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HCCJEJOBAHUE CE30HHOHN U MEKT'OJIOBOM NBMEHUYNBOCTH
NHJAEKCA NDVI HA TEPPUTOPUU PECITYBJIUKHU AABITES
123C.A. Jleoenes, *°A.I'. Kocranoii, °I1.H. Kpasuenko, 1O.I1. IlleBsikoBa
sergey_a_lebedev@mail.ru; kostianoy@gmail.com; pavel-tversu@yandex.ru;
schev-olga@yandex.ru
r eogusuuecxuil yenmp PAH, Poccus, . Mockea
2 Maiikonckuii 20cyO0apcmeeHtblil mexHono2uueckuli ynusepcumem, Poccus, 2. Maiikon
SHayuonanvuwlii uccredosamenvckuil ynueepcumem « Mockoeckuii uncmumym
anekmpounou mexuukuy, Poccus, e. Mockea, 2. 3enenoepad
*Uncmumym oxeanonozuu PAH um. I1.1I1. Illupwosa, Poccus, 2. Mockea
*Mockosckuti ynusepcumem um. C.FO. Bumme, Poccus, 2. Mockeéa

Annomayuna. Onpedenenue ecmecmeeHHOU HNPOOYKMUBHOCMU 3eMelb U
NOCMOSAHHBIN MOHUMOPUHZ UX UCHOTb308AHUSL MPedyIom KaueCm8eHHO HO8020
MexXHUYecKko20 obecneyeHus U UCHONb308aHUA OoNlee COBEPULEHHBIX Memoo0s
ONnepamueHol OYeHKU COCMOSHUS 3eMelb, ONPeOeNeHUsl KaueCmaed pacmumeibHO20
HOKPOBA U YPOICAUHOCMU BbIpAUUBAEMBIX KYIbMYp. B cmamve paccmompenvl
pazniuunsie N00X00bl K peueHuio OaHHoU npodiemsl. B cmamve paccmampusaromcs
paziuunsie n00X00bl K peuleruto dmoti npoonemvl. OCHO8HOe 8HUMAHUE YOeN1emCsl
aHanu3y  NPOCMPAHCMEEHHOU, CE30HHOU U  MeHC200080U  UBMEHYUBOCHIU
Hopmanuzosannoeo pasnocmmuozco undexca pacmumensuocmu (NDVI)  na
meppumopuu Pecnyonuxu Adviees.

Knwueswvie cnoea. NDVI, npooykmusnocme 3emens, Pecnybonuxka Aoviees,
OUCMAHYUOHHOE 30HOUPOBAHUEe, CE30HHAS USMEHYUBOCNb, PACMUMENTbHbIU NOKDOS

Benenue

CenbCKOXO034CTBEHHOE IMPOU3BOJCTBO B PecmybOinke Appires sBIsieTCS
OCHOBHOW OTPaCJIbI0 3KOHOMUKH, MTPEIOINPEASIISAIONIEH SKOHOMAYECKUAN MOTEHIUAI
pervoHa, 3aHATOCTh OOJIBIIEeH YaCTH HACeNIeHUs U ypOBEHb ero xwusnu [9, 3]. Ota
cdepa nMpou3BOCTBA OKA3BIBAET CYIIIECTBEHHOE BIMSHHUE HE TOJIBKO Ha DKOHOMUKY,
HO Y Ha BCIO OKPY’KAIOLIYI0 IIPUPOLY.

3a00Ta 0 MPUPOIHBIX PECypcax U PalMOHAILHOM MX KCIOJIb30BaHUU TPeOyeT
MOCTOSIHHOTO MOHHMTOPHHTIA BCEX TEPPUTOPHUH, TJI€ OCYIIECTBISETCA TOT WIH HHOU
BHJI XO3AMCTBEHHOU AEATENBHOCTH 4YeNOBEKA. KOMIUIEKCHAs OLIEHKA 3€MENbHBIX U
BOJHBIX PECYPCOB MOXKET PACHPOCTPAHATBCA HE TOJIBKO HA HCIOJIB3YEMBIE U
MOTEHLUAJIBHO MPUTOIHBIE JIJISl CETbCKOX03ICTBEHHOTO POU3BOCTBA TEPPUTOPUN
[17], HO W Ha 0co0O0 OXpaHseMble NPUPOAHBIE TEPPUTOPUM, TI/I€ BO3HHUKAET
HEO0OXOIUMOCTb B peaOUINTALIMKA HAPYIIEHHBIX 3eMenb [10].

DOKCTEHCUBHBIN XapaKTep HCIOIb30BaHUSA CEIbCKOXO3IUCTBEHHBIX 3€MEllb,
MOJTYYHMBIINI pactipocTpaHeHue B PecyOiuke Aipiresi, Kak 1 BO MHOTHX PETHOHAX
Poccun B mocnegHue ABaauaTh JET, YacTO NPUBOAUT K JAErpajallid IMOYB U
Pa3BUTUIO 3PO3UOHHBIX mpoueccoB [20]. SIpkuM HpuUMEpOM TaKOro SBJICHUS
ABJISIETCA PAa3BUTHE OIMYCTHIHUBAHUS B HEKOTOPBIX pailoHaX ACTpaxaHCKON U
Bonrorpanckoii o6iactu, B peciyosmkax Kanverkust, Jlarectan u Xakaccusi, rie Ha



MECTe paHee MPOIYKTHUBHBIX €CTECTBEHHBIX MACTOWII BO3HUKIIM MOJYMYCTHIHHU,
MIOJIBEP>KEHHBIE BETPOBOM M BOJHOM 3po3uu [6].

[TomHas MHBEHTapU3aLKs 3€MENb, HAXOIAIINXCS B MOJIb30BAHUM, U BBIBIICHHUE
3eMellb, IPUTOIHBIX IS CENbCKOXO03SIMCTBEHHOTO MPOU3BOJICTBA, KOMILIEKCHAS OLICHKA
MOYBEHHOTO M PACTUTEIBHOIO MOKPOBA, OLEHKA THMIPOJIOTMYECKUX YCIOBUW H
MOCTOSIHHBI MOHHUTOPHUHI TMPHUPOJIONIONIF30BAHUSL HA OOJIBIIMX TEPPUTOPHSIX B
HACTOSIIEE BpeMsl HEBO3MOXKHBI 0€3 NMPUMEHEHHUS] HOBBIX TEXHUYECKHX cpencTB. K
TaKOBBIM B HACTOSIIIIEE BpEMsI OTHOCST AUCTAHIIMOHHOE 30HIupoBaHue 3emiu ([133) ¢
OopTa cHelMaldbHbIX KOCMWYECKMX anmnaparoB (COYTHHKOB) M BO3AYIIHBIX
JIeTaTEeNbHBIX aMMapaToB, MO3BOJIOIIME 00CIENOBAaTh B MEPHOANYECKOM PEKUME C
Pa3HOI YaCTOTOW OrPOMHBIE TEPPUTOPUH U HEOOJBILIME yYacTKH 3eMiH [ 1, 2].

Meronst  /I33 B HacTosiee BpeMs IIUMPOKO  HUCIHOJNB3YIOTCA B
arpoIpOMBIIICHHOM KoMiuiekce MHorux ctpan mupa (Poccun, CIIIA, Kanana,
ctpanbl EBpocoroza, Uuaus, Snonust u ap.). Hanbosnee u3BECTHBIM MpUMEPOM
JEUCTBYIOIUX CHCTEM CEJNbCKOXO3SIMCTBEHHOTO MOHMTOPHMHIA MO>XHO OTHECTH
npoekt MARS (The Monitoring of Agriculture with Remote Sensing),
peanuzyeMble OOBEAMHEHHBIM HCCIIEIOBATEIbCKUM LIEHTpOM EBpokoMuccuu mo
MOHUTOPHUHTY CEIbCKOXO035MCTBEHHBIX 3eMelb [ 15]. Mcnosnp3yeMble 3TUM LIEHTPOM
nanHble /I33 u cooTBeTCTBYIOLEE MPOTrpaMMHOE O0OECIeYEeHHE IO3BOJISIOT
ONPENENATh IUIOLIAJAN 3€MEIb U ITOCEBOB, COCTOSHUE PACTEHUN U ypOXKANHOCTH
CEJIbCKOXO3SIICTBEHHBIX ~ KyJIbTyp. Pe3ynpraTel 00paboTku  naHHbix /133
UCIIOJIB3YIOTCSL JJIA MPOTHO3a YPOXKAEB PA3IUYHBIX KYJIbTYP M IMOTEHUUAJIBHOU
CTENIEHU HAIOJIHEHUA pbIHKA. Bce 3TO mMmo3BoJisseT BbIpadAaThHIBATH MEPHI 1O
CTaOMJIM3allMM  YPOBHS JIOXOJHOCTH CEIBCKOXO3AMCTBEHHBIX MPOU3BOIUTENEH
yepe3 MPUMEHEHUsT TUOKOM CHUCTEMbl II€H, KBOT W SKCHOPTHO-UMIOPTHBIX
OTHOILIEHHUM, KOPPEKTUPOBATH HAJIOTOBYIO MIOJIUTHUKY [8].

B Poccum paspabateiBaeTcsi HanuoHanbHas KocMmuueckas —cuctema
JUCTAHIIMOHHOTO  30HIMPOBAaHMA  3€MJIM  JUIsl ~ MOHUTOPUHIA  3€MEIlb
CEJIbCKOXO03sUCTBEHHOTO Ha3HayeHus. PaboTta Benercsa B pamkax ['ocymapcTBeHHOM
MporpaMMbl  pa3BUTUS  CEIBCKOTO  XO34iiCTBA M  PEryJIMPOBAaHUS  PBIHKOB
CEJIbCKOXO3SUCTBEHHOM MPOAYKIMHU, ChIpbid W TipoaoBoibcTBUS (2013-2020 rr.),
yTBep KJIEHHas mocTtaHoBIeHueM I IpaBurenbctBa ot 14 utonst 2012 roga Ne 717.

CnekTpaJjibHbIe HHIEKCHI

XapakTepHbIM TPHU3HAKOM PACTUTENBHOCTH M €€ COCTOSIHHS SIBISIETCS
CHEKTpaJibHAsl OTpa)KkaTelbHAasl CHOCOOHOCTh, XapaKTepU3YIOWasics OONbIIMMU
pa3IMuMsAMU B OTPAXKEHUHU MU3ITyYEHUS! Pa3HbIX IJIUH BOJH (puc. 1). 3HaHUs 0 CBSA3U
CTPYKTYpPbl M COCTOSIHMSI PACTUTEIBHOCTH C €€ CHEKTPAIbHO OTPaKaTeIbHBIMU
CIOCOOHOCTSIMU MO3BOJISIFOT UCIOIB30BATh IaHHbIE TUCTAHIIMOHHOTO 30HIUPOBAHUS
Uit KaprtorpadupoBaHUs W MACHTU(UKAIMK TUIIOB PACTUTEIIBHOCTH U UX
CTPECCOBOI0 COCTOSIHUS.

OpHako MOJYYUTh MOJHYIO CHEKTPAIBHYIO XapaKTepUCTUKY meTonom /133
CIIO)KHO U oueHb jgoporo. CymiecTBytome Ha ceroaHs npudopsl /33 nmeroT He
Oonee 15 KaHAIOB WM CIIEKTPATIBHBIX 30H, IO KOTOPBIM MPOU3BOIATCS U3MEPEHUS
[5], paGotaroiue B nuana3zoHe JJIMH BOJH AJIEKTPOMArHUTHOTO H3JIy4€HHUS OT
0,2 MxMm (ynbTpaduoneroBoe u3nydeHue) A0 3 M (YJIBTPAKOPOTKUX PATUOBOIH).
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VYyacrok ontudeckux aauH BOJH (0,2 HM — 1 MKM) BKITIOYaeT ynbTpaduoIeTOBbIM
untepBan (0,29-0,40 mxm), Bugumbii (0,40-0,75 mxm) u undpaxpacasii (0,75—
100 mxM) moaamnana3oHsl. B cBorO oyepenp auana3zoH MH(PPAKpPaCHOTO U3ITyUCHHUSI
OOBIYHO elle mojpasessitor Ha omwkaui 0,75-1,3 MM, cpeqnuit 1,3-3,5 MKM U
nanpHuM (Terioboit) 3,5-100 mxm. Tem He MeHee, UM HE XBaTaeT CHEKTPaIbHOTO
Jana3oHa U TOYHOCTH JIJIsl KJacCu(pUKaluu 00bEKTOB U PACTUTEIBHOCTH, KOTOPYIO
MOTYT OOECHEYHUTh TOJBKO TUIEpPCHeKTpalbHbie ceHcopbl [14]. CrocoOHOCTb
TUTEPCIIEKTPATBHBIX CEHCOPOB BECTH CHEMKY B COTHSX CIEKTPAIBHBIX TI0JIOC
YBEJIMYUBAET CTOMMOCTh ChEMKH C 00pTa KOCMUYECKUX allapaToB U CIOKHOCTh MTPH
PacCMOTPEHHUH OTPOMHOTO KOJIMYECTBA TOTYUCHHBIX TaHHBIX.

I' Visible

Spectrum Near-Infrared

Short-Wavelength Infrared

50 60

40

1 1
1 1
| |
| |
1 1
I I
1 1
| |
| |
1
I

Reflectance (%)
20 30

10

Puc. 1. CnexrpanbHas
oTpakaTesibHasi CIOCOOHOCTh
r o e T T T T BRICIIMX COCYAMCTBIX

0.5 1.0 1.5 2.0 25 o
Wavelength(um) pacTCHUHU [ 19]

[To 3TOI1 mpUYMHE B COBPEMEHHBIX CHUCTEMAaX MOHUTOPUHIA OKPYKAOUIEH
cpenbl mo gaHHbIM JI33 mpuberaroT K CO3/MaHUI0 TaK HA3bIBAEMBIX UHOEKCHBIX
n3o0paxkennii. Ha ocHoBe KOMOMHAUWMM 3HAYEHHH SIPKOCTH B OINPEACICHHBIX
CHEKTpalIbHBIX KaHajaX, UH()OPMATUBHBIX JJIs BBIJEICHHS UCCIEIYEMOro 00bEKTa,
PACCUMTBIBACTCS CHEKMPANbHbIll UHOEKC, YTO TO3BOJISET BBIACIUTh HCCIIETYyEMbIN
OOBEKT UJIU OLIEHUTH €T0 coCTOosiHUE. CnekmpanbHvle UHOEKCbl, UCTIONb3YEMBIE TS
U3YYEHUS! M OLIEHKM COCTOSIHUSI PACTUTENBHOCTH, MOJYYMUIH OOILENPUHATOE
Ha3BaHUE 8e2emayuOHHbIX UHOEKCO8.

B nactosimee BpeMms cymiecTByeT OKojio 160 BapuaHTOB BETre€TAlIMOHHBIX
uHAeKkcoB [22]. OHu moaOuparoTcs SKCHEPUMEHTAIBHO (IMIUPUUYECKUM IYyTEM),
UCXOJII W3 W3BECTHBIX OCOOCHHOCTEW KPHBBIX CIEKTPAIbHON OTpa’kaTeIbHOM
CIIOCOOHOCTH pPACTUTENBHOCTH W mouB. Haumbornee mnoapoOHO BererannoHHbIE
WHJEKChI paccMoTpeHbl B pabore [21]. B ero pabore gmaercs psn
OCHOBOTIOJIAralOIINX OTBETOB HA MOHSITUE BETE€TAlIMOHHOTO MHAEKCA, U MPU 3TOM,
7 pa3BEepPHYTHIM aHATUTHYECKUN 0030p ¢ MOAPOOHOM KiaccuUKaIMeld TUTIOB
BEreTalMOHHBIX UH/IEKCOB.

Pacuer Ooublieil 4acTu BereTalMOHHBIX HHAECKCOB Oa3Wpyercss Ha JABYX
HanOosiee CTAOWIIBHBIX (HE 3aBUCAIIMX OT MPOYMX (PAKTOPOB) y4acTKax KpPUBOMU
CHEKTPAJILHOM oTpakarenbHOU criocoOHoctu pactenuit (Puc. 1). Ha kpacHyto 30HYy
cnektpa (0.62—0.75 MKM) IpUXOAUTCS MAKCUMYM TOTJIOIICHUSI COJTHEYHOM pajinaliuu
xjopodusuioM, a Ha 6yKHIOW HHpakpacHyro 30HY (0,75-1,3 MKM) MakCUMaJTbHOE
OTpa)XKEHUE SHEPTHH KJIETOUHOU CTPYKTYpoii tucta. T.e. Bbicokast (POTOCUHTETHYECKas!
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aKTUBHOCTH (CBSI3aHHASI, KaK MPaBWIIO, C OOJBIION (PUTOMACCON PaCTUTEIHHOCTH)
BeZleT K 0OoJyiee HU3KUM 3HAYEHHSIM KO3(PQUIIMEHTOB OTPaXEHUS B KpacHOW 30HE
criekTpa M OOJIbIIMM 3HAa4YeHUsM B OmmkHell uH(pakpacHoi. Kak 310 XOpoiio
W3BECTHO, OTHOIIIEHUE ITUX TOKazaree APYr K JPYry MO3BOJISIET YETKO OTIENAThH
PACTUTENIBHOCTh OT MPOYMX MPUPOJHBIX 00bEKTOB. Mcnonbp30BaHKE e HE MPOCTOrO
OTHOILIEHUS, & HOPMAJIM30BAHHOM Pa3HOCTU MEXAY MUHHUMYMOM W MaKCUMYMOM
OTPKEHUI YBEIMUYMBAET TOYHOCTh W3MEPEHHUS, IMO3BOJISIET YMEHBIIUTh BIIMSHUE
TAaKUX SIBJICHUM KaK pa3inyusi B OCBELIEHHOCTH CHUMKA, OOJIAYHOCTH, IBIMKH,
MOTJIOIIEHHE paauaimy atMmochepoil u mp.

Normalized Difference Vegetation Index (NDVI) — mnpocroi
KOJIMYECTBEHHBIH MMOKA3aTeNb KOIMYECTBA POTOCUHTETUYECKH aKTUBHOM OMOMACCHI
(OOBIYHO  HA3BIBAEMBIN  BETETALMOHHBIM  UHAEKCOM). OauH U3  caMbIX
paclpoOCTpPaHEHHBIX U  HUCIOJB3YEeMbIX HWHJEKCOB IS pEUIeHus  3ajady,
UCITIOJIB3YIOMINX KOJIMYECTBEHHBIE OLIEHKH PACTUTEIBHOIO MOKPOBA U Pa3IMUYHBIX

NPUPOIHBIX U HCKYCCTBEHHBIX 00beKTOB (Tadu. 1) [12, 13].
Tabnuua 1
3nauenue NDVI i pa3nuuHbIX IPUPOIHBIX U UCKYCCTBEHHBIX 00BeKTOB [12, 13]

OtpaxeHue B OtpaxeHue B
N . |3HadeHue
Tun oO6bekTa KpacHOU 00y1acTv | MH(paKpacHOU NDVI
CIEKTpa o0JacTu crekTpa

I'ycTast pacTUTENBHOCTD 0,1 0,5 0,7
Pa3psprkeHHast paCTUTEIIBHOCTD 0,1 0,3 0,5

OTKpbITas MOYBA 0,25 0,3 0,025

Oo6naka 0,25 0,25 0

CHer u jen 0,375 0,35 -0,05

Bona 0,02 0,01 -0,25
HckyccTBeHHBIE MaTepuaibl (6eToH, acabT) 0,3 0,1 -0,5

Brruucnsercs no cienyroieit popmyre
NDVI| = NIR - RED

NIR + RED
rae, NIR — orpaxenune B OmmkHeil mH(ppakpacHoil obOnactu crekrtpa, RED —
oTpaxeHue B kpacHoi obnactu cnektpa. NDVI usmensites B nmpenenax ot -1 jo 1.
Kak mpaBwio, mns 3amad, CBSI3aHHBIX C KapTorpadupoBaHWEM pPaCTHTEIBHOCTH
UCIOJIB3YIOT MacIITaOUpOBaHHYIO IIKaily. JlJis MacitaOupoBaHUS HUCIIOJIb3YETCs
cienytomas popmyna:

NDVI, ., =100-(NDVI +1).

PacTurenbHbliii NOKPOB Pecniy0simkn Anbires

OTanyuTeapHON YepTON pacTUTEIbHOCTH PecnyOuku AJIbITeH SBIISIETCS €€
HIMPOTHOE U TMOsicHoe pa3MelieHue (puc. 2) [4]. B paBHMHHOW YacTu
pacnpocTpaHeHbl CcTenHas M JiecoctenHass 30HbL. C MOIBEMOM B TOpPBI OHHU
3aKOHOMEPHO CMEHSIOTCSI Ha TOPHO-JIECHOM MOsIC, CyOaNIbIIMHCKUE U albITUHCKUE
Jayra, CyOHMBaJIbHAs! PACTUTEIBHOCTh CKaJl U OCBITEH.
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Schematic Map
of the Republic of Adygea
Vegetation Cover

Puc. 2. Kapra-cxema pacTUTEIBHOTO

nokpoBa PecrryOnuku Apirest 1o

naHHbM [19].

1 - TInaBuu u 1yroBo-GONIOTHBIE KOMILIEKCHI,
MeCTaMH pacraxaHHbIe

2 — TloliMEHHBIE JTyTa, YaCThIO C JIEPEBLAMHU U
KyCTapHHUKaMH, MECTAMH pPacliaXaHHbIC

3 — TIpearopHble OCTENHEHHBIE JIyTa U
JIYTOBBIE CTEITH, OOMBIIEH YaCThIO
pacriaxaHHBIe

4 — OGe3neceHHbIE MONOTHE CKIOHBI U
nIeH(BI ¢ PEAKAMHE TPYIIIIAMHE JICPEBbEB
M KyCTapHUKOB

5 — J1y6oBEI€ JIeca ¢ IpeobiiafaHueM Iyoa
JIETHETO

6 — Jly6oBEble neca ¢ IpeobaganueM 1yoa

Y 3UMHET0
- (- S 7 — I1IUpOKOJUCTBEHHBIE JIECA € TIPEOOIIaIaHIEM
i 8 — TIMXTOBbIE, IMXTOBO-EIOBBIE JIECa
9 — Cy6anbnmiickue Jyra, 60IbIIeH 9acThIO B

COUYETAHHH C 3apOCIIIMH POJIOICHAPOHA, C
KPHUBOJIECHSIMU PEIKOTIECHIMH

rasnodar

14

o

CrenHasi 30Ha 3aHMMAaeT OTHOCHUTEIBHO Y3KYIO MOJOCYy 3aKyOaHCKOM
HAKJIOHHON paBHUHBI. B HacTosII€e BpeMs MOYTH BCE CTEMU paclaxaHbl U 3aHSTHI
AHTPOTIOTEHHBIMUA  CEJIbCKOXO3AMCTBEHHBIMU  JaHmmadgramu. Ha — momsx
BBIPAIIMBAIOTCA 3€PHOBBIE M JPYIHE CEIbCKOXO3SMCTBEHHBIE KYJIbTYphl. JIUiib B
TPYIHOAOCTYITHBIX MECTaX BCTPEUYAIOTCS] TUIIMYHO CTENHbIE pacTeHus. Ha ydactkax
c OoJiee BIaKHBIMU MIOYBAMU B TPABOCTOW BXOJIAT KOPOTKOKOPHEBUIITHBIE 3JIAKH.

Jlecoctenb 3aHMMaeT PaBHUHHYKO 4YacTh Mexaypeubs benoir u JIaOsbl.
Bo3Hukia oHa, BEpOSTHO, B pe3yiibTaTe BRIPYOKH TyOOBBIX JIECOB, KOTOPHIE €IIIE B
nepBoil monoBuHe XIX croyeTHs MOKphIBaIM Bce JieBoOepexkbe peku KyOanwu.
B Hacrosimee Bpemsi CTEMHBIE YYAacTKH MOYTH MOJHOCTBIO pacnaxaHbl. JlecHas
pPacTUTENBHOCTh JIECOCTENHOM 30HBI MPUYPOYEHA K TMOHMKEHHBIM Y4acTKaM
MECTHOCTM U JojauHaM pek. [lo cocTtaBy OHU SBISIOTCS  CMEIIAHHBIMU
IIMPOKOJIUCTBEHHBIMHU. B HUX O0TaThiil TPaBsHOM MOKPOB.

[TotMbI peKk CONMPOBOXKIAKOTCS MMOWMEHHBIMH JIECAMM, 3AJIMBHBIMH JIyTaMHu,
y4acTKaMU JIyTOBO-00JIOTHOM pacTUTeNbHOCTU. [ToiiMeHHBIE JIeca JIeBBIX MPUTOKOB
Kybanu 4pesBbuaitHo pa3zHooOpasnbl. Jleca 3anuBaeMoil 4YacTH  MOWMBI
XapaKTEPU3YOTCS IECTPOTOM COCTABA IPEBOCTOSI U PEAKUM TPABSIHBIM ITOKPOBOM.

[IpearopHo-iecocTenHas MUPOTHAS 30HA FOkKHEEe T. Malikona MOCTENEeHHO
NepexXoAuT B JIaHAAPThl BBICOTHBIX MOSICOB.

JlecHoii mosic pacunensiercs Ha Huszkoropssle (300-500 M Haj ypoBHEM
mopst) u cpeaneropusie (1000-2000 m), Beicokoropusie (ot 10001200 mo 1800—
2000 m) neca. Ha BeicoTe 450-500 M 1y00oBBIE Jieca CMEHSIOTCS MOSICOM OYKOBBIX
necoB. [IpouspactaroT Takke 1y0 CKaJIbHBIN U rpad KaBKa3CKUil.
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B cpenneropnre pacmpocTpaHeHbl OYKOBO-TIMXTOBBICE W IHXTOBBIE Jeca.
B BBICOKOTOpHBIE TEMHOXBOWHBIE Jieca MPOHUKAET €1b BOCTOYHAS — ATO 3aMaHbINA
Kpau ee apeaia.

Bricoty 1700-2000 M Ha rpaHHIle TOPHBIX JECOB U CYOATBITMHCKUX JIYTOB
y3KOU mosiocoit oopamiisieT 6epe3oBoe u OykoBoe KpuBoseche. Cybanpnuiickue
ayra (1800-2500 m) odeHb pa3zHOOOpa3HBI MO COCTaBY. 3/I€Ch Ha TPaHUIE C
JeCOM pPa3BUBAETCSA BBICOKOTPaBbE — COOOIIECTBO TUTAHTCKUX TPaB,
JOCTUTAIOMNX 2—3 M BBICOTHI. AIBITUUCKHI TTOSIC TpoCcTUpaeTcs ¢ BeicoT 2000—
2400 mo 2600—2800 m. CyOHMBaJIBHBIN U HUBAIBHBIN MMOSICA HAYMHAIOTCS BBIIIIE
2900-3000 m. 3mech BCTpedarOTCAs JIHIIbL TMSATHA JIUIMIAHHUKOB, MXOB,
crienu(UIECKUX PAaCTEHUM CKal U OCHITICH.

N3menunBocth unaexca NDVI

TpaguimmoHHO COCTaBICHUE KapT PACTUTEIHLHOTO MOKPOBA TMPOU3BOIMIOCH HA
OCHOBE JITAHHBIX IOJIEBBIX MCCIICOBAHUM HA KIIOYEBBIX YYACTKAX U SKCTPAOJISAIIUU
MOJIyYEHHBIX PE3yJbTATOB HA YYACTKH CO CXOAHBIMU (DU3HUKO-TeorpaduuecKuMu
xapaktepucTukamu. OJIHAKO COYeTaHHE HAa3eMHBIX HCCIEIOBAHUN PACTUTEIHLHOTO
MOKpOBa ¢ aHalM30M JaHHBIX J133 mo3BossieT co3/aBaTh KapThl 0OJiee BHICOKOM
TOYHOCTH, YEM IPH UCTIOJIb30BAHUU TOJIBKO OJTHOTO MOJIEBBIX UCceAoBanuii [1]. 3to
MO3BOJIUJIO CO3/1aTh KapThl pacmpesneneHus Ha 3amagHoMm KaBkaze JeCHBIX
COOOIIIECTB C JIOMUHUPOBAHUEM OIPEICICHHBIX BHUJIOB JCPEBHEB, OIpeesieHa
COBpEMEHHAs TPaHMIIA CTUIOITHBIX JIECHBIX MAaCCHBOB, a TAK)KE pa3MeleHue u hopma
00e3JIECEHHBIX YYacCTKOB B WX IMpeiAesiaX, KOTOPhIe, MOTYT MPEACTaBIATH IS
IKOJIOTOB CaMOCTOSTENILHBIN MHTEPEC. B 4acTHOCTH, Kak OCHOBA 11 MOHUTOPHHTA
JICCHOW PACTUTEIHHOCTH M SKOJIOTHUECKUX MCCIEAOBAHUNA PA3TMYHOTO TPOQHIIA.

Ananmu3 u3meHuuBoctu uHAekca NDVI, paccuuTtaHHOro mo OTJEIbHBIM
caumkam Operational Land Imager cnyrauka Landsat-8, mokasair cooTBeTcTBHE
JIAaHHBIX MOJIeBBIX HccneaoBanuii u gaHubIX 133, Mugekc NDVI paccunTsiBancs mo
nanaeiM kanana 4 RED (0,64-0,67 mxm) u kanmama 5 NIR (0,85-0,88 mxm) ¢
MPOCTPAHCTBEHHBIM pa3peuieHuem 30 M.

Ce30HHAS U MeKT0/10Basi U3MEHYNBOCTH

JlJ1s aHanM3a CE30HHOM M MEXKIOJIOBOM HM3MEHYMBOCTHM HHAckca NDVI
teppuropusi PecryOnnku Anbirest B COOTBETCTBUU € IIU(PPOBON MOJIEIBIO penbeda
[18] O6b1ma pa3burta Ha Tpu yacTH (puc. 3): | — paBHUHHAS YacTh C BHICOTOM penbeda
menee 150 m, Il — mpenropuas gactsk ¢ BeicoTol penbeda B npeaenax 150—400 m,
Il — ropras gacthb ¢ BeicoTOM penbeda 6omee 400 m.

Jlnst uccnenoBanusi ObUTH BBIOpaHbl gaHHbIe poekta PROBA-V (PROBA-
Vegetation), koTopslii 00beAMHUI B cebe naHHbie [[33 B BUAMMOM auamna3oHe
cnytHukoB cepun SPOT (Satellite Pour 1’Observation de la Terre) ¢ 1999 no
Hacrosee Bpems [11]. Mel ucnons3oBanu ganaeie NDVI ¢ npoctpaHcTBEHHBIM
paspetienrem 300 m.

AHanu3 rmokasai, 4To I BCeX JacTeil m3MeHunBocTh HHAekca NDVI Hocur
SPKO BBIPAYKEHHBIN CE30HHBIN XapakTep (puc. 4, 5).

N3menunBocth uHaexkca NDVI B paBHUHHOM YacTH

B paBHMHHOI YyacTH cpeiHee MHOTOJIETHEE MUHUMAJILHOE 3HAUCHUE HHIEKCA
NDVI 0,3360 na6mrogaercst 3umoit (puc. 4) (tabm. 2). DTo CBSI3aHO C TE€M, YTO
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JAHHBIN PETHOH SIBIISIETCS CEITLCKOX03MCTBEHHBIM (0oitee 88% ot tutommanu [18]),
IJIe B 9TO BpeMsl rojia OOJILITUHCTBO MOJIEH ¥ PUCOBBIC YEKH HaXOSATCS IO ITapoM,
T.C. BCIIaXaHBbl.

The Republic of Adygea
Territory Division
According to Local Relief

B4

Apsheronsk
[]

\ S Puc. 3. Jlenenue Teppuropun
E \ PecriyOnuku Agpires o penbedy
o ) [18]:

|- paBHHHHAA 9aCTb C BBICOTOM

e penbeda menee 150 M,
Il — mpenropHasi 4acThb ¢ BBICOTOU
penbeda B mpenenax 150-400 wm,

Lo e ] e Il — ropHas 4acTh ¢ BBICOTOM
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Date (year) AI[I)IFC?[ [19]

Cpennsis TemnepaTtypa Bo3ayxa 3uMol (IekaOpb—(heBpaib) B 3TOM PETHOHE
coctapysieT -2,9°C. IIpoaoBKUTENRHOCTh 3UMHETO MIEPUOAA COCTABISIET OKOJIO 53
nHel: B cpeaHeM ¢ 24 nexaOps mo 15 deBpans, A KOTOPOro XapakTEpHbI
3HAYUTEJIbHBIE U MPOAOJLKUTENbHbIE oTTenenu [16]. [lo »Toll mpuumHe MHIEKC
NDVI 3umoii (nexadbpb—heBpaiib) uamensres B npeneiax 0,2095-0,5663 (puc. 5a)
(tabum. 2). B mepuoz ¢ 1999 mo 2019 roasl MuHuManbHOE 3HadeHre nHackca NDVI
0,2095 mabmomanocs B depane 2012 r., a makcumanbaoe — 0,5663 B mekabpe
2003 r. 3uma 2011-2012 6b1ma 0THOM U3 CAMBIX XOJIOHBIX. [[HEBHBIE TEeMITepaTyphI
omyckanuchk 10 -13°C, a Hounsle — 10 -19°C. 3uma 2002-2003 ogHOI U3 TEIIIBIX
3uM 3a nepuoA ¢ 1999 no 2019 rr. OTcyTcTBHE CHEXHOrO MOKPOBA U TEILIas 3UuMa
NO3BOJIWIA O3UMBIM (OCHOBHOW CEJIBCKOXO3SMCTBEHHOM KyJIbTYpE JaHHOTO
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pernoHa) pa3BUBaThCsl Oojiee aKTUBHO M UMETh OOJNbLIyI0 (hUuTOMaccy, Ha 4TO
YKa3bIBAET BBICOKOE 3HaUeHUE nHaekca NDVI.
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+0.0021 per year
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Puc. 5. Bpemennas n3menunBocts ungekca NDVI s pasubix pernonos PecniyOnviku Anpires:
(a) — paBHMHHasA 4acTh C BbICOTOU penbeda menee 150 M, (6) — mpearopHas 4acTh ¢ BBICOTOM
penbeda B npenenax 150—400 M, (B) — ropHas 4acTh ¢ BEICOTOM penbeda 6omee 400 m [19]

Hauyunas ¢ ¢eBpans no mait ungekc NDVI cTpemuTtenbHo pacTeT co
ckopoctbio 0,1304 B Mecsill U TOCTUTAET CPEAHETO MHOTOJIETHETO MAKCUMAIBHOTO
3HaueHust uajaekca NDVI 0,7220 B utone (Puc. 4) (Tabmauna 2).

Cpennsisi  TeMmreparypa Bo3ayxa JieToM (uioiab—aBryct) +22.9°C [16].
bnaronpusTHbIE TMOTOAHBIE YCIOBHUS CTUMYJIUPYIOT aKTHBHBIM pPOCT OHMOMAacChl
CEJIbCKOXO35MCTBEHHBIX KyJbTYp. JleToMm (MtoHp—aBryct) uaaekc NDVI uzmensarcs B
npeaenax 0,5201-0,7695 (tad:. 2). 3a mepuos ¢ 1999 mo 2019 roasl MUHHMMATIBHOE
snauenue uaaexca NDVI 0,5201 nabmonanocs B aBrycte 2001 ., a MaKCUMaIbHOE —
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0,7695 B utone 2008 r. Jlero 2001 3a mepuox ¢ ¢ 1999 mo 2019 roxer 6su10 GOINIEE
3aCylUIMBOE, YTO MPUBEIIO K CAaMOMY HU3KOMY 3HadueHUr0 uHjekca NDVI. Jletom
2008 roma TeMriepatypa Bo3lyxa usmeHsiace B npenaenax 21-36°C nuem u 19-31°C
HOYBIO, 4YTO B  COBOKYIMHOCTH ¢  ocagkamu (378 MM)  TO3BOJIAJIO

CEJIbCKOXO3SMCTBEHHBIM KyJIbTYypaM aKTUBHO HaOUpaTh (huTOMAaccy.
Tabnuna 2
DKCTpeMallbHbIE U CpelHhE cpeaHeMecssunble 3HaueHue uuaexca NDVI mis paznuanbix
peruonoB Pecriyonuku Anpires [19]

PaBuuHHas yacThb IIpenropHas yacts I'opnas uactb
Mecs (BbIcoTa penbeda < 150 m) (BbIcoTa penbeda 150400 m) (BbIcoTa penbeda > 400 m)
H Munu- | Cpennee | MakcumyM | MuaumyM | Cpennee | Makcumym | MunumyM | Cpensee | Makcumym
MyM

SlHBapsb 0,2734 | 0,3685 0,5128 0,3221 | 0,4102 0,5447 0,3669 | 0,4205 | 0,5173
Despans | 0,2095 | 0,3360 0,3835 0,2901 | 0,3882 0,4262 0,3056 | 0,4087 | 0,4645

Maprt 0,2988 | 0,3909 0,5065 0,3236 | 0,4325 0,5288 0,3299 | 0,4271 | 0,5096
Anpens 0,4161 | 0,5459 0,6545 0,4669 | 0,5888 0,7100 0,4807 | 0,5575 | 0,6623
Maii 0,6347 | 0,7189 0,7865 0,7517 | 0,8029 0,8471 0,7594 | 0,8185 | 0,8690
UroHb 0,6340 | 0,7220 0,7695 0,7562 | 0,8101 0,8502 0,8414 | 0,9069 | 0,9458
Uronb 0,6056 | 0,6764 0,7514 0,6951 | 0,7642 0,8243 0,8829 | 0,9208 | 0,9445

ABryct 0,5201 | 0,6259 0,7129 0,6252 | 0,7357 0,7998 0,8553 | 0,9115 | 0,9357
Centsi6ps |  0,5246 | 0,5615 0,6741 0,6629 | 0,6941 0,7767 0,8200 | 0,8735 | 0,9155
Oxta6ps | 0,4494 | 0,5146 0,6090 0,5584 | 0,6340 0,7112 0,6410 | 0,7382 | 0,8081
Hos6ps 0,3463 | 0,4651 0,6157 0,4223 | 0,5263 0,6163 0,5099 | 0,5790 | 0,6739
Hexabpp | 0,2657 | 0,4359 0,5663 0,3901 | 0,5072 0,6018 0,3630 | 0,5072 | 0,5841

C uronist u o HOs1IOpB uHAEKC NDVI MeyienHo najiaet co ckopocThio -0.0524 B
MECSII ¥ JOCTHTaeT CPETHEr0 MHOTOJICTHETO MHHUMYMa 3uMO# (puc. 4) (Tabm. 2).

MexrogoBasgd m3MeHUHMBOCTH mHAekca NDVI gBisteTcs MOJOKUTEILHOU U
cocraBisieT 10,0021 B rox (puc. 5a).

HN3menunBocth nHaexca NDVI B npearopuoi yacru

B npenropHoii yactu cpeiHee MHOTOJIETHEE MUHUMAIbHOE 3HAUEHHE MHJIEKCA
NDVI 0,3882 tarxe Habmromaercs 3uMoi (puc. 4) (tadi. 2). OHaKo OH BBIIIIE, YEM B
PaBHUHHOM YaCTH, TOTOMY YTO KPOME 3€MEJIb CEJIbCKOXO035IICTBEHHOTO HA3HAYEHUS U
nactou (okoso 80% ot miomamu [11]) 3mech pacnonaokeHbl 3apOCI MHOTOJIETHHX
KYCTapHUKOB U IMPOKOJUCTBEHHBIE Jieca (puc. 2).

Cpennsisi TemmnepaTrypa Bo3ayxa 3uMoH (Jiekabpb—(heBpaib) B 5TOM PETHOHE
coctapisier -2,4°C. IIpoaoKUTENBHOCTh 3UMHETO IEPUOJIa COCTABISET OKOJO
69 nneit: B cpemneM ¢ 30 HOSOpsI o0 8 deBpas, AT KOTOPOTO TAKIKE XapaKTEPHBI
3HAYUTEJIbHBIE U TPOAOJDKUTENbHBIEC OTTEeneNu [16].

3umoit (nexabpb—deBpanib) ungekc NDVI usmensarcs B npenenax 0,2901—
0,6018 (puc. 5b) (tadm. 2). B neproa ¢ 1999 no 2019 roabl MUHUMAIbHOE 3HAYCHHE
unaexkca NDVI 0.2901 na6mronanock B deBpaine 2000 r., HECMOTpsI Ha TO, YTO 3UMa
1999-2000 Opima omHOW W3 caMbIX TEIUIBIX B JIAHHOM pervoHe. J[HeBHbIC
TEMIIEPATYPHI OITycKanuch 10 -5°C, a HouHble — 10 -10°C. MakcuManbHOE 3HaYEHUE
ungaekca NDVI 0.6018 nabmomanocs B aekadbpe 2003 r. 3uma 2003-2004 Obuta
TaK)Ke OJIHOM M3 TeIIbIX 3uM 3a niepuo ¢ 1999 o 2019 rr. OTcyTcTBUE CHEXHOTO
MOKPOBa W TEIUIasg 3WMa TMO3BOJMWIA 0oJiee AaKTUBHO Pa3BUBATHCS O3WMbBIM
CEJIbCKOXO3SMCTBEHHBIM KYJIBTYpaM W HapaluBaTh GUTOMACCY.
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Haunnas ¢ ¢eBpans mo mait mnpekc NDVI crpemurtensHO pacter co
ckopocthio 0,14 B Mecsill U IOCTUTAET CPEAHEr0 MHOTOJIETHETO MAaKCHUMAaJbHOTO
snaueHus uHaekca NDVI 0,8101 B utone (puc. 4) (tadi. 2).

Cpennsisi TeMmrieparypa Bo3ayxa JeToMm (uroib—aBrycr) +22,3°C [16].
braronpusTHble MOTOJHBIE YCIOBUS CTUMYJIUPYIOT aKTHUBHBI pOCT OHOMAaCChHI
CEJIbCKOXO3SIICTBEHHBIX KYJIBTYpP M IIMPOKOJUCTBEHHBIX JiecOB. JleToM (MIOHB—
aBryct) unaekc NDVI usmensrcs B npenenax 0,6252-0,8502 (Tabum. 2). 3a nepuon
¢ 1999 o 2019 rr. MuanManbpHOe 3HaueHue nHaekca NDVI 0,6252 nva6iromanocsk B
asrycte 2001 r., a makcumanbHoe — 0,8502 B utone 2012 r. Kak yxe ormedanocs,
aeto 2001 r. 6suT0 G0s€e 3acynuinBoe 3a mepuoa ¢ 1999 no 2019 rr., 4to Takxke
IIPUBEJIO K CAMOMY HHU3KOMY 3HaueHHIo nHjaekca NDVI kak 1 B paBHUHHOM 4acTH.
Jlerom 2012 r. TemmniepaTypa Bo3ayxa usmMeHsuiach B npeaenax 19-36°C guem u 16—
29°C HOYBIO, 4YTO B COBOKYIMHOCTH C ocagkamud (352 MM) MO3BOJUIIO
CEJIbCKOXO3SIICTBEHHBIM KYJIbTYpaM M IMIUPOKOJMCTBEHHBIM JEPEBBSIM AKTHUBHO
HaOupath GpuTomMaccy.

C utons u o HosiOps uHAeKec NDVI memienno nagaer co ckopoctsio -0,0529 B
MECSI] U IOCTHIAeT CPEAHEr0 MHOTOJICTHETO MUHUMYMa 3UMO (pHc. 4) (Tab. 2).

MexronoBass  u3MeHUMBOCTH  uHAekca NDVI  rtakke  sBisgercs
noJoXxuTeabHol u cocrapimseT +0.0022 B rox (puc. 5b), yTo UyTh BBIIIE, YeM B
PaBHUHHOM YaCTH.

HN3menuunBocth unaexca NDVI B ropHoit yactu

B ropHo#t wactu cpenHee MHOTOJIETHEE MUHHUMAaIbHOE 3HAUYCHUE HHJIEKCA
NDVI 0,0487 Taxxe HaOmonaetcst 3uMon (puc. 4) (tadia. 2). OnHaKo OH BhIIIE, YEM
B JpPYrMX 4YacTsiX, MOTOMY 4YTO 3/IECb B OCHOBHOM pAacCIlOJIOKE€HbI JYyOOBEIE,
HIMPOKOJIMCTBEHHBIC, MHUXTOBBIE M THUXTOBO-EJIOBBIC Ji€Ca, a TaKXE 3apociiv
MHOTOJICTHUX KYCTapPHHUKOB BJIOJIb PEUHBIX TOWM (pHC. 2).

Ha paccrosauu ot Matikona (210 m Hag y.m.) no I'y3zepuris (760 M Hag y.Mm.)
CpeaHsisi MecsiuHasi TeMiieparypa 3umoit cHmxkaercs ¢ —1.7°C no —2.2°C [16].

3umoii (nexadbpb—despanp) uaaexkc NDVI uzmenstes B npenenax 0.3056—
0.5841 (puc. 5¢) (tada. 2). B nepuoa ¢ 1999 mo 2019 rr. MUHMMAaIBLHOE 3HAYCHHE
unaekca NDVI 0,3056 na6mronanock B ssHBape 2000 1., HECMOTpPS Ha TO, YTO 3UMa
19992000 Obuta omHOM |3 caMbIX TEIUIBIX B JaHHOM peruoHe. JIHEeBHBIC
TeMIepaTypbl onyckanuch A0 -9°C, a Hounble — 10 -21°C. MakcuMallbHOE 3HaUYCHHE
unaekca NDVI 0,5841 mabmomanochk B aekadpe 2012 r. 3uma 2011-2012 Obuia
TAKK€ OJTHOM M3 TEIUIbIX 3UM 3a nepuof ¢ 1999 o 2019 rr.

Hauunas ¢ ¢eBpans no uroHb uHiaekc NDVI crpemurtensHo pacter co
ckopocTtbto 0,17 B Mecsll U JOCTUTaeT CPEAHEr0 MHOTOJIETHETO MAaKCUMAJIbHOTO
3HaueHus uajaexkca NDVI 0,9208 B utone (puc. 4) (tadm. 2).

Cpennsisi Temreparypa Bo3ayxa JetoMm (utosb—aBrycr) +19,2°C [16].
braronpusTHbIE TOTOJHBIE YCIOBUS CTUMYJIUPYIOT aKTHBHBIM POCT OHOMACCHI
JIECOB, PACIIOI0KEHHBIX HA CKJIOHAX HEBBICOKUX rop. JIETOM (MIOHb—aBI'yCT) UHIEKC
NDVI usmensrcs B npeaenax 0,8414-0,9458 (tadm. 2). 3a meproa ¢ 1999 mo 2019
roapl MUHUMalbHOE 3HaueHne wuHaekca NDVI 0,8414 nHaOmromanoch B HIOHE
2001 r., a makcumaibHOEe — 0,9458 B mrone 2012 T.
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C urons u no HostOpb uHIeKc NDVI Mennenno nanaer co ckopoctsio -0,1103 B
MECSII ¥ JJOCTHIaeT CPETHEr0 MHOTOJIETHETO MUHUMYMa 3uMO# (puc. 4) (Tabm. 2).

Mexronosas n3MeHUnBOCTh MHAEKca NDVI Takke sBiIsSeTcs NOJ0KUTEIIBHON
u cocransteT +0.0021 B rox (puc. 5¢), Tak e Kak U B pABHUHHOMN YacTH.

3akioueHue

Hcnonb30oBaH sl  MCCIEAOBAaHUA IPOCTPAHCTBEHHOM UM BPEMEHHOU
M3MEHYMBOCTU PACTUTENILHOTO MOKpoBa B PecnyOiuke Anpirest ObUT UCIOJIb30BaH
HOPMAaJIN30BaHHBIN MHIEKC U3MEHUYMBOCTH pacTuTeabHocTu (NDVI), nonydeHHbi
Ha OCHOBE JIAHHBIX JUCTAaHIMOHHOTO 30HIUPOBAHUS.

Cesonnas u mexroaoBas (1999-2019 rr.) usmenuuBocts nHIeKkca NDVI mist
Tepputopun PecnyOnukn Appiress vcciieioBajgach OTHENBHO I TPEX YacTen
pecnyOnuku: 1) paBHUHHAs 4acTh C BBICOTOM penbeda meree 150 m; 2) npenropHas
4acTh C BBICOTOM penbeda B mpenenax 150—400 m; 3) ropHas 9acTh ¢ BBICOTOU
penseda Gonee 400 M. st aTOro uccienoBaHus ObUIM BBIOpaHBI CIYTHUKOBBIE
nanabie SPOT mpoektra PROBA-V (PROBA-Vegetation) ¢ mpocTpaHCTBECHHBIM
paspemieareM 300 M. AHanu3 mokaszan, 4TO ISl BCEX YYacCTKOB TEPPUTOPUH
PecniyOnuku Anpirest u3mMeHYnBOCTh MHAekca NDVI umeer sipko BBIpaKeHHBIN
CE30HHBIA XapaKTep, CBSA3aHHBIA KaK C €CTECTBEHHON CE30HHOM M3MEHYMBOCTHIO
PacTUTENIBHOTO MOKpOBA, TaK U C CE30HHOM U3MEHYHUBOCTHIO
CEJIbCKOXO3SIICTBEHHOM JesiTebHOCTH. OCOOEHHOCTH MEXKI0JI0BOM U3MEHUYHNBOCTH
NDVI (makcuManbHble 1 MUHUMaJIbHbIE 3HAUEHUS] B PAa3HbIE CE30HBI) CBSI3AHBI C
U3BECTHBIMU  CIIy4asiMM  MSITKOM  WJM  XOJIOOHOM 3MMBI, a TaKXke C
3aCYIUTMBBIM/>KapKUM WJTU BIIaKHBIM JieToM 1999-2019 rr. B ienom, Bce Tpu yactu
pecnyOJIuKH IEMOHCTPUPYIOT MOJOXKHUTENIbHYIO TMHAMHUKY U3MeHuYnBocTH NDVI Ha
0,0021 B rox (unu yBenuueHue npumepHo Ha 10% 3a mocnegnue 20 jner), 4ro,
BEPOSITHO, 00BsACHSAETCS NOTETUIEHUEM PErMOHATIBHOTO KJIUMATa,
OJaronpUsTCTBYIOUIMM XOpOILIEMY COCTOSHUIO. M IPOrPECCUBHOE pPAa3BUTHE
pPacCTUTEILHOTO MOKPOBA.

Hanpuetimue wuccnenoBanuss NDVI s Pecnybnuku  Anpirest o4yeHb
MHOT0O0€IIAIe W JIOJDKHBI TPOBOJUTHCA B TECHOM COTPYAHMYECTBE CO
CHEIUATNCTaMH B 00JIACTH CEITbCKOTO XO3SMCTBA, JIECHOTO X03SiCTBA, OOTAHUKH U
JPYTUMHU DKCHEpTaMH B O0OJACTH 3€MEIbHOTO U PACTUTEIHLHOTO TOKPOBA.
[IpakTuueckne TPUIOKEHUS JOJKHBI OBITH COCPEIOTOYEHBI Ha pa3paboTke
CUCTEMBI CEJICKOXO35MCTBEHHOIO MOHHUTOpPUHIA, KOTOpass OyneT BKIIOYATh
METO/bl JUCTAHIMOHHOTO 30HAMPOBAHUSA 3€MJIM C BBICOKUM pa3pelIEHUEM, IS
arponpOMBIIIIEHHOTO KoMmIliekca PecryOnnku Anibirest. 3T0 MO3BOJIUT ONPEIETUTh
IUIOIAA  3€MEIb M TOCEBOB, COCTOSIHUE PACTEHUW U YpPOKAUHOCTH
CEJIbCKOXO3MCTBEHHBIX KYJIbTYyp. IIpOrHo3 ypokalHOCTH pa3jauyHBIX KYJIbTYp
Oynetr uMmerb Oosnblnoe 3HaueHue ais I[IpaBuTenbcTBa pecnmyONHMKHA C IEJNIBIO
KOHTPOJISI TTOTCHIIMAIIbHOW CTENEHU HATOJHEHUs PBhIHKA W Pa3pabOTKU Mep TI0
CTaOMIN3aIMN YPOBHS PEHTA0CTBHOCTH CENIbX03MPOU3BOAUTENCH.

Paboma C.A. Jlebeoesa (obpabomka CcnymuHuKogvlx OaHHbIX) ObLIA

8bINOIHEHA 8 pamKax 0100xcemHno20 Gunancuposanus Ieoguzuueckozo yenmpa
PAH u npoexmy PO®U Ne 19-55-80021 BPUKC.
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TPAHCO®OPMAILIUA BOJOOBECIIEYEHHOCTH
IMPOBUHIINI NCIIAHUN
E.®. Jlepuep
len.ler1903@gmail.com
Mockosckuii eocyoapcmeerntulil yHusepcumem um. M. B. Jlomonocosa
Poccus, 2. Mockea

B nacTosiimee Bpems B Mupe nucOanaHc MEXIy PacTyIIUMHA TMOTPEOHOCTIMH
B BOJIE€ M BO3MOKHOCTSIM UX yJIOBJIETBOPEHUS NOCTOSHHO HapacTaet. [y Ucnanuwy,
OJTHOM M3 CaMbIX 3aCYIUIMBBIX €BPONEHCKHUX CTpaH, 3Ta MpodIeMa SBISETCS OYCHb
aktyanbHOU. [ToaTOMy jutst TIOBBIIEHUS 3(PHEKTHBHOCTH MCIOIB30BaHUS BOTHBIX
pecypcoB TpeOyrOTCsi KOMIUIEKCHAsl OIlleHKa BojaooOecneueHHocTH Hcmanuu u
dakTopoB ee Tpanchopmaruu [3].

JUist W3y4deHusT OCHOBHBIX MPUPOAHBIX (HAKTOpoB (popMuUpoBaHUS U
pacrpeiesieHds BOAHBIX pecypcoB 1o Tepputropuu Mcmanuu ObUTH UCTIOIBb30BaHbI
reorpaduyeckue nHGOPMAIIMOHHBIE CUCTEMbI MUHUCTEPCTBA OKPYKAIOIIEH CPEIbl
Wcmanuu, cratuctuueckue Oaspl AaHHBIX [1, 5, 6, 7], apXuBBl MHOT'OJICTHHX
HabmoaeHui [2, 4].

Pacder KONMYECTBEHHBIX TIOKa3aTElIEd IO TEPPUTOPUU TMPOBOJIUIICS
cpenctBamu mporpammHoro mnakera ArcMap. Kaprorpaduueckue nzoOpaxeHus,
MOJyYEHHBIE HA OCHOBE JaHHBIX MuHucTtepcTBa Okonoruun Mcmanum [7],
coaepkani HMHPOPMAIMIO O TOA3EMHOM, MOBEPXHOCTHOM M TPaHCTPAaHUYHOM
CTOKE, KOJIMYECTBE OCAJIKOB, UCTIAPEHUH 1 UCTIApSIEMOCTU Ha TeppuTopun Mcranumu.

[To mnoxazaTensiM yAelIbHOM BOJIOOOECTIEYEHHOCTH B COOTBETCTBUM C
METOJMKOM WHJIEKCUPOBAHUSI BOJHOTO cTpecca PajrkeHMapK, MPOBUHIMU ObLIN
nojpas/eiaeHbl Ha 4 KaTErOpUH.

CyMMapHBbIii CTOK M ynenbHas BOJA000ECTICUeHHOCTh MpoBUHIMN Mcnanuu
ABJISIIOTCS] YHUBEPCAIbHBIMY TTOKA3aTEISIMU JJIs1 TPOBEACHUS NAJIbHEHIIIET0 aHAIN3a
u parioHnpoBaHus. CorjiacHO NOJYYEHHBIM JIaHHBIM, HAJIUYHE 3HAUYUTEIbHBIX
00BEMOB BOJIHBIX PECYPCOB HE BCETJa OINPEAEIIAET BHICOKUE MOKA3aTeNN Ha JTyITy
HacesieHus. 16 mpoOBUMHIMN MOABEPKEHBI BOAHOMY CTpecCy, a 9 U3 HUX HUMEIOT
3HAUMTENbHBIN BomoAedunut. Illokazarenu yaenbHONH BOAOOOECTICUEHHOCTH
BapeUpyIOT OoT 139 1o 20933 M%/uen. B ron. Ilpum 5TOM MeauaHHBINA MOKA3aTellb
BOJI000€CTICUeHHOCTH 11 Vcrianuu Ha MOPSI 0K HUXKE MUPOBOTO, COCTABIISIOIIETO
7400 m%/gen. B rox [2].

Ucnanun 15 MIH 4YenoBeK MPOXKHUBAIOT B YCIOBUAX aOCOJIOTHOTO
Bogoaedunura, umess Meree 500 M BOAHBIX pecypcoB B rof. Oco6o SpKO JaHHbIA
(bakTop MPOSIBIISIETCS B CTOJIMYHOM M OCTPOBHBIX pernoHax. OKoJio 2,5 MITH 4eI0BeK
WCIIBITBIBAIOT BOJIOACHUIINT, XapaKTEPHbI B OCHOBHOM JIJIsl FOXKHBIX TTPUOPEKHBIX
paiioHoB. Emé€ 6 MIIH. 4eloBEeK MPOXKMBAIOT B PETHMOHAX C BOJIHBIM cTpeccom. U
TOJIBKO MEHEE TIOJIOBUHBI HacelieHus VicmaHuu mpoKuBarOT B peTHOHAX CO ClIa0bIM
BOJITHBIM CTPECCOM WJIU €r0 OTCYTCTBHEM.

Ha ocHoBanuu maHHBIX 00 yJIeIbHON BOJA00OECTIEUEHHOCTH 52 MPOBUHIIUU
CTpaHbl ObUIM OOBEAWHEHHI B 7 PANOHOB, HMEIONIUX CXOXHUE (aKTOPHI
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dbopMHpOBaHUS CTOKAa H OCAJKOB, BHUIBI XO3SMCTBEHHOTO OCBOCHHS W
NoTeHIMaIbHbIE (PaKTOPBI TpaHChHOPMAIIMU BO1000ECTIEUEHHOCTH.

Wcnanust o6nanaer JOCTATOYHBIMU 3allacaMy BOJHBIX PECYPCOB, KOTOPBIE
pacmpeniesieHbl [0 TEPPUTOPUM  HEPAaBHOMEPHO. MakcuMalbHbIE — 3amnachl
COCPEIOTOYEHBl B CEBEPHOM YACTH CTpPaHbl, KOTOpas SBIAETCS HaMMEHEE
Hacen€HHOW. [Ipm mnepeMelleHnr B FOKHOM HAIIPaBICHUM YBEJIMYHMBAKOTCS
MOKA3aTeM WCIAPEHHs, YMEHBIIAETCA KOJIMYECTBO OCAJKOB, BO3pPaCTAIOT
TYPUCTUYECKUI MHTEPEC U IIIOTHOCTh HACEICHUS.

Takum oO6pazom:

1. IIpn CPaBHEHUH Cc MHPOBBIMHA  TIOKa3aTEIsIMH  yJIEJIbHOU
BOJI000€cTieueHHOCTH Vcrianus B 1IEJIOM XapaKTEepPU3yeTCs CPEITHUMU 3HAUCHUSIMU,
OJTHAKO BEJIMK TUCOAIAHC MEKIY CEBEPHBIMHU M OKHBIMH PETHOHAMH, B KOTOPBIX
JTaHHBIE TTOKAa3aTeNn pa3HITCcs OoJiee, ueM B 25 pas.

2. Tepputoputo VMcnanuu MOXHO pa3feiauTh Ha 7 palOHOB MO YCIOBUSM
yAEIbHON BOJOOOECIEYCHHOCTHU, W3 HHUX TPU XaPAKTEPHUIYIOTCS HU30BITOUHBIM
YPOBHEM BOJI0OECTICUEHHOCTH, OJJUH MMEET JIOCTATOYHBIE BOJHBIE PECYPCHI, JBa
UCIIBITHIBAIOT BOJIHBIN CTPECC, OJMH — YETKO BBIPAXKEHHBIN BOIOACHHUITUT.

3. I'maBubIME (akTOpamMu TpaHChHOpMAIIUU BOJOOOECIICYEHHOCTH SIBJISIFOTCS:
M3MEHEHHS] KJIMMaTta M WX [OCIEICTBUS, MOCIEACTBUS MNPOMBIIIIEHHOTO
BOJIOTIOJIb30BAHUS,  CEJIbCKOXO3SMCTBEHHOE  BOJOIOJIb30BAaHUE, IOCIEICTBUS
KOMMYHaJIbHOIO XO35MCTBa, B TOM YHCIE KOJIEOAHUs CHpOoca Ha BOJY U €ro
CE30HHOCTb. Y BEIMYUBAETCS JUCOATAHC MEXITY BOJHBIMHU PECYPCAMU U CIIPOCOM Ha
Boay. ['maBHbIMU (hakTOpamu TpaHchopmaiuu BOAOOOECICUEHHOCTHU SIBIISIIOTCS:
JUISI CEBEPHBIX PETMOHOB — POCT YMCIEHHOCTH HACEJIEHHs B TOPOAAX; [ 3amajia u
LHEHTPaAJIbHON YaCTH — YMEHbIIEHUE KOJIMYECTBA OCAKOB; JIs FOra ¥ FOr0-BOCTOKA —
pPOCT TYPUCTHYECKOTO IMOTOKA, PA3BUTHE OPOIIAEMOT0 3€MJICIENHS, KTUMAaTUYECKUE
W3MEHEHHS.

Cnncok ureparypbl
1. Agencia Estatal de Meteorologia. [OnekrponHnsiii pecypc]. — Pexum pocryna:
http://www.aemet.es/es/portada. — ([lata ooparmenus: 08.12.2020).
2. FAO aquastat. [Dnektponnslit pecypc]. — Pexxum nocryma: http://fao.org/aquastat. —
(ara obparmienus: 08.12.2020).
3. Fayanas, E. El agua en Espafia. // Nueva Tribuna — 2011 — P. 3-5.

4. Hispagua. [DneKTpOHHBIN pecypc]. - Pexxum JIOCTyTa:
http://hispagua.cedex.es/datos/hidrografia#8. — ([/lara obpamenus: 20.12.2020).

5. Instituto  de  Estadistica. [Dnextponnsiii pecypc]. — Pexum  nmocryma:
http://www.ine.es/. — (Jlata oopamenus: 08.01.2020).

6. Ministerio de Medio Ambiente. [Dnekrponusiii pecypc]. — Pexum goctyma:

http://www.minambiente.gov.co/. — ([lata obpamienus: 08.12.2020).
7. Ministerio para la Transicién Ecolégica. [DnexkTponHsIii pecypc]. — Pexxum mocryma:
https://www.miteco.gob.es/. — ([lara oopamenus: 08.01.2020).

23


http://fao.org/aquastat
http://hispagua.cedex.es/datos/hidrografia#8
http://www.ine.es/
http://www.minambiente.gov.co/
https://www.miteco.gob.es/

OCTAHOBUTD YTPATY BUOPA3ZHOOBPA3USA 1JISA OBECIIEYHEHUSA
YCTOUUYUBOCTHU SKOCUCTEM 3AIIAJTHOI'O KABKA3A U
3AITATHOT O ITPEAKABKA3bBS
C.A. JIuTBHHCKAas
linvinsky@yandex.ru
Kybanckuii cocyoapcmeennwiii ynusepcumem, Poccus, e. Kpacnooap

CoBpeMeHHbIN TI00ANbHBI KIUMAaTHUYECKUNA KPHU3UC 3aCTaBHJ HE TOJBKO
CTpaHbl, HO U PETUOHBI OOPATUTHCS K aHATTU3Y TITYOOKUX SKOJIOTHUECKHUX TMPOOIIeM.
OTO CTUMYJIHPOBAJIO IMOUCK HMHCTPYMEHTOB OIIEHKM OHMOpa3sHOOOpasusi U €ero
HKOCUCTEMHBIX YCIYT U JJI1 y4eTa 3TOM LEHHOCTH B Ka4e€CTBE MPEANOCHUIKH IS
COXpPaHEHHS U YCTOMUMUBOTO UCIOIb30BaHusA. Cnaboi CTOPOHOM MOUCKA PEIICHUS
npoOsieMbl  TJIO0AJBHOTO TOTEIUICHUS SBISETCS HENOOLIEHKA MPHPOJAHOTO
YTIIEPOAACTIOHUPYIOIIETO NOTEHIMAA, OTCYTCTBUE OLIEHKH CTOMMOCTH IPUPOIHBIX
KOCUCTEM M HUX HKOCUCTEMHBbIX yciyr. VIMeHHO oOpalieHue K NpUpOIHBIM
PELICHUSAM MOXET CIIOCOOCTBOBATh IOJOKUTENIBHBIM pe3yjibTaTaM B o0JacTu
OMopa3HOOOpa3us U JOCTHKEHUIO YIJIEpOJHO-HEUTpanbHbIX Lenei. ['mobdaabHbIe
Mepbl HEOOXOIUMBI JIJIs1 COXpaHEeHUs II100anbHOM OKpYyXkatoriei cpeasl. Ho kaxapiit
PErUOoH, ABISAACH YacThiO OMOC(Ephl, MOKET BHECTHU CBOIO JICNITY B PELICHUE 3TOU
BaXXHOW HKOJIOTMYECKOW NpoOJIEMbl U pealu3alud yCTOWYMBOTO Pa3BUTHUS
LUMBUJIA3ALIH.

3anagueii KaBkas u 3anagnoe [IpenkaBkazbe — yHUKaJIbHAS TEPPUTOPHS 10
HPKOCUCTEMHOMY M BHJIOBOMY Omopa3HooOpasuio. B permone cdopmupoBanach
Oorareiimass 6uora. bonbioe paznooOpasue (u3NKO-reorpapuuecKkux yciaoBuUM,
re0JIOTUYECKHE TMPOLIECCHl CO3/alii  CIIOKHBbIE OHOoreorpauyeckue CBA3U C
MPWIETAIOIMMU K HEMY TEPPUTOPUSIMU. 3[ECh HAIUIM NOAXOMASIINE YCIOBUS IS
CYILECTBOBAHMSI BECbMa pAa3JUYHBIC [0 MPOUCXOKICHUIO BHUJBl PACTCHUN H
KUBOTHBIX, COCTABIISIIOIIME TeHETUUECKH criennduueckrue Komiuiekcsl. [locneanue
NOJIBEPTAJIUCH 3BOJIOLMOHHBIM TMPEoOpa3oBaHUsIM M COCTaBWIM HKOJIOTHYECKU
ycToituuBbie coobmectBa. [lo manubiM Ha 1970 1. Ha Teppuropuu 3aragHOIO
Kaskaza u 3amagnoro IlpenxaBkasbs Ha miomanu 83,3 Teic. kM? (TeppuTopus
Kpacuomapckoro kpass u PecnyOnmuku Agnpires) Obuto ormeueno 2813 Bumos
npupoaHoi diopsl [1]. Hammmu ucciaenoBaHus MU yCTaHOBJICHO MPOU3PACTaHUE
okoJio 3500 Bu10B cocyaucThix pacteHuid. [lokazarensHo, uTo 6osiee 65% peakux
BHUJIOB DPACTEHUW, MOMJIekKamux oxpaHe B Pd cocpenoToyeHo Ha TEppUTOpPUHU
paccMaTpUBaEMOT0 PETUOHA.

Pernon 3anumMaet ocoboe nonoxeHue B cTpykrype KaBka3ckoro sxkopernona
u Poccun B wnemnom. Bbicok ero MexayHapoaHsll craryc. [lo mpupogHbiM
KpUTEPUSIM «iX», «X» ¢ 1999 r. oH oTHeceH K oObekTaM BcemupHoro Hacieaus
FOHECKO B Poccuum mon HasBanuem <«Gamagubeiii KaBkaz». DTOT 00BEKT
oxBartbiBaeT okoJsio 300 Teic. Ta B rpanuiax KpacHogapckoro kpas u Pecryonuku
Anpiresi. B nenom ke tepputopus 3anannoro Kaskasa u 3anagnoro [IpenkaBkasbs
OTHECEHA K TpeM TiobanbHbIM dkopernonaM WWF u nistu 6uomam Poccun. 910 2
Oouoma paBHUH: HemopanbHble HIMPOKOIMCTBEHHBIE U JjecocTenHble (KpbiMcko-
KaBkasckuii ¢ moa3oHanbHbIM Teorpaduueckum Bapuantom KyOaHckasi myOoBas

24



aecoctens) u Crennsle (IIpuueprnomopckoii-IlpeakaBkasckuii ¢ reorpadguueckum
BapuanToM [IpmaszoBcko-IIpenkaBka3zckass pa3HOTPABHO-ACPHOBUHHO3JIAKOBAs
crenb) W 1 opobuom HemopanbHble  XBOWHO-IIUPOKOJUCTBEHHBIE U
HIMPOKOJUCTBEHHOJIECHBIE € TpeMms  reorpauueckuMud  BapuaHTaMu:
CeepoxkaBkaszckuii (CeBepo-3amnagHo3akaBkasckuii), KpsiMmcko-HoBopoccuiickuit
(Yrpumickuii) u Counnckuit (cyoTponuueckuii) [2]. Bece pernonanbHbie OMOMBI U
uX reorpapuyeckrie BapuaHThl OTIMYAOTCS (PIOPUCTHUECKUM U (payHHUCTUYECKUM
OooraTcTBOM U cHenU(pUKONW BBICOTHBIX TOSCOB. PaccMOTpuM 0COOEHHOCTH
OuopaszHooOpazusi  6uomoB  peruoHa. @Dnopa  CoumHCKOro  opoduoma
chopMHpoBaIach Ha CTBIKE pa3HBIX TEHETHYECKUX (JIOp - YMEpPEHHOH U
cyOTponuueckoi U HOCUT pedyruanpHblii XapakTep. Bo Bcex BBICOTHBIX MoOsicax
OroMa TpeAcTaBiIeH Me30(WIBHBIA SJIEMEHT (TOJUIOMHHAHTHBIC JIMCTBEHHBIC
(KONMXHIICKUE), IIUPOKOJUCTBEHHBIC, XBOWHO-IIMPOKOJUCTBEHHBIE Jieca C
BEYHO3EJICHBIM TOJJIECKOM), OOOTallleHHBbIA PETUKTOBBIMU W JHJIEMUYHBIMU
TaKCOHaMHU. DTO camblil ceBepHbIN yuyacTok Komxuackoin npoBuHmu. Poccuiickas
yacth Komxuackoro opoOuoma mpeACTaBiIsieT €IuHBbIN  (DroporeHeTHUYeCKuit
KoMIieke ¢ Quiopoii 1oxkHoM Konxuasl. Bo ¢mope CoumHckoro reoBapuaHta
opoOnoMa MpPOCIEKNUBAECTCA CBSA3b CO CPEIU3EMHOMOPCKOM (IOpOM, BIUSHUE,
KOTOpOE€ YCWJIMBAeTCss K ceBepo-3amany (TyamcuHCkuil paiioH) U POACTBO C
OoopeanbHbIMU (PITOpaMH, Ti€ BBICOKOE MOJIOKEHUE 3aHUMAIOT cemeiicTBa Poaceae
(275 BumoB), Asteraceae (291 Bum), Rosaceae (119 BumoB). Jlns CodymHCKOTO
(cyOTpomuyeckoro) OuoOMa XapakTEpHO CHJIbHOE OOCAHEHHE KOJXUIACKUM
AIIEMEHTOM, OCOOEHHO B OYKOBBIX M OYKOBO-TIMXTOBBIX (PIIOPOKOMILIEKCAX, a
BEUHO3EJICHBIN MOJJIECOK BCTPEUAETCs TOJIBKO B 105)KHOM YacTu. Bo ¢uiope ckaibHO-
JIECHBIX KOMIUIEKCOB ONIYUIAETCSl CHJIbHOE BIIMSAHHE KcepopuiabHOU (iopbl. OHU
OTJIMYAIOTCS OCOOBIM (DIIOPUCTUYECKUM COCTABOM, B KOTOPOM MHOTO SHJEMHUYHBIX
KanblerIbHBIX BUIOB. C Ipyroii CTOPOHBI, HA CAMOM CEBEpO-3ariajie opodnoma Ha
obmieM (oHe OOBIYHBIX AYOOBBIX JIECOB M3 1ay0a Tpy3MHCKOTO, OO€IHEHHBIX
KOJIXUJICKUMHU 3JIEMEHTaMH, Ha CKaJIbHO-IIEOHUCTHIX CyOCTpaTax MOSBISIOTCS U
MeCTaMU JOMHHHPYIOT KcepoduibHbIE BHIBI YTPHUIICKOTO opoOuoma. Tak, B
okpecTHOCTsX Tyarce npomspactaror Genista lipskyi Novopopokr. et Schischk.,
Bupleurum woronowii Manden., Salvia ringens Sibth.et Sm., Dianthus
acantholimonoides Schischk. ®mopuctuuyeckoe pasaooOpasue COUYHHCKOTO
(cyOTponuueckoro) opodbuoma — 2656 BUIOB COCYAUCTBIX PACTEHUMN: CTIOPOBBIX —
56 BUII0B, OMHONOJBHBIX 566 BUIOB, NBYN0JbHBIX — 2034, uto cocraBnaeT 74% ot
¢baopsl Beert Komxunpt (3596 Bunos) [3,4,5]. @nopa MoxooOpa3HbIX (YUUTHIBAETCS
tepputopusi COUYMHCKOTO HAIMOHAJIIBHOTO TMapKa) HAcUUThIBaeT 226 BUJOB
JUCTOCTEOETBLHBIX MOX000pa3HbIX [6], HAIOYBEHHBIX JIMIIAWHUKOB — 167 BUJIOB,
uxtrodaynsl — 1 Bug kpyrinopotsix, 30 BugoB psiO, reprerodayHsl — 30 BUAOB,
opuutodayssl — 234 Buma, MiaekonuTaromux — 74 suaa [6].
CeBepo-3amalHOKaBKa3CKUl OpOOMOM 3aHUMAET CEBEPHBIA MaKPOCKJIOH
ceBepo-3anaaHoi yactu bonbmoro KaBkaza (Aasires m KpacHomapckuii kpait).
Tepputopust opobmoma pacrionaraercas Ha cThike [{upkymOopeansHOil U
CpenanzeMHOMOpCcKoi oOnacteii ['omapkTudeckoro mapcerpa. ®diaopa TUNUYHA IS
ropusix Tepputopuii llupkymbopeanbHol oOnactu [omapkTuku, oTIMYaeTCs
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3HAYUTEIBHOM TE€TEPOr€HHOCTHI0 M BBICOKOW BHJIOBOM HACBIIEHHOCTHIO. [lo
CyMMapHOM OIIeHKe BUJ0BOro OorarctBa, (uopa CeBepo-3anaJHOKaBKa3CKOTO
OroMa BKJItOYaeT OpUEHTHUPOBOYHO 2400 BUAOB pacTeHHil, U3 KOTOPBIX TOJIBKO
OJTHOJIONBHBIX 159 ponoB u 528 BuaoB [3], B Dnp0pycckuiiom 6mome — 2300 BHUIOB.
[IpoipoMyC LIEHOTHYECKOTO Pa3HOOOpa3usi JIECHBIX IKOCHUCTEM Ha TEPPUTOPHUH
opoOKroMa B TOMUHAHTHOM cucTeMe MpeacTaBieH 56 hopMalusMu cpeid KOTOPbIX
ecTh (opManuu, >AUPUKATOPAMH KOTOPBIX SIBISIOTCA PEIUKTOBBIE BHUIBI
(24 bopmammm, 43% OT BceX BaKHEWIIMX JICCHBIX (OpMaIlHii), BHIBI PEAKUE,
noexariue oxpane B PO (10 popmaruit, 18%) u peruone (9, 16%). H3zBectHO
Ooropa3zHoo0Opasue OTAEIbHBIX JOKYCOB: (bitopa cyOanbuiicKoro mosica 6acceina p.
benon Bxmouaer 1885 BHIOB, M3 KOTOPBIX 3HIEMHUYHBIE DJIEMEHTHI COCTABIIIOT
433 Bupa [7], ¢mopuctuueckoe paszHooOpaszue KaBka3ckoro rocyaapCTBEHHOTO
onocheproro 3amoBequuka — Oosee 1700 BumoB, COYMHCKOTO HAIMMOHAIHLHOTO
napka — 1658 BumoB [6], ®umT-OmTEeHCKOrO0 MaccuBa W IuiaTo JlaroHaku —
925 BunoB, O6accetine p. b. Jlaba — 1710 BunoB, 6acceitne p. Adunc [8] — 797 BumoB
Ha momaau 1380 km?. Ha 3anagnom Kaskase H3BecTHO (IOpHCTUYECKOE Pa3HOOOpasye
dopmarmonnsix ¢uop Quercus petraea L. ex Liebl. - Gonee 580 Bumos, Quercus
pubescens Willd. — oxono 540, Fagus orientalis Lipsky — 6omee 400 [9]. Caenyer
OTMETHUTh 3HAYUTEIHHOE YJaCTHE B JIECHOM MOKPOBE JPEBHUX PEITUKTOBBIX BUIOB,
MIPUYEM OHU MPUCYTCTBYIOT BO BCEX BBICOTHBIX MOSICAX, KOHIIEHTPUPYACH B JIECHBIX
cooOmectBax Komxuackux BopoT.  Bce JecHble II€HOTaKCOHBI OpoOMoMa
HACBIIICHBI SHIEMUKAMH M PEJIMKTaMU: B OYKOBBIX JIECaX OTMEUEHO 68 PEIMKTOB, B
CKaTbHOTYO0O0BBIX — 50,

Cornacno kapre «brnomsl Poccumn» [2], paccmaTpuBaeMblii pETHOH OTHOCHUTCS
k CremHOMYy paBHHMHHOMY Onomy. CTemu pernoHa MpeACTaBICHBI Pa3TuIHBIMU
TUTIOJIOTHYECKUMH  BapHalMsIMH  OT KCEPO(PUTHOTO BapHaHTa pPa3HOTPABHO-
TUITYAKOBO-KOBBUIBHBIX U KYCTAPHUKOBBIX CTEIEN Ha KyOaHCKHUX YEpHO3eMax J10
a30HABHBIX CYXHUX METPOPUTHBIX HA IPOTUPOBAHHBIX TEPETHONHO-KAPOOHATHBIX U
KOPUYHEBBIX MMOYBAX U TAIO(UIBLHBIX HA TEMHOKAIIITAHOBBIX COJIOHIIEBATHIX TTOYBAX
¥ ICAaMMO(UTHBIX BAPUAHTOB HAa aKKyMYJIATUBHBIX opMax penbeda (KOChl, TPsibl,
nepechinu). B COBpeMEHHOM pacCTUTEIBHOM TIOKPOBE MOXHO BBIICIUTH PSiJ
(bparMeHTUPOBAHHBIX PETHOHAIBHBIX BapUAHTOB CTEMHOW PACTUTEIHLHOCTH:
CEBEPO-3aMaIHONPEAKABKA3CKUE TUITMYHBIE JEPHOBHUHHO-3JIAKOBBIE (KOBBUIbHBIE,
KEJICpUEBbIE, THUIMYAKOBBIE W  Jp.), Pa3HOTPABHO-IECPHOBHUHHO-3J1aKOBBIC
(THITYaKOBO-pa3HOTPABHBIC, KUTHIKOBO-TUITYAKOBO-PAa3HOTPABHBIE, KEJICPHUEBO-
THUITYAKOBO-PAa3HOTPABHBIC, 3J1aKOBO-TIOJBIHHBIC W JIp.) CTEIH, IOJYIMYCTHIHHBIC
THUITYAKOBO-TIOJILIHHBIE ¢ KaM(pOpOCMOU, Tano(HWiIbHBIE CTEHH C COJSHKAMH W
CBEJlaMH Ha COJIOHIIEBATHIX UYEpPHO3eMax, IMCaMMO(DIIIBHBIA BapHaHT THITYAKOBO-
KOBBUILHOM CTENH C 3(epOl M CTCITHBIM pa3HOTPAaBbEM Ha KAIITAHOBBIX CYITECSX,
O0po1aueBbIe CTENU C CyOATBIUICKUM BBICOKOTPABUEM, 3PEMYPOCOBO-KOBBUIHHO-
Pa3HOTpPaBHBIE CTEMU 3aMaJAHBIX OTPOroB CTaBpONOJIbCKON BO3BBIIIEHHOCTH [10].

B Crennom Ouome BbieneHO 2 reorpaduyeckux BapuaHTOB: KpbIMcKoO-
KaBkazckuit ¢ KyOanckoit mgyboBoit mecoctensio u IIpudepHomopcko-
[IpenkaBka3ckuii c ITpuazoscko-lIpenkaBkasckoi pa3HOTPaBHO-
JIEPHOBUHHO3JIAKOBOM CTEMbIO, OTHOCSIIEHUCS K MOJI30HE CEBEPHBIX Pa3HOTPABHO-
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JIEPHOBUHHO3JIAKOBBIX ~ CTEME, BOCTOYHONPUYEPHOMOPCKUM  Pa3HOTPABHO-
TUITYAKOBO-KOBBLIBHBIM CTEIISIM C Y4acTHEM JISPHOBHHHBIX 371aKkoB (Stipa ucrainica
P.A. Smirn., S. tirsa Steven, S. pennata L., S. capillata L., S. lessingiana Trin. et
Rupr., Festuca valesiaca Schleich. ex Gaudin, Koeleria cristata (L.) Pers.,
Bromopsis riparia (Rehmann) Holub), pasnorpases (Helictotrichon arenarium (L.)
Moench, Filipendula vulgaris Moench, Trifolium montanum L., Medicago
romanica Prodan, Salvia nutans L., Euphorbia stepposa Zoz., Carex humilis Leyss.)
u kycrapuukamu (Cerasus fruticosus (Pall.) Woronow, Prunus spinosa L.
PaBHMHHBIE cTenM peruoHa OTHOCATCS K Kiaccy Festuco-Brometea coro3y
(Astragalo-Stipion). 3oHanbpHBI  CTEeMHONH OWOM B pPETHOHE 3aHUMACT
45% tepputopun, miaBHeBbli — 10%. ®dnopa cremeld HACUUTHIBAET OKOJIO
850 BUAOB COCYIUCTHIX pacTeHH, (yiopa MmIaBHEBO-TUTOPATIBLHOTO JaHaIadTa p.
Kyb6anp — 732 Bupa, ¢raopa Tamanckoro momyoctpoBa — 942 Buma. @nopa
MOX000pa3HbIX MO OJKCIEPTHBIM OIEHKAM B IMPEAKAaBKa3CKOW wyacTu Ouoma
npeacTaBiieHa okojio 130 BugaMu, BUAOBOE OOraTCTBO JUITAHHUKOB — 0K0J10 300.

KpsimMcko-KaBkazckuit reorpapudecKuit BapUaHT HemopanbHo-
mupokoaucTBeHHoro oOuoma (KybOanckas pgyOoBasi JiecocTenb) 3aHUMAaeT
TamaHCKHII TIOyOCTPOB, PACTUTEIBHOCTH KOTOPOTO OTHOCHTCS K 0COOOMY
MPOBUHIMAIBHOMY BAapHUAHTY 3aMaJHONPEIKABKA3CKUX Pa3HOTPABHO-3JIAKOBBIX
KYCTapHUKOBBIX cTenel, noiauny p. Kybanb u Ypyncko-JlabuHckuii Bomopaszen,
r7i€ JIYTOBBIE CTEH COUYETAIOTCS ¢ AYOOBBIMH COOOIIECTBaMH U3 Jay0a JIETHEro Ha
BBIIIEJIOUCHHBIX YE€PHO3EMaxX Ha IUIOCKUX BEPIIMHAX U C CEPhIMU B Pa3IMUHOMN
CTEMICHU OMOJ30JICHHBIMH IMOYBAMHU Ha CKJIOHAX, MOKPBITHIX OCTATKAMU JIECHOM
pactutenbHOcTU. [IpruepHomopcko-IIpenkaBkazckuil reorpaduyueckuii BapuaHT
CrenHoro onoma (ITpuazoscko-IIpenkaBka3ckas pPa3HOTpaBHO-
JICPHOBUHHO3JIAKOBasi CTemnb) BkIodaeT KyOaHo-IIpua3oBCKkyt0 HU3MEHHYIO
paBauny (150 M wag yp. Mm.), nensty p. KyOanb, [IpukyOaHCKyIO0 HaKIOHHYIO
pPaBHUHY, IOr0-3aMajHyl0 4yacTb CTaBpOMOJIbCKON BO3BBIIIEHHOCTH, T/I€ IIHUPOKO
npeactaBiensl  (Gopmanmu  Botriochloeta  ischaemi, Stipeta lessingianae.
[Ipua3zoBcko-IIpenkaBkazckas  pa3HOTPABHO-IEPHOBHUHHO3JAKOBasi  CTENb U
Kyb6anckass myboBasi jiecocTenb OTJIMYAIOTCS BBICOKHM (DUTOpa3HOOOpa3ueM Ha
TaKCOHOMUYECKOM U LEHOTUYECKOM YPOBHAX. PaCTUTENIBHOCT HOCUT SKOTOHHBIN
XapakTep, HaXOISCh HAa CThIKE KPYMHBIX (PU3MKO-TeorpaduyecKux €IUHUIL
(Bocrouno-EBponeiickast paBunHa u KaBka3ckasi ropHasi CTpaHa) U Ha TpPaHMUIIC
MOHTUYECKOT0, CPEAN3EeMHOMOPCKOTO, TepeaHea3snaTCKoro U  KaBKa3CKOTO
(bIOPUCTUYECKUX IIEHTPOB.

AHanu3 reorpa@uueckoi CTpYKTYpbI MOKa3all y4acTUE CPEIU3EMHOMOPCKUX
AJIEMEHTOB B CJIOKEHUM IIeHO(DIophl. J[peBHECpEAM3EMHOMOPCKUN THUI apeaja
umerot 13% BuaoB, ronapkruueckuii — 20, eBpasuarckuii crenuon — 29,6%. Beicok
nokasarenb dHAeMuU4yHOCTH. B Kybanckoit necocrenu wu  IIpuazoscko-
[IpenkaBka3ckoil pa3HOTPABHO-AECPHOBUHHO3JIAKOBON CTEMU 3aperuCTPUPOBAHO
Hemasio sHAeMuuYHbIX BHI0B: Ferula euxina Pimenov, Crambe gibberosa Rupr.,
Podospermum lachnostegium Woronow, Podospermum schischkinii (Lipsch. et
Vass.) Kuth., Onobrychis vassilczekoi Grossh., Allium psebaicum Mikheev,
Elytrigia stipifolia (Czern. ex Nevski) Nevski, Iris notha M. Bieb., I. furcatha M.
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Bieb. u ap. Bo ¢nope Ouoma Hepeaku Takue BHJbI, KaK MNPUIEPHOMOPCKO-
NPUKACIIMMCKUi cTemHoM sHaeMmuunbiid Buja Palimbia redivina (Pall.) Thell.,
BOCTOYHOIIPHYEPHOMOpPCKO-TIpUKacuiickuii  sumemMuk Phalacrachena inuloides
(Fisch. ex Schmalh.) Iljin, mpouspacTaroniuii Ha COJIOHIIEBATHIX U COJTOHYAKOBBIX
ocTenHEHHBIX JIyraXx B OKp. ¢. BoponioBka Elickoro paiiona, Centaurea trinervia
Steph. ex Willd. — B KOBBLIBHO-THIIYaKOBO-3PEMYPYCOBBIX IIEHO3aX B OKp. C.
Ycnenckoe, eBpasuarckuii crennoit Bu Bellevalia speciosa Woronow ex Grossh.,
Silene borysthenica (Gruner) Walters, mponspacraromniuii B mmec4aHbIX CTEIIIX KOC
Tamanckoro m-oBa (Yymka), Fritillaria meleagroides Patrin ex Schult. et Ledeb.,
MPUYPOUYCHHBIN K MOMMEHHBIM JIyraM, TaJbBeraM CTEIHBIX OaJIOK.

Kyb6anckast myOoBasi jiecocTernb mpeacTaBieHa KyCTapHUKOBON JEPHOBHHHO-
Pa3sHOTPABHOM CTEMBIO, OTHOCSIMICHCS K TMOA30HE 3alaJHO-TPEIKABKA3CKUX
Pa3sHOTPABHO-3JIAKOBBIX KYCTapHHUKOBBIX crened. Ha @aHTaIOBCKOM OTpore
Tamanckoro m-oBa (okp. xyT. Mnbpud, ckiaoHbI Topbl [[yO00BBIM PRIHOK) TPUHUMAIOT
yuacThe KyctapHuku: Prunus spinosa, Rosa gallica L., Buxsr pona Crataegus.
B npenenax Ky6ano-IIprna3oBckoit HU3MEHHON paBHUHBI OTMEUYEHA Pa3HOTPABHO-
371aKoBas KycrapHukoBas ctemb ¢ Caragana frutex (L.) C. Koch, Calophaca
wolgarica (L. fil.) DC., Cerasus mahaleb (L.) Mill., munoBaukamu, TepHOM. ITO
0COOBII MPOBUHIIMAIILHBIN BapUAHT 3allaJHO-TIPEIKaBKa3CKuX creneit. KycrapHuku
NPUCYTCTBYIOT B CTEITHOM pacTUTEIBHOCTH MpaBoOepexbs p. Kyoans — Amygdalus
nana L., Rosa jundzillii Bess., Rosa canina L., Prunus spinosa, Crataegus
monogyna Jacq. 3anagueie oTporu CTaBpOMOJBCKOW BO3BBIIIEHHOCTH — 3TO
KOBBUIBHO-PA3HOTPaBHBIC KycTapHUKOBBIe cTermn ¢ Rhamnus pallasii Fisch. et Mey.,
Caragana mollis (DC) Bess. [11].

JlecocTenb xopolio BbIpakeHa Ha Ypyrncko-JlabuHckoM Bojopasnene, Tie
JYTrOBbI€ CTEMH COYETAKTCA C AYOOBBIMH COOOIECTBAMHM M3 ay0a JIETHErO Ha
BBIIIEJIOUYCHHBIX YE€PHO3EMaxX Ha IUIOCKMX BEPUIMHAX U C CEPhIMU B Pa3IMYHOMN
CTEMEHU ONOJ30JICHHBIMU IMOYBAMHM HA CKIIOHAX, MOKPBITBIX OCTATKaMU JIECHOM
pactuTenbHOCTU. J[yOOBbIE Jleca ¢ BUaMu IIUITOBHUKA, OOSIPBIIITHIKA COXPAHUIINACH
W30JMPOBAHHBIMU (pparMeHTamu, Harmpumep, [yOoBbiii PBIHOK, B OKPECTHOCTSX
xyT. [IprazoBckuii u nap. OcTaTku JIECHBIX MAacCHBOB PABHUHHOW JIECOCTEINU
COXPaHWINCH M0 HAMONMEHHBIM TeppacaMm noiimHbl Kybanu u Ha [Ipukybanckoit
HaKJIOHHOW paBHUHE. HebombIne pedyriuymbl JIECHON pacTUTELHOCTH UMEIOTCS B
npaBoOepexne p. Kybanb, Tak Ha3zpiBaeMble «IyOuHkn». Ha mpaBom OGepery peku
Ky6ansb, coxpanuics ydactok gyooBoro HacaxaeHus «Kpachsiit Jlec» (5200 ra) c
y4acTHEM KJIeHa, sceHs, si07oHH. OH TeHEeTUYECKH CBSI3aH C TOPHBIMHU JiecaMu
KaBkaza, KOTOpbI€ YK€ B HICTOPUYECKYIO 3MOXY OMYCTHJIMCH CIUIOIIHOMN JIEHTOU MO
nonmuHe p. KybOanwb, HacTymas Ha crenb. B Hu30BbsiX p. Jlaba um mo KyOanu
pacupoCTpaHeHbl IOWMEHHBIE JIyra, TyraHbIE Jeca W 3apOCid KYCTapHUKOB.
B notimennbix secax (ypouwmine «Kpacueiii Kyr») npouspacrarot: Salix alba L.,
Populus alba L., P. nigra L., Ulmus minor Mill., Fraxinus excelsior L., Alnus
glutinosa (L.) Gaertn., A. incana (L.) Moench. B nenbre p. KyOaub rpsiibl 1 TpUBBI
3aHATHl OCTeNMHEeHHbIMU ranoduTHbME dyramu (Puccinellia distans (L.) Griseb.,
Aeluropus littoralis (Gouan) Part., Agrostis stolonifera L., Plantago cornutii Gouan.
Jlist neBo6epexuoit yactu Kybanu xapaktepHsl 1yO0BbIe U rpab0oBO-Iy00BEIE Jieca,
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B COYCTAHHMU C JIYI'OBbBIMHU 60FaTOp33HOTpaBHBIMI/I U PAa3HOTPABHO-THUITYAaKOBO-
KOBBUIBHBIMH cTensaMHu. B Jecocrenu IOFO-SaHa,HHOfI qaCcTu CT&BpOHOJIBCKOﬁ
BO3BBINICHHOCTH OTMCUYCHBI HTNPOKOJIMCTBCHHBIC JICCA (I[y6OBO-HCGHCBO-Fpa6OBLIe
C IIpUMCCBIO KJICHA, WJIbMA, I'PYIIH, SI6J'IOHI/I, KI/ISI/IJ'Ia), 3aHUMArIIEC AOJIHMHBI U
OaKH.

B IIpuuepHomopcko-IIpenkaBkazckom  Bapuante CremHoro  Ouoma
SHAYUTCIIBHBIC TCPPUTOPHUU 3aHUMAIOT INJIABHCBO-JIMTOPAJIBHBIC KOMIIJICKCHI. Peka
Kyb6anp o0pa3yeT oOmIMPHYIO AENbTy, MPEACTABICHHYIO CHUCTEMOW IUIaBHEBO-
nmuMaHebX napamadgros. [nomans genstel p. Kybams 4190 k2%, minomans
YCTBEBOTO B3MOpPhs — 110 kM?, KoamuecTBO MMMaHoB — Oonee 280. B membre p.
Ky6anp mpouspactaroT crienuduieckue WHTpa3OHAIbHBIC JIMMAHHO-TIJIABHEBBIC U
MJIABHEBO-JIUTOPATbHBIC (hJIOPOIICHOTHYECKHE KOMIUIEKCHI. [11aBHN — 3TO 0CcOOBIH
TUI  JIyTOBO-OOJIOTHOM  pacTUTENbHOCTH, (OopMHpYIOMIMICS B  YCIOBHSX
MNECPUOANYICCKOTO HIIM ITOCTOSHHOI'O IICPCYBJIIAJKHCHHA. S,Z[H(i)I/IKaTOpHYIO POJIb
BBIMOJIHSIOT J1Ba Bujaa: Phragmites australis (Cav.) Trin. ex Steud. u Phragmites
altissimus (Benth.) Nabille, pexxe Typha latifolia L., Typha angustifolia L. ¢
yuacteM BuaoB pojaa Alisma, Oenanthe aquatica (L.) Poir., Glyceria fluitans (L.)
R. Br., Bolboschoenus maritimus (L.) Palla. B tonie Boasr — Buasl Potamogeton,
Stuckenia pectinata (L.) Borner, Ceratophyllum demersum L., Myriophyllum
spicatum L. JlumanHass 9acTh OTJIIMYAaeTCs OOraTCTBOM IOTPYXEHHOM B BOIY
pactuTenabHOCTH, cocrtosmed w3 Myriophyllum spicatum, Najas major All.,
Zannichellia major Boenn. ex Reichb., Caulinia minor (All.) Coss. et Germ., Ruppia
maritima L., Zostera marina L., Potamogeton lucens L., P. perfoliatum L. [3]. U3
sHaemMuuHblx BUnoB ortMmeuyenbl Achillea micranthoides Klok., Goniolimon
graminifolium (Ait.) Boiss., G. tataricum L.) Boiss., Elytrigia pseudocaesia, Haiiiexn
najeo’HIeMUYHbIi Bu porosmctauka — Ceratophyllum tanaiticum Sapjegin [12].

OpI/IFHHaJII)HBIM THUIIOM PACTHUTCIIBHOCTU IIPCAKABKA3CKOI'O 6I/IOMa ABJIACTCA
A3oBckas nutopanib. [Ipy He3HAUUTETHHOM TIJIOIAMU MPUOPEKHON 30HBI HA HEH
BBIpDAKEHA JIOBOJBHO CIJIOKHAs CTPYKTypa pacTUTelIbHOro mnokposa [13].
[Tpubpexxnass 30Ha A30BCKOTO MOpS 3aHATa TCaMMO(DHUIBHON JIUTOpaTbHOU
PaCTUTEIHLHOCTHIO CO CICHU(pUISCKMMH PeaKUME Bugamu: Tamarix gracilis Willd.,
Astrodaucus littoralis (M. Bieb.) Drude, Argusia sibirica (L.) Dandy, Verbascum
pinnatifidum Vahl, Gypsophila perfoliata L., Centaurea arenaria subsp. odessana
(Prodan) Dostdl, Leymus sabulosus (M. Bieb.) Tzvelev. OchHoBHoOli doH
pPacTUTEILHOCTH NMPHIAIOT IIEHO3BI ¢ peodmaganuem Leymus sabulosus, Artemisia
tschernieviana Bess., Glycirrhyza glabra L., Ephedra distachia L. I[Ipu konTakTe
TPOCTHHUKOBBIX COOOIIECTB C JIMTOPAIbHOM mecyaHoil monocoi k Phragmites
australis mpucoenuusroTcs autopanbHbie Buasl: Crambe maritima L., Argusia
sibirica, Crambe pontica Steven, Cynanchum acutum L. MomabiM saudukaropom
JUTOPATIBLHOW TPHOPEKHOM TOJOCKl A30BCKOTO TOOEpEeXbs sABIsSeTCs Leymus
sabulosus, mpomspacraromuii ¢ nmcammoduramu. Centaurea odessana, Eryngium
maritimum L., Euphorbia peplis L., Verbascum pinnatifidum, Argusia sibirica,
Plantago scabra Moench.

@ayna IlpenkaBkaszckoro CremHoro Oumoma BkmoudaeT 50-55 BumoB
MiekonuTatomux, 150-165 Bugos ntui, 6orata (ayHa npecMbIKalOIMXCI — 9 u
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3eMHOBOJIHBIX — 12 BuoB. Jlanubie o dayne nenbthl p. Kybans: becno3BonouHbIe
’KUBOTHBIE TPEJICTABICHBI CIEAYIOIIMMU TPYyNIaMu: YE€pBU, MOJUIIOCKH (KJIacChl
OproXoHOTHE, JABYCTBOpYAThI€), WIEHHUCTOHOTHME (KJacchl pakooOpasHbIE,
aykooOpasHble, HacekoMbie) — Bcero 2129 Bumos. M3 tuma Mollusca B miaBHeBo-
JMMaHHOM 30HE 3aperucTpupoBaHo 92 Buaa, B JEIbTOBBIX BojoeMax ooutaet 60-
68 Bu10B pb10. CoBpeMEeHHOE OMOJIOrHYecKoe pa3Hoo0paszre OpHUTOGAYHBI 1€TbThI
Ky6anu no pa3HbIM UCTOYHUKAM HacyuThIBaeT OT 133 BumoB nuil 10 212, B ycThe
p. Kybans — 6onee 120 BumoB, kiacc 3eMHOBOAHBIE: oTpsin becxBocteie (Anura),
cemeiictBo Discoglossidae: sxaba 3enenas (Bufo viridis), sxepiisiHka kpacHOOproxas
(Bombina bombina), xBakma oObikHOBenHas (Hyla arborea), xBakma
[MlenxosaukoBa (Hyla arborea schelkownikowi), nsarymka o3epnas (Rana
ridibunda). CocraB reprietodayHbl 3/1eCh JOCTATOYHO OCNEH: sIepUIla TPBITKAs
(Lacerta agilis), yxx oosikHOBeHHBIH (Natrix natrix), yx soastaoi (Natrix tessellata),
yepenaxa 6oaotHas (Emys orbicularis). BumoBoii coctaB MCKONMUTAIOMIUX paiioHa
ycThs p. KyOanb B iesiom BritoyaeT 52 Buja (6€3 MOPCKHX); U3 HUX OKOJIOBOJIHBIX -
15, HazeMHBIX - 37.

Kax BumuMm, Bce reorpaduueckue Bapuantbl 6MoMoB 3arnagHoro Kaekasa u
3anagnoro IlpenkaBka3bs MpENCTaBICHbI  Pa3HOOOPA3HBIMU  MPUPOHBIMU
baopuctTuyecKuMu U (GayHUCTUUECKUMHU KOMILIEKCAMH, KOTOPBhIE UTPAIOT BAXKHYIO
poJIb B JICMOHUPOBAHUU YTJIEPOJA: XBOWHBIC M JIMCTBEHHBIE JIeCca, PEIKOJIEChS,
CTETH, BOJHO-OOJIOTHBIE YTOMbS, JIyTa, TNTOpaib. BaXXHOCTh 3THX OMOTEOIEHO30B
3aKJTFOYACTCS B TOM, YTO OHH TO3BOJISIOT OCYIIIECTBIIATH B3aUMOJICUCTBUE MEXKIY
TBICSYAMH  PA3IMYHBIX  BHUJOB  OPraHU3MOB, CIIOCOOCTBYS  TOCTaBKaM
MHOT000pPa3HBIX TOBAPOB U ycIyr. OHU Ba)KHBI KaK yOexuIna Jjisl pa3HO0Opa3HOi
OWOTHI, IS OOWTAaHWUS >KUBOTHBIX, CIYXAIMX HCTOYHUKOM TIUIIH WM
ACTETUYECKOro HacnaxaeHus. 3anaaHbli KaBka3, 3amagHoe IlpenkaBkasbe
YHUKaJIbHBI KaK MPUPOJIHAS Cpeia, KOHIEHTPUPYIOasi KyJIbTypHOE U TIPUPOIHO-
KyJIbTYpHOE Hacleque, OOBEKTOM KOTOPOTO  SIBIIIIOTCS  CHUMBOJMYECKHUE
JaHAmAadThl, MPEAOCTABIISIONINE KYJIbTYPHBIE YCIYTH: UCIIOJIH30BAHNE MPUPOJIBI B
PEJIMTUO3HBIX IIEeNISAX, JUIS IIKOJIBHBIX OJKCKYPCHH, HAy4YHBIX HCCIICIOBAaHUH,
pa3BUTHS SKOTypu3Ma U T.J. JIyXOBHbIE M pEKpealliOHHbIE Orara, KyJbTypHbIC
YCIYTH  TPUPOJBI, TPHUHOCAIIME TIOJIb3y PEKPEaAUOHHON, 3CTETUYECKOH,
MO3HABATEIILHON M JyXOBHOW JIESTEIIbHOCTH YEJIOBEKa, CJIOXKHO HM3MEPUThH B
JICHEKHOM BBIPAKCHUH, HO OHM HE MEHEE BaXKHBI, YEM JIPYTHE IKOYCITYTH.

[IpupogHbie pernoHaIbHBIE HOKOCHUCTEMBI OKa3bIBAIOT PETYIUPYIOIINE,
CHaOKEHUECKHE, MOACPKUBAIOIINE YCIyTH. BoIHO-00J0THBIE YTOABS IEIBTHI P.
Kybanp ynepuBaroT OOJBIIIOE KOJIUYECTBO BOJbI, 3alUIIAIOT TPUOPEKHBIC
OeperoBbple 30HBI OT TMPUJIMBHON 3PO3WH, CHUXKAIOT CKOPOCTh HArOHHBIX BOJIH,
YMEHBIIAIOT BEPOATHOCTh HaBOJHEHUW. Mcmons3oBaHue OnopazHooOpazus u
DKOCHUCTEMHBIX YCIYT OKa3blBa€T TIOMOIb HACEJICHWI0 B afanTaluu K
HEOJAronmpusITHBIM TOCTCACTBUSIM M3MEHEHUs KiaumaTta. Bce 3KocucTeMHbIe
YCIIYTH, KOTOPBIC JIIOAW TOJNYy4aroT OECIUIAaTHO OT MPUPOJHBIX HEHAPYIIEHHBIX
HKOCUCTEM, KU3HEHHO BAXKHBI JJISI COXPAHEHUS TJI00ATTbHON OKPY KAIOIIEeH Cpepl,
Onaromonayyus JTOJeH, /Uil CHAOKEHUSI MPOJAOBOJIBCTBUEM M BOJIOHM, 3aIlIUTHI OT
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CTUXHMIHBIX OCIICTBUIA M JIETPA/lalliy MOYB, PA3JIOKEHUS OTXOA0B, €CTECTBEHHOTO
OTIBUICHUS arpOIICHO30B, MPE0CTABIICHUS TOBAPOB U yCIYT.

C npyroii CTOpOHBI, PETHOH — 3TO «Topsiyas TOYKa» OuopazHooOpasus,
OKOCHCTEMBI PETHOHA HAXOJSATCS TMOJ OCTPHIM PUCKOM IMOTEPU YCTOWIMBOCTU C
CEpbE3HBIMU  TOCIEACTBHSIMH  JJIi  BBDKMBAHHUS ~ BHUJIOB, TE€HETHYECKOTO
pa3Ho00pa3ms, PKOCUCTEMHBIX YCIyT W Oiarococrosiaus iroaei. Kaxasie 10 et
KpacHble CICKU MOMOJHSIOTCS HOBBIMU BHIaMU, HAXOAAIUMUCS B YTPOKaEMOM
cocrostanu. CtenHoi Ouom 3amagHoro [IpenkaBkazbs yHUYTOXKEH, COXPAHUBILIUECS
YUYaCTKHU CTETel MOIBEPTIUCH Mpolieccy 00JIECeHHsI U ceifuac OTHOCATCS K JIECCHOMY
doHITy, UTO TapagoKCaJIbHO. YTpo3a YHHUYTOKEHHUS JaKe SJIEMEHTOB CTEIHOM
pPacTUTEIHHOCTH CTajla PealbHOCTHIO. [IpruemM CKOpOCTh YHUUYTOXKEHUS! CTEITHOTO
npeaKaBKa3ckoro 6moma OecnpernenentHa: Bcero 100 jeT moHamoOMIOCh, 4TOOBI
IPEKPaTUIOCh QYHKIIMOHUPOBAHUE SKOCUCTEMBI. Y HUUTOKEHHE CTENEH MPUBENO K
NoTepe YHUKAIBHOTO dJIEMEHTa OMOpa3HOO0pa3us, JKU3HECITOCOOHOCTH MOy
Bus0B (B Kpachyto xuury KpacHomapckoro kpas BHECEHO 96 CTEMHBIX BHJIOB,
HAXOJSAIIUXCS B YIPOXKAEMOM TOJIOKEHUU), IPO3UOHHBIM IIpolleccaM, TMOTepe
rymyca, MbUIbHBIM OypsiM, BCTIBIIIIKAM YHCIICHHOCTH CapaH4M, HE TOBOPS YXKE O TOM,
YTO JaHHAs PErHMOHalbHAs PKOCHMCTEMa BBIYEPKHYTa W3 TI00aIBbHOTO ydacTUs B
JIEMIOHUPOBAHUHU YTIIEPOJIa U U3 pacyeTa HAIIMOHAJIBLHOTO YIiIepoaHoro OanaHca.

Jlist cMmsiTdeHus TMOCTEACTBUN U3MEHEHHS KIMMara HEeOOXOJMMO Mpexe
BCEr0 HauaTh MPOIECC BOCCTAHOBICHUS YTEPSHHBIX U MOTEPSBIINX CTAOMIBHOCTh
IPUPOJHBIX JKOCUCTEM W Ha OCHOBE HKOCHUCTEMHOTO TMOAXOAa CTPEMHUTHCS
MCIIOJIb30BaTh BOCCTAHOBIICHHE BCETO yYTEPSHHOTO W JIETPATUPOBABIIETO JECHOTO
MTOKPOBA, CTEITHOM SKOCUCTEMBI, KOTOPBIC ABJISIOTCS TPUPOTHBIMH PE3epPBYyapamu, B
KaueCTBE OCHOBBI JUIA TIOBBIMICHUS KadyeCcTBa KU3HW, IS ypPETyJIUPOBAHUS
IKOJIOTUYECKON HECTaOMIBHOCTH pernoHa. JlecHble »KOCHCTEMBI, Onaromaps
HEBEPOSITHOM CIIOKHOCTH CTPOCHUS U (DYHKIIMOHUPOBAHUS, TMPEIOCTABISIIOT
Ba)KHBIE DKOCHCTEMHBIC YCIIYTH: CBS3BIBAHKE YTIIEPO/Ia U PETYIUPOBAHUE KITMMATa,
OYMCTKAa BOJbI, TPENOTBpAICHUE SPO3UHU, OOECreYeHue cpeibl OOUTaHUS IS
OTPOMHOTO KOJIMYECTBA CHENU(UUECKHX OPraHU3MOB, BKJIIOYas M 4YellOBEeKa U
np. CiemyeT oTMETHTb, UTO Ha nporpammy «Jleca Kybanm» u3 kpaeBoro Oromkera
Boiienieno 1 057 692,7 teic. py06. Ilpm okomormueckom Tmoaxone K
JIECOBOCCTAHOBIICHUIO CUTYAIUsI MOKET H3MEHUTHCS B JIYUIITyIO CTOPOHY.

B mporpeccupyromeM COBPEMEHHOM JAETPaJalliOHHOM IMPOIECCe Ba)XKHO
MOHSATh, YTO C TIOMOINBIO COXpaHEHHS OMOPa3HOOOpa3usi MbI MOXKEM PELIUThH
npoOJieMy CTaOMIU3AIMU MPEIOCTABICHUSI pa3HOOOPa3HBIX IKOCUCTEMHBIX YCIIYT.
CTabuIbHOCTD BCEX DKOCHCTEM H MIPEIOCTABIIIEMbIX HMH YKOCHCTEMHBIX YCITYT KaK
B TJI00a15HOM OHoc(epHOM Mpolecce, Tak U JiJist 00IeCTBa, MPEXkKE BCETO CBSI3aHbI
c OuopazHooOpa3ueM, a ITO UMEET BaXKHOE 3HAYEHUE JIJIsl YCTOMYMBOTO Pa3BUTHS,
pPaAIMOHAIBHOTO YIPaBJICHUS TPUPOJHBIMH pPECypcaMd W PEHICHUS MHOTHX
HKOJIOTUYECKUX MPOOJIEM, KOTOPHIE BOJIHYIOT YEJIOBEUYECTRO.

CocrosiHue Oumopa3zHOOOpa3usi, MPUPOTHBIX HSKOCUCTEM JIOJDKHBI CTaTh
CUTHAJIOM: 3KoJiornueckue nmpobiembl KpacHogapckoro kpast, Pecriyonvku Anpires
JOJDKHBI CTaTh MPUOPUTETHBHIMU B (DOPMHUPOBAHUM CTPATETMH SKOHOMUYECKOTO
pOCTa U TIOJIUTUKU YCTOMIMBOTO IKOJIOTHUECKOTO Pa3BUTHS.
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MUKPOKJMMAT I'OPOJIA AP3AMACA HUKET'OPJICKOM OBJIACTH
B YCJIOBUSAX I'VIOBAJIBHOI'O UBSMEHEHUSA KIINMATA
M.C. JIro0oB
lubov.arz@mail.ru
Hayuonanvnoui uccneoosamenwvcxuti Husxce2opoockuti 2ocyoapcmeerHblil
yuugepcumem um. H.U.Jlobauesckoeo, Apzamacckuti punuan, 2. Apzamac

Annomayusn. B cmamve paccmampugaiomes MUKpOKIUMAMU4ecKue yCao8us
eopooa Apzamaca Huowcecopoockoti oonacmu 6 nauane XXI eexa. /laemcs ananus
20POOCK020 MUKPOKIUMAMA U BbIABIAENCS €20 8IUSHUE HA OKPYHCAIOUYIO CPeoy, C
VUEemoM COBPEMEHHBIX MEeHOeHYUU U3MEHEHUs KIUMama.

Kniouesvie cnosa. Ap3amac, Mukpoxaumam 20pood, IKOIOSUYECKAS
cumyayusi, UsMeHeHUsi KIumMamad.

l'opon Aps3amac pacnoynio’keH TOYTH B LeHTpe Hukeropojckoro
[TpaBoOepexkbs U UMEET MPAKTUUYECKU BCE XapaKTEPHbIC UEPThI KIIMMAaTa, MPUCYIIUE
[IpaBobGepexbto  Hmkeropoackoit  obmactu  [4, ¢.25-29].  Tepputopus
[TpaBobGepexbs Huxeropoackoi o61acTv 3aHUMAET IOKHYIO TMOJIOBUHY 00JIaCTH,
OHa orpaHuveHa pekamu: Bonroit — Ha ceBepe, Okoil — Ha 3amane, Cypoil — Ha
BocToke. Hmkeroponckoe IlpaBoOepexbe pacmojoKE€HO B CpeaHEH Mosoce
eBporneiickoil yactu Poccun, B penenax 56°30” c.ur. u 54°30° c.i.

OOmmii TpeH r100aIbHOrO0 U3MEHEHHSI KJIMMaTa HE 3aMEJINIl CKa3aThCs Ha
MECTHOM KJIMMAT€ OTJICJIbHBIX PErMOHOB M TOPOJOB, B YaCTHOCTH. be3ycioBHO,
OCHOBHOM KJIIMMAaTOOOpa3youid (akTop — COTHEUHAs paidalus, 10 CPAaBHEHUIO C
XX BEKOM, IMpaKkTUYECKU HE m3MeHwIcs. CyMMapHas CpEeIHEroJoBas COJHECYHAS
pajuanys Ha TeppUTOpPUM ApzaMacckoro paiiona gocruraer 90 kkan/cm? m moka
OCTaeTcsl JOCTaTOYHO CTaOWiIbHOU. [[pyroe aeno mupKymsius BO3IYIIHBIX Macc.
XapakTepHbIN U1 YMEPEHHBIX WIMPOT 3alaJHbIM IIEPEHOC BO3IYLIHBIX MAacC BCE
yamie CTaJl HapylarbCcsi, NPEUMYIIECTBEHHO B TEIUIBIA NEpPUOA  Toja,
cyOMepuanaHaibHbIM BTOpKeHHeM. Kak mpaBuio, Takoe HAOIIOMAeTCs TpH
MaJIOTIOJIBMKHBIX AHTHIIMKIOHAX M CIAa00aKTUBHBIX IMKIOHUYECKHX BUXPAX B
Tporochepe. 3aMeTHO YBETUYWIACh MOBTOPAEMOCTh Cpean3eMHOMOPCKUX U
UepHOMOpPCKUX IUKIOHOB, MPU 3TOM pOJIb YJIbTPAINOJISPHOTO BTOPIKEHUS,
OCOOCHHO B 3MMHHI CE30H, PE3KO COKpaTUIach. Y MEHBIIWIOCH 3UMOM U YHUCIIO
MOBTOPSiIeMOCTU CUOMPCKUX W CKaHAMHABCKUX aHTUIIMKIOHOB. Kak u3BecTHO, Ha
CTEMEeHb KOHTMHEHTAJILHOCTH KJIMMAaTa BIHUSET YAAJICHHOCTh OT ATIaHTUYECKOTO
okeaHa. BraxHbii MOPCKOHM BO31yX, MPOXO HaJ MOACTUIAIONIECH HOBEPXHOCTHIO
EBponbl TpancopMupyeTcs M Ha TEPPUTOPUU HAIIETO PETHOHA €ro BIIMSHUE
ocnabeBaer. Ho Teneps B ycnoBusi, KOTJia OKeaH CTaj 4yyTh TeIiee, TpaHchopMalys
BO3IYIIHBIX MacC MPOMCXOANUT MeJjIeHHee U 10 Huxeropoackoit o6iactu BO3ayx
3UMOM ¢ ATJTAHTUKU TIOXOJUT €€ MaJ0 OCTHIBIIUM. JTO MPUBOJUT K CYIIECTBEHOU
MOBTOPSIEMOCTA KOJMYEeCcTBa oTTeneneid 3umoil. CTeneHb KOHTMHEHTaJbHOCTH
KJIMMaTa JJis I. Ap3amaca coctaBiseT MmeHee 55%.

Ap3amac, Kak u JJr000i Apyror ypOaHU3UPOBAHHBIN TOPOJ, XapaKTEPU3yeTCs
CBOMM MUKPOKJIMMATOM U MPUPOJHO-KIMMATHUYECKHE YCIOBHS TOPOJIa OTIIMYAIOTCS
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OT (DOHOBBIX, U TEM CUJIbHEE, YeM KPYITHEE HACEICHHBIN MyHKT. Ap3aMac sBJISETCS
TPEThUM 1O BeJIMYuHE TopojoM B Huskeropoackoi obGnactu (ero HacelieHHE Ha
Hayayno XXI cronetusi coctaino He MHOTUM OoJiee 100 ThIC. YeIOBEK) U KPYITHBIM
MPOMBIIIUICHHBIM 1LIeHTpoM B IIpaBoOepexbe (B OCHOBHOM MPHIIPHUSITHS
MaIlIMHOCTPOUTENIBHOIO  KOMIUIeKca).  MIHTEHCHMBHBIH  pOCT  TOPOJCKOM
UHOPACTPYKTYPHI U MPOMBILIIICHHOTO MOTeHIIMana Ap3amaca k Hayainy X XI Beka —
Ha QoHe oOuIel TEeHJIEHIMU MOTEIJICHUS KiIuMaTa — IMPUBEIU K HEKOTOPOMY
W3MEHECHHUIO KJIMMATUYECKUX ToKazaTeleil ropoja B CTOPOHY TMOBBIIICHUS
CPEIHEr0JI0BOM TemnepaTypbl Bo3ayxa npuMepHo 2°C 1 yBeJIMYEHUs KOJIMYECTBa
ocaakoB Ha 30-50mMM 3a roa. DTO B CBOIO O4Yepe/b, HE 3aMEIJIMIIO0 CKAa3aThCs Ha
HKOJIOTUYECKUX YCIIOBUSX TOPOJIA B IIEJIOM.

C pacimdpeHreM TOPOJCKON 3aCTpOMKHM W POCTOM TMPOMBIIUICHHOCTH
MPOU30IUIO0 H3MEHEHHE MHUKpOKIMMaTHYeckux ycinoBui. Ilocrynaromme B
aTMoc(epy TPOMBIIUICHHbIE BBHIOPOCHI U 00pa3yromiascs B TEIUIBIA CE30H MpH
CYyXOH MOrojie MbUIb 3aMETHO OCTAO0JAIOT COJHEYHYIO pajualuio (COJHEYHOE
U3ITy4YEeHHE), OCOOCHHO MpPU MaJOW BBICOTE COJHIA (T.€. paHHUM YTPOM M Tepes
3akaToM). B ropojae u3-3a CIOXXHOW OPUEHTUPOBKHU BEPTUKAIBHBIX CTEH JIOMOB
YCUJIMBAETCS POJIb MOTJIOMIEHHON COJIHEYHOM paauannu. Ha painaiimoHHbIN pexum
ropojia CIJIbHO BJIMSIOT Pa3IMUHbIE a3P030J1, CIIOCOOCTBYIONINE 00PAa30BaHUIO HAJY
rOpoJIOM JIBIMKH, KOTOpas YMEHbIIAET Mpo3pavyHOCTh artMmocdepsl. Haumbomee
3aMETHO KJIMMaTUYECKOE CBOeoOpazue ropoja MpOsIBISETCS NPU yCTOMUMBBIX
AHTULMKJIOHAIBHBIX TUIAX IMOTOJbl, TOBTOPSEMOCTh KOTOPOU B TEIUIBIM MEPHOJT
3aMETHO BO3pocCia.

Kpynnble ropoja, kak M3BECTHO, MPEACTABISIOT COOOM «OCTpOBa TEILIAY.
B onpenenénHoid Mepe 3TO OTHOCHUTCS M K Ap3amacy. B 3uMHHII CE30H ropoj
CTAHOBUTCSI, B HEKOTOPOW CTEMEHH, MCTOYHHUKOM Terja. TemnaoBbie BHIOPOCHI
KOTEJIbHBI U JIPYTUX OTOMUTENBHBIX CUCTEM, HEIUJIOTHO MPUKPHIThIE (HOPTOUKU U
JIBEpU MOMEIIECHUH, paboTaOMUNA TPAHCIIOPT — BCE ITO BMECTE B3ATOE, MOBBIIIACT
temneparypy B ropome Ha 2-3°C. B oTaenpHble [JHM 3UMOHM, MpHU
AHTUIUKIIOHAIBHOM COCTOSIHUM aTtMoc(epbl, pa3HUIla TeMIeparyp BO31yXa B
Ap3amace ¥ €ro OKpeCTHOCHUTAX, MOXeT aocturath 5-10°C. B nmetHuii nepuoj B
CIWJIy HaJIU4YWs OTPOMHOM MacChl KaMHs M O€TOHa, a TakXKe JOpPOr C TBEPIBIM
MOKPBITUEM TOPOJI TAKKE CTAHOBUTCA AKKYMYJIATOpOM Teria. CTEHbI 3[aHUl U
3aacharbTUPOBAHHBIC MOBEPXHOCTU B COJIHEUHBIC JTHU HAKAILJIUBAIOT HEKOTOPOE
KOJIMYECTBO TEIIa, @ HOYBIO OTAAIOT €ro B OKPYXAIOIIYI0 cpeny. Takum oGpazom,
COJIHEUHAs paaualusi HEMOCPEJICTBEHHO TMOTJIOMIAeTCS 3IaHUsIMU U JPYTUMHU
XO3IMCTBEHHBIMU OOBEKTaMU. ECTECTBEHHBIE TeMIepaTypHbIE IPOILECCHl eIl
OoJiee HWCKaXaloTCsl B YCJIOBUAX TOpoOjJa H3-3a MaJioro ucnapeHus. bwicTpoe
yAaJIeHUEe OCAaJIKOB JIeJIlaeT HEBO3MOXKHBIM CO3/IaHME 3arlacoB BJIarM B TIOYBE W,
cleoBaTeIbHO, HcHapeHue ¢ He€. TemmeparypHble KOHTPACThl CTaHOBSATCS
0COOEHHO 3aMETHBIMHU B TOPOJIE U 3a €ro MpeJeiaMy JIETOM, B BEYEPHHUE YaChl TIPH
sicHoM HebOe [2, ¢. 14].

['opojckue yciioBUsl Tak K€ BIMSIOT HAa pa3BUTHE BCEX (DEHOJIOTHYECKUX
MPOIIECCOB, YCKOPSiS TEM CaMbIM MPHUXOJ BECHBbI M 3aJ€pPCUBAsl HACTYIUICHUE
XOJIOOHOTO ce30Ha. llepwon akTHMBHOM BEreralMu pPacTeHHWM B  TOPOJE
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YBEIIMYMBAETCS MPUMEPHO Ha HEJIEIII0, YTO MO3BOJISIET MPAKTUKOBATH BhIPAIIUBAHKE
HEKOTOpbIX OoJiee TEIIONIOOMBBIX PAacTeHHl B TOpOJCKOW cpeae. B ropon Ha
HECKOJIbKO JTHEH paHbIlle MPUXOJUT BECHA, COOTBETCTBEHHO M (PEHOJIOTHMYECKHE
SBJICHUSI HAacTymnaroT ObIcTpee, 4yeM B paiioHe. be3Mopo3Hblil mepuos B Topoje
BCErJla MPOJOJDKUTEIIBHEE, YEM B €r0 OKPECTHOCTSX. Tak, cpemHss nara cxojna
CHEXHOT'0 TOKpOBa B Ap3amace, 1o HaiuM HaOmoaeHusM B XXI Beke, IpUX0oauTCs
Ha 5 amperns, a B €ro OKPECTHOCTAX Ha HeAento nosxke. [locneanue 3aMopo3ku Ha
IIOYBE B TOPOJIE 3aKAaHYMBAIOTCS K CEPEIMHE Mas, a 33 €ro MpeJeaaMu BEPOSITHOCTh
MOHW>KEHUS TeMItepaTyphl Bo3ayxa 10 0°C u HHKe COXpaHsIeTcs 0 Havyajia UIOHS.
Hampumep, B 2014 r. nocinenHuii 3aMOpO30K Ha MOYBE B Ap3amace oTMmeuasncs 8
Masi, a B paioHe — 19 uroHs1. B 0ceHHUM Ke Ce30H MOHMKEHNUE TEMIIEPATYPhI BO31yXa
10 0°C 1 HUXKE B OKPECTHOCTAX Ap3amaca MPOUCXOAUT 3HAYUTEIBHO PaHbILIE, YEM
B camoM ropoje. Tak, Hampumep, B 2016 T. mepBbiii 3aMOpPO30K Ha IMOYBE B
Ap3zamacckoM paiione 0wl 3adukcrpoBaH 12 ceHTs0ps, a B CaMOM ropojie — JIMIIIb
17 oxTs10ps.

MukpokiuMar MOXKET ObITh OOYCJOBJIEH HE TOJBKO IIpolieccamu
AHTPOIIOTEHHOTO TPOUCXOXKJEHUA, HO U ocoOeHHocTaMH penbeda. Tax,
CylecTByIouUi nepenas BeIcoT B 30-40 METPOB MEK1y HH>KHEHN YacThio Ap3amaca
U BEpXHEW OKa3bIBAaeT 3aMETHOE BIIMSAHUE HA TEMIIEPAaTypHbIH (POH, OCOOECHHO TIPH
SCHOM TOro/ie B YCJIOBUSX HOYHBIX TEMIIEPATYPHBIX MHBEpPCUU. B CBSI3U C 3TUM
3UMOM, B YCJIOBUAX aHTUIMKIIOHA, B HWYKHEHW 4aCTH Tropoja MOXKET ObITh XOJIOJHEE
Ha 5-10°C wu Oomblie, MO CpaBHEHUIO C BepxHEH wyacThio Apzamaca.
COOTBETCTBEHHO U BEPOSITHOCTh 3aMOPO3KOB BECHOW M OCEHBIO B HW)KHEH 4acTh
ropo/ia 3HaYMTENIbHO OOJIbIIIE, YEM B €0 BEpXHEH YaCTH.

Penved ropona BnusieT HE TOIBKO HA MUKPOKJIMMAT, HO U HA OCOOEHHOCTH
3aCTpOMKM TOpPOJICKOM Tepputopur. B  Ap3mMace JOBOJIBHO YETKO B
reoMop¢OJIOrHYeCKOM OTHOIIIEHUH PA3INYal0TCsI BEPXHSS M HUKHSISA YaCTH TOPO/Ia.
Huxnsas yacts ropoaa pacnoiioxkeHa B mexaypeuse Temn u lamku, BeicoTa Haj
ypoBHeM bantuku 31eck cocrasisier 120 — 125 metpoB. Bepxusis (HaropHasi) yactb
Apzamaca umeer abcomoTHyI0 BbeicoTy 140 — 160 meTpoB. «Haropusiit» penbed
BEpXHUW YAaCTH TropopAa B COYETAHUU C KOPEHHBIMU MEPMCKHUMHU IOPOJAMHU
(MpeuMyIIeCTBEHHO TJIMHAMU) OJaronpHusITCTBYET MHOTOATAXKHOMY (5 — 9 ataxeit)
CTpOUTEILCTBY. BMecTe ¢ TeMm, Hanmuuue OBparoB W OajioK, a TakKe KapCTOBBIC
MPOLIECCHI MPOTEKAIOIIKE B YEPTE TOPOJIa CO3AAI0T JOMOJHUTENbHbIE TPYAHOCTHU B
BO3BE/ICHUE 3/TaHUM U MPOKJIAJIKU JOPOT U KOMMYHUKaIuii. HuratuBHbIM (hakTopomM
JUUISl CTOMTEBCTBA B HUXKHUM YacTH TOPO/Ia BBICTYNAIOT TPYHTOBBIE BObI, YPOBEHD
KOTOPBIX, OCOOCHHO BECHOM, OJU3KO MOAXOAUT K JHEBHOMU MoBepxHOCTU. C apyroi
CTOPOHBI, aJUTFOBHAJIbHBIE TTOUBKI A0JMH Temu u [llamMku, B ycrmoBUsIX XOpoIIero
YBJIQKHEHHS CIOCOOCTBYIOT pa30MBKH OrOPOJIOB B YACTHOM CEKTOPE HUXKHEN YacTh
Ap3zamaca.

Oco0EHHOCTH TOPOJCKOM 3aCTPOMKH OKa3bIBAIOT 3aMETHOE BIUSHUE Ha
HampaBjeHue BeTpoB. [IpuuemM BeTpoBbie pymMOBI B IIEHTPE TOpoja W Ha €ro
nepudepr MOTYT HE COBIIaAaTh. MHOTOATa)KHASI 3aCTPOITKa HAPYIIACT ITUPKYIISIITUIO
BO3/lyXa, 3aTPYJIHSET BO3IyXOOOMEH, YTO CYIIECTBEHHO OTpa)kaeTcs Ha oOuei
HKOJIOTUYECKOM 00cTaHOBKE ropojia. CKOpOCTh BETPa B TOPOJIE BCEr1a 3HAUUTEIHHO

35



HIDKE, YeM Ha Jyry wid B nosie. Cuia BeTpa, OOBIYHO YMEHBIIAIOMIAsICS BHYTPU
rOPOACKHX KBapTaJOB, UMEET MAKCUMYM Ha BBICOTE UyTh BBIIIE CPETHETO YPOBHS
Kpbitn (st Ap3amaca 310 npuMmepHo 20-30 MeTpoB OT MOBEpXHOCTH 3eMiu). Ha
TEppPUTOpHUH ropofa Ap3aMaca, Ha JABYX CTAallMOHAPHBIX IMTOCTaX, CIIEIUATUCTAMU
Lentpa monuTopunra okpy:xatouei cpeasl ®I'bY «Bepxue-Bomxckoro YI'MCy,
MPOBOJSATCA HaOMIOEHUsSI 3a 3arpsi3HeHHeM aTMocdepHoro Bozayxa. I[locTel
OTHOCATCA K KaTeropHH «ropojCKhe (OHOBBIE» M PACIOJOKEHBI OHU B KUJIOM
MaccuBe ropona. Ilo ux nmanHeM, 3a mepuon ¢ 2011 mo 2015 rr. ormeueHna
TEHACHIIUA K POCTY YpPOBHS 3arpsi3HEHHUS BO3AyXa JHUOKCHUIOM a30Ta, (HEeHOIIOM,
cepoBogopoaoM, hopmanbaerurom [1, c. 5].

CocTostHuE ropoJCKOro BO3/lyXa U B LIEJIOM OKPYXAIOLIEH Cpelbl Ha MIPSIMYIO
3aBUCAT OT KOJMYECTBA M MOIIHOCTEH MPOMBILUICHHBIX MPEANPUATHNA, a TAKXKE
Hanmuuusi aBToTpaHcrnopta. C BBIXJIONHBIMA Ta3aMH B aTMmocdepy momagaroT
JUOKCHJI ¥ OKCHJT YTJIEPOJIa, OKCU/IbI a30Ta U MHOTHE JIPYTUE BPEIHBIE COCTMHEHUS.
B Ommxailiee Bpems TpeOyeTcs peLIEHUE BOIpoca IO TMEPEeBOAY BCETO
MYHHUIIMIIAJIBHOTO TPAHCIIOPTa ¢ OEH3MHA Ha ra3. TpaHCHOPTOM 3arpsi3HSAETCS He
TOJILKO aTMOC(EpPHBIM BO3/1yX, HO U IIOYBA B UEpPTE ropoja U BOJIU3U TOPOKHBIX
Maructpased. Ilonamass B He€, BpelHbIE COCIMHEHMS HAKaILIMBAIOTCS W 4epes3
NOCPEACTBO PACTEHUH BKIIOYAIOTCA B MHIIEBble Henu. (OCOOEHHO CHIIBHO
HACBIIIAIOTCS TOYBbI CBUHIOM, MEJbIO, IIUHKOM, HE(PTENPOIYyKTaMU BOJIMU3H
aBTOCTOSIHOK, aBTOMOOMJIBHBIX W JKEJIE€3HBIX JOpOr. YTO HE MOXKET HE BBI3bIBATh
OECrOKOWCTBAa y BIIAJIETBLEB CAJOBOAYECKUX XO34MCTB, pAaCIOJOKEHHBIX B
HEIMOCPEICTBEHHON OJIN30CTH OT OKUBJIEHHBIX MarucTpajien ropoa.

B ropoxackux ycioBHSAX HEMabIl Bpel OKPYKAIOMIEH NPUPOAE HAHOCUT
MacCOBO€ BBDKUTAHHUE CyXOW TpaBbl U ObITOBOro Mycopa. IlmoTHas 3acTpoiika,
OCOOEHHO B YaCTHOM CEKTOpE, C OOJbIIMM MPOLEHTOM JIEPEBSAHHBIX CTPOCHHI
HEpPEJKO MPUBOJIUT K moxkapamM. HO He TONBKO MOXKaphl SABISIOTCS HEraTUBHBIM
(bakTOpOoM BBDKHTaHUSI CyXOH TpaBbl M CXKUTaHUS ObITOBOro mycopa. [lpim ot
npolecca TOpeHus CyIIeCTBEHHO 3arpsA3HAeT aTMOC(epHbI BO3AYX U TEM CaMbIM
yXyAIIaeT cpeay Hamero ooburanus [3, c. 36].

B nocnienHee Bpems B TOpo/ie MPOBOAUTCS P MEPONIPUATHN, HAIIPABICHHBIX
Ha  OXpaHy  OKpyxawumen cpeapl. B 4acTHOCTH,  OCYIIECTBIISIETCA
YCOBEPIICHCTBOBAHNUE TEXHOJOIMH TMPOU3BOJACTBA, CTPOUTEIBCTBO OOBE3AHBIX
JIOpOT, TIEPEX0/ C TBEPAOIO U KUJKOrO BHUJIOB TOIJIMBA Ha raz u T.1. B ropoae
Apzamace 3a MOCIEOHUN MepuoJa MNpoBeleHa Oousbllasg padoTa MO MEPEBOAY
KOTEJIbHBIX Ha Ta30BO€ TOILIMBO, YTO MO3BOJIMJIO CHU3UTH BBIOPOCHI MO Caxke,
KaMEHHOYTOJIbHOW TMbUIA, OKCUAY yIVIEPOJa, JHOKCHUIY a3oTa. BaxHoi
COCTABJISIIONICH JaHHBIX MEPONpPUSATUN sBIAeTCcs pa3paboTka HOBbIX [IJIB
(npenenpHO-TOMYyCcTUMBIE BbIOpOCH) Topoaa. Hossle HopMartusel [1/IB mo3Bosst
YIY4IIUTh Ka4eCTBO aTMOC(EpPHOro BO3AyXa B TOpOAE€ W CHHU3UTH KOJIUYECTBO
BbIOPOCOB, JTMKBUIUPOBATH 30HBI MOBBIIIEHHON KOHIIEHTPAIMN BPEIHBIX BEILIECTB.
C 2007 r. B Apsamace QyHKiuoHupyeT lIeHTp KOMIIJIEKCHOTO MOHUTOPHHTA
OKpY’KaloIllel cpefibl, TAe MPOBOAATCS PEryyisipHble HAOIIOJEHHS 3a COCTOSTHUEM
aTMOC(EPHOTO0 BO3/1yXa, BOJOEMOB M YPOBHEM paauanuu [5].
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MukpokiuMar ropofa OTJIMYACTCS U HECKOJbKO OOJBIIMM KOJUYECTBOM
ocagkoB. B ropoxe konuuecTtBo ocaakoB B cpenHeM Ha 10% Bbllie, 4em B
HE3aCTPOEHHOW MECTHOCTH.  MOXHO BBIJEIUTh TPU OCHOBHBIE IPUYUHBI
BbIMa/IcHUsl OOJIBILIEr0 KOJMYECTBA Bjaru B ropoje. Bo-mepBbix, Kak yxke
OTMEYaJIOCh, TOPOJ — 3TO OdYar Teljla U €ro HajJu4yue NIPUBOAUT K Oojee
MHTCHCUBHOMY JBM)KEHMIO BO3JlyXa MO BEPTUKAIM, T.€. K YCHUJIECHMIO Ipolecca
KOHBEKIINY, a CJIEA0BATEIbHO, U K 00pa30BaHUIO 00J1aK0B. BO-BTOpBIX, 3TO Hamu4ue
B 3arpsAA3HEHHOM BO3/yX€ TBEPJIBIX MPUMECEN U NBUIN, KOTOPBIE CTAHOBSITCSI CBOETO
pola sApaMH KOHJEHCAlMW BOJASHBIX MapoB. B-TpeTbuX, NPUUMHON YBEIWYEHUS
OCaKOB MOXET SBIATbCS O(PPEeKT mnpensaTcTBU, OOYCIOBICHHBIA Kak
€CTECTBEHHBIM MEPENAIOM BBICOT, TAK U MHOTOATaKHOW TOPOJICKOM 3aCTPOMKOM.
KpynHeie ropoga kak Obl «OOOCTpPAIOT LUKIOHB». Kpome Toro, B ropoze
Habo1aeTcst 60JIbINe JHEH C 0caKaMu, TPO30i U TyMaHoM. J{J1st GOJBIINX TOPOIOB
B 0E3BETPEHHYIO TMOroJy XapaKTEpHbIM SIBICHHUEM CTAHOBATCA TyMaHbI
AHTPOITOT€HHOI'O ITPOUCXO0XKICHHUS], a TAKXKE IBIMKA U MIJIA.

B ropone, Onaromaps HCKYCCTBEHHOMY OCBEUICHHIO YJIMI[, 3aMETHO
YBEIUYHUBAECTCSA IPOJOJDKATEIBHOCT CBETOBOTO JHS, YTO Hapsay € APYTrUMHU
HEOJIarONpPUATHBIMU  HKOJIOTUYECKUMHU (paKTOpaMH TyOWUTENbHO JEHCTBYET Ha
MHOTHE KUBbIE OPTaHU3MBbI. ITO B CBOIO OUYEPE/Ib BEAET K 00ETHEHUIO U U3MEHEHUIO
ropoiackoil ¢aynel. BozaymHyro cpegy Ha o ynIMIax Tropoja  [IOMOTaroT
«03J10paBJIMBAaThy» 3€JICHbIE HACAXKJICHHUA, TUIOAJAb KOTOPBIX HACUMUTHIBAET OoJee
300 ra. CooTBETCTBEHHO B Ap3aMace Ha KayKI0T0 KUTENS TpUXxoauTcs 30 KB. M, 4TO
3HAYUTEIBHO OOJIbIIE JAEHCTBYIOIIMX HOPMATHBOB IO cTpaHe — 18 KB. M Ha
yenoBeka. PacTeHus ciy)kar cBO€OOpa3sHbIM (PHIBTPOM ISl 3arpsI3HSIOIIMX
BEILECTB, OCOOEHHO a’p030JI€il, OHU OYMILAIOT BO3JAYX, YJIYUIIAIOT MUKPOKIUMAT
ropojia, yMEHbIIAIOT CTOK OCAJKOB, CHIXKAIOT IIIYMOBOE BO3JIEHCTBHE, YKpAIIalOT
Ja"AWagT, SBIAIOTCS CPpeaoi OOUTaHUS ISl MHOT'MX BUOB IITHUL.

Taxum oOpa3zom, HaMeTUBLIASCS TEHIECHUUS MOTEMJICHUSI MECTHOTO KJIUMaTa
IIOKa 3aMETHO, B LIEJIOM, HE H3MEHWIA MPUPOJHO-3KOJOTHUYECKYIO CUTYaIUIO0 B
peruosne. [lonoxxeHue B CpeIHUX YMEPEHHBIX IHUPOTaX 00ECIEYUBAET JOCTATOUHOE
NOCTYIJIEHUE COJHEYHOW paJWallHd JETOM JUIsl YCHEIIHOrO IPOMU3PACTAHMS
JUKOPACTYIIMX PAcTeHUH M OOJBIIMHCTBA CEJIbCKOIO-XO3SICTBEHHBIX KYJIbTYD
yMepeHHoro mosica. OTCyTCTBHE Ha TEPPUTOPUM PETHOHA CYIIECTBEHHBIX
oporpaduyueckux  OappepoB HAa  MyTH  JBWKEHUS  BO3AYIIHBIX  Macc
0JIaronpuATCTBYeT CBOOOAHOMY BO3AYyXOOOMEHY — Kak B IIMPOTHOM, TaK M
MEpUANaHAIIBHOM HalpaBJICHHUSIX, YTO B CBOIO OYEPEIb CO3/Ia€T YCIOBHUS 4aCTON
CMEHbl AHTULMKIOHAIBHOIO XapaKTepa MOrojbl Ha LHUKIOHANbHBIA. Bce aTH
bakTopsl 00ycIOBIMBAIOT Ha Tepputopun Bcero Himkeroposackoro IlpaBoGepesxbs
HEYCTOWYMBOCTh KJIMMATUYECKUX MPOLECCOB, IEPMEHUYUBOCTD MOTOAHBIX YCIOBUH,
YTO €CTECTBEHHO HE MOXKET HE BIIMATH B OOIIEH COBOKYMHOCTH Ha 3KOJIOTHIO
pernoHa B HacTOsANMHN nepuoa u B Oyaymiem [6]. [Ipu sTom, mpoBoiuMbIe HAMU B
TeueHue nocieaHux 30 seT HaOMIOACHHSA 3a TMOTOA0H, Ha TEPPUTOPHH Tropoja
Ap3zamaca 1 uX aHaJIM3 MOATBEPKAAIOT TEHACHIUIO U3MEHEHUS KJIMMAaTa B CTOPOHY
HOTEIJICHUS ¥ YBEJIMYEHUS KOJIMYECTBA 0CaAKOB 3a rojl. OCOOEHHO CyIIeCTBEHHO (B
cpeqieM Ha 2-3°C) mnoTemaenad Mecslbl XOJOJHOTO Ce30Ha, COKpaTHiIach
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MNPOAOJIKUTCIIBHOCTL 3UMHCETO IICpHUOJa IMPHUMCPHO Ha ABC JCKAIbI, OOHOBMIIHCH
HCKOTOPBIC IMOKA3aTCIIM 3KCTPHUMAJIbHBIX 3HAYCHUM TEMIICPATYpP BO3AYyXa. Huxe
NpuBOAUM CPCAHCCTATUCTUYCCKUC KIMMATHYCCKHUC IIOKA3aTCIi MOJIA Topoda

Ap3zamaca 3a nepBbie aBa gecsatuiietuss XXI Beka (taou. 1, puc. 1).
Tabnuna 1
Cpenusis mecsiunast remrneparypa (°C) u KoIrm4ecTBo 0caaKoB (MM) Mo Mecsiiam ajis I. Ap3amaca

T'on/ | 1] 11 v | V | VI | VIl | VI ]| IX X X1 | Xl 3a
Mec | rox
2001 | 4 |6 2 9 12 | 18 | 23 | 17 | 13 3 -1 | ‘12 | e,1°C

45 |50 22 | 35 | 50 | 65 | 5 | 45 | 30 | 87 | 55 | 55 | 510mm
2002 | 7 | 2 1 7 | 12 | 17 | 23 | 16 | 13 | 4 | 2 | -15 | 5.7°
57 | 40 | 27 | 15 | 20 | 70 | 115 | 15 | 80 | 99 | 55 | 43 | 640mm
2003 | 8 | 10 | 6 | 5 | 15 | 13 | 22 | 19 | 12 | 6 T | 3 | 56
30 | 7 | 20 | 33 | 30 | 95 | 70 | 120 | 50 | 53 | 30 | 43 | 580mm
2004 | -7 | -9 1 4 | 14 | 17 | 21 | 19 | 13 | 6 | 2 | 5 | 600
37 | 20 | 65 | 50 | 30 | 110 | 80 | 60 | 58 | 56 | 30 | 47 | 645mum
2005 | 5 | 10 | 8 | 5 | 16 | 17 | 19 | 18 | 13 | 6 T | 4 | 54
35 | 35 | 35 | 36 | 45 | 85 | 50 | 40 | 35 | 35 | 33 | 65 | 545mm
2006 | 14 | 15 | 5 | 6 | 13 | 20 | 18 | 18 | 13 | 6 | -1 | 2 | 45°
25 | 25 | 35 | 25 | 50 | 60 | 75 | 60 | 80 | 45 | 87 | 35 | 600mm
2007 | 3 | 13 | 2 5 | 16 | 17 | 20 | 22 | 12 | 7 | -3 | -7 | 5.9°
50 | 45 | 15 | 27 | 33 | 37 | 100 | 30 | 90 | 42 | 40 | 25 | 545mm
2008 | 11 | 5 1 9 [ 12 | 16 | 20 | 19 | 10 | 9 I | 3 | 62°
35 | 38 | 35 | 40 | 40 | 60 | 45 | 100 | 45 | 45 | 50 | 15 | 550mm
2009 | 8 | 6 | 3 | 4 | 13 | 18 | 20 | 17 | 14 | 6 0 | -8 | 55°
30 | 10 | 25 | 20 | 30 | 70 | 65 | 70 | 14 | 37 | 35 | 25 | 435um

2010 | -17 | -10 | -4 7 | 17 | 20 | 250 | 22 | 12 | 3 1 -9 5,6°
50 | 25 | 10 | 10 | 40 | 8 | 10 | 45 | 50 | 30 | 40 | 110 | 440mm
2011 | 12 | 14 | 6 | 4 | 14 | 17 | 22 | 18 | 12 | 6 3 | 3 | 45

55 | 25 | 35 | 20 | 20 | 30 | 72 | 22 | 85 | 30 | 45 | 60 | 550mm
2012 | 9 | 15 | 5 8 | 15 | 17 | 21 | 18 | 12 | 7 1 -9 5,1°
30 | 15 | 25 | 50 | 45 | 37 | 40 | 110 | 55 | 75 | 30 | 32 | 550mm
2013 | 9 | 6 | 8 5 | 15 | 19 | 19 | 18 | 11 | 6 3 -4 5,2°
42 | 10 | 45 | 50 | 38 | 48 | 100 | 52 | 140 | 55 | 25 | 50 | 650mm
2014 | 12 | -6 0 5 | 16 | 16 | 20 | 19 | 11 | 2 3 | 5 5,5°
23 | 22 | 20 | 6 | 15 | 75 | 15 | 47 | 17 | 40 | 20 | 40 | 342wm
2015 | 8 | 4 | =2 5 | 15 | 18 | 18 | 15 | 14 | 3 0 2 5,9°
20 | 28 | 1 | 40 | 10 | 120 | 50 | 50 | 40 | 37 | 40 | 45 | 480mm
2016 | 11 | 2 | 1 8 | 13 | 17 | 20 | 20 | 10 | 4 | 3 | -8 5,6°
80 | 65 | 50 | 120 | 30 | 15 | 55 | 55 | 60 | 20 | 50 | 25 | 630mm
2017 | -10 | -6 1 6 | 11 | 14 | 18 | 18 | 12 | 5 0 1 5,6°
26 | 25 | 15 | 43 | 45 | 46 | 168 | 43 | 62 | 40 | 58 | 77 | 650mm
2018 | 7 | 12 | 9 6 | 15 | 16 | 20 | 18 | 13 | 6 3 | 7 | a7
26 | 12 | 23 | 48 | 13 | 30 | 132 | 31 | 47 | 43 | 17 | 25 | 435um

2019 | 9 | 4 | 1 6 15 | 17 | 17 | 15 | 10 | 8 1| 2 5.9°
20 | 30 | 20 | 18 | 99 | 85 | 60 | 68 | 28 | 78 | 5 | 35 | 545mm

2020 | 2 | -3 3 5 12 [ 17 [ 19 [ 158 | 12 | 7 0 -9 6.3°
34 | 23 | 15 | 65 | 60 | 75 | 52 | 75 | 22 | 30 | 23 | 13 | 490mm

XXIe. | -8 | -7 | -2 6 14 [ 17 [ 19 [ 17 | 11 | 6 1 | -6 | 55°C

CpenH. 35 25 27 36 44 68 59 66 48 49 33 33 | 520mm
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NCCIEJOBAHUE BEPTUKAJIBHBIX BO31YHIHBIX
MUKPOIIOTOKOB OT NECYAHOI MOPUCTOM MOBEPXHOCTH
UI.P. MasmnoBckuii, 2E.A. MaJnHOBCKAas
Malinovs.kyDenis@yandex.ru; elen_am@inbox.ru
LCmaspononvckuii 2ocydapcmeennviii azpapmeiii yuusepcumen,
Poccus, 2. Cmasponons
2Uncmumym pusuxu ammocpepor um. A.M. Obyxoéa PAH, Poccus, 2. Mockea

OMHCCHS TIBUTBHOTO a’p030Jisi B BEPXHHE CJIOM aTMOC(Ephl 3aBHCHT OT
KOHBEKTUBHBIX TeUeHUH [l] CyIIeCTBEHHBIM 0OOpa3oM BIMSET Ha COCTOSHUE
skocuctembl U kiumat [2]. Tlotok smMuccun Mukpouactui] pazmepamu 0,1-5 Mxm
3aBUCUT OT caibTanuii yactun pasmepoM 70-300 MM [3] - ckaukooOpa3HOTO
IpolLiecca BETPOBOTO BBIHOCA.

[ToBepXHOCTh, COCTaBIE€HHAs W3 DOJOBBIX YACTHUI[ IOJ BETPOBBIM
BO3JICHCTBHUEM, SIBJISIETCS HICTOYHUKOM TBUTLHOTO a3po3oJisi B atMocdepe. [Iporiecce
BETPOBOIO0 BBIHOCA BO3MOXKEH NPHU MPEBBIINICHUU KPUTUUECKOW WIIM MOPOTOBOM
CKOPOCTH BETPA BO3IYIIIHOTO MOTOKA HAJ| MOACTUIAIONIECH TOBEPXHOCTHIO. HacTHIIbI
MouBHbI (TIECKa), OTPHIBAEMBIC BETPOM, JIETST HAJ[ MOBEPXHOCTHIO, YIAPUBIIUCH O
MOBEPXHOCTh, MOTYT OTCKOYUTh BHOBB, MEPEKATUTHCS WJIM BBIOUTH JpyrHe
yacTulbl. [Ipy 3TOM HesicHa poJib NPUNOBEPXHOCTHOW KOHBEKIMU HA IMPOLECCHI
AMHCCUU MUKpouacTull [4, 5].

Tak kak Ha BEpUIMHE D0JIOBOM CTPYKTYphI OTJjaratorcs Oosiee KpymHbIE
YACTHUIIbl, PE3YJIbTATOM MX YKIAJKH SBJSIETCA TO, YTO MEXIY MOBEPXHOCTIMU
4yacTull OOJIBIIIME PACCTOSHUS, YTO YCHJIMBAETCS WUCKPUBICHUEM IOBEPXHOCTH.
Kanasbl B mecuanoli cpeze, 00pa3oBaHHbIE 3a CUET YKJIAJKU YACTHIL TAKXKE 110 ITOU
npuuuHe OoJsiee mmMpokue. Tak Kak JJisg DO0JIOBBIX CTPYKTYp XapaKTepHO
3aKpyYMBaHHUE TIOTOKAa C TIOJIBETPEHHON CTOPOHBI, BHYTPU KaHAJoOB OyJeT
BOCXOJISIIIIEE JIBMKEHUE C JBYX CTOPOH. [Ipy coeanHEHWH MOTOKOB BHYTPU Ha
BepIIMHE OyAeT MPOUCXOAUTh 3aKPYyUYHMBAHHE C BEPTUKAILHBIM JIMHEWHBIM
JIIBVDKCHUEM.  YCWIMBAIOIIMKCS K BEPIIMHE DS0JOBOM CTPYKTYPhl IOTOK
CaJIbTUPYIOUIMX YACTHUIl 3aMEIJISIET IBUKEHNE BO3/IyXa Y CAMOM MOBEPXHOCTH, YTO
ONpEeNEeNIieT BO3MOKHOCTh BO3HUKHOBEHUSI BEPTUKAIBHBIX KOHBEKTHUBHBIX
JBH>KEHUH, KOTOPbIE YCUIMBAKOTCA MUKPOIIOTOKAMH B KaHAJIAX NIECYAHOM CpEbI.

HartypHble SKCiepuMEeHTBHI, TO3BOJISIFOIINAE UCCIIEA0BATh POJIh MUKPOKAHAJIOB,
oOpa3yromuxcs Onarojapsi HEIUIOTHOW YKJIaJKe YacTHUll, JJi1 MacTaboB MopsiKa
JOJIEl M JECATKOB MHUKPOMETPOB 3aTpynHHUTeNbHA. [Ipu 3TOM BO3MOXKHO
UCCJIEIOBAHNUE CPEACTBAMU YUCICHHOTO MOJEIUPOBAHUS B CEPUU IKCIIEPUMEHTOB.

[TosToMy HcCien0BaIOCh BIUSIHUE U3MEHEHUM TeMIepaTyphbl MIOBEPXHOCTH U
CKOPOCTH TOPU30HTAIILHOTO MOTOKA HaJl MOBEPXHOCTHIO HA JBUKCHHUE B TTOPUCTOM
cpene (puc. 1). CmonenupoBana 3D ¢opma obmactu, moBTOpsOIICH Gopmy
BO3JYILIHOIO KaHAJIa MEXIy YacTUIAMH BHYTPU IOPUCTOM IECUYAHOU CpPEpbl.
[Ipennonaranoch, 4YTO 4YaCTUIIbI, COCTABISIONIME TOPHUCTYIO CpEeAy, HMEIOT
OJIMHAKOBBIE PAa3MEPBI U CI0KEHBI B IPSIMOYTOJIBHOMN YKIAJKE.

B kayecTBe TIpaHWYHBIX YCIOBUH MpPH YUCIEHHOM MOJEIMPOBAHUU
MHUKPOTPOLIECCOB B BO3AYIIHBIX KaHAJIaX MEXAY YacTUIIAMU Ha TMOBEPXHOCTHU
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NpUHATHL ciienyronie. Temneparypy nosepxHoctu MeHsuin ot 310° go 350° K ¢
maroM B 10°. CkopocTh BO3AYIIHOTO NOTOKAa Ha BepxHeWl rpaHulle (Haf
noBepxHOCTHI0) — 0T 0,01 1m0 0,05 M/c ¢ marom 0,01 m/c.

U Magnitude

Puc. 1. YucneHHsbli SKCIEPUMEHT: IBH)KCHHE TETUIOBBIX MIOTOKOB B KaHAJIAX CPEIbl

BrruncnutenbHbId SKCIEPUMEHT PEATU30BaH C UCIOJIb30BAHUEM OTKPBITOTO
naketa OPEN FOAM niist namMuHapHOW MOJIENU, YYUTHIBAIOIIEH TETIONEepPEeHOC.
Benuunna cocraBisttomeit ckopoctn Uz BOCXOIAIIETO MOTOKA B BEPXHEH TOYKE
BBIXO/Ia K TOPU3OHTAJIBLHOMY TIOTOKY HaJ TIOBEPXHOCTHIO BO3pacTaeT C
yBenuueHueM temmneparypsl oT 0,002 m/c 10 0,0026 M/c, 9TO onpenensieT MeXaHu3M
MUKPOKOHBEKIIMM Y TIOBEPXHOCTU. B HIDKHEN o00jacTH mOa CIIOEM YacTHI]
cocTaBisronas ckopoctu Uz oTpuiaTeabHa U CKaYKOM BO3PAacTaeT Mo MOAYJIO MPU
temriepatype Bbilie 330 K, uTo cmocoOCTBYeT OTPBIBY OT MOBEPXHOCTU KPYITHBIX
CaTbTUPYIOIIUX YACTHUIl U BBIHOCY U3 MOP YaCTHUI] MUKPOHHOTO U CYOMUKPOHHOTO
pa3mepa. M3MeHeHHe CKOpPOCTHM TOPH30HTAIBHOTO MOTOKA HAJ MOBEPXHOCTHIO B
MEHBIIIEH CTENEHU B OTJIMYMH OT TEMIIEPATYPHBIX U3MEHEHUI BIUAET HA JUHAMUKY
MPOIIECCOB B KaHajdaX U (POPMHUPOBAHUIO BOCXOJAIIUX MHUKPOMOTOKOB W3 TOP
MECYAHOM CpEMBI.

Pazorperas B jieTHHE MecCsIbl MecyaHas MOPUCTasi Cpela, CO3/1aeT 0coObIe
YCJIOBUS JIJIsl MHULIMAITUU BOCXOISIINX TETIOBBIX MUKPOIOTOKOB.

Hccneoosanue evinonneno npu noooepaicke npoexkma PODU 19-05-50110.
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N3YYEHUE CIIEKTPAJIBHBIX XAPAKTEPUCTHUK U AHAJIN3
HABJIIOJEHUI ADPO30JIS1 B TPOIIOC®EPE, IOJTYYEHHBIX
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alex1372049@gmail.com

HUncmumym gusuxu ammocgepol um. A.M. Obyxoea PAH, Poccus, 2. Mocksa

Annomayusn. Ocnosnoui 3a0aueii npoekma DELICAT (DEmonstration of
Lldar based CAT detection) Ovina npogepka HOB0U  BO3MONCHOCIU
3a01a208peMeHH020 0OHApYICeHUs. obaacmell MypOYIeHMHOCMU SCHO20 Heba ¢
yenvlo nosvlulenusi bezonacHocmu nonemos. bvinio npednodceno pewamsv 3my
3a0a4y nymem pec2ucmpayuu UHMeHCUBHOCMU 0OPAMHO20 DACCeHUS A3EPHO20
UBTYUeHUsT Npu NOMOWU YCMAHOBIEHHO20 HA Oopmy camojemd, CHeYUdIbHO
paszpabomannozo auoapa, pabomarowe2o 8 yibmpagpuoiemosom ouanazoHe OJuH
60JIH. JlemHvie ucnvimarusi npo8oounUcs 8 nepuod ¢ 17 urons no 12 aseycma 2013 e.
Hao 3anadHnol uacmvio Eeponvl u npunecarowumu MOpCKuMU meppumopusimu.
B 6onvwuncmee ciyuaes 60onv mpacc nonema Npucymcmeosdanil a’po30JibHble
CKONJIEHUsl PA3IUYHOU MOWHOCMU Uu/uiu obaacmu mypoyienmuocmu. B smoii
pabome mbl NPUBOOUM OA3Y OAHHBIX, ULTIOCMPUPVIOWVIO NOTYHEHHbLE PE3)IbMAmbl,
6 6ude HaboOpa OB8YMEPHLIX NPOCMPAHCIMBEEHHO-BPEMEHHBIX —U300PAdCeHUl,
ONUCHIBAIOWUX HAOJIIOOEHUS. 8 BblOCIEeHHbIX UHMEPBANax epemeHu (30Hax), 2oe
usmepeHus Hauboiee HaoexcHvl. dma baza 6yoem CiyHcums 0CHOB80U 0l ombopa
NPOCMPAHCMBEHHO-8DEMEHHBIX UHMEPBANO8 O/l Oonee 0emanbHO20 U3Y4YeHUs
NOJIYYEeHHBIX OAHHDIX.

Kniroueewie cnoea. [Ilpoexm DELICAT, asposzonv, mypoyrenmunocmo, auoap,
asuayusi, 30HOUPOBAHUe amMMocghepbl, cCneKkmp.

1. BBenenue

[Ipoext DELICAT (DEmonstration of LIdar based Clear Air Turbulence
detection) ObLI HalleleH Ha PEIICHHE OJHOM W3 BaXKHBIX 3a7a4 aBHAITMOHHOM
0e30macHOCTH — 3a0JIarOBPeMEHHOTr0 OOHAPYKEHHs BIIEPEN MO Kypcy camoJjieTa
obnacrteit TypOyJIeHTHOCTH sicHOTO Heba [1], [2]. BeimomHeHre mpoekTa Havyaaoch B
2009 r., netHble UCHbITaHUS NpoBOAWIMCH JetoM 2013 1. DT0 eBponelckuit
MEXIYHAPOIHBIN MPOCKT, OCHOBHBIMU YYaCTHHKAMU KOTOpOro siBjstorcs: Thales
Avionics (MexxnyHapoaHasi ~— MPOMBILUICHHAas — Tpymna, BBIITYCKAIOIIAs
WH()OPMAITMOHHBIC CHCTEMBI IS ABHAKOCMHYECKOTO, BOSCHHOTO W MOPCKOTO
npumenenusi); CNRS (Centre national de la recherche scientifique), ®panums; DLR
(HeMeukui a’pokocMuueckuil 1eHTp), I'epmanusi; Hovemere, BenukoOpuTtanus;
Meteo France, ®panuusi; NLR (Huzepnanackuii a’poKOCMUYECKUN IIEHTP),
Hunepnanas; ONERA (Office National d’Etudes et de Recherches Aerospatiales),
®pannus; INOE 2000 (National Institute for Research and Development in
Optoelectronic), Pymbiaus; Wuctutytr ¢usuku atmochepsr uMm. A.M. OOGyxoBa
PAH, Poccus; Laser Diagnostic Instruments, Dcrouust; BapiraBckuii yHUBEPCHUTET,
[Monsma; EADS (Innovation Works), I'epmanus. Cotpyaauku MacTuTyTa QU3HKHA
atmocdepsl um. A.M. OOyxoBa PAH yuacTBoBasii B MpOEKTe Kak Ha ITare
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IUTAHUPOBAHMS, TaK U B Mpoliecce 00pabOTKH M MHTEPHpPETAUU AaHHBIX (CM. [3,
c. 19-32], [4], [5]).

3abnaroBpeMeHHOE OOHApYKEeHHE 00acTel TypOyJIEeHTHOCTH SICHOTO Heba —
Ba)KHas MpaKTUYecKas 3aj1a4a (Janee TypOyJIeHTHOCTh SICHOTO Heba OylieM KpaTKo
o6o3nauath CAT — clear air turbulence). CAT Bo3HHKaEeT Ha BbICOTaxX 0oJIbIIE 5 KM
Opy SICHOW TOTOJe WM TpU HAJIWYUU OOJAKOB BEpXHEro spyca U He
oOHapy>KHMBaeTCsl HU BU3YyalbHO, HM MeTeopajapaMu. 3amac BPEMEHH IOclie ee
OOHaApY>XEHUsI TOJDKEH OBITh JOCTATOYHBIM JJII TOTO, YTOOBI MAaCCAXHUPHI YCIEIH
INPUCTETHYThCSA, TO €CThb HE MeHee 2-3 MHUHYT. BaxxHOCTh 3TOH mIpoOIeMbl
MOUepKUBaeTCsT TeM (HaKTOM, YTO YHCIO TMPOWCIICCTBUH, CBSI3aHHBIX C
MOTIaJaHUEM CaMOJIETOB B 00J1aCTH aTMOc(hepHOi TypOyIEHTHOCTH, YBEIUYUBACTCS
npuMepHo B 3 paza Obictpee yucna noaetoB [8, C. 9]. B 40% cnyyaeB 3T0
TypOYJIEHTHOCTH iCHOTO Heba. Uucno npeueneHToB nonaganus camoneToB B CAT
10 pa3HbIM UCTOYHHMKAM Koisiebmnetcs oT 750 qo 1500 B roa. bonbias ux 4yacth He
MPUYUHAET BpEJa Maccakxupam M SKHMNaxXy, OJIHAKO aBUAKOMIIAHUU CTPAAIOT OT
3aJiep’KeK U nepedoeB peiicoB. TpaBMupyeTcs B ToJ] MOPsiIKa COTHU YEJIOBEK, U 3TO
CTaHOBUTCS MPOOJIEMOM TakKe /I CTPaxoBbIX komnaHui. K HacTosiiieMy MOMEHTY
3amjaya  3a0naroBpemeHHoro  oOHapyxkenus CAT  eme  He — Hama
YAOBJIETBOPUTEIBHOTO PEIICHUS.

ABtopsl nipoekta DELICAT mnpennioxkuiv ClIeayroluid Croco0 pelieHus
3a/layd: C MOMOILBIO YCTAaHOBJIEHHOIO Ha OOpTy camoJjieTa yibTpadHroJIeTOBOTO
JuAapa pPEerucTpupoBaTb HHTEHCHUBHOCTh OOpPATHOTO PpACCESIHMS JIA3€pPHOTO
U3ITy4YEHHs] Ha IOCTATOYHO OOJIBIIOM PACCTOSHUM BIEPENIU MO KYpCY U ONPEAEISTh
HaJu4ue 00J1acTu TypOyJIEHTHOCTH MO BO3MYILIEHUSAM 3TOI HMHTEHCUBHOCTH.
[TogpoOHOe omucaHuWe Jauaapa MOXKHO HallTH, Hampumep, B padote [9]. Ero
OCHOBHBIC XapaKTEPUCTHUKHU: JIJTMHA BOJHBI 355 HM, NIMTEIBLHOCTh UMITYJIbCA 7 HC,
yactoTa uMiyiabcoB 100 I'u, yrnoBasi pacxoaumocTs nyuka 0.2 Mpazn, auaMerp
npueMHuka 14 cm. Y nupapa 2 TpUEMHBIX KaHala i KO- M Kpocc-
MOJISIPU30BAHHOTO M3JIyYeHUsI. MUHUMAIIBHOE pacCTOSHUE 30HAMPOBAHUA 1.5 KM,
MakcuMajibHOe 15 kM, 4TO cooTBeTcTBOBaNiO 1 — 1.5 MuH nosnera. Pa3penienue no
paccTossHMIO 5 M. YCTaHOBJEHAa CHUCTEMa 3€pKaj, KOTOopas HalpabiseT
30HUPYIOIINIA JIyd BIepe] 1Mo Kypcy camoieta. MMeercs GuiabTp, oTceKaromuit
COJIHEYHOE U3TyUueHure ¢ mojiocor mponyckanus 0.5 HM. B 1eTHBIX UCTIBITAaHUSIX OBLT
3aneiictBoBaH camonier Cessna-Citation-2, mnpuHauIeKAMUH HUACPIAHICKOMY
a3POKOCMUYECKOMY LIEHTPY U J0O0OPYAOBAHHBIN JJ1s1 paOOThI C YCTAHOBJICHHBIM B
CaJIOHE JIUJIapOM.

Ha puc. 1 nokasana kaprta ©OJNETOB, KOTOPbIE NPOBOAWIIMCH U3
amcrepaamMmckoro asponopra Ckunxoin ¢ 17 utons no 12 asrycra 2013 roaa. [Tosetst
MPOUCXOAUIIM HAJl 3amaJHOM 4acTbio EBpombl ¢ bpuTaHCKMMH OCTpOBamMu M
MPUJIETalOIMMHA MOPCKUMH TeppuTopusamu. [loneTsl Hymepyrotes ¢ 1 mo 11, B 4-x
ClIy4asiX B OJIMH JIEHb BBIMOJIHSIIUCH 1O 2 mosieta. [lomer 1 ObUT TpPEHUPOBOYHBIM,
€ro JIaHHbIC HETOJHBI U He 00pabdaThiBaInch. B cOOTBETCTBUU C 3a7adeil MPOeKTa
MOJIETHI MPOBOJUIIUCH B YCIOBUAX SCHOU IMOTO/IBI.

Kax mpaBuiio, B OTCyTCTBHE COOEB ammapaTypbl HEPEPHIBHBIE U3MEPECHUS
MPOUCXOJIUIIM B HHTEpPBAIaX JIUTEIbHOCTbIO 695 cekyHha, aaiee cieaoBan S-
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CEeKYHJHBII TMPOMEXYTOK 0e3 wu3MmepeHuid. [{ns ymoObcTBa MBI NPUCBOMIU
IIOJIYYCHHBIM B TAKUX MHTEPBAIAX IPYIIaM AaHHBIX KOPOTKUE YCIOBHBIE HOMEPA,
KOTOpbIE U (PUTYPUPYIOT Ha puC. | 1 2.

A3aponopT
6asupoBaHus
e | S - Ckunxon,
NAibivan| RN @ & AmcTeppam

Grofbritannien”

Moner 1: 17.07.13
(TPEHMPOBOYHbIN)
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Y X604 . Deuischiand
/7“ 9 gien\| ' °
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: %
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Puc. 1. Kapra noneroB npoekra DELICAT. Ilonets 0603HaueHbl HOMEPaMHU Pa3HOTO IBETA.
Hudps! paaoM ¢ TpaeKTOPUSMHU — YCIIOBHBIE HOMEpA TPYII JaHHBIX, TOCTABICHHBIE B MOMEHTHI
Hayvaja U3MEPEHUH TPy

CrarucTrKa KOJIMYECTBA MOIYYEHHBIX JaHHBIX IO BPEMEHH U3MEPEHUIA:

- o011ee eTHOE BpeMst mpuMepHo 33 yaca;

- 0011ast MPOJOJKUTEIbHOCTh U3MEPEHUH A mosieToB ¢ 2 1o 11 — moutH
16 gacos;

- CyMMapHas NpOAOJLKUTENbHOCTh U3MEPEHUI B TaK HA3bIBAEMBIX 30HAX ~
6 gyacoB (30HBI — BBIICTICHHBIE YYACTKU TPACKTOPUN, B KOTOPHIX HE3HAYUTEIIHHO
MEHSJIMCh BBICOTA U HAIIpaBJIEHUE MOJIETA, a TAKXKE JOCTATOYHO HAJIEkKHO padoTana
cucTeMa KOMITEHCALMU OTKJIOHEHHUI 30HIUPYIOIIEro Jy4ya OT HAIlpaBJIEHUS M0JIeTa,
TO €CTh UHTEPBaJIbl HAUOOJIEe HAZICKHBIX U3MEPECHHUM ),

- 001Ut 00beM MOJIyYEHHBIX TaHHBIX ~ 1.1 Tepabair.

K naHHBIM M3MepeHul NPUIIAraroTCs CBEACHUA O TAKUX IapameTpax MoJera,
KaK BBICOTA, YIJIBI TAHTaXXa, PbICKaHbsl M KPEHA, BEpTUKaIbHOE yckopeHue, GPS-
KOOpPJMHATHI U BO3JYyIIHAs CKOpocTb. Ha puc. 2 11 Bcex MOJIETOB MOKA3aHbl MX
BBICOTHI, ObI OXBau€H BBICOTHBIA WMHTEpBal OT 7.5 mo moutu 12 km. Bcero B
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nosietax BbiAeneHO 30 30H (OTMEUYEHHBIX HA PHUC. TOJyObIM LIBETOM), U3MEPEHUS
IPOU3BOJIMIINCH B 27 U3 HUX.

| Noner 7, 7 asrycra 2013 |

BLICOTA. Af | Noner 2, 26 Vnona 2013 | sEicOTA. AT
12000 — ) z = 1211 141 . 12000 70171172173 |74175176|77178 |79 81182183
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Puc. 2. CBenenus o BbIcOTax s Bcex MmoyieToB. Ha HIbKHEH 4acTh KaXKIOW MaHEeNH TOoJyObIM
IIBETOM TOKa3aHO IMOJIOKEHNE 30H, BBEPXY CTOST YCIOBHBIE HOMEpa TPYII JaHHBIX, PO3OBBIMU
MPSIMOYTOJIbHUKaMH BBIIETICHBI T€ TPYIIIBI, A KOTOPHIX Pe3yibTaThl U3MEPEHUI OBLIM HaAMHU
o0OpaboTaHbI

B xaxmgom momere ObUTM 3apeTrHCTPUPOBAHBI 3aMETHBIC BO3MYIICHHUS
WHTEHCHUBHOCTH OOPATHOTO PacCEesTHUS, KOTOPBIC SBIISIOTCS CIICACTBAEM TOSBICHUS
Ha Tpacce camoJieTa CKOIUICHWM a’po3ojisi (Mbl OyJeM Has3bIBaTh HMX TaKkKe
obOmakamu) u/mm CAT.

OcHoBHast 3amaya 3TOM pabOTBl — TMPEACTaBUTH 0a3zy JIaHHBIX,
JEMOHCTPUPYIOIIYIO PE3yJbTaThl M3MEPEHHM, A MOCIEAYIOUIET0 JeTalbHOIO
aHalli3a TMOJY4YeHHOM HWH(POpMalUu O CKOIUICHUSX a3po30Js WIM 00JIacTsaX
TypOyJIeHTHOCTH. MBI paccMaTpUBaJIU TJIABHBIM 00pa3oM JaHHBIC, TIOJYYCHHBIC B
BBIJICJICHHBIX 30HAX U UX OKPECTHOCTSX, B HAIIMX JATHHEHIIHNX TUTAHAX — U3yUYCHUE
BCeil umeronieiicss nupopmaruu.
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2. MeToabl U NPUHIUIIBI HCCIIETOBAHUS

Jl71d BbLAEIEHUS NETAIE U PACCMOTPEHUS MPOCTPAHCTBEHHOW U BPEMEHHOM
HBOJIIOIUU CKOILJICHUH JOBOJBHO 3((HEKTUBHBIM SIBIISIETCA MPEACTABICHUE JaHHBIX
U3MEpPEHU B BUJE JBYMEPHON KapTHHBI, TJl€ MO OCH a0CUUCC OTKJIAJbIBACTCS
paccTosHue OT caMoJsieTa X B KUWIOMETpPaxX, 0 OCH OPAUHAT — BpeEMs t B CEKyHIax.
JIBr>keHHEe camoJieTa B NPOCTPAHCTBE OJHOMEPHO, JBYMEPHOE MPEACTABICHUE
MOJIYYEHO CIIEYIONIMM 00pa3oM: JaHHbIE 00 MHTEHCHBHOCTH B MOMEHT NEPBOTO
JUJAPHOTO  HMMIYJIbCAa  YKJIAQABIBAIOTCS ~HAa  TOPU3OHTAIBHYIO  MOPSIMYIO,
COOTBETCTBYIOIIYIO 3TOMY MOMEHTY BPEMEHH, JJI CIEAYIOIIEr0o MUMITyJIbCa — Ha
CIICIYIOIIYIO MPSIMYIO U T.11. IHTEHCMBHOCTH OOPAaTHOTO PACCESTHHS YMHOXKAETCSI Ha
KBaJpaT PACCTOSIHUS JJIsi KOMIIEHCAllMM pacxXxoxiaeHus Jjyda. Kpome Ttoro, s
CHIDKCHMSI BIIMSIHUS IIyMa Mbl YCPEAHWIM HWHTEHCUBHOCTh MO 3-M TOYKaM
paccTosiHUsI U 9-TH BPEMEHHBIM TOYKaM, YTO COOTBETCTBYET MPOCTPAHCTBEHHOMY
pazpemieHuto 15 M u BpemeHHomy 0.09 cek. IIpumep Takoro mnpeacraBieHUS

JIAHHBIX TIOKa3aH Ha puC. 3.
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Puc. 3. MHTEHCHMBHOCTH OOpaTHOTO paccesHUs, YMHOXXEHHas Ha KBaJApaT pACCTOSHUS U
ycpenHeHHas 1o 3-M TOUKaM pPacCTOSHUSA U 9-TH BpeMeHHBIM ToukaM. ClieBa — KO-TIoJIsIpu3alIus,
cupaBa — kpocc-nossipuzanus. [loner 4, 31 urons 2013, gacte 3061 5, UTC 11:47:05.66 —
11:48:05.66, BeicoTa 7600 m

Ha puc. 3 MOXHO BUAETH, KaK BBITJIAIUT B TaKOM MPEACTABICHUU 00IAKO
a’p030Jis WK 00J1aCTh TypOYJIEHTHOCTH (OHU MPAKTUYECKH OAMHAKOBBI). O0JIaCTh
NOBBIIICHHON MHTEHCUBHOCTH CMEILAETCs BIEBO U BBEPX 110 MEpe MPUOIMKEHUS K
00JlaKky, yrojl HakJIOHa OMpeEeNsieTCs] BO3AYIIHONW CKOPOCThIO camoriera. OOiee
CHI)KEHHE MHTEHCUBHOCTH C YBEJIIMYEHUEM PACCTOSHUS OT camoJjieTa 00OBsSCHAETCs
IJIaBHBIM 00pa3oM MOJEKYJsIpHbIM paccesHueM [10]. IHTeHCHBHOCTH B KaHale
KpOCC-TIOJIIPU3alluH, KaK MPaBUIIO, CYIIECTBEHHO MEHBIIE, U BO MHOTUX CIIy4asiX,
KaK ¥ Ha JaHHOM PHC., aHAJIU3 NTOKa3bIBAET, UYTO B ITOM KaHaJle PETUCTPUPYIOTCS B
OCHOBHOM IIyMbl u3MmepeHuit. [lanee mbl Oyaem paccMarpuBaTh B OCHOBHOM
WHTCHCUBHOCTH B KaHAJI€ KO-TIOJISIPU3AIIH.

Ecnu B HEKOTOPBIX cydasX CTPYKTypa OOJIaKOB OTYETIMBO BHIHA, TO IS
BBISIBJICHUSI TIPUCYTCTBHUS CJa0bIX CKOIUIEHWH HEO0OXOJUMO HCIOJIb30BaTh
CHeluaIbHyl0 MeTOAMKY o0paboTku [10]. DTa MeTonuka MO3BOJISET, C OJHOMN
CTOPOHBI, YY4€CTh BIIUSHHE MOJEKYJSIPHOIO paccesHus (BOaldu OT caMoJieTa) U
annapatHblx 3(P¢eKkToB (BOIM3M) MyTeM TMOCTPOEHUS HEKOTOPOH «KPHUBOM
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YyBCTBUTEIBHOCTHY, U, C APYTOM CTOPOHBI, B 3HAUUTEIHLHON CTETICHN M30aBUTHCS
OT IIyMa U3MEPEHUM, MPOHOPMHUPOBAB HHTEHCUBHOCTh Ha €€ CpeIHEee 3HAUCHHUE B
HEKOTOPOM BBIOpaHHOM MHTEpBasie BhICOT. [IpuMep mpuMeHeHus: TaKO METOIUKH
Ipe/ICTaBIICH Ha puc. 4.

MR- 1 ‘
BN R WEE A e, :
2 34 567 8901112131415 34 567 89101M122131415 2 34 567 8 9101112131415
X, kM X, KM X, KM

Puc. 4. Pe3ynbraT 00paGOTKH JaHHBIX, MO3BOJIAIOMIUNA YBUIETh TOHKYIO CTPYKTYPY CIaObIX
CKOIUIeHUH a’po3osnst. CiieBa — UCXOAHbBIE JaHHbBIE, B IIEHTPE — HOPMHPOBAHHBIE HA CpellHEe
3HAUEHUE WHTEHCHUBHOCTHM B uHTepBane [2], [3], [4], kM, copaBa — JONOJHUTEIBHO
HOPMHUPOBAHHbIE Ha «KpUBYIO uyBcTBUTENbHOCTU». Iloner 9, 8 aBrycra 2013, cpenHsis yacth
30HbI 21, UTC 20:08:18.95 — 20:19:53.95, BeIicoTa 9400 M

3. OcHOBHbBIE Pe3yJbTAThI
OCHOBHBIM pE3yJbTATOM JaHHOW pabOThl SABISETCS COBOKYIHOCTh PUCYHKOB,
IPECTaBISIIOIIMX cO00M IByMEpHbIE KapTHHbBI paclpeaesieHUs] HHTEHCUBHOCTH B
30HaX M UX OKPECTHOCTSAX B KaHaje KO-TIOJSpU3AIMU (32 OJHUM HCKIIOUEHHUEM).
Jnis xpatkoctu OyaeM Jajiee Has3blBaTh NPEJICTaBICHHBIC JAHHBIE IPOCTO
pacnpeneneHreM MHTEeHCUBHOCTU. Kak 1 Ha puc. 3 u 4, Ha OCIEAYIOIUX PUCYHKaX
¢ 5-ro mo 17-# mpeacTaBieHa MHTEHCUBHOCTh OOPATHOTO paccesiHUs, YMHOXKCHHas
Ha KBaJIpaT pacCTOSHUA OT camoJieTa X U yCpeAHEHHas o0 3-M TOYKaM pacCTOSHUS
1 9-T BpEMEHHBIM TOYKaM, B 3aBUCUMOCTH OT PACCTOSIHUS X U BPEMEHU t.

Kaxk nmoka3siBaeT puc. 2, pa3HbIM MOJIETAM COOTBETCTBYET Pa3HOE YMCIIO 30H.
s moneros 2, 3, 5,7, 8,9, 11 Bce nMeromuecs B HUX 30HBI 00BbEIUHEHEI B 00IIIEM
puc. s Kaxaoro nojuera. g monetos 4 v 6 1aHHBIE TOKa3aHbl HA 2-X PUCYHKaX
JUIs Kaxoro u3 Hux. /s nonera 10 oquH pucyHOK naet nH(GOpMaIuio 0 30HaxX, a
JIPYroi COOTBETCTBYET MPOMEKYTKY MEKIY 30HAMHU.

Ha Bcex pucyHKax, 3a MCKJIIOYEHUEM pHUC. 6, cupaBa OT KaKJOW MaHEIH
roay0oil  JMHUENH T[OKa3aHa BpPEMEHHas MPOTSHKEHHOCTh  30HbL.  Ecium
IPOTSKEHHOCTh 30HBI HEBEJIMKA — MEHbBIIE JUIMTEIIBHOCTH 3allMCU  TPYMIIbI
695 cexyHa — TO, KaK MPaBUIIO, MTOKa3aHa KapTUHA WHTEHCUBHOCTH JIJIST OOJIBIIIETO
WHTEpBajia JJi NPeJCTaBICHUS CUTyalluu IO Havalsla 30Hbl U MOCJIE €€ OKOHYaHUSI.
BpeMs mo ocu opauHaT Ajid KaXKJOW TaHEIM OTCUMTHIBAETCA OT €€ Haudasa
(MpuUOAM>KEHHOE PACIOJIOKEHUE 30H MO0 BPEMEHU OT Hayaja MOoJIeTa, a TaKxKe
COOTBETCTBYIOIIME UM BBICOTHI CM. Ha pUC. 2, TOUHbIE BPEMEHHbIE T'PAHUIIBI 30H
npuBelieHbl B [6]). B ciydae GoJbIIMX MO MPOTSHKEHHOCTH 30H, HE COACPIKAIUX
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3aMETHBIX JIETAICH, PUCYHKH CKAThI 110 BEPTUKAIIU 10 CPABHEHUIO C OOJIBITMHCTBOM
OCTaJIbHBIX.

CnpaBa OT KaXJIOM MaHEIM YyKa3aHbl IIBETOBbIE O0O3HAYECHUsI YpPOBHEH
uHTeHCUBHOCTU. [locie KakIoro pucyHKa AaroTCs KpaTKhe KOMMEHTapuH O
HaJIMYUU 00JIaKOB a3p030Jisl U/UIIK 30H TypOyJIEHTHOCTH.
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Puc. 5. Pacnpenenenve uHteHcuBHOCTH 11 30H 1 (cmeBa) u 2 (B ueHtpe). Ilanens cmpasa
MOKA3bIBACT PE3YJIbTAT BhIICICHHS cla0bIX netaneid B 30He 2. [loner 2, 26 urons 2013 T.

B 30me 2 mHaOmromaroTcst cialOble oOnaka, KOTOpPbIE HWCYE3al0T MpHU
NPUOJIMKEHUU K CAMOJIETY.
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Puc. 6. Pactipenenenue MHTEHCUBHOCTH 11715 30HBI 3 (cneBa). [lanens cipaBa — MHTEHCHUBHOCTD B
KaHayie kpocc-nossipusanuu. [lonet 3, 26 urons 2013 1.

OnuH U3 ciydaeB HaOMIOJICHUS] CHIIBHBIX 00JIaKOB, XOPOIIIO BUJIUMBIX U B
KaHaJIe KPOCC-TIOJSIPU3AIUU, YTO, BO3MOXKHO, OOBSCHAETCS HAJIMYHEM B oOJlakax
OoJsblIoro  KojimyectBa Hechepuyeckux dyactuil [12]. WHTepecHbl ciiydau
BO3HMKHOBEHUS JieTalIel Mpu NpUOIMKEHUHN K CAMOJIETY.

OO6auHble qeTanu, Ha JIEBOM MaHeI PeICTaBIIAIONINECs TOBOJIBHO Y3KUMU,
nocye 00paboOTKU IEMOHCTPUPYIOT CIOXKHYIO CTPYKTYpPY, KOTOpas, B OTJIMYUE OT
MPEABIAYIEro PUCYHKA, TIPU MPUOIMKEHUN K CAMOJIETY TepsieT MHTEHCUBHOCTD.

Kakux-n110o neraneii B npeaenax 30H He 3aMeTHO. Boltie rpanuiibl 30Hb1 7 B
X0/J1€ MPUOIMKEHHS K CAaMOJIETY BO3HUKAET 00JIaKO.
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Puc. 7. Pacnpenenenne MHTEHCUBHOCTH A 30HbI 5 (cieBa). Ilanens cnpaBa moka3biBaeT
pe3yabTaT BbIIENEHUS cinaOblx Aeranell 1 yacTd 30HBI 5 — mHTepBasa BpemeHu ¢ 1400 no
2095 cexynn. [Toner 4, 31 urons 2013 .
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Puc. 8. Pacnpenenenue naTeHCUBHOCTH JUTst 30H 6 (cieBa) u 7 (cmpasa). [Tonet 4, 31 urons 2013 r.

4. 3akn04eHnune

B pabore mnpencraBneHa 0a3za JaHHBIX, COCTOALIAs M3 JABYMEPHBIX U
TPEXMEPHBIX U300paKEHUIM CIEKTPOB, IEMOHCTPUPYIOLUX PE3YIbTaThl U3MEPEHUN
WHTECHCUBHOCTH OOpPATHOTO paccesHUsl M3Iy4eHHUs YIbTPadUoIeTOBOrO JHIapa C
camoinera B npoekte DELICAT. DTa 6a3a MoXeT CIy>)KHTh OCHOBOW JIJIT O0TOOpa
IPOCTPAHCTBEHHO-BPEMEHHBIX WHTEPBAJIOB [UIsi Oo0Jee JAETaabHOrO H3ydeHUs
pE3yNbTaTOB HAONIOIEHUSI CKOIUICHHH a’po30Jii /WM 30H TYpOyJIEHTHOCTH.
[IpencraBieHHble  M300paKEHUS  TOKA3bIBAIOT  OOJIbIIOE  pa3HOOOpaszue
MPOCTPAHCTBEHHBIX (POPM CKOTUICHHUH U XapaKTepa UX U3MEHEHHUI BO BpeMeHU. Mbl
MOJKEM CJeJaTh CJIEAYIONINE BEIBOBI: CKOIJICHHS a3pP030JIs M, BO3MOXKHO, 001aCTH
TypOyJICHTHOCTH IPUCYTCTBYIOT B 15 n3 27 30H, U3 HUX B 5-TH CIIy4asiX CKOIICHUS
cinalble, B 7-MU JOBOJIBHO MOIIHBIE, B OCTAJIbHBIX HA0JI01al0TCS POMEKYTOUHbIE
BapHaHThl. J[aHHbIE TO3BOJIAIOT OLIEHWBATh XapaKTEpHBIE pa3Mephbl CKOIUICHUM
a’po30Js1 (HECKOJIBKO KHJIOMETPOB) M MPOCIECKUBATH UX BPEMEHHYIO JBOJIOIUIO
(Bpemena >xu3Hu 20-30 cexynn). Bue 30H — B uHTepBaiax HaOOopa BBICOTHI U
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CHUKEHHSI CaMoOJieTa — MOXHO TMOJY4YUTh OIEHKM BEPTUKAJIbHBIX Pa3MEPOB
CKOIUIEHHH, B HEKOTOpbIX ciydasx oHu gocturaioT 800 wm. IlpencraBieHHbIe
pe3yibTaThl TakKK€ MOTYT SBJIATHCS OCHOBOM IS OIEHOK BO3MOKHOCTEH
anmnaparypbl, B YaCTHOCTH — TOYHOCTH yJIepKaHUsl 30HIUPYIOIIETO Jyya Mo Kypcy
camoJieta. Mbl npejnosaraeM NpoJo/KUTh U3YYEHHE 3TOr0 MaTepuaia
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KOMIIBIOTEPHBIE TEXHOJIOI'M UHTEPIIPETALIUA
IT'’EOPU3UYECKUX JAHHBIX JIJIS1 ITPOT'HO3UPOBAHUS
HE®TET'A3OHOCHBIX IIJIOIIA TEN
T.JI. MuxeeBa, E.II. Jlanuna
mtat@ukr.net, lapina_lena@ukr.net
Hncmumym eeogpuzuxu um. C.U. Cyboomuna HAH Yxpaunul,
Ykpauna, e. Kueg

O0ocHoBaHMe 1eJeCO00PA3HOCTH CO3AaHMA  TexHoJoruu. llensio
Hay4YHBIX UCCJIEIOBAHUN SIBIISIETCS pa3pabOTKa U Pa3BUTHE METOI0B KOMITBIOTEPHOM
WHTEPIPETAUNA TaHHBIX T€O(OU3UICCKUX TOJICH TPU HMCCICIOBAHUU W Pa3BEIKE
He(TEra3oBbIX MECTOPOXKACHMI  YKpauHbl. Pa3paboTaHel TeopeTHyecKue,
nH()OPMAITMOHHBIC, TEXHOJOTHYCCKAEC W METOJWYECKHE OCHOBBI ITOBBITIICHUS
3G (HEKTUBHOCTH Te0JIOrOPa3BEOYHBIX pabOT 3a CYET YriyOJEHHOTO M3BIICYEHUS
uH(poOpMaIUU U3 KOMIUIEKCA T€0Joro-reo(pu3nvecKux JJaHHBIX Ha OCHOBE HX
MHTETPaIbHON UHTEPIPETALIMU B pAMKaX MaTEMAaTHUYECKUX MOJIENIEH, MAKCUMAIIBHO
aJaNTUPOBAHHBIX K OCOOCHHOCTSIM CTPOCHHMSI T'€OJIOTUYECKOTO pa3pes3a, pa3BUTHE
MPOTrPaMMHO-AaHATUTHYECKHUX CpPEACTB UCCIIEIOBAHUM He(dTera3oBbIX
MectopoxaeHuii. Co3gaHbl  KOMIIBIOTEPHBIE TPOrpaMMbl W TEXHOJIOTUHU
WHTEPIIPETAllUi  JAHHBIX MArHUTOMETPUM W TPAaBUMETPUU, NPOTrPaMMHO-
AHAJTUTUYECKUN KOMIUIEKC WHTEpIPETAllui MarHUTOTEIUTYPUYECKUX JAHHBIX Ha
OCHOBE TOYHBIX TPAHUYHBIX YCIOBUUA UMIEJAHCHOIO TUIA, PACCUUTAHbl TUITUYHBIC
reopu3nyecKkre MOJEIM M NPOaHAJU3UPOBAHBI MO MOHUCKY YIIEBOAOPOAOB B
npejenax HUCCIEAYyeMbIX PETHMOHOB. AKTYallbHOCTh W BaXHOCTb OXKMJIA€MBIX
pe3yabTaTOB 00YCIOBIEHA TPOTHO3UPOBAHMEM HOBBIX MEPCIEKTUBHBIX YYACTKOB, a
TaK)Ke MEePEOLICHKOM 3a11acoB U3BECTHBIX MECTOPOKICHHM.

Cocrosinne pa3padoTku npoodJjaembl. CBsi3b He()TETa30BbHIX MECTOPOKICHHIMA
C TIyOMHHBIMU pa3ioMaMU B TpeJiesiaX HeTEra30HOCHBIX 001acTeil U IPOBUHIIHIMA
OblI0 O0OHapykeHO naBHO. [IpuopuTeT 37ech NPUHAICKUT MPEACTABUTEIAM
POCCUHCKOM W COBETCKOW HEOPraHMYE€CKON IIKOJIbI TI'e0JIOrOB-T€OXHUMUKOB-
HedraaukoB (I.U. Mennenees, M.A. Kynpssues, [1.M. Kponotkusn, [Topdupnes
B. CokonoB b.A.). CBsi3p He(dTEra3oHOCHOCTH 3€MHOW KOpbHI C TIIYOMHHBIMHU
paznoMamu J[HenpoBcko-JloHenKol BHaguHbl U3J0KeHBI B paborax UebOaHeHKO
N.N., Kparomkuna B.A., I'aBpuma B.K., Knouko B.II., JIykuna O.10O., Pag3usumna
A m np. UacturyT reopusrikn HAH Ykpaunsl siBisieTcs Beqylel opraHu3zauuen
B CHI mo kapTupoBaHuIo NTyOMHHBIX Pa3IOMOB, pa3paboTKe MOAENEH CTPYKTYpHO-
T€HETUYECKOW CBSI3M HEPTEra3oHOCHOCTH KOPHI C €€ IIyOMHHOU reou3ndecKon
HEOJHOPOJTHOCTHIO, MexXaHu3Ma Takoh cBmu u  T.0. (YekynoB A.B.,
Crapocrtenxo B.U., 'uatos O.b., Kyrac P.U., Opmox M. ., ITamkesny UK. u ap.).

OpHoM U3 BaXHEHTIINX SKOHOMUYECKUX 3a71a4 Y KPauHbI SBIIACTCS MpodIemMa
ee oOecreueHusT TOIUIMBHO-DHEPTETHUECKUMHU pecypcamu. Pa3BegaHHbie B
HACTOSAIEE BpEeMsl 3amachl YrieBOJOPOJIOB HEIOCTATOYHBI, MO3TOMY pPa3BUTHE
He(TEra30BbIX CTPYKTYP U JOpPa3BEIKa YKE U3BECTHBIX MECTOPOKICHUHN SBISICTCS
TJIABHOW CTpaTErH4ecKou 3amadeil HedTerazoBOW MPOMBINIICHHOCTH Y KpauHbI.
OCHOBHBIMM METOJAMHU U3YUYEHHUS T€OJOTUYECKUX CTPYKTYpP, NEPCHEKTUBHBIX Ha
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HE(TEra30HOCHOCTh SIBJISIIOTCS T€O(U3NYECKUE HCCIEAOBAHUsA, LIETb KOTOPBIX -
MOCTPOEHUE TE0JOr0o-re0prU3nUIeCKuX MOJENel CTpaTurpapuuecKkux KOMIUIEKCOB
HI'P Vkpaunsl ¢ BblJeieHHEM OOBEKTOB MEPBOOUEPEIHBIX I'€0JIOrOPa3BeI0YHBIX
pabor.

[IporHo3upoBaHue # TMOUCKU TIIyOOKO3AJETalomuX HEePTEra30HOCHBIX
CTPYKTYp HPH HECOTIACOBAHHOM CTPOCHHUH PA3JIUYHBIX 3TAXEN 0CAJOUYHON TOJIIIU
OCYUIECTBIISIOTCA Te0(PU3NYECKUMHU METOAaMU. Benymum MeToaoM npu perieHuu
ATOM 3a/auu ABJISETCA cermcMopasBenka. [lonroe BpeMs HECEUCMUYECKHE METOMABI
(rpaBupa3BeaKa, MarHUTOPA3BEIKA, FJICKTPOPa3BEAKa) ObUIM MaJlo 3aJeICTBOBAHBI
npu pemeHun 3anad HedrerazoBoil reonorur. COBPEMEHHBIE H3MEPUTEIbHBIC
KOMILJIEKCBI, CHCTEMBbI CIIyTHUKOBOM HaBUTAallMM, C OJHOW CTOPOHBI, U
IPOrpaMMHBIE KOMIUIEKCHI JJ11 00pa0OTKH U HHTEPIPETALIUHU PE3YTBTATOB MOJIEBBIX
U3MEPEHUI, C JpPYrol CTOPOHBI, CHUMAIOT 3TH OrPAHMYEHUS M TO3BOJISIOT
UCIIOJIB30BaTh ATU METOAbl MNPH CO3JAHUM W AHAJM3E CIOXKHBIX TPEXMEPHBIX
re0JIOTHYECKUX MOJENIE B KOMIUIEKCE C ceicMopa3Belkoid. B mocinegHue rozsl
HecelicMMUecKre METO/bl Bce OOJIbllie 3a1eHCTBOBAHbI Ul OLEHKU MEPCIEKTHUB
He(TEra30HOCHOCTH. ¥YcraHoBeHo, 4TO OTHOCHUTEJIBHO HeOobIIne
JOTIOJIHUTENBHBIE PACXOABl TMPHU IPOBEIACHUHM HCCIEJAOBAHMM  KOMILIEKCOM
reo(pU3NUECcKUX METOJO0B MO3BOJIAIOT CYIIECTBEHHO YMEHBIIUTH T'€0JIOIMYECKUE
pHUCKH He(Tera3oBbIxX IIPOEKTOB " IOBBICUTh  PE3YJIBTATUBHOCTH
re0JIOropa3BeIouHbIX paboT. MHpPOBOW OMNBIT MOKAa3bIBAET, YTO OOJBIIMHCTBO
AHTUKJIMHAIBHBIX CTPYKTYp, pU(OB M JpYrux JIOBYIIEK BIIOJIHE YBEPEHHO
OTMEUYAIOTCSI COBPEMEHHOM TI'paBHpPA3BEAKONM C MOMOLIBI0 CHEMOK MACIITAa0OB
1:25 000 u 1:50 000, mo TpaBUTAITMOHHOMY U MarHUTHOMY TIOJIFO MO>KHO TOJIYYHUTb
MH(OPMAIMI0O OTHOCUTENBHO MOBEPXHOCTH KPUCTAUIMYECKOrOo (yHAAMEHTa U
MOIIIHOCTH OCAI0YHOU TOJIIIM U TEM CaMbIM MPOTHO3UPOBATH OOIIKE MEPCIEKTUBBI
HE(TEra30HOCHOCTU H3y4aeMbIX TeppuTopuil. M3yueHue OJOKOBOIO CTpPOEHUS
(dyHIaMeHTa TO3BOJISIET BHIIBUTH HE(TEra3onepcreKTUBHBIEC JIOBYIIKA B HUKHHUX
TOPU30HTAX OCaJ0YHOM TOJIIIH, & TAKXKE CTPYKTYPBI U 3aJI€XKH, PACIIOJIOKEHHbBIE B
BBIIIIE 3AJIETAIOIINX OTJIOKEHUAX. TpaCCUPOBKYU YHACIEAOBAHHBIX TU3BbIOHKTHUBHBIX
HapylIEHUH B OCAaJOYHOM TOJIIE IMO3BOJSAET OLEHUTh NyTH MHTPALUU
YIJI€BOJIOPOAOB U BBIIOJHATH OLEHKY NEPCIEKTUB HEPTEra30HOCHOCTH IUIOIIa e
HaJ OTEJIbHBIMU OJIOKaMHU.

B CHOXHBIX  CEHCMOI€OJOTMYECKUX  YCJIOBHUSX  HCIOJIb30BAHUS
JUHAMUYECKUX NapaMeTpoB ISl ONpPEAENCHUS XapaKTEPUCTHK KOJUIEKTOPCKHUX
CBOMCTB U ()JIIOMJOHACHIIIEHHOCTH JOCTAaTOYHO MPOOJEeMaTUYHO. AJBTEPHATUBOM
CECMUYECKUM METOAAaM SIBISIETCS T€03JIEKTPUUECKUE, BBITIOJHEHHBIE MO JaHHBIM
METOo/a MarHutoreurypuueckux 3oHaupoBanuii (MT3). Pesynbratet MT3,
BBINIOJIHEHHbIE HA  HEPTENEepPCHEeKTUBHBIX  IUIOHIAASX, MOTYT  CIIYXHUTh
CYILECTBEHHBIM JOTIOJTHEHUEM K JAHHBIM, ITOJIYYaEMbIM CEMCMOpa3BEAKOM.

B nedrerazonocHsix OacceiiHax, KOTOpbIE MPONUIH PUPTOBYIO CTAIUIO
passutus ([{nenposcko-Jlonenkuii, Kapnarckuit) - popMupoBaHue JOBYIIECK 3/1€Ch
ONpPENENSIETCS  COBOKYITHOCTBIO  MPOJOJBHBIX M  MONEPEYHBIX  Pa3IOMOB,
00pa3yIoIIKX CI0KHYIO CUCTEMY TOPCTOBBIX U MOHOKJIMHAIBHHUX OJIOKOB, IpaOEHOB
u gapyrux ¢opMm. C MOHOKIMHAIBHBIMUA OJOKAMH MOTYT OBITh CBSI3aHBI
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TEKTOHUYECKHEe W  CcTpaturpadudHO  DKpaHUpOBaHHBIE  3alexu.  Han
MOHOKJIMHAJIbHBIMA ~ OJIOKAaMM WM WX  CKJIOHAMHM  BO3MOJKHBI  3aJI€KHU
JIMTOJIOTMYECKOI0 THUIIA, CB3aHHBIE C JIMH3aMU [TECYaHUKOB, a TAKKE PUGOTCHHBIMU
U KapOoHaTHbIMU oOpazoBaHusiMu. Emie BbIle MmO paspe3y Haja Oiokamu
dbyHmamMeHTa  pacmojararoTcss — JIOBYIIKM W COOTBETCTBEHHO  3aJICkKHU
AHTUKIJIMHAIBHOTO THMNA. BecbMa MEepCreKTUBHBIM SIBJISETCS TMOUCK TITyOMHHBIX
JIOBYIIEK YTJIEBOAOPOJOB, CBSA3AaHHBIX C HAIACYBHBIMH Auciokauusmu. Han
nopoaamMu GyHIaMeHTa, Jopru()TOBOTO U B HUKHEHN YacTh PUGTOBOTO KOMIUIEKCOB,
BO3MOXXHO HAJIMYUE COJICHOCHBIX OTJIONKEHUU. C CONSHBIMU CTPYKTypamMu MOTYT
ObITh CBsI3aHBI 3aJeKWM HePTH W Ta3a Kak AaHTUKIWHAIBHOTO, TaK |
HEAHTUKJIMHAIIBHOTO THUIIOB. BBIIlIE COJICHOCHBIX 3aJIEKE€, B BEPXHEH 4YaCTH
puGTOBOTO U MOCIAEPUPTOBOTO KOMILJIEKCOB, KOTOPHIC HE CBS3aHBI C BIUSHUEM
pa3IOMHO-0JIOKOBOW  TEKTOHHMKH, PACIPOCTPAHEHBI JIOBYIIKM W  3aJICKHU
AHTUKJIMHAIBHOTO THa. CTOUT BOMPOC O MOMCKAX 3aJIekKENW HEAaHTUKIMHAIBHOTO
TUIA, HAJICOJIEBBIX, a TaKXke Tiyooko3anerammux (Ooiee 2-3 kM) 3aiexei,
KOTOPbIE HEMOCPECTBEHHO CBSI3aHbI C 0COOEHHOCTSIMU CTpOEHUs (PyHIaMEHTA.

Crnenyetr OTMETUTD, YTO MECTOPOK/IeHHUS B JIbBOBCKO-BosbiHCKOM Oacceiine
u Jlonenko-/{HenpoBCKOM BaiMHE HAXOASATCS B CTaIMU MaICHUsI TOOBIYU. Y POBEHB
UCTOLIEHUs cocTaBisieT A0 85%, HO MOTEHUHAN YIJIEBOAOPOJAOB B YKpauHe
JIOCTaTOYHO BBICOK. (elvyac CTOUT BONPOC CYUIECTBEHHOTO HapallliBaHUs
pecypcHoOil 0a3bl HEPTH U ra3a. BaxHyro poJib B pelIeHUH 3TOW 3a/ladyd UrparoT
HECEMCMUYECKUX METO/IbI U3YUYCHUS HEJP U pa3BUTHE (PYHIAMEHTAIbHBIX HAYYHBIX
UCCIIeIOBaHUM B 00JIACTU UHTEPIIPETALIMH TTOJTYYEHHBIX PE3yJIbTaTOB.

B ocHoBy mnpenaraemoit HaydyHOH paOOThI MOJIOKEHBI UJEU U PE3YIIbTAThI
MNPEIBIAYIIUX  HKCCIECAOBAaHWM  aBTOPOB:  MAaTEMAaTHYECKUE  METOIbl WU
MH(POPMAITMOHHO-KOMITBIOTEPHBIE ~ TEXHOJIOTMM  OMNpEIeNieHUs  MapaMeTpoB
WHTETPANIbHBIX ~ TEOJIOTO-TeOPU3UYECKUX  Mojemei CJI0’KHOTIOCTPOEHHOU
reoJIOTUYECKOU cpeapl. Mnem v npuHUWIBl HEIMHEMHOW JUHAMUKH TEOPETHUKO-
IPYNIIOBOTO aHAllM3a HEJIWHEWHBIX MapaboJU4YecKuX YpaBHEHHUHW B YaCTHBIX
MPOU3BOAHBIX THNA «peakuus-Tuddy3us», TOUHBIX TPAaHUYHBIX YCIOBUU
UMIIEJITAaHCHOTO TuNa. Pa3BuTue Teopuu pelieHui HEeTWHEHHBIX OOpaTHBIX 3a7ad
IrPaBUMETPUH,  CO3[JaHHE€  KOMIIBIOTEPHBIX  TEXHOJIOTMHM  MHTEpIpETaluu
IrPaBUMETPUUYECKUX, MATHUTOMETPUUECKUX U T€OAIEKTPUUYECKUX JAHHBIX C LEJbIO
YTOYHEHHSI T€OJOTHYECKOTO CTPOCHHSI T€OCPEAbl U MPOTHO3UPOBAHUS TMOJIE3HBIX
ucKomaeMbIX. Bpbinenenue He(TerazoBO-KOHTPOIUPYIOMMX U HedTerasoBo-
MOABOAHBIX PA3JIOMOB MO pe3yibTaram 3D reopu3nueckoro MOJAEIUPOBAHUS U
MPEIOKEHHOTO KOMIUJIEKCAa METOJIOB SIBJISIETCS HOBBIM 3TaroM reo(r3UYecKUX
ucclieaoBanuii [6, 7, 8].

Mertoabl HCCIACAOBAHMH, HCNOJb3yeMble B TeXHOJOruu. Ilosb3ysch
JOCTUKEHUSIMU TOCIEIHUX JIET, TOJY4YEHHbBIMU B OTIEIE MaTeMaTUYeCKOU
reousuku Mucturyra reodpusnku HAH Ykpaunsl, 00yb110# ONBIT B pa3paboTKe
IPOTrPAMMHO-AJITOPUTMUYECKOTO  o0ecreueHus, TO3BOJSIIOT  ChOPMHPOBATH
HaIpaBJICHUs] UCCJIEI0BAaHUN, OPUEHTUPOBAHHBIE HA PEIICHUE AKTyalbHBIX 3a/1a4
HeTerazoBoi reoJIoruu.
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1) Meroapl u Moaenu JOUArHoCTHUKU reocpeabl. CPopMyaupoBaHbl U
JIOKa3aHbl OONIME TMOJOXKEHUs O penykuuu AuddepeHinuaibHbIX YpaBHEHU B
YaCTHBIX TMPOU3BOJHBIX K CHUCTEME OOBIKHOBEHHBIX JIu(depeHInanbHbIX
ypaBHEHUN (B KOHEYHOMEPHBIX JAMHAMUYECKUX CHUCTEMax). DTOT METOJ JaeT
BO3MOXKHOCTh TOCTPOUTH PEILIEHHUSA, COJEpXKalllie MPOU3BOJIbHBIE (DYHKIUH,
KOTOpbIE MOTYT OBbITh HCHOJB30BAHbl I PEIICHUS KpaeBbIX 3aj1ay s
muddepeHnanbHbIX YpaBHEHUNW B YaCTHBIX MPOU3BOJIHBIX, CBOWCTBA KOTOPBIX
u3ydarorca. Bropoe  HampaBieHHE ~ MCCIEAOBAHHMM, 3TO  CBA3b  MEXKIY
UHTETPUPYEMOCTBIO B KBaJpaTypax OOBIKHOBEHHBIX U depeHIInaTbHBIX
YpaBHEHUN BTOPOTO MOPAJKA, BKIIOYAIONIME MOTEHUUAJ, SBISETCS pPELICHUEM
CTallMOHApHBIX ypaBHeHuM Thna Koprteera ne dpursa MHTETPUPYEMBIX METOIOM
peieHus 0OpaTHOM 3aJaun pacceuBaHus. PazpaboTaHHbIE METOBI IPUMEHEHBI K
CHCTEME HEeJIMHEHHBIX MapaboINYecKUX YpaBHEHHUH TeHepaliy JIEKTPOMarHUTHBIX
BO3MYyIIeHUN Tuna "peakuus-nuddysua"’, cuctembl ypaBHeHUUW MakcBesia, a
TaK)K€ YpaBHEHUI, OMMCHIBAIOLIUX JIMHEHHbBIE U HEIMHEWHBIE rpolecchl 1uddy3un
B HEOIHOpOAHOI cpeze [8].

2) KommuiekcupoBaHHE METOM0B HUHTEPIPETALNUN TPABUTAIMOHHBIX U
MAarHUTHBIX AHOMAQJIHWK, OCHOBAaHHBIE HA AHAIUTUYECKON AaNIpOKCUMAalUU
JUCKPETHO 3aJlaHHBIX 3HAUEHUM I0JI1 AaHOMalbHBIMU 3(Q(EeKTaMH CHCTEM
HKBUBAJICHTHBIX VUCTOYHHKOB. [TocTpoenue BBICOKOTOYHBIX KapT
TEONMOTEHUUAIBHBIX IOJIEH, OTPAXKAIOIIMX paCHpeieIeHue T'e€OITOTHOCTHBIX
(r€OMarHUTHBIX) HEOAHOPOJHOCTEHN B IJIAHE U HA TIyOMHE, 00ECIIeUeHNUE PEIICHHUS
3a/lay CTPYKTYPHO-TEKTOHMYECKOTO0 M HE(PTErazoreoJoru4eckoro paloHupoBaHus
Teppuropuii [2, 3].

3). MonenupoBaHue TeOJOTHUECKUX TNl M CTPYKTYP Ha OCHOBE PEIICHHI
oOpaTHBIX 3a1a4y IpaBUPA3BEIKU u MarHuTOpa3BEIKU METOI0M
aBTOMATHU3MPOBAHHOIO TMOJA0Opa HCTOYHUKOB moisl. Kpome TpaguiroHHOTOo
(YHKIIMOHAJIBHO-aHAIUTUYECKOTO  TOJXO0Ja  MCIOJB3YeTCS  BEPOSITHOCTHO-
CTaTUCTUYECKUI: ONPEeICHNE allOCTEPUOPHBIX (PYHKIIMH IIIOTHOCTH BEPOSITHOCTH
neneBoi pyHkuuu. KoMriekcupoBaHusi CTaTUCTUYECKUX U AETEPMUHUPOBAHHBIX
METOJI0B IPU UHBEPCUU Ie0(pU3NUECKUX JAHHBIX MO3BOJIMUT CYLIECTBEHHO TOBBICUTH
JIOCTOBEPHOCTH IOJIy4a€MBbIX M€0JIOTMYECKUX PE3yJIbTaTOB. ba3oBbIM MOJEIBHBIM
KJIJACCOM B JIaHHOM  CJIydae  SBJSIOTCS  KOHTAKTHBIE  ITOBEPXHOCTH -
CyOrOpM30HTaJBLHOTO pa3jiela TOPHBIX MOPOJ, KOTOpble 00JIafaloT pa3InyHbIMU
neTpoPU3NYECKUMH XapaKTepUCTUKaMU. JlaHHBIM MOJENbHBIA KJIACC YCHEIIHO
UCITIOJIB3YETCSI TPH alllTPOKCUMAIIMU T€0JIOTMYECKUX TPAHUIL B PEENIax 0CaJ0UYHbIX
OacceliHOB HepTera3oHOCHBIX obJacTei [1].

4) PazButne TEXHOJIOT U KOJINYECTBEHHOM VHTEPIIpETALINU
TPEXKOMIIOHEHTHBIX M3MEPEHMN MAarHuTHOro mnojs 1no JaHHeiM AX, AY, AZ
OJTHOBPEMEHHO. Ba)XHO OTMETHTbH, UTO MHTEpPEC K 3TOM MpolieMe MOBBICUIICS B
NOCJIENHEE BPEMS B CBA3M C INOSBICHUEM M NPAKTUYECKUM NPUMEHEHUEM
MarHUTOMETPOB, MO3BOJISIIOIIMX OCYIIECTBIIATh HM3MEPEHUS TPEX KOMIIOHEHT
MarHuTHOro mojsi. PaGoTocrmocoOHOCTh mporpamMMm Mmoadopa Mo KOMIIOHEHTaM
marauTHoro monsi AX, AY, AZ ampoOupoBaHa NpU PENICHHH MOJEIBHBIX U
IIPaKTUYECKUX 3a/1a4d. Y CTAHOBJIEHO, YTO B PsIJI€ CIIy4aeB B BEPXHEN 4acTH pas3pes3a
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HaJ 3aJIEKaMU YIJIEBOJIOPOJOB ITPOUCXOAUT NEPEPACIIPEACIICHUE OKUCTUTENBHBIX U
3aKUCHBIX (DOPM sKelie3a, UTO MOXKET MIPUBECTU K PE3KUM Tepenaaam (YMEHbIIEHUE
U yBEJIMYEHHE) MAarHUTHOM BOCHPUMMYUBOCTA mopojd. KonuuecTBeHHas
WHTEPIIPETAlNs JTaHHBIX TPEXKOMIOHEHTHOM MArHUTHOM CBHEMKH B JIAHHBIX
(U3UKO-TEOJIOTHYECKUX YCIOBUSX MOXXET OKa3aTh CYIIECTBEHHYIO MOMOIIb MPH
BBISIBIICHUY U JIOKAIIM3ALINH 3aJICKEH yrieBoaopooB [3, 4].

5). IIporpaMMHBIN KOMIUIEKC MHTEPIPETAIMM MarHUTOTEILTYPHUSCKUX
JAHHBIX Ha OCHOBE MCIOJIb30BaHUSl T'PAHWYHBIX YCIOBUW HMMIIEIAaHCHOIO THIIA.
Meronuka mnpeaHazHauyeHa s Budyanuszauuu AaHHeix MT3  Ha 3rtane
KAUEeCTBEHHOW HMHTEPIIPETAlMy NapajUIeIbHO C METOJOM TEH30pa MMIEeAaHca U
BEKTOpOB Buze. be3ycloBHBIM NpPEMMYyIIECTBOM [aHHOIO MOAXOAA SIBISETCS
HE3aBUCUMOCTh OT YCIIOBHSI IUIOCKOM NaJarolIedl BOJIHBI U MCIOJIb30BAaHUS BCEX
HIECTH KOMITOHEHT 3JIEKTPOMATHUTHOTO MOJIS (B T.4. Z KOMIIOHEHTBI 3JIEKTPUYECKON
cocrapisitonieit  MT-momst).  Kak  mpaBuio,  yaenbHOe — 3IEKTPUYECKOE
CONPOTUBIIEHUE HE(PTEra3oHOCHBIX IIJIACTOB MPEBOCXOAMUT  COINPOTUBIICHHUE
BOJIOHOCHBIX B 10 pa3 u Oosee, MpuueM CONMPOTUBIICHHE ra30BbIX 3aJIeXKeH BUILIE
yeM He(QTAHbIX. OTO TNPUBOAMUT TOJOKUTEIbHBIE AHOMAINU KaXyLIEToCs
CONPOTUBJICHUS, KOTOPbIE HAa JECATKA INPOLEHTOB IPEBBIIAIOT YPOBEHb
COIPOTHUBIIEHUS 3aKOHTYpeHO obnactu [5].

6) Co3naHre METOI0B KOMIUIEKCHOW MHTEPIIPETAIIMH JAHHBIX TPABUPA3BEIKU
M TEOTepMUM  HA  OCHOBE  pA3NMYHBIX  METOJOB  MUHUMU3AIUU
MHOTOIapaMeTpuueckux (QyHKuuoHaoB. [Ipeanocbuikoil siBAsieTCA  TecHas
B3aMMOCBSI3b U COBMECTHOE YYacCTHE€ JHJIOTEHHBIX M 3K30T€HHBIX TEPMHUYECKUX
nporieccoB B (GOPMUPOBAHMU CKOIUIGHMM HePTH U Tra3za, YTO I[O3BOJIUT
UJACHTU(ULIMPOBATh AHOMAJIHMHM TEIUIOBOIO IOTOKA, CBSI3aHHBIE CO CTPYKTYpPHO-
TEIJIOPU3NYECKUMH HEOJHOPOAHOCTSIMU M KOHBEKTHBHBIM BBIHOCOM TEIUIA
drougaMu U OLICHUTh HEPTEra30HOCHOCTH HeAp [6].

WNHTerpupoBaHre  TEOPETUYECKHX W NPOrPaMMHO-aJTOPUTMHUYECKUX
pa3paboTOK MO3BOJISIET CHOPMHUPOBATH TEXHOJOTHIO KOMIUIEKCHONW MHTEPIIpEeTallun
reojoro-reopu3nUecKux JaHHbIX, [pEeIHAa3HAUYEHHBIX JJI1 pelIeHus 3aaay
He(Tera3oBoi reojorud. AKTyallbHOCTb M Ba)XHOCTh IOJIYYEHHBIX PE3yJIbTaTOB
o0ycnaBiIMBaeT MPOrHO3 HOBBIX MEPCHEKTUBHBIX YYACTKOB, a TaKkKe MEPEOLCHKY
3aI1acoB U3BECTHBIX MECTOPOKIACHUM.
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PACITPOCTPAHEHME PEYHBIX U JIAI'YHHBIX BO/I B
KACIIUCKOM, YEPHOM U BAJITUHCKOM MOPSIX
IK.P. Hasupoga, 10.10. Jlapposa, 2I.M. CosioBbeB
knazirova@cosmos.ru
1HHcmumym kocmuyeckux uccieoosanutt PAH, Poccus, 2. Mockeéa
2Mopcxoii 2udpogusuueckuii uncmumym PAH, Poccus, 2. Cesacmonons

Annomayusn. IIpeocmaenensvt pe3yibmamvl MHO20JEMHE20 MOHUMOPUHSA
PACnpoCmMpaneHus. PpeuHviX U JASYHHbIX 800 HOO  Oelcmeuem MOPCKUX
OUHAMUYECKUX U Memeopolocuyeckux npoyeccos 6 akeamopusx Kacnuiickoeo,
Yeprozco u banmuiickoeo mopsix. Ha ocnose cnymHUKOB8bIX OAHHBIX BbICOKO20
NPOCMPAHCMBEHHO20 PA3PEUleHUss U pe3yabmamax HAMmypHulX UsMepeHuti, O
Kaxco020 UCciedyemoco NOAUSOHA ONUCAHBI OCHOBHble OCOOEHHOCMU UHMPY3UU
PACHPECHEHHbIX DeYHbIX U JIAZYHHLIX 600, UX GIUAHUS HA NPUOPEN’CHYIO
2UOPONO2UYECKYI0 CIMPYKMYPY U Xapakxmep pacnpoCmpaHenusl 8 3a6UCUMOCHU Om
ounamuyeckux ycnosuu. Hccredoganus 6a3uposanucs Ha  UCHOTb308AHUU
CNYMHUKOBBIX OAHHBIX 8 BUOUMOM OUANA30He, NONYYEHHbIX C KOCMUYECKUX
annapamos: Landsat-5 (TM), Landsat-7 (ETM+), Sentinel-2A/2B (MSI), Landsat —
8 (OLl). O6pabomxa cnymnukosvix — uzobpadxiceHuti  nNpo8OOUNACL 8
ungopmayuonnot cucmeme "SeeTheSea", pazpabomannou 6 Hncmumyme
Kocmuueckux uccaedoganuii PAH. B Yepnom u bBarmuiickom mopsx npo8oounucs
CUHXDOHHbIE CO CHYMHUKOBOU CHEeMKOU HAMYpPHble UIMEPEHUs 68 NPUYCMbesblx
30HaXx O Gepuuxayuu pe3yibmamos, NOJYYEeHHbIX HA OCHO8€ CHYMHUKOBLIX
OAHHBIX.

Knioueevle cnoea. Peunoil niiom, KOHYeHmMpayus 636eUeHHO20 8eujecmad,
MYMHOCHb, MPAHCROPI 636CULCHHBIX YACMUY, OUCTIAHYUOHHOE 30HOUposanue, in-
situ.

BBenenne

PedHOl CTOK - IIaBHBIM MCTOYHMK NMOCTYIUIEHUSI B MOPE PAacCTBOPEHHBIX U
B3BCILICHHBIX BELIECTB, B TOM YHCJIE IPOIYKTOB aHTPOIIOTEHHOT'O 3arpsi3HEHUSA. JTH
BEILIECTBA CYLIECTBEHHO U BO MHOTHX CJIy4asiX HETAaTHUBHO BIIMSAIOT HA YKOCUCTEMBI
npuOpexHbIX paiioHoB [1]. [loaTOMy MOHUTOPUHI TPHUYCTHEBBIX 00JIACTEH U
NOHUMAaHUE JWHAMHMKHU PACIPOCTPAHEHUS PEYHBIX BOJ HA MOPCKUX MIeTb(dax -
Ba)KHas IpakThyeckas 3anada. [lomagas w3 peku B MOpE, MAaT€PUKOBBIE BOJbI
oOpa3yloT TaM TpWIeXKalme K YCThIO ME30MacIITaOHble  CTPYKTYpHI,
BBIJICIISIFOIINECS TTOHWKEHHOM COJIEHOCTBIO M TEMIIEPATYpPOM, OTJIIMYHOM OT
OKpYXarollel, a TakKe, Kak IPaBWIO, IOBBILIEHHONM MYTHOCTBIO, BBICOKHUM
COAECPKAHUEM B3BECM W PACTBOPEHHOW OpraHuKU. Takue CTPYKTypbl B
COBPEMEHHOW JIUTEpAaType MPUHATO Ha3bIBaTh “‘TUItOMamMu’ (OT AHIJIMHCKOTO
“plume”) [1].

PeuHoii tuttoM Ha CITyTHUKOBBIX M300paxkeHusix true color (true color images -
TCl) xopoiio BUAEH 3a CUET KOHTPACTHBIX Pa3jM4Mil MYTHBIX PEYHBIX BOJ U
yCIOBHO  "4MCTBIX"  MOpPCKMX  BOJA, OKpyxarommx ero. [lapamerp,
XapaKkTepU3yUM YMEHBIIEHUE MPO3PAYHOCTA BOJABI B CBSI3M C HaJUYUEM
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OpPraHUYECKOr0 U HEOPraHWYECKOT O B3BEILIEHHOT O BEIIECTBA, HA3bIBAETCS MyTHOCTb
MOpcKOi Bo/ibl. CyIIECTBYET HECKOJIBKO METOUK ONPEEICHHUSI MyTHOCTH MOPCKOM
BOJbl, HUMEIOIIME pa3auyHble (U3MUYECKUE OCHOBBI, PA3JIMYHBIE €IUHUIIBI
U3MEPEHHUs], HO XapaKTepU3YIOIUEe OJNH U TOT )K€ MOoKa3aTenb [2].

Omnpenenenre KOJIUYECTBEHHBIX XapaKTEPUCTUK MYTHOCTH M KOHILIEHTPAIlUU
B3BECIICHHOTO BEIIECTBA HAa OCHOBE CITYTHUKOBBIX JaHHBIX SIBJISIETCS CIIOKHOM
3amayeit. CyliecTByeT psJl CTaHJAPTHBIA U PErMOHAIBHBIX alTOPUTMOB, KOTOpHIE
TpeOyroT BepudUKaMK i1 KaKIOro KOHKPETHOrO paiioHa. B mganHOl pabote
IPEACTABIICHBl PE3yJbTaThl, MOdydeHHble a1 ioMoB pek Cynak (Kacnmiickoe
Mope), MseimTa (YepHoe Mope) M BbIHOCA BOJ M3 BuciauHCkoro 3aiauBa B
bantuiickoe mope.

Hcnoab3yemble 1aHHbIE

N3ydeHne xapakTepuCTUK IUIFOMOB pedHbIX BOJ B Kacnuiickom, UepHoM u
bantuiickom Mopsix 0a3UpoBaOCh Ha IBYX TUIIOB JAHHBIX: JAHHBIX CITyTHUKOBOTO
0a3upoBaHUs U JIAHHBIX HATYPHBIX U3MEPEeHUI. B KauecTBe CITyTHUKOBBIX JTAHHBIX
UCIOJIB30BaINCh JaHHbIe ceHcopoB MSI Sentinel-2A/B, OLI Landsat-8, OLCI
Sentinel-3, a Taxke apxuBHble naHHpie TM/ ETM+ cnyraukos Landsat-5/
Landsat- 7. CrnyTHUKOBBIE  JTaHHBIC  HWCIIOJNB30BAIUCH  JUII  TOCTPOCHUS
I[BETOCUHTE3MPOBAHHBIX H300pakeHM B ectecTBeHHBIX Berax (True Color
image), kapt TSM (Total Suspended Matter) wim pacnpeneieHus MyTHOCTH Ha
OCHOBE Pa3JIMYHBIX AITOPUTMOB.

Harypuble u3mepeHHsi, CHHXPOHHBIE CO CIYTHUKOBOM  CBHEMKOM,
IPOBOJMINCH, B TMPUYCTHEBBIX 30HAX ¢ OopTra MaJOMEPHBIX CYJIOB C
UCIIOJIb30BAaHUEM  CIEAYIOMIMX NOpHOOPOB:  aKyCTUYECKOrO  JOIJIEPOBCKOTO
wiopunorpadpa Ttewenmit ADCP WH300Hz, CTD-3omma RBR-concerto,
OCHAILIEHHOTO JIOMOJIHUTEJIbHBIMU JIATYMKAMU MYTHOCTH M XJIOpoduilia-a,
typoumumerpa Apera Inst. TN400. I[IpoBoausics oT6op nmpod BoJbI B pa3IUYHBIX
TOUYKAaX IJIFOMA C LIEJIbIO ONpEIeIeHUs] KOHLIEHTPALUY B3BEIIEHHOTr0 BelecTna. s
OTIpe/eNICHUs] MPUOPEKHBIX TEUCHUH, BIMSIONIMX HA paclpoCTpaHEHHE IUIIOMa,
OPOBOJAMIIUCH M3MEPEHHUsS C TIOMOIIBIO JIarpaHXkKeBBbIX JPUPTEPHBIX OyeB,
ocHaieHHbIX GPS-nipuemuukamu [3, 4].

Pe3yabTaThl

Kacnuiickoe mope. B kayectBe HayyHOro nojmrona B Kacnuiickom mope
Obu1a BeIOpaHa npuyctheBas 30Ha peku Cynak. Pexa Cynak oOpasyercs CusHieM
ropHbix pek ABapckoro Koiicy u Anauiickoro Koricy. IIutanue peku cMemaHHoe,
¢ mpeoOnaaanreM cHeroBoro. [lonoBoabe ¢ ampens no ceHTs0pb ¢ MAKCUMYMOM B
ntoHe — urone. [lockonbky p. Cynak BO BpeMs MOJOBOABS BBIHOCUT OIPOMHOE
KOJIMYECTBO TEPPUTCHHOTO BEIIECTBA, €€ IUTIOM OTYETIIMBO BUACH Ha CITyTHUKOBBIX
M300pKEeHUSIX BUAMMOro auana3zona (puc. 1). Hamu npoBeneH cpaBHUTENIbHbBIN
aHaJIN3 WCTOJB30BAHMS PA3IMYHBIX QJITOPUTMOB I pacueTa KOHIEHTPAIUH
nojHoro B3BemenHoro BemectBa (Total Suspended Mater) u myrtaocT (FNU).
bbulo mokazaHo, 4YTO [UIsI pa3HBIX 3HAYEHUH MYTHOCTH TMOAXONIAT pa3HbIe
anroputmbl. Hanpumep, 1715t 00JbIINX 3HAYEHUH MYTHOCTH JIy4Ill€ BCErO MOAXOAUT
anroputM, paspaboTaHHbIi 1o pykoBoacTBoMm Dogliotti [5]. Ilpu 3HaueHMsIX
myTtHOCTH MeHee 50 — 60 FNU, mydiie mcnonp30BaTh airopuT™, OMUCAHHBIA B
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pabote [6]. Ha puc. 2 mpencraBieHbl pe3ysbTaThl UCHOIb30BAaHUS JBYX JaHHBIX
aJTOpPUTMOB JIJIs TaHHBIX pubopa MSI Sentinel-2B, monyuennsix 3 mas 2021 1.

Kacnuickoe mope

Puc.1. TIlposiBrnenwue mioma p. Cynak Ha IBETOCHHTE3UpOBaHHOM n3o0pakenuu MSI Sentinel-
2A (4, 3, 2 criexTpanbHble KaHaibl) oT 12 anpens 2012 r.

T Dogliotti S2B/MSI 2021-05-03 (07:47 UTC) 152

T Nechad S2B/MSI 2021-05-03 (07:47 UTC)
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Puc. 2. KapTsl OBEpXHOCTHOTO pacnpeaeaeHuss MyTHOCTH MOPCKOM BOJIbl, BOCCTAHOBJIEHHBIE Ha
OCHOBE CITYTHHKOBBIX JJaHHBIX Sentinel-2B (MSI), paccuntanusie Ha ocHOBe anroputma Dogliotti
(cmeBa) u Nechad (cnpaBa) ans 3 mas 2021 1.

Yepnoe mope. B Uepnom mope, B palloHe yCTbs p. M3bIMTa, IPOBENCH
JIETAJIbHBIN aHaJIW3 MpoIecca CMEIICHUs PEYHBIX U MOPCKUX BOJI, HA OCHOBE JIBYX
SKCMEAUIMOHHBIX pabdor B ampene 2018 u 2019 rr. [2; 7]. UcciaemoBana
IPOCTPAHCTBEHHAs U BEPTHKAJIbHASI CTPYKTYpa PEYHOTrO IUIIOMa B 3aBUCHMOCTH OT
pacxoia pekH, BETPOBOI'O PEKHMMA U CUCTEMBI MPUOPEKHBIX TeUueHUM. BhIsiBieHa
CYLIECTBEHHAas] HEOJAHOPOJHOCTh PEYHOIO IUIIOMAa B IIPOCTPAHCTBE M BBICOKAsS
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JTUHAMUYeCKass BAPHATHBHOCTh BO BPEMEHH, CYIIECTBEHHO YCIOXHSIIOIIAs 3a7a4dy
CpaBHEHHS KOJIMYECTBEHHBIX JTaHHBIX TUCTAHI[MOHHOTO 30HIMPOBAHUS U HATYPHBIX
u3MepeHuii (puc. 3).

Puc. 3. Onienka cKOpOCTH H3MEHEHUS OJI0XKEeHHS rpaHullbl Irroma. Ha nzo0paxenusx True Color
*Kénto nuHUerd HaHnec€H GPS-Tpek BIOJIb I'paHUIBI PEYHOTO IUIFOMA CIycTs 3 yaca mocie
nposiéTa CIyTHHKOB. JKeNnToil CTpenkoil yka3aHO HampaBlIeHHE NpeoOiagaroimux pymMOOB B
TEUYEHHUE 3TOT0 BPEMEHU

bbuin BoiepBble OIIEHEHBI MEIKOMACILITAOHbIE CKOPOCTH CMEIICHUS TPaHUILIbI
pedyHoro IuiroMa M3BIMTBI M KX CBA3b C HalpaBlieHHEM BeTpa. B pesynbrare
CPAaBHUTEJIBHOTO AaHAJM3a pa3HbIX METOJOB HCCIEAOBAaHUS TOJII MYTHOCTH,
YCTAaHOBJICHA BBICOKAs KOPPESLUA MEXKIYy 3HAYEHUSMH MYTHOCTH TpPOO BOABI
(NTU), usmepennas nopratuBHeM MyTHOMepoM Apera Inst. TN400 u maccoBoit
KOHLIEHTpanuel B3Becu B npodax B /1 (C). B npobax ¢ conepkaHUEM B3BECH 10
0,05 r/n oTMeuaeTcst mpocTasi IMHEWHAas 3aBUCUMOCTh MEXI1y 3TUMH BETUUHMHAMM,
onucsiBaemasi ypaBHenrnem NTU =1197*C-0,7. Ilpu yBean4yeHHH KOJMYECTBA
B3BECH HAOJIOAAIOTCS OTKJIOHEHHS OT JIMHEHHOW 3aBHUCHUMOCTH, Kak IpaBHIIO
BBIp&KECHHbIE B 3aHmkeHuu 3HaueHM NTU. Ha ocHOBaHMM DPOBEIEHHOTO
peHTreHo(a3oBOro aHajv3a B3BECH ObUIM YCTAHOBJIEHBl 3aKOHOMEPHOCTHU
U3MEHEHUSI MUHEPAJIbHOTO M XUMUYECKOTO COCTaBa MOPCKHUX MPOO B 3aBUCUMOCTHU
OT ONTHYECKHX I0Ka3aTejaeil MyTHOCTH Npod (B TOM 4HMCIE€ B 3aBUCUMOCTH OT
paccTosiHus 10 ycThs peku). IlokazaHo, 4YTO yBelIMYEHHE MYTHOCTHU
COIPOBOXK/IAETCS  OTHOCHUTEIBHBIM POCTOM QJIEBPUTOBOM U  YMEHBILIECHHEM
TJIMHUCTON cocTaBisitonieil B B3Becu (puc.4). Takum oOpa3om, MOKa3zaHa
BO3MOYKHOCTh OIIEHKH (ha30BOr0 COCTaBa B3BECH HA OCHOBAaHUU ONTHUYECKUX
XapaKTEPUCTHK.

banmuiickoe mope. KOMILUIEKCHBI METOJ MCCIEAOBAHMS B MPUOPEKHON
yacTu ['1aHbCKOro 3aqvBa B palloHe BbIHOCA BOJ M3 KalMHMHrpaackoro 3aianBa
(roro-BocTOYHas 4YacTh bajaTUHCKOrO MOps) MO3BOJWI BBIAEIUTH OCHOBHBIE
0COOCHHOCTH pacnpocTpaneHus Boa KalnmHuHTpaackoro 3anuBa yepe3 banruiickuit
nposmB [8, 9]. Ha ocHOBe apXWBHBIX CHYTHUKOBBIX JIaHHBIX BBICOKOTO
IIPOCTPAHCTBEHHOT'O pa3pemieHus Juisa nepuoa ¢ saBaps 2014 . mo centsops 2020
r. ObUIM MpOaHAIU3UPOBAHBI MEXKIOJ0Bas M CE30HHAS HM3MEHYMBOCTH ILIIOMA,
00pa3yroIerocs B X0/ CMEIIEHUS 3TUX JIBYyX BOJHBIX Macc.
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Puc. 4. CneBa: ¢parMeHT crnyTHHKOBOro u3oOpaxenus Sentinel-2A MSI ot 1 mas. Mertku
YKa3bIBAIOT MeCTa, rie ObUIM B3SATHI MPOObI A peHTrenodazoBoro ananusza. Crpasa: rpadux
MOKa3bIBaET OTHOLICHHWE MPOIEHTHOTO COJACP)KAaHUS KBapla B CYyXOM BEIIECTBE CYCICH3HH K
IPOLIEHTHOMY COJICP)KaHUIO TIIMHUCTHIX MuHepaioB (K) B 3aBucumocT ot mytHOocTH (Turb in
situ, NTU). Homepa cTanimii yka3aHbl psioM ¢ METKaMH.
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Puc. 5. KapTel mMOBEpXHOCTHOTO pacipeleieHusl TeMieparypsl (a), coaeHoctd (0), MyTHOCTH
MOPCKO# BOJIBI (B) U MOBEpXHOCTHBIE TedeHus (T) 21 aBrycra 2020 1.

[lo ananoruu ¢ ApyruMu pailoHa MCCIeIOBaHUsI, TaHHBIC U3MEPEHUS 1n-situ ObLIH
WCITOJIB30BAHbl ISl MCCJENOBAHMUS TOHKOW BEPTUKAIBHOW CTPYKTYphI IUIIOMA.
[Tosryuensl naHHBIE 00 OCHOBHBIX XapaKTEPUCTUKAX THUIPOJIOIMUECKOro pekuma
npuOPEKHOM 30HBI, HAXOMSAIIEroCs IOJ BIMSHHEM BbIHOCA M3 bantuiickoro
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npoiuBa. BrepBple WMHCTpyMEHTanbHO ObUTA HM3MEPEHA BHXpEBas CTPYKTYpa,
oOpa3oBasiiascs Ha epudepun BeIHOCA (PHC. D).

Ananuz u obpabomka MHO20IEMHUX PAO008 CHYMHUKOBLIX OAHHbIX
BLINOHANUCL NPU  PUHAHCOB0U noddepicke epanma Poccutickoco Hayunozo

gonoa — PHD Ne 19-77-20060.
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OILIEHKA POJIM BETPOSJIEKTPOCTAHIINM B CHUKEHUH
IMUCCHUHA CO; U SJHEPT'OBECIIEYEHHUU PETHOHOB POCCHUHA
JI.B. HegenoBa
nefludmila@mail.ru
Mockosckuii eocyoapcmeennulil yrusepcumem um. M.B. Jlomownocoeaa,
Poccus, . Mocksa

Annomayun. Ha ocnose 0anHvlx 0 cOCmMOsAHUU pa36umus 60300HO6IAEMOU
SHepeemuKu, 0 memnax CmpoumenbCmea u 6600d 6 CMpol 8eMmpoIIeKmMpOCMaHyul
(BOC) 6 Poccuu nposeden ananus poau kpynuwix cemegvix BOC 6 snepeobanancax
PE2UOHO8 U OYEHKA IKOJI02UYECKO20 IPPEKMA N0 CHUNCEHUIO IMUCCUU YeTIeKUCTO20
eaza. Ilposedennvie pacuemwvr noxasanu, umo 6 Pecnybauxe Kanmwvixus BIC
obecneuusarom bonee 94% snepeonompebieHus Ha NPoOMbIULIEHHbIE U ObIMOBbIE
HYoHcObl. Tlpoenosuvie pacuemst 8bIpaOOMKU 3aNIAHUPOBAHHBIX K CIPOUMENbCMBY
B3C 0o 2024e. xapaxmepu3zyrom 6blcOKULl NOMEHYUA BempPOIHEPSEMUKU OJis
noKpulmusi SHepeonompeenus 8 Pecnyonuxax Kaimvikusa u Aovlees, 6 Yivanosckoi
u Acmpaxamnckoti obaracmsix.

Kniouegvie cnoea. Bo3zobnosnsiemvie UCMOYHUKU SHepeuu,
B8eMpPOdIHEpeemMuUKd, COJIHeYHAs IHepeemuKa, 3Hep2oobecnedenue, YCMOUYUBoe
paszsumue, SIMUCCUS Y2NeKUCT020 2a3d.

Crossmime mnepen Poccueilt B COOTBETCTBMM € MHUPOBOM TEHICHUUEU
sHEpromepexofa ¢ JEKapOOHU3AIMU DKOHOMHUKH 33Jlayd 10  Pa3BUTHIO
BO300HOBIISIEMOU PHEPTEeTUKHU MOIYUYUIIN MOCIEAHUE TO/Ibl aKTUBHBIC pelieHus. B
Ouepreruueckoit crtparerun P® ngo 2035r. yka3biBaeTcsi Ha HEOOXOAUMOCTh
YBEJIMYEHUsI POJIM HCMOJb30BAHUS BO30OHOBISIEMBIX HCTOYHUKOB HHEPIUU B
sHeproodecrneyeHnn crpanbl [1]. B P® k HacTosieMy MOMEHTY CO3/aHa
MOJIHOIIPaBHAsl OTPAC/Ib BETPOMHIYCTPUH, C YPOBHEM JoKanu3anuu 6omnee 65%, u
CTPEMHTEIBHBIMH TEMITAMH HapallluBaHus ycTaHOBIeHHOHN MotHocTH BOC [2 ]. Ha
koHer| anpens 2021r. cymmapHasi MOIIHOCTh ceTeBbix BOC B cTpaHe cocTaBisieT
yke okojio 1160 MBT, psa mpoeKTOB HaxXOAWTCSA B CTaauu 3aBepiueHus [3].
[Tpupoct BeIpaboTKH AMekTposneprun (32) Ha BOC B 2020r. cocraBun 331% B
CpaBHEHHH C TPEABLIYIIUM rojoMm [4].

[lenbto paboThl  SBISETCS aHAIU3 BO3MOXKHOCTEH M TEPCHEKTUB
BO30OHOBJISIEMON JHEPTreTUKHU JII JHEProOOECIeUeHUs] PETHOHOB M CHIDKCHUS
YPOBHSI SMHCCHUU YIJICKUCIIOIO Ta3a IMyTeM 3aMelIeHUs SJIEKTPOCTAHIMN Ha
HMCKOMIa€MOM TOIUIMBE Ha HSHEProoOBEKThl HAa BO300OHOBIISIEMBIX HCTOYHUKAX
sneprun (B1D) B Poccuu. B cBsizu ¢ Tem, 4TO MOCJIEIHHUI TojJ B CTpaHe ObLI
COOpY)XEH psi KpPyHHbIX mpoMbiluieHHbIX BOC, mpoBoauTcss aHanmu3 oObema
BBIPAOOTKM DJIEKTPOSHEPTHHM HA JIaHHBIX CTAHIMSIX WU YPOBHS HCIOJIb30BAHMUS
YCTAaHOBJIEHHBIX MOIIHOCTEe. Ha OCHOBaHWMM TPOBEAECHHOIO aHalU3a C YYETOM
XapakTepa pErHMOHAJIBHBIX JHEProOaJaHCOB TIOCTaBlieHAa 3ajada  OIEHUTHh
BO3MOXHBIN ypOBEHb OOBEMOB TMOKPBITUS TOTPEOHOCTEH B BJICKTPOIHEPTHH
BETPOIHEPTETUKOM B HACTOSIIIEE BpeMsI M Ha TIEPCIIEKTUBY PACIIUPEHUS BRIPAOOTKH
anextpodHeprur Ha BOC k 2024r. IIpu npoBeneHNN UCCAEA0BAHUS UCIIOIb30BAHbI
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pacyeTHble CTATHCTHUYECKHE METOJd, MPOrHO3HO-AHAIUTUYECKUE  METOJIbI,
HKOHOMUKO-TeorpauuecKkuil aHaIu3 U SKCIIEPTHBIE OI[CHKHU.

bazoli nns mpoBeAeHUs pacueToB IMOCTYKWIM MaTepuaibl KOMIAHUM —
npousBoauTenen sueprun, CuctemHoro oneparopa Enunoit sneprocucrems! (CO
ED3C) Poccun, cratuctuueckue nanusie ['ockomcrara PO u HIT «CoBet priHka

BBoa B 3KcCIUTyaTannio KPyIMHbBIX BETPOIHEPIeTHUECKUX CTaHIUN B PO Obu1
HayaT B KoHIle 2017 r. B YibsHoBckoi obnactu. Hanbosee akTHBHO Mpoliecc
CTPOUTENILCTBA U BBOJIa B CTPOM HJET B I0KHBIX peruoHax Poccuu (PocToBckas
o0mnactb, CTaBpomnosbckuii kpail, PecriyOnuku Anpires u Kanveikus). Bee cranimm
OBLIIM BBEAECHBI B CTPOM 37€Ch MEHEE YEM 32 MOCIEIHUE MOJATOPA rojia — 32 OYEHb
HANPSDKEHHBIN 1O 3MUIEMHUOJIOTHYecKor o0cTanoBke nepruoa 2020 roga u Havyanio
2021 roma. Poct mpousBoacTBa sHeprun oT BOC B PO Op11 0OecrieueH BBEICHUEM
B cTpoii BOC cymmapnoit MoutHocteio 85 MBT B 2017-2018rr. (YnbsiHOBCKas
obnacth), 843, 8 MBt B 2020r., 230 MBT B 2021 r. Cymmapnas moutHocts BOC
Poccun, BBeneHHbix B crpod mo nporpamme JIIM-1, ma 1.05.21r. cocraBuser
1158,8 MBt. dns Bcex manHbix BOC (Tabmn.1) Hamu OBLIM MPOBEICHBI OIEHKH
NEPCIIEKTUBHON CPEAHETr0I0BOM  BBIPAOOTKH 3JEKTPO’HEPIMM, OLEHEHAa HX
COBpPEMEHHasl poJib B AHEProdasiaHcax PEruoHOB, a TAKXKE MPOBEJEHBI PACUETHI
camkeHust smuccun CO2 («HEBBIOPOCH») IHEPTOKOMILIIEKCA 32 CUET BBEJCHUS B
CTpoi sKojornueckn 4YucThiXx OC, a He Ha yriepogHoM TommBe. [lomumo
paccmoTpeHHbix Hamu BOC B P® paborator Takxke 21 BOC, noctpoeHHBIX 0€3
rOCyJTapCTBEHHOM NOJJIEPKKH, cymMmapHou wmomHocteio 105,76 MBt. Crona
BxoaaT u 7 BOC, obieit momuocthio 83,8 MBT, pacnionoxxennsie B PecriyOnnke
Kpsim 1 moctpoennsie g0 2014 r. [2]. Onu uMerot 3HauuTeNHHO Oosiee HU3Kmin K
UyM U ObUIH UCKJIFOYEHBI U3 PACUETOB.

IIpoBenennslii aHanu3 MarepuanoB CuctemHoro omeparopa Enunon
sHepreTuyeckor cuctembl Poccum mokazan, yto B 2020 romy BhIpabOTKa
ANEKTPOIHEPTUM  ceTeBbIMU  3iekTpocTtaHuusiMu  EDC  Poccum, cocraBuia
1047 029,9 mna kBTu (CHWXEHHE K 00bEeMy MPOM3BOJICTBA AJIEKTPOIHEPTUU B
2019 rony - 3,1%). B Tom umcie pacnpesenenre roJoBoro 0obemMa mporu3BoICTBa
AJIEKTPO3HEPTUU TI0 THUIAM 3JIEKTPOCTAHLUN ObUIO CIEAYIOLee B CPaBHEHUH C
2019r. [4]:

TOC - 620 565,1 man kBTu (cHMXEeHME Mpou3BoIcTBA Ha 8,7%);

I'DC —207 416,3 muiz kBT1-u (yBenudyeHue nmpou3BojicTBa Ha 9%);

ADC — 215 682,1 man kBTu (yBenuuenue npous3BoacTBa Ha 3,3%);

B3C — 1 384,1 mun kBT-u (yBenuuenue npousBojictsa Ha 331,4%);

COC - 1982,3 mun kB1u (yBenuuenue npousBoacTBa Ha 54,3%).

Takum o00pa3oM, 3HAYUTENbHBIA MPUPOCT BHIPAOOTKHU IIIEKTPOIHEPTUU
HaOmopaanca B 2020r. Toabko B cepe BO3OOHOBISIEMON IHEPTETUKH, U B MIEPBYIO
ouepesib — B BETPOIHEPIETHKE.

Hcxons u3 1aHHBIX O MPOU3BOACTBE AekTpodHepruu Ha BOC -1384,1 mun
kBTu u HOMuHanbHOUW BbIpaboTkH Bcex BOC B VYiabsHOBCKOHM, PocroBckoit
obnactax u PecrryOnuke Kanmbikus 3a 2020 1., BBeaeHHbIX B cTpoii B 2017-2020 rr.,
cocTaBHBIIEH 10 HammM oneHkaM 48395 maH kBTuy, ObUIO BBIYHCIIEHO
OCpeIHEHHOE 3HaueHne K03 (PUIIMEeHTa UCIIOJIb30BaHUS YCTAHOBICHHON MOIIIHOCTH
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(Kuym) BOC B 2020 1. cocraBusiiee B 28,6%. s BOC B CtaBponosibCKkOM Kpae u
B PecniyOnuke Anpires (BOC Kouybeesckas, Kapmanunckas u Anpireiickas) Obu1u
WCIIOJB30BaHbl MPOEKTHBIC JaHHbIE TI0 BBIpA0OTKE, IIPEACTaBICHHbIC Ha
opunmansHoM carite AO «Hosa Bunny» [5]. Ilpu 3ToM cpenHeromoBoe 3HaueHUE
Kuym cocrapmnset ot 32,45% na Kouybeerckoit BOC no 26,93% Ha Anbireiickoi

BOC.
Tabmuna 1

Onenka noreHuana cokpamiennid BbiopocoB CO2 1 mpou3BOJCTBA ANEKTPOIHEPTUU HA
nerictytomux BOC B perrnonax Poccuu (o coctostauio Ha 1.05.2021 1)

Jara Cpenuero- IToTpe6- Homs Cokpa-
BBOJIA B Mouu- JoBas aeHue D0 B 20 ILCHUE
Cy6wext PO, BOC IKCIL. HOCTb, BBEIpabOTKa peruoHe B3C B | BwIOpOCa,
MBT 29, MITH 2019r. MmH | BHEpTO- CcO2
kBTu/ron KBTu Oaance TBIC.T.
Yavanoeckan 85,4 214,00 5581,8 107,1
obonacme:
BOC 1 28.12.17 35 87,7 43,9
BOC 2 28.12.18 50,4 126,3 63,2
Pocmoeckasn 436,8 1094,3 19324,1 57% 547,2
obnacme:
Cynunckas BOC 28.02.20 98,8 2475 123,8
Kamenckas BOC 28.04.20 98,8 2475 123,8
I'ykorckas BOC 25.05.20 98,8 2475 123,8
Kazaurs BOC 23.11.20 50,4 126,3 75,1
Asosckas BOC 29.04.21 90,0 225,5 112,1
Pecnyonuka 216,6 5425 573,2 94,6% 271,3
Kanmovikusn:
IOctunckas BOC 29.10.20 15 37,5 18,9
Cansrackas BOC 19.11.20 100,8 252,5 126,2
Lemuuackas BOC 27.11.20 100,8 2525 126,2
Pecnyonuxa 150,0 354,0 1434,6 24,7% 177,0
Aovicesn .
Anpireiickas BOC 28.02.20- 150,0 354,0 177,0
AO «HosaBunn» 27.04.20
Cmaepononbckuii 270 744,0 10354,9 7,2% 372,0
Kpaii:
KouyGeesckas 28.12.20- 210 597,0 2985
BBC «HosaBunmy 28.01.21
KapmanunoBkas 29.03.21 60 147,0 73,5
B5C «HosaBuuny
Hmozo no PD: 1158,8 2948,8 1474,4

Cocmasneno asmopom ¢ UCNONb308aHUEM OAHHBIX U Mamepuanos [3,4,5,6]

JUist pacyeToB AOJM TOKPBITUS SHEPronoTpedsieHus ObUIM MPOBEACHBI
COIMOCTaBJIEHUsI 00BEMOB BBIPAOOTKH 3i1ekTpo3Heprur Ha BOC pernona u oobema
sHepromnorpeacHus cyobekra PO mo nanusiM Pocrocrara [6]. Ouenku noteHmnumana
COKpAIlIEHUs BHIOPOCOB MapHUKOBBIX T'a30B 3a CUET HapalnuBanus MomHoctel BOC
IIPOBENICHBI U3 pacuera, 4To MPOU3BOJCTBO ANIEKTposHepruu B Poccuu B cpennem
comnpoBokaaeTcs Beiopocamu okojio S00r CO2/kBt *uac [7].

Kak BugHo 13 Ta6:.1 B KanMblkun BeTpo3HEpreTUka y>ke B HaCTOAIIEE BpEMS
nokpeiBaeT Oornee 94% osHepromoTpebneHuss B pecrnyonuke, a B PecmyOmmke
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Anpires — okotio 25%. JlugepoM o cymmapHoil yctaHoBIeHHON MoiHocTH BOC B
Poccun sBnsiercs PoctoBckast obnmacte — 436,8 MBT. B aTOM KpynmHOM peruone
BETPOdHEpreTHKa Yyxke olecreunBaer 5,7% TPOMBIIUIEHHOTO U OBITOBOTO
HHEPronoTpeOICHHUS.

B 2013-2020rr cocTosiMCh KOHKYPChI 1O OTOOpY MPOEKTOB Ha
ctpoutenbcTBO BOC B pernonax Poccum 110 2024 r. B COOTBETCTBUM € MOJIUTUKOM
MOJJICPKKU Pa3BUTUSL BO30OOHOBIIIEMOW DHEPreTUKH Ha ycioBuUsix [[oroBopoB Ha
npenocraBienue MomrHoctr (AIIM). K 2024 r. 3ammaHupoBaHO (C  yxkKe
COCTOSIBIIMMHUCS] KOHKYPCHBIMU 0TOOpamu Ha ctpoutenbetBo BOC) 3569,11 B 13-
ti peruoHax Poccum [3]. OmeHka BBIPaOOTKH 3JIEKTPOIHEPTUH, HMCXOIS U3
coxpaHeHHss M B TepcrnektuBe cpeaHero Kuym 28,6% na BOC Poccum,
3aIlJIJaHUPOBAHHBIX K CTPOUTENIBCTBY 10 2024 r. 1 00beMOB COKpAIICHUS SMUCCUU
CO; na HuX mpeacTaBieHa B Tabn. 2. Takxe ObUIM BBIMOJHEHBI MPOTHO3HBIC
pacyeTbl BO3MOXKHOW JIONHM TOKPBITUS BETPOIHEPTETUKOM MPOMBIIUIEHHOTO U
OBITOBOTO SHEpronoTrpedsieHuss B peruoHax k 2024 r, ucxoAs U3 TOJOXKEHHS O
COXpaHEHUU CYMMAapHOT0 sHepronorpedienus Ha ypoHe 2019 r.

Pacdetsl mokaszain, 4TO CyMMapHOE CHUKEHUE 3MHUCCUHU YIJIEKHUCIIOrO rasza
Onmaroymapsi He wucnonb3oBaHui Ha BOC wuckomaeMoro yriepogHOro TOIUIMBA
coctaBuT 0k010 4,5 MitH T CO». Jlomns BetposHepreTuku k 2025 1.B dHEprodanancax
Oyner makcumanbHoOU B PecnyOnukax Kanmbikust u Aneires (okomo 99% u 44%
AHEPronoTpeOIeHUsI COOTBETCTBEHHO). Takke oHa Oy et 3HauutenbHa (6onee 10%)

B YIbsiHOBCKOM 1 AcTpaxaHckoi obnactsx, KpacHomapckom Kpae.
Tabmuma 2
Ouenka nepcnektuBHOM poau BOC Poccun, 3amianupoBaHHBIX K CTPOUTENBCTBY 10 2024r.,
B SHeproOanaHcax pernoHoB Poccun

Perunon PO [Tpoekts! | [lorenmman | [lotpebnenue | [lepcnex- | Coxpare-
CTpOH- BBIPA0OTKH | 3JIEKTPO- TUBHAsI HHE
TEIbCTBA | DIIEKTPO- SHEPTUH B 0TS K BbIOpOCa
BOC no | sHeprum peruone 2024r. CO2,
2024r. MJIH 2019r. B5CB TBIC.T.
MBT kBr*u/rog | miH 3HEpro-
kBr*u/ron Oanance
pernoHa
ActpaxaHckas 0071 183,00 458.4 4370,2 10,5% 229,2
Bonrorpanckast 0611 77,40 193,9 16238,9 1,2% 97,0
Kpacnonapckuii kpaii 1052,50 | 2635,3 24772,2 10,6% 2317.6
PocroBckast 00macThb 503,69 1261,7 19324,1 6,9% 630,9
PecrryOmika Ajpires 250,00 626,3 1434,6 43 7% 313,2
Pecriy6nmka Kanmeikus | 226,10 566,4 573,2 98,8% 283,2
CraBpormonbckuit kpaii | 173,95 4357 10354,9 4.2% 2179
VibsgHoBcKas 001. 316,00 791,6 5581,8 14,2% 395.,8
Pecrryonuka Tarapcran | 100,00 250,5 30952,5 0,8% 125,3
MypmMmaHckast 0071 350,97 879,2 12727,6 6,9% 439.6
OpenOyprckas o01. 75,6 189,4 16413,8 1,2% 94,7
ITepmckwuit kpaii 189,90 475,7 26207,2 1,8% 2379
Kyprauckas 0671. 40,00 100,2 1353,5 7,4% 50,1
HUTOI'O 3569,11 | 8941,9 4471,0

Cocmasneno asmopom ¢ Ucnoib308aHuem OaHHbIX u mamepuanos [3,4,6]
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3akiiroueHue

[IpoBenennsle B paboTe pacyeTbl M OLIEHKHM POJIM BETPOIHEPIrEeTUKH B
sHEeprodecrnevyeHun peruoHoB Poccuu nmokasanu, 4To 3Ta OTpAChb yKe 3aHsja CBOE
3HauuTeabHOoe MecTo. CyMMapHOe CHUXEHHE SMHUCCHUU YIJIEKHCIIOro Tasa
Onaroymapsi He HcMoNb30BaHU Ha BOC wuckomaeMoro yriepogHOro TOIIMBA
cocTaBUT €xerogHo okoio 4,5 muH T COz. Jlona Berposnepretuku k 2025 r.B
sHeprodanancax Oyaer MakcuManbHOM B PecnyOnmkax Kanmbikuss u Ajbires
(oxosio 99% u 44% »HepronoTpedIeHUsT COOTBETCTBEHHO). Takxke oHa Oyner
3HaunTenbHa (Oonmee 10%) B VYibgaHOBCKOM U AcCTpaxaHCKOM 0O0JacTax,
Kpacuomapckom Kpae. Ilpu 3TOM HEoOX0mMMO OTMETHTH, 9TO B PecmyOimke
KanMmplkusi ¢ HU3KUM OOIIMM SHEPrompoTpediieHHeM MOoCcTpoeHHble K 2024.
o0bexTsl Ha BUD (COC — 164,5 MBt , BOC — 226,1 MBT) nepeseayt Kanmbikuio
B DHEPromsObITOuHbIe CyOBeKkThl PD, a BeTposHEpreTHKa MOTHOCTHIO 00ECHEeUnT
MIPOMBIIINIEHHOE U OBITOBOE 3HepromnorpediieHne B pecnybnuke .CTpOUTEIbCTBO
KpynHbIX ceTeBbIX BOC MOBBICUT HAIG)KHOCTh YHEPTOCHAOKEHUS B PSAJIE PETHOHOB
Poccuu, ymydniuT 5K0JIOrHYeCcKyIo CUTYalUIo0 U 00ECIeUnT COKpaIleHne BEIOPOCOB
CO2, yTo 0COOEHHO BaXHO IS F0’KHBIX PEKPEallMOHHBIX pernoHOB Poccuu.
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BJIMAHUE I'NTOBAJIBHOTI'O ITIOTEIVIEHUSA KIIMMATA
HA CEJIbCKOXO3SMCTBEHHOE ITPOU3BOJICTBO
CAPATOBCKOM OBJIACTH
C.. IIpsaxuna, E.XA. Opmenn
meteokatenok@mail.ru
Capamosckuii HAYUOHATbHBILL UCCIE008AMENbCKUL 20CYOAPCMBEHHbI
yuugepcumem um. H.I'. Yepnviwescxkozco, Poccus, 2. Capamos

CapatoBckasi 007acTh 10 TeorpadudecKoMy MOJIOKESHUIO U KITMMAaTHICCKAM
YCJIOBUSIM SIBJISIETCS OJTHUM U3 OCHOBHBIX MPOU3BOAUTENEH BHICOKOKAUYE€CTBEHHOTO
3€pHa, B YACTHOCTH COPTOB CHUJIBHBIX M TBEPBIX MIlICHUIl. PErMOH pacnosiokeH B
30HE PHUCKOBAaHHOTO 3€MJICNICNIUSI W HEJOCTATOUYHOro yBIaxkHeHUs. I[loaTomy
CEICKOE XO3SIMCTBO BCErJa HCIMBITHIBACT OOJIBIINE TPYJHOCTH B MOJTYyYECHHUH
BBICOKMX Y YCTOMYUBBIX YPO>KA€B, UTO OTPULIATEIIHO CKA3bIBAE€TCSI HA YKOHOMHUKE
BCETO arpOINPOMBIIICHHOTO KOMILJIEKCA.

['mobanbHOE TOTEIJIEHNE KIUMaTa, KOTOpoe HaOmrogaeTcss B KoHIlE XX B.
Hayasie XXI| B., 3HaYUTEIHHO MOBIUSJIO HA MOTOJHBIC U KIMMATUYECKHUE YCIOBUS
o0JacTH, a, CJIeA0BaTeNbHO, U Ha MPOU3BOCTBO 3€PHOBOM MPOYKIIUU B IIEJIOM.

B ocHOBy HamucaHus JaHHOM  CTaTbW  TOJIOKEH  €XKEIHEBHBIN
METEOPOJIOTHYECKUNA MaTepual Mo it craniusm CapaTtoBckoi obmactu 3a 2005-
2017 rr., no cranuuu CapatoB OB 3a 1941-2017 rr., a Takke noJIEBOM MaTepHall
3a 30-1eTHUM NTEpUOA, TA€ aBTOPBI MPUHUMAJIHN HEITOCPEACTBEHHOE YUacTHE.

OOBEKTUBHO MOJIOWTH K BBIJCICHUIO KIMMAaTUYECKUX CE30HOB U HX (a3 B
CapartoBckoi 00J1acTH MTO3BOJIWII aHAIU3 X014 paJuallMOHHOro 0ajnaHca, Xxapakrepa
W3MEHECHUMN TMOJCTUJIAIONICH MOBEPXHOCTH, €XKEIHEBHOTO XOJa CHUHONTHYECKHUX
IPOLIECCOB M IOTOJAHBIX YCIOBUHM, CpeOHENW CYTOYHOM, MAKCHUMaJIbHOM U
MHHUMAJIBHOM TEMIIEPATYPhI U XapaKTepa 0CaAKOB 3a 77-1eTHUM niepuol. 1 ogoBou
JMHAMUKE IPUPOIHBIX MIPOLIECCOB PETMOHA COOTBETCTBYIOT UEThIpE ce30Ha. JIeTo n
3UMa XapaKTepU3yrTCs Tpex(da3Hol CTPYKTYpOH, a TEepeXOJHBIE CE30HBI -
nByx(@a3zHoi. [aBHBIE TIOTOAHBIC XapPAKTEPUCTUKH CE30HA HamboJee SPKo
BBIPKAIOTCS B TE€UCHUE ILIEHTPAIbHOU ero ¢asbl, KOTOpas OOBIYHO SIBIACTCA U
caMOM MpoJ0KUTEIbHOM. OCHOBHBIE CE30HBI JETHUM M 3UMHUN - JjsTcs 4,5 —
5 MecsIieB, a MepeXoHbIE - OKOJIO MECsIIa.

PeruonanbHOe MoOTEMICHUE KIMMaTa 3HAYUTEIBLHO MPOSBUIOCH B XOJIOIHBIN
nepuoA roga. CIBUHYJINUCH TPAHUIIBI KIMMATUYECKUX CE30HOB rojaa. B cpegHem
nepexo CpeAHer cyTouHoM TeMiiepaTypsl Bo3nyxa yepe3 0°C oceHblo CABUHYIICS
Ha 7 nHeW W mpuxoautTcs Ha 12 HosAOps, B BeceHHee Bpems mepexon yepes 0°C
CABUHYJICS Ha 0oJiee paHHEe CPOKH U MPUXOAUTCS Ha 26 mapTa (Hopma 2 arpers).
[TosTOMy HPOAOIKUTETLHOCTh 3UMHEr0 Tepuoja COKpaTwiach Ha 15 gHed u
cocraBisier B cpenneM 133 gus (Hopma 148 nmmeit). Ecom B 40-e-50-e¢ rombl
MPOIOIKUTEILHOCTD 3UM COCTaBsia B cpenHeMm 144-146 nHeil, To B mocineaHue
nBa necsatunetus (2000-2010 rr., 2011-2017 rr.) oTMe4aIMCh caMble KOPOTKHE
3UMBI, UX TIPOJOJDKUTEILHOCTh COCTaBUIa COOTBETCTBEHHO 119 1 123 ans [1].

3a KaXIbIi JeHb MO0 €XKEeTHEBHOMY (paKTUUECKOMY MaTepuaiy ¢ HOSAOpS 1Mo
MapT ObUTH MOJCYUTAHBI CPETHECYTOUHBIE OTPUTIATEIBHBIC TEMITEPATyPhI BO3IyXa.
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Pacuer cymMm Temmeparyp NOKas3ajl, 4TO CaMO€ XOJIOAHOE JAECSATHIIETHE
HaOmonanock B 40-¢ roasl (1941-1951 rr.), korga cymma Temneparyp COCTaBHIIa
munyc 1221,4°C. B pe3ynbrare COKpAaIIEHHS MPOAOIKUTEIBHOCTH 3WMHETO
NepHOJIa U NOTEIICHNS KJIMMaTa U3 puc. 1 4eTKO BUAHO, YTO KaXKJI0€ MOCIIEAYIOIIEee
JNECATUIIETHE OTMEYAJIOCh MEHBUIEH CYMMOH OTpPUUATENbHBIX TEMIIEPATYP.
CrnenoBatenbHO, HAOIIOJANOCh 3HAYUTEIBHOE MOBBIIMICHHE TEMIEPATYypPHOrO
pexuMa 3uMHUX MecaieB. [locneanue 6 net (2011-2017 rr.) cuntaroTCa CaMbIMU
TEIUIBIMH, CyMMa TeEMIIEpaTyp cocTtaBuiia Bcero Mmunyc 782,4°C (puc. 1).

Jlecstunerust
1941-1951 1951-1961 1961-1971 1971-1981 1981-1991 1991-2001 2001-2011 2011-2017

0,0 T T T T T T T 1
o -2000 -
£ -400,0 A
s
£ -600,0 -
=
£ 00y 782,4
3 8233 82
S -1000,0 - ) -869,5 :
LE)" 1200,0 arss
] azora 86 OO
-1400,0 A !

Puc. 1 Cymma cpefHUX CyTOYHBIX OTPULIATEIBHBIX TEMIIEPATYP BO3yXa 33 3UMHUN TIEPUO/T
(H0s16pb-MapT), °C, cranius Caparos OB, 1941-2017 rr. (110 qeCATHIETHSIM)

Takoe mnoTerjeHUe 3UMHETO0 CE30HAa TOBIMSUIO M Ha CPEIHEMECSYHbIC
TEeMIIepaTyphbl 3MMHHUX MECAIIEB — OHU 3HAUUTENILHO CTAJIM TeIviee. 3a MmocaeaHue 3
JECATUJICTUSL TeMIlepaTypa B siHBape KoiieOsiercss B mpenenax MuHyc 7°C
munyc 9°C, korna HopMma cocrasisieT -11°C.

C moTeruieHWeM 3UMHUX MECSIEB 3HAYUTEIBHO YIIYUIIHIACH YCIOBUS
MEPE3MMOBKH O3WMBIX KYyJIbTYp B pEruoHe. ABTOpaMU ObUIM BBIJEICHBI TPHU
KOMITJIEKCA OJIaronpusiTHOCTA TIEPE3UMOBKH O3UMBIX KYJIBTYP, B OCHOBY KOTOPBIX
MOJIOKEH TPOLIEHT THOEeIN PacTeHHW K Hadaly BeceHHero oOcienoBaHus. Camas
BBICOKAsl OILICHKAa B Tpu Oayyia ObLIa JaHa 3UMaM, KOTJa HaOJr0aalach TOJIBKO
ecTecTBeHHas Tubeyib pacTeHud u coctaBisia He Oonee 10%. K Ttakum 3umam
OTHOCHJIMCH Pa3HBIE II0 TEPMUYECKOMY PEKUMY 3UMBI, C XOPOIIUMH OCaIKaMH, TIPH
BBICOTE€ CHEKHOTO TOKpoBa Ooisiee 25 c¢M, U OTCYTCTBOBAJIM HEOJAronpusiTHbIE
SIBJICHHSI, TIPUBOAMBIIMX K 3HAYUTCIBHOW THOETHW O3UMBIX KYJIBTYp. 3HWMBI
OLICHMBAJIMCh B JIBa Oaiia, Korga rudeiib 03UMbIX KyJIbTyp cocTaBisuia oT 10% no
25%. K TakuM 3MMaM OTHOCWIIMCH XOJIOJHBIE 3UMBI C HEOOJBIINM CHEXHBIM
MOKPOBOM, a TaKXe€ TEIUIbIe 3WMBI C BBICOKMM CHEXHBIM TTOKPOBOM. 371€Ch
HaOJIOAJIUCh TaKue HEeOIaronpusITHBIC SIBICHHS KaK IpUTepTas JeAsHas Kopka. B
OJIvH 0aJiT OIICHUBAIKMCH 3UMbI, KOTJ]a THOCIIb O3UMBIX KYJIBTYP COCTaBIIsUIa O0jee
25%. DTO HEyCTOWUYMBBIC 3UMBI, C PE3KUMH TIEPEMalaMi TeMIIEPaTypPhl, YaCTHIMHU
OTTETIEIISIMU, U TIOHWKEHHBIMH TeMIIEpaTypaMu, TPUBOIUBIIINMH K BHIMEP3aHUIO U
00pa30BaHUIO JICJITHBIX KOPOK.

[lo manHbIM cTatHcTUYECKOro yrpaBieHusi CapaTtoBckoil obnactu rudesb
03UMBbIX KyJIbTYp B 40-e-60-¢ ronpl cocrarisiia 10 40%, B 0c000 XOJOAHBIEC TOJIBI
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1o 60%. C moTterieHHeM KiuMara TMOenb O3UMBIX 3HAUUTEIHHO YMEHBIIUJIACH.
B Tabn. 1 npeacraBieHbl CyMMBI OTPULIATENILHBIX TEMIIEPATYp 3a HOSIOPb-MapT MO
JECSTUIETUSM, TPOIIEHT THOeNIN 03UMBIX KYJIBTYpP, BBICOTa CHEXHOTO HOKpPOBA U

OaJIbHas OICHKA.
Tabnuna 1
OreHKa OTOTHBIX YCJIOBHMA 110 CTETICHU OJIATOMPHUSITHOCTH MEPE3UMOBKH O3UMBIX KYJIBTYD,
crannus Caparos OB, 1962-2017 rr. (110 1eCATUIIETHSM)

CyMmMmBI Cp. Bricora
CYT. CHEXXHOT'O
KommuectBo
Tecstunerus TeMIieparyp | IOKpOBa, 10X X Xapaktepuctuka | OreHka B
B(()Iiﬂofé;; _C (e ;;/Iaﬂb_ HoceBoB, % 3UMBI Oammax
Mapr) MaprT)

1962-1971 -1154,3 26,2 23,2 Hopwmainbnas 1,7
1971-1981 -975,3 26,5 19,5 Hopwmainbnas 24
1981-1991 -924.6 29,2 16,7 HopMmanpHas 2,2
1991-2001 -869,5 28,7 14,1 Hopwmainbnas 24
2001-2011 -823,3 32,7 - Hopwmainbnas -
2011-2017 -782,4 - Teruas -
1962-2017 -922,0 28,6 - - 2,2

C mnoTersieHMEM KIMMaTa W YBEJIMYECHHEM TEIUIBIX 3UM COKpAIAeTCs
MOBTOPSAEMOCTb 3UM C OIICHKOM B 1 Oasl U yBEJIMYUBACTCS MOBTOPSIEMOCTH 3UM C
o1leHKOM B 2 1 3 Oaia.

Camas 60JbI11asi TOBTOPSIEMOCThH HEOJIArOMPUATHBIX 3UM C OIICHKOM B 1 Oast
HaOmoaanack B 60-e rojpl MPOIIOTO CTOJETHS, KOT/ia THOETh 03UMbBIX B CpETHEM
cocraBmia 23%. B mocnepyromue necsatuiieTds THOETh O3UMBIX MOHOTOHHO
ymeHnbiaetcs. B 90-e roasl rubess 03uMbIX cocTaBisaa ot 16 1o 14%, aro 61m3Ko
K €CTECTBEHHOM TMOeIn 03UMBbIX.

Becennuii ce3on B CapaToBCKOW 00JacTH caMblil SIpKUHA, KOPOTKUWA H
akTUBHBIN. [IpogOKUTENBHOCTD €ro cocTaBigeT 25-30 qHEe U COCTOUT U3 JIBYX
da3: «cHerotasgHue» M «pasrap BecHbl». PDa3bl TECHO CBS3aHbI C MEPEXOIOM
temnepatypsl uepe3 0°, 5°, 10°C. Ot 0° go 5°C - daza cHerorasgHust u ot 5° 70
10°C HaunHaeTcs BereTaiys pacTeHUi, IPOBOAATCS BCE BECEHHHE MOJIEBbIE pa0OTHI
Y TTIOCEB PAHHUX SAPOBBIX KyIbTYp [3].

[To yBma)xHEHHOCTHM BECEHHEW BereTanuu 3a 77 nertHuit nepuon (1941-
2017 rr.) mo cranuuu CapatoB IOB ObutM BBbIACIEHBI BIIaXXHBIE, YMEPEHHO-
3aCyIJIUBbIE U CyXH€ rojbl. [I0BTOPSIEMOCTh BIIa’KHBIX BECEH COCTaBHJIA 28 JeT
(36,4%), xorga cymma OocaJKoB 3a anpeib-Mai coctaBisuia 6onee 120% oT HOpMBI
6onee 86,4 MM (Hopma ampens 29 mMm, Masg 43 MM, CyMMa OCaJIKOB 3a arpeib- Mai
72 mMm). Takue ycrnoBus yBIQKHEHUS JOCTATOYHO 00ECTICUNBAIOT PACTCHHUS BIIaroi
U CHOCOOCTBYIOT ONTUMAJIbHOMY HUX pa3BUTHIO. [IOBTOpSIEMOCTh YMEpPEHHO-
3aCylLIUBBIX BeceH coctaBuia 15 jer (19,5%). Cymma ocaakoB 3a ampenib-Mai
u3Mmensiach ot 80 go 120% ot Hopwmsbl (ot 57,6 mm g0 86,4 mm). Ilpu takux
YCIIOBUSIX PAaCTE€HUsI HEAOCTATOUYHO obOecredeHbl Biaroil. IloBTopsieMocTh cyxux
BeceH cocTtaBuiia 34 roga (44,2%). CyMmma ocaJikoB 3a amnpelib-Mail HaOIr01a1ach
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meHee 80% oT HOpMbI (MeHee 57,6 MM). PacTeHust CHIIBHO CTpajaroT OT 3aCyXH,
c1a00 MPOXOIUT KYIIEHHUE, YTO CUIIbHO CKa3bIBAETCS HA YPOKAUHOCTH.

IIpu nepexoae TemmepaTypsl Bo3ayxa uepe3 10°C HauumHaeTcs JIETHUH
nepuoJ — gaza «IpeieThey.

PernonanbHoe mnorerieHue kiuMara B CapaToBCKOW 0OJacTH B JICTHHM
nepuoJl OBLJIO OIIEHEHO MO CyMMaM akTUBHBIX Temmnepatyp. [lo cranmuu CapaTos
pacueTsl Beauch ¢ 1941 no 2017 rr., no cranmusm CapaTtoBckoit oomactu ¢ 2005 no
2017 rr.

C HapacTaHHEeM CyMM aKTHUBHBIX TEMIIEPATYP YBEIHMUYHUBAETCS TIOBTOPSIEMOCTD
3acyx. B Tabn. 2 mpuBeneHbl 3HaUYCHUSI CyMM aKTUBHBIX TEMIIEPATyp MO CTAHIIUAM

CapaTtoBckoii 00acTH.
Tabnuna 2
CyMmMa akTUBHBIX TEMIIEPATYP 3a JICTHUH nepuoj ¢ Temiieparypoil Beie 10°C no craHuuam
CaparoBckoii o6s1actu

I'on XBaJIBIHCK basamos Caparos Epuios AuI"ait
2005 2933,70 2839,50 3007,60 2956,20 3197,50
2006 2858,00 2748,70 2941,60 2929,00 3192,10
2007 3018,60 2926,70 3086,40 3067,70 3309,40
2008 2817,20 2663,50 2865,80 2805,40 3053,20
2009 2957,70 2808,70 3007,90 2961,30 3154,40
2010 3431,50 3376,70 3471,50 3474,40 3660,60
Cpenuee
ZOOFS’_ZI(‘) o 3002,7 2894 3063,5 3032,3 3261,2
2011 2933,50 2902,80 3034,90 2995,40 3268,10
2012 3003,80 2953,30 3170,60 3212,70 3403,80
2013 2987,70 2819,70 2954,30 2997,10 3201,80
2014 2938,80 2891,20 2989,10 3016,30 3248,80
2015 2806,70 2890,50 3086,30 3125,40 3316,00
2016 2863,20 2823,50 3025,50 2995,60 3209,50
2017 2699,30 2681,10 2794,20 2846,70 3116,20
CpenHnee
2 111’_2% ol 2890,4 2851,7 3007,8 3027 3252
Cpennee
ooty e, | 29422 2871,2 3033,5 3029,5 3256,2

B nocnennue Tpu necsatunetus no crtaniuu CapatoB OB nabmromaercs
CyMMa aKTUBHBIX TeMmmeparyp, npesbimatomas 3000°C. Tepmuyeckue pecypcesl,
MpU MPAaBUJIBHOM HX HUCHOJIb30BAHHWH, JAIOT BO3MOYKHOCTh BO3/EIBIBATH MO3HUE
3€pHOBBIE KYJITYPhl HA CEMEHA, a TAK)KE BO3/EJbIBATh HEKOTOPBIE KYJIBTYPHI JBa
pa3a 3a BereTalMoHHBIN nieprol. Takoe HapacTaHue Teria TpeOyeT MpaBUIbLHON U
YETKON PACCTAHOBKH 3€PHOBBIX KYJIBTYP MO UX MOTPEOHOCTH MPOAOIKUTEIBHOCTH
JTHS ¥ K TEPMUYECKUM YCJIOBHSIM, B MOJIEBBIE CEBOOOOPOTHI HEOOXOAMMO BBOJIUTH
pasHble TPYyNMbl KYJIbTYp, YYWTHIBAsS WX OHOJOTUYECKUE W DKOJIOTHYECKUE
CBOMCTBA.
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Tabnuna 3
Cymma aktuBHBIX Temneparyp Bbie 10°C no cranuuu Caparos OB 3a 1941-2017 rr.
(1o ecATUNeTUsIM)

CyMMa aKTHBHBIX
Hecstunerus
TEeMIIepaTyp
1941-1950 2672,0
1951-1960 2895,2
1961-1970 2846,3
1971-1980 2895,4
1981-1990 2894,8
1991-2000 3049,6
2001-2010 3199,4
2011-2017 3116,4
Cpennee 1941-2017 rr. 2946,0

['maBHast 0COOEHHOCTH KJIMMaTa PEeruoHa — 4acTas MOBTOPSIEMOCTh 3aCyX H
cyxoBeeB. M3 1abn. 4 BUIHO, YTO OT AECATHIECTUS K NECATHICTUIO MPOUCXOIUT
HapacTaHHE 3aCyX.

Tabmuma 4
ITokazarens 34CyX THAPOTECPMUICCKOT'O KOBCI)CI)I/ILII/ICHTEI 10 MHTCHCHUBHOCTHU U IIOBTOPACMOCTD
3acyx 3a Tpu pecstuierus no cranuuu Caparos FOB (1981-2011 rr)

Kiace 3acyx mo MHTEHCUBHOCTH
TToKa3aTe:b OLEHKH 3aCyX C(P?J;I:II-I{;H Cunbnas | Cpennsis Cnabas | OtcyrcTBHE
sacyxa 3acyxa 3acyxa 3acyxa 3aCyXu
KJacc 2 Kkiace 3 Kaacc 4 Kjacc 5
kiacc 1
I'mpporepmuueckuin
K03 (HUILIUEHT O <0,19 0,20-0,39 | 0,40-0,60 | 0,61-0,75 >0,76
Censnunony (I'TK)
Hecarunerus [ToBTOpsiemocTh 3acyx:
1981-1990 - 1 2 1 6
1991-2000 - 1 4 1 4
2001-2011 - 1 2 4 4

B nepBoM necaTuneTHu MOBTOPSIEMOCTH 3aCyX HabJ01anach B 4-X cirydasx
n3 10, BO BTOpOM JAecATUIIETHH — B 6 cilydasix, B TPETbEM JECATUIETUU — B
7 ciyqasix. HapacTaroT B OCHOBHOM 3aCyXH cpeJiHed U ci1aboit nHTeHCuBHOCTH. [1o0
A.W. Pynenko cina0ble 3aCyXu XapaKTepU3yIOTCsl CHIKEHUEM ypoxkaitHoCTH Ha 10-
15%, cpennue — Ha 25% [2].

OceHb — TEepexXOaHbIM KIMMATUYECKUN CE30H OT JIETa K 3UME, B TCUCHUE
KOTOPOTO yracaroT TMpU3HAK{ JieTa, MOSBISAIOTCS W BO3PACTAIOT MPU3HAKU
npubamxkaromeics 3umMbl. Hauamy oceHuM COOTBETCTBYET YCTOWUYMBBIA MEPEXO
CpeaHel cyTouHOM TeMiiepatypsl Bo3ayxa yepe3 10°C. B koHIle 0CeHH OTMEYaeTCst
kojebanne TemmepaTypsl okosio 0°C. OceHHMI CE30H Ha TEPPUTOPUU OOJACTH
KOPOTKHI — B cpesiHeM coctasisieT 40-45 nueil.

B ycnoBusix CapaToBckoi 00J1aCTH OCHOBHBIM HEOJIArOMPUATHBIM (DAKTOPOM,
OT KOTOpPOrO 3aBUCUT COCTOSHHE O3UMBIX II€pel] NpPEKpalleHHEM OCEHHEU
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BETETAIlNH, SIBIIACTCA HEJIOCTATOYHAs BIArooOECIeUYeHHOCTh PACTEHHH B JTOT
nepuod. JligA  OLIGHKM  XapakTepa YBJIQXKHEHHOCTH OCEHHETO Iepuoja
UCIIOJIb30BAIKMCH Kputepuu, paspadortanHsie [1.I. KabanoBeiMm. Ha ocHoBanum
MHOTOJIETHUX HAOJIOJIEHUH 3a MOroJIod W pPa3BUTHUEM O3UMBIX KYJIBTYp IIO
XapakTepy OPOLIEHHOCTH IPEANOCEBHOIO M IMOCEBHOro mnepuona B [loBomkbe
BBIJICJICHBI 3 PE3KO OTIMYAoIIMecs APYyr OT Apyra THUIA IOTOJbI: BIIAYKHBIM,
YMEPEHHO-3ACYIIUIUBBIN U CYXOM.

JIiist mepBOTO THTIA XapaKTepHa CyMMa OCaJIKOB 3a aBTyCT-CEHTSIOpb 80 MM,
YTO 00ECIIEYNBACT JOCTATOUHOE YBIAKHEHNE TAXOTHOTO CJIOS TOYBBI, HOPMAJIbHbBIC
BCXOJIBI M XOPOIIIEE pa3BUTHE O3MMOM MIIEHUIIBI B OCEHHUM nepuod. s Broporo
THTIa CyMMa OCaJKOB cocTaBiisieT 50-80 MM — Mpu TaKUX YCIOBUSAX HAOIIOAAIOTCS
U3PEKECHHBIE, HEPAaBHOMEPHBIE BCXOABL. TpEeTHMM THUN XapakTEpU3YETCA CyXOH
MOTO/ION TIepe ] IOCEBOM O3MMBIX, KOTJa CYMMa OCaJKOB 3a aBTYCT M CEHTSOPH B
ATOM CiIy4ae He npebimaet 50 M.

[IpoBeneHHbIE HCCIEAOBAaHUS MO3BOJUIN BBIICIUTh OCEHU IO CTENEHU
yBI@XHEHHOCTU. B cpeanem 3a 77-jeTHUl mepuoj] CymMMa OCAJKOB 3a aBryCT—
ceHTsIOpb coctaBwia 81,3 mm. JlecATuneTuss HE OTPa)KalOT IOJHOW KapTHUHBI
YBIIQXKHEHHS TEPPUTOPUU U3-32 HEPABHOMEPHOT'O BBINA/ICHHS OCAJIKOB T'OJl OT rOJ1a.
BBIBalOT TOJBI, KOTJIAa 32 aBrycT-CeHTSIOph BbinagaeT 6onee 150 mm (1950, 1977,
1990, 1993, 2013 rr.) unu, Haoo6opoT, meHee 50 mm (1949, 1957, 1965, 1972, 1998,
2005, 2010, 2015 rr.).

B T1abn. 5 mpencraBiieHa OLIEHKA TOTOJHBIX YCJIOBUM 10 CTENEHU
0JIarONPUSITHOCTA OCEHHETo MEpHOJia BEreTalldd M KOJWYECTBO OallJIOB 3a 3TOT
nepuoa mo gecatwietusiM. CpenHuii 0amul OCEHHM 3a paccMaTpPUBAEMbIE TObI

cocTtaBul 2,1 u3 3-X BO3MOXKHBIX.
Tabnuua 5
Or1eHKa MOTOIHBIX YCTIOBHH MO CTETIEHN ONArONPHUITHOCTH ISl OCEHHEN BereTaliii 03UMbIX
KyabTyp, ctaniusa Caparos OB, 1941— 2017 rr. (0 aecCATUIETHSIM)

Yucio aHen co cp. CyT. Cymma
TeMIiepaTypoi Bo3zayxa ot 10° OCaJKOB 3a OueHka B
Hecarunerus 10 0°C. aBrycr- Tun norozsl GaiuIax
YcnoBus 3aKanuBaHus CEHTSIOpb, MM
1941-1950 | O (onAeTopuTeIbIan 854 Braxcsii 21
39 (ynoBneTBOpUTENbHAS YMmepeHHo-
1951-1960 JaKanKa) 65,9 S —— 2,0
1961-1970 49 (xoporras 3aKaJka) 86,9 BrnaxHsIit 2,3
1971-1980 46 (xoporast 3aKajnKa) 85,4 Biaxxubrit 2,0
19811990 | 7 (VORACTOpUTCIBION 83,7 Braxcsri 2,1
1991-2000 | 3 (ORACTROPUTCIBION 94,1 Braxcsri 2,3
) 35 (ynoBneTBOpUTENbHAS YMepenHo-
2001-2010 JaKanKa) 68,3 AN — 1,7
2011-2017 37 (yHOB;iE?g;ITeHBHaﬂ 80,2 BitaxxHb1it 2,0
19412017 | 0 (AOBACTBOpMICLHas 81,3 Barakubiii 2,1
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[IpoBeneHHast OlLlEHKa OCEHHUX CE30HOB IOKa3ana, YTO IOBTOPSEMOCTD
OJaronmpHUSTHBIX TUIIOB MOTOAHBIX YCIOBHIA B MIEPHOJ OCEHHEH BETETAIIMH O3MMBbIX
KylnbTyp coctaBwia 28 ner (36%), ynmomierBoputenbHbIX — 26 jetr (34%) u

HeOmaronpusTHbIX — 23 rona (30%) (Tabi.6).
Tabnuna 6
[ToBTOpPsSIEMOCTH THIIOB MOTOAHBIX YCIOBHUH 110 CTENEHH OJIATONPUSATHOCTH IS OCEHHEH
BEreTaluy 03UMBIX KyJIbTyp, cranius Capatos FOB, 1941— 2017 rr. (110 1ecATUICTHSM)

Turbl OTOHBIX YCIOBUH Ouetika B
Jecstuietus bnaro- YnosnerBo- Heomaro- GaLIax
TIPUSATHBIC pUTEIbHBIC TPUSTHBIC
1941-1950 4 3 3 2,1
1951-1960 2 6 2 2,0
1961-1970 5 3 2 2,3
1971-1980 4 2 4 2,0
1981-1990 4 3 3 2,1
1991-2000 4 5 1 2,3
2001-2010 2 3 5 1,7
2011-2017 3 1 3 2,0
1941-2017 28 26 23 2,1

Tak Kak MOBTOPSIEMOCTh XOPOLIMX U YJIOBJIETBOPUTEIBHBIX CE30HOB
coctraBmia 70%, MOXHO TOBOPUTH O OJaronmpHsTHBIX YCIOBUSX OCEHHEro CE30Ha
JUTSL BETETAI[MU O3UMBIX KyJbTyp. [l10X1e ycnoBust OCeHHEN BereTaluuu COCTaBUITU
30% u OBUIN CBSI3aHBI B OCHOBHOM C HEJIOCTAaTKOM BJIATH B IOYBEHHOM CJIOE.

PexomeHnnanmu npou3BOJACTBY:

1. C morenneHueM KiuMara, YBEJIMYEHUEM BBICOTBI CHEXHOI'O MOKPOBA U
YMEHbILIEHUEM NMPOIOJKUTEIBHOCTH 3UMHETO NIEPHOa CO3AA0TCs 01aronpusTHbIE
YCIOBUSL JIsl TEPE3UMOBKH O3MMBIX KYJIbTYpP, YTO CIOCOOCTBYET PaCIIMPEHUIO
KJIMHA O3UMBIX KyJIbTYp Ha TeppuTopuu CapaToBCKOi 00nacTu.

2. Co cMenieHreM rpaHul KIMMaTHYECKUX CE30HOB I'OJla BECEHHUM CE30H
OpUXOAUTCS Ha OoJiee paHHUE CPOKH, YTO HEOOXOJMMO YYHUTHIBATH MPHU
BBINIOJIHEHUH BECEHHUX IMOJIEBBIX pa0OT U CEBa BCEX TUIIOB 3€PHOBBIX KYJBTYP.

3. TeppuTOopHuM C HETAPAHTUPOBAHHBIM 3eMJIEJEINEM TPeOYIOT BO3/1EIIbIBATh
HECKOJIbKO THUIIOB 3€PHOBBIX KYJBTYp C ACHHXPOHHBIM HacTyrjieHueM (a3
pPa3BUTHS: O3UMBIE, pAHHUE U TIO3HUE SIPOBHIE.
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ME3OMACHITABHBIE HUPKYJIAIIUN HA BHYTPEHHUX
BOJOEMAX
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YUnemumym usuxu ammocpepol um. A.M. Obyxoeéa PAH, Poccus, 2. Mockea

2Mockosckuti 2ocyoapcmeennsiii ynueepcumem um. M.B. Jlomonocoea,

Poccus, 2. Mockea
SUnghopmayuonno-uccie0o6amensCkuil UHCMumym Memeopoiou, 2UOPOLOUL U
oKkpyxcaroweti cpeovt, Moneonus, Ynaanbaamap

Aunomayus. B cmamve npedcmasnenvl OanHble OUCMAHYUOHHO20
30HO0uposanusi 8 UK u euoumom o popmuposanuu me3omacuimadbHoco 8uxps HAo
MOH2ONbCKUM 03epom Yocy-Hyp. Paccmampusaiomces memeopono2uieckue yCiosus.
BO3HUKHOBEHUSL BUXPS, €20 GIUsIHUe HA 1e0000pa3osamnue u Nno200Hble YCI08Us.
npubpesxcHvlx meppumopuil. Buxps nioxo paspewaemcs peamanuzom, Ho
nepcnekmueeH 0Jisi OYeHKU e20 Napamempos ¢ UCNOIb308aAHUEM Me30MACUMAOHBIX
Mooernel.

Kniueevie cnoea. Oszepnvie s3¢ppexmobl, mezomacuimadHvie YUPKYIAyul,
XO0N0OHbLE BMOPAHCEHUSL, OUCMAHYUOHHOE 30HOUPOBAHUE.

O3zepa ABAAIOTCA BaXXHBIM JJIEMEHTOM 3€MHOM KIMMATHYECKOW CHUCTEMBIL,
MOKpPbIBasg OKOJO 3% IOBEPXHOCTH CyIIH. B3anMOAEHCTBHE MEXKIY O3EPOM HU
aTMoc(hepoit OKa3bIBACT CYIIECTBEHHOE BIMSAHUE HA PETUOHANIbHBIN KiuMar [1]. 13-
32 MaJEHBKOIr0 anb0e/10, BHICOKON TEIJIOEMKOCTH M HEOOJBIION MIEPOXOBATOCTU
MOBEPXHOCTH O3€pa PEKUM OOMEHa TEIUIOM U HUMITYJIbCOM O3€pa U aTMochepsl
CYILIECTBEHHO OTJMYAETCA OT pEKrMa OOMEHHBIX MPOIECCOB Ha cyiie [2]. DTo
MPUBOIUT K IPOCTPAHCTBEHHON HEOJHOPOIHOCTH PAJUAIIMOHHBIX U TYPOYICHTHBIX
MOTOKOB B PETHOHAX, TJ€ 03€pa MOKPHIBAIOT OOJBIINYIO YacTh MOBEPXHOCTH 3EeMITH
[3,4]. Kpome Toro, Oosblie o3epa YMEHBIIAIOT CYTOYHYIO W3MEHUYHUBOCTH
TEeMIEPATyphl BO3yXa B peruoHe [S]. OHU MOTYT CIIY>KUTh 3HAYUMBIM UCTOYHUKOM
MOCTYIJIEHUsT B atMocdepy Teruia, Bjard, a TakKe IMapHUKOBBIX Ta30B, B
OCOOEHHOCTH, YTIIEKHCIOro raza u MmeraHa. CyliecTBOBaHHME ME30MaCIITAOHBIX
SBJICHUM HAJl 03€paMU XOPOILIO N3BECTHO. KOHTpacT Mexay TemMneparypou o3epa u
CyLUM MPUBOAUT K (POPMHUPOBAHUIO O3EPHOr0 OpU3a, KOTOPBIA MEHSET MECTHOE
nojiie Berpa [6]. O3epHBI OpuU3 MOXKET B3aUMOJCHCTBOBATH C Tomorpadued u
(hOHOBBIM BETPOM U BbI3BIBATh KOHBEKTUBHBIE Mpoliecchl [ 7]. [Tpu Hamuuum ropHoro
penbeda BO3MOXKHO (OpPMUPOBAHME KaTaOATHYECKUX BETPOB, B TOM 4YHCIE U
CWIbHBIX. JleToM MexaHu3Mbl OpH30BOM M TOPHO-AOJUHHOM IUPKYJIALHUA Ha
MPUOPEKHBIX CKIOHAX YCWJIMBAIOT APYT APYra, 4YTO MOXKET MPUBOIUTH K BHICOKUM
JIOKaJIbHBIM 3HAYEHUSM CKOPOCTH BETpa B JHEBHOE BpeMs. B yMepeHHBIX u
BBICOKMX IMIMPOTaX B OCEHHUU MEPHOJI MOBEPXHOCTh 03€pa OKA3bIBACTCS TEILIEE
BBIXOJIOKEHHBIX HaJ CyLIEW BO3AYIIHBIX MAacCC, YTO MPHU XOJOAHBIX BTOPKEHHUIX
BO3/lyXa C CyIIM Ha TOBEPXHOCTh O3€pa MPUBOAUT K (HOPMUPOBAHUIO
KOHBEKTUBHBIX MHPKYJsuid. Bo3Hukawommue mnpu 3ToM 0OJavyHBIE CTPYKTYpPHI
OpUHUMAIOT (QOpMy KaK KIACCUYECKMX KOHBEKTUBHBIX BalMKOB, TaK U
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Me30MacIITa0HbIX BUxpei [8-10], a Ha MOABETPEHHON CTOPOHE 03P BO3MOKHO
BBITAJICHUE PEKOPAHBIX CYMM OCaJKOB. DTO SIBJIEHUE XOPOILIO U3BECTHO Ha PUMEPE
Bemnknx Amepukanckux o3zep [11,12] u Benukoro Conenoro ozepa B mrare FOta
[13-15], rme «o3epHbIE CHEromajbD» HAHOCAT OOJBIION yaap MO SKOHOMHUKE H
TPAHCIIOPTHBIM CUCTEMAM PETMOHOB: W3-3a BIUSHUS O3€pP T'OJAOBOE KOJIMYECTBO
ocaakoB yBenuuuBaercs Ha 200% Mo CpaBHEHUIO C COCEIHMMM pailoHamu [16].
Me3omacitabHbie SIBICHUS HaJl 03€paMH U OKPYKAIOUUMU TEPPUTOPUSIMHU MOTYT
CO3/1aBaTh OMAaCHBIC SIBJICHUS JJisl aBUALMM (TpU B3JIETE U MOCAAKE CAMOJIETOB),
MOPCKOTO TPAHCIIOPTa M CEIBCKOTo X03sicTBa. [Ipn Hamu4ymu ropHoro penbeda u
PE3KUX CE30HHBIX KOJICOAHMIA TEMIepaTyphl BO3IyXa BEPOSATHOCTh BOSHUKHOBEHUS
ME30METEOPOJIOTUIECKHUX TPOIIeccoB ycrmmBaeTcs. C 3TOM TOYKH 3peHUs OOJIbIITHE
o3epa Boctounoit Cubupu u CeBepHoii MOHro1mu, mpeACTaBIsIOT 0COObIA HHTEPEC
JUIs ipoBeAeHus uccneaoBanuil. B CuOupu u MoHrosimu CymecTByIOT U COJICHBIE
o3epa (Hampumep, 03. Yanwsl B 3amagHoit Cubupu, o3. Yocy-Hyp B CepepHoit
MoHronuu), mOporecchl B3aUMOJCUCTBUS € aTMOCHEpol KOTOPBIX OCTAIOTCS
HCCJIeIOBaHHBIMM HeocTatouHo [17,18].

Hampumep,  oOHapy>KeHHbIH  HaMH  TO  CIOYTHUKOBBIM  JaHHBIM
ME30MAaCIITOHBIM BUXPb, €XKETOAHO (QopMmMupymomumiics Hajg o3epoMm Yocy-Hyp B
ocenHuit nepuon [8,17] oka3biBaeT CyIECTBEHHOE BIMSHUE Ha (DopmMupoBaHHe
JEASHOTO TOKPOBA M, BEPOSITHO, MO aHaloruu ¢ BemukumMu AMepHUKaHCKUMU
o3epaMu [9], IPUHOCUT AKCTpEMaIbHbIE OCaJIKH, HO HAUTH Jlaxke reorpaduueckoe
OMHMCAHUE ATOTO SIBJICHUS HaM HE yJalloCh, IPU TOM, YTO €r0 MOBTOPSAEMOCTh U
JIOKaNu3alus ropasao 0oJiee siBHAs, YEM Y MOJIOOHBIX SBJICHHM HA AMEPHKAHCKHX
o3epax.

JI1s aHanu3a TMHAMUKYA BUXPS UCTIOJIb30BAIUCH CITyTHUKOBBIE N300pakKeHuUs
obnmaunoctu B UK nuanazone cnexrpopanuomerpa MODIS (Moderate Resolution
Imaging Spectroradiometer, 31 kanani, paspernieHue 1 KM B HAAUPE), TOTyUYCHHBIE C
BeO-caiita LAADS (Level 1 and Atmosphere Archive and Distribution System,
https://ladsweb.nascom.nasa.gov/browse images/), a Takke JaHHBIC TJI00ATBHBIX
peananu3oB NCEP-NCAR, ERA-Interim, MERRA, CFSR.

O3epo Yocy-Hyp (monT. YBC HYYp, YBC) — KpynHeiiee o3epo MOHronuu ¢
momaaso 3350 kM2, pacnonararonieecs Ha ceBepo-3anaje cTpansl. Boaa B o3epe
conénas. Co BTOpo# mojJoBUHBI XX BeKa CpeHsIsi MUHEpaTU3allys BOJ 03epa nMena
TeHaeHuo k nagaeHuto (¢ 180 mr/n B 1930 rr. go 140 mr/n 8 2000 r. MakcumasibHas
rinyouHa o3epa cocraBmsier 22 M. Kioumar B OacceliHe o03epa pe3Ko-
KOHTUHEHTAJIbHBIH C MaJibiM TOJIOBBIM KOJUYECTBOM ocaakoB (143 M) u
BBIPAKEHHBIM I'OJJOBBIM X0JIOM TeMIIEpaTyphbl BO3yXa (CpeIHsIs TeMIepaTypa Urojs
20°C, smBaps -32°C).

B Hos0pe Ha ¢oHE XOJOAHBIX BTOPKEHUN Ha OTHOCUTEIBHO TEILIYIO
MOBEPXHOCTh 03epa (OPMHUPYETCS HMHTCHCHUBHBIM ME30MACIITa0HBI BHUXPh
pa3MeEpPOM HECKOJIBKO JECSATKOB KuiaoMmeTpoB. Ilo cBoum cBoiicTBaM (B3pBIBHOM
xapaktep (OpPMUPOBAHUS, HAJUYKWE TJa3a) BHUXPh UACHTHUYCH TMOJSPHBIM
ME30LUKJIOHAM M TpeArojiaraeT OOJbIINE CKOPOCTH BeTpa. Berep pazpymaer
TOHKUM HOBOOOPA30BaHHBIN JIEJTHON TTOKPOB. XOJIOIHBIE BTOPKEHUS (HOPMHUPYIOT
KaTabaTUYECKHE TIOTOKHM C TOPHBIX XpeOTOB Ha 3amaje u rore o3epa (puc. 1).
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11 Hoabpsa 2000 22 Hosbpa 2000 10 Hoabps 2004 10 pekabps 2004

1 pekabpsa 2006 11 pekabps 2006 29 Hosbpa 2007

21 Hoabpa 2009 22 Hosbpa 2016

Puc. 1. Caumku ckatepomerpa MODIS B BumumoMm nuamazone. Paiion MoHTOMBCKOTO 03epa Yo6cy-Hyp

Buxpp oxBaThIBaeT MPAaKTUYECKH BCE 03€pO, MOXKET CYIIECTBOBATH JIO
HECKOJIbKMX CYTOK (puc. 2) U, B YacTHOCTH, CIOCOOCTBYET MO3JHEMY
YCTaHOBJICHUIO JIEJSTHOTO MTOKPOBA Ha 03€pe, pa3pyllias TOHKUI MOJIOJ0M Je.

AHanu3 METeOpOJIOTMYECKHMX  YCJIOBHM Ha Ommxkalimein K  o3epy
METEOPOJIOTUYECKOW CTAaHIUHU YJIaHTOM IOKa3bIBAeT, UTO (pOpMUpPOBAHUE BUXPS
IPOUCXOANT Ha (POHE MaJIEHUS TEMIIEPATYPhI BO3lyXa U yCUIIEHUs BeTpa. PeanbHyto
CKOpPOCTb BeTpa 0e3 MpUBJICUEHHS] ME30MACIITAOHOTO MOJIEIMPOBAHUS YCTAHOBUTD
npobnematuuno. Peananmus MERRA mpu cymiecTBoBaHMM BUXPS TMOKa3bIBAET
BETPOBYIO aHOMAJIMIO B pailoHe 03epa, HO JaeT SIBHO 3aHMKEHHBIE CKOPOCTH BETpA.
Peanamu3z ERAS  ynoBneTBOpUTENbHO  BOCHPOU3BOAUT  OOIIMH  XapakTep
HaOM0JaeMO Ha CIIyTHUKOBOM CHHMMKE IUpKyJsaiuu. B peananuze NCEP
HaOII0JaeTCs TMOBBIICHNUE TEMIIEpaTyphl BO3yXa HaJl 03€pOM, HO XapaKTEPHBIX
W3MEHEHUH [UPKYISIIIUA HE 3aMETHO.

JUiss  YHCIEHHOTO  MOJENUpOBaHMs  Obla  BhIOpaHa  OTKpHITAs
UCCIIeIOBATeNbCKass HErHIpOCcTaTHUECKasi Me3oMaciiTadHasi atMochepHasi MOAEb
WRF-ARW — Weather Research and Forecasting (Bepcust 4.1.1) [19]. [Jannas
MOJIeJIb SIBJISIETCS OJHOM M3 HanOoJiee YHUBEPCAIbHBIX U OTJIAXKEHHBIX OTKPBITHIX
CHUCTEM MOJENUpoBaHusl aTtMocdepbl. UHUCIEHHBIA HSKCIEPUMEHT IPOBEIEH C
nomdoOpoM  cXeM  TypOyJIeHTHOCTH, Hambojee TOJMHO U aJIeKBAaTHO
BOCIPOM3BOISIINX HAOIIOAAEMYIO KApTUHY, U MTO3BOJIAET IPOAHAIU3UPOBATH OIS
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CKOpPOCTH, TEMIIEpPATyphl, JOJI0 OOJAYHOTO IMMOKPOBA, MPOCIEAUTh HAIMPABICHHE
UPKYTUPYIOIINX TOTOKOB.

17 Hoabpsa 2017 sentinel 2a 29 Hosbpsa 2017 r Landsat-8

7 nekabpsa 2017

e

Puc. 2. OBomronus Buxps Ha o3epe YOcy-Hyp Ha cHumkax B BuaumoM u K- nuanazone

YucneHHoe MOJIEIMPOBAHUE CIydasi MPOBOIMIOCH HA PACUETHOM 00JIacTH ¢
BJIO>KeHHBIMHU ceTkaMu, 540 x 540 km ¢ marom 9 kM, 219 X 219 kM ¢ marom 3 K,
151 x 151 xm ¢ marom 1 kM. J{71s1 mepBoif 001aCTH UCIIOJIB30BAJICS CIIEKTPATBHBIHN
Ha;pKuHT («spectral nudging»). B nentpe obnactu pacmonoxeHo o3epo YBC-
Hyyp — 00BexT uccnenoBanus. BkirodeH AOMOIHUTENBHBIN OJIOK pacyeTa 03ep.

Pe3ynbrarel MoJenMpoBaHMs TMOKa3bIBAIOT XOpOILEE COBMAJECHUE CO
CIIyTHUKOBBIMHU JaHHBIMH. PaccMoTpum MojenupoBaHue c marom 1 kM s
22 nosiopst 2016 r., 07 u 08 UTC (cm. puc. 1). M30nmoBepXHOCTH BEPTHKAIBHOM
ckopoctu (0,02 mM/¢), 4eTKo BU3yaIH3HPYIOIIHEe 00pa30BaBIINECS OPraHU30BAHHBIC
CTPYKTYpHI Ha puc. 3 (a,I), 0 aHAJIOTUU CO CTPYKTYPaMH TPOIMUYECKHUX LIUKIOHOB
MO’KHO Ha3BaTh MHIAMKATOpAMU CMepUereHe3a 1 KOHBEKTUBHOM siueiiku. Ha puc. 30
OTJIEIbHO TOKA3aHbl JMHUM TOKAa TOPU3OHTAIBHON CKOPOCTH BETpa, Ha pHUC. 3B
XOpOIIIO BU3YaJM3UPYETCS] KOHBEKTUBHAS AUeHKa.
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Puc. 3. MogenupoBanue ozepHoro Buxps 22 HostOpst 2016 1. a) M30moBepXHOCTH BEpTUKAIBHOM
ckopoctu s yposueit: 800-1000 rlIla (0,02 m/c), TMHUU TOKA TOPU30HTAIBHOW CKOPOCTH Ha
ypoBHe 900 r Ila (M3MeHEHHME I[BETa BEKTOPOB B 3aBHCUMOCTH OT CKOPOCTH: JKENThie — 7 M/C,
KpacHble — 11 m/c), 0) JIunuu Toka ropusonTanpHOU ckopoctu Ha ypoHe 900 r Ila, B) [dons
obmaynocTr st ypoHeit: 825-1000 rlla , muHUM TOKa TOPU30OHTAIFHONW CKOPOCTH HA yPOBHE
900 r Ia, r) M30moBepXHOCTH BepTUKAIBHOM ckopocTH st yposHreii: 800-1000 rlla (0,02 m/c),
JUHUH TOKa TOPH30HTaIbHOU ckopocTu Ha ypoHe 900 r [1a

BrInonHeHHOE WCCIIeIOBAaHUE TIOKA3bIBAET, YTO OOHAPYKCHHBIM HAMH 10
JaHHBIM JUCTAHIIMOHHOTO 30HIUPOBAHUS O3EPHBI BUXpbH SBISETCS BaXXHOU
COCTaBIISIONIEH TUHAMHUKUA atMochepbl B pernoHe. Bo3MOXHO ero BIUsSHUE Ha
BJIQKHOCTHBIN PEXXUM MPUOPEKHBIX TEPPUTOPHUH, a TAaKXKE HA BpeMs JIEAOCTaBa Ha
o3epe. i nmanbHeWiero aHaiau3a €ro JAMHAMUKH U CTPYKTYPbl HEOOXOIHUMO
NPUBJIEKaTh Me30MacTabHOE MOJISITUPOBAHUE.

Pabomwvr  evinonnena npu noodepoicke PDODPU, epamm Ne [9-55-
44028 Mone m.
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BEPTUKAJIBHOE PACHPEJAEJEHHUE TAXKEJIBIX METAJIJIOB U
OPI'AHUYECKOI'O YIJIEPOJIA B JIOHHBIX OCAJIKAX
MEJIKOBOJHBIX BYXT 3AJIMBA IIETPA BEJIUKOI'O
A. A. Promuna, EM. llIkupuuxkosa, I1.51. Tuimenko
ryumina.aa@poi.dvo.ru
Tuxooxeanckuii okeanono2uyeckuu uncmumym um. B.U. Hnvuuesa /[BO PAH,
Poccus, 2. Braousocmox

3HAUNUTENbHAS YaCTh TSKENBIX METAJUIOB, MOCTYHAKIIUX C MAaTEPUKOBBIM
CTOKOM, aKKyMYJUPYETCS B JIOHHBIX OCaJKaxX NMpUOpekHbIX akBaropuid. [lo »Toit
MPUYMHE XUMUYECKUN COCTaB JIOHHBIX OCAJKOB MPUOPEKHONU 30HBI HECET BAXKHYIO
UHGOPMAIIUIO O UX MOCTYIJICHUH B MOPCKYIO CpEAy.

OmanM u3 (HaKTOpPOB, OMpPENEISAIONIMM HAKOIUIEHHE U paclpeaesieHue
TSDKEJIBIX METAJUIOB B JIOHHBIX OCaJKaX, SIBIIAIOTCA OPraHUYECKUE BEIIECTBA, Kak
MOCTYHAIOIINE C TEPPUTCHHBIM CTOKOM, TaK M ayTOT€HHOTO IMPOUCXOXKIICHUS, B
4acTHOCTHU, oOpazyroiuecs npu GyHKIMOHUPOBaHUHU (GUTOOCHTOCA.

lenpto  nmaHHOW  paOOThl  SBISIETCS  HMCCIENOBAHHWE  BEPTUKAIBHOTO
pacrpeneneHrss CBUHIA, MEIW, LIMHKA M OpPraHMYECKOro YIJEpoJia B JOHHBIX
ocaJlkax TpexX MEJIKOBOAHBIX OyxT 3anmuBa lletpa Benukoro, Be M3 KOTOPBIX
(BoeBoma u HoBropojckas) UMEIOT 3HaYUTENIbHbBIC TUIOMIAIH, TTOKPBITHIE MOPCKOM
TpaBoi (Zostera Marina L.), B Tperbeil (3aquB VYTJIOBOI) MOpPCKHE TpaBbl
IPaKTUYECKUA OTCYTCTBYIOT.

[IpoObI TOHHBIX OCAIKOB OTOOpaHbI BO BpeMsi MPUOPEHKHON SKCHEAULINH
naboparopuu ruapoxumun B 2019 r. B Toukax ¢ koopaunaramu: 43°00.434' c.u.
131°47.149" B.1. u 42°59.882' c.m. 131°47.558' B.1. (Oyxta Boeona);
42°39.323' c.m.  130°52.326 B.n1. m 42°38.132 c.m. 130°55.334 B.n (Oyxta
Hosroponckas.); 43°18.774'" cm. 132°00.902' B.a. wm 43°14.621' c.u
131°58.650' B.1. (3a1uB YTI10BOI1).

MerTasl onpeaensiich MET0I0M aTOMHO-a0COPOIIMOHHOMN CIIEKTPOMETpUN
Ha ammapaTte Shimadzu AA-3600. O0Imii OpraHMYeCKUid yIiIepo - OMPeaesIcs
Ha aHanm3arope TOC-VCPN Shimadzu.

KepHbl ocankoB oTOOpaHbl € MOMOIIBIO MPSMOTOYHOM T€0JIOTHYECKOM
TpyOKoi#i (1 M). OTOOp KEPHOB COMPOBOXKAAIICS BUIEOCHEMKOM.

Kaxxnprit kepH ObLT pasaerned Ha 7-9 unTepBanoB onpodoBanus 1mo 8—10 cm
KKl 1 Ha 3 (ppaKiuy B 3aBUCUMOCTH OT pa3Mmepa dactull (MeHsiie 0,2 MM, OT
0,2 mm 10 0,5 MM 1 Gosbiie 0,5 MM). B paboTe npuBOAsATCS AaHHBIEC AJIS TSATH
KEpHOB 1Jis1 (ppakuuii ¢ pasmepoMm 3epHa MeHbine 0,2 MM, NpeIcTaBICHHBIE B
Tabn. 1.

[Ipu cpaBHeHUU npoduelt MeTamioB Mo riIyOruHe BUIHO CIEIyIOLIEe.

1) KoHIeHTpamuu MUKPOIJICMEHTOB JOHHBIX OCAIKOB 3ajMBa YTJIOBOH H
Oyxtbl HoBropoackoid Mano 3aBHCAT OT TJIyOMHBI JOHHBIX OTJIOXXEHUH W
COJIEp>KaHUsl OPraHUYECKOro yriiepoaa.

2) KonIeHTpanun MUKPO3JIEMEHTOB B JJOHHBIX OTJIOKEHHSIX, OTOOPAHHBIX B
Oyxte BoeBoja cyliecTBEHHO BbIlIE, OCOOEHHO B KEpHE, B3SITOM B 3apOCisiX
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3octepbl Mopckoil (BoeBoma-1). Jlns Oyxtel BoeBoma cymiecTByeT nuHelHas
KOppeJsILAs  MEXAYy KOHLEHTpAalUsIMU MHKPOIIEMEHTOB M  COJEpKAHUEM
OpPraHUYECKOr0 yriiepoja. OTy KOPPEISLHOHHYIO CBSI3b MOXXHO OOBSICHHUTH
(U3HOIOTMYECKUMU OCOOEHHOCTSIMHU 30CTEPHI. B IMCTBSIX 30CTEPhl CUHTE3UPYETCS
NIOJINCAXAPUJL — 30CTEPUH. DTO BEIIECTBO SABISAETCS MPUPOIHBIM KOMIUIEKCOHOM I10
OTHOUICHUIO K TsDKEIbIM MeTauiaM. [Ipu oTMHpaHuu TpaBbl OpraHOKOMILIEKCHI
00O0TramawT JOHHBIE 0CAJKA MUKPO3JIEMEHTaMHU U OPraHMYECKUM yriepooM [1].
B 3anuBe YrinoBoil HaOm0JaIuCh MUHUMAJIbHBIE KOHIICHTPAIlMU CBUHIIA U
OpPraHUYECKOro yIriiepojaa, HECMOTPsI Ha CHJIbHOE aHTPONOT€HHOE BO3JEHCTBHE Ha
akBatoputo 3anuBa [1]. Ha Ham B3risia, manHbiil QakT 0ObICHAETCS OTCYTCTBHEM

Ha AHC BOJOCMA paCTUTCIIbHOCTH.
Tabmuna 1
ConeprkaHre XMMAYECKHX 3JIEMEHTOB U OPTaHUYECKOT0 yriiepoa 1o riryouHe
B JIOHHBIX ocajkax Oyxte BoeBoa

Murepsan Pb, mr/kr Cu, mMr/kr Zn, Mr/kr Copr, %
onpoOOBaHUs, CM

Boesoma -1

5-15 27 75 142 3,72

15-25 25 78 150 3,67

25-35 25 58 110 3,24

35-45 21 41 95 2,13

45-54,5 18 37 90 1,94

54,5-64,5 21 39 98 1,89
Boesona -2

0-10 35 29 108 3,03

10-20 26 28 100 2,54

20-30 28 26 96 2,43

30-40 29 26 94 1,99

40-50 26 25 92 Lra

50-60 27 28 97 1,95

60-73 26 26 91 1,92

Paboma evinonena npu ¢ounarncosoii noooepoicke epanma PODU, Ne 20-05-

00381-a u npoepammul pynoamenmanvuwvix Hayunwvix ucciedosanuti, mema Ne 0211-
2021-0014.

Cnncok ureparypbl
1. Xpucropoposa H.K., Uepnoa E.H. CpaBHeHue conepkaHus TSHKEIBIX METAJUIOB B
OypBIX BOAOPOCISX U MOpCKHX TpaBax// Jlokmaner akagemun Hayk. 2005. T. 400. Ned4, C. 571-573.
2. Jloces O.B. AHanu3 HMCTOYHMKOB 3arpsi3HeHHs 3anuBa YrioBod (3anmuB Ilerpa
Bemmkoro) u ¢akropos ero 3arpszneHsocta // Bectauk JIBO PAH. 2019. Ne 2. C. 95 — 103.
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V]IK 550.34

CTATUCTHUYECKAS OIIEHKA YPOBHSI CENCMHAYHOCTH:
METOJAUKA, PE3YJBbTATbHI HIPUMEHEHUSA, IEPCIIEKTUBbI
(HA TIPUMEPE KAMYATKN)

B.A. CanTbIKkoB
salt@emsd.ru
Kamuamckuii punuan @UI] « Eounas eeogpusuuecxas ciyxcoa Poccuiickoi
akademuu Hayk», Poccus, 2. [lemponaesnosck-Kamuamckuii

BBenenne

Nudopmaiis 0 TEKyIIEM COCTOSIHUM CEHCMUYHOCTH OTACIBHOTO PEruoHa
SIBIISIETCSL JOCTATOYHO IIMPOKO BOCTpeOOBaHHOW. B Kpyr 3amHTEpecOBaHHBIX JIMIL
BXOJISIT HE TOJBKO YJICHBI CEHCMOJIOTUYECKOTO COOOIIECTBA, HO U CTPYKTYPHI, IO
pOJly CBOE€Hl NESITEIbHOCTU CBA3aHHBIE C MOHUTOPUHIOM MPUPOJHON cpenabl (B
yactHocTH, MUC, agMUHUCTpAaTHBHBIE CTPYKTYyphl). OTaenbHOM mnpobiemMon
SBIIIETCS. NPENOCTaBICHUE HH(OpPMALMA O 3EMJIETPSICEHUSX HACEJIECHUIO
CEHCMOAKTUBHBIX 001acTe.

YyuthiBas MMPOKHM Juana3oH MOTpeOuTened Takod HHPOpPMAIINH,
UCIIOJIb3YEMbIE XAPAKTEPUCTUKHU JOJKHBI UMETh, C OJJHOM CTOPOHBI, HHTYUTUBHO
MOHATHBIA CMBICI, @ C JPYrOM — WX OMNPEIEICHHUE [OJHKHO ONHUPAThCS Ha
KOJIMYECTBEHHBIE  IapaMeTpbl  CEHCMHUYECKOro Ipomecca. TpaauiMOHHBIM
pEIICHUEM SBISETCS CO3JaHUE IIKaJl, MEPEBOISAIIMX YHUCIOBBIE TOKA3aTelu B
KAUeCTBEHHbIE XapakTepUCTUKU. [lo0O0HAst cuTyalusi BCTpEYaeTcs BO MHOTHX
OTpacisiX HaAyKH: HallpuMep, B OKeaHOTrpauu COCTOSIHUE MOPS OLIEHUBAETCS 110 9-
OaJIbHOM IIKaje, MCXOAsS W3 BBICOTHI BOJH; 12-OanbHas mkana bodopra
NpeHa3HaYeHa JJisl OLIEHKU CUJIbI BETpa U T.1I.

dopManuzauus ~ JaHHOM  MOpoUeaypbl  MO3BOJSET  M30ekaTh  psna
HEO/IHO3HAYHOCTEN MU ONHMCAHMM, OLIEHKE U CPABHEHMH CEMCMHYECKOr0o pexuma
pa3IMyYHBIX IPOCTPAHCTBEHHO-BpEMEHHBIX 00beMOB. Hanpumep, rpu coctaBieHun
3aKJIIOYEHUH O COCTOSIHUM WJIM TPOTHO3€ CEHCMUYECKOW OOCTAaHOBKH MHOTHE
UCCIIEIOBATEeNM MCHOJIBb3YIOT MOHATUE «celcmuyeckozo ¢pona». Kak mpaBuio,
ONpEeNENICHUE  «celicMuueckoeo  (QoHa» HE TPUBOJIUTCSA, UYTO BEIET K
HEJIOPa3yMEHUSIM IIPU UCIIOJIb30BAHUM TAKUX 3aKIIFOUCHUI.

B rocynapctBeHHOM cTangapte “MOHUTOPUHT U TPOTHO3UPOBAHUE OMACHBIX
reOJIOTHYECKUX SBICHHW W mpoueccoB” [l], B pasgene, persiaMeHTUPYIOLIEM
MOHUTOPHUHI 3€MIIETPSICEHUN, TMPUCYTCTBYET MOHATUE ‘“YPOBHA CEUCMUUECKO20
¢ona”, kak ogHOrO U3 TpedbyeMbix mapameTpoB. OaHako, B 3ToMm pazaene 'OCTa
JUIIb TOACHSETCA O YeM UAET PEeYb — «O HNPOCMPAHCMBEHHO-8PEMEHHOM
pacnpeodeneHuu ciabwlx 3eM1empsceHuily, TO €CTh ONPeeIeHUe ITOr0 MOHATHS He
BBeJeHO. Takum o00pa3oMm, pa3paboTKa IMIKajdbl YPOBHS CEHCMHYHOCTHU
COOTBETCTBYET MOTPEOHOCTSIM OpraHM3allid, OTBETCTBEHHBIX 3a OpPraHHU3aIUI0 U
BEJICHME MOHHUTOPHHIAa CEHCMHYHOCTH, YJOBJIETBOPSIONIETO TpeOOBaHUSIM
YHOMSIHYTOI'O FOCYJapCTBEHHOI'O CTaHAApTa.
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Hpyras mpobnema cBs3aHa C BBIOOPOM MapaMeTpa, XapaKTePU3YIOIIETO
ypoBeHb cercMuuHOCTH. [lpeacTaBisieTcsi, 4YTO HCIHONb30BaHUE aOCOIIOTHBIX
napameTpoB, HAIPUMEP, TAKUX KaK aKTUBHOCTH Ajo, BBIJICIIUBINAACS CeicMUYecKas
sHeprud E u T.11., He sABJsSETCS ONpaBIaHHBIM IO PSLY MPUYHUH.

[Ipennaraercs 1ysi XapakTEPUCTUKU YPOBHS CEUCMHUYHOCTH KOHKPETHOU
MPOCTPAHCTBEHHO-BPEMEHHOM 00JIaCTU HCIOIb30BaTh MIUPUUECKYIO (DYHKIIHIO
pacnpenenenus F cymmapHoit BbienuBIeics ceicMuuecko sanepruu E (puc. 1).
Torna, 3amaBasi MOpPOroBble 3HaYEHUs1 F W 3HAs BBIIEIMBIIYIOCS 3HEPruio E, mbl
MOXEM CJIeJaTh 3aKIIOUYECHHE O MOBBIIMIEHHON JIMOO MOHUKEHHOW CEHCMUYECKOM
AKTUBHOCTHU PETHOHA.

BriOop celicMuyeckoi 3HEPTUM KaK MCXOJHOIO Iapamerpa oOYyCIIOBIICH ee
O0osee BBICOKOW YCTOMYMBOCTBIO IO OTHOLIEHWIO K KA4yecTBY KaTajora.
Hcnonb3oBanue B TeX ke Lensiax yucia 3emuerpsiceHuid N wim aktuBHOCTH Agg
NPEABABISIET JOCTATOYHO BBICOKHME TPEOOBAHUS K OJHOPOJHOCTH M TIOJHOTE
UCIIOJIb3yeMOro KaTtanora. JHeprusi E Beget ceOst ropazno 6osiee yCTOWYMBO, Tak
KaK MPaKTUYECKU BCS BBIICIIUBINASCS YHEPTHUS OMpeiesieTcss HanboJiee CUIbHBIMU
3eMJIETPSICEHUSMM.

Y4uuThiBas CTATUCTUUECKUN XapakTep 0a30BOro mapaMmerpa, MpeiosKeHHAs
MeToauKa  noiyywia  HazBaHue  Cmamucmuueckas — Oyenxka — Ypoenus
Ceticmuunocmu — «COYC’09».
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Puc. 1. @yHknusa pacrnpenesneHuss CeHCMUYECKONW SHEpPruH, BBIACIMBIIECHCS 32 OJWUH TOX, IS
[Tpubaiikanesa-3abaiikanbs. OTMeueHbl 3HaueHus QyHKIUU pacnpenenenus ains 2004-2008 rr.

Aaropurm «COYC’09» [3]

IIycts Hamen 3amayer sIBJISETCS OLIEHKA YPOBHS CEMCMHUYHOCTH 3aJ1aHHOM
NPOCTPAHCTBEHHOMW 00acTH B nHTepBaje Bpemenu (T1, T).

[To maHHBIM OJTHOPOIHOTO KATAJIOTa 3eMJIETPSICEHUN CTPOUTCS AIMITUPUYECKas
byHKUIUS  pacmpeieieHus] IS BBIJICTUBIICHCS CEHCMHYECKOW DHEPrHUM  BO
BpeMeHHOM uHTepBaige AT=T,—T;. JlnuTenbHOCTh Karajora HMeEeT OO0JbIIOoe
3HAYEHHUE: M0 HEHl ONpeAesieTcsi TOUHOCTh OLEHOK.

Ucnonb3yst Habop PyHKIMA pacnpeneneHus F s pa3nuyHbIX BPEMEHHBIX
UHTEpBaAIOB AT, MOXHO MOTYYUTh 3aBUCUMOCTb JIIO0OOTO KBAHTUJISL paclpeieIeHUs
sHeprun K(F) or Bpemennoro okHa AT. B kadecTBe OMNOPHBIX KBaHTHIICH
npeiaraercs ucnoip3oBate K(0.995), K(0.975), K(0.85), K(0.15), K(0.025),
K(0.005). Kakx mpumep, npuBeICHBI Takue 3aBHCUMOCTH it Kamuatku (puc. 2).
Paccuntannbie 3HaUCHNS KBaHTWIIEH 11 HaOopa 3HaueHuid AT (B IpecTaBIeHHOM
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npumepe AT=7 cyr., 15 cyr., 1 wmec, 3 wmec.,, 6 mec., 1 rox,

anmnpOKCUMUPYIOTCI MOHOTOHHOM KPUBOM.
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Puc. 2. 3aBUCHMMOCTb OIOpPHBIX KBaHTWJIEH pacIpeleleHUsl CEHCMUYECKOM DSHEpPruu s
KamuaTku oT Benm4uuHbI BpeMEHHOTO HHTEpBaia AT

Lg (SHeprus, Jx)

16 —

Lg (3neprun, [Ix)

BpemeHHOe OKHO, CyT.

10 100
BpPeMeHHO® OKHO, CYT.

1000

Puc. 3. Homorpamma «COYC’09» st [Ipubaiikanbs u 3abaiikanes: cresa: Uisl OCHOBHOM IIKaJIbI
B IIITh Tpajalliii ypoOBHS CEHCMUYHOCTH; cnpasa: AOTOIHUTEIbHOE pa3dueHue «(poHOBOTo»

YPOBHA Ha TPpHU NOAYPOBHA

HOMoOTrpammy  (puc. 3),

[IpeacraBnenHsie Ha eauHOM rpaduKe anmpoKCUMauu (HOpMUPYIOT

KOTOpasd II03BOJIAICT A4aTh

KAYECTBEHHYI0  OLIEHKY

CEICMHUYECKOTro peXrMa B JII00OM KOHKpPETHBIM OoTpe3ok BpemeHu (Ti1, To). s
3TOr0  HEoOXOAUMO

BBIJICJIUBLICKCS 32 3TO BPEMSI.
IIpennaraercs cnenyronias MKajla ypoBHEH CEUCMUYHOCTH:
— BKCTPEMAIBHO BBICOKUU

— BBICOKHUHU

— K(0.995) < IgE,
— K(0.975) < IgE < K(0.995),
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— (OHOBBIIA — K(0.025) < IgE < K(0.975),

— HM3KUH — K(0.005) < IgE < K(0.025),

— JKCTpEeMaTbHO HU3KUU — IgE < K(0.005).

CoriacHo Takoi rpamanuu B 95% ciydaeB CEHCMHYHOCTh HAXOJIUTCS Ha
¢oHOBOM ypoBHE. [Ipy HEOOXOTUMOCTH €r0 MOXHO pa30UTh Ha TPH MOAYPOBHSI:

— ¢onossiii (monmwkennsiii) — K(0.025) < IgE < K(0.15),

— (OHOBBIN (CpeTHMIA) — K(0.15) < IgE < K(0.85),

— ¢onossiii (moBeimenap) — K(0.85) < IgE < K(0.975).

B nomonHeHue K Imikajge ypoOBHEH CEHCMHYHOCTH MOYKHO HCIOJB30BaTh
MIOHSATUE HOPMBI BBIICIHMBIICHCS CEHCMUYECKON SHEPruu, MOA00HO TOMY, Kak
AHAJIOTHMYHBIC TIOHATHS TPHMEHATCS, HampuMmep, B Mereopojiorur. Hopmy
npe/IaraeTcsi ONpPENeINTh, KaKk MEIMaHHOC 3HAUCHHE CEHCMHUYECKOH SHEPTHH,
BBIJIC/IUBIICHCS 32 BpeMeHHON nHTepBaid AT, pacCUMTaHHOE MO JIAHHBIM BCETO
KaTajiora KOHKPETHOM POCTPAHCTBEHHOM 001acTH.

JlaHHasT MeETOIMKAa WMEET OIpPEIeICHHbIE OrPpaHUYCHUS TMPUMEHCHUS,
CBSI3aHHBIE C HWKHMM YPOBHEM OJHEPIUU WCIIOJIB3YEMbBIX 3EMIICTPSCCHHMA, C
BEJIMYMHON aHAIM3UPYEMOTO BPEMEHHOT'O HHTEPBAJIa U C JUTMTEIBHOCTHIO KaTaJlora
3eMJICTPACEHUM.

I[Ipumepsl ncnoab3zopanus meroauxku COYC’09

1. OueHka ypoBHS CEWCMHUYHOCTH PErHoHa WM KOHKPETHOTO OOBEKTa
(Hampumep, BYJIKaH WU Pa3JIOMHAs 30HA)

w
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25.06.2019

26.06.2019
Mi6.4,6.5

20.11.2019
Mi 6.3

BpemeHHbIe OKHa, CyT.
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Puc. 4. lnarpamMmma ypoBHsI ceiicMUYHOCTH B 30He oTBeTcTBeHHOocTH K® DUI[ EI'C PAH
pPa3IMYHBIX BPEMEHHBIX OKHaX

™

B kauectBe mpumepa (puc.4) nokazana COYCrpamma, oTpakaromas B
LBETOBBIX KOJAX BPEMEHHOW XOJ YPOBHSA CEUCMHUYHOCTH JJIsI BCEU 30HBI
orBeTcTBeHHOCTH Kamuarckoro ¢unmana EI'C PAH. /lnana3on BpeMEeHHBIX OKOH —
ot 5 1o 365 cyt. 3aech cineayer oOpaTUTh BHUMAaHHUE HA TO, YTO MPOU3OLIEAIIEe
CUJILHOE 3EMJICTPSICEHUE TEePEBOJUT CEHMCMUYHOCTh Ha BBICOKMH YpPOBEHb Ha
KOPOTKHMX BPEMEHHBIX MHTEpBaJIax, OCTaBJIss €€ Ha cpeaHeM (DOHOBOM YpPOBHE JIJIst
JIMHHBIX MHTEpBanoB. To ecTh oneHka COYC Bcerga A0KHA COMPOBOXKIATHCA
yKa3aHUEM BEJIMYMHBI BpEMEHHOI'0 HHTEpBaJa.
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2. O0OHapVYKEHHBIN yhdekT — OTHOCHUTEIHHO KPATKOBPEMEHHOE
PEABECTHUKOBOE 3aTUIIBE, HE BBISIBJIECHHOE JIPYTUMU METOIAMM.
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20.12.2018
Mi, Mw 7.3

Mi 6.7
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=3

106.07.2018

07.01.2018
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125.01 .2018 MIoA

123.05.2018
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BpemeHHble OKHa, CyT.
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Puc. 5. lmarpamma ypoBHs celicmuuHocTd KamuaTtckoi ceiicmoaktuBHOM obnactu (KCO) B
pa3IMYHBIX BPEMEHHBIX OKHaX

CeiicMuueckue 3aTULIbs, MPEABApPSIONINE CHIIbHBIE 3€MJIETPSCEHUS,
SBJIAIOTCS OJAHUM U3 YacTO BCTpPEYAIOUIMXCS TpeaBecTHUKOB. Hamu Obuio
MHOTOKPaTHO OOHApyKEHO KPaTKOBPEMEHHOE CECMHUECKOE 3aTHUILBE — CHUKEHUE
PETUOHATIBHOTO YPOBHSI CEMCMUYHOCTH /10 HU3KOI0, a MHOTAA /10 AKCTPEMAIbHO
HU3KOTO YPOBHS B KOpPOTKUX (70 1 Mecsia) OKHax IMepes, 3eMIIETPSICCHUSIMU
MarHuTy bl M=6—7. B xauecTBe nmpuMepa Ha pHC. D MPEACTABICHBI TAKKE 3aTUIIBS
nepen 3emiietpsicennsimu 23.05.2018, 06.07.2018, 14.11.2018, 20.12.2018.

3. MOHUTOPUHT COCTOSIHUSI BYJIKAHOB.

Meroauka COYC’09 ucnonp3yercs pu MOHUTOPUHTE€ COCTOSIHUSI AKTUBHBIX
ByJkaHOB KamuyaTrku, rJe TIUIOTHbIE CEHCMUYECKHE CeTH 00ecrnedrnBaroT
PUEMJIEMBIA YPOBEHb MPEICTABUTEILHOCTH KaTanora 3eMJIETPSICeHUH, YUUThIBas
CYLIECTBEHHO 00Jie€ HM3KYI0 DHEPreTUKY BYJIKAHUYECKUX 3EMJIETPSICEHUI (110
CPaBHEHHIO C TEKTOHUYECKUMM ).

Byakau Tonbauux (Ilodcomoska Tpewunnoz2o Tonbauuncko20 u3gepicenus
2012-2013) [2].

27 wosiops 2012 1. Ha KamyaTke Ha4yaJioch OJHO U3 KpPYMHEHUIIUX
W3BEPKEHU, OTMEUYEHHBIX B MOCIEIHUE AECATUIIETUS HAa TeppuTopun Poccum, -
Tpemunnoe TonbGaunnckoe uzBepxkenue uM. 5S0-netus MHctutyTa BYJIKaHOJIOTUN
JIBO PAH (TTH-50). TloaroroBka 3TOro0 MU3BEp)KEHUS HAlJIa OTPAKECHHE B
CEUCMUYECKOM Ipouecce. BpeMeHHOM X0 ypOBHA CEMCMHYHOCTH B pPanOHE
ByskaHa ( o6macte R=10 kM, quamazon rryous 1o 30 km) B 2012 1. mpencTaBiieH Ha
puc. 6. B wutone-Hosi06pe 2012 r. BBISIBJIEH CTATUCTUYECKH 3HAYUMBIN MEPEX0]
YPOBHSI CEMCMUYHOCTU C (DOHOBOrO Ha BBICOKHMI, a 3aT€M Ha HKCTPEMAIbHO
BBICOKUH YPOBEHb, YTO COOTBETCTBYET MHOTOKPAaTHOMY YBEIMYEHHUIO YHCIa
3eMJICTPSICEHUN W BBIJICJIUBIICHCS CEHCMHUYECKON JHEpruu. YXoJ ¢ (POHOBOTO
ypoBHs oTMmeuaercs ¢ aBrycra 2012 r. [locnennue Tpu HEAENM nepes TPEUMHHBIM
npopeiBoM 2012 r. CeCMUYHOCTh aHAJU3UPYEMOr0 CEHCMOAKTUBHOTO OOBEMa
HaxOoJWJIACh HA SKCTPEMAIIBHO BBICOKOM YPOBHE.
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Puc. 6. BpemMeHHOl X071 ypOBHSI CEHCMHUYHOCTH B Pa3JIMYHBIX BpeMEHHBIX OKHax (1 — 15 cyTok,
2 —30 cyrok, 3 — 60 cyTok, 4 - 90 cyTOK) 3a OJIMH TOJ 10 Havaja u3Bepkenus 27 Hostiops 2012 r.

Bynxkan besvivannotil.
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Puc. 7. Ocpennennoe no 19 u3BepxeHusM ByiikaHa bespimsHHbIA 1999-2014 rr. moBeneHue
YPOBHSI CEHCMUYHOCTH BO BPEMEHHON OKpecTHOCTH u3BepxkeHus (At = 0)

Pa3zpaboTtana meTonuka mporHo3a U3Bep:KeHUsI ByJikaHa be3pIMsiHHbBIN [4] Ha
ocHoBe wucnonb3oBaHuss wwkanel COYC’09. IlpenBecTHUK oOmHpeneneH Kak
IPEBBILIIEHHE TOPOTrOBOro 3HauUeHUsl (QYHKIMH, CBA3aHHON C TEKYIIMM 3HAUYECHUEM
YPOBHSI CEICMUYHOCTH M €r0 XapaKTEPHBIM BHJIOM IIEpe] U3BEpKEHUEM (puc. 7).
OnpeneneH MONHBIA HA0Op MApaMETPOB, XAPAKTEPU3YIOIIMX MPEABECTHUK:
JIOCTOBEPHOCTh, ~ HAJEKHOCTh, A(P(PEKTUBHOCTh, BEPOSTHOCTh  peaan3aluuu
nporHo3a. Co3gaHa HOMOrpamMMa BEPOSTHOCTH B 3aBUCUMOCTH OT JJIUTEIbHOCTH
MPOTHO3a ¥ 3HAYEHUsI TPOTHOCTHYECKOTO IMapaMeTpa.

C 2017 r. meroguka npumMensiercsi B pabouem pexume B KO EI'C PAH
(puc. 8). Ha ee ocHOBe nosyueHsl ¥ iepeaanbl B Kamuarckuii dpuinan Poccuiickoro
DKCIIEPTHOTO COBETA IO IPOTHO3Y 3EMIIETPSACEHHNA NPEIyNpeKICHUS O CEMHU
u3BepxkeHusax 2017-2020 rr.

C oxts0psa 2017 r. B paiioHe YIMHCKON TpyMIbl BYJIKAHOB HaOJIOIAETCs
ceficmuyeckas aktuBuzarus (puc. 9, 10). Panee Hudero nomo6HOro B 3TOM paiioHe
HE OTMEYAIIOCH.
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Puc. 8. IlpenBecTHHMKOBBIE CUTyallMM MEpPe] U3BEPKECHUSMHU ByJIKaHa De3bIMSHHBII B KOHLE
2016 — naganme 2017 rr.: OTHOLIEHHWE BEPOSATHOCTH H3BEPKEHHS BYIKaHA TPU TOSBICHUU
MPEIBECTHUKA K BEPOSTHOCTU H3BEPKEHUS B ero orcyrctBue (1) u K cpelHeMHOrojieTHei
BEPOSITHOCTH U3BEpIKEeHUS (2).

Byakan Youna [5].

O

cencMuYekue CTaHUun

GNSS-nyHKTbI
ByrKaHb!

AMULIEHTPbI 3eMNEeTPSCEHUI

Puc. 9. VYaunckas ceilcmuueckas aktuBuzanuss 2017-2018 rr. Cerb ceficMOJIOTHYECKHX U
reogedopManmoHHbpIx HaOmoneHuit B pailone KiroueBckoit rpymnmel BynkaHoB (a). Kapra
SMULEHTPOB 3eMJIeTpsiceHUH B palioHe Y auHckux BynkaHoB ¢ 01.10.2017 r. mo 22.03.2018 r. (6)

B mocnenane ronpl B MUpE MOBBICHIICS MHTEPEC K TEOMHIUKATOPY volcanic
unrest, KOTOPBIII paccMaTpUBAaeTCs KaK OTKJIOHEHHWE OT OOBIYHOTO, (DOHOBOTO,
noBe/ieHUsT BysikaHa. MuaukaTtopamu volcanic unrest OOBIYHO BBICTYIAIOT
aKTUBH3AIMA CEHCMUYHOCTH, aHOMAaJuU nedopMalui 3eMHOW KOPBI, U3MEHEHUS
ra3oBOro cocTaBa (hyymapoJ, TMOSBJICHHE HAa BYJKaHaX HOBBIX TEPMOAHOMAIIUN U
npyrue npuszHaku. [lo ganHbIM  uccnenoBanHus [6] 64%  pa3aMUHBIX
3a()MKCHUPOBAHHBIX HAa BYJIKaHaX aHOMAJIUH, pacCMaTpUBaEMbIX Kak volcanic unrest,
3aKaHYUBAIOTCS N3BEPIKEHUSMH.
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N3BepxkeHne HeNb3s UCKIIOYWTh U B HAILIEM Clly4ae, TaK Kak JJIUTEeIbHas
VYiauHCcKas celicMHYecKas aKTUBHM3allUs  CBUACTEILCTBYET O  HapyIICHUU
CTallMOHAPHOT'O COCTOSIHUS CPEJIbI, YTO MOXKET OBITh CBSA3aHO C BHEJPECHHUEM MarMbl
1oJ; Y IMHCKHUE BYJIKAHBI.
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Puc. 10. BpemenHo#t xoxn ypoBHs ceiicMuuHOCTH 110 mkaie COYC'09 B ckoJb3s111€eM BpEMEHHOM
OKHE yKa3aHHOT0 pa3Mepa. PacueTs! mpoBeaeHs! 1t 0071aCTH, OKOHTYPEHHOI 3JUTUIICOM Ha puc. 9

4. COYC-kapThl pa3jIMYHOro Maciirada.

Puc. 11. Kaptsl ypoBHs ceiicmuunocty no mkane COYC'09 B 30ne orBercTBeHHOCTH KO OUI]
EI'C PAH mpu pasznuyHOi neTaqbHOCTH MOCTpoeHus. CKaHHMpPOBaHME MPOBOAMIOCH Kpyramu
pamuycoM 50 u 280 kM. Bpemennoit unrepan — 28 cyrok. Coctostnue Ha § amnpens 2021 r.
[Tamutpa — cm. puc. 13

CkaHupoBaHHUe NPOCTPAHCTBA €AMHUYHBIMU KPyTraMH MO3BOJIAET MEPEUTH OT
YCPEIHEHHON OLIEHKHM K JeTajibHOMY mpenactaBieHuto. [loctpoenne COYC-kapt
3aJlaHHOTO paspenienus (puc. 11), onpeaensieMoro paguycomM eIMHUYHOTO Kpyra,
MO3BOJIIET OLIEHUBATh YPOBEHb CEHCMUYHOCTH MPU PA3TUYHOM MPOCTPAHCTBEHHOM
MaciiTabe ee Bapuaiui, 4To JaeT BO3MOXKHOCTh BBISIBIIEHUS KaK PETHOHAIBHBIX, TAK
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U JOKaNbHBIX 3((eKToB. DTO aKTyalbHO MpPH MOHUTOPUHTE OOBEKTOB C
HEOJIHOPOJHON CTPYKTYPOM CEMCMUYHOCTH — HampuMmep, noiayoctpoB KamuaTka ¢
MPWIETAIONIMMUA OCTPOBaMU W akBaTopuei. Takke NMpUMEHSETCs MpU anpuoOpH
HEU3BECTHOM OOBEKTE MPUCTATHLHOTO BHUMAHUS (30Ha 3aTHIIIbs, 30Ha aKTUBU3ALIUN
U T.J.), 4TO TIO3BOJISIET JIOKAJIU30BAaTh aHOMAJIHIO.

5. IlpocTpaHcTBeHHOE (TIOBEPXHOCTHOE) CKAHWPOBAHUE CEMCMOAKTUBHBIX
00BEKTOB MO3BOJISET BBIABISITH CTATUCTHYECKU 3HAYUMBbIC aHOMAJIMU TUIA KPATKO-
CPEIHECPOYHOTO 3aTHIIIbS.

2021-04-08

base:
1962.01.01- 2020.01.01

T<160 days

T
156 158 160 162 164

Puc. 12. [TonoxeHnue 30H CEHCMUYECKOT0 3aTUILIbs HA ore KamMuaTku no cocTossHUIO Ha 8 arpens
2021 r. IIpoomKuTenbHOCTh UHTEPBAJIOB HU3KOTO (TOHKHE JIMHUH) UM SKCTPEMAJIbHO HU3KOTO
(ToJICTBIE TUHUM) YPOBHS ceiicMuuHocTH OT 7 10 160 cyT.

COYCrpamma T,=2021.01.07 00:00, R=70 km, 53.5N, 160.E

1

_
o
o

coyc'o9
@ 3KCTPEeMarnsHO HU3KWIA
@ HN3KUA
> (DOHOBLIN NOHMMKEHHBIA
@ hOHOBLIN CpeaHuiA
(3 (pOHOBBLIN NOBLILEHHbINA

-300 -200 -100 0 @ BbICOKMIA

BpemeHHoi casur npaBoro kpas okHa 8t oTHocutensHo 2021-01-07 00:00, cyT. @ 3KCTPEManbHO BLICOKWIA

BpemeHHoe OKHO At, cyT.

-
o

Puc. 13. COYCrpamma a5 enuHuaHOM 001actu paanycom 70 kM ¢ nentpom 53.5°N, 160.0°E

[Tpu BeIIEIEHNN 00BEKTA (TIOJIUTOHA, STYEHKH ), TPEJICTABIISIIONIEI0 HHTEPEC C
Kakoh-11m00 TOouku 3peHusi, s Hero crpoutcss COYCrpamma, mMO3BOJISFOLIAS
aHAJIM3UPOBaTh PAa3BUTHE CEHCMHMUYECKOTO Ipolecca Bo BpemeHu. Kak npumep, Ha
puc. 12 mokazaHbl 30HBI PA3IUYHOIO pajadyca, B KOTOPBIX HaOIIOgaeTCs
DKCTPEMAJIIbHO HU3KUW WJIM HU3KUN YPOBEHb CEMCMUYHOCTH B TEUEHUU MHTEPBaja
BpeMeHu oT 7 1o 160 cyrt., Ha rore Kamuatku. /[ ogHOM M3 3THX 30H Ha puc. 13
IIPEICTABIIEHO PA3BUTHE ATOTO 3aTUIIBSI.
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3akiiroueHue

[IpencraBnena Mmeroauka «COYC’09», mo3Bossionias B KayeCTBEHHBIX
TEPMUHAX OIPEACIIUTh YPOBEHb CEHCMUYHOCTU B 33JaHHOM MPOCTPaHCTBEHHO-
BPEMEHHON O00JaCTH, OCHOBBIBAsCh HAa KOJMYECTBEHHOM MapaMmeTpe — 3HAUYCHUU
byHKUIMU pacnpeeNieHus: CeHCMUYECKON YHEPTUU.

[IpemyioxkeHa 1Ikaja OIGHKA YPOBHS CEHCMUYHOCTH: TMISITh OCHOBHBIX
rpajaiui u TpU JOTOJTHUTEIbHBIX.

IToka3aHbl MpUMEpPBI IPUMEHEHHUS 3TOU METOIUKH.

OTMeudeHbl OCOOCHHOCTH HCIIONB30BaHUSI JAHHOM METOJUKH M TOKa3aHbI
OT/ICJIbHBIC OTPAHUYECHUS €€ TPUMEHEHUSI.

Paboma evinonnena npu ¢unarcosoii noooepoicke Munoopuayxu Poccuu (8
pamkax eocyoapcmeernnozo 3adanusi Ne 075-00576-21) u ¢ ucnonvzosanuem
OAHHBIX, NOJYUEHHbIX HA YHUKATLHOU HayyHOoU yemanogke « CeticMouHppaszeykosoti
KOMNJIEKC MOHUMOPUH2A apKMU4ecKol KpUOIUMO30HbL U KOMNJIEKC HeNpepbleHO20
ceticmuyecko2o  MoHumopunea  Poccuiickot ~— ©@edepayuu,  conpeoenbHbix
meppumoputi u mupay (https://ckp-rf.ru/usu/507436/).

Pazoenvr  pabomei, kacaowuecsi MonumopuHea CcOCMOSAHUS 8YIKAHOS,
BbINOJIHEHbl  NPU  YACMUYHOM  uHaHcuposaHuu  Poccuiickum — ¢ponoom
@ynoamenmanvuvix ucciedosanuii (epanm PODU Nol9-05-00204).
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NNEPCHEKTHUBHI UCHIOJIb30BAHUSA IIN®POBOM MOJIEJIHN
PEJIBE®A JJIs1 PEHHEHUS ITPUKJIAITHBIX 3AJTIAY I'EOJIOTUHN U
I'’EO®U3UKU

'A.B. Caxuo, V*3C.A. JleGenen
a_v_sakhno@mail.ru; sergey a_lebedev@mail.ru
'Hayuonanvnoni uccredosamensckuii ynueepcumem «Mockosckuii uncmumym
anekmpoHHou mexuuxkuy, Poccus, 2. Mockea, 2. 3enenoepao
2[eoghusuueckuti yenmp PAH, Poccus, 2. Mockea
SMaitixonckuii 20Cy0apcmeentblil MexHON02UYeCKUll yHugepcumenn,
Poccus, 2. Mauxon

Aunomauun. B pabome Oviiu paccmompeHvl Memoovl Quibmpayuu
3AULYMIEHHBIX OAHHBIX OUCIMAHYUOHHO20 30HOUPOBAHUSL. 3amMpPOHYMbl NPUKIAOHbLE
acnekmsl Yugposoli mooenu penvegha, Komopvie NoMO2arom 8 peuleHuu 3a0ay
eeonozuu u 2eousuxu. C noMoubio YUCIeHHbIX IKCNEPUMEHMOB8 NPO8e0eHa OYeHKA
aghpexmusHocmu UCNOIb3YEeMbIX MEMOO08.

Knioueevie cnosa. Penved, yugposas mooenv penvega, muccus SRTM,
UHMEPNoaAYuUs, twin experiment.

Bsenenne

Penbed - oamH H3 OCHOBHBIX (DAaKTOPOB, KOTOPBIE OMPEACISIOT X0
MPOIIECCOB, MPOTEKAIOIINX HAa TOBEPXHOCTH IUIaHEThl. OH BIUSET HA IEPEHOC BOJIbI
U JAPYTUX BEUIECTB BJOJb MMOBEPXHOCTH 3eMJIH. Pesibed) BHOCUT BECOMBIN BKJIAl B
CO3/IJaHh€ OCOOCHHOCTEH KJIMMaTa BHYTPH FOPHBIX MAaCCHUBOB, TaK KaK HapylIaeT
aTMOC(EPHYIO HUPKYJISLUIO U aJIBEKLIHIO BO3AYUIHBIX MAacC, YTO BJIEYET 3a COOOI
M3MEHEHUS KJIMMaTa W MOroAbl B MPWIEralolnX paiioHax. B ropHoi MecTHOCTH
BBICOTA HAaJl ypOBHEM MOps, TUN penbeda U KPyTU3HA CKIOHOB SIBIISIOTCS
kimMarooOpasyromumu  (paktopamu. [{udposas monmens penveda (LIMP) — sto
JUCKpETHasl IByMepHasi (YHKIMs MOPHOMETPUUECKON XapaKTepUCTUKH, KOTopas
OMKCHIBAET  TOMOTrpaUUecKyro MTOBEPXHOCTh B BHJIC MHOXECTBa
3HaYCHUN(MATPHIIh) BHICOT WM TTyOWH, U3MEPEHHBIX WJIM PACCYMTAHHBIX B y3JaX
HekoTopoi cetku. Takke [IMP Britouaercs B ceOs mHbOpMAIUIO O KPyTHU3HE
ckioHOB (slope gradient), skcmo3unuu ckiIoHOB (slope aspect), TOpu3OHTaIBLHOM
kpususHe (horizontal curvature), BomocOopro# mromanu u Ap. [1]. Hecomuenno,
MOJTy4YE€HHE Ka4eCTBEHHOW M KOJIMUECTBEHHON MHpoOpManuu o penbede sBisercs
HEOTHEMJIEMOM YacThlO PEIICHUS NPHUKJIAJAHBIX 3aJad B OOJACTU T'€03KOJIOTHUH,
re0JIOTUU U TE€O(PU3UKH.

O0BeKT ucciaea0BaHus

O0bexToM uccienoBanus Beiopana ropa bemrray (ot Tropk. 6eni - nsTh U Tay -
ropa). HM3onupoBaHHas  OATUINIaBasi — ropa-JakKoJIUT,  Bblcodaillias W3
17 ocrannoBbix MarmMarudeckux rop Ilsturopess ma KaBkasckux MuHepaabHBIX
Bopax. Ilamsatauk mnpupoasl. Jlana Ha3BaHME OKPYKAIOWIEM MECTHOCTH
(ITsturopse) u ropoay Ilaruropcky.

OtHocutenbHO nosioras (7—8°) HUXKHSISL 4aCcTh TOPbI paccedyeHa paauaibHON
cucteMoit riryookux 6anok. Haunnast ¢ BeIcoThl 820 M BepXHSsl 4aCTh MPECTABISET
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co00ll MHTEHCHBHO PAaCUJICHEHHBIM CKaIbHBI MACCHB ILIOIIANBI0 OKOJO 3 KMZ.
['maBHo#t BepmmHoi sBnsgercs bomawmot Tay (1400 M), or He€ pamuanbHO
pacxoATCs YEThIpe OCHOBHBIX OTpora ¢ BepiunHamu: Maubrit Tay (1254 m), Ko3bu
Ckanbl (1167 m), IBa bpata (JIucuit Hoc) (1124 m), JTloxmaras (Jloxmatsiii Kypraw,
3enéubrit Meic) (1080 m) (puc. 1) [3].

Bonbwoii Tay (1400 m)

JTucuia Hoc (1124 m)

N ;.;\:} .

Puc. 1. [Tanopama r. bemray

HcxoaHble JaHHBIE

B xayecTBe MCXO/IHBIX TaHHBIX ObUTH BBIOPAHBI TAHHBIE PAJAMOIOKAIIMOHHON
UHTEPPEPOMETPUU CIYTHUKOBBIX H300paXEHUN pagapoB C CHUHTE3UPOBAHHOM
anepTypHoit nporpammbl Shuttle Radar Topography Mission (SRTM), nocrymHbie
Ha noprayie ['eonmormueckoi ciy:x6ns1 CIHIA (United States Geological Survey —
USGS). SRTM — MeXayHapoJIHBIH MPOCKT IO CO3JAHUIO ITHU(PPOBOH MOJICIH
penbeda Cymm C TMPOCTAaHCTBEHHBIM paspemieHneM B 1 arc-second, dTO
COOTBETCTBYeT peryssipHoi cetke c¢ marom 30 metpoB [4, 5]. Ilopran USGS
npemnaraeT ganHeie B Tpex ¢opmarax: BIL, DTED u GeoTIFF. [nst paboThl Obu1
BbIOpaH popmar manubix GeoTIFF, mpuuém cunTeiBaHMEe MaTPHUILIBI BEICOT U3 (aiina
SRTM u 06paboTka gaHHBIX MPOBOAMIACE cpeacTBamu maketa MATLAB.

[udposas monens penbeda r. bemray no ganasim SRTM 6e3 unreprnonsuu
Mpe/ICcTaBlieHa Ha pHC. 2.

Puc. 2. Iludpoas mojaens penbeda r. bermray no nanasiM SRTM
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[IMP, nmonydeHHbIE C TOMOIIBIO TUCTAHIIMOHHOTO 30HAUPOBAHUS COAEPKAT
Clly4ailHble IIyMbI, KOTOPbI€ UCKaXKaIOT (HOpMYy MOBEPXHOCTH CKJIOHOB, OBpAaros,
nomuH. Jlanasie SRTM umerot Tpu Bepcuu:

—V1-SRTM Non-Void Filled — 310 ncxoaHble naHHbIE, MOJIYYCHHBIC HA
OCHOBE HEOOpPaOOTAHHBIX PAAUOJIOKAIMOHHBIX CUTHANOB. /laHHas Bepcusi Tpedyer
orpejiesieHus: 6eperoBoii JIMHUM, a TaKKe 00J1aJaeT MHOKECTBOM ITYCTOT, KOTOPBIE
MOSIBJISIFOTCSI, KOTJ]a BOJIa WJTU TYCTasi TEHb MEIIAI0T KOJIMYECTBEHHOMY U3MEPEHUIO
BBICOTHI.

—V2- SRTM Void Filled — B 3T0ii Bepcuu mycTOTHI YaCTUYHO 3aIIOJTHEHBI U
onpeesieHa Oeperonast JTUHUS.

—V3-SRTM 1 Arc-Second Global — oxonuarenpHast Bepcus, B KOTOPOH ¢
MTOMOIIFI0 AJITOPUTMOB HHTEPIIOJISIIIUM B COYCTAHWHM C JAPYTMMH HCTOYHUKAMH
JAHHBIX O BBICOTaX BCE IYyCTOTHI 3aITOJIHEHBI [ 6].

B namem uccieoBaHuy UCIOJIb30BalIuCh qaHHble SRTM-V3.

Metoa ucciaea0BaHus

B nmanHOM paboTe HMCHONB30BAJICS METOJ WIASHTUYHBIX Onm3HeroB (Twin
experiment) [7]. CyTh MeTO1a COCTOMT B TOM, YTOOBI IPUHATH UMCIOIIHECS TaHHBIC
3a 3TajloH (puc. 2), a mocyie 3Toro 700aBUTh B ATAJOH IIyM (puc. 3) u padoTaTh ¢
y)K€ 3allyMJICHHBIMU JaHHBIMH. [locnme dumbTpanuum MOXXHO ONpeneIuTh, Ha
CKOJIbKO yMeHbIImiIach omuoka. [lomydeHHass pasHuna OyAeT KpUTepHUeM
cpaBHeHUs cxeM prmbTparuu. Jlagasie SRTM-V3 OymyT cauTaThCsl STATOHHBIMHU.
Tax kak HamOoyiee pacHpOCTpaHEHHBIM BHJ IIyMa B PaAHOJOKAIMA — 3TO
rayCCOBCKHUH OEIBIN IMIyM, a TaKkke aOCOMIOTHAS TMOTPEITHOCTh BICOT B SRTM He
npeBbIaeT 16 MeTpoB, B HMCXOAHBIC JaHHBIC OyaeM 100aBIATH HOPMAJILHO

pacnpenenéunyo oumoky N (0, 16)[2, 8, 11,10].

o >
= XSS
RSs LCRRS
“‘\Q‘o‘ ':‘{4:‘0‘

AR TS S SN
SRR ‘g:,;’?.o.w“

Puc. 3. 3amrymnennas nudposas mozenb penbeda r. bemray

Jlns  Toro, YTroObl CHM3WUTH BIMSHUE IIYMOB OyJeM HCIOJIb30BaTh
CIJIQ)KMBAHUE UHTEPIONISALMENA. PacCMOTpHUM JIBE CXEMBI.
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Cxewma 3x3. 3anmoiHIM MaTpUIly XnxN AJIEMEHTaMu U3 (paiisia uCXOTHBIX
JTaHHBIX U J00ABUM K HEH IIyM — HOpMasibHO pactpeaenéunyro ommoky N(0, 16).
N3 maTpuubl Xnxn OyzeM BeIOMpaTh nogmatpulisl Ajj pasmepa 33

%1 G Q3
Aj=|ay ayp ay|,
d3 83 dg3
ranel, J=1,2, ..., N=2, Xjj - BepXHHUIi JEeBBII 3JIEMEHT MOAMATPHIIEI Ajj, ITOCIIC YeTr0

BBIYKCIIMM HOBOE 3HaYEHUE Yijj C TOMOLIBIO JTUHEHHON HHTEPIIOJISLIMU 10 BCEM
AJIIEMEHTaM MoAMaTpUIbL Ajj.

1 1|aj;+a33 a3 +33 ay+a a, +a
Vi =2 g+ 117 %3 G313 dpp Tz | Cip T g
2 4 2 2 2 2
Takum oOpazom, mocie MPOX0XKIECHUS IO BCe UCXOAHON MaTpulle XnxN

N-2
,» TOPATIOK KOTOpOM OyJeT Ha

00bEIMHUM HOBBIC 3HAYCHUS B MATPHUILy Y = [yij ] _
1, ]=

2 MeHbIlIe ucxoaHoi [9].
Pe3ynbTaThl HHTEPHOJISAIUH 110 JaAHHON CXeME MpEeACTaBIICHbI Ha PHC. 4.

Puc. 4. [Tu¢pposast moaens penwveda r. bemray nocne uaTepnonasuuu no cxeme 3x3

Cxema 5x5. AHaANOrMYHO MpEebIAyIIEMY NYHKTY OyJaeM BbIOMpaTh
noaMatpuusl Ajj pazmepa 5x5,

Aj=|a3 a3 a3 83 az|,

rael, j =1, 2, ..., N4, Beraucisis Yij HoCpeCTBOM UHTEPIIOIHUPOBAHUS MO YETHIPEM
N-4

4 Ooyner

Toukam. [Topsiiok momy4eHHOH TakuM 00pa3oM HOBOU MaTpHIlel Y = [yi i ] _
1, )=

Ha 4 MeHbIie ncxoaHoro [9].
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1 1w
yij:E 333+Zzbi !

i=1
rme by =f (a11’322’a44’a55)’ b, = f (a31,a32,a34,a35), by = f (a51,a42,a24,a15),
b, = f (23,803 843,855); T (Yiz:ViwsVien Vis2)=Y; — 3HAUeHHE B IeHTpe

MHTEpBaIa UHTEPIOJIALINH.
Pe3ynbTaThl HHTEPIIOMSIIMY IO JAHHOM cXeMe MpeACTaBICHbI Ha PHC. 5.
CriaxkxuBaHUE TI0 BTOPOM cXeMe 3aHMMAaeT 00JIbllle MATUHHOTO BPEMEHH, 110
CPaBHEHHUIO C TIEPBOIA.

CpaBHUBaTh pe3ysbTaThl pabOThl 00eUX cXxeM OyJeM C MOMOIIBI0 METOJIOB

n
1 Z
CTaTUCTHUKMH. BI)I60pO‘-IHOFO CpeaHero M=— Xi H CPCAHCKBAAPATHUIHOIO
n
=1

n

1 o\2
OTKJIOHCHHS O = —lZ(xi -X)".
n_

i=1
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Puc. 5. lludposas mozaens penveda r. bemray nocie HHTEpHOIALNN O cXxeme 5%5

O6e cxembl ObLTH peann3oBaHbl ¢ Tomotipio maketa MATLAB. B kauecTse
MCXOJIHBIX JAHHBIX JJIsi CPAaBHEHUSI TOUHOCTH OOEUX CXEM HHTEPIIOJISIUU ObLIH
B3ATHI JBE IVIaBHbIE BeplIUHEI I. bemray — bonbmon Tay u Mansriii Tay.

PesynpTaThl cemMu OKCIIEPUMEHTOB TMpuBEAeHB Hibke (Tabn. 1), oHH
MO3BOJISIIOT 3aMETUTh TEHICHLMIO YBEIMYEHHUS TOYHOCTH OT MPOCTOrO METOAA K
CIIOKHOMY.

CpenHee 3HauY€HUE MOTPEIIHOCTH NEPBOM cxeMbl My s B 1.08 pa3 Oosblie
CPEIHETO 3HAYEHUS MOTPEIIHOCTH BTOPOM CXEMbI Mg, 5, KaK M OKUAAIOCH, BTOpast
cxeMa TouHee. OHaKO, CPETHEKBAIPATUUECKOE OTKIOHEHNE BTOPOU CXEMBI O, g
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IIPEBOCXOJUT CPEAHEKBAAPATUYECKOE OTKJIOHEHUE NIEPBOM CXEMBI 05,5 B 1.2 pa3sa,

3HAUUT Pa30pOC MCKYCCTBEHHO BBEACHHOW OIIMOKM BO BTOPOM CXEME CUJIbHEE
pacrpocTpaHuUiICs Ha COCETHUE AJIEMEHTHI Y3JIa C MOrpenHocThIo. Kak u cienoBano
OKUJIaTh, CXeMa, KOTOPAasi HHTEPIIOJIMPYET MO 25 31eMeHTaM yallie BCTpedaeT OAuH
U TOT K€ y3€Jd C MOTPENIHOCTbIO, YYMTBIBAsl €ro, HEXEIH CXeMa, KOoTopas
UCIIOJIB3YET 9 y3JI0B, OTCIO/Ia MBI MOJIY4YaeM YBEJIMUECHHBIN Paz0poc BTOPOH CXEMBI.
Matpuily ¢ oOmmM 4YHCIOM 3JeMEHTOB 5625 mepBasi cxema MPOXOJUT 3a

0.5 cexynapl, BTOpas 3a 13 cexyH.
Tabmuna 1
Pe3ynbTaTel pacueToB

Howmep >kcnepumenta | Mg s (M) | Mg g (M) | Og3 (M) | O55 (M)
1 2,1405 1,9704 0,2682 0,3572
2 2,1332 1,9317 0,2501 0,2852
3 2,1325 2,0288 0,2821 0,3625
4 2,1920 2,0329 0,2958 0,3447
5 2,1513 1,9899 0,3076 0,3010
6 2,1472 2,0184 0,2597 0,3117
7 2,1533 2,0097 0,2561 0,3236
CpenHue 3HaYCHUS 2,15 1,9974 0,2742 0,3266
3akJ/l0ueHue

B pabote ObumM paccMOTpPEHBI METOJbI HMHTEPHOJSAIMHN 3allyMJICHHBIX
JTAHHBIX JUCTaHIIMOHHOTO 3oHmupoBaHuss SRTM. IlpuBeneHsl cBeaeHUs o
paznuuabix Bepcusx [IMP SRTM um mx ocobOeHHocTsx. [l wiumocTpanun
pEe3yJIbTAaTOB TEOPETUUECKUX MCCIEAOBAaHUNA ObUT peaiu30BaH SKCIEPUMEHT
uaeHTHYHbIX Onu3HenoB (Twin experiment). [lo mMpoBeAEHHBIM YHMCIEHHBIM
HKCIEPUMEHTAM MOKHO CJE€JaTh CIEAYIOUIME BBIBOJBI: cxeéMa 3X3 ycTymaeT B
TOYHOCTH CXEeME 5X5, HO SBJSETCS MPOCTON B pean3aliui U 001a/1aeT MEHbIIUM
pazbpocom, 0 CpaBHEHHIO CO BTOpoi cxeMoi. Kpome Toro, 06e cxembl XOpOIIo
CIPABJISIIOTCA C IIIyMOM, CHIJKasi aOCOJIOTHYIO MOTPEIIHOCTh JaHHBIX ¢ 16 110
2.15 metpos.

ABTOp  BBIpaXkaeT  HUCKpeHHIo0  OmaromapHocts  C.A. JleGeneny,
B.IL. [llytseBy, H.b. 3axaposoii, T.O. Illenonyt, H.P. JI€3unoit 3a obcyxnaeHue
paboThI, IIEHHBIE COBETHI U 3aMEYaHUSI.
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BBenenne

Penved nuna Kypuno-KamuaTckoro pervoHa mpencTaBieH MaTEpPUKOBBIM
CKJIOHOM, Y3KUM MIeNb()OM U Pa3IMYHBIMU 10 MOP(OMETPHH MPOIUBAMU MEXKTY
Kypunsckumn OCTPOBaMH. B3anmoneiicteue BHYTPEHHETO [IpUIIABa
PaCIPOCTPAHSIOIETOCA CO CTOPOHBI THXOTr0O OK€aHa C KPYTbIM MAaTEPHUKOBBIM
CKJIOHOM J0JDKHO npuBoAuTh B Kypuiio-KamyaTckoMm pernone kK BO3HUKHOBEHHIO
OYaroB TEHEpaluyd KOpPOTKOMEepUOoAHbIX BHyTpeHHuX BoyiH (KBB), anamoruuno
IpyruM paiioHaM MHpOBOrOo OKE€aHa €O CXOXHUMH (U3HKO-reorpapuuecKuMu
ycnopusimu [1]. CorjnacHo JaHHBIM CITYTHUKOBBIX HaOmogeHuut [2, 3, 4] Ha
aKBaTOPUM  pEruoHa  PErUCTPUPYIOTCA  MHOTOYMCIICHHBIE  ITOBEPXHOCTHBIE
nposisienns KBB. B pabote [5] Ha ocHOBe aHalM3a CIIyTHUKOBBIX HAOIIOACHHI 3a
netHuit nepuona 2019 roga OblIK BIIEPBBIE MOJIYUYECHBI I€TATBHBIE XapaKTEPUCTUKU
IOJIs1 MOBEPXHOCTHBIX mposBiaeHnid KBB u mpomemoHCTprpoBaHa MX BBICOKas
BCTPEUAEMOCTh Ha BCEU MCCIETyeMOI aKBaTOPUU. ITO 00YCIOBHIO MOTHUBALIUIO K
MPOBEICHUIO JNAIBHEUIINX HCCIEAOBAHUN MO M3YYEHHUIO BHYTPHUIOJIOBOU
W3MEHUYMBOCTUA XapakTepucTHK mposiBieHnii KBB. B mannoii pabore OynyT
BIIEPBBIE TMPOAEMOHCTPUPOBAHBI XapakTepucTuku npossiaeHuid KBB Kypuno-
Kamuarckoro permona mo JaHHbIM CHYTHUKOBBIX HAOJIIOJEHUN B 3UMHUHN MEPUOA
2018-2019  romoB, Oymer  paccMOTpeHa  TPOCTPAHCTBEHHO-BpPEMEHHAs
VM3MEHUYMBOCTh XAaPAKTEPUCTHUK IPOSBICHUM B JIETHUW U 3UMHHUHM CE30H, 4 TAKKE
OyAyT paccMOTpPEHbI HEKOTOPBIE BO3MOXKHbBIE IPUUMHBI TAKON U3MEHUNBOCTH.

Onucanue mccjieqyeMoro peruoHa, MCXOAHBIX JAHHBIX M METOAOB HX
00padoTKu

Penved nHa paccmaTpuBaemMod axBaTopuu mokasaH Ha puc. 1. FOro-
BOCTOYHee ocTpoBoB OHekoTaH u [lapamymmmp pacroyioxkeH MOJBOAHBIN XpeOeT
Buts3p, riyounoii ot 60 1o 200 metpos. anee pacnonoxen Kypuno-Kamuatckuii
*enob ¢ rimyounoit 6osee 6000 MeTpoB.

[IpunuBHONM MNOTOK, PACHPOCTPAHAIOLIMKCA U3 OTKPBITOM YacTu Tuxoro
OK€aHa B3aMMOJCHCTBYET C ONMMCAHHBIMA HEPOBHOCTSMM JHA, YTO NPUBOAUT K
reHepaluuy BHYTPEHHETO BOJTHEHUS.

Jlist peructpanuu noBepxXHOCTHBIX MHposiBiieHnid KBB Oblin ucnosib30BaHb
paauonokanmonHeie u3obpaxenus (PJIM) c ammapatoB Sentinel-1A u B B C-
nuanaszoHe ¢ VV-noysipuzamueid u pesxxumMoM cbeMku [W ¢ pazpenienneM 20 MeTpoB
1 IIAPUHOU TI0JIOCKI 0030pa 250 kuimoMeTpoB. Beero 6su10 ricnonb3oBano 205 PJIN,
OXBaTBIBAIOIIMX JIETHUN mepuon, a takxke 204 PJIN 3a 3umuuii nepuon. Kapra
NOKpbITUSL  akBaropur  Kypuno-KamMuarckoro pernoHa B JIETHHW NEPUOJ
Mpe/ICTaBIICHa Ha PHC. 2a, B 3UMHHI MeproI — Ha puc. 20.
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Puc. 1. Kapra penseda qua Kypuno-Kamuarckoro pernona
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Puc. 2. [lokperTe uccnemyemoii akaropuu PJIN: a) — B eTHUit nepuox; 6) — B 3SMMHUI TEPHO/

Buayrpennue Bonnsl Ha PJIM MOpCKO MOBEPXHOCTH NPOSIBISIOTCS B BUIE
yrooOpa3HbIX YepeayIOIIUXCs CBETIBIX U TEMHBIX M10JIOC, 00pa3yIOIINX BOJHOBBIE
ITAKETHI. 910 SIBJICHUE 00yCIIOBJIEHO bparrosckum paccessHueM
PaANOIOKAIMOHHOTO CUTHAJIA HAa KAITWJUISIPHBIX TOBEPXHOCTHBIX BOJIHAX, KOTOPHIE
TEHEPUPYIOTCA TEYEHUEM, BO3HUKArOIMM Ipu npoxoxiaeHun KBB [6]. s
IIOBEPXHOCTHBIX NposiBieHnid KBB onpenensanuce: nonoxeHue nposiBICHUs, JJIMHA
BOJIHBI, JUIMHA JyTd JIMOUpPYIOUIEro rpeOHs B  MakeTe HaIpaBlIeHUE
pacnpoCcTpaHeHus, KOJUYECTBO BOJH B Makere. Jluaupyroniye rpeOHU NakeToB
nposipineHnidi KBB Hanocumuch Ha KapThl 11 aHAIW3a UX MPOCTPAHCTBEHHOTO
pacmpenesieHuss M0 MCCIENyeMOM AakBaTopuu. PacCUMTHIBaIMCh TMCTOIPAMMBI
MOBTOPSIEMOCTH J1aT peructpauuu nposisiennii KBB.
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Cornacho [ 18], cymiecTBeHHOE BIusiHUE Ha 0ToOpaxkeHue nposiinenuii KBB
Ha PJIN oka3biBaeT CKOPOCTHh MPUBOJHOTO BETpa U I1yOHHA MEPEMENIaHHOTO CIIOSI.
JAns  BBIABIEHUS  NPUYUH  [POCTPAHCTBEHHO-BPEMEHHOW  HM3MEHYHBOCTH
nposieiieHnii KBB mnpuBiekanuchk cpenHEMECSYHbIE MOJII CKOPOCTHM BETpa Hal
UCCJIETyEMbIM PETHOHOM, a TaK)Ke CpeIHEMECsTUHAas ITyOrHa MepeMEIIaHHOTO CII0s
B Kamuarckom 3amuBe. Jlannbie BeiOMpamuch Ha mnoptase COPERNICUS
(https://resources.marine.copernicus.eu/).

Pe3yabTaTrbl padoThbl

Ha 205 npoananusupoBannbix PJIM 3a nernmit mepuon 2019 roma ObL1o
3apeructpupoBano 927 mnposiBienu naketoB KBB. MunnmansHOE uwmcio
MPOSIBJICHWM  OBIJIO  3apPETUCTPUPOBAHO B TIEPBOM  TOJIOBMHE HIOHS, a
MaKCHUMAaJIbHOE — B TiepBoM nosoBuHe utois. [Ipossnenus coaepxanu 3 1o 18 BosH
B nakete. [[nuHBI BOJIH BHYTpHU nakera BapbupoBain oT 80 go 1900 meTpos, npu
cpenneM 3HaueHud B 400 meTpoB. OpOHT AMAMPYIOUIETO TPEOHS I[yra BOJH UMEN
pa3mepsl ot 2 10 70 kM, coctaBmiss B cpeadHeM 14 km. Hambonbiee duciao BOJH
OBLJIO 3aperucTprpoBaHo y ocTpoBoB KyHamup u 3enensiii, B Kamuarckom 3amuse,
10’)kHEee oCcTpoBOB OHeKkoTaH U MaTya HaJl TOJABOIHBIM XpeOToM BuTs3b.

Ha 204 PJIU 3a 3umawnit nepuoa 2018-2019 romoB 66110 3aperuCTPUPOBAHO
47 nposasnenuit KBB, coctosinux u3 3 — 10 BoJH B nakeTe, ¢ AJIMHOMN JIUAUPYIOIIETO
rpebHs oT 5 10 40 kM u gmmHON BosHBL 0T 200 10 1000 MeTpoB. MakcuMansHOe
YUCJIO TMPOSIBIICHUN pPETrUCTpUpYETCs B JAekaOpe, a MUHUMaldbHOE — B (peBpare.
Haunbomnpiiee koM4ecTBO BOJH B 3UMHUM TIepuoj peructpupyerca B Kamuarckom
3anuBe. Ha puc. 3a moka3zaHo NpOCTPaHCTBEHHOE PACIPEAEIICHHE JIMTUPYIOMINUX
rpeOHel nposisnenuit KBB, 3aperucrpupoBaHHbIX B 3MMHHIA NIEpHOJ, HA puUC. 30 —
B JleTHUN nepuoa. Takum oOpaszoMm, mposieienus KBB, 3apeructpupoBaHHblE B
3UMHUNA IEPUOJT UMEIOT MEHBIIIE T€OMETPUUYECKHUE PA3MEPBI, UeM B JICTHUM TIEPUOI.
st uronst 1 eBpasi, MECSIEB ¢ MUHUMAIbHBIM U MAaKCUMAJIbHBIM KOJIMYE€CTBOM
3apErUCTPUPOBAHHBIX MPOSIBICHUM, ObUIM MPOAHAIM3UPOBAHBI CPEIHEMECIYHBIC
noJist ckopocTtu BeTpa 1o nanubiM peanannza COPERNICUS, npencraBnennbie Ha
puc. 3B u 3r.

N3 puc. 38 u 3r BuAHO, 4TO B (peBpasie HaJ MCCIEAyeMOW aKBaTOpUeH
npeobiiaiaeT BETEP CO CKOpocTIMH oT 8 10 14 m/c, a B HIOJIE CKOPOCTh BETpa HE
npesbiaeT 7 m/c. CornacHo [6], mpu yBENMYEHUH CKOPOCTH IPUBOJIHOTO BETpa
yMEHbBIIAETCsl BEpOsATHOCTh oToOpaxkeHus: KBB Ha mopckoii moepxHocTH. Ilo-
BUIUMOMY, OJTHOM M3 MPUYMH MaJoro 4ucjia 3aperuCTPUPOBAHHBIX B 3UMHUUN
nepuot posiiieHud KBB ci1y>XUT OTHOCHUTENIBHO BBICOKASI CKOPOCTh MPUBOAHOTO
BETpa.

Jlns aHanmM3a BO3MOXHBIX TPUYUMH BPEMEHHONW M3MEHUMBOCTH 4YHCIA
3apETUCTPUPOBAHHBIX  MPOSIBJICHUNA  ObUIa  MpOAHAIM3UPOBAHA  BpPEMEHHAas
W3MEHYMBOCTh CPEAHEMECSYHONW TIIYOMHBI TMEPEMENIaHHOTO CJIOS B OJHOM W3
pPalilOHOB MAaKCHMAaJbHOM BCTPEYAEMOCTH NPOSIBJICHUM BHYTPEHHUX BOJIH B
KamuaTckom 3anuBe B Touke ¢ koopauHatamu 155.15° B.1., 49.67° c.u1. Ha puc. 4
MIPEJICTABJIEHA TUCTOTPaMMa ITOBTOPSIEMOCTH J1aT peructpanuu nposisienuii KBB,
COBMEIICHHAs! C BPEMEHHBIM XOJIOM CPEIHEMECSYHON TITyOWHBI MepeMenIaHHOTO
CJIOA.
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Puc. 3. IlpocTpaHcTBEeHHOE TOJOXKEHHE JUAMpYOIMX TIpebHelt mnposiienuit KBB u
CpeIHEMECSYHBIE MOJIsI CKOPOCTH BETpa: a) MOJI0KEHUE TUANPYIOIMUX rpeOHelt npossienuit KBB
B 3UMHUI nepuos; 6) monoxeHue Tuaupyoumx rpedueit npossiaenuit KBB B netnuit nepuon;
B) CpeJHEMEecSJHOe ToJie ckopocTH Berpa B (eBpae 2019 roma; r) cpemHeMecsIHOE TOJe
ckopoctu BeTpa B utose 2019 roga

Puc. 4 nemoHCTpUpYET SIPKO BHIPAKEHHYIO OOPATHYIO CBSI3b MEXIY YUCIIOM
3aperucTpupoBaHHbIX mposiBieHut KBB u rimyOmHOW mepemerniaHHoro closl.
B netHuit nmepuo, Koria 3HaueHUs TIyOUHBI IEPEMEIIAaHHOTO CJIOSi MUHUMAaJIbHBI U
cocTaBiAOT okoJio 10 M, B KaMuaTckoM 3anMBe perncTpUpyeTcss MaKCUMAJIBHOE
YUCJIO TIPOSIBJICHUM, @ B 3MMHUM CE30H, C YBEITUYEHUEM TTYOHHBI MEPEMEIIaHHOTO
cios 10 90 — 130 M HaOGroAaeTCs YMEHBIIIEHNE YK CIIa TIPOSIBIICHNN. B manbHelmem
OyIyT MOJy4eHBI XapaKTEPUCTUKU MOBTOPSIEMOCTH JAT PETUCTPALIMM MPOSBICHUI
B BECCHHUW W OCEHHUW CE30HBI, YTO TIO3BOJIUT OOJiee JE€TaTbHO W3YYUTh
3aBUCUMOCTD YHUCJIa PETUCTPUPYEMBIX MPOSBICHUM OT TIIyOWHBI MEPEMEIIaHHOTO
CJ1041.

3akJiroueHue

B pesynprare paboThl TMOMy4YeHBI JCTANBbHBIC KapThl, OIMKMCHIBAIOIINE
pacnpoctpanenne KBB Ha akBatopum Tuxookeanckoro mooepexbs Poccun B
3UMHHUE M JIETHHE Mecslbl. [IpoIeMOHCTPUPOBAHO 3HAYUTEIBLHOE pPa3IMyue B
KOJIMYECTBE PpETUCTpUpPYyEMBbIX Ha akBaropun Kypuio-KamyacTtkoro pernona
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nposiBieHnid KBB B Temuiblii ¥ XOJIOAHBIA CE30HBI. Y CTAHOBJIEHO, YTO B 3WUMHUU
nepuon mnposisiennss KBB umeror MeHbIIMe pasMepbl, 4Ye€M B JICTHUM.
3aperucTpUpOBaHHbIE PA3IUUMsl OOBSCHAIOTCS, OCOOEHHOCTSIMU TOJIOBOTO XOJa
CTpaTUPUKalUd ¥ BIUSHUEM aTMOC(EpHBIX TMPOLECCOB Ha BO3MOXKHOCTH
pEerucTpanuy MposIBIICHUI BOJIH.
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Puc. 4. 'ucrorpamma moBTopsieMOCTH J1aT peructpaiuu npossieanii KBB B Kamuarckom 3anuse
C HAHECEHHBIM Ha HEE BPEMEHHBIM XOJOM TJyOWHBI MEPEMENIaHHOTO CJIOS B TOYKE C
KoopauHatamu 155.15° B.1., 49.67° ..

Hccnedosanue svinonneno npu noooepoicke epanma PODU No2(-35-90054
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O MEXKJIEKAJIHBIX UBMEHEHUAX TEMIIEPATYPBI BO3YXA
Y INIOBEPXHOCTH B PETUOHE BEJIOI'O MOPA
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1HHcmumym okeanonoauu um. IL11. [Hlupwosa PAH, Poccus, 2. Mockea
2r eogusuuecxuil yenmp PAH, Poccus, e. Mockea
3SMocroeckuii ynusepcumem um. C.FO. Bumme, Poccus, 2. Mockeéa
*Hayuonanvuviii ucciedosamenvekuti yuusepcumem «Mockogckutl uncmumym

anekmpounou mexuukuy, Poccus, . Mocksa, 2. 3enenoepad

Annomayun. Vccneooeamvl  usMmeHeHus — memnepamypvl  6030yXa Y
nogepxuocmu (TBII) axeamopuu benoco mopsa u meppumopuu Mypmanckou u
Apxaneenvckoti  obnacmeti  u  Pecnyonuxu — Kapenus.  Ananusuposanucs
cpeonemecsunvle Oannvle peananuza NCEP/NCAR 3za nepuoo 1950-2020 ee.
OyenerHblll ¢ NHOMOWLIO TUHeliHo20 mpenoa cpedHutl pocm TBII cocmasun +0.24°C
/ 10 nem. Ha ¢one smoeo nunetino2co pocma HAOAOOAIOMCA CYUeCmBeHHble
MedHcOeKaoHble  UBMEHEeHUs. TBII. Buvioenenut nepuoosl:  YCuileHus
Koumunenmanvrocmu kaumama (1950-1976 2e.), bonee mopcxozo kaumama (1977-
1998 22.), u 6icmpozco pocma TBII (1999-2020 22.). Ilepexoo om nepuoda ycunerusi
KOHMUHEHMANbHOCMU KIUMama K nepuody 0o/iee MOpCKO20 KIUMAma CesA3aH C
yeunenuem enusinus Ceeeproil Amaaumuku Ha ucciedyemwlii pecuoH. Bviosunyma
eunomesa, 4mo nepuoo ovicmpozo pocma TBII evi36an npousouwieduium nepexooom
KAUMAmMuyeckou cucmemsl 3a1aiHol yactu Poccuiickoil ApKTUKH B HOBOE (pa30BOE
COCTOSTHHE.

BBenenne

CybapkTuueckas 30Ha Poccun 0coOEHHO ysi3BMMa K M3MEHEHHUIO KIIMMATa,
MOCKOJIbKY B 30HE BEYHOW MEP3JI0THI PACMoJioKeHa HMHPPACTPYKTypa Ha COTHH
MUJUTHAPJIOB J0J11apoB. B To jxe Bpemsi, o JaHHbIM HaO0/1eHu# ¢ cepeaunbl 1970-
X TOJIOB CpPEIHHE TEMIIEPATYPHI 37€Ch PACTYT B 2.5 pa3a ObIcTpee, YEM B IICJIOM 10
rmaHere. Ecnu mpou3oiaer oTTauBaHue MEP3JIbIX TOJI, TO KW3-3a 3HAYUTEIbHOIO
coJlep KaHMs B HUX JIbJIa, CPEIIHAS 0CAJIKa TPYHTOB MOXKET COCTaBIsATh 10 MeTpoB U
oonee. JKenesHomopoxkHas HHPPACTPYKTypa B CYOapKTUUYECKUX pPETrHOHaX
AKCIUTYaTUPYETCS B UYPE3BBIUAMHO CIOXHBIX HWHXKXEHEPHO-TCOJIOTUYECKUX U
JaHmadTHO-KIMMATHYECKUX YCIIOBUSIX, MoABEPrasich HETMPEPHIBHOMY
BO3JICHCTBUIO PA3IMYHBIX BHEUIHUX BO3JECHCTBUMN, MPUBOAAIIMX K JedopManusam
NYyTH M HCKYCCTBEHHBIX coopyxenwmii [Kostianaia et al., 2021]. Cpeau Hux:
OeperoBasi aOpasusi, CelieBble MOTOKH, MABOJKU, DPO3MS, OIMOJ3HU W CIUIBIBHI,
OoOBaJIbl M OCHINH, KAPCTOBBIC MPOBajbl, Cy(PhO3MOHHBIE MPOCANKH, HAJEIH,
TEPMOKAPCT, TEPMOIPPO3US M COMUDITIOKITUS, pa3phIBHBIC ehopmaIuu, MOpO3HOE
My4YeHUE, CHEKHBIC JTABUHBI U TIP.

OcTpoBKOBBIE 30HBI BEUHOW MEP3JIOTHI HaxoAsTca Ha Koiabckom
nosryoctpoBe. Uappactpykrypa OAO «PXK]I» B 3TOM perrnone ocoOeHHO ys3BUMA
nepea HeraTuBHBIMH (haKTOpaMU PErMOHATLHOTO U3MEHEHHUs KIIMMaTa, MOCKOJIbKY
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TJIaBHOM Mpo0sieMoit yuacTka BonxoBctpoii - MypmaHCK sBiSeTCsl TOT (DaKT, 4To U3
1320 xumomeTpoB ero juiuHbl Oosee 340 KUIIOMETPOB COCTABJISIOT OJHOIYTHBIC
YY4acTKH, YTO OTPAaHUYMBAET €ro IMPOIYCKHYIO CIIOCOOHOCTh M JEJAaeT €ro
ysi3BUMBIM. Kpome toro, 30 anpens 2020 r. IIpaButensctBo P® noctaBuiio 3aaady
YBEIIMYUTh NEPEBO3KU C 28 10 44 MJIH TOHH B roJ Ha y4yacTke MypMaHCKOTO
otneneHus OKTs0pbckoi sxkene3Hor goporu k 2023 roay, a He kK 2035-my, Kak
IJIAHUPOBAJIM PaHee.

B cBsa3u ¢ aTuM, ucclienoBaHHUS W3MEHEHUM KJIMMATa pPAacCMAaTPUBAEMOTO
perruoHa 4ype3BblYaiiHO BaXkHbI 111 Poccuiickux kene3nbix gopor (PXX/). lannoe
UCCJIEIOBaHKE SABIISIETCS MPOAOJIKEHNEM paboT, HadaThix B [Serykh and Kostianoy,
2019; Cepsix u Koctsnoii, 2019; Ceprix u Tonactukos, 2020].

JlaHHbIEe U METOIUKA

AHaAJIM3UPOBATIUCh CPEJHEMECSYHBIC JIaHHbIE TEMIEpaTyphl BO3JyXa Y
noBepxHocTu (TBII) — Ha ypoBHe curma 0.995. Ha stom ypoBHe atMocdepHoe
JIaBJICHHE B JJaHHOW S[YEMKE CETKM Ha JaHHOM BpeMeHHoMm mare B 0.995 pa3
MPEBBINIAET aTMOC(EpPHOE JIaBIICHUE Y MOBEPXHOCTH B ATOM SUYEHKE CETKU B ITO
BpeMs. DTOT YPOBEHb MPHUOIU3UTEIILHO COOTBETCTBYET BhICOTE 42.2 MeTpa Haj
noBepxHocThio. Jlanubie B3sThI 13 NCEP/NCAR Reanalysis Ha ceTke 2.5°%2.5° 3a
nepuon 1950-2020 rr. [Kalnay et al., 1996].

B kaxaoM y3ne CeTKH pacCuuTaH CPEeIHHMH 3a paccMaTpUBAEMbId MEepUo
rogoBor xona TBIIL. Ilosy4yeHHBIN OTAETBHO ISl Ka)KIOrO y3JIa CETKHA CPEOHUM
rOJI0OBOM XOJI BBIYMTAJICS U3 UCXOAHBIX AaHHbIX TBII mis momydenuii anomanui
TBII B kaxa0M y3Ji€ CETKH OTHOCUTEIILHO CPEJIHET0 T'0I0BOT0 X012 (Jajiee MpocTo
aHoMayiuii). JIuHelHble TPeHAbl BBIUMCISUTUCH C TIOMOIIBI0O METO/Ia HAaUMEHBIITUX
KBaJpaToB.

[IpousBoamiiocs ocpennenue anomMaimit TBII ns pacmimpeHHOro peruona
benoro mops (61.25°-71.25° c.mr.; 28.75°-46.25° B.1.). KoopauHaThl yka3aHbI €
yuetoM ceTku NCEP/NCAR Reanalysis, MOCKOJIBKY KaxIblid y3€71 CETKH COJAEPKUT
JJAHHBIE OCPENHEHHBIE U1 CBOEM OKpecTHOCTHM *+1.25°. B mccnenyemblil pernoH
MOMAIA0T Y3JIbl CETKU ¢ mupoTaMu 62.5°, 65°, 67.5°, 70° c.m. u monroramu 30°,
32.5°, 35°, 37.5°, 40°, 42.5°, 45° B.a. Takum 00pa3oM, UCCIETyEMbI PETHOH
BKJIIOYAET B ce0s BCIO akBaTopuio benoro Mops, yacTs tora bapeHiieBa Mopsi, BCto
Tepputoputo MypmaHckoil obnactu u pecnyonnku Kapenus n OoJbliyt0 4acTh
ApxaHrenabckoi 00JacTH.

Pe3yabTaTsl

Ha puc. 1 (3enenas auHMS) IpeICTaBIeH BPEMEHHOM PsiJl U3SMEHEHUI CpeTHeH
TBII B uccienyemom pernone. MzmenunBocts cpeguemecssunon TBII cocrasmnsier
~35°C: o1 -18°C o +17°C. IIpu 3TOM U3MEHYNBOCTD JIOKAJTbHBIX MUHUMYMOB TBII
coctaBisgeT ~ 13°C: ot -18°C mo -5°C, uTo cmiIbHEE M3MEHUYMBOCTU JIOKAITBLHBIX
makcumymoB TBIT ~ 6°C: ot +11°C no +17°C.

B paccmarpuBaeMblii BpeMEHHOM TEPHOJI HWMEJIO MECTO TJ00aJbHOe
MOTEIJICHWE KJIMMaTa, BBI3BAaHHOE, IO BCEW BUJIUMOCTH, TJIABHBIM 00pa3zoM
aHTPOMOTEeHHBbIM BoO3JecTBUEM. Kojib CKOpO 3TO NpUHMMAETCA, TO BIUSHHUE
rJ100aJbHOrO TOTEIJICHUS Ha PacCMaTpUBAEMbI PETHMOH MOXHO, C HEKOTOPHIM
JONYIIIEHUEM, alMpPOKCUMUPOBATh JIMHEHHBIM TPEHJOM, IIOCKOJbKY POCT
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COJIEp>KaHusl MAPHUKOBBIX Ta30B B aTMocepe 3a 3TOT MEPUOJ TaKKE XOPOIIO
npUOJIMKAETCS MOJTMHOMOM 1-0ii crenenu. [Ipu 3TOM cienyeT MOMHUTh, YTO Kak
rinobanbHasl, TaK W pErdUOHalbHAs KIMMATHYECKHE CHUCTEMBI  SIBIISIOTCA
HEJIMHEWHBIMU, TOATOMY U MX OTKJIMKH Ha aHTPOIIOTEHHOE BO3JIEUCTBUE TAaKKE Ha
camMoM Jeie OynyT HenuHeWHbIMU. Ho B HacTosdilee Bpemsi HAaJIEKHO U TOYHO
OTHEJIUTh HEIWMHEHHBIA OTKIHUK KIMMATUYECKOW CHCTEMBI HA AHTPOIOTCHHBIN
dbopcuHT OT € HETUMHEHWHBIX OTKJIMKOB Ha JpYrde BHEIIHHE BO3JICUCTBUS
(Hampumep, Ha U3MEHEHUS COJTHEUHOM aKTUBHOCTH) M OT COOCTBEHHBIX KOJICOaHHI
CUCTEMBI (MOABI KJIMMAaTHYECKOM M3MEHYMBOCTH), Ha Hall B3IJSAL, HE
IPEICTABIIAETCS BO3MOKHBIM.

JImHelHas anmpokcumanys BPEMEHHOro psaa m3MeHeHui cpeanen TBII
pernoHa benoro mopst aemoHctpupyer €€ poct B cpennem Ha +0.24°C 3a 10 ner
(¢pumoneroBas muHU Ha puc. 1). Takum oOpa3om, 3a paccmaTpuBaemslii 71 o pocT
TBII cocrapui npubdim3zuTensbHo +1.7°C. C ydeToM ONMCaHHOTO BBIIIE IOMYIICHUS,
3TOT JIMHEWHBIN POCT MOXHO CBSI3aTh C BIMSHUEM AHTPOIIOTE€HHOTO TJI00albHOTIO
NOTEIUICHUsT Ha HcciaeAyeMblii peruoH. OpHako cleayeT Takke IPUHATH BO
BHUMAaHHUE, YTO MPUMEHEHHBIN JJISl OLEHKU JIMHEHHOTO TPEHA METO HAMMEHBIIINX
KBaJpaTOB OUYEHb YYBCTBUTEJIEH K KPACBbIM 3HAUCHUSM. A HA KpaeBbl€ 3HAUECHUS, B
CBOIO 0Y€PE/Ib, BIIUAET MEKIOJI0BAsI U MEXKCE30HHAS U3MEHYMBOCTH MCCIIEyEMOTO
pana.

MexrogoBast (puc. 1, yepHas KpuBas JHHHS) W Mexce3oHHas (puc. 1,
KpacHble W CHHME Kpyrd) U3MEHYMBOCTb cpenHux aHoMmanuid TBII B
paccMaTpUBAaEMOM PETMOHE JEMOHCTPUPYET OOJIBIION IUana3oH 3HAYEHUH, Kak
MEXIYy OTACIbHBIMUA TOJIaMHd, TaK M OTIAEIbHbIMH ce30HamMH. llpu 3Tom
M3MEHUYMBOCTh aHoManii TBII Mexny ruaposoruyecKkuMu 3MMHUMU TIEPUOAAMHA
(ssHBapb-mapt) cuibHee (no0 13°C), yeM MexAy THAPOJIOTMYECKUMHU JIETHUMH
nepuosiaMu (UIoJb-ceHTA0PB) (10 6°C).

Ha puc. 2 mnpeacraBieHa HW3MEHYMBOCTh cpenHux aHomanuii TBII
UCCIIEyEMOI'0 PEruoHa IOoCie MPUMEHEHHMsS] HU3KOYACTOTHBIX (UIBTPOB IS
BbIZICJICHUSI 00JIe€ MPOIOKUTENbHBIX U3MeHeHn. Ha BpeMeHHBIX psijgax puc. 2 Ha
done nuueriHoro pocta anomanuii TBII MOXHO BBIIETUTH TpHU TMEpHONA C
OTJIMYAOIIMMUCS  Xapaktepuctukamu. IlepBeiidi  mepuony  1950-1976  rr.
XapaKTepU3yeTcsl CWIbHBIMU TOJIOKUTEIbHBIMU aHoMmanusiMu TBII B Temible
noixyroaus (Maii-oktsi6ps). Bo Bropoit mepuox 1977-1998 rr. cutyanus
W3MEHUJIACh U CWJIbHBIE MOJOXUTENbHbIE aHoMaiuu TBII cranu Habmomathest B
OCHOBHOM B XOJIOJIHbIE MOJYTOAMs, a B TEIUIbIE TOJYTOAMS CTaJId HAOJIOAAThCS B
OCHOBHOM  OTpHUATEIbHbIE aHoOManuu. Ipetud mnepuox 1999-2020 rr.
XapAKTEPUZYETCS PE3KUM POCTOM TNOJOXKHUTENbHBIX aHomaimuii TBII kak B
xosioaHbIN (10 +3°C), Tak U B Teribi nepuos roaa (mo +2°C).
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Puc. 1. U3menenus cpenneit remneparypsl Bo3ayxa y noepxHoctd (TBII) B pernone benoro
Mopsl (3esIeHbIi), U JIMHEeHHOe NpUOIMKEHUE 3TOr0 BpeMeHHoro psjaa (¢puoneToBslii) 3a 1950-
2020 rr. I3menenus cpennux anomanuii TBII B pernone benoro mops, criaxxennsle |-nmeTHUM
¢mibTpoM baTTepBopTa HMKHUX 4YacTOT (YEpHBINH), M UX JMHEHHBIA TpeHJ (depHas mpsMas
munus). Kpyramu orMmeueHsl cpeanue 3HadeHus aHomanuid TBII mig runpposnorudeckoro jiera
(MrONb-CceHTAOPH) (KpacHBIii) ¥ 3UMBI (THBAph-MapT) (CUHUIA).
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Puc. 2. I3MeHeHus cpelHUX aHOMaIH TeMieparypbl Bo3ayxa y nosepxHoctu (TBII) B peruone
benoro mopst 3a 1950-2020 rr., criakeHHbIe 2-1€THUM ((PHOJIETOBBIN) U 7-I€THUM (OpaH>KEBBIi)
dbunbTpamu battepBopTra HIKHUX 4acTOT. VX TMHENHBIH TpeH I (YepHBIi) U HAKOIIJICHHAs] CyMMa
QHOMAJIMI TMOCle yJNaJeHUs JHMHEWHOro TpeHnaa (3eneHblii). Kpyramu oTMedeHbl cpenHue
3HAUEHUs aHOMAJHMK ISl Terioro (Maii-okTsa0pb) (KpacHbI) U XOJOJHOTO (HOSOph-ampenb)
(cuHuMit) mOIYroauil.

Ha puc. 3 npeacraBiensl nosiga cpennux TBIT 3a Beck paccMarpuBaeMblid
nepuos (puc. 3a) 1 3a BbIJCICHHBIE TpH nepuoaa (puc. 36-). Obpamaet Ha ceds
BHUMAaHHUE TO, YTO B mepBble JBa nepuonaa (1950-1976 u 1977-1998 rr.) cpennue
TBII mano otrnmuanuck, HO B Tpetudr mnepuon (1999-2020 rr.) npowusorien
CylIeCTBEHHbIM cABUT cpenHux TBII mo cpaBHEHWIO ¢ AByMS NpPEnbIAyIINMH
nepuogaMu. B mepBbie ABa mepuoja Ha roro-3amnaze Konbckoro mojyoctpoBa B
peruone (66.5°-68.5° c.mi.; 30°-34° B.1.) U HA BOCTOKE ApXaHreabCKOW 00yacTH
(64°-67° c.m.; 43°-45° B.1.) cpenuue TBII 6butn HEeMHOTO HUXE HYJs (puc. 30-B),
M3-3a Yero TaM CyIlecTBOBaja BeuHas Mepaiora. B tpetuit nepuon cpeauue TBII
CTaJIM BBIIIE HYJISI BO BCEM oOnacTu uccienoBanus (puc. 3r), U3-3a 4ero cieayer
OKUJIATh TAassHHUSI BEYHOW MEP3JI0ThI B 3TUX pernoHax. IHTepecHON 0COOCHHOCTHIO
MTPOU3OIIEIINX U3MEHEHUH SBISETCS TOT (PaKT, 4TO MPOJBMIKEHNE TEIIa C OTa Ha
ceBep (Hampumep, u3zorepma 2°C Ha nponrore 38°B.A. moaHsuiack ¢ 60°c.a.
MPaKTUYECKU 0 65°C.111.) TPUBEIIO HE K CMENICHHUIO XOJIOIHBIX 00JIacTel K CeBEPY,
a K UX BbDKMMAHUIO Ha 3amaj U BOCTOK, COOTBETCTBEHHO. KpoMe Toro, Ha rpaayc
noTeriena armocdepa u Haj baperneBbiM MopeM (puc. 3r).
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Puc. 3. [Tons cpeqnux temmnepatyp Bosnyxa y noepxHoctu (TBII) 3a mepuonsr: 1950-2020 rr.
(a), 1950-1976 rr. (0), 1977-1998 rr. (B) 1 1999-2020 rr. (T).

Ha puc. 4 mnpencraBieHbl MOJS OLEHEHHBIX C TOMOIIbIO JIMHEWHOTO
npubamxenus nsmeHeHuit anomanuid TBII 3a Bech paccmaTpuBaeMblil mepuoj 1 3a
BbIJIETICHHBIE TP Tiepuonaa. BumHo, 9To 3a BeCh paccMaTpUBaeMblid MEPHOJ POCT
TBII coctaBnsin B cpeaneM oT +0.1 go +0.4°C 3a 10 ner (puc. 4a). OgHako, B
TIEPBBIA BBIICJICHHBIA TMepuoa HaOmoganochk moHwxkeHue TBII Ha Oombmieit
TEPPUTOPUH UCCIEAYEMOTO PETHOHA, B 0COOCHHOCTH, B YKa3aHHBIX BBIIIE paiioHAX
CYIIIECTBOBAaHUS BeUHOM Mep3JioThI (puc. 40). Bo BTopoit nepuoj Habr0qa1Cs POCT
TBII B cpearem ot +0.1 mo +0.4°C 3a 10 net (puc. 4B). B Tpertuii xxe nmepuoa 3TOT
POCT CYHIECTBEHHO YCKOpHJICA U cocTaBui B cpeaHeM oT +0.4 no +1.0°C 3a 10 ner
(puc. 4r). Ilpuuem, Hambonee cwibHbli poct TBII HaGmromancs B ceBepo-
BOCTOYHOM 4acTH paccMaTpUBAaEMOro peruoHa, Ha akBaropuu benoro u bapennena
MOpH.
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Puc. 4. [Tons uameHeHuit anomaiuii Temrneparypsl Bo3ayxa y nosepxHoctH (TBII) orieHeHHBIX ¢
MOMOIIbI0 JIMHEWHBIX TpeHAOB 3a mepuonsl: 1950-2020 rr. (a), 1950-1976 r1r. (0),
1977- 1998 rr. (B) m 1999-2020 rr. (1).

Ha puc. 5 npencrasnensl nosst msMeHeHuid TBII mexnay BblIeICeHHBIMU
nepuoaamu. Bo Bropoit nepuon (1977-1998 rr.) no cpaBaenuto ¢ nepsbim (1950-
1976 rr.) cpeauss TBII yBenuumiack B OCHOBHOM B IOKHOM 4acTu
paccmatpuBaeMoro peruona (puc. 5a). B ceBepnoii ke uvactu cpennsisi TBII Bo
BTOPOI MepHoJl cTajia HUXe, 4yeM B mepBbid. B Tperuii nepuox (1999-2020 rr.)
cpennsisi TBII cyliecTBEHHO BBIpOCIAa BO BCEM PACCMATPUBAEMOM PETHOHE MO
OTHOIIIEHUI0O KO BTOpoMmy (puc. 50), mepBomy (puc. 5B) U KO BceMmy
npeecTByronemMy nepuoay (puc. 5t). Haubonee cunsno cpennsist TBII B Tpetuit
MEpUOJ YBEIWYWIIACh B LEHTPE 3alMaJHOM YacTU PACCMATPUBAEMOIO PETHOHA,
BKJIFOYAsi akBaToputo bemoro mMops.
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Puc. 5. Tlons wm3meHeHuwil cpeaHel TemmepaTypbl Bo3ayxa y moBepxHoctd (TBII) mexnmy
nepuogamu: 1977-1998 rr. n 1950-1976 rr. (a), 1999-2020 rr. m 1977-1998 rr. (6), 1999-2020 TT.
u 1950-1976 rr. (B), 1999-2020 rr. u 1950-1998 rr. (1).

Oo6napyxennsie u3meHeHuss TBII permona bemoro wmops Mexmy
BBIICTICHHBIMU TIEPHOJAaMH MOTYT OBITh CBS3aHBl KaK C aHTPOINOTCHHBIM
TJI00ANbHBIM TMOTETVIEHWEM, TaK M C BIWSHAEM Ha MCCIEAyEeMbIil peruoH
€CTECTBEHHBIX MOJ KINMAaTHUECKONH M3MeHunBoCcTH. B Tuxom okeane B 1976/1977
u 1998/1999 romax mpoumzonumn knumatuueckue casuri (climate shifts) [Serykh,
2016]. OHu nposABWINCH B MEPEXOJaX MEXKIy NPOTUBOMOJIOXKHBIMU (ha3zamMu
Tuxookeanckoro nekamnoro kosedanus (Pacific Decadal Oscillation — PDO) u
Mexnekannoro tuxookeanckoro konebanms (Interdecadal Pacific Oscillation —
IPO). DT xiMMmaTryeckue CIBUTH OKa3aju ri00ajbHOE BIUSHUE, B TOM YHCIIC U Ha
perunon CeBepHOIl ATIaHTUKH.

CeBepHast ~ ATJIaHTMKAa  OKa3blBa€T  CYIIECTBEHHOE  BIHUSHHE  Ha
paccMatpuBaeMbiii pernoH bemnoro mops. Ilepsoeiii BeimeneHHbid nepuos (1950-
1976 rr.) oTnu4aeTcs XOJIOAHBIMU 3UMaMU U JKapKUMHU JIETHUMH MEPUOJaMHU, TO
ecTb 0oJiee KOHTHHEHTaJIbHBIM KiinMaToM. Kak nmokazaHo B pabotax [Byshev et al.,
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2009, 2017; beimes u ap., 2011], 3To cBsI3aHO ¢ ocnabeBaHUEM BIUSIHUS B 3TOT
nepuosi CeBepHOU ATIIAHTUKHU HA UCCIETYEMbIA PEruoH. Bo BTOPOil BhIAECIECHHbBIN
nepuoAa (1977-1998 rr.) 3umbl ctanu msrde, a jetrHue aHomanuu TBII cramu B
OCHOBHOM OTpHUIATEIbHBIMHU. TO €CTh KIMMAT UCCIEAYEMOr0 PEeruoHa cTai 0oJjee
MOPCKHM IO CPaBHEHUIO C MPEABIAYIINM MEPUOJOM. DTO CBSI3aHO C YCHICHHUEM
BiusAHUS CeBepHON ATJIIAHTUKM HAa HCCIEIYEMBIA PETHOH BO BTOPOM MEPHUON
[Byshev et al., 2009, 2017; Berres u ap., 2011].

B tpetuii Beinenenusiii mepruoa (1999-2020 rr.) HabmromaeTcs pe3Kuii pocT
TBII B uccnegyemom pernone. MoKHO MPEAIOIO0KHUTH, YTO 3TO CBA3AHO C PE3KUM
poctoM TemmepaTypel B Apktuke B 3TOT mepuoa [Cohen et al.,, 2014], u
CYLLECTBEHHBIM COKpAILIEHHEM IUIOIAAM MOPCKOro Jibja B bapeHieBom mope
[Onarheim, Arthun, 2017]. DTo MOCTYXKJIO IPUYUHON YCUIECHHS MONOKUTEILHOIM
OoOpaTHO CBsSI3W B BHJE OCHaOIEHHUS CTpaTU(PHUKAIMH BEPXHETO CJIOS BOJBI
bapenuieBa Mopsi, ycuIeHuUs IEpEeMEIIMBAHUS U TIOJHATHUS 00JIee TEIUIbIX U COJICHBIX
aTIaHTHYECKUX BoJ K moBepxHOcTH [Lind et al., 2018]. Takxe m0MOJIHUTEIHHBIN
BKJIaJ B POCT TEMIIEpATYphl BOJbI BEpXHEro ciioss bapenneBa u benoro mopei
BHOCHT TOJIOKUTENbHAsA 00paTHAsl CBS3b OT MOIJIONICHUS! COTHEYHOTO M3IIY4YCHHUS:
Py TNOTEIUIEHUM APKTUKU IUIOIIA[b JbJd YMEHBIIAECTCS, U 3TO MPUBOIUT K
OoJIbIIIEMY TIOTJIOIICHUIO COTHEYHOTO U3TyYeHHUs TOBEpXHOCTHIO [Bomoaun, 2020].
Takum o6pazom, peskuit poct TBII B TpeTuii BbIfIeIeHHBIN IEPUO/T, TO-BUAUMOMY,
CBSI3aH C YCUJICHHEM JICHCTBUSI OOPATHBIX MOJIOKUTEIBHBIX CBSA3EH, YTO O3HAYAET
nepexo KIMMaTHYeCKOM CHUCTEMBbI UCCIEAYEMOro peruoHa bemoro mops B HOBoe
(ha3o0BOE COCTOSIHUE.

3akioueHue

[IpoBeneHHOE HCCIENOBAaHHUE MOKA3allo, YTO B peruoHe bemoro mops B
nociennue 2 pecatuietus (1999-2020 rr.) npou301Io CyleCTBEHHOE U3MEHEHUE
PETMOHANBHOTO KJIMMAaTa, KOTOPBIE BBIPA3WIOCHh B MOTEIUIEHUH 3TOTO PErHMOHA OT
+0.9 no +1.5°C no cpaBHeHuto ¢ mpeapaymumMu rogamu (1977-1998 rr.), B peskom
YBEIMYECHHUH pOCTa TeMiiepaTypsl Bo3ayxa (+0.4 - +1.0°C 3a 10 1eT), kK CMEIIeHUto
n3otrepmbl +2°C Ha 550 KM Ha ceBep BIUIOTh J0 I0KHOW 4yacTh benmoro Mops u K
MOJIHOMY MCYE3HOBEHUIO CPEIHHUX OTPHUIATENbHBIX TeMrepatyp. [locneanuii pakt
Ype3BbIUAMHO BaXEH, MOCKOJIBKY A3TO O3HayaeT (a3oBbIM Mepexoj, KOTOPbIi
MIPUBEJIET K PACTEIVIEHUIO BEUHOMEP3JIbIX TPYHTOB Ha Bcel Tepputopuun Kapenuu,
MypMaHckoil 1 ApxaHrenbckoil oonacteil. PacTenienne Be4HOMEP3IIbIX TPYHTOB U
3HAYUTEJILHOE TIOBBIIICHUE CPEAHUX TEMIIEpATyp MPUBEIET K U3BMEHEHUIO BOJHOTO
OajlaHCa MHOTOYHMCJIEHHBIX PEK M 03€p MCCIIEyeMOro peruoHa, 1 MOXKET OKa3aThb
HeraTuBHoe Bo3jeicTBre HAa nHPpacTpykTypy OAO «PXK]I».

Hccneodosanue evinoaneno 6 pamxax npoekma PH® N 21-77-30010
«CucmemHwlll aHAIU3 OUHAMUKU 2e0DU3ULECKUX NPOYECCO8 8 POCCULICKOU ApkmuKke
U ux eosdeicmeue Ha pazeumue U QYHKYUOHUPOBAHUE UHPDPACMPYKMYPbl
Jcene3sHo00podcHo2o mparncnopmay (2021-2024 22.).
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PACITPOCTPAHEHHUE U USMEHYUBOCTb MOP®OITAPAMETPOB
BU10B POJA GALANTHUS L. B PECITYBJIUKE AJIBITEA
J.A. Cuporwok, I'.H. I'yanna, A.E. Ilaxxe
emiliya09@yandex.ru
Matixonckuii 20cy0apcmeenblil MexHOA02ULeCKUll YHUBePCUmem,
Poccus, 2. Maiikon

Aunomayus. B pabome npedcmasieHvl pe3yibmamsl UCCAE00BAHUS
pacnpocmpaneHusi  8U008  NOOCHEeNCHUKO08 Ha  meppumopuu  Aodvleeu u
UBMEHYUBOCTNU OMOENbHBIX MOPGHONI02UUEeCKUX NPUSHAKO8 0cobell 8 NPUpPOOHbIX
nonynayusx. M3syuenue 6HympunonyiayuoHHoOU USMEHYUBOCIU POa Napamempos
NO360JIUNO BLIABUMb CMAOUIbHbIE U 8apuabenbhble NPUSHAKU 8U008 U OYEeHUMb
ROAUMOPPUIM NONYAAYULL.

Kntoueswvie cnosa. Iloocrnedxcnuxu, SHOeMUKU, peruKmol, OXpaHsemvle 8uobl,
MECMOHAXO0NCOEHUS, — NONYIAYUU,  BHYMPUNONYIAYUOHHAS. — UBMEHYUBOCMb,
Koa¢huyuenm sapuayuu.

Bsenenne

Cokparnienue 6ropa3sHooOpasus 3aHUMaeT 0co00€ MECTO CPeId OCHOBHBIX
HKOJIOTUYECKUX TMPOOJEM COBPEMEHHOCTH, KOTOpPOE MOXET MPUBECTH K
JnecTadmin3anuu OMOTHI, yTpaTe UEIOCTHOCTH Ouocdepsl M €€ CIOCOOHOCTH
MOJIICPKUBATh BaXHEHININE XapaKTePUCTUKHN OKpY’Karomiel cpeasl. B pesynbrare
HEeoOpaTUMOro nepexona Ouochepbl B HOBOE COCTOSHHE OHA MOXKET OKa3aThCs
HEMPUTOTHOU JUJIS KU3HU YEIIOBEKA.

ITon ocoGoit yrpo3oil HaxomATCS peIKUe W HaxXOJAIIHUECs Ha TpaHu
WCYE3HOBEHHUS BHIbI )KUBOTHBIX, PACTEHUN U TPHOOB B CBS3H C YBEIMYUBAIOIIUMCS
BO3JCUCTBUEM XO3SIMCTBEHHOM W WHOW JEATEIBHOCTH YEJIOBEKAa Ha IPUPOIAHYIO
cpeny. IlpuopureTsl OXpaHbl TakMX BHJIOB OIpENEIeHbl POCCHUCKUM
IPUPOJIOOXPAHHBIM 3aKOHOJATENIbCTBOM, B 4aCTHOCTH «(CTpaTeruell coxpaHeHUus
PENKUX M HaXOAIIMXCS MO YTPO30i HCUE3HOBEHUS BUIOB KUBOTHBIX, PACTEHUH U
rpuboB Poccuiickoit ®enepanuu Ha mepuoa ao 2030 roma» [1]. Crparerus
HaIpaBJieHa Ha 00ecleueHue COXpaHEHHsI U BOCCTAHOBIIEHUSI HanboJiee ysI3BUMOMN
4acTH OUOJIOTHYECKOTo pazHooOpa3us Poccuu u mect oOuTanus.

PaboThl MO cOoXpaHEHHI0 OMOJIOTMYECKOro pa3zHOooO0pa3us PacTUTEIBHOIO
MUpa BKIIOYAIOT M3y4YeHHE BHYTPUBHUIOBOW HM3MEHUYMBOCTH CTPYKTYPHBIX U
(GYHKIIMOHATBHBIX MPU3HAKOB PACTEHUH B TMPUPOJHBIX I[IEHOMOIMYJISIIHSIX.
BHyTpuBHI0Bas U3MEHUMBOCTh OPTAaHU3MOB OMPECNIACTCS BapbUPOBAHUEM PAJa
¢dbakTOpOB, B TOM YHCIIE TEHOTHIIA, CTAUN PA3BUTHS U MapaMeTPOB OKPY KaroIIeh
cpensl [2, 3] 1 ee aHanU3 B IPUPOIHBIX YCIOBHUIX MPEACTABISET CIOKHYIO 33/1a4y
[4]. B momyisiIMOHHBIX UCCIEIOBAHUSX CUUTAIOT BA)XXKHBIM HM3YUYEHHE OTHEJIbHBIX
¢bopM BHYTPUBUIOBOM H3MEHUYHMBOCTH, NPU 3TOM HMES B BUJY OIPEICIICHHYIO
YCIOBHOCTh HMX pa3TpaHUuYEHUs] HM3-32 BO3MOXKHOCTHU B3aUMONPOHUKHOBEHHS U
HacJioeHus [5].
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MarepuaJjibl 1 MeTOAbI HCCIACAOBAHUS

PecniyOnuka Anpirest HaxoauTca B IEeHTpaiabHOM yacTu CeBepo-3anagHoro
KaBkaza, B O6accetinax pexk Kyb6anp, Jlaba, bemas, [Tmmm u Icekync. Pecnybnuka
3aHMMAeT YHUKAJIbHOE Teorpapuieckoe MoJIoKEeHUE, YTO 00YCIOBIMBACT HATMYHUE
Ha €€ TEPPUTOPUU HECKOIBKUX Treorpauueckux 30H U BEPTUKAIBHBIX IOSICOB
pacTUTENBHOCTH,  3HAUWUTEIbHOE  JaHAmAapTHOE,  (DUTOLEHOTHYECKOE U
braopuctuyeckoe pa3zHOOOpa3ue, a TakKe BBICOKMM YpOBEHb DJHIEMU3MaA W
penuktoBocth. Oxono Tpetu Tepputopun 3aHumaror OOIIT, 14 % 3emens
oTHeceHbI K 00bekTy Becemupnoro npupoanoro Hacneauss FOHECKO «3anannbiii
KaBkaz» [6].

['eorpadudeckoe Moa0KeHUE, BHICOKAS CTETICHb PACUICHEHHOCTH, CIIOXKHOE
rE0JIOTUYECKOE CTPOCHHE U 3HAYUTEIBHOE PACIpPOCTPAHEHUE H3BECTHSIKOBBIX
MOPOJT CO3/IAI0T HA TEPPUTOPUU AJIBITEU YCIOBUS, CIIOCOOCTBYIOIINE MECTHOMY
bopMOo0Opa3oBaHUIO, PA3BUTHIO SHIEMHU3MA, BO3HHUKHOBEHHIO 000COOJICHHBIX
O4YaroB BUJOBOTO pa3zHOOOpa3us pacTeHuid. Tak, B BHICOKOTOpHOU (uiope Durr—
OmrreHckoro MaccuBa U YepHoMopckoil 1ienu BoisiBIeHO 1209 BUIOB, B TOM YHUCIIE
B BbIcOkoropHoi ¢iope dumr—OmreHckoro maccuBa u 1miato Jlaronaku — 925
BHUJIOB. YPOBEHb SHJIEMHU3Ma AalbIIUWCKUX BHJOB SBISETCS OJHUM M3 CaMbIX
BbIcOKMX Ha KaBkaze — 43,2%. CBoeoOpaszue ¢pusnko-reorpapuueckiux yclioBUi B
ropax Tak)Ke OKa3bIBaeTCsl 0JaronpusITHBIM JJII COXPAHEHHS PEIMKTOBBIX BUJIOB B
pedyruymax. Hanpumep, ypoBeHb PEIMKTOBOCTU CPEIU AbITUNCKUX BUAOB — OJIH
13 cambIX BbICOKMX Ha KaBkase u coctaBisiet 52,8% [7].

OObekTamMH HCCIIeIOBaHUS SABISIOTCA BUAbl poja Galanthus cemericTa
Amaryllidaceae J.St—Hil. — omHm wu3 Hambojee YA3BUMBIX KOMIIOHCHTOB
pacTUTENbHBIX cO00IIeCTB B Abiree. [1oACHEKHUKN — MHOTOJIETHUE TPABSIHUCTHIE,
OJINTOKAPIUYECKUE JIYKOBUUHBIE A(heMepou/ibl, re0UTh. ITO (PUTOLIEHOTHUECKUE
MaTUEHTHI, MPOU3PACTAIOLIME B JiecaX M NPOXOASIIUE TE€HEPATUBHBIM MEPHOJ
Pa3BUTHS 3UMOW U PAaHHEN BECHOM I10JI CHEKHBIM ITOKPOBOM 0 MOSIBJICHUS JIMCTBBI
Ha JIEPEBbSIX.

Pox Galanthus Bxmouaer 18 BumOB W aBa THOpPHAA ECTECTBEHHOI'O
npoucxoxaeHus. Apean poga oxsaTteiBaeT Cpensioro u HOxnyro EBpony, Kpbim,
KaBkaz u Manyro Aszuro. Hanbonbiiiee Bu10Boe pa3HOOOpa3ue MOJCHEKHUKOB Ha
KaBkaze — 16 Bu0B, Ha ceBepHOM nodepexbe Cpern3eMHOro MOpsI — JIBa BHJIa, Ha
nobepexnse TUPPEHCKOTO MOPST — YEThIpe, DTEUCKOro MOpsl — Tpu, MpamMOpHOTO
MOpsi — OAuH BUJ [8].

[ToncHeX)XKHUKK ~ SIBJISIOTCSL  PEIUMKTaMU  JPEBHECPEIU3EMHOMOPCKOM
Me30(puTHON (uiopsl [9] U OTHOCATCA K BOCTOYHO-CPEIU3EMHOMOPCKOM IpyIiie
[10]. Ha tepputopuu Poccuu mpouspacTaet AeBATh BUIOB POJia, U3 HUX CEMb BUIOB
3aHeceHbl B Kpachuywo kuury P® [11]: Galanthus angustifolius G. Koss, G.
bortkewitschianus G. Koss, G. caucasicus (Baker) Grossh., G. lagodechianus Kem.-
Nath., G. platyphyllus Traub et Moldenke, G. plicatus Bieb., G. woronowii Losinsk.
Ha tepputopun Pecnyonuku Ansiress Bctpewarorcs Galanthus woronowii, G.
alpinus u G. lagodechianus. Galanthus lagodechianus BmepBeie HaiimeH Ha
TEPPUTOPHUH PECITyOJTUKH B I0KHBIX OKp. T. Maiikon Ha Xp. Haruex-Yamx B 2019
roay [12]. B Kpacuyto kuury PecnyOmmku Anpirest [13] BKIIOYCHBI JBa BHA:
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Galanthus woronowii u G. alpinus. Galanthus lagodechianus pekomennoBan s
3aHeceHus B TpeTbe u3nanue KpacHoii kuuru PecnyOnuiku Apires.

B xome wccrnenoBaHuss MCHOJNB30BAHBI JUTEPATypHbIE HWCTOYHUKH U
repOapHbie KoJuteKInu KaBka3ckoro rocy1apcTBEHHOTO MPUPOTHOTO OMOChepHOro
3anoBenHuka uM. X. I'. [llanomuukoBa (CSR) u Anpireiickoro rocyapcTBeHHOTO
yauBepcuteta (MAY). Coop daktuueckoro marepuana mposejaeH B 2017-2020 rr.
B XOJI€ SKCHEAMIMOHHBIX OOCIEIOBaHUI TEeppUTOPUU B OKp. . Maiikom, B
Maiikorickom, I'marmackom wu  KomexababckoM — pailoHax  pecIyOJIHKH.
BuayrpunonynsiuroHHas M3MEHYUBOCTD MOP(OTOTUIECKUX MIPU3HAKOB
TEHEPATUBHBIX M BETE€TATUBHBIX OPraHOB PACTEHUM HCCIEJOBaHA MO METOAUKE
C.A. MamaeBa [5]. Mepoii H3MEHYUBOCTH CIYXKUJIT KOIPQPUIMEHT Bapualluu
(Cv, %). Marepuan s ONpPENCIICHUS BHYTPHUIIONMYJIAIMOHHOW H3MEHUNBOCTH
oroupancst y 30 ocoOeil B OJHOW TOMYJISAIMN KaXKIOTO BHAA B TCUCHUE OHOTO
CE30Ha.

Pe3yabTaThl U 00CYy:KIeHHE

Galanthus alpinus — sanemuk KaBkasa, mpouspacTaer B jiecax M Ha OIMYIIKaX
HIMPOKOJIMCTBEHHBIX JIECOB, B KYCTAPHUKOBBIX 3apOCISAX B HIKHEM M CpPEIHEM
ropubix nosicax [14]. B KpacHoii kuure P® BujJ OTHECEH K KaTErOpUU 2 — PEAKUN
BH/JI, UMEIOIINI OTpaHUYCHHBIN apean, 4aCTh KOTOPOro HaXOJUTCS HAa TEPPUTOPUU
Poccun [11]. B Poccum Bcrpewaerca B mpenenax CeBepHoro Kaskaza. B
PecniyOnuke Appires MoJCHEKHUK aJbIIUUCKUNA OTMEUeH B Mailkorckom pailoHe:
ropsel ITmekum n Abaro, ymense p. Kuma, gonuna p. I[lonkoBHuiKasi, okp. 1moc.
Tabaunbiii; B KomexabiabckoM paifoHe: Okp. a. Xoa3p W c. BomibHoe; B
TaxTamykaiickoM parioHe: okp. X. Kpacnoapmetricknii u 1. Otpaansiii [13]. B 2017-
2020 rr. HamMmu OOHapYKEHbI HOBBIE MECTOHAX0K/ICHUS MTOICHE)KHHUKA AJIBITUICKOTO
B Maiikonickom, I'narunckom u KomexabibckoM paiionax. B Maiikornckom paiioHe
BBISIBJICHO OJIHO MECTOHaxoXKJeHue Buaa, B [umarmnckom u KormexaOiabckom
palioOHax — IO TPH.

Galanthus woronowii — sumemuk KaBkasza, mpowuspactaeT B Jecax, IO
OMyIlIKaM IIHPOKOJUCTBEHHBIX JIECOB M B KYCTAPHHMKAaX HIXXHETO M CPEIHEro
ropubix mosicoB [14]. B KpachHoii kuure P® oTHeceH Kk kareropuu 2 — BUJ,
COKpALIAIOIINIICS B YHCIEHHOCTH B pE3yJIbTATE YPE3MEPHOrO HCIOIb30BaHUS
yenoBekoM [11]. B Poccum mpoumspacraer B Kpacnomapckom [15] wu
CraBpononbckoM kpasix [16], B Peciyonuke Anpires [13]. B Anpiree mojacHeKHUK
BoponoBa ormeueH B okp. r. Maiikomn: ct. JlecHass; B MailkonckoMm paiioHe: yp.
['openoe Ha p. benas, okp. nmoc. ['y3epurib, npassiii 6eper p. benas, noauna p.
[TonkoBHuiKass, okp. cT-pl Jlarecranckas [13]. B Xome MoOHUTOpUMHra Hamu
BBISIBJIEHO MSATh HOBBIX MECTOHAXOXIECHUM BHJAa B MaMKOIICKOM pauoOHE, /1Ba — B
KoirexabibckoM paiioHe.

Galanthus lagodechianus — peaxuii sugemuk KaBkasa, nMeeT orpaHHYeHHBIH
apeail, 4acTb KOTOPOTo HaxoauTes Ha tepputopuu Poccun. B Poccun 10 HegaBHEro
BpeMeHH OBLIM HM3BECTHBI MECTOHAaXOXAcHUs Bujpa B KapadaeBo-Uepkecckoi
Peciyonuke [17], KabGapmuno-bankapckoit Pecrnyonuke [18], PecmyOnmke
CeBepnast Ocertus-Ananus [19], Yeuenckoit PecmyOmuxe [20], Pecmybmuke
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WNurymetus [21], Pecnybnuke Jlarectan [22]. Bue Poccum Bua BcTpewaeTcs B
Pecniyonuke I'py3ust u PecriyOnuke Azepoaitmkan [11].

Pesynpratel  WCCIEOBaHHWS ~ BHYTPHUIOMYJAIMOHHOW  M3MEHYMBOCTHU
TIOJICHE)KHHUKA JTBITUICKOTO IMOTYYCHBI HAMU B MECTOHAXOXICHUH B OKp. 1. JIecHOM
B IOMMEHHOM JIECy Ha JIeBOM Oepery p. Yibka. BolIbIIMHCTBO MPU3HAKOB pACTEHUN
B TOMYJSIUA WMEIOT CPEAHUNA YPOBEHb BApbUPOBAHHS — IMUPUHA JIYKOBHIIBI,
IIMpUHA 3aBsI3H, MIMPUHA JISECTKOB BHYTPEHHETO KPyra, JIMHA HIKHETO JINCTA,
JUTMHA TPUIBETHUKA, JJIMHA [IBETOHOCA | JiTMHA 1BeToHOXKH (Cv = 16,0-21,1%).
OdeHb HU3KMH ypOBEHb BapbHUpPOBAaHUS MOKa3aja AJUHA JICTIECTKOB BHEILIHETO
kpyra (Cv = 3,6%), HU3KU — JJIMHA U TIHPUHA JIETICCTKOB BHYTPEHHETO KpyTa, a
TaK)Ke [IMPHUHA JIETIECTKOB BHENIHEro Kpyra (8,4—14,0%). lllupuHa HU>KHETo J1ucTa
U JUIMHA JIYKOBHUIBl UMEIOT MOBBIIICHHBIA YpoBeHb M3MeHunBocTU (CV = 26,0 u
32,6% cooTBeTcTBEHHO). Takum o00pa3oMm, B HCCIECIOBAHHOW MOMYJIALMH
TIOJICHEKHHUKA AITBITUHACKOTO Hanbosee CTaOMIIHHBIN yYpOBEHB
BHYTPUIIOMYJISIIUOHHOM ~ M3MEHYUBOCTH  JEMOHCTPUPYET JUIMHA  JIETIECTKOB
BHemHero kpyra (Cv = 3,6%), Haubosnee N3MEHUMBbBINA IPU3HAK — JJIMHA JTYKOBHIIHI
(Cv =32,6%).

AHau3 BHYTPUITOMYJISIIIMOHHOW W3MEHYMBOCTH TMOJICHEKHHMKa BopoHoBa
IPOBEJCH B MOMYJSALUHU, IpouspacTatomieid B noitme p. Kypmxkunc nepen cr-uei
JHarecranckas. Pe3ynbTaTbl HCCIEIOBaHUS CBHUJETENbCTBYIOT O TOM, 4YTO
OOJNBIIMHCTBO TMPU3HAKOB HMEIOT CPEIHUN YPOBEHb HM3MEHUMBOCTH: AJUHA H
IMpUHA JIYKOBUIIBI, IIMPUHA JITIECTKOB BHYTPEHHETO Kpyra, JJIMHA IIBETOHOCA,
JUIMHA W IIMPHHA HIDKHETO JIMCTa, JuHa W mmpuHa 3aBs3u (Cv = 10,8-23,0%).
OcTanpHble MPU3HAKH UMEIOT HU3KHI YPOBEHb BAPbUPOBAHMS — AJTUHA IBETOHOKKHU
(Cv = 8,6%) , mimmHa nernectkoB BHyTpeHHero kpyra (Cv = 10,8%), mmuHa
(Cv=11,5%) u mmpuHa jemnectkoB BHemHero kpyra (Cv = 11,6%), mmuHa
npuiBetHuka (Cv = 11,9%). Takum oOpazomM, y nojicHe)kHMKa BopoHoBa Hanbosee
CTa0WJIbHBIM MTPU3HAKOM B MCCJICJIOBAHHOM MOMYJISAIIUY SBJISIETCS JJTMHA IIBETOHOXKKHU
(Cv < 10%), HanboJiee M3MEHUMBBIMU — IMPHHA U JuTnHA 3aBsi3u (CvV = 23,0-23,3%).

PesynbraThl  WcclieOBaHUS ~ BHYTPHUIIOMYJSIIMOHHOWM  W3MEHYHMBOCTH
MOJICHEKHHKA JIAaroJIEXCKOTO B €IMHCTBEHHOM MECTOHAXOXKJIEHUU B OKp. T. Maiikorn
MOKa3bIBAIOT, YTO OOJBITMHCTBO MPU3HAKOB PACTEHUH B MOMYJISIIUA UMEIOT HUZKUIT
YPOBEHb BapbUPOBAaHUS — JUIMHA JYKOBUIIBI, JIMHA HUXKHETO JIMCTA, JJIMHA
MPUIIBETHUKA, UTMHA [[BETOHOCA, JJTMHA [IBETOHOXKKH, UTMHA U IIMPUHA JIETIECTKOB
BHEIITHETO Kpyra, IIMpUHA JIETIeCTKOB BHyTpeHHero kpyra (Cv = 7,8-14,3%). Ouenb
HU3KHA YpPOBEHb HW3MEHUMBOCTH HMMEET OJWH TMpH3HAK — JJIMHA JIETIECTKOB
BHyTpeHHero kpyra (Cv = 6,4%), cpenHuil ypoBeHb M3MEHYHMBOCTH — IIUPHHA
aykoBunsl (CV = 18,4%) u mmpuna HwxkHero ynucra (Cv = 22.7%). Haubonee
CTaOMJIHLHBIM MPU3HAKOM ITOJICHEKHHUKA JIATOJIEXCKOTO Ha TeppuTOpuH PecrmyOnmku
AqpITes SIBISIETCS NJIMHA JIETIECTKOB BHYTpeHHero kpyra (Cv = 6,4%), nauboiee
BapHadeIbHBIM — IMPUHA HIKHEro sncta (CV = 22,7%).

Takum oOpa3oM, MOHUTOPHUHT PEIKHUX BHUIOB pacCTeHHUH B  XOJe
HKCIEAUIIMOHHBIX OOCJIEIOBAaHUIN TEPPUTOPUN PECITYOIUKU MO3BOJIAET BBISBIATH
HOBBIE MECTOHAXOXXJEHUS WX TMOMYJANUA W JaeT BO3MOXXHOCTH CpPaBHUBATH
W3MEHYMBOCTh PA3JMYHBIX MPU3HAKOB B TOMYJSAIUAX. B  uccnegoBaHHBIX
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MOMYJISIUAX  TOJACHE)KHUKOB BOpOHOBa W JaroleXCKOro  OOJIBIIMHCTBO
MopdomnapaMeTpoB JAEMOHCTPUPYET HHU3KHA ypOBEHb W3MEHYMBOCTH, a ¥y
MOJICHe)KHUKA aNbIIUACKOTO — cpeqHui. OueHb BBICOKMU M BBICOKUU YPOBHU
BapbUPOBAHUS M3YyUYEHHBIX MOPQPOIOTUICCKUX TMPU3HAKOB HE OTMEYCHHI B
MOMYJISIHSIX Y BCEX UCCIICNOBAHHBIX BUIOB. TOJNBKO Yy TIOJICHEKHHUKA AJTBITUHACKOTO
JIBa MpHU3HAKA MMOKA3bIBAIOT MOBBIIIEHHBIM YPOBEHb U3MEHYMBOCTH. OUeHb HUZKUHN
YpOBEHBb H3MEHYUBOCTH OJHOTO TIPHU3HAKA BBISBIICH Y MOJACHE)KHUKOB JIBITUHACKOTO
1 JIarOJIEXCKOT0. B 1emoM u3 uccieroBaHHbIX oMYA Hanbosee moaumMoppHon
OKasajiach TOMYJISAIUS TIOJCHE)KHUKA aJbIIUKACKOTO, YTO CBUIETEIBCTBYET O
0oJIbIIIEH CITOCOOHOCTH HOPMAJIbHO (PYHKIIMOHUPOBATH U TTOAICPKUBATH TOMEOCTA3
B Pa3TUYHBIX IKOJIOTHYECKUX YCIOBHSIX.

Paboma evinonnena npu ¢unancosou noodepoicke Kabunema Munucmpos
Pecnybonuxku Aoviees.
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OCHOBHBIE HAITPABJIEHUSI UCCJIEIOBAHUM
BU/J10B POJA CEPHALANTHERA RICH
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emiliya09@yandex.ru
Matixonckuii 20cy0apcmeenblil MexHON02ULeCKUll YHUBePCUmem,
Poccusa, 2. Maiixkon

Annomayusa. B pabome nokazamvl  HANpaneHusi  UCCAEO0BAHUU
NbLILEONIOBHUKO8 6 Mupe u 6 Poccuu. bonvwuncmeo 3snauumvlx nyoauxayui
NOCBAWEHO 0COOEHHOCAM ONbLICHUs. BUOO8, POTIU 8€2eMAMUBHO20 PA3MHONCEHUS]
8 No0OepIcanHuy NONYIayull, 3a6UCUMOCMU CPOKO8 U OIUMENbHOCMU YE8EeMeHUs
pacmeHnuti om 3K0A02UYECKUX (haKmopos, 8 4acCmHOCMU 0C8EUJeHHOCTU, A MAKHCEe
VHUBEPCAIbHOCMU MUKOPUZHbIX ACCOYUAyUuti 0 pasHulx 6udog pooa. Takoice
a8mopsl paccmMampuearom 3K0a02udeckue 0CoOOeHHOCmuY U008 U UX peaKyuro Ha
SHAYUMENbHYI0 AHMPONO2EHHYI0 HA2PY3KY.

Knioueevie cnosa. Ilvinvye2ono06HUK ONUHHOIUCMHBIL, NbLILYE2O0IOEHUK
KPACHbIU, NbLIbYE20JI08HUK OAMACCOHCKUU, HOEMUKU, DEIUKmbl, OXpaHseMvle
8UObL, pACNPOCMPAHEeHUe, NONYTIAYULU, 2eHeMUYecKoe pa3sHoobpasue, onvlieHue.

BBenenne
Pon Cephalanthera — npeumyecTBeHHO €Bpa3uUiCKUi, B HACTOSIIIEE BPEMSI
HACUMTHIBAET, IO Pa3HbIM MCTOYHHMKAM, OT 15 1o 20 BugoB BO Bcem mwupe [1, 2].

[Toutu Bece onu pacnipocTpanensl B yMepeHnHol 3oue Espasun, Hekotopbie — B CeBepHON AppHKe.
Tonpko OJMH BUJ canpOPUTHBIX OpPXUAEH BCTpeyaeTcsl Ha ceBepo-3amnane CeBepHON AMeEpUKH,

yeThipe BUjIA ABIsI0TCA sHemukamu Kutas [1, 3], B EBporie BcTpevaercst ceMb BUIOB.

Bce BUIbI TBUTHLETOJIOBHUKOB HE IPOM3BOIST HEKTapa U MPEICTABISIFOT CO00M
OOMaHYMBbIC  I[BETKH, KOTOPHIM  CBOMCTBEHHa  HECICHIUATU3UPOBAHHAS
sHTOMO(uIHSI. ONBUTUTEISIMA MOTYT OBITh HACEKOMBIC PAa3HBIX CHCTEMATHYCCKUX
IPYII: MEIOHOCHBIC M JUKUE IUENbl, OCHI, IIMENH, XypYaaKd, 0aO0YKH, HO
IJIABHBIMUA OTBUIUTEISIMA  CJICYET CUMTATh MYX-CUpP(HI, Ha OO KOTOPBIX
npuxonurcss okoiio 90% Bcex ciydaeB onbUieHHs. JluTepaTypHble JaHHBIE
CBHCTEIBCTBYIOT O TOM, uTO B IIpeaypanbe 3TH K€ HACEKOMBIC SIBIISIOTCS
ocHOBHBIMHU onbLIHTEsIMU 11BeTKOB Cephalanthera longifolia (L.) Fritsch [4].

B nuteparype UMeEIOTCS JaHHBIE O TOM, YTO MCTOPHYECKHE (PaKTOPHI, TAKHE
KaK YeTBEPTUYHBIC KOJICOAHUS KIMMAaTa, ChIrPAId BaXKHYIO POJIb B OMNPEACICHUU
ypOBHEH reHeTndyeckoro pasHooOpasust poxa Cephalanthera [5]. I'enetnuecku
OBUIO yCTAaHOBJICHO, YTO B TMpEIeNaXx CBOCro apeana OOWUTAHUS, CYIICCTBYET
3HaunTenbHas Bapuaius Cephalanthera longifolia (Bocems ramnoTtumnos). Beicokast
crereHb BapuabenbHOCTH XapakTepHa mias Cephalanthera rubra (L.) Rich.
(oOHapyxuBaeTCs JeBATh ramioTunoB), Torma kak Cephalanthera damasonium
(Mill.) Druce — npenMyIecCTBEHHO aBTOTaMHBIM BHJI, 3TO, BEPOSATHO, OCHOBHAs
NpUYKHA OTCYTCTBHSI M3MEHUMBOCTH BUia B 3amaaHoi EBpore [6].

Buabl poga — KOpHEBHINHBIE PACTEHUsI, MPOM3PACTAIONINE B TEHHCTBIX
IIMPOKOJMCTBEHHBIX JIECaX, B TOM YHCJIE B CMEIIAHHBIX, @ TAK)KE MHOT/1a B XBOMHBIX
jecax, Ha TYMYCOBBIX MOYBaX, YMEPEHHO BJIAKHBIX, OT KHCJIBIX 10 HEUTPAIbHBIX,
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WHOTJIa U Ha KapOoHaTHBIX cyOcTpatax. CoOTrjlacHO JHUTEpPATypHBIM JaHHBIM, Y
MHOTHX BUIOB OPXUHBIX, B TOM YHCJIE U Y MBUIBIETOJIOBHUKOB YMEPEHHBIX ITUPOT
MPOLICHT IJIOI0LBETEHMSI 3aBUCUT OT JIOCTATOYHOCTH CBeTa Uiy ero aedummra. C.A.
MamaeB u ap. B 2004 r. yCTaHOBWIH, YTO Y MbUIBIETOJOBHUKA ITUHHOJIHUCTHOTO B
CBETJIBIX MEJKOJIMCTBEHHBIX JIecaX MPOLEHT IJIONOIBETEeHUs cocTapiser 21,6—
37,4%, a 1o MOJIOTOM JIMIIOBBIX M TEMHOXBOMHO-JIMIIOBBLIX JIECOB — TOJIBKO 1,9—
4,2%; y TBUIBLETOJOBHUKA KpPAaCHOTO TNIPU HOPMAJIbHOM OCBEIIEHHOCTH B
MEJIKOJIUCTBEHHBIX JIecaXx TMPOLEHT IUIONOUBETEHUsl cocTaBisier 28,1%, a B
IyOOKOW TEHW TIJIOIOHOIICHUE MOYTH Bceraa otcyTcTByeT [7]. MccmemoBanus,
nposeneHusie H.JI. lubanosoit u A.B. JJonrux B 2005-2007 rr., coriacyrorcs ¢
JUTEPATYPHBIMU CBEICHUSIMH [§].

Cephalanthera longifolia — penkwii penMKTOBBIA BHUIl ¢ JU3BIOHKTUBHBIM
apeasioM [9]. BkitoueH B KOHBEHIIMIO 0 MEXIYHApOIHON TOPrOBIIE BUAAMH JHKOU
dutophl, HaxoaAmMMuUC 1o yrpo3oi ucdesHoBenus (CUTEC, Tpunoxenue I1).
CH. Kopxunckuii u ILJI. T'OopyakoBCKMW CUMTaId  IbUIBLIETOJOBHUK
JUTMHHOJIUCTHBIM JTOJIETHUKOBBIM (TUTMOIIEHOBBIM) pelaukToM. C TOYKHU 3peHus
C.A. Mamaena u np. (2004) ypanbckuii pparMeHT apeaia BuJa BOSHUK B OJIHY U3
MEKJICTHUKOBBIX 310X muieiicTorena [10].

Ob6m1as MPOJOIKUTEIBHOCTD OHTOTEHE3a MbUTBIETOJIOBHUKA
nnuHHosmcTHOTrO coctaBisier 30—40 ner [11]. Ha CeBepo-3anannom KaBkaze oH
pacTeT B CyXHMX TEHHUCTBIX JIUCTBEHHBIX JIECaX, OUCHb PEIKO B XBOWHBIX JIECax, B
HIDKHEM TOPHOM TOsICE Ha CKJIOHAX IOKHOMW, IOT0-3amajHON M I0ro-BOCTOYHOM
AKCTO3UIIUU C KPYTU3HOU 5-15°. Buj pacnpocTpaHeH NpenuMyIiecTBEHHO B TyOOBO-
rpaboBBIX JIeCaX C HU3KHUM IPOECKTHUBHBIM MOKPHITUEM TPABSHUCTOrO sipyca (10
30%), HO cmocOoOEH MOCENSIThCSA M Ha BTOPUYHBIX MecTooOuTaHusx [12].
[IpennounTaeT mouBkl Oorathie KaiblueM [7], U3peaKa pacTeT Ha TIMHHUCTBIX U
TopdsiHbIX TTouBax [13].

[TbIIbLIETONIOBHUK JIMHHOJIMCTHBIN pa3MHOXKAETCAd KaK CEMEHHBIM, Tak W
BETETATUBHBIM CIOCOOOM. BereratnBHOE pa3MHOXKEHHE OCYIIECTBIACTCS IBYMS
MyTSIMU — JICJICHUEM KOPHEBHIIIA M 00pa30BaHUEM PACTCHUI U3 TPUAATOYHBIX TOYEK
Ha KOpHsX [14]. Ponp BereTaTUBHOrO pa3MHOKEHUS B MOAACPKAHUM MOMYJISIIIUN
MbUTBIET0JIOBHUKA IJIMHHOJIMCTHOTO 3HAYUTENIbHA U €70 MHTEHCUBHOCTh 3aBUCHUT
oT ctenienn mukoTpoduu pacrenuii [15]. Tun onbutenust Cephalanthera longifolia
— UCKJIFOYUTENBHO ajutoraMubiil [16]. LIBeTKkH KOIOKOIbYATO-BOPOHKOBUIAHBIE, HE
coaepkat HekTapa [17]. OauH U3 JIMCTOYKOB OKOJIOLBETHUKA — T'y0a, BBITIOIHSET
(GYHKITUIO TTOCaIOYHOM TUTOIIa KK Jisl HacekoMbix ombutuTenei [18]. C. longifolia
MIPUBJICKAET HEOMBITHBIX OMBUTUTENCH CBOMMU SIPKO-OeIbIMU LIBETKaMu. OTMEUYEHO,
YTO TMPHUBJIEKATEILHOCTh I1IBETKOB OE3HEKTAPHBIX OPXHUACH IJisg M4Yed pe3Ko
YBEJIMYMBACTCS MPU HAJIMYMM B MECTaX WX MPOU3pPACTAaHMs, TaK Ha3bIBAEMBIX,
MOJIEIbHBIX PACTEHHM, IBETKH KOTOPHIX BHEITHE MTOXO0XKU HA IBETKU OPXUJIEH, HO B
OTJINYKE OT HUX BO3HATPAXKIAIOT OMBUIMTENICH MBUIBIION M HEKTAapOM, HalpuMep,
Polygonatum orientale Desf., Symphytum tauricum Willd., Cistus salviifolius. L. u
Convallaria majalis L. [19].
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CpoKH M JJINTEIBHOCTh IIBETEHUS IMBUIBIIETOJIOBHHKOB — JNTHHHOJIUCTHOTO,
JTaMaCCOHCKOTO M KPAacHOTO, pa3rpaHUuYeHbl BO BpeMeHH. CUuTaeTcCs, 4YTO TakKas
CE30HHAS U3OJIAIHS CITY>KUT OaphepoM /Tt MEKBHUI0BOM rudbpuan3auu [20].

Cephalanthera  damasonium  —  eBpormeicKo—CpeaAM3eMHOMOPCKHIA
HEMOpAIbHBI BUJ C AW3IBIOHKTUBHBEIM apeaioMm. BkimtoueH B KoHBeHnuioo o
MEXKIYHAPOJHON TOProOBIIC BUAAMH JUKOW ()JIOPHI, HAXOIAIIMMHUCS TOJ YIpO30i
ucuesnoBenus (CUTEC, Ilpunoxenue Il). C. damasonium — wmHoromerHee
TPaBSIHUCTOE PACTEHUE C MIPSMBIM KPENKUM cTe0JieM BbIcOTOM 20-60 cM ¥ KOPOTKUM
TOPU30HTAILHBIM ~ KOPHEBHUIIIEM C MHOTOYHCICHHBIMH KOPHSIMH, TJIyOOKO
IPOHUKAIOIMUMHU B 104By. CoOIBETHE MPSMOE, PHIXJIOE, UTMHHOE; MPHIIBETHUKH
KPYITHBIE, JHCTOOOpAa3HbIe, JIAaHICTHHIC, 3a0CTpeHHBbIC. l[BeTkm Oeible, BBEpX
HampaBlIeHHbIE, KPYITHBIE (10 2 CM), C XKeNToBaTON ryooi BHyTpH [21].

[TponomxurensHocTh 1BeTeHUs Cephalanthera damasonium snaumTenbHO
kopoue, ueM y C. longifolia u C. rubra. Ha TpeTuii-ueTBepThiii IeHh C MOMECHTA
PacKphITHSl 1IBETKA HAOJIOMAETCsS MPOpACcCTaHHWE IBUIBIBI B THE37aX IbUIbHUKA.
OKOJIOIIBETHUK 3aKPBIBACTCS, MIPETpakaasi BX0 HACEKOMBIM. [1o MHEHHIO MHOTHX
UCClIeIoBaTeNeH, pa3BUTHE aBTOTAMHOTO CIIOCO0a OIBUICHUS Y OPXUIHBIX CBSI3aHO
¢ AepUIIMTOM COOTBETCTBYIONIMX onbuIMTeNeH. B ciryuae ¢ C. damasonium cienyer
OTMETHTB, YTO €T0 IIBETKH CXO0XH 10 Mopdoioruu ¢ autoramuoii C. longifolia, Ho
NIPOM3pACTaHUE IO/ ITOJIOTOM JPEBECHO-KYCTaPHUKOBOTO sIpyca MPENSTCTBYET
OIBUICHUIO. B MECTOOOMTAaHMSAX C XOpOIIEH OCBEIICHHOCTHIO HM3PEIKa IBETKU
C. damasonium mocemrarorcss muenamu w3 poma Halictus. Ho amroramnoe
OIBUICHHWE BO3MOXKHO JIMIIb B TCUCHUE ABYX-TPEX JHEH ¢ MOMEHTa pacIyCKaHHUs
uBeTka [22].

CyIecTByeT TOJIOKUATEIBHBIA OIBIT TMOJTYYCHHS KaUTYCHOW KYJIBTYPBI
IBUIBIIETOJIOBHUKA JIaMacCOHCKOTo (iopbl KpbiMa, miasi KOTOpOW OmpeaesieHbl
ONTUMAJIbHBIC PEKUMBI CTEPHIIU3AINN, TOJ0O0PAHbI OHWOJIOTHUECKA AKTHUBHBIC
BEIIIECTBA, MHUTATENbHAS Cpella W YCJIOBHS KYyJIbTHBHPOBaHHUs IN VItro, ¢ 1enbio
COXpaHEHHs Pa3HOOOpasus, BBEJICHUS B KYJIBTYPY M PEUHTPOAYKIIMH B TPUPOJTHBIC
MECTOOOHMTaHUs, a TAaK)KE CO3/IaHWE TCHETHYSCKUX OAHKOB W KOJUICKITHH, IS
COXpaHEeHUs U pacimupeHus renodonaa [23].

bnarogapst uccienoBaHusIM TPHOHBIX COOOIIECTB, CBSI3aHHBIX C KOPHIMH
B3pocabix pactenuii  Cephalanthera damasonium wu C. longifolia, ¢
UCIIOJIb30BaHUEM MOP(OIIOTHYSCKUX METOJ/I0B, KJIOHUPOBAHUS U CEKBCHHPOBAHMS
BHYTpPEHHEU TpaHckpuOupoBanHoii cniericep-/{HK-nonnmepazHoit nienHoi peakiuu
YCTaHOBJIEHO, YTO psiJ rpuOoB, npuHaanexamux Kk Basidiomycota u Ascomycota,
ObLT OOHAPYKEH B KOPHSAX JBYX MCCJICIOBAHHBIX BUIOB OPXHUICH, TEMOHCTPHUPYS
HU3KYIO CTENEeHb MUKOPHU3HOH cnenuduunoctd. [To menbeit mepe 11 TakcoHOB
rpuboB KoJIOHU3UPYIOT KopHU C. damasonium, toraa Kak npuOIHM3UTEIBHO JACBSITh
BuaoB rpubdoB ces3anel ¢ C. longifolia. DTo mokaseiBaer, uro C. damasonium, u
C. longifolia siBnsroTcst yHUBEpCaIbHBIMK B CBOUX MUKOPHU3HBIX accommanusx [24].

Cephalanthera rubra — BbICOKOE H3SIIHOE pacTeHHWE C JIAHIICTHBIMU
OYEPETHBIMA CHU30BATO-3€JICHBIMU JINCTHIMU M YKOPOUCHHBIM, BOCXOJISIIUM HJIH
MOYTH BEPTUKAIBHBIM KopHeBuIeM. CTeOenb BBEpPXY OIYIICHHBIH, JIUCTHS
JaHILIETHBIE, 3a0cTpeHHble. ColBeTHE MPSIMOE, HETYCTOE C TYCTOOMYIIEHHOH OCBHIO
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u3 4-12 ynaneHHbIX APYT OT Jpyra IBETKOB JIMJIOBO-PO30BOM OKpacku ¢ Oemoi
ry0oil, MOJHOCTHIO JMIIEHHBIX HeKTapa. HapyxXHble JIMCTOUYKM OKOJOLBETHHKA
JAHIETHBIC, C MATHIO KWIKAMU, BHYTPEHHHE — sHIEBUIHO-TAaHIETHBIE. ['y0a
OJIMHAKOBOM JIJTMHBI C HAPY>KHBIMU JTUCTOYKAMHU OKOJIOLIBETHUKA [21].

Cephalanthera rubra omsuistor muenst  Chelostoma  distinctum  u
C. fuliginosuma. Otu xe Buasl muen onslstior Campanula taurica Juz., nmerommuii
npuiblly ¥ HekTap. [luen mpuBnekaer opxujes, MOTOMY YTO OHAa HMHUTHPYET
BHenTHuA Buy C. taurica, a mepro bl IBETCHUS JABYX BHJIOB COBITAIAIOT. B ciydasx,
KOTJa JIBa PACTeHHs] PACTyT BMECTE, IPOUCXOJUT YBEIMUYCHUE CEMSIH OPXHUJEH B
7 pa3, yeM Korja oHa pacteT B oAuHOuKYy. [Ipenmnonaraior, 4To myena npuBIEKAIOT
KpeMoBble peOpa Ha rybOe mBerka Cephalanthera rubra, mockonbpky oHH
HAallOMHUHAIOT HUCTOYHUKHU TbUIbIEI [25]. B IlBeuun 3ta opxujaes OmbUISETCS
caMIlaMH ITYeJI M3 TOTO JKE POJia 3a CUeT MMHUTAIMK KopMoBoro pactenus Campanula
persicifolia L. [26]. OTmedaeTcst HE TOJIBKO MOP(OIOTHYECKOE CXOACTBO OPXHICH
C KOJOKOJBYMKOM, HO M HJAEHTUYHOCTH CIEKTPAIBHOTO COCTAaBa, OTPAKAEMOIO
JITIECTKaMH CBETa B BUAMMOM s ITuen auanaszone. B Kpeimy C. rubra moceraercst
nueigamu: Chelostoma distinctum Stockhert., Ch. fuliginosum u Ch. florisomne L.
HacekoMbie Tpouuecku CBA3aHbI C TpeMs BHUIaMH KOJOKOJIbuMKOB: Campanula
taurica L., C. bononiensis L. u C. trachelium L. B pe3yiabrare 3HAYUTEIBHOTO
CXOJICTBA C I[BETKAMH «BO3HArpaXIarolix» pacTeHui B conserun C. rubra moxer
onbUIATHCS 10 90% 1BETKOB, a KOI(POUIIMEHT MPOIYKTUBHOCTH TE€HEPATUBHOTO
nobera UMeeT cpeHee 3HaUeHUE JJ1s1 BUJ0B poja [16].

B Benrpuu u3zydanoch BIUSIHUE BO3BBIIIEHHOCTH Ha MOP(HOJIOTUYECKUE U
penpoayktuBHbIe XxapakTepuctuku Cephalanthera rubra na deThlpex pasHBIX
BBICOTaX: B HU3UHHOM Jay0oBoM Jjecy (103 M Hax yp. M.) 1 B OYKOBBIX Jiecax B ropax
brokk (361- 533 M u 657 M Hag yp. M.). BblIo moicUUTaHO YKCIIO JIUCTHEB, IBETKOB
Y TJI0JIOB, M UBMEPEHBI BHICOTA KAXKI0T0 PACTEHHUSI, ITTMHA U IIUPUHA BCEX JINCTHEB.
HccnenoBanue mokasano, 4YTo HU3MEHHbIC M TopHbie monyisuun C. rubra pesko
pa3IMyaroTCs MO CBOEH KU3HEHHOW CTPATETMM U PENPOAYKTUBHOMY YCHEXY.
KosnuecTBO BETKOB y HMX CHUJIBHO 3aBUCUT OT BET€TATHBHON MPOJYKTHUBHOCTH
(ITTUHBI U TIIOIIA/H JINCTHEB) PACTEHUH, C BBICOTOM HAJl YDOBHEM MOPSI MEHSIETCS U
BBICOTa camMuX pacteHuil. Ha HeOONbINONW BBICOTE OPXHUIEU BBIHYKIICHBI
Mpou3pacTarb B KOHKYPEHIIMM C JAPYTMMU TpaBaMH, [O3TOMY IPOUCXOIUT
YBEJIMYEHUE BBICOTHI pacTeHud. Kpome TOro, yCTaHOBJIEHO, 4YTO TMpHU
npouspactaHuu B TopHbIX oOnactsix Cephalanthera rubra uame pasmHokaeTcs
BET€TaTUBHBIM CIIOCOOOM H3-3a HEJOCTATOYHOTO KOJUYECTBA OMBUIMTENEH, 4TO
CBSI3aHO C MECTaMHM HMX OOUTaHUS U TMOHIKEHUEM TEMIIEPATyphl OKPYXKAIOIICH
cpens [27].

OTMeuaeTcsi, 4YTO y MCHBITHIBAIOIIUX 3HAYUTEIBHYIO aHTPONOTCHHYIO
Harpy3ky neHononysnui (LIT) oxpaHsieMbIx BUIOB (peKkpealusi, CEHOKOUIEHUE,
HEpErNIaMEHTUPYEMbIII  BbIIAC CKOTa © T.I.), OHTOIE€HETUYECKUE CIEKTPbI
CMEIAI0TCS BIPABO — B HUX BO3PACTAET JIOJISI CTAPBIX F€HEPATUBHBIX U CEHWIIBHBIX
ocobeii. OHaKo, B HEKOTOPBIX Cy4asx B Takux ycioBusx ans LI cBoiicTBeHHO
HEKOTOpOe oMoJIokeHue, Harnpumep, y Cephalanthera rubra. /{ns suga ormedero
YBEIMYEHHE JIOJIA MIPETEHEPATUBHBIX 0COOEH B cllydyae aHTPOIIOT€HHOM HArpy3KHU.
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[Io manseiM B.H. Wnennoit (2018) B yclIOBHSIX aHTPOIOI€HHOrO Mpecca, MpH
YCWJICHUH BO3JIEUCTBHS HAa MECTOOOUTAHUS BUIOB HUX YUCIEHHOCTh HEYKIOHHO
camwkaercs, ©Ho gua Cephalanthera rubra 4ucieHHOCTH — MOIYJISAILUN
BOCCTaHABNIMBaeTCd  ObICTpEe 3a  CUET  Pa3BUTHS  MOJIOABIX  OCOOEH,
MIPUCYTCTBYIOIIMX B PAaCTUTEIHLHOM cooO1iecTse [28].

Takum o00pa3oMm, aHamM3 OCHOBHBIX HAIPaBICHUN UCCIEIOBAaHUS POJA
Cephalanthera cBuaeTenbCTBYeT O TOM, YTO MHOTHE BOIIPOCHI, KacCarOIIHeCs
DKOJIOTUU H OHMOJOTHYECKUX OCOOCHHOCTEH BHJIOB, OCTAIOTCS OTKPBITHIMHU.
3apyOekHbIC UCCIIEIOBAHUS TPEUMYIIIECTBEHHO HAIIPaBJICHBI HA N3YYCHHE IPHOOB-
CUMOMOHTOB, OMOXMMHH BHUIOB, aHATOMWUM, TeHETWKH u T.n. KpaiiHe wmano
UCCIICIOBAaHUM Ha MOMYJISIIIUOHHOM YPOBHE, B TOM YHWCIIE U POCCUMCKUX YUCHBIX.
B 10 ke BpeMsi IbUTBIETOJIOBHUKH SIBIIIIOTCSA PEAKUMHU, 3aHECEHBI B KpacHble KHUTH
Pa3JIMYHOTO YPOBHS OXpaHbl U B 3TOW CBSI3M B HACTOAIIEE BPEMsS UPE3BBIUANHO
aKTyaJIbHBI TOMYJSIIUOHHBIE UCCIIEIOBAHUS BUJIOB.
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HOTEHIHAJI UCITOJIB30BAHUA MUKPOTI'EHEPAIIMU HA OCHOBE
COJIHEYHOM SHEPT'UM B PETUOHAX POCCHUH
A.N. Cradapuk, C.B. KuceaeBa
skafarik@mail.ru
Mockosckuii eocyoapcmeennulil yrusepcumem um. M. B. Jlomonocoaa,
eeoepaghuueckutl paxynomem, Poccus, e.Mockea

Aunomauus. B pabome  npogedeHa  OyeHKa  IKOHOMUUECKOL
aghgpexmuenocmu ucnorv3osanus cmanyul conneunou muxkpozenepayuu (CCM) 6
pasuvix pezcuonax Pd. [lposedenvl pacuemvl npou3zeo0umenrbHOCMu COTHEYHbIX
aneKmpocmanyui.  mMowHocmolo 15 kBm Onsa paznuunelx Kiumamuyeckux u
mapughuvix 301 P®. [loxazano, umo & psaode pecuonos PD ucnov3osarue no0oOHbIX
INEKMPOCMAHYULL  N0360Jislem  obecnedums NOmpeOHOCMU  0OMOXO03AUCE 8
NeKMPOIHEPSUU U NPUHOCUMb €4#Ce200HbLU 00X00 01a200aps SIKOHOMUU HA NOKYNKE
9NeKMPOIHEPeUL, A MAKHCe NPOOAd*ce USTUUKOE DNIeKMPOIHEPSUU, NPOU3BEOEHHOU
¢ ucnoavzoganuem CCM.

Kntouesvie  cnosa. Conneunass ~ d3Hepeemuka,  MUKPO2EHepayus,
NPOU3BOOUMENbHOCb — CMAHYUY,  2pauku  Hazpysku  nompebumerell,
9KOHOMUYUECKAs I hekmusHoCme.

1. BBenenue

JluHaMUYHOE  pa3BUTHUE  CEKTOPOB  HDHEPreTUKH, OCHOBAHHBIX  Ha
WCIIOJB30BaHUM BO300HOBIISIEMbIX HCTOYHUKOB HHeprun (BUDJ), Takux Kak
COJIHEUHOE U3JIyYeHUE, BETEP, MaJible BOJHBIE IOTOKH, F€OTEPMaIbHBIE UCTOYHUKH,
Oouomacca u T.J., SIBJSIETCS OTIWYUTEIHLHON XapaKTEPUCTUKON HAIIEro BPEMEHH.
Crumynamu K ucnonb3oBaHuio BUD sBnstoTcs — B 3aBUCUMOCTH OT (DU3UKO-
reorpau4ecKux U COLUATBHO-DKOHOMHUYECKUX YCIOBUW CTpaH M PETHMOHOB —
HE0OXOIMMOCTh nuBepcuduKauu AHEPTrOCHAOXKECHMUSI B YCIOBUSIX
HEJIOCTAaTOYHOCTH YTJIEBOJOPOAHBIX PECYPCOB, CTpaTerusi JAeKapOOHMU3AIUU U
O3JI0POBJICHHS OKpY>Karouien cpeasl U T.1. B Poccun npu Hanmumu OrpOMHBIX
3armacoB yrisi, HeTU U raza 0ObEKTHUBHO Pa3BUTHE BO30OHOBIISIEMON YHEPTETHKH,
KOTOPO€ CYIIECTBEHHO aKTUBH3WPOBAJIOCH B MOCIEIHHE TOJbl, ONPEIEIACTCS B
OCHOBHOM  HEOOXOJMMOCTBIO  Pa3BUTHS  BBICOKOTEXHOJOTUYHBIX  OTpaciei
MPOMBINJICHHOCTH,  MOUCKAaMHM  JKCIOPTHBIX  BO3MOXKHOCTEHM,  yrpo3amu,
CBSI3aHHBIMH C BHEIPEHHUEM YTJIEPOIHBIX TPAHCTPAHUUYHBIX HAJOroB EBponeiickum
Coro30M 1 JpYyruMH CTPaHAMHU — UMIIOPTEPAMH POCCUMCKUX TOBAPOB U yCIyr. B To
K€ BpeMsi UMEETCs ellle OJHa IIMpOKash HUIIA MCIOJIb30BaHUSI BO30OHOBIISIEMBIX
WCTOYHUKOB HHEPIMM — TEIJIO- M JJIEKTPOCHAOXKEHHE MoTpeduTeneld mayou
MOIITHOCTH, KaK CETEBBIX, TaK U aBTOHOMHBIX. J[JIs1 pa3BUTHSI CUCTEMBI MOACPIKKU
BO300HOBJISIEMOM SHEPTETUKHU B YACTH MAJIBIX YCTAHOBOK, HAXOJSIINXCS B YaCTHOM
COOCTBEHHOCTH I'pakJaH M OTJICIbHBIX opranu3anuii, B Poccuu B koHiie 2019 r. 6b11
MPUHAT TaK Ha3bIBa€Mblid «3aKOH O MHUKporeHepanumn» [1]. 3akoH ycTaHaBIMBaeT
st ycraHoBok Ha BUD mommocTthio He Oonee 15 kBT Bo3MOXHOCTH
MPUCOCIUHEHNUS K IEHTPAIM30BAHHBIM DJJIEKTPOCETSIM U TMPOJAKU/TIOKYIIKH
n30bITKa/HEIOCTAaTKA JIEKTPOIHEPTUU. B CBsI3M ¢ TeM, 4TO MPOU3BOAUTEIHHOCTD
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ycTtaHOBOK Ha BUD omnpenensercss mpupoOJHBIMU YCIOBUSIMHU (CKOPOCTh BETpa,
NpUXOAAIIas COJTHEUHAs paldalys, TUAPOIOTHYECKUN PEKUM MAJIbIX PeK U T.1.), a
DKOHOMHYECKAsA NPUBJIEKATEIBHOCTh HCHOJB30BAHUS ~ MHKPOTEHEPUPYIOIINX
CUCTEM 3aBUCHUT OT NPUHSTHIX TapU(OB MOKYIKH U30BITOUHON SHEPTUU U TPa(UKOB
Harpy3Kku MoTpeOuTeneil, akTyalbHOU 3ajaueil SIBISETCS OLEHKA BO3MOMXHOCTH U
1[€71€CO00Pa3HOCTH UCTIOIb30BaHUS aBTOHOMHBIX AJIEKTPOCTaHIuii Ha ocHoBe BUD
B YAaCTHBIX JIOMOXO3SMCTBAaX B PA3HbIX pETMOHAX CTPaHbl C YYETOM HX
KJIIMMaTUYECKUX U SKOHOMUYECKUX OCOOCHHOCTE.

2. CoJiHeUHasi MUKPOTeHepalus U Mepbl ee MOJAeP:KKH 32 pyOekoM U B
Poccuu

ConHeuHass >HEprusi B HACTOSIIEE BpeMs SBISETCS OJAHUM U3 Haubosee
IIUPOKO HCIOJIb3YeMBIX BO300OHOBIISIEMBIX HMCTOYHUKOB JJII IPOHW3BOICTBA
AIEKTPUUYECKON SHEPIruH, KaK JiJisi ObITOBBIX, TaK U JIJISl MPOU3BOJACTBEHHBIX HYX]I.
Bxnan coTHEYHOM 3HEPreTUKM B MUPOBOE MPOU3BOACTBO AEKTpo3HEpruu B 2019
rofty noctur nopsiaka 2.7% (724 TBt4), npuyeM ro1oBoii MPUPOCT MO OTHOIIICHUIO
Kk 2018 roay coctaBui ~24% [2]. B To e BpeMsi BKJ1aJ] COJTHEUHBIX AJIEKTPOCTAHIIAM
(COC) B o00myro BBIPaOOTKY JJIEKTPUUECKON »Heprun B Poccum sBusercs
HE3HAYUTEIbHBIM, XOTS XapaKTEPU3YyETCSd MPUPOCTOM 3a MOCIEAHUE TOIBI: IO
nanueiM CucrtemHoro oneparopa Enunoit sHepreruyeckoi cuctembl Poccun (CO
EDC Poccun) 3a 2019 BeIpaboTKa 3JEKTpO’HEpPrUuu ¢ ucnoib3oBaHueM COC
coctasisier 0.12%, npu none yctanoBiaeHHOW MotHOCTH 0.55% [3].

B psage crpan mmpoko pacrpocTpaHeHo wucnons3oBanue COC manon
MOIITHOCTH IS YacTHBIX JoMmoBiaacHui [2]. K HECOMHEHHBIM INIIOCAM
ucrnonb3oBanuss COC 1 BBIPAOOTKH BIIEKTPOSHEPTUM MJI YACTHBIX HYXK]I
OTHOCSITCSI: MPOCTOTa B AKCIUTyaTalMu, 0€30MaCHOCTh MJIi OKPYKAIOIIEeH Cpelibl,
HE3aBUCUMOCTh OT IEHTPAIbHBIX HCTOYHUKOB 3JIEKTPOIHEPTUU M BO3MOXKHOCTH
MpoJiaBaTh M30BITOK DJEKTPOdHEepruu, BbipadateiBaemMoit COC, B ciydae
NPUCOCAMHEHUS] TaKoW cTaHmMM K cetd. K caepxkuBarommMm  Qakropam
ucnonp3oBanusag Maneix COC OTHOCATCA JOCTATOYHO BBICOKAs CTOMMOCTH
NpUOOpPETEHUs] W YCTAaHOBKM OOOPYIOBaHUS, HEPABHOMEPHOCTh BBIPAOOTKH
ANEKTPO’HEPTHUM B 3aBUCUMOCTH OT TMOTOJHBIX YycnoBuil. OpHako mpu
HaOmomaronemMcsi  pocre  TapupoB Ha  DIEKTPOIHEPTHIO,  IMOCTABISEMYIO
OPHEProCOBITOBHIMM ~ KOMITAHUSIMH, @  TakKe€  CHIDKCGHHMM  CTOUMOCTH
dboToaniekTpudyeckux moayieit u kommuiektyrommx COC, cruemyer o0XuaaTh
CHIKEHHE ce0€CTOMMOCTH SHEPTUU U POCT UCIIOIH30BAHUS COJTHEUHBIX YCTAHOBOK,
B TOM YMCJIE MAJIOK MOIIIHOCTHU B Poccuu.

Pa3BuTHio aBTOHOMHOTO 3HeproodOecrnedeHus: ¢ ucnoyib3oBanueM BUD B
Poccuiickoit @enepanun 10aKeH crnocoocTBoBaTh DenepanbHblil 3akoH N 471-03
"O BHeceHun uaMeHenui B @enepanbHbiil 3akoH "O0 351eKTpodHEepreTuke’ B 4acTH
paszButus mukporeneparuu” ot 27 aexabps 2019 roma [1]. C npunstTHEM 3TOTO
3aKOHA TOTPEOUTEIH-TIPOU3BOIUTENN (TIPOCKIOMEPHI), YCTAHOBHBIIHNE Yy CeO0s
O0BEKT MUKpOTeHepanuu (HampuMmep, COJHEYHYIO WM BETPOBYIO YCTaHOBKY),
BBIJIAIONINI BO BHEIIHIOI CETh MOIIHOCTH He Oosiee 15 kBT, moryt mpomaBaTh
TapaHTUPYIOMIMM TIOCTaBIIUKAM W WHBIM HOHEPrOCOBITOBBIM KOMIIAHHUSIM HE
noTpeOJeHHbIE  HA  COOCTBEHHBIE  HYXKIBl  M3JUIIKKA  DJIEKTPOIHEPTHUH.
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["apaHTHpyONIKE MOCTABIINKH, B CBOIO OYEPEb, OyIyT O00sS3aHBI TAKUE W3JIHIIKH
MOKYIIaTh IO II€HAM, HE MNPEBBIIIAIOIIMM LEHbl Ha JJIEKTPUYECKYIO DHEPIUI0 U
MOIIIHOCTb, MPUOOpPETacMble TapaHTUPYIOIIMMU T[OCTABIIMKAMU Ha ONTOBOM
PBIHKE.

Ha Tteppuropun Poccun noreHuuanbHas 3)(QEKTUBHOCTh HCIOIb30BaAHUSA
COJIHEYHOW SHEPre€TUKHU CUJIBHO BapbUPYET MEXKIAY PETMOHAMH M B 3HAYUTEIBHOU
CTETNICHU OMPEEAETCS TAKUM MapaMeTPOM, KaK YPOBEHb MHCOJSALHNU (KOJMYECTBO
COJIHEYHOIO W3Jy4Y€HHUs, MaJalollero Ha €IUHULY IUIONIaJAH IOBEPXHOCTH),
KOTOPBIM, B  CBOKO  O4Y€peldb, ONPEACISETCS  IIUPOTOM  MECTHOCTH
MUKPOKIUMATUUYECKUMU yClIoBUAMU U T.0. [4]. CpegHeronoBoil ypoBEHb
UHCOJSIIUA  (CYTOYHBIE CYMMBbI CyYMMapHOW pajuanuy, MOpUXOAsIiel Ha
TOPU30HTAJIBHYIO TOBEPXHOCTb) B PETHOHAX C HAUOOJBIIUMHU COJIHEUHBIMU
pecypcaMy, BKJIIOUYAIOIIME IOro-3amaJHble M FOro-BOCTOYHBIE pernoHbl Poccun
(Kanmpikusi, CraBpononbckuii kpaid, PoctoBckas obnacts, KpacHogapckuii kpai,
Bonrorpasnckas obnacte, AcTtpaxaHckas oonactb, Anraid, [Ipumopse, YutruHckas
o6nacTh, Bypsarus) naxoaurcs Ha yposHe 4.0 — 5.5 kBT4/M? B CyTKH, B TO BpeMs KaK
B HauMMEHEe COJHEYHBIX peruoHax cesepo-3amaga Poccuum (MypmaHckas,
Huxeropojckasi, Apxanrenabckas o01acTi, HeHerkuii aBTOHOMHBIN OKpPYT) — MEHEe
3 kBru/mM? B cytkn [4, 5]. 3HaueHMS MHCONSLUM 3HAYMTEIHLHO BapbUPYIOT LIS
OOJBIIMHCTBA PETMOHOB MEXAY 3UMHUMU M JICTHUMHU [E€PUOJIaMH, XOTS B
HEKOTOPBIX PErMOHAX, HAOIIOAAETCS OTHOCUTEIHHO BHICOKHI YPOBEHb MHCOJISIIUN
B T€UEHME Bcero rojaa (Hanpumep, [Ipumopse, 3abalikanbckuil Kpait).

3. MaTepuajibl 1 MeTOAbI HCCJIETOBAHUS

3.1. Memoouka oueHKu pecypcHOil o0becneueHHOCmuU u pacuyema
nPOU3600UMEIbHOCIU CUCHEM COIHEYHOU MUKDOZEHepauuu Ha meppumopuu
PO

BripaboTka  DJEKTPOSHEPTHM  COJIHEUHBIMU  DJIEKTPOCTAHIMSAMU |
ycTaHOoBKaMH Ha 0aze (oroanektpuueckux moxayieit (OOM) 3aBucut oT psana
bakTopoB:

1) TeXHUYECKHUX XapaKTePUCTUK CUCTEMbI (MHKOBas MouHOCTE ®OM, yron
HAKJIOHA MPUEMHOMN MTOBEPXHOCTH KAXKIOTO MOJYJIS U JIp.);

2) ¢dusuko-reorpaduuecKux — mapaMeTpoB  (BEIMYMHA  MPHUXOJIAIICH
paguanuy B TEYEHUE PACUETHOIO MEpUoa U €€ TUHAMUKA, TEMIIEpaTypa BO3ayXa,
3aT€HEHHOCTh MPUEMHBIX TOBEPXHOCTEH OKpYXKAIOMKUMU OOBEKTaMH, OCAaIKU
(0ocoOGeHHO cHer), 3albUICHHOCTh aTMOC(epsl U Ap.).

JInst uzydenus BIusiHUS reorpaduueckux pakTopoB Ha MPOU3BOIUTEILHOCTD
CETEBBbIX COJIHEYHBIX cTaHUUU Manod momHocTH (CCM) B KayecTBE pPETMOHOB
MCClieIOBaHUs ObUIM BBIOpaHbI HaceaeHHbIe MyHKThI PD, pacnonaratommecs: Kak B
EBporneiickoit yactu crpansl, Tak U Ha [lanbHeM BocToke B IIMPOKOM auana3oHe
reorpadu4eckoil MMUpoThl. BBIOOp palloHOB HCCIENOBAHUS TPOBOIMICS TaKKe
UCXO/IS1 U3 0COOCHHOCTEH OMTOBOTO PhIHKA 3JieKTpodHepruu B PD. Ha teppuropun
Poccuiickoit @enepanun co3nanbl U QyHKIIMOHUPYIOT Enunas sHepreTuueckas
cuctema (EDC) Poccun M TEXHOJOTMYECKH H30JIMPOBAHHBIE TEPPUTOPHUATBHBIE
AIEKTPOIHEPTETUUECKHE CUCTEMBI [6]. PErHOHBI cTpaHbl, HA TEPPUTOPUH KOTOPBIX
bynkuuonupyer EDC, oObeqrHEHBI B IEHOBBIE U HEIEHOBBIE 30HBI. B 11eHOBBIX
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30Hax OINTOBOTO pPbIHKA KYIUIA-MPOJa)Ka IEKTPUUECKOW SHEPIHMH U MOIIHOCTH
OCYIIECTBIISIETCS 10 CBOOOAHBIM LieHaM. HelleHOBbIE 30HBI — TEPPUTOPHH, TAE 110
TEXHOJIOTUYECKUM TPUYMHAM OpPraHHU3alys pPBIHOYHBIX OTHOILICHHM IOKa
HEBO3MOJKHA, U peau3alys IEKTPOIHEPTHH M MOIIHOCTH OCYLIECTBIISIETCS I10
0COOBIM TPABHUIIAM.

Ha ocHoBe aHamu3a KapT MPUXOIALIEH COJHEYHOW paavaluv U
OCOOEHHOCTE ONTOBOTO PBhIHKA AJIEKTPOIHEPIUHU, ObUT BBIOpPAH sl HACEIEHHBIX
nyHKTOB P®, KOTOpbIE MPEeACTaBIAIOT HHTEPEC ISl paccMOTpeHust 3 (HEeKTHBHOCTH
WCIIOJIb30BAaHUSI CTaHLUMK conmHeyHol wmukporeHepauuun (CCM) BceneacTBue
Pa3IMYHOTO COYETaHMsI SKOHOMHYECKHX U (PU3UKO-reorpauueckux mapaMeTpos:
Mocksa, Cankt-IlerepOypr, Actpaxans, Kpacnomap, Tyarce, lepOent, Yiaan-V

(puc. 1).

CaHKT-NeTtepbypr

KpacHogap

AcTpaxaHb

W Mepsas ueHosas 30Ha
M Bropas ueHoBas 30Ha
HeueHoBas 30Ha:

W HeueHoBas 30Ha KanuHUHIpaackoii obnactn
[ HeueHOBas 30Ha ApxaHrenbckoin obnacrn

B HeueHoBas 30Ha Pecnybnuku Komm

[J HeleHoBas 30Ha /lanbHero BOCTOKa
TexHonornueckn He ceszaHHble ¢ EIC Poccum,
TEeXHONOTNYECKN U30/IMPOBAHHbIE TEPPUTOPNA/bHBIE NIEKTPOIHEPreTUHeCKue CUCTEMbI

Puc. 1. 'opoxna, BeIOpaHHBIE AJIS PAaCYETHBIX IKCIIEPUMEHTOB npou3BoauteabHoctd CCM, Ha
KapTe OMTOBOTO PhIHKA AIeKTpodIHepruu PO [6]

3.2. Hcmounuku ucxo0HvlX OAHHbBIX 011 pacyema npou3eo0umeibHoCmu
COTHEYHBIX CIMAHUUT

Jlns onenku npousBoauTenbHocTd CCM HCnonb30BAIMCH CYyTOYHBIE CYMMBI
CYMMapHOHN COJIHEYHOM paJualvy U CPEAHEN CYyTOYHOW TeMIIEpaTypbl BO3AyXa B
BBIOpAaHHBIX HaceleHHbIX MyHKTax 3a 2019 ron. JlanHble OBLIM MOJYYEHBI C
ucnonb3oBanueM Oa3nl ganHbIXx NASAPOWER (NASA Prediction Of Worldwide
Energy Resources), riae B mpocTpaHcTBeHHOM ceTke (1x1)° mpeacTaBieH MUpPOKUi
CIIEKTP AKTMHOMETPUYECKHMX M METEOPOJIOTUYECKUX BEIWYUH, B TOM YHCIIE
CYTOYHBIE CYMMBbl CYMMApHOM COJHEYHOM paJhaluy, MPUXOIAIIed Ha
TOPU3OHTAIBHYIO MOBEPXHOCTH [5]. s olleHKH Bapualuili mpuxojaa pajaualuu u,
COOTBETCTBEHHO, Bapuanuii npou3BoauTenbHOCTH COC ObUT Takke MNPOBEICH
aHaJIN3 MHOTOJIETHUX JaHHBIX (He MeHee 10 JieT Juist KaXaA0ro peruoHa).
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PacueTsl mpoOM3BOMUTEILHOCTH COJHEYHBIX CTAHIUKA OBUTM TMPOBEACHBI C
MaKCUMaJbHO BO3MOXHOM JeTanu3alnveid Ipu MMEIOUIEMCS MAacCHUBE HCXOJHBIX
JaHHBIX. B yacTHOCTH, JIJ1s1 pacueToB U3 CYTOUHOM MOCIIEIOBATEILHOCTU JAHHBIX O
CyMMapHOW paJvalliil W CPEJHUX TeMmIeparypax ObUIM MOJTY4YEHbl YacOBBIC
MOCJIEIOBATEILHOCTH,  YTO  MaKCUMaJbHO  COOTBETCTBYET  TpPEOOBaHHSIM
COBPEMEHHOW COJIHEUHOM DJHEPreTMKH TMpU OIEHKAaX MPOU3BOJAUTEIHLHOCTH
YCTAaHOBOK M cTaHuuid (puc. 2). Jlyig reHepanuy 4acoBBIX MOCIEI0BATEIbHOCTEN
IPEOoJarajgoch, 4YTO B TEUCHUE KAXIOTO THS/CYTOK YacOBOM MPHUXOJ COTHEUHOM
paauiaiiii  COOTBETCTBYET  TapMOHHYECKON  (QYHKIMK  (CHHYCOMIATBHOE
pacrpeielieHue) TaK, 4TO CyMMa YacOBBIX 3HAUEHUU [1a€T CYTOYHYI0 CYMMY
cymMMapHo# paauaruu. [Ipy 3TOM y4UTBHIBAE€TCSI YUCIIO YacOB CHUSIHUSI B KaxK[bIe
CyTKM rojaa. Jlig TreHepalMy YacOBBIX IMOCIEAOBATEILHOCTEH TeMIepaTyphl
BO31yXa, OT KoTopou 3aBucUT KIIJ[ conmHedyHOTO MOAYJIIA, UCIIOIB30BAJICS TOT KE

AJIrOPUTM.
1200

1 MsMeHeHMe COIHEYHOW pagMaLMm B TEUEHMWE roga

1000

= MocKBa

ConHeuHan paguauyun, Br/m2
@
o
o

200 - |

0 2000 4000 6000 8000 Yace

Puc. 2. Pe3ynpraThl pacuera 4aCOBbIX 3HAUEHUI COTHEUHOM pagualuy Ha HaKJIOHHYIO
MOBEpXHOCTH /11 MockBbl B 2019 r.

3.3. Anecopumm pacuema npouzeooumenvhocmu cemegvlx CIC manoi
MouwHocmu

B coorBeTcTBHM ¢ IpUHATHIM 3akOHOM P® 0 moanep:kke MUKpOreHepauuu
[1], mnst OIEHKM TMPOUBBOJMUTEIPHOCTM B KauyecTBe 0a30BOro OObEKTa
ANIEKTpPOreHepaly  Oblla BBIOpaHAa COJHEYHAs CeTeBas  3JIEKTPOCTAHIUS
MomHOCThIO 15 kBT. CornacHo BBIOpaHHOMY ajarOpUTMY, MOIIHOCTh CTaHIUHU
OIpENENsUIach C JUCKPETHOCTHIO | yac. B pacdyerax ydUTHIBAIUCH:

— TMPUPOJIHO-KIUMATUYECKHUE YCIOBHUS (YacOBBIC TOCIEAOBATEILHOCTH
IpUXoJa COJHEYHOW paJWallid Ha HAKIOHHYIO MOBEPXHOCTb M TEMIIEpPATyphI
OKPY’KaIOLIEr0 BO31yXa);

— TEXHUYECKHE XapaKTepUCTHKU OOBEKTa (B TOM YHUCIE: TeMIepaTypHas
3aBUCUMOCTh MoliHOCTH POM; KIIJI ®SOM; KIIJl u KoIm4yecTBO MHBEPTOPOB B
coctaBe CCM (MHBEpTOp SABJISIETCS 00s3aTEIBHBIM 3JIEMEHTOM CETEBOM CTaHIIUH,
ero KII/] 3aBucut ot Tekyieit MotHoctu @OM).
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PacueTrsl mpOBOAWINCH C HCHOJIB30BAHHEM KOMIIBIOTEPHOM IPOTrpaMMbl
PvGr v3, paspaborannoii B HWJI BO30OHOBISIEMBIX HMCTOYHUKOB DSHEPTUU
reorpaduyeckoro ¢akyiabrera MI'Y. Pe3ynbpTaThl pacueTa coaepsKaiiu:

— MOCJIEI0BATENBHOCTh 4acOBBIX MoIHOCTEH CCM B TE€UeHUE TO/1a;

— CyMMapHbI€ 3HaueHus npousBoautenbHoctd CCM 3a KaxIbIi MecsI rojia
Y TOJI B LIEJIOM;

— cpeHul KO3(DPUIIMEHT UCTIOIB30BaHMS YCTaHOBIEHHOM MotiHOCTH CCM.

B pesynbpTare ObLIM MOTYyYEHBI YACOBBIE MOCIEAOBATEIBHOCTH MOIIHOCTH
KaXXJI0M CTaHI[MH, YTO MTO3BOJISIET TPOBOAUTH aHAJIU3 TPOU3BOIUTEIIBHOCTH C JTI0O00H
JeTanu3anued Mo BPEMEHH, B TOM YHUCJIE BHYTPUCYTOYHBIX, CE30HHBIX W HHBIX
Bapualii, a TaKXKe COIMOCTaBJICHHE TpaduKa MPOU3BOAUTEIHLHOCTH CTaHIUU U
rpaduka moTpeOIeHs] SHEPTUM TUIIOBBIM MOTpeOUTENEeM. JTO B CBOIO OUYEpEb
ompeeNsieT BO3MOXKHBIE OOBEMBI TOKYIKH/TIEpeadyll JHEPTUd B CETh OT
POChIOMEPOB (MPOU3BOAUTENEH U TOTpeduTeneit sneprun or CCM).

3.4. MemooOwvl ouyenku IKOHOMUUECKOU IPdheKmueHocmu UCno1b306aHus
CCM c yuemom yposnsa nompedienun u mapuoe na 31eKmpoIHepIuIo

B nmanHOM paboTe mis oneHkKu sKoHOMHUYeckor 3ddexktuBHOocTH CCM B
pa3HbIX peruoHax P® ucCronb30BAINCH CIEAYIOMINE TapaMETPHI:

1) A (py6.) — croumocTb nokynku u yctanoBku CCM;

2) T1 (py6./xBT4) — Tapud Ha >IEKTPOIHEPTHUIO JIJIsi HACENEHUs, 3HAUCHHUSI
KOTOPOTO  BapbUPYIOT MEXIy peruoHamMu. B pacuerax HCMHOJIb30BaJICs
OJIHOCTABOYHBIN Tapu( NI HACEJICHUS, IPOKUBAIOIIETO B TOPOJACKUX HACEIICHHBIX
MyHKTaX B JIOMaX, 000Py/0BaHHBIX Ta30BbIMU IIIUTAMU;

3) R (py6./xBTt4) — nena (tapud) Ha 3JIEKTPOIHEPTHIO, BHIPAOOTAHHYIO C
UCIOJIb30BaHuEM 00bekTa Mukporenepauuu (CCM), KOTOpYIO MPOCBIOMEP MOKET
MpoJIaTh TapaHTUpYIOIIEMy MocTaBuuKy. B coorBeTcTBUM c IlocTaHoBieHueM
IIpaButenbctBa PO ot 2 Mapta 2021 roga Ne299 [7] mexaHu3M pacuyeTa CTOUMOCTH
MOCTaBJICHHOW JJICKTPORHEPTUU 33aBUCUT MNPHHAMJICIKHOCTH K «IICHOBON» WIIU
«HEIIEHOBOM» 30HE€ ONTOBOIO PBIHKA, a TakKXke OT IIEHOBOM KaTeropuu
OCYIIECTBJICHUS PacueTOB 3a MIEKTPOIHEPTHUIO (OT MEPBOM A0 MIECTON) WK Tapuda
Ha JIEKTPOIHEPTHUIO (OTHOCTABOUHBIN MM TUDPEPEHIIMPYEMBINA B TEUEHUE CYTOK),
UCIIOJIb3YEMbIX noTpeOuTEIeM/TIOKyTIaTeIeM (BmagenbueM o0BeKTa
MUKporeHepanuu). B nanHoit pabore ucnonab3oBanack nuddepeHImpoBaHHas Mo
yacaM pacueTHOro Mepuojia Heperyaupyemas 1ieHa Ha SJISKTPUUECKYI0 SHEPTHIO Ha
ONTOBOM DPBIHKE, OINpeessieMast 1o pe3yibTaTaM KOHKYPEHTHOTO 0TOOpa IEHOBBIX
3asBOK Ha CYTKHU BII€pe]] U KOHKYPEHTHOTO OTOOpa 3asiBOK Jyisi OallaHCUPOBAHUS
CHUCTEMBI 110 JaHHBIM [8];

4) C (kBtu) — ypoBeHb TOTPEOJICHUS DIECKTPOIHEPTHUH YACTHHIM
JIOMOXO34MCTBOM B 3aJ@HHBIA MPOMEKYTOK BpeMeHHU. [lodacoBble 3HauYeHUSA
NOTPEOICHUS DJIEKTPOIHEPTUU OMNPEACIAIOTCS B COOTBETCTBHHM C Tpadurom
Harpy3Kku Jjisi BRIOpAaHHOTO OOBEKTa, M MOTYT BapbUPOBAaTh B 3aBUCHMOCTH OT
MPUPOIHO-KIIMMATHYECKUX YCIOBUM (IJIMHA CBETOBOrO JHS, TEMIIeparypa
OKpY’)KaloUIel Cpejibl) U COLUAJIbHBIX YCIOBHU (BpeMsi HAaXOXKJIECHHS JIOJEH Ha
TEPPUTOPUN OOBEKTa, BpeMs MOAbEMA, OTXOJa KO CHY, yXoJa Ha paboTy u
BO3BpauleHus ¢ Hee). K cokaneHuio, Ha HACTOSIIMA MOMEHT HE CYIIECTBYET
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OTKPBITOM 0a3bl JAHHBIX 11O PeaJTbHBIM HArPy3KaM Ha 3JIEKTPOCETH ISl KOHKPETHBIX
KUJIBIX U HEXKUJIBIX 00BEKTOB. B manHoi paboTe ncnonb3oBasics rpaduk Harpy3Ku,
MOCTPOCHHBIM Ha OCHOBAHMM CTAaTUCTHUYECKUX HccienoBaHui [9]. [ns Kuibix
NOMEIICHU TUIOBOM TpaduK HArpy3KH XapaKTEepU3yeTcs HEOOJIBIINM MHKOM
noTpeOseHusT B YTPEeHHHE 4Yachl U BTOPbIM, OO0Jee 3HAYUTENIbHBIM, MTHKOM
noTpeOeHus] B BeYEpHEe BpeMs, C JOCTHKEHUEM MUKOBOM Harpy3ku B 18 yacos.
BBeneHo paszzeneHue BEIWYMHBI MUKOBOW HArpy3KH MEXIy 3UMHUM (OKTSOpb-
MapT) ¥ JETHUM (anpeib — CEHTAOPh) ce3oHaMu. B pacuerax ObUTO MPUHATO, YTO
CyMMapHO€ TOAOBOE€ TMOTPEOJICHHE DJIIEKTPOIHEPTUH OOBEKTOM COCTABIISET
5.5 MBT4, 4TO COOTBETCTBYET OIIEHKAM CPEIHEr0 MOTPEOJICHUS TOMOXO3SICTBA
[9].

5) P (kBtu) — npousBoautenbHocTs CCM B 3a/1aHHBIN POMEXKYTOK BPEMEHU
(MeTonuKa pacuera onucaHa B pazzene 3.3).

6) A (kBtu) — 6ananc mexay npousBoautenabHocThio CCM (P) u ypoBHEM
NOTPEOICHUST DJIEKTPOIHEPTUU YaCTHBIM AoMoxo3siicTBoM (C) 3a BbIOpaHHBIN
MPOMEKYTOK BPEMEHHU.

Oxonomuueckas 3ddexruBHocTh (D, py6.) u cpok okymaemoctu (N, yer)
CCM paccuMThIBalOTCS MO0 AITOPUTMY, IMPUBEIECHHOMY Ha pHC. 3 U KpaTKO
OIMCAHHOMY HUXKE.

A — ctoumocts CCM (py6.)

P, BoipaboTtka (KBT*u)

— 1 A>0

EchrmA=0 EchmA <0

A — banaHc mexay
BbipaboTKOM anexkTposHeprun CCM (P, KBT*4) 1
A<O noTpebieHMem snekTposHepriu (C, KBT*u)
A =P - C(kBt*u)

S1 — 2KOHOMMSA Ha NOKYMKe
aNeKTpuyecTBa no Tapudy T1
3a cYeT camMomNpoOW3BOACTBA

S3 — 2KOHOMMA Ha NOKYMNKe
anekTpuyecTea no Tapudy T1
3a c4yeT camonpousBOACTBa

S1=C*T1 (py6.) S3 =P *T1 (py6.)

+ -
S2 — poxoga, oT NpoAaXKH USNUILIKOB S4 — pacxogbl Ha NOKYMNKy
3N1EeKTPO3IHEepPruu no LeHe R B COOTBETCTBUM C 3NEeKTpOo3Heprum no Tapudgy T1
3aKOHOM 0 MMKporeHepaumm S4 =A *T1(py6.)
S2 = A *R (py6.)

| D — skoHoMuuecKasn adpderTuBHoCTb (pyb.) |

|D=51+52(py6.) | [D=53-54(py6) |

| N — cpok okynaemoctu CCM: N=A/D (ner) |

Puc. 3. Anroput™m pacueTta SKOHOMHUYECKOH 3P peKTuBHOCTH Hcmonb3oBanuss CCM

[Ipu wucnonp3oBanmu CCM  TOpPOUCXOAMT OSKOHOMHUS Ha  TOKYIIKE
AIEKTPOIHEPTUM OT FapaHTUPYIOILIEro MocTaBlivKa (coctaBistomue S1 (py0.) u
S3 (py6.) Ha cxeme). Kpome TOro, JOMOJHUTENBbHBIA AOXOJ OT HMCIHOJIH30BaHUS
CCM mMoxer ObiTh mosiyueH npu A >0, xorma BbeIpadOTKa 3JIEKTPOIHEPIHU
IpEBBIIIAET YPOBEHb MOTpeOieHnus. B JaHHOM cilydae M3JIMILEK 3JIEKTPOIHEPrUU
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MOKET OBITh MPOJAH TapaHTHPYIOIIEMY MOCTaBIIMKY Mo 1eHe R (moxom S2).
Opnako npu 3HaueHusix A <0, BpIpaOOTKa 3JEKTPOIHEPTUU C HMCIOJIb30BAHUEM
CCM Huxe 3aJJaHHOTO YpOBHS MOTPEOJIEHUS, YTO MPUBOJUT K HEOOXOJIUMOCTH
JIOKYTaTh JJIEKTPOSHEPTUIO y TapaHTUPYIOIIEro mocTaBimuka no Tapudy TI.
B utore, B ciyuae A >0, skoHomuueckas 3ppexktuBHOCTh D paccunThiBaeTcs Kak
(S1+S2), a mpu A < 0 — kak (S3-S4). CymmapHas TojoBasi 3KOHOMUYECKAs
apexkTuBHOCTD (T0/10BOM 10X01, D, py0.) paccuuThiBaJIach Kak CyMMa ITOYacOBBIX
coctaBisironmx. Cpok okymaemoctu CCM (N, 1ner) ompenensieTcs eJICHHEM
CTOMMOCTH O0BEKTa MUKPOTEHEPAIlM HA CYMMAapHYIO TOJOBYIO 3KOHOMHUYECKYIO
3¢ (HEKTUBHOCTD.

4. Pe3yabTaThl M 00CYy:XKI€HHE

Pe3ynbraThl pacueToB BBIPAOOTKM 3JEeKTposHeprun cereBoiMu COC
MOIIHOCTBIO 15 KBT B BbIOpanHbIX ropogax P® B 2019 rony, a uMeHHO, rogoBas
MPOU3BOJAUTENILHOCTh M IMHAMHKA TIPOU3BOJAUTEILHOCTH 110 MECSIaM MPUBEICHBI
Ha puc. 4. 3HaueHUs roI0BOM BbIPAaOOTKH 3JIEKTPOIHEPTUU B BEIOPAHHBIX TOpOAax
BappupytoT oT 13 030 kBtu B Cankt-IletepOypre no 21 570 kBtu B Ynan-VYm.
B GonpuiHCTBE BBIOPAHHBIX TOpPOJIOB HAOIOJACTCSl XapaKTEpHbIM BUA rpaduka
npousBoguTenbHocTh CCM: BBICOKME 3HAUYE€HHS B TEUEHHUE JIETHErO Iepuoja
(MapT — ceHTS0pb) U 3HAUUTEIBHOE CHUYKEHUE NPOU3BOIUTEIBHOCTH B OCEHHUE U
3UMHHE MECSIIBL.
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CYMMapHan rog oBan Bbipab oTKa 3AeKTPoaHe Prn
CCM [kBT*y)

0 T T T T T T T T T T
1 2 3 4 5 6 7 8 9 10 1 12

Mecay roga

o
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Puc. 4. a) CBonnsiii rpaduk npousBoauteabHocTu (kBty) CCM momHocThIO 15 KBT o
Mecsiam (2019 r.); 6) 3HaueHus cymmapHoi rogoBoi Beipabotk CCM 3a 2019 rog

PesynbraTel pacueta s3koHOMUYECKOU 3((HEKTUBHOCTH Hcnoab3oBanus CCM
MOIIHOCTBIO 15 KBT u ctoumocthio (kanutanbhHblie 3atpaTthl) 500 000 pyOneil B
BBIOpaHHBIX ropoaax P® mpeacrtaBiaeHsl Ha puc. 5. BuaHo, 4TO 4711 TOPOJIOB,
pacnonararommxcsa Ha tore EBponerickon yactu P®O, a Taxke YnaH-Ymd
MOJIOKUTENIbHbIE 3HAYEHUSI YKOHOMHUYECKOW A(P(HEKTUBHOCTH OT HMCMOJIb30BAHMS
CCM nHabmonaoTcsi B TEYEHUE BCETO roja, KpoMe sHBaps W JaekaOps, Koraa
IPOUCXOAUT 3HAYUTENIbHOE CHUXeHHe BbIpaboTkn CCM BcieacTBuE MajeHUs
YPOBHS COTHEYHOU panuanuu (puc. 5a).

Opnako B aOCONIOTHBIX 3HAYEHUSX TOJOBOTO J0XO0Ja OT MCIOIb30BaHMS
CCM oTMeyaroTcst CyLIECTBEHHBIE PA3INYMs JAKE MEXKIY PETHOHAMHU CO CXOKUMHU
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BBICOKMMHU CyMMAapHBIMU I'OJJOBBIMU 3HaueHUsIMU TTpou3BoauTensHoctd CCM. Tak,
rojioBoi 1oxoa ot ucnosbzoBanust CCM B Actpaxanu, KpacHogape u Maiikorne
COCTaBUT OK0JIO 23 — 28 ThIC.py0O., TorJa Kak B JlepOeHnte — Bcero 13 ThIC.py0., a B
VYnan-Yns Bcero 7 ThiC.py0. (puc. 56). JlaHHble paznuuusi OOBSICHSIOTCA
BapualUsIMH Tapu@oB Ha IEKTPOIHEPTHUIO KAK JJIsI HACEICHHUS], TAaK U HAa ONTOBOM
PBIHKE 3JIeKTpodHepruu. Hampumep, oNToBbIE LIEHBI 3JIEKTPOIHEPTUU B YIaH-Y 13
B cpeliHeM B 3 pasa Huke, ueM B KpacHonape, Maiikorie, MockBe 1 AcTpaxaHu, 4To
MPUBOJIUT K HU3KOMY JIOXOAY OT MPOAAXH HU3IUIIKOB BJIEKTPOIHEPTHUU CETEBHIM
nocTtaBiuIMKkaM. COOTBETCTBEHHO, 3HAUYUTEIBHO PA3IMYAIOTCS CPOKH OKYIAeMOCTU
CCM B BbIOpanHbIX roponax: 18-21 roxg B Maiikone, KpacHogape u AcTtpaxanu,
38- 40 netr B Mockse u lep6ente, 51 rox B Cankt-Ilerepdypre u moutu 70 set B
VYnan-Yap, 49To JAenmaeT  MCIOJB30BaHUME CTAaHUMKA  MHUKPOTEHEpaluud B
MPEJIOKEHHBIX YCIOBUIX HEONPABAAHHBIM.
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Puc. 5. a) CBoanbIii rpaduk 3HAUSHUM T0XOTHOCTH OT Ucmoyib3oBaHuss CCM MOIIHOCTBIO
15 kBt no mecsiam 2019 r.; 0) 3HaUSHHUSI CyMMapHOTO FOJI0BOT0 J10X0/1a Hcrnob3oBanust CCM
B BbIOpaHHBIX Topogax P® 3a 2019 roxa.

5. 3aki0uenmne

B pabore mnpemioxkeHa METOJIMKA pacyeTa MPOU3BOJIUTEIBHOCTH H
PKOHOMHUYECKON A((HEKTUBHOCTH HCIIONB30BAHUA OOBEKTa MHUKPOTEHEpaIuu
AJIEKTPOIHEPTUM  (COJIHEUHAs dDJEKTPOCTAHIMS MOIIHOCThIO 15 kBT)
VCIIOJIb30BAHMEM JIaHHBIX O NMPUXOJALIEH COJIHEUHOM paaualuy, TEMIIEpAType, a
Takke Taprdax Ha SIEKTPOIHEPTHUIO ¥ 3HAYCHUH MOTPEOICHUS SICKTPOIHEPTHH JIJIS
PAa3HBIX HACEJIIEHHBIX TyYHKTOB PD.

OtMeuaercsi, 4TO, HECMOTPS Ha BBICOKHME 3HAYEHHS MPOU3BOAUTEIHLHOCTH
CCM B HeKOTOpBIX permoHax P®, mospoisronige 0OSCIEYUTh JTOMOXO3SHUCTBA
COOCTBEHHOM 3JIEKTPOIHEPTHEH, CyMMapHBI TOJ0BON JOXOJ OT HUCIOJb30BAHUS
CCM sBrsieTcs HE3HAYUTEIIBHBIM BCIICICTBME HU3KUX LIEH HA MPOJIAXKY U3JIMIIKOB
3neKTpo3HEPTUU. COOTBETCTBEHHO, CPOK OKYIIA€MOCTH MOKYIKU U ycTaHOBKU CCM
MOIIHOCTBIO 15 KBT cocrtaBisier necsatku net. [yisi cTUMyIMpOBaHUs BHEAPEHUSA
WCIIOJB30BaHUs OOBEKTOB MHUKpPOTCHEpAaIlMd Ha BO30OHOBIISIEMBIX HCTOYHHKAX
HPHEPrUM B YaCTHBIX JOMOXO3siicTBax P® HEoOXO0IMMO YBEJIWYUTh Tapu(bl Ha
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3aKyIKY DBJEKTPOSHEPIUU TapaHTUPYIONIMMU [OCTABIIMKAMHU Yy BJIAJICNIbIIEB
00BEKTOB MUKPOTEHEPAIIIH.
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AKTYAJIBHBIE TPOBJIEMbBI ATMOC®EPHOM XUMHWHN
B UCCIIEJOBAHUSAX UDA PAH
A.H. Cxopoxona
skorokhod@ifaran.ru
Hnemumym ¢uzuxu ammocgepot um. A.M. Obyxoea PAH, Poccus, e. Mockea

Xumust atMocdhepbl OTHOCUTCS K YHCIY JOCTaTOYHO MOJIOABIX HayK.
B nocneanue ronpl Mbpl HaOM01aeM €€ OBICTPOE pa3BUTHE, CBSI3aHHOE C BBHICOKOU
aKTyaJTbHOCTBIO TakKWX MpoOJieM Kak 3arps3HeHHe aTMOChEpHOro BO3AyXa H
OKpYXalollel cpelbl B LEJIOM, POCT KOHIEHTPALM MNapHUKOBBIX Ta30B H
CBS3aHHBIE C 3THUM HM3MEHEHHUs KJIMMAaTa, HapyUIEHUE B3aUMHOIO OOMEHa MEXIy
aTMoc(hepoii U MPUPOTHBIMUA U UCKYCCTBEHHBIMU IKOCHCTEMaMHU.

s >QPeKTUBHOTO pelieHus] aKTyaldbHBIX 3a1ad aTMoc(hepHON XWMHUU B
HAyYHBIX MCCIIEIOBAaHUSAX HEOOXOJMMO MAaKCHUMaJbHO 3aJIeiCTBOBATh BECHh
COBPEMEHHBI HMHCTPYMEHTApHil: IPOBEACHUE BBICOKOTOYHBIX JIOKAJIBHBIX M
JUCTAHIIMOHHBIX U3MEPEHUI cocTaBa aTMOC(epbl U COMYTCTBYIOUIMX MapaMeTpOB
(METEOpOJIOrMUECKUE XapaKTepUCTUKH, MapaMeTpbl COJHEYHOM paauanuu,
aTMOC(epHOro MOTPaHUYHOTO €Ol U T.1I.), 00pabOTKa JAHHBIX HA3€MHBIX H
CIyTHUKOBBIX W3MEPEHHH, MPOU3BOAMMBIX OTEYECTBEHHBIMH, MHOCTPAHHBIMHU U
MEXIYHAPOJHBIMUA CETSIMU M OpOUTAIBHBIMU  amnmaparamu, KOMILUIEKCHbBIE
UCCJIEI0BAHUS IPY TOMOILY YUCICHHBIX MATEMaTUUYECKUX MOJIENEH.

3a mocinegHue roabl ydeHble HMHcTUTyTa  Qu3MKM  aTMOCQepbl
uM. A.M. O0yxoBa PAH npuiioxuinu MHOTO yCWIHMI JUIsl MCCIEAOBAHUI cocTaBa
atMoc(depbl U CBA3aHHBIX C HUM TpoiieccoB. OHUM U3 Ba)KHEUIINX JOCTHKEHUN
ABJIIETCS  CO3JaHUE  AaBTOMATU3UPOBAHHOIO  KOMIUIEKCA  M3MEpPUTENbHOU
anmnaparypbl, THTETPUPYIOILIEH COBpEMEHHbIE TPUOOPHI JI1 U3MEPEHUS Pa3TUUHbIX
KOMIIOHEHTOB aTMOC(EpHOr0 BO31yXa, CpPEJICTBAa KaJIMOPOBKH, YIPABIICHUS,
pEerucTpalyy, apxuBalMd M MEpPBUYHON OOpaOOTKM JaHHBIX H3MEPEHUH.
MeTtoauueckre OCHOBBI HM3MEPUTEIBHOW CHUCTEMBl CTalld pa3padaTbiBaThCs C
cepenuubl 1990-x rr., KOorga B pamMkax yHuKalbHOro skcnepumeHTa [ROICA
IIPOBOJMIIMCh KOMIUIEKCHBIE TpPAaHCKOHTHHEHTAJIBHBIE H3MEPEHUSI COCTaBa M
buznueckux  mapamMeTpoB  arMocepbl Ha  CHEIHUAIBHO  pa3paboTaHHOM
MEePEABIKHON  KEJIE3HOAOPOKHON saboparopuu. l[lo3gHee mnpuUHIUN TOTHON
aBTOMATU3allMd KOMILUIEKCHBIX HM3MEPEHUN NPUMEHSUICS B JOJITOBPEMEHHBIX H
KpPaTKOCPOUHBIX U3MepUTENIbHBIX padoTax B MockBe, Ha CeBepHoMm KaBkaze u
Konbckom momyoctpose, B Llentpansaoit Cubupu Ha obcepBatopun ZOTTO u B
Kanmeikuu, B paitone ozepa baiikan. C 2015 r. DA mpoBoaut peryisipHble
U3MEpPEHUs] KOHLUEHTPAMU MMAPHUKOBBIX Ta30B U JIPYTUX MpUMEced Haa MOPSIMH
CeBepHoil ATnaHTUKM M PocCCuiicKOil ApPKTHKM € Hay4HO-HCCJIENOBATENbCKHUX
cynoB. Jlnst obecrieueHust HEMPEPhIBHBIX CTAIIMOHAPHBIX MU3MEPEHUI HA OTKPHITOM
BO3/yX€ pa3paboTaHbl aBTOMAaTU3UPOBAHHBIE KOMIUIEKCHI HA OCHOBE BCETOTOJHBIX
TEPMOCTaTUPYyEeMbIX IKadoB, oOecrmeunBamMMX Oecnepe0oiiHyl0  paboTy
anmapaTypsl B IIUPOKOM JHAala3oHE TeMIepaTyp U YAOOCTBO MepeMelIeHHs
o0opy0oBaHUs JIJ1s1 pa0OTHI B HATYPHBIX YCIOBUAX. TakuM 00pa3oM, COTpYTHUKAMHU
NDA PAH cobpana yHukanbpHas 0a3a COOCTBEHHBIX BBICOKOTOYHBIX M3MEPEHHI
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coctaBa aTMOc(ephl B Pa3HBIX pernoHax Poccuu, KOTopas UCMONB3yeTCs] B XOC
HAyYHbIX MCCIIEIOBAaHUM.

[ToMuMO COOCTBEHHBIX M3MEPEHUMN JII UCCIEOBaHUI cocTaBa aTMOC(hepsl
HajJ Teppuropueil EBpa3suu HCHONB3YIOTCS JaHHBIE HAOJIONATENbHBIX CETel
Pocrunpomera u Mexaynapoansix opranmsanuii (I'CA BMO, EMEP, NDACC,
TCCON, Aeronet), a Takxe CHOYTHUKOBBIE JaHHBIE CPEJIHETO U BBICOKOTO
paspemienust (AIRS, MODIS, TROPOMI u gp.). Coyeranue Ha3eMHOro H
OpOUTaTFHOTO MOHUTOPUHIA MO3BOJIET OMEPATUBHO U IPPEKTUBHO OTCICKHUBATH
BIUSHAE Ha COCTaB aTrMocdephl W KauyeCTBO BO3yXa JOJITOBPEMEHHBIX
KIIMMAaTUYECKUX BapHaIlMi, TTOTOTHBIX aHOMAJIUHA, MPUPOJIHBIX TIOKAPOB, KPYITHBIX
JIOKATBHBIX UCTOYHUKOB 3arps3HCHUSI M IPYTUX SBIICHUN (HAIIpUMeED, JIOKJTAyHOB B
pa3HBIX YacTsAx Mupa u3-3a napgaemun COVID-19).

JUisi mOHMMaHUST M NPOTHO3UPOBAHMS M3MEHEHHI cocTaBa aTMOC(ephl,
nepeHoca, Tpanchopmaluy, HAKOTUICHUS U OCAXACHUS 3arpsA3HSIONIUX MPUMECEH,
OTIpEJICIICHHS] ICTOYHUKOB TPAHCTPAHUYHOTO U JIOKAJIBHOTO 3arpsi3HEHUS CO3/1aH U
aKTUBHO HCIIOJB3YETCS MOJIEIbHBIA KOMIUIEKC B  COCTaBe TJ100aIbHOM
MaTeMaTHYeCKOM TpaHCHopTHO-xuMmuueckor moaenu GEOS-chem u Heckonbkux
peruoHanbHbiX Mojened. KpuTudecku BakHOW TIPOOJIEMON  COBpPEMEHHOMN
aTMOC(EepHONM XHMHH SIBIIIETCS OIICHKAa BBIOPOCOB (IMHUCCHUI) 3arps3HSIONIUX
BEIIECTB M IMAPHUKOBBIX Ta30B OT PA3JIMYHBIX MPUPOIHBIX U AHTPOIOTCHHBIX
UCTOYHUKOB. C TOMOIIBIO YHCICHHOTO MOJCIMPOBAHUS YAAIOCh 3HAYUTEIHHO
YTOYHUTh OMHUCCHU OT POCCHHUCKHX TOPOJOB, IMPHUPOIHBIX IOKAPOB, BOIHO-
OOJIOTHBIX CHCTEM M ONIPEICIUTh X BKJIA] B HAOIIOJaEMbIC B PA3IMUIHBIX PETHOHAX
Poccun KOHIIEHTpaIy 3arpsi3HAIONAX W KIMMAaTHYECKH BAXKHBIX aTMOCHEPHBIX
npumeceii. BececTtopoHHee nccienoBaHue cocTaBa aTMoc(ephl ¢ UCIOJIb30BaHUEM
HA3eMHBIX W CITyTHHUKOBBIX U3MEPEHUN M MOJCIMPOBAHUS MTPUBEIO K TTOHUMAHHUIO
Oonmee  rayOOKMX  M3MEHEHHMM,  OTpaXKawImux  TpaHchopmaiuio  Bcei
dboToxumMudeckol atMochepHoil cucTeMbl Ha (OHE TI00AIBHOTO TMOTEIVICHUS H
aHTPOIIOTEHHOT'O BO3JICUCTBUSI.

Paboma ewvinonnsaemcs npu uacmuunoii noodepxcke Poccuiickoeo nayunozo

Gonoa (epanm Ne 21-17-00021).
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METO/JbI ACCUMMWJISIIINU JIAHHBIX HABJIIOJIEHUH B
MATEMATHUYECKHX MOJIEJSIX TEOPU3UUYECKOM
I'mAPOANHAMUKHAU
'U.J1. Tperbsik, 223C.A. Jlebenen
tretyakOid@gmail.com; sergey_a_lebedev@mail.ru
'Hayuonanvnoni uccredosamensckuii ynueepcumem «Mockosckuii uncmumym
anekmpoHHou mexuuxkuy, Poccus, 2. Mocksa, 2. 3enenoepao
2[eopuzuueckuti yenmp PAH, Poccus, 2. Mockea
SMaiixonckuii 20Cy0apcmeentblil MexHON02UYeCKUll yHugepcumenn,
Poccus, . Mauxon

Aunomauun. Usznodcenvl O0OcCHOBHble NOHAMUA U HpoGedeHa 00wWast
HOCMAHOBKA 3A0ayu ACCUMUNAYUU OAHHBIX HAONIOOeHUN 6 MamemMamuidecKux
Mooesx eeoghuzuieckol euopoouHamuxu. Paccmompenvl cospementnvie Memoobl
YCB0€HUsL OAHHBIX 8 3a0a4ax NPocHO3d COCMOSAHUS 2UOPOOUHAMUYECKUX CUCTNEM,
ocoboe sHumanue yoeneno purompy Kaimana.

Knioueevle cnosa. Memoow: accumunayuu dannvix, punomp Karmana.

Beenenne

B 3aymagax coBpeMeHHO# MaTeMaTu4ecKoi reo(U3NKU IMUPOKO MPUMEHSIOTCS
METOAbl MATEeMATHYECKOTO MOJICTUPOBaHUS (U3MYECKUX CHCTEM, Ha OCHOBE
CUCTEMBI TU(DPEpEeHINATBHBIX YPaBHEHUM, KOTOPBIE PEIIAlOTCS MTPEUMYIIECTBEHHO
YUCICHHBIMU MeToaMu. OTHAKO pelIeHus, MOTyUYEeHHbBIE TAKUM 00pa3oM, cosiepkaT
OIIMOKM, TaK KaK caMa MaTeMaTH4ecKas MOJIeNb OTPakaeT COCTOSHUE CUCTEMBI C
HEKOTOpOM TmorpemHoctbio. st pemenus auddepeHIMaIbHbIX  YpaBHEHUN
TpeOYIOTCSl HaualbHbIE U TPAHUYHBIC YCIOBHUS, KOTOPBIE OMPEACIISIOTCS U3 JaHHBIX
HAOJIOJICHUS 32 CUCTEMOM, KOTOPBIE TakxKe cojepkart omuroku. [loaTomy pe3ynbraTh
pacyeToB MO MOJENSIM HEOOXOAMMO KOPPEKTUPOBATh JaHHBIMHU HaOIOIEeHUN. ITO
OJIHA U3 CaMbIX aKTyaJbHbIX U MHTEPECHBIX 33Jlad COBPEMEHHON MaTeMaTU4eCKOu
reodusuku. Takue 3a1aum HOCAT Ha3BaHWE ACCUMIUIALINU (MJIM YCBOEHUS) TaHHBIX
HaOmoneHui [1].

AKTyaqbHOCTh  TOJOOHBIX  HCCIIEIOBAaHUN  OOYCIIOBJIEHAa  Pa3BUTHEM
KOMIBIOTEPHBIX TEXHOJOTUM W YHCICHHBIX METOAOB, a TAaK)Ke HAaKOIUICHUEM
OOJIBIIMX MACCHUBOB JIaHHBIX HAOMIOJEHUNM 3a Treo(U3NYECKUMU CHUCTEMaMHu.
O6paboTka TMOJOOHBIX pEecypcoB TpeOyeT pa3BUTUS COOTBETCTBYIOIIETO
MaTeMaTUYECKOro ammnapara, pa3pabOTKH HOBBIX M COBEPIICHCTBOBAHUE YKe
CYIIECTBYIOIIUX aJTOPUTMOB U UX YUCIEHHON peain3aiuu.

MeTosbl acCUMWISIIMKM  JAHHBIX MOXKHO pa3[eIuTh Ha JIBE OCHOBHBIC
rpymnel [1]. IlepBas rpynma Bkioyaer B ce0sSi METOHAbI, OCHOBaHHbIE Ha
BapHUAIMOHHBIX MPHUHIIMIIAX MUHUMU3AIMKA (DYHKIIMOHATA OMIMOKH, BBIPAKAIOIIETO
«pPacCTOSIHUE» MEXKAY IPOTHO3UPYEMBIM IPU TOMOILIM MOJAEIU PE3YJIbTaTOM U
JTaHHBIMU HaOmoaeHmit. CamMoi COBpeMeHHOM ux Bepcueit spisitorcs 3D-var u 4D-var
METOJIbI, HKCIIOJIb3yEMbIE BO MHOTIMX MOJENSX IPOTHO3a TEPMOTHIPOIUHAMUKA
atMocdepbl HAIMOHAIBHBIX IIEHTpaX MpPOrHO3a. BTopas rpymnma METoioB HMeEeT
00o01eHHoe Ha3BaHue «puibTpanuu Kammanay (Kalman filtering) u Hecer B cebe
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CTaTUCTHUYECKYIO TEOPHUIO OIICHUBAHUS U (DUITHTPAITUIO TIPOTIECCOB C UCTIOIH30BAHUEM
«Irymay, 00JIaJaroIero N3BeCTHBIMU CTATUCTUUYECKUMH CBONCTBAMU.
MaTteMaTnueckas MOAeJIb cucTeMbl M HaOIoaenuii. [loctanoBka 3axaun
[Tycth y Hac umeeTcst Kakasi-To TUAPOJIUHAMUYECKAs] CUCTEMA, COCTaBUM €€
MaTEMATUYECKYI0 MO/JIEIIb:

dx
—=M(xt), t>0
" (x ) >

X(t) =X,
rae X(t) — BekTop cocTosHUS Mojaenu («Imoye»), M — cOOTBETCTBYIOIIHMIA MOJIEITH
JTUHAMUYECKUM OIepaTop, Xo— BEKTOP HAYAIIbHOTO COCTOSIHUSI MOJCIIH.

B 3anmauax reodusudeckoit ruapoanHamuke (1) — 3To cucteMa HeTMHEWHBIX
nuddepeHnanbHbIX YPaBHEHUM B YaCTHBIX MPOU3BOJHBIX C HayaJbHBIMH U
I'PaHUYHBIMH YCIOBHIMU («CHUCTEMA C paclpeelieHHbIMU Mapamerpammuy). Taxxe
MBI 00IajmaeM 3aJaHHOM  BeKTOp-(QyHKUMEH JaHHBIX HaOmomenuii  YO(t)
YAOBJIETBOPSIONIEH YPAaBHEHUIO:

: 1)

y°(t)=H(x‘,t)+g, (2)
rae H — onepatop nabmonenuii, X' — MICTHHHOE 10JI€ COCTOSHUE CUCTEMBI, & — LITyM,
o0Ja a0l U3BECTHBIMU CTATUCTUYECKUMU CBOMCTBAMH.

JIJIs HEKOTOpPBIX METOJOB ACCUMWJISIIMK JAaHHBIX, yAOOHEe OICHUBATH
KOHKPETHBIE COCTOSIHHUSI CHCTEMBbI B KOHKPETHBIE MOMEHTHI BPEMEHHU, MOITOMY
MPOBOJAAT JUCKPETU3ALNIO MOJIeTu cucTtembl (1) u HabmoaeHul (2) mo BpeMeHH, B
CJICJICTBHE YETO MEePEXOIAT K «TUCKPETHOU MOICITH:

X(ti+l):Mi(X(ti))1 (3)

YiOZHi(Xti (ti))+gil (4)
rae | — HoMmep Iara 1o BpeMeHH, tj — TUCKpeTHbI MOMEHT BpeMeHH, X(ti) — BeKTop
COCTOSIHUS CUCTEMBI B MOMEHT BpeMenH ti, M — pa3HOCTHBII onepaTop nepexojia ot
OJTHOTO MOMEHTa BpeMeHU K napyromy, H; — omeparop HaONfOACHHS B MOMEHT
BpeMeHH tj, X' — UCTUHHOE TOJIe COCTOSHME CHCTEMbI, B MOMEHT BpEMEHH tj, & —
omunOKa B TUCKPETHBI MOMEHT BPEMEHH 1;.

JUist mpeackazaHusl SBOJIIOLMU CHCTEM B Te0(U3MYECKON TUAPOAMHAMUKE
TpeOyeTcs, Kak NpaBWiIO, MAOMOJHUTENbHAs HHPOpMALMs O MOACIU. Ty
nH(pOpMaIIMIo Yalie BCero J00bIBalOT U3 TaHHBIX HaOMoAeHuN. Takum 00pa3om Mbl
MPUXOAUM K 3adaue accumunayuu OaHHbIX, KOTopas GopMyIUpPyeTCs CIeAYIONUM
obOpazom.

Ipu 3a0annoii pynxyuu nabrooenuti Y°(t) mpebyemcs naiimu neuszsecmmule
napamempul mooenu max, umoowl exkmop cocmosnus X(t), yoosnemsopsin ucxoonotu
MAMemMamuyeckol mooenu 2uopoournamuyeckou cucmemwl (1), a eexmop H oOwvin
OMu30K K OaumubiM Habmooenull (2). Hailoennoe pewenue obosznauaemcs X2 u
HA3b18AEMCsl OYeHKOU cocmosinus cucmemul [1].

IIpocreiimue MeTOAbI ACCUMWJISIIIAN JAHHBIX

Memoo nocnedosamenvhvix _nonpasok _unu  SCM-memoo  (SUccessive
Correction Method). JlanHblii MeTom OepeT CBOE HayaJo OT JIBYMEPHOM
WHTEPIIOJSAIMYA JTaHHBIX HAOJIOJCHUM, KOTOPBIM ObLI yiydlleH Osarojaps
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UCIIOJIb30BaHuI0 ToJist «OskrpayHaa» (background) u BBeaeHHst 00JIaCTH BIIMASTHUS
JUIS  KaXIOTO HaOMIOACHMSI, TMPEACTaBISAIONIETO COOOW I0JIe COCTOSHUS U3
npeasiymero mporsosa [2]. CyTs 3TOro yinydileHHs COCTOUT B aHAJIU3E Pa3HOCTH
JaHHBIX HAOJTIOCHMSI ¥ OLTMOOK «O3KTpayH/1a», a He cCaMUX 3HAYCHHIA HAOTF0ICHU,
32 CUET ONTHUMH3AIMd BECOB, TMPHUIHCAHHBIX KaXJA0My HaOIOICHUIO.
Moaudukamus 3Toro Meroaa Obuta nana KpeccmMaHoM — Tak Ha3bIBAEMBI «METOJT
MOCIIEIOBATEIBHBIX TTOMIPABOK» [3].

MeTo TMOCIIeIOBaTeIbHBIX IMOMPABOK — 3TO HWTEPANMOHHBIA aJTOPHTM,
OCHOBHasl HJEs KOTOPOI'O COCTOMT B IPHUITMCHIBAHUU KaXXJIOMy HAOJIIOICHHIO
HEKOTOPOTO BeCa, 3aBHCAIICTO OT PACCTOSHUS MEXAY TOYKAMH HAOIOJCHUN U
TOYKOH CETKH, B KOTOPOW JeJacTCs OICHKa COCTOSHHS, a TaKXkKe OT «pajuyca
BIIUSTHUS :

X< = x +W(y°—H (xk)), k=12,..,

rae k — nomep urepanum, X° — HavansHOE MpubmmKkeHue, W — BecoBoii omeparop,
OTIPEICIISIIONTUICS XapaKTePUCTUKAMHU, O KOTOPBIX peub Ijia Boiiie, H — onepatop
HaOro1eHus U3 (2).

Iocne k ureparuii momararor X< =X — npuOIMKEHHAS OLEHKA COCTOSHMS
CUCTEMBI.

dnemenmapHvle _cmamucmuyeckue memoosi. 1loaxon, CBS3aHHBIN C
UCIIOJIb30BAHUEM  TEXHUKM  CTATUCTUYECKOM  HWHTEPHONSLUMU B 3ajadax
ACCUMUJISIIIUU JAaHHBIX, OOBIYHO HA3bIBAIOT «ONMTUMAIBLHON UHTEpHosaiuein». CyTh
NPUMEHEHUS CTAaTUCTHYECKUX METOJOB  3aKII0YaeTCs B  IMPUITUCHIBAHUHU
HaOJIFOACHUSIM BECOB, CBSI3aHHBIX C OITMOKaMU HaOmroneHui [4, 5]

[TycTh y HaC MMeEETCS MHOKECTBO HAOJIOCHWN M JTAHHBIX «OIKIpayHIa»
BMECTE C UX XapaKTepucTrudeckumu ommubkamu. [Ipeamnonoxum, aro onepatop H u3
(2) — muueen. Torga aHamu3 X2 MOXKHO ONMPEACIIUTD CICAYIOMAM CIIOCOOOM:

x* =x" +BH"(HBH +R) " (y° - Hx"),
rae YO(t) — ¢yuknus HaGmoneHuit, X° — mone «O3krpayHna», H* — omeparop
conpsukeHHblii k H, B — xoBapuanuoHHBII oneparop omubok Bekrtopa X°, R —
KOBAapUAIMOHHBIM orepaTop OmMMOOK HabmoneHus (T.K. Mbl TpeArnoiaracmMm
JUHENHOCTH ornepaTopa H, To oneparopst B u R — maTpuiis)

Wnest Takoro moaxoja B BEIYUCICHUU X KaK CYMMBI BEKTOpa «OIKIpayHIa»
U TIONpaBKH, TWPEACTABIAIONICH W3 ceds JelCTBHE BECOBOTO OIEepaTopa,
OTIPEICIISIEMOTO KOBAapHAIIMOHHBIMU MaTPUIIAMHU OIIMOOK, Ha «MHHOBAIIMOHHBIN)
BekTOp (HeBsA3Ky HabmoaeHuit) (Y0 — HxP).

B nanpHelieM MeTOA ONTUMAIbHOM MHTEPHOJAIMH OBUT COBMEIIEH C
METOJIOM TIOCIICIOBATEIIBHBIX ITOMIPABOK, B PE3YJIBTATE TOJTYIHJICS TaK Ha3bIBACMBIH
«METOJ KOPPEKITNH aHAIIA3a):

X=X AWQUY’ ~ H(X), ¥ =y ~Q(y*~H (x")),
rne Y°(t) — Bexrop mabmomenmii, W= BHR?Y. Q= (HW+I)!. | —equanunsii

OIepaTop.
Iocne BeimonHeHus K onepanuii monararor X2 = xP,

141



Meton onTUMabHONW WHTEPIIOJSIIIMN B COBPEMEHHOCTH HAmOOJee MIHUPOKO
UCTIONB3YIOTCS JUIS OTIEPAIIMOHHOTO aHAIN3a JaHHBIX B 33Jla4ax MPOTHO3a MOTO Ik
Y ACCUMIJISIINU OKEaHOTpahUIECKUX JTaHHBIX.

OuwibTp Kanimana

OO6o6meHneM MeTofa ONTHUMAIBHOW WHTEPIIOJSIIIAKA  SIBIISICTCS  (PHIIBTP
Kanvana (Unscented Kalman filter — UKF) [6, 7]. PaccMoTpuM AMCKpETHYIO
MOJIeJIb B MPEANOIOKCHUN ¢¢ JUHEHHOCTH (T.6e. Mozenb (3)—(4) ¢ muHeHHBIMU
oneparopamu M; u H;). Kpome Toro, mosnaraem cymniecTBOBaHUE HEKOTOPOU OIIMOKH
MAaTEMATHYECKOU MOAENH 7)i:

X () =M (x'(t))+m, v =H (X' (t))+5
Ha ommOku HamararoTCs HEKOTOPBIE€ OTpPaHWUYCHHs, IoJlaraeM, 4To #i U & —
CIIy4ailHbIe BEKTOPHI pacHpenesieHHbIE M0 HOPMaJIbHOMY 3aKOHY TaKWe, YTO
Eni=E&=0 (HyneBble MaTeMaTHYECKHE OXKUJAHHUSI) W BCE€ OHU SIBIISIOTCS
HE3aBUCUMBIMH. KaK Ha KKJIOM IIIare, TaKk U B Pa3HbIX MOJCIISX.

Bces «nactpoiika» ¢unbTpa npoucxoaut 3a cuet Matpuil Qj, Ri u Pi:

1)  Qi=Exin' — xoBapuanuoHHas MaTpula OMIMOKHA MOJEIM, 33 CYUET
KOTOPON YBEIIMYMBACTCS «HEYBEPEHHOCTH» B OIICHKE COCTOSIHHMSI CHCTEMbI Ha
K101 utepanuu puiabTpa. Takxke 3Ta MaTpuIia, Mo MPUHIIMITY CBOETO YCTPONCTBA,
COJIEPKUT MHGOPMAIIMI0 O TOM, Ha KaKhe TNEPEeMEHHBIE COCTOSHUS B TMEPBYIO
ouepeib OyAyT BIUSATH OMIMOKH MOJIEIIH;

2)  Ri=Eeg" — xoBapranMoHHas MaTpHILA [IyMa U3MEPEHUH, Jallle BCEro
omnpezensemMas u3 0COOEHHOCTEN MpUOOPOB HAOIIOACHUH;

3) Pi m Pi* — kKoBapuanmoHHBIE MAaTPHIBI COCTOSIHHUS, OIPECIISFOIIIEC
«YBEPEHHOCTH» (UIBTPAa B OICHKE BEKTOpa COCTOsSHUA. B mporecce paboThI
JITOPUTMA TH MATPHUIII CAMOCTOSTEIIEHO KOPPEKTUPYIOTCS, OJHAKO MX HAYaIhHOE
COCTOSTHHE Yallle BCETO MPUXOANTCS 337aBaTh BpyuHyr0. KoBapraIrimoHHbIE MaTPHITBI
BekTOpoB (Xi — X'(ti)) u (X? — X'(tj)) Onpenensarorcs Kax:

T T
P =E(x—x(6)(x-X(®) , R*=E(¥ -x'1))(x" -x'()) .

Cam uTepalmoOHHBINA MPOIECC YCTPOCH TaKUM 00pa3oM, YTO €CIH B MOMEHT
BpeMeHH tj uMeeTcs nporuo3 coctosuus cucreMsl X'(t) u Pi, a Taxke nadopmanys
0 JJAHHBIX HAOIOIeHNI B MOMEHT BpeMeHH ti+1 — YO(ti+1) ¥ Ri+1 TO 1714 crenyromero

MOMEHTA BPEMEHHU II0JY4aeM Ha BBIXOIE COCTOSHUE CUCTEMBI X'(tir1) ¥ Piy. Jliis
ATOTO MCTIOIB3YETCS METO/I TMOCIIEI0BATENbHBIX MOMPABOK B (hopme:

X = Mi_l(xf‘_l), X' = X; +Ki(yi°—HiXi),

1
rae: Xi = X(t), X — uckoMas Ha IIare UTEpalMU OLEHKA, Y — BEKTOP MAaHHBIX
HaOmonennii, K;j — BecoBoil omepaTop (MaTpulibl), HOCSIIUN UMS «yCUJIIEHUE
Kanmanay.
Ha kaxmaoM 1rare oTcie:KMBaeTCs IBOIONNS KOBAPHUAITMOHHBIX MaTpuIl P; u
i®, KOTOpbIC B TPEANOJIOKESHUN HE3aBHCHMOCTH OINMMOOK BBIPAXKAIOTCS dYepe3
BXOJIHBIE JJAHHBIE, KAK:

Pi:Mi—lpi:MiT-l"'Qi_l, Pia:(I_KiHi) i(I_KiHi)T_KiRiKiT'
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Tak kak Pi® BbeIpakaeT NOJYyYEHHYIO OIIMOKY OIICHKH COCTOSIHHS CHCTEMBI,
(GYHKIIMOHAJIOM OMMOKA J MOXXHO CYHMTaTh MEPY IMOTPEIIHOCTH CJela JTaHHON
MaTpuisl trlP:

J =trP?* =trE (x* —x'(t;)) (%7 — (t))
JlocTuraThcst HEOOXOAMMOE 3HaUCHHE OyAeT pu ycuinennu Kaimana
K, =PH/ (HiPiHiT +Ri)71
[Ipu noacTaHOBKE TaKOTrO YCHIIeHUs popmya s Pi® mpuHUMaeT BUI:
R :(I _KiHi)Pi-
Takum o6pazom, ¢unsTp Kammanma — amroputM o00pabOTKH aHHBIX,
COCTOSIIIAK W3 JABYX IMOBTOpSIOMUXCS (da3: npedckazanue U Koppekmuposka. Ha

KaKJIOM IIIare JAeTCsI OICHKA BEKTOPA COCTOSIHUS X'
Ha sramne «npec)cms’auuﬂ»:

=M, (%)
=MP°M| +Q,
MOJIYy4aeTCsl COCTOSIHUSI CUCTEMbl B MOMEHT BpeMeHH t+1 ¢ ydeToM HETOYHOCTH
MaTEMAaTUUYECKOU MOJIEITH.

Ha cnenytomem mare «koppexmuposxay uHdopmalys HOBOTo HaOIIOACHUS

KOPPEKTUPYET TpEICKa3aHHOE 3HAYCHUE TAKXKE C YUETOM HETOYHOCTH JaHHBIX
HAOJIFOIEHUS.

P

i+1 T

=P HT

i+1 i+1° Vil

K (Hi+1Pi+lH|T¢—1+ R|+ZI.)

X|+1 = X|+1 + K|+1(y|+1 H|+1X|+1)
R =(1-KiHiy)R

i+l i+1

Kpome Toro, ecnu B Kakoii-TO MOMEHT BpEMEHHU HET HaOJI0eHU, To 6e3 yiiepOa
MokHO monokuTh Hi=0 m Kij=0, TeM caMplM HOJHOCTBIO IIOJIarasch Ha
MaTEMaTUYECKYIO0 MOJIEIb.

3akioueHue

B pabGore Oblm maH KpaTkuil 0030p METOAOB ACCUMWJIALIMM JTaHHBIX
HAONIOCHUM B MaTEMaTHYECKUX MOJEIAX TeO(OU3UIECKON THUIPOIUHAMUKH B
MOPSIZIKE X TOSIBJICHUS U pa3BUTHA. OJHUM U3 CAMBIX YaCTO MCIOJIb3YEMBIX — 3TO
bunsTpy Kanmana. Ciaemxyer 3aMeTUTh, 9TO ATOT aJITOPUTM OBLT OMTHUCAH JIUIIh IS
JUHEUHbIX Mojened. OJIHaKO, CYIIECTBYIOT pa3iudyHble MoAupUKaAINN QUIbTpa
Kanmana 1151 HEIMHEIHOTO Cilyvas, HalpuMmep, «paciupeHHbii puiastp Kanmanay
(Extended Kalman filter — EKF) [8, 9], koTopslii TuHEapU3yeT UCXOAHYIO MOIEIb
OKOJIO HEKOTOPOTO M3BECTHOTO COCTOSTHUS WA «aHcambOieBblid GpuiabTp Kammanay
(Ensemble Kalman filter — EnKF) [10, 11], B OCHOBE KOTOPOIO JICKHT
MCIoJIb30BaHue MeTtoaa MoHnTte-Kapio Ha KaxaoM mare.

Henw3st HEe ynmomsiHyTh W €Ile OJHY IIMPOKYI0O M HE MEHEe MOMYJISIPHYIO
TpynIy BapUaAllMOHHBIX METOJOB, B YAaCTHOCTH, BCTpPEUYaeMoOe B 3ajaydax
ACCUMUJISIIMU JTAHHBIX TPUMEHEHHE METOJO0B ONTHMAJILHOTO YIPABICHUS IS
MHUHHAMH3AIUHA HEKOTOPOro (yHKIMOHAA, CBA3aHHOTO C JTAHHBIMU HAOIOJCHUH.
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OpnnHako, onucaHue JaHHBIX METOJI0OB OYEHBb OOITUPHO M BBIXOIUT 32 PAMKH JaHHOU
paboThI.
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HNPUMEHEHUE INEKTUHOBBIX BEHIECTB ITPU ITPOU3BOJACTBE
HOJTYDPABPUKATOB JJIMTEJBHOI'O CPOKA XPAHEHUS
3.H. XarTko, M.A. Tamaxuna
tamahinamariya@mail.ru
Matixonckuii 2ocyoapcmeenbiil MmexHoI02ULeCKUll YHusepcumemn,
Poccus, 2. Maiikon

Annomayusn. B oannou cmamve noxkazana nepcnexmugHoCms npou3eo0Ccmed
3AMOPONCEHHBIX NONYDaAdpUKamos Onsi NOJYHUeHUs C0YCo8 QYHKYUOHAILHOZO
HazHadenus.. Aemopamu npeonrazaemcsi KOHCMPYUpPOB8AHUe HOB020 COycd,
obnaoaiowezo npeumyuecmeeHHbIMU NPUSHAKAMU NO CPABHEHUIO C KAACCUYECKUM
MOMAMHBLIM ~ COYCOM.  OONbWULL  CPOK  XpAHEHUs;, CcoO0epicanue NeKmuHda,
npuoarwe2o QyHKYUOHAILHYIO HANPABIEHHOCHb.

PannoHanpHOE  IPUPOAOINOIB30BAHHE  IOAPA3yMEBAET  HKOHOMHOE
pacxoJloBaHUE TMPHUPOJHBIX OOraTCTB W BEJACHHUE HWHTEHCHUBHOIO XO3SIMCTBA,
XapaKTepu3yrolieecs: TPUMEHEHUEM HAyYHbBIX JOCTHKEHUN. AKTyaldbHBIM OYIET
CO37[aHME TAKHUX IMUIIEBBIX MPOIYKTOB, KOTOPbIE 00JIaJal0T BHICOKOW MHINEBOU U
OMOJIOrMUYECKOH LICHHOCTBIO M UIMEIOT JIOJITHM CPOK XpaHEHUS.

C coycoM camoe mpocToe O0J0 CTaHOBUTCS sipue U BKycHee. Coychl
AKTHUBHO HCIIOJB3YIOT KaK Ha MPEANPUSITUSX OOIIECTBEHHOIO0 MUTAHUSA, TaK U B
JoMmalHuX ycinoBusix. Ho He Bcerna xBataer BpeMEHH, OCOOCHHO JJI CIOYKHBIX
COyCOB Ha OyJbOHE, MO3TOMY aKTyaJbHO OyJIeT HCIOJb30BAHUE T'OTOBBIX
nonypadpukaroB. I[IpuMeHeHHe 3aMOpPOKEHHBIX MOIy(HaOpPUKAaTOB MO3BOJSET
YCKOPUTH OTJauy OJII0J, ONTUMHU3HPOBATH PAOOUYMI MPOLIECC, @ TAKKE YBEIUYUTh
CpoK xpaHeHuss mnponaykra. Ilepenq mnomadeit coyc TpeOyeTr MUHHUMAaIbHOMN
KyJIMHapHOU 00paboTKH.

B Hame Bpemsi akTyaJlbHbIM OCTa€TCs BONPOC HEXBATKU 3JIEMEHTOB U
BUTAaMHHOB B paIlMOHE YesoBeka. Pemenuem siBisercst PyHKIIMOHATbHOE MUTAHUE -
WCIIOJIb30BAaHUE  HATYPAIbHBIX  MPOAYKTOB, OOOTAIIEHHBIX  OWOJOTHYECKU
akTUBHbIMU dieMeHTamMu [3]. Coychl MOryT CHYKUTh OCHOBOM JUIsI TaKOro
npoaykra. Torma, moMumMo ymoOCTBa HMCIHOJIB30BAHUS U COXPAHEHHS BPEMEHH,
3aMOpPOKEHHbIE TMOMy(HaOpUKaThl MPUHECYT JOMOJHHUTEIBHYIO TMOJb3Y, TaK Kak
CTaHyT MPOJIYKTOM C (PYHKIIMOHAIBHOW HAIIPaBIEHHOCTHIO [5].

Llens npoekTa - pa3paboTKa peuenTypbl 1 TEXHOJIOTHH MEKTHHOCOAESPKALTUX
3aMOPOKEHHBIX TOMATHBIX MOJYy(PaOpUKaTOB BBICOKOW CTENEHH TOTOBHOCTH IS
COycOB (DYHKIIMOHAJIbHOTO HAa3HAYEHUS.

3amaun:

1) u3yueHue acCOpTUMEHTAa UCCIEAYEMOM TPYMIIbI TPOIYKTOB;

2) 000CHOBaHKE BHIOOPA CHIPHS ¥ (PYHKITMOHAIIBHOTO KOMITOHEHTA;

3) mpoOM3BOACTBO OMNBITHBIX O0pa3llOB, CpPaBHEHUE pPAa3HBIX TEXHOJOTH
MPUTOTOBJICHUS;

4) aHanmM3 OPTaHONENTHYECKUX U (PHU3UKO-XMMUYECKUX MTOKa3aTeseH;

6) BEIOOP ONTUMAJILHOM PEIENTYPHI ISl MPOU3BO/ICTBA MOTY(HaOpUKATOB.

145



ToMarHbI COYC - OBOLIHOM COYC Ha OCHOBE ToMaToB. [lomaérca x campim
pa3HO0Opa3HbIM OJIF0JIaM: OBOILHBIM, MSCHBIM, PBIOHBIM [4]. WMeer mupokoe
pacrnpoCcTpaHEHUE B CTPAHaXx, /i€ BhIPAIIMBAIOT TOMAThI, IO3TOMY XapaKTEepEH s
UTAJbIHCKOM, HCIIAHCKOM, MEKCHMKAHCKOH, TpeuecKoi, Oolrapckol W JIpyrux
KyXOHb. M3BecTHbIE COYChl — TPY3MHCKUN caiedenu, UTaIbIHCKUI OOJOHbE3E,
MEKCHKaHCKasi cainbca. B pa3pabarbiBaeMblii COCTaB coyca BKJIIOYEHO MECTHOE
pacTUTENBHOE ChIphE, OOECMEUMBAIOINIEE IOBBIIICHHBIH YPOBEHb IOJIE3HOCTH.
XUMUYECKUI COCTaB TOMATOB XapaKTEPU3YETCsl BHICOKUM COJIEpKaHUEM OEJIKOB,
yIJIeBOJIOB, BUTAaMUHOB (A, Bg, C), Makpo- (Kanuid, KajablUil, MarHui, HATPH,
docdop) m MHKpOdTEMEHTOB (KOOaIhT, MapraHer, MmonubaeH, ¢top). Coyc Ha
OCHOBE TOMATOB MOXET MCIOJIb30BAThCS U KAK CAMOCTOSITEIbHBIN, U B KaueCTBE
0a30BOro I MPOU3BOACTBA APYTUX COYCOB. DYHKIIMOHAIIBHYIO HAIPaBIEHHOCTb
coycaM CIOCOOHBI TMpUJATh TEKTUHOBBIE BEIIECTBA —  MOJUCAXaPUIbI,
YHTEPOCOPOCHTHI, MPAKTUYECKU HEYCBAWBAIOIIMECS IMUILIEBAPUTEIHLHON CHCTEMOMN
4elioBeKa, HO CTaOWIM3UPYIONIME OOMEH BEIIEeCTB, CHUXAIOIIUE YPOBEHBb
XOJIECTEpUHA W TJIOKO3bl B KPOBHU, BBIBOJSIIME COJM TSKEIBIX METAUIOB U
TokcuHbl. CyTOYHasi HOpMa IEKTHMHOBBIX BEIIECTB cocTaBiser 2.4 1 (s
AKOJIOTUYHBIX TeppuTOpuid) U 16...25 T (117151 3arpsI3HEHHBIX ).

[Tonb3a mekTHHA AJI1 OpraHu3Ma HeolleHHMa. SIBISASICh COPOECHTOM, CBOEH
MOBEPXHOCTHIO pACTBOpUMAsl KJIETYaTKa JTOTO BEHIECTBA COOMpaeT NUIAKH,
TOKCHHBI CO CTCHOK KUIIIEYHUKA U MSITKO UX BBIBOAUT. IMEHHO 3a 3TO CBOMCTBO €0
Y TIPO3BAIM «CAHUTAPOM OPTaHU3MAY.

Coychl, CO3JaHHBIE Ha OCHOBE DPBIOHBIX, MSCHBIX, OBOIIHBIX M TPUOHBIX
OyJbOHOB, @ TaK)K€ TOMATHOM MacThl MOXKHO 3aMOPaKMBAThb. 3aMOpaKMBaHHUE U
XpaHEHHE B 3aMOPOKEHHOM COCTOSIHUM OTPUIIATEIBLHO CKA3bIBAIOTCS HAa KA4ECTBE
COYCOB, KOTOpbIE MPU Pa3MOPAKUBAHUU HMEIOT TEHICHIUIO K PaCCIanBaHUIO.
[ToaToMy  HEoOXOmMMO  pa3paboTaTh  TEXHOJIOTMYECKHE  PEKOMEHIAIUH,
MO3BOJIAIOIIME YCTPAHUTh 3TOT HEAOCTATOK. Bce CcOoychl H3roTaBIMBAIOT C
BHECEHUEM 3aryCTUTEJEH, KOTOpbIE MPEMATCTBYIOT PACCIOCHHUIO COYCOB TOCIIE
pPa3MOpaKUBAHUA.

B uccnenoBanuu u3ydanu TpU BUJA MEKTHUHA - UTPYCOBBIN, SOJIOYHBIN, U
nektiH NH (TepmooOpatumslii) (puc. 1).

a o 6
Puc. 1. Ilextunsl: nuTpycoBsiit (a), s6mounslii (6), NH (B)

[IpurotoBunu 1% NEKTUHOBBIE PACTBOPHI U Ha KOHIYKTOMETPE HM3MEPHUIIN
NOKa3aTell PacTBOPEHHBIX BemecTs (Tabu. 1).

Kax noxa3biBatoT naHHble Tabi. 1, oAHONPOIEHTHBIA pacTBOp nekTrHa NH
ABJISIETCA KOHIEHTPUPOBAHHBIM.
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Tabnuua 1
CreneHb MUHEPATH3AIUN IICKTHHOBBIX PACTBOPOB

Bun nextuna CrerneHb MUHEPATH3AIIH, MT/JI
[utpycoBblit 177
S06109HbBIH 404
NH 885

B cocraB coyca BxomAT TomaThl, COJb, caxap. TomaTel OJaHIIUPYIOT,
YIAIAIOT KOXKHIYy W Hapes3aloT. B mpormecce NPUTOTOBICHUS TPUMEHIIA JBa
croco6a - U3MENbYUTh Hape3aHHbIE TOMATHI OJIEHAEPOM J10 OJTHOPOTHOCTH JI0 BapKU
(a), WM TOBECTH HApE3aHHBIC OBOIIM JI0 KUIICHUS, U3MEIBUUTHL OJieHaepoM (0), u
IPOAOKUTE BapKy (pHC. 2).

Puc. 2. O6pa3ubl ¢ pa3HOM TEXHOJIOTUEH PUTOTOBICHUS

Kak moxaspIBalOT JaHHble puc. 2, oOpasel, JJig MPUTOTOBJICHHUS KOTOPOTO
TOMAaThI U3MENTbYAIU 0 BapKH, TEPSET IBET. Jlanee mpon3BoAcTBO 00pa3ioB OyaeT
OCYILIECTBIISATHCS MO BTOPOU TEXHOJIOTHYECKOU CXEME, YTOObI COXPAHUTh SIPKOCTb.
bazoBas penenTypa npencraBieHa B Tadm. 2.

Tabmnura 2
bazoBas perientypa ToMaTHOTO coyca

HaumenoBanue Macca HeTTO, T
Tomatsl 500
Caxap 25

Counnb 5
Macno papuaEpOBaHHOE 3

B xome paboThl cpaBHUIM JBa crnoco0a BHeceHUs! (YHKIIMOHAIBHOTO
KOMITOHEHTa B cOyC. B mepBoM ciydyae MEKTHH CMENIMBAIN C CaxapoM U BOJIOH H
OCTaBJSUTM Ha Tojdaca Jig HaOyxaHus (puc. 3), MOJYyYEHHYIO CMECh BBOAWIN B
KUISIIKMA coyc. Bo BTOpOM ciyyae MEKTMH CMELIMBAIU € caxapoM (puc. 4) u B
CYyXOM BHJIC 3aChINAJId B COYC TOHKOW CTPYWKOM, HEMPEPHIBHO TTOMEIIMBAs, YTOOBI
HE JIOMYyCTHTh KOMOYKOB. TakuM oOpa3zoMm, Mbl moiyuusiu 7 oOpasuos: 1 - mo
6a30Boi1 perienType (KOHTPOJb); 2-4 00pas3Ilhl - C IPEABAPUTEILHBIM 3aMaYBAHUEM
nekTuHa (TpU BUJA: IUTPYCOBBIA, si0ouHbIA, NH); 5-7 o0pasipl - ¢ cyxum
MEKTUHOM (U TPYCOBBIH, 10109HbINA, NH). Kaxkas1it 06paser Bapuian 10 moTydeHus
HEOOXOMMMOW TycTOoW KoHcucTeHIMK (Tabn. 3). B kaxaom wu3 o0pasioB
COJZICP’KUTCS TI0 S5 T TIEKTUHA.
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a o 8
Puc. 3. IloaroroBneHHbIi HAOYXIIMIA IEKTUH AJI IEPBOTO CIIOCO0a: IUTPYCOBBIH (a),
si01ounbIif (6), NH (B)

a o 8
Puc. 4. [TonroToBICHHBII CMEMIAHHBIN C caxapoM MEKTHH JIJIsi BTOPOTO CIiocooa:
UTPYCOBBIH (), si6mounbIii (6), NH (B)

Tabmuna 3
TexHoIornuecKne XapakTepuCTUKH MPOU3BOJICTBA COYCOB
[Tokazarenn XapakTepuctuka 00pa3ioB
0a30BbIii C HaOyXIIMM NEeKTHHOM C cyXxuM NEKTUHOM
(xoHTpONB) | UTpyC | sibmounbnii | NH uuTpycoB | si06mounbii | NH
OBBIN BIN
Bpewms 40 95 55 35 40 40 40
BApKH, MUH
Brixon, % 42 49 49 32 58 58 42
Tabmuma 4
OprasnonenTuyeckre noka3aTesnu
XapaKkTepucTHKa OpraHoyienTu4ecKre moKa3aresin 00pasios
00pasioB Brenruuii sun IIBeT 3amax Bkyc Koncucrennmsa
1 (6a30BBIN) macca KHCJI0- HEOIHOPOIHAS,
KOMOYKaMH CITaIKni OTXOJUT
KHJIKOCTb
2 reneo0pazHbIN OJTHOPOIHAS,
coyc JKHJTKAsT
3 reseo0pa3HbIf OJTHOpPO/THAS,
coyc JKUIKAS
4 MmopeoOpa3HpIil | OPAHXKEBO- | OCHOBHOI'O | cJiaJKOBAThIM OJIHOPOJIHAS,
coyc KpaCHbIN KOMITIOHCHTAa rycras
5 reseo0pa3HbIi - TOMata KHCIIO- OJTHOPOJTHAS,
coyc ClaKuil KUIKAsS
6 resieo0pa3HbIi OJIHOPOJIHAS,
coyc JKUJIKAs
7 mopeoOpasHbIi CJIJIKOBAThIN OJTHOPO/THAS,
coyc rycras
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Kak moxaspiBatoT naHHbie Tabna. 3, oOpas3mpl C BHECEHHEM IMEKTHHA I10
BTOPOMY CHocoOy, OBICTpee MOJy4aroT HEOOXOAUMYIO T'YCTYyH KOHCHCTEHIIMIO,
CJIeI0BaTeNbHO, BPEMEHHM Ha MPOU3BOJCTBO 3aTpayuBaeTcs MeHble. Tak ke, mpu
BTOPOM crmoco0e BbIxoa (Macca), TmoiiydaeTcss OoJibllie, YTO IO3BOJISIET
MUHHUMU3UPOBATH MOTEPU MPHU TEIJIOBOM 00paboTKe.

CpaBHHMBaeM OpraHoJeNTHUYECKUE [OKa3aTeau IMOJIYYEHHBIX 00pa3loB
(Tabm. 4).

Kax moxaspiBatoT manHbie Tabm. 4, obOpasen Nel (mo 6a3oBoil permentype)
UMEET HEOTHOPOIHYIO KOHCUCTEHITHIO ¢ paccioeHueM. O6pasibl 4 u 7 (C MEeKTUHOM
NH), oTnuyaroTcst — UMEIOT OYEHb I'YCTYIO HETATYUYI0 KOHCUCTEHITHUIO.

[Tomyuennbie 00pa3ibl 3aMUBalId B KBaJIpaTHYIO (HOpMY U 3aMOpaKMBaIU

(puc. 5).

Puc. 5. 3amoposxennsie nonyhadpukatst (1-7)

Hanee coycbl moaBepriau AedpocTali MpH KOMHATHOW TemImepaType.
OOpa3sipl C MEKTHHOM COXPAaHWIN CTPYKTYPY, HE PacCIOWIUCh (puc. 6).
[TpoBenu cpaBHEHHE (GU3UKO-XMMHUSCKUX MOKa3aTenel (Tad. 5)
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Puc. 6. ITonyueHHbie 00pasipl mocie pasmMopaxuBanus (1-7)

Tabmuna 5
dusuko-xuMuueckue mokaszarenu [1], [2]

[Tokazarenn ITo XapakTepucTuka 00pa3ioB

IoCT17471- 1 2 3 4 5) 6 7

2013

pH - 3,57 3,44 3,37 3,71 3,27 3,33 3,52
Cyxue 17-29 19 22 21 15 19 19 12
BelecTna, %

Kak mokaspiBatoT ganHble TabII. 5, Bce MOTydeHHBIE 00pa3ilbl COOTBETCTBYIOT
Jana3oHy COJEPKaHUsI CyXUX BEIIECTB.

BeIBOgpI: OAMH W3 OCHOBHBIX TMPUHIIMIIOB TIPH KOHCTPYHPOBAHUU
(GYHKIMOHATBHOTO MPOIYKTA MUTAHUS — TAKOW MPOAYKT JOJKEH yHOTPEOISITHCS
yacto. [loaToMy B KadecTBE OCHOBBI HCIIOJIb3yeM TOMATHBIH COYC, KOTOPBIH
MPUMEHSIETCS K Pa3IMdHbIM  OJI0JlaM, U MOXKET MCIOJIb30BaThCs M Kak
CaMOCTOSITENIbHBIN, M KaK OCHOBa IS TPHUTOTOBJICHHUS JIPYTUX COYCOB, IPH
n00aBJICHUH B COCTaB JIPYTUX UHTPEIUEHTOB. Pa3HOE MPOUCX0XKICHHE IEKTUHOB U
Croco0 BHECEHUS BIMSIET HA KOHCUCTEHIIUIO, BpeMsI TPUTOTOBJICHHS U TIOTyYEHHBIN
obbeM, a 1BeT, apomaT W BKyc uaeHtuueH. llektun NH maer camyro ryctyro
KOHCHUCTEHIIUIO, CJIEIOBATEILHO, MOXKET TPUMEHSATHCS TIPU TIPOU3BOCTBE COYCOB,
HO B TOpa3I0 MEHBIICH [0JIe OTHOCHUTEIBHO IIMTPYCOBOTO U SOJOYHOTO.
PexoMeH0BaHHBIM CcIOCOO BHeCeHMs — B (Qopme mopomka. Tak ke,
OpPraHoJIENITUYECKUH aHaIn3 o0pa3IloB nocie AedpocTalyuy moKasai, 4To 0opasell
0e3 ¢dopmMooOpa3oBaress pacciaMBaeTCs, TOTJa Kak OCTalbHbIe 00pasubl (2-7)
OCTalOTCS OJHOPOAHBIMU. B manmpHelieM, IpoayKT PEKOMEHIYEeTCs BBITyCKaTh B
dbopme Opukera B BakyymHOW ymakoBke. Crommocth mopruu (250 rpamm)
cocrasisieT 60 pyoneit.
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[TomydyeHnnsie  3amMOpOXeHHBIC TONyhaOPUKATEI HUMEIOT  CIEAYIOIIHE
MPEUMYIIECTBRA:

1) mmpokoe mnpuMeHeHHEe (MpU JOOABJICHHH BKYCOBBIX HWHIPEIAMCHTOB
JIMHEHKa COYyCOB paCIHI/IpI/ITCSI);

2) NOATHI CPOK XpaHEHHs 0€3 UCIIOIb30BaHUS KOHCEPBAHTOB;

3) byHKIIMOHATBHYIO HAIIPaBJICEHHOCTh, TaK KaK IIPH YIOTPEOJICHUH TTOPITUU
yenoBek noaydaeT 30 % oT cyTO4HON HOPMBI ITEKTHUHA.

Cnmcok Jureparypsbl
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YIK: 550.343.3+550.34.016

3AKOHOMEPHOCTHU PA3BUTUSA KIJACTEPOB CBPOCOB
B OFC MOJIEJIN 3EMUIETPSICEHUI
A.C. Yepenanuesn
s6319a@mail.ru

FOorcnviii pedepanvuviii ynusepcumem, Poccus, e. Tazanpoe

BBenenue. Mogens  3emnerpsicenuss  Onamu-®enepa-Kpucrencena
(OFC) [1], BeposiTHO, sBiIsSICTCS HaWOOJIEe W3YYCHHOH HEKOHCEPBATHBHOW W
OJIN3KOM K MOJIENI CaMOOPraHU30BAHHOI'O KPUTUYECKOTO cocTossHUs. [IpocTelimas
OFC Mozenb MOXXHO TIOCTPOUTH B OTHOMEPHOM citydae. [Ipu 3Tom moens Bechbma
HETPUBHAJIbHA 1K€ B OJJHOM M3MEPEHHUH, & HEKOTOPBIE €€ CBOMCTBA aHAJTOTUYHBI
IBYXMEpHOW Bepcuu. Tak ke, Kak B JBYX U3MEPEHUSX, POopMUPYIOTCS OOJbIINe
CUHXPOHU3UPOBAHHBIE O00JIACTM W NPUCYTCTBYET (PYyHIAAMEHTAIBHOE pa3linuue
MEXIy JJaBUHAMH, BI3BAHHBIMHU Ha TPAHUIIAX, M JIABUHAMH, BO3HUKIIIUMH TITyOOKO
BHYTPH CUCTEMBI.

Mopens OFC mnpencraBisieT co00il TUCKPETU3UPOBAHHYIO M YIIPOILICHHYO
Bepcuto Mojenu 3emierpsicenudt beppumxka-Kuonodda [2]. B omnomepHoi
cucTeme, cocrosiei u3 L y3i10B, 3T0 onpenensieTcs caeAyomuMe npaBmwiamu [3]:
Ha KaxjaoM y3ie 1=1,..., L ompexaenseTcs HenpepbiBHAs MEPEeMEHHas Z, KOTOpas
MPEACTABIISACT JOKAIbHYIO SHEPrUi0. DHEPrus Ha BCEX ydacTKaxX YBEIMYMBACTCS
PAaBHOMEPHO C INOCTOSHHOW CKOPOCTBIO, KOTOPYHO MOXHO onpenenuts 1. Korma
SHEPIUsl Z MPEBBINIAECT TOPOTOBOE 3HAYEHUE Z¢, KOTOPOE MOXKHO 0€3 OrpaHu4YeHUs
OOLIHOCTH BbIOpaTh paBHBIM Z=1, 3HEprus Ha 3TOM y3Jie cOpachIBaeTCs B HOJIb, B
TO BpeMsl Kak JBa Oimxaliux coceda (WJIM €IMHCTBEHHBIM COCEl, €CIIM MECTO
cOpoca sBIMETCS TPAaHUYHBIM) TOJy4YarOT mpupamieHue oZ,. Ilapamerp o-
eAMHCTBEHHBIN mapameTrp mozaenu, o.e(0, 0.5). JlaBunooOpa3HbIi Tiporiecc copoca
SHEPIUM B y3JaX ONPENENIeTCS TEM, YTO €CIIM SHEPIusl B y3Jie CTAHOBUTCS BBIIIE
1Opora, TO SHEPTHsl y €ro COCeIe CKAYKOM YBEIMYMBAETCS B COOTBETCTBHH C TEM
K€ TpaBUIOM M Takxke MoxeT copocutbes B 0 u 1.1. «Pazmep» gopmupyemoit
JIABUHBI S OMpENENsSeTCsl KaK KOJIMYECTBO COOBITUN OMPOKUJIBIBAHUS BO BpeMs
MOCJIEIOBATEILHOCTH CBSI3aHHBIX cOpocoB. [locie Takoro 3emiieTpsiCeHUs: SHEPTHS
CHOBa YBEJIMYMBACTCS, TIIOKA CIEAYIOIIMM y3el He JOCTUTHET TMOopora,
BBI3BIBAIOIIIETO CIEAYIOLIEE 3EMIIETPSICEHUE, U T. 1.

C uenpl0  BBIACHEHHS]  BOMPOCA  BBISBICHHBIX  3aKOHOMEPHOCTEU
dbopmupoBaHus HAOIIOIAEMOTO CTETIEHHOTO pacipeiesieHus JIABUH 110 pa3MepaM B
OFC Mozenu B pa3IMuHbIX PA3MEPHOCTSIX IPOCTPAHCTBA CETKH Y3JI0B, PACCMOTPUM
MOBEJAEHUE MOJIETU B IPOCTENIIIEM OJTHOMEPHOM ClTydae.

Pacnpeeenne cpeaHero uncia copocos Ha cerke. IlycTs zf - 3HaueHMe

sHepruu B i-oM y3ie (i1=1,...,N) mocie K mpuparienuii SHepruu Bo BCeX y3JaX CETKH.

B sToMm ciyuae K siBisieTcst mapaMeTpoM BPEeMEHHU IBOJIIOIUH cHcTeMbl. COCTOSTHHE

Zik MOHO OIIPEACINTb COOTHOIMCHUCM:

78 = 20 + AF -k —nfF, + aF, (nik_1+nik+1), i=2,.,N-1, (1)

152



zlk :zf+AF-k—n1kFC+ochn'2‘, z',i, =23 +AF'k—n,'§,FC+ochn,'§,_1.

3nech AF - mpupalleHHe CUIbBI Ha OJHOM LIare UTEpalHd, h¥- 4Yucio
cOpocoB, mpon3omienieM B i-oM y3ie 3a K urepanuii, F, - moporoBoe 3HauCHHE

DHEPTUH, o - TapaMeTP CBSI3U COCEAHUX Y3JIOB.

CootHowenue (1) onmpenenser sl TPaHUYHBIX Y3JI0B YCIOBHUE OTKPBITOM
cucteMbl. B Takoil cucreme nuccumanys SHEPTrUM MPOUCXOAUT HE TOJBKO IPH
cOpoce oTeNbHOrO y371a AZ = (1— 20c) F., HO 1 3a cueT y/IBOCHHOH IOTEPU SHEPIUH

JUISl TPAHUYHBIX Y3JI0B AZ, = (l— oc) F..

Cnenyer 3ametuth, uTo (1) sABIsieTCSs NPUOIMKEHHBIM COOTHOIIICHUEM,
NPEANoJaraloliiM, 4YTO BEJIWYMHA COpachIBA€MOM SHEPIUM MpPU IPEBBIICHUU
IIOPOTrOBOr0O 3HAYCHUs OIM3Ka K BenuunHe F; .

CootHomienue (1) MOXHO Tiepenucarh B BUJIE:

(nik+1—2nik +nik_1>—1_aza nk :ociFC<Zik ~2) —AF-k), (2)
<n|2<_n:|L()+(x_—ln]|-(:_AF-k, (nKI_nKl_l)_Oc—anI:AF-k.
o

ak; ok,

JInst olleHKM pacmpenesieHus: cOpOoCcCOB Ha pemieTke, (2) mpeAcTaBUM Kak
Pa3HOCTHOE IMPEJICTABICHUE YPaBHEHUS JIUIS HEMPEephIBHOW mepeMeHHoi N(X), rae
X - KOOpAMHATA y3J1a Ha OJTHOMEPHON PEIIeTKE:

1-2a
- n=B, 3)
(04
l1-a

n'(0)- - n(0)=B, n’(L)+Tn(L):—B.

n”

3nech B=— AF -
o-F

C

. Takoe HpI/I6J'II/I)KeHI/Ie CACIIaHO HCXOOA K3 YCIIOBHA, YTO

npu k >>1: AF -k >>‘zik —zio‘.

3amMeTuM, 4TO B CIy4ae NPOCTPAHCTBA pelieTKH d >1 ypaBHEHUE CBOJIUTCS K
YPaBHEHUIO BJUIMITUYECKOro TUMNa (YpaBHEHUIO |'€IbMrosibla) co CMEUIaHHBIMU
IPAHUYHBIMU YCIIOBHUSIMU.

AHanutndeckoe perieHue (3) MoxKeT ObITh IPEACTaBICHO B BUIC (PYHKIIMHU:

1—2a(ﬁ Lj
ch X——
noq__Z—Ba.AF-k. o N ( o 2 (4)
1-2a o -F |1-2a 1‘2“ush45 1-2a +1—aChAE 1-2a
o 2 o o 2 o

Ha puc.l mnokazaHo pacmpeseneHue dYucia cOpOCOB BAOJIb CETKH n(x,oc) B

COOTBETCTBHH C (4) U MPUBEICHO COOTBETCTBYIOIIEE PACIPEACICHUE, MOJTYYCHHOE
npu pacuere moaenu OFC B 1d cayuae.

bnu3octe 3KCHEpUMEHTANBHOM KPHUBOM U TEOPETHYECKOW YKA3bIBAIOT Ha
aJIeKBaTHOCTD MPEIJIOAKESHHON CXEMBI OIIEHKH (4).
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Puc. 1. Pacnpenenenme umcima cOpocoB B coOTBeTCTBHU C (4)
pacueTHas B MOJIEJNM 3aBUCUMOCTb IpU Pa3IMYHbIX 3HAUEHHIX

nmapamerpa o.. L=70, T=200 (T =k - AF/F,).

Poct umcna cOpocoB ¢ yBeIWYEHHUEM IMapaMeTpa CBS3M O CBsI3aH C
YMEHBIIEHUEM JIMCCHUIIALMN SHEPTUU NpH yBeaudeHuu o AE = F. (1—20L). 210

IPUBOJUT K HEOOXOAUMOCTH OOJIBIIEr0 YHUCia aKTOB cOpoca Kak OCHOBHOIO
MEXaHU3Ma KOMIIEHCAIIMK IOCTYMAONIEl B CUCTEMY 3HEPrUU B CTAllMOHAPHOM
pexXUMeE.

Pa3nuuHas ckopocTh NPUPAILLIEHUS SHEPTUHU ISl COCEAHUX STYEEK XapaKTepHa
JUISL TIPUTPAHUYHBIX OOsiacTeid. DTa 3aKOHOMEPHOCThH MOBBIIIAET BEPOSITHOCTD
OTHOCUTEJIBHBIX 3HAYEHUW SHEPTUH B COCETHUX y3J1aX B IPUTPAHUYHBIX 00JIaCTSX,
JOCTATOYHBIX JUIs1 (GOPMUPOBAHMS KJIACTEPOB U UX JanbHeiero pocra. Ha puc. 1
nokaszaHa HadajgbHas oBomonus wmomgenun OFC B 2d  mpoctpaHcTBE  C
dbopMHUpOBaHHUEM KJIACTEPOB B IPUTPAHUYHBIX O0JACTSIX PEIICTKHU.

Oco0eHHOCTH TEepPexXoqHOr0 pexuMa K CTANUOHAPHOMY COCTOSIHUIO B
OFC monenu Ha ceTKax pa3jiMYHON Pa3MepPHOCTH

Hnst ananmuza nosenenuss OFC wmonmenu npu (GOpMUPOBAHUU KAPTUHBI
YCTOWYMBOI'O CTENIEHHOTO PACIPEAEIIEHHs PACCMOTPEHO Pa3BUTHE KJIIACTEPOB JIaBUH
Ha pelIeTKax pa3iMyHoN pa3MmepHocTH. Ha puc. 2 mpeacTaBieHbl 3aBUCHUMOCTH
BPEMCHHM JOCTHIKCHHSI cOpoca OT ero pa3mepa s pasmepHocT cetku 1d, 2d, 3d.
Hmeromuecs faHHbIC yKa3biBaloT, 4To 2d v 3d Moien 7eMOHCTPUPYIOT CTEIICHHYIO
(YHKUHIO TUIOTHOCTH paCTIPEEICHHs pa3MepOB COPOCOB C MOKa3zaTesieM, OJTM3KUM
K 2. [Ipu sTom B 1d Momenu mpeaesibHOE CTEIIEHHOE Pachpe/IelieHUe OTCYTCTBYET
[3]. IlpenenvHoe pacmpenereHue B 3TOM cliiydae (opmupyeTcs Jubo B Kak
CUHXPOHHBIM COpOC BCEX Y3JIOB CETKHU, JIMOO KaK HAIMYUE HECKOJIbKUX CErMEHTOB
cOpachIBa€MbIX B Pa3IMuHOE BpPEMS.
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[IpencraBienHeie Ha
puc. 2A, KpuBbIE pOCTa
pazmepa copoca co
BPEMEHEM YKa3bIBAIOT Ha
CYILIECTBOBAHHE
HAYaJIbHOT'O y4acTKa pocTa
C pe3KUM pocToM
pazmepom pa3MepoB
cOpOCOB U JanbHEHIIUH
poct T=T,-S’ c
MOKa3aTelieM CTelneHH Y~1.
Takoli JWMHEHUHBIM POCT
noaydeHn s 1d moxenu ¢
pa3IMYHBIMA 3HAYEHUSMHU
napaMeTrpa  JUCCHUMNAlUU
0=1-2a.

B ommmune or 1d
mojenu, B ciydae 2d u 3d
MIPOCTPAHCTBEHHOMN
pelIeTKH  Y3JI0B,  pOCT
BPEMEHU JIOCTUKEHUS
KJlacrepa 33JJaHHOTO
pa3Mepa UMEET CTENEHHYIO
3aBUCHUMOCTh c r>1
puc. 2b,B). Ilpu »>Tom
nokazareinp Y ciabo
3aBUCUT OT MapaMmeTpa
:ﬂ. 910

2d
YKa3bIBaeT Ha VHOU
MeXaHU3M (OPMUPOBAHUS

CBiA3U a

KJIaCTEPOB. bynem
MpenoJararh, 4TO
mogobno  1d  moxenw,
BEPOSTHOCTD 3axBaTa
rpaHUYHBIM y3JI0M

Ki1acteépa COCCOAHCTO Y3Jia
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Puc. 2. 3aBucumocTts BpeMeHU BO3HUKHOBEHHS KJIacTepa OT

€T0 pasMepa IpHu pa3IMIHbIX IapaMeTpax JUCCUIIaAlluN d.
A.-1d, b.-2d, B-3d.

BHE KIlacTepa onpejieiisieTcs BeIMUMHOM, 3apucsei oT o.. C pocTOM oL BEpOSTHOCTS
P(o), a ciefoBaTenbHO U CKOPOCTH pOCTa KiacTepa Takxke ysenndusaercs. B 1d

MOJENN TPAHUYHBIX siueeK Be. CKOPOCTh poCTa KIIacTepa SIBISETCS MOCTOSHHOU
BEJIMYMHON MPU GPUKCUPOBAHHOM L

dT
d_Sl = C(O(,)
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B cnyuae ke mopaeneld GONMbIIMX Pa3MEPHOCTE UYMCIO TPAaHUYHBIX Y3JIOB
KJIacTepa 3aBHCHUT OT pa3Mepa KilacTepa MW Ppa3sMEPHOCTH IPOCTPAHCTBA.
PaccMoTpuM ITpocTeNIINi MEXaHU3M POCTA KIIaCTEPA UCXOS U3 YCIIOBHS, YTO OJJUH
I'PaHUYHBIN y3€JI KJIaCTepa MOYKET 3aXBATUTh OJHU BHEIIHUM Y3€JI C BEPOSITHOCTHIO
P (oc). Yucno rpaHUYHBIX Y3JI0B U pa3Mep KIacTepa MOKHO ONPEAEIUTh Kak

N, =x-L"%, S, =y-L*,
rae: A, - mapaMmerpsl GopMbl Kiiactepa, L- nuHeltHbii pa3mep kiactepa. Toraa
d-1
d
TN, 9T g(a) Al = (o) 2 32 (5)
dsS, dsS, X
[IpounTterpuposas (5):
c(a)-A . 2t
r-de) g ©
XT

3
CoorHomntenue (6) naet nuHeiHyo cBa3b T ~ S  mpu d=1, T ~S2 npu d=2 u
5
T ~S? npu d=3. Kak mokazaHo Ha pHC. 2 CTCICHHBIC MOKA3aTeIH MOJCIIBHBIX
3aBHCHUMOCTEH OKa3bIBAIOTCS OJM3KUMU K 3aBUCHUMOCTH (6).
Cnmcok qureparypbl
1. Z. Olami, H.J.S. Feder, K. Christensen, Self-Organized Criticality In A Continuous,
Nonconservative Cellular Automaton Modeling Earthquakes, Phys.Rev. Lett. 68, 1244-1247.
1992,
2. Burridge R., Knopoff L., Model and Theoretical Seismicity, Bull. Seism Soc. Am.
57, 341-371, 1967
3. Wissel F., Drossel B., The Olami—Feder—Christensen earthquake model in one
dimension, New J. Phys., 7, 5, 2005.
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CPABHUTEJIBHAS OIIEHKA TEXHOJIOT UM ITUPOJIN3A U
I'MAPOTEPMAJIBHOI'O C:KU/KEHUSA JJIA ITIOJYUYEHUSA
SHEPTETUYECKHUX MPOAYKTOB U3 MUKPOBOJIOPOCJIEN
H.N. Yepnosa, C.B. KucesieBa
chernova_nadegda@mail.ru; k_sophia_v@mail.ru
Mockosckuii eocyoapcmeentulil yHusepcumem um. M.B. Jlomonocosa
eeoepaghuueckuil paxyromem, Poccus, e. Mockea

Annomauus. B npedcmasieHHolu — pabome  paccmMampueaemcs
MUKPOBOOOPOCTIe80e HANpasieHue OUO0IHep2emuKy, KOmopoe 6Kuoyaem 6 ceobs
svipawusanue oduomaccovl mMukposooopocieu (MKB) ¢ nocredyrowum nonyuenuem
ouonepmu, cunmes-2aza u OUOY2ss MeXHOLOSUAMU NUPOIUZA U 2UOPOMEPMATLHOO0
cocudicenusi  (HTL). Ilpusoosmcsa  pe3ynomamsl  CpPABHUMENbHO20 — AHANU3A
UCNONIL308AHUSL IMUX MEXHOI02ULl O NOAYUEHUSI IHEPLemUdecKux npooyKmos u3
MKB. Kax u oOpyeue 6uovl 6uomaccel, MKB kak cvlpbe 0151 npou3soocmesa
ouomonauea u sHepeuu saeraomca  ‘COz-netimpanvuoivu”. Kpome moeo,
mexHo02uu npouszsoocmea ouomaccvl MKB 6 omkpuimulx u 3aKpbimvlX cUCmemax
mozym Obimb  ONMUMUSUPOBAHBL NOO AKKYMYJIAYUIO U VIA6IU8aHue OUOKCUod
yenepooa 8 obuomacce MKB ¢ nocnedyrnowum nepesooom ee 8 2e0i0UtecKu
cmabunbHvie popmol.

Knioueevie cnosa. Muxposooopocau/yuanobakmepuu, Kyaibmueuposanue,
NUPOAU3, 2UOPOMEPMATILHOE CHCUNCEHUe, OUOHepmMb, OLUOY2Ob.

1. BBenenue

B Hacrosimiee BpeMs niepel NpOU3BOIUTEISIMU SHEPTUM U TOIJIMBA — KaK Ha
OCHOBE HMCKOIMAeMOI0 TOIUIMBA, TaK U BO30OHOBISIEMBIX MCTOYHUKOB IHEPIUU —
CTOSIT 3aJjayll TIOJIYYCHHs] HE TOJIbKO KOHKYPEHTOCIIOCOOHOTO MPOAYKTa, HO H
MPOJIYKTA, MOTYYEHHOTO C MUHUMAJILHBIMH BBIOPOCAMH YIIIEKUCIIOTO Ta3a. [Ipuuem
3TO TpeOOBaHME OTHOCUTCS U K MIPOIIECCY MPOU3BO/ICTBA TOILTMBA U SHEPTHH, U K UX
UCIIOJB30BaHUI0. Bce wualle KpynHble HWrPOKM TPAJUIMOHHOW 3HEPTETHKHU
(moObIBaroIIME M TEHEPUPYIONIME KOMIIAHWHM) PEHIaloT 3Ty 3a7ady IyTeM
OCYIIECTBJICHHUSI MACIITA0OHBIX MPOEKTOB YJIABIMBAHUS M 3aXOPOHEHUS BHIOPOCOB
CO,. Tak, HecMOTpsA Ha M3BECTHBIE SKOHOMHYECKHE TPYAHOCTH B MHUpPE H3-3a
NaHJAEMUU KOpOHaBUpyca, KpynHeiume komnanuu Equinor, Shell u Total B mae
2020 roxa B ITapuxke TOCTUTIM COTJIANICHHUS] 00 MHBECTULIUSIX B MPOeKT «Northern
Lights» mo cTpoUTENbCTBY M 3KCIUTyaTallUd XPaHWIMILA YTJIEKUCIOro Tra3a Ha
HOPBEKCKOM KOHTHHeHTadbHOM Mienbde [1]. CokpamieHue u craOuausarus
smuccun CO2  saBnsieTcs ONHOW M3 NPUOPUTETHBIX 3ajad Uil MHPOBOU
obmectBeHHOCTH. CekBecTupoBanue yriekucioro raza (CCS, Carbon Capture and
Storage) — mporiece 3axBara CO2 M3 UCTOYHHKA BBIOPOCOB, TPAHCIOPTHPOBKA U
JOJITOCPOYHOE 3aXOPOHEHHE B TEOJOTHYECKUX (opMarusx — TMPEICTaBIsICTCS
CBSI3YIOILUM 3BEHOM MEXY CETOJHSIITHEN Y HEPTETUKON HAa OPraHMYECKOM TOTLINBE
Y TIOCIICTYFOIINM TIEPEX0I0M K BO30OHOBIISIEMBIM HCTOYHUKAM SHEPTHH [2].

MKB kak BO300OHOBISIEMBI pEeCypC HETPAJAMIIMOHHBIA  HEMUIICBOU
CUMTAIOTCSl TIEPCIIEKTUBHBIM CHIPHEM [IJIs1 MIPOU3BOJICTBA OMOTOIUIMBA TPETHETO U
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YETBEPTOTO IMOKOJICHUH, MOCKOJIbKY MMEIOT 0Ojiee BBICOKHE TEMIIbI POCTa, YeM
HazeMHas Omomacca W MpHU 3TOM HE KOHKYPHUPYIOT C MPOU3BOJICTBOM MPOAYKTOB
NUTaHus U KOpMOB. braronapst mpocrtoit cTpykrype u goctrynHomy nutanuio MKB
o0JyaaloT TeopeThudecku Oosiee BBICOKOW 3¢ (EKTUBHOCTHIO (oTOCHMHTE3a (JI0
12,6%) mo cpaBHeHHIO C Ha3eMHbIMH pacTeHusMU [3]. Ilpum >ToM u3BATHE
KylIbTUBUpYyeMoi Ouomaccel MKB myis  HyXI 5SHEpreTMKM HE Hapyllaer
€CTECTBEHHYIO KOHCEpPBAIIMIO OPraHUYECKOro BellecTBa B Ouocdepe, U MiiaHTauu
BOZIOpOCIICH CITy’)KaT d(PQPEKTUBHBIM KPaTKOCPOYHBIM CTOKOM aHTPOIOTEHHOTO
CO2, KoHBEpPTHUPYSI €r0 B SHEPTUIO BBHICOKOW TUIOTHOCTH. DTOT (PAKTOP MO3BOJISIET
pu OlleHKax 3HeproddHeKTUBHOCTH NoaydeHus: onorommuBa u3 MKB yunuTeiBaTh
cekBectupoBanne CO2. Crneayer OTMETHTh, YTO BOJOPOCIEBBIE TEXHOJOTHHU
paccMaTpUBAOTCS CPEAM CYIIECTBYIOIIMX CTPATETUH TOATOCPOYHOrO YIaBIMBaHUS
u cexBectupoBanus CO2, a uMeHHO: 1) 3axOopoHeHHEe Bce OMomMacchl BOJOpOCei
B IJIyOOKHUX TI€OJIOTUUECKUX (opMalusx; 2) 3aXOpPOHEHHUE W3BICYCHHBIX U3
OouoMacchl Bojopoclield Ooratbix yriepoaoM (pakiuii; 3) mpeoOpa3zoBaHue
ouomaccet MKB TexHonorueil ruipoTepMalIbHOTO CHKIDKCHHS, MPUBOIAIICH K
KoHBepcuu 55% yriiepoaa Ouomaccel B OMOYTroJib, coaep Kamuii mopsiaka 90 %
yriaepoaa, C MOCIEAYIOIIUM 3aXOPOHEHHEM 3TOr0 Te0JIOTMYECKH CTAOUIBHOIO
OHOYTJIS.

HecmoTpst HAa MHOTOUHCIIEHHBIE YCIIEXU, JOCTUTHYTHIE B TEYEHUE TOCIIETHUX
JECSATUIICTUN, KOMMEpUHAIU3aIUs TPOU3BOACTBA BOJOPOCIEN OCTAETCS CIOKHOU
3a/1aueil M3-3a BHICOKOW HEKOHKYPEHTHOM II€HBI Ha MPOW3BEICHHOE OMOTOILIUBO.
[IoaTOMy aKTyalbHBIM OCTaeTCs MOBBILIEHUE S(PPEKTUBHOCTH KOHBEPCUU
onomaccel MKB B OMOTOIIMBO M pacliMpeHHE MOJE3HBIX MNPOAYKTOB TAaKOU
KOHBepcUU. B 3TON CBSI3M MBI HUCCIEAOBaIu TpaHC(HOPMALMIO BbIpAlIEHHON
onomaccel MKB TeXHONOrMSIMU THUPOJU3a U THAPOTEPMAIBHOIO CHKUKEHUS.
OpnHuM U3 OCHOBHBIX peumytecTB TexHojaorur HTL sBasiercst oTcyTcTBUE CTaAuN
IIPEIBAPUTEIBLHON CYIIKU UCXOAHOro cbipbi. MKB Moryr mogaBaTbcst B peakTop
TUAPOTEPMAIIBHOTO CHKMXKEHUS BO BIIAJKHOM COCTOSIHUM, HAITPUMED, B BUJI€ BOJIHOM
cycrnieH3uu. Eme OoJHMM NpeuMyLIECTBOM SBJISETCA TO, YTO B IpOIECCe
THAPOTEPMAIIBHOTO CXKUKEHHUSI BKJIAJI B BBIXOJI OMOHE(PTH BHOCIT HE TOJBKO
JUTUBI, HO TAKXKE YIJIEBOJBI M OCTKH, YTO IMOBBIIIAET CYMMAapHBIN BBIXO OoJiee
() PEKTUBHOTO IHEPIETUICCKOTO MPOYKTA.

2. MarepuaJjbl 1 METOAbI UCCJIET0BAHUS

Kak ormeuwanocs B mpeapiaymieit  padore  [4], cuHe-3eleHas
MUKpoBoopociu/iimanodakrepun  Arthrospira platensis rsemsu cimyxut Ham
MOJIEJIbHBIM OOBEKTOM [IJIsl U3YUYEHHS] TEXHOJIOTUH BbIpAIIMBaHUsI OMOMACCHI U ee
JanpHelie TpanchopManuu B 6MOTOIIIMBO. OOBEKTOM JAaHHOTO HMCCIIEIOBaHUS
Obuta paHee BbIeNcHHas Kyinbrypa A. platensis rsemsu Bios ¢ mnpsmbiMu
TpuXoMaMu, OOpa30BaBIIMMHUCS B pe3yJbTaTe €CTECTBEHHOW MOPQOIIOTHYECKON
M3MEHYMBOCTU TIPU MHOTOJIETHEM TMOJIYHENPEPHIBHOM KYJIbTUBUPOBAHUU B
71a00paTOPHBIX YCIOBUSAX MPHU OCBEIIEHHOCTH 25 3 uE / (M2 X cek) u Temreparype
T =21+£2°C B 1ByX MJIOCKOCTHBIX KYJITUBATOPAX OTKPHITOro Tna oobemom 500 1
KaXJIbli C IOBEPXHOCTHHIM MEPEMENINBAHUEM Ha MUTATENIBHOU cpefie 3appyka [J].
Kynerypa A. platensis rsemsu Bios npencraBieHa yCTOHYHMBBIM KOHCOPIIMYMOM
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MKB c¢ rereporpodHbIMU OaKTepUSIMHU-aCCOLUAHTAMH, HICHTU(PUIIUPOBAHHBIX
HaMH Kak rnpejacraButean poaoB Pseudomonas u Bacillus. CkonneHTprupoBanHas
nyreMm (uibTpanuu OMoMacca BBICYIIMBAJIACH J0 BO3IYIIHO-CYXOT'O COCTOSHUS
(Ba>xHOCTB 0KOJI0 3 %). B Tab. 1 1151 Ucob3yeMoil B SKCIEpUMEHTaxX OMOMACCHI
A. platensis npencraBieH 3ieMeHTHbIM coctaB (aHaimuzarop VARIO ELII
Elementar Analysen systeme GmbH), comepxanue 30ibl, (T€pMOAHAIU3ATOP
Simultaneous SDT Q600), Guoxumuueckuii cocras (coaepxanue 6IKOB, TUTUIO0B
Y YTJIEBOJIOB COTJIaCHO U3BECTHBIM METOAUKaM [6—8]) 1 HU3IIas TEII0oTa CropaHus

no popmyrne MenaeneeBa Juist TBEPABIX TOTLIUB.
Tabmuna 1
XapakTepucTrKa UCXOHOM Onomacchl A. platensis: 2JIeMEHTHBIN cOCTaB (Ha cyxoe 0€330JIbHOe
COCTOSIHUE; COIEPIKaHUE KHCIOPO/a ONPEAEIsIIOCh BHIUUTAHUEM), COJIEPKAHHE 30JIbI (Ha
pabouee cocTosiHUE), BIAXKHOCTh, OMOXUMHUYECKUI cocTaB (Macc. %) ¥ HU3IIas TeIioTa
cropanus (Ha cyxoe 0€330JIbHOE COCTOSTHHE)

DJIEMEHTHBIA COCTaB, Huzmras broxumuueckuii cocras,
Macc. % 30JILHOCTE, | TEIUIOTa macc.%.
macc. % | cropaHus,
C H|N/|S O M/ Benxu | Jlummas! | YrieBosl
61,3/6,4|88|10 (225 51 25,04 60,1 10,3 9,8

DKCHEPUMEHTHI MO M3YYEHUIO MPOLIECCOB MUPOJIN3a U TUIPOTEPMAIBHOTO
CKMKEHUSA OuoMaccbl ~ MUKpPOBOJOPOCIECH  MPOBOAUIUCH  Ha  JIBYX
skcnepumMeHTanbHbix ycranoBkax OMBT PAH. Iluponu3 ocymiecTBisics B cpelie
yucToro azora mapku 6.0 s co3gaHusi OECKUCIOPOIHON Cpeibl C JTUHEHHBIM
temrioM HarpeBa 10 °C/mun ot koMHatHOM Temnepatypsi 10 1 000 °C. Ot6op mpod
raza Jiyisi xpomarorpapuueckoro ananuza (CO, CO2, N2, H2, CnHm) npoBoauics
npu temneparype 300 °C, 400 °C, 500 °C u 600 °C. XpomaTtorpaduyeckuii aHaIu3
npoBogwics Ha Xxpomarorpadpe Xpomardk Kpucramn 5000.1. Konuuecto
OroMacchl MHKPOBOJOPOCHEH, MOJABEPrarouieiicss MNUpPOJIM3y B EIUHUYHOM
HKCIIEPUMEHTE, COCTABIISUIO MOpsiKa 15 T o cyXxoMy BeLECTBY, CKOPOCTh HarpeBa
ceipbs B yaie — 10 °/muH. . [Tpu nuponnze MKB o0biuHO TeMIiepaTypHBII pexxuM
nognepxubaercss Mexay 400 u 600°C, HO B HEKOTOPBIX CIydasix TemIleparypa
MoxeT gocturath u 800°C, mporecc uaeT B OECKUCIOPOIHON cpele C CyXou
ouomaccoii.  OCHOBHbIE  TapamMeTpbl U TPEUMYIIECTBA  TEXHOJIOTHH
THAPOTEPMAIILHOTO CXKIKEHUS (OTCYTCTBUE CTaJUM TPEIBAPUTEITHLHON CYIIKU
UCXOJTHOTO CHIPbSi U KOHBEPCHS BCEX COCTABISIONMIUX OMOMACChI) ObLIM OMKCAHBI
HaMmH B pabore [4].

3. Pe3yabTaThl M HX 00Cy:KIeHHE

B pesynbrare mporecca muposin3a OMomacchl apTpOCHHphl 00pa3oBaloCch
3 MPOyKTa: MUPOTU3HAS KUAKOCTh (OMOHE(PTH), HEKOHICHCUPYEMbIE TTUPOJIU3HBIE
ra3bl 1 6uoyroisb (puc. 1). Jleryuue npoaykTel 00pa3yroTcsi B MpoIecce MupoJin3a
BCJIEZICTBUE NIEPBUYHOTO PA3IOKEHUSI OMOMACChl MUKPOBOJOPOCIIEH U BTOPUYHOTO
pacuerienus: mapoB. [lapel (KoHAEHCHUpYEeMBbI€ Ta3bl), COCTOsIIME U3 OoJiee
TSDKEJIBIX MOJIEKYJ, TIPU OXJIAXKJIECHUHM KOHJECHCUPYIOTCS U 00pa3yroT OMOHEe(]Th.
["a3b1, conmepxkalire MOJIEKYJbl ¢ 00Jee HU3KUM MOJIEKYJISIPHBIM BECOM, TaKHE Kak
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AUOKCHU A U MOHOOKCH/ yIJICpoaa, BOAOpOa U METaH, HC KOHACHCHUPYIOTCA BO BPEMA
OXJIAXKACHUA.

Puc. 1. Ucxongnas 6uomacca MKB (cieBa) u 6uoyrosib mociie nuposmsa (Crpasa)

bbulo moOKazaHoO, YTO BECh IMPOIECC MHUPOJIM3a NPOTEKaeT B 00JACTH
SHAOTEpMUHU (KpHBas TEIUIOBOTO IOTOKA TOJHOCThIO HaXOAUTCA B 00JacTu
OTpULATEIbHBIX 3HAYEHUI). DHEPreTHYecKrue NpoayKThl KOHBEpcHH Onomacchl A.
platensis Bios mpu 600°C TexHOJIOTHEH MUPOIH3a ObUIH CIICTYIOIIHE:

- KonuyecTtBo mUpONM3HONH KUJAKOCTH (OMOHE(PTH), TOJIYYEHHOW B
sKcriepuMenTax ¢ 6uomaccoit MKB, coctaBuiio okosno 21,9 % oT ucXoHO# Macchl.

- KonnuecTBO HEKOHIAEHCHUPYEMBIX MUPOJU3HBIX Ta30B, MOJYYEHHBIX W3
HCXOJHOTO 00pa3lia, coctaBuio 1,15 11, B mepecuere Ha CyX0€ COCTOSIHHE 00pasell
conepxkut 76,7 mMacc. % JIeTy4ux COEIMHEHUN B CBOEM COCTABE. T.C. YACIbHBII
O0OBEMHBIN BBIXOJ] Ta3a (KOJIMYECTBO rasa, BBIJCISAIONIErocs U3 1 Kr MCXOIHOTO
matepuana) coctasua 0,076 aMe/kr).

- TBepablii ocTaTok (OMOYT0JIb) MUPOJIN3a cocTaBmil okoiio 27,0 macc. % ot
HayaJbHON Macchl 00pasia.

N3meHeHnne  cocraBa  HEKOHACHCHUPYEMBIX  MHUPOJHU3HBIX  Ta30B,
oOpaszyroniuxcsi B 3KcrnepuMmeHnte mnpu temmeparypax 300, 400, 500, 600°C,
npeacTaBiaeHo Ha puc. 2. Buano, yto CO; cocTaBiIsgeT OCHOBHYIO YacTh ra30BOM
CMECH MpH TeMmrieparypax Harpena BILUIOTh 10 600 °C 1 10XOAUT MPAKTUYECKHU J0
90 00.% mipu 300°C. IIpu Temneparypax Harpesa cBoilie S00°C conepxxanue CO;
CYIIECTBEHHO YMEHBIIAETCS, TOIAa KAaK COJEpKAHHE BBICOKOKAJOPUMHBIX
HEKOHJICHCUPYEMBIX TOPIOYHMX Ta3oB (METaH, BOJOPOJl, MOHOOKCH] YTJIEPO]ia)
YBEJIMYMBACTCS, YTO MPUBOAUT K TOBBIMICHUIO TEIJIOTBOPHON CIIOCOOHOCTH
razopod cMecr. OCHOBHBIM KOMIIOHEHTOM Ta30BOM YIJIEBOAOPOIHON CMECHU
ABJISIETCA METaH Ha MPOTSXKEHUU BCETO MPOIecca MUPOJIM3a UCXOAHOTO MaTepraa
(puc. 3).

Brixo mosydaeMbIX Ta30B M UX COCTaB 3aBUCIT OT OMOXUMUYECKOTO COCTaBa
MKB, temnepatypbl mpoliecca, BpeMeHu yaepkanusi ouomaccel u ap. Cyas 1o
KPUBBIM 3aBUCHUMOCTH COCTaBa raza OT TEMIIEpaTyphl Ipollecca MUPOJn3a, Mpu
600°C (puc. 2-3) ra3zooOpa3oBaHHE€ HE JOCTUTAET CBOETO MAKCUMyMa: IIO-
BUJIUMOMY, MOXXHO OXHJaTh HEKOTOPOE YBEJIMYECHUE COJACPKAHHUS TaKHUX
BBICOKOKQJIOpUMHBIX ra30oB kak Hy u CH4 B KOHEYHOM MPOJTYKTE.
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Puc. 3. 3aBucuMOCTb cOcTaBa yrieBoAopoaHoi cMecu razos (CnHm)
OT TEMIIEPATYpPbl HArpeBa ChIpbs

I'uaportepmanbHoe Cxmxkenue Ouomaccel A. platensis rsemsu Bios Obuio
NPOBEJICHO TpH ciieAyronux Temmeparypax: 270°C, 300°C and 330°C (tabm. 2).
Cpennue 3HaueHusi BbIxoga OuoHedTH KoHBepcued Ouomaccel HTL mpu
MOBBIIICHUN TeMiepatyp coctaBunu 34,6%, 38,8% wu 45,7% COOTBETCTBEHHO,
ounoyris - 28,7%, 28,7% u 26,0%.

Tabnuna 2

HpO,Z[yKTBI KOHBCPCHUU THAPOTCPMAJIbHBIM CXKHKCHHUEM 6I/IOM8.CCBI
A. platensis mpu 270°C, 300°C and 330°C [9]

HTL-tipoxykThI Temneparypa, °C
270°C 300°C 330°C
buonedts, % 34,6 38,8 457
Cunres-ras, % 12,7 14,8 17,5
Bbuoyromns, % 28,7 27,4 26,0
Bonnas dasa, % 24,0 19,0 10,8
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Kak BumHO u3 Taba. 2 6uoyross/Onovap mpu TUAPOTEPMATEHOM CHKIKEHUU
MKB aptpocnupsl o0pa3yeTcsi B 3HaunTenbHOM Konudectse (o1 26,0 no 28,7%) B
3aBUCUMOCTH O TEMIIEPATYPhI MPOIIECcca, TOITOMY 3Ta TeXHOJorusi kKonsepcur MKB
B OMOTOIUIMBO Mpeiaraercs kak crnocod 3axoponenus COz B Buje OUOYTIIs.

4. BLIBoabI

1) OcymiecTBieHa KOHBepcHs Ouomacchl MuKpoBozopociei A. platensis
rsemsu Bios (Beipamiena B HUJI BUD MI'Y) B OHOTOIUIMBO TEXHOJOTIHSIMH
IIAPOJIN3a W TUAPOTEPMAIBHOrO CxwxkeHus. Texnomormun HTL u numponms
IPOBOJMINCH Ha 3KcnepuMeHTalbHbIX ycraHoBkax OWBT PAH (HTL mpm
temriepatypax 270, 300 u 330 °C; mupomm3 npu Temneparype 600°C ¢ nuHelHon
ckopocThio HarpeBa 10°C/muH).

B peszynomame nuponuza 6uomaccot MKB Oviiu nonyuenvt ciedyroujue

NPOOYKMbL:
- OuoHedTh (MUpoNHU3HAS KUAKOCTH) — 21,9 % OT UCXOIHOM MaCCHI;
- HEKOHJICHCHUpYEeMble MHUPOJIM3HBbIE Ta3bl — Macca 1,15 1. VYjenbHbIN

O0OBEMHBIN BBIXOJ] Ta3a (KOJIMYECTBO rasa, BBIJCISAIONIErocs U3 1 Kr MCXOIHOTO
matepuana) cocrasua 0,076 HMP/Kr;

- duoyroip - Macca TBepaoro ocrarka 27,0% ot ucxomnoit maccel MKB (c
y4eTOM TEXHUYECKUX MOTeph B peakTope 9,3 % ot ucxoanoit maccel MKB);

B pesynemame cudpomepmanvrozo cowcudicenus ouomaccet MKB Oviiu
NOJIyYeHbl cliedyroujue npooOyKmol:

- BbIX0J1 OnoHedTu koHBepcuen ouomaccel HTL npu temneparypax 270°C,
300°C u 330°C coctaBun 34,6%, 38,8% u 45,7% COOTBETCTBEHHO,

- BBIXOJ, CUHTE3-Ta3a coctaBui 12,7%, 14,8% u 17,5%, COOTBETCTBEHHO;

- BBIXOJ Onoyriist coctaBud 28,7%, 27,4% u 26,0%, COOTBETCTBEHHO.

2) CpaBHUTENbHASI OLEHKA TEXHOJOTUA MUPOJU3a U TUAPOTEPMAJIBLHOTO
CKWKEHUSI U1 TOJYyYECHHUS DHEPreTUYECKUX MPOAYKTOB M3 BbIPAIIEHHON
OroMacchl MUKpPOBOJOPOCTEH TOKa3al, 4YTO BBIXOJ OWOHe(pTH, MOIYyYCHHOMU
texHosoruer HTL (38,8-45,7%), Obl1 CyIIECTBEHHO BBIIIE, YeM TEXHOJOTHUEH
nuponuza (21,9%). Ilpu 3TOM, BBIXOJ OHOYIJIA MPU HCIOJB30BAHUU 00EHX
TEXHOJIOTUN ObUT Ha BBHICOKOM ypOBHE — OK0JI0 27%. buoyromns, cocrosmuii Ha
90% w3 yraepoja u SBISIOMIUICS T€OJIOTUYECKH YCTOMYUBOM €ro (PopMoil, MOKHO
paccMaTpuBaTh Kak €€ OJIHY albTEPHATHUBHYIO CTPATErHI0 MOTJIOIICHUS H
MOCJIETYIOLIEr0 3aXOPOHEHHUS YTIepo/ia.

3) IlpoBemen aHanmu3 cocTaBa W YyIEIBHOTO OOBEMHOIO BBIXOJA
HEKOHJICHCUPYEMBIX MUPOJIU3HBIX Ta30B, 00pa3yIOIIUXCS B MPOIECCe MUPOIN3a, B
3aBUCUMOCTH OT TemnepaTypsl. [lokazaHo, 4To ¢ poCTOM TeMIiepaTypbl BO3pacTaeT
JI0JI1 BBICOKOKQJIOPUITHBIX KOMIIOHEHTOB Ta30BOM cMecH (BOIOpOJa, METaHa U
MOHOOKcHaa yriepona). IIpoBeneHa oneHka TEMIOTBOPHOM CIOCOOHOCTH CMECH
ATUX Tra3oB: mpu pocte Temmeparypsl g0 600 °C cymMmapHas [0S TOPIHOYMX
COCTaBJISIFONIMX B OOIIEM 00beMe HEKOHJCHCHPYEMBIX Ta30B YBEITUYUBACTCS [0
73 %, BO3pacTacT KaJOPUHHOCTh Ta30BOM CMecH (HHU3IIas TETUIOTBOPHAS
CIIOCOOHOCTh HEKOHJICHCUPYEMBIX MHUPOJIU3HBIX Ta30B, 0OpPa30BABIIMXCS TIPH
T =400 °C, cocraun a 1,8 MJx/am3 , npu T = 500 °C — 5,15 MJIx/aM3 , a ipu
T =600 °C — 15,3 MI>x/HM3).
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HNPUMEHEHUE OTKPBITBIX TNC-UHCTPYMEHTOB K PASPABOTKE
KAPT PECYPCOB U JJOCTYIIHOCTHU TEPPUTOPUM JIJIA
OBBEKTOB COJIHEYHOM U BETPOBOI DHEPTETUKH
B.II. llakyHn, 1O0.1O. Pagukosa, C.B. Kucenesa
a-wee@yandex.ru
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Annomayusn. Texuonoeuu eceoungopmamuxu 6 noOCieoHue Oecamuiemus
WUPOKO UCNONL3YIOMCS 8 00aacmu  80300H081AeMOl  dHepeemuxu. Temamuxa
NeYamHbIX U IeKMPOHHBIX KAPM U AMJIACO8 NOCMOAHHO pacuiupsiemcs. B nocieonue
200bl — 8 C853U C pazeumuemM 80300H0BIAEMOU IHepeemuKu 3a pyoexcom u 8 Poccuu —
NOMUMO AHAIU3A PeCYPCHOU 6a3vl, 6ce 0Oonee BOCMPeDOBAHHbIMU CMAHOBIAMCS
UCCNIe008AHUSL  NPUSOOHOCIU — meppumopuu 015 pazmewerus 00vbeKmos Ha
60300HOGISIEMbIX UCMOYHUKAX JHepeuu. B cmamve npedcmasniena memoouxa
Kapmoepaghuueckoeo npedcmasienus U MHO20PAKMOPHO2O AHAIU3A MePPUMOPUU
07151 8blOeNeHUsT OOCMYNHBIX NIOWAOO0K O/l PA3BMEWeHUS. COIHEYHbIX U 8emMPOBbLIX
CMAHYULL C UCNOIb308AHUEM OMKPBINO20 NPOSPAMMHO20 0OeCnedeHs.

Knioueevie cnosa. [eoungpopmayuonusvie cucmemvi, 60300HOBIAEMAS
DHepeemuKa, pasmeujerue 00vbeKmos, MHO20MAKMOPHBIIL AHATU3 MEPPUMOPULL.

BBenenne

TexHonorum TEOMHPOPMATUKH B TOCIEIHUE JECATUIIETHS IIMPOKO
UCIIOJIB3YIOTCS. B 00J1acTU BO300HOBIIsIeMOM 3HepreTuku. [Ipum stom obnactamu
npumeHenuss  metogoB  kaprorpapuu  u  ['MC-texnonmormii (T'HC  —
reorH(popMalMOHHasi CUCTEMA) CTAIM HE TOJBKO PECYpChbl COJIHEYHOM, BETPOBOIA,
reoTepMaIbHOM U UHBIX BUOB BO30OHOBIISIEMBIX HCTOYHUKOB sHeprun (B1D), Ho u
OIICHKa (YacTO OH-JIaiiH) MPOU3BOAUTEIILHOCTH YCTAaHOBOK U cTaHiuii Ha BUD, a
TaKk)Ke BbIOOp HauOosiee ONTHUMAJbHBIX IUIOIAAO0K JJIs pa3MEIICHUs CTaHLUM.
CoOOTBETCTBEHHO, PE3YyJbTaTOM NEPBOM IPYIIIBI UCCIEAOBAHUN SBISIOTCS KapThl U
aTiacel (paHee — TI€YaTHBIC, B HACTOSIIEE BpPEeMs HHTEPAKTHBHBIC) W
reonH(pOpMallMOHHbIE CcHCTEMbl. BTOpoe HampaBieHHEe B KauecTBE KOHEUHOTO
MPOJIYKTA MPEJICTABIISET IEKTPOHHBIE KapThl (OOBIYHO PErMOHATILHOTO MacIiTada) ¢
XapaKTEPUCTUKAMU MPOU3BOJUTEIBHOCTH CTAHIIUI MM YCTAHOBOK U KOMIUIEKCHBIE
KapThl, OTpaXKaIOIIKE pa3anudHble (PaKTOPhI, BIUSAIONIME HA BHIOOP IUIOMIAJIOK IS
crannuii Ha BUDO.

J1o HEAABHETO BPEMEHM 3TO HampasieHue ucnoiab3oBanusa [ MC-texnonorui
ObLJIO TIPEACTABICHO B OCHOBHOM HCKIIIOUUTEIBHO 3apyOeKHBIMH MPOIYKTAMH.
[upoko ucnonbzyembiMu cTainu [MC-npoekThl T100ATbHOrO OXBaTa, TaKUE Kak
Global Atlas for Renewable energy MexayHapoaHOro areHTCTBA IO
Bo3oOHOBIsieMoii sHepretrke IRENA, Global solar atlas, Global wind atlas (o6a
CO37aHbl MO/ ATHIONW U CIOHCOPCTBOM MupoBoro 6anka), Atnacel Jlaboparopuu
Bo3oOHOBsIemMoit sHepretuku CIIIA (NREL USA) u apyrue.

B kauectBe ognoro u3 nepBeix [ MC-npogykTa B 007aCTH BO30OHOBIISIEMOM
sHepretuku caeayer ykazatb [MIC BUD PO®[https://gisre.ru/], co3manHbii B
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COApPY’KECTBE  HAYYHO-HUCCJENOBATENbCKOW  JTabopaTopueil  BO30OHOBISIEMBIX
UCTOYHUKOB »SHepruu reorpaduueckoro dakynpreta MIY u maboparopueit
BO30OHOBJISIEMBIX HMCTOYHUKOB dHeprur OObEeAMHEHHOTO HMHCTUTYTa BBICOKHX
temneparyp PAH. I'MC coaepXUT MHTEpPaKTHBHBIE KapThbl, KOTOPBIE OTPAKAKOT
MOTEHIMAJIbI COJTHEYHOM M BETPOBOM PHEPruu Ha TepputTopuu Poccuu (MCTOUHUK
ucxongHor wuHpopmaruu — 0Oa3a gaHHeix NASA POWER) — kak BajgoBbie
(mpUponHbIE), TaK U TEXHUYECKHE (ITPOU3BOAUTEIILHOCTh BETPOBBIX U COJIHEYHBIX
CTaHLIUW B MpUBSA3KE K reorpaduueckoi cetke 1x1°), 00bEKTH BO30OHOBISIEMOM
HHEPreTHKU (ABTOHOMHBIE U CETEBBIC), a TAaK)Ke MHYI0 MHPOpPMAIIUIO 10 TeMe. B To
xe Bpems [ IC — B cuity ee MaciTaba — He CTaBHT 3a7jauy OTPAKEHHS PETHOHATBHBIX
OCOOCHHOCTEH TEpPPUTOPUH, a HMEHHO, TeX (PAKTOPOB, KOTOPHIC OMPEACISAIOT
BO3MOYKHOCTb ~ COOPY)KEHMH M  DKCIUTyaTallud OOBEKTOB  BO300HOBISEMOM
SHEpreTuku. Takue 3aaur MOTYT OBITh PEIICHBI MMyTEM CO3JaHUE MWHTEPAKTUBHBIX
KapT pPEerduoHaIbHOrO MaciiTada ¢ MCIOJb30BAHUEM COBPEMEHHBIX MHCTPYMEHTOB
reounpopmatuku. Pa3BuTHEe METONMK ¥  TOJXOJOB  CO3/JaHUSI  TaKUX
reouH(OpPMAIMOHHBIX TPOAYKTOB, B IEPBYIO OYEpelb HAa OCHOBE OTKPBITHIX
MPOTPAMMHBIX TMPOJIYKTOB, SBISETCS aKTyaJlbHOM 3aJadyeil Juisi MPOABUKECHHS
OTE€UECTBEHHON BO30OHOBIISIEMOM SHEPTETUKHU.

1. ®axrTopsl, ompeaesOIINEe BO3MOKHOCTH COOPYKEHHSI O00bEKTOB
BO300HOBJISIEMOM Y HEPTeTUKH

B HayuyHOil 5uTepaType BBLACIAIOT CIEIYIOUME TUOBl  (PAKTOPOB,
ONPEAEISIONIMX BO3MOKHOCTH COOPYKEHUSI OOBEKTOB BO30OHOBIIAEMON YHEPTETUKH
(KOHKpPETHO — COJHEYHOW M BETPOBOW HHEPreTHUKHM) HA 3aJaHHOW TEPPUTOPHUU:
npupoansie (pecypcel BUD), skonormyeckue, TEXHUYECKUE, 3KOHOMHYECKHE H
colaibHble (MpUMEPHBIN nepedeHb (pakTopoB npuBeacH B Tadnuue 1). [locne ux
IPYNIUPOBKA M COCTaBIIEHHUS CEpPUM KapT BO3MOXKEH aHajlu3 TEPPUTOPUU H
orpejieieHre Hanbosee MePCIeKTUBHBIX TUIOMIAI0K JIJISl TPOSKTUPOBAHMS OOBEKTOB
Ha BUD.

COOTBETCTBEHHO, MpPU aHAJIU3€ TEPPUTOPUU CJEAYET CO3[aBaTh KapThl,
coJieprKallye caeayroume GakTopsl:

1)ocob0 oxpaHseMmble TeppuTOpuH (B TOM  4YHUCIIE, KIIOYCBBIC
OPHUTOJIOTMYECKHE TEPPUTOPHUH, JECHON (POHJ, 3eMJIn OOOPOHBI U OE30MaCHOCTH,
TEPPUTOPUH NAMSATHUKOB MPUPOJIBI U KYJIbTYPbI);

2) 3eMeIIbHBIC PECYPCHI;

3) HaceneHue (YUCIIO, MIIOTHOCTh, TUHAMHUKA);

4) onacHbIC IPUPOJIHBIC SIBJICHUS;

5) TpaHCIIOPTHO-TOPOXKHAS CETh;

6) reHepupyIOIIHe 00BEKTHI TPAJAUIIMOHHON SHEPTETUKH U BO30OHOBIIAEMOM
DHEPIeTHKH,

7) aHepromnoTpedIIeHHUE.

B pesynbrare oO0OBeAMHEHHS STHUX KapT C KapTOW PECypcoOB COJHEYHOM,
BETPOBOM WM uHBIX BUaoB BUD Oyner mnomyueHuum uWTOroBasi Kapra
paliOHMPOBAHUS TEPPUTOPHUH 1O CTENEHU MPUTOTHOCTH JJII COOPYKEHHS O0BEKTOB
BO300OHOBIISIEMOU 3HEpPreTUKU. OYEeBUIHO, YTO TEMATUKa KapT (PaKTOPOB MOXKET
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U3MCHATBCA W JOIOJHATHCA B 3aBUCHMOCTH OT (l)I/IBI/IKO-FeOFpanI/I‘-IeCKI/IX,

COIIMaJIBHBIX, SKOHOMHNYCCKHUX ocoOeHHOCTEH pPEruoHa.
Tabmmma 1
Tunsl 1 mpuMepsl GAKTOPOB, BIUSIOMIUX Ha pa3MenieHne 00bekToB Ha BUD — (cocraBneHo Ha

ocHoBe Pecypchl BO30OHOBIISIEMO SHEPTETUKH: METOIBI OIICHKU U KapTorpadupoBanue/
C.B. Kucenega, 10.10. Papukosa, T.U. Auapeenko u np. - M., 2019. - 194 c.)

Ne /i Tunel hakTOpOB [Tpumeps! GakTopoB

1 | IIpuponnsie Penbed
I'uaporpaduueckas ceth
OmnacHele re0JIOrH4eCcKre MPOoLecChl
2 | Dxonoruueckue | Ocobo oxpaHseMble IPUPOTHBIC TEPPUTOPHH
KiroueBble OpHUTOIOIMUECKUE TEPPUTOPUN
[TaMATHUKH KYJIbTYpBI
Tepputopun cenbcKoX03aHCTBEHHbBIX 3€MEIIb
3 | Texuunueckue XapakTepUCTUKH yCcTaHOBOK Ha BHUD
Hayinune npon3BoicTBEHHO 0a3bl Ul CTPOUTENbCTBA CTAHIHI
4 | DOxonomuueckue | Hamuume/ynaneHHOCTh TOPOKHOW CETH
Hannuue/ynaneHHOCTb JIMHUM 3JIEKTpoIepeaun
CebecToumMocTtsb npousBeaeHHon ot BUD anexkTposneprumn
5 | ConnanbHble Hanuuune noreHuumanbHbIX
[ToTpebureneit
Hanuuune nay4yHoii 6a3pl U CIELUATUCTOB
ITnarexecnocoOHBIN CIpOC HacEIeHUs

2. Metoauka  MHOroakToOpHOro  aHajiu3a  TEePPUTOPUU IS
onpejesieHUsi BO3MOKHOCTH  pa3MellleHMs] COJIHEYHBIX M BeTPSAHBIX
IHEProyCTAHOBOK

JUis  mpoBeneHHs MHOTO(AaKTOPHOIO aHajdu3a TEPPUTOPUU  yIOOHO
UCIIOIb30BaTh CJIOM BEKTOPHBIX AaHHBIX u3 OpenStreetMap (OSM). OSM - sto
riiodanbHast 60aza CBOOOJHO MOCTYIHBIX 0a30BbIX KapTorpaduyeckux AaHHbIX. B
Poccun roTOBBIE HAaOOpHI BEKTOPHBIX JJAHHBIX B pasIUYHBIX (popmarax
npenocrabisier kommaaus NextGIS. Mcxomubsie maHHbIE 711 OLEHKH PECypCoB
BETPOBON M COJHEYHOW DHEPTHMH MOTYT OBITh MOJIy4YEHBl KaK M3 COBPEMEHHBIX
peaHanu3oB (Majaromas COJHEYHAsl paJuaius, CKOPOCTh BETpa Ha pPa3IHMYHBIX
BBICOTaX, TEMIIEpaTypa BO3yXa U JIp.), TaK ¥ U3 CIICIUATN3UPOBAHHBIX (IJIs 1enei
BO300HOBJISIEMOW SHEPTETUKH ) OTKPBITHIX 0a3 naHHbIX, Hanpumep, NASA POWER.
B kauecTBe [OCTYmMHOr0O MHCTpyMEHTa Il OO0pabOTKM U MpPOBEACHUS
TEPPUTOPHATBHOTO aHaiu3a BO3MO’KHO UCIIOJIb30BaHUE CBOOOJIHO
pacrpocTpaHsieMoro  mnporpammHoro  ooecrieuenus QGIS ¢ HabGopom
aHanutraeckux moaynein GDAL.

JIns aHanu3a MOXHO MCIIOJIb30BATh KAaK BEKTOPHBIM, TaK W PACTPOBBIM
dbopmMat maHHBIX, OJJHAKO BEKTOPHBIN (hopmaT OOJIbIe MOAXOAUT JJisi OMHAPHOTO
pasaeNieHrs TEPPUTOPHIA Ha TIOIXOSIINE M HE TTOAXOIAIINE yIaCTKU, 0€3 peTHHTa
rpagauui. [losToMy mNpeanodTUTENHFHO UCIOJIb30BaTh PacTpOBbIM  (opMar,
KOTOPBIN TO3BOJIIET PAHKUPOBATh TEPPUTOPUU TO CTENeHW mpurogHoctd. OH
Tak)Ke TMO3BOJIIET JIETKO KOMOWHUPOBATH JHO0OE KOJMYECTBO BXOJHBIX CJIOEB U
ruOKO MEHSTH MMapaMETPHI OIEHKH.
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Takum oOpazom, w30paB AJIg aHAIM3a PACTPOBBIM (GopMar, HEOOXOAUMO
MPUBECTH K HEMYy BCe BXOJHbIE NnaHHble. MlHorma B Habopax OSM HekoTopbie
OOBEKTHI MPEJICTABIICHBI OTACIbHBIMU CIOSIMH — HAMpUMEp: JIMHEHHbIE (PEKU) U
MOJIMTOHAJIbHBIEC (03€pa, MpYJbl M T.I.), KOTOpbIE Iepes; oOpabOTKON yI00HO
o0benunATh. Jlanupie OSM npeumyliiecTBEHHO HaXOAsATCA B BEKTOPHOM (opmare,
MO3TOMY MX HYXHO MPEIBAPUTEIHHO PACTPU30BATh, U JJIsI KOPPEKTHOM 00pabOTKH
pe3yibTaTOB CJEAYyeT YUYHUTHIBATh CHUCTEMY KOOPAMHAT M EAUHUIBI U3MEpPEHUs
BXOJIHBIX JIaHHBIX. PacTpuzammsi, MpOUCXOAUT C BBEICHUEM IapamMeTpa Haludus
TOTO WIA WHOTO (akTopa NMPUHUMACMBIM 3a EIUHUILY, B CIy4ae OTCYTCTBUSA
MUKCEJIO TPUCBANBAETCS 3HAaYCHHUE (PAKTOpa «HOIIbY.

[lomyueHHble pacTpU30BaHHBIE CJIOH, COJAEpXKAIlMe HEOOXOAUMBIE IS
aHanW3a JaHHbIe O (paKTopaxX, OIEHKH MOXKHO TOABEPTHYTh JaTbHEHIINM
pa3iIuuHBIM TMpeoOpa3oBaHUsIM, HANpUMEpP, MOCTPOUTH HAa UX OCHOBE PaCTpPbI
OJIM30CTH, UCTIONB3YS ABKIIUJIOBO PACCTOSHUE MEXKY ToukamMu. C MOMOIIBIO 3TOTO
npeoOpa3oBaHus, B KaXIblii MUKCEIh B BBIXOJTHOM PAcTpe C COOTBETCTBYIOIIUMU
HCXOJTHBIM KOOpJAMHATAMHU, OYyJIET 3aliCaHO 3HAYCHUE PACCTOSTHUS 10 OJMKalIIero
MUKCEJI BO BXOJTHOM pacTpe, MOMajaroiero B OKPECTHOCTh 3aJJaHHOTO pajnyca.
[Toy4yeHHBIN pacTp MOXKHO 3aT€M HCIOJIb30BATh JIJISl OMPEIEICHUS MOAXOSMIINX
oOnacTell, HaXOAIIMXCS Ha OTMPEICTICHHOM PAaCCTOSIHUU OT KaKUX JTMOO 0OBEKTOB,
HaIpUMEP, PACCTOSTHUSL OT HEKOTOPOH TOUKH (C MAKCHUMAJIbHBIM COJTHEYHBIM WITU
BETPOBBIM PECYPCOM) OT JOPOT.

Jlanee, UCTIONB3Ysl OyYEHHBIE PACTPHI B aHAJTIN3€, HEOOXOIUMO MPOBECTH MX
HajoxeHue. [ 3Toro HeoOXoAMMO MEePEKIaCCUPUIIUPOBATh X, YTOOBI CO37aTh
JUCKPETHBIE 3HAUCHUS M 33]1aTh HOPMHUPOBKY. Bech Anamna3oH 3HaYeHHN KaXa0To
pacTpa pa3OWBaeTCs Ha HECKOJBKO WHTEPBAJIOB, YHCIO KOTOPBIX BBIOMpaeTcs,
UCXOAs M3 KOHKPETHOW 3amaud, W OOyCIIaBIUBAETCS KOJIMYECTBOM TpaJaiuii
WUTOTOBOI'0 PEUTHHra. B 3aBUCMMOCTH OT TOr0, HACKOJIBKO Ba)K€H TOT WJIA MHOWU
KpuTepHil (Harpumep, OJIM30CTh KAaKOTO-TM00 00HEKTa) MBI MPUAEM KaXKIOMY H3
WHTEPBAJIOB PacTpa, COJEPHKAIIETO JaHHbIE 00 ITOM KPUTEPUHU, HEKOTOPBINA Oast —
BBICOKHUH, €CJIA €r0 MPUOPUTET HAJl OCTATLHBIMU KPUTEPUSIMH BBICOK, HU3KHI1, €CIIN
Hu3ok. [locne 3aBepieHus mpoliecca nepekaacCupuKaIlil pacTpoB OHU OyayT
UMETh TOJIbKO HECKOJIBKO THUIIOB 3HAYEHUN YKa3bIBAIOIIUX HAa OTHOCUTEIHHYIO
MPUTOAHOCTh THUKCENEH B OTHOIICHWHU, HAMPUMEpP, PACCTOSHUS OT 3aJaHHBIX
oObekToB. Ecim BaxkHa He OJM30CTh OOBEKTOB, a YAAJIEHHOCTh CXeMa OyJeT
o0OpaTHOM, TJIe MUKCEJIN, HaXOISIINECs AaJibliie, Oy yT UMETh 00Jee BEICOKUA Oall.
Taxast cuTyaIrus CKJIaapIBaeTCs €CIIM, HAPUMED, TPeOYeTCsl y4eCTh BOJOOXPAHHYIO
30HY, KOTJa yJAJICHHOCTh OT BOJHOTO OOBEKTa SIBISACTCS MPEUMYIIECTBOM MpU
BBIOOpE ONTUMAJIBHBIX TEPPUTOPUH AJIs pa3MelleHus 00bekToB Ha BUD.

Ha 3akmroumtensHOM JTame MPOCTPAHCTBEHHOTO aHaln3a Tpelyercs
MIPOBECTH HAJIO)KEHHUE PACTPOB YXKE COIEPKAIIHNX B ceOe HYKHbIE KPUTEPHUH B BUJIE
JTUCKPETHBIX 3HAYCHWM, KOTOpPhIE TIEPEMHOXAIOTCS WM CKJIAJBIBAIOTCS B
3aBUCUMOCTH OT THITa B3aWMOJICHCTBUSI KpUTEpHUeB. B kauecTBe mpumMepa MOKHO
pPaccCMOTpETh CJIEAYIOMUE KPUTEPUU OINPEICICHHs] MPUTOIHOCTH TUIOMIAIKU:
OMM30CTh K JIOporaM, YIaJICHHOCTh OT BOJHBIX OOBEKTOB, OTCYTCTBHE Ha
paccMaTpUBaEMOM Y4YacTKe 0c000 OXpaHSEMbIX MPUPOIHBIX TeppUTOpHil. B 3TOM
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ciiydae He0OXOIMMO CyMMUPOBATh 3HAYCHHS (PAKTOPOB JOPOT ¥ BOJHBIX OOBEKTOB,
a B Clly4ae, €CJId HEKOTOpPbIE TOYKH 33JJaHHOT0 y4acTKa MOMAaIal0T Ha TEPPUTOPUIO
OOIIT, cymMa 3Ha4eHUI BCEX CIOEB B 3TOM TOUKe yMHOkaeTcs Ha 0. Ecin cTporux
orpanndyeHuil (takux, kak OOIIT) Her, — ymHoxkaercs Ha 1. B sTtom mpumepe
MPUAAETCS paBHOE 3HaUYE€HHE OJU30CTH JOPOTU U BOJHBIX 0OBEKTOB. B peanbHOM
JKU3HU B KAXIOW TOYKE MOTYT IMPUCYTCTBOBATh HECKOJIBKO KPUTEPUEB Pa3HOU
BAKHOCTH. MOYKHO CMOJEIUMPOBaTh 3TO, YMHOXKHB 3HAUYEHUS B pacTpax Ha
COOTBETCTBYIOIIKE Beca. Hampumep, eciu 61M30CTh K JOpOraM BJBOE BaKHEE, UeEM
OJIM30CTh OT BOJIHBIX OOBEKTOB, TO HY’KHO YMHOXKUTh 3HAYCHUSI COOTBETCTBYIOIIIETO
pactpa Ha 2. Jlns TOro, 9TOOBI MPEACTABUTH IMOJYYCHHOE PaHKUPOBAHUE
TEPPUTOPUHA B UYETKUX TPAHUIAX, MOYKHO HCHOJIb30BaTh W30JIMHUH, & TaK K€
paccuMTaTh IUIONIA[b 3aKJIFOYEHHBIX MEXKAY HHMHU NOJUIOHOB, TEM CaMbIM
ONPENECINUTh pa3sMep TEPPUTOPUM C PA3HOM KATErOPUEN NPUTOJAHOCTH IS
pa3MelleHns PHEProycTaHOBOK (cTaHuu) Ha B3, a Takke UCMonb30BaTh Ipyrou
CTaTUCTUYECKUN UHCTPYMEHTAPUU.

3. Pe3yabTaThl M 00Cy:KIeHUE

B kauecTBe mnpumepa peanu3aldd H3JI0KEHHOW BBIIIE METOIUKU IS
pa3merieHus 0OOBEKTOB TEHEpallMd DJIEKTPOIHEPTUU € HcrHoiib3oBaHueM BUD,
MOJKHO MPHUBECTH KapTy (puc. 1) MecT, MOCTYMHBIX JUIsl YCTAHOBKHM COJTHEYHBIX M
BETPOBBIX HHEProoOHEKTOB Ha TeppuTopun PecnyOnuku Kpbim.
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Puc. 1. KapTta MecT AOCTYNHBIX Ul YCTAHOBKH COJIHEYHBIX U BETPOBBIX 3HEPTOOOBEKTOB HA
tepputopuu Pecnyonuku Kpoim

Ona OblTa TOCTpOCHA MJIsi AEMOHCTpAIlMM BIUSHUS TaKUX (PAKTOPOB Kak
OJIM30CTh JOPOT, YAAJICHHOCTh OT BojooxpaHoi 30HBI U 30H OOIIT. dakropsl,
MPUCYTCTBYIOIINE B 3TOM PACCMOTPEHHUH B3SITHI U3 OOIIUX COOOpaKEHUH, OJHAKO

168



CYIIIECTBYET MHOXKECTBO JAPYTHUX (DAKTOPOB CHEIUMDUUHBIX TSI KAKIOH KOHKPETHOM
Tepputopuu. i HArJsJHOCTH U TPOCTOTHI B TAHHOM pean3alii BECOBOE BIUSHUE
(baKkTOpOB MPUHUMAJIOCH KaK paBHOE, OJIHAKO MpH OoJee TITyOOKUX U3BICKAHUSAX BEC
KaXKJIOTO JIOJKEH PACCUMTHIBATHCS HA OCHOBE JIETAJILHOTO aHAIM3a BKJIa/1a B OOIIYIO
KapTuHy. CTOUT y4YeCTh, YTO JAHHBIN MPUMEp JUIIL MOKa3bIBAET Y00CTBO TaKOTO
po/ia METOJIUKH TPHU OIEHKE MPUTOJHOCTU TEPPUTOPHUH, HA MPAKTHKE K€ MOI00p
OTpaHUYMBAIOIIUX (PAKTOPOB SBISETCS OTACIBbHOW, TpeOyIOUIeH CrheraibHbIX
KOMITCTCHIIMN 3a/1a4ei.

[To pe3ynpratamMm IpUMEHEHUSI METOIUKH BBISIBJICHBI 00JIACTH B IIEHTPATIBLHOM
¥ 3aIaHOM YacTAX IMOTYyOCTPOBa HanboJiee moaxoasmue (B IEPBOM MPUOIMKCHAN )
JUIs pa3MeIleHust 3HeprooobekToB Ha BUD. B noBepiiieHne oTMeTHM, 4TO AJIS
MaJioll 1 MUKpPOT€HEPAIIMU TAKOE 30HUPOBAHUE HE CTOJIb BAXKHO, & UMEET 3HAUCHUE
JUTSL OTHOCUTENBHO KPYIHBIX CTaHIIUN, TPEOYIOMUX OOJBIINX TUIOMIAIEH.

3akioueHue

B nacTosiee Bpems akTyalbHbIM CTAHOBUTCS HE TOJIBKO pa3paboTKa KapT U
aTJIaCOB, OTPAKAIOUIUX MIPUPOHBIC U TEXHUYECKUE TOTSHINANIBI PA3JIMYHBIX BUIOB
BO30OHOBJISIEMBIX HUCTOYHUKOB SHEPIMM, HO ¥ MHOTO(AKTOPHBIM aHaIU3
TEPPUTOPUM  UJISL  OMpeJesieHus Haubojee ONTUMAJIbHBIX IUIOMIAAOK  JJIs
pa3MmenieHus OOBEKTOB BO30OHOBISIEMOI »dHepreTuku. B cratbe wu3NnokeHa
METO/IMKA U TIPUBE/ICH IPUMED €€ MPAKTUUSCKOHN peann3alii Ha OCHOBE OTKPBITOTO
kaprorpaduyueckoro mporpammaoro obecrieuenus QGIS, mosBossromnias pemarhb
MOJ00OHBIE 3a1aUH.
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CE30HHbBIE BAPUALIUU ITPU3EMHOI'O COAEP KAHUSA METAHA
B APKTUKE: HABJIIOAEHUA 1 YUCJTEHHOE MOAEJINPOBAHUE
IO.A. lllTabkun, K.b. Mouceenxo, A.U. Cxopoxon
yuryshtabkin@gmail.com
Hncmumym guzuxku ammocgepor um. A.M.Ob6yxosa PAH, Poccus, e. Mockea

Annomauusn. Ilposedenvl noopobOHvIE KOIUYECMBEHHbIE OYEHKU GIUSHUS
anmponoeennvix omuccuti 6 Cesepnoti Espasuu Ha ce30HHble 8apuayui NPU3emMHoO20
cooepoicanuss memana 6 Apxkmuke u Cybapkmuxe. Konuuecmeennas oyenka
AHMPONO2EHHO20 cucHaia 6 uzmepeHuvix Kouyenmpayusx CHi npoeedena c
ucnonvzosanuem 2100anvHol  xumuxo-mparcnopmuou mooeau GEOS-Chem ¢
VUEMOM 8CeX OCHOBHBIX UCMOYHUKOB U CMOKO8 0aHH020 coeduneHus. Ilonyuennvie
pe3yibmamsl NO380AAI0M  COeNamb 6bl600 O 3HAYUMOU POIU PELUOHATbHBIX
UCMOYHUKO8 AHMPONO2EHHbIX GblOpoCco8 MmemaHa 6 3anaouou Eepone, Ha
Esponetickou meppumopuu Poccuu u 6 Cubupu 6 pecuoHaibHoM Oanauce
npuzemnozo cooepaicanus CHy 6 HudcHeti mponocgepe.

Kniwueevie cnoea. Meman, Apkmuka, uucienHHoe MoOeIuposaHue,
3aepsznenue ammocpepwi, oanvruil nepernoc, mooerr GEOS-Chem.

1. BBeaenue

Mertan (CH,) siBasieTcst BTOPBIM 10 3HAUUMOCTH (ITOCJIe AUOKCHIA YTIIepoa,
CO;) mapHUKOBBIM Ta30M B arMmoc(epe, COrIaCHO YETBEPTOMY 000O0IIaroEeMy
nokiamy, omnyonukoBaHHomMy B 2007 1. MeXnpaBUTEIbLCTBEHHON TIpyNmon
skcepToB mo u3MeHeHusMm kiaumara (IPCCAR4) [1]. Hdus permona CeepHoit
EBpa3nn, orpaHU4eHHOCTD JAHHBIX [10 COIEPKAHUIO METAaHA B IPU3EMHOM BO3/1YXE
3aTpyAHSIET MPOBEACHHUE KOTMUYECTBEHHBIX OLIEHOK AMHCCHI METaHa OT BaXKHEUIIINX
PErMOHAJIBHBIX aHTPONOTEHHBIX U OMOT€HHBIX UCTOYHUKOB. YaCTUYHO yKa3aHHBIN
npoOea BOCHOJHSETCS JAHHBIMU JOJTOCPOUYHBIX HAOIIOJEHUN Ha CTaHLMSIX
Tepubepka (69.1 c.mr., 35.1 B.A., 15 M. Hax ypoBHEM Mops (majiee - H.y.M.)),
benocrok (53.1 c.am., 23.1 B.A., 160 M.H.y.M.), 3otuHo (60.8 c.m., 89.4 B.1.,
300 m.n.y.M.) u Tukcu (71.4 c.m., 128.5 B.1., 10 M.H.y.M.) TIpeaBapUTEIbHBINI
aHajau3 KOTOpbIX npuBoAuTcs Hke. Hauwmnasg ¢ 2005 roma, mo TaHHBIM Ha BCEX
BbIILIE TEPEUYMUCICHHBIX CTaHIMAX HAOII0AAaeTCd 3aMETHBIH PpOCT MPU3EMHOMN
KOHIIEHTpaluu MetaHa (cM. puc. l). IIpuuuHbBl yKa3aHHOTO pOCTa OCTAKTCS A0
KOHLIAa HE BBIACHEHBI. Huke npHBOIATCA KOJWYECTBEHHBIE OLIEHKH BO3MOKHOI'O
BKJIaJla BAKHEUIITNX PETMOHATLHBIX HCTOYHUKOB SMHUCCHI METaHa B HAOIIOAaeMYIO
JOJITOCPOYHYI0 H3MEHYMBOCTH COJAEPKaHHWS METaHa B IIPU3EMHOM BO3IyXE.
HanexHble W JeTalbHbIE KOJWYECTBEHHBIE OLIEHKM MOIMHOCTH HCTOYHHMKOB U
CTOKOB aTMOC(GEpHOr0 MeTaHa HeOOXOAMMBbI Kak MJidi HMHTepIpeTaluu
HaO0JII01aeMOM U3MEHYMBOCTH, TaK U JIJISl IPOrHO3a OYAYIIUX U3MEHEHUN.

JUist aHanu3a Bapuanui NPU3EMHOTO COJEP)KaHUS METaHa HCIOIb3YITCA
JTaHHBIE HAOIIOACHUI Ha (POHOBBIX CTAHIIMSIX MOHUTOPUHTA COCTaBa aTMOC(EpHOTO
BO3JlyXa, a TaK)K€ YUCJIEHHBIE PacyeThl, MPOBOJANMBIE C TTOMOLIBIO TPAHCIIOPTHO-
xumuyeckux mozeneit (TXM), npuuemM AJi OLIEHKU BIMSHUS Pa3HbIX HCTOYHUKOB
MeTaHa MOTYT UCHOJb30BaThCS METOAbl Kak MpsMOro, Tak U OOPaTHOTO
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MojaenupoBaHus. JIJis mpsMOro MOJETHPOBAHUS B JAHHOW pab0Te UCIIOIh30BaIaCh
TpaHcmopTHO-XxuMudeckas mojaeisb (TXM) GEOS-Chem (Goddard Earth Observing
System chemical model, Be6-caiit noanepxxku http://acmg.seas.harvard.edu/geos/)
[2], mmpoKo HcIob3yeMasi B MEXIyHApPOIHOM COOOINECTBE JJIsi PacueTOB IMOJICH

XUMHNYCCKHU aKTUBHBIX U IIAPHUKOBLIX I'a30B B aTMOC(i)epe.
22(X) T T T T T T T T T T T T T T T T T T T T T

¢ Teriborka
Byalistok
3501 ‘& Fhvre |
¢ Tiksi " ¢
2100 |
2050 | |
2
a,
%, 2000 |- |
5
1950 |- |
1900 |- |
1850 - |
IS(X) | | | | | | | | | | | | | | | | | | Il | |

19992000200120022003 2004200520062007200820092010201120122013201420152016201720182019
Years

Puc. 1. Ilpu3eMHasi KOHIIEHTpAIIHUS METaHA TI0 TaHHBIM (IIATOBBIX H3MEPEHHUI Ha CTAHIIHSAX
Tepubepka, bemocrok, ZOTTO u Tukcu

2. CpaBHeHHe ¢ MOJIEJIbIO Pe3yJbTATOB HAOIOIEHUIT HA APKTHYECKUX U
Cy0OApKTHYECKHX CTAHIUSIX

J1st cpaBHEHUS C JaHHBIMY HAOTIOACHUHN HAa aDKTHYECKUX U CYOApPKTHICCKUX
(OHOBBIX CTaHIUSX MOHHUTOpUHra cocrtaBa atMocdepbl (cM. puc. 2)
UCTIONIb30Baach pe3yabTarthl pacuetoB ¢ TXM GEOS-Chem 12-01 Ha cetke ¢
TOPU3OHTAJIBHBIM pa3perieHrueM 4°x5°. Pacdersl mpoBoauiuck 3a nepuoa 2007 —
2019 rr, COOTBETCTBYIOLIMI BPEMEHHBIM psIaM HCHOJb3YEMBIX [aHHBIX, C
UCITIOJIb30BaHUEM JaHHbIX peanann3za MERRAZ2. Jliis 3ananust GMOT€HHBIX YMUCCUN
MeTaHa ucnoJib3oBanack BcTpoeHHas moaeiab WetCHARTs v1.0 [3], ans 3apanus
AHTPONOTEHHBIX AMUCCHUI TTpuMeHsTHCh nanHple EDGAR 4.3.2 [4], nns 3aganus
IMHCCUH OT MPUPOHBIX Mokapos — GFEDA4 [5].

B kxadecTBe KpUTEpHEB COTJIACOBAHHOCTH HCITOJIB30BAINCH CpEIHEES

— —\l/2
cmemeHne &=0-C, cpeaHekBaapaTudeckas omubka RMSE :((O—C)Z)l u

xkoopdunment koppensuuun COR=(O -0)(C-C) / (0o0:), tnRe O u C —
HaOJIIOIEHHbIE U PACCUMTAHHBIE 10 MOJEIM CpeAHEMeECUnbIe KoHueHTpaiuu CHy,

Ogy O¢c — COOTBCTCTBYIOIIHUC CTAHAAPTHBLIC OTKIIOHCHUS, BEPXHIAA 4E€PTA O3HAYACT

yCpeAHEHHWE MO0 BCEM 3HA4YeHUsAM U3 aHcamOys. Bce mpencraBieHHbIE HUKE
pe3yJbTaThl MOJYyYEeHbl HAa OCHOBE aHaldu3a CpeIHEMECSYHbIX 3HaueHuil. Ha
pucyHkax 3 — 5 mpuBeAEHBI COOTBETCTBYIOIINE CTATUCTUKHU MO Mecsiam: Piggo —
nepceHTHN, 0 — cpenHee. CrutomHast JmHUS — pacder mo moaenu GEOS-Chem
(cpenHemecsYHblE KOHIEHTPAIlMU, BBIBOJ Ha MEPBOM MOJIETLHOM YPOBHE, ~58 M
HaJI 3eMJIei ).

171



2060

2040

2020

2000

1980

1960

1940

CH - PPbV

1920

19

8

18

8

1860

90

LATITUDE

0

20 40

60 80

LONGITUDE

100 120 140

160

Puc. 2. CraHiyuyu MOHMTOPHMHIA COCTaBa aTMOC(EPHI, HCIOJIb3YEMBIE IS CPABHEHHMS
¢ mozenbro GEOS-Chem

| T T O O O O O VO O A |

A
L i Iy [/

..; i ,'
Ll HE' W' Bl

ll

|

IS A RN NN

I
l \ \
| ‘ l. / | ‘ !l u' f J
| . ﬂ' .i "
) Ll i J.l-; w!‘. § ""I!'!
w ’ th z

I

P10
Mean Teriberka
P90

P10
¢ Mean GEOS-Chem
-=P90

HHHHHH\HH|\|\||||1iw\|H\HHHH\f
Jan Apr Jul Okt Jan Apr Jul Okt Jan Apr Jul Okt Jan Apr Jul Okt Jan Apr Jul Okt Jan Apr Jul Okt Jan Apr Jul Okt Jan Apr Jul Okt Jan Apr Jul Okt Jan Apr Jul Okt Jan Apr Jul Okt
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Puc. 3. Cpasuenue pacueroB GEOS-Chem ¢ Habro1eHUSIMHU IPU3EMHON KOHIICHTPAIMH

MeTaHa Ha cTaHuu Tepubepka

1840

Jlns cranmum Tepubepka (puc. 3) momydeno COR = 0.75 (0.65 .. 0.82),
RMSE =19.1 (16.9 .. 22.7) ppb u 6 = 2.2 (-1.0 .. 5.6) ppb. Yka3anubie B ckoOKax
3HAQYEHUS COOTBETCTBYIOT TIpaHuuaM 95%  [IOBEpUTENBHOTO  HMHTEPBAA,
paccuuTaHHOTO MeTOI0M OyTcTpena [6]. HeobxoaumMo oTMeTUuTh, uTo 3HaueHus P10
1 P90 n1s1 cTaHIMU paccYMTaHbl HA OCHOBE MaHHBIX (uisiroBbix (flask) usmepenuii,
KOTOpBbIE MPOBOAUIUCH 2 — 10 pa3 B MecsL.

Jlns crannuu Tuken (puc. 4) momyueno COR = 0.61 (0.44 .. 0.74), RMSE =
22.1(18.8..26.3) ppb u 0 =5.1 (0.5 .. 10.0) ppb.

Jnsa craniuun ZOTTO (puc. 5) momyyeno COR = 0.70 (0.39 .. 0.84),
RMSE = 23.9 (18.8 .. 32.1) ppb u 0 =-9.6 (-16.1 .. -1.8) ppb. Beicokue 3HaueHusI
MPU3EMHOM KOHUEHTpauuun MeraHa JietoM 2012 roma, BeposTHEE BCETrO,
00yCIIOBJICHBI HHTEHCUBHBIMH MTPUPOJTHBIMU TOXKApaMHy B PaiiOHE CTAHIINH.

B menmom, OCHOBBIBasACh Ha CpPEAHEMECSUYHBIX BEIUYHMHAX, PE3YyIbTAaThI
pacdeToB IS BCEX TPEX CTaHIIMK HETJIOXO COTIACcYIOTCS C JaHHBIMU HAOTIOACHHMIA,
YUUTHIBas OTPaHUYCHHOE MPOCTPAHCTBEHHOE paszpelieHue Mojaenu. Hawmmydiiee
COTJIaCOBAaHUE HAOIOAETCs ISl CTaHIMK Tepubepka, HAaUXy/AIIee — sl CTaHIIUU
Tukcu. CucremaTrueckoe OTKIOHCHHE PACCUUTAHHBIX MOJIENbI0 BEIHYUH
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KOHIIGHTpAaIlMii MeTaHa OT HaOMI0aeMbIX B OTACIBbHBIC CE30HBI CBS3aHO C
HEBO3MO>KHOCTBIO KOPPEKTHOTO BOCIIPOU3BEICHUS BBICOKOYACTOTHBIX
(cunonTuyeckux) Bapuanui mons CHa, maromux OIIyTHMBIM BKJIaJ B OOIIYIO
n3mMeHunBocTh CHy. [Ipyro#t npuunHoi MOXET SBISATHCS HEI0CTaTOUYHAsI TOUHOCTh
HCIIOJB3YEeMBIX JIaHHBIX 00 SMHCCHAX, OCOOCHHO Ha Tepputopuud Poccum.
YuuThIBast BAKHYIO POJIb IPUPOIHBIX MT0KAPOB B YMEPEHHBIX M BHICOKUX IITUPOTAX
CeBepHoii EBpa3un, Kak HCTOYHHKA TMOCTYIUICHHS B aTMocdepy OOJBIIOro
KOJIMYECTBA XMMHYECKH AKTHBHBIX Ta30B, B T.4. U METaHa, OOJBIIYI0 POJIb B
HAOJTFOTAeMBIX PACXOXKICHUSX MEXKIYy MOJCITHHBIMA pacueTaMH W HAOIIOICHUSIMU
MOTYT UTPaTh HEOMIPEICICHHOCTH B pacueTax SMHUCCHIA MTPOTyKTOB roperws. Kpome
TOTO, BO3MOJKEH 3HAYMTEIBHBIM BKJIQJ CHHOIITHYECKON KOMIIOHECHTHI OOIIEH

BAPHALIMU METAHA B CYMMapHBIM U3MEPSIEMBIN CUTHAI.
2050
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Puc. 4. CpaBuenue pacueroB GEOS-Chem ¢ HaOnroieHUSIMU IPU3EMHON KOHIICHTPAIIMN
MeTaHa Ha CTaHIUH THKCH
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Puc. 5. CpaBuenue pacueroB GEOS-Chem ¢ HaOr01eHUSAME IPU3EMHOM KOHIICHTPAIIUU

MeTrana Ha cranmuu ZOTTO

3. Moae/ibHbII IKCIIEPUMEHT

KonuuecTBeHHbIC OLICHKH BKJIaja aHTPOIOTEHHBIX SMHUCCUN B aTMOChepHOe
nosie KoHreHTpanuu CH4 ObUTM BBITIOTHEHBI HA OCHOBE PETMOHAJILHOTO MOJXO0/a,
MIpY 3TOM OMNPEACJIEH OJIWH MaKpPOPErMOH, BKJIIOYAIONIMK 3amagHyro EBpomy,
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eBporneiickyro Teppuropuro Poccuu (ETP), Cubups u poccuiickuii Jlansuuii Boctok

0

g0 = T —%@

M

SIBERIA & RUSSIAN FAR EAST.
J ~ =

LATITUDE

0 20 40 60 80 100 120 140 160
LONGITUDE

Puc. 6. I'eorpaduueckue paifoHbl, BRIOpaHHBIE IS aHAJIM3a IPU3EMHOTO MOJIS 030HA: 3aragHast
Espomna (3E) (35-75 N, -15-27E), Esponeiickas Teppuropust Poccuu (ETP) (41-75 N, 27-60 E),
Cubups (CUB) u poccuiickuii JJansuuit Boctok (4975 N, 60-180 E)

100% reduced CH, Summer
100% reduced CH, Spring

90

l ‘ ] -

. . . . . :
170 180 190 200 490 110 120 130 140 150 160 170 180 190 200
Aocm, ppbv

100% reduced CH4 Winter

140 150 160 170 180 190 100 120 140 160 180 200
AO.,; PPOY AOCH4’ ppbv

Puc. 7. AO na antponorennsie amuccuu CHa 175t pa3ubix ce3oHoB. CpenHue
3HavyeHus 3a 2007 — 2018 rr.

Jlns mro6oii reorpaduyeckoil Touku arMochepHbIi oTKIHK (nanee — AQO) Ha
CyMMapHbI€ aHTPOINOTE€HHbIE SMHUCCUU METaHa OT KOHKPETHOIO peruoHa
paccuMThIBaeTCs Kak pa3HocTh Mexay koHueHnTpanuen (CHy)o (ppb), momyuenHoit
u3 0a30BOr0 MONEIBHOTO pacuéra, B KOTOPOM YUYHTHIBAIOTCS BCE TIaHETapHBIC
OMHUCCHM, W KOHIEHTpalMel, pacCUUTaHHOW W3 MOMAETH TPHU BHIKIIOUYECHUH
AHTPOTIOTEHHBIX AIMUCCUN B TaHHOM peruone, y(CH,):
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TakuM 00pa3oM, ObUIM pPacCCUUTAHBI CPENHECE30HHBIE TOJSI OTKIMKOB 3a
— 2018 rr. HAa IEPBOM MOJIEIBLHOM YpoBHE (~ 58 M OT moBepXxHOCTH). PacueTsl mo
Chem npoBoammuch 3a nepuon ¢ 1 utons 2006 1. oT ucxomHoro startup-daiina
MOJIeTIU C [I00aNbHBIMU TOJSIMUA KOHIIEHTPAILIMM, UTPABIIMMH POJIb HadyaJbHBIX
ycnoBui, o 31 nexadbps 2018 1., mpu 3ToM nepBbIie 6 MECSIEB UCIIOIb30BAIUCH JIJIs
pasrona Mojenu (agantanuu - Tojied  aTMOC(EpHBIX  KOHIEHTpalMd K
pEAYLIMPOBAHHBIM TOJSIM AMUCCHI) U U3 NAIBHEHIIEr0 aHajau3a HMCKIIOYAIUCh.
Paccuntanupie momst AO i BBIOpaHHBIX PETHOHOB 32 OTACIBHBIC CE30HBI
IIPUBEJICHBI HA pUC. 7.

4. Pe3yJIbTaThI pacueToB

Cpennue 3a paccMarpuBaeMble TOAbl BeauuuHbl AQO mis  Tpex
PacCMOTPEHHBIX paHee CTAHIIMM MPUBEACHBI B Ta0J. 1 ¥ MOCTPOEHHOM Ha €€ OCHOBE
CBOJHOM AMarpaMme Ha puc. 8.

Tabnuna 1

Cpel[HeCG?)OHHI)IC 3Ha4YCHUA HpHSeMHOﬁ KOHUOCHTpAalMKM METaHa B pa1710He Ha6JIIOI[aT€JII)HI)IX

cranuuii Tepubepka, Tuxcu u ZOTTO (ppb). Cpennece3onHble 3HAUYEHHS aTMOCHEPHOIrO
OTKJIMKA Ha aHTPOIIOT€HHBIC SMUCCHH METaHa /Il 0003HAaYCHHBIX cTaHIwii (Ppb)

Tepubepka Tukcu ZOTTO
Cpennee AO Cpennee AO Cpennee AO
3uMma 1934 129 1948 126 1948 165
Becua 1914 114 1927 111 1911 131
Jleto 1912 104 1912 99 1917 110
Oceub 1922 120 1939 115 1925 139
200 ;
Il Teriberka
B Tiksi
[JzoTTO
) e e ==
2
g
< 4l snvn
OO
<C
11| E— £ - N [ S—— -
¢ WINTER SPRING SUMMER AUTUMN
SEASON

Puc. 8. CBoanas nuarpamma BenuuuH AOcps Juis cranuuit Tepubepka, Tukcun u ZOTTO.
[IpuBenens! cpeanue 3HaueHus s Beex ce3oHoB 2007 — 2018 ronos

B unenom, BiMsiHUE JaldbHEro0 MEPEHOCA OT PETMOHOB KIMMATUYECKHU
3HaunMbIX sMuccuiit CHy B CeBepHoil EBpa3uu Ha copepskaHre MeTaHa B HUKHEN
tponochepe u Benmnuuny AO (cM. puc. 7) mposiBIsieTCS HanboJiee CHIIBHO B 3MMHUN
MEepHoJl, 4YTO OOYCIOBJICHO Cpa3y HECKOJbKMMH (aKTOpamMu: CE30HHBIM
YBEJIMYEHUEM SMHCCUN TPU CKUTAaHUM HCKOTAeMOI'0 TOIUIMBA, YBEIMYCHUEM
(hOTOXMMHUYECKOTO BPEMEHHM KM3HU MeTaHa B aTMoc(epe 3a CUeT yMEHBIIICHHS
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CONep)KaHUSl THUAPOKCHIIA, a TakKe YBEIWYCHHUEM BpPEMEHH MPEOBIBAHUS
aTMOC(EpHBIX TPACCEPOB B HIKHEH Tpomocdepe B CBS3U C YMEHBIIEHUEM POJIH
KOHBEKTUBHOI'O TMepeHoca M 0oJee BBICOKOM CTaTUYECKOM YCTOMYHMBOCTHIO
tponochepsl B 1enoMm [7]. Ilo pesynbratam pacueroB, BeanunHa AO B 3UMHHUUN
nepuol Moket focturatb 7—10% oT Habmo1aeMol KOHIIEHTPAIIMK MEeTaHa.

HawuoOounbime 3HaueHust AO (1o 165 ppb 3uMoit) Ha aHTPOIIOTCHHBIC IMUCCUH
MeTaHa BO Bce ce3oHbl qocturaetcs 11 ZOTTO. Ha npoTsbkenun 0ombliel yacTtu
roja padlioH CTaHUMU HAXOJAUTCS B 30HE OTYETIMBO BBIPAXKEHHOTO BIIUSHUS
MCTOYHHUKOB aTMoc(epHoro 3arpsi3HeHus B 3amanHod Espomne, Ha ETP u rore
Cubupu. CBsi3aHHBIA C ITUMH HCTOYHMKAMU KOHTHHEHTAIBHBIA TOJBETPEHHBIN
nuteiid Qopmupyer 00JaCTh TOBBIMIEHHBIX KOHIIGHTpAIUN  3arps3HSIIOINX
coenuHenuid, Bkmtouas CHs, pacnmpocTpassionlyrocsi NPaKTUUYECKH Ha BCIO
CeBepnyto EBpasuto. PacnonokeHHbIE Ha apKTHUYECKOM MOOEpEKbe CTAHIIUU
HAxXOJATCA Ha JajbHEH nepudepuu 3TOro uuieida, MOITOMY aHTPONOTEHHOE
BIUsIHKE Ha HUX emie MeHbIe. 3HaueHuss AO s Tepubepku nuiib HeMHOTo (Ha
3 — 5 ppb) Beiire, yem it TUKCH, HAXOASIICHCS HAMHOTO BOCTOUHEE.

5. 3ak/I04YeHune

[IpoBeneHa oneHkKa KOMIIOHEHTOB Orokera aTMochepHOro MeTaHa B
APKTHKE C IPUMEHEHHEM METOJIOB IIPSIMOTO M 0OPATHOTO MOJACIUPOBAHUS.

Ha ocHoBe rioGanbHO# TpaHcropTHO-xumuueckoit moaenn GEOS-Chem
MpPOBEJICHA KOJMYECTBEHHAs] OIlEHKa BKJIQJOB KJIMMATUYECKH 3HAYMMBIX
IIPUPOJIHBIX M AHTPOIIOIE€HHBIX HCTOYHUKOB dmuccuidi B CeBepHolt EBpazum B
Ha0I01aeMy10 ce30HHY10 n3MeHunBocTh CH4 Ha Konbckom momyocTpoBe (cTaHIus
Tepubepka), B Llentpanbnoit Cubupu (BeicotHas mauta ZOTTO) u Cesepo-
BocToke EBpaszum (Tuxcu), no manasiM uzmepeHuil B 1999-2019 rr. CornacHo
pacueTaM, BeJMYMHA BKJaJla PETHOHAIBHBIX OMHUCCUH B  HM3MEpPEHHbIC
KOHIICHTpaIuu MeTaHa coctaBiasier (~104-165 ppbv), wm 5.5-8.6 % or
cpeaHerooBoii BenuuuHbl 1926 ppbv mo wu3MepeHHMsIM Ha TpeX YKa3aHHBIX
cTaHIusAX. PaccunTaHHble BEIMUYMHBI aTMOC(EPHOTO OTKJIMKA B HECKOJIBKO pa3
MPEBBIMIAIOT AMIUTUTYTy HaOJII0AaeMOM TOJ0BOM M3MEHUMBOCTH MeTaHa (22-36
ppbV), 4To MO3BOJISET CAeIaTh BBIBOJ O 3HAYUMOM POJIU PErHOHATLHBIX HCTOUHUKOB
aTMoc(epHbIX BbIOpOocOB MeTaHa B 3amamgHodt EBpome, Ha EBpomeiickoii
teppuropurn Poccum u B Cubupu B peruoHaJIbHOM OanaHce MPU3EMHOTO
conepkanusi CHs B HuxkHel Tpomocdepe HaJ KOHTUHEHTOM. B jeTHHE MecsIibl
BKJIaJ] perHOHAIBHBIX SMHCCHUI METaHa BhIPAXKEH HECKOJIbKO ciadee (105 ppbv) no
cpaBHeHHO ¢ 3umoi (~140 ppb), uro B mepByIo ouepeb CBA3aHO C BO3PACTAIOMICH
POJIbIO BEPTUKATILHOTO KOHBEKTUBHOTO OOMEHA B HUKHUX CJIOSIX TPOTOCHEPHI.

Paboma evinonnena npu gpunarncosoti noooepoicke no epaumy PHD Ne2()-11-
00200.
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V]IK 551.54

HNCCIEAOBAHUE XAPAKTEPUCTUK METEOPOJIOI'MYECKHUX
OBPA3OBAHUN (ITMKJIOHOB U AHTUIIUKJIOHOB)
HA TEPPUTOPUU ABXA3UU
1261.A. Dkoa, 13.B. Mauyaus
ekba-yan@yandex.ru; pachuliya-97@mail.ru
LAbxasckuii 2ocyoapemeennuiii ynusepcumem, Abxasus, 2. Cyxym
2Uncmumym sxonozcuu Axademuu nayk Abxasuu, Abxazus, 2. Cyxym

ATtmocepa sBIETCS UPE3BBIYANHO TMOIABHUKHOW CpPEOH, TA€ TOCTOSHHO
GOpMHPYIOTCS U Pa3pyIIAIOTCS BUXPH PA3IUMIHBIX pasMepoB. CaMble MEIKHE U3
HUX co ckopoctamu BeTpa 100-200 m/c — topHamo (B EBpore mx Ha3bIBaIoT
TpomMOamu), oOJjagaromue OOJIBIION Pa3pyIIMTEILHON CHIJIONW, CIOCOOHBIC
MOJIHUMATh B BO3YX aBTOMOOWIIN, BHIPHIBATH U3 3€MJTU C KOPHEM BEKOBBIC JIEPEBbA,
CTUpATh C JUIA 3eMJId OCENeHUs1, UMeroT auametp ot 20 m go 1-2 kM. Bpems ux
CYIIIECTBOBAHMSI — OT HECKOJIbKMX MUHYT JI0 HECKOJBKHUX yacoB. Hanbosee kpymnHbie
aTMOC(EpHbIE BUXPU — BHETPOMUYECKUE ITUKIIOHBI M AHTUIIMKIOHBI, UMEIOIIHNE
pa3JIMuHbIE Pa3MEPHI U JOCTUTAIOIIUE B IHAMETPE HECKOJIBKUX THICAY KMJIOMETPOB
[2, c. 70].

XapakTepHOil 0COOEHHOCTBIO YMEPEHHBIX HIUPOT SIBISIETCS pa3zHOOOpasue
BO3AYIIHBIX  MacC: AapKTUYeCKUX  (AHTAPKTUYECKHX), MOJSAPHBIX  (OHU
TOCIHOJICTBYIOIIME), TPOMUYECKUX, KaK MOPCKHUX, TaK M KOHTHHEHTAJbHBIX,
CMENIAIOUIMXCs € 3aMajia Ha BOCTOK. B IMKIIOHAX CEBEPHOTO MOYIIAPUs 3TH BUXPHU
JBH>KYTCSI IO CIIMPAJIA IPOTUB YACOBOM CTPEJIKH, B F0’KHOM - I10 YaCOBOM, HO BCET1a
HaIlpaBJICHbI K HEHTPY LUKIOHA. CKOpOCTh BETpa MPHU ITOM BCEr/a BeicoKasi. Tak, B
[IUKJIOHAX YMEPEHHBIX IMUPOT oHa gocturaetr 20-30 M/c, T.e. MITOPMOBOW U
yparaHHOW CWUJIbI, @ B TPONMHYECKUX IUKIOHAX Hepeako mpembimaer 60-70 m/c

(puc. 1).

C
UMKNO AHTULMKIOH A{
o e WE R
[ N\ }V\
A e £ 7./

Puc. 1. Cxema ABWIKCHUS BO3AYIIHBIX MACC B IIUKJIOHAX U aHTUIUKIIOHAX

[Toromga B mwMKiIOHaX, OCOOCHHO Ha JWHUU TEIIOTO (pPOHTA, BCermaa
nacMypHasi, o0Ja4uHasi ¥ MpOXJIagHas, JETOM - JOXIJIUBAsi, a 3MMON - CHEXHas C
OTTETICIISIMH.
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B 1mukioHax w aHTUIMKIIOHAX BO3AyX BpallaeTcs B MPU3EMHOM CIIO€ Ha
BbIcOTEe 2-16 kM. Ecim He y4uThIBaTh TPO30BBIE ()POHTHI, TO OOBIYHO BO3AYX B
IIUKJIOHAX M aHTHUIIMKIOHAX BpamiaeTcs Ha BbicoTe 2-10 kM. [ToaToMy camMomeThl,
KOTOPBIE JICTAIOT Ha BhIcOTe 10 KM, MpaKTUYECKU HE 3aMEUalOT 3TOTO BpAICHUS.
Cpennuii pasmep IMKJIOHA TOpSAKA THICAYM KWJIOMETPOB B JUaMeETpe.
AHTHIIMKJIOHBI OOBIYHO MMCIOT CPEIHUN pa3Mep B JIBa - MOJTOpa pa3a OoJbIIIe.
CrnenmoBaTenbHO, MHUKIOHBI W AHTHIIMKIOHBI MPEJACTABISIIOT COOOM IUIOCKHE
BUXPEBBIC IBMKEHUS B aTMOCc(epe, Tak KaK WX TOJIIWHA Ha JBa MOPSIKAa MEHBIIC
nuameTpa (puc. 2).

Puc. 2. [lukoHbI NpeACTaBIAIOT COO0I OrPOMHBINA BO3IYLIHBIN MIIOCKHUH TUCK C TOJIIUHOMN
MEHBIIIE€ OJTHOTO MPOIEHTA OT JUAMETPA, BPAITAIOIIUNUCS B TOPU3OHTAIBHON TIJIOCKOCTH OKOJIO
3eman. PoTO HUKIOHA, CACIAaHHOE U3 KOCMOCa

Ha Bpamienue Bo3ayxa B IIMKIOHAX U aHTUIMKIOHAX BIIMSHHUE OKa3bIBaeT
TOJILKO TOPU3OHTAJIbHAS MIPOEKITHUS CHIIBI Kopwuonuca, KoTopas
paBHa — 2 pvQsin(e), rae P — IWIOTHOCTh BO31yXa, U— CKOPOCTh BO3AyXa, ) —
yIJIOBas CKOPOCTh BpalieHus 3emiin, ¢ — muporta. Cuna Kopronnca mana, Tak kak
Q=1/24 yaca. Dta BeTUUMHA UMEET 3HAUCHUE nopsiaka 10° I'm.

UtoOBbl BO3IyX Bpallajicsi BOKPYT IEHTpa, HAa HEro JOJDKHA JeHCTBOBATH
[EHTPOCTPEMUTENIbHASI CUjla, KOTopas OyAeT 3ajaBaTh IEHTPOCTPEMUTEIBHOE
yckopeHnue. OJIHaKO B aHTUIIMKIIOHE MOBBIIIEHHOE JaBJICHHUE B IIECHTPE, U 00BbEMHAs
cuja, MHIYIMPOBAaHHAS IPaJueHTOM JIaBJCHUs, OyJIeT HanmpaBjieHa He K IICHTPY, a
OT LIEHTPA AHTUIMKJIOHA.

Ncxonst u3 0OBIYHBIX MPECTABICHUHN, aHTUITMKIIOH HE MOXET CYIIIECTBOBATH
B NPUHLMIE U JIOJDKEH «pas3jieTeThCs BO BCE CTOPOHBI». OIHAKO Ha 3amucsX,
CHEJaHHBIX U3 KOCMOCA, BUAHO, YTO B AHTHUIMKJIOHE BO3AYX BPAIIACTCs, TAKXKE KaK
U B LIUKJIOHE, BOKPYT LIEHTPA HA PACCTOSHUM THICSYM KUJIOMETPOB. B oTiinuue ot
[IUKJIOHOB B aHTHUIIMKIIOHAX CIIUPAJIbHbIE BUXPEBbIE BO3MYILECHUS HAIIPABJICHBI OT
IICHTPa aHTHUIIMKIIOHA (puc. 3).
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Puc. 3. AHTUIIMKIIOH, KaK U IIUKJIOH, BPAIIaeTCsl B TOPU3OHTAIBHOM MIIOCKOCTH BOKPYT LIEHTpPA C
ITOBBILIECHHBIM J1aBiieHuEM. DOTO aHTULIMKIIOHA, CACIaHHOE U3 KOCMOCa

BerpoBble OTOKM B CEBEpPHOM MOJyLIapUU AYIOT IO YaCOBOM CTpEJKE, B
I0’KHOM - IIPOTHB YaCOBOW CTPEJIKH.

[loroma B aHTHIHMKIOHE OOYCIOBIEHA OCEJAaHHMEM BO3AYLIHBIX MAacc, MX
annadaTHYeCKUM C)KaTHEM U Kak CIIEJCTBHE MOBBIIICHUEM TEMIIEPATyphl BO3IyXa.
[loaTOMy J1I€TOM OHa CHOKOMHAs, XapaKTepHa IITWISIMU U Cl1aObIMU BETpaMu, a
3UMOM NOTO/1A SICHAsI U MOPO3Has. AHTHUIMKIOHBI JOCTUTAIOT pa3Mepa HECKOIBKO
THICSIY KUJIOMETPOB B TIOMEPEUHUKE. B IIEHTpe aHTUIMKIOHA JaBJICHHE OOBIYHO
1020-1030 mbap, HOo Moxker npocturath 1070-1080 mOGap. Kak u 1uKIIOHBI,
AHTHIMKJIOHBI TIEpPEMEIIAOTCsl B HAmpaBJIeHUH OOIIEro MepeHoca BO3IyXa B
Tporocdepe, TO €CTb C 3amaja Ha BOCTOK, OTKJIOHSSACH NPU 3TOM K HHU3KUM
mmpotraM. CpeaHsisi CKOpOCTb IEpEeMEIIEHUs] aHTULMKIOHA COCTaBIISIET OKOJIO
30 km/u B CeBepHoMm mnonymapuu u okoio 40 km/u B HOKHOM, HO HEpEOKO
AHTULMKIIOH HAJIOJITO PUHUMAET MAJIONOJIBUKHOE COCTOSIHUE.

OCHOBHBIMU NPU3HAKAMH AHTULIUKIIOHOB SIBJISTIOTCS:

-sICHasl WJIM MaJloo0JiayHasi orojia, OTCyTCTBUE BETPA;

-OTCYTCTBHUE OCA/IKOB, YCTOMYHBBIN XaPAKTEP MOTOABI

- B JICTHUI MEPUO]T aHTUIUKIOH IPUHOCHT >KapKyI0 MaJIo00IauyHy0 TIOTOTY,
aB 3UMHUH TIEPUOJT aHTUIUKIOH IPUHOCHUT CHUIIHHBIE MOPO3BI;

- B&XHOW OCOOEHHOCTHIO AHTHUIIMKIIOHOB SBISIETCS OOpa3oBaHHE HMX Ha
OIIPEAECIEHHBIX YYaCTKaXx.

[TpuunHOI ABMKEHUS BO3IyXa B aTMoc(epe sSBIsSETCS pa3HUIla JaBJICHUS HAT
3eMHOH TIOBEPXHOCTHIO, YTO OOYCJIOBIEHO HEPABHOMEPHOCTHIO paclpeaeiieHUs
COJTHEYHOM pajualvy U HEOJHOPOIHOCTHIO MOACTHIIAOIIEH TOBEPXHOCTH.

Pexxum atMocdepHoro nasienust B AOxa3un 00yCIaBIMBAETCS COYCTAHUEM
MaKpOLMUPKYJIALMOHHBIX YCIOBH, TEIUIOBOTO OanaHca U 0coOeHHOCTEH penbeda.
Jnsa aHanm3a CBA3M  peXUMa JABICHHS C  JIPYTMMH  KIMMaTHYE€CKUMHU
XapaKTepUCTHUKaMU OOBIYHO PAacCMaTpHUBAIOT JIaBJICHHE BO3/yXa, MPUBEICHHOE K
YPOBHIO MOps, TIOCKOJBKY OHO SIBIISieTCSt (PyHKIMEH BbICOThI. CpeaHue roJoBble
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BEJIMYMHBI ABJICHUS BO3/yXa, IPUBEIECHHBIE K YPOBHIO MOpPsl, cOCTaBIsAOT 1015-
1017m6. Ero TeppuropuanbHoe pacupesesieHHe XapakTepru3yeTcsi 0COOCHHOCTAMU
3UMHETO PEeKUMa — OTHOCUTENIFHO TIOHMKEHHOE JTaBJICHUE BO3JyXa OTMEYAeTCs HaJl
npuOpexxHbIMH ~ pailoHaMu. ['omoBas aMIUIMTyZIa pacTeT C  YBEJIWYCHHEM
KOHTHHEHTAJILHOCTH KinMaTa. B mpuOpexHbIX paifoHax ona Omm3ka k 8 m0. B
rOZOBOM  XO/€ OTYETIMBO  OOHapyXMBAaIOTCA  CE30HHBIE  OCOOCHHOCTU
TEPPUTOPUATBHOTO paclpeiesieHus IaBlIeHUs, HauOoiee pe3KO BBIPAKCHHBIC

3UMOM U JieToM (Tabu.1).
Tabymma 1

3navenne arMmocheproro nasienus (B M0) 3a 2010-2020 rr.
[ 1 Il IV [V \ VIlI | VI | IX X XI XII

Py 1015 | 1014 | 1014 | 1012 | 1010 | 1007 | 1006 | 1007 | 1010 | 1014 | 1017 | 1017
1032 | 1033 | 1032 | 1030 | 1023 | 1018 | 1018 | 1017 | 1024 | 1042 | 1031 | 1035
Phin 1989 1990 [988 [991 [992 [990 [991 [994 [993 [991 |[996 |[988

Fnax 43 43 44 39 31 28 27 23 31 51 35 47

_Pmin

Pmax

B T1abn. 1 mnpuBeeHsl MO UIMHHOPSAHBIM CTAHUUSM HauOOJbIINE U
HaUMEHbIIINE CPETHUE MECSUHbIE BEMUYMHBI 1aBlieHUs Bo3ayxa. X rogoBoi xox
TUIUYEH JUIsl KIMMata MpUOPEXHBIX TEPPUTOPUN C MAKCUMyMOM OOBIYHO B
neKadpe-sHBape U MHUHHMYMOM IOBCEMECTHO B uioje. HamOonpime pazHoctu
MEXIy TpeNeIbHBIMA 3HAUYCHUSIMH CPEIHEr0 MECSYHOTO JaBIICHUS BO3IyXa
OTMEYAIOTCSl B XOJIOAHBIN MEPHUOJ TO/Aa, a HaUMEHbIee — B TEIUIBIHA, KOrja Ha
Tepputopun Adxa3zuu npeodagaet 0e3 rpaAueHTHOE MOJIE JaBICHUS.

C HacTymiieHHeM 3UMbl U BECHBI B MPHOPEXKHBIX U MPEATOPHBIX pailoHax
AbOxa3uu OTMEYaeTcs IMOCIe0BaTebHOE MOHIDKEeHNE AaBieHusa. HawmbOombiiee
MOHIDKEHUE OTMEYaeTCs MPH Mepexojie OT MapTa K anpelto, a 3aTeM OT CEHTAOPS K
HOs10pI0 (puc. 4).

P, m6
1018
1016
1014
1012
1010
1008
1006
1004
1002

1000
| 1l 1] \Y, Vv VI Vi VIl IX X Xl Xl
MecsLbl

Puc. 4. Cpennemecsunbie 3HaueHs aTMocdepHoro aasnenus (B m6) 3a 2010-2020 rr.

B 3umuuii mepuon naBneHue Oojee M3MEHYMBO, YeM B JIETHUNA. ITO
0OyCJIOBIIMBAETCSI CPABHUTEIBHO OOJBIION YCTOMYMBOCTBIO JIETHETO TEPMUUECKOTO
pexxuma. Ecnu makcumanbHas pa3HOCTh MEXKY HAuOOJIBIIMMH U HaUMEHBITUMHU
CPEIHUMHU MECSYHBIMU BEJIMYMHAMHU JaBJICHUS BO3Jyxa He mpeBbimaeT 11m0, To
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pPa3HOCTh MEXAy aOCOJTIOTHBIMH 3HAYEHUSMH MAaKCUMyMOB W MHUHHMYMOB
JABJIEHUsI MOXET fJocturath 47-51m06. JlaBieHue Bo3ayxa OTO JAHS KO JTHIO MOKET
pE3KO MEHATHCS, OCOOCHHO B TMPUMOPCKON 30HE. 311eCh MOBTOPSIEMOCTH
MEXIYCYyTOUYHON M3MEHUYMBOCTU JlaBlieHUus Oosiee 9 MO coctaBisier B sitHBape 9,0-
13,0%, B anpene HECKOJIBKO MeHbIIIE, a B utose Bcero 0,3-1,3%. B cyrounom xoje
JIABJICHHS 10 BCE pACCMATPUBAEMON TEPPUTOPUHM OTMEYAETCS ABa MUHHUMYMa U
JIBA MakKCUMyMa, BpeMsl HACTYIUICHUSI KOTOPBIX MEHSETCS B 3aBUCHUMOCTH OT
BBICOTBI MecTa. B mpHOpeKHBIX M HU3MEHHBIX palioHax AOxa3uM, a TaKxke B
MPEArophAX NEPBbI MAKCUMyM JaBJi€HUS (OCHOBHOI) OTMEUAETCSl YTPOM, MEKIY
8 u 10 gac., BTOpoil — Be4epoM, NPUMEPHO MEXAY 22 1 23 4yac., IepBblii MUHUMYM
(6onee cmabrbrit) HAOMIOMaETCSI HOUBIO, OKOJIO 4 — 5 9ac., BTOpoit (OCHOBHOM ) — THEM,
npUOIM3UTENBHO OT 15 10 18 wac., mpu 3TOM B JI€THUE MECALIBI OH IPUXOAUTCS Ha
17 — 18 yac., a B 3umHue — Ha 15 — 18 yac. CyTo4yHas aMIUIUTyJa B CpeIHEM
coctasigeT 0,5 — 1,0 m0.

Tak xak AOXa3usi HaxXOAUTCA TOJ JNEUCTBUEM aTMOC(HEPHOU HHUPKYISIUN
YMEPEHHBIX U CYOTpPONMHYECKUX IIMPOT, YCIOBUA TOTOABI 37eCh OoJee
HEYCTOWYHUBHI YEM B TUIIMYHOM cyOTponuueckoit 3oue. Haubosnbliiiee 3HaueHnE 17151
3akaBKa3bsl UMEIOT MUKPOIIPOIIECCHI, HAXOASIINECS B 3HAYUTEILHON 3aBUCUMOCTHU
OT IOJIOKEHUS ¥ CTENIEHH Pa3BUTHUA a3UATCKOT0 aHTUILIMKIIOHA, C OJTHOW CTOPOHBI, U
MOJIOKEHUSI, U aKTUBHOCTU MOJSIpHOro (hpOHTA, OOYCIIaBIMBAIOIIETO XapaKTep
UKJIOHUYECKOH JAESTEILHOCTU B CPEIU3EMHOMOPKE, C APYTOM.

N3 asposnormyeckux HAOMIOJEHUM HU3BECTHO, YTO B TEX IIUPOTaX, TJe
pacrosioxxkeHa Tepputopus A6xa3uu, rOCIOACTBYET 3aIa{HbIN EPEHOC BO3TYIITHBIX
Macc. B xomogHom ce3oHe HambOoJiee MOBTOPSIOTCS 37€Ch BO3IYIIHBIE MAaCChl
MOPCKOT'0 BO3/TyXa YMEPEHHBIX IUPOT, PEKE C CEBEPO-3ariaia ObIBAIOT BTOPKEHUE
XOJIOJJHOTO KOHTHMHEHTAJbHOT'O BO3JyXa YMEPEHHBIX IIUPOT U APKTHUYECKOTO
KOHTHUHEHTAJIBHOTO BO31yxa. [Ipoxonas Ha Temion MoBEpXHOCTHIO UepHOTO MOps
OHM COTPEBAIOTCS U HE BBI3bIBAIOT Ha KaBKa3CcKOM MOOEPEKbE TAKOTO PE3KOTO
noxojoganusa. C rora W IOro-BOCTOKa 3MMOW H3peAKa BXOASAT TPOIHYECKUE
BO3JYILIHbIE MacChl. B TEIJIOM CE30HE TOCIOACTBYIOIIEE IMOJ0KEHUE 3aHUMAET
TPOITUYECKUN MOPCKOM U KOHTUHEHTAJIBHBIN BO31yX, BXOISIIUHI CI0/1a C I0ra U FOro-
3amaza U 00pa3yIoIMCca Ha moOepexbe 3a CUeT MporpeBa U TpaHchopMmaluyu u3
BO3/1yXa YMEPEHHBIX LIHUPOT.

Kak mokazanu uccienoBaHusi MHOTHUX YUYEHBIX B JI€Hb, MPEAIIESCTBYIONIUN
BTOPKEHHUIO XOJIOJHOTO BO3/lyXa, OOBIYHO HAOJIIOAAETCs Teras Moroja, 4yacto ¢
BBITIAJICHUEM OCaJKOB. B JeHb BTOpXEHUSI XOJOJHOTO BO3JyXa OTMEYaeTcCs
MOHW)KEHUE CPEAHECYTOUHOU Temmneparypsl Ha 5-7°. IlpoxoxxaeHue gppoHTa npu
3amaJHbIX BTOPXKEHUSX COMPOBOXKIAETCS IOYTH BCErja BBHIMIAJICHUEM CHeETa.
B nepBeie n1HU TpaHChHOPMAIIMOHHOTO TEpUOJa, TJIaBHBIM 00pa3oM, BCIEACTBUE
MIPOIOJDKAIOIICHCS XOJIOTHOM aBEKIINH, B OOJIBIIMHCTBE CIIYy4YaeB YIACPKUBACTCS
MOXOJIOAAHUE, YacTO COIMPOBOXKAAIONIEECS BbIMAJICHUEM o0caakoB. (Ce30HHOE
U3MEHEHHE aTMOCHEpPHOM IUPKYJAIUA 3aBUCUT OT TepeMelneHusi obiacTeit
BBICOKOTO ¥ HU3KOT'O JIABJICHUS Ha OOIIMPHON TEPPUTOPHH.

B xomoaHOM ce30He Mg MUPKYJSIHUOHHBIX MPOILIECCOB XapaKTEPHO YacTOe
MPOXOXKJEHUE IIUKIIOHOB, 3aPOXKIAIOIIUXCS B ATIAHTHUYECKOM OKEaHE W UAYIIHNX
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crona uepe3 CpeauzemHoe u UepHoe mops, npuueM 54% mpoxoasiiuX HUKIOHOB
yrayonsitorest Hag YepHsim mopeMm [3, c. 5]. B TemioMm ce3oHe rocnoacTByeT
AHTULHUKIOHAIBHBIM THUI UUPKYJISLUHUH, CBA3aHHBIA C OTPOroM A30pPCKOro
MakcuMyMa. YacTbie BTOPKEHUSI TEPMUUECKU Pa3HOOOPA3HBIX BO3AYIIHBIX MacC B
CJIOXHBIX OporpaUyeCKUX YCIOBUSIX OMPEEISIOT pa3HOOOpa3ue MOro/bl B pa3HOE
BpeMsi roja. Hwuke BKpaTue OCTaHOBMMCS Ha HM3MEHEHUU UHUPKYJISLHMOHHBIX
MIPOIIECCOB U CBSI3aHHBIX C HUM IIOTOJI 110 CE30HaM ToJia.

3uma. Ha knmumatr AGxa3un 3HaYUTENbHOE BIHMSHUE OKa3bIBAIOT BO3YIIIHbBIC
MaccChl, KOTOpbIe (OPMHUPYIOTCS B ApKTHUKE 1 BocTouHOM Cubupu. B 3umMHee Bpems
B IOKHYI0 4YacTb PYCCKOM paBHUHBI NPOHUKAECT AHTUIUKIOHAIBHBIA BO3IAYyX
YMEPEHHBIX MIHMPOT BOCTOUHOU CHOMPHU, KOTOPHIH eIie OOJIbIe YCHIINBACTCS MO/
JICWCTBUEM BTOPTaroIIMXCs C ceBepa APKTHUYECKHMX BO3AYIIHBIX Macc. [ TaBHbBIN
BOJIOpa3nenbHbIN xpebet KaBkasa, cpefHsst BBICOTa KOTOPOTO B mpenenax AoOxazun
nocturaet 3500 MeTpoB, SBIIAETCS BAXKHBIM KJIMMATOPA3/I€JIOM HE MPOIMTYCKAOIIUM
C CeBepa XOJIOJHBIC APKTUUECKUE U CUOMPCKHUE BO3IYIIHBIE MACChl. DTOT XOJIOIHBIH
BO3/IyX HaJl YepHBIM MOpEM COTpEBAETCS, HAOUPAET BJIAry U MPUXOJIUT B AOXa3UI0
3HAYUTEIBHO U3MEHEHHBIM. BO BpeMsi BTOP>KEHUSI aHTULHUKIOHAIBHBIX XOJIOAHBIX
BO3JIYIIHBIX MacC Ha TeppuUTOpuu AOXa3uu yCTaHABIMBAETCS XOJOJHAS U sSCHas
noroja. 3UMOMW €O CTOPOHBI YUEpHOro MOpS YaCTO MPUXOIAT UUKIOHBL. OHHU
MPUHOCAT OOMJIbHBIE OCAJIKM M TOBBIIICHUE TeMIepartypbl. Bo Bpemsi IIUKIOHOB
MOroJla XapakTepU3yeTcsi HEYCTONYMBOCTBIO, YaCThIMU JOXKISIMU B MPUOPEKHON
30HE M MPOJIOJKUTEILHBIME CHETOIIaJaMH B BEICOKOTOPHBIX paiioHax (puc. 5).
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Puc. 5. Pacnpenenenue MUKIOHOB U aHTUITUKIIOHOB 110 Mecsiam 3a nocieanue 10 jget

Posp KaBka3zckux rop B 3TO BpPeMs HCKIIOYUTEIBHO BEJMKA, TaK KaK OHU
MPENATCTBYIOT CBOOOTHOMY TEPEBMKEHHUIO XOJIOIHBIX BO3AYIIHBIX Macc Ha IOr.
Ho mnocnennue, mpu COOTBETCTBYIOUIUX CHHOINTHYECKUX YCIOBHUAX, OTHOAIOT
KaBkasckuii xpeber ¢ 3amaja, 9ro o0yciaBiInBaeT BTOpKeHHEe Ha YepHOMOpCKOe
noOepexpe BO3MYIIHBIX MAacC KOHTHHEHTAJIBHOTO AapKTHYECKOTO BO3AyXa U
KOHTHHEHTAJIBLHOTO BO31yXa yMepeHHbIX mmupot [4, c. 12, 5, c. 34]. Tak urto
Tepputopusi AGXa3uu BCE-TAKU TMOJHOCTHIO 3alUINIEHA OT BTOPIKEHUS XOJOTHBIX

183



Macc u3BHE. UTO K€ KacaeTcs BTOPKEHMS C BOCTOKA, TO OHO ITIOYTHM HE HMMEET
HUKAKOTO 3HaY€HUs JUIsl OTOJIHBIX YCIOBUM AOXa3uu.

Becna. IlepBbiii mecsii BECHBI, MapT, XapaKTEPU3YETCA HEYCTOMYMBOM
noroJIo. B 3To BpeMs elie COXpaHATCs T€ HUPKYJISIIUOHHBIE IPOLECCHI, KOTOPbIE
nerictBoBanu 3umoil. [lox nericTBueM HUKIOHOB, UAYIIKX cO CpeIn3eMHOTO MOpH,
MPOUCXOJUT TIOBBIIICHHE TeMIlepaTypbl Bo3ayxa. Bmmsaue Cubupckoro
AHTULHMKIOHA W ApKTUYECKUX BO3AYIIHBIX MacC BCE yMEHbIIaeTca. TOJIbKO B
pPEOKHX CIOydasX B ThUIy LMKJIOHOB IPOHUKAIOT XOJIOAHBIE AHTHULMKIOHAJIBHbBIC
BO3AYIIHBIE MAcCChl, KOTOpPBIC BBI3BIBAIOT IIOXOJIOAAHUE [aX€ HAa MOPCKOM
no0Oepekbe, XOTSA KOJMYECTBO OCaIKOB B 3TO BpeMs MHHHMMalbHOE. BecHoit
YCWIMBAETCS TEPMUYECKAsl KOHBEKLHUSA, HO HECMOTPS Ha 3TO M3-3a OciabiieHus
LIUKJIOHOB KOJIMYECTBO OCAJIKOB MEHBIIIE, YEM 3UMOM.

Jlero. Ilon BnusHueM A30pCKOro CyOTpPONMYECKOrO0 MaKCMMyMma Ha
nooepexxbe AOxa3uu ocnabeBaroT (GPOHTANIBHBIE TIPOIECCHI U, B CBSI3U C
BO3PACTAHUEM  pPAJAMAIMOHHBIX  MPOLIECCOB, YCTAHABIMBAETCS  HECKOJIBKO
IIOBBILIICHHOE JIaBJICHUE C JUIMTEIBHBIM TOCIIOACTBOM CYXOM IHOroasl ¢C
npeobyiajaHMeM MECTHOTO TPOIMUYECKOro Bo3ayxa. KoinmyecTBO 0CaakoB U
00JIAYHOCTD JIETOM YMEHBIIIAETCs, TAaK KaK MOPCKOM BO3/1yX MPUXOJUT HA HATPETOE
nobepexnpe, HO OTHOCUTEIbHAS BIAXXHOCTh BO3JyXa TOCTUTA€T MaKCHMAaJbHOM
BEJIMYMHBI. B JeTHUE MecsIbl YMEHBIIAETCS BIUSHUE CYXHUX U XKAPKUX BETPOB —
(hEHOB.

Ocenb. OCEHPIO BOCCTAaHABIMBAIOTCS TE€ LUPKYJSIUOHHBIE NPOLECCHI,
KOTOpPBIE MPUOCTAHOBUIIMCH BeCHOM [3, ¢. 29]. B ceHTsA0pe uncao NUKIOHUYECKUX
BO3MYIICHUM, BO3HUKaKOMMX B Cpenu3eMHOM MOpE, €II€ OYE€Hb HEBEIUKO, B
MOCJHEAYIOIINE OCEHHUE MECSIBl OHO IOCTENEHHO BO3pPAaCTAET M BO BTOPOH
MOJIOBUHE HOSAOpS mNpuOIMXKaeTcss K 3UMHUM 3HadueHusM (puc. 5). OceHblo
HayMHAeTCsl ycuiauBarhcsl VICIaHACKWA MUHHMYM, B CBSI3M C YEM XOJOJHBIC
BO3/IYIIHBIE MACCHl MOTYT MPOHUKATH AAJIBIIIE HA FOT, YTO 00YCIIaBIMBAET XOJIOIHBIE
BTOp>KeHMsSI B AOXa3uio ¢ 3amajga. DTUM IPOILIECCOM TMPEPHIBACTCS UIUTEIbHBIN
MEPUOJ] CYXOH, TETIJION U CHOKOMHOW OCEHHEW MOTO/IbI.

B MeXromoBom pacnpelneineHHM LHUKIOHOB B IIOCIEAHEE JECATUIIETHE
OTMEYAETCS CHUXEHUE YaCTOThl MPOSBICHUS LHUKIOHUYECKOW JESITEIbHOCTH,
OCOOEHHO B JIETHEE BpeMs, IO -BUAMMOMY, 3TO CBSI3aHO C TIEPECTPOMKOI
UPKYJISIUOHHBIX TPOIIECCOB MO/ BIMSHUAEM II100aIbHOTO OTEIUIeHUs (pHcC. 6).
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Puc.6. Pacnpenenenue NUKIOHOB M aHTULIMKIIOHOB 1O TojaM 3a nocieanue 10 mer
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[Ipoxoxaenne X0noAHbIX (PPOHTOB COMPOBOKIAACTCS IIKBATaAMU, TPO3AMH U
BBINIQJICHUEM JIMBHEBBIX OCAJKOB. 3HAYUTEIBHOM HIKBAIUCTOCTHIO 00JaAatoT
(GPOHTHI, UMEIOIIUE TTepe]T COOOM TEIBIM TPOMUYECKHUIN BO3TYX.

[Io npanabiM CyXyMCKOM METEOpOJOTHYECKON CTaHIMM B AOxa3zuu
TOCIOACTBYIONIMMU B TEUEHMM TOJia SIBJISIIOTCS CEBEPHBbIE U CEBEPO-BOCTOUYHBIC
BETPBI, IPUYEM TEPBbIC JYIOT B OCEHHHE MECSIIbI, @ BTOPbIE B OCHOBHOM — 3MMOM.
Hepenakn Tak >xe 3amajHble W IOro-3amajHble BETpPbl. XapaKTEpHO, 4YTO Ha
YepHomopckom mobepekbe AOxazuu cuiia BETpOB HeBenuka. Hecmotps Ha 37O,
WHOT 1, 0COOCHHO OCEHbIO HaJl TOOEPEKBEM MPOXOIAT CHIIBHBIE IIKBAJIbI, BBI3bIBAS
oonpiive pazpymenus [1, c¢. 97]. [IpuuuHBl Takoro SIBICHUS 3aKJIIOYAIOTCA B
YCWIEHHUH OCEHBIO LHMKIOHUYECKOW JEATEIbHOCTH M MPOXOXKIECHUEM B ThLUI
TEIJIOBOTO BO3JAyXa XOJOAHbIX Macc. CaMOl CHOKOMHOW B OTHOIIEHHH BETPOB
SIBIISIETCSI CEBEPHAs YaCTh MOOEPEKbs B TO BPeMsi, KaK K 0Ty IOBTOPSIEMOCTh M CUJIa
BETPOB MOCTENEHHO YBEIUYUBAIOTCS, YTO OOBACHSETCS CTETEHbIO 3alIUIIICHHOCTH
3TUX ITYHKTOB F'OPaMHU.

Hapsiny ¢ panmvaliuOHHBIMU Y HUPKYJISIMOHHBIMU (haKTOpaMu Ha KJIMMAT
A0Gxa3un orpoMHOE BIMSHHME OKasbIBaeT penbed. ['naBHbiil KaBkasckuit xpeoer,
HAIIPaBJSAIOLIMICA C CEBEPO-3allajla Ha Or0-BOCTOK, SBIISIETCS €CTECTBEHHBIM
pyOexoM, KOTOpBIA C ceBepa 3alllMiiaeT TEeppUTOpHI0 AOXa3uu OT BTOPXKEHHUS
XOJIONHBIX BO3JYIIHBIX MacC, a TakXKe 3aTPyJHSAET IEPEHOC TPONUYECKUX
BO3JIYIIHBIX Macc C I0ra Ha CEBEp, YeM CIOCOOCTBYET MOBBIIEHUIO TEMIIEPATYPbI
BO3JlyXa Ha TOpHbIX CcKkJIoHaX. Kpome Toro, cucrema KaBka3ckux rop
00yCIIaBIMBAET BOBHUKHOBEHNE OapbEePHBIX OPOrpaPUUECKUX OCATKOB, 000CTPSIET
(pOHTANIBHYIO NESTENBHOCTh B MPOXOAIINX IIUKIOHAX M BBI3BIBAET JIUTEIBHOE
CTalMOHMPOBAHNE IUKIIOHUYECKUX CUCTEM B 3aKaBKa3be.

BriBOALI

XapakTepHOl OCOOEHHOCTHIO YMEPEHHBIX IIHUPOT SIBISIETCS pa3HooOpasue
BO3JYIIHBIX  Macc:  apKTHYECKUX  (AaHTAapKTUYECKUX), MOJSAPHBIX  (OHHU
TOCIIOACTBYIOIIUE), TPONUYECKUX, KAK MOPCKHUX, TaK M KOHTUHEHTAJIbHBIX,
CMEUIAIOUIMXCS € 3aI1a/]la Ha BOCTOK. B IMKIIOHAX CEBEPHOT0 MOJIYyIIapHUs 3TH BUXPU
JBHKYTCS 10 CIIAPAJIM IPOTHUB YaCOBOW CTPEJIKH, B FO’KHOM - IIO YaCOBOM, HO BCEr/1a
HaIIPaBJICHBI K [IEHTPY LIMKJIOHA.

[TpuunHOI ABMKEHUS BO3/1yXa B aTMoc(epe sSBIsSeTCS pa3HULa JaBJICHUS HAJ
36MHOU MOBEPXHOCThbIO, YTO OOYCIIOBJIEHO HEPAaBHOMEPHOCTBHIO pPACHPEICICHUS
COJIHEYHOM pajuani U HEOJHOPOIHOCTHIO MOJICTUIIAIOIIEH TOBEPXHOCTH.

Cpennue rooBble BEIMYMHBI JABJICHUS BO3AyXa Ha TeppuTopun AOxazuu,
NPUBEACHHBIE K YPOBHIO Mops, cocTaBisitoT 1015-1017m6. I'ogoBas amruuTyaa
pacTeT ¢ yBeJIMYeHUEM KOHTUHEHTAIbHOCTH KiinuMaTa. B mpuOpexxHbIX palioHax oHa
omm3ka k 10M06. B romoBoM XoJe OTYETIMBO OOHAPYKUBAIOTCS CE30HHBIC
OCOOCHHOCTH TEPPUTOPUATILHOTO paCHpelesieHus JaBJeHHs, Haubojiee pe3Ko
BBIPKEHHBIE 3UMOM U JIeTOM. VX TOI0BOM X0/ TUTIMYEH JIJIsl KIIMMAaTa IPHUOPEKHBIX
TEPPUTOPUIL C MaKCUMyMOM OOBIYHO B JeKaOpe-sHBape W MHUHHMYMOM
IIOBCEMECTHO B MIOJIE.

B xonomHoMm ce3oHe HauOosiee MOBTOPSAIOTCS 3/€Ch BO3AYIIHBIE MAcChl
MOPCKOT'0 BO3/lyXa YMEPEHHBIX IIUPOT, PEXKE C CEBEpO-3amaaa ObIBalOT BTOPKEHHE
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XOJIOJJHOTO KOHTHMHEHTAJbHOI'O BO3JyXa YMEPEHHBIX IIUPOT U APKTUUYECKOIO
KOHTUHEHTaJIbHOroO Bo3ayxa. [Ipoxoas Han Teruoi noBepxHocThio YepHOro Mops
OHHM COTPEBAIOTCS U HE BBI3bIBAIOT Ha KaBKa3ckoM MOOEpEKbe TaKOTO PE3KOro
noxonojganus. C 1ora W IOro-BOCTOKa 3UMOM H3pelKa BXOISAT TPOMUYECKUE
BO3JIyIIIHbIE Macchl. B Temiom ce3oHe rocmoJiCTBYIOIIEE MOJIOKEHUE 3aHUMAET
TPONMMYECKUI MOPCKOM M KOHTUHEHTAIbHBIN BO3AYX, BXOSIIMM CI0JIa C I0ra U I0ro-
3amajia U 00pa3yroNIniics Ha MoOepeKbe 3a CUET MporpeBa M TpaHchopMaluu U3
BO3]lyXa YMEPEHHBIX IIHPOT.
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2Uncmumym sxonozuu Axademuu nayk Abxasuu, Abxasus, 2. Cyxym

HecMoTps Ha TO, 4YTO aHTPOIIOT€HHOE BO3/IEHCTBUE, COIVIACHO COBPEMEHHBIM
MPEACTABICHUSIM BHOCHUT ONPENEIEHHBIM BKJIaJ B TJIOOAJIbHOE TOTEIJICHUE,
HaOMIofaBIIeecss B IOCIEIHEE CTOJIETUE, POJb ECTECTBEHHBIX BHEIIHUX
BO3JCUCTBUIM Ha KIMMAaTHYECKYyI0 CHUCTEMY, a TaKXKe BKJIaJ €CTECTBEHHOMU
KJIIMMAaTUYeCKOM HW3MEHYMBOCTH HECpPaBHEHHO Oojee 3HauuTenbHbl. Cpenu
€CTECTBEHHBIX BHEIIHUX BO3JICHCTBUM, 3HAUMMBIX Ha MacliTa0ax ACCATHICTHHA U
CTOJIETHI, MOXHO BBIJIEIIUTh U3MEHEHHUE COJIHEUHOW AKTUBHOCTHU U BYJIKAHUYECKYIO
aKTUBHOCTH [1, C. 83].

B pesynprare KpymHBIX BYJIKAaHMYECKHUX M3BEpKEHHM B atMocdepy
BbIOpachIiBaeTCad OOJBIIOE KOJUYECTBO cOeAUMHEHUU cephl. Ilpu 3tom Oombmias
YacTh 3TUX COEAMHEHHH OKa3bIBaeTcsl B cTparocdepe, IZI€ OCTaeTcsd B TEUEHUE
1- 2 net [14, c. 49]. Oxnaxxaaroriee Bo3ACHCTBIE I HAanOOJIee CHITBHBIX H3BEpKe-
HUI 10 aOCOMIOTHOH BeNWYMHE A0CTUTaeT 3-5 BT M2, a 11 Hambolee MOIIHBIX
BYJIKaHOB, Hanpumep, [Iunaty6o (Ounununsel, 1991) ocnabienre MOXeT 10CTUTATh
~6 Bt M2 [5, c. 35]. Kak cnencTsue, BYJIKaHMYECKHE M3BEPIKECHUS IPHUBOIAT K
MOXO0JI0JaHuI0 KiiuMaTta B TeueHuu 1-2 jer [10, c. 115].

B uactHoCcTH, mocie u3BepxkeHus: BynkaHa TamOopa snerom 1816 r. ObLI0
aHOMAJIBHO XOJIOJHBIM (“Ton 6e3 snera”). C Apyroi CTOPOHBI, 3UMOMH, CIIEAYIOIICH
MoCJie M3BEP)KCHHS BYyJIKaHA B TPOMHKAX WIM CYOTpOINHMKaxX, OTMEYaeTcs
MOTEIJIEHWEe HaJ cyliedl BHeTrponuueckux mupoT CeBepHoro u  HOxkHOro
nonywmapui 8, c. 535].

[locnenHee CBSA3BIBAIOT C OTKIMKOM LIMPKYJSILUUA Tponoc@epsl (pa3BUTHEM
MOJIOKUTENbHON  (Pa3bl ApPKTHYECKOTO W AHTApKTUYECKOro KoJieOaHuM) U
YCWJICHHEM aJIBEKTUBHOI'O TEPEHOCA TeIla C OKEAaHMYECKUX PErMOHOB Ha CYIILY.
3umMHee mnotemieHue cymu CeBepHOro MoJylIapusi HE MPOSBISIETCS MpHU
U3BEPKEHUSX BBICOKMX IIMPOT, HANMpUMEp, MPU H3BEP>KEHUM ByikaHa Karmai
(1912 r.) [12, c. 3]. KpoMe TOro, yMEHbIIIEHHE MPUTOKA COJIHEUHOU paJUaIlUU K
MOBEPXHOCTH OKEaHa BBI3BIBAET YMEHBIICHUE HCHApEHUs] U COOTBETCTBYIONIEE
YMEHBIIICHUE OCAJIKOB [2, C. 4].

[Tpu yBennueHUU NOBTOPSIEMOCTH BYJKAHUYECKUX U3BEPKEHUN B OT/ICTIbHbBIC
NepuoAbl OHM MOTYT MPUBECTH K 3aMETHOMY IMOXOJOJAHUIO KIMMara B 3THU
nepuosibl. Tak, COBMECTHOE€ YMEHBIICHUE COJHEYHOW MOCTOSSHHOW W YCUIJIEHUE
BYJIKAHUYECKOW AKTHUBHOCTH CYUTAETCS OCHOBHOM INPUYMHOM PA3BUTHUS MAJIOTO
nequukoBoro mnepuojga XVII-XIXBexkoB. B cBowo ouepenb, yMEHBIIEHUE
BYJIKAHUYECKOW AaKTMBHOCTHM U POCT COJHEYHOW IIOCTOSHHOM MOIYT CIIyKUTh
NPUYMHON KaK CPEeHEBEKOBOro kiumatudeckoro ontumyma |X-XlIBekoB, Tak u
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MOTETUICHUS, HaOTI0AaBIIIeTocs, B TepBoil mojoBuHe XX Beka [11, ¢. 8, 14, c. 9].

B ¢ynnamentanshoit pabore (EmuceeBa, MoxoBa, 2008) mnpuBoguTCs
ONKMCAHHUE CXEMBI y4yeTa BYJIKAaHUYECKOTO BO3JEHCTBUS B KIMMATHYECKON MOJEIH
MPOMEKYTOUHOM CIIOXKHOCTH, pazpaboranHoi B MHcTuTyTe (pusuku armocdeps
uM. A.M. Obyxosa PAH (KM MDA PAH) u oneHka BIMSHHUS BYJIKaHUYECKON
aKTUBHOCTHU Ha BapHallMy KJIMMaTa MOCIeAHUX HECKOJIbKUX cTosieTui. [1pu sToMm, B
YaCTHOCTH, CJI€JaH BBIBOJ O BO3MOKHOCTH HMcnojib3oBaHusd KM MDA PAH nus
oleHKH 3()(PEKTUBHOCTH MPEIOTBPAIICHHS INI00ATBHOTO MOTEIUICHHUS, CBI3aHHO C
KOHTPOJIMPYEMBIMHU SMHUCCUEN COeTMHEHUM cepbl B cTpaTocdepy [3, c. 40,9, c. 244,
10, c. 115].

Otk Mojaenu Ha wusBepkeHue IluHatyO0o (kak mnpuMepa CHIBHOTO
U3BEP)KEHUS BYJIKAHA, PACIOJIOXKEHHOTO B TPOMMKAX) JIETOM XapaKTEpHU3yeTCs
IPUNOBEPXHOCTHBIM noxosioganuemM 0.5 — 1 K Hag Oonbmed 4acTbio
BHETPONMYECKON CylIM ceBepHOro mnonymapus u HOxHOro okeana. 3To
KaueCTBEHHO COTJIacyeTe C OLIEHKOM IO JIAaHHBIM HAOI0/IEHUI 1J11 MapTa- OKTSIOpsI.
3umHunii otkuk KM MDA PAH, Takxke xapakTepu3yeTcsi CHIIbHBIM ITOXOJI0aHUEM,
MaKCUMAaJIbHBIM HaJl CYIIIEH BHETPOMUYECKUX IIUPOT ceBepHOTO nomymiapus (>1 K).
OTO CYIIECTBEHHO OTJIMYAETCS OT JaHHBIX HAOIIOJEHUM ClIeyeT OTMETUTh, UTO
3UMHEE MOTEIUICHUE HaJl CylIeld BHETPONMUYECKUX IIMPOT HE BOCIPOU3BOJIUTCS U
PAIOM OPYTUX COBPEMEHHBIX KIIMMAaTHYECKUX Mojenen [3, c. 41,9, c. 241].

Otkmuk ocankoB Ha wu3Bepkenue Ilunatybo B KM HUDA PAH
XapaKTEepU3yeTCs Pa3BUTHEM CUJIBHOW 3aCyIUIMBOM aHOMAJIMM BHE TPOMHUKOB. JTO
KAueCTBEHHO COTJIACYeTCsl C pe3yJbTaTaMU aHaJn3a JaHHbIX HAOIIOJEHUN OCaIKOB
Y pe3yabTaTaMM pacueToOB C IPYTHUMH MOJAEIAMU Kimmara [5, c. 41, 7, c. 380].

OTkIMK MOJienu Ha U3BepKeHUs ByJkaHa KaTMmaii (kak mpumepa CHIBHOTO
U3BEPKEHUS BBICOKHMX IMPOT) TaKXKE XapaKTEpHU3yeTCs 3HAYUTEIbHBIMU
XOJIOJHBIMU AaHOMAJUSIMH y MOBEPXHOCTH BO BHETPOIMYECKON 30HE CEBEPHOTO
nonywmapusa. Hajg BHETpONMMYECKMMU PETMOHAMH CYIIW 3TOrO MHOJIyIIapusi 3UMOM
1913 r. noxonoganue nocturaer 1-2 K, a B cpeqnem 3a 1913 r. - 0.5-1 K. Ot
pPE3YIBTATHI B LIEJIOM COTJIACYIOTCSI C COOTBETCTBYIOIIUMU.

Cpennue mo aHcaMOmro uuciieHHble skcnepumeHTsl, ¢ KM MDA PAH
KO3 PHUITMEHTHI TUHEHHOTO TPeHAa rI100aIbHOM MPUITOBEPXHOCTHOMN TEeMIEpaTyphl
atmocdepnl (B K/Bek). Kak crnemctBue, MOXHO TmpeAarnojaratb, 4TO pOJb
BYJIKAHUYECKOM AKTUBHOCTH B 3TOM TMOTEIUVICHUU HE SBIISIETCS MPEHEOPEKUMO
MaJon.

[Ipu T17106aNBFHOM OCPETHEHUHM POCT MPHUIIOBEPXHOCTHON TeMIepaTyphl
atMocdepsl k cepeauHe XIX Beka oTHocuTenbHO Havyasna XVII Beka cocTaBisieT
okoJio 0.6 K mist 06oux sxkcnepumenToB ALL 1 GHGSASOL. OcHoBHOM BKJIaj B
sto noterienre B KM MDA PAH obecnieunBaercst 0OMIMM POCTOM COJHEUHOMN
MOCTOSIHHOM B ATOT nepuoA. JlonomuurensHbii (mo otHomeHnto k GHGSASOL)
y4eT BYJIKAaHMYECKOro BO3JEWUCTBUS B JKcrnepumente ALL npuBoaut K
KPAaTKOBPEMEHHBIM (JUTUTEIBHOCTHIO 1-3 Toja) MOXOJOJaHHsIM TOCHE KPYMHBIX
W3BEP)KCHUN C TPEHEOPEKUMO MAIBIM pa3audueM 1g MEeXAy STUMH ABYMS
AKCHEPUMEHTAMH B TEPUOJAbl MaJlOl MHTEHCHUBHOCTH. YUYET BYJIKAHUYECKOTO
BO3JICICTBUSI HAa KJIMMAT, HapsiAy C YYE€TOM BIIMSHUS MU3MEHEHUS CBETUMOCTH
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COJIHLIA, MO3BOJIMJI YacTU4HO Bocrpou3Bectd B KM NDA PAH He MOHOTOHHOCTB
noTeryieHus kimmaTa B XX BeKe ¢ pocToM Iio0ansHoi TemmnepaTtypsl B 1910-1930-
X 1T. 1 1970-1980-x rr. u ymenbienrem B 1940-1960-x rr. [10, c. 116, 12, c. 745].

OpnHako paznuuue MeXIeKaIHbIX BapHaluil Temmnepatypbl B XX BEKe MEXKIY
KM DA PAH u HaGmoAeHUSAME OCTAETCSI CYIIIECTBEHHBIM U MOXKET OBITh CBSI3aHO
C POJIbIO €CTECTBEHHOM M3MEHYMBOCTH KIIMMAaTa B TaKUX BapUallUsiX U WA He
Y4eTOM JAPYTHX BO3JEHCTBHM Ha KIMMAT (HampuMep, U3MEHEHHUs KOHIIEHTpalluu
030Ha B atMocdepe).

Hcxons w3 WM3I0KEHHOTO B OOOOHIEHHOM MOJCIH, OXBaTHIBAIOIICH
BPEMEHHOE MPOCTPAHCTBO B HECKOJbKO BEKOB W 3HAYUTEIIbHBIC TEPPUTOPUU
(Ceeproe u HOxxHoe modymapusi), TPYAHO BBIAEIUTh HEMOCPEACTBEHHOE
BO3JICCTBHE BYJIKAHOB Ha (OHE OCTAIBHBIX MHOTOYHCIEHHBIX (DAaKTOPOB,
BO3JICHCTBYIOIIMX Ha KIMMATHYECKYIO COCTABIISIIOLIYIO.

B mnpenmaraemoit paboTe OCHOBHOE BHHUMAHHE YAENAETCS MCCIEIOBAHUIO
MPOCTPAHCTBEHHO-BPEMEHHOTO PACIIPENECICHUS TMOCIEICTBUII BO3IEUCTBUS TPEX
HamOoJiee MOUIHBIX ByJKaHa: Onb-Unuon (Mekcuka, 1982), Ilunaty6o
(Oummununae, 1991), Ouadwsatnaiokynns (Mcnangus, 2010), wuszBepkeHue
KOTOPBIX TPOUCXOJUIIO B TEpPHOJ IobanbHOro mnoremieHus kiaumarta (1980-
2010rr) u oka3ano 3aMETHOE BIMSHUE HA CPEIHETO0BYIO TEMIIEPATYPY HE TOJIHKO
Ha TeppuTopun Adxasuu, HO U 1o BceMy KaBkasckomy peruony [1, c. 85].

[Ipn kaTacTpo(UUECKHX HM3BEPKEHUSX BBHIOPOCH BYJIKAHWUECKOW MU H
ra3oB, CyOIMMUPYIOMHUX YaCTHUKH CEPBI U APYTUX JICTYIHX KOMIIOHEHTOB, MOTYT
JIOCTUTaTh cTpaTocephl U BhI3BIBATH KaTacTpoduueckue U3MeHeHus kiaumara |14,
c. 53].

Bynkanuueckasi JneAT€IbHOCTh COMPOBOXKIAETCS TOCTYIUIGHHEM B aTMO-
chepy OrpOMHOr0 KOJMYECTBA Pa3HOOOpPA3HBIX MO pa3MEpPy M COCTaBY BELIECTB.
OT0 MOTYyT OBITh JKMJIKHE WU TBEpAbIC a’pO30JIM, a TaKKe Ta3bl, U3 KOTOPHIX
BIIOCJICACTBUN (POPMUPYIOTCS BTOPUYHBIE YACTHIBI - HANMpUMEp, ra3000pa3HbIi
OKCH/JI Cepbl, KOTOPHIi 3aTem okucisiercs 1o HyS04. [13, c. 17].

ITo nmanueiM I'.B. CypxoBoii [13]. onTrueckast ToimmHa aTMocdepsl mocie
u3BepKeHUi ByskaHOB AryHT (1963 r.), @yaro (I'Batemana, 1974 r.), Cent-Xenenc
(CIIA, 1980 r.) B TeueHue AByX JeT Obuta HUXKE cpennet Ha 10% u Gonee, a moce
u3BepkeHU BynkaHa Onb-Unuon (Mekcuka, 1982) u I[lunaty6o (Puiunussl,
1991) - ma 50%. B03MOXHO, 4YTO CTOJb JIUTEIBHBIA IPQPEKT ObLT BHI3BAH
BTOPUYHBIMU  a3PO30JISIMU, OOPA30BABIIMMUCS U3 TMPOAYKTOB U3BEPKEHUS.
[TocTymniieHue ByJIKaHUUECKOTO BEIIECTBA B aTMOC(Eepy BiIeUET UBMEHEHHUE PEKUMA
XUMHUUYECKUX TporeccoB. Tak, Hampumep, BCIEJ 3a MOIUIHBIMU H3BEPKEHUSMU
ByJiKaHOB Oib-YnuoH (Mekcuka, 1982 r.) u Ilunaty6o (Oununmussi, 1991 r.)
HaO0JII0/1aJTOCh YMEHBIIIEHHE O0IIEro cojiepkanusi o30Ha B atMmocdepe [16, ¢. 23].

Bynkanel BO3AEHCTBYIOT Ha NPUPOIHYIO Cpely M Ha 4YeEJI0BEYECTBO
HECKOJBKUMH criocobamu. Bo-mepBhIX, MPSMBIM BO3IEHCTBHEM Ha OKPYKAIOITYIO
Cpelly HM3BEprarouuxcs BYJKAHUYECKUX IMPOAYKTOB (J1aB, MEIUIOB U T. T.), BO-
BTOPBIX, BO3JICHCTBUEM Ta30B U TOHKHX IEIUIOB Ha aTMOC(eEepy U TeM CaMbIM Ha
KJIMMAT, B-TPEThUX, BO3/ICUCTBUEM TEIJIa MPOAYKTOB ByJIKAHU3MA Ha JIe]] ¥ Ha CHET,
YacTO TMOKPBIBAIOIINX BEPIIMHBI BYJKAHOB, YTO MPUBOJUT K KaTaCTPOPUIECKUM
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CeJisiM, HABOJHEHUSM, JIABHHAM, B-UETBEPTHIX, BYJIKAHUYECKUE W3BEPKCHUS
OOBIYHO COTMPOBOXKIAOTCS 3eMIIETPSICEHUSIMU U T.J. HO 0COOEHHO 10JATOBPEMEHHBI
U 100ajdbHBl BO3JICHCTBHSI BYJIKAHWYECKOrO BEIIECTBA Ha arMmocdepy, uTo
OTpakaeTcsl Ha U3MEHEHUH KiaumMata 3emiu [ 15, c. 61].

Hy>xHo monarate, 4To 1ake KpaTKOBpEMEHHas1, 0 MepKaM >KU3HU YelIOBEKa,
MaciTabHasi ByJKaHHYECKasi aKkTUBHOCTb MOKET U3MEHUTh PaJIMallMOHHBIN OaaHC
IUTAHETHI, SBJISIFOUIUICS SHEPreTUYECKOW OCHOBOM CYIIECTBOBAHUS W Pa3BUTHUS
9KOCHCTEMBI, IUPKYJIAINAN aTMOC(hEphl, MOPCKUX TCUCHHUH 1 TIPOYHX IPOIIECCOB [8,
c. 336]. BeiOpacriBaeMbIe B BO3JyX a3p030JM IMOTJIOMIAIOT YACTh UCXOSIIETO OT
3eMJIM TEIUIa W PACCEMBAIOT 3HAYUTEIBHYIO YaCTh BXOJSAIIETO COJIHEYHOTO
u3ITydeHust. ITOT 3G(HEKT MOKET COXPAHATHCS Ha MPOTSKEHUU OT ABYX 110 TPEX JIET.
PaccMmoTpenue nuHaMuKH CPeTHETOI0BOM TEMITEpaTyphl MPU3EMHOTO CJIOS BO3IyXa
3a mepuog 1960-2019rr. (puc.1) mo3BosIeT BELACTUTH P CHCIUPHUUIESCKUX YepT.
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Puc.1 Pacnipenenenue cpeaneronoBeix Temnepatyp IICB no ocHoBHBIM
MeTteocTraHiusaM KaBkaza

Bo-nepBbIX, 3TO SApKO BBIpAXKEHHAs TEHACHIUS K POCTYy TEMIIEPATypBhl.
CpenHssi CKOpOCTh pOCTa CPEAHErOJJOBOM TeMIepaTypbl BO3/lyXa Ha TEPPUTOPUU
Aobxaszuu B 1976-2020rr. coctaBuna 0,9°C/10met, uto B 5 pa3a 0oJbIlIe CKOPOCTH
pocta rnobanbHOM Temmepatypsl 3a ToT ke nepuoj 0,17°C/10mer. Umenno 3ta
TEHJICHIIUS U MOCTY>KIJIa OCHOBOM /11 OPMHUPOBAHUS TPATUIIMOHHON KOHIIEIIIUN
AHTPONOTEHHOTO MOTETICHHUS.

Btopoit 0COOEHHOCTBIO JMHAMUKH SBJISIIOTCS JIOKAJbHBIE MAaKCHMYMBbI
Temnepatypsl, npuineaimuecs Ha 1980-sie, 1990-bie u ocodenno B nepuona 2010-b1x
rojioB. Hanuuue »TUX MakCHMMyMOB HHTEpIpETHUpYyeTcs Kak mposiBiaeHue 60-70-
JIETHUX KJIMMaTH4YeCcKux 1ukioB [10, c.17].

TpeTbss 0COOCHHOCTD, MPOSBIISIONMASACS HAa KPUBOK 5-JETHETO CKOJB3SIIETO
CpEIIHEer0, COCTOMT B (PUKCallMU JIOKAJIbHBIX MHUHUMYMOB TEMIEPATyphl C
MEPUOANYHOCTHIO, CBSI3aHHOM C HM3BEpPKEHHEM BYJIKAHOB Oib-UnuoH (Mekcuka,
1982), Iunaty6o (Pwmmnuusl, 1991), Ditadeatnaiokymis (Mcmanaus, 2010).
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W3meHeHns aOCOMIOTHBIX 3HAUYEHUW TeMIepaTyphl U CTENEHb ITHUX H3MEHEHUH
NPEACTABIAIOT CO0OM BakKHBIE MapaMeTpbl, XapPaKTEPU3YIOIIHE BO3MOKHBIE
MOCJIEACTBUS U3MEHEHUIN KiIuMara 3eMJid. JTH MOCIEACTBUS- TasHUE JIEAHUKOB,
MOBBIIICHUE YPOBHS BOJbI B MOPSIX, HABOJHEHHUS, 3aCYXH, U3MEHEHUSIOMOTHI U PSiJT
npyrux sisnenui [12, ¢.752].

OcC00EHHOCTBIO TEHACHIIMM M3MEHEHHUs cpeaHerofoBbix Temmepatyp [ICB
st Becex mectd mereoctaHuui (Cyxym, Coum, Tyamce, Anama, Kpachonap,
Bnagukaska3, CTaBponosb), pacloyIoKEHHBIX B PA3IMYHbIX KIMMATHYECKUX 30HAX
SBIISIETCS MX TPAKTHYECKas CHUHXPOHHOCTb, C BBICOKUM KO3(P(PUIIUEHTOM
koppemsiiiua  >0,85. Kpome Toro, Takas k€ CHHXPOHHOCTh HAOJIOJAETCS B
CKaYKOOOpa3HOM TMOHIKEHUU cpeaHeronoBoil temmepatypsl [ICB B oA
MOCJHEAYIOIIMI 32 HW3BEP)KEHHEM. B 3aBUCHMMOCTM OT yHAN€HHOCTH ITYHKTa OT
BYJIKAHMUECKOTO o4ara, 0COOEHHOCTeH pacmpocTpaHeHus Tedpsl B Tporocdepe u
ctpaTocdepe 3P heKT MOHKESHHS TeMIIEpaTypbl MOXKET OBITh pa3auyHbIM. B Tabi1. 1
IIPEACTABICHBl Iepenaapl  cpeAaHerofoBslx Ttemmeparyp IICB, BeI3BaHHBIE
BYJIKAHWYECKUMM U3BEpKEHUAMHU. 110 Bcell BUAMMOCTH, B 3THUX CIy4asX OCHOBHAs
poJib B TOHW)XEHUM TEMIEpaTypbl BO3AyXa MPUHAMICKHUT CTPATOCHEPHOMY
a’p030J1t0, KOTOPBIN COXpaHseTcs B aTMoc(depe B T€UEHHUE JUIMTEILHOTO BPEMEHH

[15, c. 225].
Tabmuual
[Tepenaast cpeaneronoBsix Temmepatyp [ICB, nox Bo3nelicTBeM N3BEPKEHUS BYJIKAHOB

[TyHkT Onb-UnuoH [Tunaty60 Dt paaIaleKIo1Th
HaOIIOIEHUS At°C = tgz — tg, At°C = tg, — tgq At°C =ty — t1o
Cyxym -0,2 -1,2 -4
Coun 0,1 -1,2 -3
Kpacnonap -1,3 -0,5 -2,6
CraBpornosb -1,3 -1 -3
Bnagukaskas 2,1 -0,7 -2,7
Amnarma -0,4 -0,5 -2,7
Tyarnce -0,1 -0,9 -2,9

['moGasnibHbIE  TeMIlepaTypbl TOXE PpEarupyroT Ha  BYJIKaHUYECKHE
U3BEPKEHUS, TOHMXEHUS TEMIIepaTyp COCTAaBWIM: ByiKaH Oib-UuuoH, 1982r-
0,1°C; IMumary6o, 1991 r. -0,1°C; Duadearmaitokymis, 2010 r. - 0,2°C. Ho
IOCKOJIBKY TJIOOAJIbHBbIE TEMIIEpPaTypbl SIBISIOTCA CIEACTBHEM 3HAYMTEIbHBIX
IPOCTPAHCTBEHHO-BPEMEHHBIX  OCPEIHEHMH, HUX  aMIUIMTyJa  KojeOaHui
CYILIECTBEHHO MEHBIIIE perHOHabHbIX [16, . 53].

CylIeCTBEHHBIII HWHTEPEC, C TOYKH 3PEHUS BBIABICHHUS MEXaHU3MOB
BO3JICMCTBUSI H3BEPKEHUsSI ByJIkaHOB Ha Ttemneparypy I[ICB, npencrasaser
CE30HHOE paclpe/ie]ieHue OTKJIOHEHUH CpeIHEMECAYHbIX 3HAYEHUU TeMIeparyp
[ICB oT cpeaHHX MHOTOJIETHUX, MPEIIIECTBYIONIMX HU3BEPKEHUIO, MO MYHKTAM C
Pa3IMYHBIMU KIIMMAaTUYECKUMH YCIOBUSAMU. B Tabn. 2 npeactaBiaeHbl OTKIOHEHUS
CPEIIHETO/I0BbIX TeMIIepaTyp, BbI3BaHHbIE U3BEP)KEHUEM BYyJIKaHa
Ditsipparnaniokyans (Mcnanaus, 2010 r).
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Tab6muma2
OTkJI0HEHU 3HaYeHUM cpeHemMecsauHbIx TeMrneparyp [ICB, BhI3BaHHBIX BO3/IEMCTBUEM BYJIKaHA
Duisadearnaiiokymis (Mcnanmus, 2010 1.), OT CpeAHIX MHOTOJIETHUX 32 MPEIBIIYIINE TOAbI

MyHKT At C=t 11t cpao

HabnoaeHUA

mecAaybl | 1l 1 \Y) Vv Vi Vil Vil IX X Xl Xl
Cyxym 1,4 -1,6 -0,2 -2,3 -1,6 -0,2 0,3 -0,7 -0,5 -1,7 -5,4 -0,7
Bnagukaskas 0,7 -3,2 -1 -2,7 -0,9 -0,2 1,9 -1,3 -0,3 -1,1 -5,6 1,9
KpacHoaap -0,8 -3,5 -1,6 -2,4 -0,6 0,8 2,2 -0,8 0,3 -1,2 -5,5 3,4
Couun 0,6 -2,6 -0,9 -2,2 -1,6 -0,9 0,3 -1,2| -08| -1,71 -49 0,5
Crasponosnb -0,7 -4,4 -1,7 -2,8 -0,7 -0,2 1,5 -1,4 -0,2 -1,7 -6,2 2,3
Tyance 0,3 -2,5 -0,8 -1,7 -0,6 0,1 1 -0,7 -0,1 -1,7 -5,4 1,9
AHana -0,7 -3 -1,4 -1 -0,2 1 0,6 -0,1 0,4 -1,6 -6,2 2,8

N3 anamuza Tabimuubl cienyer, oOTkioHeHus —Ttemmneparyp [ICB
CYIIIECTBEHHBIM 00pa30M 3aBHUCST OT BpeMeHU roja. [lepenasn Temmnepatyp B mepBomM
ciydae coctasnser ot -1,6°C (Cyxym) no -4,4°C (CtaBponoss), BO BTOPOM CiIydae
3TH OTKJIOHEHHS JOCTUTAIOT cooTBercTBeHHO — 5,4°C, - 6,2°C. Hambombimme
oTkIoHeHus -6,2°C HabmonaroTcs Ha MeTeocTaHMu . CTaBpOIO U AHAIIEL

B o6mem cnydae Haubosiee 3HAUUMbIE TIOHIKEHHSI TEMIIEpaTyp
HAOJIOMAIOTCS B PErMOHAX C KOHTUHEHTAJIBHBIM KIMMaToM. B mpuOpexHbIX
MyHKTaX HAOJIOJCHUM CKa3bIBaeTCs cMATYArolee JEHCTBUE MOPCKUX aKBAaTOPHUHU.
[Tpu 5TOM B KOHIIE 3UMBI ((peBpasib) U MOCIEAHETO OCEHHEro Mecsia (HosIOpb) B rojt
nocjie  W3BEepXKEeHUsi BynkaHa OusadearTinaiiokynns (Mcmangus, 2010 1),
TEMIEpaTypa CHHXPOHHO BO BCEX IyHKTaX HAOMIOJEHUS PE3KO TMOHMKAETCS

(puc. 2).

4 t°C
12
%
2 / 5
N 6
0 °
8 9 10 11 » 7

-8

7-Cyxym 2-Bnagukaskas 1-KpacHogap 6-Coumn

@=@==/-CTaBpononb 5-Tyance ® 3-AHana

Puc. 2. Otknonenue cpeguemecsunbix temnepatyp 1ICB B KaBkasckom pernone nocie
u3BepxKeHUs ByjiKkaHa Disadbsarnaniokyis (Mcnannus, 2010 1)

192



MoXHO nojiaraTh, 4TO CTOJIb PE3KHE TOHUKEHUS TEMIEPATYP HE MOTYT ObITh
pe3yJbTaTOM JEWCTBUS MAPHUKOBBIX Ta30B, BBIACISAEMBIX NPU H3BEPKEHUH, WU
CHUKEHUEM TPO3PAYyHOCTH aTMOC(ephl MOl BIUSHUEM a3pO30JbHBIX BHIOPOCOB B
Tponochepy u crparochepy. BeposiTHee Bcero B armocepe MpOUCXOAST Takas
MEPECTPONKHA LIUPKYJISIIUOHHBIX IPOLECCOB, KOTOPBHIE MO3BOJSIET APKTUYECKUM
[IMKJIOHAM MPOHUKATHh B I0KHBIE PErHOHBbI, TeM 0oJiee, YTO YKa3aHHBIC MEPHUO/IbI
MOHWKEHUSI TEMIIEPATyp COOTBETCTBYIOT BECEHHEW M 3UMMHEN IEpPECTpOMKe
aTMOC(epbl, CBS3aHHOM C E€CTECTBCHHOW AaKTHMBH3AIlMEH ITUKIOHUYECKOU
NEeSATEIbHOCTH.

B otnuumu oT M350KEHHOTO TIPH 00IIEM CYIIECTBEHHOM (CKauKOOOpa3HOM)
NOHW)KEHUH CPEIHETOJIOBBIX TEMIEpAaTyp, 3WMHHE M OCOOEHHO JIETHHE
TEeMIEpaTyphbl OCTAIOTCS 3HAUMMO BBIIIE CPEIHUX MHOTOJICTHUX 3HaUYeHUU. Takum
oOpazomMm, cozmaéres «dhdext TEmIoN 3uMB»Y U «Kapkoro» jera. [lo Hamemy
MHEHHIO, OJTHUM M3 BO3MOKHBIX BAPUAHTOB O0BSICHEHUS N3JI0KEHHOTO MOXKET ObITh
MPOSIBJIICHHE TAPHUKOBOTO 3(PdekTa cTparochepHbIMU a3PO30JISIMU B 3UMHHM CE30H
Y aKTUBHOE BIIMSIHUE NTAPHUKOBBIX ra3oB Ha Temiiepatypy [ICB B neTHuii nepuon.
W3BepxkeHus ByJIKaHOB B 3HAUMTENILHOM CTEMEHM HApYIIAIOT OallaHC BEIlecTBa U
MEPEeHOC TEeIJIOBOM HSHEpruM B aTMocdepe, KOTOPBIA SBISIETCS PE3yJbTaToOM
CJIOKHOTO B3aMMOJICMCTBUA JUHAMUYECKHX, PAAUAUUOHHBIX M XHUMHYECKHUX
IIpoLIECCOB. B 3aBUCHMMOCTH OT BBICOTHI HaJl 36MHOW NOBEPXHOCTBIO U3MEHSETCS
pOJIb 3TUX MPOLIECCOB B IIUKJIE MPE0OPA30BAHNI XUMHUUECKUX BEIIECTB. B HIKHHUX
CI0sAX aTMOc(epbl OOJBIIYI0 POJIb UTPAKOT AUHAMHYECKHUE mpouecchl. C BBICOTOM
WHTEHCUBHOCTh COJHEYHOM paJualuyd BO3PAacTaeT, YBEJIWYUBas poiab (Po-
TOXMMHYECKHUX MPOIIECCOB B 0OPa30BaHNUU HOBBIX COEIMHEHUIA.

Atmocdepa 3emnu Ha 99,9% cocTOUT M3 MOJEKYJISIPHOTO a30Ta, aproHa u
kuciopona. Ho, HecMOTps Ha MaJible KOHIIEHTPALMK APYTHX BEUIECTB B aTMoc(epe,
OHM UTPAIOT BAXXHYIO POJIb B (DOPMUPOBAHUH KIMMATHUYECKOTO pexknma. Biusaue
XUMHUYECKOTO COCTaBa aTMOC(EPHI Ha KITUMAT MOXKET ObITh MPSIMBIM U KOCBEHHBIM.
[IpsiMmoe BiUsIHUE 3aKIIOYAETCS B TOM, YTO ONTHYECKHUE CBOMCTBA aTMOC(eEpHI, a,
CJIEIOBATEIbHO, M OMOKET Tella KIMMATHYEeCKOW CHCTEMbI, ONpENETICHBI ee
XUMHUYECKUM cocTaBoM. Hampumep, yriekucibiii ra3, MeTaH, TponocepHbIii 030H
U JIpyTHE, TaK HA3bIBAEMbIE MTAPHUKOBBIE Ta3bl, MOTJIOMIAIOT YXOASIIYIO OT 3€MHOMN
MOBEPXHOCTH JJIMHHOBOJIHOBYIO PaAHAINIO, CIIOCOOCTBYS MOBBIIIEHUIO TEMIIEPATY -
pBl B Tponocepe U OXJIaxIAeHuto crpaTtocdepbl. KocBeHHOE BIIMAHHME Kacaercs
XUMHUUYECKUX TMpeoldpazoBaHuil B aTtMmocepe, MNPUBOIAIIUX K HU3MEHEHHIO
KOHIICHTpAIIU  ONTUYECKW  aKTUBHBIX  COCAUMHEHUM,  KOHTPOJUPYIOIIUX
paaualMoHHO-TeroBoM OanaHc. Tak, yrapHblif ras, OKCHAbI a30Ta U JIETy4due
OpraHMYecKUe COCAMHEHUS BIUAIOT Ha TpomnocdepHbie U cTpaTocdepHbie
KOHLIEHTpAIMU 030Ha.

YMeHbIIeHne KOHUEHTPALUU 030HA BBI3BIBAET MOHMKEHHE TEMIIEPATYPhl B
cTtpatocepe H, KpOME TOro, CHOCOOCTBYET BO3PACTAHUIO KOJIMYECTBA
MIPOHUKAIOIIEH K MOBEPXHOCTU yibTpaduoneToBoil paauaruu. Poct komudecTa
aTMOC(EepHOro a’po30Jid 3aTPYIHSET MPOXOXKICHUE COJHEYHOW pagualiuu uepes3
TOJIY aTMOCHEpHhI, KaK HAPSIMYIO, TyTEM YBEIHUYCHHs PACCESTHUS pauaIiuu Mpu
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SCHOM He0Oe, TaK U KOCBEHHBIM 00pa3oM, 3a CYET YBEJIWYECHHsI OTpakaTeIbHOU
CIIOCOOHOCTH U BPEMEHHU KU3HHU 00JIaKOB.

HecMoTpsi Ha MOIIHOCTH Pa30BbIX BHIOPOCOB, BYJIKAHUYECKUE HCTOYHUKH
a’po30JIed JIOKAIU30BaHBI B MPOCTPAHCTBE M OIPAHMYEHBI BO BPEMEHHU
MPOJIOJIKUTEIbHOCTHIO U3BEPKEHUS.

YuuTeIBas, YTO MAPHUKOBBIE Ta3bl AHTPONOTEHHOIO IPOUCXOXKICHUS B
HECKOJIbKO pa3 MPEBBIIIAIOT M0 00bEMY BHIOPOCHI BYJIKAHOB, MOKHO TOJIaraTh, 4TO
BYJIKAHUYECKAs JIEATEIbHOCTh HE OKAa3bIBAET CYIIECTBEHHOIO BIMSHHUS Ha
MapHUKOBBIN YPPEKT U3-3a JTOKATBHOCTU U KPATKOBPEMEHHOCTHU JACHCTBHUSL.

OpnHako, ByJIKaHMYECKass JEATEIbHOCTb HECOMHEHHO MPUBOAMT K
rio6ansHOMY HOHWKeHUIO TeMueparypsl [ICB na 0,5-2° C, B rox nocieayromuii 3a
U3BEPKEHUEM, CIEACTBUEM YETO MOKET SABUTHCS JJIUTEIBHOE MOXOJIOAAHKE.

XoTenoch 0060 OTMETHUTh, 3HAUMTENbHOE CHIDKeHHe Temieparypsl [ICB
nocJie u3BepKeHus ByikaHa DisipbsaTnaiiokyib (Mcnannus,14-19.04.2010r) u B
nocieayromme rojasl [3, c. 44, 15, c. 225, 16, c. 63].

BoiBOABI

Oco0OeHHOCThIO TEHICHIIMM M3MEHEHMsI cpelHeroioBelx Temmepatyp 1ICB
a1 Becex mectu MereoctaHuuit (Cyxym, Coumn, Tyance, Anama, Kpacnomap,
BnanukaBkas, CTaBpoIoJb), pacroioKEHHBIX B PA3IMYHBIX KIMMATHYECKUX 30HAX
SBIIIETCS MX IHPAKTHUYECKas CUHXPOHHOCTb, C BBICOKUM KO3(p(UIUEHTOM
koppermsiuud.  Kpome Toro, Takasg K€ CHHXPOHHOCTh HaONIoJaercs B
CKauyKoOOpa3HOM TMOHMKEHUU cpeaHerogoBod temmepatypsl I[ICB B rop
MTOCJEAYIOIINHI 32 U3BEPIKEHHUEM.

Otknonenust temnepatyp IICB cymiecTBeHHBIM 00pa3oM 3aBHUCST OT
BpeMeHu roja. [Ipu 3ToM B koHIIe 3UMBI ((heBpajib) U MOCIETHETO OCEHHETO Mecsa
(Hog0pp) B TOA mMOCHe MU3BEpKEHUsA ByJiKaHa Ouspbsarnaiiokyans (Mcnanaus,
2010 r.), TemmepaTypa CHHXPOHHO BO BCE€X TIyHKTaXx HaOIIOJCHUS PE3KO
noHwkaercsi. B oOmiem ciydyae Haubosiee 3HAUMMbIE IMOHMXKEHHUS TEMIIEpaTyp
HAOJII0JAI0TCSl B PETUOHAX C KOHTUHEHTAJIbHBIM KJIMMAaTOM.

B toxe Bpems mpu 0OIIEM CYIIECTBEHHOM HOHMYKEHUH CpPEIHErof0BOM
TEMIIEPATYphl B O/, CIEAYIOIINN 3a u3BepkeHnem, temreparypa [ICB B neTHuit
nepuot (MI0JIb) M 3UMOM (JIeKaOpb-STHBaph) MOBBIIIAETCS, YTO BEPOSITHO CBA3AHO C
NapHUKOBBIMU CBOMCTBAMHU CTPATOCHEPHOTO a3PO30JIS.

VYuuthiBas, YTO NapHUKOBBIE Ta3bl AHTPOIOIEHHOTO MPOMCXOXKICHHUS B
HECKOJIbKO pa3 MPEBBIIIAIOT M0 00bEMY BBIOPOCHI BYJIKAHOB, MOKHO OJIaraTh, 4TO
BYJIKAHUYECKAsl JIESITEIbHOCTh HE OKa3bIBAa€T CYIIECTBEHHOIO BIMSHHUS Ha
NAapHUKOBBIN 3P PEKT U3-3a JTOKAIBHOCTU U KPATKOBPEMEHHOCTH JACHCTBUSL.

Opnako, ByJIKaHMYECKass JEATEIbHOCTb HECOMHEHHO TMPUBOAMT K
r100aIbHOMY TIOHIKEHUIO Temneparypsl IICB Ha 0,5-2° C, B roa nocieayromuii 3a
U3BEPKEHHUEM, CIEACTBUEM YETO MOKET SIBUTHCS JJIUTEIBHOE MOXOJIOIAHHE.
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NU3MEHEHMUS KJIMMATA U KOJIEBAHUSA YPOBHS KACIIHMICKOI'O
MOPSI: PETPOCIIEKTUBHBINA AHAJIN3 JJ151 TOJIOIIEHA
T.A. SIuuna, b.®. Pomanwk, B.M. Copokun
paleo@inbox.ru
Mockosckuii eocyoapcmeennulil yrusepcumem um. M.B. Jlomownocoea,
Poccus, 2. Mockea

Konebanus ypoBHs Kacnus Ha pa3HbIX 3Tanax e€ro reojJoru4eckoil HCTOpHH
3aBUCEJIM OT MHOTMX (KaK I'€0JOTMYECKHX, TaK M KIMMaTH4eCcKuX) (hakTopoB. B
TOJIOLIGHE  OMpeeNsAomas poiib  IpHUHAIekada  pa3HOMACIITa0HBIM U
pa3HOHANpPaBJICHHBIM U3MEHEHUSIM KJIuMarta. 3ajava JJaHHOW paboThl — HA OCHOBE
aHanu3a cTpoeHust ocanouHor Ttonmu CeBepHoro Kacmusi pexkoOHCTpyHpOBaTh
KoJIeOaHMs yPOBHS MO BIUSHAEM U3MEHEHUH KiMMarta. MatepruaaoM MOCITy KN
pe3ynbTaThl 00pabOTKU CEMCMOAKYCTUYECKHX MpOQuiIei, IUTOJIOrHYEeCcKOro,
(bayHUCTUYECKOTO U T€OXPOHOJIOTHYECKOTO (PaIUOYTIACPOIHBIN aHAIN3) U3YUCHHUS
KEpHa CKBAKHMH U JOHHBIX KOJIOHOK. bypenue BeinosineHo OOO MopuHKreoiorus,
JUTOJIOTUYECKU W (ayHUCTHUUYECKUN aHalu3bl MpOBeIeHBI B MOCKOBCKOM
roCyJJapCTBEHHOM YHHUBEPCUTETE, a PaJUOYTJIEPOJHbIE JATUPOBKU IOJYYEHBI B
JabopaTopusx  TOCYIapCTBEHHOTO  yHHBEpPCHUTETa UM MEJaroru4ecKoro
yauBepcuteta Cankr-Ilerepbypra u B HWHcruryre reorpadum  PAH.
KanubpoBannsiii Bo3pact paccuutan 1o mporpamme CalPal KenbHckoro
yHHBepcuTeTa [www.calpal.de]. Marepuansl 0 KIMMAaTHYECKUX COOBITHSIX
TOJIOLIEHA B3SITHI U3 JIMTEPATYPHBIX UICTOUHUKOB.

B crpoennn ocamounon tommum CesepHoro Kacnus Hanmum oTpaxeHue
najeoreorpauyeckre COOBITUSI TOJIOLIEHA: MAaHTBIIIIAKCKash perpeccus u
HOBOKACMUNCKasg TPAHCTPECCHUs, PA3BUBABIIASICA CTaIUMHO. MaHTBIILIAKCKAs
perpeccuss  gaTupyercs BpeMeHHbIM uHTepBajom ~11500-8000 mer. B
KJIMMaTHYECKOM OTHOIIICHWHM ATa dII0Xa paHHEro rojiorneHa (Oopeasn, COTJIacHO
cxeme binurra—CepHanaepa) XapaKTepH30BAJIaCh CPABHUTEIBHO  BBICOKOMU
TEII000€CTICYCHHOCTRIO U CyXOCThIO [2, 5]. Takoe cooTHOIIEHNE KIMMAaTHISCKUX
[OKa3aTesaerd MPUBEIO K MOBBIIEHUID OTPULATEIBHOM COCTABJISIOLIEH BOIHOTO
O6anmanca Kacnust u ero perpeccun. Pe3ynbTaThl MaqWHOJIOTHYECKOTO aHAIM3a
CBUJIETEIILCTBYIOT O KCepo(dUTHU3AIMU pacTUTEIBHOrO ToKpoBa B Kacnwmiickom
PETMOHE B 3IIOXY MAaHTBINUIAKCKOM perpeccuu [1]. CpeaHerogoBoe KOIUYECTBO
0CaJIKOB MEHBIIIE COBPEMEHHBIX 3HaYEHUN PEKOHCTPYUPOBAHO i OacceitHa Bonru
B nnepuoA 10 9500 n.H. [4].

B  pa3BuTMM  HOBOKACHMNCKOM  TPAHCTPECCHH  YCTAHOBJEHBI  TpHU
TpaHCrpeccuBHbIX cTaguu. llepBas matupyercss mnHTepBasiom 8200-5600 nH. B
KJIMMAaTUYECKOM OTHOIICHUM (ATIaHTHYECKUH ONTUMYM TOJIOLEHA) ee OoJbIias
YacTh OTHOCHUTCS K JIOXE TEIIOr0 W BIaXHOro knumara [4, 5]. BsiBom o
CYILIECTBOBAHHUU MPOJOIKUTEIBLHOIO 3Tana MOTEIUICHHUS U YBIIAXKHEHUS! KJIUMaTa B
Hwxnem IloBomkbe B mHTEepBaiie ~8500-7600 u ¢ 6100 mo 5000 n.H. cuenan
bonuxoBckoii [1]. CMeHuBIIas ee perpeccuBHasi CTaiusl UMEET BO3PACTHBIE PAMKHU
5600-3700 n.1. YpoBens Kacnust cHu3mIICS Ha 8 M, IPUIETHTOBASI PABHUHA BBIIILIA
M3-TI0JI KACMUWCKUX BOJ U TMOABEPINIACh DJPO3MOHHOMY PpACUJICHEHHIO U
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BO3JICHCTBHIO CyOa’paidbHBIX TPOIECCOB. B KIMMaTHUYeCKOM OTHOIIEHUU 3TO
nepuoj cyo0opeanbHOTO TEPMUUECKOTO Makcumyma rojiorieHa (4700-3600 1. H),
yCcTaHOBJIEHHbIM i BocrouHno-EBponelickoit vactu Poccum [5], m mnepuop
rccyuieHusa kiaumara B [Toomxee [1].

Bropas TpaHcrpeccuBHas cTaaus OXBaTbhIBaja BpeMEHHON mHTEepBasl 3600—
3400 n.H. OTO OBLTa BIOXa MO3JAHECYOOOpEeaIbHOrO MoXoJoaaHusl Ha BocTouHo-
EBpomneiickoit paBauHe [S]. Pa3a yBIakKHEHUs KiIuMarTa, HadaBasics okoso 3500
J. H., pekoHcTpyupoBana st Huwxkneit Bonru [1]. Bropas perpeccuBHas cragus
natupyercs 3080-2300 n.H. YpoBeHb OacceitHa yman Ha 6—8 M, B IPUIAEITHTOBON
paBHUHE 00Pa30BAKCH BPE3bI, 3aIIOTHCHHBIC MPECHOHN BOA0W. OUeBHIHO, 3TO OBLT
orkiauk Kacrnusi Ha 3Tanm MOTEIUIEHUS W COKPAICHHUS KOJUYECTBA OCAJKOB B
0acceiine Bonru [4]. [locnenoBaBuiee Beaes 3a perpecCUBHBIM COOBITUEM MTOAHSITHE
ypoBHs Kacmus npownsonwio nocne 2300 ner Hazan. OToMy NEPUOLY MO3IHETO
rojiolleHa  OTBEYAIOT JIBE€ SIPKO  BBIp@XEHHBbIE  KJIMMAaTU4YeCKHe  (pasbl:
«CpPETHEBEKOBBIA KIMMaTHueckuit ontumym» (950—1250 rr.), ¢ KOJIWYECTBOM
ocankoB Ha Boctouno-EBporeiickoii paBHuHE Ha 25—50 MM HUYKE COBPEMEHHOTO
[3], u «mainbiii nepHukoBei nepuoay (1400—1700 rr.) [2]. TpancrpeccuBHbIE
ocanku B CeBepHom Kacmuum ummerotr gatel 1700-1100 m 900-360 n.H. Xuaryc
MEXK]ly HUMH JTa€T OCHOBAHHUE K IMPEIOIOKEHUI0 O CHUKEHUH YpoBHA Kacnus B
TEIUIBIA CyXOM TIEpUOJ CpEIHEBEKOBbSA, a BTOpas rpynmna JaT OTBEYaeT
TPaHCTPECCUBHOMY noabeMy Kacrus B MpoXJIaaHbIN U BIIAKHBIM KJIMMaTUYECKUAN
AMK30]1 (MaJIbIil JICTHUKOBBIN MEPUO.).

Paboma evinonnena npu noooepocxe PH® (npoexm 21-44-04401).
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ATEJIBCKAS PET'PECCHUS KACIIUA KAK OTPA’KEHUE
N3MEHEHHNH KJIMMATA B IIO3/THEM ILIEHCTOILIEHE
T.A. SInuna, H.C. boamnxosckasi, B.M. Copoxkun
paleo@inbox.ru
Mockosckuii eocyoapcmeennulil yrusepcumem um. M.B. Jlomownocoea,
Poccus, 2. Mockea

ATenbckasi CBUTa OCagKOB, C(HOPMHUPOBABIIAACA B JMOXY TIIyOOKOM
(o - 100 m) perpeccun Kacrnusi, siBIsieTCsl IpKUM PENEpOM B CTPOCHUU Pa3pe30B
Hwxuero IloBomxbs. OHa mpeacTaBieHa KOHTUHEHTAJIBHBIMH 00pa30BaHUSMU
Pa3JIMYHOIO TEHE3Mca MOIIHOCTBIO 10 20 M. B ee OCHOBaHMM SIPKO BBIPAKEHBI
CJIeJIbl MEP3JIOTHBIX Ae(POpMAaIiil U KIUHbS, TPOHUKAIOIIUE B MTOICTUIAIOIINE CIIOH
Ha TIOyOMHY a0 TpeX MeTpoB. B cTpoeHuMM TOMIM BEPXHEIUIEHCTOLIEHOBBIX
OTJIOKEHUI Oacceitna CeBepHoro Kacnus, COTJIACHO JAHHBIM
ceiicMoakycTHueckoro mnpogunupoBanusi [1], aTenbckas perpeccusi BbIpakeHa
BpE€3aMU O] XBaJBIHCKUMH OTJIOKEHUSIMU. ATEIbCKask pErpeCCUBHAs TOJIIA UMEET
HEOJHOPOJIHBIN JIMTOJOTHYECKHUI COCTaB: YEpPEAysACh, B HEM 3aJIeraloT CYIJIMHKH,
CylleCM W TJIMHBI, HaXOASUIMECS B MOJIYTBEPIAOM, PEKE B TYTOIJIACTUYHOM,
COCTOSIHUM, BKIIFOUAIOIIME PACTUTEIIbHBIE OCTATKH M PAKOBUHBI IPECHOBOJIHBIX U
HA3€MHBIX MOJUIFOCKOB.

ATenbckasi perpeccusi NpU3HAETCS MPAKTUYECKH BCEMHU HCCIEAOBATEISAMU
Kacnus. OgHako mpeacTaBieHUsi O €€ BO3PACTHBIX pPAMKaX, O KOPPENSLUU C
I00aNbHBIMA KIIMMAaTUYECKUMH COOBITUSMH U C JIEAHUKOBO-MEXKIIETHUKOBBIMU
coObITHsIMU Ha Pycckoii paBHUHE OYEHB pa3Hble. 3ajada Haliei paboThl — BBISIBUTh
HaJIM4YME KOPPEISLUMOHHOM CBA3M aTEIbCKOW PpErpeccud C KIMMAaTHYECKUMU
COOBITHSIMU TIO3JIHEr0 IuIeicTolleHa. MarepuanoM sl majeoreorpauueckux
PEKOHCTPYKIIMI TMOCIYKUJIM PE3yJbTaTbl KOMIUIEKCHOTO aHalu3a aTebCKUX
0CaJIKOB KE€pHa CKBaXXMH, IpoOypeHHbIXx B CeBepHoMm Kacnum.

CornacHo aHanm3am Majgako(dayHbl U MAKPOPACTUTEIBHBIX OCTATKOB, OCAKU
HAKaIIMBAJIMCh B HEOOJBIIUX MPECHOBOIHBIX MJIU CIIa00COJIOHOBATHIX OacceiHax
[1]. TlonydeHHBIE CHOPOBO-MBUIBIIEBBIE JIAHHBIE IIOKA3aJIM, YTO OTJIOXKEHHUS,
3aJierallliie B TOJOLIBE aTelIbCKOM TONIIH, (OPMHUPOBAIMCH B MPOXJIATHOM
KIumaTe, B (a3y ToCHOACTBA COCHOBO-EJIOBBIX (C MPHUMECHIO MUXTHl U
JIUCTBEHHHUIIBI) JIECOB M OJBIIAHHUKOB [2]. CrIOPOBO-IBUIBIIEBBIE CIIEKTPHI 00Jice
BBICOKMX  CIIOEB  OTPAXalOT pa3BUTUE MEPUITISIUATBHBIX  JIECOCTEIHBIX
nanAmadToB. CrnopoBO-MbUIbLIEBBIE CHEKTPhl BEPXHEW YacTH TOJILIU aTEeIbCKUX
OTJIO)KEHHM OTpakarOT 3HAUYMTENIbHOE YCHIIEHHE TOXOJIOAAHUs, BbI3BaBIIIEe
pacnpocTpaHeHUEe TYHJIPO-JIECOCTENHBIX NPUPOAHBIX O00CTaHOBOK. Kak BuaMM,
pe3yibTaThl CHOPOBO-TBUIBLIEBOIO aHAIM3a CBUIETEIBCTBYIOT O 3HAYUTEIHHOU
JTWHAMUKE KIIMMAaTHYECKUX YCIOBUHN M TPUPOIHBIX JIaHAadhTOB HIKHEBOIKCKOTO
permoHa B TEYEHHE AaTelIbCKOM 3MOXH. [ 0CHnOACTBOBAINA IEPUIIISIIMAIBHBIE
nauamadTel. MHTEepripeTanus naneoreorpapuyeckoil 0OCTaHOBKH, BBITTOJHCHHAS
Ha OCHOBE CIOpPOBO-TIBUIBLEBOIO aHAJIM3a, OTBEYAET XOJOIHBIM YCJIOBHAM
HaKOIUIeHUS atesibckol Tomu B CeBepHoM [Ipukacnnu, MHTEpIPETUPYEMBIM 10 €€
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CTPOEHHUIO: KPUOTYpOari B €€ OCHOBAHWM W KJIWHBS, CEKYIIWE IMOYBEHHBIC
ropu3oHTHI Tetibix 3mox (MIS 5, cornacho [3]).

PannoyriepogHpie TaTUPOBKM MO T'YMHUHOBBIM KHCIJIOTaM, BBIJEIEHHBIM W3
oTOpGOBAaHHBIX TPOCIOEB BEPXHEH YACTU AaTEIbCKUX OTJIOKEHUMU, JIeKaT B
Bo3pacTHOM wuHTepBasie OT 41191+750 mo 44390+180 n.H. [1]. OHM xopoiio
cornacytorcs ¢ OCJI gatupoBkamu [3], TOJIYYEHHBIMH ISl AT€IIbCKUX OTJIOKEHUI
onopHoro paspesa Cpenussa Axty6a (Hmwknee [ToBomkbe). J[aTupoBKH yKa3bIBaloT,
YTO 3aKJIFOYMTEIIBHBIE JTAIbl ATENBCKOM AMOXU B KacnuiiCkoM MOpe OTHOCATCS K
HayaJbHBIM  CTaJUSIM  CpPEAHEBAIJAWCKOTO MeEramHrepcraauaia BocTodHo-
EBponeiickoit papaunbl (MIS 3).

JIOTMYHO 3aKIIFOYMTh, YTO CAMBIM HU3KUU YPOBEHB ATEIILCKOM PErpPECCUU U
dbopMupoBaHUE SPO3WBHBIX Bpe3oB Ha Tepputopmm CeBepHoro Kacmus Owimm
MPUYPOUYEHBI K MAaKCUMAJIbHOMY MOXOJOJAHUIO0 KATUHUHCKON JICTHUKOBOW SMOXU
(MIS 4). MexcTaanallbHOMy CMATYEHHUIO KJIMMaTa BTOPOM MOJIOBUHBI MHTEpBaja
MIS 3 orBeuaer mnoBbllieHUE ypoBHS Kacmus W paHHsA cTaaus XBaJbIHCKOM
TPaHCTPECCUH, O YEM CBUJETEIBCTBYIOT Pe3yIbTaThl (DAYHUCTUYECKOTO aHAIU3a U
PaauoYTIIEPOIHOTO JaTUPOBaHUS OCaakoB kepHa. Ha mnobGepexbe CeBepHOro
Kacniusi B 3Ty »9moxy ele HaKaiMBaJUCh aTelbCckue oTioxkeHusa. Ciabo
BBIPDAKEHHBIE TOPU30HTHI MOYB B KX CTPOCHUU OTPAXAlOT 3TaMbl CMSATYCHUS
KiauMara [3].

Ha ocHOBaHUM pe3ysbTaTOB KOMILJIEKCHOTO Majeoreorpaduueckoro aHammsa
aTEIbCKOM TOJIIM OCAJKOB MOXKHO 3aKJIIOYUTh, YTO MaKCHUMAaJIbHBI ypOBEHBb
aTeIbCKOU perpeccuu u popMupoBaHue Bpe3oB Ha Tepputopuu CepepHoro Kacmus
ObLIM MPUYpPOYEHBI K TII00abHOMY noxosoaanuto (MIS 4), kotopomy oTBeuaer
KUIMHUHCKOE oJiefeHenne (ctaausi) Ha BocrouyHo-EBpomeiickoli  paBHUHE.
OuyeBHUIHO, XOJIOAHAS W cyXas KIMMaTHYecKas 3M0Xa BhI3BaJIa 3HAYUTEIHLHOE
yBEIIMUEHUE OTPHIATEIBHON  cocTaBistomed BogHoro Oamanca Kacrws,
SIBJISIBIIETOCS] 03€pHBIM 0acCEHOM, YTO MPHUBEJIO K €ro perpeccuu. 3aBeplimiach
perpeccusi B IepBOii MOJOBUHE MexcTaanana MIS 3.

Paboma evinonnena npu noooepocke PODU (npoexm Ne 20-39-70020).
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