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Pe3yJ'ILTaTLI IPOrHo3a TH/IPOMETECOPOIOTHIECKUX noJjiei
JJ1s besoro MOpPSA € UCITOJIB30BAHUEM CHCTEMbI aTMocq)epa — OK€aH — JIe]

H.10. Byrakos™, K.I'. Py6unmreiin, P.IO. Urnaros

Hnemumym npobrem 6ezonacrnoeo pasgumus amomtot snepeemuxu PAH, Mockea, Poccus
Mbuz‘akov@ibme.ac.ru

AnHoTanusi. C y4eToM akTHBHOIO OCBOCHMS APKTHKH IPU KpaiHe pekoi ceTH HaOMIOACHUH CyIeCTBYeT
BBICOKasI TOTPEOHOCTD B HAIGXKHBIX THIPOMETEOPOIOTHYECKUX POTHO3aX JIE0BOI, MOPCKOH 1 METEOPOJIOTH-
4ecKoif 00CTaHOBKY B 1aHHOM perrone. C 3Toii 1enbio Oblia peain30BaHa CHCTEMA THAPOMETEOPOIOrHYECKOTO
NPOrHO3a NMAapaMeTpOB LUPKYIALUH aTMOC(epbl, OKeaHa M COCTOSHHSI MOPCKOTO Jibja 1t paifona bemnoro
Mopsi. B kadecTBe MojeNu MPOrHO3a LUPKY/SALUK aTMOc(hepsl B paboTe MCIONB30BANIACh MOJSIPHAsT BEPCUs
monen WRE, B kauecTBe Moz MpOrHo3a LUPKYIALMK okeaHa (Mops) — Mozens ROMS, napameTpsl co-
CTOSHHS MOPCKOT0 JIbJa cuntaiuch npu nomouu Moaenu CICE. boiny nomy4eHs! epBbie pe3ysabTaThl pacyeta
THIPOMETE0POJIOrHYECKUX TapaMEeTPOB MOJeii 1 IPOBE/IEHA OL[EHKA KaYeCTBA PACUeTOB, YTO TIOMOIVIO BBISBUTH
JIOCTOMHCTBA M HEJOCTATKH MCIOIB30BAaHHOM cucTeMbl. [ aTMOC(epHBIX pacueToB OMIMOKH HAXOATCS Ha
YPOBHE HIIH HIKE OITyOJIHKOBAHHBIX OL[EHOK M3 aHAJIOTHYHBIX padoT, rie ucnons3yercs PWRF s mozenmpo-
BaHUS B IOJAPHBIX pernoHax. [los Temneparypsl HOBEPXHOCTH MOpS, TOBEPXHOCTHOM COJIEHOCTU U YPOBHS
OKeaHa XOpOIIo coracytorcs ¢ AaHHbMK aHanu3a GOFS 3.1 u HaxozaTcs Ha ypoBHE OLEHOK KauecTBa APYTux
ABTOPOB. BI)IJ'II/I BBIABJICHBI HETOYHOCTH B BOCIIPOU3BEACHUN NPUBEACHHBIX XapaKTCPUCTUK HA TPAHULIC JIEL —
OTKpBITast BOJA. Hﬂﬂ TeMl'lepaTypl)I MOBEPXHOCTU MOPA OLHI/I6KI/I Ha rpaHule JIEX — OTKPbITAasd BOAA 10CTUTATIA
0,4 °C, no coneroctu 0, 4 %o, ckopoctu Teuenwuit 10 0,18 m/c, ypoBHs 0,2 M. BbUT IpoBE/ICH CPaBHUTEIIBHBII
aHanuM3 JIByX CXeM napamerpusaruii repmopuHamuky sibjaa B Moaein CICE — BL99 u Mushy. [Tokasano, uto
TIPH HCTIOJIB30BAHIHI 00CHX CXeM HAOMTI0IaIach CHCTEMATHYECKast MEPEOIICHKa 00IIero 00beMa MOPCKOTO Jbjia,
HO B CpaBHEHHH c0 cxemoit Mushy 6osee mpocras cxema BL99 nmena MeHbInme oMok,

KitroueBbie cj10Ba: MporHo3 MOPCKOTO JIba, HUPKYJISIHS OKeaHa, LHpKy/sius arMocdepsl, bemoe mope,
APpKTHKa, YHCIEHHOE MOJIEITMPOBAHKE, TEPMOIMHAMUKA JIbJId

Jast uuruposanus: byrakos H.1O., Py6unmrreitn K.I', Mrnaros P.1O. Pe3ynsrars! npornosa rupoMereopono-
THYeCKHX noneil st beoro Mopsi ¢ HCTob30BaHIEM CUCTEMBI aTMOC(epa — okeaH — el [Ipobnemvt Apkmuku
u Anmapxmuxu. 2025;71(4):378-395. https://doi.org/10.30758/0555-2648-2025-71-4-378-395
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Results of forecasting hydrometeorological fields for the White Sea...

Results of forecasting hydrometeorological fields
for the White Sea using the atmosphere — ocean — ice system

Nikita Yu. Butakov™, Konstantin G. Rubinstein, Roman Yu. Ignatov

Nuclear Safety Institute of the Russia Academy of Sciences, Moscow, Russia
Mputakov@ibrae.ac.ru

Abstract. Given the active development of the Arctic with an extremely rare network of observations, there is
ahigh demand for reliable hydrometeorological forecasts of the ice, marine and meteorological conditions in this
region. For this purpose, a system has been implemented for hydrometeorological forecasting of atmospheric,
ocean and sea ice circulation parameters for the White Sea region. The polar version of the WRF model was
used for predicting atmospheric circulation, the ROMS model was used for predicting ocean (sea) circulation,
and the parameters of the sea ice state were calculated using the CICE model. Early results of calculating
hydrometeorological parameters have been obtained and an assessment of the quality of calculations has been
carried out, which helped to identify the advantages and disadvantages of the system used. For the atmospheric
calculations, the errors are at or below the published estimates from similar papers. The fields of sea surface
temperature, surface salinity, and ocean level are in good agreement with the GOFS 3.1 analysis data and are at
the level of other authors' quality assessments. Inaccuracies have been identified in the reproduction of the above
characteristics at the ice /open water boundary. For the sea surface temperature, errors at the ice /open water
boundary reached 0.4 °C, for salinity 0.4 %o, for current velocity up to 0.18 m/s, and a level of 0.2 m. A comparative
analysis was carried out for two schemes of parameterization of ice thermodynamics in the CICE — BL99 and
Mushy models. It is shown that when both schemes are used, a systematic overestimation of the total volume
of sea ice is observed. However, compared to the Mushy scheme, the simpler BL99 scheme had fewer errors.
Keywords: Sea ice forecast, ocean circulation, atmospheric circulation, White Sea, Arctic, numerical modeling,
ice thermodynamics
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BBenenue

C oTCTyIUIEHHEM MOPCKHUX JIbJ0B APKTHKA CTAHOBHUTCS 0OJiee TOCTYITHOM JJIs Cy-
JIOXOJICTBA — Bce OoJibliee 3HaueHne nmpuodperaer CeBepHbIli MOpCKOU 1y Th. HanexHble
MPOTHO3bI JIG0OBOM 00CTAaHOBKH, OKEAaHHYECKOW U aTMOC(HEPHOIl IUPKYIISLUE MOTYT T10-
MOYb MPEAOTBPATUTh aBapHU, CHU3UTH TPAHCHOPTHBIE PACXOAbI U 0beceunTh Oe3omac-
HOCTh MapmpyToB. Haje:kHble POrHO3bI COCTOSIHUSI OKeaHa, Kpuocdepsl U arMochepsl
MOT'YT IOMOYb B PEIICHUHN CYIIECTBYIOMNX PaAHalOHHO-3KOJIOTHYECKHUX MPOOIeM apKTH-
YECKOH 30HBI, IIOCKOIBKY B HACTOSIIEE BPEMs Ha JHE MOpel ceBepo-3amaiHoi APKTHKH
HAXOAATCS OKOJIO 18 THICSY 3aTOIUICHHBIX OOBEKTOB Pa3IMYHON CTETIEHH PagHalliOHHON
omacHOCTH [1]. B momonHeHne ko BCceMy 3a CEBEPHBIM TOJSIPHBIM KPYTOM JEHCTBYIOT
Konbckas n bunmubunckas ADC, a Takke IiIaByyasi aTOMHas! TETIOUIEKTPOCTAHINA «AKa-
nemuk JIomoHOCOB». Bece M31mokeHHOE MOATBEPkKAAET BAXKHOCTD PEATU3AIMH CHCTEMbI
MPOTHO3a IUPKYJSIMU OKeaHa, Kpuocdepbl U arMoceps! Uit APKTHYECKOTO PErHOHa.

CpaBHeHHe TI00aIbHBIX MOJICTICH OKeaHa M MOPCKOTO JibJia MPOBOAMIIN B PaMKax
npoekta OMIP-2 (wacte CMIP6) [2] st o1leHKH BOCTIPOU3BECHNS COBPEMEHHOTO KITH-
Mara OKeaHa ¥ JIeJTHOTO TIOKPOBa MPH UCTIOIB30BAaHIH STMHOTO aTMOC(EpPHOTo (hopcHHTa
U YHH(UIMPOBAHHOTO MTPOTOKOJA. DKCIIEPUMEHTHI BBINOIHSIINCH B TeueHne 61-JIeTHUX
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LUKIIOB. Pe3ynbraTsl CpaBHUBAINCH C COBPEMEHHBIMH HAOJIONEHUSMH: CITyTHUKOBBIMHA
JIAHHBIMU T10 TEMIIEpaType TOBEPXHOCTH MOPS M COJICHOCTH Ha MOBEPXHOCTH Mopsi. Cpas-
HEHHE MPOBOIIIIOCH HA CTAaHAAPTHOM ceTke 1°%1° u Brimrogano merpuku BIAS 1 RMSE.

JUta ynmydieHns: TpOTHO30B TONIIMHBI JIbAA MIMPOKO MPUMEHSIOT METOMBI acCH-
MWLM TAHHBIX CITyTHUKOB. Tak, aBTOpHI [3] peann3oBain acCCUMWISALMIO H3MEPEHHUN
CryoSat-2 [4] B mogens mopckoro mpaa CICE [5], conmpsokeHHYI0 ¢ OKeaHHIeCKOH MO-
nensio NEMO [6]. Mogenuposanue oxBarsiBajio repuon 2010-2020 rr., coBIagaroniii
¢ ¢a3oif akTuBHBIX HabmromeHmt CryoSat-2. Bepudukaruo Moaenu IpOBOAMIN C HC-
MoJIb30BaHneM He3aBUCUMBIX daHHBIX [CESat-2 [7], Operation IceBridge [8] u Oyes.
CpaBHEHNE T0Ka3aJ0, YTO BKIIOUYEHHE CITyTHUKOBBIX JAHHBIX ITO3BOJISICT YMEHBIINTH
cucTeMarnieckyro ommoOKy TommuHsl Ha 0,1-0,3 M U CHU3UTH CpeIHEKBaAPATHIECKYIO
omnOKky Ha 10-25 %, ocobeHHO B nepudepuitHbIx Mopsix ApKTHKH. Takum oOpazom,
paboTa mpoaeMoHCTpHIpOBaia 3PPEKTHUBHOCTh ACCHMIIIAIINN TaHHBIX CryoSat-2 mis yimyd-
LIEHUsSI TIPOCTPAHCTBEHHBIX PACIIPEACICHUH U CE30HHON M3MEHYNBOCTH TOJIIUHBEI JIbJA.

To4HOCTB KPaTKOCPOUHBIX MIPOTHO30B Apelidha MOPCKOTO JbAa B APKTHKE OLICHUBAIN
TaK’Ke C MCHOJIb30BAHUEM CONPSHKEHHOM MOJIENM OKeaHa ¥ Jibja [9], muist dero Obuia mpumMe-
uHeHa cucreMa PIOMAS (Pan-Arctic Ice—Ocean Modeling and Assimilation System) [10],
00BEIMHSAIOIIAS TPEXMEPHYIO MOJICTh OKEAHWIECKON IUPKYISAIMN 1 ANHAMHUKO-TEPMO/IH-
HaMHUYECKYyI0 MOJIEIIb MOPCKOTO JibJia. MozeMpoBaHKe BHIMOIHSIN B IIPOTHOCTHYECKOM
peXHuMe C pa3nuIHOl 3a0maroBpeMeHHOCThI0 — OT 24 1o 120 gacoB, a Bepu(pUKAIHIO
TIPOBOIMIIN HA OCHOBE CPABHEHUS ¢ HAOMIONCHUSIMH 32 Ipei(OM JIba, OIydYeHHBIMH U3
CITyTHUKOBBIX JIaHHBIX M JaHHbBIX OyeB. BbII0 0TMeUeHO, YTO HanOOIbIINE 3aTPyAHEHHS
CBSI3aHBI C TPOTHO3NPOBAHUEM CIIA0BIX BETPOB U YCIOBHUH B MEepU(EPUIHBIX MOPSX, TE
JVHAMMKa JIbla HanOosee M3MeHunBa. Takke OBbIIO MPOIEMOHCTPUPOBAHO, YTO COTPS-
YKEHHbIE MOJICTIM OKEaHa U JIbJIa CIIOCOOHBI 00ECIIeunBaTh MOJIE3HbIE IIPOTHO3HI Apeiida Ha
HECKOJIBKO CYTOK BIIEpEJl, HO COXPAHSIOT 3HAUUTEJIbHbIE OTPAaHUYEHHSI TIPH yBEINYCHUN
3a2071arOBPEMEHHOCTH M B YCIIOBUSIX CIIOKHOM MPOCTPAHCTBEHHONW N3MEHYHBOCTH.

Hns Arrapkrunsl u FOxxHoro okeana uccienosanu [11] mpuMeHeHHEe U OLICHKY
norsipHor Bepcun Monmenu WRF [12] (mamee PWRF). IIpoBeneHHbIe YrCIEHHBIE YKC-
TIEPUMEHTHI OBIIIM HANpaBJICHBI HA TECTHPOBAHUE NPOU3BOANTEIHLHOCTH PErHOHAIBHON
arMoc(epHOi MOJIEIN B yCIOBUSX MOJSIPHBIX mUpoT. [leproa MoiemmpoBaHus 0XBaThIBall
2017 rox, 9yTo 0OecIeurnBaIo BO3SMOKHOCTD OIIEHKH CE30HHBIX 0COOEHHOCTEH BOCIIPOM3-
BeZIeHHsI aTMOC(EPHBIX rojel. Bepndukariio npoBoUiIN C NCTIOIb30BAHUEM CITy THHKO-
BBIX HaONIONCHUN, PaaIH030HIOB U CTAHIIMOHHBIX JaHHBIX. AHaNmu3 mokasain, 4to PWRF
B IIEJIOM aJI€KBATHO BOCHPOM3BOIUT IMPOCTPAHCTBEHHOE pacIpe/esieHne aTMOC(hEepHBIX
IIapaMeTpoB, XOTA B PSJIE CIy4aeB OTMEUAINCh CHCTEMAaTHUECKHE CMEIIEHHS, B YaCTHOCTH
HEJIOOIIEHKA TEMIIEPaTyphl U 3aBBIIICHHE CKOPOCTH BETPA B MIPUOPEKHBIX pailoHax. beur
CIeJIaH BBIBOJI, YTO MOJIETh B TEKYIEH KOH(PHUTYPALMH SBISCTCS HAJCKHBIM HHCTPYMEH-
TOM JIJIsl PETHOHAIBHBIX MCCIIEIOBAaHUNA aTMOC(Ephl B BBICOKHX IIUPOTAX, HO TpeOyeT
JIOTIOJIHUTENBHBIX YAYYIIEHUH napamMeTpu3anuii 00JaqHOCTH U TypOyIEHTHOTO 0OMEHa.

B omnmume ot paccMOTpEHHBIX UCCIEAOBAHUH, Hallla paboTa nMeeT MHOW MacITad
u nend. Tak, B pamkax OMIP-2 BHEMaHHE OBLIO COCPETOTOYCHO HA TIOOATHHBIX MHOTO-
JETHUX KJINMAaTHYECKUX 3KCIEPUMEHTAaX, BBIMOIHICMBIX HA CETKE C PAa3pElIeHNEM I10-
psnka 1° n HanmpaBIICHHBIX HA OLEHKY JOJITOCPOYHBIX TPEHIOB OKEAHWYECKOH M JIeHo-
Boil muHamuku [2]. Hama ske Mozmenps opueHTHpOBaHA HA PETHOH APKTHKH M 00JamaeT
CyIIeCTBEHHO OoJiee BBICOKHM pasperieHneM (6 KM 1o ropu3oHTtand, 30 ypoBHEH mo
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BEPTHUKAJIH), UTO ITO3BOJISIET AHAJIM3UPOBATH MEIKOMACIITA0HBIE ITPOLIECCHI, HO B MPEesax
OIPaHMYEHHOTO palioHa ¥ KOPOTKOTO MPOrHOCTHYECKOTOo neproa. Padora [3] Obuta mocss-
IIEHA YITYYIISHUIO OLIEHKH TOJIIMHBI MOPCKOTO JIb/IA 33 CYET ACCHMUIISIIIU CITy THUKOBBIX
nmaaHbIX CryoSat-2, yTo o0ecneunBaeT TOUHOCTh KIMMAaTHYeCKUX PEKOHCTPYKIMH, TOraa
Kak B HaIIel pabdoTe aCCUMWIIALMSA JJaHHBIX TIOKa HE MCIOIb3yeTCsl, HO MPEIoaracTcs
B pa3BuTnu. B uccienoBanun [9] ncmons3oBanack moxens PIOMAS ¢ mpocTpaHCTBEHHBIM
pa3peneHneM OKoo 25 KM [UIsi TPOBEPKH KPATKOCPOUYHOTO MporHo3a Apeida mpaa [9];
HaIlla MOZIeNTb UMEET OoJiee IeTAIM3UPOBAHHYIO CETKY, 8 aTMOC(EpHBIi (POPCHHT 3amaBacs
no nanaeiM PWRF, B omiume oT MCHONIB30BaHHBIX UMH ITI00ANBHBIX peaHann3oB. Ha-
koHerl, B [11] rectupoBamn PWRF B ycnoBusax AnTapktuku i KO)KHOTO OKeaHa, BBISBIISS
0COOEHHOCTH aTMOC(EPHBIX MPOIIECCOB M OIHUOKH MOJIEITH B PETPOCIICKTUBHBIX PacyeTax,
TOT/a KaK MbI ipuMeHsieM nnporHo3 PWRF HenocpeacTBeHHO 115t 3ajaHust aTMOC(HEPHOTO
(hopcuHTra B perHOHANBHON OKeaHNUECKOW Moziesin ApKTHKH. Takum 00pa3om, B OTIHUHE
OT WI00ATBHBIX W PETPOCIIEKTUBHBIX MCCIEIOBaHN, Hallla paboTa HallpaBiieHa Ha pas-
pabOTKy M OIEHKY CHCTEMBI ONEPaTUBHOTO IPOrHO33a OKEAHWYECKUX M JICJOBBIX Xapak-
TEPUCTUK APKTHKH C UCTIOIb30BAaHNEM PETHOHAIBHOW KOH(PHUTYpaLiK ¢ Oojiee BHICOKIM
MPOCTPAHCTBEHHBIM Pa3peIICHNEM M AKTYaJIbHBIX aTMOC(EPHBIX pacyeTOB.

B oreuecTBeHHOI HayKe HCCIEI0BAHNS, TIOCBSIICHHBIC YHCICHHOMY MOACIUPOBAHHIO
THPOMETEOPOIOTHUECKHIX TPOLIECCOB B apKTHIECKNX MOpsix Poccun, mocieioBarensHO
Pa3BUBAINCH OT MEPBBIX KOMIUIEKCHBIX CHCTEM IPOTHO3a J0 COBPEMEHHBIX BBICOKOpa3-
pearonmx Mozeseii, CHoCOOHBIX BOCIIPOM3BOANTh KaK IKCTPEMAaJIbHBIE COOBITHS, TaK
U JIONTOBPEMEHHbIE KIMMaTHuecKue TeHaeHmu. B padore [13] npencrasiena cucrema
orepatUBHOTO nuarao3a u nporrosda (COHull), cozmannas 8 TOMH u UBM PAH, u mpoge-
JieHa ee arpoOanus It 3a1a4 IPOTHO3MPOBAHKS MOPCKOH JIeJoBOI 00cTaHOBKH. CHcTema
BKITIOUAJIa PerHoHaNbHYI0 aTMochepHyro Moaens WRE, okeanmueckyro mogens INMOM
U POCCHICKYIO aTMOC(hepHO-BOTHOBYO Moziesib PABM. Takoii KOMITIEKC ITO3BOIISUT BOCIIPO-
M3BOJIUTH KITFOUEBBIE THIPOMETEOpOIOTHIecKre XapakTepucTuku Kapckoro n [Teqopckoro
Mopeii. UucneHHbIe SKCIIepUMEHTHI 0XBaThIBaIH Oe3nennsiid nepuox 2003—-2012 rr. u mo-
Ka3aJIi XOpOIlIee COMIACHE PAacUeTOB C JAHHBIMU HAOMIONCHUH: KO3()(DUIHUEHT KOPPEIALIIN
o aTMOC(epHOMY JaBIeHUI0 cocTaBmi ~0,999, a mo ckopoctu Betpa — 0,8-0,91. TToimy-
YEeHHBIE PE3YJIBTAThl TPOJIEMOHCTPUPOBAIIN BO3MOXKHOCTH KOMIUIEKCHOTO MOZEINPOBAHHMS
arMoc(epbl, OKeaHa ¥ BOJIH B APKTHUECKUX YCIOBHSX.

Hampneiimee pazsutue cucteMsl CO/ull 6pu10 peacTaBiaeHo B 00HOBICHHON BEp-
cHH, KOTOopas OXBaThIBaJa He Tobko Kapckoe u [lewopckoe, Ho Taxke bapenneso u benoe
Mopst [14]. YcoBeprieHCTBOBaHHAS CHCTEMA OTIMYANIACh YBEINUSHHBIM ITPOCTPAHCTBEHHBIM
paszpemernemM moneneit (mo 2,7 kM s INMOM), pacmmpeHHOH pacdeTHOW 00IacThIO
U pEaN30BaHHON BO3MOKHOCTBIO KaK PETPOCHEKTUBHBIX, TAK M ONEPAaTUBHBIX ITPOTHO30B
JI0 TpeX-IATH cyTOoK. Ha mpuMepe BOCHPOM3BEACHUS SKCTPEMAIBHOTO MITOPMA STHBAPS
1975 r. B bapeHueBoM MoOpe IpOAEMOHCTPUPOBAHBI BO3MOKHOCTU CHUCTEMBI: PacueThbl
a/IEKBATHO OITMCAIIN T10JIsI BETPA, BOJHEHMS, TEUEHHUH 1 JISJOBBIX YCIOBUH. MaKkcuManpHast
BBICOTA BOJIH JOcTHrana 7,8 M, 4TO COBIAAAJIO C AaHHBIMM HaOmoneHnil. Baxxusim pe-
3yJIBTaTOM CTaJI0 IIOHMMaHKE BKJIa/la BETPOBOI COCTABIIAIONIEH B ()OPMHUPOBAHHE TEUCHUH
M U3MEHEHNH J1e10BOi 00cTaHOBKH. BBIIO MOKa3aHo, 4TO pa3pabOTaHHbIE KOMILUIEKCHbIE
CHCTEMBI CITIOCOOHBI HE TOJIBKO OIMHCHIBATh OOIIYI0 THHAMHKY, HO M MOZICIIMPOBAThH PEIKHE
U OTIaCHbIE 3KCTPEMaJIbHBIC SIBICHUS, YTO HMEET KIIIOUEBOE 3HAYCHUE JJIsI 00ECTICUCHUS
6e30macHOCTH AesTesbHOCTH B ApKTHKe. Harmra nmoctanoBka paOoThl O1M3Ka K JaHHOM.
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JanpHEHIINi mar B pa3BUTHU MOAXOAOB CBSI3aH C IEPEX0oM K Ooiiee BBICOKO-
My MPOCTPAaHCTBEHHOMY pa3pelIeHHIO0, YTO ITO3BOJIMIO TOYHEE BOCIIPOU3BOAMTH JIO-
KaJbHBIE TIpoIiecchl B MpHOpexHoil 30He. B [15] ncnonezoBanmn armocdepHyro Mozensb
COSMO-CLM c¢ marom mopsijka 3 kM. ITO a0 BO3MOXXHOCTH OIHMCHIBATH CIIOKHBIE
Me30MaclITabHbIe CTPYKTYPBI IUPKYIISLIH, KOTOPbIE HEBO3MOKHO KOPPEKTHO BOCIIPOH3-
BECTH C TIOMOIIBIO ITIO0ATBHBIX PEaHaIH30B WK OoJiee TpyOBIX perHOHANBHBIX MOJICIICH.
Cpenu Takux CTPYKTYp — MBICOBBIE CTPYH, ITOJBETPEHHBIC OypH, BUXPEBbIE LEIOYKU
B IIIXepax M JIOKAJTbHBIC BETPOBHIC TEHH. BKITIOUCHUE CTOMH ACTAM3UPOBAHHOTO aTMOchep-
Horo (opcurra B runpoanHamuyeckue mogenn WAVEWATCH 111 [16] u ADCIRC [17]
I03BOJIMJIO YTOYHUTD XapaKTEPUCTHUKH BOJHEHHS U IITOPMOBBIX HAarOHOB B IPUOPEKHON
30He Kapckoro Mopsi. MHOTOIETHHE pacyeThl BRISIBUIIN, YTO AKCTPEMAIbHBIE HATOHBI (110
2,5 M) vame Bcero Gopmupyrorcst B O0ckoii ryde, Iyie X 4acToTa MpuMepHO B 1Ba pasa
BhIIIe, YeM B baiimaparnkoii. [Ipu 5ToM B IBYyX akBaTOpHUAX HAOTIOMAIOTCS MPOTHBO(A3HBIE
TPEH/IbI TI0 YMCITy HATOHOB, YTO YKa3bIBAaeT HA CBSI3b C U3MEHEHUSIMH PO3bI BETPOB. bbLI10
MI0Ka3aHO, YTO NCTIOIb30BaHUE aTMOC(EPHBIX MOJIETICH € IIIaroM B HECKOJIBKO KHIIOMETPOB
ABTISICTCA HEOOXOAMMBIM YCIIOBHEM JUIS IeKBaTHOTO BOCIIPOM3BEACHHUS SKCTPEMATBHBIX
IIPOIIECCOB B MPUOPEIKHOM 30HE APKTUKHU. B pa3sBuThu Hammx paboT MBI Ipe/oiaracM
YBENIMYCHHUE pa3pemieHus A MPOTHO30B B MPONHBax. UMCIEHHBIE AKCIICPUMEHTHI IO
BapeHiieBy MOpIo 1okaszaliy, 4TO y4eT BOJHOBBIX MAapaMETPOB B IMapaMeTpH3aLMUsX Iiie-
POXOBAaTOCTH MTOBEPXHOCTU U3MEHSET TypOyICHTHBIE TEIUIOBEIC TIOTOKHA MEXKIy OKEAaHOM
u atmocdepoit B cpearem Ha 1-3 % (= 1-3 B1/M?) B 00br4HBIX yemoBusix [18]. Bo Bpems
LITOPMOB OTHOCHTEJIbHAsE YyBCTBUTEILHOCTD BO3pacTaeT 10 3—5 %, a abconoTHas pas-
Huma MoxeT gocturath 100-250 B1/M? mi1st SKCTpeManbHBIX YCIOBHIA.

TakuM 00pazoM, mpecTaBiIeHHbIE paObOThl JEMOHCTPUPYIOT 3aMETHBIH Mporpecc
MTOAXO/OB: OT MEPBBIX KOMIUIEKCHBIX CHCTEM JHATHOCTUKH U TIPOTHO3a, TO3BOIUBIINX BOC-
HPOU3BECTH OCHOBHBIC YePThI IIMPKYILILUK M B3aUMOJCHCTBHS aTMOC(hephl, OKeaHa v BOITH,
K WCCJIECOBaHUSM, ITOCBSIIICHHBIM N3MEHEHHIO JISOBOTO peskuma CeBepHOTO MOPCKOTO
ITyTH, 3aTeM — K BBICOKOPA3pEIIAI0IeMy MOACTHUPOBAHUIO ME30MACIITA0OHBIX MTPOIIECCOB
B IPUOPEKHON 30HE M, HAKOHELI, K aHAJIM3Y JOJATOBPEMEHHBIX KIIMMaTHYECKUX TEHICHIINH.

HWcnomesyemas B Hatieil paboTe IpOrHOCTHYECKask CHCTeMa COCTOUT U3 2 OTJEIBHBIX
0710k0B: 1) arMoc(hepHOTo, MPEICTABICHHOIO B JAHHOW paboTe XOPOIIO 3apEKOMEHI0BaB-
et ce6st mogenpro WRF [12], MmonudunrpoBaHHOH T MOIEIAPOBAHUS B IOIAPHBIX pe-
THOHAX, U 2) OKEaHMUYECKOTO, TIPe/ICTaBIeHHOro MoziesisiMu okeaHa ROMS [19] u mopckoro
nmpaa CICE [5], oosenmuaenHbIME B coBMecTHYIO cucteMy ROMS-CICE. Bee BbiOpaHHbIC
Hamu Mozeny, Bkitodas monesib PWRE, oTkpreiThl v gocTynHbl B cetu MHTEpHET. JlocTymHBI
TaKKe BCe X MOAM(UKAIMN U OOHOBJIEHHS, KOTOPBIE XOPOLIO JIOKYMEHTHPOBAHBIL.

Lenbto maHHO# pabOTHI OBLIA peaTu3ays CUCTEMBI IIPOTHO3a TeMIIepaTyphl MOps,
COJIGHOCTH MOPSI, YPOBHSI, CKOPOCTH U HalpaBJICHUS] TEUCHHUH, TOIIIMHBI, CIUIOYCHHOCTH,
CKOPOCTH W HalpaBIICHHS Jpetida Jbla, a TakXKe TAKUX aTMOC(EPHBIX XapaKTEPUCTHK, KaK
TEMIIepaTypa BO3AyXa U TeMIIepaTypa TOYKH POCHI Ha BBICOTE 2 M, KOJTMYECTBO BBIMABIINX
0CaJIKOB, CKOPOCTb M HallpaBJIeHHE NMPU3EMHOT0 BeTpa s bemoro mopsi.

MeToabl HccaeT0BaHUA

B kauecTBe 00bekTa MCCIIENOBAHMUS /ISl TECTHPOBAHUS MTPOTHOCTUYECKON CHCTe-
MBI OBUT BEIOpaH pernoH benoro Mopsi, MOCKOIBKY ATl HETO MEHBIIE OTKPBITBIX TPAHHIL
u OoJiblie, 4eM Juis OOJIBIIMHCTBA aKBaTOPUH APKTHKH, METEOPOJIOIMYECKUX CTAHIIMN
JUI OLIEHKH KayeCTBa MIPOTHO30B.
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MpI ocTaHOBHIIN CBOH BBIOOp Ha Mozenn Mopckoro siba CICE B cBsi3ke ¢ okeaHnue-
ckoit Mmozienibto ROMS, T. k. Moztens CICE nponemoncTpupoBaia 0oiee BBICOKYIO TOYHOCTb
B OOJIBIIMHCTBE CyOpErnOHOB Ha OCHOBE MPOBEACHHOIO CPAaBHUTEIHHOTO aHAJIN3a JIBYX
mogerneit mopckoro sibaa CICE u Budgell ¢ ucronbp3oBanuem B Ka4eCTBE OKCAHUIESCKOTO
KOMIIOHEHTa COBMECTHOM crucTeMbl Moaear ROMS 11t OleHKH UX TOYHOCTH B MOJCTIH-
poBaHIH MOpcKoro ibaa B Apkruke [20]. [Ipu cpaBHeHNH aHATH3UPOBAIHN CIUIOYCHHOCTD
MOPCKOTO JIbJia 1 €T0 TOJNIINHY, a B KA9€CTBE KPUTEPHEB OLIEHKH Ka4eCTBa NCIIOIB30BAIN
KO3((HUIMEHTHI KOPPEJISIIUY 1 IIEHTPUPOBaHHbIE cpeHekBaapaTnanbie omuoku (CRMSE).
Kox atix Mozeneli mocToSHHO OOHOBISIETCS, M €CTh BO3MOKHOCTh COBMECTHOM PabOThI
¢ mozenbio WRF 1o nmpumepy Toro, kak 910 0b1IO 10KazaHo B pabore [21].

B kauectBe armocgeproro ¢opcunra B mogensix ROMS u CICE wucnonb3oBanu
nocuuTaHHele 1pu nomowmd PWRF KOMIIOHEHTBI CKOPOCTH BETPA, IPU3EMHOE JaBJICHUE,
OTHOCHTENIbHYIO BIQXKHOCTbB, TEMIIEPATYPY BO3[yXa Ha BBICOTE 2 M, OCAIKH, a TaKXe
MPUXOAIIYIO JJIMHHOBOJIHOBYIO M KOPOTKOBOJIHOBYIO pajuaruio. Moxens PWRF 6bura
UCIoJb30BaHa, Tak kak GFS nmeer orHOCUTENBEHO Irpy0O0Oe IPOCTPAaHCTBEHHOE pas3peliie-
Hue (> 10 kM 1t oriepaTUBHON BEPCHUH), YTO HE MO3BOJISET aJIEKBATHO BOCIIPOU3BOIUTH
MeJKoMaciTabHbIe mpoiecchl B beaoM Mope: okanbHble Opu3bl (MOpPCKHE/OeperoBbIe),
B3aUMOJICHCTBHE aTMOC(EPHI CO CIOKHBIM penbedoM modepexss u T. A. K Tomy xe
B cirydae ucronb3oBaHns PWRF ecTs BO3MOXKHOCTE Ooliee TOHKOM HACTPOWKH MOIEIH
JUISl pacCMaTpHUBacMOT0 PETHOHA B AajbHEHIIEM. BaXxHOM sIBIIsSIeTCS TakKe BO3MOXKHOCTD
conpspxkenuss PWRF ¢ ROMS u CICE.

W3 monen ROMS B monens CICE nepenaBaiuch Temreparypa Mopsi, COJIEHOCTb,
KOMIIOHEHTBI CKOPOCTH T€UeHUI 1 auHamuueckuit yposens. M3 monenu CICE B monens
ROMS nepenaBanuch HalpspkeHHE JI€A—OKEaH, HOTOKH TEIUIA, COICHOCTH U BOBI.

Ha nepsom smane paboTsl ObLI IPOU3BE/IEH pacdeT aTMOC(HEPHBIX TOJIEH C TOMOIIBI0
monenn PWREF. Tlocne gero na émopom smane paboThl ¢ UCTIONB30BAHHEM MOJTyYEHHBIX
arMoc(epHBIX ToJIel B KauecTBe arMoc(hepHOro GopcuHra ObII IPOU3BE/IEH PacueT OKeaHH-
YeCKHX ITapaMeTpoB U NapaMeTPOB MOPCKOTO Jibja 1o coBMecTHoi Mmoaenn ROMS-CICE.

Ilar Berunciautensuoi cetku st moaeiieir PWRE, ROMS u CICE 6 km. CeTku s
BCEX TpeX MOAENIEH UASHTUYHBI I N30€KaH!s OINOOK MHTEPIIOISIHN.

[epnon MmonenmupoBaHus It aTMocepsl, Okeana ¥ Jb1a 0s11 BEIOpan ¢ 01.01.2023
o 03.02.2023 — Bcero 8 pacueToB ¢ 3a0maroBpeMeHHOCThIO 12() 4acoB ¢ JaTaMu HHUIHA-
m3aruu Mofenu 01.01.2023, 05.01.2023, 09.01.2023, 13.01.2023, 17.01.2023, 21.01.2023,
25.01.2023, 29.01.2023 3a 00 UTC. Illar no BpemeHu st Bcex Tpex moxeneit 30 c.
Hauanbueie 1 rpannyHbie yeiaoBus st moaean PWRF 6butn momy4eHs! U3 TaHHBIX T710-
6amsHON Momenu GFS [22]. {ns moxeneir ROMS u CICE naganpHBIC U TpaHHYHBIE yC-
JI0BUS OBIIM MOTy4YeHBI U3 NJaHHBIX r1obanpHoi Mogen HY COM-CICE [23]. HaganbHbIe
yCIIOBUSI COOTBETCTBOBAH 3a0maroBpemenHocTr poraoza HY COM-CICE 12 4. Atmoc-
(epHble monst cunTanuch Ha 40 BEpTHKAIbHBIX YPOBHSX, a okeannueckre — Ha 30. [Ipu
pacyere JIbJja HCIOIb30BAIN 7 BEPTUKAIBHBIX YPOBHEH ¢ 5 KaTErOPUSIMHU TOJIIHHEI JIbJA.

Bri6op mapamerpuzaruii s monenu PWRF B naHHOM nccneioBanuy onupancs Ha
IMIMPOKHUHN CcTIeKTp padoT mo TectupoBanuio PWRF B momsapueix permnonax [11]. B xaue-
CTBE TMapaMeTpHu3anuy MUKpo(u3uKu ObuIa BEIOpaHa AByXMOMEHTHAs cxema Moppuco-
Ha [24]. KopoTKOBOIHOBYIO U JUIMHHOBOJIHOBYIO pajilalvio MapaMeTPU30BaIH 110 CXEME
RRTMG [25], norparnunsrit cioit — mo cxeme MYNN Level 2.5 [26], npu3eMHBIi
cioit — mo cxeme MYNN [27]. st onricaHusi OBEPXHOCTHOTO CJIOSI 3¢MJIM ObLiia BbI-
opana cxema Noah-MP [28]. KoHBeKIHO CUNUTAIIN ¢ UCTIOIB30BAHUEM CXCMBbI [TApaMETPH-
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3arn Kanaa—®@puya [29]. [ns onrcaHus BEPTHKAIBHOTO TYpOYIEHTHOTO TIEPEMEITHBAHIS
B Mozermn ROMS wucrmons3oBanack cxema GLS (Generic Length Scale) [30].

MopennpoBaHrne MOPCKOTO Jibia OBLIO BBITOJHEHO C JBYMs Pa3sHBIMH CXEMaMHU
TEPMOIMHAMUKH, NUCTIONIB3YyEMBIMH JJISI MOJECIUPOBAHMS BEPTHKAIBHOTO TEIIOBOTO Oa-
JaHca | dBoNonnu Jibnaa. [lepBas cxema, cxema Bitz um Lipscomb (manee BL99) [31],
MIPEJCTaBIET cOO0M IHEPTOCOXPAHIIOMNI MHOTOCIOMHEIN Moxo. B Hell koppekTupy-
I0TCSI TETIOEMKOCTh 1 TEIUIOITPOBOIHOCTD JIbJIA C YUETOM HAJIHUHS COJICBBIX BKJIIOUCHHH.
CkpbITas TEIIOTa, CBA3aHHAS C TASHUEM WM 3aMEP3aHHEM paccoia, yUUTHIBAETCS TaK,
9TOOBI COXPAHSIICS MOJHBIN Oanmanc sHeprun. BL99 perraet ypaBHeHHE TEIUIONPOBOIHOCTH
10 BEPTUKAJIN YHCIICHHO YCTOMYMBBIM METOJIOM M IO3BOJISIET ONMCHIBATH CE30HHBIN X0
TEeMITepaTyphl JIbJa ¥ TOJIUHY NOKpoBa. OJHAKO B JAHHON CXEME COJEHOCTh JIbJA, KaK
MIPaBUJIIO, 33JJa€TCsI AIIPHOPHO (B BHUIE TIOCTOSHHOTO MPO(QMIIS) M HE SBIISETCS IPOTHOCTH-
YecKOol epeMeHHO. MexaHn3Mbl yAajaeHust conu (TpaBUTalMOHHBIA APEHAX, TPOMBIBKA
TaJION BOIOW M 0Opa30BaHHUE JIETO-CHEKHOTO CIIOST) IBHO HE MOJCIHPYIOTCS, & BIHUSHHE
OKEaHWYIECKHX YCIIOBHH TOJI0 JIbJIOM YUTEHO Yepe3 TpaHUYHbIe YCIOBUS Ha HIKHEH 110-
BepxHOCTH. OcHOBHBIE 1ocTOMHCTBA BLY9 — mpocToTa, oTHOCHTENbHAS BBIYUCIUTEIbHAS
SKOHOMHYHOCTh U KOPPEKTHBIM ydeT Oananca sHepruu. OrpaHMuCHHUsS — OTCYTCTBHE
MIPOTHO32 HBOJIFOIMH COJICHOCTH M CBS3aHHBIX C HEH MPOIIECCOB.

Bo BTopoii cxeme, «MHOTOda3HOM» cxeme (manee Mushy) [32], mopckoii ex pac-
cMarpuBaeTcs Kak AByX(asHas MMOpHCTasl Cpesia, COCTOSIIAs U3 TBEPJOH JISASHOW Ma-
TPULBI U KHUIKOH paccosnbHOM (asbl. [IporHo3upyrorest kak TeMmeparypa (SHTaIbIus),
TaK U 00bEMHasl COJICHOCTh, a (Da30BOE paBHOBECHE 3a/IaCTCsl Y€PEe3 KPUBYIO JIMKBHIYCA,
CBSI3BIBAIOIYIO TEMIIEPATypy, COJICHOCTh M JOMIO XKHUIKOH (ha3el. B pesynbrare monens
CIOCOOHA OMMCHIBATh MPOLECCH ONPECHEHU JIbJIa: TPAaBUTALMOHHBIN APEHaX paccona
U pa3MbIBaHHE Tajnol Bomoi. Takue MeXaHMU3MBI ONPEAEISAIOT HBOIIOLHUIO COJIEHOCTH,
MIOPUCTOCTH U TEIUIONEPEHOCa, a TaKXKe BIUSIIOT Ha MEXaHUUECKHE CBOMCTBA JIbJIa U €ro
B3aUMOJICHCTBHE C OKEaHOM. DTa cxema 0oJiee CIIOKHA YHMCIIEHHO, YTO IOBBIIIAET BbI-
YUCIUTETbHYIO Harpy3ky. OnHako ¢u3udeckas 000CHOBAHHOCTD BBIIIE: OHA ITO3BOJISCT
BOCIIPOM3BOANTH HAOJI0aeMble M3MEHEHHUS COJIGHOCTU M CTPYKTYPHI JIbJla B TEUCHHE
Ce30Ha ¥ NMPHU U3MEHEHUH THIPOJIOTNIECKUX YCIOBHUH.

Takum ob6pazom, B BL99 nporHocTHueckoil nepeMeHHOH SIBISIETCSl TEMIeparypa,
a COJICHOCTb 3aaaercs; B Mushy cxeme NMpOrHOCTHUECKUMH SIBISIIOTCSI U TEMIIEparypa,
U COJIEHOCTh. [lepBast yuuThIBAE€T CKPBITYIO TEIUIOTY M KOPPEKTHPYET 3HEPreTHUeCKUM
OayaHc, HO HEe MOJICIIMPYET NEePEHOC coJIM. BTopas OmuckIBaeT nepeHoc COM U IBOITIOLHIO
nopuctocTy. ITo BerucauTensHbIM 3aTparam BLY9 mporie n moaxoanT Ams 10Nr0CpOIHBIX
KJIMMaTH4YeCKNX pacueToB, Mushy cioxnee, HO o0ecrieunBaeT Oosiee MmosHoe (Gu3nye-
CKoe omucanue nporeccoB. BL99 naer koppekTHBII 0anaHCc SHEPIUH U CE30HHBIN ITUKII
TOJIIMHBI JIbJa, OJJHAKO MEHEEe YyBCTBUTENbHA K U3MEHEHHUSIM colleHOCTH. Mushy cxema
M03BOJISIET BOCIIPOM3BOIUTH HAOIIOAEMbIe MTPOIIECCHl ONPECHEHHMS U JIy4lle OIHCHIBAET
BHYTPEHHIOIO CTPYKTYPY JIbJA.

Hamu ObLM 1OTydeHB! OIIEHKH KauecTBa pacdeTa aTMOC(EpHBIX MapaMeTpoB, Ma-
paMeTpoB COCTOSTHMS OKEaHa U IMapaMeTPOB COCTOSHUS MOPCKOTO Jibja. [Ipudem nepsble
24 4gaca nocie Kax 10 MHUIMAIN3AIMNA MOJICJIN JUTS aHAJIM3a HEe MCIOJIb30BAJIN, TAK KaK
9TO BpeMs Ha coIiacoBaHUe Mojeliei. ATMocdepHble mapaMeTpsl OLEHUBAINCH C I10-
mortpio makera uHcTpyMeHToB MET (Model Evaluation Tools) [33]. Beiia nmpou3ssene-
Ha OIIEHKa Ka4eCTBa MPOTHO3a MPU3EMHBIX TEMIEPaTyphl, TEMIEPaTypsl TOUKH POCHI,
CKOPOCTH M HAIpaBJICHUS BETPA, a TAK)KE KOJIWYIECTBA BBHINABIINX 3a 12 4acoB OCaJKOB
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Puc. 1. Kaptel peruona. BerauciurensHas obnacts st mozaeieir WRE, ROMS, CICE (a) u meteo-
CTaHIINHU, OTOOPAHHBIC IS OIICHOK (6)

Fig. 1. Maps of the region. Computational domain for the WRF, ROMS, CICE models (¢) and weather
stations selected for evaluation (6)

mo naHHBIM HaOmoneHuit Ha mereoctaHisix [SD (Integrated Surface Database) [34].
JlanHpIe HAOMIONCHNI HMEIOT 3-9acOBYIO JUCKPETU3AINIO, IOITOMY B CIIydae aTMOC(EphI
oreHUBaNH 3abmaroBpeMeHHOCTH 27—-120 4 ¢ mmarom 3 4. /1711 OLIeHOK KauecTBa PacyeToB
UCIIOIB30BAIM TOJILKO NMPHOPEKHBIE U OCTPOBHBIC METEOCTAHIUH C YCIIOBHEM, YTOOBI
oHM He ObuH manpmie 18 kM (3 mara cetkn arMochepHoil Moxenn) oT Mops (puc. 16).

[TapameTpbl COCTOSHUS OKE€aHa U MOPCKOTO JIbJa OILICHHBAIH 110 JaHHBIM aHaJIH3a
GOFS 3.1 (Global Ocean Forecasting System 3.1) [23] ¢ mpocTpaHCTBEHHBIM pa3peIeHH-
em 0,04° u ¢ 40 ypoBHAMH TI0 BEpTHKAIN. AHATN3 JOCTYIeH TONbKo 3a 12 gacoB mo UTC
Ka)KI0TO JHS, IOATOMY B CIIydae OKeaHa M MOPCKOTO JIbJia OLIEHHBAIIN 3a0J1arOBpeMEHHO-
ctu 36, 60, 84 n 108 9 ¢ mocIeayIomNUM OCPETHEHHEM OLIEHOK I10 3a01aroBpeMEeHHOCTH.
Taxum 00pa3om, ctarucTrka ObLTa momydena no 700 928 mapam mporHo3-peaHanusa Jis
Ka)XI0r0 OKEaHHYECKOTO IapaMeTpa. B ciydae okeaHa ObLIN MOIYyYEHBI OLEHKH IS BCEX
paccunTsiBaeMbIX 10 ROMS okeaHWYecKHX mapaMeTpoB Ha CBOOOIHOM OTO JIba TOBEPX-
HOCTH — TeMIIepaTypbl IOBEPXHOCTH MOPS, COJICHOCTH Ha OBEPXHOCTH MOPSI, CKOPOCTH
1 HanpapJIeHHs TCUCHUI Ha MOBEPXHOCTH MOPSL, @ TAKXKE TUHAMHYECKOTO YPOBHS MODSI.
B ciryqae MOPCKOTO Jib/ia OLIEHUBAJIH TOJILHHY U CINIOYCHHOCTD JIBJA, & TAKXKE CKOPOCTh
¥ HampaBieHus aApeiida. UToOBI HCKIIOUUTH MPH OLEHKAaX MepTypOaIyy mosneil, BhI3BaH-
HbIE TPAaHWYHBIMH yCIIOBHSAMH, U3 aHaimu3a ObuIH ucKiIodeHbl 50 y3moB ceTku (300 km)
BOMM3M OTKPHITHIX rpanull (Cesep, Bocrok). Pacuetnas obmacts BeIOMpanack Ooublie,
4eM Hy)KHO HCXOIS M3 STHX COOOpaKeHUH.

AHaJIU3 pe3yabTaTOB IKCNIEPUMEHTOB
Ananusz pesyromamog paciema ammoc@hepHoix napamempos

B tab6n. 1 npencraenensl cuctemaruueckas (BIAS), abcomtornast (MAE) u cpezne-
kBagparndeckas (RMSE) ommbxu mporHosa armocdepHbIx mapameTpoB. OmmbOkn ocpea-
HEHBI 3a BECh NEepHo MojaenupoBanus (st 3abmarospemenHocreit 27, 30, ..., 120 9)
U 110 Bcel pacyeTHoi obmactu. CTaTUCTHUECKUH aHaIN3 JUIsl TIPU3EMHON TeMIIepaTypbl
BBITTOJTHEH Ha ocHOBE 10648 map mporno3—Ha0IoIeHne; CpeTHee YHCIIO Map A KaXI0TO
MOMEHTa BPEMEHHU COCTABIIIO OKOJIO 42 rpu 00IIeM KOIMYeCTBE MOMEHTOB TOpsiaka 257.
Jlna mpu3eMHOM Temmeparypbl TOUKH POCHI JUISl ITOJYyYSHHUs CTAaTUCTHKHU MCIOIb30BAIN

Arctic and Antarctic Research. 2025;71(4):378-395 385



H.IO. Bymaxkos, K.I'" Pyounwmetn, P.IO. Henamos
Pe3yabTaThl MPOrHO3a FHAPOMETEOPOIOrHYECKHX NoJieii 1t Besoro mopsi...

Tabruya 1
Owmudku pacyera mnapaMeTpoB aTMochepHoOl HUPKYISIII
Table 1
Errors in calculating atmospheric circulation parameters
[Tapamerp BIAS MAE RMSE SI
[Ipuzemuas Temmeparypa, °K 2,11 2,82 3,50 0,01
Temneparypa Touku pocsl, °K -1,30 2,36 3,04 0,01
CKOpOCTh MPU3EMHOTO BETPa, M/C 0,13 2,71 3,54 0,65
Hanpagnenue npuzemHoro Berpa, © 6,34 14,85
KonmuectBo BEImaBmmx 0,50 0,80 1,25 2,75
3a 12 94 ocagkoB, MM
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Puc. 2. I'paduku 3aBHCUMOCTH OIIHOOK pacyera OT 3a0J1aroBPeMEHHOCTH: IIPH3EMHas TeMIIepary-
pa (a), npu3eMHas TeMIeparypa TOUKU PocChl (6), CKOPOCTh (6) U HaNlpaBJIeHUE (2) MPU3EMHOI0 BETPA,
KOJIMYECTBO 0CAIKOB (0)

Fig. 2. Graphs of the dependence of calculation errors on lead time: surface temperature (a), surface
dew point temperature (6), surface wind speed (), surface wind direction (2), precipitation (0)

10336 naps! nporno3—Habmonenue. s CKopoCcTH M HalpaBICHUs IPH3EMHOTO BEeTpa —
10649. JIns ocaakoB — 1250. MHTEpNONAIUS MOJEIBHBIX TaHHBIX B TOYKU C KOOPIHU-
HaTaMH METCOCTAHIIUN MPOBOAMIACH METOIOM YCPEIHECHHUS C BecaMu, 0OpaTHO MPOIOp-
[UOHAIBHBIMU PACCTOSHHIO 10 TOYKH. Vcroap30Bamu 4 MOACIBHBIX y3J1a, OKPYKAFOIIUX
TOYKY ¢ KOOPIUHATAMH METCOCTAHIIUH.
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[IporHo3 TemmepaTypbl U CKOPOCTH BETPA AJISl APKTUYIECKOTO PErHOHA MMEET He-
CKOJIBKO OOJIbIIINE OIIMOKH, YeM JUISl yMEPEHHBIX IIHPOT, YTO 00YCIOBICHO CIIOKHOCTBIO
MPOUCXOJAIMINX B APKTUKE METEOPOJIOTHUECKUX MPOLECCOB, BKIIIOYAsl CUIIBHOE BIUSHHE
apKTHYECKMX MOpeH Ha arMoc(epHbIe MTPOLECcChl B JAHHOM PErHOHE M PEAKOCTh M3Me-
putenpHOi ceTr. Habmonanm cucreMaTiyeckyro HeI0OIEHKY pacCUNTaHHOM MPU3EMHOM
TEeMIIepaTypsl  TeMIepaTypbl ToUkd pockl Ha 2,11 °C u 1,30 °C cooTBeTCTBEHHO 1 Tiepe-
OLICHKY KOJIMYECTBA BbINABIIMX 0caakoB Ha 0,50 mm.

Ha puc. 2 npencrasnens! rpaduki 3aBUCUMOCTH OINIMOOK pacdeTa oT 3a0biaroBpeMeH-
HOCTH ISl TIPU3EMHOI Temrieparypsl (2a), IPU3EMHON TeMIIepaTypbl TOYKH POCH (20),
CKOpOCTH (26) U HanpasieHus (22) MPU3EMHOIo BeTpa U KolnndecTBa ocazkos (20). Ha rpa-
(ukax TaKKe NPUBEACHBI IMHEHHBIC TPEHIBI.

Ananu3upyst puc. 2, MOXKHO CJIeJIaTh BBIBOZ O TOM, UTO JJIsI BCEX METEOIIapaMeTPOB
32 UCKJIIOUCHNEM OCAaJIKOB HAOIIOAAIOTCS MOJOKHUTENIBbHBIE TPEH/IBI POCTA OIIMOOK C yBe-
JMYCHUEM 3a0J1arOBPEeMEHHOCTH.

Ananuz pesynomamog paciema
napamempos coOCmosHUsL MOPCKO20 1b0d U OKeAHUYECKUX NAPaAMempos

B Tabum1. 2 mpeacTaBieHs! OMMOKN pacdeTa TONIIIHEI CIUIOYSHHOCTH U 001IeTo 00b-
eMa JIbJa TIPH UCTIONIF30BAHNH JIBYX CXeM TepMoanHaMUKH Jbaa BL99 u Mushy. Ommbku
OCpEIHEHBI 32 BECh NP0l MOJCTMPOBAHNUS 1 110 BCeil pacueTHON obmactr. O0umii 00beM
npaa cuntaics mo dopmyne (1):

V=Zlezj:1(HU'Ay'Sy)’ (1)

rae H — mone TONUHBI IbJa, M; A — moie crodeHHocTH Jbaa (0—1); S — mmomans
KaXI0M SueiKu, M.

Ha puc. 3a npencraieHsl rpadki BpeMEHHOTO Xoz1a o01iero oobema JibJia, pac-
CUMTAHHOTO JJIs IBYX cxeM napaMerpu3anuii u ananmza GOFS 3.1, a Takke 3aBUCHMOCTH
obmero o0bema JibJia OT 3a0IaroBpeMeHHOCTH (pHc. 30).

W3 tabn. 2 BuxHO, uto Oojee mpocras cxema BL99 okasbiBaercst Gonee peasu-
cTu4HOi, yeM Mushy. OcoOeHHO TpH pacyere CIUIOYEHHOCTH JIbJia, KOTr/a HaOIaaeTcs
OTHOCHUTEJBHO OOJIBIIOE 3aBBIIICHUE PACCUUTAHHON CIUIOUYCHHOCTH JIbJa TMPH MOICIIH-
POBaHUM C HCIOJB30BaHHEM cxeMbl Mushy. B citydae ToJIIuHBI MOPCKOTO Jibja pacueT
C UCITIOJIb30BAHHUEM CXEMbI Mushy MPUBOAUT K CUCTEMATUYCCKOMY 3aBbIHICHUIO TOJIIITUHBI
apaa Ha 1 cM, a pacyeT ¢ UCMONb30BaHuEeM cxeMbl BL99, Hao0OpoOT, K 3aHMKCHHUIO Ha
1 cMm. Bénbmas addexkruHocTs cxembl BL99 moaTBepikmacTes Takke MPH PaccMOTpe-
HHUH TAKOTO MHTEIrPaJIbHOTO MOKa3arelisi KayecTBa pacyera, Kak ooumii oobem nbaa. O6e

Tabruya 2
Owmudku pacyera TOJIHHDI, CIVIOYEHHOCTH U 00111ero 00beMa Jbaa
Table 2
Errors in calculating ice thickness, concentration, and total volume
ITapamerp TepmoauHamMuKa Jibja BIAS MAE RMSE
TonmuHa ap1a, M BL99 -0,01 0,08 0,13
Mushy 0,01 0,08 0,14
CIu104eHHOCTS JIbaa, % BL99 2 12 20
Mushy 10 14 25
OO6uwmii 006eM Jb1a, KM? BL99 1,50 1,63 2,11
Mushy 4,67 4,67 4,96
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Puc. 3. I'pacuxn u1st ob1mero oobeMa Jibj1a: BpeMEHHOH X0 Ha 12 JacoB yKka3aHHOW JaThl (@), 3a-
BHCHMOCTB OT 3a0J1arOBPeMEHHOCTH (0)

Fig. 3. Graphs for total ice volume: time course at 12 o'clock on specific dates (a), dependence on
lead time (0)

CXEMBI CKJIOHHBI K 3aBBIIICHUIO 00IIero 00beMa JibJla OTHOCUTENIFHO JTAaHHBIX aHaIn3a, HO
B CJIyYae UCIONb30BaHus cxeMbl BL99 Bce ommOKku cyliecTBeHHO MeHbIIe (B 2—3 pasa).
Ha rpadmkax, mpeacraBieHHBIX Ha pUC. 3@, XOPOLIO BUIHO, YTO Ha MPOTSDKEHUU BCETO
TIepro/ia MOZICIIMPOBAHUS OOIIHMH 00bEM JIbJa, MOCYMTAHHBIN C UCTIOIB30BAHHEM CXEMBI
Mushy, ObLT OOJBIIIE PACCYUTAHHOTO C HCIONIB30BaHUEeM cxeMbl BL99. O0beM nibia B ciy-
Yae MCIIOIb30BaHusl cxeMbl BL99 iryuie cooTHOCHTCS ¢ JaHHBIMH aHaJHM3a, 0COOCHHO
nocie 14.01.2023. Ha rpacduxe, npeactaBieHHOM Ha pHC. 36, BUIHO, YTO B CIydae HC-
nmoJp30BaHus cxeMbl Mushy siexr Hamep3aeT ObIcTpee ¢ pocTOM 3a0JIaroBpeMEeHHOCTH,
4yeM JUIsl Ciydasi HCIoJIb30BaHus cxeMbl BL99, u npu pacuere ¢ 3a0:1aroBpeMEHHOCTHIO
6onee 120 4 HaOmOTaeTCS TEHICHIU K elie 0ojiee OBICTPOMY POCTY PacXOXJICHHIO pac-
CUMTAHHOTO C MCIIONb30BaHHEM cxeMbl Mushy o01iero oobema Jib/ia ¢ JaHHBIMU aHaAJIN3a,
4yeM JUIsl cilydast UCoIb30BaHusl cxeMbl BL99.

Bonbime ommoOKy Npyu pacyeTax ¢ UCHOoIb30BaHNEM 00JIee CI0KHOM CXeMbI TEpPMO-
JuHaMuKH Mushy, 4eM npu ucrons3oBanun Oosee mpoctoit BL99, MOXHO 00BSICHUTE TeM,
4yT0 cxema Mushy, kak ¢usudecku dolee ciaokHas, TpeOyeT OOJbIeH TOYHOCTH BXOTHBIX
OKeaHHuYeCcKHX napamerpos. Hampumep, cxema Mushy ucnone3yer popmyiy TeriooomeHa
C y4eToM TypOyJIEHTHOTO TEIUIONEpeHoca 1 OoJiee YyBCTBUTEIbHA K OLIMOKAaM B CKOPOCTH
TEYEHUH MO/I0 JIBJIOM, OLNIMOKaM B TEMIIEpaType M COJEHOCTH, IapaMeTpH3aluy Typoy-
snenTHocTH B ROMS, ropHu30HTaIbHOIO U BEPTUKAIBLHOTO pa3pelieHHUs.

Tak kak npu gaHHOHN KoH(puUrypamuu Mozaernel cxema BL99 nokasana HeCKOJIBKO
JIy4IIMe pe3yJbTaThl, JaJIbHEHIINI aHaIU3 PACCUMTAHHBIX MONEH COCTOSHHUS JIb/la U OKeaHa
MPOBOAMJICS JIsl BapuaHTa ¢ ucnoib3zoBanuem cxembsl BL99 B monenu CICE.

B Tabn. 3 npeacraBieHbl OMMOKH pacyeTa OCTAIbHBIX apaMeTPOB COCTOSHUS JIbJa
1 OKeaHWYeCKHX napaMeTpoB. OMMOKN OCpeHEeHBI 32 BECh MIEPUOJT MOJICITMPOBAHUS U 10
BCel pacyeTHO 00iacTu.

[To pe3ynbraram Bepr(UKaMK OKEAaHUYECKHUX MTapaMETPOB MOYKHO C/IENAaTh BBIBOJ
0 TOM, YTO pacCUMTaHHas TeMIepaTypa MOBEPXHOCTU MOPsI HIKE TEMIIEPATyphbl U3 aHAIN3a,
YTO CBSI3aHO C 3aHIDKEHHEM paccuuTaHHoU mpu nomoumw PWRF npusemnoit teMneparypsl,
KOTOpas SIBISIETCSI BXOTHBIM TTapaMeTpoM. HaOmroam He3HaunTelIbHOE 3aBBILIEHHE CKOPOCTH
TEUEHHUI U CKOpOCTH Jperida sbaa. B cirydae 1uHaAMIYecKoro ypoBHSI, HA000POT, 3aHIKEHHE.
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Tabruya 3

Table 3

OmudKH pacyera OKEAHUYECKUX MIAPAMETPOB M NAPAMETPOB COCTOSIHUSI MOPCKOTO JIbJa
Errors in the calculation of oceanic parameters and sea ice condition parameters
[Tapamerp BIAS MAE RMSE

Temmneparypa, °K -0,09 0,16 0,27
ConeHoctb, %o 0,00 0,03 0,10
CkopocTh TeUeHHH, M/c 0,03 0,07 0,13
CkopocTthb apeiida baa, m/c 0,09 0,14 0,26
Hanpasnenne teuenni, © -5 37 62

Hampasnenue apeiida npaa, © -16 42 70

YpoBeHb, M -0,09 0,12 0,15
Tonmaa meaa (BL99), m -0,01 0,08 0,13
Crutouennocts paa (BL99), % 2 12 20

0,1

0,08
0,06
0,04
0,02

-0,02
-0,04
-0,06
-0,08
-0,1

0,2
0,15
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0,005
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-0,1
-0,15

02
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Puc. 4. IIpocTpaHCTBEHHOE pacIpeielieHue CHCTEMaTHYeCKUX OLIMOOK pacyeTa: TeMIeparypa Imo-
BEPXHOCTH MOps (@), COJICHOCTh Ha MOBEPXHOCTU MOPA (0), CKOPOCTh TEUECHUH Ha MOBEPXHOCTH
Mops (8), IMHAMUYECKHI YPOBEHB (), TONIIMHA MOPCKOTO JIb/1a (0) ¥ CINIOYEHHOCTh MOPCKOTO JIbAA ()

Fig. 4. Spatial distribution of BIAS in the calculation: sea surface temperature (a), sea surface
salinity (0), sea surface current velocity (8), driving level (2), sea ice cover (0), and sea ice

concentration (e)
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Puc. 5. TIpocTpaHcTBEHHOE pactipe/ielieHne abCOMOTHBIX OLMIMOOK pacyeTa: TeMIeparypa noBepx-
HOCTH MODA (@), COICHOCTH Ha IOBEPXHOCTH MOPSI (6), CKOPOCTh TEUCHU I Ha TOBEPXHOCTH MOPH (8),
TMHAMHUYECKUI yPOBEHb (2), TONIMHA MOPCKOTO JIba () ¥ CIUIOYEHHOCTh MOPCKOTO JIba (e)

Fig. 5. Spatial distribution of MAE in the calculation: sea surface temperature (@), sea surface
salinity (6), sea surface current velocity (), driving level (), sea ice cover (0), and sea ice
concentration (e)

Ha puc. 4 npencrapieHbl OCPETHEHHBIE 32 BECh IEPUOJ MOJIEUPOBAHKS IPOCTPAHCTBEH-
HBIE pacrpeieIeHNs] CHCTEMaTHIeCKUX OMIMOOK pacyera TeMITepaTypbl TIOBEPXHOCTH MOps,
COJIEHOCTHY Ha TIOBEPXHOCTU MOPsI, CKOPOCTH T€YEHHI Ha MIOBEPXHOCTU MOPS, TUHAMUYECKOTO
YPOBHSI, TOIIIMHBI MOPCKOTO JIbJIA U €r0 CIUIoueHHOCTU. Ha puc. 5 npeacTaBieHbl OCpeTHEHHbIE
3a BECh MEPHOJ] MOJICTTMPOBAHHSI IPOCTPAHCTBEHHBIE pacrpesieIeHust A0COMIOTHBIX ONMINOOK.

Ha npezacraBneHHBIX pHECYHKaX XOPOIIO BUIHO, YTO HAMOOJBINNE OMIMOKN pacyera
TEMIepaTypbl, COJICHOCTH M CKOPOCTH TEUCHWH Ha ITOBEPXHOCTH MOPS HAOIIONAIHNCh
B I'opiie BONMM3M KPOMKH JIb/1a, TaK Kak JIJsHAs AMHAMHKA B 3TOM paiioHe pacdeTHOH
0051acTH MOXKET NMPHUBOIUTH K CMEIICHNIO ()POHTOB, TEPMOKIMHOB U HAPYIHICHHUIO pac-
TIpe/ieNieHust Macchl Boabl. K ToMy e KacaTenbHOe HaNpspKeHHE TPEHHS aTMOC(EPHOTO
BETpa Ha OTKPHITYIO BOAY ropas3/io CHIbHEE, YeM Ha JIE, 3THM MOTYT OBITh OOBSCHEHBI
CPaBHHTEILHO OOJBIINE OMIMOKH (C 3aBBIIIIEHUEM) B CKOPOCTH TIOBEPXHOCTHBIX TEUEHHN
BONMM3M KpoMKH Jibaa B Topie (puc. 4), eciim KpoMKa JibJia BOCIIPOU3BOANTCS MOJIEIBIO
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HCIO0CTATOYHO TOYHO. Yro kacaercs pacyeTa TOJIIHUHBI U CINIOYEHHOCTU MOPCKOTO JIbJa,
TO HAUOOJIbIIHE OLIUOKU Ha6m0£[am/1c5 Yy o-0Ba Kanun ¢ cucTeMaTnuecKuM 3aBBIIICHUEM
OTHX MMapaMe€TPOB OTHOCUTEIILHO JaHHBIX aHaJIW3a.

Cpasnenue nonyuennvix pe3yibmamos ¢ OpyeUMU UCcae008anusmMu

CpaBHeHHE OIIMOOK HAIIMX AKCIIEPUMEHTOB MO0 MOJCIHPOBAHHUIO aTMOC(EPHBIX Xa-
PAKTEpUCTUK (TIPU3EMHON TEMIEPATyphl BO3AYXa, MPU3EMHOM TeMIepaTypbl TOYKH POCHI,
CKOPOCTH MIPU3EMHOTO BETPa) C pe3ylibTaTaMu, IpUBeeHHBIME B [ 11], mokasaio cremyromiee.

B Hammx pacderax MpU3eMHON TEMIEpaTyphbl BO3LyXa CHCTEMaTHYeCcKas OINOKa
cocramia —2,11 °C mpu RMSE = 3,50 °C, Torna xak B paboTe 3apyOeKHBIX KOJIIET CHCTe-
MaTtndeckas ommoka Bappuposana ot —0,72 °C (¢ Noah LSM) mo —0,98 °C (¢ Noah MP),
a RMSE naxomgunace B mpenenax 3,5—4,0 °C. Takum obpa3oM, y Hac oTMedaercs Oosee
BBIP2)KEHHOE OTPHIATETIHHOE CMEIIICHIE, OJJHAKO CPETHEKBaIpaTHIHAs OIINOKa OKa3alach
MPaKTUYIECKH UICHTUYHON pe3yabraraM Julsi AHTApKTHKH, YTO MOXKET YKa3bIBaTh Ha CXO-
JKUe TTPoOIeMbl KOH(UTYpAIX MOZIENIEH B ITepeade TemIo00MeHa B IPUIIOBEPXHOCTHOM
CJIOE B YCIJIOBHSIX CIIOXKHBIX JIEZIOBO-MOPCKHX ITOKPOBOB, HO C PETHOHAIBHBIMH OCOOEH-
HOCTSIMU TPOSIBIICHHS XOJOAHOTO CMEIICHHUS.

ITo mpu3eMHO# TemIiepaType TOUYKH POCHI Hallla CHCTEMaTHdecKas omioka cocTa-
Bria —1,30 °C mpu RMSE = 3,04 °C. B nccnenoBanmu [11] cucremarndeckast ommoka
cocrasuna —0,48 °C (Noah MP) u —0,6 °C (Noah LSM), a RMSE nocturan 3,5-4,0 °C.
Takum 006pa3om, B HAIIHX pacdyeTax HaOmomaeTcs 0ojee CIIIbHOE OTPHUIIATEIbHOE CMeTIe-
HHE TI0 TEMIIEPAType TOYKH POCHI, HO MIPU 3TOM CPEAHEKBAIpAaTHIHAas OIINOKa OKa3aaach
MEHbIIIe, YeM B AHTapKTHKE, YTO MOXKET OBITH CBSI3aHO ¢ O0JIee BRICOKOH YCTOHUHNBOCTHIO
aTMoc(epHOro MOrPaHUYHOTO CJI0sI B APKTHKE, IJIE yCIOBHSI UCIIApPEHHS W BIIAr0COIep-
JKaHUS BO3yXa CHJIbHEE OIPaHNYEHBI HU3KUMHU TeMIIEpaTypaMu.

JUist CKOpPOCTH MPHU3EMHOTO BETpa B HAIIMX pacueTax 3HAUEHHs OIINOOK COCTa-
Bum: BIAS = 40,13 m/c mpu RMSE = 3,54 m/c. B pabore [11] BIAS nu3mensnace ot
~0 m/c B etHnit mepuox 1o +1,0 m/c 3umoit, RMSE naxomunace B nuamazone 3,04,5 m/c.
CrenoBarenbHO, HAIIK PE3YJIBTAThI 110 BETPY BeCbMa OJIM3KU K OITyOJIMKOBAaHHBIM 3HaUC-
HusM, puaeM BIAS 6mmke k Hymro, 9eM Uit AHTapKTHKH.

CpaBHEHHE KauecTBa PACCUNTAHHBIX HAMH OKCAHMUYECKUX [TApaMETPOB (TEMIIEpaTypbl
MOBEPXHOCTH MOPSI, COJIEHOCTH, YPOBHS MOPsI) U TAPAMETPOB MOPCKOTO JIb/1a (TOJIIUHBI
JbJIa ¥ CKOPOCTH Apetida Jb1a) ¢ pe3yabTaTaMy U3 IPyTUX HCCIIEI0BaHHUN TTOKa3alo clie-
JyIOIIHe 3aKOHOMEPHOCTH. B Hammx pacueTax 1mo temmeparype moBepxHoctr mops BIAS
pasen —0,09 °C mpu RMSE, pasrom 0,27 °C. CorracHO MeXMOAETHHOMY 3KCIIEPUMEHTY
OMIP-2 [2], RMSE no TemmepaType MOBEpXHOCTH MOPS Y YYaCTHHKOB BapbHpOBaa
ot ~0,2 1o 1,0 °C, mpu 3TOM JIydIIHe peaan3aluy ¢ aCCUMIISAIIEH TeMOHCTPHPOBAIH
RMSE ~0,2-0,4 °C. Takum 00pa3oM, HaIlTi OIIHOKH MO TEMITEPAType TIOBEPXHOCTH MOPS
HAXOMATCS B YIS YacTH JHana3oHa OMyOIMKOBaHHBIX 3HAUCHHH. 1711 TOBEPXHOCTHOM
coneHocTn Hamu noy4deHsl 3HadeHns BIAS = 0,00 %o u RMSE = 0,10 %o0. B mogemsax
OMIP-2 RMSE mo comenoctu 06sr9a0 coctasnseT 0,05-0,5 %o B 3aBUCHMOCTH OT pe-
ruoHa. Ham pesynprar cCOOTBETCTBYET HM)KHEH I'paHule Auanas3oHa. s ypoBHS mMops
Hamy ommOku coctaBmn BIAS = —0,09 m 1 RMSE = 0,15 M. B mmo6anpHbBIX 1 perno-
HanpHBIX cucteMax RMSE ypoBas xonebnercs B mpenenax 0,05-0,3 m [35, 36]. Takum
00pa3oM, HAIIM 3HAUYCHMS] HAXOAATCS B THITMYHOM AMANa30HE Ul PETHOHAIBHBIX MOJIE-
Jeit 6e3 AeTanbHON accHMMIAIUHU ypoBHA. [[ma Tommumnas! mpaa (BL99) Hamu momydeHo
BIAS =-0,01 m # RMSE = 0,13 m. CpaBHeHHE MOJCTBHBIX JAHHBIX, PEACTABICHHBIX
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B pabore [37] u paborte [3], co cryTHHKOBEIME nTpoxykTamu CryoSat-2 u [CESat-2 moka3sl-
BaeT RMSE tommuuas! 112 B nuana3one 0,08—0,3 M, B 3aBHCHMOCTH OT peTHOHA U CE30HA.
Takum 00pa3om, HaIK OMMOKK HAXOAATCS HA HIDKHEH TPaHMIE OITyOJIMKOBAaHHBIX 3HAUe-
Hull. [{ng ckopoctu apeiida npaa Hamu momydero BIAS = 0,09 m/c 1 RMSE = 0,26 m/c.
B nureparype mist DydmInxX cXeM ¢ yTOUHEHHOW MapamMeTpH3alueii BETPOBOTO TPEHUS
ommbku RMSE Bapeupytotcs ot 0,05 no 0,07 m/c [9]. Takum oOpa3om, HalTH 3HAYCHUS
RMSE HecKonbKo BBIIIE JTy4IINX OMYOINKOBaHHBIX PE3YIIBTATOB.

3ak/oueHue

I[To uroram paboThl ObUIA peanu30BaHa CUCTEMA MPOTHO3a MOPCKOTO JIb/Ia, COCTOSIHHS
okeaHa 1 armocgeps! 1151 besoro Mopst. Pacyers! iupKysiiiy arMocgepsl BBITOIHSUTACH C HC-
niosib3oBanueM Moziesn WREF otnenbHo, a Mozienin ROMS n CICE 0buti 00beIMHEHBI B €IHYO
CHCTEMY JUISl BOCIIPOU3BEACHHS OKCAHWMUYECKHUX MapaMeTPOB U TMHAMUKHA MOPCKOTO JIbJa.

[TonydeHHble pe3ynbTaThl IOKa3aJd, YTO CUCTEMa BOCIPOM3BOAUT arMoc(hepHbIe
1 OKEaHUUYECKHUE TTapaMeTphl C Ka4eCTBOM, COTIIOCTABUMBIM C aHAJIOTUYHBIMH 3apyO0eKHBIMU
HCCIIEIOBAaHUSAMU. ATMOC(EPHBIE PACUEThI JIEMOHCTPHUPYIOT 00Jiee BHIPAKEHHOE XOJIOIHOE
CMelIeHNE NPU3EMHON TeMIeparypbl BO3/lyXa U NMPU3EMHOIl TeMIlepaTypbl TOYKH POCHI
110 CPABHEHUIO C pe3yabTaraMu Haja AHTapKTHKOH, onHako 3HaueHus RMSE naxonsrcs
Ha YpPOBHE WJIM HMXE OITyOJIMKOBaHHBIX OICHOK, & CKOPOCTh BETPA BOCIIPOU3BOIUTCS
C MEHBIIIEH CHCTEMAaTHIECKON OMOKOH, ueM Juisi AHTapKTUKH. Temrieparypa IoBEpXHOCTH
MOps1, COJICHOCTh Ha TIOBEPXHOCTH MOPS, YPOBEHb MODS M TOJIIIMHA JIbJIa BOCIPOM3BOISATCS
C MJIBIMH OIIMOKaMH, HAXO/SIIMHUCS Ha HIDKHEH MpaHuIle AUara3oHa oy OIMKOBaHHBIX
JnaHHbIX. OCHOBHBIM CJIa0BIM MECTOM CHCTEMBI SIBIISICTCS ONMCAHHE CKOPOCTH jpeida
JIbJIA, @ TAKKE OMUCAHUE TEMIEePaTyphl IIOBEPXHOCTH MOPsI, TOBEPXHOCTHON COJIEHOCTH
1 YPOBHS Ha TPaHUIIE JIel — OTKPBITasi Boja. BakKHBIM pe3ysIbTaToM padoThI CTalIO CpaB-
HEHHE JBYyX CXeM MapaMeTpHu3alliy TepMOAMHAMUKH Jbja. bonee npocras cxema BLY9
MoKazaja JIy4dlliue pe3y/ibTaThl U 0oliee CTa0MIbHYIO PadOTy M0 CPAaBHEHHUIO CO CXEMOMW
Mushy, TpeOytoieil BHICOKOTO pa3penieHust 1 OOJIBIIEro YKcia BEPTHKAIBHBIX YPOBHEH.
HecMmortpst Ha cucTeMaTHyecKyro IEPEOLIeHKy 0011ero oobemMa Jibaa, ncrosib3oBanue BLI9
oOecrieurBaeT Jydiliee cornacoBanue ¢ AanHbiMu ananuza GOFS 3.1.

Cpenu orpaHuueHui pabOTHI ClIETyeT OTMETUTh OTHOCHTEIBHO TPy00€e TOpU30HTaAIIb-
HOE pa3pelIeHne PACYETHBIX CETOK U OTCYTCTBHE aCCUMWIISILIMK JaHHBIX HAOMIONCHUH. DTH
(baxTOpBl BO MHOTOM OOBSICHSIIOT BBISIBJICHHBIE OIIMOKH, OCOOEGHHO B paifoHax mepexoza
JIeJl — OTKpBITask BOJIA, TJie AMHAMUYHOCTb IPAHUIIBI IPHBOJUT K CYIIECTBEHHBIM OTKIIOHE-
HUSIM B paclpeieieHN OKeaHNYECKUX XapakTepUCTHK. B nanbHeiIem npemonaraeM 3To
y4ecTb. [lepcrieKTHBBI JabHEHIIIET0 Pa3BUTHUS CBSA3aHbI C YBEINUCHHEM IIPOCTPAHCTBEHHOTO
paspelieHust Mojieneil, BHepeHneM Ooiee COBEPIICHHBIX CXeM MapaMeTpH3aliii, a TaKKe
HCTIONB30BAHMEM aCCUMMIISILIMU CITy THUKOBBIX JJAHHBIX 110 MOPCKOMY JIbJTy ¥ OKEQHUUECKUM
TOJISIM. DTO MO3BOJIUT, KaK MBI HaJIEEMCs1, TIOBBICUTH TOYHOCTH IIPOTHO3 Jipelidha Jibaa 1 okea-
HUYECKUX TeueHNi. OTMETUM M IPaKTHYECKYI0 3HAYMMOCTh PAabOThI, KOTOpas 3aKJII04aeTCst
B TOM, YTO CO3J[aHHAasl CHCTEMa IPOTHO3a MOKET OBITh MCIIOIB30BaHa JUIsl ONEPATHBHOTO
MIPOTHO32a COCTOsIHKS Bermoro Mopst, MOJUIEPKKH Cy/I0XOZICTBA M XO3SHCTBEHHON JIeSITeIIbHOCTH
B PETMOHE, a TAKXKE JUISl UCCIICA0BAHUS KIIMMAaTHYECKUX N3MEHEHHH B MOJISIPHBIX IIHPOTaX.
Kondgaukr nunrepecoB. KoHdukr HHTEpPEcOB OTCYTCTBYET.

(dunancupoBanue. VccnenoBanue BhIIONHEHO 03 (MHAHCOBOW MOIIEPXKKH B paMKax pabOTBI HaJl uccep-
Taruen.
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AuHoTauus. B paboTe npuBeieHb! pe3ybTaThl SKCIIEPUMEHTATbHBIX HCCIIEI0BAHHHA aHOMAIBHOTO PacIpocTpa-
HEHHS PaJIMOBOJIH CPEIHEBOIHOBOTO IHANa3oHa. bblio 00HapysKeHO, YTO B IHKTE H3ITyYEHHs 30HUPYIOIIEr0
CUTHAJIA PETHCTPHPOBAIUCH 9X0-CUTHAIIBI ¢ HEOOBIYHO OOMBIIMME BpeMeHaMu 3a1epykku 310324 mc. Pesynbratsl
HKCIIEPUMEHTOB MOXKHO 00BSACHUTD 3 )eKTOM M'MIAMPOBAHNS — IONa/[AHIEM PaIOBOJIHbI B BOIHOBOJHBIN KaHaJl,
OPUEHTHUPOBAHHBIH BJIOJIb CHJIOBOH JIMHUM MATHUTHOTO IOJS 3eMIIU. B TakoM KaHasie BOJIHA PAacpoCTpaHseTCs
B MarHUTOCOMPSDKEHHYO TOUKy B KOKHOM TOJTyIIapiy 1 BO3BpaIaeTcs 00paTHO B IYHKT M3JTY4CHHS, PO
93000 kM. BoimonueH ananu3 GpOHOBBIX Fe0(hH3UUECKUX YCIOBUM, 1 PACCMOTPEHBI MEXaHH3MbI ()OPMHPOBAHHUS
BOJIHOBOTO KaHAJIa B/I0JIb MATHUTHOI CHJI0BO#H TMHAM. D((EKT rHIMPOBaHKA MOKET HMETh IPUKIATHOE 3HAYCHHE
U1 pa3pabOTKH CPEZICTB HA3eMHOTO MOHUTOPHHTA APAMETPOB KOCMUYECKO OTO/IbI M PaJHONOKAIHOHHOTO
30HIMPOBAHHUS OKOJIO3EMHOTO KOCMUYECKOTO IPOCTPAHCTBA.
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Abstract. The paper presents experimental studies of anomalous propagation of medium radio waves. Radio echo
signals with unusually long delay times of 310-324 ms were recorded at the transmitter point of the sounding
signal. The experimental results can be explained by the guiding effect, when a radio wave penetrates into
a waveguide channel oriented along the Earth's magnetic field line. In this case, the radio wave propagates to
the magnetic conjugated point in the southern hemisphere and returns to the transmission point traveling a distance
of 93,000 km. The echo signals were recorded with the use of AARI-developed transmitting and receiving
measuring equipment that has a minimum radiation power of 1 kW, while in the previous LDE observation
experiments the radiation power was 5 and 17 kW. For the first time, echo signals that radiated from the Earth's
surface were recorded not at a single fixed frequency, but in a frequency band 0of 400 kHz, from 2.100 to 2.400 kHz.
The noise environment at frequencies below 2.100 kHz did not allow us to determine the lower boundary of the
channel. Analysis of the background geophysical conditions was performed. It was shown that the long delayed
echo (LDE) signals were observed under disturbed magnetic conditions (the planetary magnetic index Kp=4") in
evening hours. The echo signal frequencies exceeded the critical frequencies of the ionosphere at the transmitter
point and were less than the critical frequencies at the magnetically conjugate point. A distinctive feature seen
from the CADI ionograms was the presence of the F3S layer, which is the main signature of the development of
a subauroral polarization stream (SPS) near the station's zenith. Swarm satellite observations revealed that the
Gorkovskaya observatory was located at the bottom of the main ionospheric trough (MIT), near its equatorial
boundary. The projection of the plasmapause was also located at the MIT bottom, between its polar boundary
and Gorkovskaya. Plausible mechanisms for the creation of a waveguide along the magnetic field line were
considered. The guiding effect may find practical significance in the development of means and methods for
ground-based monitoring of space weather parameters, as well as radar sounding of the near-Earth space.
Keywords: medium radio-waves, long-delay echoes, ionosphere, magnetosphere, plasmapause, main ionospheric
trough, geomagnetic disturbances, magnetic field line, magnetic conjugated point
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BBenenue

IIpu pacnpocTpaneHun pagroBOIH cpenHeBoIHOBOTO (CB) M KOPOTKOBOIHOBO-
ro (KB) nuama3oHOB 10CTAaTOYHO peaKo HabmomaeTes 3pGEeKT paanoixa, Korua B MyHKTe
M3JIy4eHHs] PErHCTPUPYETCS COOCTBEHHBINM CHIHAJ ¢ HEOOBIYHO OOJBLIMMHU BpeMEHaMHU
3aJIep>KKU OT COTEH MHJUTUCEKYH] 10 eauHuLl ceKyHa [1]. C nonoOHbIM sSBIEHHEM CTaj-
KMBAJIMCh HE TOJBKO MCCIEIOBATEIN U CIIELUATIUCTHI, SKCIUTyaTHPYIOLIUE pa3IndHbIe
CHCTEMBI CBSI3U, HO U paauonoourenu. Hanpumep, [1. Maprunec npuBoIUT pe3ysabrarsl
CBOMX MHOTOJIETHUX HAOJIOIECHUI X0O-CUTHAJIOB ¢ OOJBLIMMH BPEMEHAMHU 3aJIePKKH Ha
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TEPPUTOPUHN BenmnkoOpUTaHNH U NIeNTaeT MOMBITKY 00bSICHEHHS JAaHHOTO SIBJICHUS 32 CUET
BO3ICUCTBYS TPaBUTAMOHHOTO 1o JIyHEI [2].

3aepKKH SXO-CUTHAIOB B COTHH MIJUTHCEKYHII MOTYT OBITh OOYCIOBIIEHBI KPYTO-
CBETHBIM PacIipOCTpaHEHHEM PAHOBOJH, OTPAKEHHEM OT KOCMHYIECKIX OOBEKTOB MITH Mar-
HUTOC(EPHBIM PacIpOCTPaHEHUEM B0 MATHUTHBIX CHIIOBBIX JIMHUH. [IpH KpyrocBeTHOM
pacTpoCTpaHEHUH CHUTHAJIOB JOJDKEH MPOM3OUTH 3aXBaT PAIHOBONHBEI B KaHAT HOHOC]E-
pa — 3emis. B Takom kaHae paapoBOHA MOXKET OOOTHYTH 3eMHOM IIap U BO3BPATUTHCS
B IYHKT H3y4eHus. [Ipr 5TOM BONHA MOXKET COBEPIIUTH HE OIMH 000POT BOKPYT 3eMITH,
1 9XO-CUTHAJ OyAeT HaOomaThCsk HeCKONBKO pa3. [Ipu momoOHOM paciipoCTpaHEeHHH XO-
CHTHAJIBI UMEIOT MTOCTOSHHYIO 3a/Iep)KKy, a B CITydae JIBYX HITH TPEX BHTKOB 3afepiKKa OymeT
KpaTtHOii. Bpemst ornbanus 3eMHOTO m1apa BecbMa cTabmiIbHO U cocTaBmseT 136—-139 mc [1].

[Tpu MarHUTOC(EPHOM PACTIPOCTPAHCHHH PATUOBOINIHA, MIPOHAS HOHOChEpY, Mpo-
HUKAeT B MarHUTOC(epy U KaHATH3UPYETCS BIOJIb MATHUTHBIX CHIIOBBIX JTHHAN 3EMITH.
JlaHHOE sIBIEHUE TOTYYHIIO Ha3BaHWE THANPOBAHHE — BOJHOBOIHOE PACIPOCTPAHEHUE
AIIEKTPOMATHUTHBIX BOJH BIOJb CHJIOBBIX JIMHUH MAarHUTHOTO IONIA. DXO ¢ OONBIITUME
3a/Iep)KKaMH PETUCTPHUPYETCS MPH TONMAJaHAN PaJIdOCUTHAJA B TUIA3MEHHBIC HEOIHO-
POIHOCTH, UTPAIOIIHE POJH BOJHOBOAOB. B TakoM BOJTHOBOIE CHTHAJ PacIIpOCTPAHICTCS
JI0O MATHUTOCOTIPSHDKEHHON TOYKH, OTPaKaeTCs OT BHENTHEW HOHOC(HEPHI i BO3BPAIIACTCS
obpatHo. K 1107100HOMY BOTHOBOAY MO’KHO OTHECTH KPYITHOMACIITa0HBIE HEOTHOPOIHO-
CTH C TIOHM)KCHHOW WIJIM TIOBBIIIEHHOH 3JEKTPOHHOW KOHIIEHTpAIe B MarHutochepe,
KOTOpBIE 00pa3yIOTCs BIOIb CHIOBBIX JIMHUM MarHUTHOTO TOJIA. Pa3ndHbIe SKCTIEPUMEHTEHI
110 MICCIICIOBAHUIO AaHOMAJBHBIX MEXaHHU3MOB PACIPOCTPAHCHHS CPEIHUX M KOPOTKUX
BOJTH TIOKa3aJIl BOBMOYKHOCTh TIOOOHOTO MeXaHu3Ma pacrpoctpaHenus [3—5]. Haubo-
Jiee 9acTO 3XO-CHTHAIIBI OT BOJH, PACIIPOCTPAHSIONINXCS B MarHUTOC(EPHBIX KaHAIAX
(makrax), peruCTpUpPOBAINCH B nuarma3oHe 4acTtoT 1,8-3 MI'I, a B HEKOTOPHIX CITydasx
WHKEKIHS PaTUOBONH B MATHUTOC(EPY U UX JalbHEHIIee pacpocTpaHeHe HaOII0aIuch
naxke B nuamazoHe 9—12 MI'n [6]. [lomaganue paauoBOIH CPEAHEBOIHOBOTO IHAITa30HA
B BOJTHOBOIHBIN KaHAJ MEXKTy MarHUTOCOIPSHKCHHBIMU TOYKAMHU PETUCTPUPOBAIIOCE U T10
JMAHHBIM CITyTHHKOBBIX HaOmoneHui. [1o pe3ymsraTaM 30HIUPOBAHUS HOHOC(HEPHI CBEPXY
Ha UC3 «AJIYOTT» moka3aHo, 4TO 30HAUPYIOIINE CHTHAIBI, YacTOTOH MeHee 4 MIm,
MOTJIA IPOHUKHYTH B Y3KUE JaKThI, OPDHEHTUPOBAHHBIC BIOJIh MATHUTHBIX CHJIOBBIX JIMHUH,
1 pacTpOCTPAHITHCS B MATHUTOCOTIPSDKECHHYTO TOUKY MPOTHUBOIOIOKHOTO TOyIapus [7].
DX0-CUTHAIBI HAOMIOAaNNCh Ha L-000JI09Kax cO 3HaYCHHEM MeHee 4 U BPeMEHHBIMU
3amepxkamu 10 500 Mc. ABTOpaMu OBLTO MOKA3aHO, YTO HAaHOOIIee YaCTO IXO-CHUTHAIIBI
perucTprupoBaNrch Ha 9actotax 10 2 MI'm. [Ipu 3TOM HY>KHO OTMETHTb, YTO TTOJOOHBII
MEXaHU3M pacIpOCTPAHEHUS HAOMIONAeTCs KpaifHe PeIKo M COCTABISCT SOMHUIIBI TIPO-
LIEHTOB OT BCETO BPEMEHHU MPOBEICHHS SKCIIEpUMEHTOB. Hampumep, B X0/1€ BBITIOTHEHHS
HccenoBaHuil o runupoBanuio Ha HarpeBHoM cteHne EISCAT/Heating He ynamock
MTOJYYHTH TTOJIOKHUTENEHOTO pe3ynbTara [8]. HarpeBHoi cTeH HCIomb30BalIcs B KA9eCTBE
paanonokannoHHoi KB-cranmmm, kotopast pabortana Ha gactoTax 4,9; 5,4 u 7,9 MI'm.
D¢ dexTuBHAS MOITHOCTH M3TydeHUs goxoamia g0 1200 MBT.

Lenpro JaHHOM PaOOTHI ABIIIOCH SKCIIEPUMEHTATIBHOE MCCIIeIoBAaHNE dY(PeKTa THIH-
pOBaHUS PaTHOBOIH CPETHEBOIHOBOTO ¥ KOPOTKOBOJTHOBOTO THAMTA30HOB. 30HAUPYIOIINE
CUTHAJIBI TIONA/Iajli B BOJIHOBOJHBIA KaHAJI, OPUCHTUPOBAHHBIN BIOJb CHJIOBBIX JIHHUN
MarHATHOTO TIOJS 3eMITH, PacIpOCTPAHsUTUCh B MAaTHUTOCOIPSDKEHHYIO TOUKY, HAXOs-
mrytocs B FOkHOM monymapuu, oTpakainch OT BHEIIHEH HOHOC(epsl W BO3BPAIIAIICh
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00paTHO B IyHKT U3JIy4eHHs. B craTbe MPUBOAMTCS KpaTKoe OMUcaHHe 00OpyIOBaHUS,
Pa3paboOTaHHOTO JUTS POBEACHHMS UCCIIEIOBAHNUI, H Pe3YIBTAaThl PErUCTPALUH X0-CUTHA-
10B. OCHOBHOE BHIMaHHE yAETSACTCS aHATN3Y (POHOBBIX T€O(PU3NIECKUX YCIOBHU, HE0O-
XOAUMBIX JUIsL PETUCTPALINH 3X0-CUTHAJIOB, H BO3MOYKHBIX MEXaHH3MOB PaclpOCTPaHEeHUS
PaZMOBOJIH BJIOJIb MATHUTHOM CHIJIOBOW JIMHHHU.

Onucanue 3KCNEPUMEHTA U HCIOJIb3YeMOi annaparypbl

DKCIEPUMEHTHI 110 THAMPOBAHHIO PAIMOBOJIH BBIMOJIHSIIMCH HA HAYYHO-HCCIIEI0BA-
tenbekolt crannuu (HUC) «TopsroBckas» B suBape 2024 u 2025 rr. HUC «I'opbkoBckas
pacnonoxeHa B Jlenunrpajckoit obiactu, ceepuee Cankr-IlerepOypra (60,27° c. 1.,
29,38° B. 1.). CraHuus npeHa3HaueHa JUIsl IPOBEACHUS KPYNIOCYTOUHOIO MOHUTOPUHTA
napameTpoB HOHOC(EPHI U YCIOBUI pacpoCcTpaHeHus! paroBoiH. [lomumo 3Toro, Ha cTaH-
IIUY BBITIOJIHSIFOTCS UCCIICAOBAHUS 110 AUCTAHIIMOHHOM JUarHOCTHKE 3(h(EeKTOB aKTUBHBIX
BO3/ICHCTBUI MOIITHOTO PaIMOU3ITyYCHHUS] HATPEBHBIX CTCHI0B Ha HOHOC(HEPHYIO TIIa3My.

DKCIEPUMEHTBHI BHINOJIHSINCH B BEYEPHUE M HOYHBIC Yachl. DTO 00YCIIOBICHO TEM,
410 3(phexT ruaMpoBaHUs PaMOBOIIH C MOCIEAYIONIEH perucTpannei 3X0-CUrHaIoB BO3-
MOXKEH MIPU COBIIAJACHHUH Psiia YCIOBHH, KOTOPBIE 00ECIICUNBAIOT IPOXOXKICHUE 30HUPY-
IOIIEro CUTHAJIA 32 Mpeesbl HOHOC(HEephl B TOUKE M3IYyUYCHUS H €r0 OTPayKCHUE B MarHU-
toconpspkenHoi Touke (MCT) [4]:

— KpuTHUecKkas yactora B myHKTe nznydenusi — HUC «lopbkoBckas» (foF2
JOJKHA OBITH HMKE, YEM B MAarHUTOCOINPSKEHHOH Touke (fof2,, )

JoF2, <foF2, . ; (1)
— YacTOTa 30HAMPYIOIIUX CHIHAJIOB f$S JOJDKHA COOTBETCTBOBATH YCIIOBHUIO

JoF2 . <fss<foF2 .. . (2)

Jliist obecrieuenust yenouii (1) u (2) HEOOXOMUMO BBIIOTHEHHE SKCIICPUMEHTOB B 3UM-
Huit nepuon 11 Ceseproro nonymapust (HVC «'opbkoBckas»), 4To OyZieT COOTBETCTBOBAT
aeTHeMy niepriony B KOxxHOM momymraprn. Ananus noseaenus foF2 na HUC «l'opbkoBckas»
n MCT mnoka3zaii, 4To JaHHOE YCJIOBHE PEalIU3yeTcs B IIEPHOA ¢ HOSIOps IO (heBpasb.

3HaueHUEe KPUTUYECKOH 4acTOThI cos F2 U Hanu4ue Cropagudeckoro ciost £s Ha
HUC «I'oppkoBcKasy ONpeAessuioch 1Mo JaHHBIM BEPTHKAJILHOTO 30HaupoBanus (B3)
HOHOC]EpBI, KOTOPOE MPOBOAMIIOCH KaXkable 15 MuHyT. Ha cTaHumm ycTaHOBIEH HOHO30H/
CADI, xoTOpHIii BRITIOTHSIET CETCBBIC HAONIOICHUS MapaMeTpoB HOHOCPEpHI [9].

3HaueHue kpuruueckux 4acToT B MCT oLeHuBanocs no JaHHBIM, IPECTABIEHHBIM
Ha caiite aBcTpanuiickoro LleHTpa mporHo3upoBaHusi KOCMUYECKOH moross! https://www.
sws.bom.gov.au. MojiesbHBIC pacyeThl CPAaBHUBAINCH C PE3YJIbTaTaMH BEPTUKAIBHOTO
30HMPOBAHMS OJIVKANWIIEr0 K MarHUTOCOTIPSDKEHHON TOYKE HOHO30H/1a, PACTIONOKEHHOTO
Ha craHiuu MoycoH (AHTapkTia). THOrpaMMbl BEpTHKAILHOTO 30HIMPOBAHNUS CTAHIN
MoycoH TOCTyNHBI B peajlbHOM BPEMEHHU Ha TOM XK€ CauTe.

OCHOBHO¥ 3a/1a4ell SKCIIEPUMEHTOB SIBJISIOCH U3ITy4EeHHE AUarHOCTUYECKOTrO CUTHaIa
u nouck ero sxa. Jlist pacuera nonoxxernss MCT, Homepa L-00051049KH, TPOTSHKEHHOCTH
paanoTpacchl BAOJIb MAarHUTHON CUJIOBOW JIMHUH, a CIEI0BATEIbHO, U 3aJIePKKU PaIuO-
9Xa 30HAMPYIOLIEr0 CUrHaJa UCHoab30Bajcs nmporpaMMuslii naker GEOPACK T-89 [10].
Jnst yaera MarHuTOoCepHON aKTUBHOCTH B MOJICJIN ITPUMEHsIETCsl Kp-WH/IEKC MarHiTHOH
aKTHUBHOCTH. L-o6omouka (mapamerp Mak-MiBeliHa) XxapakTepHusyeT TeoLeHTPHYECKOe
PAacCTOsHUE JI0 BEPIIMHLI MArHMTHON CHJIOBOM JIMHMM B paauycax 3emin (R,).

GRK- )

GRK
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Puc. 1. I'eomerpus nposenenus skcnepumenta. (a) [Homoxenue obcepsaropun AAHUN HUC
«l'opekoBckas (I'PK), marauroconpspkenHoi Toukn (MCT) 1 mpoeKuuu TpaeKTOpHH PacTipoCTpaHe-
HMS PaJIMOBOJIHBI HA TOBEPXHOCTH 3eMJIH; (6) FeOMETPHS paCIpOCTPAHEHNUsI 30HIUPYIOIIEr0 CUrHAJIA
BIOJIb MarHUTHOM cuioBoit smuun 1t HUC «lopekoBckas» npu 3HadeHuu Kp = 3-5

Fig. 1. The geometry of experiments. The location of the AARI “Gorkovskaya” observatory (GRK),
the magnetically conjugate point (MCP) and the projection of the trajectory of radio waves to the
Earth’s surface (a); the propagation trajectory of the sounding signal from GRK to MCP and back
along the magnetic field line for Kp = 3-5 (6)

Ha puc. 1 npuBeneHs! pacueTHbIe 3HAYEHHsI KOOPAMHAT MATHUTOCOIPSKEHHOH TOUKN
n 3HaueHue L-o0onoukn B panuycax 3emun pu Kp = 3-5. [Monoxxenne MCT naxonurest
B paiione 51° 1o. m. u 53° B. 1., 3Ha4eHUe L-000m0ukn cocraBisier 3,4-3,5. PacuetHoe
paccTosiHuE 10 MarHUTOCOIPSHKEHHOM TOYKM M 00paTHO BOJb CHUIIOBOH JIMHUU COCTaB-
nseT 94546-96712 kM, BpeMs 3aJI€p>KKH 9X0-CUTHAJIOB JIOJDKHO HAXOJIUTHCS B IMara30He
315-322 mc. Takke cxeMaTHUECKH MOKa3aHO (CM. pHc. 1) MoIoKeHHE IIa3MoIiay3bl —
BEpXHEH IpaHMIIbl XOJOIHON IJIa3MEHHOM 000J0YKM 3eMITH, KOTOpasi XapaKTepu3yeTcs
PE3KHMM CIaJIoM KOHIEHTpauuu miasmMel. O6nacte BeicoT atMocdepst ot 1000 kM 110
TU1a3Monay3bl Ha3bIBaeTcs miasMocdepoil. CHIOBbIC TMHUHM T€OMAarHUTHOTO OIS B T1J1a3-
Mocdepe 3aMKHYTHI U IPAKTHYECKH TUITOIbHBL. BBICOTHBIE MON0XKEHHST HHKHEH TPaHUIIBI
Tu1a3Monay3bl ¥ (popMma IJIa3Moray3bl 3aBUCST OT re0(pHU3NIECKUX YCIOBHUI.

JI1s1 moucka 3xo-CUrHajla aBTOKOPPEJISILIMOHHBIM METOOM U €ro OJHO3HAuYHOM
HUACHTH(UKAINY B Ka9€CTBE 30HIUPYIOIIEI0 CUTHAJIA MCIIONb30BaJIach MSTHUMITYIIbCHAS
aMILTUTYAHAs TOCNEN0BaTeNbHOCTh bapkepa. JIIUTeNnbHOCT UMITYIbCOB IOCIEA0BATENb-
HOCTH BBIOMpANach U3 yCJIOBHs 0€30TKa3HOW pabOTHI NMEIOMINXCS B HAIMYUH TPAaHCUBEPA
U YCWINTEIsl MOIIHOCTU. B skcnepumente ucnoms3osancs tpancusep IC-718 u ycunu-
tenb PW-1 ¢upmer [COM. OnbIT BX 9KCIUTyaTaluy I1oKas3ail, 9To 000pyI0BaHHE MOXKET
CTaOMIILHO PaboTaTh C UMITYJIbCAMH JUTHTENLHOCTBI0 He MeHee 30 mc. Takum oOpaszom,
JUTUTEILHOCTD 30HIMPYIOLIEH MOCIIeA0BaTeIbHOCTH cocTaBisia 150 mc. 3onaupyomuit
CHUTHAJ TepeaaBaiics Kaxaple 4 ¢. Yeunurens PW-1 obecrieunBai BBIXOAHYIO MOIITHOCTB
curHana ot 500 go 1300 BT B 3aBUCUMOCTH OT YaCTOTBI U3JIyUEHHUSL.
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Puc. 2. Aurenno-duaepHas cuctema Komiuiekca 3ouauposanus. [lepenatommast (a) u npuemHast (6)
AQHTEHHBI: / — Ma4TOBOE yCTPOICTBO, 2 — OTTSIKKA, 3 — aHTCHHOE MOJIOTHO, 4 — OTTATUBAOLIAs
0110pa, 5 — oropa ¢ CONIaCOBAHHON Harpy3Koi

Fig. 2. Antenna and feedline of the remote sensing sounder complex. @) Transmitting antenna and
6) receiving antenna: / — radio mast, 2 — guy wire, 3 — antenna curtain, 4 — guy anchor, 5 —
support with balanced/unbalanced device

B skcnepumeHTe uCHonb30Bajach Mepefarolias aHTEHHA, KOTopas MpeAcTaB-
JsieT co00# IHMPOKOTIOIOCHOE «AENbTa-IIOJIOTHO» ¢ PabouyuM JHarma3oHoOM 4YacToT
1-16 MI'n (puc. 2a). AHTEHHOE TIOJIOTHO COCTOMT M3 JIByX HAKIOHHBIX M JBYX T'OpH-
30HTAJIBHBIX BHOPAaTOPOB, KOTOPBIE KpemsiTcs Ha Madre BeicoToi 33 M [11]. Bepxuue
YacTH JBYyX HAKJIOHHBIX BUOPATOPOB MOJKIIOYAIOTCS K COTlIacoBaHHOI Harpyske 600 Om.
HwxHre 9acTi HaKIIOHHBIX BUOPATOPOB COSTUHSIOTCS ¢ KOHIIAMH BHOPAaTOPOB TOPH30H-
TAJIBHBIX YacTeH MOJIOTHA. BTOphIe KOHIIBI TOPU30HTAIBHBIX BHOPATOPOB TOIKITIOYAIOTCS
K COTIacyoIIeMy BBICOKOUYACTOTHOMY TpaHCc(OpMaTopy, BEINOIHSIONIEMY COITIaCOBAHHE
CUMMETPUYHOIO TPAKTa C BOJHOBBIM compoTuBieHreM 600 OM ¢ HECUMMETPUYHBIM
TpakToM (HJICPHON JIMHUK C BOJHOBBIM comporuBienueM 50 Om. B antenne obGecre-
YHMBACTCs OJIHOHAINPABICHHOE M3JIyYCHHE, AUarpaMMa HallpaBICHHOCTH OpPUEHTHPOBAHA
BEPTUKAJIBHO BBEPX OTHOCUTENIBHO MOBEPXHOCTH 3E€MIIN.

[Ipuem 30HAMPYIOMMX CUTHAJIOB OCylecTBIsICS npu nomouu KB npuemHoro
KOMIIEKCa, TPEJICTABIISIONIETO COO0I aHaIM3aTop CIIEKTPa AEKaMeTPOBOTO JIMana3oHa Ha
6aze npuemuuka [C-R75 [12]. [lannoe obopyaoBaHue NpeIHa3HAYCHO JUIs PETHCTPAN
curHanoB KB HarpeBHBIX CTE€HI0B U y3KOIOJIOCHOTO MCKYCCTBEHHOTO PaJUOU3IyUCHHUS
noHocdepsl BO BpeMsl SKCIIEPUMEHTOB 10 aKTHBHBIM BO3JICHCTBUSIM Ha MOHOC(HEPHYIO
riazmy. st ICHoTb30BaHMsI €ro B AKCIIEPUMEHTAX 10 THIMPOBAHUIO OBIJIO pa3padoTaHo
nporpamMmuoe obdecnieuenne (I10), mo3Bomsiomee perncTpupoBarb, BU3yaIHn3UpPOBaATh,
MPOBOJIUTH KOPPEISLMOHHBIH U CHEKTPaIbHbIA aHaJIN3 MOCIEA0BATEILHOCTH PaJINONM-
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nyascoB. lllupuHa 1mosocel aHanu3a NpUHUMAEMbIX CUTHAJIOB coctasisuia 250 ' u 3a-
JlaBajach MOJIOCOBBIM (DMIIBTPOM Ha NPOMEXYTOUHOH yacTtore. Perncrpanus cUrHaioB
BEITIONTHSIACH B OWHAPHBIN (paiin 1y JambHEHIIEero aHaIn3a.

[TpueM cUrHAIOB BBINOIHAJICS Ha BEPTUKAIBHYIO POMOMUYECKYIO aHTEHHY C JITMHON
omHO# cTopoHBI 50,4 M U BBEICOTOH IEHTpalbHONW MadTHl 42 M (CM. puc. 26). AHTCHHA
HarpykeHa Ha compotusieHrne 600 Owm, 3akperuieHHoe Ha MauTe. [ cornmacoBaHMs
AQHTEHHBI ¢ HeCUMMETpU4YHOH uHUeH 50 OM HCIOIB3YeTCs] CHMMETPUPYIOIINN TpaHC-
(opmarop, 3aKpeIUICHHBIN 110 Ma4TOH. AHTEHHA 00ECIeunBacT MPUEM WIIN U3ITydeHHE
30HJUPYIOLIMX CUTHAJIOB B YaCTOTHOM Juana3one ot 1 go 5 MI'm.

Jlist cuHXpOoHM3aMK padoThl pajuoepeaTinka 1 IpueMHIKa OblIIo pa3paboTaHo
COOTBETCTBYIOIIEE MPOTPAMMHOE 00ECIIeUeHHE, TO3BOJIIONIEE IPOBOANTH CKAHUPOBAHHE
BBIOPAHHOTO YAaCTOTHOTO JAWAIa30Ha C 33JaHHBIM YHCJIOM HMOBTOPEHHUH 30HANPYIOIINX
nocaenoBarensHocTed. [10 Gopmupyer ceTKy M3IIydeHHs 110 BPEMEHH M 9acTOTE, CHH-
XPOHU3UPYET MEepEeCcCTPOrKy Iepearanka U IpueMHUKa. TakuM o0pa3om, 1o (yHKIHO-
HaJIbHOMY HCIIOJTHEHHIO KOMIIEKC 000PYyI0BaHNS HAIIOMHHAJI HOHO30H, C TEM OTIINUYHEM,
YTO OKMIAEMBIE 33JCPKKH OTPAKECHHBIX MMITYICOB COCTABIIIOT HE MUKPOCEKYH/IBI,
a COTHM MMJUIUCEKYH]I.

Pe3y.]'ll>TaTLI IKCIIEPUMEHTA

Bcero Obu10 BhINONHEHO 19 cepuii akcriepuMeHTOB. [IJTUTENBHOCTh KOXKI0H cepun
cocransia ot 4 10 10 yacoB. DKcIepUMEHTHI TPOBOAUINCH MPU CIIOKOIHBIX T€OMarHuT-
HBIX YCJIOBHSX 3a MckitodeHueM 15, 16 u 20 stuBapst 2025 r., xorna HaOMOgaUCh Mar-
HUTHBIE BO3MYILEHUs. [Ipy CIIOKOMHBIX YCIOBHSIX MaKCUMaJIbHOE 3HaueHue Kp-uHaeKca
COCTaBJISLIO OT 1— 70 3+ mpu cyMMapHOM 3Hau€HUU 3a CyTKU XKp oT 8— no 16. B Bo3-
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45 == JoF2ygp it

— s rovrafll M0 MO----- [, .

4 L
35 somrn|Ul M0 [OT----- M, .
3 rr'_r J'HJ I
2,5 F

e : sl M00 MO0 ----- M, -

21T
L5 1,8 MI'y M0 M0 mf----- 11111
17:44 17:48 17:52 17:56  18:00 1 2 3 7

Bpemsa UT Homep UMIyiIbCHO# 10 CIIe10BaTEIFHOCTH

Puc. 3. Xon kputndeckux gactot F2-cnos nonocdepst Ha HUC «loperoBekam» (foF2 ., ) B Mar-
HUTOCOTIPSKEHHOM TouKe (foF2,, ) (M. puc. 1), a TakKe M3MEHEHHE YaCTOTHI 30H/UPYIOIIETO CHT-

Hauna (fss) 20 ssaBaps 2025 . ¢ 17:44 o 18:10 UT (a). [lepuonorpamma 30HIUpyIoIiero curxaana (6)

Fig. 3. Behavior of the critical frequencies of the ionospheric F2 layer at the Gorkovskaya
observatory (foF2 ) and at the magnetically conjugate point (foF2,..) (see Fig. 1), as well as

the frequency changes of the sounding signal (fss) on January 20, 2025 from 17:44 to 18:10 UT (a).
The periodogram of the sounding signal (6)
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MYIIEeHHBIC TIepUOABI 3HaueHne Kp ~ 4, mpu LKp = 22-27—. Haubomnee BO3MyIICHHBIC
ycnoBust Habmronanuck 20 siaBaps 2025 r. MakcuManbHO 3HaYeHHE Kp-nHIEKca 3a CYyTKH
cocTaBisuio 4+, npu XKp = 27—

DX0-CcUTHAITHI ¢ 3anepxKoit 310-324 Mc ObIIH 3aperuCTPpUPOBAaHEI TONBKO 20 sHBaps
2025 . B mepuon ¢ 17:45 mo 18:00 UT. B manubIi nepron HaOMOAIHCh BO3MYIIICHHBIC
MarHUTHbIE YCIIOBHS, 3HaUeHNE Kp-MHAEKca COCTABISUIO 4+, KpUTHUYECKast 4acToTa F2-ciost
Ha HUC «TopbkoBckas» coctapisuia 2,1 MI'n, Es-cnoii orcyrcrBoBai. M3myuenue 30H-
JIUPYIOLMX CUTHAJIOB BBINOJHSIOCH B Auanaszone 1,8-3,5 MI'u, ¢ marom 100 xI'n. Ha
K)XII0H 4acToTe M3IIy4yanoch 7 UMITYJIBCHBIX MOCIIEOBATEIFHOCTEH ¢ MHTEPBAJIOM 4 C.
MouHocTts nznyuyenus coctasisiia 1 kBT Ha puc. 3a npuBeaeH xoa KpUTUUECKUX YacTOT
Ha HUC «l'oppKOBCKas» 1 B MAaTHUTOCOTIPSHKCHHOM TOUKE, @ TAKKE YaCTOTHI 30HIUPYOLINX
CHUTHAJIOB B IaHHBIHN nepuos. Ha puc. 36 nokaszana neprogorpaMmMa U3Iyd4acMbIX CUTHAJIOB.

Ha puc. 4 npencraBieHbl OCHUIUIONPAaMMBI AMIUTUTY/IHO JETEKTHPOBAHHBIX 30H -
PYIOIIMX CUTHANOB, 3apeructpupoBanHbix B 17:46 UT 20 suBaps 2025 r. [Ipumep no-
CJIEIOBATEIBHOCTH JHArHOCTUYECKNX CHTHAJIOB C PErHCTpalnei 5Xa MpHUBEACH Ha PHC.
4a. TlockonpKy 30HIUpPYIONIMI curHai (cM. puc. 4a, o6o3HaueH «3C») mpencrapiseT
co0O¥ MATHUMITYIBCHYTO TTocTenoBaTensHOCTh bapkepa (1 1 1 0 1), Ha ocrmmorpamme
OH BBIIIITUT KaK JBA MUMITYJIbCa, PA3/ICJICHHBIX Tay30i. M TeIbHOCTh IEPBOTO MMITYIIbCa
cocrasnsier 90 Mc, mTUTENBEHOCTH BTOPOro — 30 MC, JUIMTENBHOCTH Tay3bl MEXILY UM-
mynscaMu Takke 30 Mc. 30HIUPYIOMNE HMITYIIBCHI PAcIioaraloTCsl Ha HyJIeBOH CeKyHe
ocuuiorpamMel. ITpu yacrore nznyuyenus 2,2 MI'n Ha 310-i1 Mc nociie Hayasia 30HAUPO-
BaHMs OBLT 3aperucTpupoBan 3xo-curHal (long delay echo — LDE), xoTopsrit nmMeeT Takue
K€ BPEMEHHBIC XapaKTEPUCTUKH, KaK M M3IyYECHHBIH CUTHAJ, HO MEHBIIYIO aMIUTUTY/LY.

Ha puc. 40 npuBeneHbl 3aperucTpUpPOBaHHBIC CUTHAIIBI ITOCIIE aMIUTUTY/IHOTO Jie-
TEKTHPOBAHUS B KOOPJMHATAX TEPHOJ 30HIMPOBAHNS — BPEMsI — HHTEHCHBHOCTh. Ha
HYJICBOI CEKyHJE pacliojlaracTcsi 30HAUPYIOMNH CUTHaI. VI3MEHEHNE 4acTOThl H3ITyde-
HUS MOKa3aHo Ha puc. 46. [lepsblil uuki 3oHaupoBanus Hadaiucs B 17:44:00 UT, yacto-
Ta cocraBmsia 1800 xk['m. Ha manHOI yacToTe OBLIO BBITIOJHEHO CEMb 30HIUPOBAHUI
¢ nepuogoM 4 c. Uepesz 28 ¢ yactora msnydenus nepecrpownack Ha 100 kI'n u crana
coctaBiaTh 1900 k['11. Ha maHHOI 9acToTE Takke OBLIO BBITIONHEHO CEMb 30HIUPOBAHHNA
¢ uHTEpBaIOM B 4 c. TaknuMm 00pa3zoM, mepecTpoiika 4acTOThl H3IyUEHHS OCYIIECTBIIIAch
kaxzable 28 ¢ 1o 17:52:00 UT, noka yacToTa He IOCTUIVIA BEPXHETO Ipeieaa 30HIMpOoBa-
Hus 3500 kI'u. C 17:52:25 uuki 3ouaupoBanust nosropuiics ¢ yactotsl 1800 kI'n. Beero
OBLTO BRITIONTHEHO TPH IUKJIa 30HIUpoBaHus ¢ 17:44 mo 18:09 UT. [Toka3ansr (cM. puc. 4)
TOJIBKO TIEPBBIC J[BA IIUKJIA, B KOTOPBIX HAOTIOAAINCH 3XO-CHTHAJIBI.

DX0-CHTHAJIBI B TIEPBOM ITHKJIC 30HANPOBAHMUS cTaym Habmonarees ¢ 17:45:25 UT. Ha
yactore u3nydeHus 2,1 MI 11 ObIH 3aperucTpIpPOBAHBI 9X0-CHTHAJIB B 5 30HANPYIOIINX MOCIe-
noBarenbHOCTX 13 7. Ha gactorax 2,2 u 2,3 MI'11 66110 3apeTHCTPHUPOBAHO 10 6 3XO-CHTHAIOB.

Bo Bropom nukiie 3ouaupoBanus ¢ 17:52:25 no 18:00:50 3x0-curHaisl perucTpupo-
BaJIUCh B 4YacTOTHOM nauanazone 2,1-2,4 MI'u. Ha yactore 2,1 MI'j 3apeructprupoBaHo
6 3xo-curHanoB, Ha yactore 2,2 MI'm — 7, ma wactore 2,3 MI'm — 6 nu na 2,4 MI'n —
2 sxo-cUTHana. B TpeTbem IUKIIE 5X0-CHUTHAJBI HE PErHCTPUPOBAINCH, TIOATOMY OHH HE
pUBOIATCS (CM. pHC. 4).

B nmanazoune ot 1,8 1o 2,1 MI'y peructpupoBaiuch CUrHAbI pa3IU4HbIX HCTOYHU-
KOB M3JTyYCHUS, YTO MPOSBUIIOCH B BBICOKOM YPOBHE IITyMOB, I0O3TOMY HEJb3s OTHO3HAYHO
OTIPEACITNTh HAJIMYHE 9XO-CUTHAJIOB HA 3THX YacTOTAaXx.
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Puc. 4. IHTEeHCHBHOCTH 3apeTUCTPUPOBAHHBIX CHTHAJIOB M 3HAYE€HHE YaCTOTHI 30HIupoBanus 20 sH-
Bapst 2025 . ¢ 17:44 no 18:00 UT. (@) OcmuutorpaMma 3aperuCTpUPOBAHHBIX CHTHAIOB HA YaCTOTE
2,2 MI'n. (6) 3aperucTpupoBaHHBIC CHTHAIIBI B KOOPJIMHATAX MEPHO]] 30HIUPOBAHUS — BPEMS —
HWHTEHCUBHOCTE. (6) YacToTa HM3IydeHNs 30HUPYIOIEro CUrHaIa

Fig. 4. The intensity of the recorded signals and the frequency changes of the sounding signal
on January 20, 2025 from 17:44 to 18:00 UT. (a) Oscillogram of received signal at frequency of
2,2 MHz. (0) Intensities of the received signals depending on the delay time and time of observations.
(8) The frequency of the sounding signal

U3 puc. 4 BUAHO, YTO HA BCEX YACTOTAX PETUCTPUPOBAJICS IXO-CHTHAII C 3aICPIKKOI
95 mc. B Harmieii paboTe mpupojia JaHHOTO CUTHAJA He paccMarpuBaercs. Ckopee BCero, OH
MOXKET 6I)ITI) CBsI3aH C neperpy31<oﬁ BXOJOHOI'O KaCcKaJia MpUEMHUKA U3JTydarOolUM CUTHAJIOM.

OO0cyxnenune pe3yJbTaTOB

B mepuon ¢ mexabps 2023 mo saBaps 2025 1. 6BUT0 TIpoBeneHO 19 3KcrepruMeHTOB
IO THIAMPOBAHHIO PATIHOBOIH. DXO-CUTHAIBI ¢ 3aaepkkoi B 310—324 mc ObuH 3aperu-
ctpupoBasbl Toabko 20 ssHBaps 2025 . ¢ 17:45 no 18:00 UT. B stor nepuon 3HaueHHE
KPUTHYECKHUX YacTOT M YacTOTHI 30HAMPOBAHMS COOTBETCTBOBaNO ycioBusM (1) u (2).
Amnanus (poHOBON reopu3nIecKoil 00CTaHOBKH, IIPH KOTOPOil HAOIIOIaINCh 9X0-CUTHAIIbI,
TTOKa3aJl HEKOTOPbIe 0COOCHHOCTH IO CPABHEHUIO C JPYTHMH JAHSMH, B KOTOpPBIE TIPOBO-
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Puc. 5. XapakrepucTrku HOHOC(EPHI B TIEPUOJ TPOBEICHHUSI IKCIIEPUMEHTOB. 3HAYCHUS KPHTHIECKIX
9acToT (a) U JeUCTBYIOIIHMX BBICOT (6) F2-CIosi, INMPOTHOE pactpe/ieeH e IIIa3MEeHHbIX YacTOT 110
nanHbM criytHHKA Swarm C 20 u 29 saBapst 2025t (6)

Fig. 5. The ionosphere conditions during experiments. The behavior of critical frequencies («) and
virtual heights (6) of the F2-layer, the latitudinal distribution of plasma frequencies from the Swarm
C satellite measurements on January 20 and 29, 2025 (g)

JIMJTMCH DKCIIEPUMEHTBI. B 3TOT IeHbh HaOII01a10Ch MakCUMallbHOE 3HaUYeHNne Kp-uHJIeKca,
KOTOpOE€ cOCTaBisuIo 4+. AHAIM3 KPUTHYECKUX YacToT F-o0mactu noHoc(hepsl rmokasal,
YTO HXO-CHI'HAJIBI HAOIIONAINCH MOCIIE PE3KOT0 Ma/IcHHE KPUTHYECKON YacTOTHI B ITYHKTE
pa3MmelneHus nepefaTyuka. B kauecTBe npumepa Ha puc. Sa IPUBEAEHBI 3HAYCHUS KPU-
THUYECKUX YacTOT foF2 B MarHUTOCIIOKOWHBIN JieHb 29 sHBaps 2025 I. ¥ B BO3MYIIEHHBIH
20 suBaps 2025 r. B naHHBIe JHU NPOBOAMINCH SKCIEPUMEHTHI N0 THAUPOBAHUIO, HO
9XO-CHT'HAJIbI PErUCTPUPOBAIHCH TONbKO 20 stHBapsi. B criokoiiHbli nepuon 3Hauenue fof2
¢ 16:00 no 18:00 UT ymenbmanocs ¢ 5,8 Ml no 3,4 MI', npu 5ToM MakCUMaIbHbBIN
rpajueHT cHwkeHust coctaBisut 0,5 MI' 3a 15 MunyT. 20 stHBapsi HAONIOAAIOCH PE3KOE
ym™menbenue foF2 no 2,1 MI'n, npu 5ToM MakCHUMaJIbHBIA IPaJMEHT CHIKESHUsI ObLI Cy-
ecTBeHHO Oosblie u coctasisun 1,1 MI't3a 15 MunyT. OTHOBPEMEHHO C yMEHBIIEHHEM
KPUTUUYECKOH 4acToThl 20 siHBapsi HAOMIONANICS PE3KUIl POCT BHICOTHI OTPAKEHUSI HOHO-
ctepHbIx cienoB. Ha puc. 56 npuBeneH Xoa IeiCTBYOMICH BBICOTHI F2-ciiost. 20 sHBaps
oTpakeHns HaOmoaaIMCh Ha 60 KM BBIIIE, YeM B CHOKOMHBIX YCIIoBUsX 29 stHBapst. Takum
o0pazomM, 3a 15 MUHYT JJO perucTpanuy SX0-CUTHAJIOB HaOIOIaNoCh PEe3KOe CHUYKEHHE
KPUTUYECKOM 4acTOTHI ¢ YBEIMUYEHUEM BBICOTHI CJ10s1 F2, YTO HECBOMCTBEHHO AT CIIO-
KOWHOUW STHBapCKOW HOHOCHEPHI.
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HammsiHoe npezcTapieHne o IMHPOTHOM PACTIPEIETICHUH TUIa3MEHHBIX 4acTOT HOHO-
cdeps! AaroT gaHHbIe CIyTHUKOB Swarm A 1 Swarm C, Ha 60pTy KOTOPBIX pa3MeIleH 30H]
Jlenrmropa, paboraronii ¢ yactotoit nzmepernii 16 'y [13]. OpOuUTHI CIlyTHHKOB, 3aITyIICH-
HbIX EBporneiickuM kocMuueckuM areHTcTBoM B 2014 1, umerot Bbicoty 451-481 kM u Ha-
kiioHeHue §7,3°. PaccTosiHue Mek Ty KOCMUUECKUMU alaparaMy o J0Ir0Te cocTaBiseT 1,4°.

3a mBaaiaTh MUHYT 10 HaOmoneHus s dexra ruguposanus Swarm A u Swarm C mpo-
T 1o Tpaektopuu Ha 5° Boctounee HVC «l'opbpKoBcKas», BEICOTA MIPOJIETA COCTABIISIIA
nipumepHo 460 kM. 3Ha4eHUs TIIa3MEHHOM 4acTOTHI 110 pe3y/IbTaTtaM U3MEpeHHi OvKaii-
IIero K cTaHnuu crmyTHuka Swarm C mpuBeneHsl Ha puc. 5S¢ (depHas JuHus). Paznuna
MEXIy 3HAUCHUSIMH TIIa3MEHHBIX 9acToT 1Mo AaHHBIM Swarm A n Swarm C cocrassiia
JecsaTkd KI'I, 4TO He SIBISeTCs CYyLIECTBEHHBIM Ul aHAJIN3a, O0TOMY PEe3yJabTaThl U3-
MEpEeHHUH co CIyTHHKa Swarm A B JaHHOH CTaThe HE TMPUBCICHBI.

ITo 3HaUEHMSAM TIA3MEHHOM YaCTOTHI, U3MEPEHHOI Ha CITyTHHUKaxX Swarm, U pe3yiib-
TaTaM BEPTUKAJIBHOIO 30HAUPOBaHUs BUAHO, uTo 20 sHBaps 2025 . HUC «l'oppkoBckas»
BOIILIA B 30HY JiHa IIaBHOTO HoHOc(epHoro nposana (I'MIT). IOsxnas rpanuna FUIT (T)),
cootBetcTBytomas 20 % MOHMKEHUIO SIEKTPOHHON KOHIEHTpaimu [14], pacnionaranace Ha
mupote 55,9°, IHO NpoBaja HaXOAMIIOChk B auanasone mupot 60,3° (T,,.) — 62,6° (T,,.),
T. €. IMPUHA JHA MPOBaa cocTapisa 2,3°, a cesepHas crenka Ha 63,4° (T, ). lllupora
CTaHIIMU yKa3aHa KPACHOH IMyHKTUPHOH (CM. puC. 58).

CpaBHeHMe T0JI0XkKEHHsI OCHOBHBIX cTpyKTyp I'UII B 3aBUCUMOCTH OT FéOMarHUTHBIX
YCIIOBUM IIOKA3bIBACT, YTO NP BO3MYyLIeHHBIX ycnoBusax ' naxonurcs roxkHee, yeM npu
CTOKOMHBIX. C POCTOM BO3MYIIEHHOCTH yBEIMYMBACTCS M MIMPHUHA THA IIPOBAa, HO MPH
9TOM YMEHBIIIAIOTCS MJIa3MEHHBIE YaCTOTHI Ha I00KHOW CTEHKe U JHe ImpoBana. Hanpumep,
29 stHBapst (CM. pUC. 56, CHHSSI MyHKTUPHAS JTMHUSA) MIPU CTIIOKOHHBIX TE€OMarHUTHBIX YC-
JIOBUSIX CEBEPHAsi CTEHKA MPOBaja pacroiaranach Ha mupore 65°, mupruHa JHA MpoBaja
coctaBisia 1,2°. [Ina3sMeHHbIe YaCTOTHI Ha FOXKHOM cTeHke ObLIH Bhimie Ha 0,9 MI'n, a Ha
nHe nposana Ha 0,3 MI'm, o cpaBHenuto ¢ 20 ssHBapst BO BpeMs HaOmoneHus dddexra
ruaupoBanus. TakuM 00pa3oM, B CIIOKOMHBIX T€OMAarHUTHBIX YCJIOBUSIX CTAHIMS Haxo-
JIUIIaCh Ha K0XKHOM, MOJIOrOll CTEHKe MpoBaIa.

Amnanu3 noHorpamM B3 1 moBeieHUs KPUTHYECKON YaCTOTHI yKa3bIBaeT Ha HAINYNE
norsipu3armorHoro uketa (I1J]) mrax HUC «lophKoBCcKashy, KOTOPBIN TPEICTABISIET COOO0M
y3KHE CTPYH O4eHb OBICTPBIX HOHHBIX JAPEH(OB K 3amajy BOIM3H MPOSKINH [1a3MOIIay3bl
Ha BbIcOTax F-obmactu nonocdepst [15]. T1/] umeeT NpoTsHKEHHOCTH BAOJIL MEpUIMAHA
100200 k™ (1-2° 1o mMpOTe) U PETUCTPHPYETCS BCEI/Ia IKBATOPHATIbHEE TPAHUIIBI BBHICHI-
MaHMs aBPOPANIBHBIX AIEKTPOHOB, C YBEJIMUEHHUEM I'€OMarHUTHOM aKTUBHOCTH CMEIIAeTCst
Ha Oonee Hu3kHMe MUPOTHI [ 16]. T/ HabmromaeTcst MperMyIIecTBEHHO B BEUEPHEM U MPEJl-
TIOJTYHOUYHOM CEKTOPE M BBI3BIBAET OBICTPOE (POPMHUPOBAHKE Y3KOTO ITPOBaja HOHU3ALNH.
Kputnueckue yactotsl foF2 B OONBIINHCTBE CIIydaeB HAYMHAIOT PE3KO YMEHBINAThCS
U B TeueHue 15-45 mun cHmkarores Ha 2—4 MI'. OJHOBpEMEHHO € PE3KUM TMaJleHuEM
KPUTHUYECKOH 4acTOThl HaOJIOAETCsl POCT BBICOTHI CIIOsT F2.

OCHOBHBIM IpU3HAKOM pa3BuTHs [1]] BOIM3M 3eHHUTA CTAaHIIMK BEPTHKAIBLHOTO 30H/IU-
POBaHWUSI SBJSIETCS HATTMUUE JIOTIOTHUTENILHOTO cliefia oTpakeHuid F3s Ha nonorpamme [17].
Ha puc. 6 nmpuBeneHa cepust HOHOTpaMM BepTHKaIbHOTo 30HaIpoBanus Ha HUC «loppkoB-
ckas» B iepuop ¢ 16: 45 no 18:15 UT 20 suBaps 2025 r. ITo cnenam otpaxkeHuit ot F2-cios
BHUJHO PE3KO€ IMaJIeHUe KPUTHUUECKOW YacTOTHl M YBEJIMYCHHUE BBICOTHI cios. B 16:45,
17:15, 17:45 u 18:15 UT Ha moHOrpaMMax HaOIrOHaeTCs HOMOTHUTENBHBINA cien F3s.
AHanu3 HOHOTPaMM IOKa3bIBAET, UTO B IEPUOJ PETUCTPALIMU XO-CUTHAJIOB MONIOIEHHE
30HAMPYIONUX CUTHAJIOB ObUIO MMHHUMANBHO. [10 JaHHBIM Ha3eMHBIX U CIIyTHHKOBBIX
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HaOmoeHW 1Moka3aHo, 4to I1JI mpuBoauT K ObICTpoMy (HOPMHUPOBAHHIO Y3KUX U TIIY-
OOKHX TIPOBAJIOB MOHU3AIINH WIIN YIIIyOIEHUIO YK CYIICCTBYOMIETO TIIABHOTO MPOBaIa
MOHM3alUK BOJIN3MU €ro MOJSIPHOM cTeHkH, T. €. [1/] Bcerna HaXoAWTCsI BHYTPH TJIABHOTO
MpoBaja, YKBaTOpHalIbHEE ero MOoJSIpHOU cTeHku [16, 17].

Taxum 00pa3zoM, aHaN3 (POHOBHIX TeO(U3NISCKIX YCIOBHU IMOKA3BIBALT, UTO IXO-
curHansl Ha HUC «lopbkoBcKas» perucTpupoBaluch B Iepuoz cyuiectsoBanus [1]] mpu
MUHHMaJIbHOM HOHOC(EpPHOM MOTTIOMIEHNH. B ocTaNbHBIe TepHO/IBI MPOBEICHUS dKCIIe-
pPUMEHTA MTOJOOHBIX YCIIOBHIA HE HAOIIOMAIOCH.

B pa6orax /I.B. briarosemnieHckoro u coaBropos [4, 18] BEIIOIHEH aHATN3 U IPESIOKECH
MEXaHHM3M pachpocTpaHeHns paaroBoiH CB-nuana3oHa BIOIb MAaTHUTHBIX CHJIOBBIX JIMHHN
B paliOHE IITa3MOTIay3bl, ABISIOIICHCS BEPXHEH TPaHUIICH TTIa3MOC(Epbl, [Ie CHIIOBBIC JINHUH
TEOMarHUTHOI'O TOJISL 3aMKHYTBI M MPAKTUYE€CKU JTUMOJbHBL J{/1 co31aHusl ONTUMAJIBHBIX
YCIIOBUI THAMPOBAHMUS BOJH BIOJH 3aMKHYTHIX CHJIOBBIX JIMHUH HEOOXOIMMO, YTOOBI TO-
JIO’KEHUE TIPOCSKIIMH TUTa3MoIIay3bl ObIIO BHYTPH TNIaBHOTO MOHOC(epHoro mposaia (I'MIT),
a IepelaTurK HaXO[MIICS B IpoBajle, IJKHee IUTa3Monay3bl. PaciipocTpaHeHue BOJIH MIPOUC-
XOIUT BJOJIb CTYTIEHHKH MOHM3AIMH, 00pa3oBaHHON cTpykTypamu [ NI u mia3momnay3oi.

[MonspHast cTeHKa IpoBajia CO3MACTCs 3a CUCT HOHM3ALNH IIEKTPOHAMH TUPPy3HON
aBPOPAJIbHON 30HBI U MOXKET COBNAJAATh C NMPOEKLHUEH I1a3MoMay3bl, Ha YTO YKa3bIBatOT
pe3ynbTaThl HAOMIONEHHUH, TTOTyUYeHHbIC KaK 10 Ha3eMHBIM CpPEeICTBaM M3MEpEeHHUH mapa-
MeTpoB HoHOCheps! [19], Tak u ¢ 6opTa kKocMudeckux anmaparos [20, 21]. [Tpu Bo3my-
IIEHHBIX YCJIOBHSX, KOT/Ia TTOJIOKEHHE TL1a3MOMay3bl H3MEHETCs Topas3io ObIcTpee, YeM
npoucxoaut nepectpoiika ['UII, npoekuus miazmonay3bl CMENIAETCs 0KHEE MOJISIPHON
CTCHKH TIPOBajia M CTPEMHUTCS K OOJIACTH IIEHTpa JTHA TpoBaa.

B3aumHoe pacronoxeHue NOISPHON CTEHKHU NpoBajia, IPOEKIMHU Ma3Monay3sl 1 I1]]
JIOCTATOYHO TOIPOOHO M3YUYEHBI MO CITyTHUKOBBIM HAOIIOCHUSM, a TAaK)Ke Ha3eMHBIM
CeTAM BEPTHKAJIBHOTO M HAKIIOHHOTO 30HANPOBaHUs HoHOCheps [16]. [Tpn BoaMymeHnsIX
reomMarauTHoro noss [1/] HaxoquTes B MUHUMYyMe ITpoBala, a IPOeKIUs MIa3Monay3sl —
mexay [1/] u nonsiproit crenxon I'UIL.

[NonoxeHwe mIa3Moray3sl MOKHO IPUOTH3UTEIEHO OLIEHUTH TP ITOMOIIH SMITHPH-
yeckoit mozenu, npenioxennoit . Kapnenrepom u P. Annepcenom [22]:

Lp=35,6-0,46Kp 3)
e Kp, — MakcuMalbHOE 3HaueHne Kp-HHEKCa 3a IIPEmeCcTByomue 24 Jaca.
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Monens mocTpoeHa 1o pesynbraTaM HadmoneHunii Ha crytHukax [SEE n nmpruvennva
JUTS pacyeTa IOJIOKECHHUS IIa3MoIay3bl B Iuamna3oHax L-obomodek ot 2,25 no 8.

['eonieHTpHUECKOE PACCTOSHHE TIa3MONay3bl H3MEHSETCS B 3aBUCHIMOCTH OT T€0-
MarHUTHON aKTUBHOCTH M YMEHBIIAETCS ¢ pOocToM Kp-mHiekca (Ia3Mornay3a mpH-
ommkaercs K 3emiie).

B nepron nosiBienus sxo-curnanos B CB-anana3zoHe MakcuManbHOe 3HadeHHUs Kp
cocTaBnsio Kp, = 4+, 94TO COOTBETCTBYET MOJOKEHHIO BHYTPEHHEN TPAHMIIBI TITa3-
momay3sl Ha L = 3,6 (3). s HUC «lopbkoBckash» 3HaYeHUS L-apaMeTpa MO MOACIH
GEOPACK T-89 cocraBmsier L = 3,4-3,5. Takum 00pa3oM, IPOEKIHs TIa3MOIIay3bl Ha
noHochepy Haxonunach ceepHee HNC «'opbKoBcKkash» Ha OJIMH Ipajyc IUPOTEHI (puc. 56).
B ocranbHbIe HU ITPOBEICHNUS SKCIIEPUMEHTOB MPH CIIOKOWHBIX T€OMArHUTHBIX YCIIOBUSIX,
COOTBETCTBYIOLIMX 3HaueHHI0 Kp-unnekca 1-3, 3HaueHue L-napamerpa cocrasisieT 4,2-5,1.

Heo0xonnMo OTMETHTH, YTO aHTEHHA IEepelaTinKa UMEET MINPHHY AHarpaMMbl
HalpaBIeHHOCTH B BEPTUKAIBHOM IUIOCKOCTH mopsiika 50° U MATHO 3aCBETKH aHTCHHBI
Ha BeICOTE F-cios coctaBiseT 370 KM, IOPTOMY 30HAMPYIONINI CHTHAN O0ydaeT BCe
MarHUTHBIE CHJIOBBIE TPYOKH, OIIMPAIOIINECS Ha JTHO MpoBajia. TakuM o0pa3om, IpH CII0-
JKUBIIUXCS POHOBBIX Teodpr3mdeckux ycinoBusax 20 ssaBapst 2025 1. B iepro] MpoBeACHUS
9KCHEPUMEHTOB JICHCTBUTEILHO MOTIIH CIOKHUTHCS TeO()U3NIECKIE YCIOBHS, IPHBEICHHBIC
B [4, 18], 1 pactipocTpaHeHne paJHoOBOJIH OCYIIECTBISIOCH BAOIb CTYIIEHBKH HOHU3AINN
mexay munumymoM I'MII, ycunennsim BnustuueM I1J1, u muiazmonay3oil.

Ente oqHIM MeXaHU3MOM PacIipOCTPaHEHHUS MOXKET OBbITh KaHAIM3AIMs! BOIHBI MEXY
HEOJJHOPOJHOCTSMH, OPHEHTHPOBAHHBIMH BJI0JIb CHIIOBBIX JIMHUH MAarHUTHOTO TTOJIST 3EMIIH.
JlaHHBIi crioco0 pacipocTpaHeHUs IPEUIOKEH IO pe3ylibTaraM HaOIIONCHUH Ha CITy THUKE
«AJIYDTT» [7]. Kanan pactnpocTpaHeHHs 00pa30BBIBAJIICS MEXKIy HEOTHOPOTHOCTSIMH,
KOHIICHTPAIMS TIa3Mbl B KOTOPBIX MOTJIa MpeBbImIaTh Bcero 1 % oT poHOBOTO 3HAYCHUS.

ITockoneky HUC «l'opbpKOBCKas pacroyiaranach 10KHEe MPOESKINH TIa3MOIIay3bl
B HIEPHO/IBI PETUCTPALMH HXO-CHTHAJIOB, TO KaHaJl PAacIpPOCTPAaHEHUs] MOT 00pa30oBaThCs
MEK/ly HEOHOPOAHOCTSIMH HA BHYTPEHHEH I'paHuIe Iu1a3MoIiay3bl. BHYTpH MOJ00HBIX He-
OZIHOPOAHOCTEH TUIOTHOCTD IIa3Mbl MOXKET MPEBBIIATh (hOHOBYIO Oosee deM Ha 10 % [23].
B psime Teopernueckux paboT pacCMOTPEHBI BO3ZMOKHBIE MPUYHMHBI BOSHUKHOBEHHUS T10-
TIOOHBIX HeomHOponHoCTel [24, 25]. [Ipu BceM HX pa3nIudny OHH CBOIATCS K JIEHCTBHIO
OITHOTO MEeXaHM3Ma — 00pa30BaHUIO JIOKAJIBHOTO IEKTPUUYECKOTO MOJSI B OCHOBAaHUH
CHUJIOBOM TPYOKH, IO BIUSIHUEM KOTOPOTO B MArHUTHOM TI0JIe 3€MJIIH BO3MOXHO (hOPMHPO-
BaHUE BEITSHYTHIX BIOJb MO HeomHOpoaHOCTeH [26]. Hampumep, o naHHBIM SKyTCKOM
MEpHIHOHAIBHOH ceTH HOHOC(HEPHBIX CTaHIMK OBUIO TOKa3aHo, 4To B rojoce 1] mpownc-
XOANT MEPEHOC TIIA3MBbl BJIOJIb MATHUTHOTO TOJISI U3 HOHOC(EPHI B IIa3MOc(epy, KOTOPBIH
SIBISIETCS OTIPEACIISIIONIMM B MOTEPSIX MOHM3AINHU B F-croe [27]. JlaHHBIE CITyTHHKOBBIX
HaOJIIOICHNH TaKKe MTOKA3bIBAIOT (JOPMHUPOBAHNE HEOAHOPOAHOCTEH INIOTHOCTH TIIa3MBbl
Ha L-000J049KaX, MPOCIUPYIOIIUXCS Ha HOHOC(epHYIo 0bmacTs passutus [1]] [28].

IT/], kak mpaBniI0, HAOIIOAAETCSI B HOYHOM CEKTOPE M IPECTaBISAET COO00H MOTOK
HMOHOB B 3aI1aJJHOM HAIPaBICHUH, COCPEIOTOYCHHBIN B y3Koi Tooce muport [15]. Beumy
YCIIOBUH 3aMarHWYEHHOCTH IIJIa3Mbl HAa BBICOTAX F-CJIOS Takas y3Kas 1osioca ObICTpPOro
3amaTHOro HOHHOTO Jipelida acCONUPYETCs C CHIIBHBIM SIIEKTPUYCCKHUM TI0JIEM, HAIpaB-
JeHHBIM K momtocy. Takum obpasom, [1]] nax HUC «lopbKkoBCcKas» B Mepuo IpHeMa
9XO-CHT'HAJIOB YKA3bIBA€T HAa BO3MOKHOCTh KaHAIN3AINH PAANOBOIHBI TIOCPECTBOM ITa3-
MEHHBIX HEOJJHOPOAHOCTEH B 007IaCTH BHYTPEHHEH IPaHMIIBI TIA3MOMNAY3bI.
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3aKkjIIoueHue

[IpoBeneHHBIC UCCTICNOBAHMUS TTO3BOIHIIN SKCIIEPUMEHTAIFHO 00HAPYKUTH 3D ekt
TUAUPOBAHUS CPEIHUX PAJUOBOJIH BIOJb CUJIOBBIX JIMHUM MarHUTHOTO MOJIS, KOTOPBIN
ONpeAEISUICS MO PETUCTPALIUHU 3X0-CUTHAIIOB ¢ 3aaepkkamu 310-324 mc. [Ipu aToM Bniep-
BbIC A(PEKT THIUPOBAHUS C TIOBEPXHOCTH 3EMITH PETUCTPUPOBAIICS B IUATIA30HE YACTOT,
a He Ha OMHOU (YMKCUPOBAHHON YaCTOTE. DXO-CHUTHAIBI HAONIOMATNCh B AWANa30HE OT
2,1 no 2,4 MI't ipu ux peructpanuu ¢ marom 100 k1. DkcriepuMeHTaTBHO TTOKa3aHo,
YTO HIMPUHA MOJOCHl KaHajla, OTBETCTBEHHOIO 33 KaHAJU3aLMIO0 JUArHOCTUYECKUX CHUT-
HanoB, coctaBisiia 400 k['m. Ograko mrymMmoBast 0OcTaHOBKA Ha yactorax Himke 2,1 Ml
HE MTO3BOJHJIA OJHO3HAYHO OIPEICITUTh HIDKHIOI TPAHUIy KaHana. Takke HeoOXomIuMo
OTMETHTBH, 4TO B SKCIIEPUMEHTAX M0 THIUPOBAHHIO PaTHOBOIH, BRIITOIHEHHBIX paHee [3, 5],
9X0-CHTHAJIBI HAOMIOMAJICh I[yTaMH OT JECATKOB CEKYHJ IO CIUHHIl MUHYT. TakuM 00-
pa3zoM, OTHO3HAYHO HENb351 TOBOPUTH O YACTOTHOM JIMANla30HE KaHaja paclpoCTpaHEeHHUs,
MIOCKOJIBKY OH MOT «3aKpBIThCS» MPEXKJE, UEM 3aBEPIIUTCS CEAHC CKAHUPOBAHUS BbI-
OpaHHOTO paJHoIUaa3oHa.

3X0-CHTHAITBI PETUCTPUPOBAIUCH MPH MIUHUMATBHBIX MOIIHOCTSX W3IYYCHHUS IO
CPaBHEHMIO C IIPOBEACHHBIMU paHEe UCCIEIOBAHUSIMU. MOIIHOCTD U3IYUYEHUs B HAIIUX
JKCIIEpUMEHTaX Haxoausach B npenenax 1 kBT B skcnepumeHTax, BBIIOIHEHHBIX MOJ
pykoBonctBoM /I.B. BrarosemieHckoro [3], MCmonb30Baics YCHIATETh MOITHOCTH Ha 5 KBT,
a MOLIHOCTb CUTHAJIOB 30HJUPOBAHUS B SKCIIEPUMEHTAX, POBEIECHHBIX aBCTPAIUIICKON
TPYTIION MccaenoBaTenet, coctapmsia 17 kBT [5].

Db ekt THapoBaHU CPeTHIX BOJTH HAOTIONANICS B BEUCPHEM CEKTOPE B paifoHe
21:00 MLT B 3uMHHMIA EPUOA TOJIBKO IPHU BO3MYILEHHBIX YCIOBHSIX. YaCTOThI 3X0O-CHUI-
HAJIOB TIPEBHINIAIA KPUTHICCKHE YaCTOTHI HOHOC(HEPHI B IMYHKTE U3IYYCHHUS W OBLIN
MEHbIIE KPUTUUECKUX YaCTOT B MAarHUTOCONPSDKEHHON Touke. ITyHKT u3nmyuenus pac-
moJiarayics B 30H¢ MHHUMyMa IJIaBHOTO MOHOC(EPHOTO TpOoBaja, B 3¢HUTE HAOIIONAICS
MOJIIPU3AaUMOHHBIN JpKET. [ uanpoBanue paguoBOJIH NPOUCXOANUIIO Ha BHELIHEN IpaHuLe
TTa3MocQepsl BONMM3H IIa3MOmay3bl.

JIy1 moncka OTBETOB Ha BOIPOCHI O MEXaHU3MAaxX I'MAUPOBAHUS, YCIOBUSIX IeHEpaLu
1 XapaKTepUCTHKaX KaHAJIOB, OTBETCTBEHHBIX 32 TYHHEIMPOBAHUE PaJHOBOIH, HEOOXOIMMO
TIPOIODKEHIE SKCIICPIMEHTOB. D(P(HEKT rHaupoBaHus MOKET HIMETh TIPHKIIAJHOC 3HAYCHIIC
U pa3paOOTKU CPEACTB M METOOB HA3€MHOTO MOHHTOPHHTA COCTOSHHS TU1a3Mochepbl
1 TIOJIOKEHUSI TPOEKUMH I1azmonay3bl. IloMuMo 310ro, B nocieanee BpeMsi MHTEHCUBHO
TIPOBOJIATCS MICCIICAOBAHMS Ha HATPEBHBIX CTEH/aX, KOTOPBIE MOTYT OBITH UCIIONB30BAHEI B Ka-
YeCTBE PAIMOTIOKAIIMOHHBIX CTAHIINI CPEIHNUX W KOPOTKHX BOJH. B TOMOOHBIX MCCIIETOBAHUSIX
TIPOBOIUTCS PaMO30HIUPOBAHNE OKOIIO3EMHOTO KOCMIYECKOTO TIPOCTPAHCTBA U 000T0YEK
JPYTHUX TUIAHET, T03TOMY (P (EKT THIUPOBaHUS MOXKET HAMTH IIPUMEHEHHE U B TAHHOU cdepe.
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AnHoranus. [Ipoucxonsmiee B mocne Hue IO NOTEIUICHHE APKTHKH 00YCIOBIMBAET AETPAAIII0 BETHOH
MEp3IOTHI, TOCTYILICHNE B aTMOC(hepy MapHUKOBBIX Ta30B, 00pa3yIOIIUXCs MPH PA3NIOKEHHI PAHEe MEP3IOT0
OPraHMYECKOTO BEIIECTBA, YBENHUCHHE INIONIAAN H Pa3HOOOPasHs PACTHTEIBHOTO MOKPOBA, YMEHBIIECHHE He-
CyIIeH CIOCOOHOCTH BEYHOMEP3NBIX TPYHTOB. B 3T0# CBSA3M 0COOBINH HHTEpEC BBI3BIBACT IBOJIOLMS CE30HHO-
tanoro cios rpyata (CTC). B cratbe paccMoTpeHbl 0COOCHHOCTH MPOLeccoB ce30HHOro npotanBanus CTC
B ceBepHO yacTh 0. bonpmesuk (apx. CeBepHast 3emist). Onucansl 0COOCHHOCTH AMHAMUKHI TTyOHHBI CE30H-
HO-TAJIOTO CJIOS 110 JAHHBIM KOMIUTEKCHBIX HaOmoneHni, BeimomHeHHbX B 2016-2020 rr. [IpoananmsupoBana
POJIb YMEHBIIEHNS aTb0e/10 TTOACTUIAIOMIEH TOBEPXHOCTH BCIEICTBIE KPATKOBPEMEHHBIX BTOPIKEHHH TETUTBIX
BO3/LYIIHBIX Macc KaK TPUITEepa, IPHBOJANIETO K MHTEHCH(UKALIH TIPOIeccoB TasHH. C MOMOIIBI0 MOZIENH,
peanmsyroniet anroput™ JleiiOeH30Ha, MOTyYeHBI U BATHANPOBAHEI 110 JAHHBIM HAOTIOACHNH OLIEHKU CE30HHOH
mMeranBocTH TonumHe! CTC B 3aBUCHMOCTH OT HCTIONB3yeMOro (JOPCHHIa M XapaKTEPHCTUK PACTUTEILHOTO
mokpoBa. [IpeanoxeHHsIi MOAX0L MOXKET ObITh HcToNb30BaH A7 oneHok CTC mo JaHHBIM AMCTAHIHOHHBIX
U3MEpEeHUi TeMneparypbl MOACTUIAIOIIEN TTOBEPXHOCTH.
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Abstract. The recent warming of the Arctic causes degradation of permafrost, release of greenhouse gases due
to the decomposition of previously frozen organic matter, increase in the area and diversity of vegetation, and
decrease of in the bearing capacity of permafrost soils. In this regard, the evolution of the seasonally thawed
soil layer is of particular interest. The paper presents the results of comprehensive studies of energy exchange
processes in the atmospheric surface layer and the upper layer of permafrost, carried out in 2016-2020 at
the Research Station “Ice Base Mys Baranova” (Bolshevik Island, Severnaya Zemlya Archipelago), supplemented
by the results of model calculations of seasonally thawed depth (STD) dynamics. The study examines the role
of surface snow albedo decreases due to short-term intrusions of warm air masses, leading to the intensification
of snow melting and soil surface heating due to increase in absorbed incoming solar radiation, is analyzed.
A version of the Leibenson model, validated by data of observations, is used for assessing the role of landscape
factors and meteorological conditions in the dynamics of STD. Despite the simplified formulation of the problem
and the approximate assignment of heat and mass transfer of soil properties in the area under study, the model
results could be considered satisfactory, and proposed approach can be used for assessing the state of STD.
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BBenenue

B nocnennue necsATHIETHSI IPOUCXOIUT 3HAUYUTEIBHOE U 00Jiee MHTEHCHBHOE MO
CPaBHEHHUIO C IPYTMMH perHoHamu 3emin moterieHne ApkTuku'. [ToBbIIICHHE TemIie-
parypsl IPU3EMHOTO CJIOSI BO3/yXa OOyCIIOBIMBAET OBICTPhIC M3MEHEHUSI B Ha3EMHBIX
9KOCUCTEMaX, B YaCTHOCTU COKpallleHHEe MPOAOIKUTEIBHOCTH U MJIOLAAN CHEKHOTO
NOKPOBa’, YBEINYCHUE TUIOLIAAN M Pa3HOOOpa3Hsi PACTHTEILHOTO MOKPOBA (TaK Ha3bIBa-
emoe «ro3eneHeHne ApkTuku» [1]) n yckopeHue TasiHus BEYHHOMEP3JIbIX TPYHTOB [2, 3].
[Moctynnenne B arMocgepy NapHUKOBBIX I'a30B, MPEUMYIIECTBEHHO YIJIEKHUCIIOTO Ta3a
U MeTaHa, 00pa3yIoIUXCs IPH Pa3IOKCHUH PaHee MEP3JI0ro OPraHuYecKoro BEIIeCTBa,
OTHOCHUTCS K OTHOMY M3 OCHOBHBIX NOCJIEICTBUI MOTEMJICHUS U AeTPaJalluil MHOTOJIETHEH

' Meredith M., Sommerkorn M., Cassotta S., Derksen Ch., Ekaykin A., Hollowed A., Kofinas G.,
Mackintosh A., Melbourne-Thomas J., Muelbert M. M.C., Ottersen G., Pritchard H., Schuur E. A.G.
Polar Regions. In: IPCC Special Report on the Ocean and Cryosphere in a Changing Climate.
Cambridge, UK and New York, NY, USA: Cambridge University Press; 2019. P. 203—320. https://
doi.org/10.1017/9781009157964.005

2 Mudryk, L., Brown, R, Derksen, C., Luojus K., Decharme B., Helfrich S. Terrestrial snow cover.
URL: https://arctic.noaa.gov/report-card/report-card-2019/terrestrial-snow-cover-4/ (acessed 20.11.2025)
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Mep3ioThl’. Co3aBaeMyI0 3THM IIPOLIECCOM ITOJIOKHTEIBHYI0 00PAaTHYIO CBS3b C POCTOM
TeMITepaTypsl TPOIocQepsl HEOOXOANMO aAEKBAaTHO YUNTHIBATH B COBPEMEHHBIX KIMMa-
THYECKHUX MOZEISAX. B 3T0M CBsI3M 0cOOBIN HHTEpEC BBI3BIBACT HBOIIOIMS CE30HHO-TAIIOTO
cnost rpyHTa (CTC) 1 ero pacTUTEIFHOTO MTOKPOBA, ONPEAEIISIONINX TETI0-, BIATro- U ra3o-
oOMeH Ha rpaHuIie arMmoc(epa — IMOBEPXHOCTHBIN CJI0H MHOTOJIETHEMEP3IBIX MOpoz [4].

Ha apxunenare CeBepHast 3emiist 10 TTOCIIETHETO BPEMEHH HCCIIEIOBAHNST MEP3IIBIX
TPYHTOB OIPaHUYUBAIIICH HEMHOTOYHCIICHHBIMI OITUCAHUSIMI MOP(OIOrHIECKOro CTpo-
€HHSI TIOYBOTPYHTOB [5] M MIX PacTUTENBHBIX TTOKPOBOB [6]. CHTyarmst Hadajia MEHITHCS
¢ opraam3arnueit B 2013 . HayuHO-HCcaenoBarenbckoro cramuonapa (HUC) AAHUN
«JlenoBas 6a3a Mbic bapaHoBay», pacronoXeHHOTO Ha CEBEPHOM Modepexbe 0. borbiie-
BHK (79°16' c. m1., 101°45' B. 11.), TAE I OLEHKN CE30HHOW M MEKTOJ0BOH M3MEHUHBO-
CTH TIapaMeTPOB SHEProMaccoOOMEHa MPU3EMHOTO CJIOST aTMOC(Ephl ¢ TOACTHIAIONICH
1oBepxHOCThIO U XapakTepucTHK CTC ObuT pa3BepHYT M3MEPHUTEIBHBIN KOMIUIEKC IS
MIPOBE/ICHUS TETUI00AIAHCOBBIX U T€OKPHOJIOTHIECKUX HalOmroneHuit [7, §].

[TepBble pacdeThl HBOIIOLUHN MEP3JIOTHI, BHIITOJHEHHBIE C MOMOIIBIO METOIUKU
B.A. KyznpsiBuesa [9] mo qaHHBIM O CPEIHETOIOBOI TeMITepaType MPU3EMHOTO CJIO0S BO3-
nyxa u3 peanannza ERA-Interim, mo3BommIM BBISBUTE 0COOCHHOCTH €€ MEKIOIOBOM
mMeHunBoctH B paifone HUC [8]. Bruto mokasano, uro riryouna CTC 3a mocnenaue 70
JIET, HECMOTPS Ha CYIIECTBEHHbBIE MEXT0JIOBbIE KOJieOaHNs1, 00yCIIOBICHHbBIE H3MEHUHBO-
CTBIO aTMOC(EPHBIX YCIOBHH, XOPOIIO COTIIACYETCsI ¢ XOIOM INI0OAIBHOTO ITOBBIIICHHS
TEMIIepaTyphl H A0CTaToyHO Onmu3ka K m3mepenHor Ha HUC B 20162017 rr. Hike mipen-
CTaBJICHbI PE3yJbTaTbl KOMIUIEKCHBIX HMCCIEA0BaHUH, BbINOJHEHHbIX B 20162020 rr.,
HalpaBJICHHBIX Ha OLEHKY BIMSHHUS METCOPOJIOTHUECKNX W JIAHAIMA(PTHBIX (aKTopoB,
OIIPEACIIAIONINX XapAKTEPUCTUKH B3aNMO/IEHCTBHS TPU3EMHOTO CII0Sl aTMOC(HEPHI U MOI-
CTHJIAIONIECH TTOBEPXHOCTH, HA TUHAMHUKY CE30HHOTO MPOTAMBAHUS MHOTOJICTHEH Mep3-
J0THL. B WacTHOCTH, MpOaHAIIM3UPOBAaHA POJIb YMEHBIICHHS aIb0€10 MOICTHIIAOIIEH
MTOBEPXHOCTHU BCIIEACTBHE KPATKOBPEMEHHBIX BTOP)KCHNH TETIIBIX BO3IYIIHBIX MaccC Kak
TpHUTTEpPa, MIPUBOAALIETO K MHTEHCH(UKALUH TTPOIIECCOB TAsTHUS. AHAIM3 AaHHBIX CPOY-
HBIX HAOMIONEHNH B IPU3EMHOM CJI0€ aTMOC(EphI U AEATEIBHOM CIIO€ TPYHTA JOTOJIHEH
oueHkamu nryouHsl CTC, mogydeHHBIMU C ITOMOIIBIO BAPHAHTA TEPMOJUHAMUYECKON
monenu JI.C. Jleitbenzona [10], BanuaupoBaHHEIMU TI0 JaHHBIM HAONIOICHUHN, a TaKKe
MOZIEJIBHBIMHU OIIEHKaMH ce30HHOM m3MeHunBocTH CTC B 3aBHCMMOCTH OT HCIIOJIb3YEMBIX
Ipu pacdeTax (OPCHHTE M XapaKTEPHCTHKaX PACTUTEIBHOTO MOoKpoBa. ITokazaHo, 4To
MIPEIOKEHHBIN METO/T pacdeTa MOXeT ObITh mpumeHeH 11t oneHok CTC mo naHHBIM
JVCTaHIIMOHHBIX U3MEPEHUH TEeMIIepaTyphl MOACTHIAONICH TOBEPXHOCTH.

MeTtoabl HAO/II01eHUIT U pacyeToB

HUC «Jlenosas 6a3a Meic bapanoBa» pacnonaraercs Ha 6epery mposmsa [llokanb-
CKOTO B CEBEpHOI 4acTu octpoBa bombmieBuk, Broporo mno Beianuunse (30,6 % oOuiei
TUTOIIAIN) ¥ CaMOTr'0 FOXKHOTO OCTpOBa apxurenara. /st ero npuOpeXHbIX 30H XapakTep-
HBI JaHAMA(THl apKTUYECKUX MYCTHIHD (TYHpP) ¢ HU3KUMHU TEMIIEpaTypaMu U 4acThIMU
LUKJIAMHX 3aMep3aHus—oTTanBanus [4, 5]. CypoBocTb Kimmara 00yciIaBiuBaeT CKyIHOCTb
BHJIOBOTO pa3HOOOpa3usi paCTUTEIBHOIO MOKPOBA IATHUCTOTO XapaKTepa, MpeCTaBIeH-
> Bropoii olieHouHBIi oKknan «3MeHeHHe KiuMara Ha Tepputopun Poccuiickoit @enepariuny.
OcHoBHol ToM / DenepanbHast ciryx0a 10 THAPOMETEOPOIOTHH I MOHHTOPHHTY OKPY>KaIOIIeH Cpezibl
(Pocruppomer); mox obm. pen. B.M. Karmosa, C.M. CemernoBa. M., 2014. 984 c.
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Puc. 1. Bux noacrunaromei nosepxuoctu B paifone HUC ¢ Beicot 30 (a) u 1,5 m (6)

Fig. 1. Underlying surface at the station from heights 30 (a) and 1.5 m (6)

HOTO B OCHOBHOM MOX000pa3HbiMu (Oproduramn) [S, 11]. [louBeHHBII TOKPOB COCTOUT
NPEUMYIIECTBEHHO U3 MAJIOM3yYCHHBIX MEP3JIOTHBIX (TOPHO-TYHAPOBBIX TJIEEBBIX, TOPHO-
TYHJPOBBIX JICPHOBBIX, TOPHO-APKTUYECKHUX) U MPUMUTHBHBIX (HEPa3BUTBIX MECUAHBIX
U 1IeOHUCTO-CKEJIETHBIX) apKTHYecKuX 1ouB [12]. OOmuit BUI MOACTHIAIOLICH TOBEPX-
HOCTHU HCCIJIEyeMOro paiioHa B MIOJIe MPEACTaBlIeH Ha puc. |.

HccnenoBanus mpoieccoB 3HeprooomMena 6wt Hauatel Ha HHC ¢ ycraHOBKH
B 2016 1. n3mepurenbHoro Mmereokomiuiekca MAWS-110 (BrociencTBUM 3aMEHEHHOTO
Ha MAWS-420), perucTpupyomero ¢ TUCKpeTHOCThI0 10 MUHYT TeMnepaTypy U Blax-
HOCTBh BO3JlyXa Ha BBICOTax 2 M § M, TEeMIIepaTypy MOJACTHIIAIONICH TTOBEPXHOCTH, aT-
Moc(hepHOe IaBiICHHE, CKOPOCTh BeTpa Ha BhicoTax 2 U 10 M M ero HampaBJICHHC Ha
BbicoTe 10 M, MPUXOMSIIYI0 U OTPAKCHHYIO COJHEYHYIO pajinallfio, JIMHHOBOJIHOBOE
U3JIy4YeHue arMmocdepsl U NoACTUIIAONIeH MoBepXHOCTH. Toraa e Ha MeTeOoIUIonaaKe
cTanuoHapa ObUl pa3BepHYT KOMILJIEKC ammaparypbl JJIsi U3BMEPEHHs XapaKTePUCTHK
BEPXHETO0 CJIos TPyHTa. B Hero BoluM TepMOKOCa, YKOMIUICKTOBAaHHAS AaTYNKAMH TEM-
neparypsl IKES PT00 (auanaszon usmepenuit ot —40 po +60 °C, morpenHocts n3Mepe-
Huit £0,1 °C), ycraHoBiaeHHbIMU Ha r1youHax 20, 40, 60, 80 u 100 cM, 1 1Ba naT4yuka
BinaxxHocty rpyHTa ThetaProbetype ML3 (nuanazon usmepennii BnaxkHoctu 0-100 %,
norpeurHocTh £1 %, nuamnazon temneparyp ot +5 mo +30 °C). Uactora ompoca aar-
ynkoB cocrasisier 10 muH. [TogpoOGHOe onmcanue anmnaparypbl U MEPBLIX PE3yJIbTATOB
u3MepeHuii npuBeneHo B padote [8]. Ha ocHOBe coOpaHHO# nHpOpMaIK B HacTOsIIIEE
BpEMs CO3JIaH IOTOJHAEMbIH DJIEKTPOHHBIA apXHMB CPEIHEYACOBBIX, CPEJHECYTOYHBIX
U CPEJHEMECSYHBIX 3HAYCHUH M3MEPseMbIX [TapaMETPOB U XapaKTePUCTHK YHEProoOMeHa
MOJACTUIIAIONICH TTOBEPXHOCTH C aTMOC(Epoii, paCCUUTAHHBIX Ha OCHOBE AJITOPUTMOB,
OMHCaHHBIX B pabotax [7, 13].

[To naHHBIM TEPMOKOCHI, B MPEIIOIOKECHUH JTHHEHHOCTH NPpOodMIIs TeMIiepaTypsl
IPYHTa MEXJY COCEIHHMH JAaTYMKaMH, ObUIM pacCUMTaHbl MOTOKU TeIuia F Mexmy ro-
PHU30HTaMHU U3MEPEHUIA:

F=—kAT/Az, (1)

e k, = 3 Br/(M:K) — ko3 purmenT TermmonpoBoaHOCTH TAoro rpyHTa (000CHOBaHHe
BBIOOPA 3HAYEHUS k, pUBENEHO HIDKE); AT ¥ Az — pasHOCTb TEMIIEPATYP U PACCTOSHHE
MEKIy COOTBETCTBYIOIIMMH FOPHU30HTAMU U3MEPCHHI.
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Jst ontenkn BpemerHO# m3MeHunBocTH Tiryounasl CTC (/) mo cpeaHecyToOYHBIM
JJAHHBIM JJATYNKOB TEPMOKOCHI HCIIOIB30BAJICS METOJ JIMHEHHONW MHTEPIONSIIMN MEXKTY
TOpHU30HTaMU W3MepeHuit [14]:

H=h+T-AT-T,), )

rje i, — rryOuHa caMoro HMYKHETo ropu3oHTa ¢ Temmneparypoii 7, > 0 °C Ha naHHble
CyTKH; Al — paccTosiHie MEXIy Jaryukamu. B citywae, eciam Ha JByX CaMbIX HH)KHHX
ropu3oHTax Temreparypa Obiia Boie 0 °C, BeIM4YMHA /i PaCCUMTHIBAIACH METO/IOM JIH-
HEIHOM AKCTPAIOJSIKKY TIPH YCIIOBUH, YTO Iepenaj TeMIeparypbl, 3aUKCHPOBAaHHbIH
JlaTYMKaMH, TIPEBBIIAJ, YUYUTHIBasi TIOTPELIHOCTh M3MEPEHHH Kaxkaoro aatuuka, —0,2 °C.

Temmneparypa BepXHei MMOBEPXHOCTH IPyHTa (IIOACTHIIAIONICH TOBEPXHOCTH) B JI0-
TOJIHEHHE K M3MEPEHHON KOHTAKTHBIM JaT4uKkoM meTeokommiuekca MAWS (7)) paccuu-
TBHIBAJIACH 110 AAHHBIM U3MEPEHUH MPUXOJAIIEH 1 YXOAAIIEH JNTMHHOBOJIHOBOW pa/IualliH:

T =(LWup —(1 —¢)-LWdn))"* - (c-&) ™, 3)

rae LWup u LWdn — yxoasmasi ¥ MPUXOAAIIast JIIMHHOBOJIHOBAS PaInallvs; g — u3-
JTydaTeiabHas CIOCOOHOCTH MOJACTHIIAIOIICH OBEPXHOCTH; 6 — MocTostHHAs CredaHa—
bonbumana. Cnexyer ormeTnts, uto 7, , BeIMUCIeHHas 1o 3akony Credana—bonpumana,
JaeT MHTETPATBHYIO OLEHKY TeMIepaTyphl s y9acTKa, BKITIOYAIOIIETO Pa3IMIHbIC THITHI
TTOBEPXHOCTH, KaK MOKPBITHIC PACTUTEILHOCTHIO, TaK U cBOOOAHBIE OT Hee [15]. CoracHo
uHcTpykimn K pagromerpy CNR 44, moBepxHOCTB, KoTOpast Ha 99 % dopmupyet BoC-
XOIAIINNA MOTOK, N3MEPSIeMbIi MPHOOPOM, TIOKPBIBAET IUIOMAAb paguycoM B 10 BeIcOT
YCTAHOBKH JaT4yrka. [y qardarka MpuxoIsIiel JTMHHOBOIHOBOM paHalliy, YCTaHOBICH-
voro Ha HMC na BeIcOTE 1,5 M HaJl MOBEPXHOCTHIO, 0030p TUIOIIAN COCTABISAET OKOJIO
700 M2 Ilpu 3TOM HauOOIbBIIEE BIMSHIE HA BETUYHHY BOCXOISIIETO MOTOKA H3ITyUCHHS
OKa3bIBACT yYaCTOK MOBEPXHOCTH, HAXOSIIUICS HEOCPEACTBEHHO MO JaTYMKaMU U Ha
OKPY’KAIOIIEH MIOMIAIN, TPUMEPHO paBHOM 20 M.

Tounocts onpenenenus 7, 3aBUCUT OT HHTETPAIBHOTO KOS((QUIMEHTA MOTIOICHHUS
JTMHHOBOJIHOBOTO H3JTy4EHHS € , XaPAKTEPHOTO [Tl BHIOPAHHOTO y4aCcTKa MOACTHIIAIOIIEH
TOBEPXHOCTH. J[JIs1 TAIIMYHBIX TPYHTOB B PAHOHE UCCIENOBAHNH 3HAYEHUS € , B 3ABUCHMO-
CTH OT MX COCTaBa M BIQKHOCTH, HaxomsTcs B npezaenax 0,95-0,98°. [o pesysbraTam cpas-
HUTEIBHBIX PACYeTOB 3TO 00yCIaBINBACT IS UCCIEAYEMOTO Meproa (MIOHb—CEHTSIOPH)
cpennee pacxoxknenue sennyul I, He 6onee yem Ha 0,3 °C, 9T0 GIU3KO K TIOTPEITHOCTH
M3MEPEHNH TEMIIEPATYPBI TPyHTa 7 KOHTAKTHBIM JaT4ukoM. [Ipn sToM pamnanuoHHbIE
W3MEPEHHS TEeMIEePaTyphl TMOACTHUIAIONICH MOBEPXHOCTH UMEIOT MPEUMYIIECTBO MEpen
KOHTaKTHBIMH BCJICICTBHE MCKITIOYECHHUS BOZMOKHOTO BIMSHHS HarpeBa KopIyca KOHTaKT-
HOT'O JIaTYMKa COJTHEUHOW pajihaiinei.

[Torok Temyia Ha TpaHMIle NOJICTUIIAIONIAS TOBEPXHOCTh — IPU3EMHBIN CIIOH aT-
MocdepsI (B) pacCUUTHIBAIICS IO METOIHKE, 0a3UpPYIONIEiiCs Ha TaHHBIX PaJHAIlIOHHBIX
U TPAJMEHTHBIX HAOIIONEHUH, MOIPOOHO M3NOKEHHOH B pabote [7]. ITpu aTOM oTpHIa-

4 Instruction manual Kipp&Zonen CNR4 Net Radiometer, 2014 Version 1409, pp. 36. URL:
https://cdn.hach.com/1XMCMO0ZF/at/99293f63svbvqssmz8z95wh/KippZonen Manual CNR4
NetRadiometer 1409.pdf (acessed 20.11.2025)

5> Evett S.R., Prueger J.H., Tolk J.A. Water and energy balances in the soil-plant-atmosphere

continuum. Handbook of soil science properties and processes. 2nd edition. Boca Raton, FL: CRC
Press; 2011. P. 1-44.
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Puc. 2. Cxema pacnpeaciicHus TEMIIEPATypPhbl B CJI0AX PACTUTCIBHOCTU U I'PYHTA

Fig. 2. Temperature distribution diagram in vegetation and soil layers

TeJIbHBIE 3HAYEHUSI B ONMpPEAeisIoT OXJIaKACHUE NESATEIBHOTO CIIOS TPYHTA, a MOJIOXKH-
TEJIbHBIE — €T0 TPOTPEB.

Bkiag Temneparypbl MOACTHIIAOMIEH MOBEPXHOCTH, XapaKTEPUCTUK PAaCTUTEILHOTO
MOKPOBA M TEMIIEPaTypsl Mep3T0THl B (hopmupoBanue rryonnsr CTC ornennBaics ¢ mo-
MoIIpI0 BapraHTa TepmoanHammdeckoit momenu JI.C. Jleitbensona [10] ams momy6ecko-
HEYHOU OHOMEPHOH 001aCTH, COCTOAMICH U3 PACTIONOKEHHBIX IO PACTUTEIHHOM 30HOM
(mapexc «0») 30H Tamoro (MHIEKC «1») U Mep3JIoro TpyHTa (MHIEKC «2)»), pa3aeleHHBIX
TIOABIDKHOW TpaHuIei pazaena &(¢) (puc. 2). Bo Bcex 30HaX MPOMCXOMUT KOHTyKTHBHBINA
IEPEHOC TEMIA, TEMIIEPATYPA MOBEPXHOCTH PACTUTENBHOTO CIIOS 1, TIOIAraeTCs 3aJaHHOM.
I'pannuHBIC yCIIOBHS yCTAaHABIMBAIOT PABEHCTBO TEMIIEPATyp M TEIUIOBBIX MOTOKOB HA
TPaHUIE PACTUTEIHLHON U TaJION 30H TPYHTA, a TAK)KE yUUTHIBAIOT TEIUIOTY (ha30BOrO mepe-
XOJ1a Ha TPaHULE TaJIOW U Mep3Joil 30H. Paciipenenenue reMieparyp 3a1aeTcs JIMHEHHbIM
it 30H «0» 1 «1» 1 TayccoBBIM ISt 30HBI «2», YTO CBOAUT 337ady K €IMHCTBCHHOMY
I depeHInaI-HOMY YPaBHEHHIO:

T, T, dg
k b —k 2 — =,
Ye+8k 1k, \[rayt 9 dt

rae 6 — TONIIMHA PAaCTUTENBHOTO ciosl; a = k/C — xoa(unmeHT TemMeparyponpoBo-
HoctH; kK u C — ko3 dunneHTs 3pGEKTUBHOI TEIUIONPOBOAHOCTH U 0OBEMHOH TeIlIo-
emMKocTu; ) — o0beMHast Teriora (a3oBoro nepexosa.

Kos¢dunuent remnonposoanocTy Tanbix Mxos k, = 0,18 Br/(m-K) Ob11 paccunTan
10 YHUBEPCATIBbHOM IMIUPHYECKON 3aBUCUMOCTH OT BI&XKHOCTH MOXOBOTO MTOKPOBa’, Mpu-
HATOH, cortacHo padote [11], paBHoit 1,5 kr/kr. 13-3a OTCYTCTBHS CBEICHUIA O TEILIO(H-
3MYECKUX CBOICTBAaX CEBEPO3EMEIBCKUX IOUYBOIPYHTOB, COCTOSIINX /10 TTyOHHBI IEPBBIX
METPOB, COIIacHO padore [5], B OCHOBHOM M3 KAMEHMCTHIX CYNIHMHKOB (80 % Mmiockux
MIIACTHUH MEITKOTO IEOHS U JPECBbI), X 3HAYCHHUS PACCYUTHIBAIIHCH 110 MTapaMeTpU3aLHsIM’
C MCIIOJIb30BAaHNEM JIAHHBIX O TEIIOPHU3NIECKUX CBOMCTBAX aHAJIOTMYHBIX IPYHTOB HOJISIP-

“4)

¢ TapuiseB PU. Temodusnueckre CBOHCTBa KOMIIOHEHTOB IIPUPOIHOM CPEJIbl B KPUOIUTO30HE.

CrpaBounoe mocobue. Hosocubupck: CO PAH; 2004. 145 c.

7 CHUII CHuII2.02.04-88 «OcHoBaHus 1 (DyHIAMEHTHI HA MHOTOJICTHEMEP3IIBIX IPYHTax». M.:

Crpoiinzaar; 1990. 53 c.
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HBIX TTyCTHIHB 3amagHoro [lmumndeprena [16]. I1o pesymsraTam pacdeToB OBLTH MPUHSTHI
BemuuuHbl £, = 2,83 Br/(m-K), k, = 3,18 Br/(mK), C, = 2,87-10° [lx/(m*K), O = 9,71 -
107 Jlx/m’. Temnepatypa Mep3ia0Thl Ha [TyOHHE €€ HyJIEBBIX TOMOBBIX aMILIATYJl T, IpH-
HUMAIach MOCTOSHHOW 1 paBHOW —7,5 °C [17]. JIns pacdeToB HCmonp30Bajach CHCTEMA
KOMITBIOTepHON MareMaTtuku Mathematica 5 dupmer Wolfram Research, Inc.

PesyabTarsl u3mepenui

Ha puc. 3 npencrasieH BpeMeHHON XO7 TEMIIEpATyp B BEPXHEM CJIO€ TPYHTa, J0-
MOJIHEHHBIH JIAHHBIMU O TEMIIEpaType BO3lyxa Ha Beicote 2 M (7)), Temmeparype mo-
CTHJIAIONIEH TTOBEPXHOCTH, M3MEPEHHON KOHTaKTHBIM AardvkoM (7)), MOTOKax Tera
MeX/ly TOPU30HTaMHU M3MEPEHUll TemMreparypsl rpyHTa (F) U MOTOKE Teljia Ha TPaHUIle
MOJICTUJIAOIIAS IOBEPXHOCTh — MPU3EMHBIN ciioir atMmocdeps! (B). ComtacHo puc. 3a,
TOJIOBOM XOJ TEMIIEpaTyp B IPYHTE OTUETIMBO TPOSIBIISICTCS HAa Beex nryOmHax. Cuemyer
OTMETUTH CYIIECTBEHHYI0, MPAKTUYECKH CHHXPOHHYIO H3MEHYUBOCTb TEMIEPATyp BIIOThH
JI0 TITyOMHBI 1 M, YTO CBUAETEILCTBYET O BHICOKOH TEILIONPOBOIHOCTH IPYHTA B paioHe
HaOmonennit. [Ipu aTOM Temneparypa Ha BCeX TOPH30HTAX B MIOJE, MECSIIE C MOJOKH-
TEeNBLHBIMU TEMIIEpaTypaMHy, 10 KpaiHei Mepe Ha rryoune 0,2 M okazajiack MUHUMaJIbHON
B 2017 r. m MakcumanbsHOM B 2020 . B 3T0T Mecsan 2020 r. cpeaHeMecsYHble 3HAUCHUS
TeMIlepaTypbl rpyHTa ObUIN TIOJIOKUTEIBHBIMU Ha Beex ITyOuHax. Kak mokasaHo B pabo-
te [18], 2020 1. xapaxkrepu3oBajcs aHOMaIbHOI arMoc(epHON LUPKYJISAIUEH B 3UMHHNA
1 BECEHHUII Mepuobl, YTO OTPA3UIOCH HE TOJIBKO Ha TeMIepaTrype Bo3ayxa Ha 0. bosb-
LIEBUK, HO U Ha TEMIIepaTypax BO3/yXa B pETHOHAILHOM MaciTaoe.
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Puc. 3. MexronoBasi U3MEHYMBOCTh CPETHEMECSYHBIX 3HAUCHHI TeMIeparyp (@) 1 IOTOKOB Tera
B ICATEIBHOM CJI0€ TpyHTa (0), TOTOKA TeIJIa Ha FPaHuUIIe MOACTUIIAIONIAs TIOBEPXHOCTh — aTMocdepa
1 TEMIIepaTyp BO3AyXa U MOACTUIIAIOIIEH MOBEPXHOCTH (8)

Fig. 3. Interannual variability of monthly averaged soil temperature (@), heat fluxes F in the active soil
layer (6), heat flux on the boundary of underlying surface-atmosphere, air and surface temperatures ()
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Puc. 4. I'myObunsl npotauBanus (a) u ansdeno noactunaromeil mosepxuoctu (6) B 20162020 .
Fig. 4. Thawing depth (a) and albedo of underlying surface (6) in 2016-2020

[ToToku Teria B rpyHTE B JIETHUH 1Tepro] (IOJIOKUTEIbHBIC 3HaUeHUs F Ha puc. 36)
OTHOCHTEJIBHO HEBEJIMKH 110 CPABHEHHUIO C ITOTOKOM Teria B (puc. 36) U TOCTUTAIOT MaK-
CHUMAaJTbHBIX 3HaYeHui nopsaka 20-30 Br/m? B cioe 0,2-0,4 m B utone. Ha s1oT Mecsir
MPUXOAUTCS OKOHYATEJIbHOE CTAaUBaHUE CHEra U, COOTBETCTBEHHO, YMEHBIICHUE allb-
0e0 mojcTUIIAIONIEH MOBEPXHOCTH (pUC. 46), UTO B COBOKYITHOCTH C MAaKCHMaJIbHBIMU
B T'OJIOBOM XOJI€ 3HAYECHHSIMU MPUXO/AIICH KOPOTKOBOJIHOBOH pajnanuu o0yCIOBINBAaCT
MakcuMasbHbie, 10 80 B1/M?, monoxkurenbHbie 3HadeHust B (puc. 36) u, Kak CIeICTBHUE,
MHTEHCUBHBIN IIPOTPEB BEPXHETO CIIOSI TPYHTA.

B 3umnnit nepuon (saBaps 2017 1., pespans 2018, 2020, 2021 rr., nexadps 2019 1)
CllelyeT OTMETUTh HAIUYHE JIOKAJIbHBIX MAKCUMYMOB CPEAHEMECSUHBIX 3HAUCHUN TeMIIe-
partypbl Kak B IPyHTE, TaK U B IPU3EMHOM CJI0€ aTMOC(EPBI, OTYETIUBO MPOSBISIONINXCS
TaKKe U B BEJIMYMHAX MTOTOKOB Teruia. [IponcxoxieHne Takux SKCTPEMyMOB B JieKaOpe—
Mapte cortacHo padore [19] 00yciioBIeHO 0COOCHHOCTSIMU UPKYIISAIIH aTMOC(HEPHI H, CO-
OTBETCTBEHHO, Jipeii(ha MOPCKOro JIEASHOTO IMOKPOBA, CIIOCOOCTBYIOMNX (POPMUPOBAHHIO
pa3BoOIMi W/MIM TUITUYHBIX JUIS pallOHa MCCIICIOBAaHUN 3allpUITAHBIX MTOJIBIHEH. DTO
MPUBOIUT K aHOMAJIBHBIM MOTOKAaM TEIlIa U3 OKEeaHa U, B CBOIO OYEpE/lb, K MOBBIIICHUIO
TEMIIEpaTypbl BO3/lyXa B HW)KHHUX CIIOSX arMOC(ephl.

[Ipencrasnser uHTEpeC U3MEHEHHUE BIAXKHOCTH IPyHTA HA KAMEHHCTOM M MOKPBITOM
MXaMHU ydacTKax B JIeTHUH nepuoa. Ee cpeqHemecsyHoe 3HaUeHHE HA KAMEHUCTOM ydacT-
ke coctopisuio 0,2 M*/M° B UFOHE M 3aKOHOMEPHO YMEHBIIAIOCh K CEHTSOPIO, B TO BpeMst
KaK B BEpXHEM |5-CaHTHMETPOBOM CJIO€ TPyHTA Ha y4YaCTKe, MOKPHITOM MXaMH, BIaKHOCTb
B HMIOHE jJocTurana BesnunHbl 0,7 MY/M°, yMeHbIIasch B aBrycre—ceHTsiope g0 0,6-0,4 m¥/m?.
OTO CBA3aHO KaK C MHTEHCUBHOCTBIO MOCTYIUIEHHS BIArM B BEPXHUI CIIOH IpyHTa 3a CUeT
TasTHUSI CHe)KHOTO TTOKPOBA M aTMOC(EPHBIX OCAJIKOB, TaK M C CE30HHBIMH M3MEHEHUSIMU
CBOWCTB PaCTHTEILHOTO MOKPOBA, MPEISITCTBYIOMIETO OBICTPOMY MCTIAPEHHIO C TOBEPXHOCTH
0 CPaBHEHMIO C KAMEHUCTBIMH ydacTKaMu. [IpeaBapUTebHbIE OLIEHKU MOKA3bIBAOT, UTO 3a-
TpaThl TeIUIa HA YMEHBIIEHHE BIarocoAepkKaHus B BepXxHeM 20-CaHTUMETPOBOM CJIO€ TpyHTa
BCJIE/ICTBUE MCTIAPEHNsI 00YCIIOBIMBAIOT CTOJIb OOJIBIIIOE PA3IMYNE B BEIMYNHAX MTOTOKA TEIUIa
Ha TpaHUIIE MOJICTUIIAIONIAs TIOBEPXHOCTh — arMocdepa (B) 1 nMoTokoB Teruia B rpyHTe (F).

Ha puc. 4 npeacrasien BpemMeHHOW X0z rryonns! nporauBanusi CTC u ansbeno
MOJICTUJIAIOIIEH MOBEPXHOCTH B BeceHHe-JieTHul nepuon 2016-2020 rr. Kak BunHo U3
pucyHka, B 2020 1. nmyOrHa IPOTauBaHMS B 1BA pa3a MPEBbIIIaia HaOIIONaBIIYIOCS B ITpe-
JBLTYIINE To/bl. B TO ske Bpems BennunHa anb0e/10, pe3koe yMEeHbIICHHE KOTOPOTO CIIY)KUT
WHIUKaTOPOM Hadaja MHTEHCUBHOTO TAsHUsI CHEXKHOTO TIOKPOBA, a BIOCIEACTBUH U OJHOM
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Tabruya 1

JlaThl N3MeHeHNus aJ1b0e10 MOACTUIAIIe MOBEPXHOCTH
H MaKcHMaJibHble N1y0uHbI nporanBanus CTC
Table 1
Dates of changes in the albedo of underlying surface and maximum thawing depths
Tox A<0,40 A<0,15 A>0,4 h_.,cM

2016 13.06 15.06 25.09 63
2017 21.06 28.06 23.08 52
2018 10.06 12.06 8.09 66
2019 12.06 15.06 30.08 72
2020 23.05 01.06 26.09 126

U3 TIPUYUH YCKOPEHHOT'O ITPOrpeBa rpyHTa, J0CTHralla 3HaUeHNH, XapaKTepHbIX 11 Oec-
CHEXHOM MOBEepXHOCTH, Ha 20 HeH paHblie, 4eM B Apyrue rojipl. Tabmuua 1 comepxur
JaThl HaJyasla TasHUS CHEra, OMpPEJCICHHBIC 110 YMEHBIICHUIO aab0es0 B MOJIe 3PCHUS
JIaTYMKa OTPaXXEHHON KOPOTKOBOJMHOBOW paauanuu oT 0,8 10 0,4 (4 < 0,4), moaHOTO ero
ucuesznoBeHus (4 <0,15) 1 BoccTaHOBIEHHS CHEXKHOTO MokpoBa (4 > 0,4). B cooTBeTcTBHU
¢ tabn. 1 u puc. 4, moxHo Beigenuth 2017 n 2020 rT. Kak Tobl ¢ MUHUMAJIHHONW M MaK-
CHUMAJIbHOM MPOIOJDKUTEIILHOCTBIO OeccHe:kHOTrO repuoaa (56 u 117 nueil) u myOuHOU
nporauBanust CTC (52 u 126 cm). Huxe naHHbBIE 5THX ABYX JET OyIyT HCHOIb30BaHBI
Ut aHanm3a mnporeccos Gpopmuposanust CTC.

Ha puc. 5 nokxazana BpeMeHHast U3MEHYMBOCTh CPEIHECYTOUHBIX 3HAUCHUH TeMIIepaTyp
JISSITEITBHOTO €0 TPYHTAa (pHC. Sa, O), TeMIeparyp NOACTHIIAIOLICH TTOBEPXHOCTH M ITPU3EM-
HOTO CJI0sl aTMOC(epbl Ha BBICOTE 2 M (PHUC. 56), IOTOKA TeIjIa Ha rpaHuIle atMocdepa —
TIOJICTHIAOIIAs IOBEPXHOCTH (puC. 52) B Mae—okTsi0pe 2017 u 2020 T, rogax MUHUMAIILHON
¥ MakcUMAJIbHOM 3a mepuon Habmoaenuii rmyouns! nporauBanust CTC. Ha puc. 50, e mpu-
BEJICHBI PACIIPEICIICHHSI TEMIIEPATypPbl BO3yXa B HIXKHEM CJIO€ aTMOC(EpB! U1l BpeMEHHBIX
MHTEPBAJIOB Hayasa MpOTauBaHKsA B 3TH I'OfIbl, TOCTPOSHHBIE 110 TAHHBIM PaIH030HANPOBAHUI.

[IpuBeneHHbIC HA PHC. 5 TaHHBIE MTO3BOJIIOT OOBSICHUTH AaHOMAIIBHO TEILUIOE COCTOS-
HHE BEPXHETo METPOBOTIO cj0s rpyHTa B Mae—HioHe 2020 ., HECMOTpPS Ha TO YTO B KOHIIE
arpessi ero TeMIeparypbl ObLIM NPaKTUYECKH TaKUMHU ke, Kak u B 2017 . (puc. 5a, 6).
Kax Bunno u3 puc. 56, B 2020 1. Temmneparypsl Bo3ayXa 1 TOACTUIAIONICH TOBEPXHOCTH
B KOHIIE Mas BCJEJCTBHE BTOPXKEHHUS TEIUIBIX BO3AYIIHBIX Macc (pUC. 5e) Ha KOpOTKoe
BpeMs JTOCTHUIVIM MOJOKUTEIBHBIX 3HAYCHUNA. DTO MPOM30ILI0 Ha 25 qHEH paHblIe, YeM
B 2017 1. (puc. 56, 0), 1 IPUBEIIO K TASHUIO CHEIKHOTO MOKPOBA, PAAMKAIbHOMY YMEHb-
HICHUIO alTb0EI0 MOACTHUIIAOIICH MOBEPXHOCTH (pHC. 46), pE3KOMY YBEIHUCHHIO TPUTOKA
TeIia K MOJCTHIIAIONIEH MOBEPXHOCTH (PHUC. 52) U, COOTBETCTBEHHO, MPOAOIKUTEb-
HOCTH MEPUOJa U MHTCHCUBHOCTH MPOTPeBa JESATEIBHOrO ciios rpyHTa. Kak BUIHO U3
puc. 5a, 6, B utone—asrycte 2020 r. MakcuMaibHas CpeJHECYTOUHAsI TeMIleparypa Ha
mryoune 20 cm nocrurana 8 °C, B To Bpemst kak B 2017 1. ona coctasisiina He 6osee 2 °C.

Crenyer OTMETHTB, YTO OOYCIIOBJIEHHBIE CHHONTHYECKOW M3MEHUYMBOCTHIO MOJISP-
HOHU arMocdepbl pu3ndeckre npoueccsl B HIKHEM CII0€ aTMOC(EepBl, ONpeIeNsone
TEIUIOBOM OajaHC MOACTUIIAIONIEH MOBEPXHOCTH M, COOTBETCTBEHHO, MOMEHT Hepexoaa
K PeXKHUMY TastHUSI MOPCKOTO JICASTHOTO MOKPOBa B ApKTHYECKOM OacceiiHe, ObliIH onuca-
HbI B [20], a cHexxHOTO MokpoBa Ha apxunenare Llnunodepren — B [21]. B aTux pabdorax
OblTa POAHAIM3UPOBAHA POJIb YMEHBUICHHS allb0e/I0 CHEKHOTO IMOKPOBA KaK TPUITEpa,
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Puc. 5. BpemeHHast '3MEHYHBOCTb CPEIHECY TOUHBIX 3HAYCHUH TEMIIEPaTyp ASSTEIILHOTO CIIOS TPYHTa
B 2017 (a) m 2020 (6) rT., TemMIiepaTyp BO3IyXa Ha BBICOTE 2 M U IOACTHIIAIOMICH NOBEPXHOCTH (8),
MOTOKA TEIUIA HA TPAHHUIIE TTOJCTUIIAIONIAs IOBEPXHOCTh — aTMoc(epa (2) U TeMIieparyp HHKHETO
cIost atMocepsl B epro Hadana rnporausanus rpyHra B 2017 (0) u 2020 (e) rr.
Fig. 5. Temporal variability of daily averaged active soil layer temperatures in 2017 («) and 2020 (6),
air and surface temperatures (6), heat flux on the boundary of underlying surface — atmosphere (),
and temperatures of low atmosphere at the oneset of thawing in 2017 (9) and 2020 (e)

MPUBOJIAIIETO K MHTCHCU(DUKAIIMN TasHKS BCISICTBUE PE3KOTO YBEIHUCHHUS TOTIOIICHHS
KOPOTKOBOJTHOBOM COTHEYHOH paguanyi. AHaJOTWYHAS CUTYyaIlst uMera Mecto u B 2020 .
IIpu 3TOM OYEBHIHO, YTO POJb U3MEHEHHMs alibOEI0 B MPOrPEeBE BEPXHETO CJIOSl IPYHTA
Oosiee 3HAUMMA, MOCKOJIbKY B OTIIMYHE OT CHEXKHO-JISISTHOTO MOKPOBA, allb0e10 KOTOPOTo
m3mensietTcs ot 0,85 1o 0,5, anp0e10 TOBEpXHOCTH TPYHTA YMEHBIIIACTCS B TIEPHO TasSHIS
ot 0,85 (ampbemo cHexkHOTO TIOKpOoBa) 10 0,1 (ampbeno rpyHTa).

Pe3yJ'IBTaTbI MOJC/JIMPOBaAHUSA

Pacuersr o mozenu (4) BBIMONHSIINCE Jutst JeTHUX nepuonoB 2017 u 2020 rr. B ka-
YECTBE TEMIIEPATYPhl NOCTUIIAIONIEH TIOBEpXHOCTH (7)) MocieIoBaTebHO TIPHHAMAIHCH
TEMIIEpaTypa BO3/lyXa Ha BeICOTE 2 M — T, pa/IMalliOHHas TEMIIEPATYPa TIOBEPXHOCTH — T

1 TEMIICpATypa BEPXHCTO CAHTUMETPOBOIO CJI0A MOBEPXHOCTU MMOYBLI, U3MCPCHHAA KOHTAKT-
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Tabnuya 2

XapakTepuCTHKH TeMIIEPATYPHOI'0 Pe;KMMa MOBEPXHOCTH IPYHTA B niepuoabl (popmupoBanust CTC
B 2017 1 2020 rr. 10 JAaHHBIM T,T uT,
Table 2

The temperature conditions of soil surface during formation of STD
in 2017 and 2020 according to 7, T, u T, data

To Bapuant Iepron Mborpesa [IpomomKuTEeTBHOCTS, CI'TII,
s p PpUOA POrp cyTkH °oC
2017 T, 6.07-2.08 27 39
T, 27.06-23.08 59 185
T, 12.06-23.08 74 216
2020 T, 19.06-9.08 101 306
T, 31.05-26.09 120 569
T, 30.05-26.09 121 526
a)140 _7Tfr8°"'
=
—h
100 77Tj'}cm
z 80 —r'1on
< 60
40
20 L
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Puc. 6. Bpemennoit xox riryouns! nporausanus B 2017 (a) u 2020 (6) IT. M0 JaHHBEIM U3MEPeHNUIT 1
pe3yibTaTaM MOAEINPOBAHMS Ul Pa3IMYHBIX BapHAHTOB (DOPCHHTA IPH OTCYTCTBHH PACTHTEIb-
HoctH (0 CM) M BBICOTE PacTHTEIBHOTO MOKpOBa 1 cM

Fig. 6. Thawing depth in 2017 (a) and 2020 (6) based on the data of measurements and modeling
results for different forcings in the absence of vegetation (0 cm) and at a vegetation height 1 cm

HBIM TepMOMETPOM, — 7. JIOTIONTHUTENEHO OBLTH MPOBEICHBI PACUETHI [NTyOMHBI TPOTaHBAHH
TIPY 33JIAHUH PA3TUYHBIX BBICOT M BIAKHOCTH OPHO(MHUTOB M TEMITEPaTypPhI TONIINA MEP3JIOTHI.

B Tab6n. 2 npuBecHBI XapaKTCPUCTHKH TEMIIEPATYPHOTO PEKUMA ITOBEPXHOCTH TI0-
uBbl JietoM 2017 n 2020 rr. o nanuem 7, 7, u T, U3 TaOMUIEI ciemyer, 4to Kak B 2017 T,
Tak u B Oosee TeruioMm 2020 T. MPOOIKUTENBHOCTD MIEPUOIOB C TTOJIOKUTEIBHBIMU 3Ha-
YEHUSIMM TEMIIEPATyp MO fAaHHbIM 7, U T, paBHO KaK M BEIMYUHBI COOTBETCTBYOIIUX
nnnekco nporanBanusi CI'TII (cymma rpajgyco-aHel Tema), ObIIH CYIIeCTBEHHO BBIIIE
paccuutannbX 1o 7). IIpu 5ToM 10 naHHbM 7', HHJEKC NPOTaHBaHHUs OO0JIee XOJIOIHOTO
neta 2017 . oka3ancs HECKOJNBKO BBILIE, YEM MHJIEKC, ONPEIENEHHBIN 10 T, U HUKE
it 6osee Terutoro sera 2020 . Bo3aMOXKHO, 3TO CBSI3aHO C Pa3IMYHBIM 3anTyOIeHUEM
KOHTaKTHOTO JAaT4YMKa, KOTOPBIN MepeyCTaHaBIUBAETCS MOCIIE OKOHYATEIbHOIO CTauBaHUs
CHEYKHOTO ITOKpPOBA.

Ha puc. 6 moka3aH BpeMEHHOM XOJI ITyOMHBI MPOTAMBAHUS IO TAaHHBIM H3MEPCHUMN
U MOJICMPOBaHUsI (BEpTHKAJIBHBIC TMHUH Ha rpadukax 0003HAYAIOT HAYAI0 IpoMep3a-
Hus Ha BepxHel rpanuie CTC). Kak nmokasano cpaBHeHHE pe3ysbTaToB MOJEIHPOBAHNUS
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Tabruya 3

Cpennss oTHocuTeIbHAsA omuOka MB, cpennss adcoaoTHas omudka MAB

U ko3 duuueHT ferepmuHanuu R’

BOCIIPOHM3BeAeHUs MOe/IbI0 IIYyOuHBI mpoTanBanus B 2017 u 2020 rr.

Table 3

Average relative error MB, average absolute error MAB and determination coefficient R”
for model estimations of thaw depth in 2017 and 2020

Toxn 2017 2020
®dopcunr| H, cm MB MBA, m R? MB MBA, m R?
T, 0 -0,75 0,31 0,45 -0,33 0,25 0,97
T, 0 0,52 0,16 0,75 0,16 0,13 0,94
T, 0 0,72 0,22 0,73 0,09 0,08 0,96
T, 1 -0,92 0,29 0,27 -0,56 0,43 0,98
T, 1 0,10 0,05 0,79 0,14 0,11 0,96
T, 1 0,23 0,08 0,78 0,10 0,08 0,96
T, 2 -1,00 0,30 0 -0,72 0,56 0,96
T, 2 0,54 0,16 0,81 0,38 0,30 0,97
T, 2 0,18 0,06 0,8 0,29 0,23 0,97
T, 3 -1,00 0,30 0 0,84 0,65 0,91
T, 3 —0,84 0,25 0,78 0,59 0,46 0,97
T, 3 —0,49 0,15 0,8 0,45 0,35 0,91
Tabruya 4
OueHkn HAYaJIa OTTAMBAHUSA M MakcuMAabHOi ryounsr CTC
Ha HUC «JlenoBas 6a3a Mbic bapanoBa» B 2017 u 2020 rr.
Table 4
Estimates of thawing onset and maximum depth of STD
at “Ice Base Mys Baranova” in 2017 and 2020
Ton | dopeusr H_=0cMm H_=lcm H_=2cMm H Jlannble
T h, cm T h, cm T h, cm T h, cm T h, cm
2017 T, 164 24 166 9 - - - - 165 42
T, 170 72 182 48 188 27 196 10
T, 165 76 172 60 180 45 189 30
2020 T, 171 98 171 74 183 54 187 37 153 108
T, 151 133 158 109 166 86 178 65
T, 151 129 156 112 163 97 172 82

C JIAHHBIMH HaOmonenui (puc. 6, Tabn. 3, 4), UCTIONB30BaHUE TEMITEPATYPhl I B Kade-
cTBe (hopcHHTa MPUBOAMT K HEYJOBIETBOPUTEIBHBIM PE3yJIbTaTaM, IIOCKOJIbKY B JIETHHE
MeCSIIBl TEMIIepaTypa BO3yXa, KaKk IPAaBWIIO, CYIIECTBEHHO HIDKE TeMIepaTryphl MOA-
CTHJIAIONIEH TTOBEPXHOCTH, KOTOPasi HHTEHCHUBHO IPOTPEBACTCS NPUXOISIIEH COTHEUHON
panuanueii (puc. 56). CooTBeTCTBYONIAsE PA3HOCTh CPEAHEUACOBBIX 3HAYECHHH OoJee ueM
B 50 % ciyuaeB mpesbiiiaer 2 °C, nocturast B sicHble conHeuHble qau 10-12 °C, mpu
Pa3HOCTU CpeAHEMECSUYHbIX 3HaueHui okosio 3 °C. B To e BpeMsi UCHOIb30BaHUE MPU
MOJICNBHBIX pacdyeTax TeMIepaTypbl TIOBEPXHOCTH MOYBBI 110 JAHHBIM KOHTAKTHBIX U pa-
JMAIMOHHBIX M3MEPEHHH TTO3BOJISIET JIOCTATOYHO JJOCTOBEPHO BOCIPOU3BECTH AUHAMUKY
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nporanBanus. Kak BUIHO U3 puc. 6, 3HadeHus: u3MepeHHoi ryounsl CTC HaxomsiTes
B TIpeJieliaX MEX/y CMOJCIMPOBAHHOW MTYOMHON B OTCYTCTBHE PACTHTEILHOCTH H IITY-
OMHOM MpPOTAaMBaHMS CJIOSI TPYHTA T10JI MOXOBBIM ITOKPOBOM BBICOTOH 1 cM.

JIyisi KOMTMYEeCTBEHHOM OIEHKH Pe3yJIbTaTOB MOACIUPOBAHUS B 3aBUCHMOCTH OT
BapuaHTOB (DOpPCHHTra W 3aJ]aBa€MOil BBICOTHI pacTuTeNbHOCTU (H) HCIONB30BAINUCH
k03 dUIMEHT AeTepMUHAINU R*, OTHOCHTENbHAs omiOka MB u cpentsisi abcomoTHas
ommbka MAB [14]:

h

MB = W, MAB — Z h"md ~ "meas , (5)
‘meas n

meh  Wh  — pacueTHas M HaOMIONEHHAs NTyOUHBI IPOTAUBAHMS; 71 — KOJMYECTBO Tap
HapayieNnbHbIX JAaHHBIX HAOTIOACHUH U pacueToB. Pe3ynbsraTel BOCIIPOU3BEACHHUS MOAEIBIO
CPEAHECYTOUYHBIX JTAHHBIX HAOMIOCHUH MTyOHHBI IPOTauBaHMS MPUBEICHBI B Ta0M. 3.

Kak BuaHO U3 Tabn. 3, HawIydIIee COOTBETCTBHE CMOJCIHUPOBAHHON JUHAMHUKHU
rry6unsl CTC (monmokeHne HyJeBOW M30TEPMBbI) ITyOMHE, paCCUUTAaHHON IO JTAHHBIM
TEPMOKOCHI, 00eCreYnBaeT UCIob30BaHUue B kauecTse (Gopcunra temneparyp 7, u T,
IpY 3a1laHHOM BbIcOTe pacTuTenbHOCTH O 1 1 cM (TIpu 3TOM ClleAyeT UMETh B BHUILY, UYTO
T, , XKax OBLIO yKa3aHO BBIIIE, SBISETCS, MO CyTH, CPEIHEH [T yJacTKa MIIOIALI0 Ooree
20 m?). Pacuer ce30HHOTO MpoTauBaHKs 110 Temneparype 7, aMILTUTY/Ibl TOJ0BOTO LIUKJIA
KOTOPO 4acTO MCHOJIB3YIOTCS B KauecTBe (DOPCHHTA JIJIsl OLIGHKHU IyOUHBI TIPOTaMBAHMS
no meronuke Kyapssuea [9, 22], okazancs Haubosee AalekKuM OT peaTbHOCTH. DTO
HEYIUBHUTEIBHO, YUUTHIBAS POJIb MOIVIOMIEHHOW KOPOTKOBOJIHOBOM panuaiu B (HopMu-
POBaHUM TEMIIEpaTyphl MOACTUIAIONICH MOBEPXHOCTH B JICTHHUI MepHoi, 00ycIaBInBao-
mIeH, Kak ObUTO MOKa3aHo B TalI. 2, pa3HHUIy B HHAEKCAX NMPOTAHBAHUSA B HECKOIBKO Pas.
B Tabn. 4 npuBeneHbl MOJCIbHBIC OLIEHKH UMEIOIIHUX IPHUKIIAIHOE 3HAYCHHE XapaKTepH-
CTHK JEATENBHOTO CJIO0S TPYHTA: CPOK Haudana oTtanBanusg (7) U MakCUMajbHAs TTyOHHA
MpOTanBaHMA s B CPAaBHEHUH C JaHHBIMHU HaOmroneHuit. Kak cnemyer u3 TaGmuisl, HapaLy
C PacCCMOTPEHHOH BBIIIE MPOOIEMON a/IeKBaTHOTO 3aJ]aHUs TeMIIEpaTypHOTo (OpPCHHTa,
HanOoIbIIIee BIMSHUE HA PE3yIbTaThl MOJACHBHBIX pacueToB rTyOnHsl CTC oKka3biBaeT
BBIOOp XapaKTEPUCTHK MOXOBOTO MOKPOBA, 3AIIMIIAIONIETO MHOTOJCTHIOIO MEP3JIOTy OT
OpICcTpOTO IporpeBanus U nporauBanus [5]. Cyas Mo JaHHBIM PAacdyeTOB, C YBETHUCHUEM
TOJIIUHBI PaCTUTENbHOTO MokpoBa oT 0 10 1 cm makcumanpeHas mryonna CTC ymensmia-
eTcsl, HarpuMep, npu pagaunanuonHoM ¢opcunre ¢ 0,72 o 0,48 m B 2017 1. u ¢ 1,33 1o
1,09 m B 2020 1. IIpu 3TOM yBeIMUYCHHE TONIIMHBI MOXOBOTO IIOKPOBA CABUTACT U HAYAJIO
mpoIiecca MpoTanBaHus Ha BcE Oosiee MO3AHME CPOKH, BIUIOTH O TOTO, YTO TPHU €€ He-
KOTOPO# KPUTUHECKOH TONIMHE U UCTIONb30BaHUU B KauecTBe Gopcunra 7 B XONOAHOE
neto 2017 1. mpoTanBaHue He HAYMHAETCS BOOOIIIE, TOCKOIBKY 3a MEePHOJ HarpeBa Teio-
BOU (DPOHT HE yCHeBaeT JOWTH JI0 MEP3JIOro TPyHTa.

CortacHO MOJICJIbHBIM pacyeTaM aHaJOrM4HbIe, XOTs U Oosee cinadbie, 3 hexTh
OKa3bIBAIOT BJIAYKHOCTh MOXOBOTO TOKPOBA M TeMIIEpaTypa Mep3JI0Thl, 00yClIaBINBaO-
11asi OXJIaXJIeHHEe TPOTAMBAIOIIETrO Ciosi CHU3Y. V3MeHeHHe BIaXHOCTH OprOo(HUTOB OT
1 1o 3 mpuBonut Kk pocty MakcuMaibHOU rmyounsl CTC Ha 3-5 cm. Ilpu moHmkeHUn
Temneparypbl Mep3notel 7, Ha 2,5 °C makcumanbHas Tommuna CTC npu dopeunre 7,
ymenbimmiack 661 B 2017 u 2020 . Ha 7 cM u 10 cm cooTtBeTcTBeHHO. K coxanenwuro,
Ba)KHBIH BOIPOC O BEITMYUHE TEMIEPaTyphl MEP3IOTHI MOKET OBITh MPOSCHEH TOJIBKO IO
JIAHHBIM TIPSIMBIX HAONIOJICHUH B TTyOOKOH CKBa)KHHE.
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BriBoabI

Brmonaennsie B 20162021 . Ha HUC «JIemoas 6a3a Mric bapanoBay komrmiekc-
HBIC UCCIICIOBAHNS TEPMUUCCKOTO PEKIIMA BEPXHETO CIIOSl MEP3JIOTO TPYHTA, TOTTOTHECHHBIC
pe3yapTaTaMy TETUIO0aTaHCOBBIX HAOMIONCHUI M MOJETBHBIMHA pacueTaMi JWHAMHUKHI
MIPOTaWBaHUSL, TTO3BOIMIH OIICHUTH POJH MPOIECCOB B3aUMOACUCTBISI aTMOC(HEPHI ¢ TTOA-
CTHJIAOIICH TTOBEPXHOCTHIO U aJICKBaTHOTO OITMCAHUS COCTOSHUS PACTUTEIHHOTO TIOKPOBA
B (popmupoBannu CTC. [TokazaHo, 4yTo TIyOMHA U MPOAOIDKUTEIHHOCTh CE30HHOTO TIPO-
TaMBaHMA MHOTOJICTHEH MEP3JIOTHI Ha TIOOSPEIKBE APKTHYCCKUX OCTPOBOB XapPAKTEPH3YETCS
CYIIECTBEHHON MEKTOJOBON M3MEHYUBOCTHIO.

[Ipoanamu3upoBaHa pollb YMEHBIICHHUS aTb0eI0 CHEKHO-JCITHOTO TTOKPOBa B Be-
CEHHHUH MepHo]] BCICACTBHE KPAaTKOBPEMEHHBIX BTOP)KESHHI TETUTBIX BO3AYIIIHBIX MACC KaK
TPHUITEpa, TPUBOISIIETO K HHTCHCU(PHUKAIINU TIPOLIECCOB TASHUS W MPOTPeBa TOACTHIIA-
IOIIEH MMOBEPXHOCTH BCICACTBUE PE3KOTO YBEIMUYCHHS ITOTIIOMICHUS KOPOTKOBOIHOBOMH
COJTHEYHOH paHaIiii.

[Toxa3zaHo, 4TO OIECHKY IITYOMHBI TPOTAMBAHUS 110 TaHHBIM O TEMIIEPaType BO3IyXa
Ha BBICOTE 2 M, IOCTYITHBIM B OOJIBIIMHCTBE PEaHATN30B, MAJIO PEIPE3CHTATUBHBI M UME-
FOT CMBICIT TOJBKO JJISI TIOTYYCHHUS IPUMEPHBIX XapaKTEPUCTHK MPOIECCOB TPOTAUBAHUS
B JICTHUH miepuon. s WX aJeKBaTHOTO pacdeTa HeOOXOIUMBI H3MEPECHHUS TeMIepaTyphl
MOACTHITAIONICH MTOBEPXHOCTH PaIHAIlMOHHBIM MM KOHTAKTHBIM METOIAMHU.

Psim MOZETBHBIX AKCIIEPUMEHTOB TOKA3all, YTO LTS YIyUIICHUS KadecTBa MPOTHO3a
rmyounasl nporanBanuss CTC HeoOXoanMa MOCTAaHOBKA KOMIUICKCHBIX HAOFONCHHH 3a
TEeMIIepaTypoi MEp3JIOTHl U TETUIO(PU3MISCKUMI CBOHCTBAMHU PACTUTEIHFHOTO TTOKPOBA.

B memoMm, ¢ ydeToM yIpoIIeHHO! TOCTAHOBKY 3a/1aud W TPUOIMKCHHOTO 3aaHuUs
TEIUIOMAaCCOOMEHHBIX CBOWCTB MPOTAMBAIOININX CPEIl, PE3YNIbTaThl PACUCTOB MOTYT OBITH
TIPU3HAHBI YIOBICTBOPUTEIEHBIMH, 8 TIPEATIOKESHHBIH ITOIX0]] PEKOMEHIOBAH LIS OLIECHOK
CTC paitoHOB apKTHUYECKUX ITyCTHIHB 110 TaHHBIM TUCTAHIIMOHHBIX U3MEPEHHUH TeMIepa-
TYpHI TOACTHIIAIOICH TOBEPXHOCTH.

KondunkT nHTepecos. Y aBTOPOB HCCIIEN0BAHHSA HET KOH(IHKTA HHTEPECOB.
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Abstract. Studies of the present-day Arctic climate are becoming increasingly relevant and in high demand
in the light of the observed global warming and the expansion of long-term programs for the development of
the Arctic regions. A quantitative assessment of changes and variability in surface air temperature (SAT) is
presented for the climate norm period of 1991-2020, based on data from 31 meteorological stations (MSs),
which reflect the diversity of climatic conditions in the area studied. Average monthly SAT values were taken
as indicators of changes in the thermal regime, and the standard deviations (SD) of average monthly SAT
were used as indicators of the thermal regime variability. The annual course of SAT (one maximum and one
minimum) mainly reflects the radiation factor. The annual course of SD (in the northern part of the area — one
maximum and one minimum, in the southern part — two maxima and two minima) reflects the patterns of the
atmospheric and ocean circulation and the type of the underlying surface. The assessment of the changes and
variability in the thermal regime of the surface atmosphere was based on a comprehensive analysis of the annual
cycle of indicators on the SAT-SD plane using closed SAT-SD curves characterizing annual and seasonal cycles.
31 SAT-SD curves were classified, and the corresponding regions of the Barents and Kara Seas were identified.
A typical SAT-SD curve was obtained for each region. The boundaries of natural climatic seasons (NCS) were
determined based on a comparative analysis of the seasonal cycle of SAT-SD indicators and the absolute SAT-SD
values characteristic of different seasons within each region. Zoning and determining the duration of the NCS
refine the general understanding of the climate of the Western sector of the Arctic.
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Introduction

The development prospects of the Russian Arctic zone largely depend on the current
and expected climatic conditions. Increasing the accuracy of assessing changes and
variability of the Arctic climate by taking into account natural climatic seasons (NCS) is
necessary for the development of strategic programs for the Arctic regions.

The basic principles for determining the internal structure of the year, the selection
of criteria for dividing a year into natural climatic seasons (NCSs) (unlike calendar
seasons), as well as the definition of the very concept of NCS were formulated back in
the middle of the last century. For example, NCS was understood as a period characterized
by a uniform course of meteorological processes and a certain thermal regime [1]. Air
temperature in itself should be considered as a synthetic indicator reflecting the impact
of all the components of climate formation: solar radiation, atmospheric circulation, and
the type of the underlying surface [2].

Previously, the annual course of air temperature, cloudiness, and atmospheric
pressure was analyzed to identify climatic seasons in the Arctic seas. The summer season
was limited to the dates of the transition of the average monthly minimum temperature
through 0 °C, the beginning of winter was determined by the time of a sharp decrease in
lower cloudiness (the physical basis for this was associated with a change in atmospheric
circulation), the beginning of spring — by the change of a trough of low pressure to an
area of high pressure [3]. However, as has been noted, the criterion of transition through
0 °Cis not suitable for the Arctic because in most of the Arctic, negative air temperatures
are observed even in summer [4]. The main criterion for establishing climatic seasons
and their boundaries was the annual course of the average monthly air temperature, while
the annual course of atmospheric pressure and cloudiness were secondary criteria [4].
Using the example of the Murmansk region, it was shown that the identification of climatic
seasons depends on the choice of a meteorological criterion that would take into account
temperature contrasts between land and sea, temperature fluctuations associated with
fluctuations in the radiation regime, and with features of atmospheric circulation [5].
The best criterion is assessment of the variability of the average daily air temperature [5].

In the work of Z.M. Prik [6], the climatic zoning of the Arctic was determined by
the features of the circulation of the atmosphere and the ocean, and the type of the underlying
surface. It was indicated that the influence of these factors varied in different seasons.
The author identified seven large climatic regions and provided their climatic characteristics.
Prik’s zoning was entrenched in the fundamental Atlas of the Arctic [7] and is actively
used by modern researchers [8]. It is also worth noting the zoning of individual Arctic seas
based on the characteristics of ice conditions. For example, this was done for the Greenland
and Barents Seas [9] and for the Kara Sea [10]. In general, a limited number of studies
are devoted to the climatic zoning of the Arctic [6-8]. At the same time, the zoning was
carried out based on physical and geographical conditions without identifying the NCS.

According to Terziev et al., the most valid criteria for dividing a year into NCSs
were the characteristics of atmospheric circulation [11].

Modern studies of the Arctic climate, including its thermal regime, are mainly based on
estimates obtained for calendar seasons and average annual temperatures [12—17]. At the same
time, a number of studies use the concept of “winter season”. For example, in one study,
“winter” was the period from December to March inclusive[18], and in another one,the year
was divided into two equal periods: winter (November—April) and summer (May—October) [19].
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Previously, the authors of this work, in a joint analysis of the indicators of change
and variability of the thermal regime of the surface atmosphere, determined the duration
of the NCS for the conditions of Franz Josef Land [20]. Further, the NCSs were identified
for the Barents Sea region, based on the data of 4 MSs (Barentsburg, Teriberka, Malye
Karmakuly, and the E.T. Krenkel Observatory) for the period of the present-day climate
norm of 1991-2020 [21]. The NCSs identified corresponded to the physical and
geographical conditions of the location of the MSs used.

The aim of this study is to identify the NCS in a large Arctic region using the Barents
and Kara Seas as an example. The 1991-2020 climate norm period was chosen as
a significant time interval, reflecting the current climate characteristics of the study
region [22]. Based on the aim, the following objectives were set:

— assessing changes and variability in air temperature in the Barents and Kara Seas
for the period 1991-2020;

— zoning the region through a comprehensive analysis of the annual cycle of average
monthly temperature and its variability;

— identifying the NCS.

Materials and methods

The materials for the study were observation data from 31 MSs, located in the region
of the Barents and Kara Seas (see Fig. 1), and the database (DB)'.

To assess changes in SAT, monthly average SAT values were used as quantitative
indicators. Standard deviations (SD) from the mean are typically used as a measure of variability
(dispersion). For non-stationary processes, it is assumed that the total variability is divided
into the variability explained by the trend of the mean and the residual variability associated
with deviations from the trend. Residual variability is estimated as a SD from the trend [23].

7%5°

Greenland

Norwegian
Sea

BARENTS
70°87 SEA

40° 50° 60° 70°
Fig. 1. Location of the 31 MSs in the Barents and Kara Seas region

80°E

Puc. 1. Mectononoxenue 31 mereoctanuuu B pernone bapenuena n Kapckoro mopeit

' Ivanov B., Karandasheva T., Demin V., Ilyushchenkova I., Revina A. Database: Characteristics
of current trends in surface air temperature in the Western sector of the Russian Arctic (CLIMATE),
2024. Patent No. 2024622557.
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Fig. 2. Zoning of study region.

Nbar/Nkar — the north of the Barents and Kara Seas; NWbar — the northwest of the Barents Sea; SWbar —
the southwest of the Barents Sea; SEbar — the southeast of the Barents Sea; NEkar — the northeast of the Kara
Sea; SWkar — the southwest of the Kara Sea

Puc. 2. PaifornpoBaHne HCCIIETyeMOro peruoHa.

Nbar/Nkar — cesep bapentesa u Kapckoro mopeit; NWbar — ceBepo-3anan bapenuesa mopst; SWbar — roro-
3anan bapenuesa mopsi; SEbar — roro-Boctok bapennesa mopsi; NEkar — ceBepo-BocTok Kapckoro mopsi;
SWkar — roro-3amnaj Kapckoro mopst

The characteristics of the linear trends of monthly average SAT value series for
the MSs used were presented previously [24]. In this study, the SD was calculated in
two ways: as the SD from the mean and as the SD from the trend. Preliminary analysis
showed that, for a statistically significant trend of p > 0.20, the SD calculated from the
SAT trend differs from the SD calculated from the mean SAT value by no more than 3 %.
Therefore, for time series with statistically significant trends (p < 0.20), the SD from the
trend was calculated, and for other series, the SD from the mean SAT value was calculated.

At the first stage, a 30-year time series of monthly average SAT values and
characteristics of linear SAT trends for 31 MSs for the period 1991-2020, obtained by
the authors earlier [24], were used. For each MS, average SAT values were calculated for
each calendar month and, depending on the statistical significance of the linear SAT trend,
the corresponding SD of the SAT trend or SD of the average SAT values was obtained.
Further, for each MS, a closed curve of the annual SAT-SD indicators was constructed
on the SAT-SD plane. The resulting curves differed in shape, timing of maxima/minima,
maximum/minimum values, and amplitude of the SAT and SD indicators.

At the second stage, an expert method was used to analyze the shapes of the curves
obtained, the number and time of occurrence of the maxima and minima of the SAT
and SD, and the amplitudes of the annual variation of these indicators. Taking into
account the identified differences in the curve shapes and the features of the annual and
seasonal cycles, 6 characteristic groups were identified. Each selected group of curves
naturally corresponded to the geographic location of the MSs, according to the data from
which they were constructed. As shown in Fig. 1, the MSs for which the SAT and SD
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indicators were calculated are located mainly on the coast of the Barents and Kara Seas.
In the open part of the sea waters, the boundaries of the areas were drawn taking into
account the features of the thermal regime of the surface atmosphere and the surface
layer of the sea, the wind and ice regime of the seas in modern climatic conditions [25].
The straight lines dividing the selected areas and drawn through open water (see Fig. 2)
largely correspond to the boundaries of the ice regions of the Barents and Kara Seas,
validated by E.U. Mironov [9] and V.P. Karklin et al. [10].

Then, for each identified area, average SAT values were calculated for the year
and calendar months (as the arithmetic mean of the corresponding SAT values based
on the MSs data for each area). For each area, linear trends in average monthly and
average annual SAT values were calculated, estimates of the SD from the trend and from
the average SAT value were obtained, and typical SAT-SD curves were constructed. Thus,
we have zoned the sea areas using SAT-SD curves.

At the third stage, a comparative analysis was carried out of the SAT and SD values
and the rates of their increase/decrease were carried out, which allowed us to identify
and determine the duration of the NCS for each region. The winter and summer seasons
were characterized by low and high values of the average monthly SAT, respectively, with
relatively small changes in the average monthly SAT. At the same time, the winter season
was characterized by high SD values, and the summer season was characterized by low
SD values. In the transitional seasons (spring and autumn), relatively rapid changes in
the values of the average monthly SAT and SD were observed.

The magnitude of the velocity of a point with coordinates (¢; 6) on the plane of
the SAT-SD was adopted as a complex indicator of the rates of change of the SAT and SD:

V=6 +(0,-0,,)"
where V is the velocity of the point in the i — the calendar month, ¢, and o, are the values
of the SAT and its SD in the current calendar month, 7, and o, are the SAT and SD
values in the previous calendar month.
Thus, for each area studied, the rates of change of the SAT-SD-indicator from month
to month during the year, the ranges of SAT and SD values characteristic of winter/spring/
summer/autumn, and the duration of the NCS were estimated.

Results

A comparative analysis of the closed SAT-SD curves characterizing the annual and
seasonal SAT cycles obtained for all MSs revealed 4 characteristic shapes of these curves,
typical of the region studied. Examples of such curves are shown in Fig. 3 (a, b, e, f).
The shape of the figure formed by the closed SAT-SD curve is determined by the annual
variation of the SAT and SD indices (see Fig. 3: ¢, d, g, h).

Certain patterns are observed in the annual variations of the SAT and SD indices.
In the annual SAT variations, one maximum and one minimum were observed at all
MSs. In the annual SD variations, two minima and two maxima were observed at most of
the MSs (see Fig. 3¢, b, ), while the remaining MSs exhibit one minimum and one maximum
(see Fig. 3g). Accordingly, based on the shape of the SAT-SD curves and the number and timing
of SAT and SD minima/maxima, the set of SAT-SD curves was divided into four groups.

Geographically, it looks as follows: the northwest of the Barents Sea (3 MSs),
the north of the Barents and Kara Seas (3 MSs), the northeast of the Kara Sea (4 MSs),
and the southern part of the Barents and Kara Seas (21 MSs). In the last group, there were
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Fig. 3. Four characteristic shapes of the SAT-SD curves (a, b, e, f) and the annual cycle of SAT and
SD (from January to January inclusive) (c, d, g, h).

(a, ¢) — Barentsburg MS (northwest of the Barents Sea); (b, d) — E.T. Krenkel GMO (north of the Barents and
Kara Seas); (e, 2) — E.K. Fedorov OGMS (northeast of the Kara Sea); (e, g) — Teriberka MS (south of the Barents
Sea). The Roman numerals indicate months. The point on SAT-SD curve corresponds to the 15th day of the month

Puc. 3. Yersipe xapakrepusie popmsl [ITB-CKO-kpuBsIx (a, b, e, f) 1 ronoBoit xox (¢ stHBaps 10O
SIHBAaph BKIIIOUUTEILHO) (¢, d, g, h) [ITB u CKO.

(a, ¢)— MC BapennOypr (ceBepo-3anazn bapenuesa mopsi); (b, d) — I'MO um. D.T. Kpenkenst (ceep bapeniiesa n
Kapcxoro mopeti); (e, g) — OI'MC um. E.K. ®enoposa (ceBepo-Boctok Kapckoro mops); (e, g) — MC Tepubepka

(tor BapenieBa mops). Pumckumu mpdpamu 0603HaueHb1 Mecsisl. Touka Ha [TTB-CKO-kprBoii COOTBETCTBYET
15 uncny mecsna
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significant differences in the amplitude of the annual cycle of the SAT (from 15 °C to
35 °C) and SD indicators (from 1 °C to 4.5 °C). Therefore, this group, based on the
location of the MSs, was divided into three subgroups (6, 9 and 6 MSs in each) with
different amplitudes of the SAT and SD indicators, respectively: 1) from 15 to 23 °C and
from 1 to 2.5 °C; 2) from 20 to 30 °C and from 2.5 to 4.0 °C; 3) from 25 to 35 °C and
from 3.5 to 4.5 °C.

Thus, we classified the SAT-SD curves for all MSs and identified the regions
of the Barents and Kara Seas corresponding to this classification. In the northern
part of the study region (see Fig. 2), three characteristic SAT-SD curve shapes were
observed (the NWhbar, Nbar/Nkar, and NEkar regions), while in the southern part, one
shape was observed (the SWbar, SEbar, and SWkar regions).

For each area, the average SAT values and linear trend indicators were calculated
for the year and calendar months. All linear trends calculated for the average annual SAT
values were statistically significant at the p < 0.01 level. The statistical significance of
the linear SAT trends for calendar months varies within a fairly wide range (see Table 1).
The majority (89 %) of the linear trends were statistically significant at the p < 0.20 level,
and for these cases, the SD from the trend was calculated to exclude the influence of
the trend. Statistically insignificant trends (p > 0.20) were observed mainly in the southern
Barents Sea (the SWBar and SEBar areas) in January—March and June. For cases of
statistically insignificant trends, the SD from the mean was calculated.

Quantitative estimates of the SAT and SD, reflecting seasonal changes and variability
of air temperature for 6 regions, are presented in Table 2.

Table 1
Surface air temperature linear trend indicators
Tabruya 1
Iloxa3arenu JUHEeHHBIX TPEH/10B IOBEPXHOCTHOM TeMIlepaTyphbl BO31yXa

Area NWhbar Nbar/Nkar NEkar SWhar SEbar SWkar
a p< a p< a p< a p< a p< a p<

I 0.228 | 0.01 [0.367 | 0.01 |0.246 | 0.01 |-0.042| 0.45 | 0.060| 0.50 | 0.140 | 0.15
1I 0.221 | 0.01 |0.403| 0.01 |0.262 | 0.01 [0.046| 0.50 | 0.126 | 0.20 [ 0.200 | 0.10

111 0.023 | 0.75 [0.138 | 0.10 | 0.143 | 0.10 [ 0.041 | 0.40 | 0.064 | 0.45 | 0.098 | 0.35
v 0.083 | 0.20 |0.181| 0.01 |0.238 | 0.01 {0.081| 0.05 | 0.116 | 0.05 [0.159 | 0.10
A% 0.093 | 0.01 |0.089| 0.01 |0.087| 0.10 [0.088| 0.01 | 0.083| 0.05 | 0.063 | 0.15
VI 0.045| 0.01 [0.028 | 0.01 |0.074| 0.01 [0.045| 0.20 | 0.028 | 0.45 | 0.083 | 0.05
VII 0.045| 0.01 [0.015| 0.10 | 0.046 | 0.05 [0.082| 0.05 | 0.095| 0.05 |0.122 | 0.01
VII |0.022] 0.20 | 0.047 | 0.01 [0.086| 0.01 |0.046| 0.10 |[0.064 | 0.05 | 0.062| 0.10
IX 0.074 | 0.01 [0.125| 0.01 |0.161 | 0.01 [0.088 | 0.01 | 0.087| 0.01 |0.093 | 0.05
X 0.157| 0.01 |0.441| 0.01 |0.324| 0.01 [0.067| 0.10 | 0.087| 0.10 | 0.136 | 0.05
XI 0.155| 0.01 |0.344| 0.01 |0.219| 0.01 [0.113| 0.01 | 0.166| 0.01 [0.137 | 0.10
XII 0.199 | 0.01 [0.349| 0.01 |0.224 | 0.01 {0.064| 0.15 | 0.136| 0.05 [0.172 | 0.10
Ton 0.112 | 0.01 [0.211| 0.01 |0.176 | 0.01 {0.060| 0.01 |0.093| 0.01 |0.122 | 0.01

Note. a — slope of the linear trend, °C/year; p — level of statistical significance.
IIpumeuanue. a — yrioBoil kod3pPUIHEHT auHeiHOTO TpeHaa, °C/rox; p — YpOBEHb CTATUCTHYECKOM
3HAYUMOCTH.
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Table 2

Average annual and seasonal characteristics of changes (surface air temperature)
and variability (standard deviation) of air temperature for 6 regions

Tabruya 2
CpeaHerooBbie M Ce30HHbIC XaPAKTEPHCTUKH H3MEeHeHH i
(MoBepXHOCTHAs TeMIlePaTypa BO31yXa)
H H3MEHYHBOCTH (CPeHEKBAAPaTHYECKOe OTKJIOHEeHHE)
TeMmneparypbl Bo3lyxa /i/Isi 6 paiionon
Areas SAT SD
t,°C| 4,°C min/max c ., Cld,°C max/min
NWhbar -2.6 14 I-111/ VII-VIII 0.9 2.9 I/ VI-VIIL; XII
Nbar/Nkar| —10.5 | 21 II-111/ VII-VIII 1.3 4.0 1/ VI=VIII; XII
NEkar -122 | 29 [-11/ VII-VII 1.1 2.9 I/ vIi-vil
SWhbar 1.3 19 [-11/ VII-VIII 0.7 1.7 |11, VII/ IV-VI; VIII-IX
SEbar -14 24 =11/ VII-VIII 1.1 2.9 11, VII / VI; VIII-IX
SWkar —6.9 30 I-11/ VII-VIII 1.5 3.8 II, VII/ VI; VIII

Note. Lo °C — average annual SAT value; 4, °C — amplitude of annual SAT variation; min/max —

coldest/'warmest months; 6, °C — SD of average annual SAT values; 4 , °C — amplitude of annual
SD variation; max/min — months with maximum and minimum SD values (or months with maximum/
minimum SAT variability).

Ipumeuanue. L, °C — cpenneronosoe 3nauenue [1TB; 4 ,°C — ammmuryna rogosoro xona I[1TB; mun/
MaKC — CaMBIi XOJIOIHBINA/CAMBII TEIUIBI MECSIIBL; O, °C — CKO cpenneronosbix 3nauennii [1TB;
A, °C — ammuryna rogosoro xona CKO; Makc/MHUH — MecsIbl ¢ MAaKCUMaJIbHBIM U MUHHMAJIbHBIM
3HaueHreM CKO (mmm Mecsibl ¢ MaKCHMalIbHOH/MUHUMaIIBHOI n3MeHYnBOCThIO [ITB).

Typical SAT-SD curves, constructed using average monthly SAT values and
corresponding SD values, are shown in Fig. 4.

In the region studied, the average annual SAT value decreased significantly from
southwest to northeast: from 1.3 °C (SWhbar) to —12.2 °C (NEkar). The amplitude of
the annual SAT cycle increased from west to east, from 14 °C (NWbar) and 19 °C (SWhbar)
to 30 °C (NEkar, SWkar) (see Table 2 and Fig. 4a, d and c, ).

The SAT minimum a were shifted to the time of the Sun's appearance above the horizon
after the polar night: in the southern regions, the minima were observed in January—February,
while in the northern regions they were observed later — in February—March (see Table 2 and
Fig. 4). The shift of the SAT minimum to March in the northern regions was also due to the
fact that anticyclonic circulation begins to predominate over the Arctic, and heat transfer
from the ice-covered sea significantly decreases [11]. The maxima were observed after
the summer solstice — in July—August (see Table 2 and Fig. 4).

SD values in the northern regions were within a relatively narrow range: 0.9-1.3 °C.
In the southern regions, SD values increased significantly (almost doubling) from west to
east: from 0.7 °C (SWhar) to 1.5 °C (SWkar) (see Table 2 and Fig. 4).

The smallest annual amplitude of the SD (1.7 °C) was observed in the southwest
of the region (SWhbar) (see Table 2 and Fig. 4d). In this area, frequent changes in air
masses (temperate and arctic) should have led to significant variability in air temperature,
but this was prevented by the relatively rapid transformation of air masses over the non-
freezing water surface. In other regions, the annual amplitude of the SD was significantly
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Fig. 4. Annual cycle of SAT-SD indicators for 6 regions of the Barents and Kara Seas.
The point on SAT-SD curve corresponds to the 15th day of the month
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Touxka na [ITB-CKO-kpuBoii cooTBeTcTBYeT 15 unciry mecsia

larger, (about 3—4 °C)(see Table 2 and Fig. 4). This could be explained, firstly, by frequent
winter temperature inversions and a sharp increase in SAT as a result of the destruction
of the inversion layer (increased wind strength, cloud formation, advection of air masses).
Secondly, by the influence of cold air masses of continental origin formed in the Siberian
anticyclone (SEbar) and warm air masses transported by cyclones (eastern trough of
the Icelandic low) (SWkar). Third, by ocean circulation: a complex system of alternating
warm and cold currents (NW and SE currents), and the influx of warm Barents Sea waters
through the Kara Strait and Yugorsky Strait (SWkar). This leads to thermal heterogeneity
of the underlying surface (open water, ice of varying concentrations).

The main winter maximum of the SD occurred during the period of the most intense
atmospheric circulation and was also formed under the influence of the radiation regime
during the polar night: in the northern regions (NWbar, Nbar/Nkar) — in January, in NEkar
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and in the southern regions — in February (see Table 2, Fig. 4). In the southern regions,
in July, against the background of the summer decrease in the SD, a small secondary
summer maximum of the SD was observed, associated with the alternation of cold Arctic
and warm continental air masses in the region of the Arctic front [11].

The spring-summer minimum of the SD was caused by the seasonal decrease in
atmospheric circulation intensity and the melting of sea ice and snow on the coast and
islands. Melting processes prevent a rapid increase in air temperature during the influx
of warm air masses and a sharp decrease in temperature during the influx of cold air
masses (due to the latent heat released during refreezing) [11]. The earliest spring-
summer minimum of the SD was observed in April-June in the southwest of the study
region (SWhbar), the latest in June-August in the northern regions (NWbar and Nbar/Nkar),
and in other regions in June-July (see Table 2 and Fig. 4).

In the southern regions (SWbar, SEbar, SWkar), the summer-autumn minimum in
SD was still observed in August-September (see Table 2 and Fig. 4d—f). The main reason
for the low air temperature variability in autumn is the intense heat transfer from the sea
surface, as water heat content of sea reaches its maximum value at this time.

In the north of the study region (NWBar, Nbar/Nkar), a slight minimum in SD was
observed in December. The physical origin of the decrease in air temperature variability in
December is still unclear, but under current warming conditions (for the period 1985-2015),
a similar decrease in other meteorological parameters (mean monthly wind speed, average
monthly precipitation) was recorded at the beginning of winter (November) in the Barents
and Kara Seas [25].

To identify the NCS, we propose considering both the change in air temperature (SAT),
whose annual cycle in polar regions is determined by the radiation factor, and its
variability (SD), whose annual cycle, as shown above, reflects the characteristics of
atmospheric/oceanic circulation and the type of the underlying surface. By winter and
summer seasons, we mean periods of time during which SAT and SD values change
relatively slowly and within narrow ranges, while during transitional seasons (spring,
autumn), these values change relatively rapidly and within wide ranges. Quantitative
estimates of the rates of change in SAT and SD for various seasons are presented in Table 3.

Table 3
Ranges of the module of the complex indicator of the velocity of change
of surface air temperature and standard deviation (V, °C/month)
for the natural climatic seasons
Tabnuya 3

Jluana3zoHbl MOy ISl KOMILIEKCHOI'O OKA3aTeJIsl CKOPOCTel H3MEeHEeHHs
NpPU3eMHON TeMIepaTyphbl BO3/lyXa U CpellHeKBaApaTHYecKoro orkionenus (V, °C/mec)
JJISl €CTeCTBEHHBIX KIMMATHYeCKHX Ce30HOB

Areas Winter Spring Summer Autumn
NWhbar 1-2 4-5 0-3 34
Nbar/Nkar 0-5 6-9 0-2 6
NEkar 1-6 8-9 0-3 8-9
SWhbar 1-3 4 14 5
SEbar 04 5-6 14 6
SWkar 1-5 8 1-6 7-9
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Table 4
Ranges of values of surface air temperature and standard deviation (°C)
for natural climatic seasons
Tabnuya 4
Jlnana3oHbl 3Ha4eHU i IOBEPXHOCTHOI TeMIepaTypbl Bo31yXa
U CpeIHeKBa/paTHYecKoro oTkjioHeHus (°C)
JUISl €CTECTBEHHBIX KIIMMATHYECKHX Ce30HOB
Areas Winter Spring Summer Autumn
SAT SD SAT SD SAT SD SAT SD
NWbar —9..—4 3.4 -7..2 1...3 2...5 1 —4..3 1...3
Nbar/Nkar [-21...-13| 3...4 —16...—1 1...3 —1...1 0...1 -13...-1 1...4
NEkar -26...—18| 3...4 —18...0 1..3 0...3 1...2 -18...0 2.3
SWhbar =7..72 2.3 -3...5 1...2 5...11 1...2 —2...5 1...2
SEbar -13...-7 3..4 =7...4 2.3 4...11 1...2 =7...4 2.3
SWkar -21...-12| 3...5 -12...3 2.4 3...9 1...2 -12...4 2.3
Table 5
Duration of NCS for the study region
Tabruya 5
Iponosxurenbnocts EKC 1uist pernona ucciegoBanuii
Regions Months
1| o [m | v [ v [ vi]vi]|vi] | x | xt | xu

NWhbar
Nbar/Nkar Winter
NEkar Spring
SWhbar Summer
SEbar ‘ ‘ Autumn |
SWkar | | | |

In the north and northeast of the study region (Nbar/Nkar and NEkar), in summer,
lower V; values than in winter were observed; in other areas, summer and winter Vvalues
were comparable During the transitional seasons, V; values were significantly h1gher in
spring compared to winter and in autumn compared to summer, 1.5 to 2 times. The highest
V. values were observed in the Kara Sea regions.

The observed relatively low/high SAT values and relatively high/low SD values
for the winter/summer seasons, as well as the intermediate SAT and SD values for the
transitional seasons, are presented in Table 4.

In winter, negative SAT values were observed in all regions, with the lowest values in
Nbar/Nkar and NEKkar, and the highest in SWbar. SD values in winter in most of the regions of
the Barents and Kara Seas were within a narrow range of 3—4 °C. In spring, SAT values crossed
0 °C in all the regions, with the exception of Nbar/Nkar and NEkar, and SD values decreased.
However, in the northern regions, the range of SD values increased, while in the southern
regions, it remained the same. In summer, positive SAT values and the lowest SD values were
observed in almost all the regions. In autumn, SAT values crossed 0 °C in most regions. SD
values increased significantly, with the range of SD values increasing in the northern regions
(with the exception of NEkar), while in the southern regions, it remained the same.

The time boundaries of the NCS are presented in Table 5.
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“Spring” began earliest in the southern Barents Sea (SWbar, SEbar), and half a month
later in the other areas of the study region. The duration of spring was the same in all
the areas — two months. The longest summer (4 months) was observed in the southern
Barents Sea (SWbar, SEbar), while in the other areas, summer was shorter and of equal
duration (3 months). In most of the areas, autumn began in the second half of September; in
the southern areas of the Barents Sea (SWbar, SEbar), it began in October. In the southwest
of the region (SWbar), autumn was short (1.5 months), while in the other areas it was
longer (2 months). Winter began in the second half of November, and in the SEbarin
December. In the northern regions (NWhbar, Nbar/Nkar, NEkar) and in the southwest
of the Kara Sea (SWkar), “winter” lasted 5 months, in the south of the Barents Sea:
4.5 months (SWhbar) and 4 months (SEbar).

The identified temporal boundaries of the NCS refine the description of seasonal
ice processes in the Barents and Kara Seas [25, 26]. The temporal boundaries of the NCS
correspond to the ice regime characteristics of the study region, with ice extent extremes
occurring 1-2 months later than SAT extremes. Thus, minimum SAT values in the study
region were observed in January-March (see Table 2), and maximum ice extent was
observed in March-April. Maximum SAT values were observed in July-August, and
minimum ice extent was observed in September. Moreover, the directions of both
increasing SAT and decreasing ice extent, and decreasing SAT and increasing ice extent,
coincided. Thus, during relatively warm periods (May—September), the seasonal process
of decreasing ice coverage begins in the southwest of the study region and, gradually
encompassing other areas, moves northeast. During relatively cold periods (October—
February), the seasonal process of increasing ice coverage begins in the northeast of the
study region and gradually moves southwest.

Thus, the NCSs determined using the principle of joint analysis of air temperature
changes and variability in six regions of the Barents and Kara Seas correspond to
the physical and geographical conditions of the study region.

Discussion

The zoning of the Barents and Kara Seas and the determination of the duration of
the NCS carried out in our work based on the characteristics of the SAT-SD curves are
in good agreement with the climatic zoning of the Arctic carried out by other researchers.

For example, according to the zoning proposed by Prik, three regions were
distinguished in the Barents and Kara Seas, as part of the Atlantic climatic region [6, 7].
The extreme northeastern Kara Sea was classified as part of the Siberian climatic region.
In our study, the zoning was performed with a higher spatial resolution, and six distinct
regions were identified.

In the previous study, the temporal boundaries of the NCS for the Barents Sea were
established based on changes in atmospheric circulation patterns with an accuracy of one
month: “winter” (November—April), “spring” (May—June), “summer” (July—August), and
“autumn” (September—October) [11]. In our study, the Barents Sea was divided into four
regions, and the NCS boundaries were determined with a higher temporal resolution
and refined. For example, in the Barents Sea areas that we identified, “winter” began
later and ended earlier, while “summer” began earlier and ended later. The duration of
the transition seasons in these areas and in the Barents Sea as a whole was almost identical,
lasting two months. It should be noted that the NCS time boundaries for the Barents Sea
were established using data prior to 1990 (including MSs observations for the period
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1936-1980), i.e., for the period that included the “cold 1960s”. Our study was conducted
for the period 1991-2020, which reflects present-day sustained warming. This could explain
the shorter “winter” and longer “summer” in our case compared to the previous study [11].

In the work of Korolkova, the temporary boundaries of the NCS and the zoning
of the Arctic were determined primarily based on the analysis of the annual variability
of SAT [4]. In our study, the MSs, whose data Korolkova used to identify the NCS in
the western Barents Sea (2 MSs) and in the Kara Sea (1 MS), were assigned to the NWbar
and SWkar regions. A comparison of the results shows that our estimates of the NCS
temporal boundaries in these regions coincided with Korolkova’s estimates within
the accuracy of determining the NCS boundaries (half a month). In addition to the annual
variability of SAT, Korolkova also considered the annual variability of the frequency of
overcast sky. In some cases, this indicator confirmed the temporary boundaries of the NCS
identified based on SAT; in others, it did not, or data on the frequency of overcast sky were
simply unavailable. Therefore, in working with SAT time series it seems appropriate to
use not only the annual SAT cycle but also an additional characteristic—namely, the SD.

Among recent studies, the climatic regionalization performed by Johannessen and
coauthors [12] is noteworthy. Using ERA-40 and Nansen SAT reanalyses, the authors
identified six regions in the Northern Hemisphere from 40° to 90°N and analyzed changes
in SAT for both the year and for calendar seasons.

Since transition from one type of climatic conditions to another occurs gradually,
the boundaries of climatic regions and the duration of the NCS can be determined with
a sufficient degree of approximation, based on explicit and implicit knowledge (expert
methods). In climate zoning and defining NCS boundaries, various experts use both
qualitative (strong/weak influence of cyclonic/anticyclonic circulation, the influence of
warm/cold currents, ice cover/open water) and quantitative criteria (characteristics of
the annual course of SAT and SD). In our study, zoning was conducted using qualitative
(SAT-SD curve shapes) and quantitative (characteristics of the annual course of SAT and
SD.) criteria. The NCSs for each region were identified through a comparative analysis
of a complex indicator—the rate of change of SAT and SD values within each area and
the absolute values of SAT and SD characteristic of different seasons within a given area.

Thus, the zoning of the Barents and Kara Seas that we carried out and the identified
boundaries of the NCS not only do not contradict the results of previous studies, but also
significantly complement and detail our understanding of the climate of the Western Arctic.

Conclusions

For the period of the present-day climate norm 1991-2020, based on the data of
31 MSs(Russian and Norwegian) located in the Barents and Kara Seas, as a result of
a comprehensive analysis of changes (annual course) in the average monthly values of
SAT and its variability (SD), zoning of the study region has been performed, and the time
boundaries of the NCS for the zones have been identified.

1. To assess the changes and variability, the monthly average values of SAT and
its SD were used as quantitative indicators. A new approach was applied: 31 closed
curves of the annual cycle of the SAT-SD indicators were constructed on the SAT-SD
plane, characterizing the annual and seasonal cycles of the thermal regime of the surface
atmosphere. Based on qualitative (curve shape) and quantitative (maximum/minimum
values, number and time of occurrence of the maxima/minima, annual amplitude of SAT
and SD) features, 6 groups of SAT-SD curves were distinguished. Each group of curves
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corresponds to the location of certain MSs, and, thus, the boundaries of 6 large climatic
regions were determined. In the Barents Sea, there were three of them: northwest (NWbar),
southwest (SWhbar), southeast (SEbar). In the Kara Sea, two: southwest (SWkar) and
northeast (NEkar). The northern part of the study region comprises one common area:
the northern Barents and Kara Seas (Sbar/Skar). For each area, a typical closed SAT-SD
curve was constructed using combined and averaged data, and quantitative estimates of
SAT changes and variability were provided.

2. The NCSs were identified based on a combined analysis of SAT changes,
the annual cycle of which in Polar Regions is determined by the radiation factor, and SAT
variability (SD), the annual cycle of which reflects the features of atmospheric/oceanic
circulation and the type of the underlying surface. By winter and summer seasons, we
mean time periods during which the SAT and SD values change relatively slowly and
within narrow ranges, while in transitional seasons (spring, autumn), these values change
relatively rapidly and within wide ranges. To identify the temporal boundaries of the NCS,
the modulus of the SAT-SD indicator movement velocity from month to month on the SAT-
SD plane and the SAT and SD values themselves were used as quantitative indicators.
“Winter” in most of the study region lasted 5 months (the second half of November —
the first half of April), in the southern Barents Sea, “winter” began later and ended earlier,
and lasted 4—4.5 months. Summer lasted three months in most of the study region (from
the second half of June to the first half of September). In the southern Barents Sea, summer
began earlier and ended later, lasting four months. The transition periods (spring/fall)
lasted two months throughout the study region.

3. The zoning carried out in this work and the temporal boundaries of the NCS
correspond to the physical and geographical conditions of the Barents and Kara Seas.

4. The use of calendar seasons allows a rough comparison of climate change
patterns across different territories. However, when they are applied to specific regions
with varying climatic conditions, it is difficult to expect that these seasons will accurately
reflect the changes. For a more detailed study of regional climate, it is advisable to
identify the NCS. This is currently relevant not only to the further development of Earth
sciences but also to supporting economic activities, and to other activities in the Arctic.
The proposed accuracy of defining the NCS’s temporal boundaries, half a month, appears
sufficient for long-term development planning for Russia’s Arctic regions.
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Pacmmmpennsliii pegepar

B cBs13u ¢ HabMronaeMbIM yCTOHUMBBIM OTEMIIEHHEM H pa3pabOTKOM NEPCIIEKTHBHBIX IPOrPAMM Pa3BUTHS apKTH-
YEeCKHX PETHOHOB KpaifHe aKTya bHBIMU U BOCTPEOOBAHHBIMHY ABIISIOTCS HCCIET0BAHMS COBPEMEHHOTO KIIMMaTa
Apxruxu. {ns neprozna coBpeMeHHoH kmnmarudeckoi HopMbl 1991-2020 rr. mo JanHbM 31 MeTeoponornyeckoit
craruu (MC), oTpaxaronmmM MHOT000pasne KITMMaTHYeCKHX ycIoBuii pernona bapennesa u Kapckoro mopeii,
JlaHa KOMMYECTBEHHAS OlICHKA H3MEHEHHH 1 N3MEHIHBOCTH MPU3eMHOI Temmepatypbl Bo3ayxa ([1TB) kak oqHoro
U3 DIaBHBIX MHIMKATOPOB IOTEIUICHU: KiMMaTa. B kadectBe nokasarens usmenenuii IITB ucnonssyrores ee
cpeqHeMecsYHbIe 3HAYCHHUS, I3MEHYNBOCTH — cpenHekBaapatnyeckue otkiaoneHns (CKO) cpenHeMecsaHbIX
sHadeHnit [1TB. Tomosoii xon IITB (oamH MakcuMyM W MHHHMYM) 0OYCIOBIEH paJHALIHOHHBIM (HAKTOPOM.
Tonogoii xon CKO (B ceBepHOIt 4acTH perrnoHa OAUH MaKCUMyM H MHHHUMYM, B F0)KHOH — J[Ba MAKCUMyMa U
MUHHMYMa) XapaKkTepu3yeT 0COOCHHOCTH MUPKYIALHUH aTMOC(epbl/OKeaHa i COCTOSHUS MOACTIIIAIONIEH Mo-
BepxHocTu. [Ipumenen HoBbIi moxxox: Ha miockoctu [ITB-CKO nocrpoena 31 3aMkHyTast KpHBast TOZOBOTO
xoma [1TB-CKO-noka3areneil, XapakTepu3yiomias ToI0BbIe W CE30HHbIC LIUKIBI TEPMUYECKOTO PEKUMA MPHU-
3emHoO# atmMocdepsl. [1o kagecTBeHHBIM (opMa KpHBOIT) i KOMMYECTBEHHBIM (MaKCHMabHbIE/ MHHIMATbHBIC
sHadeHus [ITB u CKO, xonnyecTBo 1 BpeMs HACTYIUICHUS MX MAKCHMYMOB/MHHUMYMOB) TIPH3HAKAM TIPOBE-
nena tummsaist [ITB-CKO-kpuBbix 1 BeIIeneHo 6 Tpymi. Kax ol rpymie cooTBETCTBYET MECTOTIONOKEHHE
onpezneneHHbIXx MC, TakuM 00pa3oM, ObLITH yCTAHOBICHBI TPAHHIIBI 6 KITMMATHYECKHX pailoHOB. [ Kaxaoro
paiioHa mo 0ObeJMHEHHBIM H OCPETHEHHBIM TaHHBIM TocTpoeHa TiioBas [1TB-CKO-kpuBas u naHb! Kojide-
CTBEHHBIE OLIEHKH M3MeHeHuil 1 u3MeHunBocTy [1TB. [l kaxaoro paitona mpu cpaBHUTENEHOM aHATN3€ MOTYIIS
cxopoctu aBmkenus [1TB-CKO-nokazarens u 3Hadenusm [1TB u CKO ycraHOBIEHBI BpeMEHHBIE TPAaHUIIBI
ecTecTBeHHbIX KmMatndeckux ce30HoB (EKC). [Tox 3uMHEM 1 IETHHM CE30HAMH MBI IOHIMaeM IPOMEKYTKH
BpeMeHH, B TedeHne kotopsix 3HadeHus [ITB u CKO n3MensoTess 0THOCHTEIPHO MEUICHHO U B Y3KHUX JHa-
Ta30HaX, & B IEPEXOJHBIE CE30HbI (BECHA, 0CECHB) YKA3aHHbIE 3HAYCHNS H3MEHSIOTCS OTHOCUTEIBHO OBICTPO U B
IIMPOKHUX JMana3oHax. «3MMay Ha O0NMbIIeH YacTH HCCIeyeMOTo PETHOHa JUTATCS 5 MECANEB (BTOpast IOJTOBHHA
HOsI0psl — IepBasi MONOBHHA anpedis), Ha fore bapenneBa Mops OHa HAYMHAETCS MO3/HEE, 3aKAHINBAETCS PaHbIIIE
u mates 4-4,5 mecsna. «Jletoy Ha OonbIIel YacTH HCCIeyeMoro pernoHa JUTes 3 Mecsa (BTopast TOOBHHA
MIOHS — TIepBast IONIOBHHA CEHTIO0P), Ha fore bapennesa MOpst OHO HAYMHACTCS PAaHbIIE, 3aKAHIHBACTCS O3]
Hee 1 anuTes 4 Mecsia. [IpoaomKuTenbHOCTh MEPEXOIHBIX CE30HOB («BECHA»/«OCEHBY) BO BCEM HCCIETyeMOM
peruone coctapiseT 2 Mecsna. PaiionupoBanue u onpenenenue npogomkutensHocT EKC yroynstor obmee
TpeCTaBIeHHe O KIMMaTe 3amagHoro CeKTopa APKTHKH.

KutroueBbie ciioBa: Bapenueso mope, Kapckoe Mope, H3MEHEHHS M H3MEHUYHBOCTH TEMIIEPATypbl BO3/yXa,
€CTECTBEHHBIC KIMMATHYECKHE CE30HbI, PAOHUPOBAHHE
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Abstract. The primary sources of nutrients in the Arctic are river runoff and remineralization processes. However,
the local characteristics of coastal ecosystem functioning are strongly influenced by the supply of nutrients from
glacial meltwater, particularly in regions where glacier-fed streams interact with the bedrock. In this study, we
tested the hypothesis that rocks which form the bedrock of glacial streams, such as sandstones, siltstones, shales
and carbonates, can serve as significant sources of nutrient elements (notably nitrogen and silicon) for coastal
ecosystems. Laboratory experiments involving the exposure of representative rock samples to distilled water for
up to 30 days demonstrated a measurable increase in nutrient concentrations. The observed leaching rates for
nitrate nitrogen and dissolved silicon reached up to 7.9 micromoles per square meter per day and 30.7 micromoles
per square meter per day, respectively, in the most reactive samples (these were sandstone from Stepovogo bay
and siltstone from Blagopolychia bay). The results indicate that the release of nutrient elements from glacial
bedrock, particularly during periods of enhanced meltwater runoff, can contribute significantly to the balance
of nutrients and primary productivity of Arctic coastal ecosystems.
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Introduction

Novaya Zemlya is an archipelago located in the Russian sector of the Arctic between
the Barents Sea and the Kara Sea. Due to the changing climate, significant changes have
been taking place in the ecosystem of the Arctic seas in recent years: the area of long- term
ice has been significantly reduced [1, 2], the ice age and thickness of the seasonal ice
cover have been decreasing [3], and the influence of Atlantic water mass inflows has been
increasing [4, 5]. According to [6], the retreat of outlet glaciers to the Novaya Zemlya
archipelago has significantly accelerated in the last two decades, with a reduction in glacier
area of 1,000 km? since the end of the 20th century, and a reduction in ice volume of
380 km?®. Thus, it is evident that Novaya Zemlya serves as an indicator of climate changes
in the Arctic. Climate change is leading to a fundamental restructuring of the hydrological
and, consequently, biogeochemical conditions of Arctic ecosystems [7-9]. Glaciers play
a particularly important role in global biogeochemical processes. As a result of physical
and chemical weathering, they release significant amounts of dissolved substances and
solid particles into coastal zones [10, 11]. According to existing studies [12—16], glacier
retreat increases the concentrations of biogenic compounds, as well as organic matter, in
rivers fed by glacial meltwater [17]. Parallel investigations in Tempelfjorden Bay (Svalbard
Archipelago) [18] have shown that carbonate rocks composing the shoreline represent
a significant source of not only nutrient elements but also heavy metals to the aquatic
ecosystem. Research in northern Sweden (Karkevagge area) has demonstrated that
metamorphic rocks, particularly crystalline schists, serve as a source of inorganic nitrogen
for regional water bodies, including the rivers and lakes of Lapland [12].

During field investigations in the biohydrochemistry laboratory, IORAS, of streams
in the bays studied, elevated concentrations of nitrate nitrogen and dissolved silica were
detected compared to the average values for the Kara Sea. The mean nitrate concentrations
in the streams during each study period significantly exceeded the mean values observed
in the surface waters of the Kara Sea (0.5—-1 pumol); a similar excess was also recorded
for dissolved silica concentrations (the mean value for the Kara Sea is about 8 pmol).
The data were previously published in the articles [19-21]. The averaged results for each
bay are presented in Table A.1.

There is a lack of data on the lithology of Novaya Zemlya bays in the global scientific
literature. The inaccessibility of the archipelago has so far prevented shedding light on
the lithological structure, composition, and age of the archipelago’s rocks. The absence
of lithological data made it impossible to explain the peculiarities of the biogeochemical
structure of the archipelago's bays. This became possible within the framework of
the comprehensive program “Ecosystems of the Siberian Arctic Seas”, which was launched
in 2007 under the guidance of Academician M.V. Flint [22, 23].

The aim of this study is to describe the lithological and chemical features of rock
samples forming the shores of the Novaya Zemlya Archipelago. Using experimental
investigations of field material, we seek to determine the influence of the composition
of the bedrock on the qualitative and quantitative characteristics of the fluxes of nutrient
elements (nitrate nitrogen, dissolved silica). The patterns observed are used to explain
the high concentrations of nutrient elements in Novaya Zemlya streams.

Material and methods

As shown in Figure 1, the study area is located in Novaya Zemlya.
The coastal zone of the Novaya Zemlya Archipelago and the surfaces of small islands
represent a terraced plain, bounded by a coastal escarpment. As one moves inland from
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Fig. 1. Location of the study area on Novaya Zemlya Archipelago

Puc. 1. Mecrononoxenue paiioHa uccienoBanus Ha apxunenare Hosas 3emis

Fig. 2. A typical landscape on Novaya Zemlya. Photo by Gennady V. Borisenko

Puc. 2. Tunmunstii nanamadt Hosoit 3emmu. @oto ['B. bopucenko
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the coast, the coastal plain transforms into a denudation plateau characterized by absolute
elevations ranging from 200 to 500 meters above sea level.

The general topography of Novaya Zemlya is defined by the presence of a mountain
ridge, which is divided by transverse through valleys into separate tectonic blocks. Most
of the elevated relief elements are completely devoid of vegetation and represent a typical
Arctic desert. The vegetation of the Arctic tundra is mainly localized in the coastal zone
and river valleys [24].

A typical landscape of Novaya Zemlya is shown in Fig. 2. The ground is mostly
covered by tundra vegetation—mosses, lichens, with patches of bare rock and gravel.
Watercourses are usually fed by melting snow and ice, and their banks are often muddy,
lined with stones and sparse vegetation.

In the coastal zone and marine inlets, the surface layer is mainly composed of sandy
deposits underlain at a depth of 12-20 meters by clayey rocks. Granulometric analysis
shows a predominance of fine and very fine sand fractions.

The primary material for this study consisted of a collection of rock samples
obtained during expeditionary work in the water areas of three bays of the Novaya Zemlya
Archipelago: Blagopoluchiya, Stepovogo and Abrosimova. The geological material was
collected as part of the Kara Sea Expedition led by Academician M.V. Flint, within
the research project “Ecosystems of the Russian Arctic” (research ongoing since 2007).

Field investigations were carried out in 2019-2020 during the RV Akademik Mstislav
Keldysh expedition through specialized shore landings in the study area. The expedition
included single-day routes to glacial formations for the purpose of collecting geological
samples at predetermined coordinates.

The research methodology included the preparation of an experimental setup using
a rock sample placed in a hermetically sealed vessel with a volume of 3.3 liters, filled with
distilled water. During the experiment, the system temperature was kept constant at 4 °C as
this temperature is typical of the natural conditions observed in Novaya Zemlya during the
summer period. The measurements were performed according to the following scheme:
regular monitoring of dissolved silicon and nitrate nitrogen concentrations was carried out
at intervals of 3.5-7 days (0.5 weeks). At each sampling point, changes in the volume of
the aqueous medium were recorded, and the accuracy of measurements was controlled,
including corrections for losses during sampling. The addition of mercury chloride
was necessary to preserve the samples and to prevent the influence of microbiological
processes on the parameters studied. We are aware that HgCl, may also affect certain
chemical reactions, for example, by interacting with specific components of the sample.
The duration of the experiment was 30 days (5 weeks) from the start of sample exposure
to the final measurement. All the procedures were conducted in accordance with standard
hydrochemical analysis methods adopted in the laboratory.

The determination of nitrate nitrogen was performed no later than 12 hours after
sampling. The colorimetric method for determining the mass concentration of nitrate
nitrogen is based on the reduction of nitrates to nitrites in cadmium columns. Analyses were
carried out onboard the research vessel laboratory within 12 hours of sample collection.
For calibration, standard solutions (SS) with a nitrate ion concentration of 1 mg/cm® were
used. The measurement wavelength was 543 nm.

The determination of dissolved inorganic silicon (silicates) was carried out in
accordance with [25]. For calibration, State Standard Samples (GSO 8212-2002) with
a silicate ion concentration of 1 g/cm® were used. The measurement wavelength was 810 nm.
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For analysis, an X-ray fluorescence spectrometer PW 2400 (Philips Analytical, 1997)
and SuperQ software (PANalytical, 2009) are used, as well as approved methodologies
and state standard reference materials. Samples are dried, ground to a powder, pressed into
pellets or subjected to induction fusion to obtain glass beads. The pellets/glass samples
are analyzed in the spectrometer according to the manufacturer's recommendations
and approved methodologies. The mass fractions of elements are determined based
on the intensity of radiation. Calibration is performed using state standard reference
materials. Data processing is carried out using SuperQ, and the results are expressed as
mass percentages of oxides or elements. The value of 9.9 ppm is the detection limit for
trace elements. The leading XRF expert is Anton Igorevich Yakushev, a certified expert
in XRF and a research fellow at the Laboratory of Mineral Matter Analysis.

The determination of total nitrogen and carbon in the rock samples studied was
performed using a modern CHNS-O analyzer ECS 4024, based on the Dumas method.
The instrument possesses broad analytical capabilities, allowing the determination of
CHNS-O concentrations in the range from 200 ppm to 100 % for sample masses from
10 pg to 100 mg. High measurement accuracy is ensured at less than 0.2 % relative to
the certified standard, with an error not exceeding 0.1 % of the certified standard. The TCD
detector is characterized by a low detection limit in the range of 1-5 pg. The elemental
analysis standard of acetanilide had the following parameters: ®(C) 71.09 %, o(H) 6.71 %,
®(0) 11.84 %, ®(N) 10.36 %. The combustion temperature was 960 °C.

The surface area of the rock samples was measured manually using ImagelJ software.
The measurement procedure involved outlining the sample boundaries on digital images
and calculating the enclosed area in square millimeters, following established protocols
for image-based morphometric analysis [26].

Results and discussion

The geological structure of the eastern coast of Novaya Zemlya includes rocks
ranging from Late Cambrian in the northeast to Early Permian in the central and southern
parts. It is characterized by the presence of the following main stratigraphic units [27-30].

In this analysis, four groups of rocks were identified: Carbonate, Sandstone, Shale, and
Siltstone. Carbonate rocks are characterized by very high contents of calcium (CaO = 39 %)
and strontium (Sr = 693 ppm), while having low concentrations of silica (SiO,= 25 %),
alumina (ALO, = 0.8 %), and iron oxide (Fe,O, = 2 %). Sandstones display moderate levels
of silica (SiO, = 30 %), alumina (ALO, = 3.7 %), and iron oxide (Fe,O, = 3.4 %), along with
comparatively high barium (Ba = 118 ppm) and zinc (Zn = 112 ppm). Shales and siltstones
are rich in alumina (ALO, = 13 %), iron oxide (Fe,0, = 6 %), potassium oxide (K,O up
to 3 %), and silica (SiO, = 67-68 %), but contain very little calcium (CaO < 0.5 %) and
strontium (Sr = 60—68 ppm). In general, the main distinctions between these groups lie in
the proportions of calcium, strontium, and silica, as well as the presence of clay-related
components, which are most pronounced in shales and siltstones.

A complete summary of the major and trace element composition of all samples
analyzed by X-ray fluorescence analysis (XRF), is provided in Appendix Tables A.2—A.7.

Blagopoluchiya Bay
A diverse assemblage of rocks was identified in Blagopoluchiya Bay. The area is
dominated by polymictic (quartz, potassium-sodium feldspar, illite, plagioclase) siltstones
and sandstones, which exhibit a variety of grain sizes — from fine- to coarse-grained —
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and complex cleavage structures, including intergranular and aggregate types, with
features such as slumping folds, wavy and parallel cleavage, and micromullions. Several
sandstones and siltstones display significant carbonate content, either within the matrix
or as replacement features, and some contain fragments of carbonate rocks and fossil
remains. Layers of siliceous-clayey shale are also present, with certain varieties containing
ferruginous concretions. Additionally, thin interlayers of clayey siltstone and occurrences
of stylolite-like structures were observed. The presence of conformal and clayey cement, as
well as evidence of secondary processes such as carbonatization and the filling of cracks
with fine-crystalline quartz, further underscore the complex diagenetic history of these
sedimentary formations. Overall, the lithology of Blagopoluchiya Bay reflects a dynamic
depositional environment with significant mineralogical and textural heterogeneity.

The rock samples were collected from Devonian and Carboniferous deposits.
The samples were presumably collected from the boundary and/or deposits of the
Rogachevskaya and Milinskaya formations of the Lower Carboniferous C rg+ml (C t+s)
from the limbs of the Ukromnaya Anticline (see Fig. 3).

E auxiliary fault assumed
E branch fault assumed
S geological abutment assumed

*the positions of faults and geological
abutment are taken from

the State Geological Map

of the Russian Federation

M 1:1 000 000 (third generation)

Fig. 3. Sampling locations and structural types of rocks in Blagopoluchiya Bay (see details below
in Table 1)

Puc. 3. Mecra orbopa 1npo0 1 CTpyKTypHbIC THIIBI ITIOPOA B 3aiuBe biaromonyuus (moxpoGHOCTH
cM. B Tabnuue 1)
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Table 1

Descriptions of rock samples of Novaya Zemlya bays in thin sections

Tabruya 1

Onucanust 06[)33[103 TFOPHBIX MOPOJ UCC/IEAYEMBIX 32 IUBOB B TOHKHUX ].I.[.]'Ill(l)ﬂX

Sample / .

P Onucanue Description
Ob6pazen

BL-01  [AneBposUT NOIMMUKTOBBIN [JIMHUCTBIN Polymictic clayey cleavage siltstone
KJIMBaOKHPOBAaHHBIH (CKiTanka omoi3anust, |(slumping fold, interaggregate cleavage
MeXarperarHslii Kiuax arperarsoro tumna |of the aggregate type, coarsely wavy, rare
rpyOOBOIHUCTHII penkuii B neHTpanbHOH |in the central part, penetrating planetary
YacTH, Ha KPBUIbSIX IPOHUKAOIIUN on the wings with superimposed gradual
IUTAHETAPHBIIA C HATIOKCHHBIM cleavage of flatness); nicols //
MOCTEIICHHBIM KIIMBaXXEM IJIOHYATOCTH),

HUKomm //

BL-02 |[lecuaHuk MOJTMMHUKTOBBIN TOHKO-MeKo- |Polymictic fine to close-grained carbonated
3epHUCTHIH KapOOHATH3UPOBAHHKIN cO CTHU- [sandstone with rare stylolitelike
JIOTUTOTIOOOHBIM PEIKMM MEX3EepHOBBIM |intergranular cleavage, with thin interlayers
KJIMBa)KEM, C TOHKHMH MPOCIOIMH of clayey siltstone; nicols x
QJICBPOJIMTOB IIIMHUCTBIX, HUKOJIH X

BL-03 |KapGonarmsupoBaHHas mopona, Bo3MoxkHo |Carbonated rock, possibly after clayey-
10 NIMHUCTO-KPEMHHUCTOMY CIIAHILY, siliceous shale; nicols x; the second type
HUKOJIU X; BTOpast pa3HOBUAHOCTD — is clay-siliceous shale (not shown in
DIIMHUCTO-KPEMHHUCTBIH caHer (Ha the figure)

PHUCYHKE HE IPE/ICTABIICH)

BL-04 |[lecuanumk mONMMMUKTOBBIH pasHOo3epHH-  |Polymictic inequigranular sandstone with
CThIi ¢ 007J0MKaMK KapOOHATHBIX MOPO U |fragments of carbonate rocks and remains
OCTaTKOB OPTaHW3MOB, HUKOJIH // of organisms; nicols //

BL-05 |[lecuanuk mOJMMHUKTOBEIN TOHKO3epHUC-  |Polymictic fine-grained silty sandstone
THIH aJIeBPUTOBBIH C KOH(DOPMHBIM U with conformal cement and clayey cement
[JTMHUCTBIM [ICMEHTOM C TPCHIMHAMH, with cracks filled with fine-crystalline
BBITIOIHCHHBIMI MEJIKOKPHCTAIUINICCKUM | quartz with superimposed carbonatization
KBApLEM C HATIOKCHHON KaPGOVHaTH%aHerH (intergranular cleavage is sparse, coarse,
(xymBax MEK3EPHOBOI PEKUH IPYOBI |pra ching): nicols x
BETBSILIUICS), HUKOJU X

BL-06 |Kpemuucro-rmuHuCTbIH crnanen, Hukoin // |Siliceous-clayey shale; nicols //

BL-07  |KapbonarHas nopona 3amerenust, Hukom /| Carbonate replacement rock; nicols //

BL-08  |KpeMHHCTO-IJIMHHUCTBIH ClIaHell Siliceous-clayey shale with
C 0XKCIIC3HCHHBIMH KOHKPCLHSMH, ferruginous concretions; nicols //

HUKOJH //

BL-09 |AneBpoIUT MOTUMUKTOBBII Polymictic cleavage siltstone
KITMBAXUPOBAHHBIN (MEX3epHOBOH (intergranular cleavage is penetrating,
KITMBaX MPOHUKAIOIINN JacThIN frequent, parallel, micromullions); nicols //
HapajuIelibHbIi, MUKPOMYJUTHOHBI),

HUKOJH //
BL-10  ([lecuanuk monuMUKTOBBIH aneBpuToBblii  |Polymictic silty cleavage sandstone

KITMBAXHUPOBAHHBIN (MEX3epHOBOH
KITUBaX IPYOOBOJHUCTBIN 4aCThIi
W3BUJIACTHIA COTIPSHKEHHBIN ), HUKOMH //
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End of table 1
Oxonuanue maon. 1

%aég gizl/l Onucanue Description

BL-11  [AneBposuT NOTMMUKTOBBII KIUBAKU- Polymictic cleavage siltstone
POBaHHBI (MEX3EPHOBOM KIIHMBAXK (intergranular cleavage penetrating
HpOHI/IKa}OH.lI/II\/'I BOJIHUCTBIN wavy conjugate); nicols //
CONPSDKEHHBIH ), HUKOMN //

BL-12  |AneBponuT MOMMMUKTOBBII KiuBaxkupo-  |Polymictic cleavage siltstone
BAaHHBIH (MEKX3EPHOBOI KINBaXK (intergranular cleavage penetrating in
IPOHUKAOIINH YaCThIi frequent parallel); nicols //
napaIeNbHbIH), HUKOIH //

3C-01  |ITecyaHMK NMOJIUMHUKTOBBIH MEIIKO-TOH- Polymictic fine-to close-grained
KO3€PHUCTHIH ¢ KOHPOPMHBIM LIEMEH- sandstone with conformal cement with
TOM C XJIOPHTOM H KaJIbLIUTOM 3aMe- chlorite and replacement calcite,
ILIEHHS CIIOEBATHIN, HUKOIH // layered, nicols //

3C-02  |AneBpOIMT HOJIUMHUKTOBBIH INIMHUCTBIN Polymictic clayey siltstone with chlorite
C XJIOPUTOM M KaJIbLIUTOM 3aMElLICHHs and replacement calcite, cleavage
KIIMBXXHPOBAHHbII (MEK3CPHOBOM (intergranular cleavage of the aggregate
KIIMBX arperaTHoro THIIA, IPOHHUKAT0- type, penetrating, sinuous, sharp), nicols //
LU, U3BUINACTBIH, PE3KHUI), HUKOJH //

3C-03  |IlecuaHuK MOJMMHKTOBBII MEJIKO-TOH- Polymictic fine- to close-grained
KO3EPHUCTHIH ¢ KOH(QOPMHEIM LIEMEH- sandstone with conformal cement with
TOM C XJIOPHTOM M KaJILIIMTOM 3aMeNIe- chlorite and replacement calcite,
HHSI CIIOEBATBIM, HUKOJH X layered, nicols x

3A-01 |[lecyaHWK MOMUMHKTOBEINA cpenHe-Men-  (Medium-fine-grained polymictic
KO3EPHUCTHIN ¢ KOH(QOPMHBIM IIEMEH- sandstone with conformal cement with
TOM C XJIOPUTOM CJIO€BAThIN, HUKOJIU X chlorite, layered, nicols x

3A-02  |TlecuaHuK MOJMMHKTOBBII TOHKO-MEI- Fine-to-close-grained polymictic
KO3EPHUCTHIN ¢ KOHQOPMHBIM IIEMEH- sandstone with conformal cement with
TOM C XJIOPUTOM U KaJIbLIUTOM 3ame- chlorite and replacement calcite,
IIEHUS CJIOEBAThIH, HUKOIM X layered, nicols x

3A-03  |[lecyaHUK MOJIMMUKTOBBIM TOHKO-MEII- Fine-to-close-grained polymictic
KO3EPHUCTHIH ¢ KOH(QOPMHBIM LEMEH- sandstone with conformal cement
TOM C XJIOPUTOM U KaJbIIUTOM 3aMe- with conformal cement with chlorite
LICHHUSI CIIOCBATHIN, HUKOJIM X and replacement calcite, layered, nicols x

Stepovogo Bay

The rock samples were collected from the deposits of the middle submember of
the Belushskaya Formation, Lower Permian (P bl2, P1u). The samples are represented
by sandstones with interlayers of siltstones (see Fig. 4). The sandstones are polymictic
(quartz, potassium-sodium feldspar, illite, plagioclase, fragments of effusive rocks and clay
shales), fine- to very fine-grained, aleuritic, and clayey, with conformal cement containing
chlorite and replacement calcite, and are layered. The siltstones are polymictic, clayey, with
chlorite and replacement calcite. All varieties are cleaved to varying degrees. The cleavage
is predominantly intergranular and aggregate-type; in siltstones, it is penetrative, sinuous,
and sharp (see Fig. 4, sample 3C-02), while in sandstones it is coarsely wavy, frequent,
and sinuous. Such deformation textures of clastic rocks develop under low- and medium-
temperature conditions (up to 300-350 °C) [31].
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Fig. 4. Sampling location and structural types of rocks in Stepovogo Bay, see details in Table 1

Puc. 4. Mecto otOopa mpod u CTPYKTypHBIE TUTIBI TOPOJ B OyxTe CTEIOBOro, MOAPOOHOCTH CM. B Ta-
onuie 1

Abrosimova Bay

The rock samples were collected from the deposits of the Belushskaya Formation,
Lower Permian (P bl, P,u), and are represented by sandstones with interlayers of siltstones
(see Fig. 5). The sandstones are polymictic (quartz, potassium-sodium feldspar, illite,
plagioclase, fragments of effusive rocks and clay shales), ranging from fine- to medium-
grained, with conformal cement containing chlorite and replacement calcite, and exhibit
bedding. The conformal nature of the boundaries is often traced by fine-grained clayey
and carbonaceous material. Overall, these rocks are similar to those of Stepovogo Bay,
but differ mainly in grain size.

auxiliary fault confidence
eological abutment

, gonﬂ ence

*the positions of faults and

geological abutment are taken

i from the State Geological Map

{ of the Russian Federation
M 1:1 000 000 (third generation)

Fig. 5. Sampling location and structural types of rocks in Abrosimova Bay, see details in Table 1

Puc. 5. Mecto otdopa mpo0 U CTPYKTypHBIC THIIBI TIOpOX B OyxTe AOpocuMoBa (OAPOOHOCTH
cM. B Tabmme 1)
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An unsupervised clustering algorithm implemented in Python was used to identify
relationships between different rock samples, based on their elemental composition data.
Prior to analysis, the data for each sample were normalized using the StandardScaler
function. Hierarchical clustering was performed using Ward’s method with the Euclidean
distance metric, and the results were visualized as dendrograms. This approach made it
possible to evaluate the relationships between the samples and to partially confirm the
geological boundaries between them, although some uncertainty remains due to the inherent
imprecision of these boundaries. In particular, in the dendrogram, sample BL-06 appears
as a distinctly separate group alongside the 3A and 3C samples, further supporting the
similarity between the 3C and 3A series (see Figs. 6, 7).
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Siltstones ~ Samlpes Carbonate rocks
Fig. 6. Dendrogram of samples from Blagopoluchiya Bay; the clustering based on chemical
composition corresponds to the age of the samples. Rock types outlined in red indicate those with
the highest nutrient element release activity (see below)

Puc. 6. lenaporpamma o6pasioB u3 3ayuBa bnarononyuns; kactepusamys Ha OCHOBE XUMUYECKOTO
cocTaBa COOTBETCTBYET BO3PAcTy 0Opa3uoB. [loponkl, BeAEICHHBIC KPACHBIM IIBETOM, 0003HAYAIOT
T€, KOTOpbIe 00/1a1al0T HanOOMbIIeH aKTUBHOCTHIO IO BEICBOOOXKICHNIO OMOTEHOB (CM. HIXKE)
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Fig. 7. Dendrogram of samples from Stepovogo Bay and Abrosimova; the clustering based on chemical
composition corresponds to the type of the samples. Rock types outlined in red indicate those with
the highest nutrient element release activity (see below)

Puc. 7. Oenaporpamma 06pa3nos u3 3a1uBoB CTernoBoro 1 AGpocuMOBa; KJIacTepu3alus Ha OCHOBE
XHMHYECKOTO COCTaBa COOTBETCTBYET THITYy 00pa3ioB. [Topo/ibl, BbIEICHHBIC KPACHBIM [IBETOM, 000-
3HAYAIOT T€, KOTOPbIE 0018 1a10T HanOOJBIICH aKTHBHOCTBIO 110 BEICBOOOXKICHUIO OMOTEHOB (CM. HIKE)
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Overall, the clustering generally reflects the grouping of the rocks to particular groups
(such as sandstones, siltstones, and shales). However, in some cases, this clustering is
disrupted, which can be attributed to the fact that rock types are, in general, quite similar in
their chemical composition. Additionally, some of the samples are located at the boundaries
between different geological ages, which may also contribute to the observed uncertainty
in their classification.

C/N Ratio

In this study, the total nitrogen and carbon contents in the rock samples were analyzed
(see Fig. 8).

The carbon-to-nitrogen (C/N) ratio is an important indicator in geochemical and
ecological studies as it provides insights into the sources and potential reactivity of
organic matter within rocks and sediments. In particular, the C/N ratio helps distinguish
between organic carbon, which can serve as a nutrient source for microorganisms, and
inorganic (carbonate) carbon, which is generally not bio-available. At moderate C/N ratios,
where the carbon is not predominantly associated with carbonates, the presence of organic
carbon indicates the potential for microbial activity and nutrient cycling within the rock
or sediment. Organic carbon, when accessible, supports the growth and metabolism of
microbial communities, influencing biogeochemical processes such as mineral weathering,
nutrient release, and the overall productivity of the ecosystem. Therefore, analyzing
C/N ratios allows the evaluation of the nutrient potential of the rocks and their capacity
to support microbial life [32, 33].

Analysis of the content distribution showed that for nitrogen (N) concentrations of
0.02—-0.06 %, the carbon content (C) varies from 0 to 2.44 %; for N concentrations of
0.00-0.01 %, the C content is 5.74—12.26 %. Thus, the observed values can be explained
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Fig. 8. Scatterplot of nitrogen versus carbon content in the rock samples
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by the incorporation of carbon into the crystal lattice of carbonate minerals. In sample
BL-01, the CaO content is 0.23 %, while those of Al,O, and SiO, are high (10.84 and
71.34 %, respectively); carbon may also be incorporated into the mineral lattice.

Analysis of the nitrogen and carbon content data reveals notable differences among
the samples studied. The shale samples BL-12 and BL-09 exhibit relatively elevated
nitrogen contents (0.11 % and 0.07 %, respectively) and C/N ratios of 22.93 and 13.47.
These values suggest the presence of organic matter that could serve as a nutrient source
for microorganisms, as the C/N ratios fall within the range commonly associated with
organic carbon of mixed origin [32, 34]. The moderate carbon content in these shales
(BL-12: 2.44 % C, BL-09: 0.97 % C) further supports the potential for microbial activity.

In contrast, the carbonate samples BL-07 and BL-03 show a different pattern. BL-03
contains a high amount of carbon (5.74 %) but has undetectable nitrogen, resulting in
a C/N ratio of zero. BL-07 also demonstrates high carbon content (11.84%) with extremely
low nitrogen (0.02 %), yielding an anomalously high C/N ratio (640.55). These features
are typical of carbonate rocks, where carbon is primarily present in inorganic (carbonate)
form, which is not available as a nutrient for microorganisms [35]. The lack of nitrogen
indicates a scarcity of organic matter in these samples.

The polymictic sandstone samples 3A-01 and 3A-03 display moderate nitrogen
values (0.03 % and 0.12 %, respectively) and carbon contents (0.40 % and 1.33 %), with
C/N ratios of 12.42 and 11.51. These ratios indicate the presence of organic matter that
could potentially be bioavailable, supporting a moderate nutrient status for microbial
communities in these rocks.

The plot (Fig. 8) presents the relationship between nitrogen and carbon content
(in amount percent) for different rock samples, with the groups highlighted by colored
contours. Most of the samples are clustered at low nitrogen concentrations (below 0.1 %)
and show a wide range of carbon contents. The group delineated by the black contour (D,kl)
displays high carbon but very low nitrogen content, characteristic of carbonate rocks, which
typically contain inorganic carbon and minimal organic nitrogen. In contrast, the red and
green contours (P bl and C,_kg) enclose samples with low to moderate carbon and higher
nitrogen values, suggesting a greater presence of organic matter, likely associated with
siltstones and sandstones. Notably, samples BL-06 and BL-08 (connected by the blue
line, C,rg + ml) are distinct, exhibiting the highest nitrogen concentrations among all
samples, which may reflect a significant contribution of organic-rich material or unique
lithological characteristics. Overall, the plot highlights pronounced differences in carbon
and nitrogen content among the lithological groups, corresponding to variations in their
potential for nutrient release.

In summary, the shale samples (BL-12 and BL-09) and polymictic sandstones
(3A-01, 3A-03) contain organic carbon and nitrogen in proportions favorable for microbial
utilization, while the carbonate rocks (BL-07, BL-03) are dominated by inorganic carbon
and lack significant nitrogen, making them much less favorable as nutrient sources for
microorganisms.

See the results in Table A.8.

Experimental studies of the nutrient signal from rocks
A series of hydrochemical analyzes was conducted as part of the experimental
investigation of the nutrient activity of the rocks studied. The experimental procedures
are detailed in Materials and methods.
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Changes in the concentrations of nutrient elements in water are shown in the
following graphs. Since the samples differed in size, the data obtained were normalized
to the premeasured area of the samples (see Materials and Methods). The graphs of nitrate
nitrogen (umol m2) and dissolved silicon (umol m™) are presented in Figs. 9 and 10.

In general, samples in the BL series (Blagopoluchiya Bay) demonstrate higher
concentrations and rates compared to the 3C (Stepovogo Bay) series. The 3C group shows
a general trend toward low concentrations and slow growth. Notably, the highest nitrate
nitrogen activity is observed in siltstone and carbonate rock samples. For dissolved silicon,
the highest release rates are also observed in siltstone and siliceous-clayey shale samples.

At the end of the experiment, it was found that samples BL-01, BL-05, and BL-12 were
covered with ochreous films of iron(IIl) oxide, and native mercury was detected in the columns
during nitrate analysis. This may be related to the addition of mercury chloride at the beginning
of the experiment to reduce microbiological activity. The addition of mercury chloride most
likely led to the formation of hydrochloric acid solution and a series of chemical reactions,
such as the decomposition of calcite upon the appearance of hydrochloric acid solution during
the dissolution of mercury chloride in water; a decrease in pH and the oxidation of Fe* to
Fe** at an alkaline barrier formed as an alkaline film on the surface of calcite crystals. As
a result, samples BL-01, BL-05, and BL-12, which contain ferrous iron, became covered with
ochreous films. The reduction of mercury to its native state was promoted by the reduction
of organic matter, the content of which is apparently highest in samples BL-06 and BL-08.

Table 2
Mean output rates of nutrient elements from rock samples
Tabnuya 2

CpeaHue CKOPOCTH BBIHOCA OMOT€HHBIX 3JIEMEHTOB U3 00Pa310B rOPHbBIX MOPOJI
Sample Mean Rats.a Mean Rate Per Mean Rat§ per Mean Ratei
Name Group per Day (Si), Day (NO,"), Day (Si), per Day (NO,"),

umol'm?-day! | pmol'm2-day! mg-m*-day! mg-m2-day!

3A-03 | Sandstone 30.65 4.61 0.86 0.29
3A-01 | Sandstone 22.10 1.00 0.62 0.06
BL-09 | Siltstone 18.62 7.89 0.52 0.49
BL-12 | Siltstone 17.81 11.02 0.50 0.68
3C-03 | Sandstone 16.64 0.65 0.47 0.04
BL-06 Shale 11.44 1.27 0.32 0.08
3C-02 Siltstone 9.95 1.20 0.28 0.07
BL-05 | Sandstone 8.19 0.00 0.23 0.00
BL-10 | Sandstone 7.66 291 0.22 0.18
3C-01 | Sandstone 7.58 0.34 0.21 0.02
BL-07 | Carbonate 5.87 1.94 0.16 0.12
BL-11 Siltstone 5.82 1.40 0.16 0.09
3A-02 | Sandstone 3.81 0.74 0.11 0.05
BL-03 | Carbonate 2.89 0.08 0.08 0.00
BL-08 Shale 2.89 2.19 0.08 0.14
BL-04 | Sandstone 2.65 1.89 0.07 0.12
BL-02 | Sandstone 1.58 1.82 0.04 0.11
BL-01 Siltstone 0.00 0.74 0.00 0.05
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Table 2 presents the mean production rates of nutrient elements — specifically
silicon (Si) and nitrate (NO,”) — from various rock samples grouped by lithology (sandstone,
shale, carbonate). For each sample, the mean daily Si and NOs™ release rates are reported
in units of micromoles per square meter per day (umol-m=-d™").

The three samples with the highest mean rates of Si output are 3A-03 (Sandstone)
with 30.65 pmol'm=2-d™!, 3A-01 (Sandstone) with 22.10 umol-m-d"!, and BL-09 (Siltstone)
with 18.62 pmol-m-d". For nitrate (NO,"), the highest mean output rates were observed in
BL-12 (Siltstone) with 11.02 umol-m=-d~', BL-09 (Siltstone) with 7.89 umol-m=2-d!, and
3A-03 (Sandstone) with 4.61 umol-m2-d"'. These samples show the highest nitrate release
rates among all the rock samples analyzed.

The influence of nitrogen in rocks on local element cycles can be quite significant.
It has been established that elevated nitrogen content in aquatic and soil environments is
associated with the weathering of primary rocks. According to available data, the average
nitrogen content in terrestrial rocks is 1.27 + 1 mg N per kilogram [36]. The total
nitrogen stock in sedimentary rocks is estimated at 7.5-10%° grams [37]. During rock
weathering, nitrogen is released, increasing its availability to living organisms and affecting
biogeochemical cycles.

Nitrogen is generally not measured in rocks due to the widely held assumption that
nitrogen concentrations are insignificant and due to the lack of a universally accepted
standard method for analyzing the form and concentration of nitrogen in mineral fractions
of rocks and soils. As a result, the nitrogen biogeochemical cycle is rarely considered in
a geological context. Nitrogen is present in kerogen (a stable organic substance in rocks),
ammonium or nitrate salts. Sedimentary rocks, for example, serve as a long-term reservoir
for about 20 % of global nitrogen, but their weathering rates and nitrogen content vary
by orders of magnitude [38, 39].

Geological nitrogen has been shown to contribute to the saturation of nitrogen in
ecosystems (more nitrogen than is required by biota), leading to elevated concentrations
of nitrates in surface and groundwater [40, 41]. Geological nitrogen may be a significant
source of nitrate for both groundwater and surface water [42, 41, 43]. The main source
of nitrogen in silicate rocks is believed to be from sedimentary rocks [44]. Ammonium
content in metamorphic micas in France ranges from 120 to 500 mg/kg in muscovite and
from 300 to 1500 mg/kg in biotite [45].

A 30-day laboratory experiment showed that the weathering of local rocks in the West
Fork of the Gallatin River watershed, Montana, releases significant amounts of nitrate,
matching elevated levels of nitrate in area streams. Isotopic analysis suggests that mineral
dissolution in rocks and soils is a key natural source of stream nitrogen in this region [46].

In comparison with previous studies, the current results demonstrate comparable
values. For example, in the study [19], the flux of nutrient elements was estimated at
0.04-0.18 mg m> day' for nitrate nitrogen and 0.16-0.24 mg m~ day' for silicon. None
of the Novaya Zemlya rock samples in this study exhibited higher nutrient output rates
than those reported for Svalbard rocks, which reached up to 0.64 mg m day ' for NO,~
and approximately 2 mg m~ day' for Si.

Rocks 3A-01, 3A-03, BL-09 demonstrate a high level of nutrient element release due
to several key features of their composition and structure. Firstly, their polymictic nature
means they are composed of a wide variety of minerals and rock fragments, which broadens
the spectrum of nutrient elements (such as Ca, Mg, Fe, and others) available for release.
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Secondly, the presence of easily soluble cements—specifically chlorite and calcite—
facilitates the rapid mobilization of these elements when the rocks undergo weathering or
interact with water. Chlorite provides iron and magnesium (and sometimes manganese),
while calcite is a source of calcium, all of which are essential nutrients.

In addition, the fine- to medium-grained texture of the sandstones and the fine-grained
nature of the siltstone result in a high specific surface area, which accelerates chemical
weathering and the release of elements. The layered structure and pronounced cleavage
(particularly in the siltstone) enhance the permeability and porosity of these rocks, allowing
water to circulate more freely and extract soluble components more efficiently. Features like
micromullions further increase the contact surface, promoting even more intensive leaching.

Overall, the combination of diverse mineral composition, easily dissolvable biogenic
minerals, high porosity and permeability, and a well-developed surface area explains why
these rocks exhibit such high levels of nutrients release.

Sample BL-12 is a polymictic cleaved siltstone, with various stages of micromullion
formation along cleavage zones. The polymictic composition includes quartz, feldspars,
and micas, which release silicon during weathering. Cleavage and micromullions increase
the contact area of rock with water, accelerating leaching. Micromullions form channels for
fluid migration, transporting dissolved Si and N. Diagenetic processes, such as secondary
cementation by carbonates or silica, contribute to the accumulation of nitrogen-containing
compounds, which are released during weathering.

Organic matter present in shales and siltstones releases nitrogen in the form of
ammonia or nitrates during decomposition. The high microporosity of clay matrices and
cleavage fractures creates reservoirs for the accumulation of elements, which are rapidly
released during hydrolysis. The geochemistry of iron, associated with redox conditions,
activates nitrification/denitrification processes for nitrogen and the dissolution of silica.

The concentrations of nutrients in watercourses are influenced not only by the
underlying bedrock of the catchment, but also by soil characteristics. However, little
is known about the soils of Novaya Zemlya along the eastern coast. The soils of
Blagopoluchiya Bay exhibit typical features of the High Arctic tundra, such as low fertility,
weak profile development, predominance of mineral horizons, and a close relationship
with microrelief and moisture conditions [47]. In contrast, the soils of Stepovoy and
Abrosimov Bays are richer and contain higher amounts of organic carbon, which may result
in higher levels of biological activity. The soils of the southern section are represented by
lithosols, while those of the northern section are predominantly petrozems. In the soils of
the southern section, the occurrence of rough-humus (AO) horizons is greater than that
of gray-humus (AY) and humic-dark humus (AH) horizons [48]. Gray-humus horizons
are found in both the northern and southern sections with similar frequency and exhibit
a moderately developed, weakly fine-crumb or granular structure due to the high content
of organic carbon (Corg: 5-7 %). This, in turn, can promote the mobilization of stored
carbon and nitrogen. However, the underlying bedrock plays a major role in the formation
of elevated concentrations of nutrients under conditions of poorly developed soil cover,
as observed in Blagopoluchiya Bay.

Overall, the results of our study are consistent with the findings of [19]; the leaching
rates we obtained are of the same order—on average, 5 micromoles of nitrogen and 10
of dissolved silicon (samples from Blagopoluchiya Bay were used). In [19], rocks from
Svalbard were also studied, and their leaching rates were found to be three times higher
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than those of the rocks from our study. Some differences may be attributed to the different
experimental conditions—in the study 19, the experiments were conducted at a temperature
of 20 °C, whereas in our study the temperature was 4 °C.

Conclusion

Climate change in the Arctic is accelerating, leading to increased temperatures,
reduction in sea ice extent, and the rapid retreat of glaciers [1, 3, 6]. These processes are
expected to result in greater glacial meltwater discharge and, consequently, increased fluxes
of dissolved and particulate materials into adjacent marine and freshwater systems [11, 5].

Our study demonstrates that the bedrock of Novaya Zemlya can act as a significant
source of nutrients, particularly nitrogen and silicon, which have the potential to alter the
hydrochemical profiles of the surrounding water bodies. Experimental results indicate
that certain rock types — especially those with polymictic composition and reactive
mineral cements — exhibit enhanced release rates of nutrient elements under simulated
weathering conditions.

Analysis of the nitrogen and carbon content in the samples studied reveals substantial
variability. The highest nitrogen concentrations were observed in siltstone and polymictic
sandstone samples (0.03—0.12 % N). These rocks also display moderate C/N ratios (11-13)
and carbon contents ranging from 0.40 % to 1.33 %. Such values indicate the presence of
bioavailable organic matter, which can serve as a nutrient source for microbial communities
and promote biogeochemical cycling.

Sand- and siltstones demonstrate a high level of nutrient element release due to
several key features of their composition and structure. Their polymictic nature means
they are composed of a diverse assortment of minerals and rock fragments, broadening
the spectrum of nutrient elements (such as Ca, Mg, Fe) available for release. Additionally,
the presence of easily soluble cements—particularly chlorite and calcite—facilitates
the rapid mobilization of these elements during weathering. Chlorite supplies iron and
magnesium (and sometimes manganese), while calcite is a source of calcium, all of which
are essential for ecosystem productivity.

The results of the experimental leaching tests further support these findings. Among
all the samples analyzed, siltstones exhibit the highest mean output rates of nitrates.
Specifically, the mean daily release rates for nitrate reach up to 8 pmol m= day'.

It is important to note that the contribution of nutrients from bedrock to the coastal
waters of the Arctic remains largely unquantified. However, such nutrient inputs can play
a critical role in supporting primary production, particularly during the summer months
when surface waters often experience a deficit of essential nutrients. In summary, projected
climate-driven increases in glacier melt and runoff, combined with the nutrient-releasing
potential of Novaya Zemlya rocks, are likely to significantly impact the biogeochemical
characteristics of adjacent aquatic systems in the future.
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Pacuupennslii pegepar

B crarse NPEeACTABICHBI PE3YJIbTAThI UCCIICNOBAHUS TCOXUMUYCCKUX 0co0eHHOCTEl TOPHBIX ITOPOJ apXuIiejiara
Hogas 3emns u ux BKiaga B (1]0pMI/Ip0BaHI/Ie MUATATEJIbHOTO pEeKUMa HpHGpe)KHLIX APKTUYECKUX SKOCUCTEM.
B YCJIOBUAX YCKOPEHHOTO TasiHUSA JIEAHUKOB, BLI3BAHHOTO KITMMATUYCCKUMU U3MEHCHUAMU, BCE Oonbliiee 3Ha-
YECHUEC ano6peTaeT POJab TAJIBIX BOJ, BBILICIAYUBAIOIIUX OWOTreHHBIE YIEMEHTBI U3 KOPCHHBIX I1OPOA. ABTOpI)I
TIPOBEPSAIOT THITOTE3Y O TOM, YTO OCAJOUHBIC ITOPOJIBI (HeC‘IaHI/IKI/I, AJICBPOJIMTLI, CJIAHIBI 1 Kap60HaTBI), (i]OpMI/I-
pyrouue 6epera JIEAHUKOBBIX IMOTOKOB, MOT'YT CIIYKUTb UCTOYHUKOM a30Ta U KPEMHUS JUUIA HpI/Iﬁpe)KHLIX BOI.

B xone nonesbix padot B 2019-2020 rr. B 3anuBax brarononyuns, CrenoBoro u AGpocuMoBa ObLTH COOpaHbI
00pas3LIbl I0POJI, OTHOCSIIMXCS K JICBOHCKUM, KapOOHOBBIM U IIEPMCKUM OTIOKCHHSM. B 11ab0paTopHbIX YCIOBH-
ax (temneparypa 4 °C, IMCTHILIHPOBaHHAS Bojia, 30 IHEI) OLICHNBANACH CKOPOCTh BRIMBIBAHUS HUTPATHOTO a30Ta
U pacTBOPEHHOTO KpeMHusi. HanGobiine ckopocTH BhIHOCA 3a()MKCHPOBAHBI JUTSl AIICBPOIUTOB H [IECYAHIKOB:
10 7,9 MkMOIb M 2+cyT ! 110 @30Ty 1 30,7 MKMOJIB*M > CyT™! 110 KDEMHHIO.

AHanu3 571eMEHTHOTO COCTaBa (METOIOM PEHTIEHO(ITYOPECIEHTHOH CIIEKTPOMETPHN) U COREPKaHMs 00IIero
a3oTa u ymepona (merogom Jlioma) mokasai, 4To HamOonee akTHBHBIC B IUTaHE BBICBOOOKICHHS OHOTEHOB
IOPOJIbI XaPAKTEPU3YIOTCS:

— MOJMMMHUKTOBBIM COCTaBOM (pa3HOOOpa3ye MIHHEPAIOB — KBapLl, TIOJEBbIE IIIATHI, CITIOABI, 0010MKH 3 dy-
3MBOB H CITAHIIEB);

— HAIMYHEM JIETKOPACTBOPHMBIX IIEMEHTHPYIONINX MHHEPATIOB (XJIOPHT, KaIbIUT);

— BBICOKOH y€TbHOH ITOBEPXHOCTBIO U PA3BUTOH TPEIIHHOBATOCTHIO (KITHBAX, MUKPOMYJLIHOHBI), CIIOCOOCTBY-
I0IIeH HHTEHCHBHOMY BBIIIENAYNBAHHIO;

— YMEpeHHBIM CojiepkaHieM opranmdeckoro Bemectsa ¢ C/N-otnomenuem 11-23, ykaspBarommm Ha O¥o-
JOCTYITHOCTB a30Ta.

YCTaHOBJICHO, YTO KOHLICHTPALlMA HUTPATOB U KPEMHUS B PYyUbAX Hogoii 3emiu TIPEBBILIAIOT (1)0}{013516 3Ha4c-
HUS 111 aKBaTOpUN Kapcxor 0 MOp#L, 4TO MOATBEPKAACT 3HAYUMOCTD JIMTOTCHHOI'O MCTOYHUKA MUTATCIbHBIX
9IEeMEHTOB. B YCIIOBUSX CHa60pa3BI/ITOr0 TNOYBEHHOTO IMOKPOBa (OCO6€HHO B 3aJIMBC Enarononqu) HMMCHHO
KOPCHHBIC TTOPOJBI UT'PAIOT KITHOUEBYIO POJIb B q)OpMI/IpOBaHI/II/I TUAPOXUMHUECKOI'0 COCTaBa PEYHOI0 CTOKA.

[TomyueHHbIe JaHHBIE CBUAETENBCTBYIOT O TOM, UTO B YCIOBUAX YCHICHNS JITHUKOBOTO CTOKA M3-3a MOTETLICHNS
KIIMaTa BEIHOC G1oreHoB 13 mopo HoBoit 3eMiti MoKeT CyIIiecTBEHHO BIMATH Ha IEPBUYHYIO MPOTYKTUBHOCTD
NPHOPEKHBIX APKTHIECKUX IKOCHCTEM, 0COOCHHO B JIETHHI MEPHOJ, KOT/Ia TOBEPXHOCTHBIE BOJbI HCTIBITBIBAIOT
Je(UIUT MUTATETbHBIX BEMIECTB.
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Appendix A. Chemical Data Tables
Table A.1

Summary of nitrate (NO,") and dissolved silicon (Si)
concentrations in streams of the Novaya Zemlya bays (all concentrations in pM)
Tabnuya A.1

Caonuple jannbie 10 KoHuenTpauusm Hurparos (NO,") u pacTBopennoro kpemuus (Si)
B pyubsix 3a;1uBoB HoBoii 3emuin (Bce KOHIEHTPaUuu NpUBeJeHbl B MKM)

Bay Year NO, R(ilﬁf;’ Mean Si Ra?fl\e/i)Mean Sampling Date

Blagopoluchia 2007 1.12-8.82,2.93 28-36, 32.6 13-15.09

2013 3-4.48,3.7 642,29 13-16.09

2014 3-8,5.25 7-27,14.4 29-31.08

2016 0.6-10.8, 6.5 2.9-36.74,27.5 31.07-02.08

2017 1-11, 5.46 2-46, 26 25-26.09

2018 0.14-11.2,3.27 10-46, 19.3 09-11.09

2020 2.5-5.19,3.5 1.6-6.93,3.1 07-10.09
Abrosimova 2014 1.4-11.4,6.13 6.76-14.05, 10.8 06.09

2015 12.7-13.7,12.5 16-37.8,24.2 03.10

2016 5-16,9.5 12-41,26.5 15.08

2019 2.2-8.7,4.9 16-28,21.6 24.07
Stepovogo 2013 0-9,3.4 15-80, 40 19.09

2014 1.75-38, 6.63 1.75-38,24 04.09

2015 2-10, 8.81 6.72-39, 22 02.10

2019 3-5.4,4.12 23.4-33.5,28 26.07

Table 4.2
Major oxide composition (%) of rock samples from Blagopoluchiya Bay
Tabnuya A.2
Copep:xanue 0CHOBHBIX 0KcHI0B (%) B oOpa3uax ropubix nopoa u3 3ajausa biaronmonyuus

Sample| SiO, | TiO, | ALO, | Fe,O, | MnO | MgO | CaO |Na,0 | K.O | PO, | SO, | LOI
BL-01 | 71.34| 0.63 | 10.84 | 5.53 [0.010| 1.67 | 0.23 | 2.22 | 1.44 | 0.08 | 1.51 | 4.36
BL-02 | 17.54| 0.27 | 3.61 | 447 [0.146 | 4.75 |36.60 | 0.88 | 0.34 | 0.11 | 1.70 |29.49
BL-03 | 48.25| 0.06 | 0.87 | 3.19 [0.076 | 2.24 |23.63 | 0.09 | 0.04 | 0.06 | 0.39 |20.95
BL-04 | 29.56| 0.26 | 2.28 | 2.69 [0.099 | 3.54 |34.01| 0.76 | 0.12 | 0.10 | 0.44 | 26.05
BL-05| 0.27 | 0.02 | 0.29 | 0.24 | 0.035| 0.57 |54.48| 0.06 | 0.03 | 0.04 | 0.02 |43.90
BL-06 | 74.21| 0.77 | 11.58 | 2.84 [0.014 | 0.58 | 0.47 | 1.86 | 2.10 | 0.04 | 0.18 | 5.17
BL-07 | 1.35 | 0.07 | 0.72 | 0.80 [0.083 | 0.33 |53.76| 0.09 | 0.05 | 0.04 | 0.02 |42.65
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Oxonyanue maobnuyvl A.2

Sample

SiO

2

TiO

2

ALO,

Fe,O

MnO

3

MgO

CaO

Na,O

K0

P,0

SO

3

LOI

BL-08
BL-09
BL-10
BL-11
BL-12

62.61
65.01
72.65
63.65
68.06

0.94
1.00
0.61
1.03
0.90

14.19
16.53
8.54

15.36
13.17

9.15
5.14
6.08
6.56
5.54

0.213
0.030
0.112
0.030
0.032

2.48
2.06
2.35
3.30
3.06

0.53
0.17
3.12
0.14
0.24

1.17
0.80
0.68
0.91
0.87

2.57
4.20
1.32
3.55
2.92

U3 3aj1uBa Bﬂarononqu{

0.10
0.07
0.11
0.08
0.12

0.03
0.02
0.04
0.02
0.05

5.79
4.76
4.18
5.15
4.83

KoHueHTpauuu MUKpo3/1eMeHTOB (Ppm) B 00pa3uax ropHbIX NOpoJ

Table A.3

Trace element concentrations (ppm) in rock samples from Blagopoluchiya Bay
Tabruya A.3

Sample

Cr

\

Co

Ni

Cu

Zn

Rb

Sr

Zr

Ba

Cl

BL-01
BL-02
BL-03
BL-04
BL-05
BL-06
BL-07
BL-08
BL-09
BL-10
BL-11
BL-12

106
42
12
33
9.9

164
9.9

148

127
71
115
119

117
42
12
29
9.9
286
9.9
240
263
119
216
182

21
9.9
9.9
9.9
9.9
9.9
9.9
9.9
11
21
13
9.9

32
30
11
9.9
9.9
30
9.9
59
54
43
56
54

24
9.9
9.9
9.9
9.9
17
9.9
25
15
16
18
9.9

34
18
27
19
25
19
21
61
23
386
28
28

56

17

9.9
9.9
9.9
89

9.9
109
160
50
146
110

159
348
1054
466
349
69
332
49
34
43
35
43

205
27
9.9
35
9.9
181
9.9
195

222
183

205

202

264
61
24
34
27
342
19
538
462
348
593
591

Major oxide composition (%) of rock samples from Stepovogo Bay

87
209
9.9
119

70
9.9
195
9.9
43
9.9

81

56

Table A.4

Tabnuya A.4

Conep:xanue 0CHOBHBIX OKcH/10B (%) B 00pa3niax ropHbIX nopoa us3 3aausa Crenooro

Sample

Sio,

TiO,

ALO,

Fe O

MnO

3

MgO

CaO

Na O

K0

PO

S0,

LOI

3C-01
3C-02
3C-03

61.06
59.39
58.85

0.86
0.90
1.03

14.77
15.86
15.95

6.97
7.60
8.03

0.107
0.090
0.098

4.34
4.49
4.90

1.64
0.95
0.54

3.19
2.81
2.88

1.32
1.90
1.96

0.191
0.193
0.181

0.08
0.19
0.02

Trace element concentrations (ppm) in rock samples from Stepovogo Bay
Tabnuya A.5

KoHueHTpauuu MHKpPO3JIeMeHTOB (Ppm) B 06pa3ax ropHbIX Nopoa u3 3aauBa CTenoBoro

5.21
5.34
5.27

Table A.5

Sample| Cr \Y Ni Cu Zn Rb Sr Zr Ba Pb As Cl
3C-01 | 301 172 | 104 58 104 37 165 179 | 415 18 15 50
3C-02 | 239 | 187 | 108 78 139 53 124 | 186 | 702 18 9 54
3C-03 | 291 198 | 106 89 120 49 111 195 | 632 15 49 92
Arctic and Antarctic Research. 2025;71(4):445-468 467
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Table A.6

Major oxide composition (%) of rock samples from Abrosimova Bay

Tabnuya A.6

Copnep:xaHne 0CHOBHBIX OKcHI0B (%) B 00pa3ax ropHbIX MOPOJ U3 32/1HBAa AGPOCHMOBA

Sample| SiO,

TiO, [ ALO,

Fe O,

MnO

MgO

CaO

Na,O

K0

PO, [ so, [ Lol

3A-01 | 68.73
3A-02 | 67.33
3A-03 | 58.16

0.69 | 12.45
0.76 | 12.47
1.02 | 15.90

6.11
6.44
9.07

0.060
0.074
0.121

3.74
3.71
4.56

0.57
1.17
0.31

3.10
3.06
2.44

0.98
0.98
2.07

3
0.157 {<0.01 | 3.23
0.174 | 0.01 | 3.61
0.203 | <0.01 | 5.88

Table A.7

Trace element concentrations (ppm) in rock samples from Abrosimova Bay

Tabruya A.7

KonueHnTpanuu MHKp03/1eMeHTOB (Ppm) B 00pa3uax ropHbIX NOPOJ U3 32, 1MBa AOPOCUMOBA

Sample| Cr \Y Ni Cu Zn Rb Sr Zr Ba Pb As Cl
3A-01 | 287 | 154 | 87 35 85 28 122 | 148 | 241 11 4.9 78
3A-02 | 356 | 173 | 91 35 86 30 143 | 153 | 270 10 8 65
3A-03 | 282 | 209 | 116 | 124 | 148 | 53 92 | 201 | 498 | 28 4.9 52
Table A.8
Nitrogen and Carbon Content in Samples
Tabruya A.8
Coziep:kaHue a30Ta U yriiepoia B o0pa3uax
Sample name mg N Amount% N C/N Ratio mg C Amount% C
BL-01 0 0 0.00 5.336 12.26
BL-02 0.006 0.02 400.15 2.515 6.06
BL-03 0 0 0.00 3.004 5.74
BL-04 0 0 0.00 2.843 6.87
BL-05 0.033 0.07 2.16 0.071 0.15
BL-06 0.073 0.17 12.09 0.881 2.09
BL-07 0.008 0.02 640.55 5.391 11.84
BL-08 0.121 0.18 6.66 0.807 1.22
BL-09 0.038 0.07 13.47 0.513 0.97
BL-10 0.021 0.04 10.65 0.220 0.48
BL-11 0.039 0.07 11.93 0.463 0.79
BL-12 0.054 0.11 22.93 1.244 2.44
3C-01 0.032 0.06 23.03 0.726 1.32
3C-02 0.045 0.08 15.61 0.706 1.21
3C-03 0.043 0.08 15.97 0.684 1.20
3A-01 0.016 0.03 12.42 0.194 0.40
3A-02 0.022 0.03 11.97 0.259 0.39
3A-03 0.058 0.12 11.51 0.670 1.33
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AnnoTanus. CTaThs MOCBSIIEHA KOTMIECTBEHHOH OLIEHKE TEMEHTOB BOAHOTO OalaHCa 03€p aHTAPKTHUECKHX
oa3ncoB. PacyeTs! Gamanca BEIMONHEHB! A7 9 BOTOeMOB 0asuca Xommel JlapceMaHH 3a iekabpb U 3a SHBaph
B ce30HbI 2019/20 1 2021/22 rr. BeisBIeHs 0cOOEHHOCTH CTPYKTYpPBI BOIHOTO OanmaHca Iis oep. B mpuxon-
HOIf 4acTH OaJaHca CTOYHBIX U OECCTOUHBIX 03ep IpeobiafaeT Tajblif IPUTOK, IPOTOYHEIX 03ep — PYCIOBOH
npuTOK. B pacxonHoil wacTu Ganmanca GONBIIMHCTBA 03ep MpeodiajaeT pycioBOil OTTOK, U OECCTOYHBIX
BOZ10eMOB — HcnapeHue. CONmoCTaBiIeH)e MOy YSHHBIX KOTNYECTBEHHBIX COOTHOIICHHIT JIEMEHTOB BOHOTO
ananca ¢ knaccudukanuei b.5. BorocmoBckoro mo3Bomnuiio OTHECTH BCKPHIBAIOIINECS 038Pa aHTAPKTHYECKHX
0a3MCOB K HCTIAPSIIONIE-IPUTOYHOMY H CTOKOBO-TIPUTOUHOMY THMAM. [IpH 3TOM MpHHAATIEKHOCTH 03epa K TOMY
WITH MHOMY THITY B T€UCHHE TETLION0 ePHo/ia FoIa MOKET H3MEHATBCS, 9TO 0OBIYHO MPHYPOUEHO K POPHIBAM.
BrisBieHHbIC 0COOSHHOCTH MOTYT OBITH TOJIE3HBI IIPH AHAJIN3E YPOBEHHBIX HAOMIOEHHH Ha 03epax aHTapKTH-
YECKUX 0a3HCOB HIIM BBITIOJTHEHNN THAPOIOTHIECKHX PACcUETOB.
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Abstract. The water balance method has not been widely used in the study of Antarctic oasis lakes, therefore
the structure of their water balance is not determined to date. The paper is aimed at the quantitative estimation
of water balance elements and identifying the features of the water balance structure for lakes with different
types of level regime, using as an exampe 9 lakes of the Larsemann Hills. The raw data include field work
materials of the Russian Antarctic Expedition, meteorological data from the Progress station and satellite images
Landsat 8-9. The water balance calculations were carried out for December-January 2019/20 and 2021/22.
The study quantitatively confirmed the predominance of meltwater inflow in the feeding of open and closed
lakes, while in the incoming balance part of flowage lakes from 40 % to 70 % is occupied by channel inflow.
Channel outflow predominates (more than 95 %) in the outcoming balance part of most open and flowage lakes,
whereas for closed lakes evaporation from the water surface predominates. It has been established that changes in
the water balance structure are caused by those in the flowage types of water bodies, which also lead to a change
in the types/subtypes of the water level regime. Based on the identified quantitative relationships of water
balance elements, seasonally ice-covered lakes were classified into two categories: evaporating-inflowing and
runoff-inflowing lakes (according to the classification by B.B. Bogoslovskiy). The identified features of the water
balance structure can be useful for the analysis of observed water level data or for hydrological calculations.
Keywords: flowage type, meltwater inflow, evaporation, Antarctic lakes
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BBenenune

Merton BOIHOTO OanaHca SBISETCS OHUM M3 KIACCHMYECKUX TOJXO0/0B, HCIOIb3Y-
€MBIX IIPH M3YYEHHHU THAPOIIOTHYECKOTO PEXKUMa BOJIOEMOB, OTHAKO TPH U3yYEHUH 03ep
0a31UCOB AHTapKTUABI ATOT TIOAXO IIUPOKOTO PACHIPOCTPaHEHHS He MOIydrit. CII0KHOCTD
€ro NPUMEHEHUs B U3YUYCHHH 03€p aHTapPKTHYECKOTO PEerroHa BO MHOIOM OOYCIIOBIICHA
JeQUIUTOM TaHHBIX (PAKTUUCCKUX HM3MEPEHHI/HAOIIONCHNH, HCOOXOAUMBIX ISl PACUETOB.

B psine pabot B 00mmx yeprax (6€3 KOMHMYECTBEHHBIX OLIEHOK) 00CYKIAIOTCS CBSI-
3aHHBIC C BOJHBIM 0aJaHCOM aCIEKTHI: B MOHOTPAa(UIX MPOaHATU3UPOBAHBI YCIOBUSA
MMUTaHWSI U CTOKA BOJOEMOB Ha IpuMepax o3ep oasucoB banrepa, lllupmaxepa, Moo-
nexHeid [1-3], B ctatke [4] — OCHOBHBIC MICTOYHHUKH MTOCTYIUICHUN U TIOTEPH BOJBI 03P
oasuca Bectdoinp; B padote [S] — CBsI3b NOCTYILICHUI/TIOTEPH BOJBI C XOIOM YPOBHS
JUTSL MaJIbIX OECCTOYHBIX 03ep oasuca baHrepa; B HAyYyHO-TEXHHUUECKOM OTYeTe' — JUIst
o3epa Jloy (Xommer JlapcemanH). B mureparype Hambosee 4acTo BCTPEYAIOTCS KOITHYE-
CTBEHHBIE OLIEHKH TOJILKO OJTHOTO 3JIeMEHTa OaiaHca: HalpuMep, Tajloro mputoka’ [6, 7],
pyciioBoro oTToka [7], cyonmumaruu sipaa [8], ucnapenus ¢ noBepxHoctH osep [9]. Bonee
IOJIHBIE BOJHO-0AIaHCOBBIC OLICHKH peKu: Jutst o3epa DurypHoe (oasuc banrepa)®; s
o3epa Yarep-3ee (oazuc Yarep-3ee) [10], ans o3ep Peiin, Cxannperr, [Iporpecc, Crenmen
u Jloy (Xonmer Jlapcemann) [11, 12], mis o3epa 3y6 (oasuc llupmaxepa) [12, 13]. [e-
TaJNbHBIC BOJHO-0aIaHCOBEIE MICCIICI0BAHNS, BKITIOYAIONINE OTIMCAHNE CTPYKTYPHI OalaHca,
BBITIOJTHEHBI TOJIBKO JUTst 03ep aoiuHbl Teinop (Cyxue nonunsl Mak-Mepno) [8, 14, 15].
' Hay4HO-TeXHHYECKHUil OTUET, T. 2: OTUYET O BBIIOIHEHNH HAyYHBIX TporpaMM. Autapkruka; 2016.
492 c. Tochonn ®PI'BY «AAHUN». uB. Ne O-3932.

2 Otuer no npoexty 2.2.3.2 «JlaTh OLIEHKY CTPOEHHMS, PEKMMA U SBOJIONNH JIEAHUKOB KPaeBOii

30HbI AHTapKkTHKK 1 CyOaHTapKTHKW» HAMpaBIeHUs 5 noanporpammel «M3yuenue u ncciaenopanye
Awnrapkruasyy OLIT «Muposoii okean» [Iporpamma: MccnenoBanme abisiuy 1 KHUIKOTO JISIHH-
KxoBoro croka AHTtapkTuku (cT. HoBonmazapesckas). 51 PAD. Anrapkruaa, 3emist Koponesst Mo,
2005-2006. 38 c. 'ochonn PI'bY «KAAHUN». UuB. Ne O-3594.

*  HayuHo-TeXHHYECKHUI 0T4eT 00 MccienoBannu OacceiiHa ozepa durypHoro B oasuce banre-

pa (Boctounast Antapkruna) (B 2 yactax). Jleannrpan, 1988. 120 c. Tochonng ®I'BY «AAHUN».
HuB. Ne O-3032.
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Taxum 00pa3oM, HEMHOTOYHCIICHHBIE BOJHO-0aJIaHCOBBIE pacueThl JUIs 03ep aHTap-
KTHYCCKHUX 0a3UCOB, MPCACTABICHHBLIC B JIMTCPATYPE, OTHOCATCA K pa3HbIM 061)eKTaM,
paiioHaM, roJaM M, KaK IIPaBUIIO, HE COAEP)KAT NPOLEHTHBIX COOTHOLICHHUH 3JIEMEHTOB
OanaHca (3a uckiIroueHHeM padoThl aiist o3ep Cyxux goiuH [15]), XOTs IOHUMaHHUE CTPYK-
TYpHL U €¢ 0COOCHHOCTEH IOJIE3HO MPH aHAJIM3e JaHHBIX HaOMIONCHHH, pa3padoTke TH-
JPOJIOTMYECKUX MOJIEJIeH, OLlEHKaX BOJONOTPEONICHHS CTAaHIUSMU U JP.

Llenpto HaCTOSIIIEH CTATBU SABISETCS KOJIMYECTBEHHAs OLICHKA JIEMEHTOB BOJHOTO
Oananca 03ep aHTApPKTHYECKUX 0A3UCOB M BBIABICHUE OCOOCHHOCTEH €ro CTPYKTyphl Ha
IpUMepe BO0eMOB oa3uca Xoimbl JlapcemanH.

MaTepna.m,l H METOAbI

Paiion pabom u obdvexmuol ucciedosanus.

Oasuc Xonmel JlapcemanH pacronoxeH B BoctouHoit AHTapkTuie Ha Oepery 3a-
muBa [Ipronc mopst CozpyskectBa. DT0 CBOOOHASI OT CIUIOLIHOTO JISJHUKOBOTO TTOKPOBa
XOnMHucTas Tepputopust (mepemnaabl BeicoT 10 100—120 M), npeacTaBieHHast HECKOTbKUMHE
MOJIYOCTPOBAaMH U TPYIIONH OCTPOBOB, IJIE pacnoyioxkeHo nopsaka 150 BoroemoB, npu-

76° 20' 00" 76° 22' 30" 76° 25' 00" B.x.

cT. 30HICaH
()

%
i Flporpecc |

69° 23' 00"
0.1IL

69° 24' 00"

Puc. 1. Paiion pa6ort.

1 — wuccnenyeMsle o3epa; 2 — mpoune o3epa; 3 — cTaHIuM; 4 — MoyeBble 6a3bl; 5 — TPacchl; 6 — pyubH,
BBITEKAIOIINE U3 03ep; 7 — (uisTpanus u3 ozepa Peiin; 8§ — BogoMepHBIE MOCTEI; 9 — CTBOPHI H3MEPEHUS
pacxonoB Bozsl; /() — rpaHuIbl BogocOopoB (1o [17]) ; 1/ — Touku n3MepeHHst INIOTHOCTH cHera. Ha Bpe3ke —
pacnionoxenue oazuca Xonmbl JlapcemanH. KpacHbIMU CTpeIKaMy MOKa3aHO HAlPaBIEHUE OTTOKA 03EPHBIX BOL,

Fig. 1. Study area.

1 — lakes studied; 2 — other lakes; 3 — polar station; 4 — field bases; 5 — roads; 6 — streams flowing from the
lakes; 7 — filtration from Reid Lake; § — gauge station; 9 — points discharge measurements; /() — boundaries
of catchments (according to [17]); // — points of snow density measurements. In the inset — location of the
Larsemann Hills. Direction of lake water outflow shown by the red arrows
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YPOYEHHBIX K MOHIKEHUSIM penbeda; TeMIieparypa Bo3ayXa B TEIUIbINA nmepro (1exadpb—
(eBpans) roma cocrapmuser Ao +4 °C, 3umoit omyckaercs 10 —18 °C, ocanku (cperHeMHO-
royieTHee 3Ha4eHHe 250 MM) BBITAJAarOT MPEHMYIIIECTBEHHO B TBepaoM Buae [16, 17].

B kadecTBe 00BEKTOB HCCIeOBaHUS ObUTH BEIOpaHBI 9 03ep oasznca Xommel Jlapce-
MaHH (puc. 1), pacroigokeHHBIX B BOCTOYHOHN JacTh M-oBa bpoxHec. BeiOop KOHKpEeTHBIX
BOJIOEMOB 00YCIIOBJICH HAJIMYHEM HEOOXOAMMBIX JUISl pacdeTOB JaHHBIX HAOJIONECHUH.
OTH BOJOEMBI Pa3INYalOTCs MO0 CBOUM MOP(POMETPUIECKUM XapaKTepUCTHKaM: HanoOo-
nee kpymHble — [Iporpecc (cpemuss riyouHa 8,9 M, MakcuMaibHas 42,5 M, TUIOIIAIb
203,6 thic. M? [18]) u Cranjapert (cpeansst niyouna 9,4 m, makcumanbHas 17,6 M, miomaib
157, 9 M*[19]); ocranbhbie 03epa (cortacho mybmukanusim [11, 16, 19] u cobcTBEHHBIM
MarepuagaMm) UMEIOT CpeAHNE ITyOnHbI MeHee 3 M, MaKCHMallbHble — MEHee 5—8 M mpu
wionaaax or 9 teic. M* 10 81 Thic. M. B Teruiblii nepuos roja o3epa BCKPHIBAIOTCS
TIOJTHOCTBIO MJIM YaCTHYHO, TEMIIepaTypa BoJpbl JocTuraet 1o +4 n +7-8 °C; Boza B o3epax
TIpecHasi, XOTsI HEKOTOPbIe OTHOCATCA K coioHOBaThIM [11, 16]. B Temslit mepron roga
13 HEKOTOPBIX 03ep (hopMHPYyeTCsl OTTOK, MOTYT 0Opa30BBIBATHCS KacKa/bl (Hampumep,
o3epa LH-59 — JTuckamry, [Iporpecc — CubTopr).

Mamepuanovt

OCHOBHBIMH HMCXOJHBIMH JaHHBIMH CTaJTH MaTEepUaibl CE30HHBIX' TONEBBIX pa-
6ot Poccuiickoii antapkruueckoil sxcnenuuuu (PAD) B oasuce Xonmbl Jlapcemanu
B 2019/20 (65-s1 PAD) u 2021/22 rr. (67-1 PAD). Marepuaisl 1Mojay4eHbl IpU JINYHOM
yuactun M.P. Ky3nenoBoii. OCHOBHOM 00beM T'HJIPOJIOTHYECKUX HaONIOACHUN B ce-
300 2019/20 r. Bemonuen 05.12.2019 — 05.03.2020, B ce3zon 2021/22 1. — B nepuon
07.12.2021 — 18.02.2022. 13mepenus pacxonos npoBoauauck 10.12.2019 — 08.02.2020
1 20.12.2021 — 16.01.2022. B crarhe HCIOIB30BAHBI JAHHBIC, OTHOCAIIUECS K JCKaOPIO
U SIHBApIO Ka)J0T0 U3 ce30HOB (Tadim. 1).

Tabruya 1

XapaKTepuCTHKA I0JIEBBIX JAHHBIX
Table 1

Characteristics of field data

KonngectBo nzmepenuit
Ceson 2019/20 | Ce3on 2021/22
YpoBeHb BOzBI (M) 324 267 Otcyer o BomoMepHo# peiike 'P-104 Ha
BOJIOMEPHBIX [IOCTAX CBAHHOIO TUIIA

Tun naHHbIX Cnoco6 u3MepeHus, TpudopsI

Temneparypa Boabl 175 147 W3mepenus y BOZTOMEPHBIX TOCTOB

(°C) mynsTuMoHuTOpoM Ultrapen (Myron
Compary, CIIIA)

IInomane apaa 132 93 BusyanbHbie OlleHKH HaOIFOIaTeeM

(% axBaTopun)
Pacxoz Bozsr (M/c) 26 6 IIpomeps! m1yOuH — BooMepHas peiika
I'P-104, usmepenue ckopocteil TeueHns —
MOBEPXHOCTHBIE MOIUIABKH, PeXKe —
rugpomeTpuueckas Beprymka ['P-21M;
Jutst pyubst u3 03. LH-59 — o6bemusIii
croco0 ompeesieH s Pacxo/1a BOJIbI

4 DKCTIeTUIIMOHHBIC pa6OTBI, KOTOPBIC JIATCSA MEHEE roaa.
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Yposnu 600vr m3mepsnch Ha BOIOMEPHBIX MOCTaxX cBaifHOro Thmna. Pacmonosxe-
HHE TOCTOB yKa3zaHo Ha puc. |. M3mMepeHne ypoBHS IPOHU3BOIMIOCE BOJAOMEPHON peii-
kot 'P-104 mocpencTBOM yCTaHOBKH €€ Ha CBAl0 M CHATHUS IO pelike orcuera. M3mepe-
HUS (¢ TogHOCTHIO 0,5 cM) mMpoW3BOAIINCEH | pa3 B CYyTKH ¢ MHTEepBataMu 1—4 CyToOK;
BBIOpaHHAs AUCKPETHOCTh N3MEPEHNI BO MHOTOM CBsI3aHa C JIOTUCTUYECKUMH yCIIOBHSI-
MH (TIepecedeHHasi MECTHOCTb, HEBO3MOXKHOCTB TTO/IbE3/]a TPAHCIIOPTA K KaXKIOMY MOCTY
JUISl SKOHOMUH BPEMEHH, HEOOXOMMOCTh BBITIOIHEHHSI HHBIX PadoT).

K m3mepeHnsM ypoBHS ObIIH IPUYPOYEHBI I3MEPEHUS meMnepamypbl 600l U HAOMI0-
OeHus 3a nowaosio 1boa Ha 03epax. MizMepeHns TeMneparypbl BHITIOIHSIIN y BOJIOMEPHBIX
MIOCTOB B NIPUIIOBEPXHOCTHOM cJio€ Boabl. Mcmonb3oBan mynstiMonuTtop Ultrapen (Myron
Compary, CIIIA), Tounocts uzmepenwuii 0,1 °C.

[Tomnraan mb/1a Ha BOZOEMAX OLIEHWBAJIM BU3YaJIbHO, B IPOLICHTAX OT BCEH IUIOMIAAN
akBaropuu. O3epa XOpouIo MPOCMaTPUBAIOTCS C MPHIIETAIONINX XOJIMOB, Yepe3 KOTOphIe
MIPOXOJUT MapuIpyT HaOmonaresns Mexay nocramMu. Kpome Toro, mocieayromee cormo-
CTaBJICHHC PE3yJIbTaTOB BHU3YalIbHBIX HaOmofeHwi B ce30H 2019/20 1. ¢ muiomaasmu,
OTIPEAEICHHBIMH TT0 a9PO(OTOCHUMKAM, 3HAYNTEIBHBIX PACXOXK/ICHUN HE BBISIBHJIO.

Pacxodvl 600b1 pydbeB OIPEAECIISIIN 110 JAHHBIM THAPOMETPUYECKUX paboT Ha BOJO-
ToKax. [IpoMeps! ITyOMH MPOU3BOAMIIN C TOMOIIBIO BOJIOMEPHOI peiiku, BOPOI, IpeaBapH-
TEJIFHO HATSHYB HaJl BRIOPAHHBIM /ISl U3MEPEHUI CTBOPOM Pa3MEUECHHBIN TPOC; MNPHUHA
BOIOTOKOB cocTapisiia 0,5-3,0 M. Mi3MepeHust CKopocTel TeueHHs n3-3a HeOOMbIIHX (10
0,1-0,2 M) iryOUH MTPOU3BOAMIIN TIPEUMYILIECTBEHHO TIOBEPXHOCTHBIMH ITOIIIIABKAMH, A Ha
pyubsx u3 03ep Cubropm u CxarmperT B ce30H 2019/20 I. B HECKOTBKUX CITydasix — THI-
pomeTpudeckoi BepTymkoit I'P-21M (M3MepeHust BEITIONHSINCH HA OHOM TOPU30HTE).
W3mepenust pacxofoB CPaBHUTEIEHO HEMHOTOYMCIIEHHBI. OTYacTH 3TO CBSI3aHO C TEM,
YTO TIPH MPOBECHUH IKCIIEANIIMOHHBIX HCCIIEOBAHNN THPOMETPHUECKHE PAOOThI OKa-
3aJIMCh CKOPEE COMYTCTBYIOIINM, HEXEIN MPHOPUTETHBIM BUIOM pabot. B psine ciyua-
€B BO3HHKAJIH CIIOKHOCTH, MPEIISATCTBYIOIINE BBHITIOJIHEHUIO U3MEPEHUH: TaK, BOZOTOK
n3 o3epa [Iporpecc ciycTss HECKOIBKO JTHEH Mmocie mpopeiBa odmenen 1o 1-2 cm, Tak
YTO BBIOJIHATH U3MEPEHHSI CKOPOCTH TEUCHHUS CTaJI0 HEBO3MOXKHBIM. BomoToK U3 03epa
JlMcKamiH HaxoauiIcs B MMPOPBIBHOM KaHAJIE CO CHE)KHO-JICTIOBBIMH CTEHKAMH BBICOTOM
1,5-2 M ¥ TpyHTOBBIM JHOM; Ha 0€30MaCHO JOCTYITHOM JUISl ITOCEHICHHS HaOII0aTeIeM
y4acTKe PycJIO BOJOTOKA MEAHAPHPOBAJIO, YXO/S 110/l HABHCAIOIUINE CHEKHO-JIEIOBBIC
CTCHKH, TTO3TOMY BEITIONHATH U3MEpPEHHS OBIII0 HEBO3MOXKHO. Ha pyuse u3 o3epa LH-59,
PacoIOKEHHOM B 3aBATyHEHHOM YIIEINIbE, OLEHUTH PACXO]] MOITYyYHIOCh 00BEMHBIM CIIO-
coOoM (IT0 BpeMEHHU HAIOJTHEHHUS €MKOCTH), KOTAa BO BTOpoii monoBuHe stHBapst 2020 1.
MOCJIe CTanBaHMS CHEra CTajlo BO3MOXKHBIM MO00PATHCS K MPUTOAHOMY ISl I3MEPEHHUH
yqacTKy; B ce30H 2021/22 r. ZOCTym B yIIeNbe K TOMY MECTy OBUI CHOBa MPErpakIcH.
BeimonHuTh ruapoMeTprudeckre paboThl Ha y4acTKe OTTOKa U3 o3epa Crenmesn He yaanoch
U3-3a OTCYTCTBHS BBIPRKCHHOTO PyCiIa BCIEACTBHE aHTPOMOTEHHOTO MTPe0Opa30BaHMs.

Just ompeneneHus Toiomaneii cHeXXHUKOB B ce30H 2019/20 1. mcmonp30BaInch
a’poghomocrHumKU, BHITIOIHEHHBIE C TIOMOIIBI0 OCCHMIIOTHOTO JIETATEIBHOTO armapara
CaMOJICTHOTO THITa coTpynHukamu 65-i1 PAD C.[. I'puropresoii u O.P. Kunnsadaeoii.
Pazperienne CHUIMKOB cOCTaBIIsIeT 5 cM/IHMKC. J[aThl, K KOTOPBIM OBLIN MIPUYPOUCHBI a3pO0-
tdorocvemku (15.11.2019, 27-28.12.2020, 6-7.02.2020), 66111 BO MHOTOM 00YCITOBICHBI
MOTOJTHBIMH YCIIOBUSIMU (BBIOPAHBI SICHBIC JHU C XOPOIIEH BHANMOCTBIO), @ TAKXKE JIO-
TUCTHYCCKUMHU 00CTOSATeThCTBaMU. B ce30H 2021/22 T. MCTIONTB30BATNCH CHYMHUKOBLLE
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cnumku Landsat 8-9°, ckauannsie ¢ miargopmsl LandViewer. Bouti BeIOpaHbI CHUMKH,
HanboJee MpUOMMKEHHBIE 0 JaTaM K mepBeIM unciam Mecsres (01.12.2021, 02.01.2022,
04.02.2022), HO TIpH 3TOM HE MEPEKPHIThIC 00TaKaMu, YTOOBI OOBEKTH U X BOJOCOOPHI
OBLTH OTHO3HAYHO BUJIHBI.

M3mepennst MIOTHOCTH CHETa BBIMOIHEHBI B O TOYKAX, PACIOJIOKEHHBIX HA BOJIO-
cbopax pasnuuHbx o3ep Peitn, Ckanapert, Cubtopr, Jloy u [Iporpecc (cm. puc. 1). Ko-
OpAMHATHI ONpeAEIEHbl CIYTHUKOBBIM IpueMonHaukatopom GARMIN-64; onpenenenue
TUIOTHOCTH BBIMIOJHSJIOCH TTOCJIOHHO, BECOBBIM MeTO0M [20]; TOYHOCTH B3BEIINBaHMS
JIIEKTPOHHBIMH Becamu cocTasisina 0,01 .

Memeoponozuueckue oannvle (KOINIECTBO OCATKOB, MAPIUAIBHOE AABICHUE BO-
JSTHOTO T1apa, CKOPOCTh BETPA, COMHEYHAS paguanusi, CpeIHss CyTOUHAs TeMIIepaTypa
BO3/1yXa, 00MIass U HIWKHSS 00JIAYHOCTh) OBUIM B3ATHI 1O CTaHIWU [Iporpecc; naHHbIE
oputn Tronmy4eHsl B pornax ®I'BY «AAHUN».

Memoowi
Pacuem b6ananca mpoBoamics mo MecsmaM — 3a IeKadpb ¥ 3a STHBapb. B HacTosmIei
CTaThe /ISl BCKPHIBAIOIINXCS OTO JIb/Ia 03€p aHTAPKTHUECKOTO 0a3Hca MCIONB30BaI0Ch
ypaBHEHHE BOIHOTO OallaHCca B CIEAYIOMICM BHIE:

At - AW
PaKB+QT+Qp _Qp _E_QBXin:E 5 (l)

rae P — ocajku, BbINAJAIONINE HA aKBaTOPHIO, M*; O © — CyMMapHbIil HPUTOK TajIbIX
BOJI (CKJIOHOBBIIT IIPUTOK U MIOIIOBEPXHOCTHBIN MPHUTOK), M’; Qp+ — PYCIIOBO# MPHUTOK, M;
Qp* — PYCIOBO#i OTTOK, M*; E — McIapeHue ¢ BOAHOM MOBEPXHOCTH, M*; O~ — 3a00p
BOJIbI Ha BOJIOXO3SIMCTBEHHBIE HYKIBI, M°; 71 — HEBsI3Ka, M>; AW — u3MeHeHus o0beMa
o3epa, M>; AT — pacyeTHbIH MEPUOJ, MECSIL.

O0BeM 0cadkos, 8bINAOAIOWUX HA C80OOOHYI0 0mo abda akeamopuio (P ):

P =P.-F

aKB akB
rae P — cioif ocagkoB, MM; Fm — cpemHss 3a Mepro] TUIOIAAb 03epa, CBOOOIHAS OTO
abaa, m>. Ciioli 0caikoB B3SIT 110 MeTeocTaniuu [Iporpecc, cBOOOIHAS OTO JIb/Ja ILIOIA b
oTIpesieNieHa TI0 TAaHHBIM TIOJIEBBIX HAOIIOICHHN.
+ .
Bemwanna manozo npumoxa (Q,") ouenena mo Gopmyie:

QT+ = FCH : hB >

riae F, — niomajib CHEKHUKOB, CPEHAS 32 PACUETHBIH mepuos, M*; i, — cJ0# BOJ0OT-
Jla4d 32 PacueTHBIN MEPUOJI, MM.

F_, ompeleneHa Kak cpeaHee apu(pMETHYECKOE M3 BEJIMYHMH IUIomajaedl Ha Hava-
JIO M KOHEI| pacyeTHOro nepuona. Ilnomanyu CHeXHUKOB Ha Hadajlo Ka)kJI0Oro Mecsia
3a ce30H 2019/20 1. ObuIM oOmpeesieHbl 0 adPOPOTOCHUMKAM TEPPUTOPHUH, 32 CE30H
2021/22 1. — 10 CITyTHUKOBBIM CHUMKaM: CHUMKH 3arpy»xaiu B nporpammy ArcGIS, rae
OBUIO BBITIOJIHEHO BU3YyaIbHOE JICIIU(PUPOBAHHE, CHEXHUKH OKOHTYPHBAJINCh BPYUHYIO;
HCIIOJIb30BaHHbIE CHUMKH HE OBbUIM MEpEeKPBITH 001akaMK, Ha MECTHOCTH OTCYTCTBYET
PacTUTENBHOCTh, TAaK YTO TPaHUIA MEX/Y CBETJIIBIM CHETOM M KOPHYHEBBIMU CKaJlaMH
OIpeeNsIach OJJHO3HAYHO — [TOITOMY JOTOJHUTEIILHBIX JEHCTBUN 110 M3MEHEHUIO Ka-
YecTBa CHUMKOB HE BBINOJHSIIOCH.

5 LandViewer. Cepsuc criytankoBbix cHUMKOB. URL: https://oes.com/landviewer/ (nata nocryma:

15.05.2025). Pazpemenne cHuMkoB: 30 M/IIHKC.
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Croit BoooT1a41 /1, 3a pacyeTHBIN NEPHOJT ONIPEICTIEH TI0 CIEIyIOMmel cxeme: pac-
CYMTAHBI CyTOYHBIC CIIOW TasHUS, 3aTeM IEPECYUTAHBI B CIIOW BOIOOTIAYH, 3aTEM IIPO-
CYMMHPOBAaHBI 110 MECSIIaM.

OmnpeneneHue cios TasHAS BRIMOMHLIOCH 1o MeTony I1.I1. Ky3smuna [21], popmyna
B OCHOBE MMEET YpaBHEHHUE TEIUIOBOIO OajaHca:

h.=0,125[(Q" + q), (1 — A)(1 - 0,20 N, — 0,47N,) — 1440ec(T )* +
+1440(0,62 +0,05,[e, ) (1 + 0,12N, + 0,12N )(ea(T )] + (ayu, ) ,

e h, — cioi Tasuus, MM; (Q' + ¢), — CyTOYHas CyMMa CyMMapHOH COJIHEYHOH pajiu-
anuu 1pu G6e3001a4H0M Hebe, Kan/cM?; A — anb0eso, 10K OT eAMHMIbL; N, — oOas
00aqHOCTb, TOJH OT EMHMIIBL; N, — HIKHAS 00Ja9HOCTD, TOJH OT EAMHHMIIBI; € — OT-
HOCHTEIIbHAS TTOTJIONIATENIbHAsI CIIOCOOHOCTh JTTMHHOBOJIHOBON pajiManiy JIesITeIbHBIM
cioeM cHera; ¢ — mnoctosiHHas Credana—bonbimana, 8,26-10C!) kan/(cM*MuH Tpa.);
T — Temmeparypa MoBepXHOCTH cHera, K; T — Temneparypa Bosayxa, K); u,, — cko-
pocTh BeTpa Ha BeicoTe 10 M, M/C; e, — abcoNMOTHas BIAXKHOCTH BO3yXa Ha BBICOTE
2 M, MOap; a, — ko3 HUIHEHT, MM/(CYT TpaL.-M*C); Y — KOI(PPHIHMEHT.

CyTouHasi cyMMa CyMMapHOW COJIHEYHOH pajiMalliy, BeJIMYHHA OOIIeH M HIDKHEH
00JIaYHOCTH, TeMIIepaTypa BO3/yXa, adCOJIIOTHAsSI BIQKHOCTh BO3yXa, CKOPOCTh BETpa
B3ATHI 110 JTaHHBIM MeTeocTaHnuu IIporpecc.

Anp0eio ompeesieHO pacueTHRIM CIIocoooM [22]:

A=A+ K exp(-fr),

e A, — HauMEHBLIEE BO3MOKXHOE 3HAYCHHE aap0e0, TOIU OT €AUHHIIBL; A4 — Hau-
Oouiblliee BOBMOXKHOE 3HAUCHUE alIb0E/I0, JIOJN OT €AMHHILIBL; f — HOMEp JHS C MOMEHTa
MOCJICHEr0 CHeromnaaa; » — ko3dduimeHt pereccun; K — KOHCTaHTA.

HaumeHbliiee BO3MOKHOE 3HAYCHHUE alIb0EI0 MPUHITO paBHBIM 1yis1 GupHa 0,4, s
cHera 0,5; HanOoblee BOZMOXKHOE 3HAUEHHE ajb0e10 MPUHITO paBHBIM Uit (pUpHA
0,5, ma cuera 0,85 [22]. Kosdpunuent peneccun » = 0,04 npu 7 < 0 °C, » = 0,08 mpu
T >0 °C. Bemmuuna koHcTanTel K onpenenena mo popmyie:

K=4_ —A,

OTHOCHTENBFHAS TOMIONIATeNIbHAsI CIIOCOOHOCTH € MpHHATa paBHOU 0,96 ms anpbeno
6omee 0,8 u paroit 0,98 s anpbeno meree 0,8 [23]. Temneparypa TOBEpXHOCTH CHETa
onpejesieHa mo Homorpamme [21] ¢ ucnoapb30BaHUEM 3HAUEHUN TEMIEPATYphl BO3yXa
Y BEJIMYUHBI 00JIAYHOCTH.

Kosdunuent a_ onpenensercs no Gopmyie:
14+0,547u,,

Uy

X

a, =0,878

KoadduimenT y Berauncisuics no Gopmysie:
y=(,—-t)+175(e,~e),

Iie ¢, — TeMIepaTypa Bo3yxa Ha Beicote 2 M, °C; f — TeMreparypa NoBEpXHOCTH CHe-
ra, °C; e, — abcomoTHas BJIaKHOCTh BO3/lyXa Ha BBICOTE 2 M, MOap; e, — MaKCUMallbHast
YIPYTrOCTh BOASIHOTO T1apa y MOBEPXHOCTH, MOap.

Temneparypa Bo3ayxa M aOCOIIOTHAS BIQXKHOCTb BO3[yXa Ha BBICOTE 2 M B3ATHI
no mereocrannuu [Iporpecc. Temmneparypa ncrnapsiromniell HOBEPXHOCTH COOTBETCTBYET
TeMIlepaType MOBEPXHOCTHU CHera, onpeaeneHHoi no Homorpamme ILII1. Ky3pmuna [21].
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MaxkcuMalbHasi yIPyroCTh BOISHOIO Mapa y MOBEPXHOCTH paccuuTana 1o Gpopmyse Mar-
Hyca [24]:

5]
e, =E)10- " ()
rie £, — naBinenne HacwimenHoro mapa npu t = 0 °C, m6ap; a, b — ko3pPuIHeHTsI
JIaBJIEHUs TIapa Hajo JIbJIOM; f — TeMIIepaTypa ucnapsiouiei nosepxuocty, °C. [Tpn stom
E, = 6,107 mbap; a = 9,5; b = 265,5. K nomyueHHoli BeJIMIUHE e, BBEIEHBI TIONPABKHU
3. Onpaexomna [24].
Croit BogooT1a4n /i, onpe/eNieH No CTaHIapTHOH MeTouKe’:

hy=h,~h, =Lz~ Y, (1 -z~ [z, ,—Y, (1 -z, ),

Bg Bg—1 g-
= <
h,=0mpnz <z,

e i — BEIMYMHA BOTOOTIAYH 3a TOCICAYIONHNE CyTKH, MM; hs(gf ;) — BEIMYHHa BOJIO-
OTHaYX 3a MPEABIIYIIHEe CYTKH, MM; X — 3allac BOIBI B CHETe Ha HA4Yall0 CHETOTASHIS,

MM; Zg — OTHOCHUTCJIbHOC CTAMBAHUC CHETA 3a IMOCIICAYIOMINEC CYTKH, MM, Zg7 T OTHOCH-
TCJIBbHOC CTAUBAHUC CHETA 3a MPCABIAYIINC CYTKH, MM, Zy— OTHOCHUTCJIbHAA y6I)IJ'IB CHCra,
MM, Yg — BJIArOEMKOCTH 3a IMOCJIEAYIOIHNUC CYTKHU, Yg7 L BJIarO€MKOCTbD 3a NPEAbIAYIIIUEC

CYTKH; g — HOMEp CYTOK.
3amac BOZIbI B CHETE X Ha HAYAJIO CHETOTASHUS IPUHST PABHBIM CyMMapHOMY CIIOIO
TastHMS 32 BECh PACUETHBIN Nepro. OTHOCUTENFHOE CTAUBAHUE CHETa OTPEIeIsUIOCh MO

bopmyre:

g

2 )
=&,

e &, — CyTOYHBIH CJIOH TasHUsA, MM.
BraroemkocTh omnpesenena mno gpopmylie:
¥, = (¥, — 0,06) exp((-4)z,) + 0,06 ,
— MaKCHMaJIbHAs BIIATOEMKOCTh, PACCUYUTHIBACMAs CIICIYIOLIINM 00pa3oM:
Yo = XP(—4p,,, ) — 0,04,
I1e p,, — IUIOTHOCTh CHETa Ha Havallo CHEroTastHus, M*/C; 1O JIAHHBIM M3Mepenuit papHa 0,35.
z,=034y_ +0,059
Pycnosoti npumox (Qp*) orpeessIcs 1o Gopmylie:
+ — -
0 =0T+0,.
rae O — pacxoj BOAbI pyubsi, M>/c; T — TPOAOKUTEIBHOCTh PACYETHOTO TIEPHO/a, C;
Q... — 00beM MPOPLIBHOTO MABOJIKA, M’.

Pacxoapl BOJIbI M3BECTHBI MO JTaHHBIM TUAPOMETPUUCCKUX pa60T Ha BOJOTOKax.
O6beM MaBo/iKa OICHUBAJICA YCPC3 UBMCHCHHUC YPOBHA BOABI O3€pa:

Qna}F - (HZ - Hl)(F + FaKBl)O’S 4

akB2

rae y

max

e H, — ypoBeHb BOJIBI 10 IPOPBIBA, M; /1, — ypOBEHb BOIIBI MOCIIE MPOPBIBA, M; [
2. 2
TJIOIIA/b 03€pa JIO MPOPhIBA, M F . — IIIOMA/Ib 03epa Mocye NpophIBa, M.

6

KBl
2
Kunukos A. I1., Heuaea H. C. Metoauueckue yka3aHus 1o pa3paboTKe cXeM KpaTKOCPOYHbBIX
IIPOTHO30B PAcX0J0B BOJbI PEK U IPUTOKA BOABI B BOLOXPAaHUIMIIA B IEPUOJ OJIOBO/bS HA OCHOBE
Mozernei Tanoro cToka (Ha npumepe 6accelina p. Bonrn) / Iox pen. kann. TexH. Hayk B. A. bensun-
xoBa. JI.: l'mapomereonsnar, 1982. 72 c.
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YpoBHHM BOZIBI 03€p /10 U MOCIIE TTPOPHIBOB M3BECTHBI 1O TAHHBIM M3MEPEHHUI Ha BOJO-
MEpHBIX 1ocTax. [1nomaan o3ep mpy pasHbIX YPOBHSX OMPEIEISIINCE CISAYIOIIMM 00pa3oM:
1o aspoctoTrocHUMKaM ce30Ha 2019/20 T, UMEIOIIM BBICOKOE pa3pelieHe, ObUTH orperie-
JIEHBI TUIOLIAM 03€p MpH cooTBETCTBYIOMMX 27-28.12.2020 u 6-7.02.2020 ypoBHSAX BOIbI
(abCONMIOTHBIX BHICOTHBIX OTMETKAaX BOJHON MOBEPXHOCTH), TOTIOJTHUTEIHHO HCIIOIb30BAJINCh
JIMTEpaTypHbIE MaTepUajIbl O COOTBETCTBUH IUIOMIA/IEH N OTMETOK BOJHON MOBEPXHOCTH 03€P.
ITo momy4eHHbIM TaHHBIM (YPOBEHD BOABI — COOTBETCTBYIOIIAS! €My IUIOIIA/Ib) ITyTEM HH-
TEPIIOJISIINN OTIPEACIISUTICH TUIOMIAIH MIPH YPOBHSX BOIBI B IPYTHE aThl U B ce30H 2021/22 1.

Pycnosoii ommox (Q") ONpeeNSsIICS aHATOTHIHO PYCIOBOMY TPHTOKY.

O0weM ucnapenus ¢ 6o0Hou nosepxHocmu (E) ompeneneH ciaeayronmmM o0pa3oMm:

E=0001F,_h,,

rne F,  — cpeaHss 3a Iepuoj MIolaab 03epa, CBoOOIHas 0TO JIbaa, M*; i, — cloii uc-
MapeHust C BOJIbI 3a pacueTHhIN nepuon (1 Mecsir), MM.
Pacuer cnost ucniapenus BoimosiHeH 1o Gopmyine ITH:

h,=0,14(e, — e)(1 +0,72u)) ,

e e, — NEQUINT BIAKHOCTH y MOBEPXHOCTH BOABI, MOap; e, — NEQUIHT BIaKHOCTH
BO3/lyXa, MOap; u, — CKOPOCTh BETPa Ha BHICOTE 2 M, M/C.

Jedumur BIaXHOCTH BO3AyXa y MOBEPXHOCTH BOJBI paccuuTaH 1o ¢popmyne Mar-
Hyca (2) mpu a = 7,63; b =241,9, 3a remneparypy ucnapsouieli IoBepxXHOCTH OblIa IpH-
HSTa TEMIEpaTypa IIOBEPXHOCTH BOABL. [ Ka’kI0ro BojioeMa HCIONIb30BaHa CPEeTHSIS 3a
pacyeTHbIH neproa U3MEpeHHasi Ha BOJOMEPHBIX MTOCTaX TEMIIEpaTypa BOJIBI.

Jedunut BIaXHOCTH BO3IyXa Ha BBICOTE 2 M M CKOPOCTh BETpa (TaKKe CpeaHue 3a
MeCSIIl BEJIMYMHBI) B3STHI 110 JAaHHBIM MeTeocTanimu [Iporpecc. CKopocTb BeTpa CTaHIapTHO
uzMepseTcs Ha Beicote 10 M (i), MO3TOMY BBITIONIHEH TIEPECUET Ha BBICOTY 2 M (u,) [25]:

5 0,2
Uy =Uy E :

Benmvunna sabopa 600b1 na 600oxossticmeennvie 1ysxicovt (Q, 7) Oblia olleHeHa co
CIIOB COTPYAHUKOB cTaHimu [Iporpecc: mopsiaka 2,5 M*/cyt B padoune auu u 3,5 M*/cyT
B BBIXOJHBIE.

[ToncranoBka B ypaBHeHHE (1) pacCUMTaHHBIX BEJIMYHMH DJIEMEHTOB OajlaHca JlaeT
paccunTaHHYIO BEIWYMHY M3MEHEHHs1 00beMa BObI B 03epe (AW ):

pacy
— + + - -
AWpaclI - PaKB + QT + Qp - Qp - Ei QBX .
®aktraeckoe (AW, ) n3meHenne 00beMa 03epa 3a PACUYETHBIA MEPHOJ OTIPENETS-
JOCh Yepe3 M3MEPEHHbIE YPOBHU BOJIBL:

aKB2

(}7 + }:;KBI)
2 2

AW, =(H,~H,)

e ]’I1 — YPOBCHb BOJAbI Ha HAYAJIO PACUCTHOTO I€pHUoAa, M; H2 — YPOBCHb BOJbI Ha KOHCI]
PpacuyeTHOTO Iepruoaa, M; Faxal — IJIomaab BOAOCMaA Ha Ha4aJIO paCY€THOTO nepruoaa, Mz;
F — Iuiom@aab BOAOEMA Ha KOHEI] paCY€THOIO Iepruoaa, M2,

aKB2

7 'VkazaHHMs 110 pacueTy UCTIapeHHMs C TIOBEPXHOCTH BOJOEMOB. [ 11aB. yIIp. THAPOMETEOPOIL. CITyKOBI

npu Cosere MunuctpoB CCCP. M-Bo snepretuku u anexrpudukain CCCP. M-Bo Menropannu 1
BosHOTO X03-Ba CCCP. JI.: 'mapomereousnar; 1969. 84 c.
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Hessaska (n, M), BKIFOYAIOIasi MOIPEIIHOCTH PACCUUTAHHBIX M BEJIMYMHBI HEYY-
TEHHBIX JIEMEHTOB, XapaKTepH3yeT MOrPEIIHOCTh pacueTa BOIHOro Oananca [26]; oHa
NPE/ICTABIISIET COOON pasHMIly MEKLy pacueTHbM (AW ) H3MEHeHHEM 00beMa BOJbI
osepa n akrnaeckum (AW, )

n=AW_ _—AW

daxt pacu®

J171 BOBMOXHOCTH COMOCTABJICHUS BEJIMYUH HEBSI30K BOAHOTO OanaHca o3ep, uMe-
IOIINX Pa3InYHbIe MOP(OMETPHUECKIE XapaKTePUCTHKH, HEBs3ka ObLIa TiepeBe/icHa U3
00beMOB B caHTHMETPHI (dYB B Tabn. 2); B kayecTBe MOPOTOBOTO 3HAYCHUSI MTPHHSTA
BenmunHa dY B, paBnas 10 cm.

Onpedenenue cmpyknypvl 600H020 6A1AHCA BBHITIOIHSIOCH TIOCTE KOITUYECTBEHHOM
OLICHKH BEJIMYUH KaXKJI0TO M3 JIeMEHTOB. [Ipn HEBO3MOXXHOCTH OLICHUTH 110 TAHHBIM H3-
MEpEHHMI1 BEJIMYMHBI PYCIOBOTO MPUTOKA/OTTOKA U (pUITBTpalIiK (de*) OHH OLICHUBAJIMCh KaK
ocTarouHble dIeMeHThI Oananca. OnpeaeneHre CTpyKTyphl OanaHca 3aKIio4anoch B Onpe-
neneHun 10iu (%) KaxIoro 3JICMEHTa B COCTaBE MPHXOIHOM U PacXOmHOH YacTel OaaHca.

[TonyueHHbIE pe3ysIbTaThl COMOCTABISUIUCH C OMYOIMKOBAHHBIMU B JIUTEPAType pe-
3yJIbTaTaMH BOJHO-0aJaHCOBBIX OIICHOK ISl IPYTHX 03€p 0a3UCOB, C XapaKTepoOM Ipo-
TOYHOCTH 03ep, a Takxke ¢ kiaccudukanueid ozep b.b. Borocnosckoro [27] mo tunam
BOJIHOTO OajaHca.

Pesyabrartsl u o0cyxknaeHue

Tuopomemeoponozuueckue yciosus u pexicum o3ep

[To manHBIM MeTeocTaHIwH [Iporpece i THAPOIOTHUESCKIX HAOMIONEHNH 3a JeKaOpb—
ssaBapb 2019/20 n 2021/22 rr. cpemHss cyTodHas TeMIieparypa BO3IyXa BapbHpoBaja
B mHTepBajie oT —3 a0 +4 °C; cpemHsas BeNMWYHMHA 3a pacueTHbIe nmepuons B 2019/20 .
+0,7 °C, B 2021/22 1. +0,1 °C. Cpemnaue cytounsie ckopoctu BeTpa B 2019/20 1. u3me-
HIACh B Oornee mmpokoM amamnasone oT 1 mo 9,2 m/c, B 2021/22 . — B Anama3oHe OT
0,8 mo 18,5 m/c. KommaecTBO 0CaKOB B JIETHHE IIEPHUOIBI OBLIO HEBETHKO: 8,1 MM BOJHOTO
sKkBUBaJeHTa (B. 3.) B 2019/20 . 1 5 MM B 2021/22 1. CyMMBI 0CaIKOB 32 MPEIIIEeCTBYOIINHA
mepuon roxa (MapT—HosO0ps) cocTaBmin 159 1 298 MM B. 3. COOTBETCTBEHHO.

[Tnomanan CHE)KHUKOB Ha BOAOCOOPax o3ep B 00a CE€30HA COMOCTABHMBI: CyMMa
CpeIHMX TUTOINaAel cHeXXHUKOB (0e3 ydera Bomocbopa ozepa Ilporpecc, BKIIIOYAOIIETO
y4aCTOK JIJIHUKA) 32 jekabps B 2019 1. cocraBma mopsiaka 1056 Teic. M?, a B 2021 1. —
1089 teIc. M?; B stuBape 2020 T. BenmmumHa cocTaBisuia 616 Teic. M2, a B saBape 2022 1. —
642 ThIC. M.

B 006a ce3oHa 03epa HAYMHAIN BCKPHIBATHCS OTO JIbAA B Hadase aekadps ¢ popMupo-
BaHUS 3aKparH BI0JIb OEPETroB; MOTHOCTHIO 03€Pa OUHIIAINCH OTO JIb/A K Haually-CepeuHe
ssaBaps. Ha Bomoemax, riie mMpHCyTCTBOBAIN YYaCTKH MHOTOJIETHETO Jibaa (Tadm. 2), co-
KpallleHne III0Ma/IeH JIb/la IPOoIoKaIoch U B eBpaine. CpeHne 3a MECSIIbl BETHIHHBI
TeMIIepaTypsl BOIBI BappupyroTcs oT +2 1o +9 °C.

Xoz ypOBHEH BOABI 03€p pa3inudajcs, BO MHOTOM KOPPEIHPYs C XapaKTepoM Ipo-
TogHOCTH (cM. Tadm. 2). J{ist ozep Jloy, LH-73 u Peiin o0a ce3ona ObLT XapakTepeH poCT
YPOBHS BOZIBI B Iiperieniax nepBbix 15-20 cM; BOOEMBI HE MMEIH PYCIOBOTO OTTOKA, JUIs
o3epa Peiin B ssHBape 2020 1. 65110 3apUKCHPOBAHO BBHICAYNBAHIE BOIBI Yepe3 TPYHTOBBIN
00pT KOTIIOBUHEI. YPOBEeHBb BobI 03ep CkaHapeTT u Crenmes Konedacs B Ipeienax mep-
BBIX CAHTHMETPOB, YTO 00ECHEUNBAIOCH HATMYUEM HE3aTPyAHEHHOTO ITOBEPXHOCTHOTO
orroka. Ozepa LH-59 u [luckanta npeacTaBisaioT co0oi KacKkal MPOPBIBHBIX 03ep, MOA-
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Tabruya 2
XapakTepuCTHKHU HCCIIEAYEMBIX 03ep
Table 2
Characteristics of the lakes studied
Tlnowans Haunume u KpaTkasi XapaKTepPUCTHKA PYCIIOBOTO [IPUTOKA/OTTOKA
O3epo | MHOTOJIETHETO
Mbaa*, Thic. M 2019/20 . 202122 .
Jloy 0 Her / Her Her /Her
Peiin 0 Her / la (bunbrpanus ¢ sHBaps Her / Her
2020 r., B OKeaH)
LH-73 0 Her / Her Het / Her
Cubropn 12,3 JHa (u3 03. [Iporpecc ¢ 06.01.2020) /| Het / Ha (¢ 13.01.2022, B okeaHn)
[a (B oxeaH)
Crenmen 0 Her / la (B oxean) Her / a (B oxeaH)
LH-59 0 Her/ Her/
Ja (¢ 19.12.2019, B 03. AuckamH) | [a (¢ 22.12.2021, B 03. Jluckarin)
Juckams 0 JHa (¢ 19.12.2019, u3 03. LH-59) / | la (¢ 22.12.2021, u3 03. LH-59) /
Ja (¢ 19.12.2019, B okeaH) Ja (¢ 26.12.2021, B okeaH)
IIporpecc 71,0 Her/ Het / Her
Ja (c 06.01.2019, B 03. CubTopm)
Crxanpperr 55,2 Ha/ la (B okean) Ja/ Na (B oxean)

Tpumeuanue. * — no adpodorocuumkam 3a 06—-07.02.2020.
Note. * — based on aerial photographs taken on 06—-07.02.2020.

NPY>KEHHBIX €CTECTBEHHBIMHU TNIOTHHAMH-CHE)KHUKaMH; B 00a paccMaTpruBacMbIX CE30Ha
MepBbIM MpopbiBaliock 03epo LH-59, 3arem — o3epo JluckaiiH; aMImuTyabl TajgeHuit
YPOBHsI B pe3ysibTaTe cOpoca BOI MpH MpopbIBax gocturanu ot 29 no 86 cm. O3epo
IIporpecc B ce3on 2019/20 1. mpopBaniock (CHUXKEHUE YPOBHS Ha 39 cM), COPOIICHHBIC
BOJIbI TIOCTYIIMJIM B PACIHOJIOKEHHOE HIDKE M Ha TOT MOMEHT cTo4Hoe o3epo CubOropr,
BBI3BaB KPAaTKOBPEMEHHBIHN MOIbeM ypOBHS B nocieaneM. B cezon 2021/22 1. o3epo [1po-
rpecc 0CTaBaJloCh OECCTOYHBIM, HO ObUT 3ahMKCHPOBAH COOCTBEHHBIH MPOPHIB 03epa
Cubtopn (maneHue ypoBHs Ha 44 cM).

OCOOCHHOCTH THAPOJIOTHYECKOTO PEXHMMa 03ep 00yCIaBIMBAIOT COCTAB 3JIEMEH-
TOB OanaHca. Bce paccmarpuBaemble 03epa BCKPBIBAIOTCSI OTO JIbJia, YTO 00ECHeYHBaeT
HaJMuue B OanaHce WCIapeHHsl C BOAHOW MOBEPXHOCTH W BBINMAAIONINX HA aKBaTOPHIO
ocakoB. PazinuHbIil XapakTep NPOTOYHOCTH ONPEIEIIIET HEKOTOPhIE Pa3iIMyKs B COCTaBe
2JIEMEHTOB OayaHca: OTTOK SIBISIETCSl 00s13aTeIbHBIM 3JIeMEHTOM OaiiaHca ISl CTOYHBIX
WM TIPOTOYHBIX 03€p, U3 KOTOPBIX IIPOUCXOJUT UCTEUSHUE BOJIbI, HO OTCYTCTBYET B CITy-
yae 0eCCTOYHOTO BOJOEMa; PYCIOBOM IPUTOK BXOIHUT B OajlaHC 03€p, TOJILKO €CIIM B HUX
MOCTyIaeT MPUTOK U3 JIPYTHX BogoeMoB. [loaToMy mpu aHanu3e pe3yssraToB ObIIO pac-
CMOTPEHO BJIMSHHE XapakTepa MPOTOYHOCTH Ha CTPYKTYpy OanaHca o3ep (MpOIEHTHbIE
COOTHOIIICHHSI DJIEMEHTOB TIPUXOTHOM M PAaCXOJHOM yacTei).

Pe3ynomamvt 600H0-0a1aANHCOBbIX paACUemos
Bceero nst 9 o3ep 3a j1Ba IeTHUX TIepro/ia OBbUIO MOTyYeHO 36 pe3ysbTaToB pacyera
BoziHOTO OaaHca (tabu. 3). [IpumepHO MOIOBMHA PE3YJIBTATOB XapaKTepU3yeTcsi HU3KUMHU
BEJIMYMHAMHU HEBSI3KU, KOTOPBIE IIPU IIEpecueTe B YPOBHH BOJBI COCTABIAIOT MeHee 10 cm.
Just o3ep Jloy, Peiin, LH-73 n CuOtopr BeTMYHHBI HEBSI30K B IIEJIOM HEBEIIMKH, ITPH TIepe-
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CUeTe B YPOBHH BOJBI OHH COCTABIIIOT IEPBEIe cCaHTUMETpHl. OgHaKo 11t 03epa CudTopm
B siekabpe 2021 r. HeBsizka cocrasisier 20,6 Thic. M (MK 23 ¢M), 4TO MOXKET OOBSCHSTHCS
3aBBIIICHUEM TaJIOTO MPUTOKA. bombiie HeBs3ku BogHOTO Oananca ozep Crenmen, LH-59,
JuckanH 0OBSICHAIOTCS. HSAOYYTEHHBIM PYCIOBBIM OTTOKOM/TIPUTOKOM H3-32 HEOCTATKa
JAHHBIX MOJEBBIX m3MepeHnil. Kak yxe ObII0 yKa3aHO BBIIIE, Ha BEITEKAIONIEM H3 03epa
Crenmes; pydbe THAPOMETPUIECKHE pabOTHI HE MPOBOIMINCH, a ONPEICIICHIS PACXOI0B
BOIBI Ha pydbsax o3ep Juckami n LH-59 Obputn eqMHWYIHBIME, YTO TAJI0 3HAYUTEIHEHYIO
TTOTPEUTHOCTH MIPH OLIEHKE BEIMYHH PYCIOBOTO CTOKA. [IpH OIEHKE 3JIEMEHTOB BOIHOTO
6aanca o3epa [Iporpecc okazanach 3aBBIIICHHON BEJTMYWHA TaJIOTO TIPUTOKA: BOJOCOOpHAs
TEPPHUTOPHS ITOTO 03epa BKIFOUACT YIaCTOK JIEAHUKA (CM. prc. 1), B ipeaersax KOTOpOro
TpaHMIa BOIOCOOpa CIOKHO omperensieMa. borbiiie BeTHIUHbl HEBSI30K BOTHOTO OaTaHca
o3epa CKaHIPETT C paBHOH BEPOATHOCTHIO MOTYT OBITH BBI3BAHBI KaK 3aHWKCHUEM BEJIH-
YHHBI TaJIOTO MPUTOKA, TaK M 3aBBIIICHUEM BEJTMYUHBI PYCIIOBOTO OTTOKa. OTMETHM, 4TO
1 B IpyTUX paboTax, CopeprKaliux IpUMEpHI pacdeTa BOIHOTO OaaHca 03ep 0a3UCcoB [Ha-
npumep, 11—13] BeTUIUHBI HEBA30K TOXKE HEPEIKO OKa3bIBAJICh 3HAYUTEIFHBIMHU, B TOM
YHCIIe U3-3a HEMOCTAaTKa TeX WM WHBIX BXOTHBIX JTaHHBIX.

Peszynomamui oyenku cmpykmypel 600H020 dananca

[TosyuenHsle 1uist 03ep oazuca XoiMbl JIJapceMaHH NPOLEHTHBIE COOTHOLIEHHUS JJIe-
MEHTOB TIPUXOJHOU M 3IIEMEHTOB PACXOMHOM YacTeil BOAHOTO OajaHca OTpPa)kaloT ero
CTPYKTYpy. AHAJIN3 MMOKa3aJl, YTO BOAOEMBI C OJMHAKOBOI CTPYKTYpOH BOTHOTO OajaHca
OTHOCSITCSA K OINHAKOBBIM THIIAM MPOTOYHOCTH. Pe3ynmbTaTel pacueToB Ui 03€p C OIH-
HaKOBBIMH THITAMH IPOTOYHOCTH OBUTH OCPEAHEHBI; 3TO MO3BOJIMIIO BBISIBUTH CTPYKTYPY
BOIHOTO OanaHca, XapaKTepHYIO IS KaKJ0TO THIIA IIPOTOYHOCTH (Tabmd. 4).

B ctpykType Gananca beccmounsix ozep donee 95 % NPUXOJHON 4aCTH COCTABISIET
TaJIBIA MIPUTOK, PACXOJHASI YaCTh BKJIIOYACT TOJBKO MCIAPEHUE C BOIHOI MOBEPXHOCTH.

B mpuxonHoif wactu 6amaHca cmounblx o3ep TpeobnagaeT Tanblii pUTOK (Oomee
95 %). CooTHoOIIEHNE MEMEHTOB PACXOIHON YacTh OajaHca MOXKET Pa3iaMdaThCs: Ui
MIOCTOSIHHO CTOYHBIX O3€p C ITOBEPXHOCTHBIM OTTOKOM U TIEPHOJMUYECKH CTOYHBIX MPO-
PBIBAIOMINXCS BOAOEMOB IIpeodiagaeT pycioBoit oTTok (0omee 95 %); i meproandeckn
CTOYHBIX BOJOEMOB, KOTJIa OTTOK OCYIIECTBIISICTCA ITyTeM (HUIBTPALIMN Yepe3 TPYHT, OC-
HOBHBIM 311eMeHTOM (Oomee 80 %) pacxoqHOM yacTH SIBISETCS UCTIAPEHHE.

[TpuxomHas yacTk GaaHca nPOMoOYHbIX 03¢p Pa3INIaeTCs B 3aBUCHMOCTH OT Xapak-
Tepa MPOTOYHOCTH: JUIsl TOCTOSHHO MPOTOYHBIX 03€P M JUISl IEPHOANYECKN TPOTOYHBIX TIPO-
PBIBHBIX 03€p MMPUMEPHO PABHBIE JIOJIM COCTABIIAIOT TaJbIH U pycioBoi mputok (40-60 %);
JUTSL IEPHOANIECKH POTOYHBIX BOZIOEMOB, YEPE3 KOTOPBIE ITPOXOAUT IIPOPHIBHOH MABOAOK,
OyzeT sSIBHO IpeoOranate pycioBOi MPUTOK (0KOI0 75 %), ToTna Kak 10 TajJoro MpH-
TOKa cocTaBisieT nopsinka 25 %. B pacxomHol gacTu OanaHca MPOTOYHBIX 03€p BO BCEX
cilydasx mpeobnanaeT pycinoBoii oTTok (6omee 95 %).

Hammenpime nonu (TiepBble MPOLEHTHI) B CTPYKTYPE BOIHOTO OallaHCa BCKPBIBA-
IOIINXCST OTO JIbJJa AHTAPKTUYECKUX 03€p, HE3aBUCHMO OT XapakTepa IPOTOYHOCTH, CO-
CTaBJIAIOT BBINAJAIONINE HA aKBAaTOPHUIO OCAIKU U BOJA, M3bIMAaeMasi Ha HYK/Ibl CTAHIIUH.

[TomryueHHBIE BBIBOZBI O CTPYKTYpE BOIHOTO OanaHca He MPOTUBOPEYAT pe3ysabTaTaM
BOJJHO-0aJIaHCOBBIX OIEHOK, MTOJTY4EHHBIX ApyruMH aBTopamu. CTpykTypa OanaHca o3ep
Jloy, Cxkannapert u Crermen B 2019/20 n 2021/22 IT. COOTBETCTBYET CTPYKTYpE 32 STHBAPb—
¢eBpans 2014 1. [11]: B 6amance 6eccrognoro o3epa JIoy B mpuxomHo# yacTu mpeodnagaet
TaJBIA IPUTOK, B PACXOJHOI — HCIIapEeHNe C BOIHON MOBEPXHOCTH; B CTPYKType OanaHca
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Bonnblii 6ajianc BCKPHIBaIOLIUXCsI 03ep oa3uca XoaMmbl JlapceMaHH

MIOCTOSIHHO TPOTOYHOTO 03epa CKaHJPETT U MOCTOSHHO cTOYHOro CTemnmes; OCHOBHBIM
TIOJIO’KUTEIBHBIM 3JIEMEHTOM OaiaHca SBIAETCS MIPUTOK TalbIX BOJ, & OTPUIATEIBHBIM
3NIEMEHTOM — PycJI0BOi OTTOK. CTpyKTypa BOJHOTO OaiaHca TOCTOSHHO MPOTOYHBIX BO-
JIOEMOB TIOATBEepKIaeTcs Ha mpuMepe o3epa 3y0 (oasuc lllupmaxepa) B ssHBape—(eBpae
2018 . [13]. Amst MOCTOSTHHO CTOYHOTO B stHBape—arpene 1988 . ozepa duryproe (o0as3uc
banrepa) crpykrypa GanaHca HHas': B pacXOIHOI YacTh npeobiiagaeT ucapeHue ¢ BOIHOM
MTOBEPXHOCTH BMECTO PYCJIOBOTO OTTOKA, UTO, HA HAII B3IJISA, MOKET OBITH CBSI3aHO C 3a-
BBIIIIEHUEM 00bEMOB HCTIAPEHHS WIN CHIKEHHEM PYCIIOBOTO OTTOKA B OCEHHMH TEPHO/I,.

ComocraBieHne CTPYKTypbl OaslaHca 6ecCTOUHBIX 03ep oasrca XoiaMbl JlapcemanH
CO CTpyKTypoi 6amanca Gecctounsix o3ep Cyxux momuH [15] u o3epa YHTep-3ee [10]
BBISIBIIIO OTIMYHE KaK MO COCTaBy 3JIEMEHTOB OajlaHCa, TaK U 0 CTPYKTYpE, BHI3BAHHOE
0COOBIM JIEJOBBIM PEKMMOM: 3TH BOZOEMBI IOJIHOCTHIO MEPEKPBITHI MHOTOJIETHUM JIbIOM
1 HE BCKPBIBAIOTCS /1K€ B TETIIBIM MEPUOJ ToJia, MO3TOMY AJIsl HEBCKPBIBAIOIIUXCS 03P
OCHOBHBIM PACXOIHBIM 3JIEMEHTOM SBIIIETCS CyOIMMAIHs C HOBEPXHOCTH O3€PHOTO JIb/IA.

AHanu3 CTPYKTYpBI BOIHOTO OajlaHCa, BBIIBICHHE NPEOOIaaromuX JIEMEHTOB
B PAcXOIHOH 4acTH (MCIApEHUs C BOJHOM MOBEPXHOCTH M PYCIOBOTO OTTOKA) U B TPH-
XOJHOM 4acTH (IIPUTOK ¢ BOZOCOOpa M BHINMAAAIOMINX Ha aKBATOPHIO 0CA/IKOB) ITO3BOJIHIIO
OIIPEAEIINTH MOJIOKEHNE AaHTAPKTHUECKUX BOJOEMOB B YHHBEPCAIBHOH KIIacCH(HUKAIINN
o3ep b.b. borocnoBckoro [27]: BCKpBIBAIOMIMECS OTO JbJa 03epa OTHOCATCS K ucnaps-
10We-nPUmMo4YHOMy M K CIoKo6o-npumounomy Tarnam (cM. 1abin. 4). bonee neranbHbIH
aHaJIM3 MPOLEHTHBIX COOTHOIICHNH 3JIEMEHTOB NMPHUXOJHON U PACXOAHON YaCTH BOJHOTO
OaaHca BCKPBIBAIOLIMXCS OTO JIbAA 03ep XonMoB JlapceMaHH mokaszall, 9To O€CCTOYHbIE
BOJIOEMBI OTHOCATCS K Ucnapaoue-npumoynsim 1-2o noomuna (nputox 6onee 75 %, nc-
napenne 6onee 75 %), MPOTOYHBIE BOJXOEMBI — K CHIOKOBO-NPUMOUYHbIM [-20 noomuna
(mputok 6omnee 75 %, orTok Oonee 75 %); GONBIIMHCTBO PACCMOTPEHHBIX CTOYHBIX 03€p
OTHOCSITCS K CTOKOBO-IIPUTOYHBIM |-TO MOATHIIA, B OTACIBHBIX CIIy4asX — WIH K CHOKO-
80-npuUMouHbIM 2-20 noomuna (puTok domee 75 %, ortok 50-75 %), uimm k ucnapsaowye-
npumouHsiM 1-20 noomuna.

Tak Kak eIMHCTBEHHBIM PACXOIHBIM JIEMEHTOM BOJHOTO OajaHca 03ep, He BCKPbI-
BAIOIIUXCS OTO JIbJA, SABJISAETCS CyOIMMAIHs CO JIbJa, YTO HE TPEIYCMOTPEHO B KIIACCH-
¢ukanun b.b. BorocioBckoro, To, BO3MOKHO, UX CIIEIOBAIO OBl OTHECTH B OTJEIBHBIN
THII, HAIIPUMED CYONUMAYUOHHBIIL.

CrpykTypa GanaHca OZHOTO U TOTO K€ 03epa MOXKET 3HAYUTEIFHO OTIINYATHCS B pa3-
HBIE TOJBI, KPOME TOTO, MOXET U3MEHATHCSI M BHYTPH OHOTO TEIUIOTO nepuoja. Tak,
3a paccMaTpUBacMble CE30HBI HEM3MEHHOM OCTaBaiach CTPyKTypa OasaHca jumib 4 u3
9 o3ep (Jloy, LH-73, Cremnmien, Cxkanapert). MI3MeHeHus B cTpyKType OanmaHca o3epa
Peiin B saBape 2020 1. OBUTH BBI3BaHBI (POPMHUPOBAHUEM (PIITBTPAIIMOHHOTO OTTOKA, YTO
JIOCTOBEPHO M3BECTHO I10 JIAHHBIM IOJIEBBIX HAOIIOICHHUH.

B ocranbHBIX ciydyasx MpUYMHAMH OBUIM TPOPBIBBI BOJOEMOB (KAacKaJbl 03€p
LH-59 — Juckamn u [Iporpecc — Cubrtopm). Spkum mpumepom siBisieTcst o3epo Cuo-
topn (puc. 2). Hammpumep, B ce3on 2019/20 1. B nexabpe B MpHUXOMHOW YacTh OanmaHca
npeo0daial Taubli IPUTOK, a B SIHBApe — PYCIOBOM MPUTOK, B PACXOAHON yacTu OayaH-
ca M3MEHEHHH He TMPOUCXOIIIO (KPyroBbIe AHarpaMMbl Ha puc. 2a). B mexabpe 2019 r.

8 Hay4Ho-TeXHHYECKHI O0T4eT 00 HcciaenoBaHun Oacceiina o3epa ®urypHoro B oasuce banrepa
(Bocrounast Autapkruaa) (B 2-x gactsx). Jlenunrpazn; 1988. 120 c. ['ochong ®I'BY «AAHUN».

WuB. Ne O-3032.

484 LIpoonemvt Apxkmuku u Anmapxmuxu. 2025;71(4):469—488



M.R. Kuznetsova, G.V. Pryakhina, E.S. Zelepukina
‘Water balance of lakes opening up from the ice in the Larsemann Hills

a) Jlexabpb SuBapb 6) JekaOpb SluBapb
. 02 0;1 23,6 P . 0?53 0;3
" + "
= 99.8 O | & 99,7 99.7
[ A
o 2 1 o 5
% m: | 2
2 .pr B
40- 80
z 06.01.20 5 70- 13.01.22
%20 ) “’/r
é %]
15} 5 30
S 10+ g20
& P >10-
Omdmdmoéboéé 0—1—1‘-——:—1(\!(\1(\'}(\.(\.("\1
- = = = =8 q & Q aa SRS EES RN RS K AR AR B AR
('] N (o] N N — — — = o A N AN A= = — — = N
= & W o ® e o oo frBui-Ro T R -
(=) (=) = A ANO S — AN ANO o O — N ANo O — (o I o\ i ==}

Puc. 2. Ctpykrypa BomHOro GanaHca u Xox ypoBHs Boabl o3epa Cubropm: @ — 2019/20 ., 6 —
202122t

KpyroBeie quarpammbl 0TOOpaKaroT COOTHOILCHHUS HIEMEHTOB NPUXOaHOM (W) u pacxomnoit () gacreii Oa-
JIaHCa 110 Mecsiam

Fig. 2. Water balance structure and water level changes of Lake Sibthorpe: « —2019/20, 6 — 2021/22.

The pie charts show the ratio of elements of incoming (") and outgoing (/") water balance parts by month

o3epo Cubtopn ObUTO CTOYHBIM (OTTOK BOABI HE OBLT 3aTPYyAHEH), TIPH 3TOM PYCIIOBON
MIPUTOK M3 PACTIONOKEHHOTO BbIIIe o3epa [Iporpecc orcyTcTBOBa, T. K. IMyTh MEPETOKA
OBLT TIepeKpHIT cHEKHUKOM. [IpopsiB 03epa IIporpecc mpousomen 6.01.2020, mpu 3Tom
cOpomIeHHBI 00BEM BOIBI OCTYIII B 03epo CHOTOPII, BEI3BAaB KPAaTKOBPEMEHHBIN TIOTb-
eM ypoBHSI (TIPOXOXICHIE IPOPBIBHOTO ITABOKA), TT0 c(hOpMUPOBABIIEMYCS IPOPHIBHOMY
KaHaJy MOCTOSIHHO CTaJl MOCTYIATh PyCIOBON MPHUTOK.

B ce3on 2021/22 1. cutyanus ObUTa WHasA: B MPUXOAHOHN dacTH OajmaHca oba Me-
csma mpeodmagan Tanblii (CKIOHOBBIN) MPUTOK, HO MMOTEPH BOABI B AEKaOpE MOIHOCTHIO
OCYIIECTBIISIINCH IyTEM MCHApEeHus ¢ BOABI, a B siHBape Ha 95 % — ImyTem pyciioBOTO
OTTOKa (KpyTOBBIE TUArpaMMBI Ha pUC. 20). DT0 00yCIOBICHO CIECAYIONINM: B JeKaOpe
03epo OBTO OECCTOYHBIM — OTTOK BOIBI OBLT MEPEKPHIT CHOPMUPOBABIIECHCS 32 3UMY
TUTOTHHON-CHEKHUKOM, TIPUTOK 13 03epa [Iporpecc orcyrcTBoBan. COOCTBEHHBIN TPOPHIB
o3epa npousomen aumb 13.01.2022, o3epo CubOTOpI CTamo CTOYHBIM, Ha TpaduKe Xoma
YPOBHSI IIPOPBIB OTPA3MIICS KAK PE3KOE AMIUTUTYIHOE CHIKEHUE YPOBHS.

3aKkjIoueHue

BrInonHeHHbIE KOTMYECTBEHHBIE OLIEHKH ATl 9 BCKPBIBAIOLIMXCS 03€p 0a3uca XOIMbl
Jlapcemann 3a nexkabpb—siaBapb 2019/20 n 2021/22 TT. 1OMONHSAIOT HEMHOTOYHCIICHHBIC
CBEJIEHHsI O BOJHOM OaylaHce 03ep aHTapKTHYEeCKHX 0a3ucoB. Hemsizku OanmaHcoB o3ep
Jloy, Peiin, LH-73 n CuOtopn B OCHOBHOM HEBEJIMKH; B OCTAIBHBIX CIIydasX OTMedalics
HE/IOy4eT PYCJIOBOTO NPHUTOKA/OTTOKA, BHI3BAHHBIM OTPaHUYEHHBIM 00BEMOM JaHHBIX
THJPOMETPHYECKHUX PaOOT.
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TeM He MeHee MMOTydeHHBIE JAHHBIEC MTO3BOJMIIN ONPEAEIUTh U KOJMYECTBEHHO
MIOATBEPANTH CTPYKTYPY BOIHOTO OajaHca, a TaKXkKe MOKa3aTh €€ CBSI3b C XapaKTepoM
MIPOTOYHOCTH. B mpuxomHoil yacTn Ganmanca GECCTOYHBIX M CTOYHBIX 03ep (Oosree 95 %)
npeoOnasaeT Tayiblid (CKJIIOHOBBIN) NPUTOK, TOTJAa KaK B MPUXOIHON 4acTH OajlaHca Mpo-
TOYHBIX BOJOEMOB 3HAYUTEIBHYIO JOJIO 3aHUMAET TaKXkKe pyciioBoi mputok (40-75 %).
B pacxomnoit yacti GayaHca OOJNBIIMHCTBA CTOYHBIX M NPOTOYHBIX 03€p MpeodiagaeTt
pycioBoit oTToK (0T 66 10 90 % 1 Oonee), a STMHCTBEHHBIM SIIEMEHTOM PAcXOTHOH JacTh
GanaHca 6ECCTOYHBIX 03€p SBIAETCS UCTIAPEHNE ¢ BOAHOM noBepxHOCTH. ComocTaBieHne
CTPYKTYpHI Oananca ¢ kinaccupukanuei b.b. borocinosckoro nokasano ee mpuMEHUMOCTb
JUIS BCKPBIBAIOLIMXCS OTO JIbJ]a aHTAPKTHUYECKUX 03€p (OTHOCATCS K MCHApsIOIe-TIPH-
TOYHOMY U CTOKOBO-TIPUTOYHOMY THIIAM).

Be1siBIeHHBIE 0COOEHHOCTH CTPYKTYpHI OaiaHca MOTYT OBITh MOJIE3HBI IPH aHAJIN3E
JIAaHHBIX YPOBEHHBIX HAOIIOACHUH WM BBIIOJIHEHUH THAPOIOTHUECKUX PACUETOB. XapaK-
TEpPHOI 0COOEHHOCTHIO 03€P 0A3UCOB SIBISAETCS CMEHA IIPUHAIIECKHOCTH K TOMY MIIM HHOMY
THUITy B TEUEHHE TEIUIOrO MEepHoJia roja M3-3a M3MEHEHUI CTPYKTYphl BOAHOTO OajaHca,
OOBIYHO MPUYPOUCHHBIX K MPOpBIBaM. J{JIs1 BO3MOXHOCTH y4eTa MOAOOHBIX N3MEHEHHH
HEOOXOAMMO YMEHBIIATh PACUETHBIN Iar — BIUIOTh JJO CYTOYHOTO — BBHUJY CKOPOTEU-
HOCTH NIPOPBIBOB. BosiHO-0amaHcoBbIe pacueTsl TpeOyIoT OOMMPHOTO KOMIIEKCa MOJIEBBIX
JIAHHBIX, TIOATOMY IIPU TUIAHWPOBAHUH AHAJOTMYHBIX MCCIIEJOBAHUM ClIemyeT oO0paTuTh
BHUMaHHE HAa OpPraHM3aIMIO MOJIEBBIX PadoT, B T. 4. — pabOT Ha BOIOTOKAX, YUUTHIBAS
1 TIPUPOAHBIE 0COOCHHOCTH MOCIEAHUX. VIHBIM HallpaBI€HHEM MOXKET CTaTh pa3BUTHE
TEOPETHUYECKHX (PacUeTHBIX) METOJIOB OIPE/IENICHNS BEIMYMH JIEMEHTOB OallaHca.

Kondguukr nnrepecoB. KoH)IHKT HHTEPECOB OTCYTCTBYET.

®GunancupoBanue. [ToneBbie pabOTHI BEINONTHEHBI 33 CYET CPECTB CyOCH MU HA (PHAHCOBOE 00ECTIeUeH e BbI-
HOJIHEHHUs TOCYAapCTBEHHOTO 3a1aHNUs 110 IPOBEACHUIO 65-1 1 67-if Poccuiickoil aHTapKTHUECKON SKCIIEIULIHHL.

BaarogapnocTu. ABrops! Ormarozapsat Poccuiickyio aHTapKTHYECKYIO IKCIEUINIO 32 BO3MOKHOCTD y4acTus
B TIOJIEBBIX paborax, a Tawke cBoux xomuer C.J[. IpuropseBy u O.P. KunbsOaeBy 3a moMoIIb B POBEICHUH
TIOJIEBBIX PabOT.
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GEOMORPHOLOGY AND EVOLUTIONARY GEOGRAPHY

OpurnnajbHas ctarbs / Original paper
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O 3aKOHOMEpPHOCTAX H3MEHEeHHsI [N100aJIbHOT0 YPOBHS MOPSI
B MO3/IHEM YeTBEPTHYHOM NepHoae

A.A. Exaitkuna®2, H.JI. Jlatnosa’

' THI] P® Apxmuueckuli u anmapKmuyeckuil HAy4YHO-Uccie008amenbCKutl UHCmumym,
Canxm-Ilemepbype, Poccus
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AnHoTtauus. VccrneoBaHue NOCBAIIEHO aHAIH3Y HEKOTOPBIX 3aKOHOMEPHOCTEH H3MEHEHHS CPeHEro I100aIbHOTo
ypoBHs: MupoBoro okeana B o3aHeM ueTBepTHYHOM neproze (nocnenuue 800 Thic. net). B kauecTse daxruye-
CKOTO Matepuajia ObUIM HCIIOJIb30BaHbl HEABHO OMyOIMKOBAHHbIE HAMOONEE IeTANbHBIE U HA/Ie)KHBIE CBOIHbIC
PAIBI YPOBHS MOPS U CpeIHei 100aIbHOM NPU3EMHOM TeMIepaTyphl 32 HHTEPECYIOLMI HAC MHTEPBal BpEMEHHU.
B macmitabe 100-ThICSUeIeTHETO UKIA MKy IBYMS [TapaMeTpaMi HAOMIOMACTCS MPOCTAs JIMHEHHAS 3aBUCH-
MOCTb (HIKE TeMIepaTypa — HIKE YPOBEHb MOPST), OJHAKO MPH O0JIee IeTAIbHOM PACCMOTPEHHUH BBISBISIOTCS
HEOOBIYHBIE 0COOCHHOCTHU: 1) MAKCUMYMBI 1 MUHMYMbI YPOBHS MODS 3a11a3/IbIBAlOT OTHOCUTEIHO MAKCUMYMOB
¥ MHUHUMYMOB TEMIIEPaTypbl Ha, COOTBETCTBEHHO, 4,7 = 1,1 u 7,8 + 2,1 ThIC. JIeT; 2) MUHUMAJIbHbIE CTOSHUS
OKeaHa HaOJIOAIOTCS MPH NPUOTU3UTEIBHO OIMHAKOBBIX aHOMAIHSX II00abHOH Temieparypsl (—4,7 + 0,2 °C
OTHOCHUTEJIBHO JIOMHIYCTPHAIBHOTO YPOBHS), IPU 3TOM HUKAKOH KOPPEIIALHY ¢ CAMUM 3HAYCHUEM YPOBHS MOPsI
He HaOMrOaeTCs. AHAJIOTMYHA M CUTYalHsl ¢ MAKCHMAJIBHBIMU CTOSTHUAMHU OkeaHa. CoIacHO Harlei rumorese,
Ka)KylIeecs 3ana3apIBaHue yPOBHS MOPS 00BSICHETCS TeM (PaKTOM, 4TO MaKCHMAJIbHbIE (MUHUMAJIbHBIE) YPOBHH
OKEaHa CBS3aHbI HE C TeMIIEPaTypoil Kak TaKOBOM, a ¢ HAKOILICHHOM CyMMOIi IOJI0XKHUTENIbHBIX (OTPULIATEBHbIX)
AHOMAJIHII TeMIIepaTypbl 3a IIPEILIECTBYOLIHIT TEIUIbIN (X0IO0HbII) nepyros. ViHbIMY crioBam, psii ypOBHS MOPsI
siBIsieTcst pyHKumeil nHTerpanbHo-pasHocTHOH kpuBoil (MIPK) Temneparyper. Jl1st MiLTOCTpatiy 3TOM THIOTe3bl
MbI ioctpors UPK temneparypsl ai1s untepsana 460-360 ThiC. 1. H., KOTOpast YAOBIECTBOPUTENLHO O0OBACHACT
OCHOBHbIC TEHJCHIIMY U3MEHEHUS YPOBHS MOPS BO BPEMsI MOPCKHX M30TONHBIX cTajuii 12 1 11.

KutroueBble ciioBa: MieicToleH, YPOBEHb MOPS, OJCICHEHHE, 00albHAs TeMIIeparypa, HHTerpalbHO-pa3-
HOCTHbIE KPHBBIE

Jast untupoBanus: Exaitkin A.A., Jlstiosa H.J[. O 3akoHOMEpHOCTSIX M3MEHEHHS ITI00ATBHOTO YPOBHS MOPS
B TO3JHEM YETBEPTHUHOM Tiepuone. [Ipodnemvr Apxkmuxu u Anmapxmuxu. 2025;71(4):489-499. https://doi.
org/10.30758/0555-2648-2025-71-4-489-499
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On the global sea level change during the Late Quaternary
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2 Institute of Geography RAS, Moscow, Russia
3 Higher School of Economics, Moscow, Russia
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Abstract. The study is aimed at identifying the most general patterns of changes in the average global sea level
in the Late Quaternary (the last 800 thousand years). The factual material used included recently published most
detailed and reliable stacked series of the Global Sea Level (GSL) and Global Mean Surface Temperature (GMST)
for the given time interval. On the scale of a 100-ka cycle, a simple linear relationship is observed between the
two parameters (lower temperature — lower sea level), but upon closer examination, unusual features are revealed:
1) sea level maxima and minima are delayed relative to temperature maxima and minima by 4.7+ 1.1 and 7.8 + 2.1
thousand years, respectively; 2) ocean low stands are observed at approximately the same GMST anomalies
(4.7 + 0.2 °C relative to the pre-industrial), while there is no correlation with the sea level value itself. The
situation with the ocean high stands is similar. According to our hypothesis, the apparent delay in the sea level is
explained by the fact that the maximum (minimum) ocean levels are not related to temperature per se, but to the
accumulated sum of positive (negative) temperature anomalies over the previous warm (cold) period. In other
words, the sea level series is a function of the integral-difference curve (IDC) of temperature. To illustrate this
hypothesis, we have constructed a temperature IDC for the time interval between 460 and 360 thousand years
ago, which satisfactorily explains the main trends in sea level change during marine isotope stages 12 and 11.
Keywords: Pleistocene, sea level, glaciation, global temperature, integral-difference curves
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BBenenue

Poct ypoBHSI MOpsI SIBIISIETCSI OHUM M3 HanOoJ1ee 3pUMBIX M OUYEBH/IHBIX POSIBICHUI
COBPEMEHHBIX KiuMaTtudeckux uzmeHenuit. Mexxay 2006 u 2018 rr. ypoBeHb OkeaHa poc
CO CKOPOCTHIO 3,6 MM/TOI, iprueM 44 % 3TOM BEIIMYMHBI 00CCIICUNBACTCS TASTHUEM JICH-
HUKOB U JICJIHUKOBBIX LIUTOB, a 56 % — TEIUIOBBIM pacUIMPEHUEM BOJbI U U3MEHEHUEM
obbema Box eyt [1]. B mpezacTosiiue necatuieTrst pocT ypoBHs MOpst OyZieT HATH C yCKO-
pEeHHEM, U IPOrHO3bl UTOTOBOTO MOBBIINIEHUS MOIBEMA YPOBHS okeaHa Kk koHIy XXI B.
HUMEIOT O4eHb OOoJbIION pazdpoc — OT 28-55 cM mpu HHU3KHX BBIOPOCAX MapHUKOBBIX
raz3oB (I1I") mo 63—110 cM nipu BeICOKUX BeIOpocax [2]. OMHOM U3 OCHOBHBIX MPHYHH ITOU
HEOIIPE/ICICHHOCTH MPOTHO30B SIBJISAETCS HEJJOCTaTOYHOE MOHUMaHHE OyTyIIIero MOBEICHUS
AHTapKTUYECKOTO JIETHUKOBOTO IMINTA, KOTOPBI MOXET OBITh MOABEP)KEH THHAMHYECCKH
HECTaOMJIBHBIM IPOIECCaM, CIOCOOHBIM OTHOCHTEIBHO OBICTPO (B Mpejeliax MepBhIX
COTEH JIET) pa3pyLIUTh 3HAYUTEIBHYIO YacThb JeaHuKa [1].

B 3TOM KOHTEKCTE BHUMaHHE HCCIIeJOBATEIICH MPHUBIIEKAIOT MajieoreorpaduiecKre
JIaHHBIE, TOCKOJIBbKY U3BECTHO, YTO BO BPEMsI HEKOTOPBIX MPOILIBIX HEOIUIEHCTOIIEHOBBIX
MEKJICIHUKOBHI YPOBEHb MOpSI OBIII CYIIECTBEHHO BHIIIE, YeM B TrojiolieHe. B kauecTBe
IIpUMepa MOXKHO TIPUBECTH ONTHUMYM S5-H Mopcko# m3oromnHoit craaun (MUC) oxomno
130125 TteIC. 1. H. (puc. 1), KOrma ypoBeHb MOpSI MOJAHUMANCS HA 6—9 M BbIIIE CO-
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Puc. 1. Pagbr ypoBHS MOpS B cpeHel mI00adbHOM MPU3EMHON TEMITEPaTyphl BO3AyXa B TTO3THEM
geTBepTUUHOM Tieprone (mocnenaue 800 Toic. set) mo aaHubM [9] u [10]. Hudpamu o603HauEHB
HOMEpa MOPCKUX N30TOIHBIX CTa i, 3aJTMBKON — IIPEEIbI TOTPEITHOCTH 3HAUYCHUH (TOBEpPHUTEIb-
HBIC HHTEpBaIIBI). Temreparypa npescTaBieHa B BUe OTKIOHEHUs OT cpefHero 3HadeHus 3a 2000
JIET, TIPEeIISCTRYIONINX HavYaly HHIYCTPHAIBLHOTO NepHOIa
Fig. 1. The time-series of the global mean sea level and global mean surface air temperature in the Late
Quaternary (the last 800 ka) based on data from [9] and [10]. The numbers denote Marine Isotope
Stages, the shading is the error limits (confident intervals). The temperature is presented as a deviation
from the average value over the 2,000 years preceding the beginning of the industrial period

BPEMEHHOTO [3] mpu TOM, 4TO cpenHss Tio0ajibHas TEMIeparypa Bo3ayxa Oblia BBIIIC
nounycTpuanbHoi aumb Ha 0,7 + 0,6 °C, a ypoenb CO, B atMocdepe OblT Ha ypoBHE
JIOUHAYCTPUANIBHBIX 3HauUeHUH [4].

B nanHoit paboTe MBI HCIIOJIB3yeM HEeJIaBHO OIyOIIMKOBaHHbIC HanOoIee Ha/Ie)KHbIC
PEKOHCTPYKIIMH CpeIHei TI100aIbHOM PU3EMHON TeMIepaTyphbl BO3yXa H CPEIAHETO YPOB-
HS OKeaHa JUIsl TI03/IHET0 YeTBEPTUYHOTO Mepro/a (HeOMIeHCTOIEH U TOIOIICH, TOCIeTHIE
800 ThIC. NIET) At TOTO, YTOOBI MCCIIEOBATh OCHOBHBIC 3aKOHOMEPHOCTH M3MEHEHUS
ypoBHSI MHpPOBOTO OKeaHa B paMKax JIGAHUKOBO-MEXKIJICTHUKOBBIX IIUKIIOB.

MarepuaJjbl 1 METOAbI

OnHIM W3 OCHOBHBIX MCTOYHHKOB MH(OpManuu o0 ypoBHE MOpPS M ITI0OATHHOMH
TEMIIEpaType sSIBJISIOTCSI MOPCKKE JIOHHBIE 0Ca/IKu. M30TomHbIi cocTaB kuciaopoaa (8'%0)
paxoBHH (opaMUHU(EP B 3THX 0CAJKaX 3aBUCHUT OT JIBYX MapaMeTpOB — OT TEMIIEpaTy-
PBI ¥ H30TOITHOTO COCTaBa MOPCKO# Boabl. [1epBrIil mapaMeTp ompenenser KodpPUIHeHT
(hpakunoHUpPOBaHUS TPU 00pa30BaHUH MOPCKUX KapOOHATOB [5], a BTOpoit — o0beM
BOJIBI B OKEaHE, B CBOIO 0Yepe/lb CBA3aHHBIN ¢ 00bEMOM KOHTHHEHTAIBHOTO Jibaa [6]. Uem
Oompie p1a (00ETHEHHOTO TSDKENIBIMUA H30TOIIAMH KUCIIOPOAa) — TeM OOIbIIIe KOHICH-
Tpanus kuciopona 18 B Mopckoit Boze. Pa3nennuts 3TH 1Ba (pakTopa MOKHO C TIOMOIIIBIO
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JIOTIOJIHUTENBHBIX TAI€0TEMITEPaTypPHbBIX HHIUKATOPOB — HAIPUMEP, 110 COOTHOIICHHIO
Mg/Ca B pakoBuHaX (hopamMuHU(Ep B TOHHBIX ocankax [7]. OnpeneneHne Bo3pacTa ClIOeB
B MHANBUIYaJIbHBIX KEPHAX MOPCKUX JOHHBIX OCAJKOB BBIMOIHSACTCS C TIOMOIIBIO Pa3IIiy-
HBIX METOJIOB, BKJIOUAIOIIUX PAIMOU30TOHOE JaTHPOBAHMUE, HCIIOIB30BAaHNE XPOHOCTpa-
TUrpagUIecKuX MapKepoB U T. A. [6]. IIpx HOCTpOEHNH CBOAHBIX PSIOB MHIAWBHUIyaIbHbIC
PSZIBI COBMEIIAIOTCS IPYT € APYTOM C ITOMOIIBIO METOAOB IpadUuecKoi Koppesinnu [8].

HawnGosee HageXHBIH 1 TOJIHBIN CBOTHBIM psii yPOBHS MOpPs OITyOJIMKOBaH B pado-
Te [9] m oxBarbIBaeT mocuenHue 798 THIC. JeT ¢ pa3perieHueM | TeIC. eT. Pag mocTpoeH
110 7 OT/IENbHBIM BPEMEHHBIM CEPHSIM, BBITIOTHEHHBIM Pa3HBIMHU METOAAMH (II0 H30TOITHOMY
COCTaBY IUIAHKTOHHBIX U OEHTOCHBIX BUAOB (pOpaMUHU(EP B MOPCKHUX JOHHBIX OCAIKaX,
110 JPYTUM HE3aBHCHUMBIM NPOKCH-TaHHBIM (MOPCKHM KOpajllaM), [0 MOJENIH o0beMa
KOHTHHEHTAJIBHOTO JIbAa U Ap.). s BIACICHHs 00IIero CUrHana ObUI MCHOIb30BaH
METO/] IIaBHBIX KOMITOHEHT, W JJIsI IOCTPOCHUSI CBOAHOTO Psiia MHANBHUYaIbHBIC PSIJIbI
OBLTH TIPUBEICHBI K 001Iel XpoHocTpaTurpaduyueckoii mrane LR0O4 [8].

Psy Temriepatypsl 3a TOT ke TIepHOI BpeMeHH ommyoimrkoBaH B padote [10], ero pasz-
penieHne Taxxe cocraBiseT 1 Toic. jeT. 1o JaHHBIM KepHOB MOPCKHX JIOHHBIX OCAJIKOB
PEKOHCTPYHpPYETCs TeMIeparypa IMOBEPXHOCTH OKEaHa, 110 KOTOPOH C MOMOIIBIO MOjie-
Jel oOuiel IUpPKyISIIUU atMoc(epbl PACCUUTHIBACTCS CPeIHSS TI00aNbHAs MPU3EeMHAs
TEeMIIepaTypa BO31yXa.

[TorpenmHOCTh JATHPOBKH MAJICOKIMMATHYECKUX PSIOB 110 MOPCKMM JOHHBIM OCa/IKaM
JIOBOJIbHO BeMMKa  gocturaeT 4 Toic. et [9, 10]. OgHako 310 HE 0Ka3bIBACT CYIIECTBEHHOTO
BIIMSTHUS Ha BBIBOJIBI TAHHOM paboThI, IIOCKONIBKY 00a psina (ypOBEHb MOPS M TEMITEpaTypa)
TTOCTPOCHBI C UCIIOIB30BAaHUEM OJHOW M TOW K€ XpOHOCTparurpaduaeckoi mxansr LR0O4
1 OTHOCHTENBHASI MOTPEIIHOCT AATUPOBKU MEXIY ABYMsI psilaMi MUHMMaJIbHa.

Psan ypoBHsS Mops 1o [9] u psn Temnepatypsl 1o [10] mpencraBnens! Ha puc. 1.
[NorpemHocTr 3HaYeHNH PAIOB, OKA3AHHBIE HA PHCYHKE, B3SITHI U3 IUTUPYEMBIX PA0OT.

Voke 1ocne Toro, Kak JlJaHHasl CTaThsi ObLIA TMOJaHa B PENAKIIMIO, ObUT OIMyOIMKOBaH
HOBBII CBOZIHBIH PsAJl NTOOAIBHOTO YPOBHA MHpPOBOTO OKEeaHa, OXBATHIBAIOIIHI TTOCIIECAHIE
4,5 mura et [11]. OmHako B cBoel HarOoIIee MOJIOON YacTH (HEOTUICHCTOIICH U TOJIOLIEH, T10-
cneuaue 800 ThIC. JIET) ATOT s/l MAJIO OTIIMYAETCS OT MPEIBLAYIIEro CBOAHOTO [9], mosTomy
BBIBOJIBI JIAHHOH pPabOTHI HE 3aBUCAT OT TOTO, KaKHe Psbl OyyT NCHOIb30BaHbI B pacueTax.

B manHoIt paboTte K yKa3aHHBIM psiiaM ObUIM MPHMEHEHBI TaKHE CTAaTHCTHYECKHE
METOJIbI, KaK pacueT MapHOI JIMHEIHON KOpPeJIsny, BEIpakaeMoi Kod(h(HUIIEHTOM Koppe-
msiuun [Tupcona, a Takke JIMHEHHOH perpeccu, BhIpakaeMoi yIIIOBBIM KoddduimeHToM
JMHEWHOTO yPaBHEHNS, CBA3BIBAIOIIETO J1Ba NCCIEAYEMBIX ITapaMeTpa. 3HAUMMOCTh KO3(-
(unrenTa Koppensiy OLEHNBACTCS ¢ TOMOIIbIO KpuTepusi CThIOEHTa U BBIpAXKaCTCs
p-3HAUCHNEM, KOTOPOE IIPEACTABISIET COOO0H BEPOSITHOCTH TOTO, YTO HYJIEBast TUIIOTE3a 00
OTCYTCTBUH KOPPEJSALNH MEXIY U3y4aeMbIMH ITapaMETPaMH SIBIISIETCS] BEPHOI.

B pabote Taxke pacCUMTHIBAIOTCS MHTETpaTbHO-pasHocTHBIE KpuBkie (IPK) u3-
ydaeMbIX xapakTepucTuk. B obmem Bune MPK mpencraBmser coboit cymmy aHOMAamuit
3HAYCHMIA psizfa: (X, — X, ), TAe X, — HEKOe KPUTHYCCKOE 3HAYCHHE MapaMeTpa.

Pe3y.m,TaT1>1 u oﬁcyswle}me

[Ipexe Bcero npuBiekaeT BHUMaHUE OTHOCUTEIBHO OOJbIIIas MOTPEeIIHOCTh 3Haue-
Huid. [l psina Temnepatypbl oHa coctasisieT +0,65 °C, nus psijaa ypoBHsS Mopst £23 Me-
Tpa (10BEepUTENbHBIC HHTEPBAJIbI).
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HecMmoTpst Ha 3TH MOTPENIHOCTH, CBSI3b MEXKAY ABYMsI ITapaMeTpaMH OYEBHJIHA!
B XOJIO/IHBIE TIOXH YPOBEHb MOPSI HMKE 32 CUCT pa3pacTaHus JICASHBIX IIUTOB (B OC-
HOBHOM B CeBEpHOM MOJYIIAPUN) U yBEIMUYCHNUS TUNIOTHOCTH BOJBI, @ B MEKIICAHUKOBBS
OH BBIIIE. DTOT BBIBOA MOATBEPXKIACTCS U KOI(DGHUINESHTOM KOPPEIALUN MEXITY ABYyMs
psimamu, kotopsrid paser 0,77 + 0,02 (p < 0,0001), puc. 2. JIuHeiHas perpeccus moka-
3BIBACT, UTO NP YBEIWICHUU ITI00ANBHON Temreparypsl Ha 1 °C cpenHwmii ro0anbHBII
YPOBEHb MOPS PACTET MOYTH Ha 15 M.

[Tpu Gosee mPHUCTATEHOM PACCMOTPEHHH BBISICHSAETCSI, YTO 3Ta 3aBUCHMOCTH CIIOKHEE,
YyeM KaKeTCs Ha MepBbIi B3MIA. Tak, Ha HUCXoasmeH (a3ze KIMMaTHIecKoro uKia (pu
MIOXOJIOJJAHNH ) YPOBEHBb MODSI, KaK IIPaBHUIIO, 3aMETHO BBIIIIE, YeM Ha Bocxozsteil ¢ase (mpn
Hepexo/e 0T MaKCUMyMa OJISICHEHHS K MEXJICTHIKOBBIO) ITPH TeX 7K€ 3HAUCHHSX TeMIIe-
paTypsl, @ SKCTPEMYMBI YPOBHS MOPsI HE CHHXPOHHBI SKCTpEMyMaM TeMIIeparypsl (puc. 2).
Yposers Mopst Bo Bpems Teruibix paz MUC 1, MUC 5, MUC 7 u MUC 9 npubnu3nuTensHO
OZIMHAKOB (B Mpezesiax MOTPEIIHOCTH 3HaYCHUH), IPH TOM YTO TEMIIEpaTypa 3THX MEX-
JIETHUKOBUH CyIIECTBEHHO paznndaercs (puc. 1).

MaxkcumanbHbBIH ypoBeHb MOps (+18,5 M) Habmromancs Bo Bpems MUC 11, xots
MaKCHUMaJlbHasl TEMIIEpaTypa 3TOH TEIUION CTaAN! HECYIIECTBEHHO OTIMYAETCSI OT TEeMIIe-
parypst MUC 5 (puc. 1). Hakoner, ypoBeHb MOpst BO BpeMst xonofaHoi cramgun MUC 16
CyIIecTBeHHO HIKe, ¥eM Bo Bpemst MUC 10, mpu Tom yro MUC 16 6b11a teree (puc. 1).

40
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Puc. 2. Tlone xoppersuuu MeXIy ypOBHEM MOPs U aHOMAaIHEd IPU3EMHOHI TeMIIepaTypsl IS 1031~
HEro 4eTBEPTUYHOIO IIEPUOJa.

]_IBGTOM 0003HaYEHEI pa3an4HbIC (1)8,3])1 KJIMMAaTHYCCKOTO IIHUKJIA: HUCXOAsIIasi BETBb (HOXOJ’IOHaHI/Ie) — CBET-
J'IO-I‘OJ'Iy601>’I, MakKCUMaJIbHOC MOHWKCHUEC TEMIICPATYPhl — CHHHfI, BOCXosA1asi BETBb — CBeTJ'IO-OpaH)KeBLIﬁ,
ONTUMYMBI Me)KJ'IeI[HI/IKOBI/Ii;I — KpaCHLIﬁ. HyHKTHpHaﬂ JIMHUA U YPABHCHUE OTHOCATCA KO BCcel COBOKYIIHOCTH
TOYCK MOJIA KOpPEIAIun

Fig. 2. The correlation field between the sea level and surface temperature anomaly for the Late
Quaternary.

The color denotes different phases of climatic cycles: light blue is downward part (cooling), blue is maximum of
cooling, light orange is upward part (warming), red is interglacial optimum
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Puc. 3. ConocraBiienne xoa ypoBHsI MOPsl B TEMIIEpaTypbl BO BpeMsi HEKOTOPBIX IEPEXOI0B OT
XOJIOHBIX K TEIUIBIM CTaJusAM: @) OT MakcuMyMa nociennero ojneneHenus (MUC 2) k romoue-
Hy (MHUC 1); 6) ot npeanocneanero jgegaukoBoro Mmakcumyma (MUC 6) x npensiaymeMy Mex-
nenuukoBbio (MUC 5); ¢) or MUC 12 k MUC 11 u 2) or MUC 16 x MUC 15. [llkana BpemeHu
HarpaBJicHa CIIpaBa HaJIeBO

Fig. 3. Comparison of the sea level and temperature during several climatic transitions: ) from the Last
Glacial Maximum (MIS 2) to Holocene (MIS 1); 6) from the Previous Glacial Maximum (MIS 6) to
the Penultimate Interglacial (MIS 5); 6) from MIS 12 to MIS 11 and ¢) from MIS 16 to MIS 15. The
time on the X axis goes from right to left

[Tpu Gonee eTaNbHOM PaCCMOTPEHNH HEKOTOPBIX M3 HanOosee SIPKUX KIIMMaTHYEeCKUX
COOBITHI TIO3/THETO YETBEPTHYHOTO Meprofia (pHc. 3) BUIHO, YTO SKCTPEMYMBI YPOBHSI MODSI
HMEIOT TEH/ICHIIO K 3aa3/IbIBAHUI0 OTHOCUTEIEHO SKCTPEMYMOB TEMIIEPATYPBI, TIPU STOM MHU-
HUMYMBI YPOBHSI MOPSI 3aM1a3/IbIBAtOT OTHOCHTEILHO MUHIMYMa TEMIIEPATyphl B CpeAHEM Ha 7,8 +
2,1 teic. sier (ot 0 o 18 ThIC. NeT), a MakcumyMbl — Ha 4,7 = 1,1 ThIC. Jet (ot 0 10 9 ThIC. JIeT).

Bripouem, U1t MUHUMaJIBHBIX YPOBHEH MOpPSI BpeMsl 3ara3/bIBaHHs ONPEACIUTh He-
TIPOCTO, MOCKOJIBKY BO BpeMsl HanOoJiee XOIOAHBIX CTani IIHKIIa TeMIeparypa 4acto JIoJIro
JIEP)KUTCS Ha OJTHOM YPOBHE M TOUKY KCTpEeMyMa ObIBAET ONPEICIUTh CIIOKHO (puc. 3a u 36).

PaccmoTpuM cutyanuio ¢ Ipyroi CTOpOHBI: OMPEAEINM, MIPU KaKUX TeMIIepaTypax
HMMEIOT MECTO MAaKCUMYMBl 1 MUHUMYMBI YPOBHsI Mopst (puc. 4a u 406).

BersicHsieTcs, 4TO HE3aBUCHMO OT TOTO, KakoBa OblIa MHHUMaJIbHasI TEMIIeparypa
BO3/1yXa BO BpeMs XOJOAHBIX CTaJui, MUHUMAaJIbHBIE YPOBHU MOpPS MPAKTUUECKU BCETra
HaOJIOAIOTCS TIPH OYEHb CXOXKUX 3HaUYeHHsIX Temreparypsl, —4,7 + 0,2 °C (o6o3HaunM
ee kak 1°7, MOCKOJIBKY 9TO TeMIepaTypa, MPU KOTOPOi MPOUCXOMUT MEPEXOl OT CHHKE-
HUSL YPOBHA MOpS K €ro pocty). IlorpemHocTs 3Toro 3HauyeHus CyIIECTBEHHO MEHBIIIE
MOTPEIIHOCTH 3HAUCHUH TEMIIEPaTypHOTO psAAa, KOTOpasi, Kak yKa3aHO BBIIIE, COCTABISET
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Puc. 4. Temnepatypa Bo BpeMss MUHIMYMOB (@) 1 MAaKCUMYMOB (0) YPOBHS MOPSI B HEOTIJICHCTOIICHE;
6) U 2) — MUHHMAJIbHBIE (8) 1 MAKCUMAJIBHBIC (2) 3HAUCHUS YPOBHS MOPS KaK (PyHKIIUS HAKOTUICHHBIX
CYMM TEMIIEpaTypHBIX aHOMAJIHK BO BPEMsI MIPEANICCTBYIOUINX XOJIOAHBIX (8) M TEIUIBIX (&) CTaauid
Fig. 4. The temperature during minima (@) and maxima (6) of the sea level in the Late Quaternary.
6) and ¢) are the minimal (¢) and maximal (e) values of the sea level as a function of accumulated
sums of temperature anomalies during the preceding cold (6) and warm (e) stages

0,65 °C — HHBIMH CIIOBAMH, C Y4ETOM TIOTPEITHOCTH TeMIIepaTypa °, TIpu KOTOpoil nMe-
IOT MECTO MUHUMAaJIbHBIC YPOBHH OKeaHa, ofuHakoBa. CaMu e 3HAYCHHUS YPOBHS MOPS
IIPHU 3TOM MOTYT MEHSATHCS B IIMPOKUX Mperaenax, oT —67 1o —130 M, He oOHapykuBas
HUKaKOW KOPPENSINU ¢ TeMIepaTypoi. B kadecTBe npumepa MmoxkHo npuBectd MUC 12,
KOTOpasi ObLIa SKCTPEMAIBHO XOJIOTHOM, HO TIPH ATOM YPOBEHB MOPSI OBLIT IPUMEPHO TaKOH
xe, kak Bo Bpemss MUC 2 u MUC 6 (puc. 3).

Cxoxast KapTHHa HaOIIFOTAeTCs ¥ U MAKCUMYMOB YPOBHSI MOpst (puc. 46), HO TIPH 3TOM
TOYKH YETKO Pa30HMBaIOTCA Ha 2 KiacTepa, COOTBETCTByIomuX 6onee apesum (MUC 13 —
MMUC 19, 800-500 TbIc. 1. H.) 1 6onee MonoabiM (MUC 1 — MUC 11, 4000 ThIC. 1. H.)
MEKJICTHUKOBBSIM. BHYTpH 3THX KJIacTepoB KOPPEIALINH He HAOMIONAIOTCS, HO JUIS IPEBHUX
MEKJICTHUKOBUH XapakTepeH Oojiee HU3KUi ypoBeHb Mopst (0T —11 10 —6 M) mpu 3HaUSHUAX
Temmeparyphl (0603HauEM ee £°¥) —2,6 + 0,2 °C, a 1715 MOTOIBIX MEKJIEIHUKOBHIT — Gonee
BBICOKHIi ypoBeHb MOpsi (0T —4 110 +19 M) 1pu 3Hauenusx °°, papueix —0,3 = 0,3 °C.

Heo0xonnmMo 0TMETHTH, 9TO JJOBOJIBHO CJIOKHO OOBSICHUTH HAOIIOMaeMOE 3ara3/Ibl-
BaHUE YPOBHS MOpPSI OTHOCHUTENIBHO TeMIepaTrypbl. be3ycnoBHO, NeTHUKOBBIC IMIUTHI —
CaMblii MHEPIIMOHHBIM KOMIIOHEHT 3€MHOM CHCTEMBI, C OTCTaBAaHUEM pEarupyrouuili Ha
M3MEHEHUS KJIMMaTa, HO €/1Ba JIM BpeMS 3ama3pIBaHug MOXKeT focturarh 10—18 Thic. jert.
Kpome Toro, B 3TOM cityuae HENpocTo 00OCHOBATh TOT (hAaKT, YTO BPEMsI 3aria3/ibIBaHHs
TaK CHJIBHO Pa3JIn4aeTcs U Pa3HbIX KIMMAaTHYECKUX IUKIOB. HakoHer, 3Ta KOHIIEIIH
He 00BACHAET MOCTOSHCTBO 3HAUEHHiT °7 1 1°¥ IS pasHBIX [UKIIOB.
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B xauectBe pabouei TUIoTe3bl MPEAIIOI0KHIM, YTO CYIIECTBYIOT KPUTHYECKUE 3HAUE-
Hust Temmeparyp (1°° 1 1°7), BEIe (HIDKe) KOTOPBIX JIETHUKOBHIIA UT TepseT (HAKAILTMBAET)
Maccy He3aBHCHUMO OT TOTO, KaKOM TPEH/I TeMIeparypbl HAaOIIOaeTcs B 9TOT epuos. B stom
Cclly4ae MakCUMaJIbHbIH (MUHUMAJIbHBIN) YPOBEHb MOPSI JIOJDKEH OBbITh (DYHKLIUEH JUTUTEIb-
HOCTH TIPE/IIIECTBYIONICH TETUIoH (X0noaHo) cTaauu. [IpoBepka 3Tol rUMOTE35I TOKa3ana,
YTO MUHHMAJIBHBIH YPOBEHb MOPS OOHApYKMBAET CIa0yI0 OTPHULATEIBHYIO KOPPEISIHIO
C JUTHOW TIpEAIIeCcTBYIOMIEro xonoanoro neprona (r = —0,41 £ 0,37), HO 3Ta KOppesIHs
He 3Ha4nMa. [[1s1 MaKCHMaJIBHOTO YPOBHSI MOPSI KOPPEJSIIUS C JUTUTEIBHOCTBIO TTPE/IIe-
CTByMOIIEH Teroi craguu coctapisier 0,59 + 0,30 (p = 0,1).

Jlanee, MOXHO ITPEATIONIOXKHUTh, YTO UMEET 3HAUYCHUE HE TOJIBKO JUTUTEIbHOCTh XOJIOA-
HBIX U TEIUIBIX [IEPUOJIOB, HO M COMYTCTBYIOLIME UM TeMIleparypbl. JleliCTBUTENBLHO, YeM
BBIIIIE TEMIIEPATYPa B TEILIYIO 3MOXY — TEM MHTCHCHBHEE TAeT JIE]| U TEM BBIIIEC yPOBEHb
MOpsI IPH OZHOW M TOW K€ JAJMHE TEIUION CTaIHuH; aHAIOTHYHO, YeM HIDKE TeMIlepaTypa,
TeM HIDKE O)KH/IaeMbIi ypPOBEHb MOPS B KOHIIE XOJIOIHOM cTaanu. B aTom ciydae MUHU-
MaJIbHBIA YPOBEHb MOPS SBISIETCS] (DYHKIMEH HAKOTUIEHHOW CyMMBI TEMITEpaTyp BO BpeMs
HPE/IIECTBYIONIETO XOJIOJHOTO [IEPHO/a, & MAKCUMAaJIbHBIN yPOBEHb MOPSI SIBISIETCST (DYHK-
I[el HAaKOTUIEHHON CyMMBI TEMITEpaTyp BO BpeMs IPEAISCTBYIOIIETO TEIUIOTo Meproa.
ITockonbpKy MakCHMallbHBIE aHOMAJINH TEMIIEPATypPhl MEKICAHUKOBHH MOTYT OBITH Kak
BBIIIE, TAaK U HWKE HYJIS, TO JJIS pacyeTa HaKOTUIEHHONW CYMMBbI MbI HCTIONB30BAIN HE CAaMH
3HAYEHHA TEMIIEPATYP, & TONOKUTENbHBIE PA3HOCTH (£  —1°), Tie £°  — pedepencHas
TeMIieparypa, 3HaueHue KOTOpOW JTOJDKHO OBIThH BBIIIE CAMOTO BBICOKOTO 3HAYEHUS psiaa
temmneparyp 3a 800 toic. et (+1,01 °C). Koppensius MUHUMaIbHBIX 3HAYEHUH yPOBHS
MOps C HAKOIJICHHOH cymMMol Temrieparyp cocrapisieT 0,53 + 0,35 (p = 0,18) (puc. 4s),
a KOPPEISAIKS MAKCUMAJIBHBIX 3HAYEHNH YPOBHS C HAKOTUIEHHOH CyMMOMH (£°  — (°) paBHa
0,79 £ 0,23 (p = 0,02) (puc. 42). Takum 00pazoM, MOXKHO € OOJBIION OTEH BEPOSITHOCTH
YTBEpP)KAATh, YTO MAaKCHMAJIbHBIC YPOBHH MOPSI BO BPEMsI MEKJICTHUKOBHUH 1CHCTBUTEIBHO
3aBUCST OT HAKOIUIEHHOW CYyMMBI TEMIIEpaTyp, TOT/a KaK JUIsi MUHHUMYMOB CBSI3b HE TaK
oueBuyHa. [110Xas KOppesnsiys MUHUMAIbHBIX 3HAYEHUI YPOBHS C CyMMOM TeMIreparyp
MOXXET OOBSICHATBCS CIOKHOCTHIO B ONPE/IENICHUH HAYaJIbHOM TOUKH XOJIOIHON CTalUH.
Jpyrum oOBSICHEHHEM MOJXKET CIIYy>KUTh CyIIECTBOBAaHHE (PU3MUECKOTO Ipenesa pocTa
00BbeMa JIGAHUKOBBIX IUTOB, HAIIPUMEP, IPH JTOCTIKCHNH UMH Kpasi KOHTHHEHTAJILHOTO
menbda u T. . — B 9TOM ciIydae JaibHeHInee HaKOIIEHHE SKCTPEeMaTbHO HU3KUX TEM-
reparyp He NMpUBENET K JOTIOJHUTEILHOMY CHUKEHHIO YPOBHS MOPSL.

Takum 06pa3om, MOXKHO C(HOPMYIIUPOBATH, YTO YPOBEHb MOPSI SIBJIsIeTCs (pyHKIUEH
UHTETpajbHO-pa3HocTHOI kpuBoi (MPK) Temneparyps! Bo3ayxa. [ MLIOCTpanyuu 3Toro
BBIBOZIAa B KadecTBe mpumepa noctpouMm MPK temneparypsr mis craguit MUC 12 —
MUC 11 u cpaBHUM ee C yPOBHEM MOPSI.

Bo Bpems xonoxnoit craguu MUC 12 poct Temnepatypsl HaunHaeTcs 461 Thic. 1. H.
py aHoMajuu Temeparypsl —7,1 °C (puc. 5) — 3T0 0HO M3 CaMbIX HU3KHX 3HAYEHHN
TeMIepaTypbl 3eMJIN Ha MPOTSKEHNH BCEro HeortelcToneHa (puc. 1). CHibkeHue ypoBHs
MOPSI IPOJOIDKAETCS MTOCIIe ITOTO eIlle Ha MPOTHKEHUH mpuMepHo 30 THIC. JIeT 0 TeX mop,
TI0Ka TeMIIeparypa He JOCTHTHeT 3HadeHns 2 (—4,9 °C), ¥ B 3TOT MOMEHT CHIDKEHHE
YPOBHSI CMEHSIETCSI PE3KHM POCTOM.

WPK nmst aToro ygactka cTpoutes 1o ¢hopmyrne Y (#° )k, tne k — macmradupy-
oMK KO3(QQUIUEHT A5l TIepeBOAAa HAKOIUICHHOW CyMMBI TEMIEPATYp B YPOBEHb MOPSL.
To Mepe puOIMKeHNs K °7 Pa3sHOCTh TEMITEPATyp yMEHBITAETCS, 9TO H 00yCIOBIMBAET
YMEHBIIIEHHUE CKOPOCTH MTOHIKEHHSI YPOBHS MODS.

_rt

496 IIpo6nemvr Apxmuxu u Anmapxmuxu. 2025;71(4):489-499



A.A. Ekaykin, N.D. Dyatlova
On the global sea level change during the Late Quaternary

= 20

e
3
< =
5 -2 -
Q -40 g
s -3 0
g b =
= -60 g
= -4 o
3 £
g e -80
<

6 -100

& -120

MIIC 12
=8| -140
350 370 390 410 430 450 470

Bospacr, Tbic. n

Puc. 5. YpoBens mops (romy6oit) u Temreparypa (kpacHsiii) Bo Bpemst MUC 12 u MUC 11. duone-
TOBBIE JTHHHHI — WHTETpanbHO-pasHocTHbIe kpusble (MPK) Temmneparypsr. £°* u 1°T — temmeparypsr,
TIPU KOTOPBIX UMEFOT MECTO, COOTBETCTBEHHO, MAKCHMYM ¥ MUHUMYM YPOBHSA MOps. 1° . M 1°  —
BCIIOMOTaTeNbHbIE TEMIIEPaTypbl, ucnonb3yemble i pacuera MPK. Illkana Bpemenu HampasieHa
CIIpaBa HaJICBO

Fig. 5. The sea level (blue) and temperature (red) during MIS 12 and MIS 11. The magenta lines are
the integral-difference curves (IDC) of the temperature. #°* and °™ are the temperatures corresponding
to, relatively, maximal and minimal sea levels. #° . and ° __are the auxiliary temperatures used to

nin max

calculate the IDC. The time on the X axis goes from right to left

Criemyromuii 3Tan — Pe3Kuid Mepexo]] OT JISAHUKOBBIX YCIOBUH K MEKIICHUKOBBIM,
KOTOpBIH fymTcst Ha ipoTshkeHuu 10 Thic. iet. Haunnast ¢ 416 ThIC. 1. H. CKOPOCTh MOTETUICHUS
pesko 3amenyisiercst, a 404 ThIC. 1. H. TeMIieparypa J0CThraeT MakcuMyMa Ha otmeTke +1,0 °C.
Ha nipotspkeHnH BCero 3Toro neproyia ypoBeHb MOPsI pacTeT (XOTsl CKOPOCTh POCTa 3aMeIseT-
cs1 407 ThIC. J1. H.), U POCT MPOIOJDKACTCS ¥ TIPH CHIDKEHUHM TEMIIEPaTypbl, OKa MOCICIHSS He
nocturHer 3HadeHns 21 (<0,35 °C) oxono 401 Teic. 1. H. Ha npotsmkenuu storo stana MPK
paccumTbIBaeTCA 1o gopmyne Y (°  — 1°)k. 3nadenne £°_ (+1,1 °C) BbICTynaeT B Ka4ecTBe
HACTPOCYHOTO MapaMeTpa U MoxdupaeTcs Takum 0opasom, utoobl IPK MakcumanbHO O3Ko
BOCIPOM3BEJIA KPUBYIO YPOBHs MOps. OTMETHM, BIPOYEM, YTO £° OKa3alach MPaKTHIECKH
paBHa IEHCTBUTEIIFHOM MaKCHMaJIbHOW TeMneparype Bo Bpemst MUC 11.

Ha 3akirouuTesbHOM 3Tare TeMmIeparypa U ypoBeHb MOpPSI CHHIKAIOTCSI B CTOPOHY
MUHHMaIbHBIX 3HaueHnH MUC 10, koTopsie 0CTaloTCs 3a MpeAeIaMy JAaHHOTO IKCIIePH-
meHTa. Ha (one oOriero roxosioganust HaOIOIA0TCsI OTHOCUTEIBHO KOPOTKOIIEPUOIHbIC
KoJieOaHMsI TEMIIEPaTypbl, KOTOPBIE MIPOSIBISIIOTCS U B psijie ypoBHs Mopsi. UPK paccunTsi-
BaeTcs 1o popmyine y (£°  — tO)k, rie £° . — ouepeaHON HacTpoeuHbli napameTp. Ero
3HaueHue paBHo —6,2 °C, yto Onu3ko MuHMMaNbHOU Temneparype MUC 10 (—5,64 °C),
KoTopas umena Mecto 362 teic. 1. H. [Ipu Takoit cxeme nmoctpoenus MPK monens He MoxkeT
BOCIPOU3BECTU MEJKOMACIITAOHBIE KOJIEOaHUs yPOBHA MOPS, HO €CIIH Pa3HOCTh (£° . —1°)
Oparb ¢ TeM 3HaKOM, KOTOPBIl COOTBETCTBYET 3HAKy TPEHIA TeMIIepaTrypbl (MUHYC JUIs
MOXOJIOAHMS U IUTIOC I moTenieHus), To IPK B kakoi-TO CTeNeHH BOCIPOM3BOIUT
W 9TH KoseOaHus (IIyHKTHPHAs JIMHUS Ha pHUC. 5).
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Ecnu 61 MBI IPOAOIDKIIIN SKCIEPUMEHT JallbIle, TO IS 3aKIIOUYNTEIBHON CTaJuN
MHUC 10 mb1 651 HCTIONB30BAH Ty ke cxemy pacueta MPK, uro u ansa craguu MUC 12
(C(° — °M)k), s MUC 9 — 1y xe cxemy, uto 1 it MUAC 11, u T. 1.

BoiBoabI

Takum 00pa3zom, KaxyIeecst «3ara3/ibIBaHue» YPOBHSI MOPSI OTHOCUTEIILHO TeMIIepa-
TYpPBI MOXKET OBITh OOBSICHEHO TEM, YTO 00BEM JIbjia SBIsieTcs] PYHKIUEH HHTerpabHO-pa3-
HOCTHOW KPHMBOH CpeaHel T100anbHOI NPH3eMHOM TeMIeparypbl Bo3ayxa. MUHUMalIbHbIE
1 MAaKCHUMaJIbHbIE YPOBHU OKEaHa CBS3aHbI C HAKOINICHHOM CyMMOI TeMIeparyp BO BpeMst
MIPE/ILIECTBYIOIUX XOJIOAHBIX U TEIUIBIX CTaauid. IMEHHO 3THM OOBSCHSIETCS aHOMAaJIb-
HO BBICOKHMIT ypoBeHb okeana Bo Bpemsi MUC 11, koropast Obliia HEOOBIYaHHO JUIMHHOW
U TIPH 3TOM JIOBOJIGHO TEIUION. B pasrap XonoHbIX 510X HaOMI0aeTcsl CHIKEHHE YPOBHS
MOpsL Jla’ke TIPU POCTE TeMIepaTyphl, €CIM 3HaYEeHUs TocIeTHeH HUkKe KPUTUUECKO OT-
MeTkH £°7. AHAOTHYHO, B ONTHMYMBI MEKIIETHUKOBHI YPOBEHb MOpS pacTeT Aake MpH
TIOXOJOIAHMH, €CJIH TeMIEpaTypa BhIIIe KPUTHYECKOTo 3HadeHus (°°. ClefyeT yuecTb,
YTO 3Ta CXEMa BBIPAXKACT JIMIIb OONIYI0 KOHIEMHIINIO, KOTOPasi HE YYUTBIBACT PaszIHUMs
B IUHAMMKE OTJIEJIbHBIX JIeASHBIX IUTOB (CkananHaBckoro, JlaBpentuiickoro, I pennan-
CKOT0, AHTApPKTHUYECKOTO).

OTMETHM, YTO BBIBOJBI 3TOW PabOTHI C OOJIBIIION OCTOPOKHOCTBIO CIICAYCT Iepe-
HOCHUTb Ha COBPEMEHHYIO CHUTYaIlUIO, MOCKOJIBKY pa3pellleHHe HCIOJIb30BAHHBIX Psi-
70B (1 ThIC. JIET) HE TO3BOJISET MCCIIEI0BATh COOBITHS JUIMHON B JIECATKH M COTHH JIET.

TeM He MeHee eclu I YPOBHSI MOpPS ICHCTBUTENBHO BayKHA HAKOIJICHHAs! CyMMa
TeMIeparyp, To AaXe HbIHEIIHee NOTEeMIeHUe, KoTopoe yxe noutu focturio +1,5 °C otHo-
CHUTEJILHO JOMHYCTPHAIBHOTO YPOBHS (@ K KOHITY Beka MoxeT noctudb 3—4 °C), Bce ere
OCTAaBJISICT YEJIOBEUECTBY BPEMsI IS TIPHHSTHUSI MEP 1O CHIKEHHIO BbIOpocoB 11, n3bstuio
II" u3 arMocdepsl ¥ CHIKEHUIO IT00AIBHON TEMIIEpaTyphl HIXKE KPUTHUECKOTO TI0pora.

C npyroil cTOpoHBI, Ja)ke BBINOJHEHHME yciaoBUN Ilapuikckoro cornameHus
2015 r. (orpanuueHue notemiaeHus otmeTkol +1,5 °C) B n0AroCpoUHO MepCcreKTuBe
He ofecreunT penieHust mpooieM, CBI3aHHBIX C POCTOM YPOBHS MODsI, M3-32 OIPOMHOM
YyBCTBHUTEIILHOCTH ATOTO MapaMeTpa K MI00albHOM TemIepaTrype, KOTopasi COCTaBIIsIeT
moutu 15 m / 1 °C (puc. 2). Ecau oTa 4yBCTBUTENBHOCTH Oy[ET aKkTyalbHa JUIS 3€MHOU
CHCTEMBI U B OyJTyIeM, TO MOBbIIIeHNE TeMieparypbl Ha 1,5 °C ciycTsi HECKOIIBKO THICSY
JIeT 00epHeTCsl POCTOM YPOBHSI MOpst Ha 22 M.

Eme onHO 00CTOSITENBCTBO 3aKIIIOYAETCSl B TOM, UYTO HBIHELIHSS CKOPOCTh POCTa
temreparypsl (opsiaka 1,5 °C / 100 et ¢ qanbHEHIINM yCKOpeHneM) Oecripelie/IeHTHa
JUISL TIO3/THETO YETBEPTHYHOTO MEPHO/a, U Kak 3TOT (akT BIMSET HA YyBCTBUTEIHHOCTH
YPOBHSI MOPsI K TeMIIepaType — HEU3BECTHO.
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OcHoBHBbIe KpUTEepUN NpuMeHnMocTH iargopmol BIIJIA
B LeJISIX OJIMKHeH J1eI0BOM pa3BeaKun
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AnHoTamus. CoBpeMEHHOE Pa3BUTHE METO/I0B IMCTAHIIHOHHOTO 30HAMPOBAHNS 3EMITH ITO3BOJIMIIO COBEPLIHTH
OTPOMHBIH TPOPBIB B chepe J1e10BO-HHPOPMALIMOHHOTO 00ECTIeYeH S MOPCKHX ONepaluil B apKTHICCKUX I
JPYTUX 3aMep3aromiux Mopsix. CyloBOAUTENHN TENEPh PEryIspHO MOMyYaloT ONEPATHBHBIC CITY THHKOBbIE TAHHbIE,
JIE/IOBBIE KapThl U JIe10BbIe MPOTHO3bl. Of[HAK0, HECMOTPS Ha 3TO, BO BPEMs IPOBEACHHS HEKOTOPBIX MOPCKHX
onepaiuii BO3HUKAIOT CHUTYAI|H, KOT/Ia CIly THHKOBAs HHQOPMAIHs 00 HMEET HEJ0CTATOYHOE pa3pelieHHe,
1100 He mocTymaeT Ha 6OPT Cy/iHA ONEPATHBHO. B cilyyae 3acTpeBaHus CyI0B B TAKEIBIX JIEI0BBIX YCIOBUAX
WIIH, HAIpUMep, BEIOOPA JIEI0BOIT CTAHIMH JUTs HAY4YHBIX paboT HEOOXOMMA JIeJI0BAs pa3Be/Ika HeMOCPEICTBEHHO
¢ Oopra cysHa. Eciyt Ha CyiHe MMeeTcst BEpTOIET, TO TaKHe 3141 PEMIAOTCs ¢ ero OMOIIBI0, OHAKO Oe3omac-
Hee 1 SKOHOMHYECKH Ieleco00pa3Hee s 3TOT0 UCTIONB30BaTh OeCIHNOTHBIE JTeTarenbHble ammaparsl (bI1JIA).

B crarbe mpeacTasieH Marepuan, oObeAUHSIONMN B ce0e MHOTONETHHII OTBIT OMEPAaTUBHOTO JI€A0BO-HHPOP-
MAIMOHHOT0 00eCTeueH s MOPCKHX OMEpaIii, aBHALIMOHHON JT€I0BOH Pa3BEIKH, IPOBEAECHHS CIIEIMATBHBIX
CYJOBBIX HAOMIOAEHMIA 32 KITIOUEBBIMU XapaKTEPUCTHKAMI MOPCKOTO JIbJIA, @ TAKXKE OTBIT FKCILTyaTaIud pas-
JMYHBIX OSCIMIOTHBIX CHCTEM B YCIOBHSX BBICOKHX IIMPOT COTPYAHHKAMU APKTHUECKOTO U AHTAPKTHIECKOTO
Hay4YHO-HCCIE0BaTENbCKOTO HHCTUTYTA. Llebto padoTh! ABMSETCS CTPYKTYPH3aLHS IETHO-IKCILTYaTallHOHHBIX
xapakrepuctuk bIIJIA kak mnardopmel, IPUroOaHON K IPHUMEHEHHIO B OIIEPATHBHOM JIEI0BO-HH(POPMALTUOHHOM
o0ecreueHn  JIe[oBOTO0 I1aBanus cynoB. OCHOBHAs 3a7a4a CTaThbi — YETKO OYEPTHTH CHEIM(UKY TPUMEHEHHUS!
1 TEXHUUECKHE TPeOOBaHMs K OECIHIOTHEIM CHCTEMAM, KaK IPUMEHSEMBIM B HACTOSIIEE BPEMsl, TAK U BHOBb
PpazpabaTbIBAEMBIM, UTO B CBOKO OYEPEIb TO3BOIUT IIHPOKOMY KPYTY CTIEIIHAINCTOB H30€XkaTh OIIMOOK Ha yPOBHE
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IUTAHUPOBaHNUS TpuMeHeHus KoMuiekco bITJIA, a Taxke mpu pa3paboTke ¥ IPOEKTHPOBAHUH JIETATEIBHBIX
anmaparoB. {111 pemeHns MOCTaBNeHHO! 3a1a4H B CTaThe IOAPOOHO OMHCAHBI 0COOSHHOCTH ONMKHEH J1e[0BOM
pazBezku ¢ 00pTa JIeJ0K0IA, TAKTHKA JIETOBOH Pa3BEKH, IPEEITBHO JOITYCTHMbBIC METEOPONIOTHIECKIE YCIOBUS
skcrutyatauu BIIJIA, paccmoTpeHs! Bompocs! 0 criocobax Bo3spamenus bIIJIA Ha cymHO U HEOOX0IUMOM
TEXHIYIECKOM OCHAIIICHNH ammapara.
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Abstract. The modern development of Earth remote sensing methods has enabled scientists to make the huge
breakthrough in the field of sea ice information support of maritime operations in the arctic and other freezing seas.

Nowadays ship navigation teams regularly receive near the real time satellite data, ice maps and ice forecasts.
Nevertheless, the situations when satellite information has either insufficient resolution or is not transmitted
aboard on time are not rare. In the case of ship stuck in the heavy ice conditions or when choosing an ice station
for scientific work it is necessary to perform the ice reconnaissance directly from the ship. Such tasks can be
solved with the use of a helicopter, nevertheless it is safe and cheaper to use unmanned aerial vehicles (UAV).

The article provides material that combines longstanding experience of conducting an operational sea-ice
information support for maritime operations, of aerial ice reconnaissance, special ship-based observations of
the sea ice key characteristics as well as experience of operating various unmanned aerial systems in high-
latitude conditions by the scientists of the Arctic and Antarctic Research Institute. This paper aims to structure
the flight and operational characteristics of the unmanned vehicle (UAV), as a platform useable for operational
sea-ice information support of ship navigation in ice. The main objective of the article is to clearly outline
the specifics of application and technical requirements for unmanned systems, both currently used and newly
developed, which in turn will allow a wide range of professionals to avoid errors at the stage of planning the
use of UAV systems, as well as during aircraft development and design. To solve this task the article highlights
key criteria of medium range ice reconnaissance from the icebreaker, ice reconnaissance techniques, maximum
parameters of meteorological conditions for UAV usage, the ways of UAV returns on the ship, and necessary
equipment details.
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BBenenune

BypHoe pa3BuTHEe METOOB TUCTAHIMOHHOTO 30HAMpOoBaHMs 3emin (/133) B KoHIIE
70-X TOOB MPOIIIOTO BEKa CYIHIO HEBEPOSITHBIE TIEPCTICKTUBBI KAY€CTBEHHOTO YTy IICHHS
METOIOB JIEJJOBO-MH(POPMAITMOHHOTO 00eCIeYeHHsT MOPCKHX OTIEpalii B APKTHKE 1 PH-
JIETAIOUINX 3aMep3atoIux Mopsix [1, 2]. Pa3paboTku CIyTHUKOBBIX CHCTEM MOHUTOPHHTA
B Pa3NIMYHBIX JHANAa30HAX, YCKOPSIOMIMNCS POCT NX pa3pelaronieil CnocoOOHOCTH, TOsIB-
JICHUE COBPEMEHHBIX aJITOPUTMOB JICIIU(PPOBKH M COOTBETCTBYIOIIMX CUETHBIX MOIIHO-
CTEH, a TAKXKE CO3AaHNE MOJIEJICH ITPOTHO3NPOBAHMSI JIEAOBBIX YCIOBHH B LIEJIOM CO3/1alIN
HEKOTOPEII opeot BceMorymiecta [/]33-opueHTrpoBaHHON TexHONIOrHA. B 1995 1. OpIa
TIOJTHOCTBIO JIMKBUANPOBAHA OTPACIh JIEZ0BOH aBuapasBenku [3].

YeToituuBBIiE poCcT 00BEMOB T'PYy301IEepeBO30K Ha Tpacce CeBEpPHOTO MOPCKOTO
myta (CMII) [4] u obmiee pa3BuTHE apKTHUECKOH HH(PACTPYKTYPHI OYEHB OBICTPO TIO-
Ka3aJIi KaK JI0CTOMHCTBA /133-0pHeHTHPOBAaHHOMN CHCTEMBI CIICIIMAIBHOTO THIPOMETEOPO-
normgeckoro obecnedenus (CI'MO) Mopckux orepariii, Tak 1 KpUTHIECKHE HEIOCTATKH.
[Inpoknit 0XBaT, BEICOKAsI ONEPATUBHOCTh M MHOTOAMANA30HHOCTh — HECOMHEHHBIN
IJTIOC CITyTHUKOBOW TexHoJjoruu. K coxaneHuto, peanbHas paspemnaromas crocoo-
HOCTh (150-200 M Ha TUKCeNb), CE30HHAS ¥ METEOPOIIOTHICCKasl 3aBUCUMOCTH CITYT-
HUKOBBIX JaHHBIX HE MMO3BOJISTIOT OCYIIECTBISTH ONEPATHBHBIA KOHTPOJIb HA JIOKAIBHBIX
(MamBIX) ydacTKax oKuUBIEHHBIX Tpacc CMII [5].

CoxkpaleHre KOJMYecTBa IyHKTOB ITOJYYCHHsI HATYPHBIX AAHHBIX O KITFOUEBBIX
rapameTpax MOPCKOTO JIbJia, SIBIISIOIINXCS OMOPHBIMU ITPH ACMN(PPOBKE M BEPUPHUKALIIN
JaHHbIX /133, a Taroke NCTIONb3yEeMbIX JUTS BATMIALUH PE3yJIbTaTOB MOICIIUPOBAHNS, IPH-
BEJIO K HEOOXOIMMOCTH BOCCTAHOBIICHHSI CHCTEMBbI CIICIIMAIBHBIX JIEJOBBIX HAOIIOACHHUN
Ha CyJax, OCYIIECTBISIOMUX JeaoBoe aBanue [6]. Takne HaOMOACHNS MO3BOJISIIOT
coOnpaTh BHICOKOJCTATN3UPOBAHHBIC AHHbIC U, HCIOJIB3Ys X KaK OMOPHBIE TIPH eI -
poBke maHHBIX /33, 3HAYUTENHHO YBEIUUMBATh paszpemaronryto cnocodnocts CI'MO mis
JIOKaJIbHBIX yYaCTKOB MapIIpyTa CIEAOBAHUS CyHOB.

K cokasenuro, 1e10BbIe HAOIIOACHNS HEBO3MOXKHO IPOBOAUTH B TIPH- M 3aTOPH30HTHON
00J1aCTH OTHOCHTENBHO HEMIOCPEICTBEHHOTO CYy/IHA, @ 3HAYMT, HCBO3MOKHO TOYHO BBICTPANBATh
n30MpaTebHbIN MapIIPYT CyJHA Ha OCHOBE ONIEPaTHBHBIX OIMOPHBIX JAaHHBIX. VI30nparensHoe
JIBVKCHHE CyIHA BO JIbJAX, B HAPABJICHUH T€HEPAIBHOTO KypCa, LEIMKOM U TTOITHOCTHIO OC-
HOBBIBAETCS Ha MPO(ECCHOHATIBHOM OIIbITE KalUTaHa ¥ BAXTEHHOM CITy»KObI CyaHA.

Unes o mpumenernn BITJIA mns ocymiecTBIICHUS JISAOBOW pa3Benku OmmxHeH (10
80 MMIIb) 30HBI AJIEKO HE HOBA M SIBJISCTCS B 3HAUUTEIBHON MEpe NMEePCHEeKTUBHOM s
TIOBBIIICHUS Ka9€CTBA OTEPATHBHOTO JIE0BO-HH(POPMAITMOHHOTO 00ECTICUCHNST MOPCKUX
orepanuit [7-10]. Ob0mee pa3BUTHE TEXHOJIOTHH M TOCTYITHOCTh OCCIHMIOTHBIX CHCTEM
B HACTOSIIIEE BPEMSI BIIOJIHE TTO3BOJIAIOT OCYIIECTBIISATh TAKUE PAOOTHI.

B namieli crpane Ha OHE TOCYAapCTBEHHOTO (pMHAHCUPOBAHMS PA3BUTHS APKTHKH
HEMPEpPBIBHO MOSBISIIOTCS MHOTOUHCIIEHHBIE ITPOEKTHI CHCTEM M KOMILIEKCOB OCCITHIIOTHBIX
nerarenbHbIX anmapartoB (BIIJIA), pa3pabarsiBaeMbIX JUIst 0O€CTIeUeHN JIEA0BOH aBuapas-
BenKH. Bee aTn mpoekThl 6€3 NCKITIoYeHHs CTpalafoT (KpoMe IPOYHX) OJHUM HEOCTAaTKOM,
a IMEHHO — OTCYTCTBHMEM YETKOTO MOHMMAaHMS CHEIU(PHUKN ITPOU3BOJICTBA JIEAOBBIX Ha-
OmroieHni, (PaKTHIECKNX YCIOBHUI MPUMEHEHHMS, IKCIITyaTallMOHHO-TEXHUIECKNUX TpeOo-
BaHWH M TAKTUKH NPUMEHEHHS B pEalIbHBIX YCIOBHAX. B pesyinbrare cymecTByromue Ha
PBIHKE ¥ BHOBb pa3palaTbiBacMble CHCTEMbI HETIPUTOAHBI IS JI€A0BO-NH(POPMAIOHHOTO
o0ecIieueHnsT MOPCKUX OTIEPALHH.

502 LIpoonemv Apxkmuxu u Anmapxmuxu. 2025;71(4):500-512



S.S. Serovetnikov, L.A. Startsev, V.T. Sokolov, T A. Alekseeva
Key criteria of UAV applicability in medium range ice reconnaissance...

Ha obmemupoBom ypoBHe cutyaris ¢ mpumererreM BITJIA B niersix nemoBoit pa3Benku
XapaKTepU3yeTCsl TOINBKO 00CYKICHNEM NEPCIICKTHB MPHIMEHEHHS U PEIKUMHI SKCIIEPHIMEHTa-
M. JlaHHBIA QakT 00BSICHICTCS HATMYHEM KIIACCHIECKON, MIJIOTHPYEMOH JISTOBOM aBHapas-
BEJIKH Y CTPaH, OCYIIECTBISIOIINX MOPCKUE OTIEPAINH B 3aMEP3at0IIX MOpsix 1 CeBEpHOM
JlenoButom okeaHne (B coctaBe ciryx0 OeperoBoit oxpansl CIIA, Kanamer, Hopserun).

Lenpto pa®oTHI SBISIETCS CTPYKTYPU3AIMS JIETHO-IKCIUTYaTallHOHHBIX XapaKTepH-
CTHK OECIMIIOTHOTO JIETATEIBHOTO aNlapara Kak IaT()opMel, TPUTOAHON K TPUMEHEHHIO
B OIIEPATHBHOM JIEZI0OBO-NH(POPMAMOHHOM O0ECIIEUEHHH JIEOBOTO TUIABAHUS CY/IOB.

OcHOBHasl 3aj1a4a CTaThl — YETKO OUEPTUTH CTIEHU(UKY PUMEHEHHS 1 TeXHUYE-
ckue TpeOoBaHMS K OSCHMIOTHBIM CHCTEMaM, KaK MPUMEHSEMBIM B HACTOSIIEE BPEMS,
TaK ¥ BHOBb pa3padaTbIBaeMbIM, YTO B CBOIO OYEPE/Ib IIO3BOINT IIMPOKOMY KPYTy CHELH-
anucTOB M30eKaTh OMIMOOK HAa YPOBHE INIAHUPOBAHIS MPUMEHEHHs KomruiekcoB BITJIA,
a TaKoKe TPH pa3paboTKe U MPOESKTUPOBAHMN JIETATEIIbHBIX alIapaToB.

BaukHsis 30HA J1e10Boii pa3BeaKu

B kauectBe 6azoBoro nepcrnekruBHoro Hocutens BIIJIA Oynem paccmarpuBarh
nenokod. JlemokonbHbli (10T 00ecieunBaeT OCHOBHBIE TPAHCIIOPTHBIE, CHacaTeIbHbIC
U crienii(pUUecKue Oornepaluy B JICJAOBBIX YCIOBHSX, YTO MPEAIOIaraeT MaKCHMaJIbHYIO
JIeIoBO-MH(DOPMAIIMOHHYIO 00eCICYeHHOCTh Ha OopTy. HecomuenHo, Hocutenem BITJTA
MOXXET OBITH M JIPyroe Cy/IHO JIEJOBOTO Kilacca, HO JISIOKOJI B 3TOM KadyeCTBE SIBIISCTCS
HanOoJiee YHUBEPCAIbHBIM IPUMEPOM.

daxTHYeCcKH JIEOKOII MOXKET MATH B OHOM M3 TPEX PEKUMOB: aBTOHOMHOE CJIE/IOBa-
HHE, B COCTaBE KapaBaHa Cy/IOB M B pexnMe OyKCHPOBKH Cy/IHa BIUIOTHYIO (B T. 4. B COCTaBe
kapaBaHa). CKOPOCTHOH peXKUM B CpeJHEM BapbUpyeTCs B mpejenax 7—12 y3moB (MOpCKUX
MMIIb B Yac), YTO OMpesiensieTcs: (JakTHIECKOH JIeJI0BOH 00CTaHOBKOM, OrpaHUYEHHUEM CKOPOCTH
JIBIO)KCHUS KapaBaHa, OrpaHNueHHEM Harpy3Ku Ha OyKCHpyeMOoe CyIHO M TEeKYIUM TeXHHYe-
CKHMM COCTOSIHMEM. MapuipyT JBIKEHHSI JI€IOKOJIa UMEET HEKOTOPYIO CTEIeHb M30uparesb-
HOCTH B IIpe/ieslaX HaNpaBJICHUs] TEeHEPaIbHOTO Kypca. DaKTHUYECKU JIEJOKOM JBHKETCS BO
JIbIaX HE MO MPSIMOM JIMHUH, a BEIOUpAeT MapiIpyT ¢ OoJiee JIErKUMH JISJOBBIMH YCIIOBHSIMU.
HW30uparebHOCTD JIBIDKEHHSI MAKCHMallbHa B aBTOHOMHOM JIBFDKEHHH M MMHMMaJIbHA TpU
OykcupoBKe. UeTBepTHIi pesKMM — OKOJIKA — MBI HE PacCMaTpuBaeM, T. K. 9TO Crienudrieckas
oreparys ¥ npueM Win Boltyck BITJIA B 9TOT MOMEHT BpSiJI JI BOSMOXKEH.

B KadecTBe mITaTHOrO HABUTAIMOHHOTO 000PY/I0BAHMS JIEIOKOII 00eCTIedeH KOMIUIEK-
coM PJIC, 3auacTyro JOMOIHEHHBIM JIeOBOM MPUCTABKOIL, O3BOJISIIONIEH OLEHUBATh CILIO-
YEHHOCTh U TOPOCHUCTOCTH JIbJIa HA PACCTOSTHUM J10 6 MUJIb, ajiee oTpaxkeHHbId curnan PJIC
CTAQHOBHUTCSI HEUMTAEMbIM B CBSI3M C YIVIOBOH 3aTEHEHHOCTHIO TOPOCUCTHIMH 00pa30BaHUSIMHU.

[Mepennsist kpomKa OIDKHEH 30HBI JISTOBOM Pa3BEAKH OMPEACISICTCS PACCTOSIHUEM OT
JIBHDKYILIETOCS JIEAOKOJA 70 Mpefesia BUIUMOCTH J1eA0BbIX yeaoBuil o PJIC, ckopocTbio
JIBIDKCHUS! JISJJOKOJIa M MHHUMAJIBHBIM BpEMEHEM 3a0J1arOBpEMEHHOCTH TIOJTyYCHUS WH-
(dopmanuu o 1enoBoit oocTaHoBKe Briepeny. Kak mokas3bIBaeT NpakTHKa, NEPEAHsST KpOMKa
OurKHEH 30HBI JISTOBOI pa3Be/IKU HAXOUTCS Ha paccTostHUM 10 MHIIb OT CyJJHAa-HOCHUTEIIS
B TIPUTOPU3OHTHOM o0nacTy. MH(popManys, ornepaTuBHO Moy4aeMasi C TaKoro yAaJeHusl,
TMO3BOJISIET TUIAHUPOBATH M30MPATENIbHOCTD JABUKEHHS B HAIIPABJICHUH TeHEPaIbHOTO Kypca.

JanbHsist KpoMKa OJIVDKHEW 30HBI JISJOBOM pa3BE/IKU ONPEAEIIETCS TEXHUUSCKUMU
xapakrepuctukamu BITJTA, dbakTuyeckumu J1eTOBBIMU YCIOBHUSIMH M TAaKTUKOH IpOBeie-
HUSI TEKYIIeH MOpCKoii oneparuu. OIICHOYHOE PaCCTOSHUE J0 TaTbHEH KPOMKH OMKHEH
30HBI JIeOBOH pa3Beaku 80 MUJIb (3arOPU30HTHAST 00IACTh).
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80 Munb, MakcumanbHas AanbHOCTb ONepPaTVBHOM NEL0BOV pa3Beaku
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Puc. 1. Cxema GnikHEi 30HBI JISJOBOM pa3Be/IKu, TUIIOBOM CLiEHApHH
Fig. 1. The scheme of the near zone of ice reconnaissance, typical model

BakHpIM napameTpoM OJIM)KHEH 30HBI JISJIOBOH Pa3BE/IKH SBISIETCS TOMCKOBBIN
CEKTOp, KOTOPBI B TUIMYHBIX YCJIOBUSIX MOXET COCTABIATH 10 +30° OT HampaBieHHs
re’HepaibHoOro Kypca (puc. 1).

W3 BBINICONTMCAHHOTO HETPYAHO COCTaBUTh OCHOBHOE TEXHHYECKOE TpeOoBaHME
k wiarpopme BITJIA B kauecTBe JieI0BOro pa3BeayrKa: Bpemsi CBOOOJHOTro Oappaxu-
poBaHMs He MeHee 8 4acoB Ha ynajleHuH a0 80 MUIb OT ABMUXKYIIETOCS HOCUTENS,
a Tak)Ke CIOoCOOHOCTB TO/JIEP)KUBATh ONEPATHUBHBII JBYXCTOPOHHUN OOMEH JaHHBIMU
C HOCHUTEJIEM.

Tak Kak B KauecTBE HOCHTEJISI UCIIOJIb3YETCs JISIOKOJ, HE MMEIOIIHMH CHeHalIbHbBIX
LITaTHBIX CPeACTB s pa3Mernenns: BIIJIA, noruyHo caenarb BBIBOA, YTO TUII HUCIIOJb-
3yeMOro KOMIUIEKCa JIOJDKEH ObITh MOOMJICH, KOMITAKTEH U HE JIOJDKEH TpeOOoBaTh 3HAUM-
TEJILHOTO BMEIIATEeNILCTBA B MaJIyOHbIE KOHCTPYKLUH U 000PYJ0OBaHUE CyIHA.

TexXHUYECKH TaHHBIM TPEOOBaHUSAM MOXKET COOTBETCTBOBaTh BITJIA camoneTHOro
TUIA ¢ ABUrareneM BHyTpeHHero cropanus (JIBC), maccoii 1o 30 kr 1 Maccoii moyie3Hoi
Harpysku a0 4-5 xr.

DJIeKTpUYecKne ¥ THOPHIHBIE MOJIENI HE TIOIXOAAT 10 JNAIBHOCTH, BPEMEHH JIeH-
CTBHSI M DHEPTOBOOPYKEHHOCTH.
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TakTHKa JIe0BOI pa3BeAKH

KpaifHe Ba)KHO OTMETHTH (PakT M30BITOUHOCTH IPOBEACHUS HEMPEPHIBHOH JIe/10-
BOYW pa3BeAKH B OJIMKHEH 30HE C MCIOJIB30BAaHUEM CMEHsoNxcst Ha MapupyTte BITJIA.
B ciyudae, ecnu ABMYKEHHE OCYIIECTBIAETCS 10 yYacTKy OXKMBJICHHOTO CYOXOJCTBA, KaK
MIPaBUIIO, JIEZIOBass OOCTAHOBKA YTOYHSETCS MO JAHHBIM PaHEe MPOIISANINX MapIIpyT
Y BCTPEYHBIX CYJOB U SIBISETCS MOHATHOW CYTOBOIUTEIIO.

B yciioBusix 006ecreueHHOCTH CyOBOIUTEIS AKTYaIbHBIMHU CITy THUKOBBIMU CHIMKa-
MU BHIMMOTO JIMara3oHa, He TIePEeKPBITHIMUA 00JIa9YHOCTHIO, PaIMOJIOKAIIMOHHBIMU CHUM-
KaMH C BBICOKUM YPOBHEM KOHTPACTHOCTH, HE MCKaKEHHBIM INPOLECCAMM TasHU JIbJa
U CHera, a TakXe JIeOBBIMM KapTaMH BBICOKOTO paspenieHus — npumeHerue BITJIA
TaKXKe SBIACTCS N30BITOUHBIM.

B crygasx HemooOecedeHHOCTH CITy THUKOBOH HH(pOpManueld, Hu3Koil nHpopMaTHB-
HOCTH CIIyTHUKOBOW MH(OPMAILMH, IBIKCHHUS 110 MAPLIPYTy HU3KOH MHTECHCUBHOCTH CY-
JIOXOZICTBA B PEIKO MOCEIIAEMBIX 30HaX, JBHKEHUS B 30HAX, XaPAKTEPU3YEMbIX OIIACHBIMU
JIeJSTHBIMU 00pa30BaHUsIMU, JIBHXKSHUS B TIEPHO]] aKTHBHOW JIMHAMUYECKOH NepecTpOiKH
CTPYKTYpBI JIGASTHOTO MaccuBa U T. 1. aKTyaJbHOCTh JISIOBOW pa3BellKU OJIM)KHEH 30HBI
CYIIECTBEHHO TOBBIIIACTCS U 3a9aCTYI0 CTAHOBUTCS ONPEIEISIONICH.

Kak moxa3siBaeT mpakTHKa, HanOOJIbIas BOCTPEOOBAHHOCTH JIEIOBOH Pa3BEIKN
OMmKHEH 30HBI BOSHUKACT B BECCHHUI UM OCCHHUH mepuonsl [11].

O6mas Taktuka npumenenus BITJIA cBogurcst kK cBoeBpeMEHHOM OTHpaBKe OecITi-
JIOTHOTO Pa3BeA4YMKa B CEKTOP IOMCKA ONTHMAIBLHOIO MapLIpyTa, JieqoBas HH(OopMarus
0 KOTOPOM HEIOCTaTOYHA MM OTCYTCTBYeT. Brimenmmuii B cextop noucka BIIJIA ocy-
HIECTBIISIET 00CIIeI0BaHIe HA3HAYEHHOTO paiioHa, ONePaTUBHO MOCTABIISISI HH(OPMAIIHIO
Ha 6opT HocuTens. [Ipn HeoOxoamMocTH moneTHoe 3amxanue BITJIA HeoOXomnMo MEHSTh
HETIOCPE/ICTBEHHO B MOJIETE JUIS COKPAIICHMS M NEPEHAINpaBICHUsI CEKTOpa MONCKa Ha
OCHOBE MOCTYMAIOUIUX ONEPATUBHBIX JTaHHBIX.

Pa3meps! uccieyeMoit 30Hbl, BAPHATUBHOCTH MapLIPyTa U HEOOXOMMAs! JUTUTEIb-
HOCTb TIPOBEJCHHUSI Pa3BeKH (GOPMHUPYIOT MHHUMAIIBHO JIOCTATOYHBIN MapaMeTp AJH-
tenbHOCTH 3¢ dekTrBHOTO OappakupoBanus BIIJIA — 7-8 4acoB, 4TO MO3BOJIUT CYIHY-
HocuTemo mporTH 10 80—100 MIIIb ¢ BRICOKOW CTENICHBIO H30MPATENFHOCTH JBIKEHIS,
a 3HAYMT, ¥ ONTUMAIBHON 3PEKTUBHOCTHIO. B 3aBUCHMOCTH OT (pAaKTHUECKHX JIETOBBIX
ycnoBuii, 6appaxupyroniuii BITJIA, BeipaOoTaBIINi TOIIMBHBINA pecypc, BO3BPAIIACTCS
Ha OOpPT HOCHTENISI WJIM CMEHSIETCSl Ha IPYToil B 30HE Pa3BE/IKH.

Oco00 Ba)XHBIM (haKTOPOM JICJIOBOW aBHapa3BE/IKU SIBIISICTCS BHICOTHBIM TPO(UIIL
noneta. Kimaccuueckast aBuapasBeika mpoBoauTcs Ha BeicoTax 150-250 M, 4To 1Mo3BOJISET
MOJTy4aTh YETKYI0 MH(GOPMALUIO O CTPYKTYpPE JIEISTHOTO MACCHBA, TOPOCHCTOCTH, CILIO-
YEHHOCTH W HAJIMYUH Pa3pbIBOB U pa3zBoanii [3]. Taxke HEOOXOMMMO YUUTHIBATH (hakTOp
TUIIMYHOW JJIs1 BEICOKHMX IIMPOT HIDKHEH Trpanuisl obmagynoctn (HI'O), cocrasmustronieit
200-300 m. [TogpazymeBaercsi HE CTOJILKO HENPEPBIBHBINA OOJIAYHBII TOKPOB, CKOJIBKO
OT/AETbHBIC Yepeaylonecs: 00pa3oBaHUs U MOJIOCH TyMaHa.

B T0 e camoe BpeMs mojepikaHue yCTOWIMBOTO KaHajla CBSA3U MpH paboTe B 3a-
TOPHU30HTHOH obmactu TpeOyeT mogsema BIIJIA Ha BBICOTY PSAMON BHIUMOCTH.

Bricornsrit npoduins BITJIA npu nmpoBeneHNH JIeI0BOH pa3BeIKi HATIOMUHACT CEPUI0
CHIDKEHMH Ha MaJlble BBICOTHI C MOCIEAYIOMIMM BBIXOJOM Ha JILENOH CBS3HU, Mepenaden
nH(OpMaLUH, YTOYHEHNEM/TIOJYY€HHEM HOBOT'O MOJIETHOTO 3a1aHus (puc. 2). YactuaHo
JTAaHHBIM acTeKT MOKHO HMBEIMPOBaTh MpuMeHeHneM 6oprosoil PJI-cranuun Ha BITJIA,
HO Ha 3TOM BOIIPOCE OTJEIBHO OCTAaHOBHMCS Jaliee.
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Puc. 2. YnpouienHas cxema BbicoTHOTO Tpoduis nonera BITJIA npu ocymiecTBieHHH JeI0BOI
pa3BenKH 3aropu30HTHOI obmactu: (/) — akTuueckas BBICOTA NPOBEACHHS JICIOBOH Pa3BEAKH;
(2) — HIKHISI TpaHUIIA 30HBI 9(QPEKTUBHOTO 0OMEHA JaHHBIMH; (3) — 00JIacTH JIEIOBON pa3BEIKH,
BBITIOJTHSIEMOH COITIACHO TEKYIIIUM IOJIETHBIM 33IaHHUAM

Fig. 2. Simplified scheme of the altitude profile of UAV flight during ice reconnaissance of the over-
horizon zone: (/) — actual altitude of the ice reconnaissance; (2) — the low edge of the effective data
transmission zone; (3) — the area of the ice reconnaissance conducted according to the estimated
flight tasks

Heo0xommmMocTs MHOTOKpaTHO MEHSITH BBICOTY BO BpeMs JISTIOBOH pa3BeAKH HaKIIa-
JIBIBACT JIOTIOJTHUTENILHBIE TPEOOBAHMS 110 TOIIMBY M BPEMEHH OappaskMpoBaHus. YKa3aH-
HOE paHee 3HaYeHHe 7—8 4acoB YCTAHOBJICHO C yYETOM ATHUX TPEOOBAHUM M MPAKTUIECKON
3¢ GEKTHBHOCTH JICTOBOW Pa3BE/IKH.

Just obecrieuenus cmensiemoct BITJIA B 30He nej0BOH pa3Be K MUHUMAaIIbHBINA
KOMIIJIEKT KOMIIJIEKCa JIOJDKEH COCTOSTh M3 2 eUHUI] (aBapUHHOCTh HE YUTCHA).

MeTeopo.nomqecmde yciaoBusi

B nenom THIOBBIE METEOPOJIOTHUECKHUE YCIOBHS MPHU MPOBEICHUH JICTOBOH pa3-
BEIIKM OJIM)KHEH 30HBI MOXKHO OXapaKTePH30BaTh KaK KPUTHUYECKHE HIIM MPEIEIBHO J10-
nmycTuMble. TeM He MeHee OMBIT MPOBEICHHS JIEAOBBIX PAa3BEIOK C MOMOIIBIO BEPTOJIETA
Mu-8 u onbiTHBIX BIUIA (B skcnequuusax AAHWU 2013-2025 rr.) onHO3HAYHO TOKa-
3BIBACT, YTO METEOPOIOTHYEeCKUil Kopuaop npumernMocTtd BITJIA ropasno mmpe, yem
Y TSDKEJION NWIOTUPYEMON MallMHBbI.

OO11re TUIOBBIE MapaMeTpbl METEOPOJIOINYECKOr0 KOpUa0pa MPUMEHUMOCTH IS
BIUJIA: Temneparypa Bo3myxa B MIPUIIOBEPXHOCTHOM cioe 70 —25 °C, Temmeparypa Bo3-
Jyxa Ha BbICOTE 31esiona cBsizu 10 —40 °C, ckopocTth BeTpa 7—15 m/c, mopsIBEI BETpa 110
20 m/c, BraxxHOCTh Bo3ayxa 30-95 %.

Oco60e BHUMaHKE HEOOXOANMO YIIEIHTh METEOPOJIOrHueCcKUM 3 PeKTam, IPOSIBIISIO-
HIMMCSI IPH KCIIOJIb30BAaHNH CIIEIM(HUYECKOr0 BBICOTHOTO MpoduJist rojiera. MHOrokpaTHoe
nepecedeHue HivkHei rpanuipl oonadnoctr (HI'O) 1 BbIXO B PUIIOBEPXHOCTHBIN CIIOM,
XapaKTePU3yeMblil IOBBIIICHHOHN BIAKHOCTBIO, HEM30€KHO MPUBOIUT K ojieacHeHuo BITJIA.

[Tonets! Bcex u3BecTHhIX TUITOB BITJIA paccmarprBaemMoro kiacca oCymiecTBISIOTCS
C HCIIOJIb30BaHMEM 0APOMETPHUECKOrO BBHICOTOMEPA, MHTEIPUPOBAHHOTO B aBTOIMIIOT.
B nmensx yaemieBneHUst 1 5KOHOMUH MacChl HCIIONB3YIOTCSA HE TEPMOKOMIICHCHPOBaHHBIC
naryuku. OOwias JUIMTEIBbHOCTh M0JIeTa, MHOTOKPATHOE M3MEHEHHE BBICOTHI U 3HAYH-
TEJIbHBIE BETMYMHBI 0apUYIECKON TEHACHINH 3a 3 ¥ 6 4aCOB B YCIOBHAX BBICOKHX IIHPOT
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MPHUBOIAT K OBICTPO MOTEpPEe TOYHOCTH BBHICOTHOW HMPUBS3KH ABTONMIIOTA W BBHICOKOH
BepositHOCTH notepu BIIJIA Ha ouepenHOM CHMKEHUHU.

Okcruryaranus JIBC ¢ cyxuM kapTrepoMm, THIUYHBIX s gaHHOTO Kiacca BITJIA,
TpebyeT nmojiepkaHus TOIUIMBHO-MACIISTHOW CMECH B 0COOOM TEMIIEpaTypHOM PEXHME,
HCKITIOYAOIIEM 00pa30BaHUE JICASHBIX KPUCTAUIOB B TOIIMBE U €O TEMIIEpaTypHOH
Ceraparyy Ha OT/AeNIbHbIC (paKIHN.

OnexrporHoe obopynoBarne BITJIA TpebGyeT 0co0oii 3aUThI OT Pe3KO OTPUIIATEIh-
HBIX TEMIIEPaTyp U OT COJIEBBIX B3BECEH B IMIPUIOBEPXHOCTHOM CIIOE.

Crienuuaeckre yciaoBUs TPUMEHEHNS (POPMUPYIOT P TpeOOBaHUI K THIatdopme
BIUIA: TemMneparypHbIii mrana3oH npuMeHnenus 1o —40 °C, cuctema macCHBHON U aKTHBHOM
60pbOBI C ONIeICHEHHEM, aBTOMATHUYECKasi CHCTEMA KOPPEKIMHI BBICOTOMEPA, 3aIHIIEHHOCTh
OT COJIEBBIX B3BECEH, YyCTOWYMBOE aBTONMMWIOTHPOBAHKE TIPH CKOPOCTAX BeTpa 110 20 M/c.

He Mmenee BaxxHOU siBiIsieTcss HEOOXOAMMOCTh ocHaleHus bITJIA xkoMIuiekToMm Mme-
TEOPOJIOTHYECKUX JATYNKOB, MO3BOJISIOIINX ONEPATHBHO KOHTPOIMPOBATh KPUTHUECKHE
HapaMeTphl CPe/ibl, NCIIOIb30BATh UX JTAaHHBIE IJIsl ABTOMATHIECKOI KOPPEKTHPOBKH IUIAHA
TMOJIETa ¥ OIEPATHBHO MPEJOCTABIATE 3Ty HH()OPMAIMIO Ha HOCUTEb.

Bo3BpameHne Ha CyIHO-HOCUTEJIb

B ommune ot orpaboranHol U 3(h(HEKTUBHON TEXHOJIOTUH KATAITyJIETHOTO 3aITycKa
KpaeyrojabHbIM KaMHeM npumennmocTr BITJIA ¢ cyana-HocuTens siBIsieTcst mporecc 1mo-
caJIki Ha HOcUTeNb. [ Havyama paccCMOTPUM OCOOCHHOCTH cyaHa-HocuTens. [lepBbiM
3aTpyAHEHHUEM SIBIsieTcss HeoOXxoanmocTh coBepiueHus nocaaku BITJIA 6e3 ocraHoBkH
CyIHa, T. K. JISZIOKOJTy B COCTaBE KapaBaHa WM NIpHU OYKCHPOBKE Cy/IHA BIUIOTHYIO KpaiHe
HE)KENIATeIbHO MEHSTh PEXXHUM JABIKEHUs. J[OIMyCTHMO 4acTHYHOE CHMXKEHHE XOJa, HO
M OHO HE Bcerzia BO3MOXHO. boiiee TOro, HEBO3MOXEH BBIXOJ| Cy/lHA HA ONTHMAJIbHBIN
KypCOBOM yroj OTHOCUTENBHO BeTpa [uist npuema BITJIA.

Ha mepBbril B3I TOTHYHBIM OBUTO OBl IPUMEHEHHE B TaKWX ycinoBusx BITJIA,
CTIIOCOOHOTO COBEPIIATh BEPTHUKAIBHYIO TOCaIKy. K coXxaleHno, B YCIOBHSAX PEabHOTO
JIBIDKEHUSI JIEIOKOTIA, CITyYaifHOTO HAIpaBIICHHUs] BETpa OTHOCHTENBHO €ro Kypca, 3Ha-
YUTEIBHBIX TypOYJICHTHBIX 3aBHXPEHHM, BBI3BIBAEMBIX OOPTOM M HaJCTPOWKAMH, BEp-
THUKaJIbHAs MOCaJKa TeXHUYeCKU HeBo3MoxHa. BITJIA nns coBeplieHus: BEpTUKaIbHON
MOCaJIKN HEOOXOJMO TTOTacUTh TOPU30HTAIBHYIO CKOPOCTh M HA HEKOTOPOE BpeMst Iiepeii-
TH B PEXKHUM BHCEHHS, B TOT MOMEHT ammapar KpaifHe 4yBCTBUTEIEH K MHHUMAaJIbHBIM
BO3/IYIIHBIM MOTOKaM, KOTOPBIE B PEAJIbHBIX YCIOBHSAX SIBISIFOTCSI KPUTHUECKIMHU.

ITo 3TO#1 e MpUYMHE IITaTHBIC MAPAIIIOTHBIE COCOOBI MOCAIKH, UCIIONIb3yeMbIe Ha
BILIA paccmarpuBaeMoro kiaacca, HECOCTOSITENbHbI U HEIPUIOIHBI K IPUMEHEHUI0. B ToM
YHCIe ¥ BApHAHT MapanrfoTHOH MOCaaKK Ha Jie/ BAOJIb 00pTa ¢ TOCIIELYIOMNM IT0A00pOM
HeTpueMIieM, BBUY (PaKTHUECKH PEIKOTO HAJMUMsI TIIAJKOTO IPOYHOTO JIbJa B paioHe
JIBIDKCHUS JIEZIOKOJIA, IPUTOTHOTO ISl BEICAJKH TEXHUKA (M HEOOXOIMMOCTH OCTaHOBKH).

CoBepIINTh TOCAJKY B TAKUX YCIOBHAX MOXKHO, TOJBKO COXPAHSS 3HAUYUTEIBHYIO
TOPU30HTAJIBHYIO CKOPOCTbH, TSTOBOOPYKEHHOCTh M BO3MOKHOCTH aKTHBHOTO MaHEBPH-
pOBaHUS IS YXO/a Ha BTOPOH 3aXO7.

Pemennem Bompoca SABISETCS CeTYaThlii KHHETHYECKUH IPHEMHUK MOOMIIBHOTO HC-
MIOJIHEHUSL, JIETKO MOHTHPYEMBIH 1 OPUEHTHPYEMBIN Ha CBOOOTHBIX yUacTKax MaryObl N
HAJICTPOEK JIEJOKOJIA TIPU YCIIOBHH OOeCTIedeHHss CBOOOAHOTO OT MOMEX IPOocBeTa (OKHA
nponeta BIIJIA). 3agada Takoro mpueMHHUKA CBOAMUTCS K ycToiunBoMy mpuemy BITJIA,
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Hepas3pylIaoneMy TallleHNI0 KHHETHYECKON SHEPTHH 1 UCKITFOUEHHUIO HAKOTICHUSI IOTEH-
LAJIBHON HEPTUH U BO3MOXKHOCTH 00paTHOTO BBIOpOCa. J{OMOIHUTENEHO KHHETHIECKUH
MIPUEMHUK JOJDKEeH obecriednBaTh 3amuTy bITJIA oT KOHTaKkTa ¢ AIIeMEHTaMH ITaTyOHOTO
000pyIOBaHUSI HOCUTEIIST HA (PMHAIIEHOM 3Talle TOPMOKEHHS.

OcBeIOMIICHHBII UNTATENh PE30HHO MOXKET 3aMETHTh, YTO Ha OOJBIIMHCTBE KPYyII-
HBIX JIEZIOKOJIOB MMEETCs B3JIeTHO-nocanouHas rwromanaka (BIIIT) mis npuema Bepro-
JeTa, SABJSIONIascs YI0OHBIM MECTOM pa3MeleHns] KHHeTHYecKkoro nprueMHuka bITIIA.
B nanHOM ciydae BHOBb BO3HHKAIOT 3KCIUTyaTAllMOHHBIE HIOAHCH! U OrpaHndeHus. Ecin
HAa TUTOIIA/IKe HaXOIUTCs BepToleT, To moaxoxa BITJIA k miomaske 3ampemnieH mo cooopa-
KEHUsIM 0€3011aCHOCTH, €CJIM TUIONIAJIKa MyCTa, HO 3a/ieiicTBOBaHa OOPTOBast anmaparypa
obecrieuenns nonetoB Beproinera, BIIIT 3akpeiTa m1st moObIX Apyrux 3ana4. B xauecTse
JIOTIOJTHUTEIIFHOTO TIpUMeEpa NpUBeAeM 0COOeHHOCTH 3kciutyarauuu BIIIT nepokonos
mpoekTa 22220 (TomoBHOH «ApKTHKa»): B ciIy4ae OYKCHPOBKH CYIHA BIUIOTHYIO BBIXOZ
Ha BIIII cTporo 3ampemnieH no cooOpakeHnsIM 0€30IacHOCTH, IIPU ITOM B PeXHUME OyK-
CHPOBKH BIIOTHYIO TaKHE JIEJOKOJIBI IPOBOST 3HAYNTEIBHYIO YaCTh XO0BOTO BPEMEHH.

Hcxons m3 BEIIeonucaHHOTo, K Komruiekcy BITJIA memoBoit pa3Benku OmmKHEH
30HBI BBIJIBUTACTCS TPeOOBAaHNE HAIMYMS HITATHOIO MOOMIJIBHOTO YCTpPOMCTBA mpHeMa
BIUTA c BricoknMHu kuHeTHYecKuMH mapamerpamu. Cam ke BITJIA momxkeH OBITh OCHa-
men cuctemoit First Person View (FPV), mo3Borsttomnieit Ha (uHANBHOM dTare moieTra
OCYIIECTBIIATH TOYHOE HABEACHNE Ha KWHETHIECKUH MPUeMHUK. BapnanT aBromarnaeckon
nocasku BITJIA Ha nBmKymieecst CyaHO B pacCMaTpPHBAEMBIX YCIOBHAX HA CYIIECTBYIOIIEM
YPOBHE TEXHUYECKOTO Pa3BUTHSI HEBO3MOXKEH.

JlenoBasi unpopmaiusi u 6oprosoe odopynosanue BIIJIA

[Tpouecc 1en0BoM pa3BeaKH B ONMKHEH 30HE (PaKTHUECKH CBOIUTCS K BBIHOCY CIie-
[HATBHBIX JICJIOBBIX HAOMIOMCHHI ¢ 6opTa cynHa' B 3arOpH30HTHYIO 001acTh ¢ QYHKIIHO-
HaJIbHBIMH OTPaHUUYCHUSIMH, 00YCIIOBICHHBIMU TEXHUYECKUMH BO3MOKHOCTsIMU BITJTA.

OCHOBHBIM MOTPEOUTENIEM PE3yJIbTATOB JICAOBOW Pa3BE/IKH SBISIETCS CYTOBOJIM-
TeJb, YTO OIpEJeIsieT epBoe TpeOOBaHUE K ONIEpaTUBHON Jie10BOi MH(OpManuu: Bce
MOCTyHAIOIINEe JaHHbBIE JTOJKHBI UMETh WHTYUTHUBHO MOHSTHBIHM, YEIOBEKOYHTAEMBIH
BHJI U HC HYXKJAThCs B TOCTOOpaboTke. J{si CHUKEHUs Harpy3ku Ha omepatopa BITJIA
MOJICTHBIC JJAaHHBIC W JaHHBIC JOMOJHUTEIBHBIX PETHCTPUPYIOMIMX CHUCTEM JIOJDKHBI
MIPECTaBISTHCS B BUJAE OTACIBHOIO MOTOKA M 00eCIeYrBaTh MaKCUMAIbHYIO HH(OP-
MHUPOBAHHOCTb OIeparopa.

Bcst 06paboTka TaHHBIX TOJDKHA IPOU3BOAUTECS HerocpencTBeHHo Ha 6opry BITJIA,
JUISL 4ero HeoOXOMMO CUETHO-BBIYHMCIIUTEIBHOE YCTPOWCTBO B KaUueCTBE SIPa CHCTEMBI
cOopa uapopmauu.

Jlnst obecrieyeHus: yCTOMYMBOTO JIByXCTOPOHHET0 KaHasia oOMeHa nanusiMu BITJTA
JIOJKEH UMETh COOTBETCTBYIOIIYIO CUCTEMY CBSI3H, 00eCeYnBarolyto 1,5-kparHoe nepe-
KPBITHE THIOBOW JAJILHOCTHU MpOBeaeHUs padoT (~120 Muib).

B paznuunbie ce30HBI METO/BI HAOMIOACHUSI KITIOUEBBIX XapaKTEPHUCTUK MOPCKOTO
JIbIa HECKOJIBKO OTIINYAIOTCs, B ¢BsA3U ¢ ueM BIIJIA nomkeH nMMETh MONE3HYIO Harpy3Ky
MOJYJBHOTO THUIIA, pPa3IM4yHble KOMOWHAIIMK KOTOPOH MOT'YT HCIOJIb30BaThCS MPUMEHH-
TEJIBHO K TEKYIIUM YCJIOBHSM U 3aj1auaM.

! TIpou3BOACTBO CIENHUATBHBIX CYIOBBIX JIeJOBBIX HabmoqeHuit: Meroauueckoe mocobue.

T. A. Anekceesa (pen.). CI16.: AAHUU; 2025. 46 c.
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OCHOBHBIE XapaKTEPUCTHKH JISISTHOTO OKPOBA, HEOOXOJUMBIE JUIsS ONEPaTHBHOTO
TUIAHUPOBAHUS U30UPATEIBHOTO MAPIIPYTa ABUKCHHS:

— 00mIas CIUI0YEeHHOCTH JIEJSTHOTO ITOKPOBA,;

— YacTHasl CIUIOYEHHOCTh OT/IENIbHBIX BUIOB JIBAA;

— TOPOCHUCTOCTB;

— HapyLIEeHUs CIIOMIHOCTH (Pa3pbIBBI, PA3BOIbS U MOJIBIHBN);

— OTIacHbIE JIEJIOBBIC SIBICHUS (CXKATUs, JIEASHbIE PEKN);

— OIacHBIe JeIsIHbIe 00pa3oBaHus (alcOepru, CTaMyXH).

Bce BblleyKka3aHHbIe TapaMeTpbl OTHOCUTEIBHO JIETKO WACHTH(OUIIMPYIOTCS HA OT-
JIETBHBIX ONTHYECKUX N300paKEHMSIX M UX CEPUSIX IIPU YCIOBHHU JOCTATOYHON BUAMMOCTH
U pa3pelieHus CHUMKOB. [IprHIMast BO BHUMaHHUE paHee ONMCAHHBIN BBICOTHBIN MPOQUIb
MOJIeTa ¥ METEOPOIOTNYECKHE ACTIEKThI MPUMEHUMOCTH, IPUXOIUM K 3aKJIFOUEHHUIO O He-
00XOIMMOCTH MPUMEHEHHNS 3 HE3aBUCHMBIX KaMep:

— ympasisieMas Kamepa KpyroBoro o03opa cpeiHero pa3penieHus A MIO0MaHbIX
OIIEHOK C MaKCHMaJIbHO BO3MOXKHBIX 10 YCIOBHSIM BUIUMOCTH U Pa3pelleHUs: BBICOT
0,3-1,5 xMm;

— A®DC-kamepa BBICOKOTO pa3peleHHst U ¢ BO3MOKHOCTbIO ChbEMKHU B YCIIOBHSX
HEJJOCTATOUYHON OCBEICHHOCTH AJISI HOJIyYEHHUs AETATN3MPOBAHHBIX CHUIMKOB M KOPOTKHX
(horormaHoB ¢ TUIOBBIX BBICOT 150—300 M;

— HK-xamepa cpemHero pa3pemieHns IS MoITyYeH s ITIaHOBBIX CHUMKOB Pa3phIBOB
U pa3BOAMN B TEMHOE BPEMS CYTOK C THIOBBIX BeICOT 150-300 M.

CHUMKH, NOJTy4aeMble MPHU KaKAOM BHJIE Chb€MKH, TOKHBI UMETh IIPOCTPAHCTBEH-
HO-BPEMEHHYIO TIPUBA3KY, yKa3aTelb MaciiTaba CHUMKa B METpax, yKa3aTelb Ha reorpa-
(uueckuii ceBep, yKkazarenb HalpaBiICHUs] HAa CYITHO-HOCHTENb U — B Cllydae 0030pHBIX
(hoTOIUIAHOB — TIOMETKY I'€HEpaJIbHOTO Kypca Cy/IHa.

HecomHuenHo, Oonee yIOOHBIM HHCTPYMEHTOM IS JIEJIOBOW Pa3BEIKU SIBISIETCS
xommaktHas PJIC, pasmemennast Ha 6opty BITJIA. CriocoOHOCT poBOANTH HalIIOE-
HUSI CKBO3b OOJIA4HBIN CJIOM B IIMPOKOM AMANa30HE BBICOT, OTCYTCTBHE 3aBHCHMOCTHU
OT OCBEI[EHHOCTH JI€Jal0T TaKOM MHCTPYMEHT BBITOAHBIM C TOUKHU 3PEHUS YIPOIIECHUS
KOH(UTYPAIMH MOJIETHOTO 3a/laHusl.

B nacrosimee Bpemst u3BectHa nepernexruBHas PJIC 6okoBoro 0030pa, mpuroaHas st
ycranoBkH Ha BITJIA paccmarpuBaemoro knacca. PJIC HaxonuTcst B cTaguu MEpBUYHBIX
JICTHBIX WCTBITAHUI U MMEeT Ha JAaHHBIH MOMEHT HEKOTOPbIC KPUTHYECKHE HETOCTATKH,
OOHYJIISIIOIINE €e IPUMEHUMOCTh B ONEPAaTHBHOMN JIeI0BOH pa3Benke. OCHOBHBIM HEO-
CTaTKOM SIBIISIETCS OTCYTCTBHE ITPE0OPa30BaHus PE3YIIBTaTOB ChbEMKHU B UEJIOBEKOUNTAEMbIN
Bun. @akrnuecku PJIC nepenaer HenemmppupoBaHHBIA CUTHAN, HYXKIAIOMIMICS B CIOXK-
HOIT TOCTOOPabOoTKE, YeM, ¢ OHON CTOPOHBI, CHI)KAET MPOIYCKHYIO COCOOHOCTH KaHaia
nepenaun faHHBIX BITJIA—HOCcHuTens, a ¢ Ipyroil CTOpOHBI, He 00ecIeYBaeT HEOOXOIUMYIO
J71€10BO-MH(OPMAIIOHHYTO OTEpaTHBHOCTB. Bee e cylecTByeT onpeieseHHast Ha/iek/1a Ha
JoBezieHue pazpadboryrkoM 3toro PJI-koMrIuiekca 10 COCTOSHHS YBEPEHHON MPHUMEHUMOCTH.

Boprosast PJI-cucrema Ha tuardopme BITJIA siBnsieTcst BBICOKO TEPCIIEKTHBHBIM
W KpaifHe BOCTpeOOBaHHBIM AIIECMEHTOM JIEIOBOI pa3BEIKH.

JlonoTHUTEIEHO HEOOXOJMMO OTMETUTh CE30HHYIO IPUMEHUMOCTh JaHHbIX PJI-Ha-
OirozieHni, 3TOT actiekT Kacaercs Mo0bIX PJI-cucrem. B Havane ce30Ha akTHBHOTO TasHUS
MOPCKHX JIBJIOB, B PE3YJIbTAaTE MOSBICHNUSA Ha MOBEPXHOCTH JIbAA OOJNBIIOTO KOJIMYECTBA
CHEXHUI] (JTy>K TaJIOH BOJIBI) M MAacc HAIIMTAaHHOTO BOJIOW CHEra KOHTPacTHOCTh CHUMKOB
PJI-nnama3ona cHIKaeTcs 10 HETIPHEMIIEMOTO ISl YBEPEHHOW Nemn(POBKHA YPOBHS.
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Bo03MOXKHEBIM sIBIISIETCS TIPUMEHEHHE B cocTaBe o0opymnoBanust BITJIA mumapHBIX cKa-
HEpOB, HO M NX IPIMEHUMOCTb UMEeT cXokue ¢ PJI-TexHOoIOTHEN CE30HHBIC 3aTPYIHEHHS
BBU/TY 3HAYUTEIHFHOTO PACCESIHUS JIA3EPHOTO ITyYKa HA MOKPBIX TIOBEPXHOCTSIX M YaCTUIHOH
3aBHCUMOCTH OT MeTeoycioBuil. [Ipsmast 3aBUCHMOCTb pa3perieHus] CKAaHUPOBAHUS OT
CKOPOCTH TIEPEMEILCHHNS JIeTaeT JINAAPHBIE CHCTEMBbI JIMIIb OTPAaHWIEHHO MPUTOAHBIMHU.

B kadecTBe npeaBapuUTENILHOTO NTOTA MOXKHO 3aKJIFOUUTh, YTO B HACTOSIIEE BPEMs
MIPOBOANTH 3P (PEKTUBHYIO JISTOBYIO Pa3BEAKY OIMKHEH 30HBI BO3MOYKHO B CBETJIOE BPEMS
CYTOK U B yCJIOBHSAX OTPAaHWYEHHOH OCBEIICHHOCTH, HO JUISl IPUMEHEHHMS B HOYHOE BPEMs
BITJIA moka HeIOCTAaTOYHO OCHAIIEHBI TEXHUYECKU.

TeMm He MeHee pa3paboTKa U BHEApEHHE B ceputo KomruiekcoB BITJIA, couerarommix
B ceOe BBINICONMCAHHBIE CIENN(PHUIECKIE XaPAKTEPUCTUKH, 3HAUUTEIBHO PACIIMNPUT Ha-
BUTAIIMIOHHBIE BO3MOXXHOCTH TIPH NPOBEICHNU OOJBIIMHCTBA MOPCKUX OINEpPAIMi B Jie-
JIOBBIX YCJIOBUSIX, TIO3BOJIUT TIOBBICHTH O€30MACHOCTD JIEZ0BOTO IJIABAHMS U, YTO BaXKHO,
SKOHOMHUYECKYIO d(PPEKTHBHOCTD.

OcHOBHBIE HanmpaBJCHUS MPUMEHCHUSA

Ha nepsblit B3m1s7 paccMarpuBaeMslil kommieke BITIA nmeer y3kocnenunanusupo-
BaHHOC Ha3HAYCHUE U MOXKET OBbITh BOCTPEOOBAH B OrPaHMYCHHOM KOJIMYECTBE B OTPACIH
apKTUYECKOTO CY0XOJICTBA, HO B PEalbHOCTH 3TO HE COOTBETCTBYET ACHCTBUTEIBHOCTH.

MoOMITBHBIH OECIUIOTHBIA KOMIUICKC, COUCTAFOIINI B CE0C YHUKAIBHBIC OKOJIOKPUTHYC-
CKME XapaKTepUCTUKH IPUMEHUMOCTH B YCIOBHUSX 3amoysAphbsi U 3aMepP3arolUX MOpEH, MOXeET
HCTIONIb30BATHCSI JUIS ONEPaTUBHOTO PEIICHHS IIMPOKOTO CHIEKTPa 33/1a4 B Pa3INUHBIX OTPACTIX.

B kauecTBe mprMepa MpUBEJEM TUIOBBIE CLIEHAPUU PACIIMPEHHOTO MPUMEHEHUS
BIUTA B oOnacti opraHu3aliiiu CyJI0X0ACTBa (CM. TaOJHILy).

Tabruya
Tunossle cuenapun npumedenns BIIJIA
Table
Typical scenarios of UAV application

BIUIA — cynHo
JutensHoe (10 8 4acoB)
OIIEPaTUBHOE OCBEIICHUE

BIUIA — mnardopma
OrneparuBHOE OCBEIIEHUE
JIEIOBOM 00CTaHOBKH

BITJIA — akBaropust
PerynsipHoe ocBeleHHe
JIEZIOBOM 0OCTAaHOBKH B

JIe0BOM OOCTaHOBKHU B NPH-
1 3aTOPU30HTHOMN 0071aCTH
MapIIpyTa CIICIOBaHUs CYIHA,
MOUCK OMACHBIX JICSHBIX 00-
pa3oBaHuU:

— OIICHKA CIIJIOYECHHOCTH,

— OIICHKA TOPOCHUCTOCTH,

— OIlCHKa 00IacTel CyKaTHs,

— TOMCK MapIIpyTa,

— pa3BeliKka MapiipyTa,

— KOHTPOJIb OIMaCHBIX JICAAHBIX

00pa3oBaHuii U SBICHUI

npezenax 3alaHHoN aKBaTOPHH
C HCIIOJIb30BaHUEM MOOHIBHOTO
ImyHKTa Oa3upoBaHus Ha Oepery:
— OLICHKA CIIOYCHHOCTH,

— OLICHKA TOPOCUCTOCTH,

— CII)KEHHUE 3@ KaHAIIOM,

— pa3Be/iKa MapuIpyToB,

— OlIeHKa 00JIacTei cyKarusi,

— KOHTPOJIb OIACHBIX JIEASHBIX
00pa30BaHUM U SIBICHUMA.

3ak/oueHue

B TIpenenax OamKHE! 30HbI
MOPCKO# T1aThOpMbI OUCK
OMMaCHBIX 0OBEKTOB

— KOHTPOJIb OIACHBIX JIEAAHBIX
00pa3oBaHuil U SIBICHUN,

— OIICHKA CIIJIOYCHHOCTH,

— OIICHKA TOPOCHCTOCTH,

— IOUCK ONTHMAJILHOTO
MapIipyTa Moaxo/a.

Kaxk moka3eiBaer IIpaKTHKa, pa6OTI>I IO MPOCKTUPOBAHUIO pa3pa60TKe 0eCIMIOTHEIX

CUCTEM JIsI apKTHYCCKUX yCJ'IOBI/Iﬁ AKTUBHO BEAYTCA KaK KPYIHBIMU ITPOU3BOAUTEIISIMHU,
TaK ¥ HeOOJIBIINMHU KOJUIEKTUBaMU. B pe3yibTaTe ¢ 3aBI/II[HOI71 PETYISIPHOCTBIO IMOABISAIOTCA
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KaK OTpaHUYEHHO TPUTOTHBIC K CIICIIM(PUISCKUAM YCIOBHSIM MPOCKTHI, TAK U MPOCKTHI, HE
BBIICPKUBAIOIINE KPUTHUKH.

B kauecTBe OCHOBHOM MPUYMHBI HEYAAY aBTOPBI JAHHOM CTAaTbU yCMAaTpPUBAIOT He-
MIOJIHYIO OCBEIOMIIEHHOCTh KOHCTPYKTOPCKHX I'PYIIl ¥ NOTEHIMAIBHBIX 3aKa34MKOB pa3-
paboTok B MaccuBe crienn(puiIeckux TpeOoBaHU 1 orpaHndeHuit mpuMeHumMocti BITJTA
B PCANbHBIX YCIOBUAX 3amOISPhsI.

B nmanHOI paboTe 4eTKO OYepUYEeHBI OCHOBHBIC ITyHKTHI CHEIU(PUKNA TPUMEHEHUS
BIUTA nust omepaTuBHOM JIeTOBOH pa3BenKy U crienn(pUIecKkre TeXHHIEeCKe TpeOOBaHUS
K OCCIIIIOTHBIM CHCTEMaM, BEIpaOOTaHHBIE Ha OCHOBE MMEIOIIETOCS OMBITa TPOBEACHHUS
pa3nuIHOrO BUAA paboT B APKTHYECKOH 30HE.

AAHWU sBnsieTcss HHTEPECaHTOM YCTIEIITHOTO 3aBEPIICHIUS Pa3pad0OTOK OECIIMIIOTHRIX
KOMILIEKCOB aPKTHYECKOTO UCIIOIHEHHSI U CO CBOEH CTOPOHBI TOTOB MPEJOCTABUTh TEXHUYE-
CKYI0 U METOAMYECKYIO MOIIEPKKY B PAMKAX COBMECTHBIX HAYYHO-TEXHUUECKUX IIPOEKTOB.
KonduukT MHTEpECcoB. Y aBTOPOB HCCISIOBAHIS HET KOHGIHKTA HHTEPECOB.
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AnHoTanus. CtaTbs MOCBSIIEHA TIEPBBIM IPOEKTaM aBTOMATHUeCKHX cTaniuii (AMC) anst u3ydeHus MeTeopo-
JIOTHYECKHUX YCIOBHUI TPYAHOAOCTYIHBIX pailoHoB Apkruku. Paccmarpusaercs ucropus cozganus [LA. Momya-
HOBBIM OIBITHBIX 00pa3noB AMC, koTopble HCIBIThIBANINCH Ha [Tamupe 1 B ApkTrKe (Ha IOJSPHBIX CTAHIAX
Byxta Tuxas u Tukcu). PazpaboTka cTaHIMil MPOCIECKUBACTCS B CBS3H C TNAHUPOBAHMEM HCCIEIOBATEIBCKIX
pabot B Apkruke 1o naTiieTkaM. [IpuBoasitest cBeieHust 00 00CyXIeHHsIX BOpocoB ucrnons3oBanuss AMC Ha
3acejaHusIX YueHoro coeTa Beecoro3Horo apkTiueckoro HHCTUTyTa. ONMUCHIBAIOTCS OCHOBHBIE KOHCTPYKTUBHBIC
OCOOEHHOCTH 1 PEe3yJIbTaThl ONBITHOH SKCIUTyaTallii aBTOMAaTHIECKHX METEOCTaHIuil. BriepBrie B HaydHBIH
000pOT BBOIITCS apXMBHBIE MAaTEPHANbl O TIPOEKTAX U OMBITHBIX SK3eMIULIpax CTaHImi THia AM, KoTopsle
OBUTH CO3aHBI HHKEHEPaMH JISHHHTpaIckoro 3aBozia «Mermpubop» B cepemne 1930-x rr. Hecmotpst Ha To,
YTO YCTAHOBKH HE CTaJlM CEPHIHBIMH, HCTOPHS MX CO3IAaHMS MOKA3bIBAeT, KaK BBICTpanBaach paboTa, Kakue
L/ ¥ 33/1a4d CTABUIINCH Tepe]l KOHCTPYKTOPaMHU U TOJIAPHBIMU HCCIIEI0BATEIAMH, KAKUMU CPEJICTBAMU OHU
pemamcek. Marepuas MoAroToBlIeH Ha 0CHOBAaHHH TOKyMEHTOB FOCYapCTBEHHbIX apxuBoB CaHKT-IleTepOypra,
Hay4yHbIX GonnoB AAHUU u ¢ mmpoknm npusnedenneM myomikamuii 1930-x .
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Abstract. The article examines the history of opening first automatic meteorological stations (AMS) for
the Arctic in the Soviet Union in the 1930s, which measured meteorological parameters and transmitted them
by radio. The idea of opening the stations belongs to the aerologist P.A. Molchanov. He invented the world’s
first radiosonde for studying the atmosphere and in 1927 patented its coceptual scheme. In 1928, he proposed
using a similar method of transmitting weather data over a distance by radio in the design of a ground-based
AMS. Prototypes of the Molchanov AMS system were manufactured and tested as part of the work of the 2nd
International Polar Year in the Pamirs and the Tikhaya Bay polar station (Franz Josef Land) in 1933-1934
and were the first in the world. This demonstrated the fundamental possibility of such devices operating in
high- altitude and Arctic conditions, despite major testing problems. In 1935-1937, an improved AMS prototype
was put into trial operation at the Tiksi polar station. P.A. Molchanov also worked on the creation of a drifting
AMS, although these plans could not be realized. To date it has been a practically unknown fact that automatic
weather stations were developed in the design department of the Leningrad State Factory of Meteorological
Instruments “Metpribor”. Several samples of stationary and parachute AMS were made there in 1934-1936.
The documents preserved in the collection of the Arctic and Antarctic Research Institute (AARI) and the state
archives of St. Petersburg, periodicals, research literature and a number of other sources made it possible
to reconstruct the history of developing and improving the design of the first AMS in our country. Much of
the information is provided for the first time.
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Arctic, Tikhaya Bay, Tiksi, The Arctic Institute of the USSR
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BBenenune

Wneonorom aBromaru3anuu Mereoposiornueckux Haomonenuit B Coerckom Corose
siBisicst [laBen AnekcanapoBud Mouanos, ¢ 1919 . — pykoBoauTesb A3pOI0rHuecKoi
obcepBaropun B Citynke (HbiHe — [laBioBck). B 1923 1. oH Bbicka3zas cooOpaxeHus 00
HCIIOJIb30BAaHUHU PAJIUO TP UCCIICAOBAHUE CBOOOIHOM aTMOC(ephl U Hauall pa3padaThIBaTh
pudop, NO3/IHEe NOITYYUBIIMI HAa3BaHUE IpeOCHYAThIN paJIM030H CHCTEMbI MoT4aHoBa.
MmenHo stot KOHCprKTHBHbIﬂ BapUaHT ABJIJICA IEPBBIM COBETCKHUM PaaAMO30HIOM, KaK
HCOAHOKPATHO MOAYCPKUBAJI y‘IeHbIﬁ B CBOUX CTAThAX U KHUT'AX, 4 OCHOBHBIC OCO6CHHOCTI/I
ero ycrpoiicta ObutH HameueHb! yxke B 1923-1924 rr. [1, ¢. 10]. Pabora Hax npudopom
3aHsijIa JI0CTAaTOuHO JuIuTesibHOE Bpems. [1oka mua ganpHeinas pa3paboTka rpedeHyaToro
paaro3onsa, [1.A. Moi4aHoB MpeuioxKmII ene ofHy CXeMy Mpudopa — C 3alHChi0 PaINo-
CHTHAJIOB Ha XpoHorpade, KOTOPYI0 OH Ha3bIBaJl yHUBEPCAJIBbHOM (caM NpHOOp MMEHOBAJICS
«paanromereoporpadom» MM «paJuo30HI0M C YACOBBIM MEXaHH3MOMY, MO3/IHEE — «XPO-
HOMETPUYECKUM Pajino30HAOM»), U B 1927 . momyuns Ha Hee naTteHT. B ToM ke roqy oH
BBICTYIIWII C JIOKJIJIOM O ITPUHIIKIIE paOOThl XPOHOMETPUYECKOTO PaIN030Ha Ha Mexy-
HapoHO# koH(pepeHmu B Jlelniure, KoTopast ObLUIA MOCBSIICHA UCCICIOBAHUIO BBICOKUX
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cioeB arMocdepsl. 11epBblif 3K3eMIUISIp TaKoro Mprdopa ObUT N3rOTOBJIEH B MAaCTEPCKUX
Anpornormdeckoii odcepBaTtopun BecHOU 1928 1., a mponeMOHCTPHPOBaH B HOHE Ha BTopom
KOHTpecce o0mIecTBa «A3poapkTuK» [2, ¢. 8—9]. BaxkHO OTMETHTH, YTO YaCOBOH MEXaHU3M
MO3BOJISIT PUOOPY paboTaTh TOUHEE, HO BMECTE C TEM YCIIOXKHSII U Jiestal Oosee JOpOoruM
ero nzrorosiuenue. [Tostomy I1.A. MoauaHOB HE cUHTall YHUBEPCAIBHYIO KOHCTPYKIIHIO
Jy4IIel, TpoAoDKa J1opadaTsiBaTh CXeMy rpedeHuaroro paano3onaa. Heodxomumo ot-
METHUTb, YTO pa3zpaboTka pagro30HA0B B 1920-¢ IT. Benach M B APYTHX CTpaHaxX, B 4aCT-
Hoctu Bo @pannuu (P. bropo) u I'epmanun (I1. Hykkepr) [3, c. 272; 4, c. 1]. IpuHimn
JEeUCTBHS M KOHCTPYKIHMS NMPHOOPA, MPEIOKEHHasi COBETCKUM YUCHBIM, OKa3allich BCE
ke Ooee TOIXOAAIINMHE JUTS MTPAKTHKH, PagHo30H1bI MoI4aHoBa aKTHBHO HCIIONb30Ba-
JMCh Ha MOJISAPHBIX CTAaHIMAX. Te jke TEeXHHUECKHUE PEIICHHS MOCTY>KUIN OCHOBOW U JUIA
MEPBBIX COBETCKUX aBTOMAaTHUECKUX METEOCTAHIIUH.

OpHIM U3 IEPCIIEKTHBHBIX CIIOCOO0B UCCIEIOBAHUSA APKTHKH ¢ cepenusbl 1920-X IT.
CUNTAJIOCHh MCIOJIb30BaHME JIETATEIBHOTO arapara Jerde Bo3Iyxa — AUpuxkalis, BO
BpEeMsI HKCIEIUIMK Ha KOTOPOM MOKHO TIPEOJ0JETh 32 HEHMPOIOKHTEILHOE BpeMs
3HAYUTEIbHBIC PACCTOSHUS U OCYIIECTBHUTH IIMPOKUH CHEKTp HaOmromeHuil. B 1924 r.
B I'epmanun 66110 cO31aHO MEXayHApOIHOE OOIIECTBO 110 NCCIEOBAHNIO0 APKTUKH ITPH
MTOMOIIHM BO3IYITHOTO Kopadis «Alpoapkrux» (Internationale Studiengesellschaft zur
Erforschung der Arktis mit Luftfahrzeugen). CoBerckuit Coro3 MprcOeIUHUICS K yYaCTHIO
B opraHuzanuu B aekadpe 1926 r. Torma B JleHuHrpane mo mocraHoBieHn0 Komuccnn
Cogeta Hapoxssix komuccapoB (CHK) CCCP mo coneficTBuro pabotam AKaaeMuH HayK
CCCP npu Unctutyre mo m3ydenuto Cesepa (HpiHe — AAHNWU) Gpina opranmn3oBaHa
coBeTckas rpymma obrmectsa. OqauM u3 ee wieHoB ctan [1.A. Momdanos. 20 mas 1927 .
OH BOILICJ B IPE3UMYM TPYIIbI' .

18-23 wrons 1928 r. B Jlennnrpaze cocrosics Bropoii koHrpecce odmecTa « Adpoapk-
THK». B KoHpepeHnnn npuHsm ydactue yaeHsie [epmannu, laann, Utanuu, Hopseruw,
CCCP, Ounnsaany u JctoHun. Beut BEIpaObOTaHEI IIaH W Hay9YHAs [IPOrpaMMa MojeTa
Ha JUprkadie HaJ apKTHIeCKUME TeppuTopusmMu. Ha KoHrpecce mmpoko o0cyxaannch
BO3MOXHOCTH Oymymux uccienoBanuid. [1.A. MoauaHOB TOBOPHII 0 HEOOXOAMMOCTH H3-
YUCHHSI CTPOCHUS aTMOCc(ephl M Pa3MENICHHUs XOIOJHBIX BO3IYIIHBIX MaccC B IOJSPHBIX
001acTAX. YUeHbIH B CBOEM BBICTYIUICHUH TIPEAJIOMKHI UCTIONB30BaTh PAAMO30H BO BPEMs
Oymy1uero nosera AUPUKaOIIs Tl HCCIIE0BAHUS PACIIPEECICHNS METEOPOIIOTHIECKHX dJ1e-
MEHTOB TI0 BBICOTE U MOAPOOHO pacckas3ai 0 KOHCTPYKIUH Takoro mpubopa. Ilpu onvcannn
paguorenerpadHON CBA3M MEXIY JIETSIINM 30HI0M M AUpHKaliieM, KoTopasi HeoOxoanma
JUTSL TIEpe/Iauyl OJTyYeHHBIX TaHHBIX, OH YKa3bIBaJI, UYTO PaJMOCBI3b CIOCOOHA YIPOCTHTh
pelIeHHe elle OAHON BaKHON 3a/1a4y — OPTaHM3alNH MTOTyUCHHUS TIOCTOSHHBIX CBEJICHUH
C KaKoi-1m00 TOUKM APKTHKH O COCTOSHHUM METEOPOIOTHYECKUX SIIEMEHTOB (IaBICHUS,
TEMITepaTyphl, BIAXHOCTH M BeTpa). [yt aToro, mpapia, IPeACTOSIIO PELINTh JIBE MPO-
6neMbl: obecrieuuTh MPUOOP SHEPrHed M JOAT0 PAdOTAIOIMM YaCOBBIM MEXaHH3MOM.
Bo3MOXHBII BapHaHT peIIeHus YUEHBII BUIEN B UCIIOIb30BAaHUH CHIIBI BETPA, TIOATOMY
npesiarai; yCTaHOBUTh HEOOIBIION BETPSHOM ABUTATENb JUIs 3aBO/IA YACOBBIX MEXaHH3MOB
U TIUTaHUSI aKKyMYJSTOpOB. VI3roToBIEHHE TAKOH aBTOMaTHYECKOH METEOpOIOrHIecKOn
CTaHIMHU TTOTPeOOBAIIO OBl KKOHCTPYKTOPCKON paboThI», HO, Kak moxuepkusai I1.A. Moi-
YaHOB, «IEPCIIEKTUBBI IPUMECHEHHSI TAKOH YCTAHOBKH... BEIMKHU, HE TOJIBKO B JIENIE HC-

! CSHTPAJIbHBIN TOCYIapCTBEHHBIN ApXUB HAyYHO-TEXHNYECKOM nokyMeHnTammu Caukr-IlerepOypra
Y. Yy Y Y

(manee — HIAHT/ CII6). ®. P-369. Omn. 1-1. J1. 45. J1. 67.
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ClIeIOBaHMS APKTHKH, HO U JUISl IPYTHX MPAKTHIECKUX BEIIEH», TOITOMY «OIBITH B TOM
HaIpaBJIeHUH, HECOMHEHHO, TPEICTABILIIOT OoNbIol uaTepec» [5, ¢. 58-59]. Takum
00pa3oM, MOXXHO CUMTATh, YTO B BBICTYIUICHUH BIIEPBBIC 03BYUEHA HJEs O IIeJIecoo0pas-
HOCTH CO3/IaHUH aBTOMaTH4decKoii MmeteocTanuuu (AMC) it ApKTHKH.

B pesosmonnio koH(pEpeHINH, TIPUHATYIO €IMHOMIACHO, OBUIO BHECEHO TPEATIOKEHHE
mpo¢. JI. Beitkmana: «O0mecTBo “AspoapKTHKa” ¢ KUBBIM HHTEPECOM O3HAKOMIIIOCH
¢ paboramu npod. MondaHOBa B 00JACTH WCCIIEIOBAHUS BEPXHUX CIOEB aTMOC]EpPHI.
OO1mecTBO MPHU3HAET 3TH PAOOTHI CYIIECTBEHHO BaKHBIMH, OCOOCHHO TSI aPKTHUECKUX
a’3pOJIOTUUECKHUX HCCIIEIOBaHUH, 1 MPOcHT COBETCKOE MPABUTEIBCTBO OKA3aTh MOACPKKY
9TUM HccieoBaHmsIM» [6, c. 10].

B nanHO# craree paccMarpuBaroTcs mepsbie mark no cozganuto B CCCP aBroma-
THYECKUX METEOCTAaHINH — OT NPEJCTABICHUS NACH YCTPOWCTBA Ha MEXIYHApOIHOM
KOHTpecce o0miecTBa «A3poapTuky», mpoxonusineMm B JleanHrpaae B utone 1928 r., mo
paboThI ONMBITHEIX 00pa3moB B 1930-X IT. B ApKTHKE.

Hauauno pa3spadorku ugeun AMC

K coxanenuro, marepuaibl, cBs3aHHbie ¢ paboramu mpod. [1.A. MomuaHoBa, co-
XPaHWIUCH JIUIIB (hparMeHTapHO. DTO BO MHOTOM OOBSICHSCTCS TEM, YTO B TOJIbI Benmukoit
OteuecTBeHHOM BOWHBI CITyIK OBLIT OKKYITUPOBAH HEMCIIKMMU BOMCKAMHU M HE BECh apXUB
Abdposoruueckoii 1aboparopun (Toraa yke HHCTUTYTa) ObUT dBakynposaH. [Ipu mpu-
BJICUCHHUH JIPYTUX MCTOYHHKOB HEPEAKO MPUXOIUTCS YTOUHSATH MHPOPMAIIUIO, KOTOPAs
B HUX npuBonuTcs. Tak, B JHU pabOThI KOHTpecca «A3poapKTUK» B rasere «3BecTusn»
OblTa ONMyOIMKOBaHa 3aMETKa, B KOTOPOH yKa3blBasloch, uto npodeccop [1.A. MomyaHoB
MPOJCMOHCTPUPOBAT COOPABIIUMCST U300PETCHHYIO UM «aBTOMATHYCCKYIO MOJISPHYIO
CTAHIMIO HA JIbJY», KOTOPYIO M3TOTOBWIIHM B JJAOOPATOPUU DICKTPOTCXHUUCCKOTO HH-
crutyta uM. B.U. Jlenuna®. Bbuio Obl OMIMOOYHBIM CYMTATh 3TO M3BECTHE COOOIICHUEM
00 AMC — Tak KOPpPECIOH/ICHT MPECTABUI YATATEIISIM HOBOCTh O XPOHOMETPUYECKOM
panuno3onze. KoHcTpykTHBHOE 0(hOPMIICHUE paHOAIapaTyphl BBITOIHIII BUIHBIHN CIie-
NUATKUCT B o0nactu paguotexHuku npod. W.I. dpeliMan u mpoaeMOHCTPHUPOBAT €€ BO
BpeMmst koHrpecca [7, ¢. 629]. K Bo3ayIiHo MOJsIpHON SKCIICAUINT Ha JUPHKAOIC pe/I-
OJIAraI0Ch U3TOTOBUTH CEPHIO TAKUX MPHOOPOB. TOIBKO MOCIE CO3/[aHUS U YCIICIITHOTO
HCIIOJIB30BaHMS PAIUO30HI0OB MOXKHO OBLIO MPUCTYIATh K KOHCTPYKIIUHU 00JIEE CIIOKHOTO
ycrporictBa AMC, coueTaroteii B cede psii METEOPOJIOrHYCCKUX MPHOOPOB.

[To HacTOsSHUIO psiia MPEICTaBUTENCH 00IIecTBa « ADPOAPKTHK» OBLIO MPUHSATO
peleHne pa3MecTHTh 3aKa3 Ha M3TOTOBJIEHUE XPOHOMETPHUYECKHX PaJMo30HI0B (25 ex.)
B HeMelKoit pupme «Ackanusy. [1.A. MomyaHoB, (OTONOPTPET KOTOPOTO MPEACTABIICH HA
puc. 1, HacTauBaj Ha U3TOTOBJICHUH YaCTH IMPUOOPOB — rpeOCHYATHIX PATUO30HIOB —
B MacTepckux Alsposiornueckoii oocepsaropuu B Ciyiike. [ToaToMy 3aka3 HEMEIKOH CTO-
pOHE OBLIT YMEHBIIICH JI0 MATH CTUHHII.

[1.A. MoimyaHOB MPOJOJKAJI COBEPIICHCTBOBATH KOHCTPYKIIMIO IPEOSHYATOro paiio-
30H1a. OcOOCHHO MHTEHCUBHO padOTa HaJl HUM CTalla MPOJBHUIaThCs ¢ cepenuubl 1929 .,
TaK KaK OHa MoJydyusia (GUHAHCOBYIO MOMJICPIKKY MPAaBUTEIbCTBEHHOU Komuccun®. [Ipu
9TOM aKTHBH3ALUHU PaboT 1Mo co3nanuto HazeMHOH AMC st ApKTHKH HE MPOUCXOIUIIO.

2 Ussectnsa. 1928. 23 mrons. Ne 144. C. 1.

*  Momuanos I1.A. TTosasipHblii noser gupukabist «[pad Llenmnenun». A3poMeTeopoorHuecKue

nccienoBanus Bo Bpems nosera // M3secrus. 1931. 19 cent. Ne 259. C. 3.
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Puc. 1. I1.A. Momyanos B pabouem kadbunere. 1936 . [8, c. 75]
Fig. 1. P.A. Molchanov in his study. 1936 [8, p. 75]

Hesarensrocts I1.A. MonganoBa pa3BuBajiach B 00IIeM HalpaBiIeHUH HCCIIEO0Ba-
TEJILCKUX paboT B Apkruke. HampaBieHns: OCBOCHHUSI CEBEPHBIX OKPAaWH CTPAaHBI U HM3-
YUEHHsI MOPCKHMX aKBaTOPHUH M apxurienaroB Oblay Belpaboransl B 1928-1929 rr. npa-
BUTEJIbCTBEHHON ApKTHUYecKkoi komuccuei (yupexxaena 31.07.1928) mon pykoBoacTBoM
3amectutens npeacenarens PesBoencosera CCCP C.C. Kamenena. Komuccus 3anumanach
OPTraHM3aMOHHON N (PMHAHCOBOI MPOPAOOTKOM IATHIICTHETO TUIaHA Hay4YHO-HCCIIeJ0Ba-
TeNbCKON paboThl B ApkTHKe. Ee nesTebHOCTh NpHUBea K CO3aHHIO IISITUICTKA APKTH-
KI» — JUPEKTUBBI, HA OCHOBE KOTOPOH «IIOCTPOEHBI MPOU3BOJCTBEHHBIE YACTHBIE IIJIAHBI
OT/ICNIBHBIX TOCYAApPCTBEHHBIX, OOIIECTBEHHBIX, HAYYHbBIX YUPEKACHUNH M OpPTaHU3aLUM,
BElYLIMX B HACTOAIIEE BpeMs pabOTy IO OCBOCHHUIO M MCCIICIOBAHHIO APKTHUECKHX BIla-
nenuit CCCP» [9, c. 116]. Ee rmaBnblil aBTOp — akagemuk A.E. ®@epcman — Bblienun
ISTh OCHOBHBIX HAIIPABJIEHU: CO3JaHNE MOJISIPHBIX CTAHLUH, UCTIOIb30BaHHE JIEA0KOJIOB,
pa3BUTHE apKTUYECKOrO BO3yXOIUIABAaHHUS — IIOJICTOB Ha JUPIKAOISIX U CaMOJIeTax,
usyuenne CeBepHoii 3emun’.

Xots o0CykJIeHHe TUIaHa [UIO OoJiee JIEBSITH MECSIEB, B OOIIMX YepTax OH ObLI
HameueH yxe K ocern 1928 r. Ilpu noaroroske k 3acenanuto 12 cenrsiops 1928 . npu
I'maBHoIT reodusnueckoii odcepsaropun (I'T'O) o Bonpocy o BbIpabOTKE ILIaHA T'e0-
(usnueckoii ciyx0b1 Ha CeBepe OblTa COCTaBlIeHa 3aMicKa. B I0KyMeHTe 0TMeqanocs:
«HMccnenoBanne ApKTUKH ITyTE€M CTallMOHAPHBIX HAOIIOAEHHH, TPEUMYIECTBEHHO I'e0-
(pU3MUECKUX, AUKTYeTCsl KaK TPeOOBaHUSIMH HayKH, TaK M COOOPaKeHUSIMH KOHOMHYE-
CKOTO M TOJIMTHYECKOIo Xapakrepa. Bce MeTeoponoru tenephb coriacHsl B TOM, 4TO 0e3
OCBEIIEeHUsI APKTUKU CETbI0 MOCTOSIHHO AEHCTBYIOIUX METEOPOJIOTMYECKUX CTAHLUN
JaJbHeilee HOPMaIbHOE PA3BUTUE MPAKTUYECKOW METEOPOIOTHH HEBO3ZMOKHO .

4 Cankr-IletepOyprekuii ¢uman apxusa Poccuiickoii akagemun Hayk. ®. 75. Om. 1. [I. 181.
JI. 23-25; 1. 188. JI. 8, 10-13 06., 73.

5 Tamxe. ®@. 47. Om. 1. J1. 475. JI. 29.
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Bwmecre ¢ Tem A.E. ®epcmaH B onHON U3 IMyONUKAIM OTMEYAIT: «...HEOOXOIUMO,
OZIHaKo, OoJIee MMPOKOE NCCIIEA0BAHNE 1, B TIEPBYIO OYEPEb, OOJIee IMPOKOE OCBEIOMIIE-
HHUE O METEOPOJIOTHYECKNX YCIOBUSIX APKTHKH. B 3TOM OTHOIIECHNH MIPE/ICTaBISET COBEP-
LIEHHO NCKJIIOUUTENIFHBIN HHTEpeC N300peTeH bl TupekTopoM Cirynkoi reodu3ndeckoi
obcepBaropun Mosr4aHOBBIM MIPHUOOP, KOTOPBIH B TeUEHUE ToAa pabOTaeT aBTOMaTHYECKH,
MIPUBOAMMBIN B AEHCTBHE CIIEIHATIBHBIM BETPSIKOM. Takoi mpuOop MOKeT OBbITh 3aBE3ECH
JIETOM B KaKOH-JTMOO HEAOCTYINHBIN IS KUJIbS ITyHKT, OCTAaBJIEH TaM Ha TO/I, B TEUCHHE
KOTOPOTO OH aBTOMAaTWYECKH 4epe3 paano OyAeT omoBemarb 00 OCHOBHBIX 3JIEMEHTAX
MOrozibl. DTO 3aMedaTesIbHOEe N300pEeTeHHe 10 CHX IOp elle HE Halulo ceOe IMOIIHOTO
OCYIIECTBIICHHNS, U HAJO HAJIESTHCS, 4TO K OyAayIeMy rogy npuoop OyneT OTCTPOESH U Io-
CTaBJICH B OJJHOM M3 paiioHOB [lonsipHOro okeana»®.

ITepBsie uroru passeproiBanus ceti C.C. Kamenes Beicoko oneHmI B crarhe «Ho-
BEIC METOIBI PA0OTH), KOTOPYIO OImyOInKoBai B okTsi0pe 1929 1. B «M3BecTusX»: «... BEeK
“aBaHTIOPUCTHYCCKUX MOXOXKICHIA B APKTHKY TETleph JOJKEH OTONTH B BEYHOCTh. Ap-
KTHKY TEIeph YK€ “OTKPBIBATH~ HE IMTPUXOANUTCS, HOO OHA JI0CTATOYHO OTKpHITa. Ee Haxo
OCBOUTE. <...> MHEHHE, 4TO METEOPOIOTHsI APKTHKH SBISACTCS “KIIFOYOM” ISl HOHUMAHHS
1 TIPE/IBUJICHUS] METEOpOoJIoTHIecKuX siBieHuid Coro3a, Kak OyaTo ceifyac mosrydImio odmee
MIpU3HaHKE. DKCIIEIUINN TOTO TO/a MOJOIIIH K OBJIAJCHHUIO “KIIIOYOM’ C IByX CTOPOH.
Co croponst 3emmu @panna-Hocuda n Bparrens. Ha 00onx ocTpoBax co3maHbl METEOPO-
JOTUYECKUE 1 paanocTaHiuy. Ha HUX moca)keHb! y4eHbIe METCOPOIOTH U OPTaHN30BaHO
ocTosiHHOe HabOroaeHue. JloctaTouno au caenano? Koneuno, Hemocrarouno. “Kirou” eie
He Oy/ieT B HAIlIMX pyKax»’. ApKTHYeCKas KOMUCCHS TaK)Ke PEKOMEHI0BaJIa HCIIOIb30BaHUE
pamgno3onma I1.A. MomyaHoBa a7 u3ydeHHs BepXHUX cioeB atMocdepsl [10, c. 149].

Bo 2-if monoBuHe 1920-X TT. y4eHBIE Pa3HBIX CTPAaH OOPATUIIHACH K HIee IPOBEICHHUS
B 1932-1933 1. Broporo Mexmyrapogaoro nomsipaoro roza (2-ro MIIT). IlepBoe o6cyx-
JCHHE 3a1a4d OyIyIInX HCCienoBaHmid cocTosuioch 1 B CoBerckoM Coroze. B mae 1929 1.
B I'TO nox npexncenarensctBoM B.1O. Buse (mpencrasurens CCCP B MexmyHapogHOH
KOMHCCHH T10 TTOJISIPHON METEOPOJIOTHH) TPOBEIH 3acEAaHKe JeJIeTaTOB 3aNHTEPECOBAH-
HBIX YUPEXICHUH, Ha KOTOPOM HaMETHJIM BOIIPOCHI [UISl JKEIATEIbHOTO 00CYK/IeHHS Ha
TIPE/ICTOSIIEH BCTpeue yYacTHUKOB KOMUCCHH B PaMKaX PacCMOTPEHHS UJIEH IIPOBEICHUS
2-ro MIII. Beuno BeipaboTtano 12 mynkToB. OmuH u3 HUX ObUT cBsizaH ¢ AMC: «Ilpu-
3HAETCs B BBICIICH CTENECHHU JKEJIATEIbHBIM HMPUCTYINUTh K MCHBITAHUIO TPEITIOKECHHON
II.A. Mo4aHOBBIM aBTOMAaTUYECKOM METEOPOJIOrMUECKON CTaHLMM, KOTOpPasl, B cllyyae
YCIICIIHBIX PE3yJIbTaTOB, MOIJIa OBl B 3HAUYMTEIBEHON Mepe OOJErduTh 3a/ady MEXIyHa-
poxHOoTO TONSApHOTO Tomay [11, c. 44].

B xonme 1929 . Otnen nayunsix yupexxaernit npu CHK CCCP Brigenun cpenctsa
JUISL 3aBEPUICHUsI Pa3pabOTKK pajino30HIa CHCTEMBI MOTYaHOBA, & TAK)Ke HA KOHCTPYH-
poarne AMC [2, c. 10]. 30 saBaps 1930 1. B Caaymke COCTOSITUCH MEPBBIC YCIICTITHBIE
HCTIBITAHMS TPeOEeHYaToro paano3oH1a MomrdaHoBa — MaoradapuTHOTO M JIETKOTO aBTO-
Mara KpaTKOBPEMEHHOTO JEHCTBHUS, KOTOPBIN MEPefacT JaHHbIE O COCTOSIHUHM aTMOC(hephl
B TEUECHHE HECKOJBKHMX YacOB. DTOT MEPBBII B MUPE MPHUOOP OTKPHII HOBYIO CTPAHHUILY
B HCCIIeIOBaHUU CBOOOAHOU aTtMocdepsl [12, c. 97-98]. B 1930 r. ero KOHCTpYKIHs

¢ ®epcman A.E. Kak mbt Oynem uccrenoBars Apkruxy // Beaepusist Mocksa. 1928. 22 Hosi6. Ne 271.
C.3.

7 Kawmenes C. Hosie MeTozbl pabotsl // M3sectrst. 1929. 11 okt. Ne 235. C. 4.
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MOCTOSIHHO YITyd4IIanach, COCTOSUIOCH 11 yCIemHbIX 3a1mycKOB pajiio30H/0B, CIIyJalich
u Heynauu. B saBape 1931 1., B mepuox MOMSpHON HOYHM, ObLTa OPraHM30BaHA IYKCIICH-
us B ceno [lomspHoe B paiione Mypmancka, tae 12—16 sHBapst OBLTH OCYIIECTBICHBI
MIepBBIC 3aITyCKH PaIMO30HIOB B ApKTHKE. B HeO0 nognsmmch neBath npubopos. Padory
HEOOIBIIION IKCIIEAUITHOHHON TpyITel Bo3raBmil [1.A. MomdaHoB.

Paano30H1bI IPUMEHSUINCH JUIS UCCIIEIOBAHMUS BEPXHUX CIIOEB aTMOC(EPHI B X0/1€
cocrosiBerocs jerom 1931 r. monera qupmkadns «I'pad Lennenma». CocTosmuck
3aIyCKH MPUOOPOB ABYX THUIIOB. B onmHOo# u3 myOnmkarmii [1.A. Moa49aHOB MOSICHSI:
«ITepBbIii M3 HUX OBLT MHOO TIpeyiokeH B 1917 . ¥ MPHUHAT IS MOJAPHOTO TOJIETa
LETINEeINHA elle Ha MEeXIyHapOJHOM KOHTpecce moj npeacenarensctsom @. Hancena
B Jlenunrpazne B 1928 r.; mpubop ObLT mocTpoeH GupMoit “AckaHus’”’, mIpUYEM JETaIH
KOHCTPYKIHHU pa3padorai a-p XeKK Mo pykoBoacTBoM mpod. Baiikmana. Bropoii mpu-
60p, HECKOIBKO OoJiee MPOCTOH KOHCTPYKIMH, IIOCTPOEH B A3POJIOTHIEcKOl 00cepBaTo-
pun B Cayuke u mpuMeHsercs Hamu yxe ¢ 1930 oy [13, c. 222-223]. B Apkruke ¢ 1u-
prKalIIsl BBIMYIIEHO OBUIO YETHIPE PAIMO30HIA, U3 KOTOPBIX TPU HEMEIKHX (C 9aCOBBIM
MEXaHN3MOM ), OIMH — COBETCKHH (TpedeHuaTsiii). Bce oHn nanu ynoBieTBOpUTEIbHBIE
Pe3yJIbTaTHI, T. €. NePEAATN PaUnOCUTHAIIBI O COCTOSIHUN TEMIIEPATyPbl, MAKCUMAaJIbHAS
BBICOTA MopbeMa coctaBmia okosto 17 kM. Ho I1.A. MonyaHOB OTMEYas CIIOKHOCTH
IIpHeMa CUTHAJIOB, HEYAOBIETBOPUTEIBLHOE COCTOSIHNE 000JI0YEK; Hall YCTPaHCHUEM
9TUX HEIOCTAaTKOB BENHCH pabOTHI B mocienyroomue rogsl [14, c. 29]. YenemHoe mpu-
MEHEHHUE PAJNO030H/I0B TIO3BOJISUIO BIUIOTHYIO MPUCTYIHUTDH K 3aBEPIICHHUIO pa3pabOTKU
koHCTpyKIn AMC — Gosiee CII0KHOTO YCTPOUCTBA, IEHCTBHE KOTOPOTO OCHOBBIBAJIOCH
Ha TOM K€ NPHUHIHIIC.

Bo 2-it monmosure centsiops 1931 r. B UHCcOpyke cocrosmack 2-s1 ceccust Mexmy-
HapOTHOH KoMuccHU 1o Tposenernto 2-ro MIIIT. 3nech mogHUMAIICS BOIPOC O BO3MOXK-
HocTtr npumenennss AMC B nipencrosimeM IlomsipaoM roxy. C OKIagoM BRICTYIHIT TPOd.
JI. BeifikmaH, KOTOpPBII OTMETHII, 9TO MOA00HKBIe cTaHmmu paszpadareBatoTcss B CCCP
npod. I1.A. Mor4aHOBBIM IS TIONISIPHBIX U TOPHBIX YCIIOBHUH, a Takxke B [ epMaHuy — Juis
MOPCKHUX HaOmoneHwii [8, c. 48—49].

OTMeTHM, 9TO B TOM ke ceHTs0pe 1931 I. coBeTckme Ta3eTsl coOOIay O ITaHe
MPOBEACHUS «apKTUUECKOH sKcrieanimuy Oe3 sonei». Mues mpopabareiBanack Bo Beeco-
103HOM apkTrdeckoM nHcTuTyTe (BAU, Tak mveHoBascs ¢ 1930 . UTHCTUTYT 1O H3y4YeHHIO
Cesepa). [Ipennonaranocs, 4To OyAeT MOCTPOSH HEOONBIIO KpEenKuii 60T, Ha KOTOPOM
YKPEIISIT HECKOJIBKO YCOBEPIIEHCTBOBAHHBIX TPHO0poB cucteMsl mpod. IT.A. MomuanoBa
M OTIIPABAT B CBOOOJIHOE IIaBaHUE B OJHOM M3 paiioHOB bepuHrosa mponmBa ¢ TakuM
pacueToM, 4TOOBI OH ABHUTAJICS C 3alafa Ha BOCTOK. MeTeoponornieckue npuoopsl, ycra-
HOBJICHHBIE Ha 0OTE, JOJDKHBI OyIyT B TEUCHHE T0j[a aBTOMATHYECKU PErHCTPHUPOBAaTh
HAaIpaBJIeHHE M CKOPOCTh BETPA, JABJICHNWE BO3AyXa U T. . [1oapoOHbIH IIaH dKCIeu-
LUK [IPEACTOSII0 BhIpaboTath K BecHe 1932 1.* Dra mHdopmarus Obuia OmyOIMKOBaHA
u B xkypraie ['TO. B mnanax skcneauuuit BAU Ha 1931-1932 rr. cBefeHust 0 JaHHOM
MPOEKTE HANTH HE yanock. B aTux coolImeHusx npeccsl oTpasmiachk HH(GOpPMAIHS O To-
JIOBOM CaMOIIHCIIE — €IIIe OJHOM YCTpoicTBe, Hal KoTopbiM [1.A. MomuaHoB paboran
napasiensHo ¢ cozganneM AMC.

8 Beuepnsit Mocksa. 1931. 14 cent. Ne 219. C. 1; Ussecrust. 1931. 15 cent. Ne 255. C. 1.

®  Mereoponoruyeckuii BectHuK. 1931. Ne 9-12. C. 141.
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AMC B mu1aHax Ha 2-10 MATHIETKY

B 1932 r. mpu mumanupoBanuu pabotrst BAU Ha 2-10 matmetky (1933-1937 rr)
B PaMKaxX MEKIyHAPOIHOTO COTPYAHMUYECTBA MIPELyCMaTPUBAIACh OPTaHU3aLUs «aBTOMa-
TUYECKOW TOJSIPHON IKCTICAUIINY [T n3ydeHus L{eHTpanpHOTO ApKTHYecKoro Gacceii-
Ha». [IpoekT ObIT MacITaOHBIM M BKIIIOYAN B CE0ST SKCIIEANINIO K TOJIFOCY Ha JISIOKOJIE
«Kpacun» ¢ 1Bymst camoneraMu Ha 60pTY, SKCIIEANINIO Yepe3 TOJ0C Ha ANprxKadie, BO
BpEMs1 KOTOPOH OPraHM30BBIBAIUCH OBl «0CO0ast MAapTHs Ha IUIABy4YeM JIbIY» Ha TOA JUIs
BBITIOJTHEHNUS] BCECTOPOHHUX MCCIICOBAHUM, a TAKXKE MApTH «0e3 ydacThs JIIoAei», «cHa-
PSDKEHHAS CHeLMaTbHBIMU HHCTPYMEHTAMH, B 0OCOOCHHOCTH pasrio30HAaMu»'’. 3neck pedb
yKe IIIa He TOIBKO 0 TomoBoM camomnwcie: nperidyromas AMC B Ilomsaprom Gacceiine
YIOMHHAJAach B JOKyMEHTaxX IuIaHoBoro otaena BAW. Hauamo paGoTsl cTaHmmii (MX KO-
JMYECTBO HE YKa3bIBAIOCH) HaMeuaiaoch Ha 1933 1., mpogomkurebHOCTh — 10 1935 't
Kak n3BecTHO, HM OfIHA U3 THUX MJIEH peann3oBaHa He Oblia.

CocrapieHne IUIAaHOB Ha 2-10 TMATHIETKY B pa3HbIX yupexaeHusx Coserckoro Corosa
Havgasoch B anpene 1932 r. mocne Beixona nmoctanoBinernss CHK CCCP or 25 mapra 06
OpraHu3alyy JaHHbIX paboT. B BAU npeasnokeHns roTOBUINCH B MOZIPA3ICICHHUSAX U 3aTEM
00Cy>X/1annch U yTOYHSUINCH Ha 3aceqaHusx [Ipe3namyma YdeHoro coBera IMof Ipesce-
marenscTBoM aupekropa BAU O.1O. Hmunra. CoxpaHUBIIHECS TOKYMEHTBI TIO3BOJISIOT
TIOHSTh, KAKO€ MECTO ITPHU TUIAHUPOBAHUN OyIyIINX HCCICAOBAHMNA APKTHKH OTBOAWIOCH
AMC, KOHCTpPYKIHS KOTOPOH elre co3aaBanack. Ha 3acemannu 18 mast yTBepIuiu 101mo-
HEHUS K NIepBOHAYAIBHOMY IUIaHy. B 1oKyMeHTe yKa3bIBaJIoCh Ha HEOOXOIUMOCTD «IIpE-
YCMOTPETh OPraHHU3AIMI0» ABTOMATHIECKUX Apei]yomuX CTaHINH, a TAKKe Opydanoch
B.IO. Buse, 3amecTutento TMpeKTopa, COCTABUTD IIJIaH PAOOTHI TOMSPHBIX CTAHIUN; PYKO-
BOZICTBO PabOTaMH IO MOATOTOBKE OOIIETO JOKYMEHTA BO3JIOXKMIN Ha JIPYTOro 3aMeCTHTE-
ast — P.JI. CamoiinoBuua, a ero «MOHTUPOBKY» — Ha yueHoro cekperapsi H.®. [Torosa'?,

B.}O. Bu3e B OATOTOBICHHOM UM JIOKyMEHTE HE TOJIBKO 3aTPOHYI BOIPOC Pa3BUTHS
CeTH TOJISIPHBIX CTAHIMH, HO M MOAPOOHO M3JIOKHI MPOEKT «CTAMMOHAPHOTO M3YyUCHHS
omspuoro G6acceitnay. O Hameuan nBa myTH: 1) ycrpoiictBo AMC «Ha TpUHIATIE,
npemioxkenHoM 1pod. IT.A. MomdaHoBBIMY»; 2) OpPraHM3anUIO TPU TTOMOIIN MOIIHOTO
TUpIOKadms nperdyromeit ctannny Ha npaax. Kanennapueiii mian co3nanus AMC BbI-
IsIIen cremyronmM oopazom: 1) 1933 . — paspaboTka mpoekTa 1 onbITH B JIeHHHTpase;
2) 1934 1. — ycTaHOBKA DKCTIEPUMEHTATBHON «HETTOABIDKHOM cTaHIIMM» Ha HoBoit 3emie
i Ha 3emite @panna-Nocuda; 3) 1935 . — ycTpoiicTBO «OMBITHOI apeiidyromeii aBTo-
MaTHYECKOM CTaHITUH U IyCK ee Ha ceBepe Kapckoro mMopsi»; 4) 1936 1. — opranu3arus
Takoi ke, kak B 1935 ., AMC k ceBepy or HoBocubupckux octpoBos; 5) 1937 r. — pas-
Memienue npetdyromeir AMC B nenTpanpHO# yactu [lomsapaoro Gacceiina. peidyro-
masi CTaHIMsL, «0OCITy>KUBaeMas JTFOAbMHIY, JOJDKHA ObllIa OpPraHN30BBIBATHCS] HECKOIBKO
MO3/IHEE U COOTHOCHUTBCS € TUIAHOM JUpHKaOIecTpoeH s .

Ha 3acenanun 23 nioHst 00CyX/ajicsi «CMOHTHPOBAHHBIN» YUEHBIM CEKpeTapeM
«Upe3BbYAHO KOHKPETHO, JIETAJIbHO W B OYEHb SICHOW M yno0o3pumoii popme» miaH,
B HEr0 BHOCHIIMCH yTOuHEeHHs. HekoTopsie monpaBkn Obutn cBsizaHbl ¢ OymynmM AMC.

10 IIFAHT/, CII16. @. P-369. Om. 1-1. 1. 80. JI. 145.
" Tam xe. II. 65. JI. 1

12 Tam xe. 1. 68. JI. 49, 50.

13 Tawm xe. 1. 80. JI. 84, 85.
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Tak, «reHepanpHas dxcrienuiys B LleHTpaapHbIN MONspHBI OacceiiH Ha tenokoie “Kpa-
CHH”» OblJIa YTBEpP)KICHA K MPOBEICHHIO «3a CUET CHEUUAIBLHOTO ACCUTHOBAHUS MIPABH-
TENBCTBA», C TUM NIPEIIIOKECHHEM HEOOXOIMMO ObIIIO 00PaTUTHCS K PYKOBOACTBY CTPaHBI
HoCJIe OKOHYaHMS peiica Je10KoIbHOro napoxosa «A. Cubupskosy». KannuraaosiaoxeHns mo
crarbe aBromMariyeckux crannuii (300 toic. py0.) crnenosano nepenectu ¢ 1933 wa 1935

3 urons cocTosiiack ceccusi YueHoro copeta BAU ¢ yuactuem npencraButeneit
Pa3HBIX YUpExKICHUH, 3aHUMAIOIINXCSI NCCIeOBAaHUAME 1 paboramu B Apkrrke. Obmee
o0cyskaeHre ObIIIO HANIPABIEHO HA «YBSI3KY» IUIAHOB OPTaHM3ALUM M BBIPAOOTKY 00IIe-
TO HarpaBJICHUs N3yYeHUs MOJIIPHOTO PETHOHA BO 2-U mATHIETKE. B cBOoeM nokiane
o wrane BAU PJI. CamoitnoBru pacckaszail 0 MHOTHX HCCIICIOBAaHUAX U 3a/1adaX, KOTO-
pBI€ KacaroTcsl apKTHUECKUX «1penesioB Hamero Coro3a», BKpaTIieé OCTaHOBHIICS U Ha
«OOJBIION KOMIUTIEKCHOH dKcTIeAuIim» B [1oMsApHbIA 6acceifH Ha JIEOKOJIe ¢ CaMOJIeTaMH,
YIOMSIHYJI O TPAaHCAPKTHYECKOM IIE€pelieTe U 00 aBTOMAaTHMYECKUX CTaHIMAX, KOTOpbIE
«TIPH TTOMOIIM OCOOBIX PErMCTPUPYIOIINX aANIapaToBy OyayT CIOCOOHBI OCYIIECTBHUTH
METeopoJIorHyecKre HadmoieHus B ieHTpe Apkruku'”. O BHuManuu K Oynymmm AMC
B [ MIpOMETEOpOIOTHUECKOM HHCTHTYTE YIIOMSHYJ B CBOEM BBICTYIICHHH W €TO TPE-
crasurenb A.B. Cokoios.

B omry6nukoBaHHOM B ToM ke 1932 1. kaure, mocBsmeHHo# 2-my MIIT, 3amectutens
mupekropa BAU B.1O. Buze nican 06 AMC, HO Tipu 3ToM paccykaanx 00 000pyIoBaHUI
CTaHIMM APYTUM THNOM rnepenatunka: «[lo-Bunumomy, Ha BeiBuHYTOM I1.A. MomuaHo-
BBIM IIPUHIMIIE B OyIyIIeM MpPEACTaBUTCS BO3MOKHOCTh YCTpauBaTh aBTOMAaTH4ECKHE
CTaHIMHU ¥ Ha Jpaax IlonspHoro GacceliHa, Kyaa CTAaHIMK MOXKHO OyIeT 3aBO3UTH Ha
caMolleTax Win JUpWKaoiax. B ornmume ot panno3oHaa U ropHOH cTaHIMU (IEHCTBO-
BaJIM Ha KOPOTKUX BOJHAX. — AGm.), aBTOMaTHUeCcKasi CTAaHIMS Ha ApeH(yIOmuX JbIax
JOIDKHA OyZIeT UMETh [UIMHHOBOJIHOBYIO Pa/InOYCTaHOBKY, TaK KaK PaJHOINEICHIOBAaHNE
Ha KOPOTKMX BOJHAX HEBO3MOXKHO. [IefeHroBaHue e aBTOMATHYECKOW CTAHIINH, HAXO-
JIIecss Ha ABMKYIIUXCS JIbJjax, HEOOXOANMO ISl OTIPEEICHUSI €€ MECTOIOIOXKEHUS,
100 HAONIONCHMS, TPON3BEACHHBIC B HEM3BECTHOM MECTE, IIEHBI He MMeroT. CHaOKeHMe
ABTOMATHUYECKOW CTAaHIIMH JUTMHHOBOJIHOBOH Pal0yCTaHOBKOH, KOHEUYHO, BECHMa OCIIOXK-
HSET BOMPOC YCTPOMCTBA TAKOW CTAHIMH, HO 3Ta 3a/1a4a He SBISIETCS Hepa3pemumMoin» [ 15,
c. 52]. B nenom B kamre 00 AMC, Kak 0 pagHo30HIaX, CKa3aHO HEMHOTO; OCHOBHOE
BHUMaHHE YIEISIETCSl Pa3BEPTHIBAHHUIO CETH IMOJSIPHBIX CTAHLNH, KOTOPBIE HEOOXOANMBI
JUISL Pa3BUTHSI apKTUIECKOTO MOpEIUIaBaHus, BO3IYIIHBIX Tpacc (IIOJIETOB Ha caMmoJeTax
U TUPHKAOISIX), TPAHCAPKTHUECKHX MEPETIETOB, & TAKKE JIOJDKHBI CTAaTh OIMOPHBIMH ITyHK-
TaMH OCBOEHHMS U KyJIBTYPHBIMH LIEHTPAMHU APKTHKH.

IlepBbie AMC cuctembl Mo1yaHoBa

Cosnanue nepsbix 00pa3ioB AMC otHocutes k 1933 . VX ucnbITaHus IPOXOIUIN
no nporpamMMam 2-ro MIII" B 1933-1934 rr. B neuaru nnanst Ha 1933 1. B oTHOLIEHUH
CTaHIMI 03BYYMBAIIMCh BECbMa ONTUMUCTHYHO: «B 3TOM rofy mogoOHOro posia aBToMa-
THUYECKUE METEOCTaHIIUK Oy/lyT UCIIBITaHbL: ofHa — Ha [lamupe, npyras — Ha Dnbopyce
U TpeThsi — Ha 3emiic uM. Buse (umeetcs B Buay o. Buse B Kapckom mope. — Asm.).
MexaHn3M 3THX BO3AYIIHBIX CTAaHIWH paccCYMTaH TaK, YTO JAMIIbl pajroIeperaTyiKa
ABTOMATHYECKH CMEHSIT JIPYT JIpyra, Korja Kakas-HHOy/Ib BBIIIET U3 cTposi. MexaHu3M He

4 MLTAHTHO CII6. ®. P-369. Om. 1-1. 1T, 68. JI. 66 06., 67.
15 Tam xe. JI. 75 06.-76.
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Puc. 2. Cneunamuctet BAU npurnmaror sx3emmisip AMC st Apkrukn B Mactepckoir HUAU.
®doto A.S. Cokkd. U3 xyprana «PagnodponT», 1933 1., Ne 11

Fig. 2. Scientists of the Arctic Institute receive a copy of the AMS for the Arctic in the workshop of
the Scientific Research Aero Institute. Photo by A.J. Sekke. “Radiofront”, 1933, No. 11

Oountcs xonona. EnuHCTBEeHHOE cl1aboe MecTo — HpOoIeIep, KOTOPbIH MOXKET OJICHCHETb.
N3o6perarenbekas MBICHb IIPOSBHIIA OONBIIYIO0 CMETIOCTh: LIap PeLIeHO CAENaTh 3psuuM!
[lap nomkeH BUIETh M BUACHHOE TepenaBath Ha 6a3y. @antazus? OtHionp Het. U npod.
MoigaHOB coO0IIaeT, 4TO aBTOMaTHYecKask CTaHIUS, CHa0XKEeHHask (JOTORIEMEHTOM, TOUHO
JIacT 3HaTh, KOT/a map OyaeT Hajx OeIbIMH JIbIaMU MM TEMHOI BOmoi!»'e.

JKypnanuct, BeposiTHO, TOOBIBAJI Ha BeceHHeH ceccun Ydenoro copeta BAU, rie 20 mas
¢ OOJIBIINM JIOKJIJIOM 00 a3pOJIOTMYECKUX HMCCIISIOBAHUSIX B APKTHKE BBICTYHAI MPOQ.
IT.A. MoxyanoB. B cBoem coobmiennn o pacckaszan 00 AMC ynporenHoro tumna Jyis [la-
MHpa U, BO3MOXKHO, 711 0. Buse, a Taxoke 0 mponomkeHnn padot o 6onee ciokabiM AMC
(KoTOpBIE CMOTYT COOMpPATh JIAHHBIE CIIIE U O JABJICHNH, BIQXKHOCTH, BUIMMOCTH paiiona). O
MIEPEUUCITIIT CIIOKHOCTH, C KOTOPBIMHU CTOJKHYJINCH YU€HbIE PH cO37aHu nepBeix AMC:
TIOJTyYeHHE SHEPruH, 00eCIIeYeHHe J0IT0ro BpeMeH! padoThl, IpefoTBpalieHne ooeneHe-
HUS TIpOIIeIUIepa, Mepeaya CUrHaIOB CTAHIMEeH 1 IIPUEM CHTHAJIOB OT Hee, NeJICHIOBaHUe
AMC. Y4eHbIil KOHCTaTHPOBAJI, YTO YK€ €CTh JICTAIbHBIC YEPTEKH YCTPOHCTBA, HAIICHBI
IYTH PELIeHNs] MHOTHX BOIIPOCOB, HO, KOHEYHO, HeoOxoumMa Oyrner nopabotka AMC mociie
W3TOTOBJICHUS U ONBITHOH PabOThI IIEPBBIX 00Pa3LOB. B MpeHusIX oH Takke yHOMSIHYI, 4TO
CPEACTB Ha Pa3pabOTKy CTAHIMH HE ObLIO; MMEIOCh MPEUIOKEHHE 0T MeXTyHapOIHOTO
komuteTa 2-ro MIII" o BbIIeeHHH (DMHAHCHPOBAHUS, HO MOYYHUTh €r0 0Ka3ajoCh HEBO3-
Mok, Teomor H.H. YpBanrties 3arporys Borpoc o 3anmre AMC ot Genbix MemBesie,
KOTOpbIE CIIOCOOHBI MOBPeAUTh CTAHIMIO. I1.A. Mo4aHOB BBIHYX/IEH OBbUI COIIACUTHCS
C TeM, YTO 3Ta MpobIiema erie JKAET CBOETo pa3pereHus. B ntorosom ciose aupexrop BAU

16

3. ®. 3onaupyem Apkruky // Beuepusist Mocksa. 1933. 31 mas. Ne 123. C. 3.
7 TI'AHT/ CTI6. @. P-369. Om. 1-1. [I. 86. JI. 180 06.—181, 184.
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P.JI. CamoiinoBiy MOqYepKHYIT BaXKHOCTE pa3paboTku KoHCTpyKImu AMC it ApKTHKH
1 TIPEATIOKIII BEIHECTH TTOCTAHOBJICHHE O BBIAEICHUN HEOOXOANMBIX aCCHUTHOBAHHMH JUIS
«OCTPOMKHM TaKOM CTaHLMHU K Oyrnyiemy roay»'®. Ha mpakTuke 910 HOIy4mIoch ObICTpee.

JBa onbITHEIX dK3eMIuisipa AMC U3roToBIIN B MacTepckoit HaydHo-mccienoBares-
ckoro aspo-unctutyTa (HUAN) B Jlennnrpazne yxe BecHo# — netoMm 1933 r: omue — st
[Mamupa, BrOpoit — st Apkruku'®. Macrepckasi HHCTUTYTa OblLila BRIOpaHa HECTy4alHo:
[MTaBen AnexcanapoBud padoran B HUAUW 1o coBMECTUTEIHCTBY C MOMEHTA €TO CO3/IaHHS
B 1930 r. Ha puc. 2 nokazaHo, Kak CTaHIMIO IPUHUMAIOT crienuannctel BAU.

HcnbiTanus onbIiTHOI AMC Ha Ilamupe B 1933-1934 1.

Kpome 0CHOBHBIX paboT B COBETCKOM CEKTOpe APKTHKH, mporpamma 2-ro MIIT
Ipe/lycMaTprBalla HCCIIeIOBaHUE «OEIIbIX MATEH» BEICOKOTOPHBIX OJICJICHEHUH, HAXOIUB-
HIMXCA JAaJIeKo OT apKkTUueckux paioHoB. B CoBerckom Coro3e kK HUIM OTHOCHIIM JIEHUKU
[Mamupa, Tsaup-11lans, KaBkasza, CeBeproro Ypana u Anras. Bo Bce 3Tu 001acTu Takxke
pemrwi oTnpaBuTh dKcreauiuu 2-ro MIII. Jlist Hac MHTEpec MpencTaBIsIOT paboThI
Ha [Tamupe, T. k. UMeHHO Tam ucnbiThiBaiack AMC. HccnenoBanus no nporpamme 2-ro
MIII" BBIMONHSUTUCH B paMKaX TapKUKCKOW KOMITICKCHOM SKCIESIUINU (HA9aTbHUK — H3-
BECTHBIN YYCHBIH U roCylIapcTBEHHbBIN nestens Hukomnaii [TerpoBuy ['opOyHOB), OCHOB-
HOH 3a/1a4ell KOTOPOH SIBIISUIOCH M3YYEHHUE MPUPOIHBIX OOrarcTB M MPOU3BOJUTEIBLHBIX
cun Tamxukucrana. B 1932 . oTpsbl 9KCTIEUITMH BEJIU TE€OJIOTHUECKUE UCCIIEA0BAHUS,
HaOJIIONICHNS! 110 VISIIMOJIOTUH, THIIPOJIOTHU U MeTeoposiornn Ha [lamupe, ocHoBanu He-
CKOJIBKO BBICOKOTOPHBIX METEOPOJIOTMYECKUX CTAHIIMH, a TaKke TUAPO-IIALHOMETEO-
posoruyeckyro odceppatopuro Ha JienHuke demyenko Ha Bbicote 4300 M HaJ YypOBHEM
Mops (BbIcouaiimyto B mupe). Ee co3nanue cTano 3HAYMMBIM MEPONPUSATHEM IKCIIEIU-
un. Pabots! o miany 2-ro MIIT npogosmkunuck B 1933 1. v ObUIH MIUpE, B YACTHOCTH,
mpeaycMaTpuBaliach YCTAaHOBKA Ha repeBajic xpeoTa Akanemun Hayk AMC, «KOTOpbIe
JononHsun Okl HaOmroneHust oocepBaropumny». [IpaBurensctBo CCCP (opranuzaropom
sxcnenuuuu apisuics CHK CCCP) nopydnso sKCreuuy COBEpUIMTh BOCXOXK/ICHHE HA
ik CTajnHa U «yCTaHOBHUTH 3TH MPHOOPHI Ha BO3MOXKHO O0JblIel BbicoTe» [16, c. 14].

B koHIie aBrycra — Havayie ceHTs0pst 1933 . oTpsii SKCISUITUH, B COCTaBE KOTOPOTO
OblIa rpymnma alslMHACTOB, 1ox pykoBogcTBoM H.IT. [opOyHOBa B CIIOXKHEHIIINX YCIOBUSIX
COBEPIIMIJI BOCXOXKJICHHE U 3 CeHTIOps mokopri nuk (7495 m). Ilepen stum (30 aBrycra)
Ha IUIOIIAJIKe, T1e ObLI pa3OUT Jlarepb, Y4aCTHHKU OTPsZa YCTaHOBHJIM aBTOMAaTHYECKYIO
paaromereocTaHImo. Bo Bpems cirycka 7 ceHTsI0pst ObUIO HAMIEHO MOIXO/SIIee MECTO IS
MOCTaHOBKH JIPYTOro aBTOMaTH4ecKoro rnproopa koHeTpykiuu [1.A. MomyaHnoBa — rogoBoro
camonucna. /lpamarnueckue mogpoOHOCTH BOCXOXK/ICHHSI ObUTH ONMCAHbI KOPPECTIOHAECHTOM
M./1. PommoMm, Takke IPUHUMABIIMM y4acTue B noabeme [ 17]. B meuaru o mokopeHun Bep-
IIMHBI cOO0IAIOCH ciemytomuM obpasoM: «Ha mmst Komurera Broporo MexyHapoaHOTO
nonspHoro roga u I'mapoxkomurera nomyyena Tenerpamma: “‘Ha nuke Cranuza ycraHOBIe-
Ha aBTOMarH4eckas METeOPOJIOrHUeCKasi CTaHIMsI CUCTEMbI Ipod. MoryaHoBa Ha BBICOTE
6.850 METpOB M CIIOXKHBIH TOJI0BOW cCaMONHMIIYIINH Mpubop Ha BbicoTe 5.600 MeTpoB. [opOy-
HOB”. DTO BBICOYANIIIAs U TIEPBAsi B MUPE aBTOMATHUYCCKAs METCOPOIOTHUECKAs CTAHIHAN ™.

'8 NTIAHT/ CII6. @. P-369. Om. 1-1. [1. 86. JI. 184 00.
19 Coserckas aBromarnueckast paguocrannus // Pagunodpont. 1933. Ne 11. C. 11.

20 Beuepnsis Mocksa. 1933. 17 cenr. Ne 214. C. 1.
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B oruere o paborax Tamkuko-IlamMupckoii 3KkCeUIUN OTMEYaIOCh, YTO YCTAHOB-
Ka IpuOOpPOB MO3BOJIMIIA CO3/1aTh «TYCTYIO, XOTSI ObI 1 BPEMEHHYIO CETh HaONIOIEeHUH
C JIBYyMsI ITIOCTOSTHHO paOOTAIOIMMH CTAaHIMAMI» M OJHOH «aBTOMATHUYECKOW CTAaHIHEH
W CaMOIIHCIIEM», UTO SBIBIIOCH «IEPBBIMU B MUpe paboTaMu Takoro poma» [16, c. 412].
Cremyer OTMETHTB, YTO B JINTEPAType YCTaHOBKA 3TUX IprOopoB Ha [lamupe ommbouHO
TPaKTyeTcsl Kak MOCTAHOBKA JIBYX aBTOMAaTHYECKUX paguomereocTanuuii [12, c. 104; 17,
c. 19]. Ha camom pmene 3mech M B APKTHKE, KaK 3TO OyJeT TOKa3aHO HIDKE, YCTAaHOBUIIN
1o oxHOMY 3K3eMIursipy AMC u rofoBoro caMmomnucua.

Caenenus o pesynsrarax pabotst AMC B ynomsiHyTOM oTdete 0 Tamkuko-Ilamupcekoit
SKCTISUIINN He TIPUBOAATCA. U, 1o Beelt BUAMMOCTH, OHa Tipopaborana Hemonro. [1.A. Mor-
YaHOB Ha ceccuu Y4eHoro coBeta BAU 23 nexabpst 1933 . yka3sIBall, YTO CTAHIIUS «HMeIa
PSLI HENOCTATKOBY, HO IICPBBIH OIBIT M3TOTOBJICHUS» OBLT «BIIOIHE ONpaBIaH»?'.

B 1934 1. 8 TamkukucTal OTIPaBIIIA HOBYO dKcrenuiuio. OOUH U3 ee OTPSIOB
(maganpHUK — ampnuHACT A.D. Tethe, pagnonmkerep B.I. Macmaes u ap.) coBepmut
BOCXOXJIeHHE Ha MUK CTalnHa — MPECTOsI0 3aMEHNTh IPHOOPHI TIEPBOH METEOCTAHIINH
1 Ha OJTHOH M3 BEPIINH YCTaHOBUTH HOBYI0 AMC, KoTopast «OyieT He TOJIBKO 3aIlliChIBaTh
arMoc(epHbIe SBICHNS, HO U “paccKa3blBaTh O IMOTofe” IO PAANO TIPH ITOMOIIHN 0COOBIX
cUrHAJIOB»*. B raserax coo0IIanoch O BBIIOJIHEHUH 3a1a4n: «Hamm prok3aku moMumMo
QJIBIIMHUCTCKOTO CHAPSDKEHUS M 3araca IMPOBUAHTA COAEPIKalld B ce0e M 4acTH aBTOMa-
THYECKUX MeTeocTaHIMi. C TsDKEIOH MoKIIaXkel 3a riedaMy Mbl B30UPAINCH 10 KPYThIM
1 CKOJIB3KUM CKJIOHaM. <...> [IpoOuBIINCch uyepe3 cHer n OypaHbl, Mbl YCTaHOBHIIM PAIHO-
CTaHIIMU OJHY Ha 3aalaiickoM Xpe0Te Ha CKaIMCTOH BepInHEe BBICOTOH B 5.300 MeTpOB,
JPYTyI0 — Ha BEpXOBBsIX JieHNKa DeadeHko Ha BepinHe JlepBa3ckoro xpedra BHICOTON
B 5.200 meTpoB. CTaHIINH BKIIOYCHHI B paboTy. LleHTpaIbHBIIl METKOMHUTET TEEeph eXe-
JIHEBHO IOJTy4YaeT CBOAKHM O rorojie ¢ BepinH [lamupar®.

[To-BuauMOMY, KOPPECTIOHAEHTHI MT0-CBOEMY HHTEPIPETUPOBAIN U3BECTHSI 00 aBTO-
MaTHYECKUX METEOCTAHIMAX. MOXKHO MPEAIONIOKHUTE, YTO pedb IlIa 00 00CTyKMBaHUN
TOJIOBOTO CaMONKCILAa U PEMOHTE aBTOMATHUYECKOH paJOMETCTaHIINH, yCTAHOBIEHHBIX
B 1933 r, Takke BBIIONHSIACH UX HepeycTaHoBKa. I1.A. MonuaHoB B OHOM U3 cTarei
yKa3bIBaj, 4To B ropax AMC mpunuiock pa3zo0pars, a «ocie cOOpKH B MOXOJHBIX YC-
JIOBUSIX OHA OTKazanach paborare»’. Tom «TpymoB» skcreauimu 3a 1934 r. moBecTBy-
€T, TNIaBHBIM 00pa30M, O T€0JOTHYECKUX M3BICKaHHAX, O paboTe BBICOKOTOPHOTO OTpsizia
B KHHUTE He yrmomuHaetcs [18].

OnbiTHas padora AMC B Byxrte Tuxoii B 1933-1934 rr.

Cyanba AMC, kotopyro oTnpaBwin B obcepBaroputo byxra Tuxas Ha o. ['yke-
pa (3emus @panna-Mocuda), Toxxe 6bpu1a Henpoctoit. B 1933-1934 rr. 3meck paboTana
IsITasi CMEHa 3MMOBILUKOB MOJ1 pPyKoBoZIcTBOM AHTOHa HaymoBnua MotreHko. [TonsipHu-
KM | TPY3bl IPHOBUIN K MECTY 3UMOBKH B CeHTsI0pe 1933 I. Ha JIeOKOIBHOM Mapoxoje
«Taiimbipy. YctanoButh AMC u rogoBoii camornucel] cucteMbl Mo4yaHOBa, OLICHUTh

21 TI'AHTA CII6. ®. P-369. Om. 1-1. /1. 87. JI. 94.

22 «Paccka3 o moroze» ¢ nuka Cranuna // Beuepusist Mocksa. 1934. 21 mast. Ne 115. C. 3; I3 Mockssl

BBIE3)KACT BBICOKOrOpHBbIi oTpsin Tamkuko-Ilamupcekoit sxcneaumu // zsectust. 1934. 27 urons.
Ne 173. C. 4.

23

HItypm kpsiu mupa // Beuepusist Mocksa. 1934. 15 nos6. Ne 262. C. 2.

2% Apromaruyeckue MeTcraHuuu. Mereoponorndeckuii BectHuk. 1935, Ne 3-4. C. 77.
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MEPBBIN ONMBIT PAOOTHI YCTPONUCTB B APKTHKE MPEACTOSUIO cTapuieMy asponory Ceprero
Nneray CokxonoBy u asponory B.K. Yammny. B xapakrepuctuke C.1. CokonoBa yka-
3BIBAJIOCH, YTO OH, BEICOKOKBAJIU(UIMPOBAHHBIN CHEIHUAINCT U «OAWH M3 ONVDKaNIINX
MTOMOIIIHUKOB TIpod. MoadaHOBa», MPOSBUI «UCKIIOYUTEIBHOE YIIOPCTBO» M «CYMEI
NEPEBBIOHATE 3aJlaHusl 110 paboTaM, BIICPBBIC IIPOBOIMMBIM B YCIOBHAX APKTHUKH».
[ap-nunoTHBIe HAOTIONEHUS U 3aIyCKH Pagro30HIOB (41 BBITycK) B THXO# MIMPOKO
MIPOBOAMINCEH B mpensiaynryto cMeHy 1932-1933 rr. C.11. CokolloB CO CBOMM ITOMOIITHH-
KOM BHITyCcTIiH 48 paano3oHa0B (U3 50 1mo miany), a Takke ocymecTBia 303 3amycka
MIapOB-MMIOTOB (B T. 4. 112 B TeueHue MONAPHOM HOUM)?.

3MMOBKa OKa3ajach CIOXKHOW. BaxTa Hadanach ¢ 31UIEMHUHN TPUIIIA, TIPH 3TOM CO-
cTostHue Bcex 00mbHBIX (13 uenoBek u3 20 yJyacTHHKOB CMEHBI, B T.4. a3pOJIOTH) OBLIO
KpaifHe TSHKEJIbIM: HU OJIMH M3 HUX HE MOT CHJIETh, BCE CTPA/IaJId OT OTEKOB, OOJIM B HOTAX
M KOXKHBIX BBICBIIIAHUH, 03HO0A, YacTO JKaJIOBAINCh Ha TOJI0BHBIE Oonu. bonesHs mome-
Imana 3a00JIEBIINM BBITOIHATE CBOM O0S3aHHOCTH B TeUEHHE 2—3 MeCAIEB; K CYACTBHIO,
BCE BBDKIIIH. JINUHOCTHBIE B3aMMOOTHOIICHNUS TOXKE CKJIA/IBIBAINCH HETIPOCTO, YTO OBLIO
CBSI3aHO C JKECTKMUM CTHJIEM HadalbHHUKA 3UMOBKH A.M. MOTHEHKO, KOTOpBIN TpeOoBas
HEYKOCHHUTEIILHOTO COOJTIOZICHHSI BCEX MIPABMII PACTIOPsIIKa, OANTEIHHO OCYIIECTBISI Hap-
THitHOE pyKoBOACTBO [19, ¢. 98—101]. DTH 0OCTOATENBCTBA CKA3aIUCh M Ha pe3yIbTaTax
Hay4JHBIX HaOmonenunit. B ceoem otuere A.H. MoTHeHKo yka3bIBair: «A3poiory CoKoloBy
MPUNIIOCH HEOJHOKPATHO MOJIyYaTh TEIerpaMMbl OT mpod. MomuaHoBa ¢ yKOpamH 3a
MeJUICHHBIE TeMITbl pabO0ThI, KaK pa3 B TO BpeMs, koraa CokosIoB O0poIIcss MEXIY KHU3HBIO
u cMmepThio. [Ipy nepBoii sxe BozMoxHOCTH COKOJIOB JIMXOPAI0YHON AESTEIBHOCTHIO CyMell
CBOIO IIPOrPAaMMy HE TOJBKO BBIIOJIHUT, HO M IEPEBBINOIHUTEY? .

VYerpoiictBo ombiTHOTO 00pasma AMC cuctemsl MomdaHOBA, UCTIBITBIBABIIETOCS
B Tuxoii, nogpo6Ho onuceBanzock C.M. COKONOBBIM B OTHYETE O 3UMOBKE U B CTaThe,
olyOnuKoBaHHOH B >xypHaiie «CoBeTckast Apkruka». Cam [laBen AnexkcanapoBud roBOpuI
0 TOM, YTO 3Ta CTAHIMS, B OTINYME OT MEPBOH, MAMHUPCKOH, «ObUIa 3HAUUTENBHO Oojee
coBepieHHa»*®. CTaHIHUs COCTOsUIAa M3 TPEX YacTei: 1) OCHOBHOM OJIOK: 3JIEKTPHYECKU
TeHepaTop, NPUBOAUMBINA B AEHCTBHE HEOOIBIINM JICPEBSIHHBIM JIBYXJIOMACTHBIM MPO-
MEeJIIIEPOM, KOTOPBIH OJIHOBPEMEHHO SIBJISUICSI IIPHEMHUKOM CKOPOCTH BETPa, M JATUHK
TemIeparypsl (OMMeTaTuecKas IIACTHHA); 2) METAJUIMYECKUH SIIUK ¢ TTOMEIIEHHBIM
B HEM KOPOTKOBOJIHOBBIM JIAMIIOBBIM PaANOIIEPEaTINKOM MOITHOCTRIO | BT; 3) anTeHHo-
Ma4TOBOE YCTPOWCTBO: JABE MauThl — JEPEBSIHHBIC CTOJOBI (BBICOTON 6 M), Ha KOTOPBIX
MO/IBEIICHBI aHTEHHA M NTPOTHBOBEC. J[11s yBeIndeHus: cpoka aBTOHOMHOM padotst AMC
TOJIBKO JIBE M3 YETHIPEX Iap pagroiiaMIl MepelaTIuKa 3a1eHCTBOBAINCH OJHOBPEMEHHO.
ITpu cpenneii ckopocTu BeTpa napa paboTaroIMX JIAMIT MEHsIIaCh Yepe3 Kaskable rmoaJyaca.
OT0 HOMKHO OBLTO 00ECTIEYNTh HEMPEPHIBHOCTH PaboTHI B TeueHHe rofa. CaMu nmprOops
CTaHIIMHU OBUTH ITOMELIEHBI B KOXKYX, KOTOPOMY HPHJIAIN 00TeKaeMy1o (popMy, CIIOCOOHYIO
3aIIUTUTh MEXaHU3MbI OT IPOHUKHOBEHNUS 0caIKOB. 11033111 KOXKyXa KPEMIoch XBOCTOBOE
OTIepeHNre, yCTaHABIMBAIOIIEe CTAHIIMIO TIporeuiepoM npotuB Betpa [20, c. 31]. Cxema
ycrpoiictBa AMC B Gyxte Tuxoii mpencraBieHa Ha puc. 3. MOXHO TIPEAIONOKHUTE, YTO

% @oumst AAHWU. 1. 0-405. JI. 18.
2 Tamxe. [I. 1771. J1. 14, 18.
27 Tam xe. JI. 5.

2 MTAHT] CII6. ®. P-369. Om. 1-1. 1. 87. JI. 94.
Arctic and Antarctic Research. 2025;71(4):513-538 525



M.A. Emenuna, B.JO. 3amamun
IlepBble aBTOMATHYECKHE METEOPOJIOrMYeCKHe CTAHIUH ISl APKTHKH

AHmenua

Bnon

/ nptbonst
FPaduoncpedantiux | memeonpubopss

R |

ez}
)
"4 NN /
g & % o

R0, R TR TTRET R P

Puc. 3. Cxema AMC cucrtemsl MomuanoBa [21, ¢. 10]
Fig. 3. The scheme of the Molchanov AMS system [21, p. 10]

KOHCTPYKIMS CTAHIIUM 3aMETHO OTJIMYAJIach aHTEHHO-MA4TOBBIM ycTpoiicTBoM oT AMC
Ha [lamupe, rjae ycTaHOBUTH 6-METPOBBIE MayThl ObIIIO POOIEMATHYHO.

CKOpoCTb BeTpa U TEMIIEpaTypa BO3AyXa IS MepeJadd KOAUPOBAIUCh BPEMS-HUM-
MYJIbCHBIM METOJIOM, HallpaBJIeHHE — KOJOBO-UMITYJIbCHBIM. CTaHIMs HauMHalla paboTarh
IIPU CKOpOCTH BeTpa okoisio 7 m/c [12, c. 103—-104].

Pa6ote! o ycranoBke AMC B Tuxoit nayanu 11 nHos6ps 1933 1. [Ipu pacnakoBke
CTaHLUHU 0Ka3aJI0Ch, YTO BCE METAIIIMUYECKUE YACTH 32 BPEMsI MOPCKOTO MEePEX0a CUIBHO
OKHUCJIMJINCH, @ OIMH U3 KOHTAKTOB paclasics. 3aTeM Ipollea Mecsl, Korjaa B MepHoj
AKTUBHOH (ha3bl OOJIC3HU 3UMOBIIUKOB OOJBITMHCTBO paboOT B 00CepBaTOpUU OBLIH IIpe-
pBansl. [Tocne 15 nexkaOpst KHU3HB cTasla MPUXOAUTH B HOPMY, B TOM YHCIIE TTPOJIOIDKHUIACH
Hanagka AMC — OMUMO YMCTKHM M CMa3KH IOHAJ00MIOCH cpe3aTh BBIIAIOIINICS U3
KOpITyca M 33JIepKUBaIOIINil Bpamienue mectepenkn BUHT. 20 ynciaa AMC Obuia ycra-
HOBJICHA Ha IuIonIa ke Kpbimy qoma Ne 1 (60bIIoi KHIIOH 10M, B KOTOPOM TaK)Xe pac-
THOJIarajiiuch CTOJI0Bas (KalOT-KOMIIAHHs1) U KyXHS ). 3aTeM ellie ABa JHs YIIUIO HA HACTPOHKY
panuonepearinka, pasMecTusuierocs B jome. 22 nexabps AMC nauana padorars. Bui-
SICHUJIOCh, YTO €€ CUTHAJIbl JaKe MPU BBIKJIIOYEHUH NEpeaTuhKa CO3Jar0T MOMEXHU s
nprbopoB B paanopyoOke. Hactpoiika paauonepenarinka npoaoibKIiIach, K HeW MPUBICKIN
maraurtonora M.A. YncroBa u reopuzuka H.C. Xyruna. Oka3zanock, 4To NpruHUMaeMble
CHUTHAJIbI Hepa30OPUMBEI, II03TOMY YCTAHOBKY pa3o0paiu. OCMOTp IHOKa3all, 4TO BHYTpPb
koxyxa AMC 3a0uiicst CHeT, HeKOTOpbIe KOHTAKThl HAPYIIMINCh, HECKOJIBKO MTPOBOIHHY-
KOB HYXIQIIKCh B criaiike. Bce 3T HemoveTsl He MO3BOISUTH cTaHmu paborars”. [locie
ycrpanenus nedexkroB AMC cobpamu u ycranoswm (10 despamnst), 15 dpespans 1934 .
Havasicst npueM curnanos. C.M. CokonoB 3anucan B oTueTe: «15 MUHYT npuema aocTa-
TOYHO, YTOOBI ONPEAEIUTH CKOPOCTh BETpa M HampapieHHe ero no 16 pymdam u mosmo-
JKEHHE KOHTaKTa Temreparypbi»*’. [locienoBana TapupoBKa CTaHIUH, KOTOPYIO B MapTe
IJIaHUPOBAJIOCH TIEPEHECTH Ha IUIATO.

OpnHaxo 12 mapra (B rmacropre cTaHIMK yka3aHa gara 20 MapTa) CUTHaJ B YCJIOBUSIX
CHJIBHOTO BeTpa (25 m/c) Hadan nopasarbest HenpepbiBHO. Y AMC ckpyTwIIo criupaib
1 COPBAJIO TOPMO3a, OBbLI HOBPEXK/ICH IPOIIEIUIep, a TAKXKE 3aMKHYJIO IIPOBOAKY. CTaHIHIO

2 @onxel AAHUUN. 1. 1771. JI. 32-33.
30 Tawm xe. JI. 34.
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Puc. 4. PaGotsl o ycranoBke AMC Ha mutato 6iu3 nossipHoii ctanimu byxra Tuxas. 12 mrons 1934 .
a) ycraHoBka Onoka mereonpudopoB AMC; 6) monTax paguonepenaranka AMC. ®doto M.A. Yu-
croBa. @onael AAHWUN

Fig. 4. The installation of AMS on the plateau near the Tikhaya Bay polar station. June 12, 1934:
a) installation of the AMS weather instrument; 6) installation of the AMS radio transmitter. Photo
by M.A. Chistov. AARI Funds

CHOBA IIPUIILIOCH CHATH U Pa3o0paTh. BHYTpH Takke 0Ka3aJiCst CHET, TONAaBIIHMHI MO/ KOXKYX.
8 ampeutst ctaHIuUsl BO30OHOBMIIA Pa0dOTY, HO 3TO IPOIOIDKAIOCH HEI0IT0 — I0CIE TPexX
cepuil onATh Hadaycsl HENpepbIBHBIA curHain. B teuenne nByx mecsiues C.M. CokoioB
IBITAJICS OOHAPYKUTD e(EKT U UCHIPABHUTH €ro. TOJIBKO CHATHE «H30JIMPOBOYHOI Macch»
P 04YepeIHOI pa3dopKe MOKa3ajo, YTo MPOCTPAHCTBO MEXK/Y TPOBOJHUKAMH 3a0JIHHIIA
Boza. [lociie mpocymiku a’posior 3aJimil NPOBOJHUKH HapaduHOM, 3aTeM CHOBa coOpal
U YCTQHOBHJI CTAHIMI0 — OHa HaKOHEl[ paboTana yIOBICTBOPUTEIBHO® .

Takum o6pazom, nepenectd AMC Ha 11aTo ¥ NPOAOKUTH UCTIBITAHUS Ha YIaJICHUH
OT IIPUEMHOI'0 YCTPOICTBA OKa3aJI0Ch BO3MOXKHBIM TOJILKO B Hadalle JIeTa — IOYTH Ha TPU
MecsIa Mo3ke, 4eM IIaHUpoBanock. B mepBeix uncnax utoHs Ha miato C.M. Cokonos
n B.K. Yaruims, nposiBUBIINI «HE CBOMCTBEHHYIO €My aKTHBHOCTBY (COOpall U BHIKOBAJI
HeJI0CTAroIIHe CKOOBI, pa3bICKaJl HY)KHBIE TBO3/IH, TOMOT MEXaHHKY M3IOTOBUTH XOMYTHK
JUIsl BEPXYIIKH MayThbl), YCTAHOBHIIM Ma4Ty W CTOJIO JUISl yKPEIUICHUS MepelaTiuKa, Ha-
TAHYJIM aHTEHHY ¥ NPOTHBOBeC. 12 uioHs oHU npu nomomu katopa b.®d. Cunena u ru-
npomerteoposiora C.K. be3doposoBa ycTaHOBWIM TaM ke JIEPEBSHHBIA OpyC CO IIThIpEM
Jutsi ocHOBaHwus ripubopa, AMC, nepenaruunk®. B ordyere o pabore crienuanuctoB byxTel
Tuxo# no asponorun 3a 1929-1934 rr. coxpanunuck Gororpadun npouecca ycTaHOBKU
AMC, oHu npeaCTaBiIeHbI Ha pUC. 4.

K coxxanenuto, xorst AMC paboraiia, IpHeM CUI'HAJIOB OB HEY/IOBJIETBOPUTEIILHBIM
M3-32 HU3KOTO HAIpsDKEHHS TOKA OT FeHepaTopa Ipy c1a0bIX BeTpax M IIIOXOH HACTPOMKH
nepeiaTyrKa, a TakyKe IMOTNaaHusl BOAbl B aBTOMaTHYECKHI MEPEeKIIoYaTellb CTaHIHH.
C.U. CokojI0B BBIHYKECH ObUI KOHCTAaTHPOBATh CJIA00CTh JOCTUTHYTBIX PE3yJIBTaTOB,
HEONpaBJaHHOCTh HAJISK Ha TpHOOp. [IpHyYuHbI CIOXUBILIEHCS CUTYallul OH BBIJISITHI
JBe: 1) HEONBITHOCTh B YCTAHOBKE TAKOH CTaHIMH, YCHIICHHAs! «a0COIIOTHONW HEBO3MOXK-
HOCTBIO JIayke OErIoro 03HaKOMJICHUSI ¢ IPUOOPOM B IPOLIECCE €r0 MPHUEMKH»; 2) Psill

3t ®ouget AAHUU. 1. 1771. J1. 35; 1. 3316. J1. 23 06.
32 Tawm xe. JI. 36.
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TEXHUYECKNX HECOBEPUICHCTB M HETIONA/I0K, HA YCTPAHEHNE KOTOPBIX YXOAMIO MHOTO
BpPEMEHHM. 3aBepuIacs OTYET MPAKTHUECKUMU peKoMeHtanusmMu (13 myHKTOB) amst Tex,
KOMY «BBIIIAJIET YECTh CO3/1aTh IMOJO00HbBIC CTAHINH, [0 WUEE W IMPOCTOTE KOHCTPYKIUN
JIOJDKEHCTBYOLIHE, 0€3yCIIOBHO, BBIIIONHHUTH MIPENbsBIsgeMble TpeOoBaHus»*®. Crenyer
J00aBUTh, YTO MCCIIEAOBATENIO JEHCTBUTENBLHO IPUXOAUIOCH MHOTO TPYAUTHCS HaJl TEM,
9TOOBI TOOUTHCS PAOOTOCIIOCOOHOCTH cTaHIWH. [lomoOHBIE Onepaiy eMy IPUXOIIIOCH
OCYIIECTBIIATh M C HACTPOMKON TOZOBOIO CaMOIMHKCIA, KOTOPBIN TaKkKe M3TOTOBHMIIM B Ma-
crepckoit HUAU u nepenanu skCreAULIMYA HEMOCPEICTBEHHO NEPEL] CTAPTOM.

Hpyrux ceenennit o pabore AMC B 1933-1934 . B oTueTe He mpuBonuTcs. He co-
obmaercst 1 0 ee cyapOe. Tak Kak yIOMSHYTO O HEY/IOBJIETBOPUTEIBHOM paboTe CTaHINN
netom 1934 1., MOXKHO clienaTh BBIBOJ O TOM, YTO Jajee OHa OblIa IMpeKparieHa. YCTPOHCTBO,
BO3MOXKHO, BBIBE3/IM Ha BoIbIIyI0 3eMITi0, HO MOTJIM M OCTaBHUTh B THXOH, yuuThIBas Bce
€r0 TOBPEXKICHNS. B 0TueTe a’poIioro cienyromieii cMeHs! (cTapmmii asposor B.B. Temen-
HEB) TOBOPHIIOCH 0 «OoJee pacmupeHHo# mporpamme» 1934—1935 rr., BHEAPEHUN HOBBIX
METOZIOB U MEPECTPOHKE BCeH pabOThI, TaK KaK «OblIa CIMIIKOM HEYIOBIECTBOPUTEIbHAS
opraHu3anus Jiena MpoIuioi 3uMOBKoit», mpu 3toMm 00 AMC He ynomuHanocs™. B me-
YaTh TeM He MEHee COOOIIAaI0Ch O TOM, YTO aBTOMaTndecKkas ctaHuus ¢ 3emiun Ppania-
Hocuda «becrepedoiiHo mepenaeT 1Mo paano CBEACHHS 0 TEMIIEpaType BO3LyXa, CKOPOCTH
1 HamnpapJICHUH BeTpay», a B MacTtepcknx HUAMW n3roraBimBaeTcs yCOBEpIICHCTBOBAHHAS
AMC, KOTOpYIO YCTaHOBAT [UIsl HCHBITAHUI B a3ponopty JleHnHrpana, 9ToObl HIIOTHI,
MpUONMKAsICh K BO3/IYIIHOW TaBaHU, MONyYaiu oneparuBHbie naHHbie®. O HOBoit AMC
nucany u B xypHaye «Knmumar n noroga»: «B Hacrosiee BpeMs 3aKOHYEHa IPOEKTHPO-
BaHMEM M C/IaHa B IIPONU3BOACTBO aHAJOTUYHAS CTAHLIS, TIEPENAroNIas o paauo CKOPOCTh
1 HalpaBJICHWE BETpa, TEMIIEPaTypy, BIaXKHOCTb, JIaBJICHUE W TEMIIEPaTypy 3adepHEHHO-
TO TEPMOMETPA, BBICTABICHHYIO HAPYXy (Ul XapaKTEPUCTHUKH COCTOSHHS OOJa4HOCTH).
<...> CraHuus Ha3Ha4aeTcs UIs 0OCITY)KHBaHHS BO3IYIIHBIX JIMHUI» . [Ipu H3rotoBneHnu
HOBBIX 00pa3noB AMC yuutsBanuck coodmernns C.M. Cokonosa o padore cranuuu B Tu-
x0i. CTOMMOCTh YCOBEPIIIEHCTBOBAHHBIX CTAHIMI BO3pocia ¢ 8 ThiC. py0. 10 12 Thic. py6.*’

O 3aBepmieHHHU pabOTHI HaA 3Tol HOBOH AMC, KOoTOpast make «MOXKET OBITh HC-
M0JIb30BaHA JJISl CUTHAJIM3AMK 00 yrpo3e HaBOJHEHHI», COOOIIANOCh B HAYaje cie-
nytontero rozga*t. TI.A. Mon4yaHoB nosicHsut, uto B Mactepckux HUAU co3narorcs nsa
Tuna craHuuii — Gonpmas AMC «urs o0CITy>)KUBaHHS BO3IYIIHBIX JIMHUID, KOTOpas
CrocoOHa TepeaaBaTh METCOIaHHbIE U cBesieHHs 00 ypoBHE Boabl, 1 AMC i ApKTHKH
(ycoBepieHcTBOBaHHBIE SK3eMILISIphl Ne 3 1 Ne 4)%°. Vuenslii Takxke yKa3bIBal, 4TO BO-
IIPOC O mepesade JaHHBIX 110 PajJro BIIOIHE Pa3pelieH, a CTaHuy, mogo0Hse ero AMC
JUIS @3pOTIOPTa, CO3JAI0TCS U B APYIHX opraHm3anusax. Apkrudeckas AMC (cTaHnums
B Tuxoii), otmMe4an oH B Apyrod myOnuKanuy, padoTaia «yIOBICTBOPUTEIBHO M MOKET
OBITH UCITONH30BaHA JJISI METEOPOJIOTMIECKON CITYKOBI B IMOJLIPHBIX YCIOBISIX» [22, ¢. 89].

3 Ooumet AAHUU. 1. 1771. J1. 37-38.

3 Tam xe. 1. 1774. J1. 58.

ABTOMaTHYECKHE CTAHIIMU 110 u3ydeHuto armochepst // Pamnodpont. 1934, Ne 9-10. C. 2.
[TouroBsrnii simuk // Knmumat u moroma. 1934. Ne 1 (52).

37 UTAHTJ CII6. ®. P-369. Omn. 1-1. 1. 126. JI. 147.

ABToMmarnyeckast MeTeoposioruueckas cranius / Hayka u texanka. 1935. Ne 2. C. 12.

ABTomMaTHyeckue MeTcTanuun // Meteoponorndeckuit BectHUK. 1935. Ne 3—4. C. 77-78.
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B anperne 1935 1. B JIeHnHrpaje mpomunia 1o0mieiHas ceccus Y4eHnoro coera BAU,
npuypoueHHas K 15-neruto nactutyTa. Ha Heit 17 anpens ¢ qokimagom 06 AMC BeICTyTII
C.J. CokosnoB. OH cka3all, 4TO CTaHIUS «IIO0Ka3aia ce0sl C YOBIETBOPUTEIBHON CTOPOHBD»,
HO MPUXOZIMIIOCH «BECTU BCE BPEMsI HEMPEPBIBHYIO 00PHOY» ¢ HETIONAIKaMHt, TO3TOMY «IIpH-
€M CHUTHAJIOB TIPOM3BOAMIICS B CPABHUTEIHHO KOPOTKHE MTPOMEKYTKH BPEMEHNY; TAHHBIE 10
BeTpy AMC nokaspIBajia XOpoIo, a «KM3MEHEHHs TEMIIEPaTypbl MbI ONPEIETUTE HE MOTIII;
YAAIIOCH «IPOCIIETUTh PA0OTY CTAHIINH IIPH YCIOBHSX OJEACHEHHS, a TATbHOCTH CJIBIIIN-
moctu nepenarunka AMC Obuia oreHena b npuMepHo — B 100—150 km*. B Te3ucsl
JIOKJIaa ObUTIO BBIHECEHO TPH IOJIOKEHHS: 1) OCHOBHAsi KOHCTPYKTHBHAsi OCOOEHHOCTD
AMC u camonucia — obecriedeHre HeMPEpbIBHOM rOJOBOM pabOThI B TPYJHOAOCTYITHBIX
MECTHOCTAX APKTHKH; 2) TEXHUIECKOE PEIICHNE OMBITHBIX 00pa3loB HE 00ECHEeYMIIo 3a-
IIUTY BHYTPEHHHX JIEMEHTOB, TI03TOMY MPUOOPHI «HE BIIOJIHE OTBEYAIH IOCTABICHHBIM
TpeOOBaHUAMY; 3) HEOOXOANMO YCTPAHUTh TEXHUUECKHE HEAOCTATKN PHOOPOB 1 yBEIH-
uynth paauyc aeictust AMC no 200 km*!. Ipencenarens 3aceaHusl 3aMECTUTEIb TUPEK-
topa BAU B.IO. Buse oTrmeuan, 4To «He TOMIEKUT COMHEHHIO», unes [1.A. MomxuaHoBa
ucronb3oBate AMC utst u3ydeHust ApKTHKH «IIPHHECET TPOMaJIHYIO MOJIb3Y», HECMOTPS Ha
nepsble Heyaun: « TOT, TIepBBIi OMBIT, 0 KOTOPOM MBI CIIBIIIAIIH, JaJIeKo He OECIone3eH, Mno-
TOMY 4TO OH Cpasy ke yKa3aJl Ha [EJIbIi psiJi HEOCTATKOB, KOTOPBIE ITPH KOHCTPYHPOBaHUH
CIIEYFOLIEro pudopa OyayT NPUHATH BO BHUMaHHE» . B HTOrOBYIO PE30JIFOLIMIO BHECIH
noctanosieHue: «HecMoTpst Ha HEYIOBIETBOPUTEIIBHBIE PE3YIIBTATHI HCTIBITAHUS AaBTOMa-
TUYECKON CTAHINH ITEPBOH OMBITHOHN ycTaHoBKH Ha 30U, ceccust cantaeT HEOOXOTUMBIM
MPOAOIDKATh PabOTy 1O KOHCTPYHMPOBAHMIO aBTOMATHYECKUX PaJlOMETEOCTaHINH, 00pa-
THB 0c000€ BHIMaHNE HA YBEIMUCHHUE €€ pajuyca AeHCTBHS, a TaKKe Ha HEOOXOANMOCTb
UCIIBITAHUS €€ B YCIOBUSX CPEIHUX IHPOT»*. [IpH 9TOM TOBOPUIIOCH O HEOOXOAUMOCTH
MpeIBAPUTENBHBIX NCTIBITAHNI CKOHCTPYHUPOBAHHBIX PpHOOpoB B Citynike — T. €. 710 TOTO,
KaK OHHM OylyT HampasieHbl B APKTHKY Wwin Ha [lamup, Kak 3TO MPOHM30ILIO C HEPBBIMU
oOpasnamu. B 310 Bpemst aBTOMaTH4eCKHE CTAHIIMY HAYMHAIOT IMEHOBATHCSI aBTOMaTHYe-
ckuMu paguoMereoctansaMu (APMC), B TOKyMeHTax yeTde IPOCIISKUBACTCS pa3iInIre
MEK/Ty STUMH NPHOOPAMH U TOAOBBIMH CaMOIIHCIIAMH.

[To3xe B meuarn mosiBuiack odcrosTenbHast crathst C.M. CokonoBa o pabore AMC
B Tuxoii. B 3To#i myOnukanuy CTaHIUS B [EJIIOM TOJyYHJIa BECbMa XOPOIIYIO OICHKY.
HccenenoBaress 0XapakTepn3oBall yCTPOWCTBO, €T0 MPUHIMIT JSHCTBUS, YIOMSHYI O HEIO0-
CTaTKax M CI0XKHOCTSX, HO HE ONUCHIBAJI MX CIIUILIKOM IOPOOHO, KaK 3TO OBLI0, HAPUMED,
B €TI0 OTYETE WX B JOKJIae Ha ceccur. OH MOYePKUBal MOI0KNATEIbHBIE MOMEHTHIL. TakK,
OH OTMeYall, 4TO «CIMYEHHE JaHHBIX IIPHEMa BETPa» C MOKA3aHUSIMU METEOPOIOTHIECKUX
YCTAHOBOK «JTaJIO MIOJIHOE COBMACHNE), «IyBCTBUTEIHLHOCTD IPUEMHHUKA TEMIIEPATypPBI»
CTaHIMH «OblIa pacCUMTaHa Ha BO3MOJKHOCTB OTIPE/IEIISTh M3MEHEHUSI TEMITEPATyPhI C TOU-
HOCTBIO OKOJIO OJIHOTO Tpajycay, «oOJieleHeHHEe HU pa3y HE OCTAHOBMIIO pabOTy CTaH-
IIUW», & ONBIT «yKa3aj, BO-TIEPBBIX, HA HEOOXOJUMOCTh PsiJla TEXHNIECKUX YIydIIeHUH,
BO-BTOPBIX — Ha BO3MO)KHOCTbH IIPIMEHEHHNS YCTAaHOBOK ITOZ00HOTO THIIA JUIsi 00JIeTYeHHs
W3yYCHHUS METEOPOIOTHIECKOTO pesknMa Apktukm» [20, c. 33].

40 MTIAHTHO CII6. ®. P-369. Om. 1-1. 1. 126. JI. 143—144.
4 Tam xe. JI. 127. J1. 88.

4 Tam xe. 1. 126. JI. 147 u 00.

4 Tam xe. JI. 168.
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AMC koHcTpykuuu 3aBoga «MeTnpudop»

B 1934-1936 rr. Heckonpko THOB AMC, mpemHa3HaYSHHBIX IS U3MEPCHUS
1 TIepeiady 1o Pajiio OCHOBHBIX METEOPOIIOTHYECKHUX 3JIEMEHTOB (TEMIEpaTyphl, BIaX-
HOCTH, JIaBJICHUS BO3[lyXa, CKOPOCTH BETpa), pa3paboTasi W M3roTOBWIN Ha JIeHWH-
IPaJCKOM TOCYJapCTBEHHOM 3aBOJIE METEOPOJIOTHYECKHX MpuOOpoB «Mermpudop»,
xotopsiit ¢ 1931 1. momumasncss BOTU — BceecorosHoMy 00BETMHEHHUIO TOYHOW WHITY-
crpur BCHX (c 1932 . — Hapxomart Tspkenoit npompinuieHHOcTH) CCCP. OHE momydnmm
nHAEKC «AM» — «aBTOMaTHUYECKasi METCOCTAHIM». VX KOHCTPYKIMs MpU3HABaIach
Oonee HaJeKHOI Mo cpaBHeHUIO ¢ mpubopamu [1.A. MomyanoBa, HO U OHa He obecre-
YHUBalia JTUTEIBHON paboThl ctanmu [12, c. 165].

CraHiust CTaMOHApHOTO THIa 00O03HAadyasach B JOKyMEHTaxX IO-pa3HOMY:
AM-1, AMC-1 nmn APMC-1. Ona pa3pabarbiBaiiach CIICIHATACTAMH KOHCTPYKTOPCKO-
ro 0I0po 3aBoja IMoj PyKOBOACTBOM Beayinero umkenepa A.M. Heyceimuna. Pagnoan-
naparypa cosznaBanack B LleHTpaibHONW BOCHHO-WHAYCTPHUAIBHON paanonadopaTopun
M. M.B. @pynze (LIBUPJI) B 1. ['oppkom. Pagmonepenarank tma «bapcy KOHCTPYKITUH
3aBona uM. C. OpmxoHHKHI3e IMen auana3oH 50—75 m, momHOCTh — 2-3 BT. JIBa ak-
kymysitopa tuna 3-CT-IV Ha 60 A u 6 B xaxzprit rapaatupoBanu 20-1HEBHYO padboTy
cTaHIuM 0e3 TMoI3apsiKY, a MpH Temreparype MuHyc 55 °C n monHoM 0e3BeTpHH MO
pacdeTHbIM JaHHBIM AM-1 ObuTa oOecredeHa nmurTanueM Ha 5 cyTok. OHa JoimkHA Obla
paborars 6e3 00CITYKHMBAIOLIETO MEpcoHana B TeueHne 12 Mec., nepenaBarh KeIHEBHO
6 CBOJIOK JJIUTEIBHOCTBIO IO 3 MUH, HMETh JAJILHOCTH JeHcTBUS 10 500 kM. MauTel
CTaHIMU UMETH BBICOTY 2,5 M*.

B mpecce 3ameTka 00 3TOW CTaHIIUH MOSBHIIACE yKe oceHBIO 1934 1. «3aBog “Mert-
mpubop” xk VII Cee3ny CoBETOB BBITYCKAET METCOPOJIOTHICCKYIO CTAHITHIO, aBTOMa-
THYECKH NEPENAIoNIyIo 110 Pajno O CHJIC M HAIPABICHUH BETPA, a TAKXKE O JIABICHUH
n TeMmneparype Bo3ayxa. CraHnusi o0opyayeTcsi CrieUaTbHBIMA MPUOOpaMH, KOTOpPhIE
OJTHOBPEMEHHO C PaJNOCHTHAJIIAMH 3aIHCHIBAIOT BCE MOKa3aHMs MPHOOPOB HA JICHTY.
ABTOMaTH4eCKas METEOPOJIOTHYECKas PAANOCTAHIINSA MOKET OBITh MPUMEHEHA IS pa-
00TBl B APKTHKE, B BBICOKOTOPHBIX paiiOHaX W B OTAAIICHHBIX MeCTHOCTAX»*. B sHBape
CJIEYIOIIETO rofia COO0IIAaI0Ch O TOTOBHOCTH CTAHIIMHU 1 YKa3bIBAIOCh, UTO €€ «IPHOOPEI,
TIOCTABJICHHBIE 32 HECKOJIBKO KMJIOMETPOB, B OIPEICICHHBIC Yachl, aBTOMaTHYECKH, TI03bIB-
HBIMH CHT'HAJIAMH BBI30BYT METEOPOJIOTa-HAOMIONATEIS K PAJJMOTIPUEMHHUKY W TPOSKPATHO
TIOBTOPST €My CBOU HOKa3aHHs»*.

K nmety 1936 r. mpoekTupoBaHUE 3TOW CTAHINH OBLJIO 3aKOHUEHO, BCE 3aBOICKHE
HCTIBITAHMS TIPOBECHBI. VI3roTOBIEHHbIE YeThIpe K3eMIursipa AM-1 nepenanu 3aunTepe-
coBaHHBIM opranu3armsaM: B HUU criermanpabix cimyx0 [J1aBHOTO yripaBienus [paxman-
ckoro Bo3xymHoro ¢urora (1 mrt.), B IlenrpansHoe ynpasnenne Exnnoil ruapomereopo-
noruueckoit ciyx0b1 CCCP (2 wt.), B Apkrukcuad (1 mt.)”’. B uioHe B pa3HbIX paiioHax
[TorMOCKOBBSI TPOBOMIINCH TIOJIEBBIE HCTIBITAHMUS CIIBIIUMOCTH AM-1, KOTOpBIE MTOKa3aiH
BO3MOXKHOCTB KPYyIJIOCYTOUHOTO MpHeMa pauuu ctaHuuu Ha pacctosHud 200 u 300 k.

44

LenTpansnslii rocynapctBenHbli apxuB Cankr-IlerepOypra (nanee — LI'A CII6). ®. P-1572.
Om. 7. 4. 75.J1. 29, 32, 34.
# Apromarnueckast paguocranuust // [pasna. 1934. 27 okt. Ne 297. C. 3.
% Mereoposnor-aromar // M3Bectust. 1935. 26 suB. Ne 21. C. 6.

47 LTA CII6. ®. P-1572. On. 7. [1. 75. JI. 32.

530 IIpobnemvr Apkmuxu u Anmapxmuxu. 2025;71(4):513-538



M.A. Emelina, V.Yu. Zamyatin
First automatic meteorological stations for the Arctic

Ho na 6osbiem paccrostaun (500 kM) mpreM HOUYTH 3arIyIlalicsl CUTHAJIaMHU OT APYTUX
pamuonepenaarunkos®. /lanee B 1936 . IIIaHUPOBATIOCH OCYIICCTBISITD JTUTEIBHBIC IKC-
IlyaTallMOHHble UcbITaHust AM-1.

Cranmus napammroTHoro Tama AM-2 / AMC-2 / APMC-2 npenna3Hayanach Jis
Nepeaayn METEOCBOJOK «C HEIOCTYNHBIX TeppuTopuit». Ee 3akazunkom siBisuicst Ha-
yaHo-TexHnuecknit nHCTUTYT PKKA. OnbITHBIN 00pa3ern cTaHIMH U3TOTOBHIIN K HIOHIO
1936 1. Papguoannaparypy [uis Hee Takxke ckoHcTpyupoBainu B LIBUPJIe: nepenarunk
tuna «Cxopnron» 3aBoza uM. C. Opmkornkuaze MomHocTeio 0,5 BT B aHTeHHE, KOTOpas
MIPEACTaBIsIET COOON TOPU3OHTANBHEIN yC mmmHOW 15 M. CraHmms nomwkHa OblIa mepe-
JlaBaTh CBOJKH Yepe3 KOPOTKOBOJIHOBYIO panuio Kaxpie 4 yaca. [IToMuMO TpaauIimOHHBIX
METEOaHHbBIX UMEJICS CIlle OJIMH MapaMeTp, 0 KOTopoM coodmana AM-2, — TosoxeHne
CTaHIIMHM OTHOCHTEJIHO MarHUTHOTO Mepuanana. [103ToMy oHa 000pyzoBanach KOMIAcoM,
KOTOPBIH pacrionaraics B OTACIbHOM (YTIIApe M KPEIHIICs Ha KaplaHHOM O/IBECE BHYTPH
WIN CHAPY>KH aMOPTH3MPOBAHHOTO KOXKyxa odmiero O;1oka. [InTanue craHIuM mpou3BoO-
JTUIIOCH IBYMS aKKyMYJISITOpaMu HampspkeHneM 1o 12 B. AM-2 cOpacsiBaim ¢ camornera,
IIPU 3TOM PACKPBIBAJICSA MApAIIOT CTAHIIMH; TTOCIE MPU3EMIICHNS OTKPETUISUICS IINarart,
(uKcHpyronMii aHTEHHY, KOTOpasi, COOTBETCTBEHHO, pa3BopadnBaiack. [lepen coOpocom
CTAaHIMIO 0053aTeNBHO HAAJIEXkKAJIO MPOBEPUTH U MOATOTOBUTH K padote. Jlist 3Toro cre-
JIOBAJIO CHSTH KOXKYX, YOSTUTHCS BU3yaJbHO B KOMIUIEKTHOCTH IPHOOPOB, MIPOU3BECTH
MOJIKITIOYEHHNE K aBTOMETE0YACTH JIEKTPOIIPOBOJIOB OT BCEX OTAENIBHBIX arperaroB. 3aTeM
HY’KHO OBIJIO TIPUBECTH CTAHIMIO B ICHCTBUE Ha)KaTHEM KHOIIKH Ha IepeIHEel CTEHKE aB-
TOMETEOUYaCTH, ITOCTIE YeTr0 OHA HAYMHAJIA AaBTOMaTHYECKH BKJIFOUAThCS KaXIble 15 MUH —
TaK HAacTyHaJl peKUM NPOBEPKU ee paboTocrnocodHocTH. [locne okoHUaHHs TECTOBOTO
Mepro/ia CIe0BaI0 CHATh C KHOIIKM appeTHp Ul Havana oObIYHON paboTh! (BKIIIOUCHHUS
pa3 B 4 yaca) 1 3aBECTH 4AaCOBOH MEXaHM3M ISl YCTAaHOBKU BpeMeHH Iepenayn®’. Takum
00pa3oM, TaHHBIH THUIT CTAaHIIMK MMEJI B CBOEM yCTPOMCTBE XpoHOTrpad, a Ul Hadasa ee
paboTHI OBLUT HEOOXOINM CIEIIHAIUCT, KOTOPBI OBI IPUBET €€ B ICHCTBHE TIepen cOpocoM.

Ucneiranusm AM-2 mipenmiecTBoBaNd OMBITHBIE cOpPOCH ¢ camoiera P-5 makera
CTaHINH, TO/IBEILICHHOTO O/l BO3IYIIHOW MamnHOM. [Tapantor yxkiaapiBaics B OpeseH-
TOBBIM MEILIOK, KOTOPbIH MPUBS3bIBAIN BEPEBKOW IIMHONU 15 M Kk camonery. Bo Bpems
MaJICHUs CTAaHIUS COOCTBEHHON TSDKECTBIO BBITSTHBANA U3 MEIIKA MAPAIIIOT, U OH PacKpbl-
Basicsi. CeMb cOPOCOB MOKA3aJIN, YTO CJIOXKHAS 3a/1a4a, [IOCTABIEHHAS Iepe] KOHCTPYKTO-
paMu, BIIOJIHE pa3pelleHa, CTaHIUS TPU3eMIIIeTCs B OOJIBIINHCTBE CIy4aeB BEPTUKAIBHO,
MapaIoT He BOJIOYHT €€ M0 3eMJIe, aHTEHHA Pa3BOpayMBaeTCs. 3aTeM CIEIHaINCTaMU
Hayuno-texanueckoro nHctutyTa PKKA 1 3aBoga «MeTtnpuOop» NpOBOAMIIICH UCTIBI-
TaHus oOpasua npubopa (20 cOpocoB), KOTOPHIH OBLT OOIBIIIE ITO CBOUM pa3Mepam, 4eM
MmakeT. B Hauane mrons 1936 1. mociieoBaay 3aBOACKNE HCIIBITAHUS C METEONIPHOOPaAMH.
B nmenom oHM OBUTH TOJIOKUTENBHBIMH, T. K. CTAHIMA MOCJIe cOpoca HauMHAJIA CBOIO
paboty. ITo pe3ynmbraraMm HCHBITAaHHUNA Cpa3y >Ke BHOCHIINCH YIYyUIICHNS B KOHCTPYKIHIO
M KpETJICHUs OTAENBHBIX Y3710B. [IpoBepKa CIBIINMOCTH CHTHAJIOB B MIOHE—HIOJIE TOTO
JKe ToJa Jjajia JIMIIb yAOBIETBOPUTEIbHbIE pe3ynbTarel: Ha 200 KM — C 1moMexamH, Ha
300 kM — xopolias Ha Bcex BoyiHax, Ha 500 kM — He ObUIO CIBIITHO.

4 TITA CII6. ®. P-1572. Om. 7. 1. 75. JI. 65.
4 Tamoxe. [I.74.J1.2,4, 11, 17, 28-29, 44.
0 Tam xe. JI. 42, 43, 44 u 06., 65-70.
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Puc. 5. Kpennenue siuka ¢ « KomeToi» B HHXKHEH yacTy caMoJieTa rnepej| NpoBeIleHUEeM UCTTBITaHU I
o copackiBanuio ctannuu. CeHTsaops 1936 . Paccekpeueno. LITA CII6

Fig. 5. Fixing the box with the “Comet” in the lower part of the aircraft before conducting tests on
dropping the station. September 1936. Declassified document. Central State Archive of Saint Petersburg

Coget Tpyna u O6opons! 15 urons 1936 1. m3man mocranosienue 3a Ne OK-166¢c,
B KOTOPOM TOBOPHJIOCH O BKHOCTH co3maHus napamrrotHoir APMC. B aBrycre paGoTsr
T10 «TEIEeMEXaHNIeCKNM 00beKTaM» 1 AM-2 ObLIN 3aCEKpPEUEHBI, CTAHIINH IPHCBANBAIOCH
HaszBaHue «Komera»®'. B 310 e BpeMs ObUIH COCTaBIICHBI TAKTHKO-TEXHUYECKHE TPpeOOoBa-
HUSI K YHHUTOXEHHIO TIapalIioTa B MOMEHT Ipu3eMiieHus. TpedoBaiock, YTOOBI MapaloT
aBTOMATHYECKH OTLETWICS M YHUUTOXKWICS O3 ydacThsl YeJIOBEKa, HE OCTABIIAA JAeMa-
CKHUPYIOIINX CJE0B, 32 CUET MPOMUTHIBAHMS €r0 TKAaHH 0COOBIM cocTaBoM. JloroBop Ha
ONBITHBIN 3aKa3 «MeTnprOop» 3aKITIOUNI ¢ DKCIIEPUMEHTAIBHBIM MapaIIIOTHO-ECAHTHBIM
6topo [aBHOrO yIipaBieHus aBUAIIMOHHON MPOMBbIUIeHHOCTH .. HeoOXxonumo 100aBUTh,
4yTO OBITa ITOopaboTaHa KOHCTPYKIHS MO cOpackBaHmio mpudopa. Obpaszern «KomeTsn»
TTOMeIIascs B (paHePHBIH AMINK-KaCCETY, YCTAHOBICHHBIN Ha camoneTe P-5 cHuzy Mexmy
mraccu Ha TOA(rO3eNsHKHBIX Oallkax. DTO MOKa3aHo Ha puc. 5. B smuke oH kpenwiics Ha
3aMKH C NPEIOXPAHUTENIEM, COETUHEHHBIE C TPOCAMH, OIMH U3 KOTOPBIX Ien K OoMOo-
cOpachIBaTeIio, Ipyro — B KaOWHY JIETINKA-HAOIIONATEIIS.

Bo Bropoii nomoBuHe ceHTAOps 1936 T. HagawCh rocyIapcTBEHHBIE HembITaHus «Ko-
MeThD. Beuto ocymectsieHo 10 cOpocoB cranmmu ¢ camonera P-5, crosmiero Ha 3emie.
3aTeM COCTOSUTUCH IIECTh TOJIETOB, B XOZE IIEPBOTO M3 KOTOPBIX COPACHIBAHNUS HE ITPOH30-
IIJTIO M3-3a 3aKJIMHUBAHUS KOPIyca CTAaHLIMH B SAIINKE, BO BTOPOM — II0 METEOYCIIOBUSIM.
Crenyromye TpH MOMIBITKY TTOKA3aJIM XOPOIIHNE PE3YIbTATHI, IIPU 3TOM BO BPEMS IISITOTO
TOJIeTa OCYIIECTBIIIN cOPOC CTAHIIUHU CO BceMu mpubdopamu ¢ BeIcoTH 300 M. «Komeray
MIPUHUMAaJIA Ha 3eMJIe IPaBHIbHOE MOJIOKEHHE, KaK Moka3zaHo Ha puc. 6. Ho 9 okTs10ps
BO BpeMsl OYEPETHOIO MCIBITAHUS HA JANbHOCTH AeicTBus «Komera» pasdbumacsk, T. K.
M3-32 yJapa KOJIBIIOM TPOca IO MPEIOXPAHUTEN0 CTAHIUS OTAEIIIAch OT HapallkoTa.

SUTITA CII6. @. P-1572. Om. 7. [1. 74. J1. 84, 106.
2 Tam xe. JI. 61 u 00., 86.
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Puc. 6. «kKomeray nocie oxHoro u3 ynadubix copoco. Centsiops 1936 1. Paccekpeueno. LITA CII6

Fig. 6. “Comet” after one of the successful drops. September 1936. Declassified document. Central
State Archive of Saint Petersburg

Becst anmaparypa mosyvniia cepbe3HbIe MOBPEKICHHUS 1 HE MOIeKaNa BOCCTAHOBICHHIO .
Tak kak /10 yTpaThl CTAaHIIUH €€ HCIBITAHUS ObUIN YCIICIIHBI, @ 3HAYMMOCTh HE BBI3bIBANIA
COMHEHHH, TO OBUIO PELIEHO M3rOTOBHTH HOBBIH 00paszer «KoMeTsD» K KOHIYy HOSIOpSL.
Ero roroBHOCTb Ha 1-¢ uncno Mecsita coctasnsiia 60 %>, ApXUBHOE €0 HE COACPIKUT
JPYTHX JOKYMEHTOB, IOBECTBYIOMINX O JalbHEHIIEH cyap0e CTaHIMU, HO MOXKHO TIpE.-
MOJOXKUTh, YTO 3TO YCTPOMUCTBO HE MOILIO B CEPUIO.

Tperuii Tun cranimm AM — arentypayto crannuio AMC-3 / APMC-3 s aBToMa-
THYECKOH IepeIauil MEeTE0CBOJIOK — MPECTOSIIO pa3padoTars K koHIy 1936 r. OHa Taxke
npeHa3HavYaIach JUIsi BOGHHBIX M I0JDKHA Obl1a paboTaTh 6e3 00CITyKHBAFOIIEro repcoHaa
B TEUEHHE MECSLA U €KeTHEBHO Nepe/iaBaTh YEThIPE CBOAKH IMPOAOKUTENBHOCTHIO 4 MUH
Kaxaasi. Ee TpaHCTIopTHPOBKY M pa3BepThIBAHUE JOJDKEH OBUI BBIOJHHUTE OJIMH YEJIOBEK,
KOTOPBIA HE 00513aTeIBHO MOT SIBIISIICS CIIELHAIMCTOM-METeoposoroM. /lambHOCTh aei-
ctBust APMC-3 — ne menee 300 kM, quana3oH nepeaarduka — 30-50 M, MeTeycioBus
paboThl — NrO0BIE MpU TeMIeparypax ot wiroc 40 1o munyc 50 °C*. KoHcTpyKIus 9TOro
THIA CTAHIIUK pa3padaThiBaach MO3KE MEPBBIX ABYX — K Maro 1936 1. Obu1a BeIpaboTaHa
Tonbko ee obmas cxema u B LIBUPJI nanpasien npoexr TTX Ha paguouacts. Vcxons n3
MMEIOIINXCS apXUBHBIX JOKYMEHTOB, MO’KHO TIPEATIONOKHTE, 4TO paboTsl Hax AM-3 npe-
KpaTHWINCh, TIOCKOJIBKY B HadaJie CeHTSIOPs 3aBO MOITYYHJI 3aKa3 Ha pa3pad0TKy depTesken
TIOJIEBOH a9pOAPOMHON/TIOXOTHOM METEOPOIOTMIECKO CTAaHIIMK ISl a9POAPOMOB K | OK-
T0psI, M3rOTOBJICHUE ee oOpasta — K 1 Hos0ps, a B koHTponbHBIX Ha HUP u OKP na
1937 . AM-3 He ¢uryprupoBana B OTIHYHE OT YIOMSIHYTOH MOXOHON METEOCTaHIUK®.

B 1936 . Ha «Metnpubope» Morna Hadarbes padota Hau AM jutst ApKTHKH: 26 WO
nupekrop 3aBoga M.UM. CaBuenko noxyuun pacnopsbkenue BOTU npuctynuts k mpo-
EKTHPOBAHHIO U M3TOTOBJIEHHUIO 00pa3la CTaHIMH ISl HCIIOJIb30BaHMS €€ B MOJISIPHBIX

3 IT'A CII6. @. P-1572. Omn. 7. 1. 74. J1. 99-105.
% Tam xe. JI. 96, 108.

3 Tam xe. 1. 75.J1. 32 06., 37.

% Tawm xe. JI. 62, 63.
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ycnoBusix. [Ipenmonaranock, 4To OHA JOJDKHA UMETh OONBIION panuyc aeiictBus. [lanb-
Helimue neperoBopsl 00 APMC pykoBoacTBY 3aBona cienoBaio BecTu ¢ [lomsipHbIM
ynpasinenreMm ['YCMITY. Oanako ero nauanbHuk M.A. KomycoB 23 oktsiOpsi Toro xe
rojia COOOIIMII, YTO «ACCUTHOBAaHMI Ha aBTOMAaTHYECKHE MeTeocTaHuu B 1936 1. He oT-
YLIEHO, IPH IOJIyYeHUH KPESAUTOB BbI OyJeTe IIOCTABJICHBI B U3BECTHOCTE» S, 29 OKTIOpS
M.U. Casuenko m3Bectmwi 00 3toM BOTHU u koHCTaTHpOBa, YTO BBHITOJTHEHHE MPHKA3a
Ne 9c 3ameprkuBaeTcs M B CBSI3M C OTCYTCTBHEM JTaHHBIX 00 00BEME M Xapakrepe padoT.
daxriyecku B «MeTnpubope» He MOMYYHIH JaXe NPHHIMITNAIEHOTO COIIachs Ha 3aKas™.
B 1937 1. HOBBIX 00Ocyx)aeHuit AM 11st ApKTHKH HE TIOCTIeIOBAJIO.

UcnoiTanusa AMC cucrembl Moauanosa B Tukcu B 1935-1937 rr.

B 1935-1937 rr. nponomxanuck ucneitanud AMC cucrems! [1.A. MonmdaHoBa B Ap-
KTUKE — OTIBITHBII 00pa3ell CTaHIIMU, H3TOTOBJICHHBIN K JeTy 1935 1., ObUT OTIIpaBicH
Ha nossipHyto craniuio Tukcu. Ilepen nongpHukaMu (KOIeKTUB yBennuusaics ¢ 20 1o
60 uenoBeK) CTaBIWIINCh BaKHBIE M MACINTA0HbIE 3a7]a4l: CTPOUTEIBCTBO MOIIHOTO PAJAHO-
y371a, KOTOPBI JI0JKEeH ObLT CBsi3aTh BocTouHyro ApKTHKY ¢ 3arnaHoi, a Takke ¢ EHTPOM
CTpaHbl, OpraHu3alys MoJsIpHOI reoduznueckoii o0cepBaTOpUU U OOHOBICHUE METEOPO-
JIOTUYECKON CTAHIIUH, OPraHH3aIlHsl OMBITHOTO TEILIMYHOTO M MAPHUKOBOTO X03s1iicTBa®.
24 wnrons napoxof «Toapui CranuH» NOKUHYI MOPT MypmaHck u 21 aBrycra 10CTaBUIl
YYaCTHUKOB CMEHBI, IPUOOPHI ¥ APYroe MMYIIECTBO Ha CTaHIHMI0. HayambHUKOM 3UMOBKH
obu1 M.O. JlebeneB, Hay4uHBIM pyKoBOmUTEIeM — cTapinuii reodmsuk C.B. [llumanoBckuii,
ctapmuM asponorom — C.B. Penonosckuii, asponorom — T.C. [llumanoBckast.

B noxymentax AMC nMeHOBalach MO-pa3sHOMY: «aBTOMaTH4YecKas CTaHIUSN»,
«ADPMC», «KADPOMECy. [ToapoOHBIX U JCTaIbHBIX OMHCAHUIN €¢ YCTAHOBKH U pado-
TBI B IOKYMEHTaX CTaHIMU HE COJCPIKUTCS, UMEIOTCSI TOJILKO 00IMe BBIBOJbI. CTaHIIHIO
HCTIBITATIM NIPU CpeHel ckopocTH BeTpa 6—10 m/c, ona Hayana paboTy, HO BCKOpE HC-
MOPTHJIACHh TeMIepaTypHasi kopoOka. B nepByto mypry 1820 nexadpst 1935 . (Betep —
20 m/c) AMC 0ObLia paspyliieHa: 0TOpBaIoCh XBOCTOBOE OIIEPEHNUE, CIOMAJICs IIPoNesuiep.
C.B. PenonoBckuil u MexaHUK PyKOBUIITHMKOB OTPEMOHTHPOBANU cTaHUHUi0. IIpu 3TOM
MEXaHUK BHEC KOHCTPYKTUBHBIE U3MEHEHHs: OH U3TOTOBHJI MPOIENIep ¢ MOAKPhUIKAMU
13 TOHKOTO aJIFOMHUHHSI, KOTOpBIE 00JIeryaiy ero JBIKCHUE U aBTOMAaTHYECKH yOHpaich
MIpU HOPMaJIbHOM cKOpocTH Xofa. Ho HacTpouTh CTaHIMIO HE yAAJIOCh, T. K. OKa3aJIoCh,
YTO MOBPEXJCHUS OT MyPry MOJYYWIN U BHYTPEHHHE 3JIEMEHTHI. B oTueTe HavanpHUKA
3uMOBKH 3a 1936 1. 6but0 nano 3akimoueHue: «KADPOMEC cuct. MonyaHoBa B ee Ha-
CTOSIIIIEM BHJIC JJIs1 paboOThl B ApKTHKE HempuromgHa. <...> Hamr BeiBom — ADPOMEC
MOCTPOCHA BechMa HEOPE)KHO, KaueCTBO MarepualioB O4Y€Hb HU3KOE, YCTOWYMBOCTD LIS
APKTUYCCKHUX YCIOBHU COBEPIICHHO HEMOCTATOUHAN®!.

Tem He menee ucneitTanuss AMC nmpopomxminck B 1936 . 1 B nepuoj; 3MMOBKHU
1936—1937 rr. CTaHuus HEOMHOKPATHO PEMOHTHUPOBAIACh, a JieToM 1937 T. Obuta mpo-
rpasyvupoBana. JlMHy BOJHBI BEIOpanu okosno 60 M, Ipu 9ToM ycTtoituuBas pabora AMC

57 UTA CII6. ®. P-1572. On. 7. [1. 75. JI. 57, 58.

% Tam xe. JI. 75.

5 Tam xe. JI. 76.

0 ®douger AAHUU. OIIC-M, T, AD, AKT Tukcu. Ne 1659. J1. 3.
¢ Tam xe. JI. 14-15.
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HayMHasach Ipu Berpe §—9 m/c. CTaHIMIO PELIMIIM TEepeHecTH Ha 0. bpycHeBa B OyxTe
Tukcu B 5 KM K BOCTOKY OT mocernka. YcranoBka AMC Obuia ocymectsineHa 10 aBrycra.
OpHako ctaHnus npopadortana Hemonro. 12—15 gucna mynm yCTOWYMBBIN BETEp C CHIION
B 19-20 m/c, 1 AMC mnepecrano ObITh cubimrHO. [Ipu mocemennn octposa 20 gncia
BBIICHUJIOCH, YTO CTAHIIMS UCIIPaBHA, MpoOiIeMa, BUANMO, Obli1a B cr1abOCTH TepeaaTdu-
Ka. B mocrienyromnye AHU M MECSIBI TIOTOAHBIE YCIOBHS TAKKE OTIMYAINCH CHIIBHBIMU
BETpaMH, HO A0OpaThcs JO OCTPOBA BOZMOXKHOCTH HE OBLIO.

Tomexo 14 mexabps 1t ocmorpa AMC Ha bpycHeB Ha co0adbeil yIpsoKKe OTIIPaBUITICH
C.B. [llumanoBckwii ¢ katopoM 3omotapéBbiM. OKa3aI0Ch, YTO CTAHIMS CHIIBHO TIOBPEK/ICHA:
XBOCTOBOE OTIEPEHHE OTOPBAHO, BUHT BpAIIaJICs CBOOOIHO, HE TIPUBOJIS B JEHCTBHE AWHA-
MO-MaIINHY, KOpOOKa MPHEMHBIX YacTell (PMKCHPOBAIACh OHUM ITOJTyOTBEPHYTHIM OOJITOM,
CTaJIbHAsl yCTAaHOBOYHAS TPyOa MOTHYTA, (ParMEHTHI TIEPEAtONIeH PaANOCTAHIIMN COPBAHBI,
TOJ] KO>KYXOM OCHOBHOTO OJ1oka HabuT cHel: AMC CHsIIM M TIepeBe3in Ha MOJSIPHYO CTAHIIHIO
Tuxcu. 371ech pH IETaTbHOM OCMOTpPE OBLIIO YCTaHOBIIEHO, YTO MPHOOP «COBEPIICHHO BbI-
BEJICH M3 CTPOsI, €r0 KOHCTPYKIIMS B YCIOBHSIX OTCYTCTBHUS HA/130pa, T. €. KAK aBTOMATHUECKON
CTaHIINH, HE NpuroxHa». OCHOBHBIM HETOCTaTKOM IPHOOpa MPU3HABAJIOCH «COSINHEHHE
B OZIFH arperar CUJIOBOH YCTaHOBKH M IIPHEMHBIX YacTell TaBJIeHNs, TEMIIEpaTyphl X HallpaBJIe-
HES BeTpay. Bubparmm, KOTopble HCIBIThIBANA CTAaHIS TIPY CHIIBHOM BeTpe (Oombine 15 m/c),
MPUBOJIMIIM K €€ TOJIOMKE, TaKUM 00pa3oM, K MOJISIPHBIM YCJIOBHSIM OHa OblIa «BOOOIIE HE
npuroaHa»®?. C.B. lllumanosckuit nonarai, uto AMC crnenyer Hanpasuts B Mocksy (B ITo-
msiproe yrpasinerue ['YCMII), uro, mo Bcel BUIMMOCTH, ¥ OBLIO CHENAHO.

Takum o6pazom, oreIT Bropoii mpoepkdn AMC cuctembl MomgaHoBa B APKTHKE OKa-
3aicst HeyadHbIM. CKa3ainch o0IIre KOHCTPYKTHBHBIE HEIOCTATKU, KOTOPBIE, HECMOTPS Ha
YCOBEpILIEHCTBOBAHMS TT0CIie HcTibITanuit B byxre Tuxoii, He Obuty ipeononensl. Coxpansiiach
HETePMETHYHOCTh KO)KyXa OCHOBHOTO OJIOKa, ITPOOJIEMBI € IIPOYHOCTHIO U pauonepenadeii.

Hpeiipyromas AMC cucrembl Mosi4aHOBa

I1.A. MoyaHOB TipojI0JIKa paboTy HaJl yCOBEPIICHCTBOBAHUEM KOHCTPYKIIUU CTaH-
UM, a TaKke padoTan Haja co3nanuem npeiidyronieir AMC. Ero cratbst Obiia omyOIrKo-
BaHa B OJIHOW W3 IIEHTPAJIBbHBIX ra3er: «B HacrosIee BpeMs pa3padoTaH HOBBIA MPOCKT
eite Oosee COBEPIICHHON CTAaHIIMK C CUCTEMOM CUTHAJIOB, IIOCTPOCHHOM TaKMM 00pa3oMm,
YTO Ha CTAHIIMU NpUeMa 0COOBIN MPUOOP aBTOMATHYECKH BBHIUCPUMBACT KPUBBIC H3MEPsI-
EMBIX CTAHIUCH METEOPOIOTHUCCKUX 3JICMEHTOB: TEMIICPATYPhI, TABICHUS, BIAKHOCTH,
CKOPOCTH ¥ HANPABJICHUS BETpa. BemyTcs TakKe OMBITHI 110 KOHCTPYHPOBAHUIO TaKOTO
JJIEMCHTa aBTOMATUYECKOW CTaHIIMH, KOTOPBI CMOT OBl PErHCTPUPOBATh U MEPEIaBaTh
JTAaHHBIC O COJTHCYHOM CHUSHUHM. Ha OCHOBaHMH 3THX JaHHBIX MOXHO JCJaTh 3aKIIOUCHUS
0 HAJIMYHMU WU OTCYTCTBUU B MOMCHT Tiepenaun oomaqHocTH. OTHOBPEMEHHO, 110 JIaH-
HBIM TEMITCPATypPhl M BJIAXHOCTU, MOXKHO OMPEJCIIUTh BBICOTY obOiayHocTH. <...> Ha
OJIHOM M3 ceccuii APKTHYECKOro MHCTUTYTa B JICHMHTpajie aBTop clemnai A0KJIaa O BO3-
MOYXHOCTH YCTAaHOBKHM aBTOMAaTHYECKOW PaJIMOMETCOCTAHIIMU HA OOTE, KOTOPBIN, Oyaydn
BBEJ/ICH B JICMISIHBIC TOJIs, MOT OBI peii(hoBaTh ¢ HUMHU B OCCIIPEICIIbHBIX MPOCTPAHCTBAX
Apkruku. <...> ...[lo cBOEH JelIeBU3HE U MPOCTOTE OHU MOTYT CIIY)KUTh CYIICCTBEHHBIM
JIOTIONTHEHHEM K paboTe cTaHnuu Ha CeBEpHOM MOMOCE»®.

2 @ouxel AAHUU. OIIC-M, T, AD, AKT Tuxcu. Ne 1659. JI. 44-45.

% Momuasnos IT. [Ipeiidyroias aBromaTnueckas Mmeteoctanius / Bedepusis Mocksa. 1937. 14 nex.

Ne284.C. 3.
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Pazpabotka gpeiidyromeit AMC Benack 1o 3amanuro [nmaBceBmopmyTr. B mmanax
BAU Ha 2-10 MATHIIETKY, KaK yKa3bIBAIOCH BEIIIE, TOCTAHOBKA MEPBOH Npeidyromeit
AMC mumanmposanack Ha 1937 . Jlerom 1937 1. ra3eTsl cOOOIIANH O TOM, YTO ITO MOJKET
OBITh OCYIIECTBIICHO «B OyIyIIeM Toxy»*, T. . B meprox 3-if IATUIeTKU. A 3aTeM Takue
CTaHIIMU HAMEYAIIOCh «ITycTHTh B Apeiid B 1940 u 1941 rr.»®. JlaHHbIE O TOro/Ie B LIEHTPE
APKTHKH, KOTOpbIE COOpaiy y4acTHUKH Jpeiidyromnieii crannny « CeBepHBII MOII0C) O
pyxoBoxctBoM M. JI. [Tamarmna B 1937 — nHavane 1938 rr., yoexnanmu I1.A. MomgaHoBa
B TOoM, uTo Omaromaps nperidyrommm AMC, xoTopsie OyayT paboTaTh OT MOCTOSHHBIX
CHJIBHBIX BETPOB, MOTYT OBITh ITOJTy4YEHBI JOIOJHUTEIbHbIC [ICHHBIE CBeIeHHA . B onHOM
W3 cTaTeil y4eHbIH M00aBIsLI, YTO AaHHBIE OT apeiidyrommx AMC MoryT codmuparbes
OeperoBbIMU CTAHIMAMH WM Apei(yromnmMu 60TaMH ¢ HaOIIOOaTeNIIMI U MOIIHBIMA
panuornepealouMy ycTaHoBKkaMu®'. TlocinenHee npennonokeHie ObUIO CIUIIKOM CMe-
JBIM, HE COOTBETCTBOBAJIO JICHCTBUTENBHOCTH, BE/Ib Pab0OTa Ha/l APEHPYIOMNMHY CylaMU
B TO BpeMsI He Benachk. OO0 oprannzanun «Iper(yromnux aBTOMaTHIeCKIX METEOCTaHIHN
o Bcemy IlonmsipHOMy GacceifHy» ymoMHUHAI B TIEPEYHE KITOBCEIHEBHBIX BOIIPOCOB, KOTO-
pBIe TIpHU3BaHA PEIINTh Hallla aBHanms» JeTdauk, [epoit Coerckoro Coroza N.T. Crimpun
B MPOTrPaMMHO#1 cTaThbe Ha crpaHuiax «M3sectuiin®.

Jlerom 1938 1. nocne Heynaunoit HaBurauuu 1937 r. nesitensHOCTH [M1aBCEBMOPIY TH
U TUTAHBI Ha 3-10 TATHIIETKY MO/IBEPIIIHCH CEPhE3HON KOPPEKTHPOBKE. 331a4K CTAHOBHIINCH
Oornee MPaKTUYECKUMH, YIIPABICHUIO ¥ OPTaHNU3aAIMAM, KOTOPBIE B HETO BXOJMIIH, TPE-
CTOSIO B TIEPBYIO OYEPEIb COCPEOTOUNTHCS Ha M3ydeHHH CEeBEepHOTO MOPCKOTO IyTH
W CO3/IaHUU MECTHOW ToruBHOU Oasbl. [losTomy B mmane AHWU Ha 3-r0 mATHIETKY
CpeIH SKCHEANIMI «IIPOOIEMHOTO XapaKTepa» OCTAINCh BO3AYIIHAS IKCIICIUIUS B paiiOH
[Momroca otHOCHTENBHON HemocTymHOCTH (1940 T.), BRICOKOIITUPOTHBIC PEUCHI TMHEHHBIX
JIEZIOKOJIOB COBMECTHO C OOTOM M B CONPOBOXKICHUH BO3YIIHOW pa3BEIKH B 3aBPaHIe-
neBckuit paiton (1941 1) u B ceBepubie paitonsl Mmopeii Kapckoro u JlanreBbix (1942 1.)%.

3ak/oueHue

Hecmotps Ha To, 4TO mepBble NONBITKU co3nanusi AMC it ApKTUKH OKa3aluch
HEY/Ja4HBIMH, TI0JIb3a, KOTOPYIO CYJIIJIa aBTOMATU3AIHMsl METCOPOJIOTHYCCKUX HAOIOCHUH,
MoIIa ObITh 3HAYUTEIIBHOM, YTO YXKE MPOJCMOHCTPUPOBAJA YCIICIIHAS KCIUTyaTaIlHsI
panno3oHI0B. TpeboBaioch pa3padoTaTh HOBYHO KOHCTPYKIIHIO TOOOHOTO YCTPOICTBA,
T. K. TEXHUUCCKHE peIeHus, mpeiokeHHbie [1.A. Mom4aHOBBIM U HHKECHEPaMHU KOHCTPYK-
TOPCKOTOo OrOpO 3aBonia «MeTpuOop», He SBISIIUCH yIauHbIMU. [103TOMY OBLIH W3rOTOB-
JICHBI TOJIBKO OTBITHBIC 00pa3iibl epBhIX TUIIOB AMC, KOTOpBIE, Take MOCIIC BHECEHUS
YIAYYIICHUHA B KOHCTPYKITUEO, HE OBLIH 3aMyIICHbBI B CCPHUHOE MPOU3BOACTBO. CIIeMyrOIIHii
stan pa3padborku B CCCP Takux craHImii CBsi3aH ¢ 00bsiBJIcHHBIM B 1938 1. BAU koH-

¢ Jpeii¢yromue apromarnueckue nosspHeie cranuuu // lpasna. 1937. 30 uronst. Ne 208. C. 6.

% MuxaitnoB A. Tpetbs nsiTunerka Apktuku // Bedephsis Mocksa. 1937. 27 uronst. Ne 145. C. 2.

¢ Momuanos I1. Mereo ¢ nosroca // Beuepusist Mocksa. 1938. 23 ¢esp. Ne 44. C. 2; Moxuanos I1.
Tpuymd Hamreit ponunsl / Kpacnast 3Be3na. 1938. 20 desp. Ne 41. C. 2.

7 Momnuanos IT. Brectsmas mobe/a coBeTckux yueHbix / Pabouas Mocksa. 1938. 16 mapra. Ne 61.

C.3.
% Crumpun W. Kpsuibst Hameit poausst // U3sectus. 1938. 30 utomnst. Ne 176. C. 4.
® MTAHT] CII6. ®. P-369. Om. 1-1. 1. 238. J1. 1, 4, 10.
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KypcoM Ha aBTOMAaTHYECKHUI paauoOyi, mpeqHa3HAueHHBIA TS ONpeaeeHns aperida
abJa. B MHCTUTYT OBUIO HANPaBIEHO BCETO HECKOIBKO MPOEKTOB. IToaToMy cpok monadn
PanMoOHAIN3aTOPCKUX MPEUIOKECHUH MTPOUTNIIN, PACCMaTPUBAINCH OHH yXKE B CTOJIHIIE
crenraIbHON Komuccuelt mpu [maBceBMOpIyTH. DTO MpHBENO K opraHu3amuu B 1939 .
B APKTHUYECKOM Hay4YHO-HCCIE0BaTeNIbckoM HHeTHTyTe (Jlennnrpan) u MHcTuTyTe TEO-
perndeckoi reopusuku Axkagemun Hayk CCCP (Mocksa) mabdopaTopurii aBTOMaTHIeCKUX
paznoMeTeopOIOTHIECKIX CTaHIui. 1{enpro HAaCTOSsIIEro UCCiIe0BaHus HE SBISIETCS
omHcaHNe NaTbHEeHmMX pa3padborok AMC B Hamiel cTpaHe — 3TO TeMa OTICIBHOH CTa-
ThH. 3/1€Ch K€ MBI OTPAaHHUMBAEMCS TIPEABICTOPHE — BayKHOH 7151 TOHUMaHHUS MTONCKA
TEeXHUYECKNX M HAyYHBIX PEIICHHUH, KOTOPbIE BHIOpAI COBETCKHE yUECHBIE 1 KOHCTPYKTOPEI
B 1940-¢ rT., uTO TpHBeNO K cepuitHoMy BeITycky B CCCP aBTOMaTn4eckux pagxnoMeT-
CTaHIWH (B TOM YHCIe Apei]yromux).

Kondaukr nnrepecoB. ABTOpHI He HMEIOT KOH(IIMKTA HHTEPECOB.

Ounancuposanue. Mccnenopanus soinontens! B pamkax HUTP 2.6 Pocrunpomera Ha 2025-2029 rr. «Pa3Butue
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