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CoBpeMeHHble TEHAEHLNUN 1 NepcnekTUBbLI Pa3BUTUSA rnapomeTeoponorui B Poccun
Mamepuarsi VIl Beepoccutickoli HayyHo-npakmuyeckol KoHgeperuuu. Mpkymek, 19-21 mapma 2025 e.

VJIK 551.501.7

CocTosiHue U HaNpaBJieHUs1 o0ecreYeHus1 eIMHCTBA
a3POJIOrMYECKUX U3MepPeHu

A. M. banarypos (a.balagurov@mail.ru)

@I'BY «llenmpanvras asporocuyeckas obcepsamopusy Poceuopomema, 2. Jloneonpyousiil
Mocxkosckoii 061

AnnoTtanust. ObecrieueHne eANHCTBA adPONOTMUYECKUX U3MEPEHUH HaNpaBiIeHO Ha MOJJIepiKaHue
TOYHOCTH, JJOCTOBEPHOCTH U COTIOCTaBIMOCTH a3POJIOTHYECKUX JaHHBIX. OHO BKIIIOYaeT B ceOst uc-
HOJIL30BAHHE CePTH(OULMPOBAHHBIX CPEICTB U3MEPEHUI, ATTECTOBAHHBIX METOJMK U CUCTEMY KOH-
TPOJISt KAa4eCTBA N3MEPEHUH, (QrIbTpanuy ommOOK M MCKIIOUYCHNS! HEKOPPEKTHBIX 3HaueHMH. Bax-
HBIM (DAKTOPOM SBJISICTCSI TO, YTO CHCTEMa PAAMO30HIMPOBAHHS BXOJHUT B II00AJIbHYIO CHCTEMY
HaOJIIOICHUH, IPOBOASTCS MEXIYHAPOIHBIC CPABHEHUS ISl IPOBEPKU COOTBETCTBUS MEXKyHAPO/I-
HbIM HOpMaM BMO. Pa3pabatbiBaroTcsi HOBbIE METO/IbI TTOJTYUYCHUSI a3POTIOTHUECKUX JaHHBIX (CITyT-
HUKH, JUCTaHIIMOHHOE 30HIMPOBAaHKE, OCCIIMIIOTHBIC ammaparsl). B pabore o0cysxnaercs cocTosiHue
00ecreueHusl eIMHCTBA adPOJOTHYECKUX U3MEPEHHH, MePCHEeKTHBBI TAIbHEHIIEr0 COBEPILIEHCTBO-
BaHMS B yCIIOBUSIX PACTYIIMX TPEOOBaHMH 1T0JIb30BATENICH 3a CUET TEXHOJIOTHYECKOI MOICPHHU3ALINH,
CHIDKEHUSI 3aBUCUMOCTH OT UMIIOPTHBIX TEXHOJIOTHA, TIOBBILICHHSI TOUHOCTH H3MepeHuit. Ha ocHoBe
pe3yJIbTaToB aHaiIM3a cHhOpMyJIMPOBAHBI MPEUIOKEHHS O HANPABICHUSAM OOCCIICUCHHUS SIMHCTBA
A3POJIOTUUYECKUX U3MEPEHHI, ONTUMH3AINK pabOThI a9poJIoruyeckoii cetn Pocruipomera.

KitoueBble cj10Ba: a3poJorHyecKie H3MEPeHHsl, KaueCTBO JaHHBIX, TOYHOCTh, 3P PEKTHBHOCTb, 10~
TpeOHOCTH MOJIb30BATEINCH.

CocrosiHue odecnedeHNns1 eIMHCTBA M3MePeHUIi CUCTeMbI PATHO30HIUPOBAHUS

Abspornorudeckue U3MEpPEeHUs SBIAIOTCS OHUM U3 BOXHEHIINX COCTABIISIOIINX
I'moGamsro# cuctems! HabmoaeHwit (I'CH) BecemnpHOi MeT€OpONIOTHIecKoi Opranu-
3aiuu (BMO) u ogHUM 13 caMBIX JIOPOTOCTOSIIIMX BUAOB CHHONTHYECKUX Halmoze-
HUH. Adposoruyeckue JaHHbIe TPEeOYIOTCS AJIS aHalM3a U MPOTHO3a IOTOJbI, 0CO-
OCHHO I TPOTHO3a OMACHBIX THAPOMETEOPOIOTHIECKUX SABICHUI, METEOPOIOTHYe-
CKOTO 00€eCIeYeHNsI aBUALMH U BOOPYKEHHBIX CHJI, APYTUX (POPM OIEpaTUBHOTO 00-
CIIy’KMBaHHUsI HAPOJIHOTO X03siiicTBa [2].

ObecnieueHne eAUHCTBA a9POJIOTHUECKUX M3MEPEHHH MapaMeTpoB aTMOC(hepsl
ABJISIETCS] BAKHOW M aKTyalbHOHN 3a7adei], perreHne KoTopoil onpenemnser 3pdexTns-
HOCTB PabOTBI METEOPOJIOTNIECKOH CITy>KOBI M HAIIpaBJICHUS €€ TaTbHEHIIero pa3Bu-
THst. Pa3pabaTbiBatoTCsl HOBBIC METOJIBI TTOJYUYEHHSI adPOJIOrNYECKUX TaHHbIX (CITyT-
HUKH, TUCTAaHIIMOHHOE 30HUPOBaHNE, OCCIIIIOTHBIC allIapaTtsl U T. 1.). B HacTosmee
BpeMst nHQOpPMAIHS, TT0MydaeMas ¢ KOCMHYECKUX allapaToB, SBISCTCS MPUHIUIIHN-
JIBHO HEOOXOIMUMOM JUTs PEICHHUs OOJIBILIOTO YHCIIA 3a]ja4 MOHUTOPHHTA ITPUPOTHOM
cpensl. CriyTHHKOBast MH(OpMALHs 1100aIbHOTO MTOKPHITUS CTala Hauboee BaKHBIM
BUIOM HH(OPMAIMHN UL YUCICHHBIX TporHo30B noroasl (UIIIT). BaxxuasiM daxTopom
KauecTBa CITyTHUKOBBIX JaHHBIX SBIISICTCS X BAIMJIALUS C UCIIOIb30BAHMEM JIaHHBIX
paaro30oHIMpoBaHus. Takum 00pa3oM, paJlno30HI0BbIE U CITy THUKOBBIE CHCTEMBI 30H-
JUPOBAHUS SABIIIIOTCS B3aMMOJIOTIONHSIONIMMHA M TPH COBMECTHOM HCIIOIB30BAHUH
obecrnieunBaroT HanOoJiee HAJEKHYIO TII00ATBHYIO0 CUCTEMY HAOJIOISHSI.
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CoBpeMeHHble TEHAEHLNUN 1 NepcnekTUBbLI Pa3BUTUSA rnapomeTeoponorui B Poccun
Mamepuarsi VIl Beepoccutickoli HayyHo-npakmuyeckol KoHgeperuuu. Mpkymek, 19-21 mapma 2025 e.

CoBpeMeHHBII paguo30H]] — 3TO PHOOpP, OCHANICHHBIN JTaTIUKaMH JITS U3Me-
PEHHSI METEOPOJIOTMIECKHX BEINYMH (B TIEPBYIO OUepe/Ib, TEMIIEPaTyPhl U BIaXKHOCTH)
U paguonepesaTIuKoM AMsl Mepefjauyll Ha 3eMII0 Pe3ylbTaToB U3MepeHuil. BTopsiM
Ba)KHBIM 3JIEMEHTOM SBJISICTCS Ha3eMHAs CTAHIHMS pueMa (pagnoiIoKaTop, FIIH HaBH-
TallOHHAs CTAHIMs) [UIS ONPEENICHUs] KOOPAUHAT PaJHO30HAa B TIOJIETE, KOTOPBIE
MO3BOJISIIOT PACCUUTATH BBICOTY PAMO30HAA, a TAKXKE CKOPOCTh U HAlIPABIICHNE BETPA.
[Ipu npoBeneHNN paguO30HIUPOBAHUST HEOOXOIUMO 0OecIeunBaTh HAACKHYIO U Ka-
YECTBEHHYIO Pa0OTy TEXHHIECKUX CPE/ICTB, BRIITOJHEHNE METOANKN H3MEPEHHH, KOH-
TPOJIb KauecTBa AAHHBIX, KBAIM(DUINPOBAHHYIO PabOTy TepcoHaIa adposIornIecKuX
cTaHwii (AD), mpuem, 00pabOTKy U mepeavy JTaHHBIX [2].

Cetb pamnozonaupoBanusi Pocrunpometa (114 cranmmii) sSBIsieTCsS OCHOBHBIM
CPEACTBOM IOJYYEHUS TaHHBIX adPOJIOTHUECKIX U3MEepeHnil. Pe3ynbraTel paano3oH-
JUPOBAaHUS TOCTYMAIOT B TOCYAAPCTBEHHBIH (DOHJI MAHHBIX M B MEXIyHapOIHBIN
O00OMEH JMaHHBIMU O COCTOSHUH HPUPOIHOHN cpeasl. Cucrema paguo30HIUPOBAHUS
Pocrunpomera He B TONHOW Mepe OTBEYaeT TPEOOBAHUIM IO Ka4eCTBY M3MEPCHHUH,
HPOCTPAHCTBEHHO-BPEMEHHOMY pPa3peIIeHUI0, 0COOCHHO Ha CEBEPE M CEBEPO-BOCTOKE
Poccun. Panuosonn ssasiercs cpeactsoM usmepenus (CH) pasosoro neiictsus u B sia-
60paTOPHBIX YCIOBHUSIX HEBO3MOXKHO BOCIIPOM3BECTH BECh KOMIUICKC BEJIMYNH, BIUS-
IOMAX Ha Pe3yJabTaThl M3MEPEHHUH, N3MEPEHHS SBIISIOTCS KOCBEHHBIMH, THHAMIYC-
CKUMH U OJHOKPATHBIMHU, OTCYTCTBYIOT 3TAJIOHHBIE CPEICTBA U3MEPEHUS, UMEIOLIHE
HEeoOXOJMMBbIE NaNa3oHbl U3MEPEHHUH, TMHAMHUKY ¥ BO3MOXKHOCTB y4eTa BIIUSIOLINX
(hakropos [2]. B cootBeTcTBUM ¢ D3 0T 26 ntons 2008 1. Ne 102-D3 «O6 obecnieueHnn
€IMHCTBA U3MEPEHNID KOCBEHHBIC N3MEPEHHS, OTHOCSIIHECS K chepe ToCyaapCTBEH-
HOT'O PEeryJIMpOBaHus 00eCIIeYeH s eANHCTBA U3MEPEHHH, JTOJDKHBI BBITIOJHSTHCS 110
HEPBUYHBIM pe()ePEHTHBIM METOJMKaM (METOAaM) U3MEpeHuil, peepeHTHBIM MeTO-
JuKaM (METo/IaM) H3MEPEHHUH 1 APYTUM aTTeCTOBAaHHBIM METOMKaM (METO/1aM) HU3Me-
PEHHUIA, CBEJICHUS O KOTOPBIX TOJDKHBI ObITH BHECEHBI B DeiepanbHblil HH(OpMaIoH-
HBIA (oHA 1O obecreyeHHI0 enMHCTBA M3MepeHud. OpHako cepTHU(UIMPOBaHHbBIC
PoccrangapTom opraHu3anny BeIIAIOT cepTU(HUKATHI Ha PaAHO30HABI 6€3 ydeTa 3TOro
TpeboBaHMs (eepanbHOro 3aKOHOIATENbCTRA.

Poccuiickue onepaTiBHBIC paMO30H/IBI HE TTOJTHOCTHIO COOTBETCTBYIOT Tpebo-
BaHMSAM IO AMANa30HY U TOUHOCTH U3MEPEHUH N0 NPUYNHE 3HAUUTEIbHBIX JOMOIHU-
TEJIBHBIX TIOTPEITHOCTEH (paaiannoOHHBIX, JUHAMHYECKHX, TOTPEIIHOCTEH 3a CueT
BJIMSAHUS OCAJIKOB HA U3MEPEHUS TEMIIEPATYPhI U BIAXKHOCTH, BIMSIHUS TEMIEPATYPHI
Ha U3MEPEHUS BIAKHOCTH U T. A.). DTU JOMNOIHUTENbHBIE OIPEITHOCTH UMEIOT 3Ha-
YUTENbHYI0 H3MEHIMBOCTh B 3aBUCHMOCTH OT YCJIOBUH H3MEPEHHUS, UTO CYIIECTBCHHO
YBEITMYMBACT MX BIMSHHE HA MOTPEITHOCTH PE3YJIBTATOB PaaMO30HAMPOBAHUS [2].
B cootBercTBUU ¢ moctaHoBieHHeM [IpaBuTenscTBa PO ot 16 HOs16pst 2020 1. Ne 1847
«O0 yTBepKICHUM IEpEeUHsT N3MEPEHUH, OTHOCSIIMXCS K cepe rocy apcTBEHHOTO
peTyIUpPOBaHMS 00ECTIEYCHUS CAMHCTBA N3MEPEHHI» YCTAaHOBJICHBI MPEACTBHO JOMyY-
CTHMBIE METPOJIOTHYECKHE TPEOOBAHMUSA K M3MEPEHHSM TEMIIEPAaTypHl W BIAKHOCTH
npH pagno3oHanpoBaHud. COOTBETCTBUE 3TUM TPEOOBAHUSM SIBISCTCS OCHOBOH IS
yuactusi PO B MexTyHapOHOM 0OMEHE a3pOoIornd4ecKuMy JaHHbIME. [lorpentocty,
3anMcaHHbIe B cBHAETeNbCTBaxX Ha THIT CH, BeimaBaeMbix Poccranmaprom, B 2-3 pasza
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Mamepuans VII Bcepoccutickoli HaydHO-npakmuydeckoll KoHgpepeHyuu. Mpkymex, 19-21 mapma 2025 2.

MEHBIIIe, YeM MpelenbHo nomyctuMblie 1o [ToctanoBiennto Ne 1847, onnako dakTu-
YEeCKHE TIOTPEITHOCTH CYIIECTBEHHO MPEBHIMIAIOT IPE/ICTbHBIC.

B pyxoBogsamux gokymentax BMO — Texunueckom pernamente BMO [3] B ua-
CTH TIOJIb30BaHMS MHTETPUPOBAHHON T100anbHOM cuctemsl Habmoaenuit (MI'CHB), a
Takke B PykoBoncTBe 1o ximmaronorudeckoii mpakrnke BMO [4] B wacTu mpoBeie-
HUS HAOJIOICHUH U1 MOHHTOPHHTA JOJITOCPOYHBIX U3MCHEHHI B BEPXHHUX CJIOSIX aT-
Mochepbl chopMyIMPOBaHbI OCHOBHBIC TPEOOBAHUS K POBEICHUIO a3POJIOTMYECKUX
n3MepeHuii: VX BRIOTHEHHE SBISCTCS KII0OYEBBIM (PakKTOpOM 0OecieueHNs eTMHCTBA
A3pPOJIOTMYECKUX U3MEPEHUH.

KauectBo a’ponorndeckux JaHHBIX MPOBEPSETCS MYTEM CPABHEHMsS IAHHBIX
HaOMIOAEHHH ¢ JJaHHBIMH KPATKOCPOYHOTO IIPOTHO3a Ha CPOK HAOJIIOACHHH, oTyYae-
MOT'O C TIOMOIIIBIO COBPEMEHHOM YMCICHHOW MOJIEJIH, OCHOBAaHHOW Ha HETPEPHIBHOM
yCBOCHHH HaHHBIX [ 1]. Pe3ynbTaTh aHami3a OTKIIOHSHUH «HAOIIOACHUE-TTPOTHO3Y JIIIS
reonoteniuana B caoe 1000-100 rlla (kputudeckuil ypoBeHb — 48 IIIM — reONOTEH-
nuanbHbIX MeTpoB) — «OB-FG» ucnonb3yrores, kKak OCHOBHOHM TapameTp Uit 0030pa
COITOCTaBIMOCTH a3POJIOTHIECKUX JaHHBIX, U IPEICTABIACT COOON MHTETrPATbHBIH I10-
KazaTesb KauecTBa padOThl PaJAN030H/A M HA3eMHOM CTaHIMK 1JIsl N3MEPEHUH TeMIle-
patypsl, JaBiaeHus U BeIcoThl. Hampumep, B stHBape 2025 r. xomuuectBo AD Pocrua-
pOMeTa IO B3BEIIEHHOMY CPEIHEKBAAPATHIHOMY 3HAUEHHUIO «HAOIIOICHUES-TTPOTHO3»
Juist reonotenuuana B cioe 1000-100 rlla, koropoe npeBblIaeT KPUTHYECKUN YpO-
BEHbB, COCTaBHJIO 24 cTaHIuH (pUC.).

CUCTEMS S0OHAWMPOEaHWA

/\ ABK
) MAPN [J APHK
/% BEKTOP / BUXPb

Puc. B3emeHHOe CpeHEKBAIPATHIHOE 3HAYCHUE "HAOII0ICHIE-TIPOTHO3
Juist reonotenimana B coe 1000100 rlla B suBape 2025 1.
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B PykoBoactee BMO [4] oTMedeH psit Tpo0iieM, Kacaromuxcst KauyecTBa pajin-
030H/IOBBIX N3MEPEHHH AJIsI LIeJIe MOHUTOPHHTa KIIMMaTa U 0OHapyKEeHHs N3MEHEHUH
kiauMaTa. IlorpenrnocTu, oOycCIOBICHHBIE COJNHEUHON paauanueii, mopoxkaaroT He-
OTIPEJICTICHHOCTH B M3MEpEeHHH TeMmneparypsl. OnepaTHBHBIC PaIHoO30HIBI HE CIIO-
COOHBI N3MEPSTH BJIAXKHOCTh C JOCTATOYHOH TOYHOCTHIO NPU HU3KHX TEMIIEpaTypax.
MHOroNeTHUH psiJl JaHHBIX PaJMO30HI0BBIX HAOIIONCHUI MMEET MHOTOYHCIICHHBIE
HEJIOCTaTKH, CBA3AaHHBIC C HEJOCTATOYHBIM KOJMYECTBOM B3aMMOCPABHEHUH pa3ind-
HBIX THIIOB PaJIMO30H/I0B U YCTAHOBJIEHHBIX HA HUX JAaTYMKOB, U PAa3IMYHEM B pa3Me-
HIEHUH JATYUKOB B KOHCTPYKIUU PaAUO30HI0B.

MesxayHapoaHbIe cpaBHEHHA paano30H10B BMO umMetot gonryto uctoputo. ITo
psLy IPUYUH POCCUICKNE CUCTEMBI PaJHO30HANPOBAHMS HE CMOIIIM IIPUHATH y4acTHE
B 4 MociIeHNX MEXAyHapoaHbIX cpaBHeHHsX BMO. Ilocnennue cpaBHEHUs ObLIH
nposeneHsl B Kutae B 2010 r. u B 'epmannu B 2022 r. AHanu3 pe3ysibTaToB MEXIy-
HApOJHBIX CPABHEHHUH pPaJMO30HIOB MOKA3aj, YTO POCCHHCKHE PaaMO30HIBI CYIIe-
CTBEHHO YCTYIAIOT M0 TEXHUIECKOMY YPOBHIO (HHEPIIHOHHOCTH, TOUHOCTD, BIIMSIHUC
OKpY’Karolen cpebl U T. I1.) JIyUIIHM 3apyOeKHBIM PaJH030HAaM.

Komuccust mo mpubopam n meromam BMO (KIIMH-17 ot 1216 okTs10ps
2018 r.) mpuHsiIa peKOMEHAAINH O B3aUMHBIM CPAaBHEHUSIM a3POJIOrMUECKUX IMPHOO-
poB. OTMEUEHO, YTO PEryIIpHOE MPOBEICHHUE B3aMMHBIX CPAaBHEHUI pajnO30HIOB
BMO umeer 601b1110€ 3HAUCHHUE, TIOCKOIBKY 00€CIIeYNBACT HE3aBUCHMYIO OLICHKY (-
(heKTHBHOCTH yYaCTBYIOIINX PATHO30H/IOB H CITY’KHT OCHOBOH ITPH ONTHMAJIEHOM BEI-
Oope oIepaTHBHBIX CHCTEM paJHO30HIMPOBaHUS. B3anMHbIe CpaBHEHHs CIIOCOO-
CTBYIOT MOBBIIIEHHUIO KAaUeCTBA JAHHBIX CUCTEM adPOJIOTHUECKUX HAOIIOACHUN TyTeM
(hopMynupoBaHNS PEKOMEHIAINH, KaCAIOIINXCS PE3yIbTATUBHOCTH ITHX CHUCTEM, CO-
BEPIICHCTBOBAHUS IPHOOPOB M METOJIOB HAOIIOCHUS, a TAKXKE BBIOOpa paboumx 3Ta-
JI0HOB st wieHoB BMO u mipousBoauteneii mpubopos.

OcHOBHBIE pe3ynbTaThl cpaBHeHUH B ['epmanun (JIunaen6epr) Obumm omy6u-
KOBaHHI B oT4eTe 0 cpaBHEeHUAX IOM-143 UAII 2022 [7]. B 1abopaTOpHBIX yCIOBHAX
pe3ynbTaThl U3MEPEHUH BIaKHOCTH IPH KOMHATHOM TeMIepaType HaXOJHINCh B IIpe-
nenax 5—10 % OT ATamoOHHBIX 3HAYEHWH AJsi OONBIIMHCTBA MOJAEICH Pagro30H/IOB.
[Ipu HU3KUX TeMmepaTypax A HEKOTOPHIX JaTYMKOB MOCTOSHHAS BPEMEHH B KOH-
KPETHBIX YCJIOBHSX JIaDOPATOPHBIX MCIBITAaHUN cocTaBisiia 10 450 ¢ mpu Temmepa-
Type —40 °C, uro moadepKkuBaeT HEOOXOJUMOCTh MHUHHMMHU3AIMM BPEMEHHOH 3a-
JIep’KKH MTOKa3aHMH NaTYNKOB, U Pa3pabOTKU U BHEIPEHUS] METOa KOPPEKINH JIIHA-
MHYECKON MOTPEHIHOCTH N3MEPEHHH, 4YTO 0COOCHHO Ba)KHO ISl U3MEPEHHH B BEPXHEH
Tpomnocdepe, re TemMIeparypa MoxXeT olycKkarbes 10 munyc 85 °C.

IIpu 1abopaTOPHBIX UCHBITAHUAX BIHUSHIS COTHEYHOTO M3TyUEHHS Ha JaTUHKH
TEMIIepaTypsl OBUIO ONPEIeNICHO, YTO 3TO SABIACTCS HanOoiee BaKHBIM HCTOYHHKOM
OLIMOOK NMPH U3MEPEHHUH JTHEBHOM TEMIIEPaTyphl C TIOMOIIBIO PaJlo30H10B. UyBCTBH-
TEJILHOCTH IaTYUKOB TEMIEPATyPhl K COTHEYHOMY U3IIy4EHHIO B TaOOPAaTOPHBIX yCIIO0-
BUSIX CHJIBHO Pa3/INdaeTcs B 3aBHCUMOCTH OT HCCIEIOBaHHBIX Mozenei. Heckoppek-
TUPOBAHHBIE TOTPEINHOCTH OT COJHEYHOIO H3IydeHus pocturaror no 3,8 °C Ha
ypoBHe 10 rlla. AHanorn4Hble pe3ysbTaThl ObUITM OTMEUECHBI U IPH MOJETHBIX HCIIbI-
TaHMAX, 9TO TOATBEPMIIO HEOOXOAUMOCTh UCTIONIB30BAHNUS JATIYHKOB TEMIEpPaTyphI C
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MUHHMAJIBHO BO3MOKHON 4yBCTBUTEIBHOCTBIO K COTHEYHOW PajHalliy, a TaK)Ke BBe-
JICHUS B IOKYMEHTAIUIO 3HAYEHUH KOPPEKLUH OT BIMSHUS COJTHEYHOW pajualllu Ha
pe3yabTaThl U3MepeHuil. B Xxoie cpaBHUTENBHBIX HATYPHBIX UCIBITAHUM OBLIN OTME-
YeHBI IOCTATOYHO HaJIS)KHBIC M3MEPEHNUS TaBICHUSI aTMOC(EphI, a TAKKE CKOPOCTH U
HalpaBJICHUs BETPa.

IIpoBeneHne cpaBHEHUH POCCUIICKUX CHCTEM PaJHO30HANPOBAHUS C PAIHO30H-
nJamu noBsimeHHO# TogHocTH (PIIT), yuacTBOBaBIIMMK B MEXIYHApOJHBIX CPaBHE-
Husix BMO B Kurae u 'epmanuu siBisieTcs BecbMa aKTyallbHBIM B HACTOSIIIEE BPEMSL.
Yto0bI pe3yibTaThl cpaBHeHui 0butH npu3Hansl KIIMH BMO, B HUX TOKHO y4acT-
BOBATh HE MeHee IBYX cucteM PIIT, yuacTBOBaBIINX B MEXTyHAPOIHBIX CPAaBHEHUAX
BMO, n oHM O0IKHBI TPOBOJAUTECS B COOTBETCTBHU C IPOLEAYPAMH U NPABHIAMH,
peaycMOTpeHHBIMU PykoBoicTBOM 1o mpubopam u metogam BMO Ne 8.

B xone cpaBuenuit 2022 r. ObU1a IPOBEAEHA HHTETPAIHSl JAHHBIX, TOJTY4aeMbIX
C TIOMOIIBIO AWCTAHIIMOHHOTO 30HIMPOBAHUS C JAHHBIMH CHCTEM PaJHO30HANPOBA-
HUA. DTa MHTErpaiys Oblia MpU3HaHa YCIIEITHOH, ObUIO PeKOMEH/I0BaHO PACCMOTPETh
BO3MOKHOCTb BKJIIOUEHHSI AUCTAHIMOHHOTO 30HIUPOBAHUS [IPU NPOBEAECHUU ClIEAy-
IOMINX MEKIYHAPOJHBIX CPABHEHHUH.

IIpuMeHeHHE HOBBIX METO0B 23POJIOTHYECKHUX U3MepPeHU it

CucrteMa TUAPOMETEOPOTIOTUIECKUX HAOIIONCHUN CTPOUTCS U Pa3BUBACTCA B
COOTBETCTBUHU C TPEOOBAHMSAMH NMPOTHOCTHYECKUX CIYKO K MPOCTPAHCTBEHHOMY H
BPEMEHHOMY Pa3peIICHUIO MOIyJaeMbIX JaHHBIX, HIOTPEOHOCTSIMU PA3IMIHBIX OTpac-
Jiel HapOAHOTO X034HCTBA U HAyKH, a TaKkKe ¢ yueToM pekomernaanuit BMO. B nenom
00BEM U CTPYKTYpa JaHHBIX CHCTEMBI PAJHO30HIUPOBAHHS YIOBIETBOPSIET MOTPEO-
HOCTSIM KJIMMAaTOJIOTHH, CPEJHECPOYHOrO M JOIATOCPOYHOrO IMPOTrHO30B. B TO XKe
BpeMs, B €€ COBPEMEHHOM COCTOSHMM OHA HEJOCTaTOYHA JUI KPAaTKOCPOUHOTO Mpo-
THO3a TIOTO/IBL, JJIS PeIIeHHs 3a/4a4 [0 MepeHOCy 3arpsI3HSIONINX IpuMeceii, obecte-
4yeHNs (YHKIIMOHMPOBAHIS AaTOMHBIX CTAHIIMHA M TIPOBEICHUS PA3INIHBIX aTMoc(ep-
HBIX HMCCIIE0OBAHUH, B MEPBYIO0 OUEpPEb — MO NMPUYMHE HEJOCTATOYHOrO MPOCTPaH-
CTBEHHO-BPEMEHHOI'O PAa3pPELICHUS.

I'1aBHBIMH TIOTPEOUTETSIMHI adPOJIOTHIECKON MH(POpMAIK SBISIFOTCS | uapo-
METLEHTP ¥ ABHameTTesleKoM. JIJIsl aBHalMOHHBIX ITPOTHO30B CHHONTUKAM HAJ0 I0-
JTydaTb OOJIBIINK O0BEM JAHHBIX, YEM IOJIy4aloT ceiddac B pe3ysbTare 2-pa3oBOro
30HAMpOBaHUS. EBporeiickie CTpaHbl MPOBOAIT PAAXO30HANPOBAHNE 4 pa3a B CYTKH,
kak 06110 1 Bo BpeMeHa CCCP. OxHuM U3 BapHaHTOB MOBHIIICHHS IIPOCTPAHCTBEHHO-
BPEMEHHOTO pa3pelieHus SBIIeTCsl pa3paboTKa U MPUMEHEHHUE HOBBIX METOJIOB IIPO-
BEJICHUS a3POJIOTUUECKUX U3MEPEHUI — CILyTHUKOBBIC, AMCTaHIIMOHHBIE, U3MEPEHUS C
HCTIONE30BaHAEM OCCITIIIOTHBIX alliapaToB.

CIIyTHHKOBBIE a3pOJIOTHYECKHE U3MEPEHUSI UIPAIOT KIFOUEBYIO POJIb B COBpE-
MEHHOM MOHUTOPHUHTE aTMOC(Epbl, METEOPOIOTUH M KITMMATOI0r . OHH ITO3BOJISIIOT
MOJTy4aTh HH(POPMAIHIO O TTapaMeTpax aTMOC(epsl Ha III00ATFHOM YPOBHE, BKIIIOUAS
TPYAHOJOCTYITHBIC PETHOHBI (APKTHKA 1 AHTapKTHKA). Pa3BUTHE CIIyTHHKOBBIX a3po-
JIOTUYECKUX U3MEPEHHH IpeayCMaTpHUBaET co3/laHne Oojiee TOYHBIX CPE/ICTB U3Mepe-
HUM, UHTETPAlMIO C HA3eMHBIMU U OECHHJIOTHBIMH CHCTEMaMH, pa3pabOTKy MajbIX
CIIyTHHKOB — yJICIIEBICHIE W PAaCIINPEHIE BO3ZMOXHOCTEH MOHUTOPHHTA aTMOChEpHI.
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Taknum 00pa3oM, CITyTHHKOBBIE a9POJIOTHUECKHE N3MEPEHUS 00ECTIEINBAIOT YHHKAIIb-
HYIO BO3MO>KHOCTB IJI00aJIbHOTO MOHUTOPHHIA aTMOC(EpBI, IOMOIHSS Ha3eMHbIE 1~
CTAHI[MOHHbIE U3MEPEHUS U PATHO30HIOBbIC HAOTIOACHUS.

JUis IpOTHOZMPOBAHUS OTACHBIX SBJICHUH ITOTOJIBI, SKOJIOTHYECKOTO MOHHUTO-
puHra 1 odecrieyeHus: 0€30MacHOCTH M0JIETOB aBUAlMK HEOOXOIMMO IpoBeieHHe 60-
JIee 4acThIX, a (JaKTUUECKN — HEMIPEPBIBHBIX U3MEPEHHH, UTO SIBIISIETCSI OCHOBHBIM ITpe-
MMYIIECTBOM AMCTAHIIMOHHBIX METOAOB MEPEe] CTAaHIAPTHBIM PAaIHO30HANPOBAHHUEM.
Oco0eHHO 3TO OTHOCHUTCS K TIorpanuaHomy citoro atmochepsl (IICA) [3]. K ocHOBHBIM
TEXHOJIOTHSIM IUCTaHIIMOHHBIX METOJIOB OTHOCSTCS COAAPEL, JINAAPHI U TPOpHIEMEDPHI,
KOTOpBIE MO3BOJIAIOT ONPEIEeNATh CKOPOCTh U HAIpaBJICHUE BETpa, TEMIEpaTypy, co-
CTaB BO3/lyXa M APYTUe IapaMeTpbl Ha Pa3IMYHbIX BBICOTAX, OOHApYKEHHE CIABHUIOB
BETPa, TYpPOYJICHTHOCTH U APYTUX (DAKTOPOB, BIMSIONIMX Ha O0€30MaCHOCTH IOJIETOB.
[TpuHnun paboTel COLAPOB OCHOBAH Ha MCIOJIb30BAHUM aKyCTHYECKUX BOJH JUIS W3-
MepeHHs CKOPOCTH M HaIpaBlIeHHS BeTpa B aTMochepe. OHM paboTaroT 10 MPUHIHAITY
JIOIIEPOBCKOTO 3(h(heKTa: 3ByKOBBIE BOIHBI OTPAXKAIOTCSI OT HEOJAHOPOIHOCTEH B at-
Mocdepe (TypOyIeHTHOCTb, TEMIIEPATypHbIC TPAUEHTHI), a 3aTeM aHAIN3UPYETCs UX
4acTOTHOE M3MeHeHne. OCHOBHBIE MPEUMYIIECTBA COAAPOB — ONIEPATUBHOCTH (HEMpe-
PBIBHBIC aBTOMATH3UPOBAHHBIC H3MEPEHNS ), HU3Kasi CTOMMOCTD 3KCILTyaTaIiH.

JInpapel MCIONB3YIOT 1a3€PHOE U3ITYyYEHUE, KOTOPOE OTPAKAETCS OT adPO30IIeH,
YaCTHII TBUIM M MOJIEKYJI Ta3za B atMoc(epe. [1o BpeMeHN MPOX0XKAECHHS CUTHAJIA U €T0
paccestHAI0 MOYKHO OIPEICINTh CKOPOCTh M HAIIPABICHUE BETpa, KOHIICHTPAIHMIO 3a-
IPS3HSAIONINX BEIIECTB, HAINYUE 00IaKoB M adposoiiel. [Ipenmyinectsa Jmnapos 3a-
KJTIOYAIOTCS B BBICOKOI TOUHOCTH M3MEPEHMI ¥ BO3MOXKHOCTH aHaJIN3a aTMOCc(ephl Ha
6ompmmx BeicoTax. OHAKO TUAApHI UIMEIOT OTPAHNYCHUS B YaCTH CHIDKEHHS Y dek-
THUBHOCTH PaOOTHI B YCIOBHUSIX INIOTHOW 00JIAYHOCTH MIJIM CHIIBHOTO JOXIS, TPEOYIOT
KJIMOPOBKH M PETyJISIPHOTO 00CITYKUBAHHSI.

B uactu npodunemepoB, B OCHOBHOM B HAyYHBIX HCCIEOBAHUAX, IPUMEHS-
FOTCSl MHOTOKaHAJIBHBIE MTPOQHUIEMEPbl, 0COOCHHOCTHIO KOTOPBIX SIBIISETCS TyBCTBHU-
TEIBHOCTh MX XapaKTEPUCTUK K OOJBIIOMY YHCITy (PH3HKO-XHUMHUIECKHX MapaMeTpoB
aTMocdeps! (TeMIiepaType, BIaXKHOCTH, BOTHOCTH 00JIaKOB, AaBICHUIO, TA30BOMY CO-
CTaBy, mapaMeTpaMm TypOyJIeHTHOCTH), OJJHAKO, HanOObIIee MpUMEHEeHNe Ha0Iro1a-
eTcsl IO OJJHOKAaHAJIBbHBIM MUKPOBOJIHOBBIM TeMIepaTypHbIM npodunemepam (TIIM).
Ha I'HC Pocruapomera TIIM npumeHsIOTCS, KaK 4acThb OCHOBHBIX CPEACTB a’poJjo-
THYECKUX HAOMIOCHUH, YTO YTBEPKACHO HOPMATUBHBIME JoKyMeHTamu. Jlo 2024 r.
22 myHKTa HaOJIIOAeHNH OBIIIM OCHAIICHBI MUKPOBOJIHOBBIMH TEMIIEPATypPHBIMHU IIPO-
¢unemepamu tumia MTP-5 u MTII-5 (cBunerenscrBo Ha Tunm CU Ne 68218). OnHako
TaKOTO HEOOJBIIIOr0 KOJIUYECTBA MPOGUIEMEPOB AT 00BN TeppuTopun PO IBHO
HEJIOCTaTOYHO.

B kaxxaoMm TuIle OUCTAHLIUOHHBIX CPEJACTB adPOJIOTHUECKHX U3MEPEHHH HMe-
torcst CH, nonyuuBiue cooTBeTcTByomMA cepruduxar Ha tun CU, Boinanubil e-
JIepaJIbHBIM ar€HTCTBOM MO TEXHUYECKOMY PETYIMPOBAHUIO U METPOJIOTHH, U 3aperu-
CTpUpOBaHHBIE B [ 0Cy1apCTBEHHOM pEECTpe CPENICTB U3MEPEHUH, UTO SBISETCS OCHO-
BaHHMEM UX IIPUMEHEHUSI C TOYKH 3PEHUsI 00SCIICUCHNUS €INHCTBA a3POJIOTHYECKHUX N3~
Mmepenuit. I1o pe3ynbraTaM CpaBHUTEIBHOTO aHATN3a MOXKHO CIEJIaTh CIIETYIOIHE BhI-
BOJIBI:
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e  comapbl yIOOHBI U H3yUSHHS BETPOBBIX XapaKTEPUCTUK B HIDKHAX CIIOSIX
aTMocdepsr;

e  nuaapsl 00eCHeUNBalOT BEICOKOTOUHYIO HH(MOPMAIUIO O BETPE, a9PO30IIIX
Y BIQ)KHOCTH, HO YyBCTBUTEIBHBI K TIOTOIHBIM YCIIOBHSM;

e mpoduIeMepsl YHHBEPCATGHBI, MOTYT HCIONb30BaTh Pa3IMYHBIC METOJIBI
M3MEPEHUH.

Hcnonb3oBaHue cOAapoB, TUAAPOB U MPOPHUIEMEPOB PACIIUPIETCS, UX POU3-
BOJICTBO OCBOCHO POCCHHCKHMH MPEINPHATHAMH, a JaIbHEHIIee pa3BUTHE TEXHOIIO-
T JeTaeT ux 0oJiee JOCTYNHBIMU U 3¢ (deKTHBHBIMU. [lepcrieKTHBaMu pa3BUTHUS JIU-
CTAHI[OHHOTO a3POJIOTHYECKOT0 30HAUPOBAHUS SBISIFOTCS KOMOWHHPOBAHHE TEXHO-
JIOTHH — pa3BUTHE THOPUIHBIX CHCTEM, 00BEIMHSIONINX JIUIAPhI, COAAPHI U PO IIIe-
MepsI [Tt 0oJiee TOYHBIX M3MEPEHUH, aBTOMATH3aIUsl ¥ BHEIPEHIE HCKYCCTBCHHOTO
UHTEJUIEKTa — HelpoceTel Ul aHaau3a JaHHbIX M IPOTHO3UPOBaHMs U3MEHEHUN B aT-
Mocdepe, MUHHATIOpU3AIHs 000pyIOBaHUS — Pa3pad0TKa KOMIIAKTHBIX U MOOHMIBHBIX
CHCTEM JIJIsl YyCTAaHOBKH B TOPOJICKUX YCIIOBHSIX, Ha OCCITMIIOTHIKAX W CITyTHUKAX, Pa3-
BUTHE OCCITMIIOTHBIX IDIAT(OPM — HCIOIB30BAHHUE JPOHOB C JHIAPAMH U COJapaMH
JUTSE MOOMIIBHOTO MOHUTOPHHTAa aTMOC(EpHI.

BbecrmnoTtabie neratensHble ammapatsl (BIIJIA) B mocnexnue romsl aKTHBHO
BHEPSIOTCS B a3POJIOTHUECKHE UCCIIEI0BaHMs], IPEAO0CTaBIIsAs HOBbIM yPOBEHb TOYHO-
CTH, MOOMJIBHOCTH M OTIEPATUBHOCTHU B cOOpe a’ponorndyeckux AaHHbIX. BITJIA moryt
HECTH pa3IMYHOE 000py0BaHHE JUIS U3MEPEHUS apaMeTpOB aTMOC(hEephl — JaTIUKU
TEMIEPATyphbl, BIAKHOCTH, IAaBIEHHS, CKOPOCTH U HAIIPABJIEHUs BETPA, Fa30aHalIn3a-
TOPBI, CIIEKTPOMETPHI U T. . C TOUKH 3peHust Mereoobecneuenus apuauuu BITJIA mo-
ryT o0ecrneynBaTh MOHUTOPUHT TypOYJIEHTHOCTH M BETPOBBIX CABUTOB, KOHTPOJb 32
00JIeICHEHNEM U YCIOBUSIMU BHIUMOCTH.

VYcTaHOBKa BBICOKOTOUHBIX MeTeoposoruueckux aaruukos Ha BITJIA He Bcernga
TrapaHTUPYET MOJyuYeHHE TOUYHBIX JaHHBIX, BCICACTBHE TEPMOJMHAMUYECKUX U JHHA-
MHUECKHX 3P PEKToB, 00pa3yembix koHCcTpyKIen BITJIA. [TpenMymecTBaMu HCIIOTh-
3oBanus BITJIA 11 a3posioruueckux U3MEpEeHUi SBISIOTCS: BbICOKasi TOYHOCTD U Jie-
TadbHOCTb JAHHBIX; BO3MOKHOCTb MPOBOJUTH U3MEPEHUSI HA HU3KUX U CPETHUX BBI-
COTax; BBICOKOE NMPOCTPAHCTBEHHOE U BPEMEHHOE PA3pEIICHUE N3MEPEHHUH; BO3MOXK-
HOCTB HEOJJTHOKPATHOTO M3MEPEHUS OHON ¥ TOI e 00JIacTH [T aHAIN3a N3MEHECHUH
B aTMOC(epe; THOKOCTh U OIIePaTUBHOCTB, OBICTPOE Pa3BepPTHIBAHUE B JIFOOOH TOYKE,
BKJIFOYasl TPYAHOJOCTYIHbIC pailoHBI (TOpHBIC pPAalOHBI, APKTHKA, OKCAaHHUECKHE
30HBI); 9KOHOMUYHOCTB, BO3MOKHOCTh MHOTOKPATHOT'O MCIIOTh30BAHMS.

B paMkax J1eMOHCTpannOHHON KaMITaHUH OCCIMIIOTHBIX JICTaTEIbHBIX alnapa-
toB (UAS-DC), nposenennoii nox srunoit BMO B Teuenue 2 mecsies B 2024 r. B Me-
TEOPOJIOTHIECKOM HAYYHO-HCCIIEIOBATEIILCKOM HHCTHUTYTe B ropone Llykyba (Smo-
HUST), IBAX/IBI B CYTKH ITPOBOIIIINCH H3MEPEHHS PO METEOPOIOTHISCKIX Ta-
paMeTpoB. DTa KaMIaHus1 ObLIa OPraHU30BaHA JJIsl OLICHKH BO3MOKHOCTH IPOBEACHUS
HETIPEPBIBHBIX €KEeTHEBHBIX N3MEPEHUH, PACTIPOCTPAHEHHUS JAHHBIX B JopMaTe, Mpe/-
HA3HAYCHHOM JUIS YHCJIEHHOTO MPOTHO3WPOBAHUS MOTOABI, W JUIS OIEHKH KadecTBa
JIAaHHBIX TI0 CPaBHEHMIO C TPAJULHOHHBIMH METEOPOJOTMYECKUMHU JaHHBIMU. bbuin
rcnosab3oBanbl Tpu Tuna BITJIA: MeTeopoiornyeckuii rekcakonTep CpeJHero pa3mepa

15



CoBpeMeHHble TEHAEHLNUN 1 NepcnekTUBbLI Pa3BUTUSA rnapomeTeoponorui B Poccun
Mamepuarsi VIl Beepoccutickoli HayyHo-npakmuyeckol KoHgeperuuu. Mpkymek, 19-21 mapma 2025 e.

1 KOMMEPUYECKHE JPOHBI CPEHETO U MAJIOrO pa3Mepa ¢ MPUKPEMIEHHBIME METE0PO-
JIOTUYECKUMHU JaTYuKamu [6].

To4YHOCTH METEOPOTIOTHYECKUX JaHHBIX, ModydeHHbIX ¢ BIIJIA, B rienomM Obuia
COITOCTaBMMA C TOYHOCTHIO JAHHBIX, ITOMYYCHHBIX OT CTAHIIUH PaTHO30HIHMPOBAHS:
temneparypa — 0,11-0,26 rpax, orHocurenbHas BiaxHocTb — 0,85-1,49 %, ckopocTh
Berpa — 0,27-0,57 m/c. 1o pe3ynpTaTtaM 3TUX MCHBITAaHUI OBUIO OTMEUYEHO, YTO HEOO-
XOZMMO aJalTHPOBATH METO/IBI M TPUOOPEI, YTOOBI CBECTH K MUHUMYMY ITOTPEIIHOCTH
M3MEPEeHUH, KOTOpbIe CHIIBHO 3aBHCAT OT Tuna BITJIA (Hampumep, BepTONET WK ca-
MOJIET C HEMOABMKHBIM KPBUIOM) U pa3Mepa (Manblil wiu Oonbinoid) BITJIA, a taxxke
OT €ro rpy30rnoabEMHOCTH.

IIpu BBINONHEHMH MHCTPYMEHTAIILHBIX M3MEPEHUH M TMOJyYeHHs JIETUTHM-
HBIX PE3yJbTaToB TPeOyeTcs COOTBETCTBYIOIIEE METOANYECKOE U METPOJIOTHYECKOE
obecrnieueHue M3MEpUTEIbHBIX KoMmIuiekcoB Ha 6aze BILJIA. B Poccuu moka enus-
crBenHbIM CH BITJTA, nmeronm ceptudukaT Ha T CH, aensercs «Cucrema n3me-
pUTENbHAS ISl MOHUTOPUHTOBBIX UCCIIEI0BaHNN Ha Oa3e OECTIMIIOTHBIX JEeTaTebHBIX
annapatoB «PJIP-2015» (cBugerensctBo Ne 75187). B crpykrypy nmannoro BITJIA
BKIIoueHb! Cl, BHECEHHBIE B TOCYIapCTBEHHBIN peecTp CpeAcTB u3Mepenuil. OnHako
BCE OHM OTHOCATCS K MHOTOKOMIIOHEHTHBIM Ta30aHaIM3aTopaM M aHaJIM3aToOpaM
UM, MeTeoponoruueckye napamMeTpsl He BKIoueHs! B onucanue tuna CU. Tem He
menee BITJTA mpexncTaBisitoT co0oil MepCHeKTUBHBIN MHCTPYMEHT JUIS adpOJIOrHYe-
CKMX M3MEpPEHHH, O3BOJISAS 3HAUNTEIIFHO MOBBICUTH TOYHOCTH, OTIEPATHBHOCTD M JIe-
TaJIM3aLHIO IAHHBIX O COCTOSIHUY aTMoc(epbl. OHH yKe aKTHBHO IIPUMEHSIOTCS B Me-
TEOPOJIOTUH, KIIMMATOJIOTUU U AKOJIOTHYECKOM MOHUTOPUHTE, a UX AajbHeillee pas-
BUTHE HAIIPABJICHO HAa YBEJIMUYCHHUE BBICOTHI MOJICTA, MIPOIOIDKUTEIEHOCTH PAOOTHI U
HHTETPAIHNIO ¢ TII00aIbHBIMH CHCTEMaMHU HaOMIOACHHH.

HaIIpaBJIeHl/Iﬂ o0ecreyeHus €IHHCTBA A3POJIOTHYE€CKUX I/l3MepeHl/II7[

Pe3ynbTarel aHamM3a METPOJIOTMYECKUX XapaKTEPUCTUK U PEIIPE3EHTaTUBHOCTU
a’pOJIOTNYECKUX U3MEPEHHH TOKa3ald, YTO OCHOBHOM HEJOCTATOK HOPMHPOBAHHS
METPOJIOTHYECKUX XAPAKTEPUCTHK PaJANO30HI0B 3aKII0YAETCS B Pa3eIbHOM HOPMHU-
POBaHMH TPEIEIFHO JOITyCKaeMOl OCHOBHOH MTOTPEITHOCTH H3MEPEHHS TP (DyHKIIH-
OHUPOBAHNH UX B HOPMAJIbHBIX YCIOBHUSAX, U HOPMUPOBAHHUHU ITPEAEIBHO JOITYCKAaeMOM
JONMOTHUTENBHOI MOrPelHOCTH, BOSHUKAIOIIEH MPU BapbUPOBAHUHU BCEX BIMSAIOMINX
(akropos. [Ipu 3TOM, Kak ykazaHO B HOpMAaTUBHOM NokyMeHTe Poccrangapra UTC
22.1-2016, cymmapHasi IOIpELIHOCTh U3MEPEHUH HEe HOpMHUpYyeTcs. B ¢BsA3u ¢ 3TUM
TpeOyeTcs: COBEpLICHCTBOBAHWE HOPMATHBHO-TEXHWYECKOH JOKYMEHTAIMH, peria-
MEHTHUpYIOLeH TpeOoBaHMs K METpoIornieckuM xapakrepuctukam CH B 3T0it 061a-
CTH, ¥ K METOJIaM U CPEJICTBAM X HCIBITAHUH 1 TIOBEPKH.

[Tpy IPOEKTHPOBAHUN U MOJCPHU3ALNH a3POJOTNUECKUX M3MEpEeHNH Heo0Xo-
JMMO YYHTBIBaTh TPeOOBAaHUs MO 00ECIEYEHHIO COOTBETCTBUS asposoruueckux CU
COTJIAaCOBaHHBIM MOTPEOHOCTSIM poccuiickux moip3oBaTeneit (I mapomernenTp, ABna-
mettenekoM, I'TO, Muno6opons! u ap.). [TocTosHHOE pa3BuTHE TI006aTEHON HAOIIO-
JaTeIbHON CUCTEMBI 32 COCTOSIHEM MPUPOIHOMN Cpeibl, TEXHOIOI Ui AUCTAHIHOHHOTO
30HAUPOBAHNUS, C TOMOINBI0 KOTOPBIX AOOBIBaeTCS MH(MOpPMALUS, CTABUT 3a1ady
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OLICHKH BIIMSHHS KOHKPETHOTO BUA ¥ HICTOYHUKA HH(OPMAIINU Ha Ka4eCTBO YNCIICH-
HBIX IPOTHO30B MOTObL. JTa 3ajJaya pelaercs IyTeM UCKIIOYEHUS U3 PACCMOTPEHUS
UH(pOpPMAIUU ONPeICIEHHOT0 BHJIa U MOCIEAYIOIIEro CpaBHEHUS MOTYYEHHOTO TAKHM
00pa3oM MPOTHO3a ¢ KOHTPOJIBHBIM SKCIEPUMEHTOM, B KOTOPOM YYUTHIBACTCS BECh
00BEM NOJTyYaeMbIX METEOPOJIOTHIECKUX JaHHbIX.

AHan3 JaHHBIX PAAMO30HIUPOBAHUS UMEET CBOIO CHEU(HUKY O OTHOLICHHIO
KO MHOTHM JIPYTUM METEOPOJIOTHYECKUM HAOIIOACHUAM, TaK KaK HA MHOTHX BBICOTaX
B aTMOc(epe UMeeTCsl MHOXKECTBO MTPONYIIECHHBIX HaOmoaeHuit [1]. OcHOBHBIC TpH-
YHHBI ATOTO — HEJIOCTATOYHAsl BBICOTA MOJBbEMA PaJUO30HJI0B, IPOCTPAHCTBEHHBIE U
BPEMEHHbBIC HEOJHOPOAHOCTH JaHHBIX, HEJOCTATKH TEXHOJOTHH PaJAHO30HI0BBIX
HaOJII0IeHNH, TPOU3BOICTBA 000JIOUEK, 30HA0B U JaTYNKOB, IOJIyYCHHS U pacueTa pe-
aJIbHBIX 3HAUE€HHUH BBICOTHI, TEMIIEPATYPBI, BIAKHOCTH U BETPA.

Bawusinue stux ¢axropos Ha ycnemHocts YITIT MOXXKHO olleHHTH ITyTeM renepa-
MM TICEBIOCITyYafHOTO IITyMa Ha apXUBBI TAHHBIX PaJHO30HIUPOBAHUS C XapaKTepH-
CTHKaMH, COOTBETCTBYIOIIMMH peanbHbIM (haKTOpaM HEJOCTATKOB PabOTHI CHCTEMBI
Paauo30HIUPOBaHUS (CMEIleHHe, CPEIHEKBAAPaTHIECKOEe OTKIOHEHUE U BEPTHKAIIb-
HBIE Koppenanun). Mcrnons30BaHne MOTy4YeHHBIX H3MEHEHHBIX apXMBOB JAHHBIX MPH
pacudeTe CpeAHEeKBaIPATHIHOMN OMUOKH IPOTHO3a U CPABHEHHE C TIPEIBIIYIINM IPO-
THO30M, IIOJIyYEHHBIM 10 UCXOJHBIM apXUBaM JAHHBIX, TO3BOJIUT OLEHUTH BIMSHUE
Ha YIIIT Beimeyka3anubix GakTopos. L{enbio 3THX pacyeToB MOTYT OBITH ClIEYIOIIUE
BBIBOJIBI M PE3YIIbTATHI:

— IOJIyYeHHE KOJIMYECTBEHHOTO OOOCHOBAHMS COOTBETCTBHSI/HECOOTBETCTBHS
TpeOOBaHMSM TEKYIIEro KOJIMYECTBa U pacroyioxkeHus AD Pocruapomera juist onpe-
JIeNICHNS] HeOOXOANMBIX (JIOITyCTUMBIX) H3MCHEHUH B KOHOUTYpaIUN CETH;

— 000CHOBaHUE/TIOATBEPKICHIE ONTUMAIBHBIX TOTPEITHOCTEH U3MEPEHHH 110
BBICOTE, TEMIIEPAType, BIAXKHOCTH, CKOPOCTH U HATIPaBIICHHs BETPa;

— 3aKJIIOUCHHE, SBJIACTCA JIM 00BEM MOJTydyaeMbIX JaHHBIX Ha BCEH CETH B BHUJE
2-pa3oBOTO 30HIMPOBAHIS MIHIMAIHHO HEOOXOIUMBIM, HIIH OH MOKET OBITH COKpa-
1IeH (B KaKOW CTEINCHN), WU TOJDKEH OBITh YBEIHUYCH (TPH KaKUX YCIOBUSIX);

— o0ocHOBaHHE TPEOOBAHHUH K MUHUMAJIBHO HEOOXO MO BBICOTE a3pOIoruye-
CKOTO 30HJMPOBAHMUS, a TAK)KE B KAKHUX YCIOBHAX OHA MOXKET OBITh N3MCHEHA,

— obocHOBaHKE TPeOOBAHMI K HENIPEPHIBHOCTH JAAHHBIX a3POJIOTHYECKOrO 30H-
JUPOBAHUS Ul ONEPAaTHBHBIX MPOTHO30B MOTOJBI U Ul KIMMaTUYECKUX HaOIroze-
HUMH, ONpeielieHe MaKCUMAJIBHO JOIyCTUMOTO BPEMEHH MIPOCTOSI KX I0H CTAaHIIMU U
OTCYTCTBHSI IaHHBIX C HEE.

[onyuennble 000CHOBaHUS M BBIBOJBI JIayT BO3MOXKHOCTH C(HOPMYJIUPOBATDH
00OCHOBaHHbBIC MPEJIOKEHUS 110 ONTUMH3AIHMK PabOTHl a’POJOTHYECKOH ceTH
Pocrunpomera. [1pu peanuzanmu STHX IpeI0KEHIH IITAaHUPOBaHNE PaOOTHI CeTH, 3a-
KyIKa 1 o0ecredeHre paboThl a9pOIOTHIECKOro 000pyA0BaHHS, 3aKyIKa PACXOAHBIX
a’pOJOTNYECKUX MATEPHUAIOB MOTYT OBITh CYIIECTBEHHO ONTUMH3HPOBAHBI.

Ha ocHOBaHMH CHOPMYITHPOBAHHBIX U COTIACOBAHHBIX MOTPEOHOCTEH poCCHii-
CKHUX IIOJIb30BATEINEH, KPOME IMOBBIIIEHHS KAaueCTBA JAHHBIX, B JaJbHEHIIEM MOIYT
ObITh CHOPMYJIMPOBAHBI MPEATIOKEHUS 110 ONTUMHU3ALMN PabOTHl adPOJIOTUUCCKOM
cetu. CHopMyTHpOBAaHHBIE MPEIOKEHNS IO KOHPUTYPALUU CETH, KOJIHYECTBY BbI-
MyCKOB, HEOOXOAMMBIM TIOTPEITHOCTSAM M BBICOTE 30HAMPOBAHHS MOTYT IIPUBECTH K
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JOCTIDKEHNIO 3 PEKTHBHON pabOTHI CPEACTB a3pOJIOTHIECKUX N3MepeHuil. [Ipn atom
Han0oJiee ONTUMAIBHBIM BapHaHTOM SIBIISIETCS II€pesada T'OJIOBHOM OpraHu3aluy —
IIAO opranmzanmu BceX OCHOBHBIX PaboOT 1o oOecreueHnto (YHKIMOHHUPOBAHUS
a’poJorndeckoi cetu Pocruapomera, BKIIIoYas INIaHUPOBAaHKUE pabOTHI CETH, YIaCTHE
B OpraHU3aliy 3aKyITKH a3POJIOTHYECKOr0 000pYJOBaHUS U PACXOAHBIX a3pOJIOTHye-
ckux MaTepuanoB. dakTHueckoe OTCYTCTBHE BIMSHHUS TOJOBHOW OpraHU3alllid Ha
MPOLEAYpPY 3aKyMOK IIPUBOIUT K HEONTHMAIBHOMY M HEIEJIecO00pa3sHOMY pacXxomo-
BaHMIO OIOJUKETHBIX CpeAcTB. Takoi 1MoaxoJ] HEOOXOAUM elle M Ul TOTO, YTOOBI Yy
Pocrunpomera Oblia BO3MOXXHOCTD BIMSIHHSI HA BO3MOXKHBIC OTKJIOHCHHUS OT 3aKOHO-
JaTenbeTBa B obsacTu MeTposnoruu. Hampumep, B cBuzpetenscTBa Ha Tun CU paguo-
30HJ0B OpraHbl PoccraHaapra BKIIIOUAIOT AaHHBIE, KOTOPBIE UM NPEACTABIAIOT U3I0-
TOBUTENN. DTH MTOKA3aTEIN HE COOTBETCTBYIOT PEajlbHBIM IOTPEIIHOCTIM. B yacTHO-
CTH, B COOTBETCTBUH C POCCUIICKUM 3aKOHOAATEILCTBOM B 00JAaCTH METPOJIOTHH BCE
PamMo30HIB, TpenHa3HAYCHHBIC /IS TPHMEHEHHS Ha CeTH | MApOMeTCITyXObI,
JIOJDKHBI TIPOMTH HCTIBITaHUS Ha yTBepkaeHue Tuna CU B paMkax yTBEpKIAECHHOU B
Poccun INocynapcrBennoit nosepounoit cxemsl it CU Bnaxuoctu razos (I'TIC). On-
Hako B I'TIC OTCYyTCTBYIOT ATAOHBI AT ONPEAETICHHS METPOJIOTHIECKIX XapaKTepu-
CTHK M3MEPEHHH BIQKHOCTH PAAN030H/I0B B PEATIbHBIX YCIOBHUIX PaJHO30HANPOBAHNSI.

OoOecrieueHne €IMHCTBA adPOJIOTMYECKUX W3MEPEHHH BHECET CYyLIECTBEHHBIN
BKJIJ] B IOCTM KEHHE OCHOBHBIX Ilefel CTpaTeruu nesaTeIbHOCTH B 001aCTH THAPOME-
TEOPOJIOTHH M CMEXHBIX ¢ Helt o0macTsx Ha mepuox 1o 2030 roxa (¢ yaeToM acreKToB
U3MEHEHUsI KJIMMaTa) — (OpPMHUPOBaHUE BHICOKOA(D(EKTUBHOM THIPOMETEOpOIIOrHye-
CKOH ci1y>k0blI, 0OecrieunBaromieil BeIonHeHne QyHKIMH 110 IPeJOCTABICHUIO TTOTpe-
OuTeNnsIM CBOCBPEMEHHOH M TOCTOBEPHON THAPOMETEOPOIOTHYECKON M Tennoreohu-
3U4ecKoi MH(popManny, NHGOPMAIMN O COCTOSIHUM OKPYXKAIOIIEH Cpelbl, ee 3arps3-
HEHUH, a TaKkxkKe 10 9PPEKTUBHOMY U O€30I1aCHOMY ITPOBEACHHIO PAdOT, CBA3aHHBIX C
AKTHBHBIM BO3JCHCTBHEM Ha METCOPOJIOTMYECKHE U Jpyrue reodusndeckue mpo-
IIeCCHI, Ha 0a3e COBPEMEHHOW TEXHUKH M TEXHOJIOTHH.

BeinonHeHne mpeioskeHHbIX BAPHAHTOB 00ECTIEUEHHsI COOTBETCTBHS KaueCcTBa
a’POJOTUYECKUX JAHHBIX COTTIACOBAHHBIM ITOTPEOHOCTSIM POCCUHCKUX MOIb30BaTEIeH
o0ecTIeunT MOBBIIICHNE Ka9eCTBa IIPOTHO30B TTOTO/IBI, CHIDKCHHE PHCKOB yIepoa 9Ko-
HOMMKE, 3/J0POBBIO TPaXKAaH, 000pOHE 1 OE30IIaCHOCTH roCy/1apCTBa.
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AHau3 padboTocnocOOHOCTH ABTOMATH3HPOBAHHBIX
TUAPOJIOTMYeCKMX KOMILJIEKCOB Ha pekax Poccuiickoii
Denepanun

C. B. by3makos (s.buzmakov@hydrology.ru), A. B. IOxHo (artem-ardene@mail.ru),
A. A. Ocramos (andrey.ostashov@gmail.com)
Tocyoapcmeennuiii cudponocuueckuu uncmumym, 2. Cankm-Ilemep6ype, Poccus

AnHoTtanus. OO6cyxnaercs paboTOCIIOCOOHOCTh ABTOMATH3MPOBAHHBIX TI'MIPOJIOIMYECKUX KOM-
IUIeKcoB Ha pekax Poccuiickoii denepamnmu, KOTOpast UrpaeT KIFOUEBYIO POJIb B HA/ICKHOM U OIepa-
THUBHOM 00€CIeueHNH IHAPOIOrnueckoi uHdopmanueit norpedureneir. OHa 3aBUCUT OT LIEJIOTO psijia
(bakTOpoB: KayecTBa MOHTaXKa, PEKHMa M CTAOMIBHOCTH €ro SHEProoOecHedeHHs; YCTOHYHBOCTH
KOMIIOHEHTOB KOHTPOJUIEPA U aTYMKA K BO3AEHCTBUIO HEraTUBHBIX (DAaKTOPOB BHEILIHEH Cpesibl; pa3-
BHTHS PYCIIOBBIX IPOLECCOB M BaHIAIN3Ma, KOTOPBIE MOTYT IPHBOAUTH K HAPYLICHUIO HIIU HOIHOM
yrpate obopynosanus. [IpescraBieHa oneHKa KOPPEKTHOCTH U3MEPEHUS YPOBHS BOJIbI aBTOMATU3H-
POBaHHBIMH KOMIUIEKCAMHU M TIOJTHOTA MOCTYTAOIIEH ¢ HUX HH(pOpManuy. BbIsBIeHa MHOTOTETHSA
JIMHAMHKA XapaKTePUCTUK PadOTOCIIOCOOHOCTH KOMILIEKCOB U OJIHOTHI IepeaBaeMoi uMu nHHOp-
Maiuy. PaccMOTpeHb! IPUYKHEL, BIIAIOMNE HAa PAO0OTOCIIOCOOHOCTH KOMILIEKCOB U JaHbl PEKOMEH-
Jaluu 1o noAACPKaH!uto JOCTUTHYTOI'O YPOBHS aBTOMATU3allUU CETHU.

KitroueBble ¢J10Ba: aBTOMATH3UPOBAHHBIH THAPOIOTHYESCKUI KOMILIEKC, paG0TOCIIOCOGHOCTD, YPOBECHb
BOJIBI, TOCY/IapCTBEHHAsI HAOIIOIaTeIbHAS CETh, THAPOJIOTNYESCKUH MYHKT HAOJIFOICHHUIA.

BBenenne

HeobxonumocTh aBTOMaTH3aIMM T'HIPOJIOTHYECKOTO MOHUTOPHHIA, BKIIOYast
U3MEpPEHHE YPOBHEH BOJBI, OIPEAEIAETCS BO3pACcTatoel TOTPEOHOCTHIO SKOHOMUKH
1 00IIIecTBa B ONIepaTUBHON M HaNEKHOM nHpopMmarmu [8; 3].

Ha cern rmmpomormuecknx HabmroneHWd Pocrmapomera 1O COCTOSIHHIO Ha
2024 r. aBromatuzauus gocruraet menee 40 % [2]. OCHOBHBIM CPEICTBOM U3MEPEHUS
YPOBHSI BOJIbI 10 HACTOSIIIET0 BPEMEHH OCTaETCsl BOJOMEpHas peiika. bosbiioe komu-
YEeCTBO HEaBTOMATH3MUPOBAHHBIX ITyHKTOB HAOJIONCHHH, BO3paCTAIOIINE 3aTPaThl Ha
pydYHBIE M3MEPEHHMs, a TAKXKE TTOTPEOHOCTh B BBICOKO JMCKPETHOH mepenade nHPop-
Malllu ONpeEeNAOT 3HAUUTENbHBIN MOTEHIMAT aBTOMATU3al[UH CETH.

ITon aBTOMaTH3MPOBAHHBIM THAPOJIOTHUECKUM KoMmIuiekcoM (nanee — AI'K) B
JIAHHOM CTaThe TOHMMAETCSI COBOKYIMHOCTh MPHOOPOB 1 000pyAOBaHMS, NTPEAHA3HA-
YEHHBIX JIS1 BHINOJIHEHUS! aBTOMaTU3UPOBAHHBIX U3MEPEHUH YpPOBHEN BOJBI U OCHA-
IIEHHBIX CPEACTBAMHU Nepeiaul MHPOPMALUK B LIEHTPBI cOopa naHHbIX. B coctaB AI'K
00513aTeTTHFHO BXOAUT CPEACTBO M3MEPEHUH yPOBHS BOJBI (1yBCTBUTEIBHBIIN AIEMEHT),
BBIMOJHSIONMHA H3MEPEHUs] B TOYKE €r0 YCTAHOBKH, KOHTPOJUIED, BBITOIHSFOLIMIA
(YHKIIMY HAaKOIIJIEHHUs M3MEPEHHBIX JaHHBIX 00 YPOBHE BOJIBI, X XPAHEHUS U Tepe-
Jlady JAaHHBIX NU3MEPEHHH MO KaHalaM CBS3M B IEHTP cOOpa JaHHBIX, a TAKKe JTHHUSL
CBSI3M JlaTuMKa ¢ KOHTpoJuiepoM. Ha mocrax moryT ucnomas3oBatbest AI'K ¢ paznnunoit
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KOMILIEKTAIMEH, KOTOpast MOXKET BKIIFOUATh CPEJICTBA U3MEPEHUN YPOBHS U TeMIIepa-
TYPHI BOJIBI, aTMOC(EPHBIX OCAJIKOB, a TAK)KE CPEIICTBA HAOIIOACHUS 32 COCTOSIHUEM
BOJTHOTO OOBEKTA.

IIpakruka BHeapenus AI'K

ITepBeiM AT'K B Mupe B HEKOTOPOI CTENIEHH MOKHO CUMTATh MOIJIaBKOBBIN ca-
MOIIUCEIl YPOBHSA BOJbI, OCHAIIEHHBIH KOPOTKOBOJHOBBIM PaAMONEPEAaTINKOM B
1930-1932 rT. u GpyHKIIMOHIPOBABIINI Ha OCTY p. Jlyra — c. Tonmmaueso. CepuiiHo
AT'K Hauanu ycTaHaBIMBAThCSA HA CEThb IIPH PealM3aluy NEPOBOI BOJIHBI MOAEPHU3A-
uuu («Pocrugpomer-1»), koropas craptoBaia B 2006 r. 1 KOCHYJIaCh EPEOCHAILIECHHS
CeTU B MaBOJKOOMACHBIX OacceifHax pex Yccypu, Oxu u Ky6anu. Ha rugponoruue-
CKuX mocTax 0buto ycranosieHo 153 ATK [1]. B aToT e mepron Ut pOXOKICHHS
OITBITHOW 3KCIUTyaTaIllM1 W POBEICHNS CPAaBHUTEIIBHBIX HAOJIOICHNI OBLT OpraHu30-
BaH U ocHaueH pasnuuHbiMu AT'K rugpomerpudeckuil nonuroH p. ITomomers — c.
Sxen6unst B Bannaickom ¢unuane [TH.

Bropas Bonna monepauzanuu Havanach B 2012 r. u 3akoHumnacek B 2020 r. 3a
9TO BpeMs ObUIO peaJr30BaHO JABa MpoekTa: MoaepHH3alus THAPOIOTHYECKUX
Habmoenuii B Oacceiine p. Bonra («Pocrunpomer-2») u genepanpHast meneBas mpo-
rpamMMa «Pa3BuTHe BONOXO3AHCTBEHHOro Komiuiekca Poccuiickoir ®Denepauuu B
2012-2020 romax»'. B pamMkax JaHHBIX MPOEKTOB HA CETH OBUIO YCTAHOBIEHO 258 U
654 AT'K cootBercTBeHHO. I10 OKOHYaHUIO BTOPOH BOJIHBI HHTEHCUBHOCTD 3aKYIKU U
ycranoBku AT'K 3HauntensHo cHu3mIach (puc. 1).
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Puc. 1. Pactipenenenue mo rogaM KOJIMIECTBA BBEAEHHBIX B dKkcuTyaTanuio AI'K

! denepanbuas uesesas nporpamma "Passutue Bo0X03siCcTBEHHOTO Komiiekca Poceniickoit @eneparmu B 2012-
2020 ronax" (ITocranosnenue [pasutenscrea PO Ne 350 ot 19.04.2012).
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M3amepenust ypoBHs Boael ¢ nomomipio AI'K permamentupoBansl B PJ]
52.08.869-20222. 1o cocTosHMI0 Ha KoHel 2024 T. Ha THAPOIOTHYECKOI CETH HACUH-
teiBaeTes 1100 AT'K (tabm. 1), umu odopynoBano 37 % oT 00IIero KoJIu4ecTBa IHl-
poJiorndeckux nocros cetu. bonpmnucTBo AI'K HaxoauTces Ha eBponelncKoill Teppu-
topuu Poccuiickoit @enepanuu (puc. 2).

Tabnuya 1
Pacnpenenernne AI'K o TepputopuansHeIM yrpaBieHusiM Pocriuipomera
YIMC Bapboraxusiit | I'mapocrarmueckuii | IlorumaBkoBblii | PamapHbrii Bcero
CeBepo-3anaaHoe 11 104 6 1 122
Cesepo-KaBkasckoe 70 22 0 26 118
LlenTpanpHoe 48 49 0 0 97
3amaHOCHOHPCKOE 70 12 0 14 96
Bepxue-Boimkckoe 0 76 0 0 76
ITpumopckoe 58 1 0 0 59
Bamkupckoe 46 9 0 1 56
Ypanbckoe 0 56 0 0 56
SIkyTckoe 0 56 0 0 56
Cpeanecubupckoe 3 49 0 0 52
JlanpHEBOCTOYHOE 37 3 0 2 42
[IpuBomkckoe 3 33 0 1 37
CesepHoe 1 35 0 0 36
PecnyOnuka Tatapcran | 1 32 1 1 35
3abaiikanbckoe 0 22 0 0 22
Mypmanckoe 9 13 0 0 22
Konbimckoe 5 15 0 0 20
KamuaTckoe 1 18 0 0 19
Lentpansno-YepHozem- 5 14 0 0 19
HOE
YAM 0 0 0 18 18
O6b-UpThIICKOE 1 7 0 9 17
UpkyTtckoe 0 15 0 0 15
Kpeivckoe 0 10 0 0 10
Bceero 370 650 7 73 1100

Yamie ucnonb3yeTcs KOMIUIEKCHI C IaTYUKOM YPOBHS BOJBI THIPOCTATHYECKOTO
THIA, JaTYNK PAJapHOTo THUMA MPeodIalacT B I0KHBIX IIMPOTAX, YTO OOYCIOBIICHO
cneruduron senoBoro pexuma pex. AI'K 6apOoTa)kHOTO THTA MMEET JIOKalTbHbIE
30HBI PACIIPOCTPAHEHHS.

Bonbme AT'K ycranoBneno Ha tepputopun Ceepo-3anagHoro u Cesepo-Kas-
kazckoro YI'MC, nmnoTHOCTs aBTOMaTH3HpOBaHHOII cetn B EBpomeiickoit uactu PD
3HAUUTEILHO IIPEBBIIIAET 3TOT OKa3aTelb B A3HaTCKOM.

2 PJ1 52.08.869-2022. PykoBOACTBO 110 OpraHU3alliK U IIPOBEICHUIO H3MEPEHHUIA YPOBHS BOJIbI B BOJOEMAX M Ha BOJIO-
TOKaX aBTOMATH3UPOBAHHBIMU I'UPOIOTHIECKUMH KOMILICKCAMH
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Tun AI'K

BapBOTAKHBIH

A4 THAPOCTATHYC CKHIl
®  pajapHbIif
YIMC

Puc. 2. Pacnpenenenne AI'K ¢ yuérom Tuna aatumnka no reppuropun Poccuiickoii denepannn

MatepuaJibl 1 MeTObI HCCAe10BAHMI

Amnanu3 pa6otsl AI'K Ha rocynapcTBeHHON HaOMIOJaTEIBHON CETH OBII IPOMU3-
Be/IEH HA OCHOBE €XEMECSUHBIX OTUETOB, HarpasisieMblx B [T TepputopnanbHeIMu
ynpasnenusamu Pocruapomera (nanee YI'MC) 3a 2021-2024 rr., B KOTOPBIX cHelua-
JIMCTBI HA MECTaX 3aloJIHAIT (OpMBI Mo kKadecTBY paboTsl AI'K B ycTaHOBIEHHOM
TIOpSIZIKE.

Nudopmarnms o turne natunka AI'K, opranuzammm moctaBuyke, IpoM3BOAUTENE
KOHTpOJIJIepa U JaTyuKa OblIa MONydeHa MO CIeHHaIu3upoBaHHOMY 3ampocy. He-
CMOTp# Ha TO, 4TO B KOMIUIEKT AI'K MOTyT BXOANUTH JaTYMKU Pa3HOTO IPHUMEHEHNS, B
paboTe aHAM3UPYIOTCS TOJBKO JAHHBIE TI0 YPOBHIO BOJIBI.

PaccmarpuBarorcst Bce AI'K, mepeunciieHHble B OTYETHOCTAX 3a HCCIIETyEeMbIH
NePUO/], BHE 3aBUCUMOCTU OT TOTO HAXOMAATCS JIM OHU Ha CKJIQAAX MM YCTaHOBIICHBI
Ha MecTax JKCIUTyaTallii. B ocHOBe aHanm3a JexaT IBE XapaKTEPUCTHKU — paboTo-
CIIOCOOHOCTh KOMIUIEKCA M Ka4eCTBO MOCTYNUBIIMX AaHHBIX. [log pabGoTocrocobHo-
CTBIO KOMILJIEKCA B HCCJIEIOBAHUM NMOHMMAETCS HPOLEHT MOCTYNHBIIUX B LEHTPBI
cOopa JaHHBIX cOOOIICHHI 00 YPOBHE BOJIBI OT OOIIET0 KOJINYECTBA HAOTI0JAEMbIX OC-
HOBHBIX CPOKOB (KaK ITPaBHJIO, OCHOBHBIM CPOKOM CUHMTAETCS €KEUaCHOE M3MEPEHHE).

ITo xauectBy nocrynatomue ¢ AI'K nanHbIe pa30UTHI HA TPH KATETOPHH: BBICO-
KO€ KauecTBO (PacX0oxkJIeHHE C JaHHBIMU OT HaOMI0aTeNsl He MPEBBIIaeT 3 CM, B CO-
oTBeTCTBHH ¢ Tpebosanusamu PJ] 52.08.903-20203; xopoluee kauecTBO (PACX0KICHHE
C ZJaHHBIMHU OT HAOJIOZATEISI HE TPEBBIIIACT 7 CM, B COOTBETCTBUH ¢ TPEOOBaHUAMHU
nocranopiaenus IlpasutensctBa PO Ne 1847 ot 16 Hosa6ps 2020 r.* u HU3KOE Kade-

3 PJ1 52.08.903-2020. PykoBoCTBO 10 MPOBEICHHIO CPABHUTEBHBIX HAGIOICHHIT 38 YPOBHEM M TEMIIEPATypOii BOJBI CTAHAAPT-
HBIMH M aBTOMATH3HPOBAHHBIMH CPEJICTBAMHI H3MEPEHMI

4 Tlocranosnenus [pasutensctsa PO ot 16.11.2020 Ne 1847 "O6 yTBepskeHUH MEpeUHs H3MEPEHHIT, OTHOCAIMXCS K cepe rocy-
JIapCTBEHHOTO PEryJINPOBAHHS 00ECTIeYeHNs eMHCTBA H3MEPEHHIA"
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CTBO (pacxXoXJIeHHe C TAHHBIMHU OT HaOJTo1aTelsl ipeBbItiaeT 7 cM). Kak u ¢ paborocmo-
COOHOCTBIO TIPOIICHT KaYeCTBEHHBIX JAHHBIX TaK)KE PACCUUTHIBAIICS MCXOIS M3 OOIIEro
KOJIMYECTBA HAOJFOIACMBIX OCHOBHBIX CPOKOB, @ HE OT MOCTYITHBIIIUX COOOIICHHUI.

Amnanu3 paboThI MPOBEAEH MO MECTH HAMPABICHUSIM:

— TPOCTPAHCTBCHHBIH aHANHN3 (XapaKTepU3YIOMMH YCIICIIHOCTh BHEIPEHUS
AT'K paznuuneivu YIMC)

— B 3aBHCHMOCTH OT TPOEKTa MOJCPHH3ALUH (BBLACISIOTCS TPHU NPOEKTa —
«Pocrunpomer-1», OUII «Pa3zButue BoAOX03sHCTBEHHOr0 KoMmiulekca Pocculickoit
®denepannu B 2012-2020 romax» u «Pocruapomer-2»);

— B 3aBHCHUMOCTH OT Tuna Aatunka AI'K (BBIIENSIOTCS YeThIpe THIIA: THIPOCTa-
THUYECKHUH, 6apOOTaKHBIM, MOIUIABKOBBIN 1 pagapHblii). HeoOXoauMo 0TMETHUTH, 9TO
4acTh CHENHANNCTOB He oTHOCHT K AI'K mormmaBkoBbIe TaTYMKH YPOBHS BOJBI H TIO-
9TOMY HE YYHUTHIBACT UX B OTYETHOCTH;

— B 3aBHCHUMOCTH OT npousBoautens koHTpomiepa AI'K (k aHanu3sy mpeacras-
nensl ATK 16 mpousBoguTeny u3 3 peruoHoOB);

— B 3aBHCHMOCTH OT OpTaHU3aINH, TPON3BOIUBIICH MOHTAaX 000pyJOBAHHS.

ITomumo cpenuux 3a 4 roj1a 3HAYCHHI XapaKTePUCTHK IPUBOJIUTCS OLICHKA CHU-
JKeHNs1 00BbEMa MOTydaeMbIX JTaHHBIX, BBIPAXKEHHAsI B YMEHBIIICHUH 3HAUCHUS Xapak-
TEPUCTHKH B MPOICHTAX 3a TOJ.

O0cy:kaeHHe U pe3yJbTaThl

Haunnast ¢ 2021 r. mpoucxoauT cHIDKEHHEM 00BbEMa mpuxomsmnmx B YIMC
JAHHBIX C MHTEHCUBHOCTHIO 2,70 % B rox (puc. 3), 00BEM TaHHBIX BEICOKOTO KadecTBa
CHIDKAETCsl C MHTEHCUBHOCTHIO 1,21 % B roji, B MEHbLIEH CTENEHN IPOUCXOAUT Majie-
Hue 00béMa MaHHBIX Xoporrero kadectsa — 0,84 % B ron. Takoe cOOTHOLIEHHUE CBSI-
3aHO C TEM, UTO B OOJBIIMHCTBE CIIydaeB U3 paboThI MOTHOCTHIO BEIXOIAT AT'K, KoTO-
pble MpUChUIANIM JaHHbIE IUIOXOr0 KadecTBa. Taike 3aMeTHa BHYTPUIOIOBas AMHA-
MHKa, 00BSICHSICMasi CE30HHOCTBIO Pa0OThl HEKOTOPBIX THIPOJIOTHUECKHUX MTOCTOB. B
(beBpane paboTOCIIOCOOHOCTH B cpefHeM 3a 4 rona MeHblIe Ha 4,6 % paboTocnocoo-
HOCTH B HIOJIC.

B pamkax mepBoii BosHbI MoepHI3anuu «Pocrunpomer-1» Ha ceTh ObLIN yCTa-
HoBiieHbl AI'K Toneko Hemerkoit pupmsl Seba Hydrometrie, a mo npoexry «Pocrun-
pomeTt-2» Tonsko AT'K ¢ konTposutepom punckoi pupmsl VAISALA Oyj u naTuukom
Hemerkoit gupmer OTT Hydromet. IIporneaypa 3aKynku MpoBOAMIACH IEHTPATH30-
BaHO, a caMO 00OpPY/IOBaHUE MOCTABIISIIOCH BMECTE C YCTaHOBKOHM M ITyCKOHAJIAIKOM
Ha MecTe dKCIuTyaTanuu. MoaepHu3zauus 1o ¢eaepanbHoii 1eneBoii nporpamme «Pas-
BUTHE BOJ0XO0341MCTBEHHOTO Komruiekca Poccuiickoit denepanuu B 2012-2020 ro-
nax» (manmee OLIT) mpoxoanTa COBEpPIICHHO B IPYTOM KITFOUYE — 3aKyIIKa OCYIIIECTBIIS-
nack camumu YI'MC, a MOHTaX KOMIUIEKCOB JTMOO CUIaMH CIIELMAUCTOB Ha MECTax,
100 mocTaBIIUKOM 000pyroBaHus. [To uToram peanusaruy Takoro BapHaHTa Ha CETH
MOSBUIIOCH 16 KOMOMHALIMI JaTYMK-KOHTPOIIIEP, OONBIIMHCTBO U3 KOTOPBIX IOIPO-
CTy He OBUTH aZalTHPOBAHBI ITOJT IKCIUTYaTaIHIO B TIOJIEBIX YCIOBHSX.
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* Jlnoxozsmiue 10 cepBepa JlaHHbIe * Xopoluee kauecTBO NaHHBIX (omHOKka MeHee 7 cM)
* Bricokoe kauecTBO JaHHBIX (omHbka MeHee 3 cMm)
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Puc. 3. lunamuxka pabotst AI'K 3a 2021-2024 rr.

MOXHO OHO3HAYHO YTBEPKIATh O TOM, YTO IICHTPAIN30BaHHAS IIOCTaBKa MPHU-
0OpOB ¢ HATMYUEM HECKOJIBKUX ITAMOB KOHTPOJIA sIBJIsIeTCs Oosee 3 (HhEeKTHBHBIM Me-
TOJIOM aBTOMATH3aIllUU CETH, MMOCKOJBKY MPOIEHT PabOTOCIIOCOOHOCTH KOMIUIEKCOB,
ycraHoBieHHBIX 1m0 DLIIT ke 50 %, a 00BEM TaHHBIX BBICOKOTO KauecTBa MEHBIIE
17 % (tabu. 3). Tem Gonee eTMHUYHBIC TOCTABKU ITPUBOAAT K M3JIMIIHEMY pa3HOOOpa-
3UI0 TIapKa MpUOOPOB M HEBO3MOKHOCTHU TeEpeauu OmbITa Mo padote ¢ mpubopaMu
MEXJIy CcrendanuctaMu Ha Mectax. OOopynoBaHHe, TOCTaBJICHHOE IO IMPOEKTY
«Pocrunpomer-1», HeCMOTpsS Ha IMOYTH JBOWHYIO OTPaOOTKY TapaHTHIHOTO CpOKa
CITy>k0bI (6 JIeT) 10 CUX MOP MOKA3bIBAIOT XOPOIIYI THHAMUKY: 74 % paboTocnocoo-
HOCTH IIPH MOYTH HYJIEBOW HHTEHCHBHOCTH €€ CHIYKEHHS U CAMbIM OOJIBITIM 00bEMOM
JIAaHHBIX BBICOKOTO KadecTBa 36,7 %. OgHaKo HHTEHCUBHOCTh CHIDKCHUS KaueCTBCH-
HBIX JJAHHBIX Oouiee 4 % B roJ| yKa3plBaeT Ha 3HAUYUTEIBHBIN Apei() ToKa3aHUi CEHCOo-
poB 1 HeoOxoauMOocCTh ux 3aMeHbl. AI'K, nmocraBneHHbIe 0 npoekTy «Pocruapomer-
2y, IMEIOT 00paTHYIO TCHEHIIMIO — NHTEHCUBHOCTh CHIDKEHUSI 00bEMa JaHHBIX BBI-
COKOTO Ka4ecTBa IMIPaKTUICCKU HYJICBas, a HHTCHCHBHOCT MaJACHUs pPabOTOCTIOCOOHO-
ctu 6onee 4 % B roji, YTO CKOPEe BCEro CBSI3aHO C MEPBUYHOM ananraipeil mpudopos
Ha MeCTaX yCTaHOBKH.

K npuunnam mHepabotocniocobnoctn AT'K otHOCSTCS:

32 % ciyyaeB — HeHaA&XHasl CBSI3b;

36 % — 0TKa3 KOHTpOJIEpa, 1aTYNKa WK MOJIEMa;

6 % — BaHIAIIN3M;

11 % — pa3psia akKyMyJIITOpOB;

15 % — moBpekICHUE NaTYMKA W JMHUHM CBS3H C MOIEMOM JIEOXOJOM HIIH
HMHBIMHU TUIBIBYIIIUMH MIPEIMETaMU

ITo mokazarensm pabotet AT'K, ycranoBneHHbIX 10 PLII1, 3aMeTHO, 4TO MOHTAXK
KOMIUIEKCOB, MPOBEAEHHBIN cruitaMu coTpyAHUKOB YI'MC npousBeéH KaueCTBEHHEE,
YeM CTOPOHHHMMH YaCThIMH OpraHu3anusiMu. [Ipu mpakTHYeCKH OIMHAKOBOM YPOBHE
pabotocnocobroCTH (58—59 %) 00BEM KaueCTBEHHBIX JAHHBIX CHIBHO BhIIE (28,3 %
mpotuB 17,9 %), 9T0 MOKET OBITH CBSA3aHO C YIITyOJEHHBIM 3HAHHEM COTPYIHUKOB
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YI'MC nokaiabHBIX 0COOEHHOCTEH Ha MeCTaX YCTAaHOBKH M JTMYHON 3aMHTEPECOBAHHO-
CTH B TIOJTyYSHUU KOPPEKTHBIX TaHHBIX.

CornacHo Tabu1. 3 caMbIM Ka4eCTBEHHBIM TUIIOM JAaTYUKA YPOBHSI BOJBI MOKHO
CUYHTATh TOIUIABKOBOE YCTPOIMCTBO, HO TAKOW THIT JATUYMKA HE MOXKET OTHOCHTBCS K
MIPOIIECCY TTOHOW aBTOMATH3AINN H3MEPEHHH, TOCKOJIBKY 3a ITOJIOKEHNEM ITOTIITaBKa
MPUXOIUTCS Beera cienuTb. KoppekTHee OTHOCHTH MOTUIaBKOBEIH THIT K CAMOTIHCIIAM
YPOBHS BOJIbI, YTO HE OTMEHSIET MX XOpOoIIel paboTociocOOHOCTH U 3 ()EKTUBHOCTH.
Haubonee pacnpocTpaH€HHBIE THAPOCTATHYCSCKAN W 0apOOTaXKHBIH THUIIBI JATYUKOB
MMEIOT CXOXHe MapamMeTpsl (Tadi. 3), CTOUT JIUII BHIICTUTH OOJBIITYI0O HHTCHCHB-
HOCTh CHIDKCHHsI 00bEMa Ka4eCTBCHHBIX TAHHBIX y 0apOOTaXXHBIX YCTPOWCTB, YTO
JIUIIb OTYACTH MOYKHO CBSI3aTh C OOJIBIITUM CPOKOM CITy>KOBI TprOopoB. Panapusie gat-
YUKH, B OTJIMYHUE OT OIBITA MX MPUMEHEHNUS Ha 3apYOEIKHBIX CETIX, IMEIOT 3HAUNTEIb-

HOC MCHbIICEC PACIIPDOCTPAHCHUC U TOKA3bIBAOT XyAUINEC PC3YJIbTATHI.
Tabnuya 3
IMTapameTpsl paboThl KOMILUICKCOB B 3aBUCHMOCTH OT IIPOU3BOUTEIISI AaTIHKA

0688 YMeHblIeHnE KauecTBO 1aHHBIX, | YMEHbIICHHE C -
q BEMIIPH™ | 5 via npuxo- | % OT BcexX CPOKOB o0béma 1aH- D s
HUCIIO XOJISIIUX HA CPOK
TIporpamma/Tuil ATK ceppen nan. | UIWX Ha cep- HBIX C I10- VKB
pBep LOI/ BEp JaHHBIX, % | mo3cMm | 1o 7 cMm TPEUIHOCTBIO Y ’
HBIX, 70 B I'OJT 3 cM, % B rON et
[Iporpamma MoJepHHU3aLAU
Pocrugpomer-1 134 74,6 0,05 36,7 42,8 4,07 13,0
OIII 654 47,8 2,73 16,9 25,5 0,93 8,8
Pocrugpomer-2 258 84,6 4,04 30,5 47,2 0,35 5,2
MouraxkHast OpraHu3anus
Cuamu YIMC 164 59,1 0,15 28,3 40,1 0,93 8,6
Yacruas pupma | 443 57,8 3,47 17,9 24,3 1,39 8,8
Tun natymka ypoBHsI BOJBL
BapboraxHblii 370 70,7 4,26 22,0 33,4 3,34 9,9
I'mapoctar 650 58,0 1,68 24,7 34,9 -0,22 8,1
TloraBKOBBIH 7 92,7 1,48 54,6 69,8 -0,85 13,0
Panapubrit 73 50,1 3,60 15,4 21,2 2,01 9,0
IIponsBoauTenn KOHTpOIIEpa
Aswmarckue 199 49,53 4,34 8,23 14,12 1,00 8,3
EBpormneiickue 638 76,39 2,77 32,30 | 45,25 1,44 9,2
Poccuiickne 263 35,23 1,00 13,11 20,54 0,45 8,4
IIpon3BoanTeNN NATYNKA YPOBHS BOJIBI
A3sunaTckue 4 7,05 5,61 0,00 2,08 0,00 6,0
EBporneiickue 704 74,27 2,71 31,27 | 43,81 1,49 9,0
Poccuiickue 394 39,64 2,55 9,38 15,88 0,46 8,6

Poccuiickne 1 a3naTckue MPOM3BOAMTENN O0OPYIOBAHHS 3HAYUTEIHFHO YCTY-
MAFOT CBPOICHCKUM aHAJIOraM B KayecTBE MPOM3BEIEHHBIX MTPUOOPOB, KaK KOHTPOJI-
JIepoB, TaK U JaTYNKOB YPOBHS BOABI (cM. Tabm. 3).

Bonpmas gwacte AI'K cocpenorouena Ha eBpornelickoi reppuropun Poccuiickoi
®denepanuu: 63 % ycTpoicTB HaxoauTcs 3anaanee 60° B. 1., Tie paboTOCITIOCOOHOCTh
KOMIUIEKCOB cocTaBisieT 73 %. Bocrounee 60° B. A. 3TOT mokaszatenib paBeH 43 %
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(puc. 4). O6bEM TaHHBIX BBICOKOTO KaueCcTBa HA TEPPUTOPHH CTpaHbI 3amagHee 60° B.
1. cocrasisier 41 %, Boctounee — 20 % (puc. 5). EAMHCTBEHHBIM HCKITIOYEHHEM SIBJISI-
ercst pynkiuonuposanne AI'K B [Ipumopckom YI'MC, rae paborocnocoGHOCTE co-
craBysieT 89 %, a 00bEM JTaHHBIX BHICOKOTO KadecTBa jocTuraet 72 %.

0-20 61 - 80 o
21-40 - 81-95 |/
41 - 60 « 96-100|/

| \ o V \
/ e 1 ‘I\ /

3-10
11-20 = 41-100

Puc. 5. Kapra pacnpenenennst AI'K o o0beMy 1aHHBIX XOpOILIEro KauecTsa, %o
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BriBonbI 1 00CyKIEHHS

OTka3 o0opymoBaHus (KOHTPOJUIEPA, TaTIMKA HITH MOAEMA) SIBIISICTCS OCHOBHOM
NpUYMHON HapymeHust padorocnocodonoctn AI'K na cerm Pocrunpomera (36 %),
32 % cOoeB 00ycnoBieHbI MpoOIeMaMu ¢ o0ecTieueHreM CBsI3H, 15 % — moBpexIeHu-
SIMH TaTYMKA WM JHHAK CBs3H, 11 % — pa3psaoM akkyMmyJIsTOpHOU Oatapew, 6 % —
BaHIAJTU3MOM.

WuTencuBHOCTh TaneHus padotocnocoonoctu AI'K onenuBaercs B 2,7 % B
roji. BOTBIIMHCTBO KOMIUIEKCOB MPHOIMKACTCS MIIH YK€ MIPEBBICIIIO CBOW rapaHTH-
POBaHHBIN MPON3BOIUTEISIMU CPOK CITYyKOBI, TOITOMY B OJFDKaifIiee Bpems IpOTHO-
3UpYETCsl yBEJIMUEHUE JaHHOro rokazateiis. C yuéToM Takol JUHAMUKH JUIs OLJEp-
JKaHUS JOCTUTHYTOTO YPOBHS aBTOMATU3aI[H HEOOXOAUMO €KETOJHO BBOIUTH (3aMe-
HaTh) 40 AT'K. [t Toro 9uT068! MocTHTHYTH 100 % aBTOMaTH3amMN HEOOXO MO BBO-
muth 110 130 AT'K exxerogHo Ha npoTsKeHUH ABaauaTH jieT. Hanmyummm BapruanToM
3]1eCh BBICTYMAET MPOBEIECHNUE MHOI'OJIETHUX HAYYHO-HCCIIEI0BATEIbCKUX U ONBITHO-
KOHCTPYKTOPCKUX Pa0OT IO COCTABIEHUIO TEXHUUECKON JOKYMEHTAIHH C CO3AaHUEM
OTIBITHBIX 00PA3IIOB M BEIITYCKOM cepuitHbIX maptuii AI'K oTeuecTBeHHOTO MPOM3BO-
CTBa U PacHpOCTPaHEHUE UX LEHTPAIN30BAHO IO TEPPUTOPHAIBLHBIM YIPABICHHUIM
Pocrunpomera.

B otnnune oT 60IBIIMHCTBA HHOCTPAHHBIX THAPOMETEOPOJIOTHYECKUX CITYKO B
Poccwuiickoit denepanuu AelicTByeT Oojiee cTporasi CHCTEMa METPOJIOTHUECKOTO KOH-
TPOJIsi, TOATOMY BO3MOXKHO OLICHHTH HE TOJBKO OOBEM IMOCTYMAIONIMX AaHHBIX, HO U
ux kayecTBo. KOHTpOJb BeAETCS KaK 110 JIMHUH J1aO00paTOPHOI TOYHOCTH NPHUOOPOB —
CUCTEMA IIEPBUYHOH U IIEPUOJUUECKON TOBEPKU CPEACTB U3MEPEHUMN, TaK U 110 JIMHUU
BJIMSTHUS MECTHBIX (DaKTOPOB 32 CYET MapauIeIbHBIX H3MEPEHUHN YPOBHS BOJIBI HAOJIFO-
JlaTeneM.

ITomMuMO cOOMIOACHUI CIIOKUBIIUXCS METPOJIOTHUECKUX TPAIULUN Takxke
HE00XOMMO BBOJNTH MEXIYHAPOTHYIO MPAKTHKY, 3aKITIOYAIOITYIOCs B!

— IPUMEHEHUH PE3EPBHBIX aBTOMATU3UPOBAHHBIX CPEACTB U3MEPEHUSI YPOBHS
BOJIBI B TOM 4YMCJI€ C aBTOMAaTHU3UPOBAHHBIM IMEPEKIIIOUEHHUEM MEXAY HCTOYHHUKAMHU
AHHBIX B MOMEHT cOOEB

— UCTIONIb30BaHUH B KaYECTBE PE3CPBHOI0 MCTOYHHKA JAHHBIX 00 YPOBHE BOBI
HenepeAaoluX 3alyChIBAOIUX JaHHbIE BO BHYTPEHHIOI NaMsTh aBTOHOMHBIX
ypoBHeMepoB (AY), CTOUMOCTh KOTOPBIX CYIIECTBEHHO HIDKE, @ IPOCTOTa MOHTAXa U
XOpoIas 3aIUIIEHHOCTS OT BaHJAIN3Ma MO3BOJIACT XapakTepu3oBaTh Takue CH kax
HaJiexHbIE [S];

— pacUIMpeHue MTaTa COTPYAHUKOB HHKEHEPHBIX MOJpa3AeIeHuil, KOTOpbIe ObI
obcmyxusamm AITK B pamkax pa6otsr MIJT.

— 3aMOJTHEHUH MTPOITYCKOB JTAaHHBIX M (IIIBTPAINH BEIOPOCOB B PEXKUME peallb-
HOT'O BPEMEHH C IMOMOIIBI0 NCKYCCTBCHHOTO MHTEIUIEKTA [7], MAITMHHOTO O0yYCHHS
[4], IoT-TexHonoruii [6] B aBTOMaTU3UPOBAHHOM PEKUME;

— CO3/1aHHE PE3ePBHBIX (DOHIOB, B KOTOPHIC 3aKJIABIBACTCS BO3MOXKHAS yTEPs
00opymoBaHUsA TSI OBICTPOTO BOCCTAHOBIICHHS aBTOMATH3UPOBAHHBIX ITyHKTOB CETH;

3 PJ152.08.897-2020. ITpou3BoACTBO HAGMIOACH I TIPUGOPHBIM KOMILIEKCOM MOOUJIBHOM THIPOJIOrHYECKOI JabopaTopum
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— BBICOKOM YPOBHE ITepelavr JaHHBIX B PEXKHME PealbHOTO BPEMEHHU Ha 001I1e-
JIocTynHbIe aThopMel Ha 6a3e ['MIC-TexHOMOTHIA;

— omepaTtuBHOrO yuéra cToka 1o nanaeiM AT'K;

— 6ombmem npumenennu AI'K pagapHoOro u yapTpa3ByKOBOTO THIIOB.
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TOUATD — @unuan Hayuonanorozo ucciedosamenpcko2o soephozo yuueepcumema MUDH,

2. ObHuHCK
BHUHUTMU-ML]], 2. O6nunck

AHHOTanusi. PaccMaTprBarOTCSs OCHOBHBIC HATIPABIICHUSI PA3BUTHSI IPOPBIBHBIX HH(OPMAIIMOHHBIX
TEXHOJIOTUU B rnﬂpomeTeoponomu. B HCCJICAOBAHUHN HCIIO0JIB30BAJIMCh METO/IbI 15148 BUC reHepa-
THUBHBIX MOJIeJIeH, 0a3 3HaHUH, HHTErpayy JaHHbIX. OCHOBHBIM HAINPABICHHEM Pa3BUTHS THIPOME-
TEOPOJIOTMYECKOr0 00ECIeYeH s SBISIOTCS PACIIMPEHUE COCTaBa PAaCHpPE/ICICHHBIX U HEOJHOPO/I-
HBIX HH(OPMAIIMOHHBIX PECYPCOB U IIEPEX0. K apxuTekType «CeTka JaHHBIX». Briepsble 11 Mozep-
HHU3aLUK IporpaMMHOro obecrieuenus: EanHo# rocyaapcTBeHHON cucteMbl nHpopmanuu 06 odcra-
HOBKe B MupoBoM okeane (ECMIMO) npeyiaraercs ucnonb30BaTh MeTobI M cpeactea MU B Buze
4aT-00TOB JIsI TOMCKA IAaHHBIX, rpadOB 3HAHUI /15 CBSI3bIBAHUSI PA3IMYHBIX THIIOB U BUJIOB JAHHBIX,
0a3 3HaHWI 1T aBTOMATH3AI[MHA MacCOBOI 00pabOTKM JaHHBIX, IPOMTOB JUIs TCHEPAI[MN CTPAHHMI]
CaiiTOB, TEKCTOBBIX MPOTHO30B U BO3/IEHCTBUI CTUXUUHBIX SBICHUN HA AESITEIbHOCTD MPEATPHIATUI
n HaceneHus. HayuHast 3Ha4MMOCTh pe3yJIbTaTOB HCCIICIOBAHUN 3aKJIIOYACTCS B Pa3BUTHUSI HHTETPa-
LMY pacHpeAeTICHHBIX U HEOAHOPOIHBIX JaHHBIX B BUIE apXUTEKTYphl «CeTKa JaHHBIX» C UCTIONb-
30BaHUE HU(POBBIX JBOIHUKOB. Pe3ynbTaTsl nccie1oBaHuil Oy Iy T HCIIOJIB30BaHBI IIPH MOACPHHU3A-
muu ECUMO.

KuaroueBsle ciioBa: nunpopmanronssie texuonorun, ECUMO, npoMTsl, reHepanus TeKCTOB, cTpa-
HHUIIBI CAWTOB, 0030PbI, TEKCTOBBIC TPOTHO3bI, BO3ACHCTBUSL.

BBenenune

B nactosee BpeMsi UMEETCsl MHOTO IPOPBIBHBIX TEXHOJIOTHH. ITO HH(pOpMa-
[IIOHHO-KOMMYHHKAIIHOHHBIC TEXHOJIOTHH, OONAaYHbIe XPAaHWJIWIIA, ITO3BOJISIONIHIE
OCYIIECTBIIATh yIAJIICHHBIH TOCTYT K 60a3am naHHbIX (B/]) mpakTHuecku U3 II000ro Me-
cTa 3eMiiH, ¢ JIF000r0 MHTEPHET-YCTPOUCTBA, B I0O0OE BpeMs. B mocnenHue ronsl B
obnactu Hayk o 3emiie ctanu pa3padareiBaTthbest nudpossie aBoiHUKHU (LIJ]) 1 rpadsr
3HaHUH, KOTOPHIE IMTO3BOJISIOT CBSA3aTh cymiecTBytomue bJ] 1 Habops! JaHHBIX, XpaHs-
HIFeCs B Pa3JIMYHBIX JOMCHAX, UCIIOJIB30BATh JAHHBIC JUI MOACIHPOBAHHS BO3JICH-
CTBHUI1 Cpe/ibl HA ICSTEILHOCTD NMPEANIPUATHIT U 00OoraleH s BbIaBaeMbIX JaHHBIX. C
MIOMOIITBI0O MOOWMIIBHBIX HHTEPHET-CPEICTB 3HAUUTEIBHO YNPOCTHICA AocTym K B/l n
MOSIBUIIACH BO3MOKHOCTH yAasieHHO nonoytHaTh BJ[. B 20222023 rr. ncKycCcTBEHHBIN
unTeiwekt (MW) OypHo BopBajcs B HaIly KH3Hb. METOIBI, CPEICTBA M TEXHOJIOTHH
MW B TOM MK UHOM CTENEHU MOMKHO IPUMEHUTD IIPU PAa3BUTUU T'MIPOMETEOPOIIOTU-
geckoro obecreuenns (I'MO) monp3oBateneif. B cratee [1] moxa3aHel OCHOBHBIE
HanpasneHns pa3Butug UT s yecToianBOro pa3BuTHS.
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Ienwto craThu siBAsieTCs npencTasienue TenaeHnui pasurust UT ans IMO. B
CTaThe PACCMOTPEHO MPOBIIKEHUE B 00JIACTH WHTETPAIlMU JaHHBIX — TIEpeXo K ap-
xUTeKType «CeTka JaHHBIX» IS JalbHEHIIero HCIoMb30BaHMsl JaHHBIX B PA3IMUHBIX
MIPUIIOKEHHSIX, B TOM YHUCIIE 111 00YUEeHUsT HEHPOHHBIX CeTeH.

IMepcnekTHBBLI pa3BUTHS THAPOMETEOPOJTOTHIECKOT0 0decredeHnst

I'MO nomkxHO pa3BUBAThCS HA CIEAYIONUINX MPUHIUNAX:

® pa3BUTHE MHTETPAINH JAHHBIX U3 Pa3HBIX JOMCHOB;

e JIOCTaBKa JAHHBIX BO BHYTPCHHUE M BHEIIHUE TIPHIIOKCHNS;

e niepexon 'MO ot camooOciry)uBaHNs Ha BeO-caliTax ¥ OpTaIax K epcoHa-
JU3UPOBAHHOMY 00CTY’KMBAaHHIO MOJIb30BaTEIeH;

e coBMecTHas 00pabOTKa pa3IUYHbIX BUI0B HAOIIOICHUH;

® CO37aHUE CKBO3HOHM TEXHOJOTHH pabOTHI BCEX KOMIIOHEHTOB OT cOopa 10
TIPUHATHS PEIICHUH C NCTIOIb30BaHUEM METO/I0B U cpeacTs U

e JIOBEJ/ICHHUE JIO M10JIb30BaTelIeH TOJIBKO TOH MH(POPMALUK U TOJBKO TOT/a, KO-
T/la 3Ha4YCHHe MoKasarenel onacHoro seieHus (O1) BEIXOAUT 3a TOPOTOBbIEC 3HAUCHNS,;

e OIICHKA BO3JCHCTBUS N3MEHEHNI KJMMaTa Ha HACEJICHNE U SKOHOMHUKY;

e BbIJ[aya PEKOMCHJALINIH JUTS IPUHSATHS PELICHUH;

e ONTHMU3AINA PEIICHUH ¢ yUeTOM CKJIAABIBAIOLINXCS THAPOMETEOPOIOTrnye-
CKHUX YCJIOBHH M YKOHOMUYECKO! OIEHKH yIiepOa 1 CTOMMOCTH NPEBEHTUBHBIX MEPO-
NPUSTHH.

OcHOBBIBasICh Ha ATUX TMPHHIMIAX U HA UMEIOIIUXCS Pa3padoTKax MpH MOJep-
Huzaimu ExnHolt rocyaapcTBeHHOH cucteMsl HH(opmanuu 06 o0cTaHoBKe B Mupo-
BoM okeaHe (ECYIMO) MOKHO BBIICNUTH CIICTYFOIIE HAIPABICHHS Pa3BUTHS IS 110-
BhImeHus dpdexrusaoctr 'MO.

PacmmpeHue MHTErpalyy pacipeieICHHbIX, HEOHOPOAHBIX JIAaHHBIX IIPOU3BO-
JIUTCSI C MCIIOJIb30BaHUEM METaJlaHHBIX, OOIMX KOJOB M Kiacch(uKaTopos, odecrie-
quBaeT oOHoBNeHue nanHbIX. Hanmpumep, ECUMO unTerpupyeT CTpyKTypHUpOBaHHBIE
¢aitmel, B/, 00BeKkTHBIC (aiibl (TOTOBBIE KapThl, TEKCTOBBIC (ailiibl, H300pakeHUs,
Ip.), Kaprorpaduyueckue cepBHUCHl M Apyrue npuioxeHus. Cucrema obecrieunBaeT
€IMHOEe OKHO JOCTYyTA JUISA MOJIb30BaTeNeil M JOCTABKY JAAaHHBIX B TOM YHCIIE JJIS UC-
nonb3oBaHus B cpencreax MM u paznmunbix monensax. @axruuecku ECUMO mosxer
B3ATh Ha ce0s IPEOCTaBICHHUE YCIIYT 110 TOAKIIOYSHHIO HOBBIX THIIOB M BUJIOB JJaH-
HBIX, YTO 3HAUUTENIBHO OOJETYUT Mepexos K eINHOMY HCTOYHMKY JaHHBIX. Tak Kak
paspabotunkam Mopeneii MM He HyXHO OyAeT TOTOBHTH JaHHBIC, MCIIONB3YS He-
CKOJIBKO TEXHOJIOTHUi{, M3ydaTh CIIOCOOBI OCTyIla K HUM, JOCTaTOYHO OYAET TOJIBKO
TIOJIKITIOYUTE HOBYIO MOJIEIIb.

ABTOMaTHYECKas TOCTaBKa JAHHBIX BO BHYTPCHHUC W BHEITHHUE IPHIOKECHUS B
Buze L[] cocTosHus OKpyKaromel cpeabl, CONNAIBFHON, (UHAHCOBOH, TEXHOJIOTHYE-
CKOW M Jpyroil MHGOPMALIMU B COOTBETCTBHHU C MOINHUCKON ¢ moMomnisio REST mim
SOAP cepBHCOB CTAHOBHTCSI BaKHEHIIEH (YHKIMEH WHTETPUPOBAHHBIX CHCTEM.
I'maBHOe, 31ech 00ecTIeunTh 6E30IMacCHOCTh Kak Ha YPOBHE XPAaHEHNS WHTETPHPOBAH-
HBIX JIaHHBIX, TaK ¥ Ha YPOBHE UX TIE€peayn.
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[epexon I'MO ot camooOciTy>)kuBaHNs Ha BeO-calTax W MOpTajax K IMEepCoHa-
JTM3MPOBAHHOMY OOCITY>KHBAHHIO TIOJIL30BATENEH 3TO IBOJIIOINS CYIIECTBYIOLIEro 00-
CIIy)KMBAHHUSI COBPEMEHHBIMHU BEO-TEXHOJIOTUSIMU C Y4ETOM KOHKPETHBIX MOTPEOHO-
CTEH MpennpUATHI, HMEIONINXCS Y HUX MH()OPMAMOHHBIX CHCTeM, OM3Hec-TIpoIec-
coB, 3aBucamux oT OSI. To ecTb gocTaBisieTcs Ta ¥ TONBKO Ta HH(YOPMAIHS, KOTOpast
HeoOXoJ1Ma JUIsl pelIeHHs] KOHKPETHBIX OM3HEC-IIPOLIECCOB.

3a cYeT MHTErpaluy JaHHBIX BIEPBBIC MTOSBUIACH HOBBIC BO3ZMOXHOCTH I10:

® COBMECTHOI 00paboTKe HAOIIOCHHBIX, IPOTHOCTHYECKIX 1 KITMMATHIECKIX
JIaHHBIX;

e 00OBEAMHEHUIO PA3IMYHBIX PA3INYHBIX BHJOB M THUIOB JaHHBIX, T. €. COB-
MECTHO C IaHHBIMHU [0 OKPY’KaIoIeH cpejie, MOXKHO pacCMaTpUBaTh, HAIIPUMED, Bpe-
MEHHBIE PSB! 110 JeMOTpaduH U KOTHYECTBY OTACTBHBIX O M MpOCTpaHCTBEHHOE
pacnpenencuue nosropsiemoctr O u poxkmaemMocTs 1o cyonsektam Poccniickoit de-
JiepaLu;

® COBMECTHOIT 00paboTKe JaHHBIX U3 PA3THMYHBIX HHPOPMAIIHOHHBIX PECYPCOB;

e 00OTaIIeHNIO JAHHBIX MTPH 00CITYKUBaHUH TOJTb30BaTEICH.

Coznanue CKBO3HOM TEXHOJIOTUH PaOOTHI BCEX KOMIIOHEHTOB OT cOOpa /10 MpH-
HSITHS PEIICHUH ¢ UCHOIB30BaHUEM METOJIOB U cpecTB M mo3BomiseT mpakTHyecku
6e3 BMeIIaTeIbCTBA aAMUHICTPATOPOB BHITIOJIHUTH HE TOJNBKO LUK PabOT MO MHTe-
Tpanuy JaHHBIX, HO ¥ OPraHU30BaTh aBTOMATHUECKOE MOJydEHHUE U JOBEJICHUE HEOO-
XO/IMMOM TI0JIb30BATENI0 HH(POPMALIUH.

JoBenenue 10 nosib3oBareseid HHGOpPMaIMU TOJIBKO TOT/1a, KOT/ia 3HaYeHHE M0~
kazateneit O BEIXOIUT 3a TOPOTH YPOBHSI ONACHOCTH JUTSI KOHKPETHBIX MPEATPHITHH,
OusHec-miponieccoB. MHpopManuoHHbIe MOTPEOHOCTH NPENIPHATHH YKa3bIBAIOTCS
MIPU MOJITUCKE C yKa3aHUEM JIOKAJIbHBIX MOPOTOBBIX 3HaUeHH mokazaTeneit O [2].

OCHOBHO# Mpo06JIeMOii OIIEHKH BO3JEHCTBUN M3MEHEHMI KIMMara Ha Hacese-
HHUE W SKOHOMHKY, BBIIaYH PEKOMEHIAIINH JUIS TIPHHATHS PEIICHUI IBISETCS pa3pos-
HEHHOCTb YCHJIMH pa3IMuHBIX BEIOMCTB [2], CBSI3aHHBIX C:

® [IPOM3BOJICTBOM HAOJIOJCHUH 1 BbIAaueil mporuo3os (Pocrunpomer);

e noBefeHuEeM cBeneHH 00 O mo pykoBoauTeneil MpeanpHATHil, OpraHoOB
rocynapcTBeHHoi Binact n Hacenenns (MYUYC Poccun);

e pncronb3oBanueM ['MU juist NpUHATHS pEeLIEHUH U BBITIOJIHEHHEM PEBEHTHB-
HBIX MEPONPHATHUil (PyKOBOAUTENIHN NPEINPUATUIN, OPraHOB rOCYIapPCTBEHHON BIACTH
Y HACEJICHHE).

B nHacrosmee Bpems yOBITKH OT Bo3zaelicTBhit OS] cuuTaroTCs mocie ero mpo-
XOXKAEHHS. POCTHIPOMET CUNTAET SKOHOMHYECKYIO 3((PEKTHBHOCTD OOCITYKUBaHUS
nporHozamu. Pa3ButHe HHGOPMAIMOHHO-KOMMYHHUKAIIHOHHBIX TEXHOJOTUH MO3BO-
JSIeT OLCHHUTH yIepO, CTONMOCTh MPEBEHTHBHBIX MEPOIPHUATHI M TPOBECTU ONTHMU-
3aIMI0 PEIIeHNi Ha OCHOBE Mozenu «CTOMMOCTD MPEBEHTHBHBIX MEPONPHUATHH, HE
JoJpKHA nipeBbinath 30 % OT OLICHOK ymiepoay.

Or HHTErpanuu JaHHBIX K aPXUTEKType «Cetka JAHHBIX»

ApXI/ITeKTypa «Certka JaHHBIX» SABJISICTCS IIEPCHEKTUBHBIM METOAOM pacCIpo-
CTpaHCHUS NJaHHBIX, B OCHOBE KOTOpOﬁ JICKUT NEPCOHATIM3UPOBAHHOEC 06CJ'Iy)KI/IBaHI/Ie
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JTaHHBIMU U POLYKIUEH. DTa apXUTEKTypa IIpeJHa3HaueHa JJIsl [IOUCKA U JOCTYIIHO-
CTH K IaHHBIM [6]; ¥cnonb3yeT 0a3bl 3HAHMH AT BBISABICHHS MHIUJICHTOB B CHCTEME
0€30MacHOCTH U MICHTH(UKALUH MIPEBBIILICHUH TOPOTOBBIX 3HAYEHUI TE€X MJIM MHBIX
nokasareneit OS. Apxurektypa “Cerka ganusix” Ha ocHoBe ECIMO mnpexncraBieHa
Ha puc. 1.

ECHMO
HHTerpHpOBAHHBIE, PACTPeeIeHHbIE, HEONHOPOIHBIC JAHHEIC O PARIHTHLIM THCIHILTHHAM
(oKeaHOrpadHs, METEOPOJIOTHS, THAPOIOTHA PEK H 02€P, YK0JI0THA, THAPOrpadHs, ap.)

. 2 . 2

I BpeMeHHEBIE PAIBI I I CeTo4HBIE TaHHbIE I
o I n1s1 Monedeli ONeHKH I/ 6HzHEeC NP OMECccoR, OO pos
OTOHEIbHBIX eo3geiicTRHi O B 3aBHCHAINHAX oT O B NPHHATHA
MopeH H3IMeHeHHH KIAMATA H3MeHEeHHH KIHMATa pemennii
CepBHCBI

AHATATHKA, MoJe.TH NPOrH03a, ATPeranHuA JaHHLIX, BEIABICHAA aHOMATHH, JocTaBka, Cpencrea HH,
IKOHOMHIECKHE DacTeThl. ONTHMH3ANNSA DelleHHi. [INHEATHE DeleHAH

= =

IIpoxyxknaa
ITITOpMOBEIE ONOBENIeHAs, Pe3yIbTATEI MOJeITHPOBAHHA H OPOrHO3d, AHAJTHTHIECKHE 0000IIeHHs,
pe3yVIbTATEI ONEHKH BozfeiicTEHE O H H3IMeHeHHH KIHMATA, IPOTHOZ BO3NeHCTEHI H peKOMeHIAIHHA,
yImepd oT BO3NeHCTBHI, CTOHMOCTE OPEeECHTHEHBIX MEPONPHATHH, METPHKH, PacieTHBIE HOKA3ZATETH
H H3MePeHHHA, KOTOPhIe HeoGX0JHMO aHATH3HPOBATE A8 JOCTHXeHHA OH3Hec MeTeil

= =

I Ioas3oBaTe/IH
I PYKOBOJHTEIH NpeANpuATHIL, ®OHB, ATMHHHCTPAIHH cy0LeKTOB P®, y9eHEIe, CHENHATHCTEL

Puc. 1. Apxurektypa «CeTka naHHbIx» Ha ocHoBe ECUMO

IIpenmyriecTBa apXuTeKTyphl «CeTKa JaHHBIX» CBS3aHBI C PA3BHUTHEM CKBO3-
HOM cxeMbl 00padoTku 1 MO «0T u3MepeHus A0 NMPUHATHSA pelneHui». i cranaap-
TU3ALUU CTPYKTYp JAaHHBIX U JAJIbHEHIIEro UX MPUMEHEHUS B MOJENAX U MPUIIOKE-
Husix ucnonb3ytores L. {ns opranuszarmm 3G QeKTHBHOTO MONCKa CBSI3aHHBIX PeCyp-
COB M 000TaIIeHNS TaHHBIX [TPY BHITOJHEHNH 3aIIPOCOB IPUMEHSIOTCS Tpadbl 3HAHHUH,
xpaunsiuecs B BeKTopHoi B/]. OcHOBHBIM cIOcOOOM MOTYyUYEHHsI JAHHBIX CTAHOBSTCS
API, REST u SOAP cepBucs!.

le/lMeHeHl/le METOA0B U CPEACTB HNHU B uccieioBaHUSAX

Tpancopmayun npoznocmuieckux yupposvix OGHHBIX 6 MEKCM NPOZHO3A

IIporuo3ssl Pocruapomera, oArOTOBIEHHBIE C IOMOILBIO YHCIEHHBIX MOJEIEH,
TIPECTABIAIOTCS B BH/IE I(POBBIX 3HAYCHU ITAPaMETPOB aTMOC(EPHI U THAPOCHEPHI
B y3J1ax peryisipHoi ceTkd. CHHONTUK Ha 3TOH OCHOBE COCTaBJIsET NMPOTHO3 B BUAE
TEKCTa JUIst KPYMHBIX MocesIeHnH. DTa paboTa JOCTaTOYHO TPy10eMKasl. TpeOyeTcs aB-
TOMATH3alMsl COCTaBJICHUS TakWxX MporHo3oB [2]. ns Tpanchopmarms mudpoBoit
MPOTHOCTHYECKONH MH(OPMALUK B TEKCT, TOHATHBIN JIIOOOMY YeI0BEKY, MOKHO HC-
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0JIb30BaTh HelpoHHyto ceTh. B CIIIA kommnanus Tomorrow [3] yke pa3paboTaiia Ta-
KyI0 TeXHOJIOTHI0. HarmpruMmep, ecu porHO3HBIe 3HAYEHHS [TapaMETPOB CIICTYFOIIIHE:
temneparypa = 18 °C, Berep = 12 m/c, BeposiTHOCTD 103k151 = 50 %, TO crcTeMa orpe-
JICTTUT TIOTO/IHBIC YCIIOBUS M CTEHEPHPYET TeKCT: «OKumaeTcss yMEpeHHBIH BETEp 10
12 m/c. Bo3MOXXHBI KpaTKOBpeMeHHbIE TOKIH. Temmeparypa coctaBuT 18 °Cy.

I'eHepaTHBHBIC MOJIEIH, OCHOBAHHBIC Ha TpaHC(POpMEpHO apxuTektype [4; 6],
CIOCOOHBI CO3aBaTh CBS3HBIE TEKCTOBBIE onucanusl. ['eneparuBHas moaens GPT-3 u
e€ pycckoszbranas Bepcusi RuGPT (https://rugpt.io) mpuHUMAET YHCIOBBIE TaHHbBIE
KaK BXOJHBIC MapaMeTpsl. Ecim Ha BXOX MOJeNH MojxaTh JaHHBIC: TeMIlepaTypa =
20 °C, Bnaxzocts = 80 %, BeposTHOCTb 0k = 70 %, TO MOJENb CreHepHpyeT
TeKCcT: «CerofHs B BallleM PETHOHE OKUAACTCsA 0OJavHas MOTroja ¢ TeMIepaTypoil
okouto 20 °C. Bo3aMoxxHbI 10514 ¢ BeposTHOCTBIO 70 %. BraxkHOoCTh BO3/1yXa cocta-
BUT 80 %, UTO co31acT OLLYLEHUE [TOBBILIEHHON CHIPOCTH.

Jlns reHepanuu TeKCTa MPOTHO3a B3AT HaOop maHHBIX ¢ mopraira ECHMO
(http://esimo.ru) B Bune CSV daiina, KOTOPBIH COAEPIKUT OCHOBHBIE TPOTHOCTUYECKUE
MeTeoposorniyeckue mapamerpsl. CTpyKTypa JaHHBIX BKIIFOYAET BPEMEHHBIC H IPO-
CTPAHCTBCHHBIC MTApAMETPhI — J1aTa, BpeMsi, IIKPOTa, JOJIr0Ta, a TAK)KE OCHOBHBIC Ia-
paMeTpsl MPOrHo3a, Tabm. 1.

Tabnuya 1
CTpyKTypa JaHHBIX HCXOZHOTO (aiina

. - 5|, é
&= = ] - )
2 2 s s E| & & |8 B 8 | o | > | &
2 g = 3 s |gg|gz = |2E| g £ 2| & &
= o =" =1 ZE|E o = >3 = = & ° ]
=g = = | & |258|2E E|EE| 2| 2|5 |&|:
s B o =| = | 22|28 & | &% £ 222 a
= s 5. 5] o & o I 5]
= ! NER5 E |EQ| E g &
= = s = O
g g > ﬁ § m

= o

2024-12-19 202412201 es| sasser| 10230 s28.00] 0,20 13| 79| 13 09 | 50

12:00:00 15:00:00 i i ’ ’ > o o > - > -

IIpornecc 00ydeHus BKIIIOYAET MOATOTOBKY JIAHHBIX, BBIOOP MOJIEIH, HACTPOHKY
THIIEpIIapaMeTPoOB U 00ydeHne MoJenu. McxonHblil Habop JaHHBIX OBUT pa3/ieiicH Ha
JIBE BHIOOPKH: 00YyYaloMIyIo U TecToByt0. Cper OCHOBHBIX TMIIEPIIapaMeTpoOB, KOTO-
pBIe OBLIM HACTPOCHHI B TIpoIiecce 00yUeHNs, BBIIECICHBI — KOJMYECTBO CIIOEB HEHPOH-
HOW CETH; pa3Mep CKPBITOTO CJIOS; CKOPOCTh OOYYCHUS; YUCIIO TOTHBIX IIMKJIOB 00Y-
YEHUSI; KOJIMYECTBO IIPUMEPOB, KOTOPBIC MOJICTIb 00padaThIBACT 32 OJIUH Pa3 IPHU Kax-
JIOM OOHOBJIEHHH BECOB.

TekctoBoi nporHo3, creneprupoBanubiii mpu nomomn RUGPT, npencrasinen B
tabmmma 2. s OleHKH HeHPOHHO! CeTH MCTONIB30BAITICH Takue MeTpukn kak BLEU
(Bilingual Evaluation Understudy), ROUGE (Recall-Oriented Understudy for Gisting
Evaluation) u Perplexity (meprnexcust). [Tokazaremu BLEU 1 ROUGE nokassiBator,
9TO CTCHEPUPOBAHHBIN TEKCT MPOTHO3 HE MOJHOCTHIO COOTBETCTBYET PEATbHBIM TEK-
cram nporno3am. Huzkue ouenku BLEU u ROUGE yka3biBatoT Ha TO, 4TO MOJEIIb HE
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YYUTHIBAET CIIOKHBIE 3aBHCHMOCTH W KOHTEKCTHI, KOTOPBIE BaXKHBI [T TeHEPAITHH TeK-
CTOBBIX IIPOTHO30B MOTObI. ['eHepupyeMBblii TEKCT HHOTJa U30BITOYEH — MOJIENb MO-
JKeT 100aBISATh HEYMECTHbIC OAPOOHOCTH. Mojeinb TpedyeT yiydlieHuid B 00s1acTi
TeHEPAIH TEKCTOB. J{JIs1 yIydImeHns pe3yIbTaToB HEOOXOIUMO JOOOYIUTH MOJICIB C
6ornee pa3HOOOPA3HBIMU U CIIOKHBIMH JJAaHHBIMH, KOTOPBIE BKIIIOYAIOT HE TOJBKO Oa-
30BBIE IIPEJICKAa3aHMs, HO U OoJiee AeTaIu3UPOBAHHbIC OIIMCAHUS TOTOJIBI.

Tabnuya 2
Pe3ynbpraT TEKCTOBOTO IIPOTHO3A

Jara CreHepupoBaHHBII IPOrHO3

2024—  |IIporuo3 morojsl Ha 0cHOBe AaHHbIX: TemmepaTypa Bo3ayxa: —0,04 °C, AtmochepHOe
12-19 | naBnenwue: 0,18 rlla, 3oHaneHas cocrapisonas ckopoctu Berpa: —1,1 m/c, Ocanku:
12:00:00 | 1,9 MmMm. Uto MoxHO 0kuaTh B Kamyxckast ob6macTs B Ommkaiinie qacer?

Ha pmoporax o067acTé MpoBeCTH paboThl MO PACUMCTKE MPOEIKEeH YacTH OT CHera U
HaJIeU

IIpoMTBI 1/151 HOATOTOBKH 0030PHBIX cTaTel

[Ipu BBIMOIHEHUH MIJIOTHOTO MPOSKTA OBLIO MOATOTOBICHO ISATh IPOMTOB!

1. «Hamumu 00630p mo Teme «I'HIpOMETeOpOSIOTHs», BBIACISIS KIIFOYCBHIC
(baKTBI ¥ OCHOBHBIE aCIIEKTHI 3TOH 00JIaCTH HAYKI.

2. «IloaroToBb CTaThIO, B KOTOPOI MOAPOOHO OCBEUICHBI KIIFOUCBBIC HAIIPAB-
JICHUS] THPOMETCOPOJIOTHH C aKIICHTOM Ha HOBCUIIIME MCCIICIOBAHUS U JOCTUIKCHUS
B OTOH 00JIacTm».

3. «IloAroToBH KOMIUIEKCHYIO O030PHYIO CTAaThIO 0 TeMe «[ uipomereopoIro-
THsD», OXBATHIBAIOIINN €€ HCTOPUIECKOE PA3BUTHE, TEKYIIHE UCCICOBAHHS, IIEPCIICK-
TUBBI Ha Oy/yIlee, BKIOYasi MHHOBAIMU, Takue Kak MM u MammHHOS 00ydeHHe, a
TaK)K€ WX BIWSHAC HA MPOTHO3MPOBAHWE M YMPABICHHE IMPUPOJHBIMH KaTacTpoO-
hammy.

4. TlpoBeau moApOOHBIH aHATIH3 AJ1s1 0030pHON cTaThh 110 TeMe «I uapomereo-
POJIOTHsI», BKIIFOYAsi HCTOPUYECKOE PAa3BUTHE, TEKYIME UCCICIOBAHUS, IPOOIEMbI U
BBI30OBBI, @ TAK)KE PEKOMEHIAIINH 10 PEIICHUIO OCHOBHBIX 3314 C YYETOM COBPEMEH-
HBIX TCXHOJIOTHI U TPCHIOB.

5. «IloaroToBb CTPYKTYpUpPOBaHHBIN 0030p Mo TeMe «[ uIpoMeTeopoIorusy,
BKJIFOUMB OMKMCAHKE aKTyaJbHbIX MPOOJICM 3TOW HAYKH, BBI30BOB M BO3MOXKHBIX ITyTCH
WX PEUIeHUs, C TPUMEPaMH MTPAKTHUECKOTO TPHUMEHECHUS.

PesynpTarel mpoMTa Ne 3 mpeacTaBleHbI HUKE!

T'uopomemeoponoaus — 3mo MeHcOUCYUnIUHAPHAS HAYKA, UCCTEOYIOUAs 83d-
umooelicmeue ammochepHvix npoyeccos u 600HbIX pecypcos 3emau. OHa uepaem
KII0Ue8yI0 poJib 8 peuieHuu npodiem, Céa3aHHbIX C USMEHeHUeM KIumMama, payuo-
HATbHBIM UCHOAb30BAHUEM BOOLL U NPEOYNPeHcOeHUEM NPUPOOHBIX KAMACMPOQ).
Paccmompum akmyanvrvle npobnemsl, 8b1306bl U NPUMEPLI UX PEUUEHUA.

AxmyansHvle npobnemvl 2u0pOMemeopoLocun.

a) Msmenenue knumama
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Ipobrema: [mobanvHoe nomenienue npueoOUm K U3MEHEHUSM 8 KPYe08o-
pome 800bl, YBEIUUEHUIO YACMONbL IKCMPEMATbHBIX NO2OOHbIX AGTEHUL, Md-
KUX KAK 3ACYXU U HABOOHEHUS.

IHocneocmeus: Hapywenue sxocucmem, Hexeamra numvegoli 600bl, paspyuiie-
HUe UHPPAcmpyKmypbl.

Heoocmamounocms oannwix

Ilpobrema: B nekomopwvix pecuOHax Mupa omcymcmesyom cospemMentbie me-
meoponozuieckue u 2uopoocuiecKue HabaooameabHvle CUCIEeMb.
Tocneocmsusi: Heso3mooicHoCmbs MouH020 NPOSHOZUPOBAHUSL NO-

20006l U ynpasienus 800uviMu pecypcamu. Ilpumepst npakmuue-

CKO20 NPUMEHEHUS.

Cenbcroe x031cmeo

Ipoeno3sel 0cadkos u memnepamypsl RO360IS0OM NAAHUPOBAMb NOCEGHBLE PA-
bombl U ONMUMUUPOBAMb UCTIONLI0BAHUE BOObL.

Ipumep: Bredpenue npocno306 no2oovl 8 hepmepckux xossacmeax Uuouu no-
Moz2n0 yeenuuums ypodicaiinocms Ha 20 %.

IIpedynpesicoenue npupoonvlx Kamacmpog

Cucmemul panne2o onogeujeHss 0 HABOOHEHUAX U YPA2aHAX CRACAIOM HCUSHU U
yMeHbuaom yuepo.

IHpumep: Hcnonvzosanue cnymnukogulx oannvix 6 IOeo-Bocmounou Azuu
NO360IUNO0 YMEHbUUMb CMepmHOCmb om Hagoonenutl Ha 30 %.
CpaBHUTENBHBIN aHATN3 IPOMTOB IIpescTaBieH B Ta0u. 3. [Ipomt Ne 2 moxka-

3bIBACT JIyUIIHE PE3YJIbTaThl [0 TOYHOCTU U PEJIEBAHTHOCTH, HO CBSI3bIBACTCS C He-
OOJIBIIMMH HEIOCTATKAMU B IUIABHOCTH M CBsI3HOCTH. [Ipomt Ne 5 sBisieTcst cambiM
cOaaHCUPOBAaHHBIM, AEMOHCTPHUPYS BBICOKHME OLEHKH MO BCEM KPUTEPUSIM C IIpe-
BOCXOJIHOM IIIABHOCTBIO U CBSA3HOCTBIO.

Tabnuya 3
CpaBHUTEIBHBIN aHAJTN3 TPOMTOB
IIpomThl Tounocts | CBSI3HOCTH IInaBHOCTH IR QP
HOCTh HOCTh
1 «Hamumm 0630p 1o Teme 0.84 41 3117|061 0.7
«I'mapomereoposorus»
2 «Hamumm cTaThio mpo KITI0YEBHIe 1.0 3.9 28.23 1.0 0.73
HAaIpaBJICHUs THAPOMETEOPOIOTHI
3 «I1oAroToBb CTPYKTYypHPOBAHHBIN 00- 0.4 44 4838 0.65 0.67
30D IO THIPOMETEOPOIIOTHI
4 «[loarotoBs aHanu3 st 0030pHOI 0.16 42 36.20 0.77 0.84
CTaThH M0 THIPOMETEOPOTIOTHUI»
5 «I1oAroToBE KOMIMJIEKCHYIO
0030pHYI0 CTaThIO 1O THapomMeTeoporo-| 0,87 4,5 14,1 0,84 0,87
U

Pa3paboTka nmpoMnToB /s CO3JaHUsI BeO-caiiToB

Pa3paboTka HaYMHAETCSA C aHANM3a TPEOOBAHMI K OCHOBHBIM THIIAM CTPAHHI]

caiita. MoxHO BBIACIIUTh HECCKOJIBKO THIIOBBIX CTpaHHWI, HAIIpUMEP, IJIaBHas, KOH-
TaKThI, Hy6J'II/IKaIII/II/I. I'naBHas CTpaHula SABJIACTCA BU3UTHOU KapTO‘IKOfI caiita u
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JIOJDKHA OBITH MOHSITHOM, MPUBJIEKATENLHOW M (PYHKITMOHANBHON. PekomMeHanuu mo
HaNMCAHUIO IPOMITOB MOKa3aHbl HUXKE.

U36eraiite TBYCMBICICHHBIX (pa3 M HETOYHBIX OIHMCAHHN; YKa3bIBaWTEC KOH-
KpeTHBIE TpeboBaHus, Hanpumep, «Co3mait GopMy perucTpanni ¢ mOISIMH IS HIMEHH,
e-mail, Tapos 1 KHOTIKH «3aperucTprHpOBaTHCS».

VYkaxuTe Bce MapaMeTphl, TaKue Kak pa3Mepbl MpU(PTOB, LBETA, ITOBEICHHE
KHOIIOK, aganTuBHOCTb. Ilpumep: «3amail GoH CTpaHUIBI OEIbIM, TEKCT — CEPBIM,
mpudt — Arial, 3aronoBok yposus H1 cuemait 28px»; HCHIONB3yiTE YHCIOBBIC HIIH H3-
MepHUMBbIe KpuTepuu, Harpumep, «OtBoau 70 % skpaHa 1o OCHOBHOM KOHTEHT.

PazouBaiiTe croXKHBIE 3aIPOCH HA HECKOJIBKO OTACIBHBIX IPOMIITOB, YTOOBI H3-
6exaTh meperpy3kn 4ar-0oTa, HampuUMep, CHadayla 3alpOCUTE CO3/IaHHE CTPYKTYPHI
HTML-cTpanunpl, 3aTteM e€ cTunu3aruio ¢ momorsio CSS, a 3atem noOaBieHue Ju-
Hamuku (JavaScript).

DopMyaHpYHTE 3aIPOCHI TaK, YTOOBI OHU OBLIH MOHSTHBI axke 0e3 rryOoKHuxX
TEeXHUUYCCKUX 3HAHWH, Hampumep, «J[00aBp Ha CTpaHMIly KHONKY C HAANHCHIO:
«Haxxmu meHs»;

Ecnu 3anaére yrouHstommid 3ampoc, oOpamaiitech K NpeAblAyIIeMy OTBETY
60Ta: «/l06aBb CTHUIM AJS IANIKU, KOTOPYIO ThI CO37IaJl paHEee»;

Ecnu pe3yipTaT HE COOTBETCTBYET OKHAAHISIM, TO yToUHHUTE AeTani: «Cuenait
(hOH KHOIIOK 3€JIEHBIM BMECTO CHHETOY; Tepe(opMyIHpyHTe 3a1poc, HCKITF0Yast IBY-
CMBICIIEHHOCTh. Mcrmonb3yiiTe mocnenoBaTenbHble uTepaunu: «CHauana cosfaid
HTML-cTpyxTypy, 3aTeM 100aBb CTHIIH AJIS 3aTOJIOBKOB M KHOIOK». 3alpanriBaite
ucnpasneHns: «J{00aBp OTCTYIIBI MEKIY 3JI€MEHTaMH B ceKuu «O Hacy.

s npoBeeHusl OLEHKU CTeHEPUPOBAHHBIX CTPAHUL CAWTOB HCIOJB3YIOTCS
KpUTEpHH, NpezcTaBieHHbie B Ta0u. 2. [Ipu npoBepke (QyHKIMOHAIBHOCTH OLICHHBA-
Jack paboToCTIOCOOHOCTH KITFOUEBBIX JIEMEHTOB: MEHIO, KHOIIOK, ()OPM; HCIIPaBHOCTH
ClTaiiiepoB, aTaNnTHBHBIX JICMEHTOB M HMHTETPAIMii C KapTOrpapHYeCKHIMHU CEpPBH-
caMH; KOppeKTHas oOpaborka ¢opm oOpaTHO# cBsizu. HeoOxoammo cMOTpeTh
HACKOJIBKO CalT COOTBETCTBYET TPEOOBAHUSAM MPOMTA MO CTPYKTYpE U COAEPKaHUIO
CTpaHHII, HATMIUIO 3JIEMEHTOB — (PyTEepOB, 3ar0JIOBKOB, CCHUIOK.

B ananmmuse nmepBoro ypoBHs (0a30BBIi CaliT) MPOBEPSACTCS HATMYNE MUHIMAITb-
HBIX (DYHKIMOHAJBHBIX JJIEMEHTOB (TEKCT, KOHTAKTHI), aHAIM3UPYETCsI, HACKOJIBKO
CTPYKTypa COOTBETCTBYET MpoMNTy. B ananmse 2—4 ypoBHS (CpeqHnii, BRICOKHH, IPO-
JIBUHYTHIM) J00ABIAETCS aHATW3 JAW3aifHa, WHTEPAKTHUBHBIX DJICMEHTOB, aIalTHB-
HOCTb, IPOBEPSICTCS. pAOOTOCIIOCOOHOCTH CIAWICPOB, KAPTOYCK M APYTHX SJICMCHTOB.
B ananu3 maToro ypoBHS NPOBOIUTCS KOMIUIEKCHASI TPOBEPKA, BKIIFOYAs HHTETPALUI
1 TUHAMHYECKHE OOHOBJICHUS, CPAaBHEHUE C PEaTbHBIMH KOPIOPATHBHBIMH CAWTaMH.

CpaBHeHMe pe3yJIbTaTOB [10KA3aJ10 3HAYUTEIbHOE YIIyUllIeHnEe KauyecTBa caidTa
€ KaXIbIM ciiefytouum npomnToM. [IpoMnT 1 npeacrasisier 6a30Bblil ypoBeHb, T
CaliT MUHHMAJIEH 10 An3aifHy U (QyHKIHMOHAITY, HO MOAXOIUT JUIS CAMBIX IPOCTHIX
3amad. [Tpomnt 2—4 nobasmaroT HOBBIE GyHKIMOHAN. [IpoMnT 5 HOCTHTaeT MaKcH-
MaJIbHOTO YPOBHS Ka4ecTBa, Ipeyiaras npoheccnoHanbHbIi qu3aiiH, SEO-onTuMu-
3aLUI0, UHTEPAKTUBHOCTH U MOJIHYIO aJallTUBHOCTD.
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Tabnuya 4
Pe3ynbraThl aHanMu3a NOJYUYESHHBIX CAHTOB MO KKIOMY IIPOMTY
Kputepnii Tpowmnrt 1 Tpomnt 2 Ipowmnr 3 Ipommr 4 Ipomnr 5
Ouenb Xoporee: OTtnyHoe:
Munumansno: | Cpennee: Xoporuee: N
. - pa3HooOpa3HbIe npoheCCUOHANBHBII
KauecTBO |mpoCTOl TEKCT| J100aBICHBI cnaiiziep, Kap- o
- OJI0KH, BU3YaJIbHO JU3aiH, KAPTOYKH,
Ju3aitHa u 6azoBas JIOTOTHI U | TOYKH, CTHIIM30- o o
MPUBJICKATENIBHBINA | CIaliaep, CeKIUs IS
CTpyKTypa CTUITH BaHHBIC JIEMEHTBI o
CauT OT3BIBOB
MuHuManbHo: Bbazosoe: Cpennee: Xopomee: ITonnoe:
OyHKIMO- | oToOpaxkeHue | 100aBieHbl | KapTa, opma 00- KHOHKHpC L[Cﬁ(;TBl/l HMHTEPaKTHBHbIC
HaJIBHOCTh | TEKCTA M KOH- | IOIIOJIHUTENbH | PaTHOM CBs3H, N (hOpMBI, TMHAMHYECKOE
TaKTOB bI€ CTPAHUIIbI | HHTEPAKTUBHOCTh ? OOHOBJICHHE KOHTEHTA
Yactuanoe: Cpennee: Xoporee: TTonmoe:
AnanTus- Oteyrerpyer | 2ICMEHTBL | /IaIITalHs MEHIO, TOJHOLICHHBIN I'aM- | MEHIO, KapTOYKH, Mac-
HOCTh yTCTBY Macurabupy- [MacmrabupoBanue| Oyprep, KapTouku | IITaOUpOBaHHE BCEX
OTCS H300paKeHHI aanTUPYIOTCS 9JIEMEHTOB
'Y noBierBopu- MaxkcumanbHoe:
YactuuHo: IMonnoe: Bce cTpa-
CoorBeT- TEJIbHOE: Xoporee: 106aB- yuTEeHbI Bce TpeOoBa-
OCHOBHbIC HHIL[bI BBITIOJIHCHBI B
cTBUE TPEOO- COOIMIO/ICHHE | JICHBI BCE KITIOYe- HHS, Pean30BaH
TEKCTOBBIE COOTBETCTBUU C TpE- o
BaHUSIM 6a30BBIX BBIC HJICMEHTBI pacumMpeHHbIN QyHK-
[T . OoBaHUSIMHU
TpeGoBaHui LHOHAT
Xoporee: 100aB-
baszosoe: Cpennee: onuca- P a TlonHoe: merareru,
SEO- . JICHBI KITIOYEBBIC
OTCyTCTByCT METaTeru HUS JJIs1 KAXKI0H KJIFOUEBLIC CJIOBA,
ONITHMHU3ALHS] cloBa 1
J100aBICHbBI CTPaHHUIIBI SEO-pa3merka
OINKCAHUsI
Xoporast:
Ouenb P Ymepennas:
Beicokast: GoubIie n300pa- Cpenusis:
CkopocTb BBICOKaSI: - CIIOXKHAS CTPYKTYpa,
. 6a30BbIe JKeHHIl, MHTepaK- | MHOTO KapTHHOK M
3arpy3Ku MHWHHMAaJIbHbIN “ MHOTI'0O MHTECPAKTUBHO-
DJIECMCHTBI THBHBIX DJIECMCH- CTHUIICHU
KOHTEHT cTn
TOB
. Xopouuii: OueHb XOPOIIHA: IIpeBocxoaHbIil:
Tomw3oa- YnoBierBopu Cpeumii: z(o6£ax CTPYK- |TIPOJ; MaHHgﬂ CTPYK- | COB EMeHHm;l HHTYU
TeNbCKUI P HABUraLHA 10 | Py pory by P » MY
TCIBHBIN Typa ¥ UHTCpaK- Typa, leO6CTBO nuc- THUBHO NMOHATHBIN WH-
OIIBIT CTpaHUIaM .
TUBHOCTh I0JIb30BAHUS Tepdeiic
3aki0uenue

IIpencraBieHpl KpaTKUM aHaJIW3 OCHOBHBIX HampasieHui paszsutus UT nus
I'MO u noaxozpl O pa3BUTHIO apXUTEKTYphl «CeTka naHHbIX» Ha ocHoBe ECHMMO.
IIpu 3TOM enuHast cuctema OepeT Ha ceOsi MPEeJOCTaBICHUE YCIYT MO TOAKIOYCHHIO
HOBBIX TUIOB U BUJIOB JAHHBIX, YTO 3HAYUTEIHHO 00JIEr4aeT nmepexo/ K TaKoi apxu-

TEKTYpe.

[TpoBeseHbI SKCIIEPUMEHTHI ¢ TeHepaTHBHBIMK MoersiMu VI st pancdop-
MaliK NPOrHOCTHYECKUX JIAaHHBIX B TEKCT MTPOTHO3a, OHSTHBIA HACEIEHHIO, TOAT0-
TOBKH CTPaHHI] CAaliTOB, 0030p0B, pe3toMe. [1pu 3ToM poBeieHa OLIeHKa Ka4ecTBa I10-
JTy4eHHBIX TEKCTOB, KOTOPAs! BKIIFOUAET ¥ SKCTIEPTHYIO OLICHKY MOTyYEHHBIX TEKCTOB.

37




CoBpeMeHHble TEHAEHLMM M NepCneKTUBLI Pa3BUTUA ruapomeTeoponoruu B Poccun

Mamepuarnsi VIl Becepoccutickoli HayyHo-npakmuyeckol kKoHghepeHyuu. Mpkymek, 19-21 mapma 2025 e.

PesynmpTaTel pabOTHl TOKa3alM, YTO WCHOJIB30BaHHWE CTPYKTYpPHPOBAHHBIX
MPOMTOB MO3BOJISIET JOCTHYL XOPOLIEr0 KadecTBa I'eHEPHPYEeMBIX TEeKCTOB. llep-
CIIEKTHBBI JUIS JVIbHEHIIEH PaOOThI SIBIISIOTCS IIPOBEJICHUE YIITyOJIEHHOTO CpaBHE-
HUSI CTEHEPHPOBAHHBIX TEKCTOB C OIMYyOJIMKOBAaHHBIMU JTOKYMEHTaMH, HCIOIb30Ba-
HHE PACIIMPEHHOTO COCTaBa METPUK JUIS JOTOJHHUTEIBHONW OIIEHKH IOJIydEHHBIX
TekcToB. [IpoBen€HHBIC SKCIIEPUMEHTHI TTOKAa3aIM INEPCIIEKTHBBI HCIOJIB30BAHMS
Heripocetn RUGPT-3 niis TpaHcdopManyuy YHCIOBBIX IPOTHO3HBIX JAHHBIX B TEKCT
nporHo3a. OJHAKO €CTh OTPAHUYCHHS, CBSI3aHHBIE C HEOOXOMMOCTBIO 1000y ICHHS
1 TIPOBEPKH KauecTBa Pe3yIbTaTOB Ha APYTUX MOJIEISX.
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IITHubl JecHbIX 3K0CcHCcTeM ballkaJIbCKOro peruoHa:
NnoTeIJieHue KIMMara 1 JHHAMHUKA HaceJIeHUA

10. U. MenbuukoB (yumel48@mail.ru)

baiikanvckuti myseii CO PAH, Hpkymckas o6x., p. n. Jlucmssnka

AnnoTtanusi. Ha ocHOBe JUTUTENbHBIX MOJIeBIX uccnenoBanuii (2010-2024 rr.) Ha FOxuoM baiikaie
BIICPBbIC MOKA3aHbI OCOOCHHOCTH AMHAMUKH HACEICHUS U BUIOBOTO COCTABA MTHIL JIECHBIX KOCH-
CTEM B YCIIOBUSIX PE3KOro MOTEIUICHHs KinMara. Jloka3aHo, 9TO YPOBEHb CBS3M INIOTHOCTH HAacele-
HUsT ¥ OOIIeH TEHACHIMHU K MOTCIUICHUIO KIIMMaTa 3UMOI HOCHT JIMHEHHBIH XapaKkTep CpeIHero
ypoBHs — R?= 0,72, a 1eTOM YI0BJIETBOPUTEILHO AMIPOKCUMHUPYETCS TIOJHHOMHUALHOM perpeccueit
mectoii crenen — R2=0,29. CBs13b [UIOTHOCTH HACETICHHS M BHIOBOTO OOTaTCTBA MTHIL B 3HMHHMIT
TEpUOJI XOPOLIO OMUCHIBAETCS TMHEHHOM perpeccueil cpenuero yposus — R?= 0,59, a B jieTHuiA 1e-
PUOZ MOTMHOMUANBHOH perpeccueil mecToii crermeny — R? = 0,5. Ha mpoTsKeHHH BCero TepHoza
HCCIIEI0BaHUI 3MMOI BCE M3yUCHHBIC ITOKA3aTeNH MOCIeI0BATEIbHO CHIKAINCH. B neTHui epuos
B Havasie HabJIFOJaNI0Ch UX MOBBIIICHHUE (10 MuKa noteruieHus B 2015 1.), a 3aTeM pe3Koe CHIKEHHE.
B nenom nmHamuka HaceleHHs NTHUI[ ONpeessuiach IpoleccaMyd MMMHIPAlUM U 3MUTPAIHH, a
TaK)Ke MEPEMEIIEHUEM MECTHBIX BH/IOB OCE/IJIBIX MITHI] B 00JIee CEBEPHBIC PETHOHBI, T/I€ B HACTOSIIICE
BpEMsI HaXO/ISITCSl ONITUMYMBI X apeaJioB.

KioueBsbie cioBa: baiikanbckuii perioH, JIeCHbIe YKOCUCTEMBI, KIIMMAT, ITHIbL, INIOTHOCTh HACEICHNUS, BH-
JI0Basi CTPYKTYpa.

BBenenne

HecmoTpst Ha anurensHoe u3ydeHue NTULl baiikambckoro permoHa, BIMSHUE
KJIMMaTa Ha IVIOTHOCTh M CTPYKTYPY UX HACEIEHUS 10 CUX OCTaeTCs c1a00 N3yUYeHHBIM
BorpocoM. OOIIMPHOCTh PErnoHa, pasHble yYACTKH KOTOPOTO H3Y4EHBI HEPABHO-
MEPHO, He MO3BOJIAET JETaIbHO PacCMaTPUBATh ATOT BOMpPOC. B To ke Bpems Ha 10XK-
HBIX 1 CEBEPHBIX y4acTKaxX KOTJIOBUHBI 03. baiikan (PI'BHY «baiikansckuit myseit CO
PAH» n ®I'bY «3anosegnoe Iloanemopse») TPOBOAMINCH ATUTEIBHBIC CTAlHOHAP-
Hble nccienoBanus. OHU MO3BOJISIIOT OoJiee ETabHO PACCMOTPETh MHOTHE BOIIPOCHI
9KOJIOTMH JIECHBIX IITUI], B TOM YHCJI€ U BIMSHUE KIIMMAaTa HA UX HaceJeHue.

Ha HOxuoMm Baiixane ycnoBus obuTaHus OTHIl OBUIM 3aMETHO OJIarompusiTHee,
9TO, HECOMHEHHO, CBSI3aHO ¢ (PU3UKO-reorpanIecKiuMu ero ocooeHHOCTsIME. Temrre-
paTypHBbIE YCIIOBHS JAHHOTO PallOHA OMPEAETSIOTCS KaK €ro HKHBIM IOJI0KEHHEM,
TaK M HHU3KOrOpHBIM penbedom. lllupokas nommna p. CerneHr, pacroioXeHHAs
HANpOTHB MCTOKA p. AHTApHI, CO3aBaa YCIOBUS Ul MPOHUKHOBEHHS TEIUIBIX Macc
BO3/lyXa, UIYIHUX N3 MOHroIMN B NEPUOIBI CUIIBHBIX 3aCyX, B I0KHBIE paiions! [Ipen-
Gaiikanbst. B cBS3M ¢ 9TMM B HIDKHMX Y4acTKaxX KPYIHBIX PEK, BIAJAIOMHUX B p. AH-
rapy, chOpMHPOBAIUCH OOIBIINE YIaCTKH jecocTeny [9]. BmecTe ¢ Tem mmpokast 1o-
JMHA P. AHTapHl, CBSI3aHHAS C IO)KHBIMH IIOTOKaMH BO3/yXa, TPOHUKAIOIINMH CIO/Ia U3
MOHroIMy ¥ CyIEeCTBOBAaHNE CUCTEMbI PAHO (POPMHUPYIOIINXCS OOJIBIINX ITOJIBIHEH B
UCTOKE JTOM pekH, o0ecreunBaloT 0ojee paHHEe HACTYIUIEHHE BECEHHEW MHTrpaIiu
OKOJIOBOAHBIX M BOAOILIABAaOUIMX Ntul. MenneHnHoe octeiBanue 03. balikan B oceH-
HUH TIepHoJ, CBA3aHHOE C OTPOMHOM MacCOi MPOTpeToi JIETOM BOIBI, CIIOCOOCTBYET
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JUTHTETHHBIM 3a/IepKKaM IITHI] Ha MECTaX MacCOBBIX OCTAHOBOK Ha OT/BIX U MO3THEMY
OKOHYAHHIO OCEHHETO0 IposieTa. Bee BhimenepeyncieHHpie GakTophl CO3/IA0T JOMON-
HUTEJIbHBIC OJIArONPHATHBIC YCIOBUS JJIsl PACCEICHUS NTHI[ Ha 3amaji, CeBepO-3ara,
1 CeBep, a TAaKXKe Ha IOT U FOT0-BOCTOK [7].

Bricokoropusie pationsl CeBepHoro baiikaia HaXOIATCS MOA OOJBIIAM BIIHsI-
HHEM OTPUIATEIBHBIX TEMIIepaTyp Bo3ayxa. CrieriaibHbIC UCCICOBAHHS KIHMMaTa B
Gacceiine p. bapry3uH ykasbeIBaroT, YTO 3/1€Ch MTOBBIIICHUE TEMIIEPATyPhl IPHU3EMHOTO
CIIOSI BO3IyXa OBUIO SIBHO HIDKE, YeM B FOKHBIX paifoHaX KOTIOBUHBI 03. baiikam [11].
JeranpHoe M3y4eHNe AMHAMHAKA (ayHBI IITHII, CBI3aHHOE ¢ M3MECHEHHMSIMH KJINMMATa,
BBINTOJTHEHO B bapry3nHckom 3amnoBenHuke [1]. bonee cypoBsiil KIIMMart U OTCYTCTBHE
MaCCOBBIX MUTPAIMii ITHII TPUBETH K (POPMUPOBAHUIO 3/1€Ch 3HAUUTEITHHO MCHEE BbI-
pPaKEHHBIX TPOIECCOB M3MEHEHH MX HacesleHWs. B memom 3To obmias 3akoHOMep-
HOCTh — M3MEHCHHUS KJIMMAaTa CHIbHEE BBIPAXKCHBI U JTyUIlle TIPOCIICKUBAIOTCS Ha PaB-
HUHHBIX TEPPUTOPHSIX U B TOIIMax KPYIHBIX PEK, a B BHICOKOTOPHBIX paiioHax MOTel-
JICHNE KIMMaTa U €ro MOCIEACTBHUS MPOSBISIIOTCS 3HAUNTEIIFHO MEJICHHEE U MO3KeE.
CrnenoBaTenbHO, IPH aHAIM3E HACEIICHUS NTHII KOTJIIOBHHBI 03. baiikan 3Tu pernoHs!
HEOOXOIMMO paccMaTpUBaTh OT/JCIbHO. B maHHOI paboTe paccMaTpuBarOTCsi 0COOCH-
HOCTH AMHAMHKH HACEJICHHS JIECHBIX ITHUI], CBI3aHHBIC C N3MCHEHUSIMU KIMMaTa Ha
IOxn0oM Baiikane (mpaBoOepekbe HCTOKA p. AHTApPHI).

MarepuaJ M METOAUKA

Pabora Bemonasack ¢ 2009 mo 2024 r. Ha KJIIOUYEBOM Y4acTKe MIIOMaIbi0 00-
nee 50,0 kM Ha TIPaBOGEPEKBE UCTOKA p. AHTaphl B MEXIypedbe pek Hukombckas
bannas u Kpecroska. M3yuanocs HaceneHue JIECHBIX ITHULl U €0 TMHAMMKA B COBpE-
MEHHBIX KINMAaTHYeCKUX ycIoBusxX. KimroueBoit yqacTok npecTaBlIeH CPeAHETOphsIMU
IIpendaiikanbCKoro KpaeBoro Mmporuda, CKIOHBI KOTOPOTO IPHUMBIKAIOT K OTpOram
IIpumopckoro xpedta. s Hero xapakTepHBI HEBBICOKHE TOPHBIC T'PSIBI C OTHOCH-
TEJILHO IUPOKUMH M 3200JIOUCHHBIMU MEKTOPHBIMU TOHIKCHUSIMH. TeppuTopust 10-
CTaTOYHO TUMHYHA JUIS IOT0-3aIaJHOTO oOepexkbs 03. baiikan. YdeTsl nTum mposo-
JIVUTACH TI0 CTAHJAPTHBIM METOMKAM, ITUPOKO MPUMEHSIEMBIM IIPU H3YUEeHUN X MHO-
TOBHJIOBBIX co001ecTB [6; 10].

Ha ocHoBe mpenBapuTeNbHBIX ClieUUANbHBIX HccienoBanuid (2009 r.) Ha kito-
YEeBOM YYacTKe, XOPOIIO OTPA)KAIOIIEM COOTHOIIEHHE Pa3HbIX MECTOOOMTAHHH HaH-
HOW MECTHOCTH, BBIJICICHO BOCEMb THUIIOB OCHOBHBIX MecTooOuTanmid ntuil: 1. Cenn-
TeOHas Tepputopus Auddy3HOTo THMA (YUACTKH 3aCTPOUKH MEPEMEKAIOTCS C y4acT-
KaMH €CTECTBEHHBIX MECTOOOMTaHMIT), BKJIIOUAIOIIAs OTJACNbHBIC IPYIIBI JOMOB U
YIUIIBI BJIOJTb TOPHBIX PACIIaKOB, TOMa OT/BIXa, CAHATOPHH, JTAYHBIC YIaCTKU U CaI0-
BoJCTBA. 2. COCHOBO-0epe30BHIe Jieca C IPUMECHI0 MOJIOIOTO TIOAPOCTa COCHBI CHOHP-
ckoii (kenpa) Pinus sibirica, CUJIBHO 3aTCHEHHBIC U 3aXJIAMJICHHBIC BETPOBaJIbHBIMU
JepeBbsMHU. 3. EnoBsle moMMEHHBIE Jleca C OCHOBHOM MOpOIoit enb cubupckas Picea
obovata, ¥ IPUMEChIO KPYITHBIX JIEPEBHEB JIMCTBEHHUIIBI CUOUPCKOW Larix sibirica,
COCHBI CHOMPCKOM (Ke/ipa), MUXTHI cCHOUpCKoit Abies sibirica, 6epe3sl noBucnon Betula
pendula v ocunwl Populus tremula. 4. TeMHOXBOHHBIE CKIIOHOBBIE Jieca, C OOJIBIINM
BKJTIOUEHHEM BCEX ITOPOJI XBOMHBIX JIEPEBBEB, a Takke Oepe3bl MOBHUCION W OCHHEIL.
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5. OcuHOBO-0epe3oBbIe Jieca, MPOU3BOIHBIE OOMIMPHBIX Taped W OONBIIMX MO TUIO-
IIaZd BEIPYOOK, C OTACIEHBIMH HEOONBIIMMH YYaCTKAMH COXPAHHBIIMXCS TEMHO-
XBOWHBIX J1ecoB. 6. COCHOBBIC Jieca ¢ PE3KUM HPeo0IIalaHeM COCHBI OOBIKHOBEHHOM
(mecHoit) Pinus sylvestris (He menee 80,0 % coctaBa neconacaxnenusi). 7. COCHOBO-
Oepe3oBbIe Jieca, CPOPMUPOBABIINECS B Pe3yIbTaTe BEIOOPOYHBIX PYOOK Ha CTAapBIX
3apacTaroIuX TapsiX ¥ BBIIOJIOKCHHBIX YYaCTKaX MECTHOCTH. 8. OTKPBITHIC TOHMBI
PeK, 3apacTarole MeJIKUM OEpEe3HNKOM C OOJIBIIMM KOJIMYECTBOM KyCTapHHUKOB, IIPO-
M3pacTaIOLIMX HA MEPEYBIIAKHEHHBIX yUYaCcTKaX MOWM peK U KIIFOUeH.

B cBs3u ¢ HE0OX0AMMOCTBIO OoOJiee IMOTHOTO BEBISBICHHUS BHIOBOTO COCTaBa
OTHL (JAaHHBIA TEPUOJ OTIMYAJICS MAaCCOBBIMU MX BBICCIICHHSMHU K TPaHUIIAM apea-
JIOB), TPOTSHKEHHOCTD YUETHBIX MapIIPYTOB MPEBHIIIANA PEKOMEHIYEMYI0 METOIUKOIT
M0 pa3HbIM MECTOOOUTAaHUSAM B 2—3, a WHOTA U Oonee pa3. [locieqHee ObUTO Xapak-
TEPHO [T MECTOOOUTAHHH C OYCHB OOJIBIIOHN TUTOMIA IbI0. JJaHHBIN ITOIX0.T 00SCTIeYHIT
MOJYYEHHUE MATCPUAIOB, TO3BOJAIOMINX NPUBECTU MOJTHYIO XapaAKTCPUCTUKY HacCEJIe-
HUA IITUILL. HCOGXOI[I/IMOCTB €ro UCIIOJIb30BaHUs OOBICHIETCS TEM, YTO BBICCIIAIOIIN-
€CsI TITUIIBI JISCHBIX 9KOCHCTEM YacTO OBLIH MTPEICTABICHBI OTHHOYHBIMHU OCOOSMH, TTa-
paMu ¥ MEJKHUMHU TpyInaMu. B 1einom mo u3ydaeMoil TeppUTOpUH HX OBLIO J0CTa-
TOYHO MHOT'O, HO B Ipe€Acjax OrpaHUMYC€HHOroO IO MIoIaan KIHOYEBOI'0 y4aCTKa UX
HAXOJIKH SABJISIJINCH JOCTATOYHO PeIKUM coObITHeM. HeoOxoamnmo OBLIO OYEeHB IIIOT-
HOe 00CIIeIOBaHNE TEPPUTOPHH, 0OCCIICUNBAOIIECE BBISBICHHE IIOJIHOTO BUIOBOTO CO-
CTaBa ITHI] N3y4aeMOil TEpPUTOPHH.

O0611as NPOTSHKEHHOCTh YUSTHBIX MapIIpyTOB, IPOWICHHBIX 3a 15 JeT nccneno-
BaHWH, cocTaBisuia 7523 kM (3umoit — 3706 xm, a tetom 3817 k). DTO BITOIHE JT0CTa-
TOYHO JIJIsI TIOJyYCHUSI TOYHBIX JAHHBIX 110 BHIOBOMY COCTaBY ITHII, XapaKTepy HX
pacnpezneneHust o MeCTOOOUTaHUSM U OOIIEH TUIOTHOCTH HACEIICHUSI.

Pe3yabTaTthl

[TnoTHOCT HaceseHHMs SIBIISICTCSl HanOoJIee BaXKHBIM MHTEIPaJbHBIM MOKa3aTe-
JIeM COCTOSIHUS TIOIMYJIALUH, OTPAYKAIOIUM BCIO CyMMY (haKTOPOB, BO3AECHCTBYIOIINX
Ha N3y4JaeMyIo IPYNIIHPOBKY NITUI. B CBA3M ¢ 3THM, aHAIN3 HACSJICHNUS NTHI] HAYWHA-
€TCsl C PACCMOTPEHHUS 0COOEHHOCTEH JMHAMUKH IaHHOTO IapaMerpa. JlnHamuka Hace-
JIeHUs NITHIL] CYyIECTBEHHO PA3IMUYaeTCs B pa3HbIe Ce30HbI roja (puc. 1). B 3umuuit ne-
pHOJ 3Ta CBSI3b IMHEHHASI M IIIOTHOCTh HACEJICHUS IITUI] HA TPOTSKCHUU BCETO MEPUOT
pabOT TOCTENIEHHO CHIKAETCS — MHOKECTBEHHBIH KO3()(UIMEHT AeTepMUHAINU —
R?=0,72. Iotennenne kimmata Ha HOxnoM Baiikane CHIBHO U YETKO BEIPAXKEHO B
KOHIIE 3MMHET0 U Havajie BeCeHHero nepuoja. CnenoBaTenbHO, MOTydeHHAas THHEHHAs
perpeccrs B HaMOOJBINEH CTEIIEHN OTpaXKaeT BIMSIHME MOTEIUICHHS KIUMaTa Ha 00-
IIy}0 TeHICHIINIO M3MEHEHHS INTOTHOCTH HACEIICHUSI ITHL, IMEHHO, B 3UMHHN EPHO/I.
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Puc. 1. Jlunamuka IIIOTHOCTH HACEJIEHUS MITHUL] JIECHBIX dKOcHCcTeM balikanbckoro pernona
B TIepHo/1 TuKa rotennenus kmumata (FOxnbiii Baiikan), oc. /km?
BepxHuit pucyHoK — 3UMa, HIKHUN PUCYHOK — JIETO

B nerHunii nepuosi M3MEHEHHs TUIOTHOCTUA HACEJICHUS OKA3aJUCh 3HAYUTEIBHO
OoJree CIIOKHBIMH B KOI(P(PHUINCHT JEeTEPMUHALINH TTOJIMHOMHUATIBHON PErpecCH Ie-
CTOIl cTeTeHN OKa3aJicsi HU3KUM — Ha ypoBHe 0,3, a tuHelHast perpeccus HaKkTHICCKH
He Obl1a BeipaxkeHa (cM. puc. 1). [TockombKy ypoBeHb MOTEIUICHUsT ObLT HanOoJee BhI-
COKHMM B TIO3JHE3WMHEE W pPaHHEBECCHHEE BpeMs (0 Hadala BECEHHHX MHTpAIHii),
9TO, BEPOSITHO, U ONPEIEISIO AUHAMUKY HACEJICHHs NTHUI] B Pa3HbIE CE30HBI roja.
Hano uMets B BUy, 4TO HaceJIeHHE MTHUI B JIETHHUI MEPHOJ] OU€Hb CHIIBHO 3aBUCENO
0T paifoHOB BhIceneHus nTrll. OHK pacrionaranuch B L{eHTpanbHO# A3un 1 onpeness-
JIMCH 00J1aCThIO (POPMUPOBAHMUS OUYCHD CHIIBHBIX, MPOJOJDKHUTEIFHBIX H YacTO ITOBTO-
PSIFOIUXCS 3aCyX, HEPEIKO UMECIOIINX KaTtacTpoduueckuii xapakrep. [Tockonbky 3a-
CYXH TOCTOSIHHO TIepeMEIaIiCh 0 TEPPUTOPUH, MOCIEAOBATEIILHO OXBATHIBAsI Pa3-
HBIe pafionsl MoHTommu 1 KuTas, BeICENICHHS NMTHII TaKkKe HAONIOJANNCh C Pa3HBIX
HanpasieHui [5; 7]. O1HaKo OCHOBHOE reHepalbHOE HApaBIeHUE CMELLEHHS UX ape-
aJIoB K CEBEPY COXPAHATIOCHh BECh IEPUOJ UCCIIe0BaHuUi [8].

B T0 k€ Bpemsi YUCIEHHOCTh BBICEISIONIMXCS MTHII, 32 UCKIIOYCHUEM OT/IENb-
HBIX BHIOB, YaIlle BCEI0 CTCHOOMOHTHBIX, OblIa 04eHb HU3KOH. OHH BCTPEYAINCH OT-
JEIBHBIME OCOOSIMH, TTApaMH M MEJKUMHU rpymmnamu u3 3—5 nrun [7; 8]. Cnenosa-
TEJIbHO, 00IIIee 0OUIMe MITHII Ha MecTaX FHe3J0BUI () OPMUPOBAIOCH HE TOJIBKO 3 CUET
TITHIL, BBICETstomxcs u3 [leHTpanbHoi A3Wu, HO B MECT NMPEIbIIyIInX, 00iee 00bId-
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HBIX, FOKHBIX PailOHOB 3UMHETO MX OOMTaHUs. B maHHOM ciydae HE0OX0IuMo oOpa-
TUTh BHIMaHUE Ha TO, YTO IHK MOTETUICHNs KiIMMata B baiikanbckoM perrone Ha0mio-
nancs B 2015 r. [4] u conpoBoxkaacs O4eHb CUILHBIMU JIECHBIMU [TOKapaMu, KOTOPbIE
TaKKe MOTTH OKa3aTh BIMSHHE HA PAcIPOCTPaHEHHE MHOTHX BHUAOB NTHII. J[aHHBII
CE30H OTIMYAJICSA HanboJee HI3KOH IIIOTHOCTHIO HaceneHus nrun balikambsckoro pe-
TUOHA B JIETHUH neproi. B To jxe Bpems INI0THOCTh 3UMHETro HaceneHus nTul B 2015 r.
6bUTa TPaKTUYECKH MaKCUMANBHOH (pHc. 1). DTo yka3bIBaeT Ha CyIIECTBOBAHUE (aK-
THYECKH IPOTUBOIIOJIOKHON TEHACHIINN B M3MEHEHNH IUTOTHOCTH HACEIICHHS NTHUIl B
pasHbIe CE30HBI T0J1a, BO BCAKOM CIIy4yae, B IMIEPHOJ MOABEMA TNIOTHOCTH HACEIEHUS
NTHUI] K MAKCUMaJIbHOMY YPOBHIO. B TO ke Bpemst BujoBoe pasHooOpasue NTHI] B T1e-
puon rHe30BaHuUs B OOJNBIIEH cTeneHn OBUIO CBS3aHO C pailoHAMH BBICEICHUH, a He
MeCTaMH 3MMOBOK IITHII.

ITockonbky pedb UAET O JUHAMHKE MJIOTHOCTU HACENEHHs NITULl U BUIOBOM HX
pa3HOOOpa3uu B MEPUOJ] MACCOBBIX BBICENEHHH (MUK MOTEMICHHUS ), HEOOXO0AUMO HPO-
BEPUTH CBA3b 3TUX JIBYX MMOKa3areneil. JlaHHas CBSA3b OKa3auach JOCTATOYHO BEICOKOH
B 3UMHHH TIEPHOJT — MHOXKECTBEHHBINH K03 punmeHT nerepmunanuu pasex 0,6. B net-
HUH Nepuoj; OHa OTIMYAETCS AOCTATOYHO BBICOKOW CIIOKHOCTBIO, HO YJIOBIETBOPH-
TEJIFHO OTHMCBIBACTCS MOJTMHOMUAIBHON perpeccueil mecToi creneHu — Ko3QGUIeHT
JeTepMUHAINN HaXouTcs Ha ypoBHe — 0,5 (puc. 2).
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Puc. 2. Ananus cBA3U MEXIy KOJINYECTBOM BH/IOB M TNIOTHOCTBIO HACEIEHHs IITUI] JTECHBIX
9KocucTeM balfkaabckoro peruoHa B epuos nuka noremnenus knuMata (FOxusiit baiikan),
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oc. /xm?
BepxHuit pucyHOK — 3UMa, HUKHUN PUCYHOK — JIETO

Kaxk u B mpeapiayiem ciydae, B 3MMHUN CE30H 3Ta CBSI3b SBJISETCS JTMHEHHOMN,
HO €€ yPOBEHb CYILECTBEHHO HMXkKeE. J[0OCTaTOYHO XOPOILO BBIIENSAIOTCS TPU BBICKAKH-
Barolye BapuaHThl. [lepBas u3 HUX He BBI3BIBAECT 0COOOTO yIUBICHHS — HU3KOU ILIOT-
HOCTH HACEJICHUS COOTBETCTBYET M MHUHUMAJIBHOE KOJTMYECTBO BHIOB (27 BUJOB MpH
MIIOTHOCTH HaceleHus 46,6 oc/kM?). DTO CHTyalus MOCNIEJHErO roja HaOIIOICHHI,
KOT'/Ia TUNIOTHOCTh HACEJICHUS NTHUI] ¥ UX BUJIOBOE pa3HOOOpa3ne HaXOMINCh Ha MHU-
HUMalbHOM ypoBHe (puc. | u 2). JlaHHBIN nepuoa OYEBUAHO COOTBETCTBYET MUHU-
MaJIbHOH IJIOTHOCTH HaceNeHHs, HaOIroJaroneiicss Ipy mepexoe TemIo-CyXon (a3sl
ouepenHOro 11-JeTHETo MHUKIIA KITMMAaTa K BIIaXKHO-X0JI0MHOM (aze. Cremayronieid BbI-
CKaKUBAIOLIEH BAPUAHTOHN SBISAETCSA BBICOKAs MIOTHOCTb HACEIEHUs NPH CPEIHEM
YPOBHE BUIOBOTO pa3HooGpasus (34 Buaa mpu miotHocTH Hacenenus 141,9 oc/km?).
JlarHast cuTyanus BO3HHUKIIA TIepe T MMKOM ITOTEIUICHHS KIIMMaTa, KOTaa TPH To/ia Mo~
psia HaOIro1amach MakCUMalbHas TUIOTHOCTh HACENICHUS JIOMHHAHTHBIX BUJIOB NTHII,
CBsI3aHHAsl C MAaCCOBBIMU HAJleTaMH Ha 3MMOBKY OOBIKHOBEHHOW ueueTku Acanthis
flammea. VI TpeTbs BBICKaKHMBAIOIIAs BAPUAHTA, COOTBETCTBYET CHUTYalllH, KOT1a BBI-
COKOMY BHJIOBOMY pPa3HOOOpAa3HIO COOTBETCTBOBAI CPETHWH ypPOBEHBb IUIOTHOCTH
HaceIeHus nTull (44 BUa npy mIoTHOCTH HaceneHus 111,0 oc/km?), 00y CIOBIEHHBIH
HEBBICOKUM OOMINEM ITHII, MO/UIETEBIINX Ha 3UMOBKY. SIBHO, TaHHBIE TapaMeTPHI B
3UMHUHA TEPHOA ONPENCIIOTCS OOMINEM M KOJHYECTBOM BHIOB, IOJUICTAIONINX B
9TOT paiioH Ha 3UMOBKY M3 OoJiee CeBEpHBIX pernoHoB Bocrounoit Cubupu u npuie-
TaroLUX TEPPUTOPUIL.

B nerHuil nepuoa cBA3b MEKIY JaHHBIMU N1apaMETPAMU HE SBJISECTCS JIMHEHHON
U SIBHO OTIpENeNIAeTCS KOJMYECTBOM BBICENSIONINXCS C fora BHJOB NTHIL. Jlajgexko He
BCEr/la MUHUMAaJIbHOE KOJIMYECTBO BUJIOB KOPPEIHUPYET C HanboJiee HU3KUM OOMINEM
ITHUIL, XOTS OTAEIbHBIE CE30HbI C TaKOI CHTYalMel IPUCYTCTBYIOT U B HaleM Habope
JaHHBIX (pHc. 2). Hepeaxu cutyary, KOraa MakCHMaJIbHOMY BHIOBOMY pa3HOOOpa-
3MI0 COOTBETCTBYET MUHMMAJIbHAS TNIOTHOCTH HacelneHust. OOBIMHO TaKne BapHAHThI
HaceJIeHNs HaOJII0/IaI0TCsl B TIEPUO/IbI CHIIBHON NEePeCcTPOHKH HACEJICHHUS ITHIL B TIepe-
JIOMHBIE TIepHOABl (Iepexo] oT 0ojee TEIIoro Mmepuoia K Ooyiee BIAXKHOMY HIIH
HaobopoT). Hanbosee 0OBIYHBIE CHTYAIIMH COOTBETCTBYIOT CPETHEMY YPOBHIO IIIOT-
HOCTH HaCEJICHHsI M BUJIOBOTO Pa3HOOOpa3Hs IITHUII, KOTOPbIE HAOIIIONAI0TCS B TIEPUOIBI
3aI0JIT0 JI0 MHMKA TOTEIUIEHUs] U CIHYCTsl HEKOTOpoe BpeMs mociie Hero (2-3 rozaa).
MaxkcuManbHasi IIIOTHOCTh HACEJIEHHS ITHI HaOIoJamach nepest MIKOM IOTEIICHUS
U TIOCTIE HETO.

MpuHuManbpHas MIOTHOCTh HACEIEHUs IITUIL JIETOM MPHILIACh HA MUK MOTEIIe-
Hust (2015 1.), HO BUZIOBOE WX Pa3HOOOpa3ue B 3TO BpeMs ObLIO MaKCHMAIIbHBIM. B TO
JK€ BpEMsI UETKOM CBSI3U MEKIY 3TUMU ITapaMeTpaMu, TAKXKe, Kak U JIMHEHHOI perpec-
CHH, B JIETHEE BpeMs OBITh IIPOCTO HE MOXKET. Takas cBs3b MOTiIa Obl CHOPMHUPOBATHCS
B 00J1aCTH Pa3BUTHS CUIIBHOM 3aCyXH, KOTOpast BCEr/a SIBJISICTCSI HAYaIbHBIM PAaHiOHOM
BBICEJICHUH Y NITUII. MBI 5ke paboTanu B paifoHaX, Ky/a BBICEISIOTCS MITUIIBI, OCBAaNBas
O4YeHb 00ImmMpHBIE TeppuTOprH. CeT0BaTeTbHO, BCTPEUa JJF000T0 HOBOTO BHAA 371ECh

4



CoBpeMeHHble TEHAEHLNUN 1 NepcnekTUBbLI Pa3BUTUSA rnapomeTeoponorui B Poccun
Mamepuarsi VIl Beepoccutickoli HayyHo-npakmuyeckol KoHgeperuuu. Mpkymek, 19-21 mapma 2025 e.

OTIpeIeNAeTCsl CIYyIalfHBIME U TPYAHO TPeICKa3yeMBbIMH IporieccaMi. UNCIeHHOCTh
HOBBIX BHI0B OOBIYHO HEBEJIMKA M TOITOMY TP BEICOKOM BHJJOBOM Pa3HOOOpa3uy va-
CTO HaOJIIOAeTCS CPEAHUN MIIM HU3KUIT yPOBEHB IUIOTHOCTH MX HACEJICHUSL.

CreayromuM BaKHBIM BOIPOCOM, TPEOYIONINM CHEIHATFHOTO PACCMOTPEHHS,
ABJIACTCS IMHAMHUKA BUJOBOM CTPYKTYpBI HACENCHUS ITHL. B 3uMHni meprnon 1o nuka
HOTEIUICHNS! OCHOBY HACEJIEHHs NTHI (IOMHHAHTHBIC BHJIbI) COCTaBIISUIN: Oyporoo-
Basi ramuka Parus montanus, OIONIOBHUK Aegithalos caudatus, yeueTka, TIOJIEBOH BO-
pobeit Passer montanus, Oonbiias cuHuna Parus major, OONBIION TECTPBIA ASTeN
Dendrocopos major. Hanbonee MaccoBbIMU W OOBIYHBIMH BHJAMHU CPEAN HUX SBIIS-
JMch OyporosoBas randka, OIoJOBHHK U ueueTka. [locie nruka moTerieHns: BUI0BOE
COOTHOIIICHHE JOMHUHAHTHBIX BHJIOB ITHI[ 3UMOM HECKOIBKO U3MEHIIOCh. OCHOBY HX
CTaJM COCTABIIATH JIPYTHe BUABL: OONbINas CHHHIA, OyporojoBas ramdka, dyedeTka,
OOJIBIIION MECTPhIH IATEN U TI0JeBOM BopoOel. B menmom 3a 3umunii nepuon u3 11 Bu-
JIOB, BXOJISIIIIMX B COCTaB JJOMMHAHTHBIX M CYOJJOMMHAHTHBIX IITHI] XOTs OBl OZMH pa3
3a MEePHOJI NCCIIeIOBAHUH, HEMHOTO, HO IOCTOBEPHO TOBBICHII INIOTHOCTH HACEICHUS
OJMH BUJ — MOCKOBKa Parus ater. CylecTBEHHO IOHU3WIN TUIOTHOCTh HACEICHUS U
HOJIOKEHUE B CTPYKType HAcEJEHHs NTHIl 7 BUJOB: OyporosoBasi ranyka, 4yeyerka,
OTIOJIOBHUK, IOJIEBOM BopoOeil, ceupuctens Bombycilla garrulus, cepslit cHeTHps Pyr-
rhula cineracea, aepHOTONOBas TandKa Parus palustris. TeHIEHINSA K OTCYTCTBHIO U3-
MEHCHHUI B IUIOTHOCTH HACEJICHUsS] OTMEYEHA y 3 BUJIOB: OOJIbIIAsi CHHHIA, OOJIBIION
necTpslit aren, myp Pinicola enucleator. O61iee KOINYECTBO 3UMYIOIIUX BH/IOB IITHII
Ha KJTI0YEBOM y4acTKe MEHsII0Ch 0T 27 10 44 BumoB. M3 HUX HOBBIMH [T TEPPUTOPHH
SIBJISTACH 12 BUJIOB.

B nerHunit nepuos 10 MHMKa MOTEIJICHUsS. OCHOBY HAcCEJCHUs NTHUII, T. €. JOMH-
HAHTHBIC BUBI, COCTABISUIN MATHUCTBIN KOHEK Anthus hodgsony u 6yporomaosas ra-
ndka. [locae nmyuka MOTEIUIEHUsT BUAOBOM COCTaB JOMHHAHTHBIX MTHI[ HECKOJIBKO H3-
Mmenmics. Ero cranm ¢opmupoBaTh HSATHUCTBIM KOHEK, OyporosioBas ramdka, Oernas
tpsicoryska Motacilla alba u Gonbinas cuHUna. B TO jke BpeMs CYIECTBEHHO MTOHU-
3UJIH TJIOTHOCTh HACENICHUS U TOJIOKEHHE B CTPYKType HaceleHUs NTul 3 Bujaa: Oy-
porosoBas Tauvka, ONOJIOBHUK, pblKas OBCSHKA Emberiza rutila. B xoHue nepuona
HaOJfoileHnit OyporoJioBasi Tandka BBIIIIA M3 COCTaBa JIOMHHAHTHBIX BHIOB U TIepe-
112 B rpyniy (GpOHOBBIX NTHUIL. B 1iesom 3a ieTHui nepron u3 9 BUIOB, BXOSIINX B
COCTaB JOMHHAHTHBIX M CyOJOMMHAHTHBIX NITHII XOTSI OBI OJIMH Pa3 3a MEepHOJ UCCie-
JIOBaHUH, TIOBBICHIIN TUNIOTHOCTh HACEJIEHHS 5 BUIOB: MSITHUCTHIA KOHEK, OOJIbIIAs CH-
HUIA, 350K Fringilla coelebs, MOCKOBKa, OONBIION mecTpblil asaTen. TeHaeHIMs K
OTCYTCTBHIO U3MEHEHHH B TNIOTHOCTH HACENEHHsI OTMEYeHa TOJBbKO y Oeroil Tpsico-
ry3xu. Ob1ee KOIMIecTBO BUIOB ITHUI], 3apPETHCTPHUPOBAHHBIX HA KIIFOYEBOM YJIaCTKE,
MEHSUIOCh OT 55 10 78 BUI0B, U3 HUX HOBBIMH JJIsl pETMOHA SIBJISUIUCH 28 BUIIOB.

OOmeit TeHgeHIMel KaK Ul 3MMHET0, TaK M JISTHETO IIEPHO/IOB SIBJISIACH OUCHB
HHU3Kas YHCICHHOCTH U MJIOTHOCTh HACCJICHHS HOBBIX JUIS PETHOHA BUJOB NTHUIL. B 00-
el CTPyKType HAaceIeHNsI OHW BXOJIMIN B COCTaB BTOPOCTEIICHHBIX M OYEHB PEIKO U
TOJIBKO B OT/EJIbHBIE Ce30HBI (POHOBBIX NTHII. VcKimoueHneM SABISUICS 3510/IMK, KOTO-
PpBIit B MOCTEAHUN TO] HAOIIOACHHH BOIIE B COCTaB CyOOMUHAHTHON TPy MTHII.
OOBIYHO OH BXOAWI B TPYIMY (DOHOBBIX BHIOB, HO WHOTJA €0 OOMINE CHIKAIOCH
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(mepecTpoiika HaCelICHHs B TIEPEXOHBIN TIEPHOI OT OO0JIee BIIAKHBIX K 3aCYILIHBBIM
rojiam) JI0 ypOBHsI BTOPOCTENEHHBIX BH/IOB. BBIsSBICHHBIC TEHICHIIMH B U3MECHEHUH
BHUJIOBOTO COCTABA U IIOTHOCTH HACEICHUSI IITUIL MOTYT OBITH 00YCIIOBJICHBI K CMEHOM
nepuoja HauboJiee BBIPAKCHHOTO MOTCIUICHHS KiMMara. PaHee OH MPHUXOIHICS Ha
NO3/IHE3MMHEe U paHHeBeceHHee Bpemsi (peBpasib-mMapT), a ceiiyac CMeIaeTcst Ha JieT-
HU neprox (Hroiab-aBrycr) [2].

O0cyxaeHue

IIpoBeneHHble Mccaen0BaHUs OXBaThiBAIM nepuon 3asepiueHus 2000-neTHero
MHOTOBEKOBOTO IukIIa kiumara (2010-2024 1T.), OKaHIMBAFOIIETOCS TEIUIO-CYyXO0i (a-
30i MaKCHMaNbHOTO pa3BUTHsL. PabOThI HAYAThI B IEPUOJ, KOTIA YKE 3aKOHUMIICS PE3-
KU pocT TeMmneparypsl Bo3ayxa (mocie 2005 r.) 1,9 °C/100 ner, HO oOmuii ypoBeHb
MOTETIJICHUS ellle He JOCTHT CBOETO KA. MakcuMalbHast CpetHss TeMIIepaTypa IpH-
3eMHOT0 CJI0s Bo3ayxa Habmronanack B 2015 . [4]. Ha ce30H ¢ MakcHMaIbHOW TeMIie-
parypoii Bozayxa (2015 r.) 1 B cMEKHBIE TOJIbI IPUXOTUTCS PA3BUTHE CUITHHBIX MOXKAa-
poB Ha Tepputopun [Ipubaiikanbs.

B 3umHwMIT ieprox 10 Hanboee BRICOKOTo ypoBHs moteruieHus (2015 r.) 6ypo-
ToJIoBasi Tauyka M OOBIKHOBEHHAs! Y€YeTKa, CMEHSs IPYyr Apyra B T'OJbl MacCOBBIX
HAJIETOB YEUETKH, JOMIUHUPOBAIH 110 YUCICHHOCTH. 3aTeM OypOroioBasi Tandka pe3Ko
CHM3WJIa OOMIIME M Ha TIEPBOE MECTO YacTO CTala BBIXOANUTH OOJBIIAsk CHHAIA, a TMyX-
JISIK MTOCTETEHHO IMEepeliei B rPyIy CyOJIOMUHAHTHBIX BHIOB. OOBIKHOBEHHAs Ye-
YeTKa MPEKpaThiIa MACCOBBIE HAJEThI U K KOHITY HaOIIOICHUH mepenuia B rpymiy ¢o-
HOBBIX BHJIOB IITHII.

B neTHUi iepro CHIKEHHE TUIOTHOCTH HACEIICHS IITUI] HE UMEITO YeTKOH TeH-
JISHIIMH, XOTs CYIIEeCTBOBaA ciaadasi MOJTMHOMHUAIbHAS CBSI3b U MHOYKECTBEHHBIN KO-
>(QQUIUEHT IeTePMUHALIMU PETPECCUH IIECTOM cTenenu coctabnsia R?=0,29. IMocie
MUKa MI0THOCTH Hacenenus ntull B 2018 1. (334,1 oc. /kM2), nanpHelnHe ee n3MeHe-
HUSI MOYKHO OBUIO OBl TOYHO OIUCATh JIMHEHHOM perpeccueii ¢ o0Ier 4eTKO! TeH ICH-
el k ee cHmwxeHuto. /o 2015 r. B neTHHH mepuoa COCTaB JOMHHAHTHOM T'PyTIIIBI
nTUI] HOPMUPOBAIICS MACCOBBIMHU OCEIIIBIMU BHIAMH U MaCCOBBIMU MEPETICTHHIMH BH-
JIAMH TITHI] C IEPEMCHHBIM JJOMHUHHAPOBAHHUEM ISITHUCTOTO KOHBbKA M MyXJisika. Haun-
Hast ¢ 2016 . JOMUHUPOBaHME MSTHUCTOTO KOHBKA PE3KO YBEIUYHIIOCH, @ IyXJISK Te-
penien B rpymiy cyOJOMUHAHTHBIX, a 3aTeM ()OHOBBIX BUJIOB. bombIias cHHMIIA 9acToO
CTajia BXOJHUTH B COCTaB TOMUHAHTHOHN TPYMITEI ITHII ¥ KPOME Hee B JAHHYIO TPYIITY
uHOra momananu Oemast Tpsicory3ka Motacilla alba m GONBIION TECTPBIH IsTEN
Dendrocopos major. OCHOBHas MepecTpoiika CTPYKTYpbI JIETHEIO HACEIEHUsS MTHUIL
JIECHBIX dKocucTeM HaOmomanack B 2018-2019 rr., mocie ce3oHa ¢ MaKCHMaJIbHOM
TemIiepatypoii Bo3ayxa (2015 r.). B 310 Bpemst MHOXKeCTBEHHEIH K03 QHITEHT neTep-
MuHaIWH pe3ko causmics ¢ 0. 9998 no 0,53, a 3atem 0,45. Ctabunuzanust CTPyKTypBbI
nponsomnia B 2020-2021 rr., HO ko3 duienT nerepMuHanuy ymeHsuics 10 0,37—
0,32, 4T0, HECOMHEHHO, CBA3aHO C MPEIbAYIICH MepecTPORKON IKOCUCTEM.

B memom Ha OCHOBE IOCTOSIHHBIX HAOJIOICHHN YCTAaHOBIICHO, YTO Y OCEIJIBIX
NITHUIL JIECHBIX 9KOCUCTEM balikanbCKoro peruoHa B 3MMHUH EPUO MO MEpe MOBBIIIE-
HUSl TEMIIepaTyphl MPU3EMHOTO CJIO0s BO3MIyXa, a BIIOCIEACTBUU €r0 CTa0MIN3aIluH,
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HabroaeTces odIIee yIpomeHne CTPYKTYpBI HaCeTICHUS C COKPAIICHHEM HX BHJIOBOTO
cocTaBa M PEe3KUM JOMUHHPOBAHMEM OJHOIO-TpeX BHJIOB. OCHOBHOM HpUUYMHOMN
CMEHBI JIOMUHUPOBAHUS SIBJISTIOCH CUJIBHOE CHKEHHE MX 00Iel yucieHHocTH. On-
TUMYMBI HX apeasioB CABUHYJIIHCH TAJIEKO K CEBEpY, M OHU HadaJIN MOKUIATh MPEKHUE
MecTa OOWTaHHMs, X0 NMEHHO Ha ceBep. JlaHHOe SBICHHE JETabHO IPOCIIEKEHO
HaMH Ha JIBYX MacCCOBBIX BUJaX ITHILl — OIIOJIOBHUKE U MyXJISIKE.

ONONOBHUK B TOMBI, MPEIMICCTBYIONIHE MAaKCUMAJIbHOMY MOTCIJICHUIO KITH-
Mara, SIBJISUICS OJHUM M3 Han0oJiee MacCOBBIX BUAOB MeCTHBIX Irtuil. B 2010-2014 rr.
B PaHHEOCCHHUI TIEPHO OH POPMUPOBAJ OTPOMHEIEC cTan. Ha BEICOKOBOJIBTHBIX ITPO-
cekax 1o guaun JIDII, rie mponyck NTULl TPaAKTHYECKU UCKITIOYEH, B 3TO BpeMsl BCTpe-
ganuch ctan oT 300-500 mo 1000 u 6onee ntun. OxHAKO B 3MMHEE BpeMs OHH OTCYT-
CTBOBAJIM, XOTSI OH OTHOCHTCS K OCEUTBIM BHIaM NTHIIL. [locie miKa MoTeTyeHns 1aH-
HBIN BUJI CTaJI BCTPEYATHCS B OUEHb OIPAHUUEHHOM KOJIMUECTBE. B TO %Ke BpeMst paHHeBe-
CeHHMe HaOMIOAEeHNs TTOKA3aJd, YTO NTHIIB! JAHHOTO BUJIa MOATETAIOT Ha MECTa THE3/0-
BaHUSA C ceBepa. [IpmiieT uaeT peIXIbIME, HO OOJBIINMHU CTassMH HA MPOTSHKCHUH BYX
HEJeTb W NITHIB Cpa3y 3aHUMArOT THE3/I0BbIe OMOTONBI. B 3UMHMIA MTepHO/T MIIOTHOCTH
HaceJIeHUs1 ATOro BUa Obljla HU3KOHM, HO K Hayally THE3I0BAHUSI OH CTAaHOBMJICS OObIU-
HBIM BUJIOM. Takas ’Ke CUTyalus XapakTepHa 1 JJIsl MyXJIsIKa, HO er0 OOMIINE B OCCHHUIT
TIepHO/T 3HAYNTETHHO HIDKE, 9eM y OTOJIOBHUKA. B TO ke BpeMs B THE30BOH MEPHOA
IUIOTHOCTh HACENIEHUS My XJIsIKa YBEJIMUUBAETCS U HE YCTYIIAET, a B Psilie CIIy4aeB BhIILE,
4yeM y onosioBHUKa. OTHAKO BIOCJIEACTBUH TaKHE HAJIeThl paHHE! BECHON y ATHX BUIOB
MPEKPATUIINCH, YTO YKA3bIBAET HA OOIIMH CABUT UX apeasioB JAJIeKO Ha CeBep.

B nanHOM cydae Ha/t0 BCIIOMHHUTD, YTO HA OCHOBE MPEABIIYIIIX UCCIEOBAHIH
KOCBEHHOE BIIMSIHHE TEMIIEPaTyPHbIX YCJIOBUH MPOSBISETCS Yepe3 pa3MHOXKEHHE U
TPaHMIBl APEaJOB ONPENENIAIOTCS YCIOBHAMHU, OOECHEUMBAIOIUMU IMPOXOXKICHUE
uKiIa pasMHokeHus [3]. Ha ocHOBe HamMX MCCIIeIOBaHUH B MEPHUO/I MUKA TTOTETLIe-
HUS KJIMMAaTa MOKHO CIEJIaTh BBIBOJ, YTO TAKOM CIBUI apeasloB YKa3blBaeT U Ha Mpsi-
MOE BIIMSIHUE 3UMHEH TeMIeparypsl Ha (PH3HOJIOTHEO IITUI] H OIIPEICIISICT BO3MOKHO-
CTH MX 3UMHETO BBDKMBAHHS B OMPEICICHHBIX yCIOBUsIX. JlaHHBIC BUABI CPOPMUPO-
BAJINCh B OYCHB JKECTKHUX YCJIOBHUSX IUICHCTOIICHOBHIX IMOXOJIOAAHUH, U UX (H3HOIIO-
THYECKHE TPOIECCHl B TAKHE MEPUOJBI JODKHBI OBUTH 00ECTIEYNTh UX BRDKHBAHHE, a
HE Pa3MHOKEHHUE, IJIs1 KOTOPOrO OHU MOTJIM MepeMelaThes B 0oliee I0KHbIE YUaCTKH
apeayioB. O4eBHIHO, 3TH BUABI HIMEIOT HOPMY PEAKIIH, KOTOpasi COOTBETCTBYeET Oojiee
JKECTKUM YCIIOBHSIM 00HTaHUS. IMEHHO 3THM ¥ ONIpEACIISIeTCS TIEPEMEIICHIE OCEITBIX
BUJIOB NTHII B 00Jice CEBEPHBIC MIMPOTHI MIPH MMOTCIUICHHN KimMaTa. KpaitHum Beipa-
JKEHHEM TaKUX MPHUCIIOCOOTICHUH ABISAIOTCSA TKaHEBBIC aJalTalliy, Hanboyee xapak-
TEpHBIE JUTsI aBTOXTOHHBIX BUIOB [12].

3akaoueHne

CoOpanHble MaTepHaibl YKa3blBalOT HA CYHIECTBEHHYIO MEPECTPOMKY CTPYK-
TYpPBbI HACEJIEHUS NITHUI] JIECHBIX 3KOCHCTEM baliKalbCcKOro pernoHa B pe3yibTaTe CUilb-
HOTO MOTEIJICHHUs KJIMMaTa. JTO MOATBEPIKIACTCS KaK M3MEHEHUSMH TUIOTHOCTH HX
HACEJICHUS U CMCHOW IIMKIMYCCKUX M3MCHCHHI Ha JOCTATOYHO YSTKHUU OOIIUI TPEH/T
K €€ CHM)KCHHIO, TaK U I[I/IH&MPIKOI?I BUIO0BOTO COCTaBa I/ISy‘-IaeMI)IX TIITUIL. OCHOBHaSI
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TIepecTpoifka BHIOBOH CTPYKTYPBI HACEIEHHS MITHII JIECHBIX SKOCHCTEM HaOII01aIach
B 2018-2019 rr., ciycTs ABa roAa Nocjie Ce30Ha ¢ MaKCUMaJlbHOU TeMIepaTypoil npu-
3eMHOro cjios Bo3ayxa (2015 r.). BoccTaHoBieHrne NPEXHUX LMUKIMYECKUX U3MEHE-
HUH TUIOTHOCTH HaceJeHus HaOmonanock yxe B 2020-2021 rr., HO oOmas, XOTs 1
OYCHB C1adas TeHACHINS K COXPAHEHHUIO YCTAaHOBUBIIEHCS MTPU3EMHO TeMIepaTypsl
BO3/IyXa ONpeAeria pa3BUTHE O0IIEro TPEHJa K YMEHBIICHUIO IUIOTHOCTH HACCIICHHS
ntuil. [Ipy 3ToM MHOXKECTBEHHBIN KO3()(DUIIMEHT NeTePMHUHAIINN PE3KO CHU3UIICA, UTO,
HECOMHEHHO, OTPa)kaeT MPeIbIAyIINe NepeCTPOIKH 3KOCUCTEM H CBA3aHHBIX C HUMH
apaMeTpPOB CTPYKTYPHI HACETICHHUS IITHII.

OOmiasi CTpyKTypa JIETHETO HACEIICHHs NTHI[ ONPEACIICTCS COOTHOLICHUEM
MECTHBIX OCEAJIBIX BHIOB U BHUJIOB, MOSBIAIONINXCA 37I€Ch TOJIBKO B JIETHHN MEPHOA
(mepeneTHBIX BUIOB). MI3MEHEHNS B CTPYKTYpe HACEICHHUS IITHII B 9TO BpeMsI B 3HAYH-
TEJIFHON CTETICHU OIIPENEIIAIOTCS CYIIECTBCHHBIM COKpAIIEHHEM IUIOTHOCTH Hacelre-
HUsI HanOoJ1ee MaCCOBBIX U TUITUYHBIX BUJJOB OCEJJIBIX IITUII. DTO MPUBOAUT K PE3KOMY
JOMHHHPOBAHHIO OJJHOTO BUAA (MATHUCTOTO KOHBKA) M HECKONBKHUX BHIOB OCEIIBIX
ITHI, OOMIIHE KOTOPBIX CHIILHO CHIDKAeTCs. JJaHHBIH BRIBO ITOTHOCTHIO ITOATBEPIK/Ia-
€TCSI CWJIBHBIM CHIDKCHHEM IUIOTHOCTH HACENICHHsI OCEIBIX MTHIl B 3UMHHI [IEPUO/L.
CymiecTBOBaHHE ONTUMYMOB apeasioB y OCEUIBIX BUIOB ITHUI], CIOCOOHBIX aKTUBHO
MCKaTh Hanbosee OJIaronmpUATHBIC IS JKU3HH yCIIOBHS, YKa3bIBaeT Ha WX TIIyOOKHe
aJanTalul K OOUTAHUIO B YMEPEHHBIX MIMPOTAX, K HEYCTOHYMBBIM, YaCTO MCHSIO-
muMcsl, mapaMeTpaM okpyxaromiei cpeasl. Cyas mo BceMy, 3TH aJalTalld UMEIOT
TKaHEeBYIO TPUPOIY U OTPAKAIOT YPOBEHb TeHETHUECKON aAn((epeHnnanuy pa3HbIX
BUIOB, OCBaNBAIOIINX TEPPUTOPHH C OUECHB CypOBBIMHU YCIOBHAMH OOUTAHNS.

B nienom muHaMuKa BUAOBOW CTPYKTYPBI U INIOTHOCTH HACEJICHUS MITHIL B IICPH-
OJIbl CUJIBHOM MEPeCTPONKHU IKOCUCTEM, MOTHOCTBIO ONpEeNseTcsl MPoLeccaMy UM-
MUTPAIIH ¥ SMUTPALH, KOTOPBIC HanOOJIee MOJTHO BEIPa)KEHBI B TIEPHO/T MHKA ITOTETI-
neHus kimmara. CaM mporecc BRICETICHUH OTpeeNsIeTCsT PacIIOIOKEHAEM Ooree FokK-
HBIX YYaCTKOB, OXBAUCHHBIX JKECTOKUMHU U TPOJODKUTEIBHBIMU 3aCYyXaMU, UM JUTH-
TEeJIbHBIMH MaJIOBOJHBIMHU MEPUOTAMU. DTO U OIPEIeNsIeT OCHOBHBIC HAIIPABICHUS BBI-
CEJICHHUS IITHII, KOTOPBIC MOTYT IOSBIIATHCA B HOBBIX PalfOHAX C pa3HBIX HAIIPABICHUH,
MOJB3YACH yKE CYNIECTBYIOMIMME MPOJETHBIMHU MyTsMH. [lo Mepe oOrmiero moreruie-
HUsI KIIMMaTa HAOJIOAeTCsl TOCTYIATeIbHOS M3MEHCHUE CEBEPHBIX I'PAHHMIL apeaioB
NTHI] ¥ Y€TKOE TIPOIBIDKEHHE HX K CEBEpYy.
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Bcepoccutickuil Hayuno-uccie0o8amensCKuil UHCMUmym 2uopomemeoponouieckoll
Hnpopmayuu — Muposoii yenmp danmuix, 2. OOHUHCK

AnHoTanus. PaccmarpuBaroTcsi BOIIPOCH! Epexo/a OT CYIIECTBYIOUIEH CHCTEMbI 00pabOTKH TH-
POJIOTHUYECKUX JTaHHBIX TI0 PEeKaM M KaHajaM K COBPEMEHHON OHJIAifH CHCTEME HOBOTO MOKOJICHUSL.
ConepxaTcst KpaTKUE CBEACHHS O CUCTEME THIPOJIOrHYecKuX HabuoaeHuit B Pocruspomere. Onu-
CBHIBAIOTCSl TPEHMYINECTBA M HEJOCTATKH COBPEMEHHBIX aBTOMATH3MPOBAHHBIX IPOrPAMMHBIX
CpPE/ICTB IPUMEHIEMBIX JUI 00pabOTKH THAPOJIOTMYECKUX TaHHBIX. ONHCBIBAIOTCS 33]a4H, KOTOPbIE
HEO00XO0/IMMO PELIUTh, YTOOBI 00ECHIEUNTDh PEerysipHOe TonoiHeHue ['ochonma pesKUMHOM THAPOIIO-
ruyeckoi nHdopmanmei Xopouero KauecTna, ojyueHue Marepuanos BoxHoro kagacrpa, obciry-
JKHBaHHE noTpeduTeneil. OTAeNbHO yIETICHO BHUIMAaHUE NEPCIICKTHBAM Pa3BUTHSI METOI0B aBTOMa-
TU3UPOBAHHOTO pacyueTa pacxo0B BOJIbI C IPUMEHEHHEM MAIIMHHOTO 00yueHus. [ 1aBHas nelnb pa-
00T, ONMMCAHHBIX B CTAThE, 3aKIJIFOYACTCS B PA3BUTUH CUCTEM cOOpa M 00pabOTKH THIPOIOTHIECKIX
JTAHHBIX CHCTEMBbI FOCY/JAPCTBEHHOTO MOHUTOPHHTA TOBEPXHOCTHBIX BOAHBIX O0BEKTOB € IPUMEHE-
HUEM COBPEMEHHBIX HH(OPMAIMOHHBIX TEXHOIOTHH.

KtoueBble ciioBa: ruposorus cymm, oopaboTka rHAPOIOTHUECKUX HAOIIOICHNH, THIPOJIOTHYe-
CcKasi HaOJIIo/IaTelIbHAsI CeTh, PEKU U KaHAJIbl, MALIMHHOE 00Y4eHHEe, pacueT pacxo/a BOJIbI.
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BBenenne

Peunas rugposnoruueckas HaOOAaTENbHAsT CETh BXOAUT B COCTAB HA3eMHOM
HaOmoiaTensHoit cetn Pocruipomera.

O6mierocyjapcTBeHHas THAPOJIOTHYECKasi CETh SBISIETCS OCHOBOH CHCTEMBI
TOCYJapCTBEHHOTO MOHHUTOPHHTA ITOBEPXHOCTHBIX BOAHBIX 00BEKTOB. s e€ pyHK-
MOHMPOBaHMs B Pocruapomere cymecTByeT 0OIIerocy1apcTBEHHBIN TEXHOIOTHYe-
CKHMX KOMIUIEKC T0/1 00mmM Ha3BaHHeM «CHcTeMa THJIPOJIOTHYECKUX HAOIIOICHUI
[1]. HeoThemmemMoi 9acThIO0 CHCTEMBI THIPOJIOTUYECKUX HAOTIOACHUH SIBISIOTCS TEX-
HOJIOTWM aBTOMAaTH3MPOBAHHOIN 00pabOTKM THAPOIOTHIECKHNX TAHHBIX HAOIIOICHHUH
JUISL HOATOTOBKHM MaTEpHAJIOB BOAHOro Kaznactpa Poccuiickoit denepaunu u odecre-
YeHMs1 TOTpedUTENeH ClipaBOuYHO-NH(POPMALIMOHHOM MTPpoayKIHeit [2].

ITorpeburensaMu ruaporornaeckoil HHGOPMANH SBISIOTCS B OCHOBHOM IIPO-
eKTHBIC OpTaHU3aINH, 3aHUMAIOIIHECs THAPOMETEOPOIOTHISCKUMH N3BICKaHUSIMA B
00JIaCTH CTPOUTENBCTBA THAPOTEXHHUYECKUX COOPYXKEHHUH, He()Te— U ra30npOBOJIOB,
JIOPOT | T. II., @ TaKKe CIEeIMaTUCThI, 3aHUMAIOIUecs KINMAaTHIeCKUMH HCCIe0Ba-
HUSIMA. Y 3THX MOTpeduTeneil BocTpeOoBaHbl HE JaHHBIC H3MEPEHUH 1 HAOIIOICHHU,
a pe3yJbTaThl MECSYHBIX U T'OJIOBBIX 000OIIEHUH ITHX JAHHBIX 32 BECh IIEPHOJL PAOOTHI
THJpOJIOTHYecKoro nocta. MimeHHo sta mHMOpMAIMs MOMELIACTCS B €KETOAHbIC U
MHOT'OJICTHHE CIIPaBOYHHUKH BOTHOr0 KagacTpa U CIIy>KUT OCHOBOH ISl pacueToB MpH
00CITy>KMBaHUHU TIOTPEOUTETICH.

O0padoTka pe:KMMHOM 'HAPOJIOrHYecKoil MH(pOPMALMH N0 paKam
u kaHajam cucremoii PEKHU-PEXKUM)»»

C 2010 r. mo Hacrosimee Bpems B Poccuiickoit deneparmu u benopyccnu coop,
peKUMHAsT 00pabOTKa M HAKOIUICHUE THPOJIOTHYCCKOM HH(POPMAIMHK TI0 peKaM U Ka-
Hanam ocymectBisieTcss cuctemoit PEKU-PEXXHM [3]. Cuctema oka3zanack qocra-
TOYHO YCIICNTHOM, ¥ B TIOCJIEMYOIIME o6l Obl1a BHeApeHa B psine crpan CHI' u MoH-
TOJIUH.

3a nepuoj sxcmtyaranuu cucrema PEKU-PEXIVIM coBepiieHcTBOBanach, Mo-
JICpHU3MPOBANACh B COOTBETCTBUU C HOBBIMH METOAMYECKUMH TPeOOBAaHUAMHU U HO-
BBIMH Cpe/icTBaMu u3Mepenui [4]. Cuctema oOecrieuuBaeT BCe 3Tarbl aBTOMaTH3UPO-
BaHHOI 00PabOTKH JaHHBIX THAPOIOTHYCCKUX ITOCTOB MO peKaM M KaHallaM OT TIep-
BUYHBIX JJAHHBIX HAOIIOCHUIT 10 hopMHUpOBaHUs ClIpaBOYHUKOB BomHoro kamacrpa,
ruaponormdeckux exerogHnkoB (EJIC) m mHorometanx manubiX (MZC) Bxomrouas
3Tal aBTOMaTU3UPOBAHHOI'O PAcUeTa €KEAHEBHBIX PACXOJ0B BOJBI 110 PE3yibTaTaM
M3MEPEHHBIX PacxXo/0B, ITOT dTal Haubosiee TPYJOEMKHH B MPOLECCe MOArOTOBKH
Tabmm exerogauka [5]. Tak ’e IMEI0Tcsa Bce He0OOXOIMMBIE CPEICTBA TPpapuIecKOro
MpeICTaBICHUS TaHHBIX [T ee aHanu3a. O0ecreunBaeT GopMupoBaHue (HaiioB 10J1-
TOBPEMEHHOTO XpaHeHus Jis ['ocoHma B 0TpacieBoM CTaHAAPTE XPaHCHUS THAPO-
MeTeoposiornyeckux AaHHbIx SIO]] (S3bIK OnMUcaHus THIPOMETEOPOIOTUYECKUX JIaH-
HBIX) [6].

Cucrema PEKI-PEXXHWM peanuzoBana kak aBTOHOMHOE JIECKTOITHOE TPUIIOKE-
HHE, nMeeT (aiiIoBYI0 CHCTEMY XpaHEHHs JaHHBIX Ha 0a3e OTpacieBOTO CTaHIapTa
XpaHeHus ruppomereoposiornueckux MaHHBIX SIOM. CTpykTypa XpaHEHHUS JaHHBIX
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HMeeT KeCcTKH (opMmar, 4To He MO3BOJsUIA PACIIUPSTH MepeYeHb BHIOB THAPOJIOTH-
4YecKkoil mH(popManuy, a TaKke MaJBIMU TPyZO3aTpaTaMH alalTHPOBATh ACHCTBYIO-
L[Me MPOrpaMMbl il 00pabOTKK JaHHBIX YYallCHHBIX HaOmroxeHuid. ['paduueckuit
UHTepQEC 1 YacTh PaCUETHBIX MOYJICH pean30BaHbl C HCIOIb30BaHUEM CPE/IbI Pa3-
pabotku Delphi. Moaynu MecsiaHOM, TOT0BOM 00pabOTKH, M 4acTh CEPBUCHBIX IMPO-
rpamm pa3paboransl Ha s36ike Visual Fortran. s popMupoBaHus THIPOIOTHYCCKOM
MPOIYKIHHU B TAaOIMYHOM BUIE MpuMeHseTca bubnuorexa Microsoft Excel. Texromno-
rust QYHKIHOHUPYET TOJIBKO MO OTIepariioHHo cuctemoit Windows, 4To aemaer He-
BO3MOXXHBIM TIEPEX0]T Ha POCCHICKHE OTIEPAIINOHHBIC CHCTEMBI M O(HCHBIE TTAaKETHI.

B teppuropuanbHbIX yrpaBieHUsX Pocruapomera, BKITIOYas BCE CTPYKTYPHBIC
HO/pa3esIeHus], T1e IPOU3BOAAT 00pabOTKY I'MAPOIOTHYECKUX JIAHHBIX, Ha KOMITBIO-
Tepax I0JIb30BaTeNIel YCTAaHOBIEHO OKOJI0 350 3K3eMIUISIPOB CHCTEMBI.

Tabmums: Taponoririeckoro exeromuuka EIC
é(HPDKKI/I (Pexwm n kanansr)(Excel)
Halro/IeHII,
KI'-1,KT'=3,... Pyanoit sson| PEKWU-PEHMM ‘ Tab/IHIEL MHOTO/IETHYX JaHHBIX IIOBEPXHOCTHBIX
* 06paboTka AaHHbIX B COOTBETCTBUN Boy, cymm MJIC (Pexn m kanansr) (Excel)

CBejleHus W METOAMKaMU | ®aite gonroBpemennoro xpanenna aa lochonaa
* CpepncTea pacyera
MAPOMETPUUECKOrO CTOKA I T'padprraeckue Matepuazs |

Janursre ATK
(Temmepatypa Bogsl,
OCaZIKH, yPOBEHE
BOJBI)

Ascii it popvmpyessie LICTHamm I

Ilacnoprabie @ € ASMCTBYIOLLUMMK HACTABAEHUAMM

«PeuHoil CTOKY - nporpaMMa ruJIpoMETPHYECKOro yueTa CTOKa.

SIBNIAIeTCA AMBTEPHATIIBHBIM CPE/ICTBOM pactieTa CToKa, TeM To Brmiodenst B PEKII-PEKIIM, mMeeT MeTomIbl pactieTa, He BXoamue B ciicreMy PEKII-
PEXIIM

Puc. 1. Cxema 00pabOTKH I'HAPOJIOTHUECKUX JAHHBIX U ()OPMUPOBAHUE TPOLYKIIUU CHCTEMOH
PEKU-PEXUM

IIporpaMMHBIii KOMILIeKe cHopa 1 00pPadOTKH IMAPOJIOTrHYeCKOi
HH(pOPMALUU HOBOTO MOKOJIEHHSs

B Hacrosiee BpeMs 3aBeplleHa pa3paboTka MepBOH BEpCHH MPOTPaMMHOTO
KOMITJIEKCa HOBOTO MOKOJIeHUs «VIBonray, MpeqHasHa4eHHoro Ui cOopa, aHaIm3a 1
00pabOTKM IMIPOJIOTHYECKUX JaHHBIX [7; 8].

HoBblil mporpaMMHBI KOMIUIEKC COOTBETCTBYET COBPEMCHHOMY YPOBHIO pas-
BUTHS KOMITBIOTEPHBIX TEXHOJIOTHH, IMEET KINEHT-CEPBEPHYIO apXUTEKTYPY, pPeali-
30BaH 10 TEXHOJOTUH «TOHKOT0» KIMECHTA, UMEET IIEHTPAIIN30BaHHOE XPaHEHHE JTaH-
HBIX, B3aWMOJICHCTBHE C IIOJIb30BATEIIEM OCYIICCTBIICTCS HCKIIOYHTEIHFHO Yepe3
Opay3ep, coxpansist mpeeMcTBeHHOCTb ¢ cuctemoit PEKM-PEXKMIM B wactu anropur-
MOB 00pabOTKH, AEHCTBYIOIINX METOIMYCCKUX TPeOOBAaHWH K aBTOMATH3MPOBAHHOI
00paboTtke ruaposornueckoi nHGpopmanuu [9]. OCHOBHAS YaCTh CUCTEMBI pealln30-
BaHa Ha s3bIKe Java, HO 4acTh paCueTHBIX MOJyJIeH pa3paboTaHa Ha si3bike Python.
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MBOIITA. nicsopmiesmines | RERARIMEAA] Too¥

won  Exeaneswsie pacoaM  [010BIA 0paboTKA  Kapra  Dopuwposinwe oTueros  Oadnk

® Bce aamnme 00800 OB 020 ne aoB
e p— Yewh. | Tem | |omen T ——

R Bown  Hipmew  KCBOWoncocrommme e

rominaad  uamworo ofvexra) soawaro oonexmal

" 0 17

BEEEO

KCBO (Ko cocromman KEBO (Ko socrommnn

Jlien (VEAOKDAOM, BI0HBANAEN M AD TERHUECKNMN CDEACTBAN)

BHelwHue notpebutenu

pebuTe;

NOCTaBWHMKKA JaHHbBIX

MNoTtpebutenn

BHUATMI-ML,

Puc. 2. Dxpannbie popmbl 3aHecenus nHdGopmaiu B cucreme Mposnra
Flnarmma s a st 1 L A Am AL~ M IR Am mAL LA 14 S A a4 Fd e RS AL iy
MporpamMmHbilt KOMIABKE NO HEKONAEHINO 1t 0EPE5OTRU THAPOAGTIUHEKIX
JaHHbIX «MBOAra»
rC/YrMC/UIrMC/HKY Mecro yctaHoBku CNO BHUUTMI-MLA,
ABTOMATUINPOBAHHOE || -
pabouyee mecto {APM)
Bbaza pexumHbIX
nonb3oBatens

rTMAPOACrMYECKNX AaHHBIX

S —

WEB-nprnomenue

- BBOL, KOPPEKTUPOBKa JAHHBLIX;
- obpabortka, 060GLWEHWIA W BBINONHEHWA
PacueTos;

TexHonorus
rMAPOAOrMHECKOTO

- PaCUET EXEHEBHBIX PACKOACE BOAb;
- bopmupoeaHue oT4eTaB (Tabanuel EAC,
MAC, EMAC v ap.);

- PaPMUYECKOE NPeACTABACHWA AAHHbBIX;
- kapTorpadmueckoe NpPeacTaBAeHNA
A3HHbIX;

CEePBUCH AOCTYNE K AZHHBIM

NPOrHO3MPOBaHKWA

MNMocTaBLwmkm

- YNP&aBAEHNE METa4aHHbIMM. [

- MOAY AR BOPMUNOBAHKA haAN0R ——
AC/TOBNEMEHHOTO XPAHEHWA ANA

nonoaHenna focdorga

Puc. 3. ApxuTekTypa 1 KOMIIOHEHTBI HOBOI CHCTEMbI 00pabOTKH THPOIOTHYECKHUX JAHHBIX!
1 — IleHTpaIbHOE XPAaHWIMIIE THIPOJOTHYECKUX JAHHBIX U MPOYKIUH; 2 — CepBEp MPUIIOKCHHIH,
COZICPKUT BECh HEOOXOUMBII (DYHKIIMOHAN 1151 paOOTHI C THAPOIOTHYCCKIMH JAHHBIMU U
CpeJICTBA OArOTOBKH IPOAYKIMHU; 3 — CUCTEMBI cOOpa IaHHBIX, KOTOPBIE SBISIOTCS
MOCTaBLIMKAMH JaHHBIX, HOCTYNAIOIIUX [0 aBTOMaTU3HPOBAHHBIM KaHAIaM CBSI3H; 4 — BHEIIHHUE
CHCTEMBI, KOTOPbIE SIBJISIOTCS MOTPEOUTENSIMU THAPOJIIOTHYECKUX JTAHHBIX, IOCTYII K EHTPAILHON

b OCYIIECTBIISIETCA TOCPEACTBOM Web-CCpBI/ICOB
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IIporpaMMHBIiT KOMIIIEKC MOKET (DYHKIIMOHMUPOBATH Ha JTI0O00H OTMeparimOHHON
cucteMbl cemerictBa Windows wiu Linux, kotopas nojiepkuBaet OpenJava 1.8, B
ToM umciie Ha oTedecTBeHHOM OC Astra Linux. B HacTosiIee BpeMst OHa yCTaHOBJICHA
Ha omeparmoHHoi cucteme Linux CentOS 8. B kadectBe BeO-cepBepa HCIOIB3YETCS
Tomcat 9 B unTerpamuu ¢ Bed-cepepom Nginx 1 uWSGI st paboTsl MoyIIeH, pas-
paboTtaHHBIX Ha s3bike Python. B kadecTBe cucTembl yrpaBieHUs 0a30if JaHHBIX HC-
none3yeTrcsa PostgreeSQL. J{ng ynpaBneHus uACHTH(HKALMCH MOJb30BaTeNeil uc-
MOJB3YETCs IPOTPAMMHBINA TIPOIYKT C OTKPBITHIM HCXOTHBIM KogoM Keycloak.

Kirouessie nmpenmymiectsa [1K «Bosray 1mo oTHOIIEHHUIO K IEHCTBYIOIIEH CH-
creme PEKU-PEXXUM:

— OTCYTCTBHE HEOOXOIUMOCTH YCTaHOBKH U CONMpoBoxaeHNA B YI MC noxains-
Horo I10.

— CYIICCTBCHHO IepepadoTaHbl (opMBl BBOJA JAHHBIX HaONIOJNCHUH, B TOM
YKCIIe MUHUMHU3HPOBAHO KOJIMYECTBO 3aKOANPOBAHHOW HH(OpMAany;

— BO3MOXKHOCTbH pa3BUBATh CHCTEMY, TaK KaK HCIIOJIb30BaH COBPEMEHHBIN ap-
XHUTEKTYPHBIA TIOAXO U S3BIKM IIPOTPaMMUPOBAHNS;

— eAWHAas [CHTPATH30BaHHAS 0a3bl JAHHBIX PEKIUMHBIX THIAPOJIOTHICCKUX TaH-
HBIM;

— BO3MOXKHOCTb B3aUMOJICUCTBHSA C IPYTUMH CUCTEMaMH IIPH IIOMOIIU CEPBU-
COB MEXXMAIIMHHOI'0 00OMEHa;

— paboraer Ha 0a3e cBoOOAHO pacmpocrtpansemoro 110, obecnieyeHne mepe-
xofa Ha poccuiickoe I10;

— IIpU MOATOTOBKE PSXKUMHBIX JAHHBIX HMEETCSI BO3MOXKHOCTH B OOJIBINICH Mepe
MCTIONIF30BATh JaHHBIX HAOIIOCHNH, TOCTYAIOIINX IO aBTOMaTH3NPOBAHHBIM KaHa-
JIaM CBSI3H, B TOM uHcJie 1 nanaeie AI'K;

— peaaM30BaHa CHCTEMa YIPaBICHUS JOCTYIOM IOJIb30BaTeNeit.

— KOHTPOJb PEKXUMHOH THIPOIOTHUECKON HH(POPMAIIUH B PEXKUME OHJIANH;

— ¢opmupoBanne apxuBHbIX (aiinos B AO/I-popmare, coBmectumbiM ¢ PEKH-
PEXHM;

— 3aJI0KeH 0a30BbIi (hYHKIMOHAI Ui cOOpa U 00paOOTKHU JaHHBIX [0 03EPHBIM
MOCTaM.

HoBprif mporpaMMHBIH KOMITIIEKCa cOopa, 0OpaOOTKH M HaKOIUICHUS JTaHHBIX
THIIPOJIOTHYESCKIX HAOIIOACHUI M0 peKaM M KaHaJlaM JUIs PeXKUMHBIX Lelieit, obecrie-
YUT CKBO3HYIO aBTOMATH3UPOBAHHYIO TEXHOJIOTHIO 110 BHITYCKY €KETOJHBIX 1 MHOTO-
JIETHUX CTIPAaBOYHUKOB BOHOTO KajacTpa, OT MOJTyueHHs JaHHBIX C aBTOMAaTHYECKUX
THIIPOJIOTHYECKIX KOMITICKCOB IO BBITYCKa TaOJHWI] THAPOJIOTHYECKUX CIIPABOYHU-
KOB, BKJIFOUas Bce (ha3bl KOHTPOJIS, aHAJIH3a, PACUCTOB, BEIOOPOK.

B HOBOI cucteme coxpaHseTcst BO3MOKHOCTb (JOPMUPOBATH MACCHUBBI PEXKUM-
HBIX JIaHHBIX JUIS TTOTIOJTHEHHUS TOC(OH/Ia TPAAUIIHOHHEIM CIIOCOOOM, T. €. COXPAHATH
Ha KOMITBIOTEPE MOJIb30BaTENs apXuBHBIE (aitbl B popmare SO/, I[Tpu sToM co Bpe-
MEHEM, KOrjJja cucreMa OyAeT MOIHOILCHHO AKCILTyaTHPOBAThCS HAa CETH, HEOOXOIH-
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MOCTH B Iepefadyr JaHHBIX B (OHI TPaIUIIMOHHEIM CIIOCOOOM MOYKET OBITH MCKITIO-
YeHa, a HaJI0 Oy/IeT TOJBKO MPHCIIATh YBEJOMIICHHE, YTO JaHHBIC B CHCTEME TOTOBEI
JUTSL BKJIFOUCHUS B TOC(OHI.

OJHUM M TOCTABIIMKOB JaHHBIX JUIs CHCTEMBI VIBOJTa JOKHO CTATh CTICIHAIh-
Hoe nporpammuoe obecrieuerrne CITO [ICO/I, koTopoe akKyMyJIUPYeT ONepaTUBHYIO
UH()OPMAIIHIO C TUAPOJIOTUICCKUX TOCTOB BKIrouas nanHeie AI'K. Apxutekrypa mpo-
TPaMMHBIX KOMITJIEKCOB MTPElyCMaTpPUBAaET MEKMAIIMHHBIA 00OMEH.

B Ugonre 3anoxens! ¢yaknnu OecrmmoBHOi mHTerpanmu ¢ CIIO LICO/, a
MMEHHO peayin30BaHbl HHCTPYMEHTHI uMriopta nanubeix u3 CI1IO CLHO/ mis ux nanb-
Helmeld 00pabOTKU U BKITIOYEHHS B THIPOJIOTHYCCKHIE €KETOIHUKU U JUIS TTOTIOJTHE-
Hust ET'®/] (eqnHOTO rocy1apcTBeHHBIN (DOHIT TaHHBIX).

Hecwmotps Ha TO, uTo MIBONTAa MOXKET (DYHKIIMOHHUPOBATH KaK CAMOCTOSTENbHAS
cuctema, 6e3 mmropra JanHeix u3 ¢ CITIO IICO/] Bo3moxxHOocTH VBOJITM OyAeT uc-
M0JIb30BaHbI HE B MOJIHOM Mepe. Tak Kak IMEHHO TaKHM 00pa30M MpeyCMaTpUBacTCs
ABTOMATH3HMPOBAHHOE TIONOHEHNE JaHHBIMH HAOMIOICHNH, OCTYMAIONINX C aBTOMa-
THU3UPOBAHHBIX THIAposormdecknx komriuiekcoB (AI'K). Kpome Toro, BO3MOXKHOCTH
UMITOpTA ONEPATUBHBIX JaHHBIX HaOmroneHni nocrynarpmmx B CI10 LHCO/] mo Tpa-
JULMOHHON cucTeMe CBsI3H B Buae Tenerpamm KH-15, Tak ske yacTH4HO aBTOMATH3U-
pyeT 3amauy cOopa JaHHBIX IS cuCTeMBbI MBosra.

Buenpenue nporpamMmmHoro kommiekca «Boira» B TeppUTOpUAIBHBIX YIIPaB-
nenusix Pocrungpomera mnanupyercs B 2025 r.

K nacrosmemy Bpemenu:

— CO3JJaH KaTaJIoT BCEX JEHCTBYIONMX THAPOIOTHIECKUX MOCTOB MO peKaM U
KaHajaM;

— 3arpy’eHbl PeKUMHBIC THIPOJIOTMYECKUE AaHHBIE MO peKaM W KaHajlam 3a
20192022 rr,;

— CO3J1aHbl YYETHbIE 3alUCU I0JIb30BATEIEH.

Jns yenemHoro BHeapeHus: cuctembsl «MBoisra» HEOOX0IUMO PEelIMTh psif 3a-
nad [10]. OnTuManbHBIM peleHHeM Ha dTare BHEAPEHHs SBISIETCS COXPaHEHUE BO3-
MokHocTH wucnosb3oBanusi «PEKU-PEXXMM)» kak pesepBHOH. HeoOXoauMmocTh B
9TOM MOXKET BO3HUKHYTb, MPEXKJE BCEro MO MPUYUHE, YTO apPXUTEKTypa CHUCTEMbI
«MBomnray TpedyeTr HaNu4Ks CTAOUIBHOIO HHTEPHET-COCTUHEHHS KIIMEHTCKUX MAIIH
MOJTE30BATETICH C CEPBEPOM, UTO ABIACTCS €€ Y3KIM MECTOM, TOCKOJIBKY OCTYII K MH-
TEPHET-CETU B HEKOTOPBIX opraHuzanusx Pocruapomera He Bcerzna A0CTaTOYEH NS
oOecrieyeHNsI YCTOMYUBON CBSI3M, TAKXKE HE HCKIIOYCH M COOIl caMoil CHCTEMBI
«Bosray.

ABTOMATH3UPOBAHHBII pacueT pacxola BOAbI H ONIEPATHUBHBIN yUeT CTOKA
OpHa 13 Ba)KHBIX 3a/1a4 110 aBTOMATU3alul 00paO0TKH IaHHBIX SIBIISICTCS pacyeT
eXeIHeBHBIX pacxonoB Boasl (EPB) mo pesynpTaTtamM ruipoMeTpUIecKUX U3MEpeHHH
1 HAaOIOJICHUI: TUCKPETHBIX H3MEPEHHBIX PacX0JI0B BOJIBI, HETIPEPHIBHBIX HaOIIIOe-
HUH 3a YpOBHEM BOJbI, HAOMIOAECHUAMH 32 (haKTOPAMH BIMSIOIINX HA MPOIYCKHYIO
CIIOCOOHOCTH pycia (JIE0BbIC SIBJICHUS, 3apacTaHe pyclia, IIEPEMEHHbIH MOJIop OT
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BITQIAIOIINX HIDKE TIPUTOKOB WIJIM PAa3MEIICHHBIX B PYCIIe THAPOTEXHNIECKUX Xapak-
TEPUCTHK U T. ). MeTOIBI pacyeTa e)KeTHEBHBIX PACX0I0B BOJIBI OITMCAHBI B ICHCTBY-
FOLIEM PYKOBOJSIIEM JOKYMEHTE 10 00paboTKe HAOIr0IeHHH 3a CTOKOM Bobl [11] 1
CTaThe O Pa3BUTHUH METOAOB THIPOMETPUIECCKOTO yUeTa U yBSI3KH CTOKA.

Oram pacdera eXeJHEBHBIX PacX0J0B BOABI HanboJee TPy I0EMKHIi B TIporiecce
00pabOTKH TUAPOIOTUYCCKUX JAHHBIX. [Ipy BBIYUCICHUU CPOYHBIX M €KEITHCBHBIX
pacxoJ0B BOJBI B KaueCTBE MEPBOTO MPUONIDKEHHS NMPH (PUKCHPOBAHHOM YpPOBHE
BOJIBI TPHHUMACTCS 3HAYCHNE PACX0/1a BOJBI, OIyYEHHOE 10 KPUBOH PacXo0B WM
YPaBHEHHUIO CBSI3M pacxomoB M ypoBHei Boasl Q(H), koTopoe MOXXHO CyIIECTBEHHO
YTOYHMTD, €CIM YUYECTh U3MEHEHHs! MIPOIMYCKHON CIIOCOOHOCTH pyciia, HapylLlarolue
onHo3HauHOoCTh cBsizu Q(H) [12]

MucTpymMeHTBI, KOTOpPBIE MO3BOJISIOT aBTOMAaTU3upoBath pacuer EPB Bxonsr B
nporpammubiil komimieke «PEKU-PEXIM», paspadorannsiii B BHUUT MU-MII u
«PEYHOM CTOK», pa3paboTannsiii B ['0Cy1apCTBEHHOM TMAPOIOTHYECKOM MHCTH-
TyTe. Cucrema «lBonra» Tak e COICPKUT MHCTPYMEHTHI O3BOJISIOMINE aBTOMATH-
3UpOBATh BBIYUCIIEHUE PACX0a BOABI 10 allIIPOKCUMUPYIOLIUM KPUBBIM 3aBUCUMOCTH
Q(H) u npyrumMu MeTOaMH, B TOM YHCJIE U UHTEPIOISILIMOHHBIMHU.

VIBOMTA  facnopmume namase  Aawe Tpagucn p Fonosan obpaborka  Kapra  Gopumposascarueton  aiin ashevchenko [+ Booion

£ Moays pacsiera exegesnbix pacioos Bogs!

Kpusan  PacuetEPB  Xpowonorwueckue AaWduie  EPB  CpouHbie pacogs Bosks

Tlocr 71185 - pEapayra - cBapay

1

71186_2022_Glush 01

Monpasxw Crayra B MNlerewna () flamei wamepennd B Visepennsie pacoas 0 Koopaawars: kpueoi

o [ e
Puc. 4. Monyib pacueTa exeJHEBHBIX PacX0/0B BoAbI B cucteMe «VBoaray.
ABromaruueckuii moaoop kpuBoii 3asucumoctu Q(H)

OHCpaTHBHLIﬁ BApHUAHT y4Y€Ta pEYHOT'0 CTOKA MOAPA3YyMEBACT BHIYMCIICHUC 3HA-
YeHUN Pacxoa0B BOABI MPAKTUYECCKU B PEIKMUME PCaJIbHOI'O BpEMEHU JJIA obecreueHUs
3aga4 MPOTHO3UPOBAHUA U NPEAYNPEKIACHUA OMACHBIX THAPOJIOTHYCCKUX ﬂBHCHI/Iﬁ,
CIKCTHCBHOI'O KOHTPOJIAA BOAHOCTHU PCK U I/IH(I)OpMaL[I/IOHHOFO obecrieyeHust Cl)yHKI.[I/IOHI/I-
poBaHus 00BEKTOB BOTHOI'O X03sICTBA B PEUYHBIX OacceiiHax. 3&,[[3‘13 OIEPATUBHOI'O y1UCTa
CTOKa 3aKJIF0YacTCA B IMOJIYYCHUN CPOYHBIX U €KEIHCBHBIX 3HAYCHUI pacxoaoB BOAbI 110
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JTAHHBIM aKTyaJIbHBIX HAOTIOCHMI 32 YpOBHEM BOJBI I COBOKYITHOCTH M3MEPEHHBIX pac-
XOJI0B, BBINIOJIHEHHBIX B IIEPHOJ, IPEAILIECTBYIOMMI MOMeHTY pacueTa [13]. B HacTo-
sl1ee BpeMsl akTyasbHa 3a/1aua aBTOMaTH3allu ONEPaTUBHOTO yueTa CTOKa.

Jlnis mosry4deHns OnepaTUBHBIX TAHHBIX O CTOKE MIPUXOIUTCS OMUPATHCS HA TaH-
HbIE IIPOLLIBIX JIET, IOATOMY 33 OCHOBY OIIEpATUBHOIO y4eTa CTOKa IIPMHUMAETCS] MHO-
rosieTHss 3aBucuMocTh Q(H) B cirywasix, korza B Te4eHHE MOCIEIHHX JIET HE IPOHC-
XOJUJIO CYIIECTBEHHBIX M3MEHEHUH MPOITyCKHOW CIIOCOOHOCTH pyciia M PeKUMa PeK.
B cucreme MBonra peanm3oBaHa mepBast BEPCHs CepBHCa MEKMAIIMHHOTO OOMEHa
“discharge-real-time”, KOTOPBIN IS 3aIaHHOTO JTHS PACCUUTHIBACT PACXO BOJBI JIJISI
KOHKPETHOT'O I'MJPOJIOTHYECKOro 1MocTa Ha ocHoBe 3aBucuMoctr Q(H) u xoaddunn-
eHTOB cTecHeHus pycna. Cepsuc peanmsosaH B Buae API (Application Programming
Interface), OCHOBHBIM MOJB30BATENIEM CEPBHCA JODKHO CTAaTh MPOTpaMMHOE obecre-
gernne CIIO LICO/.

Pacuet pacxomoB BOAbI 0 OJJHO3HAUHOM kpuBoit 3aBucumoctu Q(H) s nepu-
0J1a OTKPBITOTO PyCia, KOT/Ia OTCYTCTBYIOT (haKTOPHI YMEHBIICHUS €T0 MPOITyCKHOM
CIIOCOOHOCTH, B OCHOBHOM TaKHe, KaK JICOBBIC SIBJICHHS U 3apacTaHUE, HE BBI3HIBACT
0co0bIX TpyaHocTel. [Ipy pexxuMHOM pacueTe cToka noadop koddhuuneHToB crec-
HeHus pycia (ko uineHT 3apactanus, K03GGUINCHT 3UMHUH (TIPHU JIETOBBIX SIBJIC-
HUSIX)) BBITTOJHSETCS 110 OTKJIOHEHHIO oT kpuBoi Q(H) pacxomoB BoIsI, H3MEPEHHBIX
32 pacCUUTHIBACMBIH MEPHOJ, NIPH (PAKTOPaX, BIMAIONIMX HA MPOITyCKHYIO CIOCOO0-
HocTb. [Ipu pacuere onepaTHBHOTO CTOKA C MOAOOPOM TaKUX KO3()(PUIIMEHTOB BO3HHU-
KalOT TPYAHOCTH, TaK KaK MMEIOTCS JaHHBIE TOJNBKO IPEJIIECTBYIOIIETO Mepruojaa u
HMHTEPIIONANNSA KO3 GHUINEHTOB CTECHEHHS pycia MEKAY JaTaMU H3MEPEHHBIX pac-
XOJI0B BOJIbI HEBO3MOJKHA.

Ha BennunHy K03 uIeHTa CTECHEHUS PyCcila B 3SMMHUIT IEPUOJ ITPEXKIE BCETo
BJIMAIOT Takue (hakTOpBI KaK HAIMYME JIBA W €T0 TONIIMHA, B JICTHUH — 3apacTaHue
pycna. O4eBHAHO, YTO Y PEK C YCTOHMUYMBBIM PYCIIOM JOJDKHA OBITH XOpOIIasi CBSI3b
YPOBHS BOJIbI, KOJIMUECTBA JIbla U 3apacTaHuUsl ¢ pacXxoioM Boxbl. [l onpeneneHus
9TOH CBA3M XOPOILIO MOAXOASAT METOAbI MAIIMHHOTO 00yUCHHSI, a UMEHHO HEHPOHHbIE
ceru [14].

Jns perieHust 3aJadd MPOTHO3UPOBAHUs (pacdera) ONEPAaTHBHOIO pacxoia
BO/IbI OBLIM TPUMEHEHBI HEHPOHHOM ceTH npsiMoro pactipoctpanenus (FNN) u pexyp-
pentHble HeifponHble cetr (RNN). s oO6yueHns Moaenn HeHpOHHOIT ceTn ObLTH HC-
M0JIb30BaHbI JJAHHBIE CYTOYHOTO pa3pelieHus 3a nepuof ¢ 1985 o 2015 r. lannsie ¢
2016 mo 2022 r. UCHoaAb30BANUCH U Bepu(UKAIIMA 00YYCHHBIX Mojenei. Tak kak
TOJIIMHA JIbJIa UMEET MPSIMYI0 KOPPENAIHIO C TEMIIEpaTypoill BO3AyXa, a JaHHbBIC
HaAOJI0ICHNH 32 TOJIIIMHOM JIbJIa IPOU3BOISATCSI HEPETYIISIPHO, TO ISl 00yUeHUS MO/Ie-
Jeit ObUTH MCIIOJIB30BAHbI MAaCCHBBI IAHHBIX C CPEJHECYTOUHBIMU 3HAUCHUSIMU YPOBHS
BOJIbI, TEMIIEPATYPBI BO3yXa U PACXOJ0B BOJIBI.

B xadecTBe 3KcrIeprMenTa, 00y4eHNE MOJIeNCH OBLTO BRIMOTHEHO JUTS HECKOJIb-
KHMX TUAPOJIOTUYECKUX [TOCTOB 30HBI 0TBETCTBEHHOCTH Tepputopun ®I'bY «Mypman-
ckoro YI'MC». Pe3ynbraThl Hoka3aiu J0BOJIbHO XOPOLIYIO CXOAMMOCTb IPOTHO3UPY-
eMBbIX (PacdeTHBIX) 3HAUCHUN OOYUCHHBIX MOJeNeld HEHPOHHOW CETH C peaTbHBIMU
JTAHHBIMH €KETHEBHBIX PACXOJ0B BOIBI, PACCUNTAHHBIME TPATHIIMOHHBIM CIIOCOOOM.
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Puc. 5. Cxemarnueckoe n300pakeHUe MOJIEIH HEHPOHHO CETH MPSMOT0 pacpoCTpaHSHUS
JUISL CBSI3M YPOBHS BOZBI U TOJILMHBI JIbJIa C PACXOJIOM BOJIBI.

Ha puc. 6 mpeacrasnen ruaporpad pacxoma BOIbI A mocta p. Bapsyra — c.
Bapayra pacuutaHHBIN TPaAAITMOHHBIM CTIOCOOOM U THAPOTrpadbl pacCINTaHHBIE 00Y-
YeHHOW HEWPOHHOM ceThio. B maHHOM mprMepe ObUTH 0TOOpaHbl 8§ 00yYeHHBIX MOJIe-
Jel HeHMPOHHOI ceTH, KOTOpbIe MOKa3adu HAWIYYIINH pe3ynbTaT (MMeIH HauMEHb-
IIYIO TUCTIEPCHIO) JUIS BCETO Tofa MO0 ISl OMHOTO U3 MEPHOA0B THAPOIOTHIECKOTO
pEeXHUMA: 3MMHUI IIEpUOJI, BBICOKOW, HU3KOH, CpeiHEN BOIHOCTHU JIETHE-OCEHHETO I1e-
puoja. J{nst craBHeHUs! IPEACTaBIIEH Pe3ybTaT pacyeTa ¢ IPUMEHEHUEM HEHPOHHON
cetu mpsamoro pacrpoctpanerus (FNN) u mis pexypentHoi monenu cetu (RNN). Kak
TTOKa3ajl Pe3yNbTaT IKCIEPHIMEHTa PEeKyPPEHTHBIC MOAETH JA0T OoJiee XOpommmuii pe-
3yJbTaT.

Mmgporpad pacxoaa sogei (Real Value) gns nocra p.Bapsyra - c.Bapsyra pacuMranHbIi TpaagMUMOHHBIM cnocobom 1
0 ruaporpadbl, paccHUTaHHbIE HEMPOHHOM CETbIO

FNN 1 —RNN 1 —Real Value —FNN 2 —RNN 2 —FNN 3 —FNN 4 —RNN 3 -FNN 5

Pacean voa, mfc .

i S ——

Puc. 6. T'upporpad pacxoma BojsI st mocta p. Bapsyra — ¢. Bap3yra pacuntansbrit
TPaMLHOHHBIM CIIOCOOOM U THIpOrpadbl, paCCYUTAHHBIC HEHPOHHOM CEThIO.
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B mpogomkeHnH paboT Mo yIIydIIEeHHI0 MaTeMaTHYECKOTO ariapara pacuera
OIIEPaTHBHOTO pacxoja BojkI B cucteMe «lBomray, Beo-cepBuc “discharge-real-time”
OyZeT IOMOJHEH METOJaMH pacyeTa C HCIOJIb30BaHHEM OOYYCHHBIX HEHPOHHBIH
cereil. B manpHEHIIIEM IS KaKI0T0 THIPOJOTHYCCKOTO TIOCTa MOTPeOyeTCst 00yueHHe
COOCTBEHHOH MOJICITH HEWPOHHOW CETH.

3akaoueHne

braromaps HakormneHHON 06a3e MaHHBIX THAPOMETPUIECKUX HAOIIOACHUH U pe-
3yJlbTaTOB PACUYETOB HA UX OCHOBE 32 MHOTOJIETHHUI MEPUOJ M Pa3BUTHA CPEJCTB Ma-
IIMHHOTO 00YYEHHMs1, BO3MOXKHO CYIIECTBEHHO YIIPOCTUTB 1 MOBBICHTH KaU4€CTBO 00pa-
OGOTKH THPOIOTUYECKUX JaHHBIX B YaCTH ONEPAaTHBHOrO ydera cToka. [Ipu a3Tom ome-
paTUBHBIM ydeTa CTOKAa C NPUMEHEHHEM HEUPOHHBIX CET€H MOXKET NPUMEHSATHCS
Hapsay ¢ TPaJAUIMOHHBIMU METOJAMHU pacueTa Kak JOMNOJHUTENbHBI HHCTPYMEHT.

BHenpenne HOBOW cucTeMbl 00pabOTKHM THAPOJOIMYECKHX AaHHBIX MBosra
BaXHBIN ATl Pa3BUTHsI CUCTEM cOopa u 00pabOTKH THIPOMETEOPOIOTUIECKIX JTaH-
HBIX B cucteMe Pocruapomera ¢ mpuMEHEHHEM COBPEMEHHBIX HH(OPMAIIOHHBIX TEX-
HoJoruil. [Iporpammuslii komiuieke MBosnra copmectHo ¢ CIIO LICO/ noymkHbI cTaTh
HEOTHEMJIEMOI YaCThI0 COBPEMEHHOM CHCTEMBI TOCYIapCTBEHHOTO MOHUTOPHUHTA T10-
BEPXHOCTHBIX BOJHBIX OOBEKTOB B YaCTH aBTOMATH3ALMH TEXHOJOTHH cOopa, oOpa-
0OTKHM ¥ TIOATOTOBKH TIPOAYKINH.
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AHaJIU3 TOYHOCTH MPOTHO3UPOBAHUS TEMIIEPATYPHOIO
pexuma B 0acceiine o3epa baiikasa mo ancam0JIM JaHHBIX
rjo0aabHoi kauMaTuueckoit mogeaun CFSv2

H. B. AbacoB (nva@isem.irk.ru), B. C. I'acan (viktor-gasan@yandex.ru)

Hnemumym cucmem suepeemuxu um. JI. A. Merenmvesa CO PAH, 2. Upkymck

AnnoTtanus. [IpuBeeHbI pe3yIbTaThl HCCIEIOBAaHUH 3 ()EKTHBHOCTU HCIIOIB30BAHNUS IIPOTHOCTH-
YyeckHx aHcamOiel riodanbHol kiMMarnyeckoit cuctembl CFSv2 juist popMupoBanus OLEHOK TeM-
HepaTypHOro peKHMa Pa3IMIHOH 3a0I1aroBpeMEHHOCTH y IIOBEPXHOCTH 3eMiIM Ha IpuMepe Oac-
ceiina 03. baiikan. Ha ocHoBe pa3paboTaHHOr0 aBTOPaMH MOHUTOPUHIA M IPE0OPa30BaHUs IPOTHO-
CTHYECKUX aHcaMOIIell HCXOIHBIX JaHHBIX MPOH3BEICHA HX KIACCH(HKANIS 110 BpEMEHU CO3/IaHHs.
CdopmupoBaHbl BEPOSITHOCTHBIE PACIPEEICHHUs 0 3aJaHHON 00J1aCTH UCCIIeJOBAHUS B LIGHTPAIb-
HOH 30HE 03€pa C BHIYMCIEHUEM CTATUCTUUECKUX XapPAKTEPUCTHK: MATEMaTHUECKOE OJKHaHHE, Me-
JIMaHa, TPaHUIbl KBAHTUIICH BEPOSATHOCTHON KpHBOH. Pe3ynbTaThl Mcciie10BaHU MOKA3aIu HEIIo-
XHUe Pe3yIbTaThl 10 TOYHOCTH MPOTHO3UPYEMBIX OIIEHOK TeMIiepaTypHoro pexknma (menee 1 °C) ms
tertoro uois 2024 r. ¢ 3a61aroBpeMeHHOCTBIO 10 6—8 Mu MecsLeB. B pabore Taxoke npuBoasTes
MIPOTHOCTUYECKUE OIIEHKH Ha niojb 2025 1.

KaroueBbie c10Ba: 11100a1bHbIe KIMMAaTUYECKUE MOJIEIH, JOJITOCPOUHOE IPOrHO3UPOBAHHE, BEPO-
ATHOCTHBIE PACIIpe/Ie]IeHNUs, TOUHOCTh POTHO30B, BepUdHKanus.

Beenenue

JlonrocpouHoe NPOrHO3UPOBAaHUE TEMIIEPATYPHOTO PeXKHUMa, OCAAKOB U MPUTO-
KOB BOABI B BojpoxpaHmmnma ['OC sBrsercs BaXHOW 3amadell 1 3G GEeKTHBHOTO
ylpaBieHus: (GYHKINOHHUPOBAHUEM BOJOXO3IHCTBEHHBIX M DHEPIETUYECKHX CHCTEM.
HanexxnocTts monrocpouHoro rnporsosuposanus (6onee 1 mec.) TeMneparypHOro pe-
JKFMa, OCAJIKOB U JPYTHUX METCOPOIOTHUCCKIX MTOKa3aTeNnei 3a BEIOPaHHBIN HHTEPBAJ
BPEMEHH JJIsl Pa3JIMYHBIX PETHOHOB 3EMJIIH J0 CHX IOP OCTAE€TCsl HEAOCTATOYHO BBICO-
KO, HECMOTPSI Ha MHTEHCUBHOE PAa3BUTHE ITI00ANBHBIX KIIMMAaTHUYECKHX U HelpoceTe-
BBIX MOJEJICH.

I'mo6amsnas cucrema CFSv2 [1-3] exxenHeBHO (OPMUPYET I OTKPHITOTO HC-
M0JIb30BaHMS HPOTHOCTHYIECKHE aHCAMOIN CETOUHOTO Pa3pelIeHHs [0 BCEMY 3eMHOMY
HIapy Ha nepuoj 10 9 MecsleB ¢ BPeMEHHBIM HHTEpBanoM 6 uacoB. [IpuMeHseMblii B
cucTeMe aHCaMOJIEeBBIH TOAX0 MO3BOJIAET (POPMHUPOBATH PA3IMUYHbIC CIIEHAPUH U3Me-
HEHMA KIMMaTHYECKHX ITOKa3aTelell B 3aBUCHMOCTH OT 3a/1aBacMbIX HaYaJIbHBIX BO3-
MYILEHHUH, YTO TO3BOJIAET ()OPMHUPOBATH BEPOSTHOCTHBIE OLIEHKH ¢ OOJIBIION 3a0aro-
BpeMeHHOCThI0. Paspaborannas 8 UCOM CO PAH cuctema J0IroCpouHOro MpoOrHo-
supoBanusg [ eol UTICAP [4; 5] mo3BomnsieT 06pabaThIBaTh M HAKAIUINBATH B CIETIHAIIb-
HOM XPaHWJIHIIE arpEeTHPOBAHHBIE 10 CYTOK ITPOTHOCTHYECKHE AHCAMOJIIH [T UX JTalThb-
Helllero ucciae 0BaHus.
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IIporno3npoBanne TeMnepaTypHoro pe:xxuma o3. baiikan

Ha puc. 1 npeacrasiena xkapta pacrpeaesieHnii OTKJIOHEHUH TPOTHO3UPYEMbBIX
CPEIHHUX IO 5 aHCaMOIIIM JaHHBIX TEMIIepaTypHOro peknMa (st utons 2025 r.) oT-
HOCHUTEIIbHO CPEAHUX (PAKTUUECKUX JaHHBIX (110 JaHHBIM peaHanun3a [6]) 3a ananioruy-
HBI Mecsr. C TOMOIIBIO CIEUaIbHO pa3paboTaHHBIX KOMIIOHEHTOB CHCTEMBI [ eo-
T'UIICAP cerouHble naHHBbIE MPUBOJATCS B COOTBETCTBHE IO sYEHKaM, MCIIOJB3YS
JMBYXMEPHYIO JIMHCHHYI WHTeprossinuio. Ha kapre oTmedeH OacceitH BomocOopa
o3epa ¢ BoieeHueM obacteii: CeBepHas uacTh, lleHTpanbHas 4acTb, FOxHast 4acTh,
u Oacceitna p. Cenenru (Poccuiickast, MoHTosbcKast gacTh). [1Ikana OTKIOHEHUH IpH-
BeleHa B rpangycax Lenbcus B auanazone ot —8 °C o +8 °C. Ilpaktuyecku 1o BceMy
OacceifHy o3epa TeMIeparypa OXHIACTCS HUXKE MO CpaBHCHHIO ¢ uroiem 2024 r.,
Kkpome MoHrosibckoi actu Oacceitna p. Cenenra. OcraeTcst BOIIPOCOM, HACKOJIBKO
MOJKHO JIOBEpSATh IPUBEICHHBIM ITPOTHO3HBIM ITOKa3atessiM. [locimeyromue mporuo-
CTHYCCKHEC aHCAMOIIU JJAHHBIX MOTYT CYIIECTBECHHO M3MEHHUTH IPHUBEICHHYIO KIMMa-
TUYECKYIO KapTy TEMIIEPATyPHOTO PEXKUMA.
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Puc. 1. Ilporaocruueckue pacnpeseneHus Ha oib 2025 r. OTKIOHEHHH TEMIIEPaTypHOTrO PeKUMa
otHocuTenbHO Htons 2024 r. B G6acceiine 03. baiikas (110 IpOrHOCTUYECKUM aHCAMOIISIM
Ha KoHel (eBpaist 2025 r.) ¢ BBIIEICHHEM 00JIacTeH:
1 — CeBepHas yacthb, 2 — LlenTpanbHas yactb, 3 — FOxHas yacth, 4 — 6acceiin CeneHru
(Poccuiickas gacts), 5 — 6acceiin Cenenru (MoHronbcKast 4acTb)
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Bepudukanusi nporuocTuyeckux ancamoJiei

JIisl OLIEHKH HAJeKHOCTH MPOTHOCTHYECKHUX JaHHBIX 3a 2023-2024 rr. ObLIO
HakorieHo 6oiee 500 ancambelt (mpruMepHo 30 Ha KaXKIbIiA MECSIIT), IO KOTOPBIM OBIT
[IPOM3BE/ICH aHaJIM3 TOYHOCTH IPOrHO3MPOBAHUSI HA OCHOBE 00Pa0OTKH MX Pa3IMYHbIX
rpyni. Ha puc. 2 npuBejieHa rUCTOrpaMMa paciipe/ieNieHns] KOJIn4ecTBa ancamoen ¢
pa3HON TOYHOCTBIO INPOTHO3HUPOBAHMUS, OTHOCHUTENBHO (DAKTHUECKOTO IIOKa3aTels
ntoiist 2024 1. TouHOCTh ObUIA ONpezeNeHa KaK OTKIOHEHHE MaTeMaTHYeCKOTro OXH-
naans (MO) ancamOuieit ka10ro Mecsia oT (PaKTUIECKOro MOKa3aTels 3a MPOTrHO3U-
PYEMBIii TEpHO/I.

00, Femrmmmmmmn s e e S s e i e s e e i i R e B s e e e e iy S e -

90 ]

80 -

70

60 |-

50 [ |

Konnuectso cosnasiunx ¢ haktom aHcambned (%)
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Mecsiu nporHocTudeckux aHcambnen

Puc. 2. KoanuectBo aHcamMOJ1eil ¢ TOYHOCTBIO HPOrHO3UPOBAHMSI OTHOCUTEIBHOTO (haKTHIECKOro
nokazarens: 1 —0,5°C, 2 —1°C, 3 - 1,5°C

Ha puc. 2 BuaHo, 4to ¢ Tounoctsio MeHee 0,5 °C, myudre ce0s oKa3ain aHcam-
0Jin 3a Mali MecsIl, ¢ TOUHOCTHIO MeHee 1°C — 3a ampens, ¢ TOYHOCThIO MeHee 1,5 °C —
3a MIOHb. MaKCHUMaJIbHOE PACXOKICHUE COOTBETCTBYET aHCAMOIIsIM 3a HOsIOph 2023 T.

Just xakioro Habopa aHcamOiel Mecsina, HauuHast ¢ Hos10pst 2023 r. 1o HIOHb
2024 r., 6putH chOPMHUPOBAHBI BEPOATHOCTHBIE PACHpEACICHUS B BUAE (YHKIUU
IUIOTHOCTH PACIIPEAENIeHHsI BEPOATHOCTEH, (POPMHUPYEMOH MO IMITUPHUIECKUM JITaHHBIM
B cucreMe ['eol UTICAP ¢ pacueToM OCHOBHBIX CTaTUCTUYECKHUX XapakTepuctuk: MO,
MeMaHa, TPaHUIIbI KBaHTHIEH (puc. 3).
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Puc. 3. [IporHocTiuyecKe pacipeaeneHus TeMIIepaTypHOro peKiMa HEHTPaIbHON YacTu Oacceitna
03. baiikan muist utons 2024 r. o paznuunbeiM aHcamOi1sM cuctembl CFSv2 3a: a) HosIOpb 1 0)
nekadpb 2023 r.; B) siHBapb, T') eBpalib, 1) MapT, €) anpedb, k) Maii, n) uioHb 2024 1.; 1 —
IIPOrHOCTUYECKOE paclpesiesienue, 2, 3 — kBantuiu (5 %), 4 — dakr, 5 — MaremMaTnueckoe
oxuianue, 6 — Meauana; 7, 8 — rpaHMIbl BEPOSITHOTO M 9 — MAKCHMAJILHOTO Jxana3oHa
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ITo mporHOCTHYECKUM aHCAaMOJISIM KaXI0TO MecsIa IPUBEICHBI OITUOKH B BHIIE
OTKJIOHCHUH (haKTHYECKOTo mokazareist oT MO, a Takke BEpOATHOTO OIIDKaiIIero
MIPOTHOCTHYECKOT'0 [TOKa3aTelis (10 JaHHBIM BBILIC WM HUKE MaTEMAaTHUCCKOTO 0XKHU-
nanvsi). Haumenpmas ommoka otkiaoneHust or MO ormedena Ha puc. 3, 0, e (0,3 °C)
JUTSL MapTa | anpelts cooTBeTcTBeHHO. J[ist aHcamOueli 3a HOsIOph 1 ekadpb 2023 r.
OLIMOKU TOCTHTar0T HeMHOTo MeHee 2 °C ¢ MOHMKEHHOM POTrHOCTUYECKOM TeMIepa-
Typoit. ITo ancamOsiM 3a stHBapb-(heBpab ommoka cocranisier okoio 0,8 °C, a s
ancamOieit 3a maii-utonb — 0,5 °C. Ommoku ¢ TouHoCThI0 1 °C CUUTAIOTCS IOy CTH-
MBIMHU JIJIsl MCIIOJIB30BaHMS OLICHOK TEMIICPATYPHOTO PEkKHMa HpPU (POPMUPOBAHUU
MIPOTHOCTHYECKUX CIICHAPHEB MOJIE3HOTO MPUTOKA B 03€PO.

IIpornocTuyeckoe pacnpeaejieHue Ha b 2025 r.

Ha puc. 4 npuBeneHbl BEPOSITHOCTHBIE PACHPEAEIECHUs] TEeMIIEPaTypPHOTO pe-
’KMMa [EHTPaJIbHOM 30HBI 03epa Ha uroiib 2025 r.
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Puc. 4. Tlporaoctiyeckre pacupee/ieHns: TEMIIEPAaTyPHOT0o peXxnMa LeHTPallbHO YacTu OacceitHa
03. baitkan nis utonst 2025 r. no paznnuHbM aHcamOisiM cuctembl CFSv2 3a: a) Hosi0pb 1 6)
nexabpp 2024 r. ; B) stHBaps, ) deBpanb 2025 1. ; | — mporHocTHYECKOE pactpe/ieieHue,

2, 3 —xBauTii (5 %), 4 — daxt uronst 2024 r., 5 — MmaTemaTHuecKoe OXKHIaHue, 6 — Meanana; 7,
8 — rpaHuIBl BEPOSATHOTO U 9 — MaKCHMAIIbHOTO AUANa3oHa
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Ha puc. 4, a, 6 nmpuBeneHBI TPOTHOCTHIECKHE XapaKTEPUCTHKH IT0 aHCAMOIISIM
JIAHHBIX 33 HOSAOPb-1ekaOpb MecsIbl. [ cpaBHEHUS ¢ XapakTepucTukamu 1o 2024 r.
puc. 4 oTMeUeH (paKTHYCCKUN ITOKa3aTeNb CPeAHEH TemMepaTypsl 3a utosb 2024 1.

3ak/aouenne

ITo nmpenBapuTEIBHBIM IPOTHOCTHYCSCKIM ITOKA3aTeIsIM (T10 aHCAMOJISIM JaHHBIX
Jgo mapta 2025 r.) cpenansas temmepaTtypa utong 2025 r. oxugaercs Ha | unu Oonee
TpaaycoB HIDKE, 9eM B uroiie 2024 r. ITo npyrum obmactsam GacceifHa moxasarenu To4-
HOCTH TNPOTHOCTHYECKHX TOKa3aTeJeld aHaJOTMYHBI IIEHTPAILHON 00JIacTH, Kpome
MoHrounbkckoii yactu 6acceiina p. CeneHra, OmMOKA MPOTHO3UPOBAHUS U KOTOPOIt
6butn G6osee 2 °C. PaspabarsiBacmeblil B cucteme ['eol UTICAP 0ok kimactepu3aniu
MO3BOJIUT O0Jiee TITyOOKO UCCIIENOBATh OTIACNIbHBIC 00J1acTH OacceiiHa ¢ BBISBICHHUEM
3aKOHOMEPHOCTEH Ha OOJIbIIMX BBIOOpKax. Takke pa3pabaThIBarOTCS KOMIOHCHTBI
aHaJK3a TOYHOCTH MO0 MHTCHCUBHOCTSM OCAJIKOB, IPHU3EMHOMY IaBJICHHUIO U MOKa3a-
TeJSIM LUPKYJSIH atMochepsl B Oacceitne o3epa.

Paboma evinonnena 6 pamxax npoexma cocyoapcmeennoeo 3aoanus HCOM CO
PAH (Ne FWEU-2021-0003, pee. nomep: AAAA-A21-121012090014-5) npocpammol
@ynoamenmanvuuvix uccredosanuti PO na 2021-2025 ze.
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VJIK 551.465.7

Ocooennocts Db Huubo 2023-2024 rr. 1 ero BJINAHUA
Ha aTMOc(epHYI0 HUPKYJIASuu0 B EBpo-AT/IaHTHYECKOM
peruone

H. A. Bazunosa (nav@meteo.ru)', A. E. Basunos (vyazilov@typhoon.obninsk.ru)?

L @I'BY «Bcepoccutickutl HayuHo-uccied06amenbCKutl uHCIunym 2uopoMemeopoiouiecKoll
ungopmayuu — Muposoii yenmp dannvixy, 2. Obnunck Kanyscckoti o6
2@I'BY «HIIO-Taiighyn», 2. Obnunck

AnHotanusi. CrieHapuii ¥ HHTEHCHBHOCTh QHOMAIIMIl KIMMATUYIECKON CHCTEMbI, HAOII0JaeMBbIX B
9KBaTOpUaJIbHOM paiioHe WHauiickoro n TUXoro okeaHos, Mo3BOJIAIOT oTHeCTH Diib Huabo 2023—
2024r. k rpynme Hamboliee MHTEHCHUBHBIX TeruIbix coObiTHii DHIOK, oTMeueHHBIX 3a mepuon c
1979 no 2024 r. CpaBHenue ¢ dkcTpeManbHbiM b Huabo 1997-1998 rr. nokasano, uto B 060ux
ciydasix BiusHue Db HUHBO Ha aTMOChEpHYIO IMPKYIISLMIO B EBPO-ATIaHTHYECKOM PErHOHe Mpo-
SIBUJIOCH B BUJIE Pa3BUTUSI MHTEHCUBHOM IOJIOXHUTEIBHON (ha3bl BOCTOUHOATIAHTHYECKOro Kojeda-
HUS B OCEHHHUE ¥ 3uMHHE Mecsubl. Oxnako B 2023 r., B oTimune ot 1997 r., monoxxutenbHast ¢asza
BOCTOYHOATIAHTUYECKOTO KOJIEOaHHUsI COMPOBOXK/AIACH PAa3BUTHEM IOJIIOKUTENBHON (asbl ceBepo-
ATIIAHTHYECKOTO KOJIeOaH!s, YTO IPOSBUIIOCH B MHTCHCH(DMKAIINY [IUKJIOHIMYECKOM aKTUBHOCTH, KaK
Ha akBatopun CeBepHON ATIAHTUKH, Tak U B EBporneiickoM pernoHe, B TOM YHCIIe Ha €BPOICHCKOM
teppuropun Poccun. Baxknyto ponb B Mexanusme otkirka OHIOK B EBpo-ATinanTuueckuii pernon
MOJXKET UrpaTh aKTHBU3ALMS I0)KHOA3UATCKOTO CYyOTPONNYECKOr0 CTPYHHOTO TEUSHUS, YeEMY MOXKET
CIOCOOCTBOBATH 3KCTPEMAIBHOE HAarPEBAaHUE B BEPXHUX CJIOSX TPOIOc(hEephl B 3KBATOPHAIBHOM pe-
ruone Muauiickoro n TUXoro okeaHoB B MPEALISCTBYIOMINE IETHUN 1 OCEHHUI CE30HBI.

KurwueBble ciioBa: Db HI/IHLO, aTMOC(bepHaSI HUPKYJIOus, HUKJIOHWYECKast akTUBHOCTb

Beenenue

HawnGonee 3HaunMoOl MOJION M3MEHUYMBOCTH KIMMATHUECKOW CHCTEMBI OKCaH-
atMoc(epa B TponmmueckoM peruoHe siBnsgercs Onb Hunbo — HOxHOe KkoneOaHMe
(OHIOK). Uccnenoanus nokaseiBatoT, uto BiausiHue JHIOK, kak TerbIx sBIICHUIH,
Onb Huubo, Tak U X00AHbIX, Jla HUHBS, HA MOTOTy ¥ KJIMMAaT MPOSIBIISIETCS B pa3iiny-
HBIX paiioHax 3emHOro mapa. Hanbosnee 3HaunMMOe BIMSIHUE, B TOM YHCIIE HA DKOHO-
MUKY CTpaH, OOIIECTBO M YKOCHCTEMBI, OKa3bIBAIOT SKCTPEMAJIbHO CHIBHBIC COOBITHS
OHIOK. Crnemyer OTMETHTB, YTO HECMOTPS Ha PETYISIPHOE Pa3sBUTHE COOBITHHA
DHIOK, Habmro1aeMbIX Kaxapie 2—7 JIeT, B MOCJICTHUE HECKOJIBKO JIECATUIICTHH OTME-
YaIOTCsl 3HAYUTEIbHbIE H3MEHEHHS B YaCTOTE, MHTEHCUBHOCTH U XapaKTepe Kak Terl-
JIBIX cOOBITHH, D1 HUHBO, Tak U X0noaHbIX, — Jla Hunbs. BeneacTeue sTux n3meHe-
HUH B HacTOsIIEE BPEeMsI B HAYUHOU JTUTEpaType ObUIO MPEIOKEHO Pa3AesiTh COObI-
tust DHIOK Ha pa3Hble TUIbI, B 3aBUCUMOCTH OT MIPOCTPAHCTBEHHOT'O PACIIPEIeIICHUS
Temrepatypsl nosepxHocT okeana (TI1O) B Tpommdeckom pernone Tuxoro okeaHa
[5; 11]. Knaccuueckuit unu kanonndeckuii Tun SHIOK onpenensercs ocHOBHOM MO-
noit mamerguBocTH TI1O u B muTepatype 9acTo 0003HaYaeTCs KaKk KAHOHUYECKUH FITH
BOCTOYHO-TUXOOKeaHckuid. L{enTpanbHo-Tnxookeanckuii Tun DHIOK, wim tun Mo-
JIOKH, 00YCIIOBIICH BTOPOil Moo m3meHunBoctd TI1O B 3KBaTOPHAIBHOM PETHOHE
Tuxoro okeana. /s nnentndukanuu seiaeans Dinb-Huabo (Jla Hubbs) Bo MHOTHX

67



CoBpeMeHHble TEHAEHLNUN 1 NepcnekTUBbLI Pa3BUTUSA rnapomeTeoponorui B Poccun
Mamepuarsi VIl Beepoccutickoli HayyHo-npakmuyeckol KoHgeperuuu. Mpkymek, 19-21 mapma 2025 e.

HCCIIeTIOBaHMAX UcTIoNb3yeTcs okeanndecknii maaexc JHIOK (Oceanic Nino Index —
ONI), KOTOpBIil pacCcUNTHIBAETCS, KaK CKOJIB3AIIee CpeHee 3a TPH Mecdlla OTKIOHe-
HUE TeMIlepaTypbl IOBEPXHOCTH OKE€aHa OT HOPMbI B 9KBATOPUAIbHOM yacTu Tuxoro
okeaHa, B paiione Nino 3—4, ¢ koopauaaTamu (120° 3. 0. —170° 3. 1., 5° ¢. m1. — 5° 0. 11.),
U myOnukyeTcs Ha caiite Amepukanckoro Mereoponoruueckoro Llentpa. CormacHo
JTAHHOMY HHJEKCY, siBiieHre Dib-Hunabo (JIa Hunbs) npencrasiser co0oii siBIICHUE B
9KBATOPUAIBHON yacTu THUXOTo OkeaHa, XapaKTepPHU3YIOIIEecs MOJIOKUTENbHBIM (OT-
pULATENbHBIM) OTKIOHEHHEM TEMIIEPATypbl IOBEPXHOCTH OKEeaHa OT HOPMEI 1o abco-
moTHOH BenmmunHe Ha 0,5 °C u GoJiee B TeUSHHE MATH MTOCIEI0BATEILHBIX MecsIieB. Ha
OCHOBaHWH JTOTO HHAEKCA XOPOIIO HIACHTU(DUIIUPYIOTCS KIACCHUECKUE SIBICHHS
OHIOK. IMeHHO Ha OCHOBE JaHHOTO MHICKca yxke B Mae 2023 r. ObUI0 HICHTH(UIU-
poBaHO pas3BuTHe Teruioro cooertns DHIOK, xotopoe mpomomxkamock 10 ampens
2024 r. Ins unentudukanuu ssreanit DHIOK tuna Monoku, U OTHENeHUs UX OT
kiaccuueckux cooprtuit DHIOK, yacto nonoiHUTENHHO, B TOM YHCIe, B padot [3].
MCHOJB3YIOTCS MHAEKCHI, pacCUUThIBaeMble Ha ocHoBaHUU aHomaiuii TI1O B palionax
Nino3 u Nino4. CornacHo MeTofy, TpUMEHEHHOMY B pabote [3], maeHTHGHINpPOBaH-
Hoe sBNeHHe Db HUHBO OTHOCHUTCSI K KAHOHUUYECKOMY THITY TIPU YCJIOBUH, €CIIU 3HA-
yenus anomanuit TTIO B TeueHue Tpex MecsIeB B paiioHe Nino3 OoJbIe Mo cpaBHe-
HUIO ¢ aHOManusMu B paiioHe Nino4 . B ciydae ecnu anomanmu TIIO B paiione
Nino4 BeImre, yeM B paiione Nino3, To 1aHHOE cOObITHE D71 HUHBO OTHOCHTCS K THITY
Mopoxku.

Lenbto HacTosMIeH pabOTEI SIBISETCS U3yUEeHUE, BO-TIEPBBIX, 0COOCHHOCTEH pas-
BUTHsI AaHOMAJINK KJIMMaTUYECKOW CUCTEMBI B 3KBaTOpUaIbHOM pailone Muauiickoro u
Tuxoro okeanoB B nepuoj| pa3Butus Iib Huabo 2023—-2024 rr. B pa3inuyuHble CE30HbI
TOJIOBOTO LIUKJIA, U BO-BTOPBIX, HHTEPEC MPEICTABISAET OTKIUK aTMOC(EPHON TUPKY-
nsuun B EBpo-AtnantuyeckoM (EAP) pernone na 31b Hunbo.

AHOMAJIMM TeMIepaTypbl MOBEPXHOCTH OKeaH U aTMOC(EePHBIX 0CAIKOB

B TponuyeckoM peruoHe Mnamiickoro u Tuxoro oxkeanos

AHanmu3 BpPEMCHHOI'O M3MCHCHHS 3HAUCHHMH OkeaHm4yeckoro muuekca DHIOK
(puc. 1) mokaspIBaeT, 4YT0O MaKCHMAIBHOTO 3HAYCHHS, paBHOTO 12,0, OKCAHUYCCKUMA
naaekc DHIOK noctur B nexabpe 2023 r., a B peANIecTBYIONINE OCEHHUE MECSIIIBI 1
nepBble ABa 3UMHHUX Mecsna 2024 r. cymecTBeHHO npessiman +1,0. 9To mo3BosseT
otHecTH Db Huabo 20232024 rr. K Tpyrie Hanboiee MHTEHCUBHBIX TEIIBIX COObI-
tuit DHIOK, otmeuennsix 3a mepuoj ¢ 1979 mo 2024 r., Hapsiny ¢ coobrtasimu 1982—
1983, 1997-1998 u 2015-2016 rr. Cnexyer OTMETUTD, YTO NepeunciaeHHbie Db Hu-
HBO, COTJIACHO WHJIEKCAM M MHOTOYHCIICHHBIM HCCIEOBAaHUAM OTHOCSTCS K KIacCH-
YEeCKOMY, WIH KaHOHHYECKOMY THITY.
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3
1980 1985 1990 1995 2000 2005 2010 2015 2020 2025

Puc. 1. I3menenune 3HaueHnii okeannueckoro uuaexca DHIOK (mumHus 3eneHoro mpera), a Takxke
CKOJIB3SILLMX CPEIHUX 3HAUEHUll 3a Kaxable Tpu Mecsua unaekca Muauniickoro umnomus — DMI
(NMHMSA KOpUYHEBOTO 1BeTa) [12].

Onb Hunbo 2023-2024 rr. no xapakTepy pa3BUTHs TAK)Ke, KaK U BbILLIEIIEpEUnC-
JICHHBbIe UHTEHCHUBHBbIC Db HUHBO, OTHOCHUTCS K KaHOHMYecKoMy TuIy. KaHoHuue-
ckuii tun Onb Huabo 2023-2024 TT. TOATBEPXKAAIOT aHAU3 JAPYTHX HHISKCOB
OHIOK, B ToM umcie, B paifoHax Nino3 u Nino4, a Takke IIPOCTPaHCTBEHHOTO pac-
npegenenus anomanuii TIIO u ocaikoB B 3KBaTOpHAIbHOM paiioHe THXoro okeaHa B
neTHUH u oceHHuil ce3oHs! 2023 r. U mocnexyroumii 3uMHUI ce30H 2023-2024 rr.

(puc. 2).

Puc. 2. IIpocTpaHCTBEHHOE paclpeielieHHe CPEIHUX 3HAYCHUI aHOMAJINI TeMIIepaTyphl
noBepxHocTu okeana B °C (a, 0) 1 aTMOC(EpHBIX 0CaKOB B MM/CYTKH (B, I') B OCEHHUI CE30H
(ceHTsIOph-0KTIOps — HOSIOPB) 1997 1. (4, 6) n 2023 1. (6, 2), pacCYMTAHHBIX, COOTBETCTBEHHO, 110
nannbeiM apxuBoB ERSST. v5 SST [9] n Arkin-Xie Precipitation STD (CMAP) [14]
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Jlnis cpaBHEHHS HA ATOM K€ PUCYHKE ITPEACTaBICHO TPOCTPAHCTBEHHOE pacipe-
nenenre TTIO u aTMOChepHBIX 0CaIKOB B OCEHHMH ce30H 1997 T., TOJ pa3BUTHS HH-
TeHCUBHOTrO Oib HUHBO KaHOHMYECKOro TUMa. MaKCHUMalbHBIX 3HAUCHUH aHOMAIIUU
TTIO B skBaTOpHaANEHOM palioHe THXOTo OKeaHa JOCTUTIIN B OceHHUE Mecsibl 2023 1
HaOJII01aJINCh BOCTOYHEE JIMHUH CMEHBI JIaT. Ba)kHOI 0COOEHHOCTHIO IIPOCTPAHCTBEH-
Horo pacnpezaenenust anomanui TIIO B neTHH U oceHHUH ce30HbI Kak B 2023r., Tak
u B 1997 r., sBngeTCs pa3BUTHE OTpULATENbHBIX aHoManui TIIO B BOCTOUHOH YacTu
U IOJIOKUTEIbHBIX AaHOMAJIMM B 3alaJHOM 4acTH 3KBATOPUAIBHOIO pailoHa MuHnuii-
ckoro okeaHa. Pa3Butue anomanuii TI1O B skBaTopuansHOoM pernoHe Tuxoro u MH-
JUHCKOTO OKEaHOB COINPOBOXKAAIOCH (POPMHUPOBAHMEM HWHTEHCHUBHBIX aHOMAUIMH B
nosie atMocgepHsIx ocankos. 1 B 2023 u B 1997 rr., B TuxoM okeaHe HabIIOAAIOChH
CMelIeHne 00IaCTH OCaJIKOB M KOHBEKIMH M3 paiioHa MHAoHE3WH B IEHTPAIBHYIO
4acTh OKEaHA, B paliOH JIMHUM CMEHBI 1aT, B MHAMNACKOM OKeaHe — CyILECTBEHHOE
ocnabieHne 0caakoB B paiioHe okeaHndeckoi B3K B BocTouHOI! yacTH 35KBaTOPHATBEHOTO
paiioHa okeaHa 1 (YOPMHPOBAHNE HHTCHCHBHBIX OCA/IKOB B 3aIIaHON YaCTH OKeaHa.

Xapakrep anomanuit TT1O u ocagkoB B skBaTOpHabHOM paiioHe WHauiickoro
OKCaHa CBHUJICTEIBCTBYET O pa3BUTHU U B 1997 r., u B 2023 T. mON0KHUTEIEHON (ha3bl
Wuaniickoro aunonst. Unauiickuii Junons (Indian Ocean Dipole) siBnsieTcst BaxHOK
COCTaBJISIOIIEH KIIMMAaTUYECKON cucTeMbl TponukoB Muauiickoro u Tuxoro okeaHos
OKeaHa, MPEeJCTaBIsIeT MOy KIMMATHYECKOW U3MEHUUBOCTH B CHCTEME OKEaH-aTMO-
cdepa B 3KkBaTOpHAIBHOM paiione VHIUHCKOTro okeaHa, UMeeT MOJIOKUTEIBHYIO U OT-
punarensHyto (a3sl pa3BuTHA. B HacTosmee BpeMs i naeHTudukanm Muaaniickoro
Jlurons mMCTonk3yeTcsi MHJIEKC, BIEPBBIC MPETIOKEHHBIN aBTOpamMu padboTsl [12],
Dipole Mode Index — DMI, 1 KOTOpBI# paccUUTHIBACTCS HA OCHOBE aHOMAIIUH TeMITe-
paTypbl MOBEPXHOCTH B 3KBAaTOPHATIBHOM pernoHe MHANNCKOro okeaHa Kak pa3HOCTh
anomanuii TIIO B 3amagnoit (50° E—- 70° E, 10° S — 10° N) u 1oro-BOCTOYHOH 9acTH
JKBaTOpUANBbHOTO pariona Muauiickoro okeana (90° E— 110° E, 10° S — Equator). Ha
puc. 1 npencraBineH rpapuk BpeMEeHHOro u3MeHeHus 3HadeHui Dipole Mode Index
(DMI) 3a nepuox ¢ 1979 no 2024 r., pacCYNTaHHBIX KaK CKOIB3SIINE CPEAHUE 32 KaXK-
Jble TpH Mecsina. M3 pucyHKa MOXHO YBHJIETh, YTO B TOJbI HANOOJIEE€ NHTEHCUBHBIX
Ons Huapo,— 1982, 1997,2015 n 2023 rT., COrIIacHO MOJ0KUTEIHLHEIM 3HAUCHHUSIM WH-
nekca DMI, neiicTBuTenbHO HaOMroqanachk MOJIOKUTENbHAs (a3a Wuauiickoro nu-
10JIs1, OAHAKO HAmOOJIee BHICOKME 3HAYEHMS MHIEKCA OTMEUYAIOTCs TOJILKO B 1997 u
2023 rr.

AHOMAJIMM y/IeJIbHOMH BJIA’KHOCTH, NOTeHUHAJbLHON TeMIepaTypbl
U 30HAJILHOTO NepeHoca B IKBATOPHAIbHOM pernone Muauiickoro
u Tuxoro okeaHos

AHanu3 BepTHKAIBHBIX CCYCHHI PACIIPEICIICHIS aHOMAJIHI YICIbHOM BIaXKHO-
ctH B Teuenue 2023 1. mokaszsiBaeT (puc. 3), YTO HAYUHAS C JIETHETO U BIUIOTh J0 3UM-
HETO ce30Ha B 3KBaTopHaiabHOU atMochepe Mumuiickoro n Tuxoro okeaHoB HaOIro-
JIANIOCh 3HAYUTENHHOE YBIAKHEHHE HIDKHHX U CPETHHUX CIOCB aTMOC(epsl ¢ MaKCH-
MallbHBIMH 3HAYCHUSIMUA AaHOMAJIMH yICNbHON BIIQXKHOCTH B paiiOHaX aHOMAJIbHBIX
0CaJIKOB.
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Puc. 3. BepTukaibHOE paclpeieIeHue aHOMaINi yIeIbHOU BIaXHOCTH, I/KT (4, 0);
MOTEHIHATBHOMN TeMmepaTyphl aTMochepsl, °K (6, 2); 1 30HaIBHOM CKOPOCTH BeTpa B M ¢ ( 0, e),
ocpeHeHHBIX B nosioce mupot (10° 1o. m. — 10° ¢. 1m1.) 5KBaTOpHaNIbHOro pernoHa Muauniickoro u
Tuxoro okeaHOB B 3UMHHUI ce30H (1ekabpb — siHBapb — pepaib) 1997-1998 rr. (a, 6, 0) n 2023—

2024 rr. (6, 2), paccunTaHHbIX 110 ganHbIM apxusa NCEP-DOE [10]

B teuenne 1997 r., B otiuuue ot 2023 r., B 3kBaTopuaibHoii atmochepe Mumo-
TUXOOKEAHCKOTO PErHoHa KPOME 30H aHOMAIBHOTO YBIAXKHEHHS B PAlOHAX aHOMAJIb-
HBIX 0CaJKOB (popMHpYeTCsl OOIMMpHAs 30HA OTPUIATEIHHBIX aHOMATHUH YACTHHON
BJIQXKHOCTH B padioHe MHIoHe3uu. MakcuMaibHbIX 3HAUEHUH aHOMAaluU yAEIbHON
BIQKHOCTH, KaK MOJIOKUTEIbHBIC, TAK U OTPHULIATEIbHbIC, HAOIIOIAIUCH B 3UMHUI ce-
30H 1997-1998 1. B paiionax MakCHMaIbHBIX OCaJIKOB, Kak B 2023 r., Tak u B 1997 .
B BepXHEW Tpornochepe HaOI0aI0Ch aHOMAIBHOE HArpeBaHWe, ¢ MaKCUMAJIbHBIMU
3HAYCHUSIMH aHOMAJIUI MOTCHIMAIBHON TeMITepaTyphbl B 3UMHIE Ce30HHI (puc. 3, 6, 2).
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VYBiIaxXxHEeHNE HIKHUX U CPEIHUX CIOEB TPOIMOc(hepsl ¢ aHOMAIBHBIM HAarpeBaHHEM
BEPXHHX CIIOCB aTMOC(]EpHI B paiiOHaX aHOMAJIBHBIX 0CAJIKOB B SKBaTOPHAILHOM paii-
one MHmo-THX00KeaHCKOM peruoHa COMpPOBOXKIAIOCH (POPMUPOBAHHEM aHOMAIUN B
T0JIe 30HAIBHOTO NTePeHO0ca B HIKHEH 1 BepxHel Tponocdeps! (puc. 3, 0, e). Kaptuna
AQHOMAJIM 30HAJBHOTO IepeHoca, HabIroaeMasl B TeUCHHE Pa3BUTHA Dib HWHBO B
2023 r., B 00mIeM aHAIOTHYHA KapTHHE 30HAIBHOTO MiepeHoca B 1997 r. B skBaTopu-
aBHOM paiioHe HIMICKOro OKeaHa yxKe B ICTHHE MECAIbI Ha0MI0Jaoch ocaabieHue
3aI1aIHOTO TIEPEeHOca B HIDKHHUX CIOSIX TPOTochepsl M BOCTOYHOTO IEepEeHoca B BEPX-
HHX CJIOfX, Kak B 1997, tak u B 2023 1. B 3amaiHoi 1 11eHTpaIbHOM YacTH SKBATOPH-
aBHOTO paifoHa Tuxoro okeana, HAOOOPOT HAOIFOAIOCH YCIIICHUE 3aI1aHOTO TIepe-
HOCa B HIDKHEH Tporocdepe ¥ BOCTOYHOTO — B BepxHe. MakcUManbHBIX 3HAUECHUI
AQHOMaJIMH 30HAJILHOIO IIEPEHOCa JOCTUTAIOT B ITOCIEAYIOIMI 3UMHHM ce30H. OIHaKO
CJIeyeT OTMETUTh, YTO MHTEHCUBHOCTh aHOMAJIMM 30HAJILHOIO MEPEHOCA B HIXKHUX
cinosix Tporiocdepsi B 2023 r., 6osee cnabdasi 1o CpaBHEHUIO C AaHOMAIUSMHU 30HAJILHOTO
nepeHoca, HabmogaeMsIMi B 1997 1.

OkcrpemaibHble Db HUHBO BBIAEISIOTCS HE TOJIBKO XapaKTEPUCTUKAMU pas3-
BUTHS B TPOIIMUECKOM PETHOHE, HO TAKXKE IN100aIbHBIM BIMSHUEM Ha MOTOAY U KITU-
Mart B IpYTUX paifoHax 3eMHOTO IIapa.

Oco0eHHOCTH HUKJIOHUYECKO aKTHBHOCTH
B EBpo-ATianTnuyeckom peruone B 1997 u 2023 rr.

Or1ieHKa IUKJIOHUYECKON aKTHBHOCTH BBITIOJTHEHA HA OCHOBE aHATIHM3a MOBTOPSI-
€MOCTH M WHTEeHCHBHOCTH IIUKJIOHOB, PACCUNTHIBAEMBIX, COOTBETCTBEHHO, KaK KOJH-
YECTBO LEHTPOB IIUKJIOHOB U CyMMa aHOMAJIUil JaBJIEHHs B LIEHTPaX LUKIOHOB OTHO-
CHUTEJIBbHO KINMAaTHYECKUX 3HAUEHUH B y3J7IaX CETKU B KaJICHIaPHBII MecAI IO TaHHBIM
peanammza NCEP-DOE [10]. LleHTpbI IUKJIOHOB 1 TPAGKTOPHH MX CMEIICHUS PacCUIH-
TaHbl HA OCHOBE METO/1a aBTOMAaTHUECKOM HACHTU(HKAIINN MO 6-4aCOBBIM JJAaHHBIM aT-
MocdepHoro nasieHust Ha yposHe Mopst (MSLP) [1]. [dust ananusa oTOMpaInch HUK-
JIOHBI C JJTMHOM XKU3HH OT 3 cpokoB HabmoaeHus u 6onee. CornacHo naaekcam NAO
n EA (Tab:m.), B ocenane mecsas! u 2023 r., Habmogamack oTpHaTeIbHas as3a cene-
poarnantuaeckoro kosiebanus (CAK) u nHTEHCHMBHAS TOJIOXKUTEIbHAS (paza BOCTOU-
HoaTIaHTH4eckoro koiedanus (BAK), B mocnenyromme 3uMHIE MECSIIbI — HHTEHCHB-
Hast monoxwurtensHas gaza u CAK, u BAK. B ocennmii cezon 1997 r. mpeoGnanana
orpunarenpHas ¢aza u CAK, u BAK, u Tompko B mocienyromuye 3UMHAE MECSIIbI
copmMHpoBaIack JOCTATOYHO MHTEHCHUBHAS MMOJI0XNTENbHas da3a BAK.

AHanu3 IpOCTPAHCTBEHHOI'O PACIpENeNIeHHs XapaKTePUCTUK UKIOHUYIECKON
aktuBHOCTH B EAP moKka3piBaeT MHTEHCH(UKAIMIO INKIOHOB HA BOCTOYHOM aKBaTo-
pHUH OKeaHa ¥ Ha eBpPOIEeHCKOM KOHTHHEHTE B oceHHHe MecsIpl 2023 1. (puc. 4), 4T0,
JICUCTBUTENIEHO, XapaKTepHO JUIsl MHTCHCHBHOM IOJIOXKUTENBHOM (a3pl BOCTOUHOAT-
JaHTHUYecKoro konebanusa. B mocnenyromue 3uMuue Mecsns! 2023 r. Habmronanach
3HAUUTENbHAS MHTCHCH(HUKALUS LUKIOHMYECKOH aKTUBHOCTH B OCHOBHOW 30HE
HMITOPM-TPEKa, KaKk Ha akBaTOPUU OKeaHa, TaKk U B CEBEPHBIX pailoHax EBpomsl, dro,
OOBIYHO TPOMCXO/UT, NP WHTEHCUBHOH IOJOKUTENBHOH (haze ceBepoaTiaHTHYe-
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ckoro konebanust (CAK), u B cimydae coBnajenust nojoxurenbHbix ha3 CAK u Bo-
cTtouHoaTanTHueckoro kojedanus (BAK) [2]. B kauecTBe 00ImUX 0COOCHHOCTEH B
pasBuTuu LUKIOHNYecKOH akTuBHOCTU B EAP B 2023 11 1997 rr. MOKHO OTMETHUTDH HH-
TEHCHBHYIO TTOJIOKHUTENBHYIO (pa3y BOCTOUYHOATIAHTHUECKOTO KOJICOAHHs, B OCCHHUE

U TIOCJIETY FOIIME 3UMHHUE MECSIIBI, B IEPUOJT KyJIbMUHAIIMN Db HUHBO.
Tabruya
Esxxemecsiansie 3nauenust naaekcoB NAO u EA B mepron ¢ HioHS O anpens pa3BuTs Db HuHbo
2023-2024 rr. u 1997-1998 rr.

Ton u mecsn NAO EA T'ox u mecsing NAO EA
2023/09 -0,44 2,72 1997/09 0,61 -0,81
2023/10 -2,03 1,20 1997/10 -1,7 -1,50
2023/11 —0,32 1,19 1997/11 -0,9 0,92
2023/12 1,94 1,51 1997/12 —0,96 1,74
2024/01 0,21 2,58 1998/01 0,39 0,14
2024/02 1,09 1,7 1998/02 0,11 1,33

a) 6)
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Puc. 4. IlpocTpaHCTBEHHOE paclpe/ieieHIe HHICKCA IMKIOHNYECKOi akTuBHOCTH (r]1a)
B EAP B ocennne ce3onbt 2023 1. (a) u 1997 1. (8), a TaKKe B MOCTEYOMINI 3UMHAE CE30HBI
2023-2024 rr. (6) 1 1997-1998 r (2)

Pannne uccnenoBanust He oTMeuanu 3Ha4NMOro 3¢ ¢pexra DHIOK Ha morony u
xmmMmat B EAP, ogHako B Ootee mo3aHMX padoTax, B TOM ducie B [6; 8], Obuta mpen-
JIO’KEHA TUIOTE3a M MEXaHU3M B3aUMOCBSI3H MEXy KIMMAaTHUYECKUMU aHOMAJIUSIMU B
9KBaTOpHUANIBEHOM peruoHe Tuxoro okeana u armocepHoi upkysiiueii B EAP uepes
cTpaTocepHyro IUPKYIAIUI0. B mocienyromux uccueaoBaHusx, Hampumep B [4; 13],
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OBUTO BEIIBUHYTO IIPEIIIOJIOKEHNE, YTO «CTPATOCHEPHBIN MOCT» HE SBISETCS €IUH-
CTBEHHBIM MEXaHHM3MOM, cBs3biBatolMM aHoManuu TIIO B skBaTOpHaIbHON 4YacTH
Tuxoro okeaHa ¢ CeBEpPOATIAHTHYCCKUM KoJicOaHHEM, U MPEICTABICH «Tpomocdep-
HBII» MEXaHU3M, KOTOPbIH cBs3biBaeT aHomannu TI1O B sxBatopmanbHOi wactn TH-
XOr0 OKeaHa M aTMOC(EpHYIO MUPKYJIIHi0 Haa EBponoit n CeBepHOW ATIAHTHKOM,
KOTOPBIH BKIIFOYACT HAJIMYHUE CyOTPOIIMISCKOTO CTPYHHOTO TEYCHUsI, KOTOPOE aKTHBHU-
3UpyeTCs pU pa3BUTUU Db HUHBO.

AHanmu3 KapT IPOCTPAHCTBEHHOTO pacipe/eNICHN s aHOMaITHi 30HAIBHOTO IIepe-
HOCa B BepxHeH Tporocdepe B UCcciexyeMble ToAbl ¢ Db HUHBO MoKa3pIBaeT 3HAYH-
TEeJIFHOE YCHJICHUE 30HAJIBHOTO IIEPEHOCa Ha YPOBHE CTPYHHOTO TCUCHHS B CyOTpOITH-
yeckoM peruoHe IOxHoit A3um n Tuxoro okeana B 3uMHHUe ce30HBI U 2023-2024, u
1997-1998 rr. Cnenyer OTMETHTh, YTO MaKCHUMAaJIbHBIX 3HAYEHUH IOJIOKHUTEIIbHbBIE
AQHOMAJIMM 30HAJILHOIO MEPEHO0Cca, O3HAYarollde YCUJIEHUE 3alaJHoro MnepeHoca Io
CPaBHCHHUIO ¢ KIIMMATHYCCKUMH 3HAUYCHHUSIMH, B 002 3UMHUX Ce30HA HAOJIIOAIUCH B
[EHTPAITBHOM palione THXoro okeaHa, Ipu 3TOM B 3UMHHUH ce30H 1997-1998 rr. un-
TEHCUBHOCTb AQHOMAQJIMH 3HAYUTEIBHO CUJIBHEE 10 CPAaBHEHMIO C 3UMHUM CE30HOM
2023-2024 rr. Oguaxo B 3uMHME ce30H 2023—2024 rT., B OTIIMYKE OT 3UMHETO CE30Ha
1997-1998 rr., 30Ha ycuneHus 3amajgHoro nepeHoca o B EAP pacnpocrpanmiacsk Ha
oOmmpHEIi paifon CeBepHOW ATIAaHTHKH U CeBEpHBIE pailoHs! EBpotIEI.

90N - : 2023/2024 gexabps-aHEaps-fespain

Puc. 5. CpeHemMecsuHbIe aHOMAaIMK 30HAIBHOTO TepeHoca (B M/c) B BepxHeil Tpomochepe
(250rIla) B 3umune ce3onsl 2023-2024 1r. (@) 1 1997-1998 rT. (6), paccyuTaHHBIC 110 JAHHBIM
peananuza NCEP-DOE [10]
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MO>KHO TIPEIION0KNTD, YTO COTIIACHO TMIIOTE3€E «TPOMOC(HEPHOTO MOCTa», HH-
TCHCHBHBIC KIMMaTHYECKHE aHOMAJMM B CHCTEME OKeaH — atMocdepa o0ycloBHIN
(hopMHpOBaHKE NCTOYHUKA aHOMAJILHOTO TEILIA B BEPXHEH Tporocdepe B HIKBATOPHU-
anbHOM paiioHe Mununiickoro 1 TUXOro OK€aHOB B JIETHUN U OCEHHUH CE30H U IOCJIC-
JYIOIIYI0 MOIU(DUKAINIO CyOTPOIMIECKOTO F0KHOA3UATCKOTO CTPYHHOTO TEUEHHS.
AKTHBM3alMs CTPYHHOro TeueHusl Haja akBaropueil CeBepHON ATIAHTUKU, B CBOIO
ouepesib, UTPAeT BaXKHYIO POJIb B MHTCHCH(DUKAIINHN IUKIOHHYECKON aKTHBHOCTH B
yKa3aHHOM paifoHe. [IprmMepsl aHaIM3a OTACNBHBIX TTYOOKHX IUKIOHOB M IITOPMOB
TIOKAa3bIBAIOT [7], UTO pa3BUTHE SKCTPEMAILHO IIyOOKHX BHETPONMYIECKUX IIMKIOHOB
B BOCTOYHOH ATJIAaHTHKE IPOMCXOJUT HaJl aKBATOPHUEH OKeaHa B YCIOBHUSX Ipeodia-
JIAIOIIETO TUHAMUYECKOT0 (DOPCUPOBAHMS C BEPXHHX CIIOEB TPOMOC(Eps!, HHTCHCHB-
HOCTH KOTOPOTO B 3HAYUTEIGHON CTENEHN 00YCIIOBIICHO MOJI0KEHNEM M HHTEHCHBHO-
CTBIO CTPYHHOTO TEUECHHS B BEPXHUX CIIOSIX TPOTIOc(hepsl.

3akaoueHne

CueHapuil pa3BUTHS KIMMATUYECKUX aHOMAJIMH B TPOIIMYECKOM peruoHe M-
nuiickoro u Tuxoro okeaHoB B TedeHue 2023 T. pakTHYECKH COOTBETCTBYET CLICHAPHIO
pa3BUTHSl KIMMAaTUYECKHX AHOMAIWH B yKa3aHHOM pErHoHe, HaOMoJaBIIeMycs B
1997r. U cuenapuii, 1 ”HTEHCUBHOCTh aHOMAJIMH KJIMMATHYECKOU CUCTEMBI B SKBATO-
puanbHOM paiione Muauiickoro u TUXoro okeaHoB , OTMEUEHHBIE B IIPOLIECCE Pa3BU-
tust Onb Hunbo B 2023-2024 rr., m03BOJISIET OTHECTH AaHHOE Dib HUHBO K dKCTpe-
MaJbHBIM TeIuTbIM coObITHsM DHIOK.

Baxnetimeit ocooernocTsio 1 2023 1., 1 1997 1. sBIAETCA HE TONBKO Pa3BUTHE
WHTEHCHUBHOM nonoxutenbHol (ha3sl DHIOK, Dns Hunbo, B TuxoM okeaHe B OCEHHUE
U MOCTICIYIOIINE 3UMHUE MECSIIIbI, HO U HHTCHCUBHOM MOJOXUTEIbHOMN (Dasbl UITOIb-
HOTO SIBIICHVsI B peTnoHe HAMICKOTO OKeaHa B JISTHUE U OCEHHUE MECSIIBI, YTO MO/~
TBEPXKIAeTCs KIMMAaTHUSCKIMU HWHACKCAMH, ITyOIMKyeMBIMH Ha caiite Harmonais-
Horo Meteopoioruueckoro Lentpa CILIA.

Bmusnue Onp Hunbo Ha aTMocdepHyro nupkynsamuio B EAP MoxkeT mposiB-
JISITHCSI KaK B BUJIE PA3BUTHS TOJOKUTETHHON (a3bl CEBEPOATIAHTUIECKOTO KoJieha-
HUSI, HO ¥ Pa3BUTHUS HHTCHCUBHOM IMOJOXHUTEIBHON (pa3bl BOCTOYHOATIAHTHYECKOTO
konebanus. B 2023 r., B omimune ot 1997 r., nonoxxuTenbHas (pa3a BOCTOUHOATIIAH-
TUYECKOT0 KoJieOaHus chOpMUPOBAIACH YIKE B JIETHUE MECSIIBI U COXPAHSIIACh BIIOTh
JI0 KOHITa 3UMHETO ce30Ha. M momokutenbHas (asza ceBepoaTIIaHTHIECKOTO KoJeba-
HUSI, ¥ IOJIOKUTEIIbHAS (pa3a BOCTOYHOATIIAHTHYCCKOTO KOJICOAH!sI IPOSIBUIIMCH B UH-
TEHCU(PHKAIMY [IMKIIOHUYCCKON aKTHBHOCTH KaK Ha akBaTopuu CeBepHO#l ATIaHTHKHY,
Tak 1 B EBponeiickoM pernone, B TOM 4uciie Ha eBponeiickoi Tepputopun Poccun.

Baxnyto ponb B Mexanusme otkiinka DHIOK B EBpo-ATnantuueckuii pernox
MOJKET UrPaTh YCUJICHHE 30HAIBHOTO MEPEHOCA B CYOTPOINUYECKOM PErHOHE B BEpX-
Hel Tponocdepe Ha ypOBHE CTPYHHOTO TCUEHHS, MPUUUHON KOTOPOTO SIBISIETCS IKC-
TpeMaJIbHOE HarpeBaHHE B BEPXHHX CIIOAX Tporochepsl B SKBaTOPHATEHOM PETHOHE
Muauiickoro u Tuxoro okeaHoB B JIETHUI U OCEHHUH CE30H.
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K. A. Jlomenxo (loshchenko@bk.ru)

HUpxymckuii cocyoapcmeennblii ynusepcumem, 2. Upxymck

AunHoTanust. [l ncenenoBanus KIMMaTuuecknx GakTopoB M3MEHEHHUsI aTMOC(EPHOro JaBICHHUs Ha
npuMepe Mereoctanuu Mpkyrck B nepuon 1882-2024 rr. 6bu1a paccMOTpEeHa MHOTOJIETHSSI THHA-
MHKa BOJIH TeTjIa ¥ BOJH Xosozaa. ITox BomHaMu Teria ¥ BOTHAMH X0J10/1a HOHUMAJIU IEPHO/IBI COOT-
BETCTBEHHO C TTOJIOKUTEIBHBIMU ¥ OTPUIATEIBHBIMY TEMIIEPATy PHBIMH aHOMaIMsIMu. J{ist nccineo-
BaHUs ObUI BBIOpAH STHBAaph — MECSI ¢ HanboIee HU3KUMHU CPETHUMU MECSYHBIMHU TeMIepaTypamu
BO3/IyXa, KOTJla B HANOOJBIICH CTEIICHN MPOSIBISICTCS OXJIAKAAIOIIEE BIMSHUE MaTepuKa M XOPOLIO
BBIP@)KCHA TMHAMHKA 3MMHETO KOHTUHEHTAIILHOTO LIEHTpa JecTBus arMocdeps (A3narckuii aHTH-
LIMKJIOH) U OkeaHnueckux nenpeccuii (Mcenannckas n Aneyrckas). Beero 3a uccienyemsie 143 rona
B Upkyrcke O6bu10 BhiZeaeHo 361 BomH Temna u 375 BOJH X004, T. €. KOJIWYECTBO BOJH TEIia U
XO0JIO/Ia OKa3aJioCh NMPAKTHYECKH OAMHAKOBBIM. PaccMOTpeHa MHOTOJICTHSIS IMHAMKKa BOJIH TeIlIa,
KOTOpasi XapaKTepHU3yeTCs YBEIHMYCHHEM WX KOJIMYECTBA, W BOJH XOJIOAA, KOJIMYECTBO KOTOPBIX
YMCHBILIACTCS HA (I)OHC COKpalleHus yucia LLHeI\/’I C pa3jIMYHbBIMU I'pajallusiMu OTPULATCIIbHBIX TEM-
repatyp Bo3dyXa. BeImomHeHa THIIH3ausl CHHONTHYECKUX ITPOIECCOB Y MOBEPXHOCTH 3eMIIM U Ha
BbICOTE M300apuyeckoil mosepxHoctu AT-5500 rlla (5 kM) asst neprogoB HamOoJIee BBICOKUX H
HanboJIee HU3KUX CpeIHEMEC UHbIX Temreparyp B stuBape 2000—-2024 rr., cpaBHUTENBHBIN aHAIN3 C
AQHOMAJILHO XOJIOJHBIM siHBapeM 1968 ., a Takyke CHHONTUYECKHUH aHaINU3 MPOAOJKUTEIBHBIX BOJIH
TeIIa B ITOCIeHNe aecaTuneTus B MpkyTcke.

KutoueBble cioBa: KiuMar, VIpKyTCK, BOJIHBI TEIUIA, BOJIHBI X0JI0/1a, KIIMMATHYECKas HOpMa, TUIIH-
3a1usl, BBICOTHBIN IIUKIJIOH, aTMOC(epHBbIil (GPOHT.

BBenenne

ATMocdepHOe TaBieHne B K&KI0N TOUKE 36MHON TOBEPXHOCTH HE OCTAETCS I10-
CTOSHHBIM. [Ipn 3TOM MHOT/Ia MaBiieHHe aTMoc(hephl M3MEHSIETCS BO BPEMEHH OYCHb
OBICTPO, MHOT/IA XK€ JTIOBOJILHO JIOJTO OCTACTCsl HEM3MEHHBIM. M3MeHeHus: aTMocdep-
HOTO JIABJICHUSI B OCHOBHOM MMEIOT HEMEPUOJUUECKUN XapaKTep U 00yCIOBICHBI Kak
TEPMHUYECKUMHU, TaK ¥ THHAMHUYECKUMHU IpUIuHaMA. HepaBHOMepHOE HarpeBaHUe W
OXJIQXKJICHUE 3EMHOM MMOBEPXHOCTH MPUBOIUT K M3MCHCHHUIO JABJICHUS HAJ Pa3iIHd-
HBIMH €€ y4acTKaMH. BTOp)KCHUE TEIIbIX MM XOJIOMHBIX BO3IYIIHBIX Macc Ha JIaH-
HYIO TEPPUTOPHIO (aIBEKIINS) TAKKE BBI3BIBAIOT U3MEHEHHS JIaBIeHUs. B pesynbraTe
KoJIeOaH TaBIICHHUS MOTYT OBITh CPABHUTEIIFHO OOJIBIINMHE M PE3KUMH: 33 CyTKH JIaB-
neHre MoxkeT uaMeHuThes Ha 20-30 rlla [1; 2]. Haubombime koebaHus TaBJICHUS
HAOIIOAI0TCS TaM, I/ie MHTEHCUBHEE IIMKIOHUYECKAs JAesITeIbHOCTD, T. €. B YMEpeH-
HBIX ¥ BBICOKMX IUPOTax. [IyTeM ocpelHeHUs JaHHBIX MHOTOJIETHUX HAOJIOIEHUI
MOXXHO Ha ()OHE HETIePUOJMYSCKUX KOJICOaHWH NaBIEHUS BBEIIBHTH €TO MEPHOJIIYE-
CKHE ero KoyebaHusi — CyTOUHbIC U TOJIOBBIC U3MeHEHUsI [3].

Takum 06pa3zom, 00JIaCTH MOBBIIIEHHOTO U MOHKEHHOTO aTMOC(epHOro J1aB-
JICHWsSI HTPAIOT BAXXHYIO POJIb B POPMHUPOBAHUN TOTOTHBIX yCiIoBHUi. [ToaTomy nzyde-

77



CoBpeMeHHble TEHAEHLNUN 1 NepcnekTUBbLI Pa3BUTUSA rnapomeTeoponorui B Poccun
Mamepuarsi VIl Beepoccutickoli HayyHo-npakmuyeckol KoHgeperuuu. Mpkymek, 19-21 mapma 2025 e.

HHUEC XapaKTEPUCTUK, OTPAXKAOIINX KaK TOJTOBPEMEHHOEC, TaK 1 KPATKOBPEMEHHOC U3-
MCHCHHUC aTMOC(bCpHOl"O JaBJICHUA, BAXXHBI IJIs1 ITOHUMaHUA TeHﬂeHﬂﬂﬁ 1 NpUYINH
CPE€AHCCPOUYHBIX U JOJTOCPOIHBIX U3MECHCHUH KJIMMarTa.

MeToauKa HccaeJ0BAHUS

HpkyTckast 001acTh paciookeHa B 10xKHOM 4acti Bocrounoit Cubupu, mouTtu
B eHTpe EBpoasuarckoro Marepuka. Pe3kue U3MEHEHUs OrOHBIX YCI0BUHI Ha Tep-
putopuu VpKyTcKoii 061acTi B OOJIBIIMHCTBE CIIyYaeB BBI3BAHBI IPOXOKICHUEM Ty~
OOKMX IIUKJIOHOB U CBSI3aHHBIX C HUIMU JMHAMUYECKH 3HAUNMbIX aTMOC(HEPHBIX (PPOH-
ToB [4]. AT™MOc(hepHbIe GppOoHTHI HA TeppuTOpPHU MpKYTCKOM 00:1aCTH MpeTepIieBaloT
3HAYUTENBHYIO Ae(OopMaLio, B3aUMOCHCTBYS MpU CBOEM MEPEMEIEHUN C TOPHOIT
cucremoii Bocrounsix CasH, [Ipubaiikaabckux XpeOTOB M MCIIBITBIBAs TEPMUIECKOE
BimsiHNE 03. baiikan. Hanbonpmas moBropseMocTs aTMOCHEPHBIX (PPOHTOB, C KOTO-
PBIMH CBSI3aHBI pPe3KHE€ U3MEHEHHs TeMIepaTyphbl BO3IyXa U OMACHBIC SBJIEHUS IIO-
TOJIBI, OTMEYAETCS B MIEPEXOIHBIC CE30HBI T0/1a, KOT/1a YCHINBAIOTCS TOPU30HTABHBIC
rpaJiieHThl TEMIEPATYP M, KaK CIEACTBUE, YBEIIMUUBAETCS TOBTOPSAEMOCTD BBIXOJIOB
LUKIOHOB [22]. B 3uMHuUI eprol yMEHBIICHHUE YHCIIa BBIXO/I0B [IMKJIOHOB U CBSI3aH-
HBIX C HUMH aTMOC(EPHBIX ()POHTOB MOKHO OOBSICHUTH TOCIIOICTBYIOIIUM BIUSIHUEM
OIOKHMPYIOMNX IPOIECCOB, B TOM UHCIIe A3HaTCKOTO aHTHIMKIOHA, TOT/Ia KaK yMEHb-
IIEHHE Ynciia aTMOC(EpHBIX (PPOHTOB JIETOM CBSA3aHO C OCIa0ICHHEM TeMITepaTypPHBIX
KOHTPACTOB M 3HAYMTEIBHBIM CMEILIIEHHEM OCEil BBICOTHBIX (DPOHTAIIBHBIX 30H K IOTY.

Jlnis nccneioBaHus BKJIaa aJBEKTUBHBIX U JUHAMHYECKHX (PaKTOPOB U3MEHeE-
HUSI aTMOC(EpHOTO TaBIeHIS B (OPMUPOBAHUE TEMIIEPAaTypHOTO peskuMa MpKyTckoi
obnacty Ha ripumepe T. pKyTck ObUTH BBIJEICHBI BOJIHBI TEIUIA U XOJ0/1a, KaK IepH-
OJIbl C TOJIOKHUTENBHBIMU U OTPULATEIBHBIMU TEMIEPATypHBIMU aHOMATUSIMU B STH-
Bape 3a nepuoy 18822024 rr. SIHBaph — MecsI ¢ Hauboee HU3KUMU CpeTHEMECTd-
HBIMH TEMIIEPATypaMH BO3yXa, KOrJa B HAaHOOJIBIIEH CTEIICHN IPOSBIISIETCS OXJIa-
JKJAloIIee BIMSHME MaTepHKa M XOPOILO BbIpakeHa JTUHAMUKA 3UMHEr0 KOHTUHEH-
TadbHOTO LIEeHTpa JAeicTBusi arMocdepsl (AsuaTckuii aHTHLIUKIOH). [Ton BomHamu
TeTIIa ¥ BOTHAMH XO0JI0/1a TOHUMAJTH IEPHOABI COOTBETCTBEHHO C ITOJIOKUTEIEHBIMH 1
OTpULIATEIbHBIMU TEMIEPATyPHBIMH aHOMAITUSIMU.

PeSy.]]bTaTbl HCCJICAOBAHUSA

B mHoronerHem n3MeHeHuu BOJH Teria u xonoaa B Mpkyrcke B 1882-2024 rr.
BBIIBIICHA AMHAMUKA YBEINYEHUS KOJIMUECTBA Cy4aeB C BOIHAMHU TeIja U yMEHbIIEHHE
KOJINYECTBA CJIyyaeB C BOJIHAMH X0J10J1a, Hanbojee BhIpakeHHble ¢ Hadasia 1990-x rr.
Ecnu B xonne XIX B. komuuecTBO BOJIH Temia B MIpKyTcke B siHBape 4alle BCEro co-
cTaBisuio 1-2, a BonH xonona 3—4, To B HOCIEHUE TO/IbI KOJTUYECTBO BOJH TEIJIa B TeUe-
HHE Mecslia MOXKET JOCTUTaTh 6, a BOJIHBI X0JIOZA B OT/ENBHbIE TO/IbI OTCYTCTBYIOT.

B xauMaTndeckoM IIaHe MpeAcTaBiIsseT HHTEPEC MPOaHATU3UPOBATh MHOTOJIET-
HIOIO TMHAMUKY YHCIIa JHEH C Pa3IMYHBIMH TPAJallisIMH OTPUIATEIILHBIX TEMIIEPATyp
Bo3nyxa B Mpkyrtcke. Paccmorpensl rpajanuu temmneparyp mMuHyc 25 °C — MuHYC

C, munyc 30 °C — munyc 34 °C, munyc 35 °C — munyc 39 °C, munyc 40 °C — munyc
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C. B uccnenyemsiii nepuon 1882—2024 rr. yMeHbIIaeTCsl KOJIMUYECTBO JHEH ¢ yKa3aH-
HBIMH TPAJIALMAMH OTPUIATEIbHBIX TEMIIEPATyp BO3AyXa ¢ KO3 (PUINEHTaMH JTHHEH-
HOTO TPEH/a, 3HAYNMOCTb KOTOPOTO BO3PACTET C MOHIKEHHEM Temieparyp. Hanboss-
IIee YMcio JHEH C IpajaliisiMi TeMIepaTrypsl Bo3nyxa mMuHyc 25 °C — munyc 29 °C
3adukcupoBano B ssuBape 2018 r., koTophrit 6611 Ha 2,7 °C X0J01HEe HOPMBI, & OTCYT-
CTBOBAJIM yKa3zaHHbIE rpajauuu B siuBape 1885, 1983, 2007 u 2020 rr., Hanpumep, sH-
Bapb 2020 r. 6611 Ha 3,7 °C Temee HOpMBL. [ pagaruu Temneparyp munyc 25 °C — mu-
Hyc 29 °C dame Bcero orMedanuch B 1934—1945 rr., a B pacnpeneneHnu rpaganuii
temrieparyp muHyc 30 °C — munyc 34 °C npociexrnBaercss yMEHbIIIEHUE YUCIa THEeH
ot 15 B stuBape 1887 r., KOTOPHIi OBLT CO cpeHUMU TeMmeparypamu Ha 6,1 °C Hike
HOPMBEI J10 TToBTOpsieMocTH ~40 % B mepuox 2000-2024 rr. I'paganuu TeMneparyp Mu-
Hyc 35 °C — munyc 39 °C Tarxke XapaKTepU3yIOTCsl YMEHBIIEHUEM UX KOJIMYECTBA C
MakcHuMaNbHBIM gucioM (10) B stauBape 1969 T., KOTOPBII UMEN CpeHAE TEMIIePaTy PhI
Ha 9 °C HmKe HOPMBI, 0 OTCYTCTBUS JAHHBIX I'PAJallUil ¢ BEPOSTHOCTHIO MOpPSIKA
oTMe"anuch A0 sSHBaps 1967 r. ¢ HamOoibIIelH MOBTOPAEMOCTBIO B mepuon 1914—
OTMeYalnch, a B suBape 2002 r., kotopsiid 0611 Ha 7,3 °C HIDKE HOPMBI, TaKHE rpajia-
LUU OTMEYaNuch 7 U § siHBapsl.
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Puc. 1. MHOTONETHSS IMHAMUKa rpajanuii remneparyp munayc 40 °C — munyc 45 °C
B MpxyTcke B siHBape 1882-2024 rr.
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Jlanee ObUIH BBIZICIIEHBI CaMble TEIUTBIC H XOJIOIHBIE 3MMHNE MecsIbl B pKyTcke

B 2000-2024 rr. 1 32 KaX/1bIi JIEHb OIIPEIeTICHBI TUITHI CHHONITUYECKUX MPOIIECCOB, HA
OCHOBE KOTOPBIX IIOCTPOCHA THITU3AIHS CHHOIITHYCCKHX MOJICH Y TIOBEPXHOCTU 3eMJIH
U B cpemHed Tpomocdepe Ha ypoBHe H300apmueckoil moepxHoct: AT-500 rlla
kM). Pexopano TerisiM B MpkyTcke 061 ssHBaph 2002 1. (Ha 7,5 °C BBIIIE HOPMBI),
IpU KJIMMaTHYECKOH HOpME cpelHeMeCsIUHOI Temneparypsl Bo3nyxa —18,3 °C oHa co-
crasuia —10,8 °C. SlaBapp 2002 1. oka3ajicst He TOIBKO TEIUIBIM, HO, U CHEXHBIM, TaK
Kak BBITAN0 168 % Mecs4HOW HOPMBI OCaIKOB. AHAIU3 MIPU3EMHOTO TIONS JIaBICHHS
MTOKAa3aJl, YTO TIOJIOKUTEIFHBIC aHOMAJIMU TEMIIEpaTyp W yBETHUCHHE aTMOC(HEpHBIX
0CaJKOB OBUIH OOYCJIOBIICHBI YBEIMUCHHEM BKIIaJIa YHCIIa JHEH C TEIIBIM CEKTOPOM
IIUKJIOHA, TEIUIBIX aTMOC(EPHBIX (HPOHTOB U JIOKOMH HEIpsomero nukioHa (40 %)
MIpH TIPe0OIaIaoeM CHHONITHIECKOM THIe Oapudeckuii rpedens (25 %). B cpemneit
Tporocdepe B aHOMaIbHO TerIbli ssHBaph 2002 T. mpeoOsaaaromuM THIIOM MPOLec-
coB (53 %) Oblna JMHAMUYECKH 3HAYMMasi B TEMIIEPATYPHBIX M OapUUeCKHX KOH-
TpacTax BBICOTHAS (PPOHTAIBHAS 30HA, €€ TIEPEAHsSA YacTh C a/[BEKIHel 00Iee TeITbIX
BO3JIYITHBIX MacC C FO)KHOH COCTaBIIAIONICH.

CambiM xosonHbIM 3a miepuon 2000-2024 rr. oxazancst mexadpp 2020 ., Ha
C mmxe HOpMBL. [Ipu knnmarnueckoit Hopme —15,3 °C hakTHueckas TeMmeparypa Me-
csia coctasuna —17,0 °C. AtmocdepHbIX 0caakoB BeIAIO0 59 % OT MECSIIHON HOPMEI.
B mepuon ¢ 25 nmo 28 mexabpst 2020 r. MPOUCXOMWIO TTOHIKCHUE TEeMIleparyp Ha
C. 1o cpaBHEHHIO ¢ aHOMAJIBHO TeTIbIM stHBapeM 2002 1. npeo0I1aIaoniM THIIOM at-
MocdepHbIX mpoueccos (45 %) 6bi1 Oapudeckuii rpedeHs A3HATCKOTO aHTHIUKIOHA
M 30Ha B3aMMOJCHCTBHS IIMKJIOHA U aHTHUIIMKIIOHA, TAE XapaKTepHO yCHUIICHHE BETpa,
OKa3bIBaOIICEe JIOMOIHUTEIFHOE OXJIaXKIarolee Bo3aeicTeie. Kpome toro, mo cpas-
HEeHUIO ¢ TeribiM siuBapeM 2002 r. B 4 paza peke 0TMEYaINCh TEIIble aTMoc(hepHbIe
¢ponTsr. Ha BeicoTe m306apudeckoit moBepxaoctr AT-500 rlla (5 kM) moHMXeHHe 1e-
Kabpbckux Temrepatyp 2020 T. ObIIO BEI3BaHO yBEIHMUCHHEM BKIaaa (42 %) ThUIOBOM
YaCTH BBICOTHOM JIOKOWHBI, TIIE ¢ HUCXOSIIUMHU TOTOKAMH CPEIHEH M BEepXHEH Tpo-
nocdepsl OCyIIeCTBIIETCS aBEKIUs HanOoIee XONOAHBIX apKTUUECKUX BO3AYIIHBIX
Macc.

Y4uTHIBas, YTO B TIOCIIEAHUE TOABI CYIIECTBEHHO BO3pOCIIa IIOBTOPSIEMOCTD BOITH
Teruia ObUIa MPOBEICHA CHHONTUYECKAS TUITH3ALUS [T HAnOOoJIee MPOIOKUTEIBHBIX
TEIJIBIX 3UMHUX NepuosioB. MccienoBanue BhIMOIHEHO Ha mpumepe siHBaps 2020 r.,
KOT/Ia TOJIBKO 3 THS OBUIH CO CPETHECYTOUHOH TeMITepaTypoii BO3TyXa HIKE KITMMAaTH-
YECKOH HOPMBI, U peKopaHO Temioro siuBapst 2002 r., korjaa ToJbKO OAMH ACHb Mecsa
OBUI CO CPEIHECYTOUHOH TeMIIepaTypoi Huxke HOpMBI. COITTaCHO BBITTIOJIHCHHON THITH-
3anuu B saBape 2020 1. mpeobIagaronMyA THIAMH aTMOC(HEPHBIX MPOIECCOB Y TO-
BepxHOCTH 3eMi (54 %) ObUTH TeIUTBIi aTMOC(hEpHBIH PPOHT U TEIUIBIA CEKTOP ITHK-
JIOHa, a Ha BBICOTe m300apuyeckoii moBepxHocTu AT-500 rlla (5 kM) B OONBITHHCTBE
ciydaeB (41 %) B mpoxonnina 0Ch TUHAMHYECKH 3HAYMMON BBICOTHOM (DPOHTAIBHOM
30HBI M OCh CPEIHETPOITOCHEPHOTO CTPYWHOTO TeUeHHUs. B aHOMAITLHO TETUTBIN STHBAPH

T. aHAJIOTHYHO TeruioMy stHBapro 2020 T. y MOBEpXHOCTH 3eMJIH TakXke Mpeodiiaiaro-
MM THUIIOM CHHOTITUYECKUX Mpo1ieccoB (58 %) ObLI10 BIMSIHUE TEIJIOTO CEKTOpa IHK-
JIOHA U TeIJIoro arMoc(epHoro (ppoHTa, a Ha BBICOTE M300apUIECKON MOBEPXHOCTH
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AT-500 rITa anamoruuno staBapio 2020 T. MPOXOXKAESHUE OCH BBICOTHOH (PpOHTATHHON
30HHI (29 %).

B 3akiroueHue Aisi CpaBHEHHUS OBUIM PACCMOTPEHBI CHHONTHYECKHE MPOIECChI
JUTSL XOJIOMHOTO Jiekadpst 1968 1., kotopeiii Obi1 Ha 3,3 °C xomonHee HOpMBIL. 31 me-
Kabpst 1968 . B HOYHBIE Yachl TeMIieparypa Bo3ayxa B MpKyTcke MOHWKaIach 10 —
C. Kak mokasaj CHHONITUYECKUI aHalln3, OCHOBHAS BOJIHA XOJIOAA B TPEThEH ACKaze
Mecsiia Oblia BhI3BaHa YCUIICHHEM A3HAaTCKOTO aHTUIMKIIOHA C ICHTPOM Ha TEPPHUTO-
pun UpkyTckoit 06macTr, KOTOPHIi OBLT TocTiofAcTBYOMMM THHOM (19 %) cuHONITHYE-
CKHUX TIPOIIECCOB Y TIOBEPXHOCTH 3eMJIH B 3TOM MecsIle (puc. 2).
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Puc. 2. IlpuzemHoe Gapuueckoe nose B siupape 1968 r.

3a mocnenHue AecATUIeTH Hanbosee HU3KUe Temreparypsl B siHBape (-42,8 °C)
ormedanuch 8 ssaBaps 2001 r. OHM OBUTH BBI3BAHBI Y TIOBEPXHOCTH 3€MIIH BIUSTHUEM
XOJIOHOM YCTONYMBOHN BO3MYIIHON MAcChl MPH 0ObEINHCHUH IPeOHEH APKTHICCKOTO
1 MOHT0JIbCKOTO aHTHIIMKIIOHOB, a B cpeiHell Tponocdepe Hax MpKyTcKoM oTMedalicst
[EHTP XOJOIHOTO BEICOTHOTO NUKIOHA TTyOnHOM 508 kM (puc. 3). 22 suBaps 2018 r.
B pKkyTCKe Temrmeparypa Bo3ayxa MmoHrkanzach 10 —38,4 °C B XOJIOIHON HEYCTOHYHNBO
cTpari(UpOBaHHOMN BO3IYIIHON Macce B THJIOBOI YaCTH BHICOTHOI'O IIMKIIOHA.
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Puc. 3. BeicotHoe Oapuueckoe nosne 8 stuBapst 2001 .

3akaoueHne

3a mepnoJ MHCTPYMEHTAJIBHBIX METEOPOIOTHIECKUX HabmroneHnit B VIpkyTcke
(1882-2024 rr.) ormeuanock 361 BoiH Tema u 375 BOJMH X004, T. €. KOJTHIECTBO
BOJIH TEIUIa U X0JI0/1a 0KA3a10Ch MPAKTUUECKH OJAMHAKOBBIM. OZIHAKO B MHOT'OJIETHEH
JUHAMHUKE MOXHO MPOCJIEAUTH YBEIHUCHHE BOJH TEIUIa U YMEHBIICHHE KOIUYEeCTBa
BOJTH XOJIOJIa, BEIpaskeHHOE ¢ Hadana 1990-b1x romos. Ilo cpaBrenuro ¢ konoM XIX
BEKa KOJMUYECTBO BOJIH Temia B pKyTcke B siHBape BO3pocio B 3—6 pa3, a BOJIHbI XO-
JI0J1a B OT/AEJIbHBIE TO/IbI OTCYTCTBYIOT.

[Torennenue KIMMarTa COPOBOKAACTCSA YMEHBIIIEHHEM KOJIMYIECTBA JHEH ¢ pas-
JMYHBIMA TPaJalisIMi OTPHIATEIBHBIX TEMIEepaTyp BO3AyXa B sHBape B MpKyTcke.
[onoxwuTenpHbIC aHOMAINH STHBAPCKUX TEMIIepaTyp ObUTH OOYCIIOBIICHBI YBEIIHMYC-
HHUEM BKJIaJIa YUCJIa JHEH ¢ TEIUIbIM CEKTOPOM IHKJIOHA, TEIUIBIMH aTMOC(HEPHBIMU
(poHTaMH ¥ JIO)KOMHAMH HBIPSIIONINX IUKJIOHOB. [IOHIKEHNE 3UMHHX TeMIepaTyp
OBLTO BBI3BAaHO YBEJIMYCHHEM BKJIaJa YHcia THEW C THUIOBOH YacThIO BRICOTHOM JIOXK-
OWHBI, IJIe C HUCXOSIIIMU IIOTOKaMH CPeIHEH U BepXHEH Tpormocdepbl 0CyIIecTBIs-
eTcd a/iBEeKIUs HanboJee X0IOJHBIX apKTHUECKHX BO3AYIIHBIX Macc.

HaunGonpmmx 3Haue€HUH MOJI0KUTETHHBIE aHOMAIIUU CPETHECYTOYHON TeMIrepa-
Typsl Bo3myxa (15,7 °C) mocturamu B Upkyrcke 2 sHBapst 1927 r., xorma Bo3myX B
JHeBHbIE Yackl nporpencs a0 2,3 °C. Temneparypa Bo3ayXxa Takke MOBbILIAIACH 10
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3HAUEHWSAM OTPHIATEIbHBIE TEeMIIepaTypHble aHOMadnK B VpKyTcke HaOIIOTaINCH
—42,7 °C, a Hounsle 10 —47,6 °C. 12 suBaps 1915 r. oTpunareiabHble TeMIepaTypHble
aHoManuu cocTaBuan —24,9 °C, qHeBHbIE TeMIepaTypbl HOHMKanuch 10 —43,7 °C, a
HouHBIE 10 —49,7 °C. OnHa U3 MOCIEeTHUX KPYITHBIX OTPUIATEIFHBIX TeMIIEPaTypHBIX
aHomanuid otmedanack 8 ssuapst 2001 r. u cocraBuina —20,7 °C, korna JTHEBHbIC TEM-
nepaTypbl HoOHMWKaiIuch 10 —35,7 °C, a Hounble — 10 —42,8 °C.
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OneHka HHIEKCAa KOHTHHEHTAJBLHOCTH KJAuMaTa Marajgana
3a mepuoa ¢ 1936 mo 2024 r.

. A. KotnspoB (svms@sapo.pt)

Cesepo-Bocmounwlii 2ocyoapcmeennulii yuusepcumem, 2. Mazaoan

AnHoTauus. MH1eKC KOHTHHEHTAIbHOCTH SBJISETCS BaKHBIM MHTETPAJIbHBIM N10KA3aTeIeM OLIEHKU
KJIMMATa ¥ 3HAYNMBIM HHCTPYMEHTOM €r0 TPOrHO3UPOBaHHMs. JlaHHBIN HH/IEKC OLIECHUBAET HE TOJIBKO
JIMHAMHMKY OCHOBHBIX KIIMMAaTHYECKUX NEPEMEHHBIX, XapaKTEPHBIX JJIs ONMPEIEIEHHOTO0 BPEMEHHOTO
UHTEpBaJla U TEPPUTOPHHU, HO U OTPAKAET UX B3aUMOCBS3b MEXKJy OO0 110CPEICTBOM BIUSHHS OJ1-
HOM epeMeHHOIt Ha Apyryro. TakuM 06pa3oM, OlleHKa HHIEKCAa KOHTHHEHTAIBHOCTH O3BOJIACT IIPO-
CIIeUTh OCOOEHHOCTH KJIMMATa B IIPOLIIOM, OXapaKTepH30BaTh €ro U3MEHEHMS B HACTOSIIEM U
CIIPOTHO3HMPOBATH TCHACHINH M3MEHEHHUS B OyIyIIeM ¢ ydeTOM HaMETHBIICHCS AMHAMHKH IO OT-
JIeTbHBIM KITMMAaTHYECKUM ITepEeMEHHBIM. JIJ1s OLlEHKN KOHTHHEHTAIbHOCTH KiIMMaTa Maraiana rmpo-
M3BOJIMIICS TIPE/IBAPUTENBHBIH PACUET YCPEJAHEHHBIX KIMMATHYECKHX ITEPEMEHHBIX 110 JEBITH Bpe-
MEHHBIM MHTEpBajgaM, KOTOPbIC BIIOCIEACTBIN HCIOJIB30BAINCH Ul pacdeTa MHACKCOB KOHTUHEH-
TaJIbHOCTH. PacyeT MHIEKCOB OCYIIECTBIISIICS 110 IBYX Pa3IMYHBIM METOJMKAM, YYUTHIBAIOIIAM HE
TOJIBKO I'O/IOBYIO aMILUTUTY Ly TEMIIEPATyp U IUPOTY MECTHOCTH, HO M CPEJIHUE TEMIIEPATYPhI STHBaps
U HIOJIA, A TAKKE CE30HHOE pacipesienenne ocaakoB. OLeHKa HTOrOBBIX HHIEKCOB 110Ka3ajla He3Ha-
YUTEIbHOE OCIallieHHe KOHTHHEHTAIbHOCTH KiIMMaTa B MarajaHe 3a HCCIeLyeMbli IepHo, 110-
CPEZICTBOM POCTa CPEJJHUX 3UMHHUX M JIETHUX TEMIIEPATyp, a TAKKE 3HAYUTEILHOTO YBEINYEHHS KO-
JIMYECTBA OCA/IKOB.

KuiroueBble ¢jioBa: KOHTHHEHTAIBHOCTh KiImMaTa, MTHACKC KOHTUHCHTAJIbHOCTH, KOS(l)(bI/IIH/IeHT KOH-
TUHCHTAJIbHOCTHU, KIIMMAaTUYCCKUC IEPEMEHHBIC, MaraﬂaH, CEBCPO-BOCTOK Poccun.
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BBenenne

I'mobanpHbIe KIMMaTHYECKHE U3MEHEHUSI, OXBATHBIINE TEPPUTOPHUIO TUIAHETEI,
JUISL OTHUX PETHOHOB 3eMIIM HOCST CYIIECTBEHHBIH M 3a4acTyi0 HEOOpAaTUMBIH Xapak-
Tep, a Ui APYTHX PETHOHOB TH M3MEHEHUS NMPAKTUYCCKU HE3HAUUTENBHBI, XOTA U
MUMEIOT MECTO OBITh. Takue M3MEHEHHS MPOSABIIAIOTCS MO-Pa3HOMY, HO BBI3BAHBI, KaK
MPaBUIIO, POCTOM CPEHEN TeMIepaTypbl BO3AyXa Ha IIaHeTe. Pe3ynpraTtom Taknux us-
MEHEHUH SIBISIOTCA OTKJIOHEHHs MHOTOJETHHX 3HAU€HHH MapaMeTpoB IMOTOJbI OT
HOPMBI, XapaKTEPHOU AJISl OIIPEACIICHHBIX TEPPUTOPHI.

Teppuropus Cesepo-Bocroka Poccuu, riae pacnonoxen ropoa Maragas, oTHO-
CHUTCS K OJJHUM MX CaMbIM XOJIOJHBIX pailoHOB He TOJbKO Poccuu, HO M IUIAaHETHI B
1enoM. Bero TeppuTOpuIo MOKHO YCIOBHO pa3ieNuTh Ha Be 00IaCTH: BHYTPUKOHTH-
HEHTAJIbHBIC ¥ IPHOPEKHBIE, B KOTOPBIX KIMMAT OyAeT 3HAUNTEIIFHO OTINYATHCS APYT
oT apyra. Bo BHyTpHKOHTHHEHTAIBHBIX 00aCTAX CPEeJHNE SHBAPCKUE TEMIepaTyphl
JIOCTUTAIOT KpaiiHe Hu3kux 3HaueHudl —40-45 °C (BepxosHck, Oiimsikon). Ilosce-
MECTHO pa3BUTO TaKO€ METEOPOJIOTHUECKOE ABJICHUE, KaK 3UMHSS HHBEPCHS TeMIepa-
TYp, PE3YIBTATOM KOTOPOH SBISAETCS BEIXOJTAKHBAHNE MEKTOPHBIX KOTJIOBHH JI0 9KC-
TpPEeMaJIbHO HU3KUX TEMIEpaTyp MOCPEACTBOM 3aCTauBaHUs B HUX XOJOJHOTO U Cy-
xoro Bozayxa. OJJHOH U3 IPUYMH TaKOTO SIBJICHUS SBIISIETCS (JOPMUPOBAHUE B 3UMHHUI
nepuoz 001acTH BEICOKOTO aTMOC(HEPHOTO JaBJICHHsI ¢ MOPO3HOI U COIHEYHOH IOT0-
Joit. Hu3kuit CHEeXXHBIN TOKPOB 1 SKCTPEMATBHBIE TEMIIEPATYPBI CIIOCOOCTBYIOT pa3-
BUTHIO MHOTOJIETHEH MEP3J0THI, MOIIHOCTb KOTOPOIl JIOCTHUraeT HECKONBKO COTEH
MeTpoB. J{na npubpexssix obmacteit CeBepo-Bocrounoit Cubupu, rae pacnonoxex
MarasaH, XapakTepeH MEHee CypOBBIH KJIMMAT ¢ 0oJiee BRICOKUMHU 3UMHHUMH TEMIIe-
parypamu 1 OOJIBIINM KOJIIMYECTBOM OCalkoB. TeM He MeHee 31ech HalmonatoTces 60-
Jiee CypoBble KIMMAaTUYECKUE yCIOBHUS, YeM B 3alaJHbIX pailOHaX CTPaHBbI, PacHoio-
JKEHHBIX Ha TeX )K€ MUPOTax. AHAIN3 U3MEHEHMs KIIHMaTa Ha 3TOH TeppUTOPHH, TO-
CPEACTBOM OIICHKH WHAEKCA KOHTWHEHTAIBHOCTH, IO3BOJHT OIIEHUTH «TII00aih-
HOCTb» KIMMaTHYECKUX M3MEHEHHI Ha HAllleH MJIaHEeTe B CAMBIX OTAAJIEHHBIX yTOJIKaxX
3eMIu.

KoHTHHEHTaNIBHOCT KIMMaTa — 3TO COYETAHWE PA3NUYHBIX CBOWCTB KIIMMATa,
OIpeJeNsieMbIX BAMAHUEM 3HAYMTENBHBIX TUIOMIAEN CyIIH Ha IIPU3EMHBIE CJIOM aTMO-
cdepsl 1 kMMaTooOpazyromue nporeccsl [3]. OuneHka HHAEeKCa KOHTHHEHTAIBHOCTH,
KaK MHTErpaJbHOTo MOKa3aTes, 03BOJAET KOMIIJIEKCHO OLIEHUTH T KIIMMAaTHUCCKHE
M3MEHEHUs, KOTOpBIE MPOM30IIIN B MarajgaHe 3a MCCIeIyeMBIi IepHoJl BPEMEHH.
JlaHHBIN MHAEKC YUYHUTBHIBAET HE TOIBKO OTIENIbHBIE 3HAYEHUs KIMMAaTHYECKHX Iepe-
MEHHBIX (TeMIepaTypa, KOIMYeCTBO OCaJKOB), HO U UX B3aUMOCBS3b, a TAKKE U3Me-
HEHHE 3THX 3HAYCHUH B TCUCHHE HCCIEIYEMOTo Iepruoa BPEMEHH.

OCHOBHOI! LI€/IbIO JTAHHOT'O MCCIIEI0BaHUS SIBJISIETCS OLICHKA U3MEHEHUS KOHTHU-
HEHTAJIBHOCTH KiIMMaTa MarajjaHa Ha OCHOBE JJaHHBIX METEOPOJIOTHIECKIX HalIIo1e-
Uit ¢ 1936 mo 2024 r. CreayeT OTMETHTh, YTO METCOPOJIOTHUCCKUE HAOJIFOICHHUS
CPEAHUX TOAOBBIX M MECAYHBIX TeMmeparyp B ropoje Benuch ¢ 1930 r. OxHako mo
OTJIEIbHBIM T0JIaM MU MecAnaM B Hadane 1930-X IT. 5Tu MeTeojaHHbIE OTCYTCTBYIOT,
MOATOMY BCE HEOOXOIMMBIE pacdeThl OyIyT BECTUCh HA OCHOBAaHUH TOJIBKO TEX JIET,
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IT0 KOTOPBIM MMEETCS TTOTHAsI CTATUCTHKA HE TOJBKO MO TeMITepaType, HO | IO KO-
YECTBY OCaJKOB, HEOOXOUMBIX Ul pacyeTa MHAEKCa KOHTHHEHTAIBHOCTH KIIMMATa.
Bech BpemeHHOI MHTEpBaN OyaeT pa3OUT Ha HECKOJIBKO BPEMEHHBIX MEPHOJIOB, IS
KOTOPBIX Oy/IeT MPOU3BECH pacyeT MHAECKCA KOHTHHEHTAIBHOCTH KJIMMATa Mo JIByM
METOJIMKAM U UX TOCIEIYIONIEe CPABHEHUE B IMHAMHUKE.

MatrepuaJbl 1 MeTOAbI

21.]'[5[ pacqua MHICKCOB KOHTUHCHTAJIBHOCTH KJIMMAaTa Mara;[aHa 6yI[yT HUCIIOJIb-
30BaHBI JIBE Pa3IMYHbIC METOJMKH, YIUTHIBAIOIINE HE TOJIHKO TOJOBYIO aMILIUTYIY
TEMIIEPaTyp W MIKPOTY MECTHOCTH, HO U CPEIHHE STHBAPCKHUE M HIOJIILCKUE TeMIIepa-
TYypBbl, a TAKXKE KOJIMYECTBO OCAJKOB, BHIIABIINX B TEIUIbIM ¥ XOJIOIHBIN IIEPHOL BpE-
MCHU. TaK, B HepBOM cnyqae JJIA pacqua MHACKCOB KOHTUHCHTAJIbHOCTHU KJIMMaTa 6y-
Jet ucronbs3oBana Metoanka C. I1. XpomoBa, nmeromast ciieAyromiee ypaBHeHHUE:

Kyp = 222522 100 %,

rne, Ky — uanexc kontuHenTansHOCTH C. I1. XpomoBa; A — rooBast aMIUINTYAa TEM-
neparypsl Bo3ayxa, °C; ¢ — reorpadudeckas MpoTa MecTa (AeCSTHIHbBIC TPATyChI).

Hrorosoe 3HaueHne MHAEKCA KOHTUHEHTAIILHOCTH, BBIPAXKEHHOE B MIPOLIEHTAX,
MOKAa3bIBAET JJOJTIO TOI0BOI aMITIIUTY 16 TEMIIEPATYPHI BO3AyXa, KOTOpPas CO3/aeTCs 3a
CYeT BIMAHHUS Ha Hee MaTepukoB. Breipaxkenne 5,4sing, mo muennto C. I1. Xpomona,
€CTb HE YTO HHOE, KaK OKEaHNYeCcKasi aMILIUTy1a. [Ipy 3ToM MakcUMallbHbIE 3HAYEHHS
UHJIEKCa XapaKTepHB! /Ul BHYTPUKOHTUHEHTAIBHBIX PallOHOB, IJie OHU PaBHBI WU
npesbimatoT 90 %. Hang okeanamu 9tu 3Havenus Bappupytot ot 10 % (FOxxnoe moiry-
mrapue) 110 25 % (Cesepras AtianTuka) [3; 9].

Bo BTOpOM cityuae juis pacuera MHAEKCOB OyaeT Mcroib3oBaHa (hopMyia 00-
mieit roJJ0BOM KOHTHHEHTAIBHOCTH, U caM MHJIEKC OYyJIeT BBIpaXKeH Kak Kod(pQUIueHT.
Jannast opMyrna IMeeT CIeayIomuii BU:

Ki=Kyw + K,

rae Ki— xoaddurment obmeit rogoBoit koHTHHEHTANBHOCTH; Kw — K03 dument
3UMHEH KOHTHHEHTaIbHOCTH; K — k03¢ HUImeHT neTHel KOHTHHEHTAIbHOCTH.

ITpu pacuerax k03(hHUIHUECHTOB 3UMHEH U JIETHEH KOHTUHEHTAIBHOCTH YUUThI-
BAIOTCS CPEIHUE SHBAPCKHE U UIOJIbCKUE TEMIIEPATyphl BO3yXa, a TAK)Ke KOJTUIECTBO
0CaJKOB, BBIMABIINX B TEIUIBIN U XOJIOAHBIN eproa roja. Tak, popMyna s pacueTra
WH/IeKCa 3UMHEH KOHTHHEHTABHOCTH OyIeT MMEeT CIIeIyIONNI BHI:

(1—:—;")coscp + PP—“;] -2

Ky =

> )
rae Tw— cpenusis siHBapckas Temmepatypa, °C; Py — cyMMma ocankoB ¢ OKTSOps 1Mo
MapT (BKITIOYUTENBHO), MM; Po— cyMMa 0cagkoB 3a TOJ B OTKPBITOM OKEaHe Ha IHPO-
Tax yMEpEHHOro KimMaTuaeckoro nosca (<1000 mm); to— cpeqHsis rogoBast TeMIIepa-
Typa Ha ypOBHE OK€aHa Ha IIHMPOTEe YMEPEHHOIr0 KiIuMarudeckoro nosca (=+8 °C).

ITo anamormm ¢ 3UMHEH KOHTHHEHTAJIBHOCTBIO PACCUUTHIBACTCS 3HAYCHUE KO-
s durmenTa neTHelt KOHTHHEHTATBHOCTH
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(E—l)sincp + i—o -2

K= to - s ,

rae Ts — cpennss uronbekas Temmneparypa °C; Ps — cymMMa ocasikoB ¢ anperst o CeH-
TAOPb (BKIFOUUTENBHO), MM [3; 8].

Marepuanamu ISl HCCIICIOBAHMS MOCITYXKUIN METEOPOJIOTHUECKHE JaHHBIC 3
nepuoz ¢ 1936 mo 2024 r., pa3MelieHHbIC B OTKPBITOM JOCTyIe Ha O(UIHaIBHOM
caiite CIPaBOYHO-UH(POPMAITIOHHOTO noprana  «lloroma u KJIIMaT»
(http://www.pogodaiklimat.ru). B oOmelf croxkHOCTH OBUTO 00pa®OTaHO CBBIIIE
2,2 TBIC. METEOPOJIOTNUECKHX TT0Ka3aTeel, KOTOpble ObUIN CBEJICHBI B HTOTOBYIO Ta0-
JIMIY YCPEIHEHHbIX 3HAYCHUI TO0BOM aMILIUTY /bl TEMIIEPATYP, CPEAHEH SHBAPCKOI
U HIOJIBCKOM TEMITepaTyphl, a TAKXKe CPEeAHEH CyMMBI OCAIKOB C OKTSOpPS MO MapT | C
ampenst 1Mo ceHTs0pb (Tabd. 1). JlaHHbIe 3HaYSHUS OBLIM MCIIOB30BAHBI IS pacdyeTa WH-
JICKCOB KOHTMHEHTAJIBHOCTH KJIMMaTa Mara/iaHa 1o JeBsiITH BpEMEHHBIM HHTEPBaJIaM.

B xauecTBe MOMONHHUTENBHBIX JTUTEPATYPHBIX HCTOUYHHKOB M MAaTEPUANIOB II0-
CITy’)KWJIM Hay4YHBIC TPYIBI TI0 aHANIN3Y W OICHKE MHJICKCOB KOHTHHEHTAJIBHOCTH 3a-
nagHoi Cubupu [1], oTaenbHBIX pernoHoB Bocrounoit Cubupu [2] u eBponeiickoi
gact Poccuu (tepputopun Cpennero u Hxnero [ToBomxbs, a Taxke FOxuoro Ipe-
nypanbs) [5—7]. s ONeHKN KOHTHMHEHTAIFHOCTH KiUMaTta MarajaHa MIMpOKO HC-
TMOJIB30BAJIUCH CIIEAYIOIINE METO/IBI NCCIECAOBAHMS: METO]] CPABHUTEIILHOTO aHAJIN3a,
CTaTHCTUYECKHI M MaTeMaTH4ECKHH.

Pe3y.]'leaTbI H UX oﬁcymelme

AHann3 yCpeIHEHHBIX KIMMATHYECKHX MEPEMEHHBIX MO JIEBSITH BPEMEHHBIM
MHTEepBajaM I0Ka3bIBaeT, uTo 3a nocyenHue 25-30 ner B Maraane npousoresn poct
KaK Cpe/iHeH STHBapCKOH, TaK U cpeJHel HI0IbCKOi TeMmepaTypsl (Tadm. 1). [Ipu atom
SHBApCKHE TeMIepaTypsl BeIpociu Ha 2-3 °C, a MIOIBCKUE TeMITEpaTyphl IMOKa3aIn
poct B cpeaneM Ha 1-1,5 °C, 10CTUTHYB B IOCJIEAHEM BPEMEHHOM HHTEpPBajie MaKCH-
ManpHOro 3HaueHusi B +12,6 °C. OZHOBPEMEHHO € POCTOM CpefHell Temmneparypsl
YBEIUYMIIOCH CPEIHEE KOJIMUECTBO OCAAKOB B TEIIOE U X0JIOJHOE BpeMs roja. Tak, 3a
nocsreiHue 20 €T KOJMYECTBO OCAAKOB C OKTSAOPS IO MapT MPEBBICHIO OTMETKY B
230 MM, a ¢ anpesst o CeHTAOPh OTMETKY B 420 MM, YTO SIBISICTCS CAMBIM MaKCHMallb-
HBIM 3HaYCHUEM 32 BCE BPEMS METCOPOJIOTHUECKUX HAOII0IeHUH B TOPOJIE.

Ha ocHOBaHWMM ycpeTHEHHBIX KITMMATHYECKIX TIEPEMEHHBIX OBUTH IIPON3BEACHBI
UTOTOBBIC pacyeThl MHAECKCOB KOHTHHEHTAJIBHOCTH KiIMMara MarajiaHa 1o JByM yKa-
3aHHBIM BBIIIE METOAMKAM 3a iepuos ¢ 1936 o 2024 r. (B paszpese AeBITH BpEMEHHBIX
UHTEPBAJIOB). Pe3yapTaTsl JaHHBIX pacUeTOB MPECTABIEHBI B Ta0M. 2.
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Tabnuya 1

YcpeaHeHHble pacueTHbIe 3HAUCHHUsI KIIMMAaTUYECKUX NIePEeMEHHBIX B I'. Marajgane
3a mepuof ¢ 1936 mo 2024 r.

Cpensist rono- Cpenusist siH- i T Cpenusist cymma | Cpennsist cymma
Bpemenusle Basi aMIUIUTY/a | BapcKas TeMIIe- 0CaJIKOB C OK- OCaJIKOB C afl-
UHTEPBaJIbI TeMIeparyp patypa crat “M“E,’ & TSAOPS 10 MapT pest TI0 CeH-
(A),°C (Tw). °C Typa, (Ts), °C (Pw), MM 1516pb (Py), MM
19361945 rr. 30,4 -15,9 11,3 169,6 3422
19461955 rr. 30,8 —-18,0 11,4 215,7 308,4
1956-1965 rr. 30,1 ~16,7 11,4 170,3 3434
1966—1975 rr. 31,5 -18,0 10,9 200,4 359,1
19761985 rr. 30,3 -15,9 11,0 172,5 346,7
1986-1995 rr. 30,7 17,7 11,4 197,0 3473
19962005 rr. 30,2 -15,4 12,2 200,8 3225
2006-2015 rr. 30,6 ~15,0 12,4 234,8 4349
20162024 Tr. 30,1 ~16,0 12,6 2352 4217
Tabnuya 2

HTorosble MHJEKCHI KOHTHHEHTAJILHOCTH B T. MaraaH 3a nepuos ¢ 1936 mo 2024 r.

. B Tom uncne ko3 punreHTs
B | Munexc KOHTHHEHTab- Kosdpdurment obuieit &
PEMEHHBIC UHTEDP:! e e C T XpOMOBy AT GRS EIETE CC3OHH?I/I KOHTHHCHT&HBHOSTI/I
BaJIb o JeTHei 3UMHeR
(K. % K (K + K.) @ i
19361945 rr. 84,68 3,35 0,64 2,71
19461955 rr. 84,88 3,00 0,80 2,20
19561965 rr. 84,53 3,79 1,07 2,72
19661975 rr. 85,22 2,87 0,55 2,32
19761985 rr. 84,63 3,26 0,60 2,66
19861995 rr. 84,83 2,97 0,62 2,35
19962005 rr. 84,58 3,01 0,78 2,23
20062015 rr. 84,78 2,25 0,39 1,86
20162024 rr. 84,53 2,32 0,43 1,89

AHan3 UTOTOBBIX MH/IEKCOB KOHTHHEHTAIBHOCTH KJIMMaTa Marajana, paccuu-
TaHHBIX 110 JIByM METOJIMKAM, [IOKa3aJl, YTO CYLIECTBEHHBIX OTKJIOHCHUH KaK B MH/ICK-
cax C. I1. XpomoBa, Tak 1 B HHAEKCAX 00IIell KOHTHHEHTAILHOCTH HEe OTMeuaeTcs. B
LIEJIOM JIaHHBIE MHJIEKCHI MMEIOT OOIIYI0 TEHJICHIHIO C YCPEIHEHHBIMU PACUETHBIMU
3HAUCHMSIMH KIIMMAaTHYECKHX TIePEMEHHBIX, Tpe/cTaBlIeHHbIX B Ta0m. 1. Tak, oTkio-
HeHue B uHAekcax C. I1. XpomoBa 1o BCeM BpPEMEHHBIM MHTEpBajaM HE MPEBHIIIACT
1 % u cocrasmnser 0,69 %, 4TO ABISAETCS HECYNIECTBEHHBIM OTKJIOHEHHEM. [Ipu 3ToM
CHI)KEHME 3HAuCHUS MHJEKca HaOmomaeTcs 3a nocieanue 25-30 JeT OTHOCUTENBHO
HPEIBIAYIMX BPEMEHHBIX HHTEPBAJIOB M JJOCTUTAeT MHHUMAJILHOTO 3HAYEHHMS 32 MO-
cienuue aAeBsTh et (2016-2024 rr.) — 84,53 %. Onnako moo0HOE CHUXKEHHE OBLITO
3aUKCHPOBAaHO M B MpenbIAyIINii BpeMeHHO# uHTepBai (19561965 rr.), uro roso-
PUT O IMKIMIHOM M3MEHEHNH MHJEKca 03 3HAUMTENIbHBIX OTKIOHeHNH. Takum oOpa-
30M, BJIMSIHHE KOHTHHEHTa Ha KJIMMAaTOOOpa3yoliye IPOLECChl B TOPOJE MO-IPEeK-
HEMY OCTAeTCsI JOCTATOYHO CYIIECTBEHHBIM, O YeM FOBOPHT JOJIS TOOBON aMITIUTY B
TEMITepaTypHI BO3/IyXa, KOTOpast CO3MAeTCs 3a CUST BIMSHII Ha Hee MaTepPHUKOB (boee
84 %).
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HToroBsle 3HaYCHNS WHAECKCOB 00IIEi KOHTHHEHTAIFHOCTH T10 JIBSITH BPEMEH-
HBIM MHTEpBaJIaM UMEIOT OOJbIINE OTKIOHEeHUs, yeM nHaekcwl C. I1. Xpomosa, u Ba-
peupytoT B npegenax 1-1,5 en. OnHako, Kak U B IEPBOM cllyyae, CIE€AYeT OTMETUTh
HAMETHBIIYIOCS TEHACHIMIO CHIDKCHHUS 3HAYCHUI MHAEKCOB 3a mociexnue 20 neT,
T. €. HaOIroaeTCsl He3HAYUTENbHOE OcNalIeHe KOHTHHEHTAIBHOCTH B Topose. [Ipu
9TOM CHM)KEHHE 3HAUEHUSl XapaKTEPHO Kak JUIsl MHAEKCOB 3UMHEH KOHTUHEHTAJIbHO-
CTH, TaK U JUI UHJCKCOB JIETHEH KOHTHHEHTAIBHOCTHU. JIaHHOE CHIDKEHUE OIpees-
eTCs POCTOM CPEIHUX TEeMITEPaTyp SHBAps M UIOJ, a TAK)KE 3HAUNTCIIFHBIM yBEIIHYe-
HHEM KOJIMYECTBA BBINABIIMX OCAJKOB KaK B TEIUIbIA, TaK U B XOJIOIHBIA MEPHOABI
roga. Ocaaku CBsI3aHBI ¢ 00JIee YaCTHIM MPUXOOM BIQKHBIX BO3IYIIHBIX MAaCC U3 aK-
BaTopuu THXOT0 OKeaHa, 4TO CHIKAET BIMSHHUE BO3AYIIHBIX MacC U3 KOHTHHEHTAJIb-
HBIX palloHOB ceBepo-BocToka Poccuu [4]. Taxke cienyer OTMETUTh, YTO HE3HAUYU-
TEJIFHOE YBEIMUYCHHE KOJIMYECTBA OCAJKOB IMpoHcxommio u panee (1966-1975 rr.),
YTO HAIIUIO CBOE OTPa’KEHHE B UTOIOBOM MHJIEKCe 00IIeil KOHTHHEHTAIbHOCTH 3a 3TOT
Mepuo, KOTOPBIH cocTaBmi 2,87.

3akj0ueHne U BLIBOJABI

B nenom mpoBezieHHOE HCCiIe0BaHIE OKA3aJI0, YTO CYIECTBEHHBIX OTKIOHE-
HHUH B 3HAQUCHUSIX WHJEKCOB KOHTHHEHTAILHOCTH KJIMMaTa B I. Marajgane He HaOuo-
naercst. ViMeronuecs: OTKJIOHEHHS BIIMCHIBAIOTCS B OOLIYIO TCHICHINIO M3MEHCHUS
KIIMMaTHYECKUX ITEPEMEHHBIX 3a UCCIIeyeMbli TEpPHO/I BPEMEHH U CBSI3aHbI C POCTOM
CPEeIIHHX STHBAPCKUX M MIOJNBCKHX TEMIEPATyp, a TAKXKE C YBEIMYCHHEM KOJIMUYEeCTBa
0CaJIKOB B pa3Hble ce30HbI rofa. OCOOEHHO Ta TEHICHINS IPOSBISACTCS 32 OCICAHIE
JIBa JICCATUIICTHS, YTO HOATBEPIKAAIOT PE3yIbTaThl IPOBEICHHBIX PACYETOB. DTO MO3-
BOJISIET FTOBOPHUTH O HE3HAUUTEJILHOM OCJIa0JICHUH KOHTHHEHTAILHOCTH KiIMaTa B Ma-
rajgane. Cieayer OTMETHTbh, YTO IOJOOHBIC JIOKAIbHBIE N3MEHEHUS KIIMMATHYECKUX
HEePEeMEHHBIX (PUKCHPOBAINCH M B IPEAbIAYLIHE BPEMCHHBIC MHTEPBAJbL, XOTA U C
MEHBLINMH 3HAYCHUAMHU OTKIOHEHHH. Takum 00pa3oM, Ha KIMMAT U KIUMaTooopasy-
IOIKE Mpoliecchl B Marajiane mo-rnpexHeMy OKa3blBalOT 3HAUUTENILHOE BIHMSIHHE 00-
MIMpHBIE KOHTHHEHTAJIbHBIE TIpocTpaHcTBa CeBepo-BocTounoit Cubnpn.
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HUpxymckuii cocyoapcmeennblii ynusepcumem, 2. Upkymck

AHHoTauusi. B cTarbe BBINOMHEH KIMMAaTUYECKUN aHAIM3 TeMIEpaTypHO-BIaKHOCTHOTO PeXHMa
nobepesxbst 03. baitkan 3a nepuon 1980-2023 rr. no JaHHBIM MeTeoposiornueckux cranuui Ila-
Tpousl, Enannel, bonbsmoe ["onoyctaoe, baprysunckuit 3anoBeanuk, bonpmoit Ymkanuii, Capma,
Kynryk, Xyxup, Xamap-/laban u baiikansck. [IpoananusupoBaHbl IPOCTPAaHCTBEHHBIE  BPEMEH-
HbIe 0COOCHHOCTH pacIpe/ielIeHHs CPEJHEr00BbIX M CPETHEMECSYHBIX TEMIIEPATYP BO3/LyXa U CyMM
arMocdepHbIx ocankoB. PazHooOpasue oporpaduueckux GpakTopoB U ME3OLHUPKYJISLUOHHBIX YCIIO-
BUIi OTpeAeIOT OONBIIKE Mepernabl CPeTHUX TeMIepaTyp BO3AyXa, KOTOpPbIe B pacCMaTPUBASMBIit
nepuoz Ha NpuOaiKaabCKUX cTaHusaX npesbimatoT 40 °C. KonuyecTBeHHO OLEHEHBI TEMITBI IT0Tell-
JIeHHs] KJIMMaTa, KOTOPBIE COMPOBOXIAIOTCS YBEIMYCHHEM 3aCyIUIMBOCTH Ha (JOHE YMEHBIICHHS
CYMM aTMOC(EPHBIX 0CaJKOB, UTO CIEAYET YUUTHIBATD [IPU UCCIICJOBAHIU BO3MOXKHBIX HEIaTUBHBIX
MOCIEACTBAN U3MEHEHMI KIMMAaTa Ha DKOCUCTEMBI 03. balikan. B romoBoM xo1e Hanbosee BEICOKAE
TEMIIbI MOTEIUICHUSI KJIMMAaTa Ha OallKaJbCKUX CTAHLUSX BBISBICHBI B XOJIOMHbIA IepUoA (c ssHBaps
110 MapT), KOTZa MOTOAHBIC YCIOBHSA B 3HAYNTEIBHON CTEIICHN MOABEPKEHBI BIMSAHIIO A3HaTCKOTO
AHTULIMKIIOHA U B MCHBIIICH CTENEHM CKa3bIBAETCs BIMSHKME BOJHOM Macc 03. baiikai.

KiroueBble ciioBa: KIMMaT, OTEIUICHHE, 03. baiikain, TeMneparypa Bo3ayxa, aTMoc(hepHBIC OCaIKH,
roJ0Basi aMIUIATY 1, a0CONOTHBIN MAKCHMYM, a0COTIOTHBIN MHHUMYM.

BBenenne

IocnencTBust NI3MEHEHUI KJIMMaTa CTAHOBSATCS IOCTOSTHHO ACUCTBYIOIINM (hak-
TOPOM, BIUSIOLIUM Ha Pa3BUTHE SKOHOMHKH peruoHoB Poccuu. B Hacrosiiee Bpemst
pasMep SKOHOMHUYECKOTO yiiep0oa, CBI3aHHOTO C TOTOJHBIMHU U KITMMATHYECKUMU (ak-
TOpaMH, MOXET JOCTUIaTh W NpeBbILaTh | % BajloOBOro BHYTPEHHEIrO MPOAYKTa
(BBII) Poccun [1]. C mpoucXOomsmuMy TI00aTbHBIMH H3MEHCHUSMH OJKUAACTCS
CIBHT K CEBEpY pailOHOB OJAarompHsITHOTO 3eMIICACTUS, YBEIUYSHHE YacTOThl U WH-
TEHCUBHOCTH HABOJIHEHUH U 3aCyX.

Ha teppurtopun Poccuu, rae TeMmbl KIMMAaTHYCCKUX U3MCHEHHU ITOYTH BJIBOC
BBIIIIE, YEM CYIIH B [eJIOM U cocTaBiisitoT ~0,49 °C 3a necstunetne, HEOOXOIUMO yUH-
THIBaTh BECh KOMIUIEKC YIPO3, PUCKOB U BO3MOXXHOCTEH, 00YCIIOBICHHBIX HaOrO/1ae-
MBIMH U OXHIa€MBIMH KIMMAaTHYCCKHMHU H3MEHEeHusMH. CleayeT OTMETHUTh, YTO
HanboJiee ObICTpOE MOTEIIICHHE TPOUCXOUT B a3narckoi yactu Poccun (~ 0,71 °C 3a
necstanerne) [4].
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OXu1aeMO TIOBBITIIEHHON YSI3BUMOCTBIO K M3MEHEHHSIM KITMMaTa SIBIISIOTCS BBI-
COKHE IIUPOTHI, a TAK)KE TOPHBIC U 03EPHBIC YKOCUCTEMBI, KOTOPBIC XapaKTePH3YIOTCS
OONBIINM BHIOBBIM Pa3HOOOpa3HEM U B HUX IPUCYTCTBYIOT HIEMUKH, 003 JatoIHe
BBICOKOH YYBCTBHUTEBHOCTBIO Jake K HEOONbIIMM M3MEHeHHsM kiumarta. OreHka
aJlalTaliy JIECOB K M3MEHEHUAM KJIMMaTa [1I0Ka3aja, 4To HanboJiee HeraTuBHas JuHa-
MUKa, CBS3aHHAs C YMEHbIIEHUEM POTYKTUBHOCTH JIECOB, XapakTepHa AJist iecoB Cu-
OupH, 9TO MOXKET OBITh 00YCIOBICHO 3aCYIIIMBBIMU MEPUOJIAMHU U TIOCIEICTBUSIMHE
JIECHBIX 1MOkKapoB [3]. OgHUM U3 KITFOUYEBBIX SdKOHOMUYECKUX MTOCIIE/ICTBUNA N3MEHEHUS
KJIMAaTa SIBIISICTCSl CHIDKCHUE YPO)KaHHOCTH CENTbCKOXO03HCTBEHHBIX KYIBTYp B pse
PETHOHOB, YTO MPHUBOJIUT K YBEJIWYCHUIO IIEH HA MPOJOBOIBCTBUE U CHUKECHUIO TPO-
JIOBOJIBCTBEHHOM Oe30rmacHoCTH [2].

Bericokasi cTeneHp ys3BUMOCTH TEPPUTOPUH POCCHU K KIIMMATHYECKUM PUCKAM
o0ycIioBiieHa psiioM reorpaduueckux (pakTopoB, HAIPUMEP HATHYHEM TEPPUTOPHIL B
Pa3HBIX KIMMATHYECKHUX T0sICaX, B TOM YHCIe OOIIMPHON apKTUIECKON 30HbBI, HAN0O0-
Jiee TIOJIBEPIKEHHON M3MEeHEeHHUI0 KiuMaTta. OOBEKT MccieIoBaHus — TeppuTopus Mp-
KYTCKOH 00JIACTH, IJI¢ B COUYCTAHUH C PE3KO PACUICHEHHBIM peibe)OM TecHOE B3au-
MOJICHCTBHE Pa3HOPOIHBIX BO3AYITHBIX MACC OMPEICISIOT pa3HOOOpa3HOe MPOsIBIIe-
HUE MOCIIEACTBUN H3MEHEHNH KJIMMaTa U CBS3aHHBIX C HUMU KJIMMAaTHIECKHX PUCKOB.

MeToauKka uccJaeI0BaHUA

2024 rox npu3HaH o JaHHEIM BMO cambIM TemyipIM Ha ITUIAHETe, 9TO YKa3bl-
BaeT Ha HAOITIOAIONINECS BRICOKHE TEMIIBI M3MECHEHHS TTT00ATFHOTO KIIMMAaTa 3eMITH.
OpHako KIMMAaTUYECKUE H3MEHEHUS 0-Pa3HOMY IPOSBISIOTCSA B PETHOHAX MUPa, Te
CYIIECTBEHHBIN BKJIAJ] BHOCST BIHSHHE OpOrpaduy U NUPKYIAHOHHBIX ycinoBuid. Ha
Tepputopun MpKyTcKkoi 00acTH HayYHBIH W TPAKTHUECKUN HHTEPEC MPEICTaBIISICT
W3y4YCHUE PETHOHAIBHBIX OCOOCHHOCTEH KIIMMaTa, B TOM YKCie Ha oOepexkbe 03. baii-
KaJl, KOTOPBI Oyarojapsi OrpoOMHON BOJHOM Macce OKa3bIBa€T B XOJIOJHBIN MEPHOJ
TOJla OTEIUIAIONIee, a B TeIUIBINA MEPHOJ To/1a — OXJIAKAAIOIIee BIUIHIE HAa IPHOPEkK-
Hble TeppuTopuu. Kpome Toro, KIIMMaTH4eCKU PeKUM 03€pa CyLIECTBEHHO pa3inya-
€TCsl B €0 CEBEPHOU U F0’KHOHM OKOHEYHOCTH, 3aBHCUT OT CE30HOB I'0Jla, TPACKTOPUiL
CMEIICHNUS IIUKJIOHOB, TOCTIOICTBYIOIIETO BIMSHIS B XOJIOAHBINH MEpHOA rofa A3naT-
CKOTO aHTHUIIMKIIOHA U IPYTUX (HAaKTOPOB.

Lenbto paboOTHl SBUIOCH W3YyYCHHE COBPEMCHHBIX OCOOCHHOCTEH KIIMMaTa
03. baiikan Ha OCHOBe CTaTHCTHUECKONH 0OpPaOOTKH CPEeIHEMECIUHBIX U aOCOMIOTHBIX
3HAYEHUH TeMIepaTyphl BO3yXa, TOJOBBIX M MECIIHBIX CyMM aTMOC(EPHBIX 0CaIKOB
MO JTaHHBIM OalKaJIbCKUX METCOPOJIOTHUSCKHUX cTaHluil 3a mepuon 1980-2023 rr. B
Ka4yecTBe 00BEKTA UCCIIeI0BAHUS BEIOpaHbl MeTeocTaHuu [laTponsl, Enaniel, bois-
moe ['onoyctHoe, bapry3sunckuii 3anoBennuk, bonbmoit Ymkanuid, Capma, KynTyk,
Xyxup, Xamap-Jlaban u baiikaiabck, pacmosioskeHHbIe B ipeaenax 50-54°c. ur. u 103—
109°8. 1. Ha BeIcOTax OT 458 10 886 M Hax y. M., BBICOKOTOpHasl CTaHLUS Xamap-
Jaban Ha BhicoTe 1442 M. IlomydeHHBIE MaHHBIC NMPEICTABIIOT MPAKTHYECKHI H
HAYYHBIH WHTEpEC, TaK KaK COJep)KaT HOBBIE PE3yIbTATHI 10 M3YUYCHUIO KIMMaTHUe-
CKOT'O PSIKHMa 03€pa B YCIOBHSAX BO3POCIIMX TEMITOB H3MCHEHUS TI100aIbHOTO KITMATa.
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Pe3yJ’leaTbl HCCJICJOBAHUSA

B uccnenyemsrii nepuon 1980—2023 rr. cpeansis rojioBasi TeMIepaTypa Bo3ayxa
Ha OOJIBIIIMHCTBE paCCMATPUBACMBIX B pa00OTE METCOPOIOTHYCCKUX CTAHIHIA TTOJIOKH-
tenpHast. MakcumaneHbIX 3Ha9eHuH (0,9 °C) oHa mocTHraeT Ha I0XKHOM OKOHEYHOCTH
o3epa (baiikanbck), Ha cranusax bombimoe INosoyctHoe, Kyntyk, Capma u Xy»)up oHa
pasHa 0,5 °C. OTpuuaTelbHble CPEIHEr010BbIE TEMIIEPATYPbl BO3yXa OTMEUYAIOTCS B
CEeBEepHOIT OKOHEUHOCTH 03¢epa — bapry3unckuit 3anoseanuk (-2,7 °C), bonsmroit Y-
kauuit (—1,9 °C) u Ha BeIcoKOTOpHOH cTaHIK Xamap-/laban (—1,9 °C). Takum ob6pa-
30M, Pas3IHYUs CPEIHEr0JI0BOH TEMIIEpaTyphl BO3AyXa MEXKIy CEBEPHOM M FOKHOM
OKOHEYHOCTHIO 03. baiikan cocraBmnsior B cpeaneM 3,6 °C.

CaMBIM TETIITBIM MECAIeM Irojla Ha BCEX paCCMaTPHUBAEMBIX CTAHIIUAX, KPOME Ce-
BepHBIX cTaHiui bapry3suHckuii 3anoBeHUK U bonbiioi Yiikanui, sBIsS€TCS UIOJIb,
Ha CEBEPHON OKOHEYHOCTH 03epa — aBrycT. CaMbIM XOJIOJHBIM MECSIIEM ToJa sBIIs-
eTcsl STHBapb, 3a UCKIItoueHueM bailikanbcka u bonbuioi Yiikanuil, rie MUHUMYM CMe-
IeH Ha (eBpasib. AOCOTIOTHBI MaKCHMyM TEMIIEpaTyphl BO3AyXa BapbUPYET B pac-
cmaTpuBaembiil meproj ot 23,3 °C (Bombmro#t Ymkanuii) no 30,5 °C (Enanner). A6-
COJIOTHBIN MUHHMYM TeMIepaTypbl Bo3ayxa usmensercs ot —27,4 °C (bonbmoi Y-
kaumif) 10 —38,3 °C (bapry3unckuif 3anoBeaHuK). ['0/10Bas aMIIINTyAa TEMIEpaTypsl
BO3/yXa BapeupyeT oT 29,5 °C Ha BEICOKOTOpHOM cTaHiuu Xamap-/laban mo 37,3 °C
Ha cTaHiuu Enaniel. B 1enom nepenaasl cpeJHUX TeMIIepaTyp BO3yXa B pacCMaTpu-
BaeMBbIH MepHO Ha pacCMaTPUBAEMBIX CTaHIMAX cocTaBmin 40,6 °C.

MaxkcuManpHBIe CpeTHEMECSYHBIE TEMIIePaTyphl BO3AyXa OTMEUAIOTCS B STH-
Bape — baiikanbsck (4,7 °C), B dpeBpane — Xamap-/ladan (14,3 °C), B mapte — boib-
moe l'omoyctHoe (—6,9 °C), B ampene u mae — Ilarponst (1,7 u 8,8 °C cootrser-
CTBEHHO), B JieTHUe Mecsnbl — Enanner (15,3; 18,4 1 16,0 °C cOOTBETCTBEHHO), B CEH-
Ts0pe — Xyxup (10,1 °C), B mepuo ¢ okTs10ps 1o gekadbpb — bonbmoit Yinkanwuii (3,0;
-3,3u—-7,5 °C cOOTBETCTBEHHO). MUHUMAIbHBIE CPETHEMECSUHBIC TEMIIEPATYPhI BO3-
nyxa HaOmromaroTcss B siHBape, (eBpasie W maprte — bapry3mHCKUil 3amoBeTHHUK
(-22,2; 21,1 m —12,6 °C COOTBETCTBEHHO), B MEPHUOJI C ampelis 10 HIoJis — bosbIoit
Vmxkanwuii (-2,3; 3,6; 8,2 1 12,5 °C cOOTBETCTBEHHO), B IEPHOJ C aBI'yCTa MO0 HOAOPb —
Xamap-aban (11,5; 5,2; —1,8 u —9,9 °C cooTBeTcTBEHHO), B Nekadpe — [laTponsl
(-16,3 °C).

B uccnenyemsrii nepuon 1980-2023 rr. MakcuManbHOE CpeiHEE TOJ0BOE KOJIH-
YEeCTBO aTMOC(EPHBIX 0CAAKOB COCTaBUIO 1381 MM M OTMEYaIOCh Ha BHICOKOTOPHOM
ct. Xamap-Jlaban (puc. 1) u B baiikanscke (798 MM), a HAaMMEHbIIIee HA CTAHITUSIX —
Capma (189 mm) n Xyxwup (205 mm). Takum 00pa3oM, Ha HABETPCHHBIX CKIIOHAX Xa-
Mmap-/labaHa B cpejtHeM 3a roj BeINaaeT aTMOC(EpHBIX 0CaKOB B 7 pa3 OoJiblie, 4eM
B cpeaHell yactu 03. balikai.

B romoBom pacnpeneneHnn MaKCHMaTbHOE KOJIMIECTBO aTMOC(EPHBIX 0CATKOB
BEITTAJIACT B MIOJIE, 3a UcKiIoueHne CapMel, TIe OH MPUXOANTCS Ha aBrycT. Hanboims-
IIee KOJIMYECTBO aTMOC(EPHBIX OCAJKOB B MIOJE OTMEYAeTCs Ha CTaHIMIX Xamap-
Jaban (266 mm) n baiikansck (167 mM). MUHUMaNbHbIE MECSYHBIE CyMMBI OCAJIKOB TIPH-
XOZSITCS Ha (heBpalTh — MEPUOJ] yCTOHYMBOTO JIEIOCTaBa, U BapbupytoT oT 22 MM (Capma,
Bormpmoe [NonoyctHoe, bonbmoit Yukanwii, Enanner) no 32 mm (Xamap-/laban).
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Puc. 1. CpeHeronoBsle CyMMbI aTMOC(EPHBIX 0CaIKOB
Ha npubaiikansckux cranuusax Mpkyrckoit obnactu B 1980-2023 rr.

Ha puc. 2 mokazana aMIUIMTy/ja TOJJOBOTO X042 aTMOC(EpHBIX 0caakoB. 'omo-
Basi aMIUTUTY/Ia TECHO KOPPEIUPYET C TOAOBBIMH CYMMaMH aTMOC(HEPHBIX OCaIKOB 1
HaMOOIBIINX 3HaYCHUH (234 MM) TOCTUraeT Ha BRICOKOTOpHOU cT. Xamap-/labaH, na-
nee cnemyioT craHuuu baiikansck (153 mm), Kyntyk (106 mm), ITatponsr (101 mm).
COOTBETCTBEHHO HAMMEHBIIINX 3HAYCHNH TO0Bast aMIUIATY 1a aTMOC(EPHBIX 0CATIKOB
oTMeuaeTcsi Ha Oaifkanbckux craHimusx Capma (47 mm), Xyxup (53 mm) u bonbimoe
T'onoyctroe (54 mm).

IIporeHTHBIH BKIIa1 aTMOC(HEPHBIX 0CAAKOB PAa3IMYHBIX KaJICHIAPHBIX CE30HOB
TOJia B TOZOBYIO CYMMY OCaJIKOB Ha MPHOAKaIbCKUX CTAaHIIUAX BaPbUPYET B 3UMHUE
MecsIbl oT 4 % Ha OoNmbIIMHCTBE Oalikanbckux ctanimii 1o 14 % (baprysunckuii 3a-
MOBE/IHUK), BecHOH 0T 9 % (Bonbioi Yimkauuit) 1o 21 % (Xamap [laban). Haubosns-
I TPOLICHTHBIN BKJIAJ B TOJJOBBIE CYMMBI OCaIKOB TIPUXOUTCS HA JETHHE MECSIIBI
u n3Mmensiercs ot 38 % (baprysuHckuii 3amoBenHuK) 10 67 % (EnaHmm!), oceHbIO Ba-
psupyet ot 16 % (bonbioe N'onoyctroe) 10 34 % (baprysunckuil 3anoBeJHUK).

B uccnenyemsriii nepuoa 1980-2023 rr. mpoucXoAUT MOTEIIEHUE KIMMaTa Ha
BCEX PacCMaTPUBAEMBIX B pa0doTe OalKalbCKUX CTAHIMAX B CPEIHEM CO CKOPOCTHIO
0,27-0,35 °C/10 net, mpudeM CO CMEHON OTPHUIATEIBHBIX CPEIHETOJOBBIX 3HAYCHHIMA
TeMIIepaTypsl BO3/AyXa Ha MONOKUTeIbHbIe. HauMeHbIlIne TeMITb! MOBBIICHHS CPeJl-
HUX TEMIIepaTyp OTMEYalInch Ha IokHOW cranmmm baiikamsck (0,15 °C/10 ner), a
HamboJee OBICTPO CpPEIHEToOBasi TEMITEpaTypa BO3/AyXa yBeNWYmiIach Ha cT. [la-
tpons! (0,48 °C/10 ner). OOpaiaroT BHUMaHUE BBICOKHE TEMIIBI POCTa CPEIHETO0-
BBIX TEMIIepaTyp Bo3ayxa B nocneanue roasl (2020-2023 rr.). ITo cpaBHeHHU!O C Aecs-
tiiretreM 1980—1989 rT. B HacTosiee BpeMs CpeTHET0/I0BBIE CYMMBI aTMOC(HEPHBIX
0CaJIKOB FIMEET TCH/ICHIINIO K YMEHBIICHHIO.
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Puc. 2. T'opgoBast aMIUIUTY1a aTMOC(EPHBIX 0CA/IKOB
Ha npubaiikaabCKuX craniusx Mpkyrckoii obiactu 3a nepuos 19802023 rr.

3ak/aouenne

B paccmarpuBaemsrii nepuon (1980-2023 1r.) cpemHErooBeIe TEMIEpPaTyphI
BO3JyXa Ha nodepexne 03. baiikan namensuucs ot 0,9 °C Ha 105)KHOH OKOHEYHOCTH
o3epa (baiikanbsck) 10 —1,9 °C Ha BeICOKOTOpHOH cTaHIu Xamap-/ladaH, a cpenneme-
CSTIHBIC TEMIIEPATyphl OT MaKCUMAaJIbHBIX 3HaUeHHUH B uione Ha cT. Enanis (18,4 °C)
JI0 MMHUMAJIbHBIX B sIHBape Ha cT. baprysunckuii 3anoseguuk (—22,2 °C).

HawuGosee OnaronpusiTHbIC TEMIIEPATYPHBIE YCJIOBHUS B JIETHHE MECSIIBI OTMeya-
forcs B Enannax, B 3uMHEE MecsIbl B baiikaibeke, a Hanboliee CypoBbIe KITMMaTHIe-
CKHE YCJIOBMSI Ha CEBEPHBIX CTAHIMSX: J1eTOM — bonbioi Yiukanui, 3umoit — bapry-
3UHCKUI! 3aMIOBEHUK.

CpeaHerooBeIe CyMMBI aTMOC(EPHBIX 0CaIKOB M3MEHSIOTCS OT 189 MM B cpen-
Hell yactu 03. baiikan (Capma) 1o 1381 MM Ha BBICOKOTOpHOU cTaHIK Xamap-/ladaH,
a CpeJHEMECSYHbIC OT MAaKCHMaJIbHBIX 3HAUCHHI B Urosie B Xamap-/labaHe (266 Mmm)
JI0 MUHIMAJbHBIX 3HaueHHH B (eBpane Ha craHiusax Capma, bonsimoe I'omoycTtHoe,
Bonbmmoit Ymkanwii, Exanmsr (22 Mmm).

Ha no6epexbe 03. baiikan B 1980-2023 rT. IpOXCXOIUT TOTEIUICHUE KIMMAaTa
¢ HanboJee BHICOKUMU TEMIIAMHU B NIEPUO/J C SHBAps MO MapT, JOCTUTAIOLINE MAKCH-
MaJIbHBIX 3Ha4YeHUH B MapTe H coctaBisomme 1,25 °C/10 et Ha ceBepHOIl CTaHINH
Baprysuncknit 3amosenauk u 1 °C/10 net Ha ct. [larpons!. [lorennenne xnmumara co-
IIPOBO’KAACTCSI YMEHBILICHUEM TOJIOBBIX M MECSYHBIX CyMM aTMOC(EPHBIX OCaJKOB,
T. €. YBEJINUEHHEM 3aCyIIIUBOCTH KJIMMaTa.
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Oco0eHHOCTH BpeMEHHbIX BaAPHAIIUii CPeTHEer010BbIX
3HAYECHHUH TeMIIEPATYPbI M0 JAHHBIM METEOCTAHIUN
Hyrmmurue

C. A. Ps6oBa (riabovasa@mail.ru)

Hremumym ounamuxu ceochep umenu axademuxa M. A. Cadosckoeo PAH, 2. Mockea
Hnemumym pusuxu 3emnu um. O. FO. [lImuoma PAH, 2. Mockea

Annotanusi. OTMEUCHO, YTO U3MEHEHHSI PU3EMHOI TeMIlepaTyphbl B IIPUIIOBEPXHOCTHOM CJIOE aT-
Moc(epsl IPOUCXOAAT HEPAaBHOMEPHO, B PAMKaX MCCIICIOBAHHS IIPOOJIEMbI H3MEHEHHUS KIMMaTa aK-
TYaJIbHO BBINOJHEHUE aHAIM3a BapHaIMil TEMIIEpaTypbl BO3yXa B Pa3HbIX TOUYKAX HAIIEH IUIAHETHI,
B YaCTHOCTH, BXXHO IIPOBEJICHNE TAKOTO POJia UCCIEIOBAHUIT Ul PETHOHOB, I/ie HaOII01aeTCs Jie-
rpajanys JeIHUKOB. BbironHen aHann3 BpeMeHHOH AMHAMUKH CPEJHEr00BbIX 3HAYCHUIT Temrepa-
TYpBI BO3J{yXa I10 JJaHHBIM MHCTPYMCHTAJIbHBIX HAOIIOICHNI 32 BapUaLlMsIMU TEMIIEpaTypbl Ha BbI-
cokoropnoit mereoctanuuu Llyrmmutne ¢ 1901 mo 2024 r. C npumeneHreM MeToa IUHEHHOH pe-
rpeccuy MOoKa3aH pOCT TEMIEpaTypbl. BelieneHne TpeHI0BOH COCTaBISIONICH METOIOM CHHTYJISIP-
HOTO CIIEKTPATbHOTO aHATIN3a IEMOHCTPUPYET YBEIHMUSHHE TeMIIa pocTa TeMmepaTypsl ¢ 1969 r.
KiroueBble ci10Ba: TemMriepaTypa Bo3lyxa, pocT, METO/] CHHTYJIIPHOTO CIIEKTPAIILHOTO aHAJIN3a, JIH-
HeifHas perpeccus.

M3MeHeHneM kimmarta Ha3bIBalOT MIEPEMEHY MOTOAHBIX YCIOBHH U JONTOCPOU-
HBIC TeMITepaTypHbIC H3MeHEeHNUS. [[pHuuHbI Tako# TpaHcdopmannuu MOTyT OBITH ecTe-
CTBEHHBIMH, TAKMMH KaK IUKJIMYECKUE KOJICOaHMs COTHETHON aKTUBHOCTH, CMEHA ce-
30HOB M JICSATEILHOCTh BYJIKAaHOB [2]. CylecTBeHHBIM (paKTOPOM COBPEMEHHOI'O MO-
TeTJICHUSI KIMMaTa MPUHUMAETCS TaKkke aHTPOIOTEHHAs AEATEIbHOCTh, KOTOpast 1o
JIAHHBIM MHOTOYHCJICHHBIX MyONnuKanuii [Hanpumep, 1, 3, 8] ompenenser He TOIbKO
MIOBCEMECTHBINH POCT TEMIIEPATyphl B Pa3HbIX PETHOHAX 3€MHOTO IIapa, HO U U3MEHe-
HUSI THTEHCUBHOCTH U MOBTOPSIEMOCTH YKCTPEMAIbHBIX KIIMMAaTHUECKUX ABICHUH (3a-
CyX, HaBOJHCHUII, yparaHoB U T. A.). CietyeT OTMETUTh, YTO U3MECHEHUS PU3EMHON
TeMIIEpaTypbl B IPUTIOBEPXHOCTHOM €JI0€ aTMOC(EPHI TPOHCXOIAT HepaBHOMEPHO [8].

B pamkax nccienoBanust mpoOieMbl H3MEHEHHS KJIMMaTa akTyalbHO BBITIOJIHE-
HHE aHaJIM3a Bapualuil TeMIepaTypsl BO3AyXa B Pa3HbIX TOUKAX Hallel MIaHETHI, B
TOM YHCJIe, BOKHO TPOBEICHIE TAKOTO POIa MCCIIEIOBAHUM [T PETHOHOB, T/Ie HaOIIo-
JlaeTcs Ierpafanys JISIHUKOB, KakuM ! siBisiercst Llyrmmurie.

l'opa LyrmmuTne — camas BbIcOKast Touka ['epMaHuM, ee BBICOTa COCTaBIISICT
2962 M, pacnionaraercs B Anpnax, Ha rore crpassl (baBapus), B 11 kM ot ropoaxa I"ap-
mui-IlaprenkupxeH [5].
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Ha ¢manrax LlyrmmumTie pacmorokeHsl TpH JIEAHNKA, Ba U3 KOTophIX (Cesep-
Hoiit [lHedepuep u XomnentandepHep), pacronokennsie Ha LlyrmmumiarT (ruaro
K 0Ty OT BepiiuHbl Llyrmmure), sSBIsoTcs KpynHeHmuMu B ['epMaHuy, U OTHOCH-
tenpHO Hebombioi FOxueni [nedepuep. o 1900 r. Cesepusrii [lIredeprep n FOx-
Hb1i [HedepHep OblM 01HUM KpynHBIM JietHUKOM. [1o HabIroAeHHIM 3a JIeTHUKaMH
¢ 1980 r. oTMeuaeTcs 3HAUUTENBHOE COKpALLEHHE UX TuToIaeil. B cpeaneM exeronHo
taeT okojo 80 cM ipga. Ha 2018 r. obmmas mnomans coxparuiacek 1o 18 ra, u3 xoto-
prix okouto 10 % mpuxomminock Ha FOxuerit [HEDepHEp.

Jlenauk XomneHTans(hepHep HAXOAWTCS HA BOCTOYHOM CKJIOHE Topbl Lly-
rimutie. CpaBHeHune m3o0pakennit Google Earth 2000 u 2009 r. mokassiBaeT oOT-
CTYIUICHHE TJIaBHOTO KOHEYHOTO sA3bIKa JeqHnKa Ha 40 M. SI3BIK Taxoke cokpaTHics Ha
AQHAJIOTHYHYIO BEJMYNHY B MINPHHY.

Bce Tpu nenHyKa Ha CKJIOHAX ropsl LyrimuTie CHIIbHO MOCTPaaany OT IKCTpe-
MaJIbHBIX TeMIeparyp, 3apuKcUpoBaHHbIX j1eToM 2022 r. CHUMKH B pailoHe JIeJIHUKa
Oxusnit Hedeprep, nomydenasie crmyTHHkamMu Copernicus Sentinel-2 B 2016 u
2022 rr. moka3aid, 4TO Ha JIEJHUKE HAOII0NaeTCsl 3HAUUTENbHOE COKPAIIEHHE ILIO-
maau jgbjaa. [Tnomans nenqnuka coxparunack Ha 50 % ¢ 2018 no 2022 r. Uz-3a orpa-
HUUCHHOM OCTaTOYHOII MacChl €ro JISASHOTO TOKPOBA OTHOCUTEIHHO MPOGHIISI CKIOHA
IOxus1 [IHEdepHEp TEpecTan Teus BHU3 110 CKIIOHY, YTO SIBISACTCS BaXKHBIM KpHTeE-
pueM st Kitaccu(UKAINK JISASHOM MacChl Kak «JieqHuKa». Ha ceropHsmamii aeHs e-
Huku CesepHslii [1IHedeprep 1 XomreHranbhepHep, KaXIbIH TIOMEAbI0 TPHUMEPHO
16 ra, eme KIacCHPUIUPYIOTCS KaK JISTHUKU, HO OHH IPOAOJIKAIOT AKTHBHO TasATh.

B xoxe HacToseit paboThl BHITIOTHIETCS aHATH3 BPEMEHHOW TUHAMHKH CpPEJl-
HETO/I0BBIX 3HAUCHUH TEMIIEpaTypsl BO3/LyXa 110 JAHHBIM HHCTPYMEHTAIBHBIX Ha0III0-
JIeHMH 32 BapualUsMU TEMIIEPATypbl HAa BBICOKOTOPHOM MeTeocTanuuu [yrmmnurue.

PaccmaTtpuBanuch BapualMd CpPEIHErOAOBBIX 3HAYCHMHM MaKCHMalbHOU 3a
CYTKHM TeMIIepaTypsl Bo3ryxa 3a nepuoa ¢ 1901 no 2024 r. Mereocranuus Llyrmmnurie
pacmonoxeHa Ha BbicoTe 2574 M. Ee reorpaduueckue koopaunatel: 47°25'00" c. .,
10°58'59" B. 1.

Jst onipeseneHyst pocTa TeMIIEpaTypsl CO BpEMEHEM B padOTE MCHOJIb30BANIACh
JIHMHEHHas: perpeccus — 3T0 METOJ] aHaJIu3a JaHHBIX, KOTOPbI MaTeMaTHUECKH MOJIe-
JUPYEeT HEU3BECTHYIO MM 3aBUCUMYIO EPEMEHHYIO U U3BECTHYIO I HE3aBUCHMYIO
MepEeMEHHYIO0 B BHJIE JIMHEHHOTO ypaBHeHH. OIeHKa MOTOHKH JIMHEWHON perpeccun
BBITIOJIHSIACh HAa OCHOBE aHaM3a Kod(duirenTa JeTepMUHALIIH.

B nacrosieii pabote ¢ Lenbio BBIIEICHHUS TPEHIOBOH COCTABISIONICH HCIIOIb-
30BJICSI METOJI CHHTYJISIPHOTO CHEKTPaIbHOTO aHaNN3a, KOTOPHIN 3aKIIF0UaeTcs B Jie-
KOMITO3HUIINH BPEMEHHOTO Psi/ia Ha €r0 COCTABIIAIOIINE, HA3BIBAEMbIC IMITHPHICCKUMHA
KOMITOHEHTamH [6].

ANTOPUTM CHHTYJISIPHOTO CHEKTPAIbHOTO aHAIN3a COCTOUT B creayomeM [6; 7].

Ha nepBoM 3Tamne MCXOAHBIH BPEMEHHOH psi pa30uBaeTcss Ha OKOHHBIE TOCIIe-
JIOBAaTEIIFHOCTH, 3aTeM KaKIas ITOCIIeTOBATEIIFHOCTh Ipeodpa3yeTcs B TPACKTOPHYTO
MaTpHily, B KOTOPOIl BpeMs MPeICTaBICHO B BUJE CTPOK, a B3aUMOAEHCTBHE MEXKITY
JJIEMEHTaMH BPEMEHHOM MOC/IEA0BATEIbHOCTH B BU/IE CTOJIOIOB.
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Ha crreyromem stane ¢ erbio BBIICICHHUS SMITUPHISCKIX KOMITOHEHT PsIa HC-
TIOJTb3YETCS CHHTYJSIPHOE PA3JIoKeHUE (aNIPOKCHMALUs MaTpUIbl Yepe3 JIMHEHHYIO
KOMOMHAIUIO 0Aa3MCHBIX BEKTOPOB), IPHU 3TOM Oa3MCHBIC BEKTOPHI IOJIyHYaIOTCS M3
JarOHAIBHBIX YIEMEHTOB MATPHUIIB! CHHTYIIAPHBIX 3HAUCHHUH, a IMITUPHUIECKUE KOM-
TTOHEHTHI — U3 IPONU3BEICHUS] MAaTPHILIBI JIEBBIX CHHTYJIIPHBIX BEKTOPOB HA TPAHCIIOHHU-
POBaHHYIO MaTPUILy NPABBIX CUHTYJISIPHBIX BEKTOPOB.

Kaxas smmnupudeckas KOMIOHEHTa COJACPKUT UHGPOPMAIIIO O PAJe Ompese-
JICHHOW YaCTOTHI M JUTMHBI BHYTPH OKOHHOH ITOCIIETOBATEIFHOCTH. {71 BBIACICHUS
TpeH[a HEOOXOANMO CTPYNINPOBATh COOCTBEHHBIE TPOMKM C MEAJICHHO MEHSIOIIN-
MUCSI CHHTYJISIDHBIMH BEKTOpamH [7].

Ha pucyHke mpuBeneHBI BapHaIliM CPEIHETONOBBIX 3HAUCHHUN TeMIepaTypsl
Bo3nyxa 3a nepuof 1901 mo 2024 r. mo nanueiM Meteoctannuu Llyrmmurie. Makcu-
MaJlbHasi CpeIHET0/I0Bast TeMIieparypa Haomonanack B 2024 1. u cocrasmia 0,55 °C.
MpuHumaneHasi cpeJHerofoBas Temmneparypa HaOmomazack B 1919r. u cocraBuia
3,70 °C. Cpennsist cpenHerogoBas Temmeparypa B nepuoj ¢ 1901 mo 1968 r. cocras-
nsiet —2,49 °C. Cpennsisi cpeiHeroioBasi remrneparypa B nepuoa ¢ 1969 no 2024 r. co-
crasisier —0,98 °C, 1. e. Ha 1,51 °C Gosnblie 1o cpaBHeHuIo ¢ iepuogom 1901-1968 rr.

Kpome Toro, Ha pucyHke NPUBEAEHBl BapUallMd TPEHIOBOH COCTABIAIOLICH,
paccYNTaHHON C TIOMOIIIBIO METO/Ia CHHTYJISIPHOTO CIIEKTPATIBbHOTO aHaIu3a. Busyais-
HBII aHAIN3 JaHHBIX PUCYHKA MOKa3al, YTO TEMI POCTAa TEMIEPATypPhbl 3HAUUTENBHO
yBennumics ¢ 1969 r. D1o xopomo otodpaXkaeT TMHAMHUKA TPEHIOBOH COCTABIISIO-
e, pacCYNTaHHON C MOMOIIBIO METO/1a CUHTYJIIPHOTO CTIIEKTPAJIBHOTO aHAJIH3a.
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Puc. Bapnaiyn cpeiHerofioBbIX 3HaYCeHUI TeMIIepaTyphl BO3/yXa 110 JAHHBIM METEOCTAHINH
Lyrmmurue 3a nepuox ¢ 1901 r. mo 2024 r. ; kpacHble JMHUU — BapUALIUK TPEH0BOIT
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COCTaBIISIIOIICH, PACCYUTAHHON C MMOMOILBIO METO/[a CHHIYJISIPHOTO CHIEKTPAIbHOTO AaHAIIN3a;
OpaH)XeBbIE JIMHUU — PE3yJIbTAaThl TMHEHHON perpeccuu

Pe3ynbTarhl perpecCMOHHOIO aHajiu3a Uil BpeMeHHOro uHrepsana ¢ 1901 no
2024 r. 1eMOHCTPUPYIOT POCT TEMIIEPATYPBI CO BpEMEHEM, KO3 (HUIINEHT neTepMUHa-
uuM JuHeHo#l perpeccun cocrasiser 0,40. Jlyumie auHeldHONW 3aBHCHMOCTBIO all-
MPOKCUMHUPYIOTCS BapHallnU TeMreparypsl ¢ 1969 r., koapunueHt nerepMuHaINH
JMHEWHOM perpeccun coctasiser 0,53.

Hccnedosanus evinonnenst 6 pamxax 2ocyoapcmeennozo 3aoanus M PAH
«IIpeobpazosanue ceoghusuieckux noieil Kaxk OCHOBHOU Paxmop medxceeochepHvix
e3aumooeticmeuity (Ne 125012700798-8) u 6 pamxax ecocyoapcmeentozo 3a0anus.
HUD3 PAH.
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Jlanama@THbIe U CTPYKTYPHO-THAPOrpaguyecKkue
NPeanoChblIKM (POPMHPOBAHUS IKCTPEMAJBHOI0 CTOKA

U. 0. AMocoga (irinaamosova_83@mail.ru)"2, O. B I'arapunosa
(whydro@irigs.irk.ru)!

Unemumym 2eozpagpuu um. B. 5. Couasvt CO PAH, 2. Upxymck
2Upxymekuil 2ocyoapemeennviii ynueepcumem, 2. Upkymck

Annortanus. IIposenen ananu3 maHAmadTHHIX, MOPHOMETPUUCCKUX, THIPOIIOTHIECKUX U CTPYK-
TYpHO-rHAporpadguueckux xapakrepucTuk Oacceiina p. I'onoycthoit. Ha ocHoBe 3akoHOMepHOCTEH
CTPOCHHSI PEUHBIX CHUCTEM BBINENCHBI 001acTH (HOPMUPOBAHUS, TPAH3UTA U AKKYyMYILAI[HH CTOKA.
IIpocTpaHcTBEHHBI aHATIN3 CTPYKTYPHO-THAPOrpadguueckux 0COOCHHOCTEH PEUHBIX CHCTEM B pa3-
JMYHBIX JAHAMA(THO-THAPOIOTHYCCKIX KOMIUICKCAaX HO3BOIICT CHOPMYIUPOBATE OOIINE 3aKOHO-
MEPHOCTH yCIIOBUH (POPMHUPOBAHHS CTOKA TEPPUTOPHHU U YTOUHUTH IPAHHIIBI 001acTell CTOKOGpMH-
poBanusi. COBMECTHBIH aHaIM3 JaHAMAPTHO-TUIPOIOTHYECKHX M CTPYKTYPHO-THAPOrpaduuecKux
XapaKTepPUCTHK TO3BOJIMII ONpPEJIENTh BEIHYHHY 0e3 IMPOCTPAaHCTBEHHOIO JIOMOIHEHHS HaOmIoa-
TespHOI cetn. [pencraBieHa kaprocxeMa obiacteld cTokodopmupoBanus B Oacceitae p. ['omoyct-
HOIi B COOTBETCTBHH C JNaHAMA(THO-TUIPOIOTHYECKUMHI KOMIUICKCAMU.

KuiroueBble cioBa: naHamadTHO-THAPOIOTHYECKOE HCCIEIOBAHUE, CTPYKTYPHO-rHaporpaduye-
CKasi MHJIUKALUs], MaKCUMaJIbHasi BOJJOHOCHOCTB, IKCTPEMaJIbHBINA CTOK

BBenenne

dopmupoBaHue cTOKa Ha BOJOCOOpPE B 3HAYMUTEIBHOW CTEIEHH 3aBUCHT OT
JaHAmAQTHOW CTPYKTYPHI TEPPUTOPHUHU, KOTOpask OMpeNeNseT yCIOBUS TpaHChopMa-
IIIH aTMOC(EPHOTO YBIAYKHEHHS B TOBEPXHOCTHBIN CTOK M MH(MIBTPAIIHIO B ITO13EM-
HBIC TOPU30HTHI, PACXOBI Ha UCIAPEHHE W TPAHCIHPAIMIO PACTUTEIBHOCTBIO, aKKY-
MYJISIIUIO B MUKPOIIOHIKEHUAX penbeda 1 O0IOTHBIX KOMIUIEKCax U T. 1. OTcyTcTBHE
HaAOI0AaTeIbHON THAPOMETEOPOIOTHUECKON CEeTH B BEPXOBBSIX OACCEHHOB ISt
OIICHKHM CTOKA PEYHBIX CHCTEM CO3[aeT HEOOXOIMMOCTH MPUBICYCHUS CTPYKTYPHO-
rUIporpaduvecKoro aHaiu3a Ha OCHOBE JIaHAMIA(THBIX MpU3HAKOB. MccrnenoBanue
JaHAMAQTHO-TUAPOIOTHYECKUX M CTPYKTYPHO-THAPOrpadUUecKUX OCOOCHHOCTEH
PEYHBIX CHCTEM BBIMIOJHEH Ha TipuMepe OacceliHa p. ['0J10yCcTHOM.

O0BLEeKTHI H METOBI

Bacceiin p. ['onoycTHOI pacmonoxeH B peaenax Xamap-/labaHckoro rupoo-
rudeckoro paiona [8]. Mcrok pexn Haxonutcst Ha OHOTCKOM BO3BBIIIEHHOCTH, a €€
JonuHa popesaet [IpumMopckuii XpebeT 1 BrajaeT Ha 3amagHoM Oepery 10’KHOH KOT-
noBuHbI 03. baiikan. B 6acceiine p. ['010ycTHON MIMPOKO pacmpoCTpaHeHbl KAPCTYIO-
IIHECS TOPOABI, HEKOTOPBIE TPUTOKH MOTJIONIAIOTCS KAPCTOBBIMH MOIOCTAME. Peunas
ceThb OacceitHa GopmMupyeTcs U IpEeHUPYET MEPBUYHBINA MTOJBETPEHHBIN I0T0-BOCTOU-
HbIA criioH [Ipumopckoro xpedTa, B ycTheBOW 00JACTH OTMEYACTCSl HAaMMEHBIIUH
cioit ocaakoB, MeHee 250-300 MM B rof1. Bech MOBepXHOCTHBIN CTOK pOpMUpPYyeTCs U
KOHIICHTPHPYETCS B BEPXOBBSIX paccMaTpuBaeMoro dacceiina [4].
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[Tpn HEZOCTATOUYHOCTH M OTCYTCTBUHU PEXKUMHBIX HAOTIONCHUH 3()(EKTUBHBIM
CIIoco0OM OLIEHKH BEIIMYHMH CTOKA C BOJOCOOPOB SIBISIETCS JIAHAMA(THO-TUIPOIIOT U~
yeckuit [3; 5] u cTpykTypHO-ruaporpaduueckuil aHaau3 teppuropuu. CTpyKTypHO-
THIPOTpadUIeCKUil OIX0/ MMO3BOJISIET Ha OCHOBE 3aKOHOMEPHOCTEH CTPOCHHUS ped-
HBIX CHCTEM OIIPE/ICIUTh X BOJOHOCHOCTb, 00J1aCTH ()OPMHUPOBAHUS, TPAH3NUTA U AK-
KyMYJISIIUM CTOKA, JIaTh OIIEHKY SKCTPEMAJIbHOW BOJHOCTH PEK IPU OTCYTCTBUH
HabmoaarenpHou cetu [1; 2; 6; 7]. Ucnonp3oBanue nanamadTHO-THAPOIOTHUECKOTO
MOAXO0/1a 1aeT BO3MOKHOCTh BBISIBUTH OOIIME NPOCTPAHCTBEHHO-BPEMEHHBIE 3aKOHO-
MEpHOCTH (POPMHUPOBAHUS CTOKA HA TEPPUTOPHU B Pa3IMUHbIC ()a3bl YBIAXKHEHUS, a
TaKXE MO3BOJIACT OLICHUTH UBMCHCHUA PEKMUMaA BOAOOTAAYU U YTOUHUTH I'PAHULIBI 00-
nacteit GopMHUpOBaHUS, TPAH3UTA U AKKYMYJISILIUK CTOKA.

PesyabTatsl

DopMHpPOBaHNE TOBEPXHOCTHOTO CTOKA IPOUCXOINUT B 3JIEMEHTAPHOH CeTH 00-
nTacTi (OPMUPOBAHMS CTOKA, MIPEACTABICHHON BPEMEHHBIMU U SMTU30ANIECKIMH BO-
JoTokaMu. Bpemst noberanus no sJeMeHTapHOM CETH HEBEIIUKO, a 110 JUITMHE PEKH IPOo-
UCXOJUT MHTCHCUBHOC HapaIlMBaHUE MOPSAKA, B PE3yIbTaTe YErO MPH JAOCTUKECHHU
PEYHOM CCTEMON HAUBBICILIETO €0 3HAUYEHUsI, OCHOBHOM CTOK JJOCTUTA€T TPAH3UTHBIX
BOJIOTOKOB OJIMKANIIMX MIIAMIMX MOPsAKOB. KoimuecTBO BOJHO-3PO3MOHHBIX J1e-
MEHTOB IIEpBOTO MOPSAKA IPH ITOM COKpalaercs. B 3aMpIkaroiieM cTBope o0nacTu
AKKyMYJISIIUH CTOKAa HAaOJII0JJaeTCsl KOHIICHTPAINS CTOKA U MPAKTHYECKH MOJTHOE €T0
OTCYTCTBHE B 3JIEMEHTapHOM CETH.

JlanmmadTHO-rUIpOIOrNUecKoe palloHMpoBaHue OacceliHa p. ['osoycrHas He
MPOTUBOPEUUT CTPYKTYPHO-THIPOrpahUuecKuM MapamMerpaM BOmocOOpa, HO MMeEeT
OIIpEe/ICJICHHBIC OTKJIOHEHMs, 10 MHEHHIO aBTOPOB, 00YCIOBICHHBIE UCTOPHUEH Teo-
J0T0-MOP(OIOTHYECKOro (POPMHUPOBAHUS JITAaHHON TEPPUTOPUHM U TPEOYIOIEro OT-
JIETBHOTO UCCIICIOBAHUSL.

Jlannmader 6acceitHa peku mpencTaBieHsl 12 BUgamMu, KOTopbie 0000IIeHBI B
HECKOJIBKO I'PYIIII TT0 BUJJOBOMY COCTaBY PAaCTUTEIBHOCTH, MOP(HOCTPYKTYPHBIM T1apa-
METpaM U XapaKTePU3YIOTCS OJHOTUIIHBIMH THAPOJIOTHUECKUMHU (YHKIUSIMU B pas-
JgHBIe (Da3bl BOIHOTO PEKUMA.

B obnactu popMupoBanus cTOKa KOMIUIEKCHYIO CTOKO(OPMHUPYIOIYIO M CTO-
KOPETYJIUPYIOIIYIO POJIb BBIIOJHSAIOT TOPHO-TACKHBIE TEMHOXBOWHBIC BEPIIMHHbBIC U
CBETJIOXBOITHBIE COCHOBO-JMCTBEHHUYHBIE cOOOIIecTBa Ha clabo- U cpeaHepacdie-
HEHHBIX CKJIOHAaX (pHC.).

Ocaznky, MOCTYMNAIONME B T'OPHO-TaekKHBIC KEAPOBO-NMXTOBBIC JaHIA(THI,
PacTIONIOKEHHBIE Ha BEPIINHHBIX BBIIONIOKEHHBIX TOBEPXHOCTSIX 00ECHEUNBAIOT HE-
BBICOKYIO, HO JIOCTATOYHO TIOCTOSIHHYIO Bo0OTAady. OCHOBHAS JOJIS ITOBEPXHOCT-
HOTo CTOKa (hopMHpYyeTCcs B COCHOBO-TMCTBEHHHYHBIX JaHAMA(PTAX BO3BBIICHHBIX
cksoHOB (10 1200 M), yTO 00yCHOBIMBAaET (OPMHPOBAHUE HEOOJBIINX BOIOTOKOB,
BEPXOBHUI MaJbIX peKk. B MHOTOBOIHBIC TOKAIMBEIC TIEPHOBI B TAHHBIX TEMHOXBOII-
HBIX U CBETJIIOXBOWHBIX JaHAmadTax (GopMHpyeTcs BEICOKHIA U OYE€HBb BBICOKHH IT0-
BEPXHOCTHBIH CTOK. B CBOIO odepenb, XOpOIIO pa3BUTash BOAHO-3PO3HUOHHAS CETh
(367 pnemeHTOB MEPBOTO MOPAIKA), 00IIeH MpoTsHKeHHOCThIo Oonee 800 kM ompene-
JsieT O6IaroNpUATHBIC IPEATTOCHUTKH (OPMUPOBAHUS SIKCTPEMATBHOTO CTOKA (Tall.).
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Puc. Obnactu crokodopmupoBanus B 6acceiine p. ['onoyctHoi

Tabruya

JupdepeHuramy CTpyKTypHO-THAPOTpapUIECKUX XapaKTePUCTHK PEUHOM CHCTEMBI
T"onoycTtHoit 1o 06acTsiM cToKa

Oo6unactb O6nactb Oo6nactb
CTpyKTypHO-THAPOrpadUIECKUE XapaKTePUCTUKH | (GOpMUpOBaHMS | TpaH3UTA AKKYMYJISILIUN
CTOKa cTOKa CTOKa

ITnomanp, KM> 1327 925 25,4
Cpennsisi / MakcHMallbHasl BbICOTA BOIOCOOpa, M 848 /1158 739 /1120 624 /978
Cpennsisi / MaKCHMaITbHASI BBICOTA TAIbBETa, M 780/ 1027 662 /960 505 /807
CpenHuii / MaKCUMaJIBHBIN YKIIOH BogocOopa, ° 4/23 5/25 7/22
Cpenuunii / MaKOCI/IMaJ'II)HI)II/I YKJIOH BOJIHOM 3/19 3720 3/17
[IOBEPXHOCTH,
CyMMapHasi JUIMHa BOAHO-9PO3HOHHON CeTH, KM 858 734 30,6
TTopsiiok BOJHO-9PO3HOHHON CETH 1234 12345 12,5
o kinaccudukanuu Xoprona — Crpanepa
MarsuTyza, mr 367 258 6
CymmapHast JuinHa JIeMeHTOoB | mopsiaka, KM 473 331 13,1
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B oGmactn Tpam3uTa croka B 6acceiine p. '0J0ycTHOI CTOKOPETyTHPYIONIYIO 1
AKKYMYJIATHBHO-TPAH3UTHYIO (DYHKIIHIO BHITTOJIHSIOT TEMHOXBOHHBIE TUXTOBO-KEPO-
BBIC CKJIOHOBBIC U ITOJrOPHBIC CBETIOXBOWHBIC COCHOBBIC JaHamadgThl. B ycioBusx
CpeaHel BOIHOCTH BOAOOTAAYA C JAHHBIX KOMIUICKCOB PaBHOMEPHASI H OTHOCUTEIIEHO
HH3Kasl, 4TO 00YCIIOBJIEHO (PaKTOpaMu HH(UIBTPAIUH B TOI36MHBIC TOPU30HTHI U aK-
KyMyJSIIUM Biard B sanqmadrax. Takke Haauunue BOJOTOKOB CO CIEHBIMU YCTb-
SIMU,TIPEICTABIISIIONINE JTOKAIBHOE TOHIDKCHHE penbeda,IBIsIoTCs yJacTKaMH aKKy-
MYJSIIAH CTOKA B MEKEHHBIM TEPHOJI, aB YCIOBHAX IEPEYBIAKHEHHUS TCPPUTOPHUH,
CITy’KaT HICTOYHUKAMH JIOTTOJTHUTENLHOTO OCTYTIEHHS BOJIBI B PEUHYIO CETh 1 Ha TIPH-
JIeTarolyo Tepputoputo. [Ipu BEICOKMX OcagkaX, B MaBOJOYHBIA MEpHOA ITU JIaH]-
magTHbIE KOMITJIEKCHI BBITOJIHSIOT CTOKO()OPMHPYIOIIYIO PONIb C BEICOKOH HHTEHCHB-
HOCTBIO CTOKa. /l0CTaTOYHOE KOJIMYECTBO JMU30JMUECKHX M BPEMEHHBIX TaJbBETOB
(258 1T.) 06IaCTH TPAH3UTA CTOKA MO3BOJSIET MPUHSTH TPAH3UTHBII CTOK C BBIIIEIE-
JkKalel yactu 6acceiiHa U GOpMUPOBATH 3HAUUTEIbHBIH MECTHBIH €ro 00BeM.

37maKoBbIE JIyra W CBETIOXBOMHBIC OCTCITHEHHBIC JAHAMA(THBIC KOMIUIEKCHI,
INPUIEraloNIie ¥ YaCTUYHO 3aHUMAIOIIUE JONMHY PEKH, XapaKTePH3YIOTCS HU3KUMHU
AKKYMYJIMPYIOLIMMH CBOMCTBAMH ¥ BBINOJHSAIOT TPAaH3UTHYIO pyHKLMI0. McKirouenue
COCTABIISIOT 3a00JI0YCHHBIE JJOTUHBI IPUTOKOB C PEIKUM TEMHOXBOHHBIM APEBOCTOEM
M OTJICNTbHBIC JTyTOBO-00JIOTHBIE KOMITJIEKCHI B TOJIMHE TIIaBHON PEKH M 00TACTH aKKy-
MYJISIUM CTOKAa, KOTOpBIE 00JIaal0T BEICOKUMH aKKyMYJIUPYIOIIMMH CBOMCTBaMH B
nepuoj o00i BogHOocTH. OONACTh aKKyMYJISILIMM CTOKA 00JagaeT HeOJaronpHsT-
HBIMH YCJIOBUSMH CTOKO(OPMHUPOBAHUS JUIS IEPHOAOB CPEAHEH U MOHIKEHHOH BOJ-
HocTH. TeM He MeHee B IepHO/ Il TIOBBIIICHHOH BOAHOCTH HAINYHE SMTH30JMYCCKIX H
BPEMEHHBIX BOJJOTOKOB, XapaKTePH3YIOIIUECS JOCTATOUHO OONBIIMMHU YKIOHAMHU KaK
CaMHX TaJbBEroB, TaK BOJOCOOPA 3TOW 00JaCTH, AOMYCKAET XOTh ¥ HE3HAYUTEIBHOE,
HO MecTHOE (popmMupoBanue cToKa (10 10 M/¢).

CoBMeCTHBIH aHaN3 JIAaHAMA(QTHO-THAPOJIOTHYECKUX U CTPYKTYPHO-THIPOTpa-
(ryecKnX XapaKTePUCTHK MT03BOJIHII OIPEICIUTh BEIMYUHY IKCTPEMAIbHOMN BOJOHOC-
HOH CIIOCOOHOCTH NIPH YCIOBHH 3aIIOJIHCHUS BCEH COBOKYIHOCTH TaJlbBETOB PEYHOU
cuctemsl ['onoyctHol. B obmactn ¢dopMupoBaHns CTOKa BOJOHOCHOCTH COCTABUT
604 m*/c, B 3ambIkaromeM cTtBope — 970 M/c.

BbisiBiIeHHBIE 3aKOHOMEPHOCTH M OCOOCHHOCTH (DOPMHUPOBAHHUS IKCTPEMAIIb-
HOT'O CTOKAa MPEJIOoJaraoT rPaHNYHOE MOI0KEHHUE, TOKA3hIBAIOT MAaKCUMAIBHO BO3-
MOXKHBII 00b€M, KOTOPBII MOXKET TPaHCIIOPTUPOBATH KOHKPETHAsI pedHast CHCTEMA.

Paboma evinonnena 6 pamrax I'ocyoapcmeennozo 3adanus Ul um. B. b. Co-
uagevl CO PAH (Ne cocyoapcmeennoti pecucmpayuu AAAA-A21-121012190059-5
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HN3MeH4YUBOCTH BOAHOIO M JIeA0BOI0 pe:xxuma p. Ilenknna
B HH’KHEM T€YEeHHH B COBPEMEHHBIX YCJIOBHAX

K. P. Baiiry6ekos (baukir@gmail.com), IT. FO. Cemxun (pahno@list.ru)

Tuxookeanckuil okeanonocudeckuit uncmumym JBO PAH um. B. U. Unvuuesa, 2. Biaousocmok

AunHoTanust. Vccienyercs BpeMeHHasi H3MEHYUBOCT BOJIHOTO U JISZIOBOTO pexkuma p. [lemkunna Ha
OCHOBE JJaHHBIX THUJPOJIOrHYecKuX HabOmoaeHui 3a nepuoxn 2008-2022 rr. Llens paboTsl — aHAIN3
M3MEHEHHH B BOJHOM M JIEJIOBOM PEKHUMaX PEKH B COBPEMEHHBIX KIMMATHYECKUX ycioBusix. Mc-
IIOJIb30BAaHbl JaHHBIC TUAPOJIOTHYCCKOro Iocta y C. Kamechoe, BKJIFO4Yass €KCAHCBHBIC YPOBHHU
BOJIBI, PACXO/IbI H JICJIOBBIC SIBJICHHUS. Y CTAHOBJICHO, YTO MPOJOJDKUTEIBHOCTD JIEA0CTaBa COKPATH-
JIach 110 CPABHEHHUIO C apXUBHBIMU JaHHBIMU 1968—1970 rr., a mpolecc yCTaHOBJIGHHsI TIOJIHOTO Jie-
Jocrapa crall 0osee IJIMTeNbHbIM. BhIsBIEHBl OCOOEHHOCTH CE30HHOIO XO/a TOJILHUHBI JIbJA U BOC-
CTAQHOBJICHBI €KEIHEBHBIC PACXO/IbI BOJbI HA OCHOBE KPHMBBIX CBSI3H YPOBHEH M pacxonoB. JlaHHoe
HCCJIEI0BAaHUE CTAHET OCHOBOH I KOMIUIEKCHOTO M3y4YeHHs M3MEHUHBOCTH BOJHOTO U JIE€LOBOIO
pexxuma p. [lewkuna.

KuoueBble ciioBa: HGH)KI/IHB., BOL[HLIﬁ PEXKUM, JIEIOBBIN PEKUM, TOJMIINHA JIbJa, KPUBBIE PACXO10B.

BBenenne

Peka Ilenxnna pacnosoxxeHa Ha ceBepo-BocToke KamuaTckoro kpas v npote-
kaet 1o teppuropun Kopsikckoro okpyra. Ona Oeper cBoe Hayano Ha CpeauHHOM
xpebre Kamuatku u Brnagaet B Ilemxunckyro rydy Oxorckoro, o0pasys 3cTyapui,
BMecTe ¢ p. TanmoBkoi. E€ mnmaa oxomo 713 kM, mmomans BogocbopHoro Oacceiina
coctasnser 71 600 kM B cTBOpE ¢. KameHckoe B 69 kM 0T ycThsa. B BepxoBbsx IleH-
JKMHA — TOPHAs PeKa ¢ OporaMu U NepeKaTaMu, B CPEHEM 1 HIPKHEM TCYCHHH BBIXO-
JUT HAa paBHUHY, 3aMEAJIIETCS U MPOTEKAeT MO 3a00J049eHHON HU3MEHHOCTH, pa3ou-
BasICh Ha MPOTOKH [2].

[Iuranue pexu NMpPEeHMMYIIECTBEHHO CHETOBOE C SPKO-BBIPA)KEHHBIM BECCHHE-
JICTHUM IIOJIOBOABEM H JOXACBBIMHU IMABOJKAMMU. Omna sBiIsIeTCS BTOpOﬁ 110 BCJIMYHUHC
cToka, rmocie p. Kamuatku. 3amep3aer B OKTAOpe-HOAOpE, BCKPHIBACTCS B Mae, MPH
3TOM JIEJIOXO0/I COMPOBOK/IAETCSA 3aTOPAMH U MTOATOIJICHUSIME [9].
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Baccelin pexkn MaroHaceleHHBIH, B OCHOBHOM IIpeo0iamaeT TopHas Taiira u
TyHapa. KmuMat pe3ko-KOHTHHEHTalIbHBIN, BHYTPUIOA0Bas aMIUINTYAA TEMIIEPATYp
coctasiser 6onee 40 °C, oTauyaercst CypoBOi 3UMOI U KOPOTKUM U POXJIAJHBIM Jie-
ToM. Ocaki yMepeHHbIE, HO 3IMa MHOTOCHEXHasl. B HIDKHEM TeYeHUH HMEeT BaXKHOE
3HAa4eHHUE Ul MECTHBIX KOCHCTEM U OIPAHUYEHHOIO XO3SHCTBEHHOIO MCIOJb30Ba-
Husl. CyJ0XOACTBO OrpaHMYEHO U3-3a MENKOBO/bsI U MIOPOTOB [§&].

Iens paboTH! — MPOaHATU3UPOBATh H3MEHEHHS BOAHOTO M JICOBOTO PEXHUMax
pexu [lermxuHa B HIDKHEM TCUYCHUH B COBPEMEHHBIX KIIMMATHIECKUX YCIOBHIX U BOC-
CTAaHOBHTH €KEJHEBHBIE PACXO/BI BOJBI 11O €KETHEBHBIM H3MEPEHUSIM YPOBHS BOJBI,
UCIIOJIB3Ys PErPEeCCHOHHBIC YpaBHEHHs KpHUBBIX 3aBucumocteit Q(H) npu cBobogHOM
pycne.

W3ydenne memoBOro peknMa IO3BOJHMT IMPOTHO3UPOBATH BECEHHHE IMOABEMa
YPOBHS PEKH, KOTOPbIE MOTYT NPUBOIUTE K MOJATOILIEHUSIM TEPPUTOPHUIl HACENEHHBIX
MYHKTOB ¥ MH(QPACTPYKTYPBI, PACIIOIOKEHHBIX BONN3U peku. Taxke n3MeHeHus Jjie-
JIOBOTO PEKMMa MOTYT CITYXKHTh HHIUKATOPAaMH KIMMATHUCCKIX U3MEHEHHH, IPOUC-
XOZSIIUX B OacceiiHe pekH, a 3HaHWE BOJHOTO PEKUMa PEKH HEOOXOANMO ISl TUIaHHU-
POBaHUsS Cy/I0XO/ICTBA, OCOOEHHO B YCIIOBHSIX CE30HHBIX M3MEHEHUH YPOBHS BOJBI U
JIeIOBBIX SIBICHUI M ONTHMU3AINH TPAHCIIOPTHBIX MapIIPYTOB U PHCKOB.

3HaHUS O BOJAHOM H JICJIOBOM PEXHMaX ITOMOTYT st 00Jiee TOYHBIX PAacdeToB
00beMa CTOKa ITPU IIPOSKTUPOBAHNUH ¥ BO3MOXKHOM JIaJIbHEHIIIEM CTPOUTENBCTBE MPHU-
JTUBHOM anexTpocTanuuu B [lemxunckoii ryde.

Onucanue mocra

I'mpposorndeckuii oCT pacIoIoKeH y 10KHOH okpanHbl cena Kamenckoe, pac-
HOJIOKEH Ha HpaBoM Oepery, COCTOMT W3 perepoB u cBail. OTMETKa HyJIs 1mocra —
7,21 abe, otkpeit 01.10.1956. I'mapoctBop Ne 1 Haxoautest B 0,7 KM HIDKE THAPOIIO-
cTa, 000pyJOBaH IIEPENpaBOi C €310BBIM M Pa3METOYHBIM TPOCAMH, THAPOCTBOP
Ne 2 (3umuumii) — B 1,5 kM Bbie. TosmuHa ba U3MEpSETCs Ha CepeHe PeKH [6].

JlonuHa pexu cnabou3BUINCTAs, ITUPUHON 2—4 KM 110 BEPXY, CKJIOHBI IIOKPBITHI
KyCTapHUKOM M HU3KOPOCIBIMH JICPEBBSIMHU, TIPABBIN CKIIOH — 0YE€Hb KPYTOH, BEICOTOH
40-60 M, neBblii — TeppacupoBaHHbIi. K 1011HEe NpUMBIKAaeT KPYITHOXOJIMHUCTAst MECT-
HocTb. [loiima neBoGepeskHast, MUPUHON 2—3 KM, HAUMHAET 3aTOIUIATLCS NIPH YPOBHE
900 cm [6].

Pycno m3BmmicToe, necyaHo-rajJeqHoe, MecTaMy KameHucToe. [IpaBerii Oeper
OUYCHb KPYTOH CKaJIbHBIH, JIeBbI BeIcOTOW 6—10 M. Bo Bpems MeKeHU OOHaKaIOTCs
MHOTOYHUCIICHHBIE OCEPEIKU U KOCHI [6].

B nmannoif pabote OyayT MCIOIB30BaHBI JaHHBIC, MMONy4YeHHBIE ¢ caiita AVIC
I'MBO 3a 2008-2022 rr. [1], a Taxke JaHHBIE U3 THUAPOJIOTHYECKUX €KETOJTHUKOB 3a
1968-1970 rr. [4-6].

Boausblii pe:xxum

[To maraeiIM AVIC I'MBO [1] 6bUH IOCTPOEHBI TPapHUKH X0Ja PACXOI0B BOJIBI
3a nepron 2008-2012 rr. (puc. 1). YUepHsiMu TUHUSIME Ha rpadrke 0003HAYEHBI Cpei-
HETOJIOBBIE PACXO/IBI BOJIBI.
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Puc. 1. ExxenneBHBIN X011 pacxo1oB Boabl p. [lemkuna — ¢. Kamenckoe 3a 2008-2012 rr.

Kaxk BuznHO n3 rpaduka, MakCUMallbHbIE PaCXO/bl BOJBI COOTBETCTBYIOT MEPH-
OJly IOJIOBOJIbS, TAKXKE 3aMETEH XapaKTEePHBIH MaBOJOK, HAOMIOJAIOUIUICA OCEHbIO,
MIOCIIe TIPOXOXKJCHUS KOTOPOTO HACTYNAeT OCEHHE-3UMHSASA MEKCHb, [UINTEILHOCTHIO
okosio 6—8 mec. [lonoBoabe XapakTepu3yercss pe3KUM MOJIHEMOM BOJBI U yBEIHYE-
HUEM pacxofla B HECKOIBbKO pPa3, HEPEAKO COMPOBOXKIAETCS MABOAKAMHU M JUIUTCS
OKOJIO JIBYX MECSAIIEB. 32 3TOT MEPHO MPOXOAUT A0 85 % BCero ctoka peku. SUMHSISI
MEKEHb OTIIMYACTCS HU3KUMH YPOBHIMHU M PACX0JIaMH B TEUEHHE BCETO BPEMEHH, TH-
TaHHE PEKU B ITOT MEPUO] TPEUMYIIECTBEHHO MOA3EMHOE.

ITo knaccudpukanum pex A. W. Boeiikosa [3] p. [lemkuna oTHOCHTCS K TIEPBOH
rpymme, Ty I — peku, mogyvaromie NUTaHUe OT TassHUS CHEera, Ha paBHUHAX U B He-
BbICOKUX ropax a0 1000 m.

OTHOLIEHHE MAaKCUMAaIbHOTO PAcX0/a K CPEAHEr010BOMY COCTaBIISET OT 6. 2 10
10. 3, uro o3Havaet, yTo no kinaccupukauuu pex b. /1. 3aiikosa [7] p. [lenxuna oTHO-
curcs Kk | rpymme — peku ¢ BeCeHHUM II0JIOBO/IbEM, a B 3TOil rpymmne k Bocrouno-Cu-
OMpPCKOMY THITY.

Bocrouno-Cubupckuii THIT XapaKTepH3yeTCsl BRICOKUM BECEHHHM ITOJIOBOIBEM,
YaCThIMU JIETHUMU N1aBOJAKAMU U OUEHb HU3KOW 3UMHEN MexkeHbro. Takoil Tum xapak-
TepeH Uil Teppuropuy, SIHo-Muaaurupckoro paiiona, Kamuatku, CaxanuHa u pacno-
JIO)KEHHOH K BOCTOKY OT Enmcest. MHOTrHe peku ¢ rroma siMu 0acceiiHOB B ICCATKH U
Jla’ke ThICSYM KBAJAPATHBIX KUIOMETPOB 3MMOM MOTHOCTBIO NepeMep3atoT [7].

JlenoBblii pesxum

Jlis ompeneneHus MPOJOJDKATEILHOCTU JICOBBIX siBIeHUNA Ha p. [lemxkwuHa,
noct c. KameHnckoe, ObLIH MPpOaHATU3UPOBAHBI IaHHBIE O €XKEeITHEBHBIX YPOBHSIX BOJBI,
B3saThIX ¢ AVUC TMBO 3a 2008-2022 rr., BKIHOYAIONIKE B ce0s1 JaHHBIC O JICIOBBIX
sBIIEHUSX. [l K&KI0TO Toja ONpeaesisiiach JlaTa Hadaia JI000ro yCTaHOBHUBILIETOCS
JICJIOBOTO SIBJICHUS, JlaTa Havajia TOJHOTO JIeJ0CTaBa, 1aTa OKOHYAHHUS JIe0CTaBa U
JlaTa TOJIHOTO OYMIIEHHs OTO JbJaa. Ha puc. 2 mpenctaBieHa MpOAOKUTENBHOCTD
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TOJTHOTO JienocTaBa. Kak BUIHO U3 rpaduka, B MOCIEIHNE NECSITHICTHS, TPOIOIKA-
TENbHOCTD JiefiocTaBa cocranisiia oT 140 1o 203 aHel, yTO 03HAYAET, YTO OHA YMEHb-
LIMJIACh, IO CPABHEHUIO C apXUBHBIMH JaHHBIMU 32 1968—1970 rr. (214-215 aueit) [4—
6]. OnHaKo TaHHOE MPEITOIOKEHHE OY/IET eIl YTOUHATHCS B MMOCIENYIOIINX padoTax.
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Puc. 2. llponomxurensHOCTS egocTasa 3a mepuoxa 2008 — 2022 rr.

Ha puc. 3 mpencraBieHa pa3HHIIA MEXIy TOSBICHHEM JICIOBBIX SIBICHUN W
HayaJioM IoJIHOTo JiefgocTasa p. [lemkuna. — c. Kamenckoe 3a 2008-2022 rr. nurens-
HOCTh YCTaHOBJICHHS TIOJIHOTO JIEOCTaBa 3a JTOT IMEPHOJA HM3MEHsach OT 24 1o
60 mueilt, B To Bpems kak B 1968—1970 rr. [4—6], 3TO 3HaUY€HHE COCTABIISIO BCEro 6—
13 nHel. DTO CBSI3aHO C TEM, YTO IO JAHHBIM THAPOJIOTHYECKUX €KETOTHUKOB, PEKa B
9TOT MEPHOJ] 3aMep3alia MONMHOCThI0, a o AanHeiM AVIC I'MBO [1] Hactynan nauiib
HETIOJHBIH Jie1ocTaB. J{Jis pacueToB MpOI0JDKUTENFHOCTH JIEOCTaBa UCTIOIh30BaIaCh
JIaTa MOJTHOTO MOKPBITHS PEKH JIbIOM.
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Puc. 3. lnutenbHOCTh OCBOOOXKICHUS PEKH OTO Jibja 3a nepuon 2008—2022 rr.
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B xone aHanm3a 1e10BbIX SBICHH, OBLUTO 3aMEUECHO, UTO B KOHIIE OKTSOPS HA P.
[lemxuHa yCTaHABINBACTCS HEMOIHBIN JISIOCTaB, M TOIBKO K KOHILy HOSOps-HadaIry
JeKa0psi, pexa MOJHOCTBIO 3aMep3aeT.

ITo manabM 3a 2008-2022 rT. OBIT MOCTPOEH CE30HHBIN XOJ TOJIIMHBI JIbJIA
(puc. 4). B nagane u3mMepeHui (KOHEI OKTSIOPsI — Ha4ajao HOsIOPs) TOJIIMHA JIbAa CO-
craBiser oT 15 mo 30 cm u Hapactaet mo 100 — 130 cM (3a uckirouenuem 2016 1.) K
ceperHe MapTa, MOCJIe Yero MPAKTUYECKH He U3MEHSIETCS JI0 IEPUo/ia TassHuUSI.
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Puc. 4. CezoHHbIH X0 HapacTaHus Jpaa 3a nepuosa 2008-2022 rr.

Taxke ObUT ITOCTPOCH XOT MAKCHMAJTbHBIX 3HAUEHUH TOJIIUHBI JIbJA 32 KOKIBIH
rox (puc. 5). TpeHna Ha yBeIW9YeHUE WM CHI)KEHHE BBISBICHO HE OBLIO.
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Puc. 5. MakcuMasbHas TonmuHa Jibaa 3a 2008 — 2022 rr.
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BoccranoBJieHue PacxoaoB BOAbI

B cBs3u ¢ Tem, uto B oTkpbIiTOM foctyrie Ha AUC 'MBO [1], ecTs exxetHeBHbIE
YPOBHH BOJIBI, HO HET M3MEPCHHBIX W PACCUUTAHHBIX €)KCIHEBHBIX PACXOIOB BOJIHI,
OBUIO IPUHATO PELICHHUE MOMNBITATHCSI BOCCTAHOBUTH €KEIHEBHBIE PACXObI BOBI 110
HM3MEpPEeHHBIM ypoBHM. {7t 3Toro 3a mepron 2008—2010 rr. 65U1H TOCTPOSHBI KPUBHIE
cBs13M pacxojqioB u ypoBHed Q(H) mist cBoboHOTO pycia (puc. 6), HO i yao0CTBa
BBIYMCIICHHH, B OTJINYUE OT KIIACCHYECKOT0 MPECTaBICHUs, OCH ObUTH TOMEHSHBI Me-
CTaMH.
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Puc. 6. Kpusas Q(H) nnst cBo6onuoro pycia 3a nepuoxn 2008-2010 rr.

3aTeM ¢ MOMOIIbIO PAa3IMYHBIM YPaBHEHUH ObLTH PACCUMTAHBI €KEIHEBHBIC pac-
xozape! Boasl st 2011-2012 rr. (puc. 7, 8). Hammydme# anmpokcuMariiei moryqns-
eicst KpUBOM CTajlo ypaBHEHUE, IPEACTaBICHHOE Ha pucyHke 6. CpesiHee OTKIIOHE-
Hue ot aanHbix u3 AMC I'MBO [1] cocraBuino 2,1 u 2,4 % cOOTBETCTBEHHO.
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Puc. 7. ExxeiHeBHBIE PACXOJIbI BOJBI 32 IIEpHOJ] CBOOOAHOrO pycina, B3sTeie u3 AUC I'MBO u
paccuuTaHHBIE TI0 YpaBHEHHIO THHEHHOU perpeccun 3a 2011 rox
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Puc. 8. ExxeineBHBIE PAcX0/IbI BOJBI 32 IIepHOJ] cBOOOAHOrO pycina, B3sThie u3 AUC I'MBO u
paccuuTaHHBIE TI0 YpaBHEHHIO THHEHHOU perpeccnn 3a 2012 rox

Takum 00pa3om, MONYyYEHHOE ypaBHEHNE PErPECCHU MOYKHO HCIIOIb30BATh ISl
BOCCTAHOBIICHHSI €XKETHEBHBIX PACXOJI0B BOJBI [0 €KCIHCBHBIM YPOBHSAM IJIsi OITH-
JKalmmx 2—3 net HaOIroAeHuI.

Baarogapuocts

ABTOpBI BEIpakaroT Onarogapaocts Mansimesoit A. C. (MI'Y um. M. B. Jlomo-
HocoBa) u Tutuesckoii E. B. (PTTIY M. A. 1. T'epriena) 3a momMoIs B MONUCKE U IUQ-
POBH3ALMH UCXOJHBIX JaHHBIX U3 THAPOJIOTHYECKHX €XKETr0JHUKOB.

Paboma evinoanena ¢ TOU JIBO PAH (Pee. Ne 124022100077-0) npu noo-
oepocke PH® (epanm Ne 23-77-10001).
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V]IK 556.54

I'maposornyeckoe 000CHOBaHHE IHAPOIHEPreTHYECKUX
napametpoB Teabmamckoi I'IC

. H. Benmnuko (dmitriimacho@gmail.com), E. H. Cyteipuna (ensut78@gmail.com)

Hprymcerui 2ocyoapcmeennblii ynusepcumem, 2. Upkymck

AnHoTtanus. Llens uccienoBaHust cocTosla B BBINOJIHEHHU KOMIUIEKCA BOJOXO3HCTBEHHBIX U
BOJIHO-DHEPIeTHYECKUX PAcUeTOB I NMPENIOKEHHOMH aBTOPaMU CXEMbI pa3MeleHus TempMaMcKoi
I'SC. B xone nanHoii paboTsl Obl1a coOpaHa BCs MMEIOIIAsACS UCXOAHAs Tuapooruyeckas nHhop-
MaIys 0 CpeIHEMECSUHBIX pacxojax Bojbl Ha moctax Mamakan — Tenbmama u Mamakan — Mama-
kaHckast 'OC; o ypaBHEHHIO BOJHOI0O OanaHca BOCCTaHOBIEHBI Psifibl pacX010B B cTBOpe Tenbmam-
ckoif 'OC 3a MHOTONIETHMI MTEPUOJT; pacCUUTaHbl pacxosl B cTBope Tenbmamckoit '9C; ¢ mpume-
HenueM cpeacts I'MC QGIS u ganueix SRTM (Shuttle Radar Topography Mission) ycraHoBieHO
COOTBETCTBUSI 00BEMOB U TIIOMA e ONpe/IeIEHHBIM YPOBHAM BOJOXPAHHUIININA, BbIpaXkaeMoe OaTh-
rpaduueckuMu (TornorpaduIecKMMH) 3aBUCUMOCTMU. PaccunTano peryampoBaHue CTOKa 10 KajeH-
JaPHOMY THJPOJIOTHYECKOMY DSy IO Pa3sHOCTHO-HHTETPAaTbHBIM KPUBBIM. ONpeeeHsl 3HauCH s
MOILHOCTH U BBIPAOOTKHU SJIEKTPOIHEPrHU Ha npoekTupyemoii 'OC npu BbIOpaHHOI cxeme paszme-
LICHUsI CTBOPA IUIOTHHBI U 33aHHbIX oTMeTKax Y MO (ypoBust MépTBoro o6béma) u HITY (Hopmais-
HOTO TIOJTOPHBII YPOBHS).

KitoueBsle ciioBa: Texsmamckas ['2C, perynupoBaHue CTOKa, HacOpT BOJAHO-IPHEPTETHUECKHUX Xa-
PaKTEePUCTHK.

AKTYaJIbHOCTh

Tenbmamckas ['OC — nmpoekTrpyemasi THIPOIJIEKTPOCTaHIIUA Ha p. MamakaH, B
Gacceiine pexu Jlena. ['uapoysen OyaeTr cTpouTcs B CypoOBBIX KIMMAaTUYECKUX YCIIO-
Busix CuOHMpH, Ha MHOTOJICTHEMep3ibIX rpyHTax. ' 9C OyaeT HaXOIUTHCA B OJHOM
Kackazae ¢ Mamakanckoit 'OC 1 TO3BONUT yBETMYUTH CyMMapHYIO BEIPaOOTKY 3JIeK-
TpodHepruu B MaMcko-bo1aliOMHCKOM TOPHOIIPOMBIIIIIICHHOM paioHe.

Lenb paGoThI — BHINOJIIHEHNE KOMIUIEKCA BOJIOX03AHCTBEHHBIE U BOJHO-IHEpTe-
THYECKHE PACUYETOB AJIA 3aJaHHON cxeMbl pa3menieHns Temsmamckoit ['OC.

B xoxe nccienoBanus TpeOoOBaIOCH BBITIONIHUTD 331a4H:

e coOpaTh UCXOJHYIO THIPOJIOTHYCCKYI0 MH(GOPMAILUIO O CPEIHEMECIYHBIX
pacxonax Bojbl Ha moctax Mamakan — TenbMmama 1 Mamakan — Mamakanckas ['OC 3a
MHOTOJICTHHH TIEPHOJ; BOCCTAHOBUTH PSZT pacxonoB B cTBope Tempmamckoit I'OC mo
YpaBHEHHUIO BOJAHOTO OayaHca;

e ¢ nmpumenenueM cpeactB [MC QGIS u ganupix SRTM BBISIBUTH COOTBET-
CcTBUSI 00BEMOB W MJIOIIA/IEH ONpeeNEHHBIM YPOBHSIM BOJOXPAaHWIUIIA, KOTOPOE
ompenensercs OaTurpaduaecKuMi (TOMOrpapHIeCKIMH) 3aBUCHMOCTSIMH

® paccuuTaTh PEryJUpOBaHUE CTOKA MO KaJEHIAPHOMY T'HIPOJIOTHYECKOMY
Py MO Pa3HOCTHO-MHTErPAIbHBIM KPUBBIM;

®  ONpPEeTUTh MOIIHOCTH M BBIPAOOTKH 3JIEKTPOIHEPTHUH HA MPOCKTHPYEMOM
I'DC npu BHIOpaHHON cXeMe pa3MelIeHHs CTBOpa TUIOTHHBI W 3aJIaHHBIX OTMETKax
YMO U HITV.

110



CoBpeMeHHble TEHAEHLUN 1 NepcnekTUBbLI Pa3BUTUSA rnapomeTeoponorui B Poccun
Mamepuarsi VIl Beepoccutickoli HayyHo-npakmuyeckol KoHgeperuuu. Mpkymek, 19-21 mapma 2025 e.

BriOpanHast TeMaTHKa UCCIeI0BaHMsI 0CO00 aKTyajabHa B HAIllEC BPEMS, TaK KaK
Ut pa3BuTHI Mamcko-bonaiiorHCcKoro paifoHa TpeOyeTcss MOITHAsT SHEpreTHIeCKast
0a3a, MoATOMY IMOMUMO CYIIeCTBYIOMICH MaMakaHCKO# 371eCh HEOOXOIMMO IIOCTPOUTH
Tenmemamckyto ['DC. OCHOBHBIM TOTPEOUTENEM AIEKTPOIHEPTHH CTAHET TOPHO-PY/I-
HbI koMOuHAT «CyXx0# JIor.

MatrepuaJbl 1 MeTOAbI

Ha pwuc. 1 mpencrasien BapuaHT pa3MerneHus crsopa Temsmamckoir I'9C, ko-
TOpBIN MMOKa3aH KpacHOW auHHEH. Ha 3ToM ke pucyHKe rokasaHa 30Ha 3aTOILICHHS,
OIIpe/IeJICHHAs! TIPH NpeUIoKeHHOM aBTopamu Bapuante HITY u onpenenennas c uc-
noab3oBaHueM ¢ npumenenueM cpeacts I'IC QGIS u nanneix SRTM.

m— TensMaMckan MC

Fny6una xpaHumwa, M

2500 5000 7500 10000 12500 m

Puc. 1. CtBop pa3menieHus (KpacHast JMHUS) U 30HA 3aTOIUICHUS TPOCKTUPYEMBIM
BopoxpanmwmmieM Tempmamckoit [[DC

ITo manueiM SRTM mocTpoensl OGaturpaduieckne kpuBbie. KpuBas o0beMoB
MoKa3aHa Ha puc. 2.
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Puc. 2. Kpusas cBsi3u ypoBHeii B BepxHeM Obede Bogoxpanmiuiia Tensmamckoit ['DC
1 00bEMOB BOJJOXPAHIIIHIIA

PeSyJ]bTaTLI HCCJICA0BaAaHUSA

YMO u HITY npunsrto aBropamu Ha ypoBHe: YMO — 398, 55 M HITY — 436 m.
YMO 3anano, Tak 4To0s! pasHuIa oosemoB pu HITY u YMO cocraBuia nmpuMepHO
1/2 oT rogoBOro 0OBbEeMa CTOKA, YEro 110 PACUCTHBIM JaHHBIM JTOCTATOYHO IS TOCTH-
JKCHUS BBICOKOT'O TIOKa3aTeIsl HCIIOIb30BaHust. MEPTBBIil 00beM IPOBEPEH Ha BO3ZMOK-
HOCTb BMECTUTh HAHOCHI, KOTOpbIE OYIyT OTJIaraTbCs B BOJOXPAHUIUINIE 32 TEPHOA
€ro dKCIUTyaTanuu B AaHHo# padote 3a 100 et n Gonee. OOBEM HAHOCOB 3a MEPHOJ,
skcrnyatauun B 100 et cocraputr W, = 14,3 M M°. Bpems 3anneHuss MEPTBOTO
00BEMa paBusieTcs 12249 net. JIng Bo u30exkaHue MporpeBa BOJbI U YXY/IIICHUS ee
Ka4ecTBa B X0/¢ pabOThI MPOBEPEHO, UTO cpeaHne rryOunsl npu YMO cocTaBisin
Oornee 2,5 M, a IJIOMAJAN METKOBOJIUK ¢ TIyOMHAMH MeHee 2 M 3aHMMalnHe Oojiee
15 % ot obmelt mmomaau 3epkana npu YMO.

Bennunna cpaboTku Bogoxpanunuma (pasHocts Mexay HITY u YMO) no co-
BPEMCHHBIM TPEACTABICHUAM O NPOSKTHPOBAHHM M SKCIUTyaTallud THIPOY3JIOB HE
JIOJDKHA TIpeBbIIaTh 1/3 oT MakcumansHOro Hanopa npu HITY. B Gonee paHHUX mpo-
€KTax 3TO IOJIOKCHUE Ha BBIMOIHSIOCH [1]. B nanHoit pabore riryOuHa cpaboTKH co-
crasisieT 37,45 m nipu Hanope 150 m.

[Tone3usrit 06BeM B3sUT OIU3KUAM K TOJIOBHHE TOJOBOTO CTOKA, YTO MO3BOJISETE
3apeTryInpOoBaTh CTOK C HCITOIB30BaHHEM ITOUTH 98 % cToka A1 BEIpabOTKH 3JIEKTPO-
SHEpIuu.

3uaueHus pacxoaoB B ctBope Tempmamckoit ['DC 3a mepuon ¢ 2008 mo 2022 r.
OBUTH OmpeseeHsl 0 YPaBHEHHUIO BOJHOTO OanaHCa HA OCHOBAHWH HMCIOJIBb30BAHHS
pacxozioB 1 ypoBHeii B ctBope Mamakanckoit ['2C.

Jlanbiie mpousBeieH pacdeT peryiaupoBaHus pacxomoB Temsmamckoit I'DC c
MIOMOIIBIO TOCTPOCHHS PA3HOCTHO-MHTETpanbHbIX KpuBhIX cToka (PUK) [2], moka3an-
HBIX Ha pHC. 3: OCHOBHas KpUBas (CHHSSA)— OTBEYAET ITyCTOMY BOJIOXPaHIUIHIILY
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(YMO); xoHTponbHast (OpamKeBas) OTBeYaeT IMoisHOMY Bojpoxpanmmmnry (HITY);
MEXIy HUMH (cepasi) — pa3sHOCTHO-MHTEerpalibHast KPUBas 3aperyJIMPOBAHHOIO CTOKA,
KOTOpasi MOKa3bIBaeT BO3MOKHOCTh PETYIHPOBAHUS PACXOIOB MPH 3aJaHHOM 00BbeMe
PeryIupyIoIel eMKOCTH BOAOXPAHHIIUIIA.
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Puc. 3. Pa3HOCTHO-MHTETpalibHbIE KPUBbIE

Jlanee ObLIM NMPOU3BEIEHBI BOJHO-IHEPreTHUECKHE PACUEThl M COCTaBJIEH CO-
KPAIIeHHBI TAacMopT BOAHO-’HEPTeTHYECKUX XapakTepucTuk Tembmamckoii I'DC
(Tabm.)

Tabruya
[TacnopT BoIHO-?HEPreTHYECKHUX XapakTepucTHK Tempmamckon ['DC

1. XapakTepUCTHKH CTOKA

CpenneroioBoii crox W, miia v 5605
MakcHMAaIBbHbIH cpeiHeMeC bl pacxo Qyae, M/c 1134
MHuHUMaBHBI cpeHeMecunbli pacxo Quuu, MY/c 9,16
CpeaaeMHOTrO0IeTHHHI pacxon Q, M/c 178
2. XapaKTepHCTHKH BOJAOXPAHHJINIIA

IMomuslit 0668M Bogoxpanmmuma Wy, ., MITH M 4446
MépTBblit 06BEM Bogoxparumuma Wyyg, MIH M 1758
TTones3Hplii 066EM BOIOXPaHHITHINA Wy e, MITH M 2688
Koadduumenr émxoctu Bogoxpanmmmuia B, % 47,9
['y6una cpabotku Bogoxpanuuima heyg, M 37,5
Ormerka yposHs Bobl pu HITY ZBE, M 436
OrmeTka yposHs Bojibl ipu YMO ZBB ) m 398,6
TTnomas 3epkana npu HITY Qyny, MiH M? 99,4
Tlonta b, MeTKOBOMH ¢ riy6uHoit 10 2 M nipu HITY, MiH M? 3,2
Tnomans 3epkana npu YMO Qyyg, MIH M 44,4
[Tontane MenkoBoMH ¢ riyouHOI 10 2 M ipu YMO, mitH M2 2,3
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Oxonyanue maon.

3. XapakTepHCTHKA 3aperyJupoBaHHoro pexuma '9C
MakcuManbHBIi 3aperyIHpoBaHHblii pacxon Q. , M*/c 600
MHUHUMAIBHEIH 3aperyIMpoBaHHbIi pacXo Qi , M/c 70
O6BEM x00¢TOro copoca Wyeg,, MIH M’ 93
O6béM ucnonb3yeMoro croka Wy, MIH M> 5506
Koadpduument ucnonszoanus croka K, .., % 98
MaxkcumansHbiii pacxox I'IC Q¢ . m/c 320
Munnmansssii pacxox IIC Q¢ w/c 70
Maxkcumanpubiii Hanop Hyac, M 150
MunuManbsblii Haop Hy iy, M 110
CpennessseuieHblii Hanop Hep ps, M 140
Cpenneronoas BeipaboTka anextposneprun ['DC 1o 3aperyampoBaHHOMY BOJIO-
TOKY BESC, mipa kBT 1,80
Maxkcumansnas MomHocts I'DC NI2C . MBr 403
Munumanbhas momsocts [TDC NE2¢  MBr 65
3akiouenne

B xone manHO# pa®oTHI TS BBITOJIHCHNS KOMITJIEKCA BOJOXO3SHCTBEHHBIX H
BOJHO-3HEPIeTHYECKUX PACUETOB OBIIM ONPEEICHBI MOIIHOCTH U BBIPAOOTKH 3JIEK-
Tposneprun Tenpmamckoit 'DC: MakcumanbHas MOIIHOCTh cocTaBuna 403 MBT, mu-
HUManbHas 65 MBT u cpenHerogoBasi BEIpaOOTKa 3JIEKTPOIHEPTHU COCTABMIIA
1,80 mipa kBT 4, 4TO IPEBOCXOAUT ATOT IOKA3ATENb 110 CPABHEHUIO € IIPELI0KEHHBIM
panee npoektoM [1]. CpenctBamu I'IC QGIS onpenenena miomaab 30HbI 3aTOIUIEHUS,
kotopas ipu BeiOpanHoM HITY coctaBiia 99,4 miun M. [Ipu nipecTaBieHHOM aBTOpaMu
BapHaHTE Pa3MeIIeHHs D01 MEJIKOBOIMH ¢ ITyOrMHaMHU MeHee 2 M OyayT 3aHUMAaTh
0KO0JIO 5 %, YTO ITO3BOJIMT M30€XkKATh IIPOTPEBA BOABI M yXYALICHHS €€ KaueCTBa.

Cnucok 1MTEepaTyphl

1. IIpoextupoBanue Tempmamckoit 'DC Ha pexke Mamaxkan. TexHonoruss beToHIpOBaHUST MOHOINT-
HOW TIPOJICTHON KOHCTPYKLMM Ha TpeOHe MIOTHHBI // ApXHB 3JeKTpOHHBIX pecypcoB CDVY: caiit. URL:
http://elib. sfu-kras.ru/bitstream/handle/2311/30871/diplom_zlobin_m. s. pdf?sequence=1 (nara obpamieHus:
05.12.2024).

2. Cymoipuna E. H., @ponoe C. B., Cmynensb A. A. BonoxossiicTBeHHble pacyéThl : yued. nocodue.
Hpkyrck : M3n-Bo Upkyr. roc. yH-ta, 2019. 82 c.
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VJIK 556.537

I'opu3onTanbHblie Jepopmannu OeperoB MeaHAPHPYIOUIUX
PeK U UX CBA3b € XapAKTePUCTHKAMHU BOAHOCTH I0JIOBO/IbSA
(na nmpumepax pek Kerb n UyabiM B HUKHEM Te4eHUM)

. A. Bepmunaun (daversh@rambler.ru), JI. A. Kapramosa (kartashova-darya@bk.ru)

Hayuonanvhuiil ucciedosamenvckuii Tomckuil cocyoapemeennulii ynugepcumem, 2. Tomck

AnHoTanus. PaboTa HampapiieHa Ha YCTAHOBIICHHE CBSI3U MEXIY CMCIICHUEM B IIaHE OPOBKU BO-
rHYTOro Gepera, BOAHOCTH U MOp(oMETpuuecKuMH rnokazaressiMu. OLieHKa pa3sMbIBOB Oeperos pex
BBINOJIHEHA ITyTEM COBMEIICHHS Pa3HOBPEMEHHBIX KOCMOCHHMKOB BBICOKOTO Pa3pelIeHHUs (MeHee
1 M/mUKceNb) cpecTBaMU NporpaMMHoro npoaykra ArcGIS ¢ wacroroit ceemku uepes 1-5 ner. B
KauecTBe MOP(GOMETPHIECKHX MOKa3aTeIeH pa3MbIBOB OeperoB ObLIM MPHHATHI IIMHA W3IIYYHHBI U
CTEICHb Pa3BUTOCTH; B KAUYECTBE [10Ka3aTes sl BOAHOCTH — PAacX0J, KOTOPbIi ObuT rpeBsiiieH 30 qHei
BTOxYy. Jleopmariy Geperos ObLIN OLEHEHBI IO CPETHUM M MAaKCUMAJIbHBIM CKOPOCTSM OTCTYIIaHHS
6eper03. B utore IOJIy4YCHBI CTATUCTUYCCKU 3HAYUMBIC YPABHCHUS 3aBUCUMOCTH cpe;u-lei/'l H MakKkCu-
MaJIbHOU CKOPOCTH pa3MbIBa Oepera OT pacxo/a, a TAkKe 3aBUCUMOCTH CIIa00H CTEIeHN JULL CpeJHeH
CKOpOCTHU pa3MbIBa Oepera u pasiuyHbIX GyHKImiA. [TomyueHHBIC Pe3yabTaThl YACTUYHO MOYKHO HC-
10J1b30BaTh JJIsl IPOrHO3UPOBaHUs OeperoBbix Aedopmarnuii pex Kerb 1 UyIbIM B HUKHEM T€UEHUH.

KiioueBble ci10Ba: pyciIoBbIe IPOIECCHI, PA3MbIBBI OEPEroB, H3ITyHHEL.

BBenenne

OpHa 13 HauboIiee ONacHbIX (POPM HPOSIBICHUS PYCIOBBIX JTeOpMaIiii — pas-
MBIBBI OE€PETOB PEK, CO3/IAI0IINE PEATHHYIO MIIN MMOTEHIIHAIBHYIO YTPO3Y pa3pyIleHHs
HACEJIEHHBIX ITyHKTOB, HH)KEHEPHBIX U APYTHX 00BEKTOB, MOTYIINE IPHBOANTH K He-
OIaroNpHUATHBIM CHTYAIHSIM U IPUYUHATD YIIepO BOAHOMY XO3SIHCTBY U HH)KCHEPHBIM
oObekTaM Ha mpupedHbix Tepputopusx [10]. Tomckas 06macTe B BHICOKOH CTEIICHH
MOJIBep)KEHA HETaTHBHOMY BIMSHHIO PEYHBIX TOPHU3OHTAIBHBIX nedopmarnmii. Pas-
MBIBBI OeperoB pek O6u, Tomu, Uynbima, Bactorana, [Tapadenu, Ketu n Teima noctu-
rarT 25 M/TOM, YTO €KETOIHO MPUBOIUT K Pa3pyIICHUIO )KIIBIX JJOMOB, HHXCHEPHO-
XO3SIICTBEHHBIX 00BEKTOB 1 KOMMYHHKANUH [8].

B konte 1950-x rr. HauaTo M3y4YeHHE PyCIoBbIX Aedopmaruii pexk ToMcKoi 00-
JACTH COTpYAHUKaMH Kadenp reorpaduu u ruapoioruu TI'Y A. A. 3eMIIOBBIM,
. A. bypakoBsiM 1 nozanee npoaosnkeHo FO. M. KamenckoBsiM, B. A. JIbroTuHbIM,
H. C. EBceesoii, B. C. Xpomsix u ap. [0 5]. OCymecTBIeHO peKOTHOCIHPOBOYHOE
HCCIIeIOBaHNE TOPU3OHTAIBHBIX Medopmarii O0n u e€ KpyImHBIX TPUTOKOB — Kern,
Yyneiva 1 TeiMa B nipegenax ToMckod o0nacTu. Beleyka3aHHBIME YIEHBIME OBLITH
NPOAHAIN3UPOBAHBI A3POPOTOCHUMKH, TOIIOKAPTHI 1 Jtonuu 3a 1929—1965 rr., npose-
JICHBI HaTYpHBIC HAOIIOICHNS y Psiia HACEIEHHBIX ITyHKTOB M ITOJTYYEHBI KOJIMYECTBEH-
HBIE [TOKa3aTeNll CKOPOCTEH U IUIOINaIeH pa3MbIBa OEperoB, yCTaHOBJICHA HATIPaBIICH-
HOCTh Pa3BUTHsI 3TOTO MPOIECCa U BO3MOXKHBIC IIPHYNHBI HHTCHCUBHBIX JIe(hopMaLuii,
a TakXKe JaHbl OPUEHTHPOBOYHBIC IPOTHO3BI UX JaibHeHero pa3sutus Ha 20-50 net
Briepén [2—4]. I'pymmoii cotpyaaukoB kadenpsl rugponoruu TT'Y moa pykoBoACTBOM
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10. . KameHcKkoBa TPOBOAMINCH HCCIIEIOBAHMSA PAa3MBIBOB OEpETOB Pa3THIHBIMHU
criocodamu [6].

Kpowme yuensix TI'Y perysspHbie cTallnOHapHbIC HAOIFOICHHUS 33 Pa3MBIBOM Oe-
pEeroB Ha paccMaTPHUBaEMON TEPPUTOPUH BBIIOJIHSUINCH TOMCKOH T€0JI0ropa3Beaod-
Hoii skcnieaunueit (TTPD) ¢ 1978 r. Habmronenue 6eperoBbix aedopMariyii pou3Bo-
JIIOCH B paMKax [IporpaMMbl KOMITTICKCHOTO M3YYCHHS SK30T€HHBIX T€0JIOTHYCCKIX
nporeccoB Ha Tepputropun Tomckoi obmnactu. C 1978 mo 1984 r. reomopdorioruye-
ckuM otpsitom TI'PD, mox pykoBoactBom B. A. JIbrotrHa, co3aano 23 pyciIOBBIX I10-
cTa y HaceNn€HHBIX MyHKTOB B noiuHax Oowm, Yymsima, Ketn, Tomu [2]. Hauunas ¢
1995 r. HabmoaeHus 3a nedopmanusiMu Oepero Ha cranuoHapax TI'PD mpomomka-
forcst corpyaaukamu OI'YIT «Tepputopuansusiit LleHTp TOMCKIeOMOHHTOPHHTY.
A. O. KpyToBckuMm pazpaboTaHa OpUTHHAIbHAS METOJIUKA OIEHKN KOJIMYIECTBEHHBIX
apamMeTpoB pa3pylIeHAs OEPEroB IyTeM HHTETPAIUH IU(PPOBBIX CHUMKOB C JIOKAJIh-
HeiMu ['MIC 1 mpeanoxkeHa sKcnpecc-MeTOUKa CIelUaTu3UPOBAHHBIX MOJIEBBIX TH/I-
poJlornYecKux paboT sl OIEHKH U MTPOTHO3a IUHAMUKHU Oeperos [7].

O0beKT, MaTepuaJIbl M METOAbI HCCJIEOBAHUS

CoBpeMeHHBIE CPEeCTBA AMCTAHIIMOHHOTO 30HAMPOBAHUS 3€MIIM MO3BOJISIOT
aHAJIM3UPOBATH Pa3MbIB OEPETOB C BBICOKOW CTETICHBIO JETATHHOCTH Ha OIACHBIX
y4acTKax — TOYHOCTb CHUMKOB IIPEBBIIIAET T'OA0BbIE 3HAUCHUSI CKOPOCTEN pa3MbiBa
OeperoB. PanHMMHU ucchenoBaHUsIMA aBTOPOB [1] yCTaHOBIICHO, YTO HAMOOJIBIIHE
TEMITbI TOPU30HTATBHBIX Aedopmariuit Ha p. UynbiM HAOMIOAAOTCS HA yUACTKE B HUK-
HEM TEUYCHHH, TJe CPEeTHUE CKOPOCTH pa3MbIBa JOCTHUTAIOT 8,8 M/TOJ], & MaKCUMallb-
HBIE — 35,9 M/ron1. HekoTophle H3ITyYHHBI HOAMBIBAIOT HACEIICHHBIC ITYHKTH TOMCKOM
obnactu — Yepnartel, Boznecenka, [lepsomaiickoe, Komcomonsck, Munaeska. Haubo-
Jiee MHTEHCHBHBIE pa3MbIBBI Oepera HabmogaroTes y c. [lepBomaiickoe u c¢. Komco-
MoJbcK — 11-12 m/rox. Ha p. Kers MakcuMmanbHble aedopmaruu 6epera HaOIoa-
I0TCsI Ha M3JIy4HHE, KOTOpasi pacroiaraercs B paione c. bensriii Sp — 8,2 m/rox, npu
9TOM CPETHHUH Pa3MbIB MO U3TYYHMHAM PEIKO MPEBBIIIAET 2 M/TOJ.

Pexa Uynsim oOpasyercs ciustaneM pek bensrit m Uépnsrii Uroc, Gepymmx
Havasio ¢ KysHenkoro Anaray B Xakacuu. J{immHa — 1799 kM, miomans OacceiiHa —
134000 km?. ITpoTspxenHoCTh p. UynbiM Ha TeppuTopun Tomckoit obiactn 725 km [2].
ITonoBoibe HaUMHAETCSI BO BTOPOI! MTOJIOBUHE ampesis U MPOJI0IKAETCs OKOJIOo 3 Mecs-
1eB. MakcHMaITbHBIH pacXo1 BOJBI B 3aMBIKafoIIeM cTBope (c. batypuHo) cocraBiseT
B cpenneM 3450 m/c. Pexa Kets Gepér nagano u3 6onot O6s-Enuceiickoro Bogopas-
Jena, mpoTekaeT 1o 3anagHo-Cubupckoit paBHUHE, 110 TeppuTopusaM KpacHospckoro
kpas u Tomckoii oomactu. B O0p KeTh Biagaer cripaBa nBymst pykaBamu — Torypcekast
Kerp (Hmxe ropoma KonmamreBo) m Komsutosckas Kers, Tekymas Bmoms O6u 110
Hapsima Ha 2246 kM ot yerbst O6u. Jnnua — 1621 xm (805 kM B npenenax Tomckoit
obnactn), miomaas 6acceitna — 94200 km? [2]. [TomoBoabe HaUMHACTCS, B CPETHEM,
BO BTOpPOH IIOJIOBHHE alpeiis, MPOJOJLKUTEIbHOCTh IOJOBOAbS OKOJO 3 MECSIEB.
MakcuManbHbIH pacxo/l BOJbI COCTaBIISIET, B cpeHeM, 1650 M/c.

B maHHOM HCCIeIOBaHUH OIICHKA TOPU3OHTAIBHBIX AeopMaluil Oblia BIITOI-
HeHa B HIDKHEM TedeHnH pek Kets (9 m3myunn ot 1. benospckoe 10 ycThst) u UynbM
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(8 m3myumH oT c. 3BIpAHCKOE 10 yCThs). [nmmHa u3mydnH m3Mensercs ot 1180 M mo
3350 M, moka3aTelib CTEeH! Pa3BUTOCTH — OT 1,2 710 2,3. OneHka pa3MbIBOB OeperoB
PCK BBIIOJTHEHA ITyTEM COBMEIIICHHS Pa3HOBPEMEHHBIX KOCMOCHHMKOB BBICOKOI'O pa3-
pemerns (MeHee | M/IHKCeNb) CpeicTBAMHU MporpaMMHoro npoaykra ArcGIS ¢ ga-
CTOTOM ChEeMKH 4epe3 1-5 ser.

B xauecTBe MOp(HOMETPUIECKUX MTOKa3aTeNel ObUIN IPUHATHI IJTHHA M3y YHHBI
(S, M) u crenens pazBuTocTH (S/A), nedopmainu GeperoB ObUIN OLEHEHBI [0 CPETHUM
(Cep, M/ronm) 1 MakCUMaBHBIM (Cyaxe, M/TOI) CKOPOCTSIM OTCTyHaHus Oeperos. B ka-
YecTBE MTOKA3aTells BOAHOCTH PEKH IIPHHAT PacXo/1, KOTOPEIHA ObLT peBbImieH 30 aHei
B rOJly, OCpEIHEHHBIH 3a TobI Meky cHUMKaMu (Q3o, M°/C) ¢ KaskI0ro HocTa Ha Hc-
clleyeMoM ydacTke: c. batypuno, c. 3sIpsHCcKoe Ha p. UynsiM u 1. PoguoHOoBKa Ha
p. Kets.

P03y.]1 bTAaThbl U BHIBOJAbI

TemIrs! pa3mbIBa 6eperoB cBOOOTHO MEAHAPUPYIONINX PEK OTHO3HAYHO 3aBUCST
OT Pa3MepoB PEK 1 X BOJHOCTH. KOCBEHHO BOJHOCTh MOKET OBITh OLICHEHA ITOPSAKOM
pekn N, oTMeuaeTcs, 4TO pOCT CKOpOcTel pa3MmbIBa Oepera rnpoucxoaut npu N Gosee
14, 9TO COOTBETCTBYET, B TOM UHCIIEe HIKHEMY TedeHHIo UynbiMa. B cpeqaemHoronet-
HEM pPacCMOTPEHHH ITOJIYYECHBI BEChbMa OJHO3HAYHBIC CBSA3M MOPSIKOB PEK, CPeHe-
MHOTOJIETHHX PAacXOI0B M CPEJTHEMHOTOJIETHUX TEMIIOB Pa3MbIBOB Oeperos [6]. Ox-
HAKO BOJHOCTb BEChbMa U3MEHYMBA KaK OT I'ojla K TOly, TaK U B MHOTOJIETHEH Mepcrek-
THBE, YTO OTPAXKAETCS U Ha M3MEHIUBOCTH Pa3MBIBOB OEPETOB.

Mesxay BOIHOCTBIO IOTOKA H Ie(OpPMAITISIMI OeperoB yCTaHABINBAIOTCS OTpe-
JIeTICHHbIC YCTOWYMBBIC COOTHOIICHNUS. B HikHeM Teuennu pek Uynsima n Kern k Ta-
KOBOH OTHOCHTCSI 3aBUCHMOCTBb MEKIY PAacX0J0M, KOTOPHI ObLT mpeBsbiiieH 30 1Hei
B TOZly 1 CKOPOCTBIO pa3MbIBa 6eperos (puc. 1). @ynxmusa C=f(Qs30,) mOka3pIBaeT cTa-
THCTHYECKH 3HAUUMYIO JHHEHHYIO CBS3b, COTJIACHO KOTOPOW ueM OOIbIe pacxon
BO/IbI B I0JIOBOJIbE, TEM BBIIIE CKOPOCTH pa3MbIBa OEPETOB.
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Puc. 1. I'pauk 3aBUCUMOCTH CpeTHHUX (a) U MAaKCUMAIIBHBIX (0) CKOPOCTEH pa3MbIBa
(Cep 11 Cuiaxe, M) OT Pacxosia, KOTOpbIi Gbis1 nipesbimien 30 aueit B romy (Qso, M/c)
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Tem He MeHee MPAKTHYECKUI HHTEPEC TPEACTABIISET MMPOTHO3 CMETIEeHHs Oepe-
TOBOW JIMHUH HE TOJHKO B 3aBUCHMOCTH OT M3MEHEHHUS CPETHEMHOTOJNIETHHX PacXo-
JIOB, HO M OT MOP(OMETPHYCCKUX MTOKa3areneil. PaHee oTMeuanock, 4To BBICOKHE TI0-
Ka3aTeau CPEeTHHX CKOpPOCTe pa3mbIiBOB OeperoB m3myunH (Cep > (2,5-3,0) m/ron)
nyuqire onuchiBatoTcst ypaBHeHHeM Cep = f(S) [1]. Takke yTBEpKIaJI0Ch, 4TO CKOPOCTH
pa3MbIBa OEpEroB 3aBHCAT OT CTEIICHHU pa3BUTOCTH U3ydnH [9]. CormacHo rHIpOMOp-
(hosornyeckoi TEOPUH PYCIOBOTO mpoiiecca [7], TeMIIbI pa3MbIBa OeperoB MeaHapH-
PYIOIIUX PEK CTAHOBSTCS MAKCUMAIBHBIMH TIPY IOCTHKECHUN CTETIEHH Pa3BUTOCTH U3-
JY9UH BeNUIuHHI 1,4—1,6, C yBETMUYEHHEM CTETICHH Pa3BUTOCTH ITAHOBEIE edopMa-
IIUH TOJI OT F0J]a HAYMHAIOT YMCHBIIIATHCS. Y BETMUCHHE JITHHBI H3ITyYHHBI TPH MTPOYUX
PaBHBIX YCIOBHUSX TaK)Ke CKa3bIBAETCSl HA YMEHBIIIEHUH CKOPOCTH pa3mbiBa Oepera. C
Y4ETOM BBIIIIECKa3aHHOTO YPABHEHUE 3aBUCUMOCTHU CPETHEH CKOPOCTH pa3MbIBa U3ITY-
YHHBI OT 3TUX MapaMeTPOB OBLIO MPEIoKEeHO paHee [ 1] ciaexyronmMm oopa3om:

Cep = f(O30/(|1,6 = S/A| + 1))/ S, (1)

rae Cep — CpeHsIsl CKOPOCTh pa3MbIBa M3MYUYUHBI, M; Q30— Pacxoi, KOTOPBINA OBLT TIpe-
BbilIeH 30 nHell B rofy, ocpeTHEHHbIH 33 FOIbI MEKLy CHUMKAaMH, M>/c; S/A — cTeneHb
Pa3BUTOCTH M3IYYHHBL, S — [UTMHA U3ITYYUHBI, M.

IIpuHuMas BO BHUMaHHE JaHHOE ypaBHEHHUE, ObLUTH MOCTPOCHBI Ipaduku GyHK-
it Cop=t (Q30, S, S/A) 1 Cep=f (Q30, S/A). PesynbTarsl npuBeneHs Ha puc. 2. CBsI3b
MEKIy CMEIIeHHEM B TUTaHe OPOBKH BOTHYTOTO Oepera U ImapaMeTpaMH B BRIPAKCHUH
1 oka3anack HEOJJHO3HAYHA U CJ1a00M CTEIICHH CTATUCTHYECKOH 3aBrcumocTH. [Tpume-
HEHHe MOKa3aTeneld BOJHOCTH W CTENIEHN Pa3BUTOCTH PEK OJTHO3HAYHO YKa3bIBaeT Ha
POCT CPEHUX CKOPOCTEH pa3MbIBa, OJJHAKO KOI(DPHUIMEHT TeTepMUHAIIMHA HECKOIBKO
HIwke, 9eM st GyHkumu C=£(Q3o,).
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Puc. 2. I'paduk 3aBucuMocTH cpesiHuX ckopocteil pazmbiBa (Cep, M):
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Pa3BUTOCTH M3IY4IHHBI (S/L) U [UTMHBI U3ITyYUHBI (S, M)
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Bonbmioii pa3dpoc Touek MO3BOJISIET paCCMATPUBATH 3T 3aBUCHMOCTH KaK OT-
pakeHne o01IIei 3aKOHOMEepHOCTH. BO3MOXHO, 9TO CBA3aHO ¢ U3MEHEHHEM YKIIOHA J0-
JIMHBI PEKH, YTO TPEOYET AOMOIHUTEIBHOTO YTOoUHEHHsI. CKOPOCTH Pa3MbIBOB OCpEroB
©XKEro/IHO UMEIOT Pa3HyI0 HHTEHCHBHOCTH M XOPOIIO KOPPETUPYIOTCS C TPEI0KEH-
HBIM TIOKa3aTeJieM BogHOCTH. MopdomeTprieckne ToKa3aTeIn Malo H3MEHSIIOTCS 3a
KOPOTKHUH MPOMEKYTOK BPEMEHH, TI03TOMY UX IIPUMCHEHHE B 3aBHCUMOCTH TI03BOJIUT
pacOopoCTpaHUTh €€ HC TOJIBKO Ha IPUMEHCHHBIX B UCCIICAOBAHUN U3JTyYHUHAX, HO U HA
HE HCCIIeIOBaHHBIX pekax. Taxum obpazom, pyHkms Ce,=f (Qso, S, S/A) TpeOyeT BbI-
TTOJTHEHUS 00JIee ICTATFHOTO aHAIN3a U yUeTa JTOMOTHUTEIBHBIX (PaKTOPOB.
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AHHOTanus. BaxxHOIl cocraBisiiomeil nmporecca MOHUTOPUHTA THAPOMETEOPOIOTNIECKOi oOcTa-
HOBKH SIBJISICTCSI TIPOBE/ICHNE HAOIIOICHHUI 32 MapaMeTpaMy OKpYIKalolleld NPUPOJHON Cpelbl Ha
CTAQHLMAX U TocTax PocruapoMeT TpaauinoHHbIMKE MeTogaMu. OTHAKO B yCIIOBUSIX HEOCTATOYHO
W3YYEHHOCTH JUIsl OLEHKH THIPOrpadUUECKHX XapaKTePHUCTHK BCE Yallle PACCMATPUBACTCSI BOSMOX-
HOCTH NPUMCHEHHSI COBPEMEHHBIX METOJIOB JHCTAHIIMOHHOTO 30HAMPOBAHUS 3eMJIH M a3podoTo-
CHEMKH C ITOMOIIBI0 OCCIMIIOTHBIX JICTaTeNbHBIX anmnaparoB. Ha npumepe Oacceiina p. U3BuinuHKN
BBITIOJTHEHA a39p0(OTOCHEMKA YaCTH BOI0COOpA HIDKHETO TCUCHUS PEKH, TAXCOMETPUIECKast CheMKa,
00paboTaHbl pe3ysbTaThl PAJapPHON ChEMKH ITOBEPXHOCTH 3€MIIM U CITyTHHKOBBIE CHUMKH. OOpa-
00TKa BBITNOIHSIIACH (POTOrPAMMETPUYECKIM METOOM, KapThl BEICOT H OPTO(OTOILIAHBI TOCTPOCHBI
B cucteme koopanHat WGS 84. Jlist onpeeneHus ruaporpaduueckux XapaKTepucTuK B reOnH(pOp-
maronHoM 10 coBMeleHbl MPOCTPaHCTBEHHBIE JaHHbIE. TOYHOCTH pacyera ruaporpaduIecKux
XapaKTEePUCTUK HaXoIuTcs B penenax 10%-Hoi morpenHoCTH.

KuoueBsle ciioBa: ruaporpaddeckie XapakTepICTHKH, I(bPOoBas MOAEIb penbeda, [Iprmopekuii
Kpaii, opTo(hOTOIUIAH.

BBenenune

Pacuets! ruaporpadguueckux XapakKTepHUCTHK PEYHBIX BOAOCOOPOB MPAKTHKH
(pacuer HaBOAHEHWH, 3aTOIUICHUH, MAKCUMAJIBHOTO U MUHHMAJILHOTO CTOKA M T. J.)
MPOBOJAAT C IMOMOIBIO TPAJULIMOHHBIX METOAOB KyJa BXOAAT UCTOUYHUKH JAHHBIX B
Buje: Tomorpauyueckux KapT, TaHHBIX CIPABOYHMKA M HATYPHBIX HaOIIOJNCHUI.
OXBaTUTh HATYPHBIMU HAOJIIOICHUSIMU BECh OACCEHH IOBOIBHO CIIOXKHO. OTIEIbHbBIC
YacTH, HalPUMED, 3aMbIKAIOMINI CTBOP PEKU UCCIETYETCS ¢ MOMOILIBIO COBPEMEHHBIX
MeToz10B (a3podorockéMka, creMka ¢ npoduiorpada). CoBpeMeHHbIE TEXHOJIOTHH 1~
CTaHIIMOHHOTO 30HAMpoBaHus 3eMin (/I33) Mo3BOSAIOT U3ydaTh OOJBINKE BOTOCOOP-
Hble OacceiHbl, He prOerast K HaTypPHBIM HaOJIIOICHUSIM, OJTHAKO TIOJIE3HBIM SIBIISICTCS
YTOYHEHUE U CPaBHEHHUE MOTyUEHHBIX Pe3ysIbTaToB [[33 ¢ HATYpHBIMU HAOIIOICHHUSMH.
Brenpenne nndpoBeix MeTo0B [[33 crtocoOCTBYET yMEHBIICHHIO TPYA03aTPaTHOCTH
THAPOrpaUUecKnX BEIMUCICHUN. [t HATYpHBIX M3MEPEHUI COBPEMEHHBIE TEXHOJIO-
THU MPEACTABISIOT NEPCIIEKTUBHOE HAIIPaBIEHHE MOCKOIbKY TPYJIOEMKOCTh MPOBEe-
HIU TTOJICBBIX paboOT Pe3Ko CHIMKAeTCs Omarofapsi 6ECMIOTHBIM JIETaTeNbHBIM arapa-
tam (BITJIA), aBTOMaTH3MpOBaHHBIM KOMILIEKCAM, KOTOPBIE HCIIOIB3YIOTCS HE TTOBCE-
MecTHO. B pabote paccMoTpeHsl BapiaHThl 00paOOTKH M MPUMEHEHNUS TaHHBIX COBpe-
MEHHBIX TEXHOJOTHH, a TakKe JUCTAHIIMOHHBIC METOJBI B M3YUYCHHH BOJOCOOPHOTO
Gacceiina. [ TpOBEpKM TOCTOBEPHOCTH ITOMYYEHHBIX PE3yNIbTATOB HCIIOIH30BAHBI
CIIPaBOYHUKH U Tororpaduueckas kapra. Lleab paboTsl: kapTorpadgupoBanne TeppuTo-
pHH, pacyeT THAPOrpapUIEcKUX XapaKTEPUCTUK C HCIIOIb30BAHUEM a9POPOTOCHEMKI
u 'MC nns oOHOBIIGHHS MAcIiopTa THAPOJOTHYECKOTO MOCTa HA mpumepe p. M3Bu-
JMHKHA y ¢. M3BuimHKa (BKIIFOYast MPUMBIKAIOIIYIO K MTOCTY TeppUTOpHio) [1].
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MaTepna.m,l " METO/bI

Pexa U3Buinnka npotekaeT Ha Teppuropun [Ipumopckoro kpas u siBisieTCs
IPUTOKOM p. YccypH, OepeT cBoe Hadano B ropax Cuxory-AnuHs (puc. 1).

Kapra-cxema pacnonoxenns p. H3sniannka Ilpumopekuii kpaii

Yyryescknii paion

s lpm Hsammg~—

M 1:300 000

Yenoeubie o6o3nauenns

- Peunas cems,
e p. W3BitiHKT

02 4 8 1216
Kilometers

Puc. 1. Cxema pacrosioxxeHHs paiioHa uccienoBanus p. Vi3BuinHka

Penwed GacceiiHa peku TOPHBIA, COCTOUT U3 XpeOTOB TOpHOI crcTeMbl CHXOT?-
Ammns ¢ Beicotamu 10 800 metpoB. Tepputopus OacceliHa MOKpBITa JIeCaMH XBOHHO-
MIMPOKOJIMCTBEHHBIX MTOPOA. BepuinHbI COMOK MOKPHITH TyHAPAMH U KAMEHUCTBIMH
POCCBIIISIMHU, HIKE HAXOASTCS 3apOCIIN KEAPOBOTO CTIAHUKA U €I0BO-ITUXTOBBIC JIECa.
[TouBs! 3aBuCAT OT penbeda MecTHOCTH. Ha comkax mpeobiamaroT Oypble JTecHBIC
OIO30JIEHHBIE TTOYBBI. |'yMyCHBINM TOPH30HT UMEET BEPTUKAIBHYIO MPOTSHKEHHOCTD
paBHYI0 6—8 cM, KOTOPBIH MEPEXOJUT B AJUTIOBUAJIbHBIA TOPU3OHT ¢ MOLIHOCThIO 30—
40 cM. u 6onee. Knmumar paiioHa OTHOCHTCSI K YMEPECHHOMY, XapaKTepHa X0JI0fHAas, HO
[IPH 3TOM SICHAsl 3MMa CO CHEKHBIM TTOKPOBOM 10 60 CAaHTUMETPOB.

Jlnst p. VI3BuimHKa ObUTa BBITIOJHEHA CheMKa MecTHOCTH ¢ Mayioro BITJIA DJI
Phantom. [ToyueHHble pOTOCHMMKH HCHOJIB30BAHbI JUIS IOCTPOCHUSI OPTOHOTOIIaH
MECTHOCTH, ITU(POBOIT Moenu perbeda, KapThl BEICOT. B padoTe mcnons3oBaHo do-
TOorpaMMeTprieckoe mporpammuoe obecrieaenue Agisoft PhotoScan, kotopoe mo3so-
JSIET BBITIOJIHUTB BCE ONEpaIuu 1o oopaboTke.

OpTodoTOIIaH BBHIIOJHEH Ha OCHOBE IUIOTHOTO 00JaKa TOYEK, MOJY4YECHHOTO
MyTeM MapKHPOBKH OMO3HABATEIBHBIX TOYEK HAa (POTOCHUMKAX B 3aMBIKAIOIIEM TH-
postorndeckoM cTBope pekr. Ono3HaBaTeIbHBIMU 3HAKAMH CTAJIN OTIOPBI MOCTA U JI0-
POXKHBIE CTOJIOBI, KOTOPbIE ObIIIM 0003HAYECHBI B TAXEOMETPUIECKOH cheMKke. Mojienb
mocne AeHCTBUH 3allycka U NMEePBUYHOTO BhIpaBHHUBaHMA (oTorpaduii mo3Bonmna Ha
BTOPOM KPyT€ MOZETHPOBAHUS 3aTrPy3UTh BCE OCTABIIHECS MapKephl B TPYJHO HICH-
TUPHUIUPYEMBIX TOUYKAX 3aTEM 3aIlyCK U 00pa0boTKa POTOCHUMKOB C 3aII0THCHHOU Ta0-
nunel naHeau MPUBSA3KU M0 BCEM TOUKaM.
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Js pacyera runporpauIecKuX XapaKTEePHCTUK 110 TAHHOI TEPPHTOPHH HC-
clleZioBaHMs ObLIA MCIIONIB30BaHA IHdpoBas Moaens penbeda (LIMP) Shuttle Radar
Topographic Mission (SRTM) ¢ paspemennem 30 MeTpoB, KoTopoe 66110 06padoTaHo
B ArcGIS for Desktop 10. 8. [3].

Pe3yabTaTthl

Coswmemntennsie B [0 ArcGISC npocTpaHCTBEHHbIE JaHHbIE: KapTa-BbICOT U Ta-
xeoMeTpusi U o0beauHeHHesl B [10 Agisoft PhotoScan Taxeomerpus u aspodoto-
CbEMKA ITO3BOJIMIIN HOJTYYHUTh CXEMBI, 10 KOTOPBIM ONPEICIINCH THAPOTpadIeCKUe
xapakrepucTuku. O0miee koaudyecTBo 00padoTaHHbIX (oTorpaduii ¢ BIIJIA cocra-
B0 — 242 mit. B pesynbrate 00pabOTKM JaHHBIX ObUI MOJy4eH opTOo(OTOIUIAaH U
KapTa BBICOT JUISl 3aMBIKAIOIIEr0 THAPOIOTHYECKOTO CTBOPA (pHC. 2).

133°5835°B 133°55°40°B 1335545 133°55°35°B 133°5540°8. 133°55°45°B

133°55°40°B 133°55°45°8 3 133°3540°B 133°5845°B

Puc. 2. Oprodotomnat (a) u kapTa BeICOT (6) HIDKHero TeueHus p. M3summaka CK WGS-84

OmpeziesIeHHbIE ¢ TIOMOIIBIO AUCTAaHIMOHHBIX METOJIOB THAPOTpadHIecKue Xa-
paKTepHCTUKH OaccelfHa CPaBHUBAINCH C aHATIOTMYHBIMU JAHHBIMH, TOJTyYCHHBIMHU U3
CrIpaBOYHHKA «Pecypchl OBEPXHOCTHBIX BO» [2].

B Tabnune npeacTaBiaeHO CpaBHEHNE HATYPHBIX 3HAUCHUH CO 3HAYCHUSIMH, T10-
syyeHHbIMH 1ipu tomoru ['UC.

Tabauya
CpaBHeHHUE pe3yJbTaToB
ST TETIE, Gh T 3HaveHue 1o | 3HauyeHue 1o Pasznuna,

2 2] LIMP %
ITnomazne Gacceiina, KM> 1170 1194,7 2,1
JniHa pexu, KM 64 63,9 0,2
Koa¢pduumenT usBummcrocTu 0,821
JLmuHbI Beex pek OacceiHa, KM 1593,1
T'ycToTa peuHoit ceTn Km/km> 1,33
Cpennsisi BbICOTa Bo10cOOpa, M 810 825,6 1,9
Cpennuii ykiIoH Bogocoopa, % 23,9 26,0 8,1
MaxkcumaibHas muprHa BO10ocbopa, KM 43.9
Jlecucrocts, % 98 98,6 0,6
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OkoHuaHue Ta01.

SRS, € 3HavyeHne mo | 3HaYeHHE M0 Pasuua,
[2] LIMP %
CpeHsisi MprHA Bojocbopa, KM 239
[ITuprHa peyHoii JOIMHBI IO 3aMBIKAIOIEMY CTBOPY, KM 1,99
Cpennsisi IMpUHA PEUHON JIOJIMHBI 110 peKe, KM 1,46

Pasznuna O6pu1a paccuntana mo gpopmyse:
A= T L 100 9, (1)

H

rae Py — Bennuuna us [2], Pyyp — Bennuuna, nomydennas 8 'HC.

W3 tabiunpl BUIHO, 4TO OIMyOnuMKoBaHHAs MH(OpMAIHMs 10 MOphoMeTpuye-
CKMM XapaKTepHCTHKaM He TIoHas U Oacceifna p. M3Bmimaka. Y B manHOM ciydae
pe3yibTaThl /{33 M03BONSIOT MOTYYUTH JOTIOHUTEIBHBIC KOINIECTBCHHBIC THPOTpa-
(budeckue xapaKTepUCTHKH [T OLICHKH paccMaTprBaeMoro Bojgocbopa. Kpome toro,
pasHHIAa MEXTy OIICHHBAGMBIMH MapameTpaMu He mpemsimaeT 8,1 % (B cpemHem
2,6 %), 9TO TaeT BOZMOXKHOCTB JIOCTATOYHO YBEPEHHO MCIIONB30BaTh JaHHbIe (33 ms
OIIPEICIICHAS THAPOTPAPHICCKAX XaPAKTEPHUCTHK.

3ak/aoueHne

[pu momomn reorHpopMannoHHOTO [1O U OTKPBITHIX MPOCTPAHCTBEHHBIX JTaH-
HBIX OBUIM pacCYMTaHbl THAPOTpapHUYCCKHE XapaKTePHCTHKH BopocOopa p. M3Bu-
JIMHKA: TUIOLIaah OacceiiHa, [uinHa peKH, K03((GUIMEHT U3BUIUCTOCTH, [UIMHBI BCEX
pexk OacceifHa, TycToTa pedHOl CeTH, CPeIHsIs BBICOTa BOI0COOpa, CPeTHUI YKIIOH BO-
nocbopa, MakCHMallbHasl IMUpUHA BoJ0cOopa, CpeHss MHUpHHA BOIOCOOpa, MIHPHHA
PCYHOI MOJMHBI TI0 3aMBIKAIOIIEMYy CTBOPY, CPEHHss IMUPUHA PEYHOH JOJUHBI IO
peke, secuctocTh. OTKIOHEHUE TUAPOTPAPUUECKUX XAPAKTEPUCTHK, MOTYICHHBIX
KapTorpaMuecKuM METOIOM OT HATYPHBIX NaHHBIX coctaBmwio oT 0,2 mo 8,8 %
(£ 10 %), 9TO CBUIETETBCTBYET O JOCTATOYHOH BBICOKOI TOYHOCTH JAHHBIX TOTyYCH-
HbIX B [1O ArcGIS.

CIHCOK JTHTePaTyphl

1. Ompepenenne ruiporpadMUEcKuX XapakTepHCTHK KapTorpaduyeckum criocobom / M-Bo npupo-
HBIX pecypcoB u skonorun P®, I'TU Pocruppomera ; ots. pex.: E. B. Opnosa, H. H. bo6posuukas. CII6.,
2018. 179 c.

2. Pecypcesl noBepxHoctHbIX Bog CCCP : B 20 1. JI. : Tuapomereonszar, 1972. T. 18. Beim. 3. 627 c.

3. 30-Meter SRTM  Elevation Data Downloader/ NASA EarthData, 2022. URL:
https://dwtkns.com/srtm30m/ (nata obpamienns: 02.02.2025 r.)

123



CoBpeMeHHble TEHAEHLNUN 1 NepcnekTUBbLI Pa3BUTUSA rnapomeTeoponorui B Poccun
Mamepuarsi VIl Beepoccutickoli HayyHo-npakmuyeckol KoHgeperuuu. Mpkymek, 19-21 mapma 2025 e.

V]IK 556.54

OueHka pyc/10BOro H rpyHTOBOI0 CTOKA B YCTheBbIX CHCTEMAaX
Cesenrunckoro u Ilpumopckoro nodepexuii baiikanaa

C. X. I'abpuensn (imperator. gs24@mail.ru)!, E. A. Uneuuépa
(lenail3663@mail.ru)!2, M. B. ITaBnos (maksimpavlov_v@mail.ru)?,
10. U. UIkumenwuc (jecract@mail.ru)!, A. A. Ymkanos (lolitamen@mail.ru)?

!Upxymexuii 2ocyoapemeennviii ynueepcumem, 2. Upkymex
2Uncmumym 2eozpaguu um. B. B. Couasvr CO PAH, 2. Upkymck

AnHoTanus. [IpoBeneH aHau3 psOB JaHHBIX HAOIIOJEHHH 32 paclpe/ielIeHHeM CTOKa B yCThEBBIX
cucremax pek Cenenrurckoro u [Ipumopckoro modepexuii baiikana, ¢ yuerom ux Mmopdoreneruye-
CKOTI'0 TUIIA U OLIEHOYHOMN BEJIMUMHBI OA3€MHOI'0 (IPyHTOBOI'0) CTOKA MM OEPEroBOro peryaupoba-
Hus. OcHOBHAs 3a[ada MyOJIMKAUK MOKa3aTh POIb TPYHTOBOH COCTaBIAONICH B (pOPMHUPOBAHHI
CTOKa 4epe3 TOJIIH OTJIOKEHUH yCTheBBIX 00JIacTell pek ¢ BBICOKOH THIPaBIMYECKON CBSI3bIO ped-
HBIX U NIOJI3EMHBIX BOJI, PACCMOTpPEHBI: ieibTa CelleHrH, celleBble KOHYChI BoiHOCA pek Capmbl 1 I'o-
JIOYCTHOM M 3CTyapHO-JEIbTOBbIE CUCTEMBI peK AHIH U byrynbieliku. Yuer 00beMOB IPyHTOBBIX
BOJI, aKKyMYJIHPYIOIIHUXCS B OTIOKEHHUAX IOIM B TedeHne 3UMHEH (a3bl peskiMa U UX OTAa4H B I10-
JIOBO/IbE M BECEHHHE IaBOJAKM MMEET BECOMOE 3HaueHHe B OalaHca CTOKA B YCTbAX PEK, 4TO IpU
OTHOCHTEIIBHO OJIM3KOM HOJTIOPHOM YPOBHE IIPHEMHOTO BOZOEMaA CO3IAeT YCIOBHS IS BBIXOJIA BOJ
U3 pycell U 3aTOINICHUH 3HAUUTEIbHBIX TEPPUTOPHUI C Pa3BUTOH X038 CTBEHHON HHDPACTPYKTYPOIi.

KuiroueBbie ciioBa: baiikai, ycTheBbIe CHCTEMBI, OallaHC CTOKA, TPYHTOBOE PETyIMPOBAHUE, THPaB-
JIMYECKast CBSI3b.

Beenenue

MHoroseTHee U3y4eHHEe CTOKA B YCTHEBBIX CHCTEMaxX OaiKaIbCKUX peK IMOKa-
3bIBa€T HEBA3KY OalaHCca M3MEPEHHBIX PACXOJ0B B BEPIINHAX U B PA3IHMUHON CTETIEHU
Pa3BETBICHHON PYCIIOBOH CETH YCThEB, YTO, HA MEPBBI B3I MOTJIO ObI OBITH 00Y-
CJIOBJIEHO HEJIOCTATOYHOM TOYHOCTBIO U3MEPEHHH 1 PACTIONOKEHHEM THIPOIIOCTOB Ha
nporokax. OfHAKO IPH MCCIIETOBAHUN CTOKA B OJTHOPYKABHBIX YCTBEBBIX CHCTEMaXx
pek Anru u Byrynblelikn Oblia BbISBICHA 3HAUMTENbHAsH HEBSI3KA MEXKJY YCIOBHO
BEPXHHM M HIDKHEM CTBOPAMH, YTO THIIOTETHYECKH YKa3bIBAaeT Ha 3aJeP)KKy W HepaB-
HOMEPHYIO Pas3rpy3Ky 4Yepe3 OTJIONKEHHs OeperoB B pycia YCTBEBBIX CHCTEM HIIH
TIOJIPYCJIOBBIM CTOKOM, HETIOCPE/ICTBEHHO B aKBATOPHUIO IIPUEMHOI'0 BOJJOEMA.

Tunm3amms Mop(OreHeTHUECKIX THIIOB YCTBEBBIX cHcTeM baiikana BeIomHeHA
coracHo knaccudukaruu B. H. Muxaiinosa [5] 1 B mociIeICTBHN JOTIOTHEHO CIICITH-
(ugeckuMH MOTU(PUKAIAAME IS OallkabCKOTo TT0Oepexbst B padorax [2; 3]. Cenen-
THHCKOE 100epekbe B OCHOBHOM IPEACTaBICHO MHOTOPYKaBHOM AENbTON BBIIBIDKE-
HUSI HA MEIIKOBOJTHOM B3MOpBe. Y cThsl pek Capma u ['onoyctHas Ha mobepexse [pu-
MOPCKOT0 XpeOTa UMEIOT BHEIIHEE CXOJICTBO C BBIABHUTAIOIINMUCS AETETAMH M0 MOP-
¢onorun n pazBeTBICHHOH pycioBoi cetn. C MOp(OreHeTHUECKOH TOYKH 3peHHs,
UMEIOIIeH BAXHYIO (YHKIIHOHAIBHYIO POJIb B pacTIpeIeICHUN CTOKa, 3TH 00BEKTHI OT-
HOCATCA K IICEBIOJCIBTAaM, TaK KaK CO3JJaHbI ITPOTFOBHAIEHBIMI KOHYCAMHU BBIHOCA, B
TOJIIIN KOTOPBIX BPE3aI0TCsl COBPEMEHHbIE KaHAJIbI CTOKA. BBIIBIKEHHE IICEBIOAEBT
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TPOUCXOMT 3a CUET PUTOTEHHBIX OeperoB. YcThe p. byrynbaeku mpencTaBiIeHo 0OJ1-
HOPYKaBHOMU JTeNbTON BBIIBMYKEHHUSI, TIPOIIC/IICH YBOTIONHUOHHBIN YTk Pa3BUTHSA OT
acryapus. Kitaccudyeckoil 3cTyapHO-AEIBTOBOM CHCTEMON MOXHO CYHTATh YCTHE P.
Anra. MexanuaMbl TpaHc(hOpMaIui PEYHOTO CTOKAa MMEIOT CBOIO CTENU(UKY s
KaXJI0r0 MOp(GOTeHETHIESCKOT0 THIIA YCThs [4; 7-9].

PesyabTathl u 00cy:KIeHHSA

MHoroseTHre HaOMIOCHNS 3a PACHpPEACICHHEM CTOKA B pa3BETBICHHBIX YC
(Cenenra, Capma, ['onoycrtHast) mokasajim HEBsI3Ky OallaHCa CTOKa MEXKIY BXOJHBIM
CTBOPOM U pycioBoit cuctemoit ot 10-20 % B ManoBoaHble (a3bl BOJHOCTH (MapT),
70 50 — 70 % — B mepuox 6OIBIION BOJHOCTH MHOTOBOHBIX IEPHOA0B. B o1HOpYyKaB-
HBIX cucTeMax AHru U byrynpaeiiku norepu ctoka cocTasisitoT oT 7 10 10 % Ha kax-
Jble 3—5 KM OT BXOJIHOTO CTBOpPA /10 yCThS.

B pamkax npescTaBICHHOTO JIOKJIA/a PaCCMOTPUM PaCIpe/ieieHHe H aKKyMy-
nsiuio ctoka B YC peku Capwmbl 3a sieto u ocerb 2024 r. PacnonokeHue MyHKTOB
HaOJIIOICHHI TTOKa3aHo Ha puc. 1.

\ “‘\ \rna

I it O

< T4
f

v - TMQPOMETPUYECKHE NOCThI - FOPU3OHTANM C OTMETKAMM BLICOT

® -ceawmm 0 e - M306aTHI C OTMETKAMM FyGUH, M

Puc. 1. PacmionoxeHne THAPOIOTHUECKUX CTBOPOB U ckBaxuH B Y C Capma

PacnipenesnieHne cToka o TpeM pykaBam IceBaoAebTHL p. CapMbl HPOHCXOIMIO
110-pa3HOMY: Ha CIIaJie II0JIOBO/Ibs Ooiiee 75 % CTOKa MPOXOAWIIO Yepe3 JIEBIH pyKas,
JIBa OCTAJbHBIX pyKaBa OCYLIECTBJISUIM CTOK OT 510 8 % (puc. 2). Ilpennonoxu-
TEJIBHO, IOTEPU PEYHOI'0 CTOKA KOMIICHCHPYIOTCS (pUIIbTpaliell B Telie KOHyca H HOo-
CIEYIOLINM HOIPYCIOBbIM cTOKOM B baiikan. HeBsizka jieToM cocTaBuia 4yTh Ooliee
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18 %, BeposATHO, TaKOE 3HAUCHUE HEBSA3KH CBA3aHO C 00JIee CYpPOBBIMH 3UMHHMH YCJIO-
BUSIMH, JUTUTEIBHBIM CYIIECTBOBAHHEM HaJEICH W XOJOJHOW BECHOH, YTO CHH3HIO

CKOPOCTH (PHJIBTPALMK TAIBIX U TOJBIX BOJ B MOYBO-TPYHTHI TEJa KOHYyCa IICEBJIO-
JIETIBTEHIL.

10,00 Pacnpeaenenue etoka m¥/c. Pacnipenenenne croka m*/c.
8,00 Jleto Ocenb
= 6,00 u Capma
= 4,00 1,38 B Capma 0,82 12
¢ 2,00 Gal 025 T2 1,11 )
0.00 ‘ u Capma Sy 55 " Capwa
= =] ) -+ ) I3 » I'T13
= E B E %
g = = = 5 B Capma B Capma
g &2 & & £ I ITi4
Yoo o © 5 u HeBsI3Ka, 391
= “ HEBA3Ka,
m3/c
uCentsops ¥ Hionn Mm3/c

Puc. 2. CTok 1o pycioBoii cucteme nceBaoaensTsl p. Capma 2024 r.

B nepuon oceHneil MexxeHu HeBsi3Ka CTOKa coctaBuia 14 %, nonu cToka 1o
OCHOBHBIM pyKaBaM yCTbEBOW CHUCTEMBI paclpeleiaryinck ot noutu 18 % B mpaBoii
J10 IouTH 64 % B JIeBO MPOTOKE MCEBAOACTBTHI (pUC. 2). Bo MHOTOM pacnpeaeneHue
CTOKa 3aBUCHT H OT THIICOMETPHUIECKOTO MOJIOKEHHS PyCel, M OT BOTHO-(PHU3MIECKUX
CBOWCTB PYCIO(GOPMHUPYIONINX HAHOCOB M MIOYBO-TPYHTOB IMMOMMEHHBIX KOMITJICKCOB
[7; 8].

B runponornueckoM pexuMe BBLACTSIOTCS TONOBOABE U MABOAKU. 3UMHSIS Me-
JKeHb XapaKTepu3yeTcs KpaifHe HU3KHUM CTOKOM HJIH TIOJTHBIM €TI0 OTCYTCTBHEM B (heB-
paite Hauaye maprta. Bo Bpems o0cienoBanus (HioHb 2024 T.) METKH YPOBHSI BRICOKHX
BOJ pocturanu 1 M u Gonee Haj OpOBKaMU pycel U B MEXKPYKAaBHBIX IPOCTPAHCTBAX.

Ha ycTpeBOoM yuacTke, B | KM OT cOBpeMeHHOM OeperoBoii mnunn baiikana, 00-
CJIEIOBAH UCKYCCTBEHHBIN KaHaJl, IPEHUPYIOLIUI [10136MHbIE BO/bI KOHYCA, KOTOPBIi
MO>KHO paccMaTpUBAaTh KakK elle OJHO PYCJIO peKU. YPOBEHb IPYHTOBBIX BOJ] pacrosia-
raeTcsl Ha He3HAUUTEIbHBIX TTyOUHAX, UTO ABJSETCS MPUUNHON 00BOAHEHUS MEXPY-
KaBHBIX NTPOCTPAHCTB. VccrenoBaHms pacpeiesieHust CTOKA MTOKA3hIBAIOT, 4TO Oojee
50 % MOKeT UJITH HE IOBEPXHOCTHBIM CTOKOM IO PyKaBaM, 3a CYET TPYHTOBOIO pery-
JUPOBAHMSI CTOKA UJIH MTOJAPYCIOBBIM CTOKOM [1; 6-9].

Jlnis yueta moapycioBOi cocTaBisiiomIel B ycTheBoH obOmactu p. CapMbl ObIIH
MpOOYPEHBI 2 CKBAXMHBI M HCCIIEIOBAH 00BEM CTOKA Yepe3 UCKYCCTBEHHBIN KaHall. B
CKBa)XKWHAX OTOMPAINCH MPOOBI TPYHTOB IOCIE0BATEIbHO Yepe3 10 cM 1Ist JanbpHei-
IIEr0 UCCIIEA0BAHUS BOJHO-(DU3HYECKUX CBOMCTB IPYHTOB, a TAK)KE M3MEPsUIach CKO-
POCTH HAIMOJTHEHUS CKBAKUH TPYHTOBBIMH BOJAMHU U paccuuThIBancs neber. Kak mo-
Ka3bIBAJIOCH B TAOJHIIE HEBS3KA CTOKA COCTaBIsuIa 14 %, KOTOphIe KaK MBI CUHTAEM
(GUITBTPYIOTCS Yepes3 TOIIIIN MOWMEHHBIX OTJIOKCHUH B MEXKPYKABHBIX TPOCTPAHCTBAX.

Jlnst pacueTa pacnpesieneHus CTOKa Mbl IIPEICTABIIsIEM CIEAYIOIIYI0 OaJaHCOBYIO MO-
JETIb:

O71=0rm2+qx+Qrms+qcrs+Qrms,
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e Opr— pacxoja Ha BepIIMHE AeIbTHI; O — PacXo]] MPaBo MPOTOKH; gk — AeOeT
HCKYCCTBEHHOTO KaHaia; Orms— pacxo]l IEHTPAIbHON NMPOTOKH; gcks — AeOET CKBa-
skunbl ['T14; Qs — pacxon neBoid npoToku. J{is pacyera moa3eMHOI cocTaBstolei
yYTEeHA IUIOIIAAb MTOTIEPEYHOT0 MPOMUIT MEKPYKaBHOTO MPOCTPAHCTBA ¥ HHTCHCHB-
HOCTB (CKOPOCTh (pMIIBTPAINHU MIIM HAMOIHEHUS CKB)XXUHBI). [0 paccunTaHHbIM JaH-
HBIM TPYHTOBBIH CTOK B MEKPYKaBHBIX IIPOCTPAHCTBAX MCeBAOAENBTHI p. CapMa co-
crasun 0,32 m*/c (6 % ot cToka Bozsl B BJT).

Tabnuya
bananc pacnpezneneHus cToka
PycioBoii cTok I'pyHTOBBI CTOK
© ©
Ne nocra BJl Capma I'TI2 | Capwma I'TI3 | Capma I'TI4 “‘1‘313[“:‘“3 ‘“liaﬁ“;‘“a Kanas
0, e 6,1 1,11 0,25 3,91 0,10 0 0,22
0 % 100 % 18 % 4% 64 % 2% 0% 4%
Hessizka pyciosoro croka — 14 % Aoxs rpyHTOBOH cocTassIolel
cToka—6 %

Taxum 06pa3om, MOKHO TIPEAIOTI0KNTE, 9TO HEMOCPEACTBEHHAS pa3Trpy3Ka BOJ
C YCTBEBOH CHCTEMBI B 03€PO COCTABIAET 8 % M MOXKET SIBIATHCS BEIMUNHOMN MOJAPYC-
JIOBOTO CTOKA. [Iyisl meTanu3aluu CTpyKTYpbl CTOKA, Mbl INITAHUPYEM ONTUMH3HPOBATh
KOJIMYECTBO, MOJIOKEHUE B pebedhe MeKPyKaBHBIX MIPOCTPAHCTB U IIIyOHHY 3aJI0%kKe-
HUSI CKBXKWH JUTA U3yUCHUS OEPEroBOTO PEryIMPOBAHHS CTOKA.

BriBoabl

ITpoBeneH 0030p HAOIIOAEHHBIX JaHHBIX 110 PACHPEAEICHUIO CTOKA B YCTHEBBIX
CUCTEeMax pa3JInNIHOTO IreHesnca. B 6aaHce cToka paccMaTpUBaeMbIX OOBEKTOB BhISB-
JIEHA 3HAYMTEJIbHAs HEBsI3Ka, COCTaBIIIONIAs B OTACabHBIE Toabl 10 50-70 % cToka,
COIMOCTaBUMAasl CO 3HAUEHUSIMH PYCJIOBOTO CTOKAa MAaruCTPalbHBIX PYKaBOB WU OT-
JIETBHBIX TPUTOKOB. O00CHOBaHA HEOOXOIUMOCTh OTITUMHU3AITNHN HAOJTI0ICHUH 32 ITPO-
1eccaMu OeperoBOro PeryJupoBaHus U €ro ydeTa B BOJHOOATaHCOBBIX MOJICIISIX.

Hccneoosanus evinonusnucey 6 pamxax epawma PH® (Ne 25-27-00229 «Ponv
NOUMEHHO-MePPACO8bIX KOMNIEKCO8 8 pacnpedeneHUl i AKKYMYIAYUU CMOKA Oelbmbl
p. Ceneneuy) no mamepuanam nonegvix pabom, exooswux 6 ucciedosanus UL CO
PAH (Ne cocyoapcmeennoii pecucmpayuu Ne AAAA-A21-121012190059-5).
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YJIK 556.06

Yuer BPEMEHHBIX AaHAJIOI0OB IIPHA MMOCTPOCHUH
perpeccnomloﬁ MOJC/IN NJIA XaPAKTEPUCTUK PEYHOI'0 CTOKA

E. B. laiinykosa (oderiut@mail.ru), /1. M. ®unaros (filat77@yandex.ru)

Poccutickuii cocyoapcmeennbiil 2uopomemeoponocuueckutl ynusepcumem, 2. Cankm-Ilemepoype

AnHoTanust. [Ipeuiaraercst anropuT™ MoayveHus ypaBHEHHsI perpeccuu (PerpecCuoHHOM MOIENN),
KOTOPBII MO’KHO UCIIOJIB30BATh JUIs Oouiee 3 PEKTUBHBIX IPOrHO30B THAPOIOIMYECKUX XapaKTepH-
cTuK. B ocHOBe pa3pabaThiBaeMOro Mmojaxoja JISKUT METOJI MOJYyUSHHs PEerpecCHOHHON MOJEIH C
YUETOM JIET-aHAJIOrOB MO 3aBUCHMOM M 110 HE3aBUCHMBIM IIepeMEHHBIM. B kauecTBe 3aBUCHMOI TTe-
peMeHHOM ObLI BBIOpAH PacXoj BOABI, @ HE3aBUCHMBIMU TIEPEMEHHBIMHU (IIPEJUKTOPAMHU) CTAIIH Me-
TCODJICMCHTBI (MaKCl/IMaJ'Ibele, MHWHHUMAJIBHBIC U CPEIHUE TEMIICPATYPbI BO3aYyXa, OCaJAKH, CHETO3a-
ackl, TEMIIEPATypPbl Ha TITyOMHAX MOYBBI 10 320 CM) M pETPOCIIEKTHBHBIE JaHHBIE 10 PACXO/LY BOIBL.
Amnpobarust moixo/ia Mpou3BeieHa Ha pedHbIX Bojjocbopax CeBepo-3anasHoro peruona: p. Jloars —
r. Benuxue Jlykun, mereocrannus Bemukue Jlyku; p. Copots — a. Ocunkuno, Mereoctanuus Ilym-
KUHCKHE ropbl. OleHKa KauecTBa Mojeneil mokasana 5 GpeKTHBHOCTb MOJIy4EHHOT0 MOAX0/a MOy~
yeHHs 3PPEKTUBHBIX PErPECCHOHHBIX MOJEIEH.

KioueBsble ciioBa: KOppeJisanys, roa-aHajior, IporHo3bl, pacxoAbl BOJbI.

BBenenne

D¢ pexkTHBHOE TPUMEHEHHE PErPECCHOHHBIX 3aBUCUMOCTEH AJIsl IPOrHO3a I~
POJIOTHYECKNX XapaKTEePHCTHK PEUHBIX BOJOCOOPOB OTMEUAIOT MHOTHE HCCIE0Ba-
tenu. Tak, HarpuMep, st HEKOTOPBIX peK Y30eKncTaHa paccuMTaHbl MHOTO(aKTOp-
HBIE 3aBUCHMOCTH MEX]Yy CTOKOM PEK BEreTallHOHHOTO IEepHOoJa U aTMOC(EpHBIMH
ocaakamu [6]. s mporHos3a ypoBHs Bojbl peku MiseiMTa (KpacHomapckuii kpaif)
MPEATIOKESHBI METOAUKH, OCHOBAHHBIC HAa PETPECCHOHHOM aHAJIN3€ M HA UCIONb30Ba-
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HHUM HEHPOCETEBBIX TEXHOJIOTHH, AIOIKe MPUMEPHO paBHBIE pe3ybTathl [4] u Ha Oc-
HOBE Teopuru MapKOBCKHX IMPOIIECCOB C IUCKPETHBIM BpeMeHeM [5]. Mcmons3oBanue
MHOKECTBEHHOH PErpeccuu ¢ AByMs MPEeIUKTOPAMHU — PAcXoJIOM BOJbI 3a Mpealle-
CTBYIOIINI MEPHOI M OCaAKaMH, MPUBEJIO K YIYYIICHHIO IMPOTHO30B Ha p. HapemM
(pexa B Bocrouno-Kazaxcranckoi obnactn Kazaxcrana, npaBblii mpuTok MpThima)
[2], a s pexn Ambut (KpacHospckuil Kpaii) CpaBHUTEIBHBIA aHAIN3 METOIHK IIPO-
THO32 MAaKCHMAaJIbHBIX YPOBHEH BOJBI MOKa3al, 4TO OJHO(MAKTOPHBIE 3aBUCHMOCTH
UMeroT 0oJiee BRICOKHE KOA(DPUITMEHTH IeTepMUHALINH, YeM MOJIEITb MHOKECTBCHHOM
perpeccun [3]. PerpeccoHHbIe ypaBHEHHS MOTYT ITOKa3bIBaTh CBOIO A(PPEKTHBHOCTH
Y B CJIO’KHBIX MPUPOJIHBIX YCIOBUSX, CM. Hanmpumep, [1].

Lens uccnenoBanus 3aKI0YaeTcsl B pa3paboTKe aaropuTMa MOIydIeHUs ypas-
HEHHS Perpeccuu (perpecCHOHHON MOJIENHN), KOTOPHIH MOYKHO MCIIOB30BaTh AT 00-
nee 3G PEeKTUBHBIX TIPOTHO30B THAPOJIOTHYCCKUX XaPaKTEPHUCTHK.

MeToauka uccjae0BaHusl M UCXOAHbIE JaHHbIE

OcHOBY pa3pabaTHIBAEMOT0 MOJX0a COCTABIISIOT ATAIlbl PErPECCHOHHOTO aHa-
JM3a, KOTOpPbIE MOXKHO KOHKPETH3UPOBATh CIEAYIOIMM oOpazoM: 1) crenudukanms
MOJIeNH;, 2) TIOCTPOCHHUE MOJIETH; 3) MHTepIpETaIusl MOAENH; 4) MpoBepKa TUIOTE3 O
XapakTepe BIUSHASA MEPEMEHHBIX Ha 3aBUCHMYIO; 5) TIPOTHO3UPOBAHUE 3HAYCHNUS 3a-
BHCUMOM TIEpEMEHHOM; 6) OIleHKa KaueCcTBa MOJICITH.

IIporno3upoBaHue MO YPaBHEHUIO PErpecCUH MOJpa3yMeBaeT 3HAHUE HE3aBU-
CHMBIX TIEPEMEHHBIX, 110 KOTOPBIM ONpeeNIseTCs MPOTHO3HOE 3HAUEHHE 3aBUCHMON
nepeMeHHOH. B 1aHHOM Hcciie[oBaHNN 3aBICHMON TIEPEMEHHOM OyAeT pacxo] BOJBI,
a HE3aBUCHMBIMHU NIEPEMEHHBIMH (IIPEANKTOPaMU) METEOIEMEHTBI U PETPOCTICKTHB-
HBI€ JaHHBIE TI0 PACXOJY BOJBIL.

OTMeYeHO, YTO TTOTyYeHHE TOCTOBEPHOTO IIPOTHO3HOTO PETPECCHOHHOTO ypaB-
HEHUsI CBSI3aHO C TEM, UTO IIPU €T0 MOCTPOSHUH JOIDKHA OBITh YUTEHA IIpe/Ioaaracmas
3a0J1arOBPEMEHHOCTb ITPOTHO3a U BO3MOXKHBIE BapUallui 3aBUCHMON U HE3aBHCUMBIX
HepeMeHHbIX. EcM aHaJIOTMYHBIH TPOTHO3UPYEMOMY MPOLECCy X0 U3MEHEHUS Tpe-
JUKTOPOB M IIPETUKTaHTa OTCYTCTBOBAJI, TO PEIPECCHOHHOE YPaBHEHHE, CKOpPEe BCETO,
Oyzner Hed(PEKTUBHBIM.

Taknum 00pa3zoM, B 3TaIbl PErpecCHOHHOTO aHaIN3a CIeayeT MOAKIIOUHUTh Clie-
NyIoIui anroput™: 1) BeIOOp 3aBUCHMON M Habopa HE3aBUCHUMBIX IEPEMEHHBIX;
2) CHW)KEHHE Pa3MEpHOCTH IMPOCTPAHCTBA HE3aBHCHMBIX NEPEMEHHBIX (IIOCTPOCHHUE
KOPPEJSIIMOHHON MaTpHIIbI); 3) BBIOOD rofla-aHajaora Mo 3aBUCHMOM MEPEMEHHOI; 4)
BBIOOp rOfja-aHaJIoOTa Mo HE3aBUCUMBIM MIEPEMEHHBIM; 5) OCTPOCHHE PErPeCCUOHHOM
MOJIETIN C YIETOM JICT-aHaJIOTOB.

Anpobanys noaxoa Mpou3BOANIIACE Ha PeUYHBIX BogocOopax CeBepHo-3anaj-
Horo pernona Poccun. IIpegukTanTaMu ciy KU CpeAHECYTOUHbIE PACXO/Ibl BOJBI 3
2018, 2019, 2020 rr., npeANKTOPaMHU SBISIUCH CPEAHECYTOUHBIE PacXoasl ¢ 1955 mo
1980 r. 1 ¢ 2008 o 2017 r., a Takxe METEOPOIOIMUECKUE XapPAKTEPUCTUKH 3a TOT Ke
HEPUOJ BPEMEHH C CyTOYHBIM Pa3pelleHneM: MaKCUMallbHbIe, MUHIMAJBHBIE U CPE-
HHE TEeMIIepaTyphbl BO3JlyXa, 0CA/IK1, CHEro3arachl, TeMIIepaTyphbl Ha IIyOHHAX MOYBBI
710 320 cM. Bruti BEIOpaHEI ClIeTyONTe THAPOIIOCTH M METEOCTaHIINH: p. JIoBaTh —T.
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Bemukue Jlyku (F = 3270 km?), meTeoctanuus Bemukue Jlyku, p. Copots — 1. Ocun-
kuHO (F=3170 km?), MeTeocTannys [IyIKHHCKHE TOPBI.

ITocTpocHne KOPPEISIMOHHBIX MATPUI] M UX aHAIN3 MO3BOJIMINA UCKITIOYNATH U3
paccMOTpeHHUsI MaKCHMAaJIbHBIE I MUHIMAJIbHBIC BEJTMIMHBI TEMIIEPATYp, TaK Kak OblI1a
oOHapy»XeHa OYCHb TeCHas KOPPEIAIHS C 3HAaUCHUAMH CPEAHECYTOYHOW TeMIepary-
poit Bo3myxa. Psmpl Temmneparyp Ha riryOMHAX IMOYBBI COJCPIKAT Majoe KOJIHMYCCTBO
JAHHBIX C OOJBIIMMHU MPOITYCKAMH, 32 UCKIIOUCHHUEM psAa HaOII0ICHUI 3a TeMIepa-
Typoit Ha TryonHe 80 cM.

Crnemyrommii STam 3aKiIfodancs B OTOOpe 3HAYMMOW KOPPEISAIMH PacXoJ0B
BOJIBI OT IOJia K TOMy JUTS HaXOXKACHUS TOJIOB-aHAJIOTOB, OBLIH 3a1¢HICTBOBAHBI U ME-
TEOPOJIOTHYECKHUE JAHHBIC.

Ha 3axmo9nTensHBIX Tanax CTPOMINCH PErPpecCHOHHBIC YPAaBHEHHUS 110 TOAaM-
aHaJIoraM M TPOM3BOIWIIACKH allpodanus Ha He3aBUCHMOM Matepuaie — 2018, 2019 u
2020 rr.

ITocne ¢opmupoBaHUs TaHHBIX IO THAPOMETEOPOTIOTHIECKUM XapaKTepUCTHU-
KaM, UX KOMITOHOBKH U 00pabOTKM OBIIH TIOCTPOCHBI M IIPOAHATN3UPOBAHBI XPOHOJIO-
rudeckue rpaduku, Hanpumep (puc. 1). BuaHo, 4To 3a mocieHee IeCITUIICTHE BbI-
COTa TOJIOBOABS TOPa3[0 HIDKE, yeM OBLIO paHee, M MOJOOHBIX HU3KUX MOJIOBOIUH
MPAaKTHYECKH HET Ha BCEM IPOTSHKCHNH XPOHOJIOTHYECKOTO rpaduKa.

a o

[ \ | l [ |

‘ |( " ."':j.‘*«l,‘_‘ L‘) ‘l,', ‘» E l‘_'.‘ NN

Cymmsom 1011955 Commaom 11,1955

Puc. 1. Xpononornueckuit rpadux:
a —p. JloBate — r. Benukue Jlyku; 6 — p. Copotb — 1. OCHHKHHO

XpoHonoruueckue rpaguku Mo METE03IEMEHTaM KaKne-11b0 0COOCHHOCTH He
BBIIBIJIM, XOTSI CTONT OTMETHTH, YTO TEMITEPaTyphl TIOYBHI Ha BCEX TITyOWHAX HE3Ha-
YHUTEIBHO YBEJIUUMIHCH.

IIpumenenne pa3padoTaHHOr0 3(p(PeKTUBHOTO ANTOPUTMA
AJI5 MIPOTHO30B 10 PerpecCHOHHBLIM MOJEJISIM

Ha stane «ITouck JeT-aHAIOrOB» CTPOHINCH KOPPEISILHOHHBIE MATPHUIIBI, MO-
Ka3bIBAIOLIHME CBSI3b BCEX JIET MEXAY COOOM ¢ CyTOYHBIM paspereHueM. J{is Harsi-
HOCTH U 0OOCHOBAHHOTO TIOMCKA CTPOMIIUCH IPpadUKH, 1O OCSIM KOTOPBIX pacrojara-
JMCh KOIDOULMEHT KOPPEISILUK U TObl. BBIIaOIecs TOYKH OKa3bIBAIOT HAUOOIIb-
e Ko3(QQUIUCHTHI KOPPEIsiy. BUIHO, YTO BCe-TaKU CYLIECTBYET CBSI3b HUMEHHO
BHYTpHU 4acTe# psza, T. e. 1o 1980 r. u mocie. B xone ananm3a BEISIBICHBI T0/1a-aHa-
JIOTH TI0 CTOKY ¥ MeTeodieMeHTaM. [1oTydeHo, 4To 3TO pasHbIe rojsl (puc. 2).
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Pezynbrater anpobanuy pa3paO0TaHHOTO MOAX0AA HA HE3ABUCHMOM MaTepHaie
MIOKa3aHbl Ha pHC. 3. BBUTH OCTPOEHBI PErpecCHOHHbBIE MOJIENH C YIEeTOM To/la-aHa-
JI0ra TOJIBKO IO CTOKY (BapHaHT 1) U ¢ y4eTOM rojja-aHauora o CTOKy U [0 MeTeodJie-
MeHTaM (BapuanTt 2). [Ipy mporaos3e yuuTHIBAINCH Pa3HBIC TOJIBI.

Pacxopp! Bogb!

25 27 29 31 33 35 37 39 41 43 45 47 4951

—2018

2019

2020

CpeaHan Temnepartypa

v ASTVINNE

135 7 9 1113151719 2123 25 27 29 31 33 35 37 39 41 43 45 47 49 51
——2018 ———2019 ——2020

p. losaTb — r. Benukwue Jlykun

roa Q X S T

2018 2014 (0.85) 1960(0.23) 2010(0.89) 1963 (0.88)
2019 2017(0.74) 2016(0.26) 1967 (0.82) 2010 (0.84)
2020 2014 (0.83) 1965(0.27) 2014 (0.73) 1961 (0.84)

0.40
020
000

020

roa

2018
2019
2020

Ucagku

—2018 2010 200

BbicoTa cHexHoro no KpoBa

135 7 9 1113151719 21 23 25 27 29 31 33 35 37 39 & \ijuu s1

—2018 ———2019 ——2020

p. CopoTb — 4. OCUHKUHO

Q X ) T

1975(0.86)  2015(0.14) 1977(0.83) 2011 (0.85)
2009 (0.62) 2009 (0.15)  2015(0.88) 2010 (0.82)
2018(0.80)  1973(0.14) 2014 (0.42) 2015 (0.80)

Puc. 2. T'opoBas koppemsanus
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2 sapwart: ¢
yeeTom rona
awanora no crowy

meTeoanemenTIM

Puc. 3. Pe3ynbTaThl apobauy aropuT™a 10 Pa3IndHbIM BapHAHTAM:
a, 6 — COOTBETCTBEHHO IEPBBIIl U BTOPOIt BapuaHTh! anpobauuu, p. JloBars — r. Benukue Jlyku;
6, 2 — COOTBETCTBEHHO IEPBBIil U BTOPOH BapuaHThl anpodanuu, p. Copots — . OCHHKUHO
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OreHka Y PEKTUBHOCTH TI0 KPUTEPHIO S/G (COOTHOIICHUE CpeTHEKBapaTHYIe-
CKOHM TIOTPEIIHOCTH M CPEAHEKBaJPaTHYECKOTO OTKIOHEHMs) Ioka3ana 3(pdexTus-
HOCTB JIBYX BapHAHTOB MOJIy4YeHHUs1 MoJenu (Tadur.).

Tabnuya
OrieHka 3¢ (eKTUBHOCTH MOJTYYEHHBIX MOJIeIIeH

Peka — myHKT JloBats — r. Benukue Jlyku CopoTb — 1. OCHHKHHO

Ton 2018 ‘ 2019 ‘ 2020 2018 ‘ 2019 ‘ 2020
Bapuanr 1: ¢ yyeTom roja-aHaaora ToJIbKO 10 CTOKY

c 17,1 8,42 12,0 23,4 23,1 19,4
S 8,62 5,63 6,32 10,9 17,5 9,34
Slo 0,50 0,67 0,53 0,47 0,76 0,48

Bapuanr 2: ¢ y4eToM roja-aHajiora o CTOKy M 110 METE€0IEMEHTaM
c 17,1 8,42 12,0 234 23,1 19,4
S 8,45 4,94 6,02 9,46 16,3 10,5
Sl 0,48 0,59 0,50 0,40 0,70 0,54

CrnenyeT OTMETHTh, YTO TIO BCEM r0JiaM TOJIYYEHbI YJOBIETBOPUTEIbHBIE pe-
3ynbTaThl. Ho ecTh cyliecTBEeHHBIM HEAOCTATOK MOJX0/a, KOTOPbIM 3aKIr0vyaeTcs B
TOM, 4TO JTOJDKHO IMTPOITH KaKoe-TO BPeMs B TPOTHO3HPYEMOM TO.y, YTOOBI TO100paTh
TOJ-aHajor IO THUAPOJOTHUYECKUM U METEOPOJIOTHUECKHUM XapaKTepUCTHKaM. Yem
Jlajblile JjaTa BIITyCKa [IPOTrHO3a OT Hayalla rojia, TeM TOUHEE pe3yJibTar.

K monoxuTenbHBIM CTOPOHAM MMOAX0/a OTHOCHUTCS BO3MOXKHOCTH BBINYCKaTh
MPOTHO3BI C Pa3IMYHON 3a0JIarOBPEMEHHOCTHIO (KPaTKOCPOYHBIC, CPEAHECPOYHEIC,
JIOJITOCPOUHBIe). B naHHOM citydae cyTouHas 3a01aroBpeMeHHOCTb.

CrieryeT OTMETUTh, YyBCTBUTEIbHOCTh PETPECCHOHHON MOJIETH K U3MEHEHHUSIM
METEOPOJIOTHUSCKUX XaPaKTESPUCTHK: IMEETCsl HeTJIaBHBIN 0.1 THAporpada.

Beutn monpoOoBaHbI pa3HbIC BapHAHTHI IMOCTPOCHHUSI PErPECCHOHHON MOICIIH,
HampuMep, 0e3 roja-aHaaora U TOJIbKO PacXo/bl BOJIbI F0ja-aHaiora, pe3yabTaThl XyxKe.

Koneuno, nanHoe WcciieoBaHde MOYKHO Ha3BaTh IMEPBBIM IPHOIMKEHHEM K
npoOieMe, U pa3pabOTaHHBIA alTOPUTM OYZET cpadaThIBaTh MPH TIIATEIEHOM TO-
00pe MPEIUKTOPOB | HE ISl BCErO ToJ1a, a 1Mo (pazaM BOAHOCTH rojia.

3ak/aouenne

B xo0/1e BBITIOIHEHUS NCCIIEA0BAHMS TOJIyYEHBI CICAYIOLINE PE3YJIbTAThI:

— MpOaHAIM3UPOBAH METOJ PErPeCCHOHHOIO aHAJIN3a U NEPCIEKTHBBI €ro Hc-
ITOJIB30BAHUA B TUAPOJIOTHICCKUX ITPOTrHO3aX;

— pa3paboTaH aIropuT™ Ioay4eHHs 3 (PEKTUBHBIX PETPECCHOHHBIX MOJIEICH;

— cozzaHa 0a3a JIaHHBIX THIPOMETEOPOJIOTHYECKON MH(OPMAIUH 110 BOA0COO-
pam pek JloBats 1 COpOTH;

— MMOJIy4EeHbI PErPECCHOHHBIE MOJIENU C YUYETOM JIET-aHAJIOTOB.

Pa3paboran anroput™ moctpoeHus 3p(HEeKTUBHBIX PErPECCHOHHBIX MOJENeH 1
HOJIyYEHBI IPOTHO3HBIE MOAENH AJIsl peUHbIX BogocOopoB CeBepo-3arnaaHoro pernoHa
¢ y4eToM pa3paboTaHHOTO anroputMma. OTeHKa KadyecTBa MOJENEH Mokas3ana ux 3¢-
(heKTUBHOCTb.
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AunHoTtanusi. BomHyto sxocucteMy 03. baiikan cOCTaBIISIFOT HECKOJIBKO B3aUMOCBSI3aHHBIX KOMIIO-
HEHTOB: OalikalibcKasl BoJa (IOBEPXHOCTHAs U ITyOOKOBO/IHAs), TI0J36MHbIE BOJIbI U3 CKBaJKHH, BOJIA
MHOTOYHCIICHHBIX NPUTOKOB baiikana, X0loaHble ¥ TOpSYne MUHEPAIbHbIE HCTOUHUKH BOKPYT 03.
Baiikan u eqMHCTBEHHBIH CTOK p. AHrapbl, OTPaXKaIoLIask BCE 5TO BOJHOE pazHooOpasue. M3BecTHO,
YTO B PeuHbIX Bojax baiikanbckoro pernoHa Habmomaercs 1eQUIUT HEKOTOPBIX KUZHEHHO BaXKHBIX
9JIEMEHTOB, B TOM umcie dropa. PaccMarpuBaloTest ocobeHHOCTH pactpe/eneHus gropa B Boie co-
MPSDKEHHBIX KOMIIOHEHTOB KocHcTeMbl baiikana. KoHueHnTpaiys (pTop-noHOB B BOJIE SKOCHCTEMBI
Baiikana Obia onpezeneHa NOTEHIMOMETPUUECKUM METOAOM C IPUMEHEHHEM CHCTEMbI KallMILIsp-
Horo an1ekTpodopesa «Kanenby». Mcenenoanue npeacrapiseT codoil pe3yabTaTbl MOHUTOPUHTA, KO-
TOpHIi poBoauics B iepuo ¢ 1997 mo 2022 r. OnpezneneHbl BEpOsSTHbIC TPUYUHBI BHICOKUX U HU3-
KHX KOHIIEHTpaluil (ropa B BOJE U3 Pa3INUHbIX KOMIIOHEHTOB. PaccMOTpEeHBI BO3MOXKHBIE HCTOY-
HUKH (PTOpa MOCTYIUICHHSI 1 0OCOOCHHOCTH pacmpe/ieneHus B Boje baiikanbckoro dacceiia.

Kunouesle c1oBa: Gprop, 6alikaabcKas 3KOCHCTEMa, OA3eMHAs BOJA, IPUTOKU, AHTapa.

BBenenne

®rop (F), mprucyTCTBYIOIINH B IPHUPOTHOM BO/IC, OTHOCHUTCS K OMOTCHHBIM dJIe-
MEHTaM M SIBISIETCS BaXKHBIM MHKDPOJIEMEHTOM, HEOOXOIUMBIM JUISl 3/I0POBbS UeIIO-
Beka U OMOThI. OJTHAKO €ro KOHLEHTpANUs JOJDKHA OBITH CTPOr0 KOHTPOJIHPYEMOH,
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TaK KaK HEJ0CTAaTOK, TaK M U30BITOK (pTOpa MOXKET MPHBOANTH K HETATHBHBIM ITOCTIE -
CTBHSAM. B CBsI3M ¢ BaKHOCTBIO (pTOpa IS 370POBBS M PUCKOM HETaTHBHBIX MOCIIE-
CTBUI IpH ero U30bITKEe WIM HEJOCTATKE, BO MHOTMX CTpaHax YCTaHOBJIEHbI HOpMa-
THBBI Ha coJiepkanne Propa B MUTEEBOH BoJie. OOBIYHO ONITUMANILHBIN YPOBEHB (TOpa
B MUTHEBOH Bojie cocrapiser oT 0,5 1o 1,5 mr/nm® [1]. Cpennsia konnentpamus F B
peuHbIxX Bogax mupa cocrasiser 0,09 mr/am? [2].

Bonpmas wacte Teppuropun IIpnbaiikanbs OTHOCHTCS K OHOT€OXHMMUYECKOU
npoBHHINH ¢ TedunuToM F B moBepxHOCTHBIX Bofax [3]. B mpenenax FOsxuoro Ilpu-
Oaiikanbs 1 3abaifkanmbsi cpeqHsst KOHIEHTpanus F B MPUPOAHBIX BOJAX COCTABISACT
0,2 mr/mm? [4]. Tlo mpEpOAHBIM HCTOYHHKAM HOCTYIUIEHUs F B HOBEPXHOCTHBIE BOIBI
Teppuropuio IIpubaiikambs MOXKHO pa3/eUTh HA JIBE YaCTH — 3alaJHYI0, BKIIFOUAIO-
IIyI0 OKHYIO 9acTh CHOMPCKO MmIaThopMbl, 1 BOCTOYHYIO, IPEACTABICHHYIO TOP-
HBIMH COOPYKSHHAMHE, oOpamisiomumu 03. batikan (3abaiikaibe).

Yexon Cubupckoii mmiaTdopmbl CI0KEH COJCHOCHBIMU OCaJI0YHO-TEPPHUIEH-
HBIMH OTJIOKEHUAMH (haHEPO30IICKOTO BO3pacTa, He COAEPKAIUMH (PTOPUCTON MUHE-
paymzanuu. [ToBepxHOCTHBIE BOJBI 371ech 00emHeHbl F. B To ke Bpems 3abaiikaibe
XapaKTepU3yeTcsl LIMPOKUM PAa3BUTHEM IPAHUTOUIOB C MOBBILICHHBIM COIECPKAHUEM
F u npucyrcTBueM (Gropcomepikamux pyaonposBICHHIH.

TOr 3abaiikanbs XapakTepu3yeTcss HHTEHCUBHBIM Pa3BUTHEM PEIKOMETATBHBIX
TPAaHUTOUIOB C BBICOKHMMH KOHIICHTpAIMsAMH (TOpa M HAJUYUEM (IIFOOPUTOBON MU-
Hepanuzaiuu. KoHuenrpaun (gropa B MOBEPXHOCTHBIX Bojiax cooTBeTcTBYIOT [1/IK
(0,7-1,5 mr/aqM?®), HO wYalle BCEro OHM HHWKE OTHX 3HA4eHWH, cocraBiss 0,2—
0,3 mr/mm? (puc. 1) [5]. OrpomHBIH aHrapo-BHTUMCKHI GAaTOJNUT, CIIOKEHHBIHN Majeo-
30HCKUMM TPAHUTOUIAMU U MOHIIOHUTAMH, BBIXOJIUT Ha MMOBEPXHOCTh Ha CEBEPO-BO-
cToke 1 BocToke baiikanbckoit pu¢ToBoii 30Hb1. Kinmar u Hanpasienue Berpa B baii-
KaJbCKOM PETHOHE Takke MMEIOT 3HaueHHWe. HampaBieHue BeTpa OT alFOMHHUEBBIX
3aBOJIOB YaCTO MPOXOAUT BIOJb TOJUHEI AHrapsl B CTOpoHY 03. baiikan. Takum obpa-
30M, BECHOH B CHETy 03. baiikai u, cieqoBaTenbHO, B 0alikalbCKOM BOJE HAOM0AaeTCs
HeOOobII0e OBHIIIIEHUE KOHIIEHTpaluu ¢ropa [6].

Paccmotpum pacnpenenenue F B BoJe cOnpsKEHHbIX KOMIIOHEHTOB baiikanb-
CKOI 9KOCHCTEMBI — MUHEpaJIbHbIE HCTOYHHMKH, CKBaXKUHbI, IPUTOKH, balikain, ncTok
Awnrapsl. OT60p Boabl M aHaiamM3 mpoBojwics B 1998-2022 rr., Obuto 0TOOpaHO
876 ipob (puc. 2, Tabmn. 1). Onpenenenne MaccoBOi KOHIEHTpaIwii F B Bosie BEITOIN-
HEH NMOTEHUMOMETPUUYECKUM METOIOM C IPUMEHEHHEM CUCTEMBI KAITUIUIIPHOT'O JJIEK-
tpodopesa «Kanems» B LIKII «30TomHO-reoxumudeckue uccienopanms» UI'X CO
PAH [6].
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Puc. 1. Pactpejienienne KOHIEHTpaluii Gropa (Mr/aM>) B IOBEPXHOCTHBIX BOJAX
Baiikanbsckoro pernosa [5]

Tabnuya 1
Konnentpanuu F (Mr/nM3) B BOJIC COIPSDKEHHBIX KOMITOHEHTOB IKOCUCTeMBI balikana

Ioxaszatens M;;Ziag;::e CKBaKUHBI [Iputoxu baiixan Hcrox
KonnyecTBo 3HaUEHUI 32 23 214 118 489
Makcumym 23 1,13 0,65 0,40 0,30
Musaumym 0,1 0,07 0,02 0,16 0,11
Cpennee 11 0,35 0,17 0,22 0,21
MenuaHa 12 0,30 0,13 0,22 0,20
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Puc. 2. Cxema oT60pa nmpod BOJBI U3 CONMPSKEHHBIX KOMIIOHEHTOB dKOocHcTeMbl baiikana: ciHUMA
TOYKaMHM OTMEYeHa OalikaibcKasi BO/ia, KBapaThl C TOYKAMH — MecTa 0TOOpa mpoo riryO0KOBOIHBIX
BO/JI ¥ BOJIbI U3 QHI'APCKOT0 MCTOYHMKA, KPACHBIMHU TOUKAMH — BOJIA U3 CKBAKHH, (PHOJIETOBbIC
KBaJpaThl — BOJIa U3 MUHEPAIBbHBIX HCTOYHUKOB

Mnﬂepa.mmble HCTOYHUKH

Ha Geperax baiikana oTMeuaeTcst 3HaUUTETbHOE KOIHUECTBO XOJIOIHBIX U TOPSI-
YUX MUHEPATbHBIX UCTOYHHUKOB, YaCcTO ¢ TOBbIIeHHON (mHOTHA B 100 pa3) KoHIEeH-
Tpauueil F oTHocUTENnbHO cpeAHUX 3HauUeHUl B peuHoll Boje baiikanbckoro peruona.
Wudopmarnus o coaepxkanuto F B 13 ropstunx ucrounukax (32 onpeznenenus propa
B pa3zHoOe BpeMs rofa) (1o aBTOPCKUM U IUTEePaTypHBIM JaHHBIM [3]) BOsm3n baiikama
NoKasajia M3MEHEHHUs ero KOHLEHTpauun oT 6onee 20 10 2 MI/aM®, a B XOIOIHBIX HC-
tounnkax < 0,2 Mr/am> (XO/IOHBIE UCTOYHMKM B TOCENKax XyaskoBo u Hukomna)

(puc. 3).
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Puc. 3. Pacripejienienne KOHIEHTpaluii F B COMPSKEHHBIX BOAHBIX KOMIIOHEHTAX
skocucTeMbl Baiikama (Mr/mm?)

TIpuMepom ropsiuMx UCTOYHUKOB C BHICOKOH KoHeHTpanuei F ssisarorcs Ko-
TENIEHUKOBCKUH, 3MeHHbIA U 1p. VcTouHuKM ¢ Oojiee HU3KOH KOHIIEHTparmeid (2—
3,5 mr/am?) — Topstunnck, @ponuxa, Xakycsl u ap. [TosbiuenHsie koHnenTpanuu F B
TOPSTYMX MUHEPATIBHBIX HCTOYHUKAX (PUKCUPYIOT MX CBA3b ¢ O0JIee TITyOMHHBIMHE (ITIo-
HIHO-THIPOTEPMAIbHBIMA CUCTeMaMu balikanbckoi pudrosoit 306! [3]. [Tockombky
B FOpSYMX UCTOYHMKAX YacTO OTMEYAlOTCs U pyaHble aneMeHTsl, To E. B. Cxisipos
MpEeAToara, YT0 HeKOTOpbIe TepPMabHbIC HCTOYHUKH MOTYT OBITh «IIPUPOTHBIMH 3a-
TPSA3HUTEISIMIY PEIKUMHA M PYAHBIMHU 3JI€MEHTaMU Ui BoJb! baiikana [7].

IMoazemuas Boa (CKBaKUHBI)

3a Bpemsi oTOopa Bonbl BOKpyr baiikama m3ydeHo 17 ckBaxuH. BvIOTHEHO
23 ananu3a Ha onpejenenue F. [logzeMHas Boja U3 CKBaKMH MMEET MEHEE BBICOKHE
KOHIIeHTparmu F, deM Bozia ropsiaux MUHEpPAIbHBIX UCTOYHHKOB, HO HHOTIA JAOCTHU-
raet HopMabHbIX 3HaYeHuit [1JIK — 0,75 mr/am? (Ha octpoBe OnbxoH, noc. Enanust u
np.). TToBBIIIEHHBIE KOHIIEHTPAITUU (TOpA B MOJ3EMHBIX BOJaX ObLTH 00YCIOBICHBI
pacroioXeHHeM, TaK Kak Ha 3amagHoM nobepexne baiikara B BOim3n 0. OnbpX0H 3a-
JICTAIOT NaJICONPOTEPO30HCKUE TPAHUTOUIBI U CcyOmienodnse mopos [8]. Beicokuit
ypoBeHb (pTopa Tarxke 0OyCIOBIECH IIyOWHOH 3ajeraHus BOAOHOCHOTO TOPHU30HTA,
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Kak, Harpumep, B mocenke Onbxa (rmyouna 310 M), Tie 100bIBacTCs CTOIOBAS] MIHE-
pambHas Bona «Hpkyrckas» [9] (puc. 3). CBsa3b (propa ¢ BMEIAIOIIUME TOPOIAMH,
OCyIIaeMbIMHU ITyOOKOBOJHBIMH BOJAMH, MOYKHO MPOCIEAUTH MO €r0 OTHOCHTEIBEHO
BBICOKOH KOHIIEHTPAITH B BOJIC U3 CKBAYKHH.

IIpurtoxu Baiikauaa

B nepuos ¢ 2007 o 2022 r. B pa3Hble CE30HbI ObUIN OIPOOOBAHBI BOJIBI B YCTBSIX
30-35 mputokoB 03. baiikan. Boga nmpuTOKOB 3aMETHO pas3iinyaeTcsi Mo KOHIEHTpa-
M F, 410 00ycII0BIEHO BIMSIHUEM Pa3IMYHBIX [0 COCTaBY APEHUPYEMBIX KOPEHHBIX
nopoJ1. COOTBETCTBEHHO TeoJIoTnuecKoii kapTe balikana nossimennsie conepxanus F
(0,3-0,65 Mr/am®) 0TMEUAIOTCS B yCTHAX KPYMHBIX IPHUTOKOB, KOTOPBIE JIPEHUPYIOT
Pa3HOBO3pacTHbIE IPAHUTOUIHBIE IOPOABI, — peku Penb, Anra, Bepxusas Anrapa, by-
rynbaeiika, Kyuenra, Ycerb-baprysun u np. B ucroke p. Cenenru conepxanue F mo-
et gocturats 0,6 Mr/am®, uTo 00YCIIOBIEHO AHTPOTIOTEHHBIM (PAKTOPOM 3a CUET MPO-
MBIIIJICHHBIX 00beKTax Ha ee Oeperax. B OONBIIMHCTBE MPUTOKOB B IOTO-BOCTOYHOM
gactu baiikana (pexu CHexHast, Xapa-MypuH, CIojsHKa U JIp.) KOHIEHTpanuu F
muskue — 0,05-0,1 mr/mv? (puc. 4). 31ech OCHOBHOM cOCTaB TOPHOTO MaccHBa Xamap-
JlabaH ¢ HU3KHUMHU KOHIIEHTPAUAMHU (TOpa MPECTaBICH BMEINAIOINMHE TTopoiamu. B
FOT0-3aMaHO JacTh 03. baiikam MHOTOYNCIIEHHBIE TIPUTOKHN (AHTacoika, MapuTyi,
[Nonosunka, lllymuxa u gpyrue pekn) IpeHUPYIOT apxeicknue MeTaMop(hrIecKue mo-
poasl (MpaMOpbl, KBAPLUUTHI, KPUCTALIMYECKHE CIAHIBI U Ap.). KoHIeHTpanuu HOHOB
(TOpa B yCTBAX 3THX MPUTOKOB OBIIM B J{BA Pa3a BHIIIE, YEM B IOTO-BOCTOYHBIX TPH-
Tokax (1o 0,2 mr/am?). OHM ObUIM ONM3KM K 3HAYEHUAM IS BOABI M3 03. baiikan u
UCTOKa p. AHTapsbl.

A: nemo 2007 2., B: gecna 2019 2., ' C ocenv 2019 2.

Puc. 4. Pactipesienienne KOHIIEHTpaIHii HOHOB (hTopa (MI/mM’) B BOZIe yCTheB MPUTOKOB Baitkama

B roro-zamaanHoit yactu 03. balikam MHOTOYMCIICHHBIC TIPUTOKH (peku AHTra-
conka, Maputyii, [Tonosunka, lllymuxa u 1p.) ApeHUPYIOT apXxeiickue Mmetamopduye-
CKHe MOPOJIbI (MpaMOPbl, KBAPIHUTHI, KpUCTAIUTMYECKUE CIIAHIIBI U 1p. ). KoHnleHTpammmn
HMOHOB (PTOpPA B YCTHAX 3TUX MPUTOKOB OBLTH B JIBa pa3a BEIIIE, YeM B I0T0-BOCTOYHBIX
npurokax (o 0,2 mr/nm?). OHH OBLTH GITM3KH K 3HAYEHUSM JUIS BOJBI U3 03. Baiikan u
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nucroka Anrapsl. B uctoke p. Cenenru konuentpauus F B pa3Hble ce30HbI HHOTAA J0-
crurana 0,4 Mr/M>, HO 3/1€Ch TAKXKE MOYKET CKa3bIBATHCS AHTPOTIOTEHHBIH (PAKTOp U3~
3a MPOMBILIJICHHBIX 00BEKTOB B ee OacceiHe.

Bopaa Bbaiikana

Bemmonaeno 118 anann30B BoJIbI Ha onpeiesieHie KOHIeHTparmi gropa. B roy-
OMHHOM M NMOBEPXHOCTHOW BoJie 03. baiikan coxepxanue dropa He npesbimaer 0,2—
0,3 Mr/mM. 3aMETHBIX M3MEHEHHH CoepkKaHuil F OT MOBEPXHOCTH 03epa Ha ITyOUHy
1640 M B pa3Hoe Bpems roja B Teuenue 2018-2022 rr. He otmedeHo (puc. 5). Makcu-
ManbHas KoHueHnTpamus ¢propa (ot 0,4 1o 0,54 mr/om’) ObUIa 3aQUKCHPOBAHA TOIBKO
JBa pasa, BecHOM u oceHbio 2020 I., B TOBEPXHOCTHBIX BOAAX IEHTPAJIBLHON YacTH
03. baiikan, HampotuB ycths p. CeneHrw, rae KOHICHTparus (Topa JoCTHTaIa
0,4 mr/am? (puc. 3). DTo MOXKET OBITH 00BICHEHO TOIBKO OBICTPBIM TEUEHHEM TIPHU Pe3-
KOW CMEHe TIOoro/ibl (IITOPM, yparaH, CHIbHBIN BeTep U T. 1.) B ycThe p. CeneHru u Ha
03. baiikan nnm pa3oBBIM HOBBIIIEHHEM KOHIEHTpanuu ¢propa B Boae p. Cenenru u3-
32 aHTPOIIOTEHHOT'0 BO3ACHCTBHS ITPOMBIIITICHHBIE IPEANPUSTHS B ero Oacceiine. Bos-
MOJKHO BJIMSIHUE YacThIX celicMuueckux AprkeHuit B 2020 r. B balikanbckoM peruone.

Conepaxanne F, mr/am®

0,26 029 017 0.2 023 0,26 0,29 0.17 0,2 0,23 02 029 017 0.2 023 026 0,29

Iny6nua, m

g

2018 2019 2020, 2022

HpﬂMble JuHUU 0003HAYUAIOM BECHY, WMpPUX — OCEeHb

Puc. 5. Pactipeienienue KoHmeHTpauii F (Mr/am®) B OBEpXHOCTHBIX
u Tiry0okux Bojax o3. baiikan B 20182020 u 2022 rr.

Bopa ncroka p. Aurapsl

EsxeMecs9HBIN KOHTPOJIBHBINA 0TOOp MO0 Ha ydacTKe UCTOYHHKA AHTapa Imo3-
BOJIMJI TIOJNIyYUTh PE3yJIbTaThl aHalM3a Ha COJACPIKAHWE HOHOB (hTOpa Ha OCHOBE
488 mpoO Bobl, oToOpanHbIX ¢ 1998 mo 2022 r. (puc. 6, Tadn. 1). Konuentpanuu F—
B BOJIE U3 MCTOKA ObLIN J0BOJABLHO HU3KUMH (10 0,11 Mr/am’); MakcuMansHOe 3Hade-
HHUe penko gocturaio 0,3 Mr/mM’, a cpeiHee 3HAYEHHE U MEMaHa ObLIM OJIMHAKOBBIMU
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(0,2 mr/nv?®). Jlpyrumu clIoBaMM, KOHLEHTPAUs F— B TATB-IeCATh pas HEKE, 9eM
IJK mns nuteeBoit Boasl (0,7—1,5 mr/mv?®). B Teuenue UCCIIEyeMOro Nepuojaa ¢
1997 mo 2003 r. B Bojie UCTOKA OBLIH 3a()MKCUPOBAHBI OTHOCUTEIBHO BBICOKHE KOH-
neHTpanuu ¢propa (puc. 6). 3arem HaunHas ¢ 2007 r. HaOIIOJAIOCH OUYEBUIHOE CHU-
JKeHre KOoHIeHTpanuid gropa. B mepuox ¢ 2017 mo 2022 r. cpenHEro0Bbie KOHIICH-
TpalyK HOHOB (PTOpa B BOJIC UCTOKA AHTapbl HE3HAYHTEIFHO BO3POCIH H COCTaBIIIN
0,22-0,23 mr/nm? (puc. 5). DTO MOKET GBITH CBA3AHO C YBEIMYEHUEM TYPHCTHIECKOTO
ITOTOKA B 9TOT MEPHOA B IOXKHOM Oacceiine 03. baiikan n y ncrokos Axrapsl [10]. B
nocneaane roabl (¢ 2020 mo 2022 1.) KoHIeHTparus GTopa B UCTOKE p. AHTaphl He-
CKOIIBKO BO3POCIIa. DTO MOKET OBITh CBSI3aHO C YBEIHMUYCHUEM YHCIIA TYPUCTOB.

0.30
g 0.25 '
~
. * 1(
s L uly ’-!r J?
= 0.20 " ,F Uj t
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Puc. 6. Mecsiunble (CHHUI) M CPEIHET010BbIe KOHIIEHTpAIMK (KPAacHbI) HOHOB (ropa B Bosie
ncTouHNKA AHrapa 3a nepuox ¢ 1998 mo 2022 r. (Mr/)1M3)

3ak/aouenne

AHanu3 noTy4eHHOH Ie0J0rnIecKOi U TeOXUMHIYCCKOI HH(OpMAIIUK O pacmpe-
JIeJIEHUH KOHIIeHTpanuii ropa B BoJIE COMPSIKEHHBIX KOMITOHEHTOB 3KOCHUCTEMBI baii-
KaJla IO3BOJISIET CAEATh CIIEIYIOLUE BHIBOBIL:

1. Jepunut dropa Ha TeppuTopuu [Ipubaiikanbs sSBISETCS PE3yIbTaATOM CIIOXK-
HOT'0 COYETaHUS F€0JIOTMYECKUX, TEOXUMUYECKUX, THIPOJIIOTHYECKHUX, KITMMATUIECKUX
1 Ononoruueckux ¢akropos. OHAKO 3aBOMABI MO TIPOU3BOJICTBY AIFOMUHUS, paboTa-
forTre B pernone 6omee 60 JeT, JEMOHCTPUPYIOT 3HAYUTENBEHOE MTOCTYIUICHHE (GTopa
U €ro HeraTHBHOE BO3/JCHCTBHE Ha OKPYXKAIOILYIO MOYBY, CHEI U PEUYHYIO BOIY, a
TaKKe Ha JII0JeH, )KUBYIIIUX BOJIN3HU 3aBOIOB.

2. 3HaUNTENBHBIC PA3MUYUSA B KOHIEGHTpAIMAX (ropa B pa3IHMYHBIX BOJTHBIX
KOMITOHEHTaX 3KocucTeMbl balikana yka3bIBalOT Ha BIUSHUE €r0 MPUYPOUEHHOCTH K
Baiikanbckoll pu()TOBOIt 30HE, I/ie 4YaCTO IPOUCXOMAT 3eMIIETPSICEHHS U I'€OIMHAMH-
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YeCKHe TOJBIDKKH, COTPOBOKIAIONINECS HE3HAUNTEIFHBIMA N3MEHEHNUSIMH KOHIICH-
Tpauuii ¢propa B 03. baiikain u, cienoBaTeabHO, B UCTOKe AHTaphl. B To e Bpems ak-
TUBHOCTB TCPMAaJIbHBIX HCTOYHUKOB, OKPYKAIOIIUX €0, IPOI0JIKACTCS.

3. I3MeHeHue KuMaTa i pe3ko KOHTHHeHTambHbIN knumart (¢ —40 °C o 35 °C)
B Baiikanbckom permone, yacTtble moreruieHus u 3acyxu (¢ 2000 mo 2014 r.), a Takxke
CHIDKCHHUE MTPOMBIIUICHHOH HATPY3KH B PETHOHE B 3TH T'OJBI IPUBEIN K HE3HAYUTECITb-
HOMY YBEIMUEHHIO COAepKaHus (pTopa B ucToke AHrapsl. [loxonomaHue B mepHoa ¢
2017 o 2020 r. cMeHWIOCH MOBBILIEHUEM YPOBHS BOAbI B 03. balikail, HABOAHEHUsIMU
HA TIPUTOKAX U p. AHTapHI.

4. IloBeIIICHHBIC KOHIIEHTpAIMU (GTopa B BOJE M3 CKBaXXHH Ha 0. ONBXOH U B
HEKOTOPBIX MPUOPEKHBIX paiioHax 03. baiikan, KoTopble ObLTH ONHM3KK K HEOOXOIH-
MBIM JIJIS 3I0POBBS YEJIOBEKa, YKAa3hIBAIOT Ha BO3/IEHCTBHE OCYIICHHBIX TPAHUTOMI-
HBIX TIOPOJI C OTHOCUTEIHHO BRICOKMMH KOHIICHTPAIIHAMH (PTOpa Ha TPYHTOBBIC BOBI.

5. Hexotopsle GakTopsl 00eCIeuuBaOT CTA0MIBHOCTh OaliKalbCKOM BOJBI U e
6e30macHOCTh: BO3MOKHOE ITOTIAJaHIE TITyONHHBIX SJIEMCHTOB B OalKaIbCKyIO BOIY U
ee OOHOBIICHHE, OTJIOKCHHE TOKCHIHBIX 3JIEMEHTOB B YCTHSIX MHOTOUHCIICHHBIX TIPH-
TOKOB Ha T€OXUMUYECKUX Oapbepax U T. JI.

6. Jlnst coxpaHeHHsT YMCTOTHI BOABI B 9KocucTeMe baiikana, koTopas MeeT ri1o-
6ampHOe 3HAueHMe (oxpansercs KOHECKO), HeoOX0auMo 3HAYNTEIBHO YIyUIINTh
KOMIDICKCHBI TYPH3M, PEKpPEAlUI0 U COLUATBHO-YKOHOMHYECKOE Pa3BUTHE BOKPYT
03. baiikair.
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V]IK 504.03:711.4(556)
IKoJIOTHYECKHEe HHIANKATOPbI COCTOAHMS BOAHBIX 00bEKTOB

B. M. Epormikun (vadimeroshkin99@gmail.com), JI. JI. Yermmmaora
(chepinogal20@mail.ru), E. B. [Totamoa (e.v.potapova.isu@mail.ru)

HUpkymckuii cocyoapemeennblii ynusepcumem, 2. Upkymck

AunoTtanus. Yucno 1HBapHaHTOB YKOJIOTMYECKUX HHANKATOPOB U MHIMKATOPOB yCTOWYHBOIO pas-
BUTHUS HACTOJIBKO Pa3HOOOPa3HO, HO IO CHX IOP HE aKTyallbHO JUIsl YETKOM OLIEHKHU MoKa3aTesei kak
Ka4yecTBa, TAK M AUHAMUKH TOKasaTeneit cpen. IIpeacraBieHo Gosee necsaTu onpeneneHuil TepMUHA
«9KOJIOTMYECKUI HMHIUKATOP», MNPEJCTABIEHO HECKOJIBKO IPYII HHAMKATOPOB I10 Pa3IHYHBIM
HanpasiaeHusAM. OJJMHHAAIATh 3J€MEHTOB acmeKkTa «Boxa» 1mo oT4eTHOCTH B 06/1aCTH YCTOHYHBOTO
passutus G4, nare unaukaropos GRI paszgena «303 Bogay, 14 MHANKATOPOB yCTOHYNBOIO pa3Bu-
Tus, Kareropuu «B. Dxomoruueckne HHANKATOPBI», Tpymiisl «B-1. Boanbie pecypcsh».

KiiroueBble CJI0Ba: MHIEKC, BOJHBIN 00HEKT, 0a30BbIe MHANKATOPSI, IMHAMUKA [TOKa3aTeei, Heu-
HAHCOBAast OTYETHOCTb.

«DKOJIOTMYECKHI HHUKATOP» — HACTOJIBKO JKE PAaCX0XKee, PACTUPAKUPOBAHHOE
U HEOIpeCIEHHOE MOHITHE, KAK U «HHANKATOP» U «IKOJOTUUECKUID» MO OTACIbHO-
ctu. OHAKO CyIIECTBYET JIOMOJIHHUTENbHAS HEONPEIENICHHOCTh OTHOCUTENIBHO TOTO,
YTO TaKOE€ MHIUKATOP U YTO TAKOE MHAEKC (HE IS MAaTEMaTHKOB), a TaKKe HepapXust
TEpPUTOPHAIBLHOIl pa3MEpHOCTH uepe3 riiobdalibHble, pErHOHAIBHbIC, MECTHBIE U JPY-
rue BapuaHThbl (He Ut reorpados). be3ycioBHBIM MOHHMAaHHEM 3THUX TEPMUHOB, B
KOHTEKCTE CTAaThH 10 3KOJIOTHH, B YJACTHOCTH BOAHBIX PECYPCOB, SIBISIETCS BCE TO, UTO
XapaKTepu3yeT COCTOSIHUE BOJIHOM cpezbl. [IoMcKoBbIe 3aIpoChl MO «IKOJIOTHUECKUI
WHJMKaTOP» B ceTH MHTEpHET NaloT THICSIUM CCHUIOK OTBETOB M OOJIBIIMHCTBO U3 HUX
COOTBETCTBYIOT ITapaMeTpam.

N3 caMbIX pacnpoCTpaHEHHBIX U HE BBI3BIBAIOIINX OCOOBIX COMHEHUH CIeayeT
OTMETHTB, YTO 32 YKOJOTHUECKUI MHUKATOP PHUHUMAIOT CJIEIYIOIIHIE TTOKa3aTelH:

1) Hexwii MpU3HAK, XapaKTePU3YIOUIHH 00BIYHO BCE-TAKN — HKOCHUCTEMY (HO O11a-
rozpaps «3kocucteMe MTC» min kak 00BIYHO K Y)Kacy HayKH, Jake 3TO CIIOBO HMEET
COBEPILEHHO IIPOTHBOIIOIOKHBIE CMBICIIBI);

2) numb (parMeHT HHPOPMAIHH O OKPY’KAIOIIEH cpefie, HeCyIui onpenenéH-
HBIA CMBICTT;

3) KOJIMYECTBEHHBIN MOKa3aTelb (KaK U3MEPEHHBIN, TaK M PACCUUTAHHBIN), KO-
TOPBIA MOMOTAET MOJIyYUTh MPEACTABICHHE O COCTOSIHUM OKPY)KAIOIIEH Cpe/bl WU
3/I0pOBBS YEIOBEKA;

4) 3HaK, yka3arellb, CHMBOJI, IIPH3HAK, CBOMCTBEHHBIH CHCTEME WIIH TIPOIIecCy,
Ha OCHOBaHUM KOTOPOT'O NMPOM3BOJMUTCS KAaUECTBECHHAsI MM KOJIMYECTBEHHAsS OLICHKA
TEHJICHIIMH M3MEHEHMH, ONpe/eieHHe WM OLIEHOYHAs KIacCH(HKALMS COCTOSHUS
9KOJIOTHYECKHUX CHCTEM, TIPOIIECCOB U SBICHUH;

5) KOMITOHEHTBI M 3JIEMEHTBI IPHPOIAHOTO TEPPUTOPUATBHOTO KOMILIEKCa, 03~
BOJISIIOIINE OLICHUBATh KaK €€ COCTOSHHE W JMHAMHUKY, Tak M 3((EKTUBHOCTH Mep
obecrneueHus IKOJI0rnuecKoi 6e3omnacHocTH [3];
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6) moKazaTens MPOIIAIINHA MMporecc 0TOOpa W/MIIH arperipoBaHMs, KOTOPLIH
OTCIICKMBACTCS C TCUCHUEM BPEMEHH, YTOOBI €0 MOKHO OBIIIO HCIIOJIB30BATH IS IPH-
HATHUS PEIICHUN;

7) npu3Haku 3((HEKTHBHOCTH B paMKaX CHCTEMBI MEHEKMEHTA, ITO3BOJISIOIIHE
MOCTOSTHHOE YJIy4IIEHHE YKOJOTHYECKUX MTOKa3aTeNeH B COOTBETCTBHHU C yCTaHOBIIEH-
HBIMH LEIISIMHU;

8) mapamMeTp WM ero 3HaYeHUE, ONUCHIBAIOIINIT COCTOSHUE CPE/bl, BIHSIHUC Ha
JFO/IeH, YKOCHCTEMBI 1 MaTepPHAJIbI, JaBICHUE HA CPEMY, ABIDKYIITHE CHIIBI M PEaKIny,
YIPABJISIFOIINE 3TON CHCTEMOM.

HwmeroTcs BHONHE OpUTHHAIIBHBIE ONIPEJEICHUS, B KOHTEKCTE HEKOTOPBIX Hayy-
HBIX HaIIPaBJICHUH, HallpuMep: 0a30BbIe HHINKATOPHI SKOJIOTHYECKOH pe3yIbTaTHBHO-
cTH; OMOJIOTHYECKHe MTOKA3aTEeNN 3I0POBhS OKPY KAIOIIEH CpeIbl; OpraHU3MbI — HH/TH-
KaTOPBI PA3JIMYHOTO COCTOSIHUS (BOAHBIX 0OBEKTOB); JTATCHTHBIC HHANKATOPHI 3KOJIO-
IMYECKON HANpSHKEHHOCTH PErHoHa; JKOJOTHYECKHE MHAMKATOPbI 3()(EeKTHBHOCTH
(DyHKIMOHUPOBAHUS arpONPOMBIIIIICHHOW TEPPUTOPHU OIEPEKAOUIETO PA3BUTHS.
Cpenn KOTOPBIX — «BOJONOTPEONICHNE B pacueTe Ha EANHHUILY (B (PU3MIECKOM HIIH CTO-
UMOCTHOM BBIPaKEHUH) IPOLYKIHHU (CETbCKOXO035HICTBEHHOT'O ChIPhS U MPOLYKIIMU U3
HET0), IPOM3BOAMMOI Ha mpeanpusituu [1].

CymiecTByeT 3HaUUTEIFHOE YHCIIO PYKOBOIAIINX JOKYMEHTOB IO OICHKE Jes-
TEJIbHOCTH MPEANPHUATUH, XO39HCTBEHHON M MHON AEATENbHOCTH TEPPUTOPHATBHBIX
YPOBHEW M B TPaHHILAX CEKTOpa SKOHOMHKH, TJe HEOOXoauMasi OTYETHOCTD, B TOM
YHCIIe TOCyJapCTBEHHAS TAKXKE Pa3/ensieTcs o HeKOTOPOMY YHCITy TTOKa3aTesel, 3Ha-
YHUTENbHAs 9aCTh KOTOPBIX SBJIIOTCSA HHANKATOPaMH, KaK (yHKIIHOHMPOBAHUS CaMOit
OpraHu3aluy, TaK 1 e€ JIaBJICHNS Ha BOJHBIC OOBEKTHI U PECYPCHI.

B «PykoBozicTBE 10 OTYETHOCTH B 00JacTH yCTOH4YMBOrO passutus G4» nes-
TEJIEHOCTH MPENPHATHS PaCCMaTPUBACTCS B Pa3pe3e HECKOIBKUX KaTETOPHil: 3KOHO-
MHUECKOH, SKOJIOTUYECKON U coLMallbHON. B cBOIO ouepenp kaxas KaTeropust Noj-
paszenseTcs Ha HECKOJIBKO acleKToB. Tak, akoiaorndyeckast KaTeropus noJpasaensieTcst
Ha TaKHe acCIeKThl, KaK MaTepHajbl, HEprus, Boja, OHOpa3HOOOpas3ue, BHIOPOCHI,
cOpocsl 1 oTxoxbl. AcniekT «Boga» paccmarpuBaercs B pa3pese TPEX TPy TOKa3aTe-
JIel ¥ cocTOUT MUHIMYM U3 11 amemenToB [2] (Tabm. 1):

Tabnuya 1
DJieMeHTHI ToKa3areleii acriekra «Boaa»

Kox ITokazarens DieMeHThI

G4-EN8 O6mee xonm4ecTBO, OOWMH | 1) TOBEpXHOCTHBIC BOJBI, BKJIIOUast O0JIOTa, PEKH,
00bEM 3a0upaeMoil BOJIBI C | 03epa U OKEaHBI;

pa30MBKOH 110 NCTOYHHKAM 2) Io13eMHEBIE BOIbI;

3) mox/IeBbIe BOMIbI, COOMpAEMBbIE U COXPaHsEMbIC Op-
raHu3anuei;

4) cTOYHBIC BOJIBI IPYTON OPraHH3aIUIT;

5) MyHHUIMIIATIBHBIE ¥ APYTHE CUCTEMBI BOJIOCHA0KE-
HUS
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OkoHyanwue taor. 1

Kox TToxazarennb DIeMeHTBI
G4-EN9 Wcrounnku BoOIBI, Ha KOTO- | 1) pa3Mep MUCTOYHHKA BOJBI;
pble OKa3bIBACT CYILIECTBEH- | 2) OTHECEH JIM JAHHBIN HCTOUHUK K OXPAHIEMbIM Tep-
HOE BIMSHHE BOJ03a00p | pUTOPHUAM (HA HALMOHAIBLHOM HIIH MEXIYyHApOJIHOM
cyObeKTa X03ICTBEHHOH ie- | YpOBHE);
ATEIBHOCTH 3) HmEHHOCTH C TOYKH 3peHHs OmopazHooOpasus
(Hampumep, pa3HOOOpa3ne M YHCIIO BHJIOB JHJIEMHU-
KOB, 00IIIee KOJTUIECTBO OXPaHIEMbIX BHJIOB);
4) NEHHOCTH WIM BA)KHOCTH MCTOYHHMKA BOJBI IS
MECTHBIX COOOILECTB M KOPEHHBIX HAPOIOB
G4-EN10 | domnst u oOmuit 00beM MHOTO- | 1) 0O1mii 00beM BOJIBI
KpPaTHO M MOBTOPHO HCIOJb- | 2) 00bEM B MPOLIEHTaX OT 00IIero oobema BOI03a-
3yeMoii Bojibl opranusauueii | 6opa, orpaxaemoro nokaszatenem G4-EN8

B «ba30BbIX MHAMKATOpax pPe3yIbTATUBHOCTH JAESATEIBHOCTH OPTaHM3aINI»
(7151 pa3HOOOPA3HBIX OTYETOB) HIKOJIOTMUYECKHE HHANKATOPBI TAKIKE PACCMATPUBAIOTCA
B pa3pese HeCKOJIBKUX acleKTOB: MAaTepHalIbl, SHEPTUs, BOJIA, BEIOPOCKI, COPOCHI U OT-
XOIBI, MPOIYKIHS U yeiryTu. [ actiekta «Bomay B HeM IpeyCMOTPEHBI CIICAYIOIIHE
MOKa3aTelu:

1) noTpebnenue cBexeil BOAbI Ha COOCTBEHHBIE HY Kb, ANHHUIIBI U3MEPEHUS —
THIC. M, HCTOYHMKOM JaHHBIX [JIs 3TOTO ToKaszaTens ssnsercs popma Ne 2-TII (Boa-
x03) rozioBas «CBezieHus 00 UCTIOIBb30BaHUM Boabl» PoccraTa.

2) yzaenbHOE NOTpeOIICHNE BOJIbI B HATYPAIbHOM BBIPQKCHUH — OTHOILICHUE UC-
MOJBb30BAaHHOM BOJBI (BCET0) K 00BEMY MPOU3BEACHHON 32 OTYETHBIN MEPUO MPOTyK-
UM B HATYPATEHOM BBIPOKEHHUH, €IHMHUIIB U3MEPEHHS — THIC. M°/€]I.,

3) ZoJist TOBTOPHO HCIIONB30BAaHHON BOJBI B 00IIeM 00BEME pacxo/a BOABI HA
COOCTBEHHbIEC HYXKIbI, SAMHUIBI U3MEPEHUS — MPOLEHTHI, HCTOYHUKOM JTAaHHBIX IS
aToro noxasarens aeisercs Gpopma Ne 2-TIT (Boax03), Kak U I IEPBOTO MOKA3aTeNs.

M3BECTHBIM HCTOYHUKOM, B TOM YHCJIE SKOJIOTHYECKUX MHINKATOPOB JCATEIb-
HOCTH OpraHu3aluH siBisieTe HepuHaHcoBast oTuéTHOCTh ESG, 1 pasHooOpasHble py-
KOBOJICTBA K €€ IPeJOCTaBIeHNUI0, HanpuMep ['mobanbpHas HHUIMATHBA IO OTYETHOCTH
(Global Reporting Initiative, GRI). B rmaBe/pazaene «OxpaHa OKpysKaromiei cpeaph» Ta-
KOM OTYETHOCTH PEKOMEHJYEeTCs HMCIOJb30BaTh PsAZ IMOKa3aTelNeH, JalomnX BO3MOX-
HOCTb KaK HENOCPE/ICTBEHHOH OIEHKH JICSITENFHOCTH NPEATPUATHS, TaK U COIOCTaBIIe-
HUS €T0 JICATeIbHOCTH B IMHAMUKE, B OTPACIH U Ha TeppuUTopHr. OOBIMHO HCHONIB3YeTCS
MIATh WHANKATOPOB PaCKPBITH HHPOPMAIHH IS pa3iena BogooopammeHus (tadi. 2).

be3yciioBHO, OTAEIBHO MECTO 3aHUMAIOT WHUKATOPHI YCTOHYMBOTO Pa3BUTHS
(OBCP, Opranu3zanus dKOHOMHUYECKOTO COTpyaHU4YecTBa U pa3sutus) 1 KYP OOH
(Komuccens OOH mo ycToifunBOMy pa3BUTHIO), KaK CI0XKHAs 3aBUCHMOCTH, BBIBOIH-
Mas 13 0a30BBIX JaHHBIX, KOTOPBIE KAaK IIPABIIIO HE BO3MOKHO ITPUMEHSTH [UIS1 HHTEP-
HpeTanyuy U3MEHEHHH, HO ¢ MX MOMOIIBIO MOXKHO OLIEGHHTh COCTOSHHE KOHOMHYE-
CKHUX, COIHAJBHBIX HJIM AKOJOTHYECKUX NMEepeMEeHHBIX. OOBIYHO BBIIENAIOT HMHIUKA-
TOPBI COCTOSIHUS, TABJICHUS M PEarnpOBaHMS.

144



CoBpeMeHHble TEHAEHLNUN 1 NepcnekTUBbLI Pa3BUTUSA rnapomeTeoponorui B Poccun
Mamepuarnsi VIl Becepoccutickoli HayyHo-npakmuyeckol kKoHghepeHyuu. Mpkymek, 19-21 mapma 2025 e.

Tabnuya 2
Xapaxtepuctuka uaaukatopoB GRI B paznene 303 «Bona»
Hﬂlgl};?mp PackpbiBaemast nHbOpMALUs KommenTapuu / HCKITIOUEeHH S
OOparieHre ¢ BOAOH Kak
301-1 part "

¢ o0IM pecypcoM
VYnpasnenue HeOIaronp-
301-2 SITHBIM BO3JIEHCTBHEM
cOpOCOB B BOJIOEMBI

PackpbIBaeTCs Kak yIC/IbHBIN IOKa3aTelIb HA THICSIIY
JOJIIAPOB BBIPYYKH M HA €AUHUILY IPOTYKIIHI
Tlokasarenb, pacKpbIBAEMBbIi YACTHYHO, O€3 pa30OUBKH 110
301-4 C6poc BozibI THUITYy Ha3HAYEHUS, MHOTJIa B COBMECTHO C IIPOU3BOJIUTE-
TAMA

O6muii pacxona BoJbl, pa30UBKa HOTPEOICHNS BOIBI IO
301-5 Bopnonorpebnenne MCTOYHUKAM PACKPBITA B IIE€JIOM U 0 KaKA0MYy OTYETHOMY]
CETMEHTY

301-3 3abop BObI

B pe3ynbpTare MHOTONETHUX UCCIEIOBAHUM, COBMECTHBIMU YCHIMSIMU YUEHBIX
Pa3NUYHBIX HAYYHBIX HAPaBICHUH MHOTHX CTPaH MHpa IIPU HEIIOCPEACTBCHHOM yda-
ctan 58-ro komurera CKOIIE (ISEM) mpu FOHEIT ynanocs nocTnds coraacust OTHO-
CHUTEIILHO 00IIMX 0a30BBIX CBOWCTB (UyBCTBUTEIBHOCTH K JIABJICHUIO, H3MEHEHHUSIM;
CIOCOOHOCTH K arperaTUBHOCTH B O0IIIEH cUCTeMe HHIUKATOPOB; IIPOCTOTE UHTEPIIpE-
TaIUy MoKa3aTeNeil; HaydHOW 000CHOBAaHHOCTH MOYYSHHBIX HHIEKCOB HHMKATOPA),
KOTOPBIMH JIOJDKHBI 00J1a/1aTh MHAMKATOPB! ¥ HHIEKCH [5]. KoHnenrtyansHoe n mene-
HaIlpaBJICHHOE Ha3HAYCHUE MCIIOJIL30BAHUS TIOKa3aTelaeld IMHAMHUKH TPUPOJHOM
Cpeabl IPU YCIOBUM UX YJOBIETBOPEHUS YETHIPEM BhINICYKa3aHHBIM 0a30BBIM CBOIi-
CTBaM CBOAMTCS K IIPEACTABICHHUIO B 000OMEHHON (opMe NaHHBIX OPraHU3ALHH T10
CJICLYIOIINM OCHOBHBIM HAIPaBICHUSIM:

— KOJIMUECTBEHHAsl M/ Ka4eCTBEHHAs! KOMIUICKCHAS OLIEHKA COCTOSIHUS U 1~
HAMWKH KOHKPETHOH SKOCHCTEMBI, HATPHMEP BOJHOTO 0OBEKTA B IEJIOM HIIH €TO OT-
JICTbHBIX KOMIIOHEHTOB;

— YHCJICHHBIC 3HAYCHUS TApaMeTPOB U MOKa3aTesie XapaKTepu3yIomnX CBOU-
CTBA UCCIIETyEMBIX BOJHBIX OOBEKTOB;

— YHCIIEHHBIE 3HAYCHUS KaKOTO-JIM00 TTOKa3aTeNs W/HIN UX COBOKYITHOCTH, Xa-
paKkTepHu3yIonel B3aNMOJeHCTBIE M B3aUMOCBSI3H MEX/Ty SKOCHCTEMaMH, B TOM YHCIIE
BOJIOOXPaHHOM 30HBI;

— YHCIIEHHOE 3HAYEHHE ITapaMeTPOB XapaKTEPHCTHK UCCIIETyEMBIX IIPOIIECCOB 1
SIBJICHUH, IPOTEKAIOMNX B 9KOCHCTEMAX;

Cpean MHIMKATOPOB yCTOHYMBOIO pasBUTHs, Karteropuu «B. Dkomornueckue
UHIUKATOPBI», Tpymnmsl «B-1. Boxusie pecypcer» (Tadun. 3, 4) [4].

DKOJIOTHYECKIE HHANKATOPHI JOJDKHBI OBITH IEPBOCTETIEHHO 3HAYMMBIMHU MeXa-
HU3MaMH, JOCTIKEHHS LeJIeH YCTOMINBOTO Pa3BUTHS KaXK10H OpraHU3aIMU U TEPPH-
TOPHUAIIBHOTO CYyOBeKTa. VX BaXKHOCTB 3aKJIIOYAETCSI B HEIIOBTOPHMOM CEKTOPaIbHOM
WIIN UHTETPaIbHOM KOHTEKCTe, C(OPMYTMPOBAHHOM B YHHKAJIFHOM KaK Ha COIHAIIb-
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HOM YpOBHE, TaK U Ha aJMUHHCTPATUBHO-TeppUTOpHaiIbHOM. [IpeacraBienue oruer-
HOCTH 110 OCHOBHBIM MH/NKATOPaM KOJOTMYECKOI pe3yIbTaTUBHOCTH SIBIISETCS 005~
3aTeIbCTBOM OpPraHU3alHHy.

Tabnuya 3

Tpu rpynmbl HHAMKATOPOB paszielia «3allkTa 3a1acoB U KauecTBa IPECHOI BOIbD

WHmkaTops! —
JIBIDKYILAS CHJIA

68. ExxeronHoe U3bATHE MOA3EMHBIX U IOBEPXHOCTHBIX BOJ, B % OT HOCTYII-
HOro o0beMa
69. [loTpebeHne BOBI HAa AYITY HACEICHUS

74. 3amacel HOA3EMHBIX BOJT (M3)

WHuKatopst 75. Konnentpauus ¢ekansHbix Coli-popm B HCTOYHUKAX MTPECHOI BOJIBI

TEKyILEro (aucio wa 100 M)

COEIIHIET 76. [Tokazarenn OHOXUMHUYECKOTO M XUMHYECKOTO ITOTPEOICHNUS KUCIOpOa
110 BOJHBIM UCTOYHHKAM

UHauKaTopsl 80. O6paboTka cTOUHBIX BOJ (% 00CITYKHBAEMOTO HACEJIEHHUSI BCETO U 10 TH-

pearnpoBaHus nam 00paboTKH)

Tpu rpynnbsl HHAUKATOPOB pa3jiena «3aluTa OKEaHOB, MOpel 1 OeperoBbIX 30H»

Tabauya 4

WumkaTops! —
JIBIDKYILAS CHJIA

70. BbIJIOB MOPCKHX OPraHU3MOB (T)

71. Ilpupoct Hacenenust B 6eperosbix 30Hax (%)

72. Beibpocs! HeTH B TpUOPEIKHBIC 30HBI (T)

73. HakomieHue coeiHenuii azora u pocdopa B mprOpe:kKHbIX BOAaX (T)

MH1uKaTopst 77. OTKJIOHEHHE 3aI1acoB
TEKyIIEro 78. OTHOIIEHNE 3TOTO OTKJIOHEHHS K PeaIbHBIM 3aracam
AT 79. lHeKe pa3BUTHSI MOPCKHUX BOJOpOCIICH
Wuukatopsl .

81. Yuacrue B cornaiieHusx, Kacarumxcs Mopeit (1a/aer)
pearupoBaHust

Ecnm x0oTst OB IONBITaTh OCMBICIICHHO YIIPOCTHTH BCE BBIIIECKAa3aHHOE, TO 3a
9KOJIOTUUECKUIT HHIUKATOP MOXKHO IPHHATH 3HAYUMBIH 3JIeMEHT nH(OpMaIun, Heoo-
XOJMMBIN B KOHKPETHOM Cllyuyae JUIi aHalu3a AMHAMUYECKOTO COCTOSHHS KaK KOH-
KPETHOTO BOJHOTO 00BEKTa, TaK ¥ B TEPPUTOPHATIBHOM KOHTEKCTE MIIH BOJHOTO Oac-
ceifHa. [ToMrMO yKa3aHHBIX BBIINIC CYMTACM HEOOXOTMMBIM OTMETHTH CIICTyFOIIHe

(Tabm. 5):

Tabauya 5

HpI/IMCpH SKOJIOTUYCCKUX MHAUKATOPOB 11 BOAHBIX 00BEKTOB

Tun naguKaTopa

IMpumepsr

CocrosHue

INoxazarenu Box — XUMHYECKHUE, (PU3HIECKUE, OHOTOTHIECKHE; CTPYKTypa BO-
JIOOXPAHHON 30HbI; THIIBI 3€MJICTIONB30BAHMS; CHEU(HKa OCHOBHOIO BOJO-
OJIL30BAHUS U JIP.

JluHamuka

BpemMenHsle u TUIONIAHBIE H3MEHEHHUSI HHIMKATOPOB COCTOSHUS (OeperoBas
JIMHUSL, PACXOJ1, YUCIIO BOJIONOJIb30BATENCH U JIp.)

JlaBnenue

AHann3 mokasaTeneil  HEMOCPEICTBEHHOM, HampUMeEp PEKpeallMOHHOM
Harpys3KH ¢ pa30UBKOI Ha CE30HBI; I3MEHEHHUE TUIIOB 3eMJICTIONb30BaHMS; 00b-
&Mbl BOj103a00pa u Jp.

Hpyrue

CTaTyC BOJIHOTO OG'beKTa, COBOKyl’[HHﬁ aHaJIn3, HallpUMEP 110 JaHHBIM BCEX
TUAPOJIOTUYECKUX MOCTOB MM CYHICCTBYHOMIUX HCCHGHOBaHHﬁ, obecrieueH-
HOCTb U peajin3anys OIacHbIX SIBJICHUI
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JlmHamuKa KpyroBOpOTa BOJ Ha 3eMJIe M €T0 B3aMMO/ICHCTBHE C YEeTOBCUECKIM
00IIECTBOM IPUBOJIAT K PA3HOOOPA3HBIM MPOCTPAHCTBEHHO-BPEMEHHBIM MOJICTISIM Ka-
YECTBEHHOT'0 COCTaBa M JIOCTYITHOCTH BOJHBIX PECYPCOB M BO3JCHCTBUSM, CBS3aHHBIM
C BOJIOW, SKCTPEMATbHBIMU SBJICHUSAMH HA JKU3Hb, PA3BUTHE W YCTOIUHUBOCTH IKOCH-
cTeM, OOIIECTB M OTAECNBHBIX JIoJeH. B cBA3M ¢ ueM mocTynHOCTh MH(OPMAINH, €&
aHaIN3 W MHJMKALMOHHBIC XapaKTEPUCTUKH ITO3BOJIAT 3((deKTuBHEE 0OecneynBaTh
6e30macHOCTh KaK Cpeibl OOMTAHHS JIIOJCH B IEJIOM, TaK M KOHTPOJIHPOBATH IMPO-
O1IeMBI, B TOM YHCJIe Ka9eCTBa BOJHBIX PECYPCOB.
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IIporuo3 cpoxoB nosiBJCHNU JIbAa U YCTAHOBJIEHHA JIe10CTABA
Ha pexke YMOe ¢ HCN0JIb30BAaHHEM HEHPOHHBIX ceTeil

C. A. Kanammn (ckanashin@yandex.ru)

Tocyoapcmeennviii cuoponocudeckuti uncmumym, 2. Canxm-Ilemepoype

AunnoTtanust. OT™Meuaercs, 4To pa3paboTKa U yCOBEPIISHCTBOBAHNE METOI0B MPOrHO3UPOBAHHS Xa-
PaKTEPUCTHUK JICJOBOTO PEKHMMA SIBIISICTCS OJHON M3 BAXKHBIX 337144, HEOOXOANMOH ISl KOMILICKC-
HOTO HCIOJIb30BaHMs BOJHBIX pecypcoB. B mociennee BpemMst METO/IbI ITyOOKOro 00ydYeHHs MoITy-
HaloT IUPOKOE PACIPOCTPAHCHUE B LIEJISX POTHO3UPOBAHUS PA3IMUHbBIX KIMMATHYECKUX U THIIPO-
JIOTMYECKUX XapakTepuctuk. [IpeacraBinena pa3paboTka HEHPOHHOI CETH C UCTIOIH30BAHUEM METO-
JIOB TIIyOOKOTO OOYYeHHs Ul MPOTHO3a CPOKOB ITOSIBJICHUS JIbJIa U YCTAHOBJICHHS JIEOCTaBa Ha
p. YMOe ¢ y4eToM MCTOPHYECKHX JAHHBIX O METEOPOJOTHYECKUX U I'MAPOJIOTHUECKUX XapaKTepH-
cTukax. PaccMOTpeHbI BapHMaHThl NPUMEHEHUS PA3IMYHBIX apXUTEKTYp HEHPOHHBIX CETei, yTod-
HEHBI MX TIPEUMYIIECTBA U HEIOCTATKH.

KaroueBbie ciaoBa: senoBblif pexnm KolbCckoro mnoiyocTpoBa, HPOrHO3 CPOKOB 3aMep3aHus,
HEWpOHHBIE CETH.

JlenoBBIi peskuM peK, 03ep M BOAOXPAHUINIL OKa3bIBAET CYI[ECTBEHHOE BIIUS-
HHE Ha paboOTy BOJ03a00PHBIX COOpPYKEHHH, BOJHOTO TPAHCHOPTA, SKCIUTyaTaIHio
THJIPOTEXHUYECKUX COOPYKEHUH, CPOKHU EHCTBUS JIEOBBIX I0POT, TOPOKHOE CTPOU-
TEIIbCTBO, MPOKJIAAKy He(Te— M ra30MpoBoIOB. PaloHanbHOE UCHONB30BaHUE BOJI-
HBIX PECYpCOB B 3UMHHUII MEPUOJ BO3MOKHO Ha OCHOBE IIPOTHO3A JIEAOBBIX SBICHHUH
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[1]. OnHUM U3 IPOTHO3UPYEMBIX SJIEMEHTOB JIEAOBOIO PEKUMA PEK SIBJISIOTCS CPOKH T10-
SIBJICHUS JIbZIA U YCTaHOBJICHUS JefocTaBa. OcoOylo akTyalbHOCTh MCCIIEI0BAaHUE ITHX
(a3 JIeoBOro pexxrumMa pUOOPETAET B YCIOBUSIX COBPEMEHHOTO M3MEHEHHS KITMMara.

CucreMaTHYeCKNi BBITYCK TPOTHO30B CPOKOB MTOSBIICHNUS JICTIOBBIX SIBICHUN B
Hamel crpaHe Hadasncs B 40-X rogax MpoLIIOro CTOJNIETHA U K HACTOSILEMY BPEMEHH
B 9TOi1 chpepe JOCTUTHYTHI 3HAUUTEIIbHBIC yCIIeXH. B 0CHOBE KpaTKOCPOUHBIX IIPOTHO-
30B JICZIOBBIX ABJICHUI JICKUT IPUMEHEHUE HE TOJIBKO (PU3MKO-CTATUCTUYIECKUX 3aBU-
CHMOCTEH, HO M CTPOTUX PEUICHNI, OCHOBAHHBIX HA UCTIOJNIG30BAHNN YPABHCHHS TEII-
noBoro Oananca. JlolrocpodHble MPOTHO3BI JIEAOBLIX SBICHUH 0a3upyIOTCs Ha ydeTe
3aKOHOMEPHOCTEH Pa3BUTHS aTMOC(EPHBIX TPOIIECCOB M MPEEMCTBEHHOCTH UX H3Me-
HEHUsI, B TEUEHUH TIOCIEIyIOIIero nepuoaa speMeru [2]. OnHako MHOTHE METOIMKH
paspaboTaHsl B cepearHe XX B. M B HACTOSIIEE BPEMS HYKTAIOTCS B yTOUHEHHUH.

3a mocienHee AecATHIETHE TIyOOKOoe 00ydeHHE — HalpaBJICHHE MAIIMHHOTO
00y4eHusi, OCHOBAaHHOE HA UCIOIb30BaHUU MHOTOCIOWHBIX HCKYCCTBEHHBIX HEHPOH-
HBIX CeTel — KapANHAIBHO M3MEHIIIO TTOAX0M K CO3MAHUIO CTATHCTHUCCKUX MOJETIeH
B pa3nnuHbIX cpepax. OHO HAXOANT NPUMEHEHHE B 3a7a4ax KilaccupuKauy n3o0pa-
JKCHUH, MAIIMHHOTO IepeBOJa, PACIIO3HABAHUS PEYM M MHOTHX JPYTHX OOJacTsX.
Hayku o 3emuite, B TOM 4HCIIe THIPOJIOTHS, HE SBIAIOTCS HCKITIOUCHUEM.

IIpenmMyIiecTBO MCIOIB30BaHUS TIyOOKMX HEHPOHHBIX ceTeil 00YCIOBICH MX
BBICOKOH YHHBEpPCAIBHOCTBIO M 3(PPEeKTUBHOCTHIO. COBOKYITHOCTh 3THX KadyecTB
Hapsiay ¢ OBICTPBIM yBEIWYEHHEM 00BEMOB HAKOIUICHHBIX JJAHHBIX 00 OKpY»KaIoIIeH
cpeze M POCTOM JOCTYHMHOCTH BBIYUCIUTEIBHBIX PECYpPCOB MTO3BOJISIET PAaCCMaTPUBATh
IyOOKre HEHpOHHBIE CETH KaK HOBOE TOKOJICHHE MaTeMaTWdecKux Mojeinei. OHu
CIIOCOOHBI HE TOJIBKO JJOTOJIHUTH, HO M IIOTEHINAIBHO 3aMEHUTH CYIIECTBYIONIHE Me-
TOJIbI MOAEIUPOBaHUA Teodu3ndeckux mpoueccos [3].

OCHOBHBIM IPEAUKTOPOM IS IPOTHO3a CPOKOB TMOSABICHUS NEPBUYHBIX JICIO0-
BBIX SIBJICHUII U yCTAHOBJIEHUs J1€JJOCTABA SIBIISIETCS HAKOIJIEHHAs! CyMMa OTpHLATENb-
HBIX T€MIIEpaTyp BO3AyXa. B ycloBUsAX COBpEMEHHOTO U3MEHEHUs KJIMMaTa yBeluye-
HHE CyMM OTPHIATEIbHBIX TEMIIEPATYp BO3AyXa (PUC. 1) IPUBOIUT K yBETUUECHUIO TIe-
pHoJa 3aMep3aHus PEK OT TOSBICHHS ITEPBUYHBIX JieJoBbIX siBnenuid (ITJI5) no ycra-
HOBJICHHS JietocTaBa. CylecTBEHHOE BIMSHIE Ha (DOPMUPOBAHHE JICTOBBIX SIBICHUH
OKa3bIBAIOT aTMOC(EpHBIE OCAJIKH. YBEINYEHHE UX KOJIMYECTBA B MIEPUOJI CTAHOBIIE-
HUS JIEZIOCTaBa CIIOCOOCTBYET 00pa30BaHUIO CHEXYPHI M IIYTH, YTO MU3MEHSET THII U
Cpoku pOpMHPOBAHHS JIEOBOTO TTIOKPOBA.

B kauectBe 00bekTa MccienoBaHus BeIOpaHa p. YMOa, nporekatommas Ha Koib-
CKOM ITOJTyOoCTpoBe. JIe1oBbIe ¥ THAPOIOTHYECKHE XapaKTEPUCTUKU OBLIN COOPAHBI MO
rugporocty mopor Ilasnka. MeTeopoornyeckie JaHHBIE MOITyYeHBI ¢ METEOPOIOTH-
YeCKOl CTaHIUM B 11oc. YMOa. B kauecTBe IpeMKTOPOB IIPOrHOCTHYECKOH 3aBHCHMO-
CTH OB BEIOPaHBI CYTOYHBIE JIaHHbIC: JaThl HACTYIIJICHHUS JIEZI0BOTO SIBJICHUSL, THII JIe-
JIOBOTO SIBJICHUS, HAKOIUICHHAsI CyMMa OTPHIATENIFHBIX TEMIIEPaTyp BO3IyXa, HAKOII-
JICHHAs CyMMa 0CaJIKOB, YpOBEHb BoJIbI. ba3a maHHBIX cobpana ¢ 1936 mo 2021 T. 3a 1e-
prozn c 1 okTs10psi o 31 sTHBapsi COOTBETCTBYIOIIETO BOAOX03IHCTBEHHOTO rofa. Berbop
TaKOTO BPEMEHHOT'0 IIEpHOJia TPOJUKTOBAH HANOO0Iee PAaHHUM HA9aJI0M TeMIIEPaTyphl
Bo3ayxa yepes 0 °C u Hauboee mo3aHel naToi GOpMUPOBAHHS JIETOCTABA.
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Puc. 1. Cronp3siee cpegHee CyMM OTPUIATEIbHBIX TEMIIEPaTyp BO3ayXa
3a XapaKTEepHBIC JIaThI

Heiiponnsie cetn ObUTH pa3paboTaHbl HA S3bIKE TMporpamMMmupoBanus Python c
HCTIONB30BaHneM OnbaroTekn AutoKeras — MOIIIHOTO HHCTPYMEHTa aBTOMAaTHIECKOTO
MamuHHOTO 00yueHus (AutoML). AutoKeras 3HaUHTETFHO YIIPOIIACT MPOIIECC CO3/a-
HUs1, 00YYEHHMS U ONITUMHU3ALUH HEHpOceTeid, aBTOMaTH3UPYsI T0JI00P UX CTPYKTYPBI U
THITEPIIapaMETPOB.

OOyueHre MOJEIH MPOU3BOAMIOCH C IIOMOIIBI0 Kpocc-Banuaanuu. M3 Bcero
HaOopa JaHHBIX BBIACICH HE3aBUCHMBIN HAOOP JAHHBIX JIJIsl OLICHKH TOYHOCTH PaOOThI
mozemnu (¢ 2010 mo 2019 r.). Ha mepBoM 3Tamne ocraBIuecs JaHHbIE ObUIN pa3AelIeHbl
Ha 00y4aeMbIii ¥ TecTOBBI Habops! B cooTHOomeHnn 80 u 20 % coorBercTBeHHO. Ha
BTOPOM 3Tare MoJeslb 00yJasach Ha BCEX OCTABIINXCS JaHHBIX, M pe3yJIbTaT €€ Mpo-
THO3a OLICHUBAJICS [10 HE3aBUCHUMBIM JJAHHBIM.

JLyis mporHO3a AaT MOSBIEHUS JIbAa OBUIN NCTIOJIB30BAHBI JOTTOTHATEIBHEIE KITH-
MaTHYecKHe mapamMeTphl: 00JIagHOCTh, HalIPaBJICHIE BETPa, CKOPOCTh BETpa, TeMIepa-
Typa IOYBHI, aTMOC(EPHOE TaBlICHHE (PHC. 2).

IIporHo3 cpoKoB yCTaHOBICHHS JEJOCTaBA C UCIOIB30BAHUEM JOMOTHUTEIb-
HBIX KIAMAaTHYEeCKUX MapaMeTpoB HE Jajl XOPOIIEeTo pe3yiIbTaTa, I03TOMY 00ydeHHe
HEHPOHHOH CeTH MPOBOAMIOCH C HCIOIh30BAaHHEM OCHOBHBIX IIPEIUKTOPOB (pHC. 3).

Co3naHHble HEWPOHHBIE CETH UMEIOT 5 CI0EB: BXOAHON, BEIXOIHOM U TP CKPBI-
ThIX ¢10s1. CKpBITBIE CIIOM TPEACTaBISIIOT Co00M MoHOCB3HbIe Dense-cnou ¢ GpyHK-
el aktuBanuu ReLu. @yHKms akTuBaIus HeoOxoauma st 3 GekTHBHOTO 00yUe-
HHUE MOJICNH, T00aBICHUS HETMHEHHOCTH, yCKOpeHH 00ydeHus. [ Kax 101 SIOXH
00y4YeHUsI pacCUUTHIBATACh METPHUKA accuracy (OTHOIIEHHE BEPHO IMPEeACKa3aHHBIX
KJIACCOB JICAOBBIX SBICHUH K 00IIEMy KOJIMYECTBY MPUMEPOB), 3HAUCHH KOTOPOH ¢
KQXKI0H MOX0H yImydmiaiuch. beiio BeimosrHeHo 50 mukioB ooydenus ¢ 100 smoxamu
B KaX/1I0M. 3HaYeHUs METPUK JJISI MOACITH C JOMOIHUTEIbHBIMU KIMMATHYECKUMHU Ta-
pameTpamMu npUBEACHBI B Ta0m. 1.
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Puc. 2. IIporno3s nepBUYHBIX JISJOBBIX sBJICHUH Ha p. YMOa — nopor [lasika
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Puc. 3. IlporHo3 nar ycTaHoBIeHHs JiefocTaBa Ha p. YMOa — nopor [lasinka

Tabaruya 1
Ornenka paboThl HEHPOHHOI CETH JUIs IPOTHO3a JIAT MOSBICHUS JIb/IA
Mertpuka 3HaueHue
Accuracy 0,88
Recall 0,86
Precision 0,88
Fl-score 0,87
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Kak mokazano B Ta01. 2 1 Ha puc. 2 1 3, pUMEHEeHNe HEUPOHHBIX ceTeil odecre-
YHBAET TOYHBIC TIPOTHO3BI CPOKOB TMOSBIICHUS MEPBUYHBIX JICJOBBIX SBICHUH U TIPHU-
eMIIEMBIC Pe3yNbTaThl Ul JaT YCTaHOBJICHUS jiefocTaBa. OIHAKO JUIS MOBBIILICHHS
TOYHOCTH TIPOTHO3UPOBAHUS TpeOyeTcst 6onee qeTanbHbIi aHAIN3 CTPYKTYPBI U CIIOCB
00y4YeHHBIX HEMPOHHBIX ceTeil. Tak, HampuMep, MOXKHO U3MEHHTH apXUTEKTYPy MO-
Jenmd, 3aMeHUB CKpbIThie Dense-ciiom Ha cimom Ttuma LSTM (Long Short-Term
Memory). Unes LSTM cocTouT B TOM, 4TOOBI TO3BOIUTE KaxaoMy Iary RNN Be1Ou-
path HHGOPMAIHIO TSI TIPOCMOTpPa M3 HEKOTOPOro Oosiee KpymHOro Habopa uHbop-
manuu [4]. OcHoBHas mpoOieMa ctaHAapTHHIX RNN 3akirouaeTcst B 3aTyXaHUU Tpa-
JMCHTA, YTO 3aTPyAHsSCT OOY4YCHHE MOJENCH Ha JUIMHHBIX ITOCICIOBATEIBHOCTSX.
LSTM pemaer 3Ty npoGiieMy ¢ MOMOIIBIO CIIEIUATbHON CTPYKTYpHI ceTH. Kak mpa-
BIJIO, KJTacCH(UITMPOBAHHBIE PSRl TOCTATOYHO HECOATaHCHPOBAHHBI M3-3a yUeTa
MO3THHX JIaT YCTAHOBJICHHS JieocTaBa. /711 HacTpOHKH MOJICNHN U y4eTa HAMMEHBIIINX
KJIaccoB (TIEpBUYHBIE JIEJOBBIE SIBICHHUS) MOXHO HCHONb30BaTh Mmeron SMOTE
(Synthetic Minority Over-sampling Technique), KOTOpbIii 1O3BOJSAET 100ABUTH JIaH-
HBIe HANMEHBIINX KJIACCOB C TIOMOIIBIO0 MeToAa Omkaiimero cocena. Kpome toro, B
HEKOTOPBIX CIIydYasiX YBEIHMUYCHUE YHCIIA KJIACcCOB, HAIIPHMEP, BBOJIOM KIlacca Jis He-
YCTOMYHMBOTO JIEJOCTAaBa, MOKET JAATh YIIyUIICHHbIC PE3yJIbTaThl U3-3a PY4YHON OanaH-

CHUPOBKH KJIACCOB.
Tabruya 2
Pe3ynbTaThl pabOTHI MOJIENM HA HE3ABUCHMBIX JIAHHBIX

I[aTa TOSIBJICHUS TIEPBUYHBIX

o e ———— JlaTa ycTaHOBICHHS JIE0CTaBa

Ha6monenust IIporuos Hab6umonenus IIporuo3
2010 6.11 9.11 14.11 18.11
2011 15.11 14.11 19.11 20.11
2012 28.10 25.10 28.10 7.11
2013 25.10 26.10 23.11 24.11
2014 21.10 21.10 16.11 2.11
2015 7.11 8.11 14.11 14.11
2016 4.11 4.11 8.11 8.11
2017 28.10 1.11 26.11 26.11
2018 22.11 7.11 22.11 25.11
2019 28.10 28.10 31.10 12.11

Taknum 00pa3om, NCTIONB3YS! MTPOJOIKUTEIbHBIE PSIIbl HAOTIOJCHUH 32 THIPOIIO-
THYECKMMHU U METEOPOIOTHUYECKUMH XapaKTEPUCTUKAMH IPUMEHEHNE HEHPOHHBIX Ce-
Teil MO3BOJSET CYLUIECTBEHHO YIIYUIINTh CYIIECTBYIOIIME METOJUKH MPOrHO3HPOBA-
HHS [TApaMETPOB JIE0BOro pexnma pek Kosbckoro nomyoctposa. Bo3moxkHOCTH HC-
HOJIB30BaHMsT OOJIBIIIOTO YHCIIA NMPEAUKTOPOB MO3BOJISIET CTPOUTH YHUKAIBHBIE IPO-
THOCTUYECKUE 3aBHCUMOCTH PA3IUYHBIX TUIOB 3aMEp3aHMs PEK, YUUTHIBATH €CTe-
CTBEHHYI0O M HCKYCCTBEHHYIO 3aperyJMpOBaHHOCTh BOJOTOKOB, MOP(OJIOTrHYECKUE
0COOCHHOCTH pycell, KITMMAaTHIeCKHe N3MCHEHUS U JIp.
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IKOCUCTEMHbIE YCIYru BOAHBIX 00bEeKTOB

E. b. Kpyuuna (kruchinael@mail.ru)!, E. B. IToranosa (e.v.potapova.isu@mail.ru)?

'Hnemumym anobanvnozo knumama u sxonozuu um. axkademuxa 0. A. Uspasna, 2. Mockea
2Upxymckuii 2ocyoapcmeennviii ynusepcumen, 2. Upkymck

Annotanus. B coorserctBun ¢ MexayHapoaHoit nHunmatuBoii TEEB ucnonb3yercs ueTsipe
TPYTIBI OCHOBHBIX 9KOCHCTEMHBIX YCIIYT, KOTOPBIE TOJHOCTBIO COOTHOCSITCS C CEPBHCAMM BOJIHBIX
00beKTOB. 3a/jaua OICHKH Oyar MPUPOJHON CPe/bl 10 CHX MOp OCTAETCsl YaCTHYHO HEPEIIEHHOM.
IIpennaraercs MCIONB30BATh IS TOTYYEHHS HTOTOBOM IIEHBI JIEKCHKOTpa(uuecKue MpeouTeHus,
COLIMANIBHYIO CIIPABENIUBOCTD, ICOHTOJIOIMYECKYIO U HE TYMaHUTapHYI0 CTOMMOCTB IPU HETIOCpe/i-
CTBEHHOM BKJIFOUCHHUH TaKChl M OOHHUTETA pecypca MOTPEeOUTENILCKON U 0€3 ITOTpedIeHHs Tl CO3MaHus
00BEKTUBHOM II100abHOM CTaHAPTHOM OCHOBBI Y4ETa MPUPOIHOTO KAaMKUTaa BOJAHBIX 00BEKTOB.

KuroueBble cjioBa: IEHHOCTb, TIOJIb3a, BOJIA, BOAOIOIB30BaHUE, CEPBUC, SKOHOMHYECKAsT OIICHKA.

DKOCUCTEMHBIE YCIYTH, IPEUMYIIECTBEHHO OeCTIIaTHbIE CEPBUCHI, TPEIOCTAB-
JsieMbIe TIPHPOTHBEIMA 00BEKTaMH (OKPYKAOIIel IPHPOIHON CpeIoif), bmaromaps Ko-
TOPBIM JIIOJM MOTYT YKPEIHTh CBOE ONAaromoiydume W YCHJIWTH IpolBeTaHue. He-
CMOTpsI Ha JIaBHEE BpeMsl MOSIBJICHUS KaK MOHATHUS, TaK U MCIOIb30BaHUSI MTOIX0/0B
aHaJIM3a, 3HAYUTEIHHOE YMCIIO HAYYHBIX PadOT MO BOMPOCAM BBHISBICHHUS M OICHKH,
MHTEPEC U METOBI IPOAOIIKAIOT MOSIBIATECA. C OAHON CTOPOHBL, JOAH, B OCHOBHOM
Macce MepecTaly JKUTh B Mellepax M MIajamiax, XOIUTh Ha 0XOTy ¥ COOHpaTh eay, C
JIPYrOil CTOPOHBI HAIIIK METOBI OYUCTKH BO3/yXa U BOJIBI JAIEKH OT UCATbHBIX WU
JIOPOTH, B CPAaBHEHUH C BOAHO-O0JIOTHBIMH YTOAHUSMH H JISCHBIMH dKocucTeMamu. [1lo-
MOToNIM3M (PaKTHYECKH 3aMEHIII MHOTHE BAPHAHTHI aKTHBHOTO OTIBIXA, HO BCE ATH H3-
MEHEHHMS He CJIeNaii HaC CUACTIIMBEE U 3/I0pOBEe.

B cootBerctBun ¢ Mexnynapoanoi manimatuBoif TEEB (The Economics of
Ecosystems and Biodiversity), koTopasi cTaBuiia CBOeH IIeNbI0 TIPUBJICUECHIE BHUMA-
HUE U IPOBEACHUE NEPBUYHOMN OLIEHKH YKOHOMHUUYECKOM BBITO/IbI OT COXPAHEHUS U OIl-
TUMU3AIUHN UCTIOIB30BaHUsI OMOpa3HO00pasus, Obliia CO3/1aHa CIOKHASI CUCTEMA BBI-
SIBIIEHUS Pa3JIMYHBIX BBITOJ OT MIPUPOJIBI «XOPOIIETO Ka4ecTBay, T. €. MOJIE3HOW U 60-
Jee moporoi (IEeHHOI) OyaeT Ymcras peka, a He Ta B KOTOPYIO OCYIICCTBIIIOTCS
cOpOCHI CTOYHBIX BOJl U HE KOHTPOJHUPYIOTCS CMBIBBI C OKPYXKAIOIICH TEPPUTOPUH.
TEEB nblTanack aHaIM3upOBATh BBITOIBI, OOBSCHATH 3HAYUMOCTD M aKTyaJTH3UpOBaTh
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HEOTJI0XKHOCTb TIEPBOCTENIEHHBIX ACHCTBHIA C NCIIOIb30BAHUEM IISITH HUTOTOBBIX ITOKa-
3areneil:

DO: Hay4HBIE 1 5KOHOMHUYECKHE OCHOBBI, TIOJIMTHYECKHE U3/ICPIKKU U U3ACPKKH

Oe3nercTBYS,

D1: monutnueckne BO3MOXKHOCTH JUIS HALIMOHAIBHBIX U MEKITyHapOIHBIX II0-
JMTHKOB,

D2: nmojyiepykka MPUHSITHS PEIICHHUI ISl MECTHBIX aIMUHUCTPATOPOB,

D3: 6usHec-pHCKH, BOSMOKHOCTH H ITOKA3aTEIH.

D4: coOCcTBEHHOCTH TPAXKAAH U MOTpeduTenei [2].

Cospemennas padota rpymmsl uccnenosareneii TEEB Bkirodaer B cedst onpe-
JIeJIeHHE [IEHHOCTH HECKOJIBKUX KPYIHBIX OJIOKOB:

— LEJIOCTHBIE U CHCTEMHBIE PEIICHNST K SKOHOMUKE CEJIbCKOTO X03HCTBA, KOTO-
past cBsi3aHa CO CIOXKHBIMH LIETIOYKAMH JIOTUCTHKHA CTOMMOCTH, B TOM YHCJIE B KOHTEK-
CT€ MCII0JIb30BAHMS BOJIBI M BOJHBIX OOBEKTOB;

— COCTOSIHHE, NCTIONB30BaHNE, TIPOOIEMBI U MEPCIIEKTUBBI MPUOPEXKHBIX (B OC-
HOBHOM HPHJIETAIOMNX K MOpPSIM) MECTOOOMTaHMWH, TIeé CKOHLEHTPUPOBAHA 3HAYH-
TeNIbHAs YacTh YEJIOBEUYECTBA U IPOSBIISIOTCSI MHOTHE T100aJIbHBIE TIPOOIIEMBI;

— yuér OorarcTBa, BKIIouast yuéT nmpupoaHoro kanutana (NCA);

— FCCIIEZI0BaHNE OCOOCHHOCTEH SKOCHCTEMHBIX YCIYT B CTPAaHAX U PETHOHAX.

Vcnionb30BaHne 3TUX BEKTOPOB IS OLIEHKHU YCIyT BOJHBIX OOBEKTOB IIPUBEIET
K OCO3HAHHUIO UCTHHHOTO TEPPUTOPHAIBLHOTO U pecypcHoro BBII.

Knaccuueckast kiaccuUKalus IKOCHCTEMHBIX YCIyTr BKIIOYAeT YeThIpe
TPYIIIIBL:

1. Provisioning (aHIJI.) — Kak CHa0>KEHHE YEeM-TO MaTEePUAIBHBIM, CBIPhEM.

2. Regulating (aHri.) — Kak peryJnpoBaHHe IPUPOIHBIX TPOLIECCOB.

3. Supporting (aHr.) — KaK MOAepKaHUE YCIOBHA, JaXKe CYIIeCTBOBAHHUS.

4. Cultural (aHry.) — KyJIbTypHBIC, JYXOBHBIC CEPBUCHI.

Ho He cTout 3a0bIBaTh 0 BOIPOCAX NOJUTHKH, OOecrieueHne Oe301acHOCTH, HH-
(dopManMoHHOE 3HaYEeHHUEe, HAIPUMEp FeHETHYECKHX PECypCOB, OXPaHbI 30POBBS H,
KOHEUHO, IPEBATNPYIOLINE XKETAHH KPATKOCPOUHBIX BBITO/.

J1nst BOHBIX 0OBEKTOB B 00IIEM BHJIE MOXKHO YKa3aTh JIMIIb HEKOTOPbIE CIIEy-
IOIIME HAMPABJICHUS peaTN3allii SKOCHCTEMHBIX yCIyT (Talur.).

Tabnuya
IIpumepb! 9KOCUCTEMHBIX YCIIYT JUIsl BOAHBIX 00BEKTOB
Yenyru IIpumepst
Ob6ecneunBaronye, | Yucras Boaa, ppida, BOJOPOCITH, SHEPTHsL, )KU3Hb BOAHBIM OpraHM3MaM U
MaTepHaIbHbIE obObekTam — pudam, MaHrpam, BOJIa IS CTICIIUAIBHBIX BUOB BOIOIOJB30-
BaHUsA

Perymupytomue, pe- | BinsHne Ha KiMMaT U MEKPOKJIMMAT, KDYTOBOPOTHI BEIIECTB U BOJIbI, B TOM
TIIaMEHTUPYIOIINE YHCIIE KaK 4acTh T€0JIOTNYECKOT0, ISTTOHUPOBAHUE YTIIEPOIa, 0COObIE MHK-
POKIIMMAaTHYECKHE YCIOBHUS, KOPHIOPBI JUIs IEPEMEIICHHSI.
Bcenomorarensaele, | OunieHue BoJbl, cpeooOpa3zoBaHKe, (OTOCHHTE3, HJI, OCAIOYHBIC I10-
MOAJCPXKUBAIOIINE | POJIbl, OOUTATEIN BOJOEMOB M IPUOPEKHBIX TEPPUTOPHIA, HEPECTUIIHIIA.
KyneTypHBIE OTapIX, HayKa, 00pa30BaHUE, PEJIUTHs, HCKYCCTBO, ATTPAKTUBHOCTD TEPPH-
TOPHH, CBSIICHHBIC OOBEKTHI
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B cTpykType 6a30Boro 3emirenons3oBanus Poccuu BOAHBIE 00BEKTBI OTHOCSATCS
K KaTeTOPHH 3eMeITb BOTHOTO (DOH[A, a BOT MPHJICTAIOIINE TEPPUTOPHH, HECMOTPS Ha
HAIIMYUE BOJAOOXPAHHBIX 30H, MOTYT OTHOCUTHCS K (DAKTUYCCKH JIFOOO0I Ipyroi Kate-
ropuu u TeMm Oolee Ha3HAUEeHU. BCcE 3TO yCIOXKHAET HE TONBKO MEPBUYHYIO OIICHKY
[ICHHOCTH — HE [IEHBI, @ COBOKYITHOCTH CBOICTB BOJHBIX OOBEKTOB, MX MOJIB3Y U 3HA-
YUMOCTB IS Jrojei. Emé Oonee 3aTpyIHUTEIHHO TONYYUTh (PHHAHCOBBIN SKBHBA-
JICHT U3MEHEHHH, 0COOEHHO aHTPOMOTEHHYIO TPAHC(OPMAIUIO U BAPHAHTHI BIUSIHUSL
Y 3arpsi3HEHUM.

CopnepxaHne W UCTIOTb30BaHNE BOJHBIX O0OBEKTOB C YUETOM UX IKOCHCTEMHBIX
YCIIYT MOYKHO OIICHUBATh MO CICIYIOLIIM METOIAM:

A) TTorpeburensckasi CTOUMOCTb, CKJIAQABIBACTCS:

— W3 CTOMMOCTH TPSMOTO HCIIONB30BAaHUS (QHATIH3 BHYTPEHHETO W BHEIIHETO
pBIHKA, ydeTa 3aTpaTt IPOU3BOICTBEHHON (PYHKIIMHA KOHKPETHOTO OOBEKTA),

— CTOMMOCTH HETPSIMOTO UCTOJIb30BaHUs (aHAJIN3 PHIHKA allbTePHATUBHBIX BH-
JIOB MCTIOJIB30BAHUS, YUETa 3aTPAT HAa HETIPOM3BOCTBEHHOE HCIIOIb30BaHNE, TeIOHNU-
CTHYECKOE IIeHOOOpa3oBaHue (OpeHIl TEPPUTOPHHU, KIIOYEBOH OOBEKT), YCIOBHAS
OlleHKA (NIEPCIIEKTUBBI AaHAIIOTOB);

— aNbTEePHATUBHOMN MM MHIMOM aJIbTe€PHATUBHON CTOMMOCTH (METO BOCCTAaHO-
BUTETHLHON CTOMMOCTH (€CIIH BIIOXKHTH CPEICTBA B OUHIIIEHHE, BOJOIIOATOTOBKY, CTPO-
UTEIBCTBO MH(PACTPYKTYPHI JJIsl ONTHMU3AIMA U PAIIHOHATH3AUH MCIIOIh30BaHUS,
CO3/IaHME OXPAaHHOTO CTaTyca), yué€T 3aTpaT Ha CMATYEHUE MOCIEICTBUM, YUET 3aTpaT
KOTOPBIX MOKHO M30€XKaTh.

Bb) CroumocTh Hcmonb30BaHus 0e3 MOTPeOISHHS — TPAIUITUOHHBIA allbTPYyH3M
cyliecTBOBaHHS (YCIIOBHAs OIICHKA, YCIOBHBIN BBIOOD). BBICOKMIT OXpaHHEI CTaTyC.

CTOoMMOCTB Ha BBIXO/IE, BKIIIOYAIOIIAsl COLUAIBHYIO CIIPABEITUBOCTh (OCOOEHHO
JUIS Pa3NNYHBIX BApPUAHTOB MCIIOJIB30BAHMUS OJHOTO BOJHOTO OOBEKTA M I BOJHBIX
00BEKTOB, MIPUHAUICKAIINX Pa3HBIM PETHOHAM W CTPaHaM), ICOHTOJIOTHYECKYIO CTO-
HUMOCTh (MOpaJIbHBIC M HPABCTBCHHBIC 00sI3aTEIBCTBA, HAIIPUMEP MIEPE]] JIFOAbMH JKHU-
BYIIUMHU HHXE MO TEUEHUIO WM OyIyIIMMHU MOKOJIEHUSMHM), JEKCUKOTpadUueCcKie
MPEATTOYTeHUS (TOCPEICTBOM TOCIIEIOBATEIEHOTO CPAaBHEHU KOIMYeCTBa OJar, oT-
JIMYAFOIINX KOHKPETHBI 00BEKT WIIN 0OBEKTOB B PETHOHE), HE TYMAaHUTaPHYIO CTOU-
MOCTh (OT cOOpa IUIaTHI 32 MOCEIICHUE, 10 TUIATHI 32 3arPsA3HCHUE), B COBOKYITHOCTH
OCHOBAaHBI Ha OIIEHKE B paMKax I'PYIIIHI (HHOTAa HECKOJIBKIX ), COBEIIATEIIEHOM H COB-
MECTHOM, 0COOEHHO MEXITyHAPOIHOTO YPOBHSI, aHAIH3€ OL[CHKH.

MHorue anbTepHaTUBHBIC IIEHHOCTH SKOCHCTEMHBIX YCIYT BOJHBIX OOBEKTOB
HAXOJATCS B TIPSIMOM U TeM 0oJiee B KOCBEHHOM KOH(JINKTE, OOJIBITUHCTBO U3 KOTO-
PBIX HE pa3peInMBbl, HAIPUMEp PEeTHOHANBHBIC CHCTEMBI TaKCAIMU W OOHHUTET pecyp-
coB. lHopMIpOBaHIE U pEIICHHS U1 OCHOBHBIX U YS3BHMBIX T'PYIIIT OTpeOUTENeH
BOJIHBIX OOBEKTOB U MPHUJICTAFOIIIX TEPPUTOPUI B TPaHHUIIAX BOTOOXPAHHBIX 30H: JIUII,
NPUHUMAIOIMINX PEIICHNS Ha TOCYIapCTBEHHOM M MECTHOM yPOBHSX, OM3HECMEHOB U
IIMPOKOH OOIIECTBEHHOCTH HE MOTYT OBITH MPUHSTHI B OJHOCTOPOHHEM MOPSIKE U
WHOT/Ia HA YPOBHE OJJHOTO TOCYAAapCTBA IS TPAHCTPAHHYHBIX O0BEKTOB.
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Emé B 2007 r. Munuctpsl okpyxatomeii cpeast crpan G8+51, B Ilorcname
(I'epmaHus), HHUIIMUPOBAJIH IIPOBECHUE TTI00aTHHOTO aHAIN3a YKOHOMUYECKUX BhI-
roJi OMOJIOrMIECKOro pa3HOO0pa3usl, Ul CPaBHEHHUS yIlepOa, CBA3aHHOTO C ero COKpa-
IIEHHEM M OTKa30M OT MPUHSATHSA 3alIUTHBIX Mep, C 3aTpaTaMu Ha 3P PEKTHBHOE CO-
xpanenue» [3].

[lewanbHO, YTO MEPBBIM ITyHKTOM PEIICHHS MHOTHX ITPOOJIEM BOIHBIX 00HEKTOB
B Poccuu Oyzet He HEOPEKHOCTH U TIOX0E YIPaBICHHUE, HE ONPEACICHUE CTOUMOCTH
HAaHOCHMOTO ¥ HAaKOIUIEHHOTO yIepoa, a JIMIIh HCTIOIHCHHE CYIIECTBYIOIINX 3aKOHO-
JIATeJTBHBIX aKTOB IIPH UCIIOIF30BAHUH BOJHBIX OOBEKTOB M COJICPKaHIH BOIOOXPAH-
HBIX 30H.

ITocrosHHast KOH(MPOHTAIMS MEXIy HTPUPOIOH, SKOHOMHUKOHW M 0JIarococTos-
HHEM ITPUBOIUT HAC K HE3aMEeITUTEIIHHOMY OIPEICTICHII0 KOHIICIIIINN 9KOCHCTEMHBIX
YCIIYT, HHAa4Ye TOTeps X, KaK O)KHUIAeTCs, OyaeT cTouTh 18 % MHUPOBOTO AIKOHOMHUYE-
ckoro mpouzBojactea k 2050 r. [1]. IImMOTHOCT U CIOXKHOCTH ATOH MUpPUAIBI B3aUMO-
JIEHCTBUI MEX]ly UEJIOBEKOM U IIPUPOION CKPBIBAET PeallbHbIE II0KA3ATEIN LIEHHOCTU
1 HEOOXOTUMBIE KOMIIPOMHCCHI PEIIICHHUH.

3 mapra 2025 r. B mrad-kBapTpe OOH cocrosiiack opraHU3alMOHHAs CECCHs
BBICOKOTO YpoBHs mo moarotoBke K Koudepenimmn OOH mo BomHbIM pecypcam
2026 r., KOTOpas MpeIoNpeeNiia BEI30BE U Iy TH pemerns Llenn ycroiunBoro pas-
BUTHS Ne 6 B 00€CIICUCHNH TOCTYITHOCTH H YCTOMYHBOM YIIPABICHUH BOJIHBIMHU PECYp-
caMH U caHuTapuu ais Bcex Ha 3emie [4]. CucreMaTHuecKkast OLeHKa CTOUMOCTH KO-
HOMHYECKOTO BKJIaJa 3KOCHCTEMHBIX YCIyT B UeJIOBEYECKOe OJarococTOsSHHE U B
TIOJTb3Y BBITTOJHEHUS MPOCTHIX IIaroB, HANIPABICHHBIX HA MPEJOTBpAIICHHE ITOTSPH
WJIM COKpAIIEHHUs ATOTO BKJIAJa.

Heo6x0auMo0 HCKIIIOUUTH Ja’ke BEPOSTHOCTb 3aKIIOUEHMS, YTO KOHKPETHBIN
BOJHBII OOBEKT MCUEpPIIANl CBOIO IKOJIOTHYECKYI0 EMKOCTh W HETIPUTOACH JUIS Jajlb-
HEWIIero CIOIb30BaHM. DTO «CMEPTHBIH ITPUTOBOPY U €T0 OOUTATEINCH, TEPPHUTO-
pun u arozeit storo paiiona. CoznaHue 0OBCKTHBHOW TTI00aIbHOM CTaHAAPTHOU OC-
HOBBI IS y4€Ta MPUPOJHOTO BOAHOTO KAalHTala, €r0 CTOUMOCTHAS OI[EHKA — HHCTPY-
MEHT, IOMOTalOII1I IIePEeHAaCTPOUTh HEUCIIPABHBIM SKOHOMUYECKUI KOMIIAC, TIepeHa-
MPaBUTh BEKTOP MOTPEOUTEIIECKOW IKOHOMHUKH, KOTOPBIE IIPHBOANT HAC K PEIICHUSM,
naryOHBIM JUIS TEKYILEro MPOIBETAHUS U ISl OJ1arOCOCTOSHHS OYIyIIHX TOKOJICHUI.
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VK 504.064.2

OueHka 3arpsi3HeHHs TOHHBIX OTJI0KeHUit
HNpKyTCcKOro BOA0OXpaHUININA TSKEIBIMU
U peaKo3eMeJTbHBIMH MeTa/LlIaMu

M. C. Masunkus (0ooazis148@gmail.com)'?, B. A. babuuesa’

! Uprymexuii 2ocyoapcmeennwiil ynusepcumem, 2. Upkymck
2Uncmumym semnoii kopor CO PAH, 2. Upkymck

AHHOTanusl. AKTyaabHOCTh pabOThl 00YCIIOBICHA HEOOXOIUMOCTRHIO aHAIIN3a PAHEEe HE MCIOIb30-
BaHHBIX JIAHHBIX [0 KOHIIEHTPALMM XUMHUYECKUX DJIEMEHTOB B JIOHHBIX OTIOXKeHHsX MpkyTckoro
BIIXP. B BUJy €r0 0CO00i BaKHOCTH JUISl pETHOHA M YHHKAJIBHOCTH C TOYKH 3PCHHUS IPOTEKAHHs Oca-
JIOYHBIX mpolieccoB. Llenb paboThl: onpe/eseHne ypOBHs 3arpsi3HEHUS IOHHBIX OTJIOKeHUH UpKyT-
CKOT'O BIXP. TSDKEIBIMH METa/UIAMHU U PEIKUMH JIeMEHTaMHi. MeTo/Ibl UCCIIe0BaHMUS: COACPIKAHNE
METAJIJIOB B ITpo0ax OIpeJessuioch Ha Macc-CIIEKTPOMETPE, MAacC-CIIEKTPOMETPE C MHYKTHBHO-CBSI-
3aHHOH TIa3MOW M HEHTPOHHO-aKTUBAIMOHHBIM aHamm3oM B YHuBepcurere Cumesun (Ilombmra).
Jlnst mpeicTaBaeHusI JaHHBIX B BU3YyallbHO# (opme ncnonb3oBanack [ UC-cucrema «QGisy. Pesyib-
TaThl: Ha YETHIPEX ydyacTKax VpKyTCKOro BOJOXpaHMIIMILA ONPEAEICHO /Ui 16 ToYek cozepKaHue
40 XMMHYECKHUX SJIEMEHTOB. YCTAHOBJIEHO, YTO PacIpeleieHHe OCHOBHBIX 3arps3HHUTENCH UMeeT
CXOJHBII XapakTep — Npe/CTaBiIeHo Zr 1 Y B MHOTOKPATHO MPEBBILIAOIINX cpeanue s [Ipubaii-
KaJibsl KOHLIEHTpAaluu, peixe Nl u CI' B NPCBBILIAOUIUX LEJIEBbIC, HO HECONMACHBIX KOHLEHTpALUIX.
MakcuMainbHO 3aMKCHpPOBaHHOE TpeBbieHue 1mo Zr — B 20 pa3 Goubiie (POHOBOI KOHLEHTPALHN
(863 MI/KT), HCTOYHHK TOCTYIUICHHS HE ycTaHOBJIeH. Habmr01at0TCst OBBILICHHBIC KOHIICHTPALIMN
Rb, Sc, Yb, Co.

KuroueBble c10Ba: BOIHBIM 06’beKT, JIOHHBIE OTJIOKEHUS, TSHKETBIE METAILIBI, PEAKO3EMEIBHBIE ME-
TaJJIbIL, 3arPSI3HEHUC.

BBenenne

HpxyTckoe BOIOXpaHIIIHIIE, TEpBOe U3 Bcero AHrapckoro kackaaa ['9C, BbI-
JIENISIeTCSl CPeAr APYTUX TEM, YTO MPOUCXOJSIINE B HEM MPOLECCH MPAKTUIECKH HE
3aBHCSAT OT PACTIOJIOKCHHBIX BBIIIE IO TEYCHHIO IPYTUX THIPOTEXHUIECKNX OOBEKTOB,
a TaxkKe CBOCH BBICOKOW IIPOTOYHOCTHIO M MEHBITUMH 00BEMAMHU aKKYMYIISIINH BEIIle-
CTBA B JIOHHBIX OTJIOKeHUsX [1]. B wccnenoBanuu mocieqHUX OIHAKO CYLIECTBYET
3HAYHUTENbHAS MTpodIeMa — Ha TeKyIHH MOMEHT OTCYTCTBYIOT (herepabHble Hin 00-
JIaCTHBIC CTAaHIAPTHI OIICHKH 3arpsi3HeHus J{O MITH X Ka4ecTBa, TOTOMY MOTyJIeHHBIE
JTAaHHBIC OOBIYHO CPABHUBAIOT JINOO C HOPMATHUBAMH 110 IPYTUM PErHOHAM, 100 ¢ (o-
HOBBIMU HJTU CPETHUMHU TI0 PETHOHY KOHIIEHTpanusMu. OnpeiesieHne ypoBHs 3arpsi3-
HEHHs JOHHBIX OTIIOXEHUH VpKyTCKOro BOTOXpaHWIHINA TSDKENBIMUA METalIaMH H
PEIKUMHE SIIEMEHTAMH Iy TEM MIPOBEICHNUS BBIIICYITOMSIHYTOIO CPAaBHCHUS H SBIISICTCS
LEbI0 Pa0OTHL

OO0BbeKThI M METObI HCCJIEI0BAHMS

IIpoOs1 noHHBIX oTIIOXKEeHUH 0TOMpanuch B 2010 1. madopaTopueil HHKCHEPHOM
reonorun u reodkonoruu M3K CO PAH mnsa Mpxyrckoro u bparckoro BogoxpaHu-
mm. [st UpKkyTCKOTo BOZOXpaHWININA OHU OTOMPAIIUCE B YETHIPEX OCHOBHBIX paio-
Hax — y obepexbs B paiione 1. Hoporpyaununa u MensanuHoit [laau, y modepexps
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B paiione moc. TambIel, y modepexns moc. [latponsl u B UepTyreeBCKOM 3aliuBe, B
obmrelt ciroskHOCTH 0TOOpaHO 16 po6 Ha rirydune ot 0,7 mo 15 M. Mmeromasicst nu-
(opmanust 0 MECTONOJNOXKEHHM, TTyOMHe M JaTte oTOopa mpod MpencTaBiIeHA B
tabn. 1 u Ha puc. 1.

[epBu4HBI aHANMHM3 MOMYYECHHBIX MPo0O Ha (PHU3MKO-MEXaHHYECKHE CBOMCTBa
npoussoauscs cuiiamu Ul'nl” U3K CO PAH, ananus Ha conepkaHue TSHKEIBIX MeTal-
JIOB U PEIKHX DJIEMEHTOB MpoBOAWICS B YHuBepcurere CHuiie3nu, BO3MOKHOCTH KO-
TOPOTO IO OTPEACTICHUIO KOHIIEHTPAIM XHMHYECKUX BEIIECTB 3HAUUTEIBHO MPEBOC-
XOIMJIH M TIPEBOCXOJIAT TEKYIINE BO3MOKHOCTH JlabopaTopuu. Y HuBepcuteToMm Crire-
3uM OBUT MPOBEAEH aHAIW3 O0pa3lOB JOHHBIX OTIOKCHHH HAa COJICPKAHUE B HHUX
40 »nemeHTOB, TakuX Kak: Au, Ag, As, Ba, Be, Bi, Br, Cd, Co, Cr, Cs, Cu, Hf, Hg, Ir,
Mo, Ni, Pb, Rb, Sb, Sc, Se, Sr, Ta, Th, U, V, W, Y, Zn, Zr, La, Ce, Nd, Sm, Eu, Tb,
Yb, Lu. OnpeneneHre KOHIEHTPALUI IPOBOIMIOCH IPH TIOMOIIN Macc-CIIEKTPOMET-
PoB (B TOM 4HCI€ C UHIYKTUBHO-CBSI3aHHON IJIa3MOil), a Takxke HEHTPOHHO-aKTHBA-
LIMOHHOIO aHAJIM3a.

Tabnuya 1
Hcxoanbie naHHBIE TOUEK 0TOOpa MPod
(RIEETETITE M IIupora Jonrora Onucanne Mecta 0T6opa Lo
TOYKH orbopa otbopa, M
L1-10 | 27.062010 | 52°9'57.6" | 104 ©2247,6" | /1eBOOEPENk®PE,  Bepxosbe  3a- 1,0
smBa, noc. [laap MenbHU4HAsS
JleBoGepeskbe, OCHOBHAsl aKBa-
[-2-10 | 19.07.2010 | 52°9'23,6" | 104 °25'8,7" | Topus, cesepnee a. HoBorpy - 15,0
HHUHa
JleBoOepekbe, BEPXOBbE  3a-
[-3-10 | 19.07.2010 | 52°8'43,7" | 104 °25'8,3" | nuBa, tokmee na. HoBorpyan- 3,5
HHUHa
14-10 | 19.07.2010 | 52 °9'12.47" | 104 °25'1,07" | /1BOOEPEKLE, OCHOBHAA aKBa- 0,7
Topus, 1. HoBorpynuuuna
15-10 | 19.07.2010 | 52 °8'45,57" | 104 °25'6,29" | 11eBOOCPEek®BE, yeThe  3aMBA, 12,0
1o’kHee 1. HoBorpyaununa
16-10 | 20.07.2010 | 52°0'0,3" | 104 °3949,7" | [IPaBoGEpex®e, Bepxoshe 3a- 1,5
JIMBa ceBepHee Moc. TalbIbl
17-10 | 20.07.2010 | 51°59'51.0" | 104 °39'44 4 | IPaBoGepexte, yetbe samisa 3,0
ceBepHee noc. Tanblbl
8-10 | 20.07.2010 | 52 °9'46,4" | 104 °272,5" | [IPaBOGEpeK®e, Bepxoshe 3a- 2,0
JIMBa CEBECPHEC I10C. HanOHLI
19-10 | 20.07.2010 | 52°938,1" | 104 °27'15,6" | [PaBoGepexe, yeThe samisa 1,0
cesepHee 1oc. ITaTpoHsl
10-10 | 20.07.2010 | 52°935,0" | 104 272,47 | [IPaBOGEPEREE, OCHOBHA aKBa- 7,0
TopHs ceBepHee noc. Ilatporsr
Irk-1-10 | 17.03.2010 | - - -
Ik-2-10 | 17.03.2010 | - - -
Irk-3-10 | 17.03.2010 | - - [IpaBoGepexbe, UepTyreeBekuii -
Ik-4-10 | 17.03.2010 | - N 3aIHB 7
Irk-5-10 | 17.03.2010 | - - -
Ik-6-10 | 17.03.2010 | - - -
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@ Touku oTbopa npob
[] PaifoHbl HCCNenoBaHMA:
1 - pailon aep. HoBorpynuHuHa
2 - paiioH noc.Tanblbl
3 - paiioH noc. MaTpoHbl
4 - paiioH YepTyreeBCKOro 3aniBa

Puc. 1. Kapra-cxema pa3melieHus paifloHOB UCCIIEIOBaHUS U TOUEK 0TOOpa mpod

B Buny orcyrcTBus (enepaibHBIX U PETHOHAIBHBIX HOPMATHBOB KOHIICHTpA-
LMY JOHHBIX OTJIOXKEHHH CpaBHEHHE ITPOU3BOIUIIOCH 110 IIPECTABICHHBIM B HHBIX pa-
6oTax ()OHOBBIM U CPEIHUM KOHIEHTPALMSIM, a TAK)KE PErHOHAJIbHBIM HOpPMaTHBaM
JUTS IpYTHUX PErHOHOB. M crIons30BaHbI IpeIoskeHHbBIE B paboTe «'eoXxuMust okpyska-
romierd cpenbl [Ipubaiikanbs: GalKalbCKUI T€OIKOJIOTUYCCKUI MOIUTrOH» (HOHOBBIC
st [Tpubaiikanes konuentpauuu V (109 mr/xr), Cr (111 mr/kr), Co (10 mr/kr), Ni
(44 mr/xr) u Cu (41 mr/xr) [2]. s OmEeHKH KOHIEHTPAIMH PEIKUX IJIEMEHTOB HC-
MOJB30BANINCH CPelHUE 3HadeHus coiepykanust Sc (12,6 mr/kr), Y (10,5 mr/kr), Yb
(4,4 mr/xr), La (42 mr/kr), Rb (53,1 mr/kr), Cs (6,8 mr/kr), Zn (42,5 mr/kr), Au
(8,5 mr/T), Mo (4,3 mr/kr) u3 myonukanuu «PyHbie 1 pelikue XUMUYECKHE DJICMEHTBI
B okpykaromiei cpene [Ipubaiikanps (KOpeHHBIE TTOPOJIBI, IOYBHI, JOHHBIC OTIIOXKE-
Hus)» [3]. Kputepuu 3arpsa3HEHHOCTH JTJOHHBIX OTJIOKESHUH OIIEHUBAJIUCH ITO METOIMKE
13 HopMaTHBa «HOPMBI M KPUTEPUH OLCHKH 3arpsi3HEHHOCTH JIOHHBIX OTJIOXKCHUH B
BOJHBIX 00bekTax Cankr-IlerepOypra», onennBaromieit 3arpsizuenne no Cd, Cr, Cu,
Pb, Hg, Ni, Zn, As [4]. Panee oH ucnonb3oBaics B 2015 r. B padore «Coxnepikanne
TSDKENBIX METAJUIOB B JOHHBIX OTJIOXKEHUX pekn Enuceil B paitone Kpacuosipckay», u
TaKoe MPUMEHEHUE B PaMKax OJHOH PEeYHOW CHCTEMBbI HECKOJIBKO yBEINYUBACT aKTY-
AITBHOCTP €T0 MCIIOJIb30BaHUS B TEKYIIEM UCCIIeT0BaHIH [5].

Oo6cyxkaeHne pe3yjbTaTOB U BbIBOABI

B Ta611. 2 npeacTaBneHb! KOHLIEHTPALUH B JOJIAX OT (POHOBBIX 3HaUEHUH (110 pa-
6ote «['eoxnmust okpyskaromeil cpeas! [Ipubaiikanps: OaifkadbCKUi T€03KOHOMIYE-
CKHU TIOJMToH») [2].
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Tabnuya 2
Konuenrpaiuu B 105X 0T GOHOBBIX 3HAYCHHI
e KonnenTparus (B 10y15X OT ()OHOBBIX 3HAYCHHI )

ToHKH Co Cr Cu Ni Y
1-1-10 1,000 1,315 0,537 1,205 0,927
1-2-10 1,111 1,514 0,756 1,682 1,257
1-3-10 1,056 1,333 0,756 1,614 1,239
1-4-10 1,111 1,550 0,585 1,455 1,138
1-5-10 1,000 2,189 0,561 1,364 1,202
1-6-10 0,944 0,937 0,537 1,000 0,991
1-7-10 0,889 1,108 0,512 1,091 0,982
1-8-10 1,278 1,324 0,854 1,818 1,284
1-9-10 1,056 1,748 0,512 1,432 1,138

1-10-10 1,167 1,414 0,829 1,500 1,128
Irk-1-10 1,333 1,414 0,902 1,795 1,183
Irk-2-10 1,278 1,369 0,976 1,886 1,220
Irk-3-10 1,111 1,432 0,707 1,705 1,193
Irk-4-10 1,056 1,495 0,683 1,636 1,156
Irk-5-10 1,111 1,432 0,585 1,614 1,101
Irk-6-10 1,222 1,387 0,780 1,795 1,257

Hcxons 3 npuBei¢HHBIX JaHHBIX, KoHIeHTparmu Co B 12 n3 16 cioywaes npe-
BBIIIAIOT (POHOBYIO BILIOTH J10 1,278 oT He€, B ABYX CIydasX paBHSAIOTCS JAHHOW KOH-
LEeHTpanuH, emeé B AByX HaOmonaroTcs Hike (GoHoBOW. TeppuTopnanbHO IpeBbIIe-
HUSI HAOJIIOAI0TCA M0 BCEM TOYKaM B UepTyreeBCKOM 3ail., a Takxke y rnoc. I1aTpoHsI.
B paitonax noc. ITags MenpHn4Has U 1. HoBorpyanHIHA HAOIIOMAIOTCA KaK IPEBHI-
IIEHUs], TaK U paBHbIC ()OHOBOMY 3HAUCHHS, 110 TOUKAM B paifoHe moc. TanbIpl KOH-
neHTpanun Hike GpoHoBoi. Konunentpanuu Cr B 15 u3 16 ciryuaeB npessimaroT ¢o-
HOBYIO BIUIOTH /10 2,189 OT He€, B 0IHOM cilydae HaOII0IaeTCsl KOHIICEHTPALINS HUXKeE
(dhonoBoit. TeppuTopHaIbHO MPEBINICHUS HabMoAar0TCs y Tioc. [larponst u 1. HoBo-
rpyIUHMHA, HAUMEHbIINE 3HaueHus B pailoHe moc. Tambupsl. Konnentpanuu Cu BoO
BCEX Ciydasx HIkKe (POHOBOM, HanOoubIas KOHLEeHTpauus cocrasisier 0,976 ot Heg,
TEPPUTOPHATGHO KOHIIGHTpAaMd B YepTyreeBCKOM 3annMBe HECKOJBKO BBHIIIE,
HaMMEHBINNE KOHIEHTpAnn (UKCHPYIOTCS B paifone moc. Tampupl. KonnenTpamnm
NiB 15 u3 16 ciyuaeB npeBbIaoT GOHOBYIO BILIOTH 110 1,886 0T He€, B 01HOM cityuae
KOHIIEHTpanusi paBHa (OHOBOH. TeppuTOpHaNbHO KOHLEHTpauuu B UepTyreeBCKOM
3aJIMBE B CPEHEM HECKOJIBKO BBIIIE TAKOBBIX HA PYTUX Y9aCTKax, HANMEHBIIHNE KOH-
HeHTpaun GpUKCUpyroTes B paiione moc. Tanpupl. Konnentpanuu V B 13 u3 16 ciry-
YaeB MPEBHIIAOT (JOHOBYIO BILIOTH 10 1,284 oT He€, B TpEX ciydasx HaOI0AI0TCs
KOHILIEHTpanuu Hiwke (GoHoBOH. TeppHTOpHaTIbHO MOKA3aTENN TOYEK B paioHaX IOC.
IMarponsr, 1. HoBorpynuna m UYepTyreeBckoro 3aianBa HPHOIM3HTEIBHO CXOXH,
HauMEHbIIas KOHIIEHTPALMS BaHausl 3aMKCUpoBaHa B paiione moc. [laxe MenbHuu-
Has, OCTaBLIMECS KOHIEHTPALMK HIKe ()OHOBOM pPACIOJIOKEHBI B paiioHEe IIOC.
Tanbipl.
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ITo MakcUMaJIbHBIM 3HAYEHUSIM KOHHCHTpaHI/Iﬁ IIPOU3BCIACHO PAHXXUPOBAHUE —
OLICHEHO YHCII0 MAKCHMAIIbHBIX 3HAYECHHI KOHICHTPAIUI IS KaXI0r0 U3 PaiOHOB.
ITo ero pesynpraram mpu nomoiu ['MC-cucrempr QGis co3gaHa Kapra-cxema, mpe-
CTaBJICHHAs HA pHC. 2.

[ MakcuManbHie 3Ha4eHHa OTCYTCTBYIOT
[ Buissneno 1 MakcuManbHoe sHaueHue
I BuisBnHO 2 MaKCUManbHBIX 3Ha4erns
[l BoisBneHo 3 MakaMManbHbIX 3HaUeHNs

PaioHb UCCNeaoBaHna.:

1 - paioH aep. HoBOrPyAMHUHA

2 - paiioH noc. TanbLisl

3 - paitoH noc. MaTpoHbI

4 - palioH YepTyreeBckoro 3amea

Puc. 2. Kapra-cxema paHXHPOBaHUS PAHOHOB MCCIICOBAHMS 10 KOHIIEHTPALMSIM

ITo pesynbraTam JaHHOM YacTH aHaJIM3a BO3MOXKHO BBISIBUTH HAUMEHEE 3arpsi3-
HEHHBIA JAHHBIMU BELIECTBAMHU YYacTOK — pailoH moc. Tanblbl, a Takke B CpelHEM
Hambouee 3arps3HEHHbBIN — pailoH UepTyreeBckoro 3ai1. KOHTEKCT OnuchIBaeéMbIX pai-
OHOB, @ UMEHHO PEKpeaIMOHHO-TYPHCTHIECKast 30Ha ¢ (PAaKTUIECKH OTCYTCTBHEM CY-
JIOXOJICTBA U OCOOBIM TIPOITYCKHBIM PEKUMOM JUIsi aBTOTPAHCIIOpTa B paifoHe mOoC.
Tanblbl 1 THTEHCUBHOE CYJOXOJCTBO, UMEIOILUECS MPEANPHUITHS U aHTPOIIOTEHHAs
Harpy3ka oT MKp. ComHeuHbIl a1t UepTyreeBCKOro 3ajl., CIIyKUT JTOTIOTHUTEIBHBIM
MOATBEP>KIECHUEM BBIBOJIOB.

JLst peikux 3J1EMEHTOB UCIOIb30BAIMCH JAHHBIE [0 CPEAHEMY COJICPIKAHUIO U3
nyonukanuu «PynHble U peKkue XMMUYeCKHe 2JIEMEHTHI B OKpy»Katotei cpene [pu-
Oaifkaibst (KOPEHHBIE TIOPO/IBI, TOYBKI, JIOHHBIE OTIIOKeHHs )» [3]. B Tab:1. 3 nmpencras-
JIEHbI KOHLIEHTPALUH, BBIPAXKEHHBIE B JIOJSX OT CPEIHUX 3HAUCHUH.

ITo pe3ynbTaraM pacuéToB MPEBBILIEHHS IO COAECP)KAHUIO AU OTCYTCTBYIOT Ha
BCEX TOYKAX, MaKCMMaibHOe 3HaueHue — 0,706 oT cpexneil koHmeHTpanuu. I[IpeBsI-
meHus 1o cojepkanuio Cs OTCYTCTBYIOT Ha OONBITUHCTBE Touek (15 n3 16), Makcu-
MaJIbHOE 3HAYCHHE paBHsCTCS cpeqHed konueHTpanuu (1-6-10, paiton noc. TanbIsr).
IIpeBbimieHus o coxep:kaHuo Mo OTCYyTCTBYIOT Ha Bcex Toukax. IIpeBblenus 1o
conepkanuio Rb mpucyTcTBYIOT Ha GombimHCTBE Touek (11 u3 16), MakcuMallbHOE
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3Hagenue — 1,695 ot cpemueii konmenTpamun (I-6-10, paiton moc. Tambimr). [IpeBsI-
LIEHWs MO0 COZEPKAaHUIO SC NMPUCYTCTBYIOT HAa BCEX TOUKAX, MAKCHMAJIbHO CPEIHSS
KOHIEHTpaIMsI [IpeBbIIIeHa pOoBHO B noaTopa pasa (I-8—10, paiton noc. ITarponsr).

Tabnuya 3
Konnenrpauuu B 105X OT CpeIHUX 3HAUCHUH
KonnenTpaiys (B 105X OT CPeIHUX 3HAUYCHUI)

HasBanue Touku

Au Cs Mo Rb Sc Y Zr La Yb
1 2 3 4 5 6 7 8 9 10
1-1-10 - 0,412 |- 0,942 1,230 | 3,238 | 7,765 1,062 | 1,045
1-2-10 0,706 | 0,676 | - 1,130 | 1,468 | 2,857 |5,435 1,160 | 0,886
1-3-10 - 0,750 |- | 1,507 | 1,460 [2,857 [5976 |1,169 | 1,000
1-4-10 - 0,485 |- 1,507 1,405 |3,238 | 8,894 1,226 1,091
1-5-10 - 0,397 |- 0,753 1,444 14,571 (20,306 | 1,807 | 1,591
1-6-10 - 1,000 |- [1,695 [1,365 |2,762 [4,706 | 1,057 |0,841
1-7-10 - 0,838 |- 0,942 1,270 [ 2,571 | 4,800 1,017 0,864
1-8-10 - 0,779 |- [ 1,130 [1,500 [2,857 [4,706 |1,202 |0,955
1-9-10 - 0544 |- [1318 [1,365 [3,619 |14,141 | 1,429 | 1250
1-10-10 - 0,706 | - 1,318 1,381 | 2,857 |6,800 1,140 0,977
Irk-1-10 - 0882 |- [1,507 [1,492 [2,571 [4212 [1214 |00932
Irk-2-10 - 0,853 |- |1,507 | 1,492 |2,571 |3,859 |1,198 | 0,841
Irk-3-10 - 0,544 |- 1,507 1,444 2,857 |4,965 1,186 | 1,000
Irk-4-10 - 0,647 |- [0942 [1,429 [3,143 [6,635 |1,167 | 1,045
Irk-5-10 - 0,735 |- |0942 | 1,460 |3,333 |7,529 |1305 |1,114
Irk-6-10 - 0,779 | - 1,507 1,468 | 2,857 4,518 1,176 0,932

Ilpumeuanue: KOHLIEHTPALIUU, IOMEUEHHBIE 3HAUKOM «-», OTCYTCTBYIOT II0 IPUYMHE YXOJa UCXOIHBIX JaH-
HBIX 33 HIKHUH NPEeN H3MEPeHusl, 110 THITy «MeHee 0,5», He Tarolero BO3MOKHOCTH ONPEJIeIIUTh PeaIbHOE
3HAYCHHE, OJJHAKO HIKHHI MPees U3MEPEHMI Kak 30J10Ta, TaK U MO0 IeHa HIDKe (POHOBBIX 3HAUYCHHMIA.

[TpeBbimenus no coaepkaHuio Y NPUCYTCTBYIOT HA BCEX TOUKAX, MAKCUMAJIbHO
cpenHsisi KOHLeHTpanusi npesbimena B 4,751 paza (I-5-10, paiion a. Hosorpynu-
HUHA) — 48 MI/KT Ha JeBoM Oepery AHrapsl IpH BO3MOXHBEIX 100 MI/kr B maHHOI
MecTHOCTH). [IpeBbIeHns 1Mo cofepKaHuio Zr PUCYTCTBYIOT HA BCEX TOUKaX, Mak-
CHMAaJbHO CpenHss KOHLeHTpalus npessimeHa (I-5-10, paiion 1. HoBorpyaununa) B
20,306 pa3a — 863 mr/kr mpu 200-300 mMr/Kr KiIapKka It TOPHBIX TIOPOJ, TaKKe MpHU-
CYTCTBYeT 3HaUHTENbHOE NpeBbimenne B 14,141 pa3za (I-9-10, paiton noc. ITatponsr) —
601 mr/kr mpu 200-300 Mr/Kr KIapka Uit TOPHBIX TOpo. [IpeBbIleHns 0 coiepiKa-
Huto La mpucyTCTBYIOT Ha BceX TOYKaX, MAKCUMAJIbHO CPEIHSSI KOHLIEHTPALUs mpe-
BemeHa B 1,807 pasa (I-5-10, paiion 1. HoBorpyaununa) — 75,9 Mr/kr Ha neBoMm Oe-
pery AHrapsl mpu BO3MOXKHBIX 270 MI/KT B TaHHOW MecTHOCTH. [IpeBsImenus mo co-
JepkaHuio Yb IPUCYTCTBYIOT B MIECTH TOYKAX, MAaKCHMMaJIbHO ()OHOBAsk KOHIIEHTpa-
nus npesbinieHa B 1,593 pasa (I-5-10, pation n1. HoBorpyaununa).

[To MakcHMaTBHBIM 3HAYCHNUSAM KOHIIEHTPALMI IPON3BEACHO PAHKHPOBAHHE —
OLIEHEHO YHCJIO MAaKCHMAJIbHBIX 3HAUEHHWH KOHIIEHTpAIM Ul KaKI0Tro U3 palioHOB.
ITo ero pesynbratam npu nomomu I'MC-cucremsr QGis co3gana kapTa-cxema, npej-
CTaBJICHHAs Ha puc. 0.
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[ MakcumanbHble 3HaueHus He 0BHapyKeHbl
[ Buissnero 1 MakCHManbHOE 3HaveHue
[ BLiRBneHO 2 MaKCHMETbHBIX 3HAYEHNS
I BuisBneHO 3 MaKCHMaNbHLIX 3HAUEHNA
[ BuisBneH0 4 MaKCHManbHbIX 3HaUEHNs

PaifoHbl UCCTIEA0BaHMA:

1 - patoH sep. Hosorpyankuta

2 - paifoH noc. Tanbup!

3 - paitoH noc. MaTpoHsl

4 - paifoH YepTyreeBckoro 3anvea

Puc. 3. Kapra-cxema pamXHpOBaHUs PaifOHOB UCCIIEIOBAHNUS 10 KOHIEHTPAIUSIM

[To pe3ynbraTtaM AaHHOW YacTH aHaiIM3a OOHApyXKEHAa TOYKA C HAHOONBIIUMHU
MIPEBBIICHUSAME CpeTHUX 3HaueHuit — [-5-10 B paiione 1. HoBorpyauHuHa — KOHIIEH-
Tparys UPKOHUS B IpoOe B TPU pasa MPEBBINIACT CPEAHEE 3HAUCHHUE JaXKe IS TOp-
HBIX 1opoA. CyIiecTByeT BTOPOI ouyar MOBBIIIEHHOI KOHIIEHTPAUHU IUPKOHNS Ha Oe-
pery y noc. ITarponst B Touke [-9-10. Camo 1o cebe coneprkanne nupkoHus B Vipkyr-
CKOM BOJIOXPAHUJIMIIE B HECKOJIBKO Pa3 MPEBBILIACT CPEIHUE 3HAUCHUS U HYXKIAETCsL
B JIOIIOJHUTEIbHOM U3yUEHUHU.

CornacHo HopMaTHBY «HOPMBI U KpUTEpPHH OLEHKH 3arpsA3HEHHOCTH JOHHBIX
OTJIOKEHUH B BOIHBIX 00bekTax CaHkT-IleTepOypray», Aist MbUICBATHIX JOHHBIX OTJIO-
JKEHUH 3arpsA3HEHHOCTD OIIPENENIeTCs 10 ABYM HOPMAaTUBaM — 1IEJIEBOMY YPOBHIO U
YpOBHIO BMemaTenbeTBa [4]. IIpeBrpimenne nepBoro NoKa3sIBaeT, YTO OTIIOKCHHUS 3a-
TpsA3HEHBI, IPEBBILIIEHUE BTOPOrO — YTO OHU SIBIISIOTCA ONACHO 3arpsa3HEHHbIMU. KoH-
LIEHTPALUH B A0JIAX OT 3HAYCHUH LIEJIEBOTO YPOBHS IPEACTaBICHBI B Ta0M. 4, KOHIICH-
TpAIUH B AOJISX 3HAUCHUH YPOBHS BMEIIAaTeIbCTBA — B TA0M. 5.

W3 pacu€ToB crnenyeT, 4To NPEBBIMIEHNS LIENEBOrO YPOBHSI, XapaKTEPU3YIOLIETO
OTCYTCTBHE 3arpsi3HeHHs, 3aMeueHbl Toibko 1o Cr (2,430 pasza) u Ni (2,371 paza),
npu4yéM HAOIIONAIOTCA BO BCeX Toukax oTOopa. IIpeBblieHnit ypoBHs BMeIIaTelNlb-
ctBa, 1o Cr u Ni He HaOmOaeTCsI, T. €. CepbE3HAst IKOJIOTNIECKast OACHOCTb OT JaH-
HOTO 3arpsi3HEHUS OTCYTCTBYET. [10 OCTambHBIM 27IEMEHTaM 3arpsI3HEHUE OTCYTCTBYET.

Io pesynbraram pacuéroB npu nomoum I'IC-cucremsr QGis co3nana kapra-
cXeMa, OTpakaromlasi CHIbHYIO0 U calyro 3arpsi3HEHHOCTh PailOHOB HCCIIEIOBAHMS,
MpeJCTaBIEHHAs Ha PHC. 4.
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Tabnuya 4
Konnenrpauuu B 10151X OT 3HAUYSHUN LIETICBOTO YPOBHS
Haseanue KoHnuenTpauus (B 01X OT 3HAYEHNUH LETEBOTO YPOBHS)
TOYKH
As Cd Cr Cu Hg Ni Pb Zn

1-1-10 0,135 - 1,460 0,472 - 1,514 0,152 0,541
1-2-10 0,243 - 1,680 0,665 - 2,114 0,152 0,547
1-3-10 0,243 - 1,480 0,665 - 2,029 0,143 0,494
1-4-10 0,216 - 1,720 0,515 - 1,829 0,143 0,429
1-5-10 0,216 - 2,430 0,494 - 1,714 0,143 0,435
1-6-10 0,162 - 1,040 0,472 - 1,257 0,143 0,576
1-7-10 0,189 - 1,230 0,451 - 1,371 0,152 0,547
1-8-10 0,270 - 1,470 0,751 - 2,286 0,162 0,553
1-9-10 0,216 - 1,940 0,451 - 1,800 0,124 0,429
1-10-10 0,189 - 1,570 0,730 - 1,886 0,143 0,441
Irk-1-10 0,270 0,583 1,570 0,794 - 2,257 0,267 0,806
Irk-2-10 0,216 0,417 1,520 0,858 - 2,371 0,238 0,771
Irk-3-10 0,270 - 1,590 0,622 - 2,143 0,152 0,553
Irk-4-10 0,162 - 1,660 0,601 - 2,057 0,162 0,529
Irk-5-10 0,135 - 1,590 0,515 - 2,029 0,124 0,435
Irk-6-10 0,270 - 1,540 0,687 - 2,257 0,133 0,559

IIpumeuanue. KOHIIGHTPAIIMH, TOMEUEHHBIE 3HAUKOM «-», OTCYTCTBYIOT I10 NPUYMHE YXOJa MCXOJHBIX JaH-
HBIX 32 HIKHMI IIpesiel u3MepenHus, 1o Tuiy «MmeHee 0,5», He 1aromero BO3MOKHOCTH ONPEJIETNTh peabHOe

3HA4YCHHUEC.

Tabnuya 5
KonnenTtpanuu B 101X OT 3HAYEHUH YPOBHS BMELIaTEIbCTBA
KonuenTparys (B Z0JSX OT 3HAYCHHIT yPOBHS
Haszpanue BMEILIATEIILCTBA)
TOYKH
Cr Ni
1-1-10 0,384 0,252
1-2-10 0,442 0,352
1-3-10 0,389 0,338
1-4-10 0,453 0,305
1-5-10 0,639 0,286
1-6-10 0,274 0,210
1-7-10 0,324 0,229
1-8-10 0,387 0,381
1-9-10 0,511 0,300
1-10-10 0,413 0,314
Irk-1-10 0,413 0,376
Irk-2-10 0,400 0,395
Irk-3-10 0,418 0,357
Irk-4-10 0,437 0,343
Irk-5-10 0,418 0,338
Irk-6-10 0,405 0,376
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OcCHOBHbIE 3arpAZHUTENN:

Il CunbHas 3arpasHEHHOCTL (Gonee 2 oT hoHa UNK HOpMaTHBa):
Zr, Y, Cr, Ni
Cnabas 3arpasHéHHOCTL (Bonee 2 oT oHa unu HopMaTea)
Rb, Sc, La, Yb, Co

[T] CunbHan 3arpszHéHHOCTb (Bonee 2 ot doHa WNn HopMaThea)
Y
Cnabas 3arpasHéHHOCTL (Gonee 2 oT thoHa MK HopMaTHBa)
Rb, S, Cr, Ni, Cs

I Cunbas 3arpssHéHHOCTL (Bonee 2 oT (oHa Mk HopMaTHE)
Zr, Y, Ni
Cnaban 3arpAsHEHHOCTL (Bonee 2 T (hoHa MNK HopMaTHBa)
Rb, Sc, La, Yb, Co, Cr

[l CunsHas 3arpasHéHHocTb (Gonee 2 ot doHa U HopMaTHBa):
r Y, Ni
Cnabas 3arpasHEHHOCTL (Gonee 2 oT hoHa WNK1 HopMaTHBa):
Rb, S¢, La, Yb, Co, Cr

PaiioHBI MCCNIEA0BAHUA:

1 - paitoH aep. HosorpyanHuHa

2 - paiioH noc. Tanblis!

3 - paiioH noc. MaTpoHsl

4 - paitoH YepTyreesckoro 3anmsa

Puc. 4. O6mas xapra-cxema 3arpszHeHus MpkyTckoro BIxXp. MeTaniaMu

B pesynbTarte paboThI BBISIBICHO, YTO XapakTep 3arpsi3sHeHus VpkyTckoro Bozo-
XpaHUIHIIA TOKETBIMU METAIJIaMU U PEIKUMH 3JI€MEHTaMHU JOCTaTOYHO OJHOPOJEH
M0 3arpsA3HSIOIINM BEIIECTBAM — BO BCEX CITydasX CHJIBHOE 3arps3HCHHE MPEACTaB-
neHo Zr nu 'Y, unora nononusiercs Ni, peske Cr, OHH TakKe BCTPEUAIOTCSI B MEHBIIIHX
KOHLeHTpanusaxX. OcTalbHbIE 3IEMEHTHI BCTPEUAIOTCS B KOHLEHTPALUSX, IPEBbIIIA0-
mux (OHOBBIC MM CpelHHE 3HAUCHUs He Oonee 4yeM B 2 paza. B cuimy orcyTcTBHA
HOPMAaTHBOB TI0 COJEPKAHMIO Zr U Y B JIOHHBIX OTJIOKEHHSIX HEBO3MOXKHO OTIpefe-
JMTh, KAKYIO 9KOJIOI'MYECKYIO OIIACHOCTh HECyT JaHHble KOHLIEHTpauuu. [Ipn sToM B
03. baiikan koHneHTpamu Zn OJIN3KU K CPETHUM 3HAYECHHSIM, T. €. CYIIECTBEHHO HIKE
[6]. Konnertparuu Ni 1 Cr IpeBBIIAIOT IeTIEBOIT yPOBEHb, OJJTHAKO HIDKE YPOBHS BMe-
[IaTETBCTBA, T. €. CEPhE3HON IKOIOTHIECKON OMACHOCTH HE MPEACTABIISIOT, KaK B I1e-
JIOM U OCTaBIIHECS JIEMEHTHI.

[ToBbIIIEHHYIO aKTyaTbHOCTh UMEET BOIMPOC FEHE3UCA, YCTAHOBJIEHHOTO B JJOH-
HBIX OTJIOKCHUAX CpeTHEH YacTH BOOXpaHMINIIIA (paitoHsl 1. HoBorpymuHMHA U TIOC.
[laTpoHBI) Zr 1 €ro BO3MOKHOH IKOJIOTHYECKON OIMACHOCTH B CBSI3H C BBICOKOH KOH-
LeHTpauuel. FHTepec npeicTaBisieT akTyann3anns JaHHBIX 110 9TOMY 3JIEMEHTY.
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YJIK 551.465

MounuTtopusr IoasipHoit ppoHTAIBLHOM 30HBI
110 JAHHBIM 3KCIeMIMOHHBIX HCCIE0BAHNH HA BEKOBOM
pa3pese «KojbCckuii Mepuanan»

T. M. MakcuMoOBCKast

Hncmumym oxeanonozuu um. I1. I1. llupwosa PAH, 2. Mockea

AHHOTanusl. PaccMaTpuBaroTcs XxapakTepuCcTHKH ydacTka [lomspHoit ¢poHTaspHON 30HBI bapen-
neBa Mopsi Ha paspese «Kosbckuil Mepuuan» B yCIOBHAX KIMMAaTHYECKUX U3MEHEHUH MMOCIESIHNX
necsituiietiid. B paboTe MCnosib30BaIuCh JaHHBIE KOHTAKTHBIX H3MEPEHUH OCHOBHBIX TEPMOXAJINH-
HBIX MOKa3aTeJIel W JIaHHBIC O IOJIOKEHUH IPUKPOMOYHOM JIe10BOH 30HBI. [loka3aHO, YTO camblid
CeBEpHBIN U3 PPOHTATIBHBIX pa3nenoB [lonsproii (hpoHTambHO 30HK bapeHiieBa MOpsi Ha och pas-
pe3a «Kosbckuit Mepuuan» HaXOAWICs Ha paccToTHUM OT 48 10 290 KM OT KPOMKH JIEJIOBBIX ITOJICH
B mepuop uccienoBanus. Habmonamucs rpaguentsr Temmepatypsl o 0,20 °C/kM, coneHocTH 10
0,025 enc/xm. [Tonoxxenne paccMaTprBaeMoii pPOHTAIBEHOM 30HBI OCTACTCS KBa3HCTAlMOHAPHBIM Ha
MEKTOZI0BOM MacIuTabe M MEHSeTCsl BHYTPH T'0JIa, CMEIIasiCh Ha 0T B IIEPUOJ Je1000pa3oBaHus U
BO3Bpallasich K CeBepy B JIETHUH MEpUOI.

KumoueBsie caoBa: Ionspras gpoHTanbHas 30Ha, IPafMCHT TEMIIEPATyphl U coaeHocTH, «Koib-
ckuil Mepuaran», bapenneso mope

Beenenue

BapeHniieBo Mope sBIIIeTCsI 00JIaCTBIO B3aMMOJICHCTBUS BOJ| ATIAHTUYIECKOTO H
apKTU4ecKoro mpoucxoxieHus (puc. 1). HampaBnenue pacrnpocTpaHeHHs TeUeHHH
BapenrneBa Mopst BO MHOTOM omipeziensieTcst penbedom aHa [7]. ATIaHTHYECKHE BOIBI
MOCTYIIAIOT B 3aI1aJHYI0 YaCTh MOPS IBYMsI TOTOKaMHu [8]. OCHOBHOM MTOTOK TEIUIBIX U
COJICHBIX aTJIAHTHYECKUX BOJI 3aTEKAaET B MOpE NMPEHMYIICCTBEHHO B o0acTn Mese-
JKMHCKOTO esto0a ¢ Bogamu Hopakarnckoro tedenus. Kpome toro, ¢ Hopexxckum u
MypMaHCKUM TPUOPEKHBIMA TEYCHUSMHU PACTIPOCTPAHSIOTCS B BOCTOYHOM HArpaB-
JICHUH BOJIBI ¢ TeMneparypoii 6omee 3 °C u coleHOCThIO MeHee 34,4 enc. ApKTHYecKue
BOJIbI, TOCTYMAIOIIUE BMECTE ¢ Apel(YOUMMHU JIbJaMH C C€Bepa U CEBEPO-BOCTOKaA,
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(hopMHPYIOTCS TTOJT BIMSHUEM TasHWS JHOB. BCleacTBHE 3TOTO OHM XapaKTepu3y-
IOTCSI OTPUIATEIEHON TEMITEPaTyPOi U OHMKEHHOH CONIEHOCThI0. OJTHIM 13 BayKHBIX
CJICAICTBUI B3aMMOJICHCTBUS aTIIAHTHYCCKHUX M APKTHYCCKUX BOJ Ha akBaTOpuH bapeH-
1eBa Mops aBisiercs Hanmaue CeepHoit [lomapHoit GpponTamsHOIl 30HE [2] (B HTe-
patype 4dacto ucroyib3yercst TepmuH [onspubriit pport (I1D)) [6]. DTo 067acTh € TIO-
BBIIICHHBIMU TOPH30HTAIBHBIMH M BEPTHKAJIBHBIMH TPaUCHTAMH TSPMOXaTHHHBIX
xapakTepucTuk. Cuuraercs, 4To (ppoHTaIBHAS 30HA B paccMaTpruBaeMoM paiione bapen-
I1eBa MOPS SIBISIETCS KBa3UCTAMOHAPHOI, a €€ MOJI0KeHUE TIPUBA3aHO K CKIIOHAM KPYTI-
HbIX ogasTrid Imunodeprenckoi, [lenTpansHON 6GaHOK M BO3BBITIIEHHOCTH [lepcest.

Jns BapeniieBa Mops pa3paboTaHa ceTh CTAaHIAPTHBIX Pa3pe30B, KOTOPHIE 103~
BOJISIIOT BBITIOJIHATH MOHUTOPHHT CE30HHBIX  MEKT'0/IOBBIX H3MEHEHHH OKeaHorpagu-
YEeCKHX TTapaMeTpPOB Ha IyTH CIEAOBAHMS BOJ ATIAHTHYECKOTO IPOUCXOXKICHHS, KO-
TOPBIE ONPENEIIAIOT THIPOIIOTHYSCKHN peskuM Mopsi. OHUM U3 Hanboiee mpoI0IDKU-
TEJNbHBIX TI0 AJTUTEIHHOCTH BBIMOIHIEMbIX H3MepEeHUH (TIepBbie Pa0OThI OBLIH BBIMOJI-
HeHbl B Mae 1900 r. [1]), siBisercs pazpes «Konbckuii MepuInany, poXoasuii BIOIb
mepuauana 33°30" B. 1. «Konbckuii MepuIMany mepecekaeT HeCKOIbKO (POHTAITLHBIX
30H, caMasl CEBEpHasi U3 KOTOPBIX sBisiercs: yyactkom [1D bapennea mops u cyue-
CTBYyeT Osarojaps B3auMoeiicTuio Temislx Boa CesepHoit BeTBu Hopaxanckoro Te-
YEeHHUS M XOJOIHBIX BOJI C TIOHMKEHHOH COJICHOCTRIO BoXI TeueHus [lepces. Ha mpors-
JKCHUH 3MMHET0 TIepro/a TaHHbIH yyacTok [1d HaxoauTcs B HemocpeICTBEHHOH OIn-
30CTH K JeoBoi KpoMke. PaGoThl Ha pa3pe3e MPOBOASTCS C LENbI0 HEMPEPHIBHOTO
MOHHUTOPHHTA MOPCKOH CpeIbl, 9TO CIOCOOCTBYET MOBBIIICHHIO KA4eCTBa MPOTHO3a
OKUJTAeMBIX H3MECHEHHH.
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Puc. 1. Cxema TOBEpXHOCTHOM HUPKYJISIIIAU BOJ B 3aMaAHOM YacTu bapeHmesa mopsi.
UYepHbIMH TOUYKaMH 0003HaUCHBI CTAaHIIMH pa3pe3a «Kombckuilt Mepuinany.
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OHUM U3 KITIOYEBBIX (PaKTOPOB, OMPEACISIONIIX THAPOJIOTHIeCKHi pekiM ba-
pEHIIeBa MOPSI U OZTHOBPEMEHHO OTPAXKAIOIINX €r0 N3MEHYNBOCTD, SIBISIETCS HAJIN4NE
aeastHoro nokposa [9]. OH BiMsieT Ha B3aUMO/ICHCTBHE MEK/Ly BOJHOM ITOBEPXHOCTBIO
u aTMocepoif, 9To CKa3pIBAeTCs Ha TETUIOBOM OajlaHCe MOPS M XapaKTepe B3anMO/Ieii-
CTBHS BOJ Pa3HOTO 'eHE3Hca, 0COOCHHO B IEATEIBHOM ciloe okeaHa. CpeHsist rpaHnIa
pacnpoctpanenus ibja B bapenuesom mope npoxoaut k cesepy ot I1® [10] u Ha3bl-
Baetcs [Ipuxpomounoit nenosoit 30H0i1 (IVI3). I1JI3 ompenensercs kak mepexogHas
00J1aCTh MEXIy CBOOOIHBIM OTO JIbJ]a MOPEM H IIOTHBIM Apeiidyromum apxom. 11713
MIPOCTHPACTCS OT YCIOBHON JIMHUM, T7ie 15 % TOBEpXHOCTH MOPS TIOKPBITO JIHIOM, 0
nosnokenust m3osnHny 80 % KOHIEHTpauuu JieqoBoro nokposa [11]. Bomusn I1J13 B
TETUTBII TepUoJ] Foa 0OBIYHO HAOMI0OaeTCsl OTACTIbHAS XaINHHAS (PPOHTATBHAS 30HA,
KOTOPYIO Takke Ha3bIBAIOT ApKTHUeckoi (pponrTansHoi 30H0M (AD3). Ee cymecTBo-
BaHHE OOYCIIOBJICHO IOSIBICHHEM OOJBIIOT0 00beMa TalbIX BOA. BimsHue 3THX BOA
MOXKET MPOCIIEKUBATHCS B 00JIaCTH, yJAJICHHOI OT JIeIOBOH KPOMKH Ha PAcCCTOSHHE B
HECKOIIBKO JIECSATKOB KHIIOMETPOB [2].

B nocnennue necsatuneTrss ApKTHKA TOTEILIea 00JbIne Ipyrux peruoHoB [5].
[NoTerieHne coOnpoOBOXKAAIOCH BUJANMBIMU N3MECHEHUSIMU B HAOJIOJICHUSX 33 apKTH-
YECKMM MOPCKHM JIBOM: €r0 IUIOUIAb U TONIIMHA COKPAIIAIOTCS, YTO MPUBOAUT K
3HAYUTEIFHOMY COKPAIIEHUIO 00beMa JIba. DTO TakXkKe CKa3bIBaeTCs Ha 00beMe To-
CTYMNAIONIMX B bapeHieBo MOpe apKTUYECKHUX BOJI.

Llenv pabomul: ONEHUTh U3MEHYNBOCTD XapakTepucTuk [lomsipHoro ¢poHTa B
ceBepo-3amnaaHoil yactu bapeHieBa MOpsi MO JaHHBIM KOHTAKTHBIX HAOMIOJCHUN Ha
PETYISIPHO BBITIOTHAEMOM THAPOJIOTHYECKOM pa3pese «Kombcknii Mepuanan» B ycio-
BUSIX U3MECHEHUS KIIMMaTa.

MaTepna.m,l " METO/bI

B pabote mcnonb30Banuch JaHHBIE SKCIEIUIHOHHBIX NCCICIOBAHUM, BBIIOI-
HenHble Ha HUC «/lanshue 3enenips B nepuof ¢ 2008 mo 2023 r. Ha paspese «Komb-
ckuit Mmepuauan» (puc. 1). I3mepeHns 0CHOBHBIX THAPOJIOTNYECKUX apaMeTPOB MOP-
cKoit cpepl BemonHsuHch MeTojoM CTI-mpodummupoBanus ¢ momomsio CT/I-30H12
SEEACAT SBE 19 plus V2. B paboTe ucmonbs30Baiack cepusi OKCaHOJIOTHICCKUX H3-
MEpPEHUH, KOTOpbIE BBIMOIHAIUCH 0T 69°30" ¢. m1. Baonb mepuauana 33 °30' B. a. 110
JIOCTUIKEHUS JIEJOBOM KPOMKH ¢ AUCKpeTHOCTh0 10-30 Mopckux muib. Pacematpu-
BaeMble M3MepeHHs ObUTH BBITIONHEHBI 26 aBrycta 2008 r., 12 aBrycra 2009 r., 13—
17 wronst 2017 1., 29 HOs10pst — 4 nekadbpst 2017 r., 14—16 mas 2018 1., 12—-14 mapTa
2022 r., 4-8 suBaps 2023 r., 24-27 ampemnst 2023 r., 8—15 masg 2023 r., 20-26 HOSOPs
2023 T.

Jnst BepuuKauyu U IOTOMHEHHUS PE3yJbTaTOB BU3YaJbHBIX HAOIMIONCHUN 3a
KPOMKOH JIbj1a, BeImonHsBIINXCS ¢ 6opra HUC, ncnons3oBanick JaHHBIE U3 apXHUBa
U. S. NATIONAL ICE CENTER (U. S. NATIONAL ICE CENTER (U. S. National
Ice Center: [caiit])» — «U. S. NATIONAL ICE CENTER (U. S. National Ice Center:
[caiiT]; URL: https://usicecenter.gov/Products/ArcticHome, nara oOpameHus:
20.09.2024 r.)) 0 e’xeTHEBHOM MOJI0KEHHH IPHUKPOMOYHOH JIEJOBOH 30HBI B JATHI BBI-
MOJTHEHUSI KOHTAKTHBIX H3MEPEHHUH.
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Kitaccudukarust exxeMecsIHON aHOMaJIMH JISAOBBIX YCIOBUH BBITOIHSIACH IO
Meroauke [12]. CpeaHemecsuHble aHOMAJMHU JIEIOBUTOCTH CPAaBHUBAIUCH C 3a/1aH-
HBIMU BEIMYMHAMHU CTAHJIAPTHOTO OTKJIOHEHMS JIEIOBUTOCTH OT 27-1eTHeil HopMbl. B
Ka4yecTBe KPUTEPHs OIIEHKH TETUIOBOTO COCTOSTHHS BOJ bapeH1ieBa MOpsI HCIIOb30Ba-
JIOCh COOTHOIICHHE aHOMAJIMK TemrepaTypbl BoAbl B ciioe 0 — 50 M Ha cTaHAApTHBIX
cTaHIsIx paspesa «Kombekuil Mmepunuan» (69°30" — 74° c. ur. ¢ guckperHocThio 30")
[4] nns xkaxmoro mepuoaa (Mecsia), B KOTOPbIE BBHITOIHSUIMCH KOHTAKTHBIC U3MEpe-
HUS, ¥ CPEHEKBAIPATHYHOTO OTKIIOHEHUS TEMITEPATYPhI BOJIBI TAKXKE IT0 IISATH Irpajia-
LUSM: TIOJOXKHUTEIbHAsI OU€Hb BBICOKAs, OJIOKUTEIbHAs BBICOKAs!, OKOJIO HOPMBI, OT-
puuaTenbHas BHICOKAsi U OTPHULIATENIbHAS OYEHb BBICOKASL.

Pe3yJ’leaTbI u 06cy>1<aefme

PaccmartpuBaemblie 13MepeHNUs OBUTH BBITIOHEHBI TPEUMYIIECTBEHHO B 3UMHHIA
HepHuoj, KOTJa Ha akBaTopuu bapeHneBa Mops MPOHCXOAUT Jenoobpasosanue. Ile-
puox nenoodpa3zoBanus B bapeHIeBoM MOpe 00BIYHO HAYMHACTCS B HAJasIe OKTIOPS ¢
CEBEPHBIX PaliOHOB MOPs U JUIUTCS 10 MapTa-arpesis, Korja JIeA0BbIi OKPOB JOCTH-
raeT cBOero MakcumanbHoro passutusi [3]. K nauany nepuona nenoo6pa3oBaHust oT-
HOCSATCSI UCCIIEZIOBAaHUs, BHITTOTHEHHBIE B HOs10pe 2017 T., sstHBape u HosA0pe 2023 1. B
3TO BpeMs HaOJI0aeTCsl B3aNMOJICHCTBHE OTHOCHTEIFHO TOMOTEHHBIX BOJ, HE MOJ-
BEP)KEHHBIX PaJMAallMOHHOMY IPOTPEBY U JOMOJIHUTEIBHOMY PACIPECHEHHUIO BCIE-
CTBHE TasHUS JbJA.

B xonre Hos6pst 2017 1. u ssuBape 2023 1. n3MepeHHst BBIIONHSINCH B YCIOBUSAX
OUYCHB OOJIBIIION MOJIOKUTEIILHOM aHOMAJIMY TeMITEpaTyphl B B ciioe 0—50 M 1 6071b-
LIOM OTpUUATEIbHONW aHOMAaJMU JIeIOBUTOCTH 3alaJHOro paiioHa bapenueBa mops.
COOTBETCTBEHHO, BOABI OBUTH TEIJIEe HOPMBI, a IJIOIIAAb, TOKPHITast 1€JOBBIM ITOKPO-
BOM, MEHBIIIE, YEM B «HOPMAJIbHBII» Nepruoa. B Takoil «HOpMalIbHBINY» 110 JEI0BUTO-
CTH 3amajgHoro paiioHa bapeHueBa Mops U aHOMaIMK TEMIIEPATypbl BOJ Ha pa3pese
OBLIH BBITIOIHEHBI H3MepeHust B HossOpe 2023 r. B paccmaTprBaeMble EpHOIBI U3ME-
peHmii TeMIepaTypa BO3[yXa HMMeNa OTpHIATEIbHBIC 3HAYEHHs, Ipeolamaromiee
HalpaBJIeHHUE BETPa MEHAJIOCh OT I'0J1a K TO/ly, CPE/IHAS CKOPOCTh BETPa HE IIpeBbIIIaja
6,3 m/c. [TonmoxeHne F0KHON TPaHUIIBI TEPMHYCCKOH PPOHTAIBHOI 30HBI BApbUPOBAIIO
o1 76°15' B HOs6pe 2017, ssuBape 2023 rr. no 76°30" B Hos6pe 2023 r. (Tabmn. 2). [Iu-
prHA GPOHTATBHOHN 30HBI COCTABIsUIA 0KOJI0 30 KM, TI0 BEpTUKAJIH I'PaHUIA TEPMUYe-
CKOW (PpOHTANILHOM 30HBI pacIpoCTpaHsIack OT nmosepxHocTu 10 100—150 m. B cBs3u
C TeM, YTO B Ha4ajle 3UMHETO MepHo/Ia JIOBBIIT TOKPOB (hOPMHUPYETCs C ceBepa MOPS
B I0)KHOM HallpaBJIeHNH, (PpOHTaNbHAs 30Ha ObLIA yJajeHa Ha 3HAUUTEIbHBIE PAacCTO-
SIHUS OT JIeIOBOM KpoMKH. Tak, B HOstOpe 2017 T. TepMudeckas ¥ XaInHHas GPOHTAIb-
HbIE 30HBI HaXOAUIUCH MOUYTH B 300 KM OT JIeJ0BOM KpoMKH. MakcuManbHblii TOpu-
30HTAJIbHBINA IPAUEHT TEMIIEPaTyphl B HaYajle NepUOa JIeA000pa30BaHNUs MPEBBIIIAT
kinMarndeckuid B 10—16 pa3, MakcMMasbHBIA IPaJIMEHT cojieHoCcTH — B 13-25 pas.

168



CoBpeMeHHble TEHAEHLNUN 1 NepcnekTUBbLI Pa3BUTUSA rnapomeTeoponorui B Poccun
Mamepuarnsi VIl Becepoccutickoli HayyHo-npakmuyeckol kKoHghepeHyuu. Mpkymek, 19-21 mapma 2025 e.

Tabnuya 2
Xapaxrtepuctuku 11D na paspese Konbckuit mepuanan
ITonoxenue | IMTonoxenue | IMonoxenue Bepruxaib- B
Ilepuon n3me- JIeZI0BOM CEBEpHOIt TepMHUye- Hoe nojioxke- | Ilonoxenne XanuH- CPTHKAILHOC
penmii KPOMKH, C. | Touku pa3- | ckoro ®P,c. | Hue repm. O3, Horo OP, c. m1. non(zmqf;l;ﬂe
L. pesa, c. 1. L. M RIS, B
2008 aBryct | 78 °38' 78 °30' 76 °15' 20-150 76 °15'&78 °40" | 0-45&0-30
2009 aBrycr | 78 °32' 78 °30' 76 °15' 20-150 76 °15'&78 °45' | 0-60&0-35
2017 utonb 78 °35' 78 °44' 76 °15' 30-150 76 °00'&77 °45' (1);100&07
2017 nosops | 79 °21' 78 °48' 76 °37' 0-100 76 °00' 0-110
2018 mait 77 °57' 77 °44' 76 °15' 0-100 76 °15" 0-55
2022 mapT 77 °09' 77°16' 76 °15' 0-150 76 °15' 0-55
2023 suBapp | 77 °55' 78 °00' 76 °22' 0-150 76 °30' 0-55
2023 ampens | 75 °21" 76 °00' 75 °37 0-60 75 °45' 0-55
2023 mait 75 °49' 76 °24' 76 °07' 0-150 76 °07' 0-27
2023 HostOps | 77 °45' 78 °00' 76 °37' 0-150 76 °37' 0-27

B konne neprona nemoodpa3oBaHms, KOTaa IUIOMAb JISATHOTO TIOKPOBA Ha aK-
Batopun bapeHiieBa Mopsi IMeeT MaKCUMaJIbHbIC 3HAYEHHMs1, ObLIN BBITIOJIHEHBI U3Me-
penus B mae 2018 r., mapre 2022 r., anpene u mae 2023 rr. Bce usmepenus 3toro me-
pHroaa OBUTH BBITIOJIHCHBI B YCIOBHUSIX O49€Hb BEICOKOH (Maif 2018 r.) i BEICOKO# 1oJ1o-
JKUTENbHOU aHoManuu (Mapt 2022 r., anpens u Mait 2023 1.) TeMIiepaTyphl Ha pa3pese
1 HopMasbHOH (MapT 2022 1. 1 anpesns 2023 1.) 1 60JIb110M OTpULIATEILHON aHOMAIIUU
(mait 2018 1 2023 rT.) 1E10BUTOCTH 3amagHOro paitona bapennesa mops. [Ipeobnaga-
romumid Betep B mapte 2022 r. u anpene 2023 r. uMen ceBepHOE HampaBlIeHUE U Cpe/l-
HIOIO ckopocth 11. 7m 10. 7wm/c, B mae 2018 1. mpeobiagan BOCTOYHBINA BeTep
(4,6 m/c), B mae 2023 r. — roxHbIi (4,8 M/c). B paccmaTpruBaeMblil epro;I MOJI0KEHHE
TEPMHUUYECKON U XAIIMHHOW (POHTATHLHON 30HBI Ha paspe3e coBnaaano. OTHOCUTETBHO
Hayajga 3UMHETO TePHoa TPOU30ILIO0 CMEHICHHE TTOJI0KEHNST (PPOHTAILHON 30HBI B
10’)KHOM HanpasiieHuH Ha pacctosiuue 110 kv B anpene 2023 r. 1 Ha 55 KM B oCTajIb-
Hble ieprobl. lluprHa ¢pponTanbHOI 30HE BapbupoBaia ot 30 10 55 kM. Ha makcu-
MaJIbHO OJIM3KOM PACCTOSIHUH OT JIEJIOBOW KPOMKH (ppOHTATIbHAS 30HA HAXOAWIACH B
arpesie 2023 r. B nepuo u3MepeHuil Tpu CeBEpHbIE CTAHIIUU pa3pe3a HAXOJUIHNCh B
npeenax MpUKPOMOYHON JIeJOBOH 30HBI. DpOHTaNBHAS 30HA ObUIA CMEIIEHA B 0XK-
HOM HampasieHuu 10 75°30" c. m. BeposTHO, cMelIeHne Moa0KeHus (GPOHTATBHON
30HBI B 10)KHOI HanpaBJIeHUH OBbUIO BBI3BAHO BO3/EHCTBHEM CEBEPHOI'O BETpA, KOTO-
PBIi UMeN JOBOJIEHO BBICOKYIO cpeHIolo ckopocTsb (10,7 m/c). Uepes nBe Henenu n3-
MepeHHUs Ha pa3pe3e ObUIN BBIIOIHEHBI TOBTOPHO. PpOHTaANBHAS 30Ha CMECTHIIACh Ha
76°00' c. 1. mpu 3TOM TpeobIaia IKHBIN BETep, KOTOPBIA M OTHEC JIBIBI C apKTHYe-
CKMMH BOJIaMHU Ha CEBEp.

B asrycre 2008 u 2009 rr. I1JI3 mabmonanacek ceBepHee 78 °30' c. m. Makcu-
MaJIbHBIE TOPU3OHTATBHBIE TPAHESHTHI TEMITEPaTyphl ObLTH oTMedeHBI Ha 76 °30' c. mI.
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BJIOJb OCH pa3pesa. B mose comeHocTr mpH 3TOM HaOIoaanack CTyreHdaTas CTpyk-
Typa ¢ AByMs MakCHMyMaMH, cooTBeTcTBytomuME 11D (roxxuee) u AD3 (ceBepHee).
B 311 nepuo/ip1 HaOIOIATMCH OTPUIATEBHBIC OOJBIINE aHOMAIIUH TEMIICPATYPhI BOJ
Ha paspese MPH MOJIOKUATENBbHBIX Oobimux (2008 1.) u oueHb 6onbmx (2009 T.) aHo-
MaJTHsX JISJIOBUTOCTH 3aIaHoro paifoHa bapentieBa Mops. B HopMabHEIA 10 TeMIe-
paType BOJ U JIEAOBUTOCTH B JIETHUN IEPUOJ BBIIOJHSUIUCH U3MepeHus 15 — 17 urons
2017 r. I1JI3 nabmroganack Ha 78°35' c. m1. Bepxuwuii 20-25-MeTpoBbI# ¢10# OBLT PO-
rpet 70 2 °C. O61acTh MaKCUMATBHBIX BEPTHKATLHBIX TPAJIUEHTOB TEMIIEPATYPHI ITPO-
CJIC)KHUBAIIUCH O] POrpeThiMU Bojamu 10 150 M. lllupuHa (ppoHTANBEHON 30HBI CO-
CTaBMJIA OKOJO 55 KM, mepenaj Temneparypsl Ha ropuzonte 30 m — 3,1 °C. CeBepHee
78°30' c. 1. apKTHYECKUE BOABI IMEJIN OTPUIATEIbHYIO TEMIIEPaTypy OT TOBEPXHOCTH
JI0 AHa ¥ HaxouiKch B npezenax [1J13. MakcumanbHbIi TOPU30HTATBHBIA TPAJIUEHT
TeMIeparypsl OblT B 12 pa3 0oJblie KIMMAaTHYSCKOTO 3HAYCHHUS, TPAJTHEHT COJICHO-
¢t — Oobie B 14 pa3. B mose coeHOCTH Ha pa3pese BBLICTSIOTCS JBE 30HbI TIOBHI-
IIEHHBIX rpaaneHToB. [lepsas o6macTe HabMrOMaNach B 001acTH ckiioHa 6anku Ilep-
cest, Tae HaxoauTcs ydactok [lomsipHoit hpoHTansHOM 30HE. Ha paccTosaun 65 KM oT
JIe0BOM KPOMKH CYILECTBOBAJIa BTOpasi 00JIacTh MOBBIIIEHHOTO TPaAUeHTa, OHa MIPo-
ABJISICTCSl CHJIBHEE B PACIpEeNICHHH COJCHOCTH. 37ech HabOmomancs cioit 0—10 m
HanboJIee pacIPeCHEHHBIX U XOJIOAHBIX BOJI, 00pa30BaHHBIX HEIIOCPEICTBEHHO B MPO-
1ecce TastHUs JIbJIOB B 00JIACTH MCCIICAOBAHUS C MUHIMAIBHOW BEJTMYMHON COJICHOCTH
32,1 enc. Takxke MOXXHO OTMETHTb, YTO TAKOE PACIpe/iesieHHe B [2] Ha3bIBAIOT «CTY-
TICHYATHIM», BBIACISS THITHI BHYTPEHHEH CTPYKTYPHI (PPOHTATBHBIX 30H HAPSITY C «IIe-
pemexaronmMucs»y. Ha nanHom yuactke [lonsipHOro gppoHTa Takoil «CTyIeHYAThI
TUI XapaKTepeH TOJNBKO AJIS JIETHETO Ce30Ha B PacIpeIeIeHHH COICHOCTH, KOTAa IPo-
HCXOJHUT aKTUBHOE TasHUE Jbfa. Takum o0pa3oM, mepsas 30Ha oTHocHuTcs K Ilomsap-
HOMy (bpoHTy BapenrieBa mopst. Bropas e cootBetcTByeT AD3, 00pa3zoBaHne KOTO-
PO¥ CBSI3BIBACTCS C TasTHUEM JIBJIOB B TEILTBINA TIEPHOJ TOJIA.

CmMenieHre rpaHuIbl TEPMUYECKO (DPOHTAIBHON 30HBI B paccMaTpHBaeMbIi
MIePHO MPOUCXOANIIO B BECEHHHUE MECSIIBI B FOKHOM HalpaBlIeHNH. Tak, B Ha4daje me-
prona nenoodpa3oBaHus (THBaph U HOSIOPB) TepMIYecKast COCTaBIsromast [lomspHoro
(ponTa HaxoaMIack Hal CKIOHOM OaHku [lepces, a B KOHIIE 3TOr0 neproaa (amnpesb,
Maii) oHa HaOmoganack Hax LleHTpanbHOM BO3BEIIEHHOCTHIO. B HanbomnpIieid 61u3o-
CTH K JIeIOBOW KpOoMKe (48—72 kM) (ppoHTaIbHAS 30HA HAXOAMIACh B KOHIIEC IIepHOa
nemooOpaszoBanus (armpens u Mail 2023 T.), 9TO OBUTO CBS3aHO CO CMEIICHHEM apKTH-
YECKUX BOJ BMECTE C JIEJIOBBIM ITIOKPOBOM B I0’KHOM HarpaBieHHU. XaluHHas QpoH-
TaJbHAst 30Ha MeJa OOJBITYI0 M3MEHIMBOCTh, HEXKEHN TepMHuUYecKas. B kxoHIe nepu-
ona nemooOpa3oBaHMs ObUTa OTMEUEHA OoJiee CIOKHAs CTPYKTypa paclpeelieHHs
TemIepatypsl B ooaact [1oisspHO#t (GpOHTAIEHON 30HBI, OTHOCHTEIIFHO MEPBBIX Me-
cseB ce3oHa. Habmromanoch «mepeMexaromieecs» pacipeaeacHne TeMIepaTyphl, s
KOTOPOTO XapaKTEPHO YepeOBAHUE XOJOTHBIX M TEIUTBIX YYaCTKOB Pa3INYHON IIH-
PHIH, pa3/IeIeHHBIX JIOKaTbHBIMU (hpoHTaMu. DopMHUpOBaHHE TaKOH CTPYKTYPHI MOTIIO
OBITh BBI3BAHO KAaK aJBCKTUBHBIMH IIPOLICCCAMU, TaK U ACUCTBHEM BUXPCH, KOTOPHIC
gacTo 00pa3yroTcs BO PPOHTATBHOM 30HE [2].
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3akaoueHne

B paGote mpencraBiieHbl pe3ysbTaThl OKeaHOTpadhUIeCKUX HAOIIOACHUH, BbI-
noiHeHHBIX ¢ 6opTa HUC «/lanpHue 3eneHIby NPeNMYIIECTBEHHO B CEBEPHOH YacTH
paspesa Konbckuii Mepunuan B pasubie ce30HbI 2008-2023 rr. [IpuBoasTcs momoxe-
HHE W XapakTepucTuku ydactka IlomspHoro ¢ponra bapenmesa mopst Ha paspese
Konbckuit Mmepuauan B mepnuo]| akTHBHOTO JIe000pa30BaHMsI, MAKCHMAIIBHOTO JIeIO-
BOr0 MOKPOBA, Mepexo/ia K JeJ0TasHUIO U B JE€THUH NepHO, KOT/1a MOJI0KEHHE JIe/10-
BOM KPOMKH 3aHHMAET HanboJiee ceBepHoOe MoNoKeHne. PaccmarpuBancs mpenmMye-
CTBEHHO JOBOJIbHO AMHAaMU4HbIM BepxHUUM 0-50 M ci10il BOX, Kak MOABEPKEHHBII
OoubIIeif K3MEHYUBOCTH CO CTOPOHBI CHCTEMBI OKeaH-ef-aTMocdepa. [Tokazano, aro
caMblii CeBepHbIIl U3 GppPOHTANBHBIX pa3neno [lomspHoil GppoHTaNbHOIN 30HBI bapeH-
IieBa Mops Ha ocH pa3pe3a KonbCkuil MepuanaH HaXOAWJICS Ha PACCTOSIHUH OT 48 10
290 KM OT KpPOMKH JIE€[OBBIX IOJIEH. ['pajiMeHThl TeMmriepaTypbl BapbUPOBAIU OT
0,10 mo 0,20 °C/km, conenoctu — ot 0,012 mo 0,025 enc/km, mupuHa GpOHTAIBHOM
30HBI He IpeBbImaina 55 kM. [Toioxenne paccmarpruBaeMoil ()POHTAIBHOI 30HBI SIBIISI-
eTcs KBa3UCTAIMOHAPHBIM U MOYKET MEHSATHCS B 3aBUCHMOCTH OT ce30Ha. Tak, B Teue-
HHE ITIepHo/Ia JIe000pa30BaHUs POUCXOIUT CMEIICHUE (PPOHTAITHLHOM 30HEI B I0)KHOM
HamnpaBJeHUU OT CKJIOHa BO3BbIIeHHOCTH [lepcest k LleHTpanbHON BO3BBIIIEHHOCTH.
B nayane nepuona, B Hosiope 2017 u 2023 rr., oHa Haxoaunachk Ha 76°30’ c. 1., K sH-
Bapro 2023 T. MPOJABUHYJIACH B I0XKHOM HampaBiIeHHH K 76°15' ¢. 1., Oimke K KOHITY
neno00pa3oBaHus B KaJCeHIapHBIC BECEHHHE MECsIbI cMemanack k 76°00 c. L., a B
oTAenbHbIe neproabl (anpens 2023 r.) k 75°30' c. 1.

Paboma svinonnena 6 pamxax 2ocyoapcmeennozo 3adanus no meme Ne FMWE-
2024-0028.
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VJIK 504.4.062.2(912. 438)
Peku kak KOpuaAOpbI NPHPOIHO-IKOJIOTHYECKOT0 KapKaca
ropoaa Upkyrcka

A. 1. Muxanépa (mihalevaanna42@gmail.com), E. B. [Toranosa
(e.v.potapova.isu@mail.ru)

Upkymcxuil eocydapcmeennvlil ynugepcumem, 2. Uprymck

Annoranus. [IpeacraBieHa kapra-cxemMa U aHaJIU3 OCHOBHBIX 3JIEMCHTOB (KIIFOUEBBIX, TPAH3UTHBIX
(KOpUIOPOB) U TOUEUHBIX, JIMHEHHBIX ) TIPUPOTHO-IKOJIOTHYECKOT0 Kapkaca T. pkyTcka. OnucaHbl
TPaH3UTHBIE TEPPUTOPHH (PEKH) FOPO/Ia, COCTOSHUE UX ECTECTBEHHOTO MOKPBITHS. OTMEUeHbI (PyHK-
LHHOHAJIBHBIE 0COOCHHOCTH 3JIEMEHTOB Kapkaca. MeTo/ibl Hccie1oBaHus: 00001IeHUe, TT0JIEBbIE Me-
TOJIbI, & TAK)KE KapTOrpaUueCcKUil METOI.

KiioueBble ¢10Ba: peKu, IPUPOTHO-OKOIOTHYCCKUI KapKac, TPAH3UTHBIC TEPPUTOPHHU, KOPHIOPBL.

Bonnble 00BEKTBI, OCOOCHHO B TOPOAAX BBHIMOJHSIOT 3HAYUTEIHFHOE YHUCIIO
(YHKIMH ¥ 3KOCHCTEMHBIX YCIYT U ITOJBEPraroTCsl HAanOOJIbIIEMY BIMSHHUIO XO3SIH-
CTBEHHON M MHOW nesTenbHOCTU. C OIHOW CTOPOHBI, BCE BOAOEMBI U BOJOTOKH, a
TaK’Ke MpUJIeTarole TEPPUTOPUH — BOJOOXPAHHbIE 30HBI, 30HBI CAHUTAPHOI OXpPaHBbI,
B COOTBETCTBHH C 3aKOHOAATENHCTBOM Poccmy 007amaroT 3HAUNTENTBHBIMH OXpaH-
HBIMHU CTaTyCcaMH, B TOM YHCIIE HCKITIOYUTEIBHO TOCYIapCTBEHHYIO COOCTBEHHOCTD, C
JPYTroi CTOPOHBI HENPaBUIIbHASL OpraHM3alys (HapylIIeHUH yCIOBHI DOCTyIa, 3aMy-
COpHBaHHE, OTCYTCTBHE Ha 3HAUUTEIBHBIX yUacTKaX JIMBHEBOH KaHAIM3AINH, peKpea-
IIMOHHAS MTEPEIKCIITYaTaIs M IP.) U c1aboe KOHTPOIMPOBAHIE TPOUCXOSIITIX H3ME-
HEHUH, IPUBOJIAT K JIETPAIAlU KaK NPUOPEKHBIX TEPPUTOPHUI, TaK M CAMUX BOJHBIX
00bekToB. I103TOMy BCECTOpPOHHHE BapHaHThI aHANN3a HEOOXOMUMBI Ul ONTHMH3a-
IIUH ¥ PAllMOHAIN3AINH X HCIOIb30BaHHS.

IIpuponno-skoorndeckuii kapkac (naiee — [19K) ropona npencrasisier coo6oi
03€eJIEHEHHbIE Y9acTKH (TTapKH, CKBEPHI U T. 11.), KOTOPbIE PACIIOJIOKEHBI Ha €r0 TePpH-
Topuu [1]. OH mpu3BaH BEIMOIHATE PYHKIUU MOJAECPIKKU SKOJIOTHUECKOM CTaOMIBHO-
CTH, B YaCTHOCTH HEOOXOAWMM JUII COXPAHEHHS MECTOOOWTAHMS Pa3IWYHBIX BHIOB
haopel ¥ GayHBl B YCIOBHAX XO3SHCTBEHHOTO OCBoeHWs. Ha nannbiii Mmoment ITOK
TaKKe SIBIISIETCS] CBOCOOPA3HBIM CIIOCOOOM JIJIsl OLICHKH 3€JIeHOH HH(PACTPYKTYpBI To-
poJa ¥ MOXET OBbITh HCIOJIB30BAH AN MIAHUPOBOYHBIX PEIICHUN 10 ONTHUMHU3AIUN
ropoackoi cpemsl [2]. s MHOTHX HacelIEHHBIX IMyHKTOB HAIIeH CTpaHBI HE CyIe-
ctBytoT KapT [19K, nosromy moo6HbIe pabOTHI KIMEET CMBICI BBOJHUTH B IPaloCTPO-
UTEIbHbIE MPOEKTHL. B cBs3u ¢ 3TUM OblIa paspaborana kaprta-cxema 109K u Obian
paccmotpens! ocodernoctH [19K r. pkyTcka.

[TpakTryeckas 3HaUMMOCTb TAKOH PaOOTHI BEICOKA, TAK KaK MOA00HAs KapTa MO-
JKET CTaTh OTJIMYHBIM BapUaHTOM BH3yalH3alUM WH(OpPMAIMM, YTO IO3BOJHUT HE
TOJIBKO [0-HOBOMY B3IVISIHYTh Ha CUTYallMIO 03€JIEHEHUs ropo/ia, HO U OyAeT croco0-
CTBOBATh PAa3BUTHIO €r0 MH(PPACTPYKTYPHl M MHTCHCH(HKAIMU IPOIECCOB Oyaro-
ycrpoiictBa. 19K gact BO3MOXKHOCTh COXpaHHTh MPUPOIHBIE U MPUPOAHO-AHTPOIMO-
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TeHHBIE CHCTEMBI B ONTHMAJILHOM COCTOSTHUH. [109TOMY KOHCTpYHpOBaHHE IKOJIOTH-
YEeCKOTo KapKaca JJIsi KOHKPETHOH TepPUTOPHH COCTABIIACT OJIHY U3 BAXKHEHIINX 3a1a4
IpaloCTPOUTEIIBCTBA.

II9K ropona BrirtogaeT B ¢e0s1 TPH BaXKHBIE COCTABIISIONIIE:

1) mpuposaHy!0, CBA3aHHYIO MPUPOIHBIMH OCOOCHHOCTAMH, T. €. JaHAIIA(THON
CTPYKTYpBI TEPPUTOPUH;

2) 3KOJIOTHYECKYIO, CBSI3aHHYIO C YIIy4IIEHHEM T'OPOACKOI Cpebl;

3) manamadTHO-MOP(HOCTPYKTYPHYIO, KOTOpasi COAEPKUT KaK MPUPOIHBIE, TaK
1 XO3AHCTBEHHBIE JIEMEHTHI TEPPUTOPUH, OIPEEIISIONINE BHEITHIIT OOJIHK.

Paznuuaror ruomaaHele, TPAaH3UTHBIE U TOUSYHbIE JIEMEHTHI KapKaca, 3aBHCS-
mye HEe TOJBKO OT IUIOMIAZHW, HO M OT IPHUHAUICKHOCTH, HAIIPUMEpP 3eMEITbHOTO
ydacTka (Tadi.).

Tabnuya 1
Dnementst [19K u ux bynkimn
DieMeHTbI DyHKIHOHAIBHBIE OcHOBHbIC (YHKIHMH YIEMCHTOB By (e R
II5K rpynist [I9K TIDK
Cpenoobpasyrorue; caHu-
TapHO-TUTHEHUYECKUE; DKOJIO-
KiroueBsie Tomnepcisaro- THYECKHE; JeKOPATUBHO-TUIA- [apicu, cieppt, pou, cal,
mas . OyJbBapBbl
HUPOBOYHBIC; HAyYHO-TT03HA-
BaTEJIbHBIC
Tpan3ur- CaHHUTapHO-TUTHEHIYECKNE,;
HBIE (KO- TpancnioptHas | JeKOpAaTHBHO-TIJIAHUPOBOY- BonooxpaHHble 30HBI pek
PHUIOPBI) HBIE; TJI00ATbHBIE
OO111e10CTYITHBIE 03€ICHEeH-
JlekopaTHBHO-IIAHUPOBOY- HbIE 1 0J1aroyCTpOCHHbIE Tep-
PexpeanoHHass | Hble; HAyYHO-TIO3HABATEIbHBIC; | PUTOPHH IIOIMIAAb KOTOPBIX
5KOJIOTMYECKUE Menbute 30 Thic.M? apKH,
CKBEpBI, CaIbl U T. 1.
Toueunsre =
O3seseHeHHe TePPUTOPHIA 00-
B 3zaBucumoctn | JlekopaTuBHO-MIaHUPOBOY- pa3oBaTelIbHbIX YUPEkKJICHUH,
OT Ha3HAYCHMS | HBIC; MEINKO-COIIMANIBHBIC; Ca- | YUPEXKJICHUIH 37]paBOOXpaHe-
oObeKTa HHUTapHO-TUTHEHHYECKHUE; HUSI, 03€JICHEHHE TEPPUTOPHUIt
KYJIBTOBBIX OOBEKTOB
Jluneiinsie | TpancmoptHas | JlekopaTUBHO-TIaHUPOBOUHBIE | Haca)xieHus BIOIb yIIUIL

B 3aBucumocTn ot TOro K kako ¢pyHkiuonansHoi rpynre [19K otHocures o3e-
JICHEHHAsI TEPPUTOPHS, OHA BBITIOIHACT CBOU (QYHKITHH.

Cocrasnennsiii [I9K r. Upkytcka cocrout u3 16 siiep, 4 TpaH3UTHBIX TEPPUTO-
puit (pek), 35 03eNeHEeHHbIX TEPPUTOPHIT OOLIEro MOJIb30BAHMS, 9 03EJICHEHHBIX Tep-
pHUTOpHUil OTPAaHWYEHHOTO MOIB30BaHMSA, 5 03€JICHEHHBIX TEPPUTOPHU CHEIHAIBEHOTO
Ha3HaueHUs. DTO OJIArONPHUSTHBIA OKAa3aTelb IJIsl KPYITHOTO TOPOJIa.

Kopunopsl, SBIAIOTCS 9KOJIOTHUECKH aKTUBHBIMU OCSMHU, BBINOIHSIONIUE LIy~
MOIIOJaBJICHHE U OOJIQfaoye APYTUMHU 3alIUTHBIMUA (QyHKnusmu. OHH obecreun-
BAIOT MOICPKaHME IIEIOCTHOCTH 3€IEHOTO KapKaca 3a CUeT CBS3BIBAHMS Pa3pO3HEH-
HBIX PE3EPBATOB, COAEHCTBYIOT IEPEMEILEHHIO MOABHKHBIX KOMIOHEHTOB MTPHPOIBI
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10 O3CJICHEHHBIM YYacTKaM BJIOJb peK. K HUM OTHOCST: 03eJeHEHHBIE KOPHIOPHI
TPAaHCHOPTHOH MH(PPACTPYKTYPBHI, BOJOOXPAHHBIE 30HBI U TIOHMBI KPYIHBIX PEK, J0-
JIMHBI MaJIBIX PEK, 3alIUTHBIC JIECONOCAIKH U T. 1. [3]. TpaH3uTHBIC TEPPUTOPHU — ITO
YYacTKH, O51aro1apsi KOTOPBIM OCYIIECTBIISIOTCS SKOJIOTHYECKHE CBA3H MEXKIY KITFoUe-
BBIMH TeppuTOpusiMU. OHE MOTYT TPEJCTaBIATh COO0I HE MPENATCTBYIOMHUE SKOJIO-
TMYECKUM CBSI3SIM OOLIMPHBIC YYacTKH JaHAmA(Ta MEXIy KIOYEBBIMH TEPPHUTOPHU-
AMU («CBA3YIOIUH JaHAMAPT»). ITO MOTYT OBITH JIMHEHHBIC 3JIEMEHTHI JIaHAIIadTa
(TOTMHEI peK), Ha3bIBAEMBIC «IKOJIOTHIECKUMH KOpHIopaMm» [4].

Kopunopamn kapkaca Ha TeppuUTOpHH T. VIpKyTCKa SIBISIIOTCS: BOZOOXPAHHBIE
30HbI pek (Mpkyt, Anrapa, Ymakosa, Kas) (puc. 1). BogooxpaHHo# 30HOU sSIBIsIETCS
TEPPUTOPHS, MPUMBIKAIOIIAS K aKBATOPUU PEK, Ha KOTOPOH yCTaHABIMBACTCS CIEIHU-
aJbHBIA PEXKUM XO3HCTBEHHON M MHBIX BUJIOB JACSTEIILHOCTH C LIEJIBIO MIPEI0TBpallie-
HUS 3arPsI3HEHUSL, 32aCOPEHHUS, 3aMICHNS U HCTOILCHHUS BOJHBIX 00BEKTOB, a TaKKe CO-
XpaHEHUs cpesibl OOUTAHUS 0OBEKTOB KUBOTHOTO M pacTUTendbHOro mupa. lllupuna
BOJIOOXPAHHOH 30HBI p. AHTapsl (MpoTsHKEHHOCTE 1779 kM) coctasmser 200 M, p. Up-
KyT (IpoTsoK€HHOCTH 488 kM) — 200 M, p. YmakoBku (TIpOTHKEHHOCTH 70 KM) TakxKe
200 M u p. Kau (mpotspxkénnocts 40 km) — 100 M [5].

B nmpenenax BOZOOXpaHHBIX 30H YCTAHABIUBAIOTCSA OEpEroBbIe M MPHOPEKHBIC
3aIIUTHBIC TTOJIOCHI, HA TEPPUTOPUAX KOTOPHIX BBOAATCS JOTIOTHUTEIBHBIC OTpaHNye-
HUS IPUPOAOINOb30BaHusl WUprHOM 0T 20 10 200 M B 3aBUCUMOCTH OT YKJIOHA U Xa-
pakTepa MpUIEraouX 3eMeb.

BornbImast 9acTh TPaH3UTHBIX TEPPUTOPUI UMEIOT €CTECTBEHHOE MOKPBITHE, O-
HAKO JAPEBECHO-KYCTapHUKOBBIEC ()OPMBI 3aHUMAIOT YK€ 3HAUNTEIFHO MEHBIIYIO TLIO-
I1a/1b ¥ HaXOJSATCSl B yTHETCHHBIM COCTOSIHUU. [loMrMO 001iero HapymeHust Crienu-
IBHOTO peXKKMMa BOJOOXPAHHBIX 30H, HJET HEKOHTPOJIHUpyeMas BhIpyOKka u 0e3 Toro
CKyJIHOTO o3esieHeHus [6]. PekpeanmonHas Harpy3ka Ha IPUPYCIOBBIE TEPPUTOPHUH,
0COOCHHO B JIETHEE BpEMsl, IPHBEIla Ha HEKOTOPHIX yYaCTKaX K IOJHOW Jerpajalun
TPaBSIHUCTOTO TIOKPOBA M 3HAUYUTEILHOMY YXY/IICHUIO COCTOSIHUS JIPEBECHO-KyCTap-
HUKOBBIX popm [7].

ColumtoieHne CeuanbHOro PeXXUMa Ha TEPPUTOPHH BOJZOOXPAHHBIX 30H SBIISA-
€TCsl COCTABHOM YacThIO KOMITIEKCA IPUPOTOOXPAHHEIX MEp T10 YITyUIICHUIO CAaHUTap-
HOTO, THPOJIOTHYECKOT0, THAPOXUMUYECKOTO, THAPOONOIOrHYECKOTO U SKOJIOTHYe-
CKOTO COCTOSTHHSI BOJHBIX OOBEKTOB M OJIATOYCTPONCTBY MX MPHOPEKHBIX TEPPHUTO-
pHii, ¥ yIyqIIEHHIO KaueCcTBa MPHPOAHO-IKOJIOTHIECKOTO KapKaca ropoa.

Ouenka kopunopos kapkaca 19K r. HMpkyTcka 1mo3BosisieT cienaTh BBIBOJ O
TOM, YTO HY>KHO pa3paboTaTh MephI IS MOBBIICHUS 3CTETHIECKOTO U (DyHKIIMOHAIb-
HOTO COCTOSIHUSA 3eNEHBIX HaCAKICHNH. Taxke CTONT CHU3UTH U KOHTPOJIMPOBATH aH-
TPOIIOTCHHYIO HAarpy3Ky Ha 3TH TEPPHUTOPHH, OCOOCHHO HapyIIAIOLIyl0 TPeOOBaHUS
3aKOHOZATEIbCTBA, HATIPUMED 3a€3/1bI aBTOMOOHIICH.
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Annoranus. PaccmarpuBaercst coiepkaHie MUKPOIIACTHKA B p. BopoHe BbIlIE U HYKE 1O Teye-
HHUIO OT ropona KupcanoBa. Omnmcanbsl MeTOMKa 0TOOpa Mpo0d, UCMOJIB30BAaHHOE 000pYyIOBaHHUE,
POOOIOATOTOBKA, a TAKIKE METOJbI MICHTU(HKAIIMN YaCTHIl MUKPOIIACTHKA B IpoOax. JlaHbl ux
Ka4eCTBEHHBIC W KOJMYECTBEHHBIE XapaKTepHCTHKH. Cpean HUX: KOJMYECTBO YACTHI[ MHUKPOILIa-
CTHKa, X BUJ U 11BET. MakCUMalIbHOE CO/IepKaHKie YacTull 0OHapy»KeHO B c. Bsiuka Hike no Tede-
HUIO, MUHIMAJIHOE — B ITOceke TepHBI BbIIIE MO TeueHnto. BrisiBieHo, uro r. Kupcanos oka3piBacT
HE3HAYNUTEJIbHOE HEraTUBHOE BIIMSIHUE B YACTH 3arpsi3HEHUS peKH MUKpOIIacTHKOM. Camble pactpo-
CTpaHEHHBIE YaCTHIIBI 110 BU/Y — BOJIOKHA, 10 IIBETY — Oelble, KpacHbIe, 4epHble. EquHIaHOo 1o Bumy
BCTPEYAIOTCS TPaHYJIbl, MO IIBETY — CEPbIe, KOPUUHEBHIE, CHHUE, 3CJICHbIC, JKEITHIC.

KiioueBble ¢10Ba: MUKPOIUIACTHK, 3arPA3HEHNE PEK MUKPOILIACTHKOM, p. BopoHa.

BBenenune

3auacTyro COBpeMEHHbIE OJ1ara MUBUIM3AIMH CO3/IAI0T HE TOJIBKO YA00CTBA TS
JII0JIeH, HO U HAHOCAT HEMONPaBUMBIN ypoH nipupoe. Tonbko 3a nocneanue 10 et B
MUpe OBUIO IPOU3BEACHO OOJIBIIIE TUIACTUKOBBIX H3JICIUIL, UeM 3a MPEIBLIYIIee CTOJIC-
tue. OHOpa30Basi MOCYa, aKeThl, YIIAKOBKA, OYTHUIKU M Pa3IMYHbIC EMKOCTHU, CHH-
TETUYECKUN TEKCTHIIb — CaMble PacCIpOCTPAaHEHHBIE BHIBI TUIACTHKOBOTO MYycCOpa.
Jlvnrs mATh MPOIIEHTOB OT €r0 00beMa B KOHEYHOM HTOTE ITOIBEPraeTcs mepepadoTKe
Y HCIIOJIB3YeTCs TIOBTOPHO.
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[TmacTHK HAHOCHUT Cepbe3HBIH yIIepO OKpyXKaIoIel cpesie, HadnHas C ero Ipo-
W3BOJICTBA WM 3aKaHYMBAs YTHIU3alneil. 3aBOJIBI, BEITYCKAIONINE INTACTHKOBBIC H3/IC-
Just, BRLICISIOT B atMocdepy mo 400 MIH T YIJIEKUCIIOrO ra3a B oIl M MPHUMEPHO
800 BHIOB )KUBOTHBIX CETOJTHS HAXOSATCS TI0J] yTPO30i BEIMUPAHHUSI U3-3a MIOSTaHUS 1
OTPAaBJICHUS ITACTHKOM.

HeraTuBHOMY BIHSIHUIO ITOJIBEPKCHBI BCE CPEIbL: BOJHAS, [IOYBCHHAS, BO3AYII-
Has. OHAKO BOAA, SBJSSICH BAKHEHIIMM KOMIIOHEHTOM JKU3HU HA 3eMJIe, 3aCTyKH-
BaeT ocoboro BunManus. ITo ganuemM 3xooroB OOH, Ka)xablil roJ B OKEaH I10IagaeT
0KOJIO 13 MUJUIMOHOB TOHH IJIACTUKOBBIX OTXO0B [8]. OHM Npu M3MENbYEeHUU 0]
BO3/ICHCTBHEM (PaKTOPOB OKPYIKAIOIICH CPEIbl CIOCOOHBI BBI3BIBATH MACCy MPOOIeM
JUTST )KUBBIX OPTaHU3MOB [15]. DTo BIUSHUE OKa3bIBAETCS IMMyTEM TOKCHUHBIX BBIJENE-
HUW W3 YacTHI[ TUIACTHKA XMMHUYECKUX BEIIECTB Pa3IMIHON CTETEHH TOKCHUIHOCTH
(Hammpumep, oucenon-A, ¢ranar, TMOKCUH, METaH | T. 11.) [6; 7], MEXaHHYECKUX ITO-
BPEKJCHUI OPTraHOB JKEIYyJ0YHO-KUIIEYHOTO TpakTa. [IToMHUMO TOr0, YacTUIbl MHK-
pOIUTACTHKA UMEIOT aJCOPOMPYIONINE CBOMCTBA, YTO MO3BOJIET MM HAKAIUIMBATh Ha
CBOCH IIOBEPXHOCTH APYTHE 3arpSA3HSIONINE BENIeCTBA (HAIIPUMED, TSKEIBIC METaJIIBI)
U MaTOTeHHbIC MUKpoOopraHu3Mel [13]. Pexku HecyT cBOM BOJIbI B MUPOBOM OKEaH, Clie-
JIOBATEIbHO MOTYT CIYXXHUTh OJHUM M3 UCTOYHHKOB €r0 3arpsi3HEHHs] MUKPOILIACTH-
koM. [ToaToMy OHHMaHHe ypOBHS 3arpsS3HEHUS PEK ero YacTHIAMH — Ba)KHAs TeMa
JUTSL KICCIIEZIOBAaHUI HAPSILY C IPYTUMH THAPOXHUMUYCCKAMHE 3arpsI3HUTEISIMU.

MOHUTOPUHIOM 3arpsi3HeHHs BOJ B p. BopoHe B rpanuiax Tam0OoBckoii o6a-
CTH 3aHMMAIOTCS PA3IHYHbIC OPTaHU3AINH U IPEICTABUTENN HAYIHOTO O0IIECTBa 00-
nmactu. OcHOBHOW opranm3anmen sBisercss TamOoBckuit [IITMC — ¢umman OT'BY
«lentpanpHo-UepHO3eMHOE YIpABICHHE IO THAPOMETCOPOIOTUH U MOHHTOPHHTY
okpy>karomie cpeas». Cpenu uccnenonareneit MoxkHO oTMeTUTh: M. E. Bykosckoro,
C. H. lynauka, U. C. Pemeroa, H. H. KonomelinieBy u npyrux. VIx paGoTsl mocBsi-
IIEHBI pa3HOOOPa3HOMY CHEKTPY METOJOB OLICHKH KadecTBa BOIBI [ 1—4].

OpHAKO BCe ATU UCCICIOBaHMs W HAONIOJCHUS HE BKIIIOYAIOT B CeOsl OLICHKY
3arpsi3HEHNS PEKU YaCTUIIAMU MUKPOTIIACTHKA.

Hens paboThI — OnpeenuTh coepKaHiue MUKPOIIacTHKA B . BopoHe BhIme n
HIDKE 10 TeueHHo oT I. KupcaHosa.

OO0mwekT uccnenoanus — p. Bopona B paiione r.Kupcanoga.

Ha nepBoHavaIbHBIX 3TaMax MCCIETOBAHNSA HAMH OBIITH OTOOPAHBI TIPOOBI BOJIBI
00BéMoM 2 M3 kaxnas. [Ipo6sl oTOupanuchk B aBrycte 2024 r. B IByX TOUKax Ha p. Bo-
poHe (puc.):

1 — BeImIe MO TeueHuto ot I. Kupcanosa B paiione noc. TepHsI,

2 — ke 1o TeueHuro ot Kupcanosa B paiione c. Bsuka.

ObopynoBaHue U MeTObI UCCJIETOBAHUS

IIpo6ooTOOp OCYIIECTBIAICS C MOMOIIBIO Cauka U3 Hep:KaBeIoeH CeTKH ¢ pas-
MepoM staelikn 40 MKM METOJIOM CTalMoHapHOW (ukcanuu (Touka 1) W TpaneHwHs
(Touka 2) ¢ riry6uHbl 15-20 cM OT MOBEPXHOCTH BOABI. BRIOOP JaHHBIX IMapaMeTpoB
OCHOBAH Ha OIbITE€ OTEYECTBEHHBIX [5; 9] u 3apyOexubix [10; 12] komer.
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[IpoOormoaroToBKa U BBACICHUE YaCTHII MHUKPOIUTACTHKA OCYIIECTBISIINCH Ha
OCHOBaHUH METOJHKH «JlabopaTOpHBIE METOBI aHATH3a MUKPOIUIACTAKA B MOPCKOM
cpelie: peKOMEHIAIUH JIJIsl KOTMUYECTBEHHOTO aHalu3a CHHTETUYECKUX YaCTHIl B BOJIE
¥ JOHHBIX OTJIOKEHUSX (TIporpaMMa uccienoBanmsi Mopckoro mycopa NOAA) [14].

[Toce 3aBepieHHs BCeX MPOOOITOrOTOBHTEIEHBIX 3TATIOB COTIIACHO YIIOMSIHY-
TOW METOMKE, ObLIA POBECHA BU3yallbHAsl MACHTH(DUKAIUS YaCTHI] MUKPOILIACTUKA
¢paknueit 0,04-5 MM, ToACYET UX KOTUUECTBA. B kauecTBe 000py10BAHUS UCTIONIB30-
Bajicst Mukpockorn Levenhuk (40-kpaTHoe yBeTUYCHHUE).

WnenTrdukaryst mpoBoIiiIach ¢ UCIIOJIL30BAHUEM PYKOBOICTBA 10 BU3YaIbHOM
uaeHTH(OUKAIMY ¥ KIaCCU(PHUKALINY TUTACTUKOBBIX yacThil [11].

KauecTBeHHBIN aHAIN3 MUKPOILIACTHKOBBIX YACTHIL OCYIIECTBICH C TIOMOIIBIO
MeTofa ropsiueid uribl [5]. B kadecTBe WIiibl MPUMEHSIICS NMAsUIBHUK C 3aTOYCHHBIM
>kajioM (TisATHO KoHTakTa 0,5 MM).

Pe3yJ’leaTbl HCCJICJOBAHUSA

B xoze nccnenoBanmst ObUIM MOTYUCHBI JaHHBIC, IPE/ICTABICHHBIC B TAOJHIIC.

W3 ananm3za Tabauupl ciaeayer, 4To OOJbIIe YAaCTUI] MUKPOIUIACTHKA KOJIMYe-
CTBEHHO O0HapY»KeHO B paifoHe cena Bsuka (Hroke mo Teuennio ot r. Kupcanosa). Ha
TOYKE BBINIE 110 TeUeHHIO OT ropoxa Kupcanosa (moc. TepHbI) X HE3HAYUTEIHHO
MeHblIe. BioBoil cocTaB 4acTHIl IpeICTaBIEH NIPEUMYECTBEHHO BOJIOKHaMu. Enu-
HUYHO BCTPEUAIOTCS TPAHYIIBI.

IIBeT wacTur B Touke otOopa Ne 1 mpenMymiecTBEHHO KpacHbIH 1 Oernbrif. Takxke
OOHapy>KEeHBI Cepble, KOPUUHEBBIC, YEpHBIE M CHHHE 4YacTuibl. B Touke orOopa
Ne 2 mupupyrontyio KOJMYECTBEHHYIO IO3MIMIO MMEIOT YacTHIBI Oeloro ImBeTa.
Taxoke BCTpedaroTcst YepHbIe, KPACHBIC, 3€IeHbIC, CHHUE U JKEJIThIe YaCTHIIBL.

178



CoBpeMeHHble TEHAEHLNUN 1 NepcnekTUBbLI Pa3BUTUSA rnapomeTeoponorui B Poccun
Mamepuarnsi VIl Becepoccutickoli HayyHo-npakmuyeckol kKoHghepeHyuu. Mpkymek, 19-21 mapma 2025 e.

Tabruya
ConeprkaHKe YacTHIl MUKPOILIACTHKA B TPodax
0E Mecto oT6opa eI EETE Bupg gacTun, mr. LBet wacTy, mT.
poOEI P YaCTHI, IT. . HpILLE HhILLE
cepblif — 4
KOPUYHEBBIH — 1
BOJIOKHO — 29 yepHbIN — 4
noc. Tepusl 30 PHH
rpanyna — | Oenblit — 8
KpacHbIi — 9
CUHUH — 3
YepHBId — 5
Oenbrit — 25
BOJIOKHO — 34 KpacHbIi — 2
c. Bstuka 35 P N
rpaHyna — 1 3eIeHbIi — |
cuHUH — 1
JKENTHIN — |
BoiBoabI

B 3akmroueHne MOXHO CHIeNaTh BBIBOJ O TOM, uTo I'. KupcaHoB oka3bIBaeT He-
3HAUUTEJIbHOE HEraTUBHOE BIIMSHUE HA 3arpPsI3HEHHE PEKU MUKPOILIACTUKOM U B OC-
HOBHOM OHO KaCaeTcs 3arpsi3HEHHs PEKU BOJOKHAMH. BHIOBOM COCTaB 4acTHUIl MHK-
poruIacTHka B 00eux To4kax oTOopa mpod MiaeHTHYeH. L{BeT 4acTull He3HAYUTEeIBbHO
oTiu4aercs. YepHsli, 6embIil, KPaCHBIN U CHHUII I[BETA TaKKe MPHCYTCTBYIOT BBHIIIEC U
HUXeE 10 Te4eHuto ot T. Kupcanos.
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V]IK 556.024(504.5)

IK0JI0rHYecKoe COCTOSIHNE BOJAHBIX 00bEKTOB,
MO/IBEPKEHHBIX AHTPONMOTreHHOMY BO3/1eiiCTBHIO, B facceiiHax
pek O3epnoit Bocrounoii u Yku (Kamuarckuii kpai) mo
pe3yJbTaTaM KCIeIMIUOHHBIX ucciaenoBanuii 2023-2024 rr.

A. A. Tlackouuna', B. C. Bongpipes?, 1. JI. Januun',

M. B. Mumnn(miwindv@gmail.com)

! Kamuamexuii punuan Tuxookearnckozo uncmumyma 2eozpagpuu JJBO PAH,

2. [lemponasnosck-Kamuamckuii

2Bonzozpadckuii unuan Beepoccuticko2o HayYHO-UCCIe008amenbCKo20 UHCMUMYmMa PoloHO20
xossiicmea u oxeanozpaguuy (Cpeonesonxcckuil unuan @PI'EHY « BHUPO»), e. Bonzoepao
3Tocyoapemeennviii okeanozpaduueckuti uncmumym um. H. H. 3y6osa, 2. Mockea

Annotanusi. Ocenbto 2023 1 2024 rr. BHITIOIHEHBI [10J€BbIe MOHUTOPUHTOBBIC HCCIICJOBaHNMS B Oac-
ceitnax pek Ozeproit u Yku (Kamuarckuii kpaif). Cocras paboT BKitoyan B cedsi THAPOMETPUUECKUE
U THAPOXMMHUYECKHE HaOIOIeHHs in situ Ha BoJoTOKaX. Takke 0TOOpaHbl MPOOBI BOJBI C LENIBIO
OIpeIeNICHHs] MAKPOHOHHOI'O COCTaBa U BAJIOBOI'O COJCPIKaHHs DIIEMEHTOB B Ipobe. I1o pesyibratam
9KCIISTMIIMOHHBIX UCCIIEJOBAHHHN BBISIBICHB MHOTOKpaTHbIe pebiienus [1/IK B Mectax TexHOreH-
HOI Harpy3ku Ha Majble U cpefHHe BOJOTOKH B OacceliHax ucciieyeMsix pek. [IpuBoaurcst 0030p
Pe3yJIbTaTOB SKCIIEIUIIMOHHBIX UCCIIEIOBAHUM, & TAKIKEe UX CPABHEHHE MKy COOOIA.

KioueBble ciioBa: TUAPOJIOTHS, TUMHOKPEH, THAPOXUMMUS, SKOJIOI'Us, Kamuarckumii Kpaﬁ

BBenenue

JITst OCYIIECTBIICHUS OI[CHKH YKOJOTHIECKOTO COCTOSHHS BOJIOTOKOB B BEPXO-
BbsAX pek O3epHoii u Yku oceHbto 2023 u 2024 rr. BHINOJHEHBI YKCIETULUOHHBIE HUC-
cnenoBanus. [loneBbie pabOTHI BKIIOUAIH B C€0sl TUAPOMETPHUECKUE U TUIPOXUMHU-
YECKHUE UCCIIEIOBAHMUS. AKTYaIbHOCTh TAKOTO POJIa HCCIIEIOBAHNN 3aKITFOUAETCS B TI0-
Jy4eHUH UHPOPMAIIMN O TEKYIIIEM COCTOSIHUU BOJHBIX 00BEKTOB, MX KAUeCTBEHHBIX U
KOJIMYECTBEHHBIX XapaKTEPUCTUKAX.
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MeToabl ncciaeaoBaHui

OmeHKa 3KOJIOTHYECKOTr0 COCTOSHHS BOJOTOKOB OCYIIECTBIISIIACH B XOJ€ MOA-
TOTOBHUTEIBHBIX M PEKOTHOCIIMPOBOYHBIX padoT B mose. Coctas paboT BKIFOYAI U3Me-
penust Mop(hOMETpUYECKHX TOKasareleldl pek (IMpuHa pyciia, riiyOMHA B CTBOpE
HAOJIOIeHNH ), I3MEPEHNE CKOPOCTEeH TEUCHNS PeK, yCTAHOBKY BPEMEHHOTO THAPOIIO-
THYECKOTO TI0CTa Ha OCHOBHOM BOJIOTOKE, OIIEPATHUBHBIC M3MEPEHHs TMAPOXUMHYE-
CKHX IOKa3aTeneil, B TOM 4Hcie 9KCIPECC-TeCT, 0TOOp Mpo0 BOJBI HA ONpeeIeH s
MaKpOMOHHOTO COCTaBa, JUIS JaJbHEHIIEr0 aHaln3a B J1a0OPAaTOPHBIX YCIOBHSX.
Pation mpoBenenns padot B gonmHax pek O3epHOi 1 YKH, pacIoN0KEeHHBIX Ha TEpPH-
Topuu KamuaTckoro kpas, mpezcTaBieH Ha cxeme Hipke (puc.). CTaHuy HaOIoAeHni
1 0T60pa Mpod BOJBI OBLIN HA3HAYEHBI 110 pe3yIbTaTaM aHAIN3a UMEIOMIUXCA HA TOT
MOMEHT MaTePHAJIOB THAPOXUMHUYECKUX U THAPOJIOTHIECKUX NCCIICIOBAHUM, a TaKXKe
IO COTJIACOBAHMIO C OCHOBHBIM 3aKa3dunkoM padoT (Tadum. 1). [ToxeBbie nccnemoBanus
HAalpaBJICHbI Ha BBISBJICHUE MECT M 00BEMOB TIOCTYIUICHHUS 3arPSI3HSIOIINX BEIIECTB B
MIPUPOAHBIE BOJOTOKHU C LEJIBIO MOMCKA My TeH 0 CHUKEHHUIO TeXHOT€HHON Harpy3KH.

Cranummu ot6opa npo6  *

[{aiin — 60kM
s

Puc. Cxema pacroyioxKeHUs TOUYEK POBE/ICHUS SKCIICIUIIOHHBIX UCCIICI0BaHMUI
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Tabnuya 1
PacumndpoBka cTaHIMi TPOBEJCHNUS SKCIICANIIMOHHBIX UCCIEA0BaHUI U 0TOOpa MPpo0 BO/IBI

Craniun Haspanue Cranuun HazBanue
Bacceiin p. Yku Bacceiin p. O3epuasi

0-3 p. IlepeBasbHast (OHOBBII CTBOD) 0-14 p. JleBast OzepHast
0-103 %el;ﬁﬁjg?nwaﬂ (BbIE Py O-15 p. [IpaBast O3epHas
0-10 p. IlepeBanpHas (Hmske pyd. Hexnbiif) | O-L p. Ozepnas (JlamyTtckas)
O-11 p. IlepeBanbHas O-16 p. O3epHas

0-8 pyu. Hexueiit (mocne crokoB OI'MK) |O-Y p. OzepHas (7 KM BBbIIIE YCThS)
0-9 py4. Hexxnbrit 0-4 py4. XomyT

Bacceiin p. OzepHnoii 0-6 VYerbe pyd. OTanoHHsli
0-1 JIumuokpes p. Jleas Ozeprast 0-7-1 |pyd. DtanonHsii-1

0-5 p. Jlesas O3epuast (Bbie pyd. Xomyt) |O-7-2 | pyd. DTaNOHHbIH-2

0-13 p. JleBast OzepHast (Hmxe pyd. XomyT) | O-12 pyu. 6/u (ITK 5474+20)

IleHHOCTH ATHIX WCCIIEAOBAaHUI B TOM, YTO B OacceiiHax 3THX peK OOMTAIOT
20 BHJOB MPECHOBOIHBIX, TPUOPEIKHBIX PHIO B pp10000pa3HbIX [ 1]. BennkonemnHoe co-
CTOsIHHE OropecypcHOi 6a3bl, 00JIbIIOE pa3HO00pa3ue 00BEKTOB JI0BA, KOMILIEKC APY-
THX IPUPOJHBIX YCIOBUH, IPeONpeesIeT BaXKHEeHIIee 3HAYCHUE U IePCIICKTHBHI IS
PEKPEAMOHHO-TYPUCTHIECKOH AEATEIBHOCTH CPEIN TIPOUUX BOIHBIX 00BbeKTOB Kam-
yarckoro kpas Pexu O3épnas BocTounast 1 Yka cocTaBIsItOT 0koso 4 % HepecTOBOro
(doHnza TMXookeaHckux Jococei Kaparuuckoit noa3ons! u odecrneunsator g0 10 % eé
YJIOBOB 3THX PBIO. Y IeIbHAS MPOLYKTUBHOCTE 0acceiHOB gocturaet 1,4-2,35 1/km?,
a yJenbHasi PeIOONPOIYKTHBHOCTE HepecTHUIL — 3,64-9,57 kr/mM? (OHH M3 CaMbIX
BBICOKHX TTOKa3aTelell He TOJIBbKO CPEAM PEeK BOCTOYHOrO 1mobepeskbst Kamuarku, HO 1
KamuaTku B nenom) [2].

I'uapoxuMmnyeckne XxapakTepucTHKH. Bo BpeMms moseBbIx paboT Ha BOIOTO-
Kax ¢ OMOIIbIO TOPTATHBHBIX MOJIEBBIX TPHOOPOB 1 naTynkoB Hanna Instrument ocy-
IIECTBISUINCH KCIPECC-U3MEPEHUSI BEITMYMH OCHOBHBIX IHPOXUMHYECKHUX IT0Ka3aTe-
JIel BOJIBI Ha BCEX MCCIIEyEeMbIX CTBOpax pek [3].

BonpmmmHCTBO P0G BOJIBI SBISIFOTCS yIIBTPAIIPECHBIME ¢ MUHEpaIn3amuei 37—
60 mr/m®. MuHepanu3aiys OTACIBHBIX P00 BOIBI B 30HAX TEXHOTCHHOTO BO3JICH-
ctBus npessimaet 100 mr/m®: B yetse pyu. XomyT (cT. O-4) — 138 Mr/m?, B ycThE pyu.
Oranonnsiii — 101 mr/m® (ct. O-6). [IpuMedaTensHO, YTO B pydbe DTAJTOHHBIH MUHE-
panu3zanus 2024 1. npeBbIIaeT 3HaYeHWEe u3MepeHui mpouutoro 2023 r mouty B J1Ba
paza (ct. O-7-1) — 544 mr/n, B yctbe pyd. XomyT (c1. O-4) — 160 mr/m1, B ycThe pyu.
Oranonusli — 282 mr/n (ct. O-6). [Topsnok 3HaueHUI HA YPOBHE WM BBIIIIC POIIIOTO
2023 T.

ITo xuMuveckomy coctaBy poOBI BoJbI ¢ GoHOBBIX cTBOpOB (O-1, O-3) 1 KOH-
TpoabHbIX cTBOpOB (O-10, O-11, O-13, O-14), aBustorcst THAPOKAPOOHATHO-KAIbIIHE-
BeIMHU. Cynbgatsl coctaBisioT 13—19 % cocrasa, nons Hatpus 10-11 %.

TIpoOBI BOIBI B 30HAX MOBBIIIICHHOTO TEXHOTEHHOTO Bo3aercTBu (cT. O-4, O-6,
0-7-1, O-7-2, O-9) umeer cyabdaTHO-KaIBLUEBLIH cocTaB. [IponeHTHOE conepkanue
cynbdaroB B Hux 6oiee 45 %-3xB/M°, a B pyd. XoMyT (cT. O-4) cynbdatsl SBISIOTCA
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OCHOBHBIM aHMOHOM. DTH MPOOBI KHCIbIE, TTOKa3aTesb pH B HUX HUXE 6,5, TOATOMY
THJPOKApOOHATHI B HUX HE NPEACTABICHBI WIM X OUeHb Majo. [Ipn aToM nosist Maraus
BbIIIE, 4eM B (OHOBBIX mpodax — 13—16 %-akB/M*, a jonst Harpusi HUKe — 2—7 Y%-
9KB/M>. B KATHOHHOM COCTaBe MPUCYTCTBYET KEIEe30.

ComneBoii coctaB pyd. b/H (O-12) MOXHO Ha3BaTh MPOMEXYTOUYHBIM HIIH TIepe-
XOZHBIMU MEXJY ABYMs MPEAbLAYIMMU TUIIAMU BOJI. B aHHOHHOM cocTaBe ruapoxap-
60HATHI U CyTb(aThl UMEIOT PAaBHBIC JOIH — ATU BOJBI THAPOKApPOOHATHO-CYNb(haTHO-
KaJbI[HEBEIC.

CoctaB mipo0 Boxb! u3 p. [Ipasas Ozepuas (O-15) n Ozepnas (O-16) TumuaHO
(hOHOBBII: B aHHOHHOM COCTaBe Mpeo0di1ajatoT ruipokapOoHaTsl — okoio 40 %-3kB/M?,
a cojiepKaHue CyIb(aToB HIKE, YEM B OCTATBHBIX MPodax — 5—6 Y%-oKkB/M>.

IIpu omenke kadecTBa BOIBI 1O THAPOXHMHYECKHM MOKA3aTENsIM HCIOJIB30-
BaJICsI MHTETPATLHBIN HHICKC 3arpsi3HeHus BobI (1anee — M3B), paccuntanHbli 1Mo 6-
THU NIPUOPUTETHBIM 3B, nmeronM Hanbonee BHICOKUE 3HAUEHUS OTHOIIECHUI KOHIIEH-
tparmit 3B x ux ITJIK. ¥ ctonT OTMETHTB, 9TO 1O MHKPOHMOHHOMY COCTaBy IPOOBI
BOJIBI B 30HAaX TOBBIIIEHHOI'0 TEXHOTeHHOTO Bo3aelcTBus (ct. O-4, O-6, O-7-1, O-7-
2, 0-9) umeet Ha NOPAIOK O0J€e BEICOKHH yPOBEHB 3aTrPSI3HEHUS TSXKEIbIMH U Iepe-
XOJHBIMU METaJIITAMHU.

WuTerpansuble ruapoxuMmdeckre HHAeKCH 3B mokassBaioT, uto B 2023 1. B
BOJIOTOKAX JIPEHUPYIOLIMX yYaCTOK OTKPBITHIX TOPHBIX PadOT 1 MPOMILIONMAIKH 000-
raTUTEIbHOTO KOMILIEKCAa M XBOCTOBOTO X03s1iicTBa — pyubd XoMyT (cT. O-4), Dtanon-
HeIii-1,-2 (c1. O-7-1, O-7-2) u Hexwnsiit (cT. O-9) — KauecTBO BOJBI COOTBETCTBYET IO~
cleHeMy 7-My (Upe3BBIYaifHO TPS3HBIC BOABI) M MIPEANocIeIHeMY 6-My (O9EHB TPs3-

HBIC BOJIBI) Kiaccy (Tadui. 2).
Tabauya 2
Kiacc kauectBa BOJbI B paCCMAaTPUBACMbIX TOUKAX I10 pe3yJibTaTaM pacyueTa 3B
B 2023-2024 rr. B 6acceiinax pek O3epHas 1 Yka

Crannus 20H233B . Knace xauecTBa BOJIbI 20H234Br' Kracc xauecTBa BoJp!
Bacceiin p. Ykn

O-10 2,29 111 (ymepenHo 3arpssHennas | 0,10 I (ouensb yucrast)

0O-8 - - 32,0 VII (4pe3BbIuaiiHO Tpsi3HAs)
0-9 6,65 VI (oueHb rpsizHast) 62,4 VII (upe3BblyaiiHO Tpsi3HAS)
Bacceiin p. O3zepHoii

O-1 1,41 1II (ymepenno 3arpsizaensas) | 0,03 I (ouens umcras)

0-5 1,74 IIT (ymepenno 3arpsisaensas) | 0,09 I (ouens uncras)

0-14 1,30 III (ymepenno 3arpsisaeHsas) | 0,04 I (oueHs uncras)

0-4 42,1 VII (upe3Bbryaiino rpssHas) | 48,9 VII (4pe3BbIuaifHO Tpsi3HAS)
0-6 6,66 VI (ouens rpsizHas) 0,25 I (ouens uncras)

0-7-2 18,5 VII (upesBbruaiino rpsizaas) | 30,9 VII (upe3BbIyaiiHoO rpsi3HAS)
0-12 0,58 11 (umcras) - —

0-y - - 0,03 I (Ouenp Yucras)

Kpaiine Tsxenas skojoruueckas cutyauus ckiaasiBanack B 2023 r. B pyd. Xo-
MmyT, e 3B nocrur 3nayenuii 42,05, uro B 72,5 paza Bblie, 4eM B OHOBBIX yCII0-
BUSIX U B HECKOJIBKO KparT, 10 2 MOPSAKOB, MPEBBILICHH] HOPMATHBBI KQU€CTBa BOJIBI MO
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Memu U pryTu. [Ipu cpaBHEHUM cO cBeKUMM AaHHBIMU 2024 T. cUTyalus ¢ COleprKa-
HHMEM TsDKEJBIX METaJuIoB B Ipobax BoJbI cxoxas. BesiBneno npessimenne [11K mo
MeJu, AaX<e BBIIIE UeM B IIPOILIOM roxy B 1,5 pa3a. Takxke 0CTatOTCs MPEBBILIEHUS O
TaKUM TSDKEJIBIM MeTaJlIaM: MapraHily; aTlOMUHHUIO; INHKY U XKeJe3y.

B pyu. Dranonnsrii (ct. O-6) B IpUYyCTHEBOM 30HE U B €T0 HCTOKaX (Py4bsix DTa-
JIOHHBIN-1 1 DTanoHHBIN-2) KOJIOrMUYECKasi CUTYaLUs] HCHAMHOTO JIy4llle, YeM B pyu.
Xomyt. B 2023 r. U3B nocturan 3nauenuit 12,63—18,5 (7 kimacc — 4pe3BbIYaiiHO TPSI3-
HBIC BOJIBI) — B BEPXHEM TEUCHHH, 6,066 (6 KITacc — 0YeHb TPSI3HBIC BOJBI) — B HIDKHEM
(ipu Boagenuu B p. Jleyro O3epHyro), uro B 22-32 pa3a u 11,5 pa3 Beimie, 4yem B do-
HOBBIX ycloBusiX. B 2024 r. B BepxneMm Teuenun 3Hauenue 3B npessicui 30.

B pyu. Hexusrii (6acceiH p. YKn) 3KOJIOTHYECKast CUTYAITHS TaK YK€ JOCTaTOYHO
TsKenas — TOkcuaHocTh 1o 3B B 2023 1. cocraBuina 6,65, 4TO COOTBETCTBYET 6-My
(mpearnoceHeMy) Kiaccy KadecTBa (O4€Hb IPSA3HBIC BOJIBI), T. €. CUTyalUsl IPUMEPHO
Takas k€ Kak B YyCTbe pyd. DTanoHHoOro. MHTerpambHas TOKCUYHOCTh BOJBI B PyY.
Hexnsrit B 11,5 pa3 Beire, ueM B (hOHOBBIX ycioBHAX. B 2024 r. curyarust u3MeHNU-
J1ach He B Jryulnyto ctopony. [Ipesbienne coctaBuio ot 30 1o 60 Ha BCEM npoTsixKe-
HHUU BOJOTOKA.

HaubGonee uncteie Bogsl B pyd. 6/H (IIK 547+20, ct. O-12), npenupyromiem
Xaneiickyro BTC, — M13B=0,58 (2 xitacc kauecTBa — «4UCTBhIe»), U B p. O3epHast cT. O-
16 (44,1 kM HIDKE yeThs pyd. XomyT) — U3B=1,05 (Ha rpanume Mexay 3 Ki1acc «yme-
PEHHO 3aTrpsI3HEHHBIX» U 2 KJIacC «IUCTBIX»). B 2024 r. cutyarus kapJUHAIBHO HE Mo-
MeHsATack. OCHOBHOTO CTOKA PeK ITOKa eIlé T0CTaTOYHO, YTOOBI MOIAEePKUBATH KOH-
[EHTPAIIIO 3arPA3HAIOIINX BEIIECCTB Ha MPEACTHHO JOMYCTHMOM YPOBHE.

BoiBoabI

Hcxonsa m3 MOMyYEeHHBIX JaHHBIX, B MAJBIX BOJOTOKaX B 30HE TEXHOTCHHOTO
BoznerictBus OI'MK mipupoaHbie BO/IBI B HACTOAIIEE BPEMSI OTHOCSITCSI K KATETOPUHU
Ype3BBIYAHO IPs3HBIX (7 KJIACC) U OYEHBb IPS3HBIX (6 Kiacc). B ux Bojgax npeBbIIeHbBI
PBIOOXO035IICTBEHHBIE HOPMATUBBI MO 7—9 TSDKENBIM MeTajulaM. 3arps3HEHHe JOCTH-
TaeT HKCTPEMATbHBIX 3HAUYCHWH (KPAaTHOCTEH NpEBBIICHUH (OHA W HOPMATHBOB
[IAK) — B mecsaTku, a Mo OTACIBHBIM MeTaulaM (MeJb) — B COTHH pa3. M3 3Toro Bo3-
MOXHO 3aKJIIOUUTh, YTO B HACTOSILEE BPEeMs IEPEHOC MOTEHIINAIBHO OMACHBIX 3arpsi3-
HSIOIIUX BEIIECTB TEXHOTCHHOTO MPOUCXOXKAEHHS OKA3bIBACT CYIIECTBEHHOE Hera-
TUBHOE BJIMSHHUE HA KAY€CTBO PUPOIHBIX MTOBEPXHOCTHBIX BOJ| B 3 HIJKENIEKAIIUX Ma-
JBIX BOJIOTOKAX, OTHOCSIIMXCS K BBICIICH PHIOOXO3SHCTBEHHON KaTeTOPUH.

Paboma svinonnena 6 pamrax cocyoapcmeennozo 3aoanus K@ TUI J[BO PAH
no meme « CmpykmypHO-@yHKYUOHATbHASA OP2AHU3AYUA, OUHAMUKA U NPOOYKMUS-
HOCMb HA3EMHbIX U NPUOPedicHbIX dKkocucmem na Jlanvuem Bocmoxe P®. Paspabomka
HAYYHBIX OCHO8 U IKOHOMUYECKUX UHCIPYMEHMOE YCMOUYUB020 NPUPOOONOIb308d-
Husy (Ne ETUCY 124012700496-4).

Cnucok JIuTepaTypbl

1. Lleixo b. A., ®éoopos B.B.Tnasa 1. Kmacc Cephalaspidomorphi— Munorn. Kiacc
Condrichthyes — Xpsitessie poiobl. Kitace Holocephali — IenbsHoronossie. Kiace Osteichthyes — KocTHbie
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MounuTopuHr cocTosinust YepHoro mopsi

A. A. Boponrios (vorv10921@gmail.com), A. M. Byneirun (bam524@mail.ru),
O. I'. Bumraes (vishniovoleg@meteo.ru)
DI'BY « BHUUT MU-MI/]», 2. O6Hnunck

AHHoOTanus. PaccMOTPEHO COBPEMEHHOE COCTOSIHHE MOHUTOPUHIa YepHOro Mops CrenuanucTaMu
Pocrusmpomera nocpecTBOM BBEJIEHHs B IPAKTHKY HOBOTO CIIPABOYHOIO M3/1aHus B Bujie «brose-
TEHS TUIPOMETEOPOIIOIMYECKOr0 COCTOSTHUSL HEPHOT0 MOPS», B COCTaB KOTOPOT'O BXOST MaTepUalIbl
Pa3HBIX BUJIOB HAOMIOICHMI 32 KaXKABLi TOZl PH IIOMOIIY Pa3IMYHbIX HAOMIOAATeIbHBIX IIaTHOpPM,
BKIouast cyzna, MC3, Oy u ruipoMeTeoposIornueckue CTaHuu. Oty exeronHbie broyuerenn Yep-
HOTO MOPsI IPEJOCTABILIOT IIEPBUYHYI0 HH(GOPMAIIHIO 17T BEIPAOOTKH 0OOCHOBAHHBIX YIPABICHUE-
CKHX PEIIeHHH Ha PA3JIMYHBIX YPOBHSIX OT JIOKAJIBHOI'O 10 (eaepabHOro.

KuroueBsle ciioBa: YepHoe Mope, TeMIrepaTypa BOBI, COICHOCTb BOJIbI, MOHUTOPHHT

M3meHeHus knumara, IpoUCXOASIIIHUE B TOCIEAHNE JECSITUIIETHS, B TOM YHCIIE —
rJI00aNbHOE TIOTEIICHHE, JICJIAl0T 0OCOOCHHO aKTyalbHBIMU HCCIICIOBAHMS TEKYIIHX
U3MEHEHHH pexnma Mopei PO u ux mpuOpexHbIX pernoHOB. BaskHbIME 0COOEHHO-
CTSIMM BHYTPEHHUX F0’KHBIX MOPEH SIBIISIOTCSI COBPEMEHHBIE BO3MOKHOCTHU UCIIOJIb30-
BaHUs X PEKPEAllMOHHBIX COCTABIIIOMINX, TAKUX KaK TEIUIbIA KIMMAT, TEMI0E MOpE,
neneOHoe BO3JCHCTBHE MOPCKHMX M BO3AYIIHBIX BaHH U MHOroe japyroe. UépHomy
MOPIO TIPHHAISKUT 0codast poib. [ TaBHBIM MPHUPOIHEIM pecypcoM YepHoro mops
ABIsieTCsl KIMMaT. KiuMaT B 3HaYMTENIbHOM CTENEHH ONpeeNsieT BO3MOKHOE UCIIOIb-
30BaHME OOEPEXKbS ITUX MOPEH /IS CO3/IaHUS KYPOPTOB, IOMOB OT/bIXa, KEMITUHIOB.

C npyroif CTOpOHBI, peKpealiOHHBIE BO3MOKHOCTH MPUOPEKHBIX 30H FOKHBIX
MOpEH OTpeeNIoTCS He TONBKO BO3ICHCTBUSAMA BHEITHUX TII00ATBHBIX TPHUPOTHBIX
(haKTOpOB, HO U AHTPOIIOTCHHBIM BO3ACHCTBIEM. B 4acTHOCTH, 9KOJIOTHYECKOE COCTO-
ssHUe YepHOro Mopsl B CBA3U € PaCIIMPECHUEM TPAHCIIOPTUPOBKU YIJIEBOAOPOOB, YBE-
JMYEHNS] MHTEHCUBHOCTH CYJJOXOJCTBA U IPYTHX BUIOB YEIOBEYECKOHN NEATENBHOCTH
B OeperoBoii 30He MPOAOIDKACT yXyaThcst. Ha M3MEHeHHs THIPOJIOrn4ecKoro pe-
JKMMa MOpsi, BBI3BaHHBIE aHTPOIOT€HHBIM (DAKTOPOM (M3BSTHEM YacTH CTOKa peK),
HaKJIa/bIBAIOTCS PErMOHAJIBHBIE IPOSIBICHUS KIMMAaTHUYECKUX HU3MEHEHHH, KOTOpble
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MOTI'YT YCHJIMBATh MJIM OCIa0JIsATh HETaTHBHBIC MIOCIIE/ICTBHUS X0O35IMCTBEHHOM /e TEIb-
HocTH. ['T06aIpHBIE H3MEHEHUS KIUMAaTa ONPEAeIAIOT 3HAYNMBbIE, B TOM YHCIIE U HeTa-
THUBHBIE M3MEHEHNs cocTosHUS UépHOTo Mops. JlocTOBepHAsI OIICHKA MIPOMCXOIAIIINX
U3MEHEHUH MOXKET MO03BOJIUTh CBOEBPEMEHHO CIUIAHUPOBATh U BBIMOIHUTD aJanTaly-
OHHBIE MEPONPHUSITHUS C LEIbI0 YMEHBIIECHHS BO3MOXKHBIX HETaTUBHBIX NOCIEICTBUI.

[ToHATHE «MOHHTOPHHIY», IPUMEHAEMOE KaK METOJ HAyYHOTO HCCIICTOBAHUS,
CBSI3aHHBIH HEMOCPEACTBEHHO C U3yYEHNEM OKPYKAIOLIEH CPeJIbl, MOKHO ONPENEITUTh
KaK peryJsipHble HaOMIOAEHUs, OIIEHKA COCTOSIHUS U MPOTHO3 €€ COCTOsIHUSA. J{71s Mo-
peii Poccnn mososkeHust Tocy1apCTBEHHOTO MOHUTOPHHTA BOJHBIX 0OBEKTOB YXKe y3a-
KoHeHo BoaubiM konmekcom Poccutickoit deneparn Ne 74-D3 (¢ u3m.). B cBsizm ¢
STUM OpraHu3alysl KOMIIJIEKCHOTO MOHUTOPHHIA COCTOSIHUSA YepHOro Mopst ABIsIeTCs,
6e3yclIoBHO, akTyalbHOH 3a1aueil [4; 7]. B paMkax 3TOro MOHUTOpUHTA OBIIO TMPH-
HATO PEIICHNE O TTOATOTOBKE M BBHITyCKE €KETOAHBIX OIOJUIETeHEH THAPOMETEOpOIo-
rudeckoro cocrosaus Yeprnoro mopst [6]. Hauunas ¢ 2019 r. takoi OrosmiereHs [2].
TOTOBUTCS M PACChIIACTCS 3aMHTEPECOBAHHBIM OpraHmsanusMm. B Bromnerensx 3a
2020-2023 rr. mpencTaBiieHa Takxke WHpopMmamus u 1o A3oBckomy mopio [3]. B
HACTOSLIUNA MOMEHT BPEMEHH K Te4aTH FOTOBUTCA BIONIeTeHb THIPOMETEOPOIOrHYE-
cKoro cocTtostHus YepHoro mMops 3a 2024 r.

OTMeTHM, 9TO TIOATOTOBKA MaTepHajoB brojuieTeHeil mpoBOIUTCS HAa OCHOBE
00beIMHEHHOM 0a3bl TaHHBIX [5], B KOTOPYIO MOCIIE IIPOBEICHHOTO CPAaBHEHHS U IIPO-
BEJICHHUS JIOTIOJHUTEIBFHOTO KOHTPOJISI OBbUTH JIOOABJIEHBI MCTOPHYECKUE MaTepualbl,
cobpannsie MI'I PAH [9], BroyeTerr coiepKUT ONepaTUBHYI0 HH(POPMAIIHIO 110 Te-
KyIIeMy COCTOSIHUIO Mopeid. [To onepatuBHON MOHMMAaeTCs HHPOpPMALYS, TOITyYeH-
Has C JMIEH3UPOBAHHBIX HAOJIOJAATENBHBIX IJIATGOPM B TEUECHHE aHAIM3UPYEMOro
roga. B Bronmnerene ucnonp30BaHbI TAKKe HCTOPHUCCKHIE JAHHBIC IS OICHKH MPOUC-
XOISAIMX TEHAECHIIMN N3MEHEHNSI COCTOSTHHS MOPEN.

Hacrosumii broynerens cogepKur:

— MaTtepuansl HaOMIOJAEHUN Ha NMPHUOPEKHBIX METEOPOJOTMYECKUX CTAHIUIX,
BXOJAIINX B CHCTEMY MEXITyHApOIHOTO oOMeHa. [IpeicTaBIeHbI METEOPOIOTHUECKIE
naHHble mwectu crpad: PO, Pymbinnn, ['pysun, Typuuu, boarapun u Ykpauns;

— JTaHHBIE HAOJIOICHUH Ha MOPCKUX THAPOMETEOPOIOTHIECKUX CTAaHIUSAX U T0-
CTaX POCCUMCKOro cekropa YepHoro mops;

— MarepHanbl HAOMIOJACHHH, BBITOIHIEMbIE IITYPMAaHCKAM COCTaBOM CY/IOB,
HaxO/IMBILKXCS B aKBATOPHH MOpeH (JJ00pOBOJIBHBIE Cy/10BbIE HAOIIOICHHS);

— JTaHHBIE TITyOOKOBOJHBIX OKeaHOTrpadudecknx HaOII0eHNH, IPOBOIUMBIX C
6opTa HayYHO-HCCIIEAOBATEIBCKUX Cyn0B Pocruapomera, Hay4dHO-HCCIIEIOBATEINb-
CKHX CYZIOB M 3aSKOPEHHBIX HaJBOAHBIX W ITOJIBOJHBIX HAOIIOIATEIBHBIX IIAT(HOPM
Axanemun Hayk P®D;

— JlaHHBIC TIIyOOKOBOJHBIX OKEaHOTpa(UUECKUX HAOIIOICHUH, TOIydaeMble C
MOMOILBIO PO(QMINPYIOMNX OyeB, BBIOIHSIONMX HAOIIOACHHS B PAMKaxX MEXIyHa-
poxanoii mporpammslr APTO (puc. 1);

— JaHHBIC AUCTAHIIMOHHOTO 30HIMPOBAHMSA C TOMOIIBI0 HCKYCCTBEHHBIX CITYT-
HUKOB 3emin (puc. 2-3).
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b ypbi Bojibl, °C. Bepruxansssie mpodiuin TeMnepaTypsi Bozst, °C.
HI0JIb. 2021r. Owrabps 2022 . Tpanenus Mapeaena N 17735
o e . o
20 20
40 "
60
60
80
80
oo
120 100
M M
6.0 11.0 16.0 21.0 C 6.0

Puc. 1. BeprukasnbHbie npoduian TeMiepaTtypbl Bojsl (u3mepenus oyem API'O)

Puc. 3. 'onosoii xon ypoBHs Mops 110 1aHHbIM MIC3
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B Bronerensx npeactaBieHsl M JaHHBIE MOJIENBHBIX pacueToB. B wacTHoCTH,
MPUBOJATCS KapThl MAKCHMAIBHO BO3MOYKHBIX M HanOOJIee BEPOSTHBIX 3HAUCHUI BBI-
COT BOJIH, KapThl TOBEPXHOCTHBIX TeueHHH (puc. 4).

CropocTh TeyeHUuH, M/c
HoaGpb 2024 r.

Puc. 4. Kapra NOBEpXHOCTHBIX TeUeHNI YepHOTro MOpst IO MOJICJIBHBIM pacueTam (pacyer
BBITOJIHEH B paMKax mpoekta KonepHukyc)

BroiiereHs u3naercs B BUJE OTAEIbHOM KHHUIH, COAEpIKallel aHATIUTHYECKUN
0030p TEKyMIero cocTossHUS YepHOTo MOpsi ¢ OOJBIIMM KOJIUYESCTBOM MILTFOCTPATHB-
HOro MaTepuaia: rpadukoB, Tadiuil, KapT. HemocpecTBeHHO JaHHBIC HAOIIOICHHUH,
KaK B HCXOJTHOM, IPOKOHTPOJIMPOBAHHOM BHUJIE, TAK M BUJIE PACCUUTAHHBIX CTATUCTHK
cobpanbl B [Ipunoxkenusx k bromterento. [Ipumoskenus 3anucansl Ha CD-quck, mo-
CTaBJIIEMBIN € KaXKIbIM 3K3eMIUIsipoM bromerens. Cucok JaHHBIX, BKIIOYAEMBIX B
IIpunoxeHusix, MOKET HECKOJIBKO MEHAThCS OT rojaa k roay. Hampumep, brosierens
3a 2023 1. comepxut 27 npunoxennt [3]:

— TaOJHIBI CTATUCTUK THIPOJIOTHYECKHUX TTAPaMETPOB Ha MOPCKHX CTAHITHAX U
noctax YépHoro u A30BCKOT0 MOpeH (TpexcpeaHee, KBaHTUIIN, pa3Max), TeMIeparypa
BO/JIBI,

— OCHOBHBIC CTATHCTHUKH MEPBOTO TOPSIKA THAPOJIOTHIESCKHAX TapaMEeTpOB HA
MOPCKHX CTaHIUAX U nocTax YEpHOro nu A30BCKOro MOpei, TemrepaTypa BObI;

— TAOJHUIBI CTATUCTUK THIPOIIOTHYCCKHUX TAPAMETPOB Ha MOPCKHX CTAHIIHSIX U
nocrax Y€pHoro m A30BCKOTO MOpeH (TpexcpenHee, KBaHTHIIM, pa3Max, COJIEHOCTh
BOJIbI;

— OCHOBHBIE€ CTAaTHCTUKU MEPBOT0 MOPsAKAa THAPOJIOTHUYECKUX MapaMeTpoB Ha
MOPCKHUX CTaHIMSX U ocTtax YEPHOTo U A30BCKOTO MOPEH, COIEHOCTH BOJIBI;

— TaOJIUIBI CTATUCTUK THAPOJIOTHIESCKUAX MTApaMEeTPOB HAa MOPCKUX CTAHIUSIX U
moctax YEpHoro m A30BCKOTO MoOpeil (TpexcpeiHee, KBaHTHIH, pa3Max), YPOBEHb
MODS;
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— OCHOBHBIE CTAQTHCTHKH IIEPBOTO TMOPSAKA THAPOIOTHYECKUX ITapaMeTpoB Ha
MOPCKHX CTaHIUAX U nocTax UEpHOro u A30BCKOro Mopeil, ypoBeHb MOpS;

— TaOJMILBI CTATUCTHK TMAPOJIOTHYECKUX apaMeTpOB Ha MOPCKUX CTAHLUSX H
noctax YépHoro m A30BCKOro MOped (TpexcpemHee, KBAHTHIIH, Pa3Max), BBICOTHI
BOJIH;

— OCHOBHBIE CTaTHCTHKH ME€PBOT0 MOPsAKA MMIPOJOrMYECKHX MapaMeTpoB Ha
MOPCKHX CTaHIUAX U ocTax UEPHOTo u A30BCKOTO MOpEHi, BEICOTHI BOJIH;

— aHOMAJIMU CPETHEMECSYHBIX M CPEAHETO/IOBBIX 3HAUCHHWI OCHOBHBIX THAPO-
JIOTHYECKUX TTapaMeTpoB Mo JaHHBIM Habmoaennii Ha MI™ u MI'TT AzoBckoro u U€p-
HOT'0 MOpeii;

— KapTBI-CXEMBI MECT, Tie ObITH BHIITOJIHEHBI ITyOOKOBOIHbBIE CY/IOBBIE HAOIIO-
nenns B 2023 r.;

— KoopamHaThl MecT, rae B 2023 r. ObUIM BBIIIOJHEHBI MOMYTHBIE CYHOBBIC
HaOJII0IeHUS,

— rpaduKu TOZOBOTO X0/1a CPETHEMECAIHBIX, MAKCUMAIBHBIX 1 MUHIMATbHBIX
3a Mecsll 3HAUCHMI TEeMIIepaTypbl BO3/yXa HA HPHUOPEKHBIX METEOPOJIOTHIECKHX
craHuusax YépHoro mops;

— rpauKu CpeJHECYTOUHBIX, MAKCHMAIbHBIX U MUHIMANBHBIX 33 CyTKH 3Haue-
HUHA TEeMIIepaTypsl BO3/IyXa Ha METCOPOJIOTHYECKUX CTAHIMAX mobepexbs YEpHoro
Mmops B 2023 r,;

— rpad)uKu CpeIHECY TOYHBIX, MAKCUMAIILHBIX 1 MUHUMAJIBHBIX 33 CyTKH 3HaYe-
HUH TeMIlepaTypbl BO3AyXa Ha METEOPOIOTHYECKUX CTAHIUAX MOOepexbs A30BCKOTO
Mmops B 2023 r,;

— TpaMKM TOI0BOTO XO/1a CPEAHEMECIYHBIX, MAKCUMAIBHBIX 1 MUHUMAaJIbHBIX
3a Mecsdl] 3HAa4eHUH TeMIepaTypbl BO3JyXa Ha MPUOPEKHBIX METEOPOIOTHUECKHUX
CTAHIISIX A30BCKOTO MOPS;

— rpaduKu TOJOBOTO X0Ja CPEIHEMECSYHOT0, MAKCUMAIbHOTO U MHHUMAaIlb-
HOT'O 3a Mecsl] 3HaUCHUI aTMOC(EPHOTrO JAaBJICHNSI HA METEOPOIOTMYECKUX CTAHIUIX
A30BCKOTO MOpS;

— rpa)uKu TOJOBOTO X0Ja CPEIHEMECSYHOTO0, MAKCUMAIbHOTO U MHHUMAaIb-
HOTO 32 MECSIIl 3HAYCHUH aTMOC(EPHOTO JIaBJICHHUS HA METEOPOJIOTHIECKUX CTAHIHAX
Yépnoro mops;

— rpaduKK CpeHECYTOYHOTO, MAKCHMAIFHOTO ¥ MHUHHMAJIFHOTO 32 CYTKH 3Ha-
YeHUI aTMOC(EpHOTo JaBICHHS Ha YPOBHE MOPS HAa THIPOMETEOPOIOTHIECKUX CTaH-
nusix YépHoro Mops;

— rpaduKH CpeAHECYTOYHOT0, MAKCHUMAJIFHOTO 1 MUHUMAJIBHOTO 3a CYTKH 3Ha-
YeHNH aTMOC(EpPHOTO aBICHHS Ha yPOBHE MOPS Ha THAPOMETEOPOTIOTHIECKUX CTaH-
nusx Yépuoro Mops;

— PO3BI BETPOB (CpeHss U MaKCUMaIbHas 3a TOJl CKOPOCTh BETPa) U MOBTOPsie-
MOCTh BEIMYMH MOJYJsi CKOpOCcTH BeTpa 3a 2023 r. Ha TUAPOMETEOPOIOTHUECKUX
CTaHLHAX A30BCKOIO MOPS;

— PO3BI BETPOB (CpeHsisl 1 MaKCHMalbHasl 33 TOJ] CKOPOCTb BETPa) U IOBTOpsIe-
MOCTb BEIHYHH MOIYJsS CKOpocTH BeTpa 3a 2023 r. Ha THAPOMETEOPOTIOTMYECKUX
cranuuax Y€pHoro mMopsi;
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— PO3BI BETPOB (CpeTHeMEeC YHbIe, MAaKCHMAITbHBIC 3HAYEHUS) f TOBTOPSIEMOCTH
BEJIMYMH MOYJIsI CKOPOCTH BETPA 3a MECHIL B 3aI1aIHON U ceBepo-3anaaHoi yacta Yép-
HOTO MOpS;

— PO3BI BETPOB (CpeTHEMECYHBIC, MAKCUMAJIBHBIC 3HAYCHHS)  TOBTOPSIEMOCTh
BEJIMYMH MOJYJIsl CKOPOCTH BETpa 3a MecCsIl Ha moiayocTpose Kpbim;

— PO3BI BETPOB (CpeIHEMECTUHBIC, MAKCHMAIIbHbBIE 3HAYEHHS1) ¥ IOBTOPSIEMOCTD
BEJINYMH MOJYJS CKOPOCTH BETpa 3a MecAIl B BOCTOYHOH M CEBEPO-BOCTOYHOH HacTH
YépHoro Mopsi;

— PO3BI BETPOB (CpeTHEMECTUHBIC, MAKCHMAIIbHbIE 3HAUEHHST) 1 TOBTOPSIEMOCTD
BEJIMYMH MOJYJISl CKOPOCTH BETpa 3a MecCsIl B 102kHOI yacTu YEpHOTO MOpst

— pO3BI BETPOB (CpeaHEMECSYHbIe, a TaKXKe CPEIHET00BbIe, MAKCHMAaIbHbBIE
3HAYEHHUs) ¥ MOBTOPSIEMOCTh BEJTMYMH MOJYJISI CKOPOCTH BETpa 3a MECSI M 3a TOJ B
A30BCKOM MOpE;

— KapThl TeMIEpaTypsl TOBEPXHOCTHOTO c10s1 UEpHOTo U A30BCKOr0 MOpEli;

— KapThbl OTKIOHEHUsI ypoBHS UEPHOro MOps OT reouna;

— KapThl CKOpocTel TeueHuit B YépHoM Mope;

— KapThl BBICOT BOJIH B UEpHOM MoOpe.

B Bromretensax ocoboe BHUMAHUE YAEICHO INIABHBIM «OOJIEBBIM TOYKAM)» pe-
»mmMa Yeproro mops. [lepas mpobiaema — HagaBreecs ¢ cepenusl 1990-x rr. moTen-
JIEHUE AeATeNbHOro cios Mops. CpeaHeronoBas TeMieparypa HOBEPXHOCTHOIO CIIOS
BO/IBI 3a 9TOT MEpHOJI BhIpocia doiee yeM Ha 2,2 °C [1]. Poct TemnepaTyps! noBepx-
HOCTHBIX CJIOEB BOJBI BEJIET K YMEHBIICHUIO PACTBOPUMOCTH KHCIOpoAa B Boae. OT-
CYTCTBHE XOJOIHBIX 3MM Ha MPOTSHKCHUU IOCICTHETO JCCSATWICTHS MPUBOIUT K
YMEHBIICHHIO MOCTYMAIONIEr0 U3 aTMocdepbl Kucinopoaa. Tekyimas cuTyanus BbI3bl-
BaeT KpailHI010 00eCIIOKOEHHOCTh BBULY TOTO, UTO Ha OObIIeH yacTH akBaTopun Yep-
HOT'O MOPSI HICYE3aeT WK yXKe OTCYTCTBYET CIION BOJIBI C COJICPKAHUEM PACTBOPEHHOTO
KHCIIOpOJia B KOHLIEHTPALUH, 1O0CTATOYHON JUIs OAEPKAaHHS TTOIYJIALUH IIPOMBICIIO-
BBIX PBIO U APYIrUX TUIPOOHMOHTOB. Martepuaisl, peAcTaBiIeHHbe B brouerensx, no-
Ka3bIBAIOT, YTO OHOpa3HO0Opa3ue YepHOro Mopsi HAXOAUTCS O] yTPO3OH.

W3naBaembie exeroaHo broyieTeHn ruipoMeTeoposIornyecKkoro coctosius Yep-
HOT'O MOpsI ITPU3BaHbI IPUBJICKATh BHUMAHHE IIUPOKOH OOIIECTBEHHOCTH H yIIPaBIIsi-
IOIIMX OPraHOB K BO3ZHMKAIOIIMM MpOOJIeMaM SKOJOTHYECKOTO XapakTepa W Ipejo-
CTaBIIAIOT MEPBHYHYI0 WHPOPMAIMIO I BBIPAOOTKH OOOCHOBAHHBIX YyINpaBIICHYE-
CKHX PEIICHHH, KaK Ha JIOKAJIbHOM, TaK 1 Ha (eaepantbHOM ypPOBHSX.
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Ouenka nnaexca myrHoctu NDTI pek boabmoit Upern
U boabmoit beJioi

A. A. TTnsckuna (alinadensina@mail.ru)

HUpxymckuii cocyoapcmeennblii ynusepcumem, 2. Upxymck

Annortanus. JlaeTcs omeHka MHIEKCAa MyTHOCTH BoJbl pek bonpmoit Upetn u Bonpmoit benoii B
UYepeMXxOBCKOM paiioHe Ha OCHOBE CITyTHHKOBBIX JaHHbIX Sentinel 2 3a nepuozn 2020-2024 rr. C no-
MotIpto npumeneHns nuaekca mytHoct Boabsl (NDTI — Normalized Difference Turbidity Index) Bbi-
SIBJICHBI MTPOCTPAHCTBEHHO-BPEMEHHbIE 3aKOHOMEPHOCTH W3MEHEHHsl KaueCTBa BOJHBIX OOBEKTOB.
YCTaHOBIIEHO, YTO 30HBI TOBBILICHHON MyTHOCTH KOPPEIUPYIOT C y4aCcTKaMU aKTUBHOT'O aHTPOIIO-
TEHHOIO BO3/ICHCTBUS, BKIJIIOYAs HACEJICHHBIC ITYHKTHl U CEJILCKOXO3SIHCTBEHHbIE TEPPUTOPHH, a
TaKKEe C ECTECTBEHHBIMHM THIPOMOP(OIOrHUSCKUMH MPOLECCaMU, MPOUCXOSIIMMU B MPOTOKAX,
CTapHLax 1 Ha MEJIKOBOABSIX. [ToyyeHHbIe pe3yJIbTaTbl MOTYT CITy>KHTh OCHOBOH JUIst KOMIIIEKCHOTO
9KOJIOTMYECKOTO MOHUTOPUHI'A M OLIGHKH BO3/ICHCTBUS IPHPOIHBIX U aHTPOIIOI€HHBIX (paKTOPOB Ha
BOJIHBIE DKOCHCTEMBI PETHOHA.

KiroueBslie cjioBa: MyTHOCTB Bofibl, Sentinel-2, nunexc mytHoctu NDTI, bonbuias Upets, bosbiias
Benast, runpomopdostoruyeckre nporeccsl, HaBOAKN, aHTPOIIOTEHHOE BO3IEHCTBHE, IKOJIOTHUESCKHI
MOHHUTOPHHT.

BBenenune

AKTyanbHOCTB HccienoBanust aist YepemxoBckoro paitona MpkyTckoit odbmactu
00yCIIOBJIEHa HE TOJBKO HMPHPOAHBIMH (DaKTOpaMH, BO3pAcTaroOLIel aHTPOIIOTCHHON
Harpy3Koi OT *KM3HEJEATeIbHOCTH MECTHOTO HACENICHMS, CEIbCKUM XO3SIHCTBOM H
MPOMBIIUIEHHOCTBIO, HO U COLUMAIBHON HANpPsUKEHHOCTBIO, CBSI3aHHOM C KauecTBOM
BOJIBI B MECTHBIX peKax. B mocieqane ToIbl )UTEN HACSICHHBIX ITyHKTOB, TIPHJIeTa-
fomux K pekaM bosbmast Mpers u bonbimas benas, HeoOZHOKpAaTHO BeIpaXkanu HeJo-
BOJILCTBO YXYyAILIEHHEM KadeCTBa BOJBI, YTO MPOSBIAIOCH B U3MEHEHUH €€ IIBeTa, 3a-
raxa ¥ Ipo3pavyHOCTH U MacCOBOM THOeH prIObI. DTH COOBITHS AKTHBHO 00CY K IaTNCh
B COITMAJBHBIX CETSX, I/Ie JKUTEIH ACTHINCH (GOTOrpapusIMU W BUACO3AMUCIMH, JIe-
MOHCTPHUPYIOIINMH 3aTrPsI3HEHNE PEK ¥ THOEIb phIObl. MHOTHE KUTEIH CBSA3BIBAIM OTH
SIBJICHUS C ASATEIBHOCTHIO IPOMBIIIUICHHBIX U YTJIeI0OBIBAIOIINX NPEIIPHITHH, CEllb-
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CKOXO3SHCTBEHHBIX OPTaHU3AIIH, PaCTIOIOKEHHBIX BOIM3HM BOTHBIX 00bekTOB. OOpa-
HICHUS OT MECTHBIX JKUTeJeH moctynand B Pocipupoaranzop u Pocnorpebranzop u
Ipuponooxpannyr [IpokypaTypy, ¢ TpeOOBaHHEM MIPOBECTH PACCICAOBAHUE U TIPU-
HSITh MEPHI 110 YIIYYIICHUIO YKOJIOTHIECKOH CUTYaIluH, OJTHAKO UX PE3yJIbTaThl HE BCE-
T/Ia YJOBJETBOPSUIM MECTHOE HAceNICHHWE, YTO MOAYSPKHUBACT HEOOXOIMMOCTE Ooiee
JIETIBHOTO U HE3aBUCHMOTO aHAIIN3a COCTOSIHUS BOJHBIX 00BbeKTOB. B 3T0it 00mactu
WCCIIEZIOBAHUS UCTIOIh30BAHNE CITYTHUKOBBIX JaHHBIX Sentinel-2 Ajsl OlleHKU MyTHO-
ct Boabl ¢ momonibio nHaekca NDTI (Normalized Difference Turbidity Index) cra-
HOBHTCSI 0COOCHHO aKTYaJIIbHBIM. DTOT METOJI MO3BOJISIET HE TOJBKO BBIIBHTH ITPO-
CTPaHCTBCHHO-BPEMECHHbBIC HM3MCHCHHS MYTHOCTH BOJBI, HO M YCTaHOBHTBH CBS3b
MEX]ly aHTPOIIOTEHHOH JIeATENbHOCThIO, €CTECTBEHHBIMU (DAaKTOpaMU U YXYIIIEHUEM
Ka4yecTBa BOJIHBIX PECYpPCOB.

[Tomy4eHHbIe JaHHBIC TTOMOTYT OOBEKTHBHO OLICHUTH COCTOSIHUE BOIHBIX 00B-
€KTOB, YTO OYJIeT CII0cOOCTBOBATH OCBEAOMIIEHHOCTH MECTHOTO HACEIECHHUS U BOCCTa-
HOBJICHUIO JIOBEPHS K PUPOTOOXPAHHBIM OPTaHaM M MPEIIPHUATHIM, COOTFOTAI0NTIM
TpeOOBaHMS OXPaHBI OKPY’KAIOIICH Cpesbl.

O0BeKT HccaeI0BaAHHSA

OOBEKTOM HCCIIEIOBAHUS SBISIOTCS BOAHBIE 00BEKTHI pekd bonbmas Npets n
bonpmas Benast, pacrionoxxenHoi B UepemxoBckoMm paiione Mpkyrckoit oomactu. B
paMKax UCCIIEJOBAHUS PACCMATPUBAETCS TaKKE €€ OCHOBHOM IIPUTOK, I'oityMeTh.

HccnenyemMble pexu MOBep KEHBI €CTECTBCHHBIM M aHTPOTIOT€HHBIM (haKTOpaMm,
BJIMSIONIMM Ha MX THAPOXMMHYECKHE MapaMeTphl, BKIOYast MyTHOCTh BOABL. Cpemn
HIPUPOAHBIX (PAKTOPOB OCHOBHOE 3HAYECHHE MMEIOT CE30HHBIE KOJICOAHUs CTOKA, HPO-
3HOHHBIE ITPOIIECCH! U BBINAJAEHHE 0CAIKOB, IPUBOJAIIEE K YBEIHUECHHIO KOHIICHTpA-
IIIH B3BEHICHHBIX YacCTHIl. AHTPOIIOTCHHOE BIMSHHE CBA3AaHO C TOPHOIOOBIBAIONICH
JEATENBHOCTBIO, CEIbCKUM XO3HCTBOM H IOCEICHUSIMH, PACIIONOKEHHBIMU B TIpeJie-
Jax OacceiiHa peKH.

JUis OLEHKH MPOCTPAaHCTBEHHO-BPEMEHHON H3MEHYMBOCTH MYTHOCTH BOJBI
MPUMEHEH aHAIN3 CITyTHUKOBBIX CHIMKOB Sentinel-2 ¢ MCIoap30BaHIEM HOPMAIN30-
BaHHOTO pa3HOCTHOTO MHAeKca MyTHOCTH (NDTTI).

UepeMxOBCKHII palioH pacloyokKeH B IMpeenax 10kHoH gacti Boctounoit Cu-
OupH, B IEHTpaNbHOHN YacTu MpKyTCKoil 00JaCcTH, YTO ONpEACIsET ero Pe3KO KOHTH-
HEHTAJIbHBIH KIMMAT C BBIPa)KEHHON ce30HHOCTHIO [1]. OCHOBHOE BIMsSHNE HA KIUMaT
OKa3bIBAIOT CEBEPO-3aMaHbIe U 3aMaHbIE BO3AYIIHBIE MACChI, a TAK)KE 3HAUUTENbHAS
ynanéHHocTh OT okeaHoB [2]. Cpenusisi TeMneparypa B siHBape cocTasiseT —20...
—25 °C, MuHMMasbHbIE TeMuepaTypsl MoryT gocrurator —45 °C. Jlero témoe, cpea-
Hsis Temreparypa uroist — +18...+20 °C, makcumanbHble 3Ha4eHus qocturaror +35 °C [1].

T'omoBoe koMYecTBO 0CAAKOB BappupyeTcs B npeaenax 250—400 MM, 6onplias
UX 4acTh BBIMAJAET B JIETHUI NepHoA. 3UMbI MaJOCHEKHBIE, UTO CIOCOOCTBYET IITy-
6oKOMy TIpOMEep3aHHIO ITOYBEL. BeTpa mpeobiraiaroT 3amaHbIe ¥ F0T0-3amaHble CO Cpel-
Hell CKOPOCTBIO 3—5 M/c, 3MMOiT BOSMOYKHBI CHITBHBIC BOCTOYHBIC BETPHI H METEIH [3].

IIpoaomkuTenbHOCTh 0€3MOPO3HOTO Mepruoaa coctapiser okoyo 90—110 gueit,
YTO OTPAaHWYMBACT BETCTAI[MOHHEBIN ce30H pacTeHHi [1]. CymecTBeHHBIE Tepernaibl
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TEMIIepaTyp B TEUSHHE T'01a ¥ KOPOTKOE JIETO HAKIIABIBAIOT €KETOHBIC OT PAHNICHUS
Ha BUJIbI PACTUTEIBHOCTH U CEIbCKOXO3SIICTBEHHYIO IEATENBHOCTb.

T'unporpacdudeckast ceth paifoHa npejacTapicHa dacceitHoM p. bonbmioit benoi,
ee nputokamu — bonbsmas Upets, I'omymets n apyrumu [3]. Bona mpuroana mis mi-
THEBOTO M TEXHUUECKOT 0 BotocHaOxeHus1. Pexa benast umeeT mmpokyro 3a0071049CHHY IO
nonuHy [4]. Pexu Bompmas Upers, 'omymers u bombmast benast mpunamexar Gac-
ceiiny Anrapsl. bonbmast benmast o6pasyercs B pesynbTarte cnustHus pek bapyyH-Caran-
bunsunp u Caran-bunsunp. Ha pasanne p. bonsmioit benoit, cimBascs ¢ pexoit Manoi
Benoii, npuanmaer Ha3zBanue benas u Bnagaer B Anrapy. Knumar paiiona pe3ko KOH-
TUHEHTAJIbHBIN ¢ IPOJIOJLKUTENEHON XOJIO0AHOM 3UMON 1 KOPOTKHUM >KapKuM jieToMm [1].

TTouBeHHBI TOKPOB YepeMXOBCKOTO palioHa (GOPMHUPYETCS B YCIOBUSIX PE3KO
KOHTHHEHTAJILHOTO KJIMMaTa | Mpeodiaganus ecoctentoro nanamadra [5]. OcHoB-
HBIMH TI0YBaMH PaliOHa SIBJIIOTCS AEPHOBO-TIOA30JIUCThIE, YEPHO3EMBI OIOA30JICHHbIE
U cepble JIeCHbIE TIOYBHI [6].

YepHO3EMBI ONOA30ICHHBIC 1 TEMHO-CEPHIC JICCHBIE MOYBHI PACIIPOCTPAHCHEI B
PAaBHUHHBIX YacTsIX paiioHa, B YCIOBUSIX YMEPEHHOTO YBIIa)KHEHUsI. DTU ITOYBBI 001a-
JIal0T BBICOKOH TUIOJJOPOJHOCTBIO, HO, BCJICICTBUE CKIIOHHOCTH K 9PO3UH TPEOYIOT Me-
JIMOpaLUU JJIs CEJIbCKOXO03CTBEHHOIO UCIIONIb30BaHus. B noiimax pek BCTpeyaroTcst
QITIOBHAJBHBIC MTOYBHI C BRICOKOH BIIaro€éMKOCTBIO, HCTIONB3yEeMBIE IJIST CEHOKOCOB H
nactou [5].

Ha cxyioHax W BO3BBIIIEHHOCTSIX (DOPMHUPYIOTCS MAJIOMOIIHBIE KaMEHHCTHIC
MOYBBI, OTJINYAIOMIAECS HU3KUM COJEPKAHUEM TyMyca M BBICOKOH 3PO3MOHHON MOJ-
BEPXKEHHOCTHIO [6]. 3HAYNTENbHBIC TIOMIAIN 3aHATHI TOYBAMH TEXHOT€HHOTO TTPOHC-
XOXKAEHHS B 30HaX JOOBIYM yIJIs, YTO TPEOYEeT MPOBEACHHS PEKYIIbTHBALIMOHHBIX Me-
pompusTuii [7].

Teppuropust palioHa XapakTepU3yeTcsl INPEUMYILIECTBEHHO arpapHOil Hampas-
JICHHOCTBIO, MHOTOYHCIICHHBIMH MECTOPOXKACHUSAMH Pa3HOOOPAa3HOTO PYAHOro, He-
PYAHOr0, KAMHECAMOLBETHOTO, TBEPJOr0 TOIIMBHO-IHEPIeTUYECKOr0, MUHEPAIbHO-
CTPOUTETHHOTO CHIPbs [7].

MeToabl MccJIeI0BAHUSA

OueBUHO, YTO YCIOBHEM PENPE3CHTATUBHOCTH JAHHBIX MOHUTOPUHTA SIBIS-
eTcs OHOPOIHOCTH BOJHOTO Tella PeKH Ha CTBOPE MOHUTOpHUHTA. Pasymeercs, pery-
JsipHast MPOBEPKA OAHOPOJHOCTH CTBOPOB MOHUTOPUHTA IO BCEM OMPEAEISEMbIM TH/I-
POXMMHUUYECKUM XapaKTEPUCTHKAM SIBIIIETCS KpaliHe TpyJaoeMKol 3anadeill. B craTbe
IpeACTaBlIeHa METOAUKA MIPOBEPKU OJHOPOJIHOCTH CTBOPA MOHUTOPHHIA C TIOMOIIBIO
aHaJIM3a IAaHHBIX JTUCTAHITMOHHOTO 30HIupoBanus 3emiu (/133). DTa MeTonnka BKITIO-
yaeT B ce0s1 pacuersl nHAekca MyTHocTH NDTI Ha 0ocCHOBaHMHM CITyTHUKOBBIX CHUMKOB
Sentinel-2 B cpene QGIS B npenenax OydepHOii 30HB CTBOPa MOHHUTOPUHTA, aHAIIU3
OJIHOpOIHOCTY 3HaueHui nuaekca MyrHoctd NDTI Bnons ctBopa MmonuTtopuHra. Ilpu-
BEJIEHA OIIEHKa OJHOPOJIHOCTH MHIeKca MyTHOCTH Ha p. bonbmioit benoit n bonbmioi
Hpetu no Bnanenus B Hee p. Manoit benoii. Pazymeercs, 0oAHOPOAHOCTH CTBOpa MO-
HUTOPUHTA 110 3HAYCHUSAM HHJEKCa MyTHOCTH HE TapaHTUPYET €ro OAHOPOJHOCTH MO
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BCEM THAPOXMMHYECKIM ITapaMeTpam, OJHAKO OTCYTCTBHE OJJHOPOIHOCTH IT0 HHACKCY
MYTHOCTH MOXXET CIIy’KUThb IPH3HAKOM HEOJAHOPOIHOCTH PEYHOTO IIOTOKA Ha CTBOPE.

HopmanusoBanusblii pasHoctHbIil nHaeke myTHoctH (Normalized Difference
Turbidity Index, NDTI) sBnsieTcs mokaszaTeneM MyTHOCTH BOZBI, OH XapaKTEPH3YeT
YMEHBIIECHHE NTPO3PavYHOCTH BOJbI N3-3a B3BEIICHHBIX MUHEPAILHBIX U OPTaHUIECKHX
YacTHI, B BOJHOM 00bekTe. MyTHOCTh MOKET OBITh BbI3BaHa IOCTYIUICHUEM TEPPHU-
TeHHBIX YacTHUI] ¢ BogocOopa u spo3uei 6eperosoit muanu [§]. Manexc NDTI moxxet
npuHUMaTh 3HadeHus ot —1,0 mo +1,0. Uem BbIlle 3HaYeHHE WHACKCA, TEM OOJIbIIe
MYTHOCTb BOJIBI, T. €. BBILLIE COJEpKaHKe B3BelIeHHbIX yacTull. Munexc NDTI paccun-
ThIBaeTCs 10 popmye [8]:

NDTI = (Red — Green) / (Red + Green), (1)

rie Red — n3myuenne nmoBepxHoCcTH 3eMITH B KpacHOit obnmactu criekTpa; Green — B 3e-
JIeHOM 00J1aCTH CIIEeKTpa.

B kauecTBe HCTOYHHUKOB JAaHHBIX 00 MHTEHCHBHOCTU M3Ty4EHHUS B 3THUX 00Ja-
CTSIX CTIEKTPa MCIOIB30BAUCH CITyTHUKOBBIE CHUMKH Sentinel-2, ypoBHH 00paboTkH
Level 1C u Level 2A [9]. IIpu yBenuueHHH MyTHOCTH peKa OyAET MMETh BBICOKHE
3HaueHust NDTI, Tak kak KOHLEHTpalusl B3BELICHHBIX YaCTHUL[ YBEJIUUYUBAET OTpa)a-
TEJIBHYIO CIIOCOOHOCTh B KpacHOM nmamazoHe (RED) mo cpaBHEHHIO ¢ 3€JI€HBIM
(GREEN).

PeSy.]]bTaTbl HCCJIeA0BaAaHUA

Jlis mpoBeieHus MCCIeOBaHMUsS OBUTH MCIIONB30BAHBI TAHHBIC CITyTHHKOBBIX
caumMKoB Sentinel 2 3a meproa 2020-2024 tr. [9]. 1)1 OIIEHKH MYTHOCTH BOJTHBIX 00B-
€KTOB OBLIH TOCTPOCHBI KapTa-CXEMbI OJTHOPOJHOCTH HOPMAIN30BAHHOTO PAa3HOCHOTO
unekca myTHocTd NDTI B mpeaenax BOJHBIX 0OBEKTOB Ha MPaBOif YaCTH HA PUCYH-
Kax U B JICBOW YaCTH, TaK ke ObLTH BEIOPAHBI YIACTKU C TIOBBIIIEHHBIM HHIEKCOM MYT-
HOCTH U JUIsl HAIJISIIHOCTH MCTIOJIb30BaHbl CIYTHUKOBBIE CHUMKH TeppuTopuu. Kapra-
cXeMa CIIyTHHKOBOI'O CHHMMKa, pekiaccuduumpoBaHHoro no 3naueHusm NDTI 3a
2020 r., mpeacTaBieHa Ha puC. 1.

PesynbraThl Hccieq0BaHNs IOKA3bIBAOT, OLIEHEHHBIE 110 JAHHBIM CITYTHUKOBBIX
cHuMKOB Sentinel 2, yTo Ha TeppuTopuu KccaenoBanus B 2020 r. 3HaUCHHS BEreTalu-
onnoro unaexkca NDTI Bapsupyrotcst ot —0,33 no 0,07. B nenom Boaa B pexax bomb-
mast benas, bonpmas UpeTh olleHnBaeTCs Kak YUCTast, Ha PUCYHKE BUIHO, YTO TE€PPU-
TOPHSI CO 3HAUCHHEM HHIeKca > 0 mpecTaBisieT co0ol palilOHBI C MOBHIIICHHBIM HH-
JIEKCOM MYTHOCTH IO €CTECTBEHHBIM U TEXHOT€HHBIM MTPUYUHAM.

Kapra-cxema CIIyTHHKOBOTO CHUMKA, PEKIACCH(PUIIMPOBAHHOTO MO 3HAYCHHSIM
NDTI 3a 2021 r., npencraBieHa Ha puc. 2. Pe3ynbTrarsl uccie0BaHus MOKa3bIBAIOT,
OLICHCHHBIC IO TAHHBIM CITyTHUKOBBIX CHUMKOB Sentinel 2, 4TO Ha TEpPUTOPHUHU UCCIIC-
noanus B 2021 r. 3Hayenus BeretannoHHoro muaekca NDTI Bapwupyrorcs ot —
0,30 mo 0,05. B uenom Boga B pekax bonwmioit benoii, bosbmoit Mperu onennBaercs
KaK 4MCTasi, Ha pUCYHKE BUJIHO, YTO TEPPUTOPHUSI CO 3HaUEHUEM HHAekca > 0 rpecTas-
JsieT co00i pailoHBI ¢ MOBBIIIICHHBIM HHICKCOM MYTHOCTH 10 €CTECCTBEHHBIM M TEXHO-
TEeHHBIM MPUYUHAM.
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Puc. 1. Kapra-cxema criyTHHKOBOTO CHIMKa Sentinel 2 Ha paifoH Mccie0BaHui,
pexitaccuduposansoro 1o 3HadeHussM NDTI 3a 2020 r. : A — 3anagHas yacTh KapTa-CXeMbl
CITyTHUKOBOTO CHUMKA, b — BocTouHas 4acTh KapTa-cXembl CITyTHUKOBOTO CHUMKa, B —
IIpubnmxeHHas kapTa-cxema paiioHa ncciegoBanus, I' — CryTHUKOBBINH CHUMOK p. bosnbiias
benas, /1 — CiyTHHKOBBIN cHUMOK p. bonbmias Upets, ['omymets
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Puc. 2. Kapra-cxema CIlyTHHKOBOTO CHUMKa Sentinel 2 Ha paifoH Mccie0BaHuM,
pexnaccudumposanroro o 3HadeHussM NDTI 3a 2021 r. : A — 3anagHas yacTh KapTa-CXeMbl
CIIyTHUKOBOTO CHUMKa, b — BocTo4Has 4acTh kapTa-cXeMbl CITyTHUKOBOTO CHUMKa, B —
IIpubmmkenHas kapTa-cxema paiiona uccienoBanus, I' — ClyTHUKOBBINH CHUMOK p. bombiias
Wpets, I'onymeTs

Kapra-cxema cIyTHUKOBOTO CHHMKA, PEKIACCH(PUIIMPOBAHHOTO MO 3HAUCHHSIM

NDTI 3a 2022 r., npeacrasieHa Ha puc. 3.
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Puc. 3. Kapra-cxema criyTHUKOBOTO CHUMKa Sentinel 2 Ha paifoH HCCIIeI0BaHHIA,
pexnaccuguposanHoro 1o 3HadeHussM NDTI 3a 2022 r. : A — 3anaHas yacTh KapTa-CXeMbl
CIYTHUKOBOTO CHUMKa, b — BocTowHas gacTh kapTa-cXeMbl CITyTHUKOBOTO CHUMKa, B —
IIpuGnkennas kapTa-cxema pailoHa ucciaenoBaHus 3anaaHoi yacty, I' — [Ipubnmkennas kapra-
cxema p. bonbiras benas y c. bospiuedeiick, /| — CryTHHKOBBINH cHUMOK p. Bonbuias Mpets,
T'onymers, E — CiyTHHKOBBIH cHUMOK p. bonbiia Benast y . Bonbiedeiick
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Pe3ynpTaTh! MccneoBaHNS TTOKa3bIBAIOT, YTO HAa TEPPUTOPHH HCCICAOBAHNUS B
2022 r. 3nauenus uaaekca NDTI Bapsupytores ot —0,38 10 0,09. B uenom Boja B pe-
kax bonbias benas, bonpmas Uperh oleHuBaeTCs Kak 4yuCTast, Ha PUCYHKE BUAHO,
YTO TeppuTOpHA co 3HaueHueM nHaekca NDTI > 0 mpexcrasiseT co6oif paitoHs! ¢ To-
BBIILIEHHBIM MHJEKCOM MYTHOCTH B OCHOBHOM II0 €CTECTBEHHBIM IIPUUMHAM, CBSI3aH-
HBIM C IIOHM>KEHUEM YPOBHS BOJIbI B PEKAX.

Kapra-cxema CIIyTHUKOBOTO CHUMKA, PEKIACCH(PUIMPOBAHHOTO IO 3HAUCHHSIM
NDTI 3a 2023 r., npencrasieHa Ha puc. 4.

Pe3ynbraTel vccnenoBaHus MOKa3bIBAIOT, YTO HA TEPPUTOPUHN UCCIIEIOBAHUS B
2023 r. 3naueHus BeretanronHoro uHaekca NDTI Bapeupyrotes ot —0,35 g0 0,16.

Ha MenkoBOABSX CKaIIMBAIOTCS CPYOBI IEPEBbEB U UX OCTATKH, 00pa3yromuecs
B MECTax JIECOCIIIaBa, M3-3a KOTOPHIX YBEIMIUBACTCS KOHIICHTPAIHS OPTaHUIECKOTO
BEIIIECTBA U MOBHIIIACTCS MyTHOCTB BOJIBI PEKH TIepe]l MOCTOM Y ¢. Boubreberick.

Ha pucysnke 4 BUHO, YTO B OCHOBHOM HHJIEKC MyTHOCTH MMeJI 3HAUCHHUS B AUA-
nazone —0,1 — 0,0. [To ecTecTBeHHBIM IPUYNHAM MYTHOCTb ITOBBIIIACTCS B IIPOTOKAX,
B cTapuIax, nepen u nocie ocepearax (0,5-0,16), B CTpeKeHIX U 3aBOJAX HA0JI0/1a-
ercst Hu3kui unaekc mytaoctu (—0,2...—0,1).

B nenom unaexc mytHoctd p. bonbiias benast B 3TOT nepuos Bellle CpEIHETO
M3-3a TIABOJIKOB, CBSI3aHHBIX C MOBBIIICHUEM YPOBHS PEKH IMOCIE OCaakoB. B miome
2023 r. B UepeMXOBCKOM paiiOHE, /i€ IPOTEKAIOT UCCIIEAYEMbIE PEKU U UX MPUTOKU,
6b11 BBezieH pexxuM YC juist onepaTHBHOTO yCTPaHEHHMs TTOCIIEACTBUI CTHXHU.

Kapra-cxema CIyTHUKOBOTO CHHMKA, PEKIACCU(PHUIIUPOBAHHOTO MO 3HAYCHHSIM
NDTI 3a 2024 r., npencrasieHa Ha puc. 5.

PesynbTarhl uccieg0BaHUS [TOKA3bIBAIOT, YTO HA TEPPUTOPHUU HCCIEIOBaHMS B
2024 r. 3Havenus BererannonHoro uHaekca NDTI Bapeupyrorcs ot —0,30 10 0,04. B
nenoM Boaa pek bombmas benas, bonemas Mpets oneHnBaeTcs Kak 4ucTas, Ha pH-
CYHKE BHJIHO, YTO TEPPUTOPHS CO 3HAUCHHEM HHJeKca > () mpencTaBisieT co0oit paii-
OHBI C MTOBBIIIEHHBIM HHAEKCOM MYTHOCTH B OCHOBHOM I10 €CTECTBEHHBIM IIPUYUHAM.

MyTHOCTB BoJBI p. bonbmioit bemnoit yBennunBaeTcs Bo3jie HaCEICHHBIX 00BEK-
TOB, TakuXx Kak Pycckas Anapb, ['buibiMb 1 Tromens. [1o Bcem pucyHkaMm BHAHO, YTO
9TO CBS3aHO CO CMBIBOM 3arpsI3HSIONINX BEIICCTB B IOBEPXHOCTHBIN OOBEKT: ITBIJICHUE
OT aBTOTPAHCIIOPTA, CMBIB BHECEHHHBIX YJOOPEHHH C CEeIbCKOXO35HCTBEHHBIX yro-
nuii; a'y p. bonbmas Mpers nHneke MyTHOCTH BOAbI Bo3pacTaeT y c. ['yceeBa. Takxke
BO3MO’KHO, UTO MHJEKC MYTHOCTHU Yy ¢. TIOMEHb NOBBIIIEH U3-3a IEPEHOCa 3arpsi3HEH-
HBIX CTOYHBIX BOJ U3 00bEKTa HAKOIUICHUS BOJIbI BO3HECEHCKOTO KAMEHHOYTOIBHOTO
MecTopoxaeHns HeiranHekoi mromanu koMmnanuu «Boctcnbyroney B p. bonbmas
Benas yepes noazemMHbie BOJBI.

Kak MBI BUIUM, Ha KOMITO3UTHBIX H300pa)XCHUSIX B HATYPAJIbHBIX IIBETaX, BOJIA
B p. ['oymMeTh JOBOJILHO MyTHasl, 3eJieHasl U3-32 MPUBHECEHHBIX OPraHUYECKUX Be-
HiecTB uepes noiiMy peku. Takyro ke kapTuHy Ham aaetr u nepecuer B NDTI Ha pu-
cynkax 2020, 2021 u 2024 rr. 3Hayenns uHaekca B quamnasone —0,2...—0,3 orobpaxka-
IOTCS1 Ha KapTe 3eJIEHBbIM LIBETOM U COOTBETCTBYIOT ITOUTH YUCTOH, 3aMyTHEHHO! BOJE.
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Puc. 4. Kapra-cxema criyTHUKOBOro CHUMKa Sentinel 2 Ha palioH HCClieI0BaHUH,
peknaccuduipoBanHoro mo 3Hadennsim NDTI 3a 2023 r. :

A — 3amajiHas yacThb KapTa-CXeMbl CIIyTHHKOBOI'O CHUMKa, b — BOCTOUHAs 4acTh KapTa-CXeMbl
CIYTHMKOBOT'O CHHUMKa, B — mpnbmmxeHHas kapTa-cxeMa paiioHa UCCIIEJ0BaHNUS 3aIlalHOM 9acTH,
I' — npubnmxennas kapra-cxema p. bonsioit benoii y c. bonbiiedeiick, [l — npubuikeHHast
kapta-cxeMma p. bonbmoit benoit u bonbmoi Upetn
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Puc. 5. Kapra-cxema cCriyTHUKOBOTO CHHMKa Sentinel 2 Ha paifoH McCIIeI0BaHUIA,
pexnaccuduuuposanHoro 1o 3nadeHusm NDTI 3a 2024 r.:

A — 3amagHas 9acTh KapTa-CXeMbl CITyTHUKOBOTO CHUMKA, b — BOocTOYHAast 4acTh KapTa-CXeMbI
CITyTHHKOBOI'O CHUMKa, B — npuOuikeHHas kapTa-cxema pailoHa MCCiIe0BaHUs 3a1aAHOM YacTH,
I' — mpubnmwxkenHas kapra-cxema p. bonbiioit benoii y ¢. Bonbiedeiick, /] — ciry THUKOBBII CHUMOK
p. bonbmoit Upetu, 'omymets, E — ciiyTHukoBbIi cHUMOK p. bonbimoit bernoit mocie Bnagenus
p. bonbmoit Upetn, XK — cniytHrKOBEINA cCHUMOK p. bonbmioit benoii y . bonpmebetick
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2 aprycra 2024 r. Cimy»00¥ rocy1apcTBEHHOTO YKOJIOTHIECKOTO Ha130pa ObLTH
B3STHI IPOOBI BOAKI B pekax bonbmas Upets, ['omymers, MHm0H.

ITo pesynbpraTam 00cieJ0BaHHS YCTAHOBJICHO, YTO BEPOSITHBIMU IIPHYUHAMU TU-
6emm pBIOBI ABISIOTCS MPUPOAHBIC MPOIECCH], CBSI3aHHBIE C BBICOKUMH TEMIIEpaTy-
paMu BOJ, 9TO, B CBOIO OUYEpelb, ITOBJICKIO CHIDKCHHE 00BEMa KHCIOpoIa B BOJHOM
Macce U COOTBETCTBEHHO T'HOeIb PHIOBI. MI3MEeHEeHHE [IBETa BOJIBL, BEPOSTHO, OBLIO CBSI-
3aHO CO CMEIIEHHEM BOJABI p. '0dyMeTh ¢ GONIOTHBIMU MaccaMH, YTO HAOIIOAATIOCH C
2020 mo 2023 ., HO MOp PBIOBI OBLT 3a(hUKCHPOBAH TOIBKO mocie 2023 T.

B netane nepuoapt ¢ 2020 mo 2023 r. 6pUT0 3aUKCHPOBAHO U3MEHEHUE I[BETA
BOJIBI, BEPOSTHO 3TO OBLIO CBSA3aHO CO CMEIICHHEM OOJIOTHBIX Macc ¢ BOO peku [ 'o-
JyMeTb, KOTOpasi BTeKaeT B bombmryro Mpers, 4To HaOMIOAATOCh Ha PUCYHKAX C
2020 mmo 2023 ., HO MOp PBIOBI OBLT 3a(UKCHPOBAH TOIBKO B 2024r. y mep. Cpeauss.

[To pe3ynmpTaTaM MOHUTOpPHHTA BHIHO, KaK MO €CTECTBEHHBIM NMPUYNHAM MYT-
HOCTb TIOBBIIIAETCS B MPOTOKAX, B CTapHUIax, nepe u nocie ocepeaxos (0,00-0,05) na
MEITKOBOIHBIX yJacTKaxX BeTep M TCUCHNE MTOJHUMAIOT OCaIKH CO JHA, TCUCHUE MOXKET
paspymarts 6epera u IMOJAHUMATE B BOAY OCaI0OYHBIC TOPOJIBI, B CTPEKEHIX U 3aBOIAX
HaOroaeTess HU3KUM uHaeke mytHoctu (—0,3...-0,2).

Ha MenKoBOIBSX, TJie CKAIUIMBAIOTCA CPYOBI IEPEBHEB U UX OCTATKH, MOBBIIIA-
eTcs KOHIICHTPAIUS OPTaHNYECKOTO BEIIECTBA W MHAECKC MYTHOCTH BOIBI KaK IEepes
MocTOM Yy ¢. bonpmieOeiick.

ITo puc. 1-5 BugHO, uTO p. bonburast MpeTs Ha NPOTSKEHUU BCETO YCThS SIBIIS-
€TCs YUCTOM 110 MH/IEKCY MyTHOCTH B OTJIMYUH OT OCTAIBHBIX PEK, HA KOTOPbIE BIUSIET
penbed Wi BHECEHHE OOJIOTHBIX Macc depe3 oMy OJiarogapsi MUTaHUIO OT MOJ3EM-
HBIX Kitrouei. Temmeparypa Boasl kpyriioroanaHo 3—5 °C. Pexa He 3amep3aeT B Mo-
PO3bI, a JIETOM B »Kapy BOAA OCTAETCs XOIOAHOM.

Boszne cena [Tatounslit ecTh BOHBII 00BEKT HCKYCCTBEHHOTO MPOUCXOXKICHNS,
MYTHOCTH BOJBI B HEM MOXET OBITh BBI3BaHA BBINAJICHHEM OCAIKOB, YPE3MEPHO pa3-
MBIBAIOIIUMHE CKJIA]] BCKPBIIIHOW TIOPOIbI 00hEKTA HAKOIJICHHOT'O BO3ICHCTBYSL.

3ak/aoueHne

Wupexc mytHOCTH BOJbI B pekax bombioit Uperu n bonbioii benoit 3aBucut
0T BpeMeHHU rojia. IHeKc MOBBIMAETCs 0 €CTeCTBEHHBIM NIPUYMHAM B TIEPHOABI 110-
BOJIKOB U MOJIOBOJIHIH, TIPH BBITAJICHUHU OOJIBIIOTO KOJHMUYECTBA OCAAKOB, TAK e B Me-
CTax C CHJIbHBIM T€UCHHEM U 9PO3HeH OeperoBoi JIMHUHU 1 IOJbEMOM OCaI0YHBIX MO-
POJI CO J1Ha, IO AHTPOIIOTCHHBIM IPHYMHAM — CO CMBIBOM yJIOOPEHUH € CEIbCKOXO035TH-
CTBEHHBIX YTO/AU, IBUICHUS OT aBTOTPAHCIIOPTA, OCTATKaMH CPyOOB Ha MEIKOBOIbSX.
Bornpias pasHuma B MyTHOCTH BOJIBI OYZIET y PeK C pa3HBIM THIIOM IHUTAHUSA, MyTHAs
peka Oyzet npoberars yepes noimy, coorpast OpraHnIecKHe BEIeCcTBa, PeKa HAMHOTO
yuie OyJeT UMETh OOJIBIIE [T036MHOE [TUTAHHUE.
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VJIK 628.3
CoBpeMeHHBII ONIBIT YPeryJIMpoOBaHHs BONPOCOB
BJIMSIHUS CKJIAIMPOBAHUSA NPOMBIILJIEHHBIX 0TX0/10B

HA MOBEPXHOCTHBIE U MOA3eMHbIE BO/bI /s TEPPUTOPUH
HUpkyTckoii odactu

C. C Canxo (semen200128@gmail.com), O. A. bapxarosa (barhat@geogr.isu.ru)

Hprymceru 2ocydapcmeennblii ynusepcumem, 2. Upkymck

AHHOTaHPlﬂ. Crarbst IIOCBAIICHA np06neMaM yrpaBJiCHHS [IPOMBIIUJICHHBIMUA OTXO4aMU B I/IpKyT-
CKOM 06nacm, BKJTIOYas UX BJIIMAHUE HA BOAHBIC PECYPCHI. OnucaHue 0XBaThIBACT PpasIuYHbIC BUABL
OTXO/0B, 06pa3y}011mec;1 B TCIIJIOOHEPICTUYCCKOM, I‘OpHOIIO6I>IBaIOIIICM N JICCONIPOMBIIIIJICHHOM CCK-
TOpax, U ux BO3JICHCTBHE HA YKOCUCTEMBI peruoHa, B 4aCTHOCTHU, Ha BOJAOEMBI U ITOA3EMHBIC BOJBI.

Llenbio paGoThI SIBISIETCS OLICHKA BIIMSHHUS CKIAAHPYEMbBIX OTXOZOB OT OCHOBHBIX OTpaciieil mpo-
MblIeHHOCTH VpKyTCckoi obGnactu
KitioueBble €J10Ba: IPOMBIIUICHHBIE OTXO/IbI, BOAHBIE PECYPChI, IKOJIOTHYECKast 6E30IIaCHOCTb.

IIpomBIIIIEeHHBIE OTXOABI — 3TO BEIIECTBA M MaTepHaIIbl, 00pa3yIoIuecs B Mpo-
1ecce IMPON3BOICTBEHHOM IS TEIBHOCTH W IOTPEOICHUS TOBAPOB, KOTOPHIC HE MOTYT
OBITH TIOBTOPHO HCIOJB30BAaHBI B TEX K€ TEXHOJOTMYECKUX Mpoleccax U TpeOyroT
yruiamu3anun. [IpoMbIIIeHHOE TPOM3BOACTBO BEAET K 00Pa30BAHUIO OTXOJOB PA3HBIX
THTIOB: TBEP/BIX, XKUIKAX U Ta3000pa3HBIX, KOTOPEIE MOTYT OKa3bIBaTh HETaTHBHOE
BO3JICHCTBUE HA PKOJIOTHIO, BKIIFOYAsi BOJIHBIC pecypchl. [103TOMY BaKHBIM acIeKTOM
SBIISIETCS IPABIIIBHOE YIIPABICHNUE OTXOAAMHU C LENIBI0 PEIOTBPAILCHHS 3ar PSI3HEHUS
OKPYKAIOIIEH Cpesibl U COXPaHEHHsI BOAHBIX 00BEKTOB.

CornacHo ®enepanpHoMy 3akoHY Ne 89-D3 «O0 0TX0/HaX MPOU3BOACTBA H I10-
TpeOJIeHUsD», OTXOIbl KJIACCU(PUIMPYIOTCS 110 CTENEHHW ONACHOCTH: YPEe3BBIYANHO
omacHeie (knace I), Beicoko omacHeie (knace 1), ymepenHo omacusie (kmacc I1I), mamo
omacHsle (kimacc IV) n otxoapl msatoro kinacca (Kmace V), KoTopble cUMTalOTCSl HAUMe-
Hee omacHbIMU. OTXOJBI MATOTO KJIacca BKIIOYAKOT B ceOs TaKWe MaTepHaibl, Kak
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CTPOUTEINILHBIE OTXO/IbI, 00PE3KH IPEBECHHBI U METAIIIONOMA, a TAKKE OCTATKH Opra-
HUYECKUX MarepranoB. HecMOTpsl Ha CBOIO HU3KYIO ONACHOCTh, OHH TaKKe TPEOYIOT
MPaBIIIBHOTO O0pAIIEHNs], TOCKOJIBKY HEMPABUIBHOE UX HAKOIUICHHUE U pa3MeIleHUe
MOTYT IIPUBECTH K 3arPsI3HEHUIO 1I0YBBI U BOAOEMOB [2].

HopmatuHo-mipaBoBast 6a3a B Poccun BKiIIOYaeT HECKOJIBKO KIIFOUEBBIX aKTOB,
perysimpyromux odpamienue ¢ orxogamu. OCHOBHBIM JOKYMEHTOM sBiseTcs Dene-
paneHBI 3ak0H Ne 8§9-®3 «O06 oTXomax MPOWU3BOACTBA M MOTPEOICHUS», KOTOPBIH
yCTaHaBIIMBACT PaBHiIa OOPAIICHUS C OTXOAAMH BCEX KIIACCOB, BKJIFOYAS OTXOJIbI I1sI-
TOTO Kiacca. BakHO, 4TO JUIS 3TUX OTXO/0B TAKXKE MPELyCMOTPEHBI TPEOOBAHUS 10
UX y4eTy, yTWIM3ALUU U Pa3MELIEHUIO, C LEIbI0 MUHUMU3AUY PUCKA 3arPSI3HCHMUS.

OTX0aBI MATOrO KJIACCA, HECMOTPSI HA OTCYTCTBHE HEMOCPEICTBEHHON yTPO3bI
JUISL 3[0POBbSI YENIOBEKA, JOJIKHBI XPAHUTHCS Ha CIIEUATbHO 000PYAOBAHHBIX MONHU-
TOHAX € 3alIUTOM OT BHELIHUX BO3JEHCTBUNA. BakHO NpenoTBpalaTh UX IONaJAaHUE B
BOJIOEMBI U IPYHTOBBIE BOJBL. J[JIsl 3TOr0 UCHOIB3YETCsl FepMETU3aLusl MECT CKIIau-
POBaHMS OTXOOB, PETYJISAPHBI MOHUTOPUHT COCTOSIHUSI OKPY2KalOLIel Cpe/ibl U Mpu-
MEHEHUE TEXHOJIOTui nepepaboTKH OTXOH0B.

KirtoueBpIMH MepaMu 3aILUThI BOAHBIX PECYPCOB SIBIIIIOTCS CO3AAHUE CIELU-
QIBHO O00OPY/NOBAaHHBIX IUIOMIANOK JUIS CKIAAWPOBAHHS OTXOJOB, HCIIOIb30BAHHUC
MeMOpPaHHBIX MOKPBITHH Ul MPEAOTBpAICHUs TPOHUKHOBEHUS 3arpsI3HAIOLINX Be-
LIECTB B 36MJIIO U BOAY, @ TAKXKE PErYJIAPHbIE SKOJOIrMUECKUE UCCIIE0OBAHUS, BKIIIOYAsL
MOHHUTOPHUHI Ka4eCTBa BOJOEMOB U MOA3EMHBIX BOA. [IpuMeHeHne TEXHOIOIHN yTH-
JIM3aIM1 OTXOJI0B, TAKMX KakK IepepaboTKa u Oe3omnacHas yTUIn3anus, MUHOIMAZUPYET
PHUCKHU ATl 9KOCUCTEM U BOJHBIX OOBEKTOB.

OcHOBHBIE npeanpuaTud ¢ 00beKTaMH pasMellieHus 0TX0/10B

Wpkyrckast 00s1acTh — OJIMH M3 KPYHMHEHIIMX MPOMBIIUIEHHBIX pernoHoB Poc-
CHH, TJI€ COCPEIOTOUCHBI Pa3HOOOpa3HbIe MPEANPUATHI. DKOHOMUYECKast aKTHBHOCTD
permuoHa CriocoOCTBYET 3HAYUTEIIFHOMY 00pa30BaHUIO OTXO0B, YTO OKa3bIBACT BINUS-
HHE Ha HKOJOTMYECKYIO CHTyalulo. B uncie KpymHBIX MCTOYHUKOB OTXOJOB HAXO-
JATCA TEIIOAHEPreTUIECKUe MPEAPUATHS, TOPHOJ00BIBAIONIAS IPOMBIIIIICHHOCTh U
JICCOTIPOMBIIIIICHHBIH KOMIUIEKC.

1. TernosHepreTUyecKre NPeATPUATHS

Terutosneprerrka B Mpkyrckoii obnactu npezncrasiena kpynasiMu TOLL, Ta-
knmu kak HoBo-Upkytckas TOL, TOLI-9, TOLI-10, koTopsle mprHaIeKAT KOMITAHIH
HpxyTcKkaHepro. DTH MPEINPHATHS HMEIOT OTXObI, TAKHE KaK 30714 ¥ 30JI0IUIAKOBBIC
MaTepHabl, 00pa3yroLIHecs B IPOLECCE CKUTAHUS YTl U Ma3yTa.

OTX0aBI CKIAAUPYIOTCS B OOJBIINX 00beMax, 3aHNMast 3HAYUTEIIEHBIC 3eMEIThb-
HBIE TUTOIa . HeKoTOphle N3 HUX BRIMBIBAIOTCS TOKAEBBIMU M TAJBIMH BOJAMH, YTO
HMPUBOJUT K 3aTrPS3HEHUIO MTOJ3EMHBIX BOJ,.

2. I'opHOmOOBIBaIONIAs TPOMBIIIIIEHHOCTh

B ropromoObIBatomeM CeKTOpe perroHa OCHOBHBIMH OTXOZ000pa30BaATENIAMH
SBIISTFOTCS 30JI0TO- 1 YTIIEI00BIBAOIIIE KOMITAHHUH, pacIojokeHHbIe B bonaiidnackom
u Ycrp-UnnmcekoM parionax. HanGounbie 00beMbl OTXOZ0B BKIIOYAIOT:

o BCKPBIIIHBIE TOPOJBI,

o IIJaMBI U IIUIAKH,
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e OTXOJBI (DIOTAIINH U IHAHUPOBAHHS.

OTH 0TXOJbl OKA3bIBAIOT BIMSHHE HA HKOJIOTHYECKOE COCTOSHHE TEPPUTOPHU
CJIeIyIOIINM 00pa3oM:

e HapylIeHue JaHamadTa 1 00pa3oBaHUE IMyCTOIICH,

e 3arpsi3HEHUC BOIAHBIX OOBEKTOB OTXOJaMHU NEpepabOTKH.

3. JleconpOMBIIIJIEHHbII KOMIUIEKC

JleconpoMBIITIEHHBIN KoMITIeKe MIpKyTCKol 001acTH MpeCTaBIeH PSAOM Jie-
PpeBo0OpabaTHIBAIOIINX H JIECOMIIBHBIX 3aBOJIOB B Y cTh-MnmMcke, bparcke u apyrux
patioHax. OCHOBHBIE OTXO/IbI, 00pa3yIONINECs B XOE UX JEATEIbHOCTH, BKIIOYAIOT:

e OIMJIKH,

o KOpa,

o JpEeBECHBIC OTXOJBI, KOTOPBIE HE MOJUIEKAT IepepadoTKe.

Bo3znelicTBre 3THX OTXOZ0B Ha OKPYKAIOIIYIO CPEy:

o 3arpsi3HEHUE JECHBIX TEPPUTOPUN HECAHKIIMOHHUPOBAHHBIMH CBAJIKaMH Ape-
BECHOT'O MyCOpa,

o HapyILIEHHE 3KOCHUCTEM JIECHBIX PaliOHOB,

o BBIOPOCHI METaHa IPU THUCHNUH JIPEBECHBIX OTXOJIOB.

OCHOBHBIE YK0JIOTHYECKHE l'lpOﬁ.]'leMbI, CBfI3aHHBIE C 3aTrPA3HEHUEM
BOJHBIX 00bEKTOB M BO3MOKHOCTH X peuieHust

HpO6J'IeMbI C BOJHBIMHU 00BEKTaAMHU OT CKJIaIUPOBAHUA MPOMBIIIJIICHHBIX OTXO-
noB B MpkyTckoit obmactu 3to [2]:

1. 3an$[3HCHI/IC TIOBEPXHOCTHBIX BOJ OTXOAaMH TECILUIOOHCPTECTUYCCKUX MPEI-
MIPUSATHI.

HpoGHeMa 3aKJII0YacTCd B TOM, YTO 30JI1a U IIJIAKW MOTYT BBIMBIBATHLCS NOXK/IC-
BbIMHU U TaJIbIMWA BOJAaMHU, IOTIajiasd B PEKY WM 03€pa, YTO NPUBOAUT K 3arpA3HCHUIO
BOJIHBIX 00BEKTOB. Takme OTXO/BI COAEPIKAT TSIKEIbIE METaJUTBI (HAaIpruMep, KaIMHEM
Y CBUHIIOM), [IbLJIb U JPYTUC XUMUUCCKHIE BEIIECTBA, KOTOPHIE MOTYT YXYALIUTh Kaye-
CTBO BOABI U HAPYHINUTH 3KOCUCTEMbBI BOJOECMOB.

DTO TaK)KE€ MOYKET IMOBIUATL HA KAYECTBO MUTHEBOK BOAbI U CCIILCKOC XO035H-
CTBO, TaK KakK 3arps3HCHHAs BOJa MOXKET IIONaaTh B HCTOYHUKU BOIOCHAOKCHHSI.

2. 3arpsi3HeHne TOA3EMHBIX BOJI OTXOAaMH T'OPHOI00BIBAIOIIEH TPOMBIIIEHHOCTH.

OcTaBieHHBIE HA OTKPBITHIX IUIOMIAJIKAX WA CKJIAJUPOBAHHBIC oe3 }IOH)KHOﬁ
3aIIATHI OTXOJIBI MOTYT IIPOHUKATD B TPYHT U 3arPs3HATH TPYHTOBBIE BOJIEL. B gacTHO-
CTH, OTXOJIBI, COJICpIKAIMe [TUAHUABI U APYTHE XUMHUYCCKHE BEIIeCTBa KpallHEe TOK-
CHUYHBI JUTA ) KUBBIX CYHIECCTB, BKJIFOYast n}oneﬁ, JACJIa0T BOAY HerI/IFOﬂHOﬁ JJIS ITAThA
U CEJIbCKOTO X031 CTBA.

3arpsi3HEHHE MOJ3EMHBIX BOJ| OTXOJAMH TOPHOIOOBIBAIOIICH MPOMBIILICHHO-
CTH MOXKET IPUBECTH K JOJITOCPOYHBIM ITOCICICTBHSM ISl SKOCUCTEM perroHa. [lo-
MHUMO 3arpsi3HEHHSI BOJHBIX PECYPCOB, ITO TAKKE MOKET MPUBECTHU K JeTrpaialluul 3e-
MeJIb M YTPaTe CEeIbCKOXO03SMCTBEHHBIX YTOIUMN.

3. 3arps3HEHHE OTXOaMH JICCOTIPOMBIIIIICHHOTO KOMIUIEKCA.

Bnusnue na 6oonste oovexkmeor: Ilpu ckaTupoBaHUM IPEBECHBIX OTXOIOB 3a-
TPASHAIOIUE BEUICCTBA MOT'YT IOTIAIaTh B BOJOEMBI B XO4€ /:[oxcz[eﬁ WJIN ITaBOOKOB.
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OTH OpraHWYecKne OTXOJBI, pa3liarasich B BOJIOEMAax, BRIACISIIOT METaH U JIpyTHE Be-
IECTBA, KOTOPHIC YXYAMIAIOT Ka4eCTBO BOJBL. Takke 3TO MOXKET IMPHBECTH K IBTPO-
(ukanmu, T. €. Ype3MEPHOMY POCTY BOJIOPOCIICH, KOTOPBI YMCHBIIACT COJCPIKAHUEC
KHCJIOPOJIa B BOJIE, HAPYIIas )KH3Hb BOAHBIX OPTaHU3MOB.

Pucku ona akocucmem: 3arps3HATENH, TaKUEe KaK XUMHYECKIE BEIIECTBA, HC-
MOJIb3YEMBIC B IIpOIiecce 00paObOTKH JPEBECHHBI, MOT'YT ITOIIAaTh B IOYBY, YTO B Jajlb-
HeHIeM IPUBOANT K 3arpA3HEHHIO KaK MOBEPXHOCTHBIX, TAK U ITO3EMHBIX BO/I.

Ilomeps duopaznoodpasus 600HbIX IKOCUCMEM: 3aTPSI3HEHNE BOJIOEMOB TIPO-
MBIIIICHHBIMI OTXOaMH, TAKUMH KaK TSKEJbIe METAIUTHI FTH OpraHWIeCKHe BEIIeCTBa,
YHUYTOXKACT KH3Hb B BOJIOEMAX, HAPYIIACT SKOCHCTEMBI U YXYAIIACT KaYeCTBO BOJIBL.

3azpaznenue ucmoyHUK08 numyesoil 600bl: Bona 13 3arpsa3HEHHBIX BOJOEMOB
MOXXET TOIacTh B BOJIOCHAOKEHHE HACEICHHBIX ITYHKTOB, YTO MOXET MPUBECTH K Ce-
PBE3HBIM 3a00JIEBAaHHSAM H yTPO3aM IS 3I0POBbs HACCICHUSL. |

Dxonomuueckue nomepu: 3arpsa3HeHHE BOIHBIX OOBEKTOB, BBI3BAHHOE IIPO-
MBIIIJICHHBIMU OTXOJaMH, BEJICT K CHIDKCHHIO YPOXKAWHOCTH CEIIbCKOX03IHCTBEHHBIX
KyJIBTYp, HAPYIICHUIO PHIOHOTO MPOMBICTA U YXYALICHHIO Ka4ecTBA BOBI IS XO3Sii-
CTBEHHO-OBITOBBIX HYX/I.

Jlns pereHus mpo0OieM 3arpsiI3HEHUs BOAHBIX 00BEKTOB B MIpKyTCcKoit 06macty,
BO3HMKAIOIINX BCICICTBHUE CKIIaUPOBAHUS M HEIIPABIIIEHOTO OOPAIIEHHS C TIPOMBIIII-
JICHHBIMH OTXO0JIaMH, HEOOXOIUMO IPUMCHSTh KOMIUIEKCHBIC TIOJIXO/IbI, BKIFOUAIOIINE
TEXHOJOTMYECKUE, OPTaHM3alMOHHBIC U aIMHUHUCTPAaTUBHBIC Mephl [3]. PaccMoTpum
BO3MO>KHBIE PEIICHHS AJIS Pa3HBIX TUIIOB MPEANPHUATHIH.

IIpobnemsl, CBsI3aHHBIE C HAKOTUICHHEM 307161 M 30JI0MIJIAKOBEIX MAaTEPHAIOB HA
TETIOIHEPTETHYCCKHUX PEATIPUATHSX, TPEOYIOT IPHUMEHEHUS HECKOIBKHX Y PEKTHB-
HBIX Mep.

o Hcnonv3oeanue mexnonozuil ouucmKu CIMOYHbIX 600: ISl IPEAOTBpAIIe-
HUSI TIOTIAIaHHS 3aT PSI3HSIOLINX BEIIECTB B BOJOEMBI HEOOXOIUMO BHEAPHUTH CHCTEMBI
OYHCTKHU CTOYHBIX BOJI, BKJIFOUAIOIIUE (PIIIBTPALIMIO U OCAXKICHHE TSIKEIIBIX METAJLIOB,
a Takke 00e3BpE)KMBAHUE XUMHUYIECKUX BEIECTB. DTU TEXHOJOTUHU MO3BOJAT 3HAUH-
TEJIFHO YMEHBIIUTH KOHIIEHTPAIINIO TOKCHYHBIX BEIICCTB B CTOYHBIX BOJIAX IEPE UX
cOpOCOM B BOJIOCMBI.

o Ilepepabomxka 3010mnaK06v1x 0mxo0006. IIprMeHeHNE TEXHOIOTHIT TIepepa-
OOTKHM OTXO0JI0B, TAKUX KaK FCIIOJIH30BAHIE 30JIBI U IIJTAKOB B CTPOUTEIHHON OTpacin
WIIN B CEIBCKOM XO3SICTBE, IMO3BOJHUT CHHU3UTH OOBEMBI CKIAAUPYEMBIX OTXOJOB.
Hanpumep, 3051a MOKeT OBITH HCIIOJIB30BaHA KaK JJOOAaBKa B IIEMEHT MM KaK yno0pe-
HHE, YTO CIIOCOOCTBYET 3aMKHYTOMY ITUKITy UCTIOJIB30BAHUS OTXO/IOB.

o I'epmemusayusa cknaooe omxooos. Co3nanue T€PMETUUYHBIX CKIIAJOB IS
30JIOBBIX OTXOZOB C CHCTEMOM 3alIUTHI OT aTMOC(EPHBIX 0CAIKOB MPEAOTBPATUT BHI-
MBIBaHHE 3arps3HSIONINX BEIICCTB B TPYHTOBBIC M TIOBEPXHOCTHBIC BOJBI. J{JIst 3TOrO
MOT'YT OBITh HCTIOJIE30BaHbI MEMOPAHHBIC MTOKPBITHS M CHCTEMBI BOJOOTBEICHHS, KO-
TOpBIe obecredar 6e301macHoe XpaHEHNE OTXOIOB.

o Monumopunz xauecmea 6000emog: PeryispHbII MOHHTOPHHT COCTOSHHS
BOJIBI B BOJIOEMAX, PACTIONIOAKECHHBIX BOIIN3U TEIUIO3HEPTeTHUECKUX 00BEKTOB, T03BO-
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JIUT CBOEBPEMEHHO OOHAPYKUBATh 3arpsA3HEHNE M MPHHUMATH MEPHI 0 €T0 yCTpaHe-
HUIO. Vcnonp30BaHre aBTOMATH3UPOBAHHBIX CHCTEM MOHHUTOPHHTA MOBBICHT (P QeK-
TUBHOCTb KOHTPOJISl 32 KAUECTBOM BOJIBI.

JL1s rOpHOTOOBIBAIOIINX MTPEANPHATHI IpKyTCKOH 001aCTH, TAKHX KaK 30J0TO-
1 yrieno0bIBaronye KoMImanuu B bogaitouackoM u Y cTh-MmuMckoM paiioHax, KoTo-
pble 00pa3yroT IUIaMBI, IIJIAKH, BCKPBIIIHBIC IOPOJBI U OTXOIBI OT IIHAHHPOBAHUS U
(baoTtanuu, He0OXOAUMBI CIEIYIOIINE MEPHI:

o 3amknymoe o0ocnabicenue: BpeneHrne cHUCTEMbI 3aMKHYTOTO BOJOCHAO0-
JKCHUS Ha TOPHOI00BIBAIOIINX MPEIIPUATHSIX IIO3BOJIHT UCKITIOYUTE COPOC 3arpsi3HEH-
HBIX CTOYHBIX BOJI B OTKPBITHIE BOJI0EMBI. Bosia Oy 1eT ounIaThCst 1 MOBTOPHO HCITOIh-
30BaThCs BHYTPH MPOU3BOJCTBEHHOIO UKJIA, YTO 3HAUUTEIBHO CHU3HUT HATPy3Ky Ha
BOJTHBIE PECYPCHI.

o Quuvmpayua u HEUMPAIUZAUUA OMXO0006: ISl YAATIEHU TOKCUYHBIX Be-
IIECTB U3 CTOYHBIX BOJ U OTXOJIOB, COAEPIKALIMX LUAHHUIBI U JIPYrue XUMHKATBHI,
MO>KHO TIPUMEHSITh OMOTEXHOIOTHYECKUE METOBI U (PU3NKO-XUMHYECKHE METOIbI, Ta-
KHe KaK aKTUBHPOBAaHHBIC YTIM WM MEMOpaHHBIC TEXHOJIOTUH JJISI OYUCTKH BOIBI.
OTH METOJIBI IOMOTYT O€30I1aCHO YTHIN3HPOBATh OTXO/IbI, MUHUMH3HPYS UX BIIHSHHUC
Ha OKPY’KAIOIIyI0 CPemdy.

o Konumeitnepuzayusa u uzonayus omxoo00: Ui NIpeOTBPAILECHUS 3arpsi3He-
HUS TPYHTOBBIX U IMOBEPXHOCTHBIX BOJI OTXOJIaMH, COJAEPKAILUMHU TOKCUUYHbIE Belle-
CTBa, HEOOXOAUMO UCTIOIb30BAHUE CIICUATBHBIX KOHTEHHEPOB U FePMETHYHBIX CKJIa-
JI0B. DTO MO3BOIUT 3(HEKTUBHO YHPABIATh OTXOAAMH U NMPEJOTBPATUTH UX PacIpo-
CTpaHEHHE B OKPYKAIOIIYIO CPELY.

o Pexynomueayus 3emens. 715l BOCCTAHOBJICHHUSI YKOCUCTEM Ha TEPPUTOPHSIX,
MOJIBEPTIIMXCS TOPHBIM paboTaM, BaXKHO MPOBECTH PEKYJIbTUBAIUIO 3eMelb. Vcromb-
30BaHME PKOJIOTUYECKH OE30MaCHBIX METOJOB, TAKMX KaK BOCCTAHOBJICHHE MOYBHI U
3acayKUBaHUE PACTEHUMH, TOMOXKET BOCCTAHOBUThH YKOCUCTEMBI U YIIYULIUTbh COCTOSIHUE
BOJIOEMOB.

JUist meconpoOMBIIIICHHBIX mpeanpuatuii MpkyTckoil o6nacTu, BKIIodas aepe-
BOOOpabaTHIBAOIIIE U JIECOMMIIBHBIC 3aBOIBI B Y cTh-Mmnmcke u bpartcke, permenunem
npo0JIeM 3arps3HEHNs BOIHBIX 00BEKTOB MOTYT OBITh CIICIYIONINE MEPHI:

o Ilepepabomxka Opesechvix omxo006: BeeneHrne CUCTEMBbI IepepabOTKH OITH-
JIOK, KOPBI U APYTHX JAPEBECHBIX OTXOJOB B OMOTOIUIMBO, TMEJUICTHI FIIM JIPEBECHBIC
TUTHTHI CHU3UT 00BEM OTXOJI0B, YMEHBIIAsl HX BO3ACHCTBHE HA KOJOTHIO. JTO TI03BO-
JIAT 00ECIICYUTh 3aMKHYTBIH IIHKII IIepepabOTKU U COKPATHTh HETATUBHOE BIMSHUC HA
BOJIOEMBI.

o Opzanuzayus noaUZOH08 0711 OPEBECHBIX OMXO0008. TSl TIPEIOTBPALCHUS
3arps3HEHHS JICCHBIX TEPPUTOPUI U BOJIOEMOB HEOOXOIUMO CO3/IaTh CIICIIHATH3HPO-
BaHHbBIE MOJIMTOHBI JJISl XpaHEHUs! PEBECHBIX OTXO0B C COOII0ACHUEM BCEX IKOJIOTHU-
YECKUX CTaHJapTOB. VICMONb30BaHNE TePMETHUYHBIX KOHTEHHEPOB M BOJIOOTBOJIHBIX
crcTeM o0ecTednT 0e301MacHOCTh CKIIAANPOBAHMS OTXO/IOB U MPEIOTBPATHT MX TOMa-
JlaHHE€ B BOJIOEMBI.

o Buonozuueckue memoowt ouunienus 6000emo6: 1k OUUCTKUA BOJOEMOB OT
OpPTaHMYECKHX 3aTrps3HUTENEH, TaKNX KaK APEBECHBIC OTXOMbI, MOJKHO HCIIOIb30BaTh
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OMOTEXHOJIOTHH. 3aceNeHIe BOJO0EMOB BOIOPOCISIMI U IPYTUMH PACTEHISIMHU, KOTO-
pbIE MOTTIOMAIOT OPTaHWYECKHE BEIIECTBA, TOMOXKET YMEHBIIHTh KOHIIEHTPALHIO 3a-
IPSI3HSIONINX BELIECTB B BOJIC U BOCCTAHOBUTH 3KOCHCTEMY BOJIOEMOB.

o Konmpons ev16pocoé memana: BeeneHne cuicTeMbl MOHUTOPHHTa MeTAHO-
BBIX BBIOPOCOB C MOCIEIYIOIINM HCIOIB30BaHHEM METaHA B KaueCTBE 3HEpPreTHIe-
CKOT'0 pecypca WM €ro C)KUTaHWEeM I103BOJIMT MUHUMH3HPOBATH BHIOPOCHI ITAPHUKO-
BBIX Ta30B U 3arpsA3HCHUE BO3IyXa.

o Yowecmouenue yxonozuueckux cmanoapmog: BaxxHsIM MIaroM B PEIICHHH
TIPOOIIEMBI 3arPsI3HEHNS BOJIOEMOB SIBIISIETCSI Y’KECTOUEHHE SKOJIOTUUECKIX CTAaHapTOB
JULSL TIPEAPUSITHI BCEX OTpacieil. ITo BKIIOYAET B ce0s 3eII€HbIC TEXHOJIOTHH, TTOBBIIIIE-
HIE OTBETCTBEHHOCTH 32 COOMIOEHNE HOPM IKOJIIOTHIECKOIT OE30MacCHOCTH U CO3/1aHHe
CTHMYJIOB JJIsl BHEIPSHUSI HHHOBAIIMOHHBIX PEIICHUH 10 IepepaboTKe 0TXOIO0B.

o Tocyoapcmeennwiit monumopune: Co3nanne 3p(OEeKTHBHOI CHCTEMBI TOCY-
JAPCTBEHHOTO 3KOJIOTMYECKOT0 MOHUTOPUHTA 32 COCTOSHUEM BOJIHBIX 0OBEKTOB, C pe-
TYJISPHBIMH ITPOBEPKAMHU KauyeCTBA BOJBI M COOTIOACHHS SKOJIOTHUECKAX HOPM, TT03BO-
JIMT ONIEPATHBHO PEarupoBaTh HA 3arpsI3HCHUE U MPEANIPUHAMATE HEOOXOIMMBIE MEPBL.

o Od6pa3oBanue u o0ydyenue padboTHUKOB: [10BBIICHUE YPOBHS OCBEIOMIICH-
HOCTH PaOOTHUKOB MPEIIPHATHI O BaXKHOCTHU IKOJIOTHYECKOH 0€30IIacCHOCTH U IIPaBUITb-
HOTO OOpAIeHNs C 0TXOaMH CITIOCOOCTBYET MIUHIMH3ALNH PUCKOB 3arps3HeHus. 11po-
BEJICHUE TPEHUHTOB U MIPOrpaMM 00yUEHHUS JUIsl COTPYIHUKOB HA BCEX YPOBHSX IPOU3-
BOJICTBA SBJIIETCS HEOOXOAUMBIM YCIIOBHEM ]Il yCTOMYMBOTO PAa3BUTHs PETHOHA.

3ak/aoueHne

B pesynpraTe naHHOM pabOTHI OBLTH BBISBICHBI OCHOBHBIC IPOOIIEMBI, CBS3aH-
HBIE C BO3JICHCTBHEM MPOMBIIIJICHHBIX OTXOA0B Ha BOAHBIE pecypchl UpKyTcKoit 00-
nmactd. HecMoTpst Ha pa3zHOOOpasne OTXOJ0B, 00pa3yIOIMXCA B TEIUIO3HEpreTHYe-
CKOM, TOPHOIOOBIBAIOIIEM U JICCOIIPOMBIIINICHHOM CEKTOpaX, OOIIMMHU TOCIIEICTBH-
SIMU SIBJISIOTCS 3arpsI3HEHUE BOJOEMOB M MOA3EMHBIX BOJ, YTO MOXKET IMPUBECTH K Ce-
PBE3HBIM SKOJIOTHYECKUM M YKOHOMUYECKUM MpobdIeMam.

JInist penieHnst 3THX BOIPOCOB HEOOX0ANMO BHEpEHHE 3(H(HEKTHBHBIX TEXHOJIO-
THIA ITepepabOTKU OTXO0B, TEPMETH3ALHUS CKIAJI0B H HCIOIb30BaHHE OMOTEXHOIOT U
JUIL OUYUCTKH BOJOEMOB. BaXXHBIM IIaroM sBISETCS TakiKe MOBBILIIEHUE 3KOJIOTUYe-
CKOM OCBEJIOMJIEHHOCTH Ha BCEX YPOBHSIX MPOMBIIUICHHOCTH U CO3[[aHUE CUCTEMBI MO-
HUTOpPHUHIa KauecTBa BOJHBIX PECYpPCOB. DTU MEPHI MIOMOI'YT CYLIECTBEHHO CHU3UTH
HETraTHBHOC BIIUSTHHE Ha KOCHCTEMY M BOJHBIC OOBEKTHI, 00ECIICUNBAst yCTOWYNBOEC
pa3BUTHE PETUOHA.
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VK 628.1

I'mapoxuMuyeckuil aHAIN3 BOAbI, HCIOJIb3YEeMOM
B TexHoJIornyeckom nukJje Ha TIL-1 ropoaa Uursl

A. B. Caxnosckuii (nice.sakhnovskiy03@mail.ru), O. A. bapxaToBa
(barhat2006@mail.ru)

Upkymcxuil eocydapcmeennvlil ynugepcumem, 2. Upxymck

AnHoTanus. Boja sBisieTcst )KU3HEHHO Ba)KHBIM IIPUPOJIHBIM PECYPCOM, UCIIOIB3YEMbIM JUIs pa3-
JUYHBIX TIeJIeH, BKII0YAsl MPOU3BOJICTBO AJIEKTPOIHEPTUU HA TEIUIOBBIX dJekTpocTanuusx (TOLL).
T'uapoxumuyeckuii aHainm3 Bojbl, ucnonbzyemoid Ha TOLI, nmeer pemraroriee 3HaueHue 171 obecrie-
yeHus ee Oe3onacHocTu U 3dpdexTuBHOCTH HcTonb30Banus. TerutoBas snekrpocrannust (TOL) 1 r.
YuTsl, pacnionokeHHast B 3abaiikanbckoM Kpae T. Uure, Ha Oepery 03. KeHoH, mpeacTaBisieT codoit
Ba)XKHOE [IPOU3BOJICTBEHHOE MIPEIIPUATHE, KOTOPOE 00ECIIeYrBaCT JICKTPOIHEPrHeil KaK POMBIILII-
JICHHBIE OOBEKTBI, TAK ¥ HACEJICHHbIE IyHKThI B PErHOHE. DTa IEKTPOCTAHLIHMS OCYIIECTBISIET MPO-
I[ecC MPOM3BOJICTBA JIEKTPOIHEPTHH ITyTEM CIKUTAHUS YIJIs, KOTOPBIHA SBISECTCSI OCHOBHBIM BHOM
ToruBa Ut JaHHoi TOLI. Pe3ynbpTaTsl THAPOXUMHUYECKUX HCCIeI0BaHNH MTOKa3aiH, 4YTO BOAA, UC-
rojb3yeMasi B TexHosorndeckoM Iukie Ha TOLI-1 r. UnTel, COIEpKUT MOBBIIICHHOE CO/IEPKAHHE
JKECTKOCTH, IMOKCHAa KpeMHHUsI 1 pocdaToB, 4TO MPUBOIUT K 00Pa30BAHMIO HAKUITH, KOPPO3UH 000-
PYZOBaHUS U CHIKCHUIO (D (EKTUBHOCTH €ro pabOTEHI.

Kuirouessie ciaoBa: TOLI, TeXHOIOTHYECKUI LUK, THIPOXHUMHUYECKHI aHAITN3 BOJIBI

Lenbto 1aHHOrO HCCEAOBaHUS ABISAETCS ONpeAeIeHHEe IMIPOXUMUYECKUX Xa-
PaKTEepPHCTHUK BOABI, HCIOIBb3yeMbIX Ha TOLI-1 r. YuTsl, A7 OLIeHKH €€ KauecTBa U Co-
OTBETCTBHUS HOPMATHBHBIM TpeOOBaHUAM. [|JIs TOCTHKEHHUS TIOCTABICHHOH IIeTIH OBIITH
MOCTABJIEHBI CIIEAYIOIINE 3a/1a4u:

e IPOBECTU OTOOP U TOATOTOBKY IPOO BOABI AT THAPOXHUMHUUYECKOTO aHATH3A;

®  BBIIIOJHEHHE THIPOXUMUYECKOIO aHAIN3a;

e CpaBHECHHE NOJYYEHHBIX TAHHBIX C HOPMATHBHBIMH TPEOOBAaHHMAMH, YCTa-
HOBJIEHHBIMH JIJIs1 BOJBI, HCIIONB3yeMol Ha TOL;

e  BBIIBJICHUE BO3MOXKHBIX IIPOOJIEM, CBSI3aHHBIX C KAYECTBOM BOJIBI, M pa3pa-
60TKa peKOMeHJanuii Mo uX yCTPaHEHHUIO.

TI'napoxumuueckuil aHanu3 — COBOKYITHOCTb IIPUEMOB U METOMOB ISl OIpefie-
JIEHUs! KaYeCTBEHHOI0 M KOJMYECTBEHHOrO COCTaBa BOJ. B 3aBucuMOCTH OT Heneit u
3aau aHaJM3a BapbUPYIOTCSA €ro MOJHOTAa M HampasieHue. OCHOBHBIMHU IOKa3aTe-
JISIMU Ka4€CTBa BOJIBI SIBJISIFOTCSL: MOHHBII COCTaB, MUHEpaAJIN3aLUs, XKECTKOCTb, IEI0Y-
HOCTb, COJIEpKaHNe HEOPIrAaHUYECKUX U OPTaHMYECKHX KOMIIOHEHTOB.

Xapakrepuctuka 00bekrTa ucciaegopanus (TIL-1 r. Unsn)

TOL-1 r. YUtk sIBIsIETCS KIFOUYEBBIM 00BEKTOM SHEPTETHKHU Ha TEPPUTOPHH 3a-
Oalikanbckoro kpasi. PacronoskeHHas B 3armaqHO yacTl peruoHa (puc. 1), 3ta craHIms
o0J1aaeT BEICOKOW MOIIHOCTBIO U 3HAYUTEIILHBIM BKIIAIOM B IIPOU3BOJICTBO JICKTPO-
sHepruu A notpedutenein. TOL-1 r. UnTsl ocymecTBISIET IPOLECC TeHepaluH dJIeK-
TPOSHEPTHH ITyTEM CKUTAHHUS yTIIs, KOTOPHIH SBISIETCS OCHOBHBIM BHIOM TOTUTHBA JIJIS
JAHHOTO YHEPreTUIECKOr0 00BEKTa.
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3onoorean T3LJ-1

= *T‘Bl;l—*f ropoza Yuta

Puc. 1. Pacnionoxxenne TOLI-1

TOLI-1 r. UnTel 0becnieunBaceT 3JeKTpOCHA0KEHNE HE TOIBKO 30HBI CBOETO TPsi-
MOT0 BIMSHUS, HO M CMEXHBIX paifoHOB UnThl. CTaHINA HMEET TEXHOJIOTHIecKoe 000-
PyIOBaHHE, CHCTEMBI OYUCTKH OTXO/OB U APYTHE COCTABIIAIONINE, HEOOXOAUMBIC IS
oOecrieueHus cTaOMIFHOTO IPOU3BOJICTBA AIICKTPOIHEPTUU HA TEPPUTOPUH PETHOHA
31

Uurtunckas TOII-1 6epér Boay u3 03. Kenon u cOpackiBaet e€ oOpaTHO MOJO-
TPETOM.

Taxoke 11 BOCIIOJHEHHs 0€3BO3BPATHOTO BOAOIOTPEOICHUS HA TEXHOJIOTHYC-
CKHUE HYX/IbI €XKeroHO IPOU3BOANTCS MOJKauKa BOAbI U3 peku MHroxa.

Jlns texamueckux Hy)k1 Ha TOL[-1 Boga ydacTByeT B CIEIyIONINX TEXHOIOTH-
YeCKUX IUKiIax (tadm. 1):

e OoOeccoeHHas BOJa, MoJTydaeMasi myTeM 00pabOTKU KOHJICHCATa B CHCTEME
00eccoMMBaHus, UCIOIb3YeTCs IS BOCIOJIHEHHS MOTEph Mapa B TypOHHE, a Takxke
JUTS TINTaHWS BBIIAPHBIX YCTAaHOBOK.

e Ceipas Boga (Bozna u3 03. KeHOH Wi BOZOXPaHWIUINA), UCIIONB3YETCS IS
OXJIQXKJICHUS] TeHEPaTOPOB U IPYTUX YCTPOUCTB.

e TexHuueckas BoAa (OXJIax/ICHHAs ChIpast BOJA), UCTIONB3YeTCs B TPATUPHIIX
JUTS OXJTKICHUS IUPKYJIAPYIOIISH BOJIBI.

e [IpoxmyBoduHas Boja (BOAa C BEICOKHM COJIEPKAHUEM COJICH), yHanseTcs U3
KOTJIOB U BBIMAPHBIX YCTAHOBOK ISl MPEAOTBPAILCHHUS HAKUIIH.

e BopomnpoBoanas Bojxa (Boja M3 TOPOJCKOTO BOIOIPOBOAA), UCTIONB3YETCS
JUTS TINTHS], TPUTOTOBJICHIS TIUIIH 1 IPYTUX CAaHUTAPHBIX HYXI.

e Bona u3 cobcTBeHHOTO Bos103a00pa (coOcTBeHHBIN Bo03a00p TALI-1, pac-
TOJIO’KeHHBIH Ha 03. KeHoH) o0ecrieunBaeT AOMOIHUTEIBHON BOION INTHEBOTO Kaye-
CTBA.
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Tabnuya 1
Pacxoz Bojs! (M) Ha IpeANpPUATHY 32 HIOHB 2024 T.
il;en HaunmenoBanune Konnuectso
1 Pacxoz ceIpoii BObI 126 162,5
2 Pacxo 006eccoieHHO# BOJIBI 213233
3 Pacxo1 XUMUYECKH OUHIIIEHHOM BOIBI 77 687,4
4 Pacxoz BoJIbI Ha CITy>KEOHBIC HYXK/IBI: 27 151,8
41 Pacxon ceIpoil Bobl Ha B3PBIXJICHUE AJICKTPOMArHUTHBINA 9000
"~ | npeobpasoBatens pacxoaa, Mosiesb «MactepPioy»
40 Pacxon cbIpoil BoAbl Ha B3PBIXJICHHUE, PETCHEPALUIO, OT- 3000
MBIBKY BOJIOPOJI-KaTHOHA | cTyneHn
43 Pacxon CLIpOfI BOJbI HA B3PBIXIICHHE, PEreHepaluio, ot- |
MbIBKY HaTpHH-KaTHOHA
44 Pacxox YOB Ha B3pbIXiieHHE, pereHepaliio, OTMBIBKY BOJO- 7000
" | poa-karuona Il crynenu
45 Pacxon UOB na B3phIXJIeHHUE, pereHepannio, OTMBIBKY (DHITb- 3000
" | TpoB AH I u Il crynmensix
46 Pacxop cpipoil Bo/bl Ha pOYKE MOTEPH (IIPOMBIBKA CMOJIBI, 151.8
| yrus, caHUTapHbIE HYX/IbI 1I€Xa) ’

OT60p U NMMOATr0TOBKA l'[p06 BOJbI 1JId THAPOXUMHUYECKOI0 aHAJTIU3a

CocTostHHE TTOATOTOBKH BOJBI Ha JHEPIETUYCCKUX MPEAIPUATHAX OMPEICIsIeT
HE TOJIBKO UX YKOHOMUYHOCTB, HO U UX KOJIOIHYECKOE COBEPIICHCTBO, TOYHEE, CTe-
MEHb WX 3KOJIOTHYECKOM Oe3omacHocTH [1].

Jnis OTIIeHKH KadecTBa MPUPOIHBIX BOJ U BOJ HA PA3IMYHBIX CTAANUAX TEXHOJIO-
THYECKOT'0 POIIEeCcCa MPHHSATH HIKEIICPEUUCIICHHBIC ITOKAa3aTeIN: B3BEIICHHBIC BEllle-
CTBAa, CYXO# OCTaTOK, MHHEPAJIbHBIH OCTATOK, IPOKAJICHHBII OCTATOK, OKUCIISIEMOCTD,
JKECTKOCTB, MEIIOYHOCTh, HOHHBIN COCTaB BOJIbI, PACTBOPEHHBIE T'a3bl.

PacTBopeHHBIC B BOJIEC BEIIECTBA BHI3BIBAIOT T€ MIJIM MHBIC HEMOJAIKH B paboTe
SHEPTreTHYECKOr0 000pyAOBaHHs. B OCHOBHOM 3TO CBS3aHO C 00pa30BaHUEM HAKHII-
HBIX OTJIOKEHUH U KOPPO3HH.

Vnanenue npuMmecen, 3arpsi3HAOIIKX BOAY, T. €. IPeJBapUTENIbHAsL BOJOIOATO-
TOBKa, a TAaK)Ke XUMHUYCCKHI KOHTPOJIb 32 KAYECTBOM BOJIBI B IIUKJIC AJICKTPOCTAHIINH,
obecrnieunBaeT npenynpexacHiue 00pa3oBaHusl HAKUIY Ha TIOBEPXHOCTSX HArpeBa, uc-
KITI0YaeT BO3MOKHOCTh KOPPO3HMOHHBIX MOBpEXKIEHUH. Bee 9To mpesmonaraet Haiex-
HYIO 1 Oe3aBapuiHYI0 paboTy 3JIEKTPOCTAHIINH.

XUMHYECKHI IEX — 3TO TO CTPYKTYPHOE MOpa3ACiICHUE, KOTOPOE CITY)KUT IS
OCYIIECTBJICHHUS ITHUX 3a/1ad.

OT1060p npo6 Boer HAa TOLL 1 . YUTHI MPOBOANTCA B Pa3HBIX IIEXaX HA BCEM ITPO-
W3BOJICTBE, & UMCHHO: TYPOHMHHBIH, MBUICBOH, YTOJNBHBIN, XUMHUYSCKUNA, TypOWHHO-
BpaIaTeNIbHbIH, @ TAKXKE B IIEXC CAHUTAPHOT'O 0OCCIICYCHUSI.

BoponoaroroButenbHas ycTaHOBKa (cxema oOecCcONMBaHUS) MpeaHa3HaueHa
IUTSI TIOATOTOBKY MTOAMUTOYHO BOIb! KoTiI0B BK3-220-100.

OCHOBHBIM HCTOYHHKOM BOJIBI SIBIIIETCS Boja 03. KeHon (Tabu. 2).
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Tabnuya 2
T'uapoxumuyeckue nokasaTenu Boabl Bogozadopa TOLI-1
HawnmMenoBanue nokasaress Ennanna Moxasatess TIIK IIpeBbinieHue,
KadyeCcTBa H3MEpEHUA pa3

pH 8,13 8,3 0,97
JKectkocTh o01Ias MT-OKB/IM> 6,77 5 1,35
I1lemouHOCTH OOIIAs MT-3KB/IM° 32,5 2 16,25
1llenouHOCTb TUPATH. Mr-5KB/M° 0,036

Kanpumii mr/mm? 64,95 46 1,41
Maruwuit mr/mm’ 45,1 12 3,76
Harpwii Mr/am> 69,1 50 1,383
Keneszo mr/ v’ 0,05 0,3 0,17
Menb mr/am> 0,004 0,1 0,04
CHITHKATHI mr/am’ 0,59 0,5 1,18
Cynbdarst mr/am’ 238,2 350 0,68
XJtopuisl M/ 80,3 50 1,60
buxapbonatet mr/am’ 151,2 30-400 0,75
Kap6oHatsr mr/ v’ 2,2 5 0,44
Hurpatst MI/ M 0,3

Hurtputst mr/ v’ 0,0

OKHCISIeMOCTh mr/ v’ 4,8 5 0,96
Coneconepxanne Mr/am> 599

Bona conepxxut npumecu B popMe B3BEIICHHBIX BEIIECTB PA3INYHON CTEIICHH
JMcTiepcHOCTH. J{iisl yaBIMBaHUsI 3THX IPUMECEH CITy)KaT MeXaHudeckue GHiIbTps [2].

B xagectBe pUIBTPYIOMUX MaTEepUaIOB MIPUMEHSETCS aHTPAUT U aKTHBHUPO-
BaHHBIN YIroJb.

O0paboTka BOABI METOJIOM HOHHOTO OOMEHA OCHOBaHA HA CIIOCOOHOCTH MOHH-
TOB BCTYHATh B MOHHBINA OOMEH ¢ PaCTBOPEHHBIMHU B BOJE COISMHU.

ITo mepe unbTpoBaHMS BOIBI Uepe3 CII0I HOHMTA, Bce OOJIBIIAS YacTh €ro aK-
THBHBIX I'PYIII 3aMEIIAETCsl HOHAMH, TTOTIIONIaeMbIMU 13 Bojbl. Korna oOMeHHas em-
KOCTb MOHHUTA HCYEpIaHa, HeOOXO0AMMa €ro pereHepanus, T. €. 00paTHOE 3aMelCHUE
€ro aKTUBHBIX TPy OOMEHUBAaEMbIM HOHOM.

Pe3yabTathl ruipoxuMuyeckoro anajansa Boabl Ha TIIL 1 r. Untsl

Bo Bpems uccienosanus (Maii-uroinb) B padore TOII-1 Obutu 3ameiicTBOBaHBI
7 n3 14 xot0B. B X0noxHOE BpeMs rojia, MPUMEPHO C CEPEUMHBI OCEHHU U 710 | JeKabl
BECHBI B paboTe HaXomsTcs Bce 14 KOTIIOB.

XUMUYECKHI aHaau3 BOJbI, UCIOJIB3YEMON JUIsl TIOJMUTKH, MOKazal CIeaylo-
HIMe pe3yIbTaThl, IPEACTAaBICHHbBIC B TA0II. 3.

JInis IpOBEpKH METOCTHOCTH W XUMHUYECKOTO aHaJIM3a BOJB! OBIIM TPOBEPEHBI
KOTJIBI Ne 5 1t Ne 6 (Tabu. 4 u 5).
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Tabauya 3
KauectBO BObI I/ICHOHB3yeM0ﬁ Ha MOAIMUTKY TCIJIOCETU U CETEBOI BOJbI
11[émou- Ilenou- JE—
HoCTR((hes HOCTE LEemoe Kecrrocts Ca Vilk @roipo- 0, Hele Beme- | HedrenmpomyKTel, Fe,
i [T} L o 2 MKT-9KB/ IM> o, MKT/ M° CTBa, mr/am? mr/am?
MKT-9KB/ MKT-9KB/ MKT-3KB/ IM (Mr-9KB/11)2 3
o o MI/aM
Hopma | 8,3-9,5 H/H H/H H/H H/H < 50 5 1 H/H
8,7 276 3754 8182 3664 13,5 11 4,53 0,57 0,11
Tabnuya 4
Kotnosas Boga B kotie Ne 5
Cpeauna Iuxion
. T'uaparnas meé- ~ % npo-
Jlara FHPE)T";T/H IT[ glﬁeljj];;: pH POy, mr/av? | SiO,, mr/mv? noqgg;"lr;/ I pH PO, mr/nm? | SiO,, mMr/am? (J;;[(e)g:; JLyBKH
MKT-9KB/ M MKE-oKR/ I HHE
Hopma 9,5 10 0,1 9,5 10 0,1
1 13/131 8,5 4 0,11 55/269 9,1 17 0,68 25 1,6
2 27/134 9,2 2,9 0,05 457/884 10,4 27 0,45 89 1,1
3 47/161 9,2 3,2 0,05 613/1096 10,6 33 0,46 125 0,9
4 54/199 9,4 3,6 0,07 542/910 10,4 32 0,6 101 1,1
5 58/182 9,3 42 0,08 490/1023 10,4 26 0,6 90 1,2
6 37/172 9,2 3,2 0,09 483/845 10,3 22 0,64 86 0,9
7 71/186 9,6 3 0,06 827/1277 10,7 28 0,65 151 0,6
8 55/195 9,4 2,4 0,1 634/1303 10,7 20 0,87 125 0,66
9 69/169 9,5 2,3 0,08 602/964 10,5 21 0,64 108 0,9
10 40/170 9,2 1,6 570/950 10,4 19 103 0,75
20 10/143 8,9 4,3 0,09 107/293 9,3 16 0,4 43 1,4
21 20/130 8,9 3,9 0,08 439/988 9,4 38 0,6 91 0,8
22 28/137 9,2 2.4 0,02 344/624 9,4 20 0,78 69 0,9
23 51/153 9 2,7 0,63 587/1013 9,4 25 2 98 0,9
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Okonuanue Tabi. 4

Cpeauna uxnon
R T'uaparnas meé- ~ A TTeTon
AL FHPE)T;T;{ Iz.llf[l ?66;2: pH | POy, mr/mv® | SiOn mr/mu? | TOTHOCTP | pH POy, mr/av® | SiO,, mr/am? (;Zg;f; IlyBI:‘H
MKT-9KB/ M obmas 3 HHE
MKT-9KB/IM

24 40/159 9,3 2 0,19 520/887 9,3 20 1,7 83 0,7
25 27/120 8,9 1,9 0,26 663/1108 9,3 24 1,8 122 0,7
26 17/120 9,1 1,9 0,21 501/859 9,3 24 1,2 93 0,6
27 55/158 9,3 3,1 0,32 630/1047 9,4 29 1,7 111 0,98
28 53/172 9,5 3,3 0,12 812/1299 9,3 33 1 135 0,9
29 60/158 9,4 2,3 0,11 690/1049 9,3 21 1 105 0,7
30 51/161 9,6 2,7 0,09 898/1425 9,3 31 0,6 178 0,9
CpeaHeMecssqHOE 42/158 9,2 2,9 0,15 546/956 9,7 25 0,92 102 0,9

IIpumeuanue: B nepuon ¢ 11 uronst o 20 moHs KoTén Ne 5 ObIT BBIBEICH M3 CTPOS IS TPOBEJICHHS MEP YCTPAHEHNS HAKUITH ¥ KOPPO3HiA.
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Tabnuya 5
Kotosas Boga B kotie Ne 6
Cpenuna I{ukion
Jlata e van | or | POu_ | SiOn e obmn | p | POw | SiOs | Concconep- | % mponyems
g . Mr/ v ML/ M ———— Mr/am M/ M JKaHHEe
Hopma
1 59/177 9,4 5,6 0,06 393/768 10,4 29 0,49 85 1,4
2 47/172 9,4 4.6 0,08 394/774 10,4 31 0,56 76 1,1
3 45/170 9,3 4,6 0,04 343/707 10,3 28 0,5 71 0,9
4 50/192 9,4 4.4 0,08 420/799 10,4 28 0,5 80 1,3
5 57/170 9,4 3,7 0,07 365/693 10,3 23 0,6 73 1,2
6 32/194 9,4 4,7 0,11 473/877 10,5 27 0,66 97 0,86
7 76/200 9,6 49 0,06 510/910 10,6 31 0,62 99 1
8 80/242 9,6 5,5 0,14 494/1187 10,5 30 0,77 122 0,83
9 85/203 9,6 3,8 0,12 572/957 10,5 25 0,68 102 1
10 57/195 9,4 42 0,11 424/800 10,3 23 0,77 84 0,87
11 75/210 9,1 3,4 0,12 515/950 10,4 18 0,6 87 0,8
CpennemecsyHoe 60,3/192,3 9,4 4,5 0,09 463,9/856,5 10,4 26,6 0,01 88,7 1

Tpumeuanue: B nepuoj ¢ 11 mrons korén Ne 6 ObUT BEIBEICH U3 CTPOS JUIS TIPOBECHUS MEP YCTPAHEHUST HAKHUITH U KOPPO3HH.
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AHanmu3upys MoydeHHBIE JaHHbBIe, BUAHO, YTO BCE THIPOXUMHUIECKIE TIOKa3a-
Tenu, kpoMme Oz, COOTBETCTBYIOT HOpMaM. OJTHAKO MOHMKEHHBIH Mokaszatens Oz 1aét
HaM [TOHUMaTh, YTO HU3KOE COJAEp:KaHHE KUCIOPO/1a UCKIIUAeT KOPPO3UI0 BHYTPEH-
HHUX TOBEPXHOCTEH 000pyI0BaHHUS M TPYOOIPOBOJIOB CHCTEMBI PETCHEPATHBHOTO T10-
JIOTpeBa CTaHINH, a TAKKE BEIHOC MPOAYKTOB KOPPO3UU HA TEINIOOOMEHHbIE OBEPX-
HOCTH KOTJIOB [4].

Crout 3aMeTuTh, uto oTcyTcTBHEe CO2, M1 paboThl TOLL 5TO OUEHB MOIIOXKHU-
TENbHBIN (HaKTOpP, TOTOMY YTO HAIUYKE B CETEBOU BOJIE CBOOOTHOMN yTICKUCIOTHI (JIH-
oxcuza yriaepoaa COa) SBISIETCS KaTAIN3aTOPOM KHCIOPOIHON KOPPO3HHU. DTO NpH-
BOJUT K BHYTPEHHEH KOPPO3UU TEIIOBBIX CETEH U MOXKET BBI3BATh BBIXOJ M3 CTPOS
00opynoBaHMS.

B cBa3u ¢ atum comepikanre CO2 M COOTBETCTBYIONIEE eMy 3HAUEeHHE TTOKa3a-
Tenss pH B OCHOBHBIX TEXHOJIOIMYECKUX MOTOKAX TEMJIOPHEPreTUYECKUX YCTAaHOBOK
CTPOTO HOPMHUPYIOTCSI.

Jlns oGecriedeHust paboOTHI OTOMUTENBHBIX CHCTEM BaYKHO, YTOOBI KOTIIOBas BOJA
OblIa yMATYEHHOHN M OYMIIEHHOMN, a € XUMWYECKHH COCTaB COOTBETCTBOBAJI HOPMaM
U TpeOOBaHUSIM.

W3 nanHbIX Tabn. 4, 5 MBI BUAUM, 4TO coaepkanue pH (BogopoaHsIil mokasa-
TEJIb) B UKJIOHE TPEBHIMAET 9,5 1 3TO TOBOPUT O TOM, YTO B JAaHHOM YYaCTKE ITOBHI-
HIEHO pa3BUTHE KOPPO3MOHHBIX MPOLIECCOB. B creacTBUM 3TOro mokasarens KOTEN
Ne 5 1 Ne 6 6b11H BBIBE/IEH U3 CTPOS A1l IPOBEPKHU IIETOCTHOCTU KOTIA U CMa3KH aH-
TUKOPPO3UMHBIM IOKphITUEM. [l0Cie IPOBENEHHBIX MEPOIPUATHI BOJLOPOIHBIN IOKA-
3aTeNb MOHM3HWICS 10 HOPMBI B KOoTie Ne 5, ciieoBaTensHO, BBIBEACHUE U3 CTPOS U
MpOBepKa KOTJIA JJAJI0 CBOU MOJIOKUTEIbHBIE Pe3yIbTaThI.

[Ipessblienne conepskanus Gpocdartor B KoTia0BoH Boae TOL] Mmoker npusectu
K 00pa3oBaHUIO OTIOXKEHHWH (ochaTa HATPUS HA CTEHKaX KOTIOB. OHU BIMSIOT Ha
CBapHbIE UIBBI KOTEIBHOTO 000PYI0BAHMUS: OCIAOIAIOT MEXKPUCTAJUTUTHBIE TPAHHIIBI,
yXyIIAT MEXaHUYECKHE CBOICTBA IIBOB, CHUKAIOT MIACTUYHOCTb METaIa, IpoBO-
UPYIOT 00pa30BaHKE TPEIINH U MOBBIIIAIOT XPYNKOCTh cTanu. B koTmax Ne 5 uNe 6 B
LUKIIOHE, TOT IOKa3aTedb B Pa3bl IPEBbIIAeT HOpMy. Ha ceroqHsamHuii MOMEHT Ha
npeanpustad TOI] 1 v. UHTH He MOTYT PEIIUTb ATY MPOOIEMY, IIO3TOMY MPUXOIUTCS
MOCTOSSHHO KOHTPOJIUPOBATH L[EIOCTHOCTD IIBOB M MPOU3BOIUTH €KEHEIEIbHYIO Me-
XaHUYECKYI0 OUUCTKY.

3akaoueHne

T'unpoxumuyeckuil aHaiu3 BOJbL, UCIIOJIb3YEMOM B TEXHOJIOTMYECKOM LIUKIIE Ha
TOL-1 r. Yutsl, BBISIBUII IOBBILLIEHHOE COAEPIKAHUE KECTKOCTH, AMOKCUAA KPEMHHUS 1
(docdaroB. YXymeHHOe Ka4eCTBO BOABI MOXKET HPUBECTH K 00Opa30BaHHIO HAKHIIH,
KOppO3Hun 000pyI0BaHUS M CHIDKCHUIO 3((PEKTHBHOCTH €TI0 padOThI.

HaxomnneHnne HakUMU B TEMI00OMEHHUKAX U TPyOOIPOBOJaX NPUBOJIUT K CHU-
JKEHHIO TEIJIONEpeNaur, YBEIMYEHUIO pacxoja TOIUIMBA M COKPAILEHHIO CpOKa
ciryx0bl 000pynoBanus. Kopposus Meraiuia MpuBOAXT K Pa3pyIICHUIO 3aIUTHON OK-
CHJIHOM IUIEHKH W JalbHEHIIeMy pa3BUTUIO KOPPO3HOHHBIX MPOLECCOB, YTO MOXKET
MIPUBECTH K aBapUIHBIM CHUTYalHsAM H OCTaHOBKe paboTsr TOLI.
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Bo n36exanne HeTaTHBHBIX TTOCIIEICTBHI HEOOXOIMMO BHEPSATH KOMILIEKC Me-
PONPUSATHIA, HAITPABIEHHBIX HA BOJOMOArOTOBKY HCIIONB3YEMO BOABI s YIIyYIIEHUS
e€ xayecTBa. K HUM OTHOCSITCS: HCIIOJIB30BaHUE COPOLIMOHHOM 00paboTKH (B KauecTse
copOeHTa MPHUMEHSIOT MOPOITKOOOPA3HBI AKTHUBHBIN YTrolb, KOTOPBHIA ITOTJIOIIACT
rupooOHBIE BEIIECTBA, B TOM YHCIIE YTIIEBOAOPOALI HEYTH U HEPTETIPOLYKTOB, Op-
TaHUYECKUE COCAMHEHUS M METAJUIbl), IPUMEHEHUE 3JIEKTPOXUMHYECCKUX METOIO0B
(OHH OCHOBAHBI Ha MPOTEKAHUH XMMUYECKUX IPOLIECCOB Ha IEKTPOJAX MPH MIPOITyC-
KaHUU 4epe3 BOAY [TOCTOSIHHOT'O MJIEKTPUUECKOr0 TOKA. Takue METOAbI O3BOJISIOT MU-
HUMU3UPOBATh BO3ACHCTBIE HA OKPYKAIOMIYIO CPEIY).
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Aunotanusi. OTMEUCHO, YTO BOAHBIC OOBEKTHI SBISIOTCS MCTOYHUKAMH KaK 00CCIICUCHHS KU3HH,
Tak ¥ MECTaMH BO3HMKHOBCHHS M PEAIU3aI[MH ONACHBIX SBICHHI, B TOM YHCJIE CBSA3AHHBIMH C 3a-
TPSI3HEHUSIME BOJI, HCTIOIB3YEMBIX IS IMTHEBOTO BOMOCHAOXEHNs. [ Maposkomornyeckas Ge3omac-
HOCTb, BKJIIOYAIOIIasi KAK CTPYKTYPY B3aUMOCBSI3€H MEXK1y C OJTHOM CTOPOHBI — OKPYKAIOLIUMH TIPH-
POIHBIMHI SKOCHCTEMaMH, BOIHBIMU OOBEKTaMH, C IPYTON — XO35ICTBOM U HACEIICHUEM, MOYXKET OBITh
rapaHTHPOBaHa YKOHOMHUYECKH d(P(PEKTHBHBIM M IKOJOTHYECKH 0€30IacHbIM BOIOIMOJIb30BAHHEM.
TIpesiokKeHO MIeCTh YHUBEPCATBHBIX METOIOB YCHIICHHS BO3MOXXHOCTH PEIIICHHS MHOTHX THAPOIKO-
noruyeckux npodiem. s obecriedeHust BceX ypoOBHEH O€30MacHOCTH KaKAbIi BOIHBIA OOBEKT
HYX/AaeTCsl B COOCTBEHHOMN CHCTEME YIIPABIICHUSL.

KioueBsble ciioBa: BOJIOIIOJIB30BAHHUE, OIIACHBIC ABJICHHUA, BOHOXO3HﬁCTBeHHBIﬁ KOMIUICKC, r'iApo-
OKOJIOrH4YeECKast 6630H3CHOCTL, BOOa.

3HAYNMOCTH BOJHBIX OOBEKTOB B KQUECTBE OCHOBBI XKH3HU U JICATEITHHOCTH Ye-
JIOBEKa MPEAOTPEICIIeT IIPHOPUTET OXPAHbI BOAHBIX OOBEKTOB MEPEJ X UCIIOIB30-
BaHMEM. PerynupoBaHue BOJHBIX OTHOLIEHUI OCYIIECTBIAETCA UCXO U3 MPEACTaB-
JICHUS 0 BOJHOM O0OBEKTEe Kak O BaKHEHIIel cOCTaBHON 4acTH OKPYXKAIOLIEH Cpesbl,
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cpexe oOnuTaHMsA 0OBEKTOB JKHBOTHOTO M PACTUTEIFHOTO MHpa, B TOM YHCIIE BOJHBIX
OMOJIOTMUECKNX PECYPCOB, KaK O IPUPOJHOM pecypce, UCIIONb3yEeMOM YeIoBeKoM [1].
Ho BozxHbIC 00BEKTHI SBISIOTCS OIMACHBIMU CaMH 110 ce0e U 00bEKTaMH, CO3/1AI0IIMMHI
omacHeie siBneHus. [To onenkam BO3, B 2019 1. ot yromuienust ymepio 236 Thic. 4el.,
KOTJIa Ha JIOJI0 TPaBM IIPUXOAMIIOCH MOYTH 8 % BCEX CIy4aeB CMEPTH B MHUpE. Y TOII-
JIEHUE SABISIETCSl TPEThEH MO 3HAYMMOCTU NMPUYMHOM CMEPTH OT HENpPEeAHAMEPEHHBIX
TpaBM — Ha HETo NPUXOAUTCS 7 % BCeX CIIyuaeB CMEPTH, CBSI3aHHBIX C TpaBMamH [2].
K 2024 r. coobutuim 0 CHIKEHHH YPOBHS CMEPTHOCTH OT yTOIICHHH, HO OHM OCTa-
I0TCS CEphE3HOH MPOOIEeMOil 00IIECTBEHHOTO 3/IpaBOOXPAHEHHS, TOCKOIBKY KaXKIbIH
Yac OT MPOUCIIECTBUH Ha Boze morudaet 6omnee 30 vern., a Tonpko B 2021 r. yroruieHus
ctamu npuauHoit cmeptu 300 ThIc. den. [TouTu mosoBHHA BCEX CIydaeB MPUXOAUTCA
Ha JuI Miajaue 29 JeT U 4eTBepTh — Ha JeTed milaaue nsatu jet [3]. B exeronnom
nokaane BMO 2021 r. «CocTostHEE rI100aTbHBIX BOIHBIX PECYpPCOB» YKa3aHO, 9TO T10-
CIIEACTBUSL M3MEHUYMBOCTH M M3MEHEHMs KJIMMAaTa 4acTO MPOSBISIOTCA uepe3 BOAY.
JIronn, pakTHYECKH TOTyYUB Oe3rpaHUIHYIO BIACTh HAJ MIPUPOJHON CPEmoil, cunuTast
ce0s «BEHIIOM IIPUPOJBI», 3a0BUTH, YTO CAMH SIBISIETCSA MaJoi YacTHIEH 3TOH Cpesbl.
U Tlpupona BcE yaie HalOMUHACT HaM 00 3TOM KaTacTpOPUUESCKUMU MPOSIBICHUSIMHU
cBoero Bennuus. MoXHO ¢ yBEPEHHOCTBIO 3aKIIFOYHUTh, YTO BOJIA — 3TO KHU3Hb U BOAA —
3TO CMEpTh.

IIponsBoacTBeHHAss JEATENBHOCT MHOTUX CEKTOPOB 3KOHOMHKH — BOIHBIN
TPAHCHOPT, SHEPreTHKa, CeNIbCKOE U JIECHOE XO3SHCTBO, KOMMYHAIIbHBIE CIIYKOBI U
JIp., B 3HAYUTENBHON CTETIEHH MOJBep KeHa BIUSAHUIO HEOIarONpUATHBIX THAPOMETEO-
POJOTHYECKHX YCIOBHI. Pa3BUTHE HOBBIX TEXHOJOTHH M XO3AHCTBEHHBIX HH(Qpa-
CTPYKTYp YCYryOnsieT ysi3BUMOCTb SKOHOMUKH M XXKH3HEJESITEIBHOCTH O0lIecTBa OT
SKCTPEMaJbHBIX MPOSIBICHUN OKpy:katoieil cpeasl. Ha obmmpnoit Teppuropun Poc-
cuy, o0nagaronier OOIBIIMM pa3HOOOpa3HeM KIIMMAaTHIECCKUX YCIOBHMA, HAOIIOIAETCsI
MIUPOKUI CHEKTpP HEOIArONPHUATHBIX M OMACHBIX THAPOMETEOPOIOTHIECKHX SBICHHH,
KOTOPbIE MOT'YT HAHECTHU CYLIECTBEHHbIH 3KOHOMHUUECKHH yIIepO, KaK OTIeIbHBIM XO-
3STMCTBYIOMIUM CYOBEKTaM, OTPACIiM 3KOHOMHKH B I[EJIOM, TaK KH3HU U 310POBBIO
rpakaad. CuTyarus ycyryOoisieTcs, TEM 4TO XO3SIHCTBEHHAs! AESITEIbHOCTh 1 MHOTHE
00BEKTHI HHPPACTPYKTYPHI TAKIKE CO3/AIOT JOMOJIHUTEIIBHBIE ONACHOCTH, HAIpUMep
HPOPBIBBI AaMO U IIOTHH.

OmnacHoe MPUPOAHOE SBJICHUE — THAPOMETEOPOIOTHIECKOE HITH TeIHOTe0(hH3H-
YECKOE SIBJIEHHE, KOTOPOE O HHTEHCUBHOCTH Pa3BUTHS, IPOIOKUTEIBHOCTH HITH MO-
MEHTY BO3HHUKHOBEHHUS MOXKET INPEACTABIATh YyTPO3y KU3HH UM 3[0POBBIO IPaXKaH,
a Taxke MOYKET HAHOCUTH 3HAYUTENIbHBIN MaTepHaIbHbIN yiepo [5]. [lepedens u kpu-
TEPUH OIACHOTO MPHUPOIHOTO SBICHHS MO TEPPUTOPUH JeATeNbHOCTH MpKyTCcKOTOo
YI'MC paszpabotansl B cootBeTcTBHH ¢ PJ1 52.04.563—2013 «HCTpYKIHKS 1O MTOATO-
TOBKE U Tepeiadye MITOPMOBBIX COOOIIEHHH HAOIIONATENbHBIMU NOAPA3CICHUSIMI,
BBEAICHHBIM B JeiicTBue mpuka3oMm Pocrugpomera Ne 730 ot 27.12.2013, mpuka3zom
OI'BY «Mpkyrckoe YIMC» Ne 125 ot 14.04.2014; cornmacosansl Pocruapomerom
Ne 10-30-30/167 ot 09.04.2014, ytBepxkaensl HadambHHKOM DI'BY «UpkyTckoe
VI'MC» 10.04.2014; BBenennl B aetictBue ¢ 28.04.2014. 13 HeCKOJIBKUX AECATKOB Ta-
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KHX SBICHUH HEMHOTHM MEHBIIIE TTOJIOBUHBI NMEIOT OTHOIICHHE 1 K BOJAHBIM OOBEK-
TaM MM CO3Jal0T KOMILIEKC OMACHBIX ABJIECHUH, KaK HalpUMep CUJIbHBIE T0KAH MpPHU-
BOJIAT K MABOJKAM.

OmnacHoe IpUPOTHOE SBICHHE, KaK COOBITHE MPUPOTHOTO IPOUCXOKACHUS HITH
COCTOSIHME DJIEMEHTOB ITPUPOJHON CPeJibl, KaK Pe3yJIbTaT AEATENBHOCTH IPUPOIHBIX
HPOLIECCOB, KOTOPBIE 10 CBOCH MHTEHCUBHOCTH, MACIITAa0y pacrpocTpaHEeHHs U IPo-
JIOJDKUTEIBHOCTH MOTYT BBI3BATh MOPaKaloIee BO3ICHCTBUE Ha JTI0EH, 00 BEKTHI KO-
HOMHKH U OKPY’KaroIryto cpexy. OHI MOTYT TOAPA3IeIATECS: TI0 XapaKTepy MposiBIIe-
HUSI — Ha TIpAMBIE U KOCBEHHBIE; MO MacmTaly — Ha 00OBEKTHbIE, JTOKaIIbHBIE, PETHO-
HaJIbHbIC, HAIMOHAJIBHBIC U TJI00AIbHBIE; 110 THITY TPOSIBIICHUS — Ha MTOCTOSIHHBIE, T1e-
pUOAMYECKHe, SMU30ANYECKHe U MTHOBEHHBIE; 0 HAMPABICHHOCTH Pa3BUTHSI — Ha
HapacTaromye 1 yosiBatonye u T. 1. [4]. Bce omacHocTH CBSI3aHHBIE ¢ BOJIHBIMUA 00B-
€KTaMHU TaK)K€ MOYKHO pa3/IeINTh Ha TPYIIIbl, B KOHTEKCTE ¢ KOHTPOIUPYIOIIUMH rOC-
yAapCTBEHHBIMU NOApa3aeneHuaMu. Hanpumep:

1. AnmMuaHCTparn cyObeKTOB M IIpaBUTENBCTBO OCYIIECTBISIOT 3aKOHOJA-
TEIbHOE HOPMUPOBaHKE U (e/IepabHOE YIIPABICHUE, B TOM YHCIIE TAKUX 00BEKTOB,
Kak o03. baiikai.

2. PernoHanbHO BOJTHO-XO3SIHCTBEHHBIN KOMIUIEKC yIpaBisieTcs: bacceitHOBbIMU
COBETaMH, OCYIIECTBISIOINMHI PaHOHATEHOE HCTIOTb30BaHNE, OXPaHy BOJHBIX 00BEK-
TOB M Pa3pabOTKy PEKOMEHIAIMH B 00J1aCTH UCHOJIb30BAHUS U OXPaHbl BOIHBIX 00BEK-
TOB B rpaHHIax OacceifHOBOro oKkpyra, ceiiuac ux B Poccuu aBauaTh oJuH.

3. YpoBeHb MPOU3BOACTBA U XO3SAICTBEHHBIH KOMIUIEKC PETHOHAIBHO KOHTPO-
JHpyeTcs noapasaerieHussMu PocipuponHanzopa.

4. ObecnieueHre HAaceNEHHs BOJOM HAAIEkKAIET0 KauecTBa, KOHTPOIMPOBaHHE
Ka4yecTBa BOJ OCyIIecTBIseTcs PocrioTpedHan3opoM.

5. Ocraércs 3HAYUTENBHOE YUCIIO JIMYHBIX CKBAXXHH, KOJOAIECB, MECT HEOpra-
HU30BaHHOM pEeKpeanyu, r1e JIAN TOJDKHBI MPOSBIATH COOCTBEHHYIO OTBETCTBEH-
HOCTb 32 BOSHUKHOBEHHE, PA3BUTUE U PEATHU3ALUI0 BO3MOXKHBIX THAPOIKOIOIMUECKUX
OIIACHOCTEH.

be3ycnoBHO, Bce TH MOApa3/eNeHHss ¥ KOMIUIEKCHI YIPaBJIE€HHUs BOJOXO035H-
CTBEHHBIX KOMIUIEKCOM B3aMMOCBS3aHbI KaK Ha FOCYAapCTBEHHOM, TaK Ha TEPPUTOPH-
QIBHOM M PETHOHAIBLHOM YPOBHSIX. HO OTIMYNTENBHO, YTO KaX/IbIil BOAHBINH OOBEKT
0OBIYHO HYKJAETCSI B COOCTBEHHOM CHCTEME yIPaBICHUSI.

[Tpu peannzanny OONBIINHCTBA ONACHBIX SBJICHHH, Ta’Ke HETIOCPEACTBEHHO HE
CBSI3aHHBIX C BOAHBIMH OOBEKTaMH, IPOUCXOJHUT UX 3arps3HEHUE B PE3YJIHTATE CMBI-
BOB C TEPPUTOPHH, TIPH MOBPEKICHUH MIPOU3BOICTBEHHBIX 00BEKTOB, KJIaJ0HIII, CKO-
TOMOTHJIFHHUKOB, IIJJAMOHAKOTIUTENICH M APYTHX O0OBEKTOB HAKOIUICHHOTO Bpena Ha
TEPPUTOPHH, TIOBPEKICHUN CUCTEMbI BOI00OECIICUEHUS, YTO MPUBOAUT K OIIACHOCTH
3a00J1eBa€MOCTH ¥ CMUPHOCTH HACEJICHHS B Pe3yJIbTaTe yrnoTpeOIeH s 3arpsi3HEHHOM
BOJBI. [l03TOMYy OTHETBHBIM OJIOKOM OMACHOCTEH HMEHHO THAPOIKOIOTHIECKOH
TPYTIITBI CIITyET CYUTATH KA4eCTBO BOJI, 0COOEHHO 0OBEKTOB MUTHEBOTO HA3HAYCHUS.
B cooTBercTBUM ¢ BOAHBIM KOJIeKcoM P® BosiHBIE OOBEKTHI HCIONB3YIOTCS JUTA IeNeit
MHUTHEBOTO U X03HCTBEHHO-OBITOBOTO BOJIOCHA0KEHNS, COPOCA CTOUHBIX BOA U (MIIH)
JPEHAKHBIX BOJI, TTPOM3BOJCTBA IICKTPHUECKON PHEPTHH, BOJHOTO W BO3IYIIHOTO
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TpaHCIIOpTa, CIIaBa APEBECHHBI W MHBIX NPEIYyCMOTPEHHBIX BOIHBIM KOMIEKCOM Iie-
nei. IIpuopureToM cuMTaeTCs] UMEHHO MCIONB30BaHHUE BOJ Ul NMUThs, HO YPOBHHU
IpeAeIbHO-I0MYCTUMBIX KOHIIEHTPAIMH 3arpsA3HAIOINX BELIECTB BBIIIE I BOJHBIX
00BEKTOB PHIOOXO3AHCTBEHHOTO Ha3HAUEHHS. DTO MOHATHAS 0COOEHHOCTH (PYHKITHO-
HUPOBAHUS BOJHBIX HKOCUCTEM.

I'maposkosiorudeckast 6e30MacHOCTb, BKIIOYAOIIAsl KaK CTPYKTYPY B3aHMOCBSI-
3l MEXLy C OHOW CTOPOHBI — IPUPOTHBIMH IKOCHCTEMAaMHU, BOJXHBIMH 00BEKTAMH, C
JIpYyToi — XO3SIMCTBOM M HACENICHHEM, IIPH KOTOPBIX CPOHUTCSH SKOHOMHYIECKHU d(pek-
THBHOE M 3KOJIOTHYECKH OE30IacHOE BOJOIONB30BAHHE, OMPEEISIETCS 0COOCHHO-
CTSIMU MPOCTPAHCTBEHHO-BPEMEHHON U3MEHYMBOCTU PEUHOTO CTOKA, €0 €CTECTBEH-
HOM 3aperyIMpOBaHHOCTBIO, OTCYTCTBHEM Ae(pHUINTA BOJHBIX PECYpCOB M JIPYTUMH
crennpIeCKIMI XapaKTepHUCTHKaMHA. BO3MOKHBIE aHTPOIIOTEHHBIE W KIMMaTHUe-
CKHE WM3MEHEHMs, B TOM 4YHCIE IJ00albHBIC, JOJDKHBI YYUTHIBATHCS IIPU OLICHKE
HAJIe)KHOCTH BBITIOJTHEHHS THIPOJIOTHUECKUX OrpaHiueHu. [1onokeHns rHIpo3Koo-
THYECKOH Oe30MaCHOCTH BOJOINOIB30BAHUS B IIEJIOM BKJIFOYAET COOTBETCTBYIOIIYIO
OLICHKY (DYHKIMII BOZHBIX 00BEKTOB, THITH3ALMIO X (JOPMYITUPOBKY THIPOIOTHUECKUX
OI'paHNYCHUI BOJOTIOJIL30BAHMS, TIEPEUEHb YCIOBUIT SKOHOMUYECKH 3()(PEKTUBHOTO U
9KOJIOTHYECKH Oe30MacHOT0 HCIOJIB30BAHUS BOJIHBIX 00BEKTOB. IlpemympexneHue
WIIN YMEHBIIEHNE PHCKOB OIACHBIX THAPOJIOTHIECKUX SBICHUI BO MHOTOM 3aBHCHT
OT 3Q(PEeKTUBHOCTH MOHUTOPHUHTA COCTOSIHHSI BOJHBIX O0OBEKTOB, BOJAHOTO 3aKOHO/A-
TEeJIbCTBA U XapaKTepa BOJONOIb30BAHUS.

He menee 3HaunMoi 3a1a4ei B 9TOH 00JIaCTH SBIISIETCS pEIICHUE Psifia METOJI0-
JIOTHYECKUX MPo0IeM 3ydeHus 1 obecneueHns 6€30macHOCTH U 3((HEKTHBHOCTH BO-
JIOTIOTb30BaHMs, OLEHKH BEPOSITHOCTH OMACHBIX THIPOJIOTHUYECKHX SIBICHUI AT peu-
HBIX OacceilHOB, perHOHOB U cyOBekTOB PD. BrIABIEHNE THAPONIOTHUECKUX U 3KOJIO-
THYCCKHUX OTPAHUYCHUH CBSI3aHBI C OIICHKOH M TPOTHO30M H3MEHEHUS BOAHBIX pecyp-
coB. PaccmoTpenue n pemienue 3TUX podieM TpedyeT pa3pabOTKH HOBBIX MOAXO/I0B
K U3YYEHHMIO M O0ECIEUYEHHIO THIPOIKOJIOTHUECKOH 0e3011acHOCTH, N3y4YeHHs Ipo-
CTPAHCTBEHHBIX OCOOCHHOCTEH BO3HUKHOBEHUS IIPUPOJHBIX U TEXHOTEHHBIX ONACHO-
CTell M PUCKOB YPE3BBIUAMHBIX CUTYyalMH, CO3MaHNUsI COBPEMEHHBIX (MM COBEpPIICH-
CTBOBAHHS TPATAMUIIMOHHBIX) CPEJICTB THPOIOTUUSCKUX M BOJOXO03SHCTBEHHBIX pacye-
TOB, COBEPILIEHCTBOBAHUS COCTaBa, CTPYKTYPBI U COJEPKaHHSI MOHUTOPUHTA BOAHBIX
00BEKTOB.

B cBsI31 ¢ 3THM CBOEBpPEMEHHBIE U JOCTOBEPHBIE COOOIIEHUS O BOSHUKHOBEHUN
U pa3BUTHH (YCHJICHHH U OKOHYAHHH) HEOJIAroNpUsTHBIX U OMACHBIX THAPOMETEOPO-
JIOTUYECKUX SIBICHUH, OJaBaeMble HaOII0JaTeNbHBIMU Opa3AeieHusiMu Pocrunpo-
Mmeta 1 BMO, m03BOJISIIOT YMEHBIINTH HETATHBHOE BO3/ICHCTBUE ITHX SBICHHUI Ha pa-
60Ty OTAENBHBIX NPEANPUATHI 1 SKOHOMHUKH CTPAHBI B IIETIOM.

Pemenne MHOTHX THAPOIKOJIOTMYECKHX IMPOOJIEM MOXKHO JOOUTHCS pa3iud-
HBIMH YHUBEPCAIBHBIMH METOIaMH, HAIIpUMep:

e YCHJICHWEM IMOHNMAaHUS 3HAYMMOCTH M TIPo0IIeM KakI0T0 KOHKPETHOTO BOJI-
HOI'0 00BEKTA;

® Da3BUTHEM CHCTEMBbl HaOJIIOIATENBHON CEeTH THJIPOMETEOPOJIOrHIECKOM
CITy>KOBI ¢ YIETOM MEXITYHAPOAHBIX TPOTPAMM;
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e yBeIMYEHHEM HHBECTHIINH C IIENTBI0 BOCTIOTHEHHMS TPOOEIOB B cOOpEe TaHHBIX
M0 OCHOBHBIM TI'MJIPOIKOJIOTHYECKUM ITOKA3aTEIsIM M OILEHKE THAPOIKOJIOTHYECKOTO
cTaTyca, BKIItouast Kpuocgepy, Ha CTpaHOBOM YPOBHE;

® YCKOpEHHEM pa3pabOTKHM METOJOB aHaIW3a, HalpuMep AemuppupoBaHUsL
JAHHBIX TUCTAHIIMOHHOTO 30HANPOBAHMS 36MJIM M CKBO3HBIX CHCTEM 3a0JIaroBpeMeH-
HBIX TPEIYNPEKACHUN 00 ONACHBIX SBICHHUAX VIS CHIDKCHHUSI BO3ACHCTBHS HKCTpe-
MallbHBIX SBICHUN Ha JIIOJEH, )KU3Hb U CPEJCTBA K CYLIECTBOBAHUIO, YIKOCUCTEMBI U
SKOHOMHUKY B I[EJIOM BO BCEX YaCTAX MHUPA,;

® YIIYYIIEHHEM CHCTEMBI J0JITOCPOYHBIX M KPATKOCPOYHBIX TPOTHO30B U OMO-
BEIICHUSI 00 OITACHOCTSIX, B COOTBETCTBHUH C IIPU3BIBOM TeHepanbHoro cekperapst OOH
0 co3nanuu k 2027 r. cucteM 3a01aroBpeMEHHBIX MpeaynpexaeHuil s Beex [6];

e pacupeHreM oOMeHa THIPOIKOJOTHYECKHMH JTaHHBIMU Ha YPOBHE I'paHH-
Yanux CTpaH U MEXIYHAPOJTHOM yPOBHE.

BesycnoBHBIM sBisleTCS cOBMECTHasi paboTa cOOOLIECTBAa B IOJJICPXKKY IJI0-
6aIbHOTO MOHMMAHMS, Pa3pabOTKU MOJUTUKU U MJIAHUPOBAHUS B LIENAX peanu3aliu
IlepcnextuBHoro Bupenus u Crparernu BMO B o61acTé THAPOMETEOPOIOTHH IS
HOAJEPKKH JOCTIKEHNUS LeJiel B 00JIaCTH yCTOHYMBOTO PA3BUTHSL.
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V]IK 556.535.5

Oco0eHHOCTH HApaCTAHUS TOJIIHHBI JIbA
Ha Kamckom BogoxpaHuniie

H. A. IlIBapéra (nata2004fac@mail.ru), K. JI. Mukoa (mikovak@yandex.ru)

Tlepmckuii 2ocyoapcmeentbviil HAYUOHATLHBIN UCCIe008amenbeKull ynusepcumem, 2. Ilepmo

AnHotanusi. CTaThsl OCBSIICHA aHAIN3Y 0COOCHHOCTEW HapacTaHWs TOJNIIMHBI Jibaa Ha Kamckom
BOJIOXpaHWHIIe. B xo7e paboTh! ObliIa UCTIOIb30BaHa HHPOPMAIUS 110 9 THIPOIIOTUIECKUAM ITOCTAM
(r/m) o TonmmHe nbaa 3a nepuoa 1956-2023 rr. MccnenoBanue mokasano, 4TO HanOOJbIas HHTEH-
CHBHOCTb HapacTaHUs TOJIIMHBI JIbJja HAa BCEX I/I, HaOJIroJaach B EPHOJ] ¢ HOAOps 1o (eBpasb.
MaxkcuMyM MHTEHCHBHOCTH HapacCTaHHs TONIIMHBI JISISTHOTO MOKPOBa HaOI0IaeTes B ekadpe, ¢
uHTeHcuBHOCTHIO TouTH 0,70 cM/cyT. TlpumepHo B Havasne ¢eBpais WHTCHCUBHOCTh HapacTaHUs
TOJII[MHBI JISSTHOTO TOKPOBA HAYNHACT CHIXKATHCS M B MapTe yke He npessbiraet 0,10 ecm/cyT. Cpen-
Hsisl TOJIIIMHA JIbJIa B KOHIIC 3UMBI Ha T/m cocTaBisieT 42—73 cm. Hanbosnpivie 3HaueHUs TOTIUHBI
npa 70—73 cM xapaKkTepHbI st [IOCTOB, PACTIONOKEHHBIX B MEITKOBO/THBIX 3JTHBAX BOAOXPAHIIIHIIA
(r/m Maiikop, Bucum, Unbeunckuii, Ycrb-Kemons). HeGounpinas TonmyHa Jibaa OTMeEYanach Ha I/m
Bepesuuku u Ycre-I10%kBa, pacronoKeHHBIX HA BEPXHEM, TPOTOYHOM B 3UMHHI MEPUOJ, YIACTKE
BOJIOXPAHWJIMILA U HA TIPUILIOTUHHOM y4acTke y Kamckoit 'DC (42-53 cm).

KuroueBble ci1i0Ba: TOIIIIMHA JbJa, MHTCHCUBHOCTH HapaCTaH!sA TOJIIIUHBI JIbJA, Kamckoe BOOOXpa-
HUJIALIC.

BBenenne

3uMOi MMOYTH BCE PEKH, 03epa M BOJOXpaHMIMIIAa B Poccum mokpsIBaroTcs
apaoM. Ha uccnenyemoii TeppuTopuu NpogO/LKUTENBHOCTD J1€10CTaBa COCTABILAET 5—
6 mec. KaxpIit TOl CPOKH MOSIBIICHMSA JIbJida W OYHUIICHNS BOJOXPAHWIHIL OTO JIbIa
MEHAIOTCSL B JOBOJIHO IMUPOKHX Ipejenax. MccnenoBanue HapacTaHHs TONILIMHBI
JbJja UMEIOT OOJIBIIOE MPAKTHYECKOe 3Ha4YEeHHE JUIS Pa3HBIX OTpaciiedl SKOHOMHKH.
Opraan3anysa 3UMHHUX MepenpaB, THIPOTEXHHYECKOEe U JTOPOKHOE CTPOUTEIHCTBO,
MIPOKJIaKa HeTe- ¥ ra30MpoBOIOB B reorpauecKuX 30Hax, T €KETONHO OTMEYa-
I0TCSl YCTOWYMBBIC JIEJIOBBIEC SIBICHMUS, TPEOYIOT oOecieueHus! Ha/IS)KHBIMU CBE/ICHH-
SIMU 0 JIEAOBOM pexuMe. M3yueHune 1eJ0BOro COCTOSIHUS U JIEJOBOTO PEKUMa BOJO-
XPaHWJIHMI] UMEET Takoke OOJBIIOe 3HAYCHNE IS PEIICHUs pAa HaydHBIX W NIPAKTH-
YECKHX 3ajad.

JlenoBbIi pexUM BOJOXPAHUIHIL — 3TO COBOKYIMHOCTb 3aKOHOMEPHO MOBTOPSI-
IOMINXCS MIPOIIECCOB BOSHUKHOBEHUS, PA3BUTHS U pa3pyIICHUs JISITHBIX 00pa30BaHMUH
Ha BOJTHBIX 00BeKTax [9]. B pa3HbIe roas! xapakTep HapacTaHWUS TOJIIMHEI JIba Me-
HSJICS B 3aBUCHMOCTH OT Pa3JIMUHBIX T'MAPOJIIOTHYECKUX (DAKTOPOB, MOTOAHBIX YCIIO-
BUIl HE TOJBKO MO KOJIMYECTBEHHBIM IIOKA3aTeNsIM, HO U [0 KAYeCTBECHHBIM ITPU3HAKAM,
KaK 9TO CBOMCTBEHHO MHOTHM JIEJIOBBIM ITporeccaM. CaMo HapacTaHHE TOJIIUHEI JIbIa
B BOJIOEMAaxX MPOMCXOAUT C Hadaja JIeJOCTaBa IyTeM KPUCTAJUTH3AINN BOJIBI Ha HIK-
Hel TOBEPXHOCTH JIEITHOTO TOKPOBA, TPOMEP3aHUs IIIyTH MO IeTHBIM HOKPOBOM, a
TaKXKe 3a CUeT CMEP3aHUs MPOMUTAHHOTO BOJOI CHera, HaXOAAIIErOCs Ha JEATHOM
nokpoBe. Cpoky Hagaja JIeIOBBIX ABJICHMI Ha BOJOXPAHIINIAX MO3HEE, HEXKEIH Y
pEeK, M3-3a TOro, YTO K MOMEHTY Iepexojia TEMIIEPATYPhl BO3AyXa K OTPUIIATEIbHBIM
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3HAUSHHSIM TEIUI03arachl BOJHBIX MAacC B BOJIOXPAHMIIHMIIAX OOJBINE, YeM B PEUHBIX
BOJIaX B €CTCCTBCHHBIX YCIIOBHSIX, BCICICTBHE YBEITHMUCHNUS TTTyOHHBI H CHIDKEHHS CKO-
POCTH TeYEHHs Ha MOAMOPHBIX yyacTkax [3].

WccenenoBanusM HapacTaHUs TONIUHBI JIbJIA TIOCBSAIIEHO MHOTO HAyUHBIX TPY-
noB. Harmpumep, B Tpynax Takux yaensix, Kammaun B. T'. u Mukosa K. /1. (2006), T'op-
oynoBa 1. M. (2020), OblIH MPOBEICHBI AHATM3BI M BBISIBICHBI 3aKOHOMEPHOCTH TPO-
1eccoB Jeqoobpazoanus Ha KamckoM Bogoxpanuumiie. Bonpocamu 3akoHOMEpHO-
cTH (POPMHUPOBAHUS JISTOBOTO PEKMMA 03€p U BOJOXPAHWIIHII B 3aBUCHMOCTH OT Pas-
JUYHBIX (akTopoB 3aHuManuch: Kupsens I1. WM. (2007), Kamuaun B. T'. (2012, 2015),
OsuunnankoBa O. B. (2022). BnusHue KIUMaTHYeCKUX H3MEHEHUH, TaK jK€ OKa3bIBaeT
CYIIIECTBEHHOE BIMSHUE Ha (HOPMUPOBAHHE TONIIUHBI JIbJa, 0Ojee MOAPOOHO ITO
OBLIO paccMOTpeHO B cienyromux Tpyaax: Aradonosa C. A. (2014); Marpunkuit 1.
B., Yanos, C. P., Aradonosa, C. A., Ky3uenos, M. A., u np. (2019); Kamuauna B. T'.,
Muxkoga K. JI. u Uuuaros B. B. (2021).

T'eorpadudeckoe MmosokeHNe U KIMMAT SIBISIFOTCS OCHOBHBIMH (DaKTOPaMH BIIH-
SHUS Ha XapakTep 3aMep3aHusl BOJOXpaHWINII. HapacTanue Jbaa POUCXOINT B pe-
3yJIbTaTe TEIIOOOMEHA MEK/IY JICASHBIM ITOKPOBOM M aTMOC(HEpO MPU OTPHLIATEIIb-
HOoM OanaHce Temsia. 3HAUUTENbHOE BIMSHUE HA PACIPENeICHUE TOIIIUHBI JIbJa IO
AKBATOPWH OKa3bIBAET CHEXKHBIN ITOKPOB.

Hcxoanbie JaHHbIE H METOABI HCCJIETI0BAHUS

B xozae paGoTh! ObLTH TIPOaHATU3UPOBAHBI PSIBI JAHHBIX 10 TOJIIMHE JIbJIa Ha
9 r/m Kamckoro Bomoxpanwimia: bepesnunku, Bucum, JloOpsuka, Kamckas I'DC,
Verw-TloxBa, Matikop, Mnbunckuii, Tponna, Ycrb-Kemons (puc. 1). TTo r/m ucmoss-
30BaHa HH(OpPMAIIKs O TONIIHMHE JbJa 3a nepuo 19562023 rr.

Pe3yJ’leaTbI u 06cy>1c21erme

AHanu3 cpegHeMHoroyieTHux (19562023 rr.) BeIMYMH TOJIIMHBI JIbJIA IO Me-
csiam Ha 1/ Kamckoro Bomoxpanuiuiia (puc. 2) mokasai, 4To MOce YCTaHOBICHHS
JIeIOCTaBa HapacTaHUe TOJIMHBI JICJSTHOTO MOKPOBA B Pa3HBIX pailoHaX aKBATOPUHU
BOJIOXPaHMIINIIA TTPOUCXOJUT TTO-pa3HOMY. JIeTOBBIA PEKUM HE TIOCTOSIHEH M HaXO-
JATCS TIOJ ICHCTBUEM M3MCHCHUSI Psiia KIMMATHYCCKUX (PAKTOPOB TAaKUX KaK TEMIIC-
patypa Bozayxa, aTMoc(hepHas UPKYISIIHS (BETPOBOU PEXKHUM), a TaKXKe TPYTUX HE
MeHee BaXHBIX (PaKTOPOB KakK BBICOTA CHETa Ha JIbAY, THIPOJOTHUSCKUX XapaKTepH-
CTHK BOJIOTOKA, OCOOCHHOCTEH MO3EMHOT0 MUTAHUS U MOP(OIOTHIECKOTO CTPOCHHS
MECTHOCTH. B TeueHue nepuojia jae0cTaBa TONIIMHA JICASTHOTO TOKPOBA M3MEHSCTCS
0JT BJIIMSIHUEM TETUIOOOMEHHBIX TPOIIECCOB Ha BEPXHEW M HU)KHEU TMOBEPXHOCTSX, a
TaKKe B TOJIIIIE JIbA U CHETa, HAXO/ISIIErocs Ha JieJssHOM 1okpoBe [ lonuenko, 1987].

Ha Kamckom BooxpaHuiniie 0ojiee HHTEHCHBHOE HapacTaHHe JIbJia MPOUCXO-
JUT B TieproJi ¢ HostOpst o sitHBapsb (0,40—0,65 cm/CyT), 9TO BIOIHE MOXKHO OOBSICHUTD
TEM, UYTO B Ha4yaje 3MMbI HaOIIOMAI0TCS OOBIYHO HAMMEHBIIIAs TOIIMHA JIEISTHOTO I10-
KPOBa, YTO CHOCOOCTBYET O0Jiee HHTCHCUBHOMY HapacTaHUr0. MaKCHMyM HHTCHCHB-
HOCTH HapacTaHUs TOJIIMHBI JEISHOTO MMOKPOBA MPUXOAUTCS Ha JeKadpb, C MHTEH-
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cuBHocThI0 IouTH 0,70 c™M/cyT. B meproa ¢ ¢peBparts mo MapT, MHTEHCUBHOCTh Hapac-
TaHUsl HecKoJbKo cHrpKaeTcs (o 0,10-0,30 cm/cyT). DTO CBsI3aHO € TEM, YTO B cepe-
JIUHE 3UMBI U3-32 YBEJIMUEHHUS TOJILIMHBI JIbJIa U BBICOTHI CHETa Ha JIbay, YBEJIUUNBa-
€TCsI TeTIOU30JISIIINS, YTO MPUBOJNT K CHIDKEHUIO MHTEHCUBHOCTH HapacTaHWUsI JIb/A.
C cepennHBI MapTa IO ampeib HAOTIONACTCsS YMEHBIICHNE TONIIUHBI JIESHOTO I10-
KkpoBa. HaumHas ¢ KOHIIa MapTa, eIie 10 Hayajia BCKPBITHS, HaOI0JaeTCsl YMCHBIICHUE
TOJIIIMHEI JIbJIa Ha BOJOXpaHuIUIIe. B cepennne anpenst yMeHbIIEHHE TOJIIIUHBI JIbJa
cocrasiser 0,50 cm/cyT.

Bepesrnkn
..\IC Bepesmmrn

Vern Tloxsa

Maiixkop

YcnoBHLIe 0603HaueHUs

@ WMereoctanuna

A Twoponoraueckwi noct

MC JToGpsnka
Hix. '-LLIanum

]\a\lcxm{ jre c]

Tpouna

Puc. 1. Cxema pacrionoXeHus! THAPOIOTHIECKUX IOCTOB M METEOCTAHITHIA
Ha Kamckom BojioxpaHmmiie
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Puc. 2. Cpennee 1o Bcem r/1 KaMcKoro BoIoXpaHMIUIA H3MECHEHHE HHTEHCHBHOCTH
HapacTaHus TOJIIHUHBI Jbaa (Ahx, cM/cyT) 32 mepuoa 19562023 rr.

B cepemune HOSOpST cpenqHss TOJIIMHA JIbJa IO BCEM TI/NM HamMeHbImas (9—
18 cM), Tak Kak JeJOCTaB TOJBKO ycTaHOBHICS (Tabi.). Hanbonpmas TommuHa Jbaa
HAOJFOJICTCS HAa caMOM ceBepHOM T/l bepesnuku (15 cM) 1 B MEITKOBOJIHBIX 3aJIMBaX
Bojoxpanmiuma (15—-18 cm), rae nemocta ycraHoBmics paHsine (T/m Bucuwm, Maii-
kop, Ycrb-IloxkBa, Mnbuacknii). HeGombimas ToIIIKHA JIbJa B 9TO BpEMsT OTMEJaeTCs
Ha /1 Jloopsuka u Kamckas 'DC (9 cm). Ha r/m JloOpsiHka HeOObINas TOJIIMHA JIbJa
obycnosneHna padoroit [lepmckoit I'POC, cOpacriBaromieli Teruibie Bojbl B J{oOpsH-
ckuii 3amuB Kamckoro Bogoxpanwmiia. Ha r/m Kamckas I'9C HeOombIMe TOIIIHHB
Jp/1a 00y CIIOBICHBI O0JIee MTO3AHUM, TI0 CPABHEHUIO C CEBEPHBIMHU ITOCTAMHA H TIOCTaMHU
B MEJIKOBOJIHBIX 3aJIMBaX, yCTAaHOBJICHHEM JieJj0cTaBa. Jle 3/1ech B cepeiuHe HOsIOps
HE yCIIeBaeT HApacCTH 10 OOJIBIINX 3HAUCHUN. B KoHye Hoa0psa CPEAHAS TOMIINHA JIbIa
cocraBisier 17-26 cm (Tabim.). boslee BhICOKHME 3HAYEHUS! TOJIIMHBI JIbJIa HA0JI0/1a-
FOTCSI TAK)KE B MEJIKOBOJIHBIX 3aJIBaX, TIC PACHOIOKEHBI I/ Bucum (26 cm), YcTb-
Kemonb (26 cm) u Maiikop (25 cm). Ha r/m Bepe3Huku TOJIMHA JibJa HECKOJIBKO
MmeHbIe (21 cM), aTo MokeT ObITh 00ycioBiIeHo coOpocamu ConmkaMcko-bepe3HnkoB-
ckoro npomy3ia. HeGosbmast TommumHa Jibaa Ha 1/ Kamckas ['9C (17 cm) u /1.

Tpowura (19 cm). 3a 15 aHeii TommmHA JabAa HA I/l HapactaeT Ha 4—12 cm.
Bonbime Bcero TonmuHa Jb/1a yBeaIUUmIach Ha r/m Y cre-Kemons (+12 cm), Maiikop u
Hobpsaka (+10 cm).

B cepeoune doexabps B cpeaHeM, TONIIMHA Jibaa cocTaBisuia 22-33 cMm. Ha r/m
Bepesuuku, Ycrb-Iloksa, Joopsuka, Kamckas ['DC, Tpouia u ToamuHa jbaa Oblia
MeHbIe (22-26 cM), yem Ha r/n Unpunckuit, Bucum, Maiikop u Ycrb-Kemons (28—
33 cM). DTO MOXHO OOBSICHUTH TEM, YTO B MEIKOBOAHBIX 3aJMBaX TOJIIMHA JIbIa
HApacTaeT JOJIbIIE, TAK KaK YCTAHABIMBACTCS JICNOCTAB paHbIIC. B KoHye Oekadpsi
HAaUMEHbIINE BETMYMHBI TOJIIMHBI JIbJa U3MEHSIOTCS B Tipeaenax 31-36 cm, Ha Tex ke
/11, 9TO U B cepeauHe nekadps. Hanbompmme sxe 3HaueHwns (3745 cM) Tax ke HadIio-
JAFOTCs Ha TakWX r/m Kak Bucum, Maiikop n Ycre-Kemons. B cpemHem 3a ONIOBHHY
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MecsiIa, TONIUHA JIbJa HapacTaeT Ha 8—15 cm. Jlem, B 3T0 BpeMst HapacTaeT ¢ OombIei
WHTEHCUBHOCTHI0. HamOosbiliee yBeNmWYeHHEe TOJIIMHBI JibJa HaOI0AaeTcss Ha T/1
Verb-Kemons u cocraisier +15 cm.
Tabnuya
Cpennemuoronersue (1956-2023 rr.) BenmuurHbI TOMMUHEL J1b1a (ha, cM) Ha pa3HbIe ATk
Ha r/m KaMCcKoro BOOXpaHMIHIIa

= = =] =} f=9 o
IToct g g E’( é E E & S g g E
v S %) — %) — %) N %) — s)
—_ A — o — I3 — N — 12} —
bepe3uuku 15 21 26 34 38 45 51 51 56 53 54

Bucum 18 26 33 43 50 60 61 68 69 72 59
Jlobpsirka 9 19 26 37 46 50 56 61 63 62 53
Kamckas I'2C | 9 17 22 32 35 41 42 46 42 42 37
Vere-TToka | 15 19 24 31 35 39 44 43 48 42 35

Maiikop 15 25 32 42 48 56 62 65 69 71 68
WnbuHCKHi 15 21 28 39 45 55 58 67 67 73 67
Tpouna 10 18 25 36 43 50 55 59 60 62 55

Vers-Kemons | 14 26 30 45 52 62 65 71 69 70 51

B cepedune saneaps cpenusist ToNIMHA Jba cOCTaBisuia 35-52 cM (cM. Tabu.).
HanmMensmne 3HaueHHs TOJIIMHBI JIbAa HaOMIoqanuch Ha r/m bepesnuxu, Kamckas
I'DC u Yerp-TToxksa (35-38 cMm). boitee BricOKHE 3HAUESHUS IPUXOISATCS T/T1 C MAJIBIMU
riryounamu BucuM, JloOpsiHka n Y crb-Kemonb, Tie TONIMHA JIba U3MEHSETCS OT
46 1o 52 cm. Hebosbliiast TOJIIMHA JibJa Ha /11 Bepe3Huku, 00yclioBlicHa OIHU30CTHIO
MIPOMBIIIUIEHHBIX MPEINPUITHH, KOTOPBIE COPACHIBAIOT CTOYHBIC BOJBI C TEMIIEPATY-
PO BbIIIE TEMIIEPATYPhl OKPYKAIOLIEH CPeIbl, TEM CaMbIM 3aMEAJISETCS] HapacTaHue
nbaa. B koHye aneaps HauMeHbLIasi CPeIHsIsl TONIIUHA JibJa cocTaBmia 39—45 cMm, Ha
r/n bepesnuku, ¥Ycrh-Iloxksa, Kamckas I'DC. Haubonpmas TonmuHa HabIr0AaIaCch B
MEJIKOBOIHBIX 3aimuBax (56—62 cm), T1ie Jieq HapacTaia ¢ OOJbIeld WHTEHCUBHOCTBIO
(r/m Bucum, Ycrb-Kemons, Maiikop). 3a 15 qHelt MakcumaibHasi WHTCHCHBHOCTD
HapacTaHWs TOJNIIMHBI MO0 BceM moctaM (+8...+10 cMm), Habmomanace Ha MOCTax ¢
HanMEHBIIMMH TiayOomHamu (r/m Buenm, Ycre-Kemons, Wnbsmuckuit, Maiikop).
HammMensiee HapacTaHne TOIIINHEI JIba HaOmoaanock Ha /11 JJoopsiaka n Y crs-Ilo-
’KBa M COCTaBIISIIO +4 cM.

B cepeoune espans nanbonee BICOKHE 3HAUCHHS HAOIOIAIUCH HA T/T1 Y CTh-
Kemomnb, Matikop u Bucum (61-65 cm). Hanmenbiniee 3HaueHNe HapaCTaHHST TOJITTHBI
Jpaa u3MeHsuich ot 44 o 51 cm Ha r/m bepesunku, Kamckas-I'9C u Yerp-IToxkBa.
[Ipu4HHBI 3TOTO ONKUCHIBATIMCH HECKOIBKO BBILIC. B KOHYe (hegpaisi CPEIHSS TONIINHA
JIb/Ia Ha BojioXpaHwmiuie coctaBuia 43—71 cm. B cpeaneM MakcuManbHbIe 3HAUCHUS
TOJIIIMHEI JIbJIA JOCTUT AN 3HaYeHHH oT 67 10 71 cM, Ha Takux I/ Kak Y cTh-Kemoub,
Bucum u Unpunckuii. B cpennem 3a 15 nHe MHTEHCMBHOCTHh HAPACTAHUS TOJIIIHMHBI
JbJIa HA HEKOTOPBIX I/l HAUYMHAJA YMCHBINATHCS, HAIIpuMmep, Ha 1/m Ycrb-IlokBa u
Bepesnunku HapacTaHue TOJIIWHBI JIbJIa HE MMPOUCXOAMIIO BoodIie. Ha npyrux 1/ kak
Bucuwm, Unbunckuii u Ycerb-Kemors, e npogosmkan Hapactath Ha +6 110 +9 cM.
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B cepedune mapma TONIUHA JTbA ITOYTH HE OTINYATIACHh OT 3HAYEHUH B KOHIIE
(heBpais, 9To CBSI3aHO C TEM, UTO B 3TO BPEMsI JIE IIOUTH HE HapacTaj, a Ha HEKOTOPBIX
I/l Jaxe OTMEYaJoch yMeHblIeHHue ToimuHbl Jpaa (r/m Kamckasl'9C). B kownye
Mapma Ha Takux T/1 kKak Bucum, Maiikop 1 UnbHHCKHMN, TONIUHA JTbIa MTPOA0IDKAIA
Hapactath (71-73 cm). TIpu stom Ha /11 bepesnuku, [1oopsaka u Ycrb-IToxksa To-
HIMHA JIbJa CTajla YMEHBIIATHCS U MHTCHCUBHOCTh HapacTaHHs TOJIIMHBI JIbAA TIPH-
HsUTa OTpHIATeNbHbIe 3HadYeHus (puc. 2). Paccmatpusas nepuon ¢ 1956 mo 2023 r.
(tabn. 1) HanOombIIast U3 CPETHIX TONIIHH JIb/Ia TI0 BCEM IT0cTaM ObIIa B KOHIIE MapTa.
Camast GourbIrast TOJIIMHA JIbIA HaOM0ganack Ha r/1n MitbnHCKkuit 1 cocTaBisia 73 cM.

BoiBoabI

B pesynbraTe BEIOIHEHHOI pabOTHI MOKHO CAETATH CICTYIONINE BEIBOIBI:

1. lHTeHCHBHOCTH HapacTaHWs TONIIMHEI JIbJIa Ha Pa3HBIX I/ pa3nuyHa. B oc-
HOBHOM, HauWOOJIbIIIasi UHTCHCUBHOCTh HAPACTAHUs TOJIIMHBI JIbJ]a HA BCEX IOCTaX,
HaOII01aNIach B EPHO/] ¢ HOSIOPs 110 GeBpaib. C HOSIOPS 10 HAYAIIO sTHBAPS TOJIIMHA
npaa HapactaeT Oosnee mHTeHCHBHO 0,40—0,65 cMm/cyT), Tak Kak B Hadaye 3WMBI
0OBIYHO HEOOJIBIIIAS TOJIIINHA JISASHOTO ITOKPOBA, CIIOCOOCTBYOMIast 00JIee HHTCHCHB-
HOMy HapacTaHuio. C ¢eBpais o MapT UHTEHCUBHOCTh HapacTaHUs CHMXKAETCS (710
0,10-0,30 cm/cyT). C cepenuHBI MapTa IO ampess HAOIIOMAeTCs YMEHBIICHHUE TOJ-
IITMHBI JISJSTHOTO MTOKPOBA.

2. B MeNIKOBOJHBIX 3aIMBaX, IJIe JIEI0CTaB YCTAaHABIMBAJICS PaHbIIe, HapacTa-
HHE TOJIIUHEI JIbJa B PAHHHE MECSIIBI 3UMBI ¢ HOSOPS MO cepeinHy AeKadph, MPOUC-
XOIWUT ¢ OoNbIIell MHTEHCHBHOCTHIO Ha TAaKWX I/ Kak Bucum (+15 cm), Maiikop
(+17 cm), Vere-Kemons (+16 cM). B 3T0T ke mepuoji, MEHbIIas MHTEHCHBHOCTH
HaOJro/1aslach Ha riIyOOKOBOAHBIX y4acTkax kak r/m Kamckasl'DC (+13 cm), bepes-
HUKH (+11 cm).

3. MuHHMabHBIC 3HAUYCHHS TOJIIUHEI JIbJa HAOMOAAIOTCS B HaJale 3UMBI — C
cepeIuHbI HOSIOps 1o cepenuny aekadps (9-33 cm), Habo1asCch B OCHOBHOM Ha LIEH-
TpaJIbHBIX M IOKHBIX T/11. HanbomnpIas u3 cpeiHuX 3HaUYe€HU TOJIIIMHBI JIbJa HAOII0-
JTAIOTCS C CepeUHBI (PeBpasd IO KOHEIl MapTa U cocTaBisieT 42—73 ¢M, MPUXoasich Ha
CCBEPHBIC U MEJIKOBOTHBIC I/II.
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AnHoTanus. MccnenoBaHus pacnpezielieHUs CTOKa BOABI M HAHOCOB IO ITIaBHBIM HAIpPaBICHUSAM
cTOKa J1enbThl p. CeleHrn NPeCTaBIsAoT B OCHOBHOM (hyHIaMEHTaIbHBIH XapaKkTep MO BbISBICHUIO
0COOCHHOCTEH B3aNMOAEHCTBHSA TEKYUHX BOJ C MOACTHIAIOIICH TOBEPXHOCTHIO B OCOOBIX YCTHEBBIX
YCJIOBHSIX M peliatoT 0aaaHCOBBIC 33auH C y4eTOM JAMHAMUYHBIX BXOJHBIX THMIPOKINMATHYECKUX
apaMeTpoB CTOKA IIPHU 3aperyIUPOBAHHOM YPOBHE IIPHEMHOTO BoJoeMa. B mpukiagHoM 3HadeHIN
pe3yJbTaThl UCCIICOBAHUI MOTYT CTaTh BaXKHBIM 2JIEMEHTOM IUIAHUPOBAHMS 3€MIICTIONb30BAHUS U
TeppuTopuanbHoro pasputus CeneHruHckoro nodepexns Kabanckoro paiiona Pecry6muku Bypsi-
THu. [IpoBOJNTCS CPaBHUTENIBHBIM aHAIM3 JAaHHBIX THAPOMETPUUECKHX, PYCIOBBIX U reoMopdoIo-
TMYECKHX U3MEPEHUH 3a MOCIEIHUE Ba IOJICBBIX CE30HA M IIOKa3aHa TPaHC(HOPMAIHs 03epPHOIO
Kpas JIeJIbThI 0 MaTepraraM KOCMUYECKOH My/IbTUCHEKTPaIbHOM cheMku. Ocoboe BHUMaHKE ylie-
JIEHO CTOKY B3BEILEHHBIX HAHOCOB, YBEINUUBAIOIIETOCS B IIOCIEAHHE MHOTOBOAHBIE TOJIbI.

KuatoueBble cioBa: neibra CeleHr, CTOK BOJIBI, B3BEIICHHBIC HAHOCKI, O3€PHBIN Kpaii AeIbTHI, I10-
JIeBbIe TaHHbIe, J133.

MeToapl H MaTepHAJIbI HCCTETOBAHUS

IToneBoil MeTon 3aKiIOYalICs B IPOBEACHUU THAPOMETPUUECKUX U3MEPEHHUN Ha
CEMHU OCHOBHBIX ITPOTOKAX U B BEPILIMHE JICIIbTH HA MOHUTOPHUHTOBBIX THIPOMETpHYE-
CKUX CTaHIUsX, ycTaHOBICHHBIX ¢ 2003 r. CTaHuu 3a0€TOHUPOBAHBI U UMEIOT TOY-
HbIE TeorpaduuecKkue KOOPAMHATHI i BEICOTHYIO TIPUBS3KY, UTO TIO3BOJISIET TIPOBOIUTH
CPaBHHUTENBHBIM aHAIN3 TIOJTy9YaeMbIX PSIOB JaHHBIX. JIaOopaTOpHBIA METOJI 3aKITIO-
yascs B 00paboTke nmpod PeYHBIX BOJ Ha ONMPEACICHUS MyTHOCTH U pacyeTa B3BEIICH-
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HBIX HAHOCOB, ¥ IOHHBIX OTJIOXKEHHH MTPOTOK U MONM JUTSl TPaHyJIOMETPUIECKOr0 aHa-
JM3a PYCIOBBIX OTJIOKEHUH CUTOBBIM METOJOM. Takke MCIOJIB30BANICS KapTorpadu-
YECKUH METOJ JUIsl MOCTPOCHUIT cXeMbl MOP(OIMHAMUKN OeperoBOil JIMHUM ACIBTHI
pexu CeneHr 1 OLIEHKH CTEIECHH € BBIABIKEHHUS. beperoBast JMHUS [T CTPOH-
JaCh TTOJIyaBTOMAaTHIECKIM METOJIOM 00pabOTKN MyJIbTHCIIEKTPAILHBIX KOCMUYECKHX
canmikoB (Landsat level 2) s mosmy4deHnss MOHOXPOMHBIX pacTpoB «BOJa — CyIIay,
JUISL 9ero Mo0Upascs COOTBETCTRYONMH ko3 durueHt. Kaprorpadguueckue paboTsl
HpoBe/ieHbI B IM(PPOBOM KapTorpaduueckom nakere ArcMap, ¢ HCIIOIb30BaHUEM Ma-
tepuanos ¢ uaTtepHer-noptana (EROS) EarthExplorer [4].

PesyabTaThl U 00cy:KaeHUEe HCCIe0BAHUMN

Cxema moJIoKeHHs OeperoBoi JIMHUH IMMOCTPOCHA 0 KOCMUYECKUM CHUMKaM Ha
nepuoy moJeBbIXx HaOmoaeHuit B 2023 u 2024 IT. ¥ MO3BOJSIET CPABHUTH TUHAMUKY
Pa3BUTHUS 03EPHOTO Kpasi ACIbTHI (pUC.). AHAIN3 JUHAMHUKH 03€PHOTO Kpast ICIbThI K
2024 r. moka3ai oOIiee BBIIBIDKCHNE B aKBATOPHIO, pofospkaromeecs ¢ 2011 r. Or-
MedaeTcs olpesieTIéHHas HallPpaBICHHOCTh BBIIBIDKEHIST: MAKCHMAIbHOE B IIEHTPAJIh-
HOM cekrTope 1o mpotokam CpenHeyctbe, Konmuaaas 1 Mononoi npotoke Kasanoga,
nepexBaThIBaloNIel cToK u3 JI0OaHOBCKOTO CEKTOpa; paBHOMEPHOE MEJJIEHHOE BhI-
nBkeHne 1o kpasm CeneHruHckoro u JI00aHOBCKOTO CEKTOPOB. BwiaBmkeHue
JETBTHl TIPOUCXOIUT TIPH TPOTHUBOIACUCTBUN IBYX (PaKTOPOB: TOCTYIIICHHH CTOKa
HAHOCOB B YCThsIX IIPOTOK U Kosiebanus ypoBHs baiikana ¢ mepeHocoM HaHOCOB BIOJIb-
OeperoBeIMH TEYCHHUSMHU. YBEIWYSHHE BOJHOCTH B OacceiliHe oTmedaercs ¢ 2019 .
(pacxon B BepmmHe aenbTh (BJI) 1600 M/c), ¢ HaunGonsmmm ctokom B 2021, 2023~
2024 rT., 4TO BBIPAXkKEHO B pacxojaax Boasl B BJI, mpessimaromux 2500-3000 m*/c. K
naBoaxkaM 2021 u 2023 rr. mpHypoueHB! BBIXOABI BOJA HAa BBICOKYIO 3 METPOBYIO
HAAMONMEHHYIO Teppacy M 3HAYUTENBbHBIM 3aTOIJICHHEM BCEW TEPPUTOPUH CYO-
a’pasibHOI JIeNbTH U MOATOIICHHEM yJacTKoB KabaHCKOW MOWMBI ¢ HaCeICHHBIMH
nyHnkramu baiikano-Kynapa, KopcakoBo, Manoe KonecoBo u jip., pacnonararimmxcs
Ha a0comoTHBIX 0TMeTKax 460—462 M (bantuiickas cucrema BBICOT).

CTOK HAaHOCOB HEIMHEHHO CBSI3aH C PACXOJAMH PEYHBIX BOJ, U MOYKET CKA4KO-
00pa3HO yBEIMYMBATHCS HA OTACIBHBIX YYaCTKaX PYCIOBBIX Me30(opMm, T. €. HMeeT
JIOKaJbHBIC WM TOYCYHBIC HCTOYHUKU MOCTYIUICHHS OSPEeroBOro WiM pycioBOrO Ma-
Tepuana. Tak, B MaJOBOJHBIE TOABI IPU pacxoax Boasl B BJI 1o 1600 m3/c pacxoms!
B3BEIICHHOW YacTH HAaHOCOB BapbupoBaia ot 60 mo 120 kr/c, B MHOTOBOJIbE TIOCTIE]I-
HUX T0o/10B — 180 Kr/c 1 Gonee (Tadu. 1). AHanHM3 NaHHBIX IO CTOKY HAHOCOB MOKAa3bI-
BaeT, YTO MEXIY TJIABHBIM y3JI0M Ou(ypKaluu NeNbThl U y3JIaMU PacHpeaesCHHs
CTOKa BTOPOT'O-TPETHETO YPOBHS, TJI€ YCTAaHOBJICHBI MOHUTOPHUHTOBBIE CTBOPHI HAOJIIO-
JeHuit, akkymysupyercst ot 10 no 40 % nanocos, a 60-90 % pacxomyercst Ha CTpoU-
TEJILCTBO U BBIJBIDKCHHUE O3CPHOIO KpPasi ICNIbTHI M HA CKJIOH aBaH/ICIbTHL.

Cpenusist MyTHOCTB PEYHBIX BOJI paccMmarpuBaemoro nepuoa 0,6-0,7 r/am?, cy-
IECTBEHHO pasinyasch B Haubosee BognoM 2023 r., ot 0,01-0,04 r/nm’ B mpoTokax
CpenneycTheBckoro cexropa, 1o 0,1 r/nv’ B mpotokax Jlob6aHoBckoro, ¢ Gonee cra-
OubHOM MyTHOCTHEO B CeneHrHHCKOM cekTope. CTOK HaHOCOB HECKOJIBKO BBIIIC B
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2024 r., HeCMOTps Ha MEHBIIIHE pacXobl BOAHI (cM. Tabu. 1). CantaeM BaXHBIM 00pa-
TUTh BHUMaHHUE Ha 3HAYNTEIbHBIC TAPAMETPBI CTOKA BOJIbI M HAHOCOB B NpoToke Ka-
3aHOBa, YBEJIMYCHHE KOTOPBIX YKa3bIBAIOT HAa aKTUBH3ALMIO MIEPECTPOMKH PyCIOBOH

CEeTH U CIIeIOBATENILHO NIepepacpeieieHe HalTPaBIeHHOCTH CTOKA U Pa3BUTHS U BbI-
JIBIDKEHHST 03€PHOTO Kpast ACTBTHI (CM. pHC.).
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Puc. Cxema pacrionoxeHust ruipoMop(ocTBopoB; AMHaAMUKa OeperoBoi JMHUH
U pacmpeaeieHns CTOKa 10 ceKTopam IenbThl B 202324 rr.

VccnenoBaHust CTPYKTYPBI PyCIIOBOW CETH W PAaCHpEeACICHUs CTOKA 110 Maru-
CTpaJIbHBIM PYKaBaM, O0bCIUHEHHBIM B CEKTOpa AeibThI p. CeNeHIH, MPOI0DKAIOTCS
¢ 2003 r. mo Hacrosiiee BpeMs [2; 3] B yUUTHIBAIOT Pe3yIbTAThl MPEIIMIeCTBYIOMNX
HCCIIeToBaTeNell U MapajuielbHO MPUBOIAIINECS PaOOTH. AHAIN3 HAKOIJICHHBIX aK-
TyaJbHBIX JaHHBIX K 2017 T. MO3BOJHI TIOCTPOUTH MOy IMITHPHUYCCKYIO MOJICIh Pac-
MpEeJIeNICHUs] CTOKA 110 OCHOBHBIM PyKaBaM M CEKTOpaM ACJbThl B 3aBHCUMOCTH OT
ypoBHs baiikana, kak mpueMHOro Bojoema u 0a3nca 3po3HH, U BXOAAIINX PACXOI0B
BOJIbI B BepiuHe AenbThl [1]. 3mepennbie nannbie 3a 2023-2024 rr. B OJHOM Mepe
YKJIaIBIBAIOTCS B YKA3aHHYIO MOJICIIb, I[JI€ PACXO/IbI B BEpIIUHE ACIbThI cBbImIe 2000—
3000 M*/c mpeanonaralT OTHOCUTENEHO PABHOMEPHOE pactpeeieHue croka mo Ce-

JeHruHCKOMY U JIoOaHOBCKOMY CEKTOpaM M B MEHbBIIEH 4acTH APSHUPYIOTCS depe3
CpeaHeyCTheBCKHIA (LIEHTPATBHBII) CEKTOP.
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Tabnuya 1

OcHogHbie MopghomempuuecKue napamempul pycia 8 Mopghocmeopax
u pacnpeoenenue cmoxa 600bl U HAHOCO8 3a 2 2004

2024 rox
Pacnpeueneﬂue BOJIHOTO CTOKa IO
v Q. P, R, CEKTOPaM JIEJIbThI
MopdocTsop > | B,m | HoMm | o,M
m/c 3 3 Q,
m’/c /oM Kr/c 3 %
m/c
CEKTOp
?gﬂ‘f““a Aemstol | 5ol 373 |4 | 1453|2296 | 0.08 | 183.7 | 2296 | 100
Xapay3s 1,34 | 74 2 177 | 237 0,09 | 21,3 .
JleBoGepeskHas 107120 2 |227 [243 [0.07 | 17.0 | 80 | 209 | Cenenrmmcuuii
TamyTait 1,12 1160 |3 239 268 0,06 | 16,1 CpenneycTbeB-
Cpenneycrbe 1,05 | 83 2 131 | 137 0,07 9,6 520 | 22,7 | ckmit
Konmanast 0,97 [ 132 |1 119 | 115 0,05 | 5,8 (ueHTpabHbIH)
Kasanosa 1,34 |80 |2 160 | 214 0,06 | 58,6
JloGanoBckas 1,03 | 74 2 156 | 161 0,08 | 12,9 | 783 | 34,1 | JlobaHoBCKMit
Jlonoran 1,32 1124 |3 309 | 408 0,06 | 24,5
Hess3ka, M>/c 513 22,3
2023 rosx
Pacnpeueneﬂﬂe BOJ/IHOI'O CTOKa I10
V. Q 2 1% CEKTOPaM JIEJIbThI
MopdocTBop > | Bom | Hym | o, M
m/c 3 3 Q,
m’/c /oM Kr/c 3 %
m/c
CEKTOp
?gg)m*a AeITe] o 1 1407 |4 | 1723|3618 | 0,05 | 180,9 | 3618 | 100
Xapay3s 09 |158 |3 525 |458 0,06 | 27,48 N
TleBoGeperkHan I [224 |3 [586 609 | 008 | 4872 066|295 | Cenenrunckuii
TanyTait 1,5 140 |3 357 | 523 0,04 | 20,92 CpenneycTbeB-
CpeaHeycrbe 09 |60 |2 89 79 0,01 | 0,79 | 666 | 18,4 | ckuii
Konnunnas 0,9 |55 1 70 64 0,03 | 1,92 (IIeHTpaJIbHBIIN)
Kazanosa LI |66 |3 198 | 218 0,1 |[21,8
JlobGanoBckas 1,1 126 |3 316 | 364 0,1 [364 | 1101|304 |JlobaHOBCKMIA
Jonoran 1,3 [184 |2 414 | 519 0,04 | 20,76
Hessizka, M>/c 784 22.0

BoiBoabI

B pamkax maHHOW myOIMKanuu, B MOJTHOM Mepe HE MPEACTAaBISLETCS BO3ZMOXK-
HBIM OXBaTHUTh NIPOOIEMy HEloydeTa HeBSI3KH cTOKa (M. Tabu. 1). IIpuauns! JaHHOTO
(heHOMEHa HEBSI3KH OanaHca CTOKA ITOKA CKPBIBAIOTCS B CIIOKHOM MexaHu3Me (Gopmu-
poBaHus yctheBoii obsacti Cenenru. Hama runoresa ocHoBaHa Ha rporeccax oepe-
TOBOTO PEryJIMPOBAHUS, T. €. IPU aKKYMYJISIIIUU WM Pa3rpy3KH BOJI MOMMEHHBIX KOM-
IUIEKCOB B PYCJIOBYIO CETh IIPU U3MEHEHUM YPOBHS BOJBI B HUX Ha IOJbEME U CIIale
naBozKa. JIs apryMeHTaIy Takoro MPeIooKeHns TpedyeTcs mposeaeHue oonee
MPOJIOKUTENIBHOTO U AE€TAIbHOTO AKCIIEPUMEHTA Ha KITIOUEBBIX Y4acTKax, Pacroio-
JKEHHBIX B PAa3HOYPOBEHHBIX IOMMEHHO-PYCIOBBIX KOMIUIEKCAX PA3JIMYHOIO CIIOXKE-
HUS 1 Bo3pacTa. Takum ob6pazom, B 2023-2024 rr. KapAUMHAIEHO HE TOMEHSIIOCH pac-
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TIpeJieTIeHre CTOKa IT0 pyKaBaM M CEKTOpaM AeibTHL: B JIOOaHOBCKHMIT CEKTOp HAIIPpaBHU-
nock 6onee 34 % croka, mpudeM B 3anuB [IpoBan moctymmmo 25 % u 6onpmmii 00seM
CTOKA M3JIUBAJICSI B aKBATOPUH COPOB IICHTPAIBbHOU Iepr(epruu IeIbTHI.

Hccredosanus svinoansauce 8 pamkax epanma PH®D (Ne 25-27-00229 «Ponw
NOUMEHHO-MEPPACOBbIX KOMIIEKCO8 68 pacnpedeseHu U aKKyMyIayul CIoKa 0ebhivl
p. Ceneneu») no mamepuanam nonesvix pabom, exooaujux 6 ucciedosanus Ul CO
PAH (Ne eocyoapcmesennoii pecucmpayuu Ne AAAA-A21-121012190059-5).
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VIIK 551.510.42(571.1)

Ocob0ernnocTu popmMupoBaHusi 0COObIX SIBJIEHUI MOT0/bI
KOHBEKTUBHOI'0 IIPOUCXO0KACHHS ONACHBIX Il ABHALMH
HaJ TeppuTopueil 3anagHoit Cudoupu

A. A. Korosa (anna_kotova 1995@list.ru)

Capamogckuii HayUOHANbHbLI UCCIE008AMENLCKUL 20CYOAPCMEEHHbLI YHUBEPCUMEm
um. H. I'. Yepuwiwescroeo, e. Capamog

Annotanus. [IpescTaBieHsl pe3ysbTaThl 10 PErHOHATIBHOMY HUCCIIECI0BAaHUIO (DAKTOPOB U CHHOIITH-
YECKUX YCIIOBHH, BIMSIOIIMX HA Pa3BUTHE KOHBEKTHUBHBIX MpoIeccoB. MccienoBanne oxBaThiBacT
o0mmmpHyo Tepputopuio 3anagHoi Cubupy, HO BHUIMaHUE aBTOPA aKLIGHTHPYETCs Ha CBSI3aHHBIX C
KOHBEKIIHEH SIBIICHUH MMOTO/IbI, OMIACHBIX ISl aBHAIIUH, TAK KaK MATCPHAIOM ISl paOOTHI TIOCITY KU
CHHOINTHYECKUI apXyB aBHAMETEOPOJIOTMUYECKOTr0 IIEHTpa TI. XaHThl-MaHCHiicKa 3a Nepuoj ¢
2017 mo 2023 r. KoHBEKTHBHBIE SBICHUS MOTO/IbI OHU U3 CAMBIX TPY/HO IIPOTHO3UPYEMBIX, CBEJIE-
HUS O KOTOPBIX IIPEJCTABIIAI0T aKTyaJlbHOCTh KaK B HAYYHOM ILIaHE, TaK U JUlsd pELIEHHs psajia IpU-
KJIaJHBIX 3a/1a4, B YaCTHOCTH JIJIsl aBUAIIMOHHOTO MPOrHO3a. B pamkax mccienoBaHus BbIICIICHA TH-
MU3aLUsl CHHONTUYECKUX YCIOBHI MO XapaKTepy MPU3EMHOT0 M BBICOTHOTO 0apUYeCKHX MOJICH 1o
CTEINECHU OJIArONpUATHOCTH IS Pa3BUTH MHTCHCUBHOM I'PO30BOM aKTMBHOCTH HAJl 3HAUUTEIBHON
tepputopueii 3anaaHoit CuOUpH, B TOM Yucie U i GOpMHUPOBAHHUS CHEKHBIX TPO3.

KiroueBble €j10Ba: KOHBEKTUBHBIC TIPOLIECCHI, 3aHaL[Ha$[ CI/I6I/IpI>, CHHONTHYECKOEC IIPOTHO3UPOBA-
HHUE, METCOPOJIOTUYCCKOC 06CJ'ly)KI/IBaHI/Ie aBualuu, CHEXXHas rposa.

I'eorpaduueckas xapakrepucruka reppuropuu 3anaaHoit Cudupu

3anmagHas CHOUpPH — 3TO TPUPOIHBIN PETHOH, KOTOPBIH HAXOMUTCS MEXKIY
YpanbckuMu ropaMu Ha 3arnajie u A0JauHou p. EHncel Ha BOCTOKe, ero Imiomais co-
crasysieT okono 2,8 MiH kM. TToutu 80 % momanu 3anaguoii Cubupu 3aHuMaet 3a-
nanHo-Cubupckas paBHuHa. C ceBepa Ha OT TEPPUTOPHS PErHOHA MPOTSHYJIACH I10-
gty Ha 2500 xm: ot CeBepHoro JleqoBuTOr0 okeaHa 10 Bo3BhIlIeHHOCTeH Kazaxckoro
MEJIKOCOTOYHMKa, 1 Ha 1900 KM ¢ 3amaja Ha BOCTOK: OT YpanbckuX rop no CpenHe-
CHOMPCKOTO TIOCKOTOPBSI.

3anmagHas CuOHPh Kak OTACTBHBINA (PH3HKO-TeorpapuyecKuii paifoH BKIIFOUACT
3anmagHo-CHONPCKYI0 HI3MEHHOCTh C CEBEPHBIMU CKIOHaMM Kaszaxckoro memkoco-
MOYHUKA U 4acTh AnTas ¢ ero ceBepHeiMu oTporamu Kysnenkum Anaray u Canaup-
CKHUM KpsDKEM, MEXIy KOTOpbIMH pacroyiokeHa Kysnenkas korioBuHa. Ha 3amane
rpaHHIa paifoHa MPOXOJUT MO BOCTOYHEIM NPEArOpbsIM Ypalia, a Ha BOCTOKE — IO 3a-
nagHomy yerymy Cpemane-CHOMPCKOTO MIOCKOTOphs. Takum 00pa3oM, TeppUTOPHS
3amagHoit Cubupu B cootHomennn 90 % Ha 10 % menuTcs Ha paBHUHHYIO U TOPHYIO
94aCcTH COOTBETCTBEHHO.

K ocHOBHBIM (hu3nKo-reorpauuecKuM XapakTepUCTHKAM TEPPUTOPHUU 3amaj-
Holt Cnbunpw, BIUAIOMNX HA (OPMHUPOBAHME OINACHBIX KOHBEKTHBHBIX SBICHHUH IT0-
TOJIBI M YCHIICHHUIO KOHBEKTHBHOW HEYCTOHYMBOCTH aTMOoc(epa HaJl ccIeIyeMoi Tep-
PpUTOPHUEH OTHOCSTCA:
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1. PaBHUHHOCTE penbeda ¢ pa3BeTBICHHOI PEYHOH CETHIO U IPH OIM3KOM 3aje-
TaHUM TPYHTOBBIX BOJ B COBOKYITHOCTH C KJIMMAaTHUYECKUMH XapaKTePUCTUKAMH PErt-
OHAa CHOCOOCTBYIOT BBICOKOW 3a00JIOUCHHOCTH TEPPUTOpUH. BOJOTHBIE MaccuBHI,
BCJICACTBHUE OOTBIION IUTOMTA N, a TAK)KE CKOHIICHTPUPOBAHHBIX B HUX OTPOMHBIX 005~
eMax Topda 1 METaHa, OKA3bIBAIOT 3HAYUTEIBHOE BIMSHNAE Ha (POPMHUPOBAHUE MECT-
HBIX LUKJIOHOB. Posib TepMuueckoro dakropa, TEIwio- ¥ BIarooOMeHa ¢ MOACTHIAIO0-
11l MOBEPXHOCTHIO B MPOLIECCe MECTHOTO IIMKJIOreHe3a o4eHb Benuka. [Ipu nepeme-
IIEHUH BO3IyITHOM Macchl Ha 0oIee TEIUTy o MOCTHIIAIONITYIO CHIIFHO 3a00JI09CHHYIO
TIOBEPXHOCTb, OHA HACBIIIACTCSI TETIIOM U BJIArOH, YTO MIPUBOAUT K 00pa30BaHUIO 00-
JAYHOCTH C BBIICJICHUEM CKPBITOTO TEIUIa U K Pa3BUTHIO TITyOOKOH KOHBEKIINH, a CIe-
JIOBATEIbHO, K 00pa30BaHUIO MHTEHCHBHOTO ME30IIMKIIOHA [1].

2. OcobennocTH (pr3nKo-reorpad@uIecKuX XapakTepUCTHK TEPPUTOPHH 3armaj-
HoIt CHOMpPH BHOCST JOIOJIHUTEIIbHBIE (PaKTOPBI K yCHIICHUIO KOHBEKIIUH HaJl JAHHBIM
peruoHoM. Paiton mexypeunst OOb-MpThIl — paBHUHHOE CHIIBHO 3200104€HHOE TPO-
CTPAaHCTBO C O6IHI/IpHI)IMI/I JICCHBIMU MaCCUBaMH U MHOTOYUCJIICHHBIMU O3€paMu. He-
GoIIbIIIHE 110 IUIOMIAAN 03€pa, KOTOPBIE B OTINYNE OT KPYITHBIX BOJOEMOB OBICTPO IIPO-
IpeBaIOTCS, CIIOCOOCTBYIOT JOIOIHUTEIBHON KOHBEKIMH. TaKkkKe TOIMOIHUTEIBHBIM
6aronpuATHBIM (aKTOPOM IS PA3BUTHSI HEYCTOWIMBOCTH aTMOC(HEPHI SIBIISCTCA TYp-
OyJIeHTHOCTB, OPMHUPYIOIIUECS HAJ] IECHBIM MaCCHBOM.

3. 'eorpadmueckne 0COOCHHOCTH MCCIIELyeMOI TEpPUTOPUH: €€ OTKPBITOCTD C
ceBepa oOecreunBaeT MPOHUKHOBEHHE XOJIOIHOM apKTHYECKON BO3IyIIIHON MacChl CO
CTOPOHBI CEBEPHOT'O .HCI[OBI/ITOFO OK€aHa Ha KOHTHHCHT B TCUCHHC BCCIO roga, a HC
3aIAIICHHOCTH CO CTOPOHHBI cremnel Kasaxcrana, obecriedynBaeT BEIHOC TEIUION yMe-
PEHHOM MM TPOITMYECKON BO3/IYIIHOM Macce ¢ 1ora Ha ceBep. TakuM 00pa3zoM, OTKpHI-
TOCTh TEPPUTOPHUHU C CEBEPA U Ora CIIOCOOCTBYET CBOOOAHOMY BO3AYyXO0OMEHY, UTO
CO3/IaeT yCJIOBHS [UIsl 000CTpeHUs] OapHUECKUX I'PaJMEHTOB U IPUBOJHUT K YCHIICHHUIO
KOHBEKTHBHOM HEYyCTOHYMBOCTH aTMOC(EPHI.

BausiHue Ypaiabckux rop BeIpaskaeTcs B 00IEM yMEHBIICHUH KOJINYECTBA 0Cal-
KOB, BBITIAJIAIOUINX B CEBEPHOM U LIEHTpaIbHOM YacTsax 3amagHoit Cubupu BCiaeacTBIe
OCaKIEHHMS BIIATH Ha 3aIaHBIX CKJIOHAX XpeOTa. OIHAKO B I0XKHON YacTH rOpHAs CH-
creMa AnTas OKa3bIBaeT IPOTHBOIOIOKHBIN 3(QEKT, SBISACE «KOHAECHCATOPOM
BJIArM», 3HAUYUTEIIBHAS 10511 KOTOPOH BBINa/IaeT Ha 3aMaHbIX CKJIOHAX U B IIPEJIrOpbsIX,
CIIOCOOCTBYSl YCHIJICHHOMY YBIIXKHEHUIO FOTO-BOCTOYHOM yacTu 3amaaHoit Cubupn.

CuHonTu4yeckue yc10Busi (JOPMHPOBAHHS ONACHBIX 151 aBHALUU
KOHBEKTHBHBIX SIBJIeHMI NOroabl HaJ1 TeppuTopuu 3anaaHoi Cudupu

OnacHple SBICHHSI TTOTO/IbI KOHBEKTHBHOTO IMTPOUCXOKIEHHSI OTHOCSTCS K ME30-
MAacCIITaOHBIM METEOPOJIOTHYCCKUM SBJICHHUSM, KOTOPBbIe POPMHUPYIOTCS TPH B3aHMO-
JCHCTBUM CHHONITHYCCKHX IIPOIIECCOB OOMLICH UPKYIISALUK U MOICTUIIAIOIICH TOBEPX-
HOCTHU. ['pO3bl, IUBHEBBIE OCAJIKU M IIKBAJbl HOCSAT JIOKATBHBIA M HEMPOJOKUTEIb-
HBIN XapakTep, TaKk Kak TOPH30HTAIBHBIC pa3Mephbl KOHBEKTUBHBIX 30H BO MHOTO pa3
MEHBIIIE PACCTOSHUS MEKAY KIMMATHICCKAMH CTaHIMSIMH, Ha KOTOPBIX OHU HAOJIFO-
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nmarotcs. Bee aTo ompernenseT TpyIHOCTH B PETHCTPAINN, H3YYEHUH U TPOTHO3UPOBA-
HUH SIBIICHAH TIOTO/IbI, CBA3aHHBIX C 30HAMHU aKTHBHOM KOHBEKITHH, B TOM YHCJIC B paM-
KaxX YHCJICHHBIX Mojesell aTMochepsl.

TakuM 00pa3oM, MCCIICTOBAHMS YCIOBHH BO3HHKHOBEHHS ONACHBIX SBJICHHUH
TIOTOIBI KOHBEKTHBHOTO ITPOUCXOXKICHHUS HEOOXOMMO TTPOBOIUTH HA PETHOHAIBHOM
YPOBHE C Y4ETOM MECTHBIX OCOOCHHOCTEH UIS TOBBIIICHUS KayecTBa U 3a0iiaroBpe-
MEHHOCTH IIPOTHO3A.

IIpoTspKeHHOCTE HCCIeryeMol TEPPUTOPHH B MEPHANOHAIEHOM HATPaBICHUH
00yCIIOBIMBAET Pa3HUILy B KIIMMATHYECKOM PEKUME M TPOSBICHUIO CHHONTHYIECKUX
MPOIIECCOB HaJ Pa3IHYHbIMU paiioHamu 3amanHoit Cubupu. CHHONITHYECKHE YCIIOBHS
(opMHpOBaHHS TPO30BOH AEATEIHPHOCTH HAJ PETMOHOM aHAJIM3MPOBAIUCH I TPEX
gacrei 3amagnoit CuOupn: ceBepHOMH, IEHTPATBFHOMN 1 10)KHOM.

HccnenoBanuck ciiydan TPO3 C BBINAJCHWE JIMBHEBBIX OCAJKOB, KOTOPEIC
HaOI0JATUCh OJTHOBPEMEHHO HE MEHEee 4eM Ha TpeX adpoApoMax WM MOCaJ0YHBIX
TUTONIAIKAX, a TAKXKE KIIMMAaTHYECKUX CTAHIIUAX HA UCCIIeTyeMOl TepPUTOPHH IO 1aH-
HBIM MPU3EMHBIX KapT 1moroisl. Beero 3a mepuos ¢ 2017 mo 2023 . 66110 UCCIIE0BAHO
495 ciryyaeB rpo30BOif AKTUBHOCTH C BBIIAICHIEM JIMBHEBBIX OCAIKOB HAJI 3HAYHUTEIIb-
HOU TeppUTOpUEH.

AHanmu3 CHHONTHYECKOro MaTepHuana 3a mepuox ¢ 2017-2023 rr. mokasai, 4To
rpo30Basi aKTUBHOCTh HaJl 3HAYUTEIBHOW TEPPUTOPUECH HOCHIIA MPEHMYIICCTBCHHO
(poHTaNBHBIN XapakTep, B 6osiee 70 % ciaydacs.

Heo6x011M0 OTMETHTB, YTO TOBTOPSAEMOCTh BHYTPUMACCOBBIX IPO3 PE3KO pac-
TET ¢ ceBepa Ha [oT: ¢ 25 % B ceBepHO yactu Tepputopuu 10 30 % B 10XKHOH.

VYBenuueHne MPOICHTHON COCTABIISIOIICH BHYTPHMACCOBOIO THIA TPO3 Ha IOT
TEPPUTOPHUHU CBSI3aHA, OUEBHJIHO, C TEPMUUECKON COCTABIAIONICH, OOIBIINM HpOrpe-
BOM TIOJICTHJIAIOIIEH MOBEPXHOCTH B TEUEHHE JIHS, a TakxKe ¢ oporpadudeckum 3 dex-
ToM. B mpenropesx ['opHOro Axiras B cpaBHEHHH ¢ paBHHHHBIME 00JacTsMH 3amnaj-
Hoit CHOUPH CO3AOTCS YCIIOBHS JJIs YCUIICHUSI TPMHYCCKOI KOHBEKIIUH B TIOCIICIIO-
JyZICHHBIE Yachl [0 MPUYMHE BEIHYKAECHHOTO IObEMa BO3yXa B TOPHOI MECTHOCTH.

BryTprMaccoBbsie Tpo3bl HaJ 3HAYUTENGHOW TEPPUTOPHEH OTMEYAIHCh IPH
KJIACCHYECKUX JUTSI TOTO THITA TPO3 CHHONITUYECKUX CHTYAIUSIX — B MaJIOTPaIHEeTHBIX
noJisix mpu Tepmuueckom rpedue Ha AT-850 Bo BTOpoi MoJOBUHE JHS MPU MaKCH-
MaJIbHOM TTPOTPEBE MOACTHIIAIONIEH TOBEPXHOCTH.

[ToBTOpsIEeMOCTH THITOB CHHONTHYECKHX ITPOIIECCOB PAa3BHUTHS T'PO3OBOH Jiesi-
TEJIFHOCTH HaJl 3HAYUTEIIbHON TeppuTopun 3anaaHoil CHOUPH OTHEIBHO TS KaKIO0TO

U3 pailoHOB TpHUBE/ICHA B TaOJIHIIE.
Tabnruya 1
TI0oBTOPSE€MOCTB THIIOB CHHONITHYECKUX MPOLIECCOB Pa3BUTHS TPO30BOM AEATEIBHOCTH
HaJl 3HAYUTEIbHOI TeppuTopuu 3anaaHoit Cubupu

Paiion Bcero ciyuaes = Tun =
DponTanbHIH, % BryTpumaccoBsli, %
CeBepHblii 166 75,30 24,70
LentpansHbit 150 71,33 28,67
HOsxHbII 179 70,39 29,61
Bcero 495 72,32 27,68
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IIpoananu3upoBaB CHHONTHYCCKHUI MaTePHa, MOXHO CIEJIaTh BBIBO, YTO HH-
TEHCUBHAsI TPO30Basi IEATENbHOCTh HaJ 3amagHoi CHOUpPhIO pa3BUBAETCS MpaKTHUC-
CKH B TIOJIOBHMHE PACCMOTPEHHBIX CIy4aeB IPH MPOXOKIACHUH XOJOTHBIX (POHTOB
BOJTHAMH, TIPH TOM Han0OJIee MHTCHCHBHBIC, C BBITAJICHUEM CHIIBHBIX OCAJIKOB IIKBa-
JIMCTBIM YCHJIEHHEM BeTpa 10 15 M/c n Gosee, pu OBICTPO CMEIIAIOMINXCS XOJIOJHBIX
(poHTaxX BO BTOPOI MOJIOBHHE THS. [ PO3BI C BBINIAICHUEM 0CAIKOB TaK YK€ OTMEYAIICh
TIPH TIPOXOKICHUN AMHAMUYIECCKN 3HAYMMBIX (DPOHTOB OKKITIO3UH C KOHTPACTaMH TEM-
nepatyp Oonee uiau paBao 8 °C/1000 kM, B Oonee yem 15 % cnyuaeB. Takas xe mo-
BTOPSIEMOCTB ¥ UL (PPOHTATIBHBIX TPO3 IMTPH MTPOXOKACHIH TETUIBIX (PPOHTOB B HOYHEIE
U YTPCHHHUE YackHl.

Pexe Bcero rpo3sl OTMEUAIMCHh IMPH IPOXOXKACHHH BTOPHYHBIX XOJIOTHBIX
¢ponTOB. [IpH MPOXOXKAEHHUH BTOPHUYHBIX XOJOAHBIX (PPOHTOB IPO30Bast JIEATEIb-
HOCTH (hOpPMHPOBATACh KaK B IIEPBOH, TAaK M BO BTOPOH TTOJIOBHHE JHS TP TEMITEpaTy-
pax Bo3ayxa oT +10 °C npu HeycTOWYHBOH BO3AYIIIHOW Macce B 0apHUICCKOi JI0KOUHE
B THUTY ITMKJIOHA 32 OCHOBHBIM XOJIOAHBIM (poHTOM. [Ip1 3TOM HaJ MyHKTOM IPOTHO-
3UPOBAHMS OTMEUaJICs 3aTOK Xoj0/a Ha ypoBHe AT-850 rlla u npoxomia ock 6apu-
yeckoil J1oxx0uubl Ha AT-500 rlla, yTo crocoOCTBOBAIO BOCXOMSIIMM JIBHKEHUSIM U
00pa30BaHUIO MOIIHOI KOHBEKTUBHOII oOnaunocTH. Takum 00pa3oMm, mocie KpaTko-
BPEMEHHOTO ITIPOSICHEHNUS, HACTYMAONIETO BCIE 32 MPOXOKACHHEM OCHOBHOTO XO-
JOAHOTO (pOHTA, (POPMUPOBAIUCH TPSIBI KY4EBO-JOXKICBHIX O0JAKOB C JTHBHEBBIMHU
0cajJIKaMH, TpO3aMH U IIKBAIUCTHIM YCHJICHHEM BeTpa. HO ocagku u rpo3bl B THUTY
IIUKJIOHA MOTYT OBITh HE TOJIBKO ()POHTATBHBIMH, HO M BHYTPHMACCOBBIMH, TaK KaK B
TBIJIOBOW YaCTH BO3IYIIHAS Macca HEYCTOHUMBA.

B pesynbTate rccie0BaHHS BBIIEICHO 6 TUIIOB CHHONITUYECKUX MPOIIECCOB 00-
pa30BaHUs IPO3 C BHINMAJCHUEM JINBHEBBIX 0CAIKOB Ha/l 3HAYNTEIBHON IIIOMIABIO 3a-
nanHo# Cubupu. Y craHoBneHo, uto 6omee 40 % Tpo3 ¢ BITaICHIEM JIMBHEBBIX 0Cal-
KOB (hOpMHpPYETCs NMPH CHHONTHYCCKOM THIIC «JI0KOWHa». B omHOI weTBepTH pac-
CMOTPEHHBIX CITy4aeB MpU BTOPOM THUIIE — IPOXOXKACHUU IIUKIIOHA, IPU 9TOM B OOJIb-
MIMHCTBE CIy4aeB IPH MOJISAPHBIX BTOPKEHUAX BO3AYIIHBIX MAacC W MPH F0’KHOM BbI-
Hoce. C «MayorpaJeHTHBIM OapUYecKuM IOJeM» CBs3aHO okono 15 % ciydae. B
«TBUTY LIMKJIOHA» OTMEYaoch 3,6 %, Ha «BOCTOYHOI nepudepun aHTHIMKIOHa — 2,2 %.

CuHoONTHYECKHE YCTOBHUS, O1aronpusATHbIE 115 (POPMHPOBAHUSA
CHEXKHBIX I'P03 Ha/l TeppuTopueii 3anagnoii Cudbupu

OmnacHble SBICHUS MOTO/IbI KOHBEKTUBHOTO MPOUCXOKICHUS B 3UMHUI TIEPUO/T
SBIISIIOTCS. MAJOM3YYCHHBIMH U CJI0)KHO TPOTHO3UPYEMBIMH, OCOOCHHO B YCIIOBHSX
PEIKOM CeTH KIIMMAaTUYECKUX CTaHIUi. CHEXHBIC I'PO3bI UMCIOT ME30MAaCIITaOHBII
xapaktep, 0oJbIIas pojib B UX BO3HUKHOBEHUHW MPHUHAJICKUT MECTHBIM (hakTopam,
MOSTOMY B IIEJISIX TTOBBIMICHHS OTPABIBIBAEMOCTH U 3a0JIaTOBPEMEHHOCTH MTPOTHO3a
HEOOXOIMMO MPOBOIHUTH PETHOHAIBHBIC UCCIICTOBAHUS CHHONTHYCCKUX YCIOBUI UX
(hopMupOBaHUSL.

CHexxHast Tpo3a HaOmomaizack B paiioHe a’poxpoma XaHTHI-MaHCHHCK
20 mapta 2016 1. 8 09.04, 13 mapra 2017 r. — B 17.21, 7 mapra 2019 1. — okomo 19.00.
JUTUTEeIPHOCTh CHEXXHBIX TPO3 COCTaBWIA OT 5 0 18 MUH, OHU CONMPOBOXKIAIUCH
MIKBATUCTBIM BETPOM C MAaKCHMAIIBHBIM TTOPBIBOM BeTpa 23 M/C M CHIIBHBIM CHETOIla-
JIOM C yXyJueHueMm Bugumoctu 10 200 M.
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[Ipu n3ydeHNn a’3pOCHHONTHYECKOTO MaTepHaia ObUT BBIBIICH P YCIOBHH,
KOTOpPBIE MPOCIESKNUBAINCH BO BCEX TPEX CIIydasxX rpo3bl 3UMOH [2]:

1. I'po3bI HAOIIOAATKCH TIPU IPOXOXKICHUU THHAMUYECKU 3HAYUMBIX aTMochep-
HBIX (PPOHTOB: OTMEHAJICS OONBIIOI KOHTPACT HE TOIBKO B TIOJIE TEMIIEPATypHI, HO U B
noJie BirakHocTH. B 2016 1 2019 rT. cHeXHBIE TPO3bI HAOTIOAATUCH TIPU TTPOXOXKTICHUN
(hpoHTa OKKITFO3WU 110 TUIY XOJIOTHOTO (poHTa, a B 2017 T. IO BIMSHUECM BEPLIHHBI
(bpoHTANBHOMN BOJHEL

2.B 2016 r. B cioe ot 3emiu 10 BbicoThl 1500 M ¢ rora, 1oro-BOCTOKa IocTymnajia
BJIOYKHASI BO3/AyIIHAs Macca U ogHoBpeMeHHO B ciioe 1500-3000 m ¢ roro-3amnana, 3a-
najia U ceBepo-3amnaja nocrynaia cyxas BozaymHas macca. B 2017 u 2019 rr. nepen
(hpOHTOM B TEIJIOM CeKTOpe ObLIa BIayKHAs BO3YIITHAS Macca, a 3a (pPoHTOM — cyxasi;

3. Crparudukanus atMocepbl Oblia BIAKHOHEYCTOWIHBOM;

4. PaifoH nporHo3upoBaHys HAaXOAWIICS MO/ BIMSHUEM CTPYHHOIO TEYEHMs, Ha
0CH KOTOPOTO CKOPOCTh BETPA IOr0-3alaJHOTO U 3aMaJHOTO HAMpaBIeHUN JOCTUTAIa
30 m/c.

Heo0xommMo 0TMETHTB, YTO 3aICPKUBAIONIHI CIIOH — HHBEPCHS TEMIEPaTypPhI
oTMevasach ToJIbKo B ciryyae 2016 r. Ha Beicotax 1000—1500 m. [Tpu Hanuuuu 3aaep-
JKHBAIOIIETO CJI0S BBIIIE ITOTPAHUYHOT0 00Pa30BaHNE MOIIHBIX Ky4eBO-I0KIEBbIX 00-
JIAKOB ¥ TPO3 MIPOMCXOANT HanboJee akKTHBHO 10 THITY «B3PBIBHOM KOHBEKIHI [3].

O0s13aTeIIFHBIM YCIIOBHEM JUIsI BOSHHKHOBCHHUS TPO30BOT0O 00JIaKa B JIFO0OI Tie-
pHUOA rofa ABISAETCS HaIW4He YCIOBUIl JUId pa3sBUTUS KOHBEKIMM MM HHOTO MeXa-
HHU3Ma, CO3/JAIONIEr0 BOCXOSIIIE MOTOKH, 3aIachl BIATH, JOCTATOYHOTO I 00pa3o-
BaHWS OCAIKOB, U HAJIMYHE CTPYKTYPHI, B KOTOPOM HYacTh OOJAYHBIX YacTHIl OyaeT
HAXOJUTHCS B KUJKOM COCTOSIHHHM, @ YacThb B JIEASTHOM. Takoe BO3MOKHO, €CIIM HUXK-
HsIs 4acTh 00J1aka popMHupoBajach pu temreparype Bo3ayxa e 0 °C. B Bepxneit
yacTH oOJlaKa TPH MOTAJaHNHU YaCTHI] BOJBI B 30HY OTPUIATENbHBIX TEMIIepaTyp Io-
CTETIeHHO (hOPMHPYIOTCS KPHUCTAIUTBI JIbaa. CMEIIaHHBIH cOCTaB o0JIaka MPHBOIUT K
YKPYITHCHHIO OOJIAYHBIX JIEMCHTOB U (POPMUPOBAHUIO IPO30BOI 00JIAYHOCTH.

Heo6x01uMo0 OTMETUTD, YTO B MapTe CPEIAHSAS MHOTOJICTHAS TEMIIepaTypa BO3-
nyxa st aspojgpoMa XaHTel-MaHcuiick coctaBisier —9,1 °C. B paccmarpuBaemMbix
ClTydasix MpH MPOXOKIACHUH (PpOHTa TeMIlepaTypa Bo3ayxa Obura oimska +0 °C, 1. e.
OoTMeuanach aHOMaJIbHO TeIIasl Oroja /Ui Hadana BECEHHEro mepuoja B 3anaaHon
Cubupnu. MOXXHO CKa3aTh, YTO B YCIOBHSIX aHOMAJIBHO IPOTPETOTO BO3AyXa B MOTpa-
HIUYHOM CJIO€ YacTh oOyiaka popMHpOBAaIach MPH MOJOKHUTEIEHBIX TEMITEpaTypax H
COCTOsIIa U3 KaIellb.

B paccmarpuBaeMbIX Cilydasix KOHBEKIHUS, Oarofaps KOTOpOi pa3BUIOCH IPO-
30BO€ 00JIaK0, BO3HMKIIA MIPH MOABEME TEIJIOrO BO3AyXa BIONb JIMHUH (POHTA IPH
aJBEKLMM apKTUYECKOro Bo3ayxa. OpoHTalbHasi KOHBEKLUS pa3BUBaJlach OJHOBpE-
MEHHO CO CJIOMCTO-I0KICBBIMH O0JaKaMU M OOJOKHBIMH OCaJIKaMH, YTO MaCKUPO-
BAJIO Ky4eBO-I0KIEBYIO 00JIauyHOCTb.

Kpome KOHBEKTHBHOH HEYCTOHYHNBOCTH BO3IyXa, HEOOXOIUMBIM YCIIOBHEM IS
Pa3BHUTHS IPO30BOTO 00JIaKa SBIISETCS BETEp MepEeMEHHOT0 HanpaBieHust. Ocaaku, 00-
pasymomyecss B BOCXOSIIEM MOTOKe, MEPEHOCATCs MO BEPXHEMY YPOBHIO OOjaka B
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30HY HUCXOJAIMIETO IMoToKa. TaknM 00pa3om, 30HBI BOCXOISIIETO F HUCXOISIIETO TI0-
TOKOB OKAa3bIBAIOTCSl PA3[EIEHHBIMU B IPOCTPAHCTBE, YTO OOECIICUMBACT Pa3BUTHE
rpo30BOTro 00JaKa.

Bo Bcex Tpéx ciyuasx B cpefHEH M BepxXHEH Tporocdepe mpeodiaianu CHlb-
HBIE BETPBI ¢ OOJIBIINM BEPTHKAIBHBIM CIABUTOM I0T0-3aI1aJHOTO U 3aI1aJJHOTO HAIIPaB-
JICHUH, TaK)Ke paiiOH MPOTrHO3MPOBAHUS HAXOMWICS I10]1 BIUSHUEM MOIIHOTO CTPYH-
HOTO Te4eHHsI BOIU3M Tpornonayssl. Hannune 3HaYUTENbHBIX CABUTOB BETPA 110 BHICO-
TaM M CTPYWHOTO TEUCHHUS SIBIJIOCH TOTIOTHUTEIBEHBIM (PaKTOPOM yCHUIICHHS aKTHBHO-
cTr atMoc(epHOTO (PPOHTA U Pa3BUTHIO KOHBEKTUBHBIX JIBHKEHHH 110 THITY TepMHIE-
CKU IpAMOM tupkyssiiuu [4].

B pamxax mccie1oBaHus a3pOCHHONTHUECKOTO MaTeprana ObUIO BBISIBICHO, YTO
Ui GOPMHUPOBAHUS WHTCHCHBHOW 3MMHEH KOHBEKIIMM HEOOXOIMMO HAIMYHE IBYX
(haKTOpOB: AMHAMHYECKUI TOIBEM BO3[yXa M OOJbIIAs KOHBEKTHBHAs HEYCTOWYH-
BOCTb aTMOC(hepBHI.

JuHamruecknii paktop obecrednBaeT MOABEM BBEPX TETIIOTO BIAKHOTO BO3-
JyXa U3 HIKHEH Tpomocdepsl. B paccmaTpuBaeMbIx ciaydasx JaHHBIN (akTop ObLI
00yCIIOBJIEH OJIM3KMM PACIIOJIOKEHHEM LICHTPa LIUKJIOHA K pallOHY IIPOrHO3UPOBAHMS,
€ro UKIOTeHEe30M, 000CTpeHUEM (HPOHTOB U UX COMMKEHUEM. DTO IPOUCXOIUIIO TIPH
aTMochepHbIX (poHTaxX ¢ KOHTpacTaMu Temiepatyp oT 10 °C u BbIIIe, pa3aersiFomnx
BO3/IYIIHBIE MACCHI C PA3JIMYHON BJIQ)KHOCTBIO: MIPH MIPOXOKACHUN (PPOHTA OKKIIIO3UH
U BOJIM3M BEPIIMHBI ()POHTAIBHON BOJHBL TakuM 00pa3oM, JMHAMUYECKUI MOABEM
YCHUIMBAJ KOHBEKTUBHYIO HEYCTOMYMBOCTD BO3/TYIITHON MacChl.

ITomBoaS MTOT, MOKHO BBIACIHUTH CICAYIONNE CHHONTHYECKHE YCIOBHS, COBO-
KYIHOCTb KOTOPBIX NPUBOJHUT K 00Pa30BaHUIO CHEXKHBIX IPO3 HA TEPPUTOPUH 3ama-
Hoii Cubupu:

a) TMHAMAYECKHUI TOTHEM TETUION BIIaYKHON BO3IYITHOW MacChl XOJIOIHBIM BO3-
JYXOM TIpU MPOXOXKICHUN Yepe3 PaioH MPOTHO3UPOBAHMS aKTHBHOTO YIITyOJIsIolIIe-
rocst IUKJIOHA, BEPIIMHBI ()POHTAIBHOH BOJIHBI, TUHAMUYECKH 3HAUUMOTO XOJI0HOTO
(poHTa MM PpoHTA OKKITIO3UH MO THITY X010 HOTo. [IpH 3TOM BO3ayIIHAs Macca mepes
9TUMH (PPOHTAMH IODKHA OBITH aHOMAJIBHO TEIUIOH JUIS ITyHKTA IPOrHO3MPOBAHNS;

0) HaIM9IKe MOIITHOTO CTPYHHOTO TEUESHUSI, BEPTHKAIBHBIX C/IBUTOB BETPOB IOT0-
3amaHbIX U 3alla/IHbIX HApaBIeHUH B CpeiHel 1 BepXHel Tporocdepe.

Heo6xommmo o0paTuTh BHIMaHHE, 9TO Hanbosiee MHOOPMATHBHBIMHE IS TTPO-
THO3a CHEXXHOW TPO3BI SABJISIETCS MHICKCHI HeycTondmBocTH atMochepsl TOTAL un
SWEAT. B nnu co cHexxHoi rpo3oit cornacHo unaekcy TOTAL nporaosupoBanach
CUIBHASA HEyCcTOWINBOCTE (>49,2 °C), cornmacuHo unnekcy SWEAT nporrosupoBanach
ciabast HeyCTOHYUBOCTb.

Bce BblmenepeuncieHHble ycaoBys GOPMUPYIOT HHTCHCHBHYIO 3UIMHIOI0 KOH-
BEKIIMIO, MPUBOJISIIYIO K PEKOMY JUIsl TeppUTOpHH 3araaHoii Cnoupu MeTeoposoru-
YeCKOMY SBJICHHUIO — CHEXHOII rpo3e. Taknm o0pa3zom, HacTosmas padbota 00beJHHICT
IIMPOKUH KPYT 3a1a4, pelIeHne KOTOPHIX OPHEHTHPOBAHO HA PETHOHAIBHBIC aCTIEKTHI
HCCIIeI0BAHMS KOHBEKTHBHBIX MPOIECCOB U YIIyUIICHHE Ka4eCTBa UX MPOrHO3MPOBa-
HUS Ha Tepputopuu 3anagHoi Cubupu.
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V]IK 504.422:504.062.2

OolecneyeHue ruIpoOMeTeOPoJIOrN4ecKoil 0€30MACHOCTH
HA MOPCKHX 00beKTaX 100bIYH He()TH U rasa

1O. B. Bamectrok (vashestyuk yv@istu.edu)

Hprymceruu 2ocyoapcmeennblii ynugepcumem, 2. Upkymck
Uprymckuit HayuonansHulil ucciedosamenbckull mexuudeckuil ynugepcumem, e. Upkymck

AnHoTanust. CTaThbs MOCBAIICHA BOIIPOCaM 00ECIIeUEHHUS THAPOMETEOPOIOTHYECKOH 0€30IacHOCTH
OCBOCHUSI M Pa3pabOTKH MECTOPOXKICHUI HE(TH U raza, OT KOTOPOr0 B KOHCYHOM CYETE 3aBHUCHT
ycrenHoe 0ypeHue CKBaKHH U OCBOCHHE MECTOPOXKIACHHMS B LIEJIOM. B cTaThe 0CBeIaoTcs BOpoCs!
cOopa 1 060011IeHHS THIPOMETEOPOIOTHYECKOH HH(POPMAIUH JJIs1 000CHOBAHHS HHBECTHIINIT 1 TIPO-
EKTUPOBAHUSI COOPYIKEHUH, OCYLIECTBISIEMBIX ITyTEM MPOBEICHHUS MHKEHEPHBIX THIPOMETEOPOIIO-
rHYECKHX HU3bIcKaHuil. JlaeTcs uHpOpMAIMsS O CICHHATU3UPOBAHHOM THIPOMETEOPOIOrHUSCKOM
obecrieueHnH PabOTHI MOPCKHX COOPYKEHHIA, BKIIFOYAsi TPaHCIOPTHBIE omepaiun. OOcyskmaaeTcs
HaJIS)KHOE OIIpe/IeIICHUE MTapaMeTPOB OKPYIKAIOIIECH cpeiibl, KOTOPOE SIBISIETCSI OCHOBOH MPOEKTHBIX
PpelIeHNH, MUHUMH3HPYIOIIUX TIPUPOIHBIC PUCKU U BO MHOTHX CITy4asiX, CBOJSIIMX HX MPAKTHYECKU
K HYJIO. AKICHTHPYETCS BHUMAaHHE Ha HMCIOJIB30BAHMM JAHHBIX, MOJyYCHHBIX Ha CTAIlMOHAPHON
CETH TOJISIPHBIX CTAHI[HA, CIlyTHUKOBBIMH CPEACTBAMHU HAOIFOICHNI, aBTOMATHYUECKUMH OYHKOBBIX
CTaHLMAMH, 1711 0OecriedeH s THIPOMETEOpOIOrHueckoii Ge3onacHocT. PaccMaTpuBaeTcs u3MeHe-
HUS KJIMMaTa Kak (Gakrop, TpeOyIommuii yueTa mpi NPOSeKTUPOBAHUU U SKCILTyaTAIIMU TOJITOBPEMEH-
HBIX, CJIO)KHBIX MOPCKHX OOBEKTOB.

KiiroueBble ¢JI0Ba: THAPOMETEOPOSIOrHYECcKasi 0€30MacHOCTb, MOPCKUE 00BEKTHI, 100bIYa HEDTH 1
rasa, ONacHbIC SIBJICHUSI, I3MCHEHUS KIIHMaTa.

C yBenuueHneM 00beMOB 100bIYM HE(YTH U Ta3a ¢ MOPCKUX IUIAT(HOPM, BOIPOCH
THAPOMETEOPOJIOTHUECKON OE30MacHOCTH BBIXO/T Ha IIepeiHui 11aH. Mopckast cpeza
obnajaer creuUUecKUMH YCIOBHSMH, KOTOpPbIE MOTYT OKa3blBaTh 3HAYHUTEIHHOE
BIIMSIHUE Ha O€30MacHOCTh KaK IPOM3BOJICTBEHHBIX MIPOLIECCOB, TAaK M SKOJIOTHYECKYTO
CHUTYaLHIO B PETHOHE. AHaIIM3 00ECTICUCHUsI THIPOMETEOPOIOTHIECKOH Oe30IacHOCTH
Ha MOPCKHMX 00BeKTax JOOBIMHM He()TH M Ta3a SBISETCS OCHOBHOM LIEIBIO.

T'mapomereoporormaeckas 6€30MaCHOCT HOAPa3yMeBaceT 3aINUTY KU3HHU U 3710~
POBBsI JIIO/IEH, a TaK)Ke COXpPAaHEHUE OKPYKAIOMIEH cpeibl M MaTepHAaIbHBIX IEHHOCTEH
OT HETaTHBHOTO BO3ACHCTBHS aTMOC(EPHBIX U THApoIorndeckux seieruit [1]. Kiro-
YeBBIMH (PAKTOPAMH, OTIPEACIAIONIMMHI THAPOMETEOPOIOTHYECKYI0 0e30MacHOCTh Ha
MOPCKHX O0BEKTaX, SBISIOTCS:

— atMoc(epHbIC SBICHUS: ITOPMBI, yparansl, TyMaHbl, OCaIKH;

— THJPOJIOTUYECKUE SIBJICHHS: IPUIMBBI M OTIIMBbI, BOJIHBI, TCUCHUSL;

— COBOKYITHOE BIIMSHHUE 3THX (PaKTOPOB HAa TEXHOJIOTHYCCKHE TPOIIECCHI.

Ha Mopckux 00bekTax 0069 He(TH U Ta3a THAPOMETEOPOIOTHICCKUE YCITO-
BUSI MOTYT CO3/1aBaTh CEPhE3HBIC PHCKU:

— IITOPMOBBIE YCJIOBHSI: CHJIbHBIN BETEP U BBICOKUE BOJIHBI MOTYT 3aTPyJHUTH
WIIN CZIeNIaTh HEBO3MOXKHBIM BBIITOJTHEHHE Pa0OT, MOBHIMIAs PHCK aBapHii;

— TyMaHbI ¥ HU3Kasi BUIUMOCTB: 3TO MOXKET 3aTPY/HATH HABUTAIINIO, YTO BEIET
K BOBMOXKHBIM aBapHsIM U CTOJIKHOBEHHSIM;
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MIPUJIMBBI U OTJIMBBL: PE3KUE M3MEHCHUSI YPOBHS MOPST MOT'YT HETaTHBHO CKa-
3aThCs HA YCTOMYMBOCTH TIAT(GOPM H UX 00CITYKHBaHHH;

nenoBele siByieHus. CiKaThs JIbIOB M UX HHTCHCUBHBIN IpeiiQ), BTOPIKCHUE TSDKE-
JIBIX JIBJIOB B paifoH JOOBIUH, paHHEE JIeA000pa30BaHue, OMTaCHBIC JIEIOBBIC 00pa3oBa-
HU (alicOepri, TOPOCHI, CTAMYXH, THTAHTCKUE JIeITHBIC 1MoJs). Takke K OMacHBIM SIB-
JICHUSIM OTHOCST OOJICICHEHUE COOPYIKCHUI, IK3apallHIo JHA JISTOBBIMH 00pa30BaHU-
SIMHU, HABaJIbI JIbJIa HA Oepera U COOPYIKEHHUsI, OTPBIBBI IPHIIAsL.

ObecriedeHne TUIPOMETEOPOTIOTHUECKON 0€30ITaCHOCTH Ha MOPCKHX 00BEKTax
TOIpa3yMeBaeT KOMITICKCHBIN TTO/IX0, BKITIOYATONIHH CIIETYIONIHE MEPHI:

Monumopune u npoero3uposarue no2oousix ycaoguil. JIns odecrieueHus Tuapo-
METEOPOJIOTHUECKOW O€30MacHOCTH HMCTOJIB3YIOT CTAIMOHAPHYIO CETh TMOJSPHBIX
CTaHIINH, CITyTHUKOBBIE CPE/ICTBA HAOJIOICHHH, aBTOMATHUECKHE OYHKOBBIC CTAHITUH.
YcTaHOBKA COBPEMEHHBIX METCOPOJIOTHYCCKUX CTAHIMA M CHCTEM MOHUTOPHHTA 103~
BOJISICT OTCJIC)KUBATh AKTYAIbHbIC M3MEHCHHUS MOTOHBIX YCIOBHI U MPECKa3bIBaTh
IIOTCHIIMAJIBHBIC pI/ICKI/I. B paﬁOHaX PasBUTHS MHOI'OJICTHEMEP3JIBIX I'PYHTOB IIPOLIECChI TEXHO-
TEHHOI'O XapaKTepa, CBA3aHHbIC C ACATCIbHOCTHIO ITOA3EMHBIX BO, MOI'YT IIPOSBJIATHCS B pa3H006—
pasubix popmax u nponeccax [2]. Onupasich Ha JaHHBIE O BETPE, BOJIHAX, TYMaHE U APYTUX
napamMeTpax, MOKHO 3apaHee IPUHUMATh MEPBI JIJIS PETOTBPAIICHAS aBapHH.

Paspabomka uncmpyxkyuii u pecnamenmos. Ha OCHOBaHUY aHaIH3a PUCKOB pa3-
pabaThIBAOTCSl HHCTPYKIUU 10 OS30MaCHOCTHU JijIsi paOOTHHKOB MOPCKUX OOBEKTOB.
OTH TOKYMEHTHI TOJDKHBI PAaCTPOCTPAHSTh 3HAHUS O TOM, KakK JeHCTBOBATh B YCIIO-
BUSIX HEOJIATONPHUSTHOMN ITOTOTBI.

Obyuenue nepconana. PAOOTHHKH MOPCKUX OOBEKTOB TOJDKHBI IPOXOIHTE Pe-
TYJISIPHBIC TPEHUHTH IO JCUCTBHSAM B 3KCTPEMANIBHBIX THIPOMETCOPOIOTHYCCKHUX
YCIIOBUSIX. DTO BKIIOYAET B Ce0sl KAK TEOPETHUYECKYIO MOJITOTOBKY, TaK U TpPaKTHIe-
CKHE 3aHATHS.

HUcnonvzosanue mexnonoeuu. IHHOBallMOHHBIE TEXHOJOTUH, TAKHE KAK JIPOHBI
JUTSI MOHUTOPUHTA COCTOSIHUSI MOPCKOW Cpelbl U aBTOHOMHBIE METEOPOJIOTHUECKUe
CTaHIINHY, 3HAYNTEILHO MOBBIIIAIOT YPOBEHD O€30MaCHOCTH.

Koopounayus ¢ eocyoapemeennviyvu opeanamu. IhdekTrBHas padoTa mo odec-
MEUYCHUIO THUAPOMETEOPOJIOTHUECKON 0e30MacHOCTH HEBO3MOXKHa 0e3 B3auMoJeH-
CTBUSI C TOCYIapCTBEHHBIMU CTPYKTypaMH, 3aHUMAIOIIAMHUCS METEOPOTOTHYECKUM
MPOTHO3UPOBAHUEM H KOHTPOJIEM 32 MPUPOTHBIMHU SBICHHSIMH.

ObecricyeHrEe TUAPOMETEOPOTIOTUICCKOM OC30MaCHOCTH OCBOCHHS W pa3pa-
OOTKH MECTOPOXKJICHHI BKIIFOUACT JIBA OCHOBHBIX dTana. [lepBoe — 310 cOop u 0000-
[IEHNE THIPOMETEOPOTIOTHUECKOM MHPOPMAILINU, HEOOXOUMOM /17151 000CHOBAHUS WH-
BECTHIIMH ¥ TPOCKTUPOBAHUS COOPYKCHUH MyTeM TPOBEICHUS WHKCHEPHBIX THIPO-
METEOPOJIOrHIEeCKUX H3bICKaHUil. BTopoe — 3T0 crienuanin3upoBaHHOE THIPOMETEOPO-
jorudeckoe obecreueHne padboThl MOPCKUX COOpPYKeHHH (TIaTdopM, TEPMUHAIOB
T. 11.), BKJIFOUast TPAHCIIOPTHBIE oreparuy [3].
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l/lmlceﬂepmﬂe JIeJOBbIC U3bICKAHUSA

HanmexHoe ompeznenceHne mapaMeTpoB OKpPY’KarOIIEH Cpebl SBIICTCS OCHOBOM
MPOCKTHBIX PEHICHUH, KOTOPBIC MUHUMHU3UPYIOT MPHPOIHBIC PUCKH U BO MHOTHX CITY-
9asgx CBOJAT UX MPAKTHUECKH K Hym0. [IoAr0TOBKa HEOOXOANMBIX JAHHBIX BKIIIOUACT
00001IeHNe W aHATN3 UCTOPUYECKUX apXUBOB HAONIONEHUH, MPOU3BOICTBO HHIKE-
HEpPHO-M3BICKATENbCKUX PadoT, (hPU3NIECKOe, THAPOANHAMUIECKOEC U BEPOSITHOCTHOE
MOJIETUPOBAHHE MIPOIIECCOB, Pa3pabOTKy U CO3/aHHE HOPMATHBHBIX JOKYMEHTOB JUIs
MPOEKTUPOBAHNS, OCHOBHOI M3 KOTOPHIX — BpeMeHHBIE JTOKalbHBIE TEXHHUECKHE
ycioBus (BJITY) o npupogaomy OIIOKY.

Jlis mpoBeeHNs] 3MMHHUX HHKCHEPHBIX THIPOMETEOPOIOTHICCKIX U3BICKAHHHA
UCTIONIb30BATMCh PAa3/IMYHble MOPCKUE (ATOMHBIC U JU3ENIbHBIC JIEOKOJBI, HAYyYHO-
9KCHETUIMOHHBIC U TPAHCIIOPTHBIE Cy/1a) M BO3AYIIHBIC (CAMOJIETHI, BEPTOJICTHI) Cy1a.
W3bIckaHus HaTpaBIICHBI, TPEXK/IE BCETO, HA OMPEACICHUE TPOYHOCTHBIX TTAPaMETPOB
JICIOBBIX 00pa30BaHUIA, HX Pa3MEPOB M MACChl U CKOPOCTH JIBHYKCHHSL.

TpaauIOHHBIM CTIOCOOOM OMpPEAETICHHUS MPOUYHOCTHBIX CBOUCTB JIbJIa SIBJISCTCA
HCTIBITAaHHE MaJIBIX 00Pa3IOB JIbJa, OTOOPAHHBIX U3 JIEITHOTO TOKPOBA.

[To MHEHHIO OTEYECTBEHHBIX M 3apYOSKHBIX CIICIMAINCTOB, OIHUM H3 HauOolee
MEPCIEKTUBHBIX TUTIOB HATYPHBIX JKCIICPUMCHTOB SIBISIETCS W3MEPEHHE TIIOOATBHBIX
Harpy30K Ha CyJIHO 1 OCJIEAYIOIIHI epecyeT NOTyYeHHBIX PE3yIbTaTOB Ha COOPYKEHHE.

TopocucTele HATPOMOKICHUS 00pa3yroTcs B Apel(yIONMX JIbJax W IIpHIIac.
Pasmep kuuieit rpsix TOpocoB Ha Apeii(yromuX Jipaax meib(a pocCUCKAX 3aMmep3aro-
IIMX MOpel HaXOoAWUTCS B auanazone oT 3 1o 25 m. ['eomeTpust HaABOJHON YacTH OT-
JIETFHOTO TOPOCA TN CTAMYXH OIpPEACTSCTCS ¢ MOMOIIBIO MPOCTBIX TEOMOIUTHBIX
CHEMOK, C HCIIOJIb30BaHUEM a’pO(OTOCHEMKH M JIa3epHOro mpodmimpoBanus. [lo-
CJICJIHUEC JIBa METO/A MO3BOJISIFOT MOJYYHUTh IPOCTPAHCTBEHHO PACIPE/ICICHHBIC 1aH-
HBbIE, HEOOXOAMMBIE JUI pacueTa CTaTHCTUK M TAKUX XapaKTEePUCTHK, KaK TOPOCH-
CTOCTB, IPOTSKEHHOCTH TPSIZT TOPOCOB U T. TI.

HwokHss 9acTh TOPOCOB, UX OCajKa, KWIEBas 9acTh U3MEPSIOTCS C TIOMOIIBIO
00paTHBIX IOIUIEPOBCKUX COHAPOB, KOTOPBIC YCTAHABIUBAKOTCS HA THE HA TPOJIOKH-
TEeJBHBIHN neprof (rox u 6ojee), a TakXKe ¢ IIOMOIIBIO TTOIBOTHBIX BHIEOCHEMOK.

Jlns momyueHns nHGOPMAIMK 0 BHYTPEHHEM CTPOSHHH JISISHBIX 00pa30BaHMHA
OOBIYHO HCHOJB3YETCs TEIUIOBOE OypeHHe, IIPH KOTOPOM JUIS 3(PPEKTUBHOTO U OBICT-
POTO TONTy4eHHS TTyOOKHX CKBaKHUH HCIIONIB3YETCs ropsidast BOJA.

JUis oy9eHus TaHHBIX O CKOPOCTH JBIDKCHHUS JIHJIOB MPUMEHSIOTCS Apeiidy-
fomye OyH, KOTOpBIe YCTaHABIMBAIOTCSA Ha JICNSHBIX IMOJS | aiicOeprax. Vcmons3sy-
IOTCSI pa3iM4HbIe HABUTaIllMOHHBIE cucTeMbl, Takue kak ARGOS. KomnuectBo Oyés
OTIpe/IeNsAeTCss 0COOCHHOCTSAMH JICAOBBIX YCIOBHH U COCTAaBIISACT OT HECKOIBKUX €U~
HUIT 10 HECKOJIBKUX JECATKOB.

Crnenuajn3npoBaHHOE FHAPOMETEOPOIOrHYecKOoe ofecreyeHne

B caygasx, kora HEBO3MOXKHO CIIPOEKTHPOBATH COOPYKEHHS, CITOCOOHBIC BBI-
JiepKaTh MaKCHMaJIbHBIE JIE0BBIC HATPY3KHU U YIPO3bl, HEOOXOIMMa CHCTEMA OPTaHHU-
3aI[HOHHO-TEXHUYECKUX MEPONPHUATHH, HAIIPABICHHbBIX HA NPEIOTBPAICHUE aBapHii-
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HBIX CUTYyaIUil — yrpaBiieHue JiefoBoit oocranoskoii (YJIO). Takas cutyanus xapak-
TepHa ais paiiona IlltokmanoBckoro 'KM, rie Bo3MOXHBI aiicOepri Maccoi Ooliee
4 MJTH T.

VJIO BkirouaeT B ceOsi 0OHApY)KEHHE M OTCICKUBAHNE aiicOepProB M IPYTUX
OTIACHBIX JISTHBIX 00pa30BaHMiA, POrHO3UPOBAHIE TPACKTOPHI MX IBIDKCHHS, OTIpe-
JICTICHHUE CTENICHU PUCKA [T COOPYIKCHUS, IPUHATHE PEIICHHS 10 (PU3UICCKOMY BO3-
JICHCTBHIO Ha OMACHBIM OOBEKT C LENIBI0 MPEJOTBPAIECHHS €r0 IPOHNKHOBCHHUS B 30HY
BO3MO)KHOTO KOHTaKTa C COOPY’KCHHEM.

OOHapy>keHHe aiicOeproB, MOHUTOPUHT WX JWHAMUKH, ITPOTHO3 TPACKTOPHH
JIBYDKCHHS SBIISICTCS] YaCThEO CHCTEMBI CIICIIHATH3UPOBAHHOTO THIPOMETEOPOIIOTHYe-
ckoro obecrieuernst (CI'MO) paifoHa 10ObIYM ¥ TPAHCTIOPTUPOBKH YTIEBOJOPOJIOB.
Crtpykrypa u Buabl uHpopMmanuu B CI'MO uMeroT cBoto crielmuuKy B 3aBUCHMOCTH
OT palioHa M BHJOB JesTeNbHOCTH. Kak mpaBmito, 3To obecrieueHne padoThl cOO-
CTBEHHO TUIaT()OPMBI WM TEPMUHAJIA, OTIEPALMi 110 OTIPY3Ke YIIIEBOJAOPOIOB H MOP-
CKasi TPAHCTIOPTHPOBKA.

B mactosmee BpeMs THIPOMETEOPOJIOTHYECKOe OOecreueHne MOPCKOH jes-
TEJILHOCTH TPEICTABISIET COOO0M CIIOKHYI HHPOPMAIIHOHHYIO CHCTEMY, KoTopast Oa-
3UpyeTca Ha COBPEMEHHBIX CHCTeMax HaOJIIOACHUi, nepenadn u oopaboTku uHMOP-
MaIliy, aHalIn3a W MPOTHO3WPOBAHMS THIPOMETEOPOJIOTHYSCKUX yCIoBHiA. Crammo-
HapHast CeTh MOJIPHBIX CTAHIUH SBISCTCS OCHOBHBIM HCTOYHHKOM THIPOMETEOPOIIO-
rudecKkoi MH(GOpPMAINK, U 32 TOCIEIHUE TObI BBINOJIHEH OOJIBIION KOMIUIEKC padoT
M0 X MOJEPHU3AINH U OOHOBJICHUIO.

CITyTHHKOBBIE CPE/ICTBA HAOIOICHUI SBIISIFOTCS OCHOBHEIM, @ B TI0/IaBIISIONIEM
OOJIBIIIMHCTBE CITy4YacB, €AMHCTBEHHBIM HCTOYHUKOM HH(OPMAIIMU O COCTOSTHUH apK-
THUYECKOT0 JIEJSHOTO MOoKpoBa. B HacTosmee Bpems B Poccun s nenoBo-unpopma-
IIIOHHOTO O0ECHeUeHNUs MOPCKON NESTEIbHOCTH HCIOIB3YIOTCS CITyTHHKOBBIC aH-
HbIE 3apyOekHBIX KocMudeckux anmapaToB (KA) NOAA, Terra, Aqua, RADARSAT,
Envisat u numie ogHoro oredectseHHoro KA Mereop-M. Poccust Ha 98 % Haxoautcst
B 3aBHCHMOCTH OT 3apyOeKHBIX HCTOUHUKOB CITyTHUKOBOI HH(OPMAIIHH.

Tlopyuenuem CoBeta besomacHoctu Poccuiickoit @enepanuun ot 17 mapra
2010 r. nnaHupyeTcst CoO3AaHNe POCCUHCKOM, MEPBOH B MUPE BBICOKOIUIUIITHYECKOM
THJIPOMETEOPOJIOTHUECKON MHOTo1eneBoi kocmuueckoi cucteMbl (MKC) «ApkTrkay
JUTE MOHUTOPHHTA 0OCTAHOBKH B CEBEPHBIX MOJISIPHBIX paliOHaX B MHTEpecax obecrie-
YeHHs1 0E30IaCHOCTH TPAaHCApKTHUECKHX MepeneToB, HaBuramuu Ha CMII, xo31ii-
CTBEHHOH JICATEIFHOCTH Ha apKTUYCCKOM Iemb(e, a Takxke Uil n3ydeHHs KimMara [5].

KA «ApkTrnka-M» — BBICOKOAIIMNTAYECKAS] THAPOMETEOPOTIOTHUECKas KOC-
MHuecKas cuctema, paspabdorannas B AO «HIIO nm. C. A. Jlaoukunay (I'ockoprio-
panust «PockocMoCy) TIPH YYaCTHH CIICIIHATHCTOB MOCKOBCKOTO OIBITHO-KOHCTPYK-
Topckoro 0ropo «Mapey (Bxomut B ['ockopriopanuto «Pocatom»).

Iean cucTeMbl — KPYTIIOCYTOYHOE HHPOPMAIIOHHOE 00eCIICUeHHE 3a/1a4 OIle-
PaTUBHOHN THAPOMETEOPOIIOTHH, YKOJIOTHH, HHPOPMAIIIOHHOTO 00CSCIIeYeHHs X035 -
CTBEHHOH JICSITETBHOCTH M MOHUTOPHHTA OKPYKAIOIIEeH CpeTbl Ha BCell TeppuTOpun ApK-
THUKH, BKJTI04ast akBaTopuu CEeBEpHOTO JIEOBUTOTIO OKEaHa U MPUOPEKHBIC PETHOHBL
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3agayu cucTeMbl: MOHUTOPHHT TOBEPXHOCTH M 00JaYHOCTH 3eMIIM M MOpEHl B
ApKTHYECKOM PETHMOHE W Ha NPWIETAIONINX TEPPUTOPHUSIX, a TAKXKe MMOCTOSHHBINA U
HaJEKHBIH OOMEH METeopoJIornyeckoil nHdopmaiei. Amnmnaparypa CIlyTHUKOB HC-
MOJB3YETCS JUIS OTIPEICIICHHS MECTOIIOJIOKEHHUS Cy/I0B, CAMOJIETOB 1 APYTHX TTOABHK-
HBIX OOBEKTOB, TEPILIINX OEACTBHE, B PAMKaX MEXIYHApPOAHOH CITyTHHKOBOH CH-
crembl nioucka u crnacanust «KOCIHAC-CAPCAT».

B mae 2023 r. I'ockopniopanus «Pockocmoc» u HITO JlaBoukuHa 3aKITFOUUIN
TOCYJapCTBEHHBIN KOHTPAKT HA MOJCPHHU3ANNIO CUCTEMBI « ApKTHKa-M» I yBemn-
YyeHus € OpOUTAaIbHON I'PYNIMPOBKH JI0 YETHIPEX KOCMHYECKHX amnmaparos. Cos3na-
HUE U 3aIyCK CIYTHUKOB «ApkTuka-M» Ne 3, 4, 5 u 6 nameuatorcs n0 2031 r. D10
MO3BOJIUT BJIBOE COKPATHThH NMEPHOJIUYHOCTh CHEMKHU TOJIIPHON 00JIaCTH U TPOU3BO-
JUTH HaOIOZICHNS TpeOyeMOoro paifoHa ¢ pa3HBIX PaKypCcoOB, a TAKKe ICTATM3HPOBATH
CBEPXKPATKOCPOUHBIC POTHO3BI OTO/IbI, TOBBICUTH ONEPATHBHOCTH OOHAPYKEHUS U
MOHHUTOPUHTA OMACHBIX MPHPOIHBIX SBJICHUH U UPE3BBIYANHBIX CHUTyallUil U yBeIH-
YUTh TOYHOCTH BBIACICHIS 00TaKOB HAJ CHEKHBIM M JIEJJOBBIM IIOKPOBAaMH U OTIpe/ie-
JICHUS UX XapaKTEPHCTHK B ADKTUYECKOM PErMOHE U Ha MPUJIETAIONINX TEPPUTOPHSIX.

«ApkTHKa-M» noctpoeH Ha 6a3e miardopmsl «Hasuraropy». Ero macca cocras-
nset 2100 kr. AnmapaTypa, pa3MeméHHas Ha CIIyTHUKE, IPAKTUYIECKU COBIAIACT C all-
nmapaTtamMu cepuu «nektpo-JI». [Tone3nas Harpys3Ka COCTOUT H3:

e MHOT030HAJIbHOI'O CKaHUPYIOIIETO YCTPOHCTBA THIPOMETEOPOIOrHIECKOT0
obecneyenus (MCVY-I'C) — obecrieunBaeT nosyueHue n300pakeHUi 00JIauHOTO CII0s
U ToBepXHOCTH 3eMiu. PaboTaeT B nHGPaKpacHOM U BUANMBIX AUANa30HAX;

« TenmoreousndecKkoro ammaparyproro komiurekca (I TAK-BDJ);

e amnmaparypsl Iepeaadn JaHHBIX MEXIy Ha3eMHBIMH METEOPOJIOTHIECKUMHU
CTAHIUSIMU;

o ammapaTypsl cucteMsl «Kocmac-CapcaT» Ui peTpaHCISAIUN CHUTHAJIOB OT
aBapUITHEIX OyeB.

Esxeronno Beimyckaercs 6osiee 12 THICSY METEOPOJIOTHYECKUX M THAPOIIOTHYe-
CKUX KPAaTKOCPOYHBIX NPOTHO30B OOIETO MOJIB30BAHUS MO PA3TUYHBIM AKBATOPHSIM
apKTHYECKUX MOpel 1 0koi10 400 KpaTKOCPOUHBIX IIPOTHO30B 10 aKBATOPHSIM ITOPTOB
CO cpeJHel onpaBbIBAEMOCTBI0 95-97 %, 4TO COOTBETCTBYET YPOBHIO IIPOTHO3UPO-
BaHMA BeAYIIUX 3apyOeKHBIX IIEHTPOB [4].

B Teuenne mocienHux S €T Bce HAOIIOMAEMbIe OMTACHBIE THAPOMETEOPOIIOTH-
YECKHUE SBICHUS TSI MOPCKOH AEATENBHOCTH OBIIN CIIPOTHO3UPOBAHEI U INTOPMOBBIE
HpeIyNPEKACHHS CBOEBPEMEHHO Iepe/laHbl 3aMHTEPECOBAHHBIM OpPraHU3alusIM, YTO
MO3BOJINIIO COKPATUTh MOTEPHU H yIIEPOBI IO MOTOAHBIM YCIOBHSM.

Jlns obecriedeHus JIEIOBOTO IUIABAHMS HEOOXOIUMOM THIPOMETEOPOIOTHYC-
ckoit mapopmarnmern B AAHWU 6but pa3paboTaH aianTHPyEeMbIi KOMILIEKC MOHHUTO-
PHHIa U IPOTHO3UPOBaHUS COCTOsTHHS aTMocdepbl u ruapochepsl (AKMOH), mo3so-
JISIIOLIMN aJalTUPOBATh TEXHOJOTMYECKUH IPOLECC MOHUTOPHUHIA IIPUPOAHON Cpebl
K PETHOHATIBHBIM (PHU3NKO-TeorpaUuIecKuM YCIOBHAM H CHEIH(HUIECKUM 3arrpocaM
MOTPEOUTENS, HEOOXOJMMBIM JIJIS ITOBBIIICHHS 0€30ITaCHOCTH M A (PEKTUBHOCTH MOP-
CKOM JIeSTETBHOCTH B apKTHUECKHX Mopsx Poccun. Kommuexc coctout u3 6a3oBoro
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MOJTYJIsI, pa3MENIeHHOTO B MH()OPMAMOHHOM LIEHTpPE, W YAAICHHBIX Moxynei. baso-
BBI MOZTyJTh 0OecIiedunBaeT cOop, 00padOTKy M aHAIN3 TAHHBIX, pa3paboTKy HHPOP-
MAaIMOHHOU MTPOIYKIIMH U, €¢ JOBEICHHUE 10 KOHEYHOT'O MOTPEOUTEINS. Y TaJICHHBIC MO-
Iy H, pa3MelaeMble Ha Cynax, JIGAOKOoIax, MmiaThopMax W TepMHHANAX, oOecredn-
BAIOT BU3YaIM3AI[I0 METEOPOIOTHIECKOM, JIEJOBON U OKEaHOIOTHYecKoil mHpopma-
IIH ¥ €¢ COBMCIICHUE C 3JICKTPOHHBIMH HABHTAIIMOHHBIMH KapTaMH.

AKMOH - 3T0 ne10BbIi HaBUraToOp, KOTOPBIH BKIIIOYAET, HAPSAAY C JIEIOBOH, U
Ipyryio mHbopManuio (BeTep, BOIHCHWE, NPWIINBEI, TCUCHHUI W 1p.). B HacTosmee
Bpemsi komruiekc AKMOH ycrnenHo 3KCIuTyatupyeTcst Ui 00ecTieueHIs] MOPCKUX
tpancoptHeIX cucteM ['MK «Hopunbckuit Hukens» B Kapckom mope, Bapanugeii-
ckoro TepmuHana B [legopckom mope, Caxanua-1 B TaTapckom nposuse.

ObecriedeHne THIPOMETEOPOTIOTHUECKON 0€30ITaCHOCTH Ha MOPCKHX 00BEKTax
J00BIM He()TH ¥ Ta3a MPECTAaBISCT COO0H BaKHYIO 3a/1a4y, KOTOpas TpeOyeT KOM-
IUIEKCHOT 0 1oAxo/a. Heo6X0quMOoCTh MOCTOSIHHOTO MOHUTOPHHTA, aHAJIN3a PHCKOB U
3¢ deKTUBHOTO 00yYEHUS! TEPCOHANa OMPEACISeT KIIOUYEBbIE DJIEMEHTHI B CHCTEME
6e3onacHocTH. [IprMeHeHHEe COBPEMEHHBIX TEXHOJIOTHH U Y/ACICHUE TOJDKHOTO BHU-
MaHHsI [TOJTOTOBKE CIICIUATIICTOB CIIOCOOHBI MUHUMHU3HPOBATh PUCKU U 00CCIICUUTH
HE TOJBKO 0€30MacHOCTh pabOTHUKOB, HO U 3alUTy OKpY’Karouel cpeasl. B cospe-
MEHHBIX YCIIOBHSX, KOT/Ia MOPCKast J0ObIUa YTIEBOIOPO/IOB 3aTParuBaeT SKOCHCTEMBI
U 3/I0POBBE JIFOJICH, 3TO CTAHOBUTCS OCOOCHHO aKTyaIbHBIM.
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VJIK 556.535

Ouenka Biausinus pek Canru FOxnoii 1 UHroab Ha MOCTOBOI
nepexoja B ¢. XajaKkra

N. I1. I'py3aes (ilish.01 @mail.ru)

Hprymeruu 2ocydapcmeennblii ynugepcumem, 2. Upkymck

Annoranus. O6bekToM uccnenoBanus spisiercs p. Canra HOxHast U ee s1eBbIil NpUTOK — p. MIHroa,
KOTOpast CIocOOHAa OKa3bIBATh BIMSHIE HA MOCTOBOII MIEPEX0/1, HAXOAAMIMICS B C. Xa1aKTa BO BPeMs
TIPOXOXKJICHUS JOXKAEBBIX IIABOJIKOB B JIETHE-OCEHHUII IIEpHOJ U 00pa30BaHMs HAJIEAN B 3MMHE-Be-
ceHHuii nepuoa. OTIeIbHOr0 BHUMAHUSI TIPH OLICHKE BIIMSHUS THPOJIOTHYECKUX 00BEKTOB TPEOYOT
JIBE HEKAITUTAIBHBIC TUIOTHHBI, pacroioxkeHHble Ha p. Canre KO>kHOI BbIIIe JaHHOTO MOCTOBOTO Iie-
pexojia ¥ HaXOIsIIMEeCs] B HEYIOBJIETBOPUTEILHOM cocTossHuM. Peka MHroaa pacnonoxena B 1,7 km
FOYKHOT'O HAIIPaBJICHUSI OTHOCUTEIBHO HCCIIElyeMOro MOCTOBOTO repexo/ia. Bo Bpemst 10k /1eBbIX Ia-
BOJIKOB YPOBEHB BOJIbI p. VIHIO/IbI MO JHUMAETCS U 3aTAllJIMBACT HACEIICHHBIE MyHKTHI, PACHIONIOKECH-
HbIC B ee roiime. Llens nccnenoBanms — ananus pexxuma pex Caunru FOxuoit u arozs!. B pesynbrare
paboThl HEOOXOAMMO OICHUTD BIUSIHUE STUX PEK Ha MCCIIETyeMblii MOCTOBOM MEpexo/.

Karouessie ciioBa: p. Canra FOxnas, p. Iarona, MoctoBoil nepexos

I'maposiornyeckuii pe;xumM paioHa UCCIeJ0BAHUS

B anMUHHACTPaTHBHOM OTHOIIEHHN HCCIEAYEMBIH MOCTOBOM MEPEXOJ PACIIONO-
JKEeH B YJIETOBCKOM paiioHe 3adalikanbckoro kpas Poccnu. Moct Haxomures y c. Xa-
JIAKTa, B CEBEPO-BOCTOYHOMN YaCTH pailoHa Ha pacCTOSHUU 6,5 KM (IO MpsIMOM) Ha ce-
BEpPO-BOCTOK OT C. YIJIETHI.

Bonotoku paiiona uccienoBaHuil OTHOCATCS K IHTOAMHCKOMY JIECOCTEITHOMY
nojapaifony MHroauHo-Ara-bop3HHCKOro ruaposoruueckoro paifona. s pex pac-
CMaTpPUBAEMOr0 PalioHa XapaKTEPHbI UEPEJOBAHUS PE3KUX [IOIBEMOB U CIIAJI0B YPOB-
Hell B TEIUTyTo JacTh rojia (TTaBOIOYHBIN PEKUM), HU3KAsl B JICTHE-OCCHHUH MEPHO 1
yCTOHYMBas B XOJIOAHOE MOIYroJ1e MexXeHb. BoIoTOKN qaHHOrO palioHa mpuHaJIe-
JKaT K TUITY PeK ¢ MpeoOIagjaHueM JOXKIEeBBIX MaKCUMyMOB [3].

Onucanue OIMKARIINX BOJTOTOKOB HCCJIEIYEMOr0 Y4acTKa

Pexa Canea Oxcnas

Peka Canra IOsxHast — 1eBbIi MPUTOK MepBoro nopsiaka p. Uaroasl. bepet cBoe
Havayo Ha Beicote 1160 M BC. [lnomans Bogoc6opa — 115 kM2, 00mmIas 1IMHA PEKA —
32,5 kM, YKJIIOH pexu 14,5 %o. Ilnomans BogocOopa 10 CTBOpa MCCIeyeMOro MOCTa —
114 xm?, paccTosnue 10 uctoka — 30,6 kM, ykioH — 14,7 %o. Jonuna peku Tpamele-
unanbHast. JIeBbli CKIIOH JOJMHBI XOJIMUCTBIN, paBbii noioruit. [loiima nosnoras, me-
cramu gocturaet 0,15 kM B mmpuny. Hike npoexkTupyeMoro MoCToBOIO Mepexojia
TEXHOTeHHO HapylueHa. [To Bcell moiiMe mpouspacTaer Jyropasi 1 pelkas KycTapHU-
KOBasi pPaCTUTENBHOCTh. Pycio peku u3BmiIMCTOE. B cpeHeM MMeeT MIUpUHy 3 M, B
CTBOPE HMCCIIETyeMOTO MOCTOBOTO Iepexo/ia muprHa pycia 27 M. [yOnHa Ha murecax
nocruraer 0,6-0,7 M. [IHO cllo’keHO WIIOM, MecTaMu rajneyHukoM. I1lo 1Hy yacTuyHO
MIPOU3PACTAIOT BOJAOPOCIH. beperoBbie ouepTanus MpoOCieKUBAEMbIE, CI0KEHBI TIH-
HUCTBIMH U CYTTIUMHUCTBIMU TPYHTaMH. BbicoTa GeperoB MoxkeT gocturats a0 2,0 M oT
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nHa pexku. Ha p. Canre FOxHoi, Bbilie MocToBOTO miepexona B 11,6 km u B 13,2 kwm,
PACIIOJIOKEHBI /IBA BOAOXPAHWININA, CO3JAHHbIC ISl OPOLIEHHS CeIbCKOX03sHCTBEH-
HBIX yroaui. B 3umunit nepron B pailoHe MOCTOBOTO TIepexo/ia peka rnepemMep3aeT 10
JTHA, B CBS3M C YeM 00pa3yroTCs €KEroAHbIe HaJeAn MOIIHOCTEIO 0 1,84 M. Hanens
o0pa3yeTcs oL MOCTOM 1 PACIIPOCTPAHSIETCS HIDKE 110 TeUSHNUIO 10 ycThst Canrn FOx-
HoWi. B Teyenue rona Ha peke HabOironmaercs ctok. Ha puc. 1 npexncrasnena p. Canra
IOxHas u uccnexyeMslit MOCTOBOI ITEPEXO.

Puc. 1. Uccnemyemsrii MOCcTOBOI mepexox yepe3 p. Canra IOxHast
(BHJ BHU3 10 TCYCHUIO)

Pexa Uneooa

Pexa Murona — neBwlii mpuTok nepeoro nopsiaka p. Llunku. beper cBoe Hauano
B xpeoTe XoHToi. [Inomane Bogocbopa peku paBHa 37 200 kM2, umHa — 708 kM. B
paiione yctbst p. Canru FOxHolt nonuna p. MHroas! tpaneneuaanbHas. CKIOHBI 10-
JIUHBI TIPEJICTaBIIeHBl XpeOTaMu, U3pe3aHbl TOPHBIMUA PeKaMH U pydbsimMu. Ha neBoit
noitme Muronsl pacnonoxkena a. Xanakra. Jlepas noiMa 1octuraer 1 KM B HIUPHUHY.
IIpaBas noiiMa yaCTUYHO 3aKOYKOBaHa, UMEET LIMPUHY 10 6 KM. PacTuTensHOCTh 10O
BCEH moiiMe MpesCTaBIeHA TPABSIHUCTON (MecTaMH yBIIaXKEHHOH) U KyCTapHHKOBOM
pacTUTENBHOCTHIO. Pycio pekn m3BmimcToe. Ha mtaHHOM BOJHOM 00BeKTe HaOIr0/1a-
eTcsi HOMMEeHHast MHOTOpPYKaBHOCTb, UIMEETCSI MHOXKECTBO IPOTOK PA3IMYHON IIUPHUHBL
u rryounbl. OCHOBHOE PYCIIO B MEPUO]] MABOJAKOB JocTHraet B mupuny 100 M. [y-
OMHA HAa MOMCHT HCCJICIOBaHUI Ha Tuiecax jocturaia 4 M. JIHO 9YaCTHYHO CIIOKEHO
WJIOM M TIECKOM, MECTaMH TaJIeYHUKOM. beperoBrie ouepTaHus XOpoIIo MPOCcIeKnBa-
rorcs. Ha m3myunHax HaOIIIOAar0TCsl TOOOYHHU U MOJAMBIBBI Oeperos. Ha puc. 2 mpen-
CTaBJICHO OCHOBHOE PYCJIO p. IHT0/1p1 B palioOHE yuacTKa MCCIIEIOBAHUN.

248



CoBpeMeHHble TEHAEHLNUN 1 NepcnekTUBbLI Pa3BUTUSA rnapomeTeoponorui B Poccun
Mamepuarsi VIl Beepoccutickoli HayyHo-npakmuyeckol KoHgeperuuu. Mpkymek, 19-21 mapma 2025 e.

Puc. 2. OcnoBHoe pycio p. IHroga B paifoHe yyacTka UcCiaeI0BaHUI
(BHJI BHU3 10 TCYCHUIO)

IlnoTuns Ha p. Canra KO:xuas

Berre nccnexyemoro MoctoBoro nepexona Ha p. Canre FOxxHoOI pacronoxkeHsl
JIBE€ HEKaNUTaJbHbIe MI0THHEL. [lepBas ruioTuHa pacnonoxena B 13,2 KM BbIIIE 1O Te-
YEHHIO OCH MIPOEKTUPYEMOI0 MOCTOBOIO IIEpPeXo/ia, BTOpast — Ha paccTosiHuM 11,6 kM
OT OCH Tpacchl. 3eMIIsIHbIE IIIOTHHBI MOCTpoeHsl B 1960—1970 rr. [InoTuns! Bogoxpa-
HWJIAIT OTCHITIAHBI U3 CYTIIMHUACTOTO TpYHTa. B mpaBoii yacTu mioTHHB! Ne 2 UMETOTCst
YYaCTKH OOpYIIEHUS OT MOJMBIBA TeJla TUIOTHHEI BOJHOBBIMH IIPOIIECCaMU, KOTOPHIE
HaMHOTO CHIJKAIOT €€ YCTOWYMBOCTh. B paBoil yactu miotuHel Ne 2 umeeTcst npomMo-
vHa. Ha ocHOBaHMU NaHHBIX 00CIENOBAHMS CAETAHO 3aKIIOUYEHHE O BO3MOXKHOCTH
npopsiBa 00enx mioTuH. Ha puc. 3 mpeicraBieHa MpoMOWHA B TIPaBOM YaCTH HIKHEH
MJIOTUHBI.

Puc. 3. Pa3mbIB utotuHbl Ne 2 (BU BHU3 110 TEUCHUIO)
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PyciioBoii npouecc

HaGmonenus 3a pycioBsIMu Ae(OpMalMsAMK Ha y9acTKE MCCIIE0BaHNS HUKO-
raa He npoBoaunuck. PycnoBele odepranust p. Canru FOxHOI npocnexuBaroTcs Ha
MPOTSHKEHUH Beel pekn. Ha TaHHOM BotoTOKe HaOmogaeTcs MeaH [pupoBanue. B paii-
OHE HMCCIIElyeMOT0 MOCTOBOTO MIEPEX0/ia MEAHAPUPOBAHKE BEIpaxeHo ciabee. bepe-
TOBBIC OYEPTAHMS BHIPAYKCHBI SIBHO.

Pycnosoii npouecc Ha p. MHroae mpencrasieH NOMMEHHOM MHOIOPYKaBHO-
CTBIO. BepeFOBLIe O4YCpTaHUA PCKH BBIPAKCHBI ABHO. PyCJ’IOBHe IIPOIECCChl HE CIIO-
COOHBI HEraTHBHO TOBIIHATH HA 00BEKT M3bICKAHNH, TOCKOIBKY JIEBBIN Oeper u jieBast
noitMa MIHro/1p1 Ha yyacTKe U3BbICKaHHUH 3acTpoeHa (c. XaaaKra).

MeTtoabl pacueTa riAPOJOrH4€CKUX XapaKTePUCTUK

FI/I,I[pOMeTeOpOJ'IOFI/I‘ICCKI/Ie pa6OTLI BBIIIOJIHCHBI B COOTBETCTBHUU C HACTABJICHU-
AMH, PYKOBOAAIIUMU JOKYMEHTAMU U MCTOANYCCKMMHU YKa3aHUAMU POCI‘PI,Z[pOMCTa,
PETIIAMEHTHUPYIOIHUMHA METOJBI IIPOU3BOACTBA JaHHBIX BUIOB pa60T.

PacueT cTOKOBBIX XapaKTePUCTHK

Becennee nonosoowe

PacyeTHbII MaKCUMaNTbHBIN PAcX0.l BOJBI BECEHHETO TOJI0BOIbS Qp v 3aTaHHBIN
€XKEroTHOW BEPOSITHOCTBIO TpeBbIeHust P % 1T BOTHBIX 00BEKTOB Ha y4acTKe WC-
ciepoBanuii onpenensuics cornacHo CIT 33-101-2003 [S] u «Ilocobus mo ompenene-
HUIO PaCYETHBIX TUAPOIOTHIECKUX XapaKTEPUCTUKY [ 1] Mo peryKIuoHHOH hopmyie:

Op o= Kohyp o410 01024/(A+A1)" )

Jlosicoesvle nasooku
PacueThl MaKCHMaJbHBIX PACXOOB BOJBI JAOKICBOrO maBojka s p. Caxra
O Hast npon3BOAMIKCEH 10 (HOPMYIIE TIPEAEIIbHON HHTCHCUBHOCTH CTOKA:

Op o = q19%0H | %0/p %A )

MaxkcumanbHbli pacxoi BOJIbI 0XKAEBbIX MABOAKOB p. IHroia paccuuThiBasics
cormacuo CIT33-101-2003 1o pacuetHol Gopmyte Trma [ (peTyKIIHOHHON) ¢ HCTIOIb-
30BaHUEM CTOKOBBIX XapaKTEPUCTHK peKu-aHajora (Tuapojioruueckuit moct p. Wu-
roja — c. YJeThl).

Op %=qap 25(002/0a024) (A/A)"A (3)

Pacuer napamerpoB Haslequ
Pacuer MmakcuManbHOM  TONILNMHBI  HaJEAW  3aJaHHOM  BEPOSTHOCTHIO
npeBbiieHus P % ocymiectBisiercst B cOOTBETCTBHM ¢ TyHKTOM 3. 9 «PykoBojcTBa 110

MPOCKTUPOBAHUIO, CTPOUTEIBCTBY M OSKCIUIyaTAIllMd HCKYCCTBCHHBIX COOPY)KCHHMA
ABTOMOOMJIBHBIX TOPOT HAa BOJOTOKAX C HaJEAIMU» [4] o popmyie:

Znax P = Vanax ukxkfkn (4)

Pacuer NnmpophbIBA MJIOTUHBI
Pacuer MakcumabHBIX pacxoaoB IpH MNPOPLIBEC IUIOTHUHBI ITPOMU3BOANJIICH
cormacuo [IMII-91 o popmye [2].
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Oun=((Z" 1Wot Wy 25) Qi) (Z" 1 Wot Wy 2) "+ 9 Quml )

PacueT ypoBeHHBIX XapaKTePHCTHK

INoce momydeHHs: MaKCHMaJIBHBIX PAacXoJl0B BOABI OBUTH IMOTYyYCHBI MAaKCH-
MaJIbHbIC YPOBHH COOTBETCTBYIOIINX oOecnedeHHocTei. /i pacuera MaKCUMasIbHBIX
ypoBHe#t Boabl 6bu10 ucnonszoBano 10 Kpeno «MopdocTtBop». PacueTHsie Makcu-
MaJIbHBIC YPOBHH BOJIBI OIIPEICIISUTUCH 10 KpUBBIM Q=f(H) uepe3 pacxo sl BOABI Q1 %.

ITocTpoeHne KpUBBIX PACXOA0B OCYLIECTBISIOCH C OMOIIBIO (hOPMYJIBI:

0 = w/n* 1" (6)

Ha puc. 4 npencraiena kapTa-cxeMa pactoioKeHHUsI TPOTOK U MOP(GOCTBOPOB.

Puc. 4. Kapra-cxema pacrionoxeHus IpoToK U Mop(HoCTBOPOB

Pacuer 3po3umn Geperos

Ha p. Canra lOxHast pyci10Boii mporiecc MpeAcTaBiIeH CBOOOIHBIM MEaHIPUPO-
BaHUEM, B pailoHe HCCIIelyeMOro MOCTOBOTO IIlepexo/ia OHO Oojiee orpanudeHo. be-
pera peKu 4aCTUYHO CJIOXKCHBI CYTJIMHUCTBIMU OTJIOKCHUSAMU U MECTaMU NOCTUTAIOT
B BBICOTY 710 2,0 M OT gHa pexu. B cBs3m ¢ 3TuM Oepera JaHHOTO BOJOTOKA TOABEP-
JKEHBI Pa3MBIBY BOJIHBIM ITOTOKOM. J[JIs onIpeieieHust CKOpOCTH pa3MbIBa OeperoB ObLI
NPOU3BEJICH aHAIN3 6 KOCMOCHUMKOB, B3sTHIX B [1O Google Earth 3a pasusie rojsr
(2003,2004,2016,2017,2019, 2021). /laHHbIE KOCMOCHUMKH ObUTH cOBMeteHbI B [1O
AutoCad. CpaBHEeHHE TPOU3BOAMIOCH TOJIBKO IS KOCMOCHUMKOB, CHSTBIX B JIETHHH
HEepPHUOJ, MOCKOIBKY BO BpeMs A0XKJEBBIX MaBOAKOB JAHHBINA BOJOTOK HE BBIXOAUT HA
noitmy. CpeqHsist CKOPOCTh pa3MbIBa MOTy4eHa Iy TeM JeJIeHHs IO 1 pa3MbIBa Oe-
pera Ha JUIMHY (POHTA pa3MbIBa U IIEPHO]] pacyeTa.
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Pe3yapTaThl pacyeTa ruPOIOTHIECKUX XapaKTePHCTHK
pex Canru FO:xuoii u UHroasl

B xone koMIuieKca BBITTIOIHEHHBIX THAPOJIOTHYECKUX PA00T OBIIM TOJIYdEHBI:
MaKCHMAJIbHBIE PACXO/bl U YPOBHHU BOJBI PA3IHUHBIX 0OecrieueHHOCTeH, Hanensb 1 %
u 2 % obecnieueHHOCTH. OTMETKH MOCTOBOTO TIEPEX0/1a, €r0 KOHCTPYKTHUBOB, TOPOXK-
HOTO TOJIOTHA, & TakXKe OrKaliimel TeppuTopruu OBUTH MOTYYEHbI ITyTeM Teo/e3nye-
ckoit chemkn GNSS npuemunkamu. Taxke Ha kocMuuecknii cHumok Google HaHe-
ceHa 30Ha 3aromieHus p. Canru FOkHOH B CTBOpE HCCIIETyEeMOT0 MOCTOBOTO Iepe-
xoma. eI coBMeIeHsl KOCMOCHUMKH 32 pa3HbIe TOIBI ¢ ONU(PPOBAHHBIM PYCIOM U
NPOAHAIN3UPOBAH MpoLecC nepepaboTKH Oeperos.

B tabn. 1-3 npencraBneHsl pe3yibTaThl PACYETOB.

Tabnuya 1
ObecrieyeHHbIe MaKCUMaJIbHBIE pacXo bl Bozbl pek Canru HOxxHol u MHro/b!

MakcuMasibHbIe pacxoibl Bojbl O, M/c
XapakTepucTuka @ JloXk1eBble aBOJIKA BeceHHee 110110BoIbE fgpsts
I HASBARHG BOJIO- TUIOTHHBI
BOZIOTOKA CﬁOP%A’ Ob6ecneuennocts P, % O6ecnieueHHoOCTh P, % OGecneqe;-l g
KM HocTh P, %
1 2 3 5 10 1 2 3 5 110 1 2 [ 10
Canra HOxnast
(cTBOp MOCTOBOTO 114 70,8 |61,6(56,6| 49,6 |39,6| 5,5 | 48 | 43 |3,8[3,1[410|370(268
nepexoja)
WNurona (ctop
yctbs p. Canru 13209 [1944|1717{1593| 1427 |1179|1204(1106|1041|944(846| — | — | —
1OxHOi)

Ha pexax Canre IOxHoit u MHroze npeobiagaer 10’KAEBOH MaBOJOK HaJ Be-
CEHHMM T0JI0BOIbeM. COTIacHO MPOM3BECHHBIM PacyeTaM MAKCUMAJIbHBIMU PacXo-
JIaMH BOJIBI SIBJISIIOTCS PACXOABI P MPOPHIBE TIOTHHBI.

Tabauya 2
Paccunrannast MakcuMaibHas TOJMIMHA Haseau Ha p. Canre HOxkHol
TonmuHa Haneau, M
HasBanue BogoToka O6ecnieuenHocTs P, %
1 2
p- Canra IO>Hast (CTBOp MOCTOBOTO ITEpPEX0/1a) 3,23 2,92

MakcruMaibHasl TONIUHA HaJleAn 00eCTIeYeHHOCThIO 1 % B CTBOpE MOCTOBOTO
nepexoja pasusercs 3,23 M. PaccTosiHus OT JHA 10 IEPEKPBITUSI MOCTOBOT'O NEpexoia
(akHss oTMeTKa Oanku) paBusiercs 3,50 m.

MaxkcuMaibHBIMU SBJISIIOTCS YPOBHHU BOJBI BO BPEMS MMPOXOKIACHUA BECCHHETO
10JI0BOJbs 10 Hanenu. CleaylomuMy 10 BBICOTE SIBJISIOTCS YPOBHHU IIPOPHIBA ILIO-
THHBI, a JJaJiee J0>KJIEBOro MaBoJIKa.
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Tabnuya 3
Paccunrannbie oOecrieueHHbie ypoBHH BOJibI p. Canru HOxHOM 1 p. Hro151
ITno- MakcumanbHble ypoBHH BOjbI Q, M¥/c
maab Becennee MOJIOBOJALE IO

XapaKkTepucTHKa 1 JloxieBbIe HaBOJAKH TIpopBbIB IIIOTHHEI

HA3BaHHE BOJOTOKA | Lo ——
l cbopa O6ecneuennocts P, %
A, xm? 1 2 10 1 2 10 1 2 10

p. Canra lOx-
Hasi — MC1 (Bblie
MOCTOBOT'O IIepe-
xo7a B 0,42 km)

114 1732,02|731,96|731,75|733,59|733,59|733,57|733,16| 733,07 | 732,82

p. Canra IOx-
Has — MC2 (BbIme
MOCTOBOTO TIepe-
xoza B 0,06 kM)

114 |731,01|730,95|730,75|732,23 732,23 |732,22|731,95|731,88 | 731,67

p. Canra IOx-
Has — MC3 (amxe
MOCTOBOT'O TIepe-
xoza B 0,26 kM)

114 |729,81|729,73|729,53|731,51|731,51|731,49(731,22|731,10 | 730,77

p. Murona —

MCl (BbImie ycThbst
p. Canru KOxHoi
B (3,09 km)

13209 729,04 728,93 728,61 | — - - - - -

p. Muropa —

MC1 (Hmxe ycThst
p. Canru HOxHoit
B (0,24 kM)

13209726,38 | 726,27 725,98 | — — — — - -

M p. MHroas! pacueT MakCUMalbHBIX YPOBHEHM BOJABI NPOU3BOJUIICS TOJIBKO
JUISL IO’KAEBBIX TTaBOIKOB, TIOCKOJNIBKY aHHAs (paza sBIIAeTCs TMMUTHPYIOIIEH Ha TaH-
HOM BOJIOTOKE. Pa3HOCTb BBICOT MEXy MEPEKPBITUS CTBOPA MOCTOBOTO IEpexoja U
MaKCHUMAaJIbHBIM YPOBHEM BOJIbI JOKIEBOT0 MaBojka 1 % obecneuennoctu Ha p. MH-
Tojic B JaHHOM CTBOpPE paBHa Ooiee 5 M, 94TO MCKII0YaeT BO3MOXKHOCTH 3aTOIUICHUS
MOCTOBOTO HEpeX0/ia JAHHBIX BOJOTOKOM.

Hanecennsle 30HbI 3aTomieHus oT p. Canru FOxHOM, mpeacTaBleHHbIE Ha
puc. 5-6, 66U 0TOOPaXKEHBI JIJIs1 CTBOPA MOCTOBOTO Tiepexoa U B 50 M BhIIIE U HIDKE
MO TEYEHHIO OT JaHHOro Mocta. [yt p. IHros! 30HbI 3aTOIIIEHNS IPEACTaBIEHbI HA
puc. 7-8.

Takum o6paszom, p. Canra FOxHast He criocoOHa 3aTalIMBaTh MOCTOBOH Iepe-
x07. MakcHMaNbHBIH YPOBEHB BOIBI BECEHHETO MOJIOBOIBSI TT0 HAJIS TN HIKE TTIEPEKPHI-
Tusl 1aHHoro Mocta Ha 10 cM. IIpopbIBHBIE M MABOJKOBBIE PACXOAbI TAKXKE HE CIO-
COOHBI 3aTaruIMBaTh MOCTOBOH mepexo]. PasHuIa OTMETOK MEXay MaKCUMAalIbHBIM
ypoBHeM Boabl p. MHroga obecnedeHHOCTHI0 | % BO BpeMs IPOXOXKICHUS TOKAEBBIX
MIaBOJIKOB M HU3IIEH OTMETKON ITEPEKPBITHI MOCTOBOTO TIepexoa Goiee 5 M.
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———  Mocrosoil nepe

Tomst soicHs
1% ofecnensnmocTH

Puc. 5. 3ona 3aromenus ot p. Canru KOHOM npHu MPOX0KISHUN T0XKIeBOro maBoaka 1 %
00eCIIeYeHHOCTH B paiioHe MOCTOBOTO TIEpexo/ia

Puc. 6. 3ona 3atomnenus ot p. Canru KOkHOM U IPOXOKAEHUH BECEHHET0 IOJIOBObS
o Haseau 1 % obecrieueHHOCTH B paiiloOHE MOCTOBOT'O Mepexo/ia

JE—TF——

—
[ s

Puc. 7. 3ona 3aromnenus ot p. Canru KOxxHOM npu MPOX0KASHUN MPOPBIBE MIOTUHBI 1 %
00€eCcIIe4eHHOCTH B pailOHE MOCTOBOTO IEpexoa

Ha puc. 9 npexacraBnex pe3ynbTaT aHaIM3a KOCMUYECKUX CHUMKOB C PacC4eTOM
spo3un OeperoB. B kauecTBe MNOANOXKKM OBUI HCHONB30BaH KOCMOCHHMOK 3a
03.08.2017.

B tabin. 4 npexcTasieH pe3ynbTaThl pacuera pa3mbisa Oeperos p. Canru KOxHo#.
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Puc. 8. 3ona 3aroruieHus ot p. MHroapl mpu MpoXoXICHNH JOXKIEBBIX MaBOAKOB 1 %
00ecIeueHHOCTH B pailoHe ¢. Xa/IaKTa

mm—— Pycno p. Canea FOocnas 6 2004 2.

— Pycno p. Canea FOxcnas 6 2017 e.

Puc. 9. Pesynbrar orudposku pycna p. Canru FOxHOi Ha COBMEIICHHBIX KOCMOCHUMKAX

Tabnuya 4
Pesynbrars! pacyera pa3mbiBa 6eperos p. Canru KOxHoit
PasmbIB, M/TOJL
Beper
MakcuManbHbIH Cpenunit
JleBbrit 1,3 0,16
IIpaBsrit 1,2 0,16

MakcHuMaibHbIN pa3MbIB JIEBOTro Oepera paBeH 1,3 M B roj1, pa3MbIB IpaBoro Oe-
pera 1,2 m B roa. Cpennsist CKOpocTh pa3MbiBa Oeperos pasusiercs 0,16 m/roz.
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V]IK 551.509.32(004.9)

Onenka pucka (OpMUPOBAHNS HHTEHCUBHBIX KOHBEKTHBHBIX
NPOLECCOB M COMYTCTBYIOIIMX UM ONACHBIX SBJICHUMH

Ha eBponeiickoil Tepputopuu Poccumn:

KOHIENIMSA MOCTPOEHNs ABTOMATH3HPOBAHHON TEXHOJIOTHH

0. B. Kanmpikosa (kov@feerc.ru), A. A. Crpeirus (sprygin@rpatyphoon.ru),

C. B. Ko3zinog (kozlov-sv@rpatyphoon.ru), A. E. Bsizmiios (vyazilov@rpatyphoon.ru),
JI. X. Unrems (lev.ingel@gmail.com), JI. K. Kymmkaukosa
(kulizhnikova@rpatyphoon.ru)

Hayuno-npoussodcmeennoe obwvedunenue « Tatihyny, e. O6Hunck

AHHOTaHl/lﬂ. OTmeqaeMmf/’l B HAaCTOALIEC BPEMs POCT YaCTOTbI U MHTCHCHUBHOCTHU IPOSBJICHUS OIlac-
HBIX IPUPOJIHBIX TPOIIECCOB U SBICHHUI 00YCIOBIMBAET IOTPEOHOCTH B pa3pabOTKe HOBBIX PEIICHHH
10 3a0J1IarOBPEMEHHOMY OIIOBEIEHHUIO 00 OMACHOCTH UX BO3HMKHOBEHHS C BHICOKOH CTEIEHBIO J1e-
TaJIM3allid BO BPEMEHH M B IIpocTpaHcTBe. PaccmarpuBaeTcst 00miast KOHIETIHS TOCTPOCHUS aBTO-
MAaTH3MPOBAHHOM TEXHOJIOTMH MOHUTOPHHTA U IPETYPEKICHHS O BO3MOXHBIX yIp0O3ax, CBI3aHHbIX
C CUCTEMaMHU I'TyOOKONH KOHBEKIIUH U ITOPOXKIAEMBIMH MU OTTACHBIMU KOHBEKTUBHBIMU SIBICHUSIMU
Ut eBporeiickoit Tepputopun Pocenu B Temblii mepuoa roga. Jlaercst onucanne mpeagaraeMoro K
UCIIOJIb30BAHMIO TOJX0/Ja K PACIIO3HABAHUIO CHEHUAIBHBIX MATTEPHOB (CHTHATYpP) MHTCHCHUBHBIX
KOHBEKTHBHBIX IPOLIECCOB, MPOSBISIOMIMXCS B JAHHBIX JAMCTAHIIMOHHBIX HAOJIOJCHUH, a TaKKe
CXEMBI TIOCTPOCHUSI 0a3bl JAHHBIX COCTOSHUI CHCTEM IITyOOKOH KOHBEKIIMH, OLICHUBAEMBIX 110 BCEMY
KOMIIJIEKCY JIOCTYIHBIX IJAHHBIX METEOHAOIIOJCHHH 1 YMCIICHHOTO MO/ICTUPOBAHMSI JUIsl HAKOTUICHUS
ucropuii ux passutus. [IpuBoantces nadopmaryst o padore pealn30BaHHOTO IPOTOTHIIA TEXHOJIOTHI
B Teruielid nepuon 2024 r.

KirroueBble ¢J10Ba: HHTEHCUBHBIC KOHBEKTUBHBIE IIpOLECCHI B aTMOC(lJCpC, OITACHBIC KOHBCKTUBHBIC
SIBJICHUS, [IPOTHO3, TEXHOJIOTUSA, CUTHATYPBI, ClICIHAJIM3UPOBaHHAsA basa JAaHHBIX, TaHHbIC TUCTAaH-
IOHUOHHBIX Ha6IIIOHCHHﬁ, YHCJIICHHOC MOJCIMPOBAHUE, ITPOTOTHII.

Beenenue

Ha eBporetickoit Teppuropun Poccun (ETP) HauBbICIIass ak THBHOCTh KOHBEK-
LUK C PETUCTpAlKeii OITacCHBIX KOHBEKTUBHBIX siBieHui (OKS), kak mpaBuiio, mpuxo-
JIUTCSI HA TIEPUOJ] ¢ Mas IO CEHTSIOPb, MHOT/IA BIUIOTH U A0 OKTAOPs. C KaXKIbIM TOA0OM
guciio OKSI mocrenenHo yBenmuuBaercs. [1o maGopmanim u3 eBporeickoii 0a3bl 1aH-
Heix ESWD, kyna 3anocsitest cBepenust oueBuaues, B 2024 r. na ETP otmeuanoch
oxono 2900 cayugaeB OKSI [7]. Yare Bcero perucTpupoBaics KpymHbIH Ipaj 1uaMeT-
pom Goiee 2 cM (56 %), cunbHBIN BeTep wiu mkBai (37 %), MpUMepHO B PaBHOH cTe-
TICHW CMEPYH U OTacHbIe ynapsl MoIHHH (110 4 %). I1o oduImaabHBEIM TaHHBIM C Me-
TEOCTAHIMHA B YKa3aHHBIA mepuo] ObuI0 3adukcupoBaHo okono 1400 OKS, u3 Hux
MPEUMYIIECTBEHHO cribHBIC JIUBHU (90 %), 3HAUNTENBHO peske KpynHbid Tpaa (5 %),
mkBaibl (3 %), cubHBIE TPO3bI (2 %) u emepun (0,2 %) [1].

Jist cHIDKeHHUST BO3MOKHOT'O HETaTHBHOTO yiiep6a ot mpoxoxkaeHust OK S veoo-
XOIMMO 3a0JIarOBPEMEHHO OTOBEIIATh O BOZMOYKHBIX PHUCKaX, CBS3aHHBIX C HX (op-
MupoBaHueM. B cTpykType Pocruapomera 3Ty 3aady pemaroT CrieliiaIu3upOBaHHbIC
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tepputopuaibHbeie yrnpasierns (YI'MC), KoTopble BBIIAIOT ITOPMOBEIEC Mpeaympe-
xneHns. Kak mpasnio, mogoOHble NpenynpekaeHus UMEIOT JOCTaTOYHO OOJIBIION
paz0poc 1Mo BpEeMEHNU C yKa3aHHEM IEPHOIOB, OXBATHIBAIOIINX IEJIbIE CYTKH U OoJee,
M OTHOCSITCS K IOCTATOYHO OONBIIMM TeppUTOpHAM MacmTaba cyOrekToB POD. [Ipn
9TOM HHTCHCHBHBIE KOHBEKTHBHBIC IIPOIECCHI, MOPOXKIAIONIINE CUCTEMBI ITyOOKOMH
koHBekuuu ¢ OKS, nocraToyHO J0KaNM3UpPOBaHbl B IPOCTPAHCTBE U BO BPEMEHH, B
HEKOTOPBIX CIy4asX OHM BO3HUKAIOT B3PBIBHBIM 00Pa30M, a HEPEAKO MOTYT OBITh U
6picTpoTeyHbIMH. [10 3TO¥ MPHYMHE BO3HUKAET MOTPEOHOCTH B pa3pabOTKe HOBBIX pe-
IIEHUH, KOTOPbIE O3BOIMIN ObI yTOUHSTh IITOPMOBBIE TIPEYIPEKICHNS, KaK BO Bpe-
MEHH, TaK 1 [0 IPOCTPAHCTBY.

Perrenne qanHOI 3a/1a4M BUIUTCS B HCIOIBb30BaHUN 00BEKTHO-OPHEHTHPOBAH-
HOTO TIOAX0/1a K PACCMOTPEHNIO KOHBEKTUBHEIX cHcTeM. Kaxxias cuctemMa MOXKeT OBITh
IPEICTABICHA B BUJIE CIIOKHOTO OOBEKTa, OMUCHIBAEMOr0 HAOOPOM COCTOSIHUIT Ha Oc-
HOBE JIOCTYIIHBIX JAaHHBIX METCOHAOMIONCHUN M YUCIEHHOTO MOJETHpOBaHHS. J{ns
MporHo3a yrpo3 Bo3HUKHOBeHNs OKSI Heo0XoauMOo B EpBYIO OYepeIb BBIICIUTH TE
0OBEKTHI, KOTOPBIE CBSI3aHBI C CUCTEMaMHM IITyOOKOH KOHBEKIMU. AHAIN3 AUHAMUKH
UX Pa3BUTHS MO3BOJIUT OLICHUTH OKHJIaeMble niepuoasl popmuposanus OKSI. Ipen-
MOJIaraeTcsl, 9YTO B TAKOM PEKUME MpeebHas 3a01aroBpeMEHHOCTh OMOBEICHUS O
BO3MOXHBIX yIrpo3ax, CBSI3aHHBIX C KOHKPETHOM CUCTEMOM, CMOKET JOXOJUTH J0 2 4,
a 0XBaT 30H BO3MOXHOT0 BozaencTBust OKS Oyzer onpenensTbesi IporHo3upyeMbIM
TIOJIOKEHUEM CHCTEM I10 Mepe nx nepemenieHus. TakiuM oOpa3oMm, 3a cHeT 0OBEKTHO-
OPHEHTHPOBAHHOTO IOJX0/1a MPEACTABIACTCS BOSMOKHBIM CYIIECTBEHHO JETaTN3H-
poBaTh mpexaynpexaeHns 06 OKS.

CHFHaTprI HHTEHCUBHBIX KOHBCKTHBHBIX ITPOLIECCOB

VHTeHCHBHBIC KOHBEKTHBHBIC MTPOIIECCHI MOTYT OBITH BBISBIEHBI IO XapakTep-
HBIM JMAarHOCTUYECKHM IIPH3HAKaM — IaTTepHaM (CHTHATypaM), HPOSBIISIOIIIMCS B
CTPYKTYpE AAHHBIX JAUCTAHIMOHHBIX HAOJIOJCHUM, MPEKAE BCEro paarosIOKaIMOH-
HBIX, CITyTHUKOBBIX U I'PO30IEICHIAIMOHHBIX HabmroneHui. [Iprpoaa HEKOTOPBIX CHUT-
HATyp JI0 CUX ITOp HE U3y4eHa, a BO3MOXKHOCTH UX PACIIO3HABAHUS B OOJIBIIICH CTEIICHH
OIPENENAI0TCA MCHOAb3YEMBIM Pa3pelIeHnEM HCXOIHBIX JaHHBIX. Tem He MeHee,
UIeHTU(UKAINS CUTHATYD B TPaHHUIAX KOHBEKTHBHBIX CHCTEM MOXET CIIYXKHTh OYe-
BUJHBIM MPU3HAKOM HX OTHECEHHs K KJIACCy CHCTeM ITyOOKO#l KOHBEeKIMH. BaskHO
OTMETHTB, UTO II0 Pe3yIbTaTaM HEKOTOPHIX 3apyOeKHBIX HCCIIEJOBaHUH, yCTAHOBIEHA
CTaTHCTHYECKasl CBSI3b HAOJIOaeMBbIX CHTHATYp ¢ perucrpanueii OKSI, mo srToit npu-
YMHE BO MHOTHX cTpaHax, mpexje Bcero B CIIIA u B EBpone oHM HCHOIB3YIOTCS B
onepaTuBHOH npaktuke [4]. B Poccun ucnonb3oBanue curuatyp aias nporuosa OKS
MIOKa HaXOAMTCS B CTaJUU NPOpabOTKH, U B 3TOM IOJXOJE aBTOPHI BUASAT OOJIBIINE
NepcreKTHBL. Jlanee npemiaraercsi paccMOTpeTh Haubosee IMUPOKO U3BECTHBIE CUT-
HATypBl, CTPYNITUPOBAHHBIC 110 TUITY JaHHBIX. B TabnuIle 1aHbI KpaTKHe CBEIEHUS MO
HanboJIee M3BECTHBIM CUTHATYpaMm, a Ha puc. 1-3 mpumMeps! ux nposisnernii Ha ETP.
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Tabnuya 1

CI/IFHaTypr WHTCHCUBHBIX KOHBCKTHUBHBIX IIPOLIECCOB

Haspanue

Onucanue

Tun cucTeMbl ¥ BO3MOXKHBIE
OKA

PajnapHble CHTHATYPBI

Hook Echo

KproukooOpasHslit n3rud pagrosxa Ha HIKHEM
ypOBHE

Bounded Weak Echo | Orpannuennast o6nacts c1aboit oTpaxaeMocTu
Region (BWER) B CJIO€, CBSI3aHHAsI C ME30LIUKIOHOM

ObuacTh coueTaHust IPUXOSILIET0/yX O ISIIEr0
Mesocyclone 10 OTHOILICHUIO K JIOKATOPY MOTOKA Ha HIYKHEM

U CPEIHEM YPOBHSIX

Forward Flank Notch

V-o0pasHas Gopma pagnosxa Ha CpeJHEM
ypOBHE

Anomalous Storm

IlepemerieHne cuctemMsl B HalpaBIE€HUH, OT-

Cynepsiaeiika: mIKBa,
cMepy, KpYTHBIN Tpaj,
CHJIBHBIH JINBCHB

Propagation JIMYHOM OT HAITPABJICHHs BEAYIIEr0 MOTOKA
. HaxionHast 06s1acTh paiosxa ¢ pe3KiuMH rpa-
Weak Echo Region P pesid p
(WER) HHI[AMU BBICOKUX M HU3KHX 3Ha4YeHU oTpaxa- | CHucreMa ¢ SBHO BBIPAKEH-
€MOCTH B HEKOTOPOM CJIO€ HBIM BOCXOISIIIIAM IIOTO-
Convergence KoHBepreHIus BO3/yXa B IPU3EMHOM CJIO€ KOM: CHIIbHBIC BETpA,
. MBEPreHIHs BO3/yXa BOJIN3U BEPIINHBI KPYIHBIH rpaj
Divergence Husep Y p 24 P
mTopMa
KBasununeitHas cucrema
. 00JIBIIOr0 MacIITaba: ycu-
Bow Echo Jlyroo0pasHslii U3rud paarosxa Y

JIEHHE BETpa, IKBAJI, HHO-
rjia cMep4

Three Body Scatter

«1Inm» HU3KKUX 3HAYCHUH OTPaXKaeMOCTH, IIpe-

Spike (TBSS) HMMYILECTBEHHO JUIS JJOKATOPOB S-1Hana3oHa N
I'panoBelii uTOpM™: B
Maxkcumanbhas Beicota ypoBHs 50 dBZ u 60- .
50 dBZ Echo Top ce MIEPBYIO OUEpPe b KPYTHbIH
- — rpa,

Tight Reflectivity O06usacTb Pe3KUX IPAAUSHTOB OTPAXKAEMOCTH HA pax
Gradient HIDKHEM YPOBHE
CnyTHMKOBbIE CHTHATYPBI
Overshooting Top KymnonoobpasHnast Bepiinta 061aka, mpoouBaro-
(0OT) 111as1 TPONonay3y
Cold-U/V/Ring U/V/xonb110-00pa3Hasi X0JI0jHasi 00J1aCTh
Warm Area bonee Teruias obnacte, okpyskarouas OT

- CucreMa ¢ SIBHO BBIPaXKCH-
Internal Gravity Wave | BHyTpeHHHe rpaBUTALIMOHHBIC BOJIHbI PA3JIny-

M HBIM BOCXOJISIIIIMM IIOTO-

(IGW) HOW (hOpMBI

Above Anvil Cirrus
Plumes (AACP)

IlepreobpasHble BEIOPOCH Ha/l HAKOBAJIBHEH

Radial Cirrus (RC)

PannanbHo pacripocTpaHsieMble epUCTbIE Bbl-
OpoChl HAKOBAIEHH B BHJIE JTydel

KoM: Bech komruieke OKSI

CurHatypbl MOJTHHEBOI AKTHBHOCTH

Lightning Jump (LJ)

Pe3sknii poct uncna perucTpupyeMbIX paspsjion

Cucrema C sIBHO BBIPAKEH-
HBIM BOCXOISIIMM ITOTO-
KOM: Bech KoMIuieke OKS

Lightning Dive (LD)

Peskoe cHmKeHME UncIa PErNCTPUPYEMBIX Pa3-
psiioB

Cymnepsiueiika: B IEpBYIO
ouepesib cMepy
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Puc. 1. PanapHble CUrHaTypbl Cynepsiueiky, Ipoueieil 1o TeppuTOpun CeBepo-3arnaHoro
(henepansHOro okpyra 4 urons 2024 r. (8ed-I'IC «Meteopaz»)

Puc. 2. CiyTHUKOBBIE CUTHATYPBI I'PaJioBoOro mropma B PoctoBckoit obnactu 14.06.2020.
(Meteosat, BUIUMBIH JTHaIia30H)
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Puc. 3. lunamuka BO BpeMEHH KOJIUYECTBA MOJHUEBBIX PAa3psA0B ISl MOITHOTO IITOPMA,
npomeamero no 3anagy ETP 18-19.05.2021 r. ¢ yka3aHueM ciiy4yaeB BbIsIBISHHs cUrHaTypst LJ
1 MOMEHTOB peructparun pa3nuaasix OKS
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Pamapubpie curHaTYypBHl 0O0YCIIOBIHBAIOTCS OCOOCHHOCTSIMH TPOCTPAaHCTBEHHO-
BPEMEHHOTO pacIpe/ieIeH s THAPOMETEOPOB, PETHCTPHUPYEMBIMHU PaJHOIOKATOPOM B
MOIIIHBIX KOHBEKTUBHBIX cUCTeMaX. JJaHHbIC CHUTHATYPBI MPOSIBISIIOTCS] HA M300paxe-
HUSIX PACHpeIeICHIUs TOPU30HTATIBHOM OTPakaeMOCTH U paHaIbHON ckopocTH [12].
CIyTHUKOBBIE CUTHATYPBI ONPEIEISIOTCS 0COOCHHOCTSIMU, HAOTI0JaeMbIMI Ha BEPX-
Hell rpaHuIie cucteM Iri1yOoKoi KOHBeKIH. OHH SIBISIIOTCS PE3YIIETaTOM ITPOSIBICHHS
MHOKECTBA Pa3INYHbIX (PU3UUECKHUX IporieccoB [ 11]. BeIsBIsAOTCS OHE HAa H300pake-
HISIX B BUAMMOM U MH(paKpacHOM Juana3oHax criekTpa. CHrHaTyphsl MOJTHHEBOH aK-
THUBHOCTH CBSI3aHBI C MyJIbCAIUSIMU BO3/YIIHBIX IIOTOKOB, TIPH KOTOPBIX MPOUCXOANT
nepepacrnpe/eicHie 00beMOB 3apsHKEHHBIX YacTUIl BHYTpH obOiaka [13].

CrnenunajJu3upoBaHHas 0a3a JaHHBIX COCTOSIHUI cUCTEM
rJy00Koil KOHBEKIIUU

Kak yxe ObUIO YHOMSHYTO BBIIIC, MPEAJIAracTcsl BBIACIATh U PACCMaTPUBATh
KOHBEKTHBHYIO CHCTEMY KaK CJIOXHBIH, IIOCTOSTHHO BUAOM3MEHSIOMUIICS 00BEKT. Y
9TOro OOBEKTa JTOJDKHBI OBITH ONpPENeNICHBI MPOCTPAHCTBEHHBIC XAPAKTEPHCTHKH, B
MEPBYIO OYepelb KOHTYP 00BEKTa, a TAKXKE KOOPAMHATHI ero IeHTpa Macc. Kpome Hux
00BEKT JOJDKEH 00J1a1aTh HAOOPOM aTpUOYTUBHON MH(OPMAINH, KOTOpasi B JAaHHOM
cirydae OyJleT ONMUChIBaTh ero coctosiHue (puc. 4). [TockonbKy B paboTe cTaBUTCS 3a-
Jada TpeaymnpekaeHns o0 yrpo3ax BosHuKHOBeHHs OKSI, To Kpyr mHTEpecyeMbIxX
00BEKTOB JIOJKEH OBITh CYXEH JI0 TeX, KOTOPbIE MPECTAaBISIOT CUCTEMbI TITyOOKOM
KoHBEKIMH. C yd4eTOM BCETO BBIIIECKa3aHHOTO BO3HUKAET PsIJI 33734, KOTOPbIe He0O-
XOIMMO PEIINTE:

— upeHTH(UKAIHSI 00HEKTOB;

— BBIOOp HauboJIee 3HAUMMBIX aTPUOYTOB 00BEKTA;

— IPOCICKUBAHNE 0OBEKTOB BO BPEMEHU;

— OTHeceHHe 00BEKTOB K KIIacCy CHCTEM ITyOOKO# KOHBEKIINH;

— OIIGHKA CTaJWHU Pa3BUTHSA OOBEKTa W IIPOTHO3 TEPHOIOB (HOPMHPOBAHHS
OKJ;

— IPOTHO3 TPACKTOPUU MEePEeMEIeHH 00bEKTa.

B mporiecce perreHust mocTaBIeHHBIX 3a7a4 IpearaeTcst chopMHpoBaTh CIie-
OHATH3UPOBAHHYIO 0a3y JaHHBIX, (PaKTHUECKH MPEACTABIIIONIYIO CO00 6a3y 3HaHUIT
0 CHCTeMax IIy0OKO# KOHBEKIINH B PaCCMaTPHUBAEMOM PETHOHE, BKIIOYAIOIIYIO JIeTa-
JM3UPOBAHHOE ONHCAHNE UX COCTOSHHN B pa3INYHbIe MOMEHTHI BPEMEHHU UX KH3HEH-
HOTO nuKia. s mocTpoeHus nogooHoi 6a3er OyeT UCIoIb30BaH BECh JOCTYITHBIHA
Ha0Op NAHHBIX KaK JMCTAHIMOHHBIX HAOJOJCHUH, OIMUCHIBAONINX TEKYyIIHE Hapa-
METPbI CHCTEMBI, TaK U JJAHHBIX YUCIEHHOT'O MOICIUPOBAHUS IS XaPAKTEPUCTUKU TEX
YCIIOBHI{, B KOTOPBIX OHA pa3BuBaercs, 4to st ETP, mo HammM naHHbIM, OyneT cie-
JIaHO BIIEpBBIe. Takol KOMIUIEKC MO3BOJIUT IOJTyYHTh HAHOOJIee TIOTHOE MTPpecTaBIIe-
HHC O JIMHAMHUKE CHCTEMBI, B TOM YHCJIEC O TOM, [0 KAKHM BapHUaIlHsIM €€ MapaMeTpOB
MOXHO OyJeT cyauTh o mpenctosmem Gopmupoannu OKSI, uro, B cBOIO ouepens,
MO3BOJIUT pa3paboTaTh HOBBIC METOABI MX INporHo3a. Co3maHWe paccMaTpHUBacMOM
0a3bl JTaHHBIX OTKPOET IIMPOKUE BOSMOXKHOCTH JJISI €€ MCIIOJIb30BAHUS U B MOJICIISIX
MAIITUHHOTO 00YYCHUSI.

260



CoBpeMeHHble TEHAEHLNUN 1 NepcnekTUBbLI Pa3BUTUSA rnapomeTeoponorui B Poccun
Mamepuarnsi VIl Becepoccutickoli HayyHo-npakmuyeckol kKoHghepeHyuu. Mpkymek, 19-21 mapma 2025 e.

Mopgenu norobi MeTteocnyTHuKM MeTeonokaropsi [po3onenenexraTopol
s < s
i —l;r;

mgl

3. OnucaHue CUCTeMbI

02.07.2024 12:40

Puc. 4. Cuctema riuy6okoit konBekiun ¢ OKSI kak CiioKHbIH 00bEKT

OT BBIOPAaHHOTO TOAXO/A K PEIICHNIO TTEPBOIl U3 BHIMICYHNOMSHYTHIX 3a/1a9 BO
MHOT'OM OYZIET 3aBHCETH JICTalIN3alus pa3padaTeiBacMOil 0a3bl JAHHBIX U €€ HAITOJTHE-
Hue. Ha puc. 4 nokaszan npumep pealn30BaHHOIO BapUaHTA BBIAENEHUS ABYMEPHOTO
KOHTYpa CHCTEMBI 10 TIOJII0 MAKCUMAIbHOM ParoIOKallMOHHOM oTpaXkaeMocTH. J{aH-
HBI KOHTYp (aKTHYECKH OTpa’kaeT 00JacTh ¢ THAPOMETEOpaMH, WMEIONIHMMHU pa3-
MepbI 00JIee HEKOTOPBIX IIOPOTOBBIX BETUYNH, CBSI3aHHBIMHE C UCCIIETyEMOW CHCTEMOM.
[TonoOHas npakThka MASHTU(GHUKALMKA O0BEKTOB 10 paJlapHbIM JIAHHBIM IIHPOKO HC-
TTOJIB3YETCS B PA3IMYHBIX CHCTEMax HayKacTHHTa [6]. OHAKO OHA HE ABISETCS UcUep-
MBIBAIOMICH, 00BEKTHI, KpOME TOTO, MOTYT OBITh HACHTU(QHIUPOBAHBI H ITO TIOJIIO CITyT-
HHUKOBOI PaiOsIPKOCTHON TeMIIepaTypsl (110 00JIaCTH BEPXHEH TPAHHUIIBI CUCTEMBI), U
0 KJIacTepaM MOJHHEBBIX pa3psaos [10, 14]. B nanHoii paboTte mpeyiaraercst paspa-
00TaTh METOIMKY COTPSIKEHHS BCEX TPEX YITOMSHYTHIX THIIOB JTAHHBIX JUTS BEIPAOOTKH
anropuT™Ma (pOPMHUPOBAHUS EAWHOTO PEJICBAHTHOTO TPEICTAaBICHUS (KOHTYpa) 00B-
€KTa KOHBEKTHBHO! CHUCTEMBI.

B pamkax peann3oBaHHOI Ha TEKYIIMI MOMEHT CXEMBI HACHTH()HUKAIIH 00BEK-
TOB TOJIBKO IT0 PaJIapHBIM JaHHBIM OBUT MPOTECTUPOBAH BAPHAHT MX MPOCICKUBAHU
Ha OCHOBE aHaJIM3a 30H IEPEKPHITHS 00bEKTOB Ha IIOCIICAOBATEIBHBIX CPOKAX H KPOCC-
KOPPEJIAIIMOHHON 3aBHCUMOCTH, MTO3aMMCTBOBAHHBIN U3 paboTel [3]. Beuto ycTanos-
neHo, 9yto Ha HaHHbIX cet JIMPJI-C Pocruapomera, moctymaomux Kaxasie 10 Mu-
HYT, IPEAJIOKEHHBII BAPUAHT [103BOJISIET JOCTATOYHO TOYHO YCTAHABIUBATh CBSI3U PO-
JUTENb-TIOTOMOK U CONPOBOXKAATh JOITOKHUBYIIIUE CUCTEMBI (BILIOTH A0 CYTOK).
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Crnenudukanus paspadaTbiBaeMoii TEXHOJIOTHH U PadoTa ee NPOTOTUIIA

KoHneuHoit 11enbro paboThl SBISETCS CO3/IaHNe ONICPATUBHON TEXHOIOTHH, KOTO-
past OyIeT TO3BOJIATh B PSIKHME PEaTbHOTO BPEMEHHU ITPOBOIUTH MOHUTOPHHT KOHBEK-
TUBHBIX CHCTEM M BBLAABATh NPEAYNPEKACHUS O TOM, C KAKUMH M3 HUX MOTYT OBITh
ces3ansl OKS. TpenynpesxaeHus OyayT yTOUHSTHCS 110 MEpe ONEepaTHBHOTO TTOTyYe-
HUSI TEKYIINX JaHHBIX HaOmoneHuil. [IpemycmarpuBaercs, 9To TeXHONOTHS OyneT
IpPEeACTaBIATh COOON aBTOHOMHOE peElIeHHe, oOecleuuBarollee Kak KOMIIIEKCHOE
MpEeACTaBICHUE Pa3IMYHBIX TUIIOB JAHHBIX Ha KapTe mocpenactBoM BeO-I'MIC, B ToM
grcae 00BEKTOB KOHBEKTHBHBIX CHCTEM, TaK W CUTHAJM3AMNIO U COIPOBOKICHUE CHU-
CTEM C MOTEHUUAIbHO BO3MOXKHBIMU OKSl. B 3TOM OTHOLIEHMH TEXHOJIOTUSI MOXKET
OBITH TOJIe3HA KaK B paboTe CIEeIMaTUCTOB — CHHONTHUKOB-IIPOTHO3UCTOB, KOTOPBIE
OyayT paccMaTpHBaTh MPOTYKINIO TEXHOIOTHH KaK JOTOIHUTEIBHBIA HCTOYHUK HH-
(hopmanuy A TPUHITHS PENIeHUH 0 Bbave npexynpexaeanii 00 OKS, tak n ms
HHBIX KaTCrOpHid NOTpeduTeNnei (He CIeUaliCTOB) B LEJISIX BRIPAOOTKH PELICHUI 110
NPOBE/ICHUIO TPEYNPEUTENBHBIX W/WIN 3alIUTHBIX MEpP OT BO3MOXKHOTO HEraTHB-
Horo ymiep6a ot mpoxoxaeHust OKS. 3a ocHOBY mpu pa3pabOoTKe TEXHOJIOTUU OyIeT
B3AT ONBIT Pa0OTHI 3apyOEKHBIX CHCTEM HayKacTHHTa, Takux kak NowCastMIX (I'ep-
manusi), COALITION (HIseitnapus), AutoNowcast (CLIA) u ap. [5; 8; 9].

Ha naHHBII MOMEHT peann30BaH NPOTOTHI TEXHOJIOTHHU U MOTYYEHBI TpeBapH-
TEJbHBIC PE3yIbTATHI €ro paOboTHI B TEIUIBIHN epruoa 2024 r. (puc. 5). B xoae Tectupo-
BaHUS [IPOTOTHUIIA OIICHUBAJIOCH KAYECTBO KPATKOCPOYHOTO (C 3a0J1aroBPeMEHHOCTEIO
710 48 1) nporuo3a 30H Bo3MokHoro popmupoBanust OKSI ¢ cnonb3oBaHueM BbIXO/I-
HBIX AaHHBIX Moaenu WRF (mar cetku 6 kM), a Takke kadecTBo mporro3a OKS ma
OCHOBE CUIHATyp UHTEHCUBHBIX KOHBEKTHUBHBIX IPOLIECCOB U KOMILJIEKCA CIIEHUAJIBHO
pa3paboTaHHBIX KPUTEPHEB, YUUTHIBAIOMINX TUHAMUKY 3HAYCHUN MaKCHMAJIbHOH OT-
pakaeMOCTH M BEPTUKAIBHO-MHTETPUPOBAHHON BOJHOCTH CHCTEMBI. Y CTAaHOBIIEHO,
YTO CIIEIMANBGHO Pa3pabOTaHHBIH PEerHMOHANBHBIN MHIEKC MPOTHO3a MOIIHBIX JOJTO-
SKUBYIIUX WITOpMOB SSI [2] noka3plBaeT HAUIYUILINE PE3yIbTaThl C TOUKH 3PEHUS CO-
oTHoIeHus npenynpexaeHHoctd OKS u nonu noxxueix nporHo3os. [ToarBepikaeHa
3 PEKTUBHOCTH pa3pabOTaAHHBIX KPUTEPHEB H HEKOTOPHIX MPOAHATH3UPOBAHHBIX CHT-
HaTyp UHTEHCHUBHBIX KOHBEKTHBHBIX IPOLIECCOB. Y CTAHOBIIEHO, UTO € X UCII0JIb30Ba-
HHEM Ha OCHOBE apXUBHBIX JaHHBIX 32 2024 r. MOKHO OBLIO ¢ 320J1arOBPEMEHHOCTEIO
J10 45 MUH BBISBISTH OACHOCTh BO3SHUKHOBEHHUS OOIBIIMHCTBA 3aPETUCTPUPOBAHHBIX
B oToT eprox OKSI. Ilpexynpek1eHHOCTE Tpajia Mo KPUTESPHSIM TSI CIIEIHATTFHO BBI-
JICJIEHHOW 30HBI BOKPYI MOCKBBI C BBICOKOM IUIOTHOCTBIO HAacEJIEHMs AOXOAMTIA A0
100 %.

3akaoueHne

PaccmoTpena oOmiast KOHIENIHS TTOCTPOSHHST aBTOMaTH3UPOBAHHON TEXHOJIO-
MU MOHUTOPHHIA U NIPpeAyNpexaeHust 00 yrpo3ax BozHukHoBeHMs1 OKSI. [Tomguepku-
BAeTCsA, YTO IIMPOKO MCHOIB3YEMBIH 3a pyOeKOM MOAXOJ K PACMO3HABAHWIO MHTCH-
CHBHBIX KOHBEKTHBHBIX IIPOIIECCOB HA OCHOBE CIICIIMANILHBIX NMATTEPHOB (CHTHATYD)
MOXKET OBITh aJalTHPOBAH JUIsl TEPPUTOpUH PoccHu M MOKET 3HAYUTEIIBHO HOBBICHTD
a¢dexTuBHOCTS MporHo30B OKSI. Kpome Toro, mogaepkuBaeTcs, 4To A1 HOCTPOCHUS
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Ka4eCTBEHHOTO MPOTHO3a BAXKHO YUUTHIBATh M PETHOHAIBHBIE OCOOCHHOCTH KHU3HEH-
HOT'O IMKJIa CUCTEM TTyOOKOW KOHBEKIIMH, JJISl 3TOTO MpeIaraeTcsi HoCTPOUTh CIie-
UaIN3UPOBAHHYI0 0a3y JAHHBIX UX COCTOSHMI Ha OCHOBE BCETO JIOCTYITHOrO Habopa
JTAHHBIX TMUCTAHIIMOHHBIX HAONIOACHUH M YHCICHHOTO MOJETHpOBaHus. Takoe pere-
HHE [0 NCTIOIBb30BaHUIO BCEro KoMIuiekca naHubIx a1t ETP Oyner peanusosano Brep-
BbIe. [IpeaBapuTenbHbIe pe3ysIbTaThl IOCTPOSHHOTO IPOTOTHIIA TEXHOJIOTHHU OKa3alIH
MOJIOKUTEIBHBIN 3 PEKT ero NCTIONB30BAHNUS.

M nerc

(10 el (@] pelfef] [+ 1

Puc. 5. Beo-I'MC npomomuna mexnonozuu
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du3znyeckas NPUPOAA M IKOJOTHYECKHeE MOCIeICTBUSA
3arpsisHeHust aTMoc(epbl APKTHKH

I. . Kospurus, 1. A. TToranosa (dankov2003@mail.ru)

Poccuiickuil 2ocyoapcmeennbiii 2uopomemeopono2uieckutl ynugepcumemy, 2. Cankm-Ilemepoype

AnHoTanusi. CtaTbs TOCBAIIECHA POOJIEMe 3arpsi3HEHNUS BO3/IYIIHOTO OacceiiHa APKTHYECKOTo pe-
THOHA YEPHBIM YIJIEPOIOM, PACCMOTPEHBI (PU3NYECKHE MPOLECCHl M METOIbI NCCIICJOBAHUS TaHHOW
MpoOJIeMBl, a TAKXKE BO3MOXKHBIE Iy TH €€ pelieHns. Kpome Toro, aklieHTUpyeTcsi BHUMAaHHE Ha BaX-
HOCTH KOHTPOJISL HaJl IPOMBIIIJICHHBIM PAa3BUTHEM PETHOHA U COOJIIOACHHS MEKIYyHAPOIHBIX HOPM
0 OXpaHe OKpy>Katouen cpepl. [loguepkuBaeT HEOOXOAMMOCTb KOMIIIEKCHOTO MOAX0/a K H3yde-
HUIO aTMOC(EPHBIX MPOLIECCOB B APKTHKE IS pa3paboTKU 3P (PEKTHBHBIX MEp [0 CHUXKEHHUIO aHTPO-
MOTEeHHOT'O BO3JICHCTBHS, MOIYEPKUBACTCS HEOOXOMMOCTh 00ECTIeYeH s HKOJIOrHYecKor Oesomnac-
HOCTH PETHOHA, YTO TPEOyET COBMECTHBIX YCHIINI U COOJIIOICHNS CTAaH/IaPTOB OXPaHbI OKPY KaIOIIeH
Cpenpl.

KuoueBble ciioBa: '-ICpHI:Iﬁ yriaepon, BO3AYIIHbIC MACChI, a3P030JIbHBIC CTAHIIUH, CUJIa KOpI/IOJII/ICB..

AKTYaJIbHOCTh

ApKTHKa UTpaeT BaKHEHIITYIO poJIh B TII00aTBHON KIIMMAaTHYIECKON crucTeme O:ra-
rojiapsi CBOMM YHHKAJILHBIM NPUPOAHBIM 0COOEHHOCTAM. JI100bIe HapyIICHUs IPUPOI-
HOro 0ajaHca MOTyT MPUBECTH K 3HAYUTEIILHBIM MOCIEACTBUSAM HE TONBKO JUI CaMOi
ADPKTHKH, HO U JUIs Bcel MaHeThl. KOHTPOb Hall KAaUECTBOM BO3/1yXa U OLICHKA IIOTEH-
[UAIBHBIX PUCKOB HEOOXOAMUMBI ISl MUHUMHU3aIliH HETaTHBHBIX ITOCIIEACTBUH XO35i-
CTBEHHOM AeATeIbHOCTH. DKONOruueckas 0€30MacHOCTb U yCTOMUUBOE pa3BUTHE ApPK-
THUKU TPeOYIOT BHUMATEIBHOTO M3YUYCHUS B3aUMOCBSI3eH MEXAY (PU3UYECKUMH MIPO-
eccaMu B aTMmocdepe u skocucteMamu. McecneioBanns (GU3MIECKUX MPOLECCOB U MO-
CJICJICTBUH 3arps3HCHHUS IOMOTAIOT CO3/1aBaTh HAYYHO OOOCHOBAHHBIC PELICHHS IS
yIpaBlIeHHUs TPUPOIONOIb30BAHIEM U CHIKEHUS aHTPOIIOT€HHOM HArpy3Ku.
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HpaRTuqecxaﬂ 3HAYUMOCTDb

1. IToHMaHWe HCTOYHUKOB X MEXaHU3MOB PACIIPOCTPaHEHHS 3arpsI3HEHUH M03BO-
JSIeT CO3/IaBaTh CTPATETHH 10 YMEHBIICHHIO aHTPOIIOTeHHOTO BO3/ICHCTBHUSI HA PETHOH.

2. HccnenoBanue BIUSHUS 3aTPS3HEHMIH HA KIMMAT IOMOTAaeT MOAEIHPOBATh
MOCIIEACTBUS TI00ATFHOTO MOTEIUICHHS U pa3pabaThIBaTh MEPHI aIalTaIlHH.

3. AHaiu3 3KOJOTMYECKHUX IOCIIEACTBUH MO3BONISET Pa3paboTaTh MPOrpaMMBbl
COXpaHEHUs YHUKAJIbHBIX apKTUYECKHUX HKOCUCTEM U 3aIUTHI HCUE3AOIIUX BUIOB.

4. Pe3ynbpTaThl HCCIEAOBAHUI TIOMOTAIOT OIIEHUTH PUCKH IS 340POBbS MECT-
HBIX JKUTEJIEH U MPeUIOKUTH IyTH MIHAMHU3AINH HETATHBHOTO BO3JICHCTBUS 3arpsi3-
HEHHI.

5. Hayunsle naHHbIe CIOCOOCTBYIOT YKPEIUICHHIO MEXKAYHAPOAHOTO COTPY THH-
YyecTBa B 00JIACTH OXPaHBI OKPY’KAIOIIEH Cpeabl M yCTOWYNBOTO PAa3BUTHSA CEBEPHBIX
PETHOHOB.

BbIBOIBI M PEKOMEHAAMN:

— Heo0X0aMMO yCHIIMT MOHHUTOPHHI COCTOSIHHSI arMocdepbl APKTHKH IS
CBOEBPEMEHHOTO BBISABIICHNS HOBBIX HCTOUYHHUKOB 3aTPSI3HEHUH.

— Pa3paboraTts MeXmayHApOJHbBIE COTJIAMIECHUSI M CTAHIAPTHI 110 KOHTPOJIO HaJ
BBIOPOCAMU 3arPSI3HSIONINX BEIIECTB B APKTHYECKOM PETHOHE.

— IIpoBoauTh 06pa3oBaTeNbHBIC KAMIIAHUH CPEAN MECTHOTO HACEJICHUS U Mpo-
MBIIUICHHBIX TPEANPHUATHI [UISl TOBBIIICHHUS] OCBEIOMIICHHOCTH O MOCIEICTBUSX 3a-
IpSI3HEHHS aTMOC(EPEI.

OTH Mepbl NOMOTYT CHU3UTh HETAaTUBHOE BO3/CHCTBHE HA YHUKAJIBHBIN NPHPOIHBIN
KOMITIIEKC APKTHKH U 00ECIICUNTh yCTOWINBOE PA3BUTHE PETHOHA.

3arpsizHenne atMochepbl B ADKTHYECKOM peruoHe

HccnenoBanue n KOHTPOIIB 3a 3arps3HEHUEM apKTHUECKOH aTMoc(epbl HMEIOT
MEPBOCTETIEHHOE 3HAYCHNE, TaK KaK 3TOT PETHOH OKA3bIBACT CYIIECTBEHHOE BIMSHHE
Ha MI00aIbHBIC KIMMAaTHYECKUE Mporecchl. YepHbIi yriiepos, nmonajgaomuii B aTMo-
cdepy, 3HAUUTENBHO BO3/ICHCTBYET Ha KIMMAT M OKpysKatomlyto cpeay. CokpamieHue
BBIOPOCOB YEPHOTO YIIepoa B JAHHOM PETHOHE MOKET MPUBECTU K TIOHIKEHUIO TEM-
HepaTypbl HOBEPXHOCTH U YITYUIIEHHIO 3KOJIOTHYEcKOol cutyarn. HeoOxomumo mpo-
JIOJDKATh Hay4YHbIC M3BICKAaHHS M IPEIIPUHUMATh IIard 10 YMEHBIICHHIO BHIOPOCOB
YEepHOTO yriepojaa B ApKTHKE paii COXpPAaHEHUS YHUKAIBHBIX 3KOCHCTEM peruoHa [4].

Ooépa3oBaHue U BO3/1eliCTBHE YEPHOI0 YIJIepo/a HA NPUPOAY

OCHOBHOI MCTOYHHMK ITOSIBIICHHS YEPHOTO yIrjiepoaa — HEIOJHOC CropaHue ToIl-
JIuBa B TaKHUX OGLCKTaX, KaK JU3CJIbHBIC ABUTATCIIN, TIEYU U IIPU JICCHBIX IOXKapax.
Ocemanue caxy Ha CHET | JIe] CHHKAET UX CII0OCOOHOCTD OTpaxaTb COJIHCUHBIH CBECT,
YTO YCKOPACT MPOLECC TassHUSA. DTO MOXET YCKOPUTH UBMCHCHHEC KJIIMMATa B pEruOHe
1 HCTAaTUBHO CKa3aTbCA Ha DKOCUCTEMaxX U 310POBLE HACCICHUSA [4] HccnenoBanus
BJIMAHUA BEPXOBLIX U HU30BBIX JICCHBIX MOXKAapPOB Ha COACPIKAHMUE YEPHOI'0 yriepoaa
ImoMoraroT rny6>1<e IIOHATH MCXAaHWU3MBI €T0 (I)OpMI/IpOBaHI/Iﬂ " NIEpEMCIICHHA B aTMO-
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cdepe. DTH TaHHBIE BAYKHBI JJIS CO3JJAHNS CTPATETHH MMPEI0TBPAIICHIS JISCHBIX ITOKa-
POB M COKpAIIEHUsI BHIOPOCOB YEPHOTO YTIIIEPO/a, YTO ITO3BOJIUT yMEHBIINTD €TI0 Bpe/i-
HOE BO3/JEHCTBHE Ha KIMMAT U OKPY’KAIOIIYIO CPELy.

IlepemenieHue BO3XYIIHBIX 3arPsI3HEHMIT

Bosmyniaslie OTOKH CIOCOOHBI IEPEMENIATH YEPHBIH YTIIEPO] M TPOUHE 3arpsi3-
HUTENN Ha 3HAUUTEIbHbBIE PACCTOSIHUS OT MECT BO3HUKHOBEHHUS N0oxkapoB. Hanpumep,
IpU JIECHBIX MOXKapax B 3anaaHoi Cubupu, EBponeiickoii wactu Poccun, CTEHBIX 30-
Hax Bocrouno-EBporneiickoii pasanns, FOxHOM Ypane n Kazaxcrane, uepHBbIi yrie-
PO MOXKET JIOCTHTaTh APKTHKH OJlarofaps JBHKEHHIO BO3JYIIHBIX Macc. DTOT MPo-
iecc TepeHoca 3arpsi3HEHUH Ha OOJIBIINE PACCTOSHHUS M3BECTEH KaK aTMOC(HEpHbIH
TparcrnopT. OH crocoOCTBYET TNI00ATBHOMY PacIpOCTPAHEHUIO 3arpsS3HEHUH, BKITIO-
Yast YepHBIH yTIIepo, OKa3bIBast HeOIaronprusaTHOE BO3ACHCTBHE Ha KIIMMAT, OKpYysKa-
IOLIYIO CPEy U 3/I0POBBE JIIOJEH HE TOJIBKO B pallOHAX BO3TOPaHHMs, HO U B yJAJICHHBIX
peruoHax, riae OHU MOTYT OKa3aThes [2].

B apxTndecknx 00yacTIX BO3HHKAET JbIMKA, BEI3BAHHAS COUCTAHUEM JANBHETO

HEepPEeHOCa aHTPOIIOTCHHBIX BHIOPOCOB M TEMIIEPATYPHON WHBEPCHH, YTO CTAHOBHUTCS
0COOCHHO OCTPOIi MPOOIEMOii B 3MMHUIN M BECCHHUIA IEpHOAbL. BakHYO POJIb B 3TOM
mpolecce UrpaeT 4epHsl yriaepos. [lormomast CONMHEUHYIO SHEPTUio, OH CHOCO0-
CTBYyeT OoJiee OBICTPOMY TAasTHUIO APKTHYECKOTO CHEeTa. DTO MOYKET IIPUBECTH K U3Me-
HEHMSIM B BOJHOM LIMKJIE M KIIMMATHYECKUX YCIOBUIX APKTUKH [6].
Kpome Toro, uepHbIi yriaepos BIHseT Ha o0JauHble CHCTEMBI, BO3ACHCTBYS Ha KU~
Mat. OH crtocoOeH MEHSATh YCTOHYMBOCTh 00JIaKOB, 00BEM 0CAAKOB M UX OTPakaTelIb-
HYIO CTIOCOOHOCTB, YTO B UTOTE MOKET N3MEHUTH KIIMMATHYECKHE YCIOBHS HE TOIBKO
B ApKTHKE, HO U B IpYTHX PETHOHAX.

HOJ’[ﬂpHaﬂ CTaHIHUA A3PO030JIbHBIX HCCJIe0OBAHUM
MocKOBCKOTO rocy1apCTB€HHOI0 YHUBEPCUTETA HA 0. Beabrit

Andpo30bHBIC CTaHIMH, TOH00HbIe cTaHu MI'Y «OctpoB benbiiiy», BbImoi-
HSIOT 3HAYMMYHO (DYHKIMIO B OTCIC)KUBAHUU YPOBHS 3arpsi3HEHUsI aTMOC()EpPhl U BbI-
SIBIEHUM €r0 UCTOYHUKOB. 13Mepsisad KOHIEHTpallMKi YEPHOT0 YIiiepoJa, CleUalIuCTbl
OIIPEICIISIOT KIFOUCBBIC NCTOYHUKH ITOTO 3arPSI3HUTEIS M OLICHUBAIOT UX BKJIA] B 00-
HIMA YPOBEHb 3arpsi3HEHUs Bo3ayxa. Takue ucciaeoBaHus ClIoCOOCTBYIOT HE TOIBKO
MOHUMaHUIO MEXaHU3MOB 00pa30BaHUs adpo30JieH, HO U pa3padoTKe METOI0B CHIIKE-
HUSI UX BO3ACHCTBUS AJIs1 OXPaHbl IPUPOBI U 310POBBS JIOJEH.

IToctosinuble n3Mepenus Ha ctanuu MI'Y «OctpoB benblit» npeocTaBisitoT y4eHbIM
Ba)KHBIC JJAHHBIC O COCTaBE aTMOC(Epbl TaHHOTO PETHOHA, YTO HEOOXOIUMO JIJIsl aHa-
JIF3a TPOIIECCOB, MMPOTEKAIOIINX B apKTHYECKOH aTMocdepe, N NX BINSHHUSA HA H3Me-
HeHus kiuMmara [3].

VY4eHble yCTaHOBWIIM, YTO OCHOBHOM MPUYMHON 3UMHETO 3arpsi3HEHUs! SBISETCS UC-
MOJIb30BaHIE UCKOMAEMbIX BHJIOB TOIUIMBA, TOT/IA KaK JIETOM Mpeo0iIagaeT CKUraHue
Oromacchl, BKIIFOUasi JIECHBIC MOXKaphl U Apyrue (akropsl. Cxxuranne 6HOMacChl OT-
BETCTBEHHO ITPUMEPHO 3a TIOJIOBHHY BCEX T'OJOBBIX BEIOPOCOB YEPHOTO YIIEPOa B aT-

Mochepy.
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IIpuuuna nepeMeieHne BO3AYIIHBIX Macc K CeBepHOMY MOJTIOCY

[Toyemy BO3IyIIHEIE MaCCHI, COAEPIKAIINE YSPHBIHN YTIIEPO/I, HAIIPABIIIIOTCS B CTO-
pony Apkrtuku? Kakoe ¢pu3ndeckoe siBICHHE 00BSICHIET UX ITepeMeIeHIe Ha ceBep?

Betep npeacrasisier co00i 0HY U3 KIFOUEBBIX CHII TPUPOIBI U SBIISIETCS BAXK-
HOM 4acThi0 aTMOC(epHON MUPKYISAIIHA. ETo BOSHUKHOBEHUE CBSI3aHO C CHIION Oapu-
YEeCKOTO I'paJIneHTa, KOTa BO3IyX ITEPEeMEIaeTcs N3 30H BBICOKOTO JaBJICHUS B 00JIa-
CTH C HU3KUM JIaBJieHHeM. IHTEHCUBHOCTh BETpa 3aBUCUT OT Pa3HUIBI B JaBICHHUU:
4eM OHa BBIIIE, TEM CUJIbHEE BO3AYIIHBIN MOTOK. Ellle 0JHUM 3HAYUTENBHBIM (PaKTO-
POM SIBIISIETCSI HAKIIOH OCH 3€MJTH, IPUBOJISIINI K BOSHUKHOBEHHIO criibl Kopuosmica.
Orta cra 00ycIoBIeHa BpalleHHeM 3eMITH BOKPYT cBoeid ocu. [lox ee Bo3neicTBHEM
MPSIMOJIMHEWHOE HAPABJICHUE IBUKEHHS BO3AYIIHBIX MacC MOCTEIIEHHO U3MEHSIETCSI:
B CEBEPHOM TOJYIIAPUU OHO CMEIIAETCS BIPABO, & B FOXKHOM — BJIEBO, TIEPEXOMS B
JIBIKCHUE TT0 JTyTO00Pa3HOH TPpaeKTOPHH JI0 TEX TP, MIOKa CHJIBI HE YPaBHOBECSTCSI.
[ocne aToro Betep HampaBIseTCs BIOJIb H300ap. Takoi THIT BeTpa Ha3bIBAOT FEOCTPO-
¢uueckum. [aBHBIM mposiBiieHHEM cuiibl Kopurosrca B mpupoe siBIsieTcs: PopMUpo-
BaHME aTMOC(EPHBIX BUXPEH — IUKIOHOB 1 AHTUITHKIIOHOB (pHcC.). IMEHHO U3-3a 3TOMH
CHITBI OHH 3aKPYYHBAIOTCS B IPOTHBOITOJIOKHEIE CTOPOHBI B CEBEPHOM U I0)KHOM I10-
nymapusix [1].

Puc. JIBuxeHnue Bo3LyLIIHbIX Macc oJ aeiictBueM cuibl Kopuonuca

Cuny Kopronuca HEBO3MOKHO OLTYTHTh HETIOCPEICTBEHHO, OHA CYIIECTBEHHO
BIIHSIET HA JIBIDKEHHE BO3IYIIHBIX MAcC, OKCAaHHMYECKUX TCUCHHH M Ja)Ke MapIIpyThI
T10JIETOB CaMOJIETOB.
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{UKIOHBI ¥ aHTUIMKIOHBI, MPEJICTABISIONE CO0OH KPYIHbIE BHXPEBbIC
CTPYKTYPBI BO3/IyXa, 00pa3yroTCs U MEPEMEIIAOTCs 10]] BO3/ICHCTBUEM ITOU Chilbl. B
CEBEPHOM MOJYIIAPHH IIUKJIOHBI JBUKYTCSI MPOTHB YaCOBOM CTPENIKH, a AHTHIIUK-
JIOHBI — 10 YaCOBOM. B F0’)KHOM TOIyIIapyu Bce HA000POT. DTO SBJICHHUE 00YCIOBICHO
JBYMsI IPUYHHAMH: BpAIlleHHeM 3eMJIH C 3aria/jia Ha BOCTOK U 3aBUCHMOCTBIO TaHICH-
[HUATBHON CKOPOCTH TOYEK HA MOBEPXHOCTH 3eMJIH OT reorpaguuecKoi mupoThl (3Ta
CKOpPOCTh MHHHMMAJIbHA y MOJIOCOB M MaKCHMallbHa Ha 9KkBaTope) [3].

B03MO0KHO, BbI 3aMeUalld, YTO MTHIBl U CAMOJIETBI 3a4aCTYIO JICTAIOT 110 U3BH-
JIMCTBIM MapIIpyTaMm, a He IPSIMO C CeBepa Ha OT HIIM ¢ BOCTOKA Ha 3amaji. JTO TakKe
cesi3ano ¢ 3 dexrom Kopuonuca. [TUI0TH ¥ HABUTAIIMOHHBIE CUCTEMbI TIPHHUMAIOT
9Ty CWJIy BO BHMMAaHHE IPU pacuyeTe MapLipyTOB, YTOObl MHHUMH3UPOBATH PACXO[
TOIUTMUBA M COKPATHTh BPEMsI MOJIETA.

Cuna Kopuosnuca — 370 BO3HHUKAIOIIAS HHEPIIMOHHAS CHITa, ISUCTBYOLIAs TIep-
NCHIUKYJISIPHO HAPABJICHHUIO JABMXKCHUS TEJI OTHOCHTEIILHO BpAIlAIOIIEiics MOBEpX-
HocTH. OHA MPOSBISIETCSI, KOT1a 00BEKTHI JABIKYTCS TMOO K IEHTPY, TUO0 OT Hero [8].
KopHoncoBo cMeIeHHe eCTh Pe3yJIbTaT JABHIKEHUS 00beKTa, BPAILICHHsI 3eMIIH U Te0-
rpadudeckoit mupoThl. [1o 3T0M MpUYHHE B OTBETE JOJHKHBI IPUCYTCTBOBATH Y/IBOCH-
HBI CHHYC IIUPOTHI (, CKOPOCTh Tesa V M yrioBasi CKOpOCTh BpaleHus: 3emin Q.

Tounas popmyna TOBONBHO mpocTta: Fc = Zm[Q X V] — pe3yJIbTaT BEKTOPHOTO IPO-

M3BEJICHUS YaCTOTh! BPAIllEHHUsl 3eMJIU U CKOPOCTH ABMXKEHUS Tesla (BEKTOP 4acTOTHI
BpAIIEeHUs 3eMJIH HallpaBJIeH Ha MOJSIPHYIO 3BE31Y).

Cuna Kopuronuca urpaer BaXHyIO poJib B TaKMX HayKax, KaK METEOpPOJIOTHS,
reodu3uka u okeaHorpadus, OCKOJIBKY JIF000€ TeJo, ABMKYyIIeecs BOJIN3U MOBEPX-
HOCTH 3eMIH, HCIBIThIBAET e¢ Bo3aeiicTBue. Hanpumep, 3Ta cuna oka3blBaeT 3HaUH-
TEJIFHOE BIMSHHUE HAa aTMOC(EpHbIEe POLIECCHI, ONPE/IeNsas HalpaBIeHHE U HHTCHCUB-
HOCTb OCHOBHBIX BETPOBBIX TIOTOKOB, a TAK)Ke HAIIPaBJICHUE BpPaIlleHHs IIUKIOHOB. B
ruapocdepe oHa OIpeeNseT TPACKTOPHIO MOPCKUX TeUeHHH [S].

ATMochepHas LUPKYJIALUS TaKKe CTUMYIHPYETCs COTHEYHOH aHeprueil. I'pa-
BUTAIUs, apXuMenoBa cuila u cuia Kopronuca, 00yciIoBiIeHHas BpallleHHEeM 3eMIIH,
BMECTE C PasHULEH TeMIepaTyp MeKIy SKBaTOPOM M IOIIOCAMH MPUBOAAT K KPyTro-
BOPOTY BO3/lyXa BOKpYT IJIaHeTsl. HarpeBaemblil COTHEUHBIMHU JIyyaMH BO3yX B TPO-
MIYECKUX 30HAX CTAHOBUTCS JIErde M MOAHMMAETCS K BepIIuHe Tponochepsl. OxHo-
BpPEMEHHO C 3THUM BO3HHUKAIOT ITAacCaThl, KOTOPHIE IBIDKYTCSA K HKBATOPY C ceBepa U
I0ra, cO3/1aBasi BOCTOYHBIE DKBaTOpHaNbHblEe TeueHus. Ha BepxHel rpanuie Tpomno-
cdepsl BO3AyX OTKIOHSETCS K BOCTOKY, (hopMuUpys CyOTpOIUUECcKUe CTpyHHBIE Teue-
HUS (co ckopocThio MeHee 100 KM/9) B KaXKIOM MOTyImapiu. Mex Iy ToIocaMy 1 Ta-
pautensaMu £60 © TemrepaTypHbIE KOHTPACTBI BBI3BIBAIOT LUPKYJISLHIO, @ TPU3EMHBIE
BETPBI HAIIPABJIEHBI OT MOJIFOCOB K yMEPEHHBIM IIUPOTaM. JJOMUHHUPYIOIIKE HA3EMHBIE
BETPOBbIC MOTOKH YCTPEMIICHBI B CTOPOHY Onmkaiiiero mojoca [8].

268



CoBpeMeHHble TEHAEHLMM U NepCneKTUBbLI Pa3BUTUS ruapomeTeoponoruu B Poccum
Mamepuarsi VIl Beepoccutickoli HayyHo-npakmuyeckol KoHgeperuuu. Mpkymek, 19-21 mapma 2025 e.

IocaencTBus 3arps3HeHNs1 AaPKTHYECKOH MOBEPXHOCTH YePHOH ca:keil

o TasHHE JISTHUKOB MPUBOJUT K YBEIIMUCHHUIO YPOBHS MOPSL.

[To mMepe TasHHS JETHUKOB B MUPOBOH OKEaH IOCTYIAeT OOJIBIIE BOJBI B pe-
3yJIBTATE YEro MOJHUMACTCS TII00aTbHBIA YPOBCHD MO

e HeratuBHoe Bo3zaelicTBUe Ha (iopy U ayHy.

W3MeHeHus: B MOPCKOM JIBJIE M JISTHUKAX ITOBJIMSIIN Ha YCIIOBUS CYIIECTBOBAHUS
MHO’KECTBA )KUBBIX OPTaHM3MOB. JTO KacaeTCsl MEJIKHX TUIAHKTOHHBIX CYIIECTB, KOTO-
pbI€ KUBYT BOJIU3HU JIEISHBIX KpPaeB, 00ECIEUNBAIOIINX UM MOIXOISIINE YCIOBUS AJIS
BBEDKMBaHUS W pa3MHOXKeHHs. [lonmymsmun OenbIX MeaBeaei 0Ka3alluch Mo yrpo3oi,
JIMIIVBIINCH 3HAYUTEIHLHON YaCTH CBOMX MPHUBBIYHBIX TeppUTOpUi. [IporHo3upyercs,
YTO B OyAyIeM JepeBbs HAYHYT MPOJABUTATHCS HAjbIe HA CEBEP, BBHITCCHSSI 3HAYHU-
TENBHYIO YaCTh TYHAPOBON PACTHTEIHHOCTH.

e BrusHue Ha JIIofei U 001IEeCTBO.

Tepputopruu, HACENCHHBIC JIOJBMH, MOTYT IIOJBEPraThCs 3aTOIUICHUSAM H
onon3HsaM. Kiimmatndeckue U3MEHEHUs BEAYT K CHU)KCHHIO 00BEMOB PBIOHOTO IPO-
MBICTIa B apKTHYECKUX BOAAX, YTO YMEHBIIIAET SKOHOMHUYECKUI BKJIA]] B PETHOHAIb-
HYI0 9KOHOMHUKY [7].

Me:krocyaapcTBeHHOe B3auUMo/ieiicTBHe B APKTHYECKOM peruoHe

e Bormpoc 3arps3HeHns aTMOC(Epsl YUePHBIM YTIEPOAOM 00CYKIACTCS HAa MEX-
JIyHapoHOH apere. OTHUM W3 TIEPBBIX 00BeIMHECHUH, paboTaroIINX HaJT 3TOH IpooJre-
MO, cTan ApKTHYECKUI COBET, KOTOPBIA 00beanHseT ycunus Kananpl, Jlanuu, Oun-
nsuaun, Mcnannuu, Hopserum, Poccun, HIBenuu u CIIIA Ha rocygapcTBEHHOM
yposHe. Kpome Toro, B pabote ¢popyma ydacTBYIOT IPEICTaBUTEIN KOPEHHOTO Hace-
JICHUS ¥ HaOJMI0JaTeN! OT Pa3IMIHBIX OpraHU3aIni.

e [lepBoHauanbHO pa3paboTaHHas COBMECTHAs IporpaMMa HalpasliieHa Ha co-
KpallieHne BEIOPOCOB YepHOTO yriiepona Ha 25-33 % k 2025 1. OTHOCUTENIFHO MOKa3a-
teneit 2013 r. B Onmmkaiiiime aBa rojia INIaHUPYETCSI IEPECMOTPETh dTH TIOKa3aTeIH IS
JIJIbHEMILIEro CHYKEHUS JOIYCTUMBIX YPOBHEH 3arpsi3HEHUs CaXKEBBIMU YaCTULIAMH.

OCHOBHbIE HaIPaBIEHUsI COTPYTHUYECTBA BKIIOYAIOT:

1. Dxonorugeckas 6e3omacHOCTh: COBMECTHBIC MEPHI 110 3aIIUTE YHUKATbHON
MIPUPOABI APKTHKH, OOpBOE ¢ 3arpsi3sHEHUEM, BKIIIOYAs IPoOIIeMy YEPHOTO YIiiepoa.

2. Hayunsle uccnenoBanusi: IlpoBeieHne COBMECTHBIX HAyUHBIX SKCIIEUIUNA U
HCCIIe0BaHui Knmarta, Gpiaopsl ¥ (ayHsbl, JISTHUKOBOTO IIOKPOBA.

3. DxoHOMHYECKOe pa3BuTHE: Pa3paboTka NMPHPOIHBIX PECypcoB, CO3/IaHHE
TPAHCIIOPTHOU MHPPACTPYKTYPHI, TAKKX Kak CeBepHBIH MOPCKOM MyTh.

4. CouanbHoe Onarononyuue: [loanepikka KOPEHHBIX HAPOJIOB, YIYUIICHHE UX
Ka4ecTBa KHU3HU, COXPAaHEHNE KyJIbTYPHOTO HaCIIEeIHU.

5. MexnayHnapoanas muruiomarns: OOCyXJIeHHe BONIPOCOB OE30MaCHOCTH |
MHUPHOTO pa3pelIeHus CIIOPOB Yepe3 MeXTyHapOIHbIe (OPYMBI, TAKHE KaK ApPKTHYE-
CKUI COBET.

Takoe B3anMOJIEHCTBHE CIIOCOOCTBYET YCTOWYMBOMY pPa3BUTHIO PETHOHA, CO-
XPaHEHUIO €ro HKOCHCTEM U YJIYUIIEHHUIO YCIOBUM JKU3HU BCEX 3aMHTEPECOBAHHBIX
CTOPOH.
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Pemenue npodieMbl BLIOPOCOB YIJIEPOIHOM Ca:Ku

3arpsi3HEHHE OKpY Karolled Cpelbl U €ro BIMSHHE HAa KJIUMAT IOJYEPKUBAIOT
BaXXHOCTb CHCTEMaTHYeCKUX UccienoBaHuil B Poccuiickoit ApkTuke, KoTopas siBis-
€TCsl OTHUM M3 CaMBIX YSI3BUMBIX PETHOHOB K 9KOJIOTUYECKHM M3MEHEHHUSIM, BbI3BAH-
HBIM X031CTBEHHOM JESTENIbHOCTHIO.

Jlnst cokpalleHus! BIMSIHUSA YEPHOTO yryiepoJa Ha APKTUKY MOKHO NpPEAIpH-
HSTh CIEAYIOIINE IIaru:

® TIepEeBOJI PHEPIETUKY HA abTEPHATUBHbBIE HCTOYHUKHU dHEPTHUH;

e TpUMEHEHWE BHJOB TOIUIMBA, IIPU CTOPAHUU KOTOPHIX HE 00pasyeTcs caxa
(Hammpumep, ras);

® BHEJPCHHE COBPEMCHHBIX TEXHOJIOTHI OYHCTKH T'a30BBIX BBEIOPOCOB, BKIIIO-
Yasi KaTaJUTUYeCKHe HEHTPaIn3aTopsl;

® YXKECTOYCHHE TOCYIapCTBEHHOTO KOHTPOJIS U MOBBIIIICHUE OTBETCTBEHHOCTH
3a HECOOJTFO/ICHHE YKOJIOTHYECKIX CTaHIapTOB.

Karanutuyeckue HeHTpaIM3aTOpbl NPEACTABISIOT co00i 3 dexTHBHOE Ccpel-
cTBO 60pHOBI ¢ BEIOpocamu caxku. Hanpumep, poccuiickas kommanus « OQKOOHEPT O-
TEX», crienanu3upyromasics Ha pa3paboTke ¥ MPOU3BOACTBE CHCTEM OUHCTKH BPE]-
HBIX BBIOPOCOB, CO3/1ajla HHHOBAI[MOHHOE 000pYyIOBaHUE — KaTaIUTHYCCKHE HEHTpa-
JIM3aTOPBI C HHTETPUPOBAHHBIM Ca)KEBBIM (DMIIBTPOM. DTO 000PYIOBaHHUE MIPEIHA3HA-
YEHO JIJIS MUHUMHE3AIHH KOJIMYEeCTBA CAXKH, TIOAIafoIel B aTMocdepy, 0COOCHHO ak-
TYaJbHO IS IPEINPHUSTHI, TeHCTBYIOIINX B apPKTHIECKON 30HE U 00S3aHHBIX COOITIO-
JaTh TpeOOBAaHUS rOCYIapCTBEHHOMN MPOrPaMMBI Pa3BUTH APKTHKH.

IIpunmun paboTs! JaHHOTO 000PYIOBAHUS OCHOBAH Ha CIIOCOOHOCTH KaTalu3a-
TOpa MPeoOpPa30BBIBATH TOKCUYHBIE KOMITOHEHTHI BBIXJIOITHBIX Ta30B B O€3BpE/IHbBIE Be-
mectBa. OTpaOOTaHHBIE a3kl IPOXOIAT Yepe3 CUCTEMY, TIe CaXka OCeIacT Ha KaTalli-
THUYCCKU aKTHBHOM C)KEBOM (PHIIBTPE M 3aTEM CIKUTAeTCsl B IOTOKE Ta30B, IPEBpaIla-
SICb B YIJIEKUCIIBIN T'a3.

MacmrabHoe BHEIpEHHE TOJO00HBIX PEIICHHH MOJKET CYIIECTBCHHO CHU3UTH
HEKOHTPOJIMPYEMbIC BBIOPOCHI CaKHM IIPH IKCIUTyaTallMd KOTEJIBHBIX, BUTATEICH
BHYTPEHHETO CTOPAHMS M IPYTHX DHEPTeTUUYECKHUX YCTAaHOBOK, TEM CaMbIM CIIOCO0-
CTBYS PEIICHHIO IPOOIIEMBI 3arps3HEHHS Bo3ayXa B ApkTuke [7].

Pemrenne mpo01eMsI 3arpsA3HEHAS BO3/TyXa YEPHBIM yTIIEPOIOM, BO3HUKAIOIECTO
BCJIEJICTBUE JIECHBIX T0XAapOB, TpeOyeT KOMIUIEKCHOTO moaxoaa. OHO BKIIOYAET He
TOJIKO YCHJIEHHE KOHTPOJIS 32 JIECCHBIMH MAacCHBaMHU B MIEPUOJI BBICOKOH MOKapHOH
OTTACHOCTH, HO M pa3pabOTKy HOBBIX (DU3MUECKUX METOJIOB ISl YIIPABICHHS TUM TPO-
neccoM. OJMH U3 BO3MOXKHBIX ITOAXO0/I0B 3aKJII0YAeTCs B yueTe BIusHUS cuiibl Kopuo-
Jrca Ha aTMOC()EPHBIC SBJICHUSI, YTO MIO3BOJIUT JIYUIlIe KOHTPOJIUPOBATH BBIOPOCHI Yep-
HOTO yIeposa.

Hampumep, npy mimaHEPOBaHUN Mep MO COKPAIICHUIO BEIOPOCOB MOXHO MPUHH-
MaTh BO BHUMaHHUE HAIMPaBIEHUE U CKOPOCTh BETPOBBIX IOTOKOB, KOTOPBIE BIUAIOT HA
pacmpocTpaHeHue 3arpsi3HeHuid B atmocdepe. [IoHUMaHue TUHAMUKH BO3IYIIHBIX
Macc M UX B3aumojencTsus ¢ cuiioil Kopuoinnca moMoxeT oNTUMU3MPOBATh CTpaTe-
THH 110 0OpbOE C 3arps3HCHUEM M YMEHBIINTH €r0 BO3ICHCTBHE HA OKPYKAIOIIYIO
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cpeny. Xots cwina Kopronrca 9acTo HEOOIEHUBAETCS M3-32 CBOETO CPAaBHUTEIHLHO
HEOOJIBIIIOTO 3HAYEHHS, OHA BCE JK€ MIPAcT BAXKHYIO POJIb B PA3IMYHBIX IMIPOIIECCaXx,
BKJIOUasi HUpPKyJsiuio atMocdepsl. Mccnenosanue 3ddexra «kopromucoBa cMmele-
HUS BO3IYUTHBIX MACC MPEICTABISIET CO00M MEPCIIEKTUBHOE HATIPABICHHE IS JTalTh-
HEWIINX HAYYHBIX U3bICKAHUH.
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Cexkuus

Bausinue KIMMaTHYeCKMX U3MEHEHHH HA TPaHC(POpMALUI0
NPUPOJHBIX U COUAIBHO-IKOHOMUYECKHUX YCIOBHMI
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VIIK 551.4.01(571.1/.5)

Bo3aeiicTBHe KINMATHYECKHX U3MEHEHHUH
HA TPAHC(OPMAIHIO TACKHBIX F€OCUCTEM

T. U. Konosayosa (tkonov(@mail.ru)

Hprymcerui 2ocyoapcmeennblii ynusepcumem, 2. Upkymck
HUnemumym eeoepacpuu um. B. b. Couasvr CO PAH, 2. Upkymck

AHHOTaUMs1. 3aKOHOMEPHOCTH Pa3BUTHS TalrH pacCMaTPUBAIOTCS IS MEpUOA MO3IHETO KaiHO-
3051. Y CTaHOBJICHO, YTO KJIMMAaTUYECKHE TPE0OPa30BaHMs IPOXOIIN B yCIOBHAX aKTUBU3AIIUH TEK-
TOHUYECKHX JBMKECHHI 3eMHO# KOpbI. MIX CHCTEMHOE MPOSIBICHHE OTPA3UIIOCh Ha Crieli(uKe Talru
peTHoHa, ONpeesieMOl TakKe pa3sBUTHEM B €AMHON TMHAMHYECKON CHCTEME C APYTMMH THIIAMH
reocucTeM. M3y4aloTcsi OCHOBHBIC HTallbl YBOJIOLMOHHBIX NPEeoOpa3oBaHMIl TalTM M XapaKTepH-
CTHKHU IIPUPOJHOM Cpelibl B 3TH Meproabl. Marepuaisl NCCIICA0BaHUM MIPECTaBICHEI B ()OpME MH-
(hOPMAILMOHHOrO CHHTE3a JAHHBIX U 3HAHMH O TEPPUTOPUH, OCHOBAHHOIO HA TEOPHU I'€OCHCTEM
B. b. CouaBbl, pe3yibratax CTalMOHapHBIX, HA3EMHBIX MapUIPYTHBIX HCCIIEIOBaHUI, KapTorpapu-
4yeckoit nHpopmaluu, AemndprupoBaHust KOCMUYECKUX CHUMKOB. Pe3ysibTaThl paboThI HaMpaBIeHbI
Ha pemeHne (QyHAaMEHTaIbHOW MPOOJIEMBbI, CBSI3aHHONH C MOHHTOPHHIOM COCTOSHHS IPHPOJIHOMN
Cpe/bl PErMOHOB M IIPOTHO30M €€ M3MEHEHHUSL.

KaroueBble cjloBa: Taiira, o3 Hui KaitHO30i, 3Tanbl TpaHchopMaLuy, KIUMaT.

BBenenne

BrisBrnenne xapakrepa mpeoopa3oBaHMs T€OCHCTEM 3aHHMMAET 0C000e MECTO B
reorpaduyecKux UCCIEI0BAaHMUIX, COOTBETCTBYIOIIEE COBPEMEHHOMY ATaIly Pa3BUTHUS
HAY4YHOTO 3HaHMs. Ero Hemb3s CBeCTH K MPOCTOMY cOOpPY CBEJCHHN O CMEHE OJIHOTO
MIPUPOTHOTO KOMILIEKCA JPYTUM, HOBBIM, 3a TOT HJIM HMHOHM T'€OJOTHUECKUH OTPE30K
BpeMeHH. HeoOxoanMo n3yueHre CMEHBI COCTOSTHUIA T€OCHCTEM, 3aBUCSIINX OT MHO-
roo0pa3HOro BO3ACHCTBHSI MOP()OTEKTOHNYECKUX, KITUMATHUCCKHX, TOYBEHHO-PACTHU-
TeNbHBIX (hakTOpoB. CMEHA OJTHOTO THUTIA TEOCUCTEM HOBBIM MPOUCXOIUT HE IPOCTO B
CBsI3M C I3MEHEHHEM KIIMaTa, HO BO MHOTOM OJ1aroapst Tpanc(GopManiy HECKOJIbKUX
HJIM BCEX KOMIIOHEHTOB I'€OCHUCTEM M CUJbI MX Bo3aeicTBus. OIHAKO, HECOMHEHHO,
YTO BCSIKAsl HOBAsi TEOCHCTEMa MMEET «IMaMsThy, HACIEIyeT YepThl UCXOMHOU. BbI-
SIBUTH JTAIbl PEOoOPa30BaHUS TEOCHCTEM, 3HAUUT MOHATH, KAKHEe M3MEHEHUS MOTYT
MPOHM30MTH C TE€OCHCTEMOH IPH TEX WM HHBIX BapUAHTaX BHEIIHETO BO3JCHCTBUS,
BKJIFOYAs! aHTPOIIOTEHHOE. Bce 3TO MO3BOIHI MPUOTU3UTHCS K PEIICHHIO IPOOIEMBI O
MEPCIIEKTUBAX OCBOCHUS TaeKHBIX reocucteM Cubupwu.

B nacrtosmiee BpeMst BOmpoc 00 0COOSHHOCTSIX Pa3BUTHS TACKHBIX T€OCHCTEM,
UX TMPOHUCXOKICHUS M DBOJIOIHU SBISICTCS JUCKYCCUOHHBIM. B 3TOH CBSI3M OCHOBHAS
LeJIb UCCIIeIOBAaHUN — BBISIBIICHHE HAIIPABIICHUS TPaHC(HOPMAINH TaCKHBIX T€OCUCTEM
Cubupy B yCIOBHAX KIMMAaTHYECKUX M3MEHEHUH. Pe3ynbTaThl paboThl HApaBICHb
Ha penieHne (yHIAMEHTAJIbHON TMPOOJIEMbI, CBI3aHHONH MOHUTOPHHIOM COCTOSHHSI
MPUPOIHON CPEbl CEBEPHBIX PETHOHOB, IIPOTHO30M €€ M3MCHECHHS, IUTAHUPOBAHUCM
MIPUPOJIOTIONIE30BAaHUS B HX Tpeemax.

OOBEKT UCCIIeIOBAHUS — TaCKHBIC TE€OCHCTEMBI F0ro-3araaHoi yactu Cpennei
Cubupu.
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Ienp — BBISIBIICHHE XapakTepa Mpeo0pa3soBaHus TaeKHBIX T€OCHCTEM ITO]T BITHSI-
HHEM U3MEHEHHI MpUpoaHBIX (hakTopoB. PaboTta Gasupyercs Ha pe3ylrbTaTaXx MHOTO-
JICTHUX IOJICBBIX HCCIICAOBAaHUHN, Kaprorpaduueckoil nHpopmaimu, aeumdpuposa-
HUW KOCMUYECKHUX CHUMKOB. PEKOHCTpYKIIMSI MOAH(DHUKAIINN TaeKHBIX TE€OCHCTEM fora
Cpenneit Cubupu npoBeieHa Ha OCHOBE CHHTE3a CBEJICHHH, TIOTYICHHBIX M3 HAYYHBIX
My OJIMKAIHMH 10 MATWHOIOT Y, TAICOKINMATY, TCKTOHHUKE, a TAKXKE OIICHKE JaHImad-
TOB-aHAJIOTOB.

ITox reocrcTeMamMu TOHUMAIOTCSI BCE Pa3MEPHOCTH 3€MHOTO MPOCTPAHCTBA, T1Ie
OTJIEJIbHBIE KOMIIOHEHTHI TIPUPOIBI HAXOATCS B CHCTEMHOM CBSI3M JPYT C IPYTOM H
KakK OIpeIeTCHHAs IEIIOCTHOCTh B3aUMOJICHCTBYIOT C YEJIOBEYECKUM OOIIECTBOM.
Tpanchopmalysi reocucTeM pacCMOTPEHA 32 MEPUOJT TTIO3THETO KaitHO3051, KOTa Havya-
Jock (popMHUpOBaHUE COBPEMEHHOTO OOJIMKA reocucteM. Hauwnas ¢ sToro mepuona
KaifHO30MCKOW 3pbl T€OCUCTEMBI paiiOHa MCCIEOBAHUI MPETepIieIn MHOTOATAITHOE
pasButue.

IIpeacTaBiaeHns 0 NPUYNHAX IVI00ATBHBIX
M PerHOHAJIbHBIX U3MEHEHMI IPUPOIHOI Cpeabl

PaccmatpuBaroTcs pa3imHyHbIC NPUYUHBI [I00ATBHBIX W3MEHEHUH MPUPOAHON
CpeIbl: BO3ICUCTBUE TEKTOHMYECKUX TIPOIIECCOB, N3BMEHYHBOCTH OPOUTHI 3€MII 1 WH-
COJISIIINH, BO3/ICHCTBHE OKEaHMUECKHX TeueHnH 1 mpod. KoHcTaTtupyrores mpeobpaso-
BaHUs KJIMMaTa, 00yCIOBICHHBIC H3MCHECHHEM TEMIIEPATYPbI, COJICHOCTH U allBEJIMHIa
B TIOBEPXHOCTHBIX U TTYOMHHBIX BOJIaX OKEAHOB B COUETAHMU C M3MEHEHHEM Xapak-
Tepa M CHIIBI BeTPoB [8; 9]. YTBepkmaeTcs, 94To Mpeodpa3oBaHNs COTHEYHON HHCOIIS-
U, BBI3BaHHBIC OPOMTAIBHBIMH NMPUUYMHAMH B Ieproabpl MumankoBuda (100 000,
41 000 u 23 000 1. H.), OIpeeNUIN 3HAYUTETIbHYIO YaCTh U3MEHEHUIl B 00bEMe nes-
HUKOB B TI03THEM ILIEHCTOIICHE, KOTOPbIe ObLTH BBISBICHBI IIPU U3yUYESHHUH MOPCKHUX U
JIETHUKOBBIX KEPHOB [ 'peHitaninu, AHTApKTUIBI U IEHTPATBLHON YacTH ATJIIaHTUKH [6;
7]. Ha ocHOBe 3TOro OBLIM C/IETaHBI BBIBOJBI O TOM, YTO MACCOBBIC PEOPraHU3aIIH
CUCTEMBbI OKeaH-aTMoc(depa, JOCTUTIINE HAaUOOIbIIeH BeIMUUHBI B JIEAHUKOBBIN Tie-
puox (~ 14 500 et Ha3ax), OBIIM BEI3BAHBI MTOJIOKHUTEIFHON 0OpaTHON CBA3BIO OOITB-
MIAX JIEJSHBIX IIUTOB CEBEPHOTO IMOTYIIAPHS C KIUMATOM.

CornacHo ApyruM MpeacTaBleHUsIM, KpyIHbIE TpeoOpa3oBaHus Ha 3emiie CBs-
3aHBl C BO3JICHCTBHEM SHAOTEHHBIX IpolleccoB. Tak, B Hawaje soruleiicToneHa —
2,6 MITH JIeT Ha3aJl — TII00anbHas TpaHChOpMAIH IPUPOTHOH cpelpl Ha 3emile, KOTo-
past Imiack mopsiika 15 Teic. JieT, Obliia BBI3BaHA TEOMAarHUTHOM CMEHOMW MOJIIPHOCTH
T'aycca — MaTysMa, 4TO MPHUBEIIO K YUETHIPEXKPATHOMY OCJIA0JICHUIO0 MATHUTHOTO MOJIS
TUTAHETHI, TI0 CPABHEHHIO C COBPEMEHHBIM [5]. DTOT py0Oek 00beJMHEHO HAYAIO JIe-
HUKOBOro mepuoja. CHKeHHe »HAOreHHOW akTtuBHOCcTH 750-600 MutH JeT Hazan
(marnuTHas uaBepcus bpronec — MarysiMa) B CpeIHEM IUICHCTOIICHE OMPEACIHIIO 0Ye-
penHoe noxonomanue kauMata. C pydexom ['ayce — MaTysiMa CBSI3aHO OJIeICHCHUE
rop Bokpyr baiikana. Dmoxa obparHoit mossipHocty (bpronec — MaTysiMa) 03HaMeHO-
BaJIach YMEHBIIICHHEM aTMOC(EPHOTO YBIIaXHEHHS B peruoHe [4].
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O0cy:kaeHue pe3yibTaTOB MCCJIe0BAHUS

IIpoBeneHHbIE NCCIEAOBAHUS MTOKA3AIN, YTO UCTOKN (DOPMUPOBAHMS TACKHBIX
reocucreM CHOMPH OTHOCSTCS K HEOT€HOBOMY IIEPHOJY, KOT/Ia BO3HHKIIH YCIIOBHS,
CIOCOOCTBYIOIIME Pa3BUTHIO Taiiru. Tpurrepom ee GopMHPOBaHUS OCITYKIIO TEp-
BOE€ TMOXOJIOJIaHWEe, KOTOPOE MPOTPECCHBHO PACTIPOCTPAHMIOCH OT Moiroca Ha for. K
KOHITy MHOIIeHa (~6 MJIH JeT Ha3a1) B CHOMPH IPOUCXOIUT Pa3BUTHE YMEPEHHO-TETI-
JIOTO KJIMMaTa co CPeTHUMHU JIETHUMHU TEMIIepaTypaMu Ha 7 © HUKe, UeM B Haualle Toi
aMmoxu (~24 MJIH JIeT Ha3aa) U 4eTKor ce30HHoH auddepennuanueii. Ero HoBble 3Ha-
YEHHs XapaKTepU30BAIMCh CPEIHUMH TeMIlepaTypaMu Bo3ayxa 3umon ot 0 1o +3 °C,
seToM okoiio +20 °C; cymmoit ocaakos — 1000 mm/rox [1; 3]. Hemoctatounas Biax-
HOCTb BO3/yXa B IEPHOJ BEreTal[My ¥ HU3KUE 3UMHHE TeMIIePaTypbl ONPECIHIIH Ipe-
00pa3oBaHUS MUPOKOINCTBEHHBIX JecoB. Ha ceBepe CnubupH yBEeIMUIIINCE apeastsl
XBOWHBIX JIECOB (TCyTa, MUXTA, €Jb), Ha IOT€ — COCHOBBIX OOPOB M OEPE3HIKOB, MPHU-
CIIOCOOJICHHBIX K BO3pOCIIEii CyXOCTH BO3/lyXa H 3UMHUM 3amopo3kam. Tpancdopma-
IS JIECOB B Ta@)KHBIE MIPOMCXOANNIA MPEXK/IE BCET0 HAa paBHUHAX BCIEJCTBUE UHBEP-
cull TeMIepaTypsl BO3AyXa.

Crnenyromuii 3Tan cBsi3aH ¢ IJIMOLEHOM (Havascst 5,3 MIIH JI. H. ¥ 3aKOHUYMJICS
2,6 MJH JI. H.). DTa 3110Xa 0XapaKTepU30BaICs HHTEHCUBHBIM MIOXOJIOJaHUEM U yCUIIe-
HHEM KOHTHHEHTAJIbHOCTH KiuMaTa. [lonxbseM xpeOToB Ha fore u Boctoke CuOupu npu-
BEJI K BOSHUKHOBEHHIO OporpaduuecKux mperpaj, KOTOpble OKa3aiy BIMSHUE HA IUP-
KyJISIIUIO aTMOoc(epbl. 3HAUUTENIBHYIO POJIb CTa] UrpaTh CHOMPCKHI aHTHLIMKIIOH, KO-
TOPBIN K KOHILY IUIMOLICHA NPEBPATHIICS B MOLIHBIA UPKYJISLMOHHBIA (akTop 1 no-
BJIMAT Ha TpaHchopMaiuio reocucteM. CpeHIe TeMIepaTypsl 3HMOH TOHU3UIHCH 10
oTpuuareabHbIx 3HadyeHui —5...—10 °C; B urone cocrapmsuim +15...+20 °C; cymma
ocaakoB yMeHbImIack 10 600-800 mM/rox. B cucreme armocdepHON HHUPKYISIUAH
YCHJIMIICS 3aI1a/IHbIN IePeHOC BO3AYIIHBIX Macc. [IinoleH cTai y3noBbeM TanoM aud-
(hepeHIMAINY Tae)KHBIX THIIOB TEOCHCTEM paiioHa UCCIICIOBAHHH.

OdepeHO# ATl OBLIT COMPSIKEH C MIIEHCTOIICHOBOM 3MTOX0# YeTBEPTHYHOTO I1e-
puoaa (MPOTsHKEHHOCTH OT 2,59 MiH 1. H. 10 11,7 ThIC. 11. H.). [IpeoOpa3oBanus Taiiru
OBUTH BBI3BAHBI CYNIECTBEHHBIM MTOXOJIOAAHHEM U 000CTPEHHEM KOHTHHEHTAIBHOCTH
KJIMMAaTa, MOSABIEHNUEM H JUINTEIbHBIM COXPAaHEHNEM CHEXKHOTO ITIOKPOBA. 3UMHHE TEM-
neparypsl Bo3lyxa NOHU3WIUCh 10 —25 °C; nerHue — no +15 °C; cymma ocaikoB —
400-600 mM/Toxn. B psape mybnuxanuil yTBepikaaeTcs, YTO TaeKHBIA THUI T€OCHCTEM
Ha OOJBIIEH YaCTH CBOETO COBPEMEHHOTO apeasa sIBISETCS CISICTBHEM JICTHIKOBOTO
nepuoga. OIHUM W3 TUHNOTETHYECKHUX LEHTPOB BOZHUKHOBEHMS TAWTM CUHUTAETCS
IOxHO0-Cubupckuii, K KOTOPOMY OTHOCATCS TaeXHbIE T€OCUCTEMBI palioHa HCCIeo-
BaHMii. OH HE UCIIBITAN OJICJICHCHHUS, B CBSA3H C UEM Talira C MOMEHTa CBOETO TOSIBJIC-
HUSI CYIIIECTBOBANA 37€Ch IIOCTOSTHHO. [103TOMY reocCHCTeMbI NMEIOT O0Jiee THITHIHEIE
TaEXHBIC YEPThI ¥ MOTYT CITy>KHTh CBOCOOPA3HON «TOYKON OTCUETA JUIsl CPABHEHHUS C
apyrumu gactsiMu Cubupu.

31ech TaexKHbIe, IEPUTIISIMANBHBIC CTEITHBIC, a TAKXKE TACKHBIC M TYHAPOBBIC
(banmu coueTanuch B €ANHON TMHAMUIECKOH CHCTEME, UTO CKa3aJI0Ch HA MHOTHX OCO-
OEHHOCTSIX COBPEMEHHBIX TaCKHBIX T€OCUCTEM PETHOHA. 3a BpeMs CapTaHCKOH Jie THHU-
KOBOH 30X MPOU30IILIO TIOBCEMECTHOE Pa3BUTHE MHOTOJICTHEH MEP3/IOTHI, a TaKXKe
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(hopMHpOBaHNE SPHUKOBBIX, KEPOBO-CTIAHINKOBEIX CBETIOXBOWHO-TACKHBIX T€OCH-
CTEM Ha CEBEPO-BOCTOKE pPervoHa. B mocnenoBaBIIMil 32 HUM MEXIIEIHUKOBBINA Ie-
pHOJ yCIIOXKHMIACh MOP(HOJIOTHYEcKasi CTPYKTypa FeOCHCTEM, yHacJeJOBaBIIas pe-
JIUKTHI MPEABITYINX 3TOX: JICASHBIC TIPOCIION, JIMH3BI U KIMHBS JIbIa, KapOOHATHBIC
OTJI0’KEHHsI M TIOKPOBHBIE TOJIIIN JIECCOBUIHBIX CYTIIMHKOB. Mi3MeHeHne kimmara mpo-
UCXOJHIIO B CTOPOHY MOTEMJIEHUS, HO CyXOCTh OCTaJIacCh.

3aBepIIAOIIHiA 3TAll CBSI3aH C MOCIeIHEeH MOX0M re0IOTHYECKOI HCTOPUH TIIa-
HETHI. ['0J101IeH — BpeMsI CTAaHOBJICHHSI COBPEMEHHBIX T€OCHCTEM. JTa 31I0Xa O3HaMe-
HOBAJIACh aKTUBM3AIMEH TEKTOHMYECKUX ITPOLECCOB M (POPMHUPOBAHUEM ATBITHHOTHII-
HOTo pernbeda rop Ha fore u Bocroke Cnbupu. 3HauuTeNbHbIE AMIDTUTYABI HEOTEKTO-
HUYECKUX TOAHATHH CHOCOOCTBOBATM HEOJHOKPATHOH TpaHC(HOPMAINH TaeKHBIX
reocucteM, odeqHeHNI0 (Iopsl. B paHHEM romoneHe Hadamach SKCIAHCHUS CBETIIO-
XBOMHO-TAa€KHBIX I€OCHCTEM. B KcepoTepMHUECKHH HEPHOJ TOJIOLEHa MPOU30LLIa
o4epe/Has akTUBH3ALMs [Ipoliecca KCepopUTH3aIMN, KOTOpast Oblila BBI3BaHA KaK KIIH-
MaTHYEeCKUMH H3MEHCHHUAMH, TaK H (JOPMUPOBAHNEM KPYITHBIX PEUHBIX TOJIHH, XapaK-
TEpHU3YIOIHXCs O0Jiee BEICOKUMH TEMIIEPATYPaMH BO3[yXa B TOJJOBOM IIMKJIE, TTO CPaB-
HEHUIO C JPYTMMH YacTsIMHU pesibeda. ITo 03HAMEHOBAJIO COBPEMEHHBIM 3Tall pa3BH-
THS IPOIIECCOB KCepoduTH3anuu.

CoBpeMeHHBIE TPEOOPA30BAHUS TAEKHBIX Fe0CUCTEM

B nacrosiee BpeMsi BBICOKAsi KOHTUHEHTAIBHOCTD KJIMMAaTa ycyryOmnsercs co-
BPEMEHHBIMU TEHJCHIMAMH €ro MOTeIUIeHHs, nposBisomeiics ¢ 70-x rr. XX B. ITo
OIIEHKaM 3apyOeXHBIX SKCIEepPTOB B paiioHax Cnbupu (GUKCHPYETCS OJMH M3 CaMBIX
BBICOKHX TPEHIOB MOTEIUIeHHs KiuMata Ha 3emiie (o + 3,5 °C 3a 100 net). OgHako
Ha CEBEpHOI IpaHUIlE apeasla MOTEIUICHUE KJIMMAaTa He CTOJNb CYIIECTBEHHO — OKOJIO
1 °C, a Ha TpaHuIe apkTudeckoi TyHApHI nopsaka 0,5-0,3 °C. B HacTosmee BpeMs
Jutst paiioHoB CHOMPH XapakTepeH NerpalupyIONIHid THIT MHOTOJICTHEH MEP3JIOTHI, UYTO
OIpeeNsieT SKCIAaHCUIO Taliri B HaIIPaBJIEHUH IPEKHUX CEBEPHBIX pyOeskeil, u3MeHe-
HHIO Ha CEBEPHBIX pyOekax CTPYKTYpbl AMHAMUYECKON CHCTEMBI Talra-TyHapa, Gpop-
MHPOBAHHUIO YCTOHYMBHIX THITOB Tairu. [IpakTiuecku mis Beel Tepputopun rora Cu-
Oupn xapakTepHa MHTCHCHBHAs U Pa3HOOOpa3Has aHTPOIIOT€HHAs e TEIbHOCTD, KO-
TOpasi CTAHOBUTCSI 3aMETHBIM (haKTOPOM, CIIOCOOCTBYIOIIMM TpaHC(HOPMAIMU TaWTH.
B uwacTtHOCTH, Ha PErMOHAIIEHOM YPOBHE MPOUCXOJUT U3MEHEHHE TEIUIOBOTO PeKUMa
reocucTeM. JT0 HaOIIOJaeTcs Kak B BEKOBOM M3MEHEHMH TEPMHUYECKHX YCJIOBHH B
paiioHax aKTUBHOT'O, OCBOCHHMS TEPPUTOPHH, TaK U B YACTHBIX KOJIEOAHUAX B TIpeeIax
oTHeNnbHbIX paiioHoB [2]. Tlox BiusiHUEM KCepOoPUTHU3ALUU KIUMAaTa B BOCTOYHOU U
FOTO-BOCTOYHOW YACTSIX TEPPUTOPUH TPOUCXOTUT PACIIMPEHHUE IUIOIMAACH JINCTBEH-
HUYHO-TAE)XHBIX T€OCUCTEM M OTTECHEHUE TEMHOXBOMHBIX Ha 00JIee BEICOKHE YPOBHHU.
OHOBPEMEHHO TEMHOXBONHBIE JIeCa C MUXTOH CMEHSIOTCS KeJPOBBIMU THO0 Keapo-
BBIMH C IIPUMECHIO CBETIOXBOUHBIX OpOJ. 1Ipy nocTaTOYHO 4acToi MOBTOPSEMOCTH
noxapoB (He pexe geM pa3 3a 100—150 5ieT) cymecTBoBaHHE TEMHOXBOITHO-TaeKHBIX
TEOCHUCTEM CTAaHOBHUTCS IPOOJIEMATHYHBIM JaXe B HanOoJiee O1aronpusITHBIX ISl HUX
HIPUPOJIHBIX YCIOBUSIX.
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OTH 3aKOHOMEPHOCTH XapAKTEPHBI TAKXKE U JIJIs1 CBETIOXBOMHBIX TUIIOB I€OCU-
creM. B aTOM citydqae 11ecooOpasyromyMK CTaHOBSATCS MEIKOJHUCTBEHHBIE MOPOJIBI
1100 KyCTapHUKOBBIC M TPaBSHUCTHIC (hopManny. BMecre ¢ TeM B CBSA3M € APHUKO-
BBIM 3((EKTOM Ha TUTAaHETEe OXKHIACTCS AajbHEHINee TMOBBIIICHHE CPeTHEeH TeMmepa-
Typbl Bo3myxa. IlociaeacTBus Takoro pe3Koro MOTEIUICHUS MOTYT OBITH KaTacTpo-
(UuHbI U1 TeocucTeM OOpeatbHOM 30HBI. AHTPOIIOTEHHAs JeTeIbHOCTD TAKXKE H3-
MEHMJIA U HaNpaBJICHHUE MPOLIECCOB OYBOOOPA30BAHNUS B PETHOHE, IO/ €€ BIUSIHHEM
o0mielt TeHIeHINeH N3MCHEHHS ITOYB TaCKHBIX T€OCHCTEM, HAXOAIINXCS B TIEPEXOJI-
HOH TI0JIOCE CO CTETIHBIMH, SIBIISIETCSI X OCTEITHEHNE, BEIPAXKAIOIIEECs B PUOIIKEHNN
K MOBEPXHOCTH KapOOHATHOTO MOPWU30HTA, CHIDKEHUH KHUCIOTHOCTH, TOSBICHUH CO-
JIOHIIEBATOCTH, YIUIOTHEHUH, 00Pa30BaHUU CTOIOUYATON CTPYKTYPHI.

3akia0uenue

3a nepuo nmo3aAHero KaHO03051 (MI/IOL[CH — I‘OJ'IOI_ICH) MMpON30LLI0 UBMCHEHHUE Ta-
€XXHBIX TCOCUCTEM PETHOHA, KOTOPOEC BBIPAXKACTCA B BBITCCHCHUUN IIUPOKOJIMCTBEHHBIX
JIECOB XBOWHBIMH U JalIbHEHIIIEM YCHUJICHUH ITPOLCCCOB OCTCITHCHUA. cDOpMI/IpOBaHI/Ie
u npeo6pa30BaHI/Ie Talru OBbLIO CBSI3aHO C aKTUBH3AIMECH TEKTOHHYECKHUX IIpo1ecCcoB
1 BBI3BAHHBIX UMW HCOJHOKPATHBIM HU3MCHCHHUEM KIIMMATHYCCKUX yCJ'IOBHfI, COIIps-
KCHHBIX C YCHJICHUEM KOHTUHCHTAJIBHOCTU KJIIMMAaTa U Pa3BUTUEM ITPOIECCOB apuam-
3alnu.
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Bausinue kainMaTn4ecKuX M3MEHEeHU I
Ha COUMAJIbHO-IKOJIorn4eckue cucrembl CeBepa

H. E. Kpacnomranoa (knesun@mail.ru)

Hucemumym ceoepagpuu um. B. 5. Couaser CO PAH, 2. Hpkymck
Uprymckuu cocyoapcmeennulii ynugepcumem, 2. Upkymck

AHHoTanus. V3yyaroTcst moCneAcTBUs KIMMAaTUYECKUX M3MEHEHHH, C KOTOPBIMH CTaJIKMBAIOTCA
skuTesu ceBepa MpkyTckoit oiacti B HacTosiIee BpeMs, a TAKXKE pacCMaTPUBAIOTCS aJalTalldoH-
HBIC IPAKTUKN MECTHOT'O HACEJICHNUS, TIO3BOJISIONINE MUHUMH3UPOBATh HETATUBHBIC COLIMAIBHO-IKO-
HOMMYECKHE IOCIIEJCTBHS OT ITUX M3MeHeHuH. [IpuMensioTcs oOleHayuHble METOAbl aHaIn3a U
CHHTE3a, IPH IPOBE/ICHUH MOJICBBIX HCCIESI0BAHUI OBUIN HCIIOIb30BAHbI METOIbI COLMAIBHBIX HAYK,
TaKHe KaK HHTEPBbIOMPOBAHUE, OIIPOCHI M HaOII0JeH s, FIcenenoBaHus [IpOBeIeHbl Ha IPUMeEpe paii-
onoB Kpaitnero CeBepa v MpUpaBHEHHBIX K HEMY TEPPUTOPHIA, B YaCTHOCTH, COOP MOJIEBBIX MaTEPH-
aJIOB ITPOBOJIMIICS B IOCEIEHUX pa3Horo yposHs Karanrckoro, Kupenckoro u Ycrs-Kyrekoro paii-
OHOB. M3yueHne BIMAHNA KIMMAaTHYECKUX U3MEHEHHH Ha HaceJIeHHE U 3KOHOMUKY CTPaHBI, OTAEb-
HBIX PETHOHOB M MX PaiiOHOB, a TAKXKE BOIPOCH! aJANTAlUK K STUM U3MEHEHUSM SIBIISIIOTCS CErOJIHS
OJTHUM U3 aKTyaJIbHBIX HAYYHBIX HAaIIPABJIEHUH, 4TO OTMedaeTcs B CTpaTerny HayYHO-TEXHOJIOTHYE-
ckoro pa3sutust PO u Knumaruueckoit nokrpune PO. Ilpuknagnas poiab Takux paboT BakHa JUIs
(hopMHPOBaHHMS IPOTPAMM U CTPATETUii Pa3BUTHUSI TEPPUTOPHIL, 4TO onpesensiercs: B CTpaTterun npo-
CTpaHCTBEHHOro pas3BuTusi Poccuiickoit Denepanmu Ha nepuox xo 2030 roga ¢ mporHo3oM 1o
2036 roxa.

KaioueBble c10Ba: connaibHO-9KOIOTHUECKHE CHCTeMBbI, CeBep, N3MEHEHNE KIIMMaTa, JIOKaJIbHBIN
YPOBEHb.

IIpobnemMsl, cBS3aHHBIC C KINMATHYECKUMM H3MEHCHHMSMH, OCOOCHHO aKTy-
AITBHBI TSI COLHATTBHO-IKOJIOTHYeCKUX cructeM CeBepa M APKTHKH, TaK KaK MPOHUCXO-
JiiIee TIOTEIUICHHE B BRICOKUX IIMPOTAaX MPOUCXOAUT 3HAYUTENEHO OBICTpEe, YeM Ha
ia”ere B 1esioM [ 10]. B pesyabTaTe cOnManbHO-IKOIOIMIECKUE CUCTEMBI STHX PEerH-
OHOB HCHBITHIBAIOT HETPOMOPIHMOHANBHO CHIBHOE BO3ICHCTBHE MOCIEACTBUH M3Me-
HeHus knumarta [ 11]. Beicokue TeMITbl i3MEeHEHUs KiimMaTa HabmoaarTes u B UpkyT-
CKOIi 00JIaCTH, MPEBBIIIasl CPSAHEPOCCUIICKHE TIOKa3aTemu [5; 6].

JKuzHenesTeIbHOCTh HACEIEHNUSI CEBEPHBIX TEPPUTOPUI BO MHOTOM OIpE/es-
eTcs MPUPOAHO-KIMMATHIECKUMH YCIOBUAMH M 9yTKO pPearnpyer Ha Bce H3MEHEHHUS,
B TOM YHCJIC B TAKHX Cepax KaK TPAHCIIOPTHOE COOOMICHUE, KITHITHO-KOMMYHAaIIb-
HOE XO035CTBO, IPOJOBOJIBCTBEHHOE obecredeHue u ap. Ocodoe 3HaueHne PUKCUPY-
IOMIKECS M3MEHEHNS KJIMMaTa UMEIOT JUIs TEPPUTOPHUN TPATUIIHOHHOTO IPUPOIOTIOIH-
30BaHMS, TJI€ TIPOXKUBAIOT KOPEHHBIE Hapoabl CeBepa i MpUpaBHEHHOE K HUM Hacelre-
HHE, 3aHUMAIOIINECS TPaAUIUOHHBIME BUAaMU JICSATEIBHOCTH, TAKMMU KaK OXOTa,
OJICHEBOJICTBO, PHIOOJIOBCTBO, COOUPATENBCTBO. [l0BCeIHEBHAS KU3HD U XO3SIICTBEH-
Hasl MPAKTHKA ITHX HAPOJIOB TECHO B3aMMOCBS3aHbI C OKPY’KAIOIIEH IPUPOTHOIL cpe-
JIOH, TIO3TOMY YK€ CETOHs OHH MTPUMEHSIOT Pa3HOOOpa3HbIe MPAKTUKU aIalTAllUH K
MPOHUCXOISIINM H3MCHCHHSIM. V3ydeHre OCIeACTBUI KIMMAaTHYCCKUX U3MCHCHUH 1
CHCTeMaTH3alMs CYIIECTBYIOINX MEXaHU3MOB aJaNTalluu HaceleHus cesepa MpkyT-
CKOI 00JTaCTH HMEeT BaXKHOE 3HAYCHNUE JIUTSI pa3paOOTKH IPOrpaMM TEPPUTOPHATEHOTO
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PasBUTHSA U MOAACPKAHUS YCTOWIMBOCTH COIHAIBHO-IKOJIOTHIecknX cucteM CeBepa
B U3MEHSIOMINXCS YCIOBHSIX.

COop nosneBbIX MaTepuanoB cobupaics B TeueHun 2022-2023 rr. Bo Bpems co-
[IaTbHO-TeorpadnIecKux nccaenoBanuil Ha Tepputopun Katanrckoro, Kupenckoro
1 Ycrb-KyTekoro paiionoB Mpkyrckoit oomactr. OCHOBHBIMH METOJaMH cOOpa Kade-
CTBEHHBIX MaTepHaloB ObLIM MHTEPBHIOMPOBAHHWE M ONPOCHI MECTHOT'O HACENICHHMS,
IpeAcTaBUTENEH pa3HbIX cep NPopEeCcCHOHANBHON IEATEIBHOCTH, a TAKIKE CTAPOKH-
JIOB 1 WICHOB OOIIMH KOPEHHBIX HAPOAOB. Bcero B MccieioBaHNN MIPHUHSUIN ydacTHe
118 pecroHieHTOB.

Karanrckuii paiioH eAMHCTBEHHBIN B pErHOHE OTHOCUTCSA K TeppuTopusiM Kpaii-
Hero CeBepa, Ha I0T€ OH TPAHUYUT C TPEMsI MyHHUIUNAIATETaMH, B YHCIIE KOTOPBIX
Kupenckuii u Yers-KyTckuil paiioHbl, OTHOCSAIIMECS K TEPPUTOPUAM, IPUPABHEHHBIM
k Kpaitnemy Cesepy. ColanbHO-9KOHOMUYECKUE YCIOBUS PA3BUTHA ATUX CEBEPHBIX
paiionoB MpKyTckoii o0siacTH 1o pa3HbIM cepam >KU3HEASSITeIbHOCTH HMEIOT BBICO-
KYyIO 3aBHCHMOCTb OT MOTOAHBIX M KIMMAaTHYeCKUX ycinoBuil. [IpakTudecku Bce moce-
nenus KaTaHrckoro pailoHa He UMEIOT KPYIJIOTOJUYHOTO HA3€MHOTO COOOIIEHNS, 3a-
BO3 OCHOBHBIX I'PY30B B PallOH OCYILECTBISIETCS B XOJOJHOE BpPeMs rofa 1Mo 3UMHHU-
kaM. Pan nocenenuii Kupenckoro u Yers-KyTckoro pailoHa Takke HE UMEIOT pery-
JISIPHOTO HA3eMHOTO COOOIICHHS C paifOHHBIMHU IIeHTpaMu. BaxkHoe 3HadeHue /IS co-
UAIbHO-IKOHOMUYECKOro pa3ButTHs ¥Ycrb-Kyrckoro u Kupenckoro paiioHOB uMeet
CyJI0X0ACTBO Mo p. JleHe, a 3Ta TpaHCIIOPTHAs OTPACHb, HA KOTOPOH TakKe 3HAUH-
TEJIFHO CKAa3bIBAIOTCS KIMMATHYCCKHE M3MEHEHUS U M3MEHEHUS THIPOJIOTHYECKOTO
pexxnma. TIporiecchl aemocTaBa 1 JIe0Xo/a BIHSIOT Ha TPAHCIIOPTHYIO CBSI3HOCTD TO-
POJIOB U MOCEIIKOB 10 GeperaM peK MCcleyeMOi TeppUTOPHUH, 0COOEHHO 10 Geperam
pexu Jlensl B Kupenckom paiioHe, Tak Kak TaM OTCYTCTBYIOT MOCTOBBIE IIE€PEIPaBhl.

Taxoke B 3TUX palloHax pa3BHTA MIPOMBICIOBAsS OXOTHHYBE-PHIOOIOBHAS JIEs-
TenbHOCTh. B Karanrckom paifoHe 3aperucTpupoBaHo Ooisiee AecsiTH OOIIMH KOpPEH-
HBIX MAJIOYUCIICHHBIX HAapOJO0B, 3aHUMAIOIIUXCS TPAJUIMOHHBIM IPUPOJONOIb30Ba-
HHEM (OXOTOH, PHIOOIOBCTBOM, COOMPATENBCTBOM, Ha CeBepe palloHa HECKONIBKO Ce-
MeH 3aHMMArOTCS OJIEHEBOJACTBOM). /Iyt MHOTHX kwuTeiel ceBepa MpkyTckoit obia-
CTH, 0COOCHHO CEJIBCKHX MOCENICHUH, TIPOMBICIOBAst ¥ PHIOOIOBHAS JICATEILHOCTD SIB-
JISIeTCS. OCHOBHBIM MCTOYHHMKOM MOTY4EHHs JOXOJO0B U MPOTYyKTOBOIO 0OECIeYeHus!.
[Ipouncxoasmiye KIMMaTHYSCKHE W3MEHEHUS CKa3bIBAIOTCSA Ha TPAJUIMOHHON es-
TEJIBHOCTH KaK MPsAMO, TaK M OIIOCPETOBAHO YePe3 U3MEHEHUE MPUPOIHBIX YCIOBHIA.

O030p Hay4YHOM JIUTEPaTyPBHI BBISIBHI PsiZl OCOOCHHOCTEH MPOUCXOAAMINX KITH-
MaTH4ecKux u3MeHeHuit B UpkyTckoif 061acTy, B TOM YHCIIe Ha ceBepe pernoHa. Ouk-
CHpyEMBbIC YUCHBIMH KINMATHYCCKHE W3MEHEHHs OBUTH COIIOCTABICHBI C PE3yNbTa-
TaMU MOJIEBBIX COLMOJIOTMYECKUX HCCIIEI0BaHNN B CEBEPHBIX paiioHax obuactu. B me-
JIOM HaOJII0/IaeTCsl COOTBETCTBHE OCHOBHBIX ()OPM KIMMAaTHYECKHX M3MEHEHHH M MX
nocneacTBHil. BMmecTe ¢ TeM moseBbIe HccaeJ0BaHIS O3BOJIMIN TIOJTyYUTh OoJee ae-
TaJIEHBIC CBEICHHS O BIMSTHUY U3MECHEHHS KJIMMAaTa Ha COHATbHO-IKOJIOTHYECKHE CH-
creMbl CeBepa, BBIIBUTH M NPEANPHUHATH MOMNBITKY CHCTEMAaTH3allMM HMEIOMINXCS
MPAKTHUK aJanTaliid MECTHOTO HACEJIEHHsI K 9TUM MU3MEHEHUsM (Tabil.).
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Tabnuya

Ha6IIIO,Ha€MLI€ KIIMMaTU4YECKUE NU3MEHCHHUS Ha CEBEPE I/IpKyTCKOﬁ 00IaCTH B UX IIOCICACTBUA

®DopMa IpOosBICHUS KIUMaTHYE-
CKHX H TIPUPOJIHBIX H3MEHEHHI

Iocnencrus, KoTopsIe
OTMEYAIOTCs KHUTEISIMU Ce-
BEpHBIX PaiiOHOB

IIpoGuiemsl
IS MECTHOTO HACEJICHHS

BolsiBIICHHBIE MEXaHU3MBI
ajanranuu

Hsmenenuss  memnepamyp-
HO20 pedxcuma ammocgep-
Hoz2o 6030yxa. Ob1iee norer-
JICHHE KIIMMAaTa W CE30HHBIC
tenaennyu [1; 4; 5; 7].

— Terutast oceHb;
— Tennast 3uma

CokpaliieHue CpokoB (HYHKIMOHUPOBAHUS
3MMHHKOB,

CrBuranue cpokoB Hayasia MPOMBICIOBON
OXOTBI;

VI3meHeHHs: CPOKOB MUTPAIMH IITHI] H KU~
BOTHBIX;

IMozanee «co3peBaHUe» MIKYPOK COOOJIS.

Hcnone3oBanue HOBBIX TEXHOJIOTHYeE-
CKHX JI0pOT;

Benenne 0XOTbI € y4ETOM U3MEHEHHUS
CPOKOB MUTPAIlMH ITHIL U JKUBOTHBIX;
Hcnonp3oBaHue IOHTOHHBIX MOCTOB Ha
BpeMs JIEJI0CTaBa.

Usmenenusn pescuma ammo-
cpepmvix ocaokos. Ormeda-
eTCs yBeJIMYEHHE CyMMBI aT-
MOC(EpHBIX OCAJKOB B 3HM-
Huit nepuon [1; 3].

Ilpy NOBBINIEHUH JICTHUX
TeMIIepaTyp OTMeYaeTcs
YMEHBILEHHE CyMMbI aTMO-
cepHbIX 0caKoB [6]

— VYBenuueHue KoJnye-
CTBa TBEP/BIX OCA/IKOB;
— YMeHbIICHHE KOoInue-
CTBa JKHUIKUX OCAJIKOB,
0CcOOEHHO BO BTOPOIt TO-
JIOBHHE JIeTa

Vxynauienne ycaoBuii (GyHKIIMOHUPOBAHHUS
3UMHHX JIOPOT, OBBIIIEHHE PACXO/I0B Ha CO-
JACPIKAaHUE 3UMHUKOB;

HaxoruieHne cHeroBoii Macchl MOBBIIIAET
PHUCKH BBICOKMX HABOJHEHUH;

Bospacranue noxxapoonacHOCTH B Taiire n
POCT KOJTMUECTBA JIECHBIX TT0KapOB;
Bo3spacranune npo6iem 6e30macHOCTH Hace-
JICHUS B CBSI3H C JICCHBIMH HOKapaMI;
IloTepst ieHHBIX YrOANMH U YHUYTOKEHHUE
OXOTHHYbEH HHPPACTPYKTYPBI, B pe3yiIbTaTe
JICCHBIX II0KAPOB (3UMOBBS, IOPOTH)

YBenuyeHue 3aTpar Ha YUCTKY U IOJI-
JiepKaHue 3UMHHX JI0pOT;

Crtporuii KOHTPOJIb MOCEIIAeMOCTH Jieca
B JICTHUI NEpUOJ;

Co3panue 1 mojiepKaHue MHHEPaIU-
30BaHHBIX TTOJIOC;

3abiaroBpeMeHHast OAr0OTOBKA Hacese-
HUSI K HABOJTHCHUSIM, CIICIIHAJIbHbIC
HPUCTPOMKH, JUTSl CHIKEHHUS yIIepOoB

Hsmenenus — eudponocuue-
CKO20 pedcuma pex.

C BO3pacTaHMEeM BEIMYUHBI
TBEPABIX OCAJIKOB, MOBBIIIA-
FOTCSl PUCKH HABOJHEHHH 1151
peK HCCIeayeMOi TeppHuTo-
PHH, KOTOpPBIE IO TE€HE3UCYy
OTHOCSITCSL K CHETOBOMY IIH-
TaHumo [8]

— HaBoguenus;
— ObmeneHue pek

Bo3pacranue 4acTOThI HOBTOPSIEMOCTH BBICO-
KUX HABOIHCHUI;

VXyuIeHne yciIoBHi 1714 3a¢34a Ha OXOTHH-
Ybe-pPbIO0JIOBHBIE YUaCTKHU;

VY 10poxaHue J0CTaBKU IPYy30B PEUHBIM
TPAHCIIOPTOM B JICTHHII IEPHOI;
[NoBbIIeHHE TeMIIEPATypbl BOJbI U HETaTHB-
HbIE TTOCJIE/ICTBHS JUIsl PHIOHBIX PECYPCOB;
3amops! pbIObI B 3UMHHUIT TIEPUOJL

3abiaroBpeMeHHas OArOTOBKA Hacelie-
HHS K HABOJTHEHMSIM, COOPYKCHHSI CIIe-
[HAJIBHBIX TIPUCTPOCK, JUIsl CHUIKCHHS
ymepoos;

Hcrosnp30Banue 00IETYCHHBIX BapHaH-
TOB JIOJIOK, MOTOPOB C 3aIUTO;
Henomnnas nmorpyska 6api;

BypeHue ba A1s IPeA0TBPAILCHHS 3a-
MOpa PhIOBI
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TpebyeT AOMOTHUTETHFHOTO UCCIISIOBAHUS TAaKOE SIBJICHNE KaK CyXHe rpo3bl. B
MOCJICHUE TOIBI ATOT MPHPOIHBINA (HaKTOP CTaJl JOMHHUPYIOMICH MPHIHHON BO3HHK-
HOBECHUSI JICCHBIX TI0)KapOB B TPYIHOJOCTYITHBIX pallOHaX Ha CeBepe 00JIaCTH COTIaCHO
odunmanbHON cTaTcTUKe. Takke HEKOTOPBIE UCCIIeI0BATE OTMEUAIOT, UYTO Ha Tep-
putopun CHOMPH 3TO SIBJICHUE YIaCcTHIIOCH B ocieaaue rosl [9]. Ho mpu atom ecth
000CHOBaHHBIC COMHEHHSI JCUCTBUTEIIFHO JIH CYXHE TPO3bI SIBISIOTCS IPUIUHON BO3-
pacTaHus KOJTUYECTBA JIECHBIX MOKapoB Ha ceBepe MpKyTCKoii 00J1aCTH HITH 3TO CKPBI-
TBI aHTPOTIOTeHHBIH (hakTop [2].

Bo3HUKHOBEHME pa3IMYHBIX ONACHBIX T'HAPOMETEOPOJOTHUECKUX SIBICHUN Ha
CeBepe pernoHa, KOTOpble PErUCTPUPYIOTCS BCE yallle, HalpuMep, Ipo3a co MIKBaJIOM
B Kupencke 23.07.2022, TpebyeT Oosee 1eTaTIbHOTO H3YYEHHUS IPOOIeMBbI KIMMaTHYe-
CKHMX M3MEHEHHMH U UX BO3MOKHBIX MTOCJIE/ICTBUMN.

Taxum 06pazom, HaOII0JaeMbIe TIOCIIEACTBISI KITMMAaTHUSCKIX H3MEHCHHHN YKe
CEero/IHs OKa3bIBAIOT 3HAYUTEIbHOE BIMSIHUE HA COLMATbHO-IKOJIOTMUECKUE CUCTEMBI
M3y4aeMbIX pailOHOB, KaK MPSIMO, TaK U OMIOCPEIOBAHO, Yepe3 N3MEHEHHE MTPUPOTHBIX
YCIIOBHH, a TaK KaK MECTHBIE COOOIIECTBA TECHO CBA3AHBI C IPUPOTHON CPEIOii, TO 3TO
3HAYUTEJIbHO CKAa3bIBAETCSl HA BCEX ACIEKTaX >KU3HEAEATEIbHOCTH, BKJIIOYasl pa3Hble
chepbl 5KOHOMUKH U 00ecriedeHns 0e30MacHOCTH HACEICHHSI.

Tpebyrorest mpoBeieHue OoJiee TeTATBHBIX UCCIeT0OBAHIA N3MEHEHHS KIIMMaTa
Ha TeppuTopHu ceBepa UpKyTckoi 00J1acTh sl U3yUCHHUS JIOKAITbHBIX OCOOCHHOCTEH
Y TOCIEAYIOUIEr0 MPOTHO3UPOBAHMSI CUTYAIlMH AJSl pa3pabOTKH COOTBETCTBYIOIINX
CIIEHApHUEB aJIalTAlluH COIMATbHO-IKOIOrHUeCKuX cucteM CeBepa K KITUMATHIECKUM
W3MEHEHHUSIM.
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VJIK 556.555.3

OneHKa MHOT0JIETHETr0 H3MeHEeHNsI KBAPTAJbHOT0 MPUTOKA
Boabl B KaMckoe BogoxpaHusmiie

B. H. Pomamosa (vikt.romashova@yandex.ru), K. JI. Muxosa

Tlepmckuil 2ocydapcmeeHHbll HAYUOHAbHBILL UCCTIe008amenbCKull yHusepcumem, 2. Ilepms, Poccus

AHHoTanus1. B uccienoBaHny BBINOJIHEHA OL[EHKa MHOTOJIETHETO U3MEHEHHMS IIPUTOKA BOJIbI B Kam-
CKO€ BOJOXPaHMIIUIIE 10 KBapTanaM. MCXOQHBIMU JaHHBIMU HOCITY>KHIM BEJIMYMHBI CPEAHECYTOY-
HOro NpUTOKa BOAbI K Bogoxpanuauity Kamckoit I'DC 3a nepuon 1954-2022 rr. [onyuennsie pe-
3yJIbTAThl IOKA3aJd, YTO BO BCE KBAPTAJIbl HAOIIOJACTCS YBEIMUYCHNE MIPUTOKA BOJBI B BOJLOXPAHH-
yimie. [Ipu 3ToM mpoBepka Ha CTaTUCTUYECKYIO 3HAYMMOCTh TOKA3aJla, YTO BBISIBIICHHbIE TCH/ICHITIH
CTaTHCTHYECKU He 3HaYrMbl. Hanbombiyto n3MeHunBoCTh UMeeT nputok Bosbl B 11 1 IV kBapramax
(Cy=0,36-0,38), HaumeHbI1ast "3MeHYUBOCTH ITpuToKa Bo 11 u I kBapranax (Cv=0,18-0,22). B nenom
3a [II u IV kBaprans! B Bogoxpanunuie nocrynaet 16—18 % mputoka. Bo Il kxBapTane B Bogoxpanu-
nue nocrynaer 60 % npuroxa.

Ki1roueBble cj10Ba: MPUTOK BOJBI B BOJOXPAHMIIHIIE, M3MEHYMBOCTh NPUTOKa, KaMmckoe Booxpa-
HUJIUIIIE.

BBenenne

IIpuToK BOABI B BOJOXPAHIIHUILNE CUUTACTCS OJHON M3 OCHOBHBIX XapaKTepH-
CTHK, KOTOPBIC BIUSIOT HA PEKUM PabOTBI THAPOIIECKTPOCTAHIUH. 11 TOrO YTOOBI
I'SC s dextrBHO paboraia HEOOXOAUMO 3HATH, CKOJIBKO BOJBI PUTEYCT K BOJOXPa-
HUJIUIY, a TAKOKe MIIAHUPOBATh CKOJIBKO YAACTCSA BBIPAOOTATh 3IeKTpodHeprun. Ecian
HENPaBUIbHO CIIPOrHO3UPOBATH KOJUYECTBO BO/bI, NOCTYNUBIIEH B BOJOXPAHUIIMILE,
OHO HE HAIOJHUTCS 10 MPOEKTHOH OTMETKU. B TakoM ciydae OHO CMOXKET HamoJ-
HHUTHCS B CIEAYIOIUIT pa3 TOIBKO Yepe3 TOJ, 4TO NMpUBEET K aehuuuTy Boasl. I1po-
THO3BI TIPUTOKA BOJBI K Booxpanmunry Kamckoit 'DC HeoOXoaUMBI 11 HaIeKHOM
1 3((EeKTHBHON IKCIUTyaTaIlliH BOJOXPAHMIIMIINA, a TAKKe JUTI MHHAMHU3AIAN PHCKa
BO3HUKHOBEHMS aBaPUUHBIX CUTYalUH.

PaboT, MOCBSIIIEHHBIX TPUTOKY BOIBI B BOJOXPAHIIIHUIIE HEMHOT'0, HECMOTPSI Ha
akTyaiabHOCTh TeMbl [1-3; 5; 6]. Jlnsa Kamckoro BomoxpaHuiuiia BOIPOCH! MPUTOKA
BOJIbI K BOJIOXPAHMJIMILY HEJIOCTaTOYHO U3yUyeHbl. B ycIoBUsAX, KOTJa MPOUCXOIAT CO-
BpPEMCHHBIE KIMMaTUYECKUE U3MEHEeHus [7], a Taxoke M3MEHEHUs 3UMHET0 CTOKa IO
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ce3oHaM [4], BOpOChI MPOTHO3a MPUTOKA BOABI K BOJOXPAHWJIMIILY OCTAIOTCS aKTYy-
anbHBIMU. [103TOMY IENTBIO MCCIICMOBAHUS SBISUICS aHAIM3 KBApPTAIGHOTO MPHTOKA
BOJIbI K KaMCKOMY BOJIOXpaHMIIUIILY 32 MHOTOJICTHUHN TIEPUO/I.

XapaKTepUCTHKA HCCIeAyeMoil TeppUTOPUH

Kamckoe Bogoxpanunuiie co3gano B 1954 r. Ha p. Kame, B pe3yinbrare crpou-
tenbcTBa Kamcekoit 'OC. Tepputopus Bogocbopa Kamckoro Bogoxpanunuiia, oomeit
wromaaeio 1910 km?, oxBaTeiBaeT Oacceitn Bepxueit u Cpenneii Kamebl, a Takxke pac-
I10JI0’KEHA Ha CeBepO-BOCTOKe eBporneiickoi yactu Poccun. [Ipoctupaercs Bogoxpa-
Huuie Ha 250 kM ¢ ceBepa Ha tor. [IpaBoOepexHas yacTh BogocOOpa pacroiaraeTes
Ha Pycckoit paBHUHE, 1eBoOepexHast — B MPEATOPhIX U HA 3aMaJHOM CKIOHE Ypaib-
CKHX TOop. Bomoxpanmnmine nMeeT BHITSHYTYIO GOPMY C M3PE3aHHBIMH Oeperamu H
KpymHbIe 3amuBbl. [Ipurok B Kamckoe BogoxpaHmmie hopMupyeT cTOK pek: Kamer,
Bumiepsi, Yycosoii, CeuiBa, SiiBel, IHbBa, KockBa 1 OOBEIL.

HMcxoaHble JaHHbIE H METOAbI UCCJIETOBAHUS

B pabote ucmonb30BaHbl MaTepHaibl pacyeToB [lepMcKoro meHTpa mo Tuapo-
METEOPOJIOTHU U MOHUTOPUHTY oKkpy:katoreit cpeas! (IILII'MC) no cpennecyTouHOMY
IPUTOKY BOABI K Bogoxpanmniry Kamckoit ['OC 3a nepuox 1954-2022 rr. Uccneny-
emasi xapaktepuctuka npurtoka paccuutana [IIII'MC mo ¢akTHuecKkuM 3HAYCHUSIM
pacxoza BOJBI B 3aMBIKAIOIINX CTBOPAX PEK, BTCKAMOIINX B BOJOXPAHIIIHIIE H OOKO-
BOM IIPUTOYHOCTHU C HEYYTEHHBIX TEPPUTOPHUIL.

OrnieHKa 3HAYUMOCTH TPEHJOB BbINoJHEHa 1o Benuunne p < 0,05. Jlms storo
ObLTa IPOBEpEHA HyJIeBas THITOTe3a 00 OTCYTCTBUU TpeHIa. Ecim ypoBeHb 3HaYMMO-
cti p < 0,05, To HyneBas runoTe3a OTBEPraeTcs, YTO 03HAYAET, UTO CYIIECTBYET CTa-
TUCTHYECKN 3HAYMMBIH TpeHa. B cimyuae ecnu p > 0,05, HyneBas Tunores3a npuHUMAa-
€TCsl, YTO YKa3bIBA€T Ha OTCYTCTBUE CTATUCTHYECKU 3HAUUMOTO TPEHA.

PesyabTathl U 00cy:KIeHHE

AHanmu3 MHOTOJICTHETO M3MEHEHHS MIPUTOKa BOIBI B Kamckoe BoIoXpaHHIHIIe
MIOKa3aJl, YTO BO BCE KBAPTaJIbl HAOIIOIETCSl pOCT MPUTOKA BoJbI (puc. 1, 2). M3mene-
HHE TIPUTOKA BOJBI K BOJOXpaHWIMITy Bo 1l kBapTaie, B Te4eHHE KOTOPOTO Ha peKax
MPOUCXOANUT OCHOBHASI BOJIHA BECEHHETO MOJIOBO/IbS, IMEET HEOOIBIIYIO TeHACHIIHIO
K pOCTy.

[TpoBepka CTATHCTHYECKOH 3HAYMMOCTH BBISBICHHBIX TCHJCHIMH IOKa3aia,
9TO TPEHJ SABJISAETCS CTATUCTUYIECKU HE3HAUUMBIM (p > 0,05). DT0 CBUAETENBCTBYET O
HECYIECTBEHHOM TOBBIIICHUH IIPUTOKA BOJIBI B TAaHHOM KBapTaje. Hanbonpmuii mpu-
Tok HaOmomancs B 1990 T., Korma KOJNHYECTBO IIOCTYMAIOIMIEH BOJIBI COCTABHIIO
50,3 km?, uTO Oosiee ueM B 2 pa3a MPEBBICHIIO HANMEHbIIIEE 3HaUCHUE TIPUTOKA, 3a(rK-
cuposanHoe B 1954 1. (20,1 xm*). CpenHsst 32 MHOTOJIETHUH MEPHOA BETUUUHA TIPH-
ToKa BoJbl BO II kBaprane cocraBuna 34,5 km>.
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Puc. 1. Muoronernee (1954-2022 rr.) u3sMeHeHHe IPUTOKA BOABI
k Kamckomy Bomoxpanwmmmnty 3a -1 kBapTan

Wzmenenne nputoka Bozasl B I1I kBaprane xapakrepusyercsi TEHACHIMEH K po-
CTy IPUTOKA BOJBI 32 PACCMATPUBAEMBIH MEpuo/]. AHAIN3 MHOTOJIETHETO H3MECHEHUS
MPUTOKA HE BBIIBIJI CTATHCTHYECKH 3HAYMMBIX U3MeHeHHH (p > 0,05). Hanbompmmii
MPHUTOK BobI HaOmroaancs B 2019 r. — 22,7 km*, a HANMEHBIIHIA PUTOK HAOIIOIAIICS
B 1960 r. u cocrasun 5,34 km?. CpeaHee 3HaUeHUE IPUTOKA 3a pacCMaTPUBAEMBbIil I1e-
puox coctasuio 10,118 kM. B HekoTOpbIe TOABI NPUTOK OBIT 3HAUUTEIHHO BBIIIE
cpemHero 3HaueHus (Hampumep, B 1956, 1959, 1962, 1965, 1969, 1971, 1978-1980,
1984-1987, 1991-1994, 1996, 2007-2009, 2012, 2015, 2017-2019 rr.), a B apyrue —
3HaYUTENbHO HIDKE (Hampumep, B 1954-1955, 19571958, 1960-1961, 1963-1964,
1966-1968, 1970, 1972—-1977, 1981-1983, 1989-1990, 1995, 1997-2006, 20102011,
2013-2014, 2016, 2020-2022).
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Puc. 2. Muoronerree (1954-2022 rr.) u3MeHEHHE TPATOKA BOIbI
k Kamckomy Bojoxpanmmuity 3a I11-IV kBapran

B IV kBaprane Hab1r012€TCSl POCT MPUTOKA BOJIBI K BOJIOXPAHMIIHIILY 32 TIEPUO/T
1954-2022 rr. HanGosnpmas BeIUM4YrHA MpUTOKA Habropanack B 2019 r., korna o0seM
nocrynatoueit Boas! coctaBui 19,8 km?. DT0 B IATH pa3 NpeBbICUI0 HAUMEHbILIEE 3Ha-
YeHHe MPUTOKa, 3apukcupoBanHHoe B 1974 r. (3,75 km?). Cpeansisi BeTUUMHA TPUTOKA
BOJIBI 33 TAHHBIN KBapTaji coctaBmia 8,98 kv®. B maHHOM KBapTasie B BOJOXPAHUIIHIIE
rmocTymaet B cpenHeM 16 % o0Imero mpuToka BOJIHI.

M3menunBocTh mpuToka Tak ke, kak B III kBaprame ocrtaercs BBICOKOH
C, =0,36 (Tabu. 1) nz-3a GONBIION HEONPEAETCHHOCTH BBIMAACHUS KUAKUX OCAIKOB.
JIaHHBIN MTeproj XapaKTepHU3yeTCsl MMEPEX0IOM OT OCCHHUX YCIOBHM B OKTIOpe (T10-
BEPXHOCTHOE ¥ IOJ3EMHOE MHUTaHHE PEK) K 3UMHHUM YCIOBHSM B HOsSOpe-nexadpe
(Tonbko rpyHTOBOE NUTaHue). [103TOMy U3MEHUYHUBOCTH MPUTOKA UyTh MEHBIIIE, YEM B
IIT xBaprane. B IV kBaprane m3MeHeHHE IPUTOKA BOJABI K BOJOXPAHMIIMILY TaKkKe
HMMEEeT TEeHJICHIIMIO K pocTy. [IpoBeieHHbIi aHaIN3 3HAYMMOCTH TPEHJ1a MOKa3all, YTo
JAaHHOE U3MCEHEHHe 3a repuon 19562022 rr. craTuctidecku He 3Ha4UMO (p > 0,05).
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Tabnuya 1
Bennunubl rogoBoro (kM. Ky0/ro/1) ¥ KBapTajbHOTO IPUTOKA BOBI (KM. KyO/KBapTa)
k KaMckoMy BOIOXpaHHIIHILY

Kgaprainbt emesafh
Tlokazarens
TIepPBBII BTOPOH TpeTuit YeTBEPTHIN LDIEOK
Cpeanuit mpuToK 3,73 34,5 10,1 8,98 57,3
Benuunna an;ITOKa B JIOJISIX 6 60 18 16 100
OT roJIoBOTr0, %
Haubomnpmmii mputok 6,51 50,3 22,7 19,8 78,9
(ronm) (2020) (1990) (2019) (2019) (2019)
Hawnmenpmmii npuTok 2,30 20,1 5,34 3,75 37,7
(rox) (1954) (1954) (1960) (1974) (1975)
Cy 0,22 0,18 0,38 0,36 0,16

B I kBapranie cpeausisi BeIMuMHa OpUTOKa BOAbI coctaBmia 3,73 km?®. IIpurox
BOJIbI B BOJIOXPAHUIIMIIE B JAHHBIN EPUOJ] HAUMEHBIIHNH (6 % OT TOZOBOTO MIPUTOKA).
B 2020 r. oTmeueHa HanOobIIAST BEIMYMHA TPUTOKA, KOT/Ia KOJTUYECTBO TOCTYIIAI0-
mei BoAbl cocTaBmwiio 6,51 km?. DTO B TpU pas3a NMPEBBICUIO HAMMEHbIIIEEe 3HAUYCHUE
npuTOKa, 3adukcuposaHHoe B 1954 r. u cocrasistroee 2,30 km®. (tadum. 1). Mexro-
JI0Basi I3MEHYNBOCTH NpuToka Hebombmast C,=0,22. B mepBoM kBapTaie, Ha KOTOPHIi
MPUXOIUTCS 3UMHSS MEKEHb, KaKOW-JIN00 TEHACHIINH H3MEHEHHUS IIPUTOKA BOIHI K BO-
JOXpaHWINILy He HaOmrogaercs. OLeHKa 3HAYMMOCTH TPEHJA MOoKa3ala, YTo TPeH[
CTaTUCTUYECKU He3HaYUMBIM (p > 0,05). B 2020 r. ormeueHa HanOomblIasi BETHUUHA
MPUTOKA, KOT/Ia KOJIMYECTBO IMOCTYIAIOIEH BoAs! cocTaBuio 6,507 km®. DTo B aBa
pasa npeBbIIaeT HAaMMEHbIIIee 3HAaUeHNE TIPUTOKA, 3aduKkcuposanHoe B 2012 r. u co-
crasisonee 3,087 km® Cpeansisi BelmuuHa nputoka Boasl 3a I kBaprTan cocraBuia
4,116 xm?.

BoiBoabI

Ha ocHoBe ananm3a KBapTaabHOI'O MPUTOKA BOJbI B KaMckoe BogoXpaHUIHILE
MOJKHO CJIEJIaTh BBHIBOJI O 3HAUUTEIBHON H3MEHUNBOCTH ITPUTOKA 32 pACCMATPUBAEMBII
nepuox (1954-2022 rr.).

B menom camast Oombliasi HK3MEHYMBOCTH TIPUTOKA BOABI K KaMckomy Bomoxpa-
Hunuiy HaoOmronmaercs B 11 u IV kBapTase, rae KO3QQUIUCHT BapUalUUd COCTABUI
0,38 1 0,36 COOTBETCTBEHHO. DTO CBSI3aHO C TE€M, YTO CTOK B 3TOT MEPHOI GOPMUPY-
€TCsl 3@ CUET JKUJKUX OCAJIKOB, KOTOPbIE MOTYT BBINAJaTh C Pa3HON BEPOSITHOCTBIO.
Camasi HaMMEHbIIIas U3MEHYMBOCTh HaOmoaaercs Bo 11 kBapraine, rae ko3¢ GumueHTt
Bapuaiu paseH 0,18. B aToT nepuos crok GopMUpyeTCs IPEUMYIIECTBEHHO 3a CUET
TasHUS cCHera Ha BojocOope. OCHOBHOW MPHUTOK BOJBI IPOUCXOIUT BO BTOPOM KBap-
Tajue, B BECEHHUH nepuoi, coctasiisisi 60 % OT rofoBOro NpuToKa.

Bce yertnipe ce3oHa (3uMa, BeCcHa, JIETO, OCEHb) XapaKTepU3yIOTCs pa3InyHbIMU
TEHICHIIUSIMU U3MEHEHUS PUTOKA BOJBI. [IpH 9TOM CTaTUCTHUECKHE POBEPKH TTOKa-
3aJI1, YTO UMEIOIIUECS TPEH/IbI SIBIISIFOTCSI CTATUCTUYECKH HE3HAYUMBIMHU.

286



CoBpeMeHHble TEHAEHLNUN 1 NepcnekTUBbLI Pa3BUTUSA rnapomeTeoponorui B Poccun
Mamepuarnsi VIl Becepoccutickoli HayyHo-npakmuyeckol kKoHghepeHyuu. Mpkymek, 19-21 mapma 2025 e.

Cnucok JIuTepaTypbl

1. Bopw C. B., bypaxos /I. A., Cumonos FO. A. MeToayka orepaTHBHOTO pacyeTa u MPOrHo3a CyTod-
HOTO NPUTOKA BOABI B BojoxpaHwmiie 3eiickoit I'DC // Tpyasl I'mapomernentpa Poccnu. 2016. Ne 359.
C. 106-127.

2. Jlonrocpo4Hslii aHCaMOJIEBBIl IPOrHO3 BECEHHEro MPUTOKA BOJbI B UeOoKcapckoe BOIOXPaHH-
JIMIIE HA OCHOBE THPOJIOTMYECKOH MOJENM: pPEe3yJbTaThl NPOBEPOUHBIX U ONEPATHBHBIX MHCIIBITAHHUIA /
C. B. Bopu, A. H. I'enbdan, B. M. Mopeiizo [u xp.] // Tpyast [ mapomMeTeoponornyeckoro Hay4HO-HCCIe 0~
BaTeNIbCKOTO HieHTpa Poccuiickoii ®enepanyn. 2017. Ne 366. C. 68-86.

3. TIporHosupoBanue nputoka Bojsl B [{umistackoe Bogoxpanunumie / C. B. Bopir, 0. A. CumoHOB,
A. B. Xpucrogopos, H. M. IOmusna // UccnenoBanus u nmporHossl. 2022. Ne 4. C. 47-63.

4. Tanoykoea E. B., Buxmoposa H. B., [leeamos B. C. MeTtouka cTOXaCTUYECKOr0 MPOrHo3a IpH-
TOKa BOJbI K Bojpoxpanuimiiam ['DC//CoBpeMeHHbIe MPOOIeMbl BOJAOXPAHWIMIL U MX BOogocOopos. 2019.
C. 19-22.

5. Kanawnuxosa O. FO. K pa3paboTke METOI0B IOJITOCPOYHOrO MPOrHO3a CTOKA FOPHBIX PEK H TPHU-
TOKa BOJIBI B BOJOXPAaHMIIMINA Ha TpuMepe pekn Hapbid // Hayka, HOBbIE TEXHOJIIOTHM M MHHOBAILMU KbIpTbI3-
crana. 2015. Ne 5. C. 100-103.

6. Jlumeurnos A. C., Kyuaii JI. A., Coxonosa E. H. AHanu3 nMHaMUKH TOJIOBOTO IIPUTOKA B PIOHHCKOE
BOJIOXPAHHJIMILE U ero MozenupoBanue / HayuHoe obecnieuenne peanusaiuu BoaHoit crparernu Poccuid-
ckoit ®eneparyu Ha nepuoa 1o 2020 roaa : ¢6. Hayu. Tp. [lerpozaBoack, 2015. C. 174-180.

7. Cokonog O. B., Ywakos M. B. Y4er KIMMaTH4eCKUX U3MEHEHUII IPH IIPOTHO3UPOBAHUHU MIPUTOKA
Bozibl B KosbiMcKoe BotoXpanuimine Ha Maii / Tpyzasl I'naBHo#t reodusnyaeckoit oocepsaropun uM. A. 1. Bo-
eiikoBa. 2012. Ne 566. C. 289-297.

287



Cekuyunsa 6

COBPEMEHHDIE
WHOOPMALIMOHHbIE TEXHOJIOTHU
B TMAPOMETEOPONOIUU




CoBpeMeHHble TEHAEHLNUN 1 NepcnekTUBbLI Pa3BUTUSA rnapomeTeoponorui B Poccun
Mamepuarsi VIl Beepoccutickoli HayyHo-npakmuyeckol KoHgeperuuu. Mpkymek, 19-21 mapma 2025 e.

V]IK 528.88(282.256.341)

MoaenupoBanue U pa3padoTKa NPOrpaMMHOI0 odecrneyeHust
JJIS1 aBTOMATH3HPOBAHHOI0 AHAJIN3Aa CIYTHUKOBBIX CHUMKOB:
OlIeHKA U MOHUTOPHUHT II0IAAH 0. Apku

®. M. Arapees (fm.inbox@yandex.ru)

Hprymckuil cocyoapemeennuiil yhueepcumem, 2. Uprymck

Annotanusi. CTaThsl MOCBSIIEHA pa3paboTKe MPOrpaMMHOTO 00ECIICUCHUSI JIUTsl aBTOMATH3UPOBAH-
HOTO aHaJIN3a CITyTHUKOBBIX CHUMKOB C II€JIbIO OLICHKM M MOHHUTOPHHIA M3MEHEHHs IUIOIIAIH O.
SIpxu, pacmonokeHHOTO Ha CEBEPHOI OKOHEUHOCTH 03. baiikan. [{is oneHKH mapaMeTpoB HCIONB30-
BaHbl JaHHble Landsat 3a mepuon oTkpbITON akBatopuu B 1995-2024 rr. Jlaetcs undopmanus oo
OCHOBHBIX 3Tarnax paboThl AIrOPUTMA TS pacyera IUIOMaan 0OBEKTa B 3aBUCUMOCTH 110 3HAYCHHSIM
crekrpanbHoro BogHoro unaekca (WRI) u npuBogutcst nHpopmanus o0 CTpyKType OTYET, COCTABIIS-
€MOM I10 pe3yJIbTaTaM paboThl anropuT™a. B xo/e nccineioBaHms pacCUUTaHbI IIOMAAN 0. SIpKu 3a
Oosee uem 150 HEl cbeMKH, HO BBUY HE CPa3y BBISBICHHBIX 1e()EKTOB CHUMKOB, B paOOTY B3SIThI
ToNbKO 144 nHs. 3a Bce 144 HS CHEMKH MOJTyYEHBI TaHHBIE O IUIOMIASX 0. SIPKU U COMIOCTABIIEHBI C
nHpopmarmeit 00 ypoBeHHOM pexrme 03. baiikai 3a mepuoj| nucciejoBaHusI.

KiiroueBble cj10Ba: CIIEKTPAIbHbBIIl BOIHBIN HHICKC, 0. SIpku, anroput™ o6padotku, Landsat.

Pabota 6b11a MoCBAIIEHa aBTOMATH3AIMH pacueTa 3HAUCHHS TUIOIA N 0. SIpKu,
PAcIOI0KEHHOTO HA CEBEPHON OKOHEYHOCTH 03. baiikal, mo 3HaueHHsIM CHEKTpallb-
Horo BoxHoro unmekca (WRI) [1; 2] u oOydeHuro aqropurMa JAjasi MOACTHPOBAHHS
IUI0IIAJEH 0. SIpKK B 3aBUCUMOCTHU OT YPOBEHHOIO pexkuMa 03. baiikail.

Jlis orieHKH MOpP(OMETPHUYECKUX ITapaMeTpOB OCTPOBA OBIIM HCIIOIB30BAHBI
nmanHble Landsat 3a mepuon oTkpeiTor akBatopuu B 1995-2024 rr. CymmapHO OBLIO
obpaborano 6onee 150 nHeil cheMku, HO B paboTe okazanuch Tosbko 144. Tax xe uc-
MOJIH30BAHHI JJAHHBIE 00 YPOBEHHOM pexxnume 03. baitkar.

Pa3paboTaHHEINH aNTOPUTM OTKPHIBAET TJIABHYIO TUPEKTOPHIO, COMICPIKAIIYIO B
cede marnkw Buna «/JJI. MM.ITT T, kaxknas marka, B CBOFO O4epe/ib, COACPIKUT (haiiiibl ap-
XMBa CIIEKTPAILHON ChEMKH 32 BEIOpaHHYIO AaTy. CKPUNT B 3aBUCUMOCTH OT OIpE/ENEH-
HOTO MCTOYHHKA TIOHUMAET, KaKue KaHaJIbl HaJl0 B3sITh 11t pacueta WRI (Tabm. 1).

Tabnuya 1
CrpyKTypa alropuTMa Jisi pacyera miomiam oobekTa B 3aBucumoctu o WRI

&

Oneparust
Onpenenenne nucrounnka gannsix (LT05, LCOS, LC09).
ITorck HEOOXOMMBIX KaHAJIOB B AUPEKTOPUH MO KPUTEPUSIM.
Pacuer WRI.
O0peska pacTpa 1o BEKTOPHOW MacKe.
Pexnaccugukanust o NPUHIMIY «CYyIIA-BOJA».
[IpeoGpa3oBaHue pacTpoOBOrO CJI0s B BEKTOPHBIIA.
Pacuer rutomanu o0bekTa.
3amnuch aHHBIX (MUI0MIA/11) B aTPUOYThI BEKTOPHOT'O CIIOSL.
CoxpaHeHHe BEKTOPHOTO CJIOS.
0 | CoxpaHeHHe TaHHBIX 3a PACUCTHBIN Mepuo B (aii . xIsx.

= O |QA|N|n | |W| N |—
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Tax xax (aiisl CIyTHUKOBOW CHEMKH COJIEPIKaT B Ha3BaHUH CBEICHHS 00 mc-
touynuke nanubix (LTOS) m HoMepe kaHana, ObUIO IPUHSATO PEIIeHHEe alTOPUTM CTPO-
UTh Ha WJICHTH(OUKALUH YTUX JTaHHBIX.

Pazpaborans! aBe ocHOBHBIC (DyHKINH: | — OYHKIMS ONpeIeNeHIs THIIA CITyT-
HUKa I10 COJICPKaHUI0 HANMEHOBAHHS OTACIBHBIX (haiiiioB. 2 — DyHKINS OnpeieeHus
KaHaJIOB CIIyTHHKA I10 COJICP)KaHNI0 HAaMMEHOBAHMS OT/IENbHBIX (aiinoB (puc. 1).

def detect_satellite(foider s for band_name, band_num in band_mapping.items():

# Coanael N0HE! NOMCHA BAiN0B € Y4ETOM PA3NMIHLX GODMATOB UMEHOBAHHA
YHKUMA A1A OMPEAENSHAA THNA CTYTHUKA HA OCHOBE MMEH $aAN0B & nanke. band_patterns =

Bosspauaet ko w3 satellite_band_mappings unv None. f*_B{band_num}.TIF, # Hanpumep, *_B3.TIF

f*_80fband_num}.TIF,, # Hanpumep, *_BO3.TIF

1if files = glob.globlos path join{folder_path, '* tif}) + glob.glob{os path.join{folder_path, "* TiF')) f*_8{band_num}tif,
for file in tif_files f*_B0fband_num.if,
filename = os.path.basename(file) SR_B{band_num].TIF", # Hanpumep, *_SR_B3.TIF

IfLT05' in filename or 'LEOS" In filename: 80{band_num}.TIF,

_B{band_numltif’,
_SR_B0{band_num} if

return ‘Landsat_S'

elif 'LE07" in filename or 'LTO7" in filename:
return ‘Landsat_7'

elif'LCOR" in filename or 'LOO%'" in filename:
return ‘Landsat_8"

€lif 'LC09" in filename or "LO09' in filename:
return ‘Landsat S

return None # CriyTHIK He OnpeeneH

DyHRUMSA ONpefeneHns KaHanos

CNYTHUKE ——

DyHKUMA onpeaeneHuns
WUCTOYHMUKa AaHHbIX

LTO5| L2SP_132021 20090601 20200827 _02_T1

®opmaT MMEeHM CMYTHUKOBOTO CHUMKa B apxuse USGS EarthExplorer.

Puc. 1. DyHkuun uieHTHGUKAIMN HCXOHBIX JAHHBIX

Jlnist onpeieieHyst KaHAJIOB CITyTHUKA TaKyKe COCTABIICH CIOBAph B 3aBUCUMOCTH
OT UCTOYHHKA JTAHHBIX. 371eCh PEJICTaBICH KPATKHH BBIBOJ PaOOTHI aJITOPHTMA MOCIIe
00paboTKH Kaka0i manku. Pabora mporpaMMBbI cBeJIcHa K IUKINIECKON, paboTa mpo-
rpaMMBbl 3aBepLIAeTCs IociIe 00padOTKH BCEX IMOMNAIOK INIaBHOW aupexTopuu. Kpar-

KW BBIBOJI ITOCJIE 00Pa0OTKH KaXI0H MOAMANKA PEJICTaBIeH Ha pUC. 2.
O6paborka nanku: 01.06.2009

Omnpenenen cmytauk: Landsat 5

Haiinen daiin s kanana Green (Band 2): LT05_L2SP_132021_20090601_20200827_02_T1_SR_B2.TIF
C:\Users\theringismine\AppData\Local\Temp\ipykernel 10824\769709405.py:73: DeprecationWarning: The 'unary
__union' attribute is deprecated, use the 'union_all()' method instead.

mask_geometry = [mapping(mask_gdf.unary_union)]

Haiinen daiin ams kanama Red (Band 3): LTO5_L2SP_132021_20090601_20200827_02_T1_SR_B3.TIF

Haiinen ¢aiin qs kanana NIR (Band 4): LT05_L2SP_132021_20090601_20200827_02_T1_SR_B4.TIF

Haiinen ¢aiin qs kanana SWIR (Band 5): LT05_L2SP_132021_20090601_20200827_02_T1_SR_B5.TIF

Bce HeobxoiMble KaHabl HaiineHsl. Boimonusercs pacaer WRIL

WRI cioit coxpanen 1o mytu: W:/Self/Postgraduate/Projects QGIS/DISS_PRJS/data_2\01.06.2009\01.06.2009_ W
RLtif

IIpumenenue macku k WRI cioro.

Pexnaccudummposannoe WRI n3obpaxenne coxpaneno no mytu: W:/Self/Postgraduate/Projects QGIS/DISS_PRJ
S/data_2\01.06.2009\output\01.06.2009_WRI_reclassified.tif

KOHBCpTaL[Plﬂ pacTpa B BEKTOP JJIA MOJTYYEHHUS KOHTYypa OCTPOBaA.

IInoutans octposa: 3.013 kB.kM

BexkropHslii ciioii octposa coxpaseH 1o mytu: W:/Self/Postgraduate/Projects QGIS/DISS PRJS/data_2\01.06.2009
\output\01.06.2009 _island.shp

Puc. 2. Otuer anroputma nocie 00pabOTKN Kax 101 MOIIAIIKH
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beun paccunTansl momany o. SApku 3a 6onee yem 150 qHEH CheMKH, HO BBUIY
HE Cpa3y BBIABICHHBIX JIE(PEKTOB CHHMKOB, B Pa0OTy B3STHl HAa JTAHHBIH MOMEHT
Tonbko 144 nus. 3a Bce 144 nHS CheMKH HOJIYYEHbI JaHHBIE O IUIOMIAJAX O. SIpKu.
JlanHble 00 ypoBeHHOM pexknMme 03. baiikan ObUIM B HANIWYHMU TOJNBKO 3a MEPHO C
2008 mo 2019 1. (49/144 nueii cvremrn) — AVIC T'MBO. KoaddunmeHnt Koppensin
psiznoB 3a gaHHBIN epuon —0,95. DTo CBUAETENBCTBYET O BBICOKOI 00paTHOH 3aBHCH-
Moctu (puc. 3).

F, k2
F, a2

nara fama

Puc. 3. Pesynbrar paboTsl alropuT™Ma — pacCYMTaHHbIC IUIoNau o. SIpku (cnesa) u ['padpux
M3MEHEHHs IIomaau o. SIpku u yposHeit 03. baiikan (crpaBa)

C 1eTbI0 yBETUUCHHS JaHHBIX ISl 00y4YeHUs OyIyIIero aJropuTMa MOISIUpPO-
BaHM IUIOIAAeH 0. SIpku, ObUIH paccYUTaHbI TEOPETUUECKUE JaHHBIE 00 YPOBCHHOM
pexxnme 03. baiikan 3a nmepuoasl ¢ 1995 mo 2008 u ¢ 2020 mo 2024 r. st 9TOr0 ObLT
HAIIMCaH aJiITOPUTM, B KOTOPBIN OATPY>KACTCs TaOIUIIA ¢ IBYMS pIaMy HaOJIFOICHUH,
OJIMH 13 KOTOPBIX BKJIFOYAET MPOIMYCKU AaHHBIX. [Iporpamma pasjenser JaHHbIE Ha
M3BECTHBIE U OTCYTCTBYIOIIME, HA OCHOBAHUU JIMHEHHOMN perpeccuu ornpeaesser mno-
TPEITHOCTH JAHHBIX U 3aIIOJIHACT OTCYTCTBYTomue (puc. 4). lannsre: 1. Mudopmaris
00 ypoBeHHOM pexuMe 03. baiikan mo qanasiM AVIC 'MBO u pacueTHbIC MIIOIMIaIn
o. Spku (2008-2019 rozasl, 49 nueit cvemxu). 2. PacuerHsle miomamu o. Spku c
1995 no 2024 r. (144 nus cvemkm) u 3. OTCyTCTBYIONINE JaHHBIE 00 YPOBEHHOM pe-
skume 03. baiikai ¢ 1995 o 2008 u ¢ 2020 mo 2024 r. KoahhunmeHT Koppessiuu 1mio-
maau 0. SIpku ¢ pacyeTHhIMHE (BKJIFOUas (JaKTHIECKUE) TAaHHBIC 00 YPOBEHHOM PEKUME
03. baiikain cocrasnser —0,91.
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Puc. 4. I'padux cBsizu mwiomau o. SIpku u Gpakruueckux ypoBHei 03. baiikan (ciesa) u ['padux
CBSI3U IUIOLAAN 0. SIpKu 1 pacueTHbIX ypoBHEl 03. baiikan (cnpasa)
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CMoenpoBaHbl OTCYTCTBYIOIIHE JaHHBIE 00 YPOBEHHOM pekuMe 03. baiikan
3a mepuox ¢ 1995 mo 2007 u ¢ 2020 no 2024 r. Ha ocHOBaHMU pe3ynbTaTa padoTa Mo-
nenu, pa3paborad anroputM (Talu. 2) Ui MOACIHPOBaHHS MOP()OMETPUICCKUX U3-
MeHeHuid 00bexTa (0. SpKn).

Tabnuya 2
CTpyKTypa anropuTMa Jiisi MOACIUPOBAHHS U BU3yalH3allui MOP(GOMETPHIECKUX H3MEHEHUH
Ne Oneparust
1 3arpy3ka BEKTOPHBIX KOHTYPOB
2 IIpuBs3ka ypoBHs BOJbI 03€pa K aTpuOyTaM IUIOLIAAN BEKTOPHBIX cI0eB 03. baiikain
3 OOyueHHe MOJENH: IOCTPOCHHE 3aBUCUMOCTH MKy YPOBHEM BOJIbI U ILIOMA/IBI0
4 3anaercs ypoBeHb 03. baiika, s KOTOPOro BHIIIONHSIETCS MOAEIUPOBAHHE
5 I'enepanus MopomMeTpHIECKUX U3MEHEHHUH 0. SIpkn

[TporpaMma no3BOJIIE€T MOAEINPOBATH U BU3YaIM3UPOBATh (puc. 5) Mopdomer-
pHUYecKre N3MEHEHUs OeperoBoil JIMHUK 00bEKTa, OCHOBBIBASACH HA 3aBUCHMOCTH MO-
nenu. Bee pacuers! anroputM nposoauT B EPSG: 32649 WGS 84 UTM zone 49N.

N\

Puc. 5. PaccuntanHble aIropuTMOM BEKTOPHBIE CIIOU 0. SIpKH

Cnucok 1MTepaTyphl

1 Mopososa B. A. Pacuer MHIEKCOB JUIS BBIBICHUS U aHAIN3A XapAKTEPUCTHK BOJHBIX 00b-
€KTOB C MTOMOIIBIO JAHHBIX JTUCTAHIIMOHHOTO 30H1upoBaHus / COBpeMeHHbIE NPOOIEMbI TEPPHUTO-
puanbHoro paszsurus. 2019. Ne 2. ID 85. C. 1-11.

2 Manuniox T. A., Macnosa A. B. ViccnenoBanue BOTHBIX TTOBEPXHOCTEH 03€p IMMyTEM HUCIOIb-
30BaHUS BOJHBIX MHEKCOB 110 JaHHBIM JIMCTAaHIIMOHHOTO 30HIMpOBaHus / BecTHuk 3abaiikaiib-
ckoro rocynapctBennoro yausepcutera. 2017. T. 23, Ne 3. C. 4-11.
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VK 551.5(571.53)

CraTucTuyeckuii aHAJIM3 JAHHBIX 00 aTMOC(EPHBIX 0CagKaAX
HA METEeOPOJIOTrHYeCKUX CTAHUUAX U CTAHIMAX MOHUTOPHHIA
XHMHMYECKOro cocraBa ocaakos B Upkyrckom YI'MC

. A. Tanymun (galushin2012@yandex.ru)'2, C. A. I'pomos (gromov(@igras.ru)',
C. M. ABziees (avdeevbio@yandex.ru)*

! Unemumym anobanvrozo kaumama u sxono2uu um. axao. 0. A. Uspasna, 2. Mockea

Poccuiickuii cocyoapcmeennwiii acpapnbiii ynusepcumem — MCXA um. K. A. Tumupszesa, . Mockea
SUncmumym 2eozpagpuu Poccuiickoti akademuu nayx, 2. Mockea

YBeepoccuiickuil HayuHo-uccae008amensCKutl UHCIUMYm CelbCKOX035CMEENHOl OUOMexXHOI02UL,
2. Mockea

AnHoTanus. VccrenoBaHue NOCBSIICHO aHAJIM3Y BPEMEHHBIX PsAJI0B aTMOC(EPHBIX OCAIKOB, CO-
OpaHHBIX Ha CTAHIMAX METEOPOJIOTHYECKON CETH M CTAHLMAX HAOJIONCHUS 32 XMMHYECKUM COCTa-
BoM ocasikoB (XCO) B MpkyTckoii obnactu. Mcrnonp3oBanich JaHHbIE HAOIIOJCHUIT 3a MEpHO C
2010 o 2020 r. OCHOBHOM 1IEIBI0 OBLUIO OLIEHUTH BO3MOKHOCTh OOBEIMHEHHS JaHHBIX dTUX CETEH
JUISl pEelIeHUs] HAYYHBIX 33/1a4 BO3JICHCTBHIO aTMOC(EPHOrO 3arps3HEHUS HA MPHPOJHBIC YKOCH-
CTEMBI, B TOM YHCJI€, C UCIIOIB30BAHUEM CPE/ICTB HHTEPIIOSIUK B FeONH()OPMALIMOHHBIX CHCTEMAX
(T'C). B pabore ananuzupoBaiuck aanHble cranuuii Mpkyrckoro YI'MC Pocruppomera, u3 Koto-
pbIX Ha 24 BefyTCs TOJIBKO METeoposiorndyeckue Habonenus, a Ha 10 opraHn30BaH MOHUTOPHHT
XUMHYECKOI'o cocTaBa OCaJKOB. Brln ucnons30BaHbI COBPEMEHHBIC METOJBI CTATUCTUYCCKOI'O aHa-
JIM3a, BKIIFOYAsi CTAaHIaPTHBIE IAPaMETPhI, KOTOPbIE MO3BOJISIOT OLCHUTH OJHOPOJHOCTD JAHHBIX TIPU
CPaBHEHHMHM PE3yJbTaTOB JUIsl CTAHIMI yKazaHHbIX ceTel. IlomyueHo, 4yro KodhGUIMEHT BapHaluu
cymM ocajxoB Ha craniusax XCO Bapbupyer ot 10 10 24 %, Toraa kak Ha METEOPOJIOrHUECKUX CTaH-
IUAX OH coCcTaBisAeT oT 9 10 28 %. DTo ykas3bIBaeT Ha BO3MOKHOCTh COBMECTHOTO HCIIOIb30BaHUS
JaHHBIX 00enx cereil wis pacmmpenns nHpopmaruu B ['MIC. [pakTudeckas 3Ha4MMOCTb UCCIIEI0-
BaHMHs 3aKJIFOYACTCA B BO3MOXXHOCTHU HUCIIOJIB30BaHUS O6”be}11/IHeHHbIX JAHHBIX JUIA U3YUYEHU, MOJIE-
JIMpoBaHus U aHanmu3a ocaakoB B 'UC, uTo crocoOCTByeT MOTyueHHIO 00JIee TOYHBIX U JeTaTbHBIX
OLICHOK BIIQJKHBIX aTMOC(EpHBIX BbINaieHuil BemecTB B VIpkyTcKoii 06aacT.

KuroueBsle ciioBa: armocepubie ocanku, koddduuuent Bapuannu, MpxkyTckas oonactb, MeTeo-
poJIOTHsl, CeTh XMMHYECKOI0 COCTaBa 0CaJIKOB.

BBenenne

MerteopoJorusi, Kak HayKa, M3y4aeT aTMoc(epHbIe IPOLIECCH U UX POJb B (hop-
MUPOBaHUM Ha KIMMAaTUYECKUE PEKUMBI TEPPUTOPUI peruoHoOB. B nocnennue necs-
TUJIETHS CTATHCTUYECKHE METOJBI CTATIH HEOTHEMIIEMOI YaCThIO METEOPOJIOrHYECKHX
UCCIIEI0OBaHUM, OTKPHIBAsi HOBBIE TOPU30HTHI B TOHUMAaHUH U IPOTHO3UPOBAHUM KITH-
MaTHYeCKUX 0COOCHHOCTEH PalilOHOB MCCIEJOBAHUH U BO3MOXKHBIX MPOSIBICHUH H3Me-
HEHMH KIIMMaTa. DTH METOABI MO3BOJIIOT HE TOJBKO ONPENENIATh CPEAHNE 3HAUCHHS
METEOPOIOTNYECKUX DJIEMEHTOB, HO M BBIABIATH MX BapUATHBHOCTB, YTO SIBIISETCA
KJIFOUEBBIM JUIS aHAJIM3a U MHTEPIpEeTaly JaHHbIX [2].

KommuecTBo aTMOC(epHBIX 0CaJKOB — OJUH U3 HanOoJee BaKHBIX METEOPOIIO-
THYECKHX 3JIEMEHTOB, KOTOPBIE ITOIBEPKESHBI 3HAYNTEIHHON H3MEHINBOCTH U KoJieba-
HUSIM BO BPEMEHH U IMPOCTPAHCTBE. AHAIM3 UX CTATUCTUYECKUX XapaKTEPUCTHUK, Ta-
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KHX KaK CpeTHHE 3HAUCHUS, TUCTIEPCHs, KO PHUINESHT BapHaIli 1 ACHMMETPHH, 1103~
BOJISIET BBISBJISITH 3aKOHOMEPHOCTH, KOTOPBIE HE BCET/la OUEBHIHBI TPU HCIONb30Ba-
HHUHU TOJIBKO CPEJHUX CYMM OCaJIKOB. ITO OCOOEHHO Ba)KHO JUIsl OLICHKU BIIMSHUS at-
MOC(EPHBIX IPOILIECCOB Ha reorpadniIecKyro Cpeay 1 BBISBICHHUS BOZMOXKHBIX KIINMa-
TUYECKUX U3MEHEHH.

OpHako, HECMOTPS Ha 3HAYUTENBHBIE TOCTHKEHUS B 001aCTH CTATUCTUYECKOTO
aHaJIM3a METEOPOJIOrMUECKUX JaHHbBIX, CYILECTBYET PsiJi OrPaHUUYEHUN €ro UCIO0JIb30-
BaHMA. CyIIeCTBYIOIINE METOBI YaCTO HE MO3BOJIAIOT YIUTHIBATH OCOOCHHOCTH pac-
TIPEe/IeNICHNs PE3yJIbTaTOB HAOMIOCHHUH BO BpEMEHN M IIPOCTPAHCTBE, UTO 3aTPyIHSET
BBISIBJICHHE CKPBITBIX 3aKOHOMEPHOCTEH M MEXaHU3MOB (DOPMHUPOBAHMS KIIMMaTHIE-
CKOTO pe’kKHMa. B ¢Bs3M ¢ 3TUM BO3HHKAET HEOOXOAUMOCTH B Pa3pabOTKe U BHEIPEHUH
HOBBIX TIOJXOJIOB, KOTOPBIE MOTJIH OB 00JIee TOYHO M TIOJTHO OMHCHIBATH METEOPOIIO-
ru4eckue nporeccsl [3; 4].

Oco0oe BHUMaHUE yJIeNSeTCs NCCISA0BAHUIO aTMOC(HEPHBIX OCaKOB U MX XH-
MHYECKOT0 cocTaBa. OCagKi HTPArOT KIFOUEBYIO POJIb B IEPEHOCE 3arPSA3HSIONINX Be-
IIECTB M MX PACIpE]e]ICHNM Ha PErHMOHAIbHOM ypoBHE. B Poccun ¢dynkmmonupyer
CeTb MOHUTOPUHIA XUMHUECKOro cocTaBa ocaakoB (XCO), ogHaKO COBPEMEHHOE KO-
JIMYECTBO €€ CTAaHUUM HEAOCTATOYHO Ul IIOJHOIO OXBaTa TEPPUTOPUU CTpaHbl. B
CBSI3U C 3TUM Hapsily C pacUIMPEHHEM CETH CTaHIMI aKTyallbHOM 3ajauell sBseTcs
pa3paboTKa HOBBIX METO/IOB aHAIM3a U 00PAOOTKH JOTIOJIHUTEIbHBIX JaHHBIX, ITOJTY-
yaeMbIX Ha rocynapcTBeHHoi HabmomarensHol cetu (I'HC). IlepcrnekTuBHBIM
HANpaBJICHUEM SIBIICTCA MHTETpalys JaHHBIX, Mody4aeMbIx co cranuuit XCO, ¢ uH-
(opmanmeii ot cetn Pocrunpomera, 9TO MO3BOJHT IOBBICUTH TOYHOCTH M JIOCTOBEP-
HOCTB MOJIy4aeMbIX MPOCTPAHCTBEHHBIX PE3YJIBTATOB U orleHOK. OnHako st addexk-
TUBHOT'O UCIIOJIb30BAHUS 00BEIUHEHHBIX JaHHBIX HEOOXOJUMO MPOBECTH OLEHKY HX
COIIOCTABUMOCTH U JIOCTOBEPHOCTH.

B nanHO# paboTe MpoBOAUTCS aHAIN3 IPUMEHEHMS CTATHCTHYECKUX METOJIOB
JUISL OLICHKH TIPOCTPAHCTBEHHBIX BApHUALNIl XapaKTEPUCTHK aTMOC(EPHBIX 0CAKOB Ha
Teppuropun MpxyTckoit o0nactu. B nccnenoBaHuN HCTIONIB30BAHbI JaHHbIE, TOTYIEH-
HBIX co craHiui HaOmonernid 3a XCO u MeTeoponorndeckux ctannui. llenpio pa-
OOTBHI SBIISIETCS OLIEHKA BO3MOXKHOCTH TIPIMEHEHHS JaHHBIX €IWHOI CeTH Al HHTep-
HOJISIMY MHpOPMALUK 00 3arps3HeHUH aTMOC(EPHBIX BBITIAZCHUN JUIsl TEPPUTOPUH C
HCTIONB30BaHNeM TeonHpopmarnoHHbIX cucteM (IUC).

Jnst JoCcTHKeHNS! 9TOMH 11enn OBLIN pEeleHb! CIEAYIONINe 3a0atH:

1) cOop ¥ cucTeMaTH3aMs JaHHBIX 00 aTMOC(HEPHBIX 0CATAKAX C METEOPOIIOTH-
YeCKHUX CTaHIMH VpKyTCKoN 006JaCTH U CTaHIINI MOHUTOPUHTa XMMHYECKOTO COCTaBa
0CaJIKOB PEroHa;

2) aHaIM3 CTATUCTUYECKUX XapPAKTEPUCTHK OCAIKOB;

3) oLieHKa TOYHOCTH M HAJEKHOCTU JAAHHBIX, NOTy4eHHbIX co ctannuil XCO u
METEOPOJIOrMYECKUX CTAHLMM, Ul JaJbHEUIIEr0 UCII0Ab30BaHMsl B UHTEPIIOJISALOH-
HBIX MOJEIISX.
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MeToabl M MaTEPHAJIBI

Jnst mpoBeNEeHUsI CTATUCTUYECKOTO aHaIM3a TOJOBBIX CYMM aTMOC(EpHBIX
0CaJKOB MCHOIb30BAINCH JaHHBIE, OTy4YeHHbIe U3 Beepoccniickoro Hay4Ho-HCCIe-
JIOBaTEJIbCKOr0 HMHCTUTYTA T'MAPOMETEOpPOJIOrHueckoil uHpopmanuu — MupoBoit
IIEHTP JTaHHBIX (J1ajee — METeOPOIOTUIECKIE JTaHHbIC), & TAKXKE JaHHbIE, COOpaHHbIE
13 ©XKErOHUKOB Pe3yJIbTaTOB HAOIIOICHUI 32 XMMHYECKUM COCTaBOM OCaJKOB (71a-
aee — craniun XCO) [1; 6], mybnukyemsle ['aBHOM reodusnyeckoil odcepBaTopueit
(I'TO) Pocrugpomera (puc. 1).

JIis mpoBeIeHNS CTATUCTUIECKOTO aHAIN3a OBLTH MCIIOIB30BaHBI COBPEMEHHEIC
CTaH/IapTHBIE METOJ(bI 0OPaOOTKN M aHaJM3a JAHHBIX, BKIIFOUasi METOIbBI OIHCATENb-
HOW CTAaTUCTHKH, TaKUE KaK BBIYUCICHHE 3HAUCHUN CPEIHUX, MEIHaH, CTAHIAPTHBIX
OTKJIOHCHHH U K03()(HUIIMEHTOB BaPHAIIUH.

Kupencic

_EPwoBe  makcumoso

BpaTtck

Huxneyannck
Tynyn .
- HKuranoso
Casmnck
. & Banaranck
Mepeeos -

PemMX0BO  Bannpai
XoMyToB:
“UpkyTeK BoRLLIce FonoycTHOS

Xawap - DaGah = WiéToK AHrapel
| ~Bankaneck

Puc. 1. PacrionoxeHne CTaHIM XMMHIECKOTO COCTaBa 0CAIKOB (KpacHbIe TOUKH) U
METEOPOJIOTHYECKUX CTAHIIMI U MOCTOB (CHHUE TOYKM) B IpKyTCKOit o0macTu

Pe3yabTaThl 1 UX 00Cy:K1eHHS

B pamxax gaHHOTO MccienoBaHMs ObUT MPOBEIEH aHAIN3 MapaMeTPOB OMHCa-
TENIBLHOW CTATUCTUKH IJIsl KOJIMYECTBA BBINABIINX OcaakoB B VpkyTckoit obnactu, oc-
HOBBIBAsICh Ha AaHHBIX HaOmoeHui 3a nepuox ¢ 2010 mo 2020 r. Ocoboe BHUMaHKE
YGNATIOCH OIIEHKE BO3MOYKHOCTH HCITONB30BAaHMS JaHHBIX ceTn Y MC ams unTeprmo-
JSLAU JAHHBIX O XUMHYeCKOM cocTaBe ocagkoB XCO 1 MoAenupoBaHHs MPOLECCOB
BBINA/ICHUS 3arPs3HSIONINX BEIIECTB B MaciiTadax peruona. J{is sroro O6bu1 paccun-
TaH K03 GUIHEHT BapHaIi CyMMBI 0CaIKOB, KOTOPHIH SIBIISCTCS BaYKHBIM ITOKa3aTe-
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JIeM OJTHOPOIHOCTH AaHHBIX. COTJIACHO JINTepaTypHBIM HCTOYHHKAM, 3HAUECHHE KO3 (-
¢urnmenTa Bapuanuu, npepblmaromee 33 %, CBUACTENBCTBYET O HEOJHOPOTHOCTH
JIAaHHBIX U JIeJaeT UX HEMPUTOAHBIMU JUIS JallbHEHIero aHaansa.

B cocrase cetu Upkyrckoro YI'MC Pocrumpomera Ha TeppuTopuu odiactu
(YHKIMOHUPYIOT 24 CTaHIWH, HAa KOTOPBIX BEIYTCS TOJBKO METCOPOIIOTHYCCKHE
HaOmroeHus, U 10 craHnui, B IporpaMMy KOTOPBIX BKJIFOUCHBI TAK)KE OTOOPHI POO
Ha XUMUYECKHUN COCTaB OCAAKOB. YUMThIBast, 4To HaOmoaeHus 3a XCO Ha Tpex cTaH-
musx (bomsmmoe Nonoyctroe, McTok Anraps! n baiikansck) 6sumn HadaTs! B 2010 T,
CTATUCTUYECKUI aHanm3 npoBoamics 3a nepuoa ¢ 2010 mo 2020 rr., gaHHbIE 32 TIE-
puox ¢ 2003 mo 2010 r. He ObUTH BKJIFOUYCHEI [5].

CpeaHerooBoe KOIUYECTBO OCAJIKOB B PETHOHE IMPOCTPAHCTBEHHO BapbUpyeT
oT 168 MM Ha ocTpoBHOM cTanuuu Xyxup 10 1338 MM Ha ropHO cTanuuu Xamap-
JabaH, 9TO CBUACTECIHCTBYET O 3HAYUTEIHHON HEOIHOPOTHOCTH TeorpadUuecKux 1
KIIMMaTo00pa3yIomux yciuoBuil. MeuaHHOe 3HaUeHNE CyMMBI OCaJIKOB TaK)Ke IEMOH-
CTPHUPYET 3HaUNTENbHbIC pa3nudus: oT 160 MM Ha cT. Xyxwup mo 1301 mm Ha cT. Xa-
map-/laban (puc. 2).
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Puc. 2. CpeJHEMHOTOJICTHSISI TOJI0Bast CyMMa 0CaIKoB ¥ KO3 (HIMEHT BapHalliy JaHHBIX
cranuuit XCO Mpkyrckoit obnactu 3a nepuon ¢ 2010 mo 2020 r.

Jucnepcust psaoB AaHHBIX O KoIMuecTBe ocagkos ais cranuuil XCO Upkyrt-
CKOM 001acTH JEeMOHCTPUPYET 3HAUMTEIbHbIC pasnuuus: oT 1379 Ha cr. Xyxup 10
17 552 na ct. Baiikanbck. DT0 yKa3bpIBaeT Ha BRICOKUH pa30poc JaHHBIX IO TO/IaM, 0CO-
OCHHO JUTS CTaHIMU, PACIOJI0KECHHBIX B TOPHBIX pailoHaX. MUHAMAaIbHBIC 3HAUCHHS
Jucriepcun HabmonatoTest s cranuuii Xyxup u [IpeoOpakeHka, 4TO MOXKET CBUJIE-
TEJILCTBOBATH O OoJiee CTaOMIBHBIX KIMMAaTHIECKAX YCIOBUAX B 3THX pailoHax.
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CranmapTHOE OTKIOHEHHE, SBIISIONIESCS BaKHON XapaKTepUCTHKOM pactpesie-
JICHUsI JaHHBIX, B JAHHOM HCCJIEJJOBAHUU AJIsl CYMM I'OJJOBBIX OCa/IKOB HA CTAHLUSX B
TOPHOW MECTHOCTH BapbHupoBajio B mpenenax ot 129 no 131. {ns cranuuit Xyxup u
IIpeoOpaxeHka ero 3Ha4eHUsT COCTaBWIH 37 U 43 COOTBETCTBEHHO, YTO yKa3bIBAET Ha
Oosee y3Kkwif HHTEPBAJ N3MECHEHUI HanboJee BEpOsSTHRIX 3HAUCHHUH MO CPaBHEHHIO C
JIPYTMMHU CTaHLUSIMU.

AHanmu3 acHMMETPUH pacTIpe/IeNIeHNs JAHHBIX BBIABUI HanOoJIee BEIPAKCHHYIO
JIEBOCTOPOHHIOID aCHMMETPHIO pacTpeeNieH sl sl CTaHuy bpaTck ¢ Koappurimen-
ToMm acumMeTpun —1,21. B To ke Bpemsl, Ha ctaHIK baikabck HaOIIoIaeTCs «Ipa-
BOCTOPOHHSISI» acCUMMETpPHs CO 3HadeHueM B 1,26. Dkcluecc pacnpeesieHus TaHHbIX
Ha cTaHIMK baiikamsck coctaBmister 2,02, 94TO yKa3bIBaeT Ha OCTPOKOHEUHYIO (hopmy
rpaduka u 0oJee BRIpaKEHHBIE ITMKH IT0 CPABHEHHIO C HOPMAJIBHBIM PacTIpe/IelICHHEM.

Koaddumnment Bapmanuu CpeaHEMHOTOJICTHUX TOJOBBIX CYMM OCAJKOB JUIS
BCEX HAOMIONATEIbHBIX CTAHIIMH XUMHYECKOTO COCTaBa 0cajkoB B MpkyTckoil obma-
ctu m3mensiercst oT 10 10 24 %. DTo CBUAETENBCTBYET O JOCTATOYHO BBICOKOW OHO-
POIHOCTH TaHHBIX TOJOBBIX CYMM OCaJKOB. Takwe 3HaueHHs KOd(PQHUIIHEHTa BapHa-
LUH YKA3bIBAIOT HA CTAOMIIBHOCTD M COTIIACOBAHHOCTb JIaHHBIX, UTO SIBJISICTCS BaYKHBIM
JUIS aNbHEHIIero aHaan3a U UHTEPIPETAIlH PE3yJIbTaToB.

[Ipumenenue mpaBmiIa Tpex CUTM (TTOKA3BIBAIOIIUX TPAHUIIBI C BEPOSTHOCTHIO
97 %) MO3BOJISIET ONPEICIUTH TOBEPHUTEIFHBIC MHTEPBAJIBI ISl CPCIHUX 3HAYCHUI.
Jnsa cranmun baiikanbck uHTepBan cocrasisger oT 411 qo 1205 mm ocaakoB, a ams
cTaHIK XyXup — OoT 56 10 278 MM. DTH HHTEpBaJIBl OKA3BIBAIOT AUANA30H 3HaUe-
HUH, B KOTOPOM C BBICOKOH BEPOSITHOCTBIO OyTyT HAXOAUTHCS CPETHUE MHOTOJICTHHE
TOJIOBBIC CYMMBI OCAJIKOB Ha JaHHBIX CTAHIHSX (pHUC. 3).

CraHuum

@=@== H1)KHAA FPaHNLLA MHTEpBana e=@==BepXHAA rpaHULLa UHTEPBaNA

Puc. 3. JloBeputenbHbIe HHTEPBAJIbBI ISl CPEHEMHOTOJIETHUX T'OIOBBIX CYMM aTMOC(EpHBIX
ocazkoB utst cranimii XCO B UpkyTckoii obmacti
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B xone ananmmza KIMMaTHYECKUX TAHHBIX TSI METEOPOJIOTHMIECKIX CTaHITHIM,
PAacIoNOKEHHBIX B PErHOHE, BBIABICHO 3HAYUTEIBHOE Pa3sHOOOpasme IS CPEeTHHX
CyMM BBINA/IAI0ILIETO 3a IO KoinuecTBa ocaakoB. Ha cr. bonpmol Yikanuii octpoB
3aUKCUPOBAHO MUHUMAIBHOE KOJMYECTBO OCAJIKOB (TSI PACCMATPUBAEMBIX METEO-
POJIOTHYECKUX CTaHIMI perruoHa) — 224 MM, B TO BpeMsl Kak Ha cTaHuu Bepxuss ['y-
Tapa HaONIOJAaeTCsi MaKCUMajbHOE 3HavyeHWe — 579 MM. MenuaHa CyMM OCaJKOB
Tak)Ke JEeMOHCTPUPYET IIUPOKHUIl nuana3on: oT 213 MM Ha ctaniuu bonpmoit Yka-
HUH 0cTpoB 10 559 MM Ha ctanimu Bepxwusist ['yrapa (puc. 4).
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Puc. 4. CpeJTHEMHOTOJICTHSISI TOJI0Basi CyMMa O0CaJIKOB M KO3(D(DUIIMEHT BapHaIly TaHHBIX CTAHIINI
YI'MC Hpkytckoit odnactn

Haubonbmuii pa36poc ro10BbIX JaHHBIX OTHOCUTEIBHO CPEAHEr0 3HAUeHHs OT-
MeueH Ha ctannuu TymyH, rae aucnepens coctasisteT 16301. DTo ykaspBaeT Ha 3Ha-
YUTEIbHYI0 BapHAaTHBHOCTH KOJIMYECTBA OCAJKOB B JAaHHOM pernoHe. Hamportus,
HaMMEHBIINH pa3opoc 3adUKCUpOBaH Juls cTaHIMU Mamakan ¢ puctiepeneit 1903, uro
CBHUJICTEIIBCTBYET O HE3HAYUTEILHBIX MEKIOJJOBBIX U3MECHEHHSX B BBIMAJCHUU aTMO-
chepHBIX 0cankoB. COOTBETCTBYIOIIME CTAaHIAPTHBIC OTKJIOHCHHS COCTABIISIOT
128 s cranuuu bonbiioi Yiukanuil octpos u 44 nis cranuuu Mamakas.

Pacnpenenenue naHHBIX HAa MCCIEAYEMbIX CTAaHLUSX MMEET aCUMMETPUYHBIN
xapakrtep. Koadpurnment acummeTpun Ha cranimn KazaunHckoe cocrasiser 1,53, 9to
YKa3bIBaeT Ha CMEIICHHUE PACIpe/eIeHNs B CTOPOHY OoJiee BBICOKMX 3HaueHHH. Ha
cranunu Taiimer naGmomaercst oOpaTHas KapTHHA — KOI(GHUIMEHT aCHMMETPHU —
0,76. Dkcrecc Takke pasnudaeTcs: Ha cTaHIM Ka3aumHCKOe pacrmpesielieHHe NMeeT
OCTPOKOHEUHYI0 GopMy (Kodpduiment skcrecca 3,92), 4To yKa3plBaeT Ha HAIMYHE
«TOJICTBIX XBOCTOB)» M BEPOSATHOCTb PEIKMX SKCTPEMalIbHBIX 3HaueHui. Ha crannmm
TynyH pacnipesesieHne XapakTepu3yeTcst INIOCKOBEPLIMHHON (opMoi (K03 PUIEeHT
skcrecca —1,48), 4To roBOpUT 0 GOBIIECH BEpOATHOCTH OTKIOHEHUH OT CPEIHETO.

MO>KHO yTBEpPKIATh, YTO C BEPOSITHOCTBIO 97 % (IIPaBHIIO TPEX CUI'M) 3HAYCHHS
ocazkoB Juist ctaHiuu TyiyH OynyT HonanaTth B AOBEPUTEIbHBIN HHTEpBAT OT 81 10
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847 MM, 9TO yKa3bIBaeT Ha 3HAYUTENBHBIN pa30poc 3HaUCHNH psAa TaHHbIX. [ cTaH-
mmu bonbmioi Yimkanuii ocTpoB uHTEpBaN coctaBiseT oT 64 1o 383 MM, 4TO Takxke
CBUJETEILCTBYET O 3HAUMTENILHOM pa3bpoce 3HaueHui (puc. 5).

Ocagku, mm

CraHuumn

e=@= H13KHAA rPaHNLLA MHTEPBANA =@==BepXHAA rPaHNLA UHTEPBa/a

Puc. 5. JloBepuTeNbHbIC HHTEPBAJIbI IS CPEAHEMHOTOJICTHUX I'OJJOBBIX CYMM aTMOC(HEPHBIX
ocajikoB Ha cranuusx Mpkyrckoro YIMC B 2010-2020 rr.

Koa¢pduument Bapuanuy AaHHBIX MO OCaJKaM Ha BCEX METEOPOJOTHYECKHX
CTaHIIUAX PETHOHA cocTaBisieT MeHee 33 %, 4TO yKa3blBaeT Ha MX OJHOPOIHOCTH.
CpaBHeH#e KO3POUITMEHTOB BapHAIUH TSI METEOPOJIOTHIECKUX CTAHIIUN M CTAHIHI
cetn XCO moaTBepkIaeT OAHOPOJHOCTD TAaHHBIX B JIBYX Pa3IMYHBIX CETAX HAOIO/e-
HUH. DTO NO3BOJISIET CUNTATH 0OOCHOBAHHOM HKCTPAIOJISIIMIO JTAHHBIX O COJIePKaHUU
cynbdaroB u HUTpaToB co ctannuii XCO Ha palfOHBI, TIE MPOBOISTCS TOJIBKO METEO-
POJIOTHYECKUE HAOIIOACHUS, YTO PACIIHPSCT BO3ZMOKHOCTH aHAIN3a IPOCTPAHCTBEH-
HBIX XapaKTePUCTUK U3MCHCHUI BIIQXKHBIX BBITAJICHUI KUCIOTOOOPA3YIOIIUX BEIICCTB
B PETUOHE.

3akiarouenue

AHanu3 naHHbIX HabmogeHui 3a ocaakamu Ha cetd YI'MC Pocruapomera B
HpxyTckoit 0071acTH BBISIBUII H3MEHUUBOCTD CPETHEMHOTOJIETHAE CYMM OCAKOB JIJIS
METEOPOJIOTHUECKUX CTAHIIMHI B Pa3HBIX YaCTAX PETHOHA. DTH Pa3InIusi 00y CIOBICHBI
Kak reorpauueckiuMu (pakropamu, TaKk ¥ MECTHBIMU KIIMMATOOOPa3yONIHMH yCIOBHU-
SIMH, BKJTFOUasi 0COOCHHOCTH pelibeda, OJIM30CTh K KPYITHBIM BOJJOEMaM U UX BIUSIHUE,
a MHOTJIa BJIMSHUAE aHTPOIOTCHHBIX (PakTOpPOB. BrIcoKass MeXro10Basi H3AMEHYHBOCTH
0CaJIKOB Ha HEKOTOPHIX CTAHIUAX TOJYCPKUBACT HEOOXOIUMOCTD MPOBEICHHUS JTalTh-
HEHIINX HCCIICIOBaHUI C UCIOIB30BaHUEM 00JIee [UIMHHBIX PsIOB HAONIOICHUI st
MOJTyYeHHsI yTOYHEHHBIX OLIEHOK COBPEMEHHBIX XapaKTEPUCTHK, a TAK)KE BO3MOKHBIX
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TPOSIBIICHUHA KIIMMATHYECKUX W3MEHEHUH, /U WX HUCIOJIL30BAHUS B MCCIICIOBAHUIX
BO3JICHCTBHUS 3arpsA3HEHUS aTMOC(EpPhl Ha IKOCHCTEMBI pETHOHA.

CpaBHeHME KOA(P(PHUINCHTOB BapUAllMU U JOBEPUTCIBHBIX WHTEPBAJIOB ITOKA-
3aJ10, 4TO IaHHBIE MeTeoposiorniecknx cranimil u ctannuit XCO B UpkyTckoit obna-
CTH XapaKTePU3YIOTCS BHICOKOW CTETICHBIO OJHOPOAHOCTH CTATHCTUICCKHUX MapaMeT-
POB. DTO MOATBEPIKIAET BO3MOXKHOCTh HCIIOJIB30BAHMS STHX JAHHBIX COBMECTHO JIJIS
SKCTPAIOJIALIUU U MPOBEJCHHS aHAIU3a B TeONH(OPMAIIMOHHBIX CHCTEMAX, a TaKkKe
JUTSI TIPOBEAICHUST KOMIUIEKCHBIX HCCIIEIOBAHNI B 00JIACTH YKOJIOTUH U METEOPOJIOTHH.

Uccneoosanue evinonneno 6 pamxax memvt HUOKTP AAAA-A20-
120013190049-4 «Pazsumue memooo8 u MeXHOLO2UN MOHUMOPUHSA 3A2PA3HEHUs
npUpoOHOTl Cpedbl 6credcmeue MpaHcePaHUUHO20 NePEeHOCA 3a2PAZHAIOUUX Gelyecms
(EDK OOH: EMEII, MCII KM) u xucrommusix evinadenuti 6 Bocmounoti Aszuu
(EAHET)».

Cnucok 1MTepaTyphl

1. lannble — Beepoccuniickuii Hay4HO-HCCIEA0BATEILCKUIH MHCTUTYT M'HAPOMETEOPOIOrHYECKOM HH-
¢dopmanmu — MupoBoii 1ientp aanubix. URL: http://meteo.ru/data-access/?ysclid=m7n9sioqmt480250968
(mata obparenns: 03.02.2025).

2. Hcaes A. A. Cratuctika B METEOPOJIOTHH 1 KiuMaTonoruu. M. : M3n-so MI'Y, 1988. 248 c.
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VK 551.510.42(571.1)

Murpauust B/l uz CYB/] Oracle B CYB/] PostgreSQL
B PaMKaxX HMIOPTO3aMelleHusl

A. A. Jlourerxo (docl7aleks@gmail.com)

Bceepoccutickuil nayuno-ucciedo8amenbCkuil UHCMumyn UOPOMEmeopos0cUteckoil un@opmayuu —
Mupoeoii yenmp oannvix, 2. O6HUHCK

AnHoTanus. CTaThs MOCBSIICHA NOUCKY ¥ IPUMEHCHHIO METO/IOB JIUIsI MUTPAIMX 0a3bl JaHHBIX N3
cucTeMbl yrpasieHus 6aszamu aanubeix Oracle B cuctemy yrnpasnenust 0azamu qanHbix PostgreSQL
B paMKax IpoIiecca 0 UMIIOPTO3aMELICHHIO IIPOrPaMMHBIX CPEJICTB.

KiroueBsle c1oBa: cuctema ynpasieHus 0a30i JaHHBIX, CTPYKTypa 0a3bl JaHHBIX, MUTPALHs Oa3bl
nmannbix, Oracle, PostgreSQL, Ora2Pg.

ITocTanoBKa 3agaun

B nacrosmiee Bpems B mpakTuke L{eHTpa okeanorpadudecknx manabix (IIO1) u
rOCyJapCTBEHHOH cucTtemMe wWHpopManuu o0 oOctaHoBKe B MHPOBOM OKeaHe
(ECUMO) npumensiercs CYB/] Oracle, kak OCHOBHOE XpaHUIIUIIE JAHHBIX U OCHOB-
HOM MHCTPYMEHT COJIepKATeIbHON TIepepadOTKH JaHHBIX.

B ocHOBY mporpaMMHEIX CpEICTB HAaKOIUICHUS, XpaHEHUS U MpeoOpa3oBaHUS
nanubix B [{O/] nonoxena uaes ucnonbszoBanust CYBJl BEICOKOro ypoBHs, KOTOpPOE
MOXeT 00eCHeunTh HaKOIUIEHHE OOJBIIOro 00beMa MCXOTHBIX (HAOIIOEHHbIX) daH-
HBIX (mopsaka 20 T6aiT), comepkaTeTbHyI0 00padOTKY NCXOJHBIX JaHHBIX M MOTyde-
HUE TIPOM3BOIHBIX JIAHHBIX Takxke Oobiroro oobema, CYB]] Oracle.

Taxas CYBJ] Oblna 3akymieHa, COTPYIHHKH Mpouuty o0ydeHue mo pabote c
atoii CYB/] u nucnonp3oBanu ee B TeueHue nocieaanx 20 mer.
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Puc. 1. Tlpumep XpaHUMBIX JaHHBIX B Oa3e paHHBIX B Oracle
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CornacHo pemenusm [IpaButensctBa P®, Takoro poaa nporpaMMHbIE CPEACTBA
JIOJDKHBI OBITh 3aMEHEHBI Ha POCCHHCKHMI aHaJIOT MM CBOOOJHO pacHpoCTpaHsieMble
IpOrpaMMHBIE CPEACTBA.

B xauectse 3amensr CYB/] Oracle nmpuHATO pemeHne UCTIoIb30BaTh 00BEKTHO-
PEIAIIMOHHYIO CHCTEMY yIIpaBiIeHus 0a3amu JaHHbIX PostgreSQL.

OCHOBHOM 3a/1aueii sIBISIETCS MOUCK U NPUMEHEHHs anroputMa 3ameHsl Oracle
Ha PostgreSQL.

IMouck meTona aast OCyHIeCTBJICHUA MUT'Pallln 0a3bl TaHHBIX

MmuoskecTBo Poccuiicknx opraHm3aluii CTOJIKHYJIOCH ¢ MOAOOHOH mpobiemoit
murpaiun CYBJ] Oracle na CYB]] PostgreSQL.

IIpumeHsanuch pa3anuHble METOBI 7S OCYILECTBIEeHUS epeHoca b1, Takue kak
PY4HOI! TIepeHoC, CO3/IaHnE CIICINAT3UPOBAHHBIX KOHBEPTEPOB MM HCIIOJIB30BAHNE
YK€ TOTOBBIX.

CymrectByeT MHOXKeCTBO pa3nuiyabix KoaBepTepoB CYB]] Oracle B PostgreSQL,
TaKHUX Kak:

— Ispirer Toolkit,

— CYBERTEC MIGRATOR,

— Full Convert,

— ¥ MH. Jp.

Ho MHOrMe 13 HUX MIaTHBIE WK UMEIOT KaKHe-1100 OrpaHUueHUs], T0ITOMY J1a-
nee OyzeT paccMOTpeH OecrutaTHbIN koHBepTep Ora2Pg.

Ora2Pg — 310 GecruraTHBI MHCTPYMEHT, MCHOIB3YEMBI I MUTPAIiy 0a3bl
nmaaHbIX Oracle B PostgreSQL. O mogxirogaercs k 6a3e nanubix Oracle, aBTomatnye-
CKHU CKaHUPYET ee U U3BJICKAeT ee CTPYKTypy WIH JaHHEIE, a 3aTeM reHepupyeT SQL-
CKPHIITHI, KOTOPBIE BBl MOXKETE 3arpy3HTh B 0a3y maHHbBIX PostgreSQL.

Ora2Pg MOXHO WMCIIONB30BaTh JUTSI JIFOOBIX IIEJeH — OT pEHH)KMHUPHUHTA 0a3bl
nanHbIx Oracle 10 MUrpanyy OrpoOMHON KOPIOPAaTHBHOM 0a3bl JaHHBIX WM IIPOCTON
peTTKannuy HeKOTOphIX HaHHbIX Oracle B 6a3y naHHbIX PostgreSQL. Ona ouens mpo-
CTa B WCIIOJIB30BAaHNH M HE TpeOyeT HWKAKWX 3HAHWH o 6aze maHHBIX Oracle, kpome
yKa3aHHs IIapaMeTpoB, HEOOXOANMBIX JUIS TOJKIIIOUCHHMS K 0ase naHHbIX Oracle.

YcTaHoBKa H HACTPOIiKa KOHBepTepa

V nporpammel Ora2pg HeT rpaduueckoro uHTepdeiica U B3auMOACHCTBIE ¢ HEl
MPOUCXOANT Yepe3 KoMaHAHYIo cTpoKy. [lepenoc b/l MOXKHO TPOM3BOAUTE KaK Ha OIe-
paumoHHbIX cucreMax Unix, Tak 1 Ha OC Windows. Oxnnako Ora2Pg cocrout n3 Perl-
ckpunTa (ora2pg) u Perl-momynsa (Ora2Pg. pm), mosToMy At €e YCTaHOBKH H ycCTa-
HOBKH HeoOxoanmbIx Moayneit DBD::Oracle u DBD::Pg nHa OC Windows B ToKyMeH-
tauuu Ora2pg npeuiaraeTcsi HCroib3oBath Strawberry Perl.

Strawberry Perl — ato cpena perl it MS Windows, conepikaiias Bce HeoOXo-
JFIMOE IS 3aITycKa M pa3paboTKy MpiioxkeHni Ha s3b1ke perl. [Tocie ee yctaHOBKH 1
3aIycKa JJOCTaTOYHO BBECTH CIIEAYIONINE KOMaHIbI Ul yCTaHOBKU Moyiei Perl He-
ooxoaumbIx st pabotsl Ora2pg (Oracle u PostgreSQL y»xe g0/KHBI OBITh YCTAaHOB-
JICHBI):
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cpanm DBD::Oracle

cpanm DBD::Pg

Jlanee HeoOX0AMMO CKavyaTh U pa3apXUBHPOBAThH apxuB ora2pg-24.3.zip. [locne
BBEJICHHSI CIISIYIOINX KOMaH 1 yctaHoBka Ora2pg Oy/ieT 3aBepIleHa:

cd “ITyTe 10 comep>KMMOTO apXuBa ora2pg-

24.3.zip” perl Makefile.PL

gmake && gmake install

IToaroroBka m HacTpoiika MPoeKTa MUTPALIUH

Jnst Hactpoiikn pabotsl Ora2pg HEoOXOIMMO CHaJana co31aTh MPOEKT Iepe-
HOCa MCHOJIB3YysT KOMaH/IbL:

cd “TlyTs nmupekTopun ycraHoBieHHo# Ora2Pg” ora2pg --init project “Ha3sa-

HUE NpoeKTa”

[Tocne co3manmsi MPOEKTa CO3AcTCS JUPEKTOPHS MPOEKTa, B KOTOPOH Oyner
¢aiin koupu-rypaunu neperoca. OH U copepkuT napameTps! padotsl Ora2pg. Ilepe-
YHCINM OCHOBHBIC, KOTOPBIE HEOOXOANMO H3MEHHUTD:

— ITyte no aqupexropun Oracle;

ORACLE HOME “ITytb o nupexropun Oracle”

— Anpec BJ] Oracle u pouss, gepe3 kotopyto Ora2pg OyAeT SKCIOpPTUPOBATh JaHHbIE
ORACLE DSN “Anpec BJ1”

ORACLE USER “ITonp30BaTeib, KOTOPEIH nMeeT noctyn kK b1 B Oracle”
ORACLE PWD “ITaposs monbe3oBatens Oracle”

— Pexum skcniopra cXemsl;

EXPORT SCHEMA 1

— Ykazanue cxembl Oracle (ocTaBUTH Oe3 Ha3BaHHS CXEMBI IIPH HEOOXOTUMOCTH
9KCHOPTA BCEX JOCTYIHBIX CXEM);

SCHEMA “Oracle cxema/monp30BaTeINb HA AKCTIOPT”

— Anpec BJ] PostgreSQL u poib, gepes kotopyto Ora2Pg 6ymeT mMIopTHpoBaTh
nanHbie (B PostgreSQL HeoOXxouMo 3apaHee 3aBeCTH COOTBETCTBYOIIY0 BJT).

PG DSN “Anpec B/l ¢ yka3zaHuem ee Ha3BaHUS
PG_USER “ITonb3oBatens PostgreSQL”
PG PWD “ITaposib monb3oBarenst PostgreSQL”

OTo nHIIb OCHOBHBIE MapaMeTpbl pa®oTel Ora2pg, HO MPH HEOOXOAUMOCTH
MOXXHO BOCITOJIb30BAaThCS MHOKECTBOM JOTIONHUTEIBHBIX OIINH, BKIIOYAIONINX B
ce0st HacTPONKY KOAMPOBKM JaHHBIX bJl, HacTpoliky paboThl ¢ pa3iMIHBIMU 00BEK-
tamu bJl, HacTpoliKy KOHBepTalK THIIOB JaHHBIX U MHOTO€ Jipyroe. B 3aBucuMoctu
OT KOMILJIEKCHOCTH, repeHocuMoit bJ] Murpamus MoxeT 3aBepIIUTbCs HEeyAauel, HO
JUTS PEUICHUS Pa3IMYHBIX BO3MOXKHBIX TpoOJieM B (aifie KOH(UTypanuu ecTh BO3-
MOYKHOCTb BKJIIOYHTB PEKHM OTJIAAKH, a TAK)KE HACTPOUTH BBHILIEYNOMSIHYTHIE Iapa-
METPBI NIEpPEHOCa.

Hanpumep, mpu neperoce 6a3b1 qanHbIX B [{O/] ObUTH NPUMEHEHBI CIEAYIOINe
JIOTIOTTHATENFHBIE HACTPOMKH MPOEKTA!

— ITonpoOHBIH BBIBO B KOHCOJIb BCEX BBIMOIHACMBIX MTPOrpaMMON JIEHCTBU;

DEBUG 1

— Tun Tpan3akuuii g odpamenus k Oracle;
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TRANSACTION readonly

— OcTaHOBKa BBIITOJIHEHUS KOMaHJ IPpH OOHApY)KCHWU ONIHOKH (OTKIIFOYCHA,
TaK Kak 1o npuyuae oobema b/l ObLI0 MPUHATO pelIeHUe HE OCTaHABIUBATH IEPEHOC
13-3a KQKJ0H BO3HHUKAIOMIEH ONIHOKH, a (GPMKCHPOBATH Cpa3y BCe IS UX JTAIbHEHIIIEro
YCTpaHEeHHS);

STOP_ON_ERROR 0

— OmnpenerneHue MpUMEHsIEMOTro TuMa AaHHbIX B PostgreSQL 11t naHHBIX THIA
numeric() B Oracle;

DEFAULT NUMERIC numeric

— Yka3zaHue, 4To MoJIb30BaTeNb, oOpamaromuiics k Oracle, uMeer 1ocTyI K WH-
(hopMarum o 1ocTynax APyrux Mojab30BaTeeH.

USER _GRANTS 0

IkenopT cTpykTyphl BJ1

ITocne ycranoBku u HacTpoiiku Ora2Pg moxHO mpuctynats k nepeHocy b/l
[lepBBIM 3TarmoM mepeHoca SABISAETCS IKCIIOPT CTPYKTYPhI 0a3bl JaHHBIX B Sql (aiiisl,
KOTOpBIE Tajbllle MOXKHO OyIeT UMIIOpTHpOBaTh B PostgreSQL.

Ha srom stane Ora2Pg obpamaercs k b/l B Oracle, n3iexaer HeoOX0IMMYI0
ctpyktypy b/l, moaroraBnusaet PL/pgSQL ko u coxpansiet ero B sql daiine. UToObt
OTIPEJIETTUTD THUIT SKCIIOPTUPYEMON CTPYKTYPHI HEOOXOMMO HCIOIB30BaTh KIFOUYEBOE
cioBo TYPE B ¢aiiiie ¢ HacTpoiikaMu poeKTa MUTPAIHH, JTHOO yKa3bIBaTh THII B KO-
Manze s 3anycka Ora2Pg. TYPE npunuMaet cienyromine 3HaueHus:

—TABLE: n3Biexarts Bce TaOIUIIBI C HHACKCAMH, IEPBUYHBIMHU KIIOUYaMH, OTpa-
HUYCHUSAMH YHUKAIBHOCTH, BHEITHIMH KIIIOYaMHU W OTPaHMYCHUSIMH-TIPOBEPKaMH.

— VIEW: u3Bnekarb TOJIBKO MPECTaBICHHUS.

— GRANT: u3Bnekats posu, npeodpasyemsie B rpynmnsl PostgreSQL, mons3oBa-
TeJell 1 mpa-Ba It BCeX 0OBEKTOB.

— SEQUENCE: u3Biiekats Bce M0OCIEA0BATEIBHOCTU U UX TEKYIIHE 3HAUECHUSI.

— TABLESPACE: u3BnekaTh IpocTpaHCTBa /sl TAOIHI B HHIICKCOB.

— TRIGGER: u3Bnexats coObrtuitaeie Tpurrepsl. — FUNCTION: usBiekaTs
GbyHKIHIH.

— PROCEDURE: n3Bnekats npoueayphl.

— PACKAGE: u3BnexaTb nakeTsl U Teja MaKeTOB.

— INSERT: n3Bnexars ganusle yepes oneparop INSERT. — COPY: u3Bnekatsb
nanHble uyepe3 onepatop COPY.

— PARTITION: u3BiekaTh CEKLMU 10 AUANa30HAM U CHUCKAM C ITOJICEKIIUSIMU.

— TYPE: u3Bnekars nonp3oBarensckue Tumsl Oracle.

— FDW: u3Bnekars Tabnuibl Oracle kak cropoHHue Tabiuibl 1uist oracle fdw.

— MVIEW: skcniopTupoBath MaTepuan30BaHHbIC MTPEICTABICHUSI.

— QUERY:: aBromaTnuecku mpeodpaszoBbiBath SQL-3ampocsr Oracle.

— DBLINK: co3nate cepBep 00&pTKH cTopoHHHX AaHHBIX Oracle, 4ToOBI Hc-
mop30BaTh ero kak dblink.

— SYNONYM: skcniopTupoBath ciHOHHMBI Oracle kak npescTaBieHus Ha Oa3e
JPYTUX OOBEKTOB CXEMBI.
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— DIRECTORY:: skcnioptupoBats kaTtanoru Oracle kak 0OBEKTHl pacIIupeHHs
external file.

— LOAD: otmpaBisiTe HaOOp 3aIpOCOB € UCIOJIL30BAHUEM HECKOIBKHX COEU-
HEHUH ¢

Postgres Pro.

— TEST: Bemonauth cpaBrenue b1 Oracle u Postgres Pro.

—TEST COUNT: BbIIOJHUTE CpaBHEHHE KOIMUECTBA CTPOK B Tabnumax Oracle
u Postgres Pro.

— TEST _VIEW: nojxcuuTaTh 4YUCIO CTPOK, BO3BpPALIAEMbIX MPEICTaBICHUSIMU
Ha 00enx CTOpoHax.

—TEST DATA: BHIIOJHHUTE IPOBEPKY KOPPEKTHOCTH CTPOK HA 00EUX CTOPOHAX.

— SEQUENCE_VALUES: skcriopt DDL, 9T00B yCTaHOBHTH MOCIEIHNE 3HA-
YEHUS M10CIIET0BATENLHOCTEN.

) HINSERT <ol i

= I} {Suctued Query Linguage e lengih: 200 fines 97 nitd Coli7 Pos:3S Windows (CRLF) _ UTF8

Puc. 2. Tlpumep skcnopra tabmui B SQL ¢aitn ¢ momomnrsio Ora2Pg

YroOBI KaXKIBII pa3 I CMEHBI THIIA YKCTIOPTa HE MEHATh KOH(DUTYPaIIMOHHBIN
(darin wim xomanay Ora2Pg, MOKHO HCIOJB30BaTh aBTOMATHYECKH TEHEPUPYEMBIN
IIPU CO3JIAHUH MPOSKTa MUTPALUHU CKpUNT export schema. psl, KoTopsIil pu 3amycke
OyaeT mooUYepeIHO BHIMOJIHATH SKCIOPT OCHOBHBIX THIIOB CTPYKTYphI b/, KOTOphIE B
HeM yKka3aHbl. [1o OkoHUaHHIO ero paboTHI Bee co3manuble sql (aitrer OyxyT XpaHuTcs
B TUPEKTOpHHU schema B KaTajorax ¢ COOTBETCTBYIOUIMMHU Ha3BaHHSAMH, TaK YTO MPH
HEOOXOIMMOCTH UX MOYKHO IIOCMOTPETh HJIH PEIAKTHPOBATE.
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HMmnopr crpykrypsl B/]

CremyronyM 3TarioM MUTPALHH SIBISIETCS. UMITOPT paHee BEIHECEHHOW B (hailibl
¢ paspemenueM . sql crpykrypst B/1, 3neck He0OX0AMMO HCHONB30BaTh psql KOMaHTy
JUT IMITOPTa (aiiioB:

cd “lupexTopus MpoeKTa MUTpaun’

psql --port="Tlopr BJI B PostgreSQL” --username="“MMs moip30BaTeNs

PostgreSQL”

“HazBanue BJ1” < “/Iupexropus npoekta’\schema\”Tun manusx”’s\”Tumn naH-

HBIX”. sql

“ITaposib monb3oBarens PostgreSQL”

JlaHHyI0 KOMaHIy HEOOXOIUMO MPUMEHHUTH ISl KaXKI0TO THIa CTPYKTYphl B/I.
[Ipn HEOOXOIUMOCTH MOXKHO CO3/1aTh CKPUNT aHAJIOTHYHBIN export schema.psl, HO
Jutt umnopta ctpykTypsl bJI. OnHako, Tak Kak MHOTHE TUIIBI CTPYKTYP CCBUIAIOTCS Ha
JpyTHE TUIIB, CIEAYET YIUTHIBATh HOPAJOK IMIIOPTA, HHAYE BO3MOXKHA CUTYyalus, KO-
T/1a IMIOPTUPYEMBI 0OBEKT MOYKET CCHUIATHCS Ha €IIe He NMIIOPTHPOBAHHBIE CTPYK-
TYpBHI.

Taxxe s ynoOHoro otoOpakenus: BeiBoga Ora2Pg pekomeHyeTcs: nepeHa-
MPaBIATh HOTOK BBIBOJA C KOHCOJH B (haifyl, Tak KaK 3TO MOXKET IOMOYb AJIs 0OHApY-
JKEHNS W aHAIN3a OIMMOOK MMIIOpTa. DTO MOXKHO CIeaTh JT00aBICHUEM CIEAyIOIeit
CTPOKH IepeJ] BBOJOM MapoJisl MOJIb30BATENS:

> “Jlupekropust npoekra’”\schema\”Tum nanubx’s\log.txt 2>&1

Iepenoc nanubix BJI

[Tocnemunii 3Tan MUTPALIH 3aKITI0YASTCS B IIEpeHOCe caMuX JaHHBIX U3 Oracle
B IIOATOTOBJICHHYIO CTPYKTYpY b/l B PostgreSQL. Eciu B koHpHUTYypanuoHHOM aiine
npoexta Ora2Pg yxe 3amaHbl Bce HEOOXOAUMBIE apaMeTphl, Takue kak aapec b/l B
Oracle u PostgreSQL u narHBIe TIOTB30BaTeNel 11t mogKmoueHns k bJI, To ocraercs
BBecT komanty ¢ Turom INSERT wimu COPY:

ora2pg -t “INSERT wmu COPY” -¢ “Ilyts o kordur daiina”

CTOUT OTMETHTB, YTO B KOHPHUT'YpaIMOHHOM (haiie MOKHO HACTPOUTH KOHKPET-
HBIE CXEMBI MITH TaOJIHIIBI JUTS TIEPEHOCA C TOMOIIBIO TAPAMETPOB:

— SCHEMA;

— ALLOW.

Kax pa3 3a cuet mapamerpa ALLOW MoXHO HacTpawBath TaOIHIIBI, KOTOPHIE
OyIyT 3aJIeiCTBOBAHBI TIPH CIIETYIOIIEM BBITIOTHEHNH KoMaHabl Ora2Pg. [Tpudem sToT
napameTp OyAeT YUUTHIBAThCSl HE TOJIBKO MPU MEPEHOCE JaHHbBIX, HO U IPH IKCIIOpPTE
ctpyktypsl BJ] u3 Oracle, 9To MOXHO HCHOJB30BATH JUIsI paOOTHI C JOKATbHBIMU
YYacTKaMH CXeMbl. DTOT IapaMeTp Tak ’ke€ MOXET OMOYb ITPH MEPEeHOe TaHHbIX, TaK
Kak npu oOHapyxeHnu ommbOku Ora2Pg B y0o00oM ciydae IpekpaTtut paboTy ¢ AaH-
HBIMH 1 ocTaBinecs Tadiuipl B PostgreSQL He OyayT 3anonnensl. Takike 1o 3Toi xe
IMpUYMHE HA 3Tale MepeHoca JaHHBIX, KaK U Ha 3Tale HMIOPTa CTPYKTYPHI, PEKOMEH-
JIyeTcs IepeHAIPaBIATh IIOTOK BBIBOJIA C KOHCOMHN B (paiii.
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Puc. 3. Tlpumep nepeHeceHHbIX AaHHBIX B PostgreSQL

Yacrtble npodieMbl

[Tocite BEITOTHEHNUS 3TOTO dTana MUTpaIys OyaeT 3aBepuicHa. Ho B GonmbmmH-
CTBE cllydyaeB, eciu nepeHocumas b/l umeer XoTsi Obl CPETHIOK KOMILICKCHOCTD, TO
MOTYT BO3HHMKHYTH Pa3iIH4HbIC NMPOOJIEMbI HA J000M 3Tame murpanuu. IIpu ocy-
mectBiaeHnn Murpanuu b/ B IIO/] ObuTH BBISBICHBI CIIEAYIONIHE TPOOIEMBI:

— Hwuskast npucniocodnenHocts Ora2Pg k paboTe Ha OnepaluoHHBIX CHCTEMaX
Windows: Ora2Pg nerue ycranasiausath 1 ucronbs3oBars Ha OC Unix. Hampumep, aB-
TOMAaTHYECKH TeHEPUPYEMBIii CKpHNT export schema.psl mpHUIIIOCs HCHIPABIATE IS
€ro KOPPeKTHOH paboTHI, a CKPUNT ISl IMITOPTa CTPYKTYpbl b/l peann3oBaH TOIBKO
st Unix cucreM.

— IIpo6aemsr ¢ kogupoBkamu UTF-8 1 WIN1251: B Oracle nepenocumas Bb/]
ObLTa 3amosiHeHa MaHHBIMU B KomupoBke WIN1251, Ho B PostgreSQL nanubie ObUTO
npuHATO XpaHuTh B Kopupoke UTF-8. B Ora2Pg ecth hyHKIMOHAI TS IEPEKOIHPO-
BaHMUS JaHHBIX, HO JUIS 9TOT0 TPEOYeTCsl KOPPEKTHO HACTPOUTH €ro padoTy B KOHMUTY-
parmmonHoM  ¢aitme, a wumenHo mapamerpsl NLS LANG, NLS NCHAR,
CLIENT ENCODING n FORCE PLSQL ENCODING. be3 HacTpoiikn 3THX mapa-
METPOB MOTYT BO3HHKHYTH ITPOOJIEMEI ¢ 0TOOpakeHueM KUpruTHIb B Post-greSQL u
psql.

— Pasnumna B cuntakcuce PL/SQL u PL/pgSQL: cTpykTypsl 00bekToB B Oracle
OTIMCHIBAIOTCS HA MPOleaypHOM pactmpennu si3bika SQL PL/SQL, a B PostgreSQL —
PL/pgSQL. D10 oueHp BaxkHbIH (akrop, Biusironuii Ha murpanuio b/, n B Ora2Pg
eCThb (PYHKIIMOHAJT AJS PEIICHHsT MHOXKECTBA MPoOJIeM, CBA3AaHHBIX ¢ 3THM. OIHAKO
Ora2Pg He MOXET MOTHOCTRIO MepeHeCTH Bech kox ¢ s3pika PL/SQL ma PL/pgSQL,
0c00eHHO y coXHBIX cTpyKTyp BJI. [1o 3T0if npuyrHe B OONBIIMHCTBE CIy4acB Tpe-
Oyercst Bpy4HYIO IeperuchiBaTh KOJ| CIOKHBIX CTPYKTYp Ha PL/pgSQL.
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— W MHOeCTBO JpyTHX HEOONBIINX MTPOOIeM, KOTOPBIE OKa3aJIUCh JOCTATOYHO
3aTpaTHBIMH 110 BPEMEHH M3-32 MaJIOr0 KOJIMYECTBAa HHPOPMAIMH 00 UX YCTPAHCHUH B
UHTEpHETE.

3aka04enue

B urore paGoThl O MOUCKY METOOB JUIS MUTPALUK 0a3bl TaHHBIX U3 CHCTEMbI
yrnpasienus: Ga3amu gaHHbix Oracle B cucteMy ynpaBieHUs 0a3aMM JIaHHBIX
PostgreSQL B pamkax mporecca MO MMIOPTO3aMEIICHHIO HMPOTPAMMHBEIX CPEICTB
OBLIO IPHHSTO PELICHUE HMCIOIb30BaTh open-source-npuiokenue Ora2Pg. B xone
NPUMEHEHHs JaHHOW yTHINTHI Uit Murpaiuu bJ] B LleHTpe okeaHorpaduyecKux 1aH-
HBIX OBUT IIpOaHAIM3UPOBAH Mpoliecc paboTel KoHBepTepa. HecMoTpst Ha TO, 4TO C HC-
0JIb30BaHIEM KOHBEPTEPa BO3HUKAIIU Pa3INYHbIe POOIEMbI, OOJIbINAs YACTh HCXO/I-
Hoit B/] 6bu1a nepenecena 6e3 HEOOXOIMMOCTH B PYYHOM IIEPEHOCE.

Cnucok JIHTEPATYphI

1. Cratbu o murpamuu ¢ Oracle Ha PostgreSQL ot paspaborunko CYBJ[ Postgres Pro. URL:
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VK 551.465

CoBpeMeHHbIE MeTObI 00PadOTKHU U MyOJIMKAIIUN
oKeaHoOrpaguuecKux JaHHbIX

I1. O. UBanoB (pavlik.ivanov2020@mail.ru)
D@I'BY « BHUUT MU-MI/1», Obnunck

AHnHoTanus. PaccmoTtpen Mmeton 00paboTKH U MyOIHKaIlliK OKeaHOTpaUIeCKUX TaHHBIX Ha KapTO-
rpaduyecKoil OCHOBE Ha MPUMEPE CYIIECTBYIOIEro MexaHn3Ma 00paboTku u myoaukaru Bo BHU-
NI'MU M.

KuroueBsle ci1oBa: okeaHorpaduueckue 1aHHbie, 00padoTka nanubiX, [ YIC, myOnukanms 1aHHBIX.

Ha nanHBIit MOMEHT CyIIIeCTBYET HOTPEOHOCTH B ONIEPATUBHOM U B JOCTaTOYHOM
CTETICHH TOYHOH IPOCTPAHCTBCHHOW MH(OPMAINX B Pa3HEIX cepax U, B YaCTHOCTH,
B okeaHorpaduu. [ToaTroMy B HacTosiIiee BpeMsi BeCbMa aKTyallbHO COBEpIIEHCTBOBA-
HHE TIPOrPaMMHOTO o0ecriedeH st It 00pabOTKU JaHHBIX, a TaK)Ke Pa3BUTHE CEPBU-
COB IO YITyHIIEHHUIO ITOJIH30BATEIECKOT0 OMBITa PAOOTHI C JAHHBIMH.

PaccmoTpuM Ha mpEMepe CymIecTBYIOMICH HH()OPMAIMOHHOH CHCTEMEI
ECHMO [2] xak IpOXOJHT ITyTh JAHHBIX OT IOJTyYCHHUS JI0 IyOJIMKau Ha KapTorpa-
¢uaeckoit ocrore ¢ momorpsto I'MC [1].

CHavana JaHHBIE B CHCTEMY MTOCTYIAIOT Yepe3 MPOorpaMMy-IIOCTaBIIHK OT Op-
TaHU3aIMA, KOTOPBIC 3TH JaHHBIC COOMPAIOT WIIK MONTy4aroT. Jlanee qaHHBIC 3arpysKa-
f0TCsl B 023y MHTErpHPOBAHHBIX JAHHBIX HA CEPBEp, TIE IMPOUCXOIUT X 00paboTKa,
MOCJIE YETO MyOIUKYIOTCSI B OTKPBITBIN TOCTYII.

Yraybumcs B netanu 06pabOTKN TaHHBIX.

Hannsie xpansrcs ¢ nomomblo CYBJl ¢ OTKpPBITBIM HCXOTHBIM KOAOM
PostreSQL ¢ pacmmupenuem PostGIS [3] st xpanenus reorpadgudeckux nanubix. Jlms
00paboTKK AaHHBIX Ucnoib3ytorces oubmroreku GRASSGIS u GDAL.

GRASSGIS [4] conepxuT QyHKINHU 7151 pabOTHI C PACTPOBBIMH U BEKTOPHBIMHU
reogaHHbIMH, @ GDAL city’KuT 17151 YTeHHS U 3aIIUCH JaHHBIX.

B 0cHOBHOM JaHHBIC MTPEICTABISIOT HAOOP TOYEK C UX KOOPIMHATAMU M 3HAYC-
HISIMH HCCIICTyEMBIX XapaKTEPUCTHK B HUX, KOTOPBIE OMMCHIBAIOT HOPMAJIBHOE pac-
MpeAeICHUE METCOPOIIOTHICCKUX U OKEaHOTPa(UICCKUX SBJICHUH, YTO HE MOIXOIUT
JUTS 9TCHNS ¥ TOHUMAHUS KapT YeJIOBEUSCKIM TIIa30M.

B kauectBe penreHne 3Toi mpo0IeMbl JaHHBIC HYKHO IIPUBECTH K HHTYUTHBHO
MOHATHOMY MOTPEOUTEII0 3TOI MH(pOpMANNK BUAY: IS 3TOTO HCHOIB3YeTCsS HHTEp-
MOJISILMSL U 3aT€M MOCTPOCHUE U30JIMHUM.

BriocnencTBun KakaoMy CO3MaHHOMY CIIOIO0 HA3HAYAIOTCS CTHIIHM JJIS JTydIIeH
YUTAEMOCTH U BU3YyaJU3al1H JaHHbIX.

ITonmpodHee o mporiecce MHTEPHOIAINT TOYSUHBIX TaHHBIX Ha 2D-pactp: cye-
CTBYET HECKOJIBKO METOJI0B MHTEPIOIALUY, Y KaXK0r0 €CTh CBOM OCOOCHHOCTH.

B Hacrosmiee BpeMs IpUMEHSAIOTCS HanOoJIee pacipocTpaHEHHBIE U 9acTo MpH-
MEHSEMBbIE METOIbI:

WHTEPIOJISAIHS METOJIOM 00paTHO B3BENICHHBIX paccTossHuii (OBP);

KPUTHHT;

TpuaHrysinus (puc. 1-3).
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TpuaHTyIAINs He TOIXOHT I10 JIOTHKE ITOCTPOCHHUS PACcTPOBOTO H300paKEHHS,
tak uto ocraércst OBP u kpurusr.

Merton KpuruHra Haubosee mpaBaonoJ00HO CTPOUT MHTEPIIONSLUIO, 3TO CBS-
3aHHO C €Tr0 peajn3anneii, Ho B3aMeH 3TOT criocod Hanboree BpeMs3aTpaTHBIM.

B cBoro ouepenp unrepnossinus metogqoM OBP sBisiercs He camblM TOYHBIM
METOJIOM, KOTOPBI MOKET TPEICTABIATh B JOCTATOYHOM Mepe HHPOPMAIIHIO TOIBKO
PAIOM C TOYKaMU U3MEPEHUH, TaK K€ STOT METOJ] UMEET BBIPAKECHHBIE «KOJIOALBIY U
«AMBD» Ha PaCTPOBOM M300pa)XEHHH, YTO BBITJIUT HeecTeCTBEHHBIM. Ho B poTHBOBEC
3TOMY CYLLECTBEHHOMY MUHYCY UAET OUEHb BBICOKAs! CKOPOCTh IIOCTPOEHUS pacTpa.

Janee HaM HEOOXOIUMO MMOCTPOHTH IO MOIYICHHOMY PacTpOBOMY H300pake-
HUIO N30JIMHUH.

Jlnsa xpuruHTa He 0053aTENFHO TMPOBOIUTH JOMOJTHUTEIHHBIC MAHUITYIISIAN C
MIOCTPOCHUEM U30JIMHUI, OHH ITOTyYaTcs MPaBIOOJOOHBIMA U TaK.

Jns OBP nmocne mocTpoeHust H30JUHUI BO3HUKAET HEOOXOUMOCTh B CIJIAXKH-
BaHWH W3OJMHMHN CIEIUAIbHBIMUA (YHKIUSAMH, MOCIE Yero Pe3ylbTaT MOTydaeTcs
Jy41ie.

CpaBHHUBas 3TU J1Ba MeTO1a 00pabOTKH 0OJIBIIOr0 00BhEMA JAHHBIX, IPEIIOYTH-
TEJbHBIM OKa3bIBaeTCs HE CaMblil TOYHBIHN, HO OBICTpHI MeTog OBP, k kKoTOpomy Tpe-
OyeTtcs moxOMpaTh HanboIee MOAXOoAAIIHe (QYHKITIH CTIIaXUBAHHS N30JIMHUH.

O0paboTaHHBIC TaHHBIC TyOIUKYIOTCS Ha BeO-cepBuce GeoServer, Iie mMoJIb30-
BaTeJIb MOYKET BEIOMPATh MHTEPECYIOUINE €r0 KapThl 1 HHTEPAKTUBHO C HUMHU 03HAKO-
MUTBCSI, & TAKKE PU HEOOXOIUMOCTH BBITPY3UTh HEOOXOIUMBIE KaPThI CO CIOSMHU.

Ha nauHbIii MOMEHT PUXOAUTCS BEIOUPATh HHCTPYMEHTHI U3 OTEYECTBEHHOTO
MPOrPaMMHOTO 00CCIICUCHHS HITH U3 MPOTPaMM C OTKPBITBIM HCXOJHBIM KOJOM, YTO
HEMHOT'O OTPaHUYHMBAET BO3MOKHOCTH I10 YIIYUILICHHUIO KauecTBa paboT.

B Oymymem ams yBenuueHHS TOYHOCTH MOXKHO OyJeT HCIIOIh30BaTh HCKYC-
CTBCHHBIN MHTEIUICKT [5], a Takxke 0oJiee YCOBEPIICHCTBOBAHHBIC BEPCHH YK€ CYIIe-
CTBYIOIIETO MIPOrPaMMHOI0 OOCCIICYCHUsI WIIM HOBBIC TEXHOJIOTHH, KOTOPBIC OyayT
ObIcTpee U TouHee 00padaThIBATh JaHHBIE.
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VJIK 551.501.7

MoneaupoBaHue MapaMeTPOB paccestHUs U3JTydeHUsl
KPYNHOIUCIIEPCHBIMH 23P030JIbHBIMH YaCTHIIAMH B aTMOoCchepe

E. 0. Muxreepa (mikhteeva.elena@mail.ru)!, B. P. [Toranosa
(veronikap05@yandex.ru)?, U. A. Iloranosa (potapovaira@yandex.ru)',

A. JI. Cko6mukosa (kafedra_phys@rshu.ru)!, T. IO. SIkoBieBa
(yakovtat@yandex.ru)'

! Poccuiickuii 2ocyoapcmeennbiii 2udpomemeoponozudeckutl ynusepcumem, 2. Canxm-Ilemepoype

2Banmuiickuti 20cyoapcmeennbitl mexnudeckuti yuueepcumem «BOEHMEXy um. [ @. Yemunosa,
2. Canxm-Ilemepbype

Annortauus. [IpeacTaBieH aHaIN3 HCCIICIO0BAHNS, TOCBSIICHHOTO pa3paboTKe MOJEICH s OLICHKH
apamMeTpoB PAaCCESIHHOTO HM3JTyYCHHsI, BBI3BAHHOTO a3pO30JIbHBIME YacTUIAaMH B atMochepe. Bbi-
MOJIHEHO MOJICIMPOBAHHUE CBOWCTB PACCESHHS dTUX YaCTHIL, YTO JAJ0 BO3MOXKHOCTH 0OJee TOYHO
OITHCaTh MPOIIECC PACCESIHUS ¢ IPUMEHSHUEM MOJISIIH HEOTHOPOAHOI yacTuipl. Tem He MeHee uc-
MOJIb30BAHKE aHHOM MO MOYKET IPUBECTH K 3HAYUTEIBHBIM OLINOKAM IIPH ONTHIECKOM OIpe-
JIeTICHUH pa3MepoB 4acTuil. st JoCTIKEHHs O0JIee TOUHBIX Pe3yJIbTaTOB H YMEHBIICHUS BEPOSTHO-
CTH ommMOOK TpebyeTcs: MPOBECTH JAOMOIHUTEIBHBIC HCCIICIOBAHNS, HAPABICHHbIC HA YIIyYIICHHIE
MOJICTIMPOBAHUS ¥ aHAJIN3 COOPAHHBIX JAHHBIX. JTO MO3BOJIUT MOBBICUTH HAJIGKHOCTD ITOIY4aeMbIX
PE3yIBTaTOB W YJIyYIINTh MOHUMAHHE IPOLECCOB, CBSI3AHHBIX C PACCESIHUEM H3ITydYCHHUSI B aTMO-
cepe.

KiioueBble cJI0Ba: a3p030J1b, MUKPOCTPYKTYPa, OITHKO-IOKALIHOHHOE YPABHEHHE, OIITHYCCKUE Me-
TOJIBI, ONTHYECKHE CBOMCTBA, TPAHCMHUCCOMETPUUYECKHE M3MEPEHHs, (HOTOIEKTPUUCCKHI CUSTUHK
YJaCTHIL

Co3tanue METO/I0B JINJIapHOT0 30HJMPOBAHUSI aTMOC(EpPhl, KOTOPOE UMEET 3Ha-
YeHHUE I HKOJIOTMYeCKOr0 MOHUTOPHHTA KaK B apKTHUCCKHX, TaK U B 00JIee F0KHBIX
pErnoHax, TpedyeT peIeHus psijia HAyIHBIX 33124, BKJII0Yasi HHTEPIPETALUIO JaHHbIX,
HOJIyYEHHBIX C ITOMOMIBIO Jnaapa. ONTHYecKre METOAbl 30HIMPOBAHUS ITO3BOJISIOT
OLICHUTb KOHIIEHTPALIUIO M CTPYKTYPY 3arpsI3HAIOINX BenecTs B arMocdepe. B Hacro-
AI1ee BpeMs B apKTHIECKOM PETHOHE HAOMI0TaeTCsl POCT YPOBHS 3arpsI3HSIONINX Be-
IIIECTB, BEI3BAHHBIN PA3TMIHBIMU HCTOUHNKAMH, TAKUMH KaK JIECHBIC TIOXKAPBI, BYJIKAHH-
YeCKHe U3BEP)KEHHS M aHTPONOTeHHBIE (hPaKTOPBI KPYITHBIX IIPOMBIIUICHHBIX TOPOIOB.

JUis OIleHKH BO3/ICHCTBUS aTMOC(EPHOTO 3arpsA3HEHNS Ha KIIMMAaT HEOOXOMMO
HICHTH(UIIMPOBATh THUIIBI 3arPsA3HAIONINX BEIIECTB, BKIIOYAs MAPHUKOBBIC Ta3bl W
YepHBbIi yriepos. s 3Toro nesnecoodpasHo MPUMEHSITh ONTHIECKHE METOIbI 30HN-
posanus [1-3]. BaxkHo pa3paboTaTh MOAXOIBI Ul OMpPEAEICHUS TUIIOB BELIECTB 110
UX ONTHYECKHM CBOICTBAM C HCIIOJIB30BAHHEM ONTHKO-JOKAIMOHHOTO ypaBHEHHS.
OnHAaKO HEONPEAEIEHHOCTh 3TOT0 YPABHEHUSI 1 MaTeMaTHIECKasl CII0KHOCTh 00part-
HOM 3a/1auM 3aTPyJHAIOT MHTEPIPETALMIO JaHHBIX U MOTYT IIPUBECTU K OLIMOOYHBIM
BBIBOJIAM.

JUis TIOBBIMIEHHUST TOYHOCTH OTIPENICNICHHS ONTHYECKUX XapaKTePHCTHK aTMO-
cepHOro a3p0o30JIs MPUMEHSIOTCSI THTETPAIbHBIE METOABI MHOTOIIO3UIIMOHHOTO 30H-
nupoBanust [4—6]. [Tpu npoBeieHNH TMapHOTO 30HMPOBAaHUs B aTMOc(epe ¢ HU3KUM
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YPOBHEM pacCE€IHUA HAa 3HAYUTCIIbHBIX PACCTOAHUAX OT IMPUEMOIICPEIATUNKA YBECIN-
YUBACTCA PHUCK BO3HUKHOBCHMUS CJ'Iy‘IafIHBIX U CHCTEMATHYECKUX OLIHOOK B nu3Mepe-
HHUAX, B TOM YHCJIC HeTO‘lHOCTCi/‘I, BbI3BAHHBIX (bOHOBLIM OCBCIICHUEM [7]

AHaJH3 NOJYyYEeHHBIX Pe3yJIbTATOB UCCJIeI0BAHNS MapaMeTPoB
oOpaTHOro paccesinusi atMmocgepsbl

HeoOxonuMocTh ornpesieneHns XapakTepUCTHK MHKPOCTPYKTYPBI a3p030Jis,
BKJTIOUas KOX(GHUINCHT OCITa0NCHNUS YacTHIl, TPeOYyeT MapaMeTPH3alii X OMTHKO-
MHKPOCTPYKTYPHBIX CBOMCTB. DTO YCIOXHSIETCA H3-3a Pa3sHOOOpPa3Usl ONTHYECKUX
ocoOeHHOCTEH a’po30NbHBIX (paknuii [8; 9].

Cpenu npyrux (GakTopoB, KOTOPBIE YCIOKHSIIOT 3a]a4y, MOXKHO BBIACIUTD 3Ha-
YUTENEHOE N3MEHEHHE PACCEHBAIOIINX XaPAKTEPHUCTHK YaCTHUII, KOTOPBIE HE COOTBET-
CTBYIOT TEOPHH pacCEsHHs CBETa OJHOPOAHON yacTHIeH. MoJennpoBaHue paccenBa-
IOIIUX CBOIMCTB aTMOC(EPHOT0 a’po30Iisl ¢ y4ETOM JAHHBIX SKCIIEPUMEHTA TOMOraeT
YCTaHOBUTH KOPPEJALINIO MEXTY KO3 PHImeHToM ocnabieHns U KOHIIEHTpaIel ya-
ctuil. B cBsA3M ¢ 3THM IIPOBOIUTCS] MOJCIMPOBAHNE ONTHYECKUX CBOWCTB aTMocep-
HOT'0 23p030JIs C YYETOM JIaHHBIX 3KCIepUMeHTa. [Ip1 COBMECTHBIX JINIapHbIX, (HOTO-
SNEKTPUIECKUX U TPAHCMUCCOMETPUIECKUX H3MEPEHHSIX ObIIIO yCTaHOBJIECHO, YTO €CTh
CBS3p MEXKAY KOHIEHTpaMed 4JacTUI W KoddduimentoM ociadmeHus. OcobeHHO
Ba)KHO, YTO CBSI3b MKy KO3 PUIIEHTOM ocyiabneHns 1 o0mel KOHIeHTparuei Ja-
CTHI] OKa3aJjiach CTAOMIIbHOI B CEPUH SKCIIEPUMEHTOB. DTa CBSI3b MOXKET ObITh HCIOJIb-
30BaHa JJIS OTIPEIeNICHHs COACPIKaHNUs a3po30iis B aTMocdepe.

Jlnis 0OBsICHEHHS Pe3yIbTaTOB YKCIIEPUMEHTOB PACCMATPHUBACTCS MOJICITb OMITH-
YECKUX CBOIMCTB YaCTHII, KOTOPasi OCHOBAaHA HA IAHHBIX U3 ITPOBEICHHBIX 3KCIIEPUMEH-
TOB M PacIpe/ICICHUH Pa3MEpOB YaCTHII, ONPEACIIIIOMNX KOd(QPHUIUESHT ocaadieHns
a’posouts. IIpy 3TOM yUHTHIBAIOTCS Pe3yIbTAaThl (DMIIBTPOBBIX M3MEPEHHI MOTydYeH-
HbIX DV, IPOBECHHBIX OHOBPEMEHHO € (JOTOINEKTPHUECKUMI U3MEpeHUsIMU. B at-
Mocdepe HaOII0AAI0TCs YACTHIIBI, COCTOSIIUE U3 SIPA U 000JIOUYKH C Pa3INYHbIMU OIl-
THYECKHUMHU CBOICTBaMH, HaIlpuMep, 00BOJHEHHBIC YaCTHUIIBI adpo3osd. Paccmarpusa-
eTcs 3aBHCHMOCTh OTHOIICHHH pa3MepoB YACTHI], HAIIEHHBIX ONTHYECKUM CUCTUH-
koM D(OC) u ¢uibrpoBeiM ycTpoiictBoM D(DVY), or ko3 dunmeHTa ocinadieHus
(puc. 1).

IIpencraBieHHbIe pe3ynbTaThl yKa3bIBAIOT HAa TO, YTO pa3Mephl YacTHUI], MOTY-
YEHHBIEC C TIOMOIIBIO ONTUYECKOTO CUETYMKA, MEHBIIE, €M T€, YTO OBUTH U3MEPEHbI
(UIBTPOBBIM YCTPOMCTBOM. DTO CBUAETEIBCTBYET O TOM, YTO MHIHMKATpPHCA pacces-
HUs o yraoM 90°, mponopuuoHanbHas KBaJpaTy pa3Mepa YacTHUIbI, IS €CTECTBEH-
HBIX YaCTHUI] OKA3bIBACTCS] MEHBIIIE, €M JIJIS YACTHII, NCTIOJIE30BAHHBIX B TPAIyHPOBKE.
Pasnuma B pasmepax MOXKeT OBITH 3HAUUTENBHOM, OCOOCHHO JUI KPYIHBIX YacTHIL,
pa3Mepbl KOTOPBIX NPEBBIMIAIOT | MKM.
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Kosddunuent ocnadenust

Puc. 1. Pe3ynpTaThl CPaBHUTEILHOTO aHAM3a PA3MEPOB 4acTHLl, nu3MepeHHbIXx OC, DY

AHan3 pe3yJbTaTOB MOAEJIMPOBAHHS XaPAKTEPHCTHK PaccessHUs
H3JIyYeHUs JJI5 YACTHIIBI

Jst Ooniee neTaabHOrO aHalW3a JIAHHBIX MOJEBBIX M3MEPEHHMH HCIHONIB3yeTCs
MO/IEJTb HEOJHOPOIHON YACTHIIbI, B KOTOPOU ITOKA3aTelb NPEIOMIICHHUS] 000JI0UKH U3~
MEHSIETCs paJMalIbHO, B TO BpeMsI KaK sIIPO OCTaeTCs OMHOPOAHBIM. [lanee mpeacras-
JICHBI PE3yJbTAThl PACUCTOB JUIS YACTHIIBI C SAPOM U3 CAXKH, UMEIOIICH MOKa3aTelb
npenomienus 1,82-0,641 (puc. 2).

IR )IR1,33); 80

k=132,..19

pe[023] 20

30

Puc. 2. 3aBUCHIMOCTD OTHOCHUTEIIBHON HHAMKATPHCHI PACCESHUS
OT CTPYKTYPBI ¥ pa3Mepa YaCTHIIbI
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3neck IR(1)/1(1,33) — oTHOCUTENBHAS HHIUKATPUCA pacCesTHUS. BepTUKaTbHBIN
YTOII paccesTHHs UCIIONB30BaH JITsl MOJICITUPOBAHUS IIpoIIecca paccestHus B POTODIICK-
TpudeckoM cuetunke yactuil, IR = /(L) / 1(0), L = p1— po— O0e3pa3mepHas TONIIHHA
000JI0YKH YaCTHIIBI,

IR(1,33):  m=(0,98—-1,28i)/ (1 +d)+ 0,84 + 0,644, (1)
IR(1): m=(1,64—-1,28)/(1+d)+0,18 + 0,64, 2)
rze
d=(p—po)/(p1—po), p = po(1+0,01k).

Benmunna (1+0,01k) npeacraBnsier co0ol COOTHONICHUE MEXKIY pa3MepoM da-
CTHIIBI C MTOKPBITHEM U pasMepoM ee siapa. @opmyna (1) onmuceiBaeT HEOAHOPOIHOE
MOKPBITHE M3 CaXXH C JI0OABICHHEM BOJIBI, B TO BpeMs Kak (Gopmyia (2) MoaenupyeT
HEOJHOPOJHOE TOKPHITHE W3 caxku Oe3 Boabl. Ha puc. 2 mokasaHBl 3aBHCHMOCTH
mexay BemmurHamu [R(1)/IR(1,33) u po, k, rae MoxxHO HaOMOIATE 00IACTH MUHIMY-
moB s otHomeHu# IR(1)/IR(1,33). Pucynok 3 muttoctpupyet 3HaueHne G Bemu-
YHHEI k, KOTOPOE COOTBETCTBYET MUHIMYMY OTHOCHTEIBHOW HHANKATPUCHI PACCESTHUS
NpU HaJIMYUH YBIQKHEHHOH 00omouky siipa. Ha pucyHke 4 neMOHCTpHpYETCs, 4To
MHHUMAJIbHOE 3HAYE€HHE OTHOCHTEILHOW MHIMKATPUCHI PACCESIHUSI BAPbUPYETCSl IS
YaCTHI] PA3IHYHBIX Pa3MEPOB, YTO HETATUBHO CKAa3bIBACTCS HA TOYHOCTH ONTHYECKUX
U3MEpPEHHH XapaKTePUCTUK adpO30JIsl.

ITony4yeHHBIC pe3yabTaThl MOATBEPIKIAOT JAHHBIC SKCHCPHUMEHTOB, KOTODPBIC
JEMOHCTPUPYIOT 3HAYUTENBHOE CHIDKCHHE WHIUKATPHCHI pacCcesHHUs B pe3yibTaTe
CTPYKTYpPHPOBAHUS YaCTHIEL. PacdeTs! moka3sBatoT, 9To 3(p(heKT yMEHBIICHHS MH/TH-
KaTPHUCHI pacCesHUS U3-3a CTPYKTYPUPOBAHHOCTH MEHEE BBIPAXKCH TIPH yIIIaX paccesi-
Hust meree 30 rpaycos.

Takum oOpa3om, Oblia co3/71aHa MOJETh HEOJHOPOJHON paccerBarollei da-
CTHIIBI, COCTOSIIIICH M3 OJHOPOIHOTO Si/Ipa M 00OJIOYKH C IMIEPEeMEHHBIM TTOKa3aTeIeM
MPEJIOMIICHHS, YTO MO3BOJIMIO aJCKBATHO WHTEPIPETUPOBATH IKCICPUMEHTAIBHBIC
JTAaHHBIC.

G
25 4

20 penee

sessnsssssennnnEnnnn

0 T T T P
0 10 20 30 40

Puc. 3. 3nayeHue BeJIMUMHBI k, COOTBETCTBYIOIIEE MUHUMYMY HHAUKATPHCHI
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Puc. 4. MUHUMYM OTHOCUTEILHON MHIUKATPUCHI paccesHusl IPU HAJIMYUHU YBIAXKHEHHOTO
nokpeITus. Pesynbrarer msmepenuii (1) u pacueros (2)

3aki0uenue

Jlnst BBISIBIIEHHST MHUKPOCTPYKTYPHBIX OCOOCHHOCTEH C MOMOIIBIO ONTHYECKUX
u3MepeHuit ObuTa pa3paboTaHa MOAETb HEOJHOPOJHON PACCEHBAIOIIEH YaCTHIIBI, CO-
CTOSIIIIEH U3 OJHOPOIHOTO LIEHTPA M OOO0JIOUKH € PaJHalbHO M3MEHSIOMMMCS IT0Ka3a-
TeleM MpPeIOMIICHUS. DTa MOJIEIb YUUTHIBACT PA3IN4YHbIC COOTHOIICHHS MEXy 000-
JIOUKOH 1 LIEHTPOM M XOPOIIO COIIaCy€TCs € SKCIICPUMCHTAJIbHBIMU JaHHBIMU. br11o
YCTAQHOBJIEHO, YTO CTPYKTYPHPOBAHIE MEJIKHX YAaCTHII C1a00 BIIHSIET HAa X PACCESTHNUE,
YTO CIIOCOOCTBYET ITOBBIIICHUIO TOYHOCTH ONTHYECKUX U3MEPEHHH MHUKPOCTPYKTYp-
HBIX XapaKTEePUCTHK.
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Annortauusi. [IpuBeneHs! pe3ynbTaTsl HE3aBUCUMBIX UCTIBITAHUH aBTOMATU3UPOBAHHON TEXHOJIOTHI
IIPOTHO3a MOJIIPHBIX ME30LMKIOHOB B APKTHYECKOM pernone Poccun, KoTopsie ObUTH TPOBEICHBI B
2024 r. IToka3zaHo, 4TO CpeqHAs ONPaBABIBAEMOCTh MPOTHO30B cocTaBisieT 76 %. Ilpoanammsupo-
BaHbI HeclporHo3upoBanHele ciaydan [IML] u npeacraBieHsl BApHAHTHI OOBSICHEHHS] BOSHHUKHOBE-
HUSI TAKHX CHTYaLHi.

KuaroueBble c10Ba: MOJISIPHBIEC ME30LUKIIOHBI, HHIEKChl KOHBEKTUBHON HEYCTOWYHUBOCTH, aBTOMATH-
3MPOBAHHBIN MPOrPAMMHBIN KOMIUIEKC, 3apOKACHHE, IEPEMEIICHHE, TPACKTOPHUS, IIPOTHO3, MOJEIb
Polar WRF.

BBenenne

B 1994 r. Paboueii rpymmoii 1o moyisipHbIM Aenpeccusm EBponeiickoro reodu-
3ugeckoro obuiectsa (European Geophysical Society’s Polar Lows Working Group)
JUTSI HAMMEHOBaHUs 00IayHbIX BUXpel o 1 3 me3omaciirada (o1 20 no 2000 xkm), BO3-
HUKAIONINX HaJ MOPSIMHU K ITOJIFOCY OT MOJIIPHOTO (PPOHTA, PEKOMEHJOBAHO IT0JIB30-
BaThCS TCPMHHOM «IIOJIIPHBIA ME30LUKION» (polar mesocyclone) [11]. Tepmun xe
«ToJIspHas aenpeccus» (polar low) Ciy>uT Ui HAUMEHOBAHUS HanOOJIee HHTEHCHB-
HBIX TTOJIIPHBIX ME30IUKIOHOB CO CKOPOCTHIO BETpa, MpeBbIIIatomieit 15 m/c.

ITox 31O OmpezneneHue nonagaeT O4eHb MUPOKUH CIIEKTP LUKIOHNYECKHX 00-
pazoBanuid. OT oporpaduueckux BUXpei 10 HEOOIbIINX (POHTANBHBIX [IMKIOHOB Ha
ApPKTUYECKOM (pOHTE.

B CeBepHoM mosrymapun 00JacThi0 HarboJiee aKTUBHOTO ME30MAacIITa0HOTO
IIUKJIOTeHe3a siBisieTcs akBatopus CeBepo-EBpomneiickoro 6acceliHa.

Han ceBepubiMu Mopsimu Poccun, nexxamumu k Boctoky oT Hosoit 3emnu (Kap-
ckoe Mope, mope JlanteBbix u Boctouno-Cubupckoe mope), I[IMI] Bo3HUKAIOT TO-
pas3zo pexe, BeieacTBUe MeHbIel, yeM B CeBepo-EBporneiickom Oacceline, mionaan
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CBOOOJTHOM OT JIbJIa MOPCKOW TIOBEPXHOCTH. B ATHX o0macTsax HaOIIOIaeTCs JISTHUI
MaKCUMYM B roJioBoM xoje kojuudectBa [IML] B oTiuune OT 3UMHEr0 MakcuMyMma B
Mopsix 3anagHee Hosoit 3emin.

TIMI] yame Bcero oOHapy>KUBAIOTCSI M UCCIIEMYIOTCS HA OCHOBE peaHalin3a u 1o
JTAHHBIM CITyTHUKOBBIX HaOroneHuit [5; 9; 10]. 3amyck B 2021 1 2023 rT. poccuiickoi
BBICOKORJUIMIITUYECKOH METEOpPOJIOTHYECKON TIpyINIbl CIHYTHUKOB «ApPKTHKa-M»
Ne 1 1 Ne 2 pacurput 3TH BO3MOXKHOCTH.

Jna unentndukanmy [IML] akTyamTbHBIMH CTalH U METOJIBI YHCICHHOTO MOJIe-
JIUPOBAHMSI C MCTIOJIB30BAaHUEM PETHOHAIBHBIX MoJienel. Hampumep, B padorax [1; 2]
pa3padaThIBAIOTCS KPUTCPHUH, TTO3BOJISIOIINE WACHTH(OUIIMPOBATh U HCCIICI0BATh Te-
nesuc [IMI1.

[Iporuos 3apoxxaenus u nepemerienust [IIMLI 1o HacTosiiero BpeMeHn ocTaeTcst
AKTyaJbHOU MpPOOIEeMOW, ¢ KOTOPOW CBsI3aHBI MHOTOYHUCIICHHBIC HCclenoBaHus. U
CIIO)KHOCTH MOTYT OBITH OOYCIIOBJICHBI, IO HAIlleMy MHEHHIO, CYIIIECTBOBAHHEM Pa3-
JIUYHBIX MEXaHU3MOB HX 00pa3oBanus. OCHOBHBIE, IT0 COBPEMEHHOH Kiiaccudukamnmu,
9TO OAPOKIIMHHBIC U KOHBEKTHBHBIC THITHI ME3OIHKIIOHOB [4; 6].

Hamu 65110 npeAnoKeHO UCTIONB30BaTh st mporHo3a IIMI] nHaekchl KOHBEK-
TUBHOW HEYCTOWYMBOCTH, PACUET KOTOPBIX BEJETCS MO BBIXOTHBIM JaHHBIM YHCIICH-
HOro MojeiupoBanus arMochepsl [7; 8]. [Toyis pa3HbIX KOHBEKTUBHBIX HHICKCOB MO-
TYT UMETh OCOOCHHOCTH B O0JIACTSIX ME30LUKIOHOB, BO3HUKAIOUIUX MPU Pa3IUIHBIX
CUHOIITHYECKUX CHUTYAIUSX, TOCKOJIBKY CBS3aHBI KaK C TEPMUUECKUMHU, TaK U C IWHA-
MHYECKUMH XapaKTEPUCTHKAMHU aTMOC(EepHBIX TporieccoB. brur copmuposan HabOp
MOTEHIHUAJIBHBIX MPEAUKTOPOB MOJIIPHOIO LUKJIOr€HEe3a U3 YUCJIa PACCUUTBIBAEMBIX
MHJIEKCOB, UIMEBIINX OCOOCHHOCTH B paifoHax pa3sutus [IMII. /lns xaxkaoro nHaEKCa
OBLIH OIpeNIeIeHbl PETHOHATBHBIE TTOPOTOBBIE 3HAYCHUS C yUETOM HX HAIPaBICHHO-
CTH Ha pacno3HaBaHue yrpo3 BosHukHoBeHUs [IMI]. Cymnepro3umun mosiei oTroopaH-
HBIX MHJIEKCOB, 110 HAIlIEMY MHEHHIO, 1al0T BO3MOKHOCTH BEPOSTHOCTHOTO IPOTHO3U-
POBaHUs 3apOXKISHUS U HOPMUPOBAHUS TPOTHOCTHYECKOM TPACKTOPUH TIEPEMETICHUS
paccmarpuBaemoro [IMLI. Bein pazpabotan mporpaMMHBIH KOMIUIEKC, TIO3BOJISTFOIINAN
B aBTOMATHYCCKOM pexuMe (HOPMHPOBATH MPOTHOCTHYCCKUAE KAPTHI, OTPAXKAFOIIHEC
00acTy BEpOSTHOCTH BOZHUKHOBEHHS U Tiepemernenust [IMLI.

TexHoJgornyeckast JUHHUS

TexHomoruueckas IUMHUASA MOCTPOEHUS IPOTrHO30B IOJSPHBIX ME3OLUKIOHOB B
ApxTrgeckoM pernone PO Bkirouaer B ceOst:

a) TIaKeT MPOrpaMM 3aIlyCKa PacueToB MO PacHHUCaHUIo;

0) uucnennyr wmozxenb PolarWRF-ARW 4.1.5 (PWRF) c BbeiOpaHHBIME
HACTPOMKAMHU U IapaMeTPU3aLUsIMU [I0ICETOYHBIX IIPOLECCOB;

B) NPOTPaMMHBIH MOZYJIb Ul pacyera MoJel MHAEKCOB KOHBEKTUBHOW He-
YCTOMUYMBOCTH;

T') IpOrpaMMHBIH MOJYJIb JJIs pacueTa moneit BeposTHocTH oopazoBanust [IMI]
Ha OCHOBE O0TOOpaHHON KOH(HUTYpay HHICKCOB, IS KaXKI0T0 U3 KOTOPBIX OIpesie-
JIEHO CBOE PErMOHANBHOE TIOPOrOBOE 3HAUEHHE;

JI) IPOrpaMMHBII MOAYJIb JJIst HOCTPOEHHs KapT obacTell pucka oOpa3oBaHUs
HIML;
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€) TIPOTPaMMHBIN MOJTyJTh JUTS pacdera IMEHTPOB o0racTel ¢ 3a1aHHON BEepOsIT-
HOCTBIO prcka oOHapyxeHus [IML];

K) IPOrpaMMHBIN MOy b AJIsl HOCTPOEHHSI TPAEKTOPUIL TepeMelleH s LIEHTPOB
o0acTelt ¢ 3aJaHHON BEepOATHOCTHIO prcka oOoHapyskerus [IMILI.

B npornecce pacuera o monenn PWRF GopmupyroTcst BeIxogabIe (aiiisl, co-
JepoKaliye MPOrHOCTUYECKHE JaHHbIE O CTAaHAAPTHBIM METE03JIeMEHTaM (TeMIepa-
Typa, JaBJICHHE, BIAXHOCTh, CKOPOCTh BETPa U I'€OMOTEHINAT) B Y37aX PacdyeTHOI
ceTky ¢ maroM 12 kM Ha 50 BEpTUKAJIbHBIX YPOBHSAX C YACOBBIM I1arOM I10 BPEMEHHU.
OTH 1aHHbBIE HCIIONB3YIOTCA JUIS MOCIEAYIOIIEro pacyeTa ol HHAEKCOB KOHBEKTHB-
HOIl HEYCTOHYMBOCTH aTMOC(EPHI.

Br16op cxem mapaMeTpu3anuy NOACETOYHBIX MpoieccoB B Moaenn PWRF mpu
pacdere CTaHIAPTHBIX METEOIIEMEHTOB OBUT MPOM3BENCH HCXOIS M3 H3BECTHOTO
OITbITa PabOT APYTUX aBTOPOB, CBSI3AHHBIX C MOAEINPOBAHUEM yCIOBHH BO3ZHHKHOBE-
nus [IMI] [2; 3; 6].

Hcnone3oBaBmuecs B pabote cxemsl mapamerpusannu PWRF, nmpuBenens! B
Tabm. 1.

Tabnuya 1
ITapameTpu3anus noaceTo4HbIX npoueccoB B mogean PWRF
ITapametp Hcnonb3yemoe 3HaYeHHE
Mukpodusuka (mp_physics) Goddard scheme

JlmnaHOBoJHOBAsI paauanws (ra_lw_physics) | CAM Shortwave and Longwave schemes
KopotkoBonHoBast paauaiws (ra_sw_physics)

IToBepxuocts (sf surface physics) Unified Noah Land Surface Model
Tpusemusrii cnoii (sf sfclay physics) Monin-Obukhov (Janjic Eta) scheme
Torpannunsiii cioii (bl pbl physics) Mellor-Yamada-Janjic (MYJ) scheme
Kyuesast 061aunocth (cu_physics) Kain-Fritschs scheme

B macTosmee Bpems pabodast KOH(GUTYpaIys rpymiTsl KOHBEKTHBHBIX HHICKCOB,
0TOOpaHHBIX B KAUECTBE MPEIUKTOPOB, COCTOUT U3 BOCBMH ANHAMUUYECKUX HHACKCOB,
CBSI3aHHBIX C 3aBUXPEHHOCTBIO, CIIMPAILHOCTBIO U CBUIOM BeTpa. OHM NPUBE/ICHBI B
Tabm. 2.

B npencraBieHHOM KOMIUTEKTE HCIIOIB3YIOTCS YSThIPE KOPEIUTHPYIONIIE MEXKTY
co0oii MH/IeKCa, CBA3aHHBIX C 3aBUXpeHHOCTHIO (Vorticity) 1 Tpu HHJIEKCa, CBSI3aHHbIC
co casurom Betpa (Vertical Shear). dakTudecku 3T0 O3HAYACT MPHIAHUE COOTBET-
CTBYIOIINX BECOBBIX KOA(P(PUIIMEHTOB YIIOMSHYTHIM XapaKTePUCTUKAM.

ITpu pacuere BepositHOCcTH hopmuposanus [IMI] ncronb3yercs, Kak yxe oTMe-
4ajoch paHee [7], IPENoI0KEeHHE O TOM, YTO YeM OOJIbIe HHICKCOB MJICHTH(OUIIN-
pOBaIM 3aKPUTHUECKYIO 00IaCTh, TEM OOJIBbILIE BEPOSTHOCTh TOTO, YTO B 3TOH 061acTu
MoXxeT ObITh 0OHapysxeH [IMII.

Ha 3akmounTensHOM 3Tare padoThl TEXHOIOTHIECKOH JIMHUH OCYIIECTBIIACTCS
MOCTPOCHHUE KapT MPOTHOCTHYECKUX TPACKTOPHH MEpeMEIeHUs LIEHTPOB o0acTei, ¢
3aJaHHON BepOSTHOCTHIO 00HapyxkeHust [IML]. DTu TpaekTopun, 0 HalIeMy MHEHHIO,
B OIIPEZICICHHON CTEIICHN OTPAKAI0T BO3MOKHYIO KapTHHY HMEPEMEIICHUS peabHBIX
ME30IIMKIIOHOB.
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Tabnuya 2
Wnnexcsl, ncnonb3yemslie st mporuosa [IMI]
Toyima Hcnomns-
Py Hazpanue HUHICKCa Onrcanne HWHICKCa 3yCMLIﬁ
MHJIEKCOB
opor
Vorticity 3aBuxpeHHocTh Ha ypoBre 10 M | >0,00009
Mean Surface-1km Vorticity ¥ Cpe/HeHHas 3aBUXPEHHOCTL, B >0,0001
cinoe 0—1 km
3al €HHOC .
BUXPEHHOCTD | /oo o ce2km Vo rticity VYcepeaneHHas 3aBUXPEHHOCTD B ~0,0001
cinoe 0—2 kM
Mean Surface-3km Vorticity ¥ CpeIHeHHas 3ABIXPEHHOCTS B >0,0001
cioe 0-3 km
Cnupansnocts | 3km Storm Relative Helicity OtHocuTenbHas CIUPATLHOCTE B <50
cioe 03 kM
Casur Betpa 1o Pudapacony
Bulk Richardson Number (Berep Ha ypoBHe 500 M u cpen- <25
Shear HEB3BEIICHHBIH BeTep B cioe 0—
Caswur BeTpa 6 xm)
Surface-1km Wind Speed Motyb pa3sHOCTH CKOPOCTEH <5
Difference Berpa Ha ypoBHe 10 M u 1 kM
Surface-1km Vertical Shear Cagwr Betpa B cioe 0—1 km <5

[Iporuo3 BbLIaeTcst OJMH Pa3 B CyTKH, 3a0JIarOBPEMEHHOCTh IIPOTHO32a — JIO
48 gacoB. PacuerHast 00macTh MpencTaBIsieT COOOH BBIACICHHYIO aKBAaTOPHUIO, BBHI-
6paHHy}0 B KQYE€CTBE UCHBITATCIIBHOI'O IMOJIMI'OHA, KOTOpast BKJIFOYACT B celst TIIpaKTH-
YecKH BCro akBaropuio bapeHuesa u Kapckoro mopeii, a Takxe 3anaiHyro 4acTb MOpst
JlanTeBbIX.

Pe3yJ’leaTbI NMPAKTHYIECCKOro HCMOJIb30BaHUS pa3pa60TaHHoﬁ TEXHOJOInHu

TecToBble pacyeTbl ¢ UCIIOIB30BAaHUEM Pa3pa0OTAHHOW TEXHOJOIMH HA pery-
JSIpHOH ocHOBe nMpoBoauIuCh ¢ 2022 1. [lo pe3ynpTraTaM 3THX pacdeToB MPOU3BOAU-
JIaCh KOPPEKIUsS MPOTPaMMHOTO Komririekca. B 2024 r. ObUTH TIPOBEACHBI HE3aBHCH-
MBbIE HCITBITAHUS PAa3paO0TaHHON TEXHOJIOTMYECKON JIMHUM. VICTIBITaHUS TTPOXOANIIH B
OBI'Y «AAHMW» Pocruapomera B Tpu 3tama: ¢ 01.04.2024 mo 15.05.2024, c
01.07.2024 o 15.08.2024 ¢ 01.10.2024 mo 15.11.2024. [{ns npoBeieHUS HE3aBUCH-
Mmbix ucnbiTannit HIIO «Taiidyr» mpemocTaBisio eXeIHEBHBIC MPOTHOCTHUCCKHE
pacueTsl Ha 48 yacoB BO3MOXHOTI'0 3aPOKICHUS U IepeMEILeHHs OIIPHBIX Me30Mac-
MITAOHBIX [IUKJIOHOB B MPEeTax BbIIEIEHHOI akBaTOPUHU, BEIOPAHHOI B KaueCTBe UC-
MBITATEIBHOTO TIOIMTOHA. PacdeTs! BKIIOUanu B ceds KapThl TPACKTOPUIl JBIDKCHHS
HOJIIPHBIX ME30MacITaOHBIX IUKJIOHOB. Pe3ysIbTaThl IPOrHOCTHYECKUX PACUETOB TIe-
penasanuck B AAHWU na exxenueBHoit ocHoBe uepe3 FTP-cepsep HITO «Taiidym».

Bepudukamnus nporHozos npousBoaunach B AAHUU na 6aze 06paboTaHHBIX
CITyTHUKOBBIX n300paKeHU I c caiita Meteo-Cubupb
(https://geosib.rcpod.ru/MeteoSiber/index.html), moay4eHHBIX C WCIOIB30BAHUCM
cyTHUKOB ApkTuka-M Ne 1 u Ne 2.

B T1abn. 3 mpuBeneHs! pe3ynbTaThl BepU(HUKAIUK TPOTHO30B, MOTYyYEHHBIC B
AAHUMN.
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Tabnuya 3
PesynbraThl BepuduKaiiyu mporio3oB

Sran KonmyectBo Onmpasn. 6e3 OmnpasJ. ¢ IIpomyck JloxHbIH Heonpen.

JIHEH TIMI{ TIMIT TIMIL TIPOTHO3 TIPOTHO3
1 45 11 20 9 3 2
1I 46 13 15 16 2 0
11 46 3 40 1 2 0
Bceero 137 27 75 26 7 2

[TpuBeneHHbIe B TA0J. 3 pe3ysIbTaTHI MO3BOJISIIOT OLIEHUTH Ka4eCTBO MMPOTHO30B.

OO01mast onpas/IIBAEMOCTb MPOTHO30B (TIPOrHo30B 0e3 1 npu Hannuuu [IMI]) 3a
Bce Tpu nepuopa rno ganasiM AAHWU coctasmsier 76 %. Ipenynpexnennocts [IMII,
T. €. OTHOLIEHUE KOJUYECTBA NMPABUIBHO CIIPOrHosuposanHHbix [IMI] k cymmapHOoMy
uX KonuuecTBy — 74 %.

W3 mpencraBneHHbIX B TaONuIle JaHHBIX BHJIHO, YTO KadyeCTBO IPOTHO30B
MPEAOCTABIIEMBIX B HACTOSIITII MOMEHT CYIIIECTBEHHO pa3nndaeTcs 1mo cesoHam. O0-
I1as OTIPaBIBIBAEMOCT B BECEHHHH MTEpHO/] oripeaesicHa B 72 %, B meTHuit — 61 % (ko-
rjaa KoauuecTo npomnyckos [TMI] npeBbICHIO KOJHMUYECTBO YCIEHIHO CIIPOTHO3HPO-
BaHHBIX CIIy4aeB), a B 3UMHHH — 93 %.

Taxwe cuTyarui BO3MOXKHBI, TT0 HAaIlleMy MHEHHIO, BCICACTBHE CIEIYIOMINX
(hakTopoB.

1) [Iporuocruyeckue nanuble riaodansHoi Monenu GFS, ucnonb3yembie B Ka-
YeCcTBE HAYAIBHBIX U TPAHWYHBIX YCIOBHH ITPH MPOBEICHUN PACIETOB HEAOCTATOYHO
KaueCTBEHHO OTPa)KalOT CUTYALHUIO ISl HEOOIBIINX TT0 MacmTabaM U CadbIX IUKIIO-
HOB 0COOCHHO Ha MMPOTax nopsaka 80° c. 1. 1 ceBepHee.

2) Mcnonp3yeMsblil mpy pacyeTax Miar CeTKH 12 KM CIMIIKOM BEJIUK U pa3perie-
HHE MOJIETIM HEIOCTaTOYHO JJIS BHIICJICHHUS BOSMYIIEHHH C TOPU30HTAIBHBIMH Mac-
mrabamu Meree 150 — 200 kM.

3) B nHabmtoiaeMbIX B 110J1€ 00JIAYHOCTH Ha CITyTHHUKOBBIX H300pPa)KCHUSX BHUX-
PEBBIX 00pa30BaHMX, HACHTH(OUIIIPYEMBIX IPpH Bepudukannu kak [IMLI, mpusemuas
CKOPOCTBH BETpa B OKPECTHOCTSX IIEHTPa MOXKeT ObITh MeHee 10 m/c, uTo 3aBeoMo He
MO3BOJISICT OTHECTH 3TH 0Opa3oBanus k [IMII. A 3To 3a05keHO0 B pa3paboTaHHON Me-
TOJUKE MTPOTHO3a (IsI JAHHBIX CIydaeB Tpaekropuu nepemerienus [IMI] ve ¢popmu-
pytorcst). Ho B OTCyTCTBHE TaHHBIX O CKOPOCTSIX BETpPa B IIPOIIECCE BEPUPHUKALINH TIPO-
THO30B TOJIBKO IO CITyTHUKOBBIM CHHIMKaM HaOJlfoflaeMble BUXPH, TEM HE MeHee, 000-
3HavaroTcs kak [IMII,.

Heo6xoauMo OTMETUTH, YTO IMEHHO B BECCHHE-JICTHUH MEepHOA HAaOMI0AaeTCs
MakcuManbHoe koimdecTBo [IMI] ¢ ropm3onTansHEIMI MacmTabamu MeHee 200 kM.
B ocenne-3umHMi nepuo Mmacimradsl Habmogaemerx [IMI] Bo3pacrator.

Ha puc. 1-3 npuBeneHs! npuMepsl Takux cuTyanuil. Ha kaxaoM n3 HuX moxa-
3aHBI KapThl 00acTu pacuetos (puc. 1, a, 2, a u 3, a), Ha KOTOPBIX MPU HATUYUH MTPO-
rHoctuaeckux [IMI] 1oJmKHBI OBITh OTOOPAXKEHBI HX TPacKTOpHH (TI0 (aKTy WX HET).
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Puc. 1. Ilporroctuueckas kapta ucnbitateabHoro nonurona ot 0 wacos UTC 3 mas 2024 1. (a),
CIIyTHHKOBOE M300paxkeHHe TOii ke obnactu ¢ caiira Mereo-Cubups ot 3:00 UTC 3 mas 2024 .
C pacrpezienieHreM 00JIauHOCTH B BUZE 3aBUXPEHUS ¢ KoopanHaTaMu neHtpa 80° c. ur. 13°B. 1. (6)
u none npusemuoro serpa Ha 3:00 UTC 3 mas 2024 roga, paccuntannoe rno mogenu GES c caiita
https://www.ventusky.com (B)

Puc. 2. IIporaocTuueckas kapTa uensiTaTesbHoro nonurona ot 0 wacos UTC 4 asrycra 2024 1. (a),
CIIyTHHKOBOE M300paXkeHue Toil e obnactu ¢ caiita Mereo-Cubups ot 7:45 UTC 4 aBrycra
2024 r. ¢ pacmpejiesieHHeM 00Ja4HOCTH B BUJIE 3aBUXPEHHS ¢ KOOPJMHATAMH LIEHTpa
74°c. m1. 52°8. 1. (6) u nose npuzemuoro Berpa Ha 6:00 UTC 4 aBrycra 2024 r., paccuntanHoe
o moaenu GES c caiita https://www.ventusky.com ()

Puc. 3. Ilporroctiueckas kapTa ucnbITatenbHoro nosmrona ot 0 wacoB UTC 8 aBrycra 2024 1. (a),
CIIyTHHKOBOE H300pakeHue Toii xe obnactu ¢ caiira Mereo-Cubups ot 5:30 UTC
8 aBrycra 2024 r. ¢ pacnpezeneHreM 00Ia4HOCTH B BUJE 3aBUXPCHUS ¢ KOOPANHATAMU LIEHTPA
82°. 1. 82°B. ;1. (6) u one npuzemuoro Berpa Ha 6:00 UTC 8 aBrycra 2024 r., paccuntanHoe
o moaenu GES c caiita https://www.ventusky.com ()
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IIpexncTaBieHHbIe HA PUCYHKAaX M300pa)K€HMSI HATIISAHO MOATBEPKIAIOT Clie-
JaHHbIE IIpeanonoxkeHus. Bo Bcex Tpex cimydasx mogens GFS He BociponsBoanT npu-
3HAKOB LUKJIOHMYECKON IUPKYJISILMU B pailoHax ¢ HAaONIOAABIINMHUCS BUXPSIMHU, BO3-
moxkabiMu [IMII. MogensHast CKOpOCTh PU3eMHOTO BeTpa MeHbine 10 M/c. ['opuzoH-
TaJbHBIC MAaCIITa0bl HECIPOTHO3UPOBAHHBIX IIMKIOHOB MeHbIe 200 KM.

B 3umHee Bpems TakMX CHUTyalllil CyIIeCTBEHHO MeHblle. Kak BHAHO u3
tabu. 3 Ha TpeTheM dTane 3aduKCUpOBaH Bcero ojuH ciyyaid npomnycka [IMLI. TIpu-
YMHA 3TOTO IIPOITyCKa HaM IT0Ka He SICHA, TOCKOIBKY 3TO ObIII IUKJIOH CHHONTHYECKOTO
MacmTaba, HaOmogaBmmiicss B bapernieBoM Mope, KOTOPBI MPOCIeKUBAICS Kak Ha
CITyTHHUKOBBIX M300pa)K€HHSX, TaK U B MOZEIBEHOM I10JI€ TIPU3EMHOTO BETPA.

Ipenynpexaennocts [IMI] ais TpeTsero stama no qanasiM AAHUN — 98 %.

INocie oKOHUaHUS HE3aBUCUMBIX HCTIBITAHUI pa3pabOTaHHAS TEXHOJIOTUIECKast
JMHUS TPOJ0JDKACT Pab0TaTh B TECTOBOM PEXHME C IIEJIBI0 HAKOIUICHUS IAHHBIX IS
JIaTbHENIIIEero ee COBEPIICHCTBOBAHHUSI.

Hmxke mpencraBneH mans mpuMepa ciydail (OPMHPOBAHHS JONTOKHUBYIIETO
TIMIL] B xonme HosiOpst 2024 1. Ha puc. 4 moka3aHa cepus CIIyTHUKOBBIX CHUMKOB C
IIML, nonyuennsix ¢ nomomsio 'MC Mereo-Cudups. [IML] Bozuuk B HopBesxckom
Mope, IBUTANICS Ha CEBEPO-BOCTOK BOIb CKaHIMHABCKOTO MOJYyOCTPOBA M K HaYaIry
cyTok 29 Hos6ps 2024 1. Bomen B 06JacTh BUANMOCTH TexHOMorur. [locie Bxoxae-
Hus B bapenueso mope IIMII npogosmkun aemxenue k apxunenary Hosas 3emust. Ha
puc. 5 npexacraenena tpaekropuss 3toro IIMI[ mHa 29wu 30 HosOps 2024 r. Ha
puc. 6 ToKa3aHbl MOJSI MPU3EMHOT0 BeTpa, paccuntaHHsle no moxenu GFS c caiita
https://www.ventusky.com 3a Te e CpPOKH, YTO M CITyTHHKOBBIC M300pakeHHUs Ha

puc. 4.

- j

Puc. 4. Cnyraukosbie uzoopaxenust ¢ [IMI] (Apkruka-M Ne 1 u Ne 2, NOAA-18 u 19) 3a nepron
c0uaUTC 29.11.2024 r. o 18 w UTC 30.11.2024 r. ¢ marom 6 4
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o 30°E  BO'E  SO°E 120°€

1: 2024-11-26_03:00:00 - 2024-1201_00:00:00 (17/28:24 m's)
A0E 50°E BIE T°E BI'E

Puc. 5. Kapra tpaekropuii nportosupyembix [IML] va 29-30 Hosi6pst 2024 r.
(nporuo3 ot 0 u BCB 29.11.2024 r.)

Puc. 6. Ilons npuzemHoro BeTpa, paccuntanublie o mojenu GES c caiira
https://www.ventusky.com 3a nepuoz ¢ 0 ¥ UTC 29.11.2024 o 18 ¢ UTC 30.11.2024 ¢ miarom 6 4

W3 mpeacTaBiIeHHBIX PUCYHKOB BHIHO, YTO OOIIHE YePThI IyTH paccMaTpHBac-
Moro nonroxkuBymiero [IMI] B TexHOIOTHY OBUTH JOCTaTOYHO XOPOIIO BOCIIPOM3BE-
JICHBI, HO IMEJI MECTO HEKOTOPbIE MOTPEIIHOCTH JIOKAIN3ALUU [IEHTPa HUKIOHA, KaK
110 BPEMEHH, TaK ¥ IO MPOCTPAHCTBY.
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Pe3ome

Co3maHa TEXHOJOTWYECKash JIMHMSA IIOCTPOCHHS B aBTOMATHYECKOM PEKHME
MPOTHO3a BO3HUKHOBEHUS H MTEPEMEIICHHUS OISIPHBIX ME30IHKIOHOB. [IpoBeieHHEIC
HE3aBHCUMBbIC UCTIBITAHKS U €€ TOCIICIYIOIICE UCIIOIb30BaHUE [TOKA3aJIH, YTO BHIOPAH-
HbIE MOJIXO0/IbI M0 MOCTPOEHUIO MPOTHO30B 3apokaeHus u nepementenus [IML] nator
MTOJIOKUTEIBHBIN 3D (eKT, TeXHOTOTHS paboToCTIOCO0HA U MOXKET OBITh BOCTpeOOBaHa
B OINICPATHBHOU MpaKkTUKe. B nanmpHeleM mIaHupyTCsl paboThI 0 YCOBEPIICHCTBO-
BaHHIO NMPOrPAMMHOI0 KOMIUIEKCA KaK 33 CUYET YCBOCHUSI CITyTHUKOBOW MH(pOPMAIHH
M TOpaOOTKH METOIMKH MPOTHO3a, TaK M 3a CUET BHIOOpa HOBOH KOH(HUTYparmu Mo-
nemu WRF ¢ y4eToM JDOCTYIHBIX HaM BBIYHCIHTEIBHBIX PECYpCOB, B YACTHOCTH 3a
CYCT PACUIMPEHUS [IPOTHOCTHYCCKOI 00IACTH ¥ YMEHBILICHHUS IlIara PACYCTHOU CETKH.
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VIIK 551.510.42(571.1)

IIpoueccol cHerorasitHus Ha 10KHbIX pekax IlepMmckoro kpas
B 2019 r.

M. A. TacraiibekoBa (wisecause777@gmail.com), /1. A. ITactyxoBa
(pastukhova dasha261403@mail.ru), A. A. Hlaiinynuna (Adelinash89@mail.ru)

Tepmckuil 2ocyoapcmeenvlil HAYUOHATbHBII UCCIe08amenbCKull yrusepcumem, 2. Ilepmo

AnnoTtanus. CHeroTassHue Urpaer BaXKHyl0 poJib B BOJHOM PEXKUME PEK, OCOOCHHO B perHoHax ¢
YMEPEHHBIM H XOJIOJIHBIM KIMMATOM, IJi¢ 3HAYUTEIbHAS YaCTh TOJOBBIX OCAJKOB BBIIANACT B BHIE
cuera. [ToHMMaHue BIMSHUS IPOLIECCOB CHETOTASHUS HA BECEHHEE MOJIOBO/IbE HEOOXOAUMO 1Ist d()-
(EKTHBHOTO YIPABICHHS BOJHBIME PECYPCaMt H 0€30I1aCHOCTU HaCCICHNUS, IIPOKUBAOIIECTO Ha IIPH-
OpEeKHBIX TEPPUTOPHAX. BBITIOIHEHBI pACUEThI CHErOTassHUS 110 METO/LY TeMIIEePaTypPHBIX KOdhuIu-
€HTOB Ha BoziocOopax pek CouiBa u UycoBasi, OTHOCAIIUXCS K 103KHBIM paifonam Ilepmckoro kpas. C
HCIOJIb30BaHNEM T'eOMH(BOPMAIIOHHOTO MOJCINPOBAHUs IOCTPOEHA Cepusl KapT NOCTYIUICHHUS
CJIOEB TAJIOTr0 CTOKA Ha BOJOCOOPHI, BBIIIOJIHEH aHAJIN3 CTAUBAHMS CHEXKHOT'O ITOKPOBA M U3MEHEHUS
cHero3amacoB B BeceHHuil nepuoy 2019 r. Tak, MakcMMasibHbIE CIIOM MOCTYIAId Ha BOIOCOOP P.
CouiBbl u p. Uycosoit 1015 anpens, ux BenuunHa coctaisuia 20—25 MM/cyT. 3aMeTHYIO poib Ha
CTauBaHUE CHEKHOTO MOKPOBA OKA3bIBACT IIMPOTHAS 30HAIBHOCTb U BBICOTHAS MOSCHOCTH, MPOSIB-
JIeHHE KOTOpPOii 3aMe/UIsieT CTauBaHue CHera Ha Bojocoope p. UycoBoid.

Ki1ioueBble ¢j10Ba: CHEroTasHue; FI/IC-TeXHOJ'IOFHI/I, BCCCHHEC IMOJIOBOABE.

CHeroTasiHue — 3TO IPOLIECC MIPEBPALIECHUS CHETa U JIbJ1a, 3aKJIFOUYEHHOTO B CHEX-
HOM TIOKpOBe, B BOJY [4]. CHeroTasiHue SIBISETCS] MPUUNHON CHIIbHBIX HAaBOJHEHUH Ha
peKax B BECCHHHUII TIEPHO/, 1 KOCBEHHO MOJKET BBI3BIBATh PAa3MBIB OCPEToB, UX Tepe-
(hopMupoBaHUe, YTO BICUET yrPo3y KU3HHU JIOJICH M HOPMAJIBHOMY (DYHKIIHOHHPOBA-
HHIO 00BEKTOB HH(PACTPYKTYPBL. DTO 00YCIIOBINBACT BHICOKYIO aKTyaJIbHOCTb POBE-
JICHUS TTOJJOOHBIX UCCIIEIOBAHMUIL, TaK KaK TAJIbIe BOJBI OIIPEACIAIOT 00BEM CTOKA, MaK-
CHMaJIbHBIE PacXo/bl M YPOBHH BO BPEMsI ITOJIOBOIMH Ha peKax. ITO OCOOCHHO BayKHO
Jutst [TepMckoro Kpas, Tie Ha Tallblii CTOK MpUXoauTces 6osee 60 % rogoBoro croka.

Lenbro naHHOM PabOTHI ABIAETCA PAcUyeT CHETOTAsHHS Ha BOAOCOOPAX FOXKHBIX
pex ITepmckoro xpast — CeiiBe u UycoBoit. JlanHBIe pekn OepyT Ha4daIo Ha 3armagHoOM
CKJIOHE YPaJbCKUX IOp, NOCTEIEHHO MEHsS XapaKTep TEUEHUs Ha paBHUHHBIN Ipu
npubIKeHUH K yeThio. ChuiBa BrasaeT B UycoByro,  BMecTe OHA GopMupyroT Chii-
BeHCcKO-UycoBckoit mnec Kamckoro Bogoxpanunumia. COBOKyIHAsl ATUHHA PEK CO-
crapiser 1044 kM, momans Bogocoopa — 40 890 kM. CpeaHss BICOTa BOZOCOOPOB —
310 m BC, 3anecennocts — 79 % [3; 5].

J1J1s BBITIOJTHEHUS PACUeTOB CHETOTAsIHUS UCIIOIB3YIOTCS IaHHBIE O CPEAHECYTO-
YHOI TeMIIepaType BO3ayXa, MAaKCHMAaIbHBIX CHETO3aMacax u CyMMe 0caakoB ¢ 11 me-
TEOCTAHITNH, PACIIOIOKCHHBIX Ha HCCIIETyEeMBIX BojocOopax. Pacuer mponsBoanTcs B
CrHenuabHON nporpamMme SnowMelt, B ero OCHOBE JIKHT METO]] TEMIICPATyPHBIX KO-
a¢pdunuenros B. JI. Komaposa u anantuposannsiii H. /1. JlebeneBoii muist ycnoBuit Bo-
nocbopa Kamckoro Bogoxparminiia. MeTos 65UT yCOBEpPIIEHCTBOBAH C TPUMEHEHUEM
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T'C-texnonornii B. I'. KamuanasiM u ap. [Ipu pacdere UCTIONb30BaINCh BOIHBIE K-
BHBAJICHTHI [UIS CHETa — B TIOJIe 5 MM, B Jiecy — 2 MM. [logpoOHee o Moxenn cHeroTasi-
HUs ykaszaHo B [1; 5].

B cpene 'MC noctpoeHs! U poBbIe MO peibeda BogocoopoB p. Uycosas u
p. CouiBa mo /1 JIstmuno 1 [TokaMeHHOE COOTBETCTBEHHO (pHC. 1).

C ucnonp30BaHuEeM mporpaMmHoro makera ArcGIS Opiia mocTpoeHa cepus Kapt
MOCTYIIJICHHS CJIOEB TAJIOTO CTOKA Ha BOJJOCOOPBI, BBIIIOJIHEH aHAIM3 CTAUBaHMs CHEX-
HOTO MOKPOBa M M3MEHEHUs CHerosamnacoB B BeceHHUH nepuoa 2019 r. Beibop rona
00yCIIOBIIEH TeM, 9TO Ha BoJocOopax pek CruiBa 1 UycoBas B 3TOT O METEOPOIOTH-
YEeCKHE XapaKTePHUCTHKH, (TeMIeparypa Bo3/IyXa, OCaIKd U MaKCHMAIbHBIA CHEro3a-
T1ac) MPeBBIIIAN CPETHEMHOTOJIETHHE 3HAUCHUSI.

Venoensre obosnauenms:

- Bonoxpal-:pmnné

Peunaz ceTe

D I'parriia eomocbopor
Bricota, m BC
[ 100 - 200
[ 200- 300
[ 300 - 400
1400 - 500
[ 500 - 600
[ 600 - 700
1B 700 - 800
1 800 - 900
[ 900 - 1000

Puc. 1. TlonoxxeHue Bonoc6opos pex ColaBa 1 UycoBas B IIpeeax TeppUTOpHN OacceliHa
Kamckoro Bopoxpanuiniia

327



CoBpeMeHHble TEHAEHLUN 1 NepcnekTUBbLI Pa3BUTUSA rnapomeTeoponorui B Poccun
Mamepuarnsi VII Becepoccutickoli HayyHo-npakmuyeckoli koHgheperyuu. Mpkymek, 19-21 mapma 2025 e.

AHanu3 meteoposiorndeckux yciosuil 2019 r. nokaszai, 4To BO BTOPOH II0JIOBUHE
3MMBI KOJIMYECTBO OCAJKOB OBLIO 3HAUUTENBHO Oolblie, deM B nepBoil. [lociaennuii
pa3 mogobHoe pacnpenenenue o0buto B 2001-2002 rr. [lekabpb ObLI1 0OYCHB CyXuM (B
OCHOBHOM BBITIAJI0O MEHBIIIE MTOJIOBUHBI HOPMBI OCAJIKOB), STHBAPHh — YMEPEHHO CHEX-
HBIM. B (heBpasne KonmuecTBO 0cafKoOB MPEBBICHIIO IBE MECSUHBIE HOPMBI B [lepmu n
[0 IpYI'MM LEHTpalbHbIM pailoHam [2]. MakcumainbeHbli cHero3anac B 2019 r. mpu-
mencs Ha 10 u 31 mapta. Ha Bogoc6ope p. UycoBasi 3HaYeHHs CHero3amnaca B 1oJie u
necy 0b110 O0sbIe, ueM Ha p. ChuiBa Ha 50—100 MM. OCHOBHOM TPOIIECC CHETOTAsTHHS
Ha pekax CpuiBa n UycoBast IpUXOIMIICS Ha KOHEIl MapTa — Ha4ajo ampers.

B mapre Temneparypa Bozayxa Ha BogocOope p. ChuIBBI OblIa BbIIIE, a HA p. Uy-
COBOIf — HIKe HOPMBL. B anpene ona coctasisuia 2,7 °C. st YUycoBoit 3To HOpMa, 11t
CbuiBbI — HUXE HOpMBIL. B Mae Temneparypa Bo3nyxa cocrasuia 12,3—13,3 °C, atu no-
Ka3aTeJu SABIAI0TCS HOpMOH ai1st ChUIBBI M ITPEBBIIAIOT HOPMY U1t UycOBOA.

Cymma ocankoB B Mapte coctaBisiia 38,9—61,3 MM (Bbllle HOPMBI), B arpene
16,9-21,6 MM (HIKE HOPMBI), B Mae HOPMa OCAIKOB IPEBHIIIANA 3HAYCHNS Ha BOJIO-
coope p. CoutBbl — 48,5 MM, a u1s TeppuTopun UycoBoi 3HAUECHUS BXOJAT B IOITYCTH-
MbIe — 70,5 MM.

BbInosnHeHbI pacueThl U3MEHEHHUS IUIOMIa i BOA0COOPOB, 3aHATON CHEXHBIM TI0-
KpoBoM BecHoH 2019 r. (puc. 2).

100
90
80
70
60

40
30
20
10

> 5 N > 5
26 5 l5. 25 . Digiss ls
? -‘I;,l) allp J Uy 5411/) May; Magy

JHara
—e—p Crurea —e—p Uycoraa

Puc. 2. VI3mMeHeHue III0Ia (1 BOAOCOOPOB, MOKPLITOI CHEroM, B BeceHHHi neproj 2019 r.

AHanu3 puc. 2 mokasal, 4To JUHAMHUKA OCBOOOXICHUS UCCIIEAYEMON TeppUTO-
PHUH OT CHEKHOTO TIOKPOBA UMEET CXOXHi XapakTep. [Ipu 3ToM cHeroTasiHue Ha BOJIO-
coope p. ChUIBBI, KOTOPBI HAXOAWUTCS I0XKHEE W MIMEEeT Ooyiee paBHUHHBIA XapakTep
MECTHOCTH, IPOUCXOAUT PaHbIIIE, YeM Ha BBITSIHYTOM U UMEIOIIUM OOJIBIINE BBICOTHI
Bojiocbope p. UycoBoil. Tak, K KOHIly MEPBOM JAEKaIbl ampeisi CHEXXHBIM TTOKPOBOM
3ansTo 70 u 90 % tepputopuu 6acceiiHoB pexk CbuiBbI 1 UycoBO# cOOTBETCTBEHHO. K
KOHITY BTOPOi1 1ekajipl yxxe 38 u 65 % coorBeTcTBEHHO. B KOHIIE neproia cHeroTas-
HUSl HAOJTIOAIOTCS MAKCUMAJIbHBIE PACX0XKICHUS B IMHAMHUKE CTaWBaHUSI CHEKHOTO
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TTOKPOBA MCCIEAYEMBIX TeppuTOopHi. Tak, k 25 ampens cHer Ha BogocOope p. CruiBa
TIOYTH MTOITHOCTBIO CTaslI, a Ha BojocOope p. UycoBoil CHEroM OBLTO TTOKPHITO MOPSIIKA
40 % mmouragu. Bomocbop p. UycoBoil MONHOCTHIO OCBOOOIMIICS OT CHEXKHOTO I0-
KpOBa K cepenuHe Mas (puc. 2).

[IpuMmeHeHne TeOMHPOPMAIIMOHHONH MOJENH CHEeroTasHus [1] Mo3BOJIMIO BHI-
MOJHUTH MOJICTIHPOBAHKE CIIOCB CTAsIBILICTO CHET'a, MOCTYMAIOIINX HA TSPPUTOPHIO HC-
cienyeMbix BogocbopoB B ampene 2019 r. (puc. 3). Tak, MakcCUMalbHBIE CJIOU MOCTY-
nau Ha BojocOop p. CeiBel U p. Uycosoii — 10—15 ampens (puc. 3, 6). 3aMeTHO BIIH-
SHUE MIAPOTHOW 30HAIBGHOCTH M BBICOTHOW ITOSICHOCTH Ha IIPOIIECCHI CHETOTAasHIS.
IupoTHast MOSCHOCTh OCOOCHHO SIPKO MPOSBIIAETCS Ha BomocOope p. CBUIBBL, a BhI-
coTHas — Ha Bojtocoope p. UycoBoi, 4TO 3aMeTIHIIO CTauBaHKE CHera (pHc. 3, 2).

Venosueie obozHaueHma:
m— Peunag cets

[
Crion cTasmumcro chera, My
10-099

[099-5

m5-10

mE=10-135

m5-20

m0-2

Puc. 3. Ciiou cTasBLIEro CHera, ocTynaroLye Ha TEPPUTOPUIO UCCIIELyeMbIX BOLOCOOPOB B
ampene 2019 r. (a— 05.04; 6 — 10.04; B — 20.04; r — 30.04)
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TakuM 00pa3zoMm, BBITOJIHEH aHAIN3 TIPOIIECCOB CHETOTASTHUS Ha IOHBIX peKax
Iepmckoro kpas (Cpuie u YUycooit) B 2019 1. B 3T0T rog MeTeoposiorHuecKie xapax-
TEPUCTUKH, (TeMIIEpaTypa BO3lyXa, OCAJAKH U MAaKCUMAIbHBIA CHErosarac) IpeBbI-
[Ialii CpeTHEMHOToJIeTHHE 3HadYeHusl. OCHOBHOHN MPOIIECC CHETOTasHUS MPUXOINICS
anpens Mmecsn. Tak, xk 25 ampens cHer Ha BogocOope p. ChUIBa TOYTH IMOIHOCTHIO
ctasi1. Bomoc6op p. UycoBoii MOITHOCTHIO OCBOOOAMIICS OT CHEIKHOTO IIOKPOBA K cepe-
JIUHE Masi, 9TO 00YCIIOBJICHO MPOSIBICHUEM BBHICOTHOM MOSICHOCTH.
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AHHOTanus1. BbINOIHEH CpaBHUTEIBHbIN aHAIM3 COBPEMEHHBIX METO/IOB U MOIXO0/I0B K MOMCKY K-
30IIJIaHET, KOTOPBIE CYIIECTBYIOT 3a rpeaenaMmu COJIHEYHON CUCTEMBI U IIPE/ICTABIISIOT HHTEPEC IS
Pa3BUTHUs TEOpUH OOpA30BaHMs IUIAHETAPHOTO BEIIECTBA U BO3MOXKHOTO CYIIECTBOBAHHS YKU3HH.
Ocoboe BHUMaHHUE YJIEISIOCh OITUCAHHUIO METOOB JJOIICPOBCKON CIIEKTPOCKOIHMH, TPAH3UTHOI (ho-
TOMETPHH, PAJHOHAOIIONCHUSIMH ITyJIbCAPOB, MPSIMOro (oTorpadupoBaHus, aCTPOMETPHIECKOMY
METOJly ¥ METOJly TPaBUTAL[IOHHOTO JIMH3UPOBaHMs. PacCMOTpEHBI pe3ysbTaThl, MOJTy4YeHHBIC KOC-
MudeckuMu Teneckonamu «Kerutepy, «Xab6m», «Jxeiimc ¥Y266» u TESS, xoTopbie ceromust siBisi-
I0TCS1 OCHOBHBIMU HHCTPYMEHTAaMK 00HAPY)KEHHs IK30IUIaHET. PaccMOTpeHb 0COOCHHOCTH IK301LIa-
netHo# cucteMbl TRAPPIST-1. [Ipoananu3upoBaHbl TEHICHIIUH PACTIPEICTICHHS YK30IUIAHET B 30HE
oburaemoctH (habitable zone), rie B inana3one pacCTOsHUM OT 3B€3/IbI TEMIIEPATypa Ha TIOBEPXHO-
crH m1aneTsl coctasisier oT 0 1o 100 °C.

KiroueBsble ciioBa: IK30IIAHETBI, JOIJICPOBCKAs CIICKTPOCKOINS, TpaHSHTHBII‘/'I METOJ, ITyJIbCaphl,
aCTpOMeTpPI‘-ICCKPIfI METO/, T'PaBUTALIMOHHOC JIMH3UPOBAHUE, TCJICCKOII, CITYTHUK

BBenenmne

ITnanersl, npuHaIeKamue He Hamedd COJTHEYHOW CHUCTEME, a WHBIM TUIAaHeT-
HBIM CHUCTEMaM y APYTuX 3BE3[, Ha3bIBAIOTCS HK30IUIAHETAMU WM BHECOJIHEUHBIMH
rtanetamu. Kpome Toro, cymecTByIOT U TUIaHEThI, HE CBSI3aHHBIE CHIION MPUTYKEHHS
C KOHKPETHOH 3Be3/I0l, a KOTOpPBIE CBOOOAHO MEPEMEIIAIOTCS B MEXK3BE3THOM IPO-
CTpaHCTBE (IUTAHETHI-CHPOTHI). DK30IUIAHETHI MOJMYYalOT CBOE HAa3BaHUE IO MMEHH
3BE3JIbI, BOKPYT KOTOPOI OHU 00pamarTcs, ¢ J00aBICHHEM JIATHHCKOW OYKBBI IO all-
(aBuTy, HauMHast ¢ OYKBBI b, Tak Kak repsasi OykBa ¢ IPHCBAUBACTCS 3BE3/IC.

IIpuHATO CYNTATH, YTO O MHOKECTBEHHOCTH OONTaEMBIX MHPOB IIEPBBIMH 3311y~
MAaJIUCh I'PEYECKHE aTOMUCTHI B V B. JI0 H. 3., OJHAKO TOJIBKO I1OCJIE CO3JaHUsI IeIHO-
LHeHTpryeckoit cucremsl Mupa Koneparkom B X VI Beke mosSBUITUCH (U3HUSCKH 000C-
HOBAHHBIE MPEANONOKEHMS 00 MHBIX TUIAaHETHBIX cucTemMax. OTHUM U3 MEePBBIX H3JI0-
JKWJI OCHOBHBIE TIOJIOKEHHS COBPEMEHHOW kocmojornu Jxopmano bpyHo, yTBep-
JKIABIIAH, 9TO «CYHIECTBYIOT OCCUHCIICHHBIC 3€MIIH, KOTOpPBIE KPYXKATCs BOKPYT
CBOUX COIHII, MMOJJOOHO TOMY, KaK HAIli CEMb IUIAHCT KPYXKATCS BOKPYT HAIIECTO
Comanay [5].

KocBennslie mpu3Haky (OPMHPOBAHHS M HATHMYHS TUIAHET Y 3BE3]T pa3HOTO THITA
(oOHapy KeHHE B CHIEKTPE 3BE3/IbI TSHKEIIBIX JICMEHTOB, 3ePKaTbHAs aCHMMETPHS TIIa-
HETapHBIX TyMaHHOCTEH, HAIM4HE Ta30BO-TIBIJIEBBIX IIPOTOIUIAHETHBIX TUCKOB Y (Hop-
MUPYIOITAXCS 3BE3IHBIX 0OBEKTOB) 0OHAPYKUBATHCH €IIE JO OTKPBITHSA CAMUX IK30-
a”eT. [lo cocrosiHuio Ha cepeauny sitHBapsi 2025 r. JOCTOBEPHO MOATBEPKICHO CY-
mectBoBanue 7397 sx3oruraner B 5078 maHeTHBIX cucTeMax. B ranmaktuke MieuHblin
[TyTh KOMHYECTBO SK30ILIAHET OI[CHNBAeTCs HE MeHee ueM B 100 MuumapaoB, U3 Ko-
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TOPBIX OT 5 710 20 MIIIITMApI0B MOTYT HAXOAWUTHCS B 30HE 00MTaeMOCTH. 30Ha O0HTAa-
€MOCTH — KOMIIIEKC KPUTEPUEB, KOTOPOMY JIOJKHA COOTBETCTBOBATH IJIAHETA, YTOOBI
Ha Hel MorJ1a BO3HMKHYTb )KM3Hb 3MHOTO THIIA. B riepBOM npHOIIMIKEHIH MOXKHO pac-
CMaTpHuBaTh €€, KaK JIMana3oH PacCTOSHUMN OT 3Be3/Ibl, BHyTPU KOTOPOTO TeMIlepaTypa
Ha IUIaHETE T03BOJISIET BOJE CYLIECTBOBATh B KHUKOM COCTOSIHUU.

OmnpezeneHne XapakTepUCTHK U KITACCU(HUKALHS STHX 00BEKTOB SIBISICTCS PyH-
JAMEHTAJIBHOM 3aaueli, HapaBJICHHON Ha MOHMMaHHE pa3HO00pa3Us MIaHETHBIX CU-
cTeM Bo Bcenennoi. B 3T0if cB3u 0OHapyXeHNE U H3y9eHUE SK30IUIAaHET MPEaCTaB-
JI5IeT OTPOMHBIN HAay4HBIH U MPAKTUYECKUI HHTEPEC.

MeToabl NOMCKA DK30ILIAHET

IlepBas merommueckn 000CHOBAaHHAS MOMBITKA TTOMCKA AK30IUIAHETHI Y OJTHOM
n3 Oommkanmumx 38e3) (Jletsmas 3Be3aa bapHapa) Obuta npeanpunsaTa B 1980-x rT.
Omaromaps ycrexam B pa3BUTUHU acTPO(PH3HUKH U TOSBICHUIO HOBBIX MOIIHBIX PaHO-
TEJIECKOIIOB. [IaHHBII METOJI OCHOBAaH Ha TOM, YTO IUIAHETA, BPAIIAsCh BOKPYT CBOCH
3BE3/bl, «packaunBaeT» ee. [loaTomy, eciu u3MepUTh TOIIIEPOBCKOE CMEILIEHUE CIIEK-
Tpa 3BE3/Ibl, BEI3BAHHOE €€ MOMEPEMCHHBIM YCKOPEHHEM, TO MOKHO OOHAPYKHUTH JK-
30IUIaHETy, YCTAHOBUTD €€ MPUOIM3UTENbHBIC MacCy U opouTy. OTHAKO 3HAUNTEITFHOE
JIOTUIEPOBCKOE CMEIIICHNE CTIEKTPa BBI3BIBAIOT TOJIFKO OYEHb MAaCCHBHBIE TIAHETHI, T10-
STOMY C TIOMOIIBIO CIIEKTPOMETPHYECKOTO H3MEPEHHUS MOKHO OOHAPYKHUTH 3eMIICTIO-
JOOHBIC IUTaHETHI 00JIbIIE 3eMIIM B HECKOJIBKO pa3. [lepBast Ha/Ie)KHO YCTaHOBIICHHAS
9K30IUIaHeTa Obuta oOHapyskeHa B 1995 r. actponomamu JKeneBckoir oOcepBaTopun
(IlIsetirtapust) Mumenem Matiopom n Jnapse KEmo, mOCTPOMBIINME CHEKTPOMETD,
CIIOCOOHBIH C BEICOKOH TOYHOCTBIO H3MEPSTH CMEIICHHUE JINHIHA B CIICKTPE 3BE3.IBI (110
13 m/c). JlocTurnyTas ceifyac TOYHOCTb PErHCTPALIMH JIy4eBOil CKOPOCTH 3BE3/1 B 1 M/C
MO3BOJIICT OOHAPYKUTH HAJMYHUE IJIAHET B HECKOJIBKO pa3 MaccuBHee 3eMiH (cymep-
3eMiIH) BOJM3M 3BE3] B HECKOJBKO pa3 MEHee MacCHBHBIX, yeM ComHie. Brepsrie
CIICKTPBI [UIAaHET B MH(PaKpaCHOM JUAITa30HE, I/I¢ KOHTPACT CO 3BE3IHBIM CBETOM MH-
HHUMAaJICH, yaJI0Ch MOIYYHTh ¢ MoMOIbio «Crutiiepa» B 2007 T. 1 TOpsUUX FOIUTE-
pos HD 209458 b (O3upuca) u HD 189733 b [2].

Kpome momiepoBcKoii CIIeKTpOCKOITIH, KOTOpast HauboJliee MOAXOINT I 0OHa-
PYXKEHUs TUIAHET THUTAaHTOB, pa3pabOTaHBI JPYrHe METOIbl OOHAPY)KCHHS IUIAHET.
TpaH3UTHBINA METOJT UM METO/I TPAH3UTHOH (HOTOMETPUH, PUKCUPYS YMEHBIICHUE SP-
KOCTH 3BE3/I6l B MOMEHT TIPOXOXK/ICHHS TIAHETHl Ha (POHE 3BE3.IBI, II03BOJISIET ONpe/ie-
JIUTh TaKUe XapaKTePUCTHKHU HK30IUIAHETHI, KaK Macca, TeMiepaTypa MOBEPXHOCTH,
anb0es1o0, paiuyc, a TakKe YCTAaHOBUTH COCTaB arMocdepsl. DTa 0b1acTh Uccien0Ba-
HUH B acTpoHOMUM TosiBUIachk B 2004 r. ¢ oOHapyKEHUEM TIEpBOM TPAH3UTHOH DK30-
wianetsl HD 209458b. CpaBHUTENHHO HEaBHO, OJIarofapsi BBISBICHHUIO KOJeOaHUI
TPaH3UTHBIX MOMEHTOB (MOMEHTOB CepeAMHbI TPAH3UTa), KOJIeOaHUH MPOJOIKUTEIb-
HOCTH TPAH3UTOB U yTiIa HAKIIOHA OPOUTHI IUTAHETHI CO BPEMEHEM, TTOSIBUIIACH BO3MOXK-
HOCTh HUCKaTh «HEBUINMBIC» (HEICTCKTHPYEMbIe KaKUMH-TH00 JIPYTUMH METOIaMH)
BHECOJIHEUHbIE Tu1aHeTsl [11].
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O hexTHBHOCTH TPAaH3UTHOTO METOAa BO MHOTOM OTIPENIENSETCS, IPUCYTCTBYET
J1 HeoOXoIuMast JIMHUS «HAOII0IaTeNb-INIOCKOCTh OPOUTHDY K30IUIAHETHI B YAa4HO
JI1 BBIOPAaHO BpEeMs IPOXOKIACHUS Ha (DOHE 3BE3/IbI, TAK KK IIUKIIBI MOTYT IIOBTOPSTHCS
pa3 B iecaTkH JeT. Taxke HeoOXOAUMO YUNTHIBATh, YTO JJIS IPKOCTH HEOOIBINNX 3eM-
JIeTI0TOOHBIX TUTAHET XapaKTepHBI OYCHB cliadble m3MeHeHns. Hampumep, mpoxoxe-
Hue Ha Qone Comnna HOmurepa, xoropsiit B 10 pa3 menbiie ConHia, ociaduio Obl
6neck Harrero cBetuna jauuib Ha 1 %, a 3emis Bcero Ha 0,008 %. [ToaTomy TpaH3uT-
HBIM METOJIOM OOJIBIIE BCErO OTKPHITO TUTAHTCKUX IIIAHET, BPALIAIONINXCS OIN3KO K
CBOMM 3Be€371aM, KOTOpbIE Ha3bIBAIOT ropssuumu FOnurepamu [6].

B 1990 r. nonscko-amepukaHCKuid acTpoHOM AJjiekcanip Bosbliad BOCIOIb30-
BaJICSL BPEMEHHO CBOOOJIHBIM TTOCIIE PEMOHTA PAIHOTENIECKOIoM Apecn6o, YTOObI 3a-
HATBCS TTOMCKOM IyJIbCAapOB. DTH HEUTPOHHBIC 3BE3/BI MPEICTABIAIOT COO0H KOM-
MAKTHBIE OCTATKU CBEPXHOBBIX, KOTOPBIC MCITYCKAIOT BJOJb OCH CBOETO MarHUTHOTO
HOJISI MOIITHOE SJICKTPOMArHUTHOE H3JTyuyeHne. MarHuTHast OCbh MOXKET HE COBIAAATh C
OCBIO BPAIICHUS, U €CITH KOHYC M3ITy4eHHS 33]eBaeT 3eMITI0, TO MBI BHIUM IIEPHOIH-
YEeCKHE UMITYJIECHI, B TOM YHCIIE B PaIN0IUana3oHe. PaqinoBoIHOBOE N3y YeHHE ITyITb-
capoB OOBSICHSACTCS MEPEX0AaMH 3JICKTPOHOB MEXKY YPOBHSIMH SHEPIUHU, BOZHUKAKO-
IIMMH U3-32 OTTAJIKUBAHUSA 3aPSHKEHHBIX YaCTHUI] OT JBOWHOTO JIEKTPUYECKOTO CII0S U
TPAaBUTAIIOHHOTO TIPUTSKEHNS 3Be3/Ibl. PaanoHabioieHue myIbcapoB OCHOBAHO Ha
TOM, YTO €CJIH CTh IUIAaHEeTa, 0OPAIIAIONIAsCS BOKPYT ITyJIbcapa, TO IPHHUMAEMBIN OT
HEro CUTHaJ Oy/eT UMETh OCIMILIMPYIOLIYIO COCTABIISIIOIIYIO.

2008 . cTas mpOpBIBHBIM JUISI HOBOTO, XOTSI K CAMOT'O OYE€BHUHOTO U3 METOJIOB
TIONCKAa DHK30IUIAHET — TPSAMOTO HAONIONCHHS WM TPSMOTo (GoTorpadHupoBaHHS
(imaging), KOTOPBIH MO3BOJIICT OOHAPYKUTH TOPSIYUE M JOCTATOYHO YJAJICHHBIC OT
CBOMX 3Be3]l IulaHeTsl Ha paccrosiHuu oT 10 1o 100 actpoHomuueckux enuuui. He-
JaBHO C(OPMHPOBABIIHECS HEOCCHBIC TEJIa BO3PACTOM B HECKOJIBKO MHJUIHOHOB JICT
HATPETHI JOCTATOYHO, YTOOBI MOKHO OBIIIO 3apETHCTPUPOBATH UX TEIIOBOC H3ITYyICHUE
B HH(ppaKpacHOM Auana3oHe. Ha3zeMHBIM TenecKonam ¢ alaliTUBHON ONTHKOMN U 3BE3I-
HBIM KOpOHOTpaaM B UCKIIIOUUTENIBHBIX CIydasX yAaéTcs MOMydaTh M300paKeHUs
OUYEHb MAaCCUBHBIX M MOJIOJBIX IUIaHET Ha paccTostHuu okouo 0,1” oT npenenbHO Ma-
JIOMacCHBHOH 3BE3/IbI MITH KOPHYHEBOTO KapJIHKa.

CyTbh MeTO/a 3aKIII0YaeTCsl B TOM, UTO CBET 3BE3/Ibl HCKYCCTBEHHO «3aKphIBa-
eTCs» CIEeNHATBHBIM 9KPAaHOM, TaK Ha3bIBAeMBIM KOPOHOTpadoM, YTOOBI OH HE MeIIas
HAOJIOICHHUIO HAXOAAIICHCS PSIIOM IUTaHEeTHL. boee mepcrneKTHBHBIM CIIOCOO0M dKpa-
HUPOBAHUS SBISCTCS HHTEPPEepoMeTprs. B mpocTteiiiemM BapuaHTe J1Ba 3e€pKaTbHBIX
TeJecKona MPUHUMAIOT CBET OT OJIHOM M TOM e 3B€3/1bl, KOTOPBIN 3aT€M MOABOIUTCS
K 001meMy IpuéMHUKY ¢ 33JepKKOH TI0 (a3e, Tak, YTOOBI CBET 3BE3/IbI TOJHOCTHIO Ta-
CHJICS] BOTHOBOW HHTEP(EPCHIINECH, B TO BpEMsI KaK TYCKIIBIH CBET IUIAHETHI OCTABAJICS
HETPOHYTHIM (JINOO Ja)ke MOT OBITh yCHUIIeH). DaKTHYECKH 3TO 3aMEHA OJHOTO 0OJIb-
IIOTO 3epKaja TeJIECKOIa MHOKECTBOM MaJICHBKUX. biiaromaps B3anMo 1eicTBHIO CBe-
TOBBIX BOJH MOYKHO yOpaTh 3aCBETKY OT SIPKMX 3B€3] M YCHIINTh IPKOCTh JIy4eH, yKa-
3BIBAIOIIUX HAa HAJNMYUE TUIAaHETH. [Ipu 3TOM HHTEp(hEpOMETp MO3BONIAET MOIYyYaTh
TOYHBIE JJAHHBIE [0 MECTOMOJIOKEHHIO IK30IIaHeThl. TakuM METO0M yIaloch Jaxe
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cdortorpadupoBaTh MPOTOIUIAHETHBIE AWCKM, HAXOAAIIMECS Ha PACCTOSHUH ITOYTH
500 cBETOBBIX JET OT 3eMJIH.

ACTpOMETPUYCCKHI METOJ IMO3BOJISICT OOHAPYKUTh SK30IUIAHETY, CCIH €CTh
3Be3/1a, 00J1a/1atommas HeCBETAIUMCS KOMIIAHBOHOM, Ybsl OPOHTANbHAS TNIOCKOCTh HE
napaurebHa (a JydIe BCeTo — NepICHANKYISIPHA) THHUH, COSTUHSIONICH 3Ty 3BE3 /Ty
u 3emitro. [TockonbKy 00a Tenma oOpanaroTcss BOKPYT OOIIETo IICHTPa TSHKECTH, 3Be3/Ia
OyzaeT 4yTh-4yTh IOKAYMBATHCS HA 3eMHOM HEOOCBOE. DTH Ka4aHUS MOKHO OOHapYy-
JKUTB C IOMOIIBIO YTIIOMEPHBIX HHCTPYMEHTOB, T. €. aCTPOMETPHICCKUMHI METOTAMH.
B 0CHOBHOM, 3THM METO/IOM yTOYHSIOT MacCy M pa3Mep dK30IUIaHeT.

MeTox TpaBUTAIIMOHHOTO JIMH3UPOBaHUs (HAHOJIM3UPOBAHKE) HAIICJICH Ha TI0-
HCK TTAaHET-OMHOYEK, He CBA3aHHBIX C KaKOW-ITHOO0 3BE310H. DTOT METO/] TTO3BOJISET
3aMEeTHTh JAIEKHE OT 3BE31Ibl MaJOMACCHUBHBIEC SK30TUIAHETHl M CITyTHUKH ITaHeT. OH
OCHOBaH Ha OOIIEH TEOPUH OTHOCHTEIFHOCTH DHHTINTEHHA, COTTIACHO KOTOPOH CBET
JIAIEKON 3BE37Ibl, MPOXO/s BOIM3M 3Be3/bl (WM TUIAHETHI), HaXonsulelcs OImke K
HaOroaTeNto, OyIeT NCKPUBIATECS. JIpyrUMH CJI0BaMH, TPaBUTALNS, CJIOBHO JIMH3A,
coOmpaeT CBET, MOATOMY HaOIF0JaTeNbHBIN AP (PEKT 3aKITF0YaeTCs B KPaTKOBPEMEHHOM
BO3pACTaHUH BUIUMOTO OJICCKa 3BE3/Ibl, HE CBSI3aHHOM C H3MEHCHHUSMH CaMOH 3BE3.IbI
(mynbcanusAMy, BCIBIIIKAMUA U T. 1.). TakMM METOOM ydeHbIe 00HApPYKHUBAIOT IK30-
TUTAaHETHI pa3MepoM ¢ 3eMITio. [ paBuTannoHHOE MUKPOIMH3UPOBAHHE ITOTYUIHT Pa3BH-
tie B 20262027 rr. ¢ 3amyckom obcepBaropun Haucu ['peiic Poman (RST, Roman
Space Telescope).

IlepByro MONBITKY OOHApPYXEHUS HK3OIIAHET M3 KOCMOCA MPEANPUHSIT KPYII-
Helmmi kocmudeckuil teneckon Xad01 (NASA/ESA) ¢ 00BEKTHBOM JIHAMETPOM
2,4M. B 2006 T. Ha HEM peanmzoBanu nporpammy SWEEPS (Sagittarius Window
Eclipsing Extrasolar Planet Search). CkBo3b CpaBHHUTEIBHO MPO3PAYHYIO 00JACTh
Mueunoro ITytn «oxHO» CTpesnblla B TEUCHHE HEIENU B MOJE Pa3MEpOM HECKOIBKO
YTJIOBBIX MUHYT OH HaOmronan 180 Teic. 3BE31, rie 0OHAPYKIIOCH 16 KaHIUIATOB B
9K30ILIAHETHI ¢ OpOUTaIbHBIMU niepuogamu oT 0,4 1o 4 cyT., U3 KOTOPBIX TOKa MO~
TBEP/MIINCH TOJIBKO JIBE CaMble IPKUE CHCTEMBI.

Kocmuuecknii Teneckon «Kerutep» (NASA) ¢ o0bektuBoM auametpom 0,95 m
3a 9 set ciryx061 (7 mapta 2009 r. — 15 HOs10pst 2018 T.) Ha TeMHOLEHTPHYECKOH Op-
6ute ¢ OGosbioi nosryockto a=1,0133 a. e. u nepuogom 372,5 cyT, HaBeJEHHON Ha
OJIHY U Ty K€ 00J1acTh (Ha cThIKe co3Be3nuit Jlebemst, JIupsl n J[pakona) oTkpsu1 Oomee
JBYX TBICSY dK30IUTaHeT. Emre okoio IBYX THICSY KaHAWAATOB B OK30IUIAHETHI JKIYT
CBOCTO MMOATBEPIKICHNUS IPYTUMH HAYYHBIMH rpyrmamu [3].

Ecnm paccMaTpuBaTh B KauecTBE OOMTAEMBIX BCE IUIAHETHI C MHCOJIAIUEH OT
0,25 10 2,2 3eMHOM, TO TAKKX B BBIOOPKE OkasbiBaeTcs 361. Eciu ske mpuHATH 32 00u-
Taemyto 30Hy uHTepBai ot 0,32 1o 1,78, TO KOJIMYECTBO MOAXOAANIUX IIJIAHET PABHO
288. braromaps Kemiepy ynanocs 00HapyXuTh CICIYIONIYI0 3aKOHOMEPHOCTB, YTO C
YMEHBIIICHHEM PAJIIyCOB KOJIMYECTBO KaHANWIATOB HAPACTAJIO, M CAMBIMH MHOTOYHC-
JICHHBIMH OBUTH KaHIWIATHI pasMepoMm MeHbmie Henryna. IIpuaém skcTpamossims
yKa3bIBaJla Ha TO, YTO M B ATOM JMAIa30HE C YMCHBIICHHEM pa3Mepa YHCiIO ITaHeT
66IcTpO pacTéT. Taxke B pachpenereHU: IIaHeT 10 paguycaM ObLT BBISABIICH ITy0o-

335



CoBpeMeHHble TEHAEHLNUN 1 NepcnekTUBbLI Pa3BUTUSA rnapomeTeoponorui B Poccun
Mamepuarsi VIl Beepoccutickoli HayyHo-npakmuyeckol KoHgeperuuu. Mpkymek, 19-21 mapma 2025 e.

KU «1ipoBay» B uamna3one oT 1,5 10 2 Re (pamuycos 3emim). OH ObLT Ha3BaH JIOJH-
Holt pagnycos (radius valley) mm 3a3opom ®@ynrona (Fulton gap). [lnmareTs! ¢ pagmy-
camu > 1,7-1,8 Re, no-suanmMomy, 001a1a10T MPOTSHKEHHBIMH BOIOPOIHO-TEIIEBBIMH
aTMocdepaMu U MPeCTaBIAIOT MHHH-HenTyHsI, B TO BpeMs Kak y IUTaHeT MEHBIIETO
pasMepa BOIOpOAHBIX atMochep HeT. CIyTHUKH 3K30IUIaHET Ha4daid MCKaTh eIlé B
HepBBIX penu3ax aaHHbIX Kerepa, a B oktsiope 2018 r. NASA ykazanu Ha mepBoe
CBUJICTEIILCTBO BO3MOKHOM JIyHBI 32 peenamu Hameil COTHEUHOH CUCTEMBI.

B 2018 . Ha opbuty c mepmomom 13,7 cyT Obun 3amymeH cmyTHHK TESS
(Transiting Exoplanet Survey Satellite). Ero 4 mmpokoyroisHbIe KaMephl ¢ 00BEKTH-
BaMu nuameTpoM 10 cM u nosem 3peHust 24°x24° y kakaoi OJHOBPEMEHHO MOKPbI-
BaloT Oosee 5 % HebecHOI cepsl, n3yyast TOIBKO SpKHe 3BE3ABI 70 12™ B muamnazoHe
JutiH BosiH 0T 600 1o 1000 HM. 3amymeHnsiii B koHue 2019 r. eBponelckuil CiiyTHUK
CHEOPS (CHaracterising ExOPlanets Satellite) ¢ Teneckonom muamerpom 30 cM Ha coll-
HEYHO-CHHXPOHHYIO 0pOUTy ¢ BbIcoTOl 700 KM MPOBOAUT HCCIEA0BAHUE CyNEp3eMenb.
Ha 2028 r. nameuen 3amyck ciytHrka ARIEL (Atmospheric Remotesensing Infrared Ex-
oplanet Large-survey, ESA) ¢ Teneckonom BHAMMOro W OJMKHEr0 MH(PAKPACHOTO
JIMaIna3oHoB Ui m3y4eHus atmocdepsl 6onee 1 000 sx3oruianer [7].

B HacTosmee Bpems cpein MHOTOUUCIICHHBIX 00OHAPYKEHHBIX SK30IIaHETHBIX
cucteM oco0bIit mHTepec mpencTasisier cucrema TRAPPIST-1, 3apernctpupoBanuas
B 2016 T., KOTOpasi, BOSMOXKHO, COCTOUT MUHHMYM U3 CEMH ITOJIOOHBIX 3eMIIe IIaHET,
HCKOTOPBIC M3 KOTOPBIX MOTYT OBITh MOTeHHUANbHO obOutacMbl. TRAPPIST-1
(2ZMASS J23062928-0502285) — oguHOYHAs 3Be3/1a KapiauK kiacca M8 V B co3Bezqun
Bonones, Haxomsmiasicst Ha paccTossHUM puMepHo 12,1 ik (39,5 cB. roaa) ot ConHia.
Cpennsist rutanera (e) sIBISIETCS KaHIUIATOM B OOMTaeMble OKEaHNIECKHE MUPBI B CH-
creme TRAPPIST-1. Ilnanera e MOXKET OJIEP>KUBATH, IO KpaiiHel Mepe, HEKOTOPYIO
MPUTOAHYIO JUIS JKU3HH IUIONIAAh MOBEpXHOCTH mpu masieHnn CO»B mpenenax 0—
2 Gap, B 3aBUCUMOCTH OT (poHOBOTO cojaepskanus N2 [8].

B 2019 r. BriepBbIc OOHAPYKEH TEIUIBIH ra30BbIi TUTAHT ¢ SKCTPEMAJbHO HU3-
koi mnoTHOCTRIO ~0. 1 T/cM?. DTO yKa3bIBAET HA TO, YTO BCKOpE OyIeT 0OHApYKEHO
60IIbIIIOE KOJMYECTBO HK30ILUIAHET, HAXOIIUXCS HA CTaJMH WHTEHCUBHOTO HMCIIape-
HUSI, BEIIECTBO KOTOPBIX 3aIOJHACT BCIO cucteMy [9]. B crenmanbHo# acTpodusmye-
ckoit oocepsaropuu (CAO PAH) ¢ 2020 r. BBezieH B paboTy TEepBbIH ONTHYECKHUI PO-
60TH3UPOBaHHEIA 50-CM TEIECKOTI, TPeTHA3HAYCHHBIH IS MCCIIEIOBAHMS K30ILTaHET
METOJIOM TPaH3UTHOH (hoToMeTpuu. B pesynbrare aHamm3a KpuUBBIX Oiecka 3Be3[ B
HCCIIelyeMOM T10JIe HaiICHO BOCEMb 3BE3/1, y KOTOPBIX HAOJII0/1AI0TCS IEPUOJUIECKHIC
naJIeHus IPKOCTH, XapaKTepHbIE IS TPAH3UTHBIX coObrTHil [10].

IlepBbIif B NCTOPHHU CHUMOK 9K30IIIaHETHI OBLI caienan | centsops 2022 . ¢ mo-
MOIIBIO HOBeHIIIero Teneckona «/xeiime Y200» — opOutansHol nHGpakpacHoH oocep-
BaTOPHH, 3aIlylIcHHON Ha opouty 3emin B aekadpe 2021 r. «/[xeitMc Y200» — camblii
KPYIHBIIT KOCMHYECKHI TEJIECKOI C CaMbIM OOJBIINM CETMEHTHPOBAHHBIM 3€PKAJIOM
JqramerpoM 6,5 M. Tereckon Jaim BO3MOKHOCTH (hoTorpadupoBath ra3oBblif rurant HIP
65426 b[en], koTopsiii B 12 pa3 Tsokernee FOmurepa u HaxoauTes B 385 CBETOBBIX T0O/IaX
ot 3emiu. Temmeparypa ee armocdepsl coctaBisieT npumepHo 1300 °C. M3BecTHo,
YTO B aTMOC(epe TUTaHEeTHl €CTh KPAaCHOBATHIE 00TaKa CHIIMKATHON TTBUTH.
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Opuxk [lerurypa (Erik Petigura), acnmpant Ixeddpu Mapcen, oTHIM U3 TIEPBBIX
B HOstOpe 2013 r. monbITajCcs 3KCTPANOIHPOBATh TSHACHIINU B paCIIPEIeIICHUH TUTaHET
1o 30HbI obutaemoctH (habitable zone), rie B nuamasoHe pacCTOSIHUHN OT 3BE3/Ibl TEM-
nepaTtypa Ha MoBEpXHOCTH M1aneTsl coctanisieT oT 0 1o 100 °C [4]. [Tpu HopMaibHOM
JaBIICHUH aTMOC(EpbI 3TO OTKPHIBACT BO3MOXKHOCTH JUISI CYIIECTBOBAHUS JKHIKOM
BOJIBI,  3HAYUT )KU3HU B € HBIHCITHEM IOHUMAaHUH. B 3aBHCUMOCTH OT OIpeIeIICHHS
30HBI JKU3HHU OH MOJTY4H]T YaCTOTY BCTpeuaeMocTH 3emiiepa3mMepHsix (1-2 Re) mmanet
B Hel B 5,8 %, 8,6 % u maxe 26 % (mocienHee 3HAaUEHUE COOTBETCTBYET CIIHIITKOM
ONITUMUCTHYHOH MIMPHUHE 30HBI 00NTaeMOoCTH). ECiii HCXOMUTh M3 TOHATHS «3eMITe-
MOJIO0HBIC)» TUIAHETHI, TO MX MOXKET HACUUTHIBATHCS B TanakTuke Mieunsrit [TyTe ot
5 no 20 mapxa, oduraemsIx — okosto 300 MIJUTHOHOB, a TeX, KOTOPbIe MOTYT CPaBHU-
BaThca ¢ 3emnéit — 216. [Ipoexr HabEx (Habitable Exoplanet Imaging Mission,
NASA), npemmaraemsrii 11 3amycka B 2035 1., OyneT BKIFOUaTh TEICCKON yIbTpadu-
OJIETOBOT0, HH(YPAKPACHOTO U BUIUMOTO AUATIa30HOB JUTHH BOJH 0T 91 10 1 000 HM, KO-
TOPBIN HAIlETIeH U3YUUTh aTMOC(EPBI 3eMIIETIOIOOHBIX SK30TUIAHET B 30HE KH3HU [1].

Taxum 06pa3om, B IepBbIe TOBI 0OHAPYKEHUS SK30IUIAaHET OCHOBHBIM aCTpO-
(bu3uYeCKUM METOIOM OBLI METOJ PaJHalbHBIX CKOPOCTCH, OCHOBAHHBIN Ha ITOMCKE
U3MEHEHUH pajualbHOM CKOPOCTH 3BE3/bl, BBI3BAHHOW BO3ACHCTBUEM MACCUBHOIO
00BEKTa B €€ OKPECTHOCTSX, KOTOPBIE BBIPAXKAIOTCS B NMEPHOTMYCCKOM CMEIICHUH
CICKTPaJIbHBIX JIMHUHA. B HacTosmiee BpeMs: HanOOJIbIIee PACIPOCTPAHCHNE Oy YU
TPAH3UTHBIA METOJI, TAE MyTeM MOCTPOSHMSI KPHBOW M3MEHEHHUs 3BE3/IHOTO Ojecka
3BE3/1bI BO BPeMs IPOXOKACHUS 0 €€ AUCKY [UIAHEThl, MO)KHO YCTAHOBHUTH HE TOJIBKO
JFaMeTp SK30IUIaHeTH, IePHOJ BPAIICH!s, HaJTHIHe KOJEIl U COOCTBEHHBIX CITyTHHU-
KOB ITAHETHI, a TAK)KE XUMUICCKUH COCTaB aTMOC(EPHI INIAaHEThI, CTPOCHHE U HAJTHYHE
obnayHoro nokposa. [Topsaka 134 moaTBep:KICHHBIX 3K30IUIaHET 0OHAPYKEHBI METO-
JIOM TPaBUTALMOHHOTO MUKPOJIHUIIEH3NPOBAHNS, KOTOPHIN B OTIINYHE OT APYTHX METO-
JIOB TTO3BOJIIET OOHAPY)KUBATh SK30ILUIAHETHI HA OTPOMHBIX PACCTOSHUAX OT 3eMIIH, a
TaKXKe IK30IUTaHCThI-OJUHOYKH.

Bynymiee B ucciaeqoBaHHIX SK30IUIaHET 3TO MOUCK SK30IUIAHET 3eMHOTO THIIA B
30HaX 00MTAEMOCTH, TJ€ IIPH OJIAroNPHUATHBIX aTMOC(HEPHBIX YCIOBHIX Ha €e MOBEpX-
HOCTH MOTJIa COXPAHITHCS B )KHUIKOM BHIE Bojia. [JIs 9TOH [eNU IepCIIeKTHBHO ajlb-
Helilee pa3BUTHE KOCMUYECKUX M Ha3eMHBIX TEJIECKOIIOB, CTATUCTHYCCKUX METOJIOB
U1 Bepu(UKAIMKM MOJeNeH IUIaHEeTOOOPa30BaHMUA W TIONyYCHHS KOIWYECTBEHHBIX
OIIEHOK PK30IUIAHET PA3HBIX THIIOB.

3akaoueHne

Cpenu CymecTBYIONIMX METOJIOB HamOoyiee MEPCIEKTUBHBIMU SIBISIFOTCS Me-
TOJIBI TPAH3UTHOW M TOTIEPOBCKOI (POTOMETPHH, HO, OHHU IUIOXO MOIXOIAT ISl OOHA-
PYKEHUsI MYJIbTUILIAHETHBIX CUCTEM. boliee neTanbHO U3ydath arMocdepy 3K30IUIa-
HET IO3BOJIIET METOJ T'PaBUTAIMOHHOTO JIMH3UPOBAHUS, HO, OH UMEET HEKOTOpbIe
OTpPaHWYCHHS TI0 OOHAPYKEHUIO SK30IIAHET 3€MHOM rpymibl. ATMOC(Ephl K3011Ia-
HET MOKHO U3y4aTh ABYMsI CIOCOOAMHU: TPAHCMHICCHOHHOM, MITH ITPOCBEYMBAIOIICH, 1
SMUCCHOHHOM, HJIM OTPa)KaTeIbHOM, ClIEKTpOCKonuel. B nmepBom citydae aHaIM3upy-
€TCsI 3aBUCUMOCTD ITyOMHBI TPAH3UTA TUIAHETHI OT JITTHHBI BOJIHBI, HA KOTOPOU BETYTCSI
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HAOJIOIEHNS, BO BTOPOM — OTPakEHHBIN TTaHeTOH 3BE3MHEBIH cBeT. Kpome Toro, omHy
U3 KIJIIOUEBBIX POJIEH [UIS yCIIEITHOTO TIOMCKA SK30IIIAHET UIPaeT NMPaBIILHBINA BHIOOD
00BbeKTa HAOIIOIEHUH.

B nacrosmumii MomeHT npubau3utensHo 10 % Bcex 0OHapyKEHHBIX dK30IUTAHET
ABISIFOTCS TOPSAYMMH IONUTEPAMU HMJIM TEIUIBIMH HeNTyHamu, ¢ Maccod ot 0,05 mo
5 mace FOnmrepa u mmerot pamuyc opoutsl <0,2 a. e. AHaIH3 pacupeaeiIeHus IK30-
IUIAaHeT Ha JuarpaMme «Macca — OpOHTaNbHBIA NEpuoa» OOHApYKUBAeT INPOBAI
MEXIy HOMyJIIIUAMH KaMEHHCTBIX CyIep3eMeldb M Ta30BBIX MUHHHENTYHOB. [Ipn
9TOM YETKON TPaHUIBI TI0 PAANYCy MEXITy KaMEHHCTBIMHU M Fa30BbIMU INTAHETAMU HE
CYIIECTBYET, a IEPEXOJHOI 30HON MekAy AByMs THUIIaMH MJIAHET 10 pa3MepaMm sBIs-
eTcsa uHTepBan 1,6—-1,9 pannyca 3emmmu. [losTomy mccneayeTcs TUIOTE3a O TOM, YTO
MIPOMEXYTOUHBIE TUIAHETHI C OTHOCHTEIEHO MAJIOH Maccol M OOIIMPHO ITepBHYHON at-
Moc(hepoii He SBISIOTCS 00 KUBYIIUMH 00BEKTAMH I10 TIPUYHHE TOTO, YTO BOJOPO/I-
Has 000JI0uKa, 3aXBaYE€HHAs TAKON MPOTOILIAHETOH, JOCTATOYHO OBICTPO TEPSIETCSL.

3a 4eTBepTh BEKA MCCIICIOBAHUH HK3OIIIAHET HAMICHO OIPOMHOE KOIHYIECTBO
SK30ILIAaHET, KOTOPOE YKa3bIBAET HA TO, YTO IJIAHETHBIE CUCTEMBI — HE UCKIIIOYHUTEIb-
HBIi, a BIIOJIHE OOBIYHBIN MPOIYKT MPOTO3BE3AHOMN 3BOIIONMH. [Tpr 3TOM 0CcOOBII HH-
Tepec 00pameH K 3K30IUIaHETaM 3eMHOTO THIA C YCIOBUSAMH HA MOBEPXHOCTH, OJIU3-
KAMH K 3eMHBIM. [711 00pa3oBaHMs Ha ITAHETaX 3€MHOTO THIIA MMOTEHIIMAIBHO TIPH-
TOZIHBIX JJIsI )KM3HH YCIOBHH BayKHBIM SIBJISICTCS IIpoLiecc cOpoca MepBUYHO ra3oBoit
000JIOYKH BOKPYT' KaMEHHCTOT'O s/Ipa 32 HepBble COTHU MUJUIMOHOB JICT JBOJIOLHH,
KOTJIa TJIaHeTa HAXOAUTCS B PeKUME MHTEHCHBHOTO T'a30IMHAMUYECKOTO HCTCUCHHS
aTMocQepsbl.
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SUncmumym 2eoepagpuu um. B. B. Couasvr CO PAH, 2. Upkymck

AHHOTaNUs. AKTYyaIbHOCTb CTaThbH 00YCIIOBIICHA TEM, YTO B YCJIOBUSX I7100aIbHBIX SKOJIOIHUECKUX
BBI30BOB, TAKUX KaK M3MEHEHHUE KJIMMaTa U yTpata 0Mopa3HO00pa3us, BAKHOCTb IPUPOJTOOXPAHHOTO
3aKOHOZIATEeNILCTBA ISl TOATOTOBKU BBICOKOKBAIM(DUIIMPOBAHHBIX THIPOMETEOPOJIOIOB CTAHOBUTCS
HEOCIIOPUMON: THIPOMETEOPOIIOTH, 00J1a/1ast 3HAHUSIMHU O 3aKOHO/IATENIbHBIX HOPMAaX M HAaBBIKAMU UX
HPHMEHEHUs], CIIOCOOHBI He TOJIBKO 3(P(EKTHBHO paboTaTh B CBOEH podhecCHOHaIbHOI 001aCTH, HO
M BHOCHUTB BKJIA]] B 3aIIUTY OKpY’Kalolel cpenpl. B crarbe oOcysknaeTcs: B3anMoielicTBie 00paso-
BaTEJIbHBIX YUPEXKICHUI U 3aKOHOAATENIBCTBA B c(hepe IKOJIOTHH, KOTOPOE TPEACTABIISET cO00i He-
obxoxumoe ycioBue (DOPMHPOBAHHS BBICOKOKBAIHU(UIIMPOBAHHBIX CIHELMAIMCTOB, CIOCOOHBIX
CIIPABJISITBCS. ¢ COBPEMEHHBIMHU BBI30BAMH B 00JIaCTH TMIPOMETEOposIoruu. Jlaercs npencrapieHne
0 KJIIOYEBOI POIIH IKOJIIOTHYECKOro 00pa30BaHus B TIOJrOTOBKE COBPEMEHHOTO CIIEIUAINCTA, KOTO-
past TECHO CBsI3aHA C peajn3aluedl JOJTOCPOUYHBIX IIAHOB COLMAIBLHO-DKOHOMHYECKOTO Pa3BUTHS
rocyIapcTBa, YTO BO3MOMKHO TOJIBKO TIPH HEHMOCPEACTBEHHOM HMX y4YaCTHH, CTPOSIIUX CBOIO paboTy
Ha NPUHIUIAX YCTOHYUBOrO pa3BuThs. OOCyK1aeTcs TO, 4TO B COBPEMEHHOM MHpE IIAHUPOBAaHUE
COLIMAJIbHO-9KOHOMUUYECKOI0 Pa3BUTHS I'OCYJapCTBa HEBO3MOKHO 0€3 OPUEHTALMU HAa KOHIEMHLIHUIO
YCTOWYMBOTO Pa3BUTHS, IpUYEM OoJiee IeTalbHON MPOpabOTKOM JaHHOI KOHLEMIIMK 1 ee peain3a-
LHeil B pa3IMYHBIX OTPACISIX HAPOJHOTO XO3SIMCTBA JOJDKHBI 3aHATHCS Oy IyIHe CICIHAHCTDL.
KiioueBble €j10Ba: NPHPOJOOXPAHHOE 3aKOHOJATEILCTBO, KOMIIETEHLUHM TI'MAPOMETEOPOJIOroB,
YCTOHYNBOE pa3BHUTHE.

Poct mpom3sBoacTBa MaTepHaNbHBIX OJar IPUBOJINUT K COKPAIIIEHHUIO HE ITOABEPT-
MIUXCSI 3aTPA3HEHNIO aTMOC(hEPBI, BOJIbI, TIOUBBL. B cBOIO 04epenp, neduut nepeurnc-
JICHHBIX IPUPOJHBIX PECYPCOB, HEOOXOAMMBIX JUIsl HOPMAJIBHOM JKU3HEAESATEIBHOCTH,
SBIISIETCS] IPUYMHON YXYALICHUS 3I0POBbS JIIOAEH U, IOMHMO 3TOTO, IPUBOAUT K BO3-
HUKHOBCHHMIO JIOTIOJTHUTEIBHBIX 3aTPaT, CBA3AHHBIX C YCTPAHEHHEM MOCIEICTBUIT TTpH-
YMHEHHOT 0 yuiepOa. B yciioBusax HeoOX0AMMOCTH IPUHATHS MEp TI0 YJIYUIICHHIO CO-
CTOSIHUSI ITPUPOJIHBIX PECYPCOB BAKHBIM CTAHOBHUTCS ITPUBJICUCHNE BHUMAHHS K POJIH
MPUPOTOOXPAHHOTO 3aKOHOATEIHCTBA B (POPMHUPOBAHUH MPO(HECCHOHANBHBIX KOMIIE-
TEHIMH CIIENNAICTOB, PA0OTAIONINX C IIPUPOIHBIMU PECYPCAMH, B TOM YHCIIE U TH]I-
POMETEOPOIIOrOB, JUIS MOBBIICHNS COIMATLHO-O)KOHOMUYECKHX MTOKa3aTeIel CTpaHbl
Ha JJOITOCPOYHYIO IEPCIIEKTUBY.

T'mapomereopororust — 3To Hayka, U3ydaroniast aTMoc(epHbIe W THAPOIOTHYIC-
CKHeE MPOLIECCHI, a TAK)KE UX BIMSHHE HAa OKPYKAIOILYIO CpeTy U uesoBeka. B yciosusx
COBPEMEHHOT'0 MHpa, Il 9KOJIOTHUECKUe IPOoOIeMbl CTaHOBATCS Bee 0ojiee aKkTyalb-
HBIMH, BaXXHOCTh Ka4€CTBEHHOTO 00pa30BaHMs U MOJATOTOBKH CIEIUATIICTOB B 00JIa-
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CTH THAPOMETEOPOJIOTHH Bo3pacTaeT. OmnpeneneHne mpodecCHoHaIbHBIX KOMIIETEH-
[UH THAPOMETEOPOIIOTa OCYIIECTBISIETCS 00pa30BaTeIbHON OpraHu3aIyeil Ha OCHOBE
npoecCHOHANBHBIX CTaHAApTOB [3]. YunThIBas HEOOXOAUMOCTh 3HAHHS TPEOOBAHUMH
HOPMaTUBHO-IIPAaBOBbIX AKTOB I10 OXPAHE OKPYXKAIOIIEH Cpebl 11 BHIIOJIHEHUS TPY-
JOBBIX (QYHKIUH ruapomereoposora [4], OZHUM U3 KIFOYEBBIX acTIeKToB (hopmuposa-
HUS TPO(ECCHOHATIBHBIX KOMIIETCHIMH T'HAPOMETEOPOIIOTOB SIBISIETCS 3HAHUE IPUPO-
JIOOXPAaHHOTO 3aKOHOJATEIbCTBA, KOTOPOE YCTAaHABIUBACT IIPABUIIA B3aUMOICHCTBUS
YyeJI0BeKa C MPUPOTHON Cpesior M HAIIPABIICHO HA €€ 3allUTy.

[TprpomooxpaHHOE 3aKOHOIATENILCTBO BKIIFOUAET B ce0sl COBOKYITHOCTD FOPHIH-
YECKHX HOPM M aKTOB, PETYIUPYIOIIUX OTHOLIEHUS, BO3HHUKAIOIIME B MPOLECCE HC-
MOJIB30BAHMS U OXPaHBI IPUPOTHBIX PECYpCOB. DTO 3aKOHOMATEIBCTBO OXBATHIBACT
pa3nudHBIe 00J1aCTH, TaKMe KaKk OXpaHa aTMOC(EpPHOTo BO3/1yXa, BOIHBIX PECYPCOB,
3eMellb, OMOJIOrNIECcKOro pa3HooOpasust u Ap. OCHOBHOMH LENbIO IPUPOIOOXPAHHOTO
3aKOHOJATENILCTBA SBIISAETCS 00eCIeueHNne yCTOMYMBOTO PA3BUTHSL, 3al[UTa OKPY Kalo-
el cpesisl ¥ 3I0POBbS HaceneHus. [y 3Toro HeoOXoauMo:

1. 3HaHMeE 3aKOHOATENBLCTBA U €ro HOpM. OHOM U3 OCHOBOIIOJIATAIOIINX KOM-
HNEeTEHIUH THIPOMETEOPOJIOra ABISETCS 3HaHUE AEHCTBYIOIIETO MPUPOAOOXPAHHOTO
3aKOHOJATENBECTBA. DTO BKIIOUAET B ce0s HE TOIBKO OCBEIOMIICHHOCTh O 3aKOHAX U
HOPMATHUBHBIX aKTaxX, HO U YMCHHUEC MPUMECHATh UX HA ITPAKTHUKE. FI/II[pOMeTeOPOHOFI/I
JIOJDKHBI YMETh OLICHMBATh BIIMSHNE PA3IMYHBIX (DAKTOPOB HAa COCTOSIHUE aTMOC(EphI
Y BOJTHBIX OOBEKTOB M TIPHHUMATh PEILICHUs], OCHOBBIBASICh Ha PABOBBIX HOPMaX.

2. DKOJOTHYEeCKas HKCIEepTU3a W MOHUTOPHHT. [ MAPOMETEOpOJOTH YacTo
YYacTBYIOT B TIPOIIECCAX SKOJIOTHUESCKOH IKCTIEPTHU3BI I MOHUTOPUHTA COCTOSHHSA aT-
Mocdepbl U BOJHBIX 00bEKTOB. BajkHO, 4TOOBI CIEIMAINCTBI MOTJIM I'PAMOTHO HHTEP-
MpeTUPOBATH JaHHBIC, ITOJTYYCHHBIC B PE3YJIbTATC 3aMCPOB U HCCHBHOBaHHﬁ, u naBaThb
PEKOMEHAAIUU 10 MUHUMHU3AIIUU HETATUBHOI'O BOSI[ei/’ICTBHH Ha KOMIIOHCHTBI OKpY-
JKarolen cpeabl. IIpupogooxpaHHoe 3aKOHOAATENBCTBO 3a4a€T PAMKH TSl TAKHX JKC-
HepTHU3, YCTAHABINBAs, KAKUE MapaMeTpPhbl JOJKHbI ObITh U3YUYEHBI, U KaKUE€ METOJIbI
aHaJin3a ABJISI0TCA NPUEMIIEMBIMU.

3. Yyactue B pa3paboTKe U pealu3aliii YKOJIOTHIECKUX Tporpamm. [ uapome-
TEOPOJIOTH UIPAIOT KIIOUYEBYIO POJIb B Pa3pabOTKe U PeasT3alliy MPorpaMM 110 OXpaHe
aTMoc(epbl U BOJHBIX 00BEKTOB. 3HAHHS O ITPABOBBIX M 9KOJIOTMYECKHX HOpMax, BHE-
CCHHBIX B 3aKOHOAATCIBCTBO, IMTO3BOJIAIOT UM BHOCUTH MPEJIOKECHUA IO YITYUIICHUTIO
CYIIECTBYIOIINX MPAKTUK, OPHEHTUPYACh HA Ooiee 3(h(EeKTUBHOE YIIPaBICHNE NPHU-
POIHBIMHU PECYPCaMH.

4. IIpomorus ycroitunBoro pa3Butust. OnHOMN U3 Lesell MPUPOTOOXPAHHOTO 3a-
KOHOJATEIbCTBA SABISIETCS COAEHCTBUE YCTONUNBOMY pa3BUTHIO. [ 'uapomereopoiory,
o0nasiast HeOOXOANMBIMH 3HAHUSIMH, MOT'YT aKTHBHO Y4acTBOBATh B 00pa30BaTEIbHBIX
IporpaMMax, HalpaBICHHBIX Ha MOBBIIIEHHE METEOPOJOTMYECKOH M T'MIPOJIOrHYe-
CKOW OCBEIOMJICHHOCTH, KaK CPEAH HACCICHHS, TaK M CPEIU CHEIHAINCTOB U3 IPYTUX
oOmacTeif. TO MOAYEPKUBACT UX PONIb KaK CBA3YIONIETO 3BEHA MEXKIY HAyKOH, IPaK-
TUKOW ¥ 3aKOHOAATENBCTBOM.
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O06pa3 COBPEeMEHHOTO CIIEHANCTA, B TOM YHCIIE U THAPOMETEOpOJIora, TpedyeT
Gosee MMPOKOTro 00pa3oBaHUs — 00pa30BaHUsI I YCTOWUYNBOTO pa3BUTHs. B epByro
odepelb JaHHOe TpeOoBaHHE 00YCIIOBICHO HOBBIMHU (eaepalbHBIMU TOCYJapCTBEH-
HBIMH 00pa30BaTENbHBIMH CTaHAapTaMi. KOMIETEeHTHOCTHBIN TOAXO/, SBIISIOIIUIICS
OCHOBOH JaHHBIX CTAHJApPTOB, HAIIEJICH TTOATOTOBUTH JUIsl PIHKA TPyJa KBaIH(DUIIN-
POBaHHBIX CIICIUAIICTOB, CIIOCOOHBIX CAMOCTOSITEIBHO PeIIaTh MPoOJIEMbI B pa3jiny-
HBIX chepax u BHgax AesTensHocTH. OQHAKO B COBPEMEHHBIX yCIOBHUSX JTI000€ yIpaB-
JICHYECKOE PEIICHNE JODKHO MPHHUMATHCS C yUETOM TPeOOBAaHHMH YCTOWIMBOTO pa3-
BUTHS, HAIIPABICHHOTO Ha 00ECIIeUeHNE YIOBICTBOPECHHSI SKOHOMHYECKUX, 3KOJIOTH-
YECKHX U COIMANBHBIX MOTPEOHOCTEH B JONTOCPOUHOI EPCIEKTUBE.

OnHUM U3 OCHOBHBIX YCJIOBHH JTOCTIKEHHS IIeIel yCTOWYMBOTO Pa3BUTHSA SIB-
JSIETCS parlMoOHAIBHOE MTPHUPOIoTIoNE30Banne. OHO o0ecrieunBaeT HOPMAaIbHBIE yCIIo-
BUS JKU3HEJEATENIBHOCTH 4eJI0BEKA, MPEN0TBpAllaeT BO3MOXKHBIE BpPEJHbIE BO3JEii-
CTBHS Ha OKPY>KAIOIIYI0 CPEY, Pa3yMHO PETyIHPYeT OCBOSHHUE IPUPOIHBIX PECYPCOB.
B pamkax panroHaIbHOTO IPHPOIONIOTH30BAHIS IPHHIUI KOMITTIEKCHOCTH 3aHIMAET
TIIaBEHCTBYIOIIEe rojokeHne. Heo0xoquMocTs coOIT0IeHNS TaHHOTO IPUHINIIA 00Y-
CJIOBJIEHA MIPEXKE BCETO TEM, UTO BCE JIAHIIIA(THI SBIISIOTCS CI0XKHBIMUA TEPPUTOPHU-
QJIBHBIMHU TPOCTPAHCTBEHHO-BPEMEHHBIMH, OTKPBITBIMHE CUCTEMaMH U MPEJICTABISIOT
co0oit gacTu eauHON reorpadudeckoir odomoux [1]. LlemocTHOCTE reorpadnueckoit
000JIOUKH HE MOXKET OBITh HapyIIeHa, JI000e BO3ACHCTBIE HA OT/ICIIBHO B3ATHIH KOM-
MOHEHT OKPY’KaroLel cpesibl, B TOM Ynciie aTMOC(EPHBIN BO3/lyX U BOJHbIE O0BEKTHI,
BJIE€YET 3a cOOOM IeTh M3MEHEHUI He TOJIBKO B OKpY>KaloIeH cpese, HO U B )KU3HEe-
ATENFHOCTH HaceneHus. [loaToMy BakKHOW 3a1aueil CIIerHaInCTOB-THAPOMETEOPOIIO-
TOB SIBJISI€TCS. YMEHHE KOMIUIEKCHO OIIEHHBATh UCCIIEAYEMbIi OOBEKT.

IIpuponooxpaHHOE 3aKOHOAATENBCTBO UTPACT BayKHYIO POJIb B (DOPMHPOBAHHU
podecCHOHATBHBIX KOMIICTEHIIH THapoMeTeoposioroB. IloBeimenne 3¢ ¢heKTHBHO-
CTH NPUPOJOOXPAHHBIX MEPONIPHUATHI MPUBOJUT K PA3BUTHIO U COBEPLUIEHCTBOBAHHIO
METOJI0B OOPBOBI € 3arps3HEHUEM, YTO SIBISIETCS HEOOXOJUMBIM ITPU BO3ICHCTBUM Ha
aTMocdepy 1 BojHbIE 00BEKTHI [2]. DTO 00yCIOBICHO HECKOJIBKUMH KITIOYEBbIMH (hak-
TOpaMHu:

1. HopmartuBHO-1IpaBoBas 0a3za onpezeiseT chepy AesTeNbHOCTH THIPOMETE0-
POJIOroB:

— PerymupoBanue B 00J1aCTH THAPOMETEOPOTIOTUH W CMEXKHBIX 00JIacTsX.

— l'ocynapcTBeHHBIH MOHUTOPHHT PaAHallMOHHON 0OCTaHOBKH.

— DKOJIOTHYECKUN HA/30D.

2. IIpodeccroHallbHble KOMIIETEHIIUH I'HPOMETEOPOJIOr0OB JIOJDKHBI BKIIIOYATh
3HaHUE:

— HopmatuBoB n0mmycTUMOTO BO3/ICHCTBUS Ha aTMOC(HEPHBIN BO3YX U BOJTHBIE
OOBEKTHI.

— IIpaBun BegeHus HaOMoAeHNI 3a COCTOSHIEM aTMOC(EpPHOro BO3ayXa U BOJI-
HBIX 00BEKTOB.

— TpeboBanuii k kKauecTBy aTMOC()EPHOTO BO3yXa M BOAHBIX OOBEKTOB.

3. [IpakTHueckoe MpUMEHEHNE 3aKOHOJaTeNILCTBA B paboTe:
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— ObecnieueHne SKOJIOTHYECKOI O€30MacCHOCTH.

— Peanm3anms KOHCTUTYIIHOHHOTO ITPpaBa IpakaaH Ha OIarOIPHATHYIO OKPYsKa-
IOILYIO cpey.

Benenue rocy1apcTBEHHOTO 9KOJIOTHYECKOTO MOHUTOPHHTA.

4. DKOHOMHYECKHE aCTIeKThI:

— Ilonnmanue cucteMsl I1aTeXel 3a BO3AEHCTBUE Ha OKPYKAIOLLYIO CPENy.
3HaHUE MEXaHM3MOB KOMIICHCAIIUHU YKOJIOTHYECKOro yiepoa.

VY4acTtue B pOpMHUPOBAHUH HHBECTUIIMOHHBIX PEUTHHIOB TEPPUTOPHIl.

5. KoopanHannoHHas 1€ITebHOCTb:

— BsaumoneiictBre ¢ @enepaiibHOM CITyKOO0H 110 THAPOMETEOPOJIOTHH U MOHH-
TOPUHTY OKPY>KaIOLIeH Cpe/Ibl.

— COTpYJIHUYECTBO C APYTUMHU IPO(UIBHBIMU BEIOMCTBAMHU.

— Yyactue B NpeAOTBPAIICHIUH CTUXHMHBIX O€JACTBUN M JTUKBUIAIMU HX IO-
CJIEICTBUH.

IIpuponooxpaHHOE 3aKOHOAATENBCTBO SIBISIETCS HEOTHEMJIEMON 4acThlo MpO-
(heccroHANBHON MOATOTOBKY THAPOMETEOPOIIOTOB, (POPMUPYS UX KOMIIETCHIIUH B 00-
JIACTH JKOJOTHYECKOTO MOHUTOPHHTA, TPOTHO3HPOBAHHS TPUPOAHBIX SIBICHUH W
o0ecrieyeHus HIKOJIOTHYECKOH Oe30IacHOCTH.
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VK 378.1

Opranusanus padoThl KypaToOpoB CTY/IeHYeCKHX IPYIII
Ha kadeape ruaApoJIOruy U NPUPOIONOIb30BAHUSA
reorpagpuyeckoro gpaxkyasrera UI'Y

O. A. Uanosa (oksaliv@yandex.ru)', JI. A. Tuxonosa (larati2018@mail.ru)',
C. A. Canatun (salatin.s@yandex.ru)'

! Upxymexuii 20ocyoapcmeennblil ynusepcumem, 2. Upkymck
2Unemumym 2eoepaduu um. B. B. Couaswr CO PAH, 2. Hpkymck

AnnoTtauus. [IpencraBneHo onucanne OpraHu3aliOHHO-BOCIIUTATEIBHOM, KOHTPOIUPYIONIEH 1 Me-
TOJMYECKOH (DYHKIMM KypaTopa B 00pa30BaTEIbHOM IIPOLECCE yUaluxcs, Ha IpUMepe paboThI Ky-
paTopoB CTyJEHUECKUX Ipym reorpaduueckoro dakymnprera MpKyTCKOro rocyaapCcTBEHHOTO YHH-
BepcuTeTa c(hOopMyIMPOBAHBI AKTyallbHbIE 33124l B paboTe KypaTopa B 00pa30BaTeIbHOM IpoLecce
(Hampumep, TIpH aJanTalUu CTYACHTOB MIIAIIMX KypcOB K HOBOMY (hopmary oOydeHusl, TMKBHIA-
MM aKaJeMUYECKHUX 3aJ10JDKCHHOCTEH, PEICHUH PA3JIMYHBIX OPraHW3allMOHHBIX BOIPOCOB H IIP.).
MeTo107I0THYECKOH OCHOBOH MCCIIeJOBAHMS TTOCITY)KHIIN aHAJM3 HAYYHBIX CTATEil 10 COOTBETCTBY-
tolieit reMaTuke u MeToJ| HabmoneHus. 1o MHeHHIO aBTOPOB, 0cobast poiib KypaTopa 3aKiIl04aeTcs
B 9(QeKTHBHOM B3aMMOJICHCTBUM CO CTYJCHTAMU, YMEHUH HAWTH HOJAXOJ K CTYACHUYECKOIl rpymme
U KaKJIAOMY CTYACHTY OTHCJIBHO, a TAK)KE B IIPOSABJICHUU TBOPUCCKUX KAUYCCTB.

KiiroueBble c10Ba: KypaTop, BOCIHUTATENIbHAsL paboTa, yueOHast paboTa, CTyJeH4YecKasl rpyImia, 00-
pas3oBaTeNbHBIA IpoIecc.

KyparopeTrBo siBisiercst oqHOM U3 (opM ydeOHO-BOCTIMTATEILHOW pabOTHI CO
CTyJICHTaMH BBICIIETO npodeccnoHanbHoro obpaszosanus. Pabora kyparopa cTy/ieH-
YeCKO#l IpymIel HOCHUT IeJICHANpaBIeHHbIN cucTemaTndeckuii xapakrep [1]. B mpo-
I[ecce pyKoOBOJICTBA M COTPYJHHIECTBA MEKIY KypaTOPOM M CTyJCHTaAaMH BO3HHKACT
MHO>KECTBO BOIIPOCOB HE TOJIBKO y4eOHOT0, HO M BOCIIUTATENILHOTO Xapakrepa. Kypa-
TOPCTBO SIBJISICTCSA BaXKHOM YacThI0 y4eOHO-BOCIUTATENBHOTO MPOIECCa, MOCKOIBKY
KypaTop (GopMupyeT MOCPEIHUIESCTBO MEXKIY CTYJCHTAMH M CIOXKHOW CTPYKTYpPOH
KHU3HENIESITENILHOCTH YHUBEpCUTETa. brarogaps KypaTropcTBy MOBBIMIAETCS YPOBEHb
KOMMYHHKa0€IbHOCTH, YIIy4IlIaeTCsl COLUaIbHO-TICUXOJIOTHUECKUI KIIMMAT B KOJLICK-
TUBE, yYBEIMYMBACTCS MOKA3aTeNb BKJIIOYEHHOCTH M MOTHUBAIMM CTYAEHTOB K IIPO-
neccy o0yuenus. EcTb MHeHHe, 9TO KypaTop HEOOXOANM TOJIBKO Ha PAaHHUX Kypcax ¢
LeJIbI0 TIOMOIIH B a/IallTalliy NIEPBOKYPCHUKOB K 00OyUYEHHIO, OJJHAKO B CBS3U C HEOO-
XOJIMMOCTBIO YCHJIEHHSI BOCIIMTATEIILHOM paboThI CO CTYJEHTaMH POJIb KypaTropa Mo-
BBIIIAETCS, U KPYT €ro 3ajay pacimupsiercs [5].

Ha reorpaduueckom dakynsrere UI'Y mepsast BcTpeda CTyJEHTOB C Kyparo-
paMH 1 MPOodeccCOPCKO-TIPENOAaBATEIECKIM COCTAaBOM TPaJUIMOHHO MPOXOANUT Ha
Jue 3uanwmii [3]. Dror geHs umeeT i (akyibTeTa 0C000C 3HAYCHUE, MTOITOMY OH
BCET/a HAIOJHACTCS aTMOC(hEepol TOPKECTBEHHOCTH. Ba)KHBIM MOMEHTOM SIBIISCTCS
BPYUYCHHE KypaTOpPOM CTYAECHUECKNX OMIIETOB CTYAEHTaM, a TAKXKe 3aledaTieHue 00-
meit pororpadun Ha mamsTh (puc.). Takoi CHMBOJIMYHBIN XKECT, Ha HAIll B3IJIs, CHO-
cobcTByeT hopMupoBaHHIO OnaronpusTHOM aTMocepsl Ha Gakynbrere. Kyparopamu
TIPOBOSATCS TIEPBIC HHANBHIYAIFHBIC BCTPEUHN CO CTYACHYCCKUMHU TPYIIIaMH, B XOJIC
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KOTOPBIX OOCYKTAIOTCS MPENICTOSANIIE TUIaHbl Ha yueOHbIi ron. KypaTopsr Takke oT-
BEYAIOT Ha BOIIPOCHI CTYJCHTOB U PACCKa3bIBAIOT O pecypcax M BO3MOXKHOCTSX, JIO-
CTYHHbIX Ha (hakynbTere. bonblioe 3HaUeHHE UMEET MeToauuecKkast (PyHKIUs Kypa-
TOpa, TIO3BOJISIONIAS PEIIATH 33J[a9X CTAHOBIICHUSI JINYHOCTH cTyAeHTa. KypaTtop mo-
MOTaeT CTYJCHTaM B M3YYCHHH JITYHOCTHBIX OCOOCHHOCTEH, cOOMpasi He0OXOIMMEbIe
CBEJICHHS, IOMOTAOIIHE KypaTopy B 3(pPeKTUBHON AeATEIBHOCTH (HApUMEp, ITPHO-
PUTETHBIE JOCYTOBBIE HHTEPECHI YUAIIETOCS C LETbI0 PACKPBITh €ro TBOPUYECKUH TMO-
tenman) [2]. Takum 00pa3om, 5TO IPUBUBAET MTEPBUYHBIC HOPMBI B3aUMOOTHOIICHUS
KypaTOpoB CO CTYJCHTaMH.

S ==

Puc. Obmas dororpadus cryieHToB 1-ro Kypca HanpasieHns «[ HIpOMETEOpOTOTHs»
¢ kypatopoM Tuxonosoii JI. A. Ha [{He 3nanwuii 02.09.2022 (aBt. doto: Yepemucun U. O.)

B xoze nanpHelimero, 6osee GIM3KOro 3HAKOMCTBA YHAIIUXCSI CO CTYAECHUCCKOH
JKU3HBIO, TIPOBOJUTCS €xerofgHoe mepomnpusatie «[locsmeHne B cHenualbHOCTHY.
Jlis pe6sT 3TO0 BO3MOXKHOCTE 3asBUTH O ceOe MOCPECTBOM BHCOBU3UTKH U TBOpUE-
CKOT0 HOMepa, OJ1aroiapsi KOTOPbIM (GaKyIbTET MOXKET OJIMKe MO3HAKOMUTBCS CO CTY-
JeHtamu. I'pynmoBast paboTa MOBBIMIAET YYBCTBO MPUYACTHOCTU U BOBIECUEHHOCTH,
YTO IPOU3BOAUT OOJIBIIOE IMOIMOHATBHOE BrieyaTieHne. Ocoboe 3a1aHue MOTydaeT
KypaTop CTYAEHYECKOW TPYIIIHI, 3a1a4eii KOTOPOTO SABIISCTCS IIPEICTaBICHUE CBOCH
CTYJICHYECKOH Ipymmbl (haKyIbTeTy B TBOpUecKOM (opmare». Henb3st He OTMETHTS,
4TO JaHHBIH (opMar OuYeHb HEOOBIYHBIN JUISi KYpaTOpOB CTYJIEHYECKUX TPYIII BbIC-
mero ydebHoro 3aBeneHMs. [lepmoamueckoe MOCEIICHHE KypaTOpPOM pPa3THYHBIX
BHEYYEOHBIX MEPOIPHUSTHH CTYACHTOB JKEIAaTEIBHO, YTOOB! MPOOYANTH B HUX HHTEPEC
K TBOPYECKOH, CIIOPTUBHOM MM 00IIECTBEHHOH JiesiTeNibHOCTH. KpoMe Toro, opranu-
3alUsl COBMECTHBIX MOE3/I0K WM SKCKYypCHH (OPMHUPYET TeCHbIE B3aUMOOTHOIICHUS
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CTYAEHTOB C KypaTOpOM, ITOCKOJBKY 3TO JaéT BO3MOXKHOCTH Y3HATh JAPYT Apyra
ayudmre. Takum 00pa3oM, pacKpbIBaeTCs OPraHU3aMOHHO-BOCIIUTATENbHAS (YHKIUS
Kyparopa, KOTopasi IpeJiojiaracT NprHoOIIEHHE CTYyJCHTOB K CHCTEME KYJIbTYPHBIX
[IEHHOCTEH (paKynbTeTa, akTHBH3AIIHIO TBOPUECKOTO MOTEHITHATIA KAXK/0T0 CTYICHTA U
TPYIIIBI B IEJIOM [4].

HemnocpencTBenHo B Xoz1€ yueOHOM IESTEILHOCTH KYPaTOP BBINOJIHACT KOHTPO-
JUPYIOUIYI0 (DYHKIUIO, (GUKCHPYS TOCEIaeMOCTh U yCIeBAEMOCTh CTyIEHTOB. Upes-
MEpHOE yJacTHe CTYJCHTOB BO BHEYUCOHOH MEATEIbHOCTH HHOTJa MEIIIaeT OCBOCHHIO
00pa30BaTebHOM MPOrpaMMBI 1 HETATUBHO BIIHMSET Ha ycIlieBaeMocTh. OCOOEHHO 3TO
XapaKTepHO YISl CTyJEHTOB | Kypca, HOCKOJIBKY B YCIIOBHSIX HEJOCTATOYHOI ajamnTa-
UM K HOBOMY JUIs cebs popmMaTy oOydueHHs CTYJACHTHI HAUMHAIOT YACTATH OOJblIee
BHUMAaHHE BHEYYEOHBIM MEPOTIPHATHSAM, TEM CaMbBIM, OTBIEKAsCh OT HPHOPHUTETOB.
3710 BBI3BIBACT KOH(IIMKT HHTEPECOB, TAK KAK aKTHBHOE y4acTHE BO BHEYUEOHOI nesi-
TEJIFHOCTH Yallle BCETo UIET B pa3pe3 ¢ TpeOoBaHUAMH 00pa30BaTeIbHOI IPOrpaMMBI.
B nanHOM ciydae poss KypaTopa 3aKII04acTCsl B TOM, YTOOBI CKOPPEKTHPOBATh yda-
CTHE CTYJEHTAa BO BHEYYECOHOW IEATECIBHOCTH MOCPEICTBOM HMHIMBHUAYaIbHON KOH-
CYJIBTALIVH WY TIOMOIIHN B IUIAHWPOBAHHH JACSATEIFHOCTH YYaIErocsi C IPUOPUTETHBIM
yu€ToM y4eOHOH Harpys3Ku.

CTyaeHTHI IepBOTO Kypca MOTYT UMETh clIaboe MpeacTaBiIeHne 00 0COOCHHO-
CTSIX OCBOCHUSI IMCLIUILIMH IO CPAaBHEHHMIO ¢ 00111e00pa30BaTeIbHON HITH IIPOT PaMMOH
CpEIIHETO0 CIIeNNaIbHOr0 00pa30BaHus U, TAKUM 00pa3oM, HepallMoOHAIBHO pacrpese-
JIUTH BpeMs JUIs TOJITOTOBKH K 3aHATHIM. [1epBbIii ro 00y4eHus, Kak IpaBUIIO, BKITIO-
4aeT B ce0sl OCBOCHHE NMPEHMYIIIECTBEHHO 00Ie00pa30BaTebHBIX qUCIUIIIHH («Mc-
Topust Poccumny, «O0mas xumusi», «bruonorus, « IHOCTpaHHBIN S3bIK», «DU3HYecKast
KyJIbTYpa U CIOPT» U Tp.). DTO HEPEIKO MPHUBOAUT K TOMY, UYTO CTYAEHTHI TEPSIOT
MHTEpEeC K 00Y4IEHHIO, TOCKOIBKY Y HUX BOSHHKAET BOIIPOC O HEOOXOAUMOCTH OCBOE-
HUS psifia 00111e00pa30BaTeNIbHBIX JUCIUIUINH, KOTOPBIC Ha MEPBBII B3MIISL HE HMEIOT
MIPSIMOTO OTHOLICHHSI K BBIOPAHHOH CIIEHHAIbHOCTH. DTO OCOOEHHO IPOSIBISIETCH,
€CIIU B IIpoIlecce MepBOii MPOMEXKYTOUHON aTTeCTalluu CTYAEHTHI CTOJIKHYIINCH C 3a-
JOJDKEHHOCTBIO. B 3TOM citydae KypaTtopy He0OX0ANMO OOBSICHUTE CTYJEHTaM O HEOO-
XOZIMMOCTH HM3y4eHHsl 00I1eo0pa3oBaTeNbHBIX ANCHUILIMH Ha MEPBOM Kypce, Mo-
CKOJIBKY 9TO 00s13aTesIbHast YacTh OCBOEGHHs 00pa3oBaTEeNbHOI MPOrpaMMBl, TIO3BOJIS-
IOIIAsICS 3aKPETTUTH 0a30BbIC HABBIKHU CTYICHTA.

B ycnoBusix BeIe3AHBIX yueOHBIX IPAKTUK Ha 0a3ax (akymnprera B M. bombmme
Kotsl 1 1. ApIias CTyJEHTBI aIaTUPYIOTCS B YCIOBHSAX, T1€ HEOOXOANMO CaMOCTOs-
TEJIFHO PacpeieNnuTh 003aHHOCTH: HalIpUMep, OPraHN30BaTh OBIT Ha MOJIEBOI Oase,
MIPOBECTH M3MEPEHHS WIIH 00padboTaTh qanHble. KypaTop UrpaeT BaykKHYIO POJIb B TOJ-
TOTOBKE CTY/IEHYECKON TPYIIIBI K ITOJIEBOH MPaKTHUKE, 00eCeYnBasi MOPAIbHYIO O/~
JIEPIKKY TIOCPEJICTBOM 00CYK/ICHNSI BO3BMOXKHBIX TPYAHOCTEH, CBSI3aHHBIX C NTpeObIBa-
HHUEM BJaJM OT JIOMA, JUTUTEIFHBIMH ITOE3IKaMH WM HHBIMH CTPECCOBBIMHU CHTYAIlH-
aMu. HecMOTpst Ha TOTEeHIMATBHBIE TPYIHOCTH, CTYICHTHI Teorpadraeckoro (akyis-
tera UI'Y mpoxonmsaT yd4eOHBIe IPAKTHKH ¢ OONBIINM HHTepecoM. Takoil ombIT maeT
BO3MOKHOCTh TOPa0OTaTh B HOBBIX MECTaX, MHOT/IA JaXe B APYTUX PETHOHAX CTPAHBI.
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Kpowme Toro, moseBas npakThka B OOJbBINEH CTETIEHN HE MPeIoiaraeT pyTHHHOHN pa-
OOTBI, YTO 3HAYHUTEIFHO ITOBBIIIACT HHTEPEC CTYICHTOB.

Ha crapmux kypcax Ha01r01a€TCsl yMEPEHHOE CHIXKEHUE MOCEIAEMOCTH 3aHsI-
THUH B CBSI3M CO CHW)KEHHEM YPOBHS MOTHBAIIMM CTYIEHTOB K y4eOHOMY IpOIECCY,
HaIpHuMep, U3-3a ITOTPEOHOCTH B TPYAOYCTPONHCTBE MIIM HAJMYUS aKaJeMHYCCKUX 3a-
JnoJKkeHHOCTeH. [1oTpeOHOCTh B TPY0YCTPOWCTBE BOSHUKACT, KaK IPAaBHIIO, U3-3a He-
XBATKU CTUTECHIUAIBHBIX CPEJICTB WIIM MX MOJHOTO OTCYTCTBUS. CTYIEHTHI CTapIINX
KYPCOB CTAITKHUBAIOTCS CO 3HAYUTEIBHBIMH TPYIHOCTSIMH ITPH JTUKBUIAIMHA OOJIBIIIOTO
KOJIMYECTBA aKaJIeMHICCKAX 3a/I0JDKEHHOCTEH, TIOCKOIBKY MapaieIbHO UM HE0OXO-
JIMMO Ka4eCTBCHHO OCBOUTH TEKYILYIO IIPOrpaMMy, TPEOYIOLIYIO OT CTYICHTOB 3HAYH-
TenbHOH oTnaun. C y4ETOM MOBBIIIEHHOHN CIOKHOCTH MPOQUIBHBIX TUCIUTIINH U TI0-
JTAITHOM YBEIUYEHUU YyUeOHOW HArpy3KH, CTYJIEHTHI MOTYT HE CIIPaBUTHCS C TaKOH
3a/1aueil ¥ 0KazaThCs MOJ yrpo3oil orurciaenus. HekoTopble yyainecss OTYUCISIOTCS
Mo CcOOCTBEHHOMY enaHuio. Ha mpumepe rpynmbl THAPOMETEOPOJIOroB 3 Kypca
(6321-/1b, 6322-]1b), B OCHOBHOM, 3TO CTyIeHTHI, mocTynusime Ha 6aze CI10O. B mo-
CIICZICTBUH MOJIOJIBIC JIFOAX TIPH3BIBAIOTCS HA BOCHHYIO CITY’KOY, a IEBYIIKH yCTpanuBa-
10TCsl Ha paboTy. s criaXxuBaHMs YKa3aHHBIX MOCIEACTBUN cO3JaeTcs cpenia co-
TPYJIHHUYECTBA KypaTopa U TPYIIbl. MOTHBAIMS CTYACHTOB YCHIUBAETCS, UX JTOCTH-
JKEHHSI TIPU3HAIOTCS, BOBJICYECHHOCTh CTYJCHTA B Y4eOHO-BOCTIMTATENBHBIN TPOIECC
CTaHOBUTCS BUIIUMBIM.

OcBoeHue yacT 00pa30BaTEIbHBIX AUCIUILIMH OCYIICCTBISICTCS CTYCHTAMU C
3aTpyaHeHusIMUA. Hanpumep, TUCIUITINHEI, TPU U3yYEeHUH KOTOPBIX TpeOyeTcs OCBO-
€HHUE IPOTPAMMHOTO 00eCTIeUeHHSs, TPOBEIACHUS CIIOKHBIX MATEMATHIECKIX PACUETOB
WM U3YYEHUS KOJIOTMYECKOTr0 HOPMATHBHO-IIPABOBOrO 3aKOHOJATENbCTBA. Tpaau-
LUOHHO OOJBIIYIO CIIOKHOCTD BBI3BIBACT U3yUEHUE HHOCTPAHHOTO SI3bIKA WIIM HAIKCAa-
HHUE KyPCOBBIX paboT, TpeOyIolIee OT CTyAeHTa 3HAYUTETLHON CaMOCTOsTEILHOCTH. B
STOT MOMEHT POJIb KypaTopa TPYIIIbI CTAHOBHUTCS 0co0OeHHO 3HaunMoi. Kypatop mon-
JKCH MPOBECTH OECEy CO CTYJICHTOM, BRISICHUTD IIPUYHHY BO3HHUKHOBEHUS IIPOOICMBI
Y TIOBJIHSITH HA O0YYaroIlerocsi Tak, YT00bl OH CTPEMMUJICS TIOBBICUTh YCIIEBAEMOCTD,
0CO3HaBasl 3HAYMMOCTH M HEOOXOJIMMOCTH ITTOJTydaeMbIX 3HaHUH. Kpome Toro, Kypa-
TOPY HEOOXOIUMO TIOCTOSTHHO TIOAJICPKUBATH CBSI3b CO CTYACHTaMH, B TOM YHCIIE IO
BOMPOCAaM JIMKBUIALUH 3a/10JKEHHOCTEH.

B 3akimodeHne CTOUT OTMETUTH BXKHOCTh PEaTM3aIiN PACCMOTPEHHBIX (PYHK-
I KypaTopa, Mo3BoIstioIre (P (GEKTHBHO PeaNtn3oBaTh JAaHHYIO JeITeNFHOCTh. Ha
HAalll B3IJIs11, KypaTopy O4Y€Hb BaXKHO MOIXOAMUTH K JIeNly ¢ MaKCHUMaJbHOM oTHauei,
MOPO¥ TIPOSIBIISISI ¥ TBOPUECKUE KadecTBa. [Ipu 9 ToM HE0OX0AUMO MPUHATH BO BHUMa-
HUE TO, YTO KK/IBIN CTYIEHT YHUKAJICH, KITFOY K €0 MOTHBAIIMH MOXKET OBITh CTIpsITaH
B MH/MBUYaJbHOM IOAXOJE, IOALEPIKKE U BHUMAHUHU.
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