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1 Hayunas aesiteabHocts I'Ll PAH

1.1 TocynapcrBeHHoOe 3a1aHue

Haquaﬂ ACATCIBHOCTD noz[pasneneHHﬁ CDCILCpaJIBHOFO roCcyJapCTBEHHOT'O 6IOI[)K6TH01"O

yupexaeHus Hayku ['eodpusudeckoro nenrpa Poccuiickoit akagemun nayk ('Ll PAH) B 2021

rojga. Obuta cocpeloTOoYeHA Ha BBIMOJTHEHUHU rocynapcTBeHHoro 3amanus Ne 075-00684-21-00,

yrBepxkaeHHoro 24 nexadpst 2020 roxa ¢ nononnenusimu ot 10 nexadps 2021 roga.

Uccnenoanus mnpooguwnuck B pamkax [Iporpammbl (yHIaMEHTaIbHBIX Hay4HBIX

uccienoBanuii B Poccuiickoil ®epepanuu Ha poarocpounslid mepuon (2021-2030 romsi).

Hanpasnenue nayku: 1.5. Hayku o 3emute.

Cornacno rocymapctBeHHoMy 3ananuio B 'Ll PAH mpoBomwimuce QyHnameHTanbHbIE

ucciaenosanus mo 4 remam HUP:

1

Tema HUP: «Pa3paboTka MeTOIOB MPOTHO3UPOBAHHUS U MOHHMTOPUHIA yCTOMYUBOCTHU
re0JOTHYECKON cpenbl ISl MPEeAyNpeKICHUs] I'€0IKOJIOIMUECKUX Yrpo3 OT OOBEKTOB
HCIIOJIB30BAHUS AaTOMHOM YHEPTUI)

Cuctemnslii Ne FMGN-2019-0001

PH HUOKTP Ne 122012500332-9
CrpyKTypHOE NI0Jpa3ieiIcHUE: JlaGopatopusi T€0IMHAMHUKH
PykoBoaurens: A.1.H. B. H. Tarapunos

Tema HUP: «Pa3zBuTne MaremMaTHyeCcKuX METOJOB MHTEIUIEKTYAJIbHOIO aHajIu3a JAHHBIX
reou3NUecKoro MOHUTOPHHTA W pPACIIUPEHHUE CETH BBICOKOTOYHBIX HAOII0ICHUMA
MArHUTHOTO TOJISI 17151 U3YUEHUS SJIEKTPOMArHUTHBIX MapaMeTpOB 3€MJIM U OKOJI03EMHOT'O

MIPOCTPAHCTBA»
CucremHbIii No FM GN-2019-0003
PH HUOKTP Ne 122012500331-2
CtpyKTypHOE TTOApa3ieeHue: Jlabopartopusi reomHGOPMATHKH M TeoMar-

HUTHBIX UCCIIEAOBaHUN
PykxoBoguTens: yi.-xkopp. PAH A. A. ConoBbeB

Tema HUP:  «Opranuzamnusi, BuU3yalnW3alds, HWHTEpHpeTanuss ©  IyOaukamus
reo(pU3NYeCcKux TaHHBIX)

CucremubIii Ne FMGN-2019-0004
PH HUOKTP Ne 122012500333-6
CtpyKkTypHOE MoApa3ieseHue: Jlaboparopuss  TeOpU3NYECKUX  JTAHHBIX;

JlaGopaTopus 27EKTPOHHBIX MyOauKanwmii; Jlaboparopuss ”HHOBAIIMOHHBIX TPOCKTOB

PykoBomuTens: n.¢.-m.H. b. A. JI3e60eB
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PH®:

Tema HUP: «Co3nanne TEOpPEeTUYECKMX U OSKCIEPUMEHTAIbHBIX OCHOB CHCTEMHOIO
aHalM3a s WHTETpalldd M W3YYEHHUs JaHHBIX KOMIUIEKCHBIX Te0PU3NYECKUX U
reoae3nYeCKux HaOII0qeHUID)

CucreMubiii Ne FMWG-2019-0006
PH HUOKTP No 122012500330-5
CTpyKTypHOE ToJIpa3ieicHue: JlaGoparopuss reoMH(pOPMATHKH W T'eoMar-

HUTHBIX I/ICCJIeI[OBaHPlﬁ; Ha60paT0pH${ reoJnHaMnuKu

PyxoBomurens: K..-m.H. P. B. Cunopos

1.2 IlpoekThl HAYYHBIX (POHIOB

B 2021 rony B I'll PAH BeImonHsMCh nccaenoBanus mo 3 rpantaMm PODU u 4 rpantam

I'pant PODU Ne 19-55-80021 BPUKC t1: «MccnenoBaHue W COBMECTHas BalUAallUs
MH()OPMALIMOHHBIX MPOAYKTOB JUCTAHIIMOHHOTO 30HIUPOBAaHUSA 3E€MIH U3 Pa3HbBIX

MCTOYHHKOB /151 oOMeHa nHpopmarueid B ctpanax BPUKC»
PH HHUOKTP Ne AAAA-A20-120061690061-2

PykoBoguTens: akanemuk PAH B. I'. bouayp

I'paat PODU Ne 20-35-70054: «CucTteMHBIN OAX01 K KOMIUIEKCHPOBAHHUIO aITOPUTMOB
pacmo3HaBaHUsl ISl OIEHKU CEHCMHUUYECKOM OMacHOCTHU»
PH HUOKTP Ne AAAA-A20-120012090122-8

PykxoBoauTens: n.¢.-m.H. B. A. J[3e6oeB

I'part PODU Ne 20-35-70054 MNACA: «CrucTteMHBIN aHAU3 OCOOCHHOCTEH XapakTepa
pacnpoctpanenust COVID-19 qys ctpan EBponbl u pernonoB Poccun»
PH HUOKTP Ne 121032900088-0

PyxoBomurens: K.r.-M.H. A. W. PoiOkuna

I'pant PH® Ne 17-17-01215-11: «Co3aanue MeTo/1a paHHEH TUAarHOCTHUKU T€OMarHUTHBIX
Oyppr Ha OCHOBE IH(POBON 00pabOTKM BpPEMEHHBIX PSIAOB MATPHUI] HAOIIOICHUN
MIOOHHOI'0 T'OJOCKOITa»

PH HUOKTP Ne 122052300076-0

PykoBoauTens: wi.-kopp. PAH A. A. ConoBbeB

https://rscf.ru/project/17-17-01215/

I'paut PH® Ne 18-17-00241-11: «MccnenoBanue yCTOWYMBOCTH MOPOJHBIX MACCUBOB Ha
OCHOBE CHCTEMHOI'O aHajiu3a TIEOJMHAMHYECKHUX IIPOIECCOB [UIi T'€03KOJIOTHUECKH

0€30macHOM MO3eMHON U30JIAINH PATHOAKTUBHBIX OTXO0I0B»
PH HUOKTP Ne 122052300071-5

PykxoBogurens: akagemuk A. Jl. 'Bummanu

https://rscf.ru/project/18-17-00241/
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6 I'pant PH® Ne 19-77-10075: «CucTeMHBIM  aHadu3  BIUSHUAS  ACTPOHOMHYECKOMN
LIUKINYHOCTH Ha MPOIIeCcChl ocankoHakoruienus [lapareruca»
PH HUOKTP Ne AAAA-A19-119082190032-6

PykoBouTens: K.r.-M.H. A. W. Pri0kuna

https://rscf.ru/project/19-77-10075/

7 I'pant PH® Ne 21-77-30010: «Pa3ButHe (Qu3HUECKHMX MoOneNed s OIEHKH pHUCKa
HETaTUBHOTO BO3/ICHCTBHSI KOCMHUYECKON TIOTO/IBI HA TEXHOJIOTUIECKUE CUCTEMBI»

PH HUOKTP Ne 121041200191-6
PykoBoaurens: n.¢.-m.H. B. A. Ilununenko

https://rscf.ru/project/21-77-30010/

1.3 Ba:xkneiimue pe3yJbTaThl GyHIaMeHTATbHBIX HAYYHBIX HCCIeT0BAHMIT

Mopaenb mexanuzma ¢popMHupoOBaHNs pa3pbiBa HA IpUMepe 3eMJIeTPsCeHHs

Xancun-ABaaszu 17.01.1995 M 6,9 (AAnonus)
J.m.u. B. H. Moposos, A. U. Manesuy

(Tema HUP «Paspabomka memo008 NpOSHOZUPOBAHU U MOHUMOPUH2A 2€0JI02UHeCKOll
cpeovl 0N NPEOYNPENCOEHUs. 2e0IKON0SUYECKUX Yepo3 Om 00beKmo8 UCNONb308aAHUSA

AMOMHOU SHePISUU»)

Ha ocHoBe paccuMTaHHBIX JaHHBIX HaNpsXKEHHO-I€POPMUPOBAHHOIO COCTOSHUS
pa3paboTaHa HOBas MOAEIb (OPMHUPOBAHUS CEHCMOTEKTOHMYECKOTO pa3pbiBa Ha IMpUMEpe
CHWJIBHOTO 3emiieTpsiceHus XaHcuH-ABams3u (Snonus). [lokazano, 4To 3apokieHHE pa3pbiBa
MPOUCXOIUT B OOJACTH AHOMAJIbHO BBICOKOM MHTEHCHBHOCTH HANPSXKEHUH W OTHOLICHUSA
[VIABHBIX HANPSKEHHWH. YCTAHOBIIEHO, 4YTO pa3pblB pacHpoCTpPaHAETCS B HaIpaBICHUU
MaKCHUMaJbHOIO TIpaJWE€HTa WHTCHCUBHOCTH HaNpsLDKCHUH. Pe3ynpraTel  MOAEIMPOBAHUSA
COTJIaCyIOTCS €  CEHCMOJIOTUYECKMMM  JAaHHBIMM  KOCEMCMHYECKHX  CMELIEHUH  IIpHU
pacrpocTpaHeHuu pa3pbiBa. PazpaboTaHHas MOJeb JaeT HOBbIE BOZMOKHOCTH B IIPOTHO3€ MECTa
U MarHuTyZbl CHJIBHBIX KOpPOBBIX 3emierpsiceHuid. OHa Takke TIO03BOJUT IUIAHUPOBATH

reou3nUeCcKUe UCCIIE0BaHMS B 30HaX HanboIiee BEPOSTHOTO 3apoxkaeHus paspbiBa (puc. 1.1).
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Pucynok 1.1 — a) UnTeHcuBHOCTH HanpsizkeHUil. 0) OTHOLIEHNE IJIABHBIX HANIPSIZKEeH U .
B) PacnipocTpaHenne HHTEHCUBHOCTH HANIPSI2KEHUIl B MJIOCKOCTH Pa3pbiBa.
r) PacnpocTrpanenusi cMeuienuii B uurepsajie 0—6 cekyHa oT Hauajia 3eMJIeTPsiCeHUs
10 CeHCMOJIOrHYeCKUM JTAHHBIM

Moposzos B. H., Manesuu A. 1. Mexanusm popmuposanus paspviea zemaempsiceHuss XaHcum-
Asaosu (2. Kobe, Anonus) 17.01.1995 M 6,9 // Jloknaovt Akademuu nayx. Hayku o 3emne. 2021.
T. 499. No2. C. 151-158. DOI: 10.31857/S2686739721080089

MoauduunpoBanHas eHOMEHOJI0THYECKAs MO/IeJIb KOPOHAJIBHOI0 BbIOpOCca

Macchl, Y/I0BJIETBOPSIONIAsi BceM YpaBHeHUusiM MaKkcBeJia
Yn.-kopp. PAH A. A. Conogves, k.¢p.-m.n. /1. B. Ilepecyoos

(Tema HUP «Pazsumue mamemamuyeckux Memoo08 UHMELIEKMYAIbHO20 aHAIU3A
OAHHBIX 2e0U3UYECKO20 MOHUMOPUH2A U PACULUPEHUE CeMMU 8bICOKOMOYHBIX HAOII00e Ul
MAZHUMHO20 NOJA Ol U3VYeHUs IJNeKMPOMASHUMHLIX — napamempos 3emau U

OKOJI03eMHO20 npocmpancmea»)

Haubonee peanucTuyHOW  (PEHOMEHOJOTHMUECKOW  MOJEIBI0  MAarHUTHOTO  ITOJISI
KopoHaibHOro BhiOpoca Maccel (KBM) ssisiercst mogens 3DCORE. Ona onuceiBaer KBM B

(hopMe KOHHYECKOTO TOpa M HWCIOJIb3yeT HEOPTOTOHAIBHBIC JHJICPOBBI KOOPAMHATHI IS €T0

9
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npeacrasiaeaus (puc. 1.2). OOnapyxeno, uyro marautHoe moie 3DCORE Hapyiraer o06a
ypaBHeHHs MakcBemna: 3akoH I'aycca nans MarHMTHOrO mojis (OTCYTCTBUE MAarHHUTHBIX
MOHOITOJIEN) U 3aKOH AJIEKTPOMAarHUTHON UHIyKIuU Dapajes 111 BMOPOKEHHOTO B IJIa3My ITOJIS.
BwmecTe ¢ Tem, He00X0IMMO YUUTHIBAaTh OrpaHUYEHHUs, HakIaapiBaeMble MI'Jl-ypaBHEHUSAMHU, IPH
paspabotke (denomenonorudeckoit momenu KBM. Ilokazano, 9TO 9TO JOCTHIKHMMO, €CIIH
HCIIOJIb30BATh JIArPAH)KEBO IPEACTaBICHUE MABWKEHHUS IUIa3Mbl M BMOPOXXEHHOIO B HeEe
MarauTHOro mois. Ilpemrokena momudukanus monaenu MarauTHoro mois 3emuun 3DCORE.
[losydeHHBIN pe3yapTaT JaeT BO3MOKHOCTbh MCIIOJIB30BATh TAKOE MArHUTHOE I0JI€ B MCTUHHO
TPEXMEPHOM CMBICJIE JUIA pacyera paccesHuss kKocMmuueckux Jjgyded or KBM ¢ mensro
orciexuBanuss KBM 3a mpenenamu CONHEYHOM KOPOHBI, NMPU MOJECIUPOBAHUM MArHUTHOIO

MOTOKA B COJIHEYHOW KOHBEKTHUBHOMW 30HE H JIp.

Y

U

xry plane

Pucynok 1.2 — I'eomerpusst KBM B Bu/le KOHM4YeCKOro Topa, 0Ch TOPa MOKa3aHa
NYHKTUPHO# JiuHUel. CiieBa — MpoeKIMs HA MJIOCKOCTh XY, CIIPaBa — NoNepeYHoe cevyeHue
y = const. ZKHpPHBIM BbIJIeJICHBI IOBEPXHOCTH /ISl PACYeTa MATHUTHBIX IIOTOKOB.
IToxa3anbl HanpaBJIeHUsI MATHUTHOTO MO B M 1J101aim opToroHaJIbHbIX Ce4eHHil.

Ilepecyoos JI. B., Conosvee A.A. u Op. Modenuposanue anuzomponuu 2aiaKmudeckKux
kocmuveckux ayuetl // Conneurno-semnasn gusuxa. 2020. T. 6. Ne 1. C. 36-42. DOI: 10.12737/sz-
61202003

Peregoudov D. V. On the construction of phenomenol ogical coronal mass gjection models// Space
Weather. 2021. Vol. 19. No. 3. PP. 1-9. DOI: 10.1029/2020S\002659
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K-uHaekc: ucropuyeckue JaHHbIE COBETCKUX MATHUTHBIX o0cepBaTopuii, 1957—

1992 ronos

K.¢p.-m.n. H. A. Cepeeesa, axao. PAH A. JI. ['euwuanu, un.-kopp. PAH A. A. Conosves,

JI I1. 3abapunckas, K.2.=M.H. T. A. Kpuvinosa, M. B. Hucunesuu, K.Qh.-M.H.
P. U. Kpacnonepos
(Tema HHUP «Opeanuzayus, eusyaiuzayus, uxnmepnpemayus u  nyoauxayus
2eopu3uUecKux OAHHLLXY)
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Pucynok 1.3 — Kapra coBerckux odcepBaTopuii (ceBepHoe IoJiyliapue), o 1aHHbIM
KOTOpPbIX chopmupoBana 6a3a no K-ungekcy

K-uHIOeKC — OAMH W3 CTapeHIIMX CTAaHAAPTHU3UPOBAHHBIX M IIMPOKO HCHOJIb3YEMbIX

MHJIEKCOB I'€OMarHMTHOM aKTUBHOCTH, BBeAecHHbIN IOmmycom baprenscom B 1938 romy. o

HAaCcTOAICTO BPEMCHHM B XpaHWJIMIIAX OAaHHBIX IIO0 BCEMY MHPY HAKOINJICHBI MHOTI'OJICTHUC

BpPpEMCHHBLIC PAAbI OJHOPOAHBIX 3anucen K-unpaekca. HpaKTI/IKa €ro IMpUMCHCHHA ACJIACT K-

HMHACKC HE3aMCHUMbBIM HCTOYHHUKOM I/IH(i)OpMaIII/II/I AJId pETPOCIICKTUBHOIO aHaJIM3a COJHCYHO-

3€MHOI'O BSaHMOHeﬁCTBHH Ha IMPOTAKCHHUU ITOYTH BOCbMU COJIHCUHBIX ITHUKIIOB. HpI/I HN3YYUYCHUU

HUCTOPUUCCKUX JAHHBIX O MArHMTHOM ITOJIC 3eMiu CTaHAAPTU3UPOBAHHBIC Ta6JII/IIIBI K-I/IHIIGKCEl B

HCKOTOPLBIX ClIydasdaX ropasao mnpome Ajad aBTOMATU3WUPOBAHHOT'O aHaJIM3ad, YCM TpaaAUIHOHHLIC

AHAJIOTOBBIC MAarHuTOI'paMMBEI. MI/IpOBBIM OCHTPOM JaHHBIX II0 COJIHEYHO-3EMHOM (1)I/I3I/IK€

(I'lt PAH) chopmupoBana yHuKalbHas 0a3a JaHHBIX C pe3yJibTaraMu omnpezaeneHus K-uHaekca

Ha 41 reomaruuTHoO#t o6cepBaTopun ObiBiIero CCCP (puc. 1.3) 3a nepuon ¢ utoist 1957 rona mo
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Hayano 1990-x romoB. DTH HCTOPUYECKHE JaHHBIE MOTYT OBITh HCIIOJIB30BAaHBI TSI
peTpOCHeKTI/IBHOFO I/I3y‘-ICHI/IH T'COMAIrHUTHBIX COGBITHﬁ, HCCIICAOBAHUSA UX Koppenslunﬁ C
rapaMeTpamMu KOCMHUYECKON IMOTroJbl M MPOTHO3a SKCTPEMAJIbHBIX SBJICHHH B MarHutochepe

3eMiIn.

Sergeyeva N., Gvishiani A., Soloviev A., Zabarinskaya L., Krylova T., Nisilevich M., Krasnoperov
R. Historical K index data collection of Soviet magnetic observatories, 1957-1992 // Earth System
Science Data. 2021. Vol. 13. No. 5. P. 1987-1999. DOI: 10.5194/essd-13-1987-2021.

Sergeyeva N., Gvishiani A., Soloviev A., Zabarinskaya L., Krylova T., Nisilevich M., Krasnoperov
R. Historical K index data collection of Soviet magnetic observatories, 1957-1992 // PANGAEA.
2020. DOI: 10.1594/PANGAEA.922233

Pa3BepThiBanue mMyHKTa BbICOKOTOUHBIX HCC-u3mepenuii Ha Tepputopuu

reogusndeckoii oocepsaropnu «Kiumosckas»

Jmu. B. U Kagpman, o.m.n. B. H. Tamapunos, x.m.n. J[. B. Kyoun, A. A.Ipyoues,
U. A. Jloces, A. U. Manesuu, P. B. lllesuyx, k.¢h.-m.n. P. U. Kpacnonepos, B. B. Kabpog

(Tema HUP «Co30anue meopemuyeckux u 3KCHePUMEHMANbHbIX OCHO8 CUCHEMHO20
amanusza Onsl unmezpayuu U U3y4eHus OAHHbIX KOMNJIEKCHbIX 2e0U3U4ecKux u

2e00e3UyecKUx HabaoOeHulLy)

Benen B okcmmyartanmuio HOBBIM MyHKT ['HCC-u3mepenuit Ha reodu3nyeckoit
obcepBaropun «Kimmosckast» (KoHomickuit paiion Apxanrenbckoii oonactu) (puc. 1.4). HoBbiit
KOMIUIEKT 000pyZoBaHUsS oOecreunBaeT MpHEM MPAKTUYECKH BCEX CYIIECTBYIOIIMX
HaBUTAIIMOHHBIX curHanoB u vactoT — GPS (CIIA); ITTIOHACC (P®); Galileo (EC); Beidou
(KHP) ¢ gacrotoit no 20 I'it. Taxke obopymoBaHne UMEET UHTEPAKTUBHBIN BeO-mHTEpPEIc mist
yAaJCHHOTO ocTyna. B HacTosmumii MOMEHT 000py0BaHHE OCYIIIECTBIISET 3alMCh M COXPAHSET
Ha FTP-cepep I'll PAH nBa nmotoka maHHbIX ¢ auckpeTHocTbio 30 ¢ u 1 c¢. PazBuTue HOBBIX
MyHKTOB BhICOKOTOUHBIX ' HCC-HabmoqeHui MO3BONUT MOTYYUTh JaHHBIE JUTSl T€0JIe3UIECKUX,
€0 IMHAMUYECKHX, HOHOC(EPHBIX U APYTHX UCCIICIOBAHMI, a TAKXKE JIJIS 3a7a4 HABUTAIIUH U €IIIe

LEJI0T0 psAaa TCXHUYCCKUX HpHHOX(CHHﬁ.
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Pucynok 1.4 — Ilynkr 'HCC-nab.nonennii reopusnyeckoit oocepparopun «Kiumosckasn»

1.4 3ammuTa Auccepraumii. AcnupaHTypa. AkajgeMuyecKue 10CTUKEHHS

coTpyaHukoB. [Ipemun

20 mas B UDP3 PAH cocrosinace 3ammra muccepranuu b. A. J[3e6oeBa «CucremHo-
AQHAJTMTHYECKH METOJl PAclO3HAaBaHWS MECT BO3MOYKHOTO BO3HHKHOBEHHS CHIIBHBIX
3eMJICTPSCEHU» Ha COMCKAHME YYCHON CTENeHH JOKTOpa (M3MKO-MAaTEeMaTHYECKHX HayK.

Hayunsriii koucynsTanT — akaaemuk PAH A. JI. ['Bummanm.

M.1.c. B. E. Ynnkus noctynui B acnupantypy M®3 PAH. HayunsiM pyKkoBOIUTENIEM €TO

paboTHI sBIsIeTCs T.H.C., A.T.H. B. I'. 'eTmanO0B.

25 aBrycra Ha LIepeMOHHMH HarpaxaeHus: Mex1yHapoJHON accoLualii reoMarHeTu3Ma 1
asporomun (IAGA) B.H.C. T1abopaTopuu reoPpU3NUECKUX JaHHBIX, TUPEKTOPY MHUPOBOTO IIEHTpa
JAHHBIX 110 COJTHEUHO-3eMHOU pu3uke K.¢.-M.H. H. A. CepreeBoii Oblia Bpyuena «Menans |AGA
3a MmHOTroJIeTHIOIO pabdoty» (IAGA Long Service Award) (puc. 1.5). LlepemoH#us IpOBOIHIIACH B

YAAJIEHHOM PEKUME.
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/@A(, & International Association of

Geomagnetism and Aeronomy
K_, International Union of Geodesy and Geophysics
The International Association of
Geomagnetism and Aeronomy
presents its

Long Outstanding Service Medal
to
Nataliya Sergeyeva

in Recognition of
__— Valued Service to the IAGA Community

I 1L

\J faun? over many Years / U Le
Mioara Mandea Monika Korte
IAGA President 25 August 2021 IAGA Secretary General

Pucynok 1.5 — Menajab MexayHapoaHOi#i acCOUAIMM FeOMATHETU3MA H A3POHOMMHU
(IAGA) 3a mHOro0JIeTHIOIO padoTy BpyYeHa K.¢p.-M.H. H. A. CepreeBoii

BenymeMmy HaydHOMY COTpPYIHMKY ja0opaTopuu reomH(GOPMATUKH U TE€OMarHUTHBIX
uccnenoBanuii A.¢.-M.H. C. A. JleGeneBy U KOJUIEKTUBY aBTOPOB MoHorpapuu «Oxpyskaromias
cpena PecnyOnuku Appires» ['nmaBoit PecnyOnuku Anpires M. K. KymnunoBsiM  BpyueHa

I'ocynapcTBenHast mpemust PecryOnuku Anpires B oonactu Hayku (puc. 1.6).

Pucynok 1.6 — I'nmaBa Pecny6smku Anbires M. K. Kymnuiaos u a.¢.-m.H. C. A. JleGeneB Ha
nepeMonum Bpydenusi I'ocynapcrBennoi npemun Pecny0yimku Aabiresi B 00J1aCTH HAYKHU
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B 2021 rony corpymuuku 'Ll PAH Obutn yaoCTOEHBI BHICOKMX BEIOMCTBEHHBIX Harpaj
Muno6puayku Poccun. Hayunsriit pykosogurens 'Ll PAH akanemux PAH A. /1. I'Bummanu Obit
ynoctoeH Harpanabl «lloyeTHBI paOOTHMK HAayKHM H BBICOKMX TEXHOJIOTHH Poccuiickoit
®enepamumny» (puc. 1.7). Jupexropy 'Ll PAH, un.-kopp. PAH A. A. ConoBbeBy 1 3aBEIyIOLIEMY
nabopartopueld reomuHamukd 1.T.H. B. H. TarapunoBy Obutn BpydeHbl Menmanu «3a BKJIaa B
peaM3anuio roCyAapCTBEHHOW TOJUTHUKUA B OOJNACTH HAYyYHO-TEXHOJIOTHMYECKOTO PAa3BUTHUS»
(puc. 1.8). BamecTuTeno AUPEKTOpa MO Pa3BUTHIO K.I.-M.H. A. W. PeiOkuHO# Oblia BpydeHa

Mmenanb «3a 0e3ynpeunslii Tpyn u ormaue» 111 crenenu (puc. 1.9).

Pucynok 1.7 — Inpexrop I'll PAH, 4i.-kopp. PAH A. A. Cos0BbeB n031paBiasieT
akagemuka PAH A. /. I'Buminanu ¢ BpyyeHuem Harpaabsl MunoOpHayku Poccun
«IToveTHbI pAa0OTHUK HAYKH U BBICOKHUX TexHoJIOrnil Poccuiickoii @egepanumn»

Pucynok 1.8 — Ilupexropy I'lLl PAH, ui.-kopp. PAH A. A. Co/i0BbeBY U 3aBeqyIOIIEMY
Jabdoparopueii reonmHaMuku A.T.H. B. H. TatapunoBy Bpy4ensl Menajin MuHoOpHaykn
Poccnu «3a Bki1ag B peasiM3annio rocyapcTBEHHOM MOJIUTHKH B 00/1aCTH HAYYHO-
TE€XHOJOTHYeCKOr0 Pa3BUTHS»
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s n

Pucynok 1.9 — 3amecTuTe/ 110 AMPEKTOPA N0 PAa3BUTHIO K.I.-M.H. A. . PbIOKUHON Bpy4eHa

Meaaab Munoopuayku Poccun «3a 6e3ynpeunslii Tpya u orsimuue» I crenenn

1.5 loroBopHast 1eATeJIbHOCTH

B 2021 roxy noroopnas nestensHocTh ['1] PAH Bkitouana BeIMOTHEHHE 0053aTEILCTB

1o 7 A0rOBOpaM.

1

2 1oroBopa Ha OKa3aHUE YCIYT.

Ilpeomem: KOHCYIbTallMOHHBIE YCIYyTM 1O  CONPOBOXAEHUIO  Pa3BEpPTHIBAHUS

reoMarHuTHOM obcepBaropuu B noc. Caberra.

3axazuuk: Texnonornueckas kommnanus «lllmomOepxe».

2 noroBopa Ha Bbinosnenue HUP.

Ilpeomem: TlpoBeneHue wuccIeIOBAaHUN TEONMHAMUYECKHX PEXKUMOB U pazpaboTka

MPeUIOKEHUH (porpaMmbl padoT) MO CEHCMHUYECKOMY U I'€OAMHAMHYECKOMY U3yUEHHUIO

YCIIOBUHM pa3MelleHHs IyHKTa INIyOuHHOro 3axoponenus PAO.

3akazuux: IHCTUTYT nipobieM 6e30MacHOro pa3BUTUs aTOMHOM 3HepreTuku PAH.
Horosop Ha BeimonHenue HUP.

IIpeomem: W3ydyeHue BO3MOXKHOTO BIIMSHUS KOCMHYECKOM IOrojibl Ha HAaJEXHOCTb

(YHKIMOHUPOBAHUST TPAHCIIOPTHBIX M YHEPreTUYECKUX CHUCTEM Ha BBICOKHUX IMTUPOTAX.

3axazuux: AO «<HUUAC.
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4 JHorosop Ha OKP.
Ilpeomem: Pa3paboTka ammapaTHO-IPOTPAMMHOTO KOMILIEKCa €O Cc(hepruuecKuM
JEMOHCTPALlMOHHBIM SKPAaHOM JJISi BHU3YyaJH3allMd T€ONpPOCTPAHCTBEHHBIX JaHHBIX C
JMaMETPOM SKpaHa OJUH METP.
3axaszuuk: CankT-IleTepOyprckuii TOpHBIM YHUBEPCUTET.

5 JoroBop Ha Beinonanenue HUP.
IIpeomem: IlpuknanHple W HSKCIEPUMEHTAIbHBIE HCCIEIOBAHMS METOJOB U CpEJICTB
¢ynnamentansHoro obecneuenus cucremsl ' JIOHACC B yactu yTouHEeHHs TapaMeTpPOB
MarHUTHOTO MOJIs 3EMJIH.

3akazuuk: AO «ITHUNmam».

1.6 DxcnequIMK U NOJ€eBbIE PAGOTHI

B 2021 rony corpynnuku 'Ll PAH npunsnu ywyactue B UelIOM psile SKCIEIULHUN U

BBIC37KaJIM HA HAYYHBIC IMOJICBLIC pa6OTBI. CpeI[I/I IpoYrXx CJICAYET BbIACIINTD:

— MaruutHas obcepBatopus « MuxaeBo», MockoBckasi 00:1. (Maii, aBrycT, OKTsI0pB).
Yuacmnuku: Hucunesnu M. B., Omenko A. A., [Terpyxnenko K. K.,
K.¢p.-M.H. Cuniopos P. B., ¥YBapos /I. H.
3adauu: MarHuTHBIE HCCIIEIOBAHUS 00CEPBATOPCKUX ITABUILOHOB.

— Ceno Ynabno, ['py3ust (M0OHB, OKTSIOPB).

Yuacmnuku: Onuanosa A. A., k.r.-M.H. Pei0kuna A. U.
3adauu: T'eonornyeckas SKCHEAUIUS MO UCCIEAOBAHUIO MPOLIECCOB OCATKOHAKOIUIEHUS
Bocrounoro u LlenrpansHoro Ilapareruca.

—  HwxHekaHCKH# TeouHAMUYECKUN TOTUTOH, KpacHosipckuii kpaii (HIOHb—HIOJb, aBTYCT).
Yuacmuuxu: 3abpoaun C. M., ManeBuy A. U., lleBuyk P. B.
3adauu: IIpoBeneHue reoje3NYECKUX U Te0JMHAMUYECKUX U3bICKAaHU.

— MarnutHas obGcepBaropusi «KimmoBckas», ApxaHrenbckas o0J. (WIOJb, aBIYCT,
CEHTSIOPB).

Yyacmnuku: T'pynueB A. A., Kpacnonepos P. ., Kynuu /1. B., Manesuu A. 1.,
[Tacumanyenko M. A., Cunopos P. B., ConoBeeB A. A., ConoBbeBa E. H.

3aodauu: TexHuueckne M peMOHTHble paboThl. OOHOBIEHHME CETEBOW M CHIIOBOH
uHppactpykTypsl. YcraHoBka HoBoro ['HCC-npueMHuka. YcTaHOBKa METEOCTaHIMU U

KaMCpHI.
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—  Tamanckuii m-oB, KpacHomgapckuii kpait (aBryCT—CEHTSIOPb).
Yyacmnuxu: Kynamwun A. C., Ogunuosa A. A., [Mununenko O. B., Pocrosuesa fO. B.,
Canbnas H. B., YBapos /I. H.
3adauu: T'eonornyeckas SKCHEIUIMS 110 UCCISIOBAHHUIO MPOLIECCOB OCAIKOHAKOIICHUS
Boctounoro u lentpansHoro IlapareTuca.

— Hayunas crannus «CHexunkay, SImano-Heneukuit AO (okTs10pb)
Yuacmuuxu: Hucunesuu M. B., Cunopos P. B., llleBuyk P. B.
3aoauu: VccnepoBaHue TMEPCIEKTUBHBIX MECT CTPOMTENBCTBA  0OCEPBATOPCKHUX
MaBUJILOHOB.

— Hayunas 0a3za «AnekcanapoBkay (MI'Y wum. M. B. JlomonocoBa), Kamyxckas o06i1.
(oKTs0pB)
Yyacmnuku: Ilacummanyenko M. A., Cugopos P. B., ConoseB A. A.

3adauu: VI3yueHne reoMarHuTHON HH(PaCTPyKTyphl HAYIHOH Oa3bl.

1.7 Tlonyasipu3anusi HAYKH

C 20 mo 21 centsopst 2021 roga ma 6aze CeBepHOro (ApKTHUECKOTO) (eaepaibHOTO
yHuBepcutera uMeHu M. B. JlomonocoBa (CADY) B ropome ApxaHTelIbCKe TpOILIa
| Becepoccuiickass mikosna MosoAblX Y4YE€HBIX «CHCTEMHBI aHAJINW3 JAWHAMUKH TPUPOTHBIX

npoiieccoB B poccuiickoit Apkruke» (https./school2021.gcras.ru/). B mikose npuHsIM ydacTue

37 ciymiareneid — CTYISHTOB, AacCHUPAHTOB M MOJOJBIX YUYEHBIX B BO3pacte 10 35 JeT
BkarounTenbHo (puc. 1.10). B paMkax mporpamMmbl IIKOJIBI CIYIIATEIAM OBLIH IMPEICTAaBICHBI
JIEKIUHM BEAYIIMX POCCUMCKUX YYEHBIX, 4JieHOB Poccuiickoil akagemuu Hayk, yu€Hbix CADY
Y CIICIUAJIUCTOB B 00JIACTH CEMCMOJIOTHHM, TE€OMarHeTU3Ma M a’dpOHOMHH, Teo()H3UKH,
KIIMMATOJIOTHH, TUIPOJIOTUU u OKEaHOJIOTHH, JIMCTAaHITMOHHOTO 30HAUPOBAHUA,

FeOI/IH(bOpMaTI/IKI/I, CUCTCMHOI'O aHaJIn3a, OKOJOI'uHu U APYTUuX CMEXKHBIX JUCIIUIIINH.

[lkona Obuta opraHu3zoBaHa Hpu nojanep:xke Poccuiickoro Hay4Horo (oHga B paMkax
rpanta Ne 21-77-30010 «Pa3Butne (u3muecKkux Mojelield JUIsl OIEHKH pPHCKa HETaTHBHOTO

BOSHCﬁCTBHH KOCMHUYECKOMH II010JbI HA TCXHOJOINYCCKHUEC CUCTCMBI)» .
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ity R

BCOPOCTHITKIN Wrona » X PUONBIX
CCUCTEMMRIA AHANW3 S i MUK
AL YP v HOM APKTHKE g

Pucynok 1.10 — Jlextops! u caymarenau I Becepoceuiickoii mKkoab1 MOT0ABIX Y4EHBIX
«CucreMHBIH aHAJIU3 JTMHAMHUKH NPUPOJIHBIX NPOLECCOB B POCCHIICKOI APKTHKeE»

Psin denepanbHBIX ¥ PErMOHATIBHBIX W3JaHUIN OIYOIMKOBAIM HOBOCTHBIE MaTepUalbl 00
3TOM coObITHH: Hayuno-undopmannonnsiii mopran «Ilouck» (https.//poisknews.ru/geofizika/na-
siyayushhih-prostorah-budushhim-issiedo/); BectHux OH3 PAH

(https://onznews.wdcb.ru/oct21/zavershil as-vserossijskaya-shkola-mol odykh-uchjonykh-

sistemnyj-analiz-dinamiki-prirodnykh-protsessov-v-rossijskoj-arktike.html);

BezFormata.Com — «Hosoctu ApxaHrenbcka u ApXaHreNnbeKoi obnacTu»
(https://arhangel sk.bezf ormata.com/listnews/prirodni h-protcessov-v-rossiyskoy-
arktike/97750614/); «Cesepuas JIBuna online» (https://sevdvina.online/2021/09/20/B-cady-

UCCIIe/I0BATEIN-00CYKIAI0T-IHAM/); «ApxaHTenbCcKas o0nactp online

(https://arhangel.online/news/news-36044); HayuHo-oOpa3oBarenbHas IIOMIAKAa «APKTHK-

¢donn»  (https://arctic.narfu.ru/main/news/1890-v-saf u-nachal a-svoyu-rabotu-shkol a-sistemnyj -

anali z-dinamiki-prirodnykh-protsessov-v-rossijskoj-arktike.

B 2021 romy corpyanuku I'LlPAH Taxke Benmu akTtuBHyr paboTy B cdepe

MOMYJISIPU3ALMH U HIUPOKOTO pacpoCTpaHeHus: HaydyHoro 3HaHust B CMU.

— Ha Ttenexanane «Poccus 1. HoBocuOupck» Bblllen crokeT o pa3Butuu HayuHo-

uccienoparenbckoil cranuu «OctpoB CamoinoBckuit» (nenbra p. Jlenst, SAxytus)

(https://youtu.be/I8PK pQlY gms).

—  J.0.-m.H. B. A. /I3e60eB nanm uHTEpBHIO TenekaHamy «MockBa-24», nocesmeHHomy 10-i
roJoBIIKHe KatacTpodsl Ha AmoHCKON ADC «DykycuMa», BbI3BAHHOM 3eMIIETPSICEHUEM

Toxoxky, npousomenimm 11 mapra 2011 roxa (https.//youtu.be/sSzW1V xvG5Y %=218).
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H.b.-m.H. B. A. [Tmuiunerko  ganm  WHTEPBBIO  HAYYHO-UH(OOPMAITMOHHOMY  MOPTATY
«Ilouck»: «B aBpopampHOM pexkume. Kak yOepeub TeXHUKY B  ApPKTHUKE»

(https://poisknews.ru/news/v-avroralnom-rezhime/).

Hayunsiii pykoBoautens 'Ll PAH, akanemux PAH A. /. I'Bumanu nan MHTEpBbIO Ha
aHaJIMTU4YecKod mporpamMMe BosbHOro skoHomuueckoro odmiectBa Poccun «/lom O»

(https://www.youtube.com/watch?v=aZ |V XxolLFA&t=1444s).

J.¢.-m.H. B. A. /I3e60€B nan MHTEPBBIO IOTOOCETUHCKOMY MH(OPMALMOHHOMY MOPTaIy

Sputnik (https:.//sputnik-ossetia.ru/20210601/M ol odoy-osetinskiy-uchenyy-Boris-
Dzeboev-nauchnaya-rabota--etotvorcheskiy-protsess-12304838.html) "
pecny6J1HKch1<0My HOBOCTHOMY U34aHUIO0 «CeBepHaﬂ Ocetusa»

(http://sevosetiaru/Article/Index/462035). B untepsbio b. A. J[3e60eB pacckasai o cBOci

HayyHo# pabote B I'l] PAH.

B oxrsa0pe cocrosutack coBMecTHas HaywHas Odkcnemuius [ PAH, M®TU wu
Poccuiickoro 1entpa ocBoeHus Apkruku «PILIOA» (Poccuiickuii IIEHTP OCBOCHHS
Apxrukn) B SIMano-Henerkuit AO Ha MecTe CTPOUTEIHCTBA OYAyIIeH HAYYHOW CTAHIIUS
«Cuexunka». Madopmarnus 06 skcnenuiuu Obita onyonukoBana Bectnukom OH3 PAH

(https://onznews.wdch.ru/oct21/zavershil as-sovmestnaya-magnitometri cheskaya-

ekspeditsiya-gts-ran-mfti-i-np-rtsoa-na-sever-priural skogo-rajona.html); HHCcTUTYyTOM

apktudyeckux  texHoiormii MOTHU  (https://www.arctic-mipt.com/tpost/boclyxsffl-

magnitnaya-syomka-na-territorii-mas-snez); usmanuem «Cesep—Ilpecc» (https:.//sever-

press.ru/2021/10/19/v-arkticheskoj-stancii-snezhinka-oboruduj ut-geomagnitnuj u-

observatoriju/) u W3IaHUEM «KomcoMonbckas npaBa»
(https://www.Kp.ru/online/news/4483232/).

8 okTsa0ps B pamkax Bcepoccuiickoro ¢gectuBains Hayku NAUKA 0+ I'Ll PAH B popmate

BI/I,Z[eOKOH(bCpeHL[I/II/I ObLIa OpraHn30BaHa HAYYHO-TIOITYJISIpHAA JICKIIHA «HYTCLHCCTBI/IG K

raneraM COTHEYHON CHCTEMBI.
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2 Pa3paGoTka MeTOI0B NMPOTHO3UPOBAHUSI M MOHMTOPHMHIA YCTOWYHMBOCTH
reoJIOrMYecKoil cpeabl VISl NMpeAyNpe:KIeHUusi re0dIK0JI0rH4ecKux yrpo3 ot
00bEeKTOB MCMOJIb30BAHNSI ATOMHOM YHEPIrUH

Homep B MCI'3: FMGN-2019-0001

Howmep rocpeructpauun: AAAA-A19-122012500332-9

Pykosogutens: A.17.H. B. H. TaTtapuHoB

OTBeTcTBEHHbIE UcnonHuTenu: A.7.H. B. H. Moposos, a.7.H. B. U. KadTaH, a.¢.-M.H.
W. 1O. KonecHukos, H.c. A. 1. MaHeBnY

Henb paboThl — pyHIaMEHTabHbBIE HCCIEA0BAaHUS, HANIPABICHHbIE HA CO3/1aHHE HOBBIX
reOMH(pOPMALMOHHBIX ~ METOJOB  MOHHMTOPUHIa W  INPOTHO3HPOBAHUSA  YCTOWYMBOCTH
re0JOTMYECKOM Cpeabpl Uil BBIABIEHUS MPUPOJHBIX M TEXHOIEHHBIX YIrpo3 oOOBEKTaM
UCIOJIb30BAHNS ATOMHOW SHEpPIruH, BKIIKOYas 3aXOPOHEHHE BBICOKOAKTMBHBIX PaJUOAKTHBHBIX
orxonoB. B 2021 rony uccrnenoBaHus ObLIM HANpaBieHbl Ha pElIEHUE 3ajay, SBJSIOLINXCS

3aroJIOBKaMH IIPUBCACHHBIX HUKC pa3aciioB.

2.1 CpaBHenue TouHocTH THCC-MoHNTOPUHTa B HA0JII01aTeIbHBIX CeTAX
€ Pa3HBIM COCTABOM H3MepeHUI NPH onpeie/ieHMd COBPEMEeHHBIX IBUKeHHIt
U AedopManuii 3¢eMHON MOBEPXHOCTH B 30HAX AKTHBHBIX TEKTOHUYECKUX

HAPYLIEHUH U CeliCMUYeCKHU ONMACHBIX 30HAX

Hcnonb30Banue rinodanbHbIX U perHoHanbHBIX cucteM oTcuera mpu ' HCC-nabmrogeHusx
HEPAYUOHAIbHO 0I5l U3YUEHUS. Yel020 PA0d JOKANbHLIX 2e00UHAMUYECKUX NPOYecco8, TAKUX KaK
CKOJIb)KEHHE OOpPTOB CEMCMOTEHEPUPYIOUINX pPa3JIOMOB, IBM)KEHUS M JeQOpMaluu 3eMHOMN
IIOBEPXHOCTU B DPAalOHAX BYJIKAHWYECKOM AKTUBHOCTH, Ha NOJPAa0ATHIBAEMBIX TEPPUTOPHUIX
MECTOPOKICHUN MOJIE3HBIX CKOMAEMbIX, B MECTAX 3aXOPOHEHUS PAAMOAKTHUBHBIX OTXOJIOB U JIp.
B To’xe BpeMs IpH CO3aHUU JIOKAIBHBIX CETeH BBy psiia IPUUUH (3€JI€CEHHOCTh, OTCYTCTBHE
nopor, penbed U 1p.) ob6ecneuuTh ONTHUMAIbHYI KOH(QUIYPallMI0 CETH HE BCEraa yJaaerTcs.
[TosTOMY OBLITO HICCIIEIOBAHO BIHMSHUE KOH(MUTYPALMU CETH Ha TOYHOCTH OTIPEICIICHUS IBIKCHUH
u nedopmanuii npu 'HCC-nabmoieHUIX Ha TOKATBHBIX HOJMMIOHAX [Kagman, 2021, Kagpman u
op., 2021, Kagpman u Tamapunos, 2021].

JUist OLleHKH BKJIaJia JJTMHHBIX 0a30BbIX JIMHUH B TOUHOCTH OMPEAETICHUs CMELICHUH Oblia
coznmana tectoBas JokaimpHas cetb | HCC-nabmronenuit (puc. 2.1). XapakTepUCTHKH TECTOBOU
cetu mpencrasieHsl B Tabn. 2.1. Ilopsmox o6pabotku 'HCC wusmepenuii 3akmouaics B
cnenytomeM. Ha mepBom stane o cyrounsiM ceancam 'HCC uzmepenuii B pexkume «CTaTHKa
METOZOM JBONHBIX (PA30BBIX PA3HOCTEH ONpPENENsUINCh TOYHbIE 3HAUEHMsI BEKTOPOB 0a30BBbIX

auHui. W3 Kaxkaoro cyToyHoro peuieHus (OpMUPOBAIUCH JiBa BapuaHTa HaOOpa BEKTOPOB:
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MOJIHBIN 1 COKpallleHHbIN. HenpepriBHBIE U3MEPEHHUS BBITOIHSIUCH 196 CyTOK.

5

Pucynok 2.1 — Kondurypauusi Had6aoaare1bHoi cetu. a) [losnas cerb. 6) CokpanieHHan
onTuMu3upoBaHHas ceTh. YepHsbie TpeyronbHukn — 'HCC crannuu. YepHble JIMHUA —
H3MeHeHHbIe 0a30Bble JINHUU

Tabauma 2.1 — XapakTeprCTHKH BapUaHTOB HAOIFOAATEIIbHON CETH

JlnvHbI 6a30BBIX TUHUN Unerno CKO

XapaKkTepuCTUKH (M) Yucino
. . | W30BITOYHBIX €IMHUIIBI

cerei JTMHHAN .

min | max | Cpeasss H3MepeHuit Beca i (MM)
Honsas 326 |2118| 981 28 60 1.10
(Bapuanr 1)
Coxpareras 326 | 1587 | 782 18 30 0.75
(BapuaHr 2)

Ha BTOpOoM 5Tame BBINOJHSJIOCH ypaBHHBaHHE i-1 pasHOCTEeW MpocTpaHCTBeHHBIX 3D
BEKTOPOB 0a30BBIX JIMHHIA, IIOJIyYCHHBIX BHIYMTAHUEM U3 BEKTOPOB TEKYIICH STIOXU U3MEPEHUII |
BEKTOPOB HaYaIbHOM 3110XU. OCOOEHHOCTHIO 00pa0OTKH SBISIOCH TO, UYTO CETh YPaBHHBAIACh KaK
CBOGO[[HEUI oT OI_HI/I6OK HUCXOOJHBIX JaHHBIX 663 BHCHIHUX OITOPHBIX ITYHKTOB C HCIIOJIb30BAHHUCEM
TJIABHOM TICEBA000PAaTHON MAaTPHUIIBl HOPMAJIbHBIX YPAaBHEHHH 110 METOJTY IOJIyYEHHS JIOKATbHOU
«BHYTPEHHE» CUCTEMBI OTCUETA.

B pesynbpTare ypaBHHBaHHUS 1O METOJY HAaUMEHBIIUX KBAJpaTOB IMOJHOHN (BapuaHt 1)
U COKPAIEHHOH (BapHaHT 2) CeTH OBbUIM MOJTyYeHBl BEKTOPBI CMELIEHHH OT HAYaJIbHOU SMOXH 10
TeKyllel OX U BHIMUCIICHBI OLIEHKH JUCIIEPCHH PA3HOCTH HAOIIONEHHI C €IMHMYHBIM BECOM L2,
CpenHue 3Hau€HUs CTaHAAPTOB E€IUHUIBI Beca i Ui KKIOTO M3 BAPUAHTOB IPEICTaBICHBI
B IocieaaeM cronnoie tadi. 2.1.

CpaBHeHUIO OBUTM  TOABEPTHYTHI  OOOOIIEHHBIE OIIEHKHM TOYHOCTH  H3MEHEHHUS
TOPU30HTAIBHBIX CMeIeHUH 1 3(h(PEKTUBHOCTHU UX OINPEAEICHHS Ha YPOBHE OLIMOOK N3MEPEHU.

Cpennue KBaJpaTH4ecKue ONIMOKY IMHULIBI BECa U3MEPEHUS MOTydaiu 1o popmyie:
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u

2 _ vTQf'v
n-m’

)

rJe V — IOIIpaBKU B U3MEPEHHbBIC PA3HOCTH KOMIIOHEHT BEKTOPOB 0a30BEBIX HHHHﬁ, QI -

oOpaTHasi BecoBasi MaTpuIla H3MEPEHU, N — 00IIee YNCIO0 U3MEPEHUN, M — YHCIIO N30BITOYHBIX

HU3MEpPEHU.

DddexTuBHOCTE ompeneneHus nedopManuil OIEHUBAIM C MOMOIIBIO JUCIIEPCHOHHOTO

OTHOLICHHA:

_ dxTNdx
vTpy ’

(2)

rne dx — Bektop onpeaenseMsix cMmerieHuid myHkroB ' HCC, N — matpuna koadduimenton

HOpMaJIbHBIX YpaBHEeHUH, P — BecoBas marpuna.

Pe3ynbraThl cpasnenus 08yx eapuanmos oopabomku MpeICTaBIEeHbI Ha pHUC. 2.2.

1 (rm)

o

0 50 100 150
CyTim ot Hadana HabniogeHnn

200

Kputepwia $uwepa F

o 50 100 150
CyTkm oT Hauana HabnogdeHII

200

50 100 150 200
CyTkM oT Havana HabnogeHnH

PucyHok 2.2 — Pe3yibTaThl CpAaBHEHHUS OLIEHOK TOYHOCTH 00pa0OTKHU JIOKAJBLHOI ceTH
B MIOJTHOM M COKpPallleHHOM BapuaHTax. a) CpaBHeHHe CTaHJAaPTHBIX OIIHOOK eIMHHIbI
Beca MOJHOM (KpacHbI HBeT) M COKpaleHHoH (cuHuii uBeT) cereil. 0) OTHOLIEHHE
CTAaHAAPTHOM oHOKHM eqMHUINBI Beca pl k p2. B) 3HaueHus craTucTuK Duniepa moJHoM
ceTH (KpacHbIM IIBET) U COKpPameHHo| (cuHuil uBer). r) OTHOmEeHHsI cTATUCTUK DUiepa

Fl1 k F2

W3 anx CJICOAYECT, YTO BCC CTAHAAPTHBIC OIINOKU CAUHUIIBI BECa JIA MMOJTHOM CETH BCCrja

MPEBBILIAIOT COOTBETCTBYIOIIME OLIEHKH JJISi COKpAllleHHOW ceTH. 3HAueHUs Wi MPEBBILIAIOT

3HaueHus u2 ot 1,1 no 2,3 pas (puc. 2.2 6). 3nauenus kputepusi Ouiiepa B cayyae MOJHOM ceTu

BCErJla HWXKE TAaKOBBIX ISl COKpaIleHHOM ceTu (puc. 2.2 B, T).
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Pazpaboranubsie metoauku nosieBbix ['HCC-nabmronenuit, o0paboTKH U UHTEPIIpETAIIUU
I'HCC-paHHBIX TPOXOAMIHM IPAaKTHUYECKOe ONpoOOBaHME HA TI'EOAMHAMHUYECKOM IMOJHUTOHE,
CO3JIaHHOM B ceBepHOM yactu HukHekanckoro maccuBa. [Iporpamma uccienoBaHuii B pailoHe
CTPOSIICHCS MOJ3EMHOM HccienoBaTelibekoi taboparopuu (ITMJI) BriItOYaeT MCHOIB30BAHHE
CIyTHUKOBOM TI'€0JIe3UYECKO CeTH Al M3yueHus aedOopMallMOHHBIX MPOLECCOB M IMPOTHO3a
JUINTENbHON yCTOMYMBOCTHU T'€0JIOTMUECKOi cpeapl. B aToil cBsa3u B 2022 rogy nmperxycMOTpeHa
MojiepHU3anus reoguHamuueckoro rnonurona (I'JII1), B cBs3u ¢ uem ObUT BBIIOJIHEH aHAIN3 OIbITa
HaOO/ICHUN Ha JIOKAJIbHBIX TEOJAMHAMUYECKHX IOJIMTOHAX B pailOHaX pacHOJIOKEHUs psaa
sapyoexusix TN [Tamapunos u op., 2021). Pe3ynbTarthl aHamnM3a OPraHU3allMH JIOKATBHBIX
I'HCC-cereit Ha 3apy6esxxubix I1M1J] 6bu1n ucnionb3oBansl pu cocTaBieHuH «IIporpamMmsel padot
[0 HCCJIEIOBAaHUIO T€OJMHAMUYECKUX YCJIOBUW pailoHa CTPOMUTENHCTBA MYHKTAa TJyOMHHOTO
3axopoHeHus paarnoakTuBHBIX 0TX0A0B (III'3PO) B HimkHekaHCKOM MaccuBe», MOATOTOBIEHHOM
B pamkax BeimonHeHus PLIT «O6ecnieuenue saepHOi U paaraiuoHHoi Oe3omacHocTH Ha 2016—
2020 roasl m Ha mepuox a0 2030 romay, 4. 2.1 «CTpoUTENHCTBO OOBEKTa OKOHYATEIHLHOMN
M30JISIIMKM  PaJUOAKTUBHBIX OTXOJOB (IyHKTa riayOumHHOro 3axopoHeHuss PAO) 1-ro u 2-ro
kiaaccoB (KpacHosipckwuii kpaii, Huknaekanckuii maccuB)» coBMmectHo ¢ UBPAD PAH [Kuwkuna
u op., 2021].

N3 cxembr Ha puc. 2.3 BuaHO, uyTo cymectBoBaBmas B 2020 rogmy I'HCC-cerp He
OXBaTHIBAJIa IO’KHYIO YacTh paiioHa no otHouenuto k [TWJI. Hudpamu Ha puc. 2.3 0603HaUEHBI
OCHOBHBIC TeKTOHMYeckHe pasnioMbl: 1 — IlepBoiii KpacHosipckuii pasznom; 2 — MypaTtoBCcKuit
paznom; 3 — AtamaHOBCKH pasnom; 4 — KaHcko-ATaMaHOBCKUHM paszioM; 5 — ManoTenbckuit
pasnom; 6 — [IpaBobGepexHsbIil paznom; 7 — bonbmerensckuii pasinom; 8§ — LIlyMuXuHCKH pa3iom;
9 — Baiikanbckuii paznoM. Yuactok «Enuceiickuit» u mecto ctpoutensctBa I1MJI mokaszansl
KpacHbIM KOHTYpOM. [Ipu n3ydeHuu reolMHaMU4ecKoro pekuMa pailoHa KpailHe BakKHO, YTOOBI
uccleyeMblii 00BEKT HaXOIWJICA BHYTPU Teojie3ndeckoil cetd. B aroil cBsi3u  ObLIO
PEKOMEHIOBAaHO YyBeJIMYeHHE KoyinyecTBa reozesndeckux myHkToB ais ['HCC-monuTopunra B
I0’KHON yacTu paiioHa. B pesynbprare nosnessix padot B 2019-2020 rogax, ¢puHaHCHPYEMBIX U3
JPYTUX HMCTOYHHUKOB, HO HAa OCHOBE €JMHOW METOAMYEcKOil 0a3bl, pa3paboTaHHOI B paMKax
BoimonHeHuss l'oczamanus B 'Ll PAH, Obma mpoBegeHa pEKOTHOCIIMPOBKA HOBBIX MECT
BO3MO>KHOT'O pa3MelIeHHs MyHKTOB. B pe3ynbrare 010 BEIOPaHO 8 HOBBIX MEPCIIEKTUBHBIX MECT

nist yeraHoBku HOBbIX [ HCC-niynkroB [Manesuu u dp., 2021].
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PucyHnok 2.3 — CTpykTypHO-TeKTOHH4YecKasi cxema H myHKThI THCC u3mepennii
reoMHAMHYeCKOro nmojurona HuskHekanckoro maccua. 1 — aeiicTByoiue reojie3uueckue
NYHKTBI; 2 — IVIAHHPYEMbIe I CTPOUTEILCTBA reo/ie3ndecKue MYHKThI; 3 — OCHOBHbIE
TEeKTOHHYECKHE Pa3jioMbl; 4 — rpaHuna KoHTakTa Cuoupckoii niaargopmel u 3anaaHo-
Cubdupckoil InTHI

Kondurypamus cetu THCC nHabmroneHuit uMeet OoJiblIoe 3HaYeHUe Ui oOecreyeHust
BBICOKOM TOYHOCTH OIpeaeseH s Ae(opManuu 3eMHOM MOBEPXHOCTH, OCOOCHHO Ha JIOKAJIHHBIX
noguronHax. HawnydmmMm noxxomoM K (OpMUPOBaHMIO KOH(MUIypallMu CeTH SBIISETCS
Tpuanrysuus Jlemnone. Tpuanrynsauus JleioHe MAaKCUMU3UPYET MUHUMAJIBHBIA YTOJI CPEAUN BCEX
YIJIOB BCEX HMOCTPOEHHBIX TPEYrOJbHUKOB, TEM CAMbIM M30€TaroTCsl «TOHKHE» TpPEyrOJbHHKH,
TaKKe MAaKCUMHU3HUPYET CyMMY PaJinyCcOB BIMCAaHHBIX OKpYyKHOCTeH. Ha miockoctu ona oOnagaer
MUHHMMAJIBHOW CYMMOH PaiInyCOB OKPYKHOCTEH, OIIMCAHHBIX OKOJIO TPEYTOJIbBHUKOB, CPEIA BCEX
Bo3MOHBIX TpuaHryssinuii. Jins THCC-cetu B paitone T1MJI Opina peanu3oBaHa mporenypa
noctpoeHust TpuaHrynauumu Jlemone. [l sTol 3amauM  ObUIM  MCMOJB30BAaHBl 3HAYEHUS
reo/Ie3NYECKUX KOOPJAMHAT IyHKTOB, NpeoOpa3oBaHHbIE Ha IIJIOCKOCTh B YHHBEpPCAIbHOU
npoekuun Mepkatopa UTM. Jlanee ans KaXJoro TpeyrojbHUKa ObUI BBIYMCIEH KPUTEPUN
OTHOILICHUSI pajuyca OINHMCAHHOW OKpyKHOCTH K BrucanHoi R/r [Tamapunos u op., 2021;

Illakupoé u 0p., 2021], Buszyanuzaius pe3yibTaToB MpeACTaBiIeHa Ha puc. 2.4.
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Pucynok 2.4 — Tpuanryasauus [lesone cetu Huxknexkanckoro I'III. A — gelicTByromas
reoje3nveckas cerb; B — pacmmmpennas reonesudeckas cetb; 1 — THCC nyHKTBI

2.2 UccnenoBaHue pa3BUTHS TEKTOHUYECKOTI0 MPoIlecca B 30HAX AKTHBHOI0
OporeHe3a, NOCTPOEHNE MO/IejIeiil HANPSXKEHHO-1e()OPMHUPOBAHHOIO COCTOSIHUS B

3MMLEHTPAJTbHBIX 30HAX KOPOBbIX 3eMJIeTPsICeHMit

Ha puc. 2.5 mpencraBineHbl pe3ynbTaThl pacyeTa WHTEHCUBHOCTH TEKTOHUYECKHX

HANPSOKEHWH 07 W OTHOIICHUS TJIABHBIX HANPSUKEHUH Oyy/0y, B ONHUIEHTPAILHOW 30HE

3emiieTpsicennst XancuH-ABansu B 17.01.1995 romy ¢ M 6,9 _
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Pucynok 2.5 — HanpsizkeHHO-1epOpPMHPOBAHHOE COCTOSIHUE IMHIIEHTPAIBLHOI 30HbI
3emuleTpsiceHUs] XaHCMH-ABa/JA3M. & — HHTEHCUBHOCTb HANPS’KEHUI; 0 — OTHOLIEHHE
IJIABHBIX JeificTBYIOIIMX HanpsikeHuii; 1,2 —pasiomsl; 3 — odpa3oBaBmmiics pa3pbiB; 4 —
HanpaBJ/ieHHe MAKCHUMAJIbLHOT0 TPAJHEeHTAa HHTEHCUBHOCTH HANPSI:KEHUi; 5 — 00J1acTh
3apoKIeHHs pa3pbiBa

Ecnu monarare, 4YTO NpUYMHON BO3HMKHOBEHMS pPa3pblBa SIBIISETCS aKKyMyJIHPOBaHHas
sHepru B npenenax miomaan ABCD, To ona onpeznensiercss popmyioit (pu cpeHei MOITHOCTH

ceiicmorenepupytoiero ciost 20 KM 1 cpeiHeld MHTEHCUBHOCTH HamnpshkeHuii o; = 35 MIla):

1+v
o= ﬁ X ofAV = 2,86 10'° [Ix, )

rme Env— CpeIHUE MO YyIpyroct, AV — 00beM CeHCMOTeHEPUPYIOIIETO CIIOS.
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a) 6)

-16 0 16 32 KM

o;, MIMa

o, Mlla

Pucynok 2.6 — Moaeab npoguisi pacnpocTpaHeHus pa3pbiBa B HHTepBaje 6—12 cekyHa ot
Havasa 3emiierpsicenus. [Ipoduim cooTBeTcTBYIOT Tpacce celicCMHYeCKOro pa3pbiBa,
MOKA3aHHOI'0 HA PHUC. 2.5 MYHKTHUPOM. 8 — MHTEHCUBHOCTDH HanpsixkeHuii o;, MIla
(MyHKTHPHBIE H30JIMHHH COOTBETCTBYIOT CKOPOCTH PACIPOCTPAHEHHs pa3pbiBa 3 M/c); 6 —
JKCIIePUMeHTAJIbHbIE JaHHbIe CMellleHNii B IVIOCKOCTH pa3pbiBa

Ha puc. 2.6 moka3ana mozens npoduias pacpoCTpaHEHUs! pa3pbiBa B COIMOCTABICHUH
C DKCIIEPUMEHTAJIBHBIMU JaHHBIMH. [IpOTS>KEHHOCTH paspblBa 3aBUCUT OT YAAIEHHOCTH 30H
BBICOKOM KOHIIEHTpAIMU TMOTEHIMAJIbHON SHEPruu TEKTOHWYECKMX HANpPSLKEHUM, CIOCOOHBIX
HoJJepkKaTh €ro pacupocrpaneHue. Pa3peiB 3emiierpsicenust XaHCUH-ABaI31, paCIPOCTPaHSACH
K TIOBEPXHOCTH B aHOMAJILHO HAINpPSHKEHHOW 30HE, BHI3BIBAET MAaKCUMAIIbHBIA COPOC HANIPSHKEHU,
COIIPOBOKAAIOIINNCA MAKCUMAJIBHBIMU CMELICHUSIMU 110 pa3pbIBy. [Ipu qocTH>KEeHNH pa3pbIBOM
AQHOMAJIbHBIX 30H BBICOKOH 0;, MaKCUMajbHbIE CMEIIEHUS ObUIM 3aperucCTPUpPOBAHBl MUMEHHO
B 30HaX CEBEPO-BOCTOYHEE M IOr0-3allaHEE SMULEHTPA 3€MJIETPSICEHUS, KOTOPbIE HAXOAATCA Ha

paccrostHuu 15-20 KM, ¥ UM COOTBETCTBYIOT aHOMAJIbHO BBICOKHE OTHOIIICHUS Gxx /Gyy.
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Takum oOpa3om, ¢GopMUpOBaHHE MEXPa3TOMHOW 30HBI BBICOKOH HMHTEHCUBHOCTH
HaIpsHKEHUW COTJIaCyeTCsl ¢ CEMCMOJOTMYECKHMMH JaHHBIMA U JaeT HOBOE MpECTaBICHUE
0 MEXaHM3ME OdYara 3eMJeTpsAceHus, OOBICHIS HalUyue 00JIacTeil MaKCMMAalIbHBIX CMELICHH

B KOCEHCMHUECKOM (P (PEeKTe CUIBHBIX 3eMIIETPSICEHUH.

2.3 AHAJIM3 10JTroNepuoanYecKUX ABHKeHUI U nedopManuii 3eMHOH KOPBHI MO
cyTo4HbIM onpeneneHuAM KoopanHaT THCC-nyHKTOB 1711 BBISABJICHUSA
Ae()OpMaIMOHHBIX NPEeJBECTHUKOB 3eMJIETPSICEHN I M MTOMCKA HeNMOABHKHbBIX
3amepThbIX 30H pa3jI0MOB Ha npuMepe 3emiierpsicennii Kymamoro 2016 rona

(SInonust) Mw 6,4-7,3

Cepus 3emnerpsicennii Kymamoro 2016 roma cocrosia U3 JIByX CHIIBHBIX (DOPIIOKOB
14 anpens (M;j 6,5) u 15 anpens (M;j 6,4) u nocneayromiero riaaBHoro toauka 17 anpens (Mj 7,3)
¢ runoueHTpoM Ha riyouHe 10 kM. TexkToHHKa paiioHa onpenenseTcs AByMsl 30HaMH pa3jioMOB
Xunary n ®yraraBa (puc. 2.7), K COWICHESHHIO KOTOPBIX MOJ{ OCTPBIM YTJIOM IPHYPOYEHBI

paccMaTpruBaACMBbIC celiCMHUYECKHE COOBITHS.

‘.rm {»’-"»-&'7 o -\"v-‘. oo
R Gs/ Copyright G-EVER

S hEEER A b y— Transla;g{df(fiqﬁ,GSJAi&f ok '_r- (BT “ , }

Pucynok 2.7 — KapTa akTUBHBIX Pa3/IOMOB B PaiioHe MO0 JAHHBIM I'e0JIOTHYeCKOi CIIyKObI
Simonmn [http://g-ever 1.org/quick/index_en.html]

Ha tepputopun umeercst miotHas cets HerpepbslBHBIX [ HCC nabmonenuit GEONET. Ha

IMYHKTax Ha6JIIOlIaTeJIBHOI>'I CETH TMeEp€d BO3HHUKHOBCHUCM SCMJ'ICTpﬂCGHI/II\/’I HaKOIIJICHBI
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M3MEpUTENIbHbIE JaHHbIE Ha MHTEPBAJIaX OKOJIO 7 JIET C 4aCTOTOM OJMH pa3 B cyTKH. [l u3ydenus
ceiicMo-7eOpPMaITMOHHOr0 TIpoIiecca Mepea 3eMIIETPACEHHEM OBLIM HCIOJIb30BaHbl JaHHBIE
HenpepeiBHBIX  GPS-HaOmromennii 70 cTaHIUA ¢ CYTOYHBIM HWHTEPBAJIOM PETHUCTPAIIHH.
BpemenHsbie psiibl KOOpIUHAT HAOMIOJATENbHBIX MyHKTOB OBLIM MOJYYEHBI ¢ MCIOJIb30BaHHEM
CTpaTerdd TOYHOIO OMpejaeieHus Mecronojoxenus — Precise Point Positioning (PPP) ¢
UCIOJIb30BAHUEM TOUHBIX 3(heMepu ] 1 OMPaBOK 4acoB clyTHUKOB GPS.

Hauanpnas smoxa 7o onpenenenus asvxeHuid u nedopmarnuii mo qanasiM 'HCC Opu1a
3aukcupoBana Ha 1 suBaps 2009 roma, TO eCThb MHTEpBAJ aHAIM3UPYEMBIX HAOIIOJCHUN
cocTaBJsul 6osee 6 J1eT 10 BOBHUKHOBEHHUS 3eMJIETPSCEHUH.

OcHOBOM A BBIUUCIEHHA TOpU30OHTANBHBIX cMenieHnii ['HCC-myHKTOB sBHUINCH
BPEMCHHBIC Ppsbl, MOJNy4YeHHBbIe [eojesnyeckoit naboparopuern Hesanwl [Kagman, 2021].
I'opuzonTaneuble cMmemeHust Un u Ue BBIMMCISUIMCH HA KaXble CYTKH IO OTHOLICHHMIO K
HavajnbHOM 31oxe 70 Kak pa3HOCTh IUIAaHOBBIX KoopauHaT N u €B npoekuuu UTM o cnenyromumm
dhopmynam:

Up,=n;—ng, U, =¢€;—¢€g, 4
rJie UHACKC | 0003HaYaeT TEKYUIYIO SM0XY U3MEPEHUI.

Cmemenuss nyHkroB [HCC, BwlpaxeHHbIE B TJ00adbHOM CHCTEME OTCYETa,
JIEMOHCTPHUPYIOT B MEPBYIO OYepe/lb TEHACHIIUHN JBIKEHUS TJI00aIbHOM TeKTOHUYECKOW TUTUTHI,
Ha KOTOPOM HaXOAMUTCA IMyHKT HAOMIOACHUS. DTOT 3P (EeKT 3aTpyAHSAET OTCAECKUBAHUE MEHBIINX
10 aMIUIMTYJE ABUKCHHM, CBA3AHHBIX C JIOKAIbHBIMU M3MEHEHUSIMH, TAKUMHU KaK MENJICHHOE
HaKOIUIEHHE yIpYrux aAedopManuii 3eMHON KOpbI BOJIM3H SIUIEHTpa Oy ay1ero coobitus. B aTom
cityyae 06osiee noKasamenbHulMU AGIAI0MCA CMewjeHUs NYHKMO8, npeoCmaegieHnble 8 JIOKAIbHOU
(6nympennel) cucmeme omcdema, XOPOILIO OTPaKAIOLIUE B3aUMHbBIE pPa3HOHAIPABIIEHHBIE
JIBIDKEHUST OOPTOB JIOKIBHBIX DPa3pbIBHBIX HapylleHui. Takyro JOKanbHYIO (BHYTPEHHIOIO)
CHUCTEMY OTCYE€Ta CMELIEHUH JIerKO IMOJIyYUTh BBIYMTAHUEM U3 Kaxjaoro cmemeHus Uj B
r100AIBHON CHCTEME OTCYETA CPEHEro 3HaueHus U, XapakTepusyoIero OOILyro Ui BCEX
IYHKTOB CETH TEHJICHIUIO I71I00aIbHOM TEKTOHUKH, JIJISl KaXK10H 110X U3MEPEHUN:

Up; = Unj _U_ntuej = Ue]- _U_e , ©)

I UHJCKC | sBIsieTcs mopsaakoBbiM HomepoM nyHkta [[HCC nabnronenuit.

Ha xaxnaple cyTkn HaOMIOJEHUI MO 3HAYEHMUSIM CMELIEHMM HaMu ObUIM IOJIy4EHbI
U POBBIE MOJENH pacHpeIeICHHUs TOPU30HTAIbHBIX Je(opMariuii HOJHOTO CBUTa U AUIATALIUH.

Jns  BeluMclieHus: JegopMaliii KOHEUHBIX JJIEMEHTOB ObUI HCIIOJIB30BaH TEH30D

TOPU30HTANIbHOM nedopmMaiiuy (0cH N U € HampaBlieHbl Ha CEBEP U BOCTOK):

T, = (En Esnee) (6),

8611
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dup due
3JIEMEHTBI KOTOPOTO OBLIH PABHBIMH &n = —-%, £¢ = —=
€en = €pe = 1(au“ + aue) COOTBETCTBEHHO
en = “ne T 5\ ge on /)’ )
dup | Oue .
T —=+——= = Yne = Yen — OTHOCHTC/ILHBIi CIBHI.

DneMeHTHI TeH30pa AeopMaliiy MpeICTaBIeHbl YAaCTHBIMU POU3BOTHBIMU CMEIICHHUH Un
U UeTIO OCAM KOOPJMHAT N U €.

Jng  u3yyeHHss NPOCTPAHCTBEHHO-BPEMEHHOI'O  PACHPEACIICHUS TOPU30HTAIbHBIX
nedopmaruii ObUTH PacCYUTAHBI CIEAYIONINE HHBAPUAHTHBIC XapaKTePUCTUKH

I'maBHBIC nedopmanuu €11 €2

1
€12 = > [En +e. = \/(En - Ee)z + Y%e] (7)
Tlonuelii caBur:
1
Y= ((en — €)% + V) /2 (8)
Jnnartanmsi:
A: 81 + 82 (9)

[TomydeHHbIe BU3yalIM3allMd PAacueTOB IpeicTaBicHbl Ha puc. 2.8-2.10. Ha puc. 8 mbl
BUJMM ME/JICHHOE HAKOIUICHUE TOPU30HTAJIBHBIX CMEIICHHM, HOCTHraroImux okoiio 10 cMm 3a
CYTKH Tepen mepBbIM (opmiokoM ¢ M 6,4, 3aKkOHOMEpHO HANpaBICHHBIX Ha CEBEPO-3allajl.
Haubonee mHTEpeCHBIMH (haKTaMU SIBHIIMCh MPABOCTOPOHHHUM CIBUT MO OCH Pa3JIOMHOM 30HBI
dyTyraBa ¢ aMIUTUTYION cMeleHuit 6osiee 1 M, 0O JHOBPEMEHHO C yAaIeHUEM TEPPUTOPHIi IO 00e
CTOPOHBI OT pa3pbIBa Ha PacCTOSIHUE 110 1 M.

[loBenenue nedopmanuu IMOJHOTO CIBUTA TMOKazaHo Ha puc. 2.9. O4eBHIHO, YTO 10
MOMEHTOB BO3HHUKHOBCHHUSI CHJIBHBIX (DOPIIOKOB HAKOILJICHHUS CYIICCTBEHHBIX CIBUTOBBIX
nedopmanuii He oOHapyxkeHOo. Mx mpossienue Ha ypoHe 5x10°° mmeer mecto B ceBepo-
3aIa/IHOM U FOT0-BOCTOYHOM OKpanHax uccieayeMon Tepputopu. Jedopmarius mogHOTO CIBUTA
nocrurna 1,2x107 cpasy nocie raaBHOro celicMudeckoro coobitus (puc. 2.10, f). [lpumenenne
JIOKaJIBHOM (BHYTPEHHEH ) CHCTEMBI OTCYETa M0 OTHOIIEHUIO K HAKOIICHUIO CMEIICHUHN CTaHIIUNA
I'HCC mno3Bomsier oOHapyXHBaTh 30HBI MHUHUMAIBHBIX B3aUMHBIX CMEIICHHHA. OTH 30HBI
MapKHUPYIOT MECTa JIOKAJTbHO HETOABIKHBIX yYaCTKOB 3€MHOM IMOBEPXHOCTH, XapaKTEPHBIC IS

3alepThIX 30H CCfICMOFCHCpprTOH.IHX Pa3iIoOMOB.
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Pucynok 2.8 — PacnpenejieHne HAKONJIEHHBIX TOPH30HTAJbHBIX H BEPTUKAJIbHBIX
cMelleHuil nepes 3emierpsaceHnsasMu Kymamoro. Ceyenne n301uHNi BepTUKAJIbHBIX
cvemenui — S cM. [{BeToBbIEe IKAJIBI IPEICTABJIEHBI CIPABa 0T PUCYHKOB. CTpesku

NPeacTABJSIIOT c000ii BEeKTOPbI TOPH30HTAJIBHBIX CMELeHN I MyHKTOB. YepHble
OKPY’KHOCTH — CJIa0ble 3eMJIeTPSICEHH
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Pucynok 2.9 — Pacnpene/ienne HakonJeHHoM Ae¢opManny MOJTHOI0 CABUIA Mepes
semurerpsicenusivu Kymamoro. Ceuenne uzounuii regopmamuu 5x10-6, Yepubie
OKPY’KHOCTH — CJIa0ble 3eMJIeTPsICEHU
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Pucynok 2.10 — PacnipenesieHue HAKOIJIEHHBIX MOJHBIX CMellleHUI mepes
3emJreTpsiceHusimu Kymamoro. Ceuenne M30/IMHUI OJTHOTO cMelleHHs — 2 ¢M (a-€) u 5 cm
(f). CTpesxn npeacTaBiasioT co00ii BEKTOPbI TOPU30HTAIBHBIX CMEIIEHH i TYHKTOB

DBoIONNS MUHAMAIIBHBIX CMEIIEHUH Tepe] HacTyIuIeHneM cepur KymamoTo mokazaHa
Ha puc. 2.10. Ha npotsokeHMM HakoruieHUs aedopMaiyu B TeueHue 7,3 JeT mepej IIIaBHbIMU
CEHCMUYECKUMH COOBITHSIMA B 00JlacT #X OyJyIIuX OSIHUIEHTPOB 0Opa3oBajiach 30HA

MUHUMaNbHBIX cMmemeHnit menee 0,02 M. DTu XapakTepUCTUKU MPEACTABIAIOT COO0M MOIyNH
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BEKTOPOB HaKoIIeHHbIX cMenieHnid myHkToB ' HCC, momy4eHHBIX 110 hopmyiie:

u; = /uznj + u?, (10)

[Tocne peanu3anuy KPyNMHBIX M CHJIBHBIX COOBITHI 00JaCTh MUHUMAJIBHBIX CMEIICHHN
pazpyuiaercs, o0Opa3ysl Ha MOJTYYEHHBIX H300paKEHUSAX Oelble MPOCTPAHCTBA. DTH MPOSIBICHUS
JEMOHCTPUPYIOT BO3MOXKHOCTH PETUCTPALMM OOJACTH OXHJIAHHUS CHUJIBHBIX CEHCMHYECKUX
COOBITUH Tam, I/ BCJIEACTBUE 3E€MIIETPACEHUS BO3HUKAIOT MHTEHCUBHBIE KOCEHCMHYECKHE
CIIBUTOBBIE Jie(pOopMaIii 3eMHOM TOBEPXHOCTH.

Takum oOpa3zom, cienys runoTese yrnpyroi otaauu Peiina, mectom Oyaymiero coObITus
ABIISIETCA “‘3amepTasi’”’ 30Ha aKTHBHOTO pa3jioMa, HHaue roBOPsI, 30Ha MUHUMAJIBHBIX Ae(opMariuii
B 00JacTu MOATOTOBKM 3emjeTpsceHus. Takylo 30HY B CEHCMOAKTHBHOM 00JacTH MOKHO
KapTUpOBaTh MO BeNMYMHAM MONHbIX cMmeuleHnid myHkroB 'HCC, mpexacraBnstonmx coOoi
JUIMHBI BEKTOPOB F'OPU30HTAIIBHBIX CMEILICHH.

Uem MeHbIIE JIMHA BEKTOPA CMEIICHUSA, TEM MEHEE IOABUXKHA 3€MHas IOBEPXHOCThb
TEPPUTOPUU €TO PACIIONOKEHUA. B ceiicCMOaKTHBHON 001aCTH MECTO MUHUMAJIBHBIX JIBIKCHHM,
UCXOJ U3 MOJENN YIIPYTOd OTAauu, SIBISIETCS MECTOM MaKCUMAJIbHBIX HalPsyKEHUH.

Jlis pacueToB KOMIOHEHT JedopManuii, UX BHU3yalM3allUd U pacyeTa HalpsHKeHHO-
ne(opMUPOBAHHOT'O COCTOSIHMSI BEpXHEW 4acTHU 3€MHOM KOpbI Ha M3TMO B paMKax TeMbl ObLTH
pa3paboTaHbl TporpamMMbl, KOTOpbie odopmieHbl B Buae PU[loB [Konecnuxos u op., 2021,

Mamnesuy u op., 2021; [llakupos u op., 2021].
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3 Pa3BuTHe MaTeMATHYECKUX METOJA0B HHTEIEKTYAJIbHOI0 AaHAJINU3A TaHHBIX
reopu3MYecKOro MOHMTOPMHIA M PpaclIUpeHHe CeTH BBICOKOTOYHBIX
HAOJII0leHMid MATHHUTHOTO MOJSl JAJsl  HM3Y4YeHHs] IJIeKTPOMATHHUTHBIX
napaMeTpoB 3eMJIM U 0KO0JIO3€eMHOT0 MPOCTPAHCTBA

Homep Ttembl B MCI'3: FMGN-2019-0003
Homep: AAAA-A19-122012500331-2 / 1021032426030-2-1.5.1
Pykosoagutens: gupektop, yn.-kopp. PAH A. A. ConosbeB

3.1 U3yueHne 3KCTPeMAJIbHBIX COOBITHI KOCMUYECKOH MOT0IbI MO JAHHBIM

reOMAarHUTHOI0 MOHUTOPHHIA
3.1.1 KapTa ¢ HOpMHPOBAHHBIMH TeJJIypHUecKHUMU oMU Poccuiickoid ApKTHKH

bbuto cuHTe3npoBaHO TeuTypuueckoe E-moje ¢ MCnosiab30BaHHMEM CBS3M B 4aCTOTHOM
obnactu mexny dekrpudeckumu E(f) u marautHeivMu B(f) monsimu depe3 KOMIUIEKCHBIH TEH30D
umrenanca Z(f). Jlns pacuera reodneKTpHUYECKUX IOJIeH HCHONb30Banach HHpopManus 00
UMIIeTaHCaX 3€MHOW KOPBI, BEIYMCIICHHBIX Ha OCHOBE Ti100anbHON 3D-Mozenst mpoBOIUMOCTH
[Alekseev et al., 2015]. MbI TOCTPOMJIM CHHTETHUYECKYIO KapTy T€03JEKTPUUYECKUX TOJIEH,
KOTOPBIC MOTJIH OBl BO30YKAAThCS TPOCTPAHCTBEHHO-0THOPOAHBIME BapuaisiMu nodst ¢ |B(f)|=
1 uTn u 7=100 c =Ha Bceil Tepputopun PO. CornacHo pacCuMTaHHOM KapTe «TeJLTypHYeCKOi
oracHocTi» (puc. 3.1), HanbopIIMe 3HAUYCHHS TeJUTYPUIECKUX ToJei 1o £ ~ 5 MB/kM mpu Tom
K€ TEOMarHUTHOM BO3MYIIICHHH JIOJDKHBI BO30YXK/IaThCsl Ha ceBepo-3anane PO u Ha Ypane. B
paitone fImaia Teyuryprdeckue mojs qocratouHo ciabeie, E ~ 0,5 MB/km. [IpoBeicHHBIE pacueTh
MOKa3bIBAIOT, YTO T'€OJIOTMYECKOE CTPOCHHE CYIIECTBEHHO BIIMSET HAa CHIIy M HalpaBJICHHE

T'€0dJIEKTPUYECKUX T10JIeH, TeHEPUPYEMbIX MATHUTHBIMU OYypSMHU.

“- |E| [(mV/km]. 100 s period

Pucynok 3.1 — Kapra 3HadyeHus TeJutypuuecKux noJieii £, Bo30yKaaeMbIX OJHOPOIHBIM
MATrHUTHBIM 1oJieM ¢ nepuoaom 7=100 ¢ u ammuurynoi 1 aTa
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3.1.2 ApxuB uu¢poBbIX 1-MUH JaHHBIX COBETCKUX/POCCHIICKUX APKTHYECKHUX

MATHUTHBIX CTaAHIUH

B mpencraBnenHoi 0a3e MaHHBIX COOpaHbl pe3yJbTaThl HAONIOACHUN BapuaIui
TE€OMarHUTHOIO MOJIA ¢ |-MUHYTHBIM pa3pelIeHMEM 110 BPEMEHHU Ha CTaHLUMAX B Poccuiickoit
Apkruke ¢ 1983 roma mo Hactosmiee Bpems. ApPXHMB BKIIIOYACT JaHHbIE HaOIIOJaTEeNbHBIX
kammanuii «['eomarnutHed Mepumuan 145° (1972-1998 roppl), craHumii, pa3BepHYTHIX Ha
SAmane ¢ 2004 rona, u APYrux CTaHIMKA BIOJIb APKTHYECKOTO MoOepexns. Bce nanHbie pa3OUThI
Ha CyTOYHbIE (ailsibl, MPUBEICHBI K MPOCTOMY TE€KCTOBOMY (opmaty, yHu(pULmpoBaHbl. YacTb
JAHHBIX HE BXOJUT B CYILIECTBYIOIIME MHPOBbIE 0a3bl MarHMTHBIX JaHHBIX (SuperMAG,
INTERMAGNET, WDC). Kapra ¢ TONOXEHHEM CTaHIMi, BKIIOYCHHBIX B 0a3y JaHHBIX,
npeacTaricHa Ha puc. 3.2a. Jljis ObICTPOro MPOCMOTPA TaHHBIX M 0TOOPA COOBITHI TTOCTPOCHBI

“quick-look” MarHuTOrpaMMbI TOPU3OHTAIBHON KOMITOHEHTHI (pHc. 3.20).

19860519
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Pucynok 3.2 — MarHuTHbIe CTAHIUM B apKTHYecKoii 30He P® 1151 MOHUTOPUHTa
HEraTMBHOI'0 BJIMSIHUSA KOCMUY€CKOH MOro/ibl HA TEXHOJIOTMYeCKHe CHCTEMBbI,
NYHKTHPHBIMH JMHUSAMH I0Ka3aHA reorpaguyeckasi cCeTka KOOPAUHAT, CIIOIIHBIMHU
JIMHUSIMHU — reoMaruuTHas (a); «quick-l0ok» rpadpuku 1aHHbIX H-KOMIOHEHTHI 110
JAHHBIM o0cepBaTopHii (CHU3Y) U IAPAMETPOB COJTHEYHOI'0 BeTPAa MO0 CIYTHUKOBBIM
JaHHBIM (CBepXy) 3a MarHuTHYy10 Oypro 19.05.1986 (0)

Ipu cozpanmu B 2021 roay 6a3bl MarHUTHBIX AaHHBIX (¢ 1983 roma mo Hacrosiee Bpems)
o apkTudeckoi 30He PD mpeciieoBanuch Cleayoue Heinn: cenaTh pe3yabTaThl HA0M0ACHUI
JICTKO I[OCTYHHBIMI/I JJIA IHHpOKOFO prra HOHBSOB&TGJ’ICﬁ; YJAaCTUYHO 3aIIOJIHUTH «6CJ'H)IC IIATHA»
B MUPOBOW CETH T'€OMArHUTHBIX HAONIOJCHUI, MOBBICUTh HAYYHYIO OTAa4y OT MHOTOJICTHUX
paboT Mo perucTpanuy reOMarHuTHOTO MOJIs Ha BRICOKMX mUpoTax. Bes 0aza nanHbIX, rpaduku
MarHuTOrpaMm IJist ObICTPOTO MPOCMOTPA U T€OITEKTpUYEcKasi MOJIENb 3¢MHON KOPBI HAXOSTCS

B cBoOOIHOM noctyre Ha FTP-cepsepe ftp://door.gcras.ru/ftp_anonymous’Y AMAL/.
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3.1.3 Moauduxanus MoaeTu KOpoHaJIbLHOro Bbiopoca macebl «<3DCORE»

Haubonee peanmuctuyHoil  (EHOMEHONOTHMYECKOH  MOJENbI0  MarHUTHOTO  MOJIS
KopoHainbHOro BeiOpoca maccel (KBM) siistercst monenrs 3DCORE [Mostl et al., 2018]. Ona
ornuceiBaer KBM B ¢opme KOHHYECKOTO TOpa M HCIOJIb3YeT HEOPTOTOHAIbHBIC SIlJIEPOBBI
KOOPJMHATHI JUIsl €ro TpejacTaBieHus. beuto oOHapyxkeHo, uro MarHutHOe moje 3DCORE
Hapymaer oba ypaBHeHUss MakcBemuia: 3akoH [aycca ans MarHUTHOTO moss (OTCYTCTBHE
MarHMTHBIX MOHOIOJIEH) U 3aKOH AJIEKTPOMArHUTHON MHIYyKIUU Dapajes A1 BMOPOKEHHOTO B
wiasMy nons. Bwmecre ¢ TeMm, remmocdepHble MarHUTOTHIPOAMHAMHYECKHE YpaBHEHUS
HaKJIa/IbIBAIOT (PU3NYECKHUE YCIIOBUS, KOTOPbIE UMEIOT BU/J] 3aKOHOB COXpaHeHHUs. J[aHHbIe 3aKOHBI
HEOO0XOIMMO YUYHUTHIBaTh MpH pa3padboTke Gpenomenonornyeckoit moaenn KBM. Ilokaszano, 4ro
3aKOHBl COXPaHEHHUs TPUHUMAIOT Ype3BBIYAMHO MpocTyio (opMy, €cld HCIOIb30BaTh
JarpaH)keBO IPEJCTABICHUE ABW)KECHMS IIJIa3Mbl U BMOPO)KEHHOI'O B HEE MAarHUTHOIO IOJIS.
[Ipennoxena moauduxaruss marHutHoro mnosus 3DCORE, ynoBieTBOpsIOIIEro ypaBHEHUSM
Makcemna (puc. 3.3). IlomydeHHBIH pe3ysibTaT JaeT BO3MOXKHOCTH HCIIOJIB30BAaTh TaKOE
MarHMTHOE I10JI€ B UCTUHHO TPEXMEPHOM CMBICIIE JUISl pacyeTa paccesiHUsl KOCMUYECKUX JIydel OT
KBM c uenbto orcnexuBanuss KBM 3a npenenamu cCOMHEYHONW KOPOHBI, MPU MOJETUPOBAHUHI
MarHMTHOTO TIOTOKA B COJIHEUHOW KOHBeKTHBHOH 30He [Fan, Gibson, 2003; Luoni et al., 2011,
Poisson et al., 2016] u B npyrux 3amavax.

y
S~ py + prsin “—) COs

xry plane

Pucynok 3.3 — I'eoMmeTpHsi KOPOHAJIBLHOI0 BHIOPOCA MAacCChl B BU/le KOHMYECKOI'0 TOpPa, 0Ch
TOpA MOKa3aHA MyHKTHUPHOM JmHMel. ClleBa — NpoeKuys HA IIOCKOCTH Xy, clipaBa —
nonepevHoe ceyenue y = const. Ha pucyHke ;kMpHBbIM Bbljle/1eHbl TOBEPXHOCTH /I
pacyeTa MATHUTHBIX NOTOKOB. [loka3aHbl HanpaBJIeHUsI MATHUTHOTO MoJisi B 1 niiomaam
OPTOrOHAJIBHBIX CeYeHM
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3.1.4 3akonbl noBTOpsieMocTH 3HaYeHni K-nHaekca B ceBepo-3anaaHnom

THX00KEAHCKOM peruoHe 3a 19—24 cosHeyHbIe HUKIbI

3HAYUTENbHbIE YCWIHS SMNOHCKUX U POCCHMCKMX MAarHMUTOJIOTOB TO OUU(]pOBKE
KaIMOpOBaHHBIX JaHHBIX K-MHIEKca 3a JUIMTENbHBINA Nepuon HaOmoneHuil [Sergeyeva et al.,
2021] mo3BoNMIM BIIEPBHIE MPOBECTH E€AMHOOOpPA3HOE M3YUYCHHE OCOOCHHOCTEH TreOMAarHUTHOM
AKTUBHOCTH B OOIIMPHON CeBepO-3amaiHON 4acTu THXOro okeaHa 3a MIeCTh COTHEYHBIX [IUKIIOB
(1954-2020 romei). bbeuta oOHapy)keHa BBICOKAas KOPPENALUS MEKIYy pachpeeieHUsIMA
noBTOpsieMocTy K-mHIeKca sl KaxkI0H Mmapbl U3 CEMH pacCMaTPUBaEMBbIX 00CEpBAaTOPHUIA 32 BECh
MIePHO]] UCCIICOBAHMsI. JTO TOBOPUT O TOM, 4TO 3amymka JIk. baprensca uMeTh WIACHTHYHBIC
pacnpenenenuss K-unmekca (¢ HaqIexalyM MacIITaOMpOBaHUEM) MO BCEM 00cCepBaTOPHUSIM
BBITIOJTHEHA. Y CTAaHOBJICHO, UTO 3HaueHHs K-uHaekca u3 Bcero nuamnazona (K>0) momuunstoTcs
CEMEMCTBY HOPMAIBHBIX 3aKOHOB pAaCIpe/eieHHs, TOTJa KaK SKCIOHEHITMAIbHBIN 3aKOH
pacnpezeneHus Jyd4lle BCEro MOAXOMUT A Habopa naHHbix K>2. BpIsBiIeHHbIE 3aKOHBI
pacnpenenenus it K>0 u K>2 cripaBeamuBbl U1 11000 (pa3sl COTHEYHOTO IUKIA M KaXI0H
o0OcepBaTopuu M3 paccMaTpuUBaeMoro peruonHa. Taxke ObLIO yCTaHOBJIEHO, YTO BEPOSTHOCTH
coOwiTss K>8, 00HApyXEHHOTO OJHOBPEMEHHO Ha BCEX OOCEPBATOPHUSX B PETHOHE 3a IEPHOJT
OJTHOBPEMEHHOTO HAIW4HWs BCEX NAHHBIX, COCTABIISIET MEHee OJHOW COTOH MpolieHTa. B To xe
BpEeMsl, TaKash BEPOSTHOCTh Ha KJIACTEPax COCETHUX 00CEepPBATOPH, pa3[eIeHHBIX MO CXO0XKECTH
3nHaueHuit K9, na nopsaok 6ombiie. [IpuMmeneHne TMHEHHBIX perpeccuii MO3BOIMIO OTCIEKUBATD
W3MCHCHHE BO BPEMCHU XapaKTCPUCTHUK YACTOTHOTO pacmpereneHusi K-wHIeKca B TepMUHAX
U3MEHYMBOCTHU JIMHEHHBIX KOA((OUIIMEHTOB, PACCUMTAHHBIX IS KyMYJISTUBHBIX pacripeieeHuit
B Jlorapupmudeckoii mkane (puc. 3.4).
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Pucynok 3.4 — Bapunauuu ko3¢ ¢unuenton a (BBepxy) u b (mocepenune) 3a nepuon 1954—
2020 roabl. UucI10 COJTHEYHBIX MATEH MOKa3aHo BHU3Y. @a3bl MUHMMYMA, POCTA,
MaKCHMYMa H CIIa/1a COJTHEYHOH aKTMBHOCTH OTMe4YeHbI 0eJILIMH, 3eJIeHbIMH, KPACHBIMH H
KeJITHIMH NPSAMOYT0JIbHUKAMHU COOTBETCTBEHHO. PasHble LiBeTa JTIOMaHbIX JUHUI
COOTBETCTBYIOT Pa3IMYHbIM o0cepBaTopusiMm u Kp-unaekcy (cMm. JiereHay Ha rpaukax)
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AHanu3 BpPEMEHHBIX W3MEHEHUU KaK KO3(PPHUIMEHTOB IUHEHMHOW perpeccuu, TaKk H
MIOBTOPSIEMOCTH PA3JIMYHBIX 3HaueHUH K-1H/IeKca 3a To/1 Ha OTIeNIbHBIX 00cepBaTopusix (puc. 3.5)
Y Ha COBOKYITHOCTH BCEX 00CEpBATOPHI MOKA3bIBACT, YTO NMIEPHOAMUSCKUE U BEKOBBIC BapHaIlUN
XOPOIIO KOPPETUPYIOT C U3SMEHEHHEM YHCIIa COTHEUHBIX MSITEH 32 MOCIEAHHUE IIECTh COJTHEYHBIX
UKIOB — Oonbmue 3HaueHus K-mHaekca coBmamaroT ¢ (asamu criajga, a MEHBIIUE 3HAYCHUS
TATOTEIOT K BO3pAcTAOIMUM (a3aM COJHEYHOH aKTUBHOCTH. BMecTe ¢ OOIMM yMEHBIIICHUEM
MUKOBBIX 3HAUEHUH COHEYHBIX MATEH KOJIMYECTBO MEHBIINUX 3HaueHU K-uHaekca (CoKOWHbIX
MIEPHOJIOB) CTAHOBHUTCS OOJIBIIIE, a KOJMUYECTBO OONBININX 3HAaYeHU K-wHekca (BO3MYIIEHHBIX
MIEPUOJIOB) CTAHOBUTCS MEHbIIE. DTH TEHACHIIMH CIIPaBEAIUBBI U JJISl OTJCNIBHBIX 00cepBaToOpHii,
U 75 BCEM COBOKYMMHOCTH OOCEpBATOpHUU, W Ui paclpeAeseHus MmiaHeTapHoro uHuekca Kp.
Pe3ynbpTaThl CBHIETENECTBYIOT O CBOMCTBE CaMOITOI00MS TEOMArHUTHOW aKTUBHOCTH Ha CPEIHHIX
IIUPOTaX W TNPUMEHUMOCTH BBIYMCICHHBIX KOI(P(GUUIMEHTOB I H3YUYEHHS PETHOHAIBHBIX
0COOCHHOCTEH reOMarHUTHOW aKTUBHOCTU HA BPEMEHHBIX MacIITadaX, CPaBHUMBIX C COTHEUHOM
OHUKJIMYHOCTBIO, M JaXK€ I MPOrHO3a 4YacTOTHBIX pacnpeneneHuil K-uHpaekca. Bpicokas
COIJIACOBAHHOCTH B M3MEHYHUBOCTH KO3 dHIHeHTOB I peruoHaabHbiX (K) u mianerapaoro (Kp)
WHJICKCOB CBUJETENHCTBYET CIPABEIIMBOCTU BBISBICHHBIX T€OMarHUTHBIX OCOOEHHOCTEH st

JPYTUX PErMOHOB.
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Pucynok 3.5 — IloBTopsieMocTh pa3inyHbIX 3HaueHnii K-unaexca no rogam kak ¢pyHkuus
ot BpeMenu Ha oocepBaTopuu KAK (SImonust) 3a 1954-2020 roawi. Bepxuuii u HUKHUH
rpauKu NOKa3bIBalT COCTABHbIE rUCTOrpaMmbl 1Jist coobiTil K=0... 5u K=6...9
COOTBETCTBEHHO; IBETOBAS CXeMa /UIAl KasKI0# rHCTOrpaMMbl IIPUBECHA B JIereH/je.
Ymnc1o comHEYHBIX MATEH HAHECEHO NMOBEPX IMCTOrPaMM

3.1.5 Ucropuueckuii acnekt uccienoBanuss MI'Jl BostH B kocMoce 1 Ha 3emJie

[ToarotoBnen 0030p wuctopuu wuccienoBanuii B wHCTUTYTax AH CCCP BOJHOBBIX
BapHalMil N€OMarHUTHOTO IOJII B HM3KOYACTOTHOM YacTH YyibTpaHu3kouyactoTHoro (YHUY)
naManasoHa — ot goseii g0 gecatkoB M1 [Kurazhkovskaya, 2020]. DTOT 4acTOTHBIN AMAana3oH

COOTBETCTBYET CIEKTpYy MarHutorugpoguHamuueckux (MI'J[) BoaH B OKOJIO3eMHOMW Ta3Me.
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®usnka MI'J[-BoiH B MarHutochepe 3eMiM OnmupaeTcs Ha TEOPETHYECKUH ammapar (U3UKd
IUTa3Mbl U MAarHUTHOM THUAPOJMHAMUKH, a SKCIIEPUMEHTAIbHONW 06230l HcclieJOBaHUH SIBIISIOTCS
JAHHble HAOIIOACHMN Ha CIYTHUKAX M HAa3eMHBIX CTaHIUAX. Paccka3aHo O HEKOTOPBIX
3HauuTeNbHbIX 3KcnepuMeHTax B CCCP mo wusyueHuro pasnuuHbelx TunoB YHUY-BosH u o
MHOHEPCKUX Pe3ybTaTax COBETCKUX TIe0(H3HKOB, MOJYYUBUIMX MEXKIyHApOJHOE NMPU3HAHUE.
Co3naHue aiekBaTHBIX MaTeMaTUYeCKMX MOJeNel pacnpocTpaHeHus u Tpanchopmauuu MIJI-
BOJIH IPUBEJIO K CO3JAHUIO «THJIPOMATHUTHOW CEHCMOJIOTMU» OKOJIO3€MHOI'O IPOCTPAHCTBA.
OOHapy)XeHbl HOBBIE THUIBl T€OMArHUTHBIX IyJbCAllMi MpH HAOMIOAEHUSAX Ha CTAHLUAX B
Apkruke 1 AHTapkTuke. [IpoBeieHHBIN LUK TEOPETUYECKUX UCCIIeI0BAaHUM MTO3BOJIMII OMKUCATh
HOJHYI0 KapTUHY B030yxaeHuss YHY-koneOanuili B mepuoabl MarHuTHBIX Oypb. PazpaGoran
MEXaHU3M MarHUTOCQEPHOTO «I€OCUHXPOTPOHa» — YyckopeHus YHUY-BomHaMu 31€KTpOHOB
BHEIIHErO0 pagualMOHHOIO Iosca [0 pPEeNATUBUCTCKUX OdHepruil. Ilpemnoxen wmeron
MarHUTOTEILUIYPUYECKOIO0  30HJAMPOBAaHMA  3€MHOM KOpbl C  HcHojab3oBanueM YHY-

QJICKTPOMArdiuTHOI'0O I10JIA. Oco00e BHHMaHHE YACICHO YYCHBIM, HC IIOJYYHUBIOUM I.HPIpOKOﬁ

HN3BCCTHOCTH U KOTOPBLIM ITIOUTHU HE YICIAIOCH BHUMAHUS B HCTOpH‘-ICCKOﬁ JUTCpAType.

3.2 Pa3BuTHE TMCKPETHOT0 MATEMATHYECKOT0 AHAJIN3A JIJIsl pellleHusl 3a1a4

reopusuku

B pamMkax mepBOro TEOPETHYECKOTO HAIpaBIIEHHS OBUIO IMOCTPOCHO PErpecCHOHHOE
WHTETPUPOBAHUE HEMPEPBIBHBIX W  JTUCKPETHBIX (QYHKIMH Kak omepanusi oOpaTHas
perpeccuonnomy auddepenuuposanuto [deasn u op., 2019, 2021]. IlpuBemeM HEKOTOpHIC
MIPUMEPHI PErPECCHOHHOTO WHTErpaia. PaccMOTpuM JIBe KIIaCCUYECKHE HETPEPHIBHBIC (PYHKIIHH,

0JTHa U3 KOTOPBIX UMEET mepBooOpasuyo (puc. 3.6), a aApyras He umeet (puc. 3.7).

y=x?
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Pucynok 3.6 — Ha Bepxnem pucynke rpaguk QyHKIUHH Y = X3, HA HUKHEM PHCYHKe

4
X
CHHHMM IIBETOM NMOKAa3aH uHTerpai pynkuuu y: f(y) = 2> APYTMMH UBETAMH —

perpeccCuoOHHbIM MHTErpaj GyHKUMH Y NPH Pa3HbIX 3HAYEHUAX P

42


https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BC%D0%B0%D0%B3%D0%BD%D0%B8%D1%82%D0%BD%D0%BE%D0%B5_%D0%BF%D0%BE%D0%BB%D0%B5

OTuer o gestenbHOCTH ['eodumsnueckoro menTpa PAH 3a 2021 rog,..

y=Ix#
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Pucynox 3.7 — Ha Bepxuem pucyHke rpaduk pynkunu y = |x|/?, na nusxnem pucynke
M0KA3aH PerpecCMOHHbI MHTerpay (GyHKIMH Y NPH Pa3HbIX 3HAYEHUSAX P

Ha puc. 3.8 mpuBeneH npumep HEMHTErpupyeMoil (QyHKLUH, JUIsI KOTOpPOH cHcTeMa

YpPaBHEHUI HE UMEET PEUICHUS.
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Pucynok 3.8 — Heunrerpupyemasi pyHKuust

B npaktuueckoii 4acTH ncclieJOBaHUS BETIHUCH B ONPEACICHUN MOMEHTA BCTYIJICHHS BOJIH
IlyHaMH Ha 3amnucsx ypoBHs Mops Mmeronamu JIMA. B 310i1 3agaue akTyanbHa pa3paboTka Oonee
ruOKuX mpoueayp oO0paOOTKM 3amuceil ypoBHS MOpsl Ul PErMCTpallMM BOJHBI I[yHaMHU
OeperoBbIMM THAPOPUINUECKUMH CTAaHIMSAMHM 10 CPaBHEHHUIO C CYIIECTBYIOIIEH MpOLEeaypoi
OLIEHKU BPEMEHH BCTYIJIEHHs BOJHBL. OJHUM M3 BO3MOXKHBIX IOJXOJOB K PELICHUIO TaHHOU
3aaud  SABJIAETCS HUCIOJIb30BAHHUE JKCIEPTHOM HMHGPOpPMAIMU, KOTOpas MOXET Y4YecTh
0COOEHHOCTH JaHHBIX M3MEPEHUl, a TakkKe MOJeJMpPOBaHUE JICHCTBUH 3KclepTa MO OIEHKE
BPEMEHHU BCTYIUICHUS BOJHBI IlyHamu (puc. 3.9). IMEHHO 3TO eNnarT airOpUTMBI, MOCTPOCHHBIC
Ha Oaze [IMA. ®opmanuzanus AEHCTBHs SKCIIEpTa MPU PELIeHUHM BOIPOCa O NPOSIBIECHUU B
3aMycy ypOBHS MOpS BOJIHBI IIyHaMU OOE€CHEYMBAETCS IyTEM IMOCTPOEHHUS MEpPbl «OMacHOCTHU
I[yHaMHd B Yy3JI€» CpEICTBAMHM HEUYETKOM MaTeMaTHKH, C HCIOJb30BAHUEM PErpecCUOHHBIX

npou3BoAHbIX (puc. 3.10).
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Pucynok 3.9 — DkcnepTHasi OlleHKAa BpeMeHH BCTYIJIEHUS BOJIHBI: X —“yPOBeHb MOPS, cM; ¢
— BpeMsi, MUH; psal D, — ps/l perpecCMOHHOI NMPOU3BO/IHON HEYeTKOro odpa3a 3anucu
YPOBHSI MOpsl, cM/MUH; D, — pe3yJibTAT HOPpMUPOBaHUsl. CNJIONIHASI BePTHKAJIbHASA

JIMHUSA — IKCIIEPTHAsI OLICHKA BpeMEHH BCTYIJICHHS BOJTHbI IIyHAMHU
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Pucynoxk 3.10 — OueHku BpeMeHH BCTYIJIEHHS BOJHBI IYHAMH € MOMOUIbIO ajropurma (& —
Bpemsi, MUH): ), ub, U" — 3HAYeHHMSs Mep; MyHKTHPHbIE JHHHH — OIEHKH ¢ OMOLIBIO
«Mep ONMACHOCTH» YHAMH

Jlis uMUTanIMyM NPUMEHEHHs] alropuTMa B pPEalbHBIX YCIOBUSIX MAacCUB 3amuceil Obul
ClyyallHbIM 00pa3oM paszfiesieH Ha JBe 4YacTH. MeHbllasi, KOHTPOJIbHAs 4acTh, cojepKaia 5
3anuced ypoBHS MOpsi, IPU 3TOM BCE 3alKCU ObUIM MOJIYYEHBI B Pa3HbIX MYHKTAaX HW3MEpEHUI
ypoBHs Mopsi. Ha ocHoBe Oomblneil wactu, conepikamieid 23 3amucd, MPOBEACHAa HACTPOMKa
aIropuTMa, KOTOPBIM 3aTeM ObUI MPUMEHEH K 3alucsM KOHTPOJBHOW 4acTh MaccuBa. Jlis
KOHTPOJIBHOI'O MaccHBa CpEJHEE 3HAUEHHME PA3HOCTU MEKIY SKCIEPTHON OLIEHKON BpeMEeHU
BCTYIUICHUS L, . U OLICHKOM C MOMOILBIO alropuT™a t,,. okazaiock paBHbIM 0,2 MuH. [Ipu 3TOM
3aBBIIICHUE BPEMEHH BCTYIUICHUS (T, — s > 0) Habmomanock B 2 ciaydasx, B OJHOM H3
KOTOPBIX — IIPOITYCK IlyHaMU. 3aMETUM, YTO JIJIsl OLEHKH BPEMEHU BCTYIUICHUS BOJIHBI LIYyHAMU C
MOMOIIIbIO MPOIEAYPHl, MPUMEHAEMOW B HACTOSIIIEE BPEMSI B OINEPATUBHOM JIEATEIBHOCTU
poccuiickoit ciyx0b1 npeaynpexaeHus o iyHamu CIIL (n3meHeHne 3a MUHYTY YpOBHSI MOPSI
Oosiee ueM Ha 5 CM/MHH), cpelHee 3HAYCHHE PA3HOCTH MEXKIY t,;p U Lyye VIS UCTIOIB3YEMOTO B

HacTosIIeH paboTe MaccuBa 3amucei cocrasisier 126,6 MuH.

B pamkax BTOpOro TEOpPETHUYECKOTO HAIpaBJICHUS ObLIa IMOJy4YeHA BTOpas peaau3arus
POEKIMOHHOr0 MeTona [Aeasn u Op., 2020] Ha ocHOBe mpoliecca oproroHanu3aiuu I'pama-

Mmuara. UccnenoBanus 3akioyaiuch B KOHCTPYKTUBHOM OINKMCAHUM MHOI000pasus pelieHui
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® (A, b) nmuneitHO# cucteMbl AX = b B KOHEYHOMEPHOM EBKIIMJIOBOM IpocTpaHcTBe E. 3HaHME
® (4, b) mo3BONAET YUECTh ANMPHOPHYIO HHGOPMAIMIO O CBOWCTBAX MCTUHHOrO perneHns x/
nyteM ero noucka Ha @ (A, b). TexHruueckn 3TO BBITIIAAUT TaK: SKCIIEPTHAs TOYKA 3PECHUS Ha
nckomoe pemenne x/ (opManmsyercs HeoTpuIaTeNbHEIM (yHKuHOHATOM F Ha ®(A4,h), u
pemenne x/ ero murmMmsupyer. Ecim Touek 3peHms Ha x/ HECKONBKO, M 3a HHMX OTBEYAET
cucrema dynknuonanos F = (Fy, ..., F,), 1o mouck x/ cBOIMTCS K MHOTOKPHTEpPHAILHOMY

BbIOOpY B(P (A4, b), F) otHocurensHo F Ha P (4, b). CkazaHHoe rpaduyecky nepeaeT cxema
Ax =b - ®(4,b) » F - B(P(4,b),F) - x/.
[TepBbIil Iepexo/1 B 3TOIM cXeMe MOJTHOCThIO OTHOCUTCS K JIMHEHHOM anredpe, U B HAIIUX
MCCIIEIOBaHUSIX OBLIT BBIMOJIHEH ABYMs criocobamu. Bropoii mepexon hopMaiuzyer anpuopHyIo
uHpopManio 06 uckomoM pemennn x/ B cucremy dyHkimonanos F na MHoroo6paszuu (4, b)

U MIOTOMY TpeOyeT IIMPOKOro CHeKTpa MeToA0B. B xome paboT paccMOTpeHBI JBa IKCHEPTHBIX

cyxnenus E, u Eg, umeroniie 00JIbII0e MPAKTUYECKOE 3HAUCHUE, & TAKKE X KoMOuHanus E.
Cyxnenue E; CBUIETENBCTBYET O CXOKECTH HCKOMOTO PEHICHUSI x ¢ m3BecTHBIM BekTOpOM 1 €
E, a cyxnenane Eg TOBOPUT O HaIMuMHM OJOKOBOW CTPYKTYphl y pemenns x/ B Bume Tax
Ha3bIBAEMOH S-0HOPOJHOCTH. J[JIsl HUX TIOCTPOEHBI popManu3aiu B BUAE QYHKIMOHAIOB £,
Es n E,;s na ®(A, b). Bo3sparmasice K MIPUBEIEHHOH CXEME, OTMETUM, YTO TPETUH TIEPEXO] B HEH
MpeacTaBisieT co0ol onTuMm3anuo GyHKIHoHATOB n3 F Ha MHOT00Opasuu @ (4, b). B pamkax
paboThl OHa BBINOJIHEHA AHAIUTHYECKH: i1 (QyHKumoHanos E, , Eg u E,g sSBHO HalijJcHbI
IPAJMEHTHI, ¥ C WX MOMOIIBI0 COOTBETCTBYIOIINE BAPHAHTHI UCTHHHOTO permenus x/. B xoxe

pabot Obu1a oTy4YeHa (popMaIU3aIHsl SKCIEPTHOTO YTBEPIKIACHUS 00 OAHOPOIHOCTH.

HpHMep, I/IJ'IJHOCTpI/Ip}IIOI_HI/Iﬁ IMPUMCHCHUEC TCOPCTUYCCKOT'O ITOCTPOCHUA IPOCKIUOHHOI'O
MCTOJJa PCIICHUA O6paTHI)IX 3a1a4, CBA3aH C H3YUYCHHEM JIMKBAIWMOHHOI'O MECTOPOXKIACHUSA

Hopunbckoit pyanoii 30ub1 (puc. 3.11).

Takum o6pa30M, HCIIOJIb30BAHUC CYKIACHUA EHS MO3BOJIACT IMOJYYHUTh PCHICHUC,
YAOBJICTBOPAIOLICC B pastquﬁ CTCIICHU CYKJCHUAM oboux 9KCIICPTOB. C POCTOM & PCIICHUEC

xf CTaHOBHTCS OJIMIKE K HCTUHHOMY pacCIIpCACIICHUIO IIJIOTHOCTEH.
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Pucynok 3.11 — McrunHasi reoJioro-reopusnyeckasi MoJesb, pa3duTas Ha ssueiiku (a);
Ha0JII0/IeCHHOE TPABUTAIMOHHOE 110JIe OT MojAe/ M (0); n-3alIyMJIeHHAS] MCXOAHAS
Mojeb (B); MOJy4YeHHOe pacnpenejeHue mioTHocreii npu a = 0,9 (r)

3.3 Pacno3HaBaHue BHE3aIHOI0 HAYAJIa OYPH € HCIOJIb30BAHUEM HH(POBBIX

NPOU3BOIHBIX PUIBTPOB

CocrosiHue MmarHuTocepsl 3eMIM HAXOTUT CBOE OTPAXKCHHE B MarHUTOTPAMMAax
obcepsaropuit UHTEPMAI'HET. I'eomaruutHbie OypH 3a4acTyr0 COITPOBOXKAAIOTCS COOBITUSIMU
tuna SC (sudden commencement — BHe3anHoe Havano) [Curto et al., 2007]. Oxu npeacTaBiIsioT
CKAQUK{ TMOBBIIICHUI W TMOHIKEHUH B M3MEPEHUSAX HANpsHXKEHHOCTH TE€OMAarHUTHOTO IOJIS,
KOTOpbIE CHHXPOHHO HAOIIOAI0TCA MOYTH 1O BceM obcepBaropusiM. SC SBISIIOTCS CIIEACTBUEM
YAApHOTO B3aUMOJICUCTBUSI KOPOHAIBHBIX BHIOPOCOB Macchl ¢ MarHutochepoit 3emmu. ['maBHas

ocobennocts SC cocTouT B TOM, YTO UX BO3HUKHOBCHUC PCAIUIYCTCA 3a HCCKOJIBKO 4YaCOB 10O
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peructpanuu Oypb MarHHUTHBIME oOcepBaropusiMu. Paszpaboran meron pacno3naBanus SC-
COOBITHI ¢ mpuUMeHeHHeM HHU(POBBIX AUPPepeHInpYONMX (GUIBTPOB K JaHHBIM CHCTEMBI
naomonenuit UTHTEPMATHET wu paspaboranHoii poriexypsl IpuHaTHS pemeHuii (puc. 3.12).
OH okazaincst 3pPeKTUBHBIM U pabOTOCIIOCOOHBIM B 33/1a4e MPOTHO3UPOBAHUS MOSBICHUS OYpb.
[Ipu 06paboTke TOMOBOTO MaccHMBa JaHHBIX 16 oOcepBaTOpuii, MpU 3aJaHHOM OTPAaHUYCHUU
BEPOSTHOCTH JIOXKHOTO pacno3HaBaHus @y = 0,05 BeposATHOCTh MPaBUIBHOIO paCIO3HABAHHSA
cocraBmia BenuunHy Prp 0,75. Ilpennoxxennsiii meron pacmno3HaBanus SC mmeer OoJblive
pe3epBbI U YCOBEPIICHCTBOBAHMSI, B YACTHOCTH, TalbHEHINICH ONTHMU3ALIMHU €T0 MapaMeTPOB C
[ENBI0 YIIYYIICHUST BEPOSTHOCTHBIX XapaKTEPUCTHK. MeETOJ MOXKET OBITh MPHUCIIOCOONICH st
peleHus 3aa41 KPpaTKOCPOUYHOTO MPOrHO3UPOBAHUSI MArHUTHBIX Oyph M UMEeT OaronpHusITHYIO

IEPCICKTUBY €ro UCIIOJb30BaHUs B IIPUKIIAJHBIX 3aJavdax.

< 10° ASP 2015-06-22, Hx

00:00 0d:00 08:00 12:00 16:00 20:00 24:00

00:00 04:00 08:00 12:00 16:00 20:00 24:00
10t ASP 2015-06-22, Hz
T

4378 1 I 1 T 1
00:00 04:00 08:00 12:00 1600 20:00 24:00

10t ASP 2015-06-22, HO
T

(a)
ASP 2015-06-22, Hdx
500 T T T T
500 I 1 I 1 1
00:00 04:00 08:00 12:00 16:00 20:00 24:00
ASP 2015-06-22, Hdy
200 T T T T
200 I 1 I 1 1
00:00 04:00 08:00 12.00 16:00 20:00 24:00
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1000 T T T
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1000 I 1 I 1 1
00:00 04:00 08:00 12:00 16:00 20:00 24:00
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500 T T T T
0 11 L
500 Il 1 Il 1 1
00:00 04:00 08:00 12.:00 16:00 20000 24:00

Pucynok 3.12 — a) Ucxoaubie nannbie koMnoHeHT MII3 ¢ SC-cobbiTHEeM; 6) Pe3yabTaThl
BbIUMCJIeHUIT npou3BoAHbIX KoMNoHeHT MII3 ¢ ucnosnb30BaHueM ONTUMAIBLHOTO
auppepenuupyromero KUX-puabrpa
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3.4 Pa3BuTHE BHICOKOTOYHOT0 MOHUTOPHHIA MATHUTHOTO 10Jisi 3emuin B PD u

OsmsKHeM 3apy0exbe

Ha npotsoxkenun 2021 roga corpyanukamu '] PAH Benuch komrmuiekcHbIe paboOThI 110
MOJJEPIKKE, PEMOHTY W OOHOBJIICHHUIO 3/IaHUN, COOPYKEHUH, JIMHUW CBS3M U DJICKTPOIHUTAHUS
reodusnueckorr obcepBaropun «Kimumosckas» (KoHomickuii pailoH ApXaHTeabCKOW 00JacTH).
Ha ceropnsimiauii AeHb Ha PEryJIspHONW OCHOBE Ha HEW BEMYTCS BBHICOKOTOUHBIC HAOIIOJICHUS
MarautHoro nojist 3emin, [HCC-n3mepenus u Meteoposorndyeckrue HaomoneHus. Kpome toro,
Ha Tepputopuu ycraHoBiieHa ceiicmoctanuuss OUIKUMA. Buenpenue B 2021 romy cheMKu
TEPPUTOPUN  METAUIOMCKATEeTIeM B  NPAKTUKYy  PETYISIPHBIX  PabOT MO  MOAJEPKKE
(YHKIIMOHHPOBAHKS MAarHUTHBIX 00CepBaTOPHIl IPECTABIISETCS BAXKHBIM BBUY HEOOXOAUMOCTH

MOHHUTOPHUHTA YUCTOTHI TEPPUTOPUH OT (PEPPOMATHUTHBIX MATEPHUAIIOB.

bbula Hauata paboTa MO BKIIOYEHHIO reopusnyeckoil obcepBaTopuu «SHrubazap»
Wuctutyra ceiicMomorun  Axagemun Hayk PecrnyOnuku  Y30ekuctan (puc. 3.13) B
MEXPETHOHAIBbHYIO HA3eMHYIO C€Th MarHUTHBIX 0OcepBaTOpHii M cTaHMi. HaMeueHbl OCHOBHBIE
HanpasJeHUs padoT M0 PEKOTHOCIUPOBKE 00CEPBATOPUH, MATHUTOMETPHUECKOMY HCCIIEIOBAHUIO
ee TeppUTOPHH, JOOCHAIIEHUIO 3TONH 00CepBaTOPHM COBPEMEHHBIM 000pYyIOBaHHEM CTaHIapTa
NHTEPMATHET u o0yuenuto nepconana pabore B COOTBETCTBHH C NMPEANUCAHUSIMHU JaHHOU

OpraHu3aIuy.

Pucynok 3.13 — UuTepbep a6coTIOTHOrO (C/1€Ba) 1 BAPHALMOHHOIO (CIPaBa) NaBUJIbOHOB
MarHuTHO¥ o6cepBaTtopun «Snruéazap»

CpaBHEHUE CpPETHETOJOBBIX JTaHHBIX MOJYJS MAarHUTHOTO IO  00CepBaTOPUHU
«SIurubaszap» co cpeaneromoBsivu ganasiMu Mogeau | GRF [Alken et al., 2021] nmokasaiio, 4To 3a
11 ;mer u3MEHEeHUs MOJIYJS 0 JAaHHBIM MOJICIIA W IO JaHHBIM 00CEpPBATOPCKHUX H3MEpPEHUHN
MIPOUCXOJWIN COTJIACOBAHHO, W 3HAYEHUsS MOAYJSl POCIH C OJMHAKOBOW CKOPOCTBIO M C

COXpaHeHHeM MocTossHHON pazHocTu 192208 uTn (puc. 3.14).
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Pucynok 3.14 — CpeaHerooBbie 3Ha4eHUs] MOYJIsi MATHUTHOI'O M10JIs1 3eMJIM 110 JAaHHBIM
MArHHMTHOIi o0cepBaTopuu «SIHrudasap» B cpaBHeHnu ¢ JaHHbIMU Mojen | GRF 3a 2010-
2020 roaml.

bbuta npoBesieHa pEKOrHOCHMPOBKA ITyHKTa F€OMarHUTHBIX MU3MEPECHUN HAa TEPPUTOPUU
Hayuno#t 6a3bl reodpusmueckux mnpakTuk ['eonormyeckoro ¢akynpreta MI'Y um. M. B.
JlomonocoBa B AmnekcanapoBke (Kamyxkckas o6macte). [eodusmueckwii TOIWTOH B
AnleKkcaHApPOBKE — YHUKAIbHOE MECTO, Ha KOTOPOM MPAKTUYECKU KPYIVIOTOAUYHO IPOXOMAT
pa3IryYHbIe MEPONPUATHUS — OT YUEOHBIX MTPAKTUK CTYIEHTOB-T€O(U3UKOB U KYPCOB MOBBILICHUS
KBAJTM(HUKAIMU 0 HAYYHBIX IIKOJI 1 CEMHHAPOB, a TaK)Ke UCIbITaHUs HOBOM anmmnapatypsl. baza B
AnexcaHIpOBKE SIBIISIETCSI COBPEMEHHBIM U MOJIHOCTBHIO OCHAILIEHHBIM yupexaeHueM. HameueHnst
IUTaHBl 110 PA3BUTUIO MYHKTA TE€OMAarHUTHBIX HM3MEpPEHHH 110 YpOBHS MOJIHOMACUITaOHON

o0cepBaTopuu.

B mepuon ¢ 11 suBaps mo 24 wHosOps 2021 roma Ha MarHMTHOH o0OCepBaTOpUU
«Knmumosckas» mno crapgapram HWHTEPMATI'HET Obiin BbmmosHeHsl 520  wu3MepeHui
aOCOJIFOTHBIX 3HAUEHHWH MArHUTHOrO CKIOHeHWs # HakioHenusa. C xonma 2018 romga
o0ecrie4nBaeTcsi BBICOKHH KOHTPOJIb COCTOSHUSI BEKTOPHOTO MAarHUTOMETpPa, TOYHOCTH
MIOCTPOCHUSI OKOHYATEIhbHOM Oa3MCHON JMHUM W BBICOKOE KaueCTBO KBAa3MOKOHYATENBHBIX
naHHBIX. Pa3opoc 3HaueHuil 6a3MCHOM JIMHUN TOCTATOYHO MaJl. BB BHIMONHEH psi U3MEpEHHMA
aOCONIIOTHBIX 3HAUYEHUN Ha MarHUTHON oOcepBatopum «['tomarapax» (PecmyOmuka ApmeHus),
pasBuBaemoii coBmecTHbIMH ycwmusaMu 'Ll PAH u Mucturyta reodusuku u WHXEHEpHOU
ceiicmosiornu HanuonansHOM akagemuu Hayk PecnyOmukm Apmenuss ¢ 2017 roma. bwuio
MPOJIOIHKCHO TOTIONHEHUE HEMPEPBIBHOTO psga aOCOMIOTHBIX W3MEPEHUH Ha TeOMarHWUTHOM
obcepBaropun «Cankt-IletepOypr», Bxomsmiein B MexayHapoanyro cetb UHTEPMAIHET c

2016 rona. 3a nepuoa ¢ 5 stuBaps no 23 Hos6ps 2021 rona BeIMoIHEHO 94 n3MepeHusl.
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C urons 2020 roga B cocTase anmaparHo-nporpammuaoro kommmiekca MAT'HY C [Gvishiani
et al., 2016; Kudin et al., 2021] 8 I'll PAH ¢yHKkunoHupyer cucrema aBTOMaTH3HPOBAHHOTO
pacuera KBa3HMOKOHYATEIbHBIX TreoMarHUTHBIX AaHHbIX crangaapra MHTEPMAI'HET u wux
OTIpaBKH B reoMarHuTHbIN nHpopmannonusiii yzen MHTEPMAT'HET B [lapmxckoMm HHCTHTYTE
¢usuku 3emumn (IPGP). BBenmenue maHHOW CHUCTEMBI B JKCIUTyaTAIMIO CJIEIAI0 BO3MOKHBIM
onepaTtuBHYy0 3arpy3Ky Ha ceppep MHTEPMAI'HET kBa3nokoHYaTENbHBIX JaHHBIX MarHUTHON
obcepBatopun «Cankr-Ilerepoypr» (IAGA-kox SPG) [Sdorov et al., 2017]. Maccussl
KBa3MOKOHUYATENIbHBIX JaHHBIX 3a MECAYHBIA NepHoJ, BKItouass aaHHble 2021 roaa, ctaHOBSTCA
noctymnHbiMU uepe3 BeO-caiitt UHTEPMATHET (https://intermagnet.org) € 3aaepixkoii He 6oiiee

1 Mmecqma.

3a mepuon ¢ 01.12.2020 mo 01.12.2021 oO6mmit 00bEM TE€OMAarHUTHBIX JTAHHBIX,
noctynuBmux B LIKII «AnanuTuueckuil 1neHTp reoMarHuTHbIX JnaHHbIX» ['1] PAH, cocraBun

162,77 1.

3.5 Pa3zButue pynknuonasa AIIK MATHYC

Pesynmbratom 2021 roma sBuiMCh yHH(HUUIUpOBaHHBIE WHTEp(eEcH 00paboTKH
BPEMEHHBIX  PAZOB, MO3BOJSIONIME YBEIUYUTh KAaueCTBO M CKOPOCTb  MOATOTOBKU
KBa3MOKOHYATEIBHBIX M OKOHYaTeNnbHBIX AaHHBIX crangapra UHTEPMATIHET (puc. 3.15).
Pa3zpa®oTka M mpuMeHEHHE COOTBETCTBYIOIEH CHUCTEMBI MO3BOJMIIO YMEHBUIMTH 33JEPXKKY B
OTIIPaBKE MECSIYHBIX MAaCCUBOB KBa3MOKOHUYATENIbHBIX JAHHBIX 10 HecKoIbKuX qHei. Ha 2021 rox
Bcero okoiio 40 obcepBaropuit MHTEPMAT'HET u3 6onee yem 130 obecrnieunBaroT CpaBHUMYHO
CKOpPOCTh IOATOTOBKM M KadeCTBO IpeaocTaBiisieMblX AaHHbIX. lllupokne Bozmoxxknoctu AIIK
MAT'HYC B yacTu BEIOOPKH U HHTEIUICKTyJIbHOW 00paO0TKH r€OMarHUTHBIX JTAaHHBIX MTO3BOJIHIIN
B KpaT4aillie CpoKu (MeHee Noyrosaa) npoitu tpexyposHeByto nposepky MHTEPMATHET B

OTHOIIIEHUH HabOpa OKOHYATENIbHBIX TaHHBIX oO0cepBaTopun «CaHkT-IleTepOypr» 3a 2020 rog.

Hapsiny ¢ ynyumenusimu cymectBytoumx nojcucteM AIIK MAT'HYC, chnenan miar B
HaIpaBJIEHUU CO3JaHUS MPOTHOCTHUECKUX CEPBUCOB, MO3BOJIIONINX MTPOTHO3UPOBATH P (HEKTHI
KOCMHYECKOW IMOroJibl HA OCHOBE HAKOIUICHHBIX JaHHbIX AB/dt. Takue BO3MYyIIECHUS SBISIOTCS
HWCTOYHUKOM BO3HUKHOBEHHS T€OMarHUTHO-UHAYIMpoBaHHBIX TOkoB (I'UT), mpuBomsmmx x
MPEKICBPEMEHHOMY HW3HOCY WM BBIXOJY U3 CTPOs BBICOKOBOJIBTHBIX TpaHC(HOPMATOPOB.
Brinenennsie skcTpeManbHbie Bo3myteHus coxpansitores B B[l MATHYC mis nocnenyroiero

aHaJIN3a CTaATUCTUYCCKUX XAPAKTCPUCTUK U ITOCTPOCHUS IIPOTHO30B BO3My1.I.[6HPII>i.

50



OTuer o gestenbHOCTH ['eodumsnueckoro menTpa PAH 3a 2021 rog,..

Maw 18 Now 17 Nov 18 Now 19 Now

18

L

Pucynok 3.15 — PazmeTka «3aliuieHHOro» (pparMeHTa JaHHBIX HA 00cepPBATOPHH
«Caunkr-IlerepOoypr» (JleHuHrpajackasi 00.1.) 3a nepruoJ reoMarHuTHoOi Oypu 15-19 Hosiops
2021 ropa.

PeanmzoBaHHbIE TEXHUYECKHE PEIICHUS W TPOIETYPhI IO CBOEMY YPOBHIO HE YCTYIaIOT
aHAJIOTMYHBIM pa3pabOTKaM MEKAyHapOJHBIX HayuyHbIX rpynm. Pacimmpenue B npeaenst CHIT
€IMHOTO CETMEHTa F€OMarHUTHBIX 00CepBaTOPHiA C YHHU(PHUIIMPOBAHHBIM COOPOM, 0OpabOTKON H
cucTeMaTu3alueil JaHHBIX CpeICTBaMM ammapaTHo-nporpamMmHoro kommiaekca MAIHYC
o0ecrieunBaeT HAy4YHOE COOOIIECTBO BBICOKOTOYHBIMH JaHHBIMH O MII3, KoTOphIe MHPOKO

BOCTpC6OBaHH BO MHOT'HX (bYH,I[aMCHTaHBHBIX U IIPUKJIAIHBIX 3aaa4ax.
CHucoxk MCnoJab30BAHHBIX HCTOYHHUKOB

Maostl, C., Amerstorfer, T., Pamerio, E., Isavnin, A., Farrugia, C. J., Lowder, C,, et a. (2018).
Forward modeling of coronal mass gjection flux ropesin theinner heliosphere with SDCORE.
Space Weather, 16(3), 216-229. https://doi.org/10.1002/2017SW001735

Alekseev D., Kuvshinov A., Palshin N. Compilation of 3D global conductivity model of the Earth
for space weather applications // Earth, Planets and Space. 2015. 67:108.
https://doi.org/10.1186/s40623-015-0272-5

Fan, Y., & Gibson, S. E. (2003). The emergence of atwisted magnetic flux tube into a preexisting
coronal arcade. The Astrophysical Journal, 589(2), L105-L108.
https://doi.org/10.1086/375834

Luoni, M. L., Demoulin, P., Mandrini, C. H., & van Driel-Gesztelyi, L. (2011). Twisted flux tube
emergence evidenced in longitudinal magnetograms. Magnetic tongues. Solar Physics,
270(1), 45-74. https://doi.org/10.1007/s11207-011-9731-8

Poisson, M., Demoulin, P., Lypez Fuentes, M., & Mandrini, C. H. (2016). Properties of magnetic
tongues over asolar cycle. Solar Physics, 291(6), 1625-1646. https://doi.org/10.1007/s11207-
016-0926-x

Sergeyeva N., Gvishiani A., Soloviev A., Zabarinskaya L., Krylova T., Nislevich M.,
Krasnoperov R. (2021). Historical K index data collection of Soviet magnetic observatories,
1957-1992. Earth Syst. Sci. Data, 13, 1987-1999. https://doi.org/10.5194/essd-13-1987-2021

51



OTuer o gesrenbHOCTU ['eodumsnyeckoro meaTpa PAH 3a 2021 rog...

Kurazhkovskaya N. A. (2020). Global disturbance of Earth's magnetosphere and its connection
with space weather. Solar-Terrestrial Physics, Vol. 6, Iss. 1, p. 41-49.
https://doi.org/10.12737/stp-61202005

Arasa C. M., boroyrmunos III. P., JloopoBonbsckuii M. H., UBanuenko O. B., Kamaer /[. A.
Perpeccronnoe muddepeHnpoBaHue U PerpecCHOHHOE HHTETPUPOBAHNE KOHEYHBIX PS/IOB.
YeooimieBckuii coopuuk. 2021;22(2):27-47. https://doi.org/10.22405/2226-8383-2021-22-2-
27-47

C. M. Aras, A.A.Conosses, . P. boroyrnunos, 0. U. HukonoBa.  Perpeccuonnsie
MIPOM3BOIHBIC M WX MPUMEHEHNE B M3YYCHUH T€OMAarHUTHBIX JHKEPKOB // ['eoMarHeTusm u

aspoHomust, ToM 59, Ne3. 2019. C. 383-392. doi: 10.1134/S0016794019030027

Arasa C.M., boroyrnuno III. P., BbynsueB A.A., ConoBseB A.A. @Dupcor U. A.
[IpoEKIIMOHHBI METOJ PELICHUS CUCTEM JIMHEMHBIX YPAaBHEHUW U €ro NPUMEHECHHUE B
rpaBumerpun // Jlokmansl Poccuiickoit akagemun Hayk. Hayku o 3emie, 2020, T. 493, Ne 1,
58-62, doi: 10.31857/S2686739720070051

Curto, J.-J., T. Araki, and L. F. Alberca (2007). Evolution of the concept of Sudden Storm
Commencements and their operative identification, Earth Planets Space, 59, I-XI1.

Alken P., Thébault E., Beggan C. D., Amit H., Aubert J., Baerenzung J., Bondar T. N., Brown
W. J., Cdiff S., Chambodut A., Chulliat A., Cox G. A., Finlay C. C., Fournier A., Gillet N.,
Grayver A., Hammer M. D., Holschneider M., Huder L., Hulot G., Jager T., Kloss C., Korte
M., Kuang W., Kuvshinov A., Langlais B., Léger J.-M., Lesur V., Livermore P. W., Lowes
F. J, Macmillan S., Magnes W., Mandea M., Marsal S., Matzka J., Metman M. C., Minami
T., Morschhauser A., Mound J. E., Nair M., Nakano S., Olsen N., Pavon-Carrasco F. J., Petrov
V. G., Ropp G., Rother M., Sabaka T. J., Sanchez S., Saturnino D., Schnepf N. R., Shen X.,
Stolle C., Tangborn A., Taffner-Clausen L., Toh H., Torta J. M., Varner J., Vervelidou F.,
Vigneron P., Wardinski I., Wicht J., WoodsA., Yang Y ., Zeren Z., Zhou B. et d. International
Geomagnetic Reference Field: the thirteenth generation // Earth, Planets and Space. — 2021. —
Vol. 73. — Art. 49. — P. 1-25. DOI: 0.1186/s40623-020-01288-x

Gvishiani A., Soloviev A., Krasnoperov R., Lukianova R. (2016). Automated Hardware and
Software System for Monitoring the Earth’s Magnetic Environment. Data Science Journal,
15, p.18. doi:10.5334/dsj-2016-018.

Kudin D. V., Soloviev A. A., Sidorov R. V., Starostenko V. 1., Sumaruk Y u.P., Legostaeva O. V.
Advanced Production of Quasi-Definitive Magnetic Observatory Data of the
INTERMAGNET Standard // Geomagnetism and Aeronomy. — 2021. — Vol. 61.— No. 1 - P.
54-67. DOI: 10.1134/S0016793221010096

Sidorov R., Soloviev A., Krasnoperov R., Kudin D., Grudnev A., Kopytenko Y., Kotikov A.,
Sergushin P. Saint Petersburg magnetic observatory: from Voekovo subdivision to
INTERMAGNET certification // Geoscientific Instrumentation, Methods and Data Systems.
—2017. - No. 6. —. P. 473-485. DOI: 10.5194/gi-6-473-2017

52



OTuer o gestenbHOCTH ['eodumsnueckoro menTpa PAH 3a 2021 rog,..

4 Opranu3anus, BHU3YyaJIU3aL U, HHTEPIpeTanus | nyoJnKanus
reo(pu3M4YeCKUX JAHHbIX

Homep Tembl B UCI'3: FMGN-2019-0004
Homep rocperncrtpaunn: AAAA-A19-122012500333-6
PykosoauTens: 3aB. nab., a.d.-m.H. b. A. [13eboeB

4.1 CoBepuieHCTBOBaAHHE YIIPABJIEHU MAaCCHBAMU re0(pu3H4YecKnX JaHHBIX.

NudopmannonHoe odecnedyeHne HAYYHbIX MCCIEA0BAHUI

B 2021 roxy 8 MupoBsix nentpax aanubix (MI]) mo conneyno-3emuoi gusuke (C3D) u
¢usuke tBepmoit 3emumm (DT3) mpoBomunace paboTa MO COBEPIICHCTBOBAHUIO CIIOKHBIIICHCS
CHCTEMBbl yINpaBJIECHUS JAaHHBIMH, YBEIMUYEHHIO HWH(POPMALMOHHBIX PECYpPCOB, MEPEBOIY
HCTOPUYECKHUX JTAaHHBIX B AJIEKTPOHHBIA BHUJ U OOECIIEUEHUIO CBOOOJHOTO JOCTYINA K JaHHBIM.
SBnsAAck perysipHbIMH ujieHaMu MupoBoil cuctembl JaHHbIX (MCJ]) MexnyHapoaHoro
HayuyHoro coseta, ML/ crposr cBoro pabotry Ha ocHoBe Koncturynum MC/I, pemenuii ee
Hayunoro KOMUTETA u Crparerndyeckoro IJ1aHa Ha 2019-2023 roas!.
(https://www.worlddatasystem.org/organization/constitution_and_bylaws/).

3amaua yBeENMYEHHUS OOBEMOB KaueCTBEHHBIX WH(POPMALMOHHBIX pecypcoB MIJ]
periaercsi myTeM cOopa HOBBIX IaHHBIX, PETPOCIIEKTUBHBIM IOMOJIHEHUEM apXHUBOB U IIEPEBOJIOM
JIAHHBIX B 3JIEKTPOHHBIA BuA. HOBbIe JaHHBIE, TOCTYNMBIINE U3 CTAlMOHAPHBIX 00CEpBATOPUIA,
LEHTPOB 00pabOTKU JaHHBIX U HAYYHBIX HHCTUTYTOB, IPOXOJAT MPOLEAYPhl aHAIN3A, IPOBEPKHU
Ka4yecTBa, pe3€pPBHOT0 KOMMPOBAHUS U peructpanu. [Ipn HeoOX0AMMOCTH CO3/1al0TCsl OMUCAHUS
JAHHBIX, OMKCAaHUs (POopMaTOB, POPMUPYIOTCS META/IAHHBIE.

B MII/I no conneuno-3emuoi ¢pusuke B 2021 roxy B pasznene caita «l'eoMarHuTHbIE
Bapuarun»  (http://www.wdch.ru/stp/geomag/geomagnetic_variations.ru.html)  momonHeHs
MacCHBbI CPEJHEYACOBBIX U MUHYTHBIX 3HAUEHUH 3JIEMEHTOB MAarHUTHOTO NOJs 3eMIIU JEBSTU
obcepBaropuii (Tad. 4.1), 3HaUeHU reoMarHUTHOTO K-MHJIeKca TaHHBIMU oOcepBaTtopuit «Mbic
[Mmunra», «HoBocubupck», «llaparynka», «XabapoBck», «Maraman» u «JIeHuHrpamsy.
Cdhopmuporannas B 2019-2020 rogax «ba3a HcTOpUIECKUX JaHHBIX O TEOMarHUTHOM HHJEKce K
MarHuTHbIX oOcepBaTopuii OwiBIIero CCCP, 1957-1992 rr.» 3apeructpupoBaHa B Peectpe 6a3
naHHbIX, moydeHo CBunerenbecTtBO Ne 2021622162 ot 18 oktsadpst 2021 roga Ony6nukoBana
CTaThs C OMKMCAaHUEM 3TOM 0a3bl maHHBIX [Sergeyeva et al., 2021].

IloarotoBnensl u omyOnukoBanel Ha caiite LleHTpa umdpoBbie u300pakeHUs
Marautorpamm (6952 ¢aiisioB) o6cepBaTopuii « ApreHTHHCKHE ocTpoBay 3a 1961-1968 u 1974—

1979 roge! u «Mpxytck» 3a 1970-1973 roasl BMeCTe € COMPOBOAUTEIBHBIMH JJOKYMEHTAMH.
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Tabnuma 4.1

Hosrie JaHHBIC CpEAHEYACOBBIX HW MHHYTHBIX 3HAQUCHUH DIIEMEHTOB

F€OMarHUTHOrO 1MoJs, noiaydeHHsle B 2021 rog u pasmeiennsie Ha caiite Ml o C3®

Kon Ha3panue CpenneuyacoBble MunyrtHbIe
obcepBaTopun o0cepBaTopun JAaHHbIE, TOJbI JAaHHbIE, TOJbI
AlA APreHTHHCKHE 0-Ba 2018 2018
BOX Bopok 2019-2020 2020
IRT WpkyTck 2019, 2020 2020
KHB XabapoBck 2018,2 019 2018, 2019
MNK Musck 2019
MOS Mocksa 2019, 2020 2019, 2020
NVS HoBocubupck 2020 2020
PET [TapaTyHka 2005, 2020 2020
VOS Boctok 1999-2002, 2004-2010, 2019 1999-2002, 2004-2010, 2019

Hauara pa6ora o onudpoBKe MarHuTOrpaMm, COJEPKAIIUX 3aMuch 15 MarHUTHBIX Oypb.
s omudpoBku ucnosib3yercs nporpamma Waveform Digitizer, paspaborannas B 'Ll PAH.
[IpoBenena oundpoBka MarHuTorpaMm odceparopuil «Amxabany, «Mpkyrck», «Maragan» u
«HoBocubupck» mo n1Bym Oypsm.

B 2021 rony B8 MIZl mo C3® Obl1 mepenaH A XpaHEHUs M MyOJIMKalUMKM Ha caiiTe
uupposoir Karanor marHuTHeIX Oypb 30HBI OJeccKO MarHUTHOW aHOMAJIMHM Iepuoja
MOHUTOPHHIAa IOTOKOB KOCMHYECKHX pAJAMOMCTOYHUKOB Ha paauoteneckone «YPAH-4»,
HNOJATOTOBJIEHHBII  KOJJIEKTUBOM  aBTOpoB U3  Opecckoir  obcepBatopun  «YPAH-4»
Pamnoactponomuyeckoro Muctutyra HAHY u Huctutyra reopusuku um. C. M. Cy66oTnHa
HAHY. B karanore copepkarcs JaHHbIE O MarHUTHBIX OypsiX, MPOU3OMIECAIINX B MEPHOIbI
1987-1994u 2000-2009 roasl, mpemocTaBlieHHbIE MarHUTHOW oOcepBaropuenn «Opeccay.
Karanor ony6nukoBaH Ha caifte LleHTpa BMecTe ¢ onncaHneM Ha pyCCKOM M aHTJIMHCKOM SI3bIKaX.
Karanory npucsoen mudposoii naentudukarop oosekra DOI https://doi.org/10.2205/M ag-St-08.

B pazgene «HMonocdepHsie siBIeHUS» OMyOIMKOBaHBI MOHOC(HEPHBIC NTaHHBIC CTAHIIMH
«MockBa» (U3MHUPAH), conepxamue 3HaueHus 18 moHOC(hEpHBIX MapaMETpOB 3a MEPUOJ
11.2020-12.2021 roger  (http://www.wdcb.ru/stp/ionosphere/ionospheric_phenomena.ru.html).

Pazgen  «Conneunas  aktuBHOCTB»  (http://www.wdch.ru/stp/solar/solar_activity.ru.html)
JIOTIOJIHEH HOBBIMM JTaHHBIMU 3a riepuof ¢ stHBapst 2018 roga nmo okts6pe 2021 rona mo Buaam
HabmoaeHni « ConHeuHble MATHAY, «CeKTOpHAsk CTPYKTYpa MEXKIIAHETHOT'O MAaTHUTHOTO TIOJIS,
«Ilotok pamuousnydenuss Conmnua c¢ anuHo BoaHbl 10,7 cm (2800 MI'nm). Iloarorosnen u
omyOnukoBaH «Karamor conHEYHBIX BCHBIIIEYHBIX COOBITUH 25-T0 IHUKIA COJHEYHOU
AKTUBHOCTH.

B 2021 roxy nponomxanack padora 1mo nmpoekty «CoxpaHeHUE UCTOPUUECKUX TAHHBIX) —

npeoOpazoBanue naHHbIX oOcepBaropuit PO u crpan CHI', xpansumxcs B apxusax MIJ] mo C3®
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B BHJC OyMaXXKHBIX JOKYMCHTOB, B JJIEKTPOHHBIC JOKyMeHTHI ((popmar PDF). IlepeBenensl B
ANIEKTPOHHBIA BUA O aucuumiiuHe «lMoHocdepHble sBICHUsS» NaHHbIE |4-TH HMOHOC(HEPHBIX
craniuid, 42000 mokymeHntoB ¢dopmara A3. JlaHHBIE BKIIOYAIOT PE3yJIbTaThl BEPTUKATHHOTO
30HAMpOBaHUS HOHOc(hepbl (Tabnuubl U TpadUKHd CpPEIHEYACOBBHIX 3HAYEHUH MapamMeTpoB
noHocdepsl), M3MEpPEHHUs] TOTJIOMICHUS PAJAMOBOJH, HOHOCHEPHBIX BETPOB, aTMOCHEPHBIX
pasuoIIyMOB.

[Iponmomxkanock dhopmupoBanme 0a3seI JTAHHBIX «"eomaraeTu3m»
(http://stp.wdcb.ru/index.php), ycosepiiiencTBOBaHa mnporpamma, oOpabaTbhIBarolias BXOJHbBIC
rapaMeTpbl 3ampoca, OCYIIECTBISIONIas MOMCK JaHHBIX B 0a3e MO MapameTpaMm 3ampoca U
BBIJIAIOIIAsl pe3yJIbTaT IOJb30BATENI0 B OJHOM M3 TpeX BO3MOXHBIX (opmaroB. Crenan
(GYHKIMOHAT BBIIAYU JAHHBIX 3alpoca MOJb30BATENI0 B ZIP-apXHBE, COICPIKAIIEM TEKCTOBBIH
¢daiin ¢ panHpiMH. BHeceHbl u3MeHeHHsS B OGOpMIICHHE TJaBHOW CTpaHUIBI CaiiTa,
YCOBEPIIICHCTBOBAH MOJTYJIb 3arPy3KH JIAaHHBIX B 0a3y.

B MI/l no ¢u3uxe TBepaoii 3emim BeneTcs peryispHas padota no (GpopMHUpOBaHUIO
KaTajoroB 3eMJIETPSICEHUM celicMUYeCKH aKTUBHbIX pernoHoB CeBepHoil EBpasum B BHzE
TekcToBBIX (paiinoB B kogax ASCI| Ha ocHOBaHHMM AAHHBIX U3 €KETOJHUKOB «3eMIIETPACECHUS
CeBepHoii EBpazum» [3emnempsicenus..., 1997-2020]. B »aToifi paboTe HCHOIB3YyETCS
paspaborannoe B ML/l mo ®T3 nporpamMmmHOe oOecniedeHue, mo3BOJISAIONIEE TPOBOJAUTH TPOBEPKY
KadyecTBa JaHHBIX U (OPMHUPOBATh JaHHBIE B HY>KHOM (hopmare. B 2021 romy mepecMOTpeHHbl,
JIOTIOJIHEHBI ¥ ¢(hOPMUPOBAHBI B HOBOM (hopMaTe KaTalloTy 3eMIIETPSICEHUN PErHOHOB «SIKyTHS»
1962-2014 romos, «CeBepo-Boctok Poccum» 1968—2014 ronos, «Caxanwa» 1962—-2014 ronos,
«ApKTHKa» 1965-2014 roJI0B, «IIpnamypbse—IIpumopse» 1974-2014 roJIOB,
«IIpubaiikanbe — 3abaiikanbe» 1962-2014 ronoB, «Antaii m Casuby 1962-2014 ropos,
«Kypuno-Oxotckmity»  1965-2014 romoB u «Kamuatka u KomaHmopckue ocTpoBa»
1961-2014 ronos. Karanoru conepxat mapameTpsl THIIOLEHTPOB, MATHUTYAbI, YHEPTeTHUECKUE
knaccol. [IpoBeieH aHanu3 JaHHBIX U COCTaBJICHBI ONMMCAHUS KaTajloroB U (pOpMaToB.

Pasmen «Ceticmomorus» carita MIJ] mo ®T3 (http://www.wdcb.ru/sep/seismology/)
JIOTIOJTHEH MocTynaromumMu u3 EquHoit reodusndeckoit ciyx0p1 PAH exenexaaHbIMu TaHHBIMU
B BHJIE KaTanora u oroierens 3a nepuoj 02.2018-12.2020 romos.

[TepeBenensr B 1udpoBoil Bua B TekcToBbIM (opmar B komax ASCII uctopuueckue
Katayoru 3emierpsiceHuil pernoHoB OwiBmiero CCCP u3 «Atmaca 3emnerpscenuii B CCCPy»
[Amnac..., 1962], conmepxamue uHPOPMALHMIO O CCHCMHUYECKHX COOBITHSX 3a IEPHOJ
1911-1957 ronoB. ATnac B aiekTpoHHOM Buze B ¢popmar PDF onyGnukoBan Ha caiite LlenTtpa

(http://www.wdch.ru/sep/seismology/hypocenter_data.ru.html).
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B 2021 romy mpomoimkanock ¢opmupoBanue Ha caiite MIJ[ HOBOro TeMaTH4eckoro

pasnena «Apkruka — AHrapkruka»  (http://www.wdch.ru/arctic_antarctic/). B pasgene
«['eomMarHuTHBIC NaHHBIC» I AHTAPKTUKU OOECIIEYCH TOCTYIN K MU(POBBIM H300paKEHUSIM
MarHuTOrpaMM CTaHIUU «ApPreHTHHCKUE ocTpoBay 3a 1961-1968 u 1974—-1979 rozpl, BMecTe ¢
TaOJIMIIAMH YaCOBBIX 3HAYCHHUH, COMPOBOJUTEIBHBIMH TEKCTaMH W JTAHHBIMH O K-WHJEKCE.
Coznan pasnen «['eomarnutHble AaHHBIE» A ApKTHKU (puC. 4.1), B KOTOPOM pa3MEIICHbI
CpeIHEYacOBbIC U MHUHYTHBIC 3HAUCHUS 3JICMEHTOB T€OMAarHUTHOTO TOJIs, 3HaYeHUsT K-UHJIEKCa,
nu(poBbie M300paKEHUST MAarHUTOTPAMM, 3apPETUCTPUPOBAHHBIE COBETCKUMH W POCCHHCKHMHU

o0cepBaTOpUAMH, a TAKXK€E JJaHHbIE BOCbMU Apeidyronux craniuii « CeBepHbIi MOI0CY.

reoghusuyeckuu yeHmp PoccuucKou akademMuu Hayk
Mupoeoti ueHmp 0aHHbIX 10 CONTHEYHO-3eMHOU (U3UKe Mupoeoli ueHmp GaHHbIX 0 (usuke meepdol 3emnu
http://www.wdcb.ru/arctlc_antarctlc/arctlc_magn.ru.ht?"\l
.- : : 4 ..-.._A“'.':'"'~ =i
SESTTL - —dil = - ol b g ]
M_ ‘ I " 'TM'“’?"";‘_‘ . ~
. Apurm:a e
- S Chia TR
W --t~ i ——
= i
FeomarHuTHbIE AaHHbIe
APKTUKA
eOMarHUTHbIe AaHHbIE e 3HayeHMA 3NEeMEHTOB reOMarHuTHOTO NONA (CpeaHeyacoskle  MUHYTHbIE) ¢ 1956 1.
CeicMonornyeckue » 3HauyennA K MHAeKca No JaHHBIM cTaHuui 8 ApkTuke ¢ 1957 1.
[aHHble o Ludpossie uzo0bpaxeHna MarHUTorpamMm CTaHuuit B ApKTUKe.
Tennogoit NOTok
;gii::.;emuwecme [eomarHuTHEle cTaHuuKn B ApKTUKe " . leorpadmyeckue
a3BaHue CTaHUMK on KOOPAWHATHI
WoHocdepHbie AaHHbIe
KocMuyeckue ny4u 90"“' - RO gauon
BynkaHb! A T ~F~h. L X
TekToHuMKa (0030p pabot / T
nocneaHux ner) = / ‘Iwm e Amgepma AMD 69.47°N 61.42°E
s . ,,_\,% ApXaHrenbcKk ARK 64.58°N 40.50°E
AHTAPKTUKA L M 3 Benblit 0CTPOB BEY  73.30°N 70.00°E
Mbic YentockuH CCS 772N 104.28°E
FeoOMarHuTHble AaHHble Yokypaax CHD 70.62°N 147.89°E
CeicMmonornyeckue Mbic KameHHbI# CKA  68.50°N 73.60°E
[aHHble Q Q Meic Wmugra CPS 68.92°N 179.48°W
TennoBo# NOToK 3 L MbiC YaneH CWE  66.17°N 169.83°W
IpaBuMeTpU4ecKue OcCTpoB [JUKCOH DIK 73.54°N 80.56°E
[aHHble OcTpoe Xe#ca HIS 80.62°N 58.05°E
Kocmuyeckue ny4u Kapacage# KHS 71.13°N 66.83°E
BynkaHb! ] OcTpoB KoTenbHbIn KTN 75.94°N 137.71°E
TexkToHuka (0030p pabot AP " Nexunrpag (Boeikoeo) LNN 59.95°N 30.70°E
NoCneaHux ner) A £ S MarapaH MGD 60.12°N 151.02°E
; * . P f TNonapckaa (Mypmanck) MMK  68.25°N 33.08°E
§ T y Meeek PBK  70.83°N 170.90°E
. SR e A 4 MoakameHHan TyHrycka POD  61.40°N 90.00°E
Ha OCHOBHY0 CTpaHuuy LA (N },\(? 87 ¥ P By Ceiixa SEY  70.10°N 72.50°E
Lph AR ot/ . | Cpeanukan SRE  6243N  152.32°E
N Bt oY /4| Byxta Tukcu TIK  7158°N  129.00°
QXL JTe Mok N7 ek oy (| Byxta Tuxas TKH  80.30°N  52.80°E
PEYEIIERE AT N %| Octpoe Buze VIZ  79.48N 79.98°E
Mp1eeneHa UHOPMAELIA O CTIHLWAX, A3HHEHS KOTOPSX ARyTCK YAK 62.02°N 129.72°E
npeacTasness) Ha caitTe 3bIpAHKa ZYK 65.75°N 150.78°E
Opendyroume cTaHumuu (KoopauHaTsl gpenda):
CeBepHbii nontoc 5 NPO5  CeeepHbli nontoc 10 NP10
CeBepHblid nontoc 6 NP06  CegepHbii nonwc 12 NP12
CeBepHbiid nontoc 7 NPO7  CegepHbii nontoc 13 NP13
CesepHblid nontoc 8 NP08  CeeepHbiit nontoc 22 NP22

Pucynok 4.1 — Ctpannna caiita «KApKTHKa — AHTAPKTHKA», OTKPbIBAOIIAS T0CTYI K

reOMarHMTHBIM JaHHBIM, 32PerHCTPMPOBAHHBIM B APKTHKeE

B pasnene «['paBumerpuueckue naHHBIE» UIsi APKTHKH OMYOJMKOBAaHBI PE3yJbTaThl

WCCIICIOBAHMS CTPYKTYPBI OCAQJIOYHBIX OacceifHOB B ApPKTHUYECKOH 30He Boctounoil Asum Ha

OCHOBE JICKOMIICHCAIIMOHHBIX aHOManui cuisl TsokecTn [Sidorovet al.,

2021], mpoBeaeHHOTO B
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'l PAH (puc. 4.2). TlpeacraBieHbl AaHHbIe 00 H30CTATUYECKHUX AHOMAIIMSX CHIIBI TSDKCCTH,
AHOMAJIMSIX CHJIBI TSOKECTH B penyKiuu byre, Tonmorpaduu, IIOTHOCTH OCATOYHBIX OTIIOKEHUH,
JIBE MOJICITH MOIITHOCTH OCAJIOYHBIX OTJIOXKEHHH, a TaKXKe TPkl BceX JaHHbIX B (hopmate ASCII-

rpuaoB i T eOI/IH(i)OpMaLII/IOHHLIX CHUCTCM.

reogpusuyeckull yeHmp Pocculickoli akadeMuu Hayk
Mupo&oii UeHMP GaHHbIX 1O COMHEYHO-3eMHOU (hu3uKe  MUPOEOL teHMP GaHHbIX 10 (UUKE M

bk amad . =

eepdol 3emau

S
Nj&.

APKTUKA PesynbraTthl UCCregoBaHUA CTPYKTYPbl 0Cafo4YHbIX 6acceiHoB
[eOMarHHTHBIE JaHHbIE B ApKTU4eckon 3oHe BocToyHon Asumn
g:g::l:nom‘lecnue Ha OCHOBE AEKOMMNEeHCAUUOHHbIX aHOManun CUnbl TAXECTU
TennoBo# NoTok 5 = 3
TPaBMMETPHYECKHE [NanHble nonyyeHs! 8 XoAe paboTsl N0 U3yUEHUKD CTPYKTYPbI 0CAA0UHEIX BacCeitHOB B BOCTOUHO-a3MaTCKOM apKTUYECcKon
[aHHble 30HE C NPUMEHEHUEM NOAX0Aa, OCHOBAHHOTO Ha AEKOMNEHCALMOHHBIX aHOMANUAX CUMNbL! TRMECTU.
WoHocepHbie gaHHble
Kocmuueckue ny'u
BynkaHbi

PucyHok 1. Tonorpadms u GaTuMeTpus
Em’m;ax(ﬁp pabor paioHa UCCNegoBaHuM.

TemHO-CepbIe KOHTY Pl 0003HaYaHT
AHTAPKTUKA NONO¥EHNE OCAN0YHLIX GACCeHOB. 3aronoeky

leoMarHUTHbIE AaHHbIe

. DacCeiiHOB BLAENEHs! KUPHLIM LWPHDTOM.

TTYHKTUPHOM NKHKEN 0003HaYeHs!
KOHTWHEHTANsHLIE rpaHiubl OXOTCKO-

ﬁg:ﬁ:g"m"ecm " UykoTcKoro BynkaHoreHHoro nosica (OYBIM).
Tennosoit NoToK 3geck 1 Ha BCeX NOCNeAYIoWMX kapTax
I'paBUMETPHYECKHE .y WCNONb3YHKTCA CnejyrllMe CoKpaleHna AnA
[aHHbIe ' 0003HaYeHNR 0CaA04HEIX BacceiiHoE:

%+ L-MB -Nanteso-Momckmit,
gg;r:::f e i1 ZB - 3uipaHckuit,  PrB — Mpumopcxun,

» TB-Tactaxcxmit, ChB —“YayHckuit,
TexToHuKa (0D30p paboT i "
nocneaHux net) PeB — MerssmHckniA, PB — MycTopeuxrui,

AB — AHagsIpckuit

Ha OCHOBHYH CTpaHuuy

Monyuexsl ABe MOAENM MOLUHOCTH 1 MNOTHOCTH 0CAA0UHbIX OTIOXEHUNA, Pa3NUUKLLMECA B HauansHbIX yCnosuAX. OHu
AEMOHCTPUPYHT CyU|ECTBEHHO HOBBIE J4eTanu 0 CTPYKTYpe, NNoWaau U NNoTHOCTU 0CaA0uHEIX DaCcCeiHos No CpaBHEeHM
C pesynsTatamu reonormyeckux uccnegoeanun [Koporulin, 1979; Clarke, 1988; Morozov, 2001; Petrov, 2016 et al].

Pucynok 4.2 — Crpannna pasaeisa «I'paBuMeTpuyecKne JaHHBIE» € pe3yJIbTaTAMH
HCCJIeIOBAHUS CTPYKTYPBbI 0CAI0UYHBbIX 0acceiiHOB B ApKTH4YecKOo# 30He BocTouHol A3un

[Iponomxkanocs BeIoONHEHUs NMpoekTa «ba3a naHHbIX mo Haykam o 3emue» (Earth
Science DataBase — ESDB) 1o co3aaHu0 COBpPEMEHHON CUCTEMBI PErUCTPALH, ITyOIUKAu 1
[UTUPOBAHUS T€OU3HUECKUX JTAHHBIX C MPHCBOCHUEM IU(PPOBOTO HICHTU(PUKATOpA OOBECKTA
DOI (Digital Object Identifier). OcymectBiena peructpauus B Crossref ¢ mpucoennem DOI
4yeThipeX Ha0opoB AaHHBIX (pHc. 4.3). CTpaHUIBI OTKIUKA /ISl 3aPErUCTPUPOBAHHBIX HAOOPOB
JaHHBIX, TOCTYNHBI Ha BeO-caiire LlenTpanmbHoro pemnosutopusi ESDB (http://esdb.wdcb.ru/).
Bxmtouenne manHeix ¢ DOl B pa3nuuyHble MHIEKCHBIE CHCTEMBI BaXKHO IS TOBBIIICHUS
3¢ (EKTUBHOCTH UCIIOIb30BAHUS IAHHBIX, PA3BUTHUS KyJIbTYphl IUTUPOBAHUS JJTaHHBIX, TOBBILIAET
3aWHTEPECOBAHHOCTH 00CEPBATOPHI B KaUeCTBE MPOM3BOAUMBIX JAHHBIX U PEryJIIpHOU repenaye

ux B MIII.
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e enter the doi that vou >

want to re

5 N Crosépref
Earth Science DataBase 10.2205/KLI2011 |

GEOPHYSICAL CENTER RAS

Title Published Date

Geomagnetic Observations in the Russian Arctic 13 December
2001

2020 definitive data from geomagnetic observatory Saint Petersburg (TAGA code; SPG): minute values of X, Y, Z components and total intensity F 22 December

of the Earth’s magnetic field 2021

Magnetic storms catalog for maonitoring data of space radio sources fluxes at RT URAN-4 in the zone of the Odessa magnetic anomaly (1987-1994 01 December

and 2000-2009) 2021

Results for the article “Sedimentary basins of the Eastern Asia Arctic zone: new details on their structure revealed by decompensative gravity 01 December

anomalies” 2021

D 2014—2022 Geephysical Center RAS

Pucynok 4.3 — UnTepHeT-cTpaHULIA IVIABHOTO peno3utopus npoexkra ESDB,
copmupoBannasi B 2021 roay http://esdb.wdcb.ru/doi/2021.html

4.2 Pazputne B/l chepuuecknx Bu3yaan3auuii — oHJIaiiH JaHHbIEe MOHUTOPUHTA
reoJIOrH4ecKUX M reo(pM3nYecKux MpoueccoB; yiay4YlIeHHbIe CTATHYEeCKUe

Nnpe3eHTaAluu

B T'eodusuueckom nentpe PAH HakomieHns! Oonbiive o0beMbl JaHHBIX MO HayKam O
3emiie, a TaKke cOOpaHBI BOCIWHO CTOPOHHHE OTKPBITHIC UCTOYHUKH JAHHBIX, ITO3BOJISIONINE
CIIETUTH 32 TI100ANTbHBIMU MOTOIHBIMU SIBIICHUSIMU B PEKHUME peaabHoro BpeMeHu. [locpenctsom
I[IO ORBUS 6a3bl OHNaifH AaHHBIX OBUIM aJaNTHPOBAaHBI MON chepuueckwii Gopmar s
BU3YaJIH3aI[UU C UCTIOJIb30BaHUEM U(PPOBOrO JEMOHCTPALIMOHHOTO KOMIUIEKCA CO chepruuecKuM
MPOSKIIMOHHBIM 3KPaHOM, a 3HAYHT, CTATN 00JIee BU3YAIbHO PENPE3CHTATUBHBIMU U TOCTYITHBIMHU
MHUPOKOMY KpyTy nosb3oBatesieii [Rybkinaetal., 2015]. C 2014 o 2021 ros! BBIOIHEHHS PabOT
no HUP Texnonmormm cdepudeckoil BU3yalM3alliM MPOILIM HECKOJIBKO 3TaloB Pa3BHTHUSA
[Oounyosa u op., 2017]. Beuto coznano Heckosbko Bepeuii [10 mis cheprudeckoii BU3yann3arum,
a Take Heckoiabko BJl co chepuueckumu mnpeseHtanusmu [Camoxuna u op., 2018]. Bce
pesyabTatel 3apeructpupoBansl B POCITATEHT [Rybkina et al., 2018; Oounyosa u op., 2018;
Odintsova et al., 2018].

B 2021 roay pa3sutue chepruieckoil BU3yaln3aliu MPOU30ILIO Cpa3y MO HECKOJIbKUM
HaIPaBJICHUSM:

e J1opabotka ¢yHkiuonana ocHoBHoro I10 ORBUS2.0 B maHe mNoaAepKKH HOBBIX

(hopMaTOB TaHHBIX M HHTEPAKTUBHOCTH yIPABIICHUS;

e  BBHIXOJ HOBO# Bepcuu BeO-npunokernss — ORBUS Web 1.1;
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e pa3paboTKa HOBOTO MPOJAYKTa AJIsi MHTEPAKTUBHOH pabOTBl cO CHepuIecKHM 3KpPaHOM
nocpencrBoM Touchscreen — ORBUS Sensor 1.0
e pacmmpeHune 0a3bl chepuueckux Buiyanmzanuid 3D MoaensMM W IOTONHEHHOW

PeaTbHOCTHIO.
Jopadotka ¢pynkuuonaa ocaopuoro IO ORBUS 2.0

VYcoBepieHCTBOBaHA HMHTEPAKTUBHOCTh  YIPABJICHUS TpE3CHTalHMeld chepudecKux
ClIaiijIoB U obecrevueHre MoIIePKKH HOBBIX (JOPMATOB JaHHBIX (Tabmuiibl, karanoru, ' UC-crow,
pactpsl, shape-daitinbl, OHIaWH-TIOTOKU U Jp.)

Cpenu pacTpoBbIX (hopMaTOB ObLT IPOBEACH aHAIM3 BO3MOXHOCTEH (hopmata WebP (Web
Picture), peanu3yoomero airopuTMbl CXKaTHs C TOTepsSsMH W 0e3 TOoTeph, a TaKke
MOJICP>KUBAIONIHMIA aHUMAIUIO U MTPO3padyHoCcTh. Cper BEKTOPHBIX (hOpMaTOB ObLIT PACCMOTPEH
dopmar SVG, He aBistonuiics reopopMaTomM, HO TTO3BOJISIONINN HCIIOIB30BATh TUPOKUI CIIEKTP

BHU3YaJIbHBIX 3P (HEKTOB.
ORBUSWeb 1.1

IO «BupTtyanbHbIii rio0yc ORBUS Web 1.1» MpeHa3HAYEHO JUIst
m1aTOpPMOHE3aBUCUMON  BU3yallM3alliM  TUTAHETAapHBIX JAaHHBIX B HMHTEPAKTUBHOM U
€CTECTBEHHOM MPEJCTaBICHNH HemocpeacTBeHHo u3 xpanuiuma ORBUS. Orbus Web — Be6-
Bepcusi JieckronHoro mnpuitokeHuss Orbus. OrnmunrensHbiME ocoOeHHOCTSIMA Orbus Web
SIBJISIFOTCSL:

® BO3MOXHOCTH pacnosiokeHus: 3D 00beKTOB Ha MOBEPXHOCTH chepbl (U1 JAECKTOIHOM

BEPCUU HYXHO PUMEHSTH JONOJHEHHYIO PEabHOCTB);

e Oonee yaoOHBIN mpoliecc MaciTabupoBaHus (A1 JECKTOTTHOW BEPCUM HCIIOIB3YETCS

MEXaHU3M JTyTIbl);

® OTCYTCTBHE BO3MOKHOCTH B3aUMOJICHCTBUS CO CPEPUIECCKUM IKPAHOM.

[To cpaBHenmio c¢ mpenwimymiet Bepcueir, B ORBUS Web 1.1 momumo 06a30BbIX
KapTorpauueckux Ccio€B, TaKMX KakK CION-U300pakeHWE W BHACOAHHMMALIMOHHBIA CIIOH,
BBINOJIHEHHBIX B IIWJIMHAPUYECKONH PAaBHONPOMEXYTOUHOI MpOEKIUH, oOecredeHa MmoaIepiKKa
HOBBIX THIIOB CIIOEB:

¢ (BUJCOAHMMAIIMOHHBIN) CIION — KyOH4YecKas KapTa cubemap;
e BeKTOpHBIH cioii shapefile;

e CJOW HaAmMcel U UKOHOK B MPUBS3KE K reorpadpudeckuM koopanHatam (puc. 4.4 u 4.5).

Ha nannyro Bepcuto 11O monyueHo CBUAETEILCTBO O I'OCYJApCTBEHHOM PETHUCTpALUU
nporpammsl 1t 9BM ORBUS Web 1.1 Ne 2021666638 ot 18 oktsi6pst 2021 roxa.
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WDMAM (MarHutHble aHOManum)

Pucynoxk 4.5 — IIpumep padoTbl nporpamMmbl: BUsyaauzanusa MaraiuTHoro mnoJis 3emiau

ORBUS Sensor 1.0

Orbus Sensor — HoBast cucTeMa, MO3BOJIAIONIASl PEATH30BaTh HEMOCPEICTBEHHOE
B3aMMO/ICHCTBHE NOIB30BATENS CO CPEPUUECKUM IKPAHOM IOCPEJCTBOM KaCaHUH MOBEPXHOCTH.
Mexanu3m paboThl OCHOBaH Ha pacno3HaBaHuu n3o0paxenus B MK-nuanasone. B Takom ciydae
BHYTpPHU c(hepruecKoro akpuiioBoro Kymnosia pacrnoiaraercs MK-kamepa ¢ nun3oi tuna «dumaii»
U TIOJICBeUUBarOIUMuUcCs auonamu (puc. 4.6a). Kamepa 3anuceiBaeT n3o0pakeHHe, Ha KOTOPOM

pacrno3HaeTcs pyka 4esioBeKa, MpuOImKeHHas! K TOBEPXHOCTH T1o0yca (puc. 4.60).
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a) 0)
Pucynok 4.6 a) — cxema crenaa, 6) — UK uzodpaxkenue

N306paxeHnne cpaBHUBAETCS ¢ U3HAYAIbHBIM (DOHOBBIM, [TOJIyYE€HHAsl pa3HOCTHAS KapTHHA
MIO3BOJISIET BBIYMCINUTE KOHTYpP PYKH. /[ Takoro KOHTypa MOKHO BBICUMTAaTh OXBAaThIBAIOIIMN
MPSIMOYTOJIbHUK C LIEHTPaJIbHOM TOUKOH U J1ajiee CIeAUTD 3a [IepeMELICHIEM LIEHTPaIbHOU TOUKH,
3aMHCHIBasi TPAEKTOPUIO NIEPEMEILIEHUS.

Ha nannoe I10 noxyuyeno CBUAETENBCTBO O FOCYAAPCTBEHHONW PErvucTpalii IporpaMmbl

s OBM Ne 2021668672 ot 18 Hos6ps 2021 ropa.
3D-mopeaun

[Ipouecc cozmanus 3D-monenelt ABaseTcss KpaliHe TBOPUYECKOH M MHOTO3TAITHOM paboTOi.
Ilepen nHemocpencTBeHHbIM 3D-MopenupoBaHueM u3y4aroTcs (GopMel U pedepeHchl Oyaynux
00BeKTOB, co3natorcs 2D-nmoanoxkku u Tekctypsbl. [IpenBapuTensHO OTPUCOBBIBAIOTCS CIOXKHBIC
2D aHuManuu M TEKCTYpHBIE KapThl, CO3JAIONINE HILTIO3UIO JONOJHUTENBHOTO 3D-00beMa st
3D-Mmozerneii.

Co3nannas 6a3a nanubix 3D-susyanuzanuiit ORBUS AR 1.0 npencrasnsier co6oii 15 3D-
Mojenei, BKIoYeHHe B 3D-clieHy KOTOpBIX IMO3BOJIAET CO3/aBaTh AaHMMHUPOBAHHBIE H
Ka4eCTBEHHO WJUTIOCTPHPOBAHHBIE TEMAaTHUECKHE TUIaHeTapHble BU3yanu3auuu 3D-npocTpancTBa
BUPTyaJbHOTO riodyca. TeMaTuuecku JaHHbIE BU3YaU3alliY pa3JIeNsIOTCs Ha aCTPOHOMUYECKUE
u reodusudeckue sBiIeHUs (Hanpumep, Benbiku Ha Conaie (puc. 4.7), MIT3 (puc. 4.8) u 1. 11.)
U HCTOpUYECKHE KapThl (OObEMHBIE AJIEMEHTHI 310X, MO3BOJISIONIME HATJISIAHO MPOCIEIUTh
BeJIMYaiIue ucropudeckue OTKpbITHs). OObEM 0a3bl JaHHBIX HA HACTOSIIIUI MOMEHT COCTaBIISET
946 MoaiiT.

Ha nannyro B/ nosyueno CBuieTenbCTBO 0 TOCYAAPCTBEHHOM perucTpauu 6as3sl JaHHBIX

ORBUS AR 1.0 Ne 2021622563 ot 19 nos16pst 2021 ropna.
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(4 _;;g’,"; - “-.%
W Dl
Pucynok 4.7 — Benbimka Ha CostHue Pucynok 4.8 — U3menenne MII3

[TocTosiHHOE TMOMONHEHHE 4YHCNa CPEPUUSCKUX BU3YaTM3alUil — BaXKHBIM IpoOIecC,
NO3BOJISIOMKK obecrieunBaTh Ooniee TecHoe U A(PQPEKTHBHOE B3aUMOJICHCTBHE HAYYHOTO
coolmecTBa ¢ 00pa30BaTENbHBIME YUPSKACHUSMIA M BBIBOSIINHA TOMYJISIPU3ALUIO HAYYHBIX

3HAHUH Ha HOBBIN YPOBEHb, JIOCTYITHBIN ITMPOKOMY KpyTy noTpedureneit [ Camoxuna u Pvibkuna,

2018].

CosepmienctBoBanue ¢ynknuonana 110 ORBUS u pacmmpenue cemeiicTBa mpoayKTOB
TOBOPHUT O PaCTyIlleM MHTEpece K chepruueckor BU3yaau3alii KaKk CO CTOPOHBI HAYYHOT'O MHUPa,
TaK U CO CTOPOHBI OOBIYHBIX IOJH30BATENEH (ITOCETUTENM MY3eeB, IIKOJIHHUKH, CTYACHTHI).
INocrossaHOE momonuenue 0aspl JaHHBIX ORBUS HOBBIMH TeMaTHKaMH IO3BOJISIET OXBAaThIBATH
Bce Ooublliee KOMUYECTBO oOnacTeld mMpUMEHeHUs CHEepUYEcCKOro SKpaHa B KAuecTBE JIyUIIETO
HarJISIAHOTO TTOCOOUS TIPY U3YYEHUH TII00aTBHBIX TPOIECCOB, MPOTEKAIONINX HA HAIICH IJIaHeTe
u apyrux mianerax ConHedyHoW cuctembl. 3D-mojaenupoBaHue U JOINOJMHEHHAsh PEaibHOCTh
BBIBOJUT C(HEPUUYCCKYI0 BU3YaTU3AlMI0 Ha MPUHIUIIMAIGHO HOBBIM YPOBEHb BHU3YaJIbHOU
pPEeNpe3eHTaTUBHOCTH, a OcCHalleHue camoro Komiuiekca BO3MOKHOCTBIO YHPABJICHHS TpU
nomomu Touchscreen gemaer mporecc ympaBieHUs IS IOJH30BaTENsl MaKCUMAaJbHO

WHTYUTUBHBIM U MOT'PYKAONIUM B BU3YyaAJIM3allUTO.

4.3 Pacno3HaBaHie MeCT BO3MOKHOI0 BOSHUKHOBEHHSA CHJIbHBIX 3eM.11eTpﬂceHm7i

[IpomomkuIuCh UCCIea0BaHMs, HAIPaBJIEHHbIC HA aHAJIU3 MOYTH MOJYBEKOBOM UCTOPUU
pa3BUTHS TPUMEHEHUS AITOPUTMOB PACMO3HABAHUS OOpPa30B C IENBI0 pEIIeHUS MpOOIeMBbI
OTIpeJieNIeHUs] MECT BO3MOKHOTO BO3ZHMKHOBEHHUSI CHIIBHBIX 3eMileTpsiceHuil. B nmepByto ouepens
paccmarpuBaics  cTaBmmMid  kimaccuueckuMm  momxon  EPA (Earthquake-Prone  Areas),
paspaborannsiii B 1972 rony U. M. I'ensdhangom u B. U. Keitnmuc-bopokom [[suwmarnu u op.,
2020]. BropblM HampaBlIe€HHEM HCCIEAOBAaHUA OBUIO TPOBEACHUE pACMO3HABAHUS MECT

BO3MOYKHOT'O BO3HHMKHOBEHHS CHJIBHBIX 3emieTpsiceHuii Ha Kaskase [Dzeboev et al., 2019].
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Ha ocHoBe ananu3a noixyBeKoBOro pa3BUTHs U mpuMeHeHust noaxoaa EPA cnenan BriBof,
9T0 OH sBiIAETCS A(PQPEKTUBHBIM HWHCTPYMEHTOM ISl OINpPENENEHUS MECT BO3MOXHOIO
BO3HUKHOBEHHUS OYyAYIIMX CHJIBHBIX 3€MIIETPSICEHUNH. JTO MOATBEPKIACTCS aHAIM30M JIAHHBIX O
CHJIBHBIX 3€MJICTPSICEHUSX, KOTOpPble MPOU3OIUIM B HM3YyYCHHBIX PErHOHAaX IOCHE TOJXy4YEeHUs
COOTBETCTBYIOIIUX PE3YyJbTAaTOB. J{OMOJHUTENBHBIMH apryMEHTaMH B TOJB3Y JOCTOBEPHOCTH
EPA city>XuT ycriex MHOTOUMCIIEHHBIX KOHTPOJIBHBIX AKCIIEPUMEHTOB, 3(h(heKTHBHOE TPUMEHEHHE
TEOPHH TMHAMHYECKHX U TIPECITbHBIX 33/1a4 PAaCIIO3HABAHUS, & TAKIKE YCTOWIHBOCTH PE3YJIbTATOB
OTHOCHTEJIEHO BapbUPOBAHUS aJITOPUTMOB pacrio3HaBanus [/ suwmuanu u op., 2020].

HeoOxomumo mnomuepkHyTh, uTo B TeueHue S50 ner passutus EPA Obina cosnana
3¢ deKTUBHASE METOJMKA PACIIO3HABAHUS MECT BO3MOKHOTO BOSHUKHOBEHMS 3eMJICTPSICEHUH IS
Pa3NUYHBIX IMOPOTOBBIX MArHMUTYIl B TOPHBIX CTpaHaX M Ha IJIAaTGOPMEHHBIX TEPPUTOPHSIX.
[Tony4yennsie mytem npumeHeHuss EPA pe3ynbTaTbl BHOCST CyILIECTBEHHBINH BKJIAJ B IPOBEICHUE
CEiCMHUYECKOTO PallOHMPOBAHUS, KOTOPOE, B CBOIO OYepe/b, SBISACTCS OJHUM W3 OCHOBHBIX
ATAIOB OIIEHKH celicMuyeckoi omacHocTu [Peresan et al., 2011]. IToapoOHbIid 0030p moaAX0aa
EPA nan B padote [/ suwmanu u op., 2020].

I'oBopst 0 HenocTaTkax MeTona EPA, otmetum crnenytoriee. B pesynbrare pacrno3naBaHus
u3ydaemass TeppuTopus (a (aKTHUECKH KOHEYHOE MHOXKECTBO OOBEKTOB pacro3naBanusi W)
QITOPUTMHUYECKH pa3JesiseTcs Ha [B€ Hemepecekaroniyecs 4yacTu: B, B KOTOpoW BO3MOXKHO
BO3HHMKHOBeHHE cuibHOro (M >Mo) 3emnerpscenus, u H, rie BO3HUKHOBEHHE TaKOI'O
3emieTpsceHrs HeBOo3MOkHO. [Ipu sTom MHOxecTBO oOyueHuss Wo € W cocrout u3 aByX
HeTepeceKarIuXcs MOAMHOKECTB: Bo — 00beKTH 00y4eHus BricokoceiicMuyHoro kiacca B u Ho
— 00BeKTHl 00yUeHUsT HU3KOCEHCMUYHOTO Kiacca H.

dopmupoBaHue Marepuaiga OOY4YCHHMS  SBJISIETCS  OCHOBOIIOJIATAIONIMM  ATAIOM
pacniozHaBanusi MetonoM EPA. B oOydarnryro BBIOOPKY BBICOKOCEHCMHYHOTO —Kilacca
BKJIFOUAIOTCS. OOBEKTHI, B OKPECTHOCTSX KOTOPBIX M3BECTHBI SMHLEHTPBI CUIIBHBIX (M > Mo)
3eMIIeTpsICeHUI. JIOTHYHO MPEeanoIokKUTh, 4TO COPMUPOBAHHAS TaKUM 00pa3oM oOydaromas
BbIOOpKa Bo ¢ 601b11101 BEpOATHOCTBIO HE COIEPKHUT APHOPHBIX OMIMOOK MIIM UX KOJTMYECTBO TaK
MaJio, 4TO He MOXKET OKa3aTh CYIIIECTBEHHOTO BIIMSHUS Ha Pe3yJIbTaT pacrno3HaBanus [I euwuanu
u op., 2017; /[zebo0e6 u op., 2019].

dopMupoBaHWE  AHAIOTHYHOTO  «YHCTOTO» Marepwaiga oOydeHuss kimacca H
3aTpyAHuTeNnbHO. B oOyuaromryto Bei6opky Ho BKiIrodatoTcest 1160 Bce 0OBEKTHI, HE BOIIEIIINE B
Bo, 1100 0OBEKTHI, B OKPECTHOCTSX KOTOPBIX M3BECTHBI JIMIIb 3EMIICTPSCEHHS] C MarHUTYIOH
M < Mo— 6, e 0 > 0 u, kak npaBuio, umeet 3Hauenue 0,5 wimu 1 [Fsuwmanu u op., 1988]. Tlo

cytd camoit 3amaun EPA, sBasromieiics npeaeabHoN npobseMoit pacrosnaBanus [ suwuanu u
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I'ypseuu, 1992], HU3KOCEHCMHUHBIN KJTacC 00YYEHUS COACPIKUT B ceOe MOTEHIIHAIBHBIE OITHOKH.

MHoroeTHsIa MpakTuKa mpuMeHeHus: MeToa EPA B MHOTOYHCIIEHHBIX TOPHBIX CTpaHaX
MHpa MoKa3aja Heo0XOAUMOCTh U30eraTth B paclo3HaBaHUM ACHMMETPUYHOCTU 0OyudeHus. s
MOBBIIIEHUST 10cTOBepHOCTH EPA-pe3ynbpTaToB HE0OX0IUMO JOMOIHUTH OJIOK pacrio3HaBaHUS
QITOPUTMOM C OOYICHHEM 110 €IMHCTBEHHOMY BBICOKOCEHCMHYHOTO Kitaccy Bo, BKITtouaromemy B
ce0s1 00BEKTHI, B OKPECTHOCTH KOTOPBIX CHUIIHHBIC 3€MIICTPSCEHUS yKE U3BECTHBI.

Hpyrum Henoctatkom Metoga EPA  sBasercs To, 4TO ompeaeneHne OOBEKTOB
pacmo3HaBaHHS W M3MEPEHHE UX TeoJoro-reoPu3Mdeckux ©u  TeoMophOIOTUYECKUX
XapaKTePUCTHUK TPEICTABIIACT CO00M TpymoeMKyro 3amady. J[ins ee pereHus HEeoOXO0IuMO
UCIIONIb30BaTh JaHHBIC, KOTOPbIE HE BCErjaa JOCTYIHBI JUIsl pacCMaTpUBAEMOTO PETHOHA, WU
OTPAHUYNBATHCS XaPAKTEPUCTUKAMHU, JUISI KOTOPBIX BO3MOXKHO €AHHOOOPAa3HOE OINpeeiieHUE UX
3HauUeHUN AN Kakaoro ooObekra. PaboTra mo cocTaBneHUI0 cxeMbl MOP(OCTPYKTYPHOTO
pallOHHpOBaAHMS SIBJSICTCS TBOPYECKOH W BBITIOJNHSETCS  BBICOKOKBATH(UITUPOBAHHBIMH
CrelanucTaMi B OOJbIleH CTENeHU BpPYUHYI. BO3MOXKHOCTH HCMONB30BaHHUS BHIOPAHHBIX
OOBEKTOB pPACIO3HABAHUS HEOOXOJAMMO OOOCHOBBIBATH JJISi KAaXKJIOTO PETHOHA OTACIHHO.
CkazaHHO€ TOBOPUT O BCE €Ile CYIIECTBYIOIIEH 3HAUNTENBHON CI0KHOCTH IPUMEHEHHUS METo/1a
EPA na mnpaktuke. DTO TPUBOAUT K HEOOXOAWMOCTH pa3pabdOTKH HOBBIX COBPEMEHHBIX
QITOPUTMUYECKUX CHCTEM, T[IO3BOJISIOUIMX aBTOMATHU3HPOBATh IMPOILIECC PaclHo3HABaHUS
[[suwuanu u op., 2020].

[Ipouecc ompeneneHus MNOTEHIUAIBHBIX 30H BBICOKOH CEHCMUYECKON OMAacHOCTH
MIPEJICTaBIsIET CO0O0M CIOXKHYIO0 cucTteMy. [lo 3TOil mpWuYMHE HOBBIM METOJA pPacro3HABAHUS
BBICOKOCEHCMHYHBIX PAallOHOB HEOOXOAWMO JOJKEH OBbITh HHCTPYMEHTOM COBPEMEHHOTO
cucteMHoro ananusa. C ero moMomibpl0 JOJKHA YETKO OMPEIENAThCS T'PaHUIA, pa3IeNsroIias
BBICOKO- 1 HU3KOCEHCMUYHBIE KIIaCChl 0OBEKTOB.

C wucnonszoBanueM paspaboranHoro B ['eodpusmdyeckom 1entpe PAH anropurma
KiIaccu(UKau ¢ OAHUM KiaaccoMm oOyuenust «bapwep-3» [[suwmanu u op., 2017] B xauectBe
6moka pacnio3HaBaHusi EPA ompenenens Mecta BO3MOKHOTO BO3HUKHOBEHHS 3€MIICTPSICEHUH ¢
M>6,0 na KaBkaze. B kadectBe OOBEKTOB paclO3HAaBaHHUS OpaiCh TEepECeUCHUs
MOpP(DOCTPYKTYypHBIX JHHeamMeHTOB. (Oywaromas BbIOOpKA BBICOKOCEHCMHUYHOIO — Kiiacca
(hopMupoBasiach Ha OCHOBE KaTajiora KOpOBBIX 3emierpsicennii KaBkaza ¢ M > 6,0. B kauectse
oOyuaroieil BRIOOPKH BBICOKOCEHCMUYHOIO KIlacca HCIOJIb30BANINUCH JIHINL 16 mepecedeHwuit
MOP(HOCTPYKTYPHBIX JTMHEAMEHTOB, B 25-KM OKPECTHOCTH KOTOPBIX H3BECTHBI JIHIICHTPHI
KOpOBBIX 3emuieTpsicennii ¢ M > 6,0 3a mepuon 1900-1992 roner. Mcxons U3 mopora MarHUTY bl

pacro3HaBaeMbIX MecT 3emiierpsicenuit (M > 6,0), B kadecTBE OKPECTHOCTEH, BHYTPH KOTOPBIX
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BBIYHMCISUTHCH 3HAYCHHUS XapakTepucTuk Ha KaBkase, Opaiuch Kpyru paguycom 25 kM [[ suwuanu
u op., 2017].

Ha puc. 4.9 »nsnnuncamu moka3aH pe3ysibTaT paclo3HAaBaHUS MECT BO3MOXKHOTO
BO3HHUKHOBEHUs 3emieTpsiceHuit ¢ M > 6,0 na KaBkaze, momyueHHBI C TIOMOIIBIO alrOpUTMa
«bapbep-3». CHomHbIMU AJUTUIICAMH MTOKa3aHbl OOBEKTHl €AMHCTBEHHOIO Kiacca OOy4YeHHs
anroputma. Ilo wuroram pacno3HaBaHMs K BBICOKOCEMCMMYHOMY MHOXECTBY II€PECEYCHUN
JTMHEaMEeHTOB oOTHeceHo 108 wu3 237 paccmarpuBaeMbIXx OOBEKTOB pacrio3HaBaHus. U3
paccMOTpeHHs MOYJIsl paciio3HaBaHus aroputMoM «baprep-3» kak O6noka EPA [Isuwumanu u
op., 1988] cnemyer, 4TO COBOKYIMHOCTH NMPHUBEACHHBIX Ha pHUC. 4.9 3JUTUIICOB C IEHTPaAMH B
coorBercTBYonmMX 108 mepeceyeHUsAX JIMHEAMEHTOB MOXKET OBITh MHTEPIPETHPOBAHA KakK

HMCKOMBIC MECTa BO3MOYKHOTO BOSHHUKHOBEHHS 3emiteTpsicennii ¢ M > 6,0 na Kapkase.
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Pucynok 4.9— Mecta BO3MO0KHOT0 BO3HMKHOBeHUs 3emJjieTpsicennii ¢ M > 6,0 na KaBka3e,
pacno3HanHbie aJiroputrMom «bapbep-3», 1 dnUIEHTPBI 3eMieTpsicenuii ¢ M > 6,0:
KpacHble Kpyru — 3a nepuoja 1900-1992 roawi, kopuuHeBbie kpyru — 10 1900 roaa.

CIJIOIIHBIMH JIJIMIICAMHM MOKA3aHO MHOKECTBO 00y4eHUsl eTUHCTBEHHOI0
BBICOKOCEHCMHYHOI0 KJIacca

Cnenyer OTMETHTb, 4YTO TIOMHUMO 16 00BEKTOB U3 oOydaromeld BbIOOPKH
BBICOKOCEHCMHUYHBIMU 00BsBICHBI 92 nepeceueHust U3 221, COCTaBIABIIMX MaTepual sK3aMeHa
anroputMa. «baprep-3» pacno3nan kak onacusle 45.5% ot obmero yncia o0bekToB. Ha puc. 4.10
IPEJCTAaBICHbl THCTOTPAMMBI, XapaKTepU3yIOIlMe BKJIaJ MCIOJIb3yeMbIX 11-Tu reosoro-
reopU3NIEeCKUX XapaKTEPUCTHK OOBEKTOB B pacro3HaBaHue airoputMoMm «bapbep-3»
MIOJIMHOKECTBA MePECEUCHHUH JTMHEAMEHTOB, B OKPECTHOCTH KOTOPBIX BO3MOKHO BOZHUKHOBEHHE
semnerpsicennii ¢ M >6,0. Tlo ocu opamHar Ha puc. 4.10a mOKa3zaHO CpeaHEe KOJIUYESCTBO
«cpabaTbIBaHUI» XapaKTEpUCTHK MPH paclo3HaBaHuU, Ha puc. 4.100 — kosM4yecTBO NonagaHun

XapaKTEPUCTHUK B TPOUKHU «CHIIBHEUIIINX» XapaKTEPUCTUK.
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N3 puc. 4.10 BugHO, yTO mpU pacno3HaBanuu Ha KaBkaze amroputmMom «baprep-3»
HauOoNpIINKA BKJIad B (POPMHUPOBAHHE HMCKOMOI'O BBICOKOCEHCMHUYHOIO MHOKECTBA OOBEKTOB
BHOCAT XapaKTEePUCTHUKU, OTBeuaromue 3a BbICOTHI penbeda (Hmax wm Hmin), miomans
yeTBepTUYHBIX Topoy (Q), Beicimii panr nuHeamenTa (HR), yncio nuHeaMeHTOB B OKPECTHOCTHU
(NLC), a Taxxe paccrosiHus 10 6mamxaiimnx nuHeamenToB |-ro (R1) u ll-ro (R2) panros.

Ilepeceuenust nuHeamenToB Ha KaBkase, pacmoszHaHHble anroputmMoM «bapbeep-3» kak
omacHele mnsi M>6,0, Ha ¢(oHe Bcero MHOXecTBa OOBEKTOB paCIO3HABAHHUS B CBOUX
OKPECTHOCTAX XapaKTEepPHU3YIOTCS OOJNBLUIMMM 3HAYEHUSIMU MaKCHUMAaJIbHBIX U MHUHHMAJIbHBIX
BeicoT (Hmax >2500m u Hmin > 600 M), HEOONBIION IUIOMAABI0 YETBEPTHYHBIX TIOPOX
(Q £30%), onu obpa3zoBanbl TpeMst Wi Oosee auHeamenTamu |1-ro wmu |11-ro panros (NLC > 3,
HR =2 wm HR =3, R2< 30 kM) 1 HaxoIsiTCcsi HA CPAaBHUTEIHHO HEOONBIINX PACCTOSHUSIX OT
nuHeameHToB |-ro panra (0<R1<50kM). DTH mnpu3HaKM, €CTECTBEHHO, TPAaKTOBAaTh Kak
KPUTEpPHH BBICOKOW ceiicMmynoctn Ha Kaskaze. M3 puc. 4.10 BuaHO, YTO pa3Max BBICOT U

COUYCTaHUC THIIOB penbe(ba TAaxKoKC BHOCAT BKJIaad B Q)OpMHpOBaHPIC HUTOTOBOT'O pE3yJibTaTa

[Dzeboev et al., 2019].

Hmix Hmin DH  Top Q HR Rint Nl RI Rl DB Hmax Hmin DH  Top Q HR Rim Nie Rl R
a) XApaK repHCTiEn 00LEKT0E PACHOTHAETHIH 6) Napakrepsucinen ol LeKTOR PACHOIHABIHHS
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Pucynok 4.10 — Bkiajn xapaktepucTuk 00beKTOB B pacno3HaBanue ajropurmom «bapbep-
3» BBICOKOCEIICMUYHOI0 MHOKeCTBA NepecevyeHni JuHeameHTOB HA KaBka3se:
a) CpeHUI BKJIA/l XapaKTEePUCTHK; 0) BKJIaJ XapaKTePHCTHK, BbIPasKeHHbIN Yepe3 X
MoNnajaHue B TPOMKH «CHJIbHeN Iux»

4.4 BoJsblue JaHHbIE B TOPHOTEXHUYECKHX CHCTEMAaX

Bonpmme Hannbie (bo/l) MOXHO oXxapakTepu30BaTh KaK JaHHBIE OIPOMHBIX OOBEMOB,
MIpe/ICTaBJICHHbIE B PAa3HOPOIHBIX (opmax, co3gaBaemble M oOpalaThiBaeMble C OOJIBIION
ckopocthio. [Iporecc ux 0oOpabOTKM BKIIOYAET TEPEeBOJA B BUJ, NPUTOIHBIA JJIsi aHAIM3a,
OpTaHW3aIlii, XPaHCHWS, TOWCKa W Busyamm3anud. CIyTHHKOBBIC CHCTEMbl HAaBHTaIlUH,
IIMPOKOTIOJIOCHBIE CHCTEMBI CBsi3H, «IHTEepHET Beliei», BBICOKOCKOPOCTHBIE ONTOBOJIOKOHHBIE
CHUCTEMBI TIOTOKOBOM IepeIadu JaHHBIX W OOJIAYHBIX XPAHWIHIL CTATd HEOTHEMIIEMON YacThIO
xu3uu [Reinsel et al., 2017; Zhaohao et al., 2020]. Nuremiekryanphblii ananu3 bo/l mo3sossiet
BBISBJISTH HESIBHBIC, TITyOOKHE B3aMMOCBS3H MEXIY, Ha TICPBBIN B3I, HEB3AMMOCBSI3aHHBIMU

InponeccamMu U ABJICHUSMU.
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bonpmioit 00beM [MaHHBIX TO3BOJIAET MPOBOAMTH BCECTOPOHHUM aHAW3 Ppa3IUUHBIX
XapaKTepUCTUK H3yyaeMoro oobekra. [lo Mepe mosiBienus pasHooOpa3HBIX HAOOPOB JaHHBIX X
o0beIMHEHNE MOXKET MPUBECTU K BCEOOBEMITIONIEMY BOCHPHUITHIO OJHOTO U TOTO K€ SBJICHUS.
Panee mpu n3y4eHUH TOTO UM UHOTO SBJICHHS UCCIIEOBATEIN OBLIH BHIHYK/ICHBI UCIIOIb30BATh
METO/Ibl CTATUCTUUECKON BHIOOPKU. Ternepb OHM MOTYT aHAJTM3UPOBATh BCIO COBOKYITHOCTD U 1aXKe
MoJlyyaTh JOCTYN K JAaHHBIM, KOTOpble OHM HE CMOIJIM Obl JaXe OLIEHUTHh TPaJUIMOHHBIM
crioco6om. bo/l moOy»)aar0T aHATMTHKOB MPUHUMATh BO BHUMAHUE CIIOKHOCTh M Pa3HO00Opaszne
MUpa [IPU U3yYEeHUH HaOOPOB JTaHHBIX BMECTO TOT'0, YTOOBI MBITATHCS JOCTUYb CKPYITYJIE3HBIX U
COBEpIIEHHO TOYHBIX PE3YJbTATOB aHAIN3A, IPOBEACHHOIO B HICKYCCTBEHHON M KOHTPOJIUPYEMOM
cpene [Mayer-Schonberger and Cukier, 2013; Roberts and Sheremet, 2021].

Kpurepuii «tpé€x V» ycTaHaBIMBAaeT ONPENEIAIOINE XapaKTEPUCTHUKU TOTO, YTO
HEKOTOphIi Habop 00BekTOB mpencrasiser coboit bo/l. Tpu V — 310 ¢usnyeckuit o0bem
(Volume), ckopocts (Velocity) u paznooOpaszue (Variety). [Tocneanee V nmoHUMarOT HE TOJIBKO
KaK IIMPOKOE pa3HOOOpas3ue BUAOB U THUIOB JAHHBIX, HO U KaK BO3MOXXHOCTh OJHOBPEMEHHOMN
00pabOTKH CTPYKTYPHUPOBAHHBIX M YaCTUYHO CTPYKTYPHPOBAHHBIX NaHHBIX. Kpome Tpex V,
OTJICNIbHBIE HCCIIEI0BATENN BBIACTSIOT JOMOJIHUTEIbHBIE KpUTepuH, onpenenstomme bo/l.

Bbo/l MmoxHO onpenenuTh Kak Habopbl JAHHBIX, 00BEM, CKOPOCTh, Pa3HOOOpa3ne KOTOPBIX
HACTOJIBKO BEJUKH, YTO C MPUMEHEHHEM OOBIYHBIX IOJB30BATEIbCKUX HHCTPYMEHTOB HX
HEBO3MOXHO COOMpAaTh, XpaHHUTh, YIPABJIATh MK aHanu3upoBats [Manyika et al., 2011; Laney,
2001]. Hanpumep, Oospiioe pa3zHOOOpazne O03HA4aeT Pa3HOMOPSIKOBOCTH JaHHBIX MO 00bEMY,
WIA pa3Hble TUIBI MCTOYHUKOB MOCTYIUICHHUS JAaHHBIX C PasHBIMH CTPYKTYpaMmH, a TaKKe
BApUATHUBHOCTh HAINpPABJIEHUH HCIOJIb30BAaHUS JAaHHBIX B Pa3IMUHBIX LEdIX U orpacisx. boJl
MOXKHO pa3leNuTh Ha TpPU THMA: CTPYKTYPUPOBAHHBIC, TOJXYCTPYKTYPUPOBAHHBIE H
HECTPYKTypupoBaHHbIE. 80% MUPOBBIX JAHHBIX HE CTPYKTYPUPOBAHBI.

Heo6xonumo oTMeTuTh, uTo akcnomaruka bo/l pakruuecku sBnsercs pyHKuueil BpeMeHH
U HE MOXKET ObITh CHOPMHpPOBAHA TOCTOSHHBIM OOpa30M, KaK B KIACCHUYECKOW MaTeMaTHKeE.
Ocwmpbicnenne mactaboB bo/l MOCTOSITHHO U3MEHSETCSL.

B naykax o 3emsie HaOmonaercsi OBICTPBI pPOCT OOBEMOB TI'€HEPUPYEMBIX U
aHAJM3UPYEMbIX JIaHHBIX, OJJHAKO, HECMOTPS Ha 3TO, HE BCE T'€0JIaHHbIE MOXKHO OTHeCTH K bo/]
[Gvishiani and Soloviev, 2020]. B oGmacti ropHbIXx Hayk MeTOAbl aHaidu3a boJl Bce eime He
MOJyYWJIM IIUPOKOTO PACHPOCTPAHEHUs, HECMOTPS Ha 3HAUYUTENIbHbIE 00bEMBI T€HEPUPYEMBIX
naHHbIX. Hapacratomiie Temrsl mudpoBoi TpaHCc(hOpMaIy TPEANPHUSITHIA TOPHOI00BIBAIOIICH
OTpaciy MO3BOJSIOT MPOrHO3UPOBATh B3PBIBHOM POCT MHTEpECa K MCIOJIb30BAaHMIO METOI0B

obpabotku  bo/l. Takoit aHamu3 JgacT BO3MOXHOCTh ONTHMH3HMPOBATH  IapameTphl
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TEXHOJIOTHYECKUX  MPOIECCOB,  MOJENed  DKOHOMHYECKOTO  Pa3BUTHS,  COXPaHCHHS
9KOJIOTUYECKOTO PAaBHOBECHS U JIp.

HaunbGonee momHo obmactu d3¢dektuBHOTO wHcnoib3oBaHus boJl B ropHoi
MIPOMBIIICHHOCTH oOcBelieHbl B pabore [Nimmagadda et al., 2018]. HecmoTpsi Ha sIBHBIi
nporpecc, (pyHIaMeHTaIbHBIE KOHIICTIINH, BO3MOXXHOCTH M PHCKH ISl TOPHOAOOBIBAroIIei
oTpaciau mpu yrpasieHuu meronamu boJl Bce emie He siCHBI. DTO 00YCIOBICHO OTCYTCTBHEM
KOMIUIEKCHBIX ~ HCCIIEIOBAaHWKA TIO0 KIOYeBbIM acnekram bo/[ B ropHomoObIBaromieid
MPOMBIIIICHHOCTH. J[J1s1 Tpeo1osieH st 3TOro pa3pbiBa TpeOyeTcsl HHTEerpalys 3HaHUH U3 00JacTu
bo/l u ropuoro nena. CoriacHo [Nimmagadda et al., 2018], nocne cOopa, arperupoBanus,
aHanmu3a U oleHku bo/l ropHonoObIBarOIIel OTPacid MOXKHO JOCTHYB CIIEIYIOLUIMX KOHEUHBIX
Lenen:

e TOBbIEHUS YPPEKTUBHOCTH MPOU3BOJICTBEHHBIX MPOILIECCOB 32 CUET ONEPATUBHOTO
MIPUHATHUS PEHICHUH, KOHTPOJIS M ONITUMHU3AINH MTPOIIECCOB B PEKUME PEaTbHOTO BPEMEHH,

® ONTHUMHU3AIMH 3aTPAT FHEPTUHU MO KKJOU TEXHOJIOTHUECKON Olepalny;

® VIYYIICHHs JIOTHUCTHUKU Onarojaps aBTOMAaTH3allMd W ONTHMH3AIUU TPOIECCOB
TPaHCIIOPTUPOBAHUS;

® YCKOpEHWUsI IPUHSTHUS PEIICHUH Oaroapss MOHUTOPHHTY, aHAJIM3Y U MPOTHO3Y IICH Ha
NI0JIE3HBIE MCKOTIAEMBIE B PEKHME PEAIbHOTO BPEMEHH, PAllHOHAILHOTO PACpeeiICHUs 3aTpaT
BO BCEX OMEpaIMsIX JOOBIYH ITOJIC3HBIX HCKOIIAEMbIX, & TAKIKE YCKOPEHUS B3aUMOICHCTBHS MEKIY
OTJETIaMHU U JIaXKe PA3TUNIHBIMUA KOMITAHUSIMHU;

® COKpalICHHS HETEXHOJIOTMYECKHX IPOCTOCB O0OpYJIOBaHHS 33 CUYET OOBEKTHBHOTO
aHanmm3a kod¢¢ummenrta ucrnonaszoBanus odopynosanus (KMO) u koadpummenra TeXHuIeCcKoi
roroBHocTH (KTT') TexHUKH, a TaK)ke MOHUTOPHHTA TPEOYEMBIX PEKUMOB PabOTHI,

® YVIpaBIeHHUs pUCKaMH Ha 0a3e MOBBIIMICHUS YPOBHS NPOMBINUICHHONH O€301acCHOCTH
MIPOU3BO/ICTBA;

® YIIYYIICHHs ONEPATUBHOTO YIPABICHHS TEXHHUYECKHUM OOCITY)KUBAHHEM H PEMOHTOM
(TOuP), T.e. mporHosa noTpeGHOCTH B 3aMaCHBIX YACTIX, OMTUMU3AINH 3aKyTOK U Tp.;

® aHajM3a PA3IUYHBIX CIIEHAPUEB PA3BUTHS TOPHOTEXHUYECKUX CHCTEM B 3aBUCHMOCTH
OT KOHBIOHKTYPHI I[€H Ha IMOJIe3HbIE UCKOMAEMbIe M COIMATBHBIX ACMIEKTOB KU3HH KOHKPETHOTO
peruoHa.

Mopnenu ynpaBieHUs] JAHHBIMH JOJKHBI ObITh HAMIPABJICHBI HE TOJBLKO HAa ONTHMH3AIUIO
MapaMeTpoB TEXHOJOTMYECKUX IPOIECCOB M AIKOHOMHYECKYI 3(pdekruBHOCTh. Bricokuit
YpOBEHb TpaBMaTH3Ma B OTPACIH, COLMAIbHBIE M DKOJIOTHUYECKUE MPOOIEMBI CTAHOBSITCS BCE

OONBITUMH W OOJBIIUMHU TJIOOATBHBIMU BbI30BaMu. MccrmemoBanus B oOmactu ananmuza bo/l
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TOPHBIX HAyK JOJKHbI OBITh HAaNpaBi€Hbl TaKXKe Ha YCTAHOBJICHHME B3aMMOCBS3U
TOPHOTEXHUYECKUX CUCTEM C OKPYIKAIOIIEH CpeIo B MHTEPECAX YCTOMYNUBOIO Pa3BUTHS.

ITo mepe mmdpoBoii TpaHchopMaIiu TOPHOTEXHUUECKUX CHUCTEM 3a mocieanue 20 jer
HaOJIr0aeTCsl SKCIOHEHIMANBHBI pOCT o0beMa TreHepupyeMmbix gaHHbIX (puc. 4.11). Dto
CBHUJIETENILCTBYET, UTO Ha pyOe)ke BEKOB JaHHBIH IPOLIECC XapaKTEPU30BAJICS TEHEPUPOBAHUEM 10
HECKOJIbKUX TepabaiT wuHdopManmuu B roJ. B 3TOT mnepuojg IMMPOKO BHEAPSIU
reonH(OpPMallMOHHBIE CHCTEMBI, CHCTEMbl KaJIEHJAPHOTO IUIAHUPOBAaHUS M (UHAHCOBOM
oruetHocTH. IIlMpokoe pacnpocTpaHeHUE TOJYYMIM CHUCTEMBl  aBTOMAaTH3UPOBAHHOIO
yOpaBlieHus: oOoraTUTeNbHbIMH (haOprKamMu, OCHOBAHHBIE Ha NpPUHLMNAX cOopa, aHanIM3a
NoJlyyaeMoil MH(GOPMALMU U ONTUMM3ALNK TEXHOJIOTMYECKUX MpoleccoB. B MeHbIel crenenu
10 2000-x TOMOB OCYIIECTBISIN HU(POBYIO TpaHCHOPMALMIO IMPOIECCOB JOOBIYU TBEPIBIX

ITOJIC3HBIX MCKOIIACMBbIX.
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Pucynok 4.11 — YcpeaHeHHasi JHHAMUKA FeHEPUPOBAHUSA JAHHBIX HA TOPHOM
npeanpusTum (OTKPbITas pa3padoTka MeCTOPOXKIEHHUI) 0 Mepe HHTEeIEKTYaTu3aluu
NMPoLECcCOB ¥ BHeAPeHUs HM(PPOBBIX TEXHOJIOTHH (COCTABJIEHA HA OCHOBE JaAHHBIX
HUIIKOH PAH)

3ajaun yCTOMYMBOIO DPA3BUTHSI TOPHOTEXHUYECKOW CHUCTEMBI CBSI3aHBl C IMPUHATHEM
yIpaBJIEHYECKUX PEIICHH Ha OCHOBE BBIOPAHHOM TEXHOJIOTMYECKOH CXeMbl NMPOU3BOJCTBA U
OpraHM30BaHHOM CHCTEMbl ympaBlieHUs mpennpustueM. COop M HHTepHperanus OOJBIINX
PA3HOTHUIIHBIX IAHHBIX OT PA3IMYHBIX HICTOYHUKOB CTAHOBHUTCS OTJEIbHOM HAYKOEMKOU 3aaue.
Ee pemenue mno3BOMUT MO-IAPYroMy B3IJISSHYTh Ha TEXHOT€HHOE NpeoOpa3oBaHuE HEAp U
3¢ PEKTUBHOCTh MPUMEHSIEMBIX TexHoJI0rui. Ho a5 3Toro Heo0XoauMo BeIpabOTaTh MPUHIIMIIBI
cOopa, XpaHEHHUs, arperaluu JaHHBIX U ONpPEJENUTh MPUOPUTETHbIE HMCTOYHHUKH JAHHBIX.
HenTpanu3zanus Bcex MPOU3BOJACTBEHHBIX JAHHBIX OT Pa3IUYHBIX CUCTEM B €IMHOM XPAHWIIHILE

MOKET OBITH INECPBLIM IaromM B pCIICHUN I[aHHOﬁ 3aJa4u.
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Ilocne uHTErpanuy NpoOU3BOJICTBEHHBIX JAHHBIX U MH(OPMALMU O COCTOSIHUM TOPHOIO
MaccMBa BaXKHOW HAayYHO-TEXHHYECKOM 3amauyeil CTaHOBUTCA (OPMYJIHMPOBAHUE THUIIOTE3 H
NIPUYAHHO-CICACTBEHHBIX CBA3CH U1 Pa3HbIX BPEMEHHBIX HHTEPBAIOB JKCIUIyaTallUH
TOPHOTEXHUYECKOW cucTeMbl. Ha OCHOBE BBIOpAaHHBIX THIIOTE3 BO3MOXKHBI OOOCHOBaHHME H
ONTUMHU3ALMS TApaMeTPOB TE€OTEXHOJOTMU pa3pabOTKHM MECTOPOXKICHHI Ha Bcex JTamax
CYILECTBOBAHMSI TOPHOTEXHUYECKOM CHCTEMBI. OTH HCCIEAOBAaHUSA, & MMEHHO: OIpEACICHUE
HEOOXOUMBIX THIIOB, OOBEMOB M COCTaBa JaHHBIX OT TEXHOJOIMYECKOro 00OpyAOBaHUS U
MPOLIECCOB  TO3BOJAT BbIpAabOTAaTh HOBBIE pENAKIUU TMPaBMWJI OE30MAaCHOCTH U HOPM
MIPOEKTUPOBAHUS TOPHOTEXHUUECKUX CHCTEM.

VY COBEpUICHCTBOBAHUE TEXHOJIOTMYECKHUX IPOLECCOB HAa OCHOBE aHanu3a bo/l
00yCJIOBJIMBAET IOSIBJICHUE HOBBIX BBI30BOB. BO3HMKAIOT HOBBIE TpeOOBaHHS K MPOdECcCHsM,
3aJIeliCTBOBaHHBIM B OTpacisiX TOPHOM MPOMBIIIJIEHHOCTH, TAKUM Kak J00blYa M mepepadoTKa
PYIHBIX IIOJIE3HBIX MCKOMAEMBIX W T'OPHO-XMMHUYECKOIO CBIpbs, YroyibHas OTpacib. Tak,
SKCTPANOJALMS JTaHHBIX, MOJYUYEHHBIX IpPU aHaIU3e Mokaszarenedl (yHKIMOHUPOBAHMS OJHOM
TOPHOTEXHUYECKOM cucTteMbl Ha Oosiee uem 100 neldCTBYIOMMX MPEANPUATUSIX YTOJIbHOU
IPOMBIIITIEHHOCTH Poccuu conmoctaBUMOI MPONU3BOAUTENBHOCTH, [TO3BOJIMIIA CleNaTh BBIBOA 00
oobemax bo/l B nmecsatku m paxe cOTHH merabaidT B roa. O4eBHIHO, YTO (HOpMHUPOBAHUE H
MacCOBBIH 3aIlyCK pOOOTU3MPOBAHHOM T'OPHON TEXHUKU B Kapbepax, Ha MOA3EMHBIX PYAHUKAX U
HIaxXTax yBenIuyar o0beM JaHHBIX, TEHEPUPYEMBIX 00BEKTaMU TOPHOTEXHHUUECKON CHCTEMBI, eIlle

Ha IMOpsAI0K.

4.5 KnumaTndeckue H3MeHEeHHU THAPOMETEOPOJIOrHYCCKUX MapaMeTpoB

Kacnuiickoro, Yepnoro u Azockoro mopeii (1980-2020 roami)

Jns moarotoBku TpeTbero OIEHOYHOrO JOKIaJa 00 H3MEHEHHMsSX KiIuMaTa ¥ HUX
MOCNENCTBHUAX Ha TeppuTopun Poccmiickoit denepanuu ObUT MPOBEACH aHAIM3 MEXKTOJ0BBIX
W3MEHEHUH U OLEHUBAaHUE JIMHEHHBIX TPEHJOB TI'MIAPOMETEOPOJOTHYECKUX MapaMeTPOB:
TemnepaTtypsl Bo3ayxa Bonu3u nosepxHoctu (TBII), Temneparypsl nosepxnoctu mops (TTIM),
JIEIOBUTOCTU ¥ YPOBHS MOPSI 110 CJIEAYIOIUM JAAHHBIM:

- CpennemMecsiunble 3HaUeHHUs Temneparypbl Bo3ayxa (TB) Ha BeicoTe 2 MeTpa ot
noBepxHoctu 3a nepuoA 1980—2020 roaw! nmonyuens! u3 6a3bl qanHbIX NASA MERRA-2 Ha cetke
0,5° mupoTst % 0,625° nonroter [Gelaro et al., 2017].

— CpenneMecsiuHble JaHHbIE Temmeparypbl nmoBepxHoctu Mopsa (TIIM) 3a mepuon

1982-2020 ro/p! MOTy4eHBI OCPETHEHUEM CPETHECY TOYHBIX TaHHBIX UCXO0HOTO MaccuBa NOAA

OI SST v2 high resolution dataset Ha cetke 0,25° x 0,25° [Reynolds et al., 2007].
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— CpenHeMecsiuHble JaHHBIC aJbTUMETPUUYECKHMX HM3MEPEHUU BJOJb TPEKOB
cnytHukoB TOPEX/Poseidon (T/P) u Jason—-1/2/3 (JU/2/3) 3a mepuon 1993-2020 rojpi.
O06paboTKa TaHHBIX CITYTHUKOBBIX aTbTUMETPOB IIPOBOINIIACH C MCIIOIB30BAHUEM NTPOrPAMMHOTO
obecrieuenust MHTErprupoBaHHoOil 6a3bl NaHHBIX CITYTHHUKOBOHM aJbTUMETPUH, pa3paboTaHHON B
I'eodpusuueckom riearpe PAH [Medvedev et al., 1997; Jlebeoes u Meoseoes, 2000].

— CpennemecsyHble 3HA4YEeHUS KOHLEHTpAIMM JIbJIa IOJYyYEHBl OCPEAHEHUEM
cpemHecyTOuHbIX  3HaueHmid w3  MmaccuBa CMEMS  EUMETSAT  OSI  SAF
SEAICE _GLO_SEAICE 14 REP OBSERVATIONS 011 009 na cerke 12,5 kxm x 12,5 kM 3a
nepuon 1980-2020 romos. [Eastwood et al., 2016].

B 2000-e rogpl, no cpasHeHuto ¢ 1980-mu u 1990-mu rogamu, yBeIMUNINCh MAaKCUMAJIbHbBIE
JIETHUE M MHMHHUMAalbHbIE 3UMHHE cpenHeMecsuHble 3HadeHus TBII m TIIM, yBenmumnock
KoyimdecTBO MArkux 3um [Matishov et al., 2014]. Tpenn TBII Kacnuiickoro peruoHa B nepuo
1980-2020 romer cocraBuin +0,030°C/ron, tpeHmasl cpenreromoBoit TIIM B 1982—2020 roas! B
CesepnoM, Cpennem u HOxnom Kacnum m B mope B menom — +0,026, +0,042, +0,034 u
+0,035°C/ron, coorBercTBeHHO. HanbobInee moTeieHre BOJ MMEIIO MECTO B 3allagHON 4acTH
Cpennero Kacnusi, HanmeHsbliiee — Ha ceBepo-BocToke CeBepHoro Kacnus u Bosib menb(oBoit
30Hbl Typkmenucrtana. Ymenbmienue TpeHzoB TBIT u TIIM B 1980/1982—2020 rogst 1o
CpaBHEHMIO ¢ mpeaniectByromuM mnepuogom (1980/1982-2010 roawr) [Kocmsanoit u op., 2014;
Kazmin, 2021] u orcyrctBue pocrta cpeanerogoBbix 3HaueHuin TIIM mocne 2010 roga
CBHUJICTEJILCTBYIOT O 3aMenjieHu mnoterseHus Kacnuiickoro Mopsi Bo BTopyto aekanxy 2000-x
rooB. YpoBeHb Mopsi mocie 2005 roga, 3a MCKIIOYCHHEM Kpartkoi crabummsanuu B 2015—
2017 ronpl, MpoAOIDKAET MajnaTh. Pe3koe yMEHbIICHUE YPOBHS MMeNo MecTo B KoHIie 2010 —
Haugase 2011 rozmoB B cBsi3u ¢ 3acyxoii B EBponeiickoit yactu Poccun, Bkittouast 6acceiin p. Bonra,
B KoHIIe uioHs — aBrycre 2010 [Arpe et al., 2012], B kontie 2014 u B koniie 2018 romos. Cpeanss
CKOpOCTH MajieHus ypoBHs B 28-netHuii nepuos 1993—2020 roxos cocraBuina —5,37+1,24 cm/ron.
K xonimy 2020 roga on goctur otmetku —28,5 m bBC, n ot Muaumyma 1977 roga ero otnensier
Tonbko 0,5 M (puc. 4.12). TpeHbl cpeTHEMECSYHON U CpelHel 3a XOJI0IHOE MOIyroaue (HOsO0ph
— anpenp) koHneHtpanuu Jpaa B CeBepHom Kacrmmum B 1980-2020 romax okasanmuch

orpunarensubiMu (—0,8%/10 net u —1,24%/10 et COOTBETCTBEHHO).
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Pucynok 4.12 — Ce3oHHas (CIVIOIIHAS JTHHHUS) M MEKIo10Bast (IyHKTHP) H3MEHYMBOCTH
aHomauni yposHs Kacnmiickoro mops (cm) ¢ ssuBapst 1993 no nexadpsb 2020 roga no
JAHHBIM AJILTUMETPUYECKUX U3MepeHuii cnyTHukoB T/P u J1/2/3

VYcranosneHo, yro Ha ¢one pocta TBII nang YepHoMOpcko-A30BCKMM PErHOHOM
(+0,053°C/ron B 1980-2020 rogax) u TIIM Yepnuoro mops (+0,052°C/ron B 1982—2020 ronax)
3Ha4eHus HTHX napameTrpoB B 2000-e Topl 3aMETHO OTIMYAIOTCS OT TakoBBIX B 1980-¢ — 1990-¢
TOJIbl: YBEJIMYMIIUCh MAaKCUMAJIbHBIE CPETHEMECSYHbIE JIETHUE U MUHUMAJIbHBIE CpeIHEMECIYHbIE
3UMHHE TEMIEPATYPbl, YBEIUUYUIOCh KOIU4ecTBO MArKuxX 3uM. Cpenneronosas TIIM YepHoro
MOpsl, TpaKkTU4YecKku He npeBblmaBmas B 1980-x — nHavane 1990-x romax 15°C, ¢ 2010 rona B
OonpiIuHCTBE cityyaeB npeBbicuiia 16°C (makcumym — 16.71°C B 2018 ron). Bo BTOpoit nekane
2000-x TOIOB CcpenHEMecsSuHble 3UMHUE MUHUMYMBI, 3a HckimodeHuem 3uMm 2011/2012 u
2016/2017 ronoB, He omyckanuch Hike 8°C. CieacTBUeM pocTa 3UMHUX TEMIIEPATyp SBUIIOCH
YMEHBIIEHNE KOHIIEHTPALlUHU JIbJa B A30BCKOM MOpe (TPeH]l cpelHEMECAYHON KOHIEHTpaluu —
-1,2%/10 nert). Ilpumepro ¢ 2004-2010 romoB B Ueprom mope u ¢ 2004 roma B A30BCKOM
TEHJIEHIMsI TOBBIICHUS HMX YpOBHEH (B CpeAHEM) CMEHWJIAaCh HEKOTOPBIM IOHM)KEHUEM
(puc. 4.13, 4.14), Ttak 4TO CpeAHUE IOJIOKUTENbHBIE TpeHAbl 3a mnepuoa 1993-2020 romos
(+0,32+0,16 cm/roa B Ueprom u +0,21+0,05 cm/rox B A30BCKOM MOPSIX) OKa3adKuCh IPUMEPHO B
2,5 paza menpmmMu, 4eM B 1993-2012 rogax (+0,82+0,18 cm/ron), xotst eme B 1,5 pasa
6oubirM, ueM ¢ 1920-x 1o cepenunst 1990-x rogos (0.17-0,18 cm/ron) [ Kocmsnoti u op., 2014)].
[IpuunHO# 3TOrO MOHMXKEHMsI ypoBHEH (B cpemHem) B mociennue 10—15 mer, sBUiIOCH, MO-
BUJMMOMY, YMEHbILIEHUE IPUXOAHOM YaCTH IPECHOBOJHOIO OanaHca 000MX MOpEH, KOCBEHHBIM
MOJTBEPKIEHUEM KOTOpPOTO sIBJI€TCS HAOJI0JaeMoe TOBBIIIEHHE COJEHOCTH MX BOJ.
YMeHbI1eHnEe 00IIEero MOJI0KUTEILHOTO TPEH 1a YPOBHS B IepHo/, oxBaTkiBatoiuii 2010-e roasl,
3aMETHO M MO pe3yibTaram Jpyrux nyonukaumid. Ecim B 1992—-2005rogax, mo JaHHBIM B

[Ky6psikoe u Cmanuuneiii, 2013] tpena yposust Heproro mops orienuBaics B +0,7620,03 cm/rog,
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T0 B 1993-2014 ronmax on cocrasui +0,31 cm/rox [Kubryakov et al., 2017] u +0,32+0,08 cm/rox
[Avsar et al., 2018], a B mepuoz ¢ ssaBaps 1993 mo maii 2017 roga — +0,25+0,05 cm/rox [Avsar and

Kutoglu, 2020].
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PucyHnok 4.13 — U3MeHeHus1 aHoMauiuil ypoBHs YepHoro mops (cm) ¢ suBaps 1993 no
nexkadpb 2020 roja mo JaHHBIM AJNBTHMETPOB cyTHUKOB T1/P 1 J 1/2/3 (crutomHast TUHUAS).
Me:kronoBasi HBMEHYMBOCTb UX CPEIHHUX 3HAYEHHUIT MOKa3aHAa MyHKTHPOM. [lepuoabl
NnoAbeMa YPOBHS BbleJeHbI CePbIM LIBETOM
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Pucynok 4.14 — U3MeHeHUs1 aHOMaJINH YPOBHS A30BCKOro Mops (cm) ¢ suBaps 1993 no
nexaépb 2020 roaa. mo JaHHBIM AJHLTHMETPOB ciyTHUKOB T/P u J 1/2/3.
O0o3HaueHus — Te ke, 4YTO Ha puc. 4.12

4.6 PazBuTne TemaTnueckoii MHoroaucuummaapuoi I'MC nast npeacraBiaenust

U aHAJ/IN3a JAaHHBIX 110 HAYKaM O 3emuite

B HaACTOAICC BPCM: ITOJTYUUIIU PA3BUTHC ITOJIB30BATCIILCKUEC CPCACTBA AJIAA CO3AaHUA BEO-

OPUEHTUPOBAHHBIX KapTOrpadUUIecKuX MPHIOKECHUH, KOTOPBIE TPEIOCTABISIOT MOJIb30BATEISIM
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HIMPOKHUI HAaOOp MHCTPYMEHTOB MPEACTABIECHUS U aHAIN3a FeoPOCTPAaHCTBEHHONW MH(pOpMaLIUU.
I'MC-undpactpykrypa, passuBaemas B 'Ll PAH, ocHOBaHa Ha CTaHIapTHOM KJIMEHT-CEPBEPHOM
moaxojae. CucTeMa COCTOUT M3 TPpeX KIr4eBbIX cerMeHToB [Conosves u op., 2018a]: BJI-cepsep
JUISL pa3MeEIIEHUs TeONPOCTPAHCTBEHHBIX ITAaHHBIX B BUJIE CJIOEB JIAHHBIX B (hailIOBOM XpaHUIIHIIE
i B CYBJl u ¢aiinos ¢ odpopmnenuem; 'MC-cepBep ans pa3menieHus KapTorpapuueckux
CEpBUCOB M CEpPBUCOB Tre000pabOTKU; BeO-cepBep ISl pa3MEIIEHUS CETEBBIX KIMEHTCKUX
MPUIIOKEHNMN.

Hcxonnple  TeMaTHYECKHE T'€ONPOCTPAHCTBEHHBIE JIaHHBIE  MPEeoOpaszyloTcs B
coBmectuMsle ¢ [10 I'MC BekTopHBIE WM pacTpOBbBIE CIIOU, KOTOPBIE COXPAHSIOTCS B (pailioBOM
xpanwmmie unu B b/l mox ynpaBnenuem CYbB/] nHa b/l[-ceBepe. OTaenbHblE CIOM JAaHHBIX
o0benuHATC U nyonukyrorcs Ha I'MIC-cepBepe B cTaHmapTHOM ¢opMaTte KapTorpaduyecKkux
cepBUCOB. JlocTyn K cepBUCaM OCYILIECTBISIETCSA CPEICTBAMU CTAHAAPTHBIX MPOTOKOJIOB 0OMEHa
Kaprorpadguueckod uHpopmanueii. Ha Bce myOnamKyemble CIIOM JaHHBIX OQOPMIISIOTCS
MeTaJ[aHHbIE C OAPOOHBIM OIHMCAHHUEM.

B3aumopeiicTBue monp30oBaTens ¢ KapTOrpaUYecKUMH CEPBHCAMHU OCYILIECTBIISIETCS
CpeacTBaMH crienuanu3upoBanHoro reomoprana (http://gis.geras.ru). I'eonopran obecreunBaer
IPOCTOE U B TO XK€ BpeMs 3PPEKTUBHOE MUCIOIB30BaHNE U aHAIIN3 MPOCTPAHCTBEHHBIX JAHHBIX,
IOJYYEHHBIX B pe3ysbTaTe HayuyHbIX M3bIcKaHuil. KiumeHrckoe kaprorpaguyeckoe BeO-
MPUIIOKEHUE C BKIIOYEHHBIMU B HETO KapTorpauyecKuMu cepBUCAMU (COICPIKALIMMU CIOU
IIPOCTPAHCTBEHHBIX JaHHBIX), pazMmeliaemMoe Ha 3apaHee cozgaHHoMm ['MC-cepepe, siBisiercs
ocHoBOoi reomopTana. B 2021 rony Obima pa3zpaboTaHa U pa3BepHYTa B TECTOBOM PEXHUME
oOHOBIIeHHass Bepcusi reomoprtaia. Ero wmHTepdeiic BrimoyaeTr B ceOsS OCHOBHOE MEHIO IS
oOpamienust k pasgenam: «Kapra», «O mpoekrey, «Onucanue maHHbix», «IlyOmukanum» u
«Metananslie». [Ipu oOpamenun k paszneny «Kapra» cTaHOBUTCS JOCTYITHBIM KapTorpaduyeckoe
BeO-npuiioxkenrne. Ero ocHoBHas 4acTe — macmrabupyemas udponas kapra. B npaBoil yactu
PacrosoKeHO MEHIO JUIsl 0OpallleHus K JIereH 1€ TeKylel KapThl (popMHUpyeTCsl TUHAMHYECKH),
CIMCKA JOCTYIHBIX JUIi OTOOpa)KEHHs CI0€B, MHCTPYMEHTa CpPaBHEHMs IBYX KapT (BUIKET
«ILITOPKa») U UHCTPYMEHTOB BU3YaJIIbHOT'O aHa/IM3a JaHHBIX. OYHKIMOHAN KapTOorpapuieckoro
MPUIIOKEHUS BKIIIOUAET BO3MOKHOCTB O0paIieHHs K aTpuOyTUBHON HH(POPMALIUU 0TOOpaXKaeMbIX

cioeB. BHenHuii BU1 reonoprana npejacTaBieH Ha puc. 4.15
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Pucynok 4.15 — Buemnuii Bujx o0HoBJIeHHO# Bepcuu reonopraia I'll PAH

B pamkax pa0oTbl HaJl MPOEKTOM 0CO0O€ BHUMaHUE OBLIO YNEIEHO CO3JIaHUI0 0a3bl
METaIaHHbIX ISl TMPOCTPAHCTBEHHBIX cJoeB, xpansmuxcs B bJl. Hapsay co cranmapTHBIM
omucaHueM kaptorpadudeckux ceppucoB Ha ['HC-cepepe, koropoe dopmupyercs mpu
MyOMUKaIMHY, Ha KOKIBIH U3 TEMATHYECKUX CIIOEB, COCTABIISIONINX CEPBHC, TaKkKe 0(OPMIISIOTCS
noApoOHbIe MeTafanHbIe. OHHM TOTOBATCS B COOTBETCTBUH co crierudukarueit [SO 19139. daiins
METaJJaHHbIX MPEJICTABIAIOT co0oi ¢aiibl B popmare XML (eXtensible Markup Language) u
COZIEpPKAT MCUEPITBIBAIONIYIO CIIPABOYHYIO HH(OPMAIIHIO O CIIoe.

B xone peanuzanuu npoekra PH® Ne 15-17-30020 «[IpumeHeHne CUCTEMHOTO aHalIM3a
JUTsI OTICHKH CEMCMHYECKOW omacHOCTH B perrmonax Poccuu, Brmouast KaBka3-Kpeim u Anraii-
Casnpl-IIpubaiikanse» B 2015-2017 rogax Obl10 co3AaHO KapTorpaduueckoe MPHIOKEHHUE 1O
OIICHKE CEHCMHUYECKOW OITACHOCTH, OMyOJIMKOBAaHHOE B BHJIE CAMOCTOSATEIHLHOTO TIeoropTaja
(http://seismgis.gcras.ru/) [Conosves u op., 20186]. B xome pabotr B 2021 romy ObUIO Takke

IMpOBCACHO OOHOBJICHUE KIIMEHTCKOTO TIPUIIOKCHUA.

4.7 PelakuMoOHHO-U3/aTeJbCKAs MOJAT0TOBKA MATEPHAJIOB /I My0JMKAIUM B

m3nanusax ['ll PAH

I'eopusnueckuii nentp PAH sBnsercss yupenureneM M U3JaTesNeM TpeX OHJIANHOBBIX
xypHaIoB — «Russian Journal of Earth Sciences» (http://rjes.wdcb.ru/), «Bectauk Otnencaust
Hayk o 3emsie PAH» (http://onznews.wdcb.ru/) u cepuambHOro 3JEKTPOHHOTO W3JAHUS
«UccnenoBanust nmo reounpopmaruke. Tpynsl 'Ll PAH» («Geoinformatics Research Papers.
Proceedings of the Geophysical Center RAS» (http://ebooks.wdcb.ru/).

Kypuan «Russian Journal of Earth Sciences» (RJES) uznaercst ¢ 1998 roma. B xyphane

HY6J'II/IKYIOTC$I OpPUTHHAJIBHBIC CTAaTbHW Ha AHTIINICKOM SA3BIKC, ITOCBAIICHHBIC Han0oJIee BaKHBIM
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JNOCTHKEHHMSIM BO BCeX 00JacTIX TeoJIoTMH, TeO(U3UKH U TEOXUMHUH, B TOM 4YHCIIE
reoMH(pOPMATUKN, HKOJNOTUM U (u3uku armocepbl U okeaHa. [lyOnukanus pe3ynbTaToB
Hay4yHbIX wuccienoBanuii B RJES sBmsercs He TOMBKO MNPOCTHIM CHOCOOOM HAay4YHBIX
KOMMYHHKAIIM, HO M BaXHEUIIMM 3TaroM JOKYMEHTUPOBAHHsS HAYYHOIO KOHTEHTA, a TAKKe
BHOCHUT 3HAUUTEIbHBIN BKIIAJ] B pa3BUTHE HAYK O 3eMJIe.

I'maBHast uenp XKypHaja — O3HAKOMHUTH HaydyHOE COOOIIECTBO ¢ HauOojee BaKHBIMH
HAYYHBIMH pPE3YJIbTaTaMH, MOJyYEHHBIMH POCCHUCKUMHU ydeHBbIMH. CTaTbH, MpENCTaBIIsiEMbIe
WHOCTPAaHHBIMH  YYEHBIMM WM  MEXKIYHapOAHBIMH  KOJUIGKTMBAMU  aBTOPOB,  TaKke
MIPUBETCTBYIOTCSI, B OCOOCHHOCTH ITyOJIMKaIlMH, TOCBAIIEHHbIE OOLTMM IpodJieMaM HayK O 3eMiie.

I'maBHbIM penakropoM »xypHana RIJES sBnsercs akanemuk PAH A. Jl. I'Bummanuy;
B PEAKOJIJIETHIO JKypHaJla BXOJSIT TaKUE M3BECTHBIC yueHble, kak akageMuk PAH A. O. ['muxo,
uneH-koppecnonneHT PAH A. A. Conosees, I1. Kabar (IlIBeliniapusi) u Apyrue BeayIue yueHbie
B 00JacTH HayK O 3eMJie U3 pPa3HbIX CTPaH.

brnaromaps pemakuMoOHHON TOJMUTHKE >KypHalla, HampaBlIE€HHOW Ha CTPOTH OTOOp
HAy4yHBIX CTaT€l MCKIIOYUTEIBHO 110 TEMAaTUKE, BBICOKOMY YPOBHIO PpEAAKTOPOB IIO
HANpaBlIEHUSIM U PEIEH3EHTOB, a TaKXkKe CIENOMY peIEH3UPOBAHUIO YJAeTcsl JOCTUYb
MEXTyHAPOJIHOTO YPOBHS HAay4YHBIX cTaTbel. ClieACTBUEM 3TOr0 CTAJIO YJIydlllEHHUE [TOKa3aTesnen
KauecTBa KypHayia B onbauorpaduueckoii 6a3e qanubeix Scopus 1 B 2020 roay «Russian Journal
of Earth Sciences» BnepBbie ObUT BKJIIOUEH B TpeTHil kBapTmiib (Q3) B oTpacnu 3HaHuit «General
Earth and Planetary Sciences». Heo0xoguMo NOTYEpKHYTh, YTO IIOKa3aTeld B
oubnmorpaduyeckoit 6aze maHHBIX Scopus JUId KypHajla pacCUMTaHbI BIIEPBBIC, XOTS OH Haval
uHAekcupoBarbes B 2018 romy, mo3aTomMy momnajgaHue B TPETUH KBApTWIb MOJATBEPKIAET, YTO
KYpHAJ SIBJISETCS B TIOJTHON Mepe aBTOPUTETHBIM MEKIyHApOIHBIM M3JIaHHEM B 00J1aCTH HayK O
3emite. C KaXAbIM TOJIOM OCHOBHBIC IOKa3aTeIH >KypHala yIydlIaloTcs, Tak, B Tabmuue 4.2
OTpa’KeHbI OCHOBHBIE MOKa3arenu oubianorpaduueckoii 6a3sl Cromyc 3a 2019-2021 rosl.

Ha puc. 4.16 M0oxHO HaryIsIIHO yBHJAETh pocT uMHAMKaropa Scopus CiteScore, KOTOpPbIi
OTpakaeT CpeiHee KOJIMYECTBO IIUTHUPYEMOCTH HEIABHUX CTaTel, OMyOJIMKOBAaHHBIX B JKypHaJle
RJES. Hapsany c stum RJES unnexcupyercs cucrtemoit Web of Science (Core Collection:
Emerging Sources Citation Index), Poccuiickum nnaekcom HayuHoro rutupoBanus (PUHLL), u
3apeructpupoBaH B cucreMme Crossref, kaxjgas onmyOJIMKOBaHHAas B JKypHaje CTaTbsl UMeEET

unentudukarop DOI.
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Tabauna 4.2 — U3meHeHne 0OCHOBHBIX NOKa3aTeJiei ;kypHajaa RJES B Scopus B 2019-
2021 ronax.
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Pucynok 4.16 — Tpena noka3artens CiteScore 6a3b1 Scopus 1 RJES

Eme onHuM nonokutenbHbIM (aKTOPOM SIBIIIOCH pacuIMpeHue reorpaduu aBTOpOB, €CIu
paHee B JKypHajl IOCTynalu cratbd B ocHOBHOM M3 Poccum m CHI', To Hauunas ¢ 2019 roga
MOSBWINCH CTaThbu ¢ aBTopamMu u3 HMpana, Wpaka, Bwsetrnama, Typumm, Wuaum, Hemnana,
Wunone3un, Hopeeruun, Wranum, Kanaapl, Asctpasiuu u CIIA. OueBuaHO, 4YTO MNPUTOK
WHOCTPAHHBIX aBTOPOB SBJISIETCS CJIEICTBUEM HWHACKCHPOBaHUS *XypHana B Scopus u Web of
Sciences, W 9TO TOBBIIIAET CTaTyC >KypHada B (OpManbHOW OILIEHKE OJTHUMH KE
oubnrorpadguuecKuMu 0a3amu.

Hayuno-undopmanronnsiii xypHan «Bectauk Otaenenus Hayk o 3emiie PAH» uznaercs

B (popMmaTe 3JIEKTPOHHOTO MYJIBTUMEAMIHOTO XypHaia ¢ ceHtsops 2009 roma HoBoctu B HeMm
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oOHOBIIAIOTCS exenHeBHO. JKypHan 3apeructpupoBad u uHAekcupyercs B PUHIL u Crossref.
Hapsany ¢ opunmanbHBIMH JTOKYMEHTaMHM, B KypHalle MyOJIIMKYIOTCS MaTepuaibl 0 Hamboiee
3HAYMMBIX U UHTEPECHBIX COOBITUAX B ku3HU OTAenenus Hayk o 3emiue PAH u ero nHctuTyTOB,
TaKUX KaK MEXJIYHapOAHbIE M POCCUHCKME Hay4YHbIC KOH(EPEHLUH, 3aKIIOYEHHUS JJOrOBOPOB
Y BOKHEWIINX Hay4dHbIX corjameHuil no temarnke OH3 PAH, pa3BuTHe HOBBIX Hay4HBIX
1 HayYHO-TEXHUUYECKUX IPOEKTOB, MaTEPUabl O MEKIYHAPOJHOM COTPYIHUYECTBE NHCTUTYTOB.

Kpome mnepeunciennbix Beiie xypHanoB ['eopusnueckuit nentp PAH nyOmnukyer
cepualibHOE JIeKTpoHHOE n3nanue «VMccnenoBanus no reoundopmatuke. Tpyast 'Ll PAH». Ono
obu10 yupexaeHo ['eodpusnueckum nearpom PAH ans myOnukanuu HayyHBIX cTaTel, TeMaTuka
KOTOpPBIX CBf3aHa C HMH()OPMAIIMOHHBIMU TEXHOJIOTHUSIMHM, BHEJPEHHBIMH B HAayKd O 3eMIle,
HAy4YHBIX OTYETOB, TE3MCOB KOH(epeHImil, MHCTPYKUUH U T.n. CTaThu, NpencTaBICHHBIC B
KYpHaJI, IPOXOJAT YEPE3 CTAaHAAPTHBIN MPOLIECC IKCIIEPTHON OLIEHKH, 3a UCKIOYEHUEM CTaTeH,
MIpEACTABJICHHBIX 4jeHaMu Pocculickoll akaaeMuu Hayk. Bce craTeu mpoxoaaT perakuuOHHYIO
00paboTKy. CTaThu U KHUTH B 3TOM ceprM MyOIMKYIOTCS C HCII0JIb30BAaHUEM CAMBIX COBPEMEHHBIX
TEXHOJIOTMM JJIEKTPOHHOIO W3JAaTeNIbCTBA, BKIIOYAs MYJBTHUMEIAUWHBIA M WHTEPAKTUBHBIN
KOHTEHT.

B 2021 romy B xoae paboThl HaJ MPOEKTOM MOATOTOBICHO 6 BBITYyCKOB 21-ro TOMa
)ypHana «Russian Journal of Earth Sciencesy», obmiee kosmmuecTBo crareid B )KypHaie — 45; B 12
BhInyckax xypHasia «BectHuk OH3 PAH» — 600 HOBOCTHBIX cOOOIIEHHH 1 4 Hay4HbIE CTaThU
[Fsuwmanu u op., 2021; Iurunenxo, 2021; Veapos, 2021, Conrosvés u Kpacrnonépos, 2021]; B
cepuasibHoM u3gaHuu  «MccnenoBanuss 1o reomH(oOpMaTHKe» omyOnukoBaH «OTuer o
nesteasHocTd 'Ll PAH 3a 2020 roay.

B Hacrosiiee BpemMsi BO BCeM MHUPE YMCIIO HAyYHBIX MyOIMKalMi B MPOQecCHOHATBHBIX
JKypHaJlaX MOCTOsIHHO yBenuduBaercs. B mocneanue ronsl Munoopaayku PO crano oneHuBaTh
3¢ (EKTUBHOCTh HAYYHBIX OPTaHU3AIMI U HAYYHBIX pAOOTHUKOB C TOMOIIBIO HAYKOMETPUYECKUX
TOoKa3aTeliei, OCHOBaHHBIX Ha MEXXIYHAPOIHBIX cucTeMax nutupoBanus Web of Science, Scopus
u 1ap. B 3Tux peanusx y4yeHbIl CTOMT mepea BHIOOPOM HAy4YHOTIO W3JaHMs, B KOTOPOM €My
MIPEICTOUT OIYOJUKOBAaTh pe3yNbTaThl CBOMX MCCIEJOBAHUM, M YTOOBI 3TOT TPYyZ HE ObLI
HaIIPacHbIM OH JOJDKEH OCTAaHOBMTHCS Ha M3JaHUH, KOTOPOE, KAK MUHUMYM HHAEKCUPYETCS B
stux cucremax (Web of Science u Scopus). Tak kak xxypnan «Russian Journal of Earth Sciences»
YIIOBJIETBOPSIET 3TUM TPEOOBAHUSAM M C KaXKIbIM F'OJJOM YCHJIMBAET CBOM MO3UIIMHU, TO BCe OOJIbIIIE
aBTOPOB W3 Pa3HBIX CTPaH OCTAHABIIMBAIOT CBOW BBIOOp Ha 3TOM HU3JaHUHU. B cBs3u ¢ 3TUM
CYILECTBEHHO BO3pOCja Harpy3ka Ha COTPYIHUKOB PEJAaKLMOHHO-WU3ATEIbCKON TPYNIbl U Ha

YWIEHOB PeaKLIMOHHON KoJuleruu. Bo3Hukia He00X0AMMOCTh B ONTUMHU3aLMU pabouero npoiecca
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C TOMOUIBIO MPOTPAMMHOM MIATPOPMBI, peaTU3YIOIIel pa3BUTYIO CUCTEMY CEPBUCOB ISl paOOTHI
C MU(PPOBBIM KOHTEHTOM.

B 2021 roxy Oplna mpousBeeHa YCTAaHOBKA M3AATEIBCKOM MIaTGOPMBI OTEYECTBEHHOM
paspabotku Editorum, ocymiecTBieHa 3arpy3ka TEKyIIMX M apXHWBHBIX HOMEpPOB >XypHaja B
OHJIAWH PENaKIMI0O W HOBBIM calT HaydHoro xypHana «Russian Journal of Earth Sciences»
(puc. 4.17) 3a mepuoa ¢ ocHOBaHUsI )KypHaia B 1998 romy mo Hactosiiee Bpemst. [yt HoBoro caiita

3aperucTpupoBaH gomeH BToporo ypoHs RJES.RU.
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Cucrema CyIeCTBEHHO OOJerdyaeT MOJArOTOBKY NyONMKaluii ¥ MeTaJaHHBIX
B COOTBETCTBHE C MUPOBBIMH CTaHIapTamu U TpeboBanusMu Scopus U Web of Science. Takxke
st KkypHania RJES moarorosien HoBbwif 1m1aboH B hopmate uzaarenbekoit cucrembl LaTEX u
nostyueHo CBHIIETENBCTBO O FOCYAAPCTBEHHON perucrpauuu nporpammsl aias O9BM RJES RA-
style 1.0 Ne 2021666635 ot 18 okts10pst 2021 roga. [Iporpamma siBisieTcst cHCTEMOI MaKpOKOMaHI
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Journal of Earth Sciences».
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5 Co3naHue TeOpeTHYECKHX H IKCINEPHUMEHTAJbHBIX OCHOB CHCTEMHOIO
aHAJIM3a VISl MHTErPAllMM U U3Y4YEeHHS JAHHBIX KOMIUIEKCHBIX re0(pu3nyecKux
M reojie3n4ecKuX HA0JI0IeHu i

Homep tembl B UCI'3: FMWG-2019-0006

Homep: AAAA-A19-122012500330-5

PykoBoauTens: C.H.C., K.cb.-M.H. P. B. Cugopos
OTBETCTBEHHbIN UCMONHUTENb: I.H.C., A.(p.-M.H. A. A. JlylLuHMKOB

5.1 Pacuuupenue cetu crauoHapHbIX NyHKTOB THCC-Habmonenuii n nx
KOMILJIEKCMPOBAaHHUe € CYyIeCTBYIOIIEl HAYyYHOl HHPPACTPYKTYpOil pOCCHIMCKUX

reousn4ecKux odceppaTopui

B 2021 rony 3anymen HoBbii myHKT ['HCC-u3mepenuii Ha reopuznyeckoit oocepparopun
«KmumoBckas» (Konorickuii paiton ApxaHrenbckoi o0mact). HoBbI KOMITIEKT 000py10BaHUS
obecrieuynBaeT MpUEeM MPAKTUYECKHA BCEX CYIIECTBYIOIIMX HABUTAIIMOHHBIX CUTHAJIOB M YaCTOT —
GPS: L1,L2,L5;TJIOHACC: L1, L2, L3; Galileo: E1, E5A, E5B, E6; Beidou: B1, B2, B3; SBAS
c gactotoi 70 20 ['1. Taxke 000pynoBaHNE UMEET HHTEPAKTUBHEIN BeO-HHTEpPENC, IO KOTOPOMY
K HEMy MOXKHO YyJaJeHHO MOAKIIOYaThCsA. B HacTosAmmii MOMEHT 00OpyJOBaHHME MHILET U
coxpansier Ha FTP-cepep I'll PAH nBa moroka naHHbIX ¢ JUCKpEeTHOCTHIO 30 CEKyHI U C
JTUCKPETHOCThIO 1 cekyHaa. Pa3BuTHe HOBBIX IMYyHKTOB BBICOKOTOUYHBIX [ HCC-HabmomeHwmit
MO3BOJIUT TOJYYHUTh JAAHHBIC I T€0JIC3MYECKUX, TCOAMHAMUYECKUX, HOHOCHEPHBIX U JPYTHX
UCCIIEZIOBAHUM, a TaKKe Ui 3a/lad HaBUralluu M €UIe LIEJOro psaa TeXHUYECKUX MPUIIOKEHHI.

PaGotel o ycranoske crannoHapHoro nynkra [l HCC-uabmronenuii 1yist o0ecredeHust

VY nauno BeIOpaHHOE MecTo pacronoxkenus noctameHta ' HCC obecnieunsio moyTH mojaHoe
OTCYTCTBHE MPEMSATCTBUN, SKPAHUPYIOIIUX CITyTHUKOBBIE PAIMOCUTHAJIBI HA YIJIaX BO3BBIIICHUS
Oomee 15°, OTCYTCTBHE KOHCTPYKIIMH U OOBEKTOB, BHI3BIBAIOIINX 3aMETHBIC TIOMEXH BCIICICTBHE
OTPaXXEHUS CITyTHUKOBBIX CUTHAJIOB U APYTHE YCIOBUS BHIMOIHEHUS CITYTHUKOBBIX HAOIIOACHUI.
3aKkperuieHre TyHKTa BBIMOJIHEHO IIeHTpoM THHa 187 (OCHOBHOW IIEHTP IyHKTOB
dyHnaMeHTanbHOM acTpoHoMo-reoae3ndeckoil cetn (PAI'C) st pallOHOB € CE30HHBIM
MpoMep3aHueM TPYHTOB), 0OOPYIOBAHHOTO YCTPOWCTBOM NPHHYIWUTEIHLHOTO IEHTPUPOBAHMSI.
Hentp Tuma 187 mpexacraBusier coOoi skene300eTOHHBIA MHIIOH cedeHueM 120%120 cm y
ocHoBaHwus, 1 40x40 cM B BepXHEH 4acTH, ¢ OETOHHOU TUTUTOM (sikopem) ceuenrneM 250%250 cM u

o01eit BeicoToit 5,39 M. O6muit Bua nynkra 'HCC-nabmonenuit mokaszan Ha puc. 5.1.
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Pucynok 5.1 — llynuxkt THCC-nab6monennii reogusudeckoii oocepparopuu «KimmmoBckasi»

C 13 mo 16 okta6ps 2021 roma cocrosutack skcnenunus cotpyaauko '] PAH nHa
Tepputopuio  crposimieiics  MexayHapoanod — Apkrudeckol  Cranmuum — «CHEXUHKa»
(ITpuypanbckuii paiion IHAO, okpecTHOCTH Mocenka Xapn. B xoje skcniequiinu Obuta HaiiieHa
HOBAas JIOKalMsl, IpUroaHas sl pasBepTbiBaHus HoBoro nyHkra ['HCC-usmepenmii. B nByx
SKCIIEPUMEHTAJIbHBIX TOYKAaX B Mpeaesiax BbIOpaHHOW JIOKAallMM ObUIM IMPOBEIEHBI TECTOBBIC
u3mepenusi ' HCC-npuemuukamu Topcon Hiper SR. IlpuemHuky ObITH YCTaHOBJICHBI B TEUCHHE
MoJlyTopa dYacoB il OOecrleueHHus MaKCUMaJIbHOW TOYHOCTH M3MEPEHUH B  YCIOBHUAX
YIQJIEHHOCTH OT IYHKTOB CETH pe(epEeHCHBIX CTAaHIIUI U OrPaHMYCHHOTO BPEMEHU MPOBEICHUS
pabot. THCC-u3mMepenust BBINOMHSUIUCH B CTATUYECKOM peXHUMe MO (a3e Hecyllel 4acTOThl C
MHTEpBAJIOM peructpauuu | cexynna. Macka yria BO3BBILIEHHs IpuHUManack 5°. ONOpHbBIMU

MIyHKTaMH MPU BBIMOJHEHUN U3MEPEHHH MPUHUMAIUCH 0a30Bble CTaHIMU CETH pedepeHCHBIX

craniuii PrinNet: INTA, VORK, LBTN (puc. 5.2).

[lepsuunbie ganasle 'HCC Obun 00paboTaHbl C HCHOJB30BAHHWEM JIMIIEH3HMOHHOM
nporpammbl  MAGNET Office Tools. Pexum nocto0paboTKu BKJIOYAN HCHOJIb30BaHUE
cmytHHKOBBIX curHainoB GPS u I'NIOHACC, u tounsix a3¢gemepun. CxemMa BEKTOPOB H3MEPEHHUN

IpUBEJIeHa Ha puc. 5.3.

Cranuun B cetn PrinNet, napopmaiys 0 KOTOPBIX NMpHBEICHA B TaOJHUIE, ypaBHEHBI
MEXIy co00H B IMPOCTPAHCTBEHHOW MPSIMOYTOJbHOM TE€OLIEHTPUYECKON cHucTeMe KOOpAMHAT
ITRF2008 na smoxy 2014.00. B pe3ynsrate 00padotku pesynabratoB ' HCC-uzmepenuii Obun

MOJTyY€HbI KOOPAWHATHI U BHICOT TOUYEK B crcTtemMe Koopaunat ITRF2008 (tabauma 5.2).
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PucyHnok 5.2 — Cxema cetu pepepeHcHbIX cranuuii PrinNet B paiione usbickanmii

Wupota

750 2 VORK

Pucynok 5.3 — CxemMa BeKTOpPOB M3MepeHui

Ta6muna 5.1 — I'eorpaduueckue koopannatsl craniuii cetd PrinNet (ITRF2008)

Nwms [Iupora Honrota O1. BeICOTA (M)
INTA 66,03790417 60,11448365 72,51300071
VORK 67,5030376 64,06072176 201,5764819
LBTN 66,66709492 66,38113615 71,85104845
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Tabnuna 5.2 — I'eorpadudeckue KoopauHaTh SKciepuMeHTaTbHBIX Touek (ITRF2008)

Nwms [upota Jonrora O11. BBICOTA (M) Bb?gf)?elt;) mif;g (f/{)
1 66,98333587 65,53319082 250,470 0,017 0,009
2 66,98350863 65,53274868 248,237 0,017 0,009

B pesynbTaTe skcnieMmuu u3ydeHa BO3MOXHOCTh ycraHoBkH mmyHkTa 'HCC u BrIOpana
MJIOIAh JUIS JATbHEHIINX MCCIIEIOBAaHUM, a TAK)KE OMPEIEICHbl KOOPAMHATHI U 3aKPETUICHBI Ha

MCCTHOCTH SKCIICPUMCHTAJIbHBIC TOYKU IJI1 6yzlymero BO3BCACHUA ITIOCTAMCHTA I'HCC.

5.2 PazBuTHe poccHiicKUX reopu3nyeckux odcepBaToOpuii U BUAOB HAO/II0eHUIT Ha

HUX, BKJIIOYasi MNyHKTbI HA0JI10leHUi B APKTHYeCKOoi 30He PD

B 2021 romy OBIIO TPOJOIDKEHO pa3BUTHE MarHUTHOW oOcepBaTOpuM «MHUXHEBO»
(CrynuHckuil paitoH MOCKOBCKOM o0mactu), pa3BepThiBaeMoil ¢ mepsoro roga HMP nHa Gaze
reousmaeckoit oocepBatopuu «Muxueso» U/ PAH c anpens 2019 roga. HecmoTpst Ha TO, 4TO
BbIOpaHHAs Il CTPOMTENbCTBA MArHUTHOW 00CepBaTOpPUU JIOKALUS HMMEET MHUHHMAaJbHbIE
3HAUEHUS] BEPTUKAIBHOIO U TOPU30HTAIBHOTO I'PaAMEHTOB MAarHUTHOIO MOJIS 3€MIIM, B XOJAE
CTPOMTENHCTBA OHA MOXKET OBITh 3arps3HeHa. bojee Toro, caMu HeMarHUTHbIE U3MEPUTENIbHbIE
NaBUJIbOHBI TAK)KE€ MOTYT OBITh «3aCOPEHBD» MCTOUYHHMKAMH HCKYCCTBEHHBIX HoMex. [loaTomy
JMarHOCTUYECKasi Ch€MKa HMHTEPbhepOB 00CEPBATOPCKUX IMABHIILOHOB SIBISIETCSI HEOOXOAWMBIM
3TaioM B pPa3BEPTHIBAHUM MArHUTHOM 0OCEpBAaTOPHMM M TO3BOJSIET BBIIBUTH BHYTPHU
M3MEPUTENIbHBIX MMaBUJILOHOB Ha 3Talle UX CTPOUTENHCTBA JIMOO HEMOCPEICTBEHHO IOCIE HETO
BO3MOJKHBbIE HCTOYHHMKHM AaHOMAJIMH — (eppoOMarHUTHBIE 3JEMEHThl (OCTAaTKM KpPENeXKHbIX
COEMHEHMM, 3a0bIThIE MHCTPYMEHTBI, CTPOUTENbHBIH Mycop M T.A.). Ha gaHHBII MOMEHT B
NaBWJIbOHAX 3aJ0XKEHbl (YHAAMEHTHl MOCTAMEHTOB (4 B a0COJIIOTHOM MaBUJIbOHE U 2 — B

BapPIaIII/IOHHOM). B KaXI0M MMaBUJILOHEC CbCMKa BBIMOJIHATIACH HA TPEX YPOBHAX!

—  ypOBEHb 1O7a;
—  YpOBEHBb MPUMEPHOTO OYAYIIET0 PACIIOJIOKECHUS MPUOOPOB Ha MOCTaMEHTax (B JTAHHOM
ciydae BbiOpaHa BbicoTa 1,5 M OT mona);
—  ypOBEHb NOTOJIKA (WM YyTh HUXKE — B JAHHOM CJIy4dae Ha BBICOTE 2 M OT I10J1a).
{15t chbeMKHU UCTIO0JIB30BAIUCH MarHuToMeTpbl GSM-19, CHHXpOHU3UPOBAHHBIE BPYUHYIO.
Coemka BbinonHsIach 1o cetu 0,5*0,5 M, Takoil mar CbeMKH MO3BOJISIET JETAIM3UPOBATh J1aXe
MEJKHE MCTOYHHUKH BO3MYIIEHHUI, OCTaBIIMECS IOCIE CTPOUTEIHCTBA (KpPEMEKHbIE DJIEMEHTHI,

WHCTPYMEHTHI U T.1.). Pa3MeTka mpou3BoauiIach MEJIOM Ha MoJy. PeryampoBka BHICOTHI JaTUMKA
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MPOU3BOINIIACH TyTEM MPUKPYUHUBAHUS JOMOJHUTEIBHBIX IITAHT U3 KOMIUIEKTa MarHUTOMETPA.
ba3oBblit MarHuTOMETp ISl yUeTa COJIHEYHO-CYTOYHOM BapUallii MarHUTHOTO MOJIsl HAXOAWJICA
npuMepHO B 60 M OT MaBUIJILOHOB B JIECYy B T€UEHHE BCEX ATANoOB cheMok. [lepuos peructpanuu

JTAHHBIX HAa HEM ObLT BEIOpaH paBHBIM 3 C.

Ha puc. 5.4-5.5 npuBeneHp! KapThl aHOMATBHOW COCTABIISIONICH MTOTHOW HAMPSHYKEHHOCTH
MarHiTHOTO TOJISA JUIsi a0COMIOTHOTO M BapHUallMOHHOTO MaBUILOHA. Ha KapThl JOMOIHUTENHHO
HaJIO)KEHBI CXEMBI PACIIONIOKEHUS OKOH, JBepel M (yHAAMEHTOB MPUOOPHBIX MOCTAMEHTOB, a
TaK)KE OTMEUYEHBI TOYKM MAarHUTOMETPUU. B aOCOMIOTHOM MaBUIILOHE HA YPOBHE MOJIa XOPOIIO
BUJIHBI aHOMaJuu BenuunHOM 2—7 HTm Ha oOmeM ¢oHE, COOTBETCTBYIOUINE TOJOKCHHUSIM
¢bynnamenToB nmoctameHToB. Ha cpennem ypoBae (1,5 M OT mona) ux BIUSHHE B 1I€JIOM MEHEee
CYILLIECTBEHHO (OJHAKO BCE paBHO 3aMETHO MO (opMe U30JUHUI), a HA BEPXHEM YpPOBHE OHO
MPaKTUYECKH OTCYTCTBYeT. Takke Ha CpPelIHEM YPOBHE M Ha YPOBHE IOTOJKA MPOSBISAETCS
AQHOMAJIMSl TEXHOTCHHOTO IPOUCXOXKACHHS, B OOOMX Ciy4asX BBIpaKEHHAs KaK JHUIONb C
CYIIIECTBEHHBIMU MUHUMYMOM M MaKCUMyMOM (Haubosiee pa3InyuMbIMU Ha YPOBHE 2 M OT I0JIa,
rae MakcumyM gocturaer +10 HTin, a conpsbkeHHbIM MuHMMyM —26 HTn). AHomanus
COOTBETCTBYET MOJIOKEHUIO OKHA. B BaprannoHHOM naBuiIbOHE Hanboiee CUIIbHbIE BO3MYIIIEHUS
BBISIBIICHBI HA YPOBHE T0Ja. 3/71eCh, KaK U B a0COJIIOTHOM ITaBHIILOHE, MIPUCYTCTBYIOT 3P (PEKTHI,
CBsI3aHHbIE ¢ (PyHJAaMEHTAMHU MIOCTAMEHTOB, TAaK)KE MPUCYTCTBYET CHJIbHAS I'paJUEeHTHAas 30HA B
OJIHOM M3 YIJIOB (CJIeBa OT ABEPH), BIUSHUE KOTOPOI 3aMETHO M Ha JBYX CIIEAYIOIIUX YPOBHSX.
Jannas 30Ha siBnsieTcst 3pGeKToM OT KaTyIIKU KaOels MUTaHHUsI OCBETUTENILHOM JIaMITbl, KOTOpast
BIIOCJIEJICTBHH OYZET yCTpaHeHa U3 MaBWJIbOHA. B ocTambHOM Ha CpeHEM U BEpXHEM YPOBHSX

CHEMKHU HET CYIICCTBCHHBIX I'PAJIUCHTOB 34 UCKIIFOUYCHUEM YKaSaHHOﬁ 30HBI.

[lo pesynpTaTam BBIMOJHEHHBIX W3MEPEHUI HamOoyee SBHbIE HCTOYHHKH AHOMAIIUN
(boptouku ¢ heppOMarHUTHBIMU JETAISIMHU) OBUTH JIEMOHTHPOBAHBI M Cpa3y K€ YCTPAHEHBI U3
aOCOJIIOTHOTO MaBUJILOHA. BBUTO MPUHATO pelieHre O 3aMEHE 3TUX 3JEMEHTOB Ha MOJHOCTHIO
HeMarHuTHble. bosee moapoOHoe n3ydenue 3((HeKToB OT MmeTeslb OKOHHBIX PaM U CaMHUX paM B
MarHuTHOM MoJe (rocie ux qeMonTtaxa corpyanukamu ['@O « MuxHeBO) MOATBEPAMIIO HATHUKE
B HHUX (EppOMArHUTHBIX DJIEMEHTOB (MMH OKAa3aJIMCh CTEP)KHU JATYHHBIX TIeTelNh |
COCIMHUTENbHBIE SJIEMEHTHI BHYTPU OJTHOM M3 OKOHHBIX paMm). Takke myTeM JOMOTHUTEIbHBIX
3aMepOB MarHUTOMETPOM B PEKHME HENPEPHIBHOW PETUCTPAIIMH H3MEPEHUH ObLIa IMOITBEPKICHA
HEKOTOopasi peppOMarHUTHOCTh (PYHITAMEHTOB YETHIPEX MOCTAMEHTOB aOCONIOTHOTO MaBUJIbOHA.
Bo3MoykHO, paHee ncciieJoBaHHbIH Ha MATHUTHYIO BOCIIPHIMYUBOCTB 00pa3el] IIEeMEHTHOH CMeCH
(7,2-7,3x10°° en. CH), GbL1 U3 ApYroii MapTHH, HE 3aCOPEHHON (epPOMATHUTHBIMU IPUMECSIMH,

WM TIPEACTABIISLT CO00I Manblii 00beM, YTO HE /1aJI0 BO3MOXXHOCTH BBISIBUTH HATMYHE IPUMECEH.
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OpnHako 6osee BEpOSTHO, UTO UMEN MeCTO 3(PQPEKT ynopsI0UMBaHUS YaCTUI] LIEMEHTHOW cMecu
110 MAarHUTHOMY TI0JIIO, B PE3YJIbTaTe KOTOPOI'0 MarHUTHAas BOCIIPUMMYHBOCTh 3aCTHIBIIEH CMECH
OKazajiach OoJIbllle, 4eM y mopoika. JlJis ycTpaneHus HexenaTreabHoro 3¢ dexra ObUI0 MPUHSITO
pemeHue cpe3arb okoJio 0,5 M BepxHUX yacteil pyHIJaMeHTOB OyayIuX MPUOOPHBIX TOCTAMEHTOB
B 000MX MMAaBIJILOHAX W 3aIIOJIHUTH CPE3aHHBIN 00BbEM IO YPOBHS 01 CTCKJITHHBIMUA KHPITHYaMU.

YpoBeHb 2
(npepnonaraembilit ypoBeHb
pacnonoxeHusi MarHuToMeTpos, 1,5 M ot nona
—— v a—

YposeHb 1
(non)

YposeHb 3
(y notonka, 2 M ot nona)

) 1 2 3 4 5 6 7 8 9 10 15 05 0 1 2 3 35 4 45 5 6 7 8 -26-14-10-8 6 4 -2 0 1 2 3 4455556 7 8 9 10
[ Okna v peepu
OyHAaMeHTbI NOCTaMeHTOoB

X ToukM Cbemku

PucyHnok 5.4 — KapThl MAarHUTHBIX AaHOMAJINH B a0COJIIOTHOM NMABUJILOHE T€OMATHUTHOM
oocepBaTopun «MuxueBoy». lllar cbemku U paccrosiHue Mexay npoguiasivu pasibi 0,5 M

MarHuTHas cheMKa B IPEANOIaracMoi 30He CTPOUTENILCTBA 00CEPBATOPUN ITPOBOIUIIACH
11 okta6pst 2021 roma ¢ 9:17 mo 12:17 (UTC +5). M3mepenust mpou3BOIMWINCH MPU TOMOIIN
Marautomerpa GSM-19. Ompenenenne koopauHat ocymectBisuiock GPS-o6opynoBannem
Mapkieiiepckoii ciryx6n1 Sman-CIII'. ['eomaruuTHast o6cTaHOBKa Obljla CIIOKOMHOM HIJIM OYEHb
CJ1ab0 BO3MYIIEHHOM 110 MaHHBIM Kp-nHaekca. CheMka IpOBOAMIIACH ITO CXEME, TIPEICTABICHHON
Ha puc. 5.7, a, Ha KOTOPOI ObLIO MPeIBAPUTEIBHO OTMEUEHO MPENOIaraeMoe MECTO YCTaHOBKU
OCHOBHOT'O MOJIyJISi TEOMarHUTHOW 00cepBaToOpuu (OJJHOTO M3MEPHUTEIBHOTO MaBMWIbOHA). Beero
obuto caenano 328 3amepoB. Illar chemxu cocraBimsut 10x10 M. IlockonbKy A CheMKH
WCTIOJIB30BAJICSI TOJBKO OAWH MAarHUTOMETP M He OBbUIO BO3MOKHOCTH YCTAHOBKH OTIIEIIEHOTO
MarHuTOMeTpa JUIsl yyeTa CyTOYHOI'O X0/1a MarHUTHOTO IOJIs, JUIS yyeTa CyTOYHOIo Xoja Oblia
OpraHu30BaHa ONOpHAs TOYKa. VICTONIp30BaHME OMOPHBIX TOYEK SBISLIOCH PACIPOCTPaHECHHBIM
MOJIXO/I0M B TNPAKTHUKE MAarHUTOPA3BEIKH MpPHU OTCYTCTBUHU JONOJHUTEIHLHOIO MarHUTOMETpa
[Macnumopaseeoxa, 1990]. I3mepenusi Ha4aIuch ¢ OMOPHOM TOYKU (0003HAYEHHOMW Ha pHC. 5.7,
a kak «Ref.Point»), manee ObuiM mpoBeneHsl 3aMepbl B Toukax P1-P24. B omopHoii Touke

M3MEPEHUS MPOU3BOJAUIUCEH Yepe3 Kaxkple 24 Ttouku. Ha xaxaplii mpoxoa, cocrosmui u3 24
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3aMepoB, 3aTpayrBaAIOCh TpUMEpHO 15 MuH. {711 yueTa CyTOUHOrO X012 BO BpeMs CheMKHU ObLIO
BBINIOJTHEHO 16 U3MepeHuil B OMOPHOM TOUKE, KOTOPBIE JUIsl TOCTPOEHUSI KPUBOW CYyTOUHOT'O X0/1a
U JajbHEHIIero BBIYHMCICHUS aHOMAJbHOM COCTaBIIAIOIIEH MAarHUTHOrO MoJig 3emMiu Obuln

JTUHEHHO MHTEPIIONUPOBAHBI C maroM B 1 cekyHnay (puc. 5.7, 6).

YposeHe 2
YpogeHb 1 (npennonaraemblil ypoBeHs YposeHb 3
(non) pacnonokeHus MarkuTomeTpos, (¥ MOTONKA, 2 M oT nona)

1,5 m ot nona)

] Aseps

DYHAAMEHTBI NOCTAMEHTOB

}( Touku cemku

_|I|||||||1|I|I-

-50 -40 -30 -20 -10 4 -2 0 2 4 6 10 20

Pucynok 5.5 — KapTbl MarHuTHbIX aHOMAJIMI B BAPHAIIHOHHOM NMaBUJIbOHE FeOMATHUTHOMI
oocepBaTopun «Muxueoy». lllar cbemMku U paccrosinue Me:kay npoguiassMu paBubl 0,5 m

ITocie aTOro BepTUKaNbHBIN rpaaueHT d F10z (HTi/M) paccuuThIBaICS 110 GOPMYyIIE:
0F/0z = (F, — F,)/0,56, Q)

rac An - HN3MCPCHHBIC 3BHAYCHUS BEKTOPa MardHuTHOM WHAYKIWHW Ha HUYKHEM U BEPXHEM

YPOBHE, COOTBETCTBEHHO.

AnHanu3 KapT aHoMajabHO# cocraBisonieit AF (puc. 5.7, a) ¥ BepTUKaIBHOTO rpareHTa
0F/0z (puc. 5.7, 6) mo3BoNMI cAeIaTh BBIBOJA O MECTaxX YCTaHOBKU oOcepBaropuu. CorjiacHO
pexomenmanusam IAGA [Jankowski and Sucksdor ff, 1996], rpaaseHTsI 110J1s1 Ha MECTE YCTaHOBKH
MaBWJIbOHA HE JOJDKHBI TpeBbimath 2 HTI/M 1Mo aOCOMIOTHON BequYMHE (M 1O BO3MOXKHOCTH
TOJDKHBI OBITh MeHee 1 HTi/m). [loToMy M3Ha4aIbHOE MECTO B pailoHe TUKETOB 7—9 Ha Mpohuisax
6-7 HEe MOAXOAMT MO BEIUYMHAM BEPTHUKAIBHOTO TpaaueHTa. [IpeacraBUTeNssM KOMITAHUU
«IlImromOeprxe» OblIa aHAa PEKOMEHIANHS 10 PACTOIOKEHHIO OCHOBHOTO MOMYJISI MarHUTHOW

oOcepBaropuu B Mpeneinax y4yacTka ChbeMKU B 001acT MUKETOB 5—7 Ha npoduiiax 2—3 (roKHaAs
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YacTh y4acTKa), I/ie TOPU30HTaIbHAs H3MEeHYUBOCTh AF u Benmuunubl dF/0z manst (-0,3... +0,3

HTn/mM u —1 ...+1 #Ta/M, cooTBETCTBEHHO). Y4acTOKk 00Be/IeH Ha KapTax Ha pHC. 5.7 KpacHbBIM.

Ret.Point

\
Mecto ycranoakn ocozHoro uwoayns Ocepsatopun p1te ’

Pucynok 5.6 — Cxema ¢gakTuueckoro MmarepuaJa (a); u3MepeHHbIe 3HAYEeHHS CYTOYHOI0
X0/1a MAarHUTHOT'O N0JIsl BO BpeMsl CbeMKH U MHTePIOJIUPOBAHHBIN CYTOYHBINH X0 (0)

o

Pucynok 5.7 — a) Kapra anomajbHo# cocTaBisiomeii, 6) Kapra BeprukajbHOro
rpajueHTa MArHUTHOTO MOJis1 3eMJIM HAa y4acTKe

B pesynbrate corpyauuuecta 'Ll PAH nu UTTUIC HAH PA B pecnyOiuke ApMeHus Ha
OCHOBE KOMILJIEKCHOU reou3nyeckoil oocepBaTopru Obula co3/jJaHa U MHTEHCUBHO Pa3BUBAETCS
¢ 2019 rona marautHas obcepBaropus «[tomarapak» (IAGA-kox GLK). B 2021 roxy momyunna
CYILIECTBEHHOE pa3BUTHE HH(PpacTpykTypa obcepBaTopuH. bblna ycTaHOBIEHa TeXHHMUYECKas
cucreMa OxpaHbl o0OcepBaTopuu (BHACOHAOMIOJCHME, IOXKAapHas CHUTHATU3alUs U cHcTeMa
CIIeXKEHMS 3a JBWKeHueM). BupeoHaOmrofeHue BeAeTcs C MOMOILBIO 8 Kamep CIEXKEHUS C
¢yHKUIMEel HouHOTO BUAEHUS. Pacriono)xenue kamep 1Mo3BoJIseT Aep>kKaTh M0 KOHTPOJIEM BXOJI Ha

TEPPUTOPUIO 0OCEPBATOPUH, BXOTHBIE IBEPH MABUIHLOHOB, a TAK)KE HEKOTOPHIE KPUTHUYECKHE C
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TOUYKH 3peHUs1 0€301aCHOCTHU 30HBI BHYTPH TeppuTopuu. [loxkapHasi curHaiau3aus OpraHn30BaHa
C MOMOIIIbIO COBMEILIEHHBIX JATYUKOB JbIMa U TEMIIEPATYpPHI B MaBWIbOHAX. CUCTEMA CIEKEHUS
3a JIB)KEHHUEM OpPraHHU30BaHa IMOCPEJCTBOM JATUMKOB JIBJKEHUS KOHTPOJIHPYIOIIMX IBEPU U
OKHa MaBWIbOHOB. [lokapHasi CUTHaNIU3alMs U CUCTEMA CIICKCHHSI 3aBEJICHBI HA OOIIHMIA MyIbT

KOHTPOJI U yIIPaBJICHUS.

st oborpeBa NMaBUIILOHOB O0CEPBATOPUU B XOJOAHOE BpeMs roja ObLIM BBIOpaHBI
HEMarHUTHBIE YIJIEPOHBIE [IJICHOYHbIE HAarpeBaTeinu. Takxke ¢ TEppUTOpUN 00cepBaTOpUn ObLIO
yAaJI€HO 3HAYUTENIBHOE KOJMYECTBO METAJUIONOMA, YTO JIOJIKHO IMOJIOKUTEIBHO CKa3aTbCs Ha

KaueCTBC PCTUCTPUPYEMBIX TCOMArHUTHBIX JaHHBIX.

5.3 TeopeTuueckne 1 MPaKTHYeCKHe PaGOTHI 1O CO3TAHUIO U PACIIUPEHHUIO CETH

IMMYHKTOB B€KOBOI'O X0/1a MArHUTHOT O ITOJISA 3emuin

B xone Beimmonnenust HUP Ob11a copmynrpoBaHa U pa3BuTa METOIMKA HAOIIOACHUHN Ha
myHkrax BekoBoro xozna (IIBX). B 2021 roxy pabora mo ¢opMHpOBaHNIO METOIUKH U3MEPEHUMA
ObL1a MpoIoykeHa U yriyosnena. K BennunHam, TpaAUIIMOHHO MOTyYaeMbIM NPU U3MEPEHHIX Ha
[IBX, — TpeM HE3aBHCHUMBIM 3JIEMEHTaM 3E€MHOTO MarHeru3Ma (MarHUTHOMY CKJIOHeHuio D,
HaKJIOHEHHIO | ¥ Moysro 101t T) M 4eThIpeM KOMIIOHEHTaM BekTopa Moaysst moist — H, X, Y, Z)
OJIHO3HAYHO BBIYMCISAIOTCA MO 3TUM TpeM. llpeioxkeHa M ycnemHo BHEIPSETCS METOJIUKA, B
KOTOPOM PpETUCTPUPYIOTCS €IIE€ YEThIPE HE CTOJb PACHPOCTPAHEHHBIE XapaKTEPUCTHKU
MarHUTHOTO IOJIS: BEJTMYMHA JIOKAIbHOW MarHUTHOM OCTOSIHHON G, TeOMarHUTHBIE KOOPMHATHI
(ceBepHyr0 reoMarHuTHYIO mupoty O u gonroty A), a Takxke paccrossaue ot [1BX 1o monoxenus
pacueTHOro reomarHutTHoro mnomoca L. Iloka3aHo, 4TO MOJOXKEHHWE MAarHUTHBIX IOJKOCOB,
BBIYMCIICHHBIX 110 3HAYEHUSM CKIIOHEHHSI U HAKIIOHEH U1, U3MEPEHHBIM B Pa3HOE BPEMS U B Pa3HOM
MECTE, MOKa3blBa€T CTENEHb MPOCTPAHCTBEHHON M BPEMEHHON HEOAHOPOJHOCTHM MAarHUTHOI'O
0JIA B JAaHHOM pervoHe 0oJiee HarjasAHO, YEM CaMU CKJIOHEHUE M HAaKJIOHEHUE B OTAEIbHOCTH.
ITo pa3Opocy MONOKEHUH IMONI0ca, PAaCCYMTAHHBIX MO M3MepeHusM Ha Bcex [IBX peruona, a
TaKXKe 10 TPAEKTOPUSM UX TBUKEHHS 32 T€OMArHUTHYIO 310Xy MOKHO CYAMTH O JTUIOJBHOCTH
noinsi B pervoHe. JlokanbHas MarHuTHas TIIOCTOSIHHAs —SBJISIETCS. YHMCTO — «CHJIOBOM»
XapaKTepPUCTUKOW MAarHUTHOTO TOJIsI, MOCKOJIbKY €€ BEIMYMHA 3aBHCUT TOJIBKO OT BEJIMYUHBI
MarHUTHOI'O MOMEHTA SKBUBAJIEHTHOI'O JAUIOJISA U OT PACCTOSHUS JI0 HETO OT TOUKH HAOIIOACHNU,
HO HE 3aBUCUT OT U3MEHEHUSI OPUEHTAIIMH 3TOI'0 JUNOJIS (B OTIMYHE OT KaXKA0T0 U3 MATH CHIIOBBIX
anemMeHTOB 3eMHoro wmarHetusma H, X, Y, Z, T). [Ipumenenue DaHHOW METOIUKH IS
MOCJIEAYIOIUX ChEMOK IIYHKTOB BEKOBOI'O X0Jla JacT BO3MOXKHOCTH IOJyY€HUS HAAEKHBIX U

Ka4CCTBCHHBIX I/ISMCpeHI/Iﬁ JJIsA IIOIIOJIHCHHUA H OOHOBJIEHHS TJIOOAJBHBIX H PETUOHAJIBHBIX
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MojieJiel TJIaBHOT'O MarHUTHOTO ToJist 3emun. M3noxennas metoauka namepenuid Ha [IBX Obuia
oTpaboTaHa Ha pse U3MEPEHHH U OyJIeT NPUMEHSThCS B TIEPCIEKTUBE MPH TOJTHOM
obcnenoBannu poccuiickor cetu [IBX m opranuzaruu peryisipHoro ee ompoca. Takxke Oblia

pa3paboTaHa METOIMKA U3MEPEHUI Ha MyHKTaX BEKOBOT'O X0J1a Ha JBUKYILEMCS JIBAY.

CdopMynupoBaHbl NEPCIEKTUBBI Pa3BUTUS CETU IyYHKTOB BEKOBOro xoza. Cruemyer
OTMETUTH, YTO MOBTOPHBIC T€OMAarHUTHbBIE HAOIIOJCHUS JKEIaTeIIbHO MPOBOJAUTH HE TOJIBKO Ha
CeTH IYHKTOB BEKOBOTO XOJa, HO U B JPYI'MX IMYyHKTaX C W3BECTHBIMH TeorpaduiyecKuMHU
KOOpJMHATaMHU, II€ TaKue HaOM0JeHHUs ObUIH CAETaHbl XOTs Obl OJHAX bl B ITPEIBITYIIIHE TO/IbI.
[ToBTOpHBIE 3aMephl MO3BOJISAT MPOBECTH M3yUYEHUE BEKOBOI BapHallMl MarHUTHOTO MOJS U €€
aHOMaJIMii, a TAK)KE OLICHKY IIapaMeTPOB IBUKEHUS I10JIF0CA SKBUBAJIEHTHOIO MArHUTHOT'O JUIIOJISA
Y U3MEHEHHUS ero MarHUTHOro MoMeHTa. Llenecoobpa3HbIM peacTaBiIsieTcs MOBTOP U3MEPEHUH,
BBINOJIHEHHBIX 50 JIeT Ha3aJa Ha MyHKTaX, 3aJI0’)KEHHBIX MpUMepHO uepe3 60 KM 1o mpoduiio
«HoBocubupck — TamkeHT», CeKylleMy pa3iHuHble TEKTOHMYECKHE CTPYKTYypbl. B KkauecTBe
OJTHOM M3 3aJjay pa3BUTHs HAYYHBIX MCCIEJOBAaHUN MHTEPECHO ObLIO OBl CleXeHHue 3a aperdom
F0’KHOTO MarHUTHOT'O TIOJIFOCa U M3yY€HUE IMHAMUKY MAarHUTHBIX Bapualiil TEKTOHO(PU3UUECKOM
1 KOCMUYECKOM IpUPObl BO BPEMEHM U MTPOCTpaHCTBE B AHTapkTuae. B nmepcrnektuse 6b110 ObI
KeJaTeIbHO PACCMOTPETh BO3MOXHOCTh O0BETMHEHHS YCHIIUN B co31aHUK CyObl MCTHUHHBIX
MarHuTHBIX MOJI0COB. Bo3oOHOBNIEHHE perynspHbix u3MmepeHuilt Ha [IBX TpeOyer He TosbKO
MIOTIOJIHEHUSI U OOHOBIJICHUS anmapaTypHORl 0a3bl M PacCHpPOCTPAHEHUS HOBBIX METOAUYECKHX
peKOMeHIalui, HO U COTPYIHHYECTBA C MEXIyHAPOJIHBIM COOOIIECTBOM MarHUTOJOIOB — B

MEPBYIO 0Yepeib, C Ka3aXCKUMHU, KHPTU3CKUMH, Y30€KCKHMH U OSIIOPYCCKUMU KOJIJICTaMU .

5.4 Ananu3 u 06padoTKa reOMarHMTHBIX JIAHHBIX C IOMOIIBIO MeP AKTUBHOCTH HA

ocHose /IMA

B 2021 roxy Obutn pazpaboTaHbl B anpOOMPOBAHBI HOBBIC AITOPUTMBI MEP aKTUBHOCTH,
0azupyrolecs: Ha KOHIICTIINH JUCKPETHOTO MareMaTudeckoro aHanusa (IAMA), nns u3ydeHus
r€OMarHMTHOM aKTUBHOCTHU M aHAJIM3a SBOJIIOLIMU U MOP(OIOruM reOMarHuTHbIX Oyph. B nannom
clly4ae TOAXOJ K MepaMm aKTHBHOCTH pa3palaThiBalici B HOBOHM MoOcTaHOBKe. Panee
MPEIoNIaraioch, 4YTO JIOKAIFHOE CBOMCTBO & (PM3MUECKOr0 CHTHaJA f aHATU3UPOBAIOCH
JKCIIEPTOM, MOHUMAIOIIUM JIOKAIBHOCTh CBOMCTBA € BIIOJHE KOHKPETHO, a YUWUTHIBAIOIIEE 3TO
00CTOATENLCTBO MOJECTUPOBAHUE € HEOOXOAMMO HMMENI0 OrpaHWYeHHBIH Xapakrep. B xome
pa3pabOTKH HOBOI'O MOAXOJa 3TO OrpaHMYEHHE OBLIO CHATO, U TEIEpb 3aJaya CBOJIUTCS K

HU3YYCHUIO CBA3U MCXKIY € U f B Pa3HbIX MaciTadax. I/I,Z[eﬂ pa3HOMaCH_ITa6HOCTI/I, npumeaumas nu3
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BEUBJICTOB U (bpaKTaJ'IOB, JeiaacT CBOMCTBO &€, a HC OKCIIEPTA, I'"TaBHBIM B aHAaJIU3€ f OTO0 IO3BOJISIET

MOHATH CBA3b MCKAY HUMU 0oJiee MOJHO U OOBEKTUBHO.

CHayasna Mepbl aKkTUBHOCTH CTPOSTCS IJIs1, TAK Ha3bIBAEMbIX, 0A30BbIX CBOICTB: CBOWCTBO
& HazpIBaeTcsi 0a30BBIM, €CIIM OHO COYETaeT B ce0€ €CTECTBEHHOCTh (MPOCTOTY) U BAXKHOCTD
(mpakTHYeCKyI0 3HaYUMOCTh). OOBIYHO TO CBOWCTBA, 32 KOTOPBIMH CTOSAT (DyHIaMEHTAIbHBIC
MaTeMaTHYeCKue TMOHATUS: OdSHeprus FE  (aucmepcusi, HENpephIBHOCTH), pasdbpoc O
(bynnamentansHOCTh Komm), u3pesanHocTs L (4actoTa, uyinHa), pocT G (MOJIyJb IPOU3BOTHOM)
u T.1. B IMA cymecTByeT OTKpBITHIH K MOMOJHEHUIO uX Habop. [locTpoeHne Mep akTUBHOCTH
HAYaJI0Ch UMEHHO st 0a30BbIX CBOMCTB B paMKaXx JIOTUKH HHTEPIIPETATOpa — SKCIEPTa, UIYIIEro
Ha 3anucu aHoMmainuu. OCTaBiAs 3a JKCIEPTOM CBOOOJHBIC MOHMMAHHS BBIIPSMIICHUS Kak
KOJIMYECTBEHHOTO BBIPAKCHUSI MHTEPECYIOINIETo ero cBoicTBa &, JIMA B cBoeil dhopmanuzarun
JIOTUKH HKCIIEpPTa Cpa3y NPUHUMAET B KAUECTBE BBHINMPSMIICHUN YIIOMSHYTHIE BBIIIE KOHCTPYKIIUU
SHEPruu, U3PE3aHHOCTH, pa3dpoca, pocTa U HEKOTOPbIE APYTHUE, MPOBEPEHHbIE MPAaKTUKO. Mepa
aKTUBHOCTH TIOKa3bIBAaeT, B KaKOW CTENEHH IPOUCXOMAIIee B TOUKE pAga f HHTEPECHO
uccaenoBarento. Takum obOpazoM, ecinu B TpeapiAymux noaxonax B JIMA moxpenupoBaHue
JIOTHKH SKCIepTa MOJPa3yMeBajO0 KaK HMHTEPECYIOIee €ro CBOMCTBO &, Tak M MacmTald ero
paccMoTpeHusl Ha f, 4TO 0OeCHeunBajIo TOJIbKO JIHIIb «TOPHU30OHTAIBHBIN» XapakTep aHalu3a
BPEMEHHOTI'O Psi/ia, TO B HOBOM MOCTAaHOBKE (B KOTOPOM 3KCIEPT OTCYTCTBYET) Ha MEPBBIN IJIaH
BBIXOJIUT CBOMCTBO &, HO B pa3HbIX MacIITabax: Mepa akTUBHOCTH Uef = Uer(px) (p+ = macirad
JKCIepTa) 3aMEHSETCS] CEMEHCTBOM Mep UEf(P) C MPOU3BOIBHBIM MacIiTaboM p. AHAINA3 HOCUT
«BEPTUKATBHBIN» XapaKTep U OTBEYAECT Ha BOIMPOC O MOBEACHUH cemeiicTBa Mep uer(t, p) U ero

MIPOU3BOIHOM Uef (t, p) B PUKCHPOBAHHBI MOMEHT BPEMEHH ¢ 110 MAaCIITAOHOI BEpTHKAIH P.

Mepa axtuBHoctH uDf(t) auHamuueckoro mnokaszarenst Dr(t) sBisercs (yHKIMEH
MPUHAIISKHOCTH Ha T K HEYETKOMY IOHSITHIO «aKTHBHOCTh QYHKIHMHU f B y3Je t ¢ TIO3HUIIUH
nokazarenst D». Ona nonydaercs u3 nokaszarens Dr(t) ¢ TOMOIIBIO TOW UM MHOM KOHCTPYKIIUH
Mepbl MakcuMmalbHOocTH mes max. CoenuHss Mepy aHOMAJIbHOCTH C HapaMeTpUYECKUM
CEeMEHCTBOM Pa3HOMACHITA0HBIX JIOKanu3auui 6¢(7, p), moilyyaeM Mepy akTUBHOCTH Uer = Uer(t,
p) B uHTEepBasie MacmTaboB P 3 p. OyHKIMS UEr OnpeiesicHa Ha PsiIMOM Tipou3BeaeHun T X P,
MpUHKAMAET 3Ha4YeHus B orpeske [—1,1], mpencrapnsiomme coboi B Kaxaoi Touke (p, t) mepy
BBINOJIHEHUS CBOMCTBA € AJ psAda f B Touke t mpu MmacmTalbe ero paccMoTpeHus p. B pabore
IPEJUIaracTcsl caMblii MPOCTOM M E€CTECTBEHHBIN aHaIM3 UEf, HEOOXOAMMBIN Uil MOHWMaHUs

JWHaMHNKHU f HaT u ee CpaBHCHH C JMHAMUKAMU JPYTIUX PSA0B.
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[Mpumep paccMOTpeHHs TUHAMHUKH CHHTETHYCCKUX JaHHBIX MPHUBEICH Ha puc. 5.8 mis
nuHaMudeckux mokasareneit «lynmuay (L) u «Dueprus» (E). ITokazaHbl 3aBUCHMOCTH HX OT

napamerpa p.

] i

24

-3 1

=10

£

Pucynok 5.8 — CuHTeTnuyeckuii npuMep padoThl MeToAAa: HCXOAHbIE JaHHbIE (CBEpPXY)
U 32aBHCHMMOCTH NoOKa3aTeJieil «KJHeprus» (B ueHTpe) n «/lumna» (cHu3y) oTr napamerpa p

Bo3MokHOCTH MeTo/a MpPOAEMOHCTPUPOBAHBI Ha MPHMEpE aHAJIM3a MAarHUTHBIX Oypb,
MPOU3OMIEANINX B 3AKIIOYUTEIbHBIE MEepHOAbl 23-T0O M 24-TO COJIHEYHBIX MHKIOB. YTOOBI
HamOosee SBHBIM 00pa3oM OTOOpPa3WTh AWHAMHUKY OYpH C HCIIOJIB30BAaHMEM IIOKa3aTenei
AKTHBHOCTH, MBI BEIOpaJTi ceBEepHYIO (X) KOMIIOHEHTY, T.K. 3aIUCH TOPU30HTAIBHBIX KOMITOHEHT
MarHuTHOTO MoJIs 3eMiid HanboJiee YeTKO 0TOOpakaroT 3BooIuI0 Oypu u ee (pasbl. Ha puc. 5.9
MIPUBEJICH TIPUMEP MCCIICIOBAHUS TAHHBIX T€OMAarHUTHOW KOMIIOHEHTHI X B MEPHO/ MarHUTHOM

Ooypu 15-19 mas 2005 roxa.

nT HON, X (14-05-2005 - 19-05-2005)

26800 1 W

95



OTuer o gesrenbHOCTU ['eodumsnyeckoro meaTpa PAH 3a 2021 rog...

Pucynok 5.9 — AHaj 13 MarHuTHOM OypH Mo 00cepBATOPCKUM r€OMArHUTHBIM JIAHHBIM €
MOMOIIbI0 MePbl AKTUBHOCTH: HCXO/HbIE JaHHBIE (CBEPXY, KOMNOHeHTa X) U rpadux
Mepbl AKTHUBHOCTH (CHU3Y)

HccnenoBanne mokaszaio, YTO METOJIbI, TOKA3bIBasi XapaKTEepHbIE OOImue 4epTsl Oypw,
Takye, KaKk Hayajo U MEepUOJl OCHOBHOW (a3bl, BBIABISIOT U HE3HAUUTENbHbIC TOHIKEHUS U
MOBBIIICHUSI Pa3HON MPOJODKUTEIILHOCTH U MHTEHCUBHOCTH BO BpeMsi MarHUTHOH Oypu. Ilpu
3TOM aJITOPUTM, OCHOBAaHHBIN Ha BBIIPSMIIEHUU «DHEPIHs», YETKO OOHApyKUBAeT BO3MYILIEHUS
naxke ¢ HeOONBIION aMIUIMTYIOW (HampuMmep, BHE3alHbIe Hadala MarHUTHBIX Oypb, €CIIU UX
aMIUINTYy/1a OKa3allaCh CPaBHUTEIHHO HEOOJNBIION), B TO BpeMs Kak BbIIpsMieHHE «J{muHay
s dexTuBHEE TPU OOHAPYKEHUU MTOCITIEAOBATEIHHOCTEN BO3MYIIIEHHBIX (hparMEHTOB BPEMEHHOTO
psanga. C yBenudyeHHeM paauyca o030pa Jydlle BUAHBI Oojiee UIMHHOIEPUOJHBIE (parMeHTbI
cUrHasia (Harmpumep, TPEHIbl, COOTBETCTBYIOIIME (a3aM IeOMarHUTHOW OypH), a MPU MabIX
paaunycax 0030pa Jydile UASHTUPUIUPYIOTCS KOPOTKHE cropaanyeckue Bo3myleHus. Bo Bcex
CllyyasiX CHTHAJIbl BHE3AIHBIX HadyaJl MarHUTHOM OypH Ha MarHUTOrpaMMax COOTBETCTBYIOT
BEPTUKAIBHO OpPUEHTHPOBAHHBIM KpPAacHBIM 30HaM Ha rpaduke Mepbl aKTHBHOCTH,
COOTBETCTBYIOIIUM BCEH 00acTh P, M YKa3bIBAIOIIMM Ha Pe3KOe YBEIMUEHHE HAINPSKEHHOCTH
reoMarHuTHOro noJjsi. Hayano ocHoBHOM (a3pl OypH 10 JaHHBIM TOPU30HTAIIBHON T€0MarHuTHOM
KOMITIOHEHThl BCErJa IPEACTaBICHO BEPTHKAIBHBIMU 30HAMH OTPULIATENBHBIX 3HAYEHUH,

COOTBCTCTBYIOIINX COCTOAHHUIO MMOHMKCHHA T'OPHU30HTAIIBHBIX COCTABJIAIONIMX MArHUTHOI'O ITOJIA.

Eme oaHOlf  0COOEHHOCTBIO  METOJla  SIBJISETCS  BO3MOXKHOCTb  BBINOJIHEHUS
KOMOWHUPOBAHHOTO aHAIM3a MarHUTHOM OypH MO KOMIUIEKCY JAaHHBIX KOCMHUYECKOHW ITOTOJBI.
[Ipumep npuBeneH Ha puc. 5.10 11 AaHHBIX IUIOTHOCTH MOTOKA IPOTOHOB COJTHEYHOTI'O BETpa B
nepuoJi MarauTHoOU Oypu 22-29 uronst 2015 roga. To 1aeT BO3SMOKHOCTD YCIICIIHO PEaT30BaTh
3Ty TpyMNIy METOJOB B MCCIEIOBAHUAX MOpP(OJIOrHMH reoMarHuTHeIX Oypb. Pa3paboTraHHble
METOJIMKH TaKXKe MOYKHO HCIIOJIb30BaTh B PACIIO3HABAHUH CIIA0BIX CUTHAJIOB BHE3AITHBIX HAvyall C
UCIIOJIb30BaHUEM KOMOMHAIIMM BPEMEHHBIX PAJOB JAHHBIX O KOCMHYECKOH IOroje M JaHHBIX
Ha3eMHBIX MAarHUTHBIX oOcepBaTOpuii. VIcmonb30BaHHE pPA3TUYHBIX B3aUMOIOMOIHSIOUINX
JAHHBIX KOCMUYECKOH MOrofibl 00ecreunBaeT BCECTOPOHHEE N3yUEHHE SKCTPEMANIBHBIX SIBICHUIN
B OKOJIO3EMHOM IIpOCTpaHCTBe. MeToa Takke IaeT BO3MOXKHOCTb aHAJIM3HPOBATh JIHOObIE

(bu3mveckre JaHHBIC U3 Pa3HBIX UCTOYHUKOB €IMHOOOPA3HO B €IMHON IIKAJIE.
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IMF, PD (22-06-2015 - 29-06-2015)

Energy A=100, g=1.000

Length A=100, g=1.000
‘ .

PucyHnok 5.10 — AHA/IU3 IUIOTHOCTH MOTOKA MPOTOHOB B MEPHO] MATHUTHOM Oypu 22—
29.06.2015 ¢ moMoO1IbI0 MepPbl AKTHBHOCTH: HCXOJHbIE JaHHbIE (CBEPXY), IPa(PUK Mepbl
AKTHUBHOCTH /IJIsl BLINPSIMJIeHUS «DHepPrus» (B EHTPe) U 1Js BhINPsIMiIeHUus «Jl1unHa»

(cHU3Yy)

CHnHCOK MCNO0Jb30BAHHBIX HCTOYHHKOB

Maruutopasseaka: CnpaBounuk reodusuka / moa pea. B. E. Hukurckoro, 0. C. ['neboBckoro. —
M.: Henpa, 1990. — 470 c.

Jankowski J., Sucksdorff C. Guide for magnetic measurements and observatory practice. —
Warsaw: IAGA, 1996. — 235 p.
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6 Co31anue MeToJa paHHell NUATHOCTUKH TFeOMATHUTHBIX Oyph HA OCHOBE
uudpoBoii 00padOTKM BPEeMEHHLIX PSJI0OB MATPHUIl HAOJIOJEHUHA MIOOHHOTIO
roJ0cKomna

Homep Tembl B ICI3: 17-17-01215I1

Homep: AAAA-A18-118021990128-8

Pykosogutens: gupektop, yn.-kopp. PAH A. A. ConosbeB
OTBETCTBEHHbIN UCNONMHUTENL: I.H.C., A.T.H. B. [. l[eTmaHoB

Pa3zpaGoranHas Ha NMpenpIIyIINX dTanax MOAEIb T'€HEepaluy U Pa3BUTUS KOPOHAIBHOTO
BeIOpoca Maccel (KBM) B renmocdepe ¢ ydeToM 0COOECHHOCTEH pa3iuYHBIX (a3 COITHEYHOI'O
[UKJIA ¥ TOJISIPHOCTH MEXKIUIAaHETHOTO MarHUTHOTO moiisi (MMII) Obuta mpuMeHeHa K eproaam
MuHEMyMa 24-ro comHeyHoro 1ukia (CL[) u B mepuoabl pa3sHO# MmossspHOCTH. Mojenb Obuia
HACTPOEHA MO JaHHBIM cIyTHHKOBBIX mpubopoB SOHO (LASCO), GOES, comocraBnena c
mozessamu passutust KBM. beimu emonenupoansl KBM niepuons! pasnoit nossipaocty MMII
IPOaHAIU3UPOBAHO MOBEJIEHHE MPOTOHOB, MPHUILIEAMINX ¢ epudepun conHedHol cuctemsl (3 u
10 a.e.) (puc. 6.1). C momoIpio 0000IIEHHONH METOIMKH pacdera oOpaTHbIX TpaekTopuii (back-
tracking) ObLTH MPOCIIEKEHBI TPOTOHBI CO CPEIHEH M MEIMAHHON SHEPTUeH, MPOIICANINX Yepe3
BO3MYUIEHHYTO renuochepy Bo Bpems pazButusi KBM n naBmmx nmotok mooHoB B GSE-cucreme.
[TomydenHnble pacnpeseneHus ObUTH COMOCTaBIEHBI C KOHYCaMU aCUMITOTUYECKUX HaIpaBJICHUN
MIOOHOB B MIOOHHOM Tojockone (MI) YPAT'AH. D10 nano BO3MOXKHOCTh W3YyYUTh JAMHAMHKY
BO3HHUKHOBEHHUSI M Pa3BUTHS OOJIACTEH JOKaJIbHON aHM30Tpomuu Kocmuueckux jydeir (KJI) B
YIJOBOM paclpeieieHud MoToka MiooHoB 1o aaHHbiM MIT YPAI'AH. Pacnpenenenue
HalnpaBJICHUW MPOTOHOB, MomaBmux B aneptypy YPAI'AH, B mepuonabl pa3HON MHOJISIPHOCTH
KapAUHAaIbHO pa3nuyaroTcs. [IpoToHBI CO cpeHel U MEINaHHON DHEPrUuei, MIOOHBI OT KOTOPBIX
nonanu B aneptypy MI' YPAI'AH, B nepuoas! pasnoit nonsippoctu MII ConHua npuxonsrt u3

pa3HBIX BHEHIHUX 00J1aCTel COIHEYHOMN CUCTEMBI.
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F00T Jul 15 0T 28 Y 007 Jud 4T P00 Y
A7 plane X2 plane

-1 a3 L 3 i I3 s -1 i o [y i 5
Eulh=62.1 GeV, Rau=1, Dale=15-07-2047 12:00 ERI=HLS Lk, Hawi=14, D=1 17201 1 175
dlmin = 12005 i =-1.7741 %
Unau=1.3772 4 f——
Bl - Birmn=11. 4157 % Himan - dlnn =25121 %
B B = 02040 %

FALT 3wl 19 UTBOUT 6)
- ¥-Z plane

Pucynok 6.1 — Mogeas KBM 14.07.2017 u o6paTHbIe TPAeKTOPUHM A5 IPOTOHOB C
Heprueii 62.9 I'’)B u3 Touku pacnosnoxenns 3emin B rejimocgepe 10 paccrosnus 10 a.e.
ot CouHua: a) — 3a 26 yacos 10 npuxoaa KBM k 3emJie, 6) — Bo Bpems pacnoJioxkeHus
3emuu B 001actu KBM, B) — [locae Bbixoaa 3emun u3 odsactu KBM. Ceepxy —
uzoopaxenue KBM B Tpéx npoexkumsx; canzy — GSE-oro0paskeHue pasHHIbI H3MeHeHMit
MHTEHCHMBHOCTEH MOTOKA NPOTOHOB B fA4elikax pa3ouenus ¢ yuérom KBM u 6e3 ero yuéra
AJIs1 IPOTOHOB ¢ Epearth = 62.9 I'3B; B cepeanne U BHU3Y YEPHBIMU JMHUSIMHU 0003HAYEHbI
KOHTYPBI aCHMIITOTHYECKHUX HANPaBJIeHU NIPOTOHOB ¢ 3HeprusiMu 62.9 1B s
MOJIOKUTENbHBIX MIOOHOB, puxoAsamux B MI' YPAI'AH c 3neprueii 3 I'3B noj 3eHUTHBIM
yrJiom 17°

boun mpoBenieH KOPPENSIIMOHHBIN aHaIN3 PAIOB BBIIEICHHBIX KapT «00pa3oBy (ISITEH)
AHM30TPOIHNH, BOSHUKIINX BO BpeMs reHepaluu u pa3BuTus reodgdexruBHbix KBM ¢ nenbio
W3Y4YEHUs WX JUHAMHMKU. BBUIM MOJy4YeHBl OLEHKU pPaCHpeleseHHs] BPEMEHHBIX MPOMEXYTKOB
MEXIY BpPEMEHEM BO3HHUKHOBEHHS MArHUTHBIX Oypb W TOSBIECHHEM 0O0JacTeil JOKaJbHOU

AQHU30TPOINHH I COOBITHI Bo3myieHuss MMII, BeisiBneHHBIX B iepuoapl Muaumyma CILI (2009

—2010 1 2018-2019 roupi).
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beima momydena oreHka 3(QGEKTHBHOCTH METOJa 3a0IaroBpEMEHHOTO BBISBICHHS
reod(PEeKTUBHBIX COOBITHI Ha OCHOBE pa3paboTaHHON MO/EIH. By mosyyeHs! pactpeaeneHus
BPEMEH MEXy HayajJoM IOSBJICHUS aHH30TPOIUU U BPEMEHEM BO3HMKHOBEHHUS BO3MYIICHHS
reomarHuTHOrO nons (Kp>4) ans Bcex mpoaHaqu3upoOBaHHBIX COObITHIA. [IpuMeneHue naHHOTO
moJIXo/1a K aHanmu3y reod3(peKTUBHBIX COOBITHIA B MIEPHOABI MUHUMYMa COJTHEUHOW aKTHBHOCTH
JIaJI0 BO3MOKHOCTD TOJTYYHUTh CPEIHIOIO0 OLEHKY Pa3HUIIbl BpEMEH MEXAy MOSIBICHUEM IepBOro

«ISATHA» 1 MOMEHTOM BO3HHMKHOBEHHSI MArHUTHO# Oypu okoJio 18 yacos (puc. 6.2).
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Pucynok 6.2 — a) — O6;1acTH HU3KOMH M BHICOKOWH MHTEHCMBHOCTH HA MIOOHOTPaMMax B
cucreme GSE Ha Havano anpeasi 2019 roaa, 0) — Pacnipegesienne At — BpeMeHHOT 0
HHTEpPBaJIa MexK1y NepBbIM «IISITHOM» U HAYAaJI0M MATHUTHOM OypH VI BCex
NMPOAHAJIU3UPOBAHHBIX COOBITHI

bruta gomomnena 6asa ganuplix no «Kocmmueckor moroze» 3a 2021 rox. beum
MOJITOTOBJICHBI €KEMECSIYHbIE CIIPaBKU 110 KOCMMYECKOW IOroje 3a MEpHOJ SHBApb-OKTIOPH
2021 roma c HUCHOJB30BAaHHMEM JaHHBIX, JOCTYMHBIX M3 BCceMHUpPHBIX 0a3 naHHbIX: GOES
(MOHUTOPHUHT BCHBIIIEYHON aKTUBHOCTH), AaHHBIX cmyTHUKOB CACTus (koponorpad LASCO)
(oT60op KOpOHaIBHBIX BBIOpOCOB Macc), o cnyTHUKY ACE (coctosinue OnkHel rearochepsl),
6a3p1 manHbIX OMNI (uH(poOpManus o reomarHuTHON obcraHoBke), ¢ caita UIIDT (MucTUTyTa
npukiaagHo reopusuku uM. akaaemuka E. K. dexopoBa) (cBojgKka O COCTOSIHUM COJHEYHOM
aKTUBHOCTH), ¢ caiita U3SMHWPAH (unbopmarus 0 MarHUTHBIX OypsX U JaHHBIX MOCKOBCKOTO

HEUTPOHHOTO MOHUTOPA).

boun chopmupoBansl MeToasl 00padoTku gaHHbIx MIT YPAT'AH ans peuenus 3amad
paHHero pacro3HaBaHus reodpdexTuBHbIX KBM M Mporaoza reoMarHUTHBIX Oypb ¢ y4€TOM

TEXHOJIOTHI anpo6au1/n/1 " ONITUMHU3AIUHN U ITOJTYUYCHBI OICHKH UX 3(1)(1)CKTI/IBHOCTI/I.

Merton mnocnenoBarenbHOl W mapauienbHo KUX-gunbTpanuy BpEeMEHHBIX pSAIOB
MaTpuuHblx MI'-HabmoneHuit OonpmMX OOBEMOB MO3BOJMI YCTAaHOBUTH, YTO MapajliesibHas

¢unbrpauns MI-Habmronenuit siBisercss Oonee s>¢dexruBHoit st KUX-punbtpoB wmamoi
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pa3sMepHOCTH, a TmocieaoBarenbHas QuibTpanus Oonee >ddexruBHa muss KUX-dunstpor

00JIbIION pa3MEPHOCTH.

Mertoa OAHOMEpPHON W JBYMEPHOH (UIBTpAIMM BPEMEHHBIX PSAIOB MaTpPUYHBIX MI -
HaOMIOJICHUIT HAa OCHOBE CKOJIB3SIIUX alMPOKCUMAIIMOHHBIX JIOKATBHBIX OJHOMEPHBIX U
JIBYMEPHBIX MOJEJIell CO B3BELIEHHBIM YCpeIHEHHEM 00ecreynsl HauMEHbIHE MOrPEeuIHOCTH
GuIbTpaMU MO CPaBHEHHUIO C TPAAUIMOHHBIMU (PUIBTpAMH U Mayble aMIUITUTYIHO-(a30BbIe
nckaxxkenusi. OH MO3BOJIMII OIEHUTh Majble TI0 JUIUTEIBHOCTH U aMIuiuTyae (paykryanuu B MI'-

HaOroneHusx (puc. 6.3).

0.6 -
0.6 -

Y(ij)

100

50 50

3eHunT. MHAOEKC | A3UMYT. MHOEKC | SEHWT. MHAEKC ]

(a) ®)

Pucynok 6.3 — 3D-u3o0paxkenue a) — Ucxognoii maTpuubl MI'-Ha0a01eHni
u 0) — Pe3yabTaToB AByMepHO# GpuiIbTpanun

AanmyT. MHAEKC i

Merton KBa3UrayccoBCcKoO# (hpMIbTpallii BPEMEHHBIX PsiI0B MaTpuuHbix MI -Habmoaenuii
obOecrieunBaeT ydeT ITyaCCOHOBCKOW mpupoabl MI-HabmoneHuid, KOTOpYI HEO0OXOAMMO
IIpUHUMaTh BO BHUMaHME B 3aJadyax YCTPAHEHHUsI BbICOKOYACTOTHBIX IIYMOB Majoi
WHTEHCUBHOCTH U BO3MOXHOCTH peanu3auuun KWUX-(uiabTpoB ¢ CYyIIECTBEHHO MabIMU
Pa3MEpHOCTSIMH U AMILJIUTYTHO-4YaCTOTHBIMU XapaKTEPUCTUKAMHU C MAJIBIMHM 4YaCTOTaMHM Cpe3a AJis

MI -ga0roneHuii.

Metoa HOPMHUPOBAHHBIX Bapuanuii QyHKIMHA pacnpeneneHus WHTEHCUBHOCTEH MOTOKa
MIOOHOB pacHo3HaBaHUs JIOKaIbHOW aHu3zoTponuu (JIA) mo3Bonus cBecTH MNpoOIeMHOE
Bbruuciienue JIA nist GyHKIMHA pacnpeeneHnss MHTEHCUBHOCTEN MOTOKA MIOOHOB K BBIYHCIICHUIO
JIA nns dyHKUMHA HOpMHpOBaHHBIX Bapuaiuii. HopmupoBaHHble Bapualuu B 3HAUYUTEIbHON
CTENIEHH CHSUIM HEOOXOJUMOCTb TOYHOTO OLEHUBaHMs anmapaTHod ¢QyHkouu (AD).
BoruncneHHbie JByMepHblE HOPMUPOBAaHHbIE BapHUalliy 00€CIIEYHIIN BHICOKYIO UyBCTBUTEIBHOCTh
K MaJblM BeIMYMHAM HCXOAHBIX THpocTpaHCcTBeHHBIX JIA. DOddexktuBHOCTE MeTOAa

HOPMHUPOBAHHBIX  BapHwaluii  Obula  TOATBEpPXKJIEHA  pacuéTaMd U CTaTUCTHYECKUM
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MOJICTUPOBAHUEM, a HMMEHHO BO3MOXKHOCTBIO pacno3HaBaHuii JIA C OTHOCHTENbHBIMHU

noamwxerusmu 0,02-0,03.

Meroa nnaukatopasix Matpull (M) Bo BpeMeHHBIX psaiax MaTpudHbIx M1 -HaOmroqeHnii
o0ecrieyns1 BO3MOKHOCTD peaji3aliy pelieHns 3aauu pacno3naBanus JIA 6e3 Heo6xoaumMocTi
oneHuBanus A® mist MI'. Beraucnsiembie UM oka3anuch 4yBCTBUTEIBHBIME K MAJIBIM BEIMUNHAM
HCXOJHBIX MpocTpaHCTBEeHHBIX JIA. DddexTuBHoCTh MeTOna UM moaTBepkaanach pacuéTaMu u
CTaTUCTUYECKUM MOJCIMPOBAHWEM, a HMMEHHO BO3MOXHOCTBIO pacmo3HaBanuii JIA ¢
otHocutenbHbiMu moHmkeHusMu 0,03-0,04. Tem cambIiM, Bo3MOkHOCTH MeToga MM 1o

CpaBHCHHIO C METOJAOM HOPMHUPOBAHHBIX Bapnaunﬁ HECKOJIbKO MCHBIIC.

Mertoa Kknactepusaluy Mo3BoJIMI MpoBecTy pacrnozHaBanue JIA B UM. D¢ddexkTuBHOCTH
IIPEUIOKEHHOIO0  METOAAa  KJIAcTepu3allMM, II0 OSKCIEPTHbIM  OLIEHKaM, OIpeJesniach

BO3MOXKHOCTBIO pacro3HaBanus JIA ¢ monmwxkenusimu 0,015-0,02.

[TomyueHns! pe3yabTaThl IPUMEHEHUSI METOJIOB PAHHETO PACIO3HABaHUSI MAarHUTHBIX Oypb
Ha OCHOBE aHaJM3a BPEMEHHBIX PSAJOB JaHHBIX MIOOHHOTO rojockona YPAI'AH 3a 24-i

COJTHEYHBIHN IOHUKJI U BBIYUCICHBI OLICHKH UX Bq)(i)eKTI/IBHOCTI/I.

MeronoM (QyHKIMHA MHTETrpaNbHBIX WHTEeHcHBHOcTeH (DUUN) Obumm  oOpaboTaHbl
BpEMEHHBIE Psibl MAaTpUIHBIX MI-HaOmroaeHnii 3a 2008-2019 roabl. ¢ 1eNbI0 TPOrHO3UPOBAHUS
MB. Ha KOHTpOJIbHBIX BpEMEHHBIX ydacTKax ObuH BeraucieHsl OUN ¢ @opOyi-nmoHmKeHUIMH
pPa3IMYHON BEIWYMHBI M COOTBETCTBYIONIAS YCpeIHEHHAS MOJENbHAS (PYHKIHS TTOHMIKCHHS.
DddexkruBHOCTH MeToa DV onpenernsiack BEPOATHOCTHIO MPABUIIBHOTO paciio3HaBaHus Mb,

KOTOpasi COCTaBUJIA, 110 3KCIIEPTHBIM OLIEHKaM, BeInuuny 6osee 50%.

[Ipu mpuMeHeHHN HEHPOCETEeBOro MeToAa A pacrmo3HaBanus Mb Ha stame oOydeHwust
(2008-2017 roap1) MPOU3BOAMIOCH TIOCTPOCHUE HEMPOCETEBOM MOIeTH Dst-MHICKCOB Ha OCHOBE
npeoOpa3oBaHHBIX BPEMEHHBIX PsioB Dst-uHaekcoB, HaOmoaeHuid MI™ 1 cucTeMbl HEHTPOHHBIX
MOHHUTOPOB. Ha srtame TectupoBanus (c 2018 roma mo HacTosiiee BpeMs) MPOW3BOAUIOCH
BBIYUCIICHUE MOJICTBHBIX OLIEHOK Dst-mHAEKCOB Ha ocHOBe HabmomeHuii MIT 1 HEHTPOHHBIX
MOHUTOPOB. [IpemnokeHo NpaBWIIO NPUHATHA PELIEHUN 10 pacro3HaBaHuio Mb Ha ocHOBe
CpPaBHEHHUsI MOJENbHBIX OIIEHOK Dst-WHIEKCOB C 3aJaBaeMbIM MOPOroM, Ha OCHOBE KOTOPOTO
ucnojib3oBanue HabmoaeHnit MIT 1 cucTeMbl HEHTPOHHBIX MOHUTOPOB MO3BOJMIIO HMOBBICUTH
BEPOATHOCTH MPABWIbHBIX pacro3HaBaHUU. D(P(HEKTUBHOCTH MPEATIOKEHHOTO HEHPOCETEBOrO
MeroAa pacno3HaBaHuss MDbB ompezaensnack BBIYMCICHHBIMA — OLEHKAMHM  BEPOSTHOCTEH
npaswibHoro (bettad) u noxuoro pacnosnaBanus (alpha); tak, mis apha<0.05, umeno mecrto

npenenbHoe 3HaueHue betta<=0,717, nna apha<0.1 — umeno mecro betta<=0,823. [MonyueHHbIe
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BCPOATHOCTHBLIC XAPAKTCPUCTHUKHN HNPUHUMAIIM BIIOJIHC IPUCMIICMBIC 3HAYCHUS IJIs1 IMPAKTHKH

pacno3HaBanuii Mb.

IIpy npuMeHeHHH HEWpOCeTeBOro MeToja ISl MPOrHO3MPOBAHUS MAarHUTHBIX Oyph Ha
stane oOy4yenus (2008-2017 roxasl) MpOU3BOIMINCH TOCTPOCHHUSI HelpoceTeBoi Mozenu Dst-
MHJEKCOB Ha OCHOBE NPeoOpa3OBaHHBIX MCXOJHBIX BPEMEHHBIX PsJI0B Dst-MHIEKCOB,
HaOmonennit MIT m cucTeMbl HEWTpPOHHBIX MOHHTOpPOB (puc. 6.4). Ilpu BbIYKCICHHM
AKCTPANOIMPOBAHHBIX HaOM0AeHH MI™ 1 HEHTPOHHBIX MOHUTOPOB MPEIOKEHBI COOTHOLLIEHUS
JUI DKCTPANOJSIIMM ¢ IPUMEHEHUEM CKOJB3SIIUX MOJMHOMUAIBHBIX AaNNPOKCUMALIMOHHBIX
MoJieliel ¢ peryjaupyeMbIMH KOJIMYECTBAMHU HHJEKCOB AKCTPAIONSIMM W anmnpokcumaruu. Ha
srane TectupoBanus (¢ 2018 rogma mo HacTosimiee BpeMs) NPOM3BOJIMWINCH BBIYMCICHUSA
SKCTPANOJIMPOBAHHBIX MOJECNIBHBIX OIIEHOK Dst-MHAEKCOB Ha OCHOBE 3KCTParOIMpPOBAaHHBIX
HabmoneHuit MI' 1 HeHTpOHHBIX MOHHUTOPOB. [IpennokeHo MpaBWIIO MPHUHATHUSA PELICHUN IO
MIPOTHO3MPOBaHNI0 Mb Ha OCHOBE CpaBHEHMS SKCTPAIIOJIMPOBAHHBIX MOJEIBHBIX OLEHOK Dst-
MH/IEKCOB C 3aJlaBacéMbIM IMOPOTOM, Ha OCHOBE KOTOPOTO MCIOJIb30BaHHe Habmoaenuit MI' u
CUCTEMbl HEHTPOHHBIX MOHHUTOPOB IO3BOJIUJIO TOBBICUTH BEPOATHOCTH MPAaBUIIBHBIX
MPOrHO3UPOBaHUN. DPPEKTUBHOCTD MPEATOKEHHOTO HEUPOCETEBOI0 METOJa IPOTHO3UPOBAHUS
Mb  onpepensnach  BBIYUCICHHBIMH — KOO(QQHUIMEHTAMH  TMPABWIBHOTO ¥ JIOXKHOTO
IIPOrHO3UPOBaHUN. Bbruncnenue yka3zaHHbBIX KO3((UIMEHTOB MO3BOJIMIO YCTaHOBUTh UX
yCpeOHEHHBIE 3HAYEHUs, KOTOpble oOkaszamuch paBHbiIMH ~70% u ~20%, COOTBETCTBEHHO,

M KOTOPBIC MOXXHO IIPUHATH B KAYCCTBE BIIOJIHC IIPUCMIICMBbIX.
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Pucynok 6.4 — I'pagpuxu Dst-ungexcon YD (k) 1 MOIEJBLHBIX OLleHOK DSt-uHaexcoB

Yon (K) » You (K) mast maTepBama 01.02.2011-31.05.2011. IIpaBuiibHOE pacio3HaBaHHe

MATHUTHOI OypH 0TMe4eHO 3HAKOM «KPeCT B KPYKOUKe», JIOJKHOE PACIIO3HABAHHE
0TMEUYEHO 3HAKOM «MHHYC B KPY’KOUYKe»
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7 UccaenoBanue yCTOMYMBOCTH MOPOJAHBIX MACCHBOB HA OCHOBE CHCTEMHOIO
aHAJIN3a Te0[IMHAMUYECKMX MPOLECCOB /Jisi Te0dKOJIOTHYecKH 0e30MmacHoi
MOJA3eMHOM M30JIALNH PAINOAKTUBHBIX 0TX0/I0B

MpanT PH®: 18-17-00241T01

Homep rocpeructpaunn: AAAA-A18-118091090066-5

Pykosoautens: akag. A. [l. BuwIMaHn

OTBeTCcTBEHHbIE UcnonHuTenu: A.cd.-m.H. b. A. [1aeboes, A.7.H. B. V. KadTaH,
A.T.H. B. H. TatapuHoB

HccnenoBanust ObLTH COCPEOTOYEHBI HAa 3-X OCHOBHBIX 3a/auax:

1) OnTtumuzanys CTPYKTyphl CETH T'€OJHHAMHYECKOTO IOJUIOHA B COOTBETCTBUH
C BBIBOJIAMH M PEKOMEHIANUsAMH 10 pe3ynbratam npoekra PHO 2018-2020 ronos, pazpaborka
crioco60B noBeImeHust TouHocTH ' HCC-mMoHuTOpHHTa,;

2) [Tosry4eHre HOBBIX SKCTIEPUMEHTATLHBIX IAHHBIX O COBPEMEHHOM T'e0IMHAMUKE palioHa
Ha ocHoBe [ HCC-Habumo1eHu# 1 YMCIEHHOTO MOJICIIMPOBAHUS HAIIPSKEHHO-1e(hOpMUPOBAHHOTO
coctosinus nopoa HikHeKaHCKOro MacCHBa;

3) Pa3BuTHe METOAMKHM CHCTEMHOIO aHaiu3a Ha ocHOBe /IMA B NMPHIIOKEHHH K 3a7a4am
OIICHKH T'€OJMHAMHYECKON yCTOHYMBOCTH CTPYKTYpPHOTO OJIOKa, BMEMIAIONIETO IyHKT
rnyounHoro 3axopoHeHus PAOQO, ycoBepuieHCTBOBaHHME M pa3pabOTKa HOBBIX aJITOPUTMOB
aHaJIM3a reoJoro-reoPU3nIecKuX JAHHBIX U POrPAMMHBIX MOJTYJIEH UX pealli3allHH.

Jlns pemieHuss TepBOM 3aladd  ObBUTM  BBITIOJHEHBI KOMIUICKCHBIC HCCIIEOBAHUA,
BKJIIOYAIOIIIHE:

a) M3y4YeHHE W aHajau3 omnbiTa ycTaHOBKH cKaidbHbIX ['HCC-11eHTpOB B 3apyOeKHBIX
MO/I3EMHBIX HCCIeoBaTeNbCKux Jtabopatopusix ([TNJI);

0) pa3pabOTKy KOHCTPYKIIMH, W3TOTOBJIEHHWE W JIADOpAaTOPHBIE WCIBITAaHUS Ha
ycroiunBocTh 1eHTpa ckanpHoro I'HCC-myHkTa, mpurogHoro st (pU3MKO-TeorpaduyecKkux
ycioBuii paiiona (puc. 7.1);

B) MpOBEJIEHUE PEKOTHOCHHUPOBOYHBIX pPabOT s moucka mect ycraHoBku ['HCC-
MyHKTOB;

r) ycranoBKy 1IeHTpoB ' HCC-nyHKTOB B BBIXOZaX KOPEHHBIX CKaIbHBIX MOPOJ.

B pesynbrate moneBbpix paboT ObUTO ycTaHOBIEHO mecTh cKanbHbIX ['HCC-meHTpoB.
B aBrycre 2021 roaa coctosuiach 3kcneauius B pailon HuxHekaHckoro maccusa Juis:

a) nmposeneHus ouepennoii soxu ['HCC-nadmonenuit 3a C/3K;

0) DKCIIEpUMEHTAJIBLHONH TIPOBEPKH TIOJIEBOM METOMUKH oleHku TouHoctn [HCC-
U3MEPCHHH B PA3TUYHBIX (PU3UKO-TeOrpapUuecKuX YCIOBHSIX.

Hab6monenus na 33 THCC-nynkrax npoBoauiauck B Teuenue 10 qaeit — ¢ 3 mo 14 aBrycra

2021 roga. beuto uzmepeno 108 6a30BbIX uHMIA IeHTpoB. Ha prc. 7.2 moka3aHo pacroioKeHHe
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ITyHKTOB.

BawWmTHbIA Konnak

CTpouTenbHbIi aHkep
C raiikon

GK2105!

[ rpanuust cTponnowaaky MM u yu. Exncerickmin £ [encTayiouue nyHkTol FTHCC-nsmepeHmit
— Paanomsl A MospexneHHble NyHKTL THCC-M3MepeHuil

A Hosble ckanbHbie UEHTPbI

Pucynok 7.2 — Cxema 'HCC-u3mepenuii, BbInoTHeHHbIX B 2021 roay

Hnst coBepmieHcTBoBaHus MeTouku mosieBoro koutpossi [[HCC anmapatyper B 2021 roxy
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ObUTM TIPOAOJKEHBI MCCIEAOBAaHUSA €€ BO3MOXKHOCTEH B Pa3MYHBIX (HU3UKO-TeorpapuuecKux
ycloBusix. beiia BeiOpana 0a3zoBasi JUHUS, PACMOJIOKEHHAs B OTHOCHTEIHHO OJarompUsTHBIX
YCIIOBHSIX MPUEMa CITyTHUKOBBIX CHUTHAJIOB Ha JieBOM Oepery p. Enuceit. Jlnuna muaum 1,3 kM.
PesynbraThl KoHTpOMs amnaparypsl Topcon SR Hiper, Javad Maxor, PrinCe 150, Javad Delta 3N
MpeACTaBIeHBI B Ta0m. 7.1.

Tabnuna 7.1 — Pesynprarsl kouTposss 'HCC-annapaTtypsl

Kommnonenrta dE (Mm) | KommonenTa dN (M) | Kommounenra dU (mm)
BepositHelmue
3HAYCHUS oE MyE oN Msy oU msu
1 2 3 4 5 6 7
X1 -1,1 15 -0,1 1,3 1,7 18
X2 0,6 14 -05 1,2 -11 18
X3 3,0 16 -15 14 -2,1 2,1
X4 -0,2 14 12 1,1 2,2 1,7
X5 -04 1,7 0,3 1,4 04 2,1
X6 -1,9 1,7 0,7 1,4 -1,1 19

To4HOCTH KOHTpPOJIS XapaKTEpPUCTHK B TUIaHE HaXOJAWTCsA Ha ypoBHe oT 1 go 1,5 mm, mo
BblcoTe — 2 MM. [lo mpenBapuTeNbHBIM OIIEHKaM JOJDKHA OBbITh JIOCTUTHYTa TOYHOCTh
nedopmanuonnoro anamusa ¢ CKO ue 6onee 1077,

B pamxax BTopoii 3a1aun ObUIM BBIIOJHEHBI MHOI'OBapUAHTHbIE pacuyeThl HaNpsKEHHO-
ne(opMUPOBAHHOT'O COCTOSTHHSI TOPOJHOTO MAaCCHBA C PA3IMYHBIMUA TPAHUYHBIMH YCIOBUAMHU U
pacroyio’keHNUEeM T'€0AMHAMHUYECKMX 30H (aKTHBHBIX Pa3jOMOB) B pailoHe HMyHKTa MITyOMHHOTO
3aXOpoHeHUs paauoakTUBHBIX 0TXx0/10B (III'3PO). i BeiuncaeHuit ObLT NPUMEHEH aBTOPCKHIA
METOJ MOJEIUPOBaHMs OJIOYHOI'O IeTEPOreHHOI0 YIPyro-u30TPONHOI0 MacCHBa, HAPYLIEHHOTO
CHCTEMON TEKTOHUYECKUX Pa3IoMOB. 13 omyueHHBIX pe3yIbTaToOB CIEYET, UTO ONPEACIIAIOIINM
B (opmMupoBaHWM TOJICW HANpsDKEHWH Ha ydacTke «EHUcelckuil» sBISIETCS CTPYKTYPHBIN
¢axTop. 3a cuer ero GhopMuUpyeTcs MOIHAS 30Ha KOHLIEHTPAIIMHN HANPSDKEHUH Ha JIeBoM Oepery
p. Enuceii B mpenenax 3anagHo-Cubupckoii miutsl. [Ipu aTom Ha camoMm yuyacTtke « EHuceickuii
BEJIMYMHA UHTCHCUBHOCTH HAIPSDKEHUIH OTHOCUTEIIBHO HU3KAS.

B pamkax pemieHusi TpeTbeil 3amaun OBUIM BBITOJIHEHBI UCCIENOBAHHS MO pa3padoTKe
HOBBIX JMHAMHUYECKMX MeEp M IOKa3aTeleil MX aKTUBHOCTH M pacyeT HMHTErpajbHOW Mepbl
TeoIMHAMHYECKON 0€301acHOCTH, T€0IMHAMHUYECKOE PaifOHUPOBAaHHE TEPPUTOPUHA Ha OCHOBE
¢dbyHkiuonanesHoro anroputma FDPS,) a Takke mpomosmkeHbl paboThl MO pa3pabOTKe HOBBIX
JTMHAMUYECKUX MEp U MOKa3aTesiell akTHBHOCTH T'€0JIOTHYECKOM cpenbl Ha ocHOoBe MeTona JIMA.
B pacuere mHTErpaqbHONH Mepbl I€OJMHAMUYECKOH Oe30macHOCTH Sp(W) ObUIM HMCHOIb30BaHbI

Mepbl aKTUBHOCTH T10 CJICIYIOIUM CIIOsM: 1, 2 — H3pe3aHHOCTh M M3MEHYHBOCTh peibeda, 3 —
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rpaaueHT BeicoT o [IMP; 4 — kparuaiitiiee pacCTossHHE 10 pa3joMOB; 5 — INIOTHOCTH Pa3jiOMOB,
6 — HaTPsOKEHUS Oxx; [ — HANIPSDKEHUS Oyy; 8 — MHTEHCUBHOCTH HaNpsDKeHu o, 9 — nedopmanuu
Exx; 10 — nepopmartuu Eyy; 11 —qunatauust Ed; 12, 13 — u3pe3aHHOCTh U Tpalu€HT U3MEHEHUS
AQHOMaJIMH MarHUTHOTO 1oJist Em, V,, (w).

Bbul BBITIOJHEH aHAIN3 KOPPENSIUOHHON MATPUIBI MEp aKTHBHOCTH JIUHAMHUYECKHX
nokasareneid uDy (puc. 7.3). YCcTaHOBJIEHO, 4TO 65 13 78 3HaYeHHH KOPPENALNH MEP aKTHBHOCTH
JIMHAMHYECKUX TOKa3arene (D uMeroT cnabylo KOPPENALMOHHYIO CBA3b. OTO SBISETCS
XOPOIIKUM PEe3yJIbTAaTOM C TOYKH 3PCHUS aHAIM3a JaHHBIX, TaK KaK MPU3HAKU JTOJDKHBI OBITH HE
KOJUTMHEAPHBIMH, WHA4Ye W3-32 BBICOKOH JUCIEPCHM JaHHBIX CHIDKAeTCs 0000Imaromas

CIIOCOOHOCTh UHTETPaIbHON Mephl T€0IMHAMHUYECKOM 0e30MacHOCTH Sg(W).

Correlation

B

0.84

0.67

0.51

0.34

0.17

-0.17

-0.34

-0.51

-0.67

Pucynok 7.3 — MaTpuua Koppesiiuii Mepbl aKTHBHOCTH JHHAMHYECKHX II0Ka3aTe/ el
pDy: 1-13 mepr: peabeda, pLi,(W); puLy,(W); rpanuenta peabeda, uVg, (W);
KpaTyailero paccTosinust 10 pasioma, ip(w, P); JI0THOCTH pa3iomMoB, ip(w);
HaNPSIKEHHsl, U0y (W); UO (W), HHTEHCHBHOCTH HaNpsikeHuid, (Lo;(W); Mepa
nedopmanuu, pe,, (w); pe,,(w); nunaraunu, LEp(w); aHoMaJibHOro MATHHTHOTO TOJIsA,

BLE (W); pVy (W).

B urore, BIYHCICHUE HHTETPATBHON MEpBI Si (W) MTPOU3BOINIOCH HA OCHOBE COCTMHECHUS
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4-x wMep: ocobOeHHOCTEeH penbeda, OMM30CTH H  IUIOTHOCTH PA3jiOMOB, HAIpPsHKEHO-
ne(OPMUPOBAHHOTO COCTOSIHHSI U OCOOCHHOCTEH aHOMAIBHOT'O MATHUTHOTO TIOJIS:

SreW) + S,(W) + Ss(W) + Sy (w)
4

[IpocTpancTBeHHOE ~ paclpeleNieHHue  MHTETPaIbHOW  MEPhl  T'€OJIMHAMUYECKOU

Sp(w) =

6e3onacHoctd Sp(w) mpuBeneHo Ha puc. /7.4. 3eleHblil OTTEHOK COOTBETCTBYET Haubosee
F

YCTOMYHMBOMY COCTOSIHHIO, KPACHBI — HAMMEHEE YCTOMYHMBOMY, >KEITBIM — IPOMEKYTOUHBIE
3oubl. [llkana kapTel pa3jeneHa Ha 3 yacTd: ycioBHO OezomacHbie (SF > 0,65), HeHTpalbHBIC

(0,45<S-< 0,65), omacubie (S < 0,45).

93.4 93.6 93.8
Sr(w)

1

56.4

f 4
.

56.3 T
0

56.2

0 3 6 9 km

Pucynok 7.4 — Kapta 0000111eHHOIi HHTErpaJbHOI Mepbl reoIMHAMUYECKOH 0€30MaCHOCTH
Sr(w). llkana: 6e3onacubie (Sr 2> 0,65), nepexoannie (0,45<Sk < 0,65), onacubie (Sr < 0,45)

Kapra 0000meHHON  WHTErpalibHOM  Mephl  I€OJUHAMHYECKOH  0e30MacHOCTH,
MpeAcTaBIeHHAs Ha puc. 7.3, 3aTeM Obl1a 00padoTaHa ¢ momortsio anroputma FDPS, Ha pucynke

7.5 moka3zaHsbl pe3yibTaThl UcHoNb30BaHus anroputMa FDPS ¢ mokazareneM ypoBHS MIOTHOCTH
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0=0,30... a=0,45 nns unTerpanbHoit Meprl 6e3omacHoctd u 1=0,00437. BunHo, 4To Ha 3amane
wiomaaka [II'3PO rpannyut ¢ MOIHOM HEyCTONYMBOW 30HOM (CHHUM 1[BET), CBSI3aHHOW € 30HOM

KOoHTakTa 3anaaHo-Culupckoil miautsl 1 CuOMPCKO MIaT(HOpPMBI.
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Pucynok 7.5~ Pe3yabTaTsl Kiaactepusanus aiaropurmom FDPS 06061menHoii
HHTErPaIbHOIl Mephl reoIMHAMUYECKOil fe30macHocTH Sp(W) a — HCXOHbIE TaHHbIE,
¢ rpanunamu o =0,30; 6 — o =0,35; B — . =0,375; r— a0 =0,4

AKTyanbHOH 3ajjauyedl NpU IPOTHO3E€ COXPAHHOCTH H3OJSLMOHHBIX CBOMCTB IOPOA
SIBIISICTCS BBIJIETICHNE B MHOTOMEPHOM MAacCHBE T€ONPOCTPAHCTBEHHBIX JaHHBIX (Teo(pU3nIecKre
MOJIS,, TEOXUMHsI, KOCMHUYECKHE CHMMKH, penbed, KapThl COBPEMEHHBIX JBUKECHUH, JaHHBIE
CEMCMOIOrMYEeCKOI0 MOHUTOPUHIA M JAp.) JIMHEWHO BBITSIHYTHIX aHoMmanui. Wpaeonorus

CHUCTEMHOI0 MoAXoja, 3ajokeHHas B anroputMe FCAZ, co3gaHHOM paHee A aHau3a
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pacrpesiefieHdss TOYEYHBIX OOBEKTOB, MOJy4YWIa JajbHeHIIee pasButve. JIIs TOWCKa W
BBIJICJICHUSI CTYIIICHHUH B BUIC JIMHEWHBIX 30H B 00JIAKEe TOUCUHBIX T'€OMPOCTPAHCTBEHHBIX JAHHBIX
ObUT CO3/aH MPHUHIMITHAILHO HOBBIM aJrOpUTM CHCTEMHOro aHanmu3a ganHbix LDPS (Linear
Discrete Perfect Sets), nponomkaroumit DPS-cepun anropurmos JIMA-kinacteproro ananusa. Ha
puc. 7.6 mokazaHbl pabOTHl Ha BHIOPAaHHOM MaccuBe () BCEX YIOMSHYTBIX BBIIIC aJlfOPUTMOB.

Bepxuee npasoe cryumenue anroput™ LDPS nuHeiHbIM HE CUUTAET, B TO BPEMs KaK OHO BOLLIO

B pe3ynbraT pabotel DBSCAN u OPTICS.
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Pucynok 7.6 — CpaBHenue padotsl (a) Ha maccuBe Q, (b) anropurma LDPS, (C) ¢
aaroputmom DBSCSAN, u (d) OPTICS

B 2021 romy ObumM coOpaHbl KaTajoru CEHCMUYECKHX SBJICHHUI, KOTOpble ObUIN
CHCTEMaTHU3UPOBAHbI IO TpeM MaciuTabHbIM YpoBHAM 300 kM, 30 kM, 5 KM, peKOMEHI0BaHHBIM
MAT ATO, u BBenensl B [MIC. B kadectBe miumoctpanuu Ha puc. 7.7 otobpaxkens B [ UC-
NaHHbIE, cOOpaHHbIEe U3 (eepaTbHOr0 U PErHOHAIBHOIO KAaTaJIOTOB CEMCMUYECKUX COOBITUH 3a
nepuoa 1960-2018 ronos, a Taxxe, nonyuenusie CCM «HO PAO» 3a nepuog ¢ 15 Hos10ps 2018
ronaa o 31 nexabps 2020 rona.

CucteMHBId TOAXOA B OpraHU3allMd W TPOBEACHWU TIOJNEBBHIX  HaONIONEHUH,
mozaenupoBannu HJIC w mocnemyroommii aHamu3 W HHTEPIPETANUs T€OJOTO-TeOhU3UISCKUX
JAHHBIX C MCIIOJIB30BAaHUEM aJITOPUTMOB CHCTEMHOIO aHaiM3a, pa3padOTaHHBIX ILIKOJIOW
akagemuka A. JI. ['BuIIManu, Mo3BOJIMIN B UTOTE MOITYYUTh HOBbIE yHIaMEHTalIbHbIE 3HAHUS 00

YCTOﬁqHBOCTH reOJIOTMYECKOM CpCAabl, HCO6XOI[I/IMBIG I TIPOTHO3UPOBAHUA HU30JISIHUOHHBIX
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CBOICTB MMOopoOAHBIX MACCHUBOB H o0ecIieueHns1 Te0dK0J0THYeCKoll 0e30IacHOCTH HO,I[36MHOI‘/'I

m3ossinuu PAO nHa yuyacTtke «Enuceiickuit» HukHekaHCKOTo MaccuBa.
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Pucynok 7.7 — Ceiicmuueckue co0bITHs U3 (heepajibHOrO H PErHOHAIIBHOI0 KATAJIOI0OB 32
nepuoa 1960-2018 roaoB. u 1aHHBIE CHCTEMBI ceiicMOI0rnyeckoro monuropunra HO
«PAO» 3a nepuona ¢ 15 nosiopst 2018 roga mo 31 nexadps 2020. boboH KPYr — paioH
ucciaenosannsa R=300 kM, masieHbKkHil — MyHKT R=25 km

B 2021 rony ony6aukoBaHO 4 cTaTbM B JKypHanax, uHaekcupyemsix B Web of Science u
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Scopus, U3 HUX — 0JIHA B KypHaJe ¢ kBapTuiem Q1.

A.D. Guishiani, V. N. Tatarinov, A.l. Manevich, V. |.Kaftan. Geodynamic interprenation of
modern geodynamic movements in the Sourhern part of the Yenisei ridge (in application to
the problem of underground isolation of radioactive waste) // Eurasian Mining. 2021. Ne2.
P.7-11. DOI: 10.17580/em.2021.02.02. Scopus: SIR(2020) — 1,07, Q1.

Agayan S., Bogoutdinov S., Kamaev D., Kaftan V., Osipov M., Tatarinov V. Theoretical
framework for determination of linear structuresin multidimensional geodynamic dataarrays
/I Applied Sciences. 2021. Vol. 11. Iss. 24:11606. DOI: 10.3390/app112411606. Scopus. SIR
(2020) - 0,44, Q2.

I'Bummann  A. Jl., Arasu C.M., Jloces W.B., TarapunoB B.H. Meroauka oueHku
ICOIMHAMHYCCKON OITACHOCTH CTPYKTYPHOI'O OJIOKA, BMEINAIOIIET0 OOBEKT IOA3EMHOM
m3ossinuu PAO // T'opHbiil nHGpOpMannoHHo-aHaTUTHYeCKui OrosutereHb. 2021. Ne 12, C. 5-
18. DOI: 10.25018/0236_1493 2021 12 0 5. Scopus. SJR (2020) — 0,33, Q2.

Kolesnikov 1.Yu., Tatarinov V. N., Tatarinova T. A. Deformation transverse shear bending state
of athin plate layer of an anisotropic geological medium from the action of concentrated
energy impulses // Environment. Technology. Resources. Rezekne, L atvia Proceedings of the
13th International Scientific and Practical Conference. 2021. Vol. 1. p. 117-121. DOI:
10.17770/etr2021vol 1.6510. Scopus.
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8 CucreMHBIii aHAIN3 BJINSHHSA aCTpOHOMI/I‘IECKOﬁ HIUKINYHOCTH HAa
NMpoecChbl 0OCAAKOHAKOIICHUA HapaTeTnca

paHT PH®: 19-77-10075
Homep: AAAA-A19-119082190032-6
PykoBoautens: 3aB. naob., k.r.-m.H. A. V. PbibkuHa

8.1 IlpoBeieHne aHATUTHYECKUX MCCJIEOBAHUI U Pe3y/IbTaThl MOJIEBbIX

HCCJIeA0BaAHUM

KoHKkpeTHBIM Hay4HBIM HampaBieHueM Hacrosuiero npoekra PH® spnsercs pazpaboTka
METOJIOJIOTUN MPOBEJIEHUS IIUKIOCTPATUTPAPUUECKUX HCCIEI0BaHUN. YUacTHUKaMU IPOEKTa B
NepBbIil roj ObUIM MpOBENEHBI MOJEBbIE Treojoruueckue padboTsl Ha paspeze Kom-Taxbui,
AQHAJIMTUYECKHE HCCIIEIOBAaHUS 110 OLEHKE BIMSIHUS AaCTPOHOMHYECKOM NMKIMYHOCTH Ha
MarHuTHBIE CBOWCTBA OPOJI, MPOBEAEHBI HEOOXOAUMBIE TAOOPAaTOPHBIE UCCIIEAOBAHMS, a TAKKE
CO3/1aH MaTeMaTH4YeCKUil (QyHIaMeHT s oOpabOTKM JaHHBIX U M[popaboTaHbl MMyTH
BU3yasnnzauuu coBpeMeHHbIMH Merojgamu ['MC. Iluknoctparturpaguss u MaTeMaruyeckas
TeoJIOTHS MMEIOT OYeHb TECHYI0 W (yHIAMEHTANbHYIO CBs3b. OIHA W3 OCHOBHBIX LiEJleH
MaTeMaTHYeCKOW T€O0JIOTUH COCTOUT B TOM, YTOOBI IMPEJOCTaBUTh TEOPHIO TE€OJOTHYECKUX
IIPOLIECCOB U BBISABUTH CYIIECTBYIOIINE 3aKOHOMEPHOCTH B €€ Pa3BUTHH, a TAK)KE IIOBTOPSIEMOCTh
LUKJIOB. BusiHME acTpOHOMUYECKUX LIMKIIOB Ha CTPAaTUrpa(UUECKyIO 3al1Ch BO MHOTOM CBSI3aHO
C KJIMMAaToOM, KOTOPBIM Ha IpUMEPE AAHHOTO UCCIEAOBAHUS IIPOSIBISETCS B JIMTOJIOIMYECKOU U

MajJeoOMarHMTHOH M3MEHYHNBOCTH OTJIOKEHHMIM.

B mepBbiii ron ObUTM TPOBEACHBI KOMIUIEKCHBIC JETANLHBIC ITOJCBBIC HCCIICIOBAHUS
TapXaHCKUX OTJIOXKEHHH cpeaHero MmuorieHa Bocrounoro [laparerrca, BCKpBITHIX B pazpese Kom-
Takplm  pacmoloKEHHOM Ha YEepHOMOpPCKOM Tobepexbe KepueHCKOro MoIyocTpoBa,
SIBJISTIOIIETOCS  CTPATOTHUIIMYECKUM paiioHOM. B xoge moneBbIx paboT OBLIO COCTaBICHO
MOCJIOHOE OIHMCaHME pa3pe3a ¢ OTOOPOM pemlepHBIX MPOoO, MPOBEAEHBI 3aMepbl MAarHUTHOU
BOCIIPUUMYHUBOCTH TOpoJ (852 ompeneneHuii) W B3sThl ¢ WHTEpBajIoM MTy(dsl (44 1mT.) mms
METPOMArHUTHOTO U TTAJIEOMArHUTHOTO U3YYEHUS OTIOXKEeHHH. JlaHHBIE ONpeIeIeHni MarHUTHOM
BOCIIPUUMYHUBOCTH OBLIM 00pa0OTaHBI C HMCIOJIB30BAHMEM MaTEMaTHYECKHX METOJOB Ha 0ase
JMCKPETHOTO MaTeMaTHUYECKOTO aHallM3a U MPeIoKeHa MPUHIIUIHAIEHO HOBas METOJUKA IS
MTOVICKa BO3MOXHBIX IEPHOJOB MCXOMHOW (YHKIUHU. BbUIM BBIABICHBI HamOoJiee CHIIBHBIC U
yCTOHYMBBIC TEPUOJBI B JaHHBIX HW3MEPEHUI MarHUTHON BOCHPUUMYHMBOCTH OTJIOKCHHUU
BEpXHEro capmara MU HHU30B M30THca paBHBI 3, 13,6 u 16,6. beumn mpoBeneHbl HEOOXOAUMBIS
nabopaTopHble HCCIeOBaHUSA: ObUTM KM3MEpPEHbl M WCCIEAOBAaHBl CTaHIAPTHHIE MAarHUTHBIC

mapaMeTpbl: €CTCCTBCHHAA OCTAaTOYHASA HAMAarHM4YCHHOCTDb NRM, MarauTHass BOCIIPUUMYUBOCTDb
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&, KOOpLHUTHUBHAA Bc u ocrarounas KOSpUMTHBHAasA CHJIa Ber. Bruio BeITONHEHO TpU BHJA
TCPMOMArHuTHOIO aHajin3a: Imo TGMHepaTypHOﬁ 3aBUCUMOCTHU MAarHuTHOroO MOMCHTA HACBIIICHU A

Ms(T), marautHo# Boctipunmunboctu &(T), ocrarounoro maruutaoro momenta Mr(T).

OCHOBHBIMU HOCHUTEISIMM HAMarHW4eHHOCTH SBJIAIOTCS MOHOKJIMHHBIA IUPPOTUH
Y MarHeTUT B HU3KOW KOHIEHTpauuu. OOmas MOIIHOCTh M3YYEHHBIX OTJIOXKEHHUH COCTaBIIsET
~53-56 M. MarHuTHY10 aHM30TPOIHIO U3YyYaIH A 00OCHOBAHMS JOCTOBEPHOCTH MOTYYEHHBIX
pe3ynbpTaToB. llasleomMarHuTHBIE HMCCIENOBaHUS ITOKA3aJId, YTO PAcCMaTPUBAEMBbIM HHTEpPBAJI
KYBUHCKHX IUIACTOB TapXaHa B HWXKHUX 4YacTdX COCTOMUT W3 OTIOXKECHUM IpsAMOH
HaMarHMYeHHOCTH, a TOpOJbl B €ro BepXHed dacTu oOpaTHOW HaMarHudeHHOCTU. [lopombl
TEPCKOTO M apryHCKOro IUIACTOB TAK)KE XApaKTEPU3YIOTCd HAMATHUYEHHOCTBIO HOPMaJIbHOU
MOJISIPHOCTU. J[7s1 MpaBWIIBHOM WHTEpPIpPETAlud TOJOXKEHHsST pernospyca Tapxana B oOriei
cTpaTurpaduyeckoil 1mkasse TpeOyrTCs TOMOIHUTENIbHBIE MEXIUCIUIIMHAPHBIE UCCIIeI0BAHN,
B TOM 4YHCII€ U3yYEHHE 3TUX OTIOKEHHM METoJaMu IUKJIOCTpaturpaguu s onpeneacHus

CKOPOCTH CCAUMCHTAIINN U BO3MOKHOM IPOAOJIKUTCIIbHOCTH HAKOIIJICHU A OTJIOKECHHIA.

Taxke Oblma paspaboraHa CTpyKTypa ©0a3el JaHHBIX HM3MEPEHHMA MAarHUTHON
BOCIPUUMYHMBOCTH OTJIOkKeHUH [lapaTeTrica OCHOBaHHOW Ha JaHHBIX, MOJYYEHHBIX aBTOPAMU
IPOEKTa, KOTopas OyJeT HCIOJIb30BaHA B JAJbHEUIIEM TNpPHU TOJyYEHHUH HOBBIX H3MEpPEHHIA.
B nensx BU3yanu3aluu UTOTOBBIX Pe3yJIbTaToOB, Hayanach pabora mo co3ganuto exuHoro I'MC-
OpOoCTpaHCTBA, KOTOPOC MOI'JIO 6]31 06B€ILI/IHI/ITB Pa3INYHBIC JAHHBIC, UYTO OTBCUACT KOMIJICKCHOMY

1 MEXIUCIUIUTMHAPHOMY TIOJIXO0Ty K Peasi3aliu eei U 3a71a4 JaHHOTO IIPOSKTa.

8.1 Pe3ysibTaThl N0J1€BBIX HCCJIEA0BAHUI H 00pa0OTKA MOJYYeHHbIX JaHHBIX

B ocHOBe MeTOJIOB LUKIOCTpAaTUrpaduu JIEKUT OLEHKA OTPAKEHUS acTPOHOMUYECKOH
ITHUKINYHOCTHU B nmponeccax OCaJKOHAKOIIJIICHHUA, qTo MNOAKPCIIIACTCA JACTaJIbHBbIM
JUTOJIOTUYECKUM M3Y4YEHHUEM U NAJICOMAarHUTHBIMU HCCIIENOBAaHUAMMU. [1100anbHble KojIeOaHus
MHCOJSIIMU Ha 3emyie B KOMOMHAIMU C KJIACCHYECKUM JIMTOJOTHUECKUM MOAXO0JIOM IO3BOJISIET
MIPOU3BOAUTH OLICHKY CKOPOCTHU CCAUMCHTAIHN U IPOU3BOAUTE JATUPOBAHHUEC OCATOYHBIX ITOPOI,
YTO SBJIAETCA OCOOEHHO AKTyaJIbHbIM B OTCYTCTBHU HPOUUX BO3MOXKHOCTEH AOCTOBCPHO
onpeAensTh aOCONMIOTHBIM  BO3pacT  OTJIOXKEHUHM, Jubo B KauecTBe 3A(PeKTUBHOrO
COIIPOBOKAAIOIIEr0 MeToJa. Takke BIMSHHE acCTPOHOMMYECKHMX LMKIOB Ha IPOLECCHI
0CaJIKOHAKOTJIEHUSI HOCUT IJI00aJIbHBII XapaKTep, YTO JIeIaeT 3TOT METO/I OCOOEHHO aKTyalbHbIM

IPU HIMPOKOMACIITAOHBIX KOPPEIALUSIX.
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IIpu ucnonp30BaHUM 3TOTO METO/Ia TOYHOCTH OINpeIeIeHNs a0COIIOTHOTO BO3pacTa OPO
Moxet coctanisieT oT 20 1o 400 TeIc. J1eT, 4To OBLIO MMOKa3aHO Ha MpUMepe padoT, MPOBEIECHHBIX
10 IaHHBIM pa3BUTHs Naneobacceiina [laparetuca. MeTo bl HUKIOCTpATUTpap U TOTYYHUIIH CBOE
IIMPOKOE pa3BuTHE 3a pyoOexoMm. Takke CymecTByloT pabOThl MO OLEHKE BIHSHUA
aCTPOHOMUYECKOHN IUKINYHOCTH HA OTJIOKEHUSX OTIENIBHBIX PErHOSPYCOB BEPXHEr0 MHUOILEHA

(Mma0T1HC U 1oHT) Ha Tamanckom noxyoctpose (Bocrounsrii [lapareruc).

CymecTByeT Tpy OpOUTATBHBIX [UKIJIA, KOTOPBIE 0OBIYHO BBI3BIBAIOT U3MEHEHUS KIINMAaTa
B T€UEHUE JIECATKOB THICAY JIET, — 3TO MPEIECCUs], HAKIOH 36MHOU OCH M SKCIIEHTPUCHUTET. DTU
OpOuTATBHBIC IUKJIBI BOBHUKAIOT B PE3yJbTaTe N3MEHEHUs TPAaBUTAIIMOHHOMN Cpeflbl, B KOTOPOH
3emnst Bpamaercss Bokpyr Connna. M3MeHeHus: opOHWTanbHOM KOH(HUTypaluu TPUBOIAT K
W3MEHEHUSIM KOJIMYECTBA COJHEYHOW paauanuu (MHCOJSIKN), MOodydaeMoil 3emiieil B BepxHen

4acCTu €€ aTMOC(I)epLI, 4TO NPHUBOIUT K UBMCHCHUAM KIIMMaTa.

V3MeHeHnsT WHCOJSIIMK BIUSIOT Ha TIOJOXKEHHE SYeeK aTMOCQEepHOW IUPKYISIANA U
BBI3BIBAIOT CMEILCHUE KIMMATHYECKUX II0SICOB B HIMPOTHOM Hampasienun [Matthews and
Perlmutter, 1994]. Kitumar 3aTeM BIMSET HA MHOTHE TTAPAMETPhI, KOTOPBIC MPSMO WJIM KOCBEHHO
KOHTPOJIUPYIOT BBIPAOOTKY, MEPEHOC M HAKOIUICHHE OCaJ0YHOrO0 Marepuana. ATMOC(epHbIe
U3MCHEHHSI TeMIIepaTypbl W LUPKYJSIUH TPUBOISAT K HM3MEHEHUSM TEMIIEPATYPhl BOJBI,
OKEaHMYECKOW LUPKYIISAIHH U XapaKkTepa 0CaaKoB. AKTHBHOCTB JICAHUKOB, PEK U BETPa, a TaKXKe
pacTUTENbHBI TOKPOB KOHTPOJUPYIOT BBIPAOOTKY M TEPEHOC MaTepualia C CyIId B OKEaH.
[Tocrynnenne mpecHOl BOABI M NHUTATEIbHBIX BEIIECTB YEpe3 PEKH, HCHapeHue, riryOokas
[UPKYJISALKS B OKEaHaX WM 03epax, a TakkKe ra3000MeH Mexmy ruapocdepoit u arMocdepoit
BJIMSAIOT Ha XMMHYECKHH COCTaB BOJbl. Bce 3TH TeCcHO CBsi3aHHBIE (hAaKTOPHI B KOHEYHOM HTOTE
KOHTPOJIUPYIOT 00pa3oBaHUE OCAJKOB, a TaKkKe T'COXUMHYCCKUE TMPH3HAKA OOCTAaHOBOK
0CaJIKOHAKOIIICHNUS. B 3aBUCHMOCTH OT 4yBCTBUTEIBHOCTH OCaJOYHBIX i OMOJIOTHYECKIX CHCTEM,
HEKOTOpBIE U3 ATHX IapaMETPOB MOTYT OBITh 3apETHCTPUPOBAHBI M, TAKUM 00pa3oM, KOCBEHHO
OTpaXKaloT MapameTpbl OpOUTH. OCHOBHBIM KOHTPOJHMPYIOMIMM (AKTOPOM JUI OCaTO0YHBIX
CHCTEM SIBIISICTCSl DBCTaTUYECKHE KoJeOaHMs YPOBHsS MOps. Bo BpeMs J€THUKOBBIX MEPUOJOB
M3MEHEHHsI YPOBHS MOpPS C BBICOKOM aMIUIMTYJOH BO3HHMKAIOT Oylarojaps pacTymemy u
yOBIBaIOIIEMY TOJISIPHBIM JICASSHBIM TOKPOBaM UM TOPHBIM JICAHUKaM. Pe3yibpTupyromme
WU3MCHEHHsI YPOBHS MODSI CHJIbHO aCHMMETPUYHBI, TIOTOMY YTO JICASHBIC IUTHI TAIOT OBICTpEE,
4YeM pacTyT. JTa aCUMMETPUsl XOPOIIO MU3BECTHA U3 KUCIOPOJHO-U30TOMHON 3alUCH MO3THETO

wietictorieHa [Hays et al., 1976].

B marnerusme Oprn(afomeﬁ Cpeabl UCCICAOBAHUC MAIHUTHBIX CBOICTB MHHCPAJIOB U

TOPHBIX TOPOJI HCIONB3YIOTCA JUIsl HM3YYEeHHS MPOIEcCOB 0Opa3oBaHMs, IMEpEeMEIIeHNUs,
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CeIMMEHTAIlMM M  TOCTCEIUMEHTAIIMOHHBIX HM3MEHEHUH MAarHUTHBIX MHMHEpPAJIOB O]
BO3JIEHCTBHEM OKpYsKaromieil cpeapbl. XKene3ocoaep:xkaiiue, B YaCTHOCTH MarHUTHbIE MUHEPAIbI,
OKa3bIBAIOTCSl BEChbMa YYBCTBUTEIbHBIMU K HM3MEHEHHUIO OKpYXAaloIleW Cpejabl, uTO JieJaeT
IIETPOMarHUTHbBIE U3MEPEHUSI KpaliHE MOJIE3HBIMU Ul BBIABICHUS KIMMATUYECKUX W3MEHEHUH,
3alMCaHHbIX, K IPUMEpPY, B JIeCCaX, 03€PHBIX U MOPCKUX OTJIOKEHUSX, a TAKXKe JUIsl TOHUMAaHUS
YCIIOBUH OCa/IKOHAKOIUICHUsI (OKUCIUTEIbHbIE/BOCCTAHOBUTENIBHBIE) U NMTOCTCEANMEHTALMOHHBIX
npeoOpa3zoBanmii. MarHeTu3M OKpY’KaroIlield Cpelbl HEMOCPEACTBEHHO CBS3aH C TJI0O0ATbHBIM
LIUKIOM JKeje3a TIOCPEJICTBOM XMMUYECKHX, (U3MYECKHMX U OMOJIOTHYECKUX (hAaKTOPOB.
Kpyrosopor 3xene3a B mNpupoie OCYLIECTBISETCS Ha pazIUYHbIX MaciiTabax, BKIIOYas
rnobaneHbIi (puc. 8.1) [Maher et al., 2010] u korma TpaHchopmMaius xene3a IPOUCXoauT in Situ
(MaraeruTa, MarreMuta, GEeppUTrHAPUTA, TETUTA, JICMHIOKPOKUTA, CYIb(PHUIOB JKelle3a U JPyTruX
pacIpOCTpaHEHHBIX MarHUTHBIX MHHEPAJIOB) COBMECTHO WM Oe3 BO3JeWCTBUS OakTepuil B

pasnmuunbix cpeaax [Cornell and Schwetmann, 2003; Malki et al., 2006].
Oxic Environments

Hydrolysis Fe(ll)
( In solution ) A)

F8304

———
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Rapid oxidation Biotic and (Mag ) Slow oxidation
in air abiotic reduction in air !
Nano-phase) « — Fe20;
Ferrihydrite Ordered Ferrihydrite (Maghemite)
Hydrothermal Structural

dehydroxylation inversion
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(Goethite) (Hematite)
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Pucynok 8.1 — Tpanchopmanusi OKCH/IOB :Kejie3a U CYJIb(UI0B kKeae3a B (a) —

KHCJOPOAHBIX cpeaax; (0) — cyabpuaHbIX cpeaax; (¢) — HecyJIb(UIHbIX 0eCKUCIOPOAHBIX
cpenax
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Haubonee pacnpocTpaHeHHBIMA MarHUTHBIMU MUHEpPajIaMH OCaJ0YHBIX MOPO/I SBISIOTCS
MarHeTuT, MarreMHUT, TeMaTUT U TeTUT. Pa3nuuHble COBOKYMHOCTH MAarHUTHBIX MHHEpAJIOB B
OCaJIOYHBIX TOPHBIX MOPOAAX MOTYT OBITh OOYCJOBJIEHBI Pa3HBIMH HCTOYHHUKAMU CHOCA
TEPPUTE€HHBIX OTJIOKEHUN UM BTOPUYHBIMHU MPOLIECCAMH, IMPOUCXOASIIUMH B T€X WM HHBIX
YCIIOBUAX OKPY’KaIOLIeH cpesbl, KOTOpble MPUBOAAT K OOpPa30BaHMIO ayTHUT€HHBIX MarHUTHBIX
MUHEPAJIOB. A HMMEHHO, IIOCIE€ OCAJAKOHAKOIUJIEHUS JAMAareéHEeTHYECKUE IIPOLECChl IpHU
OTIpEe/ICTICHHBIX YCIOBUSAX MOTYT MPUBECTH K 3aMEILEHUIO JETPUTHBIX MAarHUTHBIX MUHEPAIOB
ayTUT'€HHbIMA MATrHUTHBIMH MMHEpaJaMU IyTE€M pAaCTBOPEHHUS U MEPEKPUCTAIA3AIUU.
XUMUYECKHEe H3MEHEHUS MOTYT IPOUCXOAUTh B TEUEHHE BCErO0 BPEMEHHU CYIIECTBOBAHUS
MOPOJBI, Jaxe KOTIa OCAJ0YHBIC OTIOXKEHHUS IUTU(UIHUPOBAHBI. AYTUTCHHBIE MHUHEpAbl,
KOTOpBIE 00BIYHO 00Pa3y0TCs B OKUCIUTEIbLHOM Cpe/ie U BKIIFOYAIOT T€MaTUT, MarHETUT, @ TeUruT
U IUPPOTUH 00pa3yroTcs B BOCCTAHOBUTENbHBIX YCIOBUAX, IPH 3TOM OMOJIOTHMUYECKHE ITPOLECChI

MOTYT CTUMYJIMPOBATH MMPOLECChI MUHCPAINU3allhN.

MarseTusm OKpyKarolleu cpeibl B OCHOBHOM CBSI3aH C LIMKIIOM Fe?* u Fe3* na HeOobIIIoi
IyOMHE WM Ha TTOBEPXHOCTH 3EMJIH, BKJIIOYAs: BIBETPUBAHKE U 00pa30BaHUE MOYB, YPO3UI0 U
NEPEOTIIOKEHUE OCANKa, a TAKXKe paHHui auarenes. [Ipeobpasosanne Fe?* B Fe®* mecer 3a coboii
W3MEHEHUS W MAarHUTHBIX CBOWCTB TOPHBIX TIOPOJA, YTO OOHAPYKHBACTCS C TOMOIIBIO
METPOMArHUTHBIX METOJIOB. TakuM 00pa3oM, MarHUTHBIC CBOMCTBA TOPHBIX MOPO/] IMO3BOJISIOT
npu  OJNarompuATHBIX  OOCTOSITENILCTBAX  OMPENENSATh  YCJIOBUS — CEAUMEHTAUA U
MMOCTCEIMMECHTAIIMOHHBIE W3MeHeHUs. OOCTOATENbCTBa, MPEMATCTBYIOIIME 3TOMY — ciadast
HaMarHMYEeHHOCTH/MAarHUTHAsT BOCIPUHUMYHBOCTh TOPHBIX TOPOJ, T. €. HWXKE mperena
YyBCTBUTEILHOCTH COBPEMEHHBIX TIPHOOPOB; B TO K€ BpeMs, OTO TEpPEpPHIBHI B
OCaJIKOHAKOIJIEHUH, HEJOCTaTOYHas JEeTallbHOCTh OTOOpa o0pasmoB M T. 1. K MarHUTHBIM
CBOMCTBaM TOPHBIX TTOPOJ WJIH, HHAY€ TOBOPS, MATHUTHBIM TapaMeTpaM MOXKET OBbITh OTHECEHa
KOHIIEHTpAlHsI MarHUTHBIX MUHEPAJOB B IOPOJAE, pa3Mep MAarHUTHBIX YaCTUL] U MAarHUTHas
MuHepaiorusa. Kak yxke ObUIO IMOKa3aHO BBIIIE, MAarHUTHBIE MHUHEpAIbl SBISIIOTCS BEChMa
YyBCTBUTEIBHBIM WHIAMKATOPOM CMEHBI YCIOBUM OCAJAKOHAKOIUIEHUS U MPOLIECCOB JHArcHE3a.
Takum 00pa3om, H3y4eHHE MAarHUTHBIX CBOMCTB U OMpPEIEICHUE MAarHUTHBIX MUHEPAJIOB TOPHBIX
MOPOJ ¥ UX BapHAIlUM IO pa3pe3y MO3BOJISIIOT JeNaTh BHIBOABI 00 M3MEHEHUH Malie00CTaHOBOK,

MAJICOKJIMMATa, a TAaK)Ke MOTYT ObITh COTIOCTABIICHBI C aCTPOHOMHUYECKUMH IuKIamu [ Kodama and

Hinnov, 2014].

B HepBI)II\/II T'OJ] BBIIIOJIHCHUS ITPOCKTA ObLIH IMPOBCACHBI KOMIIJICKCHBIC IETAJIbHBIC ITIOJICBBIC

HCCJICAOBAHUS TAPXAHCKUX OTJIOKCHUH CpCAHCIO0 MUOLICHA BoctouHnoro HapaTeTHca, BCKPBITBIX
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B paspese Komn-Takeur pacnosioxkeHHOM Ha YEepHOMOPCKOM moOepexbe KepueHckoro

MOJTYOCTPOBA, SIBIISIOIIETOCS CTPATOTUITMYECKAM paiioHOM (pHc. 8.2).

Sea of Azov

Maly Kamyshlak

Kerch
Kop-Tacyl

Black sea

0 40 km

a)

PucyHnox 8.2 — (a) CxemaTHueckasi KapTa MecTonoJkeHust pa3pe3a. Ha BcraBke B
KBa/ipaTe YKa3aHO MeCTOII0JI0OKeHHe 00/1aCTH UCCICA0BAHNA HA reorpauyecKkoi kapre.
(b) O6mmii Bux Tapxanckux otJi0keHuil B pa3pese Kon-Takblia (Kepuenckui
MOJIyOCTPOB)

Ocanku  crparorunuueckoro  paspesa Kepuenckoro momyoctpoBa  Kom-Taksin
MPEACTaBISAIOT COO0K0  TIIyOOKOBOIHBIC OTJIOKEHHs cpeaHero wmwuorneHa (puc. 8.3).
['my©okoBoiHbBIE OCaIKKM B OTJIMYUU OT MEJIKOBOAHBIX B IOJIHOM Mepe OTPa’Ka0T I'€0JIOrMUECKYIO
JIETOMHUCH, YTO BO MHOTOM OMpeeNsieT Heo0XoauMocTh ux u3ydeHus. B 2019-2020 rogax nepen
y4acTHUKaMU @pOeKTa CTosula 3ajada oroOpaTh U 00paboTaThb NETPOMATHUTHBIMU U
MaJeOMarHUTHBIME MeToJaMHu (DaKTUYECKUH MaTepuall OTJIONKEHHH, BCKPHIBAEMBIX B pa3pese
Kon-Taken. CTOUT OTMETUTH, YTO OOBEM, CTpaTurpauueckoe IMOJIOKEHHE W JaTHPOBAHHE

TpaHUIl HXKHETO U CPEAHETO MUOILICHA 10 CHUX ITOP OCTACTCA OCTPO AUCKYCCUOHHBIM.

B xozxe moneBbIX paboT OBUTIO COCTABIEHO TOCIOWHOE OMHUCAHHE pa3pe3a ¢ 0TOOpoM
penepHbIX Mpod, MPOBEACHBI 3aMepbl MArHUTHON BOCIIPUUMUYUBOCTH MOpoA (852 onpeneneHui)
gyepe3 20 cM BKpecT MPOCTUPAHUS MOPOJ M B3ATHI ¢ UHTEpBaIOM 1,5 M mTydsl (44 mTyK) A
METPOMAarHUTHOTO M MaJCOMArHUTHOTO M3YYEHHsI OTJIOKCHWH. YCTaHOBJEHO, YTO o0Omas
MOIITHOCTH TOJIII PACCMAaTPUBAEMOTO pa3pe3a, B KOTOPOM BBIACTISIOTCS BCE CTpaTUTpapruecKue
nopa3zeneHust (KyBUHCKHE, TEPCKUE U apTyHCKUE CJION) TapXaHa, a TaKKe MepexoTHbIe TapXaH-
YOKpaKCKUE MOPOAbI, cocTaBisier 56 MeTpoB. [Io 0COOEHHOCTSM JHMTOJIOTHYECKOTO CTPOSHUS
OTJIOKEHUH BBIZIETICHBI MHTEPBAIBI MOHOTOHHOTO CTPOEHUS MMHUCTHIX Toiml (Cion 1 ¥ HU3BI
Cnost 3), omecuanuBanusi (Bepxu Cnos 3) u ¢ OONBIIUM COJEPKAHUEM H3BECTKOBOM

cocrapsitonieit (Cron 4,5 u 6), OTpakarONIMX CMEHY OCHOBHBIX JTallOB OCAKOHAKOIIJICHUSI.
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Hanuuune uHTEpBaIOB C MpU3HAKaMU MIEPEPHIBOB B CEAUMEHTALIMN HE YCTAHOBJIEHO, UTO SBIISETCS
BOXHBIM JUISI TPOBEJCHUS TMOJHOIEHHBIX ITUKIOCTPATUTpAQUUECKUX ¥ TalleOMAarHUTHBIX
WCCIIEIOBaHMM, YUUTHIBAIOIIMX MOJHOTY T'€0JI0TrMYECKOil ieTonucu B pa3pe3ax. B madopaTopHbix
YCIIOBUSX MaKPOCKOITMYECKUE UCCIIEAOBAHUS OTIOKEHUN OBUTH MOAKPETIIICHBI U3YYEHUEM TIOPO/T

B HutM(ax Ha MUKPOCKOITMYECKOM YPOBHE.

JUist 1osTydeHHs! JaHHBIX MO LUKIOCTPAaTUIpaguu B KaMepalbHBIX YCIOBUAX HUMEIOIIUE
oTpeieNICHUs] MAarHUTHOM BOCIIPUUMYHMBOCTHU MOPOA OblTM 00paboTaHbl ¢ MOMOIUIBIO TPOrPAMMBI
PAST [Schulz and Mudelsee, 2002], mno3Bossiromieil MPOBOJAMTH CHEKTPAIbHBIA aHAIH3
MEePBUYHBIX JaHHBIX ¢ nocTpoeHnemM Lomb-Scargle u REDFIT nepuonorpamm, a takxkxe Wavelet-
pacripenenenuil. B pesynbrare Obula moydeHa ocHOBA AJIs JajbHeiero anaiausa 3amepoB K ¢

MOMOIIbI0 TporpaMMel AnalySeries, o3BoJIsOIEN UCTIOIb30BaTh GuiIbTp 'aycca.

CrnexTpajibHbIM aHAJIN3 3aMEPOB MAarHUTHOW BOCIIPUMMYHUBOCTH IOPOJI TApXaHa MO3BOJIHII
BBISIBUTH TPU UHTEPBAJIa YACTOT C PE3KO BhIPA)KEHHBIMU IMHKOBBIMU 3HAUEHUSAMU. B 0/THOM 13 HUX
BBIICTISICTCS] €AMHUYHBIA YACTOTHBIN MUK. DTOT MUK MPEBHIIIAET YPOBEHb CIEKTPaIbHBIX IIIYMOB
(95% Confidence level), uro yka3biBaeT Ha BBICOKYIO CTENEHb JOCTOBEPHOCTH BBISBICHHBIX
IUKIHYecKnX kojeOaHui. PaccMaTpuBaeMblil MUK YacTOTHI OTBEYAET IUKIY MPOTSHKEHHOCTHIO
okono 2,77 m (Ha REDFIT nepuonorpamme). Ha apyrux mHTepBanax BbIAEISIOTCS TaKXKe LIUKIIbI
JUTMHOM 0K0J10 5,77 1 20 M, KOTOPBIE UMEIOT MEHBIIIYIO CTETIEHB JIOCTOBEPHOCTH. Y CTAHOBJICHHBIN
LUK JUIMHOM 2,77 M OTBeYaeT NepruoIMIecKuM KojaeOaHusIM mpeneccuu amuTtenbHoctsio 19 000,
21000 m 24000 mer. IIpenmomaraemas IJTUTEIBHOCTh HAKOIUICHHS pPacCMaTpPUBAEMBbIX

oTiIokeHuit cocrasiteT okoio ¢ 385 000 xo 490 000 ner.

3a OTYeTHBIM MepHoJ B XOA€ KaMepalbHbIX pPaOOT OBUTM TOJy4YeHBbl JaHHBIE IO
METPOMArHUTHBIM U NAJICOMAarHUTHBIM XapaKTEPUCTUKAM OTJIOXKEHUM TapxaHa pazpe3a Kor-
Taxpin. s 5TOro BHIa aHaIM30B OBLIM HCIOJIB30BaHbI OPUEHTHUPOBAHHBIE MO MAarHUTHOMY
Mepuauany mrydsl (44 mWTYK), 0OTOOpaHHBIEC IO HAIIACTOBAHUIO TTOPOJI U3 CBEKEPACUHUINIEHHBIX
BEPTUKAIBHBIX CTEHOK. YMCIIO H3y4YeHHBIX 00pasloB paBHIOCH 125. Jlns mpoBeneHus

TCPMOMArHUTHOT'O aHAJIN3a OBLIN BBIITUJICHBI O6pa3I_U:I C pe6p0M 1 cM o JBa 06pa3ua C YPOBH:I.

bbuin u3MepeHbl U MCCieIOBaHbl CTaHAAPTHBIE MAarHUTHBIE MapaMeTphbl: €CTECTBEHHAs
ocTaToyHasi HaMarHM4eHHOCThb NRM, MarHuTHas BOCIPUUMYHMBOCTH &, KOIPIHUTHBHAS Bc u
OCTaTOYHAs! KOAPIHUTHUBHAS cujia Ber. BbuTo BBITTOTHEHO TpH BUa TEPMOMArHUTHOTO aHAIN3A!
M0 TEMIEpaTypHOH 3aBUCUMOCTH MarHUTHOrO MomeHTa HackimeHus Ms(T), marHuTHoOMU

BocnpuumuuBoctH &(T), octarounoro maruutHoro momenta Mr(T).
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JInst u3ydeHus: cocTaBa MarHUTHBIX MUHEPAJIOB — HOCUTEJEH €CTECTBEHHOM OCTATOYHOM
HaMarHM4eHHOCTH Obl1a oToOpaHa MUJIOTHAsE KOJUIeKuus, coctosmias u3 10 obpasmnos (mo nBa
ny6mns) oobeMoM ~1 cM®, Ha KOTOpOH ObLI BBHINONHEH TEPMOMATHMTHBIM aHanu3: 1) Ha
BuOpoMarautomeTpe koHcTpykuuu FO. K. Bunorpamosa mo 3aBucumoctu Ms(T) B marHuTHOM
none 0,7 Tm; 2) ma kammamerpe Multi-Function Kappabridge (AGICO, Yexus) mo &(T) nHa
MOPOIIKO0Opa3HbIX Mpobdax Maccoi ~ 1 1; 3) M0 3aBUCHMOCTH OCTATOYHOTO MAarHUTHOI'O MOMEHTA,

cosznmanHoro B nose 0,2 T oT Temmeparypsl.

B pesyinbrare yCcTaHOBJIEHO, YTO OCHOBHBIMU MAarHUTHBIMU MUHEpadaMH — HOCUTEIIIMU
€CTECTBEHHOM OCTaTOYHOM HAMAarHWYEHHOCTH B JAHHBIX IIOPOJAaX, BO3MOXHO, SBISIOTCS
MarHeTUT ¥ MOHOKJIMHHBIM NMUPPOTHH. Hannuue mMarHeTura B M3y4aeMbIX IOPOJAX IO3BOJIMIIO
BBIIIOJIHUTB OINPEEIICHHE IOMEHHON CTPYKTYpBI 3TOro MuHepana. M3 nuarpammel [les BUAHO 1O
pe3yibTaTaM M3ydeHHs OONblIed 4yacTH HCCleayeMbIX 00pas3loB, 4YTO JIOMEHHas CTPYKTypa

MarsHeTuTa — rncepaooanogomenHas (PSD).

#1006 A*na2 NRM,,*10-8, 107 Ber, mT Bc, mT
Kop-Takyl NRM*10°6, A*m2/kr A':;?fkg @*107, m3/kg
0 02 04 06 0,8 0 10 20 30 40 0 05 1 15 2 0 40 80 120
0 1 0 0
5 5t 5
10 f, 10 + 10
15 | 15 + 15
20 | 20 20 ¢
25 25 - 25 -
30 30 30
35 35 35 F
40 40 t 40 |
45 45 - 45 1
C i: 50 50 - 50
— 55 55 | 55 |
=] (a) Hom  (b) Hm (c) Hm @ gL %™ @
L—= 60 - " 60 L )

Pucynok 8.3 — (a) JIuTosnoruueckas kojionka paspeza Kon-Takbii. O6o3HaueHusn:
1 - ramHa, 2 — U3BECTHAKOBAS IJIMHA, 3 — IJIMHA ¢ TOHKUMU NeCYAHBIMU CJI0SIMH,

4 — kapOOHaTHbIe KOHKPeLHH, 5 — KapOOHaTHBIE CJI0U, 6 — rpaHuubI c10eB. KpuBbie
BapHAaIii MATHUTHBIX XaPAKTEPUCTHUK OT IIyonHbl pa3pe3a H: (b) ecrectBenHast
ocraToyHast HaMaruudeHHocth NRM, (C) ecrecTBeHHAsi 0CTATOYHASI HAMATHHYEHHOCTh
NRM20 nocJie pasMarHuunBanus nepemMeHHoro noJisi 20 mTa, (d) maranTHas
BOCIIPHUMYHMBOCTD 2, (€) ocTaTouHasi KoO3puuTHBHAasI cuia Ber, (f) koapuuTuBHas cuia
Bc.
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9 CucreMHBbIH aHAJIU3 JTMHAMHMKHU reo(pU3nMUecKHX NMPOLECCOB B POCCHHMCKOI
ApKTHKe M HUX BO3/JelCTBHE Ha pa3BuTHe W PYHKIHOHMPOBAHHE
HUH(PACTPYKTYPHI KeJIe3HOT0OPOKHOT0 TPAHCIIOPTA

Homep tembl B UCI3: 21-77-30010
Homep pernctpauumn: 121041200191-6
Pykosogutens: r.H.c., 4.¢.-M.H. B. A. lvununexko

[IpoekT TOCBsIIEH KOMIUIEKCHBIM TI€0JOro-re0OpU3nYecKuM U  KIMMaTHYECKUM
uccienoBanusM Apkrudeckoit 30HbI Poccuiickoit deneparuu (A3P®D), BkiItouaommum OIeHKY
BJIUSTHUSL KOCMHUYECKON IMOTObI, U3yYE€HHUE CTPYKTYpPhl 3€MHOM KOpBHI M OCaIOYHBIX OAacCeiHOB,
WCCIICIOBAaHNE CEHCMUYHOCTH M OILEHKY IENOro psaa KIUMaTHYeCKUX  (aKTOpPOB.
OObeMHSIONUM 3BEHOM TMPOEKTa CIYXKUT eawHas reoumHdopmarmonHas cuctema (I'MC),
MpeIHa3HaYeHHAas! UTsl KOMIUIEKCHOTO aHallM3a U BU3YaIH3al[ii HOBBIX JTAHHBIX, TOJIYYEHHBIX 110

KaKIOMY U3 YIIOMSIHYTHIX HallpaBJICHUN.

9.1 UccaenoBanme 3JIeKTPOMATHUTHBIX NMPOLECCOB 0KOJI03€MHOM Cpe/bl

M BO3/eiiCTBHII KOCMHYECKOH MOroAbl HA TEXHOJOIHUeCKHEe CHCTEMbI

JI1s1 KOMMYECTBEHHON OLIEHKHU BJIMSIHUS CIIEKTPAJIbHOIO COCTaBa MyJbCallUi JUama3oHa
nepeix  Mwumarepn  (Pc5-6/Pi3) Ha sddexktuBHOCTE  BO30OYXKAEHUS ~ T'€OMarHUTHO-
uHaynupoBaHHbIX TOKOB (['MT) ObLT BBIMOTHEH CTATUCTUYECKUI aHATU3 JAHHBIX MHOTOJIETHUX
nabmonenuit ['UT B JIDI «CeBepHblit TpaH3uT» Ha myHKTE BixonHoi (ceBep MypmaHnckoit 001.)
Y MarHUTOMETPUYECKUX JaHHbIX Ha cTaHuusIX ceTd IMAGE. bb1o ycTaHOBIIEHO, UTO IMyJIbCalluu
C HECKOJIbKUMHU CHEKTPATbHBIMH MaKCUMyMaMmu BbI3bIBalOT ['M'T Oosbliell aMITUTYyAbI, 4eM
MyJbCAI[UU TOM e aMIUTUTYIbI C €MUHCTBEHHBIM MakcuMyMoM. [Tokazano, yto ammnuty sl [ UT,
CBSI3aHHBIX C TEOMArHUTHBIMH TYJbCAIIUSIMH YMEPEHHBIX aMIUTUTY, MOTYT OBITh CPABHUMBI C
I'MT Bo Bpems Oypu. Kpome mnpsmoro BO3AEHCTBHS 3JICKTPOMArHUTHBIX MPOLECCOB B
OKOJIO3€MHOW Cpelleé Ha Ha3eMHbl€ HSHEPreTH4YEeCKHEe CHCTEMBI, BO3MOXXHO U oOpaTHOE
aQHTPOIIOTEHHOE BO3JIEHCTBHE HAa BEpXHIOI HMoHOCchepy uinydeHueMm JIDII Ha mpoMbIIIEHHBIX
gactorax 50/60 I'm m ux rapMoHHK. [Iyis OLEHKM MeXaHU3MOB U A(PPEKTHBHOCTH 3TOTO
BO3JICHCTBUSL TMPOBEACH KOJMYECTBEHHBIH pacdyeT dJIEKTPOMArHUTHOTO  «3arps3HEHUSD)
OKOJIO3EMHOTO MPOCTPAHCTBA H3NMydyeHHeM mnpomblnuieHHbix JIDII. Pa3zpaborana uucneHHas
Mojieb, KOTOpas IMO3BOJSET PAacCUUTaTh MPOCTPAHCTBEHHYIO CTPYKTYPY 3JEKTPOMArHUTHOTO
BO3MYIIIEHUsI B aTMOCcdepe U noHochepe ajs TF0ObIX MUPOT (KpoMe IKBATOpa) C MPOU3BOIHHBIM
HAKJIOHOM reoMarHuTHoro nojist B0O. PacueTs! nokaszanu, 4To mpu pacrpocTpaHeHuu B HOHOChepe
BO3MYIIEHUE PACCMAaTPUBAEMOI'0 YaCTOTHOTO JMANAa30HA HE THAUPYETCS T€OMarHUTHBIM MOJIEM,

HO MaKCHUMyM BOJIHOBOH MOIITHOCTHU Ha BbICOTAX F-cmos okxa3piBaeTcs CMCIHICH K 3KBATOpy OT

122



OTuer o gestenbHOCTH ['eodumsnueckoro menTpa PAH 3a 2021 rog,..

BepTHKanu. BenuunHa OTKIMKA HOYHOW BepxHeH HOHOC(hEpbl Ci1abo yMEHbBIIAETCS C
YMEHBIIEHUEM IIUPOTHL. AMIUINTY/A IEKTPUYECKOM COCTABIISIIOIIEH M3JIy4€HHsS B BEpXHEN
nonocdepe, reHepupyemas HecOanancupoBaHHbiM TokoM B JIDII ¢ ammumatymoit 10 A, Moxet
JOCTUTaTh BeMUYMH nopsiaka 1 MB/M, 4To moctatouHo i oOHApy>KEHUS CITyTHUKOM Ha HU3KOU
okoJiozeMHou opouTte (10 1000 km). [TosrydeHHBIC pe3yIbTaThI MOKA3BIBAIOT, YTO B AHamna3oHe 50—
150 I'n Hama maHeTa HAaXOAMUTCS B DJIEKTPOMArHUTHOM OKPYXEHMHM B OOJbIIEH CTerneHu

Co3a1aBaCMbIM HpOMBIIlIJ'I@HHOfI ACATCIIBHOCTBIO, YEM IMTPHUPOAHBIMHA IIPOLCCCaMMU.

[Ipemynoxken MeTon, MO3BOJSIIOIIMM B KBAa3UpPEAIbHOM BPEMEHM MOJEIMPOBATH
IIPOCTPAHCTBEHHO-BPEMEHHOE PACIPEAETICHHE IIEKTPOTEIUTYPUUECKOTO MOJIS € UCII0JIb30BaHUEM
TPEXMEPHOH MOJEIN MPOBOJUMOCTH 3eMiu. Anpobanus METOAUKH NPOBECHA Ul TPEXMEPHOU
MOJIeNH MPOBOAUMOCTH PDEHHOCKAH/IUU € BHICOKMM Pa3pelIeHUEM U PEATUCTUYHOTO UCTOYHUKA,
MIOCTPOSHHOT'0 C HCIOJIB30BAHUEM METO/A C(PepHUECKUX 3JIEMEHTapHBIX TOKOBBIX cucteM (SECS)
MIPUMEHMUTEIBHO K JAHHBIM CETH MarHUTHBIX cTaHIui. [lokazaHo, 4YTO Mpu TaKOM MOJIX0JI€ BpeMs
Ha BBIYMCIICHUE TEJUTypUUECKUX mosieit 1yt cetku 512%512 He npeBbimaetr 25 Mc, YTO O3BOJISIET
BECTU pacyeT B KBa3HpealbHOM BpeMeHHM. [IpensnoskeHHbII MeTon anmpoOMpoBaH AJis pacueTa

TEJUTYpUUYECKUX TOJIeH BO BpeMst MarHUTHoOU Oypu 7—8 centsiops 2017 roaa.

Onucanbl pazpaboTaHHbIE CPEACTBA BU3YaIN3allii aBPOPAIbHOTO OBaJla U IMJIAHETAPHOTO
pacnpezeneHus 3HaUeHU I BO3MYIIIEHHH U MPOU3BOIHBIX IO BPEMEHH TeoMarHuTHoro nosis dB/dt.
Paccmotpena opranuzanusi HHGOPMAITMOHHOTO B3aMMOCHCTBHS B MHOTOYPOBHEBOH CHCTEME
nudpoBeIXx IBOMHHMKOB Habmomenuit MII3. HMccnenoBanus, NTpOBEICHHBIE Ha MpPUMEpE
MHOTOYPOBHEBOW  CHCTEMbI ITU(PPOBBIX JBOWHUKOB MArHUTHBIX CTAHIHMHA, IOKa3alu
1IEeTIECO00Pa3HOCTh  MPEJIOKEHHOTO PEMIEHUs Ui COKpameHus (HU3NYEcKoro o0bema
dbopMupyeMoro makeTa JAHHBIX (3aroJioBKa C METaJaHHBIMHU) 1O CPABHEHHIO C W3BECTHBIM
MOAXOA0OM Ha OCHOBe TekcToBoro wiaum DTDL-ommcanust MeramanHbiXx. Pa3pabotan moaxon,
chOpMUPOBAHBI APXUTEKTypa H METOAbl JAWHAMHYECKON MHoromapamerpudeckoi 2D/3D
BHU3yaJIM3alliy BO3MYIIICHUI T€OMarHUTHOTO TT0JIst Ha 6a3e pperimBopka Django u OTKPHITHIX BEO-
opueHtupoBanHbix [UC-mmarpopm. BaxnHas 0COOCHHOCTh CHCTEMBI 3aKIIOYAeTCs B
MPEACTABICHUN AHAIU3UPYEMBIX [apaMEeTpOB B BHUJAEC H30JMHAM M BEKTOPHOIO IOJS.
PazpabGoranHast cucrema AoCTymHa 1o azapecy https:/geomagnetic.ru/. Ha ocHoBaHMM 3TOi
CHUCTEMBI ~ HaJaJllach  pa3paboTKa  peruoHaNbHOM  cTaTucTUdyeckor  moaenu  [UT,
MapaMeTpU3MpPOBAHHON 1O PErHOHAJIbHBIM TIE€OMAarHUTHBIM HWHJEKCaM, KOTOpas JacT
BO3MOKHOCTb OLIEHUBATh U ITPOrHO3UpOBaTh HHTeHCUBHOCTH I YT B uHTEpecyromem pernone PO.
Mopenb nepenana B PXK/I anst conocraBiieHHs ¢ Ka4€CTBOM MOCTABIIIEMOM 3JIEKTPOIHEPTUH Ha

CEBEPHBIC YIACTKH JK/I-MaruCTpaje.
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B kadectBe mepBoro srama Jyuisi ONpeaesneHus Npuponbl BcruieckoB YHU-mymoB Ha
IpPaHULIaX aBPOPAJbHOTO OBajla W CO3AAHUSA CTATUCTHUYECKON IapaMeTpU30BaHHOW MOAEIU
MPOJIOIBHBIX MarHuTOCHEpHO-MOHOC(HEPHBIX TOKOB pa3paboTaHa OHJAHH-CHCTEMA IS
BU3yaJIM3allud M aHalIM3a JaHHBIX M3MEPEHUM INPOJOJIBHBIX TOKOB Ha cryTHMKax SWARM.
Cucrema Brirovaer nepsuunbie naHHsie (Level-1), npousBoausie npoayktsl (Level-2), mogenu
MII3 u aBpopanbHOro oBana. C HCIIOJIB30BAaHMEM JTOW OHJIANH-CUCTEMBbI OTOOpPAHBI JUIS

JAIBHEHIIIET0 aHAJIN3a JIOKAIN30BaHHbIE HMITYJIbCHBIE BO3MYIICHHUS HA aBPOPAIbHBIX HIMPOTaX.

[ToaroroBieH mepBbIii B OTEUECTBEHHOM JIUTEPAType aHATUTUYECKUN 0030p BO3MOKHBIX
MPSIMBIX M KOCBEHHBIX BO3JCHCTBHIA KOCMHUYECKOW IMOTro/bl Ha (DYHKIIMOHHpPOBAHUE K/I-
ABTOMATHKH U CPEACTB CBA3M U HaBUTaluu. bombIast 4acTe HHGOpPMAITMK B MUPOBO TUTEpaType
paccedaHa 110 TPYAHOOOCTYITHBIM HCTOYHHUKaM: oT4ycTaM, MarcpuajiamM COBGHIaHI/II\/’I,
BEJIOMCTBEHHBIM COOpHUKAaM. AHaJIN3 BCeX JIOCTYNHBIX HCTOYHUKOB IIOKa3bIBAET, YTO
SKCTpEeMaJIbHBIE BO3MYIICHUS KOCMHUYECKOW MOTOJIBI MOTYT TMOBJIUATH Ha X/A-HHYPACTPYKTypy
KaK M3-3a MPSMOro, TaK M KOCBEHHOTO BO3/JCHCTBHS Ha KOMIIOHEHTHI CHCTeMBI. B 00630pe
BBIACJIICHBI CBCICHUA 00 OCHOBHBIX (baKTOan KOCMHYECKOU mnmoroabl, KOTOPBIC MOIIN OBl
IPEICTaBIATh YIpo3y A TexHoJorudeckux cucrteM. Ocoboe BHHUMaHHE OOpAIIeHO Ha aHAIH3
MOJIETTM PpabOTHI PEJIbCOBBIX PEJIE€ CHCTEM KEJIE3HOAOPOKHOW CHUTHAM3AIMU BO BHEIIHUX
Telypudeckux mosgx. llokazaHo, YTO KOCBEHHOE BO3AEWCTBHE KOCMHUYECKOW MOroAbl Ha
TCXHOJIOI'MYCCKUEC CHUCTCMBI KCJIC3HBIX aopor MOKET MPOABIIATHCSA B HapyHICHUAX
AMEKTPOCHAOKEHHSI M MIPOUCXOIAUTh M3-3a JIErpaJiallii CUTHAJIOB IJ100abHBIX HAaBUTAIMOHHBIX
CITYTHHUKOBBIX CHCTEM B aBpOpaibHOM oOnacTi. COOTBETCTBYIONIAs CTaThs OblIa OMyOJMKOBaHA B
coaBTopctBe '] PAH 1 AO HUMAC B xxypHaie «XKenesnomopoxusiit Tpancmopt (Ne 12, 2021,
c. 20-26).

B pe3ynbraTe pEeKOrHOCHMPOBOYHBIX PabOT U MPEABAPUTENbHBIX T'€OMAarHUTHBIX
HU3MEPEHUH, IPOBEICHHBIX Ha TEPPUTOPHUU CTpOsLIEencss MexayHapOoIHON apKTUYECKOU CTaHLIMU
«Cuexunka» (IIpuypanbckuii paiton SHAQO), onpeneneHo MecTo s pa3BEPTHIBAHUS OyayIIei
BBICOKOTOYHOU MarHuTHOU obcepBaropun crangapra MHTEPMATI'HET. Ilo utoram MarHuTHO#M
CbEMKH BBIOpPAaHbI YYacTKH C MUHUMAJIbHBIMU TPAJAMEHTaMU MAarHUTHOTO mojis 3emsind — Ao |
HT11/M o aOCOTIOTHOM BEIMYUHE, YTO COOTBETCTBYET pekoMeHaausaM [AGA 1o pa3BepThIBaHUIO
CTallMOHApHBIX OOCEpBATOPCKMX MAarHUTHBIX HaOmoneHui. OrmnpeneneHsl MecTa Oyayuieit
YCTQHOBKH NMPHOOPHBIX IMOCTaMEHTOB. Pa3BepThiBaHWE HOBOI 0OcepBaTOpuu A1si MOHUTOPUHIA
MarHuTHOro nosst 3emiau Ha Tepputopun A3P® npenocTaBUT BO3MOKHOCTH JIJISl BBIIOJHEHUS
IIMPOKOr0 Kpyra MCCIIeIOBaHUM, BKIIIOYas n3ydeHue BekoBoro xona MII3, yrounenue moneneu

MII3, uzydenue mporeccoB B MOJISAPHON HoHOCPepe u MarHuTochepe u ap.
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9.2 UccienoBaHne KPYMHBIX Ie0JIOTHYECKHX CTPYKTYP U 0CaJ0YHBIX OacceiiHOB Ha
OCHOBE KOMILJIEKCHOI'0 AaHAJIN3a TPABUTAIIMOHHOIO MOJISI U APYIruX reopusnyecknux

JAHHbIX

B nononHeHne Kk UMEIOIIMMCS MOJEIIAM OCAaJI0YHOI0 YeXJja Uil EHTPAIbHON U 3alaqHON
yactd A3P® mocTpoeHbl HOBBIE MOJEIN OCAAKOB JJIsI BOCTOYHO-a3MaTCKOro peruoHa A3PO.
Haubonbias rmyOrHa 3aeranus KpUCTALTHYECKOro (PyHIaMeHTa B PACCMOTPEHHBIX 0CaI0YHBIX
OacceitHax mocturaet 4—5 kM. [lo pe3ynapTaTaM COBMECTHOTO aHajau3a rPaBUTAIMOHHOTO TOJIA,
€ro TPAJAMCHTOB W CEHCMHYECKOW TomMorpaduu ObUIM ONpEeNieHbl TIyOHMHBI O TPaHHUIIBI
MoxopoBuundya B BocTOYHOM dYacTH A3P®D, it KOTOpO MPaKTUYECKH OTCYTCTBYIOT
celicMuYecKue JJaHHble. B 4acTHOCTH, BBISIBJICHO MOBBIIIEHUE MOIIIHOCTU 3€MHOM KOPBI A0 47 KM
nox BepxosHckum xpebrom. HoBas Mojaens Takke JAEMOHCTpUpYET yriyosneHue Moxo
B KOHTUHEHTAIbHON YacTH, mpuieraronieir k Mopio JlanteBpix. Takum o0pa3oMm, BMecTe
C KapTaMu I HEHTPAIHHOW U 3amaJHON 30H, OCHOBAHHBIMU HA MHTEPIOJSAIUNA CEHCMUYECKUX

JAHHBIX, TOCTPOEHBI Moenu Moxo u kpuctanieckoro Gpynmaamenta ams Beeit A3PO.

N3yueno pacnpeneneHue CEHMCMHYECKHMX CKOPOCTEM B KOHCOJIMIMPOBAaHHOM KOpe
u BepxHel maHTuu. Tomorpaduueckass mozaens SL2013sv, BeiOpaHHas B KauecTBE OCHOBHOIA,
MIpE/ICTaBIISIET 3HAYEHHSI aHOMAJINI BEPTUKAIbHO MOJISPU30BAHHBIX CKOPOCTEN MONEPEYHBIX BOJIH
B Kope BepxHell MaHTuu. JlaTepanbHble BapHallUKM CEHCMHUYECKOH CKOPOCTH MOTYT OBITh
OOYyCJIOBJICHbI ~ M3MEHEHHSIMH  TEMIEpaTypbl,  JIOKaJbHBIMH  (pa30BBIMH  IIE€PEXO0JaMH
Y HEOJIHOPOJHOCTBhIO cocTaBa. Kak crmemyer u3 anaimm3a wmojaenu SL2013sv, ckopoctu
MIOTIEPEYHBIX BOJIH MPSIMO KOPPEIHPYIOT TAKKE C BO3PACTOM JHUTOC(EpPhl — HA OMPEACICHHOM
riyOMHEe CKOPOCTh BO3pAacTaeT ¢ yBeIWYeHHeM Bo3pacTa. OHAKO 3Ta 3aBUCUMOCTb CTAHOBUTCS
MPAaKTUYECKH HepaszauuuMma BOMU3M HIDKHEH rpanHuisl autocdepsl. Bece st ocobenHoctn
HEOOXOJMMO YYMTBHIBaTh B JajJbHEWIIEM TpPU KOMIUIEKCHOM aHaJU3€ IJIOTHOCTHOTO

U TEMIIEPATYPHOT'O CTPOEHUS TUTOC(EPHI.

Hns BocrouHoi yactu A3P® B pe3ynbTaTe HCCIENOBaHUSA CTPYKTYPbl U IUIOTHOCTH
0Ca/I0UYHBIX 0acceiiHOB Ha OCHOBE JIEKOMIICHCAIIMOHHBIX AaHOMAJHUH CHUJIBI TSDKECTH IOJTyueHa
IJIOTHOCTHAs MOJEJb OCaJI0YHOI0 4exja (3HaueHUsl IIOTHOCTH, YCPEIHEHHBIE 110 BEPTHKAIHN).
B yacTHOCTH, B HEKOTOPBIX Y4acTKax MOpeH apKTUYECKOTro 1IeNb(a BhISABICHBI IOKAIbHBIE 30HbI
C IOHW)KEHHBIMU 3HaYeHUsIMH T10THOCTH (pHc. 9.1). MecTta co 3HaYeHHSIMH IUIOTHOCTH OT 2,5 110
2,7 r/cM® COOTBETCTBYIOT TMOO 0ONACTSAM C MAIOM MOIIHOCTBIO OCAIKOB (TAKMMHM, KaK 00IacTh
BepxosiHCckol  ckilaguaTocTH), JUOO MecTaM pPAcClIpOCTPaHEHMs] JOKAJIbHBIX YIUIOTHEHUHN
0CaJI0YHBIX OPOJ B X0JIe MeTaMopdu3Ma — HallpuMep, MPU BHEAPECHUH UHTPY3Uil, UTO 3aMETHO

B OKpecTHOCTSIX OX0TCKO-UyKOTCKOTO BYJKAaHOTEHHOTO Tosica. /{151 KOHCOTUANPOBAHHOM KOPBI
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pacrpeeseHue TUIOTHOCTH OBbLIO TTOTy4eHO Ha OCHOBAHWM BapHaIlui CEMCMHYECKHX CKOPOCTEH
C  HCIOJIb30BAaHMEM  OMIIMPUYECKMX COOTHOUIEHMM. 3HAu€HUs CpPEeOHUX  CKOpOCTEl

B KOHCOJIMAUPOBAHHOMN KOpE BAPLUPYIOTCA OT 2,75 10 2,9 r/cM® 1 IpsAMO CBA3aHBI C TUIIOM KODBL.

Pucynok 9.1 — Ili1oTHOCTHAs MO/IeJIb 0CAIOYHBIX OTJIOKEHHUH /IS PperHOHA BOCTOYHO-
a3MATCKOH AaPKTHYeCKOM 30HbI (INIOTHOCTH YCPEeJHEHA BEPTHKAJIbHO)

Ha ocHoBe Tonorpadudeckoil Mosienu no 3Ha4eHUsIM CKOPOCTEN MOMEPEYHBIX BOJIH ObLTH
paccuuTaHbl 3HAYEHUS! TEMIIEpaTyphl U IJIOTHOCTU Ui CIOEB BEpXHEW MAaHTUU C LIEHTpaMH Ha
riryounax 50-300 kM ¢ marom 50 kM. AHaIU3UPYs NOTYYEHHBIE Pe3yJIbTaThl, MOYKHO 3aKIIOUUTh,
YTO, C YBEJIMYCHUEM TIIyOWHBI Cpe3a JUIs OJHUX W TEX e 3HAYCHHWH CKOPOCTH HaOIromaeTcs
yBeIMUYEHUE 3HaYeHWid Ttemmeparypbl. Tak, nmns ckopoctu 4,5 kMm/c HabmogaeTcs
MOCIIeZIOBaTEIbHOE BO3pacTaHue Temmnepatypsl BepxHeid Mantuu ¢ 1000°C mist riryOunb 50 kM 10
npumepHo 1400°C mns rmyoun 300 kM. TunuuHble morpemHocTd MOryT coctaBiarsk 100°C u
0,01 r/cm® st kpynHBIX cTpykTyp (500-600 KM M Gostee). Bbuia co3nana M MPpOaHATM3UPOBAHA
0a3a UMEIOIIMXCS B U3y4YaeMOM pailoHe MHCTPYMEHTAJIbHBIX JaHHBIX O TEIUIOBOM MoToke. OHa

ObLTa JOTIOJTHEHA TTI00aThHON TEOPETHIECKON MOJIEITBIO.

I'paBUTALIMOHHOE 1TOJIE U €r0 T'PaIMeHTHI IPECTABICHbBI Ha CETKaX BBICOKOI'O pa3pelleHus,
npuMepHo cootBeTcTBytomero 10x10 km. Jlns sroro 6puta ucnonb3oBana moaens EIGEN-6¢4.
Kpome Toro, Ob11H BEIYMCICHBI IIOMPABKY 32 penbed, 4TO MO3BOJINIIO OIYYUTh aHOMauu byre,
Ha OCHOBAaHUHU KOTOPBIX OBLIM PAacCYMTAHBl M30CTATHUECKUE U JIEKOMIICHCAIMOHHBIE aHOMAJIUU
CHJIBI TSDKECTH. ['paMeHThl IpaBUTALIMOHHOIO MOJIS MOJIy4Y€Hbl HENOCPEACTBEHHO MO JaHHBIM

cnytHrka GOCE u, Takum 00pa3oM, IOMONHSIOT JaHHbIE O TPABUTAI[IOHHOM T0JIE.
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9.3 Onenka ceiicMu4ecKOi M HHBIX re0JHHAMHYECKHUX ONMACHOCTElH B paiioHax

NEePCHEeKTHBHOIO PAa3BUTHA HHPPACTPYKTYPbI POCCHIICKON APKTHKH

[IpoBenen aHanu3 BO3MOXHBIX T'€OJUHAMUYECKHX OIIACHOCTEH I HAaCEJICHHs
U MHPPACTPYKTypbl B ApKTHUeCcKUX perroHax. Iloka3aHo, yTo OOJBIIMHCTBO M3 HUX HMMEIOT
y3KOJIOKaNbHBIN Xapakrep. I1o 3Toif mpuuuHe ¢ yderoMm MaciiTaba pemaeMbX B IPOEKTe 3a7a4
OCHOBHOE BHUMaHUE JOKHO OBITh COCPEIOTOUEHO Ha UCCIIEI0OBAaHUH 3eMieTpsceHui. s nenei
KOMILJIEKCHOM OIIEHKH CEMCMHYECKON OIMTACHOCTH M aCCOIMUPOBAaHHBIX pucKOB co3nana ['IC-6a3a
JIAHHBIX, BKJIIOYAIOIIAs MaTepHalbl reo(pU3MUeCcKX HaOMIOJCHUHN, IPOMBIIIICHHbIE 00BEKTH U
00BEKTHI HHPPACTPYKTYpHI, KoTopast OyaeT BkitodeHa B oouryto I'MIC mpoekra. B npouecce padot
OKa3aJioch, YTO aHaJW3 CEHUCMHUYHOCTH BOCTOYHOM dYacTH banTuiickoro mmura SBIIIETCS
npeameroMm uccnenaoBanuii kowter w3 OUIKHUA YpO PAH. Bo wu3bexanne BO3MOXKHOTO
TyOMUpoBaHMsl, 1€JIeCO00pa3HO J0XKIATHCS PE3YIbTaTOB HCCIEA0BaHMS KOJUIET, MyOJIMKaius
KOTOpBIX OblIa 3arutanupoBana Ha 2021 roa. beuto npuHSTO pelieHne Ha TEKyIIeM 3Tare BMECTO
BOCTOYHOW yacTu banTuiickoro mmra paccMOTpeTh peruoH OT BocToyHoW Cubupu 10
nosyoctpoBa YykoTka BKIOuMTeNbHO. lccnenoBanbl —cylecTByromue TioOanbHblE U
HaI[MOHANIbHBIE 0a3bl TaHHBIX 110 OCHOBHBIM IapaMeTpaM 3eMJIETPSCEeHUN NI peruoHa Skytus-
CeBepo-Boctok-UykoTka. Ha ocHOBe HOBOW METOAMKH aBTOMAaTHYECKOW WACHTU(DUKAINH
TyOnei npu 00beIMHEHNH KaTaJoroB, CO31aHHON B paMKax MPOeKTa, cPOPMUPOBAH OJTHOPOTHBIN
KaJTMOpPOBAHHBIA KaTaJloT 3eMJIeTpsiceHui 3Toro peruona (1962 — urons 2021 roma). Ha ocHoBe
Karajora MoJy4yeHbl JIOKaJIbHbIE OLIEHKH KO3((UIIMEHTOB 3aKOHA IMOBTOPSIEMOCTH, MapaMeTpPhl
o0I1Iero 3akoHa MojoOHs M 3aKOHA MPOAYKTUBHOCTH 3€MIIETPACEHHH, KOTOpBIE B JalbHEHIIEM
Oy/ZyT WCHOJB30BAHBI JUIS MOJEIMPOBAHUS CEHCMHUYECKOTO peXHMa H  IMOCTPOSHUS
CUHTETUYECKOTr0 KaTtanora 3emierpsaceHuil. ChopMupoBaHHbIN 00bEAMHEHHBII KaTalor COCTaBUT
OCHOBY JIaHHBIX, KOTOpbIE OYyT MCIOJIb30BAHbI JJISl pacyeTa CeHCMUYECKOM OMAacCHOCTH U PHCKa
JUIsL TUHEHHBIX 00BEKTOB (PKeJE3HbIe JOPOTH, JIMHUU 3JIeKTporepenad, TpyOOonpoBOabl U 1p.).
MomudurmpoBan cucremHo-ananutuyeckuit meroq FCAZ (Formalized Clustering And Zoning).
Orto mo3BoauT B 2022 rogy MpPOBECTH aHAIU3 CEHCMHUYHOCTH Mosica Yepckoro—Xapaysaxckoi
30HBI U PACIIO3HATh B €0 MpeJienax MECTa BOZMOXXHOT'O BO3HUKHOBEHUS CUIIBHBIX 3eMJIETPSICEHU I

B BHJIE CECMOTEHEPUPYIOLINX CTPYKTYP PA3INYHOU FEOMETPHH.

HccnenoBaHbl CyIIECTBYIOIIME PEIIEHUS 110 OLIEHKE CEHCMHUYECKOW OMAacCHOCTH — KapThl
O6mero ceficmuueckoro paiionupoBanust OCP-97, OCP-2015 u OCP-2016. Ha ocnoBe ananuza
pealbHBIX 3EMIICTPSCEHUI, KOTOpbhle Npowm3ouud B mepuox mocie myonukamuu OCP-97,
yCTaHOBJIEHO, 4TO KapThl OCP He TOJIBKO 0MyCKatOT MPOMYCKH CUIBHEHIINX 3eMIICTPSCCHUH (B
gacTHOCTH, AOblickoe 3emnerpscenue 2013 roma ¢ M =6,9 na ceBepe Sfkyrtum), HO U
3HAYUTEIBHO 3aBBIIAIOT CEHCMHUYECKYIO OIACHOCTh Ha OTPOMHBIX TEPPUTOPHUSIX — B CPEIHEM

npumepHo B 10 pa3 B ApKTUYECKUX PErUOHaX.
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9.4 UccnenoBanue KIMMAaTHYECKUX MPOLECCOB, KPUTHYHBIX /ISl PA3BUTHA

7KeJIE3HOAOPOKHOM HH(PPACTPYKTYPhI

N3meHenuss kinuMara B pernoHe bemoro mops CBs3aHbl € KPYMHOMACIITAOHOM
uupkyssiuuenn armocepsl B pernone CeepHoit Atnantuku u EBpombl. Ilo naHHBIM 0
CPETHEMECSIUHOM 3aBUXPEHHOCTH CKOPOCTH BETpa Ha ypOBHE MOpSI M3 JAHHBIX peaHanu3a
NCEP/NCAR 3a nepuoa 1950-2020 ronoB BeiaeneHo Tpu nepuoja ee pocra (1950-1976 u 1999—
2020) n manenus (1977-1998) nan akBaropueit benoro mops u teppuropusmMu MypmaHckoil u
Apxanrenbckoil obnacreit u PecriyOnuku Kapenusi, KoTopble CBsI3aHbI Kak ¢ OclabjIeHueM WU
YCUJIEHUEM LMKJIOHUYECKON HUPKYJSAUN, TaK U C INI00aIbHBIMU KIMMATHUYECKUMU CABUTAMU

1976/77 u 1998/99.

3a Bech paccmarpuBaemsblii epuox (1950-2020 roxmer) pocT TeMmmepaTypbl BO3AyXa y
nosepxHoctu (TBII) cocrasisin B cpennem ot +0,1 1o +0,4 rp. C 3a 10 net (puc. 9.2). OxHako B
nepBbli BbAeNeHHbIN nepuof (1950-1976 roapr) Habmonanock nonmxenue TBII Ha Gonbiieit
TeppUTOpUHN HccienyemMoro pernona B cpeaneM ot —0,02 rp. C 3a 10 ser, B 0cOO€HHOCTH, B
paiionax cymecTBoBaHus BeuHOU Mep3notrhl (1o —0,4 rp. C 3a 10 ser). Bo BTOpOii mepuon
Haomoaancs poct TBII B cpennem ot +0,1 1o +0,4 rp. C 3a 10 netr. B tperuii sxe mepuoa 3ToT
POCT CYIIECTBEHHO yCKOpMIIcs U cocTtaBmi B cpenHeM oT +0,4 no +1,0 rp. C 3a 10 ner. [Tokazano
IIPOJIBUYKEHME TEIUIA C fora Ha ceBep (Hampumep, nzotepma 2 rp. C Ha noarote 38 B.J1. MOJHSIACH
¢ 60 c.m1. mpaKTHYECKH 0 65 C.I11.), YTO MPUBEJIO HE K CMEIICHUIO XOJIOAHBIX 00JacTel K ceBepy,

a K UX BBDKUMAaHUIO Ha 3a11aa 1 BOCTOK, COOTBETCTBECHHO.

C 1992 no 2018 rox mo MAaHHBIM aJbTUMETPUYECKHX HM3MEPEHUHM (CIIyTHUKU
TOPEX/Poseidon, Jason-1/2/3, ERS-1/2, ENVISAT u SARAL/Altika) ypoens bemoro mops
poc co ckopoctbio +3,32 + 0,61 mm/ron. [{ns ce3oHa, Korna JeAsSHOM MOKPOB HAa aKBAaTOPUU MOPS
He HaOoMaeTcs (MIOHb, UI0JIb, aBTYCT U CEHTAOPH ), CKOPOCTh POCTA YPOBHS MOPSI U3MEHSIETCS OT
+2,85 + 0,19 mm/ron B aBrycte, 1o +5,42 + 0,30 mm/ron B ceHtssOpe. CKOpPOCTh CE30HHBIX
W3MEHECHUU YPOBHS MOps coctaBisieT 2,94 + 1,59 mm/ron. MakcumalibHas Benuanaa 8,17 + 3,42
MM/TOJ] HAOIoJaeTcs B OKTA0pe, a MuHUManbHas —3,43 + 1,42 mm/roa — B eBparne. 3HaYnMMbIe
BBICOTHI BOJIH JIJISl C€30HA, KOT/[a JISISTHOM ITOKPOB Ha aKBAaTOPHH MOPS HE HAOJTFO1aeTCs, TOKa3au
oOIIyI0 TEHICHIIMIO Ha CHUXeHHe. MakcuManbHbIA JHHEWHbIH Tpena —1,29 + 0,64 cm/ron

Ha0mroaeTcs B ceHTsA0pe, MuHuManbHbii 1,10 + 0,53 cm/rog — B aBrycre.

MexrozioBass U3MEHYHMBOCTh ypoBHell Jlamokckoro m OHEXCKOro o3ep, MO JaHHBIM
anbTuMerpuueckux usMepenuil (cnytnuku TOPEX/Poseidon u Jason—1/2/3) 3a 28 ner (1993

2020 roxpl), coctaBuia +6,9 Mmm/roq u +4,59 MM/TOJI COOTBETCTBEHHO, a pa3Max MEXKTOJOBBIX
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konebanmii — 2,28 M u 1,49 M, coorBeTcTBeHHO. [10 pe3ynpraram BelBIIeT-aHAIN3a TIOATBEPKIACHO
Hanu4ue B JaHHBIX 00 ypoBHe Jlamoskckoro u OHEKCKOTO 03€p BOJH C mepuoaoMm 4—5 mer

u 15 jeT, COOTBETCTBEHHO.

o

¥ 7% WO S N— SR SR N ——— R LR (Dl B | - rrrrireeet
1950 1055 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020
roas

Pucynok 9.2 — U3menenus cpeqnux anomauii TBII B pernone Besioro mops 3a 1950—
2020 roaml, criiakeHHble 2-1eTHUM ((puoJieToBblii) U 7-J1IeTHUM (OpaH:KeBbIil) puabTpamMu
barrepBopra HH:KHHX YacTOT. UX JIMHEHHBbIA TPeH (YepHbIii) H HAKOIJIEHHAS CyMMa
AaHOMAJIMH IOCJIe yIaJeHHUs JJUHEeIHOro TpeHaa (3ejeHblii). Kpyramu orMedeHsl cpeiHue
3HAYEHUS] AHOMAJIHI VISl TenJ10ro (Maii-okTa0pb) (KPACHbIH) U X0JI0AHOT0 (HOSIOpPb-
anpeJib) (CHHUH) MOJYTr oAUl

HccnenoBana MexXro1oBast ©3MEHYMBOCTD ITI00ATBHBIX CpeHeMecTYHbIX anoManuii TBII,
JaBJICHHUsI Ha YpOBHE MOpsS, CKOPOCTH BETpa y MOBEPXHOCTH, KOJUYECTBA OCAJKOB U OOIIeH
obimayHocTd.  PaccuMTaHbl  aMIUIMTYJbl ~ @HOM&JIMH  3TUX  THAPOMETEOPOJIOTMYECKUX
XapaKTePUCTUK MEX]Yy MPOTHBOIOJOXKHBIMU (asamu ['nobanbHONW aTMOC(PEpHON OCHMIIISAINN
("AO). Pe3ynbrarhl MOKa3bIBAIOT, YTO KOJIEOAHUS 3TUX XapaKTePUCTUK cBsA3aHbl ¢ 'AO He TOJIbKO
B TPOIMYECKOM TOsice 3eMJIM, HO MU B CPEIHUX M BBICOKMX IIMPOTaX, OCOOCHHO B ApKTHKE
u CeBeproit EBpazun (puc. 9.3). Beisichuiiock, uto '”AO BbI3bIBaCT PEKOPIHBIC TEMIIEPATYPHBIC
aHoMauM B ApKTHKe U Ha ceBepe EBpasnun, KOTOpbele MOTYT OKa3aTh 3HAUYUTEIBHOE BIMSHHUE HA
BEUHYIO MEp3JIOTY M, Kak CIEJCTBHE, Ha >KUIYI0, KEJIE3HOAOPOKHYI0, aBTOMOOUIIBHYIO

U TpyOOIpOBOIHYIO MH(PACTPYKTYpy B 3TOM pernone Poccuu.

[Ipoananu3upoBaHbl BO3MOXKHBIE MEXAHH3MblI BO3HMKHOBEHHUS TOJSPHBIX a’pO30JeH.
Haubonee mepcnekTUBHBIM JUis OyAyIIEr0 HUCCIENOBAHUS — MEXaHU3Mbl BO3HUKHOBEHUS U
TPAHCIIOPTA BEIIECTBA MHUKPOMETEOPUTOB. llepByr0 MOpLMIO SHEPrUM BIIETAONIAs YaCTHUIIA
MOJIy4aeT MpPU CTOJKHOBEHHUH C MOJIEKyJaMu (MOHAMH) BepxHeW HoHOochepbl. DTO MOXKET
MPUBOJUTH K KAaCKaJHOMY pa3Bajy BJIETEBIIEIO0 METEOPUTA C JATHHEHIINM HCIAPEHUEM €ro

00710MKOB. /3 BBIOPOIIEHHBIX MapoOB B HIDKHUX CIOSX HOHOC(hEphl 00pa3yroTcs a’po30JIbHbIE
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vacTuibl. Kak pa3 MOHHBIE TEMIIEpaTypbl ITHX CIOEB COOTBETCTBYIOT YCIOBHUSIM 0Opa3oBaHHs
HoHOChepHOro a’po3ouisi. 3ajada, KOTopas CTABUTCS, — IOCTPOUTH TEOPHIO 3THUX IIPOLECCOB.
CrapTysl ¢ IpOCTBIX KOMOMHATOPHBIX COOOpakKeHHH, ObUIa MMOCTPOCHA KUHETHYECKas MOJEINb
MOJMMEPU3AIlMH B a9PO30JIbHBIX YacTUIaX. B OCHOBE MO/IeNN JIEKHUT KHHETUYECKOE ypaBHEHUE,
CXOIHOE C TEeM, KOTOPOE HCIOJIB3YeTCs B TEOPUH KOAryJIIHH a’po3ojiell. JTO ypaBHEHHE B
pPacCMOTPEHHOM CIIy4ae OIMCHIBAET BPEMEHHYIO SBOJIOLUIO (YHKIHH pacrpeieieHus
MOJMMEPHBIX KJIACTEPOB MO MaccaM M (YHKIMOHAIBHOCTSM. [lpeimonarasi, 9To CKOPOCTh
KOAryJIsIIMOHHOTO TpOoIecca ONpPENesseTcsl Mpou3BeieHHeM (DYHKIMOHAIBHOCTEH KIIaCTEpOB,
HAMH [MOCTPOCHO aHAIUTHYECKOE PEIICHHE KUHETUYECKOro ypaBHEeHUs. CaMo 3TO pelieHHe HMEET
Ype3BBIYANHO CIIOKHYIO CTPYKTYpY. TeM He MeHee, OKa3alnoch BO3MOKHBIM HAWTH ENbIH psf
MaKpOXapaKTePUCTHK TMOJUMEPHU3YIOIIUXCS YACTHIl, TaKUX KaKk CuUeTHas KOHICHTpAI[HS
HOJIMMEPHBIX KJIACTEPOB, IOJHAsS MaccoBas KOHILEHTpALUs IOJMMepa W JPYrue MOMEHTEHI
byHKIMK pacrpenelicHus. BriepBbie B SIBHOM BUJE YAAIOCh MPOCICIUTh MPOIECC 00pa3oBaHUs
MaKpOCKOIIMYECKOTr0 KJIacTepa M HAWTH €ro XapakTepHCTHKU. [I0JHOCTBhIO pelieHa 3agada o
CIIEKTPE MacC HONUMEpU3yIomMXcss 4acTHll. Iloka3aHo, YTO B aCHMIITOTHYECKOM IIpeiese
(GompIe BpeMeHa) 3TOT CHEKTP HMEeT CTENEeHHO# xapakrtep. Pa3paboTaHHBIH MpPOTOTHIT
asposonpHOM cranimu [Khodzher et al., 2021] npu3HaH TOAHBIM Uit TOMBITKH TOCTPOCHHS

AQHAJIOTMYHOM CTAaHUMH B APKTHKE.

Pucynok 9.3 — (a) Pa3nuna anomanuii cpeaneii 30HaJbHONH CKOPOCTH BeTPa y MOBEPXHOCTH
MesKIy NPOTHBOMNOJIOKHBIMH (pazamu I'100an1bHOrO atMocgepHoro xkosedanus u (0)
3HAYeHUsI BEPOSITHOCTHU COIJIACHO t-kKpuTepuio CThI0leHTa; (B) pa3HUIIA AaHOMAJIHIA

cpeIHel MepHIMOHAIbHOI CKOPOCTH BeTPAa Yy MOBEPXHOCTH MEKAY NPOTHBONOJI0KHBIMH

¢pazamu I'106a1bHOr0 aTMOCGEpPHOro Ko1ed0aHus U (I) 3HAYeHUsSI BEPOSITHOCTH COIVIACHO t-

kputepuio Cterogenta. Ilo nanusim NCEP/NCAR Reanalysis 3a 1950—2020 roanbi. Bee
KapThl NOCTPOeHbI Ha ceTke 1x1°
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9.5 KoMnJIeKCHBI aHAJIN3 U BU3Yya/JIU3allUAd HOBBIX JaHHBIX, ITOJYYCHHBIX I10

MPOEKTY, METOAAMHU I‘COI/IH(l)OpMaTHRPI

Ha ocnoBe texnomorun ESRI Web AppBuilder u ArcGIS Portal B pamkax cosnanus
enuHoii ['MIC mpoekra Obul pa3paboTaH reornopran Kak IJIaBHBIM MHCTPYMEHT BU3yallM3alluu
Y U3y4YEeHUA JaHHBIX apKkTH4ecKoro pernona P®. beit onpenenen mocTosHHBIN ajipec reonoprana:

https.//arctic-gis.gcras.ru/ (puc. 9.4). B 2021 rogy nanmomnernue ['MC ObUIO 3aKiIrOYaioch

B popMUpOBaHNHU BEO-CEPBUCOB U JOOABICHUH CIEAYIONINE JaHHBIC!

1. Tomorpadus u 6aTuMeTpus peruoHa, npeacrasieHabie Moaenbio ETOPO-1 (km);

2. AHOManmuu CHJIBl TSDKECTH B pEAyKIUH byre, MolydyeHHbIE Ha OCHOBE MOJIENHU
rpaButaninoHHoro noiyist EIGEN-6¢4 (mIan);

3. /3HauanbHas MOIIHOCTH OCAJOYHOTO YeXja, OCHOBAaHHAS HAa KOMIMJISLUU NaHHBIX
mogenu GlobSed mst akBaropuii u moneneit [Solk et al., 2013] u [Kaban, 2001] mis cymm (km);

4. OcrartouHble aHOMaNIWU byre, MOJTy4YeHHBIE MyTEM BBIYUTAHHS TPABUTAIIHOHHOTO
s deKTa OT 0CaTOYHOTO YeXJIa U3 UCXOJHBIX JaHHBIX TPAaBUTAIMOHHOTO TOJS B penykuun byre
(mTam);

5. CkoppekTupoBaHHas Tonorpadus, KOTopas, MpeICTaBIseT COOOH €IUHYI0 HAarpy3Ky
Ha TOBEPXHOCTH CO CTaHAAPTHOM IIIOTHOCTHIO Tomorpaduum (2,67 r/cm®),BeIpakkaercss B kM. B
YaCTHOCTH, OONIMpPHBIE KOHTHHEHTAJIbHBIE OOJIACTH XapaKTepU3YIOTCS  OTpUIATEIHHON
CKOPPEKTHUPOBAHHOU Tomorpadueil u3-3a HaTU4us OTI0KEHUH HIU3KOU TIJIOTHOCTH;

6. T'nmybuna mo pazmena Moxo (km). Mcnonbs3oBanbl nanubie [Solk et al., 2013) wu
[Kaban, 2001] ans cymu u qanabie Mmojaenu Crust 1.0 1 akBaTOpHiA;

7. DddextuBHas ynpyras MOIHOCTb JTUTOCHEpHI, MOTyYCHHAs O JaHHBIM [ T€sauro et
al., 2012];

8. Kapra uzocrarnueckoil mompaBKu K rpaBUTallMOHHOMY Toito (M an);

9. Kapra uzocraruuecKkux aHOMaIIMK CHITBI TspkecTH (M1 ai);

10. Kapra nekoMIeHCAIIMOHHOM MOMPaBKX K TPaBUTAIMOHHOMY IouTro (M1 ai);

11. KapTta 1eKOMITIEHCAIIMOHHBIX aHOMAJIMK CUJIBI TspkecTr (Ml an);

12. Mopnenb MOIIHOCTH OCaJOYHOTO YeXJia, MOy4YeHHas MO JaHHBIM JeKOMITEHCAI[UOHBIX
QHOMAJIUM CUJTBI TSDKECTHU (KM);

13. Moaens MOITHOCTH OCaI0YHOTO YeXJIa, MOTydeHHAast 110 JaHHBIM JIEKOMITEHCAITMOHBIX
AHOMAJIMI CHJIBI TSDKECTH (Bepcus 2) (KM);

14. Kapra nomnpaBku K II0THOCTH (T/cMmd);

15. CKoppeKTUpOBaHHas IIOTHOCTh, YCPEAHEHHAs BEPTUKAIBLHO (1/cMS);

16. OOBbennHEHHBII KaTaIOT 3eMJIETPSICEHUI BOCTOKA POCCHICKON APKTHKH;

17. CeiicMuueckue cTaHuu B ApkTuke B 21-M Beke.
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Pucynok 9.4 — Untepeiic reonoprajia: HHTEPAKTHBHAS KAPTA, OTKPbITO KOHTEKCTHOE
MeHIO ¢ aTpuOYTHBHOI HH(popManmel 00 00beKTe, CIMCOK JOCTYNHBIX CJIOEB

Pa3paboran mpoToTHN apXUTEKTYphl €AMHONW TeOMH()OPMALIMOHHOW CUCTEMBI (CHCTEMBI
WHTEPaKTUBHBIX cepuueckux Buszyanuzanuii, ICB). JleranmbHo nmpopaboTaHa CTpykTypa 0asbl
naHHbIX cnaitno s UCB, npeaioxken MexaHu3M peajin3anuu cueHapuen. [Ipennoxen Bapuant
KIIMEHT-CEPBEPHON apXUTEKTYphl it cuctembl UCB, 11eHTpanibHBIM 3BEHOM KOTOPO SIBISIETCS
CHUCTeMa YIIpaBJIeHHUsS AaHHbIMH. BeO-cepBep, omupasich Ha €€ (yHKuMOHAN, 0OpabaThiBaeT
3ampoChkl CETEBOro KiIMeHTa. ba3a mMaHHBIX chepruecKuX BHU3yaIM3alldid XpaHWUTCS Ha (dai-
cepBepe. B kauecTBe ceTeBbIX KJIMEHTOB ObLIN MPEAI0KEHbI alllapaTHO-TIPOTPAMMHBINA KOMITIIEKC

CO CheprUIeCcKUM IKPaHOM, a TAKXKe MMPOrpaMMHOE MTPHIIOKEHUE TUTIA BUPTYaIbHBIHN TI100YyC.

9.6 Becepoccuiickasi IIK0JI1a MOJIOABIX Y4EHBIX

C 20 mo 21 cents6opst 2021 roga ma 6aze CeBepHOro (ApKTHYECKOTO) (eaepaibHOTO
yHuBepcutera umMeHu M. B. JlomonocoBa (CADY) B ropone ApxaHrenbcke Oblia MpoBeAcHA
Bcepoccuiickast mikona MoioApix yu€HbIX «CHCTEMHBIM aHaiu3 JUHAMHUKH IPUPOJIHBIX
IIPOLIECCOB B POCCUICKON ApkTuke». B mkone npussum yyactue 37 ciymaTesed — CTyIEHTOB,
aCMHUPaHTOB U MOJIOJBIX YYEHBIX B BO3pacTe N0 35 JIeT BKIIOYUTENIBHO CO BCEH CTpaHbl U

OnmxHero 3apyoexbs (puc. 9.5).
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Pucynok 9.5 — Caymaresun B aynuropun I'eotoruueckoro my3sest um. H. I1. JlaBépoBa

CA®Y (caesa) u rpynnosoe (poTo y4aCTHUKOB LIKOJIBI (CIIpaBa)

CnucoOK UCNO0JIb30BAHHBIX HCTOUHHKOB

T.V. Khodzher; V. A. Zagaynov; A. A. Lushnikov; V.D. Chausov; G. S. Zhamsueva, A. S.
Zayakhanov; V.V. Tsydypov; V. L. Potemkin; I. 1. Marinaite; V.V. Maksimenko; I. E.
Agranovski. Study of Aerosol Nano- and Submicron Particle Compositions in the Atmosphere
of Lake Baikal During Natural Fire Events and Their Interaction with Water Surface. Water
Air Soil Pollut (2021) 232:266 https://doi.org/10.1007/s11270-021-05237-6

Stolk W., Kaban M. K., Beekman F., Tesauro M., Mooney W. D., Cloetingh S. High resolution
regional crustal models from irregularly distributed data: Application to Asia and adjacent
areas // Tectonophysics, 602, 55-68, doi.org/10.1016/].tecto.2013.01.022, 2013

Kaban M. A Gravity Modéd of the North Eurasia Crust and Upper Mantle: 1. Mantle and | sostatic
Residua  Gravity @ Anomalies, Russian Journa of Eath  Sciences, 3,
https://doi.org/10.2205/2001ES000062, 125-144, 2001

Tesauro M., Audet P., Kaban M. K., Brgmann R., Cloetingh S. The effective elastic thickness of
the continental lithosphere: Comparison between rheological and inverse approaches,
Geochem. Geophy. Geosy., 13, 1-18, doi:10.1029/2012GC004162, 2012
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10 HUccnenoBaHue U cOBMeCTHasi BaauAalusi HHPOPMAIMOHHBIX MPOIYKTOB
AUCTAHIMOHHOI0 30HIMPOBAHMA 3eMJIM M3 Pa3HbIX HCTOYHHMKOB I8 00MeEHa
uHopmauuei B crpanax BPUKC

Homep tembl B UCI3: 19-55-80021 BPUKC T

Homep: AAAA-A20-120061690061-2

PykoBoauntens: akagemuk bongyp B. I

OTBETCTBEHHbIE UCMONHUTENN: ANPEKTOp, Yn.-kopp. PAH A. A. ConoBsbes,
B.H.C., A.(b.-M.H. C. A. llebepneB

10.1 Baauganusi aJibTUMETPHYECKUX U3MepPeHn i

Bbutn BBITIOTHEHBI pa3pabOTKa M MPOrpaMMHAsT peasin3allis allrTOPUTMOB UHTEPIIONISIIIA
JAHHBIX Ha PETYJSIPHOW CETKE B TOYKY MPOBEICHHS AIbTUMETPUUYCCKUX HU3MEPEHUN METOJaMU
OMKYOWYEeCKOW MHTEPIOJISAIUMN M CIUIAHH-MHTEPIOAIMU. JJaHHbBIe MPOrpaMMbl TpeHa3HAYCHbI
JUTSL pacdeTa «CyXoi» TporocqepHOi MOMpaBKH U TIOMIPABKU HA BIIAYKHOCTH 110 JIAHHBIM peaHaIn3a
MERRA-2 u panabeim CBU-pammomerpun cnytaukoB DMSP FO8-F13. Jlns nmanneix CBU-

PaauoOMETpUHN PCaAIN30BaHa JIHEWHasA HHTCPIOJIANUA JaHHBIX 10 BPCMCHHU.

Pe?)y.]'IBTaTLI daHaJlIu3a IIOKa3aJld, 4YTO OITHMAJbHBIMU OJId O6pa6OTKI/I JaHHBIX

IbTUMETPpUUECKUX U3MepeHui cnyTHUKOB ['eo—-MK—1 Ne 1-9 saBnstores:

— mojens armocdepst HaroHamsHOTO HIeHTpa MporHo3a okpyxkaromieit cpepl (National
Centers for Environmental Prediction — NCEP) MERRA-2 s pacueToB «cyXoii»

TpornochepHo MOoNpaBKy U MONPABKU Ha BIAXKHOCTB;
— wmozenbs FES14 st pacueToB nmpuaMBHON TONPABKH;
— Mozenb nonocdeps! |RI2007 mis pacueToB HOHOC(HEPHOH MONPABKH.

WUmenHno »stu MOACIN U 6y21}IT HUCIIOJB30BaThCA JId CO3aaHUA 0a3nl JaHHBIX

IbTUMETPUUECKUX U3MepeHuii ciiyTHUKOB ['eo—MK—1 Ne 1-9 Bepcun B.

st pacdera «CyXoi» TOIMpPAaBKH M TONMPAaBKH Ha BIAXKHOCTH MPU 00pabOTKE MaHHBIX
UCTIOJIB3YIOT PE3yJIbTaThl PACUeTOB 1O MOZAEISAM aTMocdepbl HalmoHabHOTO 1IeHTpa MPOrHo3a
okpyxkarorieri cpensl (National Centers for Environmental Prediction — NCEP) MERRA-2 na
cerke 0,5°m. * 0,625°n1. 3a mepuon 1985-1995 romoB. Pe3ynbraThl CpaBHEHHS «CYXO»
TponocepHO MOMPABKH, PACCUYMTAHHOW MO JAaHHBIM 00 aTMOC(EpHOM MAaBICHHHM HAa ypOBHE
Mops u3 peaHaim3a MERRA-2 ¢ pe3ynbraramm pacuetoB mo mojenu EBpomeiickoro meHtpa
cpeaHecpouHbIx mporHo3oB norossl (European Centre for Medium-Range Weather Forecasts —

ECMWEF), mokasai, 4To pa3HUIa MEKIy dTUMH pacueTamu coctasiseT MeHee 1,2 m (puc. 10.1).
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MakcuMmanbHas pasHulla MCXKAY pacCu€TaMH I10 3TUM MOACIISIM HaGJ’IIOI[aeTCH B YMCPCHHBIX H

MIOJISIPHBIX paliOHax.
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Pucynok 10.1 — U3MeH4YHBOCTH «cyX0ii» TponocgepHoii monpaBku (M), (a) pacCUMTAHHOIM
no moaeasam ECMWF u MERRA-2, u (0) ux pa3anua BaoJib Tpeka cnyTHuka I'eo-MK-1
Ne 1

PesynbraTel cpaBHEHHUST TIOMPABKH Ha BJIAYKHOCTH, PACCYMTAHHOW 1O JaHHBIM peaHajn3a
MERRA-2 ¢ pesynbratamu pacueroB no ganubiM CBU-paguomerpuu, mokaszan, 4To pa3HHUIIA
MEXIY dTHMHU pacderamu coctasisieT Mmenee 0,15 m (puc. 10.2). MakcumanbHas pasHHUIa MEXTY

pacdy€TraMu 110 9TUM MOACIIAM Ha6J'IIO,Z[aeTCH B TPOIIMYCCKHUX MIHUPOTAX.
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Pucynok 10.2 — U3MeHYHBOCTH NONPABKH HA BJIAKHOCTH (M), (2) pacCYUTAHHOM 1O
moaeaun MERRA-2 u nanusiMm CBU-paguomMerpumn, u (0) MX pa3Huna BI0Jb TPeKa
cnyrHuka I'eo-MK-1 Ne 1

Pesynbrarsl cpaBHEHHs IPUIMBHOMN MOMPABKH, pacCUUTaHHOU 110 Mozernsim I1IBeaepckoro
u FES14, nokasai, 4yTo pa3HUIa MKy ITUMH pacueTamu coctasisier MeHee 0,2 M (puc. 10.3).
MakcuMarnbHasi pa3HUIIAa MEXIy pacdeTaMd MO STHM MOJENSM IOCTHTaeTcs B apKTHYECKHX

HIMPOTAX.
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Pucynok 10.3 — U3MeHYHBOCTH NPUJIUBHOI MONMPABKH HA BJAKHOCTH (M), (a)
paccuntannoii no moaeasm lIBeaepckoro u FES14 (a), u (0) ux pa3zHuna BaoJbL Tpeka
cnytHuka 'eo-MK-1 Ne 1

CpaBuenne mozeneir monocgeps! IRI (International Reference lonosphere) 2007 roxa
(IRI2007) u NIC (New lonosphere Climatology) 2009 roma (N1C09) mokasao, 4To 3T JaHHbIE
XOPOIIIO KOPPEIUPYIOT ApyT ¢ Apyrom. OaHaKo, HaOIr0Aat0TCsl HEOOBIINE PACXOKICHHS, KaK B
JKBATOPHAILHOW 00acTH, Tak M B BBICOKMX mupoTax (puc. 10.4). Pazuuiia B pacuyerax Io

Pa3JIMIHBIM MOJCJIAM HC IIPCBLIINIACT 1 cm.
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Pucynok 10.4 — U3MmeH4YuBOCTH HOHOC(EPHOIi monpaBku (M), (a) pacCUUTAHHOI MO
mozneasMm | R12007 u NICO9, u (0) ux pasHuna BaoJb Tpeka cnyTHuka 'eo—-MK-1 Ne 1

bbul co3maH MaccMB JaHHBIX aJbTUMETPUYECKUX H3MEPEHUH U TOMPaBOK B TOYKAX
nepeceuenus TpekoB ciiyTHUKa GEOSAT u cnytHuka ['eo—MK—1 Ne 1. Paccuntanbl monpaBku Ha
Tponocdepy («cyxas» IOIpaBKa M MONPaBKY Ha BIAXHOCTbH), aTMochepy u nonocdepy. beina
nmpoBejicHa BepuduKanus IMONmpaBoK Ha Tpomocdepy («cyxas» MompaBKa M IONMpaBKa Ha
BJIQXKHOCTH), aTMocdepy U MoHochepy B Toukax mnepeceueHust TpekoB cimyTHHka GEOSAT u

ciytHuka ['eo—MK—1 Ne 1.

136



OTuer o gestenbHOCTH ['eodumsnueckoro menTpa PAH 3a 2021 rog,..

1.2 Baaupauusi JaHHBbIX H3MePeHUuii reOMarHUTHOTO MOJIsI

10.2.1 MuTerpanus uudppoBoro apxuBa MarHUTOMeTPUYECKUX U3MepeHuii

cnyTHUKOB CCCP B MupoBy10 cHCTeMY JaHHBIX

WNuterpamus [udposoro apxwBa B cucreMy MupoBoro meHTpa naHHbx (MILJ]) mo
conHeuHo-3eMHOM  pu3uke (C3®P) mo3Bonmmia BIEPBBIC IMOMOJHUTH €€ YHUKAIbHBIMH
CIIyTHUKOBBIMH JJaHHBIMH 110 MarHUTHOMY oo 3emiu (MII3) u MexniaHeTHOMY MarHUTHOMY
TIOJTIO, TTOJTy4eHHBIMU ITyTeM o poBku cuiiamu ['1] PAH apxuBHBIX MaTepHasaoB cO CIIyTHUKOB
Kocmoc—49 u Kocmoc—321 [Krasnoperov et al., 2020]. Bruta npoBeneHa padora 1o IpHBEICHHIO
apxuBa B COOTBETCTBHE TpeOOBaHMSAM MHPOBOH cHCTEeMBl JaHHBIX Juid oOecriedeHus Oosee

IIUPOKOTO AOCTYIIA K YHUKAJIBHBIM CITYTHUKOBBIM MAIr'HUTHBIM JaAHHBIM.

10.2.2 Anaan3 BO3MOKHOCTH MCIIO0JIL30BAHUS apXuBa reoMarHUTHHIX K-nHaexkcoB
JJIsl BAJIUAAIUH MCXOAHBIX CIYTHHKOBBIX IAHHBIX NP MOCTPOEHU U MoIeeit

BHyTpenHero MII3

B mepuoapl MOBBIIIIEHHON MarHUTHOM aKTUBHOCTH, KOTOPBIE BBISBISIOTCS C ITOMOIIBIO
6onbinx 3HaueHuit K- u Kp-unaexcos, curnan rimasaoro MII3 (I'MII3) B criyTHUKOBBIX TaHHBIX
B OoJbllIel CTENEHU HMCKaKeH M 3amrymiieH. [loatomy st Gojiee TOUHOTO BBIIENECHUS M3 HHUX
curHata umeHHo ['MII3 paccmaTtpuBaroTcs CrokoiHBIe Tiepuonbl naHHbIX. s pacuera Kp
(umanerapuoro K-unnekca) ucnomnbiytorest K-ungexcsl 13 o6cepBaropuii o Bcemy MUpPY, OJIHAKO
UX pacrpeesieHue 10 36MHOMY IIapy He ONTUMaibHO. [To3TOMy oLleHHBaTh ypOBEHb MArHUTHOM
BO3MYIIIEHHOCTH TOJBbKO 10 Kp M, COOTBETCTBEHHO, BBIUMCIEHHBIM U3 HETO CIIOKOMHBIM (q) U
Bo3MylIieHHbIM (d) IHSM He Bcerjga KoppekTHo. Hammume ke paccuntaHHbIX K-MHIEKCOB 1O
OO0JIBIIIOMY KOJHMYECTBY JOIMOJHUTENbHBIX CTAHIMH M UX y4eT NpPU pacueTe IUIAHETapHOIo
MH/IEKCa MO3BOJUT 00Jiee TOYHO OTOMPATh MEPUO/Ibl TOHMKEHHOW MarHUTHOM akTUBHOCTH. [1Jis
BBIMOJIHEHUST 3TOM 3a7auu ObLI BBIYUCIEH paclIMpeHHbIM maHerapHbiii K-unaekc (Kpe) c
UCIIOJIb30BaHUEM JOMOTHUTEIbHBIX TaHHbIX 110 K-nHnekcam 17 obcepBatopuii CCCP (Tab6a. 10.1)
n3 apxua MIJ] C3®, BeIMOTHABIINX HENIPEPHIBHBIE HAOMIOICHUS BO BpeMs mosiera Kocmoc-49

u Kocmoc-321 B 1964 1 1970 rogy cOOTBETCTBEHHO.
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Tabnuma 10.1 — Criucok ucmosb30BaHHBIX cTaHmui u3 apxua MIJ[ C3D.

CraHuus Koopaunatsr

IIupora Hoirora
DIK (/Iukcon) 73,543 80,562
HIS (Octpos Xeiica) 80,620 58,050
IRT (UpkyTck) 52,167 104,450
KIV (Kues) 50,720 30,300
KZN (KasaHs) 55,830 48,850
LVV (JIeBoB) 49,900 23,750
MIR (MupHbrIit) -66,550 93,020
MMK (Jlonapckas) 68,250 33,080
MOS (Mocksa) 55,467 37,312
ODE (Ognecca) 46,780 30,880
SVD (CsepanoBck) 56,730 61,070
TFS (Toummcu) 42,080 44,700
TKT (Tamkenr) 41,333 69,617
VLA (BnamuBocTok) 43,697 132,160
VOS (Boctok) -78,450 106,867
YAK (Sxytck) 62,020 129,720
YSS (FOxxno—CaxaianHck) 46,950 142,717

[lo momyuyeHHBIM pacIIMpPEeHHBIM IUTaHETapHBIM HHAekcaMm (Kpe) mo crangapTHOM
MeToauKe ObuIM ompeneneHbl 10 CIOKOMHBIX M 5 BO3MYIIEHHBIX JTHEH Uil KaXIOro Mecsia,
COBITAJIABIIETO C MEPHUOJIOM PAaOOTHI CITyTHUKOBBIX aIllapaToB, U OBUIO MPOW3BEICHO CPaBHEHUE
HOJYYEeHHBIX JTHEH ¢ ompeeseHHbIMH o cTannapTHoMy Kp-unaekcy. B nenom, BbluncieHHbIE
no Kpe-unpexkcam Q- u d-guu coBmanu Ha 80-100% c Berumcienubivu o Kp-unmekcam. Ha
nepuoj pabotel crnyTHHKa Kocmoc—49 (¢ 24 oxtsa0ps mo 3 HosiOps 1964 roma) Beimano 4
criokorHbIX (25, 28, 30, 31 okTs10psi) 1 2 Bo3myIeHHBIX (26 okTsA0ps1, 1 HOsIOps) nus (puc. 10.5).
Kpowme Toro, nens 3 HosiOpst momnan B criucok g-aHei no Kpe-unaekcy, Ho He nonai B 10 cambix

CIIOKOWHBIX JHEH /it HOsi0pst o Kp-uHaekcy.
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Pucynok 10.5 — CoBnaaenue g- u d-aneii, mojyyenubix no Kp- u Kpe-unaekcam, a) 3a
OKTSA0Opb/HOsIOPL 1964 rona, 0) 3a auBapb-mapt 1970 roaa

Brrunciiennsie - u O-gam mo pasHeiM Bapuantam Kp 3a tpu mecsna 1970 roma taxke
cosranu Ha 80-100%. Ha mepuon pabotsl criyTHIKa Kocmoc-321 (¢ 20 staBaps o 13 mapra 1970)
BhIMano 14 crnokoWHbIX (22, 23, 25, 26 saBaps, 6-9, 11, 12, 20-22 ¢epans u 11 mapra) u 9
Bo3MyIeHHbIX (30 stHBaps, 2,4, 24, 28 despans, 6-9 mapra) aueit (puc. 10.9). Crout oTMeTUTBD,
YTO B CIMCOK MEPBBIX 5 CIIOKOHWHBIX MHEH 1o Kpe momnaso (moa Homepom Q5) 9 deBpais, a mo Kp
nox HoMepoM Q5 — 11 despans. HaobopoT, mox HomepoM (6 B TOCIEAHEM CIydae YUCIUTCS
9 eBpanst, a mo Kpe— 11 ¢eBpasis. 3T0 TOBOPUT O TOM, YTO MAarHUTHASI aKTUBHOCTH B OTH JTHU
ObLTa IpUMEpHO Ha oHOM ypoBHe. Kpome Toro, B criucok 10 g-gaeit mo Kpe monano 19 despans
(mox HomepoMm (7) u He monasio 25 (eBpaiisa, KOTOPOE CTOUT MOCIeTHUM B cniucke 10 O-mHen,
BbruuciieHHbIX 110 Kp. B cimcok 5 d-guei mo Kpe monano 17 despans (mog Homepom d4) u He
norraio 14 ¢eBpaisi, KOTOpOe CTOUT MOCIEAHUM B CITUCKE 5 BO3MYIICHHBIX JHEH, BEIYHCICHHBIX
no Kp. AHanu3 mokaszai, 4YTO HCIOJIb30BAHME JOMOJHUTEIBHBIX CTAHIMN JUIS BBIYHCICHUS
riaHetapHoro K-uHekca BIUseT Ha pe3yibTaThl onpeaeiacHus g- u d-mHei, KOTOpbie MOTYT ObITh
UCIIOJIb30BAHbl B KAueCTBE JIOMOJHUTENbHON HHPOpPMAIMK TPU BAIUJAIUN HMCXOJIHBIX
CIYTHUKOBBIX JaHHbIX Jis moctpoeHuss Mmoxened ['MII3. Ilpum wucnosnb3oBanuu Oonee
PaBHOMEpPHOTO MPOCTPAHCTBEHHOT'O pAacCIpe/eieHHs] TaHHBIX 00CepBaTOPUN MO MOBEPXHOCTHU

3eMIIi TOUYHOCTb omnpe/eneHus g- U d-THei MOXKET MOBBIIIATHCS.

10.2.3 ConocraBiieHne ouH(POBAHHBIX CIYTHUKOBBIX JAHHBIX ¢ IPOTHO30M MOJIeJIH

riaasaoro MII3 aas 3moxu 1965-1970 ronos

[TepBbie cmyTHHUKOBBIE W3MepeHuss MII3, Hauwateie B 60-¢ rompi XX Beka, ObLIM
CKaJSIpHBIMH, TO €CTh HU3MEpSICA TOJIBKO €ro Moayib. K HHUM OTHOCATCS W JIaHHBIE
MarHUTOMETpUYecKuX crnyTHUKOB Kocmoc-49 (1964 rox) u Kocmoc-321 (1970 ron).

MaremMaTuuecKkue MOZACIIM MArHUTHOTO IOJIA ABJIAIOTCS aHAJIUTUYCCKUMHU W JOIMYCKAKOT PaCdCT
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€ro KOMIIOHEHT U MOJIyJIsl B JIIOOON TOYKE MPOCTPAaHCTBA BHE HCTOYHMKA, YTO J1A€T BO3ZMOKHOCTh
cpaBHMBaThb MoAyJb MII3, BBIYMCIEHHOr0 NO MOJENH, C HENOCPEACTBEHHO H3MEPEHHBIM
3HadeHneM. DTanonnoi mozaenasio ['MII3 seisercst moaens |GRF [Alken et al., 2021a], koTopas
OOHOBIISIETCS KaXKble MATh JIeT, HaunHas ¢ 3noxu 1900.0. Iy oleHKH KauecTBa CIyTHUKOBBIX
M3MepeHuil, MPOBOAUMBIX O0Jiee MOMyBeKa Ha3a/l, BHIMOIHIOCh UX CPaBHEHHE C MPOTHO3HBIMU
BeNMYMHAMU coriacHo Mojenu | GRF, BbIYKCIEHHBIMU Ha COOTBETCTBYIOLIHE 3MOXU. T.K. MOJIeNb
IGRF onwuceiBaeT TONBKO BHYyTpeHHHE UCTOYHMKA [MII3, W3 W3MEpEeHHBIX 3HAUYCHHM
OT(UIBTPOBHIBAINCH UCXOJHBIC JaHHBIE, CoJepiKallue B cebe CUTHajd BHEIIHUX HMCTOYHHUKOB
MITI3. Jlns 3TOT0 OTOMpaIMCh TOIBKO U3MEpEeHUs Ha HOUHOU cTopoHe 3emun ¢ 22:00 mo 05:00 mo
JOKaTbHOMY BpPEMEHH 32 TE€OMarHMTHO-CIIOKOWHBIE BPEMEHHBIE HHTEPBabl, KOTOPHIM

cooTBeTcTBOBaM 3HaueHus Kp < 2o u |Dst| < 20 (puc. 10.6a).

() (©)

Pucynok 10.6 — IIpocTpaHcTBeHHOE pacnpeiesieHie 0TOOPAHHBIX TAHHBIX CIYTHHKOB ()
Kocmoc-49 u (0) Kocmoc-321. [{BeToM 0003Ha4YeHa BHICOTA M0JIETA B KWJIOMETPax

Ha pwuc. 10.7a npuBeneHa TucTorpamMma pacrpeeneHuss pasHocTedl momynern MII3,
paccuntanubix o mojenu |GRF u HenocpencTBeHHO M3MepeHHbIX cmyTHHKOM Kocmoc-49. Tlo
TOPU3OHTAIM OTJIIOKEHBI OWHBI pazHocTed pasmepoM 10 HTH, a Mo BepTUKaIUW — TIJIOTHOCTH
BEpPOSITHOCTH, TEpPECUYUTaHHAs MO KOJIWYECTBY H3MEPEHUN C TAKUMHU PA3HOCTAMU. OTYy
TUCTOTPaMMy  MOKHO ONHUCaTh TayCCOBBIM pacnpeAciieHueM co cpeaHum 2,78 u

cpennekBaapatuaHbiM oTkiIoHeHHeM (CKO) 32.83 (Tabim. 10.2).

Tabmuma 10.2 — Cpemnue W CpeTHEKBAIPATHYHBIE OTKIOHECHUS pPA3JIMYHBIX MOJENIed OT

n3mepenuit cmytHukoB Kocmoc-49 u Kocmoc-321

IGRF, 24.10.1964 IGRF, 22.02.1970 M-1 M-2

Cpennee 2,78 15,07 0,47 12,41

CKO 32,83 25,12 25,56 75,82
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Pucynok 10.7 — 'ucrorpaMmMmsl pacnpeesieHUsl PAa3HOCTH MOJYyJIeil BEeKTOpPa MAarHUTHOIO
10Jif (MOJTHOW HANPSI2KEHHOCTH), BbIuucJaeHHbIX 10 Moaeau IGRF u HenmocpeacTBeHHo
u3MepeHHbIX cnyTHukamu (a) Kocmoc-49 u (6) Kocmoc-321

Jlns ananmm3a gaHHbBIX KocMoc-321 6b110 otoOpano 698 usmepenuit uz 4910, kpurepuun
orOopa maHHBIX ObuUM Te ke, uto B ciaydae Kocmoc-49 (puc. 10.60). JlomomHUTEIBHO
OTOpachIBAINCH JaHHBIC, MOJYYCHHBIC HAa BBICOKUX IMUPOTax Oosiee 60° B CEBEPHOM U FOKHOM
MOyLIApUsX, BO M30€KAHHE CHUCTEMAaTHUYeCKoro uckaxeHusi curhama ['MII3 BaemHuMU
ucrounrkamMu MII3 marauTocepHoro m monocdepHoro mnpoucxoxiaenus. Ha puc. 10.76
MIPUBEICHA THCTOTpaMMa pacTpe/IeNIeHUs Pa3HOCTH U3MEPEHHBIX U CMOJISTMPOBAHHBIX 3HAYCHUN

Moaysst Bektopa MII3; ctaTucTiyeckue XapakTepuCTUKY NpuBeneHbl B Tadu. 10.2.

Jlisi BBISIBIICHHS MPOCTPAHCTBEHHOT'O paclpesiesieHus] OTKIOHEHHH OBLTH IMOCTPOEHBI
KapThl pa3HocTel B 3aBUCUMOCTH OT IpoThI (prc. 10.8). 13-3a HE00IBIIOr0 HAKIOHEHUS OPOUTHI
cytHuka Kocmoc-49 (49°) Gosnpliyro yacTh BpeMEHHM OH HaXOJHMJICS Ha HOYHOM CTOPOHE 3eMIIH
B ceBepHoM moaymiapuu (cMm. puc. 10.8a). OrobOpaHHbIe 3HAYCHHS M3MEPCHHMA, MOJIYyYCHHBIX
cmytHHKOM Kocmoc-321 ¢ HakioHeHreM opouTsl 71°, 6osee paBHOMEPHO pacipeeeHbl MEKIY
50°FOII u 50°CHI (puc. 10.86). [Tpu 3TOM, MOKHO HAOIOATh 3aKOHOMEPHBINA POCT OTKJIOHECHUN
Opu  OpuOIMKEHUH  CIOYTHUKA K  IOJKocaM, 4TO  OOYyCJOBJIEHO  MHTEHCHBHBIMH
AJIEKTPOMArHUTHBIMH TIPOIIECCAMH, XapaKTEPHBIMH Ui MOJSApHONH moHOchepbl. [lomydyeHHble
pe3yabTaThl CBUAETENBCTBYIOT O TOM, 4YTO B IiesioM Mojenb | GRF BIonHE yA0BIETBOPUTEIBHO

anmnpoKCUMUPYET paKTUUECKHe HAOII0I€HUSI MATHUTHOTO MOJIS.
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Pucynok 10.8 — Pacnpenesienue pa3Hocreii mo mmpoTe no oTPuJILTPOBAHHBIM JaHHBIM

cnyTHuKoB (a) Kocmoc-49, (6) Kocmoc-321. I1o ropu3oHTaMN — IIUPOTA, 0 BEPTHKAIH —

pa3HocTb MoayJieil Bektopa MII3, Beiuuciaennbix no moaean IGRF u HenocpeacrBeHHo
U3MepPEHHBbIX CNYTHUKOM. LIBeTOM MoKa3aHO KOJIMYeCTBO U3MePEeHNH

[Ipu mepBoHauanbHOM aHanmW3e MaHHBIX H3MepeHuid Kocmoc-49 um Kocmoc-321 Obim
MOCTPOEHBI aHATUTUYECKUE MOJIETTM MarHUTHOTO NoJis Ha snoxu 1964 (nanee moaens «M-1») u
1970 (manee moaens «M-2») roga. OHu IPUBEAECHBI B COOTBETCTBYIOIINX Katanorax [Joneurnos u
op., 1967, 1976]. 3asBineHHas TOYHOCTD alllIPOKCUMALIUN U3MEPEHUI aHATUTUYECKUMU MOJETISIMU
coctaBiger 15 HTin. Huxke Mbl NpUBOAUM CpaBHEHUE ATHUX HCTOPHUYECKHUX aAHATUTUYECKUX
Mozeneir ¢ srtamonHo mozaenvio IGRF, koropasi, kak OBUIO TOKa3aHO BBIIIE, HEIIOXO
anmpoOKCUMUpPYeT mpsimble Habmomenuss MII3. OueBumHO, B JaHHOM Ciydae €IMHCTBEHHO
BO3MOJKHBIM TMOAXOJ K CPAaBHEHUIO 3aKIIOYAETCS B OLEHKE PA3HOCTH OTAEIbHBIX KOMIIOHEHT
BEKTOPOB MarHUTHOTO TTOJIs1, BRIYMCIICHHBIX 10 IBYM MOJIEISIM. AHAJIOTHYHBINA CTIOCOO CpaBHEHUSI
MCIIOJIB3YEeTCs MPH OLIEHKE Moiesel-kanauaToB s popmupoBanus IGRF [Alken et al., 2021b).
[losydyeHHble OTKJIOHEHMSI IO BEPTUKaJIbHON Z-KommoHeHTe nocturairoT 6osnee 1000 vTn mo
MOJYJIO, UTO SIBJIAETCS HEAOMYCTUMOI MOTPEUIHOCTBIO MPU UCCIEAOBAaHUU BEKOBOW BapHallU

I'MII3, xoTopas cocTaBieT HECKOJIBKO AECATKOB HT B ro.

Hanuune mopeneir I'MII3 3a HECKOJIBKO COCEAHMX 3MOX MO3BOJIIET OLICHUBATH €ro
BEKOBYIO Bapuauuio. [10 aHanoruu C BBILIEU3IIOKEHHBIM, MPOBOJIUIOCH CPaBHEHUE BEKOBOM
Bapualui Z-KOMIIOHEHTHI, IOJIyYeHHOW KakK pa3HOCTh Monenelt «M-2» u «M-1», neneHHas Ha
COOTBETCTBYIOIINI MHTEPBAJI BpEMEHHU (OKOJIO IMATH JIET), C BEKOBOW Bapualllel, BHIYUCICHHON
no wmoxenu IGRF ma tor e mepumox 1965-1970 romos. (pumc. 10.9). Orpommbie
MPOCTPAHCTBEHHBIC PACXOXKICHHUS MEXAY JBYMS MOJIEISIMH, OOyCIOBICHHBIC pa3HHIICH B
CEeKTOPAJIbHBIX YJIEHaX pa3joXkeHUuH 1Mo chepudecKuM TapMOHHMKAM, SBISIOTCS XOPOIIIO
U3BECTHBIM MPOsBJICHUEM T.H. «3(dekTa bakyca» [Backus, 1970], oueBuaHO, HEYYTEHHOTO MPH

noctpoeHun Mozenend «M-1» u «M-2». D1oT 3 deKT sABIIEeTCA CYINIECTBEHHBIM HCTOYHHKOM
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o6ok B Mojiessix MIT3, mocTpoeHHBIX TOJIBKO MO CKAISIPHBIM TaHHBIM HaO R0 1eHui [Stern and
Bredekamp, 1975]. 13-3a 3Toro0, mojiyueHHass BEKOBasi BapHUaIlusl M0 dTHM MOJCIISM OXKHIaeMO
COJICP>KHUT OOJIBIITHE OITMOKN Ha HU3KUX IIUPOTaX, B TO BpeMs kak B mojienu | GRF apdexrt bakyca

MHUHUMHU3UPOBAH.

V(@8 /on). nT/year

Pucynok 10.9 — CpaBHeHHe BeKOBOIi Bapuanuu Z-KOMIIOHEHTbI, TOCTPOEHHOM 110 MOJAeIsIM
«M-1» 1 «M-2» mo coceqnum 3moxam 1964 u 1970 roaa, ¢ Boruncjaennoii no moxean | GRF

10.2.4 CpaBHenue gannbix cnyTHuka Kocmoc-321 ¢ nannbivu apyrux UC3

CpaBHEeHME MaHHBIX Pa3HBIX CIIyTHHKOB 3a OJMH NEPHOJA BPEMEHH ITO3BOJISCT JIydIle
OLICHUTh TOYHOCTh U3MEPEHUH, BBIIBUTH BO3MOXKHBIC HEJIOCTATKH B METOJJUKE U3MEPCHUH U JaeT
BO3MOXKHOCTh B Oy/yIlleM BHECTH KOPPEKTHUBBI B HAy4HYIO Tporpammy. J[ins cpaBHUTETBHOTO
aHanu3a ObUTM BBIOpaHbI JaHHBIE coBeTCKOro cryTHUKa Kocmoc-321, a taxke ciyrauka OGO-6
amepukanckoro mpoekta OGO (OpoOutanpHas reodpusmveckas obcepatopus). OGO-6 Obut
3anymieH 5 uroHs 1969 rona u padotan 1o mapra 1972 rona [Apxus, 2021]. IlockonbKy u3MepeHus
CIIyTHUKOB HE IPOBOJMJINCH OJHOBPEMEHHO B OJHOH M TOH K€ TOYKE MPOCTPAHCTBA, OBLIO
IPUHATO PElICHHE CPAaBHUTH MOJyuYeHHbIE U3MepeHus ¢ nanHbiMu Mozaenu |GRF. [lns ananusa
OTOMPATUCH TOJBKO Te M3MepeHHs cimyTHUKOB Kocmoc-321 m OGO-6, xoTophle momajnaid B
OKpecTHOCTh 1° mo mmpore u 1,5° Mo J0JAroTe OTHOCUTEIBHO MECTOPACIONOKEHUST Ha3eMHBIX
oOcepsaropuii OpiBIIero CCCP. Takum 00pa3oM, peruoHaIbHbIE XapaKTEPUCTUKH MarHUTHOTO
noJst ObUTHM ONM3KM Kak il OOOMX CIYTHHKOB, TaK M JUII COOTBETCTBYIOLIEH Ha3eMHOM
obcepBaropun. Kpome Toro, takoil oTOOp MO3BOIMI OICHUTH PACXOXKIACHHS MOJICIBbHBIX W
00CepBaTOPCKUX JaHHBIX. B pe3ynpTare aHamm3a W COPTUPOBKH CITyTHHKOBBIE TPACKTOPUH
moraju B okpectHocTH 6 oocepBaropuii (puc. 10.10). Uto kacaercsi reOMarHUTHOW 0OCTaHOBKH B

JHU TIpoJieTa CIYTHUKOB Haja pailloHamu oOcepBaropuii, To 21 ¢eBpans 1970 roxa sBisics
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CIIOKOMHBIM 1HEeM, a 28 ¢eBpayst — cinaboBo3mynieHHbIM. OCTallbHBIE JHH HE SIBISUIUCH HU

CTMIOKOMHBIMH, HU BO3MYIEHHBIMU [[annble no ¢ u d- onsm, 2021].

Tusm - TIGRE, HTA

16 deapana 19 hespans 21 $eapana 1 mapra 2 mapTa
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Pucynok 10.10 — OTk/10HeHHsI M13MepPeHHBbIX 3HAYeHU I M0JHOIi HanpskenHocTn MII3 oT
MoO/IeJbHBIX HA TPUMepe OKPEeCTHOCTH MarHuTHoi o0cepBaTtopuu | RT («HApKyTCcK»).
CuHuUM 0003HAYEHO CPeHECYTOYHOE OTKJIOHEeHNE 00CePBATOPCKUX JAHHBIX, OPAHKEBbIM —
nanubix Kocmoc-321, cepbim — nannbsix OGO-6

Kak Bunno u3 puc. 10.10, oTkinoHeHUsT 00cepBATOPCKUX JAHHBIX MO MOAYJIO OT MOJEIH
COCTaBJISIOT OOJIBIIYIO BEJIIMYWHY, YeM OTKJIIOHEHHUS CITYTHHUKOBBIX JAaHHBIX, HPHYEM TaKas
KapTHHA COXpaHseTcs JUIsi BCeX paccMaTpuBaeMbIX oOcepBaTopuil. OueBHIHO, TO BBI3BAHO
JIOKQJIbHBIM BIUSHUEM HEOJHOPOTHOW HAMAarHWYCHHOCTH IMTOPO;] (AHOMAJTbHOE MAarHUTHOE IT0JIE),
KOTOpOE CTPEMUTEIBHO YOBIBAE€T C BBICOTOM OOpPaTHO MPOMOPIMOHAIBHO KyOy pacCTOSHUSI.
Takum o00pa3oM, Ha BBICOTAX pPACCMATPUBAEMBIX CIYTHUKOB BKIAJ aHOMAIBLHOTO ITOJIS
npakTHueckn He3ameTeH. CpenHee 3HAYeHHWE OTKIOHEHHMH IO BCEM paccMaTpUBAEMBIM
oOcepBaropusiM 3a Bce qHH cocTaBiisieT 178 HT. bornee BaKHBIM SBISETCSI TO 00CTOSITETLCTBO, UTO
W3MEHYMBOCTh MAarHUTHOI'O TOJII BO BPEMEHH B PAacCMATPHUBAEMBIX OKPECTHOCTSX OJUHAKOBO
XOpOIIIO TPOCIEKUBACTCI KaK B 00CEPBATOPCKUX JAHHBIX, TaK W B HAONIOJACHUAX OOOHMX

cytHHKOB (cM. puc. 10.10).

CryTHUKOBBIE JaHHBIC B OOJIBIICH CTENEHN MPUOIMKEHBI K MOJCIBbHBIM IIPOTHO3aM, YeM
o0cepBaTOpPCKHE H3MEPEHMsI, MOCKOJIbKY CIyTHUKOBBIE M MOJIEJIbHBIE JaHHBIE B OCHOBHOM
cogepxkar curHain I'MII3 M He yuuTBHIBalOT pervoHalIbHOE KOpoBoe mose. Jljig pasHbIX
OKpecTHOCTeH oOcepBaTOpUil BapHallMOHHAs COCTABIAIONIAs M3MEPEHUH, MONyYEHHBIX Ha JBYX
CIyTHHKaX, pasiuyaercs BBUAY (1) mocraToyno rpy0oil MpOCTpaHCTBEHHOHW ammpoOKCHMAIlHUH,
obecnieunBaemort mojenpo IGRF, m (2) pa3HO# cTeleHH JIOKaIbHOTO BIMSHUS OBICTPO
MEHSIOIIMXCS BHEUIHMX IOJIed Ha pa3HBIX BhICOTax OpOMT. JleHCTBUTEIBHO, BHICOTa OPOUTHI
Kocmoca-321 B paccmarpuBaeMblil NEPUO BpPEMEHU U3MEHSIIACH B Iipeaenax oT 6642 no 6752 km
(B reolieHTpUYECKOl cucTeMe KoopauHar), a cnytHuka OGO-6 — ot 6766 no 7440 kM. Pa36poc

BBICOT 3a BBIUETOM CpefHero paauyca 3emian 6371 kM @pu mpoJjieTe CIYTHHUKOB HaJ
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obcepBaropusimu  nipuBeneH B Tabm. 10.3. Pa3HOCTh BBICOT JBYX CHYTHHKOB JIOCTHTAalIa
HECKOJIbKMX COTEH KHIIOMETPOB, UTO SIBIISIETCS CYIIECTBEHHBIM IMPOCTPAHCTBEHHBIM MACIITaA00M

C TOYKH 3pCHHUA U3MCHUYNBOCTU MAarHUTHBIX oJiei I/IOHOC(i)CpHOFO IMPOHUCXOKIACHUA.

Tabmuna 10.3 — Konebanust BeicoThl opouThl cnyTHUKOB Kocmoc-321 u OGO-6 (B kM) mpu

mpoJieTe Hajl 00CepBATOPUSIMHU

O06cepna- Kocmoc-321 0OGO-6 Cpennee (OGO-6 —
TOpHs Kocmoc-321)
max min max-min max min max-min
IRT 354,2 271,9 82,3 520,3 431,7 88,6 163,0
LNN 285,1 276,9 81 415,0 400,6 14,4 126,8
MMK 322,2 292,3 29,9 412,1 395,1 17,0 96,3
NVL 381,6 271,0 1106 | 1069,3 | 1069,3 0,0 7431
PET 349,9 347,0 29 491,0 396,6 94,3 95,3
YAK 334,4 275,6 58,8 456,5 399,6 57,0 123,0

B cpennem nomyuunocsk, uro nanaeie Kocmoca-321 ciierka 6amxe K MOJCIIBHBIM (CpeaHee
OTKJIOHEHHE IO BCEM JHSAM M IO OKPECTHOCTAM Bcex oOcepBaropuil cocraBuio 16 HTn no
Moayio), uem ganabie OGO—6 (cpennee oTkioHeHue coctaBuio 21 HTa mo momyio). Bmecre ¢
TE€M, JIaHHBIA pe3yJbTaT B OOJIbIIENH CTENEHH HOCUT KAYeCTBEHHBIM XapakTep BBHJY KpailHe
HEMPOJOHKUTEIBHBIX 1 HEMHOTOUHCIICHHBIX CKAIIPHBIX U3MEPEHU MarHUTHOTO 1o B 60—70e
rogbl XX BeKa, KOIJa TOJBKO 3apOXAATMCh KOCMHUYECKHUE TMPOTpaMMbl MO H3YYEHUIO

reopU3NIECKHUX MOJICH.

10.2.5 BzaumoseiicTBHE ¢ KHTAHCKOH CTOPOHOI

16-17 nosi6ps 2021 rona opranuzarmeit LASAC (Kuraii) npoBoauiics MexayHapo HbIH
¢dbopyM 1O COTPYAHHYECTBY B 00JACTH CIIyTHUKOBOW I'DaBUMETPHH, KyAa ObUIM MpUTIIAIICHBI
corpynaukn I'l] PAH. Kwuraiickas cropoHa mnoAenwiach IUIAHAMHU, OXXKHAACMBIMHU
XapaKkTepUCTUKaMH, METOAAMM IOBBIIIEHUS TOYHOCTH B OTHOLIEHUM TOTOBSIIUXCS MHCCHM.
OcCHOBHOM MJaH KUTANUCKUX KOJIJIET — BOCIPOM3BECTH Pa3pelIaronlyl0 ClOCOOHOCTh YCIENTHON
muccun GOCE. B ¢opyme npunsim ydactue espomneiickue (I'epmanus, Hunepnannsl) u
aMEpUKAHCKHE CHEIHAUCThl, KOTOPbIE UMEIOT OOraThlil ONBIT MPEIINIECTBYIOLIUX CITyTHUKOBBIX

IpaBUMETPUYECKUX MHUCCHH. bbiin HameueHsl miansl cotpynHudectsa ¢ I'll PAH. B ciyuae
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peain3aniui HaMCYCHHBIX ILJIAaHOB MOXHO 6yz[eT pacCunThIBaTh Ha 0ojiee WHTEHCHUBHBIN

B3aUMHBIA OOMEH JaHHBIMU.
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11 CucteMHBIH MOAX0A K KOMILIEKCHPOBAHUIO AJITOPUTMOB PACIIO3HABAHMS
ISl OLEHKH celicMUYecKO ONMacHOCTH

paHT POOU: 20-35-70054
Homep: AAAA-A20-120012090122-8
PykoBoautens: 3aB. nab., r.H.c., 4.d.-M.H. b. A. [13e60eB

3ajaya OLIEHKM CEMCMHYECKOW OMacHOCTU COCTOMT B aHAJIM3€ U IMPOTHO3E MapameTpoB
CEHCMUYECKOTO BO3JIEHCTBHS OT OyAyIIMX CHUJIBHBIX 3emieTpsceHuid. [lepBbie MeToABl MOUCKa
pemieHnii 3Toi 3amaun Obltn aerepmuHucTckuMu (Deterministic Seismic Hazard Analysis —
DSHA) [Mualchin, 2011; Wang, 2011]. B 70-x romax XX Beka Hayajach pa3paboTka
BEPOSITHOCTHBIX KapT ceiicMuyeckoil omacHocTu (Probabilistic Seismic Hazard Assessment —
PSHA) B nammonaneHoM [Hampumep, Bommer and Abrahamson, 2006; Ulomov, 1999],
pEeruoHaIbHOM [Hanpumep, 3aanuiBuin U J{3epanos, 2014; 3aanumBunu u ap., 2011; DprenbeBa
u Antukaes, 2013] u ropoackom (MukpopaionupoBanue) [Hanpumep, Anemns, 2017; Jkypuk u
ap., 1988; 3aanumsumiu u Poroxun, 2011] Mmacmrabax. B knmaccnueckom noaxoae PSHA [Cornell,
1968] onpenensieTcst BEpOSITHOCTh TOTO, YTO B TEUEHHUE OIPEEIIEHHOT0 MIEpro/ia BpeMeHHU OyayT

MPEBLIMICHBI PA3JIMYHBIC YPOBHU COTPACACMOCTH, BBI3BAHHLIC 3EMIICTPACCHUSAMU.

Ceronns anprepHatuBoii PSHA sBnsrorcst meronst NDSHA (Neodeterministic Seismic
Hazard Assessment — NDSHA) [Panza and Bela, 2020; Panza et al., 2012]. OHu mo3BOJISIOT AaTh
JNETEPMUHUCTCKOE OMUCAHKNE CEHCMUYECKOTO JBMKCHHSI TPYHTA, BEI3BAHHOTO 3€MJICTPSICCHHEM C
3aJJaHHBIMU STTUIICHTPAIBHBIM / TUTIONIEHTPATBHBIM PACCTOSIHHEM U MarHuTyJod. Takue MeTo bl
0a3upyroTCs Ha MOJICTMPOBAHIH Ha OCHOBE JICTATHHOT 0 3HAHMSI 04ara 3eMieTpsceHus [AnTekMaH
u TareBocsn, 2007; Dziewonski et al., 1981; Mantyniemi et al., 2014; Rebetsky and Tatevossian,
2013] u crieHapust paclpOCTPaHEHUs OT Hero celicMuueckux BoyiH [Parvez and Rosset, 2014]. Tem
CaMbIM CTAaHOBHUTCSI BO3MOXKHBIM OIpEJEIeHue Ha0opa CIEHApUEeB 3eMIICTPSCCHHNA U
MOJICTUPOBAHME HA HMX OCHOBE CHHTETHYECKUX CEHCMHUYCCKMX CHTHAJIOB, HE JOKUIASACH

IMOABJICHUA PEATIBHOT'O CUJIIBHOI'O 3EMIICTPACCHUA.

OaHMM M3 KIIIOYEBBIX YCJIOBUHM ycnemHoro npuMmeHeHus MeronoB NDSHA sasnsercs
HaINYME aJEeKBaTHOM HMHQOpMAlMM O BO3MOXKHBIX MECTaX CHJIBHBIX 3EMIIETPSICEHUN B
uccineayemMom  peruone. I'mbkocte NDSHA  mo3Bojsier  ycCHemHO HMHKOPIIOPUPOBAThH
JIOTIOJIHUTENbHYIO HH(OPMALIHIO O BO3MOXKHBIX MECTaX CHIIbHBIX 3€MJIETPSCEHUH, MOIYYEHHYIO C
MIOMOILbI0 HE3aBHCUMBIX METOJIOB M PACUYETOB. DTO COKpAILAeT CYLIECTBYIOIIME NMPOoOenbl B
3HAHUAX O CEHCMHUYHOCTH, MTOJy4aeMbIX M3 KaTaloroB 3emierpscenuii. B paborax [Peresan et al.,
2015; Rugarli et a., 2019] npomemoHCTpHpoBaHO, 4YTO wHcHojib3oBaHne B NDSHA

JOITIOJIHUTCIIBHBIX 3HAHHH O MECTaxX BO3MOXXKHOTO BO3HHMKHOBCHHS CHIILHBIX 36MJ’I€Tp$IC€HI/II\/JI,
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MOJIYYCHHBIX IyTeM MPUMEHEHUS METOJOB pacro3HaBaHus 00pa3oB K JaHHBIM O
MopdocTpykTypHOM cTpoeHUH peruona [['Bummanu u ap., 1988; 2020], mo3BonsieT co3naBarh
3¢ exTuBHBIE TPEBEHTUBHBIE KAaPThl CEMCMUYECKON OMacHOCTU. AHanu3 MOPGOCTPYKTYPHBIX
JTAHHBIX Ha 0a3e pacmo3HaBaHus 00pPa30B MO3BOJISIET OMYYUTh KOJTMYECTBEHHBIC M KAYECTBCHHBIE

KPHUTEPHUH JJIsI ONIpEeIeIeHus 00J1acTei, MoIBEpKEHHBIX CHITbHBIM 3emiteTpsicennsM [Rugarli et al.,

2019].

B pamkax npoekta B 2021 rogy ObulM CYIIECTBEHHO pa3BUTHI HJEHHAs, CHCTEMHO-
MaTeMaTH4ecKasi U BbIYUCIUTENbHas 0a3bl Paclo3HaBaHHUS MECT BO3MOXKHOTO BO3HHKHOBEHMS

CHJIBHBIX 3CMJIeTp$IC€HI/II7L

I[Mporecc ompeeNieHUs] 30H MOBBIIICHHOH CEHCMHUYECKOH OMAacCHOCTH B TEKTOHUYECKH
AKTUBHBIX PETHOHAX MPEJICTABIISAET CO00H CIOKHYIO cucTeMy. COCTOSTHUE CHCTEMBI 3aBUCHT Kak
OT TMPOCTPAHCTBEHHBIX KOOPAWHAT OOBEKTOB PACIO3HABAHUS, TAK U OT BpeMeHH. B 3Toii CBsI3H
3aj1aua PACIO3HABAHUS MECT BO3MOYKHOTO BO3HMKHOBEHHS CHIIBHBIX 3CMIICTPSICEHHN METOIIOM
FCAZ (Formaized Clustering And Zoning) [['Bummuanu u ap., 2016], paspaboTaHHbEIM paHee
HCIIOJTHUTEISIME [TPOCKTA, PACCMOTPEHA C TOYKH 3PCHUSI CHCTEMHOTO aHaium3a. Tak, co3maHa
cuCcTeMHO-aHanuTH4eckas Bepcus meroga FCAZ. TIpoctpancTBeHHO-BpeMeHHast Mojenb T (n) X
FCAZ (T = {t,;n = 1,2,...} — 3HaYeHHUsI BpEMEHHU ) MO3BOJISAET CO31aTh BPEMCHHOMN ILJIaH
OyIylIMX HUTEpalMii 1O pPAaCMO3HABAHUIO MECT BO3MOYKHOTO BO3HHUKHOBEHHS CHJIbHCHIIIHX,
CWIBHBIX W 3HAYMTEIBHBIX 3emierpsiceHuil. T.e. cdopMymupoBaH KpuTepuii BbIOOpa
HEPaBHOMEPHBIX OTPE3KOB BPEMEHH Ui MpoBejaeHus MOBTOpHBIX FCAZ-pacnosHnaBaHuii. IT1o
JaeT BO3MOXKHOCTH pACIIO3HABATH MECTA BO3MOXXHOTO BO3HHKHOBEHHS 3CMIICTPSICEHHN Kak
¢byHukimio BpeMeHu. [Ipu 3TOM ais Kiaccu(UKAIMKA HA BBICOKO- M HHU3KOCEHCMUYHBIC 30HBI
UCIIONB3YIOTCS JIMHAMHYECCKH BO3HHUKAIOIINEC OOBEKTHI — OSIHUICHTPHI 3eMIICTPSICEHHU. DTO
TI03BOJIICT BOCIPOU3BOIUTH PACMO3HABAHHWE HMCKOMBIX BBICOKOCEHCMUYHBIX 30H IO Mepe
MOSIBJICHUS] HOBBIX 00BEKTOB. [l0CIie/iHee MOBBIMIAET HE TOIBKO MPAKTHYECKYIO 3HAYUMOCTh, HO U

JI0CTOBepHOCTH pe3yiabratoB FCAZ-pacno3naBanus [[[3e60es, 2021].

IIpoBeneno FCAZ-pacrno3HaBaHHe MeECT BO3MOXKHOTO BO3HHKHOBEHHSI CHIIBHBIX
3eMJICTPSICCHU B HOBOM pervuoHe — Aunbnbl-/JluHapuasl. IlpoBenena Bepudukamus paHee
nonydeHHbIX pe3ynbratoB FCAZ-pacno3naBanusi. Pa3paborana HoOBas MareMarudeckas

KOHCTPYKIIHS HEKOTOPBIX BRIYUCIATEIBHBIX 0710k0B MeToa FCAZ.

COBOKYIHOCTh BBIYUCIIHMTENIbHBIX KOHTPOJBHBIX JKCIIEPUMEHTOB, IPOBEIACHHBIX B
MHOTOYHCICHHBIX H3Y4YeHHBIX MeTojgoM FCAZ perumonax, MOATBEpAMIIAa JOCTOBEPHOCTh W

BOCIIPOU3BOJAUMOCTb HHTCPHPLETALIUA FCAZ-30H Kak MeCT BO3MOXHOI'0O BO3HHKHOBECHUS
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3emieTpscenuid. [lokazano, yto FCAZ-30HbI 3aHUMAIOT CPAaBHUTENBHO HEOONBIIYIO TUIOMIAIb 1O
CpaBHEHHUIO ¢ moyieM oomiei ceiicmuanocT — 30% — 40% ot momaau Beent ceiicmuunoctu u 50%
— 65% oT mIomanu, Tae MPOUCXOIAT ClIadble 3eMIICTPSCEHHsI, MCIOJIb3yeMble B KadeCTBE
o0bekToB FCAZ-pacnozHaBaHusi. OTO WIUIIOCTPUPYET MPOCTPAHCTBEHHYIO HETPUBUAIBHOCTH

MOJIyYCHHBIX pe3ynbraToB [[[3e6oes, 2021].

Pesynbratel mpoekta B uactu FCAZ-pacrio3HaBaHMs TMOKazadu M TO, 4TO cialas
CEICMUYHOCTh HA CAMOM JIEJIe MOXKET «IIPOSIBIISATEY CBOMCTBA re0(U3NIECKUX TTOJIEH, KOTOPEIE B
KJIACCHYECKOM TMOJIXOZ€ K pPACHO3HABAHHUIO MECT BO3MOXKHOTO BO3HUKHOBEHHS CHUJIBHBIX
semnierpsicennii EPA  (Earthquake-Prone Areas) wucnonb3yloTcs HEMOCPEJCTBEHHO B BHJIE

XapaKkTepUCTUK 00BEKTOB pacno3HaBanus [/[3e6oes, 2021].

Bnepsrie orenen Bkiaa (QOPIIOKOBBIX W adTEPIIOKOBBIX IOCIEIOBATEILHOCTEH B
Karajgorax 3emieTpsiceHuil B (popMHpoBaHHE pe3yibTaTa PAcMO3HABAHHUS MECT BO3MOXKHOTO
BO3HHUKHOBeHUs 3emiieTpsicennii metogoM FCAZ. Ha npumepe Kammdopann n Tuxookeanckoro
nobepexxbs moiyoctpoBa Kamyarka moka3aHO, YTO HalUYMe B KaTalorax 3eMIIETPSCEHUN
(OpIIOKOBBIX U a()TEPIIOKOBEIX MOCIICIOBATEIIFHOCTEH HE OKAa3bIBACT CYIMIECTBEHHOTO BIUSHUS

Ha pe3ynbTatel FCAZ-pacnio3naBaHusl.

Pa3BUT OpUTrMHANBHBIA aJTOPUTM PACMO3HABAHUS MECT BO3MOXXHOTO BO3HUKHOBEHUS
CHIBHBIX  3emierpsiceHuii  «bappep-3»,  pa3paOOTaHHBIH  HMCHOJIHHUTENSIMH  IPOEKTA,
0azupyroumiics Ha Ki1acCupUKaIA 0OBEKTOB ¢ 00yYEHUEM I10 OJHOMY KJIaccy, OCHOBaHHBIN Ha
NPUHIMIIAX AUCKPETHOTO MAaTEMaTHYEeCKOT0 aHAIHM3a U DJIEMEHTAaX MCKYyCCTBEHHOT'O MHTEIUICKTA.
B dwactHOCTH, mOCTpoeHa MaTeMaTH4ecKas CXeMa BBIUYUCICHUS ONTHMAIbHBIX 3HAUYCHHH
CBOOOJHBIX TMapameTpoB anroputMma «bapeep-3». Takas cxema Gasupyercs Ha Hjaee, YTO MpHU
0TOpachIBAaHUH U3 PACCMOTPEHHUS OJTHOT'O MJIM HECKOJIBKMX OOBEKTOB €IMHCTBEHHOW 00yyaroIei
BBIOOpKH, anroput™ «bapeep-3» JOMKEH pacrmo3HaBaTh HMX KakK BBICOKOCEH CMUYHBIC
OCHOBBIBAsICh Ha 00yUEHHH 10 OCTAaBIIUMCS B BBIOOpKEe oObekTaM. Ilokazano, uro «bapbep-3»
MOXeT S(PQPEeKTHBHO HCIOIB30BaThCA B KiaccmyeckoM mnoaxoae EPA B kadectBe Omoka

pacnioznaBanus [/[3e00eB, 2021].

C wucnonp3oBanueM anroputma «bappep-3» B kadecTBe Oyioka pacmo3HaBanus EPA
BBINIOJIHEHO PACIIO3HABAaHUE MECT BO3MOJKHOTO BO3HMKHOBEHMSI CUIIBHBIX 3E€MIJIETPSCEHUIN B
KpeiMmy m B pernone Aubnbl-JluHapuabl, CHIBHEHINUX 3€MIIETPSACEHHH Ha THUXOOKEaHCKOM
noOepexbe nosyoctpoa Kamuarka. Anropurmom «bapbep-3» BbISBICHbI UNCIIEHHBIE HHTEPBAJIBI
3HAYEHUN TIe0J0ro-reopu3nueckux U TeoMop(OIOTUYECKUX XapaKTepUCTUK, CBONCTBEHHBIE

O6’L€KT3.M, KJ'IaCCI/I(bI/IL[I/IpOBaHHLIM KaK BBICOKOCEHCMUYHEIC: BBHICOKAs CTEIEHb TEKTOHHYECKOM
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pa3apoOJIEHHOCTH, HaJIW4YMe IUIOTHOCTHBIX TIJyOMHHBIX HEOJHOPOAHOCTEH, a  TaKxke
crnenn(uIeckoe CTPOCHUE U COCTAB 36MHOM KOpbI. BrimonHneHa Bepupukaius panee Noay4eHHbIX
PE3yJIbTATOB Paclio3HaBaHMsI MECT BO3MO>KHOTO BOZHUKHOBEHUS 3€MJIETPSICEHUI ¢ 00yUYEHHEM 110
onHoMy (amroput™m «bapbep-3») u mo asym (amroput™m «Kopa-3») kmaccam. OGocHoBaHa
BO3MOKHOCTh BapbHpOBaHUs OJIOKAa pacro3HaBaHUsi 00pa3oB B Kiiaccuueckoi nporeaype EPA:

«AITOPUTM TUXOTOMUM» <> «bapbep-3».

[Ipennmoxena wHTEpHpeTands B BHAE HEYETKOIO MHOXKECTBA Ui HHTETPAIBHOTO
pesynbrata EPA-onpenenenus BhICOKOCEHCMHUHBIX 30H OJIOKaMu pacrio3HaBaHusi «baprep-3»
(omuH xacc 00yuenust) u «Kopa-3» (1Ba kiacca o6yuenus). [lokazano, 4To aBTOPCKH aITOPUTM
«bapbep-3» ¢ 00yueHreM 1o eMHCTBEHHOMY KJIACCY B KOMITO3UIIUU C allTOPUTMAMU JUXOTOMHUU
U KOHCTPYKIIMEM HEYETKOTr0 MHOXKECTBAa YJy4IlIaeT KAadyeCTBO pAaCIO3HABaHUA. YIIydllleHUE
pe3yibTaTa CBSI3aHO C TEM, YTO UCIOJb30BaHUE HEUETKOM MaTeMaTHUKU MO3BOJISIET UHTETPUPOBATH
BOEIMHO PA3JIMYHbIC KPUTEPUU JBYX HE3aBUCUMBIX PACIIO3HABAHUMN, BHITTOTHEHHBIX aJITOPUTMaAMU
«bapbep-3» u «Kopa-3». 9To Mo3BOJISET B KAKOW-TO MEPE KOMIIEHCUPOBATh HEMOJIHOTY, @ UHOT A
U 1e(peKTHOCTh UCXOAHBIX JaHHBIX. [IpenokeHHas B MPOEKTEe MaTeMaTHIeCKass KOHCTPYKIIHS,
npeiacTaBisiomas  co00il  KOMITO3WIIMIO  HEYETKOr0  MHOXKECTBa U Kiaccudukarmii
BBICOKOCEHCMHUYHBIX 30H, HE3aBUCUMO PACIIO3HAHHBIX C 00YYCHHEM 0 OJHOMY M JIBYM KJlaccawm,
SBJIIETCS 1IarOM Ha MYTH K CO3/IaHUI0 MHCTPYMEHTAa CHUCTEMHOIO aHaInW3a. JTOT MHCTPYMEHT
MOJKET 0Ka3aThCsl BEChbMa TMOJIE3HBIM ISl JAbHEHIIIEr0 U3yYeHUs MPOOIeMbI OTpeIeICHUs] MECT
BO3MOXXHOTO BO3HHUKHOBEHHUSI CHJIbHEHIINX, CUJIBHBIX M 3HAUUTENbHBIX 3emieTpsceHuid. s
npeoOpa3oBaHus PACIIO3HAHHON HHPOPMAITUH O TIOJOXKEHHSIX dMUIIEHTPOB BO3MOYKHBIX CHITHHBIX
3eMJICTPACEHUH B  OLEHKM MAaKCHUMalbHOM  OaUIbHOCTH  HMCIOJb30BalOCh  ypaBHEHUE

MakpoceiicMuuekoro nois ¢ kodpdunuenramu no H. B. llebanuny.

B paMkax BBINONHEHHMs @IPOEKTa MOIY4YWJIa CBOE Ppa3BUTHE pPaHEE CO3JaHHas
NutepaxtuHas [ IC MHOTOKpUTEpUAIbHOM OIIEHKH ceiicMuyeckoit onacHocTH. PazpaboTtannbie
W pa3BUThIE B paMKax IIPOEKTa METOAbl M AJITOPUTMBI BKIKOYEHBl B MHTepakThBHYr0 [MIC
B KaUeCTBE MHCTPYMEHTOB reoo0paboTku naHHbIX. CoznanHas ['MIC-6a3a kapT 30H BO3MOXKHOTO
BO3HUKHOBEHMS 3E€MJICTPSICEHUN JUISI W3YYEHHBIX B IIPOEKTE PETUOHOB TAaKKe BKIIOUYEHA

B uHTepaxktusHyto ['HC.

Ha 06a3e pesynbpTaToB, MOJYYEHHBIX, B TOM YHCIE, B paMKaX BBITIOJHEHHUS IPOEKTa,
pykoBoauTeneM npoekta bopucom ApkaaseBudem J[3e00€BbIM MOATOTOBIECHA AUCCEPTALIMOHHAS
pabora «CHUCTeMHO-aHATUTHYCCKUNA METOJI PACHO3HABAHMS MECT BO3MOXKHOTO BO3HHUKHOBEHHS
CHJIBHBIX 3eMIICTPSCEHUI» Ha COMCKAaHUE YUYCHOW CTEMEeHH JOKTOpa (PU3MKO-MaTeMaTHYECKUX

Hayk 1o crenuaibHocTh 25.00.10 — T'eodusuka, reodu3udeckre METOJbI MTOWCKOB IOJIE3HBIX
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uckonaembix. PabGoTa ycmemHo 3amumnieHa Ha 3acenaHuu  JlMccepTallMiOHHOTO COBETa,
¢dyHkunoHupyomero Ha 6aze denepasbHOrO TOCYJAPCTBEHHOTO OIOKETHOTO YUYpPEKIACHUS

Hayku MactutyT dmsuku 3emn um. O. FO. HImuara Poccuiickoii akageMun HayK.
3a 1Ba rofa peain3alyy MpoeKTa MOIy4YEHbI CIEAYIOINE OCHOBHBIE PE3YJIbTATHI:

L4 BHepBBIe MECTa BO3MOXHOI'O BO3HUKHOBCHUA CHUJIBHBIX SCMHCTpHCGHI/Iﬁ IpCeaACTaBJICHLI B

BHUJC HCUYCTKOT'O MHOXXCCTBA.

L4 HpI/IBeI[eHLI APTYMCHTBI B IIOJIB3Y TOI'0, 4YTO HOAHHBIC II0 HI/ITOC(I)epHBIM MarouTHBIM
aHOMaJIUsAM 06J'IaI[aIOT BBICOKOM HH(i)OpMaTI/IBHOCTI)IO AJIA OIPCACIICHUA MCCT BO3MOKHOTI'O

BO3HHMKHOBCHUA CUJIBHBIX 36MJ'ICTp$IC€HPII>i.

L4 BnepBHe KJIIaCCUYCCKad 3aJada pacClio3HaBaHHUd MCECT BO3MOXHOTO BO3HHMKHOBCHHA

CUJIBHBIX 36MJ'ICTp$ICCHHI>i 3aMEHEHa CUCTEMHO 0oJiee CI0KHOM 3aJa4eil.

e BrepBrle MOKa3aHO, YTO HAJIWYUE B KaTajorax 3eMiIeTpsceHUil (OPIIOKOBBIX U
aTEepIIOKOBBIX IOCIEIOBATEIBLHOCTE HE OKa3blBAET CYIECTBEHHOTO BIMSHUS Ha
KOHEYHBIN pe3yJpTaT paclo3HaBaHUs MECT BO3MOXXHOI'O BO3SHMKHOBEHHSI 3€MIIETPSCEHHUI,
BBIMOJIHEHHOIO0 Ha 0a3e Kiactepu3aluu (TOMOJIOrMYECKON (HIBTPALlMU) MHOXKECTBA

SMUILIEHTPOB CIA0BIX 3€MIIETPSICCHUH.

L4 BHCpBLIe IIOKa3aHO, 4YTO MCCTa BO3MOXXHOI'O BO3HUMKHOBCHUA CHIIBHBIX 3CMJIeTp$ICCHI/II71
3aHUMAOT CpPaBHUTCIBHO HG60J'H>I_Hy1-O miom@anab II0 CpPaBHCHUIO C IIJIOMIAAbIO, TAC
MPOUCXOIAT 3EMIICTPACCHUS C MaFHHTYHOﬁ Ha 34 MCHLBIIC, YEM MOPOT paCIO3HABACMbIX

CHUJIBHBIX SGMHGTPSICGHI/II\/’I.

e Brnepsbie BpICKa3aHa TUIOTE3a, YTO clabas CEHCMUYHOCTh MOXKET «IIPOSIBIISATHY CBOWCTBA
reopU3N4ecKux IMoJieil, KOTOpble HCHONb3YIOTCS B BHJE XapaKTEPUCTUK OOBEKTOB

pacno3HaBaHus i OIIPECACIICHUA BBICOKOCEHCMHYHBIX paI>'IOHOB.

e Brepssie chopMyIUpOBaH KpUTEpUN BHIOOpPA HEPABHOMEPHBIX OTPE3KOB BPEMEHHU IS
MPOBEACHUS  TMOBTOPHBIX  PAcHo3HABAHMII  MECT  BO3MOXXHOTO  BO3HUKHOBEHHS

3eMJIETPSICEHHIA.

B pamMkax peanuzanuu npoekTa onyOIMKOBAaHO TPU CTaThU B )KypPHAIAaX, HHICKCUPYEMBIX

B Web of Science Core Collection/ Scopus.
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12 CuctemHbIil aHAIM3 0coOeHHOCTel xapakrTepa pacnpocrpanenust COVID-
19 nas crpan EBponbl 1 peruoHoB Poccnu onacHocTu

MpanT POOU: 20-57-82003 MMACA

Homep rocpermnctpauun: 121032900088-0

PykoBoautens: 3aB. nab., K.r.-m.H. A.. PbibknHa

Ha HepBOM aTarie HCCIICIOBAHUS HpOBeIIeH ITIOUCK NCTOYHUKOB JaHHBIX,

YAOBJICTBOPAOIINUX 3aJadaM ITPOCKTA. Bce OTKPLITBIC HCTOYHUKH JaHHBIX MOKHO Pa3JCJIUTb Ha

TPH TPYIIIbI B COOTBETCTBUH C TUIIOM arperupyeMbIX JaHHBIX:

1 (bUKCUpYIOIINE XPOHOJIOTHIO MEp, TPHHUMACMBIX CTPaHAMH (PETHOHAMH) B CBSI3U
C maHJIeMHUCH;

2. (GUKCUpYIOIINE AIHIEMHOIOTHYECKHEe W MOJICIbHBIE MAapKephl: 3apakeHus,
BBI3JIOPOBIICHUS, CMEPTH, JIETAIBHOCTh, KOA(D(PHUIMEHT pacmpoCcTpaHEHUS
nadeknuu (Rt) u mp.

3. KOMOMHHPYIOIIHE B cebe 00a HarpaBJICHUS.

Hcnonb3yeMbIMU UCTOYHUKAMH MEPBOM IPYMIbI SBISIIOTCS MacCuBbI JaHHbIX CoronaNet
(ue akryammsupyetcs C oktsi0ps 2020 roxga) u World Health Organization (WHO). Bo Bropom
Clydae Ha CETOJHSIIHUN JIeHb NMpUCyTCTBYeT Oosee 500 3amuceit mo pernonam P®, mpumepHO
TPETh M3 KOTOPBIX HEMOCPEJCTBEHHO OTHOCUTCS K I'. MockBe. Psja coObITHII MOXXET OBITH
BEpU(PUIIUPOBAH IO NEPUOAUYECKH OOHOBIsIeMOMY 0030pHOMY AOKyMeHTY «llepeueHr mep B
csa3u ¢ kopoHaBupycom (COVID-19)» B cucreme «Koncynprantlliroc», rae mpeacTaBlieHbI

OCHOBHBIE€ MEPBI, TPUHATHIC JIsl CHUKEHUSI PaCIIpOCTPaHEHUS] KOPOHABHUpPYCa.

Hcnonb3yeMbIM HCTOUHUKOM BTOpPOW TPYMIBI €XKETHEBHBIX HMHMJIEMHOJIOTHYECKUX U
MOJINIBHBIX JAHHBIX MO pernoHam P® m mupy sBisercst 0a3a JaHHBIX W3JaTelbCcTBa SIHIEKC,
arperupytomas nanusle Johns Hopkins University, ¢ caiita cTonkopoHaBUpYC.p(h 1 COOCTBEHHBIX
cepBucoB. OpUTHHANBHBIM TIOKA3aTEIEeM SBISETCS HWHACKC CAaMOM3OJSINH, €XKEIHEBHO
OTpaKalOIINH YPOBEHb TOPOJCKOI aKTHBHOCTH I10 HCIIOJIb30BAHUIO PA3IWYHBIX MMPUIOKEHHH U

cepBHUCOB fHEKca.

HOHOJ’IHI/ITCHBHO HCIIOJIb3OBAHHBIM MCTOYHHUKOM, HC BXOJAIINM HHU B OJHY KaTCrOpPHUIO,

ABJISIFOTCA €KCAHCBHLIC pCTUMOHAJIBHBIC TCMIICPATYPHBIC JaHHBIC ((HHI[GKC.HOI‘O,Z[B,)).

Jlsist BU3yalbHOTO aHAJIM3a SMUACMHUOJIOTHYECKUX MAapKEpOB HAa BTOPOM JTare CO3JaHO
BeO-opueHTupoBanHoe nmpuioxkenrne «KORBUS Web 1.0 COVID-19» (CunerensctBo P Ne
2021665068 or 2021.09.17), mpemHasHauyeHHOE A IIATGOPMOHE3aBHCHMONM BHM3YyalH3alluu

JMHAMUKU PacIpOCTpaHEHHs] KOPOHABUPYCHOM MH(EKIIMU B paKypce «CTpaHbl / peruoHsl PO —
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KOJIMYECTBO 3apa)KeHWW / BBI3JOPOBJICHUN / cMmepreli» B nuamasone mgar ¢ 22.01.2020 mo

CErONHAIIHNHN JIEHD.

Ha TperbeM 3Tamne Ha OCHOBaHMHM BBIIIECONHCAHHBIX HAOOPOB JaHHBIX I'. MOCKBBI ObLIH
[POAHATU3UPOBAHBl  TEPEKPECTHAas  3aBUCUMOCTh  BPEMEHHBIX  DPAJNOB  3a00JEBaHMIA,
BBI3I0POBJIEHUI, CMEPTHOCTH, MHJEKCAa CAMOU3OJIALIMK U TEMIEpaTypbl, a TAKKE B3aUMOCBS3b
pacripoctpanenuss SARS-COV-2 u NpUHATHIX COLMATbHO-3KOHOMUYECKUX MEp M PELICHUH M0

CIEP’KUBAHUIO ATOTO PACIIPOCTPAHEHHUSL.

[Ipu BKIIFOUEHHH B MOJIEJIb UHJIEKCA CAMOMU3OJISIMUA BECh BPEMEHHOM JMANa3oH TEUECHHS
MaHJIEMUN COKpAIAeTCsl JI0 Tepuoja, 3a KOTOPHIA (PUKCUPOBAJICS HCKOMBIA HHACKC, T.C.

¢ 12.03.2020 mo 22.09.2021 (560 nneit) (puc. 12.1).

Pucynoxk 12.1 — Hecriia:xxkeHHbIe TaHHbI€ BPeMEHHBIX PSIJIOB CMEPTHOCTH, HH/IEKCA
CaMOM30JISIINH H TeMIIepaTypsbl (CBepXy BHHU3).

W3HauanbHO TMpUMEHSUIaCh MOJIENh BEKTOpPHOW  aBToperpeccuu (aHria.  Vector
AutoRegression, VAR) — Mmoens THHAMAKHA HECKOJIBKMX BPEMEHHBIX PSAI0B, B KOTOPOI TEKYIIHE
SHAYCHUA 3TUX PAHAOB 3aBUCAT OT HPOULIBIX 3HA4YCHUN ATHX XKE BPCMCHHLIX PAOO0B (HaFOB).

OI[HaKO AHAJIN3 OCTATKOB MOACIN IMMOCPECACTBOM HC IMOKA3aJI YCTKUX 3aKOHOMCpHOCT€I\/'I.

Torma Ol IpoBeNEH aHaMM3 Ha OcHOBe Kiaccuyeckoi SIR-mozaenu, monpasymeBaroreit
paszzesieHue HaceJIeHUs Ha TPU TPYMIbL: S — KOJIMYECTBO JILI, BOCTIPUUMYHUBBIX K 3a00JIeBaHUIO, [
— KOJIMYECTBO HMH(HUIMPOBAHHBIX UM, R — KOJIMYECTBO IHII, BBI3JOPOBEBIINX U HMMEIOIINX
UMMYHHTET WK norubmmx, u N = § + [ + R — yucineHHocTs HaceneHus (13 MIIH yesioBeK JJis T.

MockBbI).

PaccmoTpum ypaBHeHUE 3a0071€BaEMOCTH

ar _

S
=5 Bl =7l

rie [ — Kko3hPUIMEHT WHTEHCHMBHOCTH KOHTAaKTOB C HWH(HUIIMPOBAHHBIM, } —

KO3 (HUIIMEHT MHTCHCUBHOCTH BBI3IOPOBIICHHUS.

[IpeobpasoBas ero:

155



OTuer o gesrenbHOCTU ['eodumsnyeckoro meaTpa PAH 3a 2021 rog...

d —Sp_
—(ogh) == B -y

1 BBCIsI HCKOTOPBIC NPCAINOJIOKCHUSA:

S
L4 E -1 , T. €. BCC BbBI3AOPOBCBIIMC BOCIPUUMYHMBLEI K ITOBTOPHOMY 3apaKCHUIO,

KOJIMYECTBO AKTHBHBIX CIIy4aeB HEBEJIMKO IO CPAaBHEHUIO C OOLIEH YMCIEHHOCTHIO
HaCeJICHUS;

® BMECTO IIOCTOSIHHOM CKOpPOCTH BBI3ZIOPOBJIEHUSI Y TMpeArojaraercsi, 4YTo BCE
UHOUIPOBAHHBIE TOKUAAIOT IIyJ AaKTUBHBIX CJIy4yaeB uepe3 (PUKCHPOBAHHOE
KOJIMYECTBO JTHEH, TAKUM 00pa3zoM, Y HE UTPAeT HUKAKOW pOJIM B MOJIEIH;

e [peanosiaraercs JMHEWHas 3aBUCUMOCTh f;~aSIIl, (MHIEKC CaMOM3O0JIALUHU 3]1ECh

WHBEPTUPOBaH);

MOJIYy4acTCd CICAYIOIICC YPABHCHUC

Alogl; = aSIl;_; + &.

Pe3yHLTaT IIOATOHKH MOJCIIN TIIPHUPOCTA 3a00J1€BacMOCTHU (3) IIOKa3aJl HaJIn4duc

WH(pOpPMAIIUH B OCTATKAX, TO3TOMY OHH OBLITA CMOJCIMPOBAHKI Kak Mporiecc aBToperpeccuu AR:

Alogl, = aSIl;_4 + &,
& = 0161 + 0,605 + uq.

BbIpa3uB mnepBoe ypaBHEHHE 4Epe3 BTOPOE, IOJIY4aeTCs MOJENIb AaBTOPETPECCUU H

pacnpenenennoro jgara ARDL:

Alogl, = 0,Alogl;_4 + 6,Alogl;_, + aSIIl,_; — 6,aSIl,_, — 6,aSII;_; + u;

Pe3ynbTaT moAroHKH CKOppeKTHpOBaHHOM Mojemu (5) (puc. 12.2):

Call:
dynlm(formula = as.formula(model.text), data = data, start = 1)
Residuals:

Min 1Q Median 3Q Max

-0,046761 -0,009232 0,002168 0,012058 0,054304
Coefficients:

Estimate Std. Error t value Pr(>|t])
X.t -0,014324 0,001009 -14.197 < 2e-16 *** (a)
X.1 -0,007434 ©,001501 4,953 1,01e-06 *** (—a/0,)
X.2 -0,006005 ©,001172 5,123 4,33e-07 *** (—a/f,)
Y.l 0,624572 0,043294 14.426 < 2e-16 *** (91)
Y.2 0,285824 0,043857 6,517 1,78e-10 *** (92)

Signif. codes: @ '***' 9,001 '**' @,01 '*' 90,05 '.' 0,1 ' ' 1

Residual standard error: ©0,01553 on 490 degrees of freedom
Multiple R-squared: 00,7697, Adjusted R-squared: 0,7673
F-statistic: 327.5 on 5 and 490 DF, p-value: < 2,2e-16
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Residuals
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Pucynok 12.2 — Iloaronka cKOppeKTHPOBAHHON MO/1e/H MPHUPOCTa 3200/1eBaeMOCTH.
CBepxy n3o0paxén rpaduk 0CTaTKOB; CHU3Y CJIeBa PYHKUUSA aBTOKOPPEJIALNH OCTATKOB;
CHH3Y cripaBa — GyHKIMS MJIOTHOCTH OCTATKOB.

CKOppCKTI/IpOBaHHaﬂ MOZCIIb IOCTATOYHO XOPOLIO OIIPECACIICHA:

® OCTaTKM HE KOPPEIUpPYIT Ipyr ¢ JOPYroM, 3a HCKIIOYEHUEM, I10-BHIUMOMY,
COXPaHEHUsI HEKOTOPOW CE30HHOCTH;

® OCTaTKM UMEIOT HYJIEBOE CPEIHEE 3HAUEHUE BO BPEMEHU;

e ocTarku He KoppenupyroT ¢ SII;

e pacmpezeNieHHue OCTaTKOB OJM3KO K HOpMaJIbHOMY.
[TosToMy MOAENH MOKHO CUMTATh JOCTATOYHO HAJIEHKHOM.

[TapannensHO aHaIM3MpoOBalaCh B3aMMOCBs3b pacnpocTpaHeHus SARS-CoV-2 u
INPUHATBIX ~ COLMAIBHO-DKOHOMHYECKMX MEp M  pelIeHHH 1O  CAEPKUBAHHUIO  ATOTO

pacnpocTtpaHenus B r. Mockse 3a nepuon ¢ 12 ssaBapst 2020 no 7 uronsa 2021 rona.

Meron ocHoBaH Ha mpuMeHeHuu [IMA (IUCKPETHOTO MaTeMaTUYECKOro aHaliu3a) M
CBEPTKHU (KOHBOJIIOIMH) — ONepaly B (pyHKIMOHAIBHOM aHaiu3e. CBEPTKON HaXOAATCS MecTa,
I7le IPOU3BOAHAs BO3pacTaeT (Hayajao BO3PACTAHUS BPEMEHHOrO psija), Wi yObIBaeT (Hayayio

yOBIBaHMSI BPEMEHHOTO psizia). Jlanee, ¢ TOMOIIbI0 perpecCHOHHBIX TPOU3BOAHBIX Ha O0aze [IMA,
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HaxOJUTCA TPaHWIIA, BBIIEIAIONMAs Ha TpapuKe CBEPTKU JIOKAJTbHBIE MaKCUMyMBbI (TIUKH),
KOTOpBIE€ CITy>)KaT KOHTPOJIbHBIMH TOYKAMH JUIS HAXOXJICHUS COOBITHUN, MMEIOIUX Haubolee
CUJIbHOE BIIMSIHHE HA JMHAMHUKY TEUCHUS MTaHIEMUHU. 3aTeM COIOCTABIISIOTCS T€ COOBITHS U3 0a3bl
JTAHHBIX, KOTOPBIE MPOU30IUIK 3a 14 aHel (Bpemsi HHKyOaluu KOpOHABUPYCa) 0 BBLACTICHHBIX
KOHTPOJIBHBIX TOYEK CO CABUTOM B 2 JHS 70 M Tociie. Takoi moaxoj objerdaer naabHEUITNi
aHallM3, a TakXkKe T03BOJIAeT OoJee TOHKO BBIACIHATH 3aKOHOMEPHOCTH U OIICHHUBATh

3¢ (peKTUBHOCTH TPUHUMAEMBIX MEP.

Ha ocnoBe 6a3pl nanubix WHO Oblna caenana BeIOOpKa 8 COIMAIbHO-PKOHOMUYECKUX
coopitnii w3 141 (puc. 12.3), BHecmIMX CYIISCTBEHHBIM BKJIAJ B CHIDKCHUC JIHHAMHKHU
3a0051eBaeMOCTH (KaTerOpyuu CaMOM30IIALINS, OTPaHUYCHHE COOpaHUl IO, a TakkKe HOIIEHUE

WHJIMBUAYaJIbHBIX CPEICTB 3AIIUTHI OPTaHOB JbIXaHU).

03.04.2020 - Mescow Mayor Sergel 20.08,207] - Wearing & sk i crowded public

to museums and palace park complexes. while walks on thei

28,04,2020 Moscow muthorites will not ease
2| the inys sray a1 horme cesers dusing the Moy

Nolldays, lackuding Labor Dy and Victory
oy

OO
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M et

Pucynok 12.3 — Pacno3HaHHbI€e JaThl HAYAJIa CHHKEHNsI YPOBHS 3200/1€Ba€MOCTH B T.
MockBe: HCXOHBbIH pPsil 3200/1€eBA€MOCTH MOKA3aH HA rpauKke YepHbIM HBEeTOM; QYHKIUSA
HA4YaJIa CHUKEHNUs] YPOBHA 3200/1eBA€MOCTH MOKA3aHA CHHUM ; JIOKAJIbHbIe MAKCHUMYMBbI
(pyHkuuN, ykasbiBawIlue HA HAYAJ10 CHUKEHU 3200/1eBaeMOCTH, TOKA3aHbI KPACHBIM.
Hudpamu nomeyeHsbl yCTAHOBJIEHHbIE BpeMEeHHbIE 0TMETKH, KOTOPbIM COOTBETCTBYIOT
3HAYMMBbIe Mepbl (MX ONUCAHNE MPUBEICHO HA PUCYHKE).
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13 MexnynapoaHas aesatejbHocTs 'Ll PAH B 2021 roay

B 2021 rony T'eodusmueckuii uentp PAH (I'll PAH) npopomxkan BecTH aKkTUBHYIO
MEXIyHAPOJHYIO JESATENbHOCTh B KOOIMEpAlUU C 3apyOeKHBIMU KOJUIETaMH M MHCTUTYTaMHU-
napTHEpPaMH.

Corpynnuku 'l PAH BXxomar B cocTaB pyKOBOASIIMX OPraHOB MEKIyHApPOIHBIX
HayuyHbIX opranu3zaumid. Jupextop 'Ll PAH, unen-koppecnongent PAH A. A. ConoBbes
apisieTcst  Buie-npenacenareneM  Komuccmm 1o gaHHeiIM U wHGopmarmuu  (UCDI)
MexnayHnaponHoro reonesudeckoro u  reodusmueckoro cotoza (IUGG), poccuiickum
HAI[MOHAJILHBIM JIeJieraToM B MeXIyHapoJHOH accoluanuu TeoOMarHeTu3Ma U a’dpOHOMHHU
(IAGA) MexaynaponHoro reojaesndeckoro u reogpusudeckoro corwsa (IUGG) u oduuepom mo
B3aumoyeiicteuto |lUGG u MexayHapo HOTO KOMHUTETa 10 JaHHBIM Uil HAYKH M TEXHUKH
KOJJATA (IUGG Liaison Officer to the Committee on Data for Science and Technology,
CODATA). Hayunsiii pykoBoautens I'll PAH akagemux A. J[. ['BHIIHAHU SBJISIETCS WICHOM
Komnerun skcneproB Epomnerickoro nayunoro donna ("ESF College of Expert Reviewers'),
npencenarenem Hayunoro cosera PAH mo usyueHuto ApKTUKM M AHTAPKTUKH M YIEHOM
Me:XBETOMCTBEHHOTO KOOPAMHALMOHHOTO COBETA M0 MEXIYHAPOJHOMY HAyYHOMY U Hay4HO-
TEXHUYECKOMY COTPYAHHMYECTBY moJ pykoBoicTBoM mnpe3uneHta PAH A. M. Cepreesa.
3aMecTuTeNb JAUPEKTOpa MO pa3BUTHIO, K.I.-M.H. A. W. PbpiOknHa — BHIE-IPE3UAEHT
MexnyHapo HOTO KOMUTETA 10 TaHHBIM U1 HAYKU U TEXHOJIOTMM ipu MexXTlyHapOIHOM COBETE
no Hayke CODATA (The Committee on Data for Science and Technology ICSU) wu
npeacraButenb Komuccuu o nanueiv u uadopmaruu (UCDI) B IUGG.

B 2021 rony npomomkuiack paboTta 1o COBEpIICHCTBOBAHUIO MAarHUTHBIX 00cepBaTOPHiA
craugapra MHTEPMAI'HET, noanepxuBaembix I'll PAH. Pa3BuBaercs HayuHoe
corpynauuectso mexay L[ PAH u Hucrutryrom uonochepst (r. Anma-Ata, PecnmyOnmka
Kazaxcran). [Ipoucxomut oOMeH NaHHBIMH MEXIy oOcepBaropueil «Anma-ATa» U CepBEpOM
[[EHTpa T€OMarHUTHBIX TaHHBIX. [laHHBIE TepeatoTcs B onepaTUBHOM pexume. OCyIecTBiseTcs
00MEH HCTOPHUYECKUMH JTAaHHBIMH T10 JINHUU MHPOBBIX EHTPOB JTAaHHBIX, (YHKIIMOHUPYIOIIUX B
'l PAH.

B 2021 romy mnpomomkaercs padoTa COBMECTHOW TEOMAarHUTHOW oOcepBaTopuu
«['romarapak» B ApMEHUH, CO3IaHHOM B pe3ysbTaTe Koonepanuu Mexay NHcTUTyTOM reopu3nku
U uHxeHepHoi cericmonorun Pecny6nuku Apmenust (MI'MC HAH) u 'Ll PAH.

B okta6pe 2021 roxy B xone comectHoi akcnieauiuu 1] PAH, MockoBckoro ¢usuko-
texHuyeckoro nHcTutyTa (MOTU) 1 Poccuiickoro nientpa ocsoenus: Apkruku (HIT «PLIOA», .

Canexap/) Ha TEppUTOPUH pa3BepThIBaHUs MexXayHapOIHOM apKTUYeCcKoi cTaHIMU « CHEXMHKa
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OblJJa TIPOBE/IEHA MAarHUTOTPAJUECHTOMETPUYECKAs ChEMKA C IEJbI0 HCCIEOBAHUsA XapakTepa
pacrpejiesieHUs aHOMAJIMK MAarHUTHOTO TOJIs 3eMJIN U OIpeJieJiIeHHe yYacTKOB, MPUTOAHBIX JIJIS

pasMelleHus MaBUILOHOB IUIAHUPYEMOI TeOMarHUTHOH 00CEpBAaTOPHUH.

B oxrabpe 2021 romy B c. Ymabuo (I'py3us) cocrosuiack COBMECTHAs ADKCHEAULIUS
corpynaukoB 'l PAH u UTUC HAH (Apmenus). beumm mpoBeeHbl U3MEpEHUsT MarHUTHON
BOCIIPUMMYHUBOCTH TOPOJ IIMPAKCKOW CBHUTHI paszpe3a YaaOHO JIsi OLEHKM BIHMSHUA
aCTPOHOMMYECKOM  LMKIMYHOCTH  Ha  Mmpoueccel  ocaikoHakoruieHuss — Ilapareruca.
DOKCHEeMIIMOHHBIE 3aJ]a4i TaKKe BKIOUAIM B ceds oTOOp 0OpasloB il JUTOJOTHYECKUX U
NAJICOHTOJIOTMYECKUX UCCIIEI0BAaHUM C LIEbIO JaIbHEHIIero ONMCaHus N3y4aeMbIX OTI0KEHUH U
YTOYHEHHS UX T'eoJIOTHYecKoro Bo3pacta. Pabora BeImomHsuIach B pamkax rpanta Poccuiickoro
Hayuynoro ¢ouma (PH®) 19-77-10075 «CucremHslii aHaiu3 BIMSHUS aCTPOHOMHUYECKOU
LUKINYHOCTHU Ha Mpolecchl ocagkoHakomieHus [laparetucay.

B 2021 roxy Beayniemy HaydHOMY COTPYIHUKY J1abopaTtopuu reopusndeckux gaHHbIX ['1]
PAH, mupextopy MupoBoro nentpa aanubix (MILJ]) no conneuno-3emuoit ¢pusuke u ML mo
¢usuke TBepmoit 3emmu Harammm AnexcanngpoBHe CepreeBodl ObUTa TMpHCYXKACHA MpPEMHS
MexnayHapoaHoil accouuauuu reoMarHetusma u  aspoHomun [AGA «Menane [AGA 3a
MHOTOJICTHIOIO pa0oTy».

WznaBaemsrii 'Ll PAH xypnan "Russian Journal of Earth Sciences", BkItoueHHBIN B
tperuit kBapTib (Q3) B orpacnu 3uanuii "Earth and Planetary Sciences", siBisiercss B OJTHOM
Mepe aBTOPHTETHBIM MEXIyHAapOJHBIM M3IaHHeM B 00iactu Hayk o 3emie. JKypnan "Russian
Journal of Earth Sciences" uznaercs ¢ 1998 rona. ['maBHast 1ienb xKypHasia — 03HAKOMHUTh HAyYHOE
cooO11ecTBO ¢ Hambosiee Ba)KHBIMU HAy4YHBIMHM PpE3yJIbTaTaMH, MOJTY4YEHHBIMH POCCUHCKUMU
y4eHbIMU. ['7aBHBIM penakTopoMm XypHaia sBisiercs akagemuk PAH A. JI. I'Bummanu; B
PEIKOJUIETHIO )KypHAJIa BXOIST TAKUE U3BECTHBIE yUeHbIE, kKak akageMuk PAH A. O. I'nuko, uien-
koppecrionsieHT PAH A. A. Conosbes, 1. Kabar (IlIBeiiiiapusi) u Apyrue Beayliue y4yeHbIE B
00J1acTH HayK 0 3emile U3 pa3HbIX CTPaH.

B wutone 2021 roma mupextop I'Ll PAH, unen-xoppecnonnent PAH A. A. ConobeB
BBICTYITHJI TIPUIJIAIIICHHBIM PEIaKTOPOM B CIICUBBITYCKe >kypHaia "Applied Sciences" mo teme
«HazemHble TreoMarHUTHBIC HAOMIOACHUS: METOJbl, MHCTPYMEHTHl M HAy4YHBIC PpEe3yJbTaTb».
CriennanbHBINA BBITYCK MOCBAILIEH HIMPOKOMY KPYTYy acleKTOB, CBSI3aHHBIX C pa3BepThIBAHUEM U
SKCIUTyaTallueil MarHUTHBIX CTaHUMWA, oOcepBaTopuil M IYHKTOB BEKOBOTO XO/a, a TaKxkKe
COBPEMEHHBIM METOJ[aM IIOJIEBBIX, BO3AYIIHBIX M MOPCKMX MarHUTHBIX CheMOK. HayuHblit
pykxoBogutens 'Ll PAH, akanemux PAH A./l. I'Bumnanu u 3aB. naboparopueid, a.¢.-Mm.H. B.A.
J13e60€B BBICTYUIIN IPUIIIALIEHHBIMU PEIaKTOPaMHU B IPYTOM CIIELBBINTyCKe >KypHaia "Applied

Sciences', mocesiieHHBIM TeMe "T'eonHpOpMaTHKa M WHTEIJIEKTYalbHbIH aHAIN3 IaHHBIX B
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Haykax o 3emuse". BbpIMyck TIOCBAIIEH IIMPOKOMY KpYTry HCCIEIOBaHUM B 00JacTH
MHTEJUIEKTyaJIbHOTO ~ aHalM3a JaHHBIX B Haykax o 3emie: CHCTEMHOMY aHaju3y,
reourdopmaruke, data mining, bonemmM JlaHHBIM U APYTHUM aKTyadbHBIM Borpocam. JKypHai
"Applied Sciences" wuzmaercs MDPI (Multidisciplinary Digital Publishing Institute) —
KPYITHEHIITUM B MUPE U3AaTEILCTBOM HAYYHBIX KYPHAJIOB C OTKPBITHIM JIOCTYTIOM.

B 2021 rony naboparopueii reopusndeckux nanubix I'Ll PAH coBmecTHO ¢ tabopatopueit
AJIEKTPOHHBIX MYOJIMKAIMi TMPOJOIDKMIack pabora mo mpoekTy «basa JaHHBIX MO HayKam
o 3emuie» — ESDB (Earth Science DataBase), 1ienbio KOTOporo SBISeTCs CO3aHNe COBPEMEHHOM
CHCTEMBI PETUCTPAIH, ITyOIHKANN U HUTHPOBAHUS TeO()U3NICCKUX JAHHBIX C MPUCBOCHUEM
dposoro uaeHtupukatopa oovexra DOI (Digital Object Identifier). I'maBHoO# nenbio npoekra
SIBIISICTCS TIOBBIIICHHE 3HAYMMOCTH M JOCTYIMHOCTH T'eO(U3NYECKUX MaHHBIX ISl HAyYHBIX
UCCIIeIoBaHUM, oOJeryeHue mpolecca UX MOUCKA, MACHTU(GUKAIMM M MyOJUKAI[MH, a TakkKe
pa3BUTHE KyJIbTYpBI IUTHPOBAHUS TaHHBIX.

Baxnoit wyacteto MexayHaponHou nearenbHoctH [l PAH  sBisiercss  ywactue

COTPYAHUKOB B MEXKIYHApPOJIHBIX IMPOTpaMMax, CEMUHApaxX, IIKOJAX, KOTOPBIE COCTOSIIUCH

B 2021 rony:

. 22 anpensa 2021 roga nHayunbsii pykoBoautens 'Ll PAH, akagemuk PAH
I'Bummanyu BBICTYNUI ¢ A0KIaA0M «boibline JaHHbIE B Hay4HBIX HCCIIEIOBAaHUSAX» Ha
MexayHapoHON HAayYHO-TIPAKTHYECKOW KOH(EPEHIIUU MOJOABIX YUEHBIX MOCKOBCKOTO
MexayHnaponnoro ynusepcurera (MMY) «CokparoBckue urenuss — 2021». Temaruka
koH(pepeHuu: «Ctparernueckie HallMoHaJIbHbIE LIETU pa3BUTUs Poccuu: HOBoe KauecTBO
pocray.

. I'll PAH coBmecTHO ¢ MailkonCKkuM rocyaapCTBEHHBIM TEXHOJIOTHUYECKUM
yHuBepcutetoM (MI'TY) BeicTynuin opranuzaropamu VI MexayHapoqHol HayyHO-
npakTuieckoil koHpepeHunn «DyHIaMEHTAlIbHbIE W MPUKIAIHBIE ACIEKThl T'€OJIOTHH,
reopu3UKd M TEOIKOJOTHMH C HCIOJNb30BAaHHEM COBPEMEHHBIX HH(POPMAITMOHHBIX
TEXHOJIOTHI», KOoTOpas mponuia B . Maiikorme 17-21 mas 2021 roma Kondepenmms
poBoauiack B pamkax «l'oga Hayku u rexnonoruid B Poccum».

. 3amectutens gupekropa [ PAH 1o pasButuio, 3aBeayromnias
naboparoprell MHHOBAIIMOHHBIX MpoekToB A. VM. PpiOkuHa BBICTYHMIIAa ¢ JOKJIAaJOM Ha
koHpepeniuu 35th IAS Meeting of Sedimentology, coctosiBmietics 21 urons 2021 rona.
Tema noknana: "The Depositional Setting and Astronomical Tuning of the East Georgia
Konkian" (rpant PH® Ne 19-77-10075 «CucteMHblii aHaIW3 BIUSHUS aCTPOHOMUYECKOM

HUKIIMYHOCTH Ha MPOLCCChl OCAAKOHAKOIIJICHUSA HapaTeTI/ICEl»).
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. Komnextus I'll PAH Bo miase ¢ nupektopom wi.-kopp. A. A. ConoBbEBBIM
npussan ydactue Bo Il Bcepoccuiickoit HaydHOW KOH(EPEHIIMH € MEXTyHApOIHBIM
yuactueM «COBpEMEHHbIE METOJbl OLEHKH CEHCMHUYECKOM OIACHOCTH W IPOTHO3a
3eMJIETpsSCEHUI», KoTopass mnpoxonuwna B MockBe ¢ 29 mo 30 centsaops 2021 rona.
Cotpyanuku LlenTpa BICTynHIIN HA KOH(EPEHIINH C HAyYHBIMH JTOKJIaJaMHU.

. B oxta6pe 2021 rona npoxoauia mexxayHapoaaas kondepennus CODATA
SciDataCon-2021. C noknagom no Teme padorsl Komuccnn mo ganHbIM [ pynmmbl 3eMHBIX
HaOTIOAEHUH BBICTYIIHIIA 3aMECTHTENb qupekTopa no passutwio ['1] PAH A. U. PriOkuna,
OJTHa U3 YeThIpeXx compezacenarencii Paboueit rpymnmnel no ganueiM (Data-WG).

J B Hos6pe 2021 roma mpouuia I'enepanbHas accambiess Komwurera mo
naHHbIM 11pu MexaynaponHoM coBete 1o Hayke (CODATA ISC). Mepomnpusitue 65110
OpraHM30BaHO OHJIAHH. B HeM mpuHMManu ywyacTHe O(QUUHAIbHBIE JeJIeraThbl
HauuoHanbHbIX  komuTeToB CODATA, a Takke MexIyHapoAHBIX  COHO30B
MexyHapogHoro coera o Hayke. OT HanmoHanbHoro komutera CODATA nenerarom
2021 roma 6611 mupextop '] PAH wi.-kopp. PAH A. A. ConoBbeB. Takke B mporpamme u
OpraHM3alil  MeponpusATHsS npuHHMMana ydactue Buue-npesuaeHT CODATA,
3amecTuTenb AupekTopa no pasutuio ['1] PAH A. U. Peiokuna. ['enepanpHas accamoOest
noJyieprkana pabodyro rpymiry o IpoJBUHYTOMY CHCTEMHOMY aHAJIU3y JaHHBIX 1 HOBBIM
MaTeMaTHYe€CKUM METO/aM MoJl pykoBoacTBoM wi.-kopp. PAH U. A. lllepemera.

. B nexabpe 2021 roma cocCTOsJICS POCCHUHCKO-UHAMMCKUANA BeOUHAp
"Scientific Webinar on Disaster Management Technologies" / «TexHonoruu ynpaBieHUs
CTUXUUHBIMH  OCICTBUSIMU», OPraHW30BaHHBIA  YIpaBIIGHUEM  MEXIyHApPOIHOTO
corpynanuectBa PAH (YMC PAH), ipu conetictBuu [loconscTBa Maauu B Mockse. Ha
BeOMHApe C MPUBETCTBEHHBIM clIoBOM BBICTYyHI aupektop 'Ll PAH wn.-kopp. PAH A. A.

ConoBbeB. CBoil gokian npeacraBui yuensiid cekperaps [’ PAH P. . Kpacnonépos.
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14 lessiteibHOCT, HanmmonaabHoro reopusnyeckoro komurera PAH

Hanmonanenpiii reodusuueckuid komurer Poccuiickoit akanemun Hayk (HI'K PAH)
OCYIIECTBIISIET  NPEICTaBUTENbCTBO Poccunm B MexAyHapoOHOM — TeoJIe3UYECKOM U
reopmuaeckom corose (IUGG) m ero BocekMu acconumarusx. HI'K koopmuampyer ydactue
uHCTUTYTOB PAH B pa3nuuHbIX MEXIYyHAPOIHBIX MPOEKTax M Mporpammax, MPOBOAMMBIX
KomuccusiMu U komutetamu Coroza. KoMHUTET BEIET CBOIO EATENBHOCTh IO/ PYKOBOACTBOM
bropo Otnenenus nayk o 3emne PAH. ba3osoit opranuzanueit HI'K siBiasercs I'eoduzndeckuit
ueHtp PAH. Ilpencenarenem HI'K PAH sBnsiercs nayunsiii pykoBogutens 'L PAH, akanemux
PAH A. 1. I'Buminanu. CocraB bropo Komurera yrBepkaeH [locranoBinenuem bropo Otaenenus

Hayk o 3emiie PAH Ne 13000/1-2 ot 19 ¢espans 2019 rona.

HestenpHocth cekiuii HI'K PAH B 2021 romy Obuta HampaBieHa Ha TOJTOTOBKY K
YYaCTUIO POCCHUHCKHUX YYEHBIX M CIEHHUAIMCTOB B HAYYHBIX MEPONPUSITHUSAX, IPOBOJAUMBIX MO

srugoi IUGG u ero accormanuii. KimtoueBsiMu Obutn Hay4dHbIC accamOien acconnanuii [lUGG.

C 28 uronst o 2 utons 2021 roga B Ilexkune (Kurait) cocrosuiack Hay4dHast accambies

Mexnaynapoanoit accouumaruu reogesun (IAG) (https//www.iag2021.com/). B c¢Bs3u ¢

nanaemueir COVID-19 Accambiest BriepBble Oblila OpraHM30BaHa Kak THOPHIHOE MEPOIPUSTHE.
['maBHBIM MecTHBIM OpranuszaropoM Obuio Kuraiickoe oOmiecTBo reoae3unu, GoTorpaMMeTpun U

kaptorpaduu (CSGPC) ¢ 6omnee uem 20 coopranuzaropamu B Kutae.

Heussectubim (akropoM mnpu mutaHupoBaHuu Obuto BiausHue nangemun COVID-19 na
KOJIMYECTBO YYacTHMKOB M UHCJIO TE3UCOB JOKIanoB. Hecmorps Ha 310, uucio
3aperuCTPUPOBAHHBIX YYAaCTHUKOB COCTaBWJIO 1269 uenoBek, 4TO CTajlo PEKOpAOM 3a BCIO
uctoputo accambieii IAG, Oosee yem B [Ba pa3a MpeBBICUB Mpeaslaymuil pexopa. 435 (34%)
YYaCTHUKOB OBUIM CTyIE€HTAMH M MOJIOABIMH y4eHbIMH. Tema Accambnen — «['eomesus s
yCTOMUMBOro pa3BuTHs 3emin». Bcero ObL1o NMPOBENEHO CeMb CUMIIO3MYyMOB. Bcero Obuio
nojaHo 615 Te3ucoB MOKIANOB, YTO Takke Oojiee 4yeM B JBa pa3a IPEBBICHIO OXHUIAEMOE
Kosnn4ecTBO. [Ipo1oMmKUTENbHOCTD YCTHBIX BBICTYIJIEHUH ObUIa OrpaHUYEHA MATHhI0O MUHYTaMH.
Ha xaxnoM 3aceaHny OKOJIO MOJIOBUHBI BPEMEHH OTBOJMIIOCH HA BOIIPOCHI U 00CYKJIEHUS, YTO
JIOJDKHO OBUIO CMATYUTH HEJNOCTAaTOK JIMYHBIX KOHTAKTOB. Kakaplil neHb NMPOBOAMINCH TpU
napajuleJibHbIE YCTHBIE CECCUU U OJIHA CTEHJO0Basl CECCHUsl, YTO IO3BOJWIO JAenaTh okosno 150

€XETHEBHBIX JOKIA/I0B, U3 KOTOPBIX OKOJIO 42% OBLIN YCTHBIMHU.

B tedenue naTH 1HEH ObLIO OpraHM30BaHO B 00MLIeH ciaoxHOCTH 36 ceccuii. Hambonee
MOMYJISIPHBIME OBLIN CECCUH, ITOCBSIIICHHBIE HOBBIM METOIaM HAOJFOICHUI, TeMaM, CBSI3aHHBIM C

HU3MCHCHUECM KIIMMaTa, U 1r€oAC3NYCCKUM Ha6JHOILeHI/IHM 34 OMaCHbIMU MPUPOJHBIMU ABJICHUAMU,
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B JIOTIOJIHEHHE K TPAJAWLHUOHHBIM CHMIIO3MyMaM IO CHCTEMaM OTCYeTa, TPaBUMETPUU U
UCCIIEIOBaHUSIM JBIDKEeHHH u aedopmanuii. B pabGore accambnen mnpussiu ywactue 10
npencrasuteneit Poccun. Poccuiickue yuenble, Bkiatoudass uiaeHoB HI'K PAH, BeicTynumm

KOHBUHEPAMHU psiJia HAy4YHBIX CECCUM.

C 21 no 27 amrycra 2021 roga B Xaimapabane (Mumus) B ¢dopmare BUPTyaIbHOU
KOH(pepeHIIMM Oblla OpraHM30BaHa COBMECTHAs HayudHas accambies MexayHapoaHOM
acCOIMAallMM T€OMarHeTu3mMa M a’pOHOMHM W MEXIyHapOJAHOW acCOLMAlUh CEMCMOJIOTUH U

¢usuku wenp 3emum (Joint Scientific Assembly IAGA-IASPElI 2021 http://iaga-iaspei-

india2021.in/). Accambnes oowenuamiaa 828 crnenmanuctoB u3 53 crpan, 6osee 500 u3z IAGA u
noutu 300 u3 IASPEI. B paGore meponpustus npunsiau yyactue 212 cryaentos u3 37 cTpaH.
[IporpamMma Bxitouana B ceOsl TpU COBMECTHBIX IUIEHApHBIX JI0KJIaJla, BOCEMb COBMECTHBIX
ceccuil, 27 cumno3uymoB IAGA u 17 cummnosuymoB IASPEI ¢ o6mym konudectBoM 778 T€31COB
JUIS YCTHBIX M CTEHJIOBBIX J0KJIaoB. 25 aBrycra 2021 rona Ha Llepemonun Harpaxaenus IAGA
BeyIIeMy Hay4YHOMY COTPYAHHUKY Jabopatopuu reopusndeckux nanusix I'Ll PAH, nupekropy
MIJ] mo comneuno-3emHoit ¢usuke Harammm AnexcangpoBHe CepreeBoil Obuia BpydeHa

«Menanb IAGA 3a mHOrosetHioo padoty» (IAGA Long Service Award).

B pabote accambnien npuHsu ydactue 6onee 20 npencraBureneit Poccun. Poccuiickue
yuenble, BkiIto4as wieHoB HI'K PAH, BwicTynmwin KOHBHHEpaMHM psJia HAay4YHBIX CECCHIA.
HanmonanenbeiM neneratom Ha 3acenanusx Cosera IAGA Obl1 Ha3HaueH yueHblil cekpetapb HI'K
PAH x.¢.-m.1. P. 1. KpacronepoB. HarmonanpabeiM neneratom Ha 3acenanusx Cosera IASPEI

ObuTa Ha3Ha4yeHa yueHbli cekperaps UTII3 PAH k.¢.-m.H. A. A. CkopkuHa.

C 3 o 6 aBrycra 2021 rona na 6aze MI'Y um. M. B. JlomonocoBa B oHnaiiH-(hopmaTe
cocrosnack 4-1 Mex aynapoanas konpepennus «CocTosaaue u Oyayiee 60IbIuX pek Mupa» (47
International Conference on the Status and Future of the World’s Large Rivers). Koudepenius
MPOBOJIMIIACH TOJ ATHI0W MeXIyHapoaHO# accoruaimu rujapoiorudeckux nayk (IAHS). B
pabote KOH(EPEHIIMU TMPUHSIA yYacTHe Npe3uaeHT reorpaduyeckoro dakyiapreta MIY
akagemuk PAH H. C. KacumoB, mpodeccop Ouonormdeckoro ¢akymnbrera, npopekrop MI'Y
10. A. Ma3eii, nupexkrop MacTuTyTa Bogubix mpodiem PAH u unen Cexkuuu rugpoaoruuecKux
Hayk HI'K PAH, un.-xopp. PAH A. H. T'enbdan, 3aB. kadenpoit ruaponorun cymm MIY
npodeccop H. JI. ®ponosa, 3aMm. nekana reorpadudeckoro dakynprera MI'Y, reHepanbHBIN
cekperaps koHbpepenuuu noueHt C. P. Yanos, Benymue cnenuanuctel u3 Poccun, ABcTpanuu,

Agctpun, @pannuy, llIBenyn, u Ipyrux cTpas.

165


http://iaga-iaspei-india2021.in/
http://iaga-iaspei-india2021.in/

OTuer o gesrenbHOCTU ['eodumsnyeckoro meaTpa PAH 3a 2021 rog...

B cBsi3u ¢ TSOKENON AMHUIEMUOIOTHYECKON CUTyanue coBMecTHas accamones IAMAS—
IACS-TAPSO, 3amanupoBanHas Ha utonb 2021 roma B Ilycane (PecmyOnuka Kopes), Obiia

ormeHeHa. Hayunbie accambiien IAHS u IAVCEI 6putn mepenecens Ha 2022 roj:

— TAHS, Monnense, @pannus, 29 mas — 3 urons 2022 roaa (http://www.iahs2022.org/).

— TAVCEI, Poropya, Hopas 3emanmus, 30 suBaps — 3 deBpans 2023 roma
(https://confer.eventsair.com/iavcei 2023/).
Crnenyromas 28-s1 I'enepanpHas accambnes [lUGG nomkna coctosatbest ¢ 11 mo 20 uromst

2023 rony B bepnune, I'epmanus.

Vyactue poccuiickux ydeHbix B jaearenbHocTd [UGG umeer 060ibIIOe HAydHOE H
MOJIMTHYECKOE 3HAUYEHHE JIJIsl Hallell CTpaHbl, NOCKOJIbKY COI03 SBISETCS OAHUM U3 KIIFOUEBBIX

WUTPOKOB B chepe HAYUHOU JUIUIOMATHU U MEXKTYHAPOIHOTO HAYYHOTO COTPYIHUYECTBA.

IIpeacrasurenu Poccun B MeskayHapoAHOM reoe3n4eCKOM H re0(pu3n4ecKoM

coro3e u ero accouuamuax B 2020-2022 roaax.

HaunuonanbHubli reopusnyecknii komurer PAH

Ilpeoceoameny: I'BUILLINAHU Anekceit Jxxepmenouy (I'LI PAH)
3amecmumensv npedcedamens. MOPO3O0B Esrenuii ['eopruesuu (1O PAH)
3amecmumens npedceoamens: JIIOBOBUEBA HOnus Cepreesua (I'Ll PAH)
Yyenwiii cekpemapy: KPACHOIIEPOB Poman Uropesuu (I'L] PAH)

HanuonanbHblie npeacrapuren Poccuu B acconuanusx UGG

I''IMKO Anexcanap Onerosud, MOXOB HUrops NBanoBuY,

akagemuk PAH akagemuk PAH

npenceaarens CeKuu cencMoIoTun npencenarenb CeKIIMU METEOPOJIOTUI

1 GU3UKU Heqp 3eMin 1 aTMOc(epHBIX HayK

HalMoHanbHbIN nipencraButenb B IASPEI HallMOHAJBHBIN npencTaButesb B IAMAS
Otnenenue Hayk o 3emiie PAH HNuctutyT dusuku atMmochepsl

uM. A. M. ObyxoBa PAH

JIOKAMAJIOB Poanba 'amugoBuy, O3EPOB Aunekceit FOpbeBuu,

I.T.-M.H. pencenatenb CeKiuu JI.T.-M.H.

TUAPOJOTHYECKUX HAYK HAIMOHATHHBINA npeacenarens CeKIMu BYJIKAaHOJIOTUH U

npeacrasutens B [AHS XUMUU HEOp 3eMiIn

HucrutyT Boanusix npodiem PAH HAIMOHANBHBIN nipescTaButTens B [AV CEl
HNHCTUTYT BYJIKAHOJIOTHH U CEHCMOJIOTHH
JIBO PAH
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3ABBAJIOB Iletp Onerosuy, CABUHBIX Buxkrop IletpoBuu,

wi.-kopp. PAH akagemuk PAH

npencenarens Cexnun Gpu3nueckux HayK 00 npezacenareiab CeKIuu reo1e3uu

OKeaHe HallMOHAIBHBIN TIpeacTaBuTens B IAG
HallMOHAJIbHBIN npencraBurens B [APSO MoOCKOBCKUI FOCYIapCTBEHHBINA YHUBEPCUTET
HNHcTUTYyT OKEaHOIOT U1 r'e0JIC3UH U KapTorpapuu

uMm. I1L. I1. Iupmosa PAH

KOTJIAKOB Bnagumup Muxaitinosuy, COJIOBBEB Anatonuii AJIeKCaHIpOBUY,
akagemMuk PAH wi.-kopp. PAH

npencenarens CeKiuu KpuochepHbIX HAYK HallMOHATBHBIN npencTaButens B IAGA
HallMOHAIBHBIN NpeacTtaBuTens B IACS I'eousnueckuii nentp PAH

Wuctutyt reorpadpun PAH
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«Kocmoc-321» / CBUAETENBCTBO O TOCYIaPCTBEHHON pErucTpannu 0a3pl JaHHBIX Ne
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