MHKPOCTPYKTYpa
TI0YBBI, IIPOCTPAHCTBEHHOE PACTIPEIEIICHHE YaCTHLI, IEMEHTBI MUKPOCTPYKTYPBI U XapakTep
OPraHMYECKOTO BEIIeCTBA. TepPMUHOIOTHS, HCIOIb3yeMast JUIsi MUKPOMOP(OIOrHYECKOro
ormmcaHus npo0, ObiIa B3sATa M3 padot [26, 27], a Tarke u3 pykoBoncTsa D.M. [arapunoit
[28] u M.U. T'epacimoBoii [29], Tae moapoOHO ommcaHa MUKPOOPTaHU3AIINs TTOYB.

OmnpeneneHne BaJIOBOTO COACPKAHUS TSHKETBIX METaJUIOB B OTOOPAaHHBIX Mpodax
MIPOBOJIMIIN PEHTTEHOMITIOOPECIIEHTHRIM METOOM Ha criekTpomeTrpe Crekrpockan-MAKC
¢upmer « CIIEKTPOH» cormacuno metoanke (OCT 10-259-2000). XumMudeckne 2I1eMEeHTHI
OBUTH MTPOAHATM3UPOBAHBI KAK MHHUMYM B TPEXKPAaTHOW MOBTOPHOCTH (1 = 3—06).
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JInst OIIEHKH CTETIeHM 3arpsi3HEHUs! 1T0YB OBUIM pacCUNTAaHBl MHICKCHI T€0AKKyMy-
nsmn (Igeo). [eoakkyMynSIIMOHHBIN HHIEKC (/geo) mpeacTaBiIsieT co00H KOIMNIeCTBEH-
HBII 1TOKa3aTeNb, MPUMEHSAEMBIH ISl OIIEHKH YPOBHS 3arpsi3HEHUS MOUYBBI MM OCA/IKOB
TSDKEITBIMHA METAJUTAMH U IPYTUMH TOKCHYHBIME BeniecTBaMu. OH MO3BOJISAET ONPEAEINTD
CTEIEHb HAKOIUICHUS 3arps3HSIONINX BEIIECTB B TEOCHCTEMAX 110 CPABHEHUIO C (DOHOBBIMHU
3HAYCHUSAMH, XapaKTepPHBIMH U1 JaHHOW reorpaduyeckoit odmactu [30]. CymecTByOT
CJIETyIOIIHE Tpajlalliu:

Igeo < 0 — orcyTCTBUE 3arpsS3HEHMUS;

0 < Igeo < 1 — nerkoe 3arpsi3HEHUE;

1 < Igeo < 2 — yMepeHHOE 3arpsi3HEHUE;

2 < Igeo < 3 — 3HAUUTENILHOE 3arpsi3HEHUE;

Igeo > 3 — cunbHOE 3arpsi3HEHUE.

OTOT MHAEKC BBIPAXKACTCS CICAYIOIUM 00pa3oM:

Igeo =log,[Cn/1,5Bn], (1)

rae Cn — nu3MepeHHast KOHIICHTPAIUs 3JeMeHTa (72) B o4uBe; Bn — reoxuMmdeckoe ¢o-
HOBOE 3HaUEHHE dIeMeHTa (1), KOHCTaHTa 1,5 Mo3BONsSeT aHATM3UPOBATh ECTCCTBCHHBIC
KoJIeOaHUsT colepIKaHMs TaHHOTO BEIIECTBA B OKPYKAIOIICH cpelie M BBIABISATH OYCHD
HEOOITBIIIOE AHTPOTIOTEHHOE BIIHMSIHUE.

Panee OpLT0 cemaHo 3aKIIIOYEHIE, 9TO 3HAYCHUS COIEPIKAHNHN ITEMEHTOB B 36MHOU
KOpe M CpeIHHE 3HAYCHUS COICpP)KaHUIl HIIEMEHTOB B ITOYBE HE BCET/Ia MOTYT HMCIIONB30-
BaThCs KakK (POHOBEIC B pacdeTax MHICKCOB, MOMOOHBIX /geo, TOCKOIBKY HEBO3MOXKHO
TIOJTYYUTh PallHOHANBHBIE pe3yabTarhl [31]. [loaToMy HEKOTOpEBIE aBTOPHI TIPETATaloT, TIC
9TO BO3MO)KHO, FICTIONB30BaTh MECTHBIC (DOHOBBIEC 3HAUCHHUS (00pa3Ibl U3 HEe3arpsA3HEHHBIX
nmouB) [32]. OmHako, yIUTHIBas OYE€Hb OTPAaHIMYCHHBIC JAHHBIC O MUKPOIJIEMEHTAX B IPH-
POMHBIX TIOYBAX apXuIlesara XacysJul, 3HaYCHHUs BepXHEH KOHTHHEHTAIHHON KOPbI OBLITH
WCTIONB30BaHbl B KadecTBE (POHOBHIX KOHIICHTPAITHHA UIS MCCIIEIOBATEIBCKUX YIaCTKOB
cTtaHuMU MupHbIA 1 ocTpoBa Xacysiul.

Pe3ynbTarthl u 00cyxkaeHmne

Mopdoioruyeckue 0coO0eHHOCTH MOYB

CTOHT MOAYEPKHYTbH, YTO [0 OCOOCHHOCTSIM PacpOCTPAHSHHUS [TOYBEHHOTO TIOKPO-
Ba AHTapKTHIa — 3TO TPYIIa MEJIKHX ¥ CHIBHO YIaJEHHBIX APYT OT Apyra «OCTPOBOB
nenocdeprl», KaKIbIH U3 KOTOPBIX 00JamaeT cBoeil cnenndukoii [6, 7]. Apxumenar Xa-
cya1 u beper IpaBabl XOTb U SIBIAIOTCS CaMbIMHU CEBEPHBIMU B reorpapuuecKkoM Iuia-
HE paifoHaMHU UCCIIENOBaHUS, HO B TO XK€ BpeMs OTIMYAIOTCs HAnOOJbLICH CypOBOCTHIO
KIMMaTHYECKHUX YCIOBHH.

B BepXHHX TOpPHU30HTaX IOCTOPHUTIECHHBIX IOYB IIPEOOIANAIOT IPOLECCHl TOpQo-
oOpa3oBanus U TOp(OHAKOIUICHUS. MaTepuai 3THX TOPU3OHTOB IIPEICTABIICH IPEUMY-
IIECTBEHHO HEPA3TIOKHUBIINMHUCS U CJIa00Pa3IOKHUBIIUMHUCSA OCTaTKAMH MOXOBOW pacTu-
TeNBHOCTH. ['yMyCOBBIE TOPH30HTBI XapaKTEePU3YIOTCS Pa3IMYHON CTEIIEHBIO aCCOLMALUH
OCTATKOB I'YaHO C MUHEPAJIbHON 4acThIO, YTO CBA3AHO KAK C Pa3HBIM KOJIIMYECTBOM CaMOro
MEJIKO3eMa, TaK M CO CTENCHBIO Pa3iIOKeHUs I'yaHo. Takke 3aMeTHBI TpoLecchl TyMudu-
KaluK, HaOIoIaeTcsl TeHACHINS K arperupoBaHHIO IIOYBEHHOW Macchl. Bee ato cBupe-
TEIBCTBYET O OOJBIION POJIM OPraHMYECKOrO BELIECTBA TyaHO B I0YBO0OPA30BATEILHOM
npouecce. B cpeIMHHBIX rOPU30HTAX OTMEYEHBI IPU3HAKH OXKEJIEe3HEHHsI MHHEPAJIOB
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Mirny 1 Mirny 2
Puc. 2. U3yuennsie nousennsle npoduin u nanamadter: Haswell 1 — nauto3em kpuotypOupoBan-
HBII Ha MHOroseTHeMepsibix mopoaax (Turbic Lithic Cryosol (Arenic)); Haswell 2 — nurozem
OPHHUTOI'CHHBIH KPUOTYpOMPOBaHHBIH Ha MHOrojeTHeMep3nbix nopoaax (Ornithic Turbic Cryosol
(Arenic)); Mirny 1 — TexHO3eM KpUOTypOMpOBaHHBIII Ha MHOrosieTHeMep3ibix nopoxax (Turbic
Technosol (Arenic)); Mirny 2 — TexHO3eM KpHOTYpOUPOBaHHBIII HA MHOTOJIETHEMEP3JIbIX TOPOIax
(Turbic Technosol (Arenic) coarsic). Ha3auus B ckodkax cornacuo World Reference base for soil
resources [17]
Fig. 2. Soil profiles and landscapes studied: Haswell 1 — Turbic Lithic Cryosol ; Haswell 2 — Ornithic
Turbic Cryosol (Arenic); Mirny 1 — Turbic Technosol (Arenic)); Mirny 2 — Turbic Technosol
(Arenic) coarsic. Names according to the World Reference base for soil resources [17]

(Kene3ucThIe IIEHKN Ha HOBEPXHOCTH), @ TAK)KE aCCOIIMMPOBAHNE MUHEPATIOB OOIIOMOYHON
(pakmy ¢ OPraHMYECKUM BEIIECTBOM I'yaHO (B MEHBILEH CTETIEHH, YEM B BBILIEIIEKAIINX
COOCTBEHHO OPHUTOTEHHBIX TOPU30HTAX) (puc. 2).

[TomMuMO 3TOTO, IPOAYKTHI KU3HEAEATEINFHOCTH NTHUIL (TYaHO) CIIOCOOCTBYIOT YacTHU-
HOMY PacTBOPEHHIO U MUTPALMH BEIIECTB B JaHJma(Te, HOTPUPHUKALNN, YTO TIPHBOTUT
K 3aIyCKy IIOCTOPHHUTOTCHHBIX CyKueccuit [33].

MuxkpomopgdoJioruyeckoe CTpoeHue 1no4B

B pamkax HacTOSIIETO HCCIeR0BaHNS OBUIO H3YUYECHO MUKPOMOP(OIOTNIECKOE CTPO-
€HHE TTOBEPXHOCTHBIX M CPEIUHHBIX TOPU30HTOB KaK OPHUTOTEHHBIX MOYB (HAa IMpUMEpe
npoduns Haswell 2), Tak u modB, HE TOABEPKEHHBIX MPSMOMY aKTHBHOMY BIHSHHIO
OPHHUTOTEHHOTO (akTopa (Ha mpumepe mpoduns Mirny 2).

[Tnazma B M3y4eHHBIX IUTH(AX TOBEPXHOCTHOIO TOPU30HTA OPHUTOTEHHOM ITOUBBI
(Haswell 2) umeeT XopoIIo BEIpAKECHHYIO JIAMHHAPHYIO CTPYKTYpYy B Marepuaie ryaHo
(puc. 3). I'vaHo o4eHb IIIOTHO MOKPHIBAET MMOBEPXHOCTD 3€PeH U 00pasyeT TOJICTHIC TNICHKA
1 IIMPOKUE MUKPO3OHBI C YIUNIOTHEHHON CKEJIETHOW CTPYKTYpOH. B HEKOTOPBIX MUKPO30HAX
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Puc. 3. Muxpomopdonoruueckoe crpoerne nous bepera [Ipasabr u octpoBa Xacyami, Bocrounas
AmnTapktuma. CieBa — CKpeNICHHbIE HUKONHM, CIpaBa — IMapajuleibHble HUKomH. [1poOsr: a —
Haswell 2 0—1 cm; 6 — Haswell 2 1-23 cm; 6 — Mirmy 2 0-2 cM; e — Mirmy 2 2-20 cm

Fig. 3. Micromorphological features of soils of Pravda Coast and Haswell island, East Antarctica.
Left — nicols X, polarized light; right — nicols II, plain light. Samples: @ — Haswell 2 0—1 cm;
6 — Haswell 2 1-23 cm; 6 — Mirmy 2 0-2 cm; e — Mirmy 2 2-20 cm

00pasyroTcsi CryCTKH U KOHKpEIHH, a B Mepu(epuyeckux 4acTsax IUa3Mbl 00pa3yroTcs
MHUKPOCKOITHUECKUE KPUCTAIIBI OMOTeHHBIX (hocdarToB u Cyab(aTos.

Jpyrum criennpuyeckuM THIIOM OPTaHOTEHHOH I11a3Mbl, KOTOpasi 00pasyercs B op-
HUTOTEHHBIX M MOCTOPHUTOICHHBIX IT0YBAX MOJI COBPEMEHHBIMHU HJIH 3a0POIICHHBIMH Me-
CTaMU THE3/I0BaHMUs, SIBIISIETCS TyMYCOINOJO0Has IJIa3Ma, KOTopasl IpecTaBisieT co0on
ele OJIMH IIMPOKO PACIPOCTPAHEHHBIN MPUMEpP OpPraHOMHHEPAIbHBIX B3aUMOJICHCTBHIA
B OPHUTOTEHHBIX U IOCTOPHUTOTEHHBIX 1MouBax [33]. OHa MOXET HaKaIUIMBATHCSI Ha ITOBEPX-
HOCTH KPYITHBIX 3€pPEH B BHJIEC TyaHO U IUIOXO Pa3JIOKHBIIEIOCsS ODHUTOTEHHOTO MarepHasa
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((pparMeHTHI IepbEB, IMIYHON CKOPITYTIBI, TKAHEH U KOCTEH), a TAKKEe B BU/IE OPraHUIeCKOH
KOJUTOUIHOM Tu1a3Mel (prc. 3). OOpa3oBaHHe OMOIUICHOK 31€Ch TAKXKE MTPOMCXOINT 3a CUET
KHMBBIX U MEPTBBIX OCTATKOB KOJOHHI HUTPO(HIBHBIX BOLOPOCIEH (B OCHOBHOM Prasiola
Crispa) KaK Ha MOBEPXHOCTH MTOYBBI, TaK M HAa KAMEHHBIX BaJlyHaX U IpaBUH. B ycioBusx
000TaIeHHOTO a30TOM CyOCTpaTa 3aceeHne MOBEPXHOCTH BOIOPOCIIIMH IIPOUCXOANT J0-
BOJIGHO MHTEHCHBHO, YTO XapaKTEPHO VIS HAYaJIbHBIX 3TAllOB SKOT€HETHIECKON CYKIIECCHH,
YTO 0OYCIIOBJIEHO BBICOKHUM COZEP’KAHUEM JIETKOAOCTYITHBIX AJIEMEHTOB ITUTAHMS.

[TouBkl, pa3BUBAIONIMECS TI0 NETPO3EMHO-INTO3eMHOMY THIy [34] 6e3 3aMeTHOro
BIIMSIHUS OPHUTOTeHHOTO (hakropa (Mirny 2), 3HAYNTEIBHO OTIMYAIOTCS 10 MUKPOCTPO-
eHMI0. 3/1eCh TaK ke, KaKk M B MOYBaxX 0a3ucoB BocTouHoit AHTapKTH[BI, HaOmMOnaeTCs
CepUTH3AIMS MOJIEBBIX LINATOB, a NIMHOOOPA30BAHUE PA3BUTO 3HAYUTEIILHO B MEHBIIEH
CTETIeHH, YeM B TIOYBaX IOJ ciioeM TyaHo [4]. HaGmomaercs ¢opmupoBaHue arperatoB
TUTACTUHYATON W JIMH30BUAHON (DOPMBI M3-32 MHOTOKPATHOTO 3aMEpP3aHMs U OTTaHBaHMS
nmouB. Ha Mukpomopgonornyecknx CHUMKaX MOXKHO yBHJETh OCOOCHHOCTH HEOTEHE3a
1 TiepepactpeeneHns: KapOOHAaTOB KaJlbIKs, @ TAKXKe€ MUKPOKPUCTAIITMUECKYIO H3BECT-
KOBYIO arperanuio ¥ IeMEHTAIHIO CKEJICTHBIX YacTHIl.

Jisa cpequHABIX Topr30HTOB (Mirny 2 2-20 cm u Haswell 2 1-23 cm) B 1iesiom otme-
YEHbI CIEYIOLINE CXOXKUE MUKPOMOP(OIOTHIECKHE OCOOCHHOCTH: Ha TOBEPXHOCTSIX 3€PEH
00BIYHO 00pa3yIOTCsl TOHKHE MTPEPHIBUCTHIC TUICHKH KOPUYHEBOTO IIBETA, a MKEITOBAThIC
nHTEpEPEHINOHHBIE 1[BETA, HAOIIONAEMBIE B CKPEIICHHBIX CIIOSX, OOBSICHSIOT MPEUMYIIe-
CTBEHHO IJIMHHUCTBIH COCTaB MEJIKO3EPHUCTHIX MATEPHAIIOB C KEJIE3UCTHIMH KOMITOHEHTAMH.
B 06onx uccienoBaHHBIX NUTH(AX TMOAMOBEPXHOCTHBIX TOPU30HTOB MEIKO3EMUCTBIN Ma-
TepHal BCTPEYACTCS] PEIKO M OOBIYHO IIPUCYTCTBYET B BHJIE INICHOK (KOPHYHEBOTO I[BETA)
Ha TOBEPXHOCTAX Necka U rpasusi. Ha Mukpodororpadusx 3aMeTHbI HEKOTOPBIE 30HBI
C IIMHHUCTOH IUIa3MON M ONTHYECKU-OPHEHTHPOBAHHASI AaKKYMYJISIMS TIIMHUCTOTO Mare-
puana. 9To B MPUHIMIIE XapaKTEPHO IS TI0YB 0a3uCOB BocTOUHON AHTapKTHIBI, HApsLy
C IMHHUCTHIMU TUIEHKaMH (KyTaHaMH) Ha MUHEPAIbHBIX 3e€pHAX, YTO OBUIO OIMCAHO paHee
HammMH KoJuteramu [6, 7]. OTMedeHHBIe Ha MUKPOQOTOrpadusiX IMyCTOTHl YKa3hIBAIOT
Ha aKTHBHOE BJIMSHHE HA CTPYKTYpPY IOYBBHI LUKJIOB IIPOMEP3AHUS-OTTANBAHMS, a TAKXKe
BO3MO)KHOCTH WJUTIOBUMPOBAHMS TIIMHUCTOTO MaTepuasa 1o Mmpo@uiIio Mo 3TUM ITyCTOTaM.

Du3NKo-XHMHYECKHE XaPAKTePUCTHKH M0YB
OCHOBHBIE TIOUYBEHHBIE (PU3UKO-XUMUIECKHIE MTapaMEeTPhl N3yUEHHBIX Ha TEPPHUTO-
puu, IpUIeralle K KpynioroquuHoi cranuuu Mupssiii — beper IlpaBasl u apxunenar

Xacyami, — 1mo4YB npuBeaeHB! B Ta0n. 1. J{7s W3y4eHHBIX ITOYB XapakTepHa YMEPEHHO
Tabnuya 1
Du3nuKO-XUMHYeCKHe NapaMeTpbl H3y4eHHbIX no4yB Bepera IIpaBasl u ocTpoBa Xacyaui
Table 1
Physical-chemical parameters of the soils of Pravda Coast and Haswell island
[TouBeHHbII bazanbHoe | Menkoszem
TOPHU30HT, pHH o pHKC TC, % N, % C:N JIBIXaHHE, (<1 mMm),
ry6uHa i ' mr-r.cyTku ! %
Mirny 1 5,90+0,43 | 5,72+0,32 | 1,52+0,09 | 0,18+0,03 | 8,44+0,76 | 0,008+0,001 | 27,13+1,56
0-1,5 em BC,
Mirny | 5,96+0,23 | 5,82+0,12 | 0,52+0,08 |0,05140,03 | 10,02+0,21 | 0,009+0,002 | 22,13+1,02
1,5-20 em BC,
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Oxkonuanue maon. 1

TlouBeHHBIHI bazanpHoe | Menkoszem
TOPH30HT, pHH o pHKC TC, % N, % C:N JBIXaHue, (<1 mMm),
nryOuHa ’ : MI-T.CyTKH ! %
Mirny 2 5,76+0,32 | 5,324+0,45 | 1,24+0,12 | 0,114+0,02 | 11,27+1,21 | 0,008+0,001 | 23,58+1,87
0-2 cm BC,
Mirny 2 5,86+0,12 | 5,62+0,23 | 0,45+0,08 | 0,050+0,007 | 9,21+0,76 | 0,007+0,001 | 18,58+1,56
2-20 cm BC,

Haswell 1 5,89+0,12 | 5,42+0,12 | 2,24+0,10 | 0,21+0,02 | 10,27+0,21 | 0,027+0,003 | 27,58+0,57
0-3 cm Be

algae

Haswell 1 5,76+0,11 | 5,42+0,10 | 0,98+0,12 |0,098+0,02 | 10,05+0,18 | 0,008+0,001 | 24,58+0,57
3-15em BC

Haswell 2 6,17+0,12 | 6,02+0,12 | 12,62+0,87 | 4,02+0,12 | 3,14+0,13 | 0,132+0,10 | 32,02+1,02
0-1cm (AY, )

Haswell 2 [5,76+0,14 | 5,20+0,12 | 4,96:0,56 | 0,98+0,30 | 5,04=0,18 | 0,087-0,009 | 28,02+0,87
1-23 em (BC, )

Kucnas u Ou3Kas K HelTpanbHOU peakiust cpesibl. CaMmble BICOKHE YPOBHH HaKOILIe-
HUS OpraHMYecKoro BemecTsa (yriepoaa ao 12,62 %, asorta 1o 4,02 %) u mouyBeHHOTO
aeixanust (1o 0,132 mrorl.cyrku ') oTMe4aroTcs Ha OCTpoBe XacyaJul, HaXOAAIIEM-
Csl TOJI CUJIbHBIM BJIMSIHUEM OPHUTOreHHOro (akropa (Mecta ruesnoBanusi Pygoscelis
adeliae n neraromux nrui). Jlonst Menko3emMa B U3y4EHHBIX MOYBaX KOJIEOJIETCS OT
18,58-27,13 % B mouBax okpecTHOCTeH cTaHmu MupHsbIit 1o 24,58-32,02 % B ciaydae
OPHHUTOTEHHBIX [TOYB OCTPOBa XacCydIll.

CBs13b NOYBEHHBIX NAPAMETPOB M CTeNleHN XUMUYECKOr0 3arpsi3HeHusl oYB

JlaHHBIE TIO CONEP)KAHUIO TSKENIBIX METAJUIOB B M3YYEHHBIX ITOYBAX IPUBEICHBI
B Tabn. 2. CpegHue KOHIICHTPALIMHM METAJUIOB CPEIH HCCIETOBAHHBIX CYIIECTBEHHO
paznmuuanuck (aucnepcuonHbii ananmu3 Kpackena—Yomnuca, p <0,001). Ananu3 mo-
Kasaj, 4TO COAEPKaHHE UCCIEeLyeMBIX dJieMeHTOB coctaBuio 0,04—55,70 mr.kr! (Pb),
0,05-12,8 mr-kr! (Cr), 1,75-125,2 mrxr ! (Cu), 0,052—1,060 mr-xr! (Cd), 0,46-26,2 mrxr! (Ni),
16,05-206,60 mMr-kr! (Zn), 0,100,189 mrkr! (As), 0,021-0,533 mr-xr! (Hg) B okpecr-
HOCTSIX CTAaHLMU MHUpPHBIH U IPUJIETAIOLEr0 OCTPOBa Xacy3yul.

B menom BepxHHE TOPU30HTHI TOYBBI AHTPOIIOT€HHBIX YYaCTKOB Ha cTaHIMU Mup-
HBIN TOKa3anu 6osiee BHICOKHE KOHIIEHTPALMH OONBIIMHCTBA M3yUYEHHBIX AJIEMEHTOB IO
CPaBHEHHUIO C MPUPOIHBIME JaHAmadramu octpoBa Xacyaut. OJHAKO MOBEPXHOCTHAS
mpoba OPHUTOTEHHOM MOYBBI, 0OPA30BABILIEHCS TIOJ] HETIOCPEICTBEHHBIM BO3JIEHCTBUEM
I'yaHO NUHTBUHOB, T0Ka3alia MOBBIIIEHHOE co/iepkaHue HUHKa (10 256,50 MI/Kr) ¥ Mbl-
mbsika (1o 1,213 mr/kr). B BepxHeM ciioe NOuBbI, HaXOAsIIEHCs B OTAAJICHUH OT MecTa
rue3oBanus nuHreuHOB (Haswell 1 03 cM), Takuie TeHICHIMK HAKOIUICHUsI He HaOJr0/1a-
1otcs. [Ipensiayinye nccnenoBanys BIUAHNSA MOPCKUX ITHIl HA PAa3BUTHE TTOYB B palioHE
Cy0aHTapKTUYCCKHX OCTPOBOB M apKTUYeCKUX ocTpoBoB [10, 11, 36] mokasasnu, 4To 3TH
MIPOIIECCH BHOCST CYIIECTBEHHBIN BKJIaJ B MEPEHOC MUKPODJIEMEHTOB U MUTATEIHHBIX
BEILECTB M3 MOPCKHUX B IIPUOPEIKHBIE IKOCUCTEMBI.

Wunexe reoakkymyisinun (/geo) xapakrepusyer o4y Mirny 2 Kak yMEpEeHHO 3a-
rpsisHeHHy0 (1 < Igeo < 2) no cBunny (Pb) u ot He3zarps3HEHHOMN JI0 yMEPEHHO 3a-
rpsizaeHHol (0 < Igeo < 1) mo Hukeno. Bce mpoObl co craniuu MupHbIid U 0CTpOBa
Xacyarut XxapakTepu3yITCs Kak MPaKTHIEeCKH He 3arps3HeHHble (/geo < 0) B OTHOIICHUU
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Tabnuya 2
Conep:xaHue TsIzKeJIbIX METAUIOB B H3yYeHHBIX MOYBaX
Bepera IlpaBabl 1 ocTpoBa XacyaJu1
Table 2
Heavy metals content in the soils of Pravda Coast and Haswell island
Ioupernbii Pb, Cr, Cu, Cd, Ni, Zn, As, Hg,
TOPHU30HT, . a 1 -1 -1 -1 -1 -1
FHy6I/IHa MTI'-KI' MTI'-KI' MTI'-KI' MTI-KI' MTI'-KI' MTI-KI' MTI'-KI' MTI-KI'
Mirny 1 1,05+0,14(0,06+0,01 | 6,24+0,80 |0,108+0,056|0,75+0,010 45,3+2,09 | 1,128+0,14 |0,021+0,002
0-1,5 cm BC,
Mirny 1 55,7£2,31{10,2+1,02| 125,2+5,1 |0,107+0,024| 26,2+1,96 | 103,6+4,2 |0,718+0,067|0,020+0,004
1,5-20 cm BC,
Mirny 2 6,20+0,56|12,8+1,04| 50,2+2,10 |0,199+0,027| 13,2+1,02 | 116,2+5,3 |0,100+0,017]0,533+0,067
0-2 cm BC,
Mirny 2 18,62+1,3|8,82+0,87(12,35+0,87|0,077+0,010| 8,69+0,56 47,2+1,212/0,580+0,087/0,021+0,003
2-20 cm BC,
Haswell 1 0,53+0,08/0,76+0,12| 1,75+0,45 | 0,052+0,09 | 0,46+0,08 |16,05+1,10| 1,189+0,12 |0,025+0,004
0-3 cm BCL\Igau
Haswell 1 0,18+0,03|1,20+0,34| 6,64+0,87 0,368+0,045| 0,73+0,09 | 64,30+2,2 |0,456+0,087/0,018+0,005
3-15cem BC
Haswell 2 0,04+0,01/2,27+0,61(19,40+1,97| 1,06+0,09 | 0,90+0,12 |206,6+6,43|0,100+0,018 He
0-1cm (AY, ) 00OHapyKEHO
Tabnuya 3
leoakkymysinnmoHHbIi HHAEKE (Igeo) B M3yYeHHBIX MPO0ax NOYB
Bepera IlpaBabl u apxunesara XacyaJui
Table 3
Geoaccumulation index (Igeo) in soil samples from Pravda Coast and Haswell archipelago
ITouBeHHbIH
TOPU3OHT, Pb Cr Cu Cd Ni Zn As Hg
IyOuHa
Mirny 1 -4,18 | -10,12 | -1,87 0,76 —4,12 0,53 -2,31 —-1,41
0-1,5cm BC,
Mirny 1 1,42 2,12 3,45 2,15 0,43 0,87 -3,71 -1,87
1,5-20 ecm BC,
Mirny 2 -2,31 -2,01 1,98 -1,87 0,76 0,67 —6,34 3,5
0-2 cm BC,
Mirny 2 0,87 -3,12 —0,41 -3,14 0,87 —0,42 —4,1 -1,98
2-20 cm BC,
Haswell 1 -4,96 —6,41 -3,12 2,87 -5,76 -1,87 -2,31 -1,73
0-3 cm Be, e
Haswell 1 8,12 -4,51 0,12 2,04 -4,12 2,15 -5,98 -1,55
3-15cm BC
Haswell 2 -8,01 -5,31 -1,76 0,31 —4,12 —0,08 -3,78 -
0-1cm (AY, )
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xpoma (Cr). 3radenus Igeo, paBabie 1,98, 0pun HafineHs! st meau (Cu) B BEpXHEM To-
puzonte Mirny 2 0-2 cM, 4TO yKa3bIBaeT Ha yMEPEHHOE 3arps3HEHHE MOYB 10 JJAHHOMY
uHekcy. CpeIMHHBIN TOPU30HT opHHUTOTeHHOH mouBs! (Haswell 1 3—15 cMm) xapakrepusy-
eTCsI 3HaUCHNEM /geo TI0 KaMUIO, paBHBIM 2,04, Igeo 10 IMHKY, paBHBIM 2,15 (yMepeHHO
3arpsi3HeHHast po0a), 1 3HaueHneM /geo 1o Meau, paBHbIM 0,12, 9TO XapakTepusyeT 3Ty
npoOy Kak MPaKTHYECKH HE 3arps3HEHHYIO M0 JAHHOMY 3JIEMEHTY. DTH pacCUHTaHHBIC
MIOKA3aTEeIH, XapaKTEePU3YIOIIIe HEKOTOPYIO CTEIICHb 3arps3HEHHs JaHHOW MpoOHI, Be-
POSITHO, CBsI3aHBI ¢ 00JIee BBICOKMM HAKOIUIEHHEM ATHX 3JIEMEHTOB B MPOJAYKTax KHU3HE-
JeITeNIbHOCTH MMHTBUHOB. PeHomeH HakoruieHnst Cd B OpHUTOTEHHBIX ITOYBaX M Ooiee
BBICOKMI MHIEKC [geo paHee ObLTH omucaHbl it Maputumuoi AHTapkTuku [37]. Bee
M3yYCHHBIE BEPXHHE TOPH30HTHI ITOYB OKPECTHOCTH CTaHIMM MHUpHBII 1 ocTpoBa Xacyasul
ObUTH OXapaKTEepU30BaHbI KaK MPAaKTHIECKN HE 3arpsi3HeHHbIC ([geo < 0) B OTHOIICHUH
prytu (Hg), kpome BepxHero ropm3oHTa mouBsl Mirny 2 0-2 cwm, Te 3Ha4eHue /geo co-
crasmio 3,50. B nenom nomyueHHble 3HaYE€HUS [geo ATl N3yUSHHBIX TSDKEIBIX METAJIOB
¥ METAJUTOUIOB HIKE MIIM HEMHOTO BBINIE HYJIS, YTO YKa3bIBACT Ha HU3KOE MM YMEPEHHOE
3arpsA3HEHNE U3YYEHHBIX MOYB.

J171s1 OLICHKH PUCKOB 3arpsi3HEHUS OKPY’KaloIIei cpesibl 0COOEHHO BayKHO ONPEICTNTD
BO3MOXXHBIE HCTOYHUKH 3aTPSI3HSAIONINX BEIIECTB, @ IMEHHO Pa3TPaHUYUTh AHTPOIOTEH-
HBIC U NIpUpOHbIe aHoManuy. OZHAKO MIMPOKO M3BECTHO, YTO 3arpsi3HEHUE MPHPOIHON
cpertbl OOBITHO TPE/ICTABISIET OO0 coueTaHne W B3aNMOJICHCTBHE PA3IHIHBIX (PaKTOPOB.

B pe3synbrare CTaTHCTHYECKOTO aHAJIM3a, MMO3BOJISIOIIETO BBISIBUTH KOPPEIALIUIO
MEXJy COAEP)KaHHEM H3YUCHHBIX TSKEIBIX METAJUIOB M (PH3MKO-XMMHUYECKHMH Tapa-
METpaMHU B MCCIEITyEMbIX MOYBAX, HUKAKUX 3HAYMMBIX MOJOXHUTEIBHBIX KOPPEISIIUN
ME>K1y MTOYBEHHBIMH MTApaMeTPaMH U COJCP)KaHUEM TSDKENBIX METAJUIOB 0OHApYKEHO HE
6b1T0. DTO MOXKET OBITH CBSI3aHO C BBICOKOH M3MEHUMBOCTHIO 3HAUCHNI KaK COACPKaHUS
METAJUIOB, TaK U (U3MKO-XUMHUYECKHX MapaMEeTPOB B MCCIEAYEMBIX ITOUYBaxX. B mouBax
cTaHIK MUpHBII 1 ocTpoBa Xacya3Jul 3HAYUMas! TTOJIOKUTEIIbHAS KOPPEISIIs 0OHapyKeHa
Ut map Meab—xpom (R = 0,915), xpom—uauxkens (R = 0,914), menp—aukens (R = 0,808),
Menb—1uHK (R = 0,831). Takke Habmromanach 3HaYMMasi OTPUIATEIEHAS KOPPEIAIINS
MEXIy IIMHKOM U MBIIIbsKOM (R = —0,827).

B cBsi3u ¢ BBICOKOH M3MEHYNBOCTBIO PACTIPEICICHUSI METAIUIOB B TOYBEHHOM ITPO-
(urte, a TakKe ¢ COUYETAHNEM BO3MOXXHBIX MCTOYHHUKOB HAKOTIICHUSI TSKEJIBIX METAJIIOB
B TI0YBE OBUT MPOBEACH aHaIN3 MIaBHBIX KOMHNOHEHT (PCA) ¢ menbio BBISBICHHS 3aBH-
CHMOCTEH MEXly COJECp)KaHHEM B MOYBE PA3IMUYHBIX TSKEIBIX METAIIOB (CM. Taoi. 4).

I'maBusiit kommoHeHT 1 (PC1) o0wscHseT 62,4 % 00mIei BapHaliy U TOKa3bIBaeT
3HAYNTENBHBIC TTOJIOKHUTENbHBIE (PaKTOPHBIE HArpy3Ku IO COZEpKaHHWIO OOIIero opra-
HUYECKOTO yTIIepoAa, a30Ta, MEIKO3eMa, IIMHKA U Kaamus. OOBIMHO copepkaHue ooIie-
ro opraandeckoro yrepoaa (TOC) u rpaHyTOMETPHUYECKHI COCTaB MOYBBI CUMTAIOTCS
Hanbosiee Ba)KHBIMH CBOICTBaMH, KOTOPbIE HEOOXOAMMO YUHUTHIBAThH IIPU HCCIICIOBAHUN
TIOBE/ICHUS TSKEIBIX METAIUIOB B TIouBax [28, 29]. ConmeprkaHue TSHKETBIX METAILIOB OOBIY-
HO YBEJIMUMBACTCS IO MEPE YBEIMUCHHUS COMNCP)KAHNS MEJIKO3eMa n3-3a Ooiee BBICOKON
CIIOCOOHOCTH MEJIKMX YacTHIl aJIcOPOMPOBATh TSDKENbIC MeTa/uTbl. OpraHMdYecKie BEIecTBa
TaKKe OBUTM ONMMCAHbI KAK XOPOIINE MTOMIOTUTENN MeTaJuIoB [32]. B 3TOM KOHTEKCTE HM3-
yUEHUE OPHUTOTCHHBIX MTOYB CTAHOBUTCS OCOOCHHO aKTyaJIbHBIM JUTS IIEJIeH MOHUTOPHHTA
OKpY KaroIeH Cpenbl M OIEHOK YKOJOTMYECKHX PUCKOB, CBA3AHHBIX C AEATEIBHOCTHIO
yenoBeka B AHTapkTuzae. Panee 00Cyk1anock, 4To OPHUTOTCHHBIE TIOYBBI, KaK MTPABUIIO,
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Tabnuya 4
Marpuna narpy3ok (factor solution) anayim3a rNiaBHbIX KOMIIOHEHT
st nouB bepera Ilpasabl u ocTpoBa XacyaJua
Table 4
Factor solution matrix of the principal component analysis (PCA)
of soils of Pravda Coast and Haswell island
I'maBHBIC KOMITOHCHTHI
Iepemennas PC1 (62,40 % PC2 (19,80 % PC3 (5,25 %
oOmieit BapHaryn) oOmieit Bapuarym) oOmieit Bapuarym)
Pb —-0,012 0,852 —-0,039
Cd 0,756 0,081 0,001
Cr 0,386 0,743 0,102
Cu 0,07 0,912 0,132
Ni -0,327 0,901 0,023
Zn 0,734 0,435 0,191
As —-0,243 0,121 —-0,634
Hg 0,141 0,231 0,792
pH 0,052 —-0,062 0,932
TOC 0,784 0,324 0,071
N 0,79 0,235 0,005
C/N 0,746 0,283 0,102
Menko3zem 0,601 -0,472 -0,305

Ipumeuanue. TIpuMeHEHHBIN METO/ POTALIMK — BapUMakc (varimax).
Note. The applied rotation method is varimax.

XapaKTePH3YIOTCS MOBBIIICHHBIMU COACPKAHUSMU HE TOJIHKO OPTaHUYECKUX BELICCTB,
HO U TSDKETBIX MeTainioB [38—41], 9To XOpOIIo KOppeIrpyeT ¢ HallUMH AaHHBIMU. OT-
HOCHUTEJIFHO BBICOKOE COAEP)KAHHE MBIIIbAKA MOKET OBITh BBI3BAHO €r0 PacTBOPECHHEM
B Boze [42], OTKyzIa OH MOXKET OBITh MOTIIONIEH MOPCKIMH BOIOPOCIISIMHU U aHTapKTHUE-
CKHM KpPHJIEM H, CJIEIOBATENBHO, IIOIIACTh B IHIIEBYIO CETh, HEPEX0as K XUITHIUKAM, TAKUM
KaK IIMHTBHHBI, YTO OOBSACHSAET €ro OTHOCUTENIBHO BBICOKHE KOHIICHTPALMK B MaTepuae
ryaHo [43]. B cBs3u ¢ 3TUM mpolieccr mepeHoca OM0aKKyMyTHPOBAHHBIX METAJUIOB B Ha-
3eMHBIC DKOCHCTEMBI B BHJIC MaTepralla TyaHo IITHII CIIeIyeT H3Yy4YUuTh OoJiee moapoOHo,
9TOOBI BBIOpATh aJeKBATHBIC MTapaMeTphl Ul ONMCAHUsS YPOBHS 3arps3HEHHS MOYBEL.
C npyroii CTOPOHBI, IOBBIIICHHOE COJEPKAHUE [IMHKA Ha HEKOTOPBIX Y4acTKaxX HCCIEI0-
BaHUs, BEPOATHO, CBA3aHO C BO3BEICHHEM CTAJBHBIX HH(YPACTPYKTYPHBIX KOHCTPYKIHUIA
CTaHIIMH, a TAaKke MOXKET yKa3bIBaTh Ha 3arps3HCHUE I0YB 3a CYST MONaJaHUs Ha ero
MIOBEPXHOCTH TOILIMBA HJIM OCaXKICHHS BBIXJIOIHBIX I'a30B.

Komnonent 2 (PC2) o6wsacuser 19,8 % oOrmeli Baprariui 1 OKa3bIBaeT Hanboee
3HAYUTENBHBIC MTOJOKUTEIbHBIC (GaKTOPHBIE HArPY3KU IO CONCPIKAHHIO MEIH, XpOMa,
HUKENs M CBHHIIA, YTO yKa3bIBacT HA MPEAIIONOKUTEIBHO SIUHBII HCTOYHUK HaKOILIe-
HUS JaHHBIX METaJUIOB U MOATBEP)KIAACT THIIOTE3y 00 aHTPOITOTEHHOM HPOUCXOKIACHHH.
YacTo HaKOIUICHHE 3THX METaIOB B II0YBAX AHTPOIOTCHHO-HAPYIICHHBIX TEPPUTOPHIL
B AHTapKTHJE CBS3BIBAIOT C Pa3MBaMH TOIUIMBA, [TOIIAJIAHUEM JIAKOKPACOYHBIX H3/Ie-
it (B cimyvae Pb u Cd) n MeTammiaeckuMu KOHCTPYKIMSAMHE U3 HepyKaBeroent cranu [44].

196 IIpo6nemvr Apxmuxu u Anmapxmuxu. 2025;71(2): 184-200



LI Alekseev, E.N. Grek, A.A. Chetverova
Ornithogenic soils of Pravda Coast and Haswell archipelago, East Antarctica...

Cawmble Bbicokue coneprkannsi Pb n Cu ObUTH HaliieHbI B TOBEPXHOCTHBIX TOPH30HTAX MOYB
cTaHUMK MUPHBIHA ¥, BEPOIATHO, CBA3aHbl C HHTCHCHBHBIM 3arps3HEHUEM JIaHAMA(TOB,
CBSI3aHHBIM C Pa3JIMBOM TOIUIMBA, & TAK)KE OTKPBITBHIM CKIIAJIMPOBAHUEM OTXOI0B. [IpHHATO
CUYMTATh, YTO Ha HAKOIUICHUE XPOMa U HHUKENs OCOOCHHO CHIIBHOE BIUSHUE OKa3bIBAIOT
reoXuMuueckue (pakTopsl cpensl [38], 103TOMy HEOOXOIMMBI JaIbHEHIINE HCCIIEIOBaHUS
TeOXMMHUYECKOTO PeKMMa I0YB 0a3ucoB BoctouHoit AHTapkTHIbl. OIHAKO MBI HE MOXKEM
UCKJIFOYaTh aHTPOIIOTCHHBIA XapaKTep UCTOYHHUKOB MOCTYIUICHHE HUKENs B MOYBBHI (BbI-
XJIOTTHBIC Ta3bl U IPYTHe UCTOYHUKH atMocdepHoro 3arps3Henus). Kommonent 3 (PC3)
o0bsicHsET 5,25 % 001meit Bapuanyy 1 OKa3bIBacT 3HAYNTEIIbHBIC TTOJIOKNTEIbHBIE (haK-
TOPHBIE HAIPY3KH 110 COIACPIKAHHUIO PTYTH M 3HaueHUsM pH. Panee Opu10 moOKazaHo, 4TO
u3MeHeHns pH 0Ka3bIBaroT CHIIbHOE BIIMSHUE KaK Ha KOHLCHTPALHIO TSOKEIBIX METAJIIOB,
TaK W Ha MX BBIIIEIaunBaeMOCTh [38, 44].

3akjoueHue

Hamu Obutn N3YUCHBI OHOrcHHO-a0HOTCHHBIE B3aHMOH€ﬁCTBHﬂ u 61/IOFGHHO-aKKyMy-
JIATUBHBIC TPOLECCCHI B TTOYBAX Bepera HpaB,HI)I U OCTpOBa Xacyann. MOp(i)OJ'IOFI/I"IeCKI/I
N3YUYCHHBIC IMMOYBbI O6J'IaZ[aIOT BBICOKOCKCJICTHBIMU U MaJIOMOIIHBIMHA Hqu)I/IJ'IHMI/I C HC-
3HAYUTCIIbHBIM HAKOIUICHUCM OPraHU4Y€CKOT0 BCIICCTBA. OJ_'[HaKO B YCJIOBHUAX aKTUBHOT'O
BJIMAHUA OPHUTOTCHHOT'O (baKTopa MMpOUCXOAUT obor AIlICHUEC BEPXHUX OPHU30HTOB IMOYBBI
OpPraHn4C€CKNUM BCIICCTBOM.

B nmo4yBax, HE MOJABCPIKCHHBIX MPAMOMY OPHUTOICHHOMY BJIIMAHUIO, B MUKPO-
CTpOCHHUU npeo6naz[aeT pr6006HOMOqHLIﬁ CKCJICT, B HCM OTMCYACTCs BBICOKAsA I1O-
PO3HOCTH, TTIMHUCTBIC KE€ HaCTUIBI pacOpCACIICHbBI B MEJIKO3EME€ B OCHOBHOM Z[I/I(l)-
(1)y3H0. OTZ[CJ'H)HBIC MHUHEPAJIBbHBIC 3€pHA MOKPBITHI TOHKUMU ITIMHUCTBIMU KyTaHaMU
U IMJICHKaMU, YTO TAaKXXC MOKa3bIBACT MOABUKHOCTD ITIMHUCTOTO MaTepuaa. B MUKPO-
CTPOCHUUN OPHUTOTCHHBLIX U NOCTOPHUTOTCHHBIX IMMOYB IMUPOKO MPEACTABJICHA T'YMYCO-
HOHO6H3H Imja3Ma, KOTopas MOXKET HaKallJIMBATbCS Ha MOBEPXHOCTU KPYINHBIX 3CPCH
B BUJIC I'YaHO U IJIOXO PAa3JIOKUBHICTOCSA OPHUTOTCHHOT'O MaT€puajia, a TakKiKEe B BUJIC
OpFaHHHGCKOﬁ KOHHOI/IHHOﬁ I1J1a3MBI.

Amnanu3 B3aMMOCBSI3EH MCXKAY MOYBCHHLIMU IMMApaMETpaMu U YPOBHAMU aKKYyMYJIALIUN
TSAXKCIIbIX METAJIJIOB IMOKa3ajl, YTO HCKOTOPOC YBCIIMYCHUC AKKYMYIISALIUU MOJIJIFOTAHTOB
Ha6J'IIOZ[aeTC${ B OPHUTOI'CHHBIX MCCTOO6I/ITaHI/IHX, a TAaKKC Ha MOBCPXHOCTU BEPXHUX
OTOP(I)OBaHHI)IX TOPHU30HTOB (B OCHOBHOM 11O KaAMHWIO, HUHKY U MI)IIIII)HKy), 4To, IMMPEAIoIo-
JKUTCJIIbHO, BBI3BAHO HAKOINJICHUEM O3THX 3JICMCHTOB B HA3CMHBIX 3KOCUCTEMAaX BCJIICACTBUC
61/10TpchnopTa 13 MOPCKHUX SKOCHUCTEM IO MUILCBLIM ILICTISIM.
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Annotamust. [Ipo6iema coxpaHeHHs M H3y4ICHHUS MaJbIX YPOAHN3HUPOBAHHBIX BOTOEMOB B aPKTHYECKUX PerH-
oHax Poccuy CTOMT 10CTaTOYHO OCTPO, TAaK KaK OHM HMEIOT X03SHCTBEHHOE, OMOIOTHUECKOE H PeKPEeallHOHHOE
3HaveHne. Kak mpaBmino, ropojckue BOZOEMBI SIBISIOTCS M3MIOONECHHBIM MECTOM OTHbIXA JKHTEIeH, CIyKar
MECTOM OOMTAHMS Pa3IMYHBIX JKUBOTHEIX M PACTEHHH, HTPAIOT 3HAYNTEIBHYIO POIIb B COXPAaHEHNH OHOpa3HO-
00pasmst. Crarhst OCBSIIECHA H3yYEHHIO THAPOOHOIOTHIeCKIX 0coOeHHOCTelT 03epa KoHTOKKH, Ha BOCTOUHOM
Gepery KoToporo pacronoxer MoHoropox KocroMmykira (ceBepHast Kapenws), ImaBHOE NPOMBIIIIEHHOE HPe-
IpHATAE KOTOPOTo — KOCTOMYKIICKHIT TOPHO-000TaTHTENBHBIN KOMOMHAT — BHOCUT 3HAYNTEIbHbIH BKIA]T B
skoHOMuueckoe passutre Pecrry6mxu Kapems n Cesepo-3anana Poccun. [lnst penrenns mocTaBiIeHHOI 3a-
Ja9¥ B BETeTAIMOHHBIH neprox 2024 1. GbLI0 IIPOBEICHO HCCIIE0BAHIE COBPEMEHHOTO COCTOSHIS COOOIIECTB
300IUTaHKTOHA, MaKp03000eHTOCa U NXTHO(ayHB! Bogoema. OCHOBHbIC TMHAMITYHBIC (haKTOPE! BO3ACHCTBHS Ha
IKOCHCTEMY BOJI0€Ma CBSI3aHEI C POCTOM HACeICHHs 1 pacIIupsIONIeiics ropockoit mHdpacTpykTypoil. K Him
MOKHO OTHECTH BO3PACTAIOLIYI0 PEKPEALIMOHHYI0 HATPY3KYy, a TAKXKE YBEIHUYCHHUE KOMMYHAIIbHBIX, THBHEBBIX
CTOKOB U TaJIbIX BOJ C TePPUTOPHY ropoza. [1o ypoBHIO KOIMUECTBEHHOTO pa3BUTUS 300ILIAHKTOHA  MAKPO300-
GenToca 03epo KoHTOKKH XapakTepu3yercst Kak oUroTpodHsIil BogoeM. bromacca 300mankToHa KoneOieTcs B
npezenax 0,6-0,8 r/m?, 6erroca — 0,6-2,0 r/m?. Coo0IIEeCTBO 300IUTAHKTOHA C(OPMUPOBAHO MPEICTABHTEIISIME
IBYX JIOMHHHPYIOIIMX IPYII (KOJOBPAaTKH, PakooOpasHbIe), KOTOPBIE B PABHBIX TOMSIX (HOPMHPYIOT BHIOBOE
GorarcTBo (44 Takcona). bomee 70 % TakcOHOB MakpOOECHO3BOHOYHBIX B COCTaBE OEHTOCA IPEJCTAaBICHO
mmauHKaMu HacekoMbIX (Ephemeroptera, Diptera, Trichoptera). ITo BumoBomy coctaBy nxtrodayHs! (8 BUIO0B)
03epo OTHOCHTCS K BOJIO@MaM TIepBOii prI00X03sHCTBEHHON Kateropy. [lomydeHHble pe3yIsTaTsl MOTYT JaTh
JOTIONHUTENBHYI0 HH(OPMALIHIO IIPH IPOBEICHHH KOMILIEKCHOTO SKOJIOTHIECKOr0 MOHHTOPUHTA ypOaHH3Hpo-
BAHHBIX BOZOEMOB CEBEPHBIX PETHOHOB TACKHOM 30HBL.

KitioueBble ci10Ba: ypOaHN3HPOBAHHEII BOTOEM, 300IIAHKTOH, MAKPO3000EHTOC, NXTHO(AyHA, SBTPO(GHKAIHS,
ApKTHYECKHE YKOCUCTEMBI, aHTPONIOTEHHEIE (haKTOpEI, MoHOTropoa Koctomyxkima
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Abstract. The problem of conservation and study of small urbanized water bodies in the Arctic regions of
Russia is quite acute, given their economic, biological and recreational significance. The article is devoted to
the study of the hydrobiological features of Lake Kontokki, on the eastern coast of which the single-industry
town of Kostomuksha (northern Karelia) is located, the main industrial enterprise of which, the Kostomuksha
Mining and Processing Plant, makes a significant contribution to the economic development of the Republic of
Karelia and north-west Russia. To solve the problem, a study of the current state of zooplankton communities,
macrozoobenthos and ichthyofauna of the reservoir was conducted in 2024. The main dynamic factors affecting
the ecosystem of the reservoir are associated with population growth and expanding urban infrastructure. These
include increasing recreational load, as well as an increase in municipal, storm water runoff and melt water
from the city. The object of the study is a small urban reservoir located within the Arctic zone of Russia. To
achieve the goal, comprehensive hydrobiological studies were conducted using generally accepted laboratory
techniques. The quantitative characteristics and species composition of the planktofauna, benthofauna and
ichthyofauna of the reservoir under modern conditions were determined. Features of the development of
the plankton fauna and macrozoobenthos of Lake Kontokki are primarily due to the geographical location
of the object, its hydrological features, and the influence of anthropogenic factors. According to the level of
quantitative development of zooplankton and macrozoobenthos, Lake Kontokki is characterized as an oligotrophic
reservoir. The zooplankton biomass fluctuates within 0.6-0.8 g/m’, benthos 0.6-2.0 g/m> The zooplankton
community is formed by representatives of two dominant groups (rotifers, crustaceans), which in equal shares
form the species richness (44 taxa). A significant number of oligochaetes and chironomid larvae tolerant to
habitat conditions were found in the lake sediments. More than 70 % of the macroinvertebrate taxa in the benthos
are represented by insect larvae (Ephemeroptera, Diptera, Trichoptera). According to the species composition
of the ichthyofauna (8 species), the lake belongs to the water bodies of the first fishery category. The results
obtained can provide additional information for complex environmental monitoring of urbanized water bodies
in the northern regions of the taiga zone.

Keywords: urbanized water body, zooplankton, macrozoobenthos, ichthyofauna, eutrophication, arctic
ecosystems, anthropogenic factors, single-industry town Kostomuksha
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BBenenue

Topon Kocromykiiia pacionokeH B ceBepoTaekHoM noa3one Kapenuu Ha BOCTOUHOM
Oepery o3epa Kontokkn Bomu3m rpanunsl Poccun n @unnstaann. OH ocHOBaH B 1977 1
B CBSI3U C pa3pabOTKOH JKeNe30pyaHOTO MecTopokaeHus. B 1982 romy BBeneH B CTpoi
KPYIHBIA TPOMBIIIIICHHBIH 006eKT — KOCTOMYKIICKHI TOPHO-000TaTHTEFHBII KOMOMHAT
(I'OK), xoTopsIii cTas Tpagoo0pa3yomM mpeanpustaeM. [IpoMbIieHHas mIomanka
KOMOWHAaTa HAXOOWTCS Ha paccTosHUH B 10 KM K ceBepo-BOCTOKY oT ropopa [1]. Hace-
nenne ropona, mo onenke POCCTATa, na 1 saBaps 2024 1. coctaBmso 25878 denosex.
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B cumy cBoeil MOBBINICHHON YS3BUMOCTH 3KOCHCTEMBI APKTHKH, TTOIBEPTalOMIAECs
AHTPOIIOTEHHOMY 3arPA3HEHHIO, IPH He3HAYUTEIIFHBIX KOJICOAHHSIX BO3ICUCTBYIOMINX (haKTO-
OB OTBEYAIOT 3HAYNTEIIHHBIMI M3MECHEHUSMH OMOTHI Hf a0MOTHYECKUX XapaKTePUCTHK [2—5].

B apkTruecknx pernoHax HEOOJIBIITHE BOIOEMBI CITy)KaT MECTaMH OOWTaHUS paz-
JUYHBIX OpraHm3MoB. [Iporecc ypOaHW3anuu MPUBHOCUT 3arpsI3HSIONINE, TOKCHICCKIE
BEIIIECTBA, YBEIMYMNBACT IPUTOK OMOTEHOB, YTO MPUBOIUT K U3MEHEHUSM B THIPOJIOTH-
YECKOM M THIPOXUMHUYECKOM PEXHUMaxX Bomoema [6].

Wzyuyenne ropocKuX BOZOEMOB SIBIISICTCS aKTyaJIbHBIM U HIMEET MPAKTHYECKOE MIPH-
MEHEHHe, 0COOCHHO B YCIOBHUAX YBEIHUCHHS YPOAHN3UPOBAHHBIX TEPPUTOPHIA KaK OTHOTO
U3 Pe3ybTaToOB ACSITEIFHOCTH YenmoBeka [7, 8]. [TT1aBHbIC HCTOYHUKH aHTPOIIOT€HHOTO
BIIMSIHUS Ha MCCIIEOBAHHBIN BOMHBIN OOBEKT — MPOMBIIIIICHHOCTD, TPAHCIIOPT U CEJb-
ckoe xo3stcTBo [9, 10].

OCHOBHBIM 3arpsi3HHTENEM paiioHa uccnenoBanus sBiseTcss MKII «l'opBomoka-
Han Koctomykiickoro roponckoro okpyra» (. Kocromykma). Tak, 3a mepuon ¢ 2016 mo
2022 r., B COOTBETCTBUM C rOCYJApPCTBEHHBIMU JOKJIAJJAMU O COCTOSIHUM OKpYXKarolei
cpensl PecrryOmmmku Kapennsi, 00beM CTOYHBIX BOJI, COIEPIKALIUX 3aTPSI3HAIOIINE BEIECTBA,
BapbupoBai ot 4,399 muu M® (2016) o 4,977 mua m* (2022).

Hawnbonee ys3BUMBIMU TIPUPOIHBIMA OOBEKTAMH ISl AHTPOTIOTCHHOTO BIIFISTHUS
SBIISIFOTCS BOJOEMBI M BOAOTOKH ypOaHM3UPOBAaHHOW cpelbl. B pesymbrare mporeccos
IBTPOPHUPOBAHUSI M XUMUUECKOTO 3aTPS3HEHUS IOBEPXHOCTHBIE BOJIBI TOPOICKUX TEPPH-
TOPUH, KaK MPaBHUIIO, OTHOCATCS K KaTETOPHH BOJ HU3KOTO KauecTBa. JlaHHas mpobiema
HCCIIEyeTCs B pa3HBIX cyObeKkTax Poccuu, MeeTcss MHOKECTBO PaboT, TIOCBSAIICHHBIX
roponckuM Bogoemam [11-13].

Lenb maHHOTO MICCIEIOBAaHUSI — OIEHUTh OCOOEHHOCTH COBPEMEHHOTO COCTOSIHUS
THUIPOOHMOIICHO30B 03epa KOHTOKKH B YCIOBHAX BIUSHUS aHTPOIIOTEHHOTO (PaKTopa.

PaiioH 1 00bEeKTHI HCCJICI0BAHUSA

Ha teppuroprun KocTOMyKIICKOTO TOPOICKOTO OKPYTa OCHOBOI IPOMBIIUIEHHOCTH
ABJIACTCSI OObIUA JKENE3HOH Py/Ibl, UTO, KaK M3BECTHO, TPUBOANT K TIOBBIIICHHOW TEXHO-
TEeHHOW Harpy3ke Ha oKpy:karollyto cpeny [14—19].

KonTokkn — 03epo Ha Tepputopnu Kocromykiickoro ropoackoro okpyra Peciry6-
muku Kapenus. VicenenoBannst pOBOAMIINCEH B TOJBEPIKCHHBIX 3arpsA3HEHUIO pailoHax,
BBy NIPUCYTCTBUSI B IPHOPEKHON 30HE CTPOUTEIBHOTO CEKTOPA M TYPUCTHIECKUX 00b-
exToB. Ha kaprocxeme mpecTaBiIeHBI TOYKH 0TOOpa mpod (puc. 1).

Bonoem npunauiexut k 6acceiiny beroro mMopsi, pacnonoxeH Ha BomocOope pekn
Kemu, B BepxoBbe pexn KOHTOKKH, KOTOpast CBSI3bIBAaET BooeM ¢ o3epoMm JlyBozepo. Bricora
Haz ypoBHeM Mopst — 202 m. KoopmuraTs! ieHTpa o3epa: 64°35' ¢. mr., 30°34' B. 1. Obmas
TUTONIA/Ib 3epKaiia 03epa — 5,2 kKM%, juinHa OeperoBoi munun — 13,3 kM. J{nuHa o3epa —
3,8 kM, mmprHa — 2,5 KM, CpeIHsisa TiTyonHa — 3,5 M, MakcumainbHas — 5 M [20]. Dopma
o3epa jonactHas. bepera n3pesannsie, kameHucTo-necyansie. [Tnomans Bomocbopa —
26,1 xm?. O6mras miomaas octpoBoB — 0,02 kM. KOHTOKKH — METKOBOJIHBIH, XOPOIIIO
MPOTrpEeBAEMBIi ITPOTOYHBIN BOIOEM, TIOKA3aTellb YCIOBHOTO BoJjooOMeHa cocTtaisieT 0,72.

Boma o3epa KorTokkm XapakrepusyeTcs cirabokucioi peakiueii (pH — 6,6), nmeer
LBETHOCTh 23—66°, mepMaHraHaTHyto okuciasieMoctb — ot 6,0 1o 10,2 mr Oz/n, conepKa-
HHE Kucaopoaa Bapsupyet ot 46 1o 100 % (B cpennem 85). ITo xummudeckoMy cocTaBy
BOZIBI OTHOCHTCS K CYNIb(aTHO-THAPOKapOOHATHOMY Kiaccy rpymmsl Ca. Munepanuzanms
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Puc. 1. Kaprocxema paiiona nccienosanus (03. Kontoxkn, Kapemust) ¢ Touxamu ot6opa npod

Fig. 1. Map of the study area (Lake Kontokki, Karelia) with sampling points

BOJIbI HEBBICOKAsI, TI0 MHOTOJICTHUM JIaHHBIM, KojieOnercs B mpenenax 14,5-23,4 mr/m.
ConeprxkaHre OMOTEHHBIX 2JIEMEHTOB HE3HAYUTENILHOE: KOHI[EHTPALUsI MUHEPAJILHOTO (oc-
¢opa cocrasnsier 0,002—0,003 mrP/mn, opranuyeckoro azora — 0,45-0,52 mrN/x [20, 21].

Beicuiast BogHasi pacTUTEIBHOCTD BOJOEMa pa3BUTA Cl1abo M IPEACTaBlIeHa exXe-
TOJIOBHUKOM, PAECTOM IIaBAIOIINM, KyOBIIIKOW, KYBIIMHKOM M JIIOTUKOM BOJIHBIM.

B cocrae nxrnogayHsl 0TMEYEHO 8 BHJIOB PbIO, OTHOCSIIMXCS K YEThIpeM (hayHHCTH-
YEeCKHUM KOMIIIEKCAM: CHT, PsIyIKa, OKyHb, IUIOTBA, LIyKa, JIell, s13b U roJibsH. [1o uuciy
BUJIOB JIOMUHHpPYET OopeanbHblli paBHUHHBIA KoMIuieke — 50,0 % (uiyka, si3b, IUIOTBA,
okyHb). Ha apkTuueckuii nmpecHOBOIHBIN KOMITIEKC MPUXOAUTCs 25 % (cur, pamymka),
no 12,5 % — Ha GopealbHbIi MPEeAropHbli (0OOBIKHOBEHHBIH TOJIbSIH) M MOHTHYECKUH
MIPECHOBO/IHBIN KOMITJIEKCHI (JIETl).

HxrtrodayHa BogoemMa He OTIIMYaeTCsi OOJIBIINM Pa3HOOOpa3HeM, OJHAKO MO3BOJISIET OT-
HecTu KOHTOKKM K BbICIIEH pHI00X03sHICTBEHHON KaTeropuH, TaK Kak B HEM OOUTAIOT 1IEHHbIE
BUJIBI IO (psimymika v cur). CUroBbie pbIObl OJHUMH U3 MIEPBBIX PEarupyroT Ha M3MEHEHHs
B BOJIHBIX 9KOCHCTEMaX M MOTYT CIIY)KHTh MHIMKATOPAMH MX COBPEMEHHOI'O COCTOSHHSI.
Cur B BozloeMe IPEJICTABICH CPeJHETHIYMHKOBOM (hopmoii (30—34 sxabepHbIX THIYMHOK),
OTJIMYAIOIIEHCST MAIBIMU pa3MepamMu (CpeHsist [UTMHA He TpeBbIaeT 17 ¢M), 3aMe/UIeHHbIM
POCTOM M OTHOCHUTENIBHO PaHHHUM co3peBaHHeM (B Bospacte 2+) [22]. ITo cpokam Hepecrta
B BOJIOEME IPE/ICTaBIICHbI OCEHHE-HEPECTYOLINE 1 BECEHHE-JIETHEHEPECTYIOIINE BUJIBI PBIO.

[TpomMbIcIOBOE 3HAUCHHE B HUCXOASIIEM MOPSIJIKE UMEIOT CICAYIONINE BUIBL: Psi-
MyIIKa, CUI, OKYHb, IIlyKa, TUIOTBA, JIell, si3b U ToJibsiH. [IpakTnuecku Bce BUIBI B CO-
CTaBe PHIOHOIO HACEJICHUS BOJOEMA XapaKTEePHU3yIOTCs OoJiee HU3KMMHU TOKa3aTessIMU
JIMHEHHO-BECOBOTO POCTA 10 CPABHEHHIO C MOMYJISILUSIMHU U3 BOAOEMOB, PACIIONIOKEHHBIX
tokHee [22]. DT0, Mo-BUAUMOMY, 00YCIIOBICHO KPAaTKOBPEMEHHOCTHIO BEr€TAIHOHHOTO
HeproJia ¥ OrpaHUuEHHOCTBI0 KOPMOBBIX PECYPCOB B YCIIOBHSX CEBEPHBIX ILIHPOT.

B nacrosiiee Bpemst o3epo KoHnTokku, pacnonoxeHHoe B rpanunax r. Koctomykuim,
UCIIOJIB3YETCs ISl JIIOOUTEILCKOTO PHIOOJIOBCTRA.
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MarepuaJjibl 1 METOAbI

Wzydenue rupoOHoIieHo30B 03epa KOHTOKKM MPOBOAMIOCH B paMKaX KOMILIEKC-
HOT'0 MCCJIEN0BaHMs COTpyAHnKaMu MHctuTyTa Ononornn Kapeabckoro Hay4HOTo LEHTpa
Poccuiickoii akagemun Hayk jietom 2024 1. 1o nporpamMme OHOJIOTHYECKOTO0 MOHUTOPHHTA
BOIHBIX 00BeKTOB PecyOmmku Kapenus. OT6op mpo0 B ceperHe UIoNs U aBrycTa MpoBO-
JIAJICS HA KOMITIIEKCHBIX THAPOOHOIOTHIecKuX cTaHnusax (Ne 1—4), pacronokeHHBIX B IICH-
TPaTBbHOM 1 MPHOPEKHON YacTsIx BomoeMa. [ myOnHa BapprupoBana ot 1—3 M (JiuTopanbHas
30HA) JI0 7 M B 30He MpodyHIaIH, TeMneparypa Boasl focturana 13—15 °C. Inst or6opa
Npo0 300IUIAHKTOHA MCIIOJIb30BAJICS 2-IUTPOBBIA OaromeTp PyrrHepa. O0naBnmBainch Bce
CJIOM BOJIBI C MHTEPBAJIOM 1 M ¢ 3-KpaTHOU MOBTOPHOCTHIO. KoMILIekcHbIe Tpo0bI (TTOBEpX-
HOCTBh—IHO) (puitbTpoBaikch yepe3 raz Ne 70, koHueHTprpoBaauch g0 100 MM® u pukcu-
poBainuck 4 % ¢dopmanuaoM. [IpoOs1 00padbaThIBaINCh B COOTBETCTBUH CO CTAHIAPTHBIMU
Metomamu [23, 24]. bromacca omnpenesuiach pacdeTHBIM METOIOM. [ aHamm3a CTPyKTY B
300IUIAHKTOLIEHO3a UCIIOJIB30BAINCH CIIEAYIOIINE UHAECKCHI: Bcrus/Bml’ NCla d/NCop u chcl/Bcal‘
Taxke paccYMTHIBAJINCh WHAEKCHI BUIOBOTO pazHooOpasus lllenHona u canpoOHOCTH
[MTanTne—byxkka [25]. Tpoduueckwuii craryc Box onenuBascs no mkane C.IT. Kuraesa [26].
TakcOHOMUS KOJOBPATOK M HU3IINX PaKoOOpa3HBIX MPHBOIUTCS COMACHO «OMpeeTuTeIio
300IUIAHKTOHA 1 3000€HTOCa MpecHBIX Box EBpomneiickoit Poccumy [27]. st konmndecTBeH-
HOro oT00pa Mpod 3000eHTOCA UCTIONB30BAJICS THOUEpIaTens DkMaHa—bepmka (Tomans
zaxBata 0,025 m?). [pyHT mpombiBaincs depe3 cuto (pa3mep siaer 0,5 MM) U HGUKCHPOBAIICS
B 8%-HOM pactBope dopmanuHa. KamepanbHble Mporeaypsl POBOMINCH B JTa0OpaTopun
C HCIOJIb30BaHUEM OMHOKYIISIpHOTO MUKpockona Micromed MC-2-ZOOM, 6ecrno3BoH0Y-
HBIE COPTHPOBAINCH IT0 TAKCOHOMUYECKUM T'PYTIIIaM U B3BEIINBANNCH Ha Becax DA-124C
(BEL Engineering) ¢ TogarocTsio 110 0,1 Mr. Buas! knaccupuuyupoBaaiuch B COOTBETCTBHH
C TIOCIIEIHUMHE pekoMeHnmarmsaMu [28, 29]. Ha3zBanus BUIOB ObUIM TIPUBEICHBI HA OCHO-
Be 0a3bl mannbIX Global Biodiversity Information Facility (GBIF.org) u Fauna Europea
[30]. Tpoduueckuii craryc Bogoema onpenensuics mo mkane C.IT. Kuraesa [26]. Ouenka
KauecTBa BOJ M CTEMEHU OPTaHHUUYECKOTO 3arpsi3HEHUs MPOBOAMIACH C MCIOIb30BAaHUEM
OJIMTOXETHOTO MHjekca ['ynHaiiTa—Yuties u unaekca canpoodnocru [lantne—bykka. Bu-
JIOBOE pa3HOOOpa3me Ha CTAHIMAX HW3ydaloch ¢ moMornsio mHaekca [llennona (H), pac-
cunrannoro mo ¢opmyne: H = -X(p,'In p), tae p, — nons ocobeii i-ro Buaa [25, 31, 32].
Pacuetsl npoBoguiiuck ¢ nomortbio mporpammsl PAST 3.18 [33].

Hxtnogayny 03. KOHTOKKH n3ydann Ha OCHOBE CETHBIX YJIOBOB, OCYIIECTBIISIBIINXCS
Ha pa3NnyHbIX DTyOrHax. MIXTHomornyeckuii Marepuan oopadaThIBaiy 1Mo OOUIENPHHSITHIM
MmetomaukaMm [34—-37]. BunoBoii coctaB pbI0 (pyccKue 1 IJATHHCKUE Ha3BaHUS) IPHBOIUTCS
0 KHHUTE «ATiac MPecHOBOIHBIX prIO Poccumy» [38].

Jlnst MHTepIpeTanuy pe3yabTaToB U UX aHaJIW3a TakKe MPHUBICKAINCh apXUBHBIC
JIaHHBIE 3 MPEAbIAYIINE NEPUObl UCCIIEN0BAHNS BOLOEMA.

Pe3yabTarhl HccieoBaHM i

Cnucok OpraHu3MOB 300IUIAaHKTOHA, OTMEUEHHBIX Hamu B 2024 T., Hacyu-
TeiBaeT 44 Buma. M3 wux xomoBpatkm (Rotifera) — 15 (34 %), BeTBUCTOYyCHIC pa-
koobOpasusle (Cladocera) — 17 (39 %), Becionorue paxoodpasnsle Copepoda —
12 (27 %) (Calaniformes — 2, Cyclopiformes — 9, Harpactiformes — 1). Takum odpazom,
BHUJIOBOE pPa3HOOOpas3ne JOCTUTAETCS 3a CYET 3 OCHOBHBIX IPYIIT B TPUMEPHO OIMHAKOBBIX
COOTHOIIEHHsIX. B cocTaBe MIaHKTOHHOH (ayHbl peobiasaT o- U ofl-me30canpoOHbIe
OPraHU3MBbI, KOTOPBIE SABISIOTCS JOMUHAHTAMH U NPEBANUPYIOT Hal -Me3ocamnpodamu.
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K maccoBeIM BHIaM KONOBpaTOK OTHOCATCS Asplanchna priodonta, Kellicottia
longispina, Conochilus unicornis; Keratella cochlearis u Bipalpus hudsoni. OcHOBY TpyTI-
TIbI TIEJTAarMYECKUX TUIAHKTOHHBIX PaKooOpasHBIX COCTaBIsIeT OopeanbHas (ayHa, MIUPOKO
pacnpocTpaHeHHas B KapelbCKux o3epax (Holopedium gibberum, Daphnia cristata, Bosmina
coregoni, Eudiaptomus gracilis, Heterocope appendiculata, Thermocyclops oitonoides,
Cyclops scutifer) u psa 3BpUTOITHBIX opraHm3MoB (D. longispina, B. longirostris, Mesocyclops
leuckarti). 3apocneBo-TUTOPaTBbHBIN TUNITAHKTOHHBIA KOMIIICKC TIpecTaBieH Sida crystallina,
Acroperus harpae, Chydorus sphaericus, Megacyclops viridis. MexXTomoBeie pa3Indus
B BHJJOBOM COCTaBe IUTAHKTOHA HE3HAYUTEIILHBI M 00YCIIOBIICHBI PEIKUMU BHIAMH.

B Tabnuue 1 npuBoasTcs oOLIMe MOKA3aTeIH Pa3BUTH TNIAHKTOHHOM (ayHbI U psil
CTPYKTYPHBIX HH/ICKCOB, OTPAXKAIOIINX KOJIMYECTBEHHOE COOTHOLICHHE OCHOBHBIX IPYIIIT
B COOOIIECTBE 3a BCE MEPHOIbI H3yUCHHUS.

Tabnuya 1
O0mas xapakTepucTHKa 300IIaHKTOHA 03. KOHTOKKH 32 nepuoabl ncciae10BaHuil
Table 1
General characteristics of zooplankton of Lake Kontokki for the periods of research
IMokazarennb 1970* 1972%* 1984* 1997* 2024%*
Yucio BUIOB 30 20 41 42 44
N, 4MCIEeHHOCTB, 17,6 28,9 20,0 11,8 24,6
T. 9K3./M°
B, 6uomacca, r/m? 0,660 0,667 0,764 0,610 0,759
B,_./B.. 99,0 11,5 32,3 19,0 4,4
Ncmd/Nm10 0,78 1,16 0,56 3,42 1,91
chcl/Bcal 2,57 0,67 0,70 0,10 3,92
Wnnexc lllenHona - — - - 2,1
Wnnexc 1,18 1,42 - — 1,48
carpoOHOCTH
Homunupytotme | H. gibberum, | E. gracilis, | Bosmina spp.,| E. gracilis, | Bosmina spp.,
BUJIBI Bosmina spp., | H. gibberum, | Daphnia spp., | H. gibberum, | A. priodonta,
D. cristata | A. priodonta E. gracilis | Bosmina spp. | Daphnia spp.

Ipumeuanue. * — no [44]; ** — Hauu JaHHbIC.
Note. * — by [44]; ** — our data.

HccnenoBanust oHHOH (hayHb! 03epa KOHTOKKH MPOBOAMIKCH HaunHast ¢ 1970-x 1T,
IO pe3yJibTaraM 3THX paboT 03epo ObLJIO OTHECEHO K ME30TPO(HOMY THITy C OOraToii u pas-
HOOOpa3HO# (ayHoii, B mocienyrorue rofp (1984, 1994) 3HaunTebHBIX H3MCHEHHH B OCH-
ToleHo3ax He mpou3onuio [39]. JloHHbIE OTI0KEHUS MPEICTABIECHBl KOPUUHEBHIMU HIIAMH.

[To utoram wMcclieqOBaHUS B JOHHOM COOOIIECTBE OBUIM OTMEYCHBI 19 Tak-
COHOB HAaJABHUIOBOTO W BHUAOBOI'0 paHTra BOJHBIX 6eCH03BOHO‘IHBIX. N3 nHux
Oligochaeta — 5, Chironomidaec — 7 (tabum. 2).

3nauenus 6rnomaccel (B) uccienoBaHHbIX paiioHOB 03epa BapbupoBaiu ot 0,02 r/m?
10 0,23 /M2, uncennoctu (N) — ot 420 o 760 sx3/m%. B cocrase 3000eHTOCa 03€pa
TaK)Ke OTMEUCHBI MpencTaBuTen MoutrockoB (Gastropoda, Bivalvia) Ha mecyanbix 6uo-
Tonax juTopanu u npodynnanu. boaee 70 % TakcOHOB MaKpOOECIIO3BOHOUHBIX B COCTaBe
OeHTOCa MpeacTaBicHo JudnHKamMu HacekoMmbix (Ephemeroptera, Diptera, Trichoptera).
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Tabnuya 2
TakcoHOMUYECKHIi cocTaB MaKpo3000eHToca 03. KoHTokKH
Table 2
Taxonomic composition of the macrozoobenthos of Lake Kontokki
TakcoHb! Buasr
Nematoda Nematoda sp.
Oligochaeta Tubifex newaensis (Michaelsen, 1903),
Limnodrilus hoffmeisteri (Claparede,1862),
Cognettia glandulosa (Michaelsen, 1888),
Spirosperma ferox (Eisen, 1879),
Lumbriculus variegatus (Miiller, 1774)
Hirudinea Glossiphonia complanata (Linnaeus, 1758)
Gastropoda Lymnaea sp.
Bivalvia Pisidium sp.
Insecta
Ephemeroptera Ephemera vulgata (Linnaeus, 1758)
Trichoptera Stenophylax sp.
Diptera
Ceratopogonidae Bezzia sp.
Chironomidae Demicryptochironomus vulneratus (Zetterstedt, 1838),
Cladotanytarsus mancus (Walker, 1856),
Chironomus plumosus (Linnaeus, 1758),
Stictochironomus crassiforceps (Kieffer, 1922),
Pseudochironomus prasinatus (Staeger, 1839),
Psectrocladius septentrionalis (Chernovsky, 1949),
Procladius sp.
Tabruya 3
Maxkpo3oo0entoc 03. KOHTOKKH 32 MHOTOJIeTHUI MEPUO
Table 3

Macrozoobenthos of Lake Kontokki over a long period

1970* 1972%* 1984* 1994* 2024**
N B N B N B N B N B
Oligochaeta 177 | 0,20 | 248 | 0,31 | 218 | 0,12 90 0,15 | 387 | 0,28

Takconsr

Mollusca 14 | 021 | 173 | 023 | 93 | 006 | 9 | 009 | 82 | 007
Chironomidae| 1057 | 0,57 | 748 | 0,74 | 752 | 0,15 | 260 | 042 | 270 | 0,12
Tpoune 39 | 034 ] 64 | 068 | 57 |o042| — | — | 60 | 011
Beero 1387 | 1,32 | 1233 | 1,96 | 1120 | 0,75 | 440 | 0,75 | 799 | 0,58

Ipumeuanue. * — 1o [20]; ** — Hamu gaHHble; N — YHCIEHHOCTB, 9K3./M%*; B — Guomacca, r/m>.
Note. ¥ — by [20]; ** — our data; N — sample size, copies/m?*; B — biomass, g/m?.

Wnnexc BunoBoro pazHoodOpasus lllennona (H) mist mccnemoBaHHOTO BogoeMa
BapbupoBai ot 0,99 Ha npodynnamm o 1,61 B mpuOpexHOH 30HE, B CPEIHEM OH CO-
craBmi 1,27, 9TO CBUAETENLCTBYET O HE3HAUYUTEILHOM BHIOBOM OOMIIMH JIOHHBIX Opra-
HU3MOB U CIOXKHBIIEHCA CTPYKType JOMUHHMPYIOIUX TaKCOHOB. OIMIOXETHBII MHJIEKC
I'ynnaiita—Yurnes (O = 75,9 %), ocHOBaHHBIH Ha COOTHOIICHUN YHCIEHHOCTH OJIUTOXET
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1 00IIIeli YNCIEHHOCTH BCEX OPraHM3MOB MaKp0o3000€HTOCA, TI03BOJISICT OTHECTH BOIOEM
K 4-5 krnaccy kayecTBa Boj. MakcUMalbHbIX 3HaueHUH uHIeKe ['ynHaiita—Yuies qocturai
Ha craHmuy Ne 1 B 3amieHHO# nmuTopanu. CorlacHO MOKa3aTellto HHACKCA CalpOOHOCTH
[ManTne-bykxka (S = 2,93), momrydeHHOMY € HCIIONB30BaHHEM 7 TaKCOHOB MaKp0O3000€H-
Toca (BHIOB-HHINKATOPOB), BOMOEM OTHOCHUTCS K 0-ME30CanpoOHOMY THITY.

B Tabmn. 3 mpuBoasaTCs 00IIHe KONMMYECTBEHHBIE TIOKA3aTeIH Pa3BUTHS JOHHOH (ay-
HBI, OXBAaTHIBAIOIINE TICPHUOABI U3y4deHHS 03. KOHTOKKH.

Obcy:xnenue

[To MHEHHIO psiia aBTOPOB, BUI0BOH COCTAB 300IIIAHKTOHA SIBJISIETCS OTHUM M3 KOH-
CEPBaTHBHBIX MPU3HAKOB M MOXKET COXPAHSITh OTHOCUTEIbHYIO CTAOMIBHOCTh B TCUCHHE
JECATHIICTHI Jaxke B YCIOBUAX 3BTpodupoBanus [40—43]. AHaIU3 MOITYYCHHBIX HAMHU
MarepuaioB CBUIETEILCTBYET B MOJIb3Y ITOH TOUYKH 3PEHHSI.

CpaBHEHHE IMOJyUYECHHBIX PE3yJbTaTOB MOKAa3bIBAET 3HAUYUTEIILHOE CXOJICTBO Ka-
YECTBEHHOI'O0 COCTaBa, CTPYKTYPBl M KOJIMYECTBEHHBIX IMOKa3aTesield 300IJIaHKTOHA
¢ 1970 . [44]. JoMUHHUPYIOMINNA KOMILJIEKC BUIOB MPAKTUYECKH HE UBMEHUIICS U COCTOUT
u3 OopeasbHOl (ayHbI 1 KOCMOIIONUTHBIX BUJIOB, PACIIPOCTPAHCHHBIX B OOJIBIIUHCTBE 03€P
ceBepHoii Kapenuu. DTo moATBep)kKIacTCs 3HAUCHUEM MHJCKCA CApoOHOCTH, KOTOPBIN
OTpa)KaeT KOJIMYECTBEHHOE COOTHOILCHHE OPTaHM3MOB-HHMKATOPOB M XapaKTEPHU3yeT
BOJIBI 03€pa Kak €j1abo 3arpsi3HeHHBIC (Tadm. 1.).

[To 3Ha4YeHMSM YHCICHHOCTH U OMOMACCHI 300IUIaHKTOHA 03epo KOHTOKKH OTHOCHTCS
K oMrotTpodHeIM Bozoemam [26].

Jst cooO1iecTB MaKpoOEHTOCA MAJIBIX APKTHYECKUX M CyOapKTHUECKHUX 03€p Xapak-
TEpHO OTCYTCTBHE MHOTMX TaKCOHOB, YTO NMPUBOJUT K CHM)KEHHIO 00IIero pasHooOpasus,
a TaKk)Ke HM3KHUM IT0Ka3aTessiM oO0Iei OrnoMacchl BBULy Mallod MPEJACTaBICHHOCTH WIH
MOJTHOTO OTCYTCTBUSI KPYITHBIX MOJUTIOCKOB. KpoMme Toro, B TakuX BOJOEMaX, Kak MPaBUIIo,
c11ab0 pa3BHUTa BOJAHAS PACTUTENILHOCTB, YTO JIOTOJHUTEIBHO YMEHBIIAET KOJIUYECTBO
BUJIOB, KOTOpPBIE MOIVIH OBITH OOHAPY)KEHBI B COCTABE 3apPOCIIEBBIX COOOINECTB. 3aKOHO-
MepHO, 4To posib ceM. Chironomidae 1 MeJNKHX JABYCTBOPYATHIX MOJUIIOCKOB (CEMEHCTB
Pisidiidae u Sphaeriidae) 3HaunTenpHO Bo3pacTaer [45].

B o03epe KOHTOKKH TIPOCIICKUBACTCS CXOHAS TCHACHITHS, HI3Kash MUHCPAIA3AIUS
HE CroCcOOCTBYET Pa3BUTHIO (hayHbI PAKOOOPA3HBIX M KPYITHBIX MOJUIIOCKOB, OCHOBY MaK-
po3oobeHToca BogoeMa (hOpMHPYIOT JIMUUHKY aMpuOnoTnuecknx Hacekombix (6omnee 70 %
OT BCEX OOHAPY)KCHHBIX TAKCOHOB).

Kak mpaBuiio, MpOMBINLICHHOCTh YacTO UTPAcT 3HAYUTEIBHYIO POJIb B SKOHOMHUKE
ropoja, a 300MJIaHKTOH ¥ MaKpo3000€HTOC TOPOJCKHX 03€p OTPa)KaroT €€ HeraTHBHOE
BO3JICHCTBHE HAa NPUPOJIHYIO cpeay. B ciryyae ¢ 03. KOHTOKKYM 0HUM M3 JJOMOTHUTEIBHBIX
(haKTOPOB MOXKET CIYXHTh Hamrmuue KoCTOMYKIIICKOTO TOPHO-000raTUTEIbHOIO KOMOUHA-
Ta, XOTsI MPSAMOTO BO3/ICHCTBUS Ha BOJOEM OH HE OKasbIBaeT [46]. OqHako Takue ciydyau
Hepeaku. Tak, uccienoBanue o3ep MypMaHCKO# o0iacTé BONM3M MEIHO-HUKEIIEBOTO
METaJUTypru4eckoro KOMOMHATa BBISIBUIIO CHIDKEHHE BHIOBOTO Pa3Ho00pasus cooOIecTB
U psjaa npyrux nokasareneit [47]. Ilocineqnue uccnenoBaHus BOAOEMOB B uepTe I. Myp-
MaHCKa [M0Ka3aJju, YT0 OPraHNYeCcKoe 3arpsi3HEHUE U 3arpsisHEHHNE TSHKEIBIMU METalulaMU
HaXoJsITCS B TECHOM B3aMMOJICHCTBHY, BBI3bIBAS KyMYJISITHBHBIN dddekT [48].

B uccnenyemom paiione B pa3zHble rofbl MPOBOJMINCH KOMIUIEKCHBIE pabOThI MO
OLICHKE Ka4eCTBAa U COCTOSIHUSI TOBEPXHOCTHBIX BOJ: JI0 CTPOUTEIBCTBA rOpojia M KOMOMHA-
ta (1970-1976 rT.), B IEpHOJT HAPALMBAHKS MOIITHOCTH KOMOMHATA U (PyHKIIMOHUPOBAHUS

208 IIpo6nemvr Apkmuxu u Anmapkmuxu. 2025;71(2):201-214



E.S. Savosin, Ya.A. Kuchko, D.S. Savosin
Hydrobiocenoses of a small arctic lake under urbanization conditions

ropoxa (1982—-1993 rr.) u B meproa aBapuiHBIX COPOCOB BOJBI M3 XBOCTOXPAaHUIIHIIA
Kocromykmickoro 'OKa (1994-2004 rr.). O60011eHHbIe pe3yabTaThl OBLTH OYOINKOBaHEI
B MoHOTpadun «IIpupoansie Boxs! paifoHa KocTOMYKIICKOTO Kene30pyJHOTO MECTOPOXK-
JICHUsI», B HEH OTMEYaIoCh, 4TO BO BTOPOH MEPHO] IIPON3OLIIH H3MEHEHHS B XUMHIECKOM
cocTaBe BOJIbI cHCTeMbI pekr KOHTOKKM 1moj BimsiHHEM cOpoca X031HCTBEHHO-OBITOBBIX
CTOYHBIX BOJ Topoza [49].

o pesynbraTraM aHaiM3a AAHHBIX YCTAHOBJICHO, YTO Ha MPOTSDKEHUH JUTUTEIHEHOTO
nepuoxa (6onee 50 jer) coctaB JOMUHHUPYIOMIUX TPyl OeHTO(AayHBI HE TIPETepIies Cy-
miectBeHHbIX m3MeHeHni [20, 39]. Tlo pesymnbratam paHHUX ucciaenoBanuii (19701972,
1984—1994) anceHHOCTH 3000€HTOCA OBITa HEe Ooriee 4eM B 1,5—2 paza BBIIIE 10 CpaBHEHHIO
C HaIllMMU JTaHHBIMH, OroMacchl — B 3,3 pa3a cOOTBETCTBEHHO (TalI. 3), 4To comiacyercs
C aHAJIOTMYHBIMU NCCIIEIOBAHNSIME HEOOMBIINX apKkTHiecKux BogoeMoB [50]. TTo ntoram mpo-
BEJICHHBIX HAMH MCCIIEI0BaHUH 03ep0o KOHTOKKH OTHOCHTCSI K YIBTPAOIUTOTPO(GHOMY THITY.

O HeoOXOIMMOCTH MOHUTOPHHTA COCTOSIHUS apKTHYECKHX MIPECHOBOAHBIX O0BEKTOB,
MOZIBEPKEHHBIX BO3ICHCTBHUIO 3arpsI3HAIONINX BEIECTB, CBA3aHHOMY C BO3JEHCTBHEM
cOpPOCOB CTOYHBIX BOJ, IPOMBIILICHHBIMH, CEITbCKOX03IHCTBEHHBIMU, KOMMYHAJIbHO-ObI-
TOBBIMH M MHBIMHU HPEINPUSITHSIMH, A TAKKE a3POTEXHOTEHHBIM ITEPEHOCOM, YKa3bIBAIOT
HenaBHUE MyonmuKanuu [51-53].

VYuuTeIBas, 9T0 B APKTHUECKYIO 30Hy P® B HacTosiiee Bpemst BxoauT okono 40 %
tepputopun Pecrryonuku Kapenus, cymecTByeT MHOKECTBO HENCCIIEAOBAHHBIX BOIOEMOB,
KOTOpBIE HYXXJAIOTCSl B N3YUCHUH.

3ak/oueHue

Apkruyeckast 30Ha PO Gorara 3HaYMTEIbHBIM KOJUYCCTBOM BOJHBIX OOBEKTOB
U JUIMTEIIBHOE BPEMsI HAXOIUTCS B COCTOSHUM MPOMBIILIEHHOIO OCBOeHUs. BBuay cia-
00l M3y4YEeHHOCTH BOJOEMOB, 0COOCHHO MaJIbIX, PACIIOJIOKCHHBIX HA YPOaHU3UPOBAHHBIX
U TEXHOT'€HHO MPe00pa30BaHHBIX MECTHOCTSX, CYIIECTBYET PUCK KAaTaCTPOPHUUCCKUX H3-
MCHCHHUH MPECHOBOIHBIX OMOIICHO30B.

[Tony4eHs! JaHHBIC O COBPEMCHHOM COCTOSIHUHM SKOCHCTEMBI MAJIOT0 YpOaHH3HPO-
BAHHOI'O apKTUYECKOIO BOJOEMA B YCJIOBUSX XO3SIICTBEHHOI'O MCIIOJIb30BaHusA. Paccmo-
TPEHBI OCHOBHBIC CTPYKTYPHO-(YHKIIMOHAIBHBIC MTOKA3aTeIM COOOMICCTB TUAPOOHOH-
TOB (300IUIAHKTOH, 3000€HTOC, UXTHO]AayHa) CITyCTS JUTUTEIbHBII IEPHOA TTOCIIe HAYYHOTO
M3yYeHHs] BOJHOTO 00bEKTa. YCTAaHOBICHO, YTO COOOIIECTBO 300MITAHKTOHA XapaKTEPHU3Y-
€Tcs MPUCYTCTBUEM B JOMHUHHUPYIOUIEM KOMILUIEKCE IIMPOKO PACIPOCTPAHEHHBIX BUJIOB,
OTHOCSIIIUXCSL K TPYIIIIE O- ¥ 0f3-Me30CanpoOHbIX OPraHU3MOB, [0 YPOBHIO KOJIHUCCTBCHHOTO
Pa3BUTHS IUTAHKTOHA 03€PO SIBIISiETCSl OMroTpodHBIM. B cocraBe Makpo3oobeHTOCa OTMe-
YCHBI BUIbI-UHUKATOPBI OJIUTOTPO(HUH, a TAKXKE, COIIACHO MHIECKCaM, OCHOBAHHBIM Ha TaK-
COHOMHYECKOM COCTaBe, CJeJIaH BBIBOJI O COOTBETCTBUH 03. KOHTOKKM 0-Me30carnpoOHbIM
BoJIaM (4—5 Kiacca KauecTBa). 3a Mepuol, MPEIeCTBOBABIINN HACTOSIIMM HCCIIEI0BAHUSIM,
00I111ast YUCIICHHOCTh MaKpO3000CHTOCA YMEHBIIIMIACK B 1,5 pa3a, Ouomacca — B 3,3 pasa.

B cBsi3u ¢ aKTUBHBIMH CTPOHUTEIBHBIME MpoIieccamMu 1o Oeperam 03. KOHTOKKH
Y pacTyILLMM aHTPOINOTEHHBIM BIIMSHUEM B PE3YyJbTaTe PEKPEalMOHHOTO OCBOCHHUS Tep-
PUTOPUY MOHUTOPUHTOBBIE UCCIIEIOBAHUS 11€JIeCO00Pa3HO TPOIOJIKHUTh.

KoHuuKT HHTEpPecoB. ABTODbI 3asBISIOT 00 OTCYTCTBUU KOH(MIMKTA HHTEPECOB.

®unaHcupoBaHue. PaboTa BBIMONHEHA 32 CYET CPEICTB TOCO0KeTHOI Tembl MHCTHTYTa O1rosnornu Kapeib-
ckoro HayqHoro entpa PAH Ne FMEN-2022-2007 «CTpykTypHO-(yHKIHOHATBHAS OPTaHI3aIHs COOOIIECTB
THAPOOHOHTOB pa3HOTHIHBIX BogoeMoB CeBepo-3arana Poceum.
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BaarogapnocTu. ABTOpEI G11arofapsT BCeX COTPYIHUKOB JaOOPATOPHI YKOJIOTHH PIO 1 BOAHBIX OECII03BOHOU-
Heix b KapHII PAH (r. [Tetpo3aBoack), y4acTBOBABIINX B SKCIICINIMOHHBIX paboTax.

Briaa aBTopoB. ABTOpHI BHECIIH PaBHBIE BKJIA/BI B MCCIAEIOBAHUE U MYOIMKAIMIO. ABTOpaMH cOpMYIH-
POBAHbI 1L[eJIb MCCIICI0BAHNS; IPOBE/ICHA MOATOTOBKA THAPOOHONOrMYECKIX MPod K MX aHAIH3y; TOJYy4YCHBI
M MHTEPIPETHPOBAHbI PE3YJIBTATHI ONPEEICHNS Ka4eCTBEHHOrO M KOJTMYECTBEHHOTO COCTaBa COOOIIECTB
3oomnankToHa (S1.A. Kyuko) n makpo3zoobentoca (E.C. CaBocun) u nxtrodayusi ([1.C. CaBocun). Bee aBropst
Y4acTBOBAIIH B 00CYKICHIN PE3yIbTaTOB HCCISIOBAHUS, & TAKKE HATMCAHHUH, 0)opMIIeHHH/)OpMaTHPOBAHNN
¥ TIEPeCMOTPE TEKCTA CTaThH.

Competing interests. The authors declare no conflict of interest.

Funding. The work was carried out with the funding of the state budget theme of the Institute of Biology of the
Karelian Scientific Center of the Russian Academy of Sciences No. FMEN-2022-2007 “Structural and functional
organization of hydrobiont communities of different types of reservoirs in the North-West of Russia”.

Acknowledgments. The authors thank all the staff of the Laboratory of Ecology of Fish and Aquatic Invertebrates
of the Institute of Biology of the Karelian Research Center of the Russian Academy of Sciences (Petrozavodsk)
who participated in the expedition work.

Authors contribution. The authors made equal contributions to the study and publication. The authors
formulated the aim of the study; prepared hydrobiological samples for their analysis; obtained and interpreted
the results of determining the qualitative and quantitative composition of zooplankton (Ya.A. Kuchko) and
macrozoobenthos (E.S. Savosin) communities and ichthyofauna (D.S. Savosin). All authors participated in
the discussion of the study results, as well as in writing, designing/formatting and revising the text of the article.

CIIMCOK JIMTEPATYPBI / REFERENCES

1. Kpasuenko A.B., I'nariok E.I1., Kpeimens A.M. OcHOBHBIE TeHAECHINH (HOPMHUPOBAHUS (IIOPEI
MOJIOZIOTO TaeKHOTo ropona (Ha mpumepe I. Kocromykmm, Pecnyonuka Kapemust). Tpyowr Ka-
penbekozo Hayuno2o yenmpa Poccutickoti akademuu Hayk. 2003;4:59—74.

Kravchenko A.V., Gnatyuk E.P., Kryshen A.M. Main trends in the formation of flora of a young
taiga town (using the town of Kostomuksha, Republic of Karelia as an example). Transactions
of the Karelian Scientific Center of the Russian Academy of Sciences. 2003;4:59—74. (In Russ.).

2. Roberts K.E., Lamoureux S.F., Kyser K., Muir D.C.G., Lafreni¢re M.J., Iqaluk D., Pienkowski A.J.,
Normandeau A. Climate and permafrost effects on the chemistry and ecosystems of high Arctic
Lakes. Scientific Reports. 2017;7:13292. https://doi.org/10.1038/s41598-017-13658-9

3. Meltofte H. (Ed.) Arctic biodiversity assessment, status and trends in Arctic biodiversity. Iceland:
Conservation of Arctic Flora and Fauna; 2013. 128 p.

4. SlxoBneB B.A. IIpecrogoonsiii s006enmoc Cegeprnoii Dennockanouu (paznoobpasue u anmpono-
eennasn ounamuxa). Anaruter: KHI] PAH; 2005. Y. 1. 161 c.

5. Kamrymun H.A., JayBansrep B.A., Cky¢dbuna T.I1., KorensHukos B.A. YeroitunBoe Bogonomns3osa-
Hue B ApkTuke. HoBble oaX0ab! U peteHust. Apkmuxa: axonoaus u sxkonomuxa. 2018;4(32):15-29.
https://doi.org/10.25283/2223-4594-2018-4-15-29
Kashulin N.A., Dauvalter V.A., Skuf’ina T.P., Kotelnikov V.A. Sustainable water use in the Arctic.
New approaches and solutions. Arctic: ecology and economy. 2018;4(32):15-29. (In Russ.).
https://doi.org/10.25283/2223-4594-2018-4-15-29

6. Mowunceenko T.W., lamkunaa H.A., Tuny M.U. Pacripenenenne ¢opm MeTammwioB M OLEHKA MX

OMOIOCTYITHOCTH B BOJIaX CYIIH APKTHYECKOTO perHoHa (IIPeUI0KEeHHsI K HOpMaTHBaM KauecTBa
Bon). [eoxumus. 2021;66:630-645. https://doi.org/10.31857/S0016752521070050

Moiseenko T.I., Gashkina N.A., Dinu M.I. Distribution of metal forms and assessment of
their bioavailability in land waters of the Arctic region (proposals for water quality standards).
Geochemistry. 2021;66:630—645. (In Russ.). https://doi.org/10.31857/S0016752521070050

210 IIpo6nemvr Apkmuxu u Anmapkmuxu. 2025;71(2):201-214



10.

1

—_—

12.

13.

14.

15.

16.

17.

E.S. Savosin, Ya.A. Kuchko, D.S. Savosin
Hydrobiocenoses of a small arctic lake under urbanization conditions

Ammvos A.®D., IBanoBa M.B. (pen.) 3axoromeprocmu cudpoduonocuneckozo pexcuma 6000emos
pasznoeo muna. M.: Hayansrit mup; 2004. 296 c.
Persson J. Urban lakes and ponds. In: Bengtsson L., Herschy R.W., Fairbridge R.W. (Eds.).

Encyclopedia of lakes and reservoirs. Encyclopedia of Earth sciences series. Dordrecht: Springer;
2012. P. 836-839.

. Mecray E.L., King J.W., Appleby P.G., Hunt A.S. Historical trace metal accumulation in

the sediments of an urbanized region of the Lake Champlain watershed, Burlington, Vermont.
Water, Air, and Soil Pollution. 2001;125:201-230. https://doi.org/10.1023/A:1005224425075

Zhu Y.Z., He T.R., Gao Z., Guo Y.N. Distribution of heavy metals in sediment and its impact
on zoobenthos community of Lake Caohai in Guizhou. China Environmental Science.
2016;36(6):1859—-1866.

. AxmernoBa ["A., PacynoBa M.M. CocTosiHEe MaJIbIX 03ep B YpOAHM3UPOBAHHBIX JaHIA(TaX U UX

3allUTa B YCJIOBHSAX aHTPOIIOreHHON Harpysku (Ha npumepe o3ep Ax-I'einps u bonbimoe Typamm). FO2
Poccuu: sxonoeus, pazeumue. 2009;4(4):157-161. https://doi.org/10.18470/1992-1098-2009-4-157-161

Akhmedova G.A., Rasulova M.M. The condition of small lakes in urban landscapes and
their protection in conditions of anthropogenic load (by the example of the lakes Ak-Gel
and Bolshoe Turali). South of Russia: ecology, development. 2009;4(4):157-161. (In Russ.).
https://doi.org/10.18470/1992-1098-2009-4-157-161

Pomarkosa FO.A. Maitsie 03epa ypOaHH3UPOBAHHBIX TEPPUTOPHH I. TONIBSITTH: TAKCOHOMUYECKUIT
COCTaB, CTPYKTypa IOHHBIX coobuiecTB. Camapckas JIyka: [Ipobaemul pecuonanbhoil u 2106anbHoll
akonoeuu. 2015;24(4):32—47. https://doi.org/10.18470/1992-1098-2015-4-32-47

Romashkova Yu.A. Small lakes of urbanized areas of Tolyatti: taxonomic composition, structure of
bottom communities. Samarskaya Luka: Problems of regional and global ecology.2015;24(4):32—
47. (In Russ.). https://doi.org/10.18470/1992-1098-2015-4-32-47.

Bensxos B.I1., baxxopa A.., CorHrkoB 11.B. MOHHTOPHHT 3KOJIOTHYECKOTO COCTOSIHUS TOPOACKUX
BogoemMoB Cankr-IleTepOypra mo mokaszarensim 3000eHTOCa. M3gecmus Camapckoeo HayuHo2o
yeumpa PAH. 2015;17(6):51-56.

Opxesuu H.B., EnsuioB U.H., I'ypees B.H., Mazos H.A., IOpkesuu H.B., Enenes A.B. Texno-
TeHHOE BO3JIelicTBUE Ha OKpYKaroLyo cpeny B Poccuiickoit Apkruke Ha npumepe Hopuibckoro
MPOMBIIIIEHHOTO paifona. M3eecmus Tomckozo nonumexuuuecko2o ynusepcumema. Musicunupune
eeopecypcos. 2021;332(12):230-249.

Yurkevich N.V,, Eltsov I.N., Gureev V.N., Mazov N.A., Yurkevich N.V., Edelev A.V. Man-made
impact on the environment in the Russian Arctic on the example of the Norilsk industrial region.
Bulletin of Tomsk Polytechnic University. Georesources Engineering. 2021;332(12):230-249.
(In Russ.).

Coxomnos H0.1. Apkrrka: K mpoOemMe HaKOTIIEHHOTO SKOJIOTHYECKOT0 yepoa. Apkmuxa: skonocus
u sxonomuxa. 2013;2(10):18-27.

Sokolov Yu.I. Arctic: on the problem of accumulated environmental damage. Arctic: ecology and
economics. 2013;2(10):18-27. (In Russ.).

Lukman L. Anthropogenic impact on Lake ecosystem In: Assani A. (ed.) Science of lakes —
multidisciplinary approach. [Internet]. Environmental Sciences. IntechOpen; 2024. Available at:
http://dx.doi.org/10.5772/intechopen. 112179 (accessed 26.05.2025).

Inmenosa T.U., Illep6akoB A.A., SAnynesny A.C. Bausaue BIBK na Baiikan. Yenexu cospe-
mennoeo ecmecmeosnanus. 2010;10:63-64.

Shishelova T.I., Shcherbakov A.A., Yanulevich A.S. Influence of the Baikal pulp and paper mill
on Lake Baikal. Advances in Modern Natural Science. 2010;10:63—64. (In Russ.).

Arctic and Antarctic Research. 2025;71(2):201-214 211



E.C. Casocun, A.A. Kyuxo, /].C. Casocun
T'uapoGHOEeHO03bI MAJIOr0 APKTHYECKOTO 03epa B YCJIOBHSIX YpOAHU3AUT

18. Vippux I.B. Dxosnornyeckasi Harpy3Kka Ha OKPYKAIOIIYIO Cpey HMPEANPUSITHAMU 110 100bIYe
u nepepaborke meau B FOxkHO-Ypansckom peruone. XXI Bek. Texrocghepnas 6ezonacrhocmu.
2016;1(1):49-59.

Ulrich D.V. Ecological burden on the environment by copper mining and processing enterprises
in the South Ural region. XXI century. Technosphere safety. 2016;1(1):49-59. (In Russ.).

19. HoBuxoB C.I. OueHka ypoBHS 3arpsi3HEHUS TSHKEIBIMHA MeTauiamu mous I. Konpomnora u 1. Ko-
cromykuia (Pecriyonuka Kapenust). bronnemens Ilousennozo uncmumyma umenu B.B. Jlokyuaesa.
2022;111:157-184. https://doi.org/10.19047/0136-1694-2022-111-157-184
Novikov S.G. Assessment of the level of heavy metal pollution of soils in Kondopoga and
Kostomuksha (Republic of Karelia). Dokuchaev Soil Bulletin. 2022;111:157-184. (In Russ.).
https://doi.org/10.19047/0136-1694-2022-111-157-184

20. O3epa Kapenuu. dunaro H.H., Kyxapes B.U. (pen.). [lerpo3aBoack: KapHL] PAH; 2013. 464 c.
21. Buonoeuueckue pecypcvl 6000emos daccetina pexu Kamennoii. Iletpo3aBoack: Kapenbckuit
¢umman AH CCCP; 1986. 183 c.

22. IleprozBanckuii B.SI. Poi6vr 6000emos pationa KocmomyKkuickoeo dicenezopyoHoeo mMecnopoic-
OeHus (IKon02us, B0CNPOU3800Ccmaeo, ucnoavzosanue). Ilerposzasoack: Kapemus; 1986. 216 c.
23. Sardet C. Plankton: Wonders of the drifting world. Chicago: University of Chicago Press; 2015.

224 p. https://doi.org/10.7208/chicago/9780226265346.001.0001

24. Kyuxko S1.A., Unemact H.B., Kyuxo T.YO. Memoow: coopa u obpabomku npod 300n1aukmona Ha
NPECHOBOOHBIX 8000EMAX: YueOHOe nocobue Ol CMYOeHMO08 IKON020-0U0T0SUUECKO20 U d2PO-
mexuuueckozo gaxyrememos. [lerpozaBonck: Ietpl'Y; 2016. 28 c.

25. Marappas 3. Dxonoeuueckoe pasznoobpasue u e2o usmepenue. M.: Mup; 1992. 181 c.

26. Kuraes C.I1. Ocnosbr nummnonozuu 0na eudpodbuonoeos u uxmuonozos. IlerpozaBoack: KapHI{
PAH; 2007. 390 c.

27. Onpeodenumens 300n1aHKMoHA 1 3000eHmoca npechvix 600 Egponetickoti Poccuu. T. 1. 300M1aHKTOH.
M.: ToBapumectBo HayuHbIx n3ganuii KMK; 2010. 495 c.

28. Timm T. A guide to the freshwater Oligochaeta and Polychaeta of Northern and Central Europe.
Lauterbornia. 2009;66:1-235.

29. Onpeoenumens 300n1aHKMORA u 3006enmoca npechvix 600 Eeponetickoti Poccuu. T. 2. 3000eHTOC.
M.: ToBapumiectBo HayuHbIx uzganuit KMK; 2016. 457 c.

30. De Jong Y., Verbeek M., Michelsen V., Bjern P.P., Los W., Steeman F., Bailly N., Basire C.,
Chylarecki P., Stloukal E., Hagedorn G., Wetzel F.T., Glockler F., Kroupa A., Korb G.,
Hoffmann A., Hiuser C., Kohlbecker A., Miiller A., Giintsch A., Stoev P., Penevet L. Fauna
Europaea — all European animal species on the web. Biodiversity Data Journal. 2014;2:e4034.
https://doi.org/10.3897/BDJ.2.4034

31. Pykosodcmeo no cuopoduoniocuieckomy MOHUMOPUHEY NPecHO80OHbIX sKkocucmenm. Tlon pen.
B.A. Abakymosa. CII6.: I'mapomereonsnar; 1992. 318 c.

32. BuuekoBa T.C., MBanenko H.B., Slkumenko JI.B., IpoznoB K.A. Beedenue 6 6uomonumopune
npecuvix 600. Baagusoctok: M3n-so BI'YDC; 2019. 240 c.

33. Hammer ., Harper D., Ryan P. PAST: Paleontological Statistics Software Package for Education
and Data Analysis. Palaeontologia Electronica. 2001;4(1):1.

34. rebdyanze 10.10., Uepnosa O.D. Yewya kocmucmuix pvid Kax OUASHOCMUYECKAS U peUcmpu-
pyrowas cmpykmypa. M.: KMK; 2009. 313 c.

35.Muna M.B. 3a0auu u memoowr uzyuenuss pocma polo 6 npupoonvix yciogusx. Cogpemenivle
npobnemvr uxmuonoeuu. M.: Hayxka; 1981. C.177-195.

36. [Ipasaun U.D. Pykosoocmeo no uzyuenuio poi6. M.: ITumt. mpoM-cth; 1966. 376 c.

212 IIpo6nemvr Apkmuxu u Anmapkmuxu. 2025;71(2):201-214



37.
38.
39.

40.

41

42.

43.

44

45.

46.

47.

48.

49.

50

51.

E.S. Savosin, Ya.A. Kuchko, D.S. Savosin
Hydrobiocenoses of a small arctic lake under urbanization conditions

Pemernukos 10.C. Dxonoeus u cucmemamurxa cueosvix pui6. M.: Hayka; 1980. 300 c.
Amnac npecnosoonvix puio Poccuu. B 2 1. Pemernukos 10.C. (pen.). M.: Hayka; 2002.

Coepemennoe cocmositue 600HbIX 00vekmoe Pecnyonuxu Kapenus. Ilo pezynomamam monumo-
punea 1992—1997. Ilerpo3zaBoack: Kapenbckuii Hayunsiii nentp PAH; 1998. 188 c.

Amnnponnkosa 1. H. 3MeHeHus B cOO0IIECTBE 300INTAHKTOHA B CBS3HU C MPOIIECCOM IBTPODHUPO-
BaHus. B: Dempoghuposanue mezompoghnozo ozepa. J1.: Hayka; 1980. C. 78-99.

. Aunponukosa U.H. Cmpyxmypno-gynxyuonanonas opeanuzayus 300n1aHKMOHA 03€PHbIX IKO-

cucmem pasnvix mpoguyeckux munog. CI10.: Hayka; 1996. 189 c.

Jleonosa I'A., boOpoB B.A. ['eoxumuueckas ponv niaukmona KOHMUHEHMANbHBIX 6000EMO8
Cubupu 6 KoHYyeHmpuposanuu u buoceoUMeHmayuy Mukposiemenmos. Hopocubupck: Axame-
muaeckoe u3a-so «l'eon; 2012. 314 c.

LiY., Geng M., YulJ.,DuY., Xu M., Zhang W., Wang J., Su H., Wang R., Chen F. Eutrophication

decreases compositional dissimilarity in freshwater plankton communities. Science of The Total
Environment. 2022;821:153434. https://doi.org/10.1016/j.scitotenv.2022.153434

. Kynmuxkosa T.I1. 30onranxkmon 6oonvix obvexmos baccetina benoeo mops. Iletpo3aBoack: Kapenb-

ckuit HayuHslil nentp PAH; 2010. 325 c.

Yepronpyn M.B., Kpeuteako C.B., Jlykunsix A.M. OcobeHHOCTH cOOOIIECTB MaKp0300-
OeHTOCa MallbIX apKTU4YecKuX o3ep EBpasuun. buonoeus enympennux 600. 2021;4:378-391.
https://doi.org/10.31857/S0320965221030050

JlozoBuk I1.A., Mapkkanen C.JI., Mopozos A.K., [TnaronoB A.B., KpaBuenko U.1O., Kammbr-
koB M.B., Kypunnas A.A., Edpemenxo H.A. [Togepxnocmuvie 60061 Kanesanvckoeo paiiona u
meppumopuu Kocmomyxwiu 6 ycrnosusx anmponozennoz2o éo3oeticmesusi. llerposaBojck: Kapernb-
ckuii HayuHslii nenTp PAH; 2001. 165 c.

Denisov D., Terentjev P., Valkova S., Kudryavtzeva L. Small lakes eco-systems under the
impact of non-ferrous metallurgy (Russia, Murmansk Region). Environments. 2020;7(4):29.
https://doi.org/10.3390/environments7040029

Guzeva A.V., Slukovskii Z.I., Dauvalter V.A., Denisov D.B., Cherepanov A.A. Trace element
fractions in sediment of urbanised lakes of the arctic zone of Russia. Environmental Monitoring
and Assessment. 2021;193:378. https://doi.org/10.1007/s10661-021-09166-z

300koB M.B., Cabbutnna A.B., boponynuna I.C., PeokakoB A.B., 'anaxuna H.E., Edpemen-
ko H.A., Edpemona T.A., 300xoBa M.B. Vcropust pa3BuTHs 1 OCHOBHBIC HAay4YHbIC JTOCTHIKSHHS
naboparopun rugpoxumun u ruaporeosorun UBIIC KapHL] PAH. Tpyowr Kapenvckozo nayunozo
yenmpa PAH. 2021;4:169-192. https://doi.org/10.17076/lim1371

Zobkov M.B., Sabylina A.V., Borodulina G.S., Ryzhakov A.V., Galakhina N.E., Efremenko N.A.,
Efremova T.A., Zobkova M.V. History of development and main scientific achievements of
the Laboratory of Hydrochemistry and Hydrogeology of the Institute of Water Problems and
Problems of the Karelian Research Center of the Russian Academy of Sciences. Transactions of
the Karelian Research Center of the Russian Academy of Sciences. 2021;4:169—-192. (In Russ.).
https://doi.org/10.17076/1im1371

. Maximov A.A., Berezina N.A., Maximova O.B. Interannual changes in benthic biomass under

climate-induced variations in productivity of a small northern lake. Fundamental and Applied
Limnology. 2021;194(3):187-199. https://doi.org/10.1127/fal/2020/1291

Pymsnues B.A., U3maiinosa A.B., Kprokos JI.H. Cocrosinre BoJHBIX pecypcoB 03ep ApKTHUe-
ckoii 30HbI Poccuiickoii @enepanun. [Ipodonemvr Apkmuxu u Anmapxkmuxu. 2018;64(1):84—100.
https://doi.org/10.30758/0555-2648-2018-64-1-84-100

Rumyantsev V.A., Izmailova A.V., Kryukov L.N. State of lake water resources in the Russian
Arctic zone. Problemy Arktiki i Antarktiki = Arctic and Antarctic Research. 2018;64(1):84—100.
(In Russ.). https://doi.org/10.30758/0555-2648-2018-64-1-84-100

Arctic and Antarctic Research. 2025;71(2):201-214 213



E.C. Casocun, A.A. Kyuxo, /].C. Casocun
TuapoGHOEHO3bI MAJIOr0 APKTHYECKOTO 03epa B YCJIOBHSIX YpOAHU3AUT

52.

53.

Pymsnues B.A., U3maiinosa A.B. Pallonuposanue Apkrudeckoil 30Hbl PD kak ocHoBa pa3s-
pabOTKU CUCTEMbI HAOIIONICHUI 3a MPECHBIMU BOJAMHU. [Ipodaemvl Apkmuku u AHmapkmuku.
2022;68(2):173-190. https://doi.org/10.30758/0555-2648-2022-68-2-173-190

Rumyantsev V.A., Izmailova A.V. Zoning of the Arctic zone of the Russian Federation as the basis
for the development of a fresh water observation system. Problemy Arktiki i Antarktiki = Arctic
and Antarctic Research. 2022;68(2):173—190. (In Russ.). https://doi.org/10.30758/0555-2648-
2022-68-2-173-190

Pymsanes B.A. KonmenTyansHble 1 METOZOIOTHUECKHE TOIXO/IBI K OPraHU3AIMU CHCTEMBI KOH-
TPOJISL IOBEPXHOCTHBIX BOJ ApKTH4eckoi 30HBI Poccuiickoit denepauun. [Ipobremvr Apkmuxu
u Aumaprxmuxu. 2024;70(2):210-221. https://doi.org/10.30758/0555-2648-2024-70-2-210-221

Rumyantsev V.A. Conceptual and methodological approaches to the organisation of a signal
system for controlling the ecological state of surface fresh waters in the territory of the Arctic
zone of the Russian Federation. Problemy Arktiki i Antarktiki = Arctic and Antarctic Research.
2024;70(2):210-221. (In Russ.). https://doi.org/10.30758/0555-2648-2024-70-2-210-221

IIpoonemvr Apxkmuru u Anmapxmuxu. 2025;71(2):201-214



K.E. Sazonov
Developing a theory of modeling ship motion in ice...

CTPAHHUIOBI UCTOPUMU
PAGES OF HISTORY

OpurunanabHas ctaths / Original paper

https://doi.org/10.30758/0555-2648-2025-71-2-215-233 @ @@
NC
VK 629.561.5

Co31aHue Teopuy MOJeJTMPOBAHUS IBHKEHHSI CYI0B BO JIbIaX

K 70-s1eTiio mepBoro B Mupe JeJ0BOr0 ONbITOBOT0 facceiiHa

K.E. CazonoB"%<

' Kpwinosckuii 2ocyoapcmeennblil Hayunvlil yewmp, Cankm-Ilemepoype, Poccus

2 Canxkm-Ilemepbypeckuil 2ocydapcmeenHblil MOPCKOU MeXHUYecKull yHugepcumenn,
Canxm-Ilemep6ype, Poccua

MK_.S’azonov@ksrc. ru
KEC, 0000-0003-3364-1309

AnHorauus. Cemp/ecsT et ToMy Hazaj, B 1955 . B ApkTrueckoM nHCTUTYTE B JIeHHMHrpae Obli co3aaH mep-
BBIi B MHPE JISIOBBI OMBITOBBIN OacceiiH, MO3BOMSIONINIA OMPEALTISATH COMPOTHBICHNUE JIb/Ia IBIKEHUIO CYIHA
C OMOIIIBIO MOjIesIei. Ero co3nanuto npeiecTBoBa IBa AT THHI 3Tall IOTBITOK TPUMEHEHHS MOJIETILHOTO
9KCTIEPUMEHTA K JIEOBBIM ycIoBusM. [liist co3yanus iejoBoro 6acceiita norpedosanock pazpaboTars Gpusmude-
CKYI0 MOZEJIb JIbJ1a, a TAKIKE TCOPUIO MOACIIUPOBAHUS U IIEPECUETA MOACIIbHBIX TaHHBIX Ha HATYPHBIC YCIIOBUS.
Teopwust MozeMpOBaHKst 1 HEOOXOMMBIE KPUTEPUH TOT00Ms ObLTH co3aaHbI Tpyaamu npopeccopa JI.M. Hornna
n akagemuka F0.A. [llumanckoro. B HacTosiiee Bpems OHM HCIIONB3YIOTCS BO BCEX JIEIOBBIX OacceiHax Mupa.
OKOHYATEIBHBIN BEIOOD KPUTEPUEB MOJCTUPOBAHIS CTAT BO3MOKEH TOJBKO OCTe pa3padoTku B.B. JIaBpoBbiM
METOAUKHU IPUTOTOBJIEHUS MOACITUPOBAHHOTO JIbJAd U U3YUC€HUS €TO CBOMCTB. B pa60Te Ha OCHOBE apXMBHBIX
JIOKyMEHTOB M MAJIOJIOCTYIHBIX M3-32 HAIMYKS rpU(a CEKPETHOCTH MyONUKALMK paccMaTpHBaeTCsl HCTOPHS
pa3paboTKy KpUTEPHEB OO0 MPOLECCa ABUKEHHS CY/IHA BO JIb/IaX B MOJIENBHBIX U HATYPHBIX YCIOBHUSX.

KuroueBsle ci10Ba: j1e10BbIi Oacceiis, KpuTepHii 101001, J16I0BOE CONPOTHBIEHHE, CBOMCTBA JIb/1a, MOICIH-
posannbiii en, JLM. Horup, F0.A. Hlumanckuii, B.B. Jlapos
Jas untuposanus: Cazonos K.E. Co3nanue Teopuy MozienpoBaHus ABUKEHUS Cy10B BO Jbaax. K 70-neruto

TIEPBOTO B MHUpE JIEOBOTO ONBITOBOTO OacceitHa. [Ipobnemvt Apkmuxu u Anmapxmuku. 2025;71(2):215-233.
https://doi.org/10.30758/0555-2648-2025-71-2-215-233

Hoctynuaa 02.02.2025 IMocuie nepepadoTku 23.05.2025 Mpunsra 02.04.2025
© Asropsl, 2025 © Authors, 2025

Arctic and Antarctic Research. 2025;71(2):215-233 215



K.E. Cazonos
Co3anue TeOpUU MOJEJTHPOBAHMSI JBHKEHHSI CYI0B BO JIbJIaX...

Developing a theory of modeling ship motion in ice
For the 70th anniversary of the world’s first experimental ice basin
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Abstract. Seventy years ago, in 1955, the world’s first experimental ice basin was built at the Arctic and
Antarctic Research Institute in Leningrad, enabling model-based analysis of ice resistance to ships sailing in
ice-infested waters. The ice basin construction was preceded by a twenty-year period of attempts to adapt model
experiments to ice conditions. These studies were undertaken by V.I. Neganov, L.M. Nogid and V.S. Nazarov.
It became clear that in order to design and build an ice basin it was necessary to develop a physical ice model,
as well as a theory of modeling and extrapolation of model scale data to full size. The theory of modeling and
the necessary similarity criteria were developed by Professor L.M. Nogid and Academician Yu.A. Shimansky.
Now these criteria are used in all the ice basins of the world. The paper considers the difference in approaches
to modeling suggested by the above-mentioned researchers. The development of modeling criteria and test data
scaling methods was not a short story because the choice of one or another version of theory was substantially
dependent on the physical model of ice applied in the ice basin. Initially, L.M. Nogid and AARI administration
thought of using an artificial ice cover made of paraffin mixed with animal oil. The final choice of modeling
criteria became possible only after V.V. Lavrov had developed procedures for preparing simulated ice followed
by exploration of its properties, and the feasibility of icebreakers’ model tests in such ice had been proved in
the Vedeneev VNIIG water tank. Based on archival documents and publications that are difficult to access due
to security classification, the paper examines the history of similarity criteria development for the ship motion
in ice in model and full scale. The elaboration of these criteria enabled AARI to develop and commission the
first ice basin in the world.
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BBenenune

B cepenune XIX B. B cyA0CTpOEHUH IPOU30IILIA HAYYHO-TEXHUUYECKAsL PEBOIOLUS,
KOTOpas XapaKTepHU30BajIach MEPEX0I0M K JKelle3y B Ka94eCTBE OCHOBHOTO KOPITYCHOTO Ma-
Tepraia ¥ 0TKa30M OT TIapyCOB B TOJIB3y MApOBO MamMHEL [IpHu 3TOM mepex cymocTpou-
TEJISIMH BCETO MHpa BCTajla KpaliHe CIIOXKHAS 3a/1a4a OTPEACIICHISI MOIIIHOCTH SHEPTreTH-
YEeCKOH yCcTaHOBKH, KOTOpast ObI oOecriednBana CyaHy 3aJaHHYI0 CKOPOCTh IBIDKCHUS Ha
yrcToii Boge. Kpome 3Toro, mpeanpuHIMAINCh TIIETHBIC MOMBITKH HAUTH ONTUMAIIBHYIO
10 COTIPOTHUBIICHHIO (popMy 00BOI0B Kopryca cyaHa. Tonpko B Aamnu ¢ 1838 mo 1870 1.
paboTano 8 TeXHHYECKUX KOMUTETOB, ITBITABIINXCS PEIIUTH 3TH 3a1a4i. Vimu Ob110 TIpO-
BEZICHO OOJBIIOE KOIWYECTBO HATYPHBIX WCIBITAHHUM, aHAIN3 PE3YJIbTATOB KOTOPHIX HE
I03BOJIUIT ONIPEACIUTH HCKOMYIO (hOpMY.
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Pemenne npoGiemMbl OBIIIO HAWECHO BBINAIOIINMCS aHIIMHCKUM HMHKEHEPOM, aB-
TOPOM TIEPBOU TEOpHH OOPTOBOW Ka4dku CyAoB Buiabsimom Dpymom, KOTOPBIA co3mai
MEPBBI B MUPE ONBITOBBIA 0OACCEHH I POBEACHNUS OIMBITOB C MOJEJAMHU CymoB [1].
WcnbiTanus Mozeneii cy1oB IpoBoAHIHCh 10 Ppyaa HEOTHOKPATHO, OHAKO OHU HOCHIIH
KaueCTBEHHBIN, CPAaBHUTEIBHBIN XapaKTep W HE MOIIHM ObITh HEIOCPEICTBEHHO HCTIONb30-
BaHbI JUIS1 HYXK]1 cygocTpoeHus. 3aciayra dpyna 3akitodaeTcst He B TOM, 4TO OH TOCTPOMIT
TIEPBBIN OTBITOBEIN OacceiiH, a B TOM, YTO OH pa3padoTall METOJUKY MPOBEACHHS B HEM
MOZICTbHBIX MCITBITAHUI M OIIPE/IENIII MOPSIOK IepecyeTa MOIydeHHBIX Pe3yJIbTaToB Ha
HarypHOe cygHO. OH MEepBBIM IOHSUI, YTO HE BCE COCTABIISAIOIINE CONPOTUBIICHUS BOJIBI
JBIDKEHHUIO CylHA MOTYT OBITH CMOJENUPOBaHEI B Oacceiine. IloaToMy OH mpemnoxmn
METOJUKY YaCTHYHOTO MOJCIHPOBAHMS M3yYaeMbIX SIBICHUH, IPH HCIIOJIB30BAHUH KO-
TOPOI COCTABIISIOMINE COMPOTUBICHUS, 3aBUCSIINE OT CHIIBI TSHKECTH, MOJICIINPOBAIIHCH,
a COCTaBIISIIOLINE, CBA3aHHBIE C TPEHHEM XKHUIKOCTH O KOPITyC, IepecYUThIBAINCH. boree
moapoOHO o padorax B. @pyna nHanmcano B [1, 2].

ITocTenenHO METO MOZIEBHBIX HCTIBITAHUIA CTaJl PACTIPOCTPAHSTHCS B CPEZIE CYOCTPOU-
teneit. B EBpore Havamm co3maBaThCsi ONBITOBEIE OACCEHHBI, YETBEPTHIN B MUPE OITBITOBBII
Oacceiin 0buT co3nad B Poccum B 1894 1. [3]. Ot 3TOif JaThl OTCUUTHIBACT CBOKO MCTOPHIO
Kppuosckuii rocynapcrseHHbli Hayunblid eHTp. K 30-m . XX B., Korzna paccMarpuBaemast
B JIAHHOHM CTaThe MCTOPHs OEpeT CBOE Hadalo, MPOBEACHUE MOACITBHBIX MCIBITAHUN MPU
MIPOEKTUPOBAHUN CYIOB CTAJIO B CYJOCTPOCHHUHN MPAKTHYECKH 00S3aTeIbHOMN ITPAKTHKOM.

[TosTomy, korma B 1930-X IT. CyIOCTPOUTENHN CTOIKHYIIUCH C IPOOIEMO ompenerne-
HUSI MOIITHOCTH HJTH JIEAOIIPOXOIMMOCTH CO3/JaBAEMBIX JIEOKOJIOB, BO3HUKIIA HIES HCCIIe-
JIOBaHMS TPOIIECCOB UX JIBMXKCHHUS BO JIbJIaX C MOMOIIBIO Mojeiel. JIOBOEHHbIE MOMBITKH
ee peann3alry 0OKa3ajlnch B OCHOBHOM HeyAauHbIMH. CIIeIMAINCTaM CTao TIOHATHO, YTO
HE0OX0ANMO pa3paboTaTh PU3NIECKYIO MOJEIb JbJa, a TAKKE TEOPHIO MOJICIUPOBAHHS
1 TIepecyeTa MOJETbHBIX JaHHBIX Ha HAaTypHbIEe yciaoBus. 3a npomeammue 70 JeT coTpya-
HUKaMH JIEZOBBIX 0acCeiHOB BCErO MHpPa HEOAHOKPATHO NMPEINPUHUMAINCH MOMBITKA
KOPPEKTHPOBKH, JOTIOTHEHNS MIIM U3MEHEHUSI KPUTEPUEB MOJCITHPOBAHMS [UIS YTy IICHUS
KauecTBa MPOBOANMBIX 3KCIepuMEeHTOB [4]. Tak 4uro Bompoc pa3pabOTKH TEOPHH MOJIe-
JMPOBAHUS B3aUMOJICHCTBHS Pa3INUHBIX MHKEHEPHBIX COOPYKEHHH CO JIBJIOM OCTaeTCA
aKTyaJIbHBIM. ABTOp HaJIE€TCsl, YTO OCBEIICHNUE HCTOPHHN CO3aHMS CYIIECTBYIONIEH TEOPHH
MOXKET TIPEACTABIATh HEKOTOPBIM HHTEPEC M OKa3aThCs B YEM-TO MOJIC3HBIM B 3TOH paboTe.

IpenbicTopusi co3nanusi Je0BOro Hacceiina

B Hagane 30-X TT. MpoNIIOro Beka, 0COOEHHO moce mosBneHus 17 nexadps 1932 1.
I'maBHOTO ymipaBnerus Ceeproro Mopckoro mytu (I'VCMII) Bo mmase ¢ O.1O. HImun-
TOM [5], aKTHBU3HPOBAJICS MTPOLIECC CO3/IaHMUS HOBBIX JIEOKOJIOB Juisi CEBEpPHOTO MOPCKOTO
mytu (CMII). Emne 10 okoHYaHWS YeTIOCKUHCKOH 3TI0TIeH BhIILTO TTocTaHosieHwe ['Y CMIT
O CTPOMTEJIBCTBE JICTOKOJIA MOIIHOCTBIO 18 THIC. JI. C., TEXHMUECKUE XapaKTEPHUCTUKU
9TOTO JISIOKOJIA TIPUBEACHBI B padote [6]. BEIBOIBI, caenaHHbIC U3 aHATN3a YEITIOCKHH-
CKOH1 3T10TIeN, MTOKAa3aJIH, YTO ISt TpaHcnopTHoro ocBoenust CMII Heobxoanmo co3nanue
HOBBIX JIEZIOKOJIOB M CYZIOB JIEOBOrO miaBaHus. B utone 1934 r. BbIIIO NOCTaHOBIEHUE
CHK CCCP u IIK BKII(6) «O mepompusatusx mo pa3Butuio CeBepHOr0 MOPCKOTO ITyTH
U CEBEPHOTO XO3sICTBa» [7], B COOTBETCTBUU € KOTOPbIM pykoBoacTBo ['YCMII no-
CTaBMIIO TIEpPeJl CyAOCTPOUTEISIMU 3a]ady CO3/IaHHsI COBETCKHX JICTIOKOJIOB MOIHOCTBIO
12 u 18-24 TeIC. 1. c. Habmonenue 3a MpOeKTUPOBAHKEM JICTOKOJIOB M CYIIOB JICOBOTO
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IJIaBaHUS OCYIIECTBILLIOCH co3nanHoi ['YCMII skcnepTHOM KOMUCCHEH, B KOTOPYIO
Bxommn akageMuk A.H. Kpsotos, unensr-koppecrioraentsl AH CCCP F0.A. llumanckuiz
n I1.®. ITankoBUY M MHOTHE JIpyTHE BUIHBIE CYIOCTPOHUTEIIH.

[IpoexTrpoBaHuEM JIEAOKONOB 3aHUMaNack opranuzanus «Cygomnpoext». [Ipu BbI-
MIOJTHEHUH PaOOTHI MIPOEKTAHTHI CTOJIKHYJINCH C TIPOOJIEMOM, KOTopasi aHaJIOTHYHA OITH-
caHHOU Bblle npoOneme cepeauubl XIX B., a UMEHHO: HE UMENOCh HUKAKHX CHOCOOO0B
OTIPEACTUTh, KaKyI0 TOJIIIMHY JIbJIa CMOTYT IIPEOA0JIEBATh HOBBIC JIJOKOIBI C YBEIJIU-
YEHHOH, 110 CPAaBHEHMIO C MOCTPOCHHBIMH Ha TO BPeMsI CylaMH, MOIIHOCThI0. Hanbomee
YeTKO 3Ta rpobsieMa OblTa 03ByUeHa Ha 3acefaHny dKkcneptHoro cosera I'Y CMII, kotopoe
cocrosutock 15 mronst 1935 1. B JIennHrpaze n ObUTO MOCBAIIEHO PACCMOTPEHHIO PE3YiIb-
TaTOB ICKM3HOTO MPOEKTa JIe[oKoJIa MOIMHOCTEI0 18—24 Thic. 1. ¢. [TogpoOHO 00 3TOM
COBEILIAaHWM HaMH ObUIO HamucaHo paHee [8]. 3xech ke OyAyT pacCMOTPEHBI TOJIBKO T
BOTIPOCHI, KOTOPhIE UMEIOT OTHOIICHHE K TaHHOH CTaThe.

B 3acemanuu npussann yaactue asa pykoBogutens ['YCMIT: C.A. bepraBuHoB, Ha-
ganpHUK [lomurryeckoro ympaenenns u 3amectutens O.10. [lvuara, u 5.0. Kpactus,
HauaJbHUK YIpPaBIEHUS MOpckoro u peunoro Tpancnopra ['YCMII. Kpome Hux B co-
Bewmanuu yuactsoBanu A.H. Kpeuos, FO.A. Illumanckuii, JI.M. Horun, 2.9. [Tanmerns,
H.K. Ken u apyrue, Bcero 29 4enoBex.

OnHUM U3 TIABHBIX BOIIPOCOB, 00CYKIABIINXCS HA COBEIIAHIH, OB BOTIPOC O JIEJ0-
BBIX Kau€CTBAaX HOBOTO JieA0KoNa. BricTymasmme npencraButenu «CynonpoeKTa» U Ipyrux
OpTaHM3alUi yKa3ajdy Ha HEBO3MOXXHOCTH MX OIPEAETICHUs. DTO MHEHHE MOAJECpIKaIN
A.H. Kpeuios u HO.A. Illumanckuii. A.-H. KpbeiioB oTMETHII: «...HENb3s 1aTh HUKAKUX
pacueToB o JeJOKOIbHOM KadecTBe. Kakue OymyT — Takhe U OKaKyTCs»'.

IIpencraBurens «Cynonpoekta» E.C. Tonomxuii B CBOEM BBICTYIJICHUH CKa3aj, YTO
CIICIMAIMCTHI €TO OPTaHU3AIMH XOPOIIO TIOHUMAIOT HEOOXOTMMOCTh OTIPEACIICHHUS JISIOBBIX
KadeCTB MPOEKTUPYEMOTO JIEJOKOIA, OTHAKO UMEFOIIIasicsl TeopeTHIecKas 0as3a He T03BOJISET
BBITIOJTHUTH HEOOXOANMBIE pacdeThl. Jlanee B ero BBICTYIUIEHHH MPO3BYYall CII0Ba, KOTOPbIE
MOKHO CUUTATh TIEPBBIM ITyOIMIHBIM BBICKa3bIBAHHEM O HEOOXOMMOCTH CO3/IaHUS JIEZ0BOTO
Gacceitna. «MpbI XoTenu MonpoOoBaTh B OacceifHe Co3/1aTh NCKYCCTBEHHBIHN JIe/ U TIOTPO-
00BaTh €ro JIOMaTh C MOMOIIBIO MOJIESIH U [IOCMOTPETh, KaK BIMSET U3MEHEHHE 2JIEMEHTOB
monemm». Jlanee E.C. Tomorkwuii coobmraeTt, 4to « CymorpoeKT «UMeI pa3roBOPbD) 0 ATOMY
TIOBOJY C HayYHO-HUCCIe0BaTeIHCKUM HHCTUTYTOM cyfnocTpoerns (HICC), koTopsrit «cka-
3aJ1, YTO MONPOOOBATh OH CMOJKET, HO B3ATh Ha Ce0s BBIOIHEHHUE TIOJTHOCTHIO 3TOIM MOJIEIH
OH HE MOXET, 2 CMOXKET B3SITh TOJIBKO BOIPOC UCCIICIOBAHMUS PEaTIbHOCTH 3TOTO 3aaHUS» .

OnuceiBaeMO€ COBEIIaHNE MHTEPECHO €Ille TEeM, YTO BO BPEMs €ro IMpOBEICHUS
A.H. KpbUIOB IPUMEHWIT TEOPHUIO MO00MsI, 8 UMCHHO KpuTepuid HproTOHA, 1711 OI[CHKH
TOJIIMHBI JIbJa, KOTOPYIO OyZeT mpeooieBaTh HOBBI Jeqokoin. 1o ero pacyeram moiydu-
JIOCh, YTO BO3PACTaHNE MOIIHOCTH MPOEKTUPYEMOTO JIEOKOIa IIpHUBeeT Juib K 20-25 %
YBEJIMUCHHUIO TOJIIMHBI Pa3pyIIaeMoro UM Jbaa. AKaJeMHK TaK IPOKOMMEHTHPOBAI MOy~
YEHHBIH pe3ynbTar: «ITo CIEIyeT U3 3aKOHA MeXaHuecKkoro nonodus. Eciam BbI BEIpa3uTe
BCE JIMHEIHbIE pa3Mepsl, TO TOJIy4uTe, TO e camoe. Eciu BbI mojcuuTaere, T0 yBUAUTE,
YTO rPOMaJIHOE YBEIMUSHNE MOIIHOCTH U Pa3MepOB JIEI0KOJIa JIaeT HUYTOXKHBIH AP deKT
B CMBICJIC €TO JICTOBBIX KaueCTB» .

' HICAHTA CII6. ®. P-369. Om. 11. 1. 123. J1. 17.
2 Tawm xe. JI. 34.
3 Tawm xe. JI. 35.
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Puc. 1. IIpodeccop Jles Mapkouu Horua (1892-1972)
Fig. 1. Professor Lev Markovich Nogid (1892-1972)

Bormpoc 0 BO3MOXHOCTH IPUMEHEHHSI MOJIETIBHOTO SKCIIEPHUMEHTA IS OTIPEACIICHHS
JIEOBBIX KaUECTB MIPOCKTUPYEMBIX JISIOKOJIOB TI0 LIETIOMY Py MPUYUH HE TTOIYqHIT 1alTh-
Heiinrero pa3BuTHs. Bo300OHOBIEHHE HHTEpeca K MOJCIBHBIM UCIIBITAHHUSIM IPOU30LIIO
B 1941 1., xorma MHHUCTEPCTBO CYIOCTPOHUTENEHON TPOMBIIIICHHOCTH BBIAJIO 3a/IaHHE
Ha MPOEKTHPOBAHME MOIIHOTO JIEJOKOIA, KOTOPBIH JIOJKEH ObUT MIMETh «BO3MOXKHOCTD
(OPCUPOBKH. .. IBYXMETPOBOTO JIbJ]a HEPEPHIBHBIM YCTONYHMBBIM X00M»*. PaboThI 10 mpo-
EKTHUPOBAHUIO JieAoKona poBoaminck B [IKb-32 (6pBmmit «Cynonpoext») u [IKb-4 (koH-
cTpykTopckoe Oropo mpu bantuiickom cynoctpontensHoM 3aBone). B IIKB-32 nmu py-
xoBomun JIL.M. Horup [9], a B LIKB-4 akTiBHOE y4acTHe B MPOCKTHPOBAHUN ITPHHUMAI
B.1. Heranos, B OyaylieM INIaBHbIM KOHCTPYKTOP aTOMHOTO JIeZ0KoIa «JIeHuH».

[Tepen MPOEKTHPOBIIMKAMH CTalIA CIOXKHAsS 3a]1a4a ONpe/IeTIeHNsT He0OX0INMOM MOIII-
HOCTH IJIaBHBIX MEXAaHH3MOB JIEJIOKOJIa JJIs1 00ECIIEYCHHUS ero JIAONPOXOIUMOCTH B 2 M.
Just periennst 9Tol 3agaun crnienuanucTsl ooonx Kb penmim npudernyTh K MOAEIbHOMY
skcriepuMenTy. O0 3KCIepuMeHTax, BhIIONHEHHBIX B.W. HeranoBbIM, HMeETCs! 04€Hb MaJIo
nHpopMarmu. M3BeCTHO, YTO OHM MPOBOIMINCH B €CTECTBEHHOM JIbAY YMEHBIICHHOW
TOJIIIMHBIL. DKCIIEPUMEHTHI 3aKOHYMIINCH Heya4deH, T. K. JI€ OKA3aJICS CIIUIIKOM IIPOYHBIM
Y TIOATOMY MOJIeNlb He pa3pyliaia jef, a Bpiie3ana Ha Hero [10].

Bonpmie m3BectHO 00 skcnepumenTtax JI.M. Horuma (puc. 1), koTopsle ObUTH UM
JeTaibHO onucaHel: «OnpenesieHne MOIHOCTH MEXaHU3MOB 3TOTO JIEZOKOJIA, KOTOPBIN
NpeHa3HavaICs 1l HEOOBIYHBIX YCIOBHH JKCILUTyaTallly, SIBUJIOCH OJHOM M3 Hamboiee
CJIOXHBIX 3a/1a4, MOAJIEKAINX PEIICHNIO B 3TOM TpoeKTe. st MpOBEpKH MPENOCHUIOK,
MOJIOKEHHBIX B OCHOBY pacueTa COINPOTHUBICHMS JIEASHOTO IOl JBUKEHUIO JIE0KOIa,
BBISICHWJIACh HEOOXOTMMOCTh BOCIIPON3BECTH BHEITHIOK KapTHHY MEXaHU3Ma JIOMKH JIbJIA.
Bb110 penieno npuderHyTh K MOJEIbHBIM 3KCIIEPUMEHTAM, KOTOPbIE OBUTH YCIEIIHO MPO-
BesieHbl MHxkeHepoM Oropo A.C. @umepom» [9, c. 5].

4 UI'AHTI CII6. ®. P-369. Omn. 14. 1. 314. JI. 149.
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a) 0)

Puc. 2. IIpopucoska dotorpaduii sxcrniepumertos JI.M. Horuzia u ero coTpyaHUKOB, BBITOITHEHHbBIX
B 1941 r,mo [9, c. 14-15]: a — pa3py1ieHne MOAEIBHOTO JISITHOTO OKPOBA HOCOBOW OKOHEYHOCTHIO;
6 — KaHaJI, OCTaBIINKCS 110CIIE POXOXKICHHS MOJIEIH

Fig. 2. Drawing of photographs of experiments by L.M. Nogid and his colleagues, carried out in 1941
according to [9, p. 14-15]: @ — destruction of the model ice cover by the bow end; b — channel left
after the model passed

st UMHTaIMK B SKCIIEPUMEHTaX JiegsHoro nokposa JILM. Horup ¢ corpyaHukamu
HCTIONB30BAJIN HOBBIM MaTepHal — CMeCh CTEApHHA C MHIIEBBIM )KUPOM B COOTHOILICHUH
1:2, 9TO O3BOJINIIO TIOJYYUTh KaUE€CTBEHHYIO KAPTHHY Pa3pylICHUS JIESHOTO TOKPOBa
KOPITYCOM JIeJOKOJa. DKCIIEPUMEHTHI IPOBOAMINCH B HEOOIBIIOM CaMOJEILHOM Aepe-
BSHHOM JIOTKe 2% 1,5%0,2 M, KOTOPBII N3HYTPH OBUT BEUTOKESH OITMHKOBAHHBIM KEJIE30M.
Jlsist OIBITOB MCIIOIB30BATACh TOJIBKO MOJIENIb HOCOBOM OKOHEYHOCTH JIEAOKOJIA B Mac-
mTabe 1:200. IlepeaBikeHne MOJENH BBHIOIHAIOCH BpydHYI0. OCHOBHOEC BHUMAHHE
IIPY TPOBEJCHNH SKCIEPUMEHTOB YIENAI0Ch (PUKCALUHN KaPTUHBI Pa3pyIIEeHUs MOACIH-
POBAHHOTO JIb/1a HOCOBOH OKOHEUHOCTBIO Mozie . Ha puc. 2 mpencraBieHsl MpOpUCOBKH
HEKOTOPHIX (hoToTpadmii, MoTyUeHHBIE B X0/I¢ BRINOTHEHN uccnempoBanmid. JI.M. Horug
CUHUTAJI, YTO BBINOJHEHHBIE 3KCIEPUMEHTHI PEATMCTUIHO OTPAKAIOT PEATbHYIO KAPTUHY
pa3pymeHus JIEASHOTO MMOKPOBa KOPITYCOM JIEAOKOIA. DTO 0OCTOATENBCTBO TTO3BOIIIIIO
€My OMHCaTh WJICATU3HUPOBAHHYIO CXEMY JBMKEHHMS JIEIOKOJIA BO JIb/aX, HA KOTOPOH
OH BO MHOTOM OCHOBBIBAJI CBOM JajbHeHmne nccienoBanus (puc. 3). OH cunurai, 9To
(opIITeBeHD JIEIOKOIA MTOCIE0BATEIHFHO BEIAMBIBAaET cekTopa 1-3, mocie yero 6opra
HAYHYT CONPUKACAThCS CO CTEHKAMM KaHalla, B Pe3yJbTaTe 4ero OyayT BBIIOMAHBI CEK-
topa I. lanee npouecc nosropsiercst. Ha 0cHOBaHMM 3TOH CXEMBI OH BBEJ CIENYIOLIEE
pazOuenue paboThI, 3aTpPaulBaEMOil Ha MPEOJOJIECHHUE JIEOBOTO CONPOTUBICHUS, HA
COCTaBJISIOIIHE:

1) paboTsbI, 3aTpadnBaeMoOl Ha pa3pymIeHHUE JIITHOTO MOKPOBa;

2) paboThbI, 3aTpadrBaeMoOl Ha MOBOPAYNBAHHE JIHIWH Ha pedpo;

3) paboTHI, 3aTpaunBaeMOil Ha MPEOIOTCHIE COMPOTHUBIICHNS BOIBI IBIKSHHUIO JTb/IHH,
TIepeMEIIaeMbIX JEIO0KOJIOM K CTEHKaM KaHala;

4) paboTbl, 3aTpayMBaeMON Ha MPUIAHHUE JIHIMHAM XHBOH CHIIBI;

5) paboThI, 3aTpaunBaeMOil Ha 3aTaIJIMBAHUE JIbIUH,

6) paboThI, 3aTpaduBaeMOM Ha MPEOIOICHHE COMPOTHBICHNUS BOABI ABIDKCHHIO JIe-
JIOKOJIa;

7) paboTsl, 3aTpauyrBacMoi Ha MPEOAOJICHUE TPEHUS Jb/ia O JIE U JIb/A O KOPITYC...»
[9, c. 7-8].
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Hauano BoWHBEI 0CTaHOBHIIO TIPOSKTHPOBAHHUE JICTOKOIA U JaJIbHEUIIIee TIPOBEICHNE
MOJICJIBHBIX MCCIICOBAHUI.

HeoOxomumo otMeTuth, 9to B 1939—1941 r1. OBIT TIPOBEICH PSA MOICIBHBIX HC-
MIBITAHUH TBHKCHUS CyJHA BO JIAAX, HE CBS3aHHBIX C MPOCKTHPOBAHMEM HOBBIX MOII-
HBIX JICZIOKOJIOB. Takue WCIBITAaHUS MPOBOMMIINCH U U3YyUCHHS XapaKTePHCTUK HOBOM
(hopMBI HOCOBOI OKOHEYHOCTH JiefioKona (0OpaTHbIi KiuH). Bravane B 1939-1940 rr.
MOJIeNTbHBIC UCCIeNoBaHus, Omaronaps coneiictsuto B.B. lymefiknna, ObUIH BEHITIONHE-
HBI B Oacceitie MOCKOBCKOTO THIPOMETEOPOIOTHIECKOTO HHCTHTYTA. TaM MPOBOIIIIUCH
CpaBHHUTENbHBIC UCIIBITAHUS Mojenell eqokonoB «Epmak» n HoBoro tuma. MacmTab
Mozedneit coctanmsut 1:100. Jleq mmutuposancs napapuaoM. 3ateM B 1940-1941 . ombITE
OBLTH TIPONIOJDKEHBI B OIBITOBOM OacceifHe OIeCCKOT0 WHCTHTYTa WH)KEHEPOB BOIHOTO
TPaHCIOPTa ¢ MapaUHOBBIMU MOJEIIMA B MacmrTade 1:25. Jlen Takke HMUTHPOBAJICS
mapaduaoM [11]. DTH HCccIenoBaHUS HE OKa3aH CYIIECTBEHHOTO BIISIHUS Ha JalibHEHIIee
pa3BUTHE TEOPUU MOICITUPOBAHUS IBIKECHUS CyIHA BO JIBIAX.

IlepBast padora JI.M. Horuaa no moaempoBaHuIo

B 1945 . 8 AHWU Obu1 Bocco3aan kopabienceie[oBaTeNnbCKuil OTIeN’, KOTOPbIi ObLI
B 1946 1. nepeBeneH n3 Mocksel B Jlennnrpaj. Haganeauk storo otnena H.IT. Llanapu-
KOB TIOCJIC BO3BPAILICHHUS HavYaJl HAJIa)KUBATh CBS3H C KOHCTPYKTOPCKUMHE 0I0PO, 3aBOAMH
1 CYJOCTPOUTEIHEHBIMI HaYYHO-NCCIIEIOBATEIECKIMH OpraHN3alisIMI TOPO/Ia, B TOM YHCIIe
¢ JleHHHrpaaCKUM KOpadiaecTpouTebHbIM HHCTUTYTOM (JIKW)®. MOXXHO NpenoIoKuTh,
yro Horua npeanioxun kopadiaenceie10BaTeIbCKoMy OT/IeNTy HCCIIeIOBATENbCKY IO paboTy
10 J1TabOPaTOPHOMY H3YUEHHUIO JIETOBOTO CONMPOTUBIICHUS JIEOKOJIA B MCKYCCTBEHHBIX
npax B onbIToBOM OacceitHe JIKU, kotopast mommkHa ObUTa CTaTh MPOMOJDKEHUEM €ro
SKCIIEPUMEHTOB, BBHITIOTHEHHBIX B 1941 1. OTa pabora OblIa BKITIOYCHA B TUIAH HCCIIEHO-
Bauuii AHUU na 1946 7, ee Ha4aso miaHUpOBAIOCh HA MapT, & OKOHYAHKE Ha JIeKadpb
1946 r. B xopabenccienoBaTeIbCKOM OT/IelIe He XBaTallo KBaIH(UIIMPOBAHHBIX Ka/IpOB,
nostomy JI.M. Horuz Hauan B HeM paboTaTh 10 COBMECTHTEIIBCTRY.

DKCIEePUMEHTAIBHYIO YacTh ITOCTABICHHOW PabOThI BHIIOJIHUTH HE YIAJOCh M3-32
TOTO, YTO MOJETHh UCKYyCCTBEHHOTO JIb/Ia, MpeokeHHy0 B 1941 . u xopormmo cebs 3a-
PEKOMEHIOBABIIIYIO IPH UCTIBITAHUSIX B MAJICHHKOM JIOTKE, OKa3aJ1ach HEBO3MOXHBIM BOC-
mpou3BecTH B ombIToBoM Oacceiine JIKI. [Tostomy mist 3akpeitust TeMbl JL.M. Horumom
OBbUT BBIMOJIHEH PsIJI TECOPETHYECKUX UcciIenoBaHni. OHU OBUTH MOCBSILIEHBI pa3padoTKe
TEOPUU MOJICTTMPOBAHMUS IBHIKEHHUSI CyZI0B B CIUIOLIHBIX POBHBIX JIBAAX; UCCIIEJOBAHUIO
3aja4n 00 M3rude TUIACTUHBI, JIeXKalleld Ha yIIPyroM OCHOBAaHHH, IPUMEHHUTEIILHO K TE€O-
PHU COIIPOTHUBIICHUS JIb/A IBIKSHHIO JIEI0KONA; pa3padoTKe MPAKTHYECKOH (hOpMyIbl ATIs
OTIpENIEJICHUS JISOBOTO CONPOTHUBICHHA Jemokona. B 1948 r. atu mccnenoBanus ObLH
W3JIaHBI OTACTHHON Opormropoit [12].

B Hekotopsix myOnukanusx B MaTepHeTe® MOXKHO npounTats, yto J.M. Horup cos-
Jlal TEOPHUIO MOJIEIMPOBAHUS IBMKEHUS CylOB BO JbAax B 1941 r. [lo Hamemy MHEHHIO,
9TO YTBEPIKACHHE OMMO0UHO. MOIENBHBIH SKCIIEPUMEHT ObLI OCYIIECTBIICH Mepe]] CaMbIM
Ha4yaJioM BO¥HBI (Ha oiHOM U3 (ororpaduii B padore [12, c. 45-55] ykazana oqHa u3 gar

5 HTAHT/ CII6. ®. P-369. Omn. 11. 1. 490. JI. 2.4.

¢ HIrAHTJ CII6. ®. P-369. On. 11. . 501. JI. 177, 177 06.

7 HUIAHT/ CII6. ®. P-369. On. 11. 1. 547. JI. 10.

Cwm. crarbto «Horun, JleB Mapkosuu» B Bukuneauu, Luknonenuu, Pynusepcanuce u np.
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MPOBEAEHUS dKcIIepuMeHTa — 27 Mas). Bpemenu Ha ero geraipHyl0 00paOOTKy W TeM
Gonee Ha pa3pabOTKy TEOPHN MOJEINPOBAHUS yKe He Obl10. Kpome 3T0ro0, camMu OIbITHI
BBITIOJTHSUIACH JUISl U3YYEHHs KapPTHHBI Pa3pyIICHHs JIEASHOTO TOKPOBA HOCOBOWH OKOHEY-
HOCTBIO JIEIOKOJIA, HUKAKUX U3MEPEHH CHIIOBBIX ITapaMETPOB HE MTPOBOJMIIOCH, TOATOMY
He ObIIO0 HE0OXOANMOCTH B Pa3pabOTKe KpUTEpHEB MoAeInpoBanus. HeobxoxumocTs pas-
PabOTKH TEOPUH MOAEINPOBAHMUS BO3HHUKIIA TOJIBKO B 1946 I. B CBA3M ¢ HEOOXOIUMOCTHIO
9KCTIEPUMEHTAILHOTO OTPEENICHNUS JIEA0BOTO COPOTHBIICHHS.

B BemonaeHHo# pabore JI.M. Horua mpeampuHUMaeT MOMBITKY HAWTH KPUTEPUU
Moo0ust ITpY IBU)KEHHH JISIOKOJIA B CIUIOIIHBIX POBHBIX Jibaax. [Ipm mx ompeneneHnn
OH HCIOJIB3YeT BBIMICHPUBEICHHOE pa3/elICHNE JEeI0BOT0 CONPOTHBIICHUS HA COCTABIIS-
IOIINE, YTO «JIa€T OCHOBAHME, IPH YCTAaHOBJICHNHN KPUTEPUEB 1OJ00Ms, 0a3UpOBaThCs Ha
TEOpHUN pa3MEpPHOCTEH, He MpHOerast K COCTABICHUIO U aHAJIN3Y YPaBHEHHWH JBHKEHHS
nemoxona» [9, c. 16]. OCHOBHOW COCTAaBIAONICH JIETOBOTO COMPOTHBIICHHUS OH CYHTACT
COCTABJISIOILYIO, CB3aHHYIO C pa3pyILIEHHEM JISITHOTO TTOKPOBA, KOTOPBIM OH YHOmo0Is-
€T OZIHOPOJHOM MJIACTHHE, JIEKaIlel Ha YIPyroM OCHOBAHHMU. YIPYrue CBOWCTBA TakoH
IUIACTHHBI ONPEEISIIOTCSI MOtylieM yrpyroct E n koaddumuentom [Tyaccona m. K atum
napaMeTpaM OH J100aBIIsIeT YAEIbHBINH BEC BOIBI pg W TOJIIIUHY JbJa f, p — IUIOTHOCTb
BOIBL. VIckoMO# BenmuuHON siBisieTcs cuina P. be3pa3sMepHbIMH KOMILTEKCaMHu, o0ecTe-
YHMBAIOIINMH TTOJ00NE JIByX PACCMAaTPUBAEMBIX SIBJICHHUH, B 3TOM city4dae OynyT m, E/pgt
U P/Ef. VIX aHanmu3 cpasy ske IPHBOIUT K BBIBOJLY O HEBO3MOXKHOCTH MOJCIUPOBAHUS IIPH
HCTIOIB30BAHUH ISl 3TOTO JIb/1A, (PU3MUECKHIE CBOMCTBA KOTOPOTO MICHTHYHBI €CTECTBEH-
HOMY Ji6Ty. [ToaToMy cremyrormmm mrarom JI.M. Hornpa crana gopmynupoBka TpeOoBaHHH,
KOTOPBIM JIOJDKEH YAOBIETBOPSITh MaTepHall TIACTHHBI, UMUTHPYIOIIEH JISITHOM TOKPOB
B MOJEIbHOM 3kcnepuMenTe. C ydetoM chOopMyIMpOBaHHBIX TPEOOBaHMI K MaTepHay
TUTACTHHBI ¥ TOCTOSIHCTBA YCKOPEHHH JUTS MOJETIBHBIX U HATYPHBIX YCIOBUI OH IPUXOANUT
K CIEAYIOIUMY Ha0Opy KpUTEPHEB:

t E ©o©

—=—=—; v:\/Xvo; m=idem; p =idem, (N
tO EO 00

3/1eCh G — TPOYHOCTH JIbAA; A — TCOMETPUUYCCKUN MacIiTad MOJAETH; V — CKOPOCTh
newkenus. Muaexc «0» oTHocuTcs K Mojaenu. [Ipu BeimonHennn kputepues (1) cuib
COTIPOTHUBIICHUS JIIS1 MOJICIH U HATYPHOTO 00BEKTA CBsI3aHbl COOTHOIIEHUEM R = X3R0. Otn
COOTHOLLEHUS YAOBJIETBOPSIIOT Kpureputo Opyna, KOTOPbIN UCIOIb3YETCs IPU IIPOBENCHUN
MOJICITHHBIX MCTIBITAHUI Ha uncToi Boae. Takum obpaszom, JI.M. Horun copmynupoan
«CTpOTHiD» HAOOP KPUTEPUEB MOJCINPOBAHNSA, KOTOPBIE /IO CHX TOP UCHOIB3YIOTCS B pa-
0oTe nmenoBbIX 0acCEHHOB MUpA.

CootHomienus (1) OBUIH MOMTYYEHBI TOJIBKO JIISI OTHOM M3 COCTABIISIONINX JIEIOBOTO
COIIPOTHBIICHUSI — TPSIMOTO CONPOTHBIICHHUS, KOTOPOE CBSI3aHO C pa3pylleHHEM JIbJa.
Jasiee B paboTe aBTOp MPUBOIHUT IPABAONOAOOHBIC PACCYKACHUS O TOM, YTO U JAPYTHE
COCTaBJIAIOMIUEC COIIPOTUBIICHUA, MOXKET 6I)ITI) 34 UCKJIIOYCHUEM COIIPOTUBIICHUA BOIBI,
JOJIKHBI YIOBJIETBOPATH OTUM COOTHOIICHUAM. JIJ'ISI TOTrO ‘-ITOGBI CHJIBI TPEHHUA B MOJCIIBHBIX
M HATYPHBIX yCIOBUSAX MOTIH OBl MEPEeCUUTHIBAThCA Mo obmeMy mpasmty, JI.M. Horun
BBOJIUT JOIOJHUTEIbHOC TPEOOBaHE 00 HACHTUYHOCTH KO3()(UIIHEHTOB TPEHHS MOICIH
1 HaTypHOTO cyaHa. OH oTMedaeT, uTo, IoKa He pa3zpaboTaHa (pusnygeckast MOIENb MOJe-
JIMPOBAHHOTO JIbJ]a, HEBO3MO)KHO BBIICHUTH IPUMEHUMOCTH kputepues (1). Tem He MeHee
OH TIpe/yIaracT BO3MOXKHYIO CXEMY MPOBEACHUS MOJCIBHBIX 3KCIICPUMCHTOB.
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B cmyuae, ecnin kputepun (1) okaxyrtes HenpumennMbl, JI.M. Horug paccmarpuBaet
JIBa BAPHAHTA «IaCTHIHOTO» MOJeTUpoBaHus. I[IepBbIii BapHaHT 3aKIIOYAETCS B 3aMEHE
MOZICTTMPOBAHMS YIPYTHX XapaKTEPUCTHK IUIACTHHBI, IMUTHPYIOIIUX JICASHON TTOKPOB,
MOZIEINPOBAHIEM XaPAKTEPHOM IITMHBI M3TrH0a /, T. K. IPOLECCHl M3Tn0a UIParoT ITIABHYIO
pOIb B pa3pyLICHUH JIEISHOTO ITOKPOBA KOPITYCOM JIEOKOJIA:

12(-m*)pg’ @

[To ero MHeHHMIO, Takasi 3aMeHa MO3BOJISIET HECKOIIBKO CMSATYUTH TPEOOBAHUS K Ma-
Tepraly MOAEIbHON MIIACTUHBL, T. K. HE TpeOyeTCsl BBIIOIHEHUE «CTPOTUX» ycioBuii (1)
JUTS MOIyJIsl yripyroctu u ko3 durenra [lyaccona.

[Tpu GpopmynupoBKe BTOPOTro BapuaHTa «4acTHIHOro» nogobus JI.M. Horupn npen-
MOJIaraeT, YTO yNpYyrue KOHCTAHTHI /11 U £ HaTypHOTO M MOAEIHHOTO JIbJ]a OJMHAKOBBI.
Torna xapakTepHble JIMHBI M3rH0a HATYPHOTO U MOJICITBHOTO JIbJIa CBS3aHBI COOTHOIIIEHHEM
[ ~ {75, Horuj cumTaer, 4To eCid FTeOMETPUICCKHIE pa3Mephbl MOJICIH JISOKOTa H3MCHSTh
TaKKe MPOMOPIUOHATBHO %7, TO CHIIBI COMPOTHBICHHS Oy/IyT CBSI3aHBI COOTHOLICHHEM
R =)°R . DTOT BapuaHT «4aCTHYHOTO» MOK00HS OH CYUTANl HAHOOJIEE YAAUYHBIM, HOITOMY
Ha €ro OCHOBE MPEIOKKI (OPMYJIBI ISl pacyera JiefoBoro comnporusicaus [12]. [pu
BBIBOJIC MaTeMaTHYE€CKUX COOTHOILICHUH aBTOPOM OBLIT MCITOIB30BaH 1IEJbIH psif HE00O-
CHOBAHHBIX JOMYIEHUH, KOTOpble HE MO3BOJWIN B JaJbHEHIIEM HUCIOIb30BaTh MOIY-
YEHHBIE PE3yNbTaThl.

[Tepen 3akpbiTHEM TEMbI OHA ObLIA TPEJICTABICHA HA OT3bIB HECKOJIBKHM BEITYIIHM
CHelHaIuCTaM, U3 apXUBHBIX TJOKYMEHTOB CIIEYET, YTO €€ BBICOKO OLIEHWJIN U3BECTHBIE
ydenbie-cynoctpouten npopeccop N.I. Xanosuu u F0.B. Kpusios’. Onnako B apxuse
COZIEpKUTCA ellle OT3BIB M3BeCTHOro runpomexanuka JI.I. Jloiianckoro, KOTOpsIi, OT-
Medasl aKTyaJIbHOCTh U MEepCHEeKTUBHOCTh HccienoBanuil JILM. Horuna, BBIABUHYI psif
3amMeyaHuit K Teopuu MozaenupoBanus'’. OCHOBHbBIC €r0 3aMEYaHus KACATHCh BO3MOXHOCTH
MIPUMEHEHUS] KPUTEPUEB, MOTYUCHHBIX IS YIPYTroi 3a/1a4i, K MOMEHTY pa3pyllIeHus Jbja,
a TaKke BO3MOXKHOCTH MPUMEHEHUs YaCTUYHOTO METO/Ia MOJICTUPOBAHUS C UCIIOJIB30Ba-
HUEM XapaKTepHOH JJIMHBI U3rHoa.

Co3nanue pusuyeckoii Mogesu Jbaa

B 1935 1. Bo BeecorozHoM apKTHYECKOM MHCTUTYTE OBLIO CO3IaHO Kopabienccie-
JI0OBATEIBCKOE OI0PO «B CBA3M € Iepeadeil oCcTaHOBICHHEM [ JTaBCEeBMOPITYTH TEMaTHKH
U CPEJCTB Ha HMCCIIEJOBAHIE KOPITyCOB M MEXaHM3MOB JIETOKOJIOB BO Jbaax»''. OmgHaKo
«OBIBIIEE O BOWHBI PYKOBOJACTBO [TIaBCEBMOPIYTH NPHHSUIO PEIICHHE O JHMKBHIALMH
KOpabJenceIe[oBaTeIbCKOT0 OTAeTa APKTHIECKOTO HHCTHTYTa, 1 10 1945 1., 1o cymiecTsy,
BOIPOCAMH HOJSIPHOTO CYIOCTPOCHHMSI HUKTO HE 3aHUMAICSD 2. DTUM jKe peIeHreM Oblin
MPaKTHYECKU OCTAHOBJIEHBI PAOOTHI HHCTUTYTA 110 H3yYEHHIO (PU3MYECKUX CBOICTB JIbJa,
[IPOTHB Yero Ha COBELIaHHUH 110 00CY)KIECHHUIO H3MEHEHHH B CTPYKTYPE HHCTUTYTA BBICTY-

®  UTAHTJ CII6. ®. P-369. Omn. 11. 1. 547. JI. 10.

10 HIAHT/ CII6. ®. P-369. Om. 14. 1. 314. JI. 11, 11 06.
" ITAHT/ CII6. @. P-369. On. 11. JI. 121. JI. 2.

12 LI'AHT] CII6. @. P-369. Om. 14. 1. 31. JIL. 26.

224 IIpobnemovr Apxmuxu u Anmapxmuxu. 2025;71(2):215-233



K.E. Sazonov
Developing a theory of modeling ship motion in ice...

i A.@. Jlaktnonos". Boccranosnenue paborst AHUU B 001acTH I1€0K0IOCTPOCHUS
W MCCIIEeOBAaHMH (PU3NIECKUX CBOMCTB JIbJa mpou3onuio B 1945 . mocne yTBepKaeHUS
W.JI. TlanaHuHBIM HOBOT'O MOJIMKEHUSI 00 UHCTUTYTe'?.

BHOBB BOcCcO31aHHAs JIeAOMCCIIE0BATENbCKAs 1a00paToOpysl OMHUM M3 HEpPCIEK-
THUBHBIX HAIPABJICHUH MCCIEAOBAHUII paccMarpuBalla MPOBEICHHE paboT 0 CO3/1aHHIO
MOJIEJIMPOBAHHOTO JIb/IA, O Y€M CBUJICTENBCTBYET «IlepCreKTHBHBIN IJIaH Pa3BUTHSI JIEH0-
HCCIIEI0BATENBLCKON JIA00PaTOPHUHN M €€ TEMATHYECKUX padoT B OMIKalIIme Toib», KOTO-
pbiit ObLT cocTaBieH 8 utons 1945 . pykoBoautenem naboparopun U.C. Tlecuanckum'’.

Bcxkope mocnie okonvanusi BoitHel B CCCP Obumi akTHBH3HPOBaHBI pabOTHI IO U3-
YYEHHUIO M OCBOCHHIO APKTHKH. MHTEpec K 3TOH TeMaTHKE CO CTOPOHBI PyKOBOJCTBA
CTpaHbI OBUT BBI3BAaH TeOnoNUTHIeCKUMHU (pakropamu [13]. [IpakTrdeckn Bce pabOTHI
OBUTH 3aCEKPEUCHBI.

27 mrons 1947 r. Bermen npuka3 HadanbHIKa ['YCMIT mpu CM CCCP Ne 219¢ «O6
OpraHM3alny CTPOUTENILCTBA JIeA0K0I0B it CeBepHOTO Mopckoro mytn». B Hem Obun
TaHBI cremyromue pacnopspkeHms: «§ 6. Cocpemorounts B AHWU Bcro Hay4HO-HCCITE-
JIOBATEIbCKYIO padoOTy MO M3y4YEHHIO YCIOBUII AKCIUTyaTalllH Cy[OB JIEZOBOTO IIABAHUS
C LIETIBIO TaNTbHEHIIIEro pa3BepThiBaHus padboT ycmnts Kopabnenccnenosarensckuit Otmen
u JlemouncciemoBarensckyro tadboparoputo. § 7. 3amecturento Havansauka [maBceBMOpITy TH
ToB. Bypxanosy B.®. ni1s1 obecrieueHus BBITOIHEHNS! APKTHYECKHM Hay9HO-MCCIIEI0BATENb-
CKMM MHCTHTYTOM BO3JIO)KCHHBIX HA HETO HAayYHO-HMCCIIEA0BATEILCKUX padOT MO N3yYEHHIO
YCJIOBHH SKCIUTyaTalliy Cy/I0B JISOBOTO IIJIABaHUS: a) IPUHATH MEPHI K IIPOBEACHUIO Yepe3
Jlenmnrpanckuit O6xkom BKII(6) BompocoB, CBI3aHHBIX C PACIIMPEHHIEM TUIOMAAN APKTHIC-
CKOTO MHCTHUTYTA JUISl pa3MEIIeHUsI JISONCCIIE0BaTeNbCKHX Jlaboparopuii u Kopabnenceie-
JIOBATEJIbCKOTO OacceifHa M MX CTPOUTENBCTBOM. 0) YCTaHOBHUTH pa3Mep JIOMOIHUTEIBHBIX
CpEICTB, HEOOXOAMMBIX APKTHYECKOMY HHCTHTYTY Ha IPOBEACHHE UCTIBITAHUH JIEJJOKOJIOB,
MIPOEKTUPOBAHME JICIONCCIIEOBATENILCKUX JTa00PaTOPHi U KOpaOIenCcCe0BaTeIbCKOTO
GacceliHa, Ha UX CTPOHUTEIBCTBO M OOOPYTOBAaHHE M MPUHATH MEPHI K BBIACICHHUIO 3THUX
cpenctB»'®. C 9Toro MOMEHTa APKTUYECKUI HHCTHTYT CTaJI TOJIOBHON OpraHu3anueii B 00-
JIACTH TIPOBEICHHS UCCIICIOBAaHUH, CBA3aHHBIX C IUIABAHUSIMH CYJIOB B JISOBBIX yCIOBHUSIX.
HeobxonumMo oTMETHTb, UTO, KaK 3TO CIIEAYeT U3 MPUBEAECHHOTO JIOKYMEHTA, BOIIPOCHI ap-
KTHUYECKOTO CyIOCTPOCHHUS CTAJIM PACCMATPUBATBHCS B €AMHON CBS3KE C JICIOWCCIIEI0BA-
TENBCKUMHU paboTaMu. DTOT TOKYMEHT TTOCIY>KHII OCHOBOH JIJIsl Pa3BEPTHIBAHMS KOMILIIEKCA
pabdoT, B pe3ysbrare BBIMOIHEHHS KOTOPBIX ObLT CO3/IaH MEPBBIA B MUPE JIEAOBbIH OacceiH.

B AHUU nagamuce paboOTHI IO CO3MAHUIO YKa3aHHBIX JJAOOpaTopwii. 3aqaHne Ha
MIPOEKTUPOBAHUE JIEJOBOTO OacceliHa HEBO3MOXHO OBIIIO COCTaBUThH 0€3 MPHUHATHS pe-
IIEHUS O TOM, KaKasi MOJIEIIb JISITHOTO MOKPOBa Oy/IeT UCIIOIb30BAThHCS MIPU IPOBEICHUN
akcriepuMeHToB. Jlo 1949 r. B kauecTBe OCHOBHOM MOJENH Ipeanoarajach CMECh Iapa-
¢uHa ¢ xxupom, npemtokeHras B 1941 r. JLM. Horugom u ero corpynuaukamu. O6 3ToM
CBUJICTENIBCTBYIOT APXUBHBIE JIOKYMEHTHI 110 pa3padoTKe MEPBOHAYATBHOTO TEXHUUECKO-
ro 3aJIaHusI HA MPOEKTHUPOBAHKE JICAOBOrO OacceiliHa, OTHOCAIIMECs K KoHIy 1948 r.!7.
JI.M. Horun npuHMMaI caMoe aKTHBHOE ydJacTHE B pa3paboTKe 3TOrO 3adaHusL.

3 OTAHT/ CII6. @. P-369. Om. 11. 1. 337. JI. 12.

4 ITI'AHT/ CII6. ®. P-369. Om. 11. JI. 490. JI. 2.

S ITI'AHT/ CII6. @. P-369. Om. 11. [I. 545. JI. 40.

' HTAHTJ CII6. ®. P-369. On. 14. [1. 2. JI. 20.

7 LUTI'AHT/] CII6. @. P-369. Om. 11. [1. 685. JI. 7 u ap.
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Cutyanus pe3ko U3MEHIWIIACh, Koraa B 1949 1. pemenne 3a1a9u 0 CO3MaHUN MOJIEIH-
POBaHHOTO JIbJIa OBLTO HAWICHO CTAPIINM HAYYHBIM COTPYIHIKOM JICIOMUCCICIOBATEIIHCKON
naboparopuu B.B. JIaBpoBsIM. 3aHUMAsCh H3yUCHHUEM BSI3KOCTH JIbJIa, OH 00paTHI BHUMA-
HHE Ha TO, YTO PazdpOC IKCIIEPUMEHTAIBHBIX PE3YJIbTATOB CYIECTBEHHO CHIKAETCS ITPU
WCTIOIB30BaHUM 00Pa3IOB JIb/Ia, MMEIOIIUX OJHOPOAHOE KpUCTAIITUecKoe cTpoeHue [14].
3T0 00CTOATETHCTBO HABENO €r0 Ha MBICIIb, YTO HEYAa9X TP UCTIBITAHUAX MOJIENIEH CyI0B
B TOHKHX IUIEHKaX €CTECTBEHHOTO JIbJa MOTYT OBITh CBSI3aHBI C HEOIHOPOIHOCTHIO UX
Kpucramuyeckoro crpoeHus. On numet: «[Ipu mpoxoXaeHUun MOJENN B 3TOM JIbJly HU
KaHaJia, Hi 00JIOMKOB, TIOXOXHX Ha T¢, KAKUE 00pa3yrOTCs B €CTECTBCHHBIX YCIOBUSX, HE
nonyyaercsi. bonee Toro, BeiiecTBre OONMBIIMX YCHIINH, TPEOYIOLIMXCS IS Pa3pyLleHHs
CTOJIb TIPOYHOTO JIbJIa, MOJIETh MHOT/IA BBIXOJUT Ha Jiel BceM Kopmycom» [15, c. 188].
B.B. JIaBpoB fenaeT BBIBO, UTO pa3Mep KPUCTAIIOB MOACTHPOBAHHOTO JIb/IA TOIDKEH OBITH
HU3MEHEH B COOTBETCTBUH C MIPUHATHIM MACIITa0OM U3y9aeMOTO SIBICHUS. J[Js BRITIONTHEHUS
9TOTO YCIOBHS UM ObLITA TPEIOKEHAa OPUTHHAIBHASI METOIUKA, OJIFH U3 TIEPBBIX BapUaH-
TOB KOTOPOH M310KeH B npuiokeHnu k nucbMy Bo BHUU runporexnuxu um. b.E. Be-
neneeBa'®. B MIyroHOCHOM JIOTKE 3TOTO HHCTHTYTA MPOBOIMINCH SKCIICPUMEHTATbHBIC
MCCJICZIOBAaHUS BO3MOKHOCTH CO3JaHHSI MOJACTHPOBAHHOTO JIbJla U MPHUMEHUMOCTH €T0
JUTSI UCTIBITAHUH MoJiesiel JieokooB [16].

OcHoBHEIE TToNoXkeHus1 Metonuku B.B. JlaBpoBa cBogmimnch k ciemyromemy. Jlis
CO3/IaHUs OJHOPOIHOTO MO KPUCTAILUTHICCKOMY COCTaBY JIbJIa HEOOXOAUMO YIIPABISATH
MPOLIECCOM 3aMep3aHusl BOAbL. J{JIs1 3TOro Ha OXJIaXACHHYIO HEMOABMKHYIO TOBEPXHOCTD
BOJIbI BHOCATCS Apa KPUCTAIIM3AMK OJHOTO M TOTO K€ pa3Mepa, AJIS Yero UCIOJb3Y-
€TCsI CUTO C 3a/IaHHBIM Pa3MepoM STUCHKH, Yepe3 KOTOpOe MPOCEHBAIOT CHET, HHEH WiIH
MEJIKO MCTOMUCHHBIH Jiefl. B MeToMKe yKas3bIBaeTCst, 4To Ha | M? BOJHOM MOBEPXHOCTH
HeobxoanMo mpocesTs npumepHo 30 T 3apoxprmeii. B.B. JlaBpoB otmeuaet: «Ilommumo
o0ecIieueHHsT KPUCTAITHYCCKOM OJJHOPOIHOCTH, a CICOBATEIIFHO, M OMHOOOpasus B MeXa-
HUYECKUX CBOMCTBAX, MEPONPHUSATHE BHECEHUS UCKYCCTBEHHBIX LIEHTPOB KPUCTAIUIN3ALINN
obecrieunBaeT BOCIPOU3BOIMMOCT MOJIEH JIbjIa JAHHOTO Ka4yecTBa, a TAK¥Ke CI0COOCTBYET
Ooree MpaBWIBHOMY M POBHOMY HapacCTaHUIO JIbJla MO BCeH JummHE JoTKa. CHIDKEeHHe
MEXaHWYECKOW MPOYHOCTH JIbJJa MOXKET OBITh JOCTUTHYTO ITOCPEICTBOM PACTBOPEHHUS
B BOJIC XJIOPHCTOTO HATPHUs: | TpaMM COJH Ha JIUTP BOABI MMOHMKAET BPEMEHHOE COIPO-
tuBnenue 10 15 kr/em?, 2 rpamma — 10 67 kr/cM?, 3 rpamma — 10 4 Kr/em? u T. 1.7,

DKCHepUMEHTHI, MPOBEIEHHBIE B IIIyTOHOCHOM JIOTKE, MOKa3aJli MEePCIEKTUBHOCTh
NPEIUIOKEHHON METOJJUKH, XOTsl pabOTHI 110 €€ YCOBEPILEHCTBOBAHUIO U YTOUHEHHIO ITPO-
JOJDKAIINCH eII1e JOBOJBHO A0JT0. Taxke MPOBOAMINCH IUTAHOMEPHBIC UCCIE0OBAaHNS (HH-
3MUYECKHUX CBOMCTB MOJEINPOBAaHHOIO Jibaa. Meronuka B.B. JlaBpoBa nomyuunia 10BOJIbHO
BBICOKYIO olieHKy cnerranuctoB B.JI. Ilypukosa u I1.A. Illymckoro®, a Taxke pyKkoBOJICTBA
AHWM, xotopoe BBIABHHYIIO €€ aBTOpa Ha NpHcyxaeHun npemMun uM. JI.1. Menneneesa?'.

HaunHasi ¢ 31010 MOMeHTa BOIPOC O (DH3UICCKON MOJICITH JIb/]a CYUTAIICS PEIICHHBIM,
MO3TOMY JAJIbHEHIIIE UCCIIE0BAHKS BOIPOCOB MOJIETMPOBAHNS IBIKEHHUS CY/IHA BO JIBJIAX UC-
XOAWITA U3 3TOr0. PabOThI IO COBEPIICHCTBOBAHUIO (PU3HMUECKOM MOJIENH Jba POAODKAIINCH
BIUTIOTH JIO TTyCKa B OKCILIYATAIINIO JICJIOBOTO GacceiHa?, OHU MPOJOIDKAIOTCS U IO CHX TIOp.

18 [ITAHT/I CII6. ®. P-369. Om. 14. JT. 295. JI. 51-54.
19 Tam xe. JI. 52.

20 Tam xe. J1. 300. JI. 1-4, 7-9.

2 Tamoxke. [.295.J1. 126.

2 Tamxe. [. 61.JI. 32-36; Tam xe. 1. 298. JI. 79-81.
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Crarpu JI.M. Hornga u 10.A. Illmmanckoro 1951 r.

CosmecturensctBo Hornma 8 AHUU, mo-BunmnMomy, 3akoHYIIIOCs B 1948 1., Korma
MHHHCTPOM BBICIIIETO 00pa30BaHUs €My 3TO OBLIO 3amperieHo. [1omsITki pykoBoICTBa WH-
CTUTYTa OOPATUTHCS 32 MOMOIIIBIO B PEIICHUH 3TOTO BOMpOca K ceKpeTapro JISHHHT paIcKoro
roposckoro komurera BKII(6) pesysnbrara He ganu®. [1o Bcell BUAMMOCTH, B 3TO BpeMs
K paboTam, CBS3aHHBIM C CO3IAHHEM JIeIOBOTO OacceiiHa, 061t mpuBiedeH FO.A. lnman-
ckuii [17]. B apxuBe umeercst TOKyMeHT, JaTupoBaHHbIH 1948 1., «[IpemBapuTenbHBIi mepe-
YeHb paboT 1Mo pa3paboTKe TEXHUUESCKOTO 3aIaHHs Ha TIPOSKTUPOBAHUE OIBITOBOTO JISIOBOTO
Oacceifnay. [1epBrIif yHKT 3TOTO TOKyMeHTa — «Pa3paboTka METOIOIOTHH HCCIICTOBAHIS
TIBIDKCHUST MOJICNCH B OITBITOBOM JICZIOBOM OacceliHe (BKIFO4Yast TCOPHIO MMOIO0Ns) U Tepe-
CYeTa Pe3ybTaTOB MCIBITAHKS MOJIENel Ha HAaTypy»?!. JIOKyMEHT MOANMCAH H. 0. HAYaIbHUKA
KopabnenccnenoBarensckoro oraeneHus B. M. beccymabmv u FO.A. umanckuMm (puc. 4).

Puc. 4. Axkanemuk lOmuan Anexcanaposud Llnmanckuii (1883—-1962)
Fig. 4. Academician Yulian Aleksandrovich Shimansky (1883-1962)

B cBoeit pabote JI.M.Horun oTMeuaer, 94To HCTIBITaHUS MOJIEICH J1e1okoI0B B 1950 T
B IIYTOHOCHOM JIOTKE TIPOBOAMINCH oA pykoBoacTBoM HO.A.Illmmanckoro. HaunHas
¢ 1951 r. IlumMaHCKUH MOCTOSIHHO YKa3bIBA€TCsI B KAUECTBE HAYYHOI'O PYKOBOAMTEIS
OOJBIIIOTO KONMYECTBAa HAyYHO-MUCCIICIOBATEIECKAX TEM, BBIIOTHIEMBIX KOpaOieuccie-
nmoBarenbckuM otaeniom AHWMU. Cpemu »Tux TeM Oblna paboTa, KOTOPOH PYKOBOIIT
N.N. Tlo3usk, «Pa3paboTka METONUKN TPOBEICHUS MOJCIBHBIX HCIBITAHUH JICTOKOIIOB
B MOJCTHPOBAHHBIX JIB/IaX U YCOBEPIICHCTBOBAHUE TCXHOJOTHH TIONyUYCHHUS MOICITUPO-
BaHHOTO JIbJIa». B muraH-mporpaMMe 1mo 3Toit Teme B paszaeine «CocTosHIE BOMpocay ObII0
ykazaHo: «B 1949 r. FO.A. llumaHckiM OblTa co3MaHa TEOPUS MOICITHPOBAHIS ABIKCHUS
JIeJIOKOJIa B CIDTOIITHBIX JIbJIaX, KOTOpast TO3BOJIMIIA TIPHCTYITHTH K MOJICITBHBIM HCITBITAHUSM
B YCIIOBHAX OITBITOBOTO JieoBOTO OacceiiHa. B 1949 r k. T. H. B. B. JlaBpoBbIM OBLT CO3-
JTaH MOJICITIMPOBAHHEIH JIel HATypaIbHOTO COCTaBa, pa3paboTaHa TEXHOIOTHS TTOTyUICHHS
U U3YYEHBI ero (PU3NKO-MEXaHUYECKUE KaueCTBa»>.

3 MTAHTJ CII6. ®. P-369. Omn. 14. J1. 314. JI. 253-256.
2 MTAHTJ CII6. ®. P-369. Omn. 11. . 685. JI. 3.
% Tam xe. 1. 851.J1. 16, 17.
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B 1951 1. B mepBOM HOMEpE CEKPETHOTO BBITycKa xKypHana «[IpoOieMbr ApKTHKI»
0. A. umanckwii [18] u JLM. Horup [16] omyOnukoBay CTaThy, TOCBSIICHHBIE TEOPUT
MOZIETMPOBAHUS IBIKEHHUS cynoB BO Jbaax. Crares F0.A, [llnmanckoro Obl1a moxpoOHO
paccMoTpeHa Hamu paHee [17], moaToMy 371ech OyIyT OTMEUYEHBI TOJBKO T€ €€ acTeKThI,
KOTOPBIE Ba)KHBI JUISl Pa3BUBACMON B JJAHHOW CTaThe TEMBI.

10.A. IllumaHcKkuil paccMaTpuBaeT CBOIO paboTy Kak MepBOe MPUOIMKEHHE K pe-
LIEHUO POOJIEMbl MOJICITUPOBAHMS IBI)KCHHUS CY/IOB BO JIb/IaX, B KOTOPOE HEOOXOANMO
OyzeT BHECTH KOPPEKTHBBI, OCHOBAaHHBIC Ha JAHHBIX MOJEJIBHBIX M HATYPHBIX HKCIIEPH-
MeHTOB. B Hawane paOOThl OH MOJIyYaeT yCIOBHUSI CTPOTOTO MOJEIMPOBAHUS TIpoIiecca
JIBIDKCHUS JIEZIOKOJIA BO JIBJAX, IPUHUMAS OCTOSTHCTBO ISt MOZIENIN M HATYPHOTO JIE/I0-
KOJIa YCKOPEHUSI CHJIIBI TSKECTH M MIIOTHOCTH. OH MOKA3bIBACT, YTO B 3TOM CIIydae CHIIBI
OTHOCATCS KaK A, KHHETHYEeCKasi U MOTEeHIMalbHas Heprun kak A' u T. 1. TpeGoBanue
YAOBIETBOPEHNUS 3aKOHY KyOa MacmTada Ui HHEPIMOHHBIX CHJI IPUBOJMT K OTpesere-
HUIO MacIITaba BPEMEHH M CKOPOCTH JBHKEHHS /A . [IpHMCHEHHE yCIOBHIl CTPOTOTO
o00MS KO JIb/Ty TIPUBOJMT K TPEOOBAHUIO YMEHBIICHNS POYHOCTH JIbA U €TO MOJLYJIS
YIPYTOCTH B A pa3. DTOT BBIBOJL OCHOBAH HA NPEIIOIIOKEHIH 00 YIPYroM MOBEICHUN
JbJIa BIUIOTH 10 MOMEHTA pa3pyIICHHS.

VIMEeHHO 3TO TpenoNoXKEeHHE B TO BPEMsI BBI3BIBAJIO HanOoIbIIMe coMHeHus. Cam
IO.A. lllumanckuil B paccMaTpruBaeMoil ctarbe Hanucain: «CTporoe MOAEIUpOBAaHUE SIB-
JICHUS JIOMKH JIb/Ia JIEIOKOJIOM HEBO3MOXKHO TAK)KE M MOTOMY, 4TO Je(OopMaIus JIbaa
He MoA4MHsAeTcs 3akoHy ['yka, mpudeM paspymieHHE JbJa COMPOBOXKIACTCS OOIBIION
TJIacTHYEeCKO nedopmanneii u, cieaoBareabHoO, MOAYIh ynpyroctu (E) He ocTaercs
moctostHHBIMY [ 18, ¢. 100]. [ToaToMy B cTaThe OONBIIIOE BHUMAHHE YIACICHO Pa3padoTKe
METO/IOB TPUOIMKEHHOTO MOJICIIMPOBAHMSI, KOTOPBIE MOKHO HCIIOIB30BATh B CIIydae,
€CIIH TIPOYHOCTHBIC XaPAKTEPUCTUKH JIbJIa M €r0 MOIYIb YIIPYTOCTH HE YIOBIECTBOPSIOT
CTPOTUM KpHUTEpHAM 1ogo0ust. [IpeanokeHHbIe UM METOIMKH 0a3MpPYIOTCS HAa HApyIICHUH
TEOMETPHUYECKOTO TTOJJ00NS JUTS TOIIINHEI JIbJIa, YTO ITO3BOJISICT COXPAHUTh COOTHOIIICHHUE
CHJI, ICHCTBYIOIINX HAa MOJIENTb M HATYPHOE CYIHO, paBHOE A°. OH MOJy4aeT ClenyIoIue
KPUTEPUH MOJICTUPOBAHMS:

(B S ok
t

1 Gpl

%

B

E %
E )’ 3

IJI€ UHJEKC «1» OTHOCUTCS K MOJEIH.

ITo muenwnto FO.A. IllnmaHCcKOT0, NCTIONB30BaHNE MTPUOIMKEHHOTO MOJICTHPOBAHHUS
HMMEET CBOM MpEUMYyIecTBa U HeJocTaTKH. OHO MO3BOJISET HE MOAUYUHATH IPOYHOCTHBIE
CBOMCTBA JIb/Ia CTPOTUM KPUTEPHUSIM MOACIHPOBAHUS, TaK KaK MPHU JIFOOBIX IPOYHOCTHBIX
XapaKTEePUCTHKAX JIbJJa COOTBETCTBYIOIIMM BHIOOPOM TOJIIMHBI MOAEIHPOBAHHOTO JIbA
1 MacmTada MOJEIH MOXHO Y/IOBIETBOPUTH 33/IaHHOMY COOTHOIICHUIO MEK/Ty CHIAMHU.
ImaBHBIN ke HETOCTATOK TAKOIO MOJAXO0JA 3aKIHUAeTCA B OTCYTCTBUU F€OMETPUUYECKOTO
11000uS 7Sl TOIIIMHEL JIbJIA.

B crarbe FO.A. Illumanckuii, Tak ke kak 1 JI.M. Horua, npenaraer nomysmnupude-
CKHE COOTHOILEHMS ISl OMMCAHMS PA3INUHBIX COCTABIISAIONINX JIEAOBOIO COPOTUBIEHMS. J{jist
OIMCAHMs COCTABIISIIONICH, CBI3aHHOMN C Pa3pyIICHUEM JIbJa, OH HCIOJb3YyeT MPUOIIIKEHHOE
penienue 3anadu 00 M3rude MoyOeCKOHEUHOH OalIKU-TIOIIOCKH, OTMedast IPH 3TOM, YTO
«XOTsI Takasi ynpoIleHHas cxeMa Je(h)opMaryy JIbJia CHIIBHO OTIIMYAeTCs OT ACHCTBUTEIBHBIX
YCIIOBUH JIOMKH JIbJ]a KOPITyCOM JICIOKOJIA, TEM HE MEHEE OHa MOXKET OBbITh MCIOJIb30BaHA
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JUTSL HACTOSIIIIETO MCCIIEI0BAHMS, IMEIOIETO [0 U3YUUTh BIMSHNC IIABHEUIINX (haKTOPOB
C TIOCTIE/LYIOIIIM BBE/ICHHEM B HIOJTyUEHHBIE OOIINE BBIPKEHHS MOTPABOYHBIX KO3 pUIHCH-
TOB B BUJIE “‘yCIOBHBIX m3meputeneii”™» [18, ¢. 102]. ConpoTuBieHHe JIOMKH ONpPEeIseTCs
IyTEM COIOCTABJICHHS MIOTCHIMAILHON SHEPIUH N3ruda JIbia C SHEPTUEH €ro pa3pyIIeHusL.

10.A. lllnmaHCKMi TaKke paccMaTpUBAET COCTABIISIONINE JIEA0BOTO CONPOTHBIICHNS,
CBSI3aHHBIC C Pa3/BUTAHHMEM JIbJla U CONPOTUBIICHHEM BOJbI. IIpy 3TOM OH cuuTaeT, 4To
COIIPOTHUBJICHNE BOJIBI HAMHOTO MEHBIIIE COIPOTHBIICHUS Pa3/iBUTAHMSA, U B JaIbHEHIIIEM
ero He yuuThiBaet. IIpenmnonaras, 4To CONPOTUBICHHE Pa3BUTAHHS HPOMOPINOHAIBEHO
IIMPUHE JISJOKOJIa B TIEPBO CTETIEHH M 00PaTHO MPONOPIHUOHATIBHO KO3 (PUINEHTY Je0-
pe3HocTH (KO (UIIHEHT JIEA0PE3HOCTH SABIISETCS OTHOILICHHEM CyMMapHOH MOIIepeYHOM
JIEJOBOM CHJIBI K CyMMAapHOM NPOJIOIBHON CHIIE, KOTOPbIE NEHCTBYIOT Ha KOPIYC CyIHA),
a TarxkKe TOJIIMHE JIbJIa ¥ CKOPOCTH ABYIKCHMS JIEIOKOJIA B HEKOTOPBIX HEN3BECTHBIX
CTEIICHAX, OH IOJyJaeT 00Iee BEIPasKeHNE ISl 3TOH COCTABISFOLICH.

Oco0EHHOCTBIO ATHX CTATEH SBISUIOCH TO, YTO UX aBTOPHI 3HAIHM O CO3/IaHUH MOJIEIH-
POBAHHOTO JIbJIa ¥ CTAPAIIMCH NPEACTABUTH MOIYYEHHBIE MU PE3YIBTAThl C YYE€TOM 3TOTO
oOcrosiTenbeTBa. PU3HYECKre CBONHCTBA MOAEIMPOBAHHOTO JIb1A K MOMEHTY HAllMCaHUS
crareif eme He OBUTH XOPOIIO M3y4EHbI, 1 BO3MOKHOCTh IIPUMEHEHHSI CTPOTUX KPUTEPHEB
MozenmpoBanust (1) eme ocTaBagach 1Mo BOIPOCOM, TIO3TOMY 00a aBTopa paccMaTpuBaIn
BO3MOKHOCTbH IIPUMEHEHHS YaCTHYHOTO MoenupoBanust. J.M. Horu 06 3Tom npsiMo e
B CBOEH CTaThe: «AKTyaJIbHOE 3HAYEHHE B HACTOSILEE BPEMsI IMEET JIMIIIb BOIIPOC O MOJIEIH-
POBaHMY JABMKECHHUS JIEIOKONIA TIPY YaCTHYHOM COOITFOIEHNH KpUTepreB omno0ms [ 16, c. 116].

Crarpst J.M. Hornzma B OCHOBHOM MOCBSIIEHA JEMOHCTPAIIMK HECOCTOSATEILHOCTH
nozaxona FO.A. IllumaHcKoTO, XOTSA B Hayasle €e OH 3asBJISIET, YTO «00a MPeIOKEHHBIX
METO/a MOAEINPOBAHUS 3TOTO SBJICHHS TPUOIMKEHHBI, MBI CYUTAEM HECBOEBPEMEHHBIM
BCTYIIaTh B TeOpeTH4ecKyto noinemMuky ¢ FO.A. [llnuMaHCKIM, XOTSI C MHOTHMH TTOJIOXKEHHUS-
MH B €ro pabote Mbl He cortacHbl. Takasi mojgemMuka Obuta Obl OKa OECIIOYBEHHOM, TaK Kak
MPUTOAHOCTD TOW WM MHOM METOANKN MOJEIHPOBAHMS B KOHEUHOM CUETE OIpEIEeseTCs
HE CTENEHBI0 yOeTUTEIbHOCTH MOJI0KEHHBIX B €€ OCHOBY TMIIOTE3, a MPAKTHIECKUMU
pe3ynbTaTaMy, K KOTOPBIM OHH TIpHBOIAT [16, c. 117].

Boszpaxxenus JI.M. Horuna 6a3upyrorcst Ha pe3ynbTarax rmepecueTa Ha HaTypHBIE
YCIIOBUSI PE3Yy/IbTaTOB UCTIBITAHUN OIHON M3 MOJEJEH JIeJOKONIA, KOTOpbIe OBUIN BBINOJ-
HEHBI B IIyTOHOCHOM THAPOJIOTKE MHCTUTYTa TMAPOTEXHUKH. KOHKpEeTHBII aHamM3 3THX
pEe3yabTaToOB ceifdac He MMEET CMBICHA, T. K. B PACUETHBIC BBIPAXKEHHSI IS TIPSIMOTO CO-
MPOTHUBIICHUS y 000MX aBTOPOB BKPAJMCh HEKOTOpBIE HeTOUHOCTH. B crathe Horup, xo-
TOPBIN OB YBEpEH B NPEBAIMPOBAHUH B MOJIHOM JIEZIOBOM CONPOTHBIIEHUH JIEIOKOJIA
COCTABIISIIOIIECH, CBSA3aHHON C pa3pyIICHUM JIbJA, TOKA3bIBACT, YTO UMEHHO €r0 IOIX0J
JEMOHCTPHUPYET HY>KHBIH pe3yIbTar.

AHanu3 yKa3aHHBIX CTaTel MOKAa3bIBACT Pa3iIMUKe MOAXO0I0B NX aBTOPOB K PELICHUIO
npobnemsl. [Ipu pazpaborke Teopun moaenuposanus JI.M. Horua ucxoaut n3 mpenro-
JIO’KEHUSI, 9TO «OCHOBHOE 3HAYEHHE B ITOJIHOM COIIPOTHBIICHHUH JIb/1A IBMKCHHIO JIEIOKOTIA
HUMEIOT CHJIBI, pa3pymaromue jen mruoom» [16, c. 116]. FO.A. llumaHckuit xe cuuTa-
eT, 4To paboTa CHJI CONPOTHUBICHUS JIbAa MPONOPIHOHAIBHA OTCHIIUAILHON SHEPTHU
0aJKM-TIOJIOCKH, IMPHHA KOTOPOH paBHA LIMPHHE JIEJOKOIA, B MOMEHT €€ pa3pyIICHUs.
Bce aTH pazniums KacatoTcs CO3AaHUS MOTYyIMINPUIECKAX MOJIENIEH 1UIsl pa3InuHbIX CO-
CTaBJISIOLIMX JISIOBOTO CONMPOTHUBIICHUS M HUKAK HE BIHIOT Ha (JOPMYIMPOBKY CTPOTHX
KPUTEPUEB MOJCIMPOBAHMNS, KOTOPBIE OANHAKOBHI Y 000OUX aBTOPOB.
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OOmieit yepToil paccMaTpPUBAEMBIX PadOT SBISETCS TO OOCTOSTEIBCTBO, YTO
u JLM. Horun, u F0.A. [llumaHckuii GOIpIIOE BHUMAHUE YACSIA BIUSHUIO MOIYIIS
yOpYrocTH E Mpu aHanm3e KpUTEpHUEB MOACTHPOBaHuUs. M TOT, U ApyTroil BKIFOYAIN STOT
MEXaHUYECKHUHA TTapaMeTp B TIOIYyIMITUPHUUESCKIE BRIPAKEHHUS IS OMICAHHS COCTABIISIOIICH
COTIPOTHBIICHHUS, CBA3aHHOHN C JIOMKOH Jbaa. [IoBBIIIICHHOE BHIMAHUE K 9TOH MeXaHHWYe-
CKOM XapaKTEpUCTHUKE CBSI3aHO C HEMOJIHOTON 3HAHUM O CBOMCTBAX MOJIEIIMPOBAHHOIO JIbJa
1 OOJIBIION POJIBIO, KOTOPYIO OHA UTPAET B CBOWCTBAX KOHCTPYKIIMOHHBIX MaTEPHAIIOB.
BriocnencTBum BBISICHHIIOCH, UTO, XOTS YAOBIETBOPEHUE CTPOTHM KPHUTEPUSM MOICIIH-
pOBaHUS I MOAYJS YIPYTOCTH IO CHX TOpP MPEICTaBIsAeT HEKOTOpYIo mpobiemy [19],
B OIIPEACTICHHON CTeTIeHN OTKIOHEHUSIMHA 3TOTO ITapaMeTpa OT KPUTEPHUEB MOICITUPOBAHS
MOYKHO TIpeHeOpedb, T. K. OHH HE OKA3bIBAIOT CIIIFHOTO BIUSHIS HA HTOTOBBIA PE3YIbTAT.

3aK/II0uuTEeIbHBIH 3Tl CO3JaHUA TCOPUUA MOIECIUPOBAHUSA

B 1955 . B AHMMU 6but 3amy1mieH B SKCILTyaTalyio MepBbIil B MUPE JIeOBbIH Oac-
CeiH. DTO COOBITHE TIO3BOJIMIIO HE TOJBKO CKOHIIEHTPUPOBATH B HEM PabOTHI 10 obec-
MEYECHUIO MTPOEKTUPOBAHMS HOBBIX JIETOKOJIOB U CY/OB JIEJOBOTIO IUIaBaHUS, HO U BbI-
MOJTHUTH OOIIUPHBIH KOMIIJIEKC METOJIOJIOIMYECKUX MCCIISJOBAaHHM, HAITPABICHHBIX Ha
COBEPUICHCTBOBAHUE METOAMKH MOJAEIUPOBAHUS U MPUTOTOBICHUS] MOAEIUPOBAHHOTO
npa. Jta pabora MIaHOMEPHO MPOBOIWIACH COTPYJAHUKAMH JIEJOBOTO OacceiHa u Jie-
JouccienoBareiabckoi naboparopun AHUN.

[TprmMepoM Takoii paboThl MOXKET CITyXKHTh BbInoiHeHHe B 1958 1. Tembl «IIpoBenenue
MOJIEIBHBIX HCIIBITAHUM JIEIOKOJIOB U CY/IOB JIEIOBOTO MJIABAHUS 110]] PyKOBOJCTBOM U NPU
HerocpencTBeHHoM y4actun FO.A. [llumanckoro. B oruere 00 MCHBITAaHUAX OTMEYEHO:
«...TIPaKTHKa U3TOTOBIICHHUS B JISIIOBOM OacceliHe MOEIMPOBAHHOTIO JIbJIa IT0Ka3aja, 4To
OTHOIIIEHHUE MEXKy BPEMEHHBIM COMPOTUBIICHUEM JIb]A U €r0 MOIYJIEM yIPYrOCTH OCTa-
€TCs MOCTOSTHHBIM IPH U3MEHEHUH TOJIIIMHBI M IPOYHOCTH JIba. B aTOM ciyuae otnaznaer
MPaKTUYECKast BOSMOKHOCTD MCIIOJIB30BAHUS [IPEyCMOTPEHHOTO B padore 1950 r.2¢ “npu-
OJIMYKEHHOTO MOJICJIMPOBaHUS”, TPU KOTOPOM TOJIIMHY MOJEINPOBAHHOTO JIbJa MOKHO
HM3MEHSTH 33 CYET COOTBETCTBYIOIErO M3MEHEHUsI MEXAY BEITMUMHAMU €T0 BPEMEHHOTO
COIIPOTHUBJICHUS U MOAYJsl yIPYrocTH. B cBsi3u ¢ 3TUM B HacTosmeil padote MeTon “Tipu-
OJIMXKEHHOTO MOJICTTMPOBAHUS HE U3JIaraeTcs»?’.

Htor co3naHuio Teopun MOJEIUPOBAHUS IBUKEHUS CYJJOB BO JbAAX MOBEIH J[BE
crateu: JI.LM. Horupna [19], onyonukoBannas B 1959 r., u F0.A. Illumanckoro [20],
oimemas B 1960 r. [Mocneausis cTaThsi MOYTH MOJHOCTHIO BOCTIPOU3BOAUT MEPBYIO
rIaBy otueta 1o Teme «IIpoBeneHne MOAEIBHBIX HCIBITAHUN JIEOKOJIOB U CYIOB Je-
OBOTO MaBaHus» 1958 1.

Crares JLM. Horuna [19] B cpene cymoctpouteneir Obiiia Hanbonee U3BECTHOM,
T. K. TOJIBKO 9Ta MyOnukanusi He umena rpuda cekpeTHocTu. B aToii paborte m3naraercs
OKOHYATEJIbHBIH BApUAHT CTPOTOI TEOPUU MOJICITMPOBAHMS IS CIUIOIIHBIX U OUTHIX JIB/IOB.
B Hell ucnipaBneHbl HEAOCTATKH NPENBIAYIIMX Myonukanuid. OnuH u3 naparpadoB craTbu

% B OpUTHHAJIC OOIIyIICHa Oole4arKa. Bo3nukHOBEHUE 3TOM OIICYaTKu, MO-BUAUMOMY, CBA3aHO

C TeM, YTO B )KypHaJie, HMEIOIIeM Ha TUTYJIbHOM JHcTe 1951 I n3nanus, B BEpXHHUX KOJIOHTHTYJIAX
omnbo4yHo ykazan 1950 r.

27 IHumanckuit F0.A., TTosusk N.N., Kamrrensin B.W., PoBnun A.Sl. TIpoBeneHne MOIeIbHBIX HC-

TIBITAHUH JIEZIOKOJIOB 1 CYHOB JieoBoro iaBaHus (tema 3326). Y. 1. 1958. donxsl ApKTHYECKOro
1 aHTAPKTUYECKOTO Hay4YHO-HCCIeI0BaTenbckoro nuerutyTa. C. 1-2.
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ABTOP TOCBSIIACT YCIOBHOMY MOAOOMIO, T. K. OH CYMTAET, YTO CYIICCTBYIOIIAst (hH3nIeCcKast
MOJIeNb JIbJAd HEUJcalIbHa 110 CBOUM MEXaHMYEeCKUMU cBoicTBamu. [losTomy yder 3Toi
HEeHJICaJIbHOCTH MOXKET NMOTPE0OBaTh NPUMEHEHHUSI YACTHYHOTO MOJICIINPOBAHUSL.

FO.A. Illumanckuit B cBoeit crathbe [20] MpUBOIUT MOAPOOHBII BBIBOJ] CTPOTUX KPUTE-
pHEB MOJIETTMPOBAHMS, UCXO/S U3 YCIOBHSA HEM3MEHHOCTH YCKOPEHHs CBOOOHOTO MaCHMUS,
a TaKKe IJIOTHOCTH TSt MOJIENTH M HaTypHOTo 00bekTa. Kpome 3Toro, mpearnonaraercs, 4To BbI-
THOJTHSIETCSl TEOMETPHUYECKOe MoyIo0Ke. YenoBHoe nofiodKe OH He paccMarpuBaet. B ero padore
copMyITMpPOBaHBI YETBIPE TTOKA3aTEIIsl JISIOBbIX Ka4eCTB Cy/IHA: CTATUUECKAs M IMHAMUYECKast
JITIOKOJIbHBIE MOITHOCTH, MUHUMAJIbHAS YCTOMUYMBAs CKOPOCTh JABMXKCHHUS CYJHA BO JIbJAaX
3a/IaHHOM TOJIIMHBI M IMHAMUYECKast JISIOKOJIBHASI MOIIIHOCTD TIPU padoTe cyiHa Haberamu.

Jlanee oH momy4aeT MaTeMaTHUECKHE BBIPAKEHHUS AJISA KaXJIOTO MOKazarelns, Ho,
npexse uem 3710 caenars, FO.A. IllnmaHckuit onuceiBaeT 00U MOPAJOK HUCIIONIB30Ba-
HUSI MOJICTIBHBIX MCIIBITAaHUH CyqHa Juisi uX onpexaenenus. [Ipu atom oH Gopmymupyer
Ba)KHEHIIIee TONOKEHNE METOIUKN MIPOBEICHHUS MOJCIIBHBIX UCIIBITAaHUH B JICIOBBIX Oac-
ceifHax: «...MPaKTUYECKH HE MPEICTABIISIETCS BO3MOKHBIM ITOJIY4HUTh B JIEOBOM OacceifHe
MOJICIMPOBAHHBIH JIe/l, MEXaHNYECKUE KauyecTBa U TOJNIIMHA KOTOPOTO OTBEYall ObI J10-
CTaTOYHO TOYHO YCJIOBUSIM €T0 MOA00HS C HATYPHBIM JibIoM. [103TOMY HEOOXOIMMO UMETh
AQHAJTUTUYECKHUE 3aBUCUMOCTH MEX/y COOTBETCTBYIOIMMHU BEINYNHAMH, YIaCTBYIOIIMMU
B SIBICHUM TIPOJIBIKEHHUS Cy[HA B CIUIOIIHOM JISITHOM TI0JI€, JJISl TOTO YTOOBI C TIOMOIIIBIO
ATHUX 3aBUCHUMOCTEH MOXKHO OBLIO Obl yuecTh HeH30€KHbIE OTKIIOHEHHS ATHUX BEINYMH
OT UX 3HAYCHUH, OMPEICIIACMBIX TOYHBIM 3aKOHOM momoous» [20, ¢. 10]. DTo yka3aHue
JIaJI0 TOYOK K Pa3pabOTKe METOJ0B KOPPEKTUPOBKH JIAHHBIX HATYPHBIX U MOJEIBHBIX
HKCIEPUMEHTOB C IENbI0 MPUBEACHUS UX K HEKOTOPHIM 3aJJaHHBIM 3HaueHusM. Takue
paboTHI BeyTCsl PAKTUYECKH BO BCEX JIEJIOBBIX OacceiiHax mupa [17].

Eme ogaum npumenenneM BeiBeZieHHBIX FO.A. [1InMaHCKUM 3aBUCUMOCTEH CTaN0 UX
UCTIONb30BaHUE JUIsl TPHOIMKEHHON OIIEHKH JISIOBOTO COMPOTHUBIICHUS JIEIOKOIOB U CY/IOB
6e3 IpoBeIeHNs UCIIBITAHUI B JIEOBOM OacceifHe, T. €. OHU MPEBPAaTUIINCh B MEPBBIN
IIMPOKO MPUMEHSIEMbIH MOTyIMIUPHUECKU MeToA pacdyeTa. Pabora mo moxbopy Heus-
BECTHBIX KO3(D(UIIMEHTOB B MOITyYeHHBIX (hopMmyrnax Obuia BeimoaneHa B.M. Kamrenssnom
nox pykxoBoactBoM O.A. [Ilumanckoro [10, 21].

3akjoueHue

[TpuBeneHHbIe B JaHHOH paboTe MaTepHaibl OKa3bIBAIOT, YTO CO3/IaHNUE TEOPHH MO-
JISTIMPOBAHUS CY/IOB BO JIbIaX HE OBIIO OZTHOMOMEHTHBIM COOBITHEM. XOTsI IPUMEHSIEMbIe
HBIHE KPUTEPUHU MOJICIIMPOBAHMS OBUTH MOy4eHBI eie B 1946 1., mporiecc coBEpIICHCTBO-
BaHMS U MIPUHATHS TEOPUH MPOoJDKaiics Oonee aecsaty jeT. OCHOBHON MPUYUHOM STOTO
OBUIO Ha HAYAJILHOM JTarle pa3BUTHSI TEOPHH OTCYTCTBUE (PU3NIECKON MOJIEIH JIeTHOTO
MIOKPOBa, KOTOPYIO MOXHO OBUIO OBbI MCIIOJNB30BATh IPH ITPOBEACHUHU 3KCIIEPUMEHTOB
B JIeZIOBOM Oacceiine. IMeHHO 5TUM 00bsiCHsIeTCsl OO0NIbIIOe BHUMAHUE, KOTOPOE YACISIIOCH
CO3/IaTeISIMU TEOPUH YaCTUYHOMY WIIM MPUOIMIKEHHOMY MOJCIMPOBAHUIO, T. K. IPH €T0
HCIIOIb30BAaHUN CMSTYAINCH TPEOOBAHMS K MaTepHaily, IMUTHPYIOIIEMY JEASHOH MOKPOB.

[Tocue xe pa3padOTKN MOAEIUPOBAHHOTO JIbJIa OCHOBHBIM IPEISITCTBUEM KPUTEPHEB
CTPOroro MOJAEIMPOBAHUS SIBIISIACH HEOIPEAEIEHHOCTD, CBSI3aHHAs C HEU3YUYEHHOCTBIO
ero (pM3MKO-MEXaHMYECKHX CBOWCTB. DTa HEONPEEICHHOCTh HE MO3BOJISIA OTKA3aThCs
OT WJIeH TIPUMEHEHUS TIPHOJIMPKEHHOTO MOJICITUPOBAHMS.

TonbKo B pe3ysbTare MpOBECHHS LIEJIOr0 KOMIUIEKCA UCCIICIOBAHHHN, KOTOpbIE ObUIN
BBITIOJIHEHBI 110CIIE BBE/ICHUSI B CTPOH JiegoBOro OacceiiHa, ObuUta Toka3aHa ciiabast 3aBUCH-
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MOCTB PE3YIBTaTOB HKCIIEPUMEHTOB IIPH OTHOCUTEIIFHO HEOOMBIINX OTKIOHEHUAX TAPaMETPOB
JIb/1a OT CTPOIUX KPUTEPUEB MOJEIUPOBAHUS BO BPEMS IPOBEACHUSI KOHKPETHOIO OIbITA.
3TO0 MO3BOIIIO TIPOBOJUTH UCCIICTOBAHNS, OCHOBBIBASCH HA CTPOTHX KPUTEPHSX, H BBOIUTH
HEOOXOINMYIO KOPPEKIIUIO Pe3yJIbTaToB. B OKOHYATENEHOM BHIE TEOPHS MOICIAPOBAHIS
Y METOJIMKA TTPUTOTOBIICHUS MOJICTTMPOBAHHOTO JIbIa OBUTH OITyOITMKOBaHEI B 1968 T. B iepBOit
MoHoTpaduH, TOCBAIICHHON JIe0BoH XomkocTh cyaoB [ 10]. MccnenoBaHus, HanpaBlieHHBIE HA
COBEPLIEHCTBOBAHUE METOMKH [IPUTOTOBJIEHHUS MOEIMPOBAHHOIO JIb/IA U COBEPLLIEHCTBOBAHKE
1 JOIIOJIHEHHUE CUCTEMbI KPUTEPUEB MOAEIUPOBAHUS, [IPOJOIKAIOTCS A0 CHX TOP.
BaxxapiM (hakTOpOM MpH CO3TaHWH TEOPUU MOACTUPOBAHIS BIKCHHS CYIOB BO
npaax Obwuto crpemienne JI.M. Hormma u FO.A. [1InMaHCKOTO TOMYYUTH HE TOJIBKO KPH-
TepUX TOAO0OWs, HO M pacUeTHBIC BBIPAKCHUS IS HAXOXKICHUS JIEOBOTO COIPOTHBIIE-
Hus. Tak, JI.M. Horua, ocHOBBIBasiCh Ha MPEIOKEHHON UM YaCTUYHOM METOAMKE MOJE-
JUPOBAHNUSA, TIONYIWI pacyeTHbIe (GopMyIbI s JienoBoro conporusieHus [12]. Taxxke
(dhopmyer s pacdyera Oputa pemnoxkensl FO.A. Ilnvanckum B pabote [18]. [TombiTka
mon0oopa 3HAYCHUH HEM3BECTHBIX KOI(P(PHUIIMEHTOB, CONEPKAIIIXCS B 3TUX (OpPMyIIax,
obuta B 1951 1. npeanpunsita B.W. KamrrenasiHoM® Ha 0CHOBaHUH PE3yJIbTATOB HKCIICPH-
MEHTOB, IIPOBEJICHHBIX B ITYTOHOCHOM JIOTKE. DTH PaOOTHI MOJIOKIIA HAYaI0 CO3IaHHIO
MOJIyMIIMPUYECKUX METOIOB pacyera JIeJ0BOTO CONPOTUBIIEHMUSL.
Konguukr unrepecoB. KoHQIUKT HHTEPECOB OTCYTCTBYET.
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Annoranusi. CMiTr4eHue KiuMara | JeloBod 00CTaHOBKH B APKTHKE B 3HAYUTEIHHON CTEIICHH ITOBBICHIIO
CBSI3AHHYIO C HEH MCCIE/IOBATENBECKYIO | JIEIOBYIO aKTHBHOCTB. [loTeHIMan ApKTHKY NPUBIIEKAeT BHUIMAHNE
TOCYAAapCTB, M OHM CTPeMATCS CHOPMUPOBATH d(PPEKTHBHYIO CTPATETHIO UCTIONB30BAHUS OTKPHIBAIOIIHXCS
pecypcoB. Llens paboTbl — BBIABUTH NPU3HAKH aKTHUBH3ALMH W AMBEPCH(HUKAMHE apKTHIECKOHN TOIUTHKH
rocyrapcTs B KoHie XX — nepBoil uetBeptd XXI B., KOTOPbIE HAIILTH OTPAKEHHE B HAYYHBIX MyOIHKALHSIX.
JI1s1 aHaM3a MCIIOMB30BAHbI TPY/Ibl CIIELIUANINCTOB, HCCIISI0BABIIHX TIPOSIBICHNS H IMHAMHIKY KIMMAaTHYECKUX
M3MEHEHHI B APKTHYECKOM PErHOHe, CBSI3aHHBIE C HUMH IIPHPOJIHEIE, TOINTHYECKUE U COLUaIbHO-3KOHOMHUYe-
CKHe BO3MOXKHOCTH 1 YTPO3bL. [IpiMeHeH CHCTEMHBIH TOIXO0/ K PACCMOTPEHUIO HHTEPECOB, CBS3EH H OTHOLICHHIT
rocynapcts. [locpeacTBoM cHHTe3a, aHaNW3a, CPABHEHHsS W 00OOIIEHHS BBISBISUINCH TCHICHIMH OCBOCHHS
ApKTHKY 1 9BOJTIOLHS apKTHYECKUX cTpaTeryii. ClenaH BEIBOJ O TOM, YTO aBTOPAMH aKTHBHO PacCMarpyBalach
KJIMMaTHyecKas MOBECTKa. B MEeXMCIMIUIMHAPHOM IONIE BBISBISUINCH IPHIMHBI, XapaKTep KIMMATHYECKUX
M3MEHEHNH, UX BIMSHHUE HA PUPOIHBIE SKOCHCTEMB! U YCIIOBHS KH3HU HACENECHHMS APKTHYECKOTO PErHOHa.
C navaina 2000-x IT. Ha4MHAET HAOMPATH CHILY BEKTOP HAYYHBIX UCCIIEOBAHHH, CBS3aHHBIN C BO3MOKHOCTSIMH,
KOTOPBIE OTKPBIBAIOTCS B CBSI3H C TASHUEM JIBJIOB B APKTHKE, — Pa3BUTHE IyTei COOOIIEHHS U TPAaHCIIOPTHOM
JIOTHCTHKH, J0OBIYA MONE3HBIX MCKOIAEMBIX M MPOMBIIUICHHOE CTPOMTEIBCTBO B aPKTHUECKUX IIMPOTaX.
Hapsny co B3anmopeiicTBueM B 001acTH HCCIEIOBAHHS M OCBOCHHST APKTHKH, Pa3BHBACTCS MEXTyHAPOIHOE
comnepHruecTBO. CTpeMIICHHE 3aIUTHTh CBOU HHTEPECHI U PACIIMPUTD TEOMONTUTHIECKOE BIUSHHE BEET K MH-
JIUTApU3ALIN aPKTAYECKOH MOMUTHKY cTpaH. OneHnBas KpU3UC H0BEPHS MEKITY CTPaHAMH U HAJIHIHE yTIPo3,
HCCIIeI0BATEeIN KOHCTATHPYIOT HE0CTAaTOYHOCT ACHCTBEHHBIX HHCTPYMEHTOB U MEXaHNU3MOB PETYITHPOBAHUS
MEXKToCyIapCTBECHHBIX OTHOLICHHH M HEOOXOXMMOCTh COBMECTHBIX YCHIINH JUTS IOCTHKEHUS MUpa 1 Oe3omac-
HocTH. IHTeHCH(HKAIHS SKOHOMIYECKOTO OCBOCHHSI APKTHYECKOTO PeTHOHa Hen30eKHa, i OTBETCTBEHHOCTD
CTPaH COCTOUT B TIPEJOTBPAILEHHIH YTPO3 PAa3pYILICHHS €€ IPUPOJIBI TOCPEICTBOM HOBBIX HAyYHO-TEXHHYECKUX
1 OpraHM3alOHHBIX CPEICTB.

Kuarouesbie c10Ba: ApkTuka, KIMMaTHYECKUE M3MEHCHUS, apKTUYECKUE CTpaTeruy, ApKTHYECKH COBET,
ApPKTUYECKOE COTPYIHHYECTBO, APKTUUECKAs IOJUTHKA, Cy0X0nHble ITyTH, CeBepHblil Mopckoil myTh, CeBepo-
3amaHsIi IpoXof], 6€301acHOCTh
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Abstract. The softening climate and ice conditions in the Arctic have led to a significantly increase in
the associated research and business activity. The Arctic potential attracts the attention of states, and they seek
to formulate efficient strategies for using the emerging resources and opportunities. The purpose of this work is
to identify signs of intensification and diversification of the Arctic policy of states in the late 20th — first quarter
of the 21st century, which are reflected in scientific publications. The study uses the works of experts who have
studied the manifestations and dynamics of climate change in the Arctic region, the associated natural, political
and socio-economic opportunities and threats. A systematic approach is used to consider the interests, connections
and relations of states. Through synthesis, analysis, comparison and generalization, trends in the development of
the Arctic and the evolution of Arctic strategies are identified. It is concluded that the authors actively considered
the climate agenda. In the interdisciplinary field, the causes, nature of climate change, their impact on natural
ecosystems and living conditions of the population of the Arctic region are identified. Since the early 2000s,
the vector of scientific research related to the opportunities that are opening up due to the melting of ice in
the Arctic has begun to gain momentum — the development of communication routes and transport logistics,
mining and industrial construction in the Arctic latitudes. Along with interaction in the field of Arctic research
and development, international rivalry is developing. The desire to protect their interests and expand geopolitical
influence leads to the militarization of the Arctic policy of various countries. Assessing the crisis of trust between
countries and the presence of threats, researchers note the lack of effective instruments and mechanisms for
regulating interstate relations and the need for joint efforts to achieve peace and security. The intensification of
economic development of the Arctic region is inevitable, and the responsibility of countries is to prevent threats
leading to the destruction of its nature through new scientific, technical and organizational means.
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BBenenue

CMsiryeHue KiMMara ¥ JIeIoBOil 0OCTaHOBKM B APKTHKE B 3HAUMTEJILHON CTENEHU
MOBBICUIIO CBSI3aHHYIO C HEHl MCCIIE0BATENbCKYIO U JIEJIOBYI0 aKTUBHOCTb. Bocemsb ap-
ktudeckux rocyaapcts (Poccus, Ucnannus, Kanana, Koponesctso lanus, Hopserus,
Coenunenssie ltarsr AMepuku, @unnanaus, llIBenus) paccMaTpruBarOT IPUMBIKAIOIIYIO
Kk CeBepHOMY TOJIIOCY 30HY KaK OOBEKT, paCIIMPSIIONIMNA BO3MOKHOCTH MX BHYTPEHHETO
Pa3BUTHUS M MEXJIyHapOJHOTO BIMsHUS. [ocynapcTBa, He nMeromue reorpaduyeckoit
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MIPUHAUISKHOCTH K APKTHKE, TaKKe MPOSBISIOT K HEH MHTEpeC, NCTIONb3Ys CTaTyC Ha-
omonateneit B ApkruueckoM copere (BemmkoOpurtanus, ['epmanus, Munus, Ucnanns,
Wramus, Kurait, Hunepnanael, [lonsmra, Cunramnyp, @pannus, [lseitnapus, KOxuaas
Kopes, Slnonnst) n yqacTue B OCYIIECTBICHNN COOTBETCTBYIOMNX MPOEKTOB. [ToTeHnnan
CyOBEKTOB MHPOBOTO COOOIIECTBA B OCYILIECTBICHNN HAMEPEHUH HEpaBHO3HAYEH. TpaHc-
(hopmarysi OTHOLICHNH Ha MEXKIYHAPOIHONW apeHe AEMOHCTPUPYET CIOKHOCTH CPEbl,
B KOTOPOH MPEACTONT PEIINTh MHOXKECTBO BO3HHKAIOMIMX B XO/I€ OCBOCHHSI APKTHKH
mpo0JieM, 1 CyIIECTBEHHBIM 00pa30M BIMSIET Ha MOJUTHKY CTPaH B PETHOHE.

HccnenoBarenn o0Cy)XJar0T Ha CTPAaHHUIAX MEYaTHBIX M3AAHUM MIMPOKUN CIIEKTP
BOIIPOCOB, CBA3AHHBIX C OCBOGHHEM APKTHKH, OTPaXkast IIPOUCXOASAIINE NU3MEHEHHSI B T10-
3uimu rocyaapeTs. Ha oHe konmmuecTBeHHOTo pocTa MyOnuKannii BO3ZHUKAeT HOTPEOHOCTh
MIPOCIIEANTD XapakTep, 00Ine YepThl H 0COOEHHOCTH COAEPKAINXCS B HUX PacCy KICHUN
1 BBIBOJIOB, YCTAHOBHUThH CMEHY TEMAaTHUECKHX IIPHOPUTETOB U 0003HAYNTH ANCKYCCHOHHBIE
Borpocsl. Llenb JanHoi paboThl — BBISIBUTH MPU3HAKKA aKTUBU3ALUK U JUBEPCUPHUKALINN
ApPKTUYECKOM MOJMTUKU TocynapcTB B KoHLe XX — nepBoi yerBeptu XXI B., KOTOpbIE
HaIlUTH OTPa)KEHHE B HAYYHBIX ITyOIHKAIUSX.

OOBEKT N3y4eHUs! IPEIIoaracT pacCMOTPEHNE TIO3UIINN POCCHHCKHX U 3apyOex-
HBIX aBTOPOB IO KJIFOYEBBIM HAIlPaBJICHUSAM MHTCHCU(HUKAINN ACATEILHOCTH U Iepepac-
TIPE/ICIEHNs] aKTUBOB CYOBEKTOB MEX/[yHApOAHBIX OTHOIICHNI B APKTHKE B yKa3aHHBINA
neprofl. BenencTeue cnoXXHOCTH M MHOTOOOpa3Hsl apKTHUECKONW TEMATHKHU JTAFOTCST O0IIHe
XapaKTePUCTUKH COOBITHI 1 Hanbosee moKa3aTelIbHbIE CYKACHHUS U CBUIETEIbCTRA, TT0/-
TBEPKJAOIIHE MIPEICTABICHHBIC B CTATHE MOJIOKEHUS U BBIBODI.

Jlisl aHanIM3a MUCIONIB30BAHBI TPYABI CHEINANNCTOB, UCCIIEIOBABIINX MPOSBICHHS
1 IUHAMHUKY KIMMAaTHYECKHX M3MEHEHHMH B APKTHYECKOM PETHOHE, CBSI3aHHBIE C HUMHU
MIPUPOJTHBIE, TOJIUTHYECKUE U COLMAIbHO-3KOHOMHUYECKNE BOZMOYKHOCTH M YTPO3bI B KOHIIE
XX — nepsoit yuerBepty XXI B. [IpMeHeH cucTeMHBIN 1MOXO0/, TO3BOJIMBILUHI ONpese-
JUTH NIEPBOCTETICHHBIE, EPETIIETAIONINECS MEXKITY COOOH HHTEPECHI, CBSI3M U OTHOIICHHS
rocyaapcTs, (OpMHUpYIOIINE UX MOIUTHKY. IlocpencTBOM cuHTE3a, aHAIN3a, CPAaBHEHUS,
aHAJIOTHU 1 0000MIEHNS BBISIBISIINCH CXOACTBO U PA3JIMINS HHCTPYMEHTOB OIUTHYECKOTO
JCHCTBUSI, BEAYINE TEHCHIIMN OCBOCHUSI APKTUKH U SBOJIFOLNS APKTHUECKUX CTPATETUil.

Pe3y.m,TaT1>1 u oﬁcyswle}me

Jlonroe Bpemst pa3BUTHE apKTUYECKUX TEPPUTOPUI ONPeIesiiIoch INIaBHBIM 00pa3oM
BHYTPEHHHMMH TTIOTPEOHOCTSMH M BO3ZMOXXHOCTSIMH [IUPKYMIIOJSIPHBIX cTpaH. OHM eiicTBO-
BaJIM B TPaHUIAX CBOETO CYBEPEHHUTETA, UCIONbB3Ys JOCTYITHbIE UM PECYPCHI U YCTpaHsIs
CIIOpHBIE WM KOH(IMKTHBIE CUTYaIMH OT/IEJIbHBIMHU COIVIAIICHUSIMUA MEX/Y YU4aCTHHKaMU
COOBITHIA. 3HAYUMOM TPEITOCHUTKON K M3MEHEHHIO TIOJIOKEHHUS CTAJIO0 PE3KOE MOTEIICHHE
kaumara B koHue 1970-x rr. HayaHoe coo0uiecTBo ObUI0 KpaliHe 03a004€HO PEe3KUM HOBBI-
LICHHEM TeMIIEPaTyphbl B HIDKHHX CIIOSIX 3eMHOM arMocdepbl M CKOHIICHTPHPOBAJIO BHIMA-
HUE Ha ero MPUYMHAX U BO3MOXKHBIX MMOCIEACTBUX. VX M3ydyeHHe paclIupHiIo MpecTaB-
JICHUS! O BIIMSTHUW aHTPOIIOT€HHBIX M €CTECTBEHHBIX (DAKTOPOB HA KJIMMAT IUIAHETHI U B TO
JKe BpeMs TIOPOAMIIO TPOTUBOPEUMBBIC OLIEHKH M BBIBOBI. Hapsiy ¢ ONTUMHCTHYHBIMU
MPOTHO3aMH aBTOPHI YKa3bIBaJIM Ha MOTEHIMaIbHbIEe onacHOCcTH. B 1991 . A.A. Munuun
MUCaJl, YTO U3MEHEHHS B IIPUPOJIE POUCXOAT CTPEMHUTEIBHO U, TI0-BUANMOMY, MOKHO
TOBOPHUTBH O TOM, 4TO MPOHJCH ONpee/ICHHBIH pyOekK, 3a KOTOPBIM dKOCUCTEMBI CYIIN
yTpavynBaroT CrIOCOOHOCTH B MOJHOM OOBEME BBINOJIHATh CTAOMIIU3UPYIOIINE U PETYITH-
pyroue pyHkiuu B 6uocdepe [1, c. 3-4].
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Co cCBUIKOH Ha OTCYTCTBHE JIOCTATOYHOTO SMIIMPUYECKOTO MaTepHaa s aHaIn3a
9KCIIEPTHI JIeJIAJI OCTOPOXKHBIE MPEITOIOKEHHUSI OTHOCUTEIBEHO INIO0AIBHBIX MOCIIEICTBUH
KJIMMaTHYeCKUX M3MeHeHuil. [loTernenne, mpu KOTOPOM BO3MOXKHBI TaKHE TPAHANO3HbIE
COOBITHS, KaK pa3pylIeHHe MHOTOIETHHX JIbJ10B CeBepHOro JIeqoBUTOrO OKeaHa MiH Jie-
JIOBOTO IIUTA 3arnagHod AHTaApKTH/bI, B OIMKalIIee CTOIETHE aBTOPaM MPEACTaBISIIOCH
MasnoBepoATHBIM [2, ¢. 10]. Hakomienne B paMkax MeXTyHapOIHBIX HCCIIEIOBATEIbCKIX
HPOTrpaMM JIaHHBIX O KIMMAaTHIECKUX U3MEHEHHSAX CIIOCOOCTBOBAIIO pa3pabOTKe ClIEHAPHEB
WX JaTbHEHIIETO Pa3BUTHSL.

IoBbicHTh 3(h(EKTUBHOCTD M3YUYEHHSI COCTOSHHMS JICASHOTO TTOKPBITHSI APKTHKH TI0-
3BOJIMIIM PE3YNBTATHI ICTAHIIMOHHBIX N3MEPEHNH, HadaThle Ha ciyTHHKe Nimbus-7 B 1978 T
Braronapst MHOTONIETHEMY MOHUTOPHHIY, OCYIIECTBIISABIIEMYCS] HE3aBUCUMO OT TIOTOJHBIX
YCIIOBHIA, MICCIIEIOBATEIH TTOTyYHIIN O0Jlee TOUHBIE JaHHBIE O COKPAILEHHMH MOPCKHUX JIBI0B
Cesepuroro momymapws |3, c. 58]. Cucremarnueckue OKeaHOTpadIecKue N3MEPEHHS B BBI-
cokmx mmpotax CeBepHOro Moioca, IpeAnprHsThie ¢ 1990-X IT., MO3BOMIIN CO3AaTh TPEeX-
MEpHYIO KapTHHY H3MEHUMBOCTH XapaKTEPHUCTHK IIPUTOKA M TPAHC(OPMALINH aTITAHTHIECKIX
BOJI B APKTHYECKOM OacceifHe 3a MOoCIeTHre HECKOIBKO ecaTieTnit [4, c. 23]. [lornmanmto
MEXaHU3MOB, BIMSIOMINX HA KIIMMaTHYECKHE XapaKTePUCTHKH, CIIOCOOCTBOBAIO PA3BUTHE BbI-
YUCIHUTENBHON TeXHUKH. COBEPIIEHCTBOBAHNE METOZIOB cOOpa M 00PabOTKM JAHHBIX, aKLICHT
Ha 3alIUTy OKPYXKaroLEH Cpelibl U MEKAYHAPOIHOE COTPYyAHMYECTBO B 1990-¢ IT. chirpayin
MOJIOKUTENBHYIO POJIb B MU3YYEHNH apKTHUECKUX ITPOOJIEM M CIIOCOOCTBOBAIN pa3paboTKe
HOBBIX runore3. Hecmotrpst Ha 310, B Havane 2000-X I'T. oTMeYanachk HEJOCTaTOuHAas U3yUYeH-
HOCTb KJIIMMAaTHYECKHX TPOLECCOB B APKTHUECKOM PETHOHE U nX 00paTHbIX cBsi3eil. CooT-
BETCTBEHHO U CIIEHAPUU M3MEHEHUsI KIMMara APKTHKH XapaKTepH30BaINCh OOJIbIIEH Mo
CPaBHEHHMIO C JIPYTMMH PErHOHAMH MHUpPA CTETICHBIO HEOIpeeNeHHOCTH [5, ¢. 17].

B kadecTBe TIaBHOTO CPEICTBA M3YUCHHs KIIMMATHYECKOM CHCTEMbI M MPOTEKa-
IOIINX B HEH IPOIECCOB BBIIBUTAeTCS MareMaTndeckoe mozaenupoBanue. CoBpeMeH-
HBIE KIIMMAaTHYECKHUE MOJIENI OTHOCAT K KJIACCY BBICOKMX TEXHOJIOTHH M pacCMaTpUBaioOT
KaK 3JIEMEHTBI TOCYAapCTBEHHON Oe3omacHOCTH. [Ipy 3TOM MOT4epKUBaeTCs CIOKHOCTD
BOCTIPOM3BEICHUS M MTPOTHO3a KJIMMAaTa M3-3a HEBO3MOXXHOCTH IMPSIMOTO (PU3NIECKOTO
sKcnepuMenTa [6, c. 227, 228, 235]. IIpobnemMy 3HAYUTETHHON HEONPENeIeHHOCTH MO-
JIENTBHBIX OIEHOK OyIyIIMX M3MEHEHHH kimuMmara B Apkruke momaumanu A.B. Emucees
u B.A. Cemenos [7]. HecMoTpst Ha porpecc B HAKOTUICHUU TaHHBIX 0 cocTossHun CeBep-
Horo JlenoBuTOr0o okeaHa u Kpuoc(epsl, nX HEAOCTATOUHO JUTS HAAEKHBIX SIMIMPHIECKUX
OIICHOK MTPOUCXOIAIINX U3MeHeHHi [4, c. 28]. Y 3To MPHBOIUT K PaCXOKICHHUIO B3TIISI0B
UCCIIe0BaTeNeH 1Mo psay NPUHIUINAIBHBIX BOIIPOCOB.

K npeameram Hanbosee OCTPHIX HAYYHBIX JTUCKYCCHI OTHOCSITCSI IPUYUHBI TTOTEI-
JICHUS] ¥ CTEIICHD BIIMSIHUS HA KIIMMAT MPUPOJHBIX (DAKTOPOB M MOCIEACTBUN desoBeye-
CKoif nesirennbHOCTH. X 00BsICHEHHE KPUTHUECKH BAXHO JUT (DOPMHUPOBAHUS CTPATETHN
pearupoBaHus Ha BO3MOKHBIE rociencTsus. Komnekrus aBropoB u3 Poccun n Hopserun
MPHIIEN K 3aKITI0YCHHUIO, YTO MOTEIIeHHE KOHIA X X B. HE MOXKET ObITh OOBSICHEHO OJHUMHA
JIMIIb €CTECTBEHHBIMU (DAKTOPAaMHM M, CKOPEE BCETO, SIBISIETCS CIIEACTBUEM aHTPOIIOT€HHOTO
BIIMSTHUSL HA TIPOLIECCHI, TIPOUCXOSIINE B aTMOCc(epe. MozenbHbIe pacueTsl MOKa3bIBaIoT,
YTO TIPH MPOJIOIKEHUH AHTPOTIOTEHHOTO BO3JCHCTBYSI INIOIMA/(b APKTHIECKUX JIHIOB OyneT
HEYKJIOHHO YMEHbIIaThes [3, ¢. 61-62].

I'B. AnekceeB oTMeYaeT, 4To IIaBHOW NPUUMHON U3MEHEHHUM KJIMMaTa B HACTOSILIEE
BpeMsi cUMTaeTCst pocT copepxkanus CO,, BHI3BAHHBIA aHTPOTIOTEHHON JEATENBHOCTBIO.
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OpHako, 10 MHEHHUIO aBTOPA, IJIsI HOBBIMIECHHS HAIE)KHOCTH ITPOTHO30B PA3BUTHS KIUMAaTH-
YeCcKOi 00CTaHOBKHM aKTyaJIbHO HCCIIEIOBAHUE POJIM €CTECTBEHHBIX (DAKTOPOB B pa3BUTHH
COBPEMEHHOT0 NoTeIuIeHus. [T100anbHbIe YMCICHHBIE MOJIENIN KIMMaTHIECKOH CHCTEMBI
3eMiIH, HaCTPOEHHBIE HAa aHTPOIIOTEHHOE MOTEIJICHHE, OKA3bIBAIOTCSA HE B COCTOSIHUU
BOCIIPOM3BECTH HaOIIOMaeMble KPyITHbIE aHOMANK KinMara [8, c. 220].

Hecmortpst Ha He3aBEPIIEHHOCTh M HEOTIPEIEIICHHOCTh MMPOTHO30B KIIMMaTHIECKUX TCH-
JICHINI B APKTHKE, OYEBHUIHO, YTO OHU NMPUBEIYT K MOCIIEICTBUSIM, TPEOYIOIMM OTBETHOH
PEaKIMK CO CTOPOHBI COLMYMa. DKCIEPThI, aHATM3UPYs HAIIPABJICHUS Pa3BUTHS NIOOAIBHOTO
TIOTEIUICHUS], TIOJIAraoT, YTO OHM HECYT KaK yrpo3bl, Tak U BO3MOkHOCTH [9—-11 1 np.].

K cepbe3HbIM prCKaM OTHOCSTCSI M3MEHEHNE PEKUMOB (PyHKIIMOHHPOBAHHS MOPCKUX
1 HA3€MHBIX SKOCHCTEM U IOSBICHNE MTPUPOAHO-KIMMATHIECKUX aHOMAIHH (9PO3Hs ITOYB
1 CHWKEHHE NX MHKPOOHOJIIOTHYECKOW aKTHBHOCTH, HABOJAHEHHUS U 3aCyXH, 3eMIIETpsICe-
HUS, yparausl U T. J1.). bosee BbICOKas NHTEHCHBHOCTh N3MEHEHHH KIIMMaTa B APKTHKE
BEIECT K PE3KOMY YBEJIMYEHHUIO YIpO3 U HACEJCHHS, IIPOU3BOICTBEHHOIO KOMILIEKCA
u mH}pacTpyKTypsl [12, 13]. ABTOPHI YKa3hIBAIOT Ha OMIACHOCTH KoeOaHnit 00bEeMOB J0-
CTYTIHBIX BOJHBIX PECYPCOB, PA3pyIICHHS COOPYKEHUI M OOBEKTOB B PE3yJIbTAaTe TASTHHS
BEYHOW MEp3JI0THI, TEXHOTEHHBIX 3arpsSA3HEHUH W MX MHUIPAIlMH B OKpYXKaIOLIEeH cpene
n T. A. [lorennienne BiusieT Ha XO3AHCTBEHHbBIE M KyJIbTypHBIC MPAKTHKA KOPCHHBIX Ha-
POZOB, KOTOPBIE THICSUESIICTHMHE JKIJIM B BEYHO XOJIOAHBIX paiioHax Cesepa. Cmemienue
JEJSTHOTO MOKPOBA HAPYIIACT MPHUBBIYHBIC YCIOBHS Pa3BEACHUS OJICHEH M TEM CaMbIM
CO3MaeT yrpo3y MpoIOBONBCTBEHHOM O6e3omacHocTH [14, c. 9].

Jlpyroii acrekT apKTUYEeCKOM TEMAaTHKH COCTOMT B TOM, YTO TasHHUE JIbJIOB B Ce-
BEPHBIX MIMPOTaX YMHOXHUT MEXIyHApPOIHBIE SKOHOMHUYECKHE BO3MOKHOCTH. AKTHB-
HO 00CYXIal0TCsl HOBBIE CYIOXOAHBIC MapIIpyTel Mexxay Asueit, EBpomoit u CeBepHoit
Awmepukoit: CeBepHbIit MOpckoit myTh (CMII) BOONE pOCCHIICKOTO CEBEPHOTO TIOOEPEKBS,
Cesepo-3amamnnasiit mpoxox (C3I1) gepes Kananckuii ApKTHYIECKUA apXHIIeiar U TpaHC-
TOJSIPHBIA MapmipyT [15-18 u gp.].

C3I1 noka He MpUBIEKAET 0COOOT0 BHUMAHUS C TOYKU 3PEHHST MEKTyHAPOHBIX TIepe-
BO30K, TIOCKOJIbKY HaXOAUTCS B OOJIee TSKENBIX JIEI0BBIX YCIOBHSX, UM apKTHUYECKas 30Ha
Bocrounoro momymiapusi, 1 He paciioiaraeT HaBUIalMOHHBIM O0OECIICYeHUEM, ITOPTaMH,
KOOPAMHAIMOHHO-CIIACaTeNbHBIMH IEHTPAMH, JOCTATOYHBIM JIEZIOKOIBHBIM (hrtoTom. B TO %e
Bpems reorpaduueckue ocodeHnocty C3I1 mpy HOPMAIBHBIX CYZIOXOIHBIX YCIOBHSX JAENAl0T
€T0 BeChbMa IPUBJIEKATEIbHBIM BAPHAHTOM TPAH3UTHOTO MOPCKOTO MyTH, U SKCIIEPTHI MPEATIO-
JIararoT, 4To B OMybKaifime qBa-TpH JeCATUIICTHS OH CTaHET OXKUBICHHON MarucTpaibio [19].

Junamuka ocoeHnst CeBEpHOTO MOPCKOTO Iy TH 3HaUMTeNbHO BbIe, uem C3I1. s
€ro 00CITy’KUBAaHHS MMEIOTCS CaMblii MHOTOUHMCIIEHHBIN B MHUPE JIETOKOIBbHBIN (10T (BKITIO-
Yasi aTOMHBIH ), HOPTHI, HABUTAI[IOHHBIE, METEOPOJIOTHIECKIE, aBAPUITHO-CIIAcATEIbHBIC,
KOMMYHHKAIMOHHBIE U MH(popMaroHHbie ciyxObl. VccnenoBarenn nu3 Pocenn, T'ep-
Manun, Hunepnannos, [lopryranum u apyrux crpaH, OObeIUHUB YCHIIMS B U3yYCHUN
ombiTa sKkcruryarannu CMII, ykazamu Ha TO, YTO 3TOT HOBBIH KOHKYPEHTOCIIOCOOHBIN
TpaHCHOPTHBIN Kopuaop Mexay EBponoii u Poccueld mo3Boiuil co3aarh JIOTHCTUYECKUE
CHCTEMBI U CBSI3aHHYIO C HUMH TPAHCIIOPTHYIO MH(PPACTPYKTYpY, KOTOPBIE JENAI0T €To
KOMMEPYECKYIO SKCIUTyaTaliio IPeIMETOM IPHCTALHOTO BHUMAHHSI BO MHOTHX CTpaHax,
aKTHBHO 3aHUMAIOIINXCSI MOPCKUMH TiepeBo3kamu [20].

[Ipu Bcell mpUTATATEIEHOCTH, KOTOPYIO MOXeT AeMoHcTprpoBaTh CMII, mmeercs
HeMaJIo poOJeM, Ha KOTOpbIE TaKke 00parnaioT BHUManue aBTopbl. OHM paccMaTpuBaIoT
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KaK IMPENMYILEeCTBa, TaK U CIoXHOCTH pa3Butusa CMII [21-25 u ap.]. TpancTiopTHAS THHHS
MPOXOANT B HKCTPEMAIIbHBIX YCIOBHUSIX: CypOBBIH KIMMAT; HU3Kasl INIOTHOCTh HACEJICHHS;
BBICOKAsl JHEPIOEMKOCTh; 04aroBOCTh M CI1a00CTh ITPOM3BOJICTBEHHOH 0a3bl; ysI3BUMOCTD
OKpY’KarloIieil cpepl; HEJOCTaTOUHAsI H3yUYEeHHOCTh PAlfOHOB MPOXOXK/ICHUS TPACCHI; BbI-
cokas moTpeOHOCTh B (PMHAHCOBBIX BIOKeHUsX. Monepuuzanun CMII ciocoOcTByer
CWJIbHASI TOCYIapCTBEHHAs MoIiepkka. Peanmmsamms mianoB passutuss CMII k 2035
JOJDKHA 00€eCTIeunTh HHPPACTPYKTYPY, TAPAHTUPYIOLLYI0 KOHKYPEHIIUIO C OHUM U3 KITIO-
YeBBIX MUPOBBIX MapIIPyTOB I'PY30IE€PEBO30K, Mpoxoxsimum yepe3 Cysuknii kana [26].

Kuraiickue nccnenoBarenn, OCyIeCTBUB CHCTEMAaTHIECKY O OIICHKY BO3MOXXHOCTH
Hauraruu mo CMII u pa3paboraB MHOTO(GAKTOPHEIE MOAETH Y(PPEKTHBHOCTH MEPEBO-
30K 110 TOMY MapILIPYTY, CAEIAIN BBIBOJ, YTO C 3aMETHBIM COKpAIICHHEM MOPCKOTO JIb/a
U MOBBIICHNEM AocTynHOCTH Mopei B CeBepHoM Jlenoutom okeane CMII nmocrenenHo
CTaHeT 3Hepro3(H(HeKTUBHBIM MyTEeM JJIsl TOProBiu Mexkay Esporoit n Asueit. OnHako oH
HE MOXKET B KPaTKOCPOYHOI nepcnekTise 3aMeHuTh Cyarkuii MapipyT. OcyiecTBUMOCTh
KPYIJIOTOAWYHOTO CY/IOXO/ICTBA B APKTHKE, KOTOPOE MOXKET TPAaHC(HOPMHUPOBATH MUPOBBIE
TOPTOBBIE MYTH, OCTAETCs KpaiiHe ManoBeposTHOU 0 2065 T [27].

A.A. BonkoBa, E.H. CmonbstanHOBa 1 [I.P. AcaéHOK (PUKCHPYIOT U3MEHEHHUS B Op-
raHW3allMOHHO-yTpaBieH4Yeckoi cTpykrype CMII, TexanueckoM obecniedeHnn, Hapa-
IIMBaHUH TPy301epeBo30K. Hemano BHUMaHus ynensercs paboTe TPaHCHOPTHOM JIMHUN
B YCIIOBUSIX CaHKIHWW W MPUHATHSA Mep Mo uX mpeomoieHuro [28, 29]. Mccaenosarenn
CXOnATCSI BO MHEHUH, 4T0 CeBepHBI MOPCKOH IMyTh KaK HAlMOHAIbHAs TPAHCIIOPTHAS
KOMMyHHKanus: Poccun B ApKTHKE HMEET UCKITIOUUTENIbHOE 3HAYEHHE ISl JaIbHEHIIEero
3¢ PEKTUBHOTO Pa3BUTHSI SKOHOMHUKH CEBEPHBIX PETHOHOB M TOCYAAPCTBA B IIEJIOM, BKIIFO-
Yasi HOBbIE BO3MOXKHOCTH Ul MHBECTHLUH, OnM3HEca, MaJbIX ¥ CPEAHUX IPEIIPHUITHI,
CO3MIaHMSI HOBBIX Pa0OYHMX MECT M COIHAIbHO-IKOHOMIYecKoro passutus [9, 30, 31].

Kpome TpaHCTIOPTHBIX BO3MOXKHOCTEH C HOBOHM CHJION Pa3BOPadMBACTCS €IIE OAWH
BEKTOP Pa3BUTHS APKTHKH: JOOBIYAa IPUPOJHBIX PECYpPCOB, B NEPBYIO ouepenb HedTh
U raza. B MexayHapomHOM JucKypce 00 apKTHYECKOH MOJINTHKE TOCTOSHHO MTPU3HAETCS,
YTO YHEPTeTHUECKUE PECYPCHI ABJISIOTCS BaKHBIM (PaKTOPOM ITpH 00CYXKJICHUH BOIIPOCOB
ynpasieHus Apkrukoit [32-34].

EcTp MHEHME, 4TO HHTEPEC K APKTUYECKUM YIJICBOIOPO/AM B IIUPOKOM KOHTEKCTE
OBl OCHOBATEJILHO MOTHBUPOBAH MyoOnukanuel MHpopmaronHoro Otomterens [eonoru-
yeckoit ciyx061 CIIIA B 2008 1., B KOTOPOM OBLT TIPUBEIEH MPOTHO3 O COCPEIOTOUCHUH
B ApKTHKE 3HAUUTEIBHBIX CIIe HE OTKPBITHIX 3alie’kel HeTH M mpupoaHOoro raza. Ha
aMepHKaHCKHE JaHHbIE CChUIAIOTCS POCCHICKHE 1 3apyOexHble aBTopsl. K.B. Jlonnemmm
n MLIIL. Baprenbc commacHsl ¢ TeM, YTO HEKOTOPBIE MOIUTHKH UCIIONB3YIOT ITOCIEICTBUS
M3MEHEHUS KJIMMara JUIsl OTIpaBJaHHs CPOYHOTO PACHIMPEHUs Pa3BEAKH U pa3pabOTKh
MecTOpOXKAeHUH HedTn 1 ra3a. [To nx MHEHHUI0, HayKa OOJIbILE HE CIY)KUT OTCTaNBAaHHIO
HayYHBIX LEHHOCTEH, @ BMECTO 3TOTO HMCIIOIb3YeTCsl Ul AOCTIKCHHUS HAIlMOHAIBHBIX
uHTEepecoB [35, c. 1, 9]. ApKTHYecKHe TEPPUTOPHUHU CTAHOBSITCS OTHUM H3 CPEICTB 00eC-
nedeHusi 0€30MacHOCTH M COLMAIbHO-9KOHOMUYECKOTO Pa3BUTHSI rocyaapcts [22, c. 76].
Y4eHble CYMTAIOT HEOOXOIUMBIM CO3/1aBaTh MOJUTHUYECKYIO KYJIBTYpY, KOTOpasi CTaBUT
M3MEHEHNE KIMMara B LEHTP COIMAIBHBIX MPUOPHUTETOB [36, C. Xi].

Ha Pamounoit kordepenun OOH mo n3MeHeHnto kmnMara B Hosiope 2024 r. ¢ yua-
cruem peneraimii noutn 200 cTpaH MUpa BEINUCH OOCYKACHNS OTHOCUTEIBHO OTPaHMYCHHS
MOTPEOIEHNsI NCKOITaeMOT0 TOIUTHBA. J[oroBOpHINCh 00 yBeIWYeHUH (PMHAHCHPOBAHMS
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KIUMaTHaeckux mporpamm 1o 300 mipa mom. exxerogao k 2035 1. B o ke Bpems ObLT
C/I€TaH BBIBOJ O TOM, YTO CIIPOC Ha SHEPTHIO 3HAYNUTEIHFHO ONEPEXacT MOIIHOCTH €€
TeHepalnnuu 13 BO30OHOBISIEMBIX NCTOYHHKOB. DHEpromnoTpediaeHne Oyaer Bo3pacTarb
110 MEepe POCTa YUCIEHHOCTH HACEJICHHS, TOTPEOHOCTH B MPOIOBOILCTBUH, BHEIAPCHUS
HCKYCCTBEHHOTO MHTEJUIEKTa M T. 1. BrioaHe yeTko 0003Ha4YMIICs TE€3UC O TOM, YTO IJIO-
OanbHas MO3UIINS, 3aKIIFOYAIOIIASCS B COKPAIIEHHH UCTIONB30BaHMUsI HCKOIIAEMOTO TOTIINBA,
B HACTOSIIIIEE BPEMsI HE UMEET OOJIBIIIOTO CMBICIIA ITPH HBIHEITHEM YPOBHE HAYYHO-TEXHH-
geckoro mporpecca [37, c. 185, 186].

N3meneHne okpyxaromei cpeabl B ApKTHKE — 3TO HE IIPOCTO HAy4dHast WIIH PETHO-
HaJbHas, 9T0 mobanbHast mpobiema [38, c. 1]. YueHble oOpamiaroT BHIMaHNAE Ha He-
00XOIMMOCTh aJanTalnuy apKTHYECKOTO PErHoHa K MOCIEACTBUIM M3MEHEHUH KiIuMara
MIOCPEICTBOM BHEAPEHUS HOBBIX OPTaHU3ALMOHHBIX, TEXHOJIIOTHYECKUX, SKOHOMUIECKUX
TIO/IXOJIOB K OCBOCHHUIO TEPPUTOPHHA, Oa3UPyIOMMXCsl Ha IPUHIMIIAX YCTOHYMBOTO PAa3BUTHS
u «3eneHoroy» pocta [11, c. 9; 13, ¢. 143]. luHaMuKka U3MEHEHHUS KIIUMAaTa W aarTallus
K HEMY CO3/1af0T YPE3BbIYAiHYI0 HArpy3Ky Ha BCE COLMAIBHbBIE CHCTEMBI. DTH CTPECCHI 00e-
IIaf0T 0Ka3aTh IITYOOKOE BIMSHHUE HAa YIpaBIeHUE, KOHGIUKTHI U MPECTYIHOCTH [39, c. i].

JlesTenbHOCTE B APKTHKE TIPUBOJUT K MOCTAHOBKE TAKMX BAJKHBIX 33/1a4, KAK 3alUTa
OKPY>KalOIIeH Cpeibl, MOIePKKa HayYHbBIX HCCIIEIOBAHUN M MEKTyHAPOJHOE COTPYIHH-
yecTBO. OObeIMHEHNE PECYPCOB 1 ONBITA Pa3HBIX CTPaH SBISIETCSI OAHUM U3 CIIOCOO0B MX
pemenusi. CyBepeHHOE U COBMECTHOE HCIIOIBb30BAHUE TEPPUTOPHI B APKTHKE PETYIHPY-
€TCcsl HOPMaTUBHO-NIPABOBBIMU aKTaMH, CONVIAIICHNUSIMU M OpraHu3anusiMu. TepMuHOIOT s
U MOPAJIOK UCIIOIb30BaHUSI MOPCKUX MPOCTPAHCTB PENIAMEHTUPYIOTCSI NPUHATOM B 1982
r. Konernnueit OOH mo MopckoMy TpaBy, BCTymHBIIeH B neiicterue B 1994 . B 1993 1.
os1 yupexxaen Cosetr bapenneBa/EBpoapkrudeckoro pernosa, B 1996 1. ocHoBaH Ap-
kruyeckuii coer. B 2017 1. Berynun B cuity [lossipHblid Kozeke.

ITo Mepe noBBIIIEHNS MHTEPECa K APKTHKE YCHIIIIOCH CTPEMIICHHE TOCYIapCTB OIpEie-
JIMTH CBOM JONTOCpodHbIe 1en. OHO 0(OpMUIIOCH B BUAIE IPUHATHSI JOKYMEHTOB CTPaTEIv-
YyecKoro rianuposanus. [lepBoii crpaHoid, yTBepAMBLIEH CBOIO CTPATErnIO B APKTUKE, CTasla
Hopgerus (2006 1.). B manmpHeifmemM Bce rocynapcTBa ApKTHYECKOTO COBETA MPHHSITH COOT-
BETCTBYIOIIHE JOKYMEHTBI M OOHOBIISUTM MX COIIACHO MEHSIIOILIEHCS OJIMTUYECKON CHTYaINH.

Poccus B 2008 r. onpenennia cBOM CTpaTErnyecKue NpUOPUTETEL B APKTHUECKON
30He 10 2020 r. Onu momyumn pazsutue B 2013 1., a 3arem B 2020 1. B «OcHOBax rocy-
JnapcTBeHHOH nonutuku Poccuiickoit denepaunn B Apkruke Ha nepuon 1o 2035 rogay,
«Crpareruu pa3BuTHsI ApKTHYecKoi 30HBI Poccuiickort denepanun u odbecnedeHus
HaIMOHAJBHON Oe3omacHocTH Ha mepuoxn mo 2035 roma» u B 2021 1. B eAMHOM IIJIaHE
MEpOIPHITUH 110 peanu3aluy apKTHUECKOH MOJUTHKN. JJOKYMEHTBI pelakTHPOBaINCh
COIVIACHO HOBBIM OOCTOSITEIbCTBAM M NOTpeOHOCTIM. OHM CBHIETEIBCTBYIOT O TOM, UTO
qutst Poccnu crparerndeckn BaXKHO HMOIHSTH HA HOBBIM YPOBEHb 9KOHOMUKY APKTHYECKOH
30HBI, 00ECIIEUNTh BBICOKOE KadeCTBO XKHU3HU ee HaceseHus, pa3suBarh CMII B kauecTse
HaI[MOHAJIFHON TPAHCIIOPTHONH KOMMYHHMKALIMH W OPTaHU30BATh OXPAHY OKpPY’KaloIIeH
cpenbl. YUUThIBasi TO HaIpsKEHHE, KOTOpoe ucnblThiBana Poccus ¢ Hayana 2000-x rr.
B pe3yJbTaTe ACCTaOMIM3UPYIOUINX CUTYAIMIO IIBETHBIX PEBOIIOLUIY», pycodoOCKnX
1 HallMOHAJIHMCTHUYECKUX PeKUMOB, npoasmwkennss HATO Ha BOCTOK, a Takke BO3pac-
TaHWs KOH(IMKTHOTO MOTEHIHala B APKTHKE, BIOJIHE OOBSCHUMBI T€ 3aJa4i, KOTOPbIE
CTaBMWIINCH B chepe OE30IaCHOCTH: MOBBIIICHHE OOEBBIX BO3MOXHOCTEH BOMCK 0OIIETO
HA3HAYCHHUSA W BOMHCKHX (hOPMHPOBaHUH B ApkTHueckoi 30He Poccuiickoit deneparum,
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HozIepKaHue UX O0EBOTO NMOTEHIMANA HA YPOBHE, TAPAaHTHPYIOLIEM OTPAXKEHHUE arpecCHn
npotuB Poccuiickoit Deneparyn u ee co3HukoB!. B oredectBenHoi ucropuorpadun
OTMeuaeTcs KOHCTPYKTHBHOCTD MOJIUTHUKK Poccuy, HampaBiICHHOHN Ha 3aIIUTy HalMo-
HaJIBHBIX MHTEPECOB B APKTHKE U IIPH 3TOM BCETIA OTKPHITOH JUISI MEXyHapOIHOTO
COTPYOHHYECTBA U TOCTIKCHHUS Pa3yMHBIX KoMripomruccoB [40, c. 86].

B npunsroii B 2013 1. CIIIA HarmoHANEHOH apKTHYECKOM CTPATeTHH HE BBIPAXKAIOCh
0c000#i 03200YEHHOCTH BOSHHOH OMTACHOCTBIO M TOBOPHIIOCH O CO3/IaHNH TapaHTHH MHpPa
U CTaOWIBHOCTH B APKTHKE, IPOJBHKEHUH SKOHOMHUUECKOTO M SHEPTETHUECKOTO Pa3BUTHS,
3aIUTE OKPYXKAIOIIEH Cpe/Ibl, PEIICHUN NPOoOIeMbl N3MEHEHHS KIIMMaTa, yBAXXCHUH T10-
TpeOHOCTEH KOPEHHBIX HAPOIOB U MHTEPECOB apKTHYECKUX rocyaapcTs?. K 3ToMy MOMEHTY
aMEpHKaHCKHE IKCIIEPTHI yXKe NMUCAIH 00 YCHICHUH MIINTapU3anni APKTHKH, KOTOpOe
MOXKET BBI3BaTh BoIpockl 0ezonacHocT CIIA 1 nmoTeHunanbHbIi KOHQIUKT C IpyTUMA
CTpaHaMH, COIEPHUYAIOLIMMH 3a BiacTh B peruone’. [lo mepe pocra mHTEpeca K Ap-
KTHKE ITPoOJIeMbl 0€3011aCHOCTH OTKJIOHSUIUCH OT KJIMMATHYECKOTO BEKTOpPAa K BOCHHOMY.
B 2018 1. muamcTp BoeHHO-MOpckux crii CIIIA P. Cnercep BBIpa3ui CBOIO 00€CTIOKOCH-
HOCTb PacTyIIel yrpo3oii 6€30IacHOCTH B APKTHKE M CBOE XKEJTaHHUE IEPEOPUEHTHPOBAT
BHuManne BMC na mupkymmnomnsipasiit Cesep [41, c. 226].

B 2022 r. CIIIA nipuHSIHA HOBYIO HAIIMOHATBHYIO apKTHYECKYIO cTpareruto. Mccie-
noBaress n3 Yausepcurera Manone3un H. Cema ykaspIBaeT Ha TO, 4TO OHA O3HAMEHO-
BaJIa BO3PACcTaHNE BOGHHOTO NPHUCYTCTBHUS B PErHOHE. B MexXIyHapoaHOM MOIUTHYECKOM
KOHTeKcTe (hakTopoM, noOyxaarommmM Coeaunennsle llITaTsl ycunuBaTh apKTHUECKYIO
MOJINTHKY, aBTOP CUMTAET pacTymiee npucyrcreue Poccun n Kutas B Apkruke, yrpoxa-
foree rereMoHucTckuM ycTpemiieHusM CIIA B pernone [42, c. 297, 305].

B 2024 r. MunuctepctBo 06oponbl CIIA u3m0XKMI0 APKTHYECKYIO CTPATETHIO,
B KOTOPO# yka3aHo, uTo nosnmTtika Poccnn u Kuras mpencraBisieT yrposy aMepukaH-
cKoit 6e3onmacHocTH. st oTctanBanust 000poHHbIX HHTepecoB CIIA Oblna mpeanokena
JanbHEHIIass MIJTUTApU3ALUsl AaPKTHUECKOW 30HBI Yepe3 pPa3BUTHE CHCTEM BOOPYKEHHUS,
Ha3eMHOH M KOCMUYECKOH HHPPACTPYKTypHI, CHJI CIICIIUAIBHBIX ONlepannii 1 B3auMOAEH-
cTBUE coro3HUKOB 1o HATO®

[Tono06HEII Kypc MONYyYrI OTpayKeHHE BO BHEITHETIONMUTHYECKON cTparernn Kana-
nbl B Apkruke, npunsaTod B 2024 r. B Hell B kauecTBe yrpo3bl Takke Ha3zBaHbl Poccus
n Kuraii, KOTOpbIE, COIIACHO AOMBICIaM aBTOPOB JIOKYMEHTA, €INHBI B CBOEM CTpeMJIe-
HHUH TI0JJOPBaTh MEXYHapOAHYIO CHCTEMY, OCHOBaHHYIO Ha JIMOEPaIbHBIX MPABHIIAX).
Oobecrieuenne CUIIBHOM MOINTHKN B c€BepoaMepukaHckoil Apkruke Kanana npexncrasma
B Oostee mTyO0KoM 0o0opoHHOM coTpyaaudectBe ¢ CoenunenubiMu [lItaramu n yBenmuennn
pacxonoB Ha BoopyxkeHue. Ecin HoBast crparerust [leHTarona HOCHT LiesIeTIONAraroIINi

' Vka3 npesugenta PO «O6 OcHoBax rocymapcTBeHHON moiuTuku Poccuiickoit Menepaiyu B

Apkruke Ha nepuof 10 2035 roxa (¢ m3menenusmu Ha 21 ¢espans 2023 r» https://docs.cntd.ru/
document/564371920#656010) (accessed: 24.04.2025).

2 Arctic strategy. Department of Defense. 2013. 2013 Arctic_Strategy.pdf

3 American Security Project. Part two: climate change & global security. American Security

Project. 2012;(1):22. [Electronic resource] URL: /http://www.jstor.org/stable/resrep05971 (accessed:
24.04.2025).

42024 Arctic strategy. U.S. Department of Defense. https://media.defense.gov/2024/
Jul/22/2003507411/-1/-1/0/DOD-ARCTIC-STRATEGY-2024.PDF (accessed: 24.04.2025).
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XapakTep, TO KaHaJCKasl cTpaTerust oOparaeT Ha ceOsi BHUMaHWe KOHKPETHU3aIueil HHBe-
CTULMIT B MIUIUTAPU3ALUIO CEBEPHBIX TEPPUTOPHIL .

OKCHEepThl yCMaTpHUBAIOT B COAEPKAHNWHU CTPATEIHH apKTHUECKHX TOCYIapCTB BbI-
Pa’KeHHOE CXOZICTBO HAIIPABJICHUH NEATENLHOCTH U MOTHBAILMHA. OCHOBHBIE TTOJIOKECHUS,
KOTOpBIE (PMKCHPOBAIM CTPAHBI B OIIPEACICHUH CBOCH MOIUTHKN B APKTHKE, CBOIMINCH
K Ipo0i1eMaM KiiMMara, KOpeHHbBIX HapO/IOB, COLMAIBHBIX IIPHOPUTETOB, MEMKLyHAPOTHOTO
COTpyOHHYECTBa, HayKH U Oe3omacHOCTH [40]. OT aBTOPOB HE YCKOIB3HYI TOT (akT, 4TO
nogoOHast ZieKkapanusi IPHOPUTETOB HOCUT CKOpee PUTYyalbHBIN Xapakrep. B peanbHo-
CTH TIEPBEHCTBO OTJAETCSI SKOHOMHUUECKOMY Pa3BUTHIO C OMIOPOH HA pecypchl APKTHKH,
a TaKKe 3alUTe HAIIMOHAJIBHBIX HHTEPECOB B CUIOBOM M3MEpCHUH’.

[TonmuTHKa TOCYAapCcTB, HE UMEIOIINX TPAHUIl ¢ APKTHKOM, CTPONTCS HA PacIIMpEHUN
BO3MO)KHOCTEH 3a CUeT B3aMMOJICHCTBHUS C apKTHYECKUMH CTPAaHAMH. 3aMETHBIX YCIIEXOB
B 9TOM HampasieHnn noowics Kuraii, o0psBuBmmii ceds B 2018 . «IpHITOIAPHBIMY) TOCY-
napctBoM. LIIpokre BOZMOXKHOCTH JOCTYNa K MUHEPAIbHBIM M SHEPIeTHUECKUM aKTHBaM
n npeobpazoBannto CeBeproro Mopckoro myTtn 11t KHP otkpeiBaer mapraeperso ¢ Poccneid.
B kauecTBe BayKHOW OCHOBBI KOHTaKTOB He TOJIBKO ¢ Poccueid, HO 1 co crpanamu CeBepo-
Bocrounoit Asnn n CxaraunaBun Kurait mpesyiaraet cTpouTtenseTBO «I1oIspHOTO mIenko-
BOrO IyTH». KnTaii peannsyer cBOM SKOHOMHYECKHE W MOIUTHYECKHE aMOUIN B APKTHKE
TIOCPEICTBOM CO3/IaHUsI HAyYHBIX HHCTHTYTOB, CTPOUTEIIBCTBA JIEIOKOIIBHOTO (h110Ta, 3aKITro-
YEeHUsI IBYCTOPOHHUX COINIAIICHUH ¢ apKTHYeCKUMU rocyaapctBamu [43, ¢. 179, 180, 181].

Crnenys npumepy Kuras, Uanns omyonukoBana B 2022 T. CBOH JOKYMEHT OTHO-
CUTEIIbHO apKTUYECKOW MOIUTHKH. Ee memsiMn Ha3BaHbl YKpEIUICHHE HAIlMOHAJIBHOTO
MOTEHIIMAJIA 1 KOMIIETEHIIUN B 00JIACTH HAYKH, OKPYXKAIOIIEH Cpe/Ibl, SKOHOMHYIECKOTO CO-
TPYIHAYECTBA, TIOHUMaHUs U3MEHEHNH Kinmara [44]. HTepec K HoCTaBKe yIIIeBOIOPOIOB
u3 Poccuiickoit Apkrukn moOynnn MHANIO MTHBECTUPOBATE B Pa3BUTHE HH(PPACTPYKTYPEI,
pacnosiokeHHOM B Poccuiickoil ApKTHKe, BKIIIOYAs XKEJIE3HbIE JOPOTH, IOPTHI, a3POAPOMBI.
Opnnaxo, mo muaeHHt0 J[.H. BecenoBoii, oTMedaeTcsi HU3KUK YPOBEHb (DAaKTHUECKOTO B3am-
MoOIeHCTBHS MEX/IY IByMsl CTpaHaMH B 00JIaCTH HayKH U TeXHUKH. OCHOBHBIM MAPTHEPOM
Wupun B manHo# cepe ocraercs Hopeerus [45, c. 217, 220].

K pecypcam ApKTuueckod 30HBI 3HAUMTEIbHBIA HUHTEPEC MPOSBISIOT CTpaHbl EB-
poreiickoro Coro3a. O4eBHIHBIM MPEMATCTBHEM I TOTO, 9ToOBI EC B35 Ha ceds no-
MHUHHPYIOLIYIO pOJib B APKTHKE, HE B MOCJIEAHIOI OYepeb B OTHOLICHUH CyI0XO/CTBa,
sisiercst reorpadus. Hu ongHo 3 rocynapets — wieHoB EC He nmeeT 6eperoBoii rpaHuIibl
B APKTHKE, YTO HE TOJIBKO OrpaHNYMBACT I0pUCIUKINIO EC B IPUHATHN 3aKOHOATEIbHBIX
WM TIPaBOTIPUMEHUTEIIBHBIX MEP B PETMOHE, HO U CTaBUT 110 COMHEHHE €r0 HHTEpPECH [46,
c. 240, 241]. Uccnenosatenu u3 Hopeeruu XK. Jlebens u A.D. HunbccoH monararot, 9To
EC npunstuem crparernu 2021 . OAYEPKHYI CBOIO BOJIO K YYaCTHIO B apKTUYECCKOM
noiuTHKe. [ToMIMO TPaAuIIMOHHBIX IPOOIEM COTPYIHUYECTBA U OOPHOBI C M3MEHEHUEM
knmumara, crpansl EC obparmmmce k TeMe pecypcoB U 6e3onmacHocTH [47].

ApKTHKa cTajia MECTOM HEPEIUICTeHNs TOCYIAPCTBEHHBIX HHTEpecoB. Psii Bompocos
ME>KTyHapOIHOTO B3aMMO/ICHCTBHS YPETyJIUPOBaH JIOTOBOPEHHOCTAMH M CODVIAIICHUSIMU.

> Canada’s Arctic Foreign Policy (2024) [Electronic resource]. https://www.international.gc.ca/
gac-amc/publications/transparency-transparence/arctic-arctique/arctic-policy-politique-arctique.
aspx?lang=eng) (accessed: 24.04.2025).

¢ mutpues I. MexayHapoIHbIe CTpATETHu pa3BUTHI APKTHKU. DKCIepTHas 3arucka. M.: Dkc-

niepTHbIH neHTp «lIpoekTHblil oduc pazButus ApkTukm»; 2024. 38 c.
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Her pacxokneHnst Ha IpeMeT pa3MeKEBaHMS MPEEIOB OCYIIECTBICHHS CyBEpPEHUTETA
APKTUYECKHX TOCY/IapCTB HaJl MAaTEPUKOBBIMH pallOHaMH, a TaKkXKe HaJl OCTPOBAMH M CKa-
JaMu B APKTHKE. APKTHYECKHE MPUOPEXKHBIE TOCYIapCTBa YCTAHOBIIIM AKTaMH CBOETO
HAIIMOHAJILHOTO ITPaBa MCKIFOUUTEIIbHBIE SKOHOMIUYecKHe 30Hb1 (MD3) n kBanuduumposamm
akBaropuio CesepHoro JlemoBuroro okeana 3a npeznenamu nx 193 kak BOJbI OTKPHITOTO
Mopst’. OITHAKO MMeeTCsl PsJI CIIOPHBIX BOIPocoB. OCHOBHBIE PABOBBIC PA3HOIIACHS CBS3aHbI
C IeMMMUTAel KOHTHHEHTANBHOTO Irenbga [48, c. 2]. Tak, npaBa Ha xpedeT JlomoHOCOBa
npeawsaBisitoT Poccust, Kanana u lanus. Kpome toro, npenmerom npurszanuit Poccuu siBis-
eTcsa xpeder MenneneeBa, a Kanagsr — xpeber MenzaeneeBa-Anbda. UrHOpupys 3ampocs
Kananp1, CIIIA 3asBIsIOT IPETEH3MN HA 3HAYUTENNBHYIO YacTh apKTHIECKOTO Iernbda, He-
CMOTpS Ha TO YTO HE UMEIOT Ha 3TO (hOpMaJIbHBIX OCHOBAHMH, TaK KaK HE PaTH(HUIIPOBAIN
Konsennmto OOH 1o mopckomy mpaBy. Kak ormedaer J[.A. BomonuH, Ha GoHe kpaitHero
obocTpenus oTHOIICHNH Mex Iy Poccueit u 3amagom ¢ 2022 1. pa3men apKTHIECKOTo MIenb(a
MEXly CTpaHaMH PErnoHa IPHOOpeTaeT Il HUX HE CTOIBKO SKOHOMHUYECKOE, CKOIBKO BO-
EHHO-CTpaTernieckoe 3HadeHue [49, c. 57]. Taxke 04eBUIHBI IPOTHBOPEUHS OTHOCHTEIEHO
npaBoBoro craryca CMII u C3II [41, 50]. dis Poccun m Kanamp! 5TH myTH SBISIOTCS
BHYTPEHHUMH. Psij1 CTpaH BBICTYIIAET 32 IPUCBOCHUE UM MEXKIyHApPOJHOTO CTaryca Kak Juls
KOMMEPUYECKOTO CYJJOXOJICTBA, TaK M JUIS MPOX0/ia BOCHHBIX KopaOmei.

Jlaneko B MPEeTeH3MSIX Ha PACIIMPEHHE IPUCYTCTBHS B APKTHYECKOM PETHOHE 3aIllIN
CIIA. B 2019 r. mpesunent crpans! [. Tpamn BEICTYyHII ¢ Haeei MOKynky [ pernaninm.
3ambIcen He omnyacst HoBu3HOH. O ero reoctparerndeckoM 3HaueHnn Jutst CIIA mmcan
amMepuKaHCKui nccnenoBarens ApkTuku P.O. [Tupu B 1916 1. Ilocne Bropoit MupoBoii
BOWHBI [laHNs OTKa3anach OT MOCTYMHUBINETO OT aMEPUKAHIIEB MTPEUIOKEHUS IIPOJaTh
I'penmangmio, HO MOTYANMBO NPUHSIA TOCTOSHHOE BoeHHoe npucyTcrBre CLLIA Ha ocTpo-
Be. ABnaba3za Tyne Obuta co3naHa Ha ceBepo-3amaje [ peHnanauy, I71e oHa BTOprajiach
B OXOTHHYBHM YTO/Ibsl HHYUTOB, COXPAHSS MX NMPEKHHUE YCIOBHS JKU3HH M Opocasi BHI30B
MX 00IIeCTBEHHOH 0e30macHOCTH. XOTsI MHOTHE BEICMEHNBAIIN yCTapEBIIYIO HICI0, BCKOPE
CTaJIO OYEBHJIHO, YTO OHA OTpaxxaeT Oosiee rryOokuii caur Bo B3mragax CLIA Ha Ge3-
OTACHOCTh APKTHYECKOTO PErnoHa KaK BKJIIOUEHHOTO B MEKTyHAPOJHOE COEPHUIECTBO
BeNMKUX AepkaB ¢ Poccuneit n ocoberno ¢ Kuraewm [51, ¢. 107, 118, 123]. B 2024 r. mocye
n30paHus Ha BTOPOH npe3uaeHTcKni cpok Jl. TpaMm BHOBb 03BYUMII IPEITIOKEHHE O T10-
kynke ['peanangun. C.H. [puHSAEB cOOTHEC TOT IIar ¢ (opMUPYIOIIEHCsS HOBOI reocTpa-
Term4deckoii ooctaHoBkor B CeBepHON ATIaHTHKE U APKTHYSCKOM PETHOHE B IIETIOM [52,
c. 6]. s Jlanuu BomIpocC 0 MPHUHAAICKHOCTH [ peHIaHINN Ype3BhIYalfHO BaKEH, TaK KaK
OCTPOB ONpENeJIsieT ee CTaTyC KaK apKTH4eckoil neprkasbl. OHa, Tak ke kak Hopserns
n Ucnanays, HecriocoOHbIE B OJMHOYKY OTCTOATH CBOM MHTEPECH B APKTHKE, Ha/leeTCsl
MCcnoib30Barh s 3tux 1eneid HATO [40, c. 82, 84].

HccnenoBarenn BbIpaxaroT OECIIOKOICTBO MO MTOBOAY TOTO, YTO APKTHKa CTAHOBUTCS
apeHO! TEOIMOIUTHIECKOTO comepHrdecTBa [48, c. 8]. B yclmoBMsIX HapacTaromux yrpo3
9KCIEPTHI OTMEYAIOT, YTO MEKTyHapO/IHAsI HOPMATHBHAS 0a3a B OTHOIIECHNH APKTHYECKOTO
perroHa He B MIOJHOW Mepe oTBedaeT TpeboBaHMAM HacTosiero Bpemenn [40, c. 85]. Ap-
KTHYECKHE TOCYAapcTBa (paKTHIECKH YKPEIHIIN PABUIIO CTPYKTYPHOM HEepapXuu, KOTOpoe
MO3HUIMOHNPYET MX KaK JOMHHUPYIOIINX aréHTOB B MEXKIyHAPOAHBIX OTHOIIECHHSX U OTPaHH-

7 A.H. Bouterxauun. Craryc Apkruku: utoru 2024 roga. [Electronic resource]. https://

mgimo.ru/about/news/experts/arctic-2024/?utm_source=google.ru&utm medium=organic&utm
campaign=google.ru&utm_referrer=google.ru) (accessed: 24.04.2025).
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YMBaET IpaBa KOPEHHBIX HAPOJOB U rocyapcTB-HaOmonareneil B ApKTHIECcKoM coBete [53,
c. 26, 27]. B 2022 . ceMb cTpaH APKTHYECKOTO COBETa IMPUOCTAHOBUIN B3aUMOJICHCTBHE
¢ Poccueii B mepron ee mpeiceaTenscTBa B OpraHU3alii B 3HAK IIPOTECTa MPOTUB Havaa
CTIeMaIbHON BOGHHOM Orepalii Ha YKpanHe. bputo orpaHi4eHo HayqHOE COTPYIHUYECTBO,
MHOCTPaHHBIE KOMITAHWH BBIILIN 13 psifia apKTUYECKUX POoeKToB [54, c. 7]. B orBer Ha He-
IpyxxecTBeHHble aeicTBUsl Poccns B 2024 1. mprOCTaHOBMIIA BBIILIATY €KETOAHBIX B3HOCOB
B APKTHUYECKHI COBET. MIHMIIMMPOBaHHAs 3allaJAHBIMK CTPAaHaMH KOH(POHTALMS HaHECIa
3HAYNUTEIBHBIA BPEJ COTPYIHUYECTBY B PEIICHUH apKTHIECKUX TPOOIEM.

3akJ/oueHue

CoBpeMeHHas UCTOpHUOTpadusi, MOCBAIICHHAs IPpodIeMaM APKTHKH, OBICTPO TO-
MIOJTHSICTCSI HOBBIMU HCCIICIOBAHUSMH, OTPaKasi TUHAMHUKY COOBITHIT KoHIIa X X — TepBoit
yeTBepTH X XI B. U Te UBMEHEHUSI, KOTOPbIE MPOU3OILIH B TIOJUTUKE TOCYIAPCTB U MEXKITY-
HApOJIHBIX OTHOLLIEHHUSX.

ABTOpamM# aKTHBHO pacCMaTpHBajIach KIIMMaTHYCCKas IoBecTKa. [y ee pa3paboTku
OOBEMHSIIACH YCHITUS TPEICTABUTEIICH Pa3HBIX CTPAH, KOTOPHIC B MK IUCIUILTHHAPHOM
T10JI€ BBISIBJISUIM NPUYUHBI, XapakTep U BO3MOYKHBIE MOCJIEICTBHS MOTEIJICHUs KIMMara.
Bonbiioe 3HaueHue npuaaBagoCch BIUSHUIO KIMMATHUYECKUX U3MEHEHUI Ha MPUPOHBIC
SKOCUCTEMBI U YCJIOBHUS KU3HHU HACENEeHUsI APKTUYECKON 30HBI.

C navana 2000-X IT. HAYMHACT HAOMPATh CHJIY CIIC OJUH BEKTOP HAYYHBIX UCCIICIO-
BaHUM, CBA3aHHBINA C BO3MOXKHOCTSIMHU, KOTOPbIE OTKPBIBAIOTCS B CBSI3H C TaSHUEM JIbJIOB
B APKTHKE, — pPa3BUTHE MyTeil COOOICHUS U TPAHCTIOPTHOW JIOTUCTHKH, JJOOBIYA TOJIC3-
HBIX UCKOMAE€MbIX M MIPOMBIIIJIEHHOE CTPOUTENBCTBO B apKTUYECKUX MIUPOTaxX. B HayuyHOM
JICKYPCE BCC YBEPCHHEH BBICKA3bIBAJIOCH MHCHHE, YTO MHTCHCU(DHUKAIIUS SKOHOMUYIECKOTO
OCBOCHUSI APKTHYECKOW 30HBI HEN30C)KHA U OTBETCTBEHHOCTh CTPAH COCTOMUT B MPEHOT-
BpAILIEHUHU YIpo3 pa3pylLIeHUsi €€ MPUPOJbI TOCPEACTBOM HOBBIX HAYYHO-TEXHUYECKUX
W OpraHU3allMOHHBIX CPEICTB.

[MoreHnman ApKTHKY MPUBICKACT BCE OOJBIIC BHUMAHHUS, U COOTBETCTBEHHO TOCY-
JapcTBa cTpeMsrcs chopmupoBath 3P HEKTUBHYIO CTPATETHIO UCTIONIE30BAHUS OTKPBIBAIO-
LIMXCS PECYpPCOB M BO3MOXKHOCTEH. Hapsiy co B3auMoyieiicTBHeM B 001aCTH UCCIIEIOBAHUS
U OCBOCHUSI APKTHUKH, Pa3BUBAETCS MEXyHApOAHOE conepHnyecTBo. CTpeMiIeHne 3alliu-
TUTHh CBOM MHTEPECHI U PACHIUPUTH F€ONOIUTUUECKOE BIMSIHHUE BEIET K MUJINTAPU3ALUU
APKTUYCCKOHN MOJIUTUKU CTPaH. DTOT KypC MPOBOLUPYET 0OOCTPEHUE MEKITYHAPOTHOMN
O0OCTaHOBKU U €IO K€ CTHMYJIHPYETCSL.

OueHuBasi KpU3UC JAOBEPUSI MEXKIY CTpaHAMU U HaJIMYUE yTPO3, UCCIIEAO0BATEIU
KOHCTAaTUPYIOT HEJAOCTATOK JCHCTBEHHBIX MHCTPYMEHTOB U MEXaHMU3MOB PETYIUPOBAHUS
MEXTOCYIapCTBCHHBIX OTHOIICHUH U HEOOXOIUMOCTh COBMCECTHBIX YCHJIMHA MEXTyHa-
POIHOTO COOOIIECTBA IS IOCTH)KEHHST MUpa M O€3011aCHOCTH.
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