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C OO0 E P X A H W E

MNEHAPHBIE AOOKIJ/TAABDI

[ OJ 8 MC d Dubr npfrnagHoii BepupUKAHK TEXHOJOTHI ONEPATHBHON 15
okeanosioruu Ha 6aze oreyectBeHHbIXx MPTC u MPTK rnaiinepnoro tuna.

1 ts dzts dzfn € @ cdBpedpreHHoM COCTOSHUHN KIMMATHYECKON CHCTEMBI. 16
4 J O3 dzts Pekodcrpykuus M3MEHEHHUH IUIOIMIAAM MOPCKHX JIbIOB B APKTHKE 17
B XX BEKe.

CEKUMA 1. METOQAbl U CPEACTBA W3MEPEHUSA NAF
NMPUPOAHOW CPE/bI

dBOLBOo@Poflsfedzj jo 1.1., JItLdve 1.9 21
1 Oz d3ts © GpunMerelue kMMaTHYECKUX (HAKTOPOB B CAHATOPHO-KYPOPTHOM
nedeHnn Ha Kypopte EBmaropust.

l jdzvw joe S. [ ., [ OO0 fstedsvxHOCTH . JipuMeHeHuUs 22
MOAM(UIIMPOBAHHOIO JUOKCHIA KPEMHHS, IOJIy4acMOT0 M3 MHHEPAILHOIO
CBIPBS, B XpOMarorpaguu.

lThCoOQteCtso O . 1., Jted §tso ¢ . \Cpaguenuf 23
anroputmoB Theta, Croston u Prophet nns mporHozupoBaHust U OOHapyKEHUS
aHOMaJIMi B OMOJIOTMYECKUX CUCTEMaX PaHHETrO OMOBELICHHUS.

] OteydsOdz C dzlsef gz, [ . , U sldz€ OGpgpem@ i THC- 24
WHCTPYMEHTAPHI aHajin3a CTPYKTYPHl PEYHBIX CHCTEM W MOP(POJOTHH HX
OacceliHOB.

| dzz - 5o . ¢. , O dzyd W J tetso Mukpoctiicmprueckigi ( 25

MOHUTOPHHT YIJICIIOPOAHBIX MACCUBOB.

J ey 59 .1 ., 1 GgghHoTSaguueckas . QBTOMOCTbHAS 26
UH()OPMAIIMOHHO-U3MEPHUTENIbHAS CHCTEMa Uil ONPEICNICHUs BEPTUKAIBLHOTO
pacrpezeseH st CKOPOCTH 3BYKa.

kB Otjo ¢. 1., llOskxkty dBigk. odeanondruueckux maHHBIX 27

I/IHCTI/ITyTa MPpUPOAHO-TCXHUYCCKUX CUCTCM.

JeLride [. 0., I sted MJ dz€ Grenfk mnd ucenenosaizh 28
TEIJIOBOTO COCTOSIHUSL HACHINK, IPOJYyBa€MON BO3JAYXOM H IPOrpeBaeMOit
BHCIITHMM M BHYTPEHHMM HCTOYHHKAMH TEILIA.

[ BdztsG dzts dgv dz . 1., [ Ols 9 j ¢ .dg¢Perynupbeanue. 29
IIPOM3BOJICTBA TEIJIa B KOTE€HEPALMOHHBIX MHKPOTra30TypOMHHBIX YCTaHOBKAx
(MI'TY) ¢ mnOpuMeHEeHHWEM  CHJIOBOTO  YIPABISEMOIO  3JIEKTPOHHOIO
npeoOpa3zoBarers.
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R 9 Odzts © Opraunjanuss CHCTEMBI KOHTPOJSI TEMIEPATYPHBIX MapaMETpPOB 30
BBICOKOTOPHBIX TEPPUTOPUM 110 BEICOTHBIM YPOBHSIM.

s dzd d3j dz€ ts JlabdpardpHble HCHBITAHUS MaKeTa THAPOCTATHYECKOTO 31
U3MEPHUTEIIS IUIOTHOCTH MOPCKO# BOJIBI.

sdzd &z dzS s . 1 . , [ B dzts 6 dzts dawiadmiz qoepdmenkbix 32
TEXHOJIOTHI TOBBIICHHS YP(EKTUBHOCTH MCIOIB30BaHUS TEIIOBBIX BHIOPOCOB
nBurateneit BHyrpennero cropanus (IBC).

StoL J dz KoMfuiek¢ .THAPOAKYCTHUECKOTO MOHHMTOPUHIA aKBATOPHA 33
«ennpd-14».

S tc OMdzs H Iz B jipymenduue Pmerona AMHAMUYCCKAX HM3MEPEHUHA ISt 34
OIPEJICIICHUs TEKYIIEH TITyOUHBI OrPYKEHHsI aBTOHOMHOTO Tipoduorpada.

stOMmMdzsH 2B J Yy [ . QunruyansipOyip@sactnd wIQKTPOIPHUBOIOM 35

MOTPYKHOTO 30H/1a B YCIOBUAX MEPEMEHHOM IIJIOTHOCTH MOPCKOM BOJIBI.

S kzL 4 d3d dPueska WiusHUS paaualbHBIX KOJICOAHHWH B YIbTPa3BYKOBOM 36
IbE30M3JIyYaTesic Ha METPOJIOTHYECKUE XAPAKTEPUCTUKH M3MEPHUTEINsi CKOPOCTH
3BYKa B BOJIC.

| sa3dw , t .uAs tets Yy O boaBounsiil .MOHUTOPHHT HXTHO(AYHBI C 37
HCIIOJIB30BAHUEM ip-KaMep U alrOPUTMOB MAIIHHHOTO 00YYEHHSI.

[ Odzlz dz' 4 J Akycrpyeckoe mose B aKBaTOPUH BO BpeMs 3a0MBKH 38
KOH/IyKTOPHO# KOJIOHHBI Ha Oepery.

[dhbktetse 1. r ., skLr!' &3ddz s. ¢. , vtelzmy 39
JlBuraTenpHas peakius CTBOPOK MHJIMH Ha BO3JEHCTBHE ONTHYECKOTO
u3nydeHuss B auanasone 400-1000 HM ans pemeHUs 3ajad SKOJIOTMUYECKOTO
MOHUTOPHHTA BOAHOH CpeJIbl.

1 sMtse O . [ ., vt j dzm € OW Tlpupmenekine , meTofosz 40
TEPMUYECKOTO aHaNW3a Uil  OOHAPYKEHHS W  OMPEICICHUS MacCOBOM
KOHIIEHTPAIMH MUKPOYACTHUI] MOJHBUHUIXJIOPH/IA B TIPOOAx MoYB.

1 2teL ©2 1. ¢ . , |l 2B Ot 9 A . WmepeHustichizveTisoR 41

BHOpAIUU KOPITYCOB AIEKTPUICCKUX MAIIIHH.

Jdzj 2dzd Cs9 ¢ . [ Onpencge@ielzisedra HoBpEKACHNSA H3OIAIUN 42
JIMHUH DJIEKTPOITUTAHUS.

1 ofpr dgS s [ . ¢ . , twL Odzse 1. ¢ . Paspaolexa 43

ABTOHOMHOI'O U3MCPUTCIIA.

1 4 dz' € 59 Ilpfivexenue akcenepomerpa ADXL345 npu wusmepeHun 44
pOGUIIS IUIOTHOCTH.

t ZHdzj ® UccnenoBanne  TPEIIMHOCTOMKOCTH  KOHCTPYKLIMOHHBIX 45
AIFOMHHHUEBBIX CIUTABOB MPH JJIUTEIFHOM BO3ACHCTBUY CTATHICCKOH HATPY3KH U

4
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KOPPO3UOHHOU CPEIbI.

t Hdzj ©0O0 R. R. , I Onw® @SOlficdz® Tofcuudoctry OypoBBIX 46

pPacTBOPOB METOaMH OMOTECTUPOBAHUS.

fwWLOdzse 1. ¢. , 1 Ofr dz2S s [ . ¢ . Texudnafuh 47
TIOBBIIIICHUS Ka4yecTBa MPOTEKTOPA yIABTPA3BYKOBOTO HIEPBUYHOTO
npeoOpa3zoBaTess.

4 Odz! dzd ¢ $enprrduus {Ha BomomOrIIOIIEHHE OOpasia yrieliacTHKa B 48
MOPCKOM cpejie ¢ KOHTPOJIEM HU3MEHEHHS MACChl TPABOMETPUIECKHM METOIOM

OB d&zZse  w. S, [ @ Mis d ¢ dzjPgpmboTkh .Méronyku 49
COo3/laHusl OOBEIMHEHHOM TI'E€TEPOreHHOW CETH MOHHMTOPHHIA aTMOC(HEPHOro
BO31yXa C IPUMCHCHHUEM KOMIIJICKCA «MeTGOIIOSOp».

g4 4 3" € d dz®ler®ipr dOHApYKEHUS YTEUEK B MOBOAHBIX TPYOOIPOBOIAX. 50

¢ d dz€ d dzOrnkukal BO3MOKHOCTH HCIOJIB30BAHUS XPOHOJOTHH TUIOTHOCTH 51
KJIETOYHOM CTEHKH B JICHIPOKIMMATHYECKUX MCCIIE0BAHMUMX.

M O dzd R 1s dicnons3oBanue kojoHku hawach scientific (Kurait) B Metoze 52
BOXX s onpenenenus [TAY.

md 3y j dzSKtsiragrablt HAaOTIOICHHUS BHYTPSHHUX BOJIH B UepHOM Mope. 53

youyddie r.t., wMseigdzaeeciyCududia, dnanduposannas mos 54

ycioBust KppIMCKOTO IIOJIyOCTpOBA.

YJIGHOC B9 O ¢. u. , ] Odz' yJpherupudcTnl ouncTkY J 55
HeTe3arpsi3HEHHBIX BOJ METOJOM ITHEBMOCETIAPUPOBAHHUS B IPUCYTCTBUU
TYMUHOBOTO IIpenapara.

Z Off 59 O dzts 9oMakdrupdBanue KOHCTPYKIIMM U DIICKTPOHHBIX OJIOKOB 56
U3MEPHUTEIBHOTO 30Ha ¥ TPUEMHOM 0a30BOi CTaHIIHH.

zdh € ddz JupdepeHumansupiii MOAX0a B pa3pabOTKe MOJENN CHCTEMBI 57
U3MEPEHHUS TUIOTHOCTH BOJBI M aHAJIM3€ JaHHBIX.

Z dh € d dz Chosnapre u npuMeHeHHE TPOTPAMMHBIX aITOPUTMOB Ha OCHOBE 58
MAaIIMHHOTO 00YYeHHs /sl OOHAPY)KEHUS SKOJIOTMYECKUX aHOMAJIHHA B MOPCKHX
cucTeMax.

Zz S H tc 5 HeBble[puHIMITBEI METOIOB PacuéTa pa3MbiBa OEPEros. 59

CEKUMAa 2. FrNOBANNbHBIE W PET MWOHA JKBIMBIA TIA3 MEHE H
OKPYXAKWEW CPE/ABbI

bdestseddzO [ . 5. , ddelstsmddz 1 .., ] syo 63
CuHonrtuyeckue yciaoBus (OPMHUPOBAHMSA SKCTPEMAJbHBIX OCAJKOB Ha IOTe
Bocrounoit Cubupu u B MOHTOJIHH.
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OWOdOM joO 1. 1., 1t6MmCte] ijRifmu@dros . 64

dbopmupoBanuu coObITrii Dnb-Huubo 1 Jla-HuHbs.

1 OL ¥ t6@ §dzt®dzin ¢ ldzMernudhBoCcTs pa3THUHBIX KOMIIOHEHT TEILIOBOTO 65
OajaHca Ha MOBEPXHOCTH CEBEPHOM YaCTH ATIAHTHYECKOTO OKEaHa.

1 56 H Odzts 9 Fmgremd RANGES nimst pacuera KIMMaThdeckod obOiacTu 66
PacpoCTpaHEeHUsI KITMMATOO00YCIIOBICHHOTO SBICHHUSI.

Il zteczdzH 2C 590 O [ . ¢ Kpnmafu@deng ErdnvismOA prfriraetkoro 67
peruoHa B nepuoibl siBieHui Iib-Hunbo u Jla-Hunbs.

l OQdzdzy ¢. ¢ . , s winewzip e hactdopedHoro kuciaopoga B 68
BOJ[aX CEBEPO-3amaaHoro meiabda YepHoro Mopst B BECCHHUIA TIEPUO/.

l jtojh Oc¢ dBa@uruk cefbckoro xo3sicTBa B CypOBBIX KIMMATHYECKHX 69
YCIIOBUSIX.

] sL dzOW v. 1., s teyd dzb ts Andvangu. temmephTipez’ 70

MOBEPXHOCTH OKeaHa B oOsactu Kanapckoro m UMIMHCKOTO amBeITMHTOB U
BiIUsIHUE cOOBITUI Diib-HUHBO HA HUX.

l stesdzytse  ¢. ¢ . , 1z dz' ¢ JldmacHium [ knnpatngeckmk | 71
U3MEHEHUN TEpPMOXaJIMHHBIX YCIOBUI B INpuOpexHbIX paiioHax YepHoro u
A30BCKOT0 MOpEH.

] 02¢Cts (Qcob@uHOCTH  TEMIEpaTypHOrO peXHMa FOKHOW  9acTu 72
JanpHEeBOCTOUHOTO MoOpcKoro 3amoBenHuka (3amuB Iletpa Bemukoro, C3
SnoHcKoro Mopsi).

JtedBdzi 90O [ . ¢ . ,Ouchxs crsoziy Gafrdix pp-anamuza cmems 73

bs-biogeochemistry B Bocripou3BeieHiH TPEHIOB BennunHbl PH B UepHOM Mope.

[ sBesoasdz MEd2 w. 1., S5 M € @ spumdnentn. Tgoprrt 74
XaccenpbMaHHA IS OLIGHKH HEONPEIENCHHOCTE TMPOTHO30B TII00ATBHOTO
KJIAMarTa.

[ BBlctsdz¥ B SO 1. 9., O juthgndmimo rogeBord .xoma 75
CpeIHEMECYHOM TEeMIIEpaTyphl BO3IyXa B IMPUIIOBEPXHOCTHOM CJIO€.

refmsdedzj 4o 1.1 ., 1 Ok dgxerf@manbubid mropmell Bt 76
A30BO-4EPHOMOPCKOM pETHOHE B KOHTEKCTE MHOTOJETHEM H3MEHUYHMBOCTH
BETPO-BOJTHOBBIX aHOMAJIMIA B PETHOHE.

[etsteCddz ¢. ¢ . , Petpder@merdgeed uanub melomamrabHOR 77
mozaenn WRF ¢ ydeToM pa3iInyHbIX CXEM IapaMeTpU3aLuu.

r Otcddzso © ¢ . ¢ . , 1 4 Ud i Etej dzll®crpacraenno- 78

BPEMCHHAaA U3SMCHYNUBOCTDb MOJIHHEBOI aKTMBHOCTH B peruoHax ApKTI/IKI/I

1 sBlsse [ .1 ., 4 Con®iarjietzle E®OanHQI HremMepaTypsl ¢ 79
0COBEHHOCTSAMHU BO BPAIECHUH 3EMIIH.
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sOfzmlsddz ¢. 1., S kzL dzj y SQuienkd xapimMaTpueckdii] 80

U3MEHYMBOCTH TEMIIEPATYPhI BO3ayXa B KpsiMy.

SOMdzOdzH L d W | . rHccpenodamudp@idnea @rvofderpinix 0caako 81

Ha Tepputopun PecnyOnuku A6xasus B 21-cToseTnid.

s kzL dzj ytso/danmud rulipoMeTeOpOsIOTHYECKHX YCIIOBHI Kak (hakTopa 82
NUPOTEeHHOM OMacHOCTH tora 3anaanoit Cubupwu.

| OL Ot 8 © ¢ . RrR. , BrufnitcmgMerernsp kimafa. Hd momynsmuio 83
Oetoro MezBeIs Ha OCTpoBe Bpanres.

B S 8g (. .tsdn.C tc | M JIHminHos@pvBanie .sgnenuii Dab-Hubnbo u 84

Jla-HuHbs ¢ mprMEHEHHEM HEUPOCETEBOIO0 MOJECIMPOBAHUS M COIOCTABICHUE
pPE3yNbTAaTOB C MUPOBBIM OIIBITOM.

[ EBGCtSO ¢. 8. , lThCoOte@so©O. [ . 2 15 Migdhset 85
HPOTHO3UPOBAHUS KaTaCTPOGUUECKHX MMaBOJIKOB Ha Tepputopun KpbiMa.

Jrissd ,] vtesW . dgS 54 Pz B Ztcc 1 . ¢ . , C 86
g. lr.jwdetse 1. 0., ZzOhMNddz® | OR dzz dzgngaaigc
TPAaHCIIOPTHOM MOJEIH JiJIsi OLEHKH BBIOPOCOB MApHUKOBBIX Ta30B OT
ABTOMOOWJIBHOTO M BHEJIOPOXKHOTO TPAHCIIOPTA HA HAIIMOHAIBHOM YPOBHE.

[ OMdizsce © 1 .1 ., ] Bsm&idayl fpkndadecéod akiurHqCcTH B 87
Yepromopcko-Cperu3eMHOMOPCKOM PETHOHE.

fdLtsjo 1. ¢. , Hvmddchw kGnam @ okgyxalmeii cpeasl B 88
Oacceline pexu 3epaBiia (Y30eKUCTaH).

1 BeosMmjdzseoa © . 1., AO2&BOd 1.6¢., o dH 89
Vdzj 2 MC d2 TIpuverenne TUAPOTUHAMHYECKOTO W JIarpaH)KeBa
MOZIETTMPOBAHHS JJISl HCCIIEIOBaHUS TUHAMUKH BoJ JIopoTeHCKOTO BUXPAI.

1 sMEs9 O ( . 1., Cdefovcuizefedz@umariuedkne TeHIAECHIMN 90
3abalikaabCKOTo Kpasl.

[ ted3j dzd [ - R. , 1 J teQuerkaG gcdp@uii  fmcymfiiuBocTH 91
[TpaBoOepexxHbIX paiioHoB CapaToBCcKoii 001acTH.

1 Ol j dztso © ¢ . 1 . Anangslmeeenengsdznndkca lapuaroctn B 92
Oacceitne HmxHero JloHa.

1 Oykzdzdw G . 1 Vgnoru€ BoBIGXHORCHMA)IUKBAIOB Ha TEPPUTOPHH 93
AOGxa3un.

1 i¢0tedzd S tso © [ . ., Ilpakokdezgelrydrpndann® >migcun 94
MeTaHa M €ro poJib B JOCTHKCHHH OCHOBHOMW 1enu [lapmKCKOro coriaiieHus.

OO6uwmii ananus npoodaembl.

ljtejojHjdzyjo 5.1, 0 vwidsstedj.al@ ,1 vy @cSok 95

[ . z .JlonromepuonHble KIMMAaTHYeCKWe W3MeHeHUs B KazaHm u  wux

7
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IIOCJIICACTBUSI.

] sdztsdzim € d 2 ¢ . 1 ., Ouenkar taxsel) BodnpoWsreaCHIS 96
MEKTOJOBBIX M3MEHEHUM OCaAKOB Haja YEpHBIM MOpPEM IO JaHHBIM MOJENEH
npoexkta CMIP6.

} sdztsdzmM € d2 ¢ . 1 Oncukaxbuectsaiascipondsendius ce3onHOrO 97

LIMKJIa 0CaAKOB HaJl YEpHBIM MOpEM 1O AaHHBIM Mojenel nmpoekra CMIP6.

1 s 59 dzd @ekadanusl cokpamieHuss BOIHO-TEAO0BBIX pecypcoB Kapkasa: 98
MH( HIH peabHOCTh?

Il sisdzed S 59 Q r{8.Q[C. , | kB QjdEtsodzddQ taid. Jhpornos 99
00pa30BaHUs HOBBIX MPOTIUAIBHBIX 03P MO Mepe OTCTYNAHHs JICAHUKOB
Onsbpyca B XXI Beke.

t Emd dzts 9 O Usmduen@i. TeMmepaTypHO-BIQKHOCTHOTO —PEXHMa  Ha 100
EBponeiickon Teppuropun Poccnn.

trBOSC [ . [ . BupsrBuOBOronHbil IIyM Ha MOJCIBHBIC OICHKH 101
HOBEPXHOCTHOT'O 0ajaHCca MacChl TOPHOTO JICAHUKA?

dOWdqdzO t . ¢. , Boibdpwdndidd &MIP6 [ hnanuza Oymaynmx 102

u3MeHeHul kaumara Culupu.

gJ di3gd dzso O s . ¢ . , Analuts @z@MA@YOCKNX IBREHUI TEIIOTO 103
NepUoAa, BO3JACHCTBYIOINUX HA YPOKAWHOCTH CEJbXO3KYJIbTYp Ha PaBHMUHHOMN
I0’KHO-Ta€XXHOU TeppuTopuu 3anaaHoii Cubupu.

#jtojBtc] dedzed & ts9 ¢ . 1Teocrpodiutdscatzitt amfpesiod B cuapemel 104

BOCTOYHBIX ITOI'PAHUYHBIX AlIBCJIJIMHI'OB. ATIaHTHYECKHE aITBEJUIMHTH.

stsCsdzse ¢ . 1 ., S 59 O dz'Ouexika chszu, TuHAMBIECKOTER! 105
pexuma me3zochepsl co ctpaTochepHO MUPKYISIIIMEN 0 JaHHBIM pPe-aHaIn3a u
CBY-PAJMIOMETPHH.

glsjWodtsody ¢. ¢., OussfySciwpuljerdmydcdnpqpra 106

BO BpeMs aHOMaJIbHOM Jkapbl Ha TeppuTopun ropoja CeBacTomnons.

dkzatsdesm [ . 5., | Tedn&anOueversmsinngkca llleddepa, 107
KaK HWHIUKATOpa pHUCKa pa3pylIeHHs] ICPeBSHHBIX KOHCTPYKIMH OOBEKTOB
KyJbTYpPHOTO Haciienusi, Ha EBponelickoit yactu Poccun.

v steB d dz CldR dztshdzf €. d, 2 ¢ . 1 OG anoyalmBx @dsigeparypdr . 108
HOBEPXHOCTH WHIMICKOro OKeaHa M MX BIMSHHM Ha IPOCTPAHCTBEHHO-
BPEMEHHYIO M3MEHUMBOCTL MPU3EMHON TEMIEPATYPhl BO3AyXa B AQpPUKAHCKO-
EBpOneNcKoM pernoHe u MpuIIeraroei 4actu ATIaHTHKH.

A J H SIS 59 HcaienoBaHnne BHXPEBOro IMOJS, TCHEPUPYEMOTO CTPYWHBIM 109
30HAJIbHBIM BETPOBBIM TEYEHUEM B OKECaHE.
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YJtejH! CEBB 1.1 ., ] 5dzC ts9 O Usgieneus ,apuarsik 110
nanamadTos rora Cubupu B XXI B.

ZzEkh{ Odzts g @ .jd¢k Otcdzd ¢ Be®Ochl [1apHUKOBBIX Ta30B U 111

KJIMMaTu4ecKas rnojautuka Poccuiickoit denepanuu.

CCBO . ¢., QududalsizsBr napuukbBeIx ra3oB Ha TEMIEPATYPyY 112
IIPUIIOBEPXHOCTHOI'O CJI0Sl BO3yxa B AOxa3uu.

CEKUWMA 3. 3KONOIMHYHECKUWE NPOBNEMbI MPNPOAOMO.

OI8O R. 1., 11 @nguh GiefpB@ocreit CeBacromons B 115

IJrKax B YCJIOBHAX pa3BUTUA TyPpPbIHKA U pOCTa YMCJICHHOCTU HACCIICHUS.

¢ dzj € M OdzH tes® 5 to[¢ . JdAHa3 ¢arps3HEHUS BOAHOTO OOBEKTA 116

HpHMOpCKOﬁ TCPPUTOPUHU C IPUMCHCHHUEM YUCIICHHOI'O MOJACIUPOBAHUAA.

bdzHtc jy ol jdz C 50 [ .1 ., Bauldifiets aefmengoro 117

MarHUTHOTO IT10JIS1 Ha MUTMEHTHBIA COCTaB ABYX IITaMMOB III/IaHO6aKTCpI/II71.

1 OCktesoa © G . 5. , R d3h | dzdzdP@spabprkalyrouneHHpr 118
HAallMOHAJBHBIX ~ KO3(p(PULMEHTOB  BBIOPOCOB  JUOKCHIA  yriiepoja  OT
IIPOM3BOJCTBA TEXHHYECKOIO yriepoja Ha npeanpusatusax Poccuiickoit
®enepanuu.

1 4 toj L dzBousue jgefrenpHoctu asporopra IllepemMeTseBo Ha COCTOSTHHE 119
OKpy»Karolen cpeasl. OueHka aestenbHocTd 3a 2023 1.

] Odzzh ddz 1 . ¢ . Quenga wisidlg SeinaiicHii coeIMHEHNI CEPbI Ha 120
teppuropun lleHTpanapHOrO (eaeparbHOro okpyra Poccuu mo pesyiabTraTam

moaenupoBanus EMEII B 2015 - 2021 rr.

| zBOtcjo O uv. w. , ¢ d&3j dzdl\Qjretc z)h .j1o. ,1 . WG 121
1 0kd3j dzgS 5 1. 1., ¢ d3d dzd Wynposornuueckas ¢rpykiyRar

CTOKa B KapcToBbIX OacceitHax ["'opHoro Kpbima.

resoOm 1. 1., ddzy SMOMCddz RrR. ] . ,Dxopi©O-d 122
T€OXMMHUYECKOE COCTOSIHME TOYB TOJ[ MOCaJKaMH COCHBI KpbhIMCKO# (Pinus
pallasiana) Kapanarckoro npupoaHoro 3arnoBeHuKa.

[ 6 Bt ¢ d dKpatkocgpuHoe mNPOrHO3MPOBAHUE KadecTBa aTMOC(HEPHOro 123
BO3/yXa C PUMEHEHHEM TEXHOJIOTHI UCKYCCTBCHHOTO MHTEIIJIEKTA.

[ 6 Bt d des tsidzud) .dz¢ ®enofib30gaHNe AIIEMEHTOB HCKYCCTBEHHOTO 124
UHTEJJIEKTa JIJIs TPOTHO3UPOBAHUS COCTOSIHUS OKPYIKAIOIIEH Cpebl MPUMOPCKOI
TEPPUTOPHH.

rde Oy 90 [ . o .Teuneyuistmogda@insa KoHIQHTpAIMH OCHOBHBIX 125
MOHOB B IPUPOJHBIX BOJAX JBYX MalbIX pek A3uarckoil yactu Poccuu 3a 15 net
(2009-2023 rr.).
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Aobxa3us.

[ dJedte Jodadzls € tso < dpdcrpanttBefinoe pacmpenacncHue u 139

COOTHOIIICHUE OMOMACCHI JKEIETEIIOr0 H KOPMOBOTO 300IIIAHKTOHAa B MHUPOBOM
OKC€aH€.
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[dh jdeC 5 5. R., | teBdBtso Ouwenxd usmencHusBHIGPURIB 142
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MNEHAPHBIE OOKI/A/LDbI
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Oonb.bIT I'IPI/IKI'IA,EI,HOCEII/IIB/E[E,’MII/I TEXHONOIN Nn
ONEPATUBHOWN OKEMWMOMA@ BA3E OEHHHDCTRB
MPTC W MPTK F,CDA,EI,EEPIFIA
fojem&d2 ¢.
Axrmonepnoe obmectBo «Hayuno-IIponsBoacreennoe IIpennpusitue [oaBoaubix TexHomorumit
«Oxkeanocy, r. Cankr-IlerepOypr, Poccus
office@oceanos.ru

MOHUTOPUHI M HCCIEAOBAaHUE MOPCKHX aKBaTOPUM CEroAHs SBJISAETCA OJIHUM U3
IIPUOPUTETHBIX HaNpaBiieHUH Mopckodl mnoiautuku P®. OxpaHa okpyxawoleld cpeapl Ipu
nepenBKeHU cyoB o CeBepHOMY MOPCKOMY IyTH, oOecriedeHre 0e30MacHOCTH KPUTHUYECKHUX
00BEKTOB MOPCKOH MH(PACTPYKTYPHI, MOUCK YTIIEBOJOPOIHBIX MECTOPOXKICHUH U MHOTHE Jpyrue
3a/la4yd MOTYT OBITh YCIICIIHO PEIICHbI 3JIEMEHTAaMH MOPCKUX POOOTOTEXHUYECKHX KOMILIEKCOB
(MPTK) B cocTaBe noABOIHBIX ¥ BOJHOBBIX IJ1aiiIEPOB.

Bricokas crenenb aBTOHOMHOCTH MOABOJHOIO IUIaiiiepa, BO3MOXKHOCTH MHTEIUIEKTYaIbHOTO
aHalIM3a TEKYyIUX pe3yJbTaTOB MOHUTOPHHIA W KOPPEKTUPOBKH MHCCHM, MOIYJBHOCTH
WCIIOJIHEHUSI U TPYIIIOBbIE aIrOPUTMBI IPUMEHEHHUs B Iape ¢ BOJIHOBBIM riaiinepom wiu BIUIA
CTIIOCOOHBI CYIIECTBEHHO YBEIHYUTH CKOPOCTH TOIYYEHHUsS! OOJIBIIOr0 MacCHBa OKEaHOJIOTHYECKHX
JaHHBIX. DTO 00ECIEeYnBACT BHICOKYIO TOYHOCTh MPOTHO3UPOBAHUS KIMMATHUYECKUX HU3MEHEHUH, a
TaKKe COKPAIAET IKOHOMUYECKHUE 3aTpaThl HA POBEACHUE UCCIICIOBAHNMN.

B Poccunm mnpaktuueckoil pa3pabOTKOM THaiiiepoB 3aHUMAIOTCS HAy4YHbIE KOMAaHJbI
CIIoITMTY u AO «HIIII IIT «Oxeanoc». Co3gaHHBIE MMHU XOJOBBIE CTE€HIBI IOIBOIHOIO MU
BOJIHOBOTO TJIAii/IepOB MPOILIH HEOJHOKPATHOE anpoOMPOBAHUE PA3IMYHBIX KOHCTPYKTHUBHBIX U
MporpaMMHO-aNmnapaTHeix pernieHuil. Pesynprarel yuenuit «besomacHas Apkrtuka — 2023» u
MOPCKOTO HAaTypHOro »3kcnepumeHTta Ha benomopckoit buonornueckoit Cranmuun MIY
JEMOHCTPUPYIOT BO3MOKHOCTh npumeHenuss MPTK rmaiinepHoro tuma juisi pemeHus MUpOKOro
CIIEKTpA 3a/1a4, B TOM YMCJIE MOHUTOPHHIA U MATPYJIMPOBAHUS aKBaTOPUU.

CHMCcOK HUCIIOJIb30BaHHOM JINTCPATYPBhI:

Maesckuii A. M., laiikoBuu Bb. A. Pa3zpaboTka ruOpuIHBIX aBTOHOMHBIX HEOOMTAaEMBIX
anmaparoB JJs MCCIeI0OBaHUsS MECTOPOXXICHHUH yrieBoaopoaoB // HaydHo-TexHu4eckuit cOOpHUK
Bectu razooit Haykn. — 2019. — Ne 2(39). — C. 29-40.

Maesckuii A. M., 3anun B. IO., TypceneB C. A. IlpumeHeHue Trpynn aBTOHOMHBIX
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Maesckuii  A. M., Ilewaitko WM. A., Typcenes C. A. IlpumeHeHue MOpPCKUX
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Nikushchenko D., Maevskiy A., Kozhemyakin 1., Ryzhov V., Goreliy A., Sulima T.
Development of a Structural-Functional Approach for Heterogeneous Glider-Type Marine Robotic
Complexes’ Group Interaction to Solve Environmental Monitoring and Patrolling Problems //
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O COBPEMEHHOM COCTOAHUWN KNUMATWUUECKOW CWUC
] sdztsdzlm S 2 ¢ . 4
OI'bHY «MHCTUTYT NPUPOAHO-TEXHUYECKUX CUCTEMY, I'. CeBactomnodb, Poccus
apolonskp@mail.ru

Jloknan moCBsIIEH OOCYXIECHUIO COCTOSTHHUSI TJIO0AThHON KIMMAaTHYECKON CUCTEMBI B
MoCHAeAHNE JeCATHICTHS. AHaIU3UpyeTcsi OTHOCUTEIbHAs POJIb PAa3IUYHBIX MEXaHU3MOB,
MpUBEAMUX K TOMYy, 4T0o 2023 roa okaszajcs caMbIM TEIUIBIM 3a MEPUO]l UHCTPYMEHTAIbHBIX
HaOJI0/IeHN, HauuHas co BTOpoil monoBuHbl 19 Beka. [locienoBaTenbHO pacCMOTPEHBI TPEHABI
MPU3EMHON  TeMmmepaTypbl CTOJIETHEro Macmraba (SBISIOIIHECs, TJaBHBIM  00pa3oM,
CJIEICTBUEM TJI00ATBHOTO MOTEIUICHHUSI aHTPOMOTE€HHOTO MPOUCXOXKICHHS ), MEKIECATHICTHUE U
MEKTOJIOBbIC €CTECTBEHHBIC BapHAIlMUd B CHUCTEME «OKeaH-aTMochepa» (MpOSBISIONINECS, B
YaCTHOCTH, B BHJE KBa3UNEPHUOJAMUECKUX MOJ TuUMa ATiIaHTUYecKo MynbTuaexagHon
Ocommiauuun — AMO, TuxookeaHcKkoro AekagHoro koJjiebanus W Dinb-Hunno-HOxHoin
Ocummmsmun — OHIOK). Cpeman  BbIBOJA, 4YTO BKJIAJ €©CTECTBEHHOW KJIMMAaTHYECKOM
A3MEHYMBOCTA B aHOMalibHOEe motemenne 2023 roma cocrasisier 6oiee 2/3. OTMEUYEHO, UTO
TPU CaMbIX TEIUIBIX TOJla 3a BECh MEpUOJ] HMHCTPYMEHTAJbHBIX HAOIIOJCHUN COBIMAIU C
coosiTussmu DHIOK u npumucek Ha teruryto Gazy AMO. Bo BTopoit yactu qokiana moapoOHo
aHaJTU3UPYETCsl BEJIMYMHA €CTECTBEHHBIX HMCTOYHUKOB U CTOKOB yriepojaa B KIUMAaTHYECKOU
CUCTEME [0 CpaBHEHHMIO C aHTPOINOreHHbIMU BbIOpocamu. Ilockonbky r00anbHBIC
aAHTPONOTEeHHbIE BBIOPOCHI HA TOJOBOM MacHITabe OTHOCHUTEIHHO HEBEIHUKH (COCTaBISIIOT
nopsaka 10% oOT BEJIMYMHBI YHCTOM TMEPBUYHOW MPOAYKIHMH), MEHSIOMIAACS OT Troja K Toay
SMHUCCHS YTIEKUCIIOTO Ta3 B pe3ylbTaTe X031UCTBEHHON NEATeIbHOCTH YeJI0 BeKa BHOCUT MaJlbIi
BKJIAJ MEXTOJIOBYI0O HM3MEHUYHMBOCTH cojaepxkanus COz B armochepe. B Toxke Bpewms,
BO3pacTarolias Cco BPEMEHEM OJMHUCCHUS TAapHUKOBBIX Ta30B, a TakXke Hu3-3a TOro, YTO
OOJIBIMMHCTBO JTUX Ta30B, BKiouas COpz, OTHOCATCS K JIOJTOXHUBYIIMM, TJ00anbHOE
MOTEMJIEHNE AaHTPONOTeHHOTO XapakTepa CYIIECTBEHHO BIUAET Ha  KIMMaTHYECKHE
XapaKTEepUCTUKH Ha BPEMEHHBIX MacIiTa0ax OT HECKONbKUX aecsaTwieTuid. [lomuepkuBaercs
MPOJIOJIKAIOIIeeCss MHTEHCHBHOE YBENWYEHHE KOHIEHTpPAlMU YTIEKHUCIOro ra3a B arMmocdepe,
kotopas gocturia B 2023 roay 419.3+0.1 ppm (uacreit Ha MUIJUTHOH, T.€., ~0,042%). IT0 BenmuunHa
Ha 50% mnpeBbimaer BenuuuHy coaepxkanus COz B atmocdepe B JOMHIYCTPHAIBHYIO JIOXY.
[IpyueM pocT 3TOM KOHIEHTpauuu 1o cpaBHeHHI0 ¢ 2022 rogom cocraBui 2.8 ppm u Obul
YETBEPTHIM IO CKOPOCTH YBEIMYEHUS cpeAaHerogoBoil koHueHtpamuu CO2 3a nepuon
COOTBETCTBYIOIIMX PETYISAPHBIX HaOMtoneHu, HadaThix B 1960-x TT. (HECMOTpS Ha TOJIHUCAHUE
[Mapuxckoro cornamenus 2015 rozga).
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PEKOHCTPYKUMUA WU3IMEHEHWUW NNOWABEMNOBMOPCK UX
B APKTWMKE B XX BEKE
4J g deso 1. ¢ .
Wucturyt ¢pusuku atmocdepsl um. A. M. O6yxosa PAH, r. Mocksa, Poccus
HNucturyt reorpaduu PAH, r. Mocksa, Poccust
vasemenov@ifaran.ru

CokpailieHue IUIOMIaId MOPCKOTO JibJla B APKTUKE B TOCJICAHHE ACCATHICTHUS SIBISETCA
OJIHUM M3 CaMbIX SIPKUX MPOSBICHHUM MPOIOHKAIOIIErocs rio0albHOro MoTeIuieHus. M3ameHneHus
IUTOIIAZM MOPCKHX JIbJOB B APKTHUKE HEMpPEpBHIBHO HAONIONAIOTCS €O CIyTHHKOB ¢ 1979 rona,
OTHOCHUTEIILHO XOpOIlO OTciexuBaroTcs ¢ 1950-x romoB, HO KpaiiHE HeompelesieHHbl B Ooiee
paHHUN TEpPHOJ M3-3a OTCYTCTBHUS JIOCTaTOYHOTO KoimdecTBa HaOmoneHwuil. Cepeauna XX Beka
XapaKTepU30Balach CUJIbHBIM MOTEIJICHMEM B APKTHKE, TaK Ha3blBA€MbIM MOTEIICHHEM Hadala
neaamaroro Beka ([ICIIB), BenmnymHa KOTOPOrO COBCEM HENABHO ObUIa  TIPEBHINICHA
MPOJOJKAIOIIMMCS TOTeIUIeHneM. B To Bpemsi kak TemmeparypHble konebanusi Bo Bpems [IC/IB
OTHOCUTEIIBHO XOPOIIO MU3Y4YEeHBI, HET €IUHOTO MHEHHUS O TOM, COMPOBOXKAAIOCH JIM MOTEIUICHUE
OBICTPBIM COKpAIIEHUEM MOPCKOTO JIb/ia, KaK B COBPEMEHHBII MEPUO/I.

B nocnennue rosl ObUTH OMyOIMKOBAaHBI HECKOJIBKO PEKOHCTPYKITUH MCTOPHUICSCKUX JTAHHBIX
0 KoOHIeHTpanuu Mopckoro jpaa (KMJI) Ha ocHOBe 0OOOIIEHHBIX PErMOHANBHBIX JAHHBIX WU
MyTeM C TIOMOINBI THOPUIHOTO MOJCIHHO-IMIUPHUUYECKOTO IOAX04a. B JaHHOM JOKiIane
npeacrasieHa HoBass pekoHcTpykuus KMJI 3a mepuon 1901-2019 rr. Ha ocHOBe cBsizeil MeXIy
IIPOCTPAHCTBEHHO-BPEMEHHOM cTpyKTypoi Bapuauuii KMJI u Temneparypoil npu3eMHOT0 BO31yXa,
TEMIIEpPaTypoil MOBEPXHOCTH MOpsSI M JaBlieHHEM Ha ypoBHe Mops (Semenov et al., 2024).
PekoHcTpynupoBaHHBIC JTaHHBIE O MOPCKOM JIbJIC 32 MapT W CEHTSAOpPh CPaBHUBAIOTCS C YacTo
ucnons3yembiMu MaccuBamu gaHHbix HadISST1.1 (Raynet et al., 2003) u SIBT1850 (Walsh et al.,
2017). HoBas pexoHCTpyKIus MOKa3biBaeT 3HaunTenpHoe ymeHbienne KMJI ¢ 1920 mo 1940 rr.,
coBrnajarouee ¢ noreruieHrueM Hadana 20 Beka B Apkruke. Takas orpunarensHas aHomanuss KMJI
otcyrcTByeT B aaHHEIX HadISST1.1. AMmmryna anomamun SIA pocturaer okono 0,8 MH. KM B
MapTte u 1,5 MiH. KM? B CeHTsA0pe. AHOMANMs TIPHMEPHO B TPU pasa CHIbHEE, YeM B MACCHBE
nauubix SIBT1850. bonee 3nauntensHoe cokpamienrne KMJI B ceHTsA0pe B 3HAUUTETHHON CTETICHH
oOycnoBieHo 6osee cunbHbIM yMeHbIIeHHeM KMJI B 3amannom cextope CeBepHoro JlegoBuroro
OKeaHa B IUpoTHOH 30He 70—-80° c. mI.

HoBas pexoHCTpyKLMs MPEAOCTaBISIET UCCIENOBATENSAM CPEITHEMECSUHbIE CETOUHBIE JaHHBIE
no KMJI ¢ nawama XX Beka, KOTOpbIE MOTYT OBITh HCIIOJIb30BaHbI, B TOM YHCJIE, B KaueCTBE
TPaHUYHBIX YCIOBUHN i aTMOC(EPHBIX PEaHaTU30B U MOJENBHBIX SKCIIEPUMEHTOB M0 M3yUYEHHIO
KJInMaTa ApKTHUKH B IepBOil monoBuHe XX Beka.

HccnenoBanue BBIMIOJHEHO MPU YacTUYHOW mojaepxke Poccuiickoro HayuHoro ¢oHna,
rpanT Ne 23-47-00104.

CnucoK MCTOJIb30BaHHOM JINTEPATYPHI:

Rayner N. A., Parker D. E., Horton E. B., Folland C. K., Alexander L. V., Rowell D. P., Kent
E. C., Kaplan A. Global analyses of sea surface temperature, sea ice, and night marine air
temperature since the late nineteenth century // Journal of Geophysical Research Atmospheres. —
2003. — Vol. 108, No. D14. — P. 4407. — DOI 10.1029/2002JD002670.

Semenov V. A., Aldonina T. A., Li F., Keenlyside N. Arctic Sea Ice Variations in the First
Half of the 20th Century: A New Reconstruction Based on Hydrometeorological Data // Advances
in Atmospheric Sciences. —2024. — Vol. 41. — P. 1483-1495. — DOI 10.1007/s00376-024-3320-X.

Walsh J. E., Fetterer F., Scott Stewart J., Chapman W. L. A Database for Depicting Arctic Sea
Ice Variations Back to 1850 // Geographical Review. — 2017. — Vol. 107. — P. 89-107. — DOI
10.1111/j.1931-0846.2016.12195.x.
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CEKUMA 1

METOAbBI W CPEACTBA W3IMEPEHWHA
NMAPAMETPOB NPUPOAHOW CPEABbI
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sdflsj 3 Codstesdy QMY O8N j2 fMtejH'
NMPUMEHEHUWE KNUNMXUWKIEPAKT ORGB ABE OP-KKOYPOPTHOM

NEYEHUWN HA KE¥BORTBOPWA

dBOL 5O mofilsdc®dsj itsL dz% ¢ 1 10zOM.jLdzS s agO dets 91 Az B o O

I'bY3 PK «HayuHo-ucciIe0BaTeNbCKHil MHCTUTYT JETCKOM KypOPTOJIOTHH, (DU3MOTEPAIUN 1
MEUIIMHCKON peadbmnmutanumny», T. EBmaropus, Poccust
2dI' AOYBO «CeBacTononbCKuii Tocy1apcTBEHHbIH yHUBEpCHTET», . CeBacTomnos, Poccus
SOI'BHY «MHCTHTYT IPUPOIHO-TEXHUUECKUX cucTeM», T. CeBacTonons, Poccus
bioklimaticheskaya@mail.ru

EBmatopuss — Bcecoroznas nerckas 3npaBHuma (1936 1) — o0namaeT yHHUKaIbHBIMH
KIIMMAaTU4YeCKUMH, TPA3EBBIMH MU OalbHEOTEpaIeBTUUECKUMH pecypcamu. [lonoxuTenbHOe BIHsSHUE
KJIMMaTa Ha 370pDOBbE YEJIOBEKa HA KPBIMCKMX KypopTax HpPUMEHsETCs KaK OJHO M3 OCHOBHBIX
JIe4eOHBIX CPE/ICTB, B TOM YHCIIE U MIPH JICYCHUH JIeTEH.

B o61mem komIiekce 0310pOBUTENbHBIX U peaOMINTALIMOHHBIX MEPONPUATHH, IPOBOJUMBIX IPU
CaHATOPHO-KYpOPTHOM  JICYEHUH, O0CO00O€ MECTO 3aHMMAaeT KIMMaToTepamnus — HPUMEHEHUE
JI03UPOBAaHHOI'O BO3JEHCTBUS HAa OPraHU3M TaKHUX KJIMMATOINOIOAHBIX (PaKTOPOB KaK TeMmIiepaTrypa U
BJIKHOCTh BO3/yXa, MHTEHCUBHOCTb COJTHEUHOM pajinaliii, CKOPOCTh BETPa, 00JIaUHOCTh U KOJIMYECTBO
0CaJIKOB, aTMOC(EpPHOE JTaBICHUE.

[Ipu Ha3HAYEHUH KIMMATHYECKUX MPOLEAYp BaXKHO YUUTHIBATh CTENEHb BO3/IECHCTBUSA U YPOBEHb
KOM(pOPTHOCTH KJMMaTa JUIsi KOHKPETHOro 4YenoBeka. JIns palMOHAIBHOTO HCIOJIb30BAaHUS
KIIMMaTH4ecKux (akTopoB KypopTa B 1925 r. Oblna cozpana buokiaumaruueckas cranuus (BKC), rae c
1926 r. mpodeccopom, HayuneiM coTpyanukoM BHUUW merponorum (r. JleHwHrpan), WHXKEHEPOM-
¢usuxkom A. H. bBoiiko, mpoBOAMINCH AKTHHOMETPUYECKHE HCCIEIOBAHMS, KOTOpBIC ITO3BOJISLIH
€BIATOPUIICKOMY KypOpTYy pa3palaTbiBaTh M BHEAPSATh B NPAKTHKY CaMble IEpEelOBbIE TEXHOJOTHU
J03UpOBaHUsT MeTeo(pakTopoB. B pesynbraTte MPOBOJUMBIX HCCIENIOBAaHUE, 110 MNPEIIOKEHHIO
npodeccopa A. H. boiiko na EBnaropuiickom kypopte BrepBbie B COBETCKOM COr03¢ Oblila BHEJPEHA B
LIMPOKYIO KypOPTHYIO MPAKTUKY JO3UPOBKA COJIHEYHBIX MIPOLEAYP B KAJIOPUAX BMECTO MUHYT.

C 1956 r. BuepBeie B mupoBoi npaktuke BKC mepenuia ¢ qo3upoBaHusl COJTHEYHBIX BaHH IO
KaJOpHUsAM Ha UX JIO3MPOBAaHUE B JIEYEOHBIX 103aX € ydeToM yabTpaduosneroBoro (Y®) usnyueHus
ConHua, NOCKOJIBKY MMEHHO Y®d-yaCThb COJHEYHOro CIEKTpa sBIsSeTcs Hauboyiee OMOJOTrHYECKU
3HaunMoil. [Ipodeccop B. A. SIKOBeHKO TMepBbI ONpeAeNnwy SKBHUBAIEHTHO-3(QPEKTUBHYIO
TEMIIEPATYPy MPH OTIIYCKE COTHEYHBIX BaHH.

Taku oOpazom, mnpoBoauMbie, Ha mpoTsikeHuH 100 JeT KIMHWYEeCKHe HAOMIOACHUS W
HCCIIEIOBaHMS 110 BIMSHUIO KIIMMATHYECKUX (PaKTOPOB HA OPraHU3M YeJIOBEKA, TEUEHUIO XPOHUYECKUX
3a00JIeBaHUI TO3BOJISIIOT KOHCTATHPOBaTh (akT (OpMHUPOBaHUsS B TI'. EBMaTOpHHM HAy4YHOH IIKOJIBI
MHUPOBOT0 YpOBHS «MeIUIMHCKAask KIMMATOIOTHs».

Ha nannom srane BKC npogomxaer paboTy nmo HampaBieHHI0 «MenuuuHCKas KIMMaTOJIOTUSY,
KOTOpOE BKJIIOYAeT B ceOs CIEAYIOIME METOJbl: KIMHUKO-(QHU3HOIOTHYECKHe, 00IIell MeTpoIoruu u
KJIMMATOJIOTHH.

Jnsa  cbopa HEOOXOAMMBIX METCOJAHHBIX, COTPYAHUKAMHU  OTAEICHHUS  MEIULUHCKOM
kmumaronorun  I'BY3 PK  «HUM  nerckoit  kypoprosoruu, ¢GU3NOTEpaniul W METUIMHCKOM
peaOminTanum)  UCTONb3YeTCS  aBTOMAaTHuYecKash Mereopojorudeckas cranuus «Coxon-Ml1y,
MO3BOJISIONIAs (PUKCUPOBATH PA3IMYHbIC 3HAUYCHHS MTOTOTHBIX ITOKa3aTeNeil B KPYTJIOCYTOUHOM PEXHUME
JUI JaNbHEHMIero NpUMEHEHWs WX IpH pacdere OMOKIMMATHUYECKHMX HHAEKCOB U OIPEICIICHUH
KoM(OpTHOCTHU NpeObIBaHus Ha KypopTe EBnaropusi.

Haxopnsmumecs Ha caHaTOPHO-KYPOPTHOM JICUEHHH JIETH MPOXOIST CIEIMaIbHO Pa3paboTaHHBIN
TPEXpa3oBblil ONPOC, MO3BOJISIOIIMI BBIABUTh BIMSHUE METEO(PAKTOPOB Ha UX OOLIEE COCTOSHHE.
[TonmydeHHble CBeleHHsI MO3BOJSIIOT yYCTAaHOBUTH B3aMMOCBSI3b IOTOJHBIX YCJIOBUH M OOBEKTHBHOTO
COCTOSIHUS JIETEH, OLIEHUTh BIUSHUE KIMMATHUECKUX (DAKTOPOB HA HOPMAIM3ALUI0 (YHKIMHA 1ETCKOTO
opraHusma, o0co0oe BHHMMaHUE Yynensercss MNpoQUIAKTUKE METEONaTHYECKUX peakluid, 4TO B
COBOKYITHOCTH TIIO3BOJISICT MPHUMEHSATh HA KypopTe KIMMAaTOJE€YeHWE Kak OAMH M3 METOJIOB
BOCCTAHOBUTEIILHON Tepanuu, peabuiauranuyu. B COBpEMEHHBIX YCIOBUAX yXY/IIEHHs SKOJIOTHYECKUX
(GakTOpOB, IICMXOTCHHOM, TEXHOT€HHOMW HAarpy3KM Ha OpPraHHW3M 4YellOBeKa, HHTECHCU(UKAIIUH
CaHAaTOPHO-KYPOPTHOI'O JIEYEHHUs, COKpAIIEHUS BPEMEHU NpPEObIBAHUSA HAa KypopTe (U3HOIOTMYECKU
IpaMOTHBIN, HAyYHO OOOCHOBaHHBIN MOJXOJ K COYETAaHHIO KIMMAaTO-0aabHEO (PaKTOPOB MPHOOpETaeT
0co0yi0 aKkTyaJbHOCTh. B cBi3um ¢ 3tuM  «MenuimHcKas KIUMATonorus» (opMHpYyeTcsl Kak
CaMOCTOSITENIbHAsT ~MEAUIMHCKAs CHELMAIbHOCTh, TpeOyrolas COOTBETCTBYIOLIEH IMOArOTOBKU
BpaueOHOT0 MepCOHaNa, YIaCTBYIOIIETO B JICUYCHHUH JIETEH Ha KypopTe.
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O BO3MOXHOCTW MEMHMMEMOOWNONL NP OBAHHOOK CWAA
KPEMHWNA, MeMoyTo N3 MUMHE PO NTGHIRDY A, B XPAIMWMAT O P
ljdzwjed, 5 Q@Qastdse 1.
I AOY BO «CeBacTononbckuii rocynapcTBEeH I yHHBEpCUTETY, T. CeBacTonoms, Poccus
2 UXTPOMC KHII PAH, r. Anarutsl, Poccus
velyaevyo@yandex.ru

AHanu3 CIOXHBIX CHCTEM OKpPYXKAlOIIeW Cpeibl, COCTOSIIUX U3 OOJBIIOr0 KOJMYECTBA
pPa3IMYHBIX OPraHWYeCKUX M HEOPraHUYeCKUX OOBEKTOB, SIBISETCS HA CErOJHSIIHUMA JEHb
aKTyaJlbHOM 3ajauei, cTosIleld mepea aHaduTUKaMmu. PemieHue 3Toil mpoOJeMbl CTaHOBUTCA
HEBO3MOXKHO 0€3 HCMOJIb30BaHMU XpOMATOrpaduuecKiuX METOI0B UCCIIEIOBAHU, TPUMEHIEMBIX HE
TOJILKO Ha 3Tame MpoOOMOArOTOBKH, HO U HEMOCPEACTBEHHO NIPU aHAIN3€E ONpeAeaEHHON (pakuun
peanbHON MaTpu4HO# cuctembl (boponuna, 2023). Xpomarorpadus, Kak, Mpexae BCEero, cnocod
paszieneHuss KOMIIOHEHTOB, IO3BOJISIET NPOBECTH KA4YE€CTBEHHYK) M KOJHMYECTBEHHYIO OLICHKY
M3y4aeMoil cucTeMbl. B OCHOBE XpoMaTtorpauyeckoro pas3iesieHuss KOMIIOHEHTOB JICKHUT
MPOXOXKJACHUE KOMIIOHEHTOB  CHCTEMbl 4Ye€pe3  CIELUAIbHYK)  KOJOHKY, 3allOJIHEHHYIO
BBICOKOIIOPUCTBIM U CEJIEKTUBHBIM MO OTHOLICHUIO K ONpPEAENEHHBIM KOMIIOHEHTAM H3Yy4aeMOu
MaTpuipl BemecTBaM. OOBIYHO B KadyecTBE TAaKOTO HAIMOJIHHUTENS IMPHUMEHSIOT BBICOKOYHCTHIC
amMoppHble  KpEeMHE3EMBI,  MOBEPXHOCTh  KOTOPHIX  MOAM(HUIMpPOBAHA  CHEIUAIBHBIMHU
(GYHKIMOHATBHBIMH TPYTIIIAMHU.

Ha ceromHsmHuii AeHb HANOJIHUTENW Ui XpOMAaTOrpauyecKux KOJIOHOK MONyJaroT Ha
OCHOBE PEAaKTUBHOI'O ChIPbsi, OJJHAKO HCIIOJIb30BAHHE B KAYECTBE HCXOJHOIO Marepuana s
CHUHTE3a MOJOOHBIX IMPOJYKTOB JEIIEBOIO MHUHEPAIBHOIO ChIPbS MOXKET 3HAYUTEIIBHO CHHU3UTh
ce0eCTOMMOCTh TAaKOTO HAMOJHUTENS. TakuM ChIphEM MOKET ObITh He(EeIHMHOBBIN KOHIEHTpAT,
KOTOPBIM MPOU3BOJUTCS B KayecTBE IMOMYTHOro MpoaykTa B MypmaHckoil obmactu (Maitopos,
2023) B Gonpmmx MacimTabax Mmpu OOOTAIEHWH anaTHUTO-HE(PETMHOBBIX PyJ M NMPAKTHUYECKH HE
ucnoib3yercs. Ha ero ocHoBe MOXeT ObITh OJTY4YEH BHICOKOUUCTBIN aMOP(HBIN THOKCH]T KPEMHHUS
C pa3BHUTOH yhenpHOU MmoBepxHOCThIO (Maiorov, 2022), BenuunHa KOTOPOM, B 3aBUCHMOCTH OT
YCIIOBHH CHHTE3a, MOXET JOCTHraTh pa3iu4HbIX 3Ha4yeHuit (Maiiopos, 2022; Mayorov, 2023).
ABTOpaMM H3y4€Ha BO3MOXKHOCTb MOJUGUKAIMM IOJYyYEeHHOTO M3 HedenuHa KpeMmHezéMa
Pa3IMYHBIMHM ANKWIBHBIMU (YHKIIMOHAJIBHBIMUA IpynnamMu. B ocHoBe gaHHOro mporiecca JI€KHUT
peakuusl NOJUKOHACHCAUN TOBEPXHOCTHBIX TMAPOKCUIIBHBIX I'PYII KpPEMHE3EMa C MOJEKYJIaMU
pas3nuuHbIX MojauduKaTopax B anpoOTOHHOW cpene. B pe3ynbraTe NMpoOBEAEHHBIX HCCIIEJOBaHMM
ObUIM  TOJIyYEHBl OMNbBITHBIE OOpaslbl MOAU(MULIMPOBAHHBIX KPEMHE3EMOB C  yIEIbHOU
TMOBEPXHOCTBIO He HIKe 370 M%T, UTO COOTBETCTBYET TEKYIIUMH XapaKTepHCTHKAMH
HaIOJIHUTEIIEH, UCIOJB3YEMBIX  JUISI  3alloJIHEHHA  Xpomarorpauyeckux  KOJIOHOK,
MPUMEHSIOIIUXCSI, B TOM YHUCIIE, B MPUOOPHON peayn3aluu BBICOKOA(PHEKTUBHON KUIAKOCTHON
Xxpomarorpapuu.

CIHCOK UCIIONIBL30BaHHOMI JINTCPATYPhI:

bopomuna A. B., Bense 10. O., Ocokun A. P. KoMIIeKCHBIH METOIUYECKUN TOIXO] B
OTIpeIeIICHUH JIUTUIOB MOJUTIOCKOB // TeXHUKa U TEXHOJIOTHS MUIICBBIX POou3BOACTB. — 2023. — No
53(4). — C. 662-671.

Maiiopos JI. B., Bemser 0. O. O BO3MOXHOCTM HCHOJIb30BAHUS TUOKCHAA KPEMHUS,
MoJIy4a€Moro nu3 MUHCPAJIILHOT'O ChIPbs, B KaUCCTBEC 3HTCpOCOp6€HTa // XumMndeckass TEXHOJIOTHS. —
2023. — Ne 24 (3). — C. 85-92.

Maiorov D., et al. Structural and surface properties of silicon dioxides obtained by extraction
from sulfuric acid solutions of nepheline decomposition // Materials Science Forum. — 2022. — Ne
1052. - P. 116-121.

Maiiopos /. B., Benser 0. O. CTpyKTypHO-ITIOBEpXHOCTHbIE U COpPOIMOHHBIE CBOMCTBA
AUOKCHUTA KPEMHUA, I0JIy4acMOro wu3 HC(I)CJ'II/IHCOI[Cp)KaIJ_ICTO ChIpbs // COp6I_II/IOHHBIC u
xpomarorpadudeckue nporeccel. — 2022, — T. 22, Ne 5. — C. 725-736.

Mayorov D. V., et al. Physicochemical, structural, and surface properties of silicon dioxide
produced from mineral raw materials // Inorganic Materials: Applied Research. — 2023. — Ne 14(5-
6). — P. 1263-1269.
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CPABHEHWE AJII OARWMETMQ@BOSTON N PROPHET A /1 A
MPOrHO3MWPOBAHWA WU OBHAPYXEHWA AHOMANUNM B BUC
CWCTEMAX PAHHET O ONOBEWEHWHA

lThCoOQteCtso® .1., JtijSBe ¢.1., [ Ostcddz
OI'bHY «MHCTUTYT IPUPOAHO-TEXHUYECKUX CUCTEMY, I'. CeBactomnodb, Poccus
aveiro_7@mail.ru

OneHka kayecTBa BOJbl M TOYHOE IPOrHOZMPOBAHME I10KA3aTEIEH 3arpsi3HEHUs BOJbI
SBJIAIOTCSL  KIIFOYEBBIMM KOMIIOHEHTAMU B YIPABICHUM BOJHBIMH peCypcaMH U KOHTpOJE
3arpsi3HeHuss BoJbl. Mcnonp3oBaHue Ouosoruueckux cucreM panHHero omnoseuieHus (BEWS), B
KOTOpPBIX B KauecTBe OHMOCEHCOPOB HCIOJB3YIOTCS JKHUBBIE OPraHU3MBI, MO3BOJISIET MPOBOJUTH
KOMIUIEKCHYIO OLIEHKY COCTOSIHMSI BOJHOH Cpelbl U CBOEBPEMEHHO pEarupoBaTh B Ciydyae
BO3HHUKHOBEHHUS YPE3BBIYANHON CUTYaIUH.

B nanHoit pabote Mbl paccMaTpuBaeM Tpu aiaropurma MammHHoro ooyuyenus (Theta, Croston
u Prophet) i mnporHo3upoBaHus JaHHBIX OO0 AaKTHUBHOCTU JBYCTBOPYATBHIX MOJLUIIOCKOB,
MIOJIYyYEHHBIX C TIOMOIIBIO pa3padOTaHHOIO aBTOpaMH aBTOMATHU3MPOBAHHOTO KOMILIEKCa
OMOMOHHUTOPHHra BOJHOHN cpeabpl. B KkauecTBe HCXOOHBIX JAaHHBIX HCIIOJIb30BaHA BEIUYMHA
packpbITUsi CTBOPOK B MM 16 muauii. B kauectBe mepbl OOHapy:KeHMsI aHOMAaIMM B JaHHBIX
UCIONIb30Bajiach cpenHekBaapaTuueckas omubka (RMSE). HabGop nepeMeHHBIX mHapaMeTpos,
00X ISt BCEX MOJIETIeH, COCTOUT u3: Bpemst yepenHenus (ot 10 ¢ qo 30 MuH), KOJTUYECTBO TOUYCK
MIPOTHO3UPOBaHUS (WK HTepBai) (0T 1 70 6 WM OT OAHON MUHYTHI JI0 Yaca), pa3mep oOyuaroiei
BBIOOPKH (OT OHOTO 210 5 THEH).

B pesynbraTe pazpaboTaH anroputM OOHapYy>KEHUS aHOMAaJIWi B JaHHBIX 00 aKTHMBHOCTHU
JBYCTBOPYATHIX MOJUTIOCKOB. Hamm pesynbraTsl MoKa3and, 4TO JJIs OJHOM M3 aHoManuii Prophet
OKa3ajcs JIy4IIUM METOJOM, a Ui JIBYX APYTUX BpeMsi OOHapyXEHUS aHOMAJMU HE OTJIMYaJIOCh
Mexay wmerogamu. CpaBHEHHE METOJOB C TOYKHM 3pPEHHS CKOPOCTH BBIYMCIEHUHN IMOKa3ajio
npeumyiectBo Metonaa Croston (Grekov et al., 2024).

.
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Pucynok 1 — Bpems o6Hapyxenus anomanuu 1 (19 mapra 2017 r.) Tpemst metogamu ¢ 20-
MUHYTHBIM YCPEIHEHUEM U TPEMS TOUYKaMU IIPOrHO3UPOBAHMS

Pazpa®oTanHbIi alrOpUTM OOHApPYXEHHS aHOMAIUNA MOXeT ObITh 3()(EeKTUBHO BKIIIOYEH B
IporpaMMHOe obecrieyeHHe OHOJIOTUYECKUX CHUCTEM paHHEro OINOBEHICHMs, CHOCOOCTBYS
OBICTPOMY pearupoBaHMIO HA U3MEHEHUS B BOJAHOH cpere.

HccnemoBanue BBIMMOTHEHO 3a cUeT rpaHTa Poccuiickoro Haydroro ¢onmga Ne 23-29-00558,
https://rscf.ru/project/23-29-00558/.

Crnucok UCOab30BaHHON JTUTEPATYPBI:

Grekov A. N., Vyshkvarkova E. V., Mavrin A. S. Forecasting and Anomaly Detection in
BEWS: Comparative Study of Theta, Croston, and Prophet Algorithms // Forecasting. — 2024. —
Vol. 6. — P. 343-356. — DOI 10.3390/forecast6020019.
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COBPEMEHHbIN-MHBEYMEHTAPUN AHGTIMBKT Y P bl
PEYHbLIX CUCTEM ON OIOPW MUX BACCEWHOB
| Oteyds0'dz 3 CaelsfdZ sz OYjoa0O 1. A,
!®OI'BHY «MHcTuTyT BoaHbIX Ipobnem Poccuiickoii akagemun Hayk», . Mocksa, Poccus
2PI'BOY BO «MoCKOBCKHif TOCYIapPCTBEHHBIH yHUBEpcHTET MM. M. B. JloMoHOCOBaY,
. Mocksa, Poccus
3OI'BHY «MHCTHTYT NPHPOTHO-TEXHUUECKHX CHCTeM», T. CeBacTomnons, Poccus
gartsman@inbox.ru

Pa3BuTHEe T'MAPOIOTMYECKOIO MOJEIMPOBAHUS B YCIOBHUSAX HECTAllMOHAPHOIO KiIuUMara M
JUHAMHYHOCTH JAaHAIMA(THOTO CTPOEHUs OacceHOB npu JeduuTe TaHHBIX HAOMIOAeHHH, TpedyeT
B3aMMOYBSI3aHHOTO DPACHIMPEHHUS TEOpeTHUecKkod U wuH(popMannoHHON 06a3pl. Heobxomumo
MIPUBJIEYCHHE HOBOTO MAacCHBa JaHHBIX — JOCTATOYHO JOCTYIHBIX M HAJIEKHBIX, XapaKTePU3YIOIINX
HEM3y4YCHHbIE OacCeHbl M pEIKHe THIPOJIOTUYECKHE COOBITHSA, OIMYCKAIOUINX OpPraHUYHOE
pa3BUTHE TEOPUHU MOoAeTUpoBaHus. [lepcrieKTUBHBIE BOBMOXKHOCTH B 9TOM CMBICJIE MPEIOCTABIISIET
CTPYKTYPHO-THIPOrpapUUECKUil aHaIu3 PEUHBIX CUCTEM. 3a MOCJEIHUE JACCITUIIETUS yXKE CO3J1aH
pSI CTaTUCTHYECKHX W JAETEPMHHHPOBAHHBIX THUAPOJIOTUYECKUX MOJETECH HOBOTO IMOKOJEHHS C
HCIIOJIb30BAaHUEM JIaHHBIX O CTPYKTYpE PEYHOM CeTH U MoppomeTpun 6acceiHOB.

KitoueBbIM 3JI€MEHTOM Ppa3BUTHSI TaKUX HCCIEAOBAHUMN SIBISIOTCS COBPEMEHHBIE METOJbI
anaymsa penbeda. [loserenue mmobanpHBIX HmHUPPOBBIX Moxpened penbeda (LIMP) BvicOKOTO
paspeleHuss CO34alo JUisi 3TOr0 MPUHIMIIMAIBLHO HOBBIE TEXHHUYECKHE U METOAMYECKHe
BO3MOXKHOCTH. OJHaKo MX peanu3anusi TpedyeT pa3paOOTKH MNPOrpaMMHOIO HHCTPYMEHTapHs
ueneBoir obOpaborku I[IMP. B pokmage mnpeactaBieHbl pe3ynbTaThl  pa3pabOTKHM  TaKoro
MHCTPYMEHTApUsl, OTBEYAIOIIETO 3alpocaM HE TOJBKO THIPOJIOTHHU CYILH, HO MHOTHUX HayK O 3emiie
— JIMHEHKa MPOTrpaMMHBIX HHCTPYMEHTOB, PEaTU3yIOIINX MPEUMYIIECTBEHHO aBTOPCKUE METOMABI U
anroputMbl o0pabotku IIMP ¢ mnpuBnedeHMeM HWHBIX BHJOB IPOCTPAHCTBEHHBIX JIaHHBIX.
WHCTpyMeHTHI NpeHa3HayeHbl Uil PeleHUs KaK W3BECTHBIX, TaK U BHOBb COPMYIMPOBAHHBIX
3ajJla4, B TOM YHUCIIE:

* Stream Network Orders — HHCTpyYMEHT aBTOMaTHUeCKOH OLM(POBKM U MOPSAKOBOM
kiaccudukanuu pednoi cetu o LIMP Ha ocHOBe BapraHTOB T.H. “(DpyHKIMU MHULIMALIAN;

* Ridgeline Network Orders — MHCTpYMEHT aBTOMAarM4eckol OLU(POBKM M MOPSAKOBOM
KJaccuukanuu cetu Boropasnenos o [IMP Ha ocHoBe aBTOpCKOTrO METONA;

» Watershed Thickness Metrics — HHCTpyMEHT aBTOMAaTHYECKOTO OmpeaeneHus Habopa mep
«TOJIIIMHBI» PEYHOT0 OacceiiHa, Ha OCHOBE aBTOPCKUX aJTOPUTMOB.

WHCTpyMeHTBl peann3oBaHbl Kak CKpUIThl Ha s3blke Python ¢ ucnonbs3oBanuem
Bo3MmoxkHOCTeN ArcGIS Desktop 10.8. Tlpu ux pa3paboTke, €ciiu SBHO HE YKa3aHO WHOE,
UCTONB3YIOTCSI MHCTPYMEHTHI Tpynmbl Spatial Analyst. OO6paTHasi COBMECTUMOCTb NPOBEPEHA IS
Bepcuit ArcGIS Desktop 10.5, 10.7. Habop MHCTpYMEHTOB PAcMOIOXKEH B CBOOOJHOM JOCTYIIE C
OTKPBITBIM KoJOM Mo azapecy https://github.com/aentin/ArcPyStreamScape. Pe3ynbrarsl paboTs
MHCTPYMEHTOB JIEMOHCTPUPYIOTCS HIKe Ha mpumepe ¢parmenta [IMP SRTM mnomaasio okoso
1200 km? (peuHoit GacceifH), ¢ MCXOAHBIM pasperieHueM 3", TpaHc(HOPMUPOBAHHOTO B CHCTEMY
KOOpDJIMHAT  PABHOBEJIMKOW  KOHMYECKOM  MPOEKUMH U  MEepPelUCKPETHU3UPOBAHHOIO  JI0
IIPOCTPAHCTBEHHOTI'O pa3pelleHus 75 M.

PaGora BhImonHEHa B pamkax Tembl rocynapcrBeHHoro 3ananus MBI PAH FMWZ-2022-
0001 Ne roc. per. 122041100222-7.
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MUKPOCENCMUWUEGIOUHMTOPUHI YT NTHBGXP MACCUNBOB
| dZErB9 ¢. ¢ . , ddzyd¥W¥ jteso ¢ . 1 ., s Od3B Iz t
OI'BHY «PecnybnukaHCKU akaeMUYECKU HAyIHO-HUCCIIEA0BATEIbCKUN U TPOSKTHO-
KOHCTPYKTOPCKUIH MHCTUTYT TOPHOM r€0JI0THH, TEOMEXaHUKH, T€O(PHU3UKH U MaPKIIEHIEPCKOTO
nena» (PAHUMMN), r. lonenk, Poccust
glukhov1964@yandex.ru

B nacrosmiee Bpemsi aHaJIU3 MUKPOCEHMCMUYECKOTO M3JyYEHHS! UCHOJB3YETCS Ui PELICHUS
LIMPOKOI'0O Psi/ia FKOJOTMUYECKUX U IPOU3BOICTBEHHBIX 33a1a4. MUKpOCEeHCMBI ITPEICTABIAIOT COOOH
MaJIOAMIUIUTY/IHbIE KOJIeOaHWs, BBI3BaHHBIC KaK MPUYMHAMHU TPUPOJHOTO XapakTepa, TaKk U
pesyibTaToM aestenbHocTd 4yenoBeka. B ®I'BHY «PAHUMM» Ob110 pa3paboTaHO MpOrpaMMHOE
obecriedeHre IJIsl aHANM3a CEHCMHUYECKONW aKTHBHOCTH 30H TPEIIMHOBATOCTH BOJM3HM KPYITHBIX
TEKTOHUYECKMX pa3JIOMOB M aHAIW3a TE€OJAMHAMUYECKUX IIPOLECCOB, BBI3BAHHBIX IOJ3EMHOU
NoObIYel yIis.

Jlexkamue B OCHOBE aHalM3a MOHUTOPUHIOBbIE HAOJIOJIEHHS NPOBOJWINCH B IOCEIKE
O6benuuénubni (r. MaxeeBka, [IHP) nns oueHku omacHOCTHM MOJBHIKEK TOPHOTO MacCHMBa B
pe3yabTare OTpabOTKHM 3aJIeralollero HIDKE YrojpHOro Imiacra. HakoIleHHBI B pe3ynbTare
MHOT'OMECSIYHBIX PETYJIIPHBIX HAOIIOEHUI JIer B OCHOBY 0a3bl JAHHBIX CEHCMO3aIUCEH.

OmHMM U3 OCHOBHBIX HMHCTPYMEHTOB aHalM3a SBIAETCS  aMIUIMTYAHO-4acTOTHAas
xapakrepucTtuka. Ha puc. 1 B kauecTBe WUIIOCTpAllMK NIPUBEACH XapaKTEPHBIN CIEKTP OTIEIbHON
ceiicMo3anucu. BusyanpHO €ro MOKHO Pa3leauTh Ha ABE YacTU. XapaKTep MalOaMIUIUTYIHBIX
KojeOaHuil Ha dYactoTax MeHee 2I'Il OJHOPOAEH. DTO 30HAa IPEUMYIIECTBEHHO MHKpOCEHCM
€CTECTBEHHOI'O IIPOMCXOXKIEHUA. 30HAa 4YacTOTOW Bblme 2’1 — BBICOKOAMIUIMTYAHAs, C SApPKO
BBIPAKEHHBIMU MaKCUMyMaMH, MHO>KECTBOM MHKOB. DTO IIYMbl HCKYCCTBEHHOT'O IPOUCX 0K ICHUSI.

YacTtoTa ('y)

alalagiah i

0,03 0,05 0,07

0,3 0,5 0,7 0,9
YacTtoTa ('y)

Pucynoxk 2 — XapakTepHblii CIEKTp OTAEIBbHON KOMIOHEHTHI MUKPOCEHCMHUUECKUX KoJIeOaHUH

AHanu3 ToKa3all, 4TO XapaKTEepPHBIE YaCTOTHI MHUKPOCOOBITUN BBI3BAHHBIX €CTECTBECHHBIMH
MpUYMHAMU NPEUMYIIECTBEHHO JexaT B Auana3zoHe ot 0,7, no 1,0I'u. Ha cnekTtpax oTrMmeuarorcs
XapakTepHble MAaKCUMyMbl Ha dacTtoTe okojio 0,18 I', BO3MOXXHO OOYyCIIOBIECHHBIE MPUOOWHBIMU
SIBIICHUSIMU B TIPUOPEKHON YaCTH HAXOMASAIIEHCS PSIOM aKBaTOPHUH A30BCKOTO MOPSL.

[Ipn 00paboOTKEe CHUTHAJIOB HCHOJB3YETCS MPOJSPU3ALMOHHBIN aHanu3. boJbIIMHCTBO
MHUKPOCEMCMUYECKUX COOBITUH ¢ 4acToTo Beimie 2 ['Ip mpenctaBisitoT co0oil koneOaHUs B
BEPTUKAIBHOW TUIOCKOCTH M HOCST MCKYCCTBEHHBIN xapaktep. C Apyroi CTOpPOHBI, «(HOHOBBIE
KoJjeOaHusl Ha CIOKOMHBIX y4acTKax UMEIOT CTeNeHb Mojspuzauu okono 0,5, 9ro momyckaer ux
€CTECTBEHHOE MPOUCXO0XKICHUE.

baza pmaHHpIX HaOMIONEHWH W WX TapaMETPOB SIBISETCS OCHOBOWM JJsi  TMPOLEIYp
CTAaTUCTUYECKON 00paboTku pe3ynbratoB. OHa TO3BOJSET HCCIEAOBATH XapaKTep W3MEHEHUs
MapaMeTpoB MOJsi MUKpOCEHMHUYeCKUX Koliebanuii Bo BpeMeHu. [IpocnexxuBaercs nepuoanyHoOCTb,
KaK MHTEHCHBHOCTH, TaK W YacCTOTHl KojeOaHWi. B BBICOKOYACTOTHOM aMarma3zoHe JOMHHHUPYIOT
IIyMbl HCKYCCTBEHHOTO ITPOUCX 03K/ICHHMSI, UMEIOLIUE XapaKTEepHble MUHUMYMBI B HOUHOE BpeMsi. Ha
HU3KUX YacTOTaX TaKkKe HaOMogaeTcs Mog00Hast MEPUOANYHOCTD, TIPUPOJIAa KOTOPOI B HACTOSIIEE
BpeMs ABJISIETCS] IPEAMETOM U3yUYEHUS.
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OKEAHOIPA®PNYECKAA ABTOMOAENBHAA WHOPOPMALNCI
M3IMEPUWTENbHAA CUCTEMALIEYTEHWWATPBEPTUMKANBHOI O
PACNPEAENEHUWA CKOPOCTW 3BYKA
JjStses ¢.1 ., JtejS&tso 1. 0¢.
OI'bHY «MHCTUTYT IPUPOAHO-TEXHUYECKUX cUCTEM», I'. CeBacTonoib, Poccus
i@angrekov.ru

JUia  ompeneneHuss BEpTUKAIBHOIO  pacnpezeneHuss ckopoctd 3Byka (BPC3) ¢
MIPOCTPAHCTBEHHO-BPEMEHHOI TOHKOW CTPYKTYpOH, aBTOpamH MpeajoKeH IMOAXO0J K Impolieme,
OCHOBAHHBIM HA MCIHOJb30BAaHUU ABTOMOJICIBHOCTH OKEAaHOB W MOpPEH COBMECTHO ¢C
MH(OPMALIMOHHO-U3MEPUTEILHON CHUCTEMOH, 00OpYIOBAaHHOM CHCTEeMaMH HM3MEpPEHHS CKOPOCTU
3ByKa.

BPC3 moxeT ObITh U3MEpEH HEMOCPEICTBEHHO C MOMOIIBI0 IpoduieMepa CKOPOCTH 3BYKa
(Zhang et al., 2022) win KOCBEHHO pacCYUTaH HA OCHOBE MMapaMeTPOB MOPCKOM BOJIbI, H3MEPEHHBIX
CTD (nmpoBoaumocTb, Temmeparypa u rryouna) (Grekov et al., 2021). SIsinenue, pa3BuBaroieecs
BO BPEMEHH, HA3bIBAETCS aBTOMOJICIBHBIM, €CJIU PACIPEICICHUS €r0 XapaKTePUCTUK B pPa3HbIC
MOMEHTHI BPEMEHHU MOJY4YaloTCsl OJJHO U3 JPYroro mnpeodpa3zoBaHUEM MOA0OHS. ABTOMOJIEIBHOCTh
VIPOIIAeT BBIYUCICHHE | MPEACTABICHUE XapaKTCPUCTHK SIBJICHUSA. boNbIIONW BKIAaA B
aBTOMOJIENILHOCTh BHECTH Takue yueHble kak bapenonart I'.1., 3enbnosuu S.b. u ap.

Cytp paboThl mpeiaracMoidl MOJETH TIOSCHSET CTPYKTYPHO-(QYHKIIMOHATbHAS CXeMa,
Mpe/ICTaBJICHHAs Ha PUCYHKE 1.

I
|
|
|
|
|
|
|

~%

Pucynok 1 — CtpykTypHO-(GyHKIMOHATIbHAS CXeMa HH(POPMAITMOHHO-U3MEPUTEIBHON CUCTEMBI

B mopckoit akBaropuu (1) npoussomurcs usmepenre BPC3 sranonnoro npopuis O & Q)
MyTeM 30HAMPOBAHUS TOYCUHBIM JaTYMKOM CKOPOCTH 3BYyKa (3) B mpenenax cios rryounoi D (4).
Z[aﬂee omnpeacisicM CpeaAHIOK CKOPOCTh 3BYKa O 0 110 MOKAa3aHUAM AKYCTUUYCCKOTO HU3JTyHaTCIIsd-
npueMHuKa (5), HM3MEpSIOIIEro BpeMs MpuXofa OTPaXEHHOIO0 UMIYyJIbca OT IaCCUBHOIO
otpaxarens (6), pacnonoxeHHoro Ha riayoune D. Mcmonb3ys 3HaYeHHs STaJIOHHOTO HPOQHIIs
0 O , CpeqHIO BEIMYMHY CKOpocTH 3ByKa O (7) M CKOpOCTh 3ByKa Ha IOBEpXHOCTH O I,
orpejiensgeM 0e3pa3MepHbIi MPOpUIb CKOPOCTH 3BYKa 0 Q B npeznenax riayounsl D . Mcnons3ys
0e3pa3MepHbIil TPOodUITH 0 0 M aBTOMOJEILHOCTh OKE€aHa, ONMPENENIEM IO CPEIHEH CKOPOCTH
0 O W CKOpOCTH 3ByKa Ha MOBEPXHOCTH O O, HOBBbIE aBTOMOJEbHBIE MPopuIn O ¢(F’b 81
BPEMEHHOI0 UHTEpBaja t > (0 aBTOMOEIbHBIN TPOopHIL O (J(F’b OIIPEIEIINTCA KaK:

6ad Oaié 0o O0atit6 o 6 08

PaGora BbimomHeHa B pamkax rocymapctBeHHoro 3azanus UIITC no  Teme
«COBepI_LICHCTBOBaHI/Ie TCXHUYCCKUX CPCACTB U HU3MCPHUTCIIBHBIX I/IH(I)OpMaI_II/IOHHLIX TEXHOJIOTUH
UCCIIeI0BaHMid IPUPOIHBIX Bo» (Ne rocpeructpanuu 124012700512-1).

Crnncok UCOIb30BaHHON JTUTEPATYPBI:

Grekov A. N., Grekov N. A., Sychov E. N. Estimating quality of indirect measurements of
sea water sound velocity by CTD data // Measurement. — 2021. — Vol. 175. — 109073. — DOI
10.1016/j.measurement.2021.109073.

Zhang C., Wang D., Liu Z., Lu S., Sun C., Wei Y., Zhang M. Global gridded Argo dataset
based on gradient-dependent optimal interpolation // J. Mar. Sci. Eng. — 2022. — Vol. 10(5). — P.
650. — DOI 10.3390/jmse10050650.
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BAHK OKEAHONOIMNMYECKWNX AOAHHDbIX
MHCTUTYTA NPHPEBAXHBOYECKNMX CUCTEM
k2B Otcjo ¢. 1d. U .0ddzlsddnS ¢ 2
OI'BHY «MHCcTUTYT IPUPOAHO-TEXHUYECKUX cucTeM», . CeBacronois, Poccus
alexgub@inbox.ru, ogorodovaa.a@mail.ru, apolonsky5@mail.ru

KoHTposib 3a COCTOSSHHMEM NPUPOJHOW Cpeabl NMPUOPEKHON 30HBI UepHOro Mops KpaiHe
Ba)XKEH, TaK KaK 3TO IO3BOJISIET OTCICKMBATh HETaTHBHOE BIMSHUE aHTPOIIOTEHHBIX (PAaKTOPOB Ha
pa3BUTHE KaK MOPCKOH, TaKk M Ha3eMHON sKocucTembl. McciaemoBanue M aHaIW3 THIPOJIOTO-
TUIPOXUMHUYECKUX JAHHBIX ITOMOTAalOT BBIABIATH JOJITOBPEMEHHBIE TEHICHIMM PErHOHAJIBHBIX
KIIMMaTH4YEeCKUX M OKOJIOTMYECKHUX I[apaMeTpoB, a TakkKe UX aHOMajuil pa3iuydHbIX
IIPOCTPAHCTBEHHO-BPEMEHHBIX MacmTaloB. Onuaum u3 Croco0oB COBPEMEHHOT'0
BBICOKOKQUECTBEHHOT0  MH(POPMAIIMOHHOTO  OOECHEeYeHHsT  Hay4YHO-HCCIEAOBAaTEIbCKOM U
MOHUTOPUHIOBON JIEATEIILHOCTH SIBISIETCS CO3[aHUE, U TMOJJAEPKAHUE B AKTYaJIbHOM COCTOSIHUU
0aHka okeaHorpau4ecKux JaHHBIX.

B  macrosmeidt  pabore  NPUBOOUTCA ~ ONMMCAaHWE  COBPEMEHHOW  BepcuH  OaHKa
okeaHorpaduueckux JaHHBIX 1m0 YepHomy u A30BckoMy MopsM HWHCTUTyTa NpPUPOIHO-
texHuueckux cucreM (BOJl UIITC). Ilo cpaBHeHuto ¢ npeamiecTBytonieil Bepcueii (MenbHUKOB 1
ap., 2016), Texymuit 0aHK TaHHBIX OBLT 3HAUUTENHHO JOMOJIHEH U mepepaboTaH B HOBOM cpene
CYB/] (cucrema ympaBieHus 6a3aMu JJaHHBIX). B kauecTBe OCHOBBI, HCTIONB3YETCSI BCTpanuBaeMast
CYBJ] SQLite (SQLite, 2024) ¢ OTKpBITBIM HCXOIHBIM KOJOM, YTO 3HAYUTEIHHO Y/ACIICBIISICT
pa3paboTKy, a TaKKe MO3BOJSAET JANBHEHITYI0 WHTETPALHUIO B Pa3IMYHbIC T€OMH()OPMAIIMOHHBIC
cucrembl (Hampumep, QGIS). bank conepkuT oOmWUPHBIA HAOOP TUAPOIOTO-THAPOXUMUUYECKUX
[IapaMeTpPoOB, IOJIYYEHHBIX B pe3y/lbTaTe€ H3MEpPEHUM, BBINONHEHHbIX ¢ 1884 mo 2024 rr. u
XapaKTepU3YIOIIUX MPOCTPAHCTBEHHO-BPEMEHHYIO HM3MEHYHMBOCTH COCTOSIHUS BOA  A30BO-
UYepHomopckoro OacceiiHa. B 00HOBIEHHYIO 0a3y [aHHBIX BXOAST pE3yJbTaThl CYAOBBIX
u3MepeHuil Ha Oozee uyeM 200 ThIC. TUAPOJOTHUECKUX CTAHIUAX, YTO MO3BOJSET MPOBOIMUTH
cpaBHeHHE ¢ O0aHKaMU JMaHHBIX Apyrux opranuzaiuii (bask..., 2010; bank..., 2017; BopoH1ioB u
ap., 2018) u otnocuts BOJ[ UIITC k uncny Hanbomnee MOTHBIX OAHKOB OKEaHOJIOTUYECKUX JTaHHBIX
no YepHomy u AzoBckoMy mopsiM. Hanbosee oOecriedeHbl M3MEpPEHUSIMU TeMIIEpaTypa BOJbI U
COJIEHOCTh (MX ~ 6 MiH.). V3 THAPOXUMHUECKUX XapaKTEPUCTUK XOpOLIO oOecreueHbl JTaHHBIMU
KOHIIGHTpaIlUsl PaCTBOPEHHOT0 B MOPCKOW Bojie Kuciopoaa (343 Teic.), a HauMeHee 00ecreyeHBI
u3MepeHussMu aantbie mo PH (75 Thic.).

PabGora BbimomHeHa B pamkax rocygapctBeHHoro 3azanus UIITC no  Tteme
«DyHIaMEHTAJIbHBIE HCCIIEIOBAaHUS TPOLIECCOB B KIMMATHYECKONW CHCTEME, ONPEHEIIIOMNX
MIPOCTPAHCTBEHHO-BPEMEHHYI0 M3MEHUYMBOCTh MOPCKOM Cpeibl U IMpHIIEraloliuX TEPPUTOPUN B
HMIMPOKOM JAuarna3zone MaciradboBy (Ne rocpeructpanuu 124020100120-9).

Cnucok UCOJIb30BaHHOW JTUTEPATYPhI:

bank okeanorpaduyeckux maHHbIX A30Bckoro u Yepnoro mopeit / H.H. psixoB [ mp.] //
Tpynsl I'ocynapcTBenHoro okeanorpaguueckoro nacruryra. — 2017. — Ne 18. — C. 287-297.

bank okeanorpagpuueckux ganHbix MI'MM HAH Vkpaunsl: mHpopManmoHHbIE pecypchl U
JOCTYN K NaHHBIM: MeToaudeckoe mocodue / coct.: E.I'. Anmgpromenko, JIL.K. I'ankoBckas, E.A.
INogun [u ap.]. — CeBactonons: U3a-so HIIL « 9KOCU-T'unpoduzuxay, 2010. — 59 c.

Boponnos A.A. IN'onun E.A., Uarepos A.B., UcaeBa E.A. ba3sl nannbeix no Yepaomy mopio
OI'BYH MI'U u ®I'bY BHUI'MU-MI/: pe3ynbraThl cpaBHeHus // Mops Poccum: metonsl,
CpeICTBa U pe3yNbTaThl uccienoBanuil. — 2018. — C. 225-225.

MensuukoB B. B., ITononckuii A. b., KotonynoBa A. A, I'pe6ueBa E. A., Mensauk JI. A.,
buprokoBa M.A. GIS MHHctuTyra NpUpOAHO-TEXHUYECKUX cHUCTeM // CHCTeMbl KOHTPOIS
okpyxatomei cpeabl. — 2016. — Ne 4. — C. 49-55.

SQLite: website. — URL: https://www.sqlite.org/ (nara o6pamenus: 13.06.2024).
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CTEHA ANA WCCNEANOBAHWWCODEMOOBBOHOHACHINN,
NMPOAOYBAEMOM BO3AYXOM W NPOTPEBAEMOWM BHEWHWUM
MCTOYHHNKAMWU TENMNA

JeLrdideo [. 0., 1 stedmj dzS s ¢. 1., 1 EH Oty
OI'BHY «MHCTUTYT (DU3UKH TOPHBIX MPOIecCoBy, T. JloHenk, Poccus
oleg.coin@mail.ru

CaMoHarpeBaroniyecst yrjelopoAHblE OTBaJbl OKa3blBalOT CYIIECTBEHHOE HEraTHBHOE
BO3JICHICTBUE HA OKPYKAIOUIYIO cpeny. JlaHHbIE TeXHOTeHHbIE 00pa3oBaHusl, IBJSSCH HCTOYHUKAMU
TETUIOXUMHYECKOTO 3arps3HEHHS aTMOC(hephl, YacTO PACIIONIOKEHBI B I€0IMHAMUYECKH aKTUBHBIX
3oHax. [Ipy TakoMm pa3MeleHHMH OTBaJOB B MX OCHOBAHMSX CO3JAIOTCS MPOHHUIAeMble 00JacTH,
yepe3 KOTOpble B OTBAJIbHBIC YIJICTIOPOJHBIE MACCHUBBI MOTYT MPOHUKATh BO3AYyX M Tas3bl,
CIOCOOCTBYIOIIME CAMOHATPEBAHUIO U CAMOBO3TOPAHMIO OTX0A0B yrienoosruun (bopucenko, 2023).

Jlnst CHWKEHUsT HETATUBHOTO BO3JCHCTBHUS CKJIAJIUPOBAHHBIX OTXOJIOB YIJIENOOBIYM Ha
9KOJIOTHIO HEOOXOAMMO pa3padoTaTh U BHEAPUTH TEXHOJOTHIO M3BJICUCHHS TEIJIOBOW SHEPTUU U3
CaMOHAarpeBaOILErocs YIrJIenopoaHoro orsaja. JlaHHas TEXHOJIOTHs AOKHA 0a3upoBaThCsl Ha
WCCIIEIOBAaHMUSAX  DBOJIONUU  TEMIEPATypHOTO  TMOJIA  HACBIMHOTO  MaccuBa  OTBAJbHBIX
yriecoJepKalux Nopo/i, OABEPKEHHBIX a’pallii, CAMOHArpeBaHUIO U COJTHEYHOMY IPOTPEBY.

Jl11g uccnenoBaHuil MPOIECCOB CTAHOBIICHUSI TEMIIEPATYPHOTO OIS HACHIIHU, BBIMOJIHEHHON B
BHJIE MUHHUATIOPHOTO KOHYCOOOpPAa3HOro OTBaJIa M IMOJBEpPraeMoi a’panuu (MpoayBKON BO3IYXOM
M0 CXEME€ «CHMU3Y BBEpPX») U IMPOTPEBAHHUIO BHEIIHUM (COJIHEYHBIM) M BHYTPEHHHM (OYaroBBIM)
HMCTOYHUKAMU TeIuta pa3paboTaH sabopartopHbii cTeHa. [lepedeHh OCHOBHBIX KOMIIOHEHTOB
1ab0pPaTOPHOrO CTEH 14 U BBIMOJIHIEMbIE UMH (DYHKIIMU MIpeICTaBIeHbI B TabmuIe 1.

Tabnuua 1 — KomnoHeHTsI 71a00paTOPHOTO CTEHA IS UCCIIEI0BAHUS TEMJIOBOTO COCTOSHUS
a’pUPOBAHHOMN U MMPOTPEBAEMOI HACHIIH U UX PYHKIIMU

KoMmnoHeHT cTenna Beinonssemble GyHKINU
Bentunsatop IIpoayBka BO34yXOM HachIU
10 CXEME «CHHU3Y BBEPX»
Jlamna BHemHui NICTOYHMK TEIjIa U CBETA, HAIPABICHHOIO
uH(ppakpacHast JefCTBUS (MMUTALUS COJTHIIA)
Cnupans Harpesa BHyTpeHHNI NCTOYHUK TEIUIA
(MMHTaLIMS OYara caMOHarpeBaHusl)
ITonnon Hocurens cniupanu Harpesa, popMupoBaHUE U
neppoprupoBaHHBIN IepeMeIeHNE HAChINH, BO3MOXKHOCTh €€ adpaliu
Hatuuku MOHHTOPHHT TEMJIOBOI'O COCTOSHUS HACBIIN
TEMIIEpaTypHbIE (B KOHTPOJIbHBIX TOYKAX)
MukponponeccopHbIit PerynnpoBka MOIIHOCTH BEHTUJIATOPA U CIIUpaIn
0JIOK ympaBieHus Harpesa, puKcalus pe3yJbTaToB MOHUTOPHHTA
ITepconanbHbII O6paboTka pe3yabTaTOB MOHUTOPHUHTA TETJIOBOTO
KOMIBIOTED COCTOSTHUSI HACBIITU

KoHCTpyKTHBHBIE ~ OCOOEHHOCTHM  CO3JJaHHOTO  JIAOOPAaTOPHOTO  CTEHJA  MO3BOJISIOT
OCYILECTBISATh  MPOCTPAHCTBEHHO-BPEMEHHOE KAPTHUPOBAHUE TEMIIEpaTYpHBIX IOKa3aTenei
HCCIIEyEMON HACBHIIM MPU COYETAHHOM BO3JEHCTBHMM Ha HEE BOCXOMSIIEIO NOTOKAa BO3AYyXa U
HCTOYHUKOB TeIlIa.

Cnucok UCOIb30BaHHON JIUTEPATYPBHI:

bopucenko 3. B., I'yzeeB O. A., KopsskoBa H. II., Ilompyxun A. A. Ouenka
reoJMHAMUYECKUX TMO3ULIMH M TEHETUYECKUX CTPYKTYp CaMOHarpeBaroOLIUXCs YIIEHOPOIHBIX
OTBAJIOB NPUMEHUTENIBHO K M3BJIEYEHUIO TEIJIOThI OTBAIBHBIX Macc // dyHIaM. ¥ MPUKIL. BOIIPOCHI
ropH. Hayk. — 2023. — T. 2, Ne 2. — C. 10-15.
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PErTr'Y1VWPOBAHWE NPOUW3BOACTBA TENNA B KOIEHEP
MUKPOTA3OTYPBUMHHBIX YCTAHOBKAX (MITY) C MNPWU
cnnoBoro yYynpABnAeMoOor o 3a1EKTPOHHOIO TNMPEOBPAS3C

[ Sdzscdzsdgv dz ¢ . 1 ., [ OBoyg jdzSts 1. vu.
OI'bHY «MHCTUTYT IPUPOAHO-TEXHUYECKUX cUCTEM», I'. CeBacTonoib, Poccus
dologlonyan@hotmail.com

Koreneparmmonnsie MI'TY MOIIHOCTBIO OT HECKOJIBKMX KwioBaTT 10 1 MBT, ocBoeHHBIE
OTEYECTBEHHBIM MPOU3BOAUTENEM, MOJYUYUIIN IIMPOKOE PACIpPOCTPAHEHUE JAJISi SHEProcHAOKEHUs
nokanbHBIX 00BekTOB. ['eHepaTop MI'TY BbIpaOarThiBacT AEKTPUUYCCKYIO SHEPTUI0 MEPEMEHHOTO
TOKa TOBBIIIEHHON YacTOThI, KOTOpasi MPOIMOPLHUOHATIbHA YacTOTE BpallleHUs! MUKPOTYPOUHBI (10
1500...2000 T'r). Jns momydenus: HanpspkeHus mpombinuieHHo# (50 ') wim 6optoBoit (400 ')
9acTOThI, TpeOyeTcsl yCTaHOBKa JHOO MEXaHHMYECKOTO PEAYKTOpa, KaK d3TO JIelNaeT KOMITAHUS
Ingersoll-Rand, mu6o C3II (Bohn, 2005).

[IpumeneHne Takol CXeMbl IO3BOJISIET JIETKO OOECHEeYUTh OOMEH »JHEprueil Mexay
reHeparopoM U Harpys3kod. K miMHe MOCTOSIHHOrO TOKa MOXET ObITh MOAKIIOYEH Kak OyhepHbIi
4 R 4 HAKOIUTENIb DJJIEKTPOIHEPTHU, TaK U JPYrue
NOTPeOUTEIN TOCTOSIHHOTO TOKa (CM. puc. 1).

WneepTop + Wreeprop

P E\ nepem nocr. ~ago IIo CPaBHEHUIO c MeXaHNYECKUM
Ty O [ b 708 B ~gry  penykropom npumenenne COII cHmkaer morepu
. nepem. ToK ~

" YIPOIIAET KOHCTPYKIIUIO MaIlIUHBI.
’\%: :/\/ [TockonbKy reHeparop MEXaHUYECKU OTACIIEH OT
e IPOMBILUIEHHON 4YacTOTbl, 4acTOTy BpalleHUs
mxe@© Xxeme, 0™ T'Ee ™ 'Y ™ TypOMHBI MOXHO H3MEHITh. JTO HPHBOIHUT K
H thoeeo o c¢h o* mobiueHdo dpdexruBHoctu padorsr MI'TY B
T ' ) oOmactu yacTU4YHBIX Harpy3ok. Kpome Toro,
ucnonb3oBanue COII B cocrae MI'TY pa3pbeiBaeT MEXaHHYECKYIO CBSI3b CHIIOBOW TYpOMHBI U
Harpy3Kky 4To MO3BOJISIET OJIOKUPOBAHHOM TypOUHE (akTHUecKH paboTaTh B pexUMe CBOOOAHOM, a
UCIIOJIb30BaHUE PETyJUPYEMOIO COIUIOBOTO ammapara IOpH HajJM4ud B COCTAaBE CUCTEM
aBTOMaTnueckoro ympasieHuss MI'TY 1u@poBbIX ynpapisioUX MUKPOKOHTPOJIJIEPOB MO3BOJISET
3aJ1aTh J1I00YI0, B TOM YHUCJI€ U KOMOMHMPOBAHHYIO, IPOrPaMMy PETYIHPOBAHUS, UCIOIb3YIOLIYIO
HECKOJIBKO (DAaKTOpOB M OOECIEUMBAIOLIYI0 BBICOKYIO 3(P(HEKTUBHOCTh M HAAEKHOCTh PabOTHI
YCTAaHOBKHM Ha YaCTUYHBIX Harpys3kax. [IprMeHeHue B paboyeM IMKJE NepepacliupeHust pabouux
ra3oB 3a CHJIOBOM TypOMHON IO3BOJSIET YBEJIWYUTH MOIIHOCTH JBUTATENsl MPU TOM K€ Pacxoje
torutuBa (JlonornonsiH, MarBeenko, 2021).

[IpoBeneHHble MccaeAOBAaHUS BIMSHMS IEpernycka pabodero Tejla MHUMO pereHepaTopa Ha
XapaKTepUCTUKH KOT€HEPALMOHHBIX Ta30TYpOMHHBIX YCTAaHOBOK C pereHepalyei TemIoThl Ha
YaCTUYHBIX Harpy3Kax HpU M30TEPMUYECKOM M BHHTOBOM CIIOCOOAaX Harpy>KeHHs MoKas3alld, 4TO
OTHOCUTENbHAS TEIUIOTa, TIEpe/laHHas Ha TeruiocHa0xeHue, Bo3pacraer, a KIIJ[ ycranoBok mamaer
C TMOHIKEHHEM OTHOCUTENIBHOTO pacxojia pabouero Teia 4epe3 pereHeparop npu Jiro0oi Harpyske.

VYcranosneno, uro mis MI'TY oTHocuTenpHas TEIUIOTa, MEpeaaHHas Ha TETUIOCHAOXKEHHE,
BO3pAacTaeT C IMOHM)KEHHEM OTHOCHTEIBHOIO pacxoja paboyero Tejga 4Yepe3 pereHeparop Hu
CHIDKAETCS IIPU  YMEHBUIEHMH OTHOCUTEJIBHOM  MOIIHOCTU. Pacyersl mokasaiu, 4TO
OaifmacvpoBaHUe IUKJIOBOIO pabOyero Tela MHUMO pereHeparopa IO3BOJSET U3MEHSATh MOTOKHU
MEXaHUYECKOH M TEIIOBOM SHEpruu B ra30TypOMHHOM JBUTATENIe HE3aBUCHUMO JIpYT OT Jpyra, a
TaKXke TO, YTO Ha JoOoM pexxume skcruryatanud MITY ymenblieHue pacxoja pabodero Tena
yepe3 pereHepaTop NpPHUBOJUT K BO3pacTaHHIO MoIIHOCTU. JlaHHBIA (dakTop HEOOX0AUMO
YUUTBIBATh B NIPOLIECCE PETYIUPOBAHUS.

Crnrcok UCOIb30BaHHON JIUTEPATYPBHI:

HomornonsstH  A. B., Marseenko B. T. VYmnpasnenuwe reHepanmeil Temia B IUKIAX
MHUKPOTa30TypOUHHBIX YCTAaHOBOK C pereHepanueid Termnorsl / OyHaaMeHTallbHbIe U TPUKIIaHbIE
poOIeMbl TeXHUKH U TexHoioruu. — 2021. — Ne 3 (347). — C. 3-11.

Bohn D. Micro Gas Turbine and Fuel Cell: A Hybrid Energy Conversion System with High
Potential // Micro Gas Turbines. —2005. — Ne 13. — P. 1-46.
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OPIFrAHN3ALUNA CUCTEMbBI KOHTPONA TEMNOEPATYPHbIX
BbICOKOI OPHbBIX TEPPUTOPWUWN MO BbLICOTHbBIM YPOB

RO Odzse [ .1 .
Huctutyt reorpaduu um. B. b. Couassl CO PAH, r. Upkytck, Poccus
NpHUTY, r. Upkytck, Poccus
egoryo@bk.ru

Knumatndeckuil pe>kuM TOpPHBIX TEPPUTOPHUI A0 CHUX THOpP SABISETCSA CIOXKHO (PUKCHpyeMOn
uHpopManuel BBUy paCUJICHEHHOCTH pelibeda, BBICOTHOMY I'PaJUEHTY, €CTECTBEHHBIM Oapbepam
JUISL YBIIQXKHEHHBIX BO3JYIIHBIX MaccC, TOPHON TEMIEpaTypHOW MHBEPCHH U IPYTUM OCOOCHHOCTSM
ropusix janamagTos. OaHako Takass UH(oOpMaus HEOOX0MMa, B YACTHOCTH ISl UCCIIEIOBAHUMN
COBPEMEHHOI0 TOpPHOI'O OJIEJEHEHUS, YYTKO pEarupyrouero Ha KIMMAaTUYECKUE H3MEHEHHUS.
OcoOeHHO $BHO HEXBAaTKa CBEAEGHUH O KIMMAaTHYECKUX IOKa3aTeIsIX OLIYIIaeTcsl IMpu
UCCJIEIOBAaHUM BHYTPUKOHTUHEHTAJIbHBIX TOPHBIX TEPPUTOPHUII C COBPEMEHHBIM OJIEJICHEHUEM, TJIe
JeHUKN (QYHKIUMOHUPYIOT B YCJIOBHUSAX HEAOCTATOUYHOTO NHUTAHUS aTMOC(EpPHBIMHM OCaIKaMH U
BBICOKHMX TEMIEPATYPHBIX aMIUIUTY] IKCTPEMYMOB JIETHETO U 3UMHET0 ce30HO0B roaa (10 100°C).

Jns  ¢(ukcanuu TakUX CBEIEHUI, HEOOXOQUMBIX [UIs pa3HbIX BHUJIOB HCCIEI0BaHUN
BBICOKOI'OpPHBIX PAalOHOB, OPraHUW30BaH NWIOTHBIA IPOEKT HENPEPHIBHBIX TEMIEPAaTypHBIX
U3MEPEHUN TEMIIEPaTypHOIO PEKUMa BBICOKOTOPHBIX TI'€OCHCTEM II0 BBICOTHBIM YPOBHSIM C
IIOMOULIbI0  HHEPrOHE3aBUCHUMBIX  JIaTYMKOB, COXPAHSIOLIUMX JaHHbIE O TEMIleparype ¢
BBICTABJICHHBIM HHTEPBAJIOM (T€PMOXpPOHOB). Takue M3MepeHHs BeIyTCs Ha OJHOM U3 KIIHOYEBBIX
Y4aCTKOB IJISILIMOJIOTMYECKUX HccienoBaHuil B baiikanbckoil pugToBoii 30He — neaHuke CeBepHBbIi
[lepeTomuuna, y Beicovaiiieil BepumHbl Bocrounoro Casina — ropsl MyHnky Capabik. bivokaiiiias
K BepmmHe MyHKy-Capablk MeTeocTaHlMs pacroyioxkeHa B 20 km 1 Ha 2200 MeTpoB HMXKE, B II.
Mounnel. C 2008 roma ycraHaBIMBaeTcsl CeTh TepMOXpOHOB, ¢ 2021 roma oHM (UKCHUPYIOT
TeMIlepaTypy yxe Ha 8 BbICOTHBIX ypoBHsX. Ha Bepmmne (3491 M) u BIOJb JIEHUKA JATUYUKU
pasMenieHbl 'y INoBepXHOCTH. Hubke seqHuka — Ha «wMeteoposoruueckoi» Bbeicote 200 cm.
VYerpoiictBam o0ecrieueH €CTeCTBEHHBIM YPOBEHBb BIAKHOCTH M 3aTeHeHHOCTH. lllar mamepenuii
JaT4YUKOB - 4 yaca. [lokazaHusl CHUMAIOTCS €KEr0JHO U BKIIFOUAIOTCS B €IMHBII BPEMEHHOU psl.

Ha ypoBHe coBpeMeHHOro KOHIIa si3bIKa JeAHWKAa Ha BeicoTe 2900 M. Hag yp. M., B
JIONIOJTHEHWE K yCTaHOBJIEHHOMY B 2013 r. TepMOXpOHY, NMpOJODKAeTCs exerojaHas (Qukcanus
MIOKa3aHUH MMHUMAaJIbHOIO TepMoMeTrpa, 3anoxeHHoro B 1900 romy C.II. IleperomuuHbiM,
«3aBepsisi» Apyr npyra (tadm. 1).

Tabnuna 1 — OcpenHeHHbIE 3HAUE€HUSI MUHUMAJIBHOM TeMIlepaTypbl y KOHIIA sI3bIKa JIETHUKA
Cesepnblii [lepeTonunHa o nepuogam.

Tepron Cp.t min°C
1900-1907 (nepBble U3MepeHuUs) 34,58
20062013 (B0300HOBIIEHUE €KETOTHBIX H3MEPEHMUIA) -34,63
20142022 (u3mMepeHus ¢ mapauieIbHON 3aBEPKO TEPMOXPOHOM) -31.83

OcpenHeHHbIE  OKCTPEMYyMBl MHUHUMAQJIBHOM  TEMIIEpaTypbl MO NEPUOAAM  CXOXKH.
OTHOCHUTENBHOE <«IIOTEIUICHHE)» TMocieaHero mnepuona Bbi3BaHO 2021-2022 romamu, Korna
MUHHUMaJIbHas TEMIIepaTypa He omyckanack Hike —27,1°C.

CpaBHeHHE TEPBUYHBIX JAHHBIX IO BBICOTHBIM YPOBHSIM YK€ IMO3BOJISIET BHJETh Pa3HUILY
TEMIEPATypPHOTO PEKMMa Ha BBICOTHBIX YPOBHSX, B TOM 4YHCIE TEMIEPATypHYIO HMHBEPCHUIO IO
BBICOTHBIM YpOBHsIM. Tak, 3a nepuon ¢ urons 2021 no urone 2022 r. cpeHss Temieparypa Ha
BepunHe — —10,5°C, BOMM3M HIDKHEH yacTH s3bika — —6,9°C. Ilpu 3TOM ocpeHeHHas TemiepaTypa
nepuojia aKkKyMyJIsILUK JIEIHUKA, KOTJa BBIMAJaId TOJIBKO TBEPbIE OCaAKHU (C CEHTAOps Mo Maii)
coctaBuiia Ha BepmuHe —15,5°C, y HmxHel rpanunsl —13,2°C, a nepuoja abiasiiuu (MIOHB-aBIyCT)
cooTBeTcTBeHHO, +2,0 1 +5,5°C.

Takue u3MepeHus MpeiCcTaBlIsAI0T OCHOBY JUIS JajbHEHIIEro oOIero MOHUTOPUHTA, a TAaKKe
CIY’KaT BaXXHOW CpPAaBHUTEIBHOW XapaKTEPUCTUKOM JJIi KOMILUIEKCHBIX HCCIEIOBAHUN JTaHHOTO
TOPHOTI'O pailoHa.
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NABOPATOPHBIE MNCHNBLITAHWA MAKETA .
FrMOPOCTATUWHE MIKBAME®P UTENA NANOTHOCTWW MOPCKOW B
s dzd dBjpdzSl 5
OI'BHY «MHCcTUTYT IPUPOAHO-TEXHUYECKUX cucTeM», . CeBacronois, Poccus

chirpyy@mail.ru

Beibop natunka auddepeHnuansHOro JaBi€HUS IS TUAPOCTATHUECKOrO H3MEPUTENs
wIoTHOCTH Mopckoit Boxawl ([Maiickuii, 2023) conmpspk€H ¢ MPOTUBOPEUYMBBIMU TPEOOBAHHSIMU: C
OJTHOM CTOPOHBI, HEOOXOIMMA BBICOKASI UYBCTBUTEIILHOCTbD, C IPYrOi — CYIIECTBYIOT OTpaHHUYEHUs
Ha pa3pbiB auadparMbel W3-3a BHEIIHETO JABICHUS MPHU MOTpYKeHUH. (s pemeHus 3Toi 3agadn
MpeajaraeTcsi MakeT, MO3BOJIAIOIIMNA CMOIENUpoBaTh Haubonee OOJEr4€HHbIE  YCIIOBUS
JKCIUTyaTallui, a UMEHHO, KOrja mpuOop HAXOJUTCS Ha MOBEPXHOCTH. TakoW MOJXOM MO3BOJISET
WCIIOJIb30BaTh JATYUK C BHICOKON UyBCTBUTEIBHOCTHIO O€3 YIpO3bl pa3pylieHus auadparmol.

1. Tpybka c Bogoit P,=1,002 r/cm®
2. Tpy6ka c Bogon p=1,018r/cm®
3. Oatumk anddepeHymanbHOro
pasnenus SM5651-001-D

4. AUN

5. MukpokoHTponnep

6. MepcoHanbHbI KOMNbIOTEP

MK

Sig- U sbix
Sig+ SDA
lexc- ALN SCL MK
SM5651 lexct: GND

PI/ICYHOK 1- CprKTypHaH CXEMa MaKeTa rMAPpOCTATUUICCKOTO UBMCPUTCII IIJIOTHOCTU

B npencraBnenHom Ha puc. 1 Makere wu3Meputens B o0e TpyOkM 3ajMBajiach BOJa
onuHakoBoit mmotHocT 1,002 r/em® 10 oammakoBoro ypoHs H1=500 MM, u dukcuposaics
ypoBeHb BbIxogHoro HampsbkeHus ALl Usbix = 62 MB. Jlanee B TpyOky 1 10 TOro e ypoBHs
3anMBaach Boja mioTHocThio 1,018 r/cm®. Beixognoe Hampsokenue ALITT mpu 3TOM cOCTABIIANO
1,67 B. Ilocne yero u3 TpyOku | oTkaumBamach BOJA /10 JOCTHXKEHUs MpexHero ypoBHs ALIIT
Ussix = 62 MB. Pa3nuna ypoBHe#t BoasiHOro croba o6enx TpyOok cocraBisuia ¢p H= 8 MM, uto B
MPOLIEHTHOM COOTHOIIEHUM cocTaBisieT 1,6%. PazHuna mioTHocTelt B TpyOKax Tak K€ COCTaBIISET
1,6%. OpunakoBoe mpupalieHue, OOYCIOBICHHOE pa3HbIMU IUIOTHOCTSMHU JKUAKOCTH U
COOTBETCTBYIOLIIUM HM3MEHEHUEM BBICOTHI BOJASHOTO CTOJI0A, CBUAETEIBCTBYET O KOPPEKTHOCTHU
METOJIUKH SKCIIEPUMEHTA.

JUis DOCTMXKEHMSI BBICOKOW YYBCTBUTEIBHOCTH HM3MEPUTENS IPEAJIAraeTcss HCIOJIb30BaHUE
natynka ¢ nuHamMudeckuMm auamnasoHoM 100-1000 ITa. Ha ceromHsmmuuil IeHL Takue OAaTYUKU B
MOPCKOM HCIIOJIHEHUH OTCYTCTBYIOT. IIpennpuHuMaroTcss ycwins Mo ajanTaiuu Juid 3TUX Lelel
HEJOpPOroro Ta30BOr0 JaTdyuka, Hampumep, Mapku MS 5661. 3aimBka BXOJHOTO IOpPTa
CHJIMKOHOBBIM MAaclIoM BbICOKOW BszkocTd Mapku [IMC-1000 3amutuT nuadparmy Aardvka OT
arpecCUBHOTO BO3/IEHCTBUS MOPCKOM BOJIbI, @ TaKXkKe IeMI(UPYyeT UMITYJIbCHBIE IEPETPY3KH.

Pa6ota BrmonHena B pamkax ['oczaganus UITTC Ne rocpeructpanun 124012700512-1.

Crucok HUCI0JIb30BaHHOM JINTEPATYPHI:

laiickuit B. A. Ilarent Ha uzo0Operenue PO Ne 2792263. M3mepuTenb MIOTHOCTH KHUIKOCTH
M €ro BapHWaHThl: 3asBUTENh U naTteHTooOnamarens: GI'bHY «MHCTUTYT mpHpOAHO-TEXHUYECKUX
cucrem». Omy61. 21.03.2023. bron. Ne 9.
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AHANN3 COBPEMEHHbIX TEXHONOIMUMN MNOBbLILWEHNA 23¢dE
MCMONb3OBAHMNA TENMNNOBbLIX BbIBPOCOB ABWIATE/
BHYTPEHHETITO CIrOPAHWNA ( 4ABC)
sdzd a3 dzS s ¢ddey dz, o1 Bz fzZ@Ise j jdz2S 5 1 . U.
OI'bHY «MHCTUTYT IpUPOJHO-TEXHUYECKUX cuctem», Poccus, . CeBacTomnosib
kag1958776(@gmail.com

UccnenoBanus temmoBoro Oananca JIBC (Xpumau, TarapaukoB, 2013) mokas3bIBarOT, 4TO
KOJIMYECTBO TEeIlIa, YXOISIIEro ¢ BBIXJIOMHBIMHU ra3aMu, 0Opa3yONIMMKCS B MPOILECCe CrOpaHMs,
Moxetr pocturare 30-48%, B TO Bpems, Kak ToOJbko 12—45% osHeprum cropanusi TOIUIMBA
npeoOpaszyercsi B MOJE3HYIO paboTy B 3aBUCUMOCTU OT pexuma paboTbl, Mpu 3TOM Hauboiee
3¢ dEeKTUBHBIN pekuM pabOTHl — 3TO HOMUHAJILHBIA WIJIH €r0 €Ile Ha3bIBalOT pacueTHbIM. Huxke Ha
pucynke | mNpUBOASATCA W3BECTHHIE HA CETOAHSIIHUN JCHb HANpPABICHUS PA3BUTUS CHCTEM
pekyneparuu (MarBeerko u ap., 2010) orpaboTaHHBIX ra30B, T.K. MOTEPU TEILIa IPH UX BBHIOpOCE
COCTAaBJISIIOT JIbBUHYIO JI0JII0 B TeruioBoM Oanance [IBC.

[IpuBeneHHblii aHANMM3 MO3BOJIAET ClEJaTh BBIBOA O TOM, YTO HCCIIEOBaHHWE METOIIOB
noBbIIeHUS 3((HEKTUBHOCTH UCIOIB30BaHUS TEIUIOBBIX BBIOpocoB B JIBC MOryT HATH 1O MHOTUM

HaIlpaBJICHUAM. ABTOpBI
Tpeobpmosamte| | Tpeo6pasopammre i CUMTAIOT, 4YTO  Hauboiee
TEIJIOBOH TENJIOBO i smeprum
smeprim B Sl Wb sl PEANIOYTUTETbHBIMU
MEXaHH'ICCKYIO ANEKTPHHEECKY FO razoe
patoty st o SABIIIOTCSL  T€, KOTOpBIE HE
s : CBSA3aHbl C  YCIOXHEHUEM
h | h 4 P, | 3 "\ i
Haurarens ManmHer, Tlpmaenerue TIpmaereHHE Ipumenerns | IIpmaeremne IIpaversERe KOHCprKHI/IH ,Z[BC, u MOFYT
c @501’3}0]1[1(5 oo TESPMOSIIe KT pHYSC K] CHCTEM CHIIOEBIX SIISKT PHYSCEH X SISKT PHYSCEH X
S i maTy PeEKREA HX TeHEpaTOpPOB TypSOHAAAYEA TypoHE MalmeH B TypSore Hepa TOPOE| HUCIIOJIB30BAaThCA B Ka4CCTBC
Typoonazaysa JOIIOJIHUTEIBHBIX  MOJIYJIEH,
Pucynok 1 — OcHOBHBIE HallpaBICHUS Pa3BUTHUS CUCTEM BKIIIOYCHHBIX B CUCTEMY
peKyIepanuy 0TpadOTaHHBIX Ta30B KOTE€HEPALMOHHBIX YCTAHOBOK ra3oBBIITyCKa JABC. Ha
OCHOBaHUH

BBIIIEH3JI0KEHHOT0, MpeJUIOKeHa cxeMa (CM. pHC. 2) MHTEIPUPOBAHHOIO B CUCTEMY T'a30BBITYCKa
JABC TypOOKOMIpPECCOPHOTO  YTHJIM3aTOpa, MPEACTABISAIONIETO0 CcO000H  KOreHepalMOHHYIO
yCTaHOBKY, BKJtodaromyto Harpysky H, JIBC, Bemmycksbie rassl OI' xoToporo mpoxons depes
TypOuny nepepacmmpenus TII nomorpesatot pabouee Teno B komie-yruinzarope KV, nanee yepes
HUpKyauuoHHbI Hacoc I[H pabouee Teno
HaIpaBsieTCs Ha HYXIbl M[OTpeOUTeNs
teria II. Jlanee BbITyCKHBIE Ta3bl 4yepes

rma
JTOKMUMAFOITUI KOMIIpECCOpP JK
( : — /
A BbIOpackiBatoTcss B arMmocdepy. Hamuume
TYpOOKOMIIPECCOPHOTO yTHIIH3aTopa

MO3BOJIUT ~ OCYILIECTBUTh  TOBBIIICHUE
CTETIEHU pacCIIUpPeHUs] Ta30B (IIOBBICUTH
MOIITHOCTh) 0€3 BMeEIIaTelbCcTBa B pabounii
UK U KoHcTpykuuio camoro JIBC, T. e. 6e3 OONMONHUTEIBHOW KOHCTPYKTHUBHOM A0pabOTKH
JBUTATEIS.

ABTOpaMHU  MPOaHAJIM3UPOBAHBl TEXHUYECKHE XapaKTEPUCTUKH HM3BECTHBIX  MOjemeit
ra30MOPIIHEBBIX ABUraTelIel, BBITYCKAEMbIX 3apYOEKHBIMH M OT€YECTBEHHBIMU MPOU3BOAUTEISIMH.
AnpoOarusi MareMaTH4ecko MOJeIM TEMJIOBOro pacueTa IOKaszaja CBOK INPUTOJHOCTh IS
MPOBEJICHUS JATbHEUIIINX UCCIIETOBAHMI.

Crnucok uCnoab30BaHHOM JIUTEPATYpPHI:

Marseenko B. T., Owuepersnbiii B. A., Angpuennr A. I. IlepcnekTuUBbI TOBBIIIEHUS
spdextuBHoctu ['T]] ¢ perenepauueil TernoTsl ycnoxHenueM nukiaa // Bectauk CesHTVY: c6.
Hay4. TpynoB. — CeBacronouns, 2010. — Bein. 106. — C. 120-123.

Xpunad H. A., TarapaukoB A. [1. Ananu3 cucrem npeoOpa3oBaHMsI SHEPTUU OTPaOOTABIINUX

ra3oB JUIsl KOTEHEPAMOHHBIX YHeproyctaHoBok // CoBpeMeHHbIe Mpo0IeMbl HAYKU M 00pa30BaHMUS.
—2013. —Ne 5.

Pucynok 2 — Cxema KOreHepalliOHHON YCTaHOBKH
TTIJ ¢ TypOOKOMIPECCOPHBIM YTHIA3ATOPOM

32



sdMmlsjd Chodsttdy SR 05 j2 fMejH’

KOMMNMNEKC TUWAOPOAKYCTUMWYECKOIO MOHUTOPWHT A
AKBATOPWIWE N1 b4 »
stsoL jdz 1.1
OI'bYH TuxookeaHCKUN OK€aHOIOrn4ecKuid HHCTUTYT uM. B.M. MnbudeBa J{anpHEBOCTOYHOTO
otaeneHus Poccuiickoil akagemMun Hayk, I. BnaguBoctok, Poccust
kovzel@poi.dvo.ru

Kommnexke «lenbd-14» paspaboran u wusroraBmmuBaercss B TOW JBO PAH. On
MpeJcTaBiIsieT co0oil TmocienHee TIOKOJIEHHE CPEACTB TUIPOAKYCTHUYECKOIO0 MOHUTOPHUHTA,
CO3JIaHHBIX MO 3aKa3aM (UPM-OIEPATOPOB IMPOEKTOB pa3pabOTKH HEPTSIHBIX MECTOPOKICHUN
«Caxamun-1» u «Caxanun-2». Kommnekc BkiodaeT B ceOa psal (QYHKIHMOHAIBHO CBS3aHHBIX,
anmapaTHO U IPOTPaMMHO YHH(PUIIMPOBAHHBIX YCTPOHCTB.

bazoBbIM ycTpoiicTBOM siBisieTcs rufpoakyctuueckas noHHas ctaHuus «llembd-14». ns
MOHUTOPUHTA B PEKUME PEaTbHOrO BPEMEHH K CTAHIMHU IOAKIIIOYAETCS TOBEPXHOCTHBIN OyH,
KOHTpOJUIEP KOTOPOTO MPOU3BOAUT IPEABAPUTENbHYI0 OO0pabOTKY aKyCTMYECKHUX JaHHBIX U
nepesiaeT pe3yabTaThl Ha LIEHTpalIbHbIN ocT MoHuTOpuHra (L{IT) no cmytHukoBoii cetu Upuauym.
Ha wmonuntopax LIl ortoGpaxarorcs axkycTHueckas OOCTaHOBKAa B aKBAaTOPUM, TEXHMUYECKOE
COCTOSIHME YCTPOWCTB M MX reorpaduueckie KOOpAUHATH. MHOTOKaHAJIbHBIE IPUEMHBIE aKyCTHKO-
rUJIpodU3NIYECKUe CUCTEMbl «MOJIITIOCK» COBMECTHO C JAOHHBIMHU CTaHLMSMHU HCIOJB3YIOTCS IS
M3Y4YEHUsI aKyCTUYECKUX IOJIEW B 3a/IaHHBIX AaKBATOPUSIX U UX IOCIEIYIOIIEr0 MOJAEIUPOBAHUS.
JUid  u3ydeHusT BEKTOPHBIX AaKyCTUYECKMX IIOJ€H INPUMEHSIOTCS JOHHBIE CTaHLUM C
KOMOWHHUPOBAHHBIM CKaJSIPHO-BEKTOPHBIM TpUeMHUKOM «Kpab». ABTOHOMHBIE YCTpOWCTBa
KOMIUIEKCa CHaOKeHbI THAPOAKYCTHUECKUMU MOJEMaMHU, UCIIOIb3yeMbIMU IS TUarHOCTUKU U TS
IIOMCKA YCTPOWCTB, CMEUIEHHBIX C TOYKM IIOCTAHOBKM, METOJOM TpuiaTepauuu. s cBs3U C
MOPCKUMH YCTPONCTBaMHM ¢ O0OpTa Cy/iHa HCIOJIb3YyeTCs NallyOHOE TeIEKOMaHIHOE YCTPOMCTBO.

Pa3BuTHe TEXHMYECKUX CPEJICTB CPEACTB MOHUTOPHHIA COIPOBOXKAAJIOCH pPa3BUTHEM
IIPOrpaMMHOI0 00eCHeueHUs] pa3IMyHOro Ha3HAYeHMs — IMpHeMa JaHHBIX OT MOpPCKHX OyeB,
00pabOTKM JaHHBIX, TIOMCKA U KIIacCCH(HUKAINS BOKATH3AIMNA MOPCKUX KUBOTHBIX, MOJICTTHPOBAHUS
aKyCTHUYECKHUX IOJIEH € LIEIbI0 POTHO3UPOBAHUS YPOBHEN aHTPONOTEHHOIO IIIyMa IIPH Pa3IndHbIX
MIPOU3BOJICTBEHHBIX ONEpAlUsAX B MOpE U Ha Oepery.

Pucynox 1 — [Ipumenenne komrmiiekca «lllenbd-14» B mpoekrax «CaxanmHy

CHOmCOK MCIOJIb30BAaHHOM JIUTEPATYPHI:
Komzenp  JI. TI'.  Texuuueckue  CpeacTBa  THAPOAKYCTHUECKOTO  MOHHUTOPHHTA
ceiicMopa3BeJ0UHBIX padoT Ha mmenbde // Axyct. xypH. — 2018. — T. 64(5). — C. 605-617.
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NMPUMEHEHWE METOAA AWHAMWYECKWUX W3MEPEHWUWN ANA
TEKYWEW TNYBWUHbBKEKWT® YABTOHOMHOIO MNPO®UNOINPAC
stcOmdzsHiEZB jy [ . .
IdI'AOY BO «CeBacTononbCKuii rocy1apcTBEHHbIH YHEBEpCHTET», T. CeBacTonos, Poccus
2I'BHY «MHCTHTYT IPUPOIHO-TEXHUUECKUX cUcTeM», T. CeBacTonons, Poccus
lakrasno@gmail.com

K auHamMuuyeckuM M3MEPEHUSM MOXHO OTHECTH M3MEPEHHUS HEM3MEHSIOIUXCS BO BPEMEHU
BEJIMYMH MPU TOMOIIU CPEACTB U3MEPEHM, YCTAaHOBJIEHHBIX Ha MOJBMXKHBIX IU1ardopmax cOopa
JaHHBIX, HAIIPUMEP, IPU BEPTHUKAIBHOM MpodunupoBanun. [Ipomeccsl AMHAMUYECKUX M3MEPEHUN
OIMCHIBAIOTCS OOBIKHOBEHHBIMU (D (epeHInanbHbIMI ypaBHEeHUSIMU. [Ip1 3TOM UX mpaBble 4acTu
coliep’KaT HU3MepseMyl0 BelIWuYuHY. JlJIi BOCCTAaHOBJIEHUS H3MEPSEMOM BEJIMYMHBI PEILACTCS
oOparHas 3a/1a4a TUHAMHUKU.

N3BecTHBI MeTOA AMHAMUYECKUX U3MEPEHUN BEPTUKAIBHOTO MPO(HIIS TUIOTHOCTH MOPCKOM
Bozbl U e€ mpupamenus (Kpacuogy6ern, 2022) npu COOTBETCTBYIOLIEH TEXHUYECKON peaan3anuu
MO3BOJISICT 32 OJHO BEPTHKAJIBHOE 30HAUPOBAaHUE (IIOTPYKEHHUE) MOIYYUTH IN SitU BepTUKAIBHBIH
npoduik MIOTHOCTU MOPCKOW BOJBI U €€ MpHUpalleHHs B pealbHOM MacliTabe BPEMEHU Kak
(GYHKINUU TUAPOCTATHYECKOTO JAABIICHHUS B BUE YHCIOBBIX MACCHUBOB. DJIEMEHTHI TAKMX MAaCCHBOB
MOTYT OBITh HCIIOJIb30BAHbI JUIsI PA3IMYHBIX Lienei. Hampumep, nas BHIYMCIEHUS XapaKTEPUCTUK
cTpaTu(UKanUU MOPCKOM Cpelbl TaK k€ KakK (yHKIMU THAPOCTaTUYeCKOro aasieHus. [Ipu sTom
4acTo TpedyeTcs 3HaHHE ATHX XapaKTEePUCTUK Kak PyHKUuN rmyOuHbl. Clenyer OTMETUTh, YTO Ha
IIPaKTUKE [P SKCIIEPUMEHTAIIBHBIX UCCIIEJOBAHUIX BEPTUKAIbHBIX MPOPHUIIEH OKEAHCKOM TOMNIIHU €
MIOMOIIBI0 MOPCKUX aBTOHOMHBIX MpoduinorpadoB BaKHO KOHTPOIUPOBATH TEKYIIYIO TNIYOUHY HX
norpyxenusi. Jlyig pemeHuss 3TOW 3a7aud M3BECTHBl HECKOJIbKO MeTonoB (Jlesamos, 2003),
KOTOpbIE OCHOBAHBI HA M3MEPEHUSX TUIPOCTATHUECKOTO JABJICHUS U CBOJATCS K Mepecuéry ux B
METPUUYECKYIO INIYOMHY C TIOMOIIbIO COOTHOILIEHUH, OMy4YE€HHBIX SMIUpUYECKUM NyTéM. B pabote
(Taifckmii, 2022) npeioKeH METO ONpeeNeHHsI ITyOUHBI MOTrPYKEHUS IPUOOpPa, OCHOBAHHBIN Ha
WCIOJIb30BAHUN OCHOBHOI'O YpPaBHEHHS THUIPOCTATUKH M JaHHBIX H3MEPEHUM, IMOIYYEHHBIX OT
JaTYNKAa TUAPOCTATUYECKOTO [ABJIEHUS M OPUTHMHAIBHOIO YCTPOMCTBA M3MEPEHUS JIOKAJIBHOU
IJIOTHOCTA MOPCKOM BOJBI, C YYETOM JaHHBIX O reorpaduyeckod IMUpoTe TUAporpaduueckoit
CTaHILMU U COOTBETCTBYIOIIEM YCKOPEHUH CBOOOIHOTO MaICHUS.

Lenb uccnenoBanusi — GOpMUPOBAHHUE ANTOPUTMHUYECKOTO U MPOTPaMMHOI0 OOecreueHus
JUIsL OTIEPATUBHOTO OIpeJIeNIeHUs TITyOUHBI MOTPY>KEHUSI aBTOHOMHOTO Ipoduiiorpada no JaHHbIM
JUHAMHYECKUX W3MEpPEHUH TEeKylled MJIOTHOCTH MOPCKOH BOJBI, MOJIYUEHHBIX C MOMOILIBIO €ro
60pTOBOH anmaparypsl B cOOTBeTCTBUH ¢ MeTo oM (KpacHonyOen, 2022) o ¢popmye:

_ P()- po _.o&, 1 20 _ o —pt i
Z(t)—mf r(p)=r %2 () #t) + ap(t) 3’ to =0; p(to) = po; Blty) =0;tl lto’th,

rae r(p) — IWIOTHOCTH MOpcko Bojel, P(t) — ruapocTatmueckoe namieHue; ¢(j ) — yCKOpeHHE

CBOOO/IHOTO MaJeHUs Ha MIUPOTE | OKeaHorpadudeckol craHmm; P, — atMocepHoe AaBieHue; a

— KOHCTPYKTHBHAs IOCTOSIHHAs! KOPITYCHON YacTH npoduiorpada.

Pa6ora BeimonHena B pamkax ['oc3aganusa UIITC Ne rocperucrpanuu 124012700512-1.

Cnncok UCOIb30BaHHON JTUTEPATYPBI:

laiickuit B. A. Meron omnpeaeneHusi riIyOMHBI TOTpY)XEeHHUS @puOopa B Mope IpHU
30HAMpoBaHNM // CuUcTeMbl KOHTpOJs OoKkpyxatomiei cpeabl. — CeBacrononb: UIITC, 2022. — Ne
4(50). — C. 40-45.

Kpacnony0bern JI. A. /luHamMudeckue U3MepeHHs B 3ajayax ONEPAaTHBHON OKEaHOJIOTHUHU IPH
UCCIIEIOBAaHUHM CBOWMCTB OKeaHCKOM Tonu // CucTeMbl KOHTPOJIS OKpYXKaroulel cpensl. —
Cesacronons: UIITC, 2022. — Beim. 1(47). — C. 56-65.

JlepamoB /I. E. TexHuka 3KCHEIUIIMOHHBIX HCCIEAOBAHUNA: MHCTPYMEHTAIbHBIE METOABI U
TEXHUYECKHUE CPEICTBA OLEHKU MPOMBICIOBO-3HAYUMBIX (hakTopoB cpeabl. — M.: U3xn-80 BHUPO,
2003. - 400 c.
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ONTNWMANbHOE YINPABONEHWE SNEKTPOMNPMBOAOM NOIPY
B YCNOBUAX MNEPEMEHHOMN MNOTHOCTW MOPCKOW
stcOMmdzsH '8 j ¢ Odatse. [ . 1
I AOY BO «CeBacTononbckuii rocyIapcTBeHHbIH yHIBEpCHTET», I. CeBacTonons, Poccus
2PI'BHY «MHCTHTYT IPUPOIHO-TEXHUUECKUX cUcTeM», T. CeBacTonons, Poccus
Inkanov48@mail.ru

OnHoil W3 aKTyalbHBIX 3a7a4 MPU MPOEKTHUPOBAHUU DIJIEKTPONPHUBOJOB MOPCKHX 30HIOB
SIBJISIETCS 3a/1ada MOJJAEpPKaHUs 3aJaHHOM CKOPOCTHU BpAILECHMS JBUTrATENICH 3JIEKTPOIPUBOJOB B
YCIIOBUSIX TMEPEMEHHOW IUIOTHOCTU MOPCKOM BOJbL. [l 3TOro OOBIYHO NPUMEHSIOTCA
MEXaHUYECKUEe ATYUKU CKOPOCTH, PEAYKTOPbI, a TAK:KE PEryJIATOPbl HAMPSDKEHUS BO30YXKIEHUS.
Henocratkom  siBisieTcss HHM3Kash TOYHOCTb M OBICTpOACHCTBHE. ABTOpaMHU NPEAJIOKEH
MaTeMaTUYECKUI anmapar AJig PelIeHHs 3TOM 3aJaud C TOYKH 3PEHHs TEOPUM HWHBApPHUAHTOB
(Mopo3zos, 1998). B npennaraemoii pabote paccMaTpuBaeTcs mpodiieMa HHBAPUAHTHOCTH PELICHUS
muddepeHIManbHBIX ~ ypaBHEHUHM,  ONUCBHIBAIOMIMX  JUHAMHUKY  OJCEKTPONpPHBOJIA  30HJA,
OTHOCHUTEIILHO KO3()(PHUIIMEHTOB 3TUX YPaBHCHHIA.

VYpaBHeHUE 31EKTPONPUBO/IA TOTPYKHOI'O 30H]1a UMEET BUL

t "
3N kw0 +M© =8 65,0, &)
rne  J-— wMmoment wHepumu; M (t)— TepeMeHHBII MOMEHT CONPOTHBJIEHHS HArpy3Ku
U - AWt)

anekrpornpuBona; gy (t) = — TOK ayekTpoasurarens; U — BXOJHOE HampspkeHHue; A —

Ren
MOCTOSIHHBIA MAarHUTHBIH TOTOK. [IpearmonaoKuM, 9TO MOMEHT CONpOTHBIeHHs Harpy3ku M (t)
HAaYWHACT M3MCHATHCs. B aTHx ycrmoBusix ompenenum Hampspkenne U () ¢ mensio obecrieueHust
HOMHHAJIBbHOM ckopoct snekrpoasurarens W) =W, (t). B coorserctBun ¢ (Mopo3zos, 1998)
MIOCJIEAHEMY YPAaBHEHUIO IPUIAJUM BUJ

Wy (1) J'lC'%kTPV\(t)- MO+ ¢ (t)F-eBAM)ngkWO(t)_ M =0, (2)
¢ oo

dt

Orcrona nonyuaem Hanpsokenue U (t), o6ecnieunsaromee Heooxomumyro ckopoctb W (t)

o 2 ~
U =" g M0 i wn emp + M0 saawn- wog ©)
A C dt RBH =
[Tocne moacTaHOBKY MOIYYEHHOTO HAPSDKEHUS B ypaBHEHUE (2) MOIyYuM
OO+ ks - we) =o, @

T.. ypaBHEHHWE OTHOCHTEIHLHO BcrioMorarenbHoi mnepemennoit Y(t) =W, (t) - W), cormacuo

KOTOpOMY IIpU BBI60pC JOCTATOYHO 0OJIBIIIOrO KO3(I)(I)I/II_[I/ICHT2[ k IIpH IMPOU3BOJIBHOM HM3MCHCHHUU
Harpys3kKu BUJ] 3aBUCHUMOCTHU CKOPOCTH JJICKTPOABUTATCIISL OT BpCMCHU HpI/I6J'II/I)KaCTCSI K XCJIaCMOMY

W,(t). Asropamu mpexacraBieHa peanusaius pabouero IMpoLecca  AIEKTPOIBHMIATENS
U3MEHSIOIMMCS MOMEHTOM Harpy3Kd W HeOOXOOMMBIM BHIOM kenaemoii ckopoctu Wy (t) =
160+ 20sin1Qt mpu ontumansaoM Hanpspkenun U (t) mo (3). TTokasano, 4ro rpaduk CKOPOCTH
W(t) mpaktuuecku nosHocThio nosTopsiet rpadur Wy (t).

Crnucok UCT0JIb30BAHHOM JIUTEPATYpPHI:
MopozoB A. JI. MHBapuaHTHbIE MHOXECTBa IuHamMuuyeckux cucteM B Windows / A/l
Mopo3zos, T. H. [Iparynos, C. A. boiikoa, O. B. Mansimuesa. - M.: U3g-so YPCC, 1998. — 187 c.

35



sdMmlsjd Chodsttdy SR 05 j2 fMejH’

OUEHKA BNUWAHWA PAAWANBbHBLIX KONEBAHWW B YNbTP
MbE3ON3NYUATENE HA METPOJOIr NUECKWME XAPAKTE
M3IMEPUTENA CKOPOCTWN 3BYKA B BOAE
skzL ! gkdda
OI'bHY «MHCTUTYT IPUPOAHO-TEXHUYECKUX CUCTEMY, I'. CeBactomnonb, Poccus
konstantin.a.kuzmin@gmail.com

W3meputenn CKOPOCTHM 3ByKa B BOJE IIMPOKO IPUMEHSIOTCA NpU  IPOBEICHUU
ruaporpaguueckux paboT U OKeaHorpaduueckux HcciefoBaHuid. B mupe  mmpoko
pacrpocTpaHeHbl MPOPHIOMETPbl CKOPOCTH 3BYKa, HCIIONb3YIONIME OJHO0A30BBIC JATUHKH,
MIPUHIIMII IEHCTBUS KOTOPBIX OCHOBAH HAa U3MEPEHUHU BpEMEHH IPOJIETa YIbTPa3BYKOBOM BOJIHBI OT
U3Iy4yaTesa-IpuEMHMKA 10 OTpakareiast U o0paTHO. IHCTUTYTOM NPUPOJHO-TEXHUYECKUX CHUCTEM
BBIIIYCKAETCA U3MEPUTENIb CKOPOCTU 3BYKa, MPUHIIMUI JIEHCTBUS KOTOPOTrO OCHOBAH HAa M3MEPEHUU
Pa3HOCTH BpEMEHU MPOJIETA BOJIHBI IO JAIBHETO U OJmkHEeTo oTpaxkarene (I'pexos u mp., 2020).

OCoOOEHHOCTBIO MBE30AIEKTPUUECKUX ITUIACTUH, MPUMEHSEMbIX B KadecTBE HU3NydyaTeledl U
NpUEMHUKOB  YIBTPAa3BYKOBBIX KOJE€OaHMiA, SBIAETCS TO, YTO MPH I[0Ja4e DIEKTPHUUECKHX
UMITyJIbCOB B HUX BO3HUKAIOT JIBa BUJA KOJEOAHUN — MPOAOJbHBIE (BIOJIb OCH IJIACTHHBI) U
nonepeunbie (paauanbheie) (lomsimuna, 1979). Ilone3HbMH SBISIOTCS MPOAOJIbHBIE KOJICOAHMS,
4acTOTa KOTOPBIX COOTBETCTBYET PE30HAHCHOM YacTOTE IJIACTHUHBI MOPSAIKA E€IWHHUIl Merarepil.
[Tonepeunsie KoIeOaHUS IMEIOT YaCTOTY Ha MOPSIOK MeHbIe. OHU MPAKTHYECKU HE NIEPEArOTCs B
BOJHYIO Cpeny, SIBJISIOTCS COOCTBEHHBIMU KOJIEOAHUSMU IUIACTUHBI, HE 3aBUCAIIUMU OT CKOPOCTH
3ByKa B BOJIE, W BO30YXKJaeMOoe MMH B pPe3yjlbTaTe MPSIMOTO IbE303JEKTPUIECKOTo 3 deKTa
HampspKeHWe CYMMHUPYETCSl ¢ HamnpshKEHHUEM, BO30YKAAeMbIM OTPaKEHHBIM TOJE3HBIM CUTHAIIOM.
PannanbHble konebaHMs 3aTyXalOT 3a HECKOJbKO JIECATKOB MHUKPOCEKYHJ M CTaHOBSITCS
MPeHEeOPEeKUMO Mallbl MPH M3MEPEHUsAX Ha JUIMHHOHM Oaze. Ilpu m3mepeHuM BpeMeHU Nposéra
BOJIHBI Ha KOPOTKOW 0aze paauaibHble KoJieOaHUsI HE YCNEBAIOT 3aTyXHYTh U, OYEBHUJIHO, BHOCAT
WCKa)XeHUS B MIOJIE3HBIM CUTHAI.

DKClepUMEHTAIbHO OBbUIO  YCTaHOBJIEHO, YTO AaMIUIUTyJa D3JIEKTPUYECKOr0 CHUTHaja,
BBI3BAHHOTO PaJMaIbHBIMKU KOJEOAHUSMHU, COCTABIIAET HECKOJIBKO MHJUIMBOJIBT, YTO CYIIECTBEHHO
IpU TUNWYHOW aMIUIMTYZeE moje3Horo curHaia +50..60 MB. Paguanbhble kosnebaHus cMmelaroT
TOYKY IepecedyeHusi GpOHTOM BOJHBI HYJIEBOTO HANPSIKEHMS, MCIOJIB3YEMOIro BpeMs-IU(pPOBBIM
npeoOpas3oBareieM Kak TpUITEp JUIsl U3MEpPEHUs BpeMeHM Mpojéra BoOJHBL. B pesynbrare
U3MEPEHHOE BpeMs OTJIMYAETCSl OT JEHCTBUTEIBHOIO HA JECSATKM HAHOCEKYHJ, YTO IIpHU
BBIUHCIICHUH CKOPOCTHU 3BYKa MOKET BHOCHUTD B ITOTPEIIHOCTh U3MEPEHUH BKJIaja nopsaka 0,1 m/c.

PaGora BbImoaHeHa B pamkax rocyaapctBeHHoro 3amanus  UIITC mo  Teme
«COBepIIEHCTBOBAHNE TEXHUUYECKUX CPEJICTB U M3MEPUTEIbHBIX MH(POPMAIMOHHBIX TEXHOJIOTUN
UCCIIeI0BaHMI IPUPOIHBIX BO» (Ne rocpeructpanuu 124012700512-1).

Crnrcok UCOIb30BaHHON JIUTEPATYPBHI:

I'pexoB A. H., I'pexoB H. A., CeiueB E. H. CpenHedacToTHble aKyCTHYECKHE METOIbI U
CpezAcTBa JJIs HCCIeI0BaHUs BOIHOU cpeabl: MoHorpadusi. — CeBacronons: UIITC, 2020. — 126 c. —
ISBN 978-5-6044196-6-3

VYnbrpazByk. Manenbkast suiukionenus / I'mas. pen. U. I1. INonsmuna. — M.: «CoBetckas
sHImKIoneaus», 1979. — 400 c.
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NMoABOAHBLIA MOHUTOPUHI UXTUO®PAYHBI C WUCMNONbL3O
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'Nucrutyr sxonoruu Axanemuu Hayk A6xasuu, r. Cyxym, A6xasus
2 A6Xa3cKkuii rocyapcTBEHHbIH yHuBepeuTeT, r. CyxyM, A6xasus
SMHCTHTYT NepcHeKTUBHEIX UccienoBanuii CeBacTONOMbCKOTO TOCyIapCTBEHHOTO YHUBEPCHTETA,
r. CeBacromnoyb, Poccus
renolomiyal2z@mail.ru

CoBpeMeHHbIE TEXHOJOTUU MOJBOJHOIO MOHHUTOPHHIa OOECIEYMBAIOT HOBBIA ypPOBEHB
TOYHOCTH U aBTOMAaTHU3allMU B 00JIACTH U3YyYEHHs] MOPCKUX HKOCHCTEM. BakHelIlyto poiib B 3TOM
UIPalOT CHUCTEMBI, OCHOBAHHbIE Ha UCHOJAb30BaHUMU [P-kamep ¢ MalIMHHBIM 3peHUEM H
QITOPUTMaMHM  MAIIMHHOTO OOydYeHHMs. OTH TEXHOJOIMHM HO3BOJISIOT I0Jy4yaTh H300pakeHUs
BBICOKOI'O pa3pellieHus B CIOKHBIX IMOJBOJHBIX YCIOBUSX M ABTOMATUYECKH aHAIU3UPOBATh
JaHHBIE U1 UIEHTU(QUKALUN BUI0B PbIO, OLIEHKH UX YMCICHHOCTH U IOBE/ICHUS.

B nunotHoM mpoekrte B akBaropuu Yepnoro mops (Petrov, Ivanov, 2022) ¢ nomompto IP-
KaMep M CBEPTOUHBIX HeHpoHHBIX ceteid (CNN) Obulo ycmemHo kiaccuduuupoBaHo oOosee 15
BUJIOB DPbIO IPU CIOXKHBIX YCIOBUSAX CBHEMKU. OCHOBHBIM KOMIIOHEHTOM CHCTEMBI SBIISETCS
ucnoib3oBanue CNN, oOyueHHOH Ha pa3MEUeHHBIX H300paKeHUsSIX IOJBOJAHOM (ayHBI.
AJTOPUTMBI CIIOCOOHBI PA3MUYaTh BUABI PbIO, OTCIEKHBATH W3MEHEHHS B HMX IOBEJCHHU B
peasbHOM BPEMEHHM M aJalTUPOBAThCS K Pa3IMYHBIM IOJBOAHBIM YCIOBHUSM — MYTHOCTH BOJBI,
HU3KOM OCBELIEHHOCTH U CJIIOKHBIM yriaM CbEMKU. [IpuMeHeHne METOI0B ayTMEHTALIMU JaHHBIX U
HACTPOMKH NIapaMeTPOB MOJEIH MO3BOJIMIIO IIOBBICUTh TOYHOCTh U HaJEKHOCTh CUCTEMBI.

[IpenmymiecTBa CHCTEMBI 3aKIIOYAIOTCS B €€ aBTOHOMHOCTH, BO3MOKHOCTH palOOTHI B
peasbHOM BpPEMEHHM U CHMXKEHMHM HEOOXOIMMOCTH ydacTHs 4elloBeKa. BHeapeHue Takux cucteM
MO3BOJISIET IIPOBOJAUTH MOHUTOPUHI Ha OOJBIIOM IMPOCTPAHCTBEHHOM M BPEMEHHOM MaciiTade,
CHIDKAsl TPYZ03aTpaThl U MOBBILIASI KAYECTBO 3KOJOTHYECKUX UCCIIEI0BAaHUI.

Pucynox 1 — IIpumep nos1BoiHOr0 n300paskeHusI ¢ pacliO3HaBaHUEM BHUJIOB PHIO

I/IHTCFpaLII/ISI COBpPCMCHHBIX MCTOJOB MAIIWMHHOI'O o6yquH;1 U KOMIIBIOTCPHOI'O 3pCHUA C
IMOABOAHBIMU CUCTEMaMU MOHHUTOPHHIA HE TOJBKO ABTOMATHU3UPYET IPOLECC c6opa n a”Hajm3a
AAaHHBIX, HO W 3HAYUTCIIbHO MOBLIMIACT TOYHOCTb U CKOPOCTH HX 06pa6OTKH. 910 AC€IaCT TaKHuC
CUCTEMBbI BaA)XHBIM HHCTPYMCHTOM I JOJITOCPOYHBIX JKOJIOTHMYCCKUX PICCJIe,HOBaHHfI, KOHTPOJIA
COCTOSIHUSL MOPCKUX 9KOCUCTEM U CBOCBPCMCHHOI'O BBIABJICHUA W3MEHEHHH B UX 61/10pa3H006pa3HH.

Cnncok UCOab30BaHHON JTUTEPATYPBI:

Petrov I., Ivanov V. Automated Fish Classification in the Black Sea Using Deep Learning //
Journal of Marine Research. — 2022. — No. 34(2). — P. 78-95.
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AKYCTMYECKOE NOJITE B AKBATOPMMWMN BO BPEMA 3
KOH,EI,YKTOPHOI7I KONMTOHHBI HA BEPETY
[ Odzlzdzr yjo 1. 4.
OI'bHY «TuxookeaHCKUN OKEAHOJIOTUMYECKUI UHCTUTYT», T. Bragusocrok, Poccus
manulchevds@gmail.com

CyliecTBeHHBIM BKJIaJ B aKyCTHYECKYI0O OOCTAaHOBKY AaKBAaTOPUU BHOCST CTPOUTEIIbHBIE
paboTel Ha Oepery, B TOM yucie 3a0WBKa (yHIAMEHTHBIX CBall WM KOHAYKTOPHBIX KOJIOHH
(xougykropoB) (Erbe, 2009). ®opmupyemplec B 3TOM Cllyda¢ HH3KOYAaCTOTHBIC HMMITYJIbCHBIC
CUTHQJIBI MOTYT OKa3bIBaTh BO3JCHCTBUE HA MOPCKUX MIICKOMUTAIONIUX, HCIOJIb3YIOIINX
aKyCTHYECKHWE CHTHalbl s sku3HedesrensHoctn (Bailey et al., 2010). B gokmazme
paccMaTpUBAIOTCS OCOOCHHOCTH HU3KOYACTOTHOTO TOJISl B MOpe, (hOpMUPYEMOro BO BpeMs 3a0MBKU
KOHIyKTOpa JMHOU 74 M Ha paccrosHuu 400 M ot OeperoBoi nuHUM (puc. la). AKycTHYECKHE
CUTHAJIBl PErUCTPUPOBAIUCH C TOMOIIBIO psifa JOHHBIX aKyCTMUECKHX CTaHIMA B YaCTOTHOM
muanazone 2 I'm — 15 kI'n (Pyrenko u ap., 2015), ycranoBnenusix Ha 10 M u 20 M u3obarax.
TpexmepHoe MOJIENMpPOBAaHUE aKyCTHUUYECKUX IOJIEH peal3yeTcsl ¢ MOMOIIBIO0 PEIIEHUsS MOJOBBIX
napaboIMYecKuX ypaBHEHUH B aanabaTUYeCKOM MPUOIMKEHHUH B YCIOBHSIX (CGKUIKOTO» JIHA
(Tpodumos, 1999).

CornacHo 3KCHEpUMEHTAIbHBIM JTaHHBIM YPOBEHb MHUKOBOTO aKyCTHYECKOTO JaBIICHUS Ha
pacctosiHuu 2,5 KM OT UCTOYHUKA He npesbliaeT 138 nb. OcHoBHast 3Heprus curHajia nNepeHoCUTCs
B yactoTHoMm guana3zone 10-200 I'm. Pe3ynbTaThl 4MCIEHHOTO MOAETUPOBAHUS MOKAa3aiH, YTO
YpOBEHb aKycThdeckoro Bosneicteus (SEL) pacrer mo mepe 3arimyOiaeHHus KOHIAYKTOpa B TPYHT U
JOCTUTaeT MaKCUMaJbHBIX 3HAYEHUN NPHU TMOJIOKEHWHM HI)KHETO0 KOHI[A CBa Ha KOHEYHOM
ropuzonte 70 m (puc. 10). JlaHHBI 3d(dHEKT TPOUCXOAUT 3a CUET YBEIMYCHHUS BBICOTHI MaJICHUS
MOJIOTa, a TAaK)K€ YIMJIOTHEHHUS OHHBIX CIIOEB MO MEpPe BEPTUKAIHLHOTO MOTPYKEHHS] KOHAYKTOpA.
AKycCTHYECKOe BO3JIEHCTBHE aHTPONOreHHOro Iyma najaaer 1o ypoHs 100 ab Ha paccrosiHuun

okoJ10 10 KM U1 MccnenyeMol akBaTOPHH.
(a) (6)

SEL(x,y), 86,17 ™ SEL(x, y), AB, 70 M
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Pucynok 1 — Cxema ycraHoBKH KOHAYKTOpa (a). [IpocTpancTBeHHOE pacnpeienieHle MeInaHHbIX
YpOBHEH aKyCTUYECKOTO BO3ACHCTBUS OAMHOYHOIO UMITYJILCHOTO CUTHAJIA OT 3a0MBKH KOHYKTOpa
B MOMEHT IOJIOKEHHSI €0 HUKHEH TOUkH Ha Topu3oHTax 17 u 70 M (0)

CnHCcoK MCTOJIb30BaHHON JIMTEPATYPHI:

Pyrenxo A. H., bopucos C. B., Koszens /. I'., I'punienxo B. A. Pagumormapoakycruueckas
CTaHIUA OJId MOHUTOPUHIA MapaMCTPOB aHTPOIIOICHHBIX MMITYJIBCHBIX M INYMOBBIX CHUI'HAJIOB Ha
menbde// Akyct. xypH. — 2015. — T. 61, Ne 4. — C. 500-511.

Tpooumor  M.JO.  V3koyronbHble  mapaOonuueckue  ypaBHEHMsI — aJaMa0aTHYECKOro
pacrpoCTpaHCHUA 3BYKa 0I[HOI71 MOIbI B TOPU3OHTAJIBHO HCOAHOPOAHOM MCJIKOM MOPE /! AK}/CT.
KypH. —1999. — T. 45, Ne 5. — C. 647-652.

Bailey H., Senior B., Simmons D., Rusin J., Picken G., Thompson P. Assessing underwater
noise levels during pile-driving at an offshore windfarm and its potential effects on marine
mammals // Marine Pollution Bulletin. — 2010. — Vol. 60, No. 6. — P. 888-897.

Erbe C. Underwater noise from pile driving in Moreton Bay, QId // Acoustics Australia. — 20009.
—Vol. 37, No. 3. — P. 87-90.
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OBUTATENbHAA PEAKUWMA CTBOPOK MWUAUN HA BO3,
ONTMNYHECKOIo WM3INYYEHWNA B AWOAJIA 3HONHEL /U0 OP EWWEH W £

3A0AY B3KONOrMYECKOIr o MOHUTOPWUHIA BOAHOMN
o .

fdhztetse 1 . r. ,vielzigj asffdz . ., (WYL Odetso

OI'bHY «MHCTUTYT IPUPOAHO-TEXHUYECKUX cUCTEM», I'. CeBacTonoib, Poccus
vas_jan@list.ru

B cBs3u ¢ ObICTppIM HapacTaHUEM TEMIOB ypOaHM3alUMU TPUOPEKHBIX 30H B MHUPE
HCKYCCTBEHHOE OCBELICHME B HOYHOE BpEMs OSTHX 30H IMpPEJICTaBIseT COOOH pacTyllyro
r1I00anbHyI0 MpoOIeMy, W3MEHSIOIIYI0 IIOBEIEHHE OPraHW3MOB U, CIIEJOBATEIBHO, COCTaB
COOOIIECTB U HKOCUCTEMHbIE IPOLECCh.. IJTO B 3HAYMUTEJIBHOM CTENEHM HCKaxaeT paldoTy
OMOCEHCOPHBIX CUCTEM MOHUTOPHUHTA.

JIBIKEHHE CTBOPOK MUJUH B IIpOLECCe XKU3HEAEATEIbHOCTH OIpeeseTcs paaoM (hakTopos,
OJTHUM U3 KOTOPBIX SIBJISIETCS CBET, IPOHHUKAIOIINI B BOJHYIO CPEly B MECTaxX OOMTaHUS )KUBOTHBIX.
VYder BAMSAHMSA CBETa IO3BOJHUT COBEPLIEHCTBOBATH IPOLIECC OMOMOHUTOPHUHIA BOJHOM Cpelbl
(I'pexoB u ap., 2023).

JUia omnpeneneHuss KOJIWYECTBEHHBIX XapaKTEPUCTUK BIMSHUS CBETa Ha JIBUTaTEIIbHYIO
aKTUBHOCTh MUK OBUT pa3paboTaH AKCHEPUMEHTANBHBIA MPUOOPHBIN KOMIUIEKC, CIIOCOOHBIN B
€CTECTBEHHOH cpejie OOMTaHUs KUBOTHBIX MOJIYYUTh SKCIIEPUMEHTAIbHBIE JAHHBIE 110 U3MEHEHHIO
JIBUTaTEIbHOW AKTUBHOCTH I10J1 BIIMSTHUEM CBETA.

Bnok anekrpuueckoro
NUT3HWA SNEMEHTOB
cTeHaa

Bnok ynpaenenws Brok ynpasneHus u
paGoToii npuGopa crabunusauumn
1 COXpaHeHNA JaHHbIX WCTOYHUKOB CBETA.

MpuBop Yo WanyyaTtenu
perncTpanym c 3afaHHoro
AasurarencHoin | < | guanasoHa
aAKTWBHOCTH <= | OM uzny4eHus
CTBOPOK K

MUOWA WK

Benbin cBeT

Pucynok 1 — DkcnepuMeHTaIbHbIN NPHOOPHBINA KOMITIEKC

Hccnenyemplit uana3oH U3NydeHus: ObUT pa3ieNieH Ha MITh YyY4acTKOB ¢ MakcuMymamu: 405,
468, 565, 625, 950 um. B kauectBe u3imyuaTeneil BHIOpaHbI CBETOMMUOIBI C COOTBETCTBYIOIIMMHU
XapaKTepUCTHKAMH, OOECIIEUUBAIOIIMMHI DPAaBHYIO OCBEIIEHHOCTh E B wuccmemyemoit 3one. OT
BHEIIHUX HMCTOYHHKOB CBETa HCCIEAyeMasl TPyMIa MUIUN 3aKpbITa CO BCEX CTOPOH DKPAHOM, C
MOMOIIBIO HAacOca B IpUOOpe 00eCTIeunBaeTCs IUPKYISIUS MOPCKOM BOJIBI.

Hcrounnkn u3mydeHns BKIIOYAIOTCS U BBIKIIFOYAIOTCS HE3aBHCHMO TI0 3aJ][aHHOM MporpaMMme,
YTO MO3BOJIAET MOIYYUTh PA3TUYHbIE JAHHBIE B X0/I€ SKCIIEPUMEHTA.

[IpubopHbIIT KOMITJIEKC paccYWTaH Ha AaBTOHOMHYIO paboTy B TeueHHe 6O CyTOK, C
MOCIIEAYIONUM CUUTHIBAHUEM JTAHHBIX M 3apSIKON aKKyMYJISTOPHBIX OaTapeil.

Pabora BeImomHeHa B pamkax rocymapctBeHHoro 3amanus  UIITC mo Teme
«COBepIICHCTBOBAHNE TEXHHUECKUX CPEJCTB U M3MEPUTEITHHBIX MH(POPMAIIMOHHBIX TEXHOJOTHUI
UCCIIeI0BaHM PUPOIHBIX Bo» (Ne rocpeructpanuu 124012700512-1).

Crnrcok UCOIb30BaHHON JIUTEPATYPBHI:

I'pexoB A. H., Cene3neB U. A., UBakun . A., I'pexos H. A., Beimksapkosa E. B., Tpyceuu
B. B. buonornueckue cucteMbl paHHETO OOHAPYKEHUS JIJIs1 SKOJIOTUUECKOT0 MOHUTOPUHTA BOTHOM
cpensl. — CeBactomnounb: UIITC, 2023. — 131 c. — ISBN 978-5-6048608-5-4.
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MPMMEHEHWE METOAOB TEPMMWYECKOIO AHANW3A AON4A
W ONPEAENEHWA MACCOBOW KOHUEHTPALUWWN MUKPOL
MONMBUHUNXNOPNAOA B TITPOBAX T10O4UB
1 e & ¢u.fiff.j dzfC Qvazjfm.dtsa dy t. { .
I ®IrAOY BO «HarmoHansHbIH HCCIeI0BATEIbCKUI yausepcuteT UTMO»,
r. Cankr-IlerepOypr, Poccus
2 ®I'BOY BO «Cankt-IletepOyprekuii rocynapcTBeHHBIH YHUBEPCHTETY,
r. Cankr-IlerepOypr, Poccus
aonosova@itmo.ru

3arpsi3HeHue IMOYB MHUKpPOYACTHIIAMM IIJJacTMacChl — Bce Ooyiee akTyaibHas mnpoliema
nocieqHux Jjer. Ilo mpuunHe OTCYTCTBHSI CTaHIAPTU3MPOBAHHBIX METOAMK C YCTaHOBJICHHBIMU
[0Ka3aTelsIMU KaueCTBAa OLICHKAa YPOBHS 3arpsA3HEHUs, a TAaKXKe CONOCTAaBICHHUE pPE3yJbTaTOB
sarpynaensl (He et al.,, 2015). HaumbGomee uacTto oOHapy)KMBaeMbIMH B II0YBaxX SIBIISIOTCS
MUKpPOYACTHIIBl TOJIMATHIICHA, TNonunponwieHa u noiuBuHwixiopuaa ([1BX), nmocnegnuit u3
KOTOPBIX CYHMTAETCS TMOTCHIMAIbHO Oojiee BpeAHBIM s OKpyxkaromed cpensl (Proshad et al.,
2018). IlockoiabKy MHOBEPXHOCTh MHKPOYACTHI[ B TOYBE C TEUYEHHEM BpPEMEHHU [erpagupyer,
HCIIOJIb30BAaHUE OINTUYECKUX METOJ0OB aHAIM3a COMNPSIKEHO C KpallHEW TpyaoeMKOCTbIO. MeTojibl
TEPMHUUYECKOTO aHallu3a, Takue Kak auddepeHunanbHas ckanupyromas kamopumerpus (LICK) u
tepMmorpaBuMerpuueckuil ananu3 (TI'A), ucronb3yroTcs 1Sl Ucciael0BaHUSI TEPMUUECKUX CBOWCTB
nonumepoB. [Ipu 3ToM cTeneHs Aerpaaly NOBEPXHOCTH HE UTPAET CYLIECTBEHHOM POJIH.

Lenpto paboOTHl ABISUIACH pa3padoTKa Mporenyp oOHapyKeHHs (KaueCTBEHHBIH aHAIW3) U
OTIpe/IeTICHUs] MacCOBOM KOHLIEHTpalUU (KOJIMYECTBEHHBIH aHanmu3) mukpouactul] [IBX B mpobax
II0YB IIOCPEACTBOM METO/I0B TEPMUUECKOI0 aHAJIM3a U OLIEHKA IT0Ka3aresel (METpUK) KauecTBa.

ITo npuumnnae amopduoi npupoasl [IBX meroxm JICK Obu1 mcmonb3oBaH s pa3padOTKH
MPOLEAYPHl KaU€CTBEHHOT'O aHaIM3a MPOo0 MOYB HAa HAJMYKUE/OTCYTCTBUE 3arPSA3HUTENS B AMANa30HE
ot 0,1 10 5 macc. % 3a cueT perucTpaluy Ha TepMOrpaMMax repexojia CTeKJIoBaHus B odnactu 80—
87°C, xapaxteproro mis I[IBX. Beuto ycraHoBieHo, 4YTO HeoOXoauma MpoOOMOArOTOBKA,
BKJIIOYAIOIIas B ce0sl pa3ioKeHUEe OPraHWYEeCKOro BEIEeCTBA MOYBBI U pa3fieleHHe MHUKpPOYaCTHUI]
I[IBX u mnousel. [IpoBeneHue u3MepeHHi C UCHOIb30BaHHMEM HaOOpOB MNpPoO € H3BECTHBIM
cofiepaHHeM 3arps3HUTENs TO3BOJIWIO ycTaHOBUTH MeTpuku kadectBa (Trullols et al., 2004)
MPOIEAYphl: YyBCTBUTEIBHOCTH OT 80%, TouHocth OT 90% © BEpOSTHOCTh TMOTyYEHUS
JIOKHOOTPULIATENIBHOTO pe3ynbrara 10 20%.

Meton TT'A Obu1 ncnonb30BaH A pazpabOTKH MPOILeyphbl KOJIMUECTBEHHOTo aHainu3a. bbuio
YCTAQHOBJICHO, 4TO AJs TMoiydyeHHs Ha auddepeHuupoBaHHbIX KpuBbIX TI'A mH(pOpMaTHBHOrO
AHAJIMTUYECKOTO CUTHaNa (BTOPOHl cTaauu TepMudeckoro pasnoxenus [I1BX, nuk ¢ makcumymom B
obnactu 459°C) B pamkax MpoOONOATOTOBKM HEOOXOAMMO pa3oKEeHHE OPraHMYECKOro BellecTBa
noyBbl. bbulo ompeneneHo, uto mpenen oOHapyxenus coctaBiusier 0,5 wmacc. %, mnpeaen
KonuecTBeHHoro ompenenenuss — 1 macc. %. Cormacno PMIT 61-2010 oneHeHbl mokasarenn
KauecTBa MpOLENyphbl (IMOBTOPSEMOCTH, TNPOMEKYTOUYHOW NPEUU3UOHHOCTH, MPaBWIBHOCTH U
TOYHOCTH). YCTAHOBJIEHO, YTO PACHIMPEHHAs HEOIpeNeIeHHOCTh B auana3oHe oT 1 1o 5 macc. %
BeIpakaercs ypaBuenuem U(C)=—6,5C+41,5 (k=2, P=0,95).

CrucoK MCTIOIh30BaHHOM JINTEPATYPHI:

He D., Luo Y., Lu S., Liu M., Song Y., Lei L. Microplastics in soils: Analytical methods,
pollution characteristics and ecological risks // TrAC Trends in Analytical Chemistry. — 2018. — Vol.
109. —P. 163—-172.

Proshad R., Kormoker T., Islam M. S., Haque M. A., Rahman M. M., Mithu M. M. R. Toxic
effects of plastic on human health and environment: A consequences of health risk assessment in
Bangladesh // International Journal of Health. — 2018. — Vol. 6, No. 1. —P. 1-5.

Trullols E., Ruisanchez I., Rius F. X. Validation of qualitative analytical methods //TrAC
Trends in Analytical Chemistry. — 2004. — Vol. 23, No. 2. — P. 137-145.
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M3IMEPEHWE TMNMAPABHEBPAB NN
KOPMNYCOB J3NEKTIPXMYMAIKNH
1 ter ©2 1. ¢., 1 EBOtjo A.¢., uwdBSECIsOd
OI'AOY BO «CeBacTomnonbCcKuil rocyapCcTBEHHBIN yHUBEpCUTET», T. CeBacTonois, Poccus
VANurzai@sevsu.ru

W3MmepeHre mapaMeTpoB BHOpAIMM TEXHOJOIMYECKOrO OOOPYAOBAaHHS SIBIISAETCSA 3aauci,
HUMEIOIIEH BaXKHOE 3HAYCHHME IS HApOJHOro Xo3sicTBa. B paborax (Romanssini et al., 2023;
Delprete, Gastaldi, 2024) mpousBeAéH aHaiW3 W CPaBHEHHE PEKOMEHIALMN MEXIYHAPOIHBIX
CTaH/IapTOB B ATOW 00JIACTH.

IlpoBeneHa cepusi OKCIIEPUMEHTOB, HANPABICHHBIX HAa HCCIEAOBAHUE BO3MOYKHOCTH
JMCTAHIIMOHHOTO ONTHYECKOTO KOHTPOJISI BUOPAIIUH DJIEKTPUIECKUX MAIIUH (OTOMOYISAIIHMOHHBIM
METOJIOM H METOJIOM KOPPEJISAIMH JIA3EPHBIX CIEKIIOB, IPU Pa3IMUYHBIX PEKUMAX PaOOTHI.

PaccMOTpeHO TIpUMEHEHHE ONTHYECKHX METOJOB KOHTPOJSA BHOpAIMH K PasIdYHBIM
TEXHOJOrHYeCKUM 00bekTaM. CoOpaHa SKCIEepUMEHTalIbHas cxeMa (PHUCYHOK 1) W TpOBEICHBI
3aMepbl COOCTBEHHBIX YaCTOT M TAPMOHKMK BUOPAILIMK KOPITYCOB 000PYIOBAHUS.

Pucynok 1 — Cxema s3xcnieprMeHTalbHON yCTaHOBKU

[IpumeHsInCh METOJ KOPPENSIMM JIa3€pHBIX CIEKJIOB M (OTOMOAYISLIMOHHBIA METOA C
UCIOJIb30BAHUEM TOHKHX rojorpapudeckux i€Hok. O6a mMerona Moapa3yMeBalOT PErUCTPaLUIo
KojeOaHuil I1UGPPOBON BHAEOKAMEPONH TEXHUYECKOTO0 3pEHUs ¢ Tocieayromeil o6paboTkoit
BUJICOCUTHAJIAa /ISl BBISBJICHUS KojieOaHuil. B kauecTBe MCTOYHMKOB KoneOaHMH BBIOpaHBI: mapa
JBUTATE]Ib TEHEepaTop, COEAUHEHHbIE XKEeCTKOW My(Tol, BOASHONW LEHTPOOEXKHBIH HAacoCc U
LEHTPOOSKHBIH BEHTHIATOP. B moknane mpexacraBieH aHanu3 ¢Gopmbl KoiieOaHUN OOBEKTOB B
Pa3IMYHBIX peXUMax M MX CHeKTpaibHbIA coctaB. [IpoBeneHo cpaBHeHue meronoB. O6a Merona
HEPa3pyLIAIOIIEro ONTUYECKOTO KOHTPOJIS MOKAa3aJId BBICOKYIO CTENEHb Koppensiuuu. [lo MHEHMIO
aBTOpOB, 00a MeToJa Kak OTAENbHO, TaK M B KOMOMHALIUU, MOTYT NMPUMEHSTHCS AJIsi KOHTPOJIS
BUOpAIH TEXHOJIOTHYECKOT0 000py10BaHHUS.

Cnucok UCOIb30BaHHON JTUTEPATYPBI:

Delprete C, Gastaldi C. On the effectiveness of standards application to threshold setting in
vibration condition monitoring in industrial machinery // In: Proceedings of the Institution of
Mechanical Engineers, Part O: Journal of Risk and Reliability. — 2024. — DOI
10.1177/1748006X231218363.

Romanssini M, de Aguirre P.C.C., Compassi-Severo L, Girardi A. A Review on Vibration
Monitoring Techniques for Predictive Maintenance of Rotating Machinery // Eng. — 2023. — Vol. 4,
No. 3. —P. 1797-1817. — DOI 10.3390/eng4030102.
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ONPEOENEHWE MECTA TNOBPEXAOEHUWA N3 O0ONAUUNN
NVNHMUMN SNEKTPOMNMUTAHNMA
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IOI'BHY «MHCTUTYT HpUPOIHO-TEXHHUECKUX cHCTeM, T. CeBacTomnons, Poccus
2PI'AOY BO «CeBacTonoIbCKUii rocyIapCTBEeHHBIH yHIBEpCcUTET», T. CeBacTononb, Poccus
Inkanov48@mail.ru

[IpuopuTeTHBIM  HampaBJI€HUEM Ppa3BUTUS COBPEMEHHOM  BJIEKTPOIHEPIeTUKH  SBIISIETCS
MOBBILICHUE HAAEKHOCTU MepeAauu 3JeKTpodHepruu. I[lpum 3HAUMTENBHON BEIWYMHE PACCTOSHUSA
MEX/1y TOYKAMH TOJKIIOYEHHS] T€HEpaTOPOB U MOTPEOHUTENeH aKTyalbHOM SIBISETCS 3a/ada TOYHOTO
orpenesieHusi MecTa noBpekaeHus. Llenpio nokimana sBiseTcss pa3paboTKa alropuTMa OIpeaesICHHS
MecCTa U XapaKkTepa aBapuu Ha JIMHUU AJIEKTPONUTAHUSA HA OCHOBAHUH U3MEPEHUS HAIIPSIKEHUN U TOKOB
Ha LEHTpax NUTaHHus U Harpys3kax. OCHOBY alropuTma COCTaBIS€T MAaTEMATHUYECKOE MOJEIUPOBAHHE
peXrMa JTUHUM Ha OCHOBE TEOPUH AIIEKTPUUECKHX IeNel ¢ pacnpeaeneHHbiMu napamerpamu (Karanos,
1990).

PaccMOTpUM HEOJHOPOAHYIO pACIpPEACIUTENbHYI0 JIHHUIO JUiMHOW L ¢ aByms ueHtpamu
nuTanust, puc. 1. LleHTpbl nuTanus 06eCreunBaoT HarpysKy 110 AByM y4aCTKaM JIMHAY C JUIMHAMA ~ U

L- m ¥ yAeabHBIMHM IapameTpamu Zp1, @ u Zp2,J,. B Touke ¢ koopauHaTOil Xy HMMEET MecTo

HOBPEXK/ICHHE U30JLILIMH C conpoTuBiaeHneM Zk . O0e 9TH BeTUUHHBI TOJICKAT OMPEICIICHHIO.
AHanu3 BBIIIOJHUM 10 pe3y/IbTaTaM PELICHHs yPAaBHEHNUHN Y4aCTKOB JIMHUN HA OCHOBE IPAHUYHBIX
YCIIOBHI HA KOHIIAX y4acTKOB. B Hauasne nepporo yuactke usmepeno Hanpsokenue W (0), u momyuaem

rpanuyHoOE ycnosue [ :L#(O)+Ff(0)zl. [Mocrosiuubie Q11 1 Q12 ompenensaroTcs U3 ypaBHEHHIA:

% =W (0) + (Aus - Alz) ; W(0)= A1+ Aiz.. Auanoruuso, B KOHIE BTOPOM JIMHMH TIpH
Zp

usmepenun Hanpsokenns F, (L - X, ) nomyuaem ypasuenus s 921 u Goo.
B ysne r paBHbI HANPSDKEHUS B HAYaJle y4acTKa 2 1 B KOHLE y4acTKa 3, a TOK B KOHLE y4acTKa
3 pa3zensieTcs Ha TOK B Hayalle ydyacTKa 2 U TOK B Harpy3ke. Ha ocHOBaHMU I'paHUYHBIX YCJIOBHH B

TOYKC TMOBPCKACHHUA OMPCACIUM PACCTOAHUC IO JTOU TOYKHU :5 " COIPOTUBJIICHUEC U30JISAIIUA B ITOH

TOYKEC ZK . B Touke :S PpaBHbI HANIPSKCHUA B HAa4aJIC TPCTHEI'O0 YUYaCTKa U B KOHLC IIEPBOTO y4aCTKa, a
TOK B KOHIIC ICPBOI'0 YUACTKa pa3aCiIACTCA HAa TOK B HAYAJIC TPECThCTO YUACTKAa U TOK YTCHUKHU.

o 05
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Pucynoxk 1 — HanpsbxkeHre 1 TOK B HETTOBPEIKACHHOH a) ¥ B TIOBPEKICHHOHN 0) JIMHUN

Ha pucynke 1 m300pakeHbl TpadmKu pacrpene’eHns JACUCTBYIONINX 3HAYCHUN HANPSHKCHUS U
TOKa Ha y4aCTKaxX JIMHUU B CTALIMOHAPHOM U B aBapUHHOM PEXKHUMAX.
CIUCOK MCTIONBb30BaHHOM JIUTEPATYPHI:
Karanos 3. I'. DnexkTpuueckue 1enu ¢ paclpeieIeHHBIMU apaMeTpaMH U LEemHble CXeMbl. — M.:
Oueproaromuzaar, 1990. — 248 c.
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PA3SPABOTKA ABTOHOMHOIO W3MEPWTENS

CKOPOCTWMN N HAMNMPABNEHWA TEUWEHWNA

) Ofpr deS s [ . 6., twLOdse 1. ¢., skL' &Bddz

OI'BHY «MHCcTUTYT IPUPOAHO-TEXHUYECKUX cucTeM», . CeBacronois, Poccus
sevmixa@mail.ru

W3MepeHne CKOpOCTH TE€YEHHs HEOOXOAMMO Ul KOHTPOJS INEepeMELIeHHMs BOAHBIX Macc B
OKeaHaxX, MOpsiX, peKax, B TOM 4HCJE, CO B3BeCAMU. (151 3TUX Lieje NMPUMEHSIIOTCS pa3IudHbIe
U3MEpUTENbHbIE NMPUOOpPHL, I'/leé B KauecTBE IMEPBUYHBIX MpeoOpa3zoBaTeneil CKOPOCTH IBHKEHUS
MOTOKA MCIOJB3YIOTCA JAATYMKH, OCHOBAHHBIC HA PA3IMYHBIX (PU3MUYECKUX SBICHUSX. 32 OCHOBY
B3T HauOosiee NMepCleKTUBHBIA M3MEPUTEIb CKOPOCTH U HAlpaBJIEHUS] TEUEHHs, OCHOBAHHBIA Ha
akyctuueckux mnpuHuunax HWCT-1M, pa3paOoTaHHBIN KOJUIEKTUBOM LEHTpPA 3KOJOTMYECKOTO
IpUOOPOCTPOEHUs U dKO3HepreTuku MHcTuTyTa nmpupoiHo-TexHuueckux cucreM (I'pexoB u ap.,
2020). HdanHbli mpuOOp MMEET B CBOEM apceHaje 3JEKTPOMAarHUTHBIA KOMIIAC C JAaTYUKOM
YCKOPEHUH COOCTBEHHBIX JBMKEHMH, IO3BOJISIOIIMI ONpPENeNsaTh HalpaBleHUE TEUYEHUS B
muarnazoHe ot 0° mo 360°. [ToMuMO BBIIIETIEPEUNCIIEHHBIX JTOCTOMHCTB, IPUOOP MMEeT OOPTOBOM
0JI0K, TOJIKJIFOUEHHBIN K MPpUOOPY yepe3 Irpy30HeCcyInii Kabeab-Tpoc.

JUi 1ONTrOCPOUYHBIX, KPYTJIOCYTOYHBIX, BCEIOTOIHBIX U3MEPEHUN CKOPOCTU U HalpaBICHUS
TedyeHus: Oblia pazpaboTaHa crenuaibHas MoAU(HKAIMs Npudopa, MO3BOJAIONIAs MPOU3BOIUTH
n3MepeHus B HoBom kauectse, MCT-1MA24.

Pucynox 1 — Baemnwnii Bug UCT-1MA24

B kopnyce WCT-1MA24 wumerorcsa: -sHeprodp@exTuBHas axkKyMylsTopHas Oarapes
KoMIakTHBIX pazmepoB LiFePO4, nMeromas 10CTaTouHy0 eMKOCTh AJISl JJOJATUX IOJIEBBIX padoT,
paboTatoiias B IIMPOKOM TEMIIEPaTypHOM JMana3oHe; SHEProHE3aBUCHUMbIE LH(POBBIE YaCh
peanbHOro BpeMeHH; (iiemr namsThb.

NCT-1MA24 M0XeT HaXOJUThCS B UETBIPEX COCTOSHUSAX:

1) pexuM XpaHeHHs WIN TPAHCIIOPTUPOBKH;

2) pexuMm pabotel ¢ [IK (HacTpoiika 4YacTOTHI 3amuCH, HAacTpolka BpPEMEHH, IpPOBEpKa
cocrosiaust AKB);

3) pexxuM 30HAUPOBaHMS (3allMCh U3MEPEHHBIX JaHHBIX B MaMATh IPHOOpa);

4) pexum 3apsaa.

VYnopasienue npuOOpOM MPOU3BOJIUTCS Uepe3 TepPMETUYHBIM pa3beM Ha KOpIyce IyTeM
MOJKIIOUEHUS! Pa3JIMUYHBIX aKCEeCCyapoB: 3apsIHOTO yCTpoiicTBa, mara kabens, pa3bema
BKJIFOUEHUS.

PaGora BbImoiaHeHa B pamkax rocyxapctBeHHoro 3amanus UIITC mo  Teme
«CoBepIIEHCTBOBAHNE TEXHUUYECKUX CPEJCTB U HM3MEPUTEIbHBIX MH(POPMAIMOHHBIX TEXHOJOTHUI
UCCIIeIoBaHMi pUpoIHBIX Boa» (Ne rocpeructpanuu 124012700512-1).

Crnucox UCOIb30BaHHON JTUTEPATYPHI:

I'pexoB A. H., I'pexoB H. A., CprueB E. H. CpenHedacToTHble aKyCTUUECKHUE METOIbI U
CpeICTBa JJIsl UCCIIEAOBAaHMsI BOJHOU cpebl: MoHOrpadus. — CeBacronons: UIITC, 2020. — 126 c. —
ISBN 978-5-6044196-6-3.
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MPNMEHEHWE AKCEJ/IEROMBAbP A
nmPpn M3IMEPEHWKN NPO®PUNA TNNOTHOCTMWU
l1jde €S89 [ .
OI'BHY «MHCcTUTYT IPUPOAHO-TEXHUYECKUX cUcTeM», T. CeBacronois, Poccus
veter4750@mail

B nocnennee BpeMs npeanpuHUMAIOTCS ONBITKY IPOBEAECHUS NPSIMbIX U3MEPEHUH IpoQuis
IUIOTHOCTH 03 3HAYMTENbHBIX YCHIMH 1o wu3MepeHusM mnapamerpoB CTJl (conénocrtu,
TeMIIepaTypbl, TTyOUHBI) WIK BOBCE 0€3 HUX.

Hcnonp30BaHne  TUAPOCTATUYECKOTO  METOJA  WM3MEpPEHUs  TIpajJueHTa  IUIOTHOCTH,
npeactaBieHHoro B cratbe demoroBa [ A. (Demotos, 2013), TpeOyer NPUMEHEHHS YETBIPEX
JATYMKOB JABJICHUS, JKECTKO 3aKPEIUIEHHBIX II0 TPEM OPTOrOHAIBHBIM OCSIM, 4YTO CBSA3aHO C
HE00XO0AMMOCTBIO KOPPEKIMU KOJIeOaHNH HaKJIOHA puoopa.

[Ipumenenue akcenepomerpa tuna ADXL345 mno3Bonser ynpocTuTh U yAEUIEBUTh
KOHCTPYKIIMIO 30H/a, OCKOJIbKY IIPUBOJUT K YMEHBIICHUIO KOJIMYECTBA JAaTYMKOB JIaBICHUA 10 1—
2 B pa3/IMYHBIX BapUaHTaX MUCIIOJIHEHUA. B okiane mpencraBieHo ONMcaHUue KOHCTPYKUUU (OJ10K-
cXeéMma) BCIUIBIBAIOLIETO 30HJa C BO3MOXKHOCTHIO morpykeHus a0 1000 meTpoB M onepaTHBHOM
3anucu JaHHbIX. Ha prucyHke npuBeieH BU UCII0JIb3YEMOT0 aKCeIepoOMeTpa.

3-X 0CeBOM
AKcenepomeTp

ADXL345

Pucynox 1 — O6umii Bug akcenepomerpa ADXL345

Axkcenepomerp ADXL345 cnocoOeH u3MepsATh YCKOpEHHE BEJIWYMHOW 10 +16 g ¢
MaKCUMaJibHbIM pazpemieHneM 13 6ut. Yacrora umamepenuss moxer ngocturate 3200 I'm. On
o0jasaeT HU3KUM SHEpronoTpedienneM — MakcumyM 140 MxA.

[lepenaua maHHBIX C aKcelepoMeTpa MOXKET OCYHIECTBIAThCs 1o mpotokonam SPI umum 12C,
YTO TO3BOJISIET MPOBOAMTH MPEABApUTEIbHYI0O 00paOOTKY AAHHBIX C aKCeJIepoMeTpa U JaTyuKa
JIABJICHHS M 3alMChIBaTh JAHHBIE B DHEPrOHE3aBHCHUMYIO NaMATh Y€pPE3 MUKPOKOHTPOJUIEP CEpUU
ADuC.

KoHcTpykius MexaHu3Ma BCIUIBITHSL IPEACTABISAET OTAENIBHBIN BOIIPOC.

Pa6ora BeimonHena B pamkax ['oc3aganusa UIITC Ne rocperucrpanuu 124012700512-1.

Crnrcok UCHOIb30BaHHON JIUTEPATYPHI:

®enotoB I'. A. HoBas Momudukanus THIpOCTaTUYECKOTO METO/Ia ONPEACICHHS TUIOTHOCTH
MopcKoi BojibI // DyHmaMeHTanbHast v npukiaaaas ruapodusuka. — 2013. —T. 6, Ne 1. — C.58-65.
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WCCNELOBAHWE TPEWMHOCTOWMKOCTU KOHCTPYKLUWO
ANIOMAWHWMEBBLIX CNNABOB NPW ANWTENABbHOM BO3J4EMN
CTATUYECKOWM HATPY3KW N KOPPO3WMWOHHOW CPE
tzHdzy o 1.1
OI'BHY «MHCTUTYT IPUPOAHO-TEXHUYECKUX cUCTEMY, I. Coun, Poccust
stc-sochi@mail.ru

BoJbIIMHCTBO KOHCTPYKIMA HWMEIOT JUIMTENBHBIM CPOK SKCIUTyaTalldd M I10JIBEP>KEHBI
BO3JICHCTBUIO KOPPO3MOHHON cpeabl. YCIoBUS pabOThl MaTepuajla B KOHCTPYKLMU JUKTYIOT
HEOOXOJMMOCTh  OIpENEJICHUs] TapaMeTPOB MEXAaHUKU pPa3pyLICHUS B pEabHBIX YCIOBHIX
9KCIUTyaTalui. AJFOMMHUEBBIE CIUIABBI, IOJBEP)KEHHbIE HCIBITAHHUIO, IIMPOKO HCIIOJIB3YETCS B
MalllMHO-, CAMOJIETO- U KOPaOJIECTPOCHUN AJIsl CO3AaHUs 3AIUTHBIX 000JIOUEK U JeTaIel CI0KHBIX
TEeXHUYEeCKHUX cucTteM. OleHKa MapaMeTpoB KOPPO3UOHHON TPELIMHOCTONKOCTH KOHCTPYKIIMOHHBIX
MaTepHaJIOB B OCHOBHOM IIPOM3BOAMTCS C HOMOIIBIO YCKOPEHHBIX HCIBITAHUN W TPAKTUYECKU
OTCYTCTBYIOT JaHHbIC 10 HCHBITAHHWIO B HATYpPHBIX YCIIOBHSX INPUPOJHON cpeibl. BriOpanHas
Metonuka ucnbiTaHuil (OCT 90352-84) no3Bosimia UCCIENOBATh KUHETHKY Pa3BUTHS TPELIMHBI
IIMPOKOI'O CIEKTPa KOHCTPYKLMOHHBIX AJIOMHUHMEBBIX CILUIABOB B MOPCKOM KJIMMAaTe BIIAXKHBIX
CyOTpOITMKOB TIPH JJIUTEIBHOM JCHCTBUN HATPY3KU U KOPPO3UOHHON CPEIbI.

OKCIo3ulMs 00pa3loB OCYLIECTBISIACh [0/ HABECOM, IPU KOTOPOM, Kak W3BECTHO,
KOPPO3HOHHOE BO3AEHCTBHE O0jee 3HAYMTENbHOE, HEXENM Ha OTKPHITOM IUIOMAJKE 3a CYET
OO0JIBIIIETO OCAX/IEHUs] KOPPO3MOHHBIX areHTOB M HE CMbIBaHMs UX ocaakamu. [l mosmydeHus
uHbopManmuu O pabOTOCIIOCOOHOCTH Marepuaiga OOpaslbl, SKCIOHHPOBAIKNCH JO IOJIHOTO
paspymenus. OcCHOBHasi mapTHsi 0Opa3lOB U3 JAEBSITH CHCTEM IOJHOCTBIO pa3pyliwiach B 7-8
JETHUH CPOK 3Kcro3unmu, 6onee 10 et coxpanmimces oOpasisl cruiaBoB B-95T2, 1420 (pucyHok

a) 0) B)
Pucynok 1 — Baennuii Bua 06pasioB criaBoB B-95T2 (a), 1420 (6) mocne 10 ner,
a 1161T (B) mocne 7 et sKCIO3UIIUU B MOPCKOM aTMocdepe BIaKHBIX CyOTPOIUKOB

HaubGonee rdpdextuBHO 3apekomenioBan ceds criaB B-95T2, mocne 5 net skcrmoHupoBaHUs
MPUPOCT TPEIIMHBI ObUT MUHUMAIbHBIA (8,3 MM) U3 Bcell MapTHH UCHBITYEMBIX MaTEpUANOB, B TO
BpeMsi Kak, Hampumep, y cmiaBa 1161T on cocraBun 44,0 mMm. BBICOKYIO CTOWKOCTH K
KOPPO3MOHHOMY pPacTpeCKMBaHUIO Ui ciutaBa B-95T2 moarBepaunu M MOpOroBbl€ 3HAYEHHUS
ko3¢ duLeHTa UHTEHCUBHOCTU HampspkeHuil. Takum 00pa3oM, MOTy4eHHbIE JaHHBIE MO BIMSHHUIO
JUINTEJIBHOTO COBMECTHOIO BO3JECHCTBHS KOPPO3MOHHOM Cpelbl M CTaTMYECKOM Harpy3kud Ha
BS3KOCTh pa3pyLIeHHs] KOHCTPYKIIMOHHBIX aFOMUHUEBBIX CIUIABOB HCCIIETYEMbIX IEBSITH CUCTEM
HEOOXOJMMO YUYUTHIBATH B pacyeTrax IpH MPOSKTUPOBAHUU KOHCTPYKIHMH MO MPUHIUITY
«6e30nmacHON MOBPEXKAAEMOCTH.

PaGora BbImoiaHeHa B pamkax rocynapctBeHHoro 3amanus  UIITC mo  Teme
«CoOBepIIEHCTBOBAHNE TEXHUUYECKUX CPEJCTB U HM3MEPUTEIbHBIX MH(POPMAIIMOHHBIX TEXHOJOTHUI
UCCIIeIoOBaHMi PUPOIHBIX Boa» (Ne rocpeructpanuu 124012700512-1).

45


mailto:stc-sochi@mail.ru

sdMmlsjd Chodsttdy SR 05 j2 fMejH’

OUEHKA TOKCMYHOCTW BYPOBbBLIX PACTBOPOB
METOOAMMWMOTECTUMNPOBAHWA
t2Hdzj 9@ R4 RYW dz@d d@O T H3D . 1 . |
Mopckoii runpodusuueckuit uacturytr PAH, r. CeBactonons, Poccus
’MOCKOBCKHMii TOCY/IaPCTBEHHBIH YHUBEPCUTET TEXHOIOTHH 1 ynpapienus MIYTY
uM. K. I'. PazymoBckoro (IlepBblit ka3auuit ynusepcurer), r. Mocksa, Poccust
3000 «9koCepBuc-A», r. Mocksa, Poccus
svg-41@mail.ru

OyHKIIMOHUPOBAaHHE HE()TEra30BOro0 KOMIUIEKCA Ha mielb(e MOpEell M OKEaHOB CBSA3AaHO C
IIPUMEHEHHEM OypOBBIX PACTBOPOB, CBEJCHMS O TOKCUYHOCTH KOTOPBIX JUIsl OMOTHI OIpaHUYEHbI U
IIPOTUBOPEUYUBBI. JTU BEILLECTBA MIPEACTABIIAIOT COOOM CII0XKHBIE CMECH, B COCTaB KOTOPBIX BXOJST
BOJIa, CYCIEH3HMM, SMYJIbCUOHHBIE M a’PUPOBAHHBIC J>KUIKOCTH, OPraHUYECKHE PpacTBOPUTEIIH,
TSKENblEe METaJLJIbl, [JIMHA, NpeJHa3HAYECHHbIE I IPOMBIBKH CKBa)KUH MpU UX OypeHuH. bypoBbie
pacTBOPHI IpU MOMNAJAHUN B BOJHYIO CPEy B LI€JIOM HEraTUBHO BIIMSIOT HA MOPCKUE HKOCHUCTEMBI,
TaK Kak MPUBOJASIT K HApyIIECHUIO POCTA, Pa3BUTHSA U BBDKMBAHUS I'MApOOMOHTOB. PaHHue cTaauu
pa3BUTHS BOAHBIX OPraHU3MOB Hanbosee YyBCTBUTEIbHBI K BO3/IEHCTBHIO 3arpsI3HAIOIINX BEIECTB,
B TOM YHCJIE TE€X TOKCUKAHTOB, KOTOPBIE COJIEPKATCS B TIPOIYKTaX OypEeHHs.

Ilenbto HacTosimiel paboOThl SBUJIACH OLIEHKA TOKCHUYHOCTH pasHbIX BHUJOB OYpOBBIX
pacTBOPOB C WCIOJB30BAHUEM pPa3BHBAIOLIMXCS SMOPHOHOB pycckoro ocerpa Acipenser
gueldenstaedti B kauectBe TecT-00bekTa. M3ydanu BiusiHMe OypOBBIX PAacTBOPOB Ha BOJHOM
OCHOBE B pa3HbIX KOHLEHTpPALUsAX Ha BBDKMBAEMOCTb OIUIOJOTBOPEHHON HMKpBI, MPEIIMUYNHOK U
JMHAMUKY UX BBIKJIEBAa B IPecHOM U 5%o cosieHON Boje. Pe3ynbTaThl mcciieoBaHUM MO3BOJIWIN
BBISIBUTh TOKCHUYECKOE JEWCTBUE TECTUPYEMBIX BEIECTB HA pPAHHUE CTAaJUU pa3BUTUS pPBbIO.
Habntonaemble 3¢ ¢dexThl 3aBUCeNN OT KOHLEHTPALMM U BPEMEHU BO3JEHCTBUS TOKCUKAHTOB, YTO
MO3BOJIMJIO ClieNaTh MPEANOIOKEHHE KaK O MEXaHM3MaxX TOKCHMYHOCTH BEIIEeCTB, TaK U O
BO3MOJKHBIX MOCTIEICTBUAX JJIS UCCIEAYEMBbIX OpraHn3MoB. OOHapyXeHa pa3udHasi TOKCUYHOCTh
OYpOBBIX pacTBOPOB, KOTOpas MPOSBIISAIACH B TOCTOBEPHOM CHUXEHHH BBDKMBAEMOCTH SMOPHOHOB
Y 3aJI€P’KKE BBUIYIUICHHUS [IPEJIMYMHOK B ONBITHBIX TPYIIIAX 110 CPABHEHUIO ¢ KOHTposieM. [lomumo
3TOr0, KOJIMYECTBO BBUIYMUBIIMXCS MPEIIMUYMHOK MPU BCEX TECTUPYEMBIX KOHIIEHTpAIMsIX ObUIO
MEHBIIE, YEM B KOHTPOJIE.

VYcTaHOBNIEHHBIE TOKCHYECKHE 3(PQPeKThl OYpOBBIX pPAacTBOPOB MOTYT OBITH CIIECTBHEM
IPSIMOTO U HENPSMOTo AeUCTBUS THX BeulecTB. [Ipsimoe nelicTBue OypOBBIX pacTBOPOB BBI3BIBAET
ToKcudyeckue 3(Q(EeKTbl B pe3ynbTaTe HAIUYMS B HUX TSKEIbIX METaUIOB U OPraHUYECKUX
COEMHEHUI, KOTOpbIE HAKAIUIMBAIOTCS B UKPE PbIO U HAPYLIAIOT MPOLIECCHI )KU3HEAEATeNbHOCTU. B
COBOKYITHOCTHU 3TO MPOSIBISIETCA B YTHETEHUHU CKOPOCTH POCTa M Pa3BUTHS, MMOSBICHUN aHOMAJIUH,
3aJIepKKE BBIKJIEBA, IOBBIIIEHHOW CMEPTHOCTH AMOPHOHOB M JMYMHOK. Hempsmbie 3¢deKTs
nporecca OypeHuss u OypOBBIX PACTBOPOB OOYCIOBJIEHBI H3MEHEHHEM (YXYALIEHUEM) CpeIb
obutanus. Ilpu OypeHHH CKBaXXHH NMPOUCXOAUT O0Opa30oBaHME MHOXKECTBA B3BEIICHHBIX YacTHII,
KOTOpbI€ 3HAUUTEIBHO CHIKAIOT MPO3PAYHOCTh BOJBI JUISI COJIHEYHBIX JIydel, OcCelaloT Ha
MOBEPXHOCTH HMKPHUHOK, Hapyllas TeM caMbIM HOPMaJbHBIH OOMEH MEXIy OpPraHH3MOM MU €ro
cpenoit oburtanus. Kpome Toro, momagaHue KCEHOOMOTHKOB B BOJy H3MEHSAET €€ (U3HKO-
XUMUYECKHE CBOWCTBA, YTO TAK)KE OTPULIATENILHO BIMSET Ha Pa3BUTHE UKPHI PBIO.

Takum o0Opa3om, TeCThl Ha TOKCUYHOCTh IO3BOJISIIOT OLEHUTH Ouonoruuyeckue 3pGeKTsl U
KOHIIGHTPALMU, NPH KOTOPBIX PA3JIMUHbIE BBHIOPOCHI OYpOBBIX PAcTBOPOB U COpOCHl OypoBOTo
nulaMa OyAyT OKa3blBaThb BO3JEHUCTBHE Ha TECT-O0BEKThl. JKOTOKCHUKOJIOTHMYECKHE METOIbI
MO3BOJISIOT OLIEHUTH BO3/ICHCTBHE HAa OKPYXKAIOIIYIO CpPey Ha MPOTSHKEHUU BCETO IMKJIAa OypeHHUs.
DTOT KOMIUIEKCHBIN TMOAXOJ JaeT IEHHYI HMH(POPMAIMIO O TOCIEACTBUAX OYpOBBIX padoT,
CMOCOOCTBYSl TPUHATHIO OOOCHOBAaHHBIX pEIIEHUH B COOTBETCTBUM C TNPUHIMIIAMH OLEHKH
nporecca OypeHusi, IOMOTaloT B COCTaBJIEHUH KOJIOTMYECKUX Mpoduiel n aHanu3e BO3ACHCTBUA
JUIS pa3IMyYHbIX IyTel yNpaBiIeHUs OTXOAAMH.

46



sdflsj 3 Codstesdy QMY O8N j2 fMtejH'

TEXHONOI A NOBbLILWEHWNA KAYWECTBA TNPOTEKTOP
YNbTPA3BYKOBOIo nNEpBmMyHOr o MPEOBPA3OBAT
twLOdtse 1. ¢., 10O dltses [.¢., [dhEkzttss |
OI'BHY «MHCcTUTYT IPUPOAHO-TEXHUYECKUX cucTeM», . CeBacronois, Poccus
rjaz-17@yandex.ru

st abdexTuBHON paboOTHI yIbTPAa3BYKOBBIX MEPBHUHBIX MpeoOpazoBateneit (I'pexkoB u ap.,
2020) HEOOX0aMMO, YTOOBI MaTepHall MEPEXOHOTO CIIosi 00Jagan HeOONMbIIUM KOA(PHUITUEHTOM
MOTJIONICHUST  yJAbTPa3ByKOBbIX BOJNH. Jlyis  mpeoOpasoBareieid ¢ MbE30KEPAMUYECCKHMU
IUTACTUHKAMH, PabOTAIOIIMMH B JKUIKOCTSIX, 3THM YCIIOBUSM OTBEUYAIOT MIPOMEKYTOYHBIE CIIOW W3
TBEPAOM T€TEPOreHHOM CMECH Ha OCHOBE AMOKCUIHON CMOJIbl, B KOTOPOM B KQUECTBE HAIIOJIHUTEIIA
MpeyIaraeTcs UCIoIb30BaTh AIMA3HBIN MOPOIIOK.

HeoOxomuMoe BOJHOBOE  CONMPOTUBIICHHWE OOECIICYMBACTCS MaTepUAIOM, HMEIOIINN
CHEAYIOUIMNA COCTAB:

— amokcuaHas cMoiia — 10 B/4 (BECOBBIX YacTeil),

— aMasHbIi opomok — 30 B/4;

— o pup MI'®D-9 — 2 B/4;

— MOJIMATHUJICHIIOIMAMHH — 1,3 B/4.

[Tocne monuMepu3auu SMOKCHIHONW CMOJIBI HEOOXOIUMO OTIHUTH(OBATH CIIOH, YTO MO3BOJIUT
JOCTUYh HEOOXOJUMOM TONIIUHBI U 00ECIICUNUTh UACATBHYIO IIAIKOCTh TIOBEPXHOCTH. DTO BAXKHO
UIE  00ECIeYeHUs] MaKCUMAJIBbHOW A(PQPEKTUBHOCTH Tepeladd  yJIbTPAa3BYKOBBIX BOJH U
MUHUMU3AIHAN TOTeph Ha OTpaxkeHwe. Vcroib3oBaHHE a0pa3sWBHBIX MATEPHAJIOB C PA3TMYHOU
3€PHHUCTOCTHIO TIO3BOJISIET JOOUTHCS KA4eCTBa MPOTEKTOPA ¢ TpeOYEeMbIMHU TapaMEeTPaMHU.

Pucynox 1 — [IpeacrasieHa o01acTh IEPEXOAHBIX TMPOIIECCOB MOCIIE U3ITYICHUS 30HIUPYIOMIETO
UMITyJIbCa B UCTIBITHIBAEMOM 00pasIie

PaGora BeImomHEeHa B pamkax rocyxapctBeHHoro 3amanus  HIITC mo  teme
«CoBepIIeHCTBOBAHNE TEXHUUYECKUX CPEJICTB U HM3MEPUTEIbHBIX MH(POPMAIMOHHBIX TEXHOJOTHUI
UCCIIeIOBaHMi TPUPOIHBIX Bo» (Ne rocpeructpanuu 124012700512-1).

CnMcok uCnoab30BaHHON JTUTEPATYPHI:

I'pexoB A. H., I'pexoB H. A., CerueB E. H. CpenHeuacToTHBIE aKyCTHUECKHUE METOMBI U
CpezAcTBa s HCCIIe0BaHUs BOIHOU cpeabl: MoHorpagusi. — CeBacronons: UIITC, 2020. — 126 ¢c. —
ISBN 978-5-6044196-6-3.
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MPOBEAOEHWE WCNBLITAHWA HA BOAOMNOI JIOWEHWE OB
YITNENNACTWUKA B MOPCKOW CPEAE C KOHWMAOOHEM WN3M
rPABOMETPMWYECKWMWM METOOOM
4 Odzt dgd S s 1. |
OI'BHY «MHCTUTYT IPUPOAHO-TEXHUYECKUX cUCTEMY, I. Coun, Poccust
salnikovvg@rambler.ru

IIpn mnpoekTHpoBaHUM KOHCTPYKLUMOHHBIX y310B AHIIA wu3 yriemnactuka, HEOOXOAMMO
YUUTBIBAaTh BIMSHHUA Ha BECOBBIE U JE(POPMALMOHHO-NPOYHOCTHBIE XAPAKTEPUCTUKU SJIEMEHTOB
KOHCTPYKLUMH TaKUX IIPOLECCOB, KaK BOJOIOIJIOLUIEHHME MaTepuaja B MOPCKOM Boxe u
BJIAroIorjouieHue B armocdepe Mmoja HaBecOM, Ie MMUTUPYETCS XpaHEHHE M3JENHs B Pa3HbIX
KIMMaTUYEeCKUX 30HaX. JTH JBa Mpolecca B pa3HON CTENEHU YBEIMYMBAIOT MAcCy ammapara u oda
MOTYT NPUBOJUTH K YMEHbIIEHHIO 10 30% MPOYHOCTHBIX XAPAKTEPUCTUK 3a CUET IUIACTU(PHUKALIMU
Biaroi ceszyromero (HukomnaeB u ap., 2015). BaxHyro poib Mpu 3TOM UTpaeT BpeMs J1ecopOuunu
BJIard U3 oopasia Ha aTMOC(EPHOM CTEH/IE [10]1 HABECOM I10CJIE BOJOIOIIIOIIEHUS B MOPCKOM BOIE.

W3 nomyueHHOM KHHETMYECKOW KpUBOM (puUCyHOK 1) BHAHO, YTO HPUPOCT MACCHI
yIJIEIUIaCTUKA 3@ CYeT BJIArOMNOIVIOIIEHHsI HAa aTMOC(EpHOM CTEHJE 110/ HABECOM JIOCTUIAET
Makcumyma Am = 0,365% uyepe3 1365 cyTok 3KCHO3UIMM C JajJbHEHIINM MOHUKEHHEM 3a CUET
BBIBETPUBAHUS PA3pYyLIEHHOTO IOBEPXHOCTHOIO CJIOS CBA3YIOLIErO 3a CUET TEIUIOBOM M YaCTUYHO
Y® nectpykiuii CBA3YIOUIETO.
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Pucynoxk 1 — DkcriepuMeHTanbHass KHHETHYECKAsi KpUBasi K3MEHEHHSI OTHOCUTEIHLHOM MacChl
oOpa3slia yriernjaacTiKa Ha STMTOKCUIHOM CBS3YIOIIEM 3a cUeT copOuuu aTMocepHoil BIaru Ha
CTEHJIC MOJT HABECOM B TEIJIOM BJIAXKHOM KiimMare T. Coun, BOJOMOTJIONIEHUSI B MOPCKOH BOJIE U
JECTPYKIUU CBA3YIONIETO (TpaBuMeTprueckue uzmepenus 2015-2024 rr.)

IIpn mepemeniennn oOpas3la yriemiacTHKa Ha CTEHJ B MOPCKYI0 BoAy Ha 3234 cytku
HaOJI0JIEHUS €T0 OTHOCHUTENbHAs Macca ymMmeHbImmiach ¢ 0,226 mo 0,117% 3a cyeT cMbIBa OCTaTKOB
pa3pyLIEHHOIO paHee IMOBEPXHOCTHOIO CIJIOS CBs3yrollero. B nmanpHeilmeM ysenuueHne Am
MPOXOAWT 3a CYET BOJOMOINIONIEHUsT co cpeareit ckopoctbio 0,00115 %/cyr. HaOyxanue wu
paccioenue o0pasiia 3a BpeMs HCIbITaHui He Habmoaanock. [IpogomkaTh UCTIBITaHUS CAEeyeT 10
oTpeieNIeHUs] MAaKCUMAaJIbHO JOMYCTUMBIX 3HaYeHU AM C MOCIEAYIOLUUM ONpPEIeIeHUEM BpEMEHN
necopOuuu.

PabGora BbimomHeHa B pamkax rocymapctBeHHoro 3azanus UIITC mnmo  Teme
«COBepIICHCTBOBAHNE TEXHHUYECKUX CPEJCTB U M3MEPUTEIHHBIX MH(POPMAIIMOHHBIX TEXHOJOTHUI
UCCIIeI0BaHM IPUPOIHBIX BOo» (Ne rocpeructpanuu 124012700512-1).

Crnucox UCOIb30BaHHON JTUTEPATYPHIL:

Huxomaes E. B., Bap6oreko C. JI., AmmpeeBa H. Il., IlaBmoB M. P. KommiekchHoe
WCCIIeIOBaHNE BO3ACUCTBUS KIMMATUYECKUX M IKCIUTyaTallMOHHBIX ()aKTOPOB HA HOBOE MOKOJICHHE
SMOKCHUIHOTO CBA3YIOLIETO U MOJIMMEPHBIX KOMIIO3UIIMOHHBIX MaTepuasioB Ha ero ocHose. Yacts 1.
HccnenoBanue BIUSHUS COPOMPOBAHHOM BJIArM HA SMOKCUAHYIO MATPUIy M YIJICIUTACTUK Ha €e
ocHose // Tpyast BUAM. — 2015. — Ne 12. — C. 86-99.
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PA3PABOTKA METOBUMKMNA OB BEAWHEHHOW TETEPOTE
CETN MOHUTOPWHIA ATMOCO®PEPHOIO BO34Y XA
C MTPUNMEHEHVEMINTEKCA «METEOALO3OP»
s OB mizds. [ oMmMisdeldzjjosttddd . ¢.
1OI'AOY BO «CeBacTonoibCKuii rocyJapcTBEeHHBIH yHUBEpCcHTETY, T. CeBacTonoins, Poccus
2OI'BHY «HCTUTYT NPUPOIHO-TEXHHIECKUX CUCTeM», T. CeBacTonons, Poccus
SYSamoylov@sevsu.ru

OnHuM W3 HaNpaBJICHWM 3KOJIOTMYECKOW TMOJUTHUKUA TOCYJApCTBa, SIBISETCA OIPEACIICHUE
CaHUTApPHO-3aIUTHBIX 30H (C33) BOKPYT HPEeAUpUATHN C LIEJIBbIO 3alIUThl OKPYXKAIOUIEH Cpelbl U
HAaceJeHUs1 OT HEraTUBHOT'O BO3JEUCTBUSA. 3adacTyro pasmepbl C33 3aHMXKAIOTCSA, YTO MPUBOJIUT K
YXYALMICHUIO SKOJOTHYECKOH OOCTaHOBKH, HAHOCSIIEH BpEI OKPYXKAIOIICH Cpele M HACEICHUIO.
I'panunet u pynkuuu C33 cOOTBETCTBEHHO HOPMATHUBHBIM JJOKYMEHTaM JOJIKHBI (PUKCHUPOBATHCS C
MPUMEHCHHEM CHCTEMBI JKOJOTHYECKOI0 MOHHUTOpPHHTa atmocdepHoro Bo3ayxa (AB) mus
ompeieNeHUsT KOHIEHTpaluii W BuAa 3arpss3Hsoomux  BemectB  (3B)  cooTrBeTcTBEeHHO
METEOPOJOTUYECKUM JIaHHBIM.

Jlisa monydeHus: pe3yabTaTOB MOHUTOPHHIa HEOOXOAMMO OINpEAENUTh MeCTa MpPOBEIACHHS
3aMepOB Ha OCHOBE JIaHHBIX CBOJIHBIX pacdyeToB pacipocTpaHeHus 3B ot mect BbiOpocoB 3B Bcex
npennpusaTuil qaHHo mnpumopckoit tepputopun (Ilpukas..., 2019). O6bekToM wuccneaoBaHUs
SBJIAETCS TPUMOPCKAs TEPPUTOPHs, B 30HE KOTOPOH pAaclOiOXKEHbl OOBEKTbl HETaTUBHOTO
BO3JICUCTBUS: MEpPBOM U BTOpOMl kareropuu. lIpomsBeneHHBbIE CBOJIHBIE pacueTbl B IMPOrpaMMe
VIIP3A «Qxosory, onpeaeauin 30Hy, B KOTOPO (PUKCHUPOBAIUCH IO Pe3yJibTaTaM aHain3a KapT
pacceuBanust 3B Haubosbmire KoHieHTpaiuu crieayonmx Bemects: NO2, mbus — SiO2 3a C33
TEPPUTOPUI BHIOPAHHBIX OOBEKTOB.

Jlis mpoBepKHM NpPaBUIBHOCTH PACYETOB B JAHHOW 30HE OBLI YCTaHOBIEH aBTOHOMHBIN
M3MEPUTENIbHBIN KOMILJIEKC KOHTPOJS 3KOJOTMYECKOIO0 COCTOSHUS aTMOC(EpPHOro BO3AyXa U
METEOpOJIOTHYECKUX  mapameTpoB  «Merteo/lo3op»,  pa3paboranHblii  CeBacTONOIBCKUM
roCy/lapCTBEHHBIM YHHUBEPCUTETOM Ha OCHOBE HEIOPOTHX JaTUYMKAaX KOHTPOJSI OKpYyKarolen
cpeabl. llens naHHOM omepanuu Obula ONpPEAETUTh TEXHUYECKHE BO3MOXKHOCTH JIAHHOTO
KOMILIEKCa.

PesynpraTthl HaOmMIONEHUH, MpOBOIMMBIE C MapTa Mo ceHTsA0pb 2024 r. Ha yKazaHHOU
IIPUMOPCKOM TEPPUTOPUM € NOMOILIBIO KoMmIulekca «Mereo/lo3op», NOKazaayu NPEBBILIECHUS
npeeabHO-I0NyCTUMBbIX cpeaHecyTouHbix koHmeHtpanuil (I1IJKcc) 3B mo wactumam meum 1,5
[TJIK u noaTBepmiIn pe3yabTaThl PACUETOB ISl ONIPEIEICHUS] PACIOIO0KEHUS TOYEK MOHUTOPHUHTA.

[IpoBeneHHBIE MCCIENOBAHMS MO3BOJIAIOT CHENIATh BBIBOJ, 4TO KOoMIuIeKchl «Meteo/lo3op»,
MO>KHO HCIIOJIb30BaTh Ui HAOMIOIEHUN U KOHTPOossl MOHUTOpHHra C33, ¢ 1enbio MOATBEPKACHUS
UX MPaBUIBHOCTH (DYHKIIMOHUPOBAHMS U, CIEIOBATEIbHO, KOHTPOJIS HKOJOTHUECKON 0OCTaHOBKH.
B cBsi3u C BBIIEU3I0KEHHON LIEIbI0 HAYYHOTO MCCIEIOBAaHUS SIBISIETCA pa3padOTKa METOJUKH
co3/laHusl OOBEIMHEHHON TeTepOreHHOM CEeTH KOMIUIEKCOB MOHMTOpuHTa AB mnpumopckoit
TEPPUTOPUH.

3amaun ucciefoBaHUs: — cOop HCXoAHOM HHPOpManuu 00 O0OBEKTaX HEraTUBHOTO
BO3JICHCTBUS U METEOPOJOTUUYECKOH OOCTAaHOBKH TEPPUTOPUU; — MPOBEIACHHUE CBOJHBIX PacyeTOB
paccenBanus 3B M omnpeneneHne TOYEK PaCIHOIOKEHUs KOMIUIEKCOB; — OLEHKA pe3YyNlbTaToOB U
noaTBepxkaeHue pukcupoBanHbix C33.

CrucoK UCTIOIh30BAHHOW JIUTEPATYPHI:

[Tpukaz MuHHCTEpCTBA MPUPOTHBIX pecypcoB U 3konoruu PD ot 29 Hoabps 2019 1. Ne 813
«O0 yTBEpX/IEHUH TIPABWII MTPOBEACHUSI CBOJHBIX PAcUETOB 3arps3HEHUs] aTMOCc(epHOro BO3/ayXa,
BKIrouas ux akrtyanusammioo» [/ Tlopran T'APAHT.PY: odwunmaneHbiii caiiT. — Mocksa.
Oo6nosisiercs B Teuenuu cytok. — URL: https://www.garant.ru/ (mata oopamenus: 10.09.2024).
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METOAObBl OBHAPY XEHNA YTEYEK B MNMOABOAHBIX TPYBC
gJ &3 SddzO RrR. 5.
OI'bHY «MHCTUTYT NpUPOJHO-TEXHUYECKUX cucTtemy, I. CeBacTonob, Poccus
arinasemykina@gmail.com

KittoueBbIM 311eMeHTOM WHGPACTPYKTYPhl HEPTSHOW U Ta30BOM MPOMBINIICHHOCTH SBISETCS
TPYOOIIPOBOHBII TPAHCHOPT, B TOM YHCIE IOABOAHBIN, MPU ATOM MPOTSKEHHOCTh MOABOAHBIX
TPyOONIPOBOJIOB ~ HEMPEPHIBHO  pacTeT.  BeneacTBue  KIUMAaTUYECKHX,  reo(pH3UYECKuX,
9KCIUTYaTallUOHHBIX, TEXHOTCHHBIX W HUHBIX (PAKTOPOB BO3MOXKHBI YTEUKH W3 TPYOOIIPOBOOB,
KOTOpPBIE HE TOJIBKO IMPOBOIUPYIOT SKOHOMHUYECKUHU yIiiepd, HO M HECyT yrpo3y s BOIHOMU
HKOCHUCTEMBI.

Mertoasl oOHapyKeHHsS YTE€YeK B TOABOIHBIX TpyOompoBomax (puc. 1) xapakTepusyroTcs
BBICOKMM MHOT000pa3ueM, OTJIMYAIOIIUXCS TOYHOCTHIO OOHApY)KEHUSI MECTa YTEUKH, YPOBHEM
JIOXKHBIX CpabaThIBaHUM, OBICTPOICHCTBHEM, HEIIPEPHIBHOCTHIO, CIIOKHOCTBIO H CTOMMOCTBIO. Psij
CTallMOHAPHBIX CHUCTEM omnucaH B pabdorax (Pponos, 2015) m (PeuibneBa, 2021). Ananus
JTUHAMHAYECKUX CUCTEM MpoBoauics 1o padoram (PeuibuieBa, 2021), (bobpuxos, 2023), (JIro6umos,
2024), a Takxe kopnycy nareHTHON nHpopmarun ®UIIC u BOUC.

BaxHpiMH 3ajauaMu, peNraeMbIMH  HAa COBPEMEHHOM JTare, SBISICTCS IOBBINICHUE
aJIalITUBHOCTH, O0ECHeYuBaIONIeil BO3MOXKHOCTH paboTaTb Ha pa3HbIX TpyOompoBoAax, u
MOBBIIICHUE YyBCTBUTEILHOCTH, 00SCIICUNBAIOIIEH O0OHAPYKEHHE MaJIBIX YTeUeK. ITO OMpEeAeIIseT
TEHJICHIIMIO K UCIOJIb30BAHUIO KOMOMHUPOBAHHBIX METOIOB MOIy4YeHHs] HHPOpMAIINH, a TAaKXKE BCe
00JbIIIEMY BHEIPCHHIO METOJIOB MAITMHHOTO O0yUYEHUSI.

I |
Tun cucrembl Teneynpasnsemas
CranunonapHas Jnnamuueckast
ABTOHOMHas
o Nsmepenne .
AKYCTHYECKHI JABICHHS DyopecieHTHBIN
Mertoa nosydeHust o o N3mepenue IIpe30-
uHbopMaLUH HTHHCCKAN CKOPOCTH MTOTOKA JMHAMHYECKUI
XuMHu4ecKkui TepMoxuMHUUECKUI KoMOuHMpoBaHHbIH
Merton o6paboTkn | | |
uHbOpMALIH DeHOMEHOIOTHYECKHE Marmmanoe MarunHoe
MOJIETT! 3peHne oOyueHne

Pucynok 1 — Metozpl 0OHapyXeHUS yTeUueK B MOIBOJHBIX TPYOOIpoBOAaX
Pa6ota BemonneHa B pamkax ['oczaganus UIITC Ne rocpeructparuu 124012700512-1.

Crnucok UCHoIb30BaHHOM JIUTEPaTyphl:

boopukoB A. WM., Anekceenko H. B. AkycTuueckue MeToisl OOHApYKEHHUS YTeueK
Hedre/razonposoaoB // CoBpemenHas Poccuiickas Hayka: akTyajgbHbl€ BOIPOCHI, TOCTHXKEHUS U
nHHoBaumu. — [lensa: Hayka u Ilpoceemenue, 2023. — C. 15-18.

Jlrobumo . E., Cokono JI. B. Konuenuus cygHa uisi MOHMTOPUHIA TOJBOJIHBIX
TpyOonpoBoioB U okpyxkarwomeil cpeast / Tpyasl Cankt-IleTepOyprckoro rocyaapcTBEHHOTO
MOPCKOTO TeXxHH4Yeckoro ynusepcuteta. — 2024. — Ne 1(9). — C. 74-89.

PeuterieBa FO. A. CoBpeMeHHBIE CIOCOOBI U CPEJCTBA JUATHOCTUKU M PEMOHTA MOABOIHBIX
nepexooB TpydonpoBoaoB // Bectauk MI'CY. —2021. —T. 16, Ne 9. — C. 1236-1263.

@ponos 0. A., AdanaceeB U. A., I'abapaxmanoB T. ®@. CucremMbl MOHUTOPHHIA YTEUEK
HepTH W HEPTENPOAYKTOB HA TOABOMHBIX IEPEXO/aX MAaruCTPaIbHBIX TPyOONpOBOAOB //
TpyOonpoBonnslii Tpancnopt. — 2015. — Ya: YIHTY, 2015. — C. 219-221.
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OUEHKA BO3MOXHOCTW WCMNONb3OBAHWA XRAROBDMAOI NN
KNETOYHOWMW CTEHKW B AEHAPOKNWUMATWUUYUECKWUX WCCH
sddz€$ddz 1.1
OI'BHY «MHCcTUTYT IPUPOAHO-TEXHUYECKUX cucTeM», . CeBacronois, Poccus

ppsilk@rambler.ru

JIns  pEeKOHCTPYKUMM NaJCOKJIMMATa [IMPOKO MCHOJIB3YIOT XPOHOJIOTMM  PA3JIMYHBIX
[IapaMeTPOB KCWJIEMbl TOJMYHBIX KOJEI JPEBECHBIX pacTeHud. B neHapoxinmarosioruu,
OTTOJIKHYBLIMCH OT MCIOJIb30BaHUS IIUPHUHBI FTOJUYHBIX KOJIEL, B HACTOSALIEE BPEMS, UCIIOJIB3YIOT
JaHHbIe TPO(UIS TUIOTHOCTU TOJWYHBIX KOJEl, UX THCTOMETPUYECKHE XapaKTEPUCTHKH, JaHHBIC
10 U30TOITHOMY COCTaBY TOJMYHBIX KOJjel U T.A. VMcnosb30BaHME HOBBIX MAapaMETPOB IOJUYHBIX
KOJIEI] TO3BOJISET YIYYIIUTh PEKOHCTPYKIMIO KJIMMAara B IPOLUIOM, IO3TOMY IEPCHEKTUBHBIM
SIBJISIETCS] IOMCK HOBBIX KJIETOYHBIX NIAPaMETPOB CTPYKTYPhI TOJIUYHBIX KOJIEL, KOTOPBIE OTPAKAIOT
pa3nuyHble  (U3UOJOTHYECKHE IPOLECCH], TNPOUCXOSIINE B JPEBECHOM pACTEHHH U, Kak
CIIEJICTBUE, OTPAXKAIOIIIE BIUSIHUE PA3TMYHBIX ()aKTOPOB BHEIIHEW CPEJIbI.

B nanHoO#l pabote nccienoBanuch XPOHOJIOIMM HOBOTO KJIETOYHOIO MapaMerpa - MHJIEKca
IJIOTHOCTU KJIETOYHOM CTEHKH TOJUYHBIX KOJIEL JUCTBEHHULIbI. [ITOTHOCTD KJIETOUHON CTEHKH IS
KOKIOW Tpaxeuapl ObUla H3MEpeHa C IOMOIIbI0 METOJOB M IPOrpPaMMHOr0 oOecHedeHus,
pa3paboTaHHOTO aBTOPOM paHee, C HCIOJIb30BAHMEM JaHHBIX MPOQHIIA IIOTHOCTH TOJUYHBIX
KOJIEll M XPOHOJIOTMSIMHM KIJIETOUHBIX I1apaMeTpPOB, TAKUX KaK IUJIOLIAAM IONEPEYHOTO CEYEHUS
KJIETKA U e€ KJIEeTOYHOUW cTeHKU. [Ipodunu MmiaoTHOCTH TOJUYHBIX KOJEH M3MEPSUIMCh METOJlaMu
PEHTreHOBCKOW  neHcuTomerpun  (aeHcuromerp Dendro-2003, Ilseiinapusi). XpoHOJIOTUH
KJIETOYHBIX MapaMeTpPOB M3MEPEHbl AaBTOPCKUM MPOrpaMMHBIM oOOecreueHreM, H300pasKeHus
TFOJUYHBIX KOJel[ ObUIM IOJIy4€Hbl C IOMOIIBI0 KOMIIBIOTEPU3UPOBAHHOIO MHUKPOCKOIIA
npoxoasmiero ceerta Axiolmager.D1 (Kapa Ileticc, I'epmanus). s BceX W3MEPEHHBIX T'OJUYHBIX
KOJIell IMOoJlyueHa OoOpaTHas HEJMHENHHas CBSA3b IJIOTHOCTU KJIETOYHOW CTEHKU C €€ TOJIUHOM,
KoTopas Oblla anmnpoKCHMHUpPOBaHAa HEJIMHEHHBIM MOJMHOMOM, C TIOMOILIBIO  KOTOPOIO
PacCUUTHIBAIOCH TEOPETUYECKOE 3HAUCHUE KJIETOYHOW CTEHKHW I JaHHOM €€ ToimuHbl. MHOekc
IUIOTHOCTH KJIETOYHOM CTEHKH PACCUMTHIBAICA KAaK OTHOIICHHE DKCIEPUMEHTAIbHOIO 3HAYEHHUS
IUIOTHOCTH KJIETOYHOM CTEHKM K €€ TeOopeTM4YeCKOMY 3HadeHHuio. B kaxxaom obpasue Obuin
IIOCTPOEHBI XPOHOJIOTUM HWHJAEKCA IUIOTHOCTH KJIETOYHOW CTEHKHM NJIsl 30H pPaHHEW M IO3J1HEN
JPEBECHHBI, a TaKXe JUIsl MEepeXOoAHON 30HbI. AHAIU3 Pe3yIbTaTOB KOPPEISLMOHHOIO aHalu3a
MOKasaja, uTo HaOJrofaeTcs 3HauMMash TMOJIOKUTEIbHAS CBSI3b MEXIY WHIUBUIYATbHBIMU
XPOHOJIOTUSIMU MHJIEKCOB IUIOTHOCTH KJIETOUYHOM CTEHKH JUIsl BCEX 30H Kouiblia. JlaHHBIN pe3ynabTaT
CBHJIETENICTBYET O HAJIMYMM OOLIET0 BHEIIHEro (akTopa, KOTOPBIH CHHXPOHM3MPYET BEIUYHHY
MHJIEKCA TJIOTHOCTH KJIETOYHOM CTEHKH Y MCCIEAOBAaHHBIX JEPEBbEB, MPOM3PACTAIOIINX HA OJHOM
Y4JacTKe, 4TO yKa3bIBae€T HA MEPCIEKTUBHOCTb UCIIOJIb30BaHUs JAHHOTO KJIETOYHOTO IapameTpa A
WCMOJIb30BaHMUSI B 3a/ladyax JICHAPOKIMMATOJIOTMU. TakXke HMHTEPECHbIM W MapaJoKCaIbHBIN
pe3yabTaT ObUI MOJYYEeH MpPU HCCIEIOBAHUU CBSI3U MEXIY HMHJIEKCAMH IJIOTHOCTH KIJIETOYHBIX
CTEHOK pa3HbIX 30H Kojbla. HecMOTpst Ha TO, YTO 30HBI TOAMYHBIX KOJIEL 0Opa3ylOTCsl B pa3HbIe
MEpUOJIbl BEreTalMOHHOIO CE30HA, MMEIOT pa3Hyl KIETOUYHYIO CTPYKTYpY U (YHKIHOHAIBHOE
HazHaueHue, K03(PPUIMEHTHI KOPPENIUd MEXIY HUMU MPUOIMKAIOTCS K €IUHHUIE, YTO TpedyeT
JAJIbHENIIETO UCCIIEN0BaHNUS.
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MCNONb3OBAHUWE K GAACK BCIENTIFIC ( KUTAN)
B METOOE B3XX AnNA ONPEAENEHWMA TMAY
MOz S s9 R. H.
OI'BY «HIIO «Taiipyn», r. O6auHCK, Poccus
Khalikov@rpatyphoon.ru

[Monumuknuyeckue apomarnueckue yriieBonopoasl (ITAY) npencraBisroT co0oil O0IbITYIO
IPYIIy OPraHWYECKUX COEAWHEHHWH ¢ JBYMs WM 0ojee KOHIECHCHPOBAHHBIMU apOMAaTHYECKUMHU
KOJIbIIAaMH, KOTOpBIE SBJISIIOTCS ILIUPOKO PACHPOCTPAHEHHBIMU 3arps3HUTENSIMU OKpY’Karolei
cpenbl (Xanukos, 2024).

Bo3MoxkHOCTH COBpEMEHHOM aHATUTHYECKON XMMHH HE MO3BOJISIOT HA MPAKTUKE ONPEACTATh
OJTHOBPEMEHHO COTHH 3aMEIIEHHBIX M He 3aMeuleHHbIX [IAY, mpucyTcTByIOHMX B OOBEKTaxX
NpUPOAHON cpenbl. B MHOrooOpasHbIX JUPEKTUBAX MPEAJaraercs MPOBOJUTH KOHTPOIb
KOHIeHTpauuid pazHoro umcia [IAY. C yuerom Baxknoctu ompexaenenus [IAY B oObekTax
MIPUPOIHOMN Cpebl MPUBJIEKAIOTCS COBPEMEHHBIE METOJIbl aHAJIN3a C BBHICOKOW CEIEKTUBHOCTHIO U
YyBCTBUTEIBHOCTHIO, TaKWe Kak Tra3oBas XpomaTorpadusi, BBICOKOI(PPEKTHBHAS IKUIKOCTHAS
xpomatorpadus (BDXKX), xpomaro-macc-crieKTpoMeTpusi.

B cBs3u c BBEOCHHBIMH CAaHKLIMSMH TPOTUB HAIIEH CTpaHbl MOKYNKA M HCIOJb30BAaHHE
KOJIOHOK Jis1 paznenenus [TAY B merone BOXX, nanpumep, Takux kak Envirosep PP, Supelcosil
LC-PAH u np., crana 6osbmioi mpoOiieMoi.

B nacrosmieit pabote mnpoBezeHa OIeHKa BO3MOXHOCTH HCIOJIb30BaHUs KoysoHku SLHPAH
546150 (Hawach Scientific, Kuraii) mis pazaenenus npuoputeTHbix 16 [TAY 1 HEKOTOPBIX IPYrux
C ONTUMM3AIMENH CKOPOCTHU MOTOKA, COCTaBa MOJABWKHOM (a3bl ¥ JJIMH BOJIH (PIIyOPUMETPUUECKOTO
JeTEeKTOpa.

Jns  wuneHtudukanuu W KolduuecTBeHHoro  ompexaenenus I[IAY  ucmonb3oBanu
dbayopumerpuueckuit aerektop «RF-20A» u nmerektop Ha OcHOBE aUOAHOW Matpuilbl «SPD-
M20A». Usmepenus npoBoamwnu Ha xpomarorpade «LC-20» (Shimadzu) ¢ xomnonkoit SLHPAH
546150 (150 x 4,6 mm; 5 mxm) (Hawach Scientific, Kutaii) u 3ammrtabsiM kaptpumpkem C18 (4 X 2
MM) Mpou3BojAcTBa (upMbl Phenomenex B yCIOBHSAX T'paJUEHTHOTO OHIIIOUPOBAHUS CMECHIO
areroHuTpuiia u Boasl oT 50% 10 90% (40 mun) u ganee 10 100% (50 MuH), Ipu CKOPOCTH MOTOKA
1,0 mui/mMmuH u Temmneparype konoHku 40°C. OObem anukBOTH Ui BBoAa mpoObsl — 10 Mkia. B
KayecTBE TPAJAYUPOBOYHBIX CTAHAAPTOB WCIONB30BAJIM CMECH M CTaHIAPTHBIE PACTBOPHI
uHauBUAyanbHeIX [TAY mpousBomactBa dupmsr «Supelco» u «Dr. Ehrenstorfer». IpaBuibHOCT
pesynabTaToB ompenencHuss [IAY moaTBepkmanu METOIOM «BBeACHO-HaineHo». Crnemyer
OTMETHTb, YTO HJIEHTH(UKALNIO alleHa(THIIEHa MPOBOJMINA C MOMOIIBIO JETEKTOpa Ha TUOIHOMN
MaTpHILE.

ITo Bpemenu ynepkuBanus Ha xpomarorpamMmax [TAY pacrnonaranuce cieayrommum o0pa3oMm:
HadranuH (9,5 mun), auenadrunen (11,1 mun), 1-metunnadranun (12,4 mun), 2-meTriHadTaINH
(12,9 mun), anenadren (13,7 mun), guyopen (14,1 mun), penanrpen (15,7 mun), anrpanex (17,2
MuH), ¢ayopanteH (19,4 mun), nupen (21,0 mun), 6ens(a)antpauen (25,6 muH), xpuseH (26,1
muH), Oens(e)mupen (30,5), oens(b)payopanten (30,9 mun), Oens(K)puiyopanten (32,2 mMun),
Oen3(OQmupen (34,2 mun), aubens(a,h)antpamnen (36,8 mun), O6ens(g,h,i)nepunen (39,5 mun),
unaeH(1,2,3Mmd)nupen (39,8 mun), antantpe (43,9 Mun), KopoHeH (49,2 MuH).

Crnrcok UCOIb30BaHHON JIUTEPATYPBHI:

XanukoB U. C. OueHka BO3MOXHOCTH TUarHOCTUKY HCTOYHUKOB 3arps3HEHHs] aTMOC(HEPHOTO
BO3yXa MOJIUIMKINYECKUMU APOMATUYECKUMU YITIEBOJOPOJAMHU IO UX KOMIIOHEHTHOMY COCTaBY:
monorpadus. PI'BY «HIIO «Taithpyn» Pocruapomera Poccun. — Tam60B: N3narensctBo FOKoHD,
2024.—-80c.
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KOHTAKTHbBIE HABNWAEHWA BHYTPEHHWX BOJIH B YETI
mddyj dzS s .
HNuctutyt okeanonorun um. [LI1. [llupmosa PAH, r. Mocksa, Poccus
ekhym@ocean.ru

VYuuteiBas Oomnbiioe pazHooOpaszue 3¢(HeKToB, KOTOpble BHYTPEHHHE BOJHBI OKAa3bIBAIOT HA
mopckue sxocuctembl (Woodson, 2018), BaXKHOCTh MX HU3YyYCHHS MPEACTABISIETCS CYMICCTBEHHOM
JUI 3KOJOTMYECKOI0 MOHMTOPHHIA COCTOSIHMSI MOPCKUX BOJ. XOTA B IOCJIEIHUE TOAbI s
HaOJIOZCHUs 3a IIOJIEM BHYTPEHHUX BOJH Ha IEpBbIM IUIAH BBIXOJAT JUCTAHIMOHHBIE METOJbI
30HJUPOBAHUS, KOHTAKTHBIE M3MEPEHHUs IMO-NPEKHEMY OCTAIOTCS IJIABHBIM HMCTOYHUKOM HOBOM
uHbopmanun 00 UX CTPYKType U napaMmerpax. B pabore mpeacraBieHsl pe3yabTaTbl HAOMOJeHUN
3a BHYTPEHHUMH BOJIHAMH Ha IIeib(e U B MPUCKIOHOBOH yactu YepHOro Mops. AHAIM3UPYIOTCS
KBa3UMHEpLUOHHble BHyTpeHHMe BosiHbl (KMBB), 3apeructpupoBaHHble 10  JaHHBIM
MPOJOIDKUTENBHBIX ~ BEPTHUKAIBHBIX  NPOQWIMPOBAHUA  BOJHOW  TOJNIIM  aBTOHOMHBIM
npodunorpapom Axsanor (OctpoBckuit u ap., 2013). OGcyxaaroTcss pe3yabTaThl PErUCTPALUU
BHYTPCHHHUX BOJIH Ha 4YETHIpEX 3asAKOPEHHBIX TEPMOKOcax B akBaTopuu [omy0oil OyXThI
(I'enenmxuk) B utone 2023 r.

BeisaBiieno, uro KVIBB nOMHHHpYIOT B DJHEPreTMYECKHX CIEKTPax CKOPOCTH TEUYEHUM.
CrnexkTpanbHbIil aHaaM3 BpaLaTEIbHBIX KOMIIOHEHT CKOPOCTHM TEYEHMH BBIABWJI IIMK Ha
MHEPLMOHHON YacTOTE C BPALEHUEM 110 YacOBOI cTpelsike. AHaNIM3 JIaHHBIX MOKa3all IPUCYTCTBUE
KVBB B ce30HHOM MNUKHOKJIMHE B JIETHMH MEPHOA M B IOCTOSHHOM IHUKHOKJIMHE 3HUMOM.
BbIsiBII€HO, 4TO 3UMOI B OKOJIOMHEPLIMOHHOM JHAara30He 4acTOT YPOBEHb KMHETUUYECKOM dHEepruu
6bu1 Bbie Mexay 40 M 1 80 M M jocTUrag MakCUMyMa B CJI0€ OCHOBHOI'O IMUKHOKJIMHA. JleTom
BBICOKMI YpOBEHb KHHETHYECKOW »HHepruu HaOmomancs A0 Tayounel 80 M, mocie uero
yMEHbIIAJICs ¢ ITyOuHOM. JleToM ypoBeHb 3HEepruu ObUT Ha MOPSAAOK HUXKe, yeM 3uMoi. Mexny 80
M U1 95 M OOHapyXeH CJIOil MUHUMyMa 3HEPTUU. AMIUIUTYAAa KBa3UMHEPLHUOHHOW KUHETHUYECKOMN
SHEpPrUM IOKa3ajla TECHYIO CBS3b C BEPTUKAIbHON cTpaTu(uKaluei, npuyeM ee MakCUMyM U
MUHUMYM COOTBETCTBOBAJIM MAaKCUMYMYy U MUHUMYMY YaCTOTHI IJIaBY4ECTH.

IIpoBeneHa oOlLleHKa OCHOBHBIX MapaMeTpOB, HAOJIOJAaEMbIX KOPOTKHMX BHYTPEHHHX BOJIH,
3apEeTUCTPUPOBAHHBIX B TpHOpexHOoi 30He B [omyboi Oyxte. [lepmoasl BOJIH HAXOIWIHCh B
npenenax ot 4 no 20 muH, ckopocth aocrurana 0,1-0,3 M/c, a npeMMyIIeCTBEHHOE HaIlpaBJICHHUE
ObU10 Ha Oeper. IHTeHCUBHBIE I[yTH KOPOTKHUX BOJIH BBISBJIECHBI [IOCIIE€ YCUJICHUS BIOJIHOEPETOBOTO
CEBEPO-3alaJIHOIO TEUEHUSI.

JIOTIOJIHUTENBHO — TOKa3aHO, YTO B palloHE KOHTHMHEHTAJIbHOIO CKJIOHAa OCHOBHAs
BHYTPUCYTOYHAsE M3MEHUYMBOCTH KHciopona cBszaHa ¢ KMBB. Ilpu npoxokaeHuu BHYTpeHHEN
BOJIHBI-BO3BBILLIEHUS, Ha €€ rpeOHe HaldroAaeTcs MoabeM BOJ M3 Oosee TNyOOKHX CIIOEB, Tl
CoJIepKaHuEe KHUCIIOpOJia 3HAUMTENbHO MEHbIE, TaKUM OO0pa3oM, IMOJIXOJ BHYTPEHHEH BOJHBI
compoBOXaaeTcs aedunuToM kuciopoaa. B mpubpexnoit 3oue mpu nmoaxone KMBB nabmtomaercs
MaJICHUE YPOBHS HACBHIIEHUS BOJ KHUCIOpoAoM Ha ropu3oHte (moutu Ha 10%). IlomoOuble
W3MEHEHHUS COJEpaHUs KHCIOpOJa MOTYT MPHUBOJAUTH K KPUTHYECKUM H3MEHEHUSM YCIOBHM
cpeabl OOMTaHUs JUIsl IPUIOHHOM SKOCUCTEMBI.

Pabora BhIMONMHEHa B paMKax Tembl roc3amaHuss MwuuoOpHaykm Ne FMWE-2024-0024.
DKcIeAMLIMOHHBIE padoThl, a Takke oO0paboTKa M aHANM3 JIAHHBIX BBIMOJHEHBI MPU MOJIECPIKKE
rpanTa Poccuiickoro Hayunoro ¢gonma Ne 22-77-00055.

Crnrcok UCOIb30BaHHON JIUTEPATYPHI:

Octporckuii A. T'., 3anennn A. I'., ConoBeeB B. A., IuOynsckmii A. JI., IlIBoeB /I. A.
ABTOHOMHBII MOOWJIBHBIM amNmapaTHO-NPOTPAMMHBINA KOMILIEKC BEPTUKAJIBHOTO 30HIUPOBAHUS
MOPCKOM Ccpejibl Ha 3agKOpPeHHOH OyiikoBo# cranumu // Okeanonorus. — 2013. — T. 53, Ne 2. — C.
259-268.

Woodson C. B. The fate and impact of internal waves in nearshore ecosystems // Ann. Rev.
Mar. Sci. — 2018. —Vol. 10. — P. 421-441. — DOI 10.1146/annurev-marine-121916-063619.
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MOOENBOTERBNT HANMAOANTNPOBAHHAA
nmoa ycnoseumda KPBMOBOVOCTPOBA
yOoydje r.t., swmdsesmcd2 5. 1.,
OI'AOY BO «KpeiMckuii ¢peaepanbHbiii yauBepcuteT uM. B.W. BepHaackoro»,
r. Cumdepononb, Poccus
denis.chachiev@mail.ru, sosnovskiy.yv@cfuv.ru

3HayMMOE HampaBJIEHUE PA3BUTUS CUCTEM KOHTPOJIS OKPYKAIOLIEH Cpeabl — TEeKYyIIMi
MOHUTOPUHI arpoOMETEOpOIOTMYEeCKUX IMoKa3arened. OObIYHO Takue JaHHbIE COOUpaIOTCS
aBTOHOMHBIMU YCTPOMCTBaMH, KOTOPbIE NEpeaaroT HHPOPMAILIHIO TIOCPEICTBOM paanokaHama. J{is
yBenuueHus: 3(ppekTuBHOCTH PabOThl YCTPOMCTB cOOpa JAHHBIX, a TAKXKE A ONTHUMM3ALUU UX
pasmenieHus TpeOyeTcst OLCHUTh OTEPU PaAHOCUTHAIA.

B pabote paccMaTpuBaeTcst MOAEIN MOTEPU CUTHAJIA IPU PacpOCTPAaHEHUH B IPOCTPAHCTBE,
pUMEHUMBIE ISl ycTpoiicTB Tna LORa B ycnoBusix KpeiMckoro momyoctpoBa, Takue kak FSPL
(Free Space Path Loss) u mogens ITM (Irregular Terrain Model).

Mogens FSPL He mpumeHnMa B peajbHBIX YCIOBHSX BBHIY OTCYTCTBHS ydeTa KaKMX-THOO
napaMeTpoB cpenbl, kpoMme paccrosHus. Mozgens |ITM yuuThiBaeT mepenaabl BBICOT, a TaKKe
aTMOC(epHBIE YCIOBHSA, OJHAKO YYET TOJBKO TaKUX MapaMeTPOB HE MO3BOJISIET JaBATh JOCTATOYHO
TOYHBIE IIPOTHO3BI.

Mogens moTeph pagroCHrHalla B CBOOOAHOM IMPOCTPAHCTBE SIBISETCS OCHOBOM ISl APYTHX
MoOJIeJIed U BBITJISIIUT CIEIYIOIUM 00pa3oMm:

00 ¢mI T CQ ¢cmrlITCQ o@&vy (1)
rae f— vacrora curnana B MI'n, d — paccTosiHUE B KM.

Psin aBropos (Heino et al., 2010) co3nanu Mojienb, OCHOBAHHYIO Ha MX U3MEPCHUAX, KOTOpas
Mo3BoJIsIeT 00aBuTh K Mojenu FSPL nmonpaBoyHble KO3 GUIUEHTHI, BBIYUCIIIEMbIE SMITUPHUUECKHU:

00 6 pméezl 1 G—, ()
rne B — GasoBeie motepu curHana, do — 0a3zoBoe paccrosiHue, 0 — Tekyliee paccTosHue, N —
MoKa3aTesb MOTePh CUTHATIA.

B psne crateii (Linka et al., 2018) Obutn mosyuens! pasHbie kod(duimeHTsr B JlopT™MyHie
(Tepmanmst) (B=132,25, n =2,65) u Oyny (®unnsanus) (B=128,95, n=2,32), a Taxxe npuBeneHoO
CpaBHEHHME pa3IMYHBIX MOJENeH moTepb curHaiga. Mojenb ¢ SMIUPUYECKH TOTy4aeMbIMU
KOd(QPUIHEHTAMH  TIOKAa3bIBAET  ONTHMAIBHOE  COOTHOIICHHWE  JIOKHOIIOJIOKUTENBHBIX U
JIOKHOOTPHUIIATENBHBIX OLIEHOK MoTepb. s ajmantaumu Mojenu moj ycioBus Kpbimckoro
MOJTyOCTPOBAa HEOOXOTUMO 00OpyIOBaHHE, ITO3BOJISIONICE OLEHUTH YPOBEHb IPUHHUMAEMOTO
curHasia. Moaynu LORa nmeroT BcTpoeHHbIN u3mMeputens RSS| — mokazaTens ypoBHS HPUHSATOTO
curHasia. J[ns OIEHKH TOTPENIHOCTH ATOTO IIOKa3aTellss B KAavyeCTBE STAIOHHOTO H3MEpPHUTENsS
UCIIOJIb30BAJICSA MMOBEPEHHBIN aHanu3aTop crektpa Anritsu MS2726C u anteHHblii kKomruiekT [16-
251 (;moronepuonnyeckas anteHHa 100 MI'n — 6 I'T'1y ¢ moBepkoif, mTaTuB AudeKTpudeckuil). bou
BBINOJIHEH DSl U3MEPEHUH ¢ Maoil MOLTHOCTBIO NepeaTunKa Ha pa3HoM paccTosiHuH. OO6paboTka
pe3yabTaTOB M3MEPEHHsI TOKa3ada Majoe OTKJIOHEHHE PealbHOTO YPOBHS CHTHAJa OT TOKa3aTels
RSSI monyns LoRa. MakcumanbHoe oTkinonenue 3Hauenuss RSSI ve npessimano 1dBm. Moaynu
Heltech LoRa V3 Obuti ycTaHOBIIEHBI B KOPITYC BMECTE C aKKyMYJISTOPAMH, CO3/[aHbI TIPOTPAMMBI
yIIpaBJIEHU MepeaouM MOYJIEM U IporpaMma Uit IPUEMHOI0 MOTYyJIsl, OTOOpa)aroas HoMep
MIPUHAMAEMOTO ITaKeTa M TEKYIIUi YpOBEHb CUTHAIA.

CrucoK UCHOIb30BAHHON JIUTEPATYPHI:

Heino P. et al. «Deliverable D5.3, WINNER+ Final Channel Models V1.0, CELTIC CP5-026
WINNER+ Project». — 2010. — URL: http://projects. celtic-
initiative.org/winner+/deliverables_winnerplus.html (access date: 01.06.2024).

Linka H., Rademacher M., Jonas K., Aliu O. G. Path Loss Models for Low-Power Wide-Area
Networks: Experimental Results using LoRa // Proc. Mobilkommunikation — Technologien und
Anwendungen, VDE ITG-Fachbericht Mobilkommunikation. — Osnabriick, 2018. — P. 10-14.
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QPPEKTMNBHOCTb OUNCTKW HEPTESATIPAI3IHEHHbBIX BO[L
MHEBMOCENAPMUMPOBAHWMA B MPUNCYTCTBUU TYMMHOBOT C
Y jteHOC &' O @cdzb y}jldaStistsmi!. fa © [ . |

'Pasanckuit rocynapcTsennsiii yuusepcuter umenu C.A. Ecenuna, r. Pazans, Poccus
’Pazanckuit uHCTUTYT ((unan) MockoBckoro I10MMTeXHUYECKOTO YHUBEPCHTETA,
r. Psa3ans, Poccus
cerdakova@yandex.ru

B OonpmIMHCTBE THUMOB CTOYHBIX BOJl, OOPa3yIOUIMXCS B pe3ylbTaTe XO3SHCTBEHHOM
NESTeIbHOCTH, HPUCYTCTBYIOT HE(QTENPOAYKTHl B 3MYJbIMPOBAHHOM COCTOSIHUM. TexHonorum
yJaaJleHus: HeTEeNPOJYKTOB U3 CTOYHBIX BOJ MO OOJBIIEH YacTH OCHOBBIBAIOTCS Ha IpoOLEccax
JecTadmM3anud HEPTAHBIX AMYJIbCUM (Koarymsaius, Guokyasiuus u 1p.). OgHako mpuUMEHEHHUE
JAHHBIX METO/IOB TEXHHUYECKH CIJIOXKHO, YTO YacTO CONPSIKEHO ¢ HKOHOMHUYECKUM acriektoM (Li et
al., 2016; Jafarinejad, 2017). Ilo Hamemy MHEHUIO, aJbTEPHATHUBY MOTYT MPEJICTABIAThH
WCTIOJB30BAHUE JJII OYMCTKH METOABI ITHEBMOCENapaluu, CYTh KOTOPBIX 3aKJII0YaeTcs B
BO3AYIIHOM O0apOOTHPOBaHUM CTOYHBIX BOJ B TYpPOYJIEHTHOM pEXKUM. OTO MNPUBOIUT K
pa3pymeHUIO aJICOPOIIMOHHBIX KOJUIOMIHBIX TUICHOK Ha KaIISX He(TENPOIYKTOB, UX CIHSHUIO U
OCAXJICHHIO C TMOCIEAYIOUMM yraieHueM. IIHeBMocenapupoBaHue 3arpsi3HEHHBIX BOJ| CUMTAEM
11eJ1eco00pa3HbIM MPOBOANTH B MPUCYTCTBUH T'YMHHOBBIX BELIECTB M MPENApaToB Ha UX OCHOBE,
KOTOpbI€ BBUJY CBOEH XMMHYECKOH I'e€TepOre€HHOCTH CIOCOOHBI BCTyHaTh B (PU3MKO-XMMUYECKHE
B3aMMOJICHCTBHS ¢ HE(PTENPOAYKTAMH, BIUSS TEM CaMbIM Ha 3PPEKTUBHOCTh OUYHCTKH.

Llenbto uccnenoBaHus SABISIACH OLEHKA 3()QPEKTUBHOCTH OYUCTKM CTOYHBIX BOJA OT
HePTENPOYKTOB METOIOM ITHEBMOCETIAPAIMY B TIPUCYTCTBHHM T'YMHHOBOTO IIperapara.

B sKkcnepuMeHTanbHBIX HMCCIEIOBAaHMAX MCIIOJIB30BAINCh AarperaTMBHO  YCTOMUYUBBIE
OSMYJIBCHM Ha OCHOBE IMCTWUIMPOBAHHON BOIBI M HE(PTENPOAYKTOB Ppa3IMUHBIX (DpaKIiuii:
«IM3EJIbHOE TOTIJIMBO-BOJIAY; «O€H3MH-BOJIa»; «MOTOPHOE MAacllO-BOAA»; «Ma3yT-BO/ia», C HCXOTHON
KoHIeHTpanue HedrenpoaykroB 100 wmr/m, 130 mr/m u 150 wmr/a. MopenbHbIe 3MYIbCHUU
ITHEBMOCEMAapUpOBalld C TOMOIIbIO BO3AYIIHOIO KoMIpeccopa B TeyeHuu 1 daca. [locne 30 muH.
ITHEBMOCETApUPOBAHNUS B OMYJIbCUM BHOCUJICSI TYMUHOBBIN Ipenapat — rymar kanust B Buae 0,01%,
0,04% u 0,08% BoaHBIX pacTBOpPOB. KOHTposIeM CIyXHIu SMyJIbCHM 0€3 BHECEHHS T'ymara Kaus.
KputeprieM OIEHKHM BBICTYNaNa OCTAaTOYHAs KOHIICHTpalusi HE(TENpOMyKTOB, OmperenseMast
METOI0M KOJIOHOYHOM XpoMaTorpapuu.

VY CTaHOBIIEHO, YTO ITHEBMOCETIAPUPOBAHUE SMYIJIBCHH TO3BOJISIET CHHU3UTH KOHIICHTPAIIUIO
HedrenpoaykToB Ha 30-90% B 3aBUCHMMOCTH OT HX TUMa. MakcuManbHbIi 3¢ ekt HabmrogaICs Ha
BapHaHTaX ONbBITA C JWU3EIBHBIM TOIUIMBOM, TJ€ IOJ BO3JEHCTBHEM ITHEBMOCETAPUPOBAHUS €TO
KOHIIEHTpAalLlUsl CHWXKaach npaktudyecku Ha 90 %. Takxke BecbMa CYIIECTBEHHBIM ObUI pe3yibTar
OapOoTaka SMYJIbCHI ¢ OEH3MHOM U MOTOPHBIM MacjoM, 3 (HEKTUBHOCTh UX OYHCTKH COCTAaBIIsLIA
40-50%. Y munnmanbHbIi 2QPeKT oOTMeueH Ha BapHaHTaxX ¢ Ma3yToM, I'Jie TIyOHMHa OYUCTKU ObLIa
nopsiaka 30%.

[Ipu 3TOM HCIONIB30BAaHKE TyMaTa Kalus MPU MHEBMOCETIAPUPOBAHNUN IMYJIbCUH 3HAUUTEIEHO
CTUMYJIUPYET Tporiecchl ynaanenus HedrenpoaykToB (Ha 10—40%). YBenuyueHnue 10361 mpenapara
MIPUBOANT K YCHIJIEHUIO TaHHOTO Y deKTa.

Takum 00pa3oM, MTHEBMOCETIAPUPOBAHUE CTOYHBIX BOJ B MPHCYTCTBUU TyMaTa Kalus
SBIISICTCS MEPCHEKTUBHBIM CIIOCOOOM MX OYMCTKU OT HEPTEIPOIYKTOB.

Crnucok UCOab30BaHHON JTUTEPATYPBI:

A versatile and efficient approach to separate both surfactant-stabilized water-in-oil and oil-
in-water emulsions / Y. Li et al. // Separation and Purification Technology. — 2016. — Vol. 176. — P.
130-140.

Jafarinejad S. Treatment of Oily Wastewater // In book: Petroleum Waste Treatment and
Pollution Control. — Oxford, 2017. — P. 185-267.
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MAKETWPOBRHKMOHCTPYKUMMWN N SNEKTPOHHbLIX bBJ/NOK
OKEAHOTPAOMUYECKOIro 30OHAA W NPUEMHOW BA3O0BOI
ZzZOfso Odzse [ . 5.

OI'BHY «MHCcTUTYT IPUPOAHO-TEXHUYECKUX cucTeM», . CeBacronois, Poccus
neoton@list.ru

B mnacrosimiee Bpems, NMpH pelIeHUWH 3a7ad ONEpPaTUBHOrO cOOpa JaHHBIX M H3MEpPEHUS
(bu3NIEeCKUX MapaMeTpOB MOPCKOW aKBaTOPUH, CYHIECTBYET HEOOXOIUMOCTh B CO3JJaHUU YCIIOBHO-
Pa30BBIX 30HJIOB. DTHU 30HMBI JOJKHBI ObITH HEJOPOTUMHU U UMETHh ONEPATUBHBIM KaHal CBS3U C
06a30Boil  cranHmueil. B HcciaenoBaHMM  MPEACTABICHO  OMHMCAHUE  PAa3pabOTKU MO
HaBUTAlIMOHHON CHCTEeMbI Il okeaHorpaduueckoro 3oHma (ApxunkuH, 2009). BuemHuii Bua
npeJularaéMoil CUCTeMBbl M3MEPEHHUsl TpejcTaBieHa Ha pucyHke 1. PaszpaGorka Takoro mosmyns
SIBJIICTCS aKTyalbHOM 3a/1adyeil B cBeTe He0OX0IMMOCTH cOOpa ONEpaTUBHBIX JAHHBIX U U3MEPEHUS
¢usnueckux mapameTpoB Mopckod akBaropuu (CosoBbeB, 2000). 30HIBI MOTYT OBITh
WCIOJIb30BaHBI [ MOHUTOPUHTA U3MEHEHHI BaKHBIX TapaMETPOB MOPCKOW CpeJibl, UCCIEeI0OBAHUS
KIIMMaTta, OOHAPYKEHUS 3arpsS3HEHUN M IPYTUX BaXHBIX 3a1ad. s >QQEeKTHBHON peau3aiuu
TaKHX 30H/0B TpeOyeTcs pa3paboTKa Ha/IeKHOW CUCTEMBI CBS3HM U HABUTAIIUH.

PI/ICYHOK 1 — BremHmit B CUCTCMbI OKeaHOFpa(I)I/I"IeCKOl"O HU3MEPUTCIIBHOT'O

30H1a U 0a30BOI CTAaHIINHU

B cocraB cucrembpl u3MepeHHs BXOAAT u3MepuTenbHbld 30HI (M3) u paguonpuemHas
cranuus (PIIC). B coctaB U3 Bxoaut paguomonem (PM), nmpenHazHaueHHBIN U1 OCYIIECTBICHUS
cesi3u o paguokanany ¢ PIIC, GPS/IGLONASS monyiib.

B cocras PIIC BxomstT: paanomozaeM, MpeaHa3sHAYSHHbIN A 00ecreueHus IBYXCTOPOHHEH
cBs3u ¢ U3, nepcoHanbHOE BRIUUCIUTEIBHOE yeTpoiicTBO (IIDBM).

B cocraB oanexktponuku W3  BxomaT cremyromme y3ibl:  MuKpokoHTposiep (MK),
MpelHa3HauYeHHBIA NI yrpaBiaeHus: paboToi anekTpoHHoro 6ioka M3 mo 3amanHOM mporpamme;
panuomoneM (PM), mpenHazHaueHHBIN JJ1s1 Iepeayl JaHHBIX Ha OeperoByto win cyaoByio PIIC u
npuema komann ¢ PIIC; u3meputenbubiii moayns (MM); Oarapest aBToHomHoro nutanus (bIT);
¢nem Hakonutens (PH), nmpeqHasHauYSHHBIN A XpaHEHUS JTAHHBIX MU3MEPEHMM; pelie BCIUIBITHS
(PB); antennsiii 010k (AHT) ms pasmemenus anteHasl PM u GPS/ GLONASS moys.

Pa6ota BrmonHena B pamkax ['oczaganus UITTC Ne rocpeructpanun 124012700512-1.

Crnrcok UCOIb30BaHHON JIUTEPATYPHI:

ApxunkuH B. C., Jlazaprok A. 0., Jlepamos /I. E. Okeanonorus. UHCTpyMEHTapHbIE METO/IbI
W3MEpPEHHSI OCHOBHBIX TapaMeTpoB MOpckoit Boabl. — M.: Makc Ilpecc, 2009. — 335 c.

Conosbes 0. A. Cucremsl ciyTHUKOBOM HaBurauuu. — M.: Oko-Tpenas, 2000. — 270 c.
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OJNOPOPEPEHUWMANBbHBIA Noaxohd B PA3PABOTKE MOJAENV
M3IMEPEHNA NMNAOTHOCTW BOAbLI W AHANW3E OAHH
zdhCdde 5. ¢
OI'BHY «MHCcTUTYT IPUPOAHO-TEXHUYECKUX cucTeM», I. CeBacronois, Poccus
DOI'AOY BO “CeBacTonofibCKuil TOCYIapCTBEHHBIN YHHUBEPCUTET», T. CeBacTomnoiib, Poccus
iurii.e.shishkin@gmail.com

W3mepenue MIOTHOCTH >KUIKOCTEH, B YACTHOCTH MOPCKOM BOJIbI, UTPAET KIIFOYEBYIO POJIb B
MHOTOYHCJICHHBIX MNPUKJIATHBIX W Hay4dHbIX 3a/ayaX, TaKUX KaK D3KOJOTrHs, THIPOJOTUS U
yIipaBlieHHe BOJHBIMHU pecypcamu. Hanmuue TOYHOH U CBOEBPEMEHHOM MH(POPMALIUHU O TNIOTHOCTH
BOAbl TO3BOJISIET TMPOBOJIUTH OINEPATUBHBIA AaHATU3 XapaKTEPUCTUK BOJHBIX OOBEKTOB,
MIPOTHO3UPOBATh U3MEHEHHS MX COCTOSHMS U MPUHUMATH HA OCHOBE 3TOT0 OOOCHOBAHHBIC PEIICHHUS
(Shishkin, 2024).

Jliia perieHus NaHHOM 3a/a4ydl CYIIECTBYIOT OOIICTIPUHSATHIE METO/AbI U3MEPEHHS TUIOTHOCTH
BOJbI, KOXKJIbI U3 HUX MMEET CBOU IPEHUMYILIECTBA M OrpaHUYEHHUA. ['mapocTaTuyeckue MeTomAbl
OCHOBaHbI Ha U3MEPEHHUH JABJICHUS JKUJIKOCTH Ha OMpeeNIeHHOW IiyOuHe, HO UyBCTBUTEIBHBI K
BHEUIHUM BO3ACUCTBUAM. OCHUIOMETPUYECKHE METOAbl HCHOIB3YIOT HW3MEHEHUS YacTOThI
KojeOaHuil CeHcopa, NOrpYKEHHOIO0 B IKHUAKOCTb, HO TpPeOYIOT CIOXKHOM KaJInOPOBKH.
BuOpanrontbsie METOIbI U3MEPSIOT U3MEHEHUE PE30HAHCHON YacTOThl BUOPATOpa, HO MOTYT OBITh
[10/IBEPKEHBl MEXAHUUYECKUM IToMeXaM. AKYCTUYECKHUE METO/Ibl OCHOBaHbl HA U3MEPEHUH CKOPOCTHU
3ByKa B BOJI€, KOTOpasl 3aBUCUT OT €€ IUIOTHOCTH, OJJHAKO YYBCTBUTEJIbHBI K TEMIIEPAaTypHbIM U
coneHocTHbIM u3MeHeHusM (Kpacnonyo6err, 2024). Takum 00pa3oM O4E€BHIHO, UTO CYIIECTBYIOIIUE
METOJIbl H3MEpPEHUsl IUIOTHOCTH BOJbl TPEeOYIOT COBEPLIEHCTBOBAHMS B 4YacTU TOYHOCTH,
OBICTPOACHCTBUS U BO3MOXKHOCTH aBTOMAaTH3alluu 00paOOTKU JaHHBIX, OJHUM M3 MEPCHEKTUBHBIX
crocoboB KoTOporo sBisgercs AuddepeHnnaIbHble MOIX0Abl B MOJEIHUPOBAHUU IPOIIECCOB,
pacIupsonIre BO3MOKHOCTH [T co3/1aHust 3 (HEKTUBHBIX CHCTEM MU3MEPEHHUS U aHAIN3a JaHHBIX.

Jns pa3paboTKy MOJIETTH CHCTEMBI aHallM3a JaHHBIX 30HAUPOBAHHS OblIa MOCTPOEHA CHCTEMa
mudPepeHIIMabHBIX ~ YPAaBHEHUH, YUWTHIBAIOIIAS JUHAMUYECKUE WM3MEHEHHS JaBJICHUS U
TEMIIEPATYphl, a TAK)KE PA3HOCTb JABJICHUS MEXKIYy BHEIIHEH CPelod M pe3epByapa ¢ 3TaJOHHOU
KHUJIKOCTBIO

— CQOFV . F-fQ Y0 O--.- 0. -"-.000Q " . 900Q
rae o P- pasHocts naBieHus, Puzo t &~ AaBlieHne BHeUIHEH cpensl, Pi s odzaBlIeHne STaTOHHOM
KUIKOCTH, } dzO tc b NIOTHOCTh BHEIIHEHW KUIKOCTH, }1 Is OdtAUIOTHOCTh 3TATIOHHOM KUJIKOCTH, J —
yCcKopeHHe cBOOOJHOro majeHusi, h — BeicoTa crosba skuakocTH, f — QyHKIMS, omUCHIBarOIIas
3aBUCUMOCTh U3MEHEHUS JIABJICHHS OT TEMIIEPATyphl U MIIOTHOCTH JKUIKOCTEH.

B xone uccienoBanus pazpaboraHa MaTeMaTH4ecKass MOZEIb CUCTEMbI U3MEPEHNUS IJIOTHOCTU
BOJIbI, OCHOBaHHas Ha Jud¢epeHmanbHOM noaxoae. Co3laHHOE HAa €€ OCHOBE MpPOrpaMMHOE
oOecrieyeHre HaMpaBlIeHO Ha TMOBBIIICHHE KAayecTBa IMPOIECCOB M3MEPEHHUs W aHalu3a JaHHBIX U
MpeIHa3sHaueHo Ui MPUMEHEHHUSI B O0JIACTSIX: TMAPOJIOrMYECKUX HMCCIENOBAHUMN JIi MOHUTOPUHTIA
MOpEH1, 03€p U PEK C LIEIbI0 POTHO3UMPOBAHNUS TABOJKOB U 3aCyX, B IPOMBIIUIEHHOCTH JUIsl KOHTPOJIS
IUIOTHOCTH PacTBOPOB B TEXHOJOIMUYECKUX IpOLEccax, U MPHU DKOJIOTMYECKOM MOHMTOPUHIE Ui
OTCJIC)KWBAHMSI M3MEHEHHMM IUIOTHOCTH KaK WHAMKATOpa 3arpsA3HEHUN WIM aHOMAJIMH pPa3InYHOU
MpUpObl. Pe3ynbTaThl MOJIENBHBIX SKCIEPUMEHTOB MOATBEPAMIN 3((HEKTUBHOCTD MPEII0KEHHOTO
Metona. llepcrekTuBBI JaidbHEWIIErO0 pa3BUTHUS BKJIOYAIOT MAaclITaOMpPOBAaHHE CHUCTEMBI JUIs
obecrieyeHuss pabOTBI IN SItU W HWHTErpalMi0 B CYNICCTBYIOUIME HW3MEPHUTEIbHBIC KOMILICKCHI,
co3nannbie B UTITC.

Pa6ora BeimonHena B pamkax ['oc3aganus UIITC Ne rocperucrpanuu 124012700512-1.

Cnucok UCOJIb30BaHHOW JTUTEPATYPhI:

Kpacuonyoerr JI. A., umkua 0. E., Hlanosaxos O. 0. Mopckoil aBTOHOMHBINA 30HJI-
npoduiorpad // Cucrembl KOHTPOIS OKpykaroreit cpensl. — 2024, — Ne 1(55). — C. 42-52.

Shishkin 1. E., Krasnodubets L. A. Method for Dynamic Measurements of Autonomous
Underwater Probe Immersion Depth // Proceedings — 2024 International Russian Smart Industry
Conference,  Smart  Industry Conf. - 2024, - P. 939-943. - DOI
10.1109/ICIEAM60818.2024.10553897.
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CO3AAHVMWE W NPUMWMEHEHWE TNPOI PAMMHbBIX AN OPUT MOE
MAWLMHHOINIO OBYYEHWNA ONA OBHAPYXEHWMWA 3SKONOIMU
AHOMANTNWA B MOPCKWUX CWUCTEMAX
zdhCdde 5.
OI'bHY «MHCTUTYT IPUPOAHO-TEXHUYECKUX cUCTEM», I'. CeBacTonoib, Poccus
OI'AOY BO “CeacrononbCkuii rocyJapCTBEHHbBIN YHUBEPCUTETY, I'. CeBacTomoib, Poccust
iurii.e.shishkin@gmail.com

DKOJIOTUYECKOE COCTOSHME MOPCKHUX JKOCUCTEM  SBISCTCS KPUTHUYECKH BaXKHBIM  JUIS
NOJ/Iep)KaHUsl OMOJIOTUUECKOro pa3HOOoOpa3usi, oOecledyeHus pecypcaMH YeloBeKa U BBICOKOTO
KayecTBa *HU3HU B 1e0M. OHOM M3 KJIIOUEBBIX 337a4 B 9TOM HAalpaBJIEHUM SIBIISETCS OOHapy)KEHUE
aHOMaJIN (PU3UKO-XMMHUYECKUX MapaMeTPOB MOPCKOM Cpelbl, KOHTPOJIb MOMYJISIMHA THIAPOOUOHTOB H
BBISIBIICHHE TIOCTOPOHHHMX B3BeCEH, HAJIMYKME KOTOPBIX MOXET CBHUJETEIbCTBOBATH O HAPYIIEHHSIX B
MOPCKOH Cpefie, TAKMX KaK MOSBJICHHE HOBBIX HCTOYHMKOB 3arpsi3HEHHs WIM M3MEHEHUS B OayaHce
HKOCHUCTEM.

TpaauuuoHHBIE MOAXOABI MPOBEACHUSI MOHUTOPHHTA TPEOYIOT 3HAYMTEIbHbIE 00OBEMBI JaHHBIX
JUI TIPUHATHS peIleHUH W 0a3upyroTcs Ha METOJaX CTaTMCTUYECKOro aHaln3a JaHHBIX U IPOCTBIX
SMIIMPUYECKUX MOJXO0JaX, YTO Ha MPAKTUKE IPUBOJUT K 3ala3/blBAHUI0 MOJEIN OTHOCHTEIBHO
NPAaKTUKA U TPEMSTCTBYEeT BO3MOXKHOCTH OIEPATUBHO pPEarupoBaTh Ha H3MEHEHMsA. B 3Toil cBsA3m
BO3HHMKAaeT HEOOXOJUMOCTh CO3JJaHUsI MPOTPAMMHBIX AJTOPUTMOB Ha OCHOBE MAIIMHHOTO OOYYEHUs U
HEYeTKOM JIOTMKM Ul aHaju3a JaHHbBIX, MOJIYYEHHBIX C IOMOIIBI0 MOJENIEH cpelbl U U3MEPHUTEIbHOM
cucTeMbl (IUIOTHOMEpa W [Ip.), C IIeTbI0 OOHApYXKEHHs aHOMaIHi (PU3MYECKOH, XUMHUECKOW WIH
OMOJIOTHYECKON MPUPOABI B MOPCKOH cpene TpeOyrommMX MEHbUIMH 00beM MAaHHBIX ISl MPUHATHS
pEIIeHMIA ¥ KaK clieIcTBUE 00Iamaronmx 0osbineii peaktuBHOCTHIO ([nmikun, 2024).

[TnoTHOMEp M3MEPSET MIOTHOCTH MOPCKOW BOJIBI, KOTOPAst 3aBHCUT OT TEMIIEPATYPHI, COJICHOCTH,
HaJIM4Msl TIpUMeceil: B3Beceil u ruapoOHOHTOB. IlpumeM ypaBHEHHE COCTOSHHMS MOPCKOM BOIBI Kak
} =) ( T,,SneB i~ Guyoraocts Bomel, T— Temmeparypa, S— cojeHocts, P— nasnenwme, C-—
KOHLIEHTpAIMsl TNpuMeceil: B3Bece U TIMAPOOMOHTOB. AHOMaJIMM B 3THUX HapaMeTpax SBIISIOTCS
NPEIUKTOPaMH, YKa3bIBAIOIIMMH HA 3KOJIOTHYECKHEe MPOOJIEeMbl, MM MHIUKATOPAaMH, YKa3bIBAIOIIUMHU
Ha Takue SBJICHUS KaK NMPHUPOJTHBIE KaTaCTpO(bl WM SIBHOE aHTPOIOTEHHOE BMEMIATENHCTBO (THOENb
¢I10pBI M3-32 aJTBIOBUPYCOB WM HECAHKIIMOHUPOBAHHbBIE COPOCHI 3arpsA3HSIONINX BELIECTB).

ANTOpUTM  JETEKTUPOBAHUS AHOMAIWI  MOXXHO TpPEACTaBUTh B  BHIE  CICAYIOIICH
MOCJICZIOBATEILHOCTH: 1) Ha BXOJ| MOAAIOTCS JaHHbIE O TekyiieM coctosHuu cucremsl (T,S,P,Q
OCYIIECTBIISICTCS HOPMATU3AIH U OYUCTKA JAHHBIX OT BEIOPOCOB U IIYMOB; 2) AaHHBIE MPE0OPa3yroTCs
B HEUETKUE 3HAYCHHS C TIOMOIIbI0 (a33udpukanuu (mpeodpa3oBaHUE YHUCIOBBIX 3HAUCHHUN B HEUETKHUE
NEPEMEHHbIE, YTO IIOMOTaeT YMEHBIIUTH BIUSHHE TOYHBIX HW3MEPEHHH, KOTOpBIE MOTYT OBIThH
MIOJIBEPXKEHbI CIYy4alHBIM OIIMOKaM); 3) TPOUCXOAUT OLEHKA COCTOSHHMS C IOMOIIBI0 MOJENIH
MAIIMHHOTO OOYyYEHUs ¢ MOJKPEIJICHHEM, IJle CUCTeMa IOJIy4aeT OOpaTHYIO CBSI3b O MPaBHIBLHOCTH
CBOMX IPEACKA3aHUN U KOPPEKTHPYET aIropuT™; 4) ¢ MOMOIIBIO KiIacCU(UKAaTOpa NPOUCXOAUT pacueT
BEPOSITHOCTH AHOMAJIMH, €CIAM pe3ylbTaT MpPEBBIIIAET IOPOroBOE€ 3HAUYEHHE, TO CHCTEMaA
KJ1acCU(UIMPYET 3TO KaK aHOMAIIHIO.

[lepcniekTBBI AanbHENIIErO Pa3BUTUS MPEAJOKEHHBIX AJTOPUTMOB BKIIIOYAIOT MHTETPALUIO C
cUCTeMaMM JUCTAHIMOHHOTO M CIIyTHUKOBOI'O 30HJUPOBAHHUS, pa3pabOTKy OOJIaYHBIX CEPBUCOB JUIs
XpaHeHus: 1 00pabOTKU TaHHBIX MOHUTOPUHIA B PEAIbHOM BPEMEHHU, COBMECTHOE MX UCIOJIb30BAHUE C
OuoceHcopamu 711 6osiee CENEKTUBHOIO aHAIN3a M CHUKEHUS BEPOATHOCTEH JIOKHOTO cpabaThIBaHUSL.
MeTtoauku MalIMHHOTO OOy4YeHMs B COYETAaHMM C HEYETKOW JIOTMKOM MO3BOJISIOT pelllaTh 3aladyd B
YCIIOBHSAX HEOIPEAeIEHHOCTH M BAPUATUBHOCTH JIAHHBIX, YTO JIEJAeT aITOPUTMBI O0Jiee YCTOMUMBBIMU
K IIyMY ¥ OIINOKaM N3MEpPEHUH.

Pab6ota Bemonnena B pamkax ['oczaganus UIITC Ne rocpeructpanmu 124012700512-1.

Cnucok UCTIOB30BAHHON JIUTEPATYPHI:

[Mumkun FO. E., CkatkoB A. B. UH(popManmoHHble TEXHOJIOIMH HA OCHOBE MOJIMMOAEIBHOTO
KOMITJIEKCa Ul pelIeHHs 3ajad CUHTEe3a reTepOreHHOM MOHUTOPHHIOBOHM ceTu // CHCTeMbl KOHTpPOJIS
okpykatoieit cpeanl. —2024. — Ne 2(56). — C. 74-83.
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MPNMEHEHWE PAHEE PA3SPABOTAHHbBIX METOAOB P/
MECTHbBIX PA3MbBbIBRBEBTAX 3AWMNTHB MOPCKWUX BEPET
ZBHttS ¢ . [ .
OI'BHY «MHCcTUTYT IPUPOAHO-TEXHUYECKUX cucTeM», . CeBacronois, Poccus
ashodro@yandex.ru

Panee Obutn paspaboTaHbl METOABI pacdyéra pa3MbIBOB, OCHOBAaHHBIC HA IPEABAPUTEIHLHOM
pacuére WM 3aJaHUU KHHEMAaTUYeCKON KapTUHBI TeYCHHUs, MHPOPMALUU O MEXAaHHYECKOM COCTaBe
IPYHTA, THIIPABIMYECKUX OCOOCHHOCTSIX OOTEKaHMS JTOHHBIX YaCTHUII, @ TAKXKE O MX CBA3aHHOCTU U
IPaHyJIOMETPUIECKOM COCTaBE.

[TpakTHueckue pacueTsl pa3MbIBa MPOBOJATCA B HECKOJBKO 3TamoB. [Ipw m3BecTHOM THIIE
pa3MbIBa, YCTAHOBJICHHOM IO (pU3MUECKOW CyTH SBICHHS pa3MblBa M HUX KJIACCH(PHUKAINUN
(cocpenOTOYECHHBIN, PACCPENOTOYCHHBIM MO IUIOIIAAM JHA WIM IO JUIMHE Oepera pa3MBIBBI).
VHTEeHCHBHOCTH BBIHOCA TPYHTOB B BOPOHKAaX pa3MblBa M XapaKTep Pa3BHTHs Mpolecca pa3MbIBa
BO BPEMEHH OIIPEEIISUINCH B PE3yJIbTaTe 00paOOTKN HATYPHBIX JTAHHBIX HAOJIOACHHUN 32 MECTHBIMU
COCPEJOTOYCHHBIMH pa3MbIBAMH, CBSI3aHHBIMH C JICSITEIBHOCTHIO BHHTOOOPA3HBIX TEUYCHHH,
Pa3BHBAIOLIMXCS B BOPOHKAX, U ONPEACIAIONINX MIPEAETbHO BEICOKHE TEMITBI 1 00BEMBI Pa3MBbIBa.

Jlnist onpeesieHrsi KOHEYHbBIX 3HAYeHHUI TIIyOWH pa3MbIBa YUUTHIBAIOT HAKOTUICHHSI OTMOCTKH
B BOPOHKE pa3MbIBa IYTEM IIOCJIOWHOIO CYMMHPOBAaHHS KOJIMYECTBA YaCTHIL, OCTAIOUIMXCS B
KaXX/IOM CJIO€, TIOCJIE €r0 MepepaboTKu MOTOKOM. OCTaroTCs B KAKAOM CiI0e Te (PpakIiu, KOTOpbIe
KpyIIHEe HEKOTOPOr0 MHHHMMAJIbHOTO JMaMeTpa HECABMraeMoil uacTHLbl. ODTH KPUTHYECKHE
JIMAaMEeTPbl  OIPENENIAIOTCS, WCXOAS W3 3HAYCHUH MPHUIOHHBIX CKOPOCTEH W XapaKTEPUCTHK
TypOyJeHTHOCTH, HaWJEHHBIX JKCIIEPUMEHTAIFHO MM pacdéTHHIM myTéM. [yOuHa pa3mbiBa
OTIpEIeNIACTCS] CYMMHPOBAHUEM TOJIIUH CIIOEB, KOTOPBIE OCTAIOTCS IOCIIE BBIMBIBA M3 HHUX Ooliee
MENKOro rpyHTa. KpuTHueckue IauamMeTpbl 4YacTUI], OTBEYAIOUIMX HEPa3MBIBAIOIICH CKOPOCTH
COOTBETCTBEHHO  YPOBHIO  TYpOYJIEHTHOCTH, OINPEACISIOTCS  METOJIOM  HMMHUTAI[HOHHOTO
MojenupoBanus. [lpu 3TOM paccMarpuBaeTcsi OTpPHIB OAMHOYHBIX YacTUI[ C IOBEPXHOCTU
HECBSI3HOTO TPyHTAa C YYETOM 33JaHHBIX KHHEMAaTHYeCKHX  XapaKTEPUCTHK  TIOTOKA,
HEOJJHOPOJAHOCTH COCTaBa JOHHBIX OTJIOXKEHUH U (POPMBI YACTHIL.

Pacuer pa3mpIiBa OCHOBaH Ha OIPENEIICHUH TPUAOHHBIX OCPETHEHHBIX W ITyJIbCAIIMOHHBIX
CKOpOCTEHl MO SMIMPUYECKUM 33aBUCUMOCTSM aBTOpa. BBIUMCIAIOTCS CyMMBI TOJIIUH CJIOEB
IPYHTa, OCTAIOIIKECS Ha JTHE SIMBI, OT niepepaboTku rpyHTa (i) ¥ OT MpuBHECEHHBIX YacTHIl (T o

S:S(t9+ 9); 0

Pa3MbIB cumTaercsi 3aBepIICHHBIM, KOT/Ia CyMMa S cTaHeT OOJbIle OXKUIaeMOW TOJIIWHBI
OTMOCTKHU. /[[ns1 yuéra TpaHCHOpTa HAHOCOB OIPENEISAETCSI BpPEMS pa3MblBa COOTBETCTBEHHO
KaxaoMy mary no riyouHe. C momMouipio KpUBOM MEXaHMYECKOIO COCTaBa ONpEeAeNsieTcs O
4acTHUIl, KOTOPBIE OCTAIOTCA B SIME Ha Ka)kKJIOM LIary B COOTBETCTBYIOLIEM CJIOE€ C YUYETOM pacxoja
HAHOCOB, KOTOpBIE€ MOCTyMnaroT B siMy. KoHeuHas rimyOuHa pa3MmbiBa OINpeaessieTcsl TOW BBICOTHOMN
OTMETKOW, KOTOpasi COOTBETCTBYET TIJIyOMHE 3ajleraHusi pacy€éTHOro CIliosi, Ha KOTOPOM
BBINOJIHAETCS 3TO YCIOBUE.

[Ipeiaraemelii MeToa pacyéra pa3sMbIBOB MOXKET OBITh HCIIOJIB30BaH [UI  OLIEHKU
pa3MbIBarolIe CIOCOOHOCTH TaKKe M BOJIHOBOTO MmoToka. HeoOxoaumo nuilb 3HaTh XapaKTepHbIE
IIPUIOHHBIE CKOPOCTHM M XapakTep HMX HW3MEHEHUs BO BpeMeHHM. Ha ocHOBE 3THMX [aHHBIX
AQHAJIOTUYHBIM METOAOM OyayT ONpeneNnaTbcs KpPUTHUECKHE Hepa3MbIBAIOIIME CKOPOCTH U
KOHEUHasi ITyOUHBI pa3MbIBa.
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CEKLUWA 2

FrMOBANBbHBIE U PETMOHANBbHBIE W3MEHEHV
M OKPYXXAWWEW CPEJIbl
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CUMHOMNMTWMYHECKWNE YCNOBUA &OPMNPICPBEAMHANEDL HBIX OCAALKO
HA IOFrE BOCTOYHOW CUBUPWU U B MOHT ONUN
dbdelstsn ddZ2@ H dessatg dz |15 YYO¥s9) B b OWdzd LOWWd dfso  u . A .
'Nucrutyr onruku armocdepst um. B.E. 3yesa CO PAH, r. Tomck, Poccus
2HpKyTCKHii TOCYIapCTBEHHBIH YHUBEPCHTET, Teorpadudeckuii GpaxyinsTer, r. Mpkyrck, Poccus
3Cubupckuii pernoHanbHeli HAYYHO-MCCIEI0BATENbCKUM THIPOMETEOPOTOrHUECKUH HHCTHTYT
(OBI'Y «CUBHUI'MWNy), r. HoBocubupck, Poccus
*Tomckuii Tocy1apcTBeHHbIH yHUBEpCHTeT, . Tomck, Poccus
Antokhina@iao.ru

B paboTe Ha OCHOBaHMM CHHONITHYECKHUX KapT M JaHHBIX peananu3a ERAS paccmarpuBarorcs
KITIOYEBBIE MPOLECCHl aTMOC(HEPHON UPKYISAIMH, CBA3aHHbIE ¢ (POPMUPOBAHHEM SKCTPEMAaIbHBIX
ocankoB Ha Ttepputopun Boctounoit Cubupu m Monronuu. [lokazaHo, 4To B IMOJaBJISIONMIEM
OOJIBIITMHCTBE CITy4aeB SKCTPEMAIbHbBIE OCA/IKH CBSI3aHBI C MPOX0XKIEHHEM aTMOC(hEepHBIX (PPOHTOB
U LUKIOHOB, (OPMHUPYIOUIMXCA TMpU OapoKIMHHOW (a3e pocTa KPYMHOMACIITAOHBIX BOJIH.
VYcuneHne BOJHOBBIX TIPOLIECCOB B CpEeIHEH W BepxHe Tpomocdepe NPUBOAAT K CHIIBHBIM
IUKIOHWYECKUM JedopmanusM ToJs MOTEHIUAIbHON 3aBuxpeHHocTd (PV), HM3BECTHBIM Kak
«obpymenue (ompokuasiBanue) BomH» (Mclntyre, Palmer 1983; Krupchatnikov 2020). Ilpu
JalbHEUIIeM  IMKJIOHUYECKOM  ONPOKUIBIBAHMM  BOJHBI MOXET C(OpPMHUpOBATHCS WU
MOJIJICPKUBATLCS OJIOKUPOBAaHWE 3amaJHOro mepeHoca Haa Bocrounoit Cubupwsio u JlanbHUM
BocTokom. ATMocdepHoe OoKupoOBaHUE MOJXKET CrocoOCTBOBAThH JTUTIOJILHOMY
IIepepacipeeICHUI0 OCa/IKOB, U KaK CJIEACTBHE, BOSHUKHOBEHHIO MaBOJKOB B IOXHBIX pailOHAX
Cubupu ¥ 1OXAPOB B CEBEPHBIX. TakuM 00pazoM HAOMIOJAETCS B3aUMOCBS3b IMPOIIECCOB,
CBS3aHHBIX C OJKCTPEMAaJbHBIMU OCAJKaMH, M YCJIOBHUSIMM, CBSI3aHHBIMM C BO3HUKHOBEHUEM
MPUPOAHBIX mMoXapoB Ha ceBepe Cubupu u JaneHem Bocroke. BaxnHo oTMeruTh, 4YTO
BO3HUKHOBEHHE OJIOKHPYIONIUX AHTUIMKIOHOB HamOOJee YacTO OTMEYAaeTCs IOCie COOBITHIM
CWJIBHBIX OCAJKOB, 4YTO COIVIACYETCS C YBEIMYEHUEM OHMHUCCHM OT II0XKapOB B IIOCIEIHUE
necsituiietus (Antokhina O. et al., 2023).

AHanmu3 cuHONTHYECKUX KapT W KapT PV mnokaszan, uro mocime 2000-X mpOUCXOIUT
YBEJIMUEHUE YAaCTOThI XOJOIHBIX BTOPKEHUM MpU O0JIee 4acThIX Impoleccax COMMKEHHs N30JIMHUN
PV ymepeHHbIX MHPOT M CyOTpOnMKOB. JlaHHBIN BBIBOJ YyKa3bIBaeT Ha HM3MEHEHHE BOJIHOBBIX
MIPOLIECCOB, COMYTCTBYIOMIMX (POPMUPOBAHMIO SKCTPEMANIbHBIX OCaIKOB Ha TeppuTopuu BocTounoit
Cubupn um Monroauu. CMeHa BOJIHOBBIX IIPOILIECCOB BBIPAKACTCd B H3MEHEHHM MAaTTEPHOB
JABJICHHUS U MEPUIMOHAILHON KOMIIOHEHTBI CKOPOCTH BETpa B CpeIHEl M BepXHeW Tpomocdepe
COOTBETCTBEHHO.

HccnenoBanue BBITOTHEHO 3a cueT rpaHTa Poccuiickoro HayuHoro ¢onma Ne 23-27-00167
«CBs13b (OPMHUPOBAHHUS IKCTPEMATIBHBIX OCAJKOB Ha tore CHOHpHU C MpoleccaMu ONpPOKUABIBAHHS
BostH PoccOu u atmocdepHoro OaokupoBanus», https://rscf.ru/project/23-27-00167/.

CnucoK MCOJIb30BaHHON JIUTEPATYPBI:

Antokhina O. et al. Effects of Rossby Waves Breaking and Atmospheric Blocking Formation
on the Extreme Forest Fire and Floods in Eastern Siberia 2019 // Fire. 2023. — Vol. 6, Ne 3. — P. 122.

Krupchatnikov V. N., Borovko I. V. Rossby wave breaking and blocking events associated
with some atmospheric circulation regimes in the Northern Hemisphere based on a climate system
model (PlaSim-ICMMG-1.0) // IOP Conference Series: Earth and Environmental Science. — 2020. —
Vol. 611. — P. 012015.

Mcintyre M. E., Palmer T. N. Breaking planetary waves in the stratosphere // Nature. — 1983.
— Vol. 305, Ne 5935. — P. 593-600.
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PONb MACCATOB B ®OPMUPOBAHWWH VNG®BBEOLITAKIM HB Ab
bW OdzOM! }, 0 A wIfpCltej Ml dHhOBYUEESPO [ . 1.
'®I'BHY «MHCTUTYT NPHPOAHO-TEXHUUECKHX CHCTeM», T. CeBacTomnoinb, Poccus
2dI'AOY BO «TroMeHCKHil TocyaapcTBeHHBIH yHUBEpCUTET, T. TroMens, Poccus
afanasyeva.vladlena@mail.ru

B mocneanune 40 ner B BocTouHOW 4acth TuxXoro okeana HaOIIOJAeTCs IMOJNOKHUTEIbHAS
TEHACHLIMS W3MEHEHUs JaBJICHUS HaJl YPOBHEM MOps, IpU 3TOM, B HHJOHE3UMCKOM pErHOHE
JTUHENHBINA TpeH | AaBieHus: orpunarensHelii. CornacHo onenkam ordera |IPCC 3to obecrieunBaet
yCcuJIeHHE THXOOKeaHCckux maccatoB (Zhao, Allen, 2019). B cBoro ouepenb, yCHIICHHE MAaccaToB
JIOJKHO MPUBOJUTH K COKPAILIEHUIO KOJMYecTBa coObITHI Dnb-HUHBO, U, YBETHMUEHUIO KOJIMYECTBA
coOwrTuii Jla-Hunbs B Oyaymem.

Wupekc nmaccara, (trade wind index) mist sxBaTopuansHOi yacTi Tuxoro okeana (5°r0. mr. —
5°c. 11.) paccuuThIBaeTCs Mo KoMroHeHTe Berpa U st BeICOTHI ¢ gaBieHueM B 850 MO (uto
COOTBETCTBYET BbicoTe 0K0JI0 1500 MeTpoB). DT unaekcsl ocHoBanbl Ha peananuze NCEP NCAR.
B uccnenoanun ananusupoBaiiuch 3 unaekca: 3anaansid, TWI WP (5°0. mr. — 5°c. m1, 135°8. 1. —
180°), nenrpansubiii, TWI CP (5°10. m1. — 5°c. m, 170°3. n. — 140°3. 1) u Boctounsli, TWI EP (5°0.
m. — 5°. m, 135°3. m. — 120°3. nm). Bepuduxamus 47 moneneit mpoekta CMIP6 Ha ocHOBe
CTaTUCTUYECKOr0 aHajiu3a ucropuyeckoro nepuojga 1979-2014 rr. mo MoaenabHbBIM pacdyéTaM B
cpaBuennu ¢ peananuzoMm NCEP NCAR mno3pommna otobpaTh Monmenu AJisi U3yYEHHS U OLECHKH
M3MEHEHHUS TUHAMHUKHU NTACCAaTHBIX BETPOB B IKBaTOpUaIbHOM 30He Tuxoro okeana B nepuop ¢ 2024
mo 2100 rr. ms cuenapueB SSP2 — 4.5 u SSPS5 — 8.5. Kpurepuem mis BeIOOpa Mojesnei ObLIo
COBIaJICHUE 3HaKa TPeHJa B TPEX MHAEKCAX MacCaTHBIX BETPOB B cpaBHeHHH ¢ peaHanuzom NCEP
NCAR ¢ 1979 no 2014 rr. Becero 6b1u10 0T0Opano 9 Mojernei.

JlJig OLleHKH U3MEHEeHUs TMHAMUKY [accaToB B OyayiieM, ObUIM cO3aHbl aHcaMOIIu Moieneit
s qByx crueHapueB SSP. B ancam6iie miis skcniepumenta SSP 2 — 4.5 ygactBoBanio 6 Monenei
(INM-CM4-8, NorESM2-MM, CMCC-ESM2, CanESM5-CanOE, CESM2, AWI-ESM-1-1-LR).
Jns sxcriepumenta SSP 5 — 8.5, — 7 moneneii (HAdGEM3-GC31-LL, INM-CM4-8, NorESM2-MM,
FGOALS-f3-L, CMCC-ESM2, CESM2, HadGEM3-GC31-MM).

s cpaBHEHHs pe3yJibTaTOB C HUCTOpUYEeCKHM mepuogoM 1979-2014, psasl Oyaymmx
VU3MEHEHHUH OLIEHUBAJINCH B COOTBETCTBYIOIIMX 36-TH-1eTHHUX nepuonax ¢ 2024 mo 2059 rr. u ¢
2051 mo 2086 1.

Jlis olleHKM W3MEHEHHsS KoiuuecTBa coObITHil Dnb-Huubo u Jla-HuHbS pa3HbIX THUIOB U
CBSI3M C IaccaTaMmy, IMOJY4YEHHbIE Psiibl BeTpa cpaBHMBaIuCh ¢ psgamu TIIO, momyyeHHBIMH B
pabote (Bockpecenckas u nip., 2021).

MonenbHble pacuetsl 1o npoekty CMIP6 Ha nepuon 1o 2100 roga B paMkax 3KCHepUMEHTa
ONITUMAJILHOT'O 3KOHOMMYECKOro pazButus SSP 2 — 4.5 noka3aiu ociabiieHue MaccaTHBIX BETPOB.
D10 00YCIIOBUT B 1I€JIOM YBETWYEHUE KOJIMYECTBA COOBITUN WU MPOAOIKUTENBHOCTH Diib-HUHBO
U cokpanienue konnuectsa Jla-HuHbs unm ymeHbIIeHUE UX MPOAOTKUTEILHOCTH.

[TonobHbIe pacyeTsl B pamMKax SKCIepUMEHTa ¢ Haubosiee HeOJIaronpUsATHBIMU OYIyHIUMHU
n3MeHeHussMUA SSP 5 — 8.5 1o 2100 roga nmokaszajiu CyIeCTBEHHOE OCIa0IeHHe MacCaTHBIX BETPOB
Y COOTBETCTBYIOIINE U3MEHEHU apaMeTpoB Dnb-Huubo n Jla-Hunbs.

Crnrcok UCOIb30BaHHON JTUTEPATYPHI:

Zhao X., Allen R.J. Strengthening of the Walker Circulation in recent decades and the role of
natural sea surface temperature variability // Environmental Research Communications. — 2019. —
Vol. 1, No. 2. — 021003. — DOI: 10.1088/2515- 7620/ab0dab.

Bockpecenckas E. H., Mapuykora O. B., AdanacseBa B. B. OnieHka BO3MOXXHBIX U3MEHEHUI
noBToOpsieMocTH coObITH Dnb-Hunbo u Jla-Hunes k konmy XXI Beka no mozensm npoekra CMIP6
// CructeMbl KOHTPOJIs okpyxKatomen cpeapl. — 2021. — T. 4(46). — C. 14-21.
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M3IMEHYNMBOCTb PA3/TNYHbBIX KOMIOHEHKTIAHEIANTIOBOTI O
HA NMOBEPXHOCTW CEBEPHOW YACTWU ATNAHTUWUYECKO
10OLs 6® 1 pzsdzC 2 ¢ .
l®unmuan MT'Y um. M. B. Jlomonocosa B r. CeBacromnose, r. CeBacTomnoib, Poccus
2PI'BHY «MHCTHTYT IPUPOIHO-TEXHUUECKUX cUcTeM», T. CeBacTonons, Poccus
eisal@mail.ru, apolonsky5@mail.ru

Lenp paboThl — NPOAHATM3UPOBATH JOJTONEPUOAHBIE H3MEHEHHS IIOTOKOB TeIia Ha
noBepxHocTH CeBepHOWM ATHaHTHKHU. VICIONB30BaHBI CJEAYIOIIME MACCHUBBI CPEIHEMECSIYHBIX
TaHHBIX: 110 TypOyneHTHbIM siBHBIM (H) u ckpeiThiM (LE) moTokam Temia, KOpOTKOBOHOBOM (SW)
U 1uHHOBOJIHOBOM (LW) pamnanuu u3 peanamuza NCEP/NCAR 3a 1948-2018 rr. (Kalnay et al,
1996); 3HaucHHMS KIMMATHYCCKUX HHICKCOB ATIAHTHYCCKOW MYJbTHACCATHICTHEH OCIMIUIAIIUN
(AMO), Cesepoarnantuueckoro (CAK), Bocrtouno-Atmantuueckoro (BAK), BoctouHno-
Atnantrueckoro / 3anaaao-Poccuiickoro (BA3PK) u Cxanaunasckoro konebanuit (CK) 3a 1950—
2018 rr. B3arel ¢ caiitoB (Atlantic..., 2023; National..., 2022). Ilo namaeiM NCEP
pPacCUUTHIBAIUCH: CyMMapHble TypOyseHTHble NoToku Tersia H+LE; BenuuuHbl paguanimoHHOTO
OamaHca okeaHa R; BenmWYMHBI BHEIIHETO TEIUIOBOrO OajaHca TOBEPXHOCTH OKeaHa B.
[IpoBoauack oreHKa CpeaHEKBAAPATUUECKUX OTKIOHCHUM M JIMHEWHBIX TPEHIOB CPEIHETOI0BBIX
BennuuH (H+LE, R, B), ypoBHsa 3Hauumoctu TpenaoB. [locne ynaneHus ITMHEHHBIX TPEHIIOB M3
YKa3aHHBIX CPEIHEr0JIOBbIX BEIMYMH MPOBOIUIOCH PA3JIOKEHUE TTOTYYCHHBIX MACCHBOB aHOMAJIHI
MOTOKOB TeIJla Ha SMIHUpUYecKHe opToroHanbHble ¢GyHKiuu (D0®). OueHuBancs BKIAJ
muctepcuu (%) mepBbix detbipex DOD B obmryto usmenunBoctb H+LE, R, B. PaccuutsiBanuce
KO3 (HULIMEHTHl KOPPEJSAINH BPEMEHHBIX KOA(PGUIIMEHTOB MepBbIX deThipex DOD ¢ mHIeKcaMu
AMO, CAK, BAK, BA3PK u CK. Iloka3zaHo, 4TO B YMEpPEHHbIX M BBICOKHX LIMPOTaX
KIIMMaTH4ecKuii TpeHa B o00ycioBieH NperMyIIecCTBEHHO JIOJITONEPUOTHON H3MEHUHUBOCTHIO
H+LE, a B HM3KUX mIKMpOTax BKJIaJ 000MX KOMIIOHEHT BHelIHero TerioBoro 0ananca (H+LE u R) B
KIMMaTH4eckuii TpeHa B comocraBuM mo BenmuuHe. OOnacTH 3HAYMMOTO YBETHYEHUS MOTOKA
TeIJia U3 OKeaHa B aTMoc(epy MpUypodeHbl K OkpecTHOCTH [onbdcTprMa u 1IEeHTpaIbHON YacTH
CeBepHOro  CyOTPONMMYECKOTO  AHTHIMKJIOHHYECKOTO  KPYroBOpOTa. 3HAUYMMBbIE  TPEHJBI
YMEHBIIIEHNs TIOTOKa Telja M3 OKeaHa B arMocdepy OOHapyKeHbl B 30HE (OPMHUPOBAHUS
CeBepoarnaHTHUeCKON TIIYOMHHOW BOJHOM Macchl. B 9Tux o0nacTsx BKJIad AUCIEPCHUH,
OoOyCIIOBJICHHON JMHEMHBIMU TpeHAaMHu, B oOuIyl0 u3MeHuuBocTh B mnpesbimaer 30%, a B
OTJIENBbHBIX TOUKaX MOKeT aocturath 60-65%. Ilokazano, uro AMO oObscHsieT mopsiaka 7%
M3MEHYMBOCTH BHEITHETO TEIUIOBOro OajaHca MOBEPXHOCTH OKEaHa W CYMMAapHBIX TypOYJIEHTHBIX
MIOTOKOB Teruia, 6% M3MEHYMBOCTH paJuallMOHHBIX OTOKOB TEIJIa Ha MoBepxHocTH okeaHa; CAK
oOycnaBnuBaeT 7% W3MEHYMBOCTH paJUaAllMOHHOrO OanaHca TMOBEepXHOoCcTH oOkeaHa, 11%
W3MEHUYUBOCTH CYMMAapHBIX TYpOYJIEHTHBIX MOTOKOB Temia U 12% W3MEHYMBOCTH BHEIIHETO
TEIJTOBOTO OallaHca MOBEPXHOCTH OKEaHa.

PaGora BeimonmHeHa B pamkax goroBopa HUP «BnusHue mMOTOKOB Teria Ha H3MEHEHHS
TEIIOCOICP)KAHUS BEPXHETO CJIOS CeBEPHOW YacTH ATIaHTHYecKoro okeana» Ne 298-223/EI1-23,
Tembl roc3amanus Ne FFMM-2024-0016 «®yHnameHTalbHbIE WCCIEAOBAHUS TMPOIECCOB B
KJIMMAaTHYE€CKOW CHCTEME, OMPENCIISIONMNX MPOCTPAHCTBEHHO-BPEMEHHYIO U3MEHYHMBOCTH MOPCKOM
Cpelbl M MPHUIETAOIIUX TEPPUTOPUN B MIMPOKOM Auana3oHe macmTaboB» (Ne rocperucrpanuu
124020100120-9).

CnucoK MCTOJIb30BaHHOW JINTEPATYPHI:

Atlantic Multidecadal Oscillation Index // NOAA Physical Sciences Laboratory: website. —
URL.: https://psl.noaa.gov/data/timeseriess/AMO/ (access date: 15.01.2023).

Kalnay E., Kanamitsu M., Kistler R. et al. The NCEP/NCAR 40-year reanalysis project //
Bulletin of the American meteorological Society. — 1996. — Vol. 77, No. 3. — P. 437-471.

National Weather Service. Center for Weather and Climate Prediction // NOAA: website. —
URL.: https://www.cpc.ncep.noaa.gov/data/teledoc/telecontents.shtml (access date: 07.06. 2022).
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CUCTEMA RANGES HBEMA RAGWATWUYECKOW OBNACTW
PACMNMPOCTPAHEHNA KAWMATOOBYCNOBANEHHOINO dABI/
Il BEHOMsoady ¢. 5.

OI'BY «MHCTUTYT rI00aMbHOTO KIMMAaTa B 9KOJIOTHH UM. akal. FO. A. N3pasmsay,
r. MockBa, Poccus
bogda-anton@yandex.ru

MareMaTHueckoe  MOJAETHPOBAHHWE  KIMMAaTUYeCKOH  00JacTd  pacmpoCTpaHEHUs
KJIMMATOOOYCIIOBJICHHOTO SIBJICHUS SIBJISIETCS Ba)KHBIM MHCTPYMEHTOM Ui OLEHKU IOCIEICTBUIN
M3MEHeHHs KiauMara. llpm Takux THUHax pacyera OIpeneNsieTcss 4YacTh reorpaduyeckoro
MIPOCTPAHCTBA YCTOMYMBOIO CYIIECTBOBAHUS SIBJICHUS NPU M3BECTHBIX KIMMAaTe M OJaronpUsTHBIX
daktopoB cpensl miis dtoro siBneHus. Cucrema RANGES (CBumerenbctBo Pocmarenta No
2024668052) mo3BOJIAET TPOM3BOAUTH  TOJOOHBIC  pacueThl JJIsg  IIMPOKOro  Kiacca
KJINMaTOOOYCIIOBIEHHBIX siBIeHUN. OOCYKIAI0TCs pe3yIbTaThl PacUeTOB KJIMMAaTUYECKOW 00acTu
pacnpocTpaHeHUs! XJIOMKOBOW COBKM M HEKOTOPBIX ApYyrux Omonorumueckux Buaos (bormanoBud u
ap., 2023; Bogdanovich et al., 2023), a Taxke ciiydaum SKCTpEMajbHBIX SIBJICHUH (Ha MpUMEpe
3acyxu (bormanosuu u np., 2021). Mcnons3oBanuchk kiuMmaTudeckue naHubie s 1990-1999 rr.,
2030-2039 rr. u 2050-2059 rr. B yCclnoBHSAX pa3NUYHBIX cueHapueB. Jns Teppuropun Poccum
WCIOJIb30BAJINCh  KIMMATHYECKHE JIaHHbIe, pPAacCUMTAHHbIE C T[OMOIIBI0  PErHOHaIbHON
KIMMaTuiecko monenu [1aBHOM reodusmyeckoit oOcepBatopuu uMm. A. W. BoeiikoBa. s
rJI00aNBHBIX OLIEHOK pacdeT ObUT OCYIIECTBIIEH IO JaHHBIM KIMMAaTU4decko Moxaenu MHctuTyrta
BBIYMCIIUTENIbHONU MaTeMaTtuku PAH.

Crnrcok UCOIb30BaHHON JIUTEPATYPBI:

CBUAETENBCTBO O TOCYJAPCTBEHHOM peructpanuu nporpamMmbl s OBM Ne 2024668052
Poccuiickas @enepanns. Cucrema RANGES: Ne 2024666887: 3asBneno 19.07.2024: perucrpanus
01.08.2024 / bormanoBuu A. l0., CemenoB C. M., [oGpomro6o H. O.; mpaBoobnamarens
denepanbHOe TOCYAapCTBEHHOE OrOKeTHOE yupexaeHue «MHCTUTYT rio0aibHOTO KIMMata H
sKosnoruu uMeHu akaaemuka [O. A. Mspasnsay». — 3apeructpupoBaHo B Peectpe mporpamm s
OBM.

Bbornanosuu A. 1O., [lo6pomo6os H. 1O., Kpsutenko C. B., bapanuukos 1O. H., JIunka O. H.,
CemenoB C. M. Kummarmyeckuil apeanq HemapHOro uIeJKolpsiaa Ha Ttepputopun Poccuw,
COOTBETCTBYIOLIMM kinumaraM koHna XX Beka u XXI Beka // @yHAaMeHTalbHas U HpPUKIIaTHAS
kauMarosorust. — 2023. - T. 9, Ne 1. — C. 65-88.

bormanosuu A. 1O., I1aBnoBa B. H., PanpkoBa 3. f., CemenoB C. M. Bausaue usMeHeHUM
3acynumBocTH B Poccun B XXI Beke Ha MPUroOAHOCTb TEPPUTOPUI ISl BO3JEIBIBAHUS 3€PHOBBIX
KynbTyp // @yHaaMeHTanbHas U npukiaanas kaumaronorus. — 2021, —T. 7, Ne 1. — C. 20-35.

Bogdanovich A. Yu., Andreeva A. P., Dobrolyubov N. Yu., Krylenko S. V., Lipka O. N.,
Semenov S. M. Possible Expansion of the Climatic Range of the Mediterranean Fruit Fly Being a
Dangerous Fruit Pest // Russian Meteorology and Hydrology. — 2023. — Vol. 48, No. 1 — P. 72-78.
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KOIMNMATWYHECKWE AHOMAINTWWNW APKTWMWYHECKOIO PET MU
B MEPWVWOAbLl ABJEHWMIMHLDNHNKDL A
ltcdzHEC S0 O [ . 0., [OttykS¢seoO [. 1.
TrOMEHCKUI roCyJapCTBEHHBIN YHUBEPCUTET, I. TromeHs, Poccus
burundukovao@bk.ru

Onb-Hunabo HOxHoe Konebanue (DHIOK) siBnsercss ogHUM M3 PEKMMOB KIMMATHYECKOM
M3MEHYMBOCTU THIpOcdepsl U aTtMocdepbl 3eMiM B MEXroJoBoM MacmiTabe. SIBieHue mumeer
€CTECTBEHHOE MPUPOAHOE MPOUCXOKICHUE U MPOSBIISAETCS NMEPUOJUUYECKH KaXKIble 2—7 JIeT B BHUJIE
KJIMMaTU4YECKUX aHOMAJIBHBIX M3MEHEHUH, npoucxoniumx no Bcer ruanere. JHIOK okaseiBaer
pazIMyHOE BIUSHUE HA KIMMaT B 3aBUCUMOCTH OT cMeHbI (a3 Dnb-Hunbs u Jla-Hunbs. Dddexr
BIIUSIHUSL JIaHHOTO (eHoMeHa Hambosiee BbipaxkeH B IOxkHON Awmepuke. O0baHO Dnb-HuHBO
BBI3bIBACT TEIUIbIE W OYEHb BIAXKHBIE JIETHHE MEepuoiabl (¢ nexadpsi mo (eBpanb) Ha CEBEPHOM
nobepexne [lepy u B DxBasope, rae 4acTo MPOUCXOAAT 3HAUUTEIbHBIC HaBoqHeHUA. B MHoHe3MH,
OUIMNNUHAX U CEeBEPHOW ABCTpaTuU PEXKHUM BBIMAJICHUS OCAJAKOB CHUXKAETCS, YBEITUYMBAs
BEPOATHOCTh BO3HMKHOBEHMsI JIECHBIX INOkapoB. B CeBepHoll AMepuke 3UMbI CTaHOBSTCS Ooiiee
TeIUIbIMU. Ob-HUHBO Takke MPUBOIUT K CHIDKEHUIO AKTUBHOCTH AaTJIAHTUYECKHUX YparaHoB.
Bocrounas Adpuka, Bkmrouas Kenwmio, Tamzanmio m OacceitH bemoro Hwuma, ucmbIThIBaroT
JUIUTEIbHBIE CE30HBI JIOKICH C MapTa Mo Mail, 0KHbIE U IEHTpajbHble PEeruoHbl AQpUKU C
nexalpst Mo eBpaib IPeCcIeayIoT 3aCyXH.

B nenaBuem wuccnenpoBanuu (Zhong et all., 2024) Obi1 caenaH BBIBOJ, YTO COKpaIllEHUE
TUTOIIAIH JISTHUKOB CBSI3aHO HE TOJIBKO € INI0OANBHBIM NOTETUIeHHeM, HO U ¢ henomenom DHIOK.
B AHnrtapkTuke Ha 3amajge AHTaApKTHYECKOTO MOTyOoCTpoBa, 3emin Pocca, mopeit bennuncraysena u
AmyHjiceHa B rojipl Onb-HuHBO nOKpbIBaeTCs OONBIIMM KOJIMYECTBOM CHETra U JibJia, IIPU 3TOM B
1enoM ctaHoBHTCs Teriee. [locnencTBus HeqaBHUX MOBTOpsIOIUXCs siBneHui Jla-HuHbs BbI3bIBaAN
3HAUUTENIbHOE TMoTerieHne oT Mopst bodopra o I'pennanauu, 4YTO MNPOTHBOIIOJIONKHO
MOXOJIOJJaHUI0 B MacluTabax Bcero OaccelfHa M BHOCUT JONOJHHUTENbHBIM BKJIAJ B MOTEIJICHHE
Apxruku (Li et all, 2022). [ToaTromy 1enps HacTosield paboThl 3aKIH0YAETCA B TOM, YTOOBI BBISIBUTD
AHOMAJIMM TEMIEPATYphl BO3yXa U KOHIEHTPALIMH JIb1a B APKTUUECKOM PETHOHE B MEPUObI DIlb-
Huuro u Jla-Huuea ¢ 1950 mo 2023 rr. Pabora ocHOBaHa Ha KOMIIO3UTHOM aHAJIN3€ HAHHBIX O
CPEIHEMECSYHBIX 3HAUYEHUSAX TEMIIEPaTypbl BO3JyXa M CIUIOYEHHOCTH JIbJA, B3SATBHIX M3 peajlajin3a
NCEP/NCAR HauunonansHoro neHTpa nporsosupoBanusi okpyxkatouieit cpensl CIIA (NOAA) ¢
paspemenueM 2,5°x2,5° ¢ 1950 mo 2023 rr.

[lo pe3synbraraM aHain3a COCTaBJIEHA OLIEHKA B3auMOCBs3U Mexay ¢peHomeHom DHIOK u
(dbopMUpOBaHHEM aHOMAIIUH TeMIepaTyphl BO3yXa U KOHIIEHTPAIMH JIbJa B APKTUYECKOM PETHOHE
C HMCKJIIOUEHUEM BO3/ECUCTBUS CE30HHONW M3MEHUYMBOCTU M 3¢ (dekTa rinodaabHOro MOTEIUIEHUs 3a
nocnennue 74 roxaa.

Cnucok UCOJIb30BaHHOM JIUTEPATYypPHI:

Li J.,, Mu L., Zhong L. Frequent central Pacific La Nifia events may accelerate Arctic
warming since the 1980s // Acta Oceanol. — 2022. — Vol. 40. — P.62-69. — DOI 10.1007/s13131-
021-1843-x.

Zhong W., Shi Q., Yang Q. Wintertime Arctic sea-ice decline related to multi-year La Nifia
events // Advances in atmospheric scinces. — 2024. — Vol. 41. — P.1680-1690. — DOI
10.1007/s00376-024-3194-y.
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ob M3SMEHYUMBOCTWUW PACTBOPEHHOIO KMWCNOPOAOA B B
3ANAQHOIro WENb®A UYEPHOIoO MOPA B BECEHHWUW
l Odzdzy ¢. ¢., 1 ssdncd2 ¢. .1
OI'BHY «MHCcTUTYT IPUPOAHO-TEXHUYECKUX cucTeM», . CeBacronois, Poccus
ogorodovaa.a@mail.ru

Kak wu3BectHo YepHoe Mope SBISETCS IMOJY3aMKHYTBIM PacIpEeCHEHHBIM OacceiHOM C
YHUKAJIBHON T'HAPOJIOrO-TUAPOXUMUYECKON CTPYKTypoul. UepHOe MOpe HeNHuTCs Ha BEPXHIOIO
a’poOHYI0 U HIDKHIOI aHa’pOOHYIO 30HBI. BepxHMil Cll0il HACBIIIEH KHUCIOPOJIOM U paclpecHEH.
OTO B OCHOBHOM SIBJISIETCS CJIEACTBUEM 3HAUUTEIBHOIO PEYHOI'O CTOKA M BEPTUKAIBHOIO
nepememuBanusl. ['yOuHHBIE BOJABI, HAIPOTHB, XapPAKTEPU3YIOTCS MOBBIIIEHHONW COJICHOCTHIO
BCJIE/ICTBUE UX MPaMOPHOMOPCKOTO IPOMCXOXK/I€HUSA. B pe3ynbpraTe BepTUKallbHas TEpMOXaJIMHHASA
CTPYKTypa YepHOMOPCKHUX BOJ OYEHb HEOObIUHA.

PeuHoli CTOK BBIHOCUT B MOpE KaK paclpecHEHblE U HaCBIUICHHBIE KHCIOPOJIOM
MOBEPXHOCTHBIE BOJbI, TaK M BOJbI, 3arpsA3HEHHbIC OBITOBBHIMH, CEIbCKOXO3SWCTBEHHBIMH U
IIPOMBIIIJIEHHBIMU  OTXOAaMU. llocienHue yXyAllaloT 3KOJOTMYECKOE COCTOSIHME MPUOPEKHBIX
akBaropuii. K 70-m rogam 20-ro cTONeTHs aHTPONOTE€HHas HAarpy3ka BbIPOCIA A0 KPUTHUECKOTO
YPOBHS, YTO TMPHUBEIO K IBTPO(UKANHMHA BOJ W THUNOKCHH (Ie(UIIUTY KHUCIOPOAa) HA CEBEpoO-
3anagHoM 1menbde YepHoro mops (I'mmpomereoposorus..., 1991; bezdoponor, Epemeer, 1993;
3aitues u ap., 2006).

Lenpto naHHOW pabOTHI SIBISIETCA aHATU3 JIOJITONEPHOTHOW M3MEHYMBOCTH KOHIICHTPAIIUU
PacTBOPEHHOTO KUCJIOPOJIa B CEBEPO-3armaiHON yacTu YepHOro Mopsi B BeceHHUM nepuoj 3a ~100-
JETHUM MEePHUOJ] C UCIOIb30BAaHUEM apXHMBHOT'O MACCHBA JAHHBIX U BBIABUTH HauOOJee BEPOATHYIO
[IPUYMHY U3MEHEHUN TaKUX BPEMEHHBIX MacIITa0oB.

OcHOBHOW  pe3ynbTaT HacToAlled padOThl 3aKiOYaeTcss B CIEAYIOLEM. AHaIHu3
MEX/IECATUIIETHEW N3MEHUYMBOCTH KOHLIEHTPAIIUK PACTBOPEHHOI'O KHCIOPO/ia B BECEHHUI NEPUOJ] B
ceBepo-3anaaHoM 1enbhe YepHoro Mopsi, BHIIOIHEHHBIH MO apXUBHBIM JTaHHBIM ¢ 1923 mo 2022
IT., IO3BOJIMJI CAENAaTh CleAyrolue BeIBOJAbl. OOHApYKEHO, YTO B CEBEPO-3araJHON 4acTh MOps B
nepuof ¢ 1923 mo 1932 rr. Habmonanuch camble HU3KKE 3a mociennue 100 meT KOHIEHTpaluu
KHCIIOpO/la, PAacTBOPEHHOTO B TOBEPXHOCTHOM cJio€ BOJA. B mepByio ouepear 3TO CBS3aHO C
IIPOrPEBOM IOBEPXHOCTHBIX BOJ| B YKa3aHHBIM mepuoa. BTOpUUYHBIM MMHMMYM KOHLEHTpalUU
PacTBOPEHHOTO KHUCJIOPOJia B CEBEPO-3amaHOi yacTu Mopst ipuxoautcs Ha 1970 — cepenuny 1980
rr. OCHOBHasl MPUYMHA €ro MOsBJIEHUs — 3BTpodukanus Boa. B mocnennee necstunerne 20-ro —
Hayane 21-ro cTojeTHs MPOMCXOAMIIO IOBBIIIEHUE TEMIIEpaTypbl MOBEPXHOCTHOTO CJOS BOJ,
KOTOpOE CIIOCOOCTBOBAJIO MOHMKEHUIO KOHIIEHTPALMM PACTBOPEHHOTO KHCIOPOJa, IMOCIE Yero
CHOBa MpPOM30LUIA CMEHAa HAMNpaBJICHHOCTHM KJIMMATUYECKOro TpeHjaa. B pesynbraTe
MEXIECATUIIETHSISI U3MEHYUBOCTh KOHIIEHTPALMM PAaCTBOPEHHOTO KUCJIOPOJAa B CEBEPO-3aragHON
gacTu YepHOro Mops XapaKTepusyeTcsl KBa3HIEPUOIUYECKOM H3MEHUYUBOCTHIO C TUIIUYHBIM
BPEMEHHBIM MaclITa0OM B HECKOJIBKO JIECATKOB JIET.

PabGora BbimomHeHa B pamkax rocynapctBeHHoro 3aganuss  UIITC  mno  Tteme
«DyHIaMEHTAJIbHBIE HCCIIEIOBAaHUS IPOLIECCOB B KIMMATHYECKONW CHCTEME, ONPEAEIISIOMNX
MIPOCTPAHCTBEHHO-BPEMEHHYI0 M3MEHYMBOCTb MOPCKOM cpeibl W MPHIIEraloluX TEPPUTOPUI B
MIMPOKOM Jnana3oHe MacmraboB» (Ne rocpeructpanuu 124020100120-9).

CrucoK UCHOIb30BAHHOM JIUTEPATYPHI:

be3boponoB A. A., Epemee B. H. UepHoe mope. 30Ha B3auMOACHCTBHUS a’pOOHBIX H
aHa’poOHbIX Boa. — CeBacTonoib, 1993. —299 c.

I'mppomereoponoruss u rugpoxumusa Moperr CCCP. T. 4: UYepnoe wmope, Bbim. .
I'unpomereoponoruyeckue ycnosus. — CII6, ['mnpomereonsaar, 1991. — 469 c.

3aiiues 1O. I1., AnekcannpoB b. I'., Mununuesa I'. I'. CeBepo-3anagnas yacte YepHOro Mopsi:
buonorus u sxonorus — Kues, Haykosa Jlymka, 2006. — 701 c.
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PA3BBUTUWUE CENbCKOINro XO349WCTBA B CYPOBHbIX
YCNOBUMAX PECMNYBNNKHKYTHRA (
ljtejhoOocddzOd [ . ¢.
NpkyTckuil rocy1apCTBEHHbIN YHUBEPCUTET, I'. pkyTck, Poccus
vereshaginamarial2@gmail.com

Pecny6imka Caxa (SIkyTnst) o6mamaer 6opIoi miomansio (3083,5 Teic. KM?), H COCTABIISIET
18% ot obmieit mromany crpanbl. Haxomsich B 30HE pe3KO KOHTHHEHTAIBHOTO KJIMMaTta, OObIiast
4acTb pEeruoHa — 3TO O0JIACTh MHOTOJETHEH Mep3J0Thl, YTO BBIPAXKAETCA B CHELH(PUUYESCKUX
0c0oOEHHOCTSIX BeACHUs XO03siicTBa pecnyOnmku. Hacenenune ckoHueHTpupoBaHo B LleHTpanbHOIM
4acTU PEruoHa, J10J1t0 KoToporo 67% mnpuxonutcs Ha ropoackue xkutenu (Ha 2023 rox 997,6 Teic.
yen.). Temmeparypa armochepHoro Bo3ayxa Ha Tepputopum Poccum 3a mocnemnume 50 et
nmocteneHHo mnosbimaercss B cpenneMm Ha 0,43°C 3a gecatunerue (Jlo6anos, 2019). B cpennem
U3MEHEHUs CpeJHeMecsuHbIX Ttemieparyp cocraBiasitor 0,5-1°C 3a 10 ner. H3meHeHue
TEMIIEPaTyphl MOYBBI, YBEJIMUYECHHUE KOJIWYECTBA JIECHBIX MOXKApOB, YBEIMYEHHE HIIM YMEHBIICHHE
YPOBHS BOJIbI B pEKax HANPSMYIO 3aBUCHUT OT JHEBHOM U CPEIHEMECSIUHOM TeMIepaTyphl BO31yXa U
MOCTYIUICHHUS OCaIKOB Ha Tepputopun. HecMoTpst Ha To, uTo GosbIIas JOJS MPOIYKIIUU CEIbCKOTO
X035MUCTBA MPUXOIUTCS HA KUBOTHOBOJACTBO (65%), pacTEHHEBOJCTBO UTPACT BAXKHYIO POJIb IS
peruona (Poxwun, 2006; lasnosa, 2018). IToceBuble miomanu ysenuuuauck Ha 11%, rae 30,5 Toic.
ra IpUXOJUTCS Ha KOPMOBBIE KYJbTYpHI JJIsl )KUBOTHOBOACTBA. ONHON M3 MpoOJeM MO BIHSHHUIO
W3MEHEHUS KIUMaTa Ha CelIbCKOE XO3SMCTBO YMEHBIICHHE IUIOU[aJAM TOCEBHBIX IIOIIAACH,
MIPOTaMBaHNWE MHOTOJIETHEH MEp3JI0Thl M BOSHUKHOBEHHE TEPMOKAPCTOBBIX 00pa3oBaHUi, KOTOPOE
MO>KET IPUHECTU HE TOJIBKO MaTepHUaIbHBIN yiepO, HO HAHECTH BPE] )KU3HU U 3JOPOBBIO JIOJCH.

3emiiefienibyecKasl JESITeNbHOCTh B SIKYTMM 3aTpyAHSIETCS HEBBICOKUM  IUIOJOPOJIUEM
MEp3JIOTHBIX IOYB, KOPOTKHI BEreTallMOHHBIN mepuoj, coctaBistomuii 65—70 nueit. Ha nepuon
2023 r. BenuKa J10J11 MHAWBHUYAJbHBIX (PEpMEPCKUX XO3AKWCTB U XO34WCTB HACEJIEHHS] B COCTaBe
arpokKoMIlieKca pernoHa u mpuHecio 23 585,2 muH. py0. (71% oT Bcelt MpOAYKIMS CENbCKOTrO
x03s1icTBa pecrnyonnke). Cpeau MpOAYKIIMH PACTEHHEBOJCTBA JIMIUPYET KapTodenb (BajoBBIHA
coop 2023 r. 72,7 TIC. TOHH), AJIS BBIpAIIMBAaHUE KOTOPOTO OBLIO OTBEAEHO 6,2 ThIC. I'a MAXOTHBIX
3eMenb. B neHTpanpbHOM dacTu SIKyTMHM ypoKaHOCTH KapTo(enass MECTHOro IpPOM3BOJCTBA
nocturaer Pa3paGoTka MOpPO30CTOMKHX COPTOB, KaK 3€pHOBBIX KYJIbTYp, Tak M KapTodens,
SBJIAETCS TEPBOOYEPETHON 3ajadyeld A pervoHa ¢ CypoBbIM KiIMMaTtoM. Clep:KHBarOIUMU
pa3BUTHE CEJIbCKOTO XO035ICTBA B pecnyOJInKe SBISAIOTCS HEPA3BUTOCTh COLUAIBHO-3KOHOMUYECKOH
MHQPaACTPyKTYphl (OTCYTCTBHE DPA3BUTONW JOPOKHOM CETH, OTCYTCTBHE HAIEKHOTO U JCIIEBOTO
SHEpProcHaOKEeHUs, Majasi CTeleHb Ta3uduKanus, BOJOCHAOXKEHHs), >KeCTKas KOHKYpPEHLUs
MECTHBIX TOBapONpPOM3BOJAMTENIEH B arpapHOM CEKTOpE HKOHOMHKH, Majlas CTeleHb
roCcylapCTBEHHON moanepKku. MccienoBanue BBINOIHEHO B pamkax rpanta BOO «Pycckoe
reorpaduyeckoe odmectBo» Ne 17/2024-P «Momoaéxnast HayuHas mikoJia «3MeHeHus: kiuMara u
COBPEMEHHBIE METO/Ibl UCCIIEI0BAHUSY.

Cnucok UCIOIb30BaHHON JIUTEPATYPBHI:

HasunoBa I'. U., Eropoa U. K., baumea A. ®@., KppuioBa A. H. YcToitunBoe pa3Butue
cenbckoro xossiictBa PecnyOmuku Caxa (SIkyTus): peTpOCHEKTHBHBIM aHaIU3 W TOYKa
oudypkanuu / MCX. — 2018. — Ne6. — URL.: https://cyberleninka.ru/article/n/ustoychivoe-razvitie-
selskogo-hozyaystva-respubliki-saha-yakutiya-retrospektivnyy-analiz-i-tochka-bifurkatsii (mata
obOpamenust: 28.08.2024).

Jlo6anoB B.A., Kupunnuna K.C. CoBpemenHble u Oyaymue u3sMeHeHus kinumata Pecriyonuku
Caxa (Sxytus). Monorpagus — CI16.: PITMYVY, 2019. — 157 c.

Poxxun B. C., Ynuurunapos B. B. Bo3nenbiBaHue 3epHOBBIX KYJIbTYp B yCIOBUAX SKkyTuu //
JocTmxkenus HayKu u TEXHUKH AIIK. — 2006. — Nes. — URL:
https://cyberleninka.ru/article/n/vozdelyvanie-zernovyh-kultur-v-usloviyah-yakutii (mata
obparmienus: 28.08.2024).
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AHOMAONTMWN TEMNEPATYPbl NMOBEPXHOCTW OKEAHA B
KAHAPCKOIro U YNAMWNCKOro ANBENNWHIOB W BAWAH
QNEHMHBLO HA HWX
I L dz0% s kzleyj HeC B tsllzs dghfS 2 ¢ . 4
1OI'AOY BO «CeBacTonoibCKuii rocyJapcTBEeHHBIH yHUBEpcHTETY, T. CeBacTononb, Poccus
2OI'BHY «MHCTUTYT IPUPOAHO-TEXHUUECKUX HCCIeN0BaHuii», I. CeBacTomnomns, Poccus
tanyavoznayad1l@mail.ru, apolonsk$@mail.ru

O6mactu Kanapckoro n Umnmiickoro anBesuinHroB (KA u UA) oTHOCsTCS K yrciy Haubosiee
JUHAMUYHBIX U TMPOAYKTUBHBIX PETMOHOB MUPOBOr0 OK€aHa C YHUKAJIbHBIMA MOPCKUMH
skocucteMamu. OCHOBY BO30OHOBIISIEMBIX OMOJIOTHUYECKHX PECYPCOB B 3TUX PETHOHAX COCTABIISIOT
MacCOBBIE TIETaTMYECKHE PHIObI, KOTOPBIE SBISAIOTCS 0OBEKTaMH IIMPOKOMACIITAOHOTO MPOMBICIA.
Ce30HHasT M MEXKIro/l0Bass H3MEHYMBOCTbXAPAKTEPUCTHK ITOBEPXHOCTHBIX BOJ B OKPECTHOCTH
YKa3aHHbBIX AaNBEJUIMHIOB HEIUIOXO OINMCaHa, YTO TIIO3BOJISIET pPa3BUBATH Pa3JIMYHBIE CXEMbI
MIPOTrHO3a UHTEHCUBHOCTH MOIbEMA BOJI M CBSI3aHHBIX C HUM aHOMAJIMI TEMIEPATYpPbl IOBEPXHOCTH
okeana (TIIO), uTo ype3BpIYAIIHO BaXKHO JJIsl pELICHMS psija MPUKIAIHbIX 3aaa4 (ManuHuH u 1p.,
2002; ITonmonckuii, Cepebpennukon, 2020). Bmecte ¢ Tem, OcCTalOTCS HEAOCTATOYHO XOPOIIO
W3Y4YEHHBIMU [PUYUHHO-CJIEJACTBEHHbBIE CBS3H, PETYJIUPYIOLIUE MEXIOJOBYI0 H3MEHUYMBOCTh
XapaKTePUCTHK MOBEPXHOCTHHIX BOA B obmact KA u YA. B yacTHOCTH, MJI0X0 U3YYEHO BIIHSHUE
coObITHi1 Dnb-Hunpo-Jla Hunwo (OH-JIH) Ha 3Ty ©3MEHYNBOCTB.

enpro naHHOW paboOTHI sBiIsETCS oneHKa BIusHUS coObiTrii DH-JIHHa anomamuu TIIO B
paitlone KA u YA ¢ wucnoinp3oBaHuMEM CHYTHHUKOBBIX JIaHHBIX. B paboTe ucnonb3oBaiuch
exenHeBHble AaHHble 0 TIIO ceBepo-BocTouHO yacT CeBepHOW ATIAHTUKH, OTPaHUYEHHOU
koopauHatamu 15-30° c¢. m. u 10-26° 3. 1., W IOro-BOCTOYHOM yacTu TuUXOro okeana,
orpannueHHoi 20—60° ro. . u 70-90° 3. xa., 3a 40-netnuit nepuoxa (¢ 1982 mo 2022 rr.). Otu
JAaHHBIE HAXOAATCS B OTKPBITOM jaocTyre Ha caiite «Copernicus» B pazaene OSTIA (GlobalOcean
OSTIA Sea Surface Temperature and Sea Ice). Hcnonp3oBancs HabOp JaHHBIX
SST_GLO_SST_L4 REP_OBSERVATIONS 010 011 ¢ ypoBaeM o0paboTku L4 ¢ pa3peniennem
0,05°x0,05°. Tanusie 06 unaekce DH, paccuntarnnom mo TIIO B cranmaptHOM paiione Nino3 3a
yka3zaHHbli 40-netHuit mepuom,qoctynHel Ha caiite NOAA. Ilpu aHanmm3e HCHOIh30BAJIHCH
CTaHJapTHBIE CTATUCTHUECKHE METO/Ibl 00paOOTKM BPEMEHHBIX psiioB. IIokazaHo, 4TO MeXronoBast
n3menuuBocth TIIO u B KA, u B YA 3naunmo xoppenupyet ¢ unaexkcom OH. B cpeanem no Bceit
amBEJUTMHTOBOM  30HE  MaKCUMANbHBIH  KOOD(PHUIIMEHT  KOppenauud  MEXAy  STUMHU
XapaKkTepucTHKaMu oTMmeuaeTcs B o0nactu YA, rae on gocturaer noutu 0,4. g TIIO B obnactu
KA cootBercTByromuii k03(pGUIMEHT KOppensiuu MpUMEpHO BABOe MeHblle. OaHaKo, 3TOT
KO3 (ULUEHT KOppeNlsluu CUIbHO BapbupyeT OT onHux uacteil KA m YA k npyrum u s
Pa3IMYHBIX BPEMEHHBIX OTPE3KOB IMPOJOLKUTEIBHOCTBIO B JECITKY JET. [lonydeHHbIe pe3yapTaThl
MOATBEPK/Ial0T HECTALIMOHAPHOCTh AHAIM3UPYEMBIX BPEMEHHBIX PSIAOB M CBUJETEIBCTBYIOT O
BaXHOCTU ydera Tuma coobituii DH-JIH npu aHanm3e NMpUYUHHO-CIEACTBEHHBIX CBSI3EH MEXKIY
M3Y4aeMbIMU SIBJICHUSIMH.

CnucoK MCOJb30BaHHON JIUTEPATYPBI:

Mamnaur B. H., YepsusimukxoB II. II., TI'opmeesa C. M. KaHapckuil aIBeJUIMHT:
KpylHOMacIITabHasi U3MEHYMBOCTh M NMPOTHO3 Temmeparypbl Bojbl. — CII6.: T'mapomereounsnar,
2002. — 156 c.

[Tononckuit A. B., CepebpennukoB A. H. VHTeHcudukanuss BOCTOUHBIX MOTPaHUYHBIX
arBeJUIMHTOBBIX CHUCTeM B ATiaHTH4YecKOM M TuxoMm okeaHax // MeTeopojorus ¥ TMAPOJIOTHS. —
2020. — Ne 5. — C. 86-95.
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TEHOEHUUWN KAUMATMIXYBHG MEHEHUWN AERMOMNX YCNOBUN
B MPUBPEXHbBIX PAEGHAMKO N A3O0ORCRBNO
l stesdzytses ¢. ¢ . , lzdzreddz ¢. [ ., 1 J4WJHT
OI'BY «BHUUTMU-MI/I» r. O6HuHCK, Poccus
vorv10921@gmail.com

I'mo6anpHOE moterienue nocnenuux 40-50 ner 3acraBisger Oojee THIATEIHHO MPOBOIUTH
WCCIICIOBAaHMSI M3MEHEHUH pPEeXHMa MOPS U €ro NPUOPEKHBIX TEPPUTOPHIA, OCOOCHHO B YacTH
BBISIBJICHHSI OCHOBHBIX NMPOOJIEMHBIX MPOIECCOB, MOHUTOPUHT KOTOPBIX JOJKEH OCYIIECTBIISITHCS C
0COOBIM BHUMAHHUEM.

CnpaBesIuBOCTH pajy, ClIeAyeT OTMETUTh, YTO THAPOMETEOPOTIOTHYECKUE ycaoBusi UepHoro
U AB30BCKOTO MOpeil OBLIM HCCIIEAOBaHBl JIOCTaTOYHO MOAPOOHO B mpexkHue ronapl. OnHako,
COBPEMEHHOE II00abHOE MOTEMIEHHE OKAa3bIBACT CYIIECTBEHHOE BIMSHUE HA MOJYYCHHBIE paHee
OIICHKU Y BpeMs OT BPEMEHU HEOOXOAMMO UX KOPPEKTHUPOBATD.

B pabote npezacTaBieHbl pe3ylbTaThl COBPEMEHHOTO COCTOSIHHS TUAPOJIOTMYECKOTO pexruma
(Temreparypa U COJIEHOCTb MOpPCKOW BOJbI). OCHOBOHM IOJIyYEHHBIX pE3YyJIbTaTOB U BBHIBOJOB
CIly’)kaT B OCHOBHOM HaOJIOZeHHUs, BbIONHEHHbIE B niepuoa 1977-2023 rr. (broanerens..., 2022;
bromnerens..., 2023; bromierens..., 2024), ¢ npuBIeYeHUEM JTaHHBIX 3a 00Jiee MPOAOTIKUTEIHHBIN
MepHOJ 1O PNy cTaHIui Ha modepexnse AzoBckoro (Kepus, Taranpor, Eiick, Temprok, Tamanb) u
Uepnoro (kpeimMckue crannuu: YepHomopckoe, Cepactomnonb, Snrta, deomocus, CTaHIHUH
nobepexbs Kybanu: Anana, HoBopoccuiick, ['enenmkuk, Tyarnce, Coun) Mopeil.

Ha ocHoBe aHanmmM3a MOMYYEHHBIX PE3yAbTaTOB C(OPMYIHPOBAHBI OCHOBHBIE BBIBOJBI O
TEKYIIEM COCTOSIHUU TEMIIepaTyphl U COJICHOCTH BOJBI B IPUOPEKHBIX pallOHAX MOpEH.

B nenom, TepMOXanuHHBINA peXUM MPUOPEXHBIX BOJ UepHoro n A30BCKOT0 MOpEil B TeueHuE
MOCJEeIHUX JECATUIIETHIN CIIEAyeT COBPEMEHHBIM KIMMATHYECKUM U3MeHeHusM. lloTteruienue
KJIMMaTa — 3TO OCHOBHAs TEHJICHIIUS U3MEHEHUI Ha MPOTSKEHUH MTOCIETHUX JECATUIICTHI.

ITo pe3ynpTaTaMm pacyeToB MO JAaHHBIM HAONIOJCHUN Ha CTAHIUSAX B MPUOPEKHBIX pailoHax
UYepHoro u A3oBckoro mopeil 3a nocineanue 40 neT onpenenaeHsl TEHACHIIUN YBEJIUNYEHUS 3HaYeHUN
TEMIEpaTypbl BOJbI, KaK B JIETHUW, TaK M B 3UMHHHA C€30H (JeTOM KOI(PPUIMEHT JTHMHEHHOTro
ypaBHEHHsI TpeH1a cocTasisieT B cpeaneM 0,07, a 3umoit — 0,03).

B uenom, Tpenabl Temmeparypbl BOJBI 3a IOCJHEAHHE JECATUIIETHS IOJOKUTEIbHBI
MPaKTUYECKH Ha BCEX CTaHIMIX A30Bo-UepHOMOpPCKOTO Oacceiina.

B u3menunBoctu conenoctu Yepnoro mops (Bymbirun u np., 2023) oueBHzeH ee pPOCT,
HauuHasg ¢ 2008 roma. Cpemgnuit k0dPQUIMEHT JMHEHMHOTO TPEHAA COJICHOCTH IO JIaHHBIM
npubpexHbIx craHiuii u3mensercs ot 0,02 go 0,05. B usmeHunBOCTH CONEHOCTH A30BCKOIO MOpPS
(bepauukos u ap., 2022) oueBuaeH pocT coiaeHocTH, HaunHas ¢ 2003 roga. Cpennuii ko3P hunueHt
JTUHEHHOTO TPEeH 1a COJICHOCTH MO JaHHBIM MPUOPEkKHBIX CTAaHIUN OJM30K K 0,2.

B nenom, TpeHabl COIEHOCTH MOPCKOM BOBI 3a MOCTEIHNE JAECATUIICTHS MOJI0KUTEIbHBI Ha
BCEX CTaHLUAX A30BO-UepHOMOpCKOro bacceifna.

Crnncok UCOIb30BaHHON JIUTEPATYPBHI:

bepauuxos C. B., Jamkesuu JI. B., Kynsirun B. B. HoBoe cocrosinue ruaponornyeckoro
pexxuma AzoBckoro mops B XXI Beke // Jloknaasl Poccuiickoit akagemun Hayk. Hayku o 3emie. —
2022. —T. 503, Ne 1. — C. 65-70.

bynsirun A. M., I'pyzunoB B. M, Boponuos A. A., /Ieskos H. H., IIpouenko C. A. HoBas
reorpadus Yéproro mops. — OOHuHCK: ApTHdeke, 2023. — 208 c.

bronneTenb ruapoMeTeoposornueckoro coctosHus YepHoro u AzoBckoro mopeil B 2021
rony. Ilon pen. mpod. I'pyzunosa B. M. — Mxesck: OOO «IIpunt», 2022. — 268 c.

bronneTenb ruapomMeTeoponornueckoro coctossHus YepHoro u AzoBckoro mopeit B 2022
rony. [Tox pen. mpod. I'pyzunosa B. M. — MxkeBck: OOO «IIpunTty, 2023. — 198 C.

bronnerens ruapomeTreoposnornueckoro coctossHus YepHoro u AzoBckoro Mopei B 2023
roay. [lox pen. bynsiruna A. M., 2024.
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OCOBEHHOCTUW TEMNEPATYPHOIO PEXWMA HXHOW
OANBbHEBOCTOYHOIO MOPCKOINO 3AMNOBEAOHWNKA

L

(3AQMB NETPA BENWKOINo, C3 ANOHCKOIO MCcC

1] O2¢C 2 . ¢.
®I'BYH TuxoOKeaHCKHil OKEaHOIOrHUECKHil uactutyt um. B.U. Uneuuesa, IBO PAH,
r. BmaguBoctok, Poccus
2I'6OY BO JIabHEBOCTOUHBIH FOCYIAPCTBEHHBIH TEXHUUECKUH PHIOOX035iCTBEHHBIH
YHUBEPCUTET, I'. BnagusocTtok, Poccust

gayko@yandex.ru

JlanpHeBOCTOUHBIM Mopckoi 3anmoBeaHuk (JIBM3) B 3amuBe Ilerpa Benukoro Smonckoro
Mopsa Obu1 co3nad 24 mapra 1978 r. 3a 3am0BEIHHMKOM 3aKpeIlIEHbl YETHIPE paiioHa C pa3HbIM
pexumom oxpanbl: FOxHbI#, 3amanubiii, Boctounsiit 1 CeBepusiii (puc. 1). B padote paccmoTpena
MEKIo/IoBasi M3MEHYMBOCTh TEMIIEPAaTyphl BOABI U BO3ayxa B roxkHO#M wactu JABM3 (I, Il u III)
y4acTKM) MO JaHHbIM HaOmrofeHwit Ha ruapomereoposnorudeckor cranmuu (I'MC) Iloceer
I'ocynapcTBeHHOM CETH TUAPOMETEOPOIOIHUECKOM Ccily:k0bl 3a nepuoa 1931-2022 rr. (puc. 1).

f‘r 0y
Kutai -}Puccun; '
I ;

B IanBoCT oK £
- :

Pucynok 1 — Cxema J[anmpHEBOCTOUHOTO FOCYIaPCTBEHHOTO MOPCKOT0 3alTOBEIHUKA U €T0 YYaCTKU:

| — FOxupiit; 11 — 3amanusnit; 111 — Boctounsrtit; IV — CeBepHblit, u @ I'MC Ilocwer

Knumar ITpuMopckoro kpasi OTHOCUTCSI K MyCCOHHOMY TUNY KJIMMAaTa yMEPEHHBIX IUPOT C
XOpOILIO BBIPAXKEHHBIMH C€30HaMU roja. M3ydeHne ocoOeHHOCTEN TEpMUYECKOTO peXUMa pailoHa
OBbUIO MPOBEJICHO KaK C MOMOLIbIO PErPECCHOHHOTO aHAIN3a, TaK M MMyTEM CpaBHEHHsI TapaMeTPOB C
ATAJIOHOM — KJIMMATHYECKON HOpMOH (Temmeparypa, ocpennéanas 3a 30 jer).

Jlns vccnenoBaHust ObUTH MOCTPOEHBI TpaMKU BPEMEHHOTO Xo/a Temmepatypbl Boabl TW u
Bo3ayxa TA, ¥ C TOMOIIBIO PErPECCHOHHOTO aHanu3a 3a nepuoj HadmoaeHuit no 'MC Ilocwket nns
0o0ouX mapaMeTpoB ObLI BBISABIEH JUHEWHBIH TPEHN C JOBEPUTENBbHOM BeposSTHOCTHIO 95%. Ilpm
3TOM CKOPOCTh NPHUpPALICHUS CPEIHETOJOBOM TEMIIepaTypbl BOAbl M Bo3ayxa cocraBuia 0,10° u
0,20°C /10 ner coorBeTcTBeHHO. Jlanmee misi o0eMX cpell MO CPEIHEroJOBHIM 3HAUCHHSIM ObLTH
paccuutanbl Tpu 30-1eTHHE KiuMatudeckue HopMbl: | (cpennsas 3a mepuon 1931-1960), II (3a
1961-1990) u Il (32 1991-2020 rr.) (Tabn. 1). Benuuuna l1-it HOpMBI 11 TeMiepaTyphl ¥ BOJBI, U
BO3/lyXa BBIPOCIA, IO CPaBHEHUIO C [-1.

Ta6mumna 1 — Cpenneromosbie Hopmbl TW 1 TA 3a 1931-1960 (1), 1961-1990 (11) u 1991-2020 rr. (TI1)

Temmnepatypa Boab1,°C Temnepatypa Bozayxa,°C
I'MC [ I I I I 1

ITocwer 8,9 8,9 9,5 6,0 6,5 6,8

Takum 06pa3oM, MOKHO OTMETHTB, UTO B 10’KHOU yacTu JIBM3 3a paccMaTprBaemblii iepuo
IIPOU30LUIO YBEJIMYEHHUE TEMIEpaTypHOro (OHA, 4YTO TOATBEPKIACTCA KaK BbISIBICHHBIM
IIOJIOXKUTEIBbHBIM JIMHEWHBIM TPEHJOM B XOJ€ TeMIIepaTypbl U BOJbI, U BO3AyXa, TAK U POCTOM
TeMreparypsl ot [-it kmumatuyeckoi Hopmbl K I11-i.

72



sdMmlsjd Chodsttdy SR 05 j2 fMejH’

OUEHKA TOYHOCTW A AHRBEDN 3FAE C M E-BIGGEBCGHEMISTRY

B BOCNPOU3SBEAEHUWWN TPEHAOOB BEJNWYUWMHBI pH B

JteiBdzgj 90O . ¢., 1tdsdhcd?2 ¢.
OI'BHY «MHCcTUTYT IPUPOAHO-TEXHUYECKUX cUcTeM», . CeBacronois, Poccus
Lenagrebneval2@gmail.com

[Tapamerp pH sBisieTcs BaXHEHIIMM HHIMKATOPOM MOPCKOM 3KOCHUCTEMBI, ITOCKOJIBKY OH
OKa3bIBAa€T 3aMETHOE BIIMSHUE HA OMOJIOIMYECKHME IPOLIECCHl M XMMUYECKUE PEAKIMH B BOJHOMN
cpene. B mocimegnue ronel uccienoBaHus, Kacaromuecs pH, akLeHTHpYIOTCS Ha HM3yd4eHUH
IJI00AJBHBIX JOJATOCPOYHBIX TEHJAEHLMH, OCOOEHHO B BEPXHHUX CIOSX OKEaHa. JTO CBS3aHO C
MOBBIIIEHUEM OKEaHWYECKOH KUCIOTHOCTU. [lornomenne M30bITOYHOIO KOJIMYECTBA YIIIEKUCIIOrO
raza (CO2) u3z atmocdepsl MPUBOAUT K CHIKCHHIO pH (OKHCICHHIO) BOJ OKEaHa, YTO SIBJISCTCS
CEpbE3HOM YIpO30M IJIsi MOPCKHMX 3KOocucTeM. UepHoe MoOpe, Kak M Apyrue Mops M OKEaHsl,
II0/IBEPIraeTcs aHTPOIIOT€HHOMY BO3JIEHCTBHUIO, CBA3aHHOMY C yBenuueHueM cozepxanus CO2 B
atMocepe. HenocraToyHoe KOJIMYECTBO JIOCTYNHBIX PErHOHAJBHBIX JIAHHBIX HAOJIOJCHUN
SIBJISIETCSL CEPhE3HOM MPOOJIEMOI Il OLEHKH 3HAYMMBIX KIMMaTHYeCKUX TpeHaoB pH B Bomax
YepHoro mMopst. B ¢BsI3u ¢ 3TUM NIpUBIEYEH JONOJIHUTENbHBIA UCTOYHHUK JAHHBIX O BeanunHe pH.
D10 nmansble pe-ananmuza CMEMS BS-Biogeochemistry (Grégoire, Vandenbulcke, 2020). B wem
BenuunHa pH  sBisgeTcss pacuyeTHOM  IIEPEMEHHOM, IIOJYyYEHHOW C  HCIIOJIb30BAHUEM
ouoreoxumuueckoro 6soka moaern BAMHBI (Grégoire, Soetaert, 2010; Capet et al., 2016). dus
OLICHKM TOYHOCTU MOJEJBHBIX JaHHBIX IO BelMMYuMHE pH M MX NPUMEHMMOCTH AJIs JaJbHEHUIIEro
aHaJIM3a TPEeHJI0B Bean4rHbl pH Obula BBINONIHEHA BEpU(PHUKALUSA 3TUX JAHHBIX C UCIOJIb30BAaHUEM
pe3yJIbTaTOB IPSMBIX HW3MEpeHUH BenuunHbl pH, MNOIy4eHHBIX B XOJ€ OSKCIEIULMOHHBIX
uccinenoanuii B YUepnom mope B 2019-2020 rr.

Jlis paGoThl MCIOJIB30BAaHbl JaHHBIC AKCHETULMM, KOTOpbIE BBINOJIHAIMCH B pPa3IMuHbIC
ce3onbl rona. [lepuon nepBoit skcneaunu — ¢ 18 anpenst o 13 mas 2019 r., Bropoit — ¢ 06 mo 30
nexabpst 2019 r. u tperbelt — ¢ 15 cents6ps mo 10 oktsadps 2020 r. IIpoBoaunocs cpaBHEHHE
CPEIHECYTOYHBIX 3Ha4eHU pH B OTHENBHBIX Yy3/1aX pETYJISPHOM CETKH, aHAJIM3UPOBAIACH
COIIACOBAHHOCTh IPOCTPAHCTBEHHOW CTPYKTYpPHI MOJEH BOAOPOJHOTO MOKA3aTelNs, MOCTPOEHHBIX
10 pa3HbIM THUIIaM JAHHBIX, BBIMIOIHSIICS KOPPEISIIMOHHBIN aHaIN3.

IlokazaHo, 4TO MPOCTPAHCTBEHHO-BPEMEHHASI U3MEHUYUBOCTh CPEIHECYTOUHBIX BeJWYuH pH,
OLICHEHHAsl 10 SKCIEPUMEHTAJIbHBIM M PACUYETHBIM JaHHBIM, JEMOHCTPHUPYET BBICOKYIO CTEIEHb
corsiacoBaHHOCTH. COOTBETCTBYIOLIME KOAPPHUIIMEHTHI KOPPENAUHN U3MEHSIOTCS B pa3HbIE MECSIIbI
ot 0,75 no 0,91. Ilpu ananu3e pa3sHOCTU CPETHECYTOUHBIX BelnYnH pH B y3/1ax perynspHOi CeTKH,
paccUyMTaHHOW 1O JBYM THIIAM JaHHBIX, OOHAapYXEHO 3HAYMMOE 3aBBILIEHHE H3MEPEHHBIX
3HaueHui pH B mepuon c¢ 18 mo 28 ampens 2019 r. BeposrHas mnpuunMHa BBISIBJICHHON
CHCTEMaTUYECKON MOTPENIHOCTH 3aKI0YaeTCsl B METOAMUYECKON OImMOKe, JOMYIIeHHONW B Ipolecce
n3MepeHus BenuyuHbl pH.

CnucoK MCTOJIb30BaHHOW JINTEPATYPHI:

Grégoire M., Vandenbulcke L., Capet A. Black Sea Biogeochemical Reanalysis (CMEMS
BS-Biogeochemistry) (Version 1) [Data set]. Copernicus Monitoring Envi-ronment Marine Service
(CMEMS). — 2020. — DOI 10.25423/CMCC/BLKSEA_REANALYSIS_BIO_007_005_BAMHBI
(access date: 13.01.2024).

Grégoire M., Soetaert K. Carbon, nitrogen, oxygen and sulfide budgets in the Black Sea: A
biogeochemical model of the whole water column coupling the oxic and anoxic parts // Ecological
Modelling. — 2010. — Vol. 221, No. 19. — P. 2287-2301.

Capet A. et al. Integrating sediment biogeochemistry into 3D oceanic models: A study of
benthic-pelagic coupling in the Black Sea // Ocean Modelling. — 2016. — Vol. 101. — P. 83-100.
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O NPMMEHEHNN TEOPUUN XACCEANbMAHHA A4 OUE
HEONPEAENEHHOCTEW MNMPOIMHO30OB T/NOBA/TbBbHOIO K.
[ BB totse sdzl,CnS e, | lu S dzts Bs'dztso © R .
!®I'BYH Uncturyt Boausx npobaem PAH (UBIT PAH), r. Mocksa, Poccus
2MoCKOBCKHIf TOCYIapCTBEHHBIH YHIBepcuTeT UM. M. B. JIJoMoHOCOBa, u3nUecKuii
dakyneret, . MockBa, Poccus

sgdo@bk.ru

Psinpl romoBhIX 3HaueHWW cpemHed riaoOanbHOM Temmeparypsl Bosayxa (1850—2014 rr.),
MOJTydeHHBIE Ha 35 Monensx «ucTopuueckoi» dactu mpoekra CMIP-6, mpoananm3upoBaHbl
YY4ETOM CTOXAaCTHYECKOW Teopuu Mmozeneii kimmmara K. Xaccenpmanna (Hasselmann, 1976;
Dobrovolski, 2000). IToka3ano, 4T0 MPaKTHYECKH IS BCEX MOJICNICH Kak PSIbl B IEJIOM, TaK W
OTIENIbHbIE MX CErMEHThl — BIUIOTh JO MOCIEAHUX JECATUIIECTHH — YHAOBIETBOPUTEIHHO
OIHMCHIBAIOTCS MOJICTBIO JTUCKPETHOTO BUHEPOBCKOTO TPOIECCca, YTO HAXOAUTCS B COOTBETCTBUU C
ykazaHHoU Teopueil. CrenepupoBanHble Ha Mojensx npoekta CMIP-6 usmenenus rmo0GambHBIX
TEMIIepaTyp Ha TPOTSHKECHUHM IMOCIECIHUX 4—5 JeKaJ ONMUCHIBAIOTCA CYMMOH JIMCKPETHOTO
BUHEPOBCKOTO TMpollecca M CTAaTUCTUYECKH 3HAUYMMOIO JIETEPMHUHHPOBAHHOTO MOHOTOHHOTO
TPEeH/Ia — OYEBHJIHO, aHTPOTIOTEHHOTO TTPOUCXOXKICHHS. B COOTBETCTBHY C MOJICIBIO TUCKPETHOTO
BUHEPOBCKOTO Tpollecca W 3HAUYCHHEM €€ OCHOBHOrO MapaMerpa, AHUCIEPCHUH TOIOBBIX
MpUpAIIEeHUH r100aTbHON TeMIepaTypsl, IOCTPOSH MPOTHO3 TEMIEpaTyp Ha nepcrekTuBy a0 2100
r. Ha puc. 1 nmokazana cymma yka3zaHHoro nportnosa u nportosa |IPCC no «cpegHemy» clieHapuio
OMUCCHUH MAPHUKOBBIX Ta30B.
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Pucynok 1 — Ilporaossl rno6ansHoi Temnepatypsl MI'OUK (ARG.. ., 2023): «makcuManbHbIin» (1),

«cpenHui» (2), «muHUManbHbI» (3). CpenHekBaipaTHYHbIE 3HAUEHUS OTKIIOHEHUHN OT «CPETHEr0o»

nporHo3a 1o IPCC, paccuntanHble aBTOpaMH Ha OCHOBE aHalu3a pe3yiabTaTtoB mpoekta CMIP-6 u ¢
yuerom teopuu K. Xaccenpmanna — (4)

N3 pucyHka BHUIIHO, YTO JMAara30H HEOMPEIEICHHOCTH TPOTHO3a aBTOPOB (BCJIEICTBHE
€CTEeCTBEHHBIX HM3MCHEHUH KJIMMarTa, OIIMChIBACMbIX TCOpHeﬁ XaCCCHLMaHHa), CYHICCTBCHHO
MPEBBIIACT JUAIIA30H HCOMPEACICHHOCTH H3-3a paCXO)K)IeHI/Iﬁ MCXKIOY CHECHapusaAMHU ODOMHCCHU
MMapHUKOBBIX T'da30B U JOJDKCH, CJIICA0BATCIIbHO, YUUTBIBATHCS B ,Z[aﬂbHefII.LIHX HCCIICAOBaAHUAX.

PabGora BemonHeHa mpu ¢GuHAHCOBOM momaepxkke Temel Ne FMWZ-2022-0001
lNocynapcrBennoro 3aganus UBIT PAH.

Cnucok UCroNb30BaHHOW JTUTEPATYPHI:

Dobrovolski S.G. Stochastic climate theory. Models and applications. — Heidelberg et al.
Springer, 2000. — 282 p.

Hasselmann K. Stochastic climate models. Part I. Theory // Tellus. — 1976. — Vol. 28. — P.
481-497.

AR6 Synthesis Report: Climate Change 2023 // IPCC: website. - URL:
https://www.ipcc.ch/report/sixth-assessment-report-cycle (access date: 24.04.2024).
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Ob W3MEHEHMAX TOAOBOro XOAA CPEAHEMECAUYHOW
BO3AYXA B NMNPMNOBEPXHOCTHOM CANOE
[ sBtotsdzs BtsSo 1 . 5., djd3j detso u. [
OI'BY «MHCcTUTYT r106aIbHOTO KIMMarta 1 3Kosioruu uM. akaa. F0. A. M3zpasmnsa»,
r. MockBa, Poccus
®I'bYH «MuctuTyT reorpaduun Poccuiickoit akanemun Hayk», T. MockBa, Poccust
dobronik@yandex.ru

[Tosmy4yeHbl OLEHKM TPEHAOB OTKJIOHEHUH CpelHEeMECSYHbIX 3HAueHHH TemiepaTypbl OT
CPEIHET010BOI0 3HAUEHUA A Kiaumartuuyeckoro nepuoga 1981-2010 rr. PacueTs! npousBoaminchk
MI00ANBHO B y3J1aX MPOCTPaHCTBEHHOM ceTku 1°x1° Ha ocHoBe manHbIX peaHanmmn3a NOAA-CIRES-
DOE 20th Century Reanalysis V3. BbisiBicHBI JIOKallu¥, B KOTOPBIX TPEHIBl CTaTHCTUYCCKH
3HAYUMBI.

Jlnst wccnenoBaHusl TMPUMEHEHA aJINTUBHAS CTAaTHCTUYECKas MOJEINb, OMNHCHIBAIOIAS Kak
HalpaBICHHOE, TaK M CIy4YailHOe M3MEHEHHUE CPEIHEroJ0BOH TemIreparypbl U OTKJIOHEHUH
CpPEIHEMECSYHBIX TEMIIepaTyp OT CpPEOHETOJOBOTO 3HAYEHHUS. 3HAYCHHUE CPEIHEMECSYHOM
TeMmImepatypsbl Xij IpeACTaBIE€HO B BUE:

o

Xij @ |0 , ® 1o -5

rIe | — MopsAKOBbIA HOMEp roja ti B paccMaTpMBaeMOM BPEMEHHOM IPOMEKYTKE; | — MOPSIIKOBBIH
HOMEp Mecsla, B KaleHJAapHOM Toay; W | O — MareMaTHYecKOe OXKHUIAHWE 3HAUCHUS
CPEIHEr0I0BOM TeMIlepaTypsl B rof ti; , — peanu3anus LEHTPUPOBAHHOM CIy4alHON BEJIMYUHBI,
MOJICTIHpYIOIIeH ¢€ HeHampaBieHHY0 u3MeHunBocTh; (bj + 1 ) — MaTemaTnueckoe OXuaaHue
CHCTEMAaTHYECKOTO OTKJIOHCHHUS B TOJ li CpeIHEMECSYHOTO 3HAYCHHUS TEMIIepaTyphl j-ro mecsua (1
<j <J = 12) OT MaTeMaTHYECKOTO OXKUIAAHUS CPEIHErOJ0BOrO 3HAYCHHUs (TapamMerp ro0BOIO

xoma); Oj — peamu3anus IEHTPUPOBAHHOM CIy4ailHON BeNMWYMHBI (|, MOJCIHUPYIONICH €ero
HEHANpPaBJIECHHYIO U3MEHYUBOCTb. [lapaMeTp o ONUCBIBAET TPEH CPEAHETOJIOBON TEMIIEPATyphl, a
napameTpsl | — TpeHAbl MapaMeTPOB rOJOBOIO XOJAa, UCCIEAOBAHUE KOTOPHIX U SBISETCS LIEIbIO
paloThI.

A

e Wm B,
PN e 8 =
- e % e

0ha 160an. 10w 12 0Paa  BFan 80ha  da a0 Wea Ama 80ma  n  100Fen 20wa w160 180w
Il 02 o2sic (0.16 0.20[°C (0.08 0.12°C (0.00 D.04]°C coos-o0epc [l o015 0121 [l o021 020c

B 020 v241c (0.12 D.16]°C (0.04 0.08]°C .04 0.00rc [ 0.12 0.081°C - (-0.20 -0.161°C W/‘ :;’3'&;;;‘)“;5
Pucynok 1 — [IpocTpancTBeHHOE pacnpenenenue napamerpal  (aexadpsp);
O6J'IE[CTI/I, rac TpeHA CTaTUCTUYICCKU 3HAYUM, OTMCYCHEIL IJ.ITpHXOBKOfI

Crucox UCOIb30BaHHON JTUTEPATYPHI:

Monun A. C., lllumxkos 0. A. Knumat kak npobinema ¢usuku // Ycenexu puzndeckux Hayk.
—2000.-T. 170, Ne 4. — C. 419-445.

Cemenos C., [Joopomro6os H. Kiaccudukanmsi Touexk 3eMHON MTOBEPXHOCTH, OCHOBaHHAsI HA
CBOMCTBAX T'OJOBOTO X0/a MEPEMEHHBIX, XapaKTePU3YIOIIUX COCTOSHUE TMPUITOBEPXHOCTHOTO CIIOS
// ®dyHmaMeHTalbHas W TpukiaagHas kiaumatosorus. — 2024. — Ne 10(1). — C. 93-108. DOI
10.21513/2410-8758-2024-1-93-108.

75



sdMmlsjd Chodsttdy SR 05 j2 fMejH’

OQKCTPEMANbHbBIE WTOPMbBUBPAGKMB®CKOM PEI MOHE B
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AHOMANWNWA B PETWOHE
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1OI'AOY BO «CeBacTonoibCKuii rocyJapcTBEeHHBIH yHUBEpCcHTETY, T. CeBacTonoins, Poccus
2OI'BHY «HCTUTYT NPUPOIHO-TEXHHIECKUX CUCTeM», T. CeBacTonons, Poccus
2OI'BY «BHUNUTMU-MIJI», r. O6uuHCK, Poccus
vald_e@rambler.ru

[IITopMOBOE BOJIHEHHWE HA MOpE SIBISETCS TJIABHBIM (DAaKTOPOM HETATUBHOTO BIUSHUS HA
pUOpEXHYI0 HHGPACTPYKTYPY, KOTOPOE MPUBOAUT K HAPYIICHHUIO IE€ATEILHOCTH MOPCKUX TIOPTOB,
9po3un OeperoBol IWUHUM U PA3PYIICHUIO MPUOPEKHBIX THIPOTEXHHUECKUX COOPYKCHHH.
W3ydyeHne mTOpMOB HMMEET KPUTHUECKOE 3HAUYEHUE A Pa3pabOTKH Mep MO CMITYEHHUIO0 HX
BO3JICUCTBUS, a HMCCJICAOBAHHE 3aKOHOMEPHOCTEW MHOTOJETHEH HM3MEHYMBOCTH XapaKTEPUCTUK
BOJIHEHUS TIO3BOJISIET aJanTHPOBaTh IUIAHBI Pa3BUTHS NPUMOPCKHX PETHOHOB C Y4E€TOM
Ha0JII0/TAEMBIX KITUMATHYECKUX TCHICHITHH.

B Tewenne mocnegHux gecsaTuieTuil UepHOMOpPCKHMN PETHOH MEPEKUT HECKOIBKO
WHTEHCHUBHBIX IIITOPMOB, MPHUBEAIIMX K 3HAYUTECIBHBIM HIKOHOMHYECKOMY, MaTepUAIbLHOMY U
aKojornueckoMy ymepOy. Ilociennee coObiTHe Takoro poaa mpousonuio B 25-27 HosOps 2023
rojia, TIOBJICKIIEE CYIIECTBEHHbIE pa3pylieHusi Ha roxHOM Oepery Kpeima u Kakaszckom
mobepexpe YepHoro mops. B pamnmx paborax (Polosky et al., 2014) Obula BbIBICHA
MYJIBTHICKAHAS M3MEHYMBOCTH BETPO-BOJHOBBIX AaHOMAJIMK B CEBEpHOW udacthu YepHOro mops,
SBJIAIOIIASACS TPOSIBICHUEM KPYMHOMACHITAOHBIX MPOIIECCOB B CHUCTEMa «OKeaH-aTMocheprr». B
HacTosiel paboTe BBIMOJHEHA PEBU3US PE3YIbTATOB MPEABIAYIIUX HCCICIOBAaHUNW HA OCHOBE
Oojiee JUIMTENBHOrO Tiepuoja HaOmogeHuid 1954-2023 rog W ¢ BKIIOYEHHWEM JIaHHBIX II0
KaBkazckomy nmoOepexbro. Y CTaHOBIEHO, YTO MITOPM B HOsIOpe 2023 roga He OTHOCHUTCS K YHUCITY
CaMbIX JKCTPEMaJbHBIX WITOPMOB B PETHOHE. BBIMOIHEH aHaW3 XapaKTEPUCTUK BOJHEHUS HU
cuHonTH4Yeckoi cutyaruu 10 Hanbosee IKCTpeMaIbHBIX IITOPMOB (KPUTEPUIN IKCTPEMAIBHOCTH —
Ha0It0/1aeMOo€e TIPEBBIIICHHE IITOPMOBBIX BBICOT BOJIH 6 M) 3a 70-TH JeTHUI TIepuoa HaOIIOIeHHIA.
JlaHbl peKOMEHJAIMK TI0 YYeTy HEeCTallMOHAPHOCTU BETPO-BOJIHOBOTO KIIMMAaTa B PETHMOHE TPHU
KJIMMATOJIOTUYECKOM 00€CTIeYeHIH NHKEHEPHBIX U3BICKAaHUHN B PUOPEKHON 30HE.

CHOHCOK UCIIONBL30BaHHOMI J'II/ITepaTprI:

Polonsky A., Evstigneev V., Naumova V., Voskresenskaya E. Low-frequency variability of
storms in the northern Black Sea and associated processes in the ocean-atmosphere system // Reg.
Environ. Change. —2014. — Vol.14, No.5. — P.1861-1871. — DOI 10.1007/s10113-013-0546-z.
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AHANWMIAUYECTRRA3 OMA WUT A B WA, E N1WRF
C YYHETOM PA3NMNYHBIX CXEM MAPAMETPUSAULNN
[eteCddz ¢. ¢. , reweQamcd?2 1. 5.
OI'BHY «MHCcTUTYT IPUPOAHO-TEXHUYECKUX cucTeM», . CeBacronois, Poccus
egorkin1974@yandex.ru

Ienbro HacTosimieit paboThl ObLT peTpocnekTHBHBIN aHanu3 moxean WRF (Skamarock et al.,
2008) ¢ paznuuHBIME cxeMamMu MUKpoGhu3uku noxactuiaromnei moepxunoctu (Chen, Dudhia, 2001)
Y BIIMSIHUE 3TUX CXEM MapaMeTPHU3aIiK Ha Pe3yJIbTaThl MOJACITUPOBAHHS OCHOBHBIX KIIMMATHYECKHX
apaMeTpoB.

B kadecTBe BXOAHBIX JAaHHBIX HCIOJIBb30Bajicsa peananu3 ERA-5 3a 2023 rox. Monens Oblia
HacTpoe€Ha C MpocTpaHCTBEeHHbIM pazpemieHrueM 30x30 kM. B kadecTBe JaHHBIX ISl CpaBHEHUS
WCIIOJIB30BAJIMCh CTaHIMOHHBIE AaHHbie RPS5 mo 1. CeBacromonb u XepCOHECCKOMY MasKy.
Pe3ynbTaThl CTaTUCTHYECKOTO CPAaBHEHUS MEXKIY JTaHHBIMH CTAaHIIMOHHOTO HAOIIOACHUSA I10
TeMIIepaType U IaHHBIMU pe3yibTarta MojenupoBanus WRF nipeacrasiens Ha Tabuie 1:

Tabnuua 1 — CraTucTHYecKoe CpaBHEHUE MEXy CTaHIIMOHHBIMU JJaHHBIMU RPS5 1 pesynpratrom
monenupoBanus WRF no TemnepaTtype ¢ yueTom pa3inyHbIX CXeM MUKPO(DU3UKI

CeBacronoib XepCOHECCKHUM MasIK
[TapameTpsl QU3HKH
[UIAHETAPHOTO IOrPAHHIHOTO mae | rmse | r2 |correl | mae | rmse | r2 | correl
CJI04A
psnf’f)' University Scheme 13 | 168 | 095 | 098 | 123 | 1.64 | 0,95 | 0,98
('V',\fl"\':g)r‘Yamada‘Ja”J'CSCheme 143 | 1.82 | 095 | 098 | 151 | 1.97 | 0,93 | 0,97
NCEP Global Forecast System | ) o | 5055 | 093 | 098 | 1.23 | 1.63 | 0.95 | 0,98
Scheme

Quasi—normal Scale
Elimination (QNSE) Scheme
Mellor—Yamada Nakanishi
Niino (MYNN) Level 2.5
Mellor—Yamada Nakanishi
Niino (MYNN) Level 2.5 and 1,36 | 1,75 | 0,95 | 0,98 | 1,23 | 1,64 | 0,95 | 0,98
Level 3

Asymmetric Convection Model
2 Scheme (ACM2)
Bougeault—Lacarrere Scheme
(BoulLac)

133 | 1,68 | 0,95 | 0,98 | 16 2,1 | 092 | 0,96

139 | 1,78 | 0,95 | 0,98 | 1,23 | 1,64 | 0,95 | 0,98

166 | 214 | 092 | 0,97 | 1,22 | 1,61 | 0,95 | 0,98

135 | 1,76 | 0,95 | 0,98 | 1,23 | 1,64 | 0,95 | 0,98

Cnucok UCOIb30BaHHON JTUTEPATYPBI

Chen F., Dudhia J. Coupling an Advanced Land Surface-Hydrology Model with the Weather
Research and Forecasting Model // Geophysical Research Letters. — 2001. — Vol. 28(1). — P. 251—
254,

Skamarock W. C., Klemp J. B., Dudhia J., Gill D. O., Barker D.M., Duda M. G., Huang X.-
Y., Wang W., Powers J. G. A Description of the Advanced Research WRF Version 3. — University
Corporation for Atmospheric Research, 2008. — 113 p. — DOI 10.5065/D68S4MVH.
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MPOCTPAHCTBBRHMEHHAA MNW3IMEHYUBOCTb MOJNHWEBC
AKTMUBHOCTWN B PEIMOHAX APKTWKMWU
rOtcddztso © C. ¢., 1 JudfketejdSts [. (., 1kf
HanunoHaneHbIM UcciienoBaTeabCKuii TOMCKUI TOCY1TapCTBEHHBIN YHUBEPCUTET,
r. Tomck, Poccnst
zharinova.ella@mail.ru

OmnacHble IPUPOJIHBIC SIBICHUS, 0COOEHHO KOHBEKTUBHOTO TEHE3HUCA, SIBIAIOTCS MPEIMETOM
IPUCTAIILHOTO M3Y4YEHHUsl HAy4YHBIX KOJUIEKTMBOB MHOTMX CTpaH Mupa. OJHMM M3 TaKUX SBICHUN
IIPE/ICTABIISIETCS] MOJIHHUSL.

B Buny uaMeHeHHs (U3MUECKUX M LUPKYJISALUOHHBIX MPOLECCOB HaJ APKTHUKOH, MHOTUMH
UCCIIEIOBATENSIMI  OBUIO OTMEYEHO YBEIMYEHHE MOJIHMEBOW AaKTHBHOCTH B JIaHHOM pPETHOHE
(Munokentoes, 2019; Tapabykuna, 2021).

Hcxons u3 3TOrO, LENBbI0 JAaHHOM paboThl SBISLIACH OIIEHKA MPOCTPAHCTBEHHO-BPEMEHHOM
BapHallud MOJIHMEBBIX pa3psiioB B ApkruueckoMm cektope P® no nanHeiM Bceemupnoil ceru
nokanu3zanuu  MoyiHueBBIX paspsagoB (WWLLN) u cetu MeTeopoJIOTHYECKUX HAOIIOACHUI
(BHUUTI'MU-MILJ]) 3a 20162021 rr.

JUis u3ydeHHs] NPOCTPAHCTBEHHOIO PpACHpPEEICHHUs] MOJIHHEBBIX pa3psIoB B KauyecTBE
HCXOJIHBIX MaTepuajoB ObUIM HCMoJb30BaHbl 0a3bl gaHHBIX ECHUMO (http://esimo.ru/portal/) u
BHUNUT'MU-MILJL co cpouyHbIMH HAOIIOACHUSAMHU aTMOC(HEPHBIX SBICHUH, HAOIIOMABIIMMUCS Ha
OTAENbHBIX CTaHIUAX (20 METeOCTaHLUI) U €XEJHEBHbIE JaHHbIE O KOJIMYECTBE Pa3ps 0B MOJIHUU
B 3E€MJTIO, 3apETHUCTPUPOBAHHBIE rpo3oneneHrannonHoi cucremoir WWLLN (6 naTunkos).

Jns  uccnenoBaHus Oblla  paccMOTpeHa TeppUTOpUsi ApKTHUEcKoro cektopa PO ¢
nuana3zoHoM koopauHatr: 60-85° c. m1., 30-170° B. 1. [{ns aHanu3a Obuia BeIOpaHa TEPPUTOPHUS HE
TOJBKO CYyLIM, HO M Mpuieraromias K Hel Oeperopas JUHHS, a TaKXKe MOpPCKas TEPPUTOPHS
Cesepnoro JlenoButoro okeana.

CyMMapHOe KOJTMYECTBO MOJHUEBBIX pa3psi/ioB B roJ Bapbupyercs ot 1255 (2018 r.) no 3143
(2021 r.). MOXHO MpPENIOJIOKUTh, YTO TpPH YBEIMUEHUU TMepuoja HaOIIOJAEHU TroaoBast
M3MEHYMBOCTh MOJIHMEBBIX Pa3psfoB OyAeT HUMETh LUKIUYHOCTb, OOYCIOBJIECHHYI COJHEYHOU
AKTHUBHOCTBIO C JUINTEIIBHOCTBIO OKOJIO 11 Jer.

Haubonee yacto rpo3sl pUKCHPOBANIMCH B JIETHUI CE30H roja (MIOHb, HIOJIb, aBI'YCT) OAHAKO
Ha OT/EJbHBIX CTAHIMAX 3apPETrUCTPUPOBAHBI I'PO3bl B XOJI0IHBIN nepruoa. Ce30HHasi K3MEHYMBOCTh
KoJM4yecTBa JHEH ¢ rpo3oil B ApkrtudeckoMm cektope PP oOycnaBinuBaeTcs NpOrpeBOM CYHIM U
OKeaHa, OJM30CTbIO METEOCTAHLMA K TEPPUTOPUSM TPOXOKICHUS OKEAHMYECKUX TEeueHUI
(Tonsdcrpum), a Takxke huznko-reorpaGuyecKUMu 0COOEHHOCTSIMH OT/IEJIbHBIX CTAHIUH.

Hatunkun WWLLN B cpeanem 1o Bcem cTaHiusaM Gukcupyrot 63% oT 00111ero yuciia JHeH ¢
I'pO30H, 3TO COTIACOBBIBACTCA C IaHHBIMU HAOIIOIaTENeH.

B ApxruueckoMm cektope P® enunudHble pa3psabl cocTaBisioT 24% oT o01Iero KoiauyecTna
CllydaeB. JTO IOKa3bIBAET, YTO TPO3OIEICHralMoHHas cuctema aaryukoB WWLLN mo3Bomiser
(buKCcUpOBaTh KOPOTKOUMITYJIbCHBIE pa3psiibl U IPUT0/IHA B KAYECTBE JIOMOJHUTEIBHOTO UICTOYHHUKA
uHpopManuu o rpo3ax caadoif nHTeHCHBHOCTU B CeBepHBIX IIUPOTaX.

Crnncok UCOIb30BaHHON JIUTEPATYPBHI:

NunokentreB JI. E., Tapabykuna JI. /1., Kozmo B. M. Omnenka mapamMeTpoB MOJHUNA B
TeueHue pa3BUTHs Tpo3bl B SIkyrun // Pacnpoctpanenue paanoBois: Tpyasl XX VI Beepoccuiickoit
OTKpBITOM Hay4dHOH KoH(pepeHmu. I Tom. — 2019. — C. 592-595.

TapaOykuna JI. [[., KosznoB B. U., NunokentheB JI. E. Anamu3 11-netHeil nuHaMuku
MIPOCTPAHCTBEHHOTO pacrpeaeneHus miotHoctu MonHuii B CeBepHoit Asum // Bect. KPAYHII.
®us.-mat. Hayku. — 2021. — Nel. — C.159-173.
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CONOCTABNEHWE TNOBANbHOW TEMNEPATYPHI
C OCOBEHHOCTAMM BO BPAWEHWN 3EMAIWN
1 slstsol? . uldHtstej3dzS 59 1 . .
FAMII MI'Y, r. Mocksa, Poccus
MUDM HIY BIID, r. Mocksa, Poccust
3OI'BY «uapomernentp Poccumy, r. Mocksa, Poccus

B 2024 r yckopenue BpaieHus 3emiu, npojospkatomieecs ¢ 2016 roga, moouo npeasiaymme
MakcumMymbl. YanmiepoBckoe nBrwkenwe momoca (YIAIT) mocme 3aryxanmst B 2019-2021 rr.
BO300HOBHJIOCH CO cMeHOH (ha3sl Ha 180°. Takoe Habmoaa10ch 0K0JI0 90 JieT Ha3zad. YacTHIHO 3TO
00yCIIOBJICHO LUPKYJALMEH OKeaHa, B YaCTHOCTH ATtinaHTHueckoro. Eme B MoHnorpaduu JlamGeka
(Lambeck, 1980) B 1980 r. ObLIO OTMEYEHO CXOACTBO TpadMKOB TemIepaTyphl Ha IUIAHETe | U
matenbHocTH cyTok (LOD) B XX Beke. Ecimm BbIMECTh TPEHIBI TJIO0ATBHOTO IMOTEIUICHHS
(mapabony) u3 nanasix GMST HadCRUT 5, puc.1, BBepXy, CTAHOBUTCS 3aMETHO, YTO OCTATOYHBIC
aHOMaJINH, OTHOCUMBIE K ATIaHTu4Yeckoil MHoroneTHell ocumwuisiiuu (AMO), UMeI0T CXOACTBO CO
CKOpOCTBIO BpaleHus 3emin (IMOKa3aHHOW WHBepTHpoBaHHOW KpuBou LOD, puc. 1, BHuBY): B
1930-e rr. Habmoancst MakcuMyM, B 970-e — MUHUMYM, U B Hallle BpeMsi — CHOBa MakcuMyM. Eciu
CYIIECTBYET HE BIIOJIHE OOBSICHEHHAs /10 CHUX IOp B3aUMOCBS3b aHOMAaJIHMH BO BpAIlEHUH 3eMIU U
TEMIIEpaTyphl Ha MJIaHETE, TO MOXKHO 0XKMJIaTh, YTO, €CIH BpalieHue 3emiu nocie 2024 r. HauHeT
3aMeIAThCS, Ha cial mownaeT taxke 1 AMO.
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Crucox UCOIb30BaHHON JTUTEPATYPHI:
3otos JI. B. Bpamenue 3emnu u kiuMmarudeckue nporeccel. — M.: HUY BIID, 2022. — 306 c.
Lambeck K. The Earth’s variable rotation. — Cambridge Univ. Press, 1980. — 460 p.
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OUEHKA KNWMATUWYECKOW WU3IMEHYMBOCT
TEMNEPATYPbl BO3AYXA B KPbIMY
sOfkmlsddz ¢. 1., skrLdzgjyse ¢. 71 .,

Pocculickuil rocy1apCTBEHHBIN TMAPOMETEOPOIIOTMYECKUN YHUBEPCUTET,

r. Cankr-IlerepOypr, Poccus
kaps4000@mail.ru

Ha ocHoBe airoputMa moucka TO4YeK OMQypKalMu BO BpPEMEHHBIX pSAaX MPHU3EMHOU
CPEAHEroJI0BOI TemmepaTypbl BO3[yXa MpOaHAJIW3MpPOBaHA TEHACHILUS €€ U3MEHEHHUs 3a IepUo]
1971-2023 rr. B aByx roponax Kpsimckoro momyoctpoBa: Cumbeponons u fnra. [lomydennsie
pe3yabTaThl CPAaBHUBAIOTCS C aHAJIOTMYHBIMU JaHHbIMM Uil Kepum, Ilpumenenue anropurma k
BPEMEHHBIM pSIaM CPEIHErOJ0BBIX 3HAYCHUN TEMIIepaTypbl MO3BOJMIO OOHAPYKUTh MOMEHTHI
CMEHBI CKOPOCTH POCTA TEMIIEPaTyphI.

JUig OLIEHKU TEHJEHIMM U3MEHEHMsI CPEIHEroJI0oBOM TemIepaTyphl Bo3ayxa Ha KpbimMckom
nonyoctpoBe (Cumdepornons u fnta) u B ropoge Kepub 3a mepuox 1971-2023 rr. MoxKHO
IIPUMEHUTD [TOJINHOMHAJIbHBIE BpEMEHHbBIE TPEH/Ibl Pa3HBIX CTENEHEN: oT 1 10 3 cTeneHu.

IIpy ucnonb30BaHMM B KadyecTBE BPEMEHHOIO TpPEHJa IIOJIMHOMOB IIEpBOM CTEMEeHU
[IOKa3bIBACT NPUOJIM3UTEIBHO OAMHAKOBYIO CKOPOCTh pOCTa TeMrieparypbl. O1HaKO UCIOJIb30BaHUE
IIOJIMHOMOB 3-€i CTeNeHM IOKa3bIBAET, YTO HAa pa3HbIX Y4acTKaX BPEMEHHOIO psijia MOBEICHHE
TEMIIEPATyphl 3aMETHO OTJIMYACTCS: C MPUONMHM3UTENBbHO 1993 T. MPOWCXOMUT 3aMETHBIA POCT
CKOpPOCTH YBEJIMYECHHUSI CPEAHEroZ0BOM Temmeparypbl Bo3ayxa. Takas 0cOOEHHOCTb BPEMEHHOM
W3MEHUYMBOCTH CpPEIHEroJI0OBOM TeMIepaTyphl BO3AyXa YKa3blBa€T Ha HEOOXOAMMOCTbH Ooiiee
noJipobHoro ee u3ydeHus. Jlanee 3To OyaeT cesIaHo ¢ UCIOJIb30BaHUEM METOMKH, U3JI0KEHHOH B
IIpUBEAICHHBIX HUXKe padoTax (BockansH, 2021; Ky3nenos, 2019; Ky3uenos, 2019).

B ocHOBe UCII0JIB30BaHHOTO AJIFOPUTMA JIEKHT ONpeAeIeHUE NOJ0XKEHU TOUKU OndypKanun
Ha OCHOBE CpaBHEHUS MEXIy cO00Il COCEHHUX OTPE3KOB BPEMEHHOIO pPsijia M UX MaTeMaTH4ecKOu
Mozenu. B kauecTBe TakMX MOJENEH MOTYT HCIOJB30BaTbCsA TMOJIMHOMBI Pa3HBIX CTENEHEN
(HaumHas ¢ Hy”neBoil). Ilpm Takom cmoco0e Kaxaash CTENEHb IIOJIMHOMA OIpeaemseT
reOMeTPHUECKYI0 (hOpMy OTPE3KOB BPEMEHHOT'O psifia OT OJHOM TOukH Oudypkanuu 1o npyroil. B
JAHHOM pa0O0Te MCTIOIB3YIOTCS MOJMHOMBI OT 1-i 10 3-eif cTeneHu.

AHanu3upys TOJydEHHBIE pe3ysbTaTa MOKHO KOHCTaTHpPOBAaTh, YTO CMEHA Xapakrepa
MOTEIJIEHNUs] B 000uxX ciydasx npuxoautcs Ha 1984 rox. OpHako ecim CKOpPOCTh pocTa
CPeAHEroI0BOi TemmepaTypbl B SliiTe mpakTHUECKH He U3MeHWIach, To Juid Cumdeponons u Kepuu
oHa mocyie 1984 roga cranma 3aMeTHO Bbllle. VIHTepecHO, UTO aNrOpUTM HAIIE]l MOMEHT CMEHBI
TpeHaoB B 1984 roxy, uto 6mam3ko k 1979 romy — kK MOMEHTY Hayaja MOTEIUIEHHUS, KOTOpOe
pa3BUBAJIOCh MPAKTUYECKU HAa BceM ceBepHOM noinymapuu (Manunus, 2018).

Cnucok uCnoab30BaHHON JTUTEPATYPhIL:

Bockansin K. JI., MBanoBa T. U., Ky3uneuos A. /., Hukuruna B. C., CepoyxoBa O. C.,
Cumakuna T. E. Onenka KIMMaTU4eCKOW CTaOMJIBHOCTH B CEBEPHOM YacTH €BpPONEHCKON
tepputropuu P® // CO0pHUK TpyIOB MEXIYHAPOIHOW HAYUHO-TIPAKTHUECKOW KOH(pepeHIMH «J{Hu
Apktuku B Cankt-IlerepOypre-2021: MexayHapoaHOe COTPYAHHYECTBO B DJIMOXY H3MEHEHUs
knumaray, Cankr-IlerepOypr, 25-26 Hos0ps 2021 r.

Kysnenos A. 1., CepoyxoBa O. C., Cumakuna T. E. BausiHue MeTpUK Ha OnpeaesieHHe TOYEK
Oudypkauu BO BPEMEHHBIX psiax METEOpPOJIOTHUECKUX BeNW4yMH // ['mapomereoposorus u
sxosiorust (Yuensie 3anucku PITMY). — CI16: uzn-Bo PITMY, 2019. — Ne 59. — C. 28-42.

Kysnenos A. I., Caenko A. I'., CepoyxoBa O. C., Cumakuna T. E. Anropurmsl noucka
MOMEHTa CMEHBI TPEH/1a BO BPEMEHHBIX psilax MeTeoposiornueckux BennunH / Bectauk Tepckoro
rocynapctBeHHoro yHusepcutera. Cepus «llpuknannas marematuka». — 2019. — Ne 3. — C. 74-89.

Manmuaua B. H. O mpuumnax mepBoro moteruieHuss Apktukd B XX croieruun / B. H.
Mamunaun, II. A. BaiiHoBckuit // VYdyenple 3amucku Poccuiickoro rocyaapcTBEHHOTO
ruapomMeTeoposorndeckoro yausepcuteta. — 2018. — Ne 53. — C. 34-55.
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MCCNEAOOBAHWE PEXMUMA ATMOC®EPHbBIX OCAALKOB
HA TEPPUTOPUWN PECNYB/NWKUCAGXRABWMIA B 21
Kacmanmuas HJY, ¢ MmOtz O ¢ . s.
L A6xasckuii Tocynapcrennsiii Yuusepcuret, . Cyxym, Pecriy6auka A6xasus

?Mucturyt >xonorun Axagemun Hayk A6xasum, r. Cyxym, Pecriybnnka A6xasus
nestikkas@mail.ru, asida_cen@mail.ru

B cBete npoucxonaumx riao0aibHbBIX U3MEHEHUNH TEPPUTOPUS JTH0O0T0 peruoHa MojBep:KeHa
KOMIUICKCHOMY BO3JCHCTBHIO JIECATKOB OMACHBIX MPHUPOJHBIX SBICHUH, pa3BUTHE U HETaTHBHOE
MPOSIBIIEHUE KOTOPBIX B BHUJIE KaTacTpo( M CTUXHUIHBIX O€ICTBUN €KEroJHO HAHOCUT OIPOMHBIN
MaTepHUaIbHBIA yIIep0 W MPUBOAUT K YEJIOBEUECKUM kepTBaMm (Axcamba u nmp., 2019). B
UCCIIEyeMbIX PErHOHaxX B HACTOAIIEE BpPeMs TJIaBHBIMHM OINACHBIMU SIBICHUSMU CUUTAIOT OYEHBb
BBICOKHE TEMIIepaTyphl BO3IyXa, YCHUJICHHE BETPOBOTO PEKMMa M JKCTPEMalbHBIC 3HAYCHUS
atMoc(epHbix ocankoB (Dxba u ap.,2021a, Dkba u ap., 20216). B pesynbTare MpOBEICHHOTO
WCCIICIOBAaHUS HA COBPEMCHHBIX JIAHHBIX METEOPOJIOTMYECKUX HAOIIOJIEHUH paccMOTpeHa
MIPOCTPAHCTBEHHO-BPEMEHHAs: M3MEHUYUBOCTh BIIAXXHOCTHOTO pEXUMa Ha TeppuTropun AOXa3ui.
BrIsSIBIEHO, YTO B UCCIEIyeMOM pErHOHEe, MPOAOKUTEIHPHOCTh ASKCTPEMANbHBIX SIBICHUN C
MOJIOKUTETIPHBIMA ~ aHOMAJIUSMH ~ OKCTPEMAalbHBIX SIBICHUN pacteT. Tak pacmpeseneHue
MHOTOJICTHEH CpPETHETOJOBBIX CYMM OCaJIKOB HMEET IOJIOKUTENBHBIA TpeHJ. MakcumabHas
rojioBas cymma ocajakoB Bbinajgo B 2016 r., cocraBuno 3493 mm. OtHOCUTENnbHO nepuoga 1991—
2023 rr. roJIOBBIE CYMMBI OCQJIKOB 33 pacCMaTpUBaeMbIid mepuo yBenmumwinch 6oee 300 mm. B
MIPUMOPCKOM 30He AOXa3uM B JIETHHE MECSIBI BbIABIEHA OONbIlas W3MEHYUBOCTH OCAJKOB MpHU
BEChMa OTPAHMYCHHOM X KOJIMYECTBE MPHUBOJUT K BOBHUKHOBEHUIO 3aCyXH, KOT/Ia YHCIIO JTHEH 0e3
OCaJIKOB COCTaBisieT 25-27 nHeH, BCIEICTBUE, YETrO CO3/al0TCA HEOJIAronpusiTHbIe yCIOBHS s
HOPMAaJbHOTO Pa3BHTHS PACTCHH, a YpOXKail IOJIEBBIX KYJIbTYyp CHUXaeTcs Wiu TuOHeT. B
MOCNeHNe JecATIeTuss Ha YepHOMOpCKOM TmoOepekbe HaOMI0IaeTCcsl YCHIICHHS 3alaJHOro
MEPeHOCa W CBSI3aHHOTO C HUM YBEIMYCHHS KOJUYECTBA OCAJKOB (IIPEXKE BCETO B BECCHHUH H
OCEHHUU TepHOJIbl), CIEACTBHEM Yero sBISETCS YCHJICHHE MaBOJKOB Ha pEeKax, HABOJHEHUSA U
AKTUBH3AIIMSI CKIIOHOBBIX ITPOIIECCOB B YKa3aHHBIC CE30HBI TOIA.

Crnrcok UCOoIb30BaHHON JIUTEPATYPBHI:

Axcanba A. K., Ecturnees B. II., Ox6a . A. Cratuctuueckuil pacuer 3KCTpeMajbHBIX
XapaKTepUCTHK peXHUMa OcaJkoB Ha mobepexxbe AoOxasum u KpacHomapckoro kpas //
«DyHIaMEHTallbHble ¥ TPHUKJIAIHBIE AaCHEeKThl TEOJIOTHH, TE€O(PU3UKH M TE€O03KOJOTHMH C
HCIIOJIb30BAHUEM COBPEMEHHBIX HH(POPMAIMOHHBIX TeXHOJorui»: Marepuansl V MexnyHap.
Hay4.-mpakT. KoHd., 20-24 mas 2019 r., Pecny6nuka Anpires, r.Maiikon. Yacts 1. — Maiikon: 13a-
Bo «MII Kyuepenko B.O.», 2019. — C.56-62.

Okba . A., Axcanba A. K., Mapangunu C. U., Kopcantus A. 3. Tpancopmanus
aTMoc(epHBIX 0CaJIKOB Ha TeppUTOpUr AOXa3uu B CBSI3U C PETMOHAJIBHBIM MOTEIJICHUEM KJIMMaTa.
Martepuansl Bcepoccuiickoit OTKpbITONM KOHGepeHius 1o ¢u3uke O0OJaKOB H aKTUBHBIM
BO3JIEUCTBUSM Ha rujpoMereoposiornueckue npoueccel. — Hampuuk, «lIpunt Lentpy», 2021a. — C.
460-464.

Okba . A., Axcanba A. K., Xunty6a JI. B. I'mobanpubie u pernonaibHbie (AOxas3us)
MpOsIBJICHUsT MapHUKOBOro 3¢ddekra B armocdepe m Ha moBepxHoctu 3emiuu // Marepuansl Xl
BCEPOCCUICKON HAyYHO-TEXHUUECKON KOH(PEPEHLIUN ¢ MEXAyHApOAHbIM yyacTHeM «CoBpeMeHHbIE
npobJIeMbl reosioruu, reopusuku u reosxonoruu CesepHoro Kaskaza». — M.: MMET PAH, 20216.
— Tom XI. — C 493-498.
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AHANN3 TUWAPOMETEOPONOIMYECKUX YCNOBUW KAK
MNPOTEHHOMW ONACHOGRUW AWMHOWN CUBUPMN
skLdzjg yso © 1.1
OI'AOY BO «TromeHckuil rocyjapCTBEHHBIN YHUBEPCUTET», I. TIoMeHb, Poccust
ver597@yandex.ru

CoBpeMeHHOE H3MEHEHHE KJIMMara CIOCOOHO MPHUBOAUTH K YCHIICHHIO MHUPOTeHHOM
OMACHOCTH W HEOJATOMPHITHBIM 3KOJOTUYSCKUM TOCICICTBUSAM MPHUPOAHON cpeapl. OueBuaHA
HEO0OXOIMMOCTh OLIEHKH (U3uKo-reorpapuueckux (akToOpoB MPUPOAHBIX IMOXKApOB Ha IOre
3amannoit Cubupu (Ha mpumepe tora TIOMEHCKON 00JacTH) B M3MEHSIFOIIMXCS KIMMAaTHYSCKUX
YCIIOBUSIX.

B noxmane OymyT HM3JIOKEHBI pPE3ylbTaThl aHaIN3a MHOTOJETHETO XOJa CPEIHET0J0BOM
TEMIIEpPaTypbl BO3/1yXa, CYMMbI aTMOC(EpPHBIX OCaJKOB, OTHOCHUTEIbHOW BIAXKHOCTU BO3AyXa U
BBICOTHl CHEXXHOIO0 IOKpoBa MO MereoctaHuusM r. Tromenb, r. Mmmm 3a 1988-2023 rr.
(BHUUTUMU — MIJ). IlomydyenHble pe3ynbTaThl TIO3BOJSIOT ONPEACTUTh OCOOCHHOCTHU
KIIMMaTUYECKHUX U MOTOIHBIX YCIOBUH fora TIOMEHCKOM 00JIaCcTH, 9TO HEOOXOAMMO YUUTHIBATH MPU
WCCIIEIOBAaHUHM MUPOTCHHON OMAacHOCTU. AHAIU3 MHOTOJIETHHUX PSJIOB TEMIIEpaTypbl BO3ayXa
CBUICTEILCTBYET O TCHJICHIIUU TOBBIIICHUS CPEIHEH rOIOBOM TEMIEpaTyphl BO3yXa B MEPHOJT 3a
1988-2023 rr. Ha TeppuTopuu rora TromeHckol obiactu. HabmromaeTcss TeHIEHIUS yMEHbIICHUS

CYMMBI I'0JIOBBIX OCAJIKOB (PUCYHOK 1, 2).

Pucynok 1 — CpenneronoBas Temneparypa Pucynok 2 — KonnuecTBo ocagkoB (MM) 3a
Bo3ayxa (°C) 3a 1988-2023 rr. 1988-2023 rr.

3a uccieayeMblii MHOTOJETHUH MEpHOJ MOXHO HaONI0/aTh TEHJCHLUIO YMEHBIICHUS
CpenHell BBICOTHI CHEXXHOro MOKpoBa. B xone anamuza ¢usuko-reorpaduueckux (akTopoB
MMUPOTEHHON OMAaCHOCTH, BBIUYMCIICHBI 3HAYEHUS THAPOTEPMHUUECKOro Kod(hPHIMeHTa yBIa)KHEHUS
CensHuHOBa 3a MOKapoomnacHbId mepuoa ¢ ampenst no okraops 2021 u 2023 rr. mo HaHHBIM
MeTeoponorndeckux craniuit r. Tromens u 1. Ummm (https://rp5.ru/). AHOManbHO Temias moroaa
0e3 ocaJKOoB B Mae M HeJ000p OCaJIKOB B HIOHE Mecslle Ha ()OHE BBICOKMX TEMIIEpaTyp BO3AyXa
MIPUBENIM K TOBBIIMICHUIO Kjacca MOXKapHOH omacHOCTH B jecax. CIOKHBIE YCIOBHS C MOXapaMu
TaKke 00yCIIOBJIECHBI EPHUOAaMH aHOMAJIBHO XKapkoil moroasl (Jokmassr..., 2021, 2023).

CornacHo marepuanaMm JOKJIAJOB 00 3KOJOTMUYECKOW cuTyanuu B TroMeHCKkod obmactw,
TPO3BI SBISIFOTCS OJHOW W3 MPUYMH BO3HUKHOBEHHS MPUPOAHBIX TOXapoB. B Xoje mccienoBanus
MPOM3BE/ICH aHAllM3 KOJMYECTBA JTHEH ¢ Tpo3amMH MO JaHHBIM apXHBOB MOTOJABI METEOCTAHIIUN
Tromenb u MM 3a 2005-2023 rr. (https://rp5.ru/). BeisiBieHo, 4TO MEpUO IHEH ¢ TpO3aMHu Ha
tore TromeHCKoW oOnacTu AnUTCA ¢ anpens nmo ceHTs0pb. [IpoBeneH TeppuUTOpHANBHBINA aHATU3
KOJIMYECTBA, IUIOMIA/ICH JIECHBIX MOXKapOB M MPOJOJDKHTEIHHOCTh IMOKApOOIACHBIX CE30HOB 3a
HECKOJIBKO MOCIIEIHUX JIET.

HccnemoBanue BBIMOTHEHO 3a cueT rpaHta Poccuiickoro HaydHoro ¢gonma Ne 24-27-00354,
https://rscf.ru/project/24-27-00354/.

CrucoK UCTIOIh30BAHHOM JIUTEPATYPHI:

Jloknazasl 00 skomoruveckoi cutyaruu B TromeHckoi obmactu B 2021, 2023 rogax. — URL:
https://admtyumen.ru/files/upload/OIV/D_nedro (mata obpamenus: 11.07.2024).

MOHUTOPHHT YCTOMYMBOTO PAa3BUTUS JIECCHBIX DSKOCHUCTEM B MEHSIOIIEMCS KIUMare:
monorpadwus / O. I'. Komomsi; mox pen. b. M. Kouyposa. — Mocka: UHOPA-M, 2024. — 540 c. —
DOI 10.12737/2056726.
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BINAHWE W3MEHEHWA KAWMATA HA Nonynaunmtio
BENOIro MEAOBAQCIT POBE BPAHIENA
[ OLOjoa O ¢.RrR., [OtoykzCtseoO [ . I.
TrOMEHCKU roCyAapCTBEHHBIN YHUBEPCUTET, I. TromMeHsb, Poccus
Stud0000277410@study.utmn.ru

['moGanbHOE TOTEIUIEHHE — OJHA U3 CaMbIX CEPbE3HBIX HSKOJOTHYECKHX MpodiIeM
COBPEMEHHOCTH, TIOCIEACTBUS KOTOPOTO HAOJIOJAIOTCS BO BCEX YroJKaxX IUIAHETHI, BKIIOYAst
ApkTHKy, rAe oburtaer Oenblii Meneab. OctpoB Bpanrens, pacnonoxeHHbI B CeBEepHOM
JlenoBuTOM OKeaHe, SIBIISIETCSI BAXKHOU Cpelioi 0OUTaHus IS 3TOTO BHUJA. [ T00abHOE TIOTEIIJICHHE
— 9TO CJHOXHBIA ()EHOMEH, KOTOPBIA OKa3blBAET OrPOMHOE BJIMSHHE HA JKU3Hb JKUBOTHBIX.
[lonuManue TOro, Kak H3MEHEHHUs KIMMAaTa BIUAIOT HA pa3JIMYHBIC BUJIbI, IO3BOJIAET HaM
pa3paboTaTh CTpaTeruu Mo COXpPaHEHHUI0 OMOpa3HOOOpa3usl.

OctpoB Bpanrensi, kak u Bcsi ApKTHKA, SIBJISETCA WHIUKATOPOM IJIOOQIBHBIX M3MEHEHUM
knuMaTta. OH CIaBUTCS CBOMM YHUKaJbHBIM OMOpPa3HOOOpa3UeM, SIBISISICh YOSKHUIIEM TSl PEIKUX
BHUJIOB PACTCHUN W KUBOTHBIX. DTO YHHUKAJIBHBIM NpPUMEpP apKTUUECKOW SKOCHCTEMBI, >KH3Hb
KOTOPO# TECHO CBs3aHa C KIIMMATOM M €CTeCTBEHHBIMU IMKJIaMU. M3-3a MOBBIIIIEHHS TEMIIEpaTyphl
Ha TUTaHEeTe (PUKCUPYIOTCS COKpAIICHHE JICAHUKOB, YTO TMPUBOJMUT K TIOBBIIICHUIO YPOBHS MOPS U
BO3JICHCTBYET Ha BCIO 9KOCHCTEMY OCTpPOBA.

Lens HacTosmel paboThl 3aKJIFOYAETCS B TOM, UTOOBI U3YYHUTh BIMSHHE U3MEHEHUS KJIMMaTa
Ha MomyJsuio Oeroro Measens 3a nocinenuue Tpu aecsatunetus (¢ 2008 mo 2023 rr.) va OcTtpoBe
Bpanrens.

B xone uccnenoBanust Obuia copMupoBaHa rojaoBas 6a3a JaHHBIX BCTPEYAEMOCTH OElIoro
MeZBe/Isl Ha TEppUTOpUM uccienoBanus 3a nepuoa ¢ 2008 mo 2023 rr. no nucrounukam Jleronuceit
[Tpuponsl. JluHeltHble TpEeHIBl TOJOBOM H3MEHYMBOCTH TEMIIEPATyphl BO3AyXa W KOJIHYECTBA
0enoro MeaBeIsl UMEIOT MOJIOXKHUTENbHBI 3HaueHusl. B cpeaHeM TemnepaTypa Bo3/ayXa KaxIblil roj
yBenuuuBaetcs 0,07°C, a exeroaHblii MpupocT MeABEeH B cpeiHeM cocTaBisieT 6 ocobeil B rox
(puc. 1). Ilo pe3ynabTaTam KOPPEISLMOHHOIO aHalu3a OBLIO BBIBICHO, YTO MEXIY POCTOM
TEMIIEpPaTypbl BO3AyXa M KOJHYECTBOM O€IOro MeABEAs CYIIeCTBYeT 3HauuMas 3aMeTHas
nojioxkutenbHas cBs3b (r=0,55). Ha ocHoBe 3TOro ObLT caenmaH BBIBOJ, YTO HM3-3a COKpAICHHUS
TJIOIA/IM JIb/1a Oelblil MeBe b Yalle cTaji BeicaxkuBaThes Ha OcTpoB Bpanrens.

800 - - 0,0
600 -
- -4,0
400 - y = 6,38x + 254,85
-Gy, "V Bl BN A - -8,0
200 {1 B == I\
0 - - -12,0

2008 2010 2012 2014 2016 2018 2020 2022

BN OO011[. YUCIEHHOCTE 0€I0T0 MEABES —=]0n0Bas TeEM-pa

Pucynok 1 — I'omoBast ©13MEHYMBOCTH TEMIIEPATYPHI BO3/1yXa (KpacHas JIMHUS), KOJIUYeCcTBa OeJI0ro
MenBes (CuHue CToJIONKI) U uX JMHeHBIe TpeHabl ¢ 2008 mo 2023 rr. Ha OctpoBe Bpanrens
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MPOrTHO3UPOBAHWE 4B HEMHMBIO d3MHNABA C NMPUMEHEHMWEN
HEMPOCETEBOIo MOAE/NWPOBAHMWUA W COMNOCTABNEHWE
C MNPOBbBIM ONbBIT OM

J EBCts9 sl te] M dzMC OW [ .
OI'bHY «MHCTUTYT IPUPOAHO-TEXHUYECKUX cUCTEM», I'. CeBacTonoib, Poccus
andrey-1s2015@yandex.ru

Onb-Hunbo u Jla-Hunbs — BakHelue riodaibHble KIMMAaTUYECKUE SBJICHUS MEXTOJ0BOTO
MacmTaba B CHUCTEME OKeaH-aTMOc(epa 5KBaTOpPUAIbHOH 30HBI THXOro OKeaHa, KOTOpBIE
00yCIOBINBAIOT (OPMUPOBAHUE KAaTACTPOPUUECKIX aHOMAJUI KIMMaTa U OKpY)Karollel cpeibl B
pa3HBIX pEermoHax 3€MHOrO IIapa B BHUJAE 3aCyX, HAaBOAHEHWH, IOXapoOB, a TAKXKE NPHUBOAAT K
BO3HHUKHOBEHHUIO KOJIOCCAJIbHBIX COLUANbHBIX U SKOHOMHUYECKUX MpodieM. CoObiTusa Dnb-HuHb0 1
Jla-HuHbsl SBISIOTCA 3MU30AaMU KJIMMAaTHYECKOro mpouecca nb-Hunbo — HOxHOe konebGanme
(QHIOK).

CoBpeMEHHbIE TUHAMUYECKHE U CTAaTUCTUYECKHUE MOJEIN MHOTIOYHMCIEHHBIX MHMPOBBIX
KJIUMAaTUYECKUX LEHTPOB, NMpUMEHseMble aisi nporuos3a cocrosgHus DHIOK B pamkax mpoekTos
BcemupHoii ~ METEOpOJOTrMYECKOW  OpraHU3aLMH, OTpaHUYEHbl  BECEHHUM  IIOPOTOM
mpecka3yeMocT, a uX 3(QexTuBHas 3a0IaroBpeMEHHOCTh paBHa 6—12 wmecsmam. [Ipu sTom
yrouHenue tumna coopituit JHIOK orpannueno OykBallbHO HECKOJIBKMMH MECSALIAMHU.

OcTpblif UHTEpEC CPEeaN YUCHBIX BbI3BaJIa BO3MOXKHOCTH MPUMEHEHUS TIyOOKOTO 00Yy4eHUs,
KOTOpas cTajla JOCTyllHa C TOSIBJICHUEM HACH HCIOJIb30BAHUS JIaHHBIX KIMMAaTH4YE€CKOrO
moaenupoBanuss CMIPS5 u CMIP6, npennoxenHoii B padore (Ham et al., 2019). Cnocobnoctu
MojJIeTiell ¢ MPUMEHEHHEM TIIYOOKOro OO0y4YeHHs OKa3ajuCh 3aMETHO JIy4Ylle IO CPaBHEHHIO C
TUIPOJIMHAMUYECKUMU M CTATUCTUYECKUMH MoJiesiMU. OJTHAKO y TAKOTO MOJX0/1a €CTh HECKOJIBKO
HEJOCTaTKOB. Bo-mepBbIX, wucronb3oBanue naHHbix CMIPS5/6 mns oOydeHuWs TOTEHIUATBHO
OTPaHUYMBAET BO3MOXKHOCTH MOJIEIMPOBAHUS HEKOTOPBIM IMPUJIECIOM TOYHOCTH, KOTOPBIA HeE
yacTCsl MPEOOJIETh, HE 3aMEHUB BXOJHBIE JTaHHBIE KJIMMAaTUYECKMX MOJEJEH Ha OlepaTHBHBIC
naHHble. BO-BTOPBIX, BO BCEX PAacCMaTpUBAEMbIX HEMPOCETEBBIX MOJEIAX B KayeCTBE BXOIHOIO
rapamMeTpa HCIOJb3yeTCs TeIIoco/epkanne okeaHa Ha riayoune 1o 300m. OmnepaTuBHOCTH
OOHOBJICHHS OKEaHMYECKHX pEeaHalIM30B paBHa 1-2 Mecsuam, CJel0BaTeNbHO, NMPOTHO3 Oyner
BCET/1a 3aIa3/IbIBaTh Ha TAKOM )K€ CPOK.

B uccnenosanuu (JIyokoB u ap., 2023) Hamu ObUIO IPEJIOKEHO HUCIOIB30BaTh MOJAETbh Ha
OCHOBE MCKYCCTBEHHBIX HEHPOHHBIX CETEH, MPEAUKTOPAMU KOTOPOM SBIISIOTCS KIMMAaTHYECKUE
MHJICKCBI, TONYYEHHbIE M3 MAacCHMBOB JaHHBbIX armocdepHoro peanann3a NCEP/NCAR wu
PEKOHCTPYKIMHA Temmeparypbl moBepxHocTn okeana COBESST2. B wmopenn peann3oBaH
aBTOPCKUN METOJ COBMECTHOI'O MPUMEHEHMSI HEHPOHHBIX CeTel, OONBIINX MAaCCUBOB JAHHBIX U UX
MpeBapUTENILHON 00pabOTKH, a MCIONb3yeMble 0a3bl NaHHBIX OOHOBIISIIOTCS CO CKOPOCTBIO 2-3
JHS, 4TO J€JIaeT IPOTrHO3 TAKON MOJENIN CBOEBPEMEHHBIM.

B npencrasnsemoii paboTe mpoBeseHa cpaBHUTENbHAs OlleHKa Hameil mojenu u3 (JIyOkoB u
ap., 2023) ¢ COBpeMEHHBIMH JAMHAMUYECKUMH M CTATUCTUYECKUMH MojaelsmMu. Hama momens
o0jasaeT MMHHMMAJIbHOW YYBCTBUTEIBHOCTBIO K BECEHHEMY IIOpOTy IMpPEICKa3yeMOCTH, 4YTO
MO3BOJISIET MOJIYYUTh 3PPEKTUBHYIO NPOAOKUTENBHOCTh MPOrHO3a, PaBHYIO 22 Mmecsuam. JTOT
pe3yabTaT Ha 4 Mecsa MPEeBOCXOJUT CIIOCOOHOCTH HEHpOCeTeBBIX MoOJelneil, OCHOBaHHBIX Ha
alropuT™Max riayookoro oOyuenus, u Ha 10-16 MmecsueB — CHOCOOHOCTH JMHAMHUYECKHX U
CTaTUCTUYECKUX MOZEIEH.

Pabora BrimonneHa B pamkax roczaganus UIITC (Ne rocpeructparmu 124013000609-2).

Crnrcok UCOIb30BaHHON JIUTEPATYPHI:

JIyokoB A. C., Bockpecenckas E. H., MapuykoBa O. B. HoBblif moaxo/1 K UCIIOJIB30BAHUIO
HEHPOHHBIX ceTell JUIsl JOIrocpoYHOro nporHosa Inb-Huubo u Jla-Hunubs / @ynaamenTanbHas u
npuknaaHas kaumarosorus. — 2023. — T. 9, Ne 4. — C. 432-466. — DOI 10.21513/2410-8758-2023-
4-432-466.

Ham Y.-G., Kim J.-H., Luo J.-J. Deep learning for multi-year ENSO forecasts // Nature. —
2019. — Vol. 573. — P. 568-572. — DOI 10.1038/s41586-019-1559-7.

84



sdMmlsjd Chodsttdy SR 05 j2 fMejH’

MOOE/ITb MNMPOIHO3SMNPOBAHUA KATACTPOOPUYUECKUX T1A
HA TEPPUTOPWNWN KPbBIMA
BSB89 . d., JrhCoOttCtsoaO .1., ImCtej Mmy
OI'BHY «MHCcTUTYT IPUPOAHO-TEXHUYECKUX cucTeMY, . CeBacronois, Poccus
andrey-Is2015@yandex.ru

Karactpoduueckue curyarnuu nocieaux jetT — B uroHe 2021 1. B paiioHe SAntel U B ssHBape
2024 r. B CeBacrormnose — CBsI3aHHBIE ¢ OOUIIBLHBIMH OCaJKaMH, TIOAbEMOM YPOBHS BOZBI B PEKax U
00pa30BaHUEM CEJIEBBIX IOTOKOB, B OUEPEIHOM pa3 MoKa3aau HEOOXOAUMOCTh 3a0JaroBpeMEeHHOT0
MIPOTHO3a COOBITHI C 3KCTPEMAaJbHBIMH OCaJKaMu Ha TeppuTopun KpbiMa JUIsi CBOEBPEMEHHOTO
pearupoBaHMs U MUHUMM3ALUKA SKOHOMHUYECKUX MOTepb. PaiioH ropHoro KpeiMa ¢ ero cioxHeIM
penbedoM M OONBIIUMH YKIIOHAMH OCOOCHHO IIOJIBEP)KEH BO3HUKHOBEHMIO OINMACHBIX CHUTYalMi
10CJIe MPOXO0XKIAEHHS OOMIBHBIX (YACTO MHOTO/IHEBHBIX) JJOXK/IEH.

B nannHoli pabore Ha OCHOBE MHOTOJIETHUX JaHHBIX HAOMIOACHUH NIpU HUCIHOJIb30BAaHUU
MeToAa UcKyccTBeHHOM HelpoHHbIXx cereil (HC) paccmoTpeHa BO3MOXKHOCTH IPOTHO3HPOBAHUS
CIly4aeB dKCTPEMaIbHBIX aTMOC(EPHBIX OCAJIKOB KaK MPUYMHBI Pa3MbIBa pycel peK u 0OpyIIeHus
CKJIOHOB.

B pabote ncnonap30BaHbI €KETHEBHBIC JaHHBIE aTMOC(EPHBIX OCAIKOB C METEOCTAaHIMH Aii-
ITetpu 3a mepuon 1950-2020 rr. u nandsie nmo CeBactomosito 3a mnepuoa 1950-2024 rr.
Merteoctannus Ai-lIlerpu BbeIOpaHa JuIsl aHANIM3a, IOCKOJBKY U peka UepHas, u peku Snter 6epyT
CBOE HAyaJlo CO CKJIOHOB U NMOAHOXKUS AM-IleTpuHCcKoN SHIIBIL.

B kauectBe KpuTepus OmacHOro sBJIEHHs BbIOpaH mopor ocaakoB B 40 mm 3a 3
nociuenoBarenbHbIX JHA. Kaxkpgoe Takoe sBICHHME CUMTANOCh HE3aBHUCHMOWM T'HAPOJIOrMYECKON
cuTyanueil, 1 o0ydeHue CUCTEMbl UCKYCCTBEHHOI'O MHTEJIEKTa MPOBOJMIOCH HMEHHO Ha OCHOBE
perucTpanuy Takux siBjaeHui. PaccMoTpena cutyanus karactpoduueckoro naBojka Ha p. YepHoii B
sHBape 2024 r., 00ycioBiIeHHas BBIABIIUMHU B TEUEHHE TPEX JHEU HIKCTPEMalIbHBIMU OCaJKaMU B
CeBacTonoabCKOM PETHOHE.

JlJ1 IpOTHO3MPOBAHNUS CIYy4YaeB € SKCTPEMAIbHBIMU OCAKaMU MCIIOJIb30BaHa pa3paboTaHHas
aBTOpPaMHU MOJIeNIb Ha OCHOBE HelpoHHOH cetu (JIyOokoB u ap., 2022).

HccnenoBanne BO3MOXHOCTH TPOrHO3MPOBAHUS SKCTPEMANIBHBIX 0Ca/IKOB B ropHOM Kpbimy ¢
UCIOJIb30BaHUEM pa3paboTaHHOM aBTOpamu Mmojenu uckycctBeHHoN HC mokaszano crepyromee:
BCE aHOMAJIbHbIE MECSIIbI, KOI/Ia MOBTOPSUTUCH >3 cilydaeB MpeBbliieHus nopora 40 MM ocasikoB 3a
3 mocneaoBaTeNbHBIX AHA, ObIJIM CIPOTHO3MPOBAHBI BEPHO C 3a0JarOBPEMEHHOCTBIO OT >3 MecC. Ha
KOHTpOJIbHOHU BbhIOOpKE. 10 u3 14 mec., korja HaOmoa10Ch 2 ciiydas HpeBbliieHns nopora 40 MM
OCAJIKOB 3a 3 MOCIe0BaTeNbHBIX JIHS, ObUIN YCIIEIIHO CIPOTHO3MPOBAHBI C 3a0J1arOBPEMEHHOCTbIO
ot 3 mec. Koo dunment koppensiuu U 3a0J1aroBpeMeHHOCTh MPOTHO3a UMEIOT OOpPaTHYIO CBS3b.
Koadpduuuent xoppensaiuu yosiBaer, a RMSE/c Bo3pacTaeT Ha KOHTPOJIbHON BBIOOpKE MO Mepe
yIaJeHusi OT TeCTOBOW BBIOOPKH, YTO TOBOPUT O HECTALMOHAPHOCTU Mojenu. OTcio/la BOZHHUKAET
HEOOXOJMMOCTh AaKTyaJU3allMM JaHHBIX OOyd4arollell KOHTPOJBHON BBIOOPKHM IepecueToM Ha
nocaenyromtue 5 net (JIyokos u ap., 2024).

Pabora BrimonneHa B pamkax roczaganust UIITC (Ne rocperucrparmu 124013000609-2).

CrnucoK UCHOIb30BAHHON JIUTEPATYPHI:

JIyokos A. C., Bockpecenckas E. H., Cyxonoc O. FO. [Iporuno3 BeinajieHns 0OCaJKOB B pailoHe
Aii-Iletpu Ha OCHOBE MOJIETHM MCKYCCTBEHHON HelpoHHOU cetu // Bomubie pecypebl. — 2022, — T.
49. — No 4. — C. 517-526.

JIyokos A. C., BeimuksapkoBa E. B., Bockpecenckas E. H., lllogpo A. E. K Bompocy o
MIPOrHO3UPOBAHUM KaTacTpOPUUECKHX MaBoAKOB Ha Teppuropuu Kpbeima // BonmHble pecypchl. —
2024. — Ne 6.
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PEANTWN3IAUNA TPAHCNOPTHOMN MOOENTWN ANA OUEHKMWU!
MAPHMWKOBbBIX TA3O0OB OT ABTOMOBWMABbHOIO W BHE/LC
TPAHCMNMOPTA HA HAUWMOHAJ/IBHOM YPOBHE
[ " stse 1Y . potsW d di3f, deSyts] daL. Blz toee€ B oz dj zd@O. O\ =Eo o .
rdvdssg 1z.08.d &0 4 dfj.dgs o PO dalz'dzd dz w .
L®OBI'Y «MIT'KD», r. Mocksa, Poccus
20I'bOY BO MAJIU, . Mocksa, Poccust
vladislav_lytoff@igce.ru

3anaga o pa3paboTKe TPAHCIOPTHON MOJEIH ISl OIICHKH BRIOPOCOB MapHUKOBBIX ra3oB (I11)
o BocxozsmemMy noaxoay (meron yposHs 3 corsiacho MI'OUK,2006) Ha HalmoHaIBLHOM YPOBHE
OblTa BBITIONHEHa B pamkax mpoekta BUIT I'3Y. Jlns omenxm BeiGpocos III' mo 3 ypoBHIO
HeoOxouMa JeTaiu3upoBaHHass MHGOpPMalUsi O CTPYKTYpe aBTOMOOUIIBHOTO U BHEIOPOKHOTO
napka Poccuiickoii @enepaiiuu mo psay napaMmeTpoB, TAKUX KaK HKOJOTHYECKUE KIIACChl (HOPMBI),
BUJIBI TTOTPEOIISIEMOr0 TOILIMBA, BO3PACT, yIelIbHbIE HOPMBI pacxoja TOILIMBA, FOJIOBbIE MpOOEru
(MOTOYACHkI) ¥ JIp. B COOTBETCTBUU C HAI[MOHAJIbHBIMU YCIOBHUSIMH 3KCILTyaTallUH.

bonpmmHCTBO M3 3THX mapaMmeTpoB paHee B HammoHanbHOM KajacTpe NPUHUMAIKUCH IO
YMOJIYaHUIO WM HAa OCHOBAaHMU SKCIEPTHBIX ONEHOK. basel manHbix Poccrata, ['MBJJI MB]/]
Poccun, Muntpanca Poccuu, ABToctara He conaepkaT 00OOIIEHHON M CHCTeMaTU3MpPOBAHHON
neranbHas MHPOpManueir s oueHku BbIOpocoB 1IN mo 3 ypoBHIO Bcero i HEOOXOIUMOTO
BpeMEHHOTr0 Jauarna3ona Beiopocos 1IN — 1990-2022 rr.

Jloka3aHo, 4TO OJMH M3 METOJ0B MAaIIMHHOIO 00y4eHHUs (METOJ MHOXKECTBEHHOW JTMHEHHOMN
perpeccum) MOKHO MCIIOJIb30BaTh Ui BOCCTAHOBJICHHS CTATUCTHUECKON MHpOpMalyu (MCXOAHBIX
JaHHBIX) B OTAENbHblE roabl B mnepuon 1990-2022r.r., a Takke aHaiau3a JAOCTOBEPHOCTH H
HEOMNpeAeNIeHHOCTH UTOTOBbIX 3HaueHU [II' aBTOMOOHMIIBHBIM U BHEIOPOKHBIM TPAaHCIOPTOM B
paccMaTpuBaeMOM BPEMEHHOM MHTEpBAJIE.

C ucnonp3oBaHMEM pa3paOOTaHHON METOAMKH BBISBICHBI YCTOWYMBBIE KOPPENSLUOHHBIE
3aBUCHMOCTH C IOKa3aTesiMHU, HCIOIb3yeMbIMHU AJIsl OlleHKH BbIOpocoB III' u razoB-npexkypcopoB
aBTOMOOWJIBHBIM M BHEJOPOXHBIM TpaHCHOpPTOM. OIEHEHbl MOKa3aTedd KayecTBa MOITYYEHHBIX
YpaBHEHU MHOKECTBEHHOW JMHENWHOHN perpeccun (K03(pPUIMEHT AeTepMHUHAIMM, CTaHJApTHAs
omKOKa, ypOBEHb 3HAUMMOCTH PErpecCCHOHHON MOJAENH, CpelHss omuOKka B TpaHMLAX U 3a
rpaHuLIaMU TIOCTPOEHUSI MOJIENH U Ap.)

Hcnonb3oBanue «TpaHCHOPTHOM MOAEIM» MOBBIMIAET MPO3PAYHOCTh PACUETOB BBHIOPOCOB
MAapHUKOBBIX Ta30B B HaluoHanbHOM KaJacTpe U CIOCOOCTBYET Jy4IIeMy HMOHMMAal0 OCHOBHBIX
(bakTOpOB, BIUAIOUIMX Ha U3MEHEHUE BHIOPOCOB. BaXKHBIM pe3yabTaToM AAHHOW pabOTHI SBIISIETCS
YTOYHEHHE U JIONOJHUTENbHAs TNpoBepka (BepuU(HUKalMsi) CTATUCTUUYECKUX JAHHBIX IO
NOTpeOICHNI0O MOTOPHOTO TOIJIMBA aBTOTPAHCIIOPTHOW M BHEJIOPOKHOW TEXHUKOW B OT/ENIbHBIC
TOJIbI COTJIACHO TOTUTMBHO-dHEpreTrdeckomy 6amancy PD (TOB).

Haunbonee siBHbIE OTKJIIOHEHUSI MEXy TaHHBIMU TOb U MOJIENBbHBIMU OIIEHKAMH OTHOCSTCS K
2014 u 2015 rr. mis moTpebIeHns TU3EIbHOTO TOTUIMBA aBTOMOOMIIBHBIM TPAHCTIOPTOM (OTIHYHE
Ha —15,1% u —27,65% cooTrBercTBEeHHO). 11 TOPOKHO-CTpOUTENbHBIX MamuH B 2016 u 2017
noTpebieHne AU3eapHOTO ToruBa oTiandaercs Ha —61,00% u 62,50% coOTBETCTBEHHO.

[lo mpenBapUTENbHBIM pe3ylbTaTaM, 3HAYEHMS BaJIOBBIX BBIOPOCOB MAPHUKOBBIX Ta30B
BHEJIOPOKHBIM TpaHcropToM B niepuoa ¢ 1990 no 2010 rr. ymensimatores ¢ 56,67 M T CO2-3KB.
1o 29,93 maa T CO2-3kB., T.e. B 1,9 paza. B cnenyromee necsatmierue (mo0 2020 r.) 3Ha4YeHUs
MPUBEAEHHBIX BHIOPOCOB MAapHUKOBBIX I'a30B HaxonATcs B auanazone 22,9...27,1 man T CO2-3kB.
JluHaMuKa BHIOPOCOB OCHOBHBIX MAPHUKOBBIX ra30B aBTOMOOWJIBHBIM TPAHCIIOPTOM COXpaHsIeTCs
MIPUMEPHO TAKOW K€ KaK JIMHaMHUKa MOTpeOIeHHs] MOTOPHOTO TOILIMBA — CHIKEHUE ¢ 165 MITH T 10
75 muH T (1990-2000 rr.), poct A0 165 muu T (2015 1.) U cHmkenue a0 150 mua T B 2021 1.

! BaxHe#muii MHHOBALMOHHBIA IPOEKT TOCYJAApCTBEHHOrO 3HadeHus, Pacmopsoxenue IlpaBurensctBa Poccumiickoit
Oeneparun ot 29.10.2022 1. Ne3240-p «O0 yTBEp>KACHIH HHHOBAITMOHHOTO TMpoekTa «EnuHas HalrmoHaIbHAs CHUCTEMA
MOHHUTOPHHIA KIIMMATUYCCKH AKTUBHBIX BEIICCTBY
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W3MEHEHUWE LUWKNOHWYECKOWM AKTWBHOCTW B UYEPHO
CPEON3SEMHOMOPCKOM PET MOHE
[OfMdzso © 1 .1 ., 1ItMmStjMmj dhcoOw .
OI'BHY «MHCTUTYT NPUPOIHO-TEXHUUECKUX CUCTEM», I. CeBacTomoib, Poccus
veronika maslova@mail.ru

KommuiekcHoe uccrnenoBaHue 3aKOHOMEPHOCTEM IPOCTPAHCTBEHHO-BPEMEHHBIX HW3MEHEHUH
QHOMAJIMA  LMKJIOHMYECKOM  AKTHUBHOCTM  pa3sHOM  MHTEHCUBHOCTH B YepHOMOpPCKO-
Cpenn3eMHOMOPCKOM PETHOHE MPOBEACHO HA OCHOBE PAaCY€TOB OCHOBHBIX MapaMETPOB LIMKJIOHOB,
BBICTICHHBIX TI0 JaHHBIM O mosie reonoreHnuana u3 maccuBa NCEP/NCAR. B pesymbrare,
MIPUBEJEHBl U IPOAHAIU3UPOBAHBI KOJWYECTBEHHBIE OLICHKU JOJITOBPEMEHHBIX HW3MEHEHUH H
MEKTOJIOBOM-MEXKIECATUIETHEN W3MEHYMBOCTH WHTEHCUBHOW LIMKJIOHUYECKOW AKTUBHOCTU B
YepHomopcko-CpenuzeMHOMOpPcKoM peruone. I[lpencraBieHbl cxeMbl (OPMHpPOBAHHUS aHOMAJHA
LUKJIOHUYECKOH akTUBHOCTU B YepHOMOpCKO-Cpean3eMHOMOPCKOM PETHOHE B CBSI3U CO CMEHOMU
(a3 MeXroloBbIX U MEXKICCATHUICTHUX KIMMAaTHYECKUX MPOILecCOB Haja ATiaHTuKO-EBpomnelickum
cekTopoM. OIEHEHbl OTKJIMKA BOCTOYHBIX U LEHTPAJbHBIX TUNOB coObITUH Onb-Hunwo u Jla-
Hunps B yacToTe WHTEHCUBHBIX LHUKJIOHOB B YepHOMOpPCKO-Cpean3eMHOMOPCKOM pETHUOHE.
[Tony4eH ycnemHslii CE30HHBINA MPOTHO3 ¢ 3a01arOBPEMEHHOCTBIO 10 6 MECAIEB CPeTHEMECSIHON
YaCTOThl UHTEHCUBHBIX IIUKJIOHOB C UCIOJIb30BAHUEM MOJEIHN UCKYCCTBEHHBIX HEMPOHHBIX CETEH, B
KOTOPOW TPEAMKTOpAaMH CIY)KUT Ha0Op WHAEKCOB KIMMAaTWYeCKHX CHUTHANOB. llomyueHsl
pEruoHANIbHbIE OLICHKU W3MEHEHHUS LUKIOHUYECKOM AaKTUBHOCTM B cepeanHe M koHue XXI mo
ancambimro mozeneit CMIP6 B cuenapusix co cpegaum (SSP2-4.5) m HamOonbmmm (SSP5-8.5)
YPOBHEM BBIOPOCOB MapHUKOBBIX ra3oB. llokazaHa CBSI3b MOJNIOKEHUS TIIYOOKHX IIUKIOHOB C
pa3HbIMM THIIAMM ILITOPMOB B CEBEPHON YacTH YepHOro Mops, MOJIy4yeHbl KOJIMYECTBEHHbIE OLIEHKU
MEXKTOI0BOM-MEXACCATUIICTHEN KIMMATUYECKOM HW3MEHUYMBOCTU YPOXKAMHOCTH arpokyibTyp H
OMOKIMMAaTUYECKON TTPUBJIEKATEIbHOCTU KypopTOoB tora Poccum.
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W3MEHEHMWA KNWMATA U OKPYXAWIWEWN CPE/AbI
B BACCEWHE PEKW 3EPABWAH (Y3BEKWUCTAH)
[dLts] 9 OPHES SO .1
OI'BOY BO «Poccuiickuil rocyaapcTBEHHBIH IMIPOMETEOPOIOTMUECKUN YHUBEPCUTETY,

r. Cankr-IlerepOypr, Poccus
vagifl976@mail.ru

V3MeHeHHs KIMMaTa IpeACTaBISIOT COO0 OJIHY M3 CaMbIX CEPhE3HBIX yIpo3 I 3KOCUCTEM
U YeJIOBEUYECKON AESITeIbHOCTH B COBPEMEHHOM Mmupe. ['nmobOajabHOE MOTEIIeHUE U CBSI3aHHBIE C
HUM KJIMMATUYECKHE M3MEHEHHUS OKa3bIBAIOT 3HAYUTEIBHOE BIMSHUE HA PaA3JIMYHBIC PETHOHBI,
BKIIIOUas crienuguyeckue OacceiiHbl pek. B maHHOM HcclenoBaHUU aHAIU3UPYIOTCS M3MEHEHUs
KJIMMaTa U OKpY»Karoulei cpelpl B OacceiiHe peku 3epaBliaH, KOTOpbId HaxoauTces B LlenTpanbpHoi
A3un W mpenacTaBiseT co0Oil BaKHBIM BOJIHBIM pecypc Al HECKOJbKUX CTpPaH pPEruoHa —
Tamxuxucrana, Y30ekucrana u Adranucrana. PernonanbHbie KIMMaTHYECKUE U3MEHEHHS B 3TOU
o0JacTi UMEIOT 3HAYUTENbHOE 3HAUCHUE JIJIS1 IKOCUCTEM U HACETICHHUSI.

PaccMoTpuM OCHOBHBIE ITOCIIEACTBHS U3MEHEHUS KIMMaTa B OacceliHe peku 3epaBIliaH.

— Tasuue neanukoB. Jlegnuku B OacceliHe peku 3epaBllaH, KaKk U B JPYTUX YacTAX
LentpanbHoil A3UM, UCIHBITHIBAIOT 3HAYUTEIHHOE TasHUE. DTO BIHUSET HA PEXKHUM CTOKa PEK,
KOTOPbIE€ UMEIOT JIEAHUKOBOE [TUTAHUE.

— M3menenne pexunma ocagkoB. B pernone HaOmogaercss M3MEHEHHS B CE30HHBIX OCAJIKaX,
YTO BEJAET K YBEJIMYECHUIO YACTOThl HKCTPEMAJbHBIX 3aCyX M HAaBOJHEHUW. OTH HM3MEHEHUS
HETaTUBHO CKA3bIBAIOTCS HA CEIBCKOM XO3SHCTBE U BOJOCHAOKCHHU.

— M3menenue temmeparypsl. TeMieparypHble H3MEHEHUSI CKA3bIBAIOTCS HA BOJHOM OanaHce
Y TIPUBOJIAT K M3MEHEHHUIO PACTUTEIBHOCTH M COKPALICHUIO0 OMOPa3HOOOpas3Hs B PETHOHE.

N3menenus kiuMara B OacceliHe peku 3epaBlIaH HUMEIOT MPSMOE BIMSHHE Ha PECYpChl U
HacelleHne peruoHa. V3mMeHeHHMe peXuMma CTOKa PEKU BIMSET Ha BOJOCHA0XKEHHE, CEIIbCKOe
X035HCTBO U SHEPreTUUYECKUe pecypchbl. I3MeHeHus: B peKUMe OCaJIKOB U TEMIIEpaType OKa3bIBAIOT
BIIMSIHUE HA YPOKAMHOCTh U YCTOMYMBOCTh CEIBCKOXO3SIMCTBEHHBIX KYJIBTYP.

H3meHeHus kiuMaTa MOTYT YCYTyOUTH CYIIECTBYIOIIME COIMAIbHBIE M JKOHOMHYECKHE
Mpo0OJIEMbI B pErMOHe, TaKMe KaK HeXBaTKa BOJIbI U IPOJOBOJILCTBEHHAs O€30I1aCHOCTD.

['mobGanpHBIe M perMoHaNbHbIE U3MEHEHHs KJIMMaTa OKa3bIBAIOT 3HAUMTENBHOE BIMSHHUE Ha
OKPY’KAIOIIYIO CPeNly U peCypchbl, 0COOEHHO B TAKMX UYBCTBUTEJBHBIX PETMOHAX, KaK 0accelH peKu
3epaBmiad. [loHnManue >THX HM3MEHEHHMH M pa3paboTKa aganTallMOHHBIX CTPATErHil SBISIOTCS
HEOOXOJUMBIMH JIJII MUHHUMU3AIMM HETaTHBHBIX TOCIEICTBUM U 00€CleueHus YCTOMYHUBOTO
pasButus peruona (Gaidukova, Mirzoev et al., 2024). JlanbHeiine Wcciea0BaHUs ¥ MOHUTOPHHT
W3MEHEHUH KJIMMaTa TOMOTYT B pa3paboTke 3(P(GEeKTUBHBIX MEp IO aganTalldd U CMSITYEHHUIO
MOCIIEICTBUM.

CnucoK MCTOJIb30BaHHOW JINTEPATYPHI:

Gaidukova E., Mirzoev V., Lukas R., Victorova N. On the issue of forecasting the runoff of
mountain rivers in Uzbekistan // Ensuring Sustainable Development in the Context of Agriculture,
Energy, Ecology and Earth Science (ESDCA-1V-2024): IV International scientific and practical
conference, Smolensk, March 11-14, 2024. E3S Web of Conferences. LES ULIS, 2024. — P. 3026.
— DOI 10.1051/e3sconf/202451003026.
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MPMMEHEHWE TWAOAPOAOWHAMUMUWYECKOIO W NTAT PAHXEBA MC
ana NMCCNEJOBAHUMWA OWMWHAMUKN BOLO NOPOTEHCKOT (
| Boatsfj didgeo Oh Q2 B dzr1d.HE s DHlzww defPC d2 [ . )
1 jdzsdz) &S sU daj AMEEd2 [ .S
1HaquLH?I Do «MexayHapOoIHbIN LEHTP MO OKPYKAIOIIEH Cpeie U NUCTAaHIMIOHHOMY
3oHAMpoBaHuI0 nMeHu Hancenay, r. Cankr-IlerepOypr, Poccus
2 Cankr-TleTepOyprekuii rocyiapcTBeHHbIH yHuBepeuTeT, . Cankt-Ilerepoypr, Poccus
3 TuxookeaHckuii okeaHonorudeckuii uHCTUTYT umenu B. Y. Unpuuésa IBO PAH,
r. BmaguBocTtok, Poccus
novoselovaa.elena@gmail.com

JlopoTeHCKUIT BUXph — OTO AHTUIMKIOHMYECKHH KBA3UIIOCTOSIHHBIH BHUXPb, KOTOPBIN
pacIioyio’keH B LEHTPEe OJHOMMEHHOM KOTI0BUHBL. OH mpezacTaBiser co0o0i IMH3Y TEIUIoi coneHoM
Bozbl Ha TiyonHax ot 300 mo 1000 M ¢ ropuzoHTanbHEIM MacmTabom 10 100 kM. YcToitunBoCTh
Jlodorenckoro Buxpsi obecnieunBaercs IByMs (hakropamu. Bo-mepBbIX, 3TO NPOMCXOIUT 3a CUET
CIIUSIHUSL C JAPYTUMHU aHTULUKIOHAMH, KOTOpble 00pa3yloTcs B pe3yibTare OapOKIMHHON
HeycToiunBocTH HopBexxckoro TtedeHus. Bo-BTOpBIX, 3TOMY MOXET CIIOCOOCTBOBAaTh OCEHHE-
3UMHSISI KOHBEKIUSI.

Mpel ucnosp3oBanu ruapoauHamudecyro mMonenb ROMS  BBICOKOro IIpOCTPaHCTBEHHOTO
paspelieHus sl MOICIUPOBaHUS TUPKY/ISIHK JIopOTEHCKOW KOTIOBUHBL. B KauecTBe OCHOBHOTO
pabouero nepuojia UCIHOIb30BAJICS BPEMEHHON IMPOMEXYTOK C CEpEAMHbI CEHTAOpS 10 CepeluHbl
okTs10ps 2008 r., Koraa HaOMIOANCS SBHO BBIPAXKEHHBIM aHTULUKIOHUYECKUN BUXPh B 00J1aCTH
HCCIIEIOBaHUS.

Hnst  uccnenoBanus JUHAMUKA BOA  JIOOTEHCKOrO BHXpS MBI BOCIIOJIB30BAJIHChH
JarpaH’kKeBbIMU METOJAMH M PACCUUTAIN TPACKTOPUM IACCUBHBIX MapKepOB, aJBEKTUPYEMBIX
cmozenupoBanHbiIM B ROMS monem ckopoctu. Mb1 paccmotpenu nBa ropuszonta 50 u 400 M.
IIepBbIll TOPU3OHT — 3TO BEPXHUM KBAa3HMOJHOPOAHBIA CIIOM, a BTOPOM — OTO cepeAuHa slapa
JlopoTeHckoro Buxps. B Kakaplii MOMEHT BPEMEHU Mbl OKPY)KaJld LIEHTP BUXPSI OKPYKHOCTSIMHU C
pa3IMYHBIMH paguyCcaMHu.

Mg mpocneuiaM 3a HBOJIIOIMENH OTpe3Ka, KOTOPBIM COCTOMT W3 Habopa JarpaHKeBbIX
MapkepoB U nepecekaeT JlopoTeHckuit BUXph depe3 ero ILeHTp B HayaJbHbIi MOMEHT BPEMEHHU.
Bbbu10 0TMEUEHO, YTO MapKepbl, KOTOPbIE EPBOHAYATIBLHO HaXOIUJINCh B sIJIpe BUXPS, 1 MapKephl Ha
ero mnepudepun BenyT cedst mo-pazHoMy. PacronoskeHHbIE B siipe MapKepbl MepeMeniaroTcs Mo
3aMKHYTBIM TPAeKTOPUSM C YIJIOBOM CKOpPOCTHIO, 3aBUCALICH OT paccTOSHHUSA 10 IIEHTpa BUXPA.
Mapxkepsl, KOTOpble M3HAYalbHO HAXOJATCS Ha mepudepuu, oOpa3yloT MHOXKECTBO CKIAJ0K U
3aBUTYIIEK MPUUYYAIUBON (OpMBI, BXOJAS M BBIXOAS M3 BHXps. Mbl Ha3blBa€éM 3TOT MpoOLECC
«BEHTUJISILIUEN BUXPS».

Jlanee Mbl ONpeneayii BpeMsi, B TeUeHHE KOTOPOTo Kaxk/as U3 4acTHUI] BIEPBbIE NEPEeCeKaeT
OKPY>KHOCTh U MoKuaaeT npezaens! JlopoTenckoro Buxps. BrlsiBieHo, 4TO BhIHECEHHE MapKepOB 3a
npeneiabl OKPYKHOCTH TPOMCXOJUT HE PaBHOMEPHO BO BPEMEHH, a MopuuoHHO. C TeueHuem
BPEMEHM UHUCIIO MAapKepOB, HMMHUTHUPYIOIIUX SAPO BHUXPS B HAYAIBHBIH MOMEHT BPEMEHHU,
MIOCTETIEHHO CTaHOBUTCS BCE MEHbILE, U BHYTPU OKPYKHOCTH OHHU 3aMEIIAIOTCS MapKepamH M3
BHEIIHEN cpeapl. B mporecce 3BOMIOIMM BUXPS CYIIECTBYIOT IMPOMEXYTKH BPEMEHH, BO BpEMS
KOTOPBIX MPAaKTUYECKH BCE MapKepbl OCTAIOTCS BHYTPH OKPYKHOCTU. DTH NMPOMEXKYTKH MOTYT
COCTaBJIATh /10 HECKOJIBKUX CYTOK.

MonenupoBanue B ROMS-moznenu Obuto mposeneHo mpu noanepxkke rpanta CIIOIY Ne
116442164. TpexMepHOE MOAECINPOBAHUE TPAEKTOPUI JIATPAHKEBBIX MapKEPOB U CTaTUCTHUUECKUN

aHaJIM3 yAaJleHUs 4acTUIl W3 BUXPS ObUIM BBINOJIHEHBI NMpH mnojjaepxkke rpanta PHO Ne 24-77-
00063.
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PEI MOHANTbHBIE MW3MEHEHWA TEMINEPATYPbI
MPN3EMHOIO BO3AYXA (3ABAWKANBLCKUWUWN KPAV
1 sMEtsoa® .1., 10ORdeddzO RrR. [ .
OI'BYH «MHCTUTYT IPUPOAHBIX PECYPCOB, FKOJIOIMH U Kpuosoruu Cubupckoro oraenenus PAH»,
r. Yura, Poccus
elena-noskova-2011@mail.ru

OpHrM W3 3HAYUMBIX TJI00ATBHBIX BBI3OBOB XXI Beka SBISETCS MOTEIJICHHE KIMMAaTa,
KOTOpPOE OKAa3bIBAET 3HAYUTENIbHOE BO3ACHCTBHE HA MPHUPOAHYIO CPEIy M CKa3bIBaeTCS Ha MHOTHX
oTpacisix 3KOHOMHKH. s Tepputopun 3abailkaibCKOro Kpas pocT CPEIHETrOAOBBIX MPU3EMHBIX
Temmneparyp Bosnyxa 3a 1976-2022 rr. cocraBun 1,8°C (0,37°C/10 nmer). 3a 3TOT mepHon
HauOoJbIlIee  TOBBIIICHWE  TEMIEPAaTypbl  OTMEUYAIOCh BecHOW. Ecmm  paccmarpuBath
CpeIHEMEeCsIUHbIe 3HaUeHUsl, TO IOCTOBEPHOE YBEIMUEHHUE BBISABICHO Ul BCEX MecsleB ¢ (eBpaist
M0 CEHTAOPh C MaKCUMaJIbHBIMH 3HAYCHUSMH B MapTe. 3a aHAIU3UPYEMBIH TEPHOJ MOMXKHO
BBIIETTUTh TPU BPEMEHHBIX MHTEpBaja C Pa3HOM CKOPOCTHIO pOcTa TemmepaTypsl Bo3ayxa (1976—
1995, 1996-2010 u 2011-2022 rr.) (HockoBa, Baxuuna, 2024a). HauGonpmum yBenTu4eHnEM
(0,98°C/10 ner) xapaktepuzoBanmmuch 2011-2022 rr., a 3a 1996-2010 rr. cpenHeromoBas
TeMIlepaTypa BO3[yxXa B CpeJAHEM II0 Kpaio He mnoBblmanack. [lo ce3oHaMm u MecduaMm 3a
BBIJICTICHHBIE WHTEpBallbl M3MEHEHUS MPOUCXOAWIN HepaBHOMEpHO. B cpeanem mo kparo 3a
nocineauue 47 JeT XapakTEepHO 3HAYUMOE YBEIMYEHUE MPOJOJIKUTEIBHOCTH IIEPUOIOB C
temreparypamu Bo3ayxa Bbime 0, 5, 10 u 15°C, yto cBsizaHo ¢ Ooyiee paHHUMH CPOKaMH HUX
HaCTyIUJIEHUs] BecHOW. bornee mo3nHuii nepexoa OceHblo 3HaUMMO nposieisercs anst 5, 10 u 15°C
(HockoBa, Baxmuuna, 2022; HockoBa, Baxuuna, 2023). Takke oTMeuaeTcsi yBEIHYCHHE
MIPOJOIDKUTEFHOCTH TIeproa 6e3 3aMOPO3KOB. ITO 00YCIOBICHO TEM, YTO MOCIIEIHNE 3aMOPO3KHU
cTanu HaOIIoaaThCs paHbllie, a epBbie — Mo3xke. Bozpocno yncno nHel ¢ TemmnepaTypoil Bo3ayxa
Boime 10°C u cymma stux temmnepatyp (HockoBa, Baxnuna, Paxmanoa, 2019). Iloremnenue
MIPUBEJIO K MOBBIIIEHUIO KIMMAaTUYECKUX HOpM 3a 30-JeTHUE MepUuoibl, 3aBepLIAOLIMNECS TOJI0M,
okanumnBaromumcs Hynem (1971-2000, 1981-2010, 1991-2020 u T1. 1.), CpeAHETOOBBIC 3HAYCHUS
KOTOPBIX C KKIbIM mocnenyomuM nepuojgom Ha 0,3-0,4°C Beimre, uem B npensiaymem (Hockosa,
Baxnuna, 20246).

Crnrcok UCOoIb30BaHHON JIUTEPATYPBHI:

Hockoga E. B., Baxuuna 1. JI. I3mMeHeHue TeMiiepaTypHoro pexxuma B 3a0aiikalbCKoM Kpae
3a 1976-2021 rr. u ero BO3MO’KHBIE IMOCJIEJCTBUS AJIi IKOHOMUKU pernoHa // Mereopoisorus u
ruaposorus. — 2024a. — Ne 10. — C. 124-131. — DOI 10.52002/0130-2906-2024-10-124-131.

Hockosa E. B., Baxauna U. JI. YcToiunBsle nepexoasl TEMIIEPAaTyphl BO3/1yXa B BECEHHUN U
oceHHMI nepuoil B Bocrounom 3abaiikanse // I'eocdepubie uccnenoBanus. — 2022. — Ne 3. — C.
148-161. — DOI 10.17223/25421379/24/10.

HockoBa E. B., Baxumna M. JI. AHanu3 COBpPEMEHHBIX IPOCTPaHCTBEHHO-BPEMEHHBIX
M3MEHEHHI TeMITepaTyphl Bo3Iyxa B 3abaiikanbckoM kpae // ['eorpadmdecknii BectHuk. — 2023, —
Ne 1(64). — C. 116-126. — DOI 10.17072/2079-7877-2023-1-116-126.

Hockora E. B., Baxauna W. JI., PaxmanoBa H. B. CyMMbI akTHUBHBIX TeMHepaTyp BO311yXa
(Beime 10°C) Ha Tepputopuu 3abaiikaabcKOTro Kpas / YCHexu COBPEMEHHOTO €CTECTBO3HAHUS. —
2019. — Ne 11. - C. 148-153.

HockoBa E. B., Baxuuna W. JI. AHanu3 kaumatudeckux HopM B 3abaiikanbckoMm kpae //
N3Bectust Upkyrckoro rocyaapctsenHoro yHusepcuteta. Cepusi: Hayku o 3emie. — 20246. — T.
47.—C.31-42. - DOI 10.26516/2073-3402.2024.47.31.
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OUEHKA YCNOBWWN 3ACYWNIWBOCTWU MNPABOBEPEXHL
PAVNOHOB CAPATOBCKOW OBNACTW
Jtedsdi d&zd . rR. , ljtejdzr e6ddzO 5. |
OI'BOY BO «CaparoBckuit HallMOHAIBHBIA MCCIEA0BATEIbCKUN TOCY1apCTBEHHBIM YHUBEPCUTET
umenu H.I'. Yepueimesckoroy, r. Caparto, Poccust
ulia2755@gmail.com

CapatoBckasi 001acTh SIBISIETCS OJAHMM M3 KPYMHEHIIMX CEIbCKOXO3SHUCTBEHHBIX PETHOHOB
Poccun, onHako HaxoIsCh B 30HE HEJOCTATOYHOIO YBIAXHEHHUS M PUCKOBAHHOTO 3eMIIENEIHS,
HEOOXOJUM CBOEBPEMEHHbIII MOHHUTOPHHI TEHICHIMHA THAPOTEPMHUYECKUX YyclIoBUM. OmHMUM U3
OCHOBHBIX HETaTHBHBIX (DAKTOPOB, BIUSIOIIUX Ha CEIbCKOXO3SHUCTBEHHOE IMPOU3BOJCTBO PETHMOHA,
SIBIIIETCSL €XKEroJlHasi MOBTOPSIEMOCTh 3aCyX pa3HOM HMHTEHCHUBHOCTH. B OCHOBY OLIGHKHM CTENEHH
3acynumBocty [IpaBoGepexxbs CapaToOBCKOM 00JacTH TOJNIOXKEHBI apXHMBHBIE METEOPOJIOTHYECKHUE
naHHble (APXHB TIOTOJIbI) MECSYHOTO pa3pelieHus (TeMIieparypa BO3ayxa, CyMMa OCaIKOB, ACQHUIIAT
HACBIIIEHUS ) TIO MISATH METEOCTaHIMAM: M/c XBaJbIHCK, M/c banamos, m/c CapaToB, m/c CriaBHyxa, M/c
[TerpoBck 3a mepuoxa ¢ 2011 mo 2022 rr. [ KONMMYECTBEHHOTO MOHUTOPHHIA CTETICHH YBIIA)KHEHUS
TEPPUTOPUH OBLTH pacCUUTaHBI THApOTepMIUecKuil ko duuueHt I'.T. CenssHuHOBA U TOTOBOI HHIECKC
koap¢ummenta ypnaxkunenus J[. W. Illamko. B ycnoBHAX pernoHampHOr0 MOTEIUICHHS KIMMAaTa
HaOIroaeTcsl  yBEIMUYEHHE INPOJODKUTENIBHOCTH JIETHETO CEe30Ha 3a CUeT paHHero Iepexoza
CpeIHECYTOUHOM TemrmepaTypsl Bo3ayxa uepe3 103 BecHoil u Oosiee mo3gHero e€ mepexona OCEHBIO
(ITpsixuna, 2018). Ha 3amane u ceBepo-3zamane pernona (bamamos, IleTpoBck) MpoaomKUTENEHOCTD
JIETHEro ce30Ha cocTaBuna 162 nans, B meHTpanbHOM yacTu (Caparos, CriaBHyxa) M Ha CEBEpe
(XBasbtHCK) — 173 nHA. B cpeaHeM B JIeTHHE MecsIlbl TeMIepaTypa Bo3ayxa moseicuiach Ha 0,5-1,0°C,
a cymma ocaJkoB cokparuiack Ha 1040 mMm. B Tabn. 1 mpexacraBieHa MOBTOPSEMOCTh 3aCyX B
[TpaBoOepekHBIX paliloHax 00JIACTH 1O pacCcYUTaHHBIM JaHHBIM [ TK.

Tabmuua 1 — IToBTopsieMoCTh aTMOC(EPHBIX 3aCyX HAa TEPPUTOPUH
ITpaBoGepexnss CapaToBCKOi 00J1acTH

ITosTOpsiemocts 3acyx I'TK
C Querp CunbHas Cpennsis Cnabas OtcyrcTBUE
TaHIUS CWJIbHAS
SacvXa 3acyxa 3acyxa 3acyxa 3aCyXH
yx Kiace 2 Kiace 3 kiacc 4 Kiacc 5
Kiacc 1
banamos — — 1 4 7
XBaJBIHCK - 1 4 1 6
CaparoB — — 4 4 4
ITeTpoBck - — 1 2 9
CriaBHyxa — 3 2 2 5

B banamose u IlerpoBcke mpeobOnagaroT 3acyxu cinaboil mHTEHCHMBHOCTH, a B 70% ciyuyaeB
oTMeuaetcs ux orcyrcTBue. Ha ceBepe obmactu (M/c XBalbIHCK) U B LIEHTPAJIbHOM YacTH peruoHa (M/c
CapaToB) MOBTOPSIEMOCTh 3aCyX CpelHeH MHTEHCUBHOCTH yBenuuuBaercs A0 50%. CunbHas 3acyxa
Habmoganack B 2015 1. Ha M/c XBanbiack, u B 2011 1., 2012 1., 2014 r. — Ha M/c CrinaBHyXa.

CIuCOK MCTIONBb30BaHHOM JIUTEPATYPHI:

ApXUB cpeiHEMECSYHBIX 3HAYCHUI TEeMITepaTyphl BO3AyXa U 0CaAKOB Mo cTaHuusM CapaToBCKOH
obmact // Bcepoccuiickuii Hay4YHO-HCCIIEIOBATENbCKUM HHCTUTYT THAPOMETEOPOIOTHIECKON
nHpopmanmu — MupoBoii ieHTp naHHbIX: caiiT. — URL: http://meteo.ru/ (nara odpamenus: 05.01.2024).

[psxuna C. U. Opmenu E. U. ArpoxknnMatuueckasi XapakTepuCTUKa ce30HOB roja CapaToBCcKon
obnactu // M3Bectust CaparoBckoro ynuBepcutera. Hosas Cepust. Cepusi: Hayku o 3emue. — 2018, — T.
18, Boim. 4. — C. 243-247.
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AHAIWN3 W3IMEHEHWA VWHAOEKCA APUMWOAHOCTW B BACCEMWHE
] OteW J dzs9o O ¢ . 1 . skdzr eddz 1. 1.
OI'bHY «®enepanbubiil uccieaoBaTeabckuii neHTp FOxubli HayuHbIil IeHTp PAHY,
r. Pocros-Ha-Jlony, Poccus
annparfenowa@mail.ru

B Oacceiine HmxHero JloHa coueTaHHWE AaHTPONOTEHHBIX U MPHUPOAHBIX (HAKTOPOB
CIOCOOCTBYET Pa3BUTHIO MPOLIECCOB apuaAM3aIK. BceencTBrue MpoaonKarIerocs MaJIoOBOJIHOTO
nepuona (¢ 2007 r. mo HacTosImiee BpeMs) JaHHAs MpoOJieMa CTAHOBHUTCS aKTyaJlbHOM.
HcrounnkamMu MHOTOJIETHUX PSAOB METEOJAHHBIX CTaldu JaHHble 6 cranuuii (boropoauikoe-
®enuno, Banyiiku, YeprkoBo, Ilumisiack, PocroB-na-Jlony, I'mrant, PemoHTHOE) M3 apXuBOB
BHUUIT'MU-MII/ 3a nepuon 1966-2020 rr.

B pa6ore ucnons3oBaics unaekc apuanoctu P/PET (World..., 1997):

Al (P/PET) =P/O, 1)

rae P — BenmuumHa ocankoB 3a rof (mecsii) (Mm), Eo — onopHas sBanotpancnuparius (Mmm).
HcnapseMocTs 3a MecsiIl paccuuThiBaetcs 1o ¢popmyne (MBanos, 1954):

O mmmpqu Y pHIT®, (2)

rne T — cpennemecsiunas Ttemmeparypa Bo3aya (°C), O — cpemHemecsuHasi OTHOCHTENbHAs
BIAXHOCTH (%).

C nomompto nnaekca P/PET 3acynumuBeie 3eMiIM MOXKHO KJIACCH(HUIIMPOBATH HA 5 TIOTHIIOB:
SKCTpaapuIHbIe, apuIHbIE, CEMUAPUIHBIE, CyXUEe CYOryMUIHBIE U MOTYy3aCylIUBbIE CyOrYMUIHBIE.
Wnpekc apunnoctu P/PET na Ttepputopum OacceitHa HikHero JloHa mMmokasan yMeHBIICHHE
3HAa4YeHUH, IPUYEM JJIS F0KHBIX METEOCTaHLUI 3TOT TpeH/ | Oosiee BoIpaxkeH. OcpeJHeHHas KapThHa
MO3BOJISIET BBIACJINUTh Ha Tepputopun OacceitHa 4 30HbI (pucyHok 1): HopMmanbHas (21377 km?,
10%), nonmy3acyuuiuBas cyorymuanas (45522 km?, 22%), cyxas cyorymuasas (103958 km?, 50%) u
cemuapuanas (35376 km?, 17%). beimm BeigeneHsl 3 mepuoaa, camblii MPOJOJDKUTEIBHBIA W3
KOTOpBIX — niepuoA pocta (1977-2005 rr.), a Takxke aBa nepuoa naaenus (1966—1976 rr. u 2006—
2020 rr.). Ilocnennuii cBHUIETETLCTBYET 00 YBEIMYEHUH 3aCylNUIMBOCTH KJIMMara B OacceliHe
HIDKHETO J[oHa B 3TOT nepuoJ.

@ Cranuymm

J?or’ﬁpo:mmoo—oewuo 30HbI apUAHOCTH
' 7 | I CemuapupHas
// aé‘a'wwwx X | Cyxas cy6rymmaHas
{ o : Monyzacywnuean cybrymmuaHas

4 HopmansHas
lepTKOBO
@

Pucynok 1 — Cpennuit unaexc apunnoctu Al (P/PET) B 6acceitne Huxnero Jlona
3a nepuoa 19662020 rr.

[Ty6nukanus moxarotosieHa B pamkax peanmsanmu ['3 FOHL[ PAH, Ne rp. mpoekra I3
122013100131-9.

Crnncok UCOIb30BaHHON JIUTEPATYPBHI:

WBanos H. H. O6 onpenenennn BenmmunH ucnapsiemoctu // 3. BI'O. — 1954, — T. 86, Ne 2. —
C. 189-196.

World Atlas of Desertification 2nd ed. / Eds. M. Thomas and N. Middleton. — New York:
Arnold, London & Wiley, 1997. — 182 p.
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ycnoBMe BO3HWKHOBEHWMNA WKBA/NTOB HA TEPPUTOPV
1 Ooykzdzgly €Cgl® . ¢.
1 AGxa3cknii rocyapcTBeHHBIH yHUBEpcHTeT, T. CyxyMm, A6Xa3us,
2Mucturyt sxonorun AHA, r. Cyxym, A6xasus

Cy1iecTBEHHOE YTOYHEHHE MPOTHO30B IIKBAJIOB OCYIIECTBISETCS 3a CYET HMCIOJIb30BaHUS
PaINOIOKAIIMOHHBIX M CITYTHUKOBBIX JIAHHBIX, a B TIOCTIEAHEE BPEMS U 33 CUET THIPOIMHAMHYECKUX
MPOTHO30B 0a30BBIX METEOPOJIOTHUYECKUX Moieid. OJHAKO TPAKTHYECKH BCE CYIICCTBYIOIIUE
METOABl NPOTHO3a IIKBAJOB HMEIOT HEIOCTAaTOYHO BBICOKME IIOKa3aTeId  KauyecTBa
MPOTHO3UpPOBaHUsA. B omnepaTuBHOM MpakTUKE OTCYTCTBYIOT METOJbl IPOTHO3UPOBAHUS
KaTacTpOo(UUECKHUX IIKBAJIOB.

B cBsi3u ¢ BhIllIeCKa3aHHBIM MOKHO YTBEPKAATh, UTO JIF0OOE HOBOE MCCIIEIOBAHUE IIIKBAJIOB U
pa3paboTKa METOJOB WX IPOTHO3a SBJSETCS KaK BaXHOW 3amadedl Ui TMPaKTHKH, TaK |
aKTyaJIbHBIM HAYYHBIM HCCIICIOBAHUEM.

3a nepuon uccienoBanus ¢ 1999 nmo 2023 rr. Obuio oTMeueHo 457 ciiydaeB HIKBaIoB. beiiu
OTMEUYEHbl MAKCUMYMBbl U MUHMMYMBI, HA JUAarpaMMe Mbl BUJIUM, YTO MAaKCUMyM IPHUXOJIUTCS Ha
SIHBaph U anpeib, a MUHUMYM Ha UIOHb, HIOJIb U aBr'YCT.

I Il 1 \ Vv VI Vil X XI

Vil IX Xl
Pucynok 1 — Pacnipenenenne mkBasos 1o Mecsnam 3a nepuof ¢ 1999 no 2023 rr.

HOMH4ECTBO WKBAN0B

B ampene 3a uccneayemblii nepuoJi 0TMEYaIoCh camoe OOJIBIIOE KOJIMYECTBO BCEX CIydaeB
mkBajioB. /laHHoe omacHoe siBIEHHE (OPMHUPOBAIOCH B MOJIAX HMOHMKEHHOTO aTMOC(HEPHOIO
nasnenust (985-1006 I'Tla) npu temnepaType Bo3ayxa y 3emau or 7 go 24°C. IIpoxoxiaeHue
IIKBaja COINPOBOXAAJIOCH JIMBHSIMH. AMNpENbCKUE IIKBAIbl JIOOOIMBITHBI C TOYKH 3PEHUSI HX
¢dopmupoBaHus. B Havane anpenst KOHBEKIMsS HE TaK Pa3BUTA, KaK B JIETHUE MECSIIbI, TIOCKOJIBKY .
MOJICTUJIAIONIAs TIOBEPXHOCTh TOJIBKO HAuyMHAeT MporpeBaTbcs. Kpome TOro, KOHTpacThl
TeMIIepaTypbl B 30He (pOHTa, HEOOXOJUMBbIe /51 00pa30BaHUS IIKBAJIA, B 3TOT MEPHO] BO3MOMKHBI
JUIIb MPU BCTpeUe apKTUYECKOW BO3AYIIHON MAacChl C TPONMYECKUM BO3JIYXOM, UYTO MPOUCXOIUT
IIPU PACTIONOXKEHUU (PPOHTA B TITyOOKOH MEPHIMOHAIBHO OPUEHTHUPOBAHHON J0KOUHE.

B urone 3apeructpupoBaHo MUHUMYM BceX citydaeB mkBajioB. LlIkBansl chopmupoBanucs B
OCHOBHOM B oOusiacTi Hu3Koro nasieHus (979-1012 I'Tla) npu temmnepaType BO31yXa y 3eMJIH OT
15,0 10 29,4°C 1 conpoBOXIAIHCH TPO3aMU U TUBHEBBIM 10k AeM. [Ipeobaanaromiee 60IBITMHCTBO
CJIy4aeB IIKBAJIOB OTMEYAJIOCh PU MPOXOXKIACHUU TMHAMHUYECKH 3HAYUMOT'O XOJIOHOTO (hpOHTA.

UccnenoBanue BnusiHUsA aTMOC(hEpHON LHUPKYISIMM HAa BETPOBOM PEKUM Ha TEPPUTOPUU
A0Xa3uu BBISIBUIO YETKYIO B3aUMOCBSI3b MEXKY aTMOC(HEPHBIMHU MPOLIECCAMH U XapaKTePUCTHUKaMU
BETPOBBIX SIBJICHUH B peruoHe. AHaiu3 aTMochepHON UPKYIALUN MO3BOJIMII BBIIEIUTh OCHOBHBIE
MIEpHO/bl AKTUBHOCTH, BIUSIOLINE HA MHTEHCUBHOCTD M HAIIPABJIEHUE BETPOB.

CrnucoK UCHOIb30BAHHON JIUTEPATYPHI:
AnexkceeB A. A. MeTton mporHo3a CHJIbHBIX IIKBaJIOB // MeTeoposorusi U TUApPOJIOTHS. —
2014. — Ne 9. - C. 5-15.
Okb6a . A., Axcanba A. K. ®usnueckast skonorus atmocdepbl. — CyxyM: «AKagemMusy,
2018. -431 c.
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MPABOBOE PEIYaTMPOBAHWE SMMWCCKMWN METAHA W E
B AOCTUXEHWUUN OCHOBHOWN LEAWN MNAPUXCKOIO COrnN
Ob WM AHAMMGE 1E MbI
1 jCOtcdzd 8o @ Qdzaflz kdzd dzO s . |
'OI'BHY “UHCTHTYT IPUPOIHO-TEXHHUECKNX CHCTeM, T. CeBacTomos, Poccus
Kaszanckuii ([IpuBomikckuit) denepanbHelii yausepeuter, r. Kaszans, Poccus
pekarnikowa@mail.ru

Bcenencteue riobanbHOro xapakrepa HpoOiIeMbl M3MEHEHHMH KIMMara M IOCIEACTBUI TaKHX
n3MeHeHus, S(()EKTUBHOE €€ pelIcHHEe BO3MOXKHO TONBKO IyTeM OOBEAMHEHHUS YCWIMHA BCETO
MHPOBOTO COOOINECTBA U COTJIACOBAHUS COBMECTHBIX JICHCTBHH IO KOHTPOIIO HaJ aHTPOIOTCHHOM
SMHUCCHEN pa3nuuHbIX NapHuKoBbIX ra3oB (I1I'). B goknage mpoaHanu3upoBaHO TEKYyIIEEe COCTOSHHUE
MPABOBOTO PETyJUPOBAHUS SMHUCCHUH METaHa, OCHOBHOro u3 KopoTkoxuBymmx I[II" m BTOporo mo
sHauyumoctu [1I" B cTpaHax, oTBedaromux 3a OCHOBHYIO JIOJII0 CyMMapHbIX BeIOpocoB CH4 B KOHTEKCTE
[Mapmxckoro cornamenus mo kaumary u ['mobansHoro cornamenus no mertany (GMP). OcoGas ponb
MIEPBOOYEPETHOTO COKPAILECHUSI 3MHCCUU METAaHA SIBISIETCS MPSIMBIM CIIEACTBHEM IBYX CIEAYIOLIUX
0OCTOSITENIBCTB:

-BpeMsl (OKM3HHM» MeTaHa B aTMocdepe coctapiser okoio 10 jer, uro Oojee 4eM Ha MOPSIOK
MeHblIe BpeMeHH kHu3HU CO2; B CBSI3U ¢ 3TUM UMEHHO coKpaiueHue smuccur CH4 no3BoiauT 1ocTudb
3HAYUMOTO COKpAIICHHE CKOPOCTH pOCTa TMPU3EMHOM TeMIepaTypbl BO3JyXa aHTPOMNOTEHHOTO
MIPOMCXOXK/IEHUS YK€ B KPAaTKOCPOUYHOM NepcrekTune (T.e. Ha NpoTsbkeHuu ciaeayromux 10-20 ner);

-COKpallleHne BBIOPOCOB MeTaHa — EAMHCTBEHHBIH €CTECTBEHHbIM M 3(PQPEKTHBHBIN crocod
MPEIOTBPALICHHUS PE3KOW MHTEHCU(PUKALMHU TTI00aTBbHOTO MOTEIUICHUSI aHTPOIIOTEHHOTO XapaKkTepa Mmpu
BBEIICHUU B JeiCTBHE Oojiee YUCTBIX TEXHOJIOTMHA, YMEHBIIAIOIIUX BBIOPOCH  a’p0o30Jei,
CHOCOOCTBYIOIINX OXJIAXKICHUIO HIKHUX CJI0EB aTMOC(hephl.

Bkuiag pa3nn4HbIX CTpaH B OOIILYIO SMUCCHIO METaHA CBHICTEIBCTBYET O TOM, YTO OCHOBHAS OIS
BbIOpOCOB MeTaHa (10 Oonee, uem 61-63%) npuxoaurcs Ha nepseie 12—15 crpan (ecnu cuurats EC B
KauecTBe eauHoro smuteHrta). [Ipu stom, Ha nomo Kuras, CIUA, Unauu, Poccun, bpasunuu, crpan
EC, Wnnonesun, Upana, Mekcuku, ABcrpanum, CaynoBckod Apasuu, Kanampi, FOAP, Typuuw,
SAnonun mpuxoautcs okoio 63,5% oOmmx BeIOpocoB MertaHa. Kuraii, CILIA, Wumusa, Poccus u
Bbpasmus B cymme oTBeuaroT npuMepHo 3a 36% oOieit sMuccuu MeTana. TakuM o0pa3om, 10CTaTOHYHO
MPOAHAIM3UPOBATh TPABOBBIE ACMEKTHl OTPAHWYCHHS SMUCCHU METaHa B OCHOBHBIX CTpaHax,
PacroIOKEHHBIX B TOpSAKE yOBIBaHHMS WX BKJIaJa B AMHUCCHIO METaHa, JUIA TOTO, YTOOBI MPUHTH K
OTIpEIETICHHBIM BBIBOJAM O PEATUCTHYHOCTH JOCTIKUMOCTH TIaBHOU 11enu [[apmKcKoro cornameHus.
B Hacrosiiem nokiaze npoaHaJM3MPOBAHbI OCHOBHBIE (DAKThI, XapaKTEPU3YIOLIUE OOIIEMHPOBYIO
JMHAMHKY BBIODOCOB MeETaHa, a Takke mpoBeneH oOmmii aHanu3 GMP wu ero s¢¢dekTuBHOCTH.
[Tokazano, uro Ilapuxckoe cornamieHrue, KOTOpoe SIBJISETCS INIaBHBIM HOPMATHBHBIM MIPABOBBIM aKTOM,
NPU3BAHHBIM OTPAaHUYMBATH POCT TIO0ANBHOW Temmepatypbl 1,5-2 rpagycamu IO CpaBHEHHUIO C
JOUHIYCTPUAJIBHBIM TEPUOJIOM, TpeOyeT COBEPIIEHCTBOBAHMS 3aKOHOJATEILHOTO COMPOBOXKACHUS
OTpaHWYECHHS] SMUCCUHM MeTaHa B OCHOBHBIX sMuTeHTax CH4. KoncratmpoBano, uro GMP, sBusercs
BOKHEHIINM JOKYMEHTOM, IPU3BAHHBIM OIIEHUTh HEOOXOAMMBIE 00bEMBI COKpAIIIEHNE IMUCCUN METaHa
C LENbIO JOCTUKEHUsI OCHOBHOM 11emu [lapmkckoro cornamenus o kinumaty 2015 roaa.

OCHOBHO# BBIBOJ] CBOIIUTCS K TOMY, 4T0 MeTaHoBas xaptus 6osee 3¢dexTuBHO criocoOcTBOBANA
OBl JOCTMKCHHWIO OCHOBHOW menu [lapmKCKOro commamieHwsi 1Mo KIUMary W 3aJa4aM YCTOWYHBOTO
pa3BUTUS COBPEMEHHOM LMBWIM3AIMH, €Clid Obl K HEW NpHUCOEIMHWINCH BCE OCHOBHBIE CTPAHbI-
SMHUTEHTBI, © B HEH MpeaycMaTpuBaluCh Obl IOPUAMYECKH OOS3bIBAIOIINE HOPMBI 1O OTHOILEHHUIO K
yuactHuKaM GMP B ciyyae HEBBINIOJIHEHHS UMU JIOCTUTHYTBIX JOTOBOPEHHOCTEH.

Pabora Bemomnena B pamkax roc3aganus WIITC «DynpaMeHTanbHBIE UCCIEIOBaHUS
MpOLECCOB B  KIMMATHYECKOH  CHCTEME, ONpEeAeNSIIOUMX  MPOCTPAHCTBEHHO-BPEMEHHYIO
W3MEHYHUBOCTh MOPCKOM Cpellbl W MPHUJIETAIONINX TEPPUTOPUN B MHUPOKOM THANA30HE MACIITA0OBY
(Ne rocpeructparuu 124020100120-9).
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gonr onePpnMogHble KAWMATUWYHECKWME W3IMEHEHNWA
B KA3ZAHMWW N UX NOCANEACTBUWA
ljtejojHjdzydo 5.1., [dthmOjo0O (WwOEdtesplztf! wdatse
Kazanckuit (ITpuBomxckwuii) ¢penepanbublil yauBepcurert, . Kasans, Poccust
HNucTutyT npukiaaabix uccieaoBanuii Axkajgemun Hayk PT, . Kazans, Poccus
ypereved@kpfu.ru

B 2024 r. B Hameit ctpane ormedaercs 190-netue oOpazoBanus [uapomMeTeoposorundeckoi
cyx0b1 Poccun, co3manHoit B 1834 1. mo mpoekTty pazpaboranHoro mpodeccopom Kazanckoro
yauBepcuteta A. 5. Kyndepom.

Perynspusie MeTeoposornueckue HadmoaeHus B Kazanu BeayT cBoid oTcuer ¢ ssHBaps 1812 1.,
c MomeHTa oOpasoBanus mnpu KazaHckoM yHHBepcuTeTe Mo wuHHIMaruBe mpodeccopa D.K.
bponnepa Meteoponoruueckori oocepBaropuu (MO). Ilo maBHOCTH HENpepBIBHBIX HAOIIONCHUIA
oHa 3aHMMaeT 3-be MecTo B Poccum (B Cankr-lletepOypr perynspHbie HAOMIONCHUS HAYaIHCh C
1743 r., a B Mockse ¢ 1799 1).

MHoroneTHue psiibl MOJABEprajiuch cTaTUcTHUYeckol o0paboTke. Haxonumucws cpennue
3HAYEHUsI, CpPEeHUE KBaJpaTHUYECKHE OTKIOHEHHUA, KO3()(PUIMEHTH HAKIOHA JIMHEHHOTO TpeHna
(KHJIT), Bknanx nMHEWHOro TpeHAa B JAMUCIEpPCHIO Temiieparypbl. bbuio BeigeneHo mects 30-u
netHux nepuogoB: 1841-1870, 1871-1900, 1931-1960, 1961-1990, 1991-2020 rr.

Kak wu cnemoBamo oxuaarb, 3a BeChb NEpHOi HAMOOJbIIEE TOBBIIMICHUE TEMIIEPATYPHI
MIPOM30IIO B CAMOM XOJIOJHOM Mecsie roga — B sHBape (Ha 4,8°C), B utoje (caMoMm KapKoMm
Mecsie roga) poct TB cocrasun mumb 1,4°C. 3akmountensHoe Tpuauatwierne (1991-2020 rr.)
0Ka3aJ10Ch 3aMETHO TEIJIee BCEX MPEIbITYIIUX BO BCE MECSIIBL.

CpaBHEHHE MHOTOJIETHETO X0/1a aHOMAJIMI MPU3EMHOM TeMIIEpaTyphl BO3AyXa, paCCUUTAHHBIX
oT HOpMBbI OazoBoro mepuomga 1961-1990 rr., mo nanueiM cT. Ka3anb, yHUBEpPCHTET M BCEro
Cesepnoro nonymapust (nanasie CRU), moka3piBaeT, 4To B 000MX ClIydasiX, COIIacCHO JTUHEHHOMY
TpeHay, HaOIromaeTcsi MOTeIJieHWe KiIuMara B IEJIOM 3a Tol U mo ce3oHaM. OJHaKo Kpuas
HU3KOYACTOTHOM KOMIIOHEHTBHI TEMIIepaTypbl IMOKa3bIBAa€T, YTO To/0BOE morersieHue B Kazanu
Havanack B 1946 1., netnee ¢ 1980 r., 3umHee ¢ 1968 1. v nponomkaeTcs B HACTOSLIEE BPEMSL.

JI71st OTIEHKH BIUSTHUS KJIMMATHUYECKUX U3MEHEHUH, nmpoucxoasanux B CeBepHOM MOMTyIIapHH,
paccuuThiBamuCh Kod(hduuueHTs Koppemsiiuu  Mexay 1B cr. Kazawb, yHuBepcutrer u
MIPUIIOBEPXHOCTHONW Temreparypoil Bo3ayxa cymu CeepHoro mnonymapus 3a 1850-2021 rr
Haubonee TecHble CBA3M YCTaHABIMBAIOTCS sl 3UMHETO nepuoza (B suBape r = 0,68). Benuunna
kodd¢unumenta nerepmuHanuu R? (%) mokaseiaeT BKiaj nponeccoB CeBepHOro MOJyIIapus B
nokaiabHbie M3MeHeHuss TB B Kazanu. Tak, rogoBoii Bknag gocturaer 63%, aerom 27% u 3uMoit
43%.

CoBMeCTHBIN aHAJIW3 MHOTOJIETHETO X0/1a nHAeKcoB mupkymsauun NAO, AO, EAWR, SCAND
It 3uMbl U sieta B nepuon 1950-2021 rr. m anomanuii temneparypbl B Kazanu mokaszan Ha
COINIACOBAHHBIM XapakTep MX W3MEHEHUs, YTO CBUICTEIbCTBYET O 3HAUUTEIBHOM pPOIHU
arMocdepHON MUPKYIAIHN B GOPMUPOBAHUHU TEMIIEPATYPHBIX aHOMAJTHH.

AHanu3 paccuMTaHHbIX 27 MHAEKCOB AKCTPEMAIbHOCTH KJIMMara, pekoMeHaoBaHHbIXx BMO,
s nepuopa  1980-2022 rr. mokasan, yto B Ka3aHM YeTKO MPOCIEKUBACTCS TEHICHIIUSA
COKpallleHHs] 4YHclia JHeW C oOJleqeHEeHHeM, KOJIMYECTBA MOPO3HBIX JHEH U YBEIWYCHHS
MPOJOJDKUTETHFHOCTH TEIIOTO MEePUo/ia, Yncia JETHUX THed. BMecTe ¢ TeM yMEeHbBIIIaeTCsl TOJ0BOE
KOJINYECTBO OCAJIKOB, KOJIMYECTBO JTHEW C SKCTPEMAIbHBIMU OCaJKaMu U T.J1. Pacter 3acynuimBocTh
KJIMMaTa B JIETHUM MEPHUO/I.

Jlns ouenkn nuHamuiku Owoknumara Kazanum B mepuon 1940-2021 rr. ananmusupoBaics
yHUBepcanbHbIM HHAEKC TerioBoro kompopra UTCI. Brissnena tenaenuus pocta 3Hadenus UTCI
B sHBape Ha 5,2°C (BbIXOJ MOKa3aTells M3 30HBI OYEHb CHUIBLHOTO XOJOAOBOTO CTpecca B 30HY
CWJIBHOTO), B Mroyie WHIeKc moBbicuics ¢ 17,5°C go 20°C. MexroaoBbie KoyieOaHUS HHIEKCA
3HAYUTETHHBL. B 11e710M OMOKIMMATHYECKUE YCTIOBUS B PETHOHE YITYUIIAIOTCS.
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B mocnennee Bpemsi HOCTHIHYT CYIIECTBEHHBIH IPOrpecc B MHOTOMOJEIBHOM TOAXOJE K
YHUCJICHHOMY MOZETUPOBAHUIO M3MEHEHHs KinMaTa. OIHAKO OLIEHKH KJIMMATHYECKHX IapamMeTpoB Ha
pernoHaNbHBIX MacmTabax Bcé emé TpeOyroT yrouHeHms. Ocanku — HamOojee HeonpeaeaEHHbBIN
OLICHOYHBIM TapaMeTp M BaKHBIH C TOYKU 3PEHHs BIUSHUS HAa TUAPOJOTHUECKUI PEXHUM MOPCKUX
peruoHoB. B Hacrosmeit paboTe ouLeHMBAETCS KaueCTBO BOCIPOM3BEACHHUS MEKIOJOBBIX M3MEHEHHN
ocaakoB Haj UEpubeiMm mopem (40—48° c¢. mr., 2642° B. A.) mo maHHbIM 173 peanuzanuii Mojenen
npoekra CMIP6 (Climate..., 2024) no cpaBuenuto ¢ nanusimu peananiza ERAS (Hersbach et al., 2020)
B UCTOpHUYecKuid mepuon. s sToro paccuntansl K03(QPHUIHEHTHI paHroBoil koppemsuun CrnupMmeHna
MEXT0/IOBbIX M3MEHEHHI 0CaKOB 10 JaHHBIM OTACIBHBIX pean3aluii MOJeNiel 1 JaHHBIM peaHain3a
BO Bce Mecaubl roga B 1959-2022 rr. [Tomyuens! cnenyromue pe3ynbTaThl.

B stBape k03 HUIMEHT KOppensiu MEeKI0I0BbIX H3MEHEHHH 0Ca/IKOB I10 IAHHBIM pean3aluu
ensO moxenn AWI-CM-1-1-MR u peananu3a cocrasisier 0,32.

B ¢deBpane kod3hdUIMEHT KOppENsIUH MEXIOJOBBIX HW3MEHEHHH OCAagKOB MO JIaHHBIM
peanu3anmii enss (ens3) moaeneir CNRM-CM6-1 f2 (GISS-E2-1-G p3) u peananusa pasen 0,31 (0,30).

B mapre ko3¢ GUIMEeHT KOppessui MeXToJOBbIX H3MEHEHUH OCAIKOB IO JaHHBIM pealn3anui
ensl (ens2) moneneit EC-Earth3 (MIROCO6) u peananusa cocrasusier 0,31 (0,31).

B anpene kodppuIHEHT KOPPETAIUN MEKTOIOBBIX U3MEHEHUH OCAJIKOB 110 JaHHBIM pealln3aiui
ens5 (ens8 / ens13) moneneit IPSL-CM6A-LR (CanESMS5 pl / CanESMS5 p2) pasen 0,30 (0,31 /0,34).

B mae koadduimeHT KOppensiun MeKroJOBBIX M3MEHEHHMI OCAJKOB IO JaHHBIM pealln3alun
ens0 monenn CAMS-CSM1-0 u peananuza coctasiser 0,35.

B untone k03 unpeHT Koppesiun MEXroA0BbIX U3MEHEHUH OCaJKOB MO JaHHBIM peau3aiui
ens2 (ens3) moneneit CanESMS pl (EC-Earth3-Veg) pasen 0,32 (0,40).

B untone ko3 GUIMEHT KOPPEISILIUU MEKIOJ0BBIX H3MEHEHHH OCAaIKOB MO JAaHHBIM peann3anuil
ens0 (ens1) moneneit CMCC-CM2-SR5 (FIO-ESM-2-0) u peananusa coctasisier 0,33 (0,30).

B aBrycre koo pHuIMEHT KOPPENIAIUN MEKI0JOBBIX U3MEHEHUH OCa/IKOB 10 JJaHHBIM peann3anuit
ens? (ens3) moxeneit CanESMS p2 (UKESM1-0-LL 2) pasen 0,39 (0,30).

B cenrabpe xodpPUIMEHT KOppelsiMM MEXIrOJOBBIX HM3MEHEHHH OCaJKOB TIO JAaHHBIM
peamm3anmii ensl (ens2) moxenu ACCESS-CM2 cocrasmsier 0,43 (0,32). OTMeTHM, 9TO 3Ta MOJIEINb HE
KOPPEKTHO BOCTIPOM3BOUT CE30HHBIN X0/ 0caakoB HaJ YEpHbIM MopeM. B aToM Mecsiie kordhuimeHt
KOPPEJSILIMA MEXTOJIOBBIX W3MEHEHHI 0CaJKOB 1Mo MaHHbIM peanusanuii €nsl0 (ensO / ens5) monenu
CanESMS5 p2 (CanESM5-CanOE p2 / CESM2) pagen 0,31 (0,31 / 0,34).

B okta0pe k03D UIMEHT KOppensauuu MEXIOoJOBbIX HM3MEHEHHH OCaJKOB IO JIaHHBIM
peanuzauuu ens7 monenu CanESMS p2 u peananusa cocrasiser 0,36.

B HOs6pe k03 pULIEHT KOppEesIMU MEKIOJOBBIX U3MEHEHHI 0CaJKOB IO JaHHBIM pealu3aliiu
ensll (ens10) mogenu CanESMS pl (IPSL-CM6A-LR) u peananu3a pasen 0,30 (0,31).

B nexabpe 3HauMMBIX Ha ypoBHE H0BEepHUs 95% K0dPPUIMEHTOB KOPPEIAINN HE 0OHAPYKEHO.

W3 173 peanuzanmii mozaeneit npoekta CMIP6 Tombko 23 ynoOBIETBOPUTEIHHO BOCTIPOM3BOMAST
MEKTOOBBIE U3MEHEHUS 0CAIKOB HaJ YEPHBIM MOpeM B nctopudeckuil nepuod. [lpu aTom B mepuon ¢
UIOHS TI0 OKTSOph yKa3aHHBIC MOJENH 3aHIDKAIOT BEIMYMHBI OCAIKOB. DTO MOXKET OBITH CBSI3aHO C
HeaJIeKBaTHOM MapaMeTpu3alueil KOHBEKTHBHBIX OCaIKOB B OosbIMHCTBE Mojieneit mpoekta CMIPG6.

Pabora Beimonnena B pamkax roc3aganus UIITC (Ne rocpeructpanun 124020100120-9).

Crucok MCToNIb30BaHHOM JTUTEPATYPHI:

Climate Explorer: website. — URL.: https://climexp.knmi.nl/ (access date: 12.03.2024).

Hersbach H., Bell B., Berrisford P., Hirahara S. et al. The ERA5 global reanalysis // Quar. J. of
the Royal Meteor. Soc. — 2020. — VVol. 146, No. 730. — P. 1999-2049. — DOI 10.1002/qj.3803.
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YucneHHOEe MOAETUPOBAHNUE — OJIUH U3 OCHOBHBIX MHCTPYMEHTOB JJISi U3YYECHUS KIMMaTa U
€ro BO3MOXKHBIX M3MEeHEeHHH B Oyaymiem. OJIHAKO B YCIOBUSX MHOTOMOEIBHOTO MOJX0Ja 0TOOp
MOJIETICH, CIOCOOHBIX PEATTUCTHYHO BOCIPOU3BOJIUTH KIMMAT (OCOOCHHO B PETHMOHAX C OOJBIION
HEOJIHOPOJAHOCTBIO TOJCTHIIAIONIEH MMOBEPXHOCTH), CTAHOBUTCS OCOOCHHO aKTyaldbHBIM. JlaHHas
paboTa mocBsIeHa OLIEHKE KayecTBa BOCHPOM3BEACHUS CE30HHOTO XOAa OCaakoB Haja YEpHBIM
Mopem (40—48° ¢. 1., 26—42° B. 1.) Mo HaHHBIM 36 Moesel u3 MexayHapoaHoro npoekra Coupled
Model Intercomparison Project Phase 6 (CMIP6) (Eyring et al., 2016). [lus cpaBHEHHUS C
MOJIETIbHBIMU pe3yabTaTamu 3a nepuon 1959-2022 rr. npuBiekanuch JaHHbIe peaHanu3a ERAS
(Hersbach et al., 2020).

[TpoBenenHbIli aHamM3 Mo3BOJMI pa3doute Monenu mnpoekta CMIP6 mo ux cmocoGHOCTH
BOCIPOU3BOJIUTH CE30HHBIN X0J1 0CaKOB HajJ YEPHBIM MOpEM Ha CcIeAyIoLue 7 TPYIIIL:

— MOJIeTM, HEKOPPEKTHO BOCIPOU3BOMASAIINE CE30HHBIA IMKJI PErHOHANBHBIX OCAJKOB:
ACCESS-CM2 u ACCESS-ESM1-5;

— MOJEIIH, YAOBJIETBOPUTEIHLHO BOCIPOU3BOISIIME BEIMYUHBI OCAJAKOB B 3MMHHUUN CE30H U
3aHMKAIONIUE BEIIMYMHBI OCAJIKOB JIETOM, YTO MPHUBOJMUT K 3aHIDKEHUIO CPEAHETOOBBIX BEIMYUH
ocagkoB: AWI-CM-1-1-MR, CAMS-CSM1-0, CanESM5-p1, CanESM5-p2, CanESM5-CanOE p2,
CESM2, CESM2-WACCM, CMCC-CM2-SR5, EC-Earth3, EC-Earth3-Veg, FIO-ESM-2-0,
HadGEM3-GC31-LL f3, INM-CM4-8, INM-CM5-0, IPSL-CM6A-LR, KACE-1-0-G, NESM3,
NorESM2-MM u UKESM1-0-LL f2;

— MOJEJIH, 3aBBIIIAIONINE BEIMYMHBI OCAAKOB B 3MMHUM CE30H M 3aHIDKAIOIINE BEIMYUHBI
OCaJIKOB JIETOM, YTO TMPHUBOIUT K YJOBJIETBOPUTEIHLHOMY BOCIPOU3BEICHUIO CPEIHETOOBBIX
BennuuH ocagkoB: BCC-CSM2-MR, MIROC6, MPI-ESM1-2-HR, MPI-ESM1-2-LR, MRI-ESM2-
0 u NorESM2-LM;

— MOJIEIH, 3aHIKAIOUIME BEJIWYMHBI OCAJAKOB M 3MMOM, M JIETOM, 4YTO HPHUBOJUT K
CYIIECTBEHHOMY 3aHIKCHHIO CPEIHET0I0BBIX BenuunH ocaakoB: CNRM-ESM2-1 2, FGOALS-f3-
L u FGOALS-g3;

— MOJIeTb, 3aBBIIIAIONIAS BEJIMYMHBI OCAJKOB B 3UMHUN CE30H MMOYTH B 2 paza u
YIOBJIETBOPUTEIBHO  BOCHPOM3BOAANIAS  BEIMYMHBl  OCAJKOB JIETOM, YTO MPUBOJUT K
3HAYUTEIIBHOMY 3aBBIIICHUIO CPETHETOIOBBIX BelMurH ocaakoB: MIROC-ES2L 2;

— MOJEINH, YAOBJIETBOPUTEIBLHO BOCHPOU3BOASIINE CE30HHBIM XOJ M CpPEIHEr0/J0BbIE
BEJIMYUHBI OCAJKOB, HO 3HAYMMO 3aHWKAIOUIUE WJIM 3aBBIIIAIONIMNE BEIWYHUHBI OCAJIKOB B
otnenbHble Mecsbl roga: CNRM-CM6-1 2 u GFDL-ESM4;

— MOJIeNIM, XOpOILO BOCIPOU3BOIAIINE CE30HHBIM LIMKI M, KaK CIEACTBUE, CPEIHET0/I0BbIE
BenmnuuHbI 0caikoB: CNRM-CM6-1-HR 2, GFDL-CM4 u GISS-E2-1-G p3.

bonpmmacTBO  Mogeneit  mpoekta CMIP6  HeymoBiIeTBOPUTENBHO — BOCIPOU3BOIUT
KJIIMMAaTUYECKUM CE30HHBIM X0a ocaakoB Haa YEpHeIM MopeM. B memom, pesynbTaTel
MOJICIMPOBAHUS 3UMHHUX OCAJIKOB JIYUIIIe COTJIACYIOTCS C JaHHBIMU peaHanusza ERAS, yem neTHuX.
DTO CBHUIIETETBCTBYET O HEAJCKBATHOW MapaMEeTPU3alMi KOHBEKTHUBHBIX OCAJKOB B OOJBIITMHCTBE
mozeneit mpoekta CMIP6. [ToaToMy ucnonbp3oBaHue MYJIbTUMOACIBLHOTO OCPEIHEHHUS MO BCEMY
MaccuBy CMIP6 mnpu mnpoBeaeHHH CIIEHApHBIX OIEHOK OCaAKOoB Han UYUEpHBIM MopeMm
Helenecoo0pasHo.

Pabora BrimonueHa B pamkax roczaganus UIITC (Ne rocpeructparmu 124020100120-9).

CnucoK MCTIOIb30BaHHOM JIUTEPATYPHI:

Eyring V., Bony S., Meehl G. A., Senior C. A., Stevens B., Stouffer R. J., Taylor K. E.
Overview of the Coupled Model Intercomparison Project Phase 6 (CMIP6) experimental design and
organization // Geosci. Model Dev. — 2016. — Vol. 9. — P. 1937-1958.

Hersbach H., Bell B., Berrisford P., Hirahara S. et al. The ERA5 global reanalysis // Quar. J.
of the Royal Meteor. Soc. — 2020. — Vol. 146, No. 730. — P. 1999-2049. — DOI 10.1002/q;.3803.
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Il sfseodddz 1.
MockoBckuli rocyaapcTBeHHbl yHuBepcuteT uM. M. B. JlomonocoBa, r. Mocksa, Poccust
begemotina81l@gmail.com

PacnipoctpanénHas Touka 3peHHs] 00 YCKOPEHHHU JAErpajlaliud OJEeJCHEHUs 3eMJIM B 3IOXY
r100aNbHBIX TEpPeMEH 3a4acTylo JIMIIeHa OOBEKTHBHOM apryMeHTanuu. EIMHCTBEHHBIM
UCTOYHUKOM  JOCTOBEPHBIX JAaHHBIX CIY)KMT CHUCTEMa IPSIMOrO MOHMUTOpPHHIA CamMoOro
MH(GOPMATUBHOTO TTOKA3aTElIsl IBOJIOLUH JISTHUKOB — UX OaniaHca Macchl. OIHAKO 00BEKTHI TAKOTO
MOHUTOpPHUHIra €IMHUYHBL. BO BCEM Mupe MX HAaCUUTHIBACTCA JIMUILb HECKOJIBKO AecATKOB. CaMbIM
n3y4eHHbIM JenHuKoM Poccun sBnsercs negnuk Jkankyar Ha KaBkase, yel yYHMKaJIbHBIM Dsij
M3MEPEHUH NPUXOAHOTO M PacXOJHOT0 KOMIIOHEHTOB OajlaHCa Macchl (aKKyMYJISIIMU U aOJISALIN)
MpoJIoJhKaeTCs 0e3 MmepephIBOB BOT Yyxke 57 neT — ¢ 1967/68 r. BcemupHas cimyx0a MOHUTOpPUHTA
JIEIHUKOB BKJIIOUMJIA €0 B JIECATKY OINOPHBIX JIeAHUKOB 3emiid. COBpeMEHHasl 3BOJIIOLUS €ro
BOJHO-JIEJIOBBIX PECYPCOB I10JaraeTcsi penpe3eHTaTUBHOM JJis TOpHOI cucteMbl KaBkasza B 11€J10M.

HecmoTpss Ha OfHO3HA4YHOE TOCIOJCTBO 3a 0ojee 4eM IOJyBEKOBOM MHTEpBaj BpPEMEHU
OTpULATENbHBIX 3HAUYE€HUN TroJ0BOro OaysaHca (T.e. NPEBBIIIEHHS pPACXoJa BELIECTBA HaJ
IIPUXOJIOM), COKpallleHue JieAHnKa JPKaHKyaT 1110 HepaBHOMEPHO. Y MEpEHHbIE TEMITbI Jerpajaluu
B XX B. Bkimoyanu U 10-15-netHuii otpe3ok (co BTopoil mosoBuHbl 1980-X IT.) OTHOCUTEIBHOTO
YIAY4IIEHUS] €ro COCTOSHMS, KOrja mpeoOiajanu IOJIOKUTENbHbIe 3HaueHHus OanaHca, a (QpoHT
JeHUKa BpeMeHHO crabmmmsupoBaincs. Onnako ¢ HactymieHuem XXI B. ¢uxcupyercst sSBHBIN
IIEPEIOM B €ro 3BOJIIOLUMU — BO30OHOBUBLIASACA Jlerpajialis IO CBOCH CKOPOCTH CTajla MOUCTHHE
OecrperieICHTHOM B Macmrade Bced perpeccmBHOM (a3pl IMOCiHe KyJIbMUHAIIUH  MaJIOro
nenHuKoBoro mepuoja B 1850-x rr. Mamo TOro, 4ro YCKOpPMJIOCH COKpalleHHe (U3NYECKOi
mromanyu Jxankyata (¢ 3,234 mo 2,505 km?, T.e. Ha 22% 3a 50 ner), a oTcTymaHue ero ¢GpoHTa
COCTaBWJIO 3a Bechb mepuoJ HabmogeHudt ¢ 1968 r. yxe 557 M, HO mocime 2004/05 r. B
nocneayomux 19 cezonax OamaHC Macchl HU pa3y HE NPUHMMAN MOJOKUTEIBHOIO 3HAYEHUS
(OecmperieleHTHBIN cilydail 3a HMOJATOpa CTOJIETHS, CyIs Mo pekoHcTpykuuu ¢ 1871 r.). Eciu no
2004/05 r. cpenHee 3HaveHHE OalaHCa COCTABIUIO —97 MM BOJ.OKB. B TOJl, TO BIIOCJIEICTBUH JO
HalluX JIHEeH cpenHerogoBas yObUIb Bo3pocia B 8 pa3. B menom xe 3a 57 ner obmue morepu
BEIIECTBA YK€ COCTaBWIM MOYTH 19 M B clloe BOJBI.

Takass nuHamuka o6si3aHa coOOH TOMY, YTO Jake Ha (oHE SBHOW TEHJIEHIIMHM 3MMHEIO
CHETOHAKOIUIEHUSI K POCTy, HaOIIOAaroNIelics y>Ke CBBIIIE MOJIyBeKa, abislus JIEAHUKA B JIETHEE
BpeMs Tak)Ke HEYKJIOHHO BO3pacTaeT 10 MOJYJII0, IIepeBeIInBasi 0 cBoeMy OamaHcoBOMY 3(pdexTy
MO3UTUBHBIA TPEHI aKKyMYJISIIIMK. BripoueM, HEKOTOPBIM HAMETUBIIUMCS UCKITIOYEHHEM BBITJIAIAT
nocyieaHue 7-8 JeT, KOraa pocT CHEKHOCTH 3UM B INIALIMAIBHOM II0SICE HECKOJIBKO YCKOPHIICS, a
TEMIIBl KaK yCWUJIEHHs aOJsluu, TaK U POCTa YHUCTOM YOBLIM MacChl HECKOJBKO 3aMEJIUIIHCh.
WHbpIMU clOBaMH, HAMETWJIMCh MIPU3HAKU HE YCKOPEHUs, a HAa00OpOT, 3aMeUIeHUs] YObIIIM MacChl.
Taxum 00pa3zom, B JecATHIETHEM MaciITade BpeMEeHU MHEHHE 00 3CKallallii COKpAIlleHUs 3a1acoB
Jb/1a MoKa He omnpasasiBaeTcs. [IpaBna, konebanus OanaHca Macchl BCE paBHO OCTAIOTCS B 00J1aCTH
OTpHULATENIbHBIX 3HAYCHUH.

BaxHoll mpezcraBisercss BBIABICHHAs CTOWKas TEHJIEHIMS K pocTy oOMeHa JieAHHKa (T.e.
CYMMBbI aKKyMYJSIIUU M aOJIALMU, B3ATOM 1O MOIYJIO), MPOCJEKUBAIOIIAACA B TEUYEHHUE BCETO
MHOTOJIETHET0 Nepro/ia MOHUTOpHHTa ¢ 1967/68 r. DTOT noka3aTesb MHTEHCUBHOCTH KPYrOBOpPOTa
BELIECTBA B TJIALMAJIBLHOM IOSICE€ CIYXXUT KOCBEHHBIM HHIUKATOPOM ocjabieHuss B MacmTtade
MOCIEAHUX JAECATUIETUA CBOMCTB KOHTMHEHTAJBHOCTH KIMMaTa KaBKa3CKOTO BBICOKOIOpbS, HO
SBIIETCS JM OOHapy>KeHHas 3aKOHOMEPHOCTb HWHTEHCHU(HUKAMU MaccooOMeHa JIeJHUKa
JIOKQJIBHBIM WJIM PETMOHATIBHBIM CBOMCTBOM, IIOKA OCTAETCSI HEACHBIM.

Pabota BeimonHeHa npu noaaepxkke PH® (mpoekr 22-17-00133).
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"Nucruryr Boaubix mpobaem PAH, r. Mocksa, Poccus
2I'BHY «MHCTHTYT IPUPOIHO-TEXHUUECKUX cUcTeM», T. CeBacTonons, Poccus
STeorpaduueckuii paxymsrer, MI'Y um. M.B. Jlomonocosa, r. Mocksa, Poccus
“Earth System Science and Department of Geography, Vrije Universiteit Brussel, Brussels, Belgium
SLaboratory of Hydraulics, Hydrology and Glaciology (VAW), ETH Ziirich, Ziirich, Switzerland
Swiss Federal Institute for Forest, Snow and Landscape Research (WSL),
Birmensdorf, Switzerland
8Department of Geosciences, University of Fribourg, Fribourg, Switzerland
tasinidze@gmail.com

DnpOpyc — BbICOYaiiimas BepmuHa EBpombl (5642 M), HbIHE CHSIMIANA BYJIKaH, IMOKPBITHII
TpUALATHIO JeqHukaMu. OkugaemMoe OTCTynanue GpoHTOB JIETHUKOB MPUBEAET K (POPMUPOBAHUIO
MPOTISIHATIBHBIX 03EP B JIOKATBHBIX JICMPECCHX JI0Ka, KOTOPbIE ObUTH MACHTH(GHUINPOBAHBI pPaHee
(JIaBpentbeB u ap., 2020). Hamu Obu10 onpeneneHo Haubosee BEpOSATHOE BpeMs UX 00pa3oBaHUS U
YTOYHEHBI UX XapaKTepucTUKH. Kpome Toro, OpII0 CIPOTHO3UPOBAHO BPEMS U MECTO 00pa3oBaHUs
obOnacteid mOrpeOEHHOr0 IMOJ MOPEHOM MEpTBOTrO JibJa, KOTOpPhIE B  ONpEAeNIEHHBIX
00CTOSTENLCTBAX OYyIYT MOANPYKUBAThH 03€pa, yBEITUYNBas, TEM CAMBIM, BEPOSITHOCTh MX IPOPHIBA.
[IporHo3 6buT MOATBEPKAEH Ha mMpumMepe 03€p, yxke obpazoBanHbiXx B XXI Beke (Hokykun u np.,
2022).

Jlis mpoBeleHUsT JAHHOTO HCCIENOBAHHUS Mbl CIPOTHO3MPOBAIM BEPOSTHHIE H3MEHEHUS
JICJTHUKOB DIIbOpyca B COOTBETCTBHUU C KIIMMATUYCCKUMU clieHapusamMu u3 npoekta CMIP6 (SSP1-
1.9, SSP1-2.6, SSP2-4.5, SSP3-7.0, SSP5-8.5) B XXI Beke, 11 yero Oblia UCIOJIB30BaHA MOJICIb
TeueHus JeTHUKOB Baoyib oceBoi smHnu GIOGEMflow (Zekollari et al., 2019) co BcTpoeHHBIM B
Hee OJIOKOM 3BOJIIOLMU MOPEHHOI'0 MOKpoBa. B Hell mporecchl 3HeprooOMeHa M JUHAMUKU
JIEIHUKOB ONUCBIBAIOTCSI B YHPOUIEHHOW (opme. DTO sBiISEeTCs MNPUUYUHOM HEU30eKHOU
HEOIPEICIEHHOCTH B NMPOrHOCTMYECKUX PacyeTax XapaKTEepUCTHK oneaeHeHus. OJHaKo ¢ POCTOM
3a01aroBpeMEHHOCTH IIPOTHO30B BCE BO3PACTAIOIIYIO POJIb HAUMHAET UrpaTh pa3dpoc B UCXOJHBIX
KIIMMaTUYEeCKHUX CLIEHApUsAX. DTH BOIIPOCH! TAK)KE OOCYkKIAIOTCS B HACTOSALIEM HCCIIEOBAaHUH.

CornacHo mporHoctTudeckum pacueram, k 2100 roay negHuKy Ha DIp0pyce OTCTYMST BbIIIE
4000 M H.y.M., ¥ Ha UX MecTe Ha DibOpyce BeposTHO Oyner oOpa3oBaHo 0 17 HOBBIX 03ep. [Ipu
yMepeHHOM moTeruieHnu (crerapuun SSP1-1.9, SSP1-2.6) Bo3moxkHa CTaOWMIM3aIUs TOJOXKCHHS
¢ponHTOB NeHUKOB Ha BbicoTe 3600—-3700 M. IIpu sToM Ha DasOpyce Oyner chopMupoBaHo 10 8
o3ep. Kpymueiimue o3€pa Oyayr oOpa3oBaHbl B TIEPBOM IOJOBHMHE BEKa HE3aBUCHUMO OT
KIuMatudeckoro cueHapus. Camoe 0ojbllioe 03epo Ha MecTe JeA0BOro miato J[KUKHyraHkés,
BO3MOJKHO, OyJeT MOIIMPY>KEHO MOPEHOW C MOrpe0eHHON MMoj Hel 00JacThi0 MEPTBOTO JIbJa
TomuuHOW 10 60 M mpeanonoxkutensHo B 2040 P Tromax, ¥ BEpOATHO OyAeT MpeACTaBIAThH
3HAYUTENIbHYIO CEJIEBYIO OMACHOCTh HIJKE IO TEUEeHHUIO p. MaJka.

HccnenoBanue BhINOJIHEHO TpU (prHaHCOBOH nmojaep:xke PH® B paMkax HayyHOro MpoekTa
23-27-00050.

Crnucok UCHOIb30BAHHON JIUTEPATYPHI:

Hoxykun M. /1., CasepHiok E. A., bekkueB M. 1O., Kanos P. X., XarkyroB A. B. DBomonus
03€p y neannka [xuxkuyrankes (Cesepnoe [Ipuanbopycke) B 1957-2020 rr. ¢ y4€TOM MOA3EMHBIX
kaHanos croka // JIég u Cuer. — 2022. — T. 62, Ne 1. — C. 47-62.

JlaBpenteeB U. U., IletpakoB [I. A., Kyry3os C. C., KoBanenko H. B., Cmupnos A. M.
OreHka MOTEHIIMAIA Pa3BUTHSI JISAHUKOBBIX 03Ep Ha L{enTpansHom Kaskaze // JIén u Cuer. — 2020.
—T. 60, Ne 3. — C. 343-360. — DOI 10.31857/S2076673420030044.

Zekollari H., Huss M., Farinotti D. Modelling the future evolution of glaciers in the European
Alps under the EURO-CORDEX RCM ensemble // The Cryosphere. — 2019. — Vol. 13. — P. 1125-
1146.
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B pabore paccmoTpeHa NIPOCTPAaHCTBEHHO-BPEMEHHAsi H3MEHUMBOCTh  IPU3EMHOMN
TEMIIepaTyphbl BO31yXa U aTMOC(EpHBIX ocaakoB Ha EBpormeiickoii Tepputopun Poccun. I'maBHoe
BHUMAaHUE YJEJICHO AaHAINW3y TPEHAOB YKAa3aHHBIX XapaKTEPUCTUK, YTO IO3BOJIMJIO OLIEHUTH
MacmTaObl MOTEIUICHUs KIMMaTa B TocienHue aecstuietus. HaOmomaercs oOmmii TpeHn Ha
MOBBILICHUE TemIepaTypbl. Haubonblive W3MEHEHUs TEePMHUYECKOTO pEKUMa MIPOUCXOAST B
3UMHHE MECSIBl Ha CEBEPO-3alaJIHOM YacTH paccMaTpUBaeMOM TEPPUTOPUHU (B SHBApE BEIMYMHA
kod(durnmenta HakimoHa ymHeHoro tpeHaa (KHJIT) mocturaer 0,82°C/10 net), a HauMEHbBIIHE
n3MeHeHns ormedatorcsi B ampene (KHJIT=0,26°C/10 ner) u nosiope (0,24°C/10 ner). Taxxe,
HabOmoaeTcss o0mas TEeHACHIUS YBEIMYEHHUS YWCIa CIydaeB C MOJOKUTEIbHBIMU aHOMAIUSMU
TEeMIepaTypbl U CHIDKEHHE YHClia ¢ OTpHUIaTelIbHbIMH. Hanbomnbiime M3MEHEHUS TOIOBBIX CyMM
aTMochepHBIX ocaakoB npoucxoaar B saBape (BenmnunHa KHIIT nocturaer 1,77 mm/10 stet) u mae
(KHJIT=1,79 mm/10 ner), a HauMeHbIIME U3MEHEHUsSI oTMevaroTcs B HosOpe (KHJIT=-0,32 mm/10
JIeT).

Pacyerbl BBINOJHSUIMCH C MCIOJNB30BAHMEM JIaHHBIX 54 METEOpOJIOTMYECKUX CTAHLIMH,
pacmoyiokeHHbIX Ha TteppuTopun Poccum u3 ¢gorma BHUUTMU-MIY 3a 19662022 rr.
MHorosieTHUE psAJIbl UCXOAHBIX JIaHHBIX MOJIBEPTaJIUCh CTATUCTUUYECKONH 00pabOoTKe — HaXOIUIKCh
CpeIHUE BEJIMYMHBI, cpeaHue kpaapaTtuueckue oTkiIoHeHus (CKO), aHomanuu Temmeparypbl
BO3[lyXa M aTMOC(EpPHBIX OCAJIKOB, JIMHEWHbIE TPEHJbl TEMIIEpPATypbl U OCAJKOB HAa TEPPUTOPUU
Poccun mist mepuogoB 1966—2022 u 1991-2020 rr.

B 19662022 rr. npaktuuecku Ha Bcedl ETP mpoucxonnsno moremsieHue Kiumara, KOTopoe
COIIPOBOKAAJIOCH YBEIMYEHUEM TOJIOBBIX CyMM ocaakoB. HauOonblive M3MEHEHMs KacaloTcs
3anagHoON W roro-zamagHoi yactu ETP. Ha rore paccmarpuBaeMod TEppUTOPHM, OIOHAKO, €CTh
HEKOTOpasi TEHJECHIMS Ha CHIKEHHE CyMM OCaJKOB B TEIUIble MecsAlbl. B XomogHoe BpeMs ropa
U3MEHEHHE CYyMM OCaJIKOB HOCHUT MEPHJIMOHAIIBHBIM XapaKTep, TOr/1a KaK B TEIUIO€ — 30HaJIbHBIM.
[Tonmy4yeHHble B paboTe TpeHAbI TEMIIEPATYPhl BO3IyXa U aTMOC(EPHBIX 0CAJAKOB JUIS IIEHTPaIbHbBIX
MECSIIEB CE30HOB MOTYT CIIY’KUTb JOIOJIHEHUEM K pe3yJbTaTaM aHajn3a CE30HHBIX TPEH/IOB ITHX
BEIMYMH, TipeacTaBneHHbIX B (bapues u ap., 2016; bapaun u ap., 2020; Jokinarx ..., 2021).

CnucoK UCOJIb30BaHHOW JTUTEPATYPHI:

bapnun M. 1O., PawpkoBa J. f., Ilmatoa T. B., Camoxuna O. ®., Kopuea U. A.
CoBpeMeHHbIE U3MEHEHHS MPU3EMHOT0 KIMMara Mo pe3ylbTaTaM PerylspHOr0 MOHUTOpHUHTa. //
Meteoponorus u ruaposiorus. — 2020. — Ne5. — C. 29-45.

bapues C. H., benonunenxutii I1. B., [lerepmenmxu A. I'., UBanosa 1O. /1., [TouekyToB A. A.,
CanteikoB M. FO. HoBerit B35 Ha AuHaAMuKy kiauMara 3emud. // Bectauk Poccuiickoit Akanemun
Hayk. — 2016. — T. 86, Ne3. — C. 244-253.

Joxnamg 06 ocobeHHOCTSIX KimMMara Ha Tepputopun Poccuiickoit @enepamun 3a 2020 rox. —
M., 2021. - 104 c.
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BAVWAET NW MNOrogHbIA WYM HA MOAENbHBIE OLEF
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trBOSCH L. Y.BOS . 0.
"MucrutyT Bomubix npodnem PAH, r. Mocksa, Poccus
2OI'BHY «MHCTHTYT NPUPOTHO-TEXHUUECKHX CUCTeM», T. CeBacTomnons, Poccus

Lenpto wucciaenoBaHusl SIBISETCS OLCHKA BIMSHHUS CIY4YalHBIX TIOTOAHBIX KojieOaHUM
(morogHOrO 1IyMa) Ha PE3yJAbTaThl MOJENBHBIX PAacCYeTOB KOMIIOHEHT IOBEPXHOCTHOTO OanaHca
Macchl TOPHOTO JenHHWKa. B kauecTBe 00BbEKTa HCCIENOBaHUS BBIOPAH JICAHUKOBBIM KOMILIEKC
DnpOpyca, IpeaCTaBISIONINA CO00H COBOKYITHOCTD U3 0oJiee, 4eM JBYX JIECATKOB JISTHUKOB, 00IIas
mIomagk KOTOphIX omeHuBazack B 2017 . B 112,20 + 0,58 km® (Kytuzov et al., 2019).
TpaguMOHHBIA TOAXOA K MOJCIMPOBAHHIO OallaHCa MAacChl 3aKJIIOYaeTCs B HCIOJIb30BAHUH
METEOPOJIOTUYECKUX PSA0B (MHCTPYMEHTAIbHBIX WJIM IOJIYYEHHBIX B XOA€ HPOrHOCTUYECKOTO
MOJICIMPOBAaHMsI KJIMMara) B KaueCTBE BHEIIHEro (opcuHra. Pe3ynbTarbl pacueToB, Kak MpPaBUIIO,
YyBCTBUTEJIbHBI K BHIOOPY MOJEIBHBIX MMAPAMETPOB, W JUIS MOJNYYEHUS KOPPEKTHBIX PE3YIbTaToB
Macc-0anaHcoBasi MOZAETh JODKHA OBITh TIIATENBHO OTKAIMOpOBaHA MO AAHHBIM H3MEpeHuid. B
pamMKax 3TOrO IMOAXOAa OOBIYHO UTHOPHUPYETCS TOT (DakT, 4To caMu psabsl (OpCUHTA CoaepKar
BHYTPEHHIOIO TOTOJIHYI0 M3MEHUMBOCTh, KOTOPAsl MOCJI€ MHTETPUPOBAHUS MOJEIbI0 MOXKET OBITh
MIPUYMHON BOSHUKHOBEHHSI B PsIIaX PACCUMTAHHBIX KOMIOHEHTOB OallaHCa MacChl TPEH/IOB IO THUILY
CIIy4aiiHOTO OJy»K/IaHUs UM JONOJHUTEIBHOTO pa3dpoca B pe3yabTrarax pacueToB, HE CBSI3aHHBIX C
OCOOCHHOCTSIMU CaMOW MOJIEIIH.

JlJis BBINIOJIHEHUS! COOTBETCTBYIOLIMX OLEHOK B MOJENbHBIX pacuerax OajlaHca Macchl ObLIU
WCIONIb30BaHbl CyppOraTHbie (MCKYCCTBEHHO CT€HEPHPOBAHHBIC) PSAbI TEMIIEpPaTyphl MPU3EMHOTO
BO3/lyXa M KOJNMYECTBA OCAaaKOB. AHcamOnp u3 50 Takux psIOB NPOJODKUTENHFHOCTBIO B 20
MOJICIbHBIX JIET C CYTOYHBIM BPEMEHHBIM pa3pelieHHeM ObLT TOJYy4YeH C HCIOJIb30BaHUEM
croxactuaeckoro reHeparopa noroasl WGEN (Richardson, Wright, 1984) Ha ocHOBe Ha0IIOIEHHBIX
psnoB Ha meTteocTaniuu Tepckon 3a 1999-2020 rr. B HabmroneHHBIX psagax He ObUIO OOHAPYKEHO
CTaTUCTUYECKM 3HAYUMOro JjuHenHoro TtpeHna. B reneparope  WGEN coObiTust 0caakoB
MOJIEIIUPYIOTCSI MApKOBCKOM  LENBIO IEPBOrO IOPSIKA, a WX HMHTEHCHBHOCTh TraMma-
pacnpeneneHueM. Temmeparypa BO3AyXa pPAacCUMTHIBAETCS IyTEM IOATOHKH COOTBETCTBYIOLIMX
pacripesielieHuil 1 TapMOHMYECKUX (YHKUUH OTIAENBHO JJIi MOJENbHBIX JHEH ¢ ocajakamu u 0e3
OCaJIKOB.

CratucTuueckuii aHalu3 CTEHEPUPOBAHHOTO aHCAMOIs KYyMYJISTHBHBIX 3HAYeHHH (TO €CTh
HaKOTUICHHBIX 3a nepuosl 20 MOIETbHBIX JIET) TOBEPXHOCTHOTO OajaHca MacChl U €r0 KOMIIOHEHT —
AKKyMYJISLIMM, TasHUSA, JIEAHUKOBOTO CTOKAa — IMO3BOJMII OLIEHUTh BJIMSHUE MOTOAHOTO IIymMa Ha
pe3ybTaThl MOJEIUPOBAHHUS.

PaGora BhImomHeHa B pamkax rocyaapctBeHHoro 3ananuss ®I'BHY UIITC no Tewme:
«DyHIaMeHTaldbHble ¥  TNPUKIAJAHBIE HCCIENIOBaHUS  3aKOHOMEPHOCTEH U MEXaHU3MOB
(dbopMUpOBaHUS PETUOHAIBHBIX W3MEHEHUW TMPHPOJHOW cCpeAbl W KIUMara IMOJ BIUSHUEM
100aTbHBIX MPOIECCOB B cucTeMe okeaH-atMochepa» (Ne rocpeructpamuu 124013000609-2).

CrucoK UCTIOTB30BaHHOM JINTEPATYPHI:

Kutuzov S., Lavrentiev 1., Smirnov A. et al. Volume changes of Elbrus glaciers from 1997 to
2017 // Frontiers in Earth Science. — 2019. — Vol. 7, No. 153. — DOI 10.3389/feart.2019.00153.

Richardson C. W., Wright D. A. 1984. WGEN: A model for generating daily weather
variables. — U.S. Department of Agriculture, Agricultural Research Service, ARS-8. — Washington,
D.C, 1984. - 83 p.
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TIOMEHCKUI roCyAapCTBEHHBIN YHUBEPCUTET, I. TIoMeHb, Poccus
Aivarovna04d@gmail.com

['moGanbHOE MOTEMJIEHHE — O3TO IOCTEIIEHHOE YBEIMUYEHUE TEeMIIepaTypbl MOBEPXHOCTH
3emi, BBI3BAHHOE B OOJNBIICH CTENEHW MAPHUKOBBIM J(PQPEKTOM, BO3HHUKAIONIMM U3-3a
MapHUKOBBIX Ta30B: BojsHON map (H20), yrnekucnsiii ra3 (CO2), metan (CHa), 030H (O3), okcua
azora (N20) u np. ns Hacrosmei paboTsl Obuia B3aTa Tepputopuss Cubupu B mpenenax rpaHuly
[Ipuponnbix paiioHoB Poccum, kotopas moapasaensiercs Ha 3anaanyro Cubups, Cpeaaioro Cudups,
rops! FOxnoit Cubupu u CeBepo-Bocrounyro Cubups.

Beunas mep3nora Cubupu moKpbIBaeT MOYTH JIBE TPETbH TEPPUTOPUU CTpaHbl. [ obanbHOE
noTteruieHue Ha tepputopun Cubupn Hecer 3a co00il HeM30e)KHOE OTTAaMBAHUE BEUYHOW MEP3JIOTHI.
Hedopmupyercs nanmadT, BO3pacTaeT PHUCK OOPYIIEHUS MOCTPOEK, MPOUCXOAIT €KEroJHbIe
HABOJHEHHS, MCHSIOTCS CXEMbl MHIPALMH JKUBOTHBIX, MOSBIISICTCS PHCK WCYE3HOBEHHS BHUJIOB.
YckopeHHoe Ti00aabHOe MOTEIUIEHHE HeceT 3a cOOOM CypoBble MOCTEACTBUS AJSI BCEX MKUBBIX
OpraHu3MOB U JiesiTeabHOCTH Jtoziei (Alexandrov et al., 2021).

Llenp Hacrosimielt paboOTHI 3aKIOYaeTCs B TOM, YTOOBI MPOBECTH BepUPUKALUIO U OTOOP
mogneneii CMIP6 s Temmeparypbl BO3AyXa M KOJMYECTBA OCAIKOB Ha Tepputopun Cubupw,
ONMMpasicCh Ha JUHAMHUKY W3MEHEHHMs KJIMMara 1O JaHHBIM OCHOBHBIX METEOCTaHIIUMH,
OXBaThIBAIOMIMX Tepuon u3Mepenuit ¢ 1940 mo 2023 rr. Hus storo B pabore ObuH
MIPOaHATM3UPOBAHbI JaHHBIE I KaXJIOro mapaMmerpa (TeMmIepaTrypbl BO3AyXa U OCaaKoB) ¢ 59
METEOCTaHIUH, Al HUX PacCUMTaHbl BeJdeunHa TpeHaa 3a 10 ner u ko3ddenuent nerepMuHanmm.
Tepputopust uccienoBaHUs OXBaTblBaeT cledyromue cyobektel Pd: XaHThl-MaHCUHCKUN
aBTOHOMHBIN OKpyT, SImano-Heneukuil aBToHOMHBIN OKpyr, CBepoBckas obnactb, Kypranckas
obnactb, TroMmeHckass obmacte, Omckas obnacth, Tomckas ob6nacts, HoBocuOupckas o6nacts,
Anraiickuii  kpail, Pecnybnuka Auraii, PecnyOnmuka Xakacus, KemepoBckas —o06nacts,
KpacHosipckuii  kpaii, Hpkyrckas oOnacte, PecnyOnuka bBypsarusa, Pecnybnuka Sxyrus,
3alalikanbCKkuii Kpail.

ITo pe3ynbTaTam aHalu3a MPOBEICHHON BepuUpHKanUU B paboTe OyneT 0TOOpaHO HECKOJIBKO
MoOJIeNIel, KOTOpbhIe TPAaBWJIBHO BOCHPOHM3BOIAT  TIOKA3aTeNM JIMHEHHBIX TPEHIOB IS
CpeAHEMECsIYHOM TeMmmepaTypbl BO3yXa M KOJMYECTBA BBHIMABIIMX OCA/JKOB Ha BCEH TEPPUTOPUU
Cubupu. Ha 3Toif ocHOBe OYyIyT C/IeNlaHbl BBIBOJBI, @ TaK K€ JOJTOCPOYHBIA MPOTHO3 U3MEHEHUS
TeMIIepaTypbl BO3/lyXa U KOJIM4ecTBa ocaikoB K KoHIy XXI Beka Ha Tepputopuu Cubupu.

CIHHCOK UCIIONIBE30BAaHHOMI J'II/ITepaTprI:

Alexandrov G. A., Ginzburg V. A., Romanovskaya A. A., Insarov G. E. CMIP6 model
projections leave no room for permafrost to persist in Western Siberia under the SSP5-8.5 scenario
// Climatic Change. — 2021. — Vol. 169, No. 3-4. — DOI 10.1007/s10584-021-03292-w.
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4B dztcoa ®O s. ¢, IkitsoO [ . 4.
NHCcTUTYT MOHUTOpHUHTA KIMMaTH4YeCcKuX U 3kosiorndeckux cucteM CO PAH, r. Tomck, Poccust
ksenia_ska@mail.ru

VYcnennoe BO3/ENBIBAHUE CEJIbXO3KYJIbTYP Ha PABHUHHOM HOKHO-TA€KHOW TEPPUTOPUHU
3amanHoit Cubupu 3aBUCUT OT psaa (AaKTOPOB MPUPOJHOrO XapaKTepa: MOIXOIAIINE MPUPOIHO-
KIIMMaTUYeCKHE yCIOBHS, OJIarolaTHhIe TIOYBBI, COOTBETCTBYIOIINE TeOMOP(HOIOTUYECKUE
O0COOCHHOCTH MECTHOCTM U T.n. Hapsimy ¢ 3TUM cymiecTBYIOT HeOIarompusaTHble, a MOpPOH U
OIMacHbIC, KIMMATHUYECKHUE SIBIICHHS, TOBOJBHO YacTO HaOJIoJaeMble Ha 3TOM Teppuropuu. B
MocJieJHee IECATUIIETHE MHOTUMU HCCIIEIOBATENIMUA OTMEUYAETCsl MI3MEHEHUE PsiJia KITMMaTHYEeCKUX
MOKa3aTesiei, OKa3bIBAIOUIMX BO3JCHCTBHME HA YPOXKaWHOCTh OCHOBHBIX CEIIbXO3KYIbTyp. Takue
W3MEHEHUS HUMEIOT KaK TOJOXKUTENbHbIE, TaK M OTPULIATENIbHBIC TOCIEACTBUS. Y BEIMYCHHE
MIPOJIOJKUTEILHOCTH BET€TAIMOHHOTO MTepPHOjia MO3BOJIACT KYJIbTUBUPOBATH 00JIee TEIIOIIOONBBIC
CopTa, CIBUTATh CPOK MOCaa0uHbIX paboT. Ho BMecTe ¢ Tem Habm0qaeTcs yBeIMUYeHUE KOJTMYeCcTBa
OMAacHBIX M HEOJArONpHUATHBIX KIMMAaTUYECKUX SBIEHUW M HMX HMHTCHCUBHOCTH MJIs pPOCTa
OOJIBIIMHCTBA CENBXO3KYIbTyp. OTCIOla ILENbI0 HUCCIEIOBAHMsS SBISETCS MPOCTPAHCTBEHHO-
BPEMEHHOM aHajIu3 KIMMAaTUYECKUX SBJICHUM TEIUIOrO0 IepruoAa TroAd, BO3ACUCTBYIOIIMX Ha
ycnoBusl (PYHKIMOHUPOBAHUS MECTHOM CHCTEMbI PACTEHUEBOJACTBA. AKTYaJIbHOCTh MCCIEIOBAHUS
0o0yCIIOBJICHA TIOMCKOM MHPOBOW HAy4HOH OOIIECTBEHHOCTHIO TYyTEH agalTalid CEIbCKOTrO
XO035iCTBA K  W3MEHAIOIIMMCS  KIMMaTH4YeCKUM  ycioBusM. OcHOBOW  HMH(OpPMAIMOHHO-
AQHAJIUTUYECKOW 0a3bl MOCIYKUIM OTKPBITbIE UCTOUHUKU MeTeonHpopmanuu OOO «Pacnucanue
Morojb», MexayHaponHoit 6a3el MereomanHbix NOAA 3a mepuoa ¢ 2000 mo 2023 rr. mo 30
MereocTaHusaM. [{ns  kaprorpaduyueckoro OTOOpa)K€HWsS  HCIOIb30BAJIOCh  MPOrPaAMMHOE
obecneuenne ArcGIS. B xoxe wuccienoBaHusi ObUIM OIICHEHBI CIEAYIONIME TOKa3aTeNlu: Jara
HACTYIUICHHS U MPOJAODKUTEIIBHOCTD MepHUoa aKTUBHOW BEreTalllK, CyMMa aKTUBHBIX TEMIIEPATyp
6omee 10°C (CAT), 3aMOpo3KH, HU3Kasl BIAKHOCTh BO3/1yXa, )KapKas MOT0/a, CUIbHbBIE OCATIKH.

Pe3ynbprarhl mokaszanu, 4To B I[E€JIOM HA UCCIEAYEMOW TEPPUTOPUHM TMPOUCXOJUT U3MEHEHHUE
CPOKOB YCTOMYMBBIX NEPEXOJOB CpPEOHECYTOUHBbIX TemiepaTyp uepe3 +10°C, u ormeuaercs
yBEIMYEHUE CPOKOB  BEreTAllMOHHOTO  TMepuoja. B mepuoa  akTUBHOM — BereTaruu
cpenHeMmHorosieTHue 3HaueHus BenumunHbl CAT nns 3amagHeix paiioHoB pocturator 2100°C, nns
BocTouHblx — 1800°C. B Hekoropwie roasl (2003, 2015, 2020) Benmuumna CAT mnpessiana
cpenHemMHoroneTHue 3HaueHus. Hanpumep, B 2015 r. B ToMckoit o01acT B MOJAOOHBIX YCIOBHUSAX
(ObmaronpuaTHOE COOTHOIICHHE TEIJIa W BIArv) ypoxaiHocTh kapTodens mocturiaa 200 1yra.
Opnako, Ha (oHE TOBBIIIEHUS TEMIEpPaTypHOrOo ONTHMyMa BO3pPAaCTaeT BEPOSTHOCTH
BO3HUKHOBEHHSI OMACHBIX M HEOJIarompusTHeIX sBiaeHUW. [0 OTAENbHBIM KIMMaTUYECKHM
MoKasaresiM 3HaueHus: BapbupyloT oT 5% mo 80%. OcoOblit ymepd uis MECTHOW CHCTEMBI
pacTEHHUEBOJICTBA CIIOCOOHBI HAHECTH TIO3IHUE€ BECEHHUE 3aMOPO3KH, BEPOSITHOCTh HX
BO3HUKHOBEHHUS JJa)kKe B TPETbeW Aekaje masi coctaBisieT oT 18 mo 32%, a mist ceBepo-3amagHoit
JacTH B NEPBOM Jekaae WioHS 3HadeHue mnpepbimaet 10%. B 3To ke BpeMs HHU3Kas BIaXHOCTH
BO3/lyXa, MPEIONPEILIISIONIas HEAOCTATOK BIIard B TOYBE, PUKCUPYETCS KaXKIbI JeHb. BricokuM
a0MOTHYECKUM CTpeccOM JJisg OOJIBIIMHCTBA CEJIBXO3KYJIbTYp SBISIETCS XKapkas TOroja,
KOTOpasi 3/1eCh YCTAHABIMBAETCSl C BEPOSATHOCTHIO 5,6%.

B 1nienom u3MeHstronuecss KIIMMaTHYECKUe PEeCypChl Ha TEPPUTOPUN HCCICTOBAHUS CO3/IAI0T
ONmaronpusATHBIE YCIOBUS JUIS BBIPAIIMBAHWS MHOTHUX BHUJOB CEIbXO3KynbTyp. OmnHako,
HEMaJIOBAXXKHBI 3HAHUSI W y4eT HEOJarompusATHHIX (DaKTOPOB, KOTOpPHIE CIIOCOOHBI HAHECTH YPOH
MECTHOM CHUCTEME PACTEHUEBO/ICTBA.

UccnenoBanue moaaep:kanHo MHUHUCTEPCTBOM HAayKW M BbIcHIero oOpaszoBanus Poccuiickoit
®epnepaunu (roczaganue UMKIC CO PAH, peructpanunonnsiii Homep mpoekrta Ne 121031300226-
5, FWRG-2021-0003).
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CucrteMbl BOCTOYHBIX IOrpaHuuHbIX anBeuinaros (Eastern Boundary Upwelling System,

EBUS), Bxmrouatonine Kamudopuuiickuii, [lepyanckuii, Ynnmiickuii, Kanapckuii u benrenbckuii
anBeJUIMHIH, SBJSAIOTCS OJHUMU M3 Hambosee OMOJOrMYecKH NPOIYKTHBHBIX 3KocucTeM. OHu
3aHUMAaIOT MeHee 2% MOBEPXHOCTU OKE€aHa, HO BHOCST OKOJIO 7% B MUPOBYIO MOPCKYIO IIEPBUUHYIO
npoaykiuio u 6onee 20% B MUpOBBIE YIIOBBI pblObl. CrOHHBIN TPUOPEKHBIN BEeTep, HAIIPABICHHBIH
K 9KBATOpy, SBJISETCA JOMUHHUPYIOIUM (U3NUYECKUM MPOIECCOM, BBI3BIBAIOUIMM AarBEJUIMHT U
BBICOKYIO OHOJIOTHUYECKYI0 IPOAYKTUBHOCTh BOCTOUYHBIX uacTed Tuxoro u ATIaHTHYECKOTO
OKeaHOB. BblsiBieHHEe nonroBpeMeHHbIX TeHAeHUUd wuHTeHcuBHOcTH EBUS, 00ycnoBieHHBIX
U3MEHEHMSIMU KJIMMata, SIBJISIETCS OJHOW M3 BaKHEHIIUX MpoOiieM, aKTUBHO OOCYX/IaeMbIX B
CHEMAIbHOM HayyHOM JHUTepaType Ha MNPOTSHKEHUM MHOTHX JIeT. BOJBIIMHCTBO MPOrHO30B
U3MEHEHHS HWHTCHCUBHOCTH allBEJUIMHIOB OCHOBAaHbl Ha OLEHKax TEHICHIMM BETPOBOIO
(9KMaHOBCKOT0) miepeHoca B OyaymeM. Mexay tem, B EBUS BronsOeperossie rpaieHThl YpOBHS
MOpSl  BBI3BIBAIOT T€OCTPO(PUUECKUI MOTOK MNEPHEeHAUKYISIPHBIA M00epekplo. OTOT MOTOK
KOMIIEHCUPYETCSI BEPTUKAJIIbHBIM NEPEHOCOM, KOTOPBIM MOXKET JI100 MOJAaBIATh, MO0 yCUIUBATh
aIBEJUIMHT B 3aBUCUMOCTH OT HAIIPABJICHUS IIOTOKA.
TenaeHMU U3MEHEHUN 3TOW LUPKYJIALMOHHON KOMIIOHEHTBI OKEaHWYECKOI0 MEPEHOCa, KOTOPBIN
TaKXXe MO’KET BHOCHUTBH CYIIECTBEHHBIN BKJIaJ B OOIIME M3MEHEHUsS MHTEHCUBHOCTU MPUOPEKHBIX
alBEeJUIMHIOB, HCCJIEIOBaHbl 3HAYUTEIIbHO MEHEe [JeTallbHO. B Hacrosmem [oKjane Mbl
[IPOAHATU3UPYEM pOJIb O0EMX KOMIIOHEHTOB TpAHCIOpPTa B W3MEHEHMH ATJIAHTHYECKUX
alBEJIMHTOB B YCIIOBUSX INI00AJIbHOTO MOTETUICHUS.

Pacuer reoctpoduueckoro mnepeHoca OblT BBIIOJIHEH Ha OCHOBE Habopa JaHHBIX
MULTIOBS GLO PHY TSUV 3D MYNRT 015 012. VYpoBenr 00paboTku maHHbIXx — L4.
JlaHHBIE TpPEJCTABICHBI B BUJAE TpPEXMEpHOro (reorpaduueckue MUPOTa, J0Ir0oTa W TIyOMHA)
MaccuBa, COJIEP)Kalero BEIMYMHBI TEMIEpaTypbl, COJIEHOCTH, JMHAMUYECKOW BBICOTHI U
reocTpopuyeckoro Te4eHus OT MOBEPXHOCTH 10 riyouHsl 5500 M, u AByMepHOro (mmpoTra U
JI0JITOTa) MaccuBa TOJIIMHBI nepeMenianHoro ciost (MLD) Ha perynsiproil cetke 1/4°. Maccusbl
OBLIH TOJTy4eHa MyTeM 00bEeIMHEHHUS CIYTHUKOBBIX U HATYPHBIX (IN-SitU) JaHHBIX HAOIIOICHHA.

KommoueHTs reoctpodudeckoro nepenoca mo goiarote (TX) u mupote (Ty) pacCUUTHIBAIOTCS
110 KOMIIOHEHTaM Te0CcTpO(PUIECKUX CKOPOCTEN U TOJILIMHE BEPXHETO MEPEMEIIAHHOTO CIIOSL:

Tx= 6 dydz=MLDI Y

>v >v

Ty = 0 dxdz=MLDI ,

TJIe Z COOTBETCTBYET TIEPEMEHHOM TOMIIMHE TIePEMEIIaHHOro clios; Y U () — CpPeJHHE 3HAUCHHS
30HATBHOW W MEPHUIMOHAILHOM KOMIIOHEHTHl TeoCTpO(QUUECKO CKOpPOCTM B  BEpXHEM
nepememantom cioe (MLD).

I'eocTpoduyeckuii mepeHOC, HaMpaBJIEHHBIM NEPIEeHIUKYIIpHOrO OeperoBoil yepre,
BBIYUCIIIICA T10 CIIEAYIOLIEMY COOTHOIICHUIO:

Tgeo=(-YT sindU)ces(U)) T MLD.
PesynpraTthl pacdeToB OKMAaHOBCKOTO M T€OCTPOPUYECKOTO TIEPEHOCOB B  00JacTH

Kanapckoro u beHreiabckoro amBeJUIMHIOB IOKA3alM, YTO Yy4YeT TIeOCTPOPHUECKUX TEUEHUH B
LIEJIOM HE MPUBEII K U3MEHEHHIO TPEHI0B UHTEHCUBHOCTHU TUX AlBEJUIMHIOB.

104



sdMmlsjd Chodsttdy SR 05 j2 fMejH’

OUEHKA CBA3N OWHAMUWYECKOI O PEXMMA ME3OCOE
CTPATOCOEPHON UUPKYNAUWEW FAHAAMHHALIM PE
N CBPMPAOAVNOMETPUN
stsCtsdzse 9. 1., stoOdzr ¢.1., w00 jdfts
Cankr-IleTepOyprckuii rocynapcTBeHHbIM yHUBEpCUTET, . CankT-IlerepOypr, Poccus
anigahuchi@yandex.ru

B nacrosieii pabote, Ha OCHOBE JaHHBIX O Temreparype Microwave Limb Sounder (MLS)
(Waters et al., 2006), moka3ano, B neTHel Me3omnayze CeBeproro Ilomymapus 2013 u 2015 romos
OpOSIBIISICTCSL  TepBasi acuMMeTpuuHas Moja PoccOu (Forbes, 1995), ammiutynasl KOTOpOit
JOCTUTAIOT MaKCHUMyMa HEOOBIYHO MO3HO — K Hayally Masi. XapaKTepUCTUKH TIaHETapHOU BOJIHBI
(TIB) Bbrumcisuiuch MeTog0oM KomiuiekcHbIX ammuiutya (Yamazaki, 2023). B patdore (Didenko et
al., 2024) nmoka3aHo, 4TO pe3yJbTaThl THAPOJHHAMHYECKOTO MOJICIIMPOBAHHUS XOPOIIO COTTIaCyOTCS
¢ nanabiMu Aura/MLS Ha BeicoTax Me3ochepsl u HibkHel Tepmocdepsl (MHT). Hanuume takoi
I[IB  compoBoXknaaoch  OTpPHUIATETIBHBIMU  aHOMaIUSAMH  Temmeparypsl  (—5...—10°) wu
MOJIOKUTETBHBIMU aHoManusiMu kKoHteHTparmu H2O0 (o 1 ppm). Kimmmat Beramcisuics 3a 20 net: ¢
2004 1o 2024 r. IlpenmnonoxurenbHo, HUCTOYHUKOM [IB Mormm ciy)kuTh BHE3aIHbIE
crpatocdepusie moreruieHust (BCII) u BeceHHHME TEPECTPOMKH NHPKYISIIUUA CTpaTochepsl
(Savenkova et al., 2012). C ucnoas3oBanuem gaHHbix mogenu UK MetOffice Gbiia Beunciiena
CTPYKTypa aMIUIMTYAbl CTalMOHapHOM IutaHerapHod BosHbl (CIIB) ¢ m=1 B mnomne
reoNnOTEeHUUAbHOM BBICOTHI Ha 62,5° c¢. m. Makcumym ammutyast CIIB1 coxpansercs no Hauana
ampensi, 4YTo He MpociexXuBaeTcs B Apyrue roaa. Ilo 1aHHBIM O 30HAJIBHONW KOMIIOHEHTE BETpa B
peananmuze Modern-Era Retrospective analysis for Research and Applications, Version 2 (MERRA-
2) ObLIM M3YYEHBI TOJIBI MTO3JHETO MakcuMyMa aMIuuTy sl [IB u cocennue. Becnoit 2013 u 2015 ¢
30HalbHAsE KOMIIOHEHTAa Ha MPOTSDKEHUHU arpelisi-Mas Oblla BBIIIE KIMMATHYECKOTO CPEIHETo,
onpezaeneHHoro 3a 42 roma: ¢ 1980 mo 2022. BeposITHO, 3TO HE E€IUHCTBEHHBIE (DAKTOPHI,
HeoOXxoauMble 11 reHepauuu 1B, HO, MpennonoKuTeabHo, MIMEHHO OHM SBJISIFOTCSI KITFOUEBBIMU,
yTO TpeOyeT MAOMOIHUTENbHOro0 wuccienoBanus. llokazano, yto B mnpouue roasl [IB mubo
MPOSIBIISIACHh 3UMOI1, 3aTyXast K Hayajly BECHbI, TMOO BOBCE OTCYTCTBOBAIA.

Pabora BrmonaeHa B pamkax npoekta PH® (rpanTt Ne20-77-2021-10006-11).
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CoBpeMeHHbIE  W3MEHEHHS  KJIMMaTra  CONPOBOXKIAIOTCA  YBEIUYEHHEM  YacCTOTHI
AKCTPEMAJIbHBIX TMOTOJHBIX SBJICHUM, B TOM YHCIE BOJIH aHOMAJIbHOM apbl (TEIUIOBBIX BOJH).
HenaBuue uccrnenoBaHust moATBepxkaa0T, uro ¢ 1950-x romoB yacTtora M MPOJOIKHUTEILHOCTD
TEIUIOBBIX BOJH BO3POCIM TOYTH BO BceX yroikax mupa. OCOOEHHO 3aMETHBIE W3MECHCHHUS
Habmonatorcsa B Cpenn3zeMHOMOPCKOM peruone. CxXoxkue TeHJSHIIMH OTMEYal0TCsS U Ha Mo0epexbe
YepHoro Mopsi. AHOMAIIBHO KapKHE YCIOBHUS BIHSIOT Ha OMOKIMMATHYECKYIO KOM(POPTHOCTH
TEPPUTOPHUH, YTO BJIEUET 3a COOON HEraTHUBHBIEC MOCIEACTBUA, KaK JI 3J0POBbS HACEICHHUS, TaK U
JUTSI IESITEIIbHOCTH PEKPEAITMOHHOTO CEKTOPA B LIETIOM.

Lenp HacTosimiel pabOThl — OLEHUTH YCIOBHSI TEIIOBOTO KOMQOpTa BO BpeMs aHOMaJIbHON
xapbl Ha Tepputopun ropoxaa Cesacromnosis B Temislii nepuon roga ¢ 1950 mo 2020 rox. s
BBIICTICHUS. TEPHOJOB AHOMAJBLHOM Kapbl HCIOJB30BATUCH E€XKEIHEBHBIE METEOPOIOTUYECKUE
nanuble peaHanu3a ERAS 3a mepuon 1950-2020 roasl, KauecTBO KOTOPBIX OTKOPPEKTHPOBAHO C
MOMOIIBIO JTAHHBIX HAOMIOEHUII METEOCTaHIIMM XEepPCOHECCKUN Masik. AHAIU3 MPOBOIWICS TS
TEIUIOTO MePHo/ia ¢ Mas MO OKTAOPH, KOT/1a BEPOSITHOCTh BOZHUKHOBEHUS TEIJIOBBIX BOJIH HanboJee
BBICOKA. B mccrienoBaHny NPUMEHSUIUCH YEThIPE TEIUIOBBIX MHAEKCA, YUYUTHIBAIOIIUX KaK MPOCThIE
nokazatesnu Temrneparypbl Bo3ayXa (Tmean ¥ Tmax), Tak U 0osiee CIOXHBIE KOMIUIEKCHBIE HHICKCHI
Ha OCHOBE HHJICKca (usnosornvyecku skBuBageHTHOH Temreparypbl (PETmean # PETmax), 9To
CrocoOCTByeT 0ojiee TOYHOW OIEHKE KOM(POPTHOCTH KIMMATHYCCKUX YCIOBUW M PUCKOB JUIS
3JI0pPOBbSI HACEJICHUS BO BpeMsl TEIIJIOBBIX BOJH. [IJi HASHTU(PUKAIIUHN TETIIOBBIX BOJH JJIsl KaXKI0TO
TEIUIOBOTO WHAEKCAa OBLJI paccCuuTaH Mopor xapel — 97%-bIil MPOUEHTHIIb. 32 TETUIOBYIO BOJIHY
CUMTaJCs TEePUOJ MPOJOHKUTEIFHOCTIO Ooyiee 5 MHEH, Korja 3HAYEHHUs TEIUIOBBIX HHJEKCOB
MIPEBBIIIAIA CBOW MTOPOTOBBIC 3HAUCHHUSI.

B pesynpraTe ananm3a Oblla BBISBIEHA TEHICHIUS K POCTY Kak KOJIMYECTBA, TaK U
MIPOJOJKUTENBHOCTH TEIJIOBBIX BOJH Ha TeppuTopuu roponaa Cesactomnosns B nepuon ¢ 1950 mno
2020 roa. KonuvectBo BonH Teruia 3a 71 1og M0 Tmean — 27, M0 Tmax — 24. B mepuon ¢ 1950 o 1965
roJl TEIJIOBBIX BOJIH IO HMCIOJB3yeMbIM TOKa3aTeNisiM BBISBICHO He Obuto. B mepuon ¢ 1966 mo
1975 rop BBISBIEHO 5 TEIUIOBBIX BOJH: MO Tmean B 1970 1 1972 romax, mo Tmax B 1970, 1971, 1972
rogax. C 1976 mo 1997 rox TemnoBbIX BOJH He HaOmromanock. Jlamee, Haunnas ¢ 1998 ropa,
TEIUIOBbIE BOJIHBI HAOIIOAAUCH MTPAKTUYECKH €XKeroIHO, 3a uckitoueHrnem 2000, 2003, 2004, 2013
ronoB. B cpegnem B TeueHue roga HaOmromaeTcss 1-2 TEMIOBBIE BOJIHBI MO Pa3HBIM TEIJIOBBIM
HHJIEKCaM.

Komdoptabie 3Hauenus unaexkca PET, mpu KOTOphIX TEpMUUYECKOE HAIIPSIKEHUE OTCYTCTBYET,
HaxojsaTcs B auanazone 18-23°C. [logoOHbIe yCIIOBHUS B IEPHOIbI TEIUIOBBIX BOJH YCTAHOBIIEHBI HE
OblTu. TemmoBbie BOJHBI MO Tmean B OCHOBHOM XapaKTEPU3YIOTCS TUCKOMGMOPTHBIMU YCIOBUSIMH C
HE3HAYUTENIBHBIM TepMUUECKUM CTPECCOM (PETmean 0T 23 1o 29°C). Ilpu oneHke MakCUMalbHbBIX
3Hauennii PET Bo Bpemsi TeroBbIX BOJNIH Ha TeppuTopum ropoga CeBactomossi HaOItOmaeTCs
cuibHbIl  TeroBol cTpecc (PETmax Beime 35°C). TemsoBble BOMHBI MO Tmax ONPEACTHIN
JTUCKOM(OPTHBIC YCIOBUS C YMEpeHHBIM TeIIoBBIM CTPecCOB (PETmean oT 29 mo 35°C). Ilpwm
OlICHKe MakcuMalbHbIX 3HaueHuid PET Bo BpeMs TemIoOBBIX BOJH OTMEUAIOTCA TaKke
TUCKOM(OPTHBIE YCIOBHS C yMepEeHHBIM TeII0BbIM cTpeccoM (PETmax oT 29 o 35°C).

JlIoMUHUpYIOIIME TEHACHIMU MOKAa3bIBAIOT, YTO C KAXKJbIM TOJAOM PHUCK BO3HUKHOBEHMS
TETUTOBBIX BOJIH BO3PACTAET, UTO MOAYEPKUBAET HEOOXOIUMOCTH Pa3pabOTKH Mep MO 00ECTICUeHUIO
3JI0pOBbs U OE€30MACHOCTH HACENICHHUS B YCIOBHIX HAOI0Ia€MbIX KITUMATHUECKUX H3MEHEHHH.

PaGora BbImoMHEHa B paMKax ToCyAapcTBEHHOro 3afanus MHcTuTyra mnpupomHo-
texHuueckux cucreM (Ne rocperucrparuu 124013000609-2).
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CoxpaHeHue MaMATHUKOB JIEPEBIHHOTO 30J4€CTBA, KaK OOBEKTOB KYJIBTYPHOTO HACIEIUs, HA
EBpomneiickoii uactu Poccum sBasercs akTyanbHOM 3amauveii. K ectecTBeHHBIM (pakTOopam
paspylIeHUs] APEBECUHBl OTHOCATCS IPUPOAHO-KIMMATHUUYECKUE YCioBUsA. Psan uccnenoBaHuii
OOHapyKUBAlOT YyBEIMYEHHE BIAKHOCTU BO3AyXa, KOTOpoe Ha (oHEe pocTa MPU3EMHOM
TEMIIEpaTypbl BO3JyXa CO3[aeT OJIarONpUATHBIC YCIOBUS Ui YCHUJICHHUS OHOJIOTMYEeCcKOH
aKTUBHOCTH BBI3bIBasl paspylleHue (pasjoXKeHHe) IEepeBSHHBIX COOPYKEHHH moj aeicTBuemM
rpu0OB, MJICCEHHU, BOAOPOCIIEH, HACCKOMBIX (cM., HarrpuMep, Sesana et al., 2021).

Ilenp paboTel — oOlleHKa COBpeMEHHbIX M3MeHeHMH uHpaekca llleddepa, kak nHIMKATOpaA
pUCKa pa3pyLICHUsS JEPEBSIHHBIX KOHCTPYKLMH OOBEKTOB KYJIbTYPHOIO HAacieIus IO
BO3/IEMCTBUEM KIMMAaTUYECKUX yclOBUM, Ha EBponeiickoi vactu Poccun.

B paborte ncnonp30BaHbI €XKETHEBHBIE TaHHBIE O TEMIIEpPAaType BO3JyXa M aTMOC(hEpHBIX
ocankax u3 peanaimsza ERAS (mpocrpanctBennoe paspemenue 0,5°%0,5°) 3a mepuon 1961-2020
rr. mia EBponeiickoii yactm Poccuun. BimsiHME KIMMaTM4EeCKUX YCIOBHM Ha JEPEBSHHBIE
KOHCTPYKLIMU OOBEKTOB KYJIbTYpPHOIO Hacienus OLIEHHMBAIOCH ¢ momoulbio uuaekca Hleddepa
(Scheffer Climate Index — SCI) (Scheffer, 1971), yuuTbiBaroiero BeJIMYHHbI TEMIIEPATYPbI BO3IyXa
U KOJMYECTBO JHeH ¢ ocaakamu Oosee 0,3 MM. MHaekc pa3paboTaH sl OLIEHKHU PUCKA OMACHOCTH
rHUeHHUs ipeBecuHbl. Tak, 3HaueHus unaekca SCI menee 35 yka3bIBalOT Ha HU3KUI PUCK, 3HAYEHUS
ot 35 no 65 — Ha ymepeHHbIH, oT 65 10 100 — Ha BeicOkMil U Bbiie 100 — Ha OYEHb BBICOKUN PUCK
(Scheftfer, 1971). Pacuér u ananu3 unzaexkca SCI BbIMONHEH I BCero mepuoia W Ui ABYX
nepuooB  1961-1990 rr. u 1991-2020 rr., npunAThIX Bceemupnoit Merteoponoruyeckon
Opranu3zanuei Kak KIMMaTH4eCKUE HOPMBI.

OO6Hnapyxeno, yro B mepuonx 1961-2020 rr. 3nauenuss uHnexkca SCI Ha wuccnemyemoit
TeppuTopun u3MeHstorcss B mpenenax oT 0 go 160. HauOonbiime 3HaueHus (Bbime 80)
oOHapyxkeHbl Ha YepHomopckoM mobepexxbe KaBkaza. [[nsg Tpéx mepuomoB XapaKTEpHO
BO3pacTaHHWE BEJIIMYWH HHJEKCA C CEBEPO-BOCTOKA Ha IOro-zamaja. Bo BTOpoil KIMMaTHYECKUU
nepuox (1991-2020 rr.), OTHOCHTENBHO TMEPBOTrO, MPAKTHUYECKH IO BCEH aHAIU3UPYEeMOMH
TeppUTOpUHU Tpousouuio yennyeHue uHaekca SCI, 0cOOEHHO BBIpa)KEHHOE Ha CEBEPO-BOCTOKE
peruona (10 100%). Ilpu 3Tom ans roHBIX peruoHoB EBpomneiickoit yactu Poccum xapakTepHO
HeOosbioe yMmeHbuieHue uuaekca SCI no 3Hadenuit okono 20%, 3a HCKIIOYEHHEM paiioHa
Kagkasckoro xpe0ta, rae orMedaercst yBenudenue 10 80-90% B BBICOKOTOpPHOI YacTH.

Tpennpr unaexkca SCI B mepmoast 1961-2020 rr. m 1961-1990 rr. nmpemmyiecTBEHHO
MOJIOKUTENbHBIE Ha uccieayemoit teppuropuu. CeBepHee 50°c. mI. Ko3(pHUIMEHTH TpeHIa
CTATUCTUYECKU 3HAUYMMBbIe. MakcuManbHbIe 3HaYeHUsT KoddduimenToB TpeHaa gocruraiot 0,6/roxa
Ha ceBepo-3anaje peruoHa. B nmepuon 1961-2020 rr. B [IpenkaBkazbe 0TMEUAIOTCSl CTATUCTUYECKHU
He3Ha4YMMble oTpulareiabHbie TpeHabl uHAekca SCI, a B obmactu KaBkasckoro xpeOTa TpeHIbI
unaekca SCI nonoxurensHsle ¢ koadpduruentamu ot 0,2 1o 0,4/rox.

Pabora BrimonueHa B pamkax roczaganus UIITC (Ne rocpeructparmu 124013000609-2).

CnucoK MCTOJIb30BaHHOW JINTEPATYPHI:

Scheffer T. C. A climate index for estimating potential for decay in wood structures above
ground // Forest Products Journal. — 1971. — Vol. 21. — P. 25-31.

Sesana E., Gagnon A. S., Ciantelli C., Cassar J. A., Hughes J. J. Climate change impacts on
cultural heritage: A literature review // WIREs Clim. Change. — 2021. — Vol. 12. — ¢710. — DOI
10.1002/wcc.710.
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Ob AHOMANVEMMNEPATYPbl MOBEPXHOCTW WMHAWWCKOINO OKE/
BANAHWWN HA NPOCTPABCEBEHHO IO M3MEHUYMBOCTbL NMPW3EMI
TEMNEPATYPbl BO3AYXA B -E®BPOREWCKOM PETMOHE W
NMPUNET AIOWEN YACTW ATNAHTWUKMN

ststeBddzmMSd2 ¢. 1., 1tddhc¢d2 ¢.1., JE
OI'BHY «MHCcTUTYT IPUPOAHO-TEXHUYECKUX cucTeM», . CeBacronois, Poccus
uzundja@mail.ru

B Wumuniickom oxeane (MO) mporecchl mepepacnpenciieHusl Terla MEXIy pPa3IudHbIMH
KOMIIOHEHTaMH KJIMMaTHYECKOM CHUCTEMBl XapaKTEPU3YIOTCSI YHUKAIBHBIMU OCOOEHHOCTSMHU,
kotopsle oTH4arT ero oT Tuxoro (TO) u Atnantudeckoro (AO) okeaHOB. A3HATCKUN KOHTHHEHT
mzomupyer MO ¢ ceBepa, HE MO3BOJISASA TEMIBIM TEYEHUSM, CHOPMUPOBABIIMMCS B TPOIHUKAX,
JIOCTUYb BBICOKMX MMpPoT CeBepHOro moiymapus, Tak kak 3to npoucxoauT B AO u TO. Kpome
storo, MO Taxxe nosydaer nononHutenpHoe Temio u3 TO uepe3 MHnoHe3uickuil nposius. ITO
JIEJIaeT €ro OJHUM U3 OCHOBHBIX MCTOYHUKOB Teruia aiusid AO. B cBs3u ¢ 3TUM ciaenyeTr 0KuIaTh
3HAYUMOr0 OTKJIMKA B MOJISIX THUAPOMETEOPOJIOrMYecKUX MapamerpoB AO Ha KIMMaTUYECKYIO
n3meHunBocTs MO.

KitoueBoii 0cOOEHHOCTBIO TIepepacpeesiCHus TeIula BHYTPH SKBAaTOPUAIBHO-TPOITUYECKOM
30Hbl O sBnsiercs mpoTuBodasHble M3MEHEHHs Temmeparypbl noBepxHocTH okeaHa (TIIO) B
3amaJHoi ¥ BOCTOYHOM ero vacth (Saji, 2018). DTo siBIeHHE MEXroJ0BOro MaciiTada Mmoyduio
Haszpanune Munookeanckuit qunons (M1). Pacnipoctpanenue anomanuii TIIO ¢ BocToka Ha 3amaj u
oOpaTtHO, cBsi3aHHOE C coObrTmsiMU /I, oKka3biBaeT CyIIeCTBEHHOE BIMSHUE HAa KIMMAaT CTpaH
WNunookeanckoro 6acceifna. Uto kacaercs Bnusinus W]l Ha yhaneHHbIe perHOHBI, TO paHee yxe
OBUI BBIJICJICH CTATUCTHYECKH 3HAYMMBII CUTHAJ B TTOJIAX MPU3EMHOM TeMiepaTypsl Bo3ayxa (IITB)
HaJ AdpukaHcKko-EBpONEHCKUM pPErHOHOM B JICTHE-OCEHHHMM TIepuoi, cBs3aHHbIA ¢ U]
(TopOunckuii u np., 2023).

B nanHOl paboTe MpOBOIUTCS KOJMYECTBEHHas olieHKa BiusHUS W]l Ha MeXroIoBYyrO
n3menuuBocTh [ITB B Adpukancko-Esponeiickom perrnone u npuieratomei yactu AO. Jlis aToro
HCIOJIb30BaHbl PE3yNbTaThl TI100abHOrO aTMocdepHoro pe-aHanuza ERAS 3a nepuox 1960-2023
rr. o [ITB ¢ mecsiunbIM paspelieHueM B y3nax peryispHoi cerku 0,25°x0,25°. UccnenoBanack
o0racTb, orpanndyeHHast koopauHatamu 10° fo. mr. — 90° c¢. mr. u 30° 3. 1. — 70° B. a. [lonyyeHHbIE
BpeMeHHbIe psapl [ITB juis pa3nuyHbIX MeCSINEeB AaHAIU3UPOBAINCH COBMECTHO C PpsAlIaMH
kinMmarndeckux naaekcoB M/ u anomanuit TIIO B 3anagnoit yactu MO. Ilpu sTomM npumeHsuuch
CTaHJIapTHbIE CTATUCTUYECKHE METO/IBI.

IToka3zano, uro cobeitus W] B ocHoBHOM BnuswooT Ha IITB B Adpukancko-Esponeiickom
peruone u npuieratomiend yactu AO 3a cuer u3mMeHuUnBOoCcTH noJist anomanuid TI1O 3ananHoit yactu
HO. Ilpu 3TO0M OOHapyXeHa CYIIECTBEHHas HECTAllMOHAPHOCTh AHAJIM3UPYEMBIX BPEMEHHBIX
PAIOB, UTO OTpa)kaeT HECTAIIMOHAPHOCTH MPOLIECCOB MEpepaclpeieleHHsl TeIula B KIMMAaTHYECKOU
CHUCTEME. JTO TMpOSIBISIETCS B PA3IMUHBIX CTaTHUCTUYECKUX XapaKTEPUCTHKAX aHAIU3UPYEMBIX
BPEMEHHBIX PsAJI0B, BKJIFOYAsi © ©3MEHEHHE OCHOBHOTO niepuoja MO co BpemeHeMm.

PaGora BbImoiaHeHa B pamkax rocynapctBeHHoro 3aganus  MIITC mo  Teme
«DyHIaMEHTaIbHbIE HCCIEIOBAHUS TPOILIECCOB B KIMMATHYECKONW CHCTEME, OMNPEIelIomnX
IIPOCTPAHCTBEHHO-BPEMEHHYI0 M3MEHUYMBOCTH MOPCKOM CpeAbl M IMpWIEraloliuX TEPPUTOPUN B
[IMPOKOM Jrana3one maciraboB» (Ne rocpeructpamuu 124020100120-9).

CnucoK MCOJIb30BaHHOW JIMTEPATYPBI:

TopOunckuii A. B., [Tononckuit A. b., I'ybapeB A. B. Biussnue MH100KkeaHCKOro AUIONS HA
MIPOCTPAHCTBEHHO-BPEMEHHYIO M3MEHYMBOCTh IMPU3EMHON TemmepaTypbl Bo3ayxa AdpukaHCKO-
EBpomeiickoro peruona // CKOC. — 2023. — Ne 3 (53) — C. 8-16.

Saji N. H. The Indian Ocean Dipole // Oxford Research Encyclopedia of Climate Science. —
2018. — P. 1-46.
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MCCNEAOBAHWE BMAPHBGODA, FTEHEPRPEZER®VHLIM
3OHANbHBIM BETPEGBEMMWEM B OKEAHE
AJHEBISBBY ¢ . 1
OI'BHY «MHCcTUTYT IPUPOAHO-TEXHUYECKUX cUCTEMY, . CeBacronois, Poccus
fedotovs7@mail.ru

B paMkax yuciaeHHOW MOJENM JABYXCIOWHOTO OKE€aHa ¢ TUIYOMHOM CIIOEB, COOTBETCTBYIOIICH
CPEIHMM  OKCaHUYECKMM  YCIOBMSM, IIPOBEIECHO  HMCCIENOBAHME  BETPOBOM  JBOJIOLHH
KpYIMHOMACIITaOHOW IUPKYIAuu. B oOummx deprax CTpyKTypa OKEaHWYECKOW IUPKYJISIIUU B
JAaHHOM HENMHEWHOW KBA3UTEOCTPO(PHUECKOW MOJAETH MPEACTAaBICHAa HMHTEHCHBHBIM CTPYHHBIM
30HAJIBHBIM TEYEHHEM, OKPYXEHHBIM BHUXPEBbIM moJjieM. [lpeaplayimiue wuccienoBaHus Jenallud
aKIEHT Ha aHamu3e (U3NYECKHX OCOOEHHOCTeW M XapaKTEPUCTHK WHTEHCHUBHOTO CTPYWHOTO
TEUYEeHHUs], IPU ITOM BHUXPEBOE IOJIE TPAKTOBAJIOCHh Kak (POH Majoid MHTEHCHUBHOCTU. MICTOYHHKOM,
MOPOXKJAIOIUM  BUXPU LUKIOHMYECKOM UM AHTUIUKIOHWYECKOW 3aBUXPEHHOCTH, SIBIISETCS
OapOKJIMHHAS HEYCTOWYMBOCTH OCHOBHOTO CTPYHHOro Te4deHHs. AHAIU3 MPOCTPAHCTBEHHOT'O
pacupeneneHns IJIOTHOCTA DHEPTUM BCEW CTPYKTYPhl TEYEHUM ITOKA3bIBAECT, YTO KMHETHYECKas
SHEPTUsl TCYEHUH B BEPXHEM U HMXKHEM CJIOSIX IPEUMMYILIECTBEHHO CKOHIEHTPUPOBAHA B CTPYHHOM
TEYEHUM, IMpPU TOM, UYTO JOCTYNHAs MOTEHUUAJbHAasE HHEPrusi OTHOCUTEIBHO pPaBHOMEPHO
pacmpezeneHa B 00J1acTH, 3aHATON BUXPEBbIM mojieM. /[t ananmu3a BUXpEBOro Mojsi ObLI IPOBEACH
PSI YMCIICHHBIX SKCIIEPUMEHTOB NPU Pa3IMYHOW MHTEHCHMBHOCTH BETPOBOTO BO3ACUCTBHS, ObLIa
BBIIIOJIHEHA OIIEHKA CPEIHEro KOJIMYECTBAa BUXPEH, OKPYKAOIIMX CTpyiiHOoe TedeHue. C 3Toi
[EJIbI0 OBUIO MPEUIOKEHO MPOU3BECTH (PUIBTPAIMIO JUIMHHOBOJIHOBBIX TAPMOHUK, JAIOIINX BKJIIAJ
B CTPYKTYPY CTPYHHOIO TEYEHHS, OTIEIMB MX OT OTHOCHUTEIHHO MEIKOMACIITAOHBIX TapMOHUK,
dopmupyomux BuxpeBoe moie. [lyreM mpoBeneHus TECTOBBIX pacyeToB OBUI OIICHEH MacuiTad
¢dbunbTpanuu, oH ObUT BEIOpaH B pa3mepe BoitHOro macmrtaba PoccOu. UncneHHble SKCIEpUMEHTHI
MPOBOAWIINCH JUIsl TSTH 3HAYEHWH HWHTEHCHBHOCTH BETPOBOTO BO3JCHCTBHUS Ha MOBEPXHOCTH
OKeaHa, pacueTbl ObUIM BBINOJHEHBI JUISI MOJIEJIBHOTO BPEMEHH, 3KBHBaJleHTHOro 150 romam
peanbHOrO BPEMEHMU.

Jlis aHam3a cpelHero KOJM4ecTBa BUXpEH, (pOpMHUPYIOIIMX BUXPEBOE I0JIE, OKPYKarollee
CTpyiiHOE TeueHue ObUIM MCIHOJb30BaHBl J[BA MPEANOIOKEHHUSI: BUXPH, (HOPMUPYIOIINE BUXPEBOE
1ojie, UMEIOT NPUOJIM3UTENBHO OJMHAKOBBI pa3mep paBHbIM MacmTady PoccOu; oTHomeHue
IJIOLIA/IA PAacueTHOM 00JIACTH K IUIOIIA U 3aHATON BUXPSMH OLIEHEHO KaK HOPMUPOBAHHAsS CPEIHSS
4YeTBepTask CTENEHb OTHOCUTEIBHOW 3aBUXPEHHOCTHU IO AHAJIOTUU C IKCLECCOM — CTaTHCTUYECKOU
XapaKTEPUCTUKOM JIOKAIM3AUN HErayCCOBBIX ITOJIEH.

Pe3ynbraThl IPOBEACHHBIX YUCICHHBIX JKCIEPUMEHTOB IIOKA3alld CIEAYIOLIIEE: ¢ POCTOM
MHTEHCHUBHOCTH BETPOBOIO BO3JCHCTBHS Ha IIOBEPXHOCTh OKEaHa YBEJIMYMBACTCS CpPEIHEE
KOJIMYECTBO BHUXpEH, (OPMHUPYIOUIMX BUXPEBOE IOJIE, YTO MPEJCTABISAETCS BIIOJIHE OXHJIAEMbIM
spdexkrom. Kpome TOro anamm3 nepuojorpaMMm BpPEMEHHBIX XOJOB KHHETUYECKOM SHEepruu
TE€YEHUH B BEPXHEM CJI0€ U KOJIMUECTBA BUXPEH MOKa3all, 4YTO IPU OTHOCUTENIBHO MaJIbIX 3HAUEHUSIX
MHTEHCUBHOCTH BEeTpa MacluTaObl M3MEHYMBOCTH KOJMYECTBA BUXpEH CBs3aHbl C MaclTabom
KoJIeOaHUH KMHETHYECKOW SHepruu BepxHero cios. Ilpu yBennueHuu MHTEHCUBHOCTH BETPOBOIO
BO3JICHCTBUS JIOJITONIEPUOJIHBIE KOJeOaHNss KUHETUYECKOW SHEPTHUH OCTAIOTCS HEM3MEHHBIMH, B TO
BpeMs Kak JJIsi KOJIMYEeCTBA BUXPEHl MHTEHCHBHOCTH JIOJTONEPUOTHBIX KOJeOaHH B CpaBHEHHUU C
OTHOCHUTENIbHO BBICOKOYACTOTHBIMH KoJIeOaHUsIMH yMeHbIIaeTrcss. OAHUM U3 OOBSICHEHHH TaKoro
¢dakTa MOXeT OBITh TO OOCTOATENHCTBO, YTO JUIS MalbIX 3HAYCHMH WHTEHCHBHOCTH BETpa H,
CJIeIOBATEeIbHO, MHTEHCUBHOCTH CTPYWHOTO TEUEHHUs Ipolecc OapOKIMHHOW HEyCTONYMBOCTH
CYLIECTBEHHO 3aBUCUT OT DHEPIMM CTPYHMHOIO TEUEHUS U €r0 WHTEHCUBHOCTb BapbUPYETCS
COOTBETCTBEHHO, B TO BpeMs Kak JUIsl OOJIbIIMX aMIUIUTY]l BeTpa OApOKIMHHAS HEYCTOWYHBOCTH
UMeEET MHOW PEXUM U MHTEHCUBHBIE BUXPHU I'€HEPUPYIOTCS MOCTOSHHO U CKOPOCTh MX IE€HEpaluu
cmabo CBs3aHa C SHEPTUEH CTPYHHOTO TCUCHHS.
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WM3IMEHEHWNA APUWAHBIX NAHAOWA®TOB KIrA CUBUPWU B
ydwjH! ¢35 | sHz€ §o @ . igo.fJC O
'®I'BYH «MHCTUTYT MOHUTOPHHTA KIIMMATHIECKNX U 3Konornueckux cucreM CO PAHy,
r. Tomck, Poccus
?HU «ToMCKHii TOCyIapCTBEHHbIN yHUBEpPCHTETY, T. ToMck, Poccus
atnik3@rambler.ru

JlangmadTel apuAHBIX 30H HauOojiee YyBCTBUTENBHBI K BIMSHUIO BHEIIHUX (DAaKTOPOB.
BcenenctBue kmuMaTHUeCKUX HM3MEHEHHMH MEHSETCSl TEIUIO- U BJIaroo0ecreyeHHOCTh Pa3IuYHbIX
naHamadToB, OTMEUYAeTCs MX IMPOJBM)KEHHE HAa CEBEp M YCHICHHE apUAM3ALUU 3aCyIUIMBBIX
tepputopuii (IPCC, 2023). Ilpu sTOoM, HE Bce TaKk OJHO3HAYHO. ECTh MOATBEp)KIEHHUS pOCTa
YBIQ)KHEHHOCTH M HAaKOIJICHHS OMOMAacChl HEKOTOPBIX YYacTKOB CTeNeil Ha (oHE MOTErJIeHHUs
(Kypbarckas u ap., 2012). enpro naHHON pabOTHI OBUIO HMCCIEIOBAHWE TAKWX HEJTWHEHHBIX
KIIMMAaTOTEHHBIX PEaKIMii BHYTPUKOHTUHEHTAIBHBIX 3aCyHUIMBBIX JIaHAmAapTOB Ha fore Cubupu
(;mecoctens u crenb) 3a mepuoa 20002023 rr. Jlnsa tepputopun ucciaeaoanus, S0°c. m. — 55°c. .
u 60°B. 1. — 110°B. 1. OBUIM KCIIOJIB30BAHBI CYTOYHBIC TaHHBIE IO TEMIIEPAaType BO3/yXa, MIOYBHI U
KOJM4YeCTBY arMochepHblx ocagkoB ¢ 32 wmereoctanuuit (Bcepoccuiickui..., 2024). s
KOMIICHCAIIMM HEJIOCTATOYHOH IUIOTHOCTH Ha3eMHBIX BEJOMCTBEHHBIX HAOIIOJCHHUH COCTOSIHHE
PacTUTENHLHOTO MOKPOBA OLIEHUBANIOCH ¢ Mcnoib3oBaHueM nuaekca NDVI (Normalized Difference
Vegetation Index) mo nanabIM nuctannuonHoro moautopunra (EOSDIS.. ., 2024).

TemnooGecrieueHHOCTh BEr€TAlMOHHBIX CE30HOB PACCMOTPEHHON TEPPUTOPUU, CYMMBI
temmneparyp >5°C u cymmbl temmneparyp >10°C, 3Ha4YuMO YBEJIWYMBAJIWCH B CpeaHeM Ha 12—
76°C/10 u 50-55°C/10 ner, cooTBeTCTBEHHO. WM3MeHEHHsI B pEXUME YBIAKHEHHOCTH
pa3HOHANpaBJIEHbI ISl pa3HbIX pailoHOB TeppuUTOpUU. TpeHIbl KOAPPUIUEHTOB YBIaKHEHHOCTH,
ruaporepMuueckuii  koopduiment CelnsHUHOBA, HHIEKC CyXocTu byneiko u ko3 duimeHt
yBinaxkHeHus: CarnoXHUKOBOM, ClIa0OBBIPAKEHHBIE W CTATHUCTUYECKU HE 3Ha4MMbl. B cpenHem 3a
2010-2023 rr., mo cpaBHEHUIO ¢ HavajmoM nepuoaa mnotemiaeHus (1971-1980 rr.), BeIABIEHO
3aMETHOE MPOJIBM)KEHUE Ha CEBEp 3acyIUIMBOM 30HBI ¢ palioHOB CeepHoro Kazaxcrana Ha tor
3anagnoit Cubupu (1ecoctenHas M cTenHas 30Hbl Mmmmckoi paBHUHBI) U, HA00OPOT, pacIIpeHne
Ha for, Ha Teppuropun PecnyOnmk Xakacus u ThiBa (CTENmHBbIE HU3KOTOpbs, IMOJYNYCTHIHHbBIE
KOTJIOBHHBI, CKJIOHOBBIE CTEIIM U TOPHBIE JIECOCTENH ), YBIa)KHEHHOH 30HBI.

Bpemennoii xon BereranimoHHbIX MHAEKCOB NDVI 3a pacCMOTpEeHHBIH MHTEPBAI JIET UMEET
Kosie0aTeNbHbIX XapaKkTep, U3MEHSICh, INIaBHBIM 00pa3oM, ¢ neprogaMu okoio 7-9, 11, 22 ner. Ilo
3HaueHusiM NDVI, Taxke, oTMeueHa TEHACHIIUS COKpAIIEHUs OMOMACChl JJIA JIECOCTEITHOW M
CTenHOM 30H MmMMCKONW paBHMHBI, YTO COOTBETCTBYET YCWJIEHUIO 3aCyLUIMBOCTU 31€Ch, U
nosioxkutenbHblid TpeHa NDVI qnis apuansix nanamadros Xakacuu ¥ ThIBbI, UTO COOTBETCTBYET
IpPUPOCTYy OHMOMAcCChl, TaK Ha3bIBAEMOMY «I103€JEHEHHUIO CTeMei», OTMEUEHHOMY HallUMHU
KoJuteraMu B sKkcneAunusx. C ydeToM 3HAYMMOTO pOCTa TEIJI000ECIeUeHHOCTH PEruoHa, MOXKEM
3aKIIIOYHTH, 4To pa3sHOHANpaBJICHHBIE TEHJECHINH IIpUpocTa O6uomaccel BO
BHYTPUKOHTHUHEHTAJIbHBIX apUIHBIX JIaHIIA(TaxX «PEeryIupyroTcs» KojieOaHUsIMU YBIaXKHEHHOCTH.

Crnncok UCOIb30BaHHON JIUTEPATYPBHI:

Bcepoccuiickuii  Hay4HO-HCCIIEOBATENbCKAA ~ WHCTUTYT  THAPOMETEOPOIOrHYECKON
uHpopmanuu — MupoBoi HEeHTp JaHHBIX: odurmaneHblii caidT. — URL: http://meteo.ru/ (nara
obOpamenusi: 24.01.24).

Kypb6arckas C. C., IlpynuukoBa T. H., Mounrym Y. O., Kyp6arckas C. I'. Ananu3 u3MeHeHHi
nacTOUIHBIX yroauid TyBel M UX MPOAYKTUBHOCTH C YYETOM KJIMMATHYECKUX OCOOEHHOCTeH //
Okocucremsl LlentpansHoit A3zun. — Kezsu: PUO TyBunckoro roc. yu-ta, 2012. — C. 3-8.

EOSDIS Worldview: website. — URL: https://worldview.earthdata.nasa.gov  (mara
obpamienus: 24.01.2024).

IPCC, 2023: Climate Change 2023: Synthesis Report. Contribution of Working Groups 1, 11
and 11l to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change. —
Geneva, Switzerland: IPCC, 2023. — 184 p. — DOI 10.59327/IPCC/AR6-9789291691647.
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BbIBPOCbBLlI MMAPHUKOBbLIX TA30B U KIAMWMATWYHECKA
NMONNTUKA POCCUNCKOWN SELEPALUMN
ZzEkh f OdesPl. j C Otcdzed C' 8o O [ . [ .
1dIAOY BO «CeBacTononbckuii TocyIapcTBeHHbIH yHuBEpCHTET», I. CeBacTomnonb, Poccus
2OI'BHY “UHCTHTYT NpHpoIHO-TeXHIYecKHX cucteM PAH», . CeBacromons, Poccus
aleksei-shyshpanov@mail.ru

BcenenctBue rinobansHOTO XapakTepa MpoOieMbl M3MEHEHUHN KIMMaTa U MOCIEACTBUNA TaKUX
W3MEHEHUH, YyBEIMYEeHHs] BBIOPOCOB MApPHUKOBBIX Ta30B, 3((eKTHUBHOE pelieHue MnpooIeMbl
rJ100aTFHOTO TOTETICHHUSI BOBMOXKHO ITyTEM OOBEIUHEHHS YCUIIUH BCET0 MUPOBOTO COOOIIECTBAa U
OCYILIECTBJICHUSI COTJIACOBAHHBIX COBMECTHBIX JEWCTBUN IO KOHTPOIIO HaJ AaHTPOIOIeHHOMN
OMUCCHEH Pa3IMYHBIX MAPHUKOBBIX Ta30B B OCHOBHBIX CTPaHaX-3MHTEHTaX, B YHCIO KOTOPBIX
Bxoaut Poccuiickas @enepanusi.

B noxmnane nmpoaHaan3npoBaHO PETPOCIIEKTHBHOE U3MEHEHHE BEIOPOCOB IMMTAPHUKOBBIX T'a30B B
Poccuiickoit @eneparu ¢ 1990 rona, kacaromerocst aHTpONOTEHHOW JEesITENFHOCTH YeNIOBEeKa, a
TaK)Ke MPOBEICH BHIOOPOYHBIA aHAIM3 KIMMATHYECKOTO 3aKOHOAATEIhCTBA IO KOHTPOIIIO 3a
aHTPOTNIOTEHHBIMU BHIOpOCAMHU MAapPHUKOBBIX T'a30B B PD B CBeTe BBHINOIHEHHE OCHOBHBIX IIETEil
[Tapwxckoro cornamenus no kaumaty 2015 roaa.

OCHOBHOW BBIBOJI CBOIUTCA K TOMY, YTO BBIOPOCHI TMApHHUKOBBIX ra3oB B Poccuiickoii
Oenepanuu ¢ 2015 roga HEM3MEHHO MPOJOJIKAIOT pacTu. VcciaenoBanue BBISIBUIIO 3HAYUTEIBHBIC
MOJBIKKM B WM3MEHEHHU KJIMMAaTHYECKOro 3aKoHojaTenbcTBa Pd, Kacarolierocsi orpaHHuYeHUs
BBIOPOCOB TMMAPHUKOBBIX Ta30B, MPHUHATOrO IOCNIE MOANUCaHus [lapmKCKOTO coTJamieHus 110
knuMmaty 2015 roga, u nmokasplBaeT pealibHble BO3MOXKHOCTH P® kak cTpaHbl, 3aMHTEPECOBAHHOH B
«3€JIEHOM HEPronepexoie.

Crnrcok UCOoIb30BaHHON JIUTEPATYPBHI:

IlexapuukoBa M. E., Ilononckuii A. b. AHanu3 peanucCTUYHOCTH OCHOBHOHM Lenn
[TapukcKOro comtameHus: Ipyu CyIECTBYIONIEH CUCTEME MPABOBOIO PETYIUPOBAHUS U KOHTPOJIS 3a
AHTPOIIOTCHHBIMHA BBI6pOcaMI/I MMapHUKOBLIX TI'a30B // (DyHI[aMeHTaJ'IBHaSI U MpUKIagHAA
kimmaronorust. — 2022, — T. 8, Ne 2. — C. 190-208. — DOI 10.21513/2410-8758-2022-2-190-208.

Crippa M., Guizzardi D., Pagani F., Banja M., Muntean M., Schaaf E., Monforti-Ferrario F.,
Becker W. E., Quadrelli R., Risquez Martin A., Taghavi-Moharamli P., Kéykka J., Grassi G., Rossi
S., Melo J., Oom D., Branco A., San-Miguel J., Manca G., Pisoni E., Vignati E., Pekar F. GHG
emissions of all world countries. — Luxembourg: Publications Office of the European Union, 2024.
— DOI 10.2760/4002897. — JRC138862.
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OUEHKA BAMWAHWNA MNMAPHUKOBbBIX TA30B HA TEMIETF
MPNMNMOBEPXHOCTHOIO CnOoA BO3AYXA B ABXA3|
CCBOY . phddzs2BO [ . .
'NucrutyT sxonorun Axanemun Hayk A6xasuu, r. Cyxym, A6xasus
2 AGXa3CKHii roCyIapCTBEHHBIH yHUBEpcHuTeT, T. CyxyM, A6Xa3us
Lolitakhintuba@yandex.ru

Kinumatnueckue M3MEHEHMsI, IPOUCXOSALINE B MOCIEIHUE ABa JECATUIIETHS, CBS3aHHBIE C
pa3nuuHbIMH (haKTOpaMu, B TOM YHUCIIE ¢ BbIOpocaMu B aTMoc(hepy MapHUKOBBIX ra3oB. OCHOBHBIM
IIapHUKOBBIM I'a30M SIBJIIETCS BOJASHOM Map, Tak kak ero Bkiaj B [I9 cocrasnsier okoso 70%.

CpegHerogosan TemnepaTypa M CKOMb3AlLee cpeaHee
3a 10 net

1970 1980 1990 200¢ 2010 2020 2030

Pucynoxk 1 — Cpenneronosas Temreparypa u ckoJib3siiee cpeanee 3a 10 mer

Wrorosas nuHus TpeHAa pacTeT He MOHOTOHHA. OHa TO pacTeT, To cnaaaer. Ha temneparypy
MIPU3EMHOTO CJIOSl BO3/yXa OKa3bIBajO BIMSHUE 32 BECh MEPHOJ TaKKE U HU3BEPKEHUE BYIKAHOB.
Panee ObUTO [1OKa3aHO, YTO BBICOKAs KOPPEISIIMOHHAS CBSA3b, AOCTHraromas 3HadeHuit 0,7
MIPOCJIEKUBACTCS MEXKAY CYMMAapHBIM CPEIHErOJOBBIM KOJUYECTBOM OCAJKOB M CPETHETr0J0BOI
OTHOCUTENIHON BIIAXXHOCThIO Ha TeppuTopun AOxazum. Takxke OBUIO PACCMOTPEHO BIUSHUE
ra3oBbIX KOMIIOHEHTOB aTtMmocdepbl IS OIEHKM WX BIHUSHUS Ha MNapHUKOBBIA 3¢(dekT Ha

tepputopun PecriyOnukn AOxa3us. JlaHHble OBLIM MOJMYy4YEHB! TUCTAHIIMOHHBIM METOIOM C caiTa
JlxoBauuu (Giovanni NASA).

kgim2

2005 2010 2015 2020 2025

202

Pucynok 2 — BpemeHnHoi psij1, ycpeAHEHHOE MO IUIOIIa 1 00l1ee KOJIMYEeCTBO BOJSHOrO Mapa B
ctonbe (1o BospacTanmio, Tonbko AIRS) exxemecsuno 1 rpaz. kr/m?3a nepuon
¢ ceHta0ps 2002 r. o cenTs16ps 2023 1.

Ha puc. 2 nmokasaHbl Ckayku, B KOTOPBIX BHJIHBI MaKCHMaJbHBIH BBIOPOC BOJSHOTO Hapa B
2010 r. KOrJa MPOM3OMLIIO M3BEPKEHHE HMCIAHACKOro BylKaHa MsadwaTmaiiokymis. Temneparypa
[ICB u3MeHsieTCsl CHHXPOHHO C BOJSHBIM IIApOM, B TO BpeMs KakK YIJIEKHCIBIM a3 pacTeT BCe
BpeMs 3KCIIOHEeHIManbHO. B 11D rmaBeHcTBYOIIAs posib NPUHAUIEKUT BOISHOMY Hapy.

Crnrcok UCOIb30BaHHON JIUTEPATYPBHI:

Mamunun B.H. Bnarooomen B cucreme okean—atmocdepa. — JI.: 'mapomereonznar, 1994. —
197 c.

Dkba . A., Axcanba A. K., Xunty6a JI. B., Kacmaumsus H. JI. Pons BoastHOrO mapa, kKak
OCHOBHOTO TMAapHUKOBOTO rasa, B mnotemieHud knumara // Matepuanst VI MexaynapogHoi
HAy4YHO-TIpaKTHYeCKOW KoH(pepeHIMH «DyHIaMEHTaIbHBIE M MPHUKIAJAHbIE ACHEKThl T'€OJOTHH,
reoU3UKN U Fe€0’KOJIOTUH C MCIIOJIb30BAHUEM COBPEMEHHBIX MH()OPMAIMOHHBIX TEXHOJIOTHM». —
Maiixom: u3a-so «UI1 Kyuepenko B.O.», 2023. — C. 300-312.
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CEKLUWA 3

QKONOI NUHECKWME TNMPOBMNEMbBlI TMTPNPOAOOIMOIJ |
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OUEHKA TNOTPEBHIEBAEATONONA B BAYEARBUNAX
PA3SBUTUNA TYPPBBGE&RAA NYUNCIEHHOCH/VE HHAA
b Oy wHhoR. 11.OMj28ddz0 1. ¢.
IOI'BHY «MHCTUTYT HpUPOIHO-TEXHHUECKUX cHCTeM, T. CeBacTomnons, Poccus
2PI'AOY BO «CeBacTononbCKuii rOCyIapCTBEeHHBIH yHUBEpCHTET», T. CeBacTonoinb, Poccus

3®I'bOY BO MockoBckHuii rocyaapcTseHHbli yausepeuteT um. M. B. Jlomonocosa,

r. Mocksa, Poccust

iva_crimea@mail.ru

[Tpu 3HaYMTENBHON MPOTSHKEHHOCTH OeperoBoit muHuKM CeBacTOoIos, TIOMAb €ro IUIsHKeH
cocrasiser 258 311,1 m? (Pemenue, 2007), a UX €IMHOBPEMEHHAs eMKOCTh — 51 Thic. 662 uel.
(JTagunxkas, 2014). ITo pacueram H.®. Jlazunkoii, B 2014 r. mnoTpeOHOCTH peTHOHA B KYMaJbHO-
IUSDKHOM pekpeanuu oneHuBaiuch B 198 Teic. 300 4en., mpeBblliasg pPeKpealMOHHYI0 €MKOCTb
skedt B 3,8 pasa. 3a mocnennue 10 et cylecTBeHHOro pocTa eMKOCTH IUISKEH HE MPOU30IILIO,
HO OCTPOTBI ’TOMY BOIIPOCY N100AaBUIN YBETUUYCHHUE HACEIICHUS U aKTUBU3ALIMS TypU3Ma B PETHOHE.

Ilenpro paboOTHI SIBISIETCS aKTyaJIbHAS OICHKA MOTPEOHOCTEH JKUTENeW W TYpHCTOB ropoja
CeBacronosisi B IUISDKaX B YCIOBHSX W3MEHEHUH aeMorpaduyeckux IOKa3zaTelne W COCTOSIHHS
TYPUCTCKOT'O PbIHKA IO CTATUCTUUYECKUM JaHHbIM 3a nociennue 20-30 ser.

CornacHo wmarepuanam (Yucnennocts, 2024), na 1 suBaps 2024 r. B Ceacromnomue
npoxuBano 6oiee 561 Teic. gen. (Pucynok 1). C yaerom He3aperucTpupoBaHHbIX rpaxaad (+10%),
MUHHMMAJIbHOE Pacue€THOE KOJIMYECTBO XKUTeNel coctaBisieT okoso 617 teic. yen. C 2000 mo 2023
IT. OTMEYEHBI [1OJIOKUTEIbHBIE CIBUTH B TYPUHAYCTPUU PETUOHA: EMKOCTh KOJUIEKTUBHBIX CPEICTB
pasmenienus (KCP) u TypnoTok yBenuyminch, COOTBETCTBEHHO, OoJiee ueM B 3 u B 2,9 pasa; 4ucio
pa3menienubix B KCP — B 1,8 pa3 (cm. Pucynok 1).

Pucynoxk 1 — I'ucrorpamma siorapudgmMoB cTaTUCTUYECKUX JaHHBIX ¢ 1989 mo 2023 rr. (cunuit
— YHUCJICHHOCTh HACeNeHUs; KPACHBIH — 00beM TYpIOTOKA; (PHOJETOBBII — YHCIO pa3MEIICHHBIX B
KCP; opamxesbiii — emkocts KCP). CocraBneHo aBTOpaMu I0 MarepHallaM CTaTUCTHYECKHX
exerogHukoB Ykpaunsl u CeBactonods 3a 2007, 2013, 2014, 2019 u 2023 rr.
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Ilo pacueram Ha netHuil ce30oH 2024 r., MOTPEeOHOCTH XKUTEIEH U TYPUCTOB B IUIDKAX
orleHuBarOTCs B 259 ThIc. 500 Yen., IS yIOBIETBOPEHUS KOTOPHIX HeoOXxoaumo okoso 1 297 500
M? mnsxedt (mpu Hopme 5 M2 Ha 4en.), unm B 5 pas Gombure ux mwiomanu B 2007 r. (Pemenwe. ..,
2007).

Pabora BrimonneHa o Teme roc. 3aganus UIITC (Ne rocperucrpanuu 124013000609-2).

Crnucok UCHOIb30BAHHON JIUTEPATYPHI:

Pemenne VI ceccun CeBactomonbsckoro ropcoeta V cosbia Ne 2069 (ot 11.06.2007) o
BHECEHUU U3MeHeHU B perienue ropcosera (ot 11.06.2003 r. — Ne 1164). — 2007.

Jlazunkas H. ®. OOmectBeHHO-Teorpaduyeckoe 000OCHOBaHUE Pa3BUTHS PEKPEA[HOHHOTO
BOJIONONIb30BaHus B I. CeBacromnoub: aBToped. quc. ... Kani. reorp. Hayk. — Cumdeponons, 2014.
—23c.

Cratuctuunuil mopiyHuk Ykpainu 3a 2013 pik. Jlep>kaBHa ciiy>k0a CTaTUCTUKU YKpaiHU. —
K., 2014. - 533 c.

Uucnennocts Hacenenus B Cepacromoine. — URL: https://gogov.ru/population-ru/sev (mara
obparmenus: 26.06.2024).
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AHANWNS 3ATPA3HEHVWA BOAOHOIO OBBEKTA NMPUMMOPCKOQC
c T PAMEHEHWEAM EHHOIO MOAE/TMNPOBAHWNA
dbdzj SOt e stcf fzd ¢ . ¢ .
®umman MI'Y um. M. B. Jlomonocosa B r. Ceacrormnose, r. CeBacTomnoss, Poccust
2OI'BHY «MHCTHTYT NPUPOTHO-TEXHUUECKHX CUCTeM», T. CeBacTomnons, Poccus
3OI'AOY BO «CeBacTonoNbCKuii rocy1apCTBEH BN yHUBEPCUTET», T. CeBacTonomns, Poccus

*®I'KBOY BIIO «UepHOMOpCKOE BBICIIEE BOSHHO-MOPCKOe opieHa KpacHoit 3Be3 bl
yunnuie um. 1. C. Haxumoay, r. CeBacromnoins, Poccus

B npulpexHbIX 30HAX MPUMOPCKHX TEPPUTOPUIN MOCTYIUICHHE 3arpsA3HSIOUINX BELIECTB OT
Pa3IMYHBIX UCTOYHUKOB MOXET CYHIECTBEHHO M3MEHSTh KOMIIOHEHTHBIM COCTaB BOJbI, HEraTUBHO
BIMSIS HA Qriopy u (ayHy, yrpoxast )KU3HU BOIHBIX OPTaHU3MOB U JIFOJICH.

[IporHo3 kavyectBa BOJ MPUMOPCKON TEPPUTOPHH W aHAIU3 3arpSA3HEHHS] BOIHBIX OOBEKTOB
MO3BOJISIFOT OIICHUTH BO3JCHCTBHE HAa OKPYKAIOUIYIO CpeAy M pa3paboTarh Mepbl MO CHUXKEHUIO
HEraTUBHOTO BIMSHUS Ha NpUOpekHbIe BOMOEMBI. OCHOBHBIM HHCTPYMEHTOM Ui MPOBEICHUS
IIPOrHO3a CYUTAETCS PUMEHEHUE MozenupoBanus. Hanbosee nepcrneKTUBHBIM Ha JaHHBIH MOMEHT
WHCTPYMEHTOM SIBJISIETCA INPUMEHEHHE YHCIECHHOTO MOJEIHMPOBAHUA C YYETOM XapPAKTEPUCTUK
OeperoBoii 4epThl, 0COOCHHOCTEH THIPOIOTHYSCKOTO PEKUMa BOJTHOTO 0OBEKTA.

llenp paboThl — OLEHUTH BIMUSHUE 3arps3HAIONIMX BEIIECTB HA MOJAEIBHBIA Y4acTOK
MIPUMOPCKON TEPPUTOPHH C YIETOM TEXHOJIOTHUYECKUX YCIOBUI cOpoca, penbeda OeperoBoii uepTsl,
XUMHUYECKHX MPEBPAIICHUH, IPUMEHSISI COBPEMEHHbBIE METO/Ibl UNCIEHHOTO MOJECIHPOBAHUS.

Pacuérbl BBIOMHSAINCH C UCIOJIB30BAaHUEM I1aKETa BBIUMCIMTEIBLHOW THMAPOJUHAMUKU. J[i1s
MOCTPOEHUSI TOAPOOHONM M TOYHOM MOAeNnu BoJoeMa MpHUMeHsieTcs mnporpamma Blender,
MO3BOJISFOINAS CO3/IaBaTh BEICOKOKauecTBeHHbIE 3D-Momenn, ncnomnb3ys anemenTs! «BlenderGIS» u
«YandexMapImporter» 11 wumnoprupoBanus reorpaduyeckux naHHeix B Blender. Jtum
MHCTPYMEHTHI JJal0T BO3MOXXHOCTb TOYHO BOCHPOM3BOAUTH HMH(PACTPYKTYpy HCCIeqyeMOn
tepputopun. OlleHKa BIUSHUS CTOKOB HPUPOJHOIO W AHTPONOTEHHOIO IPOMCXOXKACHHS Ha
npUOpPEXHBIN paliloH TPOBOAUTCS MOITAIMHO, C UCIOIB30BAHUEM KOMILJIEKCHOTO Mojxo/a. B mepByto
odyepenb IPOBOAMJICS JETalbHbI aHalIW3 JaHHBIX O paCIOJIOKEHUU BBIIYCKOB JIMBHEBBIX U
CTOYHBIX BOJ B OyxTe. OZHUM M3 3JIEMEHTOB MCCIEAOBAaHMS OBLIO MOJEIMPOBAHUE 3arps3HEHUN
Hedrenpoaykramu. Co3maercs MOJENb C pacHpelesieHHeM II0 KaTeropusM pas3IMYHbIX THUIIOB
BBIMTYCKOB, BKIJIIOYAsi aBapUHHBIC U PEryIspHBbIC BBIMYCKH KaHATM3AI[MOHHBIX BOJ 0€3 OYHCTKH, C
MEXaHUYECKOM WM OMOJIOTUYECKON OUMCTKOM, a TaKe BBIMTYCKU JIMBHEBOM KaHAIMU3AIUMU. Takou
MO/IXOJ, TIO3BOJISIET HE TOJBKO BU3YaJIM3UpPOBATh TEKYIIYIO CUTYallMI0, HO M BBISIBUTH KIIOUEBBIC
30HBI PUCKA U NMOTEHIIMAJIbHbIE HCTOYHUKH 3aTrPS3HEHUS.

Hanee MIPOBOJUTCSA napameTpu3alus napameTpoB MOJIENH, BKJIFOUAOIIIAs
METEOPOJIOTUYECKUE MapaMeTpbl, UICTOYHUKHA CTOKOB, XMMHYECKHE IpOLECChl, a Takxke cOop u
aHaJIM3 JaHHBIX O TEMIEeparype BO3[AyXa, BIAXKHOCTU, CKOPOCTH M HaIpaBICHUH BETPa,
arMoc(epHOM JIaBJIEHUU U APYTUX KIMMATHUECKHX MOKa3areisX. JTU JTaHHble HEOOXOAMMBI IS
6oJiee TOYHOTO MOJIETTMPOBAHUSI.

[IpyMeHeHHe YHCIEHHOTO MOJEIMPOBAaHUS IO3BOJIIET Oo0Jiee TOYHO OLIEHUTh CTENeHb
BO3/ICHCTBHS 3arpsA3HAIONINX BELIECTB Ha HKOCHUCTEMY IPUMOPCKON TEPPUTOPUHU U pa3padoTarh
3¢ heKTUBHBIE MEPHI TTO0 UX MUHUMHU3AIINH.

CnucoK UCTIOJIb30BAHHON JTUTEPATYPHI:

Jlrobumosa T. II., IlapmakoBa . H. MonenupoBanue pacnpocTpaHEHUsI TeIJIOBBIX
3arpsi3HEHUI B KPYMHBIX BOIHBIX 00bekTax // Boma u skomorusi: mpobiemsl u pemenus. — 2019. —
Ne2 (78). — C. 92-101. — DOI 10.23968/2305-3488.2019.24.2.92-101.

116



sdMmlsjd Chodsttdy SR 05 j2 fMejH’

BANAHWE MNEPEMEHHOIO 3MEKTPOMATHMIIMH QIEM TTH®MA
COCTAB ABYX WTAMMOB LUWAHOBAKTEPWUW
bdeHtcj j O 1 j.dy CsozHf 320 . |
IOI'BHY «MHCTUTYT HpUPOIHO-TEXHHUECKUX cHCTeM, T. CeBacTomnons, Poccus
2PI'AOYBO «CeBacTONOIbCKHIA TOCYIapCTBEHHbIN YHHBEPCHTET», T. CeBacTomomb, Poccus

Bce sxuBble OpraHu3Mbl U IIMAHOOAKTEpPUHM, B TOM 4YHCIE, IMOABEP>KEHBI BO3ICHCTBHUIO
€CTECTBEHHOI'0 MAarHUTHOTO 1oJsi 3eMii. [103TOMy ero MOXHO paccMaTpuBaTh Kak SKOJOTUYECKHMA
(dakTop, ONpeAeNsIomMil TeueHue OHONOrMYecKux mpoieccoB. OpraHusmbl  HayYHIIUCH
aIanTUPOBAThCA K (POHOBOMY 3HAYCHHUIO M 3aKOHOMEPHBIM ero m3MeHeHusiM. OJTHAKO, C Pa3BUTHEM
TEXHOJIOTUI KOJIMYECTBO MUCKYCCTBEHHBIX HCTOYHUKOB IOCTOSIHHO pacTeT. beuio oOHapyX eHO, 4To
MarHMTHBIE TIOJISl MOTYT OKa3bIBaTh OJIATONPHUSATHOE BIUSHUE HA (POTOTPOQBI KaK B IIEJIOM, TaK U Ha
cozep:kanne murMeHToB B ux kietkax (Eydelkhani et al., 2024).

B pabore ObLTM WCHONIB30BaHBI JIBE AIBIOJOTHYECKH YHCTHIX KYJIbTYPHI IIHMaHOOAKTEPUI
Aphanocapsa(mramm 131) u Synechococcugmramm 223). B skcriepuMeHTE HCIOJIb30BaIH
HeJIeIbHBIE KYJIbTYpPhl OJMHAKOBOM IJIOTHOCTU OMBITHOTO M KOHTPOJILHOTO 00pas3uoB (Mo 6 mi B
Kakaoi  mnpobupke). OMNBITHYI0O MOpoOUpPKY MOMEIIadd B  YCTAHOBKY,  CO3/AIOIIYIO
9JIEKTPOMArHUTHOE TM0Jie. BbUIO MpoBeNeHO MATh CEpPUMl AKCHEPUMEHTa, PA3IUYAIONIMXCS IO
BPEMEHHM JKCIO3ULIMU KYIbTyp, 4actore wmarHutHoro mong (ot 300 mo 600 T'm) u ero
HanpspkeHHocTH (oT 135 1o 450 mB). Onenxa BosaeiictBus OMII ocymiectBignace 10
KOJMYECTBEHHOMY COCTaBy MHUTMEHTOB B ONBITHOM KyJIbType IO CPaBHEHHIO C KOHTPOJbHBIM
obpasiom. KomndecTBO MUTMEHTOB PACUYHMTHIBAIOCH M0 OTHOCUTEIIBHON ONTHYECKOW TUIOTHOCTH
KYJIbTYpP C HCIIOJIb30BAHHEM CIEKTPOPOTOMETpPa YIbTPAPHOIETOBOIO U BUIMMOTO IUATIA30HOB
«Lambda 365» ¢pupmsr PerkinElmer. Pabotanu B nuanazone anun Boa 400—800 HM.

O6a mrammbl 131 u 223 npunamiexar k tumy Cyanoprokariota, kiaccy Cyanophyceae u
nopsaky Synechococcales, npu srom mramm 131 otHocmiics k poxy AphanocapsaNigeli us
cemeiictBa Merismopediaceae, a mramm 223 — k poay SynechococcusNageli cemeiicTa
Synechococcaceae. O6e KynbTypbl UMEIH CXOAHBIH MUTMEHTHBIH COCTaB, KOTOPBIA KaueCTBEHHO
HE W3MEHSUICA B TMIPOLIECCe OKCIEPUMEHTOB. MaKCUMyMbl WX TOTJIOLIEHUS HaOmonaics B
CIeNYIOMUX auanazoHax: xyuopodmwuia a — npu 430-440 am, aApyrux xjaopopuiuioB — okojo 680
HM, KapOTHHOWJBI AaBanu Iuiedo B paiioHe 500 HM, Quxosputpun — mpu 560-575 HM, a
¢bukonnanud — 615-630 um. Beiio oTmeueHo, uro B 1enomM, y mramma 131 (Aphanocapsposur
cnabo BhIpaKeH MUK (UKOIMAHWHA, HANPOTHB, y mrtamma 223 (SynechococclsnpakTudecku
OTCYTCTBOBAJl MUK (DUKOIPUTPUHA M TMOITOMY TPH BBIPAIIMBAHUU dTa KyJIbTypa HUMeJa SPKYIO
3€NEHYI0 OKPACKY.

CrnextpodoToMeTpriecKkoe H3y4eHHE MUTMEHTHOTO COCTaBa KYJbTYp MpU BO3JACHCTBUU
OMII yacrotoii 300 ' u HanpsprkeHHOCTHIO 135 MB yepes 10-14 cyTok BBISBUIO Y (PUKOIPUTPHH-
coaepsaiero mramma 131 yBenmnyeHHe B ONBITE KOJUYECTBA BCEX MUTMEHTOB IO CPABHEHHIO C
KOHTposeM. Y (UKOIMaHUH-COAepKAIero mramma 223 He3HAYUTENbHOE YBEIUYEHHE B OIBITE
OTMEYaJIOCh TOJIBKO JIJIsi KAPATUHOUIOB U (PUKOIPUTPHUHA, TSI OCTATBHBIX MUTMEHTOB WJIA HE OBLIO
HUKAKUX U3MEHEHUH, WU HaOII0AaoCch HEOOBIIOe CHIDKEHUE NX KonudyecTBa. [Ipu yBennmueHuun
cpoka WHKyOaruu 10 21 JHS KOJWYECTBO MUTMEHTOB y mTamMMma 131 CHMXaJIOCh 10 YpOBHS
KOHTpPOJS, @ B ClIy4ae KapaTMHOUAOB M (DUKOIPUTPUHA, JaKe HECKOJIbKO HUke. M3MeHeHus B
MMUTMEHTHOM COCTaBe (PUKOIMAHMH-COACPIKAIEro ITaMMa ObLIM OoJiee 3HAYUTENbHBIMH. [lpu
YBEJIMYEHUH HampspKeHHOCTH moutst 10 450 MB uepe3 21 nenb nHKyOamu HaOMI01a70Ch CHUKEHHE
KOJIMYECTBA BCEX MUTMEHTOB B OMBITHBIX 00pasmax y 00enux KyJabTyp MO CPAaBHEHHUIO C KOHTPOJIEM.
Oco0eHHO pe3Koe CHIKeHHE oTMedasoch s mramma 223 (SynechococcysBozaetictrue DMIT
gactoToi 600 'y m HanpsskeHHOCTHIO 450 MB Takke BbI3bIBAJIO CHUYKEHUE KOJIUYECTBA MUTMEHTOB.

Cnucok UCOJIb30BaHHOW JTUTEPATYPhI:

Eydelkhani M., Kiabi S., Nowruzi B. In vitro assessment of the effect of magnetic fields on
efficacy of biosynthesized selenium nanoparticles by Alborzia kermanshahica// BMC
Biotechnology. — 2024. — Vol. 24, No. 1. — P. 27. — DOI 10.1186/s12896-024-00855-4.
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PASPABOTKA ¥YTOYHEHHOIO HAUMWOHANBHOIO KO3®0®

BblIbPOCOB AWOKCWUAA YT ITEPOALA OT TMNMPON3IBOACTBA
YIrnepOaoA HA NPEANMPNATUMNAX POCCUNCKOWU PELAE

:

1 0¢Eteso O €. 5., RBjddedS (.1., 10rkEl

OI'BY «MHCTHTYT TII00QIBHOTO KIMMaTa B 3KoJiorun uM. akai. f0. A. Uzpasnsa», r. Mocksa,
Poccus
e.bakurova@igce.ru

Pabora mocBsamena pa3paboTke HamMoOHAILHOTO Ko3(duinuenrta BwiOpocoB CO2 ot
IIPOU3BOJICTBA TeXHUUEcKoro yraepoaa (TY) na npennpusaruax Poccuiickont denepaunu.

Panee, B cBA3M C OTCYTCTBUEM IOJPOOHBIX JAHHBIX O HAIMOHAJIBHBIX OCOOEHHOCTSIX
MPOU3BOJICTBA TEXHHUYECKOTO yTiepoja, oreHka BbeIOpocoB CO2 OT [MaHHOTO HCTOYHHKA B
HaIlMOHAJILHOM KaJacTpe AaHTPONOIeHHbIX BBIOPOCOB M aOCOpPOLUM MAapHUKOBHIX Tra3oB P®
MPOU3BOAMIACE MO MeToauke | ypoBHS MEXIPaBUTENbCTBEHHONW TPYIIBI SKCIEPTOB TI0
n3MeHeHuto kiumara (MI'OUK), He npenycMarpuBarolei yuera HalMOHAIbHBIX TEXHOJIOTMYECKUX
napametrpoB. OgHaKo, cpeau HePTeXMMHUYECKHX HCTOYHHUKOB BbIOpocoB CO: mpomsBoactBo TVY
ABJISICTCA KJIIOUYEBBIM HMCTOYHMKOM U TPETBUM IO OOBEMY OMHMTEHTOM, YCTyNas TOJBKO
MIPOU3BOJICTBY ATHJICHA U METAHOJIA, U B COOTBETCTBUU C MEXKyHAPOAHBIMH TPEOOBAHUSIMH OLICHKA
BbIOpocoB CO2 B KajgacTpe JOJKHA NPOM3BOJUTHCS HAa OCHOBE HCIOJIb30BAHUS HAIMOHAJIBHOTO
K03 unreHTa BEIOPOCOB.

Ot mectu KpynHeHIIUX npeanpustuii-npousBogurened TY Obun coOpaHbl JaHHBIE O
MIPOU3BOJICTBE MPOJYKIINH, MOTPEOJICHUIO CHIPhS U TOIUIMBA. JlaHHBIE OBUIM MPOAHATM3UPOBAHBI U
UCNOJb30BaHbl B pacuere BbIOpocoB CO2 mo Mmeromuke 2 ypoBHs MIOUK, mpencrasnstomiein
co0Ol pacueT MaTepHaJbHOro OanaHca MPOM3BOJCTBA. METOIMKa BKIIOYACT B ceOs JOMYIICHHUE,
YTO BECh YIJIEPOJ, NOCTYNUBIIMNA B IMPOLECC B BHUJE ChIPbs WM TOIUIMBA, HO HE BOLICIIIUN B
COCTaB IEJIEBOTO WJIM TIOOOYHOTO MPOAYKTa MPOU3BOJICTBA, yJIETydnBaeTcsi B atMocdepy B BUIE
COa.

boun paccuntanbl KOA(QGUIUMEHTH! BHIOPOCOB ISl KaXJI0T0 U3 IIecTH 3aBojoB aust 2015 u
2022 rr. beulo ompeneneHo, 4To KO3(GGUIMEHTH BBIOPOCOB Ui PA3IUYHBIX TEXHOJOTMH U
NPUMEHSIEMBIX ~THUIOB CBIPbS BaphUPYIOTCS B IIHPOKHX mpenenax. [lyrem pacuera
CPEAHEB3BEIICHHOIO 3HAYE€HUSI UHANBUAYAIBHBIX KO3()(PULIMEHTOB BEIOPOCOB KaXKAOI0 U3 3aBOJIOB,
OB OmpesiesieH HalMOHATBHBIN Koddduiment BeiOpocoB CO2, coctaBuBmmii 3,2 T CO2/Tr TY u
MPEBbILIAIOIINN paHee npuMensBLIHiica koapduunent MI'OUK na 21%.

Ha pucynke 1 mpencraBneHo cpaBHeHHE omeHOK BbIOpocoB CO: ¢ wucmonb30BaHUEM
koxpuurenta MI'OUK u ¢ npuMmeHneHreM HallMoHaIbHOTO K03 durmenta BoiopocoB CO2.
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Pucynok 1 — CpaBHeHue pe3ynbTaToB o1ieHKH BIOpocoB CO2 oT mpousBoactea TY mo metoauke |
ypoBHst MI'OUK u ¢ ucnonp3oBaHueM pa3pabOTaHHOTO HAIIMOHAILHOTO KOA(PHUImeHTa BHIOPOCOB

[lpumenenne MeToma MaTepHaIbHOrO OanaHca IO JAaHHBIM OTICNBHBIX TPEIIPUSITHN
MO3BOJIMJIO CHU3UTH HEOIIPEIeIeHHOCTh OLeHKH BBIOpocoB CO2 10 +5%.
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BAIWAHWE AEATENBHOCTUW A3POMNOPTA WEPEMETBLEBO F
OKPYXAIWEW CPEAHbI. OUEHKA OEATEANBHOCTW 3 A
ldtwjLrdzioa ¢. ¢.
Poccuiickuii I'ocynapcrBennbiii CounanbHblil YHUBEpCUTET, I'. MockBa, Poccust
Artemybereznev@gmail.com

HestensHocTh aspornopra lllepemerbeBo, Kak U JHOOOr0 KPYMHOIO TPAHCIOPTHOTO Y3Ia,
OKa3bIBAET BJIMSHUE HA OKPYKAIOILYIO CPENy, BbI3bIBAs 3arps3HEHHUE BO3/1yXa, IOYBBI U BOABI. Llenp
WCCIIEIOBaHMS — OLEHUTh CTENEeHb BIMSHUS AesITeIbHOCTH aspornopTa [llepemeTbeBo Ha cOCTOsSHUE
okpyxatomen cpeasl B 2023 roay. ['unoresa: gestenbHocTh a’ponopra lllepemerbeBo oka3biBaeT
HEraTHBHOE BJIMSHHE HA SKOJIOTMYECKYI0 00CTaHOBKY B PailOHE €ro pacroyiokKEeHHs], B TOM YHCIIEe 3a
CYET BBIOPOCOB OT BO3YIIHBIX CYyJJOB U JPYT'MX UCTOYHUKOB 3arps3HEHMUS.

Mertonbl ucciaenoBanus: aHaiau3 ortdetroB asponoprta lllepemerbeBo 3a 2022 m 2023 r. u
COOCTBEHHBIC HCCIENOBaHMA. AHAJIM3 IMOKA3al yBEIMUYEHHE YPOBHS 3arpsS3HEHUS OKPYKAIOIICH
cpensl B paiioHe aspomopta lllepemerbeBo B 2023 roamy. [ns cpaBHeHuss ObUIM H3Y4EHBI
JKOJIOTMYECKHe OoTueThl aspomnopra lllepemerbeBo 3a mocienHue TOAbl, a TaKk XKe Obuin
MIPOAHATM3UPOBAHBl PE3YNbTAaThl HCCIEIOBATENLCKUX Pa0dOT, MPOBOAMMBIX aBTOPOM B IEPHUOJ
2021-2023r, HampaBJICHHBIX Ha OIEHKY 3arps3HCHHS JICTIOHHPYIOIIUX CPEll B MPUAIPOJAPOMHOMN
tepputopun lllepemerseBo. OcoOyr0 OMAaCHOCTh MPEICTABISIIOT BHIOPOCHI OT BO3AYIIHBIX CY/IOB, a
TaKXKe 3arps3HEHHE OT HWHQPACTPYKTYpbl  a’pomopra. OTO  BBI3BAHO  YBEIHMYCHHEM
MACCaXKUPOIOTOKA, YBEIMYCHHEM KOJIMUYECTBA OMepaluil «B3JIET-MOCaAKa» U MOATOTOBKH K paboTte
BTOpPOro TepMuHama. Kpusuc B aBHALMOHHOW OTpaciid, KOTOpBIM Hayajlcsi BO BpeMs
pacnpocTpaHeHUs] KOPOHABUPYCHOM MH(MEKINH, TOCTEIIEHHO COIIe] Ha HET U MOTOK MacCaKUpPOB B
caMOM KpynHOM a3poysiyie Poccuu BHOBb HaOupaeT oO00poThl. Pe3ynbrarhl UCClIeJOBaHUS BaXKHbI
JUIS 9KOJIOTOB, OOIIECTBEHHOCTH M PYKOBOJICTBA a3POINOPTa, 3a4acTyl0, OOLIECTBEHHOCTH IMOJIaraer,
YTO OCHOBHOMW BpPEJl OKpPY’KaloIlel cpe/ie HAaHOCAT BBIOPOCHI OT JABUraTesei BO3AYLIHBIX CY/I0B, HO
Ha MpaKTHKe ObUIO BBISBIEHO, YTO B 30HE JEATEIBHOCTH a’poNopTa MMEHHO OH OKa3bIBaeT
ocHOBHOe BiusiHue. HeoOxoauma pa3paboTka u BHenpeHHE 3()(PEKTHUBHBIX Mep MO CHUKEHHIO
HEraTUBHOIO BO3JeicTBUs asponopra LllepemeTseBO Ha OKpyXKaroIllyto cpeiy, Ipodiaema sBiseTcs
HEJ0CTaTOYHO U3YYEHHON U TpeOyeT Orjlacku U BHUMaHUS.
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OUEHKA BJIAXHBIX BbINAAEHWUN COEAWHEHWW CEPbI

HA

UEHTPANBLHOIO ®OEAEPANBHOINO OKPYIA POCCUWN NO

MOOENMNPOBAHWA EMEZI0O B1 2[0I1.5
L1 Odzzh dldz, 1 { EstBtse w. ¢ .
1orBy «MHCTUTYT TJI00AIPHOTO KJIMMAaTa M 3KOJIOTHH uM. akaj. 0. A. M3pasisiy,
r. Mocksa, Poccus
2PI'bBYH «MuctuTyT reorpadun Poccuiickoii akagemun Hayk», . Mocksa, Poccust
galushin2012@yandex.ru

OneHka BBIMAJCHUS 3arps3HSIONIUX M KHACIOTOOOPA3yIOIUX BEHIECTB M3 aTMOCQEphl
SBJIACTCS aKTyaJdbHOW MpoOIEMON HMCCIeAOBaHUN B SKOJOTHH. VMCronap30BaHUS MOJEIUPOBAHUS
MO3BOJISIET MOJIy4aTh KOJMYECTBEHHBIE OLIEHKU BO3JCHCTBUS 3arps3HEHUS] OKPYXKaloLIeh cCpejibl Ha
PErHOHAIIBHOM YpPOBHE, KOTOpBIE CJOXKHO TMOJYYHTh H3-3a HENOCTaTKa CTAHIMM MOHUTOPUHTA
(bpyckuna u np., 2024).

Llenpto paboThI SIBISIETCA OICHKA JWHAMUKHM BIQXXHBIX BBINAJCHUI OKUCICHHON cephl (C
ocagkamu) Ha Teppuropuu LlenTpansHoro genepansaoro okpyra 3a 2015-2021 rr. o pe3yibratam
MOJIETTUPOBaHUS aTMOC(EpPHOTro MepeHoca 3arpsi3HAIONIMX BEIIECTB B pamMKax jesrenbHoctd EMEIT
Y OTIpeieTICHNEe U3MEHEHHS TUIOTHOCTH BhInaaeHus (B %) no cyobektam L[DO 3a 7 ner.

Jis aHanu3a B3AThl 3HAYEHHUS BIAXHBIX BBINAJACHUNA Cynb(haTOB W3 Pe3ylbTaToOB
MOJICTTUpOBaHusl atMochepHbIX TmepeHocoB mporpammbl EMEIL, mnpeacraBieHHBIX CETKOH
0,5°x0,5°, B mpuBsizke K miomaaaMm cyobektoB L[PO, B rpaHunax KOTOPBIX MPOBOIUIOCH
CyMMHUPOBaHHE 3HAYCHUH U3 siueek (puc. 1).

Pucynok 1 — I11oTHOCTD BbINaJieHNUs COEJMHEHNH OKUCIEHHON cephl ¢ aTMOC(EPHBIMH OCaIKaMU
Ha tepputopun L{PO B 2015-2021 rT.

AHanu3 pe3yabTaTOB pPACUYETOB IOKa3blBa€T, YTO HaWOOJbIIAs IJIOTHOCTH BBINAJCHUS
OKHCJICHHOH cepbl ¢ aTMOC(EPHBIMU OCAJKaMH OTHOCHUTCSI K TeppUTOpUH MOCKBbI. CHIIBHBINA poCT
(mo 0,41-0,43 1/xM?) mmotHOCTH BhmaneHus B 20202021 IT. CBA3aH ¢ PEKOPAHBIMH CyMMAaMH
0CaJIKOB, KOTOpbIe ObUIH 3apukcupoBansl B cronuie (908 mm B 2020 1. u 818 mm B 2021 1.).

Haumenspmiast uioTHOCTh BbINa€HUS Cynb(aToB cpeau Bcex cyobekToB LIDO oTHOCHTCS K
Koctpomckoii u TBepckoil obmactaM. YpoBeHb 3Ha4€HUH OT Troja K roay BapeupoBai ot 0,14 1o
0,16 T/KMZ, a B KOHIIE UCCIIEAYEMOTO MEPUOJia MIOTHOCTh MOTOKOB cCHU3MIACh 10 0,10-0,12 T/KMA.

UccnenoBanme BoimonHeHOo B pamkax Tembl HUOKTP AAAA-A20-120013190049-4
«Pa3BuTHE METOJOB M TEXHOJOTMH MOHMTOPHUHIA 3arps3HEHHs] MPUPOJHOW Cpenbl BCIEICTBUE
TpaHCTpaHUYHOTO TmepeHoca 3arpssustonx Bemiects (EDK OOH: EMEIL, MCII KM) u
KHUCJIOTHBIX BbITiafieHuit B Bocrounoit Azuu (EAHET)».

OrneHka JaHHBIX MOJIENMPOBaHUS cienaHa B paborax mo I'oczamanmiro FMWS-2024-0009
Ne1023032700199-9 Uncturyra reorpaduu PAH.

Crnncok UCOIb30BaHHON JIUTEPATYPBHI:

Bpyckuna U. M., I'pomos C. A., Konbskosa E. C. u ap. 3arpsizHeHue Bo3ayxa U OCaJIKOB IO
nanabiM ctanmmii EMEIT // OG30p cocTosiHUS U 3arps3HEHHs OKpYyKarolei cpeasl B Poccuiickoit
®enepanun 3a 2023 rox. — M.: ®I'BY «MI'KD», 2024. — C.65-68.
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FrMMmAaPONOI MYECK AKAT XCHAP YCT OK A

B KAPCTOBbLIX BACOEMPHAOTI O KPbIMA
LB Otej O puizj ezfyjlos 58.Q%,j bl 00 LIPh, jBIydis@®dz, £F. R.
1 Oz 3 dz§ 5 dldzj iz Y jtal O ez jlo R. 1
'®I'BHY «MHCcTUTYT BomHbIX Tpobnem PAH», T. Mocksa, Poccust
2OIAOY BO «KprivMckuii henepanbabiii yausepeuter um. B. . Bepnazickoroy,
r. Cumdeponons, Poccus
3OI'BHY «HCTUTYT NPUPOITHO-TEXHUUECKUX CHCTeM», T. CeBacTomnons, Poccus
tgubareva@bk.ru

HeonHoponHOCTh TEppPUTOPUHU, BBIpAKEHHAs! KaK B IPOCTPAHCTBE, TaK U B BEPTHKAIBHOM
BBICOTHO-TJTYOMHHOM Tpoduiie U OOyCIOBICHHAs DPAa3HOOOPAa3HeM HAA3€MHBIX JaHIAdTOB U
MOJ3€MHBIX BOJOHOCHBIX TOPU30HTOB, ONPEAEISET IPEUMYILIECTBEHHbIEC IyTH JBMKEHHS BOAHBIX
Macc M MO-pa3HOMY TpaHC(OPMHUPYET BBINAJAIOLIME aTMOC(EpPHBIE OCATKU U JPYTHUE AIIEMEHTHI
BOJHOro OamaHca. OTO MpeIoNpenenseT TI'HIPOJIOTHYECKYI0 CTPYKTYpY CTOKa, CBS3aHHYIO C
yCIOBUAMU €ro (hOpMHpPOBaHMSA, U OTPAXKAETCS HA BELIECTBEHHOM cocTaBe BOJbl. JleTanmbHOe
M3yYCHHE CTPYKTYPHI CTOKA M €€ (PYHKIMOHAIBHBIX OCOOCHHOCTEW MO3BOJIAET ITyO)Ke NMOHUMATh
MeXaHU3Mbl (POPMHUPOBAHUS CTOKa U OMOr€OXMMHUYECKHX Ipolecchl Ha BopocOopax. OnHuM u3
0a30BbIX TMOHATUH TPU HCCIECAOBAHUHM THUAPOJOTHMYECKON CTPYKTYphl CTOKa SIBISETCS TOHSITHE
«MCTOYHUKU MUTAHUS» WIH «COCTABIISIOIINE PEYHOTO CTOKa». B mpocTeiiiieM ciayyae peyHON CTOK
MOXHO TMpEJICTaBUTh B BUJE IMOA3EMHON M IMOBEPXHOCTHOH COCTaBISIIOIIMX. B IpPOIBHHYTHIX
CIlydasixX COCTABIIIOLIME PEYHOTO CTOKAa MOTYT ObITh AuddepeHnnpoBaHsl B 3aBUCHMOCTH OT
yCI0BUH UX (POPMHUPOBAHUS.

KapcroBble Bo1ocOOphI B HAYYHOM IUIaHE MPEJICTABISAIOT OCOOBIM MHTEpEeC, MOCKOIbKY B MX
rpaHunax (HOPMHUPYIOTCS CIOKHBIE MHOTOYPOBHEBBIE CTPYKTYpPHl (HIBTPAIIMOHHOW CpEIbl,
XapaKTepU3yIoUIecs MPOCTPAHCTBEHHON HEOIHOPOAHOCTBIO EMKOCTHBIX M  (PUIBTpPAllMOHHBIX
CBOMCTB.

Lenp uccnenoBaHus — MO JaHHBIM THIIPOJIOTO-THIPOXUMHUYECKOro MOHUTOpUHTa 2021- 2023
IT. Ha JKCIEepUMEHTalbHbIX OacceiiHax lopHoro Kpbima, BKIIIOYaIOIIMX KPYIHBIE KapCTOBBIE
BojoHocHbIe cuctembl (KBC) u peunble 6acceliHbl, yCTAHOBUTH COCTABIISIIOIINE CTOKA U OLICHUTh
BKJIJ KaXJIO0ro M3 HHUX. OTa paboTa Obula BBINOJIHEHA C MHCIOJIB30BAHUEM METOAA aHAJIN3a
reoxumuyeckux JnaHHblx End-Member Mixing Analysis (EMMA), B koTopoMm couderaroTcs
¢usnyeckas MoOAETb CMEIICHUS HCTOYHMKOB, MOCTPOEHHAs Ha NPUHIMIIE COXpaHEHHUs OanaHca
BOJIbI M PACTBOPEHHBIX BEILECTB, M CTAaTUCTHUYECKas MpOLEAypa aHald3a — METOJA IJIaBHBIX
komroHeHT (MI'K).

Jns 1Byx peunsix OacceiiHoB (p. Kyuyk-Y3enOami, p. Tonac) u tpex KBC (ucrounuku AsH,
KapctoBsiii, p. KuznikobuHka) BEIITOTHEHO 0OOCHOBAaHUE U MHTEPIIPETAIUS COCTABIISIONINX CTOKA.
B kxauecTBe cTaOMIIBHBIX HCTOUHUKOB IMMUTAHUS BBIJIEJIEHBI: MUKAPCTOBBIE BOBI, (hopMupyromuecs
B IIPUIIOBEPXHOCTHOW TPEIIMHOBATOM M BBIBETPEJIOM 30HE KapCTYIOIIMXCSA IOPOA; IOYBEHHO-
CKJIOHOBbIE BOZbI; Oa3MCHbIE BOJBI, MOCTYMAOIIME W3 30HBI a’3pallMd KapCTOBBIX MAacCHBOB M
LHUPKYJIUPYIOIIME Yy KOHTaKkTa C TMOJICTHJIAIOIIMMHU BOJOYHOPHBIMH Topoaamu. Ha ocHoBe
MIPUMEHEHHUSI JIByXTPAaCCEPHOM, TPEXKOMIIOHEHTHOM MOJENTN CMEIEHHUS BBIIOJHEHO pacuJeHEeHHe
rusporpadoB Bcex 0OBEKTOB C OLEHKOH J10Jei COCTABISIOMIMX CTOKAa Ha JAThl TMIPOXUMHUUECKON
cbeMKH. [lomydeHHBIII MacCUB B3aMMOYBSA3aHHBIX PAaCUYETHBIX 3HAYEHUM MO KaXkKI0H KOMIIOHEHTE
MTO3BOJINJI UCCIIEIOBATh CTPYKTYPY CTOKa B OacceiiHax.

CymiecTBeHHBIN BKJIaJl B CTOK COCTaBJISIOT SMHMKAPCTOBBIE BOAbL. WX m0omM yBenuuuBaroTcs B
MIepHO/1 TaBOJIKOB, 3aKOHOMEPHO BO3pacTasi C YBEJIMUEHHUEM PacXo/a BOJIbI B 3aMBIKAIOIIMX CTBOPAX.
Jlonu 6a3MCHOrO CTOKAa MO OTHOIICHHUIO K JIOJISIM 3IUKAPCTOBBIX BOJ yMeHbIIatoTcs. [louBeHHO-
CKJIOHOBasi KOMIIOHEHTa B OacceilHaXx — chy4aifHas COCTaBJsIOIIas CTOKA. BbIsBIEHBI
SMIUPUYECKHE 3aBUCUMOCTH HM3MEHEHMSI COCTaBJISIOLUIMX PEYHOTO CTOKAa OT PACXOI0B BOIbBI B
3aMBIKAIOIIUX CTBOPAX, & TAK)KE 3aBUCUMOCTH MEXJY JOJISMHU MHUKAPCTOBOTO U GA3MCHOTO BUIIOB
CTOKa. 3aBUCUMOCTH TPEACTABIIAIOT OCHOBY ISl TaJIbHEHIIEH pECYpCHON OLIEHKH COCTAaBJISIOLINX
CTOKa.

Pa6ota BeimonHeHa npu punancoBoii noguepkke rpanta PH® (nmpoekt Ne 23-27-00236).
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QKONTOHNEOXMWMNYECKOE COCTOAHUWE NO4YB NMog MNOCAAK
K P bIMC K OWinug Pallasiang KAPAALJATCKOIro nPMPoOogHONr o 3AMOI
[ 2B Ofif23 . ¢ dzj C MOMC JoO dzv dd, dzOn dly. dgw2C 5 . & .

'®I'BYH ®ULL «1IHBIOM um. A. O. Kosanesckoro PAHy, r. CeBacronois, Poccus
Kapaparckas HaydHas ctanmnus um. T. . Bsisemckoro — npuposuslii 3anoBeanaukx PAH — gpunuan
OI'BYH OULL «MaBIOM um. A. O. Koanesckoro PAH», r. ®eonocus, nrr. KypoptHoe, Poccus

3O AOY BO «K®Y um. B. U. Bepraackoroy, r. Cumpeponons, Poccus
victoriadubas.VD@gmail.com

Bce ananmzupyembie MOUYBBI B Mpe/esiaXx BEIOPaHHOTO MOJICIBHOTO Y4acTKa B XOJI€ MOJIEBOTO
ONpeNleJIeHUs]  OTHECEHbl K  JEPHOBO-KapOOHATHBIM  CJIA0OPA3BUTBIM  CIIAOOCMBITHIM
KPYITHOIIBIIEBATO-TSHKEIOCYTITMHUCTHIM Ha 3JIIOBUM M3BECTHSKA (TNIOTHBIA U3BECTHSIK C IIyOUHBI 7-
12 cm). Ot 10% HCI Bce ananmu3upyembie OYBBI BCKUIIAIOT C MOBEPXHOCTH. Peakiius mouyBeHHOTO
pactBopa cpeanemenouynas (pH=8,0-8,1). Mexanudyeckuii COCTaB aHAIU3UPYEMBIX IIOYB
KPYITHOIIBLIEBATO-TSKEJIOCYTTIMHUCTHINA. LleneBoe ucnonb3oBaHME MOYB B IpefesiaX MPOEKTHOU
IUIOMIAJIKA — HacaxJIeHus cocHbl KpbiMckoil (Pinus pallasiang. Ilomiecok mpeacraBieH
Pa3IUYHBIM KPBIMCKUM Pa3HOTPABbEM U 3J1aKaMHU.

3anoKeHne TIOYBEHHBIX pa3pe30B IPOU3BEIEHO COTIACHO OOIIEH3BECTHOMY METOMIY
KOHBEepTa, a OTOOp Mpo0 MOYBEHHO-PACTUTEIBHOIO MaTepuasa B BUAY ciaaboil pa3BUTOCTU
MOYBEHHBIX PO UIIeH TPOU3BEIEH MOCPEICTBOM CO3JJaHHs CMEIIaHHOH poOsl 00miel maccoit 100
r kaxaas. KauecTBeHHBI U MOJTYKOJMYECTBEHHbIN 3J€MEHTHBIN aHAJIN3 IMPOU3BEAEH C MOMOIIBIO
peHTreHO(IIyopeclieHTHO# criekTpomerpun (mpubopnas 6a3a — Rigaku, fmonwms). Cormacho
MIOJTyYEHHBIM pe3yJIbTaTaM Ha JOJII0 TSDKENbIX METAJJIOB (B AMANa3oHe aHAIM3aTopa OT KUCIOpoJa
710 IUTYTOHHUS) B cpeiHeM npuxoautcs okoio 30 macc.% ot ob1elt maccsl HaBeck 1 1 (puc. 1).
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TIOK/OOK, Mace.% ™ Knapk B nouee (mo A IT. BuHOTpaaosy), Macc.% ® KoHIeHTpalma, Mace. %
Pucynok 1 — Dkoy10ro-reoxuMuueckasl XapakTeprUCTHKa MOYB B MPEENaX 3aJI0)KEHHBIX Pa3pe30B

Pabora BemomHena B pamkax TemMbl Nel24052000057-0 «MOHUTOPHHT KIMMATHYECKU
AKTHUBHBIX BCHICCTB B HA3€MHbBIX 3KOCUCTEMAX PCCHy6HI/IKI/I KpI:IM B YCJIIOBHUAX U3MCHCHUS KIIMMATa
Y aHTPONOTE€HHOT'O BO3JICHCTBUS C MPUMEHEHUEM JUCTAHIIMOHHBIX METOOB UCCIIETOBAHHI.
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KPATKOCPOYHOE NMPOIrHO3IUWPOBAHWE KAYECTBA
ATMOCO®PEPHOIO BO3AYXA C NPMMEHEHUWEM TEXHO/J

MCKYCCTBEHHOIO MHTENNEKTA

(esteSded ¢. ¢.
'®I'BHY «MHCTUTYT NPHPOAHO-TEXHUUECKHX CHCTeM», T. CeBacTomnoinb, Poccus
2dI'AOY BO «CeBacTonoibCKuii rocyIapcTBEHHbIH yHIBEpCHTET», T. CeBacTomnons, Poccus
S®OI'KBOY BIIO «UepHOMOpCKOE BBICIIEE BOSHHO-MOPCKOe opeHa KpacHoit 3Be3 bl
yunnuie uM. [1.C. HaxumoBay, r. CeBactomnosns, Poccus

[TporHO3bI 3arps3HEHHs OKpYXKAaloLled Cpeabl W, B YaCTHOCTH, aTMOC(HEpPHOro BO3IyXa
HEOOXOAUMBI JIJIsl OLIEHKH SKOJIOTUYECKOH OOCTaHOBKM NPHUMOPCKON TEPPUTOPUU U pa3paboTKe
PEKOMEHIaluii 110 CHIKEHUIO HETaTUBHOTO BO3/ICHCTBHUS Ha OKPY)KAIOMIYIO CPELy.

B mnacrosimee BpeMs TOJy4aeT IIMPOKOE pACIpPOCTPAHEHHE HCIOIb30BaHUE CHUCTEM
MOHHUTOpPUHIa Ha OCHOBE HEIOPOTMX CEHCOPHBIX YCTPOWCTB. DTO IMO3BOJSET MOCTPOHUTH Oojee
HACBHIIIEHHYIO TPOCTPAHCTBEHHYIO CETh MOHUTOPUHTA C IPHEMIIEMOI CTOMMOCTBIO.

Ho nnst mporHo3upoBaHMsI 3KOJIOTUYECKOW OOCTAaHOBKHM JTAHHBIX, MOCTYHAIOUIMX B PEKHME
peambHOro BpeMeHH, HH(GOpMAIMH HEIOCTATOYHO. [lepCHeKTHBHBIM SIBISETCS IPOBEICHHE
NPOTHO32 C HCIOJIb30BAaHUEM JIaHHBIX MOHUTOPUHIAa COBMECTHO C INPHUMEHEHHUEM TEXHOJOTHH
MCKYCCTBEHHOTO HHTEJIICKTA.

PaGora HampaBieHa Ha KOMIUIGKCHOE HCCIICIOBAaHHE BO3MOXKHOCTH KpPAaTKOCPOYHOTO
MIPOTHO3UPOBAHMS KOHIIEHTPAIMI 3arps3HAIOMINX BEIIECTB (TBEPABIX YaCTHIl C TUAMETpoM 2,5
MKM) TIpH OrpaHMYEHHOM O0OBEME [aHHBIX C HCIOJB30BAHUEM COBPEMEHHBIX TEXHOJOTHI
MCKYCCTBEHHOTO HHTEJIJICKTA.

HccnenoBanuch HelipoceTeBbie Mojenu, Bxomamue B Oubmmoreky Nixtlaverse (Masood,
Ahmad, 2020; Benidis et al., 2022; Montalvo et al. 2022) s nporHo3upoBaHusi KOHIIEHTPAIHIA
sarpsiusitomux BemectB (TFT, LSTM, RNN, GPU, TiDE, KAN, TCN, BiTCN, NHits u NBeats)
JUIE  PacCMOTPEHHUS BO3MOKHOCTH TIOJIYYEHHs] TMPHEMJIEMOTO MPOTHO32 COOTBETCTBYIOIIETO
BBIOpAaHHBIM MIOKA3aTeIsIM Ka4ecTBa.

HccnenoBanme nokassiBaet, uto mozaenu NBeats, TCN u NHits geMoHCTpHUPYIOT MOTEHIIHAI
IUISL KCTIOJIB30BaHMS B 3aJja4aX KPaTKOCPOYHOTO IMPOTHO3MPOBAHMS KOHIIEHTPALUI 3arpsA3HSIOIINX
BEIIIECTB.

ITpumenenne moneneit NBeats, TCN u NHits, kak Haubosnee npueMiIeMbIX 10 MOKa3aTessIM
KayecTBa, MOXXHO PEKOMEHJOBaTh JUIA OLEHKH DSKOJIOTMYECKOW OOCTAaHOBKH U BBIPAOOTKU
pEeKOMEHJALUH MO CHUXKEHHUIO HEraTHBHOIO BO3JEHCTBMS IOC/IE€ MPOpPadOTKU BBIOPAHHBIX
TUIEpIapaMeTpOB MOJIEIIEH.

B nenmom, pesymbraThl OOecreuMBalOT HaJEKHYIO OCHOBY JUii BbIOOpa MOJAEIM U €€
WCTIOJIH30BAHUS B 9KOJIOTHYECKOM IPOTHO3HPOBAHUH.

CnuCcoK MCOJIb30BaHHON JIMTEPATYPHI:

Benidis K., Rangapuram S. S., Flunkert V., Wang Yu. et al. Deep learning for time series
forecasting: Tutorial and literature survey // ACM Computing Surveys. — 2022. — Vol. 55, No. 6. —
P. 1-36.

Masood A., Ahmad K. A Model for Particulate Matter (PM2.5) Prediction for Delhi Based on
Machine Learning Approaches // Procedia Computer Science. — 2020. — Vol. 167, No. 2. — P. 2101-
2110. — DOI: 10.1016/j.procs.2020.03.258.

Montalvo L., Fosca D., Paredes D., Abarca M., Saito C., Villanueva E. An air quality
monitoring and forecasting system for Lima city with low-cost sensors and artificial intelligence
models // Frontiers in Sustainable Cities. — 2022. — Vol. 4. — 849762. — DOIL:
10.3389/frsc.2022.849762.
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MCMNONb3OBAHWE 3/ITEMEHTOB WCKYCCTBEHHOIO WHTE
MPOrHO3MWPOBAHWA COCTOAHMUA OKPYXAIWWEW CPE

MPUMOPCKOW TEPPUTOPUMU

[t it ¢s Bdeyd'deS s .

'®I'BHY «MHCTUTYT NPHPOAHO-TEXHUUECKHX CHCTeM», T. CeBacTomnoinb, Poccus
2dI'AOY BO «CeBacTonoibCKuii rocyIapcTBEHHbIH yHIBEpCHTET», T. CeBacTomnons, Poccus
S®OI'KBOY BIIO «UepHOMOpCKOE BBICIIEE BOSHHO-MOPCKOe opeHa KpacHoit 3Be3 bl
yunnuie uM. 1. C. HaxumoBay, r. CeBacromnons, Poccust

V3MeHeHne KiIMMara M aHTPOIIOTEHHOE BO3JCHCTBHE OKAa3bIBAIOT BCE 0oJiee ONIyTUMOE
BIIMSIHUE HA IPUMOPCKUE SKOCUCTEMBI. TOYHOE IPOTHO3MPOBAHNE COCTOSIHUSA OKPYXKAIOLIEH cpeabl
B OTUX PETHOHAX CTAHOBHUTCS KPUTHUYECKH BAXHBIM JUIS MPUHATHS OOOCHOBAHHBIX PEIICHHHA B
00J1aCTH yIpaBJIEHUs peCypcaMu, OXpaHbl IPUPOABI U alalTalluy K U3MEHEHHUIO KJIMMarTa.

Ha naHHBI MOMEHT CyIECTBYET MHOYKECTBO METOJMK, Ha OCHOBAaHMM KOTODPBIX CO3/aHbI
IIPOrpaMMHBIE HPOAYKTBI, CIIOCOOHBIE PACCUUTBHIBATH IIOJS PACIPOCTPAHEHMS 3arps3HAIOLINX
BEUIECTB B pAa3IMYHBIX KOMIIOHEHTaxX OKpykawled cpenpl. Haubomnplnee pacnpocTpaHeHue
MOJyYMJIM TIPOrpaMMbl pacyeTa pacHpOCTPAHEHUS 3arps3HAIOIIMX BEIIeCTB B arMocdepe u
runpocdepe. s mpoBeneHus pacyeToB TpeOyeTcs OOJbIIOE KOJTMYECTBO MCXOIHBIX NAHHBIX U
HE00XOAUMO JJIUTENbHOE BpEeMs MPOBEICHUS PacyeToB, BBICOKAs KBaJM(UKALUS CIELHaINCTa,
IIPOBOSAIIErO MOJIEIMpOBaHue. B oTiauune oT BhlllIeyKa3aHHOTO 10/1X0/1a IPUMEHEHHUE JIEMEHTOB
uckycctBeHHoro uHremiekta (M) nmo3Bosisier yuuThIBaTh CJIOXKHbBIE HEIMHEHHBbIE B3aMMOCBSI3U
MEXY pa3IMYHbIMU (DaKTOpamH, COKpaTUTh BpeMsl U OlepaTUBHOCTH IporHo3a (TyHakoBa u 1p.,
2012). CymiecTByIOILIME HUCCIENOBaHUSA AEMOHCTPUPYIOT 3HAYUTENbHBIM MMOTEHLMA MPUMEHEHHUS
NN nnis nporHo3upoBaHUsSl COCTOSIHMSI OKpy»Karouedl cpensl. OpHako ucnosbs3oBanue MU nns
KOMILIEKCHOW OLIEHKU COCTOSIHUS IPUMOPCKHUX 3KOCHCTEM OCTAETCS HEJOCTATOYHO M3YUECHHBIM.

[lenb paboTHI — OLIEHUTh BO3MOXHOCTH 3(PPEKTUBHOTO MCHOB30BaHus 31emMeHToB MW s
IIOCTPOECHHsI TPOTHO3a KAadyecTBAa OKPYXKAIOIIEW Cpelbl MPUMOPCKONW TEPPUTOPUM Ha IpUMEpe
KpaTKOCPOYHOI'O IIPOrHO3a KOHIEHTPALIUI 3arpsA3HSIONIET0 BEIECTBA B aTMOC(HEPHOM BO3/yXeE.

B pamkax uccienoBaHus ObUT IPOBEAEH aHAIN3 JTAHHBIX HAOIIOEHUH, TPOBOIUMBIX C MapTa
no OokTs0pp 2024 1., coOpaHHBIX C TOMOIIbI KomIiuiekca «Merteollo3op», pa3paboTaHHOTO
CeBacTONOJIBCKUM TOCYAAPCTBEHHBIM YHHUBEPCUTETOM HAa OCHOBE HEAOPOTUX JATYMKOB KOHTPOJIS
OKpyXarolen cpenbl. M3 aHann3a NpUMEHSEMBIX COBPEMEHHBIX HEMpPOCETEBBIX APXUTEKTYp AJIs
ucclieloBaHusl ObUIM BbIOpaHbl HauOosiee MOAXOAALIME Ul PELIeHHs IOCTaBIeHHOM 1enu. B
KauecTBe OCHOBHOM OmbOnnoTtexu Obuta BhIOpaHa Nixtlaverse, koTopas COCTOMT M3 OMOIMOTEK C
OTKPBITBIM HMCXOJHBIM KOJIOM, pa3paOOTaHHbIX JJS CO3JAaHUS KOMIUIEKCHOTO IEepeOBOTO
MHCTPYMEHTapHsI MPOTHO3MPOBaHUs BpeMeHHBIX psaoB (Benidis et al., 2022).

PesynpTaThl MccieoBaHMS TMO3BOJAT  pa3paboraTh 3((EKTUBHBIH HHCTPYMEHT JUis
MOHHUTOPHUHTA U POTHO3UPOBAHHUS COCTOSHUS OKPY’KaIOIEN Cpeibl TPUMOPCKOM TEPPUTOPHUH.

Crnrcok UCOIb30BaHHON JIUTEPATYPHI:

TynakoBa 10. A., larunynnuna P. A., HosukoBa C. B., IlImakoBa lO. A. Ouenka
BO3JICHCTBUS MOJMMEPHBIX POU3BOJICTB Ha OOUIMI ypOBEHb 3arps3HEHUs aTMOc(epHOro Bo3Iyxa
(na mpumepe r. Hiwknekamcka) // Bectauk Kazanckoro texHosoruueckoro ynusepcutera. ¢ 2012.
—T. 15, Ne 12. - C. 76-79.

Benidis K., Rangapuram S. S., Flunkert V., Wang Yu. et al. Deep learning for time series
forecasting: Tutorial and literature survey // ACM Computing Surveys. — 2022. — Vol. 55, No. 6. —
P. 1-36.
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TEHAEHUVWWN W3MEHEHUWA KOHOEMHOPHAHIXNNOHOB B
PAPOAHbBIX BOAAX ABYX MANbIX PEK A3UWATCKOW YA
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rdeoOyyj 8,0 jredddos o . ¢ .
1®I'BY «MHCTUTYT rI06aIBHOrO KIIMMAaTa M SKoJIoruu uM. akaz. FO. A. M3pasnsa», r. Mocksa
2OI'bYH «Muctutyt reorpaduu Poccuiickoii akageMun Hayk», T. Mocksa
zhigacheva@igce.ru

n

B pamkax nesarenbHocTH mporpamMMmbl CeTH KUCIOTHBIX BblMajeHUd B BoctouHou A3zuu
(EAHET) na nByX MalblIX peKax, pacHojoKeHHbIX B Asuarckoil vactu Poccum, Bemyrcs
MOCTOSIHHBIC HAOJIIOJICHUS 32 XUMHUYECKMM COCTaBOM IMOBEpXHOCTHBIX BoJ ¢ 2007 roma. Peka
[lepeemnas mnpuHamnexutr OacceliHy o03. baiikan. Btopas peka — KomapoBka (craHmus
[Ipumopckas) — pacrnonoxxena B [IpumMopckoM Kpae ¥ IpUHAUICKUT Oacceliny SMOHCKOTO MOpA.
MHorosieTHUE HAOTIOACHHS TO3BOJISIOT OLEHUTh THHAMUKY H3MEHEHUS COCTOSIHHSI 3arPsi3HCHHMSL.

Tak xak oTOOPHI MPOO BOABI B pekax mpoBoasaTcs Toybko 4 (Ilepeemnas) nmu 5 (Komaposka)
pa3 B rofl, 3TO 3aTPyIHSET TOUHBIA pacyeT MOTOKOB BHIHOCOB HaOJI0O/aeMbIX BemlecTB. [loaromy
OLIEHKa U3MEHEHHSI XUMHUUECKOT'0 COCTaBa BOJIbI PEK MPOBOJUTCS 1O KOHIICHTPAIUSM BEIIECTB.

[To ocpemHeHHBIM 3a TATWICTHUE TEPUONBI JAHHBIM OTMEYACTCS, YTO JIJIsi OOJBIIMHCTBA
OCHOBHBIX 3arps3HSIONINX BEIIECTB 3HAYEHHS KOHIIEHTpalMii Bbllie B Bojgax p. KomapoBka, 4to
O0COOCHHO TIPOSIBIISICTCS JIJIT aMMOHUS, XJIOPUIOB U HUTPHUTOB. [Ipu 3TOM OoJiee HU3KHUE 3HAYCHUS
pH naGmogatorcs Ha p. Ilepeemuoii. B mepuom 2014-2018 na p. KomapoBke Habm0manoch
MOBBIIICHUE KOHIICHTPAUN CYIh(aTOB U HUTPATOB, YTO OTPA3HIIOCHh B CHW)KCHHMH 3Ha4YeHU pH B
stoT nepuo. s [lepeemHO# B 11€710M XapaKTEpHO MEHbIIIE MPOSBICHHE N3MEHEHUN.

[0) B KomapoBka B KomapoBka o NOF ©o ®Komaposka
) pH 1408 ) SO%w 408 ) NOF

7.5 B [TepeemHas = [TepeeMHas ; B [lepeemHas
7,0 5120 520
I I = I =
2009-20132014-20182019-2023 2009-2013 2014-2018 2019-2023 2009-2013 2014-2018 2019-2023

Pucynok 1 — CpaBHeHue cpeHUX NATHIETHUX 3HaYeHU nokaszarens pH (a), KoHIeHTpauuit
cynbdaroB (Mr/i) (6) u HuUTpaTOB (MI/11) (B)

JI1sl OLlEHKM HaIW4YXs TPEHJ0B U3MEHEHHMM KOHIIEHTPALMM OCHOBHBIX MOHOB JJIA 3a 15-TH 1
10-Tu netHue nepuoAbl ObUIM MPOBEACHBI HellapaMeTpuieckuil Tect ManHa-Kennanna u kputepuit
HaksoHa CeHa psaoB HabmoxaeHus npu nomoiu Excel madbnmona MAKESENS (Salmi, 2002). Ha
KomapoBke cTaTHCTHYECKM 3HAa4MMbIe BO3pAcTalOIIMe TPEHAbl HAOMIOJAUMCh JUIsl KaTHOHOB
HaTpusl, Kanus 1 Kanblud (3a 15 ner). Tpenabl cHUXEeHHs] KOHIIEHTpaIiil HaOIrogaluch sl HOHOB
aMMOHH$, HUTPUTOB, a Takke i nocaeanux 10 ner — y HutpartoB. [ IlepeemHol onpeneneHo
TOJIBKO 3aMETHO€ CHMKEHUE KOHIEHTpaluid aMMOHHMS W HeOOJbIIOE BO3pacTaHHe CYiIb(haToB.
W3MeHeHns KOHLEHTpalMil APYruX HOHOB BapbUpPOBAINCH JIOCTATOYHO CHUJIBHO 34 IEPHOJ
Ha0JII0/IeHNs, YTO HE MTO3BOJIUJIO BBISIBUTH CTATUCTUYECKH 3HAUMMBbIX TPEHJIOB.

UccnenoBanue BbimonHeHo B pamkax Tembl HUOKTP AAAA-A20-120013190049-4
«Pa3BuTHE METOJOB M TEXHOJOTMH MOHMTOPHUHIA 3arps3HEHHs] MPUPOJHOW Cpenbl BCIEICTBUE
TpaHCcTpaHUyHOTO TiepeHoca 3arpssHsaoomux BemectB (EDK OOH: EMEIL, MCIT KM) u
KUCIOTHBIX BbinageHnii B Bocrounoit Aszun (EAHET)». Onenka maHHBIX HAOMIOACHUH CIeTaHa B
pabotax no 'oczaganuto FMWS-2024-0009 Ne1023032700199-9 Uncturyta reorpadpun PAH.

Cnucok uCnob30BaHHOM JTUTEPATYpPHI:

Salmi T., Méaittd A., Anttila P., Ruoho-Airola T., Amnell T. Detecting Trends of Annual
Values of Atmospheric Pollutants by the Mann-Kendall Test and Sen's Slope Estimates — the Excel
Template Application MAKESENS. — Helsinki, Finland: Finnish Meteorological Institute, 2002.
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MCCNEOOBAHMWE KOMIMNOHEHTHOIO COCTABA TNPUWOPWUTET
rAZOBOIro tonnumBA AnAaA PA3IPABOTKWMW HAUWMOHAI
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1 ddaL B 2% ¢ D2 ¢z fiz B &%
1000 «IMHT», r. MockBsa, Poccus
2OBI'Y «UT'KDy, r. Mocksa, Poccust
3oI'bOY BO MAJIU, . Mocksa, Poccust
a_ilin@ntwec.ru

3amaya 0 pa3pabOTKe HAMOHATBHBIX K0P PHUIHEHTOB BEIOPOcOB CO2 OT CXKUTaHUST BEIOOPOTHBIX
BHJIOB Ta30BBIX TOIIMB ObLTa IMOCTAaBJICHA W BBIMOJHEHA B pamMkax mpoekra BUIIL '3%2. Ha ocHoBe
HKCIEPUMEHTAIBHBIX M PACUETHBIX JaHHBIX (pacdyeTHasi MOJeJb) IPOBEIECH aHAIU3 COCTaBa BbIOPAaHHbBIX
BHJIOB Ta30BbIX TOIUTUB: CKIDKEHHOTO MpupoaHoro raza (CIII'), KoMIpuMHpPOBAaHHOTO IPUPOTHOTO ra3a
(KIIT'), cxwmxennbix yrieBogoponubix razoB (CVYI), momytHoro nedrsnoro raza (ITHIY), koropsrii
MIO3BOJIMJI PACCUUTATh CBOICTBA JAHHBIX TOIUIMB, OLIEHUTh MCCIIELyeMble apaMeTpsl U KO3 PUIHUEHTHI
BBIOPOCOB B HATYPAIBHBIX M SHEPTETHUSCKUX eIuHUIAX B iepuoa ¢ 1990 mo 2022 rr.

[IpoBeneHn aHamu3 PHIHKOB MPOM3BOJACTBA W TOTpeOieHMsT Ta3oBbiX TomuB (1990-2022 rr.),
XapaKTEPUCTHK TEXHOJIOIMYECKUX MPOLIECCOB, UCIOIB3YEMBIX Ha NPEANPUATUAX-TIPOU3BOAUTENSIX PO,
CYIIECTBYIOLINX OIPAaHUYCHUI 1O BHIPAOOTKE T'a30BBIX TOIUIMB, a TAK)XXEe 00bEMOB JOOBIUN U TOJIE3HOM
yrunuzanuu [THI'. B kauecTBe OCHOBHOTO MCTOYHHMKA JAHHBIX MCIIOJIb30BaHbI CTATUCTUYECKHE (DOPMBI,
cobupaemsie IIJIY TOK, B nomosnnenue ucnonb3oBanack MH(popmaius EnuHoil MexBe1OMCTBEHHOM
nHpopmanmonHo-cratuctudeckoit cucteMbl (EMUCC), unpopmaliMoHHO-aHATUTHYECKUX areHTCTB U
oumanbHBIX OTUETOB HedTenepepadaThIBAIOIIUX KOMIAHWH, AaHHble DenepanbHOM TaMOXKXEHHOM
CITY>KOBI.

Enunoro wucrounmka wunpopmammu o cocraBe KIII, CYD' wmm IIHI' nmo npeanpusitusm-
MIPOU3BOJUTENSAM HE CYILIECTBYET, B CBA3M C uYeM pacuer cocrtaBa u cBoictB KIII, CYI un
noarorosienHoro ITHIT ocymecTBnsncs no enuHoMmy mnpuHUMIY. [l JAQHHBIX Ta30BbIX TOIUIMB
OMOPHBIMHU JAOKYMEHTaMH Juisl pacueTHON monenu crainu 'OCTeI, pernmaMeHTHpyOIue CBOMCTBA WK
COCTaB COOTBETCTBYIOILEro razoBoro tomnusa. Mckmouenuem cran CIII', pacuer coctaBa KOTOpOro
MIPOBOAMJICS Ha OCHOBAHUU JAHHBIX O KaXXJIOM MpennpusTuu-npouspoaurene. C moMouIbl0 pacyeTHOM
MOJIeNIM CHayana (OopMyJIUPOBAINCH TEOPETHUECKH BO3MOJKHBIE JIETKHE W TSKENble C TOYKH 3pEHMS
BBIOPOCOB  YITICKHCIIOTO Ta3a COCTaBbl Ta30BBIX TOIUIMB B COOTBETCTBUM C OTPAaHUYCHUSIMH,
HaknagsiBaeMbiMu ['OCT. Jlns yTouHeHus: KpalHUX 3HAYEHUH B cocTaBax ObLIM cOOpaHbl 0a3bl JaHHBIX
no Buzam tommmB (KIII, TIHI' m kaxmoit wu3 tomnmuBHOM Mapok CVYI no kpymHeHmmm
npou3BoaUTENSIM). ba3bl JaHHBIX ObUTM HEOOXOIUMBI I JJOKA3aTeNIbCTBA KOPPEKTHOCTH Iepexona K
pacdery, OCHOBBIBAIOIIEMYCSl Ha KpalHUX BO3MOXHBIX COCTaBaX TIa30BbIX TOIUIMB COIJIACHO
HOPMAaTUBHOM JNoKyMeHTauuu. OJHOBPEMEHHO C YTOYHEHHEM ObLI OCYIIECTBIEH mepexol K 95%
JIOBEPUTEIIBHOMY HWHTEpBaly IyTeM IPOBEPKU IIONAJaHUsl CBOWCTB TOIUIMBA, IPEICTABICHHOIO
rmacrnopTamMM KauecTBa B 0a3ax JaHHBIX B MHTEpBaJIbl, 0003HAYEHHbIE YTOYHEHHBIMHU JIETKUMHU U
TsOKeIbIMU cocTaBaMU. Ilockonbky Bce TOIUIMBA, BBIIyCKaeMble Ha Teppuropur Poccun 00s13aHbI
cootBetrcTBoBaTh ['OCT, 3T0 MO3BOJIAET pacMpuTh MOKphITHE pacueToM g0 100 %.

HeompeneneHHOCTh pacueTa Ta30BBIX TOIUIMB OIEHUBAJIACH UL JBYX COCTABIISIOLINX:
HEOIPEeICHHOCTH pacueTa cocTaBa M CBOMCTB. PaccumTaHHble 3HAUCHHMS HEONPEAETICHHOCTEH
K03 UITMEHTOB BBIOPOCOB HE MpeBbImaroT 2,5% (kpome ITHI'). Haubonee yriiepoioeMKIM TOTIITMBOM
apnsiercs CYT, 3a xoropeim cnenyer CIII, KIII' u ITHI'. 3nauenust momay4eHHBIX KO3()(UIIHMEHTOB
BbIOpocoB i CIII' u KIII' 65u3ku k kKoapduiueHTam no yMOIYaHUIO U3 PYKOBOASIIMX MPUHIUIIOB
MIDUK 2006 r., s CYT — oTnnyaroTcst, 01HAKO pe3ynbTat kKoppektHee uist Poccuiickoit @eneparyu,
s noarorosieHHoro ITHI™ koadduunenTs! onpeneneHsl BIEpBhIE.

2 BaxkHelnuii MHHOBAIIMOHHEIH IPOEKT rOCYIApCTBEHHOTO 3HaYeHus, Pacnopsixenue [pasurenscTBa Poccniickoit
Oeneparun ot 29.10.2022 1. Ne3240-p «O06 yTBEp>KISeHIUH HHHOBAITMOHHOTO MPOeKTa «EaMHas HalMoHaIbHAs CHCTEMa
MOHHUTOPHHIA KIIMMATUYCCKH AKTUBHBIX BEIICCTBY
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O BO3MOXHOCTWN BNKDBBITUAHBALA /THAWHbLSA HA
MOTEHUWMANTbHY KO MNQEKMOETDb MOMNYNdAUmwmm M

Y BEPEIFOB KPBbBIMA

SOLOEC 89O R. R.

OI'bHY «MHCTUTYT IPUPOAHO-TEXHUYECKUX cUCTEM», I'. CeBacTonoib, Poccus
ikazani@bk.ru

HccnenoBanue MOTEHIMAILHON MOMOJIHAEMOCTH YepPHOMOPCKOM momyisiuu Muauu Mytilus
galloprovincialis ¢ moMompl0 KOHTPOJIBHBIX YHH(MDUIIMPOBAHHBIX CYOCTPAaTOB, IOBEPXHOCTH
KOTOPBIX OblIa MPEICTaBlIeHa HUTYATBIMKU CTPYKTypamMu Obuta Hayata Hamu B 2008 r. (Ka3ankosa,
2015). Panee Takumu cybcTpaTaMu ObUTH TJIJKUE CTEKJISTHHBIE TIacTUHKH ([{onromnonbckas, 1954;
Typnaesa, 1958; bpaiiko, 1985).

DKCHO3UIIAI0 CyOCTpaTOB MPOBOAMIM B OTKPBITHIX OyxTax FOkHoro 6epera Kpreima (OyxTa
JlacnuHckas Oyxta, ['omyOol 3anMB) M TONY3aKpHITOM akBatopuu y OeperoB CeBacTomonist Ha
TOPU30HTAX TITyOUHBI OT ABYX A0 15 M.

OcCHOBHbIE 3aKOHOMEpPHOCTH, IIOJyY€HHblE HaMU IMpU HU3MEPEHUM IOTEHIUAIbHON
MOTIOJHIEMOCTH, CIEAYIOIIHE:

— Ha KOHTPOJIBHBIX CyOCTpaTax C BOPCHCTOW IMOBEPXHOCTBIO UYHCICHHOCTH IMOCTIMYUHOK
MUIUH, CHOPMUPOBABIIUXCS U3 OCEBIIMX JTUYUHOK, [TOUYTH Ha MOPSIOK BBIIIE, YEM HA CTEKIISTHHBIX
IJIACTUHKAX;

— B nenom y lOxnoro Oepera Kpeima (manee — FOBK) norenuumanbHasi momoiHsIeMOCTh Ha
MOPSIIOK BBIIIE, 4eM Y 6eperoB CeBacToIos;

— B paifone FOBK ¢ riyOuHo#i HaOm0AaeTCs yBEIMUeHNE TOTEHIIMATBHON MOMOIHAEMOCTH, Y
6eperoB CeBacTorouis Takasi 3aKOHOMEPHOCTh HE BBISBIICHA;

— MAaKCUMaJIbHbIE 3HAUEHUs MOTEHUUAIbHON TIOMOJHAEMOCTH 3a TOJIOBBIE MEPHObI
ormeuvaroTcsi y KOBK Tombko B mepBoil mojioBUHE roja — C sSHBaps MO HWIOHb, y Oeperos
CeBacromnos — Kak BECHOU (MapT — UIOHb), TaK U OCEHBIO (OKTIOPh — AeKadphb);

— B TeIUIbIM nepuoj roga (Miojab — ceHTA0pb) y OeperoB CeBacToIois MOCTINYMHKN MUIUN
Ha KOHTPOJIbHBIX CyOCTpaTax MOJHOCTHIO OTCYTCTBYIOT;

— JJI1 HWCCIEIOBAaHHBIX pPaliOHOB XapaKTepHa 3HAYUTENbHAs MEXIoA0Bas HM3MEHYHUBOCTh
MIOTEHLIMAJIbHON MOMIOIHIEMOCTH.

B 2017-2022 rr. w3y4aJii W3MEHUYMBOCTh TOTECHIIMAIBHOW TIOMOTHIEMOCTH TMOMYJISIIUH
MUJMU U TEMIIEPATypHBIX YCIOBHUH B MOBEPXHOCTHOM CJIO0€ MOpsS BOJM3HM BBIXOJA U3 ICTyapHOU
30Hbl CeBactomnosns. bpiio mokasaHo, 4TO B XOJIOJHBIE MEPUObI, a UMEHHO ¢ HosiOops 2017 mo
anpenb 2018 u ¢ Hos0ps 2021 no ampens 2022 r. HaGMIOJANINUCH BBIpaKEHHBIE OTPULIATENIbHBIE U
CJ1a00BBIPAKEHHBIE IMOJIOKUTEIIbHBIE AHOMAJIUU CPEAHEMECSIYHBIX 3HAUEHUH TeMIepaTypbl BOABI.
IIpu »toM BecHoit 2018 wm 2022 rr. ObUIM OTMEYEHbI BBICOKME 3HAYEHHUS MaKCUMaJbHOU
IMOTEHIIMAJIBHOM IOMOJIHSIEMOCTH, Ha MOPANOK IpeBocxopsamme TtakoBele B 2019 u 2020 rr., B
XOJIOAHBIN MEePUO KOTOPBIX HAOIIOAATHUCH TOIBKO MOJI0KHUTEIbHBIE TEMIIEpAaTyPHbIE aHOMAJIHH.

Kak ompeneneno B (Amapeea, 2023), B 2017-2018 u 2020-2022 rr. Obut OTMEYEHBI
cooriTus Jla-Hunbg, a ¢ xonma 2018 mo magano 2019 r. — Dnp-Huaro. B ¢BA3M ¢ 3TUM MOXHO
MIPENIOJIOKHUTD, YTO TJI00ATbHBIE MPOLECCHI, TPOUCXOSAIINE B CUCTEME OKeaH-aTMocdepa, BIUAs
Ha YEPHOMOPCKHMI PETHOH, BBI3BIBAIOT U3MEHEHHUs B 3KocucTeMe UepHOro Mops, KOTOpBIE, B CBOIO
ouepe.ib, BIUSIOT Ha MOTEHIUAIBHYIO MOMOIHAEMOCTh YEPHOMOPCKOM MOMYISIIUN MHUINH.

CnHcok UCIOIB30BaHHON JTUTEPATYPBI:

AnnpeeBa H. H., Bockpecenckas E. H., Mapuykosa O. B. O BO3MOXHOCTH BIUSHUS Diib-
Hunpo-FOxHOe KonebaHne Ha MHTEHCHUBHOCTh pOCTa (QHUTOMAcChl B NPUOpPEXHON 30HE
Cesacromoss // CucteMbl KOHTPOIISI OKpyxkarorieit cpeapl. — 2023. — Ne 2. — C. 27-35.

KazankoBa U. U., llypo C. B. Crnoco0® u3ydeHHs MOMOIHSEMOCTH IMOCEIEHUN MUINH,
MUTWISACTEpA U aHaAapbl B mpuOpexxHoi 30He YepHoro mops: mateHT 2548105 PD. MIIK AO1K
61/00Ne2014150175/93/ mnarenroobnanarens @PI'BYH «HCTUTYT MOpPCKHX OHOJIOTMYECKHX
uccnenoanuii umeHu A.O. Kosanesckoro PAH». Omy6:. 10.04.2015, bron. Ne 10.
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35KONOTMYECKOE COCTOYHWE PW3OCOPEPbL APOBOWN MAT |
sdmjdy a0 ¢. ¢ . , Zkdzd S5 1.1
®I'BHY «Omckmit AHIL», . Omck, Poccus
veybender@mail.ru

Ananu3 pusochepHorr MUKPODIOPHI IPOBOIMIA B TIOYBEHHBIX 0Opa3iiax, oroOpaHHbIX B 2023 1.
Ha MEJIKOZICJSTHOYHOM TIOJIEBOM OTIBITE, PACIIONOKEHHOM B Ipeaenax ropoga OMck (F0KHas JI€COCTETb).
UccnenoBano BinusHue OuonpenapatoB Muszopun (Arthrobacter mysorens 7) u ®naBoOakTepuH
(Flavobacterium sp. L-30.) (mpouzsonctso BHUCXM, r. Canxrt-IletepOypr, Ilymkun) Ha MUKpOOHBII
[IEHO3 pr30Cc(hephl HOBBIX COPTOB CEILCKOXO3SIMCTBEHHBIX KYIBTYP OMCKOW CEJICKIIUH SPOBOW MSATKOU
mmenntbl Omckas 42, Omckas 44, Tapckas 12. Onpenenenue puzochepHoit MUKPOGIOPHI MIIEHUIIBI
BBITIOJHSJIA C TIOMOIIbIO BbICEBA Ha IUIOTHBIE TNHTATENbHBIE CpeAbl: MUIIYCTUHOW — JuId
onUroHuTpoduIoB — passenenue 10°; cpema Mypomuesa — I'eppercena — I MHKpPOOPTaHH3MOB,
MOGHITH3YIOIMX MHHEpasbHbIe Bocharsl — passeneane 10° (Termep, 2004).

B Bapmantax ¢ npuMeHeHHWeM  OuWONpenapaToB, YHUCICHHOCTh  OJUTOHUTPO(UIIOB,
MHUKPOOPIaHU3MOB, MOTPeONAIONMX a30T arMocdepsl, Bo3pactano. Haumbomee BbicOkuM ObLIO B
BapHaHTax C MpUMEHEHHeM Ouornpenapara Muszopun Ha mmeHune Omckas 44 cocraBnss 44,8 MiH
KOE/r coorBercTBeHHO (mipu ypoBHe Ha KoHTpoie 34,2 mun KOE/r ), mpu npumeHeHun npemnapara
®dnaBobakTepuH Ha mmeHune Tapckas 12, cocrapnss 35,7 mma KOE/T, npu ypoBHe Ha koHTpose 27,6
wiH KOE/r. Ctumynsiust pocta OJUTOHUTPOQHIOB IPU MPUMEHEHUN WHOKY/ISIMY, BUAMMO, CBsI3aHa C
yAyYIIEHHEM a30THOTO MUTAHMS PACTEHHH 3a cyeT (PUKCAMU ero OaKTepUsMHU M3 BO3AyXa, B UTOTe
KOpHEBasi cucTeMa 0oJiee MOIIIHAs, YBEJIIMUUBACTCS MOTpeOIeHne a3oTa B puzocdepe, 4To CnocoOCTByeT
Pa3BUTHIO OJIUTOHUTPO(HIIOB, JOBOIBCTBYIOLIMXCS OCTATOYHBIM KOJIWYECTBOM JOCTYITHOTO a30Ta.

& KoHTDpOIb Mmu3zopun draBobakTEDUH
40 - " - - T
=T =

-10 Owmckas 42 Tapckas 12 Owmckas 44 Owmckas 42 Tapckas 12 Owmckas 44

OnuroHuTpOoOUIHI ®dochopomobuIH3yIOIITHE
Pucynok 1 — UnciieHHOCTh MHKPOOPTaHU3MOB B pu30oc(hepe pa3iniyHbIX COPTOB MIICHUIIBI TPH
nHokyisinuu, MitH KOE/T, roxknas necocrens (1. OMcK)

YucneHHocTs  (ochaTMOOMIM3YIONMX ~ MHUKPOOPTaHM3MOB  JIOCTOBEPHO — BO3pacTaia IpH
MPUMCHCHUUN q)HaBO6aKTepI/IHa Ha BCCX COpTax IMUIICHUIBI, YBCJIUYCHUC 110 OTHOUICHHUIO K KOHTPOJIO
cocraBwio oT 19 u 86%, ¢ HanbonbmumK 3HaueHUsMH y copTa Omckas 44 (50,9 mun KOE/r npu
ypoBHe Ha koHTposne 27,3 mun KOE/r). [Ipu npeamnoceBHoit 06padoTke ceMsH MU30puHOM OTMEUYeHa
JIMIIb TEHICHIHUS YBEIUUCHHsSI TECTUPYEMOI TpYIIibl, TOIBKO B BapuanTe OMckas 44 Habnromasics ux
BCieck Ha 32% OTHOCHUTENbHO KOHTPOJIsA. MHOKYISIMS — acCOIMATUBHBIMEH  IUa30Tpodamu
HOJIO)KUTENIBHO BJIMSAET HA YHMCICHHOCTH (ochaTMOOMIN3YIOIUX MUKPOOPTAaHU3MOB M KOJIMYECTBO
nonBxHOTO (hocdopa B puzochepe kynbryp (benmnmos, 1990).

IIpumenenne MmusopuHa B I[OCEBaX  MATKOM  NIIEHHULBI  CTUMYJIHPOBAIO  POCT
omuronuTpopminoB Ha 20% numb y mnmeHunsl Omckas 44. @ocharMOOMIU3YIONIYIO TPYIILY
MHUKPOOPIaHU3MOB aKTHUBH3UpPOBaslo NpuMeHeHne dnaBobakTepuHa B puzocdepe coptoB Omckas
42, Omckas 44 vHa 81-86 %.

HccnenoBanue BBIMONMHEHO 3a cueT rpaHta Poccuiickoro HaydHoro (ouma Ne 23-76-10064,
https://rscf.ru/project/23-76-10064/.

Crnucok uCnoab30BaHHOM JIUTEPATYpPHI:

benumos A. A. 3¢ (heKTUBHOCTh HHOKYIIALIUY SYMEHS CMEIIaHHBIMU KYJIbTypaMu
n1a3oTpodoB: aBToped. Auc. ... KaHa. Ouoi. Hayk / bemumoB A. A. —JI., 1990. — 20 c.

Tenmnep E. 3. Ilpaktukym no Mukpobuonoruu yuebHoe nocobue it By3oB / E. 3. Tenmnep, B.
K. [MunpaukoBa; o pexd. B. K. [lunsauKOBOM. — 5-€ u3A., nepepad. u pon. — M.: [Ipoda, 2004. —
256 c.
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AKKYMYNAUNA NMONMNUNKAWYECKNMNX APOMATUWYHECKWUX YT
B MOYBAX N PACTEHWNMAX TTOPHbBLIX TYHAP MNONAPHO
QKONOIr MYUECKWMNE N TOKCUKONOIr HUECKWME ACIHMEK'
ststesdzyld fCtodzj 900 ka zrQdgtad Siso O . )
rOdzc ztetso 1rQdes.Cltso ¢ .
"Nucruryr 6uonorun Komu HaydHOTo HeHTpa YpaabcKOro OTAeIeHHUs
Poccuiickoit akanemuu Hayk, T. CoIKThIBKap, Poccust
korolev.m@ib.komisc.ru

Paiion wuccnenoBanuii Haxomutcs B ropHoi 3oHe [lomspuoro VYpama (xpeber bombmioi
[Madimyaeiackuid, 67°13'33.3"N; 65°38'04.8"E) u xapakTepu3yeTcsi BBIXOJaMU HUKHEICBOHCKUX
MpPaMOPHU30BaHHbBIX M3BECTHAKOB. OOBEKT M3y4YEeHHs — MOYBHI MOBHANBHON (6-11Y), TpansutHo-
akkymyastuBHou (3-I1Y, 5-IT1V, 7-I1Y, 8-11Y) u akkymynstuaou (2-11V, 1-I1Y) nmozummit 1,5-
KWJIOMETPOBOW KaTeHbl. BbIABIEHHOMY pa3HOOOpa3Hui0 TUIIOB U MOJTHUIIOB IOYB CIIOCOOCTBYET
coueTaHue  JaHAMAPTHO-TeOMOP(HOIOTUYECKUX  YCIOBHH U crneuuukud  KapOOHATHBIX
nouBooOpasyromux mopos (Illampuxosa, 2020).

Onpenenenue conepxkanus IIAY B mouyBax M pacTeHUsX BbINOAHAIM MeTtogoMm BIXKX.
Okcrpakuuto [TAY npoBoaunu MeToaoM ycKOpeHHOM skcTpakuuu pactBoputensimMu (ASE) uz 1 r
oOpa3na cMmechio xjopucTbiii MeTwmiieH:aneton (1:1) mpu 100°C. DkcTpakThl KOHLIEHTPUPOBAIIH,
pacTBOpUTENIb 3aMEHSUIM Ha rekcaH. OYHCTKY OT HpuUMeced OCYIIECTBIISUIM KOJIOHOYHOU
xpomaTorpadueid Ha OKCHJIe aJIOMUHUS C HCIIOJIB30BAHHEM CMECHU T€KCaH:XJIOPHCTHII METHIICH
(4:1). AHanu3 OYMILEHHBIX KOHILEHTPaToB BbINOAHSIM MeTrogoM BOXX. Kontpons TOuHOCTH
MIPOBOMIIN C IPUMEHEHUEM CePTHPHUIIMPOBAHHBIX CTaHIAPTHBIX 00pa3IOB.

Conepxanne [TAY B HazeMHOH OMoMacce pacTeHU Y9acTKOB KOJICOJIeTCs B quamna3oHe 35—
110, B mouBax — 6-190 mkr/kr. buomacca xapakrepusyercs npeobnaganuem jerkux [1IAY (97—
100% ot obmeii cymMmel), 3a uckimodeHrem ydactka (2-11Y) (80%). CoctaB Ha3eMHOW OMOMACCHI
OKa3bIBa€T 3HAYMUTEIBHOE BO3JCiiCTBHE Ha coxepkaHue IIAY B mouBax. OTO MOATBEpKAAET
mojio0Me KavyeCTBEHHOTO COCTaBa M TECHas CBsI3b COAEpPXKAHMST MHAMBHUIyalnbHBIX [IAY
OpPraHOT€HHBIX TOPU30HTOB U OMOMACCHI COOTBETCTBYIOIIUX YYaCTKOB R? = 0,79-0,97 (P = 0,95),
KOTOpasi IMOCJIeIOBATEIILHO CHIKACTCS ¢ TIyOWHOW B HIDKENEKAIICH TOJIIe R? = 0,57-0,87 P =
0,95). B nouBeHHBIX mpoduIIsiX, KpoMme nATHa Ha yyacTke (6-11Y), HaGmonaercs Hakoruienue [1AY
B OpraHOTeHHbIX Topu3oHTaXx. M B mouBax, M B pacTeHUsX JOMUHUpPYIOT Jerkue [IAY,
MIPEUMYILIECTBEHHO HAQTAINH U (PEHAHTPEH.

Tsoxenvie [TAY, Takue kak OeH3[a]nupeH, 001a1aI0T KAaHIIEPOTCHHBIM JIEHCTBUEM U OTHECEHBI
B P® k I knaccy omacHoctu. IIJIK Gens[ghi]nepuien B mousax coctaBiseT 20 MKI/KT, OJHAKO B
O6momacce W mouBe ydactka 2-I1Y coaepanue 3TOro KaHIleporeHa JOCTHUTAaeT 6,3 MKI/KT.
broakkyMyI1iMsi TOKCUKQHTOB B CHCTEME «I10YBA-PACTECHUE-KUBOTHOE» IPEICTABIISET PUCK JIA
arponpoMbIIUIEHHOro Komiuiekca KpaitHero Ceepa, y4dWThIBasg pPOCCHUWCKUM  PETJIAMEHT,
OrpaHUYMBAIOLINI cosiepkaHue OeH3[a]nmupenHa B Msice U MACONPOIYKTax 10 | MKI/KT.

TpeOyeTrcsi perynspHbli MOHHUTOPUHT HakoruieHuss [IAY B mouBax u pacTUTEIHHOU
MPOAYKIMM TEPPUTOPUU JUIsI KOHTPOJS HX BO3MOYKHOIO MOCTYIUIEHUS O IHILEBBIM LEMSIM B
OpraHM3M J>KMBOTHBIX M 4YelloBeKa. B nanpHelleM IIaHMpPYeTCSd H3YYHUTh COCTaB MBIIIEYHBIX
TKaHel oneHel Ha conepxkanue [1AY.

WccnenoBanust BBIMONHEHBI B pamkax rpanta PH® Ne 24-27-00231 «KapOonaTHbIe
MIOYBEHHO-MEP3JI0THBIE reocucTeMsl [lonsipHoro Ypana: nmonurenes, 3BOIOLMS, KIacCU(UKALTUS.

Crucok UCoab3yeMon JTUTepaTyphl:

Mampuxoa E. B., XKaurypos E. B., Kymoruna E. E., Koponés M. A., Kyoux O. C.,
TymanoBa E. A. [1ouBbl 1 MOYBEHHBIE TOKPOBLI TOPHO-TYHAPOBBIX JaHamadgToB [lonspHoro Ypana
Ha KapOOHATHBIX MOpOJax: pazHooOpasue, Kiaccuukaius, pacupeneiacHue yriepoaa u asora //
[TouBosenenue. — 2020. — Ne 9. — C. 1053-1070.

129



sdMmlsjd Chodsttdy SR 05 j2 fMejH’

3AKOHOMEPHOCTW CBA3W BEIFTETAUMOHHOINO WHAEK
C MPU3EMHOMN TEMNEPATYPOW N OCALKAMMU
stcOMmMsoaMeOw | . 4., ItMmCtej Mj dzMC OW
OI'BHY «MHCcTUTYT IPUPOAHO-TEXHUYECKUX cucTeM», . CeBacronois, Poccus
VladislavaKrasovskay@gmail.com

N3meHeHne kiMmara OKa3blBaeT 3HAYMTENIPHOE BIMSHHME HAa PACTUTENBHOCTH KpbIMCKOro
nosryoctpoBa. [IoBbIIIIEHHE TeMIIEpaTyphl U YMEHBIIEHUE OCAIKOB OCOOCHHO B JIETHHIA CE30H MOTYT
npuBecTH K TpaHcopmanum skocucteMm perumona (Hduayx, 1992; Tpanchopmanus, 2010), yro
MPOSIBJISICTCS. B M3MEHEHUU CTPYKTYpPhl pacTUTENbHOCTH. OAHUM U3 KIIOYEBBIX HHIUKATOPOB
peakuuu pacTUTEIBHOCTH HAa KIMMATUYECKHME W3MEHEHMs SIBJISIETCS HOPMAaJU30BAHHBIN
pasHOCTHbIM  BererauMoHHbIl uHAekc (NDVI), koTopblii  JAEMOHCTpUpPYET  KOJIMYECTBO
(hOTOCHHTETHYECKH aKTHUBHOW Oumomacchl. M3ydenue cBs3u NDVI ¢ meTreoposiorudyeckumMu
rapaMeTpamu, TAKUMH KaK TeMIIepaTypa U OCaJIKH, I03BOJISIET JIy4Ille OHITh JUHAMUKY '€0CHUCTEM
Y OLICHUTH TOCTIEACTBUS ISl OMOpa3HOOOpa3usi IKOCUCTEM.

Jlia uccnenoBanus cBsizu NDVI ¢ mereoposnornueckuMu napamerpaMu ObUTH HCIIOJIb30BAHbI
JAaHHBIE 0 TEMIIepaType U OcaJKax, noiaydeHHsle ¢ 24 mereocranumii Kpsima 3a nepuoz ¢ 2000 no
2022 ron. [annbie o BereramonHoM uHaekce (NDVI) Obutn coOpaHbl ¢ MOMOIIBIO CITYTHHKOBBIX
ceicopoB  MODIS/Terra (MOD13Q1) (NASA, 2023) c¢ 250-MeTpoBBIM MPOCTPAHCTBEHHBIM
1 16-1HEBHBIM BPEMEHHBIM pa3peIIeHNEM 3a BereTallMOHHBIN TIeprol (anpenb-okTsaops) ¢ 2000 mo
2022 r. BriIrounTensHO. Ha 3TON OocHOBE OBLIM CO3[aHbl MAacCHUBBI TOYEK BOKPYT METEOCTAHIIMA,
0TOOpaHHBIE 1O KJIACCY PACTUTENILHOCTH: JMCTBEHHBIC Jieca, XBOWHBIC Jieca, CTENH, CTEMH ST U
MosKeBenoBble seca. [IpeobpazoBanue 16-mqHeBHBIX JaHHBIX NDVI B MecsiuHble ObUIO BBITOJIHEHO
METOZOM B3BEIICHHBIX KO3 dummenToB. i BesiBienus koppemiuuu NDVI ¢ temnepatypoit u
0caJIKaMy MCTOJb30Bacs KoddduimeHT koppemnsaiuu [lupcoHa, a ero 3HaYUMOCTh OI[EHUBAIACH C
nomouipio t-kpurepusi CTblo/IeHTa.

PesynpraThl uccnenoBaHus MOATBEPAMIIA CTATUCTUYECKM 3HAYuMMyr0 cBsaA3b NDVI ¢
TeMIIepaTypor M ocaakaMu Mpu ypoBHE qoctoBepHOCTH 90%. Koaddumments koppemnsiun NDVI
W TEMIIepaTypbl BapbUPOBAINCH B 3aBUCUMOCTH OT THIIA PACTUTEIBHOCTH U BPEMEHHBIX
3ama3apiBaHuid. B mecHbIX 9Kkocuctemax, Takux Kkak Aidi-Iletpy uw  AHrapckuii rmepesad,
Habmoaanack nojoxurenabHas koppemsuus (0,69-0,7) ¢ Temmeparypoid, Torga Kak B CTEMHBIX
paitonax (/[xankoii, Kepub, beroropck) koppernsmus 6suta orpunarensHoi (—0,35——0,58). Ocanku
uMenu Oomnbiee BiausHue Ha NDVI B cTemHbIX reocuctemMax MpH MOJOKUTEIBHON KOppeNsuu
(0,20-0,26), yka3pIBaeT Ha HaJTM4YKE 3aBUCHMOCTH PACTUTEILHOCTH OT YPOBHSI YBIQKHCHUSI.

BrIsiBIIEHO, UTO B JIECHBIX 3KOCHCTEMAaxX TEMIIEpAaTypa UTPaeT KIKOYEBYIO POJIb B U3BMEHEHUH
NDVI, neMoHCTpHpYs TMOJOKUTETHHYIO KOPPEIAINI0, OCOOCHHO MPU KPATKOCPOUHBIX BPEMEHHBIX
3ana3JplBaHUsAX. B CTemHbIX palioHaX, HANpPOTUB, TEMIIepaTypa OKAa3bIBA€T OTPHUIIATEIHLHOE
BIIMSIHHE, & OCAJKH CTAHOBSATCS OMPEACISIONMM (pakTopoM B moaepkaHuu u yBenundeHurn NDVI.
Pesynbratel  MoOryT OBITh MOJE3HBI JUISL  JadbHEHIIEr0 MPOTHO3UPOBAHUS  W3MEHEHUMN
PaCTUTEIBHOCTH B YCJIOBHSIX KIMMATHYECKUX W3MEHEHHUH W MOMOTYT B pa3pabOTKe MEpONpHUSTHI
10 COXpaHEHHIO OMOpa3HOOOpa3Hsl B pEeTHOHE.

Crnncok UCOIb30BaHHON JIUTEPATYPBHI:

Pacturensublii nokpoB ropuoro Kpemva, Juayx S.I1.: (CtpykTypa, AMHaMuKa, SBOJIOLUS U
oxpana) / S. I1. Junyx; AH VYkpaunsl. Ua-t 6otanuku um. H. I'. Xonognoro. — Kues: Hayk.
nymka, 1992. — 269 c.

Tpancdopmanus nanamapTHO-3KOIOrHUecKHX mporeccoB B Kpeimy B XX Beke — Hauaie
XXIBeka/ T. B. boopa, B. A. Bokos, JI. {. INapkyma [u ap.]. — Cumdpepomons: JJOJIA, 2010. — 304

NASA Science Strategy: website. — URL.: https:// science.nasa.gov/about-us/science-strategy
(mata obpamienus: 28.12.2023).
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PACNMPOCTPAHEHUWE 3AIPA3IHAKWNMNX BEWECTB B YEPF
PEIrMOHE B YC/NTOBUAX CNOXHOIO PEJIbE®A
skdzdCsa0c LIt ¢. ¢.
I AOY BO «CeBacTononbckuii rocyIapcTBeHHbIH yHIBEpCHTET», T. CeBacTomnons, Poccus
2PI'BHY «MHCTHTYT IPUPOIHO-TEXHUUECKUX cUcTeM», T. CeBacTonons, Poccus
S®I'KBOY BIIO «UeproMopcKoe BhICIIee BOSHHO-MOPCKOe opieHa KpacHoit 3e3b
yumiuiie uM. I1. C. HaxumoBay, r. CeBacronosns, Poccus

CoBpeMEHHOE TPOMBIIUICHHOE pPAa3BUTHE COIMPOBOXKIAETCS Bce Oojee BO3pacTaOUINM
HEraTUBHBIM BO3JICHCTBHEM Ha aTMOC(EPHBIN BO3AYX, IPUBOISAIINM K 3arps3HEHUIO OKPY KaIOIIEH
cpensl. B cBs3M ¢ ATHUM TOYHOE NPOrHOZMPOBAHHME PACCEHBAHMS 3arpsA3HSIONIMX BELIECTB B
atMoc(epe sABISETCS BAXKHOW 3amauedl JUIsl CMSATYCHUS TOCICACTBUN  aHTPOIOTCHHON
nesitennbHOCTH. OCOOEHHOCTH penbeda U ropoACKON 3aCTPOMKH OKa3bIBAIOT 3HAYUTEILHOE BIIMSHUE
Ha JTUHAMUKY JBM)KCHUS BO3AYIIHBIX MAacC, YTO B CBOIO OUEPE/lb SIBJISICTCS BAXKHBIM (DAKTOPOM JIJIst
pacripocTpaHeHUs 3arPs3HSIONINX BEIIECTB.

Ilenpto paboTHI  SIBISICTCS W3YYCHHE BIUSHUS  METCOPOJIOTHMYECKHX  YCIOBHM  Ha
pacnpocTpaHEeHHE 3arps3HSIONIUX BEIIECTB B aTMoc(epe C yd4eToM YCIOBHH CIOXHOTO penbeda
MPUMOPCKON Tepputopun. JIJIs JOCTHXKEHHS TIeId TPH IPOBEICHUU WCCICAOBAHUS ObLIN
MPOAaHATM3UPOBAHbl OCHOBHBIE HCTOYHUKUA BBIOPOCOB 3arpsi3HAIOIIMX BEIIECTB HCCIENyeMOn
TEPPUTOPUH, OCOOCHHOCTH THJIPOMETECOPOJIOTHYECKUX YCIOBHM B BBIOPAHHOW MECTHOCTH,
CMO/JICIIMPOBAHbI CUTYAIlMH BO3MOYKHOTO 3arps3HEHUS BHIOPAHHON TEPPUTOPUU C YUETOM CYXOro U
BJIQKHOTO OCAXKJICHHS.

MopenupoBanre MPOBOIUIOCH C MCIOJIb30BaHHEM Me3omaciutabnoi monenn (GRAMM) B
coueranuu ¢ Jlarpamxkesoit mozenpio (GRAL) (Berchet et al., 2017; Graz..., 2024).

JlanHble MOJENU B MPOrPAaMMHOM KOMILIEKCE CBS3aHBI Yepe3 T'PaHUYHbBIC YCIOBUSA. UTOOBI
YUECTh BIMSHUE CIIOKHOTO penbeda MpHU MOJEITUPOBAHUHU ObLIA MOCTpPOEHA JeTalbHas IH(poBas
MOJIeTIb MECTHOCTHU H3y4aeMOW TEeppUTOpUHU Uil Kaxkiaod moaenu. CoueTaHue ABYX Mojenei
MO3BOJISICT YYUTHIBATH pelibed MOBEPXHOCTH, U3MEHEHUE METEOYCJIOBHH B IMPOCTPAHCTBE U BO
BPEMEHH, yYECTh BEPTHUKAIBHYIO CTPYKTypa MOTPAHUYHOTO CIOS, OMHCAaTh pabOTy HMCTOYHUKOB
3arpsi3HEHUs, Pa0OTAIOIMINX OrPAHWYCHHOE BpEMs, TOJIYYUTh XaAPAKTEPUCTUKH IS HA3EMHBIX
HMCTOYHUKOB.

Hcnonb30BaHWe Takoro codveTaHus AaéT Oojiee TOYHYIO OICHKY BIIHSIHHS 3arps3HSIOIIAX
BEIIECTB Ha OKPYXKAIOIIYIO CPEAY H BOSMOXKHOCTh TPOTHO3UPOBAHUS KOHIIEHTPAIIHI BEIECTB.

B pesysnbTare mMpoOBEICHHOTO aHaIHM3a BHISBICHBI METCOPOJIOTUYCCKUE YCIIOBUS W PailOHBI
MECTHOCTH, B KOTOPBIX 0Opa3zyeTcssi 3acToil C TOBBIIIEHHBIM YPOBHEM KOHIICHTpaIUi
3arps3HSIONINX BEIIECTB. BBIIO MPOBEACHO MCCle0BaHUE CUTYalui ¢ yaeToM 3(deKTa BIaKHOTO
OCaXICHUS B TIEPUOJIbI, KOT/Ia 00pa30Bajioch HanbObIlee KOITUIECTBO ocaakoB. OOpa3oBaBIInecs
30HBI C TIOBBIIICHHBIMU KOHIICHTPAITUSAMHE 3arPsA3HSIONIAX BEIIECTB CBUACTEIBCTBYIOT O BAKHOCTH
ydeTa 3TOT0 OOCTOATENhCTBA, TaK KaK MpEArojiaraeéMble OCaJKU MOTYT MOCTYyHaTh B aKBATOPHUIO
MIPUMOPCKON TEPPUTOPUH, TPOBOIUPYIOT 3arps3HCHHWE NPUOPEKHBIX BOJ. [Ipu oIeHKE pucKa
3JI0pPOBBIO U OKPYKAIOIIEH Cpelie CTOUT 0O0paTUTh 0c000€ BHUMAaHUE Ha STH 30HBI.

Cnucok UCoab30BaHHON JTUTEPATYPBI:

Berchet A., Zink K., Oettl D., Brunner J., Emmenegger L., Brunner D.: Evaluation of high-
resolution GRAMM-GRAL (v15.12/v14.8) NOx simulations over the city of Ziirich, Switzerland //
Geosci. Model Dev. — 2017. — Vol. 10, No. 9. — P. 3441-3459. — DOI 10.5194/gmd-10-3441-2017.

Graz Lagrangian Model: website. — URL.: https://gral.tugraz.at/ (access date: 17.02.2024).
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PA3PABOTKA TEOINTPA®PNUYECKOMN MHOPOPMALUMOHHOW CMU
LWOGPOBOM UHBEHTAPU3AUUWN CTALMWOHAPHbLIX UCTOL
SATPASHEHMNA ATMOC®EPHOIO BO3AYXA TOPOAA CE

42 1.¢., 1Et6LO2 1.¢., | OQotedfmj dz€ 5

OI'AOY BO «CeBacTomnoibCKUil roCy1apCTBEHHBI YHUBEPCUTETY, T. CeBacTomnolib, Poccus

VALey@sevsu.ru

CoBpemeHHass cpena oOWTaHHMS BKJIIOYAaeT B ceOst OONbIIOE KOJIMYECTBO HCTOYHHUKOB
HEraTUBHOI'O BO3/IEHCTBHS Ha Y€JIOBEKa U MPHPOJY, a Pa3BUTHE COBPEMEHHBIX MH(POPMAIIMOHHBIX
TEXHOJOTMM JaéT BO3MOXHOCTb CO3JaHUSI HOBBIX CHUCTEM KOHTPOJII M Yy4éTa HUCTOYHUKOB
aHTPOIIOreHHOro Bo3zelcTBus. HaOmromaercst poct uHTEpeca K mpobiieMaM 3arps3HEHUsl Cpeiu
YUYCHBIX BO BCEM MHpE, UYTO OATBEp K IacTcs MeTa-aHanu3om (Feng et al., 2024).

OCHOBHBIM TpeOOBaHHEM K IOJJOOHBIM CHCTEMaM SBJISETCA BO3MOKHOCTh TOUHOM MPUBSI3KU K
MECTOTOJOKEHNIO, a TaKKe BO3MOXKHOCTh TIOJTYYEHHUS MONHONW HWHPOpPMAUU O OOBEKTax
BO3JCHCTBUS Ha OKPYXAIOIIyl0 MPUPOJIHYI0 cpedy. TakuM (QyHKUIMOHAIOM 00JaiaroT
reorpaduueckue uHpopmannonnsie cucremsl (I'MC), koTopeie obecrnieunBaroT cOOp, XpaHEHHE,
00paboTKy, aHalu3 M OTOOpaXKeHHE MPOCTPAHCTBEHHO-KOOPAWHUPOBAHHBIX JAHHBIX, a TaKXKe
II0JIy4€HUE Ha UX OCHOBE HOBOM mH(popManuu u 3Hanuil (Lluxos u ap., 2017). [Ipumenenus ['MC
Ia€T BO3MOXHOCTh OCYUIECTBUTh LU(PPOBYIO WHBEHTAPU3ALMIO OOBEKTOB BO3JEHCTBUA Ha
OKpYXKAIOIIYI0 Cpeay IS uX y4éra, MOJYYCHHs ONEpaTHBHOTO JOCTyna K HH(pOpMaIuu o
pacroyio)keHu, 0o0bEMAax M BHMJAX 3arpsA3HUTENICH, YTO CYIIECTBEHHO YIPOIIAET MPOLECCH
MPUHATHS pEIIeHU B 001aCTH OXpaHbl OKPYKAIOILEH CpeJlbl U IPUPOI0NOIb30BaHUS.

Jns  anpoOanuy NPUMEHEHUs CUCTeMbl Oblla TIOCTaBJieHa IeJb HHBEHTApU3HPOBATH
HanboJiee 3HAYUMBIE 110 BaJIOBOMY BBIOPOCY CTAllMOHAPHBIE OOBEKTHI 3arpsi3HEHUS] aTMOC(HEPHOTO
Bo3ayxa ropona Ceacromnois B oOuiem koiudectBe — 19 mryk (3oHupoBanue..., 2022). Taxxke
JUIS. KQKJI0TO MPEANPUATUS ObUIH BBIJEIIEHBI 3arPs3HAIOIINE BEIIECTBA CO 3HAUEHUEM 10 KPUTEPHIO
0,ITIIK. Cpenn 3THX OOBEKTOB: MPEANPHUATHS TEIUIOCHAOXKEHUs, XpaHEHUs He(PTEnpOIyKTOB,
oOpamtenust ¢ TKO, npous3BoACTBEHHbIE MPENNPUITUS — OOBEKTHI BO3JIEHCTBUSL Ha aTMochepy u
HHbIe opranu3anuu ropoja CeBacTonoss, NpeaoCTaBISIIOIINE OTYETHOCTh O CBOEM BO3ACHCTBUU HA
aTMoc(hepHBbIN BO3IYyX.

B poccuiickoii 3akpbiToil mporpaMmHoii o6onouke «JlatymI IC» 6b1a chopmupoBana kapra
C MPUBA3KOM 00BEKTOB BO3ACHCTBUS HAa OKPYKAIOLIYIO Cpely IO ajpecaM, ¢ yKa3aHUEM BaJOBOTO
o0béMa BbIOpOCca, mepeuHs 3arps3Huteneid mo mnokazatemo 0,1 IIJIK u ux o6bémon. s
BU3YyaJM3alluy BO3JCHCTBUS Ha OKPYXKAIOIIYI0 MPUPOJHYIO CpeAy TOYKa MPUBSI3KH Ka)JI0Tro
MPEANPUATHS UMEET Pa3HbIM AUAMETP U LIBETOBYIO HACHIIICHHOCTD.

Cucrema co3aHa ¢ BO3MOXXHOCTBIO YAaJEHHOTO JIOCTyNa M HANOJIHEHMs JJIs peaau3aluu
3asBJICHHBIX Lesed IUPPOBONM HHBEHTApHU3allUM U TNPEACTABIsIET WHTEpec Uil JalbHEeHIero
Pa3BUTHS KOMIUIEKCHOTO HU(POBOro SKOJIOTMYECKOT0 aHallu3a TEPPUTOPHUH.

Crnrcok UCOIb30BaHHON JIUTEPATYPHI:

3oHupoBaHue Teppuropun r. CeBacTomosisg [Uisi OpraHW3allMd MOHUTOPHHIA 3arpsi3HEHUS
atmocdepsr / C. A. I'yrauk, E. U. Azapenko, I'. A. Curopa [u ap.] // CucreMbl KOHTPOJIA
okpyxatomieit cpensl. — 2022. — Ne 1(47). — C. 66¢73. — DOI 10.33075/2220-5861-2022-1-66-73.

HIuxoB A. H., UepenanoBa E. C., IIbsiukoB C. B. I'eonHdopmManimoHHble CUCTEMBI: METO/IbI
MPOCTPaHCTBEHHOTO aHanu3a: yued. mocooue /A. H. Illuxos, E. C. YUepenanosa, C. B. IIbsHKOB. ¢
[Tepms: [lepM. roc. Han. uccnen. yu-1., 2017. — 88 c.

Feng T., Sun Y., Shi Y., MaJ., Feng C., Chen Z. Air pollution control policies and impacts: A
review // Renewable and Sustainable Energy Reviews. — 2024. — Vol. 191. — 114071. — DOI
10.1016/j.rser.2023.114071.
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OUEHKA AOETPAJAUVWN 3EMEJIb: OCOBEHHOCTW WNCNO.
FrMOBAJIbHBIX W PETMOHANBbHbBIX MWHAOWKATOPOB

[ sBStsSOaMEd?2 1. ¢. , skmls 1. &a. , o dzH 64 J
OI'bYH «MuctutyT reorpaduun Poccuiickoii akagemMun HayK»», . MockBa, Poccust
v.a.lobkovskiy@igras.ru

Hetitpansnsiil 6ananc aerpagaruu 3emens (HBJ13, Land Degradation Neutrality) — HoBelimas
koHuenus u merogonorusi Koupenmmu OOH mo 6opebe ¢ omycteinuBanueM (KBO), rmaBhas
crpaterndeckas jauHusi KbBO OOH na nepuon no 2030 roga. OHa mojHOCThIO oTBeuaer Llemsm
ycroiunBoro passutus (LIYP), B wactHoctm B 3amaue 15.3. BOpsMyr0 yKas3bpIBaeTcsi Ha
HEOOXOJIUMOCTh CTPEMUTHCA: «..JOCTUYb HEWUTpalpHOro OanaHca Jerpajaludyd 3eMelb Ha
r100abHOM YpOBHE («...K TOMY, YTOOBI BO BCEM MHpPE HE YXY/IIAJIOCh COCTOSHUE 3EMENb»)»
(IToBecTka ...,2015).

Bo3MoxHOCTB JOCTUKEHHUS HB/13 OLICHMBAETCS o 3HAYCHUIO TPEHIOB
(ynydmenue/yxyaienue/crabmipHocTs) Tpex uHaukatopoB HBJI3 — nuHamuku HazeMHOro
MOKpPOBA, JMUHAMHUKHA TMPOAYKTUBHOCTH 3€MEJb, JUHAMHUKUA 3alacoB MOYBEHHOT'O OPTraHMYECKOTO
yriaepoja. AHaiu3 MOJIy4YeHHOTO pe3yibTaTa MO3BOJISIET pacCcUUTaTh 3HaueHue uHaukaropa L[YP
15.3.1 «OTHolIeHHE TJIOMAaM ACTPAAUPOBABIIMX 3€MENIb K OOIIeH Iiomanu 3eMenby. Pacyer
MIPOU3BOJIUTCS 3a OIpeaeneHHbIH 0a30BbIil nepuoa (mo ymomuanuto 2000-2015 rr.), B cnienuansHo
pa3paboTaHHOM pacyeTHOM MoOAyJe Trend.Earth («Tpenapl.3emiisn») OTKPBITON
reouHdopmannonHon cuctembl QGIS. Ucxonnas mndopmanus - rinodanbHble 0a3bl JaHHBIX 1O
ykazanubiM uaaukaropam HB/I3 (ESA CCI LC; NDVI - AVHRR, MODIS, PROBA; ISRIC),

JlaHHBIII 1TOAXOA TO3BOJISIET IIPOBECTH OLEHKM CTpaH IO €AMHOW METOJ0JIOTHH,
00ecTrieYeHHOH OHOTUITHBIMU JAaHHBIMU Ha 3HAYUTEIBHBINA BPEMEHHOM MTEPHO/T.

Kak mokazanmu Hamu uccienoBanus (Hamwonanensii ..., 2019; JlookoBckuit u ap., 2022), B
ycnoBusix Poccun nnaukatopsl HB/I3 He Bcerna orpaxkaror ¢pusnko-reorpaduueckue, coruaibHO-
SKOHOMMYECKHE, MHCTUTYIIMOHATBHBIC U YIIPABICHUECKUX OCOOEHHOCTH CTpaHbl. BrIsiBIeHa Takxke
HEJ0CTaTOYHAasi JOCTOBEPHOCTh IJIOOANBHBIX JaHHBIX Ui Tepputopun Poccun (ommOku
pacro3HaBaHUsl MEPEXOJ0B HA3€MHOr0 IOKPOBA, HEJOCTATOYHOCTh MJAHHBIX [JII HEKOTOPBIX
TEPPUTOPHUH U JP.), IPU OIICHKE HE YUUTHIBACTCS KAUECTBEHHAsI COCTABJISIONIAS OIEHKH 3EMEb.

Jlna pereHusi JaHHOW 3aJayd Ha TEPBOM dTalleé HaMU TMPOBENCHO HAaydyHOE OOOCHOBaHHE
HOBBIX TEPMHUHOB, CBsi3aHHbIX ¢ KoHIenuedn HB/[3 u ux amanranus nis Poccun. [IpoBenen ananus
CYLIECTBYIOIIMX HAIMOHAJIBHBIX CHCTEM MOHUTOPUHIA, YCTAHOBJIEHBI BO3MOKHOCTH B3aMMHOU
aJlanTaluy pa3HbIX CHCTEM MOHUTOPUHTA Ha 0a3e MEXTYHAPOIHBIX TOIXO0/I0B.

Jlanee HaMu TIpoBe€HA CUCTEMATU3ALMS MHIMKATOPOB M IMOKa3aTeslel Jerpajalui 3eMedb,
pa3paboTaH aJrOpUTM aJanTalliy TJIOOAIBHBIX M HAIIMOHAIBHBIX U WHIUKATOPOB. ITO MO3BOJIUAIIO
MPEMJIOKUTh CTPYKTYPY MHIAMKATOPOB U IMOKa3aTesied HAallMOHAIbHOM CHUCTEMBI OLIEHKH, a TaKKe
MPUMEPHBIA TIEPEUYCHh WHIWKATOPOB JJIA OIEHKH KaK JUHAMHUKHA COCTOSHHUS 3€MeNb, TaK U X
TEKYIIUX KaYECTBEHHBIX XapaKTEPUCTHUK ISl TEPPUTOPHIA PA3TMUHOTO YPOBHS YIIpaBJICHUS (CTpaHa
B II€JIOM, PETHOH, PaliOH, TIOKAJIbHBIN YPOBEHB).

Cnucok UCOJIb30BaHHOW JTUTEPATYPHI:

Jlo6koBckuit B. A., Anmpeea O. B., Kycr I'. C. Hurerpamus mexnyHapoaHOH u
HAI[MOHATFHOW CHCTEM MOHHTOPHHTAa W OIIGHKH Jerpajgaiuu 3emenb B Poccum // M3Bectus
Poccuiickoit akagemun Hayk. Cepus reorpaduueckas. — 2022. — Ne 86(1). — C. 9-27. —DOI
10.31857/52587556622010095.

Hanmonaneubrii  goxman  «[7moOanbHBIA  KIMMAT W TMOYBEHHBIM TOKpoB  Poccum:
ONyCTHIHMBaHWE W  Jerpajanus  3eMelb, HMHCTUTYLIHUOHAIbHBIE,  WHQPACTPYKTYpHBIE,
TEXHOJIOTHYECKHE MEPHI aIalTaIiK (CEIbCKOE U JIECHOE X03icTBO)». — M.: OO0 «M131-B0 MBAY,
2019.-T.2.-476 c.

Pezomomust A/RES/70/1 T'enepansuoit Accam6ien OOH ot 25 centsops 2015 r. N 70/1
«IIpeobpazoBanue Hamero mupa: [loBecTka AHS B 007aCTH YCTOHYMBOTO pa3BUTHS HA TEPUOJ JI0
2030 romay.
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CFD-MOAENTNPOBAHWE PACCEUWBAHNMA 3AIPA3IHAKWNX BE
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2OI'BHY «HCTUTYT NPUPOIHO-TEXHHIECKUX CUCTeM», T. CeBacTonons, Poccus
3®IAOY BO «CeBacTononbCKhii Tocy1apcTBeHHBIH YHEBEpCUTET», T. CeBacTonons, Poccus
‘®dI'KBOY BIIO «UepHOMOpCKOE BhICIIEE BOGHHO-MOPCKOe opaeHa KpacHoit 3Bes bl
yumunie uM. I1. C. HaxumoBay, r. CeBacronosns, Poccus

3arpsA3HEeHne BO3JlyXa B HACTOSIIEE BPEMs SIBIAETCS CEphE3HON HKOJOrMUECKON MpoOIeMoil.
[Ipu anHanmm3e pacnpocTpaHEHHs 3arps3HSIONIMX BEIIECTB B YpOAHM3MPOBAHHBIX paiioHax
IPUMOPCKUX TEPPUTOpPUH 0co00€ BHUMAHHE CIENYyeT YAEHSATb COBMECTHOMY YYeTy HaJIH4us
IIPENSATCTBUM B BUJIEC 3[JaHUN U COOPYKEHUH, a TAK)KE BIUSHHUIO BTOPUYHBIX XMMUYECKUX PEAKIUI
Ha YBEJIMYECHHUE KOHLEHTPALMH 3arpsA3HAIOLIMX BELIECTB B 30HAX 3aCTOs.

Pacrnipenenenue 3nanuil Ha ypOaHU3UPOBAHHON TEPPUTOPUU SIBISIETCS MPUUMHOM CIOMKHBIX
CXEM [JBUKCHHMS BO3AYLIHBIX IIOTOKOB M, KaK CIEICTBUE, HEOAHOPOJHOMY PpACHPENCICHUIO
3arpsI3HAOMMX BEIIECTB MO TeppUTOpUH. OCHOBHBIMH 3arpsi3HUTENIIMU HAa TaKUX TEPPUTOPHSIX
saBisroTcst okeua azora (1V), okcun yrnepona (1) u TBEpapie yacTHIlBI, KOTOPBIE MOTYT BCTYIATh B
XUMHUYECKHE peaKkIMM Kak Mexay co0oi, Tak M € JAPYrMMH XUMHUYECKMMM BEILIECTBAMHU C
00pa3oBaHMEM BTOPUYHBIX 3arpsi3HUTENCH ¢ ellie 00JIbIIel OMacHOCTBIO.

Lenpto paboOTHI SBISETCS MCCIEJOBAHUE COBMECTHOTO BIIMSHHUS TPOTEKAHUS XUMHYECKHX
peakuuii M JMHAMUYECKUX IIPOLECCOB IMEPEMEIIMBAHMS 3arpsA3HAIONIMX BEIIECTB HA KadeCTBO
aTMoc(epHOro Bo3lyxa ypOaHU3UPOBAHHBIX IPUMOPCKUX TEPPUTOPHIL.

B nacrosmiee Bpemsl NEpCIEKTHMBHBIM METOAOM MOJEIMPOBAHUSA I TOYHOIO IIPOTHO3a
CKJIa/IbIBAIOLICICSl AKOJIOTMYECKOM CHUTyallud C YYE€TOM XHMHUYECKHMX IMPEBPALEHUI SBIsSETCS
MPUMEHEHHE BBIYMCIUTENbHBIX THApoauHamMuyeckux mozeneit (CFD-mozens), peann3oBaHHBIX B
MPOrPaMMHBIX MPOAYKTaX. OTOT TMOAXOJA JAeT TOYHOE IMOHMMAaHHWE U Yy4YeT IIPOIECCOB,
MPOTEKAIOIIUX B OTPAaHUYEHHBIX 3aMKHYTBIX YpOaHU3MPOBAHHBIX TEPPUTOPHSX, a TaKkKe HX
CIOCOOHOCTH pabdOTaTh CO CIOKHBIMU (POpMaMU arjoMeparuil 3aaHui.

Taxke B paboTe mNpu MOAECTUPOBAHMM YUYUTHIBAIUCH TEMIIEPAaTypHbIE HapaMeTphbl
MOBEPXHOCTEH CTEH U COOPYXEHHI NpPU Ppa3IUYHbIX CYTOYHBIX H3MEHEHHUSX M BIMSHHE 3THUX
[IapaMeTPOB Ha PACIIPOCTPAHEHMS 3aTrPA3HSIOIINX BEIIECTB.

[Tonxon K OLIEHKE HEraTUBHOTO BO3JEWCTBUS Ha aTMOC(EpHBIH BO3AYX C MCHOJIb30BaHUEM
MOJICJIMPOBAaHMUsS PACCEMBAHUS 3arpsA3HSIOIMX BELIECTB HAa YpOAHW3MPOBAHHBIX MPUMOPCKUX
TEPPUTOPHUAX C YYETOM BTOPHUYHBIX XHMHYECKHX TIpeBpamieHnid, ocHoBaHHBIH Ha CFD-
MOJICIMPOBAaHUM, NPEACTaBIsIeT COO0H 4YHCICHHOE pelleHHe (YHAAMEHTAIBHBIX XHUMHYECKHX
YPaBHEHUM, CONCPKUT PE3YIbTAThl yueTa AETAaTbHOW TPEXMEPHON T€OMETPUN U MECTHBIX YCIIOBHI
okpykatomieit cpeasl. OH criocoOeH obecrieunTh 0ojiee TOUHBIE PELICHHs, YeM CYIIECTBYIOIIUE
HOpPMAaTUBHbIE MOJIENTU OLIEHKH KauecTBa aTMOC(EpHOro BO3TyXa.

CnucoK MCTOJIb30BaHHOW JINTEPATYPHI:

Sanchez B., Santiago J.-L., Martilli A., Palacios M., Kirchner F. CFD modeling of reactive
pollutant dispersion in simplified urban configurations with different chemical mechanisms //
Atmos. Chem. Phys. — 2016. — Vol. 16. — P. 12143-12157. — DOI 10.5194/acp-16-12143-2016.
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OI'BHY «MHCcTUTYT IPUPOAHO-TEXHUYECKUX cucTeM», . CeBacronois, Poccus
niagara_sev@mail.ru

B Hamm aHM npu U3ydeHUU MOPCKUX TNTyOWH BHUMaHUE yJeNsieTcs UCCIeI0BaHUIO COCTaBa U
00bEeMOB BBHIOPOCOB (hJIIOUIOB CHUIIOB M OMOIIEHO30M BOKPYT HHMX. M3-3a OOJIBIIMX TIYOMH CIIOKHO
BBITIOJTHUTH Pa0OTHl MO0 ux u3ydeHuto. Cumbl B OyxTe Jlacmu HaxomsTcs Ha TIIyOMHAX JO Tpex
METPOB U SBIISIOTCS TIOJUTOHOM, TJIE JIETKO MOKHO B35ITh MPOOKI (DIIOUOB U YCTAHOBUTH OOBEMBI
BEIOpocoB. [lpu wuccnenoBanuu cumoB B OyxTte Jlacmm akTyalbHON 3HAYMMOCTBIO SIBIISICTCS
YCTaHOBJICHHMSI MX BJIMSHHUS HAa TEOJOTHYECKHE, THMAPOJIIOTHYECKHE M OWOJIOTMYECKHE IPOIECCHI
BOKPYT HHX.

llenpro HAMKMX MCCIEIOBAHUN SABISAJIOCH H3YYEHHE COCTaBa M 00bEMOB (IIOUIOB U3
XOJIOJTHBIX CHIIOB U UX BIUSHUS Ha MPUPOTHBIC TIPOIECCHI.

Cunbl puypoueHbl K MecTaM repecedeHus Jlacnuackoro u beperosoro paszinoMoB. Beixoss
My3BIPHKOB ra3a HAXOAATCS Ha TTOBEPXHOCTH MOCTpoek. KpoMe cTpyiHOTO BbIAENEHUS, B IyCTOTAaX
nocrpoek otrmeuaercss Auddy3uoHHbIH Garoua. 3a  ABaAATUICTHUN Tepuoj HaOIoaeHue
YCTaHOBJIEHO, YTO 00BEMBI BBIOPOCHI T'a30B HE MOCTOSIHHBI B TEUYEHHE Yaca, CyTOK U CE30HOB rojia.
3a nepuos HabGMIOIEHNH U3 HUX B aTMochepy HOCTymiIo 10 9192 M ra3oBbIX (IOHIOB.

He crabwibHbIe BBIOPOCHI 00BEMOB (IIFOMIOB COMPOBOXKIAIOTCS HE TOCTOSIHHBIM HX
coctaBoM. DIron/1bl XOJIOAHBIX CUIIOB B CBOEM COCTAaBE UMEIOT 0OJIbLION OYKET YIiIeBOJAOPOIHBIX U
HE VIJIEBOJOPOJHBIX Ta30B. YTIEBOAOPOAHBIE Ta3bl MpeacTaBieHsl B ocHoBHOM CHs. B
He3HauuTeIbHOM KojmyecTBe mpucytctByor CoHg, CoHe, C3Hg, CaHs, CsH1o, iCsH10, NCsH12 u
iCsH12. Bo ¢umronmax comepxarcs N2, Oz, CO2 u He. B manbix KOHIIEHTpaIMsIX B BbIOpOcax rasa
conieprkarcsi cepaucthie ra3el: CSz, COS u HoS.

ConeHocTh BOJIbI OKOJIO CUIIOB U3MeHsieTcs oT 6,8 10 14,7%o, 4TO yKa3bIBaeT Ha IPUCYTCTBHE
BO (pmrongax OMPECHEHHBIX BOJHBIX PacTBOPoOB. X 00BeMBbl HE3HAYUTENbHBI, HO BBIOPOCHI
pPacTBOPOB UMEIOT HEKOTOPYIO MEPHOJUYHOCTH. [lo KOHIIEHTpamusM colied U TeOXHMHUYECKHX
AJIEMEHTOB BOJIHBIE PACTBOPHI (DITIOMIOB OTIIMYAETCSI OT MOPCKOM BOJIbI B OyxTe Jlacmu.

BBIOpOCH Ta30B M BOJMHBIX pacTBOpPOB (mrouaoB OyxThl Jlacu MMEIOT HE 3HAYUTEIIBHBIC
00BeMBI. B TOXE BpeMst MOJ00HBIX BBIXOJIOB JIETa3alliyl B MPUOPEKHBIX YaCTSIX MOpPEH M OKEaHOB
CYIIECTBYET 3HAYMUTEIHbHOE MHOXECTBO. Ha HHMX penko oOpamaroT BHUMaHWE, HO UX CyMMapHBIE
BBIOPOCHI Ta30B U BOJHBIX PACTBOPOB 3a OOJNBIION MPOMEKYTOK BPEMEHU OKA3bIBAIOT BIMSHHE Ha
ABOJIIOIIMOHHBIE U3MEHEHUs1 aTMoc(hepsl U TUIPOChHEpHI.

YuukanbHeiMu OOBekTamMu B OyxTe Jlacmu SBISIOTCA TPSAAbl TUBDKHBIX OakTepUaTbHBIX
noctpoek. Cool1iecTBa MUKPOOPraHU3MOB CO3/1al0T M3 METaHa M cepoBojopona (GIIOUA0B HE
TOJBKO OPTaHWYECKOE BEIIECTBO, HO TMPOM3BOAAT KapOOHATHBIM Marepuan U cyiabduasl. OO0
00pa30oBaHUM IIEMEHTA KaJIbIIUTa COOOIIECTBa MPOKAPUOT U apXeil CBUACTEILCTBYIOT Pe3yibTaThl
S13C (-20,93 1 —20,83%o). ITocTpoiiku cBoeii (opMOit OTIHYAIOTCS OT TPYOOBUIAHBIX KM MIOCKUX
ctpoernii UYepHoro Mops. C HUMH CBSI3aHBI MECTHBIE «0a3HC JKU3HH» cpeiu Oe3KU3HEHHOTO
OKPY)XCHHSI PBIXJIBIX TUBDKHBIX OTJIOKEHUH. [IOBEpXHOCTH TIOCTPOEK IOKPBITHI 3apOCIsIMHU
BOJIOPOCJIEN M KOJOHUSMH MIIaHOK. Ha HUX BcTpewaroTcst 12 BUAOB MOJMXET U MHOTOYUCIICHHbBIE
PaKOBUHBI MOJUTFOCKOB, KOTOPBIC HAXOJATCSA B CUMOHMO3€ C METAHOTPOMHBIMH U METaHOTECHHBIMU
MHUKPOOPTaHU3MaMH.

B pesynbrare wuccienoBaHUN yCTAHOBJICHO, YTO OKOJO CHIIOB HAaXOJIATCS IUISHKHBIE
OakTepuanbHble TOCTPOWKH, KOTOpBIE SBISIOTCS YHUKAJIbHBIMU T'€OJIOT0-OMONIOTHYECKUMU
oObekTamu. Ux QopmupoBanue npoucxoaunao 3a cuéT nepepaboTKU INIyOWHHBIX (IIOUI0B
MIPOKAPUOTAMH U apXesIMH B KapOOHAT W OPraHWYECKOE BEIIECTBO. MHKPOOPTaHU3MBI SBIISIOTCS
CaHWTapaMu MO 3almTe aTMocdepbl OT MOCTYIUICHU MeTaHa U yriekucioro raza. Kpome sroro,
ra3 My3bIpbKOB W BOJHBIE PACTBOpPHI (DIIOUIOB YYaCTBYIOT B OBOJIOIMOHHOM HW3MEHEHUU
coBpeMeHHOI atMocdepsl u ruapocdepsbl. OHU ABISIOTCS TTABHBIMUA KOHTPOJIEpaMH €€ COCTaBa.

Pabota Beimmonnena B pamkax ['oczamanus UITTC Ne rocpeructparnuu 124020100120-9.
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nnnnaHble KOMMNOOHEHTbLI NMOYB MONAPHOIO YPATA HA
MOPOOAX (XPEBET BONMbWOWN NMANNY AbIHCK W)

[efwfzddz . RO, RLBELHZOBEdJSC SO O . 1.,
Nucturyt 6uonorun ®UL[ Komu HII YpO PAH, r. CeikTsiBKap, Poccus
gruzdeva.katua94@yandex.ru

OKcTpeManbHble O0JIaCTH B CHJIy CBOEH TPYAHOAOCTYHMHOCTH OCTArOTCSI HEM3yYEHHBIMH.
OcCHOBHBIE TIPEACTaBICHUS O MTOYBAX CEBEPHOM yacTu YpalbCKOro OPHOro XpedTa MOITy4eHBI 10
JIETKO JOCTH)KMMBIM B TPAHCIIOPTHOM OTHOILIEHUM pailoHaM. MeHee HMcCIel0BaHHBIMU OCTaIOTCS
MOYBbl COPMHUPOBAHHBIE HA TPOJIYKTAX BHIBETPUBAHMS IUIOTHBIX KapOOHATHBIX TOPOJI.
BaxHelmynM HampaBlI€HHEM IIOYBOOOpPA3OBaHHMS B OJTUX OOBEKTaxX SBISAIOTCA IPOLECCHI
rymycooOpa3oBanus u rymyconakoruienus (Illampukosa u ap., 2020).

Opranuyeckas 4aCTh MOYBBI BKJIIOYAET BELIECTBA, OTHOCAIINECS 110 XMMUYECKOMY COCTaBY U
CTPOEHHUIO K Pa3IMyYHBIM KJlaccaM COeIuHEeHMH. Bpicuire kapOOHOBBIE KHCIIOTHI SIBIISIOTCS CaMOM
IIPEICTaBUTENBHON IPYNIION OPraHUYECKUX COETUHEHHUM MOUBbI, BXOJAIINE KAaK B COCTAB JIMIHJIOB
IIOYBEHHON MUKpPOOUOTHI, TaK U cojepxkaiiuecs B cB0OOAHOM Buje. Kaxkaas mouBa MOXKET ObITh
OXapakTepu30BaHa WHIUBUAYaJbHbIM HaOopoMm kupHblX KkucinoT (KK), uyro mno3Bosser
UCIOJb30BAaTh JAHHYIO TpYNIy COEIMHEHHH B KayecTBe WHAMKATOPOB XUMHUYECKUX U
OMOXMMHUYECKUX MPOLECCOB, NPOTEKAIOMMX B I0YBAX HA COBPEMEHHOM M MPEALIECTBYIOIIUX
stanax ux popmuposanus (De Carvalho, 2018).

Llenb pabothl — pa3paboTKa HOBBIX METOAMYECKHUX IOJIXOJO0B M3BJICUEHUS U OINpEAEICHUS
JUIUJAHBIX KOMIIOHEHTOB I10YB, a TaK K€ MCCIEIOBAHHUE COCTaBa JIMIUIHBIX KOMIIOHEHTOB IIOYB
[TonspHoro Ypana Ha kKapOOHATHBIX TOPOJAX XpOMATOrpahuueCKUMU METOIAMH.

[ToBbllIeHUE CETEKTUBHOCTH OIPEIEIEHNUS 1IeJIeBbIX KOMIIOHEHTOB B aHAJIM3UPYEMBIX Ipolax
— OCHOBHasl po0sieMa, ¢ KOTOPOH CTaJIKMBAIOTCS UCCIIE0BATENIN B CBSI3U CO CIIOKHOCTBIO COCTaBa
M MHOTOKOMIIOHEHTHOCTBIO O00BeKTa. VI3BeCTHBIE METOIMKH Tra30XpoMaTrorpauuecKkoro
oTpesieNIeHUs! KUPHBIX KUCIIOT B MOYBE MPEANOIAraoT NPOBEACHNE JUINTEIbHOW MPOOONOAT0TOBKU
C o00s3aTeNbHBIM pa3/ielieHHeM CTaauil M3BJICYEHHS M JIepUBATH3ALMM  AHAIU3HPYEMBIX
coeauHeHuil. B nanHo# paboTe paccmaTrpuBaeTcs MOAX0/[, MPEANOIAraolIii COBMEIEHUE CTa Ui
OKCTPAKLUMHU U JI€pUBATH3ALMK aHAJIN3UPYEMbIX cOoequHEHMH. [IpemyaraemMplii BApuaHT MO3BOJIAET
TaK)X€ MOBBICUTH CEJIEKTUBHOCTH OIPENIEICHMSI aJIKaHOB U KUPHBIX CIIUPTOB.

B noknmage OyayT mpuBEAEHbI MpPEMMYIIECTBA pa3pabOTaHHOTO TMOJAXOJa, CIOCOObI
XpomaTorpauueckoil HMACHTU(PUKAIMN aHAIU3UPYEMbIX COECIWHEHHUH, a TakKe BO3MOXHOCTHU
MPUMEHEHMs TMOoJydyaeMoi HMH(pOpMalMK O COJEPKAHUHU >KUPHBIX KUCIOT B 00Opa3lax MoyB IJis
XapaKTePUCTUKH MOYBEHHONH MUKPOOUOTHI.

B xozxe uccnenoBaHuii MASHTUPHUIMPOBAHO MATHAECAT KUPHBIX KHUCIOT, MPEICTABIISIOLINX
MATh TOMOJIOTUYECKMX PAIOB (OIHO-, JABYXOCHOBHBIE, MOHOHEHACHIIIEHHbIE, OJIHOOCHOBHBIE
HEJIMHEWHOT0 CTPOEHHUS, MOHOOKCHUKapOOHOBbIE KUCIIOTHI). Ob1mee comepkanue KK B mouBeHHbIX
npodunsax cymectBeHHo konednercs — 0,2-3,5 mr/r. Camkenne mMaccoBoi fgomu KK ¢ rimyOouHOM
IIPONOPLIMOHAIBHO YMEHBIIEHUIO COJAEPKAHUS YIJIEpOJla OpraHUUYECKUX coeauHeHnid. CymmapHoe
KOJIMYECTBO KUPHBIX KHUCJIOT B Ha3eMHOM Ouomacce 10 2 pa3 BblIIE 0 CPaBHEHUIO C
COOTBETCTBYIOIIMMHU OPraHOT€HHBIMH TOpH30HTaMHU. broMacca MXOB XapaKTepU3yeTcsi MEHbIINM
koinuectBoM KK mo cpaBHeHUIO ¢ OMoMaccoil TpaBSHUCTBIX PACTEHM, KpOME TOro, B COCTaBe
MEPBBIX BBIPAKEHO HAKOIICHHUE KUCIIOT ¢ OOJIBIIMM KOJIHUECTBOM aToMOB B 11emu (C22—Cog).

HccnenoBanust BbIMONHEHBl B pamkax rpanta PH® Ne 24-27-00231 «KapbonaTHble
MIOYBEHHO-MEP3JI0THBIE reocucTeMsl [lonsipHoro Ypana: nmonurenes, 3BOIONMS, KIacCU(UKALIS.

Crnrcok UCOIb30BaHHON JIUTEPATYPHI:

[Tampukosa E. B., Kanrypos E. B., Kymoruna E. E. u np. [IouBbl 1 OYBEHHBIE TOKPOBBI
TOPHO-TYHJpOBBIX JanmmagdToB IlomsgpHoro Ypama Ha KapOOHATHBIX MOPOAAX: pa3sHOOOpasue,
Kiaccuukanus, pacnpenenenue yriaeponaa u azora // Ilouosenenue. — 2020. — Ne 9. — C. 1053—
1070.

De Carvalho C., Caramujo M. J. The various roles of fatty acids // Molecules. — 2018. — Vol.
23, No. 10. — P. 2583.
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OCOBEHHOCTWN HAKOMNMMNEHWMA XWMWUWUHECKWMX 3NEMEH
B XBOE WXHOINO BEPEIA PECNYBNWUKW KPbIM

[ "fddo r.r
NHCTUTYT MOHUTOPUHTA KIIMMaTHUYECKUX U 3kojiornueckux cucrem CO PAH,
r. Tomck, Poccnst
eeldv@mail.ru

XBOS Kak YyTKMI OWMOMHIMKATOP HKOJOTMUYECKOTO COCTOSIHMSI aTMOC(EpPHOro BO3IyXa
HapsAay € SNU(PUTHBIMA BHIAMH JIMIIAHHUKOB, JHCTHSIMHU TOIOJS BCIEACTBHE KYMYJISTHBHOTO
sddekra oTpakaeT Aaxe ciadble BO3ACHCTBUS MPOMBIIUICHHBIX U CEIUTEOHBIX HCTOYHUKOB
Bo3zelicTBUs. [IoKka3pIBaeT cyMMapHOe IEHCTBHE BceX 0€3 MCKIIIOUEHUS! BXKHBIX U1 KOMIIOHEHTOB
MIPUPOJHON Cpelbl BO3JCUCTBUN YEIOBEUYECKOW NEATEIbHOCTH U T'€OXMMHUYECKHE OCOOECHHOCTHU
TEPPUTOPHUI. YKa3bIBACT TEHICHLIUN U CTEIIEHb HETaTUBHOI'O BO3/IEUCTBUS Ha denoBeka. [lo3Boirster
CIPOTHO3UPOBATh COCTOSIHUE KOMIIOHEHTOB B OTIEIBHOCTU M OKPYXKAIOIICH Cpeabl B IEIOM B
Oyaymem. XBOs OTpa)xaeT COCTOSTHHE aTMOC(EepHOTro BO3ayXa Ka 3a OJAMH BETETAIMOHHBIN TIEPHOA
TaK " 10 5 neT. B xone AecTpyKuuu XBOWHOMN MOACTUIIKY, HAKOTJIEHHBIE €€ BEIECTBA yYaCTBYIOT B
(hopMHPOBAHUN XUMHUYECKOTO COCTAaBA IIOYBEHHOTO MOKPOBA, MOBEPXHOCTHBIX H MOJI3EMHBIX BOJ.

O160p pobd XBOW MPOBOAMIICA B KOHIIE BereTaninoHHoro nepuoaa 2021 roga Ha TeppUTOPUU
peKpeallMOHHBIX 30H (Mapku, HaOepekHble, aJlJIeM) HACEJIEHHBIX IYHKTOB HKHOro Oepera
Pecniy6nuku Kpoeim: 1. CeBacronons (Bkitouas paiion bamaknaBa), Slnrta (HaGepekHasi, BUH3aBOI
«Maccannapay), baxuucapaii, moc. Mucxop (Habepexnasi, r. Ait-Ilerpu) (8 Touek). Bcero otodpano
15 mpo6 xBom cocHbl KpeiMcKOW (Pinus pallasiana), emu oObikHOBeHHOU (Picea abies),
mucTBeHHUIB! eBporeiickoit (Larix decidua Repens), muxtel amkupckoit (Abies numidica) u
MOMOKEBENbHUKA BOHIOUEro (Juniperus foetidissima).

[TpoOb1 XBOM M3yYaIHCh METOAOM HHCTPYMEHTAIHHOTO HEUTPOHHO-aKTHBAIIMOHHOTO aHAIHM3a
Ha Oa3e H)xeHepHOW IIKOJIBI NPUPOAHBIX pecypcoB HalroHalbHOTO HCCIEI0BaTEILCKOTO
Tomckoro nonurexuuueckoro ynusepcutera (aHanutuk A.®. Cynpiko). Conepxanue Hg B mpobax
ompeNeNiAaM Ha aHanuzarope prytd PA-915+, meronom aToMHONM abcopOIMM € MOMOIIbIO
npucrasku [TMPO-915.

B xone uccrnenoBaHus ornpeneneHbl OCOOCHHOCTH HAKOIUIEHUS 28 XUMHUYECKUX 3JEMEHTOB:
Na, Ca, Sc, Cr, Fe, Co, Zn, As, Br, Rb, Sr, Sb, Cs, Ba, La, Ce, Nd, Sm, Eu, Tb, Yb, Lu, Hf, Ta, Au,
Hg, Th, U B 3aBMCUMOCTH OT MecTa MPOM3paCTaHusl, BUJa XBOMHOTO JiepeBa. BhIMONIHEHBI pacueTsl
T€ODKOJIOTHUECKUX TIOKa3aTeslell KOHUEHTPUPOBAHHUS XHMHYECKHX DIIEMEHTOB. BBISBICHBI
reoXMMHUYECKHe apaMeTpbl HCTOUHUKOB MOCTYIICHHS 3JIEMEHTOB B XBOIO.
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MCCNEOOBAHUWE KOHUEHTPALUWWN METAHA
B ATMOC®EPHOM BO3AYXE HA TEPPUTOPUWN PECNOYBIN
[ OwOdzi dH d ¢h. OB P" FOBIY . 2.
MucTuryr sxonorun Axagemun Hayk A6xasum, r. Cyxym, Pecriybnmka A6xasus
2 A6xa3cknii locynapcTBennblii YauBepeutert, T. Cyxym, Pecriy6nnka A6xasus
sofa-291088@mail.ru, asida_cen@mai.ru,

Bri6pocs! metana (CHa) B HacTosiiiee Bpems cocTaBistoT nopsaaka 20% ot Bcex NapHUKOBBIX
ra3oB, 4TO JI€JIa€T €ro BTOPBHIM IO 3HAYMMOCTH ra3zoM mocie auokcuna yriaepoaa (CO2, 70%). CHa
ropas3zo 3QpeKTUBHEE YACPKHUBACT TEIUIO, YeM Oosee pacrpoctpaneHHbi CO2, a, 3HAYUT, BHOCHT
OOJBIIMI BKJIAJl B MOTEIJIEHWE Ha eauHUIly Macchl (Axcanba u ap., 2023; Eropos, 2011; baxwun,
2000).

CornacHo AaHHBIM rpaduKa BpeMEHHBIX PSJIOB METaHa, MMOJIY4eHHOTO ¢ moMolibio Giovanni
NASA, s reppuropun A6xaszun 3a ceHTIOps 2002 r.—uronb 2024 1T., HAOII0JaeTCs TTOBBIIICHHE
konnenrpauud CHs ¢ mMuHuManbHbIM 3HaueHueM 1819,52 ppbv B 2002 rogy u MakcHMaIbHBIM
3HaueHneM 1956.14 ppbv B 2024 romy. 3a pacCMOTpPEHHBIH BPEMEHHOW IEPUOJ] KOHICHTpAIHS
MeTaHa yBeiauumiach Ha 136,62 ppbv.

ITo mansbmM Global Monitoring Laboratory B ampene 2023 roma KOHIEHTpalus MeETaHa
cocraBisuia 1920,56 ppb, a B anpene 2024 roga — 1931,91 ppb. BuaHo, uto konuentpanus CHa
yBenuumiaach Ha 11,35 ppb 3a npomeamuii rog.

AHanu3 CpelHEMECSYHOIO COACpX aHHs MeTaHa B aTMOC(PEPHOM BO3AyXe MPHOPEKHON
nosiockl AbGxasuu 3a 2017-2020 rr., moiydeHHBIM Ta3oaHanu3aTopom MAT-6I1, moka3zam, 4To 3a
yKa3zaHHbI mniepuoj koHueHTpauuu CHs He mpesbimanu 1,2% 06. MakcuManbHble 3HAYEHUS
HaOIIOAAI0TCS B JICTHUH MEPHOJA M COCTaBWIM HauOombinee 3Hayenue 1,07% o06. B aBrycre 2019
rojga. MuHUMasbHbIE )K€ 3HAUCHUS IPUXOJIATCS HA 3SUMHE-BECCHHUI MEPHO.

Takum oGpa3om, YUepHoe Mope — KpyHHEHIIMNH B MUpPE MEPOMUKTHUECKUN OaccelH, BOJbI
KOTOPOTO HACHIIIEHbI MeTaHOM. HamMu BBISIBIIEHBI MUHUMAaJIbHbIC 3HAYEHHUS KOHIEHTPALlMU METaHa
c ssHBaps 1o Mail mecsll, B cpeaneM 0,2 % 00, ¢ utoHs 1o aekabps MakcuMaibHble — B cpeiHeM 1%
00. PernonanpHbie U3MEHEHHUS MO3BOIWIHM OIEHUTHh UCTOYHMK CHy4 M mokasarh, 4TO BIUSHUE HA
coJiepKaHue MeTaHa B aTMOc(epe OKa3bIBaeT, TJIaBHBIM 00pa30M, MOBEPXHOCTh UepHOTO MOpsI.

Crnucok nureparypsl:

Axcanba A. K., Mapaumguaun C. U., Dx6a . A. TeHneHUUH U3MEHEHUs KOHIEHTpalui
MapHUKOBBIX Ta30B Ha Teppuropuu PecnyOnmuku AOxa3usi Ha OCHOBE JUCTAHIIMOHHBIX METOJIOB
HaOmoaeHut // CoBpeMeHHbIe NpoOJIEMBbl TeoJOTHH, reodu3uku M reodkonorun CeBepHOro
KaBkaza:  Marepuanet  XIII  Bcepoccuiickoil  HaydHO-TEXHHYECKOW  KOH(pepeHIH ¢
MEXIyHAapOAHbIM ydacTtueMm, BmagukaBka3, 04-08 oxtsa6ps 2023 roma. — MockBa: MHCTUTYT
uctopun ecrectBo3Hanus u rexauku um. C.U. Basumosa PAH, 2023. — C 431-436.

baxun H. M. Meran B atmocdepe // CopocoBckuii oopazoBarenbHblil xkypHai. — 2000. — T.
6, Ne 3. — C. 52-57.

Eropos B. H. MeranoBble cumnbl B UepHOM Mope: cpeoolOpasyromiast 1 3K0JI0rHYecKas poib:
moHorpadust / B. H. Eropos, 0. I'. Apremos, C. b. I'ynun. — CeBacronons: HIIL] «9KOCHU-
I'uapodusukar, 2011. — 405 c.
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MPOCTPAHCTBEHHOE PACINPEAOEJTEHWE W COOTHOWEHWE
XENETEANOIo M KOPMOBOIoO 3O0OOMNAHKTOHA B MWPOB
fdejte c.1., 1doodkksSisamcd2 . ¢.
OI'AOY BO «CeBacTomnonbCcKuil rocyapCcTBEHHBIN yHUBEpCUTET», T. CeBacTonois, Poccus
meger_yakov@mail.ru, spiontkovski@mail.ru

Opna w3 BaXHBIX 3aJady TMOJIEBBIX MCCIEAOBAHUNA 3HAYEHMH OHOMACChl Pa3IUYHBIX
CTPYKTYPHBIX TPYII THeEJarn4eckux COOOIIECTB COCTOUT B BBISBICHHH 3aKOHOMEPHOCTEH WX
KpYIHOMAcCIITaOHOTO TMPOCTPAHCTBEHHOTO pacIpeneieHus. 300IJIaHKTOH SBJSETCS BaXKHBIM
3BEHOM TPO(PHUECKON CTPYKTYphI, 00CCIICUNBAIOIINM TPAHCHOPMAIIMIO BEIISCCTBA M IHEPTHH OT
(GUTOMIIAHKTOHA K MEJIKMM IMeIaru4eckuM pbidaM. B KOpMOBOM 300IJIaHKTOHE, BXOISIIUM B
palroH MEJNKHX TejJarn4eckux pui0, pakoodOpasubie (Copepoda) pasmepHoro auanasona 0,2—2,0
MM HUTPaloT IJIaBHYIO pojb. B He KOPMOBOM 300ILUIAHKTOHE 3Ta POJib, IO OHOMAcce, MPUHAIICKUT
JKEJIETEJIbIM OpraHu3MaM, KOTOpbIE SBJISIOTCS TPO(PUYECKUM TYINUKOM B TOM CMBICIIE, 4YTO
MEePEeBOIAT YacTh MOTOKA OPTraHMYECKOTO yriepoia 13 MacTOUIIHOMN ey B AeTPUTHYI0. B acnexre
HCCIIEIOBAaHUM HPOCTPAHCTBEHHON CTPYKTYphl MEIaru4ecKuX 3KOCHCTEM Ba)KHO IIOHSTH, Kak
COOTHOCATCS OMOMACCHI JKEJIETEI0r0 U KOPMOBOTO 300IJIAHKTOHA B BOJAX Ieib(ha U B OTKPHITOM
okeane ([TuonTtroBckmit u n1p., 2023a; [TuonTkOBCKUH U Ap., 20230).

Lenbto uccnenoBaHus ObLIa MpPOBEpPKA THIOTE3bl O HATUYMM OTPHUIIATEIHHOIO TpeHIa B
KpPYITHOMACIITaOHOH MPOCTPAaHCTBEHHON M3MEHYMBOCTH OMOMACCHI KEJETEeNOro 300IUIaHKTOHA B
HaMpaBJIEHUU OT KOHTHMHEHTAJIbHOTrO Ienb(a B okeaHHueckue BoAbl. Jlyist 3TOro ObLI BBITOJIHEH
aHayn3 223-x 5-TpasyCHBIX KBaJpaTOB U3MEPEHMsSI B KOTOPBIX M3BJICUEHBI U3 MEXIAYHAPOAHbIX 0a3
JAHHBIX W JINTEPATYPHBIX HUCTOYHUKOB. Takyke B JOIMOJHEHHE K 3ToMy, ais 393 S-rpamycHbIX
KBaJIpaTOB PaCCUUTAHO COOTHOILIEHNE OMOMACChI JKEJIETEIOr0 U KOPMOBOI'O 300IJIAHKTOHA.

Pacyerbl mokaszanu, 4TO, HECMOTps Ha OOJBIIYyI0 BapuaOENbHOCTh MPOCTPAHCTBEHHOTO
pacnpeseneHuss OMOMAacChl JKEJNETEIOro 300IUIAaHKTOHA, YMEHBIIEHHE €ero OuoMaccel B
HamnpaBlICHUU OT IIedb(pa B OTKPHITHIE BOJABI CTATHUCTUYECKU JIOCTOBEPHO JJsI BCEro OKeaHa.
Menauana Ouomaccsl B BOJIaxX CEBEPHOro Moiyuapus MupoBoro okeaHa A€CATUKPATHO MPEBBIIIAET
TaKOBYIO B FO)KHOM. MeiaHa COOTHOIIEHUsI OMOMAcChl JKeJIeTeI0ro 1 KOPMOBOTO 300IJIAHKTOHA B
CEeBEpPHOM TMOJyLIapuu TakXe Bbllle. BeauunHbl OMOMacchl JKEJIETEeNoro 300IUIAHKTOHA M HX
CTaTUCTHYECKH 3HAUYUMasl CBA3b C BEJIMUYMHOHN MMOTOKA yIJIepoa Ha HIKHEH rpaHuile 9BGOTHYECKON
30HBI YKa3bIBAIOT HAa BaKHYIO POJIb 3TOH (pakuuu B GOPMHUPOBAHUH BEPTUKAIBHON COCTaBIISIONIEH
MOTOKA YTjiepoJia B neiaruaau MUpoBOro okeaHa.

PaGora BrInonHeHa npu puHaHCOBOM noanep:kke Poccuiickoro HayuyHoro ¢oHaa (mpoext Ne

23-24-00007).

Cnncok UCOIb30BaHHON JIUTEPATYPBI:

[TuonTtkoBckuit C. A., Munckuii U. A., Merep . B. MHOTrONIETHSISI NI3MEHYMBOCTh OMOMACCHI
OKEaHWYECKOTo 300IIaHKTOHa // BogHble 6nopecypcesl u cpena oouranus. — 2023a. — T. 6, Ne 3. —
C. 52-65.

[MuontkoBckuit C. A., Munckuit . A., Merep f. B. CooTHoIIeHHe OMOMACCHI JKETIETENOr0 U
KOPMOBOTI'O 300IUIaHKTOHAa B MUpPOBOM OKkeaHe // AKTyallbHble BOIIPOCHI OMONIOTHUEcKON (pU3MKU U
xumud. — 20230, —T. 8, Ne 1. — C. 94-98.
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OCOBEHHOCTW UWHTEHCMBHOCTW CBEYEHWA T WNWAPObB
MPN PA3NWUYUHBIX YPOBHAX 3ATrPA3HEHWA TAXE/NbMU
[ jdz dzd S 5980 .1
OI'BHY «MHCTUTYT IPpUPOJHO-TEXHUYECKUX cucTeM», T. CeBacronois, Poccus
helena_melnikova@mail.ru

B coBpemenHsblil nepuon Y€pHOe MOpe HMCHBITHIBAET CHIIBHYIO aHTPOIIOI€HHYIO Harpysky,
CKJIaJBIBAIOUIYIOCS U3 MHOXeECTBa (PaKTOPOB, OJTHUM M3 KOTOPBIX SIBJISCTCS 3arpsi3HEHUE TSHKEIBIMU
Metauiamu. [locTymieHue TsKeNbIX METAIOB B MOPCKYHO Cpely NPOMCXOJIUT B PE3YJIbTATE
BBIOPOCOB IPH BHICOKOTEMIIEPATYPHBIX MPOLIECCaX B YEPHOU U IIBETHOM METAJUTYPTHH, IPU 00XKHUTe
LIEMEHTHOI'O ChIPbSl U CKUIAaHUUM MHUHEPAIBHOIO TOILIMBA, OPOLICHUS BOJAMHU C IOBBIIICHHBIM
COJZIepKAaHUEM TSDKEJIBIX METAIJIOB, BHECEHHSI OCAJKOB OBITOBBIX CTOYHBIX BOJI B TIOYBHI B KAUECTBE
ynobpenuss u np. [lmankroHHble cooOmiecTBa, OAHONW M3 XapaKTEPUCTUK (PYHKIIMOHUPOBAHUS
KOTOPBIX SIBJISETCSI WHTCHCHUBHOCTH CBEUYEHHUS (DUTOIJIAHKTOHHBIX OPraHU3MOB, O00JaJal0T
CBOMCTBOM OBICTPOrO pearupoBaHUs HA M3MEHEHHS B HKOCHUCTEME, MU MOITOMY MOTYT CIY>KUTh
OTIEpPaTUBHBIM MHIUKATOPOM JICHCTBUS Ha HEE pa3NU4HBIX (aKTOPOB Cpelbl OOMUTAHWUS, BKIIIOYAS
3arpsi3HeHus TsokenbiMu Metaiuiamu (EBcturnees, 1990; EsceeBa u np., 2020; MensHukoBa, 2014;
Toxapes u ap., 2016).

B noknane mpuBeneHbl rpa@uKyd U3MEHEHHs] MHTEHCUBHOCTU CBEYEHHUS TMIPOOHMOHTOB INPHU
Pa3IMYHBIX YPOBHAX KOHLEHTpALMI 3arpsi3HUTEIICH.

OTmeueHbl 0COOCHHOCTH W3MEHEHHS MHTEHCHBHOCTH CBEUYEHHs THMAPOOHMOHTOB HA MpUMEpe
Noctilucascintillansua pa3nuyHbie ypOBHH KOHIICHTPAIIMK COJICH *KeJie3a, CBHUHIIA, ME/IH, [INHKA U
prytu. Iloka3zaHo, 4TO mNpu BO3JCHCTBUM KAaTHOHOB CBUHIIA Oojee 1-2 cyTok Habmromaercs
WHTUOMPOBAaHNE HHTEHCHUBHOCTH CBEYEHUS, KOTOpas B JaJbHEHIIIEM HE BOCCTAHABIMBACTCSI.

Katuonsl ToKENBIX METAUIOB 00NaJar0T TaKUMU CBOMCTBAMH, Kak IOJIMBAJIEHTHOCTb,
BBICOKAsl PEAaKIMOHHAs CIOCOOHOCTb, OMOJIOrMuYecKas akTUBHOCTb, Ojarojapsi 3TOMY METaJUIbl
MPUHUMAIOT Y4acTHe MPAKTHUECKH BO BCEX (PU3MKO-XMMHMUYECKHX, XUMUUECKUX U OMOJIOrMYECKHX
nporeccax, IpOTEKaIUX B IMAPOOMOHTAX, a U3MEHEHHE UX KOHLEHTpAalluu B cpelie OOMTaHUA
OTpaXkaeTcsi Ha MPOTEKAIOIIUX MPOLECCaX U 0COOEHHOCTAX Pa3BUTHUS I'MIPOOHOHTOB.

CrnenyeT OTMETUTh, YTO B JJAOOPATOPHBIX YCIOBHUSAX OOBIYHO HCCIENYETCS BIMSIHHE TOJBKO
OJTHOT'O KaKOT0-TM0O0 TOKCUKAHTA B JJO3UPOBAHHBIX KOHLEHTpaMsaX. OHAKO B peasbHBIX YCIOBHSIX
Ha TIPOLECCHl KU3ZHEACATENbHOCTH TUAPOOMOHTOB OKa3bIBa€T BO3JCHCTBHE OJHOBPEMEHHO psJ
(GakTOpOB MMEIOLIMX, B TOM YHCIE, CYMMapHOE, CHHEPrHYecKOoe WM KOMIIEHCAIlMOHHOE
BozneiicTBue. IloaToMy HEoOXOIMMO NPOAOIKUTH HCCIEIOBAaHUS W3MEHEHUN WHTEHCHUBHOCTH
CBEUEHHUS] TMIPOOHMOHTOB B PEAJbHBIX YCIOBHAX C YYETOM COBMECTHOTO BIIMSHHS DPAa3THUHBIX
(akToOpoB 3arpsi3HEHUs, co3farb 0a3y JaHHBIX CE30HHBIX M3MEHEHUN WHTEHCHUBHOCTU CBEUYCHHS
T'MJIpOOMOHTOB B HOPMAJIbHBIX YCIOBHAX U C YUETOM BO3/EMCTBUS 3arps3HSIOMUX BemecTs. Jlanee
3Ta 0a3a JaHHBIX MOXKET ObITh UCMOIb30BaHAa IS MACHTU(UKAIIMY TPOU30IIEIIINX SKOTOTHUECKUX
U3MEHEHUH MOPCKOW cpeipl MO HaOdIoJaeMbIM HM3MEHEHUSM HHTEHCHUBHOCTH CBEUEHUS
rUpOOHOHTOB.

Crnncok UCOIb30BaHHON JIUTEPATYPBHI:

EBcrurnees II. B. BrnusHue psma TOKCHYECKHX COCIMHEHHH Ha OWOIFOMUHECIICHITHIO
MOPCKHUX Komemno // JkcrepuMeHTaabHast BogHas Tokcukosorus. — 1990. —Ne 4. — C. 105-1109.

EBceeBa A. U., Kopabmuna U. B., I'esopksan XK. B., Karanesckuit H. U., T'oproma JI. T.
OneHka 3arpsi3HEHHs BOJBI U JOHHBIX OTJIOXKEHUI KaBKa3CKOro paiioHa UepHOro Mops TSKENBIMU
MeTaJlJlaMi U MBIIIBSIKOM B COBpeMEHHBIN nepuon / BoaHble Guopecypcsl U cpeia oOUTaHUS. —
2020.—-T. 3, Ne 3. - C. 7-16.

MenbaukoBa E. b. buomtoMunecueHnuss B (QyHKIMOHUPOBAHUU 3KOCHUCTEM IeJarvain
Yepnoro mopst. — Kues: @uroconumonentp, 2014. — 175 c.

Toxkapes 0. H., EBcrurnees I1. B., MamykoBa O. B. IlmankToHHBIE OHOJIOMHHECIICHTHI
MHUpPOBOTO OKE€aHa: BHJOBOE pPa3HOOOpaszue, XapaKTePUCTUKU CBETOM3IYYECHHS B HOpPME M TpHU
aHTpororeHHoM Bo3zaeicTBuu. — Cumpeponons: H. Opeanna, 2016. — 340 c.

140



sdMmlsjd Chodsttdy SR 05 j2 fMejH’

MOTOKWM CKPbBLITOIo "M ABHOINO TETIMNNA
HA YYACTKAX CTAUMNOHAPA «BACKI AHbBbEN®»
[ demOdzse [ . ¢., 1 dudtfbkztejdsSs [.r .
HannoHaneHbI HcciieqoBaTenbCKUi TOMCKMM rOCY1apCTBEHHBIN YHUBEPCUTET, I'. ToMck, Poccust
meteo@ggf.tsu.ru

[ToTOKM CKpBITOTO M SBHOTO TeIUIa SIBISIOTCA KIIOYEBBIMH KOMIIOHEHTAMH TEIJIOBOTO
Oananca 3emin. M3ydeHue 3THUX MOTOKOB MO3BOJIET IOHSATH, KaK PAaCIpEIessieTCs] TEII0 MEKIY
Pa3IUYHBIMHU YacTAMHU aTMOc(epbl, OKeaHa U 3eMHON HMOBEpXHOCTH. [I0TOKHM Tera UMEIOT mpsiMoe
BIIMSIHHE Ha KIIMMATUYECKHE yCIOBUSI.

Pa3BuTHe M ycoBepUICHCTBOBAaHHE METOJOB IPOTHO3a IOTOJBI, MpodieMa mpeoOpa3oBaHus
KIUMaTa M pelIeHue psja JpYyruxX NPUKIaJHBIX 337ad  METEOPOJOrMH  OOYCIIOBIMBAIOT
HEOOXOJMMOCTh JIOTIOJIHUTH CYIIECTBYIOIIMI KOMIUIEKC METEOPOJIOTHYECKHX HaOMIOJeHNH Ha
CTaHIUSAX OTPENEICHUSMHI BEPTHKAIBHBIX TPAJHEHTOB OCHOBHBIX METEOPOJIOTHUECKUX AIIEMEHTOB
B NPH3EMHOM cJI0€ aTMOc(epbl U COCTAaBISIOMIMX TEIUIOBOrO OajlaHca JEeATENIbHON MOBEPXHOCTH
('anbnepun, 1970).

Tak kak ceTh TemIO0aJaHCOBHIX HAONIOJCHUII Mana M HE TOKPHIBAET BCIO TEPPHUTOPHIO
CTpaHbl B HYXHOM OOBEME, aKTyaJlbHOCTh PalOOTHI 3aKIIOYAaeTCs B AJIBTEPHATHBHOM CIocobe
OIpEeeICHUS IOTOKOB CKPBITOTO M SIBHOTO TEIUIA TIPH PAa3JIHYHBIX KIACCaX MOTOIbI.

Tabnuma 1 — Knaccudukamms noroaHpIX SBJACHUN, MPUHSTHIX IS KCCIICIOBAHMUS.

Ho me Has3BaH
Koa aBneHuma m o0603Hay

K/aac Knacd¢cC

I I'poza 3anucu ¢ spneHusMU: 80 «rpo3a» u 65 «rpan»

I «Tuxas» 3anucu ¢ sBaenusMu: 10 «pocay, 21 «apiMkay, 22 «Tymany, 23

moroja «TyMaH MPOCBEUNBAIOIIUNY», 62 «MOPOCH)»
i Jlox b 3anucu ¢ IBIEHUSIMU: 63 «10XKOb», 64 «JIMBHEBLIN TOKIL
v SlcHast moroma | 3ammcH ¢ KOJIUYECTBOM 00mIel U HrkHeH obmaunoctu 0/0 6amnos

BaxknpiM sTanoM uccrnenoBanus sapisercs anpoOauus npubopa — jgorrepa EClerk-M-RHT,
KOTOpBIM TNpeAHa3HA4YeH JUIsl MU3MEPEHHs M PErucTpalud JAaHHBIX TEMIIEPATYpbl, BIAKHOCTH,
JABJICHUS C TMEPUOJUYHOCTHIO KaxJple 10 MUHYT M MOCIEYIOIIMM pacue€ToOM COCTaBISIOLIUX
IIOTOKOB CKPBITOTO U SIBHOTO TEIUIA.

Crnncok UCOIb30BaHHON JIUTEPATYPBHI:

lanpnepun b. M. TypOyneHTHBINH Temio- U BIarooOMeH MOBEPXHOCTH CYIIH U BOJAOEMOB C
atmocdepoii. — JI.: I'mapomereonsnat, 1970. — 100 c.
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OUEHKA W3MEHEHWA BbBBPOCOB B ATMOCO®OEPY HA TEPI
MW OANBbHET O BOCTOKA POCCUUN AOANA XAPAKTEPWUC

PEIr MOHANTbHOIO 3ATPA3HEHWHA

[ dh jdeS 5 s|.tRsdBBe reQHIQdzsd IS OW [ . ¢ .
IOI'BY «MHCTUTYT II06AIBHOrO KIMMATa U SKOJIOTHA uM. aka. FO. A. Uzpasmsy,
r. Mocksa, Poccus
2PI'bBYH «MuctuTyT reorpadun Poccuiickoii akagemun Hayk», . Mocksa, Poccust
misikir@ya.ru

OnHuM U3 pacnpoCTpaHEHHBIX MMOKA3aTeIeH aHTPOIIOT€HHOTO BO3/ICHCTBUS HA OKPYXKAIOIIYIO
Cpely M KayecTBO BO3/AyXa, HUCMOJb3YEMbIX B IOCYJAapCTBEHHOW CTATHUCTHUKE, SIBISIOTCS BBIOPOCHI
3arpsI3HSIONINX BEUIECTB B PETHOHAX W B IIEJIOM IO CTpaHe. bbulM mpoaHaIM3UpOBaHBI U3MEHEHUS
AMHUCCUHU B aTMOc(hepy, MoaydeHHbIE U3 OQUIIHATbHON cTaTUCTUKH (BBIOpOCH!. .., 2024).

OTHOIIIEHNE KOJIMYECTBA BHIOPOMICHHBIX B BO3JIYX ra3000pa3HBIX OKCHUIOB CEphI U a30Ta 3a
nepuoa 2010-2023 rr. x 3naueHusMm B 2010 r. konebnercsa B npeaenax 0,88—1,06 u 0,9—-1,1 Ha
tepputopun Cubupckoro @O, 0,59-1,06 u 0,75-1,4 B [dameuHeBoctounom PO, omimyasch 1o
JMHAMHKE OT U3MEHEHUH B OTAENbHBIX CyObeKTaxX B UX cocTase (puc.l).

2
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Pucynok 1 — OtHorieHust BIOpocoB B atMocdepy anokcuaa cepsl (SO2,0 J t ) dagkcinos a3ora
(NOy, dzd 3 dpdr2tannonapusix ucrounukoB B 2010-2023 rogax k ux 3uadenusm B 2010 r.
JlanHbIe HaOMrOICHUI PocruipoMeTa MoKa3bIBalOT, YTO B 3TOT MEPUOJ B IIETIOM HAOII01AeTCsI
CHW)KEHHE KOHIICHTpAIUil OOJBIIMHCTBA 3arpsi3HSIONINX BEIIECTB B BO3AYXE TOPOJOB OTHX
tepputopuii (ITO, 2023; puc.2). [Ipusenena nnpopmanus 1Jist TopoioB cyorekToB PO.
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Pucynoxk 2 — CpejiHue roioBble KOHIeHTparmu (MKr/mM°) nuokena asota (NO2) u oKCHI0B a30Ta
(NOx) B roposax Asuatckoii yactu Poccuu

Onenka nanHbix no [loczamanumto FMWS-2024-0009 Nel023032700199-9 MHnctutyta
reorpaguu PAH.

Crnucok UCOIb30BaHHON JIUTEPATYPBHI:

Br16pochl 3arpA3HAIONINX BEHIECTB B aTMOC(EPHBII BO3AYyX FOpPOJIOB M pernoHoB Poccuiickoit
@eneparun 32 2018-2023 rr. Haunsie 2TII-Bo3ayx // Pocmpupomnanzop: caiit. — URL:
https://rpn.gov.ru/ (nata oopamenus: 12.08.2024).

Cocrosinue 3arpsi3HeHHst atMocgepbl B ropojax Ha Tepputopun Poccum 3a 2022 ron:
exerogauk / 'TO Pocruapomera; nucrond. M. JI. JloBonbekas [u ap.]. — CI16.: I'TO, 2023. — 254 c.
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OUEHKA PENPE3SEHTATWMBHOCTW LUWMNW®P OBbIX MO[I,EI'IEI7I
SRTM GL1,ASTER GDEM V3, ALOS V3.2COPERNICUS DEM V1.2
1sodSso ¢. ¢., sOhdteddzO [ . d.
®uanan MI'Y um. M. B. Jlomonocosa B r. CeBacronosne, r. CeBacTornoJib, Poccust

a_novik@bk.ru

Hudposeie Momemu penbeda (IIMP) mnpeacraBnsior coboil 1udpoBoe mpeacTaBiICHHE
peanibHOTO penbeda 3emun. B mocnenHee BpeMs 00MacTh MX HWCHONB30BAaHUS 3HAYUTEIHHO
pacmupmiack. OHU MPUMEHSIOTCS KakK JUIsl HAY4HBIX IIeJIed, TaKk U U 3a7jad4 TePPUTOPUATIHLHOTO
TUTAHUPOBAHUS W TPOCKTHUpOBaHUs. Ha MaHHBII MOMEHT CYIIECTBYET HECKOJIBKO TJIOOABHBIX
MoOJIeieil, OTKPBITHIX UII HEKOMMEPUECKOrO HCIOJB30BaHUS M OTIMYAIOLIMXCS JIPYr OT Apyra
pa3pelieHrueM U TOYHOCTHI0. OTIeHKe MX TOYHOCTHU U TIOCBSIIIEHA JIaHHas padoTa.

B kaudecTBe MCXOIHBIX Mojelel NI aHayM3a BHIOpaHS 4 HamOosee ucnoiab3yeMbix [IMP c
paspernienuem 1 yriosast cekynaa: SRTM GL1, ASTER GDEM V3, ALOS V3.2, Copernicus DEM
V1.2. Kpurepusimu pernpesentatuBHocTd LIMP sBisinuce: &) mapameTpbl TOYHOCTH MOJIENU B IJIaHE
Y TI0 BBICOTE; 0) CTENEHb «3aIlIyMIICHHOCTHY» MOJEIH, BBIPAKAIOIIASICS B HATMYUUA apTeHaKTOB U
o011eil HepaBHOMEPHOCTU PaCHpeIeNIeHUs] BBICOT; B) COOTBETCTBUE OTMETOK BBICOT MOJEIHHBIX U
peaIbHBIX, OIpPEACICHHBIX Yepe3 Tomorpaduueckue KapTbl. OCHOBHBIC TapaMeTpbl MOJEICH
npeicTaBieHbl B Tabuie 1.

Tabmuna 1 ¢ ITapameTpsl OCHOBHBIX TTI00aTIBHBIX MOAEINEH penbeda

HazBanue mozneiu ALOS SRTM ASTER Copernicus
HUcrounuk cTepeornapa | pagap | crepeomapa cTepeornapa
TouyHOCTE B IUIaHE Sw™m 20 M 30m <6 M

< 2 ™M s ckiIoHOB MeHee 20%

To4HOCTE IO BHICOTE Sm 16 m 20 m
<4 m s ckiioHoB Oonee 20%

CreneHb 3allyMJIEHHOCTH ONpEENsiach KaK CTaTUCTHYECKH (OLIEHMBANACh JAUCHEPCHUS
3HAYEHUH BBICOTHl HA CTAHJAPTHBIX, OTHOCUTEIHLHO MOHOTOHHBIX Y4YacTKax penbeda), Tak U
BU3YyaJIbHO, Yepe3 pacueT uHaeKca mepoxosaroctu Topographic Ruggedness Index (Riley, 1999).

J1J1s OLIEHKH COOTBETCTBUS BBHICOT MOJIENIEH peabHbIM 3HAUECHUSAM Oblia MPOBEACHA MPUBS3KA
25 nmuctoB Tonorpaduueckux kapt mMacimrada 1:200 000 na tepputopuro Poccuu u conpenenbHbIX
rocynapctB. JIUCTBI BbIOMpanuCh TaKUM 00pa3oM, 4TOObI MOJIYYUTh MaKCUMaJIbHOE pa3HOoOpasue
dbopM penbeda B pa3HbIX MPUPOAHBIX 30HAX. C KapT onU(POBHIBATHCH BHICOTHBIE OTMETKH Ha
XapaKTEepHBIX y4acTKax penbeda, CBOOOIHBIX OT paCTUTEILHOCTH (BOJIOPA3/I€ibl, POBHbIE CKJIOHBI,
IUIOCKME TaJbBErM) M OTMETKM IYHKTOB TOCYIapCTBEHHOH reonesmdeckoil ceru. IlomyueHHbIe
OTMETKH BBICOT CPABHUBAINUCH C MOJEIbHBIMHU 3HAUEHUSAMHU B TEX YK€ TOUKAX.

HauOonee TOUHBIMU B IJIAHOBOM M BBICOTHOM IIOJIOKEHUH SIBJISIIOTCS Mojenu COpernicus u
ALOS. Craructudeckas OIEHKa TOYHOCTH JTHX JBYX MOJENEH IoKaszajga, 4To aOCONFOTHOE
3HayeHue norpemHoctd y ALOS uyTh Bbille, HO pa3Opoc 3HAUYEHUH OTHOCHUTEIBHO HCXOJIHOTO
penseda mensbine. [Ipu 3TOM KOppemsus morpentHocTa ¢ Beicotoit y Copernicus 6osee yeTkas,
YTO CBSI3aHO C OoJyiee «IJIaJAKOW» OTPUCOBKON PaBHUHHBIX TeppuTopuid. [Ipu cozmaHuu m3orumc y
Copernicus noxy4aroTcsi 60ojiee MiIaBHbIe JIMHUN, MEHBIIE MEJIKMX 3aMKHYTBIX OOBEKTOB M BUCSYHUX

muHui. Takum 06p8.30M, HanboJiee ONTUMAaIbLHBIM BapHUaHTOM IS UCIIOJIB30BAHUS ABJISICTCSA ]_[MP
Copernicus DEM V1.2

CnucoK MCTOJIb30BaHHOW JINTEPATYPHI:
Riley S., Degloria S., Elliot S. D. A Terrain Ruggedness Index that Quantifies Topographic
Heterogeneity // Internation Journal of Science. — 1999. — No. 5 — P. 23¢27.
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COEAVWHEHWA CEPbBI MW A3OTA B ATMOCSEPHOM BO34Y
PAMOHOB EBPOMEWCKOW YACTWU POCCUM
1 Offskzatse 1. 1., 1 0ttOm@sdzese o . |
®OI'BY «MI'KD», r. Mocksa, Poccus
ofmpbv@mail.ru

Cucrtema koMIuleKcHOro ¢oHoBoro MoHutopuHra (K®M) obecnieunBaeT OLIEHKY BIMSHUSA
(hOHOBOTO 3arpsiI3HEHUS MPUPOTHON CPEIbl B paiioHax pacmoioxeHus ctannuii KOM Ha cocrosiHue
Oouocdepsl, BKIOYas TUIIMYHbIC, HEHApYLUIEHHbIE M YHHMKaJbHblE 3KocucTeMbl. MHopmarus,
nocrynaromass ¢ cetu  craHmpud  KOM, nos3BomsieT  XapakTepHU30BaTb  «TEKYLIMI»
PEruOHaNbHBIN/TI00aMbHbIN (POH 3arpsi3HEHUs NPUPOAHBIX Cpell («HOIbY AJS OTCUeTa JOKaJIbHbBIX
BO3/CHUCTBUIN), @ TAaK)Ke U3MEHEHHE YPOBHA ()OHA BO BPEMEHHU.

CoenuHeHns ceppl M a30Ta ABJLIOTCA  CTapeMIIMMM W3 INPUOPUTETHOIO  CIIMCKA
3arpsI3HAOLIUX BELIECTB, 32 KOTOPHIMU BEAYTCS PETYJISIPHbIE MHOT'OJIETHUE HA0JIIOIEHUS.

B pabore mnpexncraBieHbl pe3yibTaThl MHOIOJETHUX HAOMIOACHUH 3a colep)KaHHeM
COEMHEHUI cepbl M a30Ta B Ta30BOM WU a’pO30JIbHOM cocTossHUU (puc. 1). Psaael naHHBIX
HEKOTOPbIX CTaHUMI MOHMTOpUHIa mpeBblnatoT 30 JeT U peryiaspHo MNyOIMKYIOTCS B
eXerogHuKax, uznasaemMsix Pocrunpomerom (O630p..., 2023).

[uokcna, asora /\ Qvokcua cepi
I
|
|
|
|

N
SYER

Pucynox 1 — CpemHero1oBbie KOHIIEHTPAIIMH JUOKCH/IA CEPBI, TUOKCH/IA a30Ta U CYIh()aTOB B
aTMOoc(epHOM BO3ayXe (OHOBBIX PailoHOB (MKI/M°)

OreHka TpeHI0B (JOHOBOT'O COJIEPKAHUS 3arps3HSIONIMX BELIECTB B aTMOC(EPHOM BO3/ayXe
3a nocnegnue 15-20 ner, Brimowas 2022 1., Ha Tepputopun Poccum, CBUAETENBCTBYET O
COXpaHEeHMH Ha UX TEPPUTOPUU YCIOBUH, OOECIeYMBAIONIMX HU3KHE (HOHOBBIE YpPOBHH
KOHIICHTpAIlUK COSAMHEHUH CEPhI U a30Ta B aTMOC(HEPHOM BO3/yXeE.

Crnrcok UCOIb30BaHHON JIUTEPATYPHI:

O0630p POHOBOTO COCTOSIHUS OKPY>KaIOLIeH NMPUpPOIHOM cpenbl Ha TeppuTopun ctpadn CHI 3a
2022 r. mox pex. I'. M. Uepnoraegoii. — 2023. — 120 c.
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PE3SY/NIbTATbBI OBCNTEOLOOBAHUWA 3KONOI MUECKOE COC
MOBEPXHOCTHbBIX WNCTOYHWKAOBA IGO0 O K P bIMA
1 jstejededs [ F i BE o s @yg OV
l®unmman MI'Y um. M. B. Jlomonocosa B r. CeBacromnode, r. CeBactomnoinb, Poccus,
’T'AY PK IJIATH, r. Cumdeponons, Poccus
shura.petrenko.2004@mail.ru

Hacenenne FOro-3anannoit yactu KpbiMa 10BOJIBHO YacTO B OTJENIbHBIE TOAbl UCIBITHIBAIOT
TPYAHOCTH ¢ BojocHaOxeHueM. OOBIYHO, B 3TO BPEMs MHOI'ME XKMTEIM PETMOHA MCIIOIB3YIOT IS
CBOMX HYXK]| BOJly U3 IIOBEPXHOCTHBIX UICTOYHUKOB (POJHUKOB). MHOTME U3 HUX CUUTAIOT, YTO BOJA
U3 POJHHUKOB II0 Ka4e€CTBY BBIIIE, YEM BOJONPOBOAHAA. B HacTosmee Bpems B CeBacTONOIBCKOM
pErMOHE OTCYTCTBYIOT TOCYJApCTBEHHBIC CIYKOBI, KOTOpPBIE OCYIIECTBIISIIM Obl KOHTpPOJIb 32
COCTOSIHUEM TEPPUTOPUM BOKPYI POIHMKOB M COCTaBOM BOAbl M3 HuX. llostomy oneHka
9KOJIOTMYECKOTO COCTOSIHUS IOBEPXHOCTHBIX BOAHBIX HUCTOUYHUKOB I'epakieiickoro mnoiyoctposa u
IOro-3anannoit yactu ['opHoro Kpsima siBisiercs akTyalbHOM.

[enbto uccie0BaHUN MOBEPXHOCTHBIX BOJHBIX MCTOYHHUKOB ObLiIa OIIEHKA aHTPOIIOI€HHOI'O
3arpsiI3HEHUS BOJ U COCTOSIHUSI TEPPUTOPUU POIAHUKOB.

[Ipu mpoBeneHuun padboT UCCIETOBAIUCH THIPOr€OJOTHYECKHE U IKOJIOTMUYEeCKHEe 00CTaHOBKU
BOKpYTI' UCTOYHUKOB. KauecTBO BOABI ONPENENSNIOCh B OCHOBHOM KOJIOPUMETPUYECKUM METOIOM.
W3mepsiicst  1eOUT  POJHHUKOB, TEMIIEparypa MW  OPTaHOJENTUYECKHE IIOKA3aTeNd  BOJIBL
KoHueHTpanumn BpeIHBIX BEIIECTB OINPEAEIIOCh KOJIOPUMETpHUYecKUM MeTogoM. CyTh Merona
3aKJII0Yalach B CPAaBHEHMM OKPACKM pPAacTBOPOB BOJBI C KOJOpHUMETpuyecKoM mkanoil. Ilo
OTIENbHBIM MCTOYHHMKAM IIPOBOAWJICA XUMHUYECKMH aHanu3 Boiabl Ha 10 nokazarenel TecT-
cucremoii «NILPA HOME» (BomoponmHblii mOKa3aTenb, o0OmIas KECTKOCTh, KapOOHAaTHas
KECTKOCTb) M TecT-cucteMol «Kpucmac+»(HUTpaTtel M HUTpUTHI). IlodydeHHBIE pe3ylbTaThl
CPaBHMBAJIUCH C MPEENIbHO JOMYCTUMBIMU 3HAUEHUSAMHU cojiepaHuil B Bojie no naHHeiM CanlluH
2.1.4.1175-02 u CanlluH 2.1.4.1074-01.

Paiion mpoBenenust pabot Haxonuics B mpenenax ['epakierickoro minato u KOro-3amagHoi
gyactu [opHoro KpeimMa. B perunone mnpoBeneHus HCCIEAOBaHUN BOJOHOCHBIE TOPHU30HTHI
MPUYPOYEHBl YETBEPTUYHBIM, HEOI'€HOBBIM, MAJ€Or€HOBHIM, HUKHEMEJIOBBIM M BEPXHEIOPCKUM
OTJIOKEHUSAM. DBOJBIIMHCTBO IOBEPXHOCTHBIX HMCTOYHMKOB B ['opHom KpeiMy cBsi3aHbBl C
KapCTOBBIMU TpoleccamMu. YacTb M3 HHMX HAXOJUTCS HAa TpaHULE IOPCKUX H3BECTHSAKOB U
HIDKHEMEJIOBBIX TJIHMH. B 00pbiBax I'epakiiefickoM IIaTo pOJHUKH BCTPEYAIOTCS B U3BECTHSIKAX
CPEIHEro capMara, a BOAOYIOPHBIM F'OPU30HTOM I HUX CIIYKaT IPOCIIOH IJIUH.

B pesynbraTe oOcnenoBaHuil ObUIO YCTAHOBJIEHO, YTO TEPPUTOPHUS BOKPYT OOJIBIIMHCTBA
MTOBEPXHOCTHBIX UCTOYHUKOB C HEKOTOPOI HATSKKOM OTBeYaeT TpeOOBAaHUSAM CAHUTAPHBIX HOPM.

ITo pe3ynbraTam aHaIM30B YCTAaHOBJEHO, YTO y OOJBIIMHCTBA MCTOYHHMKOB I'epakieiickoro
MOJIyOCTpPOBa HAOJIOJAIOTCS TOBBIIICHHBIE KOHLIEHTPAlUM HUTPATOB, YTO CBSI3aHO CO cJaboi
3alMIIEHHOCTBIO CPEAHE CapMAaTCKOI0 BOJOHOCHOTO TOPU30HTA OT MOBEPXHOCTHOI'O 3arpsi3HEHHUS.
OTO CBSI3aHO C HAJIWYUEM CBAJIOK MYCOpPa, BBITPEOHBIX M, TyaleTOB, MOTMJIBHUKOB U CTOKOB
IIPOMBIIIJIEHHBIX TPEANPUITHNA. BhICOKas )K€CTKOCTh HEKOTOPBIX MCTOYHUKOB, BO3MOKHO, CBA3aHO
C yJaJIeHUEeM IUIOIIA U TUTAHUS.

B IOro-3anagnoit yactu ['opaoro Kpsima Bojia moYTH BO BCEX UCTOUYHUKAX MO OOJBIIMHCTBY
nokaszarene coorBerctByeT HopMmaMm CanllmHa. Ho HekoTopble M3 HHMX XapakTEpU3YHOTCS B
OIIpeIeTIEHHBIE IEPUOABI BEICOKOM JKECTKOCTBIO U MUHEPAIU3ALMS BOJIbI

[lo pesynpTaTam wuccieqoBaHHsl ObUIO YCTaHOBJIEHO, YTO BOJAAa M3 POJHUKOB MOXKET
MCIOJIb30BATHCS ISl MUTHEBBIX HYXJ. [10 maHHBIM 00cienoBaHUs U pe3yiabTaTaM aHaJIU30B BOIbBI
CO3/1aHa WHTEPAaKTHBHAs KapTa POJHUKOB C MPOCTOW W MOHSATHONM MHpoOpManuu 0e3 CI0XKHOMI
TEpPMUHOJIOTHU. bblna 3amucana cepusi poJIMKOB 00 MX 3KOJOTMYECKOM COCTOSIHUM Ha miiatdopme
«YouTubey, a Taxke pazpadotan cait «Pogauku Pecnyonuku Kpsim 1 ropoma CeBacTomossy.
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PASPABOTKA METOAWNWKW CHWUXEHWA YUUWCNA KIWMATMWU
MPEOMNKTOPOB B MOAOENWPOBAHWW APEANTOB BWA
l sftsol?rR. 150 [ .
'®I'BY «HCTUTYT M06GANLHOTO KIMMAaTa 1 9konoruu um. akaz. 10. A. Uspasnsy,
. Mocksa, Poccus
2OI'BYH «Muctutyt reorpahuu PAH», r. Mocksa, Poccus
igor o popov(@mail.ru; en_popova@mail.ru

MopnenupoBaHue paclnpocTpaHeHHs: BUAOB — OypHO pa3BHUBAalolLleecs HalpaBiICHHUE
COBPEMEHHOW HAayKd Ha CTBbIKe Ouoreorpaduu, 5KOIOTHUH, KIMMATOJIIOTHH, MAaTeMaTHKU U
MH(GOPMALIMOHHBIX TEXHOJIOTUH. [l ero oCyIiecTBICHUs B KaY€CTBE KIMMATHUECKUX MTPETUKTOPOB
Hanbosee YacTo TNPUMEHSAIOTCA JEBATHAAUATh OuoximMmarndyeckux mnapamerpoB BIOCLIM,
OTPa)KAIOIIUX TEMIIEPaTypHbIE U BIA)KHOCTHBIE KIMMAaTHYECKHE XapaKTEPUCTHKU OKPYKAIOIIEH
Cpelbl U HMEIIIUX Psi  YIOOHBIX CBOMCTB JJii OLEHKH TEPPUTOPUU MOTEHLHUAIBHOIO
pacnpoCTpaHeHus MO BCceMy 3eMHOMY Iapy. /[is moBblIIEHUS KadecTBa MOZENIEH apeajloB U
YMEHbBILIEHUSI B3aWMHOM KOppENsLMU 3THUX [apaMeTpoB HEOOXOOUMO CHMXKEHHE HX YHucia.
M3BeCcTHO HECKOJIBKO MOIXOJ0B Ul PELICHUs ITOM 3a/1auu, OOJIBIIMHCTBO U3 KOTOPBIX 3aKIH0YAETCs
B CO3JaHMHM HOBBIX CHHTETHYECKHX IIE€PEMEHHBIX Ha OCHOBE HAOIIOMAEMBIX, YTO HMEET Pl
CYIIECTBEHHBIX HEJOCTATKOB. AJIBTEpHATUBHBINA MOIXOA 3aKJIIOYAeTCs B OTOOpE KIMMATHYECKHUX
IIEPEMEHHBIX, P 3TOM HEOOXOJUMO JOCTUTHYTh MAaKCHMAaJIbHOIO CHMKEHMS HX 4HcCIa IpU
MUHHUMAJIbHBIX HOTEpsAX Moje3Hod uHpopmanuu. [lpumenstomuecs I 3TOro MOAXOAbl TAKXKe
HMEIOT Pl CYyLIECTBEHHBIX HETOCTATKOB.

B nanHOoM wuccnenoBaHuM ObUIa NpPEANpPHHATA IONBITKA pa3paboTrarh 3 EeKTUBHBIN
CTaTUCTUYECKU 00OCHOBAHHBIN MOJXOJ JJIsl PEILIEHUs 3a/1aun 0TO0pa KIIMMaTUYECKUX MTPEIUKTOPOB
MOJIEIMPOBAHMSI apeajoB, OCHOBAHHBIA Ha BBIABICHUM KOPPEJSIIMOHHBIX TPYII IapaMeTpoB,
B3alMHasi KOPPEeJsALKsS BHYTPU KOTOPBIX MPEBBILIAET KOPPEISALHUIO C IPYTUMHU TpyIaMu, U oToope
U3 HUX MapaMeTpoB, B HAaUMEHbIIEH CTENEHH KOPPEIUPYIOUIMX MEeXITy coOoil. s BbIsABIECHUS
KOPPENSLMOHHBIX TPYyNN ObUIO MCIONb30BAHO HECKOJIBKO METOJOB: aHAIM3 KOPPEISLMOHHOM
MaTpHIbl, KJIACTepHBIH U (aKTOpHBIM aHamu3bl. J[ns KiacTepHOro aHajgn3a HCIOJIb30BAJICS
anroput™m HDBSCAN, nns ¢dakropHoro ananusa — MeTOJbl KBapTUMaKC M BapuMakc. B xauecTse
IpUMepa aHAJIU3UPOBAINUCH 3HAUCHHMs] OMOKIMMATHYECKHUX I1apaMeTpoOB, PACCUUTAHHBIX IS
nepuona 1991-2020 rr. mo Bcemy 3eMHOMY IIapy Ha OCHOBE 0a3bl KinMarudeckux naHHbix CRU
TS 4.03. B pesynbrare NpOBEACHHBIX MCCIEAOBAaHUN II0Ka3aHa XOpOLIas COIVIACOBAHHOCTh
pe3ybTaTOB MPUMEHEHUS Pa3HBIX METO/OB. BbIIN BBISBIECHBI HECKOIBKO KOPPEISLUOHHBIX TPYIIIL,
YHUCJIO KOTOPBIX PABHO YETBIPEM WM IIATH B 3aBUCHUMOCTHM OT HWHTEPIpPETAllMM 3HAYEHUS
OTPHULATEIbHOW KOpPENSLUU: SBISIETCS JU OTpUIIATeNIbHAsT KOPPENAlUs MPU3HAKOM OOJbIIEro
pasnuuus MeXIy napaMeTrpaMu WM Het. Emne ofna, mecras, rpynna u3 asyx napamerpos (BIO14
u BIO17) moxer ObITh BblA€NIEHA HAa OCHOBE pE3YJIbTaroB MpHUMEHEHUsi Merona (aKTOPHOTO
aHaJIM3a BapUMaKC, OHAKO JPYrMMH METOAAMHU 3Ta KOPPEJSILMOHHAs Ipylnna He BblaBisiercs. M3
IIECTH BBIJEICHHBIX TPYII ObLIM 0TOOpaHbI LHIECTh MapaMeTPOB, MO OJHOMY M3 KaXXIAOW IPYMIbI,
MPOJEMOHCTPUPOBABIIMX MHHHMMAJIbHOE CpelHee 3HaueHue Kod3(D(UIMEeHTa KOppesiuuu ¢
napamerpamu u3 apyrux rpymnm: BIO2, BIOS, BIO7, BIO14, BIO15 u BIO18 (mocnexauii — B
cllydae BBIAEIEHUS IIeCTOM TIpymmbl). OTMeueHa HU3Kasg B3auMHas KOPPEISILUS MEXIY STUMHU
rmapamMeTpamMu: MakcuMalibHOe 3HadueHne koddpdunmenta I[lupcona 0,389 (BIOS u BIOL1S),
MaKkcUMajbHOE 1Mo abcomoTtHoMy 3HaueHHio -0,582 (BIO14 u BIO18). [lomy4yeHHble pe3yabTarThl
MOKAa3bIBAIOT JOCTAaTOYHO BBICOKYIO J(PQPEKTUBHOCTH MPHUMEHEHHOTO0 TNoaXoJa K OTOOpYy
OMOKJIMMATUYECKUX TapaMeTPOB.

Pabora nmomnepxkana rpantoMm MuHoOpHayku P® B Buje cyOcuauy KpymHOTO HAy4HOTO
npoekta «[7obaibHbIe KIMMaTHUYECKHWE BBI3OBBI Ha TeppUTOpUH Poccum: peTpoCcreKTUBHBIN
aHaJu3, PorHo3 U Mexanu3Mbl anantanuny (Cornamenne Ne 075-15-2024-554 ot 24.04.2024).
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HAKONNEHWE TAXENbLIX METANNOB B 3KOCWUCTEM,
YPBAHMBOBAHHbLIX TEPPUTOPUMN B YCNOBUAX
KONTUMATUUYECKNUX AHOMANWNN
Il sAatHA [ eSS j £OC jte . |
I®I'BOY BO «Cankr-IleTepOyprekuii rocynapcTBEHHBIH YHHBEPCHTETY,
r. Cankr-IlerepOypr, Poccus
2OrAOY BO «HarmoHaabHbIH HCCIIeI0BaTEIbCKHUI yausepcuteT UTMO»,
r. Cankr-IlerepOypr, Poccus
elizaveta902@mail.ru

I'moGanbHOE M3MEHEHHUE KJIMMara MpPOSIBIAETCS B TOM YHUCIIE, B YYAaCTUBLIMXCS B MOCIEIHUE
HECKOJIbKO JIET IIOTOJHBIX AaHOMAJIMAX, YTHETaollee JEHCTBUE KOTOPBIX CKa3bIBaeTCs Ha
ouoreoneHo3ax. B HanOonee 3HaYMMOM Mepe cTpecc, NPOAYLHMPYEMbI MOTOAHBIMU aHOMAIHUAMU,
UCHBITHIBAIOT 3KOCUCTEMbl YpOaHU3UPOBaHHBIX TeppuTopuil. [lOBBIIEHHOW  YA3BUMOCTHIO
OTJINYAIOTCS TOPOACKHE 3€EHBIE HACAXKACHUSA, KOTOPHIM, B TO € BpeMs, PUHAICKUT KIIIOUEBast
poib B hOPMUPOBAHUH 3I0POBOI TOPOJCKON CPEIBI.

Jlerom 2021 roma B Cankt-IlerepOypre HaOmOAANUCh NEPUOABI AHOMAIBHO BBICOKHX
TeMIeparyp, BBIABIIME HAa Hadajlo MEepuoja BereTalud OOJBIIMHCTBA JIMCTOMAIHBIX BHJIOB,
IPEJCTABICHHBIX B 3€JIEHBIX HACAXKAEHUSAX TOpoja, KOrja pacTeHus ewé He JOCTUIIM CBOEH
MaKCHMaJbHON YCTOMYMBOCTU. B MIOHE W HMroiie HAaOII0MaI0Ch MPEBHIICHHE JHEBHBIX TEMIEpaTyp
Oosiee yeM Ha 5 rpajycoB OTHOCUTEIbHO HOpMBI. ABryct 2022 roja Takke XapaKTepU30BaJICs
IIOTOJJTHOW aHOMAJIMEH, OTHAKO B JAHHOM CJlydyae OHa BblllaJia Ha OoJiee MO3IHUM ATall BEreTaluH.

OCHOBHBIMH H3y4yaeMbIMHM IlapaMeTpaMM, Ha OCHOBE KOTOPBIX IPOMCXOJIMJIa OILIEHKA
OMOAKOJIOTHYECKUX (DYHKIUH PACTCHHI B YCIOBHUSX IOJIBEPKEHHOCTH CTPECCY, MPOAYLHPYEMOMY
COYETAaHHBIM BO3JICMCTBUEM AHTPONOIeHHOro (hakTopa W TOBBIILIEHHONH OTHOCUTEIHHO HOPMBI
TEMIIEPATYypPhl, MOCITYKWIN YPOBHU HAKOIUIEHUS TSKENBIX METAJUIOB 3€JIEHBIMU YacTSIMM PacTEHU,
a TakKe UX (POTOCUHTETUYECKAsk aKTUBHOCTb.

AHanu3 Kod(pGUIMEHTOB OHOJIIOTMYECKOTO Iepexoja pPAacTeHUH B OTHOIIEHUH TSDKEIBIX
METAJUIOB W MeTajyiouaa (MbIIIbsKa) T[OKa3al HapylleHHe OapbepHBIX (QYHKIUI pacTeHui
BCJECTBUE (DU3MOIOTMYECKOr0 CTpecca, 4YTO OBLI0 B OCOOEHHOCTH BBIPDAXKEHO Y BHUIOB-
MHTPOJIYLEHTOB, HEXapaKTEpHBIX JJIs U3ydeHHOro pernona. Haubomnbiee HapyunieHne GapbepHBIX
(GyHKIMM ObUIO MOKa3aHO B OTHOIIEHUHU MBIIIbsSKA y OOJBIIMHCTBA UCCIIEI0BAaHHBIX BUJOB U IIMHKA
— y tonoist G6enoro (P 0 p ud lulis.p Tlocine Hopmanu3aiuu TeMneparypsl 0apbepHbie QYHKIMN
ObUIM BOCCTAHOBJIEHBI JIMIIb YacTU4YHO. B ycnoBusx moronHoil anomanuu 2022 roma pacreHus,
JOCTUTHYB OOJbIIeH yCTOMYMBOCTH, MOKA3ajdd HE CTOJIb BBIPA)KEHHOE HapylleHHe OapbepHBIX
GyHKIMM, a TakXke MoKa3zaiau Oojiee BBICOKHE TEMIIbl BOCCTAHOBJIEHUS IMOCIE HOpPMaju3aluu
TEMIIEpATypHI.

Taxke OBLJIO MPOBENEHO PACCMOTPEHHE HW3MEHEHUs coJepKaHUs (OTOCUHTETUYECKUX
MIUTMEHTOB B JIUCTHSIX PAaCTEHUH B COOTBETCTBUHU C METO/I0M JIMXTeHTailyiepa B AMHAMHKE ITOTOAHBIX
yclioBUH. BplTo MokazaHo MoBbIIEHKE A0IH XJiopoduiuia b u KapoTHHOUIOB B YCIOBUSAX TMOTOAHBIX
aHOMaJIUii, YTO CBsI3aHO ¢ OoJiee aKTUBHBIM pa3pylIeHUueM XJIopopuiia A 1o AeHCTBUEM BBICOKUX
TeMreparyp. Haumenspiire u3MeHeHUs MpeTepreny BUABI-MHTPOAYLIEHTHI, 00jee yCTOMYUBBIE K
JEMCTBUIO TIOBBIIIEHHBIX TEMIIEPATYD.

Takum oOpa3zom, ObUIO MOKa3aHO, 4YTO (DU3HOJIOTMYECKHI CTpecc, BBIpaKAIOUIUHCA B
COBOKYITHOM BO3JIEHCTBUU AHOMA@JIbHO BBICOKHMX TEMIIEPATYyp MU aHTPOIOTEHHOIO BO3JEHCTBUS,
YTHETAIOIE CKa3bIBA€TCs HAa PACTEHMSIX BCEX APYCOB, yXyauias ux OapbepHble QYyHKIUU, CHIXKAs
YPOBHHU (POTOCUHTETHUYECKUX MTUTMEHTOB.
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OPITAHWYECKWNE CBPBHEAVWBEMECAYHbBIXPEBIMMAT MOC®EP HbIX
BBINTALOEHMNAX HA CEG/AKAKOM B3 MOPbE
u B todets 9,0 O zdZd dzO . |
IOI'BHY «MHCTUTYT HpUPOIHO-TEXHHUECKUX cHCTeM, T. CeBacTomnons, Poccus
2CO OI'BY «ocyaapcTBeHHBIH OKeaHOrpahUUECKUi HHCTUTYT HM.
H. H. 3y6oBay», r. CeBacromnons, Poccus

inik48@inbox.ru

B cocraB pa3HOOOpa3sHBIX XHMHYECKHX COCIMHEHHH, 3arps3HSIONIMX HUXKHHUE CIIOU
Tpornocgepbl HaJ] MOPCKOM MOBEPXHOCTHIO, MPUOEPEKHBIMU aKBATOPUSIMHU U B pallOHE aBTOTpacC,
BXOJIAT OPraHWYECKUE BEIECTBA, CPElUd KOTOPBIX MOXHO BBIIEIUTh AHUOHHBIE MOBEPXHOCTHO-
aktuBHbIe coenHeHus (CITAB) u HeQTsSHBIC YTIIeBOIOPOIBI (H-TKAHBI).

Ha CeBacTononbckoM B3MOpbE HAxOIATCS MHOTOYMCICHHBIE HCTOYHUKH H-aJIKAaHOB
He(TAHOTO THMA: CYJOXOJCTBO U cOpoc OamiacTHRIX BoA. OHM HAKAIUIMBAIOTCS B pailoHAX MOPTOB,
JIOKOB, HE(TSHOTO TEepMHHANa M OBICTPO HCHApSIOTCS ¢ Mopckoi moBepxHocTH. CIIAB —
CUHTETUYECKHUE COCTUHEHHS IIEJIOYHOW MPHUPOMABI, HCIONb3YIOTCS TPU OYUCTKE MOPCKOM
MOBEPXHOCTH TPH pa3iIiBe HEPTEIPOIYKTOB M KaK MOIOIINE CPEACTBA B OBITY U IPOMBIIIIICHHOCTH.
B wmectax cOpoca B Mope HenoouumieHHbIX CTO4YHBIX BOJ CIIABBI KOHUEHTpUpYIOTCS B
MOBEPXHOCTHOM MuKpocioe u ucnapsitorcs. CIIABbI 1 H-anikaHbl He(QTIHOTO THIA, MUTPUPYIOIINE
B Tponocdepe, He TONbKO pazpymarTtces 10 CO2 mon aelicTBueM GPOTOXMMHUYECKHX (PaKTOPOB, HO U
BBIMBIBAIOTCSI aTMOC(EPHBIMU BBINAJICHUSIMU HA Pa3INYHbIe MOJACTUIAIOIINE TOBEPXHOCTH.

Llenpto paboThl OBUIO M3ydeHHUE cojiep)kaHusi H-ankaHoB HedrsaHoro tuma u CIIABoB B
MECSYHBIX CyMMApHBIX aTMOC(EPHBIX BBHIMAJEHUSX, TTOCTYNAOMUX HA | M2TIOBEPXHOCTH.

O160p npod nmpoBouics Ha meteoruiomaake 3ganust CO 'OMH, BeicoTa Hag ypoBHEM MOpPS
~100 M. AtmocdepHble BBIIAJACHUS: IOKIEBas BOJA, CHET, T'paj, OCENAIOIIMEe MOPCKUE U
TEPPUTEHHBIE aPO30JIM COOMPANINCH B TEUEHUE MECALA HA TOBEPXHOCTh TUCTHILIMPOBAHHOM BOJIBI,
KOTOpast MOCTOSTHHO MPUCYTCTBOBalA B MpobooTOopHUKax. H-ankansl onpenensiucs merogom MK-
crextpockoriu (A 2930+£70cm™t), CITABBI — KONOpHMeTpHYecKH (KPacHEI CBETODUIBTP).

B TedeHune roga KOHIEHTpaLKs H-AJIKAHOB B MECSIYHBIX IpoOax U3MeHsIach B npeaenax 4,1—
13,0 mr/mM*mec, a CITAB or 0,7 mo 11,3 mr/m?>Mec, BBISBICHA €€ 3aBHCHMOCTH OT Taon
3aBUCUMOCTb UX CPEAHMX CE30HHBIX KOHIIEHTpAIMi OT KOJIMYECTBa JHEH C BIAKHBIMHM OCaJKaMU
nmokasaHa B Tabm. 1.

Tabmuua 1 — Ce30HHas BapuabeabHOCTh KOJIMYECTBA AHEN C BIAKHBIMU OCAJKaMH U
KOHIIeHTpauui H-ankaHoB 1 CITAB B cyMMapHbIX aTMOC(epHBIX BbIMaeHusIX, 2022 1.

[Tapamerpsl BechHa Jleto Ocenb 3uma
KonnuectBa qHEl ¢ BIaXXHBIMH OCaJKaMH 18 10 23 14
CIIAB, mMr/m® 22+0,6 | 63 £24 | 75 £28 2,104
H-ankanb! HedTsaHOTO THIIA, Mr/M? 90+22 |42+0,1 | 9,6+23 5.8+0,7

BecHoli, oceHblo, 3uMOil B aTMOC(epHBIX BbInajeHusx coaepxanue CITABoB Oblio HuKe,
4yeM H-aJKaHOB. KOHIIEHTpalys 3THX MOIOIIUX CPEACTB MOBBIIIAETCS B JIETHE-OCEHHUI Mepuo MpH
yBeNIU4eHUN cOpoca cTouyHbIX BoA B OyxTel. Hcnmapsionmecs CIIABBI agcopOupyrorcs Ha
MOBEPXHOCTU PA3IUYHBIX adp0o30Jiell M OCEeNaloT B pe3yibTaTe UX CEAMMEHTAIlMd OCOOEHHO B
3aCyIUIUBBIM JieTHUH mnepuod. H-ankansl HeTSHOro THIa BBIMBIBAIOTCS TOJIBKO BIIAYKHBIMU
ocaZkamMM (CHeT, J0X[b), TaK Kak MOCTYNAlOT M MHUIPHUPYIOT B Tpomochepe B razood0pazHOM
COCTOSIHMM, UX KOHIIEHTPAllUsI MAaKCUMaJIbHA B BECEHHUI U OCEHHUN CE30HBI.

Ocenarorue ¢ arMocepHbpIMU BbIaZeHUsIMUA H-akaHbl 1 CITABBI BKITFOUalOTCS B XUMHKO-
OMOJIOTMYECKHE LMKIBl BOJHBIX M Ha3eMHBIX JKOCHUCTEM M OHHU OTpHUIATEIbHO BIHUSIIOT Ha
KHU3HEICSATEIbHOCTh MOPCKHUX U MPECHOBOIHBIX OPTaHU3MOB, HA3€MHOI paCTUTENbHOCTH.

HccnenoBanus BBIIIOJIHEHBI B paMKax TIOCYAAapCTBEHHOrO 3ajaHus MHCTUTyTa NpUpOIHO-
texHuueckux cucreM (Ne rocperucrpanuu 124013000609-2).
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TPOOPUNYECKAA CTPYKTYPA 3OOBEHTOCA KEPYEHCKOI
MPNN PA3JTNYHBIX YPOBHAX ETO PA3BUTUA
vjtejdalsy jo ¢. u.
AzoBo-UepHomopckuii ¢punman Beepoccuiickoro HayqHO-UCCIIeIOBATEIECKOTO HHCTUTYTA

peIOHOTO X03s1ticTBa M okeaHorpaduu (Otnen Kepuenckuii), r. Kepus, Poccus
iskander65@bk.ru

Jlnisi OLIEHKM YpOBHS Pa3BUTHUSA 3000€HTOCA OBLI MCIOJIB30BaH IOKA3aTelb aHOPMAaJIbHOCTH,
npemioxenusii . H. 3aiineBsiM (1991). B kadecTBe MCXOIHBIX JaHHBIX OBUIM HCIOJIB30BAHBI
IUIOTHOCTh BHJIOB, YMCIIEHHOCTh M OMoMacca 3000eHToca KepyeHCKOro mponnBa, COOpaHHBIX B
19862016 rr. mpu momomu gHouepmarens Ilerepcena na 351 cranumm. B pesynbrare ObLIN
BBIJICJICHBI YYaCTKU JHA C OYEHb BHICOKMM, BHICOKUM, CPEHUM, HU3KUM U OYEHb HU3KHUM YPOBHEM
pa3Butus 3000eHTOca. Ha HEKOTOPBIX ydacTKax JHa Makpo3000€HTOC MPAaKTHUYECKU OTCYTCTBOBAIL.
CHmXeHue ypoBHS pa3BUTHS 3000€HTOCA COMPOBOXKAAIOCH CHUIKEHUEM YUCIEHHOCTH 3000€HTOCa
¢ 3680+880 sk3./M?> u Guomacchl 2260+760 T/M?> Ha ydacTKax JHA C OYEHb BHICOKMM YPOBHEM
pasButus 10 32,9+4,3 9K3./M° 1 8,4+2.7 r/mM° Ha y4acTKax ¢ 04YeHb HU3KUM.

Tpoduueckas cTpykTypa 3000eHTOCa Kinaccuduuuponanacs o E. H. Typmaesoii (1953) u A.
I1. Ky3nenoBy (1970). O6napyxkeno 30 cectroHodaroB, 4 c¢urodara, 20 xunaukoB u 20
nonudaros, 38 BHUIOB, cOOUpAIONIMX JETPUT C IMOBEPXHOCTU TPYyHTA, 3 OE3BHIOOPOUYHBIX
TJIOTATBITUKOB BEPXHETO CIIOSI TPYHTA M 0€3BBIOOPOUYHBIX TJIOTATBIIMKOB B TOJIIIE TPYHTA.

Ha Bcex ypoBHAX pa3BUTHS 3000€HTOCAa KaK IO YHMCIEHHOCTH, TaK M MO OHomMacce
JOMUHUPYIOT cecToHO(aru. VX 4mnclIeHHOCTh Ha ydacTKaxX C OY€Hb BHICOKUM YPOBHEM pPa3BUTHUSA
paBHsTachk 3430£910 7K3./M?%, 6Guomacca — 2620+760 r/mM%, a Ha yJacTKax ¢ O4eHb HU3KHM YPOBHEM
paszButus 12,7+4,9 aK3./M? u 4,0+1,8 r/m>. CokpaliieHue ux YuCICHHOCTH U OMOMAacChl B OCHOBHOM
U OTIpe/IeNIsieT COKpAIIeHUEe YHCIEHHOCTH U OroMacchl 3000€HTOCa.

JpyruMu BenymiuMu TpoQHUUECKMMM TpyIHIaMu OBbIM BHJIBI, COOMparoliue AETPUT C
MOBEPXHOCTU TPYHTA, XUIIHUKHU U moiudaru. VX 4ucieHHOCTh U Ouomacca TakKe YMEHBIIATUCh
110 MEPE CHIKEHHS YPOBHS Pa3BUTHS 3000€HTOCA, HO 00Jiee HU3KUMH TeMrnamu. B pe3ynbrare mosst
cecToHO(aroB cokparunach ot 86-99% mo uucnennoctu u 96-99% mo 6Gmomacce Ha ydacTKax C
OUYEHb BBICOKUM YpOBHEM pa3BuTHS 10 29-48% mno uucinenHoctu u 35-59% mno OGuomacce Ha
y4acTKax C OYeHb HU3KUM YPOBHEM pa3BUTHs. B Toke BpeMs JOJS XUIIHBIX BUAOB BBIpOCTA IO
yucinenHoctu ¢ 0,4-0,9 mo 18-36%, a mo Ouomacce ¢ 0,2-0,8 mo 24-47%. Ilonmudaru,
COOTBETCTBEHHO, ¢ 0,8—1,5 u 1,5-5,4% no 0,3-0,7 u 2,4-8,5%. [Ipu 3TOM, XMIIIHUKHK HA y4acTKax C
OYEHb HU3KUM YPOBHEM pa3BUTHs 3000€HTOCAa KaK MO YHCJICHHOCTH, TaK M IO OuomMacce
npuOINKAIOTCS K cCecTOHO(aram.

MakcumanbHO 3aMETHYIO POJib O€3BBIOOPOYHBIE TIOTAJIBIIUKH TpyHTa U (hutodaru urpaim
Ha y4acTKaX cO CPETHUM YPOBHEM Pa3BUTHS 3000€HTOCA, I/I€ Ha UX JIOJIO B CPEIHEM MPUXOIUIOCH
0,6-1,2% o6meii ynuciennoctr u 0,4—1,1% oOmeii 6momaccel 3000eHTOCa. Ha ydacTkax ¢ o4eHb
HU3KUM YPOBHEM Pa3BUTHUS ITH TPOYUUECKUE TPYIIIIBI OTCYTCTBOBAIIH.

[To Mepe yMeHbIIIEHHS] YPOBHSI pPa3BUTHS 3000€HTOCA TMOBBINIACTCS YPOBEHb Pa3zHOOOpa3ws
ero Tpoduveckor CTpykTypel. [IpudeM, Ha BO BceM AHMAma3oHE YpPOBHS pPa3BUTHs 3000€HTOCA
YPOBEHB pa3HOOOpa3us 10 YHCICHHOCTH BHINIE, YeM o Onomacce.

Crnrcok UCOIb30BaHHON JIUTEPATYPBHI:

3aitieB I'. H. MaTtematuueckuit aHanu3 Ouonorndyecknx qaHHbX. — M.: Hayka, 1991. — 184 c.

Kysnemnor A. I1. O tpodudeckoil cTpyKType ¥ 30HATBHOCTH pactpenesieHus] TOHHON (payHbI
AzoBckoro u banruiickoro mopeii. // Tpyabl uncturyra okeanoigorun AH CCCP. — M.: Hayka,
1970. - T. 88. - C. 81-97.

Typnaesa E. I1. [lutanue u nuiieBble TPYNMHPOBKH MOPCKUX JOHHBIX O€CIO3BOHOYHBIX //
Tpyner UactutyTa okeanonorun AH CCCP. —1953. - T. 7. — C. 259-299.
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METO/Abl CO3AAHVBNEPABILAHHbBIX BP ABMEPE H W
MAPAMETPOB OKPYXKA®BRIEAbL ANA UEGEMH®&Y MEAWLWHDGBI
vdlstso L] .08.0L 59 @ szfldzd,§ sflsd ez jo 1.1
LdULL «Mudopmaruka u ynpasiaenue» PAH, r. Mocksa, Poccus
’I'bY3 PK «<HUU JKOuMP», T. EBnatopus, Poccus
SOI'AOYBO «CeBacTononbCKuil Tocy1apcTBeHHbIH yHUBEpCHTET», . CeBacTomnos, Poccus
tvy@inbox.ru

BaxHbIMM acniekTaMM JUIsl OLIEHKM KJIMMAaTHYECKOIo BO3ACHCTBUS HAa KypopTe SBIISIOTCA
aKTyalbHOCTh MH(pOpMAIMM M TpocTOoTa. B Hacrosimee BpeMsi OICHKa OJaromnpusITHOCTH
KJIMMAaTU4YeCKOro BO3AEUCTBHS Ha KypopTrax KpbIMa Kak OTIbIXAlOIMMH, TaKk M BpadyaMu B
CaHATOPUSIX OCYIIECTBISETCS CaMOCTOSITEIbHO 110 JAHHBIM O IIOroje: TeMIEparype BO31yXa,
BJIQJKHOCTH, aTMOC(EpHOM JaBJIEHUHM, CKOPOCTH BETpa, YpOBHE YibTpaduoiera, HapLualbHON
IUIOTHOCTH KHUCTIOpPOJia U T.1.

IIpeiaraercss ycoBepILICHCTBOBaTh NPAKTUKY BU3YalU3al[MM MHOXECTBAa KJIMMATHYECKUX
[1apaMeTpoB, J100aBUB BBIYUCIIEHUE HMHTErPAJIbHOrO IOKa3aTelss OJarolnpHsATHOCTH JUIsl LEIeBOU
ayauTOpuu (B3pOCIIbIE 3I0POBbIE JIFOJIH, B3POCIbIE U A€TH PA3IMUHBIX TPYII 37J0POBbs) U TOCTaBKU
3HAYeHUH JTOTO IMOKas3aTens B MH(OpMAIMOHHBIE cUCTeMbl yupexaeHuii Kpsima. CoBpeMeHHBIE
METEOpOJIOTHYecKue MpUOOphl ¢ aBTOMATHYECKUM cOOpPOM HH(POpPMALUU Jal0T BO3MOXXKHOCTb
CO3/1aTh KOHBEHEp JaHHbIX, HA KOTOPbIA OyAyT ONEpaTHBHO IMOCTYINAaTh 3HAYEHHUS MapaMEeTpOB
oKpy»katomei cpesnbl. Ha BbIxosie KoHBelepa paccunTaHHbIE TapaMeTphl, BKIIOYAsi HMHTEIPAIbHYIO
OLIEHKY OJIarONPUATHOCTH KIMMAaTHYECKOTO BO3JCHCTBUS, HE TOJBKO HAKAIJIMBAIOTCA C LENbBIO
U3yYeHHsl KIMMaTa C TOYKHM 3peHHs] KypOpPTHOM MeIMIMHBI, HO M 0e3 3ajJepKeK MepeaaroTcs
LIEJIEBBIM TOTPEOUTENSAM Yepe3 MOOWJIbHBIE NPUIIOKEHMS, CalThl KypOpTOB, HH(OpPMalMOHHBIE
CHCTEMBbl KYpPOPTHBIX yupexaeHUl. [1osiBiisseTcsi BOSMOXKHOCTh B pEalbHOM BPEMEHU OIpPEIeIsATh
JIOCTaTOYHOCTh HaXO0>K/IEHUS YeJIOBEKA B BOJE WJIM Ha IUISKE B COOTBETCTBUU C KYPCOM JICUEHUS U
peaduIuTaIIH.

Nuummaropsr co3ganus cucremsl: ['bBY3 PK «HUW JK®uMP» (r. EBnatopus) u UL «1Y
PAH» (r. Mockaa).
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TEMNMAOMNPOBOAHOCTb CHEXHOIO TNOKPOBA B EKATEF
AOCOjO0O 1.t1., 1dBINEB 1.5., |IStodktsMisOj oC
HNuctutyt reopusuku um. 1O. I1. Bynamesuya YpO PAH, r. Exarepun0Oypr, Poccus
fakaeva.n@gmail.com

TeroBble CBOMCTBA CHEXHOIO TIOKPOBA WIPAIOT BAXHYIO pOJIb B (OPMHUPOBAHUU
TEMIIEPaTypHOTO pexuma TropojoB. MX wuccrnegoBaHue OCOOCHHO aKTyaJlbHO B YCIOBHSIX
MIPOJOJDKAIOIIETOCs TII00aIbHOTO MOTEIJICHUS M YCUJICHUS MHTEHCHUBHOCTH TOPOACKHX OCTPOBOB
Teruia.

HccnenoBana 3aBUCUMOCTh KOHJYKTUBHOM TEILIONPOBOJHOCTU OT IIJIOTHOCTH CHEra B
ExarepunOypre, a Takxke BIUSHUE HA TEIJIONPOBOIHOCTH MPUMECEH, XapaKTEPHBIX IJIsi TOPOJICKON
cpensl. MccnenoBanus mpoBOAWINCH 30HA0BBIM n3MmeputesieM MUT-1 B MOpo3miibHON KaMepe npu
temmneparype —12 + —17°C. «'ps3Hblii cHer» (hopMUpOBAJICS MyTeM J00aBJICHHSI B PHIXJIBIA CHET
MOJTIOTAHTOB B BUJIE COJIM, U3BECTKOBOW MYKH «ATrpOMeEN», OTCEBA MOYBbI U KOPbl BBIBETPUBAHUS
rpaHuTOB B KoaudecTBe 7—15%. Pe3ynbrarel uamepenuil npuBeaeHsl Ha puc. 1. Anmpokcumanus
TnoydeHHbIX JaHHEIX (117 u3Mepenuil) HOTHHOMUALHOH 3aBUCHMOCTI0 A=4,535p2 — 1,87p + 0,30
(0,16<p<0,7) mo3Bonsier onucath 93% HabIIOgaEMON AMCIIEPCUH TEIIONpPoBOAHOCTH. [IpumMecu B
OOJIBIIMHCTBE CITy4aeB CHIDKAIOT TEIUIONPOBOJHOCTh. HO MOCKOIBKY WX KOHIEHTpAIMH B MPOOax
ObUTM B HECKOJIBKO pa3 3aBbIIIEHbl OTHOCHTEIHHO COJEpXKaHUS B TPSI3HOM TOPOACKOM CHEre,
I10JIaraéM, 4To B peajJbHOCTU UX BIIUSHUE HA TEIJIONPOBOAHOCTh HECYIIECTBEHHO.
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Pucynoxk 1 — CooTHOIIEHHE TETUIOMPOBOHOCTH M TNIOTHOCTH — UYHUCTOTO» (®) U «TPS3HOTOY
caera B EkarepunOypre (O — kopa BeIBeTprBaHus rpanutoB, £ — NaCl, A — u3BecTkoBast Myka, m —
1ouBa). BepTukaibHble TUHUM OIPaHUYMBAIOT IMANla30H CPEAHEE + CTaHAaPTHOE OTKJIOHEHHE.
CronomrHas kpuBasi 1 — monMHOMUanbHas annpokcuManus. Hanbonee 6im3kue K paccMaTpruBaeMon
3aBHCHUMOCTH JIpyrux aBTopos: 2 — (Sturm et al., 1997); 3 — (Domine et al., 2011); 4 — 3aBUCUMOCTb
I'. ®©. AGenbca (Abel’s, 1892)

HccnenoBanue BBIOTHEHO 3a cyeT rpanta Poccuiickoro HayuHoro ¢onmga Ne 22-77-10018,
https://rscf.ru/project/22-77-10018/.
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OUEHKA HAKOMWTENBbHOWM CNOCOBHOCTW WMHBA3WBHOT I
SOLIDAGO GIGANTEA AIT. MO OTHOWEHMMXENBIM METANNAM (T
yjtedzr hjo ¢.1., 1EkBSCtsaO 1. |
OI'BOY BO «Poccuiickuil rocyaapcTBEHHBIN COLIMAIbHBIN YHUBEpCUTET», T. MockBa, Poccus
sanchoys.28.03.98@yandex.ru, vmzubkova@yandex.ru

OpHOM U3 3KOJOTHYECKHX MPOOJIEM IMOCIETHUX JIET SBJSETCS CYIIECTBEHHOE HM3MEHEHHE B
Pa3NIUYHBIX CTpaHaX cOCTaBa (hJIOPHI, CBSI3aHHOE C TOCIEACTBUAMHU PACCENICHUS] HEKOTOPHIX BUIOB
pacTeHuii B HOBBIX Ul HUX MecTax oOuTanus. [IpuurHaMu aJlBeHTU3alUK MOTYT OBITh MOMaJaHKe
CEMSIH WJIM YEPEHKOB UY>KEPOJHBIX PACTEHUM C TPaHCIIOPTOM, Tapod, KakK IPUMECh K 3aBO3UMOMY
3epHy U Apyrue. B HOBBIX MeCTOOOMTaHUSX aJBEHTHUBHbBIE BUIBI OBICTPO PACIPOCTPAHSIIOTCS U
BBITECHSIIOT MECTHBIC. BHOJIOTMUECKe WHBAa3WU BIUSIOT Ha OuopasHooOpaswe IpUPOIHBIX
COOOIIECTB, MPUBOAIT K H3MEHEHHMIO (DYHKIHOHHUPOBAHUS E€CTECTBEHHBIX AIKOCHCTEM, MEHSIOT
COCTaB pernoHabHOM (opel U pacturenbHocT (Lp10ynbkuHa, borauésa, 2017).

OpnuM u3 Hambosee OMACHBIX M arpeCCUBHBIX MHBA3UOHHBIX BHJIOB SIBISETCS 30JIOTAPHUK
rurantckuii (Solidago giganteit.), koTopslii OBICTPO pa3pacTaeTcs ¥ 00pa3yeT KPYIHbIC 3apOCIIH
B cpenHeit nonoce Poccun, B Tom uncie B MockoBckom pernone (Bunorpanosa, Cenatop, 2024).

B cBs3u ¢ aTuM npecTasiisieT 00JIbIION UHTEPEC BBISBICHUE MEXaHU3Ma YCTOMUMBOCTH 3TUX
pacTeHuii, COCOOHOCTHM HMX pEarupoBaHUsS Ha pPa3MYHBIE BHJIbI 3arpsA3HEHUN, B TOM 4YHUCIIE
CTIIOCOOHOCTH K CBEPXHAKOIJICHHUIO TSDKEJIBIX METAJUIOB M BO3MOXXHOCTH MCIOJIB30BAHUS PACTCHUH
30JI0TapHUKA JIJIs1 OYMCTKH 3arPS3HEHHBIX MOYB ((pUTOpEMEINALINN).

Llenpro Hammx wHCCleNOBaHUI sBWIach olenka Solidago giganteaAit. k HaKOIUICHHIO
TSDKEJBIX METAJNIOB B YCIOBHIX ropojia MOCKBBI.

HccenenoBanus npoBOAMIM HAa TPEX Y4YacTKax: NEPBbIM — BUPIOJIEBCKUI JeCONapK, BTOPOU —
Ky3pmunku-Jlro6nuno, tpetuit — Sy3ckuii geconapk. OT6op 00pa3ioB NpoBeAEH B 3-X KpaTHOM
MIOBTOPHOCTH C TLIOMAOK IUIOMAAbI0 — 1 M2, PacromoKeHHBIX MO AuMaroHamd. OTAENbHO M3
KOpHeH, crebiell, TUCTbeB U OYTOHOB TOTOBWIIM OOBEIMHEHHbIE NMPOOBI, U3 KOTOPHIX OTOMpanu
yCpEIHEHHBIE.

Tsoxenble MeTamiel B oOpaslax pacTeHU TOCie O30JIEHUS  ONpeNeisid  aTOMHO-
a0COpOITMOHHBIM METOIOM Ha criekTpoMeTpe «KBaHT-2M».

Bce nccnenyemble 371€MEHTHI IO HAKOIJIEHWIO MOYKHO PAaCIOJIOKHUTH B CIEAYIOIIUE PSAbI:
kopuun — Fe>Mn>Zn>Cu>Pb>Cd>Co>Hg>As; crtebnm — Zn>Mn>Fe>Cu>Pb>Cd>Co>Hg=As;
mucths — Fe>Zn>Mn>Cu>Pb>Co>Cd>Hg=As; 6yrousl — Fe>Zn>Mn>Cu>Pb>Co>Cd>As>Hg.

Psanpl moriomieHuss cBsi3aHbl C OMOJIOTMYECKOW PpOJIbIO 3JEMEHTOB, YTO IOJTBEP)KIACT
0oJbIllee HAKOTUIEHHE PA3IMYHBIMU OpraHaMU TaKUX 3JIEMEHTOB, kak Fe, Mn, Zn u Cu.

Copep:xaHue 3JEMEHTOB ONPEENSIOCh HE TOJIbKO UX BHJIOM, HO U HCCIENYEMbIM OpPraHOM
pacTeHHsI U MECTOM ITpou3pacTaHus. Tak, MaKCUMaJIbHBIM COAEP KAHUEM XKEJle3a, MEAU U KaIMUs
XapaKTepU30BaINCh KOPHHU pacTeHHil, mpouspactatoniux B SAy3ckom necomapke (827,0; 40,3, 1,49
MI/KI' COOTBETCTBEHHO). B 3TOM ’ke mapke OTMEYEHO MaKCHUMaJbHOE COJEp)KaHHE B JIUCThIX
Maprania u nuHka — 100 u 166 wmr/kr. MakcumanbHoe coaepxkaHue cBuHIA (2,02 Mr/Kr)
3a(huKCcHpOBaHO B JIUCThAX B apke Ky3pmunku-JIro6auHo.

AHanu3 MpoBEIEHHBIX MCCIIEJOBAaHUM yKa3bIBa€T B OCHOBHOM Ha aKpOIETaJIbHBIA XapakTep
pacripesielieHus] TSDKEJIBIX METalJIOB B PACTEHUSAX 30JI0TAPHUKA, YTO MOXET CIO0COOCTBOBAThH
MOBBILICHUIO cofiepkanngd TM B oYBe MpH €ro MpOU3pacTaHUH.

Crnucok UCOIB30BaHHON JTUTEPATYPBI

Bunorpazoga 0. K., Cenarop C. A. [IpoToK0J OIIEHKH COCTOSIHUS MOMYJSLNUNA HHBa3HOHHBIX
BUI0B pactenuii // Tpancdopmarus skocucrem. — 2024. — T. 7, Ne 2. — C. 32-48.

Heioynekuaa M. C., borauésa A. B. BriusHue WHBa3MBHBIX BHIOB pacTeHUU Ha

YCTOMYMBOCTH CIOXKMBIIEHCS 3KkocucTeMbl roposa Jladeirnanru // FOueiii yaensiid. — 2017. — Ne 3-
1(12). - C. 87-91.
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MPOCTPAHCTBBREHMEHHOE PACNPEAOENEHWE MEANKOAWCI
UACT NRM1oB ATMOCO®PEPE TNPUBONXCKOINO EAEPANTBbHOT (
zdheddz 4. R., Jlte! wdatse | . |
Kazanckuit (IlpuBoskckuit) @enepanbublii yHuBepcuTeT, . Kazanp, Poccus
mr.GoraShi@mail.ru

Cpenn  mepedHs  OCHOBHBIX  aTMOC(EpHBIX  MpUMeced,  3aJepKUBAIOLIUXCI B
MIPUIIOBEPXHOCTHOM CJIO€, 0COOBI MHTEpEC I MOHUTOPHUHTA THIPOMETEOPOIIOTHUECKON CITY>KOBI
MIPEJICTABJISAIOT B3BELICHHBbIE YAaCTHUIBI MEJNKOIUCHEpCHBbIX (pakiuii, oTHocsamuecs Kk Il kmaccy
ornacHocTH. llenp JaHHOrO HCCENOBaHUS — MPOAHAIU3UPOBATh MPOCTPAHCTBEHHO-BPEMEHHOE
pacmpeieneHue B3BelIeHHbIX YacTull <10 MKM, BBISIBHB IPU 3TOM €0 KOPPEISIUOHHBIC CBA3HU C
OTIENbHBIMU KIIMMAaTHYECKUMHU (akTopamu Ha Tepputopun [IpuBomKcKoro ¢eaepaabHOrO OKpyra
(manmee — [IPDO). McxoaHblM MaTEpHAIOM HCCIEIOBAHUS MOCTYKUIW JaHHble peaHanm3a EAC4
(CAMS) 3a mepuom 2003-2022 rr. ¢ ropu3oHTaNbHBIM paspemenuem (,75°x0,75° o
mupote/nonrore  (okomo 80 KM) AN IPUIIOBEPXHOCTHOTO ClOsi  aTMochepbl, KOTOPBIN
OCHOBBIBA€TCS Ha CIHYTHUKOBBIX JaHHBIX. VCXOOHBIM MaTepuaaoM [Uisl METEOpPOJIOrMYECKOM
nH(pOpMaLIUY MOCTYKUIH JaHHbIe peanann3a ERAS.

ITo nanupiM EAC4 66111 TOCTPOEHBI KAPThI KIMMAaTHUYECKHUX MOJIEH CPEHUX KOHLEHTpalui
gactuli PMi. BrigBieno, uto reorpaduueckoe pacmpelneieHHe O04aroB — IMOBBIIIEHHBIX
KOHLEHTpalui, B LEJIOM, COOTBETCTBOBAJIO PACIOIOKEHUIO KPYIHBIX MPOMBIIIEHHBIX LEHTPOB
[I®O. [lanHBI KOHTPACTHBIM «OYAroBBI» XapakTep pacmpezeineHus Haubonee UYETKO
MPOCMATPHUBAETCSI B 3MMHHUE MECALBI B YCIOBUSX YCTOHYMBOH arMocepHOW CTpaTH(PHUKAINUA U
ocnabieHust 30HATbHOM UPKYIALNH.

B temuibiit mepuon rosa, HaIpoTUB, pactpeaesienrne yactul, PMig nmeno Oosee criakeHHbBIN
XapakTep B TEPPUTOPUATILHOM OTHOIICHHUHU, IPU 3TOM 3HAYECHMS CPEIHUX KOHIICHTpAlMii ObLIN Ha
MOPSAIOK BBIILIE 3UMHUX. OTO OOBSCHSIETCS HW3MEHEHHEM CHHOINTHYECKOW 00CTaHOBKHU:
aKTUBU3AlMEed 30HAIBHOM LUPKYIALUU (IPU OCIA0JIEHUH MEPUIUMOHAIBHOW) M HMHTEHCHUBHOCTH
TypOyJE€HTHOrO TMepeMeIINBaHusl BO3AYIIHBIX Macc. Kpome TOro, TmOBBIILIEHUIO YPOBHSA
3arps3HEHUs  aTMocepbl  MENKOAMUCHEPCHBIMHM  YacTUI[AMHM  CIIOCOOCTBOBAJIM  CE30HHAs
MHTEHCU(pUKALUSA CTPOUTENBHBIX pPadOT MO BCEMY pETHOHY, a TaKXe OTCYTCTBHE CHEXHOIO
MOKpOBa, KOTOPbI B 3MMHUH MepHOA SABISUICA (AKTOPOM, TMPENSITCTBYIOIIUM IEPEHOCY
MIPUIOBEPXHOCTHON IBLIH.

Jlns aHanmu3a 3aBUCHMOCTH paclipelielieHus] KOHLeHTpauuii PMio oT meTeoposormueckux
(bakTopoB, ObUIM MPOU3BEIAECHBI pacd€Thl Kod(dduiMeHTa JTuHEHHOW Koppensuuu. BeigsieHo, uro
MOBBIIIEHHBIE TTOKA3aTeNIM CPeHUX KOHLEHTpanuii PMio B Temoe BpeMms roja MMeNU BBICOKYIO
MOJIOXKUTETIbHYIO KOPPEISLMI0O C POCTOM TEMIIEpaTypHOro (oHa M CPEIHIOI MOJIOXKUTEIbHYIO
KOPPEJSILUIO CO 0CIa0JIeHHONH MEpUINOHATIBHON KOMIIOHEHTON CKOPOCTH BETPA.

B paiionax ompenenéHHBIX paHeEe OYaroB TMOBBIMIEHHBIX CpeAHUX KOHIEHTpamuii PMio B
XOJOAHBIM TEepuoJ rojia BBIABICHA 3HAuMMasl BbICOKAsh OTpHUIATEIbHAs CBS3b C OCJIAOJICHHOMN
30HAJIbHOM KOMIIOHEHTOM CKOpPOCTHM BeTpa U IMOHI)KEHHEM TeMIeparypHoro ¢(oHna, 4To
3aKOHOMEPHO BBITEKAET U3 BBIIIEU3JI0KEHHOTO aHAJIN3a PacpeeIICHuU.

CrnucoK UCHOIb30BAHHON JIUTEPATYPHI:

Hannble peananusa coctaBa atmMocpepsl ECMWF uerBeproro moxosenusi // Atmosphere
Data Store: caiit. — URL: https://ads.atmosphere.copernicus.eu/cdsapp#!/dataset/cams-global-
reanalysis-cac4?tab=overview (mara ooparienus: 10.08.2024).

Merteoponoruueckue aaHHble EBpomeiickoro meHTpa CpeaHECPOYHBIX MPOTHO30B IOTOJIBI
(ELICIIIT) /l Climate Data Store: CauT. — URL:
https://cds.climate.copernicus.eu/cdsapp#!/search?type=dataset&text=ERAS5 (mata oOpaieHus:
10.08.2024).
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MUWKPOBHbIAN LEMHOBAUKATOP 3KONOITMYECKOINo COCTOH4
NYT OBWOEPHO3EMH MNMOYBHI
zkdazdtts 1.1
OI'BHY «Omckuit AHIL», r. Omck, Poccust
shuliko@anc55.ru

B nocnennue aecatuneTvsi OJHUM M3 OCHOBHBIX IyTEW pellIeHUs 3a/laydl MO MOBBILICHUIO
ypOXKAWHOCTH  3€pPHOBBIX  BO  MHOTHX  CTpaHax  MHpa  SBISIETCS  HCIOJb30BAHUE
MUKpPOOUOJIOTMYECKUX CPENICTB, OOECMEUMBAIOIINX CTUMYJSIUIO POCTa U Pa3BUTHS PACTCHHIA,
3alIUTY OT BPEIHBIX OPraHM3MOB, YTHJIM3ALMIO MOXKHUBHBIX OCTAaTKOB W T.N. Mcmonb3oBaHue
OuornpenapaToB MpH BO3ZEIbIBAHUN 3€PHOBBIX KYJIbTYP HEMHOro ycTymaeT mo 3¢ (HeKTUBHOCTH
XUMHYECKUM (YHTHUIIMIAM, OJHAKO OWOMDYHTHIHUIBI MOTYT OBITH JCIIEBIE XUMHUYECKUX
npemnaparoB B 2—2,5 pasa.

HccnenoBanus npoBeAeHbI B I0KHOW JecocTenHON 30He OMckoro IIpuupThiibs B MOIEBBIX
onbiTax ®I'BHY «Omckuii arpapublii HayuHbld 1IeHTp». OTO0p npod puszochepsl OCYIIECTBIUINA B
(da3pl pa3BUTHS PACTCHHIA: KylleHWE (MIOHB), KOJOImIeHUe (MI0Jb), HAJIWB 3epHa (aBrycT). Yder
YHCIIEHHOCTH MUKPOOPTaHNW3MOB MTPOBOMIIN Ha TBEPABIX MUTATEIBHBIX Cpeiax.

HaGnronenust 3a M3MEHEHHEM YMCIIEHHOCTH OJMTOHUTPOPUIBHON U (pocharMoOmmm3yromen
TpyNONbl IpU MPUMEHEHUH OaKTEepH3alMi CEMSH I0Ka3all0 CHIKEHHE B YIAOOPEHHBIX BapHUaHTaX
OmbITa, ONUTOHUTpodMIOB a0 36% (oBec), ¢ocharmodbmmusyrommx mo0 50% (sumens). B
pusocdepe oBca, CHIKANACh TaKXKe YHMCICHHOCTh onuronutpodunoB Ha 18% B Bapuante
Muzopun, Ha 36% B Bapuante ®raBoOAKTEpUH. DTO MOKET OBITH CBSI3aHO C TEM, UYTO MpU
UHTPOAYKIIMM B TIOYBY TIONAJAlOT MHUKPOOPTaHU3MBI, CIOCOOHBIE OKa3bIBaTh OIpeneIEHHOe
BO3/ICHCTBUE, B TOM YHWCIIC U OTpUIATEIbHOE, Ha abopureHHyro Mukpobuory. TenaeHuuio pocra
ONUTOHUTPOUIBHBIX OakTepHil B Bapuante Mu3opuH HabII0a)IM HA sSTuMeHe, 10 14% K KOHTPOIIIo
(Tabn.l).

B nenom 3a mepuon Beretanuu, oomas (YCIOBHO) YUCIEHHOCTh pU30C(HEpPHONH MUKPOOUOTHI
SSTUMEHSI U OBCa NpPHU TMPUMEHEHHUM TPEANOCEBHONW OaKTEepU3allMK CEeMSH HMMella TEHICHIUI0 K
cHIkeHuto (1o 16%), 3a cueT yMeHbIIEHUsI KOJMYeCTBa HauOOJbIllee MHOTOYUCICHHBIX TPYII —
ouroHUuTpouiIbHON U Pocharmodunuzyromeit. OTHAKO, CTOUT OTMETUTD, YTO JaHHAs TEHCHIIUS
ObL1a B Mpejenax OMUOKU OTbITA.

Tabmuua 1 — YucneHHOCTh MUKPOOPTraHU3MOB B pu3ochepe 3epHOPYpaXHBIX KyJIbTYp MPH
npumeHneHnn ouomnpenaparos, vuiH. KOE/T, (n=3)

Bapuant OnuroHUTpOPUIBI docdarmoOunm3yronme

Pa— Kontponb 44,0 63,2

Omcxnii 101 Mu3zopun 50,2 60,9

dnaBobaKTepUH 435 422

OgBéc Kontponb 72,1 74.6

Cubupckuit Mu3zopux 61,4 60,7

TrepKyJec draBoOaKTepUH 53,2 66,3
1 ebsp= 13, &, 3 elf2, 0

Takum oOpasom, B puszochepe 3epHOGYpaxHBIX KYyIbTYp MpPOCIEKUBAIACh TEHICHIUS
CHIDKEHHSI OT U3y4aeMoro arpornpuemMa Haubojiee MHOTOUHCIIEHHBIX TPYII OJUTOHUTPODMIBHBIX U
dbocharmobmIByrOIUX OaKTepUid, U, KaK cleAcTBHE, 001mas (yCIOBHO) YUCIEHHOCTh PU30CHEPHOIT
MHUKPOOHOTHI STYMEHS U OBCa NMPU NPUMEHEHUHU MPEANOCEBHON OaKTepH3alMy CEMSH CHUXKAJIACh 10
16% x xonTpomo. OnHaKo CHUXKEHHE B mpenenax omuOku omnpenenenus (20%), B 3Toil cBs3u
MO>KHO KOHCTaTUPOBATh, YTO IKOJIOTUYECKAsl CUTyallls B IOYBE CIIOKOWHASI.

HccnenoBanue BBITTONHEHO 3a cueT rpaHTa Poccuiickoro HayuHnoro ¢onma Ne 23-76-10064,
https://rscf.ru/project/23-76-10064/.
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THE EXAMPLE OF APPLI ED VERIFICATIONOFO PERATI VE OCEABOLOGY’
TECHNOLOGIES BASED ON RUSSIAN GLIDER TYP E MARINE ROBOTIC SYS TEMS
Maevskiy A.M.
Joint Stock Company Oceanos, Saint Petersburg, Russia
office@oceanos.ru

Monitoring and research of marine areas is one of the priorities of the Russian Federation's
maritime policy today. Environmental protection during the movement of ships along the Northern
Sea Route, ensuring the safety of critical marine infrastructure facilities, the search for hydrocarbon
deposits and many other applications can be successfully solved by elements of marine robotic
complexes (MRTC) as part of underwater and wave gliders.

The high degree of autonomy of the underwater glider, the ability to intelligently analyze
current monitoring results and mission adjustments, modularity of execution and group application
algorithms paired with a wave glider or UAV can significantly increase the speed of obtaining a
large array of oceanological data. This ensures high accuracy in predicting climate change, as well
as reduces the operational costs of conducting research. In Russia, the scientific teams of St.
Petersburg State Marine Technical University and JSC Oceanos are engaged in the practical
development of gliders. The navigation stands of underwater and wave gliders created by them have
been repeatedly tested for various design and hardware and software solutions. The results of the
Safe Arctic 2023 exercise and the marine field experiment at the Belomorskaya Biological Station
of Moscow State University demonstrate the possibility of using glider type MRTC to solve a wide
range of tasks, including monitoring and patrolling the water area.
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RECONSTRUCTION OF THE ARCTIC SEA ICE VARIATIONS IN THE 20 ™ CENTURY
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The shrinking Arctic sea ice area (SIA) in recent decades is a striking manifestation of the
ongoing climate change. Variations of the Arctic sea ice have been continuously observed by
satellites since 1979, relatively well monitored since the 1950s, but are highly uncertain in the
earlier period due to a lack of observations. The middle of the 20th century was characterized by a
strong warming in the Arctic, so called the Early Twentieth’s Century Warming (ETCW), which
magnitude has been just recently exceeded by the ongoing warming. Whereas temperature
variations during ETCW are relatively well established, there is no agreement on whether the
warming has been accompanied by a rapid sea ice retreat as in the modern period.

Several reconstructions of the historical gridded sea ice concentration (SIC) data were
recently presented based on synthesized regional sea ice observations or by applying a hybrid
model-empirical approach. We present a new SIC reconstruction for 1901-2019 period based on
established co-variability between SIC and surface air temperature, sea surface temperature, and sea
level pressure patterns (Semenov et al., 2024). The reconstructed sea ice data for March and
September are compared to frequently used HadISST1.1 (Rayner et al., 2003) and SIBT1850
(Walsh et al., 2017) datasets. The new reconstruction shows a large decrease in SIA from the 1920
to 1940 concurrent with the Early 20th Century Warming event in the Arctic. Such a negative SIA
anomaly is absent in HadISST1.1 data. The amplitude of the SIA anomaly reaches about 0,8
min.km? in March and 1,5 min.km? in September. The anomaly is about three times stronger than
that in the SIBT1850 dataset. The larger decrease in SIA in September is largely due to the stronger
SIC reduction in the western Sector of the Arctic Ocean in the 70-80°N latitudinal zone.

The new reconstruction provides gridded monthly data that can be used as boundary
conditions for atmospheric reanalyses and model experiments to study the Arctic climate for the
first half of the 20th century.

The study was partly supported by Russian Science Foundation, project No. Ne 23-47-00104.
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The use of climatic factors in sanatorium treatment in the resort of Yevpatoria Yevpatoria, an
All-Union children's health resort (1936), has unique climatic, mud and balneotherapy resources.
The positive effect of climate on human health in the Crimean resorts is used as one of the main
therapeutic agents, including in the treatment of children.

In the general complex of health and rehabilitation measures carried out during sanatorium
treatment, climatotherapy occupies a special place - the use of dosed effects on the body of such
climatic and weather factors as air temperature and humidity, solar radiation intensity, wind speed,
cloud cover and precipitation, atmospheric pressure.

When prescribing climatic procedures, it is important to take into account the degree of
exposure and the level of comfort of the climate for a particular person. For the rational use of the
climatic factors of the resort, a Bioclimatic Station (BCS) was established in 1925, where, since
1926, Professor, researcher at the Institute of Metrology (Leningrad), engineer-physicist A. N.
Boyko, conducted actinometric studies that allowed the Yevpatoria resort to develop and put into
practice the most advanced technologies for dosing meteorological factors. As a result of the
conducted research, at the suggestion of Professor A. N. Boyko at the Yevpatoria resort, for the first
time in the Soviet Union, the dosage of solar procedures in calories instead of minutes was
introduced into a wide resort practice.

Since 1956, for the first time in world practice, BCS has switched from dosing sunbathing by
calories to dosing them in therapeutic doses, taking into account ultraviolet (UV) radiation from the
Sun, since it is the UV part of the solar spectrum that is the most biologically significant. Professor
V. A. Yakovenko was the first to determine the equivalently effective temperature during
sunbathing.

Thus, clinical observations and studies conducted over 100 years on the influence of climatic
factors on the human body, the course of chronic diseases allow us to state the fact of the formation
of a world-class scientific school «Medical Climatology» in Yevpatoria.

At this stage, the BCS continues to work in the field of «Medical Climatology», which
includes the following methods: clinical and physiological, general metrology and climatology.

To collect the necessary meteorological data, the staff of the Department of Medical
Climatology of the GBUZ RK «Research Institute of Children's Balneology, Physiotherapy and
Medical Rehabilitation» uses an automatic meteorological station «Sokol-M1y», which allows
recording various values of weather indicators around the clock for further use in calculating
bioclimatic indices and determining the comfort of staying in the resort of Yevpatoria.

Children undergoing sanatorium treatment undergo a specially designed three-time survey to
identify the impact of weather factors on their general condition. The information obtained allows
us to establish the relationship between weather conditions and the objective condition of children,
to assess the influence of climatic factors on the normalization of the functions of the child's body,
special attention is paid to the prevention of meteopathic reactions, which together allows the use of
climate therapy at the resort as one of the methods of rehabilitation therapy, rehabilitation. In
modern conditions of deterioration of environmental factors, psychogenic, man-made stress on the
human body, intensification of sanatorium treatment, reduction of time spent at the resort, a
physiologically competent, scientifically based approach to the combination of climatic and balneo
factors is becoming particularly relevant. In this regard, «Medical Climatology» is being formed as
an independent medical specialty that requires appropriate training of medical personnel involved in
the treatment of children at the resort.
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Chachev D.R., Sosnovskiy U.V.,
V.1. Vernadsky Crimean Federal University, Simferopol, Russia
denis.chachiev@mail.ru, sosnovskiy.yv@cfuv.ru

A significant area of development of environmental monitoring systems is the current
monitoring of agrometeorological indicators. Typically, such data is collected by autonomous
devices that transmit information via a radio channel. To increase the efficiency of data collection
devices, as well as to optimize their placement, it is necessary to estimate the loss of the radio
signal.

The paper considers models of signal loss during propagation in space, applicable to LoRa-
type devices in the conditions of the Crimean Peninsula, such as FSPL (Free Space Path Loss) and
the ITM (Irregular Terrain Model).

The FSPL model is not applicable in real conditions due to the lack of consideration of any
environmental parameters other than distance. The ITM model takes into account elevation
differences, as well as atmospheric conditions, but taking into account only such parameters does
not allow for sufficiently accurate forecasts.

The model of radio signal loss in free space is the basis for other models and looks like this:

00 ¢mrlI T CQ ¢rITCQ o@vy (1)
where f — signal frequency in MHz, d — distance in km.

A number of authors (Heino et al., 2010) created a model based on their measurements, which
adds correction factors to the FSPL model, calculated empirically:

00 6 pmrezl I C—, (2)
where B — baseline signal loss, do — baseline distance, d — actual distance, n — signal loss indicator.

A number of articles (Linka et al., 2018) obtained different coefficients in Dortmund
(Germany) (B=132,25, n =2,65) and Oulu (Finland) (B=128,95, n=2,32), and also compared
different signal loss models. The model with empirically obtained coefficients shows the optimal
ratio of false positive and false negative loss estimates. To adapt the model to the conditions of the
Crimean Peninsula, equipment is required to get the received signal strength. LoRa modules have a
built-in RSSI meter — an indicator of the received signal strength. To estimate the error of this
indicator, a verified spectrum analyzer Anritsu MS2726C and antenna set P6-251 (log-periodic
antenna 100 MHz — 6 GHz with verification, dielectric tripod) were used as a reference meter. A
number of measurements were performed with low transmitter power at different distances.
Processing of the measurement results showed a small deviation of the actual signal strength from
the RSSI indicator of the LoRa module. The maximum deviation of the RSSI value did not exceed
1 dBm. Heltech LoRa V3 modules were installed in the case together with batteries, control
programs for the transmitting module and a program for the receiving module were created,
displaying the number of the received packet and the current signal strength.
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Most types of wastewater generated as a result of economic activity contain petroleum
products in an emulsified state. Technologies for removing petroleum products from wastewater are
mostly based on the processes of destabilization of petroleum emulsions (coagulation, flocculation,
etc.). However, the use of these methods is technically difficult, which is often associated with an
economic aspect (Li et al., 2016; Jafarinejad, 2017). In our opinion, an alternative may be the use of
pneumatic separation methods for cleaning, the essence of which is air bubbling of wastewater in a
turbulent mode. This leads to the destruction of adsorption colloidal films on droplets of petroleum
products, their merging and sedimentation with subsequent removal. We consider it expedient to
carry out pneumatic separation of polluted waters in the presence of humic substances and
preparations based on them, which, due to their chemical heterogeneity, are capable of entering into
physicochemical interactions with oil products, thereby affecting the efficiency of purification.

The aim of the study was to evaluate the efficiency of wastewater purification from oil
products by the method of pneumatic separation in the presence of a humic preparation.

In the experimental studies, aggregation-stable emulsions based on distilled water and oil
products of various fractions were used: «diesel fuel-watery»; «gasoline-water»; «motor oil-water»;
«fuel oil-water», with an initial concentration of oil products of 100 mg/l, 130 mg/l and 150 mg/l.
Model emulsions were pneumatically separated using an air compressor for 1 hour. After 30
minutes of pneumatic separation, a humic preparation was added to the emulsions — potassium
humate in the form of 0,01%, 0,04% and 0,08% aqueous solutions. Emulsions without the addition
of potassium humate served as a control. The evaluation criterion was the residual concentration of
oil products, determined by column chromatography.

It was found that pneumatic separation of emulsions allows reducing the concentration of oil
products by 30-90% depending on their type. The maximum effect was observed in the
experimental variants with diesel fuel, where under the influence of pneumatic separation its
concentration decreased by almost 90%. The result of bubbling emulsions with gasoline and motor
oil was also very significant, the efficiency of their purification was 40-50%. And the minimum
effect was noted in the variants with fuel oil, where the depth of purification was about 30%.

At the same time, the use of potassium humate in pneumatic separation of emulsions
significantly stimulates the processes of removing oil products (by 10-40%). Increasing the dose of
the preparation leads to an increase in this effect.

Thus, pneumatic separation of wastewater in the presence of potassium humate is a promising
method for their purification from oil products.
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REGULATION OF HEAT PRODUCTION IN COGENERATION MICRO GAS TURBINE
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Cogeneration MGTP with the capacity from several kilowatts to 1 MW, mastered by domestic
manufacturers, have become widespread for power supply of local facilities.

The MGTU generator produces AC electric power of increased frequency, which is
proportional to the microturbine rotation frequency (up to 1500...2000 Hz). To obtain the voltage of
industrial (50 Hz) or onboard (400 Hz) frequency, it is necessary to install either a mechanical
reducer, as it is done by Ingersoll-Rand company, or a PCE (Bohn, 2005).

The use of such a scheme makes it easy to provide energy exchange between the generator
and the load. Both a buffer energy storage unit and other DC consumers can be connected to the DC
bus (see Fig. 1).

Compared to a mechanical gear,

the use of PCE reduces losses and
; Viweeptop |+ | Veeprop simplifies machine design. Since the
A nepem nocr. _E . )
Fexepatop [ B ToKE B Toms  |_o. 3808, generator is mechanically separated
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R C nocT. ToK nepem. ok —o~ “0'4  from the industrial frequency, the
,\/ = =7 turbine rotation rate can be changed.
= \ N ) This leads to an improvement in the

performance of MGTP in the area of
partial loads. In addition, the use of
PCE in the MGTP breaks the
mechanical bond between the power turbine and the load, allowing the locked turbine to actually
work in a free mode, a The use of a controlled nozzle apparatus with digital microcontrollers in the
MGTP automatic control systems allows any, including combined, control program to be set, Multi-
factor, high performance and reliability of the partial load installation. The use of a working gas
booster cycle behind a power turbine increases engine output at the same fuel consumption
(Dologlonyan, Matveenko, 2021).

The studies on the effects of the transfer of the working mass past the regenerator on the
characteristics of cogeneration gas-turbine plants with heat regeneration at partial loads under
isothermal and screw loading methods have shown that the relative heat, the heat supply is
increased and the plant efficiency drops with a decrease in the relative flow of the working medium
through the regenerator under any load.

It has been found that for MGTP the relative heat transferred to the heating supply increases
with the decrease of the relative flow of the working medium through the regenerator and decreases
with the decrease of the relative power. Calculations showed that the bypass of the cyclic working
body by the regenerator allows to change the flow of mechanical and thermal energy in the gas
turbine engine independently from each other, and also that in any operating mode of MGTP,
reducing the flow of working fluid through the regenerator leads to an increase in power. This
factor must be taken into account in the regulation process.
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The development of hydrological substantiation in the conditions of non-stationary climate
and dynamic landscape construction of basins with a lack of observation data requires an
interconnected expansion of the theoretical and information base. It is necessary to involve a new
array of data - sufficiently accessible and reliable, characteristic unexplored basins and rare
hydrological events that allow organic development of the modeling theory. Promising
opportunities in this regard provide structural and hydrographic analysis of river systems. Recent
achievements have already created a number of statistical and deterministic hydrological models of
a new generation using data on the gradual river network and morphometry of basins. A key
element in the development of such studies are the methods of modern relief analysis. The
emergence of high-resolution digital elevation models (DEM) has created fundamentally new
technical and methodological capabilities for this. However, their implementation requires the
development of software for built-in DEM processing. The report describes the development of
such a toolkit that meets the needs of not only land hydrology, but also many Earth sciences - linear
software tools that implement traditional proprietary methods and algorithms for processing DEMs
with the involvement and results of spatial data. The tools are created to solve both known and
unexpected problems, including:

* Stream Network Orders — a tool for automatic digitization and ordinal classification of a
river network by DEM based on variants of the so-called "initiation function";

* Ridgeline Network Orders — a tool for automatic digitization and sequential classification of
watershed networks by DEM based on the author's method;

» Watershed Thickness Metrics — a tool for automatic determination of a set of measures of the
«thickness» of a river basin, based on the author's algorithms.

The tools are implemented as Python scripts using the capabilities of ArcGIS Desktop 10.8. In
their development, unless otherwise expressly stated, the tools of the Spatial Analyst group were
used. Backward compatibility is tested for ArcGIS Desktop 10.5, 10.7. The toolbox is freely
available with open-source code at https://github.com/aentin/ArcPyStreamScape. The results of the
tools are executed below on a fragment of the SRTM DEM fragment of about 1200 km? (river
basin), with an initial development of 3", transformed into the system coordinate of the equal-area
conic projection and resampled to a spatial resolution of 75 m.

The study was carried out under Governmental Order to Water Problems Institute, Russian
Academy of Sciences, subject no FMWZ-2022-0001.
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Monitoring the state of the natural environment of the coastal zone of the Black Sea is
extremely important because it allows tracking the negative impact of anthropogenic factors on the
development of both marine and terrestrial ecosystems. Research and analysis of hydrological and
hydrochemical data help to identify long-term trends in regional climatic and environmental
parameters, as well as their anomalies of various spatial and temporal scales. One of the methods of
modern high-quality information support for research and monitoring activities is the developing
and maintenance of an up-to-date oceanographic data bank.

The present work describes the current version of the oceanographic data bank for the Black
and Azov Seas of the Institute of Natural and Technical Systems (ODB INTS). Compared with the
previous version (Mel'nikov et al., 2016), the current databank has been significantly supplemented
and revised in the new DBMS (database management system) environment. The embedded SQL.ite
DBMS (SQLite, 2024) with open source code is used as a basis which significantly reduces the cost
of development, and also allows further integration into various geographic information systems
(for example, QGIS). The bank contains an extensive set of hydrological and hydrochemical
parameters obtained as a result of measurements carried out from 1884 to 2024 and characterizing
the spatiotemporal variability of the state of waters of the Azov-Black Sea basin. The updated
databank includes the results of ship measurements at more than 200 thousand hydrological
stations, which allows comparison with databanks of other organizations (Andryushchenko et al.,
2010; D'yakov et al., 2017; Voroncov et al., 2018) and classifying the ODB INTS among the most
complete oceanographic data banks for the Black and Azov Seas. The most part of measurements
concerns water temperature and salinity (~ 6 million). Among the hydrochemical characteristics, the
concentration of oxygen dissolved in seawater is well provided with data (343 thousand), and the
pH has the smallest amount of data (75 thousand).

This work was made within the frame of the IPTS state task «Fundamental research of
processes in the climate system that determine the spatial and temporal variability of the marine
environment and adjacent territories over a wide range of scales. (state registration number
124020100120-9).
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A STAND FOR INVESTIGATION OF HEAT CONDITION OF EMBANKMENT BY
BLOWING AIR AND HEATED BY EXTERNAL AND INTERNAL HEAT SOURCES
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Self-heating coal rock dumps have a significant negative impact on the environment. These
technogenic formations, being sources of thermal and chemical pollution of the atmosphere, are
often located in geodynamic active zones. With such placement of dumps, permeable areas are
created in their bases, through which air and gases can penetrate into the coal rock dump arrays,
contributing to self-heating and spontaneous combustion of coal mining waste (Borisenko, 2023).

To reduce the negative impact of stored coal mining waste on the environment, it is necessary
to develop and implement a technology for extracting thermal energy from a self-heating coal rock
dump. This technology should be based on studies of the evolution of the temperature field of an
embankment of coal-bearing rocks subject to aeration, self-heating and solar heating.

A laboratory stand has been developed to study the processes of formation of the temperature
field of an embankment made in the form of a miniature cone-shaped dump and subjected to
aeration (blowing air according to the "bottom-up” scheme) and heating by external (solar) and
internal (charmed) heat sources. The list of the main components of the laboratory stand and the
functions performed by them are presented in Table 1.

Table 1 — Components of the laboratory stand for studying the thermal state of aerated and heated
embankment and their functions

Brimonnsiembie GyHKIIUU
Fan Air blowing of embankment
from bottom-up
Infrared lamp External source of heat and directional light
(simulated sun)
Heating coil Internal heat source
(simulated self-heating site)
Pallet punched Heating coil carrier, forming and movement of
embankment, possibility of its aeration
Sensors temperature Monitoring of thermal condition of embankment
(at checkpoints)
Microprocessor Adjustment of fan power and heating coil, recording
control unit of monitoring results
Personal computer Processing the results of monitoring the thermal
condition of the embankment

Design features of the created laboratory stand make it possible to carry out spatio-temporal
mapping of temperature indicators of the studied embankment with a combined effect of an upward
air flow and heat sources on it.
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USING HAWACH SCIENTIFIC COLUMN (CHINA)
IN HPLC METHOD FOR DETERMINING PAHS
Khalikov I.S.
RPA «Typhoon», Obninsk, Russia
Khalikov@rpatyphoon.ru

Polycyclic aromatic hydrocarbons (PAHS) are a large group of organic compounds with two
or more condensed aromatic rings that are widespread environmental pollutants (Khalikov, 2024).

The capabilities of modern analytical chemistry do not allow in practice to simultaneously
determine hundreds of substituted and unsubstituted PAHSs present in natural environmental objects.
Various directives propose monitoring the concentrations of different numbers of PAHs. Given the
importance of determining PAHS in natural environmental objects, modern analytical methods with
high selectivity and sensitivity are used, such as gas chromatography, high-performance liquid
chromatography (HPLC), chromatograph mass spectrometry.

Due to the sanctions imposed against our country, the purchase and use of columns for
separating PAHs in the HPLC method, such as Envirosep PP, Supelcosil LC-PAH, etc., has become
a big problem.

In this work, we evaluated the possibility of using the SLHPAH 546150 column (Hawach
Scientific, China) for separating 16 priority PAHs and some others with optimization of the flow
rate, mobile phase composition, and wavelengths of the fluorimetric detector.

For the identification and quantitative determination of PAHs, we used the RF-20A
fluorimetric detector and the SPD-M20A diode array detector. The measurements were performed
on an LC-20 chromatograph (Shimadzu) with an SLHPAH 546150 column (150 x 4,6 mm; 5 um)
and a Cyg protective cartridge (4 x 2 mm) manufactured by Phenomenex under gradient elution
conditions with an acetonitrile and water mixture from 50% to 90% (40 min) and then to 100% (50
min), at a flow rate of 1,0 ml/min and a column temperature of 40°C. The volume of the aliquot for
sample injection was 10 pl. Mixtures and standard solutions of individual PAHs produced by
Supelco and Dr. Ehrenstorfer were used as calibration standards. The accuracy of the PAH
determination results was confirmed by the «introduced-found» method. It should be noted that
acenaphthylene was identified using a diode matrix detector.

According to retention time on the chromatograms, PAHs were arranged as follows:
naphthalene (9,5 min), acenaphthylene (11,1 min), 1-methylnaphthalene (12,4 min), 2-
methylnaphthalene (12,9 min), acenaphthene (13,7 min), fluorene (14,1 min), phenanthrene (15,7
min), anthracene (17,2 min), fluoranthene (19,4 min), pyrene (21,0 min), benzo(a)anthracene (25,6
min), chrysene (26,1 min), benzo(e)pyrene (30,5), benzo(b)fluoranthene (30,9 min),
benzo(k)fluoranthene (32,2 min), benzo(a)pyrene (34,2 min), dibenz(a,h)anthracene (36,8 min),
benz(g,h,)perylene (39,5 min), indene(1,2,3c,dpyrene (39,8 min), antanthrene (43,9 min),
coronene (49,2 min).
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CONTACT OBSERVATIONS OF INTERNAL WAVES IN THE BLACK SEA
Khimchenko E.E.
Shirshov Institute of Oceanology, Russian Academy of Sciences, Moscow, Russia
ekhym@ocean.ru

Given the wide range of effects that internal waves have on marine ecosystems (\Woodson,
2018), the importance of studying them seems essential for environmental monitoring of marine
waters. Although remote sensing techniques have come to the fore in recent years to observe the
internal wave field, contact measurements remain the main source of new information on their
structure and parameters. This paper presents the results of internal wave observations on the shelf
and continental slope areas of the Black Sea. We analyse near-inertial internal waves (NIWSs)
recorded from long-term vertical profiling of the water column by the autonomous profiler Aqualog
(Ostrovskii et al., 2013). We discuss the results of internal wave registration at four moored
thermochains in the water area of Blue Bay (Gelendzhik) in June 2023.

NIWSs were found to dominate the energy spectra of the current velocity. Spectral analysis of
the rotational components of the current velocity revealed a peak at the inertial frequency with
clockwise rotation. Data analysis showed the presence of NIWs in the seasonal pycnocline in
summer and in the permanent pycnocline in winter. It was found that in winter the level of kinetic
energy was higher between 40 m and 80 m in the near-inertial frequency range and reached a
maximum in the main pycnocline layer. In summer, a high level of kinetic energy was observed
down to 80 m depth, after which it decreased with depth. The energy level was one order of
magnitude lower in summer than in winter. An energy minimum layer was found between 80 m and
95 m. The amplitude of the near-inertial kinetic energy showed a close relationship with the vertical
stratification, with its maximum and minimum corresponding to the maximum and minimum of the
buoyancy frequency.

The main parameters of the observed short-period internal waves recorded in the coastal zone
of Blue Bay were estimated. The wave periods ranged from 4 to 20 min, the speed reached 0,1-0,3
m/s and the predominant direction was onshore. Intense waves were detected after the
intensification of the longshore northwesterly current.

It is also shown that in the area of the continental slope, the main intraday variability of
oxygen is related to the NIWSs. During the passage of the internal wave, at its crest, there is a rise of
water from deeper layers where the oxygen content is much lower, so the approach of the internal
wave is accompanied by an oxygen deficit. In the coastal zone, during the approach of the NIW, a
decrease in the oxygen saturation of the water at the horizon is observed (by almost 10%). Such
changes in oxygen levels can lead to critical changes in habitat conditions for the benthic
ecosystem.

The research was carried out within the framework of the state task of Ministry of Science
and Higher Education of Russian Federation No. FMWE-2024-0024. The expedition work and data
processing and analysis were supported by the Russian Science Foundation grant No. 22-77-00055.
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kag1958776(@gmail.com

Studies of the thermal balance of the ICE (Hripach, Tatarnikov, 2013) show that the amount
of heat leaving with exhaust gases generated during combustion can reach 30—48%, while only 12-
45% of the fuel combustion energy is converted into useful work, depending on the operating mode,
while the most effective mode of operation is nominal or its it is also called settlement. Figure 1
below shows the currently known directions for the development of exhaust gas recovery systems
(Klimenko et al., 2022), since heat losses during their emission account for the lion's share in the
thermal balance of the ICE.

The above analysis allows us to conclude that the study of methods to improve the efficiency

of thermal emissions
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included in the internal
combustion engine gas exhaust
system.

Based on the above, a diagram is proposed (see Fig. 2) of a turbocharger utilizer integrated
into the exhaust gas system of an ICE, which is a cogeneration unit that includes a load H, an
internal combustion engine, the exhaust gases of which OI, passing through the overexpansion
turbine TII, heat the working fluid in the waste heat boiler KV, then through the circulation pump
ITH the working fluid is directed to the needs of the heat consumer H. Then the exhaust gases are
discharged into the atmosphere through the booster compressor JIK. The presence of a turbocharger
utilizer will allow increasing the degree of gas expansion (increasing power) without interfering

with the working cycle and the design of
_%g the ICE itself, ie. without additional

Figure 1 — Main directions of development of cogeneration plants
exhaust gas recovery systems

- n design modifications to the engine.
The authors analyzed the technical
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@_ O O O___O piston engines produced by foreign and
UH domestic manufacturers. Approbation of
the mathematical model of thermal

m

or a calculation has shown its suitability for
further research.
Figure 2 — Diagram of GPE cogeneration plant with References: .
a turbocharger utilize Hripach N. A., Tatarnikov A. P.

Analiz sistem preobrazovanija jenergii
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LABORATORY TESTS OF MODEL
OF HYDROSTATIC SEAWATER DENSITY METER
Klimenko A.V.
Institute of Natural and Technical Systems, Sevastopol, Russia
chirpyy@mail.ru

The choice of a differential pressure sensor for a hydrostatic seawater density meter (Gaysky,
2023) is associated with contradictory requirements: on the one hand, high sensitivity is required,
on the other hand, there are restrictions on diaphragm rupture due to external pressure during
immersion. To solve this problem, a model is proposed that allows you to simulate the most
facilitated operating conditions, namely, when the device is on the surface. This approach allows
the sensor to be used with high sensitivity without the threat of diaphragm destruction.

1. Water pipe p,=1,002g/cm’
2. Water pipe p =1,018 g/cm’
3. Differential pressure
sensor SM5651-001-D

P 4. Analog to digital converter
5. Microcontroller
Hr [Ho 6. Personal computer
2 6
N
PC
4 A 5
— Sig- Uout
Y Y Sig+ SDA
lexc- ADC SCL MC
SM5651 lexc+ GND

Figure 1 — Structural diagram of the layout of a hydrostatic density meter

In Fig. 1 model of the meter, water of the same density of 1,002 g/cm? was poured into both
tubes to the same level H1 = 500 mm, and the level of the output voltage of the ADC was recorded
Uout = 62 mV. Further, water with a density of 1,018 g/cm® was poured into the tube 1 to the same
level. The output voltage of the ADC was 1,67 V. After that, water was pumped out of the tube 1
until the previous ADC level was reached Uout = 62 mV. The difference in the water column levels
of the two tubes was gp H= 8 mm, which is 1,6% as a percentage. The difference in densities in the
tubes is also 1,6%. The same increment, due to different densities of the liquid and the
corresponding change in the height of the water column, indicates the correctness of the
experimental methodology.

To achieve high sensitivity of the meter, it is proposed to use a sensor with a dynamic range
of 100-1000 Pa. To date, there are no such sensors in the marine version. Efforts are being made to
adapt a low-cost gas sensor, such as the MS 5661, for this purpose. Filling the inlet port with high-
viscosity silicone oil PMS-1000 will protect the diaphragm of the sensor from the aggressive effects
of seawater, and also dampens impulse overloads.

The study was supported by state assignment of Institute of natural and technical systems
(Project Reg. No. 124012700512-1).
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COMPLEX OF HYDROACOUSTIC MONITORING
OF WATER AREASL  4»SHELF
Kovzel 6 D. G.
II’ichev Pacific Oceanological Institute, Far Eastern Branch,
Russian Academy of Sciences, Vladivostok, Russia
kovzel@poi.dvo.ru

The Shelf-14 complex was developed and manufactured at the Pacific Oceanological Institute
of the Far Eastern Branch of the Russian Academy of Sciences. It represents the latest generation of
hydroacoustic monitoring equipment, created by orders of the companies operating the Sakhalin-1
and Sakhalin-2 oil field development projects. The complex includes a number of functionally
linked, hardware and software unified devices.

The basic device is the Shelf-14 hydroacoustic bottom station. For real-time monitoring, a
surface buoy is connected to the station, the controller of which performs preliminary processing of
acoustic data and transmits the results to the central monitoring post (CMP) via the Iridium satellite
network. The CMP monitors display the acoustic situation in the water area, the technical condition
of the devices and their geographic coordinates. The «Mollusk» multichannel receiving acoustic-
hydrophysical systems together with the bottom stations are used to study acoustic fields in
specified water areas and their subsequent modeling. Bottom stations with a combined scalar-vector
receiver «Craby are used to study vector acoustic fields. Autonomous devices of the complex are
equipped with hydroacoustic modems used for diagnostics and for searching for devices displaced
from the installation point, using the trilateration method. A deck telecommand device is used to
communicate with marine devices from the vessel.

The development of technical means of monitoring tools was accompanied by the
development of software for various purposes — receiving data from sea buoys, data processing,
searching and classifying vocalizations of marine animals, modeling acoustic fields in order to
predict anthropogenic noise levels during various production operations at sea and on shore.

Figure 1 — Application of the Shelf-14 complex in the «Sakhalin» projects
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APPLICATION OF THE DYNAMIC MEASUREMENT METHOD TO DETERMINE
THE CURRENT IMMERSION DEPTH OF AN AUTONOMOUS PROFILOGRAPH
Krasnodubets L.A?
1Sevastopol State University, Sevastopol, Russia
?Institute of Natural and Technical Systems, Sevastopol, Russia
lakrasno@gmail.com

Dynamic measurements include measurements of time-invariant quantities using measuring
instruments installed on mobile data collection platforms, for example, during vertical profiling.
Dynamic measurement processes are described by ordinary differential equations. Their right-hand
sides contain the measured quantity. To restore the measured quantity, the inverse problem of
dynamics is solved. The well-known method of dynamic measurements of the vertical profile of
seawater density and its increment (Krasnodubets, 2022), with the appropriate technical
implementation, allows for one vertical probing (immersion) to obtain in situ the vertical profile of
seawater density and its increment in real time as a function of hydrostatic pressure in the form of
numerical arrays. Elements of such arrays can be used for various purposes. For example, to
calculate the stratification characteristics of the marine environment as well as hydrostatic pressure
functions. This often requires knowledge of these characteristics as functions of depth. It should be
noted that in practice, during experimental studies of vertical profiles of the ocean layer using
marine autonomous profilers, it is important to control the current depth of their immersion. There
are several known methods for solving this problem (Levashov, 2003), which are based on
measurements of hydrostatic pressure and boil down to converting them into metric depth using
relationships obtained empirically. The work (Gaisky, 2022) proposes a method for determining the
immersion depth of the device, based on the use of the basic equation of hydrostatics and
measurement data obtained from a hydrostatic pressure sensor and an original device for measuring
the local density of sea water, taking into account data on the geographic latitude of the
hydrographic station and the corresponding acceleration due to gravity.

The purpose of the study is to develop algorithmic and software support for the rapid
determination of the immersion depth of an autonomous profiler based on dynamic measurements
of the current density of sea water obtained using its onboard equipment in accordance with the
method (Krasnodubets, 2022) using the formula:

. .. ) ,
z(t):f((p))—g(;’f;, r(p)=r°}e2-$[ﬁt)+amoz][yﬂ, to =01 plty) = Po; Bto) =0t T Jtot, .

where r (p) is the density of sea water; p(t) is the hydrostatic pressure; g(j ) is the acceleration of
gravity at the latitude of the oceanographic station; p, is the atmospheric pressure; a is the design

constant of the profiler body.
The study was supported by state assignment of Institute of natural and technical systems
(Project Reg. No. 124012700512-1).
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OPTIMUM CONTROL ELECTRO MECHANIC OF SUBMERGE PROBE
IN THE CONDITIONS OF VARIABLE CLOSENESS OF SALT WATER
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To one of actual tasks at planning of electro mechanics of marine probes there is a task of
maintenance of the set speed of rotation of engines of electro mechanics in the conditions of
variable closeness of salt water. Mechanical controllers of speed, reducing gears, and also systems
of excitation is usually used for this purpose. Failing is low exactness and fast-acting. Authors are
offered a mathematical vehicle for the decision of this task from point of theory of invariance
(Morozov A.D., 1998). The problem of invariance of decision of differential equalizations,
describing the dynamics of electro mechanic of probe is examined in the offered work, in relation to
the coefficients of these equalizations.

We will consider work of electric motor of direct-current

t y
J dv(;f ) +kpWt) + M (t) =A Gy (1), (1)
where J is a moment of inertia; M (t) it is the set variable moment of loading; ig, (t) = UR’\W(t)
BH

it is a current of electric motor; U it is entrance tension; A it is the permanent set magnetic stream.
We will suppose that the moment of loading M (t) begins to change. In these terms will define

tension U (t) with the purpose of providing of nominal speed of electric motor W(t) =W, (t). In
accordance with (Morozov, 1998) will give a kind the last equalization

MO0 3G k)~ M)+ ¢ O 280 G0 - kwy =0 @
¢ Ho =
From here we get tensions U (t), providing necessary speed W (t)
_ Ry A dW,(t) 2 At o s 0
R e+ + 0+ 8- W ©
After the substitution of the got tension in equalization (2) will get
OOy~ weo) =o. @

i.e. equalization in relation to an auxiliary variable y(t) =W, (t) - W(t), in obedience to which at a
choice an enough large coefficient k is kat the arbitrary change of loading the type of dependence
of speed of electric motor from time approaches desired W, (t) . The authors present an realization
of working process of electric motor with the changing moment of loading and necessary type of
the desired speed W, (t) = 160+20sin1Qt at optimum tension U (t) to on (3). The graph of speed

W(t) practically fully repeats the set graph W (t)
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ASSESSMENT OF THE INFLUENCE OF RADIAL OSCILLATIONS IN THE
ULTRASONIC PIEZOELECTRIC TRANSDUCER ON THE METROLOGICAL
CHARACTERISTICS OF THE SOUND VELOCITY PROFILER
Kuzmin K.A.

Institute of Natural and Technical Systems, Sevastopol, Russia
konstantin.a.kuzmin@gmail.com

Water sound velocity meters are widely used in hydrographic work and oceanographic
research. Sound velocity profilers using single-base sensors are widely used in the world. Their
operating principle is based on measuring the time of flight of an ultrasonic wave from the emitter-
receiver to the reflector and back. The Institute of Natural and Technical Systems produces a sound
velocity meter whose operating principle is based on measuring the difference in the time of flight
of a wave to the far and near reflectors (Grekov et al., 2020).

A pecularity of piezoelectric discs used as emitters and receivers of ultrasonic vibrations is the
occurrence of radial mode and thickness mode vibrations when electrical impulses are applied
(Golyamina, 1979). Useful are thickness mode vibrations, the frequency of which corresponds to
the resonance frequency of the disc on the order of units of megahertz. Radial mode vibrations have
a frequency an order of magnitude lower. They are almost not transmitted to the aquatic
environment, are the natural vibrations of the disc, independent of the speed of sound in water, and
the voltage excited by them as a result of the direct piezoelectric effect is added to with the voltage
excited by the reflected useful signal. Radial mode vibrations decay in a few tens of microseconds
and become negligible when measured on a long base. When measuring the time of flight of a wave
on a short base, radial mode vibrations do not have time to decay and, obviously, introduce an error
into the useful signal measurement.

It has been experimentally established that the amplitude of the electric signal caused by
radial mode vibrations is several millivolts, which is significant with a typical useful signal
amplitude of +50...60 mV. Radial mode vibrations shift the point of intersection of the wave front
with zero voltage, which is used by the time-to-digital converter as a trigger for measuring the wave
flight time. As a result, the measured time differs from the actual time by tens of nanoseconds,
which, when calculating the speed of sound, can contribute to the measurement error of the order of
0.1 mf/s.

The work was carried out within the framework of the state assignment of the Institute of
Water Technologies on the topic «Improvement of technical means and measuring information
technologies for natural water researchy (state registration number 124012700512-1).
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ACOUSTIC FIELD IN THE WATER AREA FORMED BY DRIVING
OF A CONDUCTOR COLUMN ON THE SHORE
Manulchev D.S.
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A significant contribution to the acoustic environment of the water area is made by
construction work on the shore, including the driving of foundation piles or conductor columns
(conductors) (Erbe, 2009). Low-frequency impulse signals generated in this case can impact on
marine mammals which use acoustic signals for their vital functions (Bailey et al., 2010). The report
presents the features of the low-frequency field in the sea formed during the driving of a 74 m long
conductor at the distance of 400 m from the coastline — fig. 1a. Acoustic signals were recorded
using bottom acoustic registers in the fregency range of 2 Hz — 15 kHz (Rutenko et al. 2015),
installed on 10 m and 20 m isobaths. Three-dimensional acoustic fields modelling is realized by the
mode parabolic equations in the adiabatic approximation under «fluid» bottom conditions
(Trofimov, 1999).

According to experimental data, the peak acoustic pressure level at a distance of 2,5 km from
the source does not exceed 138 dB. The main signal energy transmitted in the frequency range of 10
— 200 Hz. The numerical modelling results show that the sound exposure level (SEL) increases as
the conductor is driven deeper into the ground and reaches maximum values when the lower end of
the construction is at the final horizon of 70 m — fig. 1b. This effect occurs due to increase in the
height of the hummer fall, as well as bottom layer compaction as the conductor is vertically
immersed. Anthropogenic sound exposure drops to 100 dB level at a distance of approximately 10

km for the studied water area.
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Figure 1 — Scheme of conductor installation (a). Spatial distribution of median sound exposure
levels of the single impulse signal formed by the conductor driving at the moment of its lowest
point position at the 17 and 70 m horizons (b)
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MOTOR RESPONSE OF MUSSEL VALVES TO THE EFFECT OF OPTICAL
RADIATION IN THE RANGE OF 400 —1000 NM FOR SOLVING PROBLEMS
OF ECOLOGICAL MONITORING OF THE AQUATIC ENVIRONMENT
Mishurov V.Zh.Kuzmin K.A., Trusevich V.MRyazanov V.A., Pasynkov M.A.
Institute of Natural and Technical Systems, Sevastopol, RF
vas_jan@list.ru

With the rapid urbanization of coastal areas around the world, artificial lighting at night in
these areas represents a growing global problem, changing the behavior of organisms and,
consequently, the composition of communities and ecosystem processes. This significantly distorts
the operation of biosensor monitoring systems.

The movement of mussel valves during life is determined by a number of factors, one of
which is light penetrating the aquatic environment in the habitats of animals. Taking into account
the influence of light will allow us to improve the process of biomonitoring of the aquatic
environment (Grekov et al., 2023).

To determine the quantitative characteristics of the influence of light on the locomotor activity
of mussels, an experimental instrument complex was developed that is capable of obtaining
experimental data on changes in locomotor activity under the influence of light in the natural habitat
of animals.
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Figure 1 — Experimental instrument complex

The emission range under study was divided into five sections with maxima: 405, 468, 565,
625, 950 nm. LEDs with appropriate characteristics were selected as emitters, providing equal
illumination E in the area under study. The group of mussels under study is covered on all sides by
a screen from external light sources; a pump ensures circulation of sea water in the device.

Radiation sources are turned on and off independently according to a given program, which
allows you to obtain various data during the experiment.

The instrument complex is designed for autonomous operation for 6 days, with subsequent
data reading and battery charging.

The study was supported by state assignment of Institute of natural and technical systems
(Project Reg. No. 124012700512-1).
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In recent years soil contamination with microplastic particles has become an increasingly
pressing issue. Due to the lack of standardized methods with established quality indicators, it is
difficult to assess the level of contamination, as well as compare the results (He et al., 2015). The
most commonly found microparticles in soils are polyethylene, polypropylene and polyvinyl
chloride (PVC), the latter of which is considered to be potentially more harmful to the environment
(Proshad et al., 2018). Since the surface of microparticles in soil degrades over time, the optical
analysis methods usage is extremely labor-intensive. Thermal analysis methods, such as differential
scanning calorimetry (DSC) and thermogravimetric analysis (TGA), are used to study the thermal
properties of polymers. In this case, the degree of surface degradation does not play a significant
role.

The aim of this work was to develop procedures for the detection (qualitative analysis) and
determination of the mass concentration (quantitative analysis) of PVC microparticles in soil
samples using thermal analysis methods and the assessment of quality indicators (metrics).

Due to the amorphous nature of PVC, the DSC method was used to develop the procedure for
the soil samples qualitative analysis for the presence/absence of the contaminant in the range from
0,1 to 5 wt.% by recording the glass transition in the thermograms in the region of 80—-87°C, typical
for PVC. It was found that sample preparation was necessary, including the decomposition of soil
organic matter and the separation of PVC microparticles and soil. Carrying out measurements using
sets of samples with known contaminant content made it possible to establish the quality metrics
(Trullols et al., 2004) of the procedure: sensitivity from 80%, accuracy from 90% and the
probability of obtaining a false negative result up to 20%.

The TGA method was used to develop a procedure for quantitative analysis. It was found that
in order to obtain an informative analytical signal on the differentiated TGA curves (the second
stage of thermal decomposition of PVC, the peak with a maximum in the region of 459°C),
decomposition of soil organic matter is necessary as part of the sample preparation. The detection
limit was determined to be 0,5 wt. %, the limit of quantification is 1 wt. %. According to RMG 61-
2010, the procedure quality indicators (repeatability, site precision, accuracy and precision) were
assessed. It was found that the expanded uncertainty in the range from 1 to 5 wt. % is expressed by
the equation U(C)=—6.5C+41.5 (k=2, P=0.95).
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MEASUREMENT OF VIBRA TION PARAMETERS
OF ELECTRICAL MACHIN E HOUSINGS
Nurzai V.A., Gubarev F.ASmoktal N.N., Lei V.A.
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Measuring the vibration parameters of technological equipment is an important task for the
national economy. The works (Romanssini et al., 2023; Delprete, Gastaldi, 2024) analyze and
compare the recommendations of international standards in this area.

A series of experiments was conducted with the general goal of studying the possibility of
remote optical monitoring of vibration of electrical machines using the photomodulation method
and the laser speckle correlation method, under various operating conditions.

The application of optical vibration monitoring methods to various process objects is
considered. An experimental circuit was assembled (figure 1) and measurements of natural
frequencies and harmonics of vibration of equipment housings were taken.

Figure 1 — Scheme of the experimental setup

The laser speckle correlation method and the photomodulation method using thin holographic
films were used. Both methods imply recording vibrations with a digital machine vision video
camera with subsequent processing of the video signal to identify vibrations. The following were
selected as vibration sources: a pair of asynchronous motor and generator connected by a rigid
coupling, a water centrifugal pump and a centrifugal fan. The report presents an analysis of the
vibration patterns of objects in various modes and their spectral composition. A comparison of the
methods was carried out. Both methods of non-destructive optical inspection demonstrated a high
degree of correlation. According to the authors, both methods, both separately and in combination,
can be used to control the vibration of technological equipment.

References:

Delprete C, Gastaldi C. On the effectiveness of standards application to threshold setting in
vibration condition monitoring in industrial machinery // In: Proceedings of the Institution of
Mechanical Engineers, Part O: Journal of Risk and Reliability. — 2024. - DOI
10.1177/1748006X231218363.

Romanssini M, de Aguirre P.C.C., Compassi-Severo L, Girardi A. A Review on Vibration
Monitoring Techniques for Predictive Maintenance of Rotating Machinery // Eng. — 2023. — Vol. 4,
No. 3. —P. 1797-1817. — DOI 10.3390/eng4030102.

187



sdfMlsjd SCodstedy SRy 0% h j 2
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Priority direction of development of modern electro energy is an increase of reliability of passing
to electric power. At the considerable size of distance between the points of connecting of generators
and users actual is a task of exact location damage. The purpose of lecture is development of algorithm
of location and character of failure on the line of power supply on the basis of measuring of tensions and
currents on the centers of feed and loadings. Basis of algorithm is made by the mathematical design of
the mode of line on the basis of theory of chains with the up-diffused parameters (Kaganov, 1990).

We will consider a homogeneous distributive line long L with two centers of feed, figure.1. The
centers of feed provide loading on two areas of line with lengths ~ and L- ~ and by specific
parameters Zg1, g, and Zg2, g, . In a point with a co-ordinate X, the damage of isolation takes a place
with resistance Z . Both these sizes are subject determination.

An analysis is executable on results the decision of equalizations of areas of lines on the basis of
scope terms on the ends of areas. At the beginning of the first area tension is measured W (0) , and get a

border condition (% = (0)+ K (0)Z;. The permanent ¢11, ¢1» are determined from equalizations:

Z
% = (0) + (Aus - Alz)g—l; #(0) = Aus + As2.. Like, at the end of the second line at measuring of
£ Bl

tension W, (L- x) get equalizations for ¢1 and ¢2,.

Inaknot - tensions are equal at the beginning of area 2 and at the end of area 3, and current at
the end of area 3 divided into a current at the beginning of area 2 and current in loading. On the basis of
scope terms in the point of damage will define distance to this point :s and resistance an isolation in
this point Zy . In a point = tensions are equal at the beginning of the third area and at the end of the

first area, and a current at the end of the first area is divided into a current at the beginning of the third
area and current of loss.
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Figure 1 — Tension and current in undamaged a) and in damaged b) lines

On figure 1 the graphs of distributing of virtual values of tension and current are represented on
the areas of line in stationary and in an emergency modes.
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DEVELOPMENT OF AN AUTONOMOUS FLOW VELOCITY AND DIRECTION METER
Pasynkov M.A., Ryazanov V.A., Kuzmin K.A., Mishurov V.Zh.
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Measuring current speed is necessary to control the movement of water masses in oceans,
seas, rivers, including those with suspended matter. For these purposes, various measuring
instruments are used, where sensors based on various physical phenomena are used as primary
converters of flow velocity. The basis is the most promising flow velocity and direction meter,
based on acoustic principles IST-1M, developed by the team of the Center for Environmental
Instrumentation and Eco-Energy of the Institute of Natural-Technical Systems (Grekov et al.,
2020). This device has in its arsenal an electromagnetic compass with a self-motion acceleration
sensor, which allows you to determine the direction of the current in the range from 0° to 360°. In
addition to the above advantages, the device has an on-board unit connected to the device via a
load-carrying cable.

For long-term, round-the-clock, all-weather measurements of current speed and direction, a
special modification of the device was developed, which allows measurements to be made in a new
quality, IST-1IMA24.

Figure 1 — Appearance of IST-1IMA24

The IST-1MA24 housing contains: an energy-efficient compact-sized LiFePO4 battery, which
has sufficient capacity for long-term field work and operates in a wide temperature range; non-
volatile digital real-time clock; flash memory.

IST-1MAZ24 can be in four states:

1) mode of storage or transportation;

2) operating mode with a PC (setting the recording frequency, setting the time, checking the
condition of the battery);

3) probing mode (recording measured data into the device memory);

4) charge mode.

The device is controlled through a sealed connector on the case by connecting various
accessories: charger, data cable, power connector.

The study was supported by state assignment of Institute of natural and technical systems
(Project Reg. No. 124012700512-1).
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APPLICATION OF ACCELEROMETR ADXL345
FOR DENSITY PROFILE MEASUREMENT
t pkov M.N
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veter4750@mail

Recently, attempts have been made to conduct direct measurements of the density profile
without significant efforts to measure STD parameters (salinity, temperature, depth) or without
them at all.

The use of the hydrostatic method for measuring the density gradient presented in the article
by G. Fedotov (Fedotov, 2013) requires the use of four pressure sensors rigidly fixed along three
orthogonal axes, which is associated with the need to correct the oscillations of the inclination of
the device.

The use of an accelerometer of the ADXL345 type simplifies and reduces the cost of the
probe design, since it leads to a decrease in the number of pressure sensors to 1-2 in various
versions. The report describes the design (block diagram) of a pop-up probe with the ability to dive
up to 1000 meters and online data recording. The picture shows the type of accelerometer used.

3-axis
Accelerometer
ADXL345

Y

Figure 1 — General view of the accelerometer ADXL345

Accelerometer ADXL345 is capable of measuring acceleration up to £16 g with a maximum
resolution of 13 bits. The measurement frequency can reach 3200 Hz. It has low power
consumption - maximum 140 pA.

Accelerometer communication can be via SPI or I,C. This allows preliminary processing of
data from accelerometer and pressure transducer and data recording into nonvolatile memory via
ADuC microconverter.

The design of the surfacing mechanism is a separate issue.

The study was supported by state assignment of Institute of natural and technical systems
(Project Reg. No. 124012700512-1).
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STUDY OF CRACK RESISTANCE OF STRUCTURAL ALUMINUM ALLOYS UNDER
LONG-TERM EXPOSURE TO STATIC LOAD AND CORROSIVE ENVIRONMENT
Rudnev V.P.
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Most structures have a long service life and are susceptible to corrosive environments. The
operating conditions of the material in the structure dictate the need to determine the parameters of
fracture mechanics under real operating conditions. Testable aluminum alloys are widely used in
machine, aircraft and shipbuilding to create protective shells and parts of complex technical
systems. The assessment of the parameters of corrosion crack resistance of structural materials is
mainly carried out using accelerated tests and there is practically no data on testing under natural
environmental conditions. The selected test method (OST 90352-84) made it possible to study the
kinetics of crack development in a wide range of structural aluminum alloys in the maritime climate
of the humid subtropics under prolonged exposure to load and corrosive environment.

The samples were exposed under a canopy, in which, as is known, the corrosive effect is more
significant than in an open area due to greater deposition of corrosive agents and not being washed
away by precipitation. To obtain information about the performance of material particles, they were
exposed until complete destruction. Samples of the main batch of nine systems completely
collapsed over a 7-8 year period of exposure; samples of alloys V-95T2, 1420 survived for more
than 10 years (Figure 1).

a) b) c)
Figure 1 — Appearance of samples of alloys V-95T2 (a), 1420 (b) after 10 years,
a 1161T (c) after 7 years of exposure in the marine atmosphere of humid subtropics

Alloy V-95T2 proved itself to be the most effective; after 5 years of exposure, the crack
growth was minimal (8,3 mm) of the entire batch of tested materials, while, for example, for alloy
1161T it was 44,0 mm. The high resistance to corrosion cracking of the V-95T2 alloy was also
confirmed by the threshold values of the stress intensity factor. Thus, the obtained data on the
influence of long-term combined exposure to a corrosive environment and static load on the fracture
toughness of structural aluminum alloys of the nine systems under study must be taken into account
in calculations when designing structures according to the principle of «safe damageability».

The study was supported by state assignment of Institute of natural and technical systems
(Project Reg. No. 124012700512-1).
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EVALUATION OF DRILLING FLUIDS TOXICITY
USED BIOASSAY METHODS
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The operation of the oil and gas industry on the shelf of seas and oceans is associated with the
use of drilling fluids, information on the toxicity of which for biota is limited and contradictory.
These substances are complex mixtures that include water, suspensions, emulsion and aerated
liquids, organic solvents, heavy metals, clay, which are intended for flushing wells during their
drilling. When drilling fluids enter the aquatic environment, they generally have a negative effect on
marine ecosystems, as they lead to disruption of the growth, development and survival of aquatic
organisms. The early stages of development of aquatic organisms are most sensitive to the effects of
pollutants, including those toxicants contained in drilling products.

The aim of this work was to evaluate the toxicity of different types of drilling fluids using
developing embryos of the Russian sturgeon Aciperser gueldenstaedtias a test organism. The
effect of water-based drilling fluids in different concentrations on the survival of fertilized eggs,
prelarvae and the dynamics of their hatching in fresh and 5%o salt water was studied. The results of
the studies revealed the toxic effect of the tested substances on the early stages of fish development.
The observed effects depended on the concentration and time of exposure to toxicants, which
allowed us to make an assumption about both the mechanisms of toxicity of the substances and the
possible consequences for the studied organisms. Different toxicity of drilling fluids was found,
which manifested itself in a reliable decrease in the survival of embryos and a delay in hatching of
prelarvae in the experimental groups compared to the control. In addition, the number of hatched
prelarvae at all tested concentrations was less than in the control.

The established toxic effects of drilling fluids may be a consequence of the direct and indirect
action of these substances. The direct action of drilling fluids causes toxic effects as a result of the
presence of heavy metals and organic compounds in them, which accumulate in fish eggs and
disrupt vital processes. In total, this manifests itself in the inhibition of the growth and development
rate of embryos, the appearance of anomalies, delayed hatching, increased mortality of embryos and
larvae. Indirect effects of the drilling process and drilling fluids are due to changes (deterioration) in
the habitat. When drilling wells, many suspended particles are formed, which significantly reduce
the transparency of water for sunlight, settle on the surface of the eggs, thereby disrupting the
normal exchange between the organism and its habitat. In addition, the ingress of xenobiotics into
water changes its physicochemical properties, which also negatively affects the development of fish
eggs.

Toxicity testing therefore provides an estimate of the biological effects and concentrations at
which various drilling fluid emissions and cuttings discharges will affect test objects.
Ecotoxicological methods provide an estimate of the environmental impacts throughout the drilling
life cycle. This integrated approach provides valuable information on the impacts of drilling
operations, facilitating informed decision making in accordance with the principles of drilling
process assessment, assisting in the development of environmental profiles and impact analyses for
various fish waste management pathways.
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TECHNOLOGY FOR IMPROVING THE QUALITY
OF THE ULTRASONIC PRIMARY TRANSDUCER PROTECTOR
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For effective operation of ultrasonic primary transducers (Grekov et al., 2020), it is necessary
that the material of the transition layer have a small absorption coefficient of ultrasonic waves. For
transducers with piezoceramic plates operating in liquids, these conditions are met by intermediate
layers of a solid heterogeneous mixture based on epoxy resin, in which it is proposed to use
diamond powder as a filler.

The necessary wave resistance is provided by a material having the following composition:

— epoxy resin — 10 parts by weight;

— diamond powder — 30 parts by weight;

— polyester MGF-9 — 2 parts by weight;

— polyethylene polyamine — 1.3 parts by weight.

After polymerization of the epoxy resin, it is necessary to sand the layer, which will maintain
a solid thickness and ensure a perfectly smooth surface. This is important to ensure efficient
transmission of ultrasonic waves and minimize reflection losses. The use of abrasive materials with
different grain sizes allows us to achieve tread quality with the required parameters.

Figure 1 — The region of transient processes after radiation of the probing pulse
in the test sample is presented

The study was supported by state assignment of Institute of natural and technical systems
(Project Reg. No. 124012700512-1).
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TESTING FOR WATER ABSORPTION OF A CARBON FIBER PLAST IC SAMPLE
IN A MARINE ENVIRONMENT WITH MONITORING THE CHANGE IN MASS USING
THE GRAVIMETRIC METHOD
Salnikov V.G.
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When designing structural components of AUVs made of carbon fiber, it is necessary to take
into account the influence on the weight and deformation-strength characteristics of structural
elements of such processes as water absorption of the material in sea water and moisture absorption
in the atmosphere under a canopy, where the storage of the product in different climatic zones is
simulated. These two processes increase the mass of the apparatus to varying degrees and both can
lead to a reduction of up to 30% in strength characteristics due to plasticization of the binder with
moisture (Nikolaev et al., 2015). An important role is played by the time of moisture desorption
from the sample on an atmospheric stand under a canopy after water absorption in sea water.

From the obtained kinetic curve (Figure 1) it is clear that the increase in the mass of carbon
fiber plastic due to moisture absorption on an atmospheric stand under a canopy reaches a
maximum Am = 0,365% after 1365 days of exposure with a further decrease due to weathering of
the destroyed surface layer of the binder due to thermal and partially UV destruction binder.
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Figure 1 — Experimental Kinetic curve of changes in the relative mass of a carbon fiber sample on an
epoxy binder due to the sorption of atmospheric moisture on a stand under a canopy in the warm
humid climate of Sochi, water absorption in sea water and destruction of the binder
(gravimetric measurements 2015-2024)

When the carbon fiber plastic sample was moved to the stand into seawater on the 3234th day
of observation, its relative mass decreased from 0,226 to 0,117% due to the washing away of the
remains of the previously destroyed surface layer of the binder. Subsequently, the increase in Am
occurs due to water absorption at an average rate of 0,00115%/day. No swelling or delamination of
the sample was observed during the tests. Tests should be continued until the maximum permissible
values of Am are determined, followed by the determination of the desorption time.

The study was supported by state assignment of Institute of natural and technical systems
(Project Reg. No. 124012700512-1).
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DEVELOPMENT OF A METHODOLOGY FOR CREATING A UNIFIED
HETEROGENEOUS ATMOSPHERIC AIR MONITORING NETWORK
USING THE METEODOZOR COMPLEX
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One of the directions of the state's environmental policy is the definition of sanitary protection
zones (SPZ) around enterprises in order to protect the environment and the population from
negative impacts. Often, the size of the SPZ is underestimated, which leads to a deterioration of the
environmental situation, which is harmful to the environment and the population. The boundaries
and functions of the SPZ, according to regulatory documents, should be fixed using the atmospheric
air environmental monitoring system (AB) to determine the concentrations and type of pollutants
(SV) according to meteorological data.

To obtain monitoring results, it is necessary to determine the locations of measurements based
on the data of summary calculations of the distribution of SV from the emission sites of all
enterprises of this coastal territory (Order..., 2019). The object of the study is the primorsky
territory, in the zone of which there are objects of negative impact: the first and second categories.
The summary calculations performed in the program of the UPRZA «Ecologist» determined the
zone in which the highest concentrations of the following substances were recorded according to the
results of the analysis of the dispersion maps: NO2, dust — SiO; for the SPZ of the territories of the
selected objects.

To verify the correctness of calculations, an autonomous measuring complex for monitoring
the ecological state of atmospheric air and meteorological parameters «MeteoDozor» was installed
in this zone, developed by Sevastopol State University on the basis of inexpensive environmental
monitoring sensors. The purpose of this operation was to determine the technical capabilities of this
complex.

The results of observations conducted from March to September 2024 in the specified
primorsky territory using the «MeteoDozor» complex showed exceedances of the maximum
permissible average daily concentrations (MPCC) of SV for dust particles of 1,5 MPC and
confirmed the results of calculations to determine the location of monitoring points.

The conducted studies allow us to conclude that the «MeteoDozor» complexes can be used
for observations and monitoring of SPZ monitoring, in order to confirm their correct functioning
and, consequently, control the environmental situation. In connection with the above, the purpose of
the scientific research is to develop a methodology for creating a unified heterogeneous network of
AV monitoring complexes in the primorsky territory.

Research objectives: — collection of initial information about the objects of negative impact
and the meteorological situation of the territory; — conducting summary calculations of the
dispersion of SV and determining the location of complexes; — evaluating the results and
confirming fixed SPZ.
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PROTOTYPING OF THE DESIGN AND ELECTRONIC ASSEMBLIES
OF THE OCEANOGRAPHIC PROBE AND THE RECEIVING BASE STATION
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Currently, when solving the tasks of operational data collection and measurement of physical
parameters of the sea area, there is a need to create conditionally disposable probes. These probes
should be inexpensive and have an operational communication channel with the base station. The
study describes the development of a navigation system module for an oceanographic probe
(Arkhipkin, 2009). The appearance of the proposed measurement system is presented in Figure 1.
The development of such a module is an urgent task in light of the need to collect operational data
and measure physical parameters of the sea area (Solovyov, 2000). The probes can be used for
monitoring changes in important parameters of the marine environment, climate research, pollution
detection and other important tasks. Effective implementation of such probes requires development
of a reliable communication and navigation system.

Figure 1 — External view of the oceanographic measuring probe and base station system

The measurement system consists of a single measurement probe (1Z) and a radio receiving
station (RRS). The 1Z includes a radio modem (RM) designed for communication via radio channel
with the RRS, GPS/GLONASS module.

The RRS includes: radio modem, designed to provide two-way communication with the 1Z;
personal computer device (PC) to control the measurement system for registration of incoming data
and their subsequent processing.

The 1Z electronics includes the following units: microcontroller (MC), designed to control the
operation of the electronic block of the 1Z according to the specified program; radio modem (RM),
designed to transmit data to the shore or ship RRS and receive commands from the RRS; measuring
module (MM); battery of autonomous power supply (BP); flash drive (FD), designed to store
measurement data; surfacing relay (SR); antenna unit (ANT) to accommodate the RM antenna and
GPS / GLONASS module.

The study was supported by state assignment of Institute of natural and technical systems
(Project Reg. No. 124012700512-1).
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APPLICATION OF PREVIOUSLY DEVELOPED METHODS FOR LOCAL EROSION
CALCULATION IN COASTAL PROTECTION PROJECTS
Shchodro A.E.
Institute of natural and technical systems, Sevastopol, Russia
ashodro@yandex.ru

Methods for calculating erosions were developed earlier. They were based on preliminary
calculation or assignment of the kinematic pattern of the flow, information on the mechanical
composition of the soil, hydraulic features of the flow around the bottom particles, as well as on
their cohesion and granulometric composition.

Practical calculations of erosion are carried out in several stages. With a known type of
erosion, established by physical essence of the erosion phenomenon and the classification of
erosions. The intensity of soil removal in erosion funnels and the nature of the development of the
erosion process over time were determined as a result of processing in-kind observation data on
local concentrated erosions associated with the activity of screw-like currents developing in funnels
and determining the extremely high rates and volumes of erosion.

To determine the final values of the erosion depths, the accumulation of the blind area in the
erosion funnel is taken into account by layer-by-layer summation of the number of particles
remaining in each layer after its processing by the flow. The fractions that remain in each layer are
larger than a certain minimum diameter of a non-shiftable particle. These critical diameters are
determined based on the values of bottom velocities and turbulence characteristics found
experimentally or by calculation. The depth of erosion is determined by summing the thicknesses of
the layers that remain after the finer soil has been washed out of them. The critical diameters of
particles that correspond to the non-shifting velocity according to the turbulence level are
determined by the simulation method. In this case, the separation of individual particles from the
surface of non-cohesive soil is considered, taking into account the specified kinematic
characteristics of the flow, the heterogeneity of the composition of bottom sediments and the shape
of the particles.

The calculation of erosion is based on the determination of bottom average and pulsating
velocities according to the author's empirical dependencies. The sums of the thicknesses of the soil
layers remaining at the bottom of the pit from soil processing (ts) and from introduced particles (t 5
are calculated:

S= S(tg + 9). 6

The erosion is considered complete when the sum S becomes greater than the expected
thickness of the blind area. To take into account the transport of sediments, the erosion time is
determined according to each step in depth. Using the mechanical composition curve, the
proportion of particles that remain in the pit at each step in the corresponding layer is determined,
taking into account the flow rate of sediments that enter the pit. The final erosion depth is
determined by the elevation mark that corresponds to the depth of the layer at which this condition
IS met.

The proposed method of calculating erosion can be used to estimate the erosion capacity and
wave flow. It is only necessary to know the characteristic bottom velocities and the nature of their
change over time. Based on these data, a similar method will be used to determine the critical non-
erosion velocities and the final erosion depth.
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CREATION AND IMPLEMENTATION OF SOFTWARE ALGORITHMS
BASED ON MACHINE LEARNING FOR DETECTING ENVIRONMENTAL
ANOMALIES IN MARINE SYSTEMS
Shishkin lu.E.
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iurii.e.shishkin@gmail.com

Marine ecosystems’ ecological state is crucial for maintaining biodiversity, ensuring human
resources, and supporting quality of life. A key challenge in this regard is detecting anomalies in
physicochemical parameters of the marine environment, monitoring hydrobiological populations, and
identifying foreign suspensions, which may indicate environmental disruptions such as the emergence
of new pollution sources or imbalances within ecosystems.

Traditional monitoring approaches require extensive data for decision-making and rely on
statistical analysis methods and simple empirical models, often leading to delayed model responses and
hindering real-time reaction to changes. Therefore, the need arises to develop software algorithms based
on machine learning and fuzzy logic to analyze data obtained through environmental models and
measurement systems (e.g., densitometers), aiming to detect anomalies of physical, chemical, or
biological nature in marine environments while requiring less data for decision-making (Shishkin,
2024).

A densitometer measures seawater density, influenced by temperature, salinity, and the presence
of impurities like suspended particles and hydrobiota. The state equation for seawater can be defined as
} =} B,P,C), where} represents water density, T stands for temperature, Sfor salinity, P for pressure,
and C denotes concentrations of impurities like suspended particles and hydrobiota. Anomalies in these
parameters act as predictors signaling ecological problems or indicators pointing to events like natural
disasters or anthropogenic impacts (e.g., flora destruction due to algal viruses or unauthorized pollutant
discharges).

The anomaly detection algorithm follows this sequence: 1) input data on the current system state
(T, S, P, C), which undergoes normalization and outlier/noise removal; 2) the data are converted into
fuzzy values via fuzzification (transforming numerical values into fuzzy variables to reduce the
influence of precise measurements prone to random errors); 3) state assessment is performed through a
machine learning model with reinforcement, wherein the system receives feedback on prediction
accuracy and adjusts the algorithm; 4) a classifier calculates the anomaly probability, and if the result
surpasses a threshold, the system identifies it as an anomaly.

Prospective development directions for these algorithms include integrating with remote sensing
and satellite systems, creating cloud services for real-time data storage and processing, and using them
alongside biosensors for more selective analysis and minimizing false alarms. Machine learning
techniques combined with fuzzy logic provide solutions under uncertainty and data variability, making
the algorithms more resilient to noise and measurement errors.

The study was supported by state assignment of Institute of natural and technical systems
(Project Reg. No. 124012700512-1).

References:

Shishkin Y. E., Skatkov A. V. Information Technologies Based on a Polymodel Complex for
Solving Tasks of Heterogeneous Monitoring Network Synthesis // Environmental Control Systems.
—2024. — No. 2(56). — P. 74-83.

198



sdMmlsjd Chodsttdy SR 05 j2 fMejH’

DIFFERENTIAL APPROACH IN DEVELOPMENT OF A WATER DENSITY
MEASUREMENT SYSTEM MODEL AND DATA ANALYSIS
Shishkin lu.E.
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Measurement of liquid density, particularly seawater, holds a pivotal role in various applied and
scientific tasks such as ecology, hydrology, and water resource management. Availability of accurate
and timely information regarding water density enables real-time analysis of aquatic system
characteristics, prediction of their condition changes, and informed decision-making (Shishkin, 2024).

For solving this problem, conventional methods for water density measurement exist, each with
specific strengths and limitations. Hydrostatic techniques rely on measuring liquid pressure at a certain
depth, but they are susceptible to external influences. Oscillometric methods leverage sensor vibration
frequency changes when submerged, requiring complex calibration. Vibrational methods gauge shifts in
vibrator resonance frequency but may suffer from mechanical disturbances. Acoustic techniques
measure sound speed through water, contingent on density; however, they are sensitive to fluctuations in
temperature and salinity (Krasnodubets, 2024). Thus, it becomes evident that current methods for
measuring water density demand improvements in accuracy, response speed, and the potential for
automation in data processing, one promising avenue being differential approaches in modeling
processes, which open new possibilities for efficient measurement and data analysis systems.

To develop the data sensing system model, a set of differential equations was constructed,
accounting for dynamic changes in pressure and temperature, as well as the pressure gradient between
the external environment and a reference liquid reservoir:

— "QORY R AQ, Y0 0 0 " 0Q0Q " 0Q0Q

where qpPis the pressure difference, Pex: represents the external pressure, Pref is the reference liquid
pressure, Jext IS the density of the external liquid, } ref is the reference liquid density, g is gravitational
acceleration, and h is the height of the liquid column. The function f describes the dependence of
pressure variation on temperature and liquid density.

Through research, a mathematical model for a water density measurement system was developed,
grounded in the differential approach. Software derived from this model aims to enhance the quality of
measurement processes and data analysis, and is intended for use in fields such as hydrological research
for monitoring seas, lakes, and rivers to predict floods and droughts, industrial processes to control
solution density, and ecological monitoring to track density changes as indicators of contamination or
anomalies of various natures. Results from modeling experiments confirmed the efficacy of the
proposed method. Prospects for further development include scaling the system for in situ operation and
integrating it into existing measurement complexes developed at INTS.

The study was supported by state assignment of Institute of natural and technical systems
(Project Reg. No. 124012700512-1).
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ASSESSING THE FEASIBILITY OF USING CELL WALL DENSITY
CHRONOLOGIES IN DENDROCLIMATIC STUDIES
Silkin P.P.
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Chronologies of various parameters of xylem of woody plants tree-rings are widely used for
paleoclimate reconstruction. In dendroclimatology, based on the use of the width of annual rings,
the data of the density profile of annual rings, their histometric characteristics, data on the isotopic
composition of annual rings, etc. are currently used. The use of new parameters of annual rings
allows improving the reconstruction of climate in the past, so the search for new cellular parameters
of the structure of annual rings that reflect various physiological processes occurring in a woody
plant and, as a result, reflect the influence of various environmental factors is promising.

In this paper, the chronologies of a new cellular parameter - the index of cell wall density of
larch annual rings - were studied. The cell wall density for each tracheid was measured using
methods and software developed by the author earlier, using the data of the density profile of annual
rings and chronologies of cellular parameters, such as the cross-sectional areas of the cell and its
cell wall. The density profiles of annual rings were measured by X-ray densitometry (densitometer
Dendro-2003, Switzerland). The chronologies of cellular parameters were measured by the author's
software, the images of annual rings were obtained using a computerized transmitted light
microscope Axiolmager.D1 (Carl Zeiss, Germany). For all measured annual rings, an inverse
nonlinear relationship was obtained between the density of the cell wall and its thickness, which
was approximated by a nonlinear polynomial, with the help of which the theoretical value of the
cell wall for its given thickness was calculated. The index of cell wall density was calculated as the
ratio of the experimental value of the density of the cell wall to its theoretical value. In each sample,
chronologies of the index of cell wall density were constructed for the zones of early and late wood,
as well as for the transition zone. Analysis of the results of the correlation analysis showed that
there is a significant positive relationship between the individual chronologies of the indices of cell
wall density for all zones of the ring. This result indicates the presence of a common external factor
that synchronizes the value of the cell wall density index in the studied trees growing in the same
area, which indicates the prospects for using this cellular parameter for dendroclimatology tasks. An
interesting and paradoxical result was also obtained when studying the relationship between the cell
wall density indices of different ring zones. Despite the fact that the annual ring zones are formed in
different periods of the vegetation season, have different cellular structure and functional purpose,
the correlation coefficients between them approach one, which requires further study.
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RAW MINERAL MATERIAL S IN CHROMATOGRAPHY
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The analysis of complex environmental systems consisting of a large number of different
organic and inorganic objects is currently an urgent task facing analysts. The solution to this
problem becomes impossible without the use of chromatographic research methods used not only at
the sample preparation stage, but also directly in the analysis of a certain fraction of a real matrix
system (Borodina, 2023). Chromatography, as, first of all, a method for separating components,
allows for a qualitative and quantitative assessment of the system under study. The chromatographic
separation of the components is based on the passage of the system components through a special
column filled with highly porous and selective substances with respect to certain components of the
studied matrix. Usually, high-purity amorphous silicas are used as such a filler, the surface of which
is modified by special functional groups.

To date, fillers for chromatographic columns are obtained on the basis of reactive raw
materials, however, the use of cheap raw mineral materials as a starting material for the synthesis of
such products can significantly reduce the cost of such a filler. Such a raw material can be nepheline
concentrate, which is produced as a by-product in the Murmansk region (Mayorov, 2023) on a large
scale during the enrichment of apatite-nepheline ores and it is practically not used. On its basis,
high-purity amorphous silicon dioxide with a developed specific surface area can be obtained
(Maiorov, 2022), the value of which, depending on the synthesis conditions, can reach various
values (Mayorov, 2022; Mayorov, 2023). The authors studied the possibility of modification of
silica obtained from nepheline by various alkyl functional groups. This process is based on the
reaction of polycondensation of surface hydroxyl groups of silica with molecules of various
modifiers in an aprotic medium. As a result of the conducted research, experimental samples of
modified silicas with a specific surface area of at least 370 m?/g were obtained, which corresponds
to the current characteristics of fillers used to fill chromatographic columns used, among other
things, in the instrument implementation of high-performance liquid chromatography.
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COMPARISON OF THETA, CROSTON AND PROPHET ALGORITHMS FOR
PREDICTION AND DETECTION OF ANOMALIES IN BIOLOGICAL EARLY
WARNING SYSTEMS
Vyshkvarkova E., Grekov A., Mavrin A., Trusevich V.
Institute of Natural and Technical Systems, Sevastopol, Russia
aveiro_7@mail.ru

Evaluation of water quality and accurate prediction of water pollution indicators are key
components in water resource management and water pollution control. The use of biological early
warning systems (BEWS), in which living organisms are used as biosensors, allows for a
comprehensive assessment of the aquatic environment state and timely response in the event of an
emergency.

In this work, we examine three machine learning algorithms (Theta, Croston and Prophet) to
forecast bivalves activity data obtained from the BEWS developed by the authors. The initial data
used was the valve opening value in mm of 16 mussels. As a measure for detecting anomalies in the
data, the root mean squared error (RMSE) was used. The final set of variable parameters common
to all models is as follows: averaging time (from 10 s to 30 min), number of prediction points (or
interval) (from 1 to 6 or from one minute to hour), training sample size (from one to 5 days).

An algorithm for anomaly detection in bivalve activity data has been developed. Our results
showed that for one of the anomalies, Prophet was the best method, and for the other two, the
anomaly detection time did not differ between the methods. Comparison of methods in terms of
computational speed showed the advantage of the Croston method (Grekov et al., 2024).
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Figure 2 — Detection time of anomaly 1 (March 19, 2017) by three methods with 20-minute
averaging and three prediction points

This anomaly detection algorithm can be effectively incorporated into the software of
biological early warning systems, facilitating rapid responses to changes in the aquatic environment.

The study was supported by a grant from the Russian Science Foundation Ne 23-29-00558,
https://rscf.ru/en/project/23-29-00558/.
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SECTION 2

GLOBAL AND REGIONAL CHANGES
IN CLIMATE AND ENVIRONMENT
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THE ROLE OF TRADE WINDS IN THE FORMATION
OF EL NI NO AND LA NINA EVENTS
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In the last 40 years, there has been a positive trend in pressure changes above sea level in the
eastern Pacific Ocean, while in the Indonesian region the linear pressure trend is negative.
According to the estimates of the IPCC report, this ensures the strengthening of the Pacific trade
winds (Zhao, Allen, 2019). In turn, the strengthening of the trade winds should lead to a reduction
in the number of El Nifo events, and an increase in the number of La Nina events in the future.

The trade wind index (TWI) for the equatorial Pacific Ocean (5° S — 5° N) is calculated from
the wind component U for an altitude with a pressure of 850 mb (which corresponds to an altitude
of about 1,500 meters). These indexes are based on the NCEP NCAR reanalysis. The study
analyzed 3 indices: western, TWI WP (5° S — 5° N, 135° E — 180° E), central, TWI CP (5° S — 5°
N, 170° W — 140° W) and eastern, TWI EP (5° S — 5° N, 135° W — 120° W). Verification of 47
models of the CMIP6 project based on statistical analysis of the historical period 1979-2014.
according to model calculations in comparison with the NCEP reanalysis, NCAR allowed us to
select models for studying and evaluating changes in the dynamics of trade winds in the equatorial
Pacific Ocean from 2024 to 2100 for scenarios SSP2 — 4.5 and SSP5 — 8.5. The criterion for
selecting models was the coincidence of the trend sign in three trade wind indices in comparison
with the NCEP reanalysis NCAR from 1979 to 2014. A total of 9 models were selected.

To assess changes in the dynamics of trade winds in the future, ensembles of models were
created for two SSP scenarios. The ensemble for the SSP 2 — 4.5 experiment included 6 models
(INM-CM4-8, NorESM2-MM, CMCC-ESM2, CanESM5-CanOE, CESM2, AWI-ESM-1-1- LR).
For the SSP experiment 5 — 8.5, — 7 models (HadGEM3-GC31-LL, INM-CM4-8, NorESM2-MM,
FGOALS-f3-L, CMCC-ESM2, CESM2, HadGEM3-GC31-MM).

To compare the results with the historical period 1979-2014, the series of future changes were
estimated in the corresponding 36-year periods from 2024 to 2059 and from 2051 to 2086.

To assess the change in the number of El Nifio and La Nifia events of different types and the
connection with trade winds, the obtained wind series were compared with the TPO series obtained
in the work (Voskresenskaya et al., 2021).

Model calculations for the CMIP6 project for the period up to 2100 in the framework of the
optimal economic development experiment SSP 2 — 4.5 showed a weakening of trade winds. This
will generally result in an increase in the number of events or duration of El Nifio and a reduction in
the number of La Nifia or a decrease in their duration.

Similar calculations in the framework of the experiment with the most unfavorable future
changes of SSP 5 — 8.5 before 2100 showed a significant weakening of the trade winds and
corresponding changes in the parameters of El Nifio and La Nifia.
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Based on synoptic maps and ERAS reanalysis data, the paper examines the key processes of
atmospheric circulation associated with the formation of extreme precipitation in Eastern Siberia
and Mongolia. It is shown that in the vast majority of cases, extreme precipitation is associated with
the passage of atmospheric fronts and cyclones formed during the baroclinic phase of large-scale
wave growth. The intensification of wave processes in the middle and upper troposphere leads to
strong cyclonic deformations of the potential vorticity (PV) field, known as «wave breaking»
(MclIntyre, Palmer 1983; Krupchatnikov 2020). With further cyclonic tipping of the wave, blocking
of the western transport over Eastern Siberia and the Far East may form or be maintained.
Atmospheric blocking can contribute to the dipole redistribution of precipitation, and as a result, the
occurrence of floods in the southern regions of Siberia and fires in the northern ones. Thus, there is
a correlation between the processes associated with extreme precipitation and the conditions
associated with the occurrence of wildfires in northern Siberia and the Far East. It is important to
note that the occurrence of blocking anticyclones is most often noted after events of heavy
precipitation, which is consistent with an increase in emissions from fires in recent decades
(Antokhina et al., 2019).

The analysis of synoptic and PV maps showed that after the 2000s there was an increase in
the frequency of cold air mass intrusion with more frequent processes of convergence of PV isolines
of temperate latitudes and subtropics. This conclusion indicates a change in the wave processes
accompanying the formation of extreme precipitation in Eastern Siberia and Mongolia. The change
of wave processes is expressed in a change in pressure patterns and the meridional component of
wind speed in the middle and upper troposphere respectively.

This research was funded by the Russian Science Foundation, grant number 23-27-00167
«Relationship between the formation of extreme precipitation in Southern Siberia and Rossby
waves breaking and atmospheric blockingy, https://rscf.ru/project/23-27-00167/.
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The aim of the work is to analyze long-term variability of ocean-atmosphere heat flux in the
North Atlantic. The following monthly average data sets were used: turbulent sensible (H) and
latent (LE) heat fluxes, shortwave (SW) and longwave (LW) radiation from the NCEP/NCAR
reanalysis for 1948-2018 (Kalnay et al, 1996); the values of the Atlantic Multidecadal Oscillation
(AMO), North Atlantic (NAO), East Atlantic (EAQO), East Atlantic/West Russia (EA/WR) and
Scandinavian Oscillation (SC) climate indexes for 1950-2018 were taken from the websites
(Atlantic..., 2023; National..., 2022). Total turbulent heat fluxes H+LE, net radiation heat flux
values R, ocean heat balance values B were estimated using NCEP data. The standard deviations
and linear trends of the annual mean values (H+LE, R, B), and the level of trend significance were
estimated. The linear trends were removed from the time series, and the resulting arrays of heat flux
values were decomposed into empirical orthogonal functions (EOF). The contribution of the
variance (%) of the first four EOFs to the total variability of H+LE, R, B was estimated. The
correlation coefficients of the time coefficients of the first four EOFs with the AMO, NAO, EAO,
(EA/WR) and SC indexes were calculated.

It was shown that in middle and high latitudes the trend of B is determined mainly by the
long-term variability of H+LE, while in low latitudes, the contribution of both components of the
external heat balance (H+LE and R) to the trends of B is comparable in magnitude. Areas of
significant increase of heat flux from the ocean to the atmosphere are confined to the Gulf Stream
area and the central part of the Northern Subtropical Gyre. Significant decrease heat flux from the
ocean to the atmosphere trends were revealed at North Atlantic deep water mass formation region.
In these areas, the contribution of dispersion due to linear trends to the total variability of B exceeds
30%, and at individual points can reach 60—65%. It is shown that AMO explains about 7% of the
variability of the ocean external heat balance and total turbulent heat fluxes, 6% of the net radiation
heat flux variability. NAO causes 7% of the variability of the radiation balance of the ocean surface,
11% of the variability of the total turbulent heat fluxes and 12% of the ocean external heat balance
variability.

The work was made within the framework of the research contract «The influence of heat
fluxes on changes in the heat content of the upper layer of the North Atlantic Ocean» No. 298-
223/EP-23, the topic of state assignment No. FFMM-2024-0016 «Fundamental research of
processes in the climate system that determine the spatio-temporal variability of the marine
environment and adjacent territories in a wide range of scales» (state registration No.
124020100120-9).
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Yu. A. Izrael Institute of Global Climate and Ecology, Moscow, Russia
bogda-anton@yandex.ru

Mathematical modeling of the climatic region of distribution of a climate-related phenomenon
IS an important tool for assessing the impacts of climate change. In such types of calculations, a part
of the geographic area of stable existence of a phenomenon under known climate conditions and
favorable environmental factors for this phenomenon is determined. The RANGES system
(CunerensctBo Pocmarenta Ne 2024668052) allows making such calculations for a wide class of
climate-related phenomena. The results of calculations of the climatic region of distribution of the
cotton bollworm and some other biological species (Bogdanovich et al., 2023a; Bogdanovich et al.,
2023Db), as well as cases of extreme events (using drought as an example (Bogdanovich et al., 2021)
are discussed. Climate data for 1990-1999, 2030-2039 and 2050-2059 under different scenarios
were used. For the territory of Russia, we used climate data calculated using the regional climate
model of the Voeikov Main Geophysical Observatory. For global estimates, calculations were
carried out using data from the climate model of the Marchuk Institute of Numerical Mathematics
of the Russian Academy of Sciences.
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ARID LANDSCAPES CHANGES IN SOUTHERN SIBERIA IN THE 21ST CENTURY
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Landscapes of arid zones are most sensitive to the influence of external factors. The climate is
changing. This changes the heat and moisture supply of various landscapes in different regions of
the world. The document (IPCC, 2023) notes the advancement of landscapes to the north and the
increase in aridization of arid territories.

However, not everything is so clear. There are opposite data in the scientific literature.
Against the background of warming, an increase in moisture content and accumulation of biomass
is noted in some areas of the steppes (Kurbatskaya et al., 2012). The goal of this work was to study
such nonlinear climatogenic reactions of inland arid landscapes in southern Siberia (forest-steppe
and steppe) for the period 2000-2023.

The territory of 50°N — 55°N and 60°E — 110°E was considered. Daily data on air
temperature, soil temperature and precipitation from 32 meteorological stations were used
(Russian..., 2024). The density of ground observations of the state of vegetation is known to be
insufficient. Therefore, remote sensing data (EOSDIS..., 2024) were used — NDVI (Normalized
Difference Vegetation Index) data.

The heat supply of the growing seasons of the considered territory was estimated by the sums
of temperatures >5°C, the sums of temperatures >10°C. They significantly increased on average by
12-76°C/10 and 50-55°C/10 years, respectively.

For different areas of the territory changes in the moisture regime are multidirectional. The
trends in moisture coefficients (Selyaninov hydrothermal coefficient, Budyko dryness index and
Sapozhnikova moisture coefficient) are weakly expressed and statistically insignificant. On average,
for 2010-2023, compared to the beginning of the warming period (1971-1980), a noticeable
northward advance of the arid zone from the regions of Northern Kazakhstan to the south of
Western Siberia (forest-steppe and steppe zones of the Ishim Plain) was noted, and, conversely, an
expansion to the south, on the territory of the Republics of Khakassia and Tyva (low-mountain
steppe, semi-desert basins, slope steppes and mountain forest-steppes), of the humid zone.

The time course of vegetation indices NDVI for the considered interval of years has an
oscillatory character. The fluctuations were mainly with periods of about 7-9, 11, 22 years.

According to NDVI values, a tendency towards a decrease in biomass for the forest-steppe
and steppe zones of the Ishim Plain was also noted. This corresponds to an increase in aridity here.
Also, a positive NDVI trend was identified for the arid landscapes of Khakassia and Tuva, which
corresponds to the increase in biomass, the so-called «greening of the steppes», noted by our
colleagues in expeditions.

Taking into account the significant increase in heat supply in the region, we can conclude that
the multidirectional trends in biomass growth in intracontinental arid landscapes are «regulated» by
fluctuations in humidity.
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ON CHANGES IN THE ANNUAL COURSE OF THE MONTHLY
AVERAGE NEAR -SURFACE AIR TEMPERATURE
Dobrolyubov N.Yu., Semenov S.M.
Yu.A. Izrael Institute of Global Climate and Ecology, Moscow, Russia
Institute of Geography of the Russian Academy of Sciences, Moscow, Russia
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Trends estimates of deviations of the monthly average temperature from the yearly average
value for the climatic period 1981-2010 have been obtained. Calculations were performed globally
in the nodes of the 1°x1° spatial grid based on data from the NOAA-CIRES-DOE 20th Century
Reanalysis V3 reanalysis. Locations where trends are statistically significant have been identified.

An additive statistical model was used for the study, describing both directional and random
changes in the yearly average temperature and deviations of the monthly average temperatures from
the yearly average. The value of the monthly average temperature Xi; is represented as:

Xj @ |0 © 1o -5 ,

where i is the ordinal number of the year t; in the time interval under consideration; j is the ordinal
number of the month in the calendar year; @ | 0 is the mathematical expectation of the yearly
average temperature in the year ti; , is the realization of a centered random variable modeling its
non—directional variability; (b +T t) is the mathematical expectation of a systematic deviation in
the year t; of the monthly average temperature of the j-th month (1 <j < J = 12) from the
mathematical expectation yearly average value (yearly course parameter); d; is the implementation
of a centered random variable d;, modeling its nondirectional variability. The parameter o describes
the trend of the yearly average temperature, and the parameters f are the trends of the yearly
course parameters, the study of which is the purpose of the work.
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Figure 1 — Spatial distribution of parameter B12 (December); the areas where the trend is statistically
significant are marked with hatching
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ON THE APPLICATION OF HASSELMANN THEORY TO ASSESS
THE UNCERTAINTIES OF THE GLOBAL CLIMATE FORECASTS
Dobrovolski S.G, Yushkov V.P?2 Solomonova 1.V.
'FSBIS Water Problems Institute Russian Academy of Sciences (WPI RAS), Moscow, Russia
2Moscow State University M.V. Lomonosov, Faculty of Physics, Moscow, Russia
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Annual average global temperature time series, from 1850 through 2014, obtained on 35
models of the “historical” part of the CMIP-6 project, were analyzed taking into account the
Hasselmann stochastic climate models theory (Hasselmann, 1976; Dobrovolski, 2000). It was
shown that, in accordance with this theory, for almost all models time series as a whole, as well as
their individual segments, up to the last decades, were satisfactorily described by the discrete
Wiener process model. Generated on CMIP6 models, changes in global temperatures over the past
4-5 decades are described by the sum of the discrete Wiener process and the statistically significant
deterministic trend, the latter being obviously of anthropogenic origin. In accordance with the
model of the discrete Wiener process and using the value of its main parameter, the variance of
annual global temperature increments, a forecast of temperatures through the year 2100 was
proposed. Fig. 1 shows the sum of this forecast and the IPCC forecast for the “middle” greenhouse
emissions scenario.
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Figure 1 — IPCC global temperature projections (AR6..., 2023): «maximum» (1), «medium» (2),
«minimumy (3). The standard deviations from the «medium» IPCC forecast, calculated by the
authors on the basis of analyzing the CMIP-6 results and taking into account the theory of K.
Hasselmann — (4)

Fig. 1 demonstrates that uncertainties of our forecast (resulting from the natural climate
changes, described by the Hasselmann theory) largely exceed uncertainties because of the
differences between the greenhouse gases emissions' scenarios and therefore must be taken into
consideration in the future investigations.

This study was carried out under the framework of topic No. FMWZ-2022-0001 of the State
assignment of the Water Problems Institute Russian Academy of Sciences (WPI RAS).
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ANALYSIS OF THE QUALITY OF THE MESO -SCALE WRF MODEL TAKEN INTO
ACCOUNT OF VARIOUS PARAMETERIZATION SCHEMES
Egorkin A.A., Zhuravsky V.Yu.
Institute of Natural-Technical Systems, Sevastopol, Russia
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The purpose of this work was a retrospective analysis of the WRF model (Skamarock et al.,
2008) with various schemes for microphysics of the underlying surface (Chen, Dudhia, 2001) and
the influence of these parameterization schemes on the results of modeling the main climatic
parameters.

The ERA-5 reanalysis for 2023 was used as input data. The model was configured with a
spatial resolution of 30x30 km. Station data from RP5 for the city of Sevastopol and the Khersones
lighthouse were used as data for comparison. The results of the statistical comparison between the
station temperature observation data and the WRF simulation result data are presented in Table 1.

Table 1 — Statistical comparison between RP5 station data and WRF temperature simulation
result considering different microphysics schemes

Sevastopol Khersones lighthouse

Parameters of planetary
boundary layer physics
Yonsei University Scheme

mae | rmse r2 correl | mae | rmse r2 correl

13 | 168 | 095 | 098 | 1,23 | 1,64 | 0,95 | 0,98

(YSU)
('\,’\'/‘le\':‘j)r‘Yamada‘Ja”J'CSCheme 143 | 1,82 | 095 | 098 | 1,51 | 1,97 | 093 | 0,7
NCEP Global Forecast System | ) o | 5055 | 093 | 098 | 1.23 | 1.63 | 0.95 | 0,98
Scheme

Quasi—normal Scale
Elimination (QNSE) Scheme
Mellor—Yamada Nakanishi
Niino (MYNN) Level 2.5
Mellor—Yamada Nakanishi
Niino (MYNN) Level 2.5 and 1,36 | 1,75 | 0,95 | 0,98 | 1,23 | 1,64 | 0,95 | 0,98
Level 3

Asymmetric Convection Model
2 Scheme (ACM2)
Bougeault—Lacarrere Scheme
(BoulLac)

133 | 1,68 | 0,95 | 0,98 | 16 2,1 | 092 | 0,96

139 | 1,78 | 0,95 | 0,98 | 1,23 | 1,64 | 0,95 | 0,98

166 | 214 | 0,92 | 0,97 | 1,22 | 1,61 | 0,95 | 0,98

135 | 1,76 | 0,95 | 0,98 | 1,23 | 1,64 | 0,95 | 0,98
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EXTREME STORMS IN THE AZOV -BLACK SEA REGION IN THE CONTEXT OF
MULTI -YEAR VARIABILITY OF WIND -WAVE ANOMALIES IN THE REGION
Evstigneev V.P, Naumova V.A, Vorontsov A.A.
1Sevastopol State University, Sevastopol, Russia
2Institute of natural and technical systems, Sevastopol, Russia
SRIHMI-WDC, Obninsk, Russia
vald_e@rambler.ru

Storms at sea are the main factor negatively impacting coastal infrastructure leading to
disruption of port activities, shoreline erosion, and destruction of coastal hydraulic structures. The
study of storms is critically important for developing ways to mitigate their effects, and researching
the patterns of long-term variability in wave characteristics allows for the adaptation of
development plans for coastal regions taking into account observed climate trends.

Over the past few decades, the Black Sea region has experienced several intense storms that
have caused significant economic and environmental damage. The most recent such event occurred
on November 25-27, 2023 resulting in substantial destruction along the southern coast of Crimea
and the Caucasus coast of the Black Sea. Earlier studies (Polosky et al., 2014) identified multi-
decadal variability in wind-wave anomalies in the northern part of the Black Sea, which is a
manifestation of large-scale processes in the ocean-atmosphere system. In this study, a revision of
previous research was conducted based on a longer observation period 1954-2023, including data
from the Caucasus coast. It was found that the storm in November 2023 was not among the most
extreme storms in the region. An analysis was carried out on the wave characteristics and synoptic
situation of the 10 most extreme storms (with the criterion for extremity being wave heights
exceeding 6 meters) over a 70-year observation period. Recommendations were provided for taking
into account the nonstationarity of the wind-wave climate in the region when conducting
climatological support for engineering surveys in coastal areas.
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INVESTIGATION OF THE VORTEX FIELD GENERATED
BY THE JET ZONAL WIND CURRENT IN THE OCEAN
Fedotov A.B.
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fedotovs7@mail.ru

Within the framework of a numerical model of a two-layer ocean with a depth of layers
corresponding to average oceanic conditions, a study of the wind evolution of a large-scale
circulation was carried out. In general terms, the structure of oceanic circulation in this nonlinear
quasi-geostrophic model is represented by an intense jet zonal flow surrounded by a vortex field.
Previous studies focused on the analysis of the physical features and characteristics of an intense jet
stream, while the vortex field was interpreted as a background of low intensity. The source
generating vortices of cyclonic and anticyclonic vorticity is the baroclinic instability of the main jet
stream. An analysis of the spatial distribution of the energy density of the entire flow structure
shows that the kinetic energy of the currents in the upper and lower layers is predominantly
concentrated in the jet stream, despite the fact that the available potential energy is relatively evenly
distributed in the area occupied by the vortex field. To analyze the vortex field, a number of
numerical experiments were carried out at different intensity of wind action, and the average
number of vortices surrounding the jet stream was estimated. To this end, it was proposed to filter
the long-wave harmonics contributing to the structure of the jet stream, separating them from the
relatively small-scale harmonics forming the vortex field. By conducting test calculations, the
filtration scale was estimated, it was selected in the size of a double Rossby scale. Numerical
experiments were carried out for five values of the intensity of wind action on the ocean surface,
calculations were performed for a model time equivalent to 150 years of real time.

Two assumptions were used to analyze the average number of vortices forming a vortex field
surrounding the jet stream: vortices forming a vortex field have approximately the same size equal
to the Rossby scale; the ratio of the space of the calculated area to the space occupied by vortices is
estimated as a normalized average fourth degree of relative vorticity by analogy with kurtosis, a
statistical characteristic of the localization of non-Gaussian fields.

The results of the numerical experiments showed the following: with an increase in the
intensity of wind action on the ocean surface, the average number of vortices forming a vortex field
increases, which seems to be quite an expected effect. In addition, the analysis of periodograms of
the time courses of the kinetic energy of currents in the upper layer and the number of vortices
showed that at relatively small values of wind intensity, the scale of variability in the number of
vortices is associated with the scale of fluctuations in the kinetic energy of the upper layer. With an
increase in the intensity of wind action, long-period fluctuations in kinetic energy remain
unchanged, while for the number of vortices, the intensity of long-period fluctuations decreases in
comparison with relatively high-frequency fluctuations. One explanation for this fact may be the
fact that for small values of wind intensity and, consequently, the intensity of the jet stream, the
process of baroclinic instability significantly depends on the energy of the jet stream and its
intensity varies accordingly, while for large wind amplitudes, baroclinic instability has a different
regime and intense vortices are generated constantly and the rate of their generation it is weakly
related to the energy of the jet stream.
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STUDY OF WATER AND AIR TEMPERATURE IN THE SOUTHERN REGIONS OF THE
FAR EAST MARINE RESERVE (PETER THE GREAT BAY, SEA OF JAPAN)
Gayko L.AL?

v 1. I’ichev Pacific Oceanological Institute FEB RAS, Vladivostok, Russia
2Dalrybvtuz, Vladivostok, Russia
gayko@yandex.ru

The Far Eastern Marine Reserve in the Peter the Great Bay of the Sea of Japan was created on
March 24, 1978. Four districts with different protection regimes are assigned to the reserve: South,
West, East and North (Fig. 1). Interannual variability of water and air temperature in the southern
part of the Far Eastern Marine Reserve (I and IV sections) was considered according to the data of
observations at the coastal of station Possyet for the period 1931-2022.
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r Possyvel Bay
Figure 1 — Scheme of the Far Eastern Marine Reserve and its areas:
| — South; Il — Eastern; 111 — Northern; IV — Western, and (£ the coastal station Possyet

The climate of Primorsky Krai belongs to the monsoon type of temperate climate. The
seasons of the year are well expressed. The study of the features of the water and air temperature of
the study area was carried out: 1) using regression analysis, 2) by comparing the temperature with
the standard - the climatic norm (temperature averaged over 30 years).

Graphs of the time course of water and air temperatures were built. Regression analysis over
the observation period at the coastal station Possyet revealed a linear trend for both parameters with
a 95% confidence probability. At the same time, the rate of increase in the average annual
temperature of water and air was 0,10° and 0,20°C/10 years, respectively.

Further, three 30-year climatic norms were calculated for water and air temperature according
to average annual values: | (average for the period 1931-1960), 11 (1961-1990) and 111 (1991-2020)
(Table 1). The value of the Il1-th norm for both water and air has increased compared to the I-th.

Table 1 — Annual average water and air temperature norm for 1931-1960 (1), 1961-1990 (I1) and
1991-2020 (I11)

Water temperature,”C Air temperature,®C
I I Il | I I
Possyet 8,9 8,9 9,5 6,0 6,5 6,8

Coastal station

Thus, it can be noted that in the southern part of the Far Eastern Marine Reserve during the
period under review there was an increase in the temperature background, which is confirmed by
both the positive linear trend identified during the temperature and air, and the temperature increase
from the I-st climatic norm to the Il11-rd.
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ASSESSMENT OF THE ACCURACY OF CMEMS BS-BIOGEOCHEMISTRY
REANALYSIS DATA IN REPRODUCING pH TRENDS IN THE BLACK SEA
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The pH parameter is a key indicator of the marine ecosystem, as it has a significant impact on
biological processes and chemical reactions in the aquatic environment. In recent years, research on
pH has focused on global long-term trends, particularly in the upper ocean. This is due to increasing
ocean acidity. The absorption of excess carbon dioxide (CO.) from the atmosphere leads to a
decrease in the pH (acidification) of ocean waters, which is a serious threat to marine ecosystems.
The Black Sea, like other seas and oceans, is subject to anthropogenic impacts associated with
increasing CO; content in the atmosphere. The lack of available regional observation data is a
serious problem for assessing significant climate trends in pH in the Black Sea waters. In this
regard, an additional source of pH data was used. These are data from the CMEMS BS-
Biogeochemistry reanalysis (Grégoire, Vandenbulcke, 2020). In it, the pH value is a calculated
variable obtained using the biogeochemical block of the BAMHBI model (Grégoire, Soetaert, 2010;
Capet et al., 2016). To assess the accuracy of the model data on the pH value and their applicability
for further analysis of pH trends, these data were verified using the results of direct pH
measurements obtained during expeditionary studies in the Black Sea in 2019-2020.

The work uses data from expeditions carried out in different seasons of the year. The period
of the first expedition was from April 18 to May 13, 2019, the second - from December 06 to
December 30, 2019, and the third - from September 15 to October 10, 2020. A comparison of
average daily pH values was carried out in individual nodes of a regular grid, the consistency of the
spatial structure of the hydrogen index fields constructed from different types of data was analyzed,
and a correlation analysis was performed.

It is shown that the spatiotemporal variability of average daily pH values estimated from
experimental and calculated data demonstrates a high degree of consistency. The corresponding
correlation coefficients vary in different months from 0,75 to 0,91. When analyzing the difference
in average daily pH values at the nodes of a regular grid calculated from two types of data, a
significant overestimation of the measured pH values was found in the period from April 18 to 28,
2019. The probable cause of the identified systematic error is a methodological error made in the
process of measuring the pH value.
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ASSESSMENT OF CLIMATIC VARIABILITY OF AIR TEMPERATURE IN CRIMEA
Kapustin A.V., Kuznetsov A.D., Seroukhova O.S.
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Based on the algorithm for searching for bifurcation points in time series of average annual
surface air temperature, the trend of its change for the period 1971-2023 in two cities of Crimea:
Simferopol and Yalta was analyzed. The obtained results are compared with similar data for Kerch.
Application of the algorithm to time series of average annual temperature values made it possible to
detect moments of change in the rate of temperature growth.

To assess the trend of change in the average annual air temperature in Crimea (Simferopol
and Yalta) and in the city of Kerch for the period 1971-2023, polynomial time trends of different
degrees can be used: from 1 to 3 degrees.

When using first-degree polynomials as a time trend, it shows approximately the same rate of
temperature increase. However, using third-degree polynomials shows that the behavior of the
temperature differs significantly in different parts of the time series: since about 1993, there has
been a noticeable increase in the rate of increase in the average annual air temperature. This feature
of the temporal variability of the average annual air temperature indicates the need for a more
detailed study. This will be done further using the methodology described in the works below
(Voskanyan, 2021; Kuznetsov, 2019; Kuznetsov, 2019).

The algorithm used is based on determining the bifurcation point position by comparing
adjacent time series segments with each other and their mathematical model. Polynomials of
different degrees (starting with zero) can be used as such models. With this method, each degree of
the polynomial determines the geometric shape of the time series segments from one bifurcation
point to another. In this paper, polynomials from the 1st to the 3rd degree are used.

Analyzing the obtained results, it can be stated that the change in the nature of warming in
both cases occurs in 1984. However, if the rate of increase in the average annual temperature in
Yalta has remained virtually unchanged, then for Simferopol and Kerch it has become noticeably
higher after 1984. It is interesting that the algorithm found the moment of change in trends in 1984,
which is close to 1979 — the moment of the beginning of warming, which developed almost
throughout the entire northern hemisphere (Malinin, 2018).
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THE IMPACT OF CLIMATE CHANGE ON THE POLAR
BEAR POPULATION ON WRANGEL ISLAND
Lazareva A.l, Marchukova O.V.
Tyumen State University, Tyumen, Russia
Stud0000277410@study.utmn.ru

Global warming is one of the most serious environmental problems of our time, the effects of
which are observed in all corners of the planet, including the Arctic, where the polar bear lives.
Wrangel Island, located in the Arctic Ocean, is an important habitat for this species. Global
warming is a complex phenomenon that has a huge impact on the lives of animals. Understanding
how climate change affects different species allows us to develop strategies for preserving
biodiversity.

Wrangel Island, like the entire Arctic, is an indicator of global climate change. It is famous for
its unique biodiversity, being a refuge for rare species of plants and animals. It is a unique example
of an Arctic ecosystem, the life of which is closely linked to the climate and natural cycles. Due to
the increase in temperature on the planet, glaciers are shrinking, which leads to a rise in sea levels
and affects the entire ecosystem of the island. The aim of this work is to study the impact of climate
change on the polar bear population over the past three decades (from 2008 to 2023) on Wrangel
Island.

During the study, an annual database of polar bear occurrence in the study area for the period
from 2008 to 2023 was formed using sources from the Chronicles of Nature. Linear trends in annual
variability of air temperature and the number of polar bears have positive values. On average, the
air temperature increases by 0,07 °C each year, and the annual increase in bears averages 6
individuals per year (Fig. 1). According to the results of the correlation analysis, it was revealed that
there is a significant noticeable positive relationship between the increase in air temperature and the
number of polar bears (r=0,55). Based on this, it was concluded that due to the reduction in the ice
area, polar bears began to land on Wrangel Island more often.
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Figure 1 — Annual variability of air temperature (red line), polar bear numbers (blue bars) and their
linear trends from 2008 to 2023 on Wrangel Island
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FORECASTING THE EL NINO AND LA NINA EVENTS USING NEURAL NETWORK
MODELING AND COMPARING THE RESULTS WITH GLOBAL EXPERIENCE
LubkovA.S. Voskresenskaya E.N.
Institute of Natural and Technical Systems, Sevastopol, Russia
andrey-Is2015@yandex.ru

El Nifio and La Nifia are the most important global climatic events that occur on an
interannual scale in the ocean-atmosphere system in the equatorial region of the Pacific Ocean.
These events cause catastrophic climate anomalies and environmental anomalies in different
regions of the world, leading to droughts, floods and fires. They also cause significant social and
economic problems. El Nifio and La Nifna are part of the El Nifio-Southern Oscillation (ENSO)
climate phenomenon.

Modern dynamic and statistical models used by global climate centers to predict ENSO are
limited by a spring predictability barrier, and have an effective lead time of 6-12 months. Modern
dynamic and statistical models used by numerous world climate centers to forecast the El Nifio
Southern Oscillation (ENSO) as part of the World Meteorological Organization's projects are
limited by a spring threshold of predictability. Their effective lead time is between 6 and 12 months.
At the same time, the refinement of ENSO event types is limited several months.

The possibility of using deep learning, which was made possible by the idea of using CMIP5
and CMIP6 climate modeling data, proposed in (Ham et al., 2019), has generated a great deal of
interest among scientists. The capabilities of deep learning models were significantly better than
those of hydrodynamic and statistical models, but this approach also has several drawbacks. First,
the use of CMIP5/6 data for training potentially limits the modeling capabilities to a certain
accuracy limit that cannot be exceeded without replacing the input data from climate models with
operational data. Second, all neural network models considered use ocean heat content up to a depth
of 300 meters as an input parameter. Due to the update time of ocean reanalysis of 1-2 months,
forecasts will always be delayed by this period.

In the study (Lubkov et al., 2023) we proposed using a model based on artificial neural
networks. The predictors of this model are climate indices derived from NCEP/NCAR atmospheric
reanalysis data sets and COBESST2 ocean surface temperature reconstructions. Our signature
method involves jointly using neural networks with large data sets and their preliminary processing.
The databases used in this study are updated at a frequency of 2-3 days, making the forecast
provided by this model timely.

In this paper, we present a comparative analysis of our model (Lubkov et al., 2023) against
modern dynamic and statistical forecasting models. Our model demonstrates minimal sensitivity to
the spring predictability threshold, allowing us to achieve an effective forecast horizon of 22
months. This exceeds the capabilities of neural network models based on deep learning techniques
by 4 months and the capabilities of dynamic and statistical models by 10-16 months.

The study was carried out within the framework of the state assignment of the Institute of
Nuclear Technologies (state registration number 124013000609-2).
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The task of developing a «Transport model» for estimating greenhouse gas (GHG) emissions
using the bottom-up approach (Tier 3 method according to IPCC, 2006) at the national level was
carried out within the VIP GZ project®. The estimation of GHG emissions under Tier 3 requires
detailed information on the structure of the Russian Federation's automotive and non-road fleet for a
number of parameters, such as environmental classes (standards), types of fuel consumed, age,
specific fuel consumption rates, annual mileage (engine hours), etc., in accordance with national
operating conditions.

Most of these parameters were previously included in the National Inventory Report (NIR) by
default or on the basis of expert estimates. The databases of Rosstat, GIBDD of the Ministry of
Interior of Russia, Ministry of Transport of Russia, Avtosta do not contain generalised and
systematised detailed information for estimation of GHG emissions by Tier 3 for the necessary
period of GHG emissions — 1990-2022.

It is proved that one of the Machine Learning methods (multiple linear regression method)
can be used to restore statistical information (initial data) in some years in the period 1990-2022, as
well as to analyse the reliability and uncertainty of the final GHG values by road and non-road
transport in the considered period.

The developed methodology revealed stable correlations with the indicators used for the
estimation of GHG and precursor gas emissions from road and non-road transport. Quality
indicators of the obtained multiple linear regression equations (coefficient of determination,
standard error, level of significance of the regression model, average error within and outside the
limits of the model construction, etc.) were evaluated.

The use of the «Transport Model» increases the transparency of GHG emission calculations in
the NIR and contributes to a better understanding of the main factors influencing changes in
emissions. An important result of this work is the clarification and additional verification of
statistical data on fuel consumption by motor transport and non-road vehicles in some years
according to the Fuel and Energy Balance of the Russian Federation (FEB).

The most significant deviations between the FEB data and the model estimates are for the
years 2014 and 2015 for the consumption of diesel fuel by road transport (difference of —15,1% and
-27,65%, respectively). For road construction vehicles, diesel consumption differs by —61,00% and
62,50% in 2016 and 2017 respectively.

According to the preliminary results, gross greenhouse gas emissions from non-road vehicles
decreased from 56,67 million tonnes COz.¢q. in 1990 to 29,93 million tonnes COz.q. in 2010, i.e. by
a factor of 1,9. In the next decade (up to 2020), the values of reduced greenhouse gas emissions are
in the range of 22,9 to 27,1 million tonnes COz.eq. The dynamics of emissions of the main
greenhouse gases from motor transport is roughly the same as the dynamics of fuel consumption — a
decrease from 165 million tonnes to 75 million tonnes of CO2.eq (1990-2000), an increase to 165
million tonnes (2015) and a decrease to 150 million tonnes of CO2.¢q in 2021.

3 According to the Order of the Government of the Russian Federation Ne 3240-r dated 29.10.2022 “On approval of the
innovation project “Unified national system for monitoring of climatically active substances”, in the course of
implementation of research work on the topic “Updating the distribution of the Russian vehicle fleet by fuel types and
ecological classes, determining fuel consumption, weighted average mileage of vehicles of different classes for the fleet
of the Russian Federation”
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Comprehensive study of the spatial and temporal patterns of changes in the anomalies of
cyclonic activity of varying intensity in the Black Sea-Mediterranean region is carried out on the
basis of calculations of the main parameters of cyclones, identified using geopotential height fields
from the NCEP/NCAR reanalysis. As a result, quantitative estimates are presented and analyzed for
the long-term changes and the interannual-multidecadal variability of intense cyclonic activity in
the Black Sea-Mediterranean region. The schemes are presented for the spatial anomalies of
cyclonic activity in the Black Sea-Mediterranean region associated with the change of phases of
interannual-multidecadal climatic processes over the Atlantic-European sector. The responses are
estimated for the frequency of intense cyclones in the Black Sea-Mediterranean region associated
with eastern and central types of El Nifio and La Nifia events. A successful seasonal forecast of the
average monthly frequency of intense cyclones has been made with a lead time of up to 6 months
using a model of artificial neural networks, in which a set of indices of climatic signals is used as
predictors. Regional estimates of changes in cyclonic activity in the middle and end of the XXI
century have been obtained using an ensemble of CMIP6 models in scenarios with an average
(SSP2-4.5) and the highest (SSP5-8.5) level of greenhouse gas emissions. The relationship of the
position of deep cyclones with storm types in the northern part of the Black Sea is shown,
quantitative estimates of the interannual-multidecadal climate variability of agricultural yields and
the bioclimatic attractiveness of resorts in southern Russia are obtained.

221

E. N,



sdMmlsjd Chodsttdy SR 05 j2 fMejH’

LIMATE AND ENVIRONMENTAL CHANGE
IN THE ZERAFSHAN RIVER BASIN (UZBEKISTAN)
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Climate change is one of the most serious threats to ecosystems and human activity in the
modern world. Global warming and associated climate change have a significant impact on various
regions, including specific river basins. This study analyzes climate and environmental changes in
the Zeravshan River basin, which is located in Central Asia and is an important water resource for
several countries in the region — Tajikistan, Uzbekistan and Afghanistan. Regional climate change
in this area is significant for ecosystems and populations.

Let us consider the main consequences of climate change in the Zeravshan River basin.

— Melting of glaciers. Glaciers in the Zeravshan River basin, as in other parts of Central Asia,
are experiencing significant melting. This affects the flow regime of glacier-fed rivers.

— Changes in precipitation patterns. The region is experiencing changes in seasonal
precipitation, leading to an increase in the frequency of extreme droughts and floods. These changes
have a negative impact on agriculture and water supply.

— Changes in temperature. Temperature changes affect the water balance and lead to changes
in vegetation and a reduction in biodiversity in the region.

Climate change in the Zeravshan River basin has a direct impact on the resources and
population of the region. Changes in the river flow regime affect water supply, agriculture and
energy resources. Changes in precipitation and temperature affect crop yields and the sustainability
of agricultural crops.

Climate change can exacerbate existing social and economic problems in the region, such as
water scarcity and food security.

Global and regional climate change have significant impacts on the environment and
resources, especially in sensitive regions such as the Zeravshan River basin. Understanding these
changes and developing adaptation strategies are necessary to minimize negative consequences and
ensure sustainable development of the region (Gaidukova, Mirzoev et al., 2024). Further research
and monitoring of climate change will help in developing effective adaptation and mitigation
measures.
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REGIONAL CHANGES IN SURFACE AIR TEMPERATURE
(TRANS-BAIKAL TERRITORY)
Noskova E.V., Vakhnina I.L.
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Chita, Russia
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One of the significant global challenges of the 21st century is climate warming, which has a
considerable impact on the natural environment and affects many sectors of the economy. For the
territory of Trans-Baikal Territory, the increase in average annual surface air temperatures for
1976-2022 was 1,8°C (0,37°C/10 years). During this period, the greatest temperature increase was
observed in spring. When considering monthly averages, a significant increase was found for all
months from February to September, with maximum values in March. For the analyzed period,
three time inter-vals with different rates of air temperature increase can be identified (19761995,
1996-2010 and 2011-2022) (Noskova, Vakhnina, 2024a). The greatest increase (0,98°C/10 years)
characterized 2011-2022, while for 1996-2010 the average annual air temperature across the region
did not increase. Changes occurred unevenly across seasons and months for the identified intervals.
On average, across the region over the past 47 years, there has been a significant increase in the
duration of periods with air temperatures above 0, 5, 10, and 15°C, associated with earlier onset in
spring. A later transition in autumn is significant for 5, 10, and 15°C (Noskova, Vakhnina, 2022;
Noskova, Vakhnina, 2023). There is also an increase in the duration of the frost-free period. This is
due to the fact that the last frosts are now observed earlier, and the first ones later. The number of
days with air temperature above 10°C and the sum of these temperatures have increased (Noskova,
Vakhnina, Rakhmanova, 2019). Warming has led to an increase in climate norms over 30-year
periods ending in a year ending in zero (1971-2000, 1981-2010, 1991-2020 etc.), with average
annual values for each subsequent period being 0,3-0,4°C higher, than in the previous one
(Noskova, Vakhnina, 2024b).
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DISTRICTS OF THE SARATOV REGION
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The Saratov region is one of the largest agricultural regions of Russia, however, being in a
zone of insufficient moisture and risky farming, constant monitoring of trends in hydrothermal
conditions is necessary. One of the main negative factors affecting agricultural production in the
region is the annual recurrence of droughts of varying intensity. The assessment of the degree of
aridity of the Right Bank of the Saratov Region is based on archival meteorological data (Archive
of average monthly) of monthly resolution (air temperature, precipitation amount, saturation deficit)
at five meteorological stations: m/s Khvalynsk, m/s Balashov, m/s Saratov, m/s Splavnukha, m/s
Petrovsk for the summer from 2011 to 2022. For quantitative monitoring of the degree of moisture
in the territory, the hydrothermal coefficient of G.T. Selyaninov and the index of the moisture
coefficient of D. I. Shashko were calculated. In the conditions of regional climate warming, an
increase in the duration of the summer season is observed due to the early transition of the average
daily air temperature through 10°C in the spring and its later transition in the fall (Pryakhina, 2018).
In the west and northwest of the region (Balashov, Petrovsk), the duration of the summer season
was 162 days, in the central part (Saratov, Splavnukha) and in the north (Khvalynsk) — 173 days.
On average, in the summer months, the air temperature increased by 0.5-1.0 3 , and the amount of
precipitation decreased by 10-40 mm. Table 1 presents frequency of droughts at selected stations of
the Right Bank region.

Table 1 — Recurrence of atmospheric droughts in the territory of the Right Bank of the
Saratov Region

Recurrence of droughts of the hydrothermal coefficient
Station Very Severe Average Mild No
severe drought drought drought drought drought
class 1 class 2 class 3 class 4 class 5
Balashov - - 1 4 7
Khvalynsk - 1 4 1 6
Saratov - - 4 4 4
Petrovsk - - 1 2 9
Splavnuha - 3 2 2 5

In Balashov and Petrovsk, mild-intensity droughts prevail, and in 70% of cases, they are
absent. In the north of the region (Khvalynsk municipality) and in the central part of the region
(Saratov municipality), the frequency of average-intensity droughts increases to 50%. A severe
drought was observed in Khvalynsk according to 2015 data, and three cases of class 2 droughts
were also identified according to Splavnukha in 2011-2012 and 2014.
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A combination of anthropogenic and natural factors contributes to the development of
aridization processes in the lower Don basin. Due to the ongoing low-water period (from 2007 to
the present), this problem becomes relevant. The sources of long-term meteorological data series
were data from 6 stations (Bogoroditskoye-Fenino, Valuyki, Chertkovo, Tsimlyansk, Rostov-on-
Don, Gigant, Remontnoye) from the archives of VNIIGMI-MCD for the period 1966—2020.

The work used the aridity index P/PET (World..., 1997):

Al (P/PET) = P/O, (1)

where P is the amount of precipitation per year (month) (mm), Eo — reference evapotranspiration
(mm).
Monthly evaporation is calculated using the formula (Ivanov, 1954):

O mmmpqu Y pnmw, (2

where T is the average monthly air temperature (°C), and a — the average monthly relative humidity
(%).

Using the P/PET index, arid lands can be classified into 5 subtypes: extra-arid, arid, semi-arid,
dry sub-humid and semi-arid sub-humid. The aridity index of the R/RET in the lower Don basin
showed a decrease in values, and this trend is more pronounced for southern weather stations. The
average picture allows us to identify 4 zones in the basin (Figure 1): normal (21377 km?, 10%),
semi-arid sub-humid (45522 km?, 22%), dry sub-humid (103958 km?, 50%) and semi-arid (35376
km?, 17%). 3 periods were identified, the longest of which was the period of growth (1977-2005),
as well as two periods of decline (1966-1976 and 2006-2020). The latter indicates an increase in
the aridity of the climate in the lower Don basin during this period.
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Figure 1 — Average aridity index Al (P/PET) in the lower Don basin for the period 19662020
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Due to the global nature of the problem of climate change and the consequences of such
changes, its effective solution is possible only by combining the efforts of the entire world
community and agreeing on joint actions to control anthropogenic emissions of various greenhouse
gases (GHGs). The report analyzes the current state of legal regulation of methane emissions, the
main short-lived GHG and the second most important GHG in the countries responsible for the bulk
of total CH4 emissions in the context of the Paris Climate Agreement and the Global Methane
Agreement (GMP). The special role of the primary reduction of methane emissions is a direct
consequence of the following two circumstances:

-the «lifetime» of methane in the atmosphere is about 10 years, which is more than an order of
magnitude shorter than the lifetime of COg; in this regard, it is the reduction of CH4 emissions that
will allow achieving a significant reduction in the rate of increase in surface air temperature of
anthropogenic origin in the short term (i.e. over the next 1020 years);

-reducing methane emissions is the only natural and effective way to prevent a sharp
intensification of anthropogenic global warming with the introduction of cleaner technologies that
reduce aerosol emissions, contributing to the cooling of the lower atmosphere.

The contribution of various countries to the total methane emissions indicates that the main
share of methane emissions (up to more than 61-63%) falls on the first 12-15 countries (if the EU
is considered as a single emitter). At the same time, China, the United States, India, Russia, Brazil,
EU countries, Indonesia, Iran, Mexico, Australia, Saudi Arabia, Canada, South Africa, Turkey, and
Japan account for about 63,5% of total methane emissions. China, the United States, India, Russia
and Brazil are collectively responsible for about 36% of total methane emissions. Thus, it is
sufficient to analyze the legal aspects of limiting methane emissions in the main countries, arranged
in descending order of their contribution to methane emissions, in order to come to certain
conclusions about the realism of the achievability of the main goal of the Paris Agreement. This
report analyzes the main facts characterizing the global dynamics of methane emissions, as well as a
general analysis of GMP and its effectiveness. It is shown that the Paris Agreement, which is the
main regulatory legal act designed to limit the increase in global temperature by one and a half to
two degrees compared with the pre-industrial period, requires improved legislative support for
limiting methane emissions in the main CH4-emitting countries. It was stated that GMP, adopted in
2021, is the most important document designed to assess the necessary volumes of methane
emission reduction in order to achieve the main goal of the Paris Agreement.

The main conclusion is that the Methane Charter would more effectively contribute to
achieving the main goal of the Paris Agreement on Climate and the sustainable development of
modern civilization if all major issuing countries joined it, and it would provide legally binding
standards for GMP participants in case they fail to comply with the agreements reached.

The work was carried out within the framework of the IPTS state task «Fundamental studies
of processes in the climate system that determine the spatial and temporal variability of the marine
environment and adjacent territories in a wide range of scales» (state registration no.
124020100120-9).

226



sdMmlsjd Chodsttdy SR 05 j2 fMejH’

LON®®ERI OD CLI MATI C CHANGES I N KAZAN AND THEI
Perevedentsev Yu. P., Mi rsaeva N.A., Guryar
Kazan (Volga Region) Federal University, Kazan, Russia
Institute of Applied Research, Academy of Sciences of RT, Kazan, Russia
ypereved@kpfu.ru

In 2024, our country celebrates the 190th anniversary of the formation of the Russian
Hydrometeorological Service, established in 1834 according to the project developed by Professor
A.Y. Kupfer of Kazan University.

Regular meteorological observations in Kazan date back to January 1812, when the
Meteorological Observatory (MO) was established at Kazan University on the initiative of
Professor F.K. Bronner. It ranks 3rd in Russia in terms of the number of years of continuous
observations (in St. Petersburg regular observations began in 1743, and in Moscow in 1799).

Multiyear series were subjected to statistical processing. Mean values, mean square
deviations, linear trend slope coefficients (LTS), contribution of linear trend to temperature
dispersion were found. Six 30-year periods were identified: 1841-1870, 1871-1900, 1931-1960,
1961-1990, 1991-2020.

As might be expected, over the entire period, the largest temperature increase occurred in the
coldest month of the year, January (by 4,8°C), while in July (the hottest month of the year) the
increase in TV was only 1,4°C. The final thirty-year period (1991-2020) was noticeably warmer
than all previous ones in all months.

A comparison of the multiyear variations of surface air temperature anomalies calculated from
the baseline period 1961-1990 from data of Kazan station, University and the entire Northern
Hemisphere (CRU data) shows that in both cases, according to a linear trend, there is a warming of
the climate as a whole for a year and by seasons. However, the curve of the low-frequency
component of temperature shows that annual warming in Kazan began in 1946, summer warming
since 1980, winter warming since 1968 and continues to the present.

To assess the influence of climatic changes occurring in the Northern Hemisphere, the
correlation coefficients between the TV station Kazan, University and the surface air temperature of
the Northern Hemisphere land surface for 1850-2021 were calculated. The closest correlations are
established for the winter period (in January r = 0,68). The value of the coefficient of determination
R2 (%) shows the contribution of the Northern Hemisphere processes to the local changes in TV in
Kazan. Thus, the annual contribution reaches 63%, 27% in summer and 43% in winter.

The joint analysis of the multi-year course of NAO, AO, EAWR, SCAND circulation indices
for winter and summer in the period 1950-2021 and temperature anomalies in Kazan showed a
consistent character of their changes, which indicates a significant role of atmospheric circulation in
the formation of temperature anomalies.

The analysis of the calculated 27 climate extremity indices recommended by WMO for the
period 1980-2022 showed that Kazan has a clear tendency to reduce the number of days with icing,
the number of frosty days and increase the duration of the warm period and the number of summer
days. At the same time, the annual amount of precipitation, the number of days with extreme
precipitation, etc. decreases. The aridity of the climate in the summer period is increasing.

To assess the dynamics of the bioclimate of Kazan in the period 1940-2021, the universal
thermal comfort index UTCI was analysed. The UTCI value tended to increase by 5,2°C in January
(the index went from the zone of very strong cold stress to the zone of strong cold stress); in July
the index increased from 17,5°C to 20°C. Interannual fluctuations of the index are significant. In
general, bioclimatic conditions in the region are improving.
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ASSESSMENT OF THE QUALITY OF REPRESENTATION OF INTERANNUAL
PRECIPITATION CHANGES OVER THE BLACK SEA
BASED ON THE CMIP6 PROJECT MODEL DATA
Polonsky A.B., Sukhonos P.A.
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Recently, significant progress has been made in the multi-model approach to numerical modeling
of climate change. However, estimates of climate parameters at regional scales still require refinement.
Precipitation is the most uncertain assessment parameter and is important in terms of its impact on the
hydrological regime of marine regions. In this paper, the quality of representing interannual changes in
precipitation over the Black Sea (40—48° N, 26-42° E) is assessed using data from 173 CMIP6 model
implementations (Climate..., 2024) in comparison with ERAS reanalysis data (Hersbach et al., 2020) in
the historical period. For this purpose, the Spearman rank correlation coefficients of interannual
precipitation changes were calculated based on data from individual model implementations and
reanalysis data for all months in 1959-2022. The following results were obtained.

In January, the correlation coefficient of interannual changes in precipitation according to the
implementation of the ens0 AWI-CM-1-1-MR model and reanalysis is 0,32.

In February, the correlation coefficient of interannual changes in precipitation based on ens5
(ens3) implementations of CNRM-CM6-1 f2 (GISS-E2-1-G p3) models and reanalysis is 0,31 (0,30).

In March, the correlation coefficient of interannual changes in precipitation based on ensl (ens2)
implementations of EC-Earth3 (MIROCG6) models and reanalysis is 0,31 (0,31).

In April, the correlation coefficient of interannual changes in precipitation according to ens5 (ens8
/ ens13) implementations of IPSL-CM6A-LR (CanESM5 pl / CanESM5 p2) models is 0,30 (0,31 /
0,34).

In May, the correlation coefficient of interannual changes in precipitation according to the
implementation of the ens0 CAMS-CSM1-0 model and reanalysis is 0,35.

In June, the correlation coefficient of interannual changes in precipitation according to ens2 (ens3)
implementations of CanESM5 pl (EC-Earth3-Veg) models is 0,32 (0,40).

In July, the correlation coefficient of interannual changes in precipitation based on ens0 (ensl)
implementations of CMCC-CM2-SR5 (FIO-ESM-2-0) models and reanalysis is 0,33 (0,30).

In August, the correlation coefficient of interannual changes in precipitation according to ens7
(ens3) implementations of CanESM5 p2 (UKESM1-0-LL f2) models is 0,39 (0,30).

In September, the correlation coefficient of interannual precipitation changes according to ensl
(ens2) implementations of the ACCESS-CM2 model is 0,43 (0,32). Note that this model does not
correctly represent the seasonal cycle of precipitation over the Black Sea. This month, the correlation
coefficient of interannual precipitation changes according to ens10 (ensO / ens5) implementations of
CanESMS5 p2 (CanESM5-CanOE p2 / CESM2) models is 0,31 (0,31 /0,34).

In October, the correlation coefficient of interannual changes in precipitation according to ens7
implementation of the CanESM5 p2 model and reanalysis is 0,36.

In November, the correlation coefficient of interannual changes in precipitation according to
ensll (ensl10) implementations of the CanESM5 pl (IPSL-CMG6A-LR) models and reanalysis is 0,30
(0,31).

In December, no significant correlation coefficients at the 95% confidence level were found.

Of the 173 CMIP6 project model implementations, only 23 satisfactorily represent the interannual
changes in precipitation over the Black Sea in the historical period. Note that in the period from June to
October, these models underestimate precipitation values. This may be due to the inadequate
parameterization of convective precipitation in most CMIP6 project models.

The study was supported by state assignment of Institute of natural and technical systems (Project
Reg. No. 124020100120-9).
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Numerical modeling is one of the main tools for studying climate and its possible future
changes. However, in the context of a multi-model approach, the selection of models capable of
realistically representing the climate (especially in regions with high heterogeneity of the
underlying surface) becomes especially relevant. This work is devoted to assessing the quality of
representing the seasonal cycle of precipitation over the Black Sea (40—48° N, 26-42° E) based on
data from 36 models from the international project Coupled Model Intercomparison Project Phase 6
(CMIP6) (Eyring et al., 2016). For comparison with model results for the period 1959-2022, ERA5
reanalysis data were used (Hersbach et al., 2020).

The analysis carried out allowed us to divide the CMIP6 project models according to their
ability to represent the seasonal cycle of precipitation over the Black Sea into the following 7
groups:

— models that incorrectly represent the seasonal cycle of regional precipitation: AC-CESS-
CM2 and ACCESS-ESM1-5;

— models that satisfactorily represent precipitation values in the winter and underestimate
precipitation values in the summer, which leads to an underestimation of average annual
precipitation values: AWI-CM-1-1-MR, CAMS-CSM1-0, CanESM5-p1, CanESM5-p2, CanESM5-
CanOE p2, CESM2, CESM2-WACCM, CMCC-CM2-SR5, EC-Earth3, EC-Earth3-Veg, FIO-ESM-
2-0, HadGEMS3-GC31-LL f3, INM-CM4-8, INM-CM5-0, IPSL-CM6A-LR, KACE-1-0-G,
NESM3, NorESM2-MM and UKESM1-0-LL f2;

— models that overestimate precipitation values in the winter and underestimate precipitation
values in the summer, which leads to a satisfactory representation of average annual precipitation
values: BCC-CSM2-MR, MIROC6, MPI-ESM1-2-HR, MPI-ESM1-2-LR, MRI-ESM2-0 and
NorESM2-LM;

— models that underestimate precipitation values both in winter and summer, which leads to a
significant underestimation of average annual precipitation values: CNRM-ESM2-1 2, FGOALS-
f3-L and FGOALS-g3;

— model that overestimates precipitation values in the winter by almost 2 times and
satisfactorily represents precipitation values in the summer, which leads to a significant
overestimation of average annual precipitation values: MIROC-ES2L 2;

— models that satisfactorily represent seasonal cycle and average annual precipitation values,
but significantly underestimate or overestimate precipitation values in individual months of the
year: CNRM-CM6-1 2 and GFDL-ESM4;

— models that represent well seasonal cycle and, as a consequence, average annual
precipitation values: CNRM-CM6-1-HR f2, GFDL-CM4 and GISS-E2-1-G p3.

Most of the CMIP6 models poorly represent the climatic seasonal cycle of precipitation over
the Black Sea. In general, results of modeling winter precipitation agree better with the ERAS
reanalysis data than summer precipitation. This indicates inadequate parameterization of convective
precipitation in most of the CMIP6 models. Therefore, the use of multi-model averaging over the
entire CMIP6 dataset when conducting scenario assessments of precipitation over the Black Sea is
inappropriate.

The study was supported by state assignment of Institute of natural and technical systems
(Project Reg. No. 124020100120-9).
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The widespread opinion on accelerating degradation of the Earth's glaciation in the era of
global change is often devoid of objective argumentation. The only source of reliable data is the
direct monitoring system of a glacier mass balance as the most informative indicator of its
evolution. However, the objects of such monitoring are few. There are only several dozen of them
worldwide. The Djankuat Glacier in the Caucasus is the most studied glacier in Russia. Its unique
series of measured mass balance and its income and wastage constituents (accumulation and
ablation) has been going on without interruption for 57 years — since 1967/68. The World Glacier
Monitoring Service has included it in the top ten reference glaciers of the Earth. The present
evolution of its water and ice resources is considered representative for the mountain system of the
Caucasus as a whole.

Despite the unequivocal dominance of negative annual balance values over more than half a
century (i.e., excess of mass loss over the mass gain), the reduction of the Djankuat Glacier was
uneven. Moderate degradation in the XXth century included a 10-15-year-long period (since the late
1980s) of relative improvement in its state, when positive balance values prevailed and its terminus
temporarily stabilized. However, with the advent of the XXIst century a clear turning point in its
evolution is recorded. The renewed degradation rate became truly unprecedented on the scale of the
entire regressive phase after the LIA climax in the 1850s. Not only did the reduction of the physical
area of Djankuat accelerate (from 3,234 to 2,505 km?, i.e. by 22% over 50 years) and the terminus
retreat reached already 557 m for the entire monitoring period since 1968, but after 2004/05 its
mass balance never took at least a single positive value in the following 19 seasons in a row (an
unprecedented case for the last 1,5 centuries, judging by the reconstruction since 1871 AD). If
before 2004/05 the average mass balance value was —97 mm w.e./yr, then subsequently to the
present day the mean annual loss has increased eightfold. In general, the total mass loss over the
past 57 years has already amounted to ca.19 m in the water layer.

Such dynamics is due to the fact that even against the background of the obvious tendency of
winter snow accumulation to grow up, which has been observed for over half a century, glacier
ablation in summer also steadily increases in modulus, outweighing the positive accumulation trend
in its balance effect. However, the last 7-8 years seem to be some emerging exceptions: the increase
in winter snowfall in the glacial belt accelerated somewhat, whereas both the ablation increase rate
and the trend towards more and more negative mass balance slowed down to some extent. In other
words, this reveals signs not of acceleration, but on the contrary, of slowing down the mass loss.
Thus, on a ten-year time scale, the view of the escalation in the reduction of ice reserves has not yet
been justified. However, fluctuations of the mass balance still remain in the area of negative values.

It is also important to identify a persistent trend towards an increase in glacier exchange (i.e.,
the sum of accumulation and ablation taken modulo), which can be traced throughout the long-term
monitoring period since 1967/68. This parameter of the mass turnover intensity in the glacial belt
serves as an indirect indicator, disclosing weakening of continentality properties in the climate of
the Caucasian highlands during recent decades. However, whether the discovered pattern of glacier
mass turnover enhancement is a local or regional property, remains unclear hitherto.

The work was carried out with the support of the Russian Science Foundation (RSF project
No. 22-17-00133).

230



sdMmlsjd Chodsttdy SR 05 j2 fMejH’

FORECAST OF FORMATION OF NEW PROGLACIAL LAKES

AS GLACIERS ON ELBRUS RETREAT IN THE XXI CENTURY
Postnikova T.N, RybakO.0?3 Gubanov A.8, ZekollariH.>®, Huss M&:"8

water Problems Institute of RAS, Moscow, Russia
2FRC SSC RAS, Sochi, Russia
3Institute of Natural and Technical Systems, Sevastopol, Russia
“Department of Geography, Lomonosov Moscow State University, Moscow, Russia
°Earth System Science and Department of Geography, Vrije Universiteit Brussel, Brussels, Belgium
®Laboratory of Hydraulics, Hydrology and Glaciology (VAW), ETH Ziirich, Ziirich, Switzerland
’Swiss Federal Institute for Forest, Snow and Landscape Research (WSL),
Birmensdorf, Switzerland
8Department of Geosciences, University of Fribourg, Fribourg, Switzerland
tasinidze@gmail.com

Mount Elbrus is the highest peak in Europe (5642 m), and is a presently inactive volcano that
is covered by around thirty glaciers. The expected retreat of glacier fronts will lead to the formation
of proglacial lakes in bed depressions, which were identified earlier (Lavrentiev et al., 2020). The
most probable time of their formation was determined in the present work. In addition, the time and
place of formation of debris-covered dead ice areas were predicted, which under certain
circumstances will dam the lakes, thus increasing the probability of their outburst. The predictions
were confirmed using the examples of lakes already formed in the 21% century (Dokukin et al.,
2022).

In order to achieve that, we calculate the evolution of all Elbrus glaciers throughout the
21st century under CMIP6 scenarios (SSP1-1.9, SSP1-2.6, SSP2-4.5, SSP3-7.0, SSP5-8.5) in the
21st century. For this study, the GloGEMflow model (Zekollari et al., 2019) was used coupled with
a dynamical debris-cover model (Postnikova et al., 2023). In GloGEMflow, the processes of energy
exchange and glacier dynamics are described in a simplified form. This is the reason for the
inevitable uncertainty in the forecast calculations of glacier characteristics. However, as the
forecasting timeframe increases, the scatter in the initial climatic scenarios begins to play an
increasingly important role. These issues are also discussed in this report.

By 2100, the Elbrus glaciers will retreat above 4000 m and up to 17 new lakes are likely to be
formed on Elbrus. Under moderate warming (scenarios SSP1-1.9, SSP1-2.6) the position of glacier
fronts may stabilize at the altitude of 3600-3700 m. In this case, up to 8 lakes will be formed on
Elbrus, according to our forecast. The largest lakes will be formed in the first half of the century,
regardless of the climate scenario. The lake at the place of the Dzhikaugenkez plateau will be
dammed by moraine with dead-ice core up to 60 m thick in 2040 p ttand will probably pose a
potential outburst flood threat downstream of the Malka River.

This study was funded by the RSF grant number 23-27-00050.
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The paper considers the spatial and temporal variability of surface air temperature and
precipitation in the European territory of Russia. The main attention is paid to the analysis of trends
in these characteristics, which made it possible to assess the extent of climate warming in recent
decades. There is a general trend towards an increase in temperature. The greatest changes in the
thermal regime occur in the winter months in the northwestern part of the territory under
consideration (in January, the value of the linear trend slope coefficient (LRT) reaches 0,82 °C/10
years), and the smallest changes are observed in April (LRT=0,26 °C/10 years) and November (0,24
°C/10 years). There is also a general trend of an increase in the number of cases with positive
temperature anomalies and a decrease in the number with negative ones. The largest changes in
annual precipitation occur in January (the value of the CNLT reaches 1,77 mm/10 years) and May
(CNLT=1,79 mm/10 years), and the smallest changes are noted in November (CNLT=-0,32 mm/10
years).

Calculations were performed using data from 54 meteorological stations located on the
territory of Russia from the VNIIGMI-MCD fund for 1966-2022. Long—term series of initial data
were subjected to statistical processing — average values, mean square deviations (COEX),
anomalies of air temperature and precipitation, linear trends of temperature and precipitation in
Russia for the periods 1966-2022 and 1991-2020 were found.

In 1966-2022, climate warming occurred in almost the entire ETR, which was accompanied
by an increase in annual precipitation amounts. The largest changes concern the western and
southwestern parts of the ETR. In the south of the territory under consideration, however, there is
some tendency for precipitation to decrease in the warmer months. In the cold season, the change in
precipitation amounts is meridional, whereas in the warm season it is zonal. The trends of air
temperature and precipitation obtained in the work for the central months of the seasons can serve
as an addition to the results of the analysis of seasonal trends of these values presented in (Bartsev
et al., 2016; Bardin et al., 2020; Report ..., 2021).
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Global warming is a gradual increase in the temperature of the Earth's surface, caused to a
greater extent by the greenhouse effect arising from greenhouse gases: water vapor (H20), carbon
dioxide (CO2), methane (CH4), ozone (Oz), nitrogen oxide (N20), etc. For this work, the territory of
Siberia was taken within the boundaries of the Natural Regions of Russia, which is divided into
Western Siberia, Central Siberia, the mountains of Southern Siberia and Northeastern Siberia.

The permafrost of Siberia covers almost two thirds of the country's territory. Global warming
in Siberia entails the inevitable thawing of permafrost. The landscape is deformed, the risk of
buildings collapsing increases, annual floods occur, animal migration patterns change, and there is a
risk of species extinction. Accelerated global warming has severe consequences for all living
organisms and human activities (Alexandrov et al., 2021).

The purpose of this work is to verify and select CMIP6 models for air temperature and
precipitation in Siberia, based on the dynamics of climate change according to data from major
weather stations covering the measurement period from 1940 to 2023. To do this, the data for each
parameter (air temperature and precipitation) from 59 weather stations were analyzed, the
magnitude of the trend over 10 years and the coefficient of determination were calculated for them.
The research area covers the following subjects of the Russian Federation: Khanty-Mansiysk
Autonomous Okrug, Yamalo-Nenets Autonomous Okrug, Sverdlovsk Region, Kurgan Region,
Tyumen Region, Omsk Region, Tomsk Region, Novosibirsk Region, Altai Territory, Altai
Republic, Republic of Khakassia, Kemerovo Region, Krasnoyarsk Territory, Irkutsk Region,
Republic of Buryatia, Republic of Yakutia, Trans-Baikal Territory.

Based on the results of the analysis of the verification carried out, several models will be
selected in the work that correctly reproduce the indicators of linear trends for the average monthly
air temperature and the amount of precipitation throughout Siberia. On this basis, conclusions will
be drawn, as well as a long-term forecast of changes in air temperature and precipitation by the end
of the XXI century in Siberia.
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The cultivation of crops in the south taiga plain territory of Western Siberia depends on a
number of natural factors. These are favorable climatic conditions, fertile soils, good
geomorphological features of the area, etc. There are adverse and dangerous climatic phenomena
that are often observed in this area. In the last decade, scientists have noted a change in number of
climatic indicators that affect the yield of major crops. Such changes have positive and negative
consequences. An increase in the duration of the growing season has been recorded. This is allowed
to cultivate thermophilic varieties of crops and shift the planting period. At the same time, there is
an increase in the number of dangerous and adverse climatic phenomena and their intensity. The
study purpose is a spatial and temporal climatic phenomena analysis of the warm season, which
affect the functioning conditions of the local crop production system. The relevance of the study is
due to the search for ways to adapt agriculture to changing climatic conditions. The information and
analytical database is compiled from open sources of meteorological information of LLC «Weather
Schedule», the NOAA international database of meteorological data for the period from 2000 to
2023 for 30 weather stations. The ArcGIS software was used for analysis and mapping. During the
study, the following indicators were evaluated: the onset date of the active vegetation period, the
duration of the active vegetation period, the sum of active temperatures over 10°C (SAT), frosts,
low humidity, hot weather, heavy precipitation.

The results showed that, in general, in the study area, there is a change in the timing of
average daily temperatures through +10°C stable transitions. There is an increase in the duration of
the growing season. During the period of active vegetation, the average annual values of the SAT
value for the western regions reach 2100°C, for the eastern ones — 1800°C. In some years (2003,
2015, 2020), the value of SAT exceeded the long-term average size. For example, in 2015, in the
Tomsk region, under similar conditions (a favorable ratio of heat and moisture), potato yields
reached 200 kg/ha. However, against the background of an increase in the temperature optimum,
the likelihood of dangerous and adverse events increases. According to individual climatic
indicators, the values range from 5% to 80%. Late spring frosts are caused particular damage to the
local crop production system. The probability of their occurrence even in the third decade of May
ranges from 18 to 32%, for the northwestern part the probability in the first decade of June exceeds
10%. At the same time, low humidity is recorded every day. High abiotic stress for most crops is
the hot weather, which is established here with a probability of 5,6%.

In general, the changing climatic resources in the study area are created favorable conditions
for the cultivation of many types of crops. However, knowledge and consideration of those adverse
factors that are damaged the local crop production system are important.

The study was supported by the Ministry of Science and Higher Education of the Russian
Federation (state assignment of IMKES SB RAS, project registration number No. 121031300226-5,
FWRG-2021-0003).
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The Eastern Boundary Upwelling System (EBUS), including the California, Peru, Chile,
Canary, and Benguela upwellings, is one of the most biologically productive ecosystems, covering
less than 2% of the ocean surface but contributing 7% to global marine primary production and
more than 20% to global fisheries catches. Equatorward coastal winds driven by large-scale
atmospheric pressure systems are the dominant physical process driving the high biological
productivity of the eastern Pacific and Atlantic oceans. How the EBUS responds to climate change
thus has profound global ecological and socioeconomic implications and is an ongoing scientific
challenge in the biological and climate sciences.

To date, predictions of upwelling changes have focused primarily on changes in wind-driven
(Ekman) transport. However, a second component of ocean circulation, geostrophic transport, also
contributes significantly to overall changes in coastal upwelling. In this paper, we show the role of
both components of transport in changing upwelling under global warming, but we will not
consider the upward vertical fluxes associated with wind vorticity.

In eastern boundary current systems, sea level gradients along the coast cause a near-surface
geostrophic flow perpendicular to the coast. This flow is compensated by vertical transport, which
can either suppress or enhance upwelling depending on the direction of the flow. In this paper we
analyze the role of both transport components in the modification of Atlantic upwelling under
global warming.

The geostrophic transport calculation was performed from the
MULTIOBS_GLO _PHY_TSUV_3D_MYNRT_015 012 dataset. The data processing level is L4.
The data are presented as three-dimensional (latitude, longitude and depth) ocean temperature,
salinity, geopotential height and geostrophic current from the surface to a depth of 5500 m, and
two-dimensional (latitude and longitude) mixed layer depth (MLD) on a regular 1/4° grid. The
database was obtained by combining satellite and in situ data.

The components of geostrophic transport in longitude (TX) and latitude (Ty) are calculated
from the components of geostrophic velocities and the thickness of the upper mixed layer:

Tx=_, . 6 dydz=MLDI 7Y
Ty=_ _ U dxdz=MLDI w,

where z corresponds to the thickness of the mixed layer; Y and & are the average values of the
zonal and meridional components of the geostrophic velocity in the upper mixed layer (MLD).

Taking into account the angle of inclination of the coastline to the parallel (o), the thickness
of the upper mixed layer and the fact that the transverse geostrophic flow must be taken into
account, we obtain an expression for the geostrophic transport directed towards the ocean and
perpendicular to the average coastline:

Tgeo=(-YT singU)ces(U)) I MLD

The results of calculations of Ekman and geostrophic transports in the area of the Canary and
Benguela upwellings showed that taking into account geostrophic currents in general did not lead to
a change in the trends of the latter, if they are analyzed using the Ekman index (EUI).
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Due to the global nature of the problem of climate change and its consequences, as well as the
increase in greenhouse gas emissions, an effective solution to the problem of global warming is
possible through the combined efforts of the entire world community and the implementation of
coordinated joint actions to control anthropogenic emissions of various greenhouse gases in the
main emitting countries, including the Russian Federation.

The report analyzes the retrospective changes in greenhouse gas emissions in the Russian
Federation since 1990, related to human anthropogenic activities, and also conducts a selective
analysis of climate legislation on the control of anthropogenic greenhouse gas emissions in the
Russian Federation in light of the main goals of the 2015 Paris Agreement on climate change.

The main conclusion is that greenhouse gas emissions in the Russian Federation have
continued to rise steadily since 2015. The study revealed significant shifts in the changes to the
Russian Federation’s climate legislation concerning the limitation of greenhouse gas emissions
adopted after the signing of the 2015 Paris Agreement on climate change, and demonstrates the real
possibilities of the Russian Federation as a country interested in a “green energy transition”.
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In the present work, based on Microwave Limb Sounder (MLS) temperature data (Waters et
al., 2006), we show that the first asymmetric Rossby mode (Forbes, 1995) appears in the summer
mesopause of the Northern Hemisphere in 2013 and 2015, with amplitudes reaching their maximum
unusually late - by early May. The planetary wave (PW) characteristics were calculated using the
method of complex amplitudes (Yamazaki, 2023). It was shown in (Didenko et al., 2024) that the
hydrodynamic modeling results are in good agreement with the Aura/MLS data at mesosphere and
lower thermosphere (MLT) heights. The presence of such a PW was accompanied by negative
temperature anomalies (-5...—10°) and positive H2O concentration anomalies (up to 1 ppm). The
climate was calculated for 20 years: from 2004 to 2024. Presumably, the source of the PW could be
sudden stratospheric warming (SSW) and springtime transition (Savenkova et al., 2012). Using UK
MetOffice model data, the amplitude structure of a stationary planetary wave (SPW) with m=1 in
the geopotential height field at 62,5°N was calculated. The maximum of the SPW1 amplitude
persists until early April, which is not observed in other years. Using the zonal wind component
data in the Modern-Era Retrospective analysis for Research and Applications, Version 2 (MERRA-
2) reanalysis, the years of the late maximum of SPW amplitude and neighboring years were studied.
In the spring of 2013 and 2015, the zonal wind component was above the climatic mean determined
over 42 years from 1980 to 2022. These are probably not the only factors necessary for the
generation of PW, but they are presumably the key ones that require further investigation. It is
shown that in other years, the PW was either manifested in winter, fading by early spring, or was
absent at all.

The research was supported by Russian Science Foundation (grant #20-77-10006-P).
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Modern climate change is accompanied by an increase in the frequency of extreme weather
events, including abnormal heat waves (heat waves). Recent studies confirm that since the 1950s,
the frequency and duration of heat waves have increased in almost all corners of the world.
Particularly noticeable changes are observed in the Mediterranean region. Similar trends are noted
on the Black Sea coast. Abnormally hot conditions affect the bioclimatic comfort of territories,
which entails negative consequences both for public health and for the activities of the recreational
sector as a whole. The purpose of this work is to assess the conditions of thermal comfort during
abnormal heat in the city of Sevastopol in the warm period of the year from 1950 to 2020. To
identify periods of abnormal heat, daily meteorological data from the ERA5 reanalysis for the
period 1950-2020 were used, the quality of which was adjusted using observation data from the
Khersonessky Mayak meteorological station. The analysis was carried out for the warm period from
May to October, when the probability of heat waves is highest. The study used four heat indices,
taking into account both simple air temperature indicators (Tmean and Tmax) and more complex
indices based on the physiologically equivalent temperature index (PETmean and PETmax), which
contributes to a more accurate assessment of the comfort of climatic conditions and health risks
during heat waves. To identify heat waves, a heat threshold was calculated for each heat index - the
97th percentile. A heat wave was considered to be a period lasting more than 5 days, when the heat
index values exceeded their threshold values. The analysis revealed a trend towards an increase in
both the number and duration of heat waves in the city of Sevastopol in the period from 1950 to
2020. The number of heat waves for 71 years by Tmean IS 27, by Tmax — 24. In the period from 1950
to 1965, heat waves by the used indicators were not detected. In the period from 1966 to 1975, 5
heat waves were detected: by Tmean in 1970 and 1972, by Tmax in 1970, 1971, 1972. From 1976 to
1997, heat waves were not observed. Then, starting from 1998, heat waves were observed almost
every year, with the exception of 2000, 2003, 2004, 2013. On average, 1-2 heat waves by different
heat indices are observed per year. Comfortable values of the PET index, at which thermal stress is
absent, are in the range of 18-23 °C. Similar conditions were not established during heat wave
periods. Heat waves according to Tmean are mainly characterized by uncomfortable conditions with
minor thermal stress (PETmean from 23 to 29°C). When assessing the maximum PET values during
heat waves in the city of Sevastopol, severe thermal stress is observed (PETmax above 35°C). Heat
waves according to Tmax determined uncomfortable conditions with moderate thermal stress
(PETmean from 29 to 35°C). When assessing the maximum PET values during heat waves,
uncomfortable conditions with moderate thermal stress are also noted (PETmax from 29 to 35°C).

The dominant trends show that the risk of heat waves increases every year, which emphasizes
the need to develop measures to ensure the health and safety of the population in the conditions of
observed climate change.

The work was carried out within the framework of the state assignment of the Institute of
Natural and Technical Systems (state registration number 124013000609-2).
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Preservation of wooden architecture monuments as cultural heritage sites in the European part
of Russia is an actual task. Natural factors of wood destruction include natural and climatic
conditions. Numerous studies show an increase in air humidity, which, against the background of an
increase in surface air temperature, creates favorable conditions for an increase in biological
activity, causing the destruction (decay) of wooden structures under the influence of fungi, mold,
algae, and insects (Sesana, 2021).

The aim of the work is to assessment of current changes of the Scheffer index as an indicator
of the risk of destruction of wooden structures of cultural heritage sites under the influence of
climatic conditions in the European part of Russia.

The work uses daily data on air temperature and precipitation from the ERA5 reanalysis
(spatial resolution 0,5°%0,5°) for the period 1961-2020 for the European part of Russia. The impact
of climatic conditions on wooden structures of cultural heritage sites was assessed using the
Scheffer Climate Index (SCI) (Scheffer, 1971), which takes into account air temperature values and
the number of days with precipitation more than 0.3 mm. The index was developed to assess the
risk of wood rot. Thus, the SCI values less than 35 indicate a low risk, values from 35 to 65 — a
moderate risk, from 65 to 100 — a high risk, and above 100 — a very high risk (Scheffer, 1971). The
SCI index was calculated and analyzed for the entire period and for two periods, 1961-1990 and
1991-2020, adopted by the World Meteorological Organization as climatic norms.

The analysis showed that the SCI index in the study territory varies from 0 to 160. The
highest values (above 80) were found on the Black Sea coast of the Caucasus. The three periods are
characterized by an increase in the index values from the northeast to the southwest. In the second
climatic period (1991-2020), relative to the first, an increase of the SCI index occurred almost
throughout the entire analyzed area, especially pronounced in the northeast of the region (up to
100%). At the same time, the southern regions of the European part of Russia are characterized by a
slight decrease in the SCI index to 20%, with the exception of the Caucasus ridge, where an
increase in SCI by 80-90% is observed in the highland part.

The SCI trends for the period 1961-2020 and 1961-1990 are predominantly positive in the
studied territory. North of 50 degrees latitude, the trend values are statistically significant. The
maximum values of the trend value reach 0,6/year in the northwest of the region. The Ciscaucasia is
characterized by negative, but statistically insignificant trends, while the Caucasus Range itself has
a positive SCI trend from 0,2 to 0,4/year for the period 1960-2020.

The study was supported by state assignment of Institute of natural and technical systems
(Project Reg. No. 124013000609-2).
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INFLUENCE OF THE INDIAN OCEAN DIPOLE ON SPATIO -TEMPORAL VARIABILITY
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The processes of heat redistribution in the Indian Ocean (10) between various components of
the climate system are characterized by unique features that distinguish it from the Pacific (PO) and
Atlantic (AO) oceans. The Asian continent isolates the Indian Ocean from the north, preventing
warm currents formed in the tropics from reaching the high latitudes of the Northern Hemisphere,
as it occurs in the AO and PO.

In addition, the 10 also receives additional heat from the PO through the Indonesian
Throughflow. This makes the 10 one of the main sources of heat for the AO. In this regard, we
should expect a significant response in the fields of hydro-meteorological parameters of AO to the
climatic variability of 10.

The key feature of heat redistribution inside the equatorial tropical zone of 10 is the antiphase
changes in ocean surface temperature (TPO) in its western and eastern parts (Saji, 2018). This
phenomenon of an interannual scale has been called the Indian Ocean Dipole (IOD). The spread of
TPO anomalies from east to west and back, associated with 10D events, has a significant impact on
the climate of the countries of the Indian Ocean basin. As for the influence of 10D on remote
regions, a statistically significant signal in the fields of surface air temperature (SAT) over the
African-European region in the summer-autumn period associated with 10D has already been
identified (Torbinsky at al., 2023).

In this paper, a quantitative assessment of the influence of the 1IOD on the interannual
variability of SAT in the African-European region and the adjacent part of the AO. ERA5
atmospheric reanalysis on monthly mean SAT values, as well as the 10D index for the period 1960
2023, were used. The obtained time series of SAT for different months together with the series of
IOD index and TPO anomalies in the western part of 10 were analyzed. At the same time, standard
statistical methods were used.

It is shown that 10D events mainly affect the SAT in the African-European region and the
adjacent part of AO due to the variability of the TPO anomaly field in the western part of 10. At the
same time, a significant non-stationarity of the analyzed time series was found, which reflects the
non-stationarity of heat redistribution processes in the climate system. This is manifested in various
statistical characteristics of the analyzed time series, including the change in the main period of 10
over time.

The work was be the within the framework of the IPTS state task «Fundamental studies of
processes in the climate system that determine the spatial and temporal variability of the marine
environment and adjacent territories in a wide range of scales» (state registration number
124020100120-9).
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As is known, the Black Sea is a semi-enclosed desalinated basin with a unique hydrological
and hydrochemical structure. The Black Sea is divided into an upper aerobic and lower anaerobic
zone. The upper layer is saturated with oxygen and desalinated. This is mainly a consequence of
significant river runoff and vertical mixing. Deep waters, on the contrary, are characterized by
increased salinity due to their Marmara origin. As a result, the vertical thermohaline structure of the
Black Sea waters is very unusual.

River runoff carries into the sea both desalinated and oxygenated surface waters, and waters
polluted with household, agricultural and industrial waste. The latter worsen the ecological state of
coastal waters. By the 1970s, the anthropogenic load had grown to a critical level, which led to
eutrophication of waters and hypoxia (oxygen deficiency) on the northwestern shelf of the Black
Sea (Hydrometeorology..., 1991; Bezborodov, Eremeev, 1993; Zaitsev et al., 2006). The aim of
this work is to analyze the long-term variability of dissolved oxygen concentration in the
northwestern Black Sea in spring for a period of ~100 years using an archival data set and to
identify the most probable cause of changes on such time scales.

The main result of this work is as follows. The analysis of interdecadal variability of
dissolved oxygen concentration in spring on the northwestern shelf of the Black Sea, performed
using archival data from 1923 to 2022, allowed us to draw the following conclusions. It was found
that in the northwestern part of the sea in the period from 1923 to 1932, the lowest concentrations of
oxygen dissolved in the surface layer of water over the past 100 years were observed. This is
primarily due to the warming of surface waters during this period. The secondary minimum of
dissolved oxygen concentration in the northwestern part of the sea occurred in 1970 - mid-1980s.
The main reason for its occurrence is water eutrophication. In the last decade of the 20th — early
21st century, there was an increase in the temperature of the surface water layer, which contributed
to a decrease in the concentration of dissolved oxygen, after which the direction of the climate trend
changed again. As a result, the interdecadal variability of the concentration of dissolved oxygen in
the northwestern part of the Black Sea is characterized by quasi-periodic variability with a typical
time scale of several decades.

The work was carried out within the framework of the state assignment of the Institute of
Hydrometeorology and Climatic Sciences on the topic «Fundamental research of processes in the
climate system that determine the spatio-temporal variability of the marine environment and
adjacent territories in a wide range of scales» (state registration number 124020100120-9).
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The Republic of Sakha (Yakutia) has a large area (3083,5 thousand km?) and accounts for
18% of the total area of the country. Being located in the zone of sharply continental climate, most
of the region is an area of permafrost, which is expressed in the specific features of the republic's
economy. The population is concentrated in the Central part of the region, 67% of which is urban
(997,6 thousand people as of 2023). The atmospheric air temperature on the territory of Russia over
the last 50 years has been gradually increasing by an average of 0,43°C per decade (Lobanov,
2019). On average, changes in mean monthly temperatures amount to 0,5-1°C per 10 years.
Changes in soil temperature, increase in forest fires, increase or decrease in water levels in rivers
directly depend on daily and average monthly air temperature and precipitation inflow in the
territory. Although livestock production accounts for a large share of agricultural output (65%),
crop production plays an important role for the region (Rozhin, 2006; Dayanova, 2018). Planted
areas have increased by 11%, where 30,5 thousand hectares are fodder crops for livestock
production. One of the problems on the impact of climate change on agriculture is the reduction of
sown areas, thawing of permafrost and the emergence of thermokarst formations, which can bring
not only material damage, but also harm human life and health.

Farming in Yakutia is hampered by low fertility of permafrost soils, short growing season of
6570 days. For the period of 2023, the share of individual farms and household farms in the agro-
complex of the region is high and brought 23 585,2 million rubles (71% of the total agricultural
output of the Republic). Among the crop production, the leading crop is potatoes (gross yield in
2023 of 72,7 thousand tons), for the cultivation of which 6,2 thousand hectares of arable land were
allocated. In the central part of Yakutia, the yield of locally produced potatoes reaches the
Development of frost-resistant varieties of both grain crops and potatoes is a priority for the region
with a harsh climate. Constraints to the development of agriculture in the republic are
underdeveloped socio-economic infrastructure (lack of developed road network, lack of reliable and
cheap power supply, low degree of gasification, water supply), tough competition of local producers
in the agrarian sector of the economy, low degree of state support. The study was carried out under
the grant of the Russian Geographical Society No. 17/2024-R «Youth Scientific School «Climate
Change and Modern Research Methods».
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Global warming over the last 40-50 years has forced us to conduct more thorough studies of
changes in the sea regime and its coastal areas, especially in terms of identifying the main
problematic processes, the monitoring of which should be carried out with special attention.

In fairness, it should be noted that the hydrometeorological conditions of the Black and Azov
Seas were studied in sufficient detail in previous years. However, modern global warming has a
significant impact on previously obtained estimates and from time to time it is necessary to adjust
them.

The paper presents the results of the current state of the hydrological regime (temperature and
salinity of sea water). The obtained results and conclusions are mainly based on observations made
in the period 1977-2023 (Bulletin..., 2022; Bulletin..., 2023; Bulletin..., 2024), with the use of
data for a longer period at a number of stations on the coast of the Azov (Kerch, Taganrog, Yeysk,
Temryuk, Taman) and Black (Crimean stations: Chernomorskoe, Sevastopol, Yalta, Feodosia,
stations on the coast of Kuban: Anapa, Novorossiysk, Gelendzhik, Tuapse, Sochi) seas.

Based on the analysis of the obtained results, the main conclusions on the current state of
water temperature and salinity in the coastal areas of the seas are formulated.

In general, the thermohaline regime of the coastal waters of the Black and Azov seas has
followed modern climate change over the past decades. Climate warming is the main trend of
changes over the past decades.

Based on the calculations based on observation data from stations in the coastal areas of the
Black and Azov Seas over the past 40 years, trends in increasing water temperature values have
been determined, both in summer and winter (in summer, the coefficient of the linear trend equation
averages 0,07, and in winter — 0,03).

In general, water temperature trends over the past decades have been positive at almost all
stations in the Azov-Black Sea basin.

The variability of salinity in the Black Sea (Bulygin et al., 2023) clearly shows its growth
since 2008. The average coefficient of the linear trend of salinity according to coastal stations varies
from 0,02 to 0,05. The variability of salinity in the Sea of Azov (Berdnikov et al., 2022) clearly
shows an increase in salinity since 2003. The average coefficient of the linear trend of salinity
according to coastal stations is close to 0,2.

In general, seawater salinity trends over the past decades have been positive at all stations in
the Azov-Black Sea basin.
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Dangerous natural phenomena, especially those of convective genesis, are the subject of close
study by scientific teams in many countries around the world. One of these phenomena is lightning.

In view of the change in physical and circulation processes over the Arctic, many researchers
have noted an increase in lightning activity in this region (Innokentyev, 2019; Tarabukina, 2021).

Based on this, the purpose of this work was to assess the spatial-temporal variation of
lightning discharges in the Arctic sector of the Russian Federation based on data from the World
Lightning Localization Network (WWLLN) and the meteorological observation network
(VNIIGMI-MCD) for 2016-2021.

To study the spatial distribution of lightning discharges, the ESIMO (http://esimo.ru/portal/)
and VNIIGMI-MCD databases with urgent observations of atmospheric phenomena observed at
individual stations (20 weather stations) and daily data on the number of lightning discharges to the
ground recorded by the WWLLN lightning direction-finding system (6 sensors) were used as source
materials.

The study covered the territory of the Arctic sector of the Russian Federation with the
coordinate range: 60-85° N, 30—170° E. Not only the land territory, but also the adjacent coastline,
as well as the marine territory of the Arctic Ocean were selected for analysis.

The total number of lightning discharges per year varies from 1255 (2018) to 3143 (2021). It
can be assumed that with an increase in the observation period, the annual variability of lightning
discharges will have a cyclicity caused by solar activity with a duration of about 11 years.

Most often, thunderstorms were recorded in the summer season of the year (June, July,
August), but at some stations, thunderstorms were recorded in the cold season. Seasonal variability
in the number of days with thunderstorms in the Arctic sector of the Russian Federation is due to
the warming of land and ocean, the proximity of meteorological stations to the territories of ocean
currents (Gulf Stream), as well as the physical and geographical features of individual stations.

WWLLN sensors on average for all stations record 63% of the total number of days with
thunderstorms, this is consistent with the data of observers.

In the Arctic sector of the Russian Federation, single discharges make up 24% of the total
number of cases. This shows that the WWLLN lightning direction-finding sensor system can detect
short-pulse discharges and is suitable as an additional source of information on low-intensity
thunderstorms in northern latitudes.
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Acceleration of the Earth rotation started in 2016 has exceeded in 2024 the previous maxima.
The Chandler wobble (CW) of the pole after disappearance in 2019-2021 resumed, with its phase
changed by 180°. Such a situation was observed 90 years ago. It can be partly explained by the
ocean circulation, in particular of Atlantic. Already in Lambeck’s, 1980 monography (Lambeck,
1980) it was noted the similarity between the plot of Earth temperature T in XX cent. with the
length of day (LOD). If to subtract the (parabolic) trend of global warming from GMST HadCRUT
5, Fig.1, top, it can be observed that the remaining anomalies related to Atlantic Multidecadal
Oscillation (AMO) have similarities with the Earth rotation velocity (represented by the inverted
LOD curve, fig. 1, bottom): maxima are in 1930-s, minima in 1970-s, maxima again nowadays. If
this not-yet-explained interrelation between the temperature anomalies and Earth rotation really
exists, we can expect that if deceleration of Earth rotation begins, it will be accompanied by the
AMO decrease.
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Figure 1 — Global Mean Surface Temperature GMST reconstruction from Hadley center (top).
The same after subtraction of trend (AMO) in comparison with LOD inverted curve and Chandler
wobble envelope (bottom)
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SECTION 3

ENVIRONMENTAL PROBLEMS OF NATURE MANAGEMENT
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ASSESSMENT OF SEVASTOPOL'S NEEDSFOR BEACHES IN THE CONDITIONS OF
DEVELOPMENT OF TOURISM MARKET AND GROWTH OF POPULATION
Agarkovalyakh I.V}?, Vaseikina N.A.
YInstitute of Natural and Technical Systems, Sevastopol, Russia
2Sevastopol State University, Sevastopol, Russia
3Lomonosov Moscow State University, Moscow, Russia
iva_crimea@mail.ru

With a significant length of the coastline of Sevastopol, the area of its beaches is 258 311.1
m? (Resolution, 2007), and their one-time capacity is 51 662 people (Lazitskaya, 2014). According
to calculations by N.F. Lazitskaya, in 2014, the region's needs for swimming and beach recreation
were estimated at 198 300 people, exceeding the recreational capacity of the beaches by 3,8 times.
Over the past 10 years, there has been no significant increase in the area of beaches, but its
relevance has increased due to the increase in population and the intensification of tourism.

The purpose of this work was to provide an up-to-date assessment of the needs of residents
and tourists of the city of Sevastopol for beaches in the context of changing demographic indicators
and the state of the tourist market according to statistical data over the past 20-30 years.

According to the materials (Capacity, 2024), as of January 1, 2024, more than 561 000 people
lived in Sevastopol (Figure 1). Taking into account unregistered citizens (+ 10%), the minimum
estimated number of residents is about 617 000 people. Since 2000, positive changes have occurred
in the tourism industry of the region: the capacity of collective accommodation facilities (CAF) and
the tourist flow have increased, respectively, by more than 3 and 2,9 times; the number of people
accommodated in CAF - by 1,8 times (Figure 1).
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Figure 1 — Histogram of logarithms of statistical data from 1989 to 2023 (blue — population;
red — volume of tourist flow; purple — number of people accommodated in the CSR; orange —
capacity of the CSR). Compiled by the authors based on the statistical yearbooks of Ukraine and
Sevastopol for 2007, 2013, 2014, 2019 and 2023

According to calculations for the summer season of 2024, the needs of residents and tourists
of the region for beaches amounted to 259 500 people, for which about 1 297 500 m? of beaches are
required (with 5 m? per person), or 5 times more than their area in 2007 (Decision..., 2007).

The work was carried out on the topic of the state assignment of the IPTS (state registration
number 124013000609-2).

References:

Resolution of the VI session of the Sevastopol City Council of the V convocation No. 2069
(dated 11.06.2007) on amendments to the decision of the City Council (dated 11.06.2003 - No.
1164). — 2007.

Lazitskaya N. F. Socio-geographical substantiation of the development of recreational water
use in Sevastopol: author's abstract. diss. candidate of geogr. sciences. — Simferopol, 2014. — 23 p.

Statistical register of Ukraine for 2013. State Statistics Service of Ukraine. — K., 2014. — 533
p. Population in Sevastopol. — URL.: https://gogov.ru/population-ru/sev (access date: 26.06.2024).

249



sdMmlsjd Chodsttdy SR 05 j2 fMejH’

IMPACT OF ALTERNATING ELECTROMAGNETIC FIELD ON MORPHOLOGY AND
PIGMENT COMPOSITION OF MARINE MICROALGAE AND CYANOBACTERIA
Andreeva N.A, Penkov M.N, Shupova E.Y.
YInstitute of Natural and Technical Systems, Sevastopol, Russia
2Sevastopol State University, Sevastopol, Russia

All living organisms, including cyanobacteria, are affected by the Earth's natural magnetic
field. Therefore, it can be considered as an ecological factor determining the course of biological
processes. Organisms have evolved to adapt to the background value of this factor and its change
pattern. However, with the development of technology, the number of artificial sources is constantly
expanding.lIt has been determined that magnetic fields can exert beneficial effects on phototrophs in
general and on the pigment content of their cells (Eydelkhani et al., 2024).

Two algologically pure cultures of the cyanobacteria Aphanocapsa(strain 131) and
Synechococcuéstrain 223) were used within this study. One-week cultures of equal density of
experimental and control samples (6 ml in each tube) were applied in the experiment. The
experimental test tube was placed in a device that generates an electromagnetic field. Five series of
the experiment were conducted, varying in the cultures exposure time, frequency of the magnetic
field (from 300 to 600 Hz) and its intensity (from 135 to 450 mV). The EMF impact was assessed
by the quantitative pigments composition in the experimental culture compared to the control
sample. The amount of pigments was calculated basing on the relative optical density of the cultures
achieved through an application of ultraviolet and visible spectrum on spectrophotometer «Lambda
365», produced by PerkinElmer. Work was performed in the wavelength range of 400-800 nm.

Both strains 131 and 223 belong to the genus Cyanoprokariota, class Cyanophyceae and order
Synechococcales, while strain 131 assigned to the genus Aphanocapsa Nigeli of the family
Merismopediaceae and strain 223 related to the genus Synechococcus Néigeli of the family
Synechococcaceae.Both cultures had similar pigment composition, which did not change
qualitatively during the experiments.Their absorption maxima were observed in the following
ranges: chlorophyll a at 430—440 nm, other chlorophylls at around 680 nm, carotenoids provided a
leverage around 500 nm, phycoerythrin at 560-575 nm, and phycocyanin at 615-630 nm.In general,
it was recorded that strain 131 (Aphanocapsa) had poorly expressed phycocyanin peak, and, on the
contrary, strain 223 (Synechococcus) had almost no phycoerythrin peak and consequently this
culture had bright green colouration during cultivation.

Spectrophotometric study of the algae cultures pigment composition under the impact of EMF
with frequency of 300 Hz and intensity of 135 mV in the end of 10-14 days exposure revealed in
phycoerythrin-containing strain 131 an increase of all pigments content compared to the control.
The phycocyanin-containing strain 223 demonstrated a nonsignificant increase in the experiment
only for caratinoids and phycoerythrin; for the other pigments there was either no change or a
moderate decrease in their content. Increasing the incubation period to 21 days resulted in a
decrease in the pigments content in strain 131 to the control level, and in the carathinoids and
phycoerythrin levels were even slightly below compared to the control. Changes in the pigment
composition of the phycocyanin-containing strain were more significant. When the field intensity
was increased to 450 mV over 21 days of incubation, a decrease in the all pigments content in the
experimental samples was observed in both cultures compared to the control. Especially acute
decrease was registered for strain 223 (Synechococcus). Exposure to EMF with frequency 600 Hz
and intensity 450 mV also caused a decrease in the pigments content.
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DEVELOPING OF REFINED NATIONAL CARBON DIOXIDE EMISSION FACTOR
FROM CARBON BLACK PRODUCTION AT THE ENTERPRISES
OF THE RUSSIAN FEDERATION
Bakurova E.Yu., Imshennik E.V., Nakhutin A.l.
Institute of Global Climate and Ecology named after Academician Yu. A. Israel,
Moscow, Russia
e.bakurova@igce.ru

This study is dedicated to the development of a national CO2 emission factor from carbon
black production in the enterprises of the Russian Federation.

Previously, due to a lack of information on the national characteristics of carbon black
production, estimates of CO. emissions in National inventories from this source were made using
the Tier 1 method of the Intergovernmental Panel on Climate Change (IPCC). This method doesn’t
take into account national characteristics of production processes. Among petrochemical sources,
carbon black production is the key source and the third largest CO, emissions issuer, second only to
the production of ethylene and methanol. In this regard, the estimates of the CO, emissions should
be based on the use of a national emission factor.

Data on carbon black production, raw materials and fuel consumption were collected from six
largest carbon black enterprises. These data were analyzed and used to calculate CO2 emissions
using the Tier 2 IPCC method. This method is a calculation of the material balance of production.
This method includes the assumption that all carbon entered into the process in the form of raw
materials or fuels, but not included in the target product or by-product, volatilizes into the
atmosphere as CO,.

Individual CO, emission factors were calculated for each enterprises for 2015 and 2020. It
was found that CO. emission factors for different technologies and different raw materials used
vary widely. Due to calculating the weighted average value, the national CO> emission factor was
determined. This emission factor is 3,2 tons COz/ton of carbon black. This value exceeds the
previously used one by 21%.

In fig. 1, there is a comparison of estimates of CO. emissions using an IPCC emission factor
and a developed national emission factor.
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Figure 1 — Comparison of the estimates CO> emissions from carbon black production using Tier 1
IPCC method and using developed national emission factor

The application of the material balance method according to the data of individual enterprises
has reduced the uncertainty in estimating CO2 emissions to £5%.
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IMPACT OF SHEREMETYEVO AIRPORT ACTIVITIES ON THE ENVIRONMENT.
ACTIVITY ASSESSMENT FOR 2023
Bereznev A.A.
Russian State Social University, Moscow, Russia
Artemybereznev@gmail.com

The activities of Sheremetyevo Airport, like any major transport hub, have an impact on the
environment, causing air, soil and water pollution. The purpose of the study is to assess the impact
of Sheremetyevo Airport activities on the environment in 2023. Hypothesis: Sheremetyevo Airport
activities have a negative impact on the environmental situation in the area of its location, including
due to emissions from aircraft and other sources of pollution.

Research methods: analysis of Sheremetyevo Airport reports for 2022 and 2023 and our own
research. The analysis showed an increase in the level of environmental pollution in the
Sheremetyevo Airport area in 2023. For comparison, environmental reports of Sheremetyevo
Airport for recent years were studied, and the results of research work carried out by the author in
the period 2021-2023 aimed at assessing the pollution of depositing environments in the
Sheremetyevo aerodrome area were analyzed. Of particular danger are emissions from aircraft, as
well as pollution from the airport infrastructure. This is due to an increase in passenger traffic, an
increase in the number of takeoff and landing operations and preparation for operation of the second
terminal. The crisis in the aviation industry, which began during the spread of coronavirus infection,
has gradually subsided and the flow of passengers in the largest air hub in Russia is gaining
momentum again. The results of the study are important for environmentalists, the public and the
airport management, often the public believes that the main harm to the environment is caused by
emissions from aircraft engines, but in practice it was found that in the airport's operating area, it is
precisely this that has the main impact. It is necessary to develop and implement effective measures
to reduce the negative impact of Sheremetyevo Airport on the environment; the problem has not
been sufficiently studied and requires publicity and attention.
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ECOLOGICAL -GEOCHEMICAL STATE OF SOILS UNDER CRIMEAN PINE

(Pinus Pallasiana)PLANTINGS IN THE KARADAG NATURE RESERVE
Dubas V.\A23 Aleksashkin 1.\%:3, Kalyagina V.0%3 Khizhnyak Yu.5.

1A.0. Kovalevsky Institute of Biology of the Southern Seas of RAS, Sevastopol’, Russia

2T.1. Vyazemsky Karadag Scientific Station — Nature Reserve of RAS — Branch of A.O.
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3V.1. Vernadsky Crimean Federal University, Simferopol, Russia
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All analyzed soils within the selected model area during the field determination were
classified as soddy-carbonate, weakly developed, poorly washed away coarse silty-heavy loamy
soils on limestone eluvium (dense limestone from a depth of 7-12 cm). From 10% HCI, all analyzed
soils boil from the surface. The reaction of the soil solution is medium alkaline (pH=8.0-8.1). The
mechanical composition of the analyzed soils is coarse-silty-heavy loamy. The intended use of soils
within the project site is Crimean pine (Pinus pallasianaplantings. The undergrowth is represented
by various Crimean forbs and grasses.

The laying of soil sections was carried out according to the well-known envelope method, and
sampling of soil and plant material, due to the poor development of soil profiles, was carried out by
creating a mixed sample with a total weight of 100 g each. Qualitative and semi-quantitative
elemental analysis was carried out using X-ray fluorescence spectrometry (instrument base —
Rigaku, Japan). According to the results obtained, the share of heavy metals (in the analyzer range
from oxygen to plutonium) on average accounts for about 30 wt.% of the total mass of a sample of

19 (Fig. 1).
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Figure 1 — Ecological and geochemical characteristics of soils within the established sections
The work was carried out within the framework of topic No. 124052000057-0 «Monitoring of

climate-active substances in terrestrial ecosystems of the Republic of Crimea under conditions of
climate change and anthropogenic impact using remote sensing methods».
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THERMAL CONDUCTIVITY OF THE SNOW COVER IN YEKATERINBURG
Fakaeva N.R., Demezhko D.Yu., Gornostaeva A.A., Khatskevich B.D.
Institute of Geophysics UB RAS, Yekaterinburg, Russia
fakaeva.n@gmail.com

The thermal properties of a snow cover play an important role in the formation of the thermal
regime of the cities. Their research is particularly relevant in a global climate change context and
the increase of the urban heat island intensity.

We have investigated the thermal conductivity vs density dependence of the snow in
Yekaterinburg and the impact of impurities which are typical for the urban environment on the
thermal conductivity. The studies have been investigated using a single need probe (MIT-1) in the
freezer at temperatures from —12 to —17°C. The «dirty» snow was formed by the adding of
impurities like limestone flour, soil and weathered granitic crust to soft snow in the quantity 7—15%.
The results of measurements are shown in Fig. 1. 93% of the observed variance of the thermal
conductivity can be described with the polynomial approximation of the obtained data (117
measurements) A=4,535p> — 1,87p + 0,30 (0,16<p<0,7). The impurities reduce the thermal
conductivity in most cases. However, the impurity content in the samples was on purpose
overestimated by several times compared to that in the dirty urban snow, so one can assume that
their impact is not significant.
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Figure 1 — Thermal conductivity vs density of «clean» (@) and «dirty» snow (o — weathered
granitic crust, E — NaCl, A — limestone flour, m— soil) in Yekaterinburg. Vertical lines bound the
range of the mean value + standard deviation. The solid curve 1 is the polynomial approximation.
For comparison, the dependences being the closest to the considered obtained by other authors are
shown: 2 — (Sturm et al., 1997); 3 — (Domine et al., 2011); 4 — the dependence of G.F. Abels
(Abel's, 1892).

The work was funded by the Russian Science Foundation, the project No. 22-77-10018,
https://rscf.ru/project/22-77-10018/.
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ASSESSMENT OF WET DEPOSITION OF SULPHUR COMPOUNDS IN THE CENTRAL
FEDERAL DISTRICT OF RUSSIA BASED ON EMEP MODELING RESULTS
FOR 2015-2021.
Galushin D.AL, Gromov S.A:2
1Yu. A. Izrael Institute of Global Climate and Ecology, Moscow, Russia
2Institute of Geography of the Russian Academy of Sciences, Moscow, Russia
galushin2012@yandex.ru

The assessment of atmospheric acidified pollutant deposition is a topical issue of research in
the field of ecology. Model application allows obtaining quantitative assessments of environmental
pollution impact at the regional level, which are difficult to obtain due to the lack of monitoring
stations. (Bruskina et al, 2024).

The purpose of the study is to evaluate wet deposition of oxidized sulfur within the area of
Central Federal District of Russia (CFDR) for 2015-2021 based on the results of EMEP modeling,
and to determine the changes in deposition density (in %) in CFDR subjects over 7 years.

For the analysis, the values of deposed oxidized sulfur with precipitation were taken from the
0,5°x0,5° cells of the EMEP model in relation to the areas of the CFDR subjects, within boundaries
of which the fall-out values are summed cell-to-cell (Fig. 1).
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Figure 1 — Density of oxidized sulfur compound deposition with atmospheric precipitation in the
territories of Central Federal District in 2015-2021

Analysis of the results of model calculations shows that the highest density fallout of oxidized
sulfur with atmospheric precipitation is in the Moscow area. Considerable increase (up to 0,41-0,43
t/km?) in the fallout density in 2020—2021 is explained by the significant precipitation amounts that
were recorded in the capital of Russia (908 mm in 2020 and 818 mm in 2021).

The lowest density of sulfate deposition among all CFDR subjects was in the Kostroma
Region, as well as in the Tver Region. The density level varied from 0,14 to 0,16 from year to year
decreasing to 0,10-0,12 t/km? and by the end of the study period.

This study was carried out in the framework of the Research Project AAAA-A20-
120013190049-4 «Development of methods and technologies for monitoring of environmental
pollution under the influence of transboundary pollutants transport (UNECE: EMEP, ICP IM) and
acid deposition in East Asia (EANET)».

Evaluation of modelling results was done in the study under the state research theme FMWS-
2024-0009 Ne1023032700199-9 of the Institute of Geography RAS.
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The heterogeneity of the territory, expressed both in space and in the vertical altitude-depth
profile and caused by the diversity of above-ground landscapes and underground aquifers,
determines the preferential flow paths and differently transforms precipitation and other elements of
the water balance. This predetermines the hydrological structure of the runoff, associated with the
conditions of its formation, and is reflected in the chemical composition of the water. A detailed
study of the runoff structure and its functional features allows a deeper understanding of the
mechanisms of runoff formation and biogeochemical processes in catchments. One of the basic
concepts in the study of the hydrological structure of runoff is the concept of «water sources» or
«river runoff componentsy». In the simplest case, river runoff can be represented as a mix of
underground and surface components. In advanced cases, the river runoff components can be
differentiated depending on the conditions of their formation. Karst catchments are of particular
scientific interest, since complex multi-level structures of the filtration environment, characterized
by spatial heterogeneity of capacity and filtration properties, are formed within their boundaries.

The aim of the study is to identify the runoff components and assess the contribution of each
of them based on the hydrological and hydrochemical monitoring data from 2021-2023 in the
experimental basins of the Mountainous Crimea, including large karst aquifer systems (KVS) and
river basins. This work was carried out using the End-Member Mixing Analysis (EMMA)
geochemical data analysis method, which combines a physical source mixing model based on the
principle of maintaining the balance of water and dissolved substances and a statistical analysis
procedure - the principal component method (PCM).

The identification and interpretation of the runoff components are carried out for two river
basins (the Kuchuk-Uzenbash River, the Tonas River), and three KAS (springs Ayansky, Karstovy,
the Kizilkobinka River of Red Cave karst aquifer system). The following stable water sources are
identified: epikarst flow formed in the near-surface fissured and weathered zone of karst rocks; soil-
slope flow; baseflow coming from the aeration zone of karst massifs and circulating at the contact
with the underlying impermeable rocks. The hydrographs separation of all objects was made using
by a two-tracer, three-component mixing model and the assessment of the proportion of each
component on specific dates of the hydrochemical survey was received. The resulting dataset of
interconnected calculated values for each component made it possible to study the runoff structure
in the studied basins. Epikarst flow make a significant contribution to the runoff. Its proportions
increase during flood periods, predictably increasing with the increase in water discharge in the
outlet sections. The proportions of baseflow in relation to the proportions of epikarst flow are
decrease. The soil-slope component in the basins is a random flow component. Empirical
dependencies proportions of flow components against water discharge in the outlet sections, as well
as dependencies proportions of epikarst flow against baseflow, are revealed. These dependencies
represent the basis for further resource assessment of the flow components.

This study was carried out under the financial support of the Russian Science Foundation
(project No. 23-27-00236).
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INTWC LLC, Moscow, Russia
2FSBI «IGCE», Moscow, Russia
3STU-MADI, Moscow, Russia
a_ilin@ntwc.ru

The task of developing national CO> emission coefficients from the combustion of selected
types of gas fuels was set and completed within the framework of the VIP GZ* project. Based on
experimental and calculated data (calculation model), an analysis of the composition of selected
types of gas fuels was carried out: liquefied natural gas (LNG), compressed natural gas (CNG),
liquefied petroleum gases (LPG), associated petroleum gas (APG), which allowed us to calculate
the properties of these fuels, evaluate the studied parameters and emission factors in natural and
energy units in the period from 1990 to 2022.

The analysis of the markets for the production and consumption of gas fuels (1990-2022), the
characteristics of technological processes used at manufacturing enterprises of the Russian
Federation, existing restrictions on the production of gas fuels, as well as the volume of production
and useful utilization of APG. Statistical forms collected by the Central Department of Fuel and
Energy Complex were used as the main data source, in addition, information from the Unified
Interdepartmental Information and Statistical System (UIISS), information and analytical agencies
and official reports of oil refining companies, data from the Federal Customs Service were used.

There is no single source of information on the composition of CNG, LPG or APG by
manufacturing enterprises, and therefore the calculation of the composition and properties of CNG,
LPG and prepared APG was carried out according to a single principle. For these gas fuels, GOST
standards regulating the properties or composition of the corresponding gas fuel became the
reference documents for the calculation model. The exception was LNG, the calculation of the
composition of which was carried out on the basis of data on each manufacturing enterprise. Using
the calculation model, theoretically possible light and heavy compositions of gas fuels in terms of
carbon dioxide emissions were first formulated in accordance with the restrictions imposed by
GOST. To clarify the extreme values in the compositions, databases of data on types of fuels (CNG,
APG and each of the LPG fuel grades by the largest manufacturers) were collected. Databases were
necessary to prove the correctness of the transition to a calculation based on the extreme possible
compositions of gas fuels according to regulatory documentation. Simultaneously with the
clarification, a transition was made to a 95% confidence interval by checking whether the properties
of the fuel presented by the quality certificates in the databases fell into the intervals indicated by
the specified light and heavy compositions. Since all fuels produced in Russia are required to
comply with GOST, this allows you to expand the coverage calculation to 100%.

The uncertainty of the calculation of gas fuels was estimated for two components: the
uncertainty of the calculation of composition and properties. The calculated uncertainty values of
the emission factors do not exceed 2,5% (except APG). The most carbon-intensive fuels are LPG,
followed by LNG, CNG and APG. The values of the obtained emission coefficients for LNG and
CNG are close to the default coefficients from the 2006 IPCC guidelines, for LPG they differ, but
the result is more correct for the Russian Federation, for the prepared APG the coefficients were
determined for the first time.

4 The most important innovative project of national importance, Decree of the Government of the Russian Federation
No. 3240-p dated 10.29.2022 "On approval of the innovative project "Unified National Monitoring System of
Climatically Active Substances"
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ON THE POSSIBILITY OF THE | NFLUENCE OF
ON THE POTENTIAL REC RUITMENT OF THE MUSSEL POPULATION
OFF THE COAST OF CRIMEA
Kazankova ..
Institute of Natural and Technical Systems, Sevastopol, Russia
ikazani@bk.ru

The study of potential recruitment of the Black Sea population of the mussel Mytilus
galloprovincialis using control unified substrates, the surface of which was represented by
filamentous structures was started by us in 2008 (Kazankova, 2010). (Previously, such unified
substrates were smooth glass plates (Dolgopolskaya, 1954; Turpaeva, 1958; Braiko, 1985).

Substrates were exposed in open bays of the Southern coast of Crimea (Laspinskaya Bay,
Goluboy Bay) and in semi-enclosed water area off the coast of Sevastopol at horizons from two to
15 m depth.

The main patterns we obtained when measuring potential replenishment are as follows:

- on control substrates with filamentous surface the number of mussel postlarvae formed from
settled larvae is almost an order of magnitude higher than on glass plates;

- in general, the potential recruitment of the Southern coast of Crimea (hereinafter — SCC) is
an order of magnitude higher than that of the coast of Sevastopol;

- in the area of the SCC with depth there is an increase in potential recruitment, in the coast of
Sevastopol such regularity was not revealed;

- maximum values of potential recruitment for annual periods are observed in the SCC only in
the first half of the year - from January to June, in the coast of Sevastopol — both in spring (March -
June) and in autumn (October — December);

- in the warm period of the year (July — September) near the coast of Sevastopol mussel
postlarvae on control substrates are completely absent;

- the studied areas are characterized by significant inter-annual variability of potential
recruitment.

In 2017-2022, we studied the variability of potential recruitment of the mussel population and
temperature conditions in the surface layer of the sea near the outlet of the Sevastopol estuarine
zone. It was shown that during cold periods, namely from November 2017 to April 2018 and from
November 2021 to April 2022, pronounced negative and weakly pronounced positive anomalies of
monthly mean water temperature values were observed. At the same time, high values of maximum
potential recruitment were observed in the spring of 2018 and 2022, an order of magnitude higher
than in 2019 and 2020, during the cold period of which only positive temperature anomalies were
observed.

As defined in (Andreeva, 2023), La Nifia events were observed in 2017-2018 and 2020-2022,
and El Nifio events were observed from late 2018 to early 20109.

In this regard, it can be assumed that global processes occurring in the ocean-atmosphere
system, affecting the Black Sea region, cause changes in the Black Sea ecosystem, which, in turn,
affect the potential recruitment of the Black Sea mussel population.
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THE ECOLOGI CAL STATE OF THE RHI ZOSPHERE OF
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The analysis of rhizospheric microflora was carried out in soil samples selected in 2023 on a
small-scale field experiment located within the city of Omsk (southern forest-steppe). The effect of
the biopreparations Mizorin (Arthrobacter mysorens 7) and Flavobacterin (Flavobacterium sp. L-
30.) (produced by VNISHM, St. Petersburg, Pushkin) on the microbial cenosis of the rhizosphere of
new varieties of crops of the Omsk selection of spring soft wheat Omsk 42, Omsk 44, Tarskaya 12
was studied. The determination of the rhizospheric microflora of wheat was performed by seeding
on dense nutrient media: Mishustina — for oligonitrophils — dilution 10®; Muromtsev — Gerretsen
medium — for microorganisms mobilizing mineral phosphates — dilution 10 (Tepper, 2004).

In the variants with the use of biological products, the number of oligonitrophils,
microorganisms consuming atmospheric nitrogen, increased. The highest was in the variants using
the Mizorin biopreparation on Omsk 44 wheat, amounting to 44,8 million CFU/g, respectively (at
the control level of 34,2 million CFU/ g), when using Flavobacterin on Tarskaya 12 wheat,
amounting to 35,7 million CFU/g, at the control level of 27,6 million CFU/g. Stimulation of the
growth of oligonitrophils when using inoculation is apparently associated with an improvement in
the nitrogen nutrition of plants due to its fixation by bacteria from the air, as a result, the root
system is more powerful, nitrogen consumption in the rhizosphere increases, which contributes to
the development of oligonitrophils, content with the residual amount of available nitrogen.

= Control Mizorin Flavobacterin
40 = o . - = " . = o = i I
= = = = = =
-10 Omskaya 42  Tarskayal2 Omskaya44 Omskaya42  Tarskayal2  Omskaya 44

Oligonitrophils Phosphorizing agents

Figure 1 — The number of microorganisms in the rhizosphere of various wheat varieties during
inoculation, million CFU/g, southern forest steppe (Omsk)

The number of phosphate-mobilizing microorganisms significantly increased with the use of
Flavobacterin on all wheat varieties, the increase in relation to the control was between 19 and 86%,
with the highest values in the Omsk 44 variety (50,9 million CFU/g at the control level of 27,3
million CFU/g). During the pre-sowing treatment of seeds with Mizorin, only an increase in the test
group was noted, only in the Omsk 44 variant there was a surge of 32% relative to the control.
Inoculation with associative diazotrophs has a positive effect on the number of phosphate-
mobilizing microorganisms and the amount of mobile phosphorus in the rhizosphere of crops
(Belimov, 1990).

The use of Mizorin in soft wheat crops stimulated the growth of oligonitrophils by 20% only
in Omsk 44 wheat. The phosphate-mobilizing group of microorganisms was activated by the use of
Flavobacterin in the rhizosphere of varieties Omsk 42, Omsk 44 by 81-86%.

This work was supported by the Russian Science Foundation (project No. 23-76-10064,
https://rscf.ru/project/23-76-10064/).
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Korolev M.A?!, Yakovleva E.V. Gabov D.N., Shamrikova E.V.
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The study area is located in the mountainous zone of the Polar Urals (Bolshoy Paipudynsky
Ridge, 67°13'33.3"N; 65°38'04.8"E) and is characterized by outcrops of Lower Devonian
marbleized limestones. The objects of study are soils of eluvial (6-PU), transit-accumulative (3-PU,
5-PU, 7-PU, 8-PU), and accumulative (2-PU, 1-PU) positions within a 1,5-kilometer catena. The
observed diversity of soil types and subtypes is facilitated by the combination of landscape-
geomorphological conditions and the specificity of carbonate parent materials (Shamrikova, 2020).

The determination of PAH content in soils and plants was performed using HPLC. PAH
extraction was carried out by accelerated solvent extraction (ASE) from 1 g of sample using a
mixture of methylene chloride:acetone (1:1) at 100°C. The extracts were concentrated, and the
solvent was replaced with hexane. Purification from impurities was performed by column
chromatography on aluminum oxide using a mixture of hexane:methylene chloride (4:1). Analysis
of the purified concentrates was conducted by HPLC. Accuracy control was performed using
certified reference materials.

The content of polycyclic aromatic hydrocarbons (PAHS) in the above-ground biomass of
plants at the study sites ranges from 35 to 110 pg/kg, while in the soils it ranges from 6 to 190
ug/kg. The biomass is characterized by a predominance of light PAHs, accounting for 97-100% of
the total PAH content, except for site 2-PU, where this percentage drops to 80%. The composition
of the above-ground biomass significantly influences the PAH content in the soils. This is
confirmed by the similarity in the qualitative composition and the close correlation between the
content of individual PAHSs in the organic horizons and the biomass of the corresponding sites, with
a coefficient of determination (R?) ranging from 0,79 to 0,97 (P = 0,95). This correlation
consistently decreases with depth in the underlying layers, with R* values ranging from 0,57 to 0,87
(P = 0,95). In the soil profiles, except for the spot at site 6-PU, there is an accumulation of PAHSs in
the organic horizons. Both in the soils and in the plants, light PAHs dominate, primarily
naphthalene and phenanthrene.

Heavy PAHS, such as benzo[a]pyrene, have carcinogenic effects and are classified as hazard
class | in the Russian Federation. The maximum permissible concentration (MPC) of
benzo[ghi]perylene in soils is 20 ug/kg, however, in the biomass and soil of site 2-PU, the content
of this carcinogen reaches 6,3 pg/kg. The bioaccumulation of toxicants in the "soil-plant-animal”
system poses a risk to the agro-industrial complex of the Far North, considering the Russian
regulation that limits the content of benzo[a]pyrene in meat and meat products to 1 ug/kg.

Regular monitoring of PAH accumulation in soils and plant products of the area is required to
control their potential entry into the organisms of animals and humans through food chains. In the
future, we plan to study the composition of reindeer muscle tissues for PAH content.

The research was carried out within the framework of the RSF grant No. 24-27-00231
«Carbonate Soil-Permafrost Geosystems of the Polar Urals: Polygenesis, Evolution, Classification».
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Climate change has a significant impact on the vegetation of the Crimean Peninsula. Increase
in temperature and decrease in precipitation especially in the summer season can lead to the
transformation of ecosystems in the region (Didukh, 1992; Transformation, 2010), which is
manifested in changes in vegetation structure. One of the key indicators of vegetation response to
climatic changes is the Normalised Difference Vegetation Index (NDVI), which demonstrates the
amount of photosynthetically active biomass. Studying the relationship of NDVI with
meteorological parameters such as temperature and precipitation provides a better understanding of
geosystem dynamics and assesses the implications for ecosystem biodiversity.

Temperature and precipitation data from 24 meteorological stations in Crimea for the period
from 2000 to 2022 were used to investigate the relationship between NDVI and meteorological
parameters. Data on the vegetation index (NDVI) were collected using MODIS/Terra (MOD13Q1)
satellite sensors (NASA, 2023) with 250-metre spatial and 16-day temporal resolution for the
growing season (April to October) from 2000 to 2022 inclusive. This was used to create point
arrays around weather stations selected by vegetation class: deciduous forests, coniferous forests,
steppes, yail steppes and juniper forests. Conversion of 16-day NDVI data to monthly data was
performed using the weighted coefficient method. Pearson's correlation coefficient was used to
detect the correlation of NDVI with temperature and precipitation, and its significance was
evaluated using Student's t-criterion.

The results of the study confirmed the statistically significant relationship of NDVI with
temperature and precipitation at 90% confidence level. The correlation coefficients of NDVI and
temperature varied with vegetation type and time lags. In forest ecosystems such as Ai-Petri and
Angarsk Pass, a positive correlation (0,69-0,7) with temperature was observed, whereas in steppe
areas (Dzhankoi, Kerch, Belogorsk) the correlation was negative (—0,35——0,58). Precipitation had a
greater influence on NDVI in steppe geosystems with a positive correlation (0,20-0,26), indicating
the presence of dependence of vegetation on the level of moisture.

It was revealed that in forest ecosystems, temperature plays a key role in NDVI changes,
demonstrating a positive correlation, especially for short-term time lags. In contrast, in steppe areas,
temperature has a negative influence, and precipitation becomes the determining factor in
maintaining and increasing NDVI. The results may be useful for further prediction of vegetation
changes under climate change and will help in the development of biodiversity conservation
measures in the region.
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The modern environment includes a large number of negative sources impact on humans and
nature, and the development of modern information technologies makes it possible to create new
systems for monitoring and recording sources of anthropogenic impact. There is a growing interest
in pollution problems among scientists around the world, which is confirmed by meta-analysis
(Feng et al., 2024).

The main requirement for such systems is the ability to accurately reference the location, as
well as the ability to obtain complete information about the objects of impact on the natural
environment. Such functionality is possessed by geographic information systems (GIS), which
provide for the collection, storage, processing, analysis and display of spatially coordinated data, as
well as the acquisition of new information and knowledge based on them (Shikhov et al., 2017).

The use of GIS makes it possible to carry out a digital inventory of objects of environmental
impact for their accounting, obtaining prompt access to information on the location, volumes and
types of pollutants, which significantly simplifies the decision-making processes in the field of
environmental protection and nature management.

To test the use of the system, the goal was to inventory the most significant stationary objects
of air pollution in the city of Sevastopol in terms of gross emissions in a total of 19 pieces
(Zoning..., 2022). Also, for each enterprise, pollutants with a value according to the criterion of 0,1
MAC were identified. Among these objects: heat supply enterprises, storage of petroleum products,
handling of solid municipal waste, manufacturing enterprises — objects of impact on the atmosphere
and other organizations of the city of Sevastopol, providing reports on their impact on the
atmospheric air. In the Russian closed software shell «DatumGIS» a map was generated with the
binding of objects of environmental impact by addresses, indicating the gross volume of emissions,
the list of pollutants according to the indicator of 0,1 MPC and their volumes. To visualize the
impact on the environment, the binding point of each enterprise has a different diameter and color
saturation.

The system was created with the possibility of remote access and filling to implement the
stated goals of digital inventory and is of interest for the further development of a comprehensive
digital environmental analysis of the territory.
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Land Degradation Neutrality (LDN) is the recent concept and methodology developed within
the framework of the UN Convention to Combat Desertification (UNCCD), also represents the
main strategic line of the UNCCD for the period by 2030. It fully meets the Sustainable
Development Goals (SDG), in particular in target 15.3., which directly indicates the need to strive:
«...to achieve a land degradation-neutral world» (Agenda ..., 2015).

The achieving LDN is recommended to evaluate the value of trends
(improvement/stable/degraded) of three LDN proxy indicators — dynamics of: land productivity,
land cover, and soil organic carbon. Analysis of the obtained result allows calculating the value of
the SDG indicator 15.3.1 «Proportion of land that is degraded over total land area». The calculation
is made for a certain baseline period (by default 2000-2015), in a GIS plugin Trend.Earth
(«Trends.Earthy) specially developed within the QuantumGIS software. Initial information for
calculations is obtained from global databases like ESA CCI LC; NDVI — AVHRR, MODIS,
PROBA; ISRIC.

This approach allows for country assessments using a single methodology, provided with the
same type of data for a significant period of time.

Our recent studies have shown (National ..., 2019; Lobkovskiy et al., 2022), that in the
context of Russia LDN indicators do not always reflect the physical-geographical, socio-economic,
institutional and managerial characteristics of the country. Insufficient reliability of global data for
the territory of Russia was also revealed (errors in recognizing land cover transitions, insufficient
data for some territories, etc.), the qualitative component of land assessment is not taken into
account during the assessment.

To solve this problem, at the first stage, we proposed a scientific terms associated with the
LDN concept and adapted for Russia’s scientific thesaurus. An analysis of existing national
monitoring systems was conducted, and the possibilities for mutual adaptation of different
monitoring systems based on international approaches established.

Next, we systematized indicators and indices of land degradation, and developed an algorithm
for adapting global and national indicators. This allowed to propose a structure of indicators and
indices of the national assessment system, as well as an approximate list of indicators for assessing
both the dynamics of land conditions and their current quality characteristics for territories at
different levels of governance (country, region, district, local level).
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Extreme areas remain unstudied due to their inaccessibility. The main ideas about the soils of
the northern part of the Ural Mountain Range are obtained for the areas easily accessible in terms of
transport. Soils formed on weathering products of dense carbonate rocks remain less studied. The
most important direction of soil formation in these objects is the processes of humus formation and
humus accumulation (Shamrikova et al., 2020).

The organic part of soil includes substances belonging to different classes of compounds by
chemical composition and structure. Higher carboxylic acids are the most representative group of
soil organic compounds, which are included both in the composition of lipids of soil microbiota and
contained in free form. Each soil can be characterised by an individual set of fatty acids (FA),
which makes it possible to use this group of compounds as indicators of chemical and biochemical
processes occurring in soils at modern and previous stages of their formation (De Carvalho, 2018).

The aim of the work is to develop new methodological approaches for extraction and
determination of lipid components of soils, as well as to study the composition of lipid components
of soils of the Polar Urals on carbonate rocks by chromatographic methods.

Increasing the selectivity of determination of target components in analysed samples is the
main problem faced by researchers due to the complexity of the composition and multicomponent
nature of the object. Known methods of gas chromatographic determination of fatty acids in soil
assume a long sample preparation with mandatory separation of the stages of extraction and
derivatisation of the analyzed compounds. In this paper we consider an approach that involves
combining the stages of extraction and derivatisation of the analyzed compounds. The proposed
variant also allows increasing the selectivity of determination of alkanes and fatty alcohols.

The paper will present the advantages of the developed approach, methods of
chromatographic identification of the analysed compounds, as well as the possibilities of
application of the obtained information on the content of fatty acids in soil samples for
characterisation of soil microbiota.

Fifty fatty acids representing five homological series (mono-, divalent, monounsaturated,
monounsaturated, mono-unsaturated of non-linear structure, mono-oxycarboxylic acids) were
identified during the research. The total content of FA in soil profiles varies significantly — 0,2-3,5
mg/g. The decrease in the mass fraction of FA with depth is proportional to the decrease in the
carbon content of organic compounds. The total amount of fatty acids in the terrestrial biomass is
up to 2 times higher compared to the corresponding organogenic horizons. The biomass of mosses
is characterised by a lower amount of FA compared to the biomass of herbaceous plants; moreover,
the accumulation of acids with a greater number of atoms in the chain is expressed in the
composition of the former (Ca2—Cas).

The research was carried out within the framework of the RNF grant Ne 24-27-00231
«Carbonate soil-permafrost geosystems of the Polar Urals: polygenesis, evolution, classificationy.
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Pine needles as a sensitive bioindicator of the ecological state of atmospheric air along with
epiphytic species of lichens, poplar leaves due to the cumulative effect reflect even weak impacts of
industrial and residential sources of impact. Shows the total effect of all, without exception,
important for the components of the natural environment impacts of human activity and
geochemical features of the territories. Indicates the trends and degree of negative impact on
humans. Allows you to predict the state of the components separately and the environment as a
whole in the future. Pine needles reflect the state of atmospheric air for one vegetation period and
up to 5 years. During the destruction of coniferous litter, its accumulated substances participate in
the formation of the chemical composition of the soil cover, surface and groundwater.

Sampling of needles was carried out at the end of the growing season of 2021 in the
recreational areas (parks, embankments, alleys) of populated areas of the southern coast of the
Republic of Crimea: Sevastopol (including the Balaklava district), Yalta (embankment, Massandra
winery), Bakhchisarai, Miskhor village (embankment, Ai-Petri town) (8 points). A total of 15
samples of needles of Crimean pine (Pinus pallasiana), Norway spruce (Picea abies), European
larch (Larix decidua Repens), Algerian fir (Abies numidica) and stinking juniper (Juniperus
foetidissima) were collected.

The needle samples were studied by the instrumental neutron activation analysis method at
the School of Natural Resources Engineering of the National Research Tomsk Polytechnic
University (analyst A.F. Sudyko). The Hg content in the samples was determined on a mercury
analyzer RA-915+, by the atomic absorption method using the PIRO-915 attachment.

During the study, the accumulation features of 28 chemical elements were determined: Na,
Ca, Sc, Cr, Fe, Co, Zn, As, Br, Rb, Sr, Sb, Cs, Ba, La, Ce, Nd, Sm, Eu, Tb, Yb, Lu, Hf, Ta, Au, Hg,
Th, U depending on the place of growth, the type of coniferous tree. Calculations of geoecological
indicators of the concentration of chemical elements were performed. Geochemical parameters of
the sources of element entry into the needles were identified.
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INFLUENCE OF LASPI BAY SEEP FLUIDS ON THE HYDROSPHERE,
ATMOSPHERE AND BIOSPHERE (SOUTHERN COAST OF CRIMEA)
Lysenko V.I.
Institute of Natural and Technical Systems, Sevastopol, Russia
niagara_sev@mail.ru

Nowadays, when studying the deep sea, attention is paid to the study of the composition and
volume of seep fluid emissions and the biocenosis around them. Due to their great depths, it is
difficult to carry out work to study them. The seeps in Laspi Bay are located at depths of up to three
meters and are a testing ground, where fluid samples can be easily taken and emission volumes
determined. When studying seeps in Laspi Bay, the most important thing is to establish their
influence on geological, hydrological and biological processes around them.

The aim of our research was to study the composition and volumes of fluids from cold seeps
and their influence on natural processes.

The seeps are confined to the intersections of the Laspinsky and Beregovoy faults. Gas bubble
outlets are located on the surface of buildings. In addition to jet emission, diffusion fluid is observed
in the voids of buildings. Over a twenty-year period, observations have established, that the volumes
of gas emissions are not constant throughout the hour, day and season. During the observation
period, up to 9192 m? of gaseous fluids entered the atmosphere from them.

Unstable emissions of fluid volumes are accompanied by their unstable composition. Cold
seep fluids contain a large bouquet of hydrocarbon and non-hydrocarbon gases. Hydrocarbon gases
are represented mainly by CHa. In small quantities are present CoHs, CoHs, C3Hs, CaHs, CaHao,
iC4H10, NCsH12 and iCsHi2. The fluids contain N2, Oz, CO2 and He. In small concentrations, gas
emissions contain sulfur gases: CS», COS and HaS.

The salinity of the water near the seeps varies from 6,8 to 14,7%o, which indicates the
presence of desalinated aqueous solutions in the fluids. Their volumes are insignificant, but the
emissions of solutions have some periodicity. In terms of concentrations of salts and geochemical
elements, aqueous fluid solutions differ from sea water in Laspi Bay.

Emissions of gases and aqueous fluids from Laspi Bay are not significant in volume. At the
same time, there are a significant number of similar degassing outlets in the coastal parts of seas and
oceans. They are rarely noticed, but their total emissions of gases and aqueous solutions over a long
period of time influence the evolutionary changes in the atmosphere and hydrosphere.

Unique objects in Laspi Bay are the ridges of beach bacterial structures. Microbial
communities create not only organic matter from methane and hydrogen sulfide fluids, but produce
carbonate material and sulphides. The formation of calcite cement in a community of prokaryotes
and archaea is evidenced by the results §*C (-20,93 u —20,83 %o). The buildings differ in shape
from the tubular or flat structures of the Black Sea. They are associated with local «oasis of life» in
the midst of a lifeless environment of loose beach sediments. The surfaces of the buildings are
covered with thickets of algae and colonies of bryozoans. They contain 12 species of polychaetes
and numerous mollusk shells, which are in symbiosis with methanotrophic and methanogenic
microorganisms.

As a result of the research it was established that there are beach bacterial structures near the
seeps, which are unique geological and biological objects. Their formation occurred due to the
processing of deep fluids by prokaryotes and archaea into carbonate and organic matter.
Microorganisms are the cleaners that protect the atmosphere from methane and carbon dioxide. In
addition, bubble gas and aqueous fluid solutions participate in the evolutionary change of the
modern atmosphere and hydrosphere. They are the main controllers of its composition.

The work was carried out within the framework of the State Assignment IPTS No. state
registration 124020100120-9.
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SPATIAL DISTRIBUTION AND BIOMASS RATIO OF GELATINOUS
TO FORAGE ZOOPLANKTON IN THE WORLD OCEAN
Meger Y.V.Piontkovski S.A.
Sevastopol State University, Sevastopol, Russia
meger_yakov@mail.ru, spiontkovski@mail.ru

One of the important goals in studies of different structural groups of pelagic communities is
to reveal the trends of their large-scale spatial distribution. The forage zooplankton is an important
intermediate link in the trophic structure, in the transformation of matter and energy from
phytoplankton to small pelagic fish. Crustaceans (Copepoda) with the size range of 0,2—2,0 mm,
contribute markedly to the diet of small pelagic fishes. In the group of non-forage zooplankton this
role, by biomass, belongs to gelatinous organisms, which act as the trophic dead-ends because they
transfer a part of the organic carbon flux from the food chain to the detrital chain. In studies of the
spatial structure of pelagic ecosystems, it is important to understand how the biomass of forage and
gelatinous zooplankton are correlated, in shelf waters and in the open ocean (Piontkovsky et al.,
2023a; Piontkovsky et al., 2023Db).

The aim of our study was to test the hypothesis if there is a negative trend in the large-scale
spatial variability of gelatinous zooplankton biomass, from the continental shelf to oceanic waters.
To estimate the trend, 223 5-degree squares were analyzed using international databases and
literature sources. Also, the ratio of gelatinous-to-forage zooplankton biomass was calculated for
393 5-degree squares. These calculations have elucidated the gelatinous biomass decline from shelf
to open waters. The trend was statistically significant for the entire ocean despite a large variability
in the biomass spatial distribution. The median biomass in the northern hemisphere waters of the
World Ocean was ten times that in the southern hemisphere. The ratio of gelatinous-to- forage
zooplankton biomass was also higher in the northern hemisphere. A revealed statistically significant
relationship of gelatinous biomass with the carbon flux rate at the bottom of the euphotic zone has
pointed to an important role of gelatinous organisms in the formation of the vertical component of
the carbon flux in the pelagic zone of the World Ocean.

This work was financially supported by the Russian Science Foundation (project Ne 23-24-
00007)
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PECULIARITIES OF INTENSITY OF HYDROBIONTS GLOW
AT DIFFERENT LEVELS OF HEAVY METALS CONTAMINATION
Melnikova E.B.
Institute of Natural and Technical Systems, Sevastopol, Russia
helena_melnikova@mail.ru.

In the present period, the Black Sea experiences a strong anthropogenic load, consisting of
many factors, one of which is pollution with heavy metals. Heavy metals enter the marine
environment as a result of emissions during high-temperature processes in ferrous and non-ferrous
metallurgy, during firing of cement raw materials and burning of mineral fuel, irrigation with waters
with a high content of heavy metals, application of domestic sewage sludge to soils as fertilizer, etc.
Plankton communities, one of the characteristics of the functioning of which is the intensity of the
glow of phytoplankton organisms, have the property of a quick response to changes in the
ecosystem, and therefore can serve as an operational indicator of the effect of various habitat factors
on it, including heavy metal pollution (Evstigneev, 1990; Evseeva et al., 2020; Melnikova, 2014;
Tokarev et al., 2016).

Graphs of changes in the glow intensity of hydrobionts at different levels of concentrations of
pollutants are given.

The peculiarities of changing the intensity of the glow of hydrobionts on the example of
Noctiluca scintillansby different levels of concentrations of salts of iron, lead, copper, zinc and
mercury were noted. It has been shown that when exposed to lead cations for more than 1-2 days,
inhibition of the intensity of the glow is observed, which is not further restored.

Heavy metal cations have such properties as polyvalence, high reactivity, biological activity,
thanks to which metals take part in almost all physicochemical, chemical and biological processes
occurring in hydrobionts, and a change in their concentration in the habitat is reflected in the
processes and features of the development of hydrobionts.

It should be noted that in laboratory conditions, the effect of only one any toxicant at dosage
concentrations is usually investigated. However, in real conditions, the processes of life of
hydrobionts are simultaneously influenced by a number of factors that have, among other things, a
total, synergistic or compensatory effect. Therefore, it is necessary to continue studies of changes in
the glow intensity of hydrobionts in real conditions, taking into account the joint influence of
various pollution factors, to create a database of seasonal changes in the glow intensity of
hydrobionts in normal conditions and taking into account the effects of pollutants. Further, this
database can be used to identify the environmental changes of the marine environment from the
observed changes in the intensity of the glow of aquatic organisms.

References:

Evstigneev P. V. The influence of a number of toxic compounds on the bioluminescence of
marine copepods // Experimental Aquatic Toxicology. — 1990. — No. 4. — P. 105-119.

Evseeva A. I, Korablina I. V., Gevorkyan Zh. V., Katalevsky N. I., Gorgola L. G.
Assessment of pollution of water and bottom sediments of the Caucasian region of the Black Sea
with heavy metals and arsenic in the modern period // Aquatic bioresources and habitat. — 2020. —
Vol. 3, No. 3. - P. 7-16.

Melnikova E. B. Bioluminescence in the functioning of ecosystems of the Black Sea pelagic
zone. — Kyiv: Fitosotsiotsentr, 2014. — 175 p.

Tokarev Yu. N., Evstigneev P. V., Mashukova O. V. Planktonic bioluminescents of the world
ocean: species diversity, light emission characteristics under normal conditions and under
anthropogenic influence. — Simferopol: N. Oreanda, 2016. — 340 pp.
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ASSESSMENT OF CHANGES IN AIR EMISSIONS IN RUSSIAN SIBERIA AND FAR
EAST TO CHARACTERIZE REGIONAL POLLUTION
Mishchenko K.f, Gromov S.A:? Zhadanovskaya E.A.
LYu.A. 1zrael Institute of Global Climate and Ecology, Moscow, Russia
2Institute of Geography RAS, Moscow, Russia
misikir@ya.ru

Emissions of air pollutants in the regions and in the country as a whole are among the general
indicators of anthropogenic impact on the environment and air quality used in state statistics. The
changes in air emissions obtained from official statistics were analyzed (Emissions..., 2024).

The ratio of the amount of gaseous oxides of sulfur and nitrogen emitted into the air in 2010-
2023 to the values of 2010 ranges from 0,88 to 1,06 and 0,9 to 1,1 in the Siberian Federal District,
from 0,59 to 1,06 and 0,75 to 1,4 in the Far Eastern Federal District, differing in dynamics from the
changes in individual regions in those Federal Districts above (Fig.1).
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Figure 1 — Ratios of emissions of sulfur dioxide (SO, top) and nitrogen oxide (NOx, bottor) from
stationary sources in 2010-2023 to their values in 2010

Roshydromet’s monitoring data show that during this period there is a general decrease in the
concentrations of most pollutants in the air of cities of these territories (GGO, 2023; Fig.2). The
same information for cities of above individual districts of the Russian Federation is also presented.
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Figure 3 — Average concentrations (ng/m?) of nitrogen dioxide (NO2) and nitrogen oxides (NOx)
in cities of the Asian part of Russia

Evaluation of data was done in the study under the state research theme FMWS-2024-0009
Ne1023032700199-9 of the Institute of Geography RAS.
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COMPOUNDS OF SULFUR AND NITROGEN IN THE ATMOSPHERIC AIR OF
BACKGROUND AREAS OF THE EUROPEAN PART OF RUSSIA
Pastukhov B.V., Paramonov S.G.
IGKE, Moscow, Russia
ofmpbv@mail.ru

The integrated background monitoring (IBM) system provides an assessment of the impact of
background pollution of the natural environment in the areas of the IBM stations on the state of the
biosphere, including typical, undisturbed and unique ecosystems. The information coming from the
network of IBM stations allows us to characterize the «current» regional/global background of
environmental pollution («zero» for counting local impacts), as well as changes in the background
level over time.

Sulfur and nitrogen compounds are the oldest of the priority list of pollutants, which are
regularly monitored for many years.

The paper presents the results of long-term observations of the content of sulfur and nitrogen
compounds in the gaseous and aerosol state (Fig. 1). The data series of some monitoring stations
exceed 30 years and are regularly published in yearbooks by Roshydromet (Review..., 2023).
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The assessment of trends in the background content of pollutants in the atmospheric air over
the past 15-20 years, including 2022, on the territory of Russia, indicates the preservation of
conditions on their territory that ensure low background levels of concentrations of sulfur and
nitrogen compounds in the atmospheric air.
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THE RESULTS OF THE SURFACE SPRINGS ECOLOGICAL SURVEY
IN THE SOUTH-WEST OF CRIMEA
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The population of south-western Crimea quite often in some years experience difficulties with
water supply. At this time many inhabitants of the region use for their needs water from surface
sources (springs). Many of them believe that the water from springs is higher quality than the tap
water. At present, there are no government organizations in Sevastopol that would monitor the state
of the area around the springs and the composition of their water. Therefore, the assessment of the
surface springs ecological status of the Heracles Peninsula and the south-western part of the Crimea
is relevant.

The purpose of the studies was to assess anthropogenic pollution of waters and the spring
areas state.

The hydrogeological and ecological conditions around the springs were investigated during
the work. Water quality was mainly determined by colorimetric method. Measured flow rates,
temperature and organoleptic properties in water. Concentrations of harmful substances were
determined by colorimetric method. The essence of the method was to compare the water solutions
coloring with a colorimetric scale. The chemical analysis of water was carried out on 10 indicators
by the «NILPA HOME» test system (pH, total hardness, carbonate hardness) and the «Crismas+»
test system (nitrate and nitrite). The results obtained were compared with the limiting values of
SanPiN 2.1.4.1175-02 and SanPiN 2.1.4.1074-01.

The research area was within the Heracles Plateau and the South-Western part of Crimea. In
the study area aquifers are associated with the quaternary, the Neogene, the Paleogene, the Lower
Cretaceous sediments, the Upper Jurassic sediments. Most surface sources in the Crimea are related
to karst processes. Some of them are on the border of Jurassic limestone and Lower Cretaceous
clay. Springs are found in limestone of middle Sarmatian in the Heracles Plateau, and aquitards for
them serve as a layer of clay.

Surveys have found that the area around most surface springs is relatively sanitary.

The analyses results showed that most springs of the Heracles Peninsula have increased
nitrate concentrations, which is related to the weak protection of the middle Sarmatian aquifer from
surface pollution. This is due to the presence of landfills, cesspools, burial grounds and the use of
nitrogen fertilizers. The high hardness of some sources may be related to the removal of the
catchment area.

In the south-western part of Crimea, water in almost all sources complies with the standards
of SanPin according to most indicators. But some of them are characterized by high hardness and
mineralization of water at certain periods

The results of the study showed that water from springs can be used for drinking needs. Based
on the survey and water analysis results, an interactive map of springs was created. The bundles of
videos about their ecological conditions were recorded on the platform «YouTubey», and also
created a website «The Republic of Crimea springs and Sevastopol».
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Global climate change is manifested, among other things, in the frequent weather anomalies
in the last few years, which depressing effect affects biogeocenoses. To the most significant extent,
the stress produced by weather anomalies is experienced by the ecosystems of urbanized areas.
Urban green spaces are characterized by increased vulnerability, but at the same time they play a
key role in the formation of a healthy urban environment.

In the summer of 2021, St. Petersburg experienced periods of abnormally high temperatures,
which fell at the beginning of the vegetation period of most therophyllous species represented in the
green spaces of the city, when the plants had not yet reached their maximum stability. In June and
July, daily temperatures exceeded the norm by more than 5 degrees Celsius. August 2022 was also
characterised by a weather anomaly, but it fell at a later stage of vegetation.

The levels of heavy metal accumulation by green parts of plants and their photosynthetic
activity served as the main studied parameters on the basis of which the bioecological functions of
plants were assessed under conditions of exposure to stress produced by the combined impact of
anthropogenic factor and increased relative to normal temperature.

The analysis of plant biological transition coefficients with regard to heavy metals and
metalloid (arsenic) showed a violation of plant barrier functions due to physiological stress, which
was particularly pronounced in species of introduced plants, not specific for the studied region. The
greatest disturbance of barrier functions was shown for arsenic in most of the species studied and
for zinc in white poplar (P 0 p u | u s). Adtdr fengperature normalisation, barrier function was
only partially restored. Under the 2022 weather anomaly, plants, while achieving greater tolerance,
showed less pronounced impairment of barrier functions and higher rates of recovery after
temperature normalisation.

The changes in the content of photosynthetic pigments in plant leaves were also considered in
accordance with the Lichtentaller method in the dynamics of weather conditions. An increase in the
proportion of chlorophyll B and carotenoids under weather anomalies was shown to be due to the
more active destruction of chlorophyll A by exposure to high temperatures. Introduced species,
which are more resistant to elevated temperatures, underwent the least changes.

Thus, it was shown that physiological stress, expressed in the combined effect of abnormally
high temperatures and anthropogenic burden, has a depressing effect on plants of all tiers, degrading
their barrier functions, reducing the levels of photosynthetic pigments.
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Species distribution modelling is a rapidly developing area of modern science at the
intersection of biogeography, ecology, climatology, mathematics and information technology. For
its implementation, nineteen bioclimatic parameters BIOCLIM are most often used as climatic
predictors, reflecting temperature and humidity climatic characteristics of the environment and
having a number of convenient properties for assessing the territory of potential species distribution
throughout the globe. To improve the quality of range models and reduce correlation between these
parameters, it is necessary to reduce their number. Several approaches are known for solving this
problem, most of which consist of creating new synthetic variables based on observed ones, which
has a number of significant drawbacks. An alternative approach consists of selecting climatic
variables, while it is necessary to achieve the maximum reduction in their number with minimal loss
of useful information. The approaches used for this also have a number of significant drawbacks.

In this study, an attempt was made to develop an effective statistically sound approach for
selecting climate predictors for range modelling based on identifying correlation groups of
parameters, the correlation within which exceeds the correlation with other groups, and selecting
from them the parameters that correlate least with each other. Several methods were used to identify
correlation groups: correlation matrix analysis, cluster and factor analyses. The HDBSCAN
algorithm was used for cluster analysis, and the quartimax and varimax methods were used for
factor analysis. As an example, the values of bioclimatic parameters calculated for the period 1991—
2020 all over the globe based on the CRU TS 4.03 climate database were analyzed. The studies
showed good consistency between the results of using different methods. Several correlation groups
were identified, the number of which was four or five, depending on the interpretation of the
negative correlation value: whether the negative correlation is a sign of a greater difference between
the parameters or not. Another, sixth, group of two parameters (BIO14 and BIO17) can be identified
based on the results of applying the varimax factor analysis method, but this correlation group is not
revealed by other methods. Of the six identified groups, six parameters were selected, one from
each group, demonstrating the minimum average value of the correlation coefficient with the
parameters from other groups: BIO2, BIOS5, BIO7, BIO14, BIO15 and BIO18 (the latter in the case
of identifying the sixth group). Low correlation between these parameters is noted: the maximum
value of the Pearson coefficient is 0,389 (BIO5 and BIO15), the maximum in absolute value is -
0,582 (BIO14 and BIO18). The obtained results show a fairly high efficiency of the applied
approach to the selection of bioclimatic parameters.

The work was supported by a grant from the Ministry of Education and Science of the
Russian Federation in the form of a subsidy for a large scientific project «Global Climate
Challenges in Russia: Retrospective Analysis, Forecast, and Adaptation Mechanisms» (Agreement
No. 075-15-2024-554 dated April 24, 2024).
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SPATIAL -TEMPORAL DISTRIBUTION OF FINE PARTICLES PM 10
IN THE ATMOSPHERE OF THE VOLGA FEDERAL DISTRICT
Shishkin G.I., Guryanov V.V.
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Among the list of the main atmospheric impurities retained in the near-surface layer,
suspended particles of fine fractions belonging to hazard class Ill are of particular interest for
monitoring by the hydrometeorological service. The purpose of this study is to analyze the spatio-
temporal distribution of suspended particles d<10 pm, while identifying its correlations with
individual climatic factors in the territory of the Volga Federal District (hereinafter referred to as
the VFD). The initial material for the study was the EAC4 (CAMS) reanalysis data for the period
2003-2022 with a horizontal resolution of 0,75°%0,75° in latitude / longitude (about 80 km) for the
near-surface layer of the atmosphere, which is based on satellite data. The initial material for the
meteorological information was the ERA5 reanalysis data.

Based on EAC4 data, maps of climatic fields of average PM1o particle concentrations were
constructed. It was found that the geographic distribution of foci of elevated concentrations
generally corresponded to the location of large industrial centers of the VFD. This contrasting
“focal” nature of distribution is most clearly visible in the winter months under conditions of stable
atmospheric stratification and weakening of zonal circulation.

In the warm period of the year, on the contrary, the distribution of PM1o particles had a
smoother character in territorial terms, while the values of average concentrations were an order of
magnitude higher than in winter. This is explained by the change in the synoptic situation: the
activation of zonal circulation (with the weakening of meridional) and the intensity of turbulent
mixing of air masses. In addition, the increase in the level of air pollution by fine particles was
facilitated by the seasonal intensification of construction work throughout the region, as well as the
absence of snow cover, which in winter was a factor preventing the transfer of surface dust.

To analyze the dependence of PM1g concentration distribution on meteorological factors, the
linear correlation coefficient was calculated. It was found that increased average PMzio
concentrations in the warm season had a high positive correlation with the increase in temperature
background and an average positive correlation with a weakened meridional component of wind
speed.

In the areas of previously identified foci of elevated average PM1o concentrations during the
cold period of the year, a significant high negative relationship with a weakened zonal component
of wind speed and a decrease in the temperature background was revealed, which naturally follows
from the above analysis of the distribution.
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In recent decades, one of the main ways to solve the problem of increasing grain yields in
many countries of the world is the use of microbiological agents that stimulate plant growth and
development, protect against harmful organisms, dispose of crop residues, etc. The use of biological
products in the cultivation of grain crops is slightly inferior in effectiveness to chemical fungicides,
however biofungicides can be cheaper than chemicals in 2-2,5 times.

Research was carried out in the southern forest-steppe zone of the Omsk Irtysh region in field
experiments of the Omsk Agrarian Scientific Center. Rhizosphere sampling was carried out in the
phases of plant development: tillering (June), earing (July), grain filling (August). The count of the
number of microorganisms was carried out on solid nutrient media.

Observations of changes in the number of oligonitrophilic and phosphate-mobilizing groups
when using seed bacterization showed a decrease in fertilized versions of the experiment,
oligonitrophils up to 36% (oats), phosphate-mobilizing up to 50% (barley). In the rhizosphere of
oats, the number of oligonitrophils also decreased by 18% in the Mizorin variant, by 36% in the
Flavobacterin variant. This may be due to the fact that during introduction, microorganisms enter
the soil that can have a certain effect, including a negative one, on the native microbiota. The
growth trend of oligonitrophilic bacteria in the Mizorin variant was observed on barley, up to 14%
of the control (Table 1).

In general, during the growing season, the total (conditionally) number of rhizospheric
microbiota of barley and oats with the use of pre-sowing bacterization of seeds tended to decrease
(up to 16%), due to a decrease in the number of the largest numerous groups — oligonitrophilic and
phosphate-mobilizing. However, it is worth noting that this trend was within the error of
experience.

Table 1 — The number of microorganisms in the rhizosphere of grain crops
when using biological products, min. CFU/g, (n=3)

Option Oligonitrophils Phosphate-mobilizing bacteria
Control 440 63,2
Ba”%?mk Mizorin 50,2 60,9
Flavobacterin 43,5 422
o Control 72,1 74.6
Oalfersésgga” Mizorin 614 60,7
Flavobacterin 53,2 66,3

LSDgs= 1 3, 85 Ful2,0

Thus, in the rhizosphere of grain crops, there was a tendency to decrease from the studied
agricultural intake of the most numerous groups of oligonitrophilic and phosphate-mobilizing
bacteria, and, as a result, the total (conditionally) number of rhizospheric microbiota of barley and
oats decreased to 16% by control when applying pre-sowing bacterization of seeds. However, the
decrease is within the definition error (20%), in this regard, it can be stated that the ecological
situation in the soil is calm.

This work was supported by the Russian Science Foundation (project No. 23-76-10064,
https://rscf.ru/project/23-76-10064/).
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The composition of various chemical compounds that pollute the lower layers of the
troposphere over the sea surface, coastal waters and in the area of highways includes organic
substances, among which are anionic surfactants and oil hydrocarbons (n-alkanes).

On the Sevastopol seaside there are numerous sources of oil-type n-alkanes: shipping and
ballast water discharge. They accumulate in areas of ports, docks and oil terminal and quickly
evaporate from the sea surface. Surfactants are synthetic compounds of an alkaline nature, used in
cleaning of the sea surface during oil spills and as detergents in everyday life and industry. In places
where untreated wastewater is discharged into the sea, surfactants are concentrated in the surface
microlayer and evaporate. Surfactants and oil-type n-alkanes, migrating in the troposphere, are not
only destroyed to CO. under the influence of photochemical factors, but are also washed out by
atmospheric fallout on to various underlying surfaces.

The purpose of the work was to study the content of oil-type n-alkanes and surfactants in
monthly total atmospheric fallout arriving on 1 m? of surface.

Sampling was carried out on the weather site of the building of the SB SOIN, height above
sea level ~100 m. Atmospheric fallout: rainwater, snow, hail, settling sea and terrigenous aerosols
were collected for a month on the surface of distilled water, which was constantly present in the
samplers. Determination of n-alkanes was carried out by IR spectroscopy (A 2930+70 cm™),
surfactants — colorimetrically (red light filter).

During the year, the concentration of n-alkanes in monthly samples varied from 4,1 to 13,0
mg/m? month, and surfactant — from 0,7 to 11,3 mg/m? month; its dependence on air temperature
was revealed. The dependence of their mid-season concentration on the number of days with wet
precipitation is shown in table. 1.

Table 1-Seasonal variability in the number of days with wet precipitation and
concentrations of n-alkanes and surfactants in total atmospheric fallout, 2022

Options Spring Summer | Autumn Winter
Number of days with wet precipitation 18 10 23 14
Surfactant, mg/m? 2240,6 | 6,3 24 | 7.5 £2,8 | 2,1+0,4
Oil-type N-alkanes, mg/m? 90+22 | 42+0,1| 96+23 | 58+0.,7

The content of surfactants in atmospheric fallout was lower than of n-alkanes in spring,
autumn, winter. The concentration of these detergents is rises in the summer-autumn period with an
increase in wastewater discharge into the bays. Evaporating surfactants are adsorbed on the surface
of various aerosols and settle as a result of their sedimentation, especially during the dry summer
period. Oil-type n-alkanes are washed out only by wet precipitation (snow, rain), since they enter
and migrate in the troposphere in a gaseous state, their concentration is maximum in the spring and
autumn seasons. N-alkanes and surfactants deposited with atmospheric fallout are included in the
chemical and biological cycles of aquatic and terrestrial ecosystems and negatively affect the life
activity of marine and freshwater organisms and terrestrial vegetation.

The research was carried out within the framework of the state assignment of the Institute of
Natural and Technical Systems (state registration number 124013000609-2).
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TROPHIC STRUCTURE OF ZOOBENTHOS IN THE KERCH STRAIT
AT VARIOUS LEVELS OF ITS DEVELOPMENT
Terentev A.S.
Azov-Black Sea Branch of the Russian Federal Research Institute of Fisheries and Oceanography
(Kerch Department), Kerch, Russia
iskander65@bk.ru

For the assessment of the zoobenthos development, the abnormality index suggested by G. N.
Zaitsev (1991) has been applied. The species density, abundance, and biomass of the Kerch Strait
zoobenthos have been used as the primary data; the samples were collected with Petersen’s dredge
at 351 stations in 1986-2016. It made possible to identify the sea bottom areas with very high, high,
average, low, and very low development of zoobenthos. Some bottom sites were characterized by
an almost complete absence of macrozoobenthos. The decrease in the zoobenthos development was
concurrent with the decrease in the zoobenthos abundance and biomass, which varied from
3680880 ind./m? (for the abundance) and 2260+760 g/m? (for the biomass) in the areas with a very
high level of zoobenthos development to 32,9+4,3 ind./m? and 8,4+2,7 g/m?, respectively, in the
areas with a very low one.

The classification of the trophic structure of zoobenthos has been conducted according to E.
N. Turpaeva (1953) and A. P. Kuznetsov (1970). 30 seston feeders, 4 phytophages, 20 predatory
organisms, 20 polyphages, 38 species feeding on the detritus on the substrate surface, and 3 deposit
feeders residing within the substrate in its upper layer and its column have been recorded.

At all levels of development, seston feeders prevail in zoobenthos, both in terms of abundance
and biomass. Their abundance in the areas with a very high level of zoobenthos development was
34304910 ind./m? and their biomass was 2620+760 g/m?. In the areas with a very low zoobenthos
development, their abundance and biomass were 12,7+4.,9 ind./m? and 4,0+1,8 g/mz, respectively.
The decrease in their abundance and biomass is the main factor responsible for the decrease in the
total abundance and biomass of zoobenthos.

The species feeding on the detritus on the substrate surface, predators, and polyphages were
other major trophic groups. Their abundance and biomass also decreased with the development
level of the zoobenthos, but at a lower rate. As the result, the share of seston feeders reduced from
86-99% in terms of abundance and 96-99% in terms of biomass in the areas with the a very high
level of development to 29-48% in the abundance and 35-59% in the biomass in the areas with a
very low one. Conversely, the share of predatory species increased from 0,4-0,9 to 18-36% in
terms of abundance and from 0,2-0,8 to 24-47% in terms of biomass. For polyphages, the increase
was, respectively, from 0,8-15 and 1,5-5,4% to 0,3-0,7 and 2,4-8,5%. In the areas with a very low
level of zoobenthos development, the predators show the abundance and biomass similar to those of
seston feeders.

In the areas characterized by an average level of zooplankton development, the most
prominent role was played by the deposit feeders and phytophages; their share was, on average,
0,6-1,2% of the total abundance and 0,4-1,1% of the total biomass of zoobenthos. In the areas with
a very low development level, these trophic groups were absent. With the decrease in the
zoobenthos development, the diversity of the zoobenthos trophic structure increases. Across the
entire range of possible zoobenthos development, the diversity based on abundance is higher than
that for biomass.
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There are important aspects for assessing the climate impact at a resort: actuality of the data
and simplicity. Currently, the assessment of the climatic effect in the resorts of Crimea by both
vacationers and doctoral staff is carried out independently according to many different values
(weather data): air temperature, humidity, atmospheric pressure, wind speed, ultraviolet level,
partial oxygen density, etc.

It is proposed to improve the practice of showing a variety of climatic parameters on the
weather information boards by adding the calculation of one integral indicator of climate
favorability for the target audience (healthy adults, adults and children of various health groups) and
the delivery of values of this indicator to the information systems of institutions in Crimea. Modern
meteorological instruments with automatic information collection make it possible to create a data
pipeline, which will receive environmental parameter values promptly. At the end of the pipeline,
the calculated parameters, including an integrated assessment of the favorable climate impact, are
not only accumulated in order to study the climate from the point of view of resort medicine, but are
also transmitted without delay to target consumers through mobile applications, resort websites, and
resort information systems. It becomes possible to determine in real time the sufficiency of the doze
for a person in the water or on the beach in accordance with the course of treatment and
rehabilitation.

This methods and the pipeline system creation was initiated by: the Federal Research Center
«Computer Science and Control» of the Russian Academy of Sciences (Moscow) and (Crimea).
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As part of the Acid Deposition Network in East Asia (EANET) program, continuous
monitoring of the chemical composition of surface waters has been carried out since 2007 for two
small rivers located in the Asian part of Russia. The Pereemnaya River is within the basin of Lake
Baikal. The second river, Komarovka (at EANET Primorskaya site), is located in Primorsky Krai
and belongs to the basin of the Sea of Japan. Long-term observations there allow us to evaluate the
dynamics of stream waters pollution status.

Since river water samples are taken 4 (Pereemnaya) or 5 (Komarovka) times a year only, the
accurate calculation of observed compounds runoff fluxes is complicated. Therefore, changes in the
chemical composition of stream waters are assessed based on the concentrations of substances.

According to data averaged over five-year periods, for the most of major pollutants, the
concentration values are higher for Komarovka river, which is especially evident for ammonium,
chlorides and nitrites. At the same time, the lower pH values were observed on the Pereemnaya
river. In the period 2014-2018, an increase in concentrations of sulfates and nitrates was observed
on the Komarovka river, which was reflected by a decrease in pH values at this period. The water of
Pereemnaya river is generally characterized by a smaller variation of concentrations.
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Figure 1 — Comparison of average five-year values of pH (a), sulfate (mg/L) (b) and nitrate (mg/L)
(c) concentrations

To estimate trends of the concentrations of the major ions for 15- and 10-year periods, the
nonparametric Mann-Kendall test and the Sen slope criterion of the observation series were carried
out using the Excel template MAKESENS (Salmi et al, 2014). At Komarovka, statistically
significant increasing trends were observed for sodium, potassium and calcium cations (for 15
years). Decreasing trends were observed for ammonium ions, nitrites, and for the last 10 years — for
nitrates. For Pereemnaya, a noticeable decrease was found only in ammonium concentrations. And
a slight increase in sulfates was determined. Changes in the concentrations of other ions varied quite
strongly over the observation period, which did not allow us to identify statistically significant
trends.

This study was carried out in the framework of the Research Project AAAA-A20-
120013190049-4 «Development of methods and technologies for monitoring of environmental
pollution under the influence of transboundary pollutants transport (UNECE: EMEP, ICP IM) and
acid deposition in East Asia (EANET)». Evaluation of measurement data was done under the state
research theme FMWS-2024-0009 Ne1023032700199-9 of the Institute of Geography RAS.
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