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

VJIK 551.501.7

CocTosiHve U HANPaBJieHUs1 0o0ecreYeHus1 eIMHCTBA
a3POJIOrMYECKUX U3MepPeHu i

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

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

AnnoTtanusi. ObecrieueHne eANHCTBA adPONOTMUYECKUX U3MEPEHUH HalpaBiIeHO Ha MOJJIepiKaHue
TOYHOCTH, JJOCTOBEPHOCTH U COTIOCTaBIMOCTH a3POJIOTHYECKUX NaHHBIX. OHO BKIIOYaeT B ceOst nc-
HOJIL30BAHHE CePTH(OULUPOBAHHBIX CPEACTB U3MEPEHHI, ATTECTOBAHHBIX METOJMK U CUCTEMY KOH-
TPOJISt KAa4eCTBA N3MEPEHUH, QrIbTpanuy ommOOK M MCKIIOUYCHNS! HEKOPPEKTHBIX 3HaueHMH. Bax-
HBIM (DAKTOPOM SBJISICTCSI TO, YTO CHCTEMA PAAMO30HIMPOBAHHS BXOJHUT B II00AJbHYIO CHCTEMY
HaOJIOACHUH, TPOBOASTCS MEXXIYHAPOIHBIC CPABHEHUS Il IPOBEPKU COOTBETCTBUS MEXKyHAPOI-
HbIM HOpMaM BMO. Pa3pabatbiBaroTcsi HOBbIE METO/IbI TTOJTYYCHUSI a3POTIOTHYECKUX JTaHHBIX (CITyT-
HUKH, JUCTaHIIMOHHOE 30HIMPOBaHKE, OCCIIMIIOTHBIC ammaparsl). B pabore o0cysxnaercs cocTosiHue
00ecreueHusl eIMHCTBA adPOJOTHYECKUX U3MEPEHHH, MePCHEeKTHBBI TAbHEHIIEr0 COBEPILIEHCTBO-
BaHMS B YCIIOBUSIX PACTYIIUX TPEOOBaHMH 1T0JIb30BaTENICH 3a CUET TEXHOJIOTHYECKOI MOICPHHU3ALINH,
CHIDKEHUSI 3aBUCUMOCTH OT UMIIOPTHBIX TEXHOJIOTHIA, TIOBBILICHNS TOUHOCTH H3MepeHuit. Ha ocHoBe
pe3ysbTaToB aHaiM3a chopMyJIMPOBAHBI MPEUIOKEHHS MO HAMPABICHUSAM OOCCIICUCHHUS SIMHCTBA
AJPOJIOTHYECKUX U3MEPEHHI, ONTUMH3AINK paboThI adpoJIoruyeckoii cetn Pocruipomera.

KitoueBble cj10Ba: a3poJornyecKie H3MEPeHus, KaueCTBO JaHHBIX, TOYHOCTh, 3(QPEKTHBHOCTb, 10~
TpeOHOCTH MOJIb30BATEINCH.

CocrosiHue odecniedeHNnsl eIMHCTBA M3MEePEeHUIT CHCTEeMbI PAIHO30HUPOBAHUS

Absponorudeckrue U3MEpPEHNUs SBIAIOTCS OHUM U3 BOXHEHIINX COCTABIISIOIINX
I'moGamsro# cuctems! HabmoaeHwit (I'CH) BecemnpHOi MeT€OpOIOTHIECKO OpraHu-
3aiuu (BMO) u ogHUM 13 caMBIX IOPOTOCTOSIIIMX BUAOB CHHONTHYECKUX Halmoze-
HUH. Adpojoruyeckue JaHHbIe TPeOYIOTCS AJIS aHalM3a U MPOTHO3a IOTOJbI, 0CO-
OCHHO IS TPOTHO3a OMACHBIX THAPOMETEOPOIOTHIECKUX SABICHUI, METEOPOIOTHYe-
CKOT0 00€eCIeYeHHs] aBUALMN U BOOPYKEHHBIX CHJI, APYTUX (POPM OIEpaTUBHOTO 00-
CIIy’KMBaHHUsI HAPOJHOTO X03siiicTBa [2].

ObecnieueHne eAUHCTBA adPOJIOTHUECKUX M3MEPEHHH MapaMeTpoB aTMOC(hepsl
ABJISIETCS] BAKHON M aKTyalbHOHN 3a7adei], pereHne KoTopoil onpenemsieT 3pdexTns-
HOCTB PabOTBI METEOPOJIOINIECKOH CITy>KOBI M HAIIpaBJICHNS €€ TaTbHEHUIIero pa3Bu-
THst. Pa3pabarbiBatOTCsl HOBBIC METOJIBI TTOJYYEHHSI adPOJIOTNYECKUX TaHHbIX (CITyT-
HUKH, TUCTAaHIIMOHHOE 30HNPOBaHNE, OCCIIIIOTHBIC allapaTtsl U T. 1.). B HacTosmee
BpeMst nHQOpPMAIHs, TTOoMydaeMasi ¢ KOCMHUECKUX alllapaToB, SBISCTCS MPUHIUIIHN-
JIBHO HEOOXOIMMOM JUTs PEIeHHUs OOJIBIIOTO YHCIIA 3aJa4 MOHUTOPHHTA ITPUPOTHOH
cpensl. CriyTHHKOBast MH(OpMAaLHs 1I100aIbHOTO MOKPITUS CTala HauboJee BaKHBIM
BUIOM MH(OPMAINHN U YUCICHHBIX TporHo30B noroasl (UIIIT). BaxxuasiM daxTopom
KauecTBa CITyTHUKOBBIX JaHHBIX SBIISICTCS X BAIMJIALUS C UCIIOIb30BAHUEM JaHHBIX
paaro30HIMpoBaHus. TakuM 00pa3oM, paJlno30HI0BbIE U CITy THUKOBBIE CHCTEMBI 30H-
JUPOBAHUS ABJIIIOTCS B3aMMOJIOTIONHSIONIMMHA U TPH COBMECTHOM HCIIOIB30BAHUH
obecrnieunBaroT HanboJee HAJEKHYIO TII00ATBHYIO CUCTEMY HAOJIIOISHSI.
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CoBpeMeHHble TEHAEHLUN 1 NepCneKTUBbLI Pa3BUTUSA rnapomeTeoponorui B Poccun
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CoBpeMeHHBII paguo30H]] — 3TO MPHOOpP, OCHANICHHBIN JTaTYUKaMH JIIS U3Me-
PEHHSI METEOPOJIOTHIECKHX BEITNYMH (B IEPBYIO OUepe/Ib, TEMIIEPaTyphl U BIaXKHOCTH)
U paguolNepesaTIuKoM ISl Mepefjaudl Ha 3eMII0 Pe3ylbTaToB U3MepeHHil. BTopsiM
Ba)KHBIM 3JICMEHTOM SBJISICTCS Ha3eMHAs CTAHIHS pueMa (pagnoiIoKaTop, FIIH HaBH-
TallOHHAs CTAHIMA) [UIS ONPEENICHUs] KOOPAWHAT PaJnO30HAa B TIOJIETE, KOTOPBIE
MO3BOJISIIOT PACCUUTATH BBICOTY PAMO30HAA, & TAKXKE CKOPOCTh U HAlIPAaBIICHUE BETPA.
[Ipu npoBeneHNH paguO30HIUPOBAHUST HEOOXOIUMO 00eCIeunBaTh HAACKHYIO U Ka-
YECTBEHHYIO Pa0OTy TEXHUIECKUX CPE/ICTB, BRIITOJHEHNE METOANKN H3MEPEHHUH, KOH-
TPOJIb KauecTBa AAHHBIX, KBAIM(DUINPOBAHHYIO PabOTy TepcoHaIa a3posorHIeCKHX
ctaHmii (AD), mpuem, 00pabOTKy U mepeavy TaHHBIX [2].

Cetb pamnoszonaupoBanusi Pocrunpomera (114 cranmmii) sSBIsIeTCS OCHOBHBIM
CPEACTBOM IOJYYEHUS TaHHBIX adPOJIOTHUSCKIX U3MEepeHnil. Pe3ynbraTel pagno3oH-
JUPOBAHUS TOCTYMAIOT B TOCYAAPCTBEHHBIH (DOHJI MAHHBIX M B MEXIyHapOIHBIN
00OMEH JMaHHBIMU O COCTOSHUH HPUPOJIHON cpeasl. Cucrema paguo30HIUPOBAHUS
Pocrunpomera He B TONHOW Mepe OTBEYaeT TPEOOBAHUIM IO Ka4eCTBY M3MEPCHHUH,
HPOCTPAHCTBEHHO-BPEMEHHOMY Pa3peIIeHUI0, 0COOCHHO Ha CEBEPE U CEBEPO-BOCTOKE
Poccun. Panuosonn ssasiercs cpeactsoM usmepenus (CH) pasosoro neiictsus u B jia-
60paTOPHBIX YCIOBHUSIX HEBO3MOXKHO BOCIIPOM3BECTH BECh KOMIUICKC BEJIMYNH, BIUS-
IOMAX Ha Pe3yabTaThl M3MEPEHHUH, N3MEPEHHS SBJISIOTCS KOCBEHHBIMH, THHAMIYC-
CKUMH U OJHOKPATHBIMH, OTCYTCTBYIOT 3TAJOHHBIE CPEICTBA U3MEPEHUS, UMEIOLIHE
HEeoOXOMMBbIC MANa3oHbl U3MEPEHHUH, TMHAMHUKY ¥ BO3MOXKHOCTB y4eTa BIIUSIOLINX
(hakropos [2]. B cootBeTcTBUM ¢ D3 0T 26 ntons 2008 1. Ne 102-D3 «O06 obecnieueHnn
€IMHCTBA U3MEPEHHUID KOCBEHHBIC N3MEPEHHS, OTHOCSIIHECS K chepe ToCyaapCcTBEH-
HOT'O PEeryJIMpOBaHUs 00eCIIeYeHHs] eANHCTBA U3MEPEHHH, TOJDKHBI BBITIOJHSTHCS 110
HEPBUYHBIM pe()ePEeHTHBIM METOJMKaM (METOAaM) U3MepeHuil, peepeHTHBIM MeTO-
JUKaM (METo/IaM) H3MEPEHHUH 1 APYTUM aTTeCTOBAaHHBIM METOMKAM (METO/1aM) H3Me-
PEHHUIA, CBEICHUS O KOTOPBIX TOJDKHBI ObITH BHECEHBI B DeiepanbHblil HH(OpMaInoH-
HBIA (oHA 1o obecreyeHHIo enuHCTBAa M3MepeHud. OpHako cepTHU(UIMPOBaHHbBIC
PoccrangapTom opraHu3anny BIIAIOT cepTU(HUKATHI Ha PaAHO30HABI 6€3 ydeTa 3TOro
TpeboBaHMs (eepanbHOro 3aKOHOIATENbCTRA.

Poccuiickue onepaTHBHBIC paMO30H/IBI HE TIOJTHOCTHIO COOTBETCTBYIOT Tpebo-
BaHMSAM IO AMANa30HY U TOUHOCTH U3MEPEHUH N0 NPUYNHE 3HAUUTEIbHBIX JOMOIHU-
TEJIBHBIX TIOTPENTHOCTEH (paaiannoOHHBIX, TUHAMHYECKHX, TOTPEIIHOCTEH 3a CueT
BJIMSAHUS OCAJIKOB HAa U3MEPEHUS TEMIIEPATYPhI U BIAXKHOCTH, BIMSIHUSA TEMIEPATyPHI
Ha U3MEPEHUS BIAKHOCTH U T. A.). DTU JOMNOIHUTENbHBIE NOIPEITHOCTH UMEIOT 3Ha-
YUTENbHYI0 H3MEHIMBOCTh B 3aBUCHMOCTH OT YCJIOBHH U3MEPEHHUS, UTO CYIIECTBCHHO
YBETMYMBACT MX BIMSHHE HA MOTPEITHOCTH PE3YJIBTaTOB PaaM030HAMPOBAHUS [2].
B cootBercTBUU ¢ mocTaHoBNeHHeM [IpaBuTenbcTBa PO ot 16 HOs16pst 2020 1. Ne 1847
«O0 yTBepKICHUM INEpEeUHs N3MEPEHUH, OTHOCSIIMXCS K cepe rocy apcTBEHHOTO
peTyIHpPOBaHNS 00ECTICYCHHUS SAMHCTBA N3MEPEHHI» YCTaHOBJICHBI MPEACTHHO JOMyY-
CTHMBIC METPOJIOTHYECKHE TPEOOBAHMSA K M3MEPEHHSIM TEMIIePATyphl W BIAKHOCTH
npH paano3oHanpoBaHud. COOTBETCTBUE 3TUM TPEOOBAHMSAM SIBISCTCS OCHOBOH IS
yuactusi PO B MexkTyHapOHOM 0OMEHE a3poIorndecKuMy AaHHbIME. [lorpentHocty,
3anMcaHHbIe B CBHAETENbCTBaX Ha THIT CH, BeimaBaeMbix Poccranmaprom, B 2-3 pasza
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MEHBIIIe, YeM TMpelenbHo nomycTuMbie 1o [loctanoBiennto Ne 1847, onnako dakth-
YEeCKHE TIOTPEITHOCTH CYIIECTBEHHO MPEBHIMIAIOT NPE/ICTbHBIC.

B pyxoBogsamux gokymentax BMO — Texunueckom pernamente BMO [3] B ua-
CTH TIOJIb30BaHMS MHTETPUPOBAHHOM T100anbHO cuctemsl Habmoaenuit (MI'CHB), a
Takke B PykoBozcTBe o ximmaronorudeckoii mpakrunke BMO [4] B wacTu mpoBeie-
HUS HAOJIOICHUH U1 MOHHTOPHHTA JOJITOCPOYHBIX U3MCHEHHI B BEPXHHUX CJIOSIX aT-
Mochepbl chopMyIMpOBaHEI OCHOBHBIC TPEOOBAHUS K POBEICHUIO a3POJIOTMYECKHX
n3MepeHuii: VX BRIIOHEHHE SBISCTCS KIIOYEBBIM (PaKTOPOM 00eCTieUeHNs eTNHCTBA
A3POJIOTMYECKUX U3MEPEHUH.

KauectBo a’ponorudeckux JaHHBIX NMPOBEPSETCA MYTEM CPABHEHMs IAHHBIX
HaOIOAEHHH ¢ JJaHHBIMH KPATKOCPOYHOTO IIPOTHO32 Ha CPOK HAOJIIOACHHH, OTyYae-
MOT'O C TIOMOIIBIO COBPEMEHHOM YMCICHHONW MOJIEJIH, OCHOBAaHHOW Ha HETPEPHIBHOM
yCBOCHHH AaHHBIX [ 1]. Pe3ynbTaTh aHamm3a OTKIIOHSHUH «HAOIIOACHUE-TTPOTHO3Y JIIIS
reonoteniuana B caoe 1000-100 rlla (kputudeckuil ypoBeHb — 48 rIIM — reONOTEH-
nuanbHbIX MeTpoB) — «OB-FG» ucnonb3yrores, kKak OCHOBHOHM TapameTp Uit 0030pa
COITOCTaBIMOCTH a3pOJIOTHUECKUX JaHHBIX, U IPEICTABIACT COOON MHTErPATbHBIH I10-
KazaTesb KauecTBa padOThl PaJAN030H/A M HA3eMHOM CTaHIMK 1JIsl N3MEPEHUH TeMIle-
patypsl, JaBiaeHus U BeIcoTel. Hampumep, B stHBape 2025 r. xomuuectBo AD Pocrua-
pOMeTa 1o B3BEIIEHHOMY CPEIHEKBAAPATHIHOMY 3HAUECHHUIO «HAOIIOICHUES-TTPOTHO3»
Juist reonotenuuana B cioe 1000-100 rlla, kotopoe npeBblIaeT KPUTHYECKUI YpO-
BEHbB, COCTABHJIO 24 cTaHIuH (puC.).

CUCTEMS S0OHAWMPOEaHWA

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

Puc. B3BemeHHOe CpeHEKBAIPATHIHOE 3HAYCHUE "HA0II0ICHIEe-TIPOTHO3
Juist reonotenimana B cioe 1000100 rlla B suBape 2025 1.
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B PykoBoactee BMO [4] oTMedeH psit Tpo0iieM, Kacaroluxcst KauyecTBa pajin-
030H/IOBBIX U3MEPEHHH AJIsI LIeJIel MOHUTOPHHTa KIIMMaTa U 0OHapYKEeHHs N3MEHEHUH
kiauMaTa. IlorpenrHocTu, oOyCIOBICHHBIE COJHEUHON paauanueil, mopoxkaaroT He-
OTIPEJICTICHHOCTH B W3MEpEHHH TeMmnepaTypsl. OnepaTHBHBIE PagHoO30HIBI HE CIIO-
COOHBI N3MEPSTH BIAXKHOCTB C JOCTATOYHOH TOYHOCTHIO NPU HU3KHX TEMIIEpaTypax.
MHOTOoNeTHUH psiJl JaHHBIX PAJMO30HI0BBIX HAOIIONCHUI MMEET MHOTOYHCIICHHBIE
HEJIOCTaTKH, CBA3AaHHBIC C HEJOCTATOYHBIM KOJMYCCTBOM B3aMMOCPABHEHUH pa3ind-
HBIX THIIOB PaJMO30H/I0B U YCTAHOBIEHHBIX HA HUX JAaTYUKOB, U PAa3IMYHEM B pa3Me-
HIEHUH JATYUKOB B KOHCTPYKIMU PaJAUO30HI0B.

MeskayHapoaHbIe cpaBHEHHA paano30H10B BMO umMetot gonryto uctoputo. ITo
psLy IPUYUH POCCUICKNE CUCTEMBI PaJHO30HANPOBAHHS HE CMOIJIM IIPUHATH y4acTUE
B 4 mocieHNX MEeXAyHapoIHbIX cpaBHeHHsX BMO. Ilocnennue cpaBHeHUs ObLIH
nposenensl B Kutae B 2010 r. u B 'epmannu B 2022 r. AHanu3 pe3ysbTaToB MEXIy-
HApOJHBIX CPABHEHHUH pPaJMO30HIOB MOKA3aj, YTO POCCHHCKHE PagrO30HBI CYIIe-
CTBEHHO YCTYMAIOT M0 TEXHUIECKOMY YPOBHIO (HHEPIIHOHHOCTH, TOUHOCTD, BIIUSIHUC
OKpY’Karolel cpeibl U T. I1.) JIY4IIUM 3apyOeKHBIM PaJH030HAaM.

Komuccust mo mpubopam n meromam BMO (KIIMH-17 ot 1216 okTs10ps
2018 r.) mpuHsiIa peKOMEHAAINH O B3aUMHBIM CPAaBHEHUSIM a3POJIOrMUECKUX IPHOO0-
poB. OTMEUEHO, YTO PEryIIpHOE MPOBEICHUE B3aMMHBIX CPAaBHEHUI pajMO30HIOB
BMO umeer 601bI110€ 3HaAUCHUE, TIOCKOIBKY 00€CIIeYNBaCT HE3aBUCHMYO OLICHKY 3(-
(heKTHBHOCTH yYaCTBYIOIINX PATHO30H/IOB M CITY’KUT OCHOBOH ITPH ONTHMAJIEHOM BBI-
Oope oIepaTHBHBIX CHCTEM paJHO30HIMPOBaHUS. B3anMHbIC CpaBHEHHs CIIOCOO-
CTBYIOT MOBBIIIEHHUIO KAa4eCTBA JAHHBIX CUCTEM adPOJIOTHUECKUX HAOIIOACHUN MyTeM
(hopMynupoBaHUS PEKOMEHAAINH, KaCAIOIINXCSA PE3yIbTATUBHOCTH ITHX CHUCTEM, CO-
BEPIICHCTBOBAHUSI IPHOOPOB M METOJIOB HAOIIOCHUS, a TAKXKE BBIOOpa paboumx 3Ta-
J0HOB st wieHoB BMO u mpousBoauTeneii mpubopos.

OcHOBHBIE pe3ynbTaThl cpaBHeHUH B ['epmanun (JIunaen6epr) Opumm omy6mu-
KOBaHBI B oT4eTe 0 cpaBHeHUsIX IOM-143 UAII 2022 [7]. B 1abopaTOpHBIX yCIOBHAX
pe3ynbTaThl U3MEPEHUH BIaKHOCTH MIPH KOMHATHON TeMIepaType HaXOJHINCh B IIpe-
nenax 5—10 % OT ATamoOHHBIX 3HAYEHWH AJsi OONBIIMHCTBA MOJAEICH Pagro30H/IOB.
[Ipu HE3KUX TeMmepaTypax A HEKOTOPHIX JaTYMKOB MOCTOSHHAS BPEMEHH B KOH-
KPETHBIX YCJIOBUSX JIaDOPATOPHBIX HCIBITAHUN cocTaBisiia 10 450 ¢ mpu Temnepa-
Type —40 °C, uro momdYepKUBaeT HEOOXOJMMOCTh MHUHHMMHU3AIMM BPEMEHHOH 3a-
JIepKKH MTOKa3aHUH NaTYNKOB, U Pa3pabOTKU U BHEIPEHUS] METOa KOPPEKIUH JIFHA-
MHYECKON MOTPEHIHOCTH N3MEPEHHH, 4YTO OCOOCHHO Ba)KHO ISl H3MEPEHHH B BEPXHEH
Tpornocdepe, rie TeMIieparypa MoXeT olycKarbes 10 Munyc 85 °C.

IIpu mabopaTOPHBIX UCHBITAHUSAX BIUSHHUS COTHEYHOTO U3IyUCHHS Ha JaTIYUKU
TEMIIePaTypsl OBUIO ONPEIEeNICHO, YTO 3TO SABIACTCS HanOoiee BaXHBIM HCTOYHHKOM
OIIMOOK NMPU U3MEPEHHUHN JTHEBHOM TEMIIEPaTyphl C IOMOIIBIO PaJro30H10B. UyBCTBH-
TEJIBHOCTH IaTYUKOB TEMIEPATyPhl K COTHEYHOMY H3IIy4eHHIO B TaOOPAaTOPHBIX yCIIO0-
BUSIX CHJIBHO Pa3/INdaeTcs B 3aBHCUMOCTH OT MCCIEIOBaHHBIX Mozenei. Heckoppek-
TUPOBAHHBIE TOTPEITHOCTA OT COJHEYHOIO H3IydeHus pocturator no 3,8 °C Ha
ypoBHe 10 rlla. AHaorn4Hble pe3ysIbTaThl ObUIM OTMEUCHBI U IPH MOJETHBIX UCIIbI-
TaHMAX, 9TO TOATBEPMIIO HEOOXOAUMOCTH UCTIONIB30BAHNUS JATUYHKOB TEMIEpPaTyphl C
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MUHHMMAJIBHO BO3MOKHON 4yBCTBUTEIBHOCTBIO K COTHEYHOW PajHalliy, a TaK)Ke BBe-
JICHUs B IOKYMEHTAIUIO 3HAYEHUH KOPPEKLUH OT BIMSHUS COJIHEYHOW pajuallvu Ha
pe3yabTaThl U3MepeHuil. B Xxoe cpaBHUTENBHBIX HATYPHBIX UCIBITAHUH OBLIH 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 siBiasieTcs BeCbMa aKTyallbHBIM B HACTOSIIIEE BPEMSL.
Yto0BI pe3ybTaThl cpapHeHui 0buH npu3Hansl KIIMH BMO, B HUX TOKHO y4acT-
BOBATh HE MeHee IBYX cucteM PIIT, yuacTBOBaBIINX B MEX/TyHAPOIHBIX CPAaBHEHUSIX
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 HHTETPAIHSI JAHHBIX, TOJTy4aeMbIX
C TIOMOIIBIO AUCTAHIIMOHHOTO 30HINPOBAHUS C JAHHBIMHU CHCTEM PaJNO030HANPOBA-
HUA. DTa MHTErpalys Oblia MpU3HAHA YCIIEIIHOH, OBUIO PeKOMEH/I0BaHO PACCMOTPETh
BO3MOKHOCTb BKJIIOUEHHsI AUCTAHIMOHHOTO 30HIUPOBAHUS MIPU NMPOBEAECHUU CIIEAy-
IOMINX MEKIYHAPOTHBIX CPABHEHHUH.

IIpuMeHeHHE HOBBIX METO0B 23POJIOTHYECKHUX U3MepPeHU it

CucrteMa TUAPOMETEOPOTIOTUIESCKUX HAOIIONCHUH CTPOUTCS U Pa3BUBACTCA B
COOTBETCTBUHU C TPEOOBAHMSAMH NMPOTHOCTHYCCKUX CIYKO K MPOCTPAHCTBEHHOMY H
BPEMEHHOMY Pa3peIICHUIO MOIyJaeMbIX JaHHBIX, HIOTPEOHOCTSIMU PA3IMIHBIX OTpac-
Jel HapOAHOTO X034HCTBA U HAyKH, a TaKkKe ¢ yueToM pekomernaanuit BMO. B nenom
00BEM U CTPYKTYpa JaHHBIX CHCTEMBI PaJHO30HIUPOBAHHS YOBIETBOPSIET MOTPEO-
HOCTSIM KJIMMATOJIOTHH, CPEJHECPOYHOrO M JOIATOCPOYHOrO IMPOTrHO30B. B TO XKe
BpEMs, B €€ COBPEMEHHOM COCTOSHMM OHA HEJOCTaTOYHA JUI KPAaTKOCPOUHOTO Mpo-
THO3a TIOTO/IB, JJIS PeIIeHHs 3a/4a4 [0 MepeHOCy 3arps3HIONINX IpuMeceii, obecte-
4yeHNs (YHKIIMOHHUPOBAHIS aTOMHBIX CTAHITMH 1 TIPOBEICHUS PA3INIHBIX aTMoc(hep-
HBIX HMCCIIE0OBAHUH, B MEPBYIO0 OUEPEb — MO NMPUYMHE HEJOCTATOYHOrO MPOCTPaH-
CTBEHHO-BPEMEHHOI'O Pa3pPELICHUS.

[1aBHBIMH TIOTPEOUTETSIMHI adPOJIOTHIECKON WH(POpPMAIH SABISIFOTCS | uapo-
METLEHTP ¥ ABHameTTesleKOM. JIJIsl aBUalMOHHBIX ITPOTHO30B CHHONTUKAM HAJ0 I10-
JTydaTb OONBIINK 00BEM JAHHBIX, YEM IOJIy4alOT ceiddac B pe3ysbTare 2-pa3oBOro
30HAMpOBaHNs. EBporeiickie CTpaHbl MPOBOIIT PAANO30HANPOBAHNE 4 pa3a B CYTKH,
kak 0b110 1 Bo BpeMeHna CCCP. OxHuM U3 BApHAHTOB MOBHIIICHHS IIPOCTPAHCTBEHHO-
BPEMEHHOTO pa3pelieHus SBIIeTCsl pa3paboTKa U NPUMEHEHHE HOBBIX METOJIOB IIPO-
BEJICHUS a3POJIOTUUECKUX U3MEPEHUI — CILyTHUKOBBIC, AMCTAHIIMOHHBIE, U3MEPEHUS C
WCTIONE30BaHNEM OCCITIIIOTHBIX amliapaToB.

CIIyTHHKOBBIE a3pOJIOTHYECKHE U3MEPEHUSI UIPAIOT KIFOUEBYIO POJIb B COBpE-
MEHHOM MOHUTOPHUHTE aTMOC(Epbl, METEOPOIOTUH M KITMMATOI0r . OHH ITO3BOJISIOT
MOJTy4aTh HH(POPMAITHIO O TTapaMeTpax aTMoc(hepsl Ha III00aTFHOM YPOBHE, BKIIIOUAS
TPYAHOJOCTYITHBIC PETHOHBI (APKTHKA 1 AHTapKTHKA). Pa3BUTHE CIIyTHHKOBBIX a3po-
JIOTUYECKUX U3MEPEHHH IpeayCMaTpHUBaeT co3/laHne 0osiee TOYHBIX CPE/ICTB U3Mepe-
HUH, UHTETPAlMIO C HAa3eMHBIMU U OECHHJIOTHBIMH CHCTEMaMH, pa3pabOTKy MajbIX
CIIyTHHKOB — yJICIIIEBIICHIE W PAaCIINPEHIE BO3ZMOXHOCTEH MOHUTOPHHTA aTMOChEpHI.
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Taknm 00pa3oMm, CITyTHHKOBBIE a9POJIOTHUECKHE N3MEPEHUSI 00ECTIEINBAIOT YHHKAIb-
HYIO BO3MO>KHOCTB IJI00aJIbHOTO MOHUTOPHHTIA aTMOC(EpBI, IOMOIHSS Ha3eMHbIE 11~
CTAHI[MOHHbIE U3MEPEHUS U PAJUO30HOBbIC HAOTIOACHUS.

JIis IpOTHO3MPOBAHMS OTACHBIX SBJIEHUH ITOTOJIBI, SKOJIOTHYECKOTO MOHHUTO-
puHra 1 odecredyeHus: 0€30MacHOCTH M0JIETOB aBUAMK HEOOXOIMMO IpoBeieHHe 60-
JIee 4acThIX, a (JaKTUUECKN — HEMIPEPBIBHBIX U3MEPEHHH, UTO SIBIISIETCSI OCHOBHBIM ITpe-
MMYIIECTBOM AMCTAHIIMOHHBIX METOAOB MEPE] CTAaHAAPTHBIM PAaIHO30HANPOBAHHUEM.
Oco0eHHO 3TO OTHOCHUTCS K TIorpaHuaHomy citoro atmochepsl (IICA) [3]. K ocHOBHBIM
TEXHOJIOTHSIM IUCTAaHIIHOHHBIX METOJIOB OTHOCSTCS COAAPEL, JINAAPHI U TPOGHIEMEDHI,
KOTOpBIE MO3BOJIAIOT ONPEIENATh CKOPOCTh U HApaBJICHUE BETpa, TEMIEpaTypy, co-
CTaB BO3/lyXa M APYTUe IapaMeTpbl Ha Pa3iIMUHbIX BBICOTAX, OOHApYKEHHE CIABHUIOB
BETPa, TYpPOYJICHTHOCTH U APYTUX (DAKTOPOB, BIMSIONIMX Ha O0€30MaCHOCTH IOJIETOB.
[TpuHnun paboTsl COAPOB OCHOBAH Ha UCIOJIb30BAHUM aKyCTHYECKUX BOJH VISl W3-
MEpeHHs CKOPOCTH M HaIpaBlIeHHS BeTpa B aTMochepe. OHU paboTaioT 10 MPUHITHAITY
JIOIIEPOBCKOTO 3(h(heKTa: 3ByKOBBIE BOIHBI OTPAXKAIOTCSI OT HEOJAHOPOJHOCTEH B at-
Mocdepe (TypOyIeHTHOCTb, TEMIIEPATypHbIC TPAUEHTHI), a 3aTeM aHAIN3UPYETCs UX
4acTOTHOE M3MeHeHne. OCHOBHBIE MPEUMYIIECTBA COAAPOB — ONIEPATUBHOCTH (HEMpe-
PBIBHBIC ABTOMATH3UPOBAHHBIC H3MEPEHNS ), HU3Kast CTOMMOCTb 3KCILTyaTaIiH.

JInpapel MCIONB3YIOT 1a3€PHOE U3ITyYEHUE, KOTOPOE OTPAKAETCS OT adpO30IIeH,
YaCTHII TBIUIM M MOJIEKYJI Ta3za B atMoc(epe. [1o BpeMeHN MPOX0KAEHHS CUTHAJIA U €T0
paccestHAI0 MOYKHO OTPEICINTh CKOPOCTh M HAIIPABICHUE BETpa, KOHIICHTPAIHMIO 3a-
IPS3HSAIONINX BEIIECTB, HAINYUE 00IaKoB M asposoiie. [IpenmyiecTsa Jimapos 3a-
KJTIOYAIOTCS B BBICOKOI TOUHOCTH M3MEPEHMI ¥ BO3MOXKHOCTH aHaJIN3a aTMoc(ephl Ha
6ompmmx BeicoTax. OHAKO THAApHl UIMEIOT OTPAHNYCHUS B YaCTH CHIDKCHHS 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 KOTOPHIX SBISETCS TyBCTBHU-
TENBHOCTh MX XaPaKTEPUCTUK K OOJBIIOMY YHCITy (DH3HKO-XHUMHUYECKHX MapaMeTpoB
aTMocdeps! (TeMIepaType, BIaXKHOCTH, BOTHOCTH 00JIaKOB, AaBICHUIO, TA30BOMY CO-
CTaBy, mapaMeTpaMm TypOyJIeHTHOCTH), OJJHAKO, HanOOIbIIee MpUMEHEeHNe Ha0Iro1a-
eTcsl 0 OZJHOKAaHAJIBHBIM MUKPOBOJIHOBBIM TeMIiepaTypHbIM npodunemepam (TIIM).
Ha I'HC Pocruapomera TIIM npumeHsIOTCS, Kak 4acThb OCHOBHBIX CPEACTB a’poJjo-
THYCCKHUX HAOMIOCHUH, YTO YTBEPKACHO HOPMATUBHBIME JoKyMeHTamHu. [lo 2024 r.
22 myHKTa HaOJIIOAEHNH OBIIIM OCHAIIEHBI MUKPOBOJIHOBBIMH TEMIIEPATypPHBIMHU IIPO-
¢unemepamu tunma MTP-5 u MTII-5 (cBunerensctBo Ha Tunm CU Ne 68218). OnHako
TaKOTO HEOOJBIIOr0 KOJIUYECTBA MPOGUIEMePOB Al 00BN TeppuTopun PO 1BHO
HEJI0OCTaTOYHO.

B xaxxaom THIle QUCTAHLIUOHHBIX CPEJACTB adPOJIOTHUECKHX U3MEPEHHH HMe-
torcst CH, nonyuuBmue cooTBeTcTByomMA cepruduxar Ha tun CU, Boinanublil e-
JIepaJIbHBIM ar€HTCTBOM O TEXHUYECKOMY PETYIMPOBAHUIO U METPOJIOTHH, U 3aperu-
CTpUpOBaHHBIE B ['0CyapCTBEHHOM pEECTpe CPENICTB U3SMEPEHUH, UTO SBIISIETCS OCHO-
BaHMEM MX IIPUMEHEHUsSI C TOYKH 3pCHHUS 00eCIICUSHUs! €IMHCTBA a9POJIOTHYECKHUX 13-
Mepenuit. I1o pe3ynbraTaM CpaBHUTEIBHOTO aHATN3a MOXKHO CIENIaTh CIIETYIOIHE BbI-
BOJIBI:
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e  cojapbl yIOOHBI U U3YUSHHS BETPOBBIX XapaKTEePUCTUK B HIDKHUX CIIOSIX
aTMocdepsr;

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

e mpoduIeMepsl YHHBEPCATBGHBI, MOTYT HCIONb30BaTh PA3IMIHBIC METOJIBI
M3MEPEHUH.

Hcnonb3oBaHue COAapoB, TUAAPOB U MPOPHUIEMEPOB PACIIUPIETCS, UX POU3-
BOJICTBO OCBOCHO POCCHHCKHMH MPENPHATHAMH, a JaJlbHEHIIee pa3BUTHE TEXHOO-
T JeaeT ux 0oJiee JOCTYMHBIMU U 3G (GeKTHBHBIMU. [lepcrieKTHBaMu pa3BUTHUS JIU-
CTAHI[OHHOTO a3POJIOTUYECKOT0 30HANPOBAHUS SBISIFOTCS KOMOWHHPOBAHHE TEXHO-
JIOTHH — pa3BUTHE THOPUIHBIX CHCTEM, 00BEIMHSIONINX JIUIAPhI, COAAPHI U MpoQHIIe-
MepsI [Tt 0oJiee TOYHBIX H3MEPEHUH, aBTOMATH3aIUsl ¥ BHEPEHIE HCKYCCTBCHHOTO
UHTEJUIEKTa — HelpoceTel Ul aHaau3a JaHHbIX M IPOTHO3UPOBaHMs U3MEHEHUN B aT-
Mocdepe, MUHHATIOpU3AIHs 000pyIOBaHUS — Pa3pad0TKa KOMIIAKTHBIX U MOOHMIBHBIX
CHICTEM JIJIsl YCTAaHOBKH B TOPOJICKUX YCIIOBHSIX, Ha OCCITMIIOTHIKAX W CITyTHUKAX, pa3-
BUTHE OCCITMIIOTHBIX IUTAT(GOPM — HCIOJIB30BAHHUE JPOHOB C JHIApAMH U COJapaMH
JUTSE MOOMIIBHOTO MOHUTOPHHTA aTMOC(EpHIL.

BbecrmnoTtabie neratensHele ammapatsl (BIIJIA) B mocnemHue romsl aKTHBHO
BHEPSIOTCS B a9POJIOTHUECKHE UCCIIEI0BaHMs], IPEAO0CTaBIIsAs HOBBIM ypPOBEHb TOYHO-
CTH, MOOMJIBHOCTH M OTIEPATUBHOCTHU B cOope a’ponorndyeckux AaHHbIX. BITJIA moryt
HECTH pa3IMYHOE 000pyI0BaHHE IS U3MEPEHUS apaMeTpOB aTMOC(hEepPhl — JaTIUKU
TEeMIEPATYyphl, BIAKHOCTH, AAaBJIEHHS, CKOPOCTH U HAIIPABJIEHUs BETPA, ra30aHaIn3a-
TOPBI, CIIEKTPOMETPHI U T. 1. C TOUKM 3peHust Mereoodecneuenus apuauuu BITJIA mo-
TyT o0ecrneynBaTh MOHUTOPHHT TypOYJIEHTHOCTH M BETPOBBIX CABUIOB, KOHTPOJb 32
00JIeICHEHNEM W YCIOBUSIMU BHIUMOCTH.

VYcTaHOBKa BBICOKOTOUHBIX MeTeoposoruueckux aaryukos Ha BITJIA He Bcerga
TrapaHTUPYET MOJyuYeHUe TOUYHBIX JaHHBIX, BCICICTBHE TEPMOJMHAMUYECKUX U JUHA-
MHUYECKHX 3P PEKTOB, 006pasyembix koHcTpyKIen BITJIA. ITpenMymecTBaMu HCIIOTb-
3oBanus BITJIA 11 a3posioruueckux U3MEpEeHHi SBISIOTCS: BbICOKasi TOYHOCTD U Jie-
TaJdbHOCTb JAHHBIX; BO3MOKHOCTb MPOBOJUTH U3MEPEHUSI HA HU3KUX U CPETHUX BBI-
COTax; BBICOKOE NMPOCTPAHCTBEHHOE U BPEMEHHOE PA3pEIICHUE N3MEPEHHUH; BO3MOXK-
HOCTB HEOJJHOKPATHOTO N3MEPEHHS OHON ¥ TOI e 00JIacTH IS aHAIN3a H3MEHECHUI
B aTMOC(epe; THOKOCTh U OIIEPaTUBHOCTB, OBICTPOE Pa3BepPTHIBAHUE B JIFOOOH TOYKE,
BKJIFOYasl TPYAHOJOCTYHHbIC pailoHBI (TOpHBIC PalOHBI, APKTHKA, OKCAHHUCCKHE
30HBI); 9KOHOMUYHOCTh, BO3MOKHOCTh MHOTOKPATHOT'O MCIIOTh30BAHMS.

B paMkax J1eMOHCTpannOHHON KaMITaHUH OCCIMIIOTHBIX JICTATEIBHBIX aInapa-
toB (UAS-DC), nposenennoi nox srunoit BMO B Teuenue 2 mecsiies B 2024 r. B Me-
TEOPOJIOTHIECKOM HAYYHO-HCCIIEIOBATEIILCKOM HHCTUTYTe B ropone Llykyba (Smo-
HUST), IBaX/IBI B CYTKH ITPOBOIIIINCH H3MEPEHHS PO METEOPOIOTHISCKIX Ta-
paMeTpoB. DTa KaMIaHus1 ObLIa OPraHU30BaHA JJIsl OLICHKH BO3MOKHOCTH IPOBEACHUS
HETIPEPBIBHBIX €KeTHEBHBIX M3MEPEHUH, PACTIPOCTPAHEHHUS JAHHBIX B JopMaTe, mpe/-
Ha3HAYCHHOM JUIS YHCJIEHHOTO MPOTHO3WPOBAHUS MOTOABI, W JUIS OIEHKH KadecTBa
JIAaHHBIX TI0 CPaBHEHMIO C TPAJULHOHHBIMH METEOPOJOTMYECKUMHU JaHHBbIMU. bbuin
ucnosab3oBanbl Tpu Tuna BIJIA: MeTeopoiornyeckuii rekcakonTep CpeJHero pa3mepa
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1 KOMMEPUYECKHE JIPOHBI CPEHETO U MAJIOTO pa3Mepa ¢ MPUKPEMIEHHBIME METEOPO-
JIOTUYECKUMHU JaTYuKamu [6].

To4YHOCTH METEOPOTOTHYECKUX JaHHBIX, ModydeHHbIX ¢ BIIJIA, B rienom Obuia
COITOCTaBMMA C TOYHOCTBIO JAHHBIX, ITOMYYCHHBIX OT CTAHIIUH PATHO30HIHMPOBAHS:
temnepatypa — 0,11-0,26 rpan, orHocurenbHas BiaxHocTb — 0,85-1,49 %, ckopocTh
Berpa — 0,27-0,57 m/c. 1o pe3ynpTaTtaM 3TUX MCHBITAHUI OBUIO OTMEUYEHO, YTO HEOO-
XOZMMO aJaTHPOBATH METO/IBI M TPHOOPEI, YTOOBI CBECTH K MUHUMYMY ITOTPEIIHOCTH
W3MEPEeHUH, KOTOpbIe CHIIBHO 3aBHCAT OT Tha BITJIA (Hampumep, BepTONET WU ca-
MOJIET C HETOABMYKHBIM KPBUIOM) U pa3Mepa (Manblil wiu Oonbimoid) BITJIA, a taxxke
OT €ro rpy3ornoabEMHOCTH.

IIpu BBINONHEHMH MHCTPYMEHTAIIbHBIX M3MEPEHUH NI TMOJyYeHHs JIETUTHM-
HBIX PEe3yJbTaToB TpeOyeTcs COOTBETCTBYIOIIEE METOANYECKOE U METPOJIOTHUECKOE
obecrnieueHue M3MEpHUTEIbHBIX KoMmIuiekcoB Ha 6aze BIIJIA. B Poccuum moka enun-
ctBenHsIM CH BITJTA, nmeronim ceptudukaT Ha i CH, aensercs «Cucrema n3me-
pUTENbHAS ISl MOHUTOPUHTOBBIX UCCIIEI0BaHUN Ha Oa3e OECTIMIIOTHBIX JeTaTebHBIX
annapatoB «PJIP-2015» (cBugerensctBo Ne 75187). B crpykrypy nmannoro BITJIA
BKIFoueHB! CV, BHECEHHBIE B TOCYIapCTBEHHBIN peecTp CpeAcTB u3Mepenuil. OnHako
BCE OHM OTHOCATCS K MHOTOKOMIIOHEHTHBIM Ta30aHaaM3aTopaM M aHaJIM3aTOpaM
UM, MeTeoponoruueckye napamMerpsl He BKItoueHs! B onucanue tuna CU. Tem He
menee BITJTA mpezacTaBisitoT co0o0i MEepCHEeKTUBHBIN HHCTPYMEHT JUIS adpOJIorHYe-
CKMX M3MEpPEHHH, O3BOJISIS 3HAUNTEIIFHO MOBBICUTH TOYHOCTD, OTIEPATHBHOCTD M JIe-
TaJIM3aLIIO 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 IOJICTA, IPOIODKUTEIBHOCTH PAbOTHI U
HHTETPAIHNIO ¢ TII00aIbHBIMH CHCTEMaMHU HaOMIOACHHH.

HaIIpaBJIeHl/Iﬂ o0ecreyeHus €IHHCTBA A3POJIOTrHYE€CKUX I/l3MepeHl/II7[

Pe3ynbTarel aHamM3a METPOJIOTMYECKUX XapaKTEPUCTUK U PEIIPE3EHTaTUBHOCTU
a’pOJOTNYECKUX U3MEPEHHH TOKa3alu, YTO OCHOBHOM HEJOCTATOK HOPMHPOBAHHS
METPOJIOTHYECKUX XaPAKTEPUCTHK PAJANO30HI0B 3aKII0YAETCs B Pa3eIbHOM HOPMHU-
POBaHMH TPEIETFHO TOITyCKaeMOl OCHOBHOH MOTPEITHOCTH U3MEPEHHS TP (DyHKIIN-
OHUPOBAHNH UX B HOPMAJIbHBIX YCIOBUAX, I HOPMUPOBAHHUHU MIPEIEIbHO JOITYCKaeMOM
JONOTHUTENBHOI MOrPelHOCTH, BOSHUKAIOIIEH MPU BapbUPOBAHUHU BCEX BIMSAIOMINX
(akropos. [Ipu sTOM, Kak ykazaHO B HOPMAaTUBHOM JokyMeHTe Poccranmgapra UTC
22.1-2016, cymmapHasi IOIpEIHOCTh U3MEPEHUH HEe HOpMHUpYyeTcs. B ¢BA3u ¢ 3TuM
TpeOyeTcs COBEpLICHCTBOBAHWE HOPMAaTHBHO-TEXHUYECKOH JOKYMEHTAIMH, peria-
MEHTHUpYIOLIeH TpeOoBaHMs K METPOIOTnieckuM xapakrepuctukam CHU B 3To0it 061a-
CTH, ¥ K METOJIaM U CPEJICTBAM X HCIBITAHUI 1 TIOBEPKH.

[Tpy IpOEKTHPOBAHUN U MOJICPHU3ALNH a3POJOTNUECKUX M3MEpEeHNI Heo0Xo-
JMMO YYHTBIBaTh TPeOOBAaHUsS MO 00ECIEYEHHIO COOTBETCTBUS asposoruueckux CU
COTJIAaCOBaHHBIM MMOTPEOHOCTSIM poccuiickux momap3oBaTenei (I mapomernenTp, ABna-
mettenekoM, I'TO, Muno6opons! u ap.). [TocTosHHOE pa3BuTHE TI006aTpHON HAOIIO-
JIaTeIbHON CUCTEMBI 32 COCTOSIHEM NPUPOIHOMN Cpeibl, TEXHOIOI Ui AUCTAHIHOHHOTO
30HAUPOBAHNUS, C TOMOINBI0 KOTOPBIX AOOBIBaeTCS HMH(MOpPMALUS, CTABUT 3a1ady
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OLICHKH BIIMSAHHS KOHKPETHOTO BUA M HICTOYHUKA HH(OPMAIINU Ha Ka4eCTBO YNCIICH-
HBIX IPOTHO30B MOrObL. JTa 3ajJja4a pelaercs IyTeM UCKITIOYEHUS U3 PACCMOTPEHUs
UH(pOpPMAIUU ONPEICIEHHOT0 BHJa U MOCIEAYIOIIEro CpaBHEHUS MOTYYEHHOTO TAKHM
00pa3oM MPOTHO3a ¢ KOHTPOJIBHBIM SKCIEPHUMEHTOM, B KOTOPOM YUUTHIBACTCS BECh
00BEM HOJTyYaeMbIX METEOPOJIOTHIECKHIX JaHHbIX.

AHain3 JaHHBIX PAAMO30HIUPOBAHUS UMEET CBOIO CHEU(HUKY MO OTHOLICHHIO
KO MHOTHM JIPYTUM METEOPOJIOTHYECKIM HAOIIOACHUAM, TaK KaK HA MHOTHX BBICOTaX
B aTMOc(epe UMeeTCsl MHOXKECTBO MTPOIYIIECHHBIX HaOmroaeHuit [1]. OcHOBHBIC TpH-
YHMHBI ATOTO — HEJIOCTATOYHAsl BBICOTA MOJBbEMA PAJUO30H]IOB, IPOCTPAHCTBEHHBIE U
BPEMEHHbBIC HEOJHOPOAHOCTH MaHHBIX, HEJOCTATKH TEXHOJOTHH PaJAHO30HIOBBIX
HaOJItoIeHNH, TPOU3BOICTBA 000JIOUEK, 30HA0B U JATYNKOB, OJIyYCHHS U pacueTa pe-
aJIbHBIX 3HAUE€HUH BBICOTHI, TEMIIEPATYPBI, BIAKHOCTH U BETPA.

Bawusinue stux ¢axropos Ha ycnemHocts YITIT MOXXHO OlleHUTH ITyTeM renepa-
MM TICEBIOCITyYafHOTO IITyMa Ha apXUBBI TAaHHBIX PaJHO30HIUPOBAHUS C XapaKTepH-
CTHKaMH, COOTBETCTBYIOIIMMH peanbHbIM (PaKTopaM HEJOCTATKOB PabOTHI CHCTEMBI
Paauo30HIUPOBaHUs (CMEIleHHE, CPEIHEKBAAPAaTUIECKOEe OTKIIOHEHUE U BEPTUKAIIb-
HBIE Koppenanun). Mcrnonp30BaHue MOTy4YeHHBIX H3MEHEHHBIX apXMBOB JAHHBIX MPH
pacudeTe cpeAHEKBAIPATUIHOM OMMOKH IMPOTHO3a U CPABHEHHE C TIPEIBIIYIIINM IPO-
THO30M, IOJIyYEHHBIM 10 UCXOJHBIM apXUBaM JAHHBIX, TO3BOJIUT OLEHUTH BIMSHUE
Ha YIIIT Beimeyka3anubix GakTopos. L{enbio 3THX pacyeToB MOTYT OBITH ClIEYIOIIUE
BBIBOJIBI M PE3YIIHTATHI:

— IOJIyY€HHE KOJIMYECTBEHHOTO OOOCHOBAHMS COOTBETCTBUSI/HECOOTBETCTBHS
TpeOOBaHMSM TEKYIIEro KOJMYECTBa U pacroyioxkeHus AD Pocruapomera juist ornpe-
JIeNICHNS] HeOOXOANMBIX (JIOITyCTUMBIX) H3MCHEHUH B KOH(OUTYpaIUN CETH;

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

— 3aKJIIOUCHHE, SBJIACTCA JIM 00BEM MOJIydyaeMbIX JaHHBIX Ha BCEH CETH B BHUJE
2-pa3oBOTO 30HIMPOBAHIS MIHUMAIHHO HEOOXOIUMBIM, HIH OH MOXKET OBITh COKpa-
1IeH (B KaKOW CTENCHN), WU TOJDKEH OBITh YBEIHMUYCH (TPH KaKUX YCIOBUSIX);

— o0ocHOBaHHE TPEOOBAHHUH K MUHUMAJIBHO HEOOXO MO BBICOTE a3pOJIoTrHuye-
CKOTO 30HJMPOBAHMUS, a TAK)KE B KAKHUX YCIOBHUAX OHA MOXKET OBITh H3MCHEHA,

— obocHOBaHKE TPeOOBAHMI K HENIPEPHIBHOCTH JAAHHBIX a3POJIOTHYECKOrO 30H-
JUPOBAHUS Ul ONEPAaTUBHBIX MPOTHO30B MOTOJBI U Ul KIMMaTUYECKUX HaOIroze-
HUMH, ONpeieleHne MaKCUMAJIBHO JTOIyCTUMOTO BPEMEHH MIPOCTOSI KaXI0H CTAaHIIMU U
OTCYTCTBHSI IaHHBIX C HEE.

[onyuennble 000CHOBaHUS M BBIBOJBI JJayT BO3MOXKHOCTH C(HOPMYJIMPOBATDH
00OCHOBaHHbBIC MPEJIOKEHUS II0 ONTUMH3AIMK PabOTHI a’POJIOTHYECKOH ceTH
Pocrunpomera. [1pu peanuzanmu STHX IpeI0KEHIH IITaHUPOBaHNE PaOOTHI CeTH, 3a-
KyIKa 1 o0ecredeHre paboThl a9pOIOTHIECKOro 000pyA0BaHHS, 3aKyIKa PACXOAHBIX
a’pPOJOTNYECKUX MATEPUAIOB MOTYT OBITh CYIIECTBEHHO ONTUMH3HPOBAHBI.

Ha ocHOBaHMH CHOPMYITHPOBAHHBIX U COTIACOBAHHBIX MOTPEOHOCTEH pOoCCHii-
CKHUX IIOJIb30BATENEH, KPOME IMOBBIIIEHHS KAaueCTBA JAHHBIX, B JaJbHEHIIEM MOIYT
ObITh CHOPMYJIMPOBAHBI MPEATIOKEHUS 110 ONTUMHU3ALMN PabOTHl a’dPOJIOTUUECKOM
cetu. CHopMyTHpOBaHHBIE MPEIOKEHNS IO KOHPHUTYPALUU CETH, KOJHYECTBY BbI-
MyCKOB, HEOOXOAMMBIM TIOTPEITHOCTSAM M BBICOTE 30HIMPOBAHHS MOTYT IIPUBECTH K
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JOCTIDKEHNIO 3 PEKTUBHON pabOTHI CPEACTB a3pOJIOTHIECKHX n3MepeHuil. [Ipn atom
Han0oJiee ONTUMAIbHBIM BapHaHTOM SIBJISIETCS II€pesiada T'OJIOBHOM OpraHu3aliuy —
IIAO opranmzanmu BceX OCHOBHBIX PadoT 1o oOecreueHnto (YHKIMOHHUPOBAHUS
a’pororndeckoi cetu Pocruapomera, BKIIo4as INIaHUPOBAaHKUE pabOTHI CETH, YIaCTHE
B OpraHU3aliK 3aKYITKH a3POJIOTHYECKOr0 000PYJOBaHUS U PACXOAHBIX a3pOJIOTHye-
ckuxX MaTepuanoB. dakTHueckoe OTCYTCTBHE BIMSHHUS TOJOBHOW OpraHU3allld Ha
MpONEAYpPY 3aKyMOK IIPUBOIUT K HEONTHMAIBHOMY M HEIEJIeCO00pa3sHOMY pacXxomo-
BaHMIO OIOJUKETHBIX CpeAcTB. Takoi 1mMoaxoJ] HEOOXOAUM €Ile M JUIS TOTO, YTOOBI y
Pocrunpomera Obliia BO3MOXHOCTD BIMSIHHSI HA BO3MOXHBIC OTKJIIOHCHHUS OT 3aKOHO-
JaTenbcTBa B obnactu MeTposnoruu. Hampumep, B cBuperenscTBa Ha Tun CU paguo-
30HJ0B OopraHbl Poccranaapra BKIIFOUAIOT JaHHBIE, KOTOPBIE UM NIPEACTABIAIOT H3r0-
TOBUTENN. DTH MTOKA3aTEIN HE COOTBETCTBYIOT PEalbHBIM IOTPEIIHOCTIM. B yacTHO-
CTH, B COOTBETCTBUH C POCCUIICKMM 3aKOHOAATEILCTBOM B 00JAaCTH METPOJIOTHH BCE
pamMo30HIB, TpenHa3HAYCHHBIC [UIsI TPHMEHEHHS Ha CeTH | MApOMETCIyXOBI,
JIOJDKHBI TIPOMTH HCTIBITaHUS Ha yTBeprkaeHue Tuna CU B paMkax yTBEp>KIAECHHOU B
Poccun INocynapcrBennoit nosepounoit cxemsl it CU Bnaxuoctu razos (I'TIC). On-
Hako B I'TIC OTCYyTCTBYIOT ATAIOHBI AJISI ONIPEAETICHHS METPOJIOTHIECKIX XapaKTepu-
CTHK M3MEPEHHH BIQKHOCTH PAANO030H/I0B B PEaTbHBIX YCIOBHUIX PaJHO30HANPOBAHNSI.

OoOecrieueHne €IMHCTBA adPOJIOTMYECKUX W3MEPEHHH BHECET CYLIECTBEHHBIN
BKJIaJl B IOCTM KEHHE OCHOBHBIX Ilefel CTpaTeruu qesaTeIbHOCTH B 001aCTH THAPOME-
TEOPOJIOTHH M CMEXHBIX ¢ Hell o0macTsx Ha mepuox 1o 2030 roxa (¢ yIeToM acreKkToB
M3MEHEHUsI KIIMMaTa) — (OPMHUPOBAHUE BHICOKOA(D(EKTUBHOM THIPOMETEOpOIIOrHye-
CKOH ci1y>k0blI, 0OecreunBaromieil BeIonHeHne QYHKIMH 110 IPeJOCTABICHUIO TTOTpe-
OuTeNIM CBOCBPEMEHHOH 1 TOCTOBEPHON THAPOMETEOPOIOTHIECKON U Tennoreohu-
3U4ecKoi MH(popManuy, NHGOPMAIMN O COCTOSIHUM OKPYXKAIOIICH Cpelbl, ee 3arps3-
HEHUH, a TaKkxkKe 10 9PPEKTUBHOMY U O€30I1aCHOMY ITPOBEACHHIO PAdOT, CBSI3aHHBIX C
aKTHBHBIM BO3JCHCTBHEM Ha METECOPOJIOTHMYECKHE W Jpyrue reodusndeckue mpo-
IIeCChI, Ha 0a3e COBPEMEHHOW TEXHUKH M TEXHOJIOTHH.

BrinonHeHne npeioskeHHbIX BAPHAHTOB 00ECTIEUEHHsI COOTBETCTBHS KauecTBa
a’pOJOTUYECKUX JAHHBIX COTTIACOBAHHBIM ITOTPEOHOCTSIM POCCUHCKUX MOIB30BaTEICH
00ecTIeunT MOBBIIIICHNE Ka9eCTBa IIPOTHO30B ITOTO/IBI, CHIDKCHHE PHCKOB yIIepOa 9Ko-
HOMMKE, 3/J0POBBIO TPaXKAaH, 000pOHE 1 OE30ITaCHOCTH roCy1apCTBa.
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AHau3 padboTocnocOOHOCTH ABTOMATH3HPOBAHHBIX
TUAPOJIOTHYEeCKMX 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

AnnoTtanus. OO6cyxnaercs paboTOCIIOCOOHOCTb ABTOMATH3UPOBAHHBIX T'MIPOJIOIMYECKUX KOM-
IUIeKcoB Ha pekax Poccuiickoit denepanmu, KOTOpast UrpaeT KIFOUEBYIO POJIb B HAIGKHOM U OIepa-
THUBHOM 00€CIeueHNH IHAPOJIornueckoit uHdopmanueit norpedureneir. OHa 3aBUCUT OT LIEJIOTO psijia
(bakTOpoB: KayecTBa MOHTaXKa, PSKHMa M CTAOMIBHOCTH €0 SHEProoOecHedeHHs; YCTOHIHBOCTH
KOMITIOHEHTOB KOHTPOJIEPA U aTYMKA K BO3AEHCTBUIO HEraTUBHBIX (DAaKTOPOB BHEILIHEH Cpesibl; pa3-
BHTHS PYCIIOBBIX IPOLECCOB M BaHIAIN3Ma, KOTOPBIE MOTYT IPHBOAUTH K HAPYLICHUIO HIIU HOJIHOM
yrpate obopynosanus. [Ipeicrasiena oneHKa KOPPEKTHOCTH U3MEPEHHUS YPOBHS BOJIbI aBTOMATU3H-
POBaHHBIMH KOMIUIEKCAMH M TIOJTHOTA MOCTYTAOIIEH ¢ HUX HH(pOpManuy. BbIsBIeHa MHOTOTETHSA
JIMHAMHKA XapaKTePUCTUK PabOTOCIIOCOOHOCTH KOMILIEKCOB U IOJIHOTHI IepeiaBaeMoi UM HHHOP-
Manuy. PaccMOTpeHb! IPHYKHEL, BIHAIOMNE HAa PAO0TOCIIOCOOHOCTH KOMILIEKCOB U JaHbl PEKOMEH-
Jaluu 10 NoAACPKaHUIO JOCTUTHYTOI'O YPOBHS aBTOMATU3allUU CETHU.

KitroueBble ¢J10Ba: aBTOMATH3MPOBAHHBII THAPOIOTHYESCKUI KOMILIEKC, pabOTOCIIOCOGHOCTD, YPOBCHB
BOJIBL, TOCY/IapCTBEHHAsI HAOJIOIaTeIbHASL CETh, THAPOIOTNYECKUH MYHKT HAOJIFOICHHUIA.

BBenenne

HeobxonuMocTh aBTOMATH3aIMK T'HPOJIOTHYECKOTO MOHUTOPHHIA, BKIIOYast
U3MEpEHHE YPOBHEN BOJIBI, OIPEAEIAETCS BO3pACcTaoIel TOTPEOHOCTHIO SKOHOMUKH
1 00IIIecTBa B ONIEpaTUBHON M HaNEXHOM nHpopmarmu [8; 3].

Ha cern rmmpomormueckux HabmroneHWi Pocrmapomera 1O COCTOSIHHIO Ha
2024 r. aBromatuzauus gocruraet menee 40 % [2]. OCHOBHBIM CPEJICTBOM U3MEPEHUS
YPOBHSI BOJIbI JI0 HACTOSIIIETO BPEMEHH OCTAaETCsl BOJOMEpHas peiika. bosbiioe komu-
YEeCTBO HEaBTOMATH3MPOBAHHBIX ITyHKTOB HAOJIONCHHH, BO3pACTAIOIINE 3aTPaThl Ha
pydHBIE M3MEPEHHMs, a TAKXKE ITOTPEOHOCTH B BBICOKO JMCKPETHOH mepenade nHPop-
Malllu ONpeAEeNOT 3HAUUTENbHBIN MOTEHIMAl aBTOMaTU3al[H CETH.

ITon aBTOMaTH3MPOBAHHBIM THAPOJIOTHUECKUM KoMmIuiekcoM (nanee — AI'K) B
JIAaHHOM CTaThe TIOHMMAETCSI COBOKYIMHOCTh MPHOOPOB 1 000pyAOBaHMS, NTPpEAHA3HA-
YEHHBIX JIS1 BHINOJIHEHUS! aBTOMaTU3UPOBAHHBIX U3MEPEHHUH YpPOBHEN BOJBI U OCHA-
MIEHHBIX CPEJICTBAMHU IIepeiaun MH(OPMAIMK B LIEHTpbI cOopa naHHbIX. B cocraB AT'K
00513aTeTTHFHO BXOANUT CPEACTBO M3MEPEHUH yPOBHS BOJBI (1yBCTBUTEIBHBIIN JIEMEHT),
BBIMTOJHSIOMMHA H3MEPEHUs] B TOYKE €r0 YCTAHOBKH, KOHTPOJUIED, BBITOIHSFOLIHIA
(YHKIMY HAaKOIIJIEHHUs M3MEPEHHBIX JaHHBIX 00 YPOBHE BOJIBI, X XPAHEHUS U TIepe-
Jlady JaHHBIX MU3MEPEHHH MO KaHalaM CBS3M B IEHTP cOOpa JaHHBIX, A TAKKe JTHHUSL
CBSI3M JlaT4uMKa ¢ KOHTpoJuiepoM. Ha mocrax moryT ucnomas3oBatbest AI'K ¢ paznuunoit
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KOMILIEKTAIMEH, KOTOpast MOXKET BKIIFOUATh CPEJICTBA U3MEPEHNUN YPOBHS U TeMIIepa-
TYPHI BOJIBI, aTMOC(EPHBIX OCAJKOB, a TAK)KE CPEIICTBA HAOIIOACHUS 32 COCTOSIHUEM
BOJTHOTO OOBEKTA.

IIpakruka BHeapenus AI'K

IlepBeiM AT'K B Mupe B HEKOTOPOI CTENIEHH MOKHO CUMTATh MOIJIaBKOBBIN ca-
MOTIUCELl YPOBHS BOJbI, OCHAIIEHHBIH KOPOTKOBOJHOBBIM PaJAMONEPEAAaTINKOM B
1930-1932 rT. u dpyHKIIMOHIPOBaBIINI Ha NOCTy p. Jlyra — c. TonmmaueBo. CepuitHo
AT'K Hauanm ycTaHaBIMBAThCS HA CETh MIPH PealM3aliy NEPOBOI BOJIHBI MOJEPHU3A-
uuu («Pocrungpomer-1»), koropas craptoBaia B 2006 r. 1 KOCHYJIaCh EPEOCHAILIECHHS
ceTu B MaBOJKOOMACHBIX OacceifHax pex Yccypu, Oxu u Ky6anu. Ha rugponoruue-
CKHuX TocTax 0buto ycranosieHo 153 AT'K [1]. B aToT e mepron Ut pOXOKICHHS
OITBITHOW 3KCIUTyaTaIlu1 W POBE/ICHNS CPAaBHUTEIIBHBIX HAOJIOACHNH OBUT OpraHu30-
BaH U ocHaueH paznuudbiMu AT'K rugpomerpudeckuil nonuron p. ITomomers — c.
Sxen6unst B Bannatickom ¢umuane [TH.

Bropas Bonna monepauzanuu Havanach B 2012 r. u 3akoHumnacek B 2020 r. 3a
9TO BpeMs ObUIO peajr30BaHO JBa Mpoekra: MoaepHHM3alus THAPOIOTHYECKUX
Habmoaenuii B Oacceiine p. Bonra («Pocrunpomer-2») u GenepanpHas meneBas mpo-
rpamMMa «Pa3BuTHe BONOXO3HCTBEHHOro 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 cHu3miIach (puc. 1).
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Puc. 1. Pactipenenenue mo rogaM KOJIMYECTBA BBEAEHHBIX B dkcuryaTanuio AI'K

! denepanbuas uesesas nporpamma "Pazsutue Bo10X03sicTBEHHOTO Komiiekca Poceniickoit @eneparmu B 2012-
2020 ronax" (ITocranosnenue Ipasutenscrea PO Ne 350 ot 19.04.2012).
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M3amepenust ypoBHs Boael ¢ nomomipio AI'K permamentupoBansr B PJ]
52.08.869-20222. 1o cocTossHMIO Ha KoHell 2024 T. Ha THAPOIOTMYECKOI CETH HACUH-
teiBaeTes 1100 AT'K (tabm. 1), umu odopyaoBano 37 % oT 00IIero KoJIu4ecTBa IHl-
poJiorndeckux nocros cetu. bonpmunucTBo AI'K HaxoauTes Ha eBpoNnelHcKoil Teppu-
topuu Poccuiickoit @enepanuu (puc. 2).

Tabnuya 1
Pacnpenenenne AI'K o TepputopuanbHeIM yrpaBieHusM 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
3amasHOCHOHPCKOE 70 12 0 14 96
Bepxne-Bomxkckoe 0 76 0 0 76
ITpumopckoe 58 1 0 0 59
Bbamkupckoe 46 9 0 1 56
Ypanbckoe 0 56 0 0 56
SIxyTckoe 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
PecnyOmnuka 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
O06b-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 KOMILUIEKCHI C IaTYUKOM YPOBHS BOJBI THIPOCTATHYECKOTO
THIA, JaTYNK PAJapHOTo THUIA MPeolIalacT B I0KHBIX IIMPOTAX, YTO OOYCIOBICHO
cneruduron enoBoro pexuma pexk. AI'K 6apOoTa)kHOTO THIAa MMEET JIOKalTbHbBIE
30HBI PACIIPOCTPAHEHHS.

Bonbume AT'K ycranoBneno Ha tepputopun Ceepo-3anagHoro u Cesepo-Kas-
kazckoro YI'MC, mnoTHOCTs aBTOMaTH3HPOBaHHOII cetn B EBpomeiickoit uactu PD
3HAUUTEILHO IIPEBBIIIAET 3TOT [OKa3aTelb B A3HaTCKOM.

2 PJ1 52.08.869-2022. PykoBOACTBO 110 OPraHU3allMK U IIPOBEIEHUIO N3MEPEHHUIA YPOBHS BOJIbI B BOJOEMAX M Ha BOJIO-
TOKaX aBTOMATH3UPOBAHHBIMU I'UIPOIOTHIECKMMH KOMILIEKCAMH
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Puc. 2. Pacnpenenenne AI'K ¢ yuérom tuna narumka no reppuropun Poccuiickoit @enepauuu

MatrepuaJibl 1 MeTObI HCCTe0BAHMMT

Amnanmu3 pabotsl AI'K Ha rocynapcTBeHHON HaOMIOJaTENBHON CETH OBII IPOMU3-
BEIEH HA OCHOBE €XKEMECIUHBIX OTYETOB, HanpasiseMbix B I'TH TepputopnansabiMu
ynpasnenusamu Pocruapomera (nanee YI'MC) 3a 2021-2024 rr., B KOTOPBIX cHelua-
JIMCTBI HA MECTaX 3aloJIHAIT (OpMBI Mo KadecTBY padoTsl AI'K B ycTaHOBIEHHOM
TIOpSIZIKE.

Nudopmarnms o turne natunka AI'K, oprannsaryn noctaBuyke, IpoH3BOANTENE
KOHTpOJJIepa M JaTuuKa OblIa MONydeHa MO CIeHHaIu3upoBaHHOMY 3ampocy. He-
CMOTp# Ha TO, 4TO B KOMIUIEKT AI'K MOTYyT BXOANTH JaTYMKU PAa3HOTO IPHUMEHEHNS, B
paboTe aHATM3UPYIOTCS TOJNBKO JAHHBIE TI0 YPOBHIO BOJIBI.

PaccmarpuBatores Bce AI'K, nepedncrieHHble B OTYETHOCTSIX 32 UCCIIEAYEMBIH
NepUO/, BHE 3aBUCUMOCTU OT TOTO HAXOMAATCS JIM OHU Ha CKJIAAAX MM YCTAHOBIICHBI
Ha MecTax JKCIUTyaTallid. B ocHOBe aHanm3a JexaT IBE XapaKTEPHUCTHKU — paboTo-
CIIOCOOHOCTh KOMIUIEKCA M Ka4eCTBO MOCTYNUBIINX AaHHBIX. [log paGoTocrnocobHo-
CTbIO KOMILIEKCA B HCCIEIOBAHUM MOHUMAETCS! MPOLEHT MOCTYMHBIIMX B LIEHTPHI
cOopa JaHHBIX cOOOIICHHI 00 YPOBHE BOJIBI OT OOIIET0 KOJINYECTBA HAOFOJAEMbIX OC-
HOBHBIX CPOKOB (KaK ITPaBHJIO, OCHOBHBIM CPOKOM CUHMTAETCS €)KEUaCHOE H3MEPEHHE).

o xauectBy nocrynatomue ¢ AI'K nanHbIe pa30UTHI HA TPH KATETOPHH: BBICO-
KO€ KauecTBO (PacX0oxkJIeHUE C JaHHBIMU OT HaOMI0aTeNsl He MPEeBBIIaeT 3 CM, B CO-
oTBeTCTBHH ¢ Tpebosarusamu PJ] 52.08.903-20203; xopoluee kauecTBO (PaCX0KIACHHE
C JJaHHBIMHU OT HAOJIOZATEIsI HE TPEBBIMIACT 7 CM, B COOTBETCTBUU C TPeOOBaHUAMHU
nocranopiaenus IlpasutensctBa PO Ne 1847 ot 16 Hos6ps 2020 r.* u HU3KOE Kade-

3 PJ1 52.08.903-2020. PykoBoCTBO 10 MPOBEICHHIO CPABHUTEBHBIX HAGTIOICHHIT 38 YPOBHEM M TEMIIEPATypOii BOJBI CTAHAPT-
HBIMA H aBTOMATH3HPOBAHHEIMH CPEJICTBAMHI H3MEPEHMI

4 Tlocranosnenus [pasutensctsa PO ot 16.11.2020 Ne 1847 "O6 yTBepskAeHNH MepeUHs H3MEPEHHT, OTHOCAIMXCS K cepe rocy-
JIapCTBEHHOTO PEryJINPOBaHHs 00ECTIeYeHN s eMHCTBA H3MEPEHHI"
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CTBO (pacxXoXJIeHHe C TAHHBIMHU OT HaOJo1aTelsl peBbitiaeT 7 cM). Kak u ¢ padorocmo-
COOHOCTBIO TIPOICHT KaYeCTBEHHBIX JAHHBIX TaK)KE PACCUUTHIBAIICS MCXOIS M3 OOIIEro
KOJIMYECTBA HAOJIFOIACMBIX OCHOBHBIX CPOKOB, @ HE OT MOCTYITHBIIIUX COOOIICHHUI.

Amnanu3 paboThI MPOBEAEH MO IMECTH HAMIPABICHUSIM:

— TPOCTPAHCTBCHHBIH aHANM3 (XapaKTepU3YIOMMH YCIICIIHOCTh BHEIPEHUS
AT'K paznuuneivu YIMC)

— B 3aBHCHMOCTH OT TPOEKTa MOJCPHH3ALUHU (BBLACISIOTCS TPHU IPOEKTa —
«Pocrunpomer-1», OUII «Pa3zButue BoOX03sHCTBEHHOr0 KoMmiulekca Poccuiickoit
®denepannu B 2012-2020 rogax» u «Pocruapomer-2»);

— B 3aBHCHUMOCTH OT Tuna Aatunka AI'K (BBIIENSIOTCS YeThIpe THIIA: THIPOCTa-
THUYECKHUH, 6apOOTaKHBIH, MOIUIABKOBBIN 1 pagapHblii). Heo6XoauMo 0TMETHUTH, 9TO
4acTh CHENUaNNCTOB He oTHOCHUT K AI'K mommaBkoBbIe TaTYMKM YPOBHS BOJBI H TIO-
9TOMY HE YYHUTHIBACT UX B OTYETHOCTH;

— B 3aBHCHUMOCTH OT npousBoautens koHTpomiepa AI'K (k aHanmu3sy mpeacras-
nensl ATK 16 mpousBoguTenu u3 3 peruoHoOB);

— B 3aBHCHMOCTH OT OpTaHU3aINH, TPONU3BOIMBIICH MOHTaX 000pyJOBAHHS.

ITomumo cpenuux 3a 4 ro/1a 3HAYCHHIA XapaKTePUCTHK MPUBOJIUTCS OLICHKA CHU-
JKeHHs1 00BbEMa MOTydaeMbIX JaHHBIX, BBIPAXKEGHHAsI B YMEHBIICHUH 3HAUCHUS Xapak-
TEPUCTHKH B MPOICHTAX 3a TOJ.

O0cy:kaeHHe U pe3yJbTaThl

Haunnas ¢ 2021 r. mpoucxoauT cHIDKEHHEM 00BbEMa mpuxomsnmx B YIMC
JAHHBIX C MHTEHCUBHOCTHIO 2,70 % B Tox (prc. 3), 00BEM TaHHBIX BEICOKOTO KadecTBa
CHIDKAETCsl C MHTEHCUBHOCTBIO 1,21 % B roji, B MEHbLIEH CTENEHN IPOUCXOAUT Majie-
Hue 00béMa MaHHBIX Xoporrero kadectsa — 0,84 % B rox. Takoe cOOTHOLIEHHE CBSI-
3aHO C TEM, UTO B OOJBIIMHCTBE CIIydaeB U3 paboThI MOTHOCTHIO BEIXOIAT AT'K, KoTO-
pble IIpUCHUIANIM JaHHbIE IUIOXOr0 KadecTBa. Taioke 3aMeTHa BHYTPUIOIOBas AMHA-
MHKa, 00BSICHSIEMasi CE30HHOCTBIO Pa0OThl HEKOTOPBIX THIIPOJIOTHUECKHUX ITOCTOB. B
(beBpane paboTOCIOCOOHOCTH B cpefHeM 3a 4 roga MeHblie Ha 4,6 % paboTocnocoo-
HOCTH B HIOJIC.

B pamkax mepBoii BosiHbI MoepHI3anuu «Pocrunpomer-1» Ha ceTh ObLIN yCTa-
HoBiteHbl AI'K Toneko Hemerkoit pupmsl Seba Hydrometrie, a mo npoexry «Pocruna-
pomeTt-2» Toabpko AT'K ¢ konTposutepom punckoi pupmsl VAISALA Oyj u naTuuxom
Hemerkort gupmer OTT Hydromet. IIporeaypa 3aKynku MpoBOAMIACH EHTPATH30-
BaHO, a caMO 00OPY/IOBaHUE MOCTABIISIIOCH BMECTE C YCTaHOBKOHM M ITyCKOHAJIAIKOM
Ha MecTe dKCIuTyaTanuu. Moaepau3zauus 1o ¢eaepanbHoii 1eneBoii nporpamme «Pas-
BUTHE BOJ0XO0341MCTBEHHOTO Komruiekca Poccuiickoit denepanuu B 2012-2020 ro-
nax» (manee OLIT) mpoxoanta COBEpPIICHHO B IPYTOM KITFOUYE — 3aKyIIKa OCYIIISCTBIIS-
nack camumu YI'MC, a MOHTaX KOMIUIEKCOB JTMOO CUIaMH CIIELUAUCTOB Ha MECTax,
100 mocTaBIIUKOM 000pyoBanus. [To uToram peannsaryy Takoro BapHaHTa Ha CETH
MOSBUIIOCH 16 KOMOMHALIMH JaTYMK-KOHTPOIIIEP, OONBIIMHCTBO U3 KOTOPBIX IOIPO-
CTy He OBUTH aZalTHPOBAHBI ITOJT IKCILTYaTAIHIO B TIOJIEBIX YCIOBHSX.
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© JInoxosime 10 cepBepa JaHHbIE ® Xopoliiee Ka4ecTBO JaHHBIX (ommbka MeHee 7 cM)
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Puc. 3. lunamuxka pabotet AI'K 3a 2021-2024 rr.

MOXHO OHO3HAYHO YTBEPKIATh O TOM, YTO IICHTPAIN30BaHHAS IIOCTABKa MPHU-
0OpPOB ¢ HATMYUEM HECKOJIBKUAX ITAIIOB KOHTPOJIA sIBJIsICTCs Oosee 3 (HhEeKTHBHBIM Me-
TOJIOM aBTOMATH3allUU CETH, MMOCKOJBKY MPOIEHT PabOTOCIIOCOOHOCTH KOMIUIEKCOB,
ycraHoBieHHBIX 10 DLIT ke 50 %, a 00BEM TaHHBIX BBICOKOTO KauecTBa MEHBIIE
17 % (tab:. 3). Tem Gonee eTMHUYHBIC TOCTABKU ITPUBOAAT K M3JIMIIHEMY pa3HOOOpa-
3UI0 TIapKa MpUOOPOB M HEBO3MOXKHOCTHU TEpeJauu OIbITa Mo padote ¢ nmpubopaMu
MEXJIy CcrendanuctaMu Ha Mectax. OOopynoBaHHe, TOCTaBJICHHOE IO IMPOEKTY
«Pocrunpomer-1», HeCMOTpsS Ha IOYTH JBOWHYIO OTPAaOOTKY TapaHTHIHOTO CpPOKa
Ciry>k0bI (6 JIeT) 10 CUX MOP [OKA3bIBAIOT XOPOILYIO THHAMUKY: 74 % paboTocnocoo-
HOCTH ITPH MOYTH HYJIEBOW HHTEHCHBHOCTH €€ CHIYKEHHS U CAMBIM OOJIBIITIM 00bEMOM
JIAaHHBIX BBICOKOTO KadecTBa 36,7 %. OqHaKo HHTCHCUBHOCTh CHIDKCHUS KaueCTBCH-
HBIX JJAHHBIX OoJiee 4 % B roJ| yKa3plBaeT Ha 3HAUYUTEIBHBIN Apei() ToKa3aHUi CEHCOo-
poB 1 HeoOxoauMOocCTh ux 3aMeHbl. AI'K, nmocraBneHHbIe 0 npoekTy «Pocruapomer-
2y, IMEIOT 00paTHYIO TCHCHIIMIO — NHTEHCUBHOCTh CHIDKEHUSI 00BbEMA JTAHHBIX BBI-
COKOTO Ka4ecTBa IMPaKTUIECKU HYJICBas, a HHTCHCHBHOCTH MMaJACHUs pPabOTOCIIOCOOHO-
ctu 6oee 4 % B roji, YTO CKOPEe BCEro CBSI3aHO C NEPBUYHOM aqanraipeil mpudopos
Ha MeCTaX yCTaHOBKH.

K nmpuunnam mHepabotocniocodnoctn AT'K otHOCSTCS:

32 % ciyyaeB — HeHaAEXHasl CBSI3b;

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

6 % — BaHIAIIU3M;

11 % — pa3psia akKyMyJIITOpOB;

15 % — moBpekICHUE NAaTYMKA W JMHUHM CBS3H C MOIEMOM JIEOXOJOM HIIH
HMHBIMHU TUIBIBYIITUMH MIPEIMETaMU

ITo mokazarensim pabotet AT'K, ycranoBneHHbIX 10 LI, 3aMeTHO, 4TO MOHTAXK
KOMIUIEKCOB, IPOBEAEHHBIN cruitaMu coTpyAHUKOB YI'MC npousBeéH KaueCTBEHHEE,
YeM CTOPOHHHMMH YaCThIMH OpraHu3aiusiMu. [Ipu mpakTHYeCKH OAMHAKOBOM YPOBHE
pabotocnocobroCcTH (58—59 %) 00BEM KaueCTBEHHBIX JAHHBIX CHIBHO BhIIE (28,3 %
npotuB 17,9 %), 9T0 MOKET OBITH CBS3aHO C YIITyOJIEHHBIM 3HAHHEM COTPYIHUKOB
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YI'MC nokaiabHBIX 0COOEHHOCTEH Ha MeCTaX YCTAaHOBKH M JTMYHON 3aMHTEPECOBAHHO-
CTH B TIOJTyYCHUU KOPPEKTHBIX TaHHBIX.

CornacHo TabI1. 3 caMbIM Ka4eCTBEHHBIM TUIIOM JaTYMKA YPOBHSI BOJBI MOKHO
CUHTATh TOIUIABKOBOE YCTPOIMCTBO, HO TaKOW THIT JATUYMKA HE MOXKET OTHOCHTHCS K
MIPOIIECCY TTOJHOW aBTOMATH3AINN H3MEPEHHH, TOCKOJIBKY 32 ITOJIOKEHNEM ITOTIITaBKa
MPUXOIUTCA Beera ciienuTb. KoppekTHee OTHOCHTH ITOTUIaBKOBEIH THIT K CAMOTIHCIIAM
YPOBHSI BOJIbI, YTO HE OTMEHSIET X XOpOoIIel paboTociocOOHOCTH U 3((HEKTUBHOCTH.
Haubonee pacnpocTpaHéHHBIE THAPOCTATHYESCKAN W 0apOOTa)XKHBIH THUIIBI JATYUKOB
MMEIOT CXOXHe TapaMeTpsl (Tadi. 3), CTOUT JIUIIG BHIICTUTH OOJBIITYI0O HHTCHCHB-
HOCTh CHIDKCHHsI 00bEMa Ka4eCTBCHHBIX TAHHBIX y 0apOOTaXXHBIX YCTPOWCTB, YTO
JIUIIb OTYACTH MOYKHO CBSI3aTh C OOJIBIITUM CPOKOM CITy>KOBI TprOopoB. Panapusie nat-
YUKH, B OTJIMYHUE OT OIBITA MX MPUMEHEHNUS Ha 3apYOEIKHBIX CETIX, IMEIOT 3HAUNTEIb-

HOC MCHbBIICC PACIIPOCTPAHCHHUC U TOKA3bIBAOT XyAUINEC PC3YJIbTATHI.
Tabnuya 3
[MTapameTpsl paboThl KOMIUICKCOB B 3aBUCHMOCTH OT IIPOU3BOAUTEIIS aTUHKA

0688 YMmenbIenne KauecTBo 1aHHBIX, | YMEHbIICHHE C -
q BEMIIPHI™ | 5 via npuxo- | % OT BceX CPOKOB o0béma aH- D
HUCIIO XOJISIIUX HA CPOK
TIporpamma/Tuin ATK ceppen nan. | APWX Ha cep- HBIX C I10- VKB
pBep LOI/ Bep JaHHBIX, % | mo3cm | 1o 7 cm TPEUIHOCTBIO Y ’
HBIX, 70 B TOJT 3 cM, % B O 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
MourtakHast OpraHu3anus
Cuamu YIMC 164 59,1 0,15 28,3 40,1 0,93 8,6
Yacruas pupma | 443 57,8 3,47 17,9 243 1,39 8,8
Tun natymka ypoBHsI BOJBL
BapboraxHbrii 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
IIpon3BoanTEeNN NaTYNKA YPOBHS BOJIBI
A3sunaTckue 4 7,05 5,61 0,00 2,08 0,00 6,0
EBpormneiickue 704 74,27 2,71 31,27 | 43,81 1,49 9,0
Poccwiickue 394 39,64 2,55 9,38 15,88 0,46 8,6

Poccuiickne n a3paTckue MPOM3BOAMTENN O0OPYIOBAaHHS 3HAYUTEIHHO YCTY-
MAFOT CBPOICHCKUM aHAJIOTaM B KayecTBE MPOM3BEIEHHBIX MIPUOOPOB, KaK KOHTPOJI-
JIepOB, TaK U JaTYNKOB YPOBHS BOABI (cM. Tabm. 3).

Bbonpsmas wacts AI'K cocpenorouena Ha eBpornelickoi reppuropun Poccuiickoit
®denepanuu: 63 % ycTpoicTB HaxoauTcs 3anaanee 60° B. 1., Tie paboTOCITIOCOOHOCTh
KOMIUIEKCOB cocTaBisieT 73 %. Bocrounee 60° B. A. 3TOT mokaszatenb paBeH 43 %
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(puc. 4). O0bEM TaHHBIX BBICOKOTO KauecTBa HA TEPPUTOPHH CTPaHbI 3amagHee 60° B.
1. cocrasisier 41 %, Boctounee — 20 % (puc. 5). EAMHCTBEHHBIM HCKITIOUEHHEM SIBJISI-
ercst pynkimonuposanne AI'K B [Ipumopckom YI'MC, rae pabotocnocoGHOCTE cO-
craBysieT 89 %, a 00bEM JTaHHBIX BHICOKOTO KayecTBa JocTuraet 72 %.

- 0-20 61-80
< 21-40 + 81-95
41 - 60 * 96-100

3-10 31-40
11-20 = 41-100

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

OTka3 o0opymoBaHus (KOHTPOJUIEPA, TaTIMKA HITH MOZEMA) SIBIISICTCS OCHOBHOM
npUurHON HapymeHust padorocnocodonoctn AI'K na cerm Pocrunpomera (36 %),
32 % cOoeB 00ycnoBieHbI MpoOIeMaMu ¢ o0ecTieueHHeM CBsI3H, 15 % — moBpexaeHu-
SIMH TaTYMKA WM JHHAN CBs3H, 11 % — pa3psaoM akkyMmyIsTOpHOH Oatapew, 6 % —
BaHIAJTU3MOM.

WuTencuBHOCTh TaneHus padotocnocodonoctu AI'K onenuBaercs B 2,7 % B
roji. BOTBIIMHCTBO KOMIUIEKCOB MPHONMKACTCS MIIN YK€ MPEBBICHIIO CBOW rapaHTHU-
POBaHHBIN MPON3BOIUTEISIMU CPOK CIyKOBI, TOITOMY B OJFDKaifiiee Bpems IpOTHO-
3UpYyETCsl yBEJIMUEHUE JaHHOro rnokazateiisi. C yuéToM Takol JUHAMUKH JUIs OLJEP-
JKaHUS JOCTUTHYTOT'O YPOBHS aBTOMATU3aI[MH HEOOXOAUMO €XKETOJHO BBOIUTH (3aMe-
HATh) 40 AT'K. [t Toro uT068! MOocTHTHYTH 100 % aBTOMaTH3amMN HEOOXO MO BBO-
1nuth 110 130 AT'K exxerogHo Ha npoTsKeHUH ABaaaTH jietT. Hanmyummm BapruanToM
3]1eCh BBICTYMAET MPOBEIECHNE MHOI'OJIETHUX HAYYHO-HCCIIEI0BATEIbCKUX U OMBITHO-
KOHCTPYKTOPCKUX Pa0OT MO COCTABICHUIO TEXHUUECKON JOKYMEHTAIHH C CO3JaHUEM
OTIBITHBIX 00PA3IIOB M BEIITyCKOM cepuitHbIX maptuii AI'K oTeuecTBeHHOTO MPOM3BO-
CTBa U pacHpOCTPaHEHHE UX LEHTPAIN30BAHO IO TEPPUTOPHAIBLHBIM YIIPABICHUIM
Pocrunpomera.

B otnnune oT 60IBIIMHCTBA HHOCTPAHHBIX THAPOMETEOPOJIOTHYECKUX CITYKO B
Poccwuiickoit denepanuu aelicTByeT Oojiee cTporas CHCTEMa METPOJIOTHUECKOTO KOH-
TPOJIs, TOATOMY BO3MOXKHO OLICHHTBH HE TOJBKO OOBEM IMOCTYMAIONIMX AaHHBIX, HO U
ux kayecTBo. KOHTpOJb BeETCS KaK 110 JIMHUM J1ab0paTOPHOI TOYHOCTH NPHOOPOB —
CUCTEMa IIEPBUYHOH U IIEPUOJUUECKON TOBEPKU CPEACTB U3MEPEHUM, TaK U 110 JIUHUU
BIIMSTHUSI MECTHBIX (DaKTOPOB 32 CYET MapauIeIbHBIX H3MEPCHUHN YPOBHS BOJIBI HAOJIFO-
JlaTeneM.

IToMuMO cOOMIOACHUI CIIOKUBIIUXCS METPOJIOTHUECKUX TPAIULUN Takxke
HE00XOIMMO BBOJNTH MEXIYHAPOTHYIO MPAKTHKY, 3aKITIOYAIOITYIOCs B!

— IPUMEHEHUH PE3EPBHBIX aBTOMATU3UPOBAHHBIX CPEACTB U3MEPEHUSI YPOBHS
BOJIBI B TOM 4YMCJI€ C aBTOMaTHU3UPOBAHHBIM IMEPEKIIIOUEHHEM MEXKAY UCTOYHUKAMH
AHHBIX B MOMEHT cOOEB

— UCTIONIF30BaHUH B KaYECTBE PE3CPBHOI0 MCTOYHHKA JAHHBIX 00 yPOBHE BOJBI
HenepeAaoluX 3alyChIBAIOIUX JaHHbIE BO BHYTPEHHIOI NaMsTh aBTOHOMHBIX
ypoBHeMepoB (AY), CTOMMOCTh KOTOPBIX CYIIECTBEHHO HIDKE, @ IPOCTOTa MOHTAXA U
XOpoIas 3aIUIIEHHOCTS OT BaHJAIN3Ma TO3BOJIAET XapakTepu3oBaTh Takue CH kak
HaJiexHbIE [S];

— pacUIMpeHue MITaTa COTPYAHUKOB HHKEHEPHBIX MOJpa3AelIeHuil, KOTOpbIe ObI
obcmyxusamm AIK B pamkax pa6otsr MIJT.

— 3aIMOJTHEHUH MPOITYCKOB JTAHHBIX M (IIIBTPAIINH 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
00opymoBaHUs TSI OBICTPOTO BOCCTAHOBIICHHS aBTOMATH3UPOBAHHBIX ITyHKTOB CETH;

3 PJ152.08.897-2020. ITpou3BoACTBO HAGMIOACH I TIPUGOPHBIM KOMILIEKCOM MOOUJIBHOM THIPOJIOrHYECKOH JabopaTopum
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— BBICOKOM YPOBHE ITepe/lavd JaHHBIX B PEXKHME PeabHOTO BPEMEHHU Ha 0011e-
JIocTynHbIe aThopMel Ha 6a3e ['MIC-TexHOMOTHIA;

— omepaTtuBHOrO yuéra cToka 1o nanaeiM AT'K;

— 6ombmem npumenenuu AI'K pagapHoro u yapTpa3ByKOBOTO THIIOB.
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TOUATD — ®unuan Hayuonanorho2o ucciedosamenpcko2o s0ephozo yuueepcumema MUDH,

2. ObHuHCK
BHUHUT MU-ML], 2. Obnunck

AHHoTanus. PaccMaTpuBaloTCs OCHOBHBIE HATIPABJICHUS PA3BUTHUSI IPOPBIBHBIX HH()OPMAMOHHBIX
TCXHOJIOTMU B THAPOMETEOPOJIOTrH. B HCCJICAOBAHUHN HCIIOJIB30BAJIMCh METO/AbI 1%1%8:] BUJIC reHepa-
TUBHBIX MOJIeJIel, 6a3 3HAHWI, HHTErpaluy JaHHBIX. OCHOBHBIM HAIPaBICHUEM PAa3BUTHS THIPOME-
TEOPOJIOTMYECKOr0 00eCIeYeH s SBISIOTCS PACIIMPEHUE COCTaBa PACHpPE/ICIICHHBIX U HEOJHOPO/I-
HBIX HH(OPMAIIMOHHBIX PECYPCOB U IIEPeXo/ K apxuTekType «CeTka JaHHBIX». Briepsble 11 Moep-
HHU3aLUK OIporpaMMHOro obecrieuenus: EanHoi rocyaapcTBeHHON cucteMbl nHpopmanuu 06 obcra-
HOBKe B MupoBoM okeane (ECMIMO) npeyiaraercs ucnonb30BaTh MeTobI U cpeactea MU B Buze
4aT-00TOB JUIsl IOMCKA JAHHBIX, TPA()OB 3HAHUH JUIsl CBSI3BIBAHUS PA3TMYHBIX THIIOB M BUJIOB IAaHHBIX,
0a3 3HaHWI JAJIsT aBTOMATH3AIMHA MacCOBOI 00pabOTKM JaHHBIX, IPOMTOB JUIs TCHEPAIlUN CTPAHHMI]
CaiiTOB, TEKCTOBBIX MPOTHO30B U BO3/IEHCTBUI CTUXMIUHBIX SBICHUN HA AESITEIbHOCTD MPEATPHIATUI
u HaceneHus. HayuHas 3Ha4MMOCTB pe3yJIbTaTOB HCCIICIOBAHUN 3aKJIIOYACTCS B Pa3BUTHUSI HHTETPa-
MM PACHPEICICHHBIX U HEOAHOPOAHBIX JAHHBIX B BUIE apXUTEKTyphl «CeTKa JaHHBIX» C UCIIOb-
30BaHUE HU(POBBIX IBOIHUKOB. Pe3ynbTaTsl Hccie1oBaHuil Oy IyT HCIIOJIB30BaHBI IIPH MOAEPHHU3A-
muu ECUMO.

KuaroueBsble ciioBa: nnpopmanronssie texuosnorun, ECUMO, npoMTsl, reHepanus TeKCTOB, cTpa-
HHI[BI CAHTOB, 0030PbI, TEKCTOBBIE TIPOTHO3bI, BO3ICHCTBHS.

BBenenune

B nactosee BpeMsi UMEEeTCsl MHOTO IPOPBIBHBIX TEXHOJIOTHH. ITO HH(pOpMa-
[IIOHHO-KOMMYHHKAIIHOHHBIC TEXHOJIOTHH, OONAaYHbIe XPAaHWJIWIIA, ITO3BOJISIONINE
OCYIIECTBIIATH YAAICHHBIN JocTyn K 6a3am nanHbIX (bJ1) npakTuaecku n3 modoro me-
cTa 3eMJH, ¢ JII000ro MHTEPHET-YCTPOMCTBa, B J11000e BpeMs. B mocieanue roas! B
obnacTu Hayk o 3emile cTaau paspabareiBaThest U poBsie ABoitHuku (LIJ]) u rpads
3HaHMH, KOTOPBIE TTO3BOJISIOT CBs3aTh cymecTByromme b/l 1 Habops! TaHHBIX, XpaHs-
muecss B pa3iMYHbIX JOMEHAX, UCIIOJIb30BaTh JaHHbBIC ISl MOJCIMPOBAHUS BO3/CH-
CTBUI1 Cpe/ibl HA ICSTEILHOCTD MPEANIPUATHII M 0OOoraleH s BbIaBaeMbIX JaHHBIX. C
TIOMOIITBIO MOOWMIIBHBIX HHTEPHET-CPEICTB 3HAUUTEIBHO YNPOCTHiICA focTym K B/l n
MOSIBUIIACH BO3MOKHOCTH yAasieHHO nonoyiHaTh BJ[. B 20222023 rr. ncKyccTBEeHHBIN
unremuiekt (V1) 6ypHo BopBaiics B Hally KHW3Hb. MeTObI, CpeicTBa M TEXHOJIOTHUH
MW B TON MK UHOM CTENEHU MOMKHO IPUMEHUTD IIPU PA3BUTUU T'MIPOMETEOPOIIOTU-
geckoro obecreuenns (I'MO) momp3oBateneil. B cratee [1] moka3aHel OCHOBHBIE
HarpaByieHns pa3sutusa UT i ycToiHduBOTO pa3BUTHSI.
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Ilenwto craThu siBAsieTCs npeacTasienue TenaeHnuit pasurust UT ans IMO. B
CTaThe PACCMOTPEHO MPOBIIKEHUE B 00JIACTH WHTETPAIlUU JaHHBIX — TIEpeXo K ap-
xuTekType «CeTka JaHHBIX» IS JalbHEHIIEro HCIOMb30BaHMsl JaHHBIX B PA3IMUHBIX
MIPUIIOKEHHSIX, B TOM YHUCIIE 111 00YUEeHUsT HEHPOHHBIX CeTeH.

IMepcnieKTHBBI Pa3BUTHS THAPOMETEOPOJIOIMYECKOT0 0feceyeH st

I'MO nomkxHO pa3BUBAThCS HA CISAYIONUINX MPUHIUNAX:

® pa3BUTHE MHTETPAILNH JAHHBIX U3 PA3HBIX JOMCHOB;

e JI0CTaBKa JAHHBIX BO BHYTPEHHUE U BHELIHUE NIPUIIOKEHUS;

e niepexon 'MO ot camoo0ciry)MBaHKs Ha BeO-caliTax ¥ OpTajIax K epcoHa-
JU3HUPOBAHHOMY 00CTY’KMBAaHHIO MOJIb30BaTEICH;

e coBMecTHas 00pabOTKa pa3TUYHbIX BUI0B HAOIIOICHUH;

® CO37aHHE CKBO3HOH TEXHOJOTHH pabOTHI BCEX KOMIIOHEHTOB OT cOopa 10
HNPUHATHS PEIEHHUH C UCTIONIb30BAaHUEM METO0B U cpencTs UH;

e JIOBE/ICHHUE JIO M10JIb30BaTelIeH TOJIBKO TOH MH(POPMALUK U TOJIBKO TOT/a, KO-
I/la 3Ha4YCHHE MoKa3aresel ornacHoro seieHus (OS1) BEIXOAUT 3a HOPOTOBbIEC 3HAUCHNS,;

® OIIEHKA BO3JEHCTBUS M3MEHEHNH KIIMMAaTa Ha HacelleHHe ¥ YKOHOMUKY;

e BblJa4ya PEKOMEHIALUI JUIs IPUHATHS PELIECHUI];

e ONTHMU3AINA PEIICHUH ¢ YUeTOM CKJIAQABIBAIOLINXCS THAPOMETEOPOTIOTnye-
CKHUX YCJIOBHH M 5KOHOMHUYECKO! OICHKH yIepOa 1 CTOMMOCTH NMPEBEHTUBHBIX MEPO-
NPUSTHH.

OcHOBBIBasICh Ha ATUX TPHHIMIIAX U Ha UMEIOIIUXCS pa3padoTKax MpH MOJep-
Huzaiuu ExnHolt rocyaapcTBeHHOH cucteMsl HH(opmanuu 06 o0cTaHoBKe B Mupo-
BoM okeaHe (ECYIMO) MOKHO BBIICIUTH CIICTYFOIIE HAPABICHHS Pa3BUTHS IS 110-
BhIeHus 3 dexrusaoctn 'MO.

Pacmupenne nHTerpanuy pacnpeneaeHHbIX, HEOAHOPOAHBIX JaHHBIX IPOU3BO-
JIUTCSI C MCIIOJIb30BaHUEM METaJlaHHbIX, 00X KOJOB M Kiaccu(ukaropos, odecre-
quBaeT oOHoBNeHue naHHbIX. Hanmpumep, ECUMO unTEerpUpyeT CTpyKTypHUpOBaHHBIE
¢aitmel, BJ], 00BeKkTHBIC (aiibl (TOTOBBIE KapThl, TEKCTOBBIC (ailiibl, H300pakeHUs,
Ip.), Kaprorpaduueckue cepBUCHl M Apyrue npuioxeHus. Cucrema obdecrieunBaeT
€MHOEe OKHO JIOCTYyTA JUIS MOJIb30BaTeNeil M JOCTAaBKY JAAaHHBIX B TOM YHCIIE JJIS UC-
nonb3oBaHus B cpencreax MU u paznmunbix monensax. Gaxruuecku ECUMO mosxer
B3ATh Ha ce0s IPEIOCTaBICHHUE YCIIYT 110 MOAKIIOYSHHIO HOBBIX THIIOB M BUJIOB JIaH-
HBIX, YTO 3HAUUTENIBLHO OOJETrYUT Mepexos K eIMHOMY HCTOYHMKY JaHHBIX. Tak Kak
paspabotunkam Mopaeneii MM He HyXHO OyAeT TOTOBHTH JaHHBIC, MCIIONB3YS He-
CKOJIBKO TEXHOJIOTHUi{, M3y4aTh CIIOCOOBI JOCTyIla K HUM, JOCTaTOYHO OYAET TOJIBKO
MOJKIIOUUTH HOBYIO MOJIEIb.

ABTOMaTHYECKas TOCTaBKa JaHHBIX BO BHYTPCHHUC W BHEITHHUE IPHIOKCHUS B
Buze L[] cocTosHus OKpyKaromel cpeabl, CONNAIBFHON, (UHAHCOBOH, TEXHOJIOTHYE-
CKOW M Jpyroil MHGOPMAIIMU B COOTBETCTBHUHU C MOMNHUCKON ¢ momomnrsio REST mim
SOAP cepBHCOB CTAHOBHTCS BaKHEHIIEH (YHKIMEH WHTETPUPOBAHHBIX CHCTEM.
I'maBHOe, 31ech 00ecTieunTh 6€30MacCHOCTh Kak Ha YPOBHE XPAaHEHUS WHTETPHUPOBAH-
HBIX JAHHBIX, TAK U HA YPOBHE UX TepeJayn.
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[epexon I'MO ot camooOciTy>)KuBaHNs Ha BeO-calTax W MopTajax K IMEepCOHa-
JTM3UPOBAHHOMY OOCITY>KHBAHHIO TI0JIL30BATENEH 3TO IBOJIIOINS CYILIECTBYIOLIEro 00-
CJIy)KMBAHHUSI COBPEMEHHBIMHU BEO-TEXHOJOTUSIMU C Y4ETOM KOHKPETHBIX MOTPEOHO-
CTEH MpennpUATHI, HMEIONINXCS Y HUX MH(OPMAIMOHHBIX CHCTeM, OM3Hec-TpoIec-
coB, 3aBucsamux oT OS. To ecTb gocTaBisieTcs Ta ¥ TONBKO Ta HH(QOPMAIHs, KOTOpast
Heo0Xoq1Ma JUIsl pelIeHHs] KOHKPETHBIX OM3HEC-IIPOLIECCOB.

3a cueT MHTErpaluy JaHHBIX BIEPBBIC TOSIBUIACH HOBBIC BO3ZMOXHOCTH I10:

® COBMECTHOI 00paboTKe HaOMIOJCHHBIX, IPOrHOCTHYECKIX 1 KITMMATHISCKIX
JIaHHBIX;

e O0BEAMHEHUIO PA3IMYHBIX PA3INYHBIX BHJOB M THUIOB JaHHBIX, T. €. COB-
MECTHO C IaHHBIMHU [0 OKPY>KaIoIeH cpejie, MOXKHO pacCMaTpUBATh, HAIIPUMED, Bpe-
MEHHBIE PSAIBI 110 JeMOTpaduH U KOTHYECTBY OTACTBHBIX O M MPOCTpaHCTBEHHOE
pacnpenencaue nosTopsiemoctr O u poxkmaemMocTs 1o cyobektam Poccuniickoit de-
JiepaLum;

® COBMECTHOIT 00paboTKe JaHHBIX U3 PA3THYHBIX HHPOPMAIIHOHHBIX PECYPCOB;

e 00OTaIIeHNIO JAHHBIX MTPH 00CITYKMBaHIH TOJTb30BaTEICH.

Coznanue CKBO3HOH TEXHOJIOTHH PaOOTHI BCEX KOMIIOHEHTOB OT cOOpa /10 MpH-
HSTHSI pELIEHUH C MCIIOJIL30BAaHUEM METOJIOB M cpeacTB MU mo3BossieT npakTHiecku
6e3 BMeIIaTeIbCTBA aAMUHICTPATOPOB BHITTIOJIHUTH HE TOJNBKO LUK PabOT MO MHTe-
Tpaluy JaHHBIX, HO ¥ OPraHU30BaTh aBTOMATHUECKOE MOJTydEHHUE U JOBEJICHUE HEOO-
XO/IMMOM TI0JIb30BATENI0 HH(POPMALIUH.

JloBenenue 10 nosib3oBareseid HHGOpPMaIMU TOJIBKO TOT/1a, KOTia 3HaYeHHE MO~
kazateneit Ol BBIXOIUT 3a MOPOTH YPOBHSI ONTACHOCTH JUTSI KOHKPETHBIX MPEANPHATHH,
6usHec-miponieccoB. MHpopManuoHHbIe MOTPEOHOCTH HPENIPHATHH YKa3bIBAIOTCS
NP MOATIMCKE C YKa3aHWEeM JIOKIBHBIX IIOPOTOBbIX 3HaUeHHUi nmoka3zareneit O [2].

OCHOBHO# Mpo06JIeMOii OIIEHKH BO3JEHCTBUN M3MEHEHMI KIMMara Ha Hacese-
HHUE W SKOHOMHKY, BBIIaYH PEKOMEHIAIINH JUIS TIPHUHATHS PEIICHUI SBISETCS pa3pos-
HEHHOCTb YCHJINH pa3IMyYHBIX BEIOMCTB [2], CBSI3aHHBIX C:

® [IPOM3BOJICTBOM HAOJIOJCHUH U BbIAaueill mporuo3os (Pocrunpomer);

e noBefeHHeM cBeneHH 00 O mo pykoBoauTeneil MpeanpHATHil, OpraHoOB
rocynapcTBeHHoi Binactu 1 Hacenenns (MYC Poccun);

e pncronb3oBanueM ['MU jutst NpUHATHS pEeLIEHUH U BBITIOJIHEHUEM PEBEHTHB-
HBIX MEPONpPHATUil (PyKOBOAUTENIH NPEINPUATUIN, OPraHOB rOCYIapCTBEHHOMN BIACTH
Y HACEJICHHE).

B nacrosmee Bpems yOBITKH OT Bo3zaeiicTBhit OS] cuuTaroTCs mocie ero mpo-
XOKAEHHS. POCTHIPOMET CUNTAET SKOHOMHYECKYIO 3(PEKTHBHOCTD OOCITYKUBaHUS
nporHozamu. Pa3ButHe HHGOPMAIMOHHO-KOMMYHHUKAIIHOHHBIX TEXHOJOTUH MO3BO-
JSIeT OLCHUTH yIepO, CTONMOCTh IPEBEHTHBHBIX MEPOIPHUATHI M TPOBECTU ONTHMU-
3aIMI0 PEIICHNI Ha OCHOBE Mozenu «CTOMMOCTD MPEBEHTHBHBIX MEPONPHUATHH, HE
JoJpKHA nipeBbInath 30 % OT OLIEHOK ymiepoay.

Or HHTErpanuu JaHHBIX K aPXUTEKType «CeTtka JAHHBIX>»

ApXI/ITeKTypa «Cetka JaHHBIX» SABJISICTCS IIEPCHEKTUBHBIM METOAOM pacCIpo-
CTpaHCHUS NJaHHBIX, B OCHOBE KOTOpOﬁ JIC)KUT NEPCOHATIM3UPOBAHHOC 06CJ'Iy)KI/IBaHI/Ie

31



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

JTaHHBIMU U MPOLYKIUEH. DTa apXUTEKTypa IpeJHa3HaueHa s [IOUCKA U JTOCTYIIHO-
CTH K IaHHBIM [6]; Mcnonb3yeT 0a3bl 3HAHMH AT BEISBICHHS MHIUJICHTOB B CHCTEME
0€30MacHOCTH U MJICHTH(UKALUH [IPEBBIILICHUH TOPOTOBBIX 3HAYEHUH TE€X WJIM MHBIX
nokasareneit OS. Apxurektypa “Cerka ganusix” Ha ocHoBe ECIMO mnpexacraBieHa
Ha puc. 1.

ECHMO
HHTerpHpOBAHHBIE, PACTPee/IeHAbIE, HEOTHOPOIHBIC JAHHEIC O PARIHTHLIM THCIHILTHHAM
(oKeaHOrpadHs, METEOPOJIOTHS, THIPOIOTHA PEK H 02€p, YK0JI0THA, THAPOrpadus, Ip.)

. 2 . 2

I BpeMeHHEBIE PAIBI I I CeTo49HBIE TaHHBIE I
I I, no1s1 Monedeli oNeHKH I/ GA3HEC NP OMECcCoR, O ooas
OTOeIbHBIX eo3geiicTRHi O B 3aBHCHAINHAX oT O B NPHHATHA
MopeH H3IMeHeHHH KIHEMATAa H3MeHEeHHH KIHMATa pemennii
CepBHCBI

AHATATHKA, MoJe.TH NPOrH03a, ATPeranHA JaHHLIX, BEIABICHAA aHOMATHH, JocTaBka, Cpencrea HH,
IKOHOMHIECKHE DacTeThl. ONTHMH3ANNS DelleHHil. [INHEATHE DeleHHH

= =

IIpoayxknaa
ITITOpMOBEIE ONOBENIeHAs, Pe3yIbTATEI MOJeITHPOBAHHN H OPOrHO34, AHAJTHTHIeCKHE 0000IIeHHn,
pe3VIBTATHI ONeHKH BozfeiicTEHE OS] H H3MeHeHHH KIHMATA, IPOTHOZ BO3MeHCTRHI H peKOMeHIAIHHA,
yIIepd oT Bo3NeHcTBHI, CTOHMOCTE OPEeECHTHEHBIX MEPONPHATHH, METPHKH, PacieTHBIE HOKA3ZATETH
H H3MePeHHHA, KOTOPhIe He0GX0HMO aHATH3HPOBATE A JOCTHXeHHA OH3Hec-MeTeil

> =

I Ioas30BaTe/IH
I PYKOBOJHTEIH NpeANpuATHI, ®OHB, ATMHHHCTPAIHH cy0LeKTOB P®, y4eHbIe, CHENHATHCTEL

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

IMpenmymiecTBa apXuTeKTyphl «CeTka JaHHBIX» CBS3aHBI C PA3BUTHEM CKBO3-
HOM cxeMbl 00paboTku 1 MO «0T u3MepeHus 10 MPUHATHSA pelneHui». s cranaap-
TU3ALUU CTPYKTYp JAaHHBIX U JAJIbHEHIIEro UX MPUMEHEHUS] B MOJENAX U MPUIIOKE-
Husix ucnonbaytores L. [{ns opranuszarmm 3G QeKTHBHOTO MOKCKA CBSI3aHHBIX PECyp-
COB M 000TaIIEeHNS TaHHBIX ITPY BEITOJHEHNH 3aIIPOCOB IIPUMEHSIOTCS Tpadbl 3HAHUH,
xpansiuecs B BeKTopHoi bB/[. OcHOBHBIM cIOCOOOM MOTYUYEHHSI JAHHBIX CTAHOBSTCS
API, REST u SOAP cepBucs!.

HpnMeHe}me M€ETOA0B U CPEACTB HNHU B uccieioBaHUSAX

Tpancopmayun npoznocmuieckux yupposvix OGHHBIX 6 MEKCM NPOZHO3A

IIporuo3ssl Pocruapomera, IOArOTOBIEHHBIE C IOMOILBIO YHCIEHHBIX MOJCIEH,
TIPEACTABIAIOTCS B BH/IE IU(POBBIX 3HAYCHU ITAPaMETPOB aTMOC(EPHI U THAPOCHEPHI
B y3Jax peryispHoi ceTkd. CHHONTUK Ha 3TOH OCHOBE COCTaBJIsET NMPOTHO3 B BUAE
TEKCTa JUIsL KPYMHBIX MocesleHnH. DTa paboTa JOCTaTOYHO TPy10eMKasi. TpeOyeTcs aB-
TOMATH3alMsl COCTABJICHUS TaKWX MporHo3oB [2]. ns Tpanchopmarms mudpoBoit
MPOTHOCTHYECKONH MH(OPMALUK B TEKCT, TIOHATHBIN JIIOOOMY YeI0BEKY, MOXKHO HC-
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0JIb30BaTh HelpoHHyto ceTh. B CIIIA kommnanus Tomorrow [3] yke pa3paboTaiia Ta-
KyI0 TeXHOJIOTHI0. HarmpruMmep, ecu MporHO3HEIe 3HAUYEHHS [TapaMEeTPOB CIICTYFOIITHE:
temneparypa = 18 °C, Berep = 12 m/c, BeposiTHOCTB 103k151 = 50 %, TO crcTeMa orpe-
JICTTUT TIOTO/IHBIC YCIIOBUS M CTEHEPHPYET TeKCT: «OKumaeTcss yMEpeHHBIH BETep 10
12 m/c. Bo3MOXKHBI KpaTKOBpeMeHHbIE TOKIH. Temmeparypa coctaBuT 18 °Cy.

I'eHepaTHBHBIC MOJEIH, OCHOBAHHBIC Ha TpaHC(GOpMEpHOU apxuTektype [4; 6],
CIOCOOHBI CO3aBaTh CBS3HBIE TEKCTOBBIE onucanus. ['eneparuBHas moaens GPT-3 u
e€ pycckoszbranas Bepcusi RuGPT (https://rugpt.io) mpuHUMAET YHCIOBBIE TaHHbBIE
KaK BXOJHBIC MapaMeTpsl. Ecim Ha BXOX MOJeNW IMojxaTh JaHHBIC: TeMIlepaTypa =
20 °C, Bnaxxnoctb = 80 %, BeposTHOCTh A0kA1 = 70 %, TO MOJEIb CreHEpUpYyeT
TeKCT: «CerofiHs B BallleM PErMOHE OXKUAAeTCs 0OJavHas MOTroja ¢ TeMIepaTypoil
okouto 20 °C. Bo3aMoxxHbI 10514 ¢ BeposTHOCTBI0 70 %. BraxkHocTh BO3ayxa cocta-
BUT 80 %, UTO co31acT OLLYLEHUE [TOBBILIEHHON CHIPOCTUY.

Jlns reHepanuy TEKCTa MPOTHO3a B3AT HaOop maHHBIX ¢ mopraira ECUMO
(http://esimo.ru) B Bune CSV daiina, KOTOPBIH COAEPIKUT OCHOBHBIE TPOTHOCTUYECKUE
MeTeoposorniyeckue mapamerpsl. CTpyKTypa JaHHBIX BKIIFOYAET BPEMEHHBIC H IPO-
CTPAHCTBCHHBIC MTApAMETPhI — J1aTa, BpeMsi, IIHPOTA, JOJIr0Ta, a TAK)KE OCHOBHBIC Ta-
paMeTpsl MPorHo3a, Tabm. 1.

Tabnuya 1
CTpyKTypa JaHHBIX HCXOZHOTO (aiina
. - 5|, é
&= = ] - e}
= 2 < < 5 & g = 5 3 =) > @
2 g = 5 S |gglg3 s [gE| ¢ Z s 2
= o (=" =1 EE|E o = £ 3 = = & & &
=g = = | & |25|2E E|EE| 2| €| 5|&|:
s B o =| = | 22|28 & | &% £ 2R 2| a
= s 5. 5] o & o s 5]
= ! NER5 E |EQ| E g &
= = = = O
g g 5] ﬁ § m
= o
2024-12-19 20241220 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 MOJICIH, HACTPOHKY
THIIEPIIapaMeTPoOB U 00ydeHrne MoJenH. McxonHblil Habop JaHHBIX OBUT pa3/ieiicH Ha
JIBE BHIOOPKH: 00Yy4aloIIyIo U TecToByt0. Cper OCHOBHBIX TMIIEPIIapaMeTpOB, KOTO-
pBIe OBLIM HACTPOCHHI B MpoIiecce 00yUeHNs, BBIICICHBI — KOJMYECTBO CIIOEB HEHPOH-
HOW CETH; pa3Mep CKPBITOTO CJIOS; CKOPOCTh OOYYCHUS; YUCIIO TOJTHBIX IIUKJIOB 00Y-
YEHUSI; KOJIMYECTBO [IPUMEPOB, KOTOPBIC MOJICTIb 00padaThIBACT 32 OJIUH Pa3 IPHU Kaxk-
JIOM OOHOBJIEHHH BECOB.

TekctoBoi nporxo3, creueprupoBanubiii pu nomom RUGPT, npencrasnen B
tabmuna 2. /s oleHKkr HeHPOHHOM CEeTH MCIOB30BAINCH Takhe MeTpruku kak BLEU
(Bilingual Evaluation Understudy), ROUGE (Recall-Oriented Understudy for Gisting
Evaluation) u Perplexity (neprnexcust). [Tokazaremn BLEU 1 ROUGE nokassiBator,
9TO CTCHEPUPOBAHHBIN TEKCT MPOTHO3 HE MOJHOCTHIO COOTBETCTBYET PEATbHBIM TEK-
ctam npornozam. 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 IOTObI. ['eHepupyeMBblii TEKCT HHOTJa H30BITOYEH — MOJIENb MO-
JKeT 100aBIsTh HEYMECTHbIC OAPOOHOCTH. MoJenb TpedyeT yiydlieHnid B o0acti
TeHEPAIH TEKCTOB. J{JIs yIydImeHns pe3yabTaToB HEOOXOIUMO JOOOYIHUTH MOJICIB C
6onee pa3HOOOPA3HBIMU U CIIOKHBIMH JTAHHBIMH, KOTOPBIE BKIIIOYAIOT HE TOJBKO Oa-
30BBIC IIPEJICKAa3aHMsA, HO U OoJiee AeTaIu3UPOBAHHbIC OIIMCAHUS TOTOJIBI.

Tabnuya 2
Pe3ynbpTaT TEKCTOBOTO IIPOTHO3A

Jara CreHepupoBaHHBII IPOrHO3

2024—  |IIporuo3 moromsl Ha 0cHOBe AaHHbIX: Temmepatypa Bo3ayxa: —0,04 °C, AtmochepHoe
12-19 | naBnenwue: 0,18 rlla, 3oHanpHas cocrapiusomas ckopoctu Berpa: —1,1 m/c, Ocanku:
12:00:00 | 1,9 MmMm. Uto MosxHO 0kuaTh B Kamyxkckast o6macTs B Ommkaiinie qacer?

Ha nmoporax o06iacTé mpoBecTH paboThl MO PAaCUMCTKE MPOEKEeH YacTH OT CHera U
HaJIean

IIpoMTBI 1/151 HOATOTOBKH 0030PHBIX cTaTeil

[Ipu BBIMOTHEHUH MIJIOTHOTO MPOCKTA OBLIO MOATOTOBICHO ISATh IPOMTOB!

1. «Hamumu 0630p mo Teme «I'HIpOMETeOpOSIOTHs», BBIACISIS KIIFOYCBBIC
(haKTBI ¥ 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 00JIaCTI.

3. «IloaroToBH KOMIUIEKCHYIO O030PHYIO CTaThIO 0 TeMe «[ uupomereopoIro-
THsD», OXBATHIBAIOIINN €€ HCTOPUIECKOE PA3BUTHE, TEKYIIIE UCCICOBAHHIS, IEPCIICK-
TUBBI Ha OyjyIlee, BKIFOYasi MHHOBAIMY, Takue Kak MM u MammHHOE 00ydeHHe, a
TaK)Ke€ WX BIWSHAC HA MPOTHO3MPOBAHWE M YMPaBICHHE IMPUPOJHBIMH KaTacTpO-
hammy.

4. TlpoBeau moApOOHBIH aHATIH3 AJIs1 0030pHOU cTaThh 10 TeMe «I uapomereo-
POJIOTHsI», BKIIFOUAsi HCTOPUYECKOE PAa3BUTHE, TEKYIME UCCIICIOBAHUS, TPOOIEMBbI U
BBI3OBBI, @ TAK)KE PEKOMEHAIINH 110 PEIICHUIO OCHOBHBIX 3314 C YYETOM COBPEMEH-
HBIX TCXHOJIOTHI U TPCHIOBY.

5. «IloaroToBb CTPYKTYpUpPOBaHHBIN 0030p Mo TeMe «[ uIpoMeTeopoIorusy,
BKJIFOUHB OMKMCAHKE aKTyaJbHBIX MPOOJICM 3TOW HAYKH, BBI30BOB M BO3MOXKHBIX ITyTCH
WX PEUIeHUs, C IPUMEpaMH MTPAKTHUECKOTO ITPHUMEHECHUS.

PesynbTare! mpoMTa Ne 3 mpeacTaBieHbI HUKE!

T'uopomemeoponoaus — 3mo MeHcOUCYUunIUHAPHAS HAYKA, UCCTEOYIOUAs 83d-
umooelicmeue ammocghepHvix npoyeccos u 600HbIX pecypcos 3emau. OHa uepaem
KII0Ue8yl0 poJib 8 peuieHuu npodiem, CéA3aHHbIX C USMEHeHUeM KIumMamada, payuo-
HATbHBIM UCHOAb30BAHUEM BOObL U NPEOYNPetcOeHUeM NPUPOOHBIX KAMACMPOQ).
Paccmompum akmyanvrvle npobnemsi, 8b1306b1 U NPUMEPLI UX PEUUEHUA.

AxmyansHvle npobnemvl 2u0pOMemeopoLocun.

a) HMsmenenue knumama
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Ipobrema: [mobanvHoe nomenienue npueoOUm K U3MEHEHUSIM 8 KPYe08o-
pome 800bl, YEEIUUEHUIO YACMOMbL IKCMPEMATbHBIX NO2OOHbIX AGTEHUL, Md-
KUX KAK 3ACYXU U HABOOHEHUS.

Hocneocmeus: Hapywenue sxocucmem, Hexeamra numvegoli 600bl, paspyliie-
HUe UHGPaAcmpyKmypbl.

Heoocmamounocms oannwix

Ilpobrema: B nekomopwvix pecuOHax Mupa omcymcmesym cospementbie me-
meoponozuieckue u 2uopoocuiecKue HabaooamenabHble CUCIEeMb.
IHocneocmsusi: Heso3mooicHOCmb MOUHO020 NPOSHOZUPOBAHUSL NO-

20006l U ynpasienus 800nvbiMu pecypcamu. Ilpumepst npakmuue-

CKO20 NPUMEHEHUS.

Cenbcroe x031icmeo

Ipoeno3sel 0cadkos u memnepamypsl RO360ISOM NAAHUPOBAMb NOCEGHBLE PA-
bombl U ONMUMUUPOBAMb UCTIONLI0BAHUE BOObL.

Ipumep: Bredpenue npocHo306 no2oovl 8 hepmepckux xossacmeax UHouu no-
Moe2no yeenuuums ypodicaiinocms Ha 20 %.

Ipedynpesicoenue npupoonvlx Kamacmpog

Cucmemvl panne2o onogewjeHus 0 HABOOHEHUAX U YPA2aHAX CRACAIOM HCUSHU U
yMeHbuaom yuepo.

IHpumep: Hcnonvzosanue cnymnukogulx oamnnvix 6 IOeo-Bocmounou Azuu
N0360JUNO YMEHbUUMb CMEPMHOCTb om HagoOHenutl Ha 30 %.
CpaBHUTENBHBIN aHAN3 IPOMTOB IIpescTaBieH B Ta0u. 3. [Ipomt Ne 2 moxka-

3bIBACT JIyUIIHE PE3YJIbTAaThl 10 TOYHOCTU U PEJIEBAHTHOCTH, HO CBSI3bIBACTCS C He-
OOJIBIIMH HEIOCTATKaMU B IUIABHOCTHU M CBsI3HOCTH. [Ipomt Ne 5 sBisieTcst cambiM
cOaaHCHUPOBAaHHBIM, AEMOHCTPHPYS BBICOKHME OLEHKH MO BCEM KPUTEPUSIM C IIpe-
BOCXOJIHOM IIJIABHOCTBIO U CBSA3HOCTBIO.

Tabruya 3
CpaBHUTEIBHBIN aHAJTN3 TPOMTOB
IIpomThl Tounocts | CBI3HOCTH IInaBHOCTH IRk Ope:
HOCTh HOCTh
1 «Hamumm 0630p 110 Teme 0.84 41 3117|061 0.7
«I'mapomereopoorus»
2 «Hamumm cTaThio Ipo KIF0YEBHIE 1.0 3.9 28.23 1.0 0.73
HAaIpaBJICHUsI THAPOMETEOPOIIOTHI
3 «I1oAroToBb CTPYKTYypHPOBAHHBIN 00- 0.4 44 4838 0.65 0.67
30D 0 THAPOMETEOPOITIOTHI
4 «[loarotoBs aHanu3 st 0030pHOI 0.16 42 36.20 0.77 0.84
CTaThH MO THIPOMETEOPOTOTHUI»
5 «I1oAroToBE KOMIMJIEKCHYIO
0030pHYIO CTaThIO 1O THapomMeTeoporo-| 0,87 4,5 14,1 0,84 0,87
U

Pa3paboTka nmpoMnToB /s CO3JaHUsI BeO-caiiToB

Pa3paboTka HauMHAEeTCSA C aHANM3a TPEOOBAHMI K OCHOBHBIM THIIAM CTPAHMI

caiita. MoxHO BBIZACIIUTh HECCKOJIBKO THIIOBBIX CTpaHHWI, HAIIpUMEP, IrIaBHas, KOH-
TaKThI, Hy6J'II/IKaLII/II/I. I'naBHas CTpaHula SABJIACTCA BU3UTHOM KapTO‘IKOfI caiita u
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JIOJDKHA OBITH MOHSITHOM, MPUBJIEKATENLHOW M (PyHKITMOHANBHON. PekomMenanuu mo
HANMCAHUIO IPOMITOB MOKA3aHbl HUXKE.

W36eraiite BYCMBICICHHBIX (pa3 M HETOYHBIX OIHMCAHHN; YKa3bIBalTEC KOH-
KpeTHBIE TpeboBaHus, Hanpumep, «Co3mail GopMy perucTpannu ¢ mOIIMH IS IMEHH,
e-mail, TapoIs U KHOTIKH «3aperucTprHpOBaTHCS».

VYkaxuTe Bce MapaMeTphl, TaKue Kak pa3Mepbl MpU(PTOB, LBETA, ITOBEICHHE
KHOIIOK, afanTuBHOCTb. Ilpumep: «3amail GpoH cTpaHUIBI OEIBIM, TEKCT — CEPBIM,
mpudt — Arial, 3aronoBok yposus H1 caemait 28px»; HCHIONB3yiTE YHCIOBBIC HIIH H3-
MepHUMBbIe KpuTepuu, HarpuMep, «OtBoau 70 % skpaHa 1o OCHOBHOM KOHTEHT.

PazouBaiiTe CoXKHBIE 3aPOCH HA HECKOJIBKO OTACIBHBIX MPOMIITOB, YTOOBI H3-
6exaTh meperpy3kn 4ar-0oTa, HaIpUMep, CHadasa 3alpOCUTE CO3/IaHHE CTPYKTYPHI
HTML-cTpanutpl, 3aTtem e€ cTrmu3aiuio ¢ moMorsio CSS, a 3atem moOaBieHue Jn-
Hamuku (JavaScript).

DopMyIHPYHTE 3aIPOCHI TaK, YTOOBI OHU OBLIM MOHSTHBI aXke 0e3 rryOOKHuxX
TEeXHUYCCKUX 3HAHUH, Hampumep, «J[00aBp Ha CTpaHMIly KHONKY C HAANHCHIO:
«Haxxmu meHs»;

Ecnu 3anaére yrounstommid 3ampoc, oOpamaiitech K NpeAblAyIIeMy OTBETY
60Ta: «/l06aBb CTHUIM AJS MIANIKU, KOTOPYIO ThI CO37IaJl paHee»;

Ecnu pe3yipTaT HE COOTBETCTBYET OKHAAHISIM, TO yToUHHUTE AeTani: «Cuenai
(hOH KHOIIOK 3€JIEHBIM BMECTO CHHETOY; Tepe(opMyIHpyHTe 3a1poc, HCKITF0Yast IBY-
CMBICIIEHHOCTh. Mcmonb3yiiTe mocnenoBaTenbHble uTepaunu: «CHauana cosfai
HTML-cTpyxTypy, 3aTeM 100aBb CTHIIH AJIS 3aTOJIOBKOB M KHOIOK». 3alpanrnBaite
ucnpasneHns: «J{00aBp OTCTYIIBI MEXKIY 3J€MEHTaMH B ceKuu «O Hacy.

s mpoBeeHusl OLEHKU CTeHEPUPOBAHHBIX CTPAHUL CAWTOB HCIOJB3YIOTCS
KpUTEpHH, NpezcTaBieHHble B Ta0u. 2. [Ipu npoBepke (QyHKIMOHAIBHOCTH OLICHHBA-
Jack paboToCTIOCOOHOCTH KITFOUEBBIX JIEMEHTOB: MEHIO, KHOIIOK, ()OPM; CIIPaBHOCTH
ClTaiiiepoB, aZanTHBHBIX JICMEHTOB M HMHTETPAIlMi C KapTOrpapHueCKHIMHU CEpPBH-
caMH; KOppeKTHas oOpaborka ¢opm oOpaTHO# cBsizu. HeoOxomummo cMOTpeTh
HACKOJIBKO CaiT COOTBETCTBYET TPEOOBAHUSAM MPOMTA MO CTPYKTYpE U COAEPKAHUIO
CTpaHHII, HATMIUIO 3JIEMEHTOB — (PyTEepOB, 3ar0JIOBKOB, CCHLIOK.

B ananmu3e nmepBoro ypoBHs (0a30BBIi CaliT) MPOBEPSACTCS HATHYNE MUHIMAITb-
HBIX (DYHKIHMOHAJBHBIX JJIEMEHTOB (TEKCT, KOHTAKTHI), aHAIM3UPYETCsl, HACKOJIBKO
CTPYKTypa COOTBETCTBYET MpoMNTy. B ananmse 2—4 ypoBHS (CpeaHnii, BRICOKHH, IPO-
JIBUHYTHIN) J00ABIAETCS aHATU3 JAW3aifHa, WHTEPAKTHUBHBIX DJIEMEHTOB, aIalTHB-
HOCTb, IPOBEPSICTCS pAOOTOCIIOCOOHOCTH CIAWCPOB, KAPTOYCK H APYTHX SJICMCHTOB.
B ananu3 maToro ypoBHS NPOBOJUTCS KOMIUIEKCHASI TPOBEPKA, BKIIFOYAs HHTETPALIUI
1 TUHAMHYECKHE OOHOBJICHUS, CPAaBHEHUE C PEATbHBIMH KOPIOPATHBHBIMH CAlTaMH.

CpaBHeHMe pe3yJIbTaTOB [10KA3aJ10 3HAYUTEIbHOE YJIyUllIeHne KauyecTBa caidTa
€ KaXJbIM ciiefytomum npomnToM. [Ipomnt 1 npeacrasisier 6a30Bblil ypoBeHb, T
CaiT MUHUMAJIEH 10 An3aifHy U (QyHKIHMOHAITY, HO MOAXOMUT JUIS CAMBIX HPOCTHIX
3amad. [Tpomnt 2—4 nobaBmaroT HOBBIE (yHKIMOHAN. [IpoMnT 5 HOocTHTaeT MaKcH-
MaJIbHOTO YPOBHS Ka4decTBa, Ipeyiaras npoheccnoHanbHbIi qu3aitH, SEO-onTuMu-
3aLUI0, UHTEPAKTUBHOCTH U MOJIHYIO aJallTUBHOCTD.
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Tabnuya 4
Pe3ynbraThl aHanM3a NOIYYEHHBIX CAHTOB O KQKJOMY IIPOMTY
Kputepnii Tpowmnr 1 Ipomnt 2 Ipowmnr 3 Ipowmmr 4 Ipomnr 5
OueHnb Xoporee: OTtnuynoe:
Munumansno: | Cpennee: Xoporuee: N
. o pa3HoOOpasHble npoheCCUOHANBHBII
KauecTBO |TmpoCTOl TEKCT| J100aBICHBI cnaiiziep, Kap- o
- OJI0KH, BU3YaJIbHO JU3aiH, KAPTOYKH,
J3aitHa u 6azoBas JIOTOTHI U | TOYKH, CTHIIM30- o N
NIPUBJICKATENbHBIN | Cllaiiiep, CeKuus s
CTpyKTypa CTUITH BaHHBIC JIEMEHTHI .
calT OT3BIBOB
MuHuManbHo: Bbazosoe: Cpennee: Xonouee: ITonnoe:
OyHKIMO- | oToOpaxkeHue | 100aBieHsl | KapTa, opma 00- KHOHKHpC L[Cﬁ(;TBl/l HMHTEPaKTHBHbIC
HAJIBHOCTh | TEKCTA M KOH- | IOTIOJIHUTENbH | PaTHOM CBsI3H, A hOpMBI, TMHAMHYECKOE
TAKTOB bI€ CTPAHUIIbl | HHTEPAKTUBHOCTh ? OOHOBJICHHE KOHTEHTA
Yactuanoe: Cpennee: Xoporee: ITommoe:
AnanTus- Oteyrerpyer | 2ICMEHTBL | /IaIITalHs MEHIO, TOJHOLICHHBIN I'aM- | MEHIO, KapTOYKH, Mac-
HOCTh YTCTBY MaciTabupy- |MaciitabupoBaHue Oyprep, KApTOUKH | MITa0MPOBAHHE BCEX
OTCS H300paKeHHUI aaNTUPYIOTCS 9JIEMEHTOB
'Y noBierBopu- MaxkcumasnbHoe:
YactuuHo: IMonnoe: Bce cTpa-
CoorBeT- TEJIbHOE: Xoporee: 1006aB- yuTEeHbI Bce TpeboBa-
OCHOBHbIC HHI[bI BBITIOJIHCHBI B
cTBUE TpedO- COOJIO/ICHHE | JICHBI BCE KITIOYe- HHS, Pean30BaH
TEKCTOBbIE COOTBETCTBUU C TpE- o
BaHUSIM 6a30BBIX BBIC AJIEMEHTBI pacumpeHHbIN QyHK-
[N . OOoBaHUSIMHU
TpeGoBaHMit LHOHAJ
Xoporiee: 100aB-
baszosoe: Cpennee: onuca- P n TlonHoe: merareru,
SEO- . JICHBI KITIOYEBBIC
OTCyTCTByCT METaTeru HUS JJIs1 KAXKI0H KJIFOUEBLIC CJIOBA,
ONITHMHU3ALHS] cloBa 1
J100aBICHbBI CTPaHHUIIBI SEO-pa3merka
OINKCAHUsI
Xopormast:
OueHb P YmepenHas:
Beicokast: Goublie n300pa- Cpennsis:
CkopocTb BBICOKaSI: . CIIOXKHAS CTPYKTYpa,
.|  Ga3oBble JKeHHIl, HHTepaK- | MHOTO KapTHHOK M
3arpy3Ku MHWHHUMaJIbHbIN o MHOI'0O MHTCPAKTUBHO-
DJICMCHThI THUBHBIX 3JICMCH- CTHJICHU
KOHTEHT cTn
TOB
. Xopomuii: OueHb XOPOIIHA: IIpeBocxoaHbIil:
Tom3oa- Ynosnersopu Cpeunii: z(o6£ax CTPYK- |TIPOJ; MaHHgﬂ CTPYK- | COB EMeHHm;l HHTYH
TENbCKHI P HABUraLHs 10 | Py pory Py P » MY
TCIBbHBIN Typa ¥ UHTCpaK- Typa, leO6CTBO nuc- THUBHO NMOHATHBIN WH-
OIIBIT CTpaHUIaM .
TUBHOCTh I0JIL30BAHUS Tepdeiic
3aki0uenue

IIpencraBieHpl KpaTKUM aHaJIW3 OCHOBHBIX HampasieHui passutus UT nus
I'MO u noaxozpl o pa3BUTHIO apXUTEKTYphl «CeTka naHHbIX» Ha ocHoBe ECMMO.
IIpu 3TOM exuHast cuctema OepeT Ha ceOst MPEeJOCTaBICHUE YCIYT MO TOAKIIOYCHHIEO
HOBBIX TUIOB U BUJIOB JaHHBIX, YTO 3HAYUTEIHHO 00JIEr4aeT mepexo/ K TaKoi apxu-

TEKTYpe.

[TpoBeseHbI SKCIIEPUMEHTHI ¢ TeHepaTHBHBIMK MoesiMu VI st pancdop-
MallK NPOrHOCTHYECKHUX JIAaHHBIX B TEKCT MTPOIHO3a, MOHSTHBIA HACEIEHHIO, MTOAT0-
TOBKH CTPaHHI] CAaliTOB, 0030p0B, petoMe. [1pu 3ToM poBeieHa OLIeHKa Ka4ecTBa I10-
JTy4eHHBIX TEKCTOB, KOTOPAsi BKIIFOUAET ¥ SKCIIEPTHYIO OLICHKY MOTyYEHHBIX TEKCTOB.
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PesynmpTaTel pabOTHl TOKa3alM, YTO WCHOJIB30BAaHHWE CTPYKTYpPHPOBAHHBIX
MPOMTOB MO3BOJISIET JOCTHYL XOPOLIEr0 KadecTBa I'eHEPHPYEMBIX TEKCTOB. llep-
CIIEKTHBBI JUIS JVIbHEHIIEH PaOOThI SIBIISIOTCS IIPOBEJICHUE YIIIyOJIEHHOTO CpaBHE-
HUSI CTEHEPHPOBAHHBIX TEKCTOB C OIMyOJIMKOBAaHHBIMH JTOKYMEHTaMH, HCIOIb30Ba-
HHE PACIIMPEHHOTO COCTaBa METPUK JUIS JOTOJHHUTEIBHONW OIIEHKH IOJIyYEHHBIX
TekcToB. [IpoBen€HHBIC SKCIIEPUMEHTHI ITOKAa3aId INEPCIIEKTHBBI HCIOJIB30BAHMS
Heripocetn RUGPT-3 niist TpaHcdopManyuy YHCIOBBIX IPOTHO3HBIX JAHHBIX B TEKCT
nporHo3a. OJJHAKO €CTh OTPAHUYCHHSA, CBSI3aHHBIC C HEOOXOMMOCTBIO 1000y ICHHS
1 TIPOBEPKH KauecTBa Pe3yIbTaTOB Ha APYTUX MOJIEISX.

Cnucok 1MTEpaTyphl

1. Basunos E. /1., Menvnuxos J]. A. HoBbie nH(MOPMAIMOHHBIE TEXHOJIOTUH IS yCTONYHBOTO OCBO-
CHHS OKeaHOB 1 Mopeii / Okeanonoruyeckue ucciemosanus. 2005.

2. Basunos E. J]. llubposas TpanchopMaius ruipOMETEOPOTIOrHIECKOro odecneucHus. OGHUHCK:
BHUUT'MU-MILI. 2021. T. 1. 356 c. ; 2022. T. 2. 355¢c.

3. A Family of Pretrained Transformer Language Models for Russian. URL:
https://clck.ru/3FLBy9 (nata obpamenus: 11.11.2024).

4. Tomorrow Company. URL: https://www.tomorrow.io/blog/tomorrow-io-unveils-first-weather-
climate-generative-ai/ (access date: 12.08.2024).

5. Transformers. URL: https://clck.ru/3FLCAp (nara oOpamenus: 13.11.2024).

6. Zhamak Dehghani. How to Move Beyond a Monolithic Data Lake to a Distributed Data Mesh.
2019. URL: http://martinfowler.com/articles/data-monolith-to-mesh.html (access date: 14.10.2024).

38



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

VIIK 551.510.42:598.2(571.5)

IITUnbI JecHbIX 3K0CcHCcTeM ballkaJIbCKOro peruoHa:
NnoTeIJieHue KJIMMaTa U AHHAMHUKA HaceJIeHHUs

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

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

AnnoTtanusi. Ha ocHOBe JUTUTENBHBIX MOJIeBBIX uccnenoBanuii (2010-2024 rr.) Ha FOxuoM baiikaie
BIIEPBBIC MOKA3aHbI OCOOCHHOCTH AMHAMUKHU HACEICHUS U BUIOBOTO COCTABA MTHII JIECHBIX KOCH-
CTEM B YCIIOBUSX PE3KOro MOTEIUICHHs KinMara. Jloka3aHo, 4TO YPOBEHb CBS3M INIOTHOCTH HAacele-
HUs ¥ OOIIeH TEHACHIMHU K MOTCIUICHUIO KIIMMaTa 3UMOI HOCHT JIMHEHHBIH XapaKkTep CpeIHero
ypoBHs — R?= 0,72, a 1eTOM YJI0BJIETBOPUTEILHO AMMPOKCUMHUPYETCS TIOJHHOMHUAILHOM perpeccueit
mectoii crenern — R2=0,29. CBsi3b IUIOTHOCTH HACETCHHS M BHIOBOTO OOTaTCTBA ITHIL B 3HMHHMIT
TepUOJI XOPOLIO OMUCHIBAETCS MHEHHOM perpeccueil cpenuero yposus — R?= 0,59, a B neTHuii ne-
PUOZ MOJTMHOMUANBHOH perpeccueil mecToii cremeny — R? = 0,5. Ha mpoTsKeHHH BCero TepHosa
WCCIIEZI0BaHUI 3MMOI BCE M3yUCHHBIC ITOKA3aTEIH MOCIEI0BATEIbHO CHIKAINCH. B neTHui epruos
B Havasie HabJIF0JaJI0Ch X MOBBIIICHHUE (10 MrKa noTteruieHus B 2015 1.), a 3aTeM pe3Koe CHIKEHHE.
B nenom nmHamuKka HaceleHHs NITHUI] ONpeessuiach IpoIeccaMyd MMMHIPAlUM W 3MUTPAIHH, a
TaK)Ke MePEMEIIEHUEM MECTHBIX BH/IOB OCE/JIBIX ITHI] 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 pnurensHOe u3ydeHue NTULl baiikambckoro permoHa, BAMSHUE
KJIMMaTa Ha IUIOTHOCTh M CTPYKTYPY HX HACEIEHHS 10 CUX OCTaeTCs c1a00 N3yUYeHHBIM
BorpocoM. OOIIMPHOCTh PErnoHa, pasHble YYACTKH KOTOPOTO H3Y4EHBI HEPABHO-
MEpHO, HE MO3BOJISIET JICTAIBFHO pacCMAaTPUBAThL STOT BONpoc. B To ke BpeMms Ha 10k-
HBIX M CEBEPHBIX y4acTKaxX KOTJIOBUHBI 03. baiikan (PI'BHY «baiikansckuit myseit CO
PAH» n ®I'bY «3anosegnoe Iloanmemopse») TPOBOAMINCH ATUTEIBHBIC CTAlHOHAP-
Hble nccienoBanus. OHU MO3BOJIIIOT OoJiee ETaIbHO PACCMOTPETh MHOTHE BOIIPOCHI
9KOJIOTHH JICCHBIX ITHII, B TOM YHCJIC U BIMSHUE KIMMAaTa Ha UX HacEJICHHE.

Ha HOx#noMm Baiixane ycnoBus obuTaHus NTHIl OBUIHM 3aMETHO OJIarompusiTHee,
9TO, HECOMHEHHO, CBSI3aHO ¢ (PU3UKO-reorpaduIecKiuMu ero oco0eHHOCTsIME. Temrre-
paTypHBIE YCIIOBUSI JAaHHOTO pailOHa ONMPEAENSIOTCS KaK €ro I0JKHBIM IMOJIOKEHHUEM,
TaK M HHU3KOrOpHBIM penbedom. lllupokas nommna p. CereHr, pacroioXeHHAs
HANpPOTHB MCTOKA p. AHTApHI, CO37aBaa YCIOBUS IUIS MPOHUKHOBEHHS TEIUTBIX Macc
BO3/IyXa, HIyMnX U3 MOHTOINH B IEPHO/IBI CHIIBHBIX 3aCyX, B I0XKHBIE paiioHs! [1pen-
Gaiikanbst. B cBS3M ¢ 9TMM B HIDKHMX Y4acTKaxX KPYIHBIX PEK, BIAJAIOMHUX B p. AH-
rapy, chOpMHPOBAINUCH OOIBIINE YIaCTKH JecocTeny [9]. BmecTe ¢ Tem mmpokas no-
JMHA P. AHTapHl, CBSI3aHHAS C IO)KHBIMH IIOTOKaMH BO3/yXa, TPOHUKAIOIINMH CIO/Ia 3
MOHroIMy ¥ CyIIECTBOBAaHNE CUCTEMbI PAHO (POPMHUPYIOIINXCS OOJIBIINX ITOJIBIHEH B
HCTOKE 3TOH peku, obecreunBaloT Oojiee paHHEe HACTYIICHHE BECEHHEH MHIpaliy
OKOJIOBOAHBIX M BOAOILIABAOUIMX NTul. MenneHHoe octeiBanue 03. balikan B oceH-
HUH TepHoJ, CBI3aHHOE C OTPOMHOM MacCOi MPOTpeTo JIETOM BOIBI, CIIOCOOCTBYET
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JUTHTETHFHBIM 3a/IepKKaM IITHI] Ha MECTaX MacCOBBIX OCTAHOBOK Ha OT/BIX U MO3THEMY
OKOHYAHHIO OCEHHETO0 IposieTa. Bee BhimenepeyncieHHbie GakTophl CO3/Ia0T JOMON-
HUTEJIBHBIC OJIArONPHUATHBIC YCIOBUS JIJIsl PACCEICHUS NTHI[ HA 3amaji, CeBepO-3ara,
1 CeBep, a TAaKXKe Ha IOT U FOT0-BOCTOK [7].

Bricokoropusie pationsl CeBepHoro baiikaia HaXOIATCs MOA OOJBIIAM BIIHSI-
HHUEM OTPUIATEIBHBIX TEMIIEpaTyp Bo3ayxa. CrieriaibHbIe UCCICOBAaHHS KIMMaTa B
6acceiine p. bapry3un ykasbeIBaroT, YTO 3/1€Ch MTOBBIIICHUE TEMIIEPATyphl IPHU3EMHOTO
CIIOSI BO3IyXa OBUIO SIBHO HIDKE, YeM B FOJKHBIX paifoHaX KOTIOBUHEI 03. baiikan [11].
JeranpHoe M3y4eHNe AMHAMHAKA (ayHBI IITHII, CBI3aHHOE ¢ M3MECHEHHMSIMH KJINMMAra,
BBITTOJTHEHO B bapry3uHckom 3amnoBenauke [1]. bonee cypoBsiil KIIMMart M OTCYTCTBHE
MAaCCOBBIX MUTPAIMii ITHII TPUBETH K (POPMUPOBAHUIO 3/1€Ch 3HAUUTEITHFHO MCHEE BhI-
PaKEHHBIX IPOIECCOB M3MEHEHH MX HaceslieHWs. B memom 3To obmias 3akoHOMep-
HOCTh — M3MEHCHUS KJIMMAaTa CHIbHEE BBIPAXKCHBI U JTyUIlle TIPOCIICKUBAIOTCS Ha PaB-
HUHHBIX TEPPUTOPHSIX U B TOIIMax KPYIHBIX PEK, @ B BHICOKOTOPHBIX paiioHax MOTeI-
JICHNE KJIMMaTa U €ro MOCIEACTBHUS MPOSBIISIOTCS 3HAUNTEIIFHO MEJICHHEE U MO3KeE.
CrnenoBaTenbHO, TP aHAIHM3E HACEIICHUS NTHII KOTJIIOBHHBI 03. baiikan 3Tu pernoHs
HEOOXOIMMO paccMaTpUBaTh OTICIbHO. B maHHOI paboTe paccMaTpuBarOTCsi 0COOCH-
HOCTH AMHAMMKH HACEJICHHS JIECHBIX ITHUI, CBI3aHHBIC C N3MCHEHUSIMM KIMMaTa Ha
IOxnOM Baiikane (mpaBoOepekbe HCTOKA p. AHTApHI).

MarepuaJj U MeTOANKA

Pabora Bemonasack ¢ 2009 mo 2024 r. Ha KJIIOUYEBOM Y4acTKe MJIOMaabi0 00-
nee 50,0 km? Ha TIPaBOGEPEXBE UCTOKA p. AHTaphl B MeXmypedbe pek Hukombckas
Bbannas u KpecroBka. M3yuanoch HaceneHne JICCHBIX NTHII M €T0 ANHAMHKA B COBpE-
MEHHBIX KINMAaTH4eCKUX ycIoBusaX. KimroueBoit yqacTok NpecTaBlIeH CPeAHETOphsIMU
[IpendaiikanbCkoro KpaeBoro Mmporuda, CKIOHBI KOTOPOTO MPHUMBIKAIOT K OTpOram
ITpumopckoro xpedTta. /st HETO0 XapaKTepHbI HEBBICOKUE TOPHBIE TPSIIBI C OTHOCH-
TENIBHO MIMPOKUMH M 3200JI09CHHBIMH MEXTOPHBIMHU TTOHWKEHUSIMU. Teppuropus 1o-
CTaTOYHO TUMHYHA JUIS IOT0-3aIaJHOTO IoOepexkbs 03. baiikan. YdeTsl nTum mposo-
JIVUTACH TI0 CTAHJAPTHBIM METOMKAM, ITUPOKO MPUMEHSEMBIM IIPU H3YYEHUN X MHO-
TOBHIOBBIX c0001ecTB [6; 10].

Ha ocHoBe mpenBapuTeNnbHBIX clieUUANbHBIX HccienoBanuid (2009 r.) Ha kito-
YEeBOM YYacTKe, XOPOIIO OTPA)KAIOIIeM COOTHOIIEHHE Pa3HbIX MECTOOOMTAHHH HaH-
HOW MECTHOCTH, BBIJICJICHO BOCEMb THIIOB OCHOBHBIX MecTooOuTanumii nrui: 1. Cenn-
TeOHast TeppuTopHs AU Py3HOTO THIIA (YUACTKH 3aCTPOHKH MEPEMEKAIOTCs C ydacT-
KaMH €CTECTBEHHBIX MECTOOOMTAaHMIT), BKIIOUAIOIAsl OTJACIbHBIC IPYIIBI JOMOB U
YIUIIBI BJIOJTb TOPHBIX PACTIaKOB, TOMA OT/BIXa, CAHATOPHH, JAYHBIC YIaCTKH H CaI0-
BoJcTBa. 2. COCHOBO-Oepe30BBIe JIeca ¢ MPUMECHIO MOJIOAOTO MOJAPOCTa COCHBI CHOMP-
ckolt (kenpa) Pinus sibirica, CUIbHO 3aTEHEHHbIE M 3aXJIaMJICHHBIC BETPOBAJIbHBIMU
JepeBbsMU. 3. EnoBsle mOMMEHHBIE J1eca C OCHOBHON MOPOOit enb cubupckas Picea
obovata, u IpUMechbI0 KPYIHBIX JEPEBBEB JIMCTBEHHUIBI cHOUpCKon Larix sibirica,
COCHBI CHOMPCKOM (Ke/ipa), MUXTHI cCHOUpCKoit Abies sibirica, 6epe3sl noBucion Betula
pendula v ocunwl Populus tremula. 4. TeMHOXBOHHbIE CKIIOHOBBIE Jieca, C OOJIBIINM
BKJTIOUCHHEM BCEX ITTOPOJI 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 OTACIBEHBIMH HEOONBIIMMH YYaCTKAMH COXPAHHBIIMXCS TEMHO-
XBOWHBIX J1ecoB. 6. COCHOBBIC Jieca C PE3KUM IPeodIIalaHeM COCHBI OOBIKHOBEHHOM
(mecuHoit) Pinus sylvestris (He menee 80,0 % coctaBa neconacaxnenusi). 7. COCHOBO-
Oepe3oBbIe Jieca, CPOPMUPOBABIINECS B Pe3yIbTaTe BEIOOPOYHBIX PYOOK Ha CTAapBIX
3apacTaroIuX TapsX ¥ BBIIOJIOKCHHBIX YYaCTKaX MECTHOCTH. 8. OTKPBITHIC TOHMBI
PeK, 3apacTarole MeJIKUM Oepe3HNKOM C OOJIBIIMM KOJIMYECTBOM KyCTapHHUKOB, IIPO-
M3paCTAIOIIMX HA MEePEYBIIAKHEHHBIX yUYaCcTKaX MOWM peK U KIIFOUeH.

B cBs3u ¢ HE0OX0AMMOCTBIO OoJiee IMOTHOTO BEBISBICHHUS BHIOBOTO COCTaBa
OTHIL (JAHHBIA TEPUOJ OTIMYAJIICS MAaCCOBBIMU MX BBICCIICHHSMH K TPaHUIIAM apea-
JIOB), TPOTSHKEHHOCTD YUETHBIX MapIIPYTOB MPEBHIIIANA PEKOMEHYEMYI0 METOIUKOIT
M0 pa3HbIM MeCTOOOUTaHUsAM B 2—3, a WHOTA U Oonee pa3. [locienHee ObUTO Xapak-
TEPHO [T MECTOOOUTAHHH C OYCHB OOJIBIIOHN TUTOMIA IbI0. JJaHHBIN 1TOIX0.T 00eCTIeTHIT
MOJIYYCHHUEC MAaTCPUAJIOB, NO3BOJAIOMINX NPUBECTU MOJTHYIO XapaKTCPUCTUKY HaCCJIC-
HUA IITUILL. HCOGXOI[I/IMOCTB €ro UCIIOJIb30BaHUs OOBICHSIETCS TEM, YTO BBICCIIAIOIIN-
€CsI TITUIIBI JISCHBIX 9KOCHCTEM YacTO OBLIH MPECTABICHBI OTHHOYHBIMHU OCOOSMH, TTa-
paMu ¥ MEJKHUMHU TpyInaMu. B 1einom mo u3ydaeMoil TeppUTOpUH HX OBLIO J0CTa-
TOYHO MHOT'O, HO B Ipe€Acjax OrpaHNYCHHOIO IO IJIOIAaAn KIKOYEBOI'0 y4aCcTKa UX
HAXOJIKH SABJIIINCH JOCTATOYHO PeaKUM coObITreM. HeoOxoamnmo OBITIO OYEeHB IIIOT-
HOe 00CIIeIOBaHNE TEPPUTOPHH, 0OCCIICUNBAOIIECE BBISIBICHHE IIOJIHOTO BUIOBOTO CO-
CTaBa IITHI] N3y4aeMOil TEpPUTOPHH.

O011as NPOTSHKEHHOCTh YUSTHBIX MapIIpyTOB, IPOWICHHBIX 3a 15 JeT nccneno-
BaHMH, cocTaBisuia 7523 kM (3umoit — 3706 xm, a tetom 3817 kM). DTO BITOIHE JT0CTa-
TOYHO JIJIsI TIOJYYCHUSI TOYHBIX JAHHBIX 110 BHIOBOMY COCTaBY ITHII, XapaKTepy HX
pacnpezneneHust o MeCToOOOUTaHUSIM U OOIIEH TUIOTHOCTH HACEIICHUSI.

Pe3yabTaTthl

[TnoTHOCTE HaceseHMs SIBIISICTCS. HAnOOJIee BaXKHBIM MHTEIPaJbHBIM MOKa3aTe-
JIeM COCTOSIHUS TIOIMYJIALUH, OTPAYKAIOIUM BCIO CyMMY (haKTOPOB, BO3JCHCTBYIOIINX
Ha N3y4JaeMyIo IPYNIIUPOBKY NTUI. B CBA3M ¢ 3THM, aHAIN3 HACSJICHNS NTHI] HAYWHA-
€TCsl C PACCMOTPEHUS 0COOEHHOCTEH JMHAMUKY IAHHOTO ITapaMeTpa. JlnHamuka Hace-
JIeHUs NTHIL] CYyIECTBEHHO PA3IMUYaeTCs B pa3HbIe Ce30HbI roja (puc. 1). B 3umnuii ne-
PHOJ 3Ta CBSI3b IMHEHHASI M ITIOTHOCTh HACEJICHUS IITUI] Ha TPOTSKEHUU BCETO MEPUOT
pabOT TOCTENIEHHO CHIKAETCS — MHOKECTBEHHBIH KO3()(UIMEHT AeTepMUHAINU —
R?=0,72. Iotennenne kimmata Ha KOxnoM Baiikane CHIBHO M YETKO BEIPAXKEHO B
KOHIIE 3MMHET0 U Hayajie BeCeHHero nepuoja. CneaoBaTenbHO, MOTydeHHAas THHEHHAs
perpeccrs B HaMOOJBINEH CTEIIEHH OTpaXKaeT BIMSHME MOTEIUICHHU KIUMaTa Ha 00-
IIy}0 TeHICHIINIO H3MEHEHHS INTOTHOCTH HACEIICHUSI ITHL, IMEHHO, B 3UMHHI EPHO/I.
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Puc. 1. Jlunamuka IIOTHOCTH HACEJIEHUS MITHUL] JIECHBIX dKocHcTeM balikanbckoro pernona
B TIepuo/1 TuKa roternenus kmumata (FOxnbiii Baiikan), oc. /km?
BepxHuit pucyHOK — 3UMa, HIKHUNA PUCYHOK — JIETO

B nernunii nepuosi M3MEHEHHs TUIOTHOCTUA HACEJICHUS OKA3aJUCh 3HAYUTEIBHO
OoJree CIIOKHBIMH B KOI(P(PHUINCHT JeTEPMUHALINH TTOJIMHOMHUAIBHON PEerpecc Ie-
CTOIl cTereHu oKa3aJicsi HU3KUM — Ha ypoBHe 0,3, a tnHelHast perpeccus HaKkTHYSCKH
He Oblta BeipaxkeHa (cM. puc. 1). [TockonbKy ypoBeHb MOTEIUICHUsT ObLT HanOoJIee BhI-
COKHMM B TIO3JHE3WMHEE W pPaHHEBECCHHEE BpeMs (10 Hadala BECEHHHX MHTpAIHii),
9TO, BEPOSITHO, U ONPEIEISIO AUHAMUKY HAcCeJIeHUs NTHUI] B Pa3HbIE CE30HBI roja.
Hano uMets B BUy, 4TO HaceJIeHHE MTHUI B JIETHHI MEPUOJ] OUEHb CHIIBHO 3aBUCENO
0T paifoHOB BhIceneHus nTrll. OHK pacronaranuch B L{eHTpanbHO# A3un 1 onpeness-
JIMCH 00J1aCThIO (POPMUPOBAHMUS OUYCHD CHIIBHBIX, MPOJOJDKHUTEIFHBIX H YacTO ITOBTO-
PSIFOIIUXCS 3aCyX, HEPEIKO UMCIOIINX KaTtacTpoduueckuii xapakrep. [Tockonbky 3a-
CYXH MOCTOSIHHO TIepeMEIaIich M0 TePPUTOPUH, MOCIEAOBATEILHO OXBATHIBAsI Pa3-
HBIe pafionsl MoHromnu 1 KuTas, BeICENIEHHS MTHIl TaKkKe HAONIOIANNCh C Pa3HBIX
HanpasieHui [5; 7]. O1HaKo OCHOBHOE reHepalbHOE HAPaBICHUE CMELLEHHS UX ape-
aJIoB K CEBEPY COXPAHATIOCHh BECh NIEPUO] UCClIeoBaHuil [8].

B T0 k€ Bpemsi YUCIEHHOCTh BBICEISIOIINXCS MITHII, 32 UCKIIOYCHUEM OT/IENb-
HBIX BHIOB, Yallle BCEI0 CTCHOOMOHTHBIX, OblIa 04eHb HU3K0H. OHH BCTPEYAINCH OT-
JEIBHBIME OCOOSIMH, TTApaMH M MEJKUMHU rpymmnamu u3 3—5 nrun [7; 8]. Crenosa-
TEJIbHO, 00IIIee 0OUIHe MITHII HA MecTaX FHe3J0BUI () OPMHUPOBAJIOCH HE TOJIBKO 3 CUET
TITHIL, BBICETstormmxcs u3 [leHTpanbHOi A3Wu, HO B MECT NMPEIbIIyInX, 00iee 00bId-
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HBIX, FOKHBIX PAilOHOB 3UMHETO MX OOMTaHUsA. B maHHOM ciydae HE0OX0oauMo oOpa-
TUTh BHIMaHUE Ha TO, YTO MHK MOTETUICHHs KiIMMaTa B baiikanbckoM perrone Ha0mio-
nancs B 2015 r. [4] u conpoBoxkaacs O4eHb CUILHBIMU JIECHBIMU [T0KapaMu, KOTOPbIE
TaKKe MOTJIM OKa3aTh BIMSHHE Ha PacIpOCTPaHEHHE MHOTHX BHUAOB NTHI. J[aHHBII
CE30H OTIMYAJICsA HanboJee HI3KOH IIIOTHOCTHIO HaceseHus nrun baiikambsckoro pe-
TUOHA B JIETHUH nepuoi. B To jxe Bpems III0THOCTb 3UMHEro HacesneHus ntul B 2015 r.
ObUTa TPaKTUYECKH MaKCUMANBHOH (pHc. 1). DTo yKka3bIBaeT Ha CyIIECTBOBAHUE (aK-
THYECKH IPOTUBOIIOJIOKHON TEHACHIINN B H3MEHEHNH IUTIOTHOCTH HACENICHHS NTHUIl B
pasHbIe CE30HBI T0/1a, BO BCAKOM CIIydae, B IMEPHOJ MOABEMA TNIOTHOCTH HACEIECHUS
NTHUI] K MAaKCUMaJIbHOMY YPOBHIO. B TO ke Bpems BujoBoe pasHooOpasue NTHI] B T1e-
puoJ THe370BaHus B OOJbIIEH cTEeNeHN OBUIO CBSA3aHO C pailoHAMH BBICEICHUH, a He
MeCTaMH 3UMOBOK IITHII.

ITockonbky pedb UAET O JUHAMHKE MJIOTHOCTU HACENIEHHs NITULl U BUIOBOM HX
pa3HOOOpa3uu B MEPUOJ] MACCOBBIX BEICENEHHH (MUK MOTEMICHUS ), HEOOXO0AUMO IPO-
BEPUTH CBA3b ITUX JIBYX MOKa3areneil. JlaHHas CBSA3b OKa3aiach JOCTATOYHO BEICOKOH
B 3UMHHH NIEPHOJT — MHOXKECTBEHHBINH K03 punmeHT nerepmunanuu pasex 0,6. B net-
HUH Nepuoj OHa OTIMYAETCS AOCTATOYHO BBICOKOW CIIOKHOCTBIO, HO yJIOBIETBOPH-
TEJIFHO OTHCBIBACTCS MOJTMHOMUANBHON perpeccueil mecToi creneHu — Ko3QGUIeHT
JeTepMUHANN HaXouTcs Ha ypoBHE — 0,5 (puc. 2).
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Puc. 2. Ananus cBA3U MEKAy KOJINYECTBOM BH/IOB M TNIOTHOCTBIO HACEIECHHs IITUIT JTECHBIX
9KocucTeM balikaabckoro peruona 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 SABJISETCS JIMHEHHOM,
HO €€ YPOBEHb CYIIECTBEHHO HIKE. JIOCTaTOYHO XOPOIIO BBIAENISAIOTCS TPH BBICKAKHU-
Barolye BapuaHThl. [lepBas u3 HUX He BBI3BIBAECT 0COOOTO yIUBICHHS — HU3KOHU ILIOT-
HOCTH HACEJICHUS COOTBETCTBYET M MMUHUMAJIBHOE KOJIMYECTBO BHIOB (27 BUJOB MpH
IJIOTHOCTU HaceseHus 46,6 oc/km?). DTO CUTyalus TOCIEIHEro rofa HabIoeHHI,
KOT'/Ia TNIOTHOCTh HACEJICHUS NTHUI] ¥ UX BUJIOBOE pa3HOOOpa3nue HaXOMINCh HA MHU-
HUMalbHOM ypoBHe (puc. | u 2). JlaHHBIN mepuoOa OYEBUAHO COOTBETCTBYET MUHU-
MaJIbHOH IJIOTHOCTH HaceNeHHs, HaOIroqaromeiicss Ipu mepexoe TemIo-CyXon (a3sl
ouepenHoro 11-JeTHEero MUKIIA KITMMaTa K BIIAXKHO-X0JI0MHOM (aze. Cremayronieid BbI-
CKaKUBAIOLIEH BApUAaHTOHN SBISAETCA BBICOKAs MIOTHOCTb HACEIEHUs MPH CPEIHEM
YPOBHE BUIIOBOTO pa3HooGpasus (34 Buaa mpu mioTHoCcTH Hacenenus 141,9 oc/km?).
JlaHHast cuTyanus BO3HHUKIIA TIepe T MMKOM ITOTEIUICHHS KIIMMaTa, KOTaa TPH To/1a Mo~
psia HaOIro1aIach MakCUMalbHas IUIOTHOCTh HACENICHUS JIOMHHAHTHBIX BUJIOB INITHII,
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 Oty (44 BUa npy mIoTHOCTH HaceneHus 111,0 oc/km?), 00y CIOBIEHHBIH
HEBBICOKUM OOMIIMEM ITHII, MO/UIETEBIINX Ha 3UMOBKY. SIBHO, JaHHBIE TapaMeTPHI B
3UMHUHA TEPHOA ONPECIIIOTCS OOMINEM M KOJIHYECTBOM BHIOB, IOUICTAIONINX B
9TOT paiioH HAa 3UMOBKY M3 OoJiee CeBEpHBIX pernoHoB Bocrounoit Cubupu u npuie-
TarOLIUX TEPPUTOPHIL.

B nerHuil nepuoa cBsA3b MEKY JaHHBIMU N1apaMETPAMHU HE SBJISECTCS JIMHEHHON
U SIBHO OTIpENeNIsIeTCS KOJMYECTBOM BBICENSIONINXCS C fora BHAOB NTHIL. Jlajgexko He
BCEr/la MUHUMAaJIbHOE KOJIMYECTBO BUJIOB KOPPEIHUPYET C HanOoJiee HU3KUM OOHINEM
ITHUII, XOTS OTAEIBHBIE CE30HbI C TaKOI CHTYalMel IPUCYTCTBYIOT U B HaleM Habope
JaHHBIX (pHc. 2). Hepeaxu cutyaruy, KOraa MakCUMaJIbHOMY BHIOBOMY pa3HOoOpa-
3MI0 COOTBETCTBYET MUHMMAJIbHAS TIOTHOCTH HacelneHus. OOBIMHO TaKne BapHaHThI
HaceJIeHNs HaOJII0IaI0TCs B TIEPUO/IbI CHIIBHON NEpecTPOHKU HaCEJICHHMS ITHIL B TIepe-
JIOMHBIE TIepHOABl (Iepexo] oT Oojee TEIIoro mepuoia K Ooyiee BIAXKHOMY HIIH
HaobopoT). Hanbosee 0OBIYHBIE CHTYAIIMH COOTBETCTBYIOT CPEIHEMY YPOBHIO IIIOT-
HOCTH HaCEJICHHs U BUJIOBOTO Pa3HOOOPA3Ns MITHII, KOTOPBIE HAOIIIOIAFOTCS B IEPHO/IBI
3a7I0JIT0 JI0 MMKA TOTEIUIEHUs] U CIYCTs HEKOTOpoe BpeMs mocie Hero (2-3 rozpa).
MaxcuManbHasi IIIOTHOCTh HACEJIEHHS ITHII Ha0IoJamach nepet MIKOM IOTEIICHHUS
U TIOCTIE HETO.

MpuHuManbpHas MIOTHOCTh HACEIEHUs IITULL JIETOM MPHIIACh HA MUK MOTEeIIe-
Hust (2015 1.), HO BUZIOBOE UX Pa3HOOOpa3ue B 3TO BPeMs ObLIO MaKCHMAIIbHBIM. B TO
JK€ BpEMsI UETKOM CBSI3U MEKIY 3TUMU [TapaMeTpaMu, TAKXKe, Kak U JIMHEHHOI perpec-
CHH, B JIETHEE BpeMs OBITh IIPOCTO HE MOXKET. Takas cBs3b MOTIIa ObI CHOPMHUPOBATHCS
B 00J1aCTH Pa3BUTHS CUIIBHOM 3aCyXH, KOTOpask BCEr/a SIBJISICTCSI HAYaIbHBIM PAaliOHOM
BBICEJICHHUH y ITUII. MBI 5ke paboTanu B paifoHaX, KyAa BBICEISIOTCS MITUIIBI, OCBAaNBas
O4YeHb 00MmmMpHBIEe TeppuTOprH. CIIe10BaTeTbHO, BCTPEUa JJF000r0 HOBOTO BHAA 371ECh
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OTIpeIeNsieTCsl CIYyIalfHBIME U TPYAHO TPeICKa3yeMBbIMHU IporieccaMi. UNCIeHHOCTh
HOBBIX BHI0B OOBIYHO HEBEJIMKA M TOITOMY IIPH BEICOKOM BHJJOBOM Pa3HOOOpa3uy va-
CTO HaOJIIOAeTCs CPEAHUN MIIM HU3KUIT yPOBEHB IUIOTHOCTH MX HACEJICHUSL.

CreayiomuM BaKHBIM BOIPOCOM, TPEOYIONIHM CHEIHATBFHOTO PACCMOTPEHHS,
ABJIACTCS IMHAMHUKA BUJOBOM CTPYKTYpBI HACENCHUS ITHL. B 3uMHnit neprnop 1o nuka
HOTEIUICHNS! OCHOBY HACEJIEHHs NTHIL (IOMHHAHTHBIC BHJIbI) COCTaBISUIN: Oyporoo-
Basi ranuka Parus montanus, OIONOBHUK Aegithalos caudatus, yeueTka, TIOJIEBOH BO-
pobeit Passer montanus, Oonbiias cuHuna Parus major, OONBIION MECTPBIN JATen
Dendrocopos major. Hanbonee MaccoBbIMU W OOBIYHBIMH BHJAMHU CPEAN HUX SBIIS-
JMch OyporosoBas randka, OIoJOBHHK U ueueTka. [lociie nuka moTerieHns: BUI0BOE
COOTHOIIICHHE JOMHHAHTHBIX BH/I0OB ITHI[ 3UMOM HECKOIBKO U3MEHIIOCh. OCHOBY HX
CTaJM COCTABIATH JIPYTHe BUABL: OONbINAs CHHHIA, OyporojioBas ramdka, dyedeTka,
OOJIBIION MECTPBIH IATEN U TI0JeBOM BopoOel. B menom 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 TIOHU3WIN TNIOTHOCTh HACEICHUS U
HOJIOKEHUE B CTPYKType HACEJCHHs NTHILl 7 BUJOB: OyporoysioBasi ranyka, yeyerka,
OIIOJIOBHUK, IIOJIEBOM BopoOeil, ceupuctens Bombycilla garrulus, cepslit cHeTHps Pyr-
rhula cineracea, aepHOTONOBas TandKa Parus palustris. TeHIEHINSA K OTCYTCTBHIO U3-
MEHCHHUI B IUIOTHOCTH HACEJICHUSI OTMEYEHA y 3 BUJIOB: OOJIbIIAsi CHHHIA, OOJIBIION
necTpslit aren, myp Pinicola enucleator. Ob1iee KOINYECTBO 3UMYIOIIUX BH/IOB IITHI
Ha KJTI0YEBOM y4JacTKe MEHsII0Ch 0T 27 10 44 BumoB. 113 HUX HOBBIMHU I TEPPUTOPHH
SIBJISUTACH 12 BUJIOB.

B nerHuit nepuos 10 MHMKa MOTEIJICHUS. OCHOBY HAcCEJCHUs NTHUII, T. €. JOMH-
HAHTHBIC BUBI, COCTABISUIN MATHUCTBIN KOHEK Anthus hodgsony u 6yporomaosas ra-
nuka. [locie muKa MOTEIUIEHUST BUIOBOM COCTaB JOMHHAHTHBIX MTHI[ HECKOJBKO H3-
menmics. Ero cranmm ¢opmupoBaTh HSATHUCTBIM KOHEK, OyporosjoBas ramdka, Oernas
Tpsicoryska Motacilla alba u Gonbinas cuHUNA. B TO jke BpeMs CyIECTBEHHO MTOHU-
3UJIH IJIOTHOCTh HACENICHUS U TOJIOKCHUE B CTPYKType HaceleHUs NTHll 3 Bujaa: Oy-
porosoBas Tauuka, ONOJIOBHUK, pbIKas OBCSIHKA Emberiza rutila. B xoHue nepuona
HaOJoIeHnit OyporoJioBasi randka BBIIIIA M3 COCTaBa JIOMHHAHTHBIX BHJIOB U TIepe-
112 B rpyniy (pOHOBBIX NTHUIL. B 1iesom 3a ieTHui nepron u3 9 BUIOB, BXOSIIHNX B
COCTaB JOMHHAHTHBIX ¥ CyOJOMMHAHTHBIX NITHII XOTSI OBI OJIMH Pa3 3a MEepHOJ UCCie-
JIOBaHUH, TIOBBICHIIN TUNIOTHOCTh HACEJIEHHS 5 BUIOB: MSITHUCTHIM KOHEK, OOJIbIIAs CH-
HULA, 350K Fringilla coelebs, MOcKOBKa, OONBIION mecTpblil asaTen. TeHaeHIMs K
OTCYTCTBHIO U3MEHEHHH B TNIOTHOCTH HACENEHHsI OTMEYeHa TOJBbKO y Oemoil Tpsico-
ry3ku. Ob1iee KOIMIecTBO BUIOB ITHUI], 3apPETHCTPHUPOBAHHBIX HA KIIFOYEBOM YJIaCTKE,
MEHSUIOCH OT 55 110 78 BUI0B, U3 HUX HOBBIMH JIJIsl pETMOHA SIBIISUINCH 28 BUIIOB.

OOmeit TeHgeHIMel KaK Ul 3MMHET0, TaK 1 JISTHETO IIEPHO/IOB SIBJISLIACH OUCHB
HHU3Kas YHCICHHOCTH U MJIOTHOCTh HACCJICHHS HOBBIX JUIS PETHOHA BUJOB NTHUIL. B 00-
e CTPYKType HACENeHHsl OHU BXOJHIIM B COCTAB BTOPOCTEIICHHBIX M OYCHb PEIKO U
TOJIBKO B OT/ENIBHBIE Ce30HBI (POHOBBIX NTHII. VcKimoueHneM SABISUICS 3510/IMK, KOTO-
PpBIit B MOCTEHUN TO] HAOIIOACHHH BOIIE B COCTaB CyOOMUHAHTHON TPYTIIBI MTHII.
OOBIYHO OH BXOAWI B TPYIMY (POHOBBIX BHIOB, HO WHOT/IA €O OOMINE CHIKAIOCH
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(mepecTpoiika HaCelICHHs B TIEPEXOHBIN MIEPHOI OT OO0JIee BIIAXKHBIX K 3aCYILTHBBIM
rojiam) JI0 ypOBHsI BTOPOCTENEHHBIX BU/IOB. BBIsSBICHHBIC TEHICHIIMH B U3MEHEHUH
BHUJIOBOTO COCTABA U IIOTHOCTH HACEICHUSI IITUIL MOTYT OBITH 00YCIIOBJICHBI B CMEHOM
nepuoja HauboJiee BBIPAKCHHOTO MOTCIUICHHS KiMMara. PaHee OH MPHUXOIHICS Ha
NO3/IHE3MMHEe U paHHeBeceHHee Bpemsi (peBpasib-MapT), a ceiyac CMeIaeTcst Ha JieT-
HU neprox (Hroiab-aBrycr) [2].

Oo0cyxneHue

IIpoBeneHHble Mccaen0BaHUs OXBaThiBaIM nepuon 3asepiueHust 2000-neTHero
MHOTOBEKOBOTO IuKIIa kiumara (2010-2024 1T.), OKaHIMBAFOIIETOCS TEIUIO-CyXO0i (a-
301 MaKCUMaIbHOTO pa3BUTHsL. PabOThl HAYaThI B TIEPUOJ, KOTJIA YKE 3aKOHUMIICS PE3-
KU pocT TeMmneparypsl Bo3ayxa (mocie 2005 r.) 1,9 °C/100 net, HO oOmmii ypoBeHb
MIOTETIJICHUS eIl He JOCTHT CBOETO KA. MakcuManbHast CpeiHss TeMIIepaTypa IpH-
3eMHOT0 CJI0s Bo3ayxa Habmronanack B 2015 r. [4]. Ha ce30H ¢ MakcHMaIbHOW TeMIIie-
parypoii Bozayxa (2015 r.) 1 B cMEKHBIE TOJIbI IPUXOTUTCS PA3BUTHE CUITHHBIX MTOXKA-
poB Ha Tepputopun [Ipubaiikanbs.

B 3umHwMIT epuox 10 Hanboee BRICOKOro ypoBHs moteruieHust (2015 r.) 6ypo-
roJIoBasi Tauyka M OOBIKHOBEHHAs! Y€YeTKa, CMEHSs IPYyr Apyra B T'OJbl MacCOBBIX
HAJIETOB YEUETKH, JOMIUHUPOBAIIH 110 YUCICHHOCTH. 3aTeM OypOroJioBasi Tandka pe3Ko
CHM3MJIa OOMIIMEe ¥ Ha TIEPBOE MECTO YacTO CTala BBIXOANUTH OOJbIIAst CHHAIA, a TyX-
JISIK TTOCTETEHHO MEpeliei B rPYyMy CyOJIOMUHAHTHBIX BHIOB. OOBIKHOBEHHAs ue-
4YeTKa MPEKpaTHiIa MACCOBBIE HAJEThI U K KOHITY HaOIIOICHUH mepenuia B rpymiy ¢o-
HOBBIX BHJIOB IITHII.

B neTHUi epro CHIKEHHE TUIOTHOCTH HACEJICHS IITUI] HE UMEITO YeTKOH TeH-
JICHIIMH, XOTs CYIIEeCTBOBaa ciaadasi MOJIMHOMUAIbHAS CBSI3b U MHOYKECTBEHHBIN KO-
>()QUIUEHT IeTePMUHALIMU PETPECCUH IIECTO cTenenu cocTabnsin R?=0,29. IMocne
MUKa MI0THOCTH Hacenenus ntull B 2018 1. (334,1 oc. /kM2), nanpHelnne ee n3MeHe-
HUsI MOYKHO OBUIO OBI TOYHO OIUCATh JIMHEHHOM perpeccueii ¢ o0mel 4eTKO! TeH IeH-
el k ee cHmwxeHuto. /o 2015 r. B neTHHH nmepuoa COCTaB JOMHHAHTHOM T'PyTIIIBI
NTUI] POPMUPOBAIICS MACCOBBIMHU OCEIIIBIMU BHIAMH U MaCCOBBIMU MEPETICTHHIMH BH-
JAMH TITHI] C IEPEMCHHBIM JJOMHUHHAPOBAHUEM ISITHUCTOTO KOHBbKA M MyXJisika. Haun-
Has ¢ 2016 r. JOMUHUPOBaHME MSITHUCTOTO KOHBKA PE3KO YBEIUYHMIIOCH, @ MyXJISK Te-
peuien B rpymiy cyOJOMUHAHTHBIX, a 3aTeM ()OHOBBIX BUJIOB. bombIas cHHHIIA 9acTO
CTaja BXOJWUTH B COCTaB TOMUHAHTHOHN TPYMITEI ITHI] ¥ KPOME Hee B JAHHYIO TPYIITY
uHOra momajnanu Oemas Tpsicory3ka Motacilla alba m OGONBIION TECTPBIA IsTEN
Dendrocopos major. OCHOBHasI MepecTpoiika CTPYKTYpbI JIETHErO HACEIECHUs MTHUIL
JIECHBIX dKocucTeM HaOmromanack B 2018-2019 rr., mocie ce3oHa ¢ MaKCHMaJIbHOM
Temriepatypoii Bo3ayxa (2015 r.). B 310 Bpemst MHOYKECTBEHHBIH KO3 QHITECHT neTep-
MuHaIWH pe3ko causmics ¢ 0. 9998 no 0,53, a 3atem 0,45. Ctabunuzamust CTPyKTypBbI
nponsomnia B 2020-2021 rr., HO ko3 duimenT nerepMuHanuy ymMmeHsuics 1o 0,37—
0,32, 4T0, HECOMHEHHO, CBA3aHO C MPEIbLAYIICH MepecTPORKON IKOCUCTEM.

B memom Ha OCHOBE IOCTOSIHHBIX HAOJIOICHHN YCTAaHOBICHO, YTO Y OCEIJIBIX
NITHUIL JIECHBIX 9KOCUCTEM balikanbcKoro peruoHa B 3MMHUH MEPUO MO Mepe MOBBIIIe-
HUSl TEMIIepaTypbl MPU3EMHOTO CJIOsI BO3MyXa, a BIIOCIEACTBUU €r0 CTA0MIN3aIlnH,

46



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

HabroaeTcs odIIee yrpomeHne CTPYKTYpBI HaCeJICHUS C COKPAIICHHEM HX BHIOBOTO
cocTaBa U PEe3KUM JOMUHHPOBAHMEM OJHOIO-TpeX BHIOB. OCHOBHOM NpUYMHOMN
CMEHBI JIOMMHHUPOBAHUS SIBJISTIOCH CUJIBHOE CHMKEHHE MX 00Iel yucieHHoctd. On-
TUMYMBI HX apeasioB CABUHYIIVCH TAJIEKO K CEBEpY, M OHU HAYaJIN MTOKUIATh MPEKHUE
MecTa OOWTaHHMs, YXOIs NMEHHO Ha ceBep. JlaHHOe SBICHHE JETabHO IPOCIIEKEHO
HaMM Ha JIBYX MacCOBBIX BUJaX ITHILl — OMIOJIOBHUKE U MyXJISIKE.

ONONOBHUK B TOMBI, MPEMICCTBYIONIHE MAaKCUMAJIbHOMY MOTCIICHUIO KITH-
Mara, SIBJISUICS OJIHUM M3 Han0oJiee MacCOBBIX BUAOB MeCTHBIX rrtuil. B 2010-2014 rr.
B PaHHEOCCHHUI TIEPHO OH POPMUPOBAJ OTPOMHEIEC cTan. Ha BEICOKOBOJIBTHBIX ITPO-
cekax 1o guaun JIDII, rie mponyck NTULl IPaAKTHYECKU UCKITIOYEH, B 3TO BpeMsl BCTpe-
ganuch ctan oT 300-500 xo 1000 u 6onee ntun. OxHAKO B 3MMHEE BpeMs OHH OTCYT-
CTBOBAJIM, XOTSI OH OTHOCHTCS K OCEUTBIM BHIaM NTHIIL. [locie miKa MoTeTeHns 1aH-
HBIN BUJI CTaJI BCTPEYATHCS B OUEHb OIPAHUYEHHOM KOJIMUECTBE. B TO e BpeMst paHHeBe-
CeHHME HaOMIOAEHNS TTOKA3aId, YTO NTHUIIB! JAHHOTO BUJIa MOATETAIOT Ha MECTa THE3/0-
BaHUA C ceBepa. [IpmiieT uaeT peIXiIbIME, HO OOJBIINMHU CTassMH Ha MPOTSHKCHUH IBYX
HEJeTb W NTHIB Cpa3y 3aHUMArOT THE3/I0BBIE OMOTOMNBI. B 3UMHMIA epHO/ MIIOTHOCTH
HaCeJIeHUs1 ATOro BUa Obljla HU3KOHM, HO K Hayally FHE3/I0BaHUSI OH CTAHOBMJICS OObIU-
HBIM BUJIOM. Takas ’Ke CUTyalus XapakTepHa 1 JJIsl MyXJIsiKa, HO er0 OOMITHE B OCCHHUIT
TIepHO/T 3HAYNTETHHO HIDKE, 9eM y OTIOJIOBHHUKA. B TO ke BpeMs B THE3J0BOH MEPHOA
IUIOTHOCTb HACENIEHUS My XJIsIKa YBEJIMUUBAETCS U HE YCTYIIAET, a B Psilie CIIy4aeB BhIILE,
4yeM y onosoBHUKa. OTHAKO BIOCJIEACTBUY TaKHE HAJIEThl paHHEH BECHON y ATHX BUIOB
MPEKPATUINChH, YTO YKA3bIBAET HA OOIIMH CABUT UX apeasioB JAJIeKO Ha CeBep.

B nanHOM ciydae Ha/t0 BCIIOMHHUTD, YTO HA OCHOBE MPEABIIYIIIX UCCIEOBAHIH
KOCBEHHOE BIIMSHHE TEMIIEPaTyPHBIX YCJIOBUH MpPOSBISETCA Yepe3 pa3MHOXKEHHE U
TPaHMIBl APEaJoB ONPENENIAIOTCS YCIOBHAMHU, OOECICUMBAIOIUMU IPOXOXKICHUE
uKiIa pasMHokeHus [3]. Ha ocHOBe HammX MCCIIeIOBaHUH B MEPHUO/I MUKA TTOTETLIe-
HUS KJIMMaTa MOKHO CIIeJIaTh BBIBOJ, YTO TAKOM CIBUI apeasloB YKa3blBaeT U Ha Mpsi-
MOE BJIMSIHUC 3UMHEH TeMIIepaTypbl Ha (PU3HOJIOTHIO MITHIl U ONPEICIISICT BO3MOKHO-
CTH MX 3UMHETO BBDKMBAHHS B OMPEICICHHBIX yCIOBUsIX. JlaHHBIC BUABI CPOPMUPO-
BAJIMCh B OYCHB JKECTKHUX YCIOBHUSIX IUICHCTOIICHOBHIX IMOXOJOAAHUH, U UX (H3HOIIO-
THYECKHE TPOIECCHl B TAKHE MEPUOJBI JODKHBI OBUTH 00ECTIEYNTh UX BEDKUBAHHE, a
HE Pa3MHOKEHHUE, IJIs1 KOTOPOro OHU MOTJIM MepeMelaThes B 0oiee 10KHbIE YUaCTKH
apeayioB. O4eBHIHO, 3TH BUABI IMEIOT HOPMY PEAKIIH, KOTOpasi COOTBETCTBYeET Oojiee
JKECTKUM YCIIOBHSIM 00nTaHUS. IMEHHO 3THM M ONIpeAeIISIeTCS TIePEMEIIeHIE OCEITBIX
BUJIOB NTHII B 00Jice CEBEPHBIC MIUPOTHI MIPH MMOTCIUICHHN KiuMata. KpaitHuMm Beipa-
JKEHHEM TaKUX MPHUCIIOCOOTICHUH ABISAIOTCSA TKaHEBBIC aJalTallly, Hanboyee xapak-
TEpHBIE JUTsl aBTOXTOHHBIX BUIOB [12].

3akaoueHne

CoOpanHble MaTepHaabl YKa3plBalOT HA CYHIECTBEHHYIO MEPECTPONKY CTPYK-
TYpPbI HACEJIEHUS NITHUI] JIECHBIX 9KOCHCTEM baliKabCKOro pernoHa B pe3yibTaTe CUilb-
HOTO TIOTEIUICHUs KJIMMaTa. JTO MOATBEPKAACTCS Kak M3MEHEHUSIMH IUTOTHOCTH UX
HACEJICHUS U CMCHOW IIMKINYCCKUX M3MCHCHHI Ha JOCTATOYHO YSTKHUU OOIIUI TPEH T
K €€ CHMKCHHIO, TaK U I[I/IH&MPIKOI?I BUIO0BOTO COCTaBa I/ISy‘-IaeMI)IX IITUIL. OCHOBHaSI
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TIepecTpoifka BHIOBOH CTPYKTYPBI HACEIECHHS MITHIT JIECHBIX SKOCHCTEM HaOII01aIach
B 2018-2019 rr., ciycTs ABa roAa Nocjie Ce30Ha ¢ MaKCUMaJlbHOU TeMIepaTypoil npu-
3eMHOro cjos Bozayxa (2015 r.). BoccTaHoBieHrnE NPEXHUX LUKIUMYECKUX U3MEHE-
HUH TUIOTHOCTH HaceJeHus HaOmonanock yxe B 2020-2021 rr., HO oOmasi, XOTs 1
OYCHB C1adas TeHACHINS K COXPAHEHHUIO YCTaHOBUBIICHCS MTPU3EMHON TeMIepaTypsl
BO3/IyXa ONpeAeria pa3BUTHE O0IIEro TPEH A K YMEHBIICHUIO IUIOTHOCTH HACCIICHHS
nTuil. [Ipy 3ToM MHOKECTBEHHBIN KO3()(DUIIMEHT NeTePMHUHAIINN PE3KO CHU3UIICA, UTO,
HECOMHEHHO, OTPa)kaeT MPeIbIAyIINe NepeCTPOIKH 3KOCUCTEM H CBA3aHHBIX C HUMH
apaMeTpOB CTPYKTYPHI HACETICHHUS TITHII.

OOmiasi CTpyKTypa JIETHETO HACEIICHHs NTHI[ ONPEACIICTCS COOTHOIICHUEM
MECTHBIX OCEAJIBIX BHIOB U BHUJIOB, MOSBIAIONINXCS 37I6Ch TOJIBKO B JIETHHN MEPHOA
(TTepeneTHBIX BUIOB). MI3MEHEHNS B CTPYKType HACEICHHUS IITHII B 9TO BPEMsI B 3HAYH-
TEJIFHON CTEICHHU OIIPEIEIIAI0TCS CYIIeCTBCHHBIM COKpAIIEHHEM IUIOTHOCTH Hacelre-
HUSI Han0oJ1ee MaCCOBBIX U TUITUYHBIX BUJJOB OCEJJIBIX MITUII. DTO MPUBOAUT K PE3KOMY
JOMHHHPOBAHHIO OJJHOTO BHAA (MATHUCTOTO KOHBKA) M HECKONBKHUX BHIOB OCEIIBIX
ITHL, OOMIIHE KOTOPBIX CHIILHO CHIDKAeTCs. JJaHHBIH BRIBO ITOTHOCTHIO ITOATBEPIKIa-
€TCSI CWJIBHBIM CHIDKCHHEM IUIOTHOCTH HACEJICHHsI OCEIBIX MTHIl B 3UMHHI [IEPUO/L.
Cy1iecTBOBaHHE ONTUMYMOB apeasioB y OCEUIBIX BUIOB ITHUI], CIOCOOHBIX aKTUBHO
WCKaTh Hambosee OJIarompUATHBIC JJIS JKU3HH yCIIOBHS, YKa3bIBaeT Ha WX TIIyOOKHe
aJanTalul K OOUTAHUIO B YMEPEHHBIX MIMPOTAX, K HEYCTOHYMBBIM, YaCTO MCHSIO-
muMcsl, mapaMeTpaM okpyxaromiei cpeasl. Cyas mo BceMy, 3TH aJalTallid UMEIOT
TKaHEeBYIO TIPHPOIY U OTPAKAIOT YPOBEHb T€HETHUECKON aAn(depeHnnanuy pa3HbIX
BUIOB, OCBaNBAIOIINX TEPPUTOPHH C OUCHB CypOBEIMHU YCIOBHAMH OOUTAHNS.

B nienom muHaMuKa BUAOBOW CTPYKTYPBI U INIOTHOCTH HACEJICHUS MITHIL B IICPU-
OJIbl CUJIBHOM MEepecTPONKHU IKOCUCTEM, MOJHOCTBIO ONpEeNseTcsl MPoLeccaMy UM-
MUTPAIIH ¥ SMUTPALIH, KOTOPBIC HanOOJIee MOJTHO BEIPa)KEHBI B TIEPHO/T MHKA ITOTETI-
neHus kimmara. CaM mporecce BRICETICHUH OTpeeNiIeTCsT pacIIoIOKEHIEM Ooree FokK-
HBIX YYaCTKOB, OXBAYCHHBIX JKCCTOKHMH U MPOJOIDKHTEIEHBIMH 3aCyXaMHy, WU JJTH-
TEeJIbHBIMH MaJIOBOJHBIMHU MEPUOTAMU. DTO U OIPEIeNsIeT OCHOBHBIC HAIIPABICHUS BBI-
CEJICHHUS IITHII, KOTOPBIC MOTYT IOSBIIATHCA B HOBBIX palfOHAX C pa3HBIX HAIIPABICHHUH,
MOJB3YACHh yKE CYNIECTBYIOMIMME MPOJETHBIMHU MyTsMH. [lo Mepe oOrmiero moreruie-
HUsI KJIMMaTa HAOJIOAeTCsl TIOCTYIATeIbHOS M3MEHCHUE CEBEPHBIX I'PAHHMI] apeaioB
NTHI] ¥ Y€TKOE TIPO/IBIDKEHHE HX K CEBEpYy.
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Bcepoccutickuil Hayuno-uccie0o8amenscKuil UHCMUmym 2uopomMemeoponocuieckoll
Hnpopmayuu — Muposoii yenmp danmuix, 2. OOHUHCK

AnHoTanus. PaccMarpuBaroTcsi BOIIPOCH! Epexo/a OT CYIIECTBYIONIEH CHCTEMbI 00pabOTKU THI-
POJIOTHUYECKUX JTaHHBIX T10 PEeKaM M KaHalaM K COBPEMEHHOH OHJIAifH CHCTEME HOBOTO MOKOJICHHUSL.
ConepkaTcst KpaTKUE CBEACHHS O CHCTEME THIPOJIOTHYecKuX HabuoaeHuii B Pocruspomere. Onu-
CBHIBAIOTCSl TPEHMYINECTBA M HEJOCTATKH COBPEMEHHBIX aBTOMATH3MPOBAHHBIX IPOrPAMMHBIX
CPE/ICTB IPUMEHIEMBIX JUI 00pabOTKH THAPOJIOTMYECKUX JaHHBIX. ONHCBIBAIOTCS 33a]a4H, KOTOPbIC
HEO00XO/IMMO PEIIUTh, YTOOBI 00ECHIEUNTD PErysipHOe TonoIHeHue ['ochonma pesKuMHOM THAPOIIO-
ruyeckoi nHpopmanmeit Xopouero KauecTna, nojyuyeHue Marepuanos BoxHoro kagacrpa, obciy-
JKUBaHHE noTpeduTeneil. OTAeNbHO yIETICHO BHUIMAaHHUE NEPCIICKTHBAM Pa3BUTHS METOJ0B aBTOMa-
TU3UPOBAHHOTO pacueTa pacxo0B BOJIbI C IPUMEHEHHEM MAIIMHHOTO 00yueHus. [ 1aBHast nelnb pa-
00T, ONMMCAHHBIX B CTAThE, 3aKIJIFOYACTCS B PA3BUTUH CUCTEM cOOpa M 00pabOTKH THIPOIOTHIECKUX
JIAHHBIX CHUCTEMbI F'OCY/JAPCTBEHHOTO MOHUTOPHHTA TOBEPXHOCTHBIX BOAHBIX OOBEKTOB € IIPUMEHE-
HUEM COBPEMEHHBIX HH(OPMAIMOHHBIX TEXHOIOTHH.

KatoueBble ciioBa: ruposorus cymm, oopaboTka THAPOIOTHUECKUX HAOIIOICHNH, THIPOJIOTHYe-
CcKast HaOJII0/IaTeNIbHASI CeTh, PEKU U KaHAJIbl, MAIIMHHOE 00Y4eHHEe, pacueT pacxo/a BOJIbI.
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BBenenne

Peunas rugposnoruueckas HaOIOAATENbHASL CETh BXOAUT B COCTAB HA3eMHOM
HaOmoatensHoit cetn Pocrunpomera.

ObmierocygapcTBeHHas THAPOJIOTUYEcKasi CeTh SBISIETCS OCHOBOH CHCTEMBI
TOCYJapCTBEHHOTO MOHHUTOPHHTA ITOBEPXHOCTHBIX BOAHBIX 00BEKTOB. s e€ pyHK-
IMOHMPOBaHMs B Pocruapomere cymecTByeT oOIIerocy1apcTBEHHBIN TEXHOIOTHYe-
CKHMX KOMIUIEKC T0/1 00mmM Ha3BaHHeM «CHcTeMa THJIPOJIOTHYECKUX HAOIIOICHUI
[1]. HeoThemmemMo#i 9acThIO0 CHCTEMBI THIPOJIOTUYECKUX HAOTIOACHUH SIBISIOTCS TEX-
HOJIOTWH aBTOMAaTH3MPOBAHHOI 00pabOTKM THAPOIOTHYECKNX TaHHBIX HAOIIOICHUH
JUISL HOATOTOBKHM MaTEepHAJIOB BOAHOTo Kajxactpa Poccuiickoit denepaunu u obecre-
YeHHs1 TOTpeduTeNeH ClipaBOYHO-NHPOPMALIMOHHOM ITPpoyKIHeit [2].

ITorpeburensamu rupponornaeckoil HHGOPMANH SBISIOTCS B OCHOBHOM IIPO-
eKTHBIC OpTaHU3aINH, 3aHUMAIOIIHECs] THAPOMETEOPOIOTHIECKUMH N3BICKaHUSIMA B
00JIaCTH CTPOUTENBCTBA THAPOTEXHUYECKUX COOPYXKEHHUH, He()Te— U ra30npOBOJIOB,
JIOpOT | T. II., @ TaKXKe CIEIMATUCThI, 3aHUMAIOIUecs KINMAaTHIeCKUMH HCCIe0Ba-
HUSIMA. Y 3THX NoTpeduTeneil BocTpeOoBaHbl HE JaHHBIC H3MEPEHUH 1 HAOIIOICHHU,
a pe3yJIbTaThl MECSYHBIX U T'OJIOBBIX 000OIIEHUH ITHX JAHHBIX 32 BECh MIEPHOJL PAOOTHI
THJPOJIOTHYecKOro nocta. MiMeHHO Ta MH(OpMAIMs MOMELIACTCsl B €KErOHbIE U
MHOT'OJIETHHE CIIPaBOYHHUKH BOTHOTO KagacTpa U CIIy>KUT OCHOBOH ISt pacueToB MpH
00CITy>KMBaHUHU TIOTPEOUTETICH.

O0padoTKka pe:KMMHOM T'HAPOJIOrHYecKoi MH(pOPMALMH N0 paKam
u kanajaam cucremoii PEKU-PEXKUM)»»

C 2010 r. mo Hacrosimiee Bpems B Poccuiickoit deneparmm u benopyccnu coop,
peKUMHAsT 00pabOTKa M HAKOIUICHUE THPOJIOTHYCCKON HH(POPMAIHHK TI0 peKaM U Ka-
HanaMm ocymiectBisieTcs cuctemoit PEKU-PEXXHM [3]. Cuctema oka3zanack nocra-
TOYHO YCIIENTHOM, ¥ B TIOCIEIYOIIMe o6l Obl1a BHeApeHa B psine crpan CHI u MoH-
TOJIUH.

3a nepuoj sxcmnyaranuu cucrema PEKU-PEXIVIM coBepiieHCTBOBanach, Mo-
JICpHU3UPOBANACh B COOTBETCTBUU C HOBBIMH METOAMYECKUMH TPEOOBAaHUAMHU U HO-
BBIMH Cpe/icTBamMu u3Mepenui [4]. Cuctema oOecrieunBaeT BCe 3Tarbl aBTOMATH3UPO-
BaHHOI 00pabOTKH JaHHBIX THAPOIOTHYCCKUX ITOCTOB MO peKaM M KaHallaM OT TIep-
BUYHBIX JJAHHBIX HAOIOCHUI 10 GopMHUpOBaHUs ClipaBOYHUKOB BomHoro kamacrpa,
ruaponormdeckux exerogHnkoB (EJIC) m muorometanx manubix (MZC) Brmrouas
3Tal aBTOMaTU3UPOBAHHOI'O PACUETa €KEAHEBHBIX PACXOJ0B BOJBI 110 PE3yibTaTaM
M3MEPEHHBIX PacXo/0B, ITOT dTal Hauboyiee TPYJOEMKHH B MPOLECCe MOATOTOBKH
Tabmmi exerogauka [5]. Tak ’e IMEI0TcsS Bce He0OOXO0IMMBIE CPEICTBA TPadUIeCcKOTo
TpeICTaBICHUS TaHHBIX [T ee aHanm3a. O0ecreunBaeT GopMupoBaHue (HaiioB 10J1-
TOBPEMEHHOT0 XpaHeHus Jis ['ocoHma B oTpacieBoM CTaHAApPTE XPaHCHUS THAPO-
MeTeoposiornyeckux AanHbix SIO/] (S3bIK OnMUcaHUs THIPOMETEOPOJIOTUUECKUX JIaH-
HBIX) [6].

Cucrema PEKI-PEXXHWM peanuzoBaHa kak aBTOHOMHOE JIECKTOITHOE TPUIIOKE-
HHE, nMeeT (aiIoOBYI0 CHCTEMY XpaHEHHs JaHHBIX Ha 0a3e OTpacieBOTO CTaHIapTa
XpaHeHus ruapomereoposiornueckux MaHHBIX SIOJl. CTpykTypa XpaHEHHUS JaHHBIX
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HMeeT JKeCTKH (opMmar, 4To He MO3BOJsUIA PACIIUPSTH MePeYeHb BHOB THIPOJIOTH-
4YecKoil mH(popManuy, a TaKke MaJBIMU TPyZ03aTpaTaMH alalTHPOBATh ACHCTBYIO-
HIMe TIPOrpaMMBbl Jijisi 00pabOTKU JaHHBIX Y4YallCHHBIX HaOmroneHuil. ['paduueckuii
UHTepQEC 1 YacTh PaCUETHBIX MOYJICH pean30BaHbl C HCIOIB30BaHUEM CPE/IbI Pa3-
pabotku Delphi. Moaynu MecsiaHOM, TOT0BOM 00paOOTKH, M 9acTh CEPBUCHBIX IMPO-
rpamm pazpaboransl Ha si36ike Visual Fortran. s popMupoBaHus THIPOIOTHYCCKOM
MPOIYKINHU B TAOIMYHOM BUIE MpuMeHseTca bubnuorexa Microsoft Excel. Texnomno-
rust QYHKIMOHUPYET TOJIBKO MO OTIeparioHHo cuctemoit Windows, 4to aenaeT He-
BO3MOXHBIM TIEPEX0]T Ha POCCHICKHE ONIEPAIINOHHBIC CHCTEMBI M O(HCHBIE TTAaKETHI.

B teppuropuanbHbIX yrpaBieHUsX Pocruapomera, BKITIOYas BCE CTPYKTYPHBIC
HO/pa3IeIeHus], T1€ IPOU3BOAAT 00pabOTKY I'MAPOIOTHYECKUX JIAHHBIX, Ha KOMITbIO-
Tepax IoJIb30BaTeNIel YCTAHOBIEHO OKOJI0 350 3K3eMIUISIPOB CHCTEMBI.

Tabnuus: Tnpponornyeckoro exerogunka EJIC
Kemxxu (Pexwu n kanans) (Excel)
HabmoIeHni,
Kr—l,KF—3, ... | Pymoitsson] PEKW-PEXVM - TabUIEl MHOTOTETHUX JAHHEIX TOBEPXHOCTHEIX
* 06paboTka AaHHbIX B COOTBETCTBUM Bog cymn MJIC (Pexe n xanass) (Excel)
HﬂCHOpTHBIE :> C ,D,E;ICTBVPOLIJ,MMM HacTaBneHnamm
CBeleHUusA W meToanKamm | QaiiyIBl J0NTOBpeMeHHOTo XpaHeH s juist [ochorna
* CpeacTBa pacyeTa
Al P E | Tpadurieckue MaTepHast |
(Temmeparypa BozipI, :> TM4POMETPUYECKOro CTOKa P B
OCAJIKIL, YPOBEHB
BOJEL)
Ascii daitmst dopapyessie LICTHann 1

«PeqHoit cTOK» - IporpaMma ruIpOMETPHIECKOIO y4I€Ta CToKa.
SIBnseTcs amkTepHATHRHBIM CPENCTBOM pacdeTa CTOKa, TeM uTo BKTodeHsl B PEKIT-PEJKIIM, nMeeT METOIE! pacdeTa, He BXoAsme B cucTemy PEKII-
PEXIIM

Puc. 1. Cxema 00pabOTKH I'HAPOJIOTHUECKUX JAHHBIX M ()OPMUPOBAHUE TPOLYKIIMU CHCTEMOM
PEKU-PEXUM

IIporpaMMHBIii KOMILTIeKe cHopa 1 00pPadOTKH IHIPOJIOTHYECKOM
HH(pOPMALUU HOBOTO MOKOJIEHHS

B Hacrosiiee BpeMs 3aBeplleHa pa3paboTka MepBOH BEpCHHU MPOTPAaMMHOTO
KOMITJIEKCa HOBOTO ToKosieHus «/Boiray, mpeaHasHaueHHOTO A cOopa, aHann3a u
00pabOTKM IMIPOJIOTHYECKUX JaHHBIX [7; 8].

HoBblil mporpaMMHBI KOMIUIEKC COOTBETCTBYET COBPEMCHHOMY YPOBHIO pas-
BUTHS KOMITBIOTEPHBIX TEXHOJIOTHH, IMEET KINEHT-CEPBEPHYIO apXUTEKTYPY, pPeali-
30BaH 10 TEXHOJOTUH «TOHKOTO» KIMECHTA, MMEET IIEHTPAITN30BaHHOE XPaHEHHE JTaH-
HBIX, B3aUMOJICHCTBHE C IIOJB30BATEIIEM OCYIICCTBISICTCS HMCKIIOYUTEIBHO depes
Opay3sep, coxpansis npeeMcTBeHHOCTh ¢ cuctemoii PEKU-PEXXWM B yactu anropur-
MOB 00pabOTKH, IEHCTBYIONINX METOAWYCCKUX TPEOOBAHMI K aBTOMAaTH3NPOBAHHOM
00paboTke ruaposornueckoi nHGpopmanuu [9]. OCHOBHAS YaCTh CUCTEMBI pealln30-
BaHa Ha s3bIKe Java, HO 4acTh pacueTHBIX MOJyJIeH pa3paboTaHa Ha si3bike Python.
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VIBP?KGI'A Nacnoprieie aanwbie  Aannble nabnionenuii  [pagukn  EXxeaweswue pacxonsi  [oaosan o6paGorka  Kapra  Qopumposane oTueros ashevchenko [ Bewxon
19050 - pYpan - cBepesonka Ociomwe  Nenoswe  Mymocrs  Pacon  Mpogomwiyion  Tpamynowerpnn
®Bce ganime 00800 O0800M2000 2020 Aaryer aol@

KCBO (Koa cocrommnn

KCBO (Ko cocromnn KEB (Ko cocrommmn

A Bpows  HOpovews  KCBO (Koa coctommmn KCBO (Ko cocrommnn Tooas ' Teem.C  Ocwer
BoanaA0  soawero o6merra) soaworo oBexta)
nocra),
o 000 173 623 Pacrim v v e 2 / v
3 ozo0 167 623 Pacran v v v e 186 / v
08 2000 167 623 Pacrim~ v v v 274 25 31 1- X v
- - 563 - flenocras renonroin
3 o800 165 5 1-Kuawne v
564 - fleaHOR MOKPOS € NORHEANM (TPOMOHHaMH, NPONapHHaMK)
- — 565 - N1eA0CTas, POUMAA ACARHON NOKPOB <
20CTas, AEAAHOR MOKPOB € TOPOCaMM
10 ozo0 162 lyrosas aopoxxa -
569 - M2 nsgow wyra
0. 2000 163 570 - Tpewwsl & nesHow nokpose. 1- X
N ) 571 - Haneas
» s | 166 572 - Nea wazwcwit (1eaawolt nocr) =
) 573 - Nlea spycrsin -
! 2000 | 168 574 - flen na e
- P 575 - Pexa ripowepna »
S76 - lep WCKYCCTBRHHO Pa3PYLLIEH (1SAOKOAON, B3PHIBAHMEN W AD TEXHAUECKAIH CPRACTBAMA)
2 2000 169 ST7 - Haneawas soga M
1 oso0 168
B w000 17
" og00 174
" 000 175

BHeuHue notpeburenu

NOCTaBLMKN AaHHbIX

MAArnAMALILIh UARMPANALA MA LIAUARNALIAA 14 ~AARRARATIIL FlannANAT
MporpamMmHbilh KOMMAGKT NO HaKOMACGHWIO 1 06pabOTKM TMAPOAOT

AaHHbIX «BoAra»
rC/YTMC/UrMCc/HNYy MecTo ycraHosku CNO BHUUTMU-MLA
ABTOMATU3NPOBaAHHOE
pabouee mecto (APM)

ba3a peXXMmHbIx

nosnb3oBaTtens

| com— - |
7N\
W

rMAaposIorMyecknx aHHbIX

MoTpebuTtenu (4]

BHUUTMU-MUA

WEB-npunoxeHue

- BBOJ], KOPPEKTUPOBKA AaHHbIX;
- 06paboTka, 0606LEHNI U BbINONHEHUA
pacueTos;

- pacyeT eXXeAHeBHbIX PAaCcX0A0B BO/bI;

- dopmuposaHue otyeTos (Tabamupl EAC,
MZAC, EMAC v ap.);

- rpaduyeckoe npeacTaBAeHNA AaHHbIX;
- KapTorpaduyeckoe npeacTaBaeHUA
AaHHbIX;

- ynpas/ieH1e MeTaZlaHHbIMM.

- moayns dopmunosaHus haiinos
0/ITOBPEMEHHOTO XPaHeHWA ANA
nononHexua FocpoHaa

TexHonorna
rmapOAOrM4eCcKoro

NPOrHo3npoBaHnA

MocTaBwykm

CepBMCbl A0CTYNa K AaHHbIM

Puc. 3. ApXUTEKTypa 1 KOMIIOHEHTBI HOBOW CHCTEMBbI 00pabOTKH THIAPOIIOTHYSCKUX JTAHHBIX:

[ — IleHTpaIbHOE XPAaHWIMIIE THIPOJOTHYECKUX JAHHBIX U MIPOYKLUH; 2 — CEpBEp MPUIIOKCHHIH,
COZICPKUT BECh HEOOXOJUMBII (DYHKIIMOHAN 1151 paOOThI C THAPOIOTHYSCKIMH JAHHBIMU
CpeJICTBA OArOTOBKH IPOAYKIMHU; 3 — CUCTEMBI cOOpa IaHHBIX, KOTOPBIE SBISIOTCS
MOCTaBLIMKAMH JaHHBIX, HOCTYNAIOIIUX [0 aBTOMaTU3HPOBAHHBIM KaHAlIaM CBSI3H; 4 — BHEIIHHUE
CHCTEMBI, KOTOPbIE SIBJISIOTCS MOTPEOUTENSIMU THAPOJIIOTHYECKUX JTAHHBIX, IOCTYII K EHTPAILHON

b OCYILIECTBIISICTCA IOCPEACTBOM Web-CCpBI/ICOB
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IIporpaMMHBIiT KOMIIIEKC MOKET (DYHKIIMOHUPOBATH Ha JTIO00H OTepariMOHHON
cucteMbl cemerictBa Windows wiu Linux, kotopas nojiepkuBaet OpenJava 1.8, B
ToM umciie Ha otedectBeHHOM OC Astra Linux. B HacTosiIee BpeMst OHa yCTaHOBJICHA
Ha omepanmoHHoi cucteme Linux CentOS 8. B kadectBe BeO-cepBepa HCIOIB3YETCS
Tomcat 9 B unTerpamnuu ¢ Bed-cepepom Nginx 1 uWSGI st paboTsl MoyIIeH, pas-
paboTtaHHBIX Ha s3bike Python. B kadecTBe crcTembl yrpaBieHUs 0a30il JaHHBIX HC-
nons3yeTrca PostgreeSQL. [J{ng ynpaBneHus uAeHTH(HKALMCH MOJIb30BaTeNeill uc-
MOJB3YeTCs IPOTPAMMHBINA TPOIYKT C OTKPBITHIM HCXOTHBIM KogoM Keycloak.

Kirouessie nmpenmymiectsa [1K «Bosray 1o oTHOMIEHHUIO K IEHCTBYIOIIEH CH-
creme PEKU-PEXXHNM:

— OTCYTCTBHE HEOOXOIUMOCTH YCTAaHOBKH U CONpoBOXkaeHNA B Y MC nokains-
Horo I10.

— CYIICCTBCHHO IepepadoTaHbl (opMBl BBOJA JAaHHBIX HaONIONCHUH, B TOM
YKCIIe MUHUMHU3HPOBAHO KOJIMYECTBO 3aKOANPOBAHHOW HH(OpMALny;

— BO3MOXHOCTh Pa3BUBATh CUCTEMY, TaK KaK HCIIOJIb30BaH COBPEMEHHBIN ap-
XHUTEKTYPHBIH TOAXO 1 S3BIKM IPOTPaMMUPOBAHNS;

— eAMHAas [CHTPATH30BaHHAS 0a3bl JAaHHBIX PEKUMHBIX THAPOJIOTHICCKUX TaH-
HBIM;

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

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

— IIpU MOATOTOBKE PSXKUMHBIX JaHHBIX IMEETCSI BO3MOXKHOCTH B OOJIBINICH Mepe
WCTIONIF30BATH JaHHBIX HAOIOCHNH, TOCTYAIOIINX IO aBTOMaTH3HPOBAHHBIM KaHa-
JIaM CBSI3H, B TOM uHcie 1 nanueie AI'K;

— peaaM30BaHa CHCTEMa YIPaBICHUS JOCTYIOM MOJIb30BaTeNei.

— KOHTPOJb PEKUMHOHN THIPOIOTHUECKON HH(POPMAIIUH B PEXKUME OHJIANH;

— QopmupoBanne apxuBHbIX (aiinos B AO/I-popmare, coBmectumbim ¢ PEKH-
PEXHM;

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

HoBprif mporpaMMHBI KOMITIIEKca cOopa, 0OpaOOTKH M HaKOIUICHUS JTaHHBIX
THIIPOJIOTHYESCKIX HAOIOACHHUI M0 PeKaM M KaHaJlaM IS PeXKUMHBIX Ielieil, obecrie-
YUT CKBO3HYIO aBTOMAaTH3HUPOBAHHYIO TEXHOJIOTHIO TI0 BBITYCKY €KETOJHBIX 1 MHOTO-
JIETHUX CTIPAaBOYHUKOB BOHOTO KajacTpa, OT MOJTyueHHs TaHHBIX C aBTOMAaTHYECKUX
THIIPOJIOTHYECKIX KOMITICKCOB IO BBITYCKa TaOJNHWI] THAPOJIOTHYECKUX CIIPABOYHU-
KOB, BKJIFOUas Bce (pa3bl KOHTPOJIS, aHAJIH3a, PACUCTOB, BEIOOPOK.

B HOBOI cucteme coxpaHsAeTcsi BO3MOKHOCTh (JOPMUPOBATH MACCUBBI PEXKUM-
HBIX JTaHHBIX JUIS TTOTTOJTHEHHUS TOC(OH/a TPAAUIIHOHHEIM CIIOCOOOM, T. €. COXPAHATH
Ha KOMITBIOTEPE MOJIb30BaTENs apXuBHBIC (aitel B popmare SO/I. [Tpu aToM co Bpe-
MEHEM, KOrjJa cucreMa OyAeT IMOIHOILCHHO AKCIUTyaTHPOBAThCS Ha CETH, HEOOXOIH-
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MOCTh B TI€peJaud JaHHBIX B (OHJ TPAIUITMOHHBIM CITOCOOOM MOXKET OBITh MCKITIO-
YeHa, a HaJI0 Oy/IeT TOJBKO MPHCIIATh YBEJOMIICHHE, YTO JaHHBIC B CHCTEME TOTOBEI
JUTSL BKJTFOUCHUS B TOC(OHI.

OJHUM 1 TOCTABIIMKOB JaHHBIX JUIs CHCTEMBI VIBOJTa JOKHO CTATh CTICIHATIb-
Hoe nporpammuoe obecrieuerrne CITO [[CO/I, koTopoe akKyMyJIUPYeT ONepaTUBHYIO
UH(OPMAIIHIO C TUAPOIOTUICCKUX TOCTOB BKIrouas nanueie AI'K. Apxutekrypa mpo-
TPaMMHBIX KOMITJIEKCOB MTPElyCMaTpPUBAET MEKMAIIMHHBINA 00OMEH.

B Ugonre 3anoxxens! ¢yHknnu OecrmoBHOi mHTerpanmu ¢ CIIO LICO/, a
MMEHHO peayin30BaHbl HHCTPYMEHTHI uMriopta nanubeix u3 CI1IO CLO/ mis ux nanb-
Helmeld 00pabOTKU U BKITFOYEHHS B THIPOJIOTHYCCKHUE €KETOIHUKU U JUIS TTOTIOJTHE-
Hust ET'®/] (eqnHOTO rocyapcTBeHHBIN (DOHIT TaHHBIX).

Hecwmotps Ha TO, uTOo MIBONTAa MOXKET (DYHKIIMOHMPOBATH KaK CAMOCTOSTENbHAS
cuctema, 6e3 mmropra JgaHHbix u3 ¢ CI1IO IICO/] Bo3moxxHOcTH VBOJITM OyAeT uc-
M0JIb30BaHbI HE B MOJIHOM Mepe. Tak Kak IMEHHO TaKHM 00pa30M MpeyCMaTpUBacTCs
ABTOMATH3HUPOBAHHOE TIONOTHEHHE JaHHBIMH HAOMIOICHNH, TOCTYMAIONINX C aBTOMa-
THU3UPOBAHHBIX THAposiorndeckux komiuiekcoB (AT'K). Kpome TOro, BO3MOXXHOCTH
UMIIOpTA ONCPATUBHBIX JaHHBIX HaOmroneHni nocrynarommx B CI10 LHCO/] mo Tpa-
JULNMOHHON cucTeMe CBsI3H B Buae Tenerpamm KH-15, Tak ske yacTH4HO aBTOMATH3U-
pyeT 3amaudy cOopa JaHHBIX IS cUCTeMBI MBosra.

Buenpenune nporpaMmmHoro kommiekca «Boira» B TeppUTOpUAIbHBIX YIIPaB-
nenusix Pocruapomera mnanupyercs B 2025 r.

K nacrosmemy Bpemenu:

— CO3J]aH KaTaJIoT BCEX JEHCTBYIONMX THAPOIOTHIECKUX MOCTOB MO peKaM U
KaHajaM;

— 3arpy’eHbl PeKUMHBIE THIPOJIOTHYECKUE AaHHBIE MO peKaM W KaHajlam 3a
2019-2022 rr.;

— CO3J1aHbl YYETHBIE 3alUCU M0JIb30BATEIEH.

Jns yenemHoro BHeapeHus: cuctembl «MBoira» HEOOX0IUMO PelIMTh psif 3a-
nad [10]. OnTuManbHBIM peleHHeM Ha dTarne BHEAPEHHs SBISIETCS COXPAaHEHUE BO3-
MoxkHocTH wucnosb3oBanusi «PEKU-PEXXMM» kak pesepBHOH. HeoOXoaumocTh B
9TOM MOXKET BO3HUKHYTb, MPEXKJE BCEro MO MPUYUHE, YTO APXUTEKTypa CHUCTEMBbI
«HMBonray Tpedyer HaNu4Ks CTAOUIBHOIO HHTEPHET-COCTUHEHHS KIIMEHTCKUX MAIH
TIOJTE30BATENICH C CEPBEPOM, UTO ABIACTCS €€ Y3KIM MECTOM, TOCKOJIBKY JOCTYII K MH-
TEPHET-CETU B HEKOTOPBIX opraHuzanusax Pocruapomera He Bcerzna A0CTaTOYEH NS
oOecrieyeHNsI YCTOMYUBON CBSI3M, TAKXKE HE HCKIIOYCH M COOIl CaMoOi CHUCTEMBI
«Bousray.

ABTOMATH3UPOBAHHBII pacyeT pacxola BOAbl H ONIEPATHBHBIN yUeT CTOKA
OpHa 13 BaXKHBIX 3a/1a4 110 aBTOMATU3alul 00paO0TKH JaHHBIX SIBIISCTCS pacyeT
eXeIHEeBHBIX pacxonoB Boasl (EPB) mo pesympTatam ruipoMeTpUIecKUX U3MEpeHHH
1 HAaOITIOZICHUI: TUCKPETHBIX N3MEPEHHBIX PacX0JI0B BOJIBI, HETIPEPHIBHBIX HAOIIO/e-
HHUH 32 YpOBHEM BOJbI, HAOMIOAEHUAMH 32 (h)aKTOPAMH BIMSIOIINX HA MPOIYCKHYIO
CIIOCOOHOCTB pycia (JIEIOBBIC SIBJICHUS, 3apacTaHle pyciia, IIEPEMEHHbIH MMOJIop OT
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BITQIAFOIINX HIDKE TIPUTOKOB WJIM PAa3MEIICHHBIX B PYCIle 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 THAPOMETPUIECCKOTO yUeTa M yBSI3KH CTOKA.

Oram pacdera eXeJHEBHBIX PacX00B BOABI HanboJee TPYI0EMKHI1 B TIpo1iecce
00pabOTKH TUAPOIOTUYCCKUX JAHHBIX. [IpH BBIYHCICHUU CPOYHBIX M €KEITHCBHBIX
pacxoJ0B BOJBI B KaueCTBE MEPBOTO MPUONIDKEHHS NMPH (PUKCHPOBAHHOM ypPOBHE
BOJIBI TPHHUMACTCS 3HAYCHNE PACX0/1a BOJBI, OIyYEHHOE TT0 KPUBOH PacXo0B WM
YpaBHEHHUIO CBSI3M pacxomoB M ypoBHei Boasl Q(H), koTopoe MOXKHO CyIIECTBEHHO
YTOYHMTD, €CIM YUYECTh U3MEHEHHs! MPOIYCKHON CIIOCOOHOCTH pyciia, HapylLlarolue
onHo3HauHOCTh cBsizu Q(H) [12]

MucTpymMeHTsl, KOTOpBIE MO3BOJISIOT aBTOMAaTU3UpoBaTh pacuer EPB Bxonsr B
nporpammubiil komiieke «PEKU-PEXIM», pa3padorannsiii B BHUNT MU-MII u
«PEYHOM CTOK», pa3paboTannsiii B ['0Cy1apcTBEHHOM THAPOIOTHYECKOM MHCTH-
TyTe. Cucrema «lBonra» Tak ke COICPKUT MHCTPYMEHTHI O3BOJIAIOMINE aBTOMATH-
3UpOBATh BBIYUCIIEHUE PACX0a BOABI 10 allIIPOKCUMUPYIOIIUM KPUBBIM 3aBUCUMOCTH
Q(H) u npyrumMu MeToaMH, B TOM YHCJIE U UHTEPIOSILIMOHHBIMHU.

MBIO’"A Macnoptbie aannbie  [lanwbie wabmoneruii  [pagumkn  Exeaveshble pacxoai  fonosan obpaborka  Kapra  ®Gopmuposanite orveros  aiinbi ashevchenko [ Bonon
percn

# Mopayn pacuera exeAHeBHbIX PackoA0B BOAbI

Kpusas  PacuerEPB  Xpowonorudeckwe gawnbie  EPB  Cpounbie packoasi soast
Tlocr 71186 - pBapayra - cBapayra, 2023r. 023, 2021, 2020) & i g L

71186_2022_Glush_01

Monpagkn Crayra B Jlerenaa O [larei waveperui B Vavepentiie pacxons O KoopavHare! kpusoii

Q=itH) ¢ a
== awA@rEMm o w o sx
e P o205 10 28 7028
e 101201300 % 143 536 7058
T * 201201400 * 137 504 6638
v . 3001201400 ¥ 130 428 662
= 0602201450 ¥ 125 M3 722
) B I
_— 140220 1340 126 31 733
—ps 2102201300 % 18 344 785
e
02201420 % 13 368 8201
0703201330 138 374 8600
nes013s0  * 1w
20201430 * w49
203201515 % w5 404
0 2 w0 550 0 w0 0 s F F o 50 .
- 06,0420 1450 s 368
Pacsos so
_ ca 1204201130 * 42 34,
X
&'s - 504201700 ¥ s E
{: P s T —— ° 150420 1720 s 3 1034
£ = T 2404200040 148 385 -9892
I 2 s 4 s 6 s 1 " 2

Puc. 4. Monynb pacueTa exXeJHEBHBIX PacX0/10B BOAbI B cucteMe «VBoiray.
ABTromaruueckuii moa60p kpuBoit 3asucumoctu Q(H)

OHCpaTHBHLIﬁ BApHUAHT y4Y€Ta pCYHOT'0 CTOKA MOAPA3yMEBACT BHIYMCIICHUC 3HA-
YCHUN Ppacxoa0B BOABI MPAKTUYECCKU B PEIKNME pCAaJIbHOI'O BpEMEHU JJIA obecreucHUs
3aa4 MPOTHO3UPOBAHUA U NPEAYNPEKIACHUA OMACHBIX THAPOJIOTHYCCKUX ﬂBHCHI/Iﬁ,
CIKCTHCBHOI'O KOHTPOJIAA BOAHOCTHU PCK U I/IH(I)OpMaL[I/IOHHOFO obecreyeHust Cl)yHKI.[I/IOHI/I-
poBaHus 00BEKTOB BOIHOI'O XO3SIHCTBA B PEUYHBIX OacceitHax. 3&,[[3‘1& OIEPATUBHOI'O y1UCTa
CTOKa 3aKJIF0YacTCA B IMOJIYYCHUN CPOYHBIX U €KETHCBHBIX 3HAYCHUIN pacxoaoB BOAbI 110
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JTAHHBIM aKTyaJIbHBIX HAOIOCHMI 32 YpOBHEM BOJBI I COBOKYITHOCTH H3MEPEHHBIX pac-
XOJI0B, BBIMOJIHEHHBIX B IIEPHOJ, IPEAILIECTBYIOLMII MOMEHTY pacueTa [13]. B Hacto-
sl1ee BpeMsl akTyasbHa 3a/laua aBTOMaTH3alluH OIIEPaTUBHOTO yueTa CTOKA.

Jlnis mosy4yeHns OmepaTUBHBIX TAaHHBIX O CTOKE MPUXOIUTCS OMAPATHCS Ha TaH-
HbIE TIPOLLIBIX JIET, IOATOMY 33 OCHOBY OIIEPATUBHOIO y4eTa CTOKa IIPMHUMAETCS] MHO-
rosieTHsis 3aBucuMocTh Q(H) B cirywasix, Korza B Te4eHHE MOCIEIHHX JIET HE IPOHC-
XOJIUJIO CYIIECTBEHHBIX M3MEHEHUH MPOITyCKHOW CIOCOOHOCTHU pyciia M PeKUMa PeK.
B cucreme MBonra peanm3oBaHa IepBas BEPCHs CepBHCa MEKMAIIMHHOTO OOMEHa
“discharge-real-time”, KOTOPBIN TS 3aIaHHOTO JTHS PACCUUTHIBACT PACXO BOJBI JIJISI
KOHKPETHOT'O I'MJPOJIOTHYECKOro 1MocTa Ha ocHoBe 3aBucuMoctr Q(H) 1 xoadpdunn-
eHTOB cTecHeHus pycna. Cepsuc peanmsoBaH B Buae API (Application Programming
Interface), OCHOBHBIM MOJB30BATENIEM CEPBHCA JOIDKHO CTAaTh MPOTpaMMHOE obecre-
gernne CIIO LICO/.

Pacuet pacxomoB BOABI 0 OJJHO3HAYHOM kpuBoit 3aBucumoctu Q(H) s nepu-
0J1a OTKPBITOTO PyCia, KOT/Ia OTCYTCTBYIOT (haKTOPHl YMEHBIICHUS €TO MPOITyCKHOM
CIOCOOHOCTH, B OCHOBHOM TaKHe, KaK JICJOBBIC SIBIICHHS U 3apacTaHUE, HE BBI3HIBACT
0co0bIX TpyaHocTel. [Ipy pexxuMHOM pacueTe cToka noadop koddduuneHToB crec-
HeHus pycia (kodduineHt 3apactanus, K03GGUINUCHT 3UMHUH (TP JIEIOBBIX SIBJIC-
HUSIX)) BBITTOJHSETCS 110 OTKJIOHEHHIO oT kpuBoi Q(H) pacxomoB BosI, H3MEPEHHBIX
3a pacCUUTHIBACMBIN MEPHOJ, IPH (AKTOPaX, BIMAIONIMX Ha MPOIyCKHYIO CIOCOO-
HocTb. [Ipu pacuere onepaTHBHOTO CTOKa C MOAOOPOM TaKUX KO3()(UIMEHTOB BO3HHU-
KalOT TPYAHOCTH, TaK KaK MMEIOTCS JaHHBIE TOJNBKO NPEJIIECTBYIOIIETO Mepruojaa u
HMHTEPIIONANNSA KO(hGHUINEHTOB CTECHEHHS pycia MEKAY JaTaMU N3MEPEHHBIX pac-
XOJI0B BOJIbI HEBO3MOJKHA.

Ha BennunHy k03¢ uIeHTa CTECHEHMS Pycila B 3SMMHUIT IEPUOJ ITPEXKIE BCETo
BJIMAIOT Takue (PaKTOPBI KaK HAIMYME JIBA W €T0 TONIIMHA, B JICTHUH — 3apacTaHHe
pycna. O4eBHAHO, YTO Y PEK C YCTOMUYMBBIM PYCIIOM JOJDKHA OBITH XOpOIIasi CBSI3b
YPOBHS BOJIbI, KOJIMUECTBA JIbla U 3apacTaHUsl ¢ pacXxoioM Bojbl. [l onpeneneHus
9TOH CBA3M XOPOILIO MOAXOASAT METOABI MAIIMHHOTO 00yUCHHUSI, a UMEHHO HEHPOHHbIE
ceru [14].

Jns perieHust 3aJadd MPOTHO3UPOBAHUs (pacdera) ONEPATHBHOTO pacxoia
BO/IbI OBIIM TPUMEHEHBI HEHPOHHOM ceTn mpsimMoro pactipoctpanenus (FNN) u pexyp-
penTHble HeifponHsle cetr (RNN). s oO6yueHns Moaenn HeHpOHHOIT ceTn ObLTH HC-
M0JIb30BaHbI JJAHHBIE CYTOYHOTO pa3pelieHus 3a nepuo ¢ 1985 nmo 2015 r. [lannsie ¢
2016 mo 2022 r. HCHoaB30BANUCH T Bepu(UKAIIMA 00YYCHHBIX Mojenei. Tak kak
TOJIIMHA JIbJIa MMEeT NPSIMYI0 KOPPEJAIHIO C TEMIIEpaTypol BO3AyXa, a JaHHBIC
HAOJI0JICHHUH 32 TOJIIIMHOM JIbJIa IPOU3BOISATCSI HEPETYIISIPHO, TO ISl 00yUeHUS MO/Ie-
Jeit ObUTH MCIIOJIB30BaHBI MAaCCHBBI IAHHBIX C CPEJHECYTOUHBIMU 3HAUCHUSIMU YPOBHS
BOJIbl, TEMIIEPATYPBI BO3yXa U PACXOJ0B BOJIbI.

B xadecTBe 3KcTIeprMeHTa, 00y4eHNE MOJIECH OBLTO BRIMOIHEHO JUTS HECKOJIb-
KHMX TUAPOJIOTHYECKUX [TOCTOB 30HBI 0TBeTCTBEHHOCTH Tepputopun OI'BY «Mypman-
ckoro YI'MC». Pe3ynbraThl HoKa3aau J0BOJIbHO XOPOLIYIO CXOAMMOCTb IPOTHO3UPY-
eMBIX (PacdeTHBIX) 3HAUCHUH OOYUCHHBIX MOJeNed HEHPOHHOW CETH C peaTbHBIMU
JTAHHBIMH €KETHEBHBIX PACXO0J0B BOIBI, PACCUNTAHHBIME TPATHIIHOHHBIM CIIOCOOOM.
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CHpBITHIA CKpLITHI CKpbITHIA
cnoit 1 cnoi 2 cnoi m

BLIXOAHOM
cnoi

YpoeeHb gofbt Wik

Puc. 5. Cxemaruueckoe n300pakeHUe MOJIEIH HEHPOHHO CETH MPSMOT0 pacpoCTpaHSHHUS
JUISL CBSI3M YPOBHS BOZBI U TOJILMHBI JIbJIa C PACXOJIOM BOJIBI.

Ha puc. 6 mpeacrasnen ruaporpad pacxoma BoIsI A mocta p. Bapsyra — c.
Bapayra pacuutaHHBIN TPaAAITUMOHHBIM CTIOCOOOM U THAPOTpadbl pacCIYUTaHHBIC 00Y-
YeHHOW HEWPOHHOM ceThio. B maHHOM mprMepe ObUTH 0TOOpaHbl 8§ 00yYeHHBIX MOJIe-
Jel HeHMpPOHHOH ceTH, KOTOpbIe MOKa3add HAWIYYIINH pe3ynbTaT (MMeIH HauMEHb-
HIYIO TUCTIEPCHIO) JUIS BCETO Tofa MO0 AJISt OAHOTO U3 MEPHOA0B THAPOIOTHIECKOTO
pEeXHUMAa: 3MMHUI IIEpUOJI, BBICOKOW, HU3KOH, CpeiHEN BOIHOCTHU JIETHE-OCEHHETO I1e-
puoja. st craBHeHUs! IPEACTaBIIEH Pe3yibTaT pacyeTa ¢ IPUMEHEHUEM HEHPOHHOH
cetu mpsamoro pacrpoctpanerus (FNN) u mis pexypentHoi monenu cetu (RNN). Kak
TTOKa3ajl Pe3yNbTaT FKCIEPHIMEHTa PEKYPPEHTHBIC MOAEH TA0T OoJiee XOpommuii pe-
3yJbTaT.

mgporpad pacxoaa sogpi (Real Value) ans nocra p.Bap3yra - c.Bap3yra pact TPa, "
0 rmaporpadbl, paccyuTaHHble HEMPOHHON CeTbio

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

Packon sob, m3/c

Puc. 6. T'upporpad pacxoma BojsI st mocta p. Bapsyra — c¢. Bap3yra pacunransbrit
TPaMLHOHHBIM CIIOCOOOM U THIpOrpadbl, paCCYMTAaHHBIC HEHPOHHOM CEThIO.
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B mpogomkeHnH paboT 1Mo yIIydIIEeHHI0 MaTeMaTHYECKOTO ariapara pacuera
OIIEPaTHBHOT'O pacxoja Bojkl B cucteMe «lBomray, Beo-cepsuc “discharge-real-time”
OyZeT IOMOJHEH METOJAaMH pacdeTa C HCIOJIb30BaHHEM OOYYCHHBIX HEWPOHHBIH
cereil. B manpHEHIIIEM IS KaKI0T0 THIPOJOTHYCCKOTO TIOCTa MOTPeOyeTCst 00yueHHe
COOCTBEHHOH MOJIEITH HEWPOHHOW CETH.

3akaoueHne

braromaps HakomIeHHON 06a3e MaHHBIX THAPOMETPUIECKUX HAOIIOACHUN U pe-
3yJNbTaTOB PACUYETOB HA UX OCHOBE 32 MHOTOJIETHHUN MEPUOJ ¥ Pa3BUTHA CPEJCTB Ma-
IIMHHOTO 00YYEHHMs1, BO3MOXKHO CYIIECTBEHHO YIIPOCTUTB U MOBBICHTH KaU4eCTBO 00pa-
OGOTKH THPOJIOTMYECKUX JaHHBIX B YaCTH ONEPAaTHUBHOrO ydera cToka. [Ipu a3Tom ome-
paTUBHBIM ydeTa CTOKa C NPUMEHEHHEM HEUPOHHBIX CET€H MOXKET NPUMEHSATHCS
Hapsay ¢ TPaJAUIMOHHBIMU METOJAMHU pacueTa Kak JOMOJHUTENbHBI HHCTPYMEHT.

BHenpenne HOBOW cucTeMbl 00pabOTKHM THAPOJOIMYECKHX AaHHBIX MBosra
BaXHBIN dTal Pa3BUTHsI CUCTEM cOopa u 00pabOTKH THIPOMETEOPOIIOTUIECKIX JTaH-
HBIX B cucteMe Pocruapomera ¢ mpuMEHEHHEM COBPEMEHHBIX HH(POPMAIIOHHBIX TEX-
Hojoruil. [Iporpammuslii komiuieke MBosnra copmectHo ¢ CIIO LICO/ noimkHbI cTaTh
HEOTHEMJIEMOI YaCThI0 COBPEMEHHOM CHCTEMBI TOCYIapCTBEHHOTO MOHUTOPHUHTA T10-
BEPXHOCTHBIX BOJHBIX OOBEKTOB B YaCTH aBTOMATH3ALMH TEXHOJOTWH cOopa, obpa-
OOTKHM ¥ TIOATOTOBKH TIPOTYKIINH.
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Hnemumym cucmem snepeemuxu um. JI. A. Menenmvesa CO PAH, 2. Upxymck

AnnoTanus. [IpuBeeHbI pe3yIbTaThl HCCIEIOBAaHUN 3 ()EKTHBHOCTU HCIIOIb30BAHNUS IIPOTHOCTH-
4yeckux aHcamOiel riodanbHol kiMMarnyeckoit cuctembl CFSv2 juist popMupoBanus OLEHOK TeM-
MepaTypHOTO PEeXMMa Pa3IUYHOI 3a01aroBpeMEHHOCTH y MOBEPXHOCTH 3eMIM Ha Ipumepe Oac-
ceiina o3. baiikan. Ha ocHoBe pa3paboTaHHOrO aBTOPaMH MOHUTOPUHIA U IPE0OPa30BaHUS IPOTHO-
CTHYECKUX aHcaMOlIell HCXOIHBIX JaHHBIX IPOH3BEICHA HX KIACCH(HKALIS 110 BpEMEHU CO3/IaHHs.
CdopmMupoBaHbl BEPOSITHOCTHBIE PACIPEEICHHUS 0 3aJaHHON 00J1aCTH UCCIIEJOBAHUS B LIGHTPAIb-
HOH 30HE 03€pa C BHIYMCIEHUEM CTATUCTUUECKUX XapPAKTEPUCTHK: MATEMaTHUECKOE OJKHaHHE, Me-
JIMaHa, TPaHMIbl KBAHTUIICH BEPOSATHOCTHON KpHBOH. Pe3ynbTaThl McciieoBaHUM MOKA3aIu HEIIo-
XHUe Pe3yIbTaThl 10 TOYHOCTH MPOTHO3UPYEMBIX OIIEHOK TeMIiepaTypHoro pexknma (menee 1 °C) ms
temtoro uois 2024 r. ¢ 3a6;1aroBpeMeHHOCTBIO 10 6—8 Mu MecsiLeB. B pabore Taxoke npuBoasTes
TMPOTHOCTUYECKHE OLIEHKH Ha Hionb 2025 T.

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

Beenenue

JlonrocpouHoe NPOrHO3MPOBAHUE TEMIIEPATYPHOTO PeXKHUMa, OCAAKOB U MPUTO-
KOB BOABI B BojpoxpaHmmnma ['DC sBrusercs BaXHOW 3amadell 1 3G GEKTHBHOTO
ynpaBieHus: (GYHKINOHHMPOBAHUEM BOJOXO3IHCTBEHHBIX M SHEPIETHYECKHX CHCTEM.
HanexxHocTts 1osrocpoyHoro rnporsosuposanus (Oonee 1 mec.) TeMneparypHOro pe-
JKFMa, OCAJIKOB M JPYTHUX METCOPOIOTHUCCKHX MTOKa3aTeNnei 3a BEIOpaHHBIN HHTEPBAJ
BPEMEHH JJIsl Pa3JIMYHBIX PETHOHOB 3EMJIIH J0 CHX IOP OCTAE€TCsl HEAOCTATOYHO BBICO-
KO, HECMOTPSI Ha MHTEHCUBHOE PAa3BUTHE INI00ANBHBIX KIMMATHYECKUX U HelpoceTe-
BBIX MOJEJICH.

I'mo6amsnas cucrema CFSv2 [1-3] exxenHeBHO (OPMUPYET I OTKPHITOTO HC-
TM0JIb30BaHMSI HPOTHOCTHYIECKHE aHCAMOIIN CETOUHOTO Pa3pelIeHHs [0 BCEMY 3eMHOMY
H1apy Ha nepuoj 10 9 MecsleB ¢ BpeMEHHBIM HHTEpBanoM 6 uacoB. [IpuMeHseMblii B
cucTeMe aHCaMOJIEeBBIN TOAX0 MO3BOJIAET (POPMHUPOBATH PA3IMUYHbIC CIIEHAPUH U3Me-
HEHNS KIMMaTHYECKHX TTOKa3aTelel B 3aBUCHMOCTH OT 3a/1aBacMBIX HAYaJIbHBIX BO3-
MYILEHHUH, YTO TO3BOJIAET (JOPMHUPOBATH BEPOSTHOCTHBIE OLIEHKH ¢ OOJIBIION 3a0aro-
BpeMeHHOCThI0. Paspaborannas 8 UICOM CO PAH cucrema J0IroCpouHOro MpOrHo-
supoBanusg [ eol UTICAP [4; 5] mo3BonsieT 06pabaThIBaTh M HAKAIUINBATH B CIICIIHAIIb-
HOM XPaHWJIHIIE arpEeTHPOBAHHBIE 10 CYTOK ITPOTHOCTHYECKHIE AHCAMOJIIH [T UX JTalThb-
Helllero ucciae 0BaHus.
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IIporno3npoBanne TeMnepaTypHoro pe:xxuma o3. baiikan

Ha puc. 1 npeacrasiena xkapta pacrpeaesieHnii OTKJIOHEHUH TPOTHO3UPYEMbIX
CPEIHHUX IO 5 aHCaMOIIIM JaHHBIX TEMIIepaTypHOro pesknMa (st utons 2025 r.) oT-
HOCHUTEJIBHO CPEAHMX (PAKTUUECKUX JaHHBIX (110 JaHHBIM peaHanu3a [6]) 3a ananoruy-
HBI MecsAr. C TOMOIIBIO CIEIUaIbHO pa3paboTaHHBIX KOMIIOHEHTOB CHCTEMBI [ eo-
T'UIICAP cerouHble aHHBbIE MPUBOJATCS B COOTBETCTBHE IO sYEHKaM, MCIIOJB3YS
JMBYXMEPHYIO JIMHCHHYI WHTeprossinuio. Ha kapre ormedeH OacceitH BomocOopa
o3epa ¢ BbieeHueM obacteii: CeBepHas uacTh, L{eHTpanbHas 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. Ilpaktuuecku 1o BceMy
OacceifHy o3epa TeMmeparypa OXHIACTCs HUXKE MO CpaBHCHHIO ¢ uroiem 2024 r.,
Kpome MoHTrosbcko# vacTu Oacceitna p. Cenenra. OcraeTcst BOIIPOCOM, HACKOJBKO
MOJKHO JIOBEpSATh IPUBEICHHBIM IIPOTHO3HBIM ITOKa3ateisiM. [locieyromue mporso-
CTHYCCKHEC aHCAMOIIU JJAHHBIX MOTYT CYIIECTBECHHO M3MEHHUTH IPHUBEICHHYIO KIMMa-
TUYECKYIO KapTy TEMIIEPATypPHOTO PEKUAMA.
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Puc. 1. Ilporuocruueckue pacnpeseneHus Ha uioib 2025 r. OTKIOHEHHH TEMIIEPaTypHOTroO peKUMa
oTHocHTenbHO Htons 2024 r. B Gacceiine 03. baiikai (10 IpOrHOCTUYECKUM aHCAMOIISIM
Ha KoHel (eBpaist 2025 r.) ¢ BBIIEICHHEM 00JIacTeH:
1 — CeBepHas yacth, 2 — LlenTpanbHas yacth, 3 — FOxHas yacts, 4 — 6acceiin CeneHru
(Poccuiickas gacts), 5 — 6acceiin Cenenru (MoHronbcKast 4acTb)
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Mamepuarsi VIl Beepoccutickoli HayyHo-npakmuyeckol KoHgeperuuu. Mpkymek, 19-21 mapma 2025 e.

Bepudukanus nporiocTuyeckux ancamosei

JIisl OlIeHKH HAJeKHOCTH MPOTHOCTHYECKHUX JaHHBIX 3a 2023-2024 rr. ObLIO
HakorieHo 6oiee 500 ancamoOelt (mprumepHo 30 Ha KaXKIbIiA MECSIIT), IO KOTOPBIM OBIT
[IPOM3BE/ICH aHaJIU3 TOYHOCTH IPOrHO3MPOBAHUSI HA OCHOBE 00Pa0OTKH MX Pa3IMYHbIX
rpyni. Ha puc. 2 npuBejieHa rUCTOrpaMMa paciipe/iesieHns] KOJIN4ecTBa ancamoen ¢
Pa3HON TOYHOCTBIO INPOTHO3HUPOBAHMUS, OTHOCHUTENBHO (DAKTHUECKOTO ITOKa3aTelst
ntoist 2024 1. TouHoCTh OBbUIA ONpezeeHa KaK OTKIOHEHHE MaTeMaTHYeCKOTO OXKH-
npaaus (MO) ancamOuieit kaXk10ro Mecsia oT (aKTUIECKOTo MOKa3aTels 3a MPOTrHO3U-
PYEMBIii TTEPHO/I.

100 [ mmm e e e -]

90 |- 1

(%)

¢ (haktom

Ko.

30 1

1 12 1 2 3 4 5 6
Mecsi, nporHocTuyeckux aHcambne

Puc. 2. KonanuectBo aHcamMOJ1eii ¢ TOYHOCTBIO IPOrHO3UPOBAHMSI OTHOCUTENBHOTO (haKTHIECKOro
nokazarens: 1 —0,5°C, 2 —1°C, 3 - 1,5°C

Ha puc. 2 BugHo, uto ¢ TouHocThio MeHee 0,5 °C, nyuriie cebs noka3aiu aHcaM-
0Jin 3a Mali MecsIl, ¢ TOUHOCTBIO MeHee 1°C — 3a ampens, ¢ TOYHOCThIO MeHee 1,5 °C —
3a MIOHb. MaKCHUMaJIbHOE PACXOKICHUE COOTBETCTBYET aHCAMOIIsIM 3a HOsIOph 2023 T.

Jast xakoro Habopa aHcamOiel Mecsina, HauuHas ¢ Hos10pst 2023 r. 1o HIOHb
2024 r., 6putH chOpPMHUPOBAHBI BEPOATHOCTHBIC PACHpEACICHHUs B BUAE (YHKIUHU
TUIOTHOCTH PACIIpEAENIeHHs BEPOATHOCTEH, (POPMHUPYEMOM MO IMITUPHUIECKUM JITaHHBIM
B cucreMe ['eol UTICAP ¢ pacueToM OCHOBHBIX CTaTUCTUYECKHX XapakTepuctuk: MO,
MeMaHa, TPaHUIIbI KBaHTHIEH (puc. 3).
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Puc. 3. IIporHocTHYecKHe paclpeieIeHUs TEMIIEPaTypHOrO PeKUMa LIEeHTpaIbHOU JacTH 6acceliHa
03. baiikan nis mtonst 2024 . no paznnusbiM aHcamOisiM cuctembl CFSv2 3a: a) HosiOpb 1 6)
nekadpb 2023 r.; B) siHBapb, T') eBpalib, 1) MapT, €) anpedb, k) Mai, n) uioHb 2024 1.; 1 —
IPOrHOCTHYECKOE pacrpenenenue, 2, 3 — kBantw (5 %), 4 — dpakr, 5 — MaremMaTnueckoe
oxungaHue, 6 — Meauana; 7, 8 — rpaHHIIBI BEPOATHOIO U 9 — MAKCHMAIILHOTO JHaNa30Ha
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ITo mporHOCTHYECKUM aHCAaMOJISIM KaXI0TO MecsIa IPUBECHBI OITUOKH B BHJIE
OTKJIOHCHUH (haKTHYECKOTo mokazareist oT MO, a TakKe BEpOATHOTO OIIDKaHIIero
MPOTHOCTHYECKOT0 MOKa3aTels (10 TaHHBIM BBIIIC HITH HIDKE MATEMATHYCCKOTO OXKH-
nanvsi). Haumenbmas ommoka otkiaoneHust ot MO ormedena Ha puc. 3, 0, e (0,3 °C)
JUTSL MapTa | arpets cooTBeTcTBeHHO. J[ist aHcamOureli 3a HOsIOph 1 nekadpb 2023 r.
OIIMOKU TOCTHIar0T HEeMHOTo MeHee 2 °C ¢ MOHMKEHHOM POTrHOCTUYECKOM TeMIepa-
Typoit. ITo ancamOmsiM 3a stHBapb-(heBpas ommoka cocranisier okoio 0,8 °C, a s
ancamOieit 3a maii-utonb — 0,5 °C. Oumoku ¢ TouHocThI0 1 °C CUUTAIOTCS JOIMYCTH-
MBIMHU JIJIsl MCIIOJIB30BaHMS OLICHOK TEMIICPATYPHOTO PEKMMa HPU (POPMUPOBAHUHU
MPOTHOCTHYECKUX CIIEHAPHEB MOJIE3HOTO MPUTOKA B 03€PO.

IIpornocTuyeckoe pacnpeaejieHue Ha uioJab 2025 r.

Ha puc. 4 npuBeneHbl BEPOSITHOCTHBIE PACHPEAEIECHUs] TEeMIIEPaTypPHOTO pe-
’KMMa [EHTPaJIbHOM 30HBI 03epa Ha uroiib 2025 r.
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Puc. 4. Tlporoctiyeckre pacupee/ieHns: TEMIIEPATyPHOT0 pexuMa LeHTPallbHO YacTu OacceitHa
03. baitkan nis utonst 2025 . no paznnuHbM aHcamOisiM cuctembl CFSv2 3a: a) HosiOpb 1 6)
nexabpp 2024 r. ; B) stHBaps, ) deBpaib 2025 1. ; | — mporHocTHYECKOe pacipe/ieieHue,

2, 3 —xBauTIi (5 %), 4 — ¢daxt uronst 2024 r., 5 — MmaTemaTHuecKoe OXKHIaHue, 6 — Meanana; 7,
8 — rpaHuIbl BEPOSTHOTO U 9 — MaKCHMAIIbHOTO AUAna3oHa
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Ha puc. 4, a, 6 npuBeneHBI TPOTHOCTHIECKHE XapaKTEPUCTHKH IT0 aHCAMOIISIM
JIAHHBIX 33 HOSAOPb-1ekaOpb MecsIbl. [ cpaBHEHUS ¢ XapakTepucThukamu o 2024 r.
puc. 4 oTMeUeH (paKTHUYCCKUN IMOKa3aTeNb CPeAHEH TemMrepaTypsl 3a utosb 2024 1.

3ak/arouenne

ITo npenBapuTEIBHBIM IPOTHOCTHYCSCKIM ITOKA3aTEISIM (T10 aHCAMOJISIM JaHHBIX
Jo mapta 2025 r.) cpenansas temmepaTtypa utons 2025 r. oxugaercs Ha | unu Oonee
TpaaycoB HIDKE, 9eM B uroiie 2024 r. ITo npyrum obmactsam GacceifHa mokasarenu To4-
HOCTH TPOTHOCTHYECKHX TOKa3aTeJel aHaJOTMYHBI IIEHTPAILHON 00JIacTH, Kpome
MoHrounbkckoii yactu Oacceiina p. CeneHra, OmMOKA MPOTHO3UPOBAHUS U KOTOPOIt
6butn Oostee 2 °C. PaspabarsiBacmeblil B cucteme ['eol UTICAP 0ok kimactepu3aniu
MO3BOJIUT OoJiee TITyOOKO UCCIIENOBATh OTIANbHBIC 00J1acTH OacceiHa ¢ BBISBICHUEM
3aKOHOMEPHOCTEH Ha OOJbIIMX BBIOOpKax. Takke pa3pabaThIBarOTCS KOMIOHCHTBI
aHaJKM3a TOYHOCTH M0 MHTCHCUBHOCTSM OCAIKOB, MPHU3EMHOMY IaBJICHHUIO U MOKa3a-
TeJSIM LUPKYJISIH atMochepsl B Oacceitne o3epa.

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

Ocooennocts Db Huubo 2023-2024 rr. 1 ero BJINAHUA
Ha aTMOoc(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 2uopomMemeopoiouiecKoll
ungopmayuu — Muposoi yenmp dannvixy, 2. Obnunck Kanyscckoti o6
2@I'BY «HIIO-Taiighyny, 2. Obnunck

AnHotanusi. CrieHapuii ¥ HHTEHCHBHOCTh QHOMAJIMIl KIIMMATHYIECKON CHCTEMbI, HAOII0JaeMBIX B
9KBaTOpHaJIbHOM paiione Muauiickoro n TUXoro okeaHos, Mo3BOJIAIOT oTHeCTH itk Huabo 2023—
2024r. k rpynme Hamboliee MHTEHCHUBHBIX TerUIbiXx coObiTHii DHIOK, oTMeueHHBIX 3a mepuon c
1979 no 2024 r. CpaBnenue ¢ dkcTpeManbHbiM b Huabo 1997-1998 rr. nokasaino, uto B 060ux
ciydasix BiusHEe Diib HUHBO Ha aTMOChEpHYI0 HIMPKYISLMIO B EBpO-ATIaHTHYECKOM PErHOHE Mpo-
SIBUJIOCH B BUJIE Pa3BUTUSI MHTEHCUBHOM IOJIOXHUTENIBHON (ha3bl BOCTOUHOATIAHTHYECKOro KoJeba-
HUS B OCEHHHUE ¥ 3uMHHE Mecsnbl. Oxnako B 2023 r., B oTimune ot 1997 r., monoxutenbHast ¢asza
BOCTOYHOATIAHTUYECKOTO KOJIECOaHUsI COMPOBOXK/ATACh PAa3BUTHEM IOJIOKUTENBHON (asbl ceBepo-
ATIIAHTHYECKOTO KOJIeOaH!s, YTO IPOSBUIIOCH B MHTCHCU(DMKAINY [IUKJIOHIMYECKOH aKTHBHOCTH, KaK
Ha akBatopun CeBepHOU ATIAHTUKH, Tak U B EBpomneiickoM pernoHe, B TOM YHCIIe Ha €BPOICHCKOM
teppuropun Poccun. Baxknyto poib B Mexanusme otkirka OHIOK B EBpo-ATinanTuueckuii pernoxn
MOJXKET UrpaTh aKTHBU3ALMS I0)KHOA3UATCKOTO CYyOTPONNYECKOr0 CTPYHHOTO TEUSHHUS, YeMY MOXKET
CIOCOOCTBOBATH 3KCTPEMAIBHOE HAarPEBAaHUE B BEPXHUX CJIOSX TPOIOC(hEphl B 3KBATOPUAIBHOM pe-
ruone Muauiickoro u TUxoro okeaHoB B MPEAIIECTBYIOMINE JIETHUN 1 OCEHHUI CE30HBI.

KurwueBble cioBa: Db HI/IHLO, aTMOC(bepHaSI HUPKYJIUs, HUKIOHWYECKast akTUBHOCTh

BBenenue

HawnGonee 3HaunMoOi MOION M3MEHUYNBOCTH KIMMATHUECKOW CHCTEMBI OKEaH-
aTMoc(epa B TponmmueckoM peruoHe siBnsgercs Onb Hunbo — HOxHOE KoneOaHue
(BHIOK). HMccnenoanus nokaseiBatoT, uto BiausHue JHIOK, kak TeribIx sBIICHUIH,
Onb Huubo, Tak U X0s0AHbIX, Jla HUHBS, HA MOTOIy ¥ KJIMMAaT MPOSIBIISIETCS B pa3iiny-
HBIX paiioHax 3emHoro mapa. Hanbosnee 3HaUnMMOe BIMSIHUE, B TOM YHCIIE Ha DKOHO-
MUKY CTpaH, OOIIECTBO M YKOCHCTEMBI, OKa3bIBAIOT SKCTPEMATIbHO CHIBHBIC COOBITHS
OHIOK. Crnemyer OTMETHTB, YTO HECMOTPS Ha PETYISIPHOE Pa3BUTHE COOBITHIHA
DHIOK, Habmo1aeMbIX Kaxapie 2—7 JIeT, B MOCJICIHUE HECKOJBKO JIECATUIICTHH OTME-
YaIOTCsl 3HAYUTEIbHbIE H3MEHEHHS B YaCTOTE, MHTEHCUBHOCTH U XapaKTepe Kak Tell-
JIBIX cOOBITHH, D1 HUHBO, Tak U X0n0oaHbIX, — Jla Hunbs. BeneacTeue sTux n3meHe-
HUH B HacTOsIIEE BPEeMsI B HAYUHOU JUTEpaType ObUIO MPEIOKEHO Pa3AesiTh COObI-
tust ODHIOK Ha pa3Hble TUIBI, B 3aBUCUMOCTH OT MIPOCTPAHCTBEHHOI'O PACHIPEIeIICHUS
Temrepatypsl nosepxHocT okeaHa (TI1O) B Tpommdeckom pernone Tuxoro okeaHa
[5; 11]. Knaccuueckuii unu kanonndeckuii Tun SHIOK onpenensercs ocHOBHOM MO-
noit mamerguBocTr TI1O u B muTepatype 9acTo 0003Ha4YaeTCss KaKk KAHOHUYECKUH FITH
BOCTOYHO-TUXOOKeaHckuid. L{enTpanbHo-Tnxookeanckuii Tun DHIOK, wim tun Mo-
JIOKH, 00YCIIOBIICH BTOPOil Moo m3meHunBoctd TI1O B 3KBaTOPHAIBHOM PETHOHE
Tuxoro okeana. [ naentndukanuu seiaeans Dinb-Huabo (Jla Hubbs) Bo MHOTHX
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HCCIIeTOBaHUAX UCTIONb3yeTcs okeanndecknii maaexc JHIOK (Oceanic Nino Index —
ONI), KoTOpBIil paccUNTHIBAETCS, KaK CKOJIB3AIIee CpeHee 3a TPH Mecdlla OTKIOHe-
HUE TeMIlepaTypbl IOBEPXHOCTU 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 myOnukyercs Ha caifte Amepukanckoro Mereoponoruueckoro Llentpa. CormacHo
JIAHHOMY HHJEKCY, siBiieHre Dib-Hunrpo (JIa Hunbs) npencrasiser co0oii siBIICHUE B
9KBATOPUANTBHON yacTH THUXOTo OkeaHa, XapaKTepPHU3YIOIIeecs MOJIOKUTENBHBIM (0T-
pHULATENbHBIM) OTKIOHEHHEM TEMIIEPATypbl IOBEPXHOCTH OKEeaHa OT HOPMEI 10 abco-
moTHOH BenmmunHe Ha 0,5 °C u GoJiee B TeUSHHE MATH MTOCIEA0BATEILHBIX MecsIieB. Ha
OCHOBaHWH JTOTO HHIEKCA XOPOIIO HIACHTU(DUITUPYIOTCS KIACCHUECKUE SIBICHHS
OHIOK. IMeHHO Ha OCHOBE JaHHOTO MHICKCca yke B Mae 2023 r. ObUI0 HIACHTH(HUIH-
poBaHO pasBuTHe Teruioro coobtnsa DHIOK, xotopoe mpomomkanocs 10 ampens
2024 r. Insa unentudukanuu ssreaunit DHIOK tuna Monoku, U OTHENeHUs UX OT
kiaccuueckux coopitnit DHIOK, yacto nonoiHUTENHHO, B TOM YHCIe, B padot [3].
MCIOJB3YIOTCS MHAEKCHI, pacCUUThIBaeMble Ha ocHoBaHUU aHomaiuii TI1IO B paiionax
Nino3 u Nino4. CornacHo MeTofy, TpUMEHEHHOMY B pabote [3], maeHTHGHINpPOBaH-
Hoe sBNeHHe Db HUHBO OTHOCUTCSI K KAHOHMYECKOMY THITY TIPU YCJIOBUH, €CJIU 3HAa-
genust 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 BrImre, yeM B paiione Nino3, To 1aHHOE cOObITHE D71h HUHBO OTHOCHUTCS K THITY
Mopoxku.

Lenbto HacTosMIIeH pabOTEHI SIBISETCS H3yUEeHUE, BO-TIEPBBIX, 0COOCHHOCTEH pas-
BUTHsI AaHOMAJINK KJIMMAaTUYECKOW CUCTEMBI B 3KBaTOpUaIbHOM pailone Muauiickoro u
Tuxoro okeanoB B niepuoj| pa3Butus Iib Huabo 2023—-2024 rr. B pa3inuyHble CE30HbI
TOJIOBOTO LIUKJIA, U BO-BTOPBIX, HHTEPEC MPEICTABISET OTKIMK aTMOC(EpPHON LIUPKY-
nmsuun B EBpo-Atnantuyeckom (EAP) pernone na 31b Hunpo.

AHOMAJIMM TeMIepaTypbl MOBEPXHOCTH OKeaH U aTMOC()EePHBIX 0CAIKOB

B TponuyeckoM peruoHe Mnamiickoro u Tuxoro oxkeanos

AHanmu3 BpPEMCHHOI'O M3MCHCHHS 3HAUCHHMH OKeaHmdyeckoro muuekca DHIOK
(puc. 1) mokaspIBaeT, 4YTO MaKCHMAIBHOTO 3HAYCHHS, paBHOTO 12,0, OKCAHUYCCKHIMA
naaekc DHIOK noctur B nexabpe 2023 r., a B IpeAIeCTBYIONINE OCEHHUE MECSIIIBI 1
nepBble ABa 3UMHHUX Mecsna 2024 r. cymecTBeHHO npessiman +1,0. 9To mo3BosseT
otHecTH Di1b Huabo 20232024 rr. K Tpyrie Hanboiee MHTEHCUBHBIX TEIIBIX COObI-
it DHIOK, otmeuennsix 3a mepuoj ¢ 1979 mo 2024 r., Hapsiny ¢ coobrtasimu 1982—
1983, 1997-1998 u 2015-2016 rr. Cnexyer OTMETUTD, YTO NepeurciaeHHbie 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 3HAUEHUIl 3a Kaxbple Tpu Mecsua unaekca Muauniickoro unomust — DMI
(mHIS KOpUIHEBOTO 1BeTa) [12].

Onb Hunbo 2023-2024 rr. no xapakTepy pa3BUTHs TAK)KE, KaK U BbILLIEIIEpEUnC-
JICHHBbIE UHTEHCHUBHBbIE Db HUHBO, OTHOCHUTCS K KaHOHMUYeckoMy Tuiy. KaHoHuue-
ckuii tun Onb Huabo 2023-2024 rr. TOATBEPXkAAIOT aHAU3 JIPYTHX HHICKCOB
OHIOK, B TOM uncie, B paiioHax Nino3 u Nino4, a Takke MPOCTPAHCTBEHHOTO pac-
npenenenus anomanuit TIIO u ocankoB B 3xBaTOpHaibHOM paiione Tuxoro oxkeana B
neTHU u oceHHuil ce3oHs! 2023 r. u mocnexyroumii 3uMHUI ce30H 2023-2024 rr.
(puc. 2).

a)

3023 centatps oxTaGpE-HOROPS

E5533os88588

*

5855503385283

Puc. 2. IIpocTpaHCTBEHHOE paclpeielieHIe CPEIHUX 3HAYCHUI aHOMAJINI TeMIIepaTyphl
noBepxHocTu okeana B °C (a, 0) 1 aTMOC(EpHBIX 0CaKOB B MM/CYTKH (B, I') B OCEHHUII CE30H
(ceHTsIOpb-0KTIOps — HOSIOPE) 1997 1. (4, 6) n 2023 1. (6, 2), pacCYMTAHHBIX, COOTBETCTBEHHO, 110
nmaanbeiM apxuBoB ERSST. v5 SST [9] n Arkin-Xie Precipitation STD (CMAP) [14]

69



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

Jlnis cpaBHEHHS HA ATOM K€ PUCYHKE ITPECTaBICHO TPOCTPAHCTBEHHOE pacipe-
nenenne TTIO u aTMOchepHBIX 0CaIKOB B OCEHHMH ce30H 1997 T., TOJ pa3BUTHS HH-
TeHCUBHOTrO Onb HUHBO KaHOHMYECKOro TUHa. MaKCHUMalbHBIX 3HAU€HUH aHOMaJIuU
TTIO B skBaTOpHaANEHOM palioHe THUXOT0 OKeaHa JOCTUTIIH B oceHHUe Mecsibl 2023 1
HaOJII01aJINCh BOCTOYHEE JIMHUK CMEHBI J1aT. BakHOI 0COOEHHOCTHIO IPOCTPAHCTBEH-
Horo pacnpezaenenust anomanui TIIO B neTHU U oceHHUH ce30HbI Kak B 2023r., Tak
u B 1997 r., sBngeTCs pa3BUTHE OTpUILIATEIbHBIX aHoManuit TIIO B BOCTOYHOH dacTu
U IOJIOKUTEIbHBIX AaHOMAJIMN B 3alaJHOM 4acTH 3KBATOPHAIBHOIO pailoHa MuHauii-
ckoro oxeaHa. Pa3Butue anomanuii TI1O B skBaTopuansHoM pernoHe Tuxoro u MH-
JMHACKOTO OKEaHOB COINPOBOXKAAIOCH (POPMHUPOBAHWEM WHTEHCHUBHBIX aHOMAUIMH B
nosie atMocgepHsIx ocankos. 1 B 2023 u B 1997 rr., B TuxoM okeane HabII0AANIOCh
CMelIeHne O0NIaCTH OCaJKOB M KOHBEKIMH U3 paiioHa MHAOHE3WH B IEHTPAIBHYIO
4acTh OKEaHA, B paliOH JIMHUM CMEHBI 1aT, B MIHAMICKOM 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 skBaTOpHaibHOM paiioHe VHauiickoro
OKCaHa CBHUJICTEIBCTBYET O pa3BUTHU U B 1997 r., u B 2023 T. mON0KHUTEILHON (ha3bl
Wuaniickoro nunonst. Unauiickuii Junons (Indian Ocean Dipole) siBnsieTcst BaxHOK
COCTaBJISIIOIIEH KIIMMAaTUYECKON cucTeMbl TponukoB Muauiickoro u Tuxoro okeaHos
OKeaHa, MPEJCTaBIsIeT MOy KIMMATHYECKOW U3MEHUYUBOCTH B CHCTEME OKEaH-aTMO-
cdepa B 3KkBaTOpHAIBHOM paiione VHIUHCKOTro okeaHa, UMEeT MOJIOKUTEILHYIO U OT-
punarensHyto (a3el pa3BuTHA. B HacTosmiee BpeMs i uaeHTudukany Muaaniickoro
Jurons mCTone3yeTcsi MHIICKC, BIEPBBIC MPEIOKEHHBIN aBTOpamMu paboTsl [12],
Dipole Mode Index — DMI, 1 KOTOpBIi paccUUTHIBACTCS HA OCHOBE aHOMAIIUH TeMITe-
paTypbl MOBEPXHOCTH B 3KBAaTOPHAIBHOM pernoHe HANNCKOro okeaHa Kak pa3sHOCThb
agomanuii TIIO B 3amagnoit (50° E—- 70° E, 10° S — 10° N) u 1oro-BOCTOYHOH 9acTH
JKBaTOpUANbHOTO pariona Muauiickoro okeana (90° E— 110° E, 10° S — Equator). Ha
puc. 1 npencraBieH rpapuk BpeMEeHHOTo u3MeHeHus 3HadeHui Dipole Mode Index
(DMI) 3a nepuox ¢ 1979 no 2024 r., pacCYNTAaHHBIX KaK CKOIB3SIIUE CPEIHUE 32 KaXK-
Jble TpH Mecsna. M3 pucyHKa MOXHO YBHJIETh, YTO B T'OJbI HANOOJIEe NHTEHCUBHBIX
Ons Huapo,— 1982, 1997,2015 n 2023 rr., COrIIacHO MOJ0KUTEIHLHBIM 3HAUCHHUSIM HMH-
nekca DMI, neiicTBuTenbHO HaOMroqanachk MOJIOKUTENbHAs (a3a Wuauiickoro nu-
10JIs1, OAHAKO HAumOOJIee BHICOKME 3HAYECHMS MHIEKCA OTMEYAIOTCs TOJILKO B 1997 u
2023 rr.

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

AHanu3 BepTHKAJIBHBIX CCYCHHUI PACIIPEICIICHIS aHOMAJIHI YICIBbHOM BIaXKHO-
ctu B Teduenue 2023 1. mokaszbiBaeT (puc. 3), YTO HAYUHAS C JIETHETO U BIUIOTh J0 3UM-
HETO ce30Ha B 3KBaTopHaiabHOU atMochepe Mumuiickoro n Tuxoro okeaHoB HaOJro-
JIATIOCh 3HAYHUTENHHOE YBIAKHEHHE HIDKHHX U CPETHHUX CIOCB aTMOC(Eepsl ¢ MaKCH-
MaJbHBIMHU 3HAUEHUSIMH aHOMAalUil YJeNbHOW BIAQXXKHOCTH B pailoHaX aHOMAaJbHBIX
0CaJIKOB.
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Puc. 3. BepTukaibHOE paclpeicIeHUC aHOMaINi yIeIbHOU BIaXKHOCTH, I/KT (a, 0);
MOTEHIHATBHOM TeMmepaTyphl aTMochepsl, °K (6, 2); 1 30HaIBHOM CKOPOCTH BeTpa B M ¢ ' (0, e),
ocpeHeHHBIX B nosioce mupot (10° 1o. m. — 10° ¢. 1m1.) 5KBaTOpHAaIbHOro 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 apxua NCEP-DOE [10]

B teuenne 1997 r., B otiuuue ot 2023 r., B 3kBaTopuaibHoii atmochepe Mumo-
TUXOOKEAHCKOTO PErHOHa KPOME 30H aHOMAIIBHOTO YBIAXKHEHHS B PAiOHAX aHOMAJIb-
HBIX 0CaJKOB (popMHpyeTCsl OOIMMpHAs 30Ha OTPUIATEIHHBIX aHOMAIHUH YAeTHHON
BJIQXKHOCTH B padioHe MHnoHe3nu. MakcUMalbHbIX 3HAUEHUH aHOMAalUU yAEIbHON
BIIQYKHOCTH, KaK TIOJOXKHUTEIbHBIE, TAK U OTPHUIIATEIbHbIE, HAOMIOAATUCh B 3UMHUH ce-
30H 1997-1998 1. B paiionax MakCHMalIbHBIX OCAaJIKOB, Kak B 2023 r., Tak u B 1997 r.
B BepxHeW Tpornocdepe HaOI0IaI0Ch aHOMAIBHOE HArpeBaHWe, ¢ MaKCUMAJIbHBIMU
3HAYCHUSIMH aHOMAJIUI MOTCHIMAILHON TeMITepaTyphbl B 3UMHIE CE30HHI (puc. 3, 6, 2).
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VYBIaxXxHeHNE HIKHUX U CPEIHUX CIOEB TPOIMOCc(hepsl ¢ aHOMAIBHBIM HAarpeBaHHEM
BEPXHHX CIIOEB aTMOC(]EpHI B palioHaX aHOMAJIBHBIX 0CAJIKOB B SKBATOPHAIEHOM paii-
one MHmo-THXO0KEaHCKOM peruoHa COMpPOBOXKIANOCH (POPMUPOBAHHEM aHOMANUI B
T0JIe 30HAIBHOTO NTEPEeHOca B HIKHEH 1 BepxHel Tponocdeps! (puc. 3, 0, e). Kaptuna
AQHOMAJIM 30HAJBHOTO IepeHoca, HabIroaeMasl B TeUCHHUE Pa3BUTHA Db HWHBO B
2023 r., B 00mIeM aHAIOTHYHA KapTHHE 30HAIBHOTO NiepeHoca B 1997 r. B sxBaTopu-
abHOM paiioHe MHIMICKOro OKeaHa yxKe B JICTHHE MECAIbI Ha0M0anoch ociaabieHue
3aI1aIHOTO TIEPEeHOCca B HIDKHHUX CIOSIX TPOIocdepsl M BOCTOYHOTO IEpEeHoca B BEPX-
HHX CJI0fX, Kak B 1997, tak u B 2023 1. B 3amanHo# 1 1IeHTpaIbHOM YacTH SKBATOPH-
aNpHOTO paifoHa Tuxoro okeana, HAOOOPOT HAOIFOAIOCH YCHIICHUE 3aIIaHOTO TIepe-
HOCa B HIDKHEH Tporocdepe ¥ BOCTOYHOTO — B BepxHe. MakcUManbHBIX 3HAUECHUI
AQHOMaJIMM 30HAJILHOIO IEPEHOCa JOCTUTAIOT B ITOCIEAYIOIIMI 3UMHHM ce30H. O1HaKO
CJIeyeT OTMETUTb, YTO MHTEHCUBHOCTh aHOMAJIMM 30HAJILHOIO MEPEHOCA B HIDKHUX
ciosix Tporiocdepst B 2023 r., 6omee cnabdasi 1o CpaBHEHHUIO C AaHOMAIUSIMHU 30HAJILHOTO
nepeHoca, HabmogaeMsIMi B 1997 1.

OkcrpemaibHble Db HUHBO BBIAEISIOTCS HE TOJBKO XapaKTEPUCTUKAMU pas3-
BUTHS B TPOIIMUECKOM PETHOHE, HO TAKXKE INI00aJbHBIM BIMSHUEM Ha MOTOAY U KITU-
Mart B IpYTUX paifoHax 3eMHOTrO IIapa.

Oco0eHHOCTH HUKIOHNYECKO AaKTHBHOCTH
B EBpo-ATianTnuyeckom peruone B 1997 u 2023 rr.

OrieHKa IUKJIOHUYECKON aKTUBHOCTH BBITIOJTHEHA HA OCHOBE aHAJTIHM3a MOBTOPSI-
€MOCTH M WHTEeHCHBHOCTH IIUKJIOHOB, PACCUNTHIBAEMBIX, COOTBETCTBEHHO, KaK KOJH-
YECTBO LIEHTPOB IIUKJIOHOB U CyMMa aHOMAJIUi JaBJIEHHs B LIEHTPaX LUKIOHOB OTHO-
CHUTEJBbHO KINMAaTHYECKUX 3HAUEHUH B y371aX CETKU B KaJICHIAPHBII MecAI] [0 JaHHBIM
peanammza NCEP-DOE [10]. LleHTpbI IIMKJIOHOB 1 TPAGKTOPHH MX CMEIICHUS PacCUH-
TaHbl HA OCHOBE METO/1a aBTOMAaTHYECKOH MACHTU(HKALIMHN MO 6-4aCOBBIM JJaHHBIM aT-
MocdepHoro nasieHust Ha yposHe Mopst (MSLP) [1]. [dnst ananusza oTOMpaInch LUK-
JIOHBI C JJTMHOM XKU3HH OT 3 cpokoB HabmoaeHus u 6onee. CornacHo naaekcam NAO
u EA (Tab:m.), B ocenane mecsas! u 2023 r., HaOmogamack oTprIaTeIbHas as3a cene-
poarinantuaeckoro kosiebanus (CAK) u nHTEHCHMBHAS TOJIOXKUTEIbHAS (aza BOCTOU-
HoaTaHTH4eckoro koiedanus (BAK), B mocnenyromme 3uMHIE MECSIIbI — HHTEHCHB-
Hast monoxwurtensHas gaza u CAK, u BAK. B ocennmii cezon 1997 r. mpeoGnanana
orpunarenpbHas ¢aza u CAK, u BAK, u Tompko B Tocienyromuye 3UMHHE MECSIIbI
copmMHpoBaIack JOCTATOYHO MHTEHCHUBHAs MMOJI0XUTENbHas pa3a BAK.

AHanu3 IpOCTPAHCTBEHHOT'O PACIpeNieNIeHHs XapaKTePUCTUK UKIOHNYIECKOH
aktuBHOCTH B EAP moKa3piBaeT MHTEHCH(UKAIMIO INKIOHOB HA BOCTOYHOM aKBaTo-
pHUH OKeaHa ¥ Ha eBPOIEeHCKOM KOHTHHEHTE B oceHHHEe MecsInl 2023 1. (puc. 4), 4To,
JICUCTBUTENIEHO, XapaKTepHO JUIsl MHTCHCHBHOM IOJIOXKUTENBHOM (a3pl BOCTOUHOAT-
JaHTHUYEeCcKoro konebanusa. B mocnenyromme 3uMuue Mecsns! 2023 r. Habmronanach
3HAUUTENbHAS MHTCHCH(UKALUS LUKIOHMYECKOH aKTUBHOCTH B OCHOBHOW 30HE
HMITOPM-TPEKa, KaK Ha akBaTOPUU OKeaHa, TaKk U B CEBEPHBIX pailoHax EBpomsl, dro,
OOBIYHO TPOMCXOJUT, NP WHTEHCUBHOH IOJOXHUTENBHOH (haze ceBepoaTiaHTHYe-
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ckoro konebanust (CAK), n B cimydae coBnajgenus: nojoxurenbHbix ha3 CAK u Bo-
cTtouHoaTianTHueckoro kojebanus (BAK) [2]. B kauecTBe 00ImUX 0COOSHHOCTEH B
pa3BuTuu LUKIOHWYecKOH akTuBHOCTU B EAP B 2023 11 1997 rr. MO’KHO OTMETHUTDH HH-
TEHCHUBHYIO TTOJIOKHUTENBHYIO (pa3y BOCTOUYHOATIAHTHUECKOTO KOJICOAHHs, B OCCHHUE

U TIOCJIETYFOIIME 3UMHHUE MECSIIBI, B IEPUOJI KyJIbMUHAIIMN Di1b HUHBO.
Tabruya
Esxxemecsansie 3nauenus naaekcoB NAO u EA B mepron ¢ HioHs O anpens pa3BuTst Db Huubo
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) 0)

Puc. 4. IlpocTpaHCTBEHHOE paclpe/ieiieHIe HHCKCA IMKIOHNYECKOi akTuBHOCTH (r]1a)
B EAP B ocennne ce3omubt 2023 1. (a) u 1997 1. (8), a TaKKe B MOCIEYIOMINI 3MMHAE CE30HBI
2023-2024 rr. (6) 1 1997-1998 r (2)

Pannne uccnenoBanust He oTMeuanu 3Ha4NMoOro 3¢ ¢pexra DHIOK Ha morony u
xmmMmat B EAP, ogHako B Ooiee mo3HUX padoTax, B TOM ducie B [6; 8], Obuta mpen-
JIO’KEHA TUIOTE3a M MEXAHU3M B3aUMOCBSI3H MEXy KIMMAaTHUYECKUMU aHOMAJIUSIMU B
9KBaTOpHUAIBEHOM peruoHe Tuxoro okeana u armocepHoil upkysiiueii B EAP depes
cTpaTochepHyIo UPKYIAIUI0. B mocienyromux uccueaoBaHusx, Hampumep B [4; 13],
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OBUTO BEIIBHHYTO IIPEIIOJIOKEHNE, YTO «CTPATOCHEPHBII MOCT» HE SBISETCS €IUH-
CTBEHHBIM MEXaHM3MOM, cBs3biBatoluM aHoManuu TIIO B skBaTOpHaIbHON 4YacTH
Tuxoro okeaHa ¢ CeBEpPOATIAHTHYCCKUM KoJicOaHHEM, U MPEICTABICH «Tpomocdep-
HBII» MEXaHWU3M, KOTOPbIH cBs3biBaeT aHomanuu TI1O B sxBatopmanbHOi wactn TH-
XOr0 OKeaHa M aTMOC(EpHYIO MUPKYJIIIHi0 Haa EBponoit n CeBepHOW ATIAHTHKOM,
KOTOPBIH BKIIFOYACT HAJIMYHE CyOTPOIIMIECKOTO CTPYHHOTO TEYCHUSI, KOTOPOE aKTHBU-
3upyeTcs IpH pa3sBUTUN Db HUHBO.

AHanmu3 KapT IPOCTPAHCTBEHHOTO pacpeeNICHNs] aHOMaIi 30HAIBHOTO ITepe-
HOCa B BepxHel Tporocdepe B HCciexyeMble ToAbl ¢ Db HUHBO MoKa3pIBaeT 3HAYH-
TEJIFHOE YCHJICHUE 30HAJBHOTO IIEPEHOCa Ha YPOBHE CTPYHHOTO TCUCHHS B CyOTpOITH-
yeckoM peruone IOxHoit Asum n Tuxoro okeana B 3uMHHUe ce30HBI U 2023-2024, u
1997-1998 rr. Crnenyer OTMETHTb, YTO MaKCHUMAaJIbHBIX 3HAYEHUM IOJIOKHUTEIIbHbBIE
AQHOMAJIMM 30HAJILHOIO NMEPEHO0Cca, O3HAYarollde YCUJIEHUE 3alaJHoro NnepeHoca Io
CPaBHCHHUIO ¢ KIIMMATHYCCKUMH 3HAUYCHHUSIMH, B 002 3MMHUX Ce30HA HAOIIOAIUCH B
[EHTPAITBHOM palioHe THxXoro okeaHa, Ipu 3TOM B 3UMHUHK ce30H 1997-1998 rr. un-
TEHCUBHOCTb AHOMA@JIMH 3HAUYUTEIBHO CUJIBHEE 10 CPAaBHEHMIO C 3UMHUM CE30HOM
2023-2024 rr. Oguaxo B 3uMHHE ce30H 2023—-2024 rT., B OTIIMYKE OT 3UMHETO CE30Ha
1997-1998 rr., 30Ha ycuneHus 3amajgHoro nepeHoca o B EAP pacnpoctpanuiacs Ha
oOmmpHEIi paifon CeBepHOW ATIAaHTHKH U CEBEpHBIE pailoHs! EBpoTEI.

GON - 2023/2024 gexaips-AHEapL-heBpaIs

—-18 —14 -10 -8 -2 2 6 10 14 18

Puc. 5. CpeHemMecsuHbIe aHOMAIMK 30HAJIBHOTO TepeHoca (B M/c) B BepxHeil Tpomochepe
(250rIla) B 3umune ce3onsl 2023-2024 1r. (@) 1 1997-1998 rT. (6), paccyuTaHHBIC 110 JAHHBIM
peananmza NCEP-DOE [10]
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MO>KHO TIPEIION0KNTH, YTO COTIIACHO TMIIOTE3€E «TPOMOC(HEPHOTO MOCTa», HH-
TCHCHBHBIC KIMMaTHYECKHE aHOMAJMM B CHCTEME OKeaH — arMocdepa oO0ycloBHIN
(opMHpOBaHKE UCTOYHUKA aHOMAJILHOTO TEILIA B BEPXHEH Tporocdepe B IKBATOPHU-
anbHOM paiioHe Mnnuiickoro 1 TUXOro OK€aHOB B JIETHUN U OCEHHUH CE30H U IOCJIC-
JYIOIIYI0 MOIU(DUKAINIO CyOTPOIMMYIECKOTO F0KHOA3UATCKOTO CTPYHHOTO TEUEHHS.
AKTHBM3aLMs CTPYHHOro TeueHus: Haja akBaropueil CeBepHON ATIAHTUKU, B CBOIO
ouepesib, UTPAeT BaXKHYIO POJIb B MHTCHCH(DUKAIINH IUKIOHHYECKON aKTHBHOCTH B
yKa3aHHOM paifoHe. [IprMepsl aHaIM3a OTACNBHBIX TTyOOKHX IUKIOHOB M IITOPMOB
TIOKa3bIBAIOT [7], UTO pa3BUTHE SKCTPEMAIBHO IIyOOKHX BHETPONMYECKUX IIMKIOHOB
B BOCTOYHOH ATJIAaHTHKE IPOMCXOJHUT HaJl aKBATOPHUEH OKeaHa B YCIOBHUSX Ipeodia-
JIAIOIIEeT0 TUHAMUYECKOT0 (DOPCUPOBAHHS C BEPXHHX CIOEB TPOMOC(Eps!, HHTCHCHB-
HOCTH KOTOPOTO B 3HAYUTEIGHON CTENIEHN 00YCIIOBIICHO MOJI0KEHNEM H HHTEHCHBHO-
CTBIO CTPYHHOTO TEUECHHS B BEPXHUX CIIOSIX TPOIIOC(hepsl.

3ak/aoueHne

CueHapuil pa3BUTHS KIMMATUYECKUX aHOMAJIMN B TPOIIMYECKOM peruoHe M-
quiickoro n Tuxoro okeaHoB B TedeHue 2023 T. pakTHUECKH COOTBETCTBYET CLICHAPHIO
pa3BUTHSI KIMMAaTHYECKUX AHOMAIWH B yKa3aHHOM pErvoHe, HaOMIoJaBIIeMycs B
1997r. U cuenapuii, 1 ”HTEHCUBHOCTh aHOMAJIMH KJIMMATUYECKOU CUCTEMBI B SKBATO-
puanbHoM paiione Muauiickoro u TUXoro okeaHoB , OTMEUEHHBIE B IIPOLIECCE Pa3BU-
tust Onb Hunbo B 2023-2024 rr., mO3BOJISIET OTHECTH AaHHOE Dib HUHBO K dKCTpe-
MaJIbHBIM TeIuTbIM coObITHssM DHIOK.

Baxmuetimeit ocooernoctsio 1 2023 1., 1 1997 1. sBIsCTCA HE TONBKO Pa3BUTHE
WHTEHCHUBHOM nooxutenbHol (hazsl DHIOK, Dnp Hunbo, B THXOM OKeaHe B OCEHHUE
U MOCTICIYOIINE 3UMHUE MECSILIbI, HO U HHTCHCUBHOM MOJIOXKUTEIbHOMN (Dasbl AUITOIb-
HOTO SIBIICHUsI B peTnoHe HAMICKOTO OKeaHa B JISTHUE U OCEHHUE MECSIIBI, YTO MO/~
TBEPXKIAeTcsl KIMMAaTHYSCKIMU HWHACKCAMH, ITyOJMKyeMBIMH Ha caiite Harmonais-
Horo Meteoposoruyeckoro Lentpa CILIA.

Bausnue O1p Hunbo Ha aTMocdepHyro nupkynsanuio B EAP MoxeT mposiB-
JISITHCSI KaK B BUJIE PA3BUTHS TOJOKUTEITHHON (a3bl CEBEPOATIAHTUIECKOTO KoJieha-
HUSI, HO ¥ Pa3BUTUS HHTCHCUBHOM IMOJOXHUTEIBHON (pa3bl BOCTOUHOATIAHTHYIECKOTO
konebanus. B 2023 r., B omimune ot 1997 r., nonoxxuTenbHas (aza BOCTOUHOATIIAH-
TUYECKOT0 KoJieOaHus c(hOpMUPOBAIACH YIKE B JIETHUE MECSIIBI U COXPAHSIIACh BIIOTh
JI0 KOHIIa 3UMHETO ce30Ha. M momokutenbHas (asza ceBepoaTIIaHTHIECKOTO KoJeda-
HUSI, ¥ IOJIOKUTEIbHAS (pa3a BOCTOYHOATIAHTHYCCKOTO KOJICOAH!sI IPOSIBUIIMCH B UH-
TEHCU(PHUKAIMY [IMKIOHUYCCKON aKTHBHOCTH KaK Ha akBaTopuu CeBepHO#l ATIaHTHKHY,
Tak 1 B EBponeiickoM pernone, B TOM 4Mciie Ha eBponeiickoi Tepputopun Poccun.

Baxnyto ponb B MexanusMme otkiinka DHIOK B EBpo-ATnantuueckuii pernoH
MOJKET UrPaTh YCUJICHHE 30HAIBHOTO MEPEHOCa B CYOTPONUYECKOM PErHOHE B BEpX-
Hel Tpornocdepe Ha ypOBHE CTPYHHOTO TECUEHHS, MPUIUHON KOTOPOTO SIBIISIETCS IKC-
TpeMaJIbHOE HarpeBaHHE B BEPXHHX CIIOAX Tporrocdepbl B SKBaTOPHAIEHOM PETHOHE
Muauiickoro u Tuxoro okeaHoB B JIETHUI U OCEHHUH CE30H.
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K. A. Jlomenxo (loshchenko@bk.ru)

HUpkymckuii cocyoapcmeennblii ynusepcumem, 2. Upkymck

AunnoTanust. /15 ncenenoBanys KIMMaTHuecknx (GakTopoB U3MEHEHHUsI aTMOC(EPHOro JaBIIeHHUs Ha
npuMepe Meteoctanuu Mpkyrck B nepuon 1882—-2024 rr. 6bu1a paccMOTpEHa MHOTOJIETHSSI JHHA-
MHKa BOJIH TeTjIa ¥ BOJH xosozaa. ITox BomHaMu Teria ¥ BOTHAMH X0J10/1a HOHUMAIU EPHO/IBI COOT-
BETCTBEHHO C MOJIOKUTEIBbHBIMU U OTPULIATEIbHBIMU TEMIIEPATYPHBIMU aHOMaNUsAMHU. Jljist nccneno-
BaHUs ObUI BBIOpAH STHBAph — MECSI ¢ HauboIee HU3KUMHU CPETHUMU MECSYHBIMHU TeMIepaTypamu
BO3/lyXa, KOrla B HauOOJIbILel CTeNeHN HPOSIBISETCS OXJIaXKIAloIlee BIUsIHUE MaTepuKa U XOPOLIO
BBIP@)KCHA TMHAMHKA 3MMHETO KOHTUHEHTAIBLHOTO LIEHTpa elcTBuUs arMocdeps! (A3narckuii aHTH-
LIMKJIOH) U OkeaHnueckux nenpeccuii (Mcenannckas n Aneyrckas). Beero 3a uccienyemsie 143 rona
B Upkyrcke 6bu10 BhiZeaeHo 361 BomH Temna u 375 BOJH X004, T. €. KOJIWYECTBO BOJH TeIia U
X0JI0/Ia 0Ka3aJI0Ch NPAKTHYECKU OJMHAKOBBIM. PaccMOTpeHa MHOTOJICTHSS JIMHAMHUKA BOJH TEILIa,
KOTOpasi XapaKTepHU3yeTCs YBEIHMYCHHEM WX KOJIMYECTBA, W BOJH XOJIOAA, KOJIMYECTBO KOTOPBIX
yMeHbIIaeTcs: Ha ()OHE COKpALIEHMS YUCiIa JAHEH ¢ pa3InuHbIMU IPaJaliusiMi OTPHLATEILHBIX TEM-
repatyp Bo3dyXa. BeImomHeHa THIIH3ausl CHHONTHYECKUX MIPOIECCOB Y MOBEPXHOCTH 3eMIIM U Ha
BbICOTE H300apuyeckoil mosepxHoctu AT-5500 rlla (5 kM) aist neprogoB HamOoJIee BBICOKUX H
HanboJIee HU3KNX CpeIHEMEC UHbIX Temreparyp B stHBape 2000—-2024 rr., cpaBHUTENIBHBIN aHAIN3 C
AQHOMAJILHO XOJIOJHBIM siHBapeM 1968 ., a Takyke CHHONTHYECKHUH aHaINU3 MPOAOJIKUTEIBHBIX BOJIH
TeIlIa B ITOCIeqHNe JecaTuneTus B MpkyTcke.

KutoueBble ciioBa: KiuMat, VIpKyTCK, BOJIHBI TEIUIA, BOJIHBI X0JI0/1a, KIIMMATHYECKas HOpMa, THUIIH-
3a1usl, BBICOTHBIN IIUKIJIOH, aTMOC(epHBbIi QPOHT.

BBenenne

ATMocdepHOe TaBiIeHne B K&KI0N TOUKE 36MHON TOBEPXHOCTH HE OCTAETCS I10-
CTOSHHBIM. [Ipn 3TOM MHOT/Ia aBiieHHe aTMOc(hephl M3MEHSIETCS BO BPEMEHH OYCHb
OBICTPO, MHOT/IA XK€ JTOBOJILHO JIOJTO OCTACTCsl HEM3MEHHBIM. M3MeHeHus: aTMocdep-
HOTO JIaBJICHUSI B OCHOBHOM MMEIOT HEMEPUOJUUECKUN XapaKTep U 00yCIOBIEHBI KaKk
TEPMHUYECKUMHU, TaK ¥ THHAMHUYECKUMHU IpUIHaMA. HepaBHOMepHOE HarpeBaHUe WITH
OXJIQXKJICHUE 3EMHOH MMOBEPXHOCTH MPUBOIUT K M3MEHCHHUIO JABJICHUS HAJ Pa3iIHd-
HBIMH €€ y4acTKaMH. BTOp)KCHHE TEIUIbIX MM XOJIOJHBIX BO3IYIIHBIX Macc Ha JIaH-
HYIO TEPPUTOPHIO (aIBEKIINS) TAKXKE BBI3BIBAIOT U3MEHEHHS JIaBJICHUs. B pe3ynbraTe
KoJleOaHW TaBIICHHUS MOTYT OBITh CPABHUTEIIFHO OOJIBIINMHE M PE3KUMH: 33 CyTKH JIaB-
neHre MoxkeT uameHuThes Ha 20-30 rlla [1; 2]. Haubombiime koeOaHus TaBJICHUS
HAOIIOAI0TCS TaM, I/ie MHTEHCUBHEE IIMKIOHUYECKAs JAesITeIbHOCTD, T. €. B YMEepeH-
HBIX U BBICOKMX IMUPOTax. [IyTeM ocpelHeHUs TaHHBIX MHOTOJETHUX HAOJIOIEHMUI
MOYXHO Ha ()OHE HETIePUOJMUYSCKUX KOJIeOaHWI NaBICHUS BBIIBUTH €TO MEPHOIIYE-
CKHE ero KoeOaHusi — CyTOUHbIC U TOJIOBBIC U3MEeHEHUs [3].

Takum 06pa3zom, 00JIaCTH MOBBIIIEHHOTO U MOHKEHHOTO aTMOC(epHOro J1aB-
JICHWsSI HTPAIOT BAXXHYIO POJIb B POPMHUPOBAHUN TOTOTHBIX yCIIoBUi. [ToaTomy nzyde-
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HHUEC XapaKTEPUCTUK, OTPAXKAOIINX KaK JOJTOBPEMEHHOC, TaK 1 KPATKOBPEMEHHOC U3-
MCHCHHUC aTMOC(bCpHOl"O JAaBJICHUA, BAXXHBI IJIs1 ITOHUMaHUA TeHﬂeHﬂﬂﬁ 1 IPpUYINH
CPECAHCCPOUYHBIX U JOJTOCPOIHBIX W3MECHCHUI KJIMMarTa.

MeToauKa HccaeJ0BAHUS

HpkyTckast 001acTh pacioiokeHa B 10HOM yacti Boctounoit Cubupu, mouTtu
B eHTpe EBpoasuarckoro Marepuka. Pe3kue U3MeHEHUs IOrOHBIX YCI0BUHI Ha Tep-
putopuu MpKyTcKoii 061acTi B OOJIBIIMHCTBE CIIyYaeB BBI3BAHBI IPOXOKICHUEM Ty~
OOKHX IIUKJIOHOB U CBSI3aHHBIX C HUIMU JMHAMHUYECKH 3HAYNMbIX aTMOC(HEPHBIX (PPOH-
ToB [4]. AT™MOc(hepHbIe GppoHTHI Ha TeppuTOpHH HpKYyTCKOM 00:1aCTH MpeTepIieBaloT
3HAYUTENBHYIO Ae(opMaLuio, B3aUMOCHCTBYS MpU CBOEM MEpPEeMEIeHUN C TOPHOIl
cucremoii Bocrounsix CasH, [Ipubaiikaabckux XpeOTOB M MCIIBITBIBAs TEPMUIECKOE
BimsiHNE 03. baiikan. Hanbonpmas moBropseMocTs aTMOCHEPHBIX (PPOHTOB, C KOTO-
PBIMH CBSI3aHBI PE3KHE U3MEHEHHs TeMIepaTyphl BO3IyXa U OMNACHBIC SBIEHUS IO-
TOJIBI, OTMEYAETCS B MIEPEXOIHBIC CE30HBI T0/1a, KOTa YCHINBAIOTCS TOPU30HTAIBHBIC
TpaJiieHThbl TEMIEPATYP M, KaK CIEACTBUE, YBEIMUUBAETCS TOBTOPSAEMOCTD BBIXOJIOB
LUKJIOHOB [22]. B 3uMHuUI Iepuo]i yMEHBLICHHUE YHCIIa BBIXO/I0B [IMKJIOHOB U CBSI3aH-
HBIX C HUMH aTMOC(EPHBIX (PPOHTOB MOKHO OOBSICHUTH TOCIIOICTBYIOIIUM BIUSIHUEM
OIOKHMPYIOMNX POIECCOB, B TOM YHCIe A3HaTCKOTO aHTHIHMKIOHA, TOT/Ia KaK yMEHb-
IIEHHE Ynciia aTMOC(EPHBIX (PPOHTOB JIETOM CBSA3aHO C OCIa0IeHNEM TeMITepaTypPHBIX
KOHTPACTOB M 3HAYMTEIIBHBIM CMEIIIEHHEM OCEil BBICOTHBIX (DPOHTAJIBHBIX 30H K IOTY.

Jlns nccneioBaHus BKJIaga aJBEKTUBHBIX U JUHAMHYECKHX (PaKTOPOB U3MEHe-
HUSI aTMOC(EpHOTO TaBIeHIS B (OPMUPOBAHUE TEMIIEpAaTypHOTO peskuMa MpKyTckoi
obnacty Ha pumepe T. MIpKyTck ObUTH BBIJETICHBI BOJIHBI TEIUIA U XOJ0/1a, KaK IepH-
OJIbl C TOJIOKHUTENBHBIMU U OTPULATEIBHBIMU TEMIEPATypHBIMU aHOMAIUSIMU B STH-
Bape 3a nepuoy 1882-2024 rr. SIHBaph — MecsI ¢ Hauboee HU3KUMU CpeTHEMEC -
HBIMH TEMIIEPATypaMH BO3JlyXa, KOTJa B HAaHOOJIBIIEH CTEICHN IPOSBIISIETCS OXJIa-
JKJAloIlee BIMSHME MaTepHKa M XOPOILO BbIpakeHa JIMHAMUKA 3UMHEr0 KOHTUHEH-
TadbHOTO LEHTpa JAeicTBuss arMocdepsl (AsuaTckuii aHTHIUKIOH). [Ton BomHamu
TeTIa ¥ BOTHAMH XO0JI0/1a TOHUMAJTH IEPHOABI COOTBETCTBEHHO C ITOJIOKHUTEIEHBIMH 1
OTpULIATEIbHBIMU TEMIEPATypPHBIMH aHOMAUSIMU.

PeSy.]]bTaTbl HCCJICAOBAHUSA

B mHoronerHem n3aMeHeHuu BOJH Teria U xonoaa B Mpkyrcke B 1882-2024 rr.
BBISIBIICHA AMHAMMKA YBEINUEHUS KOJIMUECTBA CTy4aeB C BOIHAMHU TEIjIa U yMEHbIIEHHE
KOJIMYECTBA CIy4aeB ¢ BOJTHAMH XOJI0Aa, Haubosee BeIpaxkeHHbIe ¢ Havana 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 Mecsla MOJKET JOCTUTaTh 6, a BOJHBI X0JIOZA B OT/ENBHBIE TO/IbI OTCYTCTBYIOT.

B xauMaTndeckoM IIaHe MPeACTaBIseT HHTEPEC MPOaHATH3UPOBATh MHOTOJIET-
HIOIO TMHAMUKY YHCIIa THEH C Pa3sIMYHBIMH TPATAlUIMH OTPUIIATEIIFHBIX TEMIIEPATyp
Bo3nyxa B Mpkyrtcke. Paccmorpensl rpajanuu temmneparyp mMunHyc 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 JTUHEH-
HOTO TPEH/a, 3HAYUMOCTb KOTOPOTO BO3PACTET C MOHIKEHHEM Temreparyp. Hanboss-
IIee YUCio JHEH C IpajalisiMi TeMIeparypsl Bo3nyxa mMuHyc 25 °C — munyc 29 °C
3adukcupoBano B ssuBape 2018 T., koTopkiit 6611 Ha 2,7 °C X0J01HEee HOPMBI, & OTCYT-
CTBOBAJIM yKa3zaHHbIE rpagauuu B situBape 1885, 1983, 2007 u 2020 rr., Hanpumep, sSH-
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 rT., a B pacmpeneneHny rpagannii
temrieparyp muHyc 30 °C — munyc 34 °C npociexrnBaercss yMEHbIIIEHHE YUCIia THEeH
ot 15 B stuBape 1887 r., KOTOPHIH OBLT CO cpeHUME TeMmeparypamu Ha 6,1 °C Hike
HOPMBI J10 TToBTOpsieMocTH ~40 % B epuox 2000-2024 rr. I'paganuu TeMneparyp Mu-
Hyc 35 °C — munyc 39 °C Tarke XapakTepU3yIOTCsl YMEHBIIEHUEM UX KOJIMYECTBA C
MakcHMaNbHBIM gucioM (10) B staBape 1969 T., KOTOPBI UMEN CpeHAE TEMIIePaTy Pl
Ha 9 °C HmKe HOPMBI, 0 OTCYTCTBUS JAHHBIX I'PAJallUil ¢ BEPOSTHOCTHIO MOpPSIKa
oTMevanuch A0 sSHBaps 1967 r. ¢ HamOoibIIeH MOBTOPAEMOCTBIO B mepuon 1914—
OTMeYalnch, a B suBape 2002 r., kotopsiid 0611 Ha 7,3 °C HIDKE HOPMBI, TAKKHE Tpajia-
LUU OTMEYaNuch 7 U § siHBapsl.
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Puc. 1. MHOTONETHSS IMHAMUKa rpajanuii remneparyp munyc 40 °C — munyc 45 °C
B MpxyTcke B siHBape 1882-2024 rr.
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Jlanee ObUIH BBIZIEIIEHBI CaMbIe TEIUTBIC M XOJIOIHBIE 3MMHNE MecsIbl B IpkyTcke

B 2000-2024 rr. 1 32 KaX/1bIi JIEHb OIPEICTICHBI TUITHI CAHONITUYECKUX MPOIIECCOB, Ha
OCHOBE KOTOPBIX IIOCTPOCHA THITU3AIHS CHHONITHYCCKHX MOJICH Y TIOBEPXHOCTH 3eMJIH
U B cpemHed Tpomocdepe Ha ypoBHe H300apmueckoil moepxuHoctu AT-500 rlla
kM). Pexopano TerisiM B MpkyTcke 0bl1 ssHBaph 2002 1. (Ha 7,5 °C BBINIE HOPMBI),
IpU KIMMaTHYECKOW HOpME cpelHeMECTUHOI Temneparypsl Bo3nyxa —18,3 °C oHa co-
crasmia —10,8 °C. SluBapp 2002 1. oka3ajicst He TOIBKO TEIUIBIM, HO, U CHEXHBIM, TaK
Kak BBITAN0 168 % Mecs9HOW HOPMBI OCaIKOB. AHAIU3 MIPU3EMHOTO TIONS JIaBICHHS
MTOKAa3aJl, YTO TIOJIOKUTEITFHBIC aHOMAJIMU TEMIIEpaTyp W yBEIHMUCHHE aTMOC(HEpHBIX
0CaJIKOB OBUIH OOYCJIOBIICHBI YBEIMUCHHEM BKIIaJIa YKCIa JHEH C TEIUIBIM CEKTOPOM
IIUKJIOHA, TEIUIBIX aTMOCQEPHBIX (HPOHTOB U JIOKOMH HEIpstomero nukioHa (40 %)
MIpH TIPe0OIaIaoeM CHHONITHIECKOM THIe Oapudeckuii rpedens (25 %). B cpemneit
Tporocdepe B aHOMaIbHO TeIIbli ssHBaph 2002 T. mpeoOs1aaaroyM THIIOM MPOLeC-
coB (53 %) Oblna JMHAMUYECKH 3HAYMMasi B TEMIIEPATYPHBIX M OapUUECKHX KOH-
TpacTax BBICOTHAS (PPOHTAIBHAS 30HA, €€ MIEPEAHAA YacThb C a[BEKIHEl 00Iee TeITbIX
BO3JIYITHBIX MacC C FOXKHOH COCTaBIIAIONICH.

CambiM xosonHbIM 3a miepuon 2000-2024 rr. oxazancst mexkadpp 2020 r., Ha
C mmxe HOpMBL. [Ipu knnmarnueckoit Hopme —15,3 °C hakTHueckas TeMeparypa Me-
csma coctasmuna —17,0 °C. AtmocdepHbIX 0caakoB BEIAIO 59 % OT MECSIIHON HOPMEI.
B mepuon ¢ 25 nmo 28 mexabpst 2020 r. MPOUCXOMWIO TOHIKCHUE TEeMIleparyp Ha
C. o cpaBHEHHIO ¢ aHOMAJIBHO TeTIbIM stHBapeM 2002 1. npeo0I1alatoniM THIIOM at-
MocdepHbIX mpoueccos (45 %) 6b1 Oapudeckuii rpedeHs A3HATCKOTO aHTHIUKIOHA
M 30Ha B3aMMOJCHCTBHS IIMKJIOHA U aHTHUIMKIIOHA, TAE XapaKTepPHO yCHUIICHHE BETpa,
OKa3bIBaOIICEe JOMOIHUTENFHOE OXJIaXKIarolee Bo3aeicteie. Kpome toro, mo cpas-
HeHUIo ¢ TeribiM siuBapeM 2002 r. B 4 paza peke 0TMEYaINCh TEeIIble aTMoc(hepHbIe
¢ponTsr. Ha BeicoTe m306apudeckoii moBepxaoctr AT-500 rlla (5 kM) moHMxeHue ae-
kabpbckux Temrepatyp 2020 T. ObIIO BEI3BaHO yBEIHMUCHHEM BKIaaa (42 %) ThUIOBOM
YaCTH BBICOTHOM JIOKOWHBI, TIIE ¢ HUCXOSIIUMHU TOTOKAMH CPEIHEH U BEpXHEH Tpo-
nocdepsl 0CyIIeCTBIIETCS alBEKIUs HanOOoIee XONOAHBIX apKTUUECKUX BO3AYIIHBIX
Macc.

Y4uTHIBas, YTO B TIOCIIEIHUE TOABI CYIIECTBEHHO BO3POCIIa IIOBTOPSIEMOCTD BOITH
Teria ObUIa MPOBEICHA CHHONITUYECKAs TUITH3ALHUS I HAnOO0JIee MPOIOKUTEITBHBIX
TEIJIBIX 3UMHUX NepuosioB. MccnenoBanue BhIMOIHEHO Ha mpumepe sHBaps 2020 r.,
KOT/Ia TOJIBKO 3 JTHS OBUIH CO CPeTHECYTOUHOH TeMITepaTypoii BO3TyXa HIKE KITMMAaTH-
YECKOH HOPMBI, U peKopaHO Temioro siuBapst 2002 r., korjaa ToJbKO OAMH AEHb Mecsa
OBUI CO CPeHECYTOUHOH TeMIIepaTypoi Huxke HOpMBI. COITTaCHO BBITIOJIHCHHOW THITH-
3anuu B saBape 2020 r. mpeobIagaroniMiA THIIAMH aTMOC(HEPHBIX MPOIECCOB Y TO-
BepxHOCTH 3eMi (54 %) ObUTH TETUTBII aTMOC(hEpHBIH PPOHT U TETUIBIA CEKTOP ITHK-
JIOHa, a Ha BbICOTe m300apuyeckoii moBepxHocTu AT-500 rlla (5 kM) B OOIbIIUHCTBE
ciydaeB (41 %) B mpoxonuia 0Ch TUHAMHYECKH 3HAYMMON BBICOTHOM (DPOHTAIBHOM
30HBI M OCh CPEIHETPOITOCHEPHOTO CTPYWHOTO TEUSHHUs. B aHOMAITLHO TETUTBIN STHBAPH

T. aHAJIOTHYHO TeruioMy stHBapro 2020 T. y MOBEpXHOCTH 3eMJIH TakXke Ipeodiiaiaro-
MM THUIIOM CHHOTITUYECKUX MpoIieccoB (58 %) ObLI0 BIMSIHUE TEIJIOTO CEKTOpa ITHK-
JIOHA U TeIIoro arMoc(epHoro (ppoHTa, a Ha BBICOTE M300apUIECKON MOBEPXHOCTH
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AT-500 rIla ananormano ssHBapro 2020 r. MpoXoXkKAeHNE OCH BBICOTHOH (ppoHTAIBHOM
30HHI (29 %).

B 3akiroueHue A CpaBHEHHUS OBUIM PACCMOTPEHBI CHHONTHYECKHE TPOIECChI
JUTSL XOJIOMHOTO Jekadpst 1968 1., kotopeiii Obi1 Ha 3,3 °C xomonHee HOpMBIL. 31 me-
Kabpst 1968 . B HOUHBIE Yachl TeMIieparypa Bo3ayxa B pKyTcke MOHWKaIach 10 —
C. Kak mokasaj CHHONITUYECKUI aHalln3, OCHOBHASI BOJIHA XOJIOAA B TPEThEH ACKaze
Mecsina OblIa BEI3BAaHA yCHUIEHHEM A3HAaTCKOTO aHTUIMKIIOHA C IEHTPOM Ha TEPPHUTO-
prm MpkyTcKoit o0macTn, KOTOPBIH ObUT rocroacTByomuM TaroM (19 %) curontiye-
CKHUX TIPOIIECCOB Y TIOBEPXHOCTH 3eMJIH B 3TOM MecsIe (puc. 2).
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Puc. 2. TlpuzemHoe Gapuueckoe nose B sipape 1968 r.

3a mocnenHue AecATUASTH Hanbosiee HU3KUe TemMreparypsl B siHBape (-42,8 °C)
ormeuanuchk 8 stHBapsA 2001 r. OHM OBUIM BBI3BaHBI y MIOBEPXHOCTH 3€MIIN BIMSIHHEM
XOJIOJHOW YCTONYMBOMN BO3AYIIHON MAcChl MPH 0ObEIUHCHUH IPeOHEH APKTHIECKOTO
1 MOHI0JIbCKOTO aHTHIIMKIIOHOB, a B cpeiHeill Tponiocdepe Hax MpKyTcKoM oTMedalics
[EHTP XOJOIHOTO BEICOTHOTO NUKIOHA TiTyOnHOM 508 kM (puc. 3). 22 suBapst 2018 r.
B UpkyTcke Temneparypa Bo3ayxa noHuxanach 10 —38,4 °C B X0JI04HOH HEYCTONYHUBO
cTparu(UpPOBAaHHOM BO3IYIIHON Macce B THIJIOBOI YaCTH BHICOTHOI'O IIMKIIOHA.
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Puc. 3. BeicotHoe Oapuyeckoe noine 8 stuBapst 2001 .

3akaoueHne

3a mepnoJ MHCTPYMEHTAJIBHBIX METEOPOIOTHYECKUX HabmroneHnii B VipkyTcke
(1882-2024 rr.) ormeuanock 361 BoiH Tema u 375 BOJH X004, T. €. KOJTHIECTBO
BOJIH TE€IUIa U X0JIO/1a 0KA3a10Ch MPAKTUYECKH OJAMHAKOBBIM. OZIHAKO B MHOT'OJIETHEH
JUHAMHUKE MOXHO MPOCJIEAUTH YBEIHUCHHE BOJH TEIUIa M yMEHBIICHUE KOJIUYEeCTBa
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/IEJIbHBIE TOJIbI OTCYTCTBYIOT.

ITorennenne KIMMaTa COMPOBOKAACTCS YMEHBIIIEHHEM KOIUYECTBA JHEH ¢ pas-
JMYHBIMH TPpaJalisIMi OTPHIATEIBHBIX TEMIepaTyp BO3AyXa B ssHBape B MpKyTcke.
[onoxwuTenpHbIC aHOMAINY STHBAPCKUX TeMIIepaTyp ObUTH OOYCIIOBIICHBI YyBEIIUYC-
HHUEM BKJIaJIa YUCJIa JHEH ¢ TEIUIbIM CEKTOPOM IHKJIOHA, TEIUIBIMH aTMOC(HEPHBIMU
(poHTaMH ¥ JIO)KOMHAMH HBIPSIIONINX ITUKJIOHOB. [IOHIKEHNE 3UMHHX TeMIepaTyp
OBLTO BBI3BAaHO YBEJIMYCHHEM BKJIaJa Y¥cCia THEW C THUIOBOH YacThIO BRICOTHOM JIOXK-
OWHBI, IJIe C HUCXOSIIIMU IIOTOKaMH CPEeIHEH U BepXHEH Tpormocdepbl 0CyIIecTBIs-
eTcs a/iBeKIUsl HanboJee X0NIOJHBIX apKTHUECKHX BO3AYIIHBIX Macc.

HaunGonbmmx 3Haue€HUH MOJI0KUTETHHBIE aHOMAIIUU CPETHECYTOYHON TeMIrepa-
Typsl Bo3myxa (15,7 °C) mocturamu B Upkyrcke 2 sHBapst 1927 r., xorma BO3ayX B
JIHeBHbIE Yackl nporpencs a0 2,3 °C. Temneparypa Bo3ayXxa Takke MOBBILIAIACH 10
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3HAUCHWSAM OTPHIATEIbHBIE TEeMIIepaTypHble aHOMadnK B VpKyTcke HaOIOmamNCh
—42,7 °C, a Hounsle 10 —47,6 °C. 12 suBaps 1915 r. oTpunarenabHble TeMIepaTrypHble
aHoManuu cocTaBuian —24,9 °C, qHeBHbIE TeMIepaTypsl HoHMKanuch 10 —43,7 °C, a
HouHBIE 10 —49,7 °C. OnHa U3 MOCIEeTHUX KPYIHBIX OTPUIATEIIFHBIX TEMIIEPaTypHBIX
aHomanuid otmedanack 8 ssuBapst 2001 r. u cocraBuina —20,7 °C, korna JTHEBHbIC TEM-
nepaTypbl HoOHMWKaIuch 10 —35,7 °C, a Hounble — 10 —42,8 °C.
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OuneHka HHIEKCAa KOHTHHEHTAJBLHOCTH KJAuMaTa Marajgana
3a mepuoa ¢ 1936 mo 2024 r.

. A. Kotnspo (svms(@sapo.pt)

Cesepo-Bocmounblii 2ocyoapemeennulii yuusepcumem, 2. Mazaoan

AnHoTanus. MH1eKc KOHTHHEHTaIbHOCTH SBJISETCS BaKHBIM MHTETPAJIbHBIM [10KA3aTeIeM OLIEHKU
KJIMMaTa ¥ 3HAYNMBIM HHCTPYMEHTOM €TI0 TPOrHO3UPOBaHHMs. JaHHBIN HHIEKC OLIECHUBACT HE TOJIBKO
JMHAMHUKY OCHOBHBIX KIIMMAaTHIECKUX NTEPEMEHHBIX, XapPaKTEPHBIX JJIs ONPEIEIEHHOT0 BPEMEHHOTO
UHTEpBaJla U TEPPUTOPHHU, HO U OTPAKAET UX B3aUMOCBS3b MEXKJy COOOM 110CPEICTBOM BIUSHHS OJ1-
HOM epeMeHHOI Ha Apyryro. TakuM 06pa3oM, OlleHKa HHIEKCAa KOHTHHEHTAIbHOCTH O3BOJIACT IIPO-
CIIeIUTh OCOOEHHOCTH KJIMMATa B IIPOLIIOM, OXapaKTepH30BaTh €ro U3MEHEHMS! B HACTOSIIEM U
CIIPOTHO3MPOBATH TCHACHINH M3MEHEHHUS B OyIyIIeM ¢ ydeTOM HaMETHBIICHCS AMHAMHKH IIO OT-
JIeIbHBIM KITMMAaTUYECKUM ITepEeMEHHBIM. JIJIs OLIEHKN KOHTHHEHTAIbHOCTH KiIMMaTa Maraiana rmpo-
M3BOJMIICS TIPE/IBAPUTENBHBIH PACUET YCPEJAHEHHBIX KIMMATHYECKHX IEPEMEHHBIX 110 JAEBITH Bpe-
MEHHBIM MHTEpBajgaM, KOTOPbIC BIIOCIEACTBIN UCIOJIB30BAINCH Ul pacdeTa MHACKCOB KOHTUHEH-
TaJIbHOCTH. PacyeT MHIEKCOB OCYIIECTBIISIICA TI0 ABYX Pa3JIMYHBIM METOJMKAM, YYUTHIBAIOIIAM HE
TOJIBKO I'O/IOBYIO aMILUTUTY Ly TEMIIEPATyp U IUPOTY MECTHOCTH, HO M CPEJIHUE TEMIIEPATYPhI STHBaPs
U HIOJIA, A TAKJKE CE30HHOE pacipeienenne ocaakos. OLeHKa HTOrOBBIX HHEKCOB 110Ka3alla He3Ha-
YUTEIbHOE OCIalbleHre KOHTHHEHTAIbHOCTH KiIMMaTa B MarajaHe 3a HCCIeLyeMbli IepHo, 110-
CPEJICTBOM POCTa CPEJJHUX 3UMHHUX H JIETHUX TEMIIEPATyp, a TAKKE 3HAYUTEILHOTO YBEINYEHHS KO-
JIMYECTBA OCA/IKOB.

KiiroueBble cjioBa: KOHTHHEHTAIBHOCTh KiInMaTa, MHACKC KOHTHHCHTAJIbHOCTH, KOS(bq)I/IIH/IeHT KOH-
TUHCHTAJIbHOCTH, KIIMMAaTUYCCKUC IEPEMEHHBIC, Mara;[aH, CEBCPO-BOCTOK Poccuu.
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BBenenne

I'mobanpHble KIMMaTHYECKHE U3MEHEHUS, OXBATHBIINE TEPPUTOPHUIO TUIAHETEI,
JUISL OTHUX PETHMOHOB 3eMJIIM HOCST CYIIECTBEHHBIH M 3a4acTyi0 HEOOpAaTUMBIH Xapak-
Tep, a JUI APYTHX PETHOHOB 3TH M3MEHEHUS NMPAKTUYECKH HE3HAUUTENBHBI, XOTA U
MUMEIOT MECTO OBITh. Takne M3MEHEHHS MPOSABIAIOTCS MO-Pa3HOMY, HO BBI3BAHBI, KakK
MPaBUIIO, POCTOM CPEIHEN TeMIepaTyphl BO3AyXa Ha I1aHeTe. Pe3ynpraTtom Taknux us-
MEHEHUH SIBISIOTCA OTKJIOHEHHsS MHOTOJETHHX 3HAU€HHH MapaMeTpoB IMOTOJbI OT
HOPMBI, XapaKTEPHOU AJISl OIIPEACIICHHBIX TEPPUTOPHI.

Teppuropus Cesepo-Bocroka Poccun, rae pacnonoxen ropoa Maragas, oTHO-
CHUTCS K OJJHUM MX CaMbIM XOJOIHBIX pailoHOB He TOJbKO Poccuu, HO M IUIaHETHI B
1enoM. Bero TeppuTOpuIo MOKHO YCIOBHO pa3ieNuTh Ha BE 00IaCTH: BHYTPUKOHTH-
HEHTAJIbHBIC ¥ IPHOPEKHBIE, B KOTOPBIX KIMMAT OyAeT 3HAUNTEIILHO OTINYATHCS APYT
oT apyra. Bo BHyTpHKOHTHHEHTAIBHBIX 00JaCTAX CPEeJHNE SHBAPCKUE TEMIEepaTyphl
JIOCTUTAIOT KpaiiHe Hu3kux 3HaueHudl —40-45 °C (BepxosHck, Oiimsikon). Ilosce-
MECTHO Pa3BUTO TaKOE METEOPOJIOTHUECKOE ABJICHUE, KaK 3UMHSS HHBEPCHS TeMIepa-
TYp, PE3YIBTaTOM KOTOPOH SBISAETCS BEIXOJAKHBAHNE MEKTOPHBIX KOTJIOBHH JI0 9KC-
TPEMaJIbHO HU3KUX TEMIEpaTyp MOCPEACTBOM 3aCTauBaHUS B HUX XOJOJHOTO U Cy-
xoro Bozayxa. OJJHOH U3 IPUYMH TaKOTO SIBJICHUS SBIISIETCS (JOPMUPOBAHUE B 3UMHHUI
nepuoj 001aCcTH BEICOKOTO aTMOC(HEPHOTO JIaBJICHHS ¢ MOPO3HOI U CONHEYHOH IOT0-
Joit. Hu3kuii CHEXXHBIN TOKPOB 1 SKCTPEMATIBbHBIE TEMIIEPATYPBI CIIOCOOCTBYIOT pa3-
BUTHIO MHOTOJIETHEH MEP3J0THI, MOIIHOCTb KOTOPOHl JIOCTHUraeT HECKONBKO COTEH
MeTpoB. J{na npubpexssix obmacteit CeBepo-Bocrounoit Cubupu, riae pacmonoxeH
MarasaH, XapakTepeH MEHee CypOBBIH KJIMMAT ¢ 0oJjiee BBICOKUMHU 3UMHHUMH TEMIIe-
parypamu 1 OOJIBIINM KOJIMYECTBOM OCa/lkoB. TeM He MeHee 31ech HalmoaatoTes 60-
Jiee CypoBble KIMMAaTUYECKUE yCIOBHUS, YeM B 3allafHbIX paiilOHaX CTPaHBI, PacHoo-
JKEHHBIX Ha TeX )K€ MUPOTax. AHAIN3 U3MEHEHHs KIIMMaTa Ha 3TOH TeppUTOpHH, TO-
CPEACTBOM OIICHKH WHAEKCAa KOHTWHEHTAIBHOCTH, ITO3BOJHT OIIEHUTH «TII00aih-
HOCTb» KITMMaTHYECKUX M3MEHEHHI Ha HAllleH MIaHEeTe B CAMBIX OTAAJIEHHBIX yTOJIKaxX
3eMiu.

KoHTHHEHTaNIBHOCT KIMMaTa — 3TO COYETAHWE PA3NUYHBIX CBOWCTB KIMMATa,
OIpeJeNsieMbIX BAMAHUEM 3HAYMTENBHBIX TUIOMIAIEN CyIIH Ha IIPU3EMHBIE CJIOM aTMO-
cdepsl 1 kMMaTooOpazyromue nporueccsl [3]. OueHka HHAEeKCa KOHTHHEHTAIBHOCTH,
KaK HHTErpaJbHOT0 MOKa3aTes, 03BOJSAET KOMIIJIEKCHO OLIEHUTH T KIIMMAaTHUCCKIE
M3MEHEHUs, KOTOpBIE MPOM3O0NUIN B MarajgaHe 3a MCCIeTyeMBIi IepHOJl BPEMEHH.
JlaHHBIN MHAEKC YUYHUTBHIBAET HE TOIBKO OTIENIbHBIE 3HAYEHHUs KIMMAaTHYECKHX Iepe-
MEHHBIX (TeMIepaTypa, KOIUYeCTBO OCaJKOB), HO U UX B3aUMOCBS3b, a TAKKE U3Me-
HEHHE 3THX 3HAYCHUH B TCUCHHE HCCIEIYEMOTo IIEpruoa BPEMEHH.

OCHOBHOI! LIEJIbIO TAHHOT'O UCCIIEN0BaHUS SIBJISIETCS OLICHKA U3MEHEHUS! KOHTHU-
HEHTAJIBHOCTH KiIMMaTa MarajjaHa Ha OCHOBE JJaHHBIX METEOPOJIOTHIECKIX HaOIo1e-
Huit ¢ 1936 mo 2024 r. CreayeT OTMETHTh, YTO METCOPOJIOTHUCCKUE HAOJFOICHHUS
CPeIHMX TOAOBBIX M MECAYHBIX TeMmeparyp B ropoje Benuch ¢ 1930 r. Oxnako mo
OTJIEIbHBIM T0JIaM MU MecAnam B Hadane 1930-X IT. 5Tu MeTeojaHHbIE OTCYTCTBYIOT,
MOATOMY BCE HEOOXOIUMBIE pacdeThl OyIyT BECTUCh HA OCHOBAaHMH TOJIBKO TEX JIET,
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IT0 KOTOPBIM MMEETCS TTOJTHAsI CTATUCTHKA HE TOJBKO O TeMITepaType, HO | 10 KO-
YECTBY OCaJIKOB, HEOOXOUMBIX Ul pacyeTa MHAEKCa KOHTHHEHTAIBHOCTH KIIMMaTa.
Bech BpemeHHOI MHTEpBaN OyAeT pa3OMT Ha HECKOJIBKO BPEMEHHBIX MEPHOJIOB, IS
KOTOPBIX Oy/eT MPOU3BEJCH pacyueT MHAECKCA KOHTHHEHTAIFHOCTH KJIMMAaTa Mo JIByM
METOJIMKAM U UX TOCIEIYIONIEe CPABHEHUE B IMHAMHUKE.

MatrepuaJbl 1 MeTOAbI

21.]'[5[ pacqua HMHICKCOB KOHTUHCHTAJIBHOCTH KJIMMAaTa Mara;[aHa 6yI[yT HUCIIOJIb-
30BaHBI JIBE pPa3IMYHbIC METOJMKH, YIUTHIBAIOIINE HE TOJIHKO TOJIOBYIO aMILIUTYIY
TEMIIEPaTyp W MIMPOTY MECTHOCTH, HO U CPEIHHE STHBAPCKHUE M HIOJILCKUE TeMIIepa-
TYypBbl, a TAKXKE KOJIMYECTBO OCAJKOB, BHIIABIINX B TEIUIbIM U XOJIOIHBIN [IEPHOL BpE-
MCHU. TaK, B HepBOM cnyqae JJIA pacqua MHACKCOB KOHTUHCHTAJIbHOCTHU KJIMMaTa 6y-
net ucronbs3oBana Metoanka C. [1. XpomoBa, nmeromast ciieAyromiee ypaBHCHHUE:

Kyp = 22522 100 %,

rne, Ky — uanexc kontnHeHTansHoCcTH C. I1. XpomoBa; A — rojjoBast aMIUINTYAa TEM-
neparypsl Bo3ayxa, °C; ¢ — reorpadudeckas mpoTa MecTa (IeCSTHIHbBIC TPATYChI).

Hrorosoe 3HaueHne HHAEKCA KOHTUHEHTAILHOCTH, BBIPAXKEHHOE B MIPOLIEHTAX,
MOKAa3bIBAET JJOJTIO TO0BOI aMITIIUTY 16 TEMIIEPATYPHI BO3AyXa, KOTOpas CO3/aeTCs 3a
CYeT BIMAHUS Ha Hee MaTepukoB. Breipaxkenune 5,4sing, mo muennto C. I1. Xpomona,
€CTb HE YTO HHOE, KaK OKEaHNYecKasi aMILIUTy1a. [Ipu 3ToM MakcuMallbHbIE 3HAUYEHHS
UHJIEKCa XapaKTepHB! /Ul BHYTPUKOHTUHEHTAIBHBIX PallOHOB, IJie OHU PaBHBI WU
npesbimatoT 90 %. Han okeanamu 5tu 3Havenus Bappupytot ot 10 % (FOxxHoe moury-
mapue) 110 25 % (Cesepras AtianTtuka) [3; 9].

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

Ki=Kyw + K,

rae Ki— xoaddurment obmeit rogoBoit koHTHHEHTANBHOCTH; Kw — K03 durment
3UMHEH KOHTHHEHTATbHOCTH; K — k03¢ UIMeHT neTHel KOHTHHEHTAIbHOCTH.

I[Tpu pacuerax k03(hHUINECHTOB 3UMHEH M JIETHEH KOHTUHEHTAIBHOCTH YUUThI-
BAIOTCS CPEIHUE SHBAPCKHE U UIOJIbCKUE TEMIIEPATyphl BO3LyXa, a TAKKe KOJTUIECTBO
0CaJKOB, BBIMABIINX B TETUIBIN M XOJIOAHBIN eproa roja. Tak, popMyna 1 pacueTra
WH/IeKCa 3UMHEH KOHTHHEHTABHOCTH OyIeT MMEEeT CIIeTYIONNI BHT:

(1—:—;")coscp + PP—“;] -2

Ky =

> )
rae Tw— cpenusis ssHBapckas Temmepatypa, °C; Py — cyMma ocankoB ¢ OKTSOps 1o
MapT (BKITIOYUTENBHO), MM; Po— CyMMa 0cagkoB 3a TOJ B OTKPBITOM OKEaHe Ha IHPO-
Tax YMEpEHHOro KimMaTudeckoro nosca (<1000 mm); to— cpenHsis rofgoBast TeMIepa-
Typa Ha ypOBHE OK€aHa Ha IIHPOTE YMEPEHHOIro KiIuMaruiyeckoro nosca (=+8 °C).

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

K= to - s ,

rae Ts — cpeanss uronbekas Temmneparypa °C; Ps — cymMMa ocasikoB ¢ anpesst IO CEeH-
TAOPb (BKIFOUUTENBHO), MM [3; 8].

Marepuanamu ISl HCCIICIOBAHMS MOCITYKIIN METEOPOJIOTHUECKHE JaHHBIE 32
nepuoz ¢ 1936 mo 2024 r., pa3MelieHHbIC B OTKPBITOM JOCTYIEe Ha O(UIHATIBHOM
caiite CIPaBOYHO-UH(POPMAITTOHHOTO noprana  «lloroma u KJIIMaT»
(http://www.pogodaiklimat.ru). B oOmeii croxkHOCTH OBUTO 00pa®OTaHO CBBIIIE
2,2 TBIC. METEOPOJIOTNYECKHX TTOKa3aTeel, KOTOpble ObLIN CBEJICHBI B HTOTOBYIO Ta0-
JIMILY YCPEIHEHHbIX 3HAYCHUI TO0BOM aMILIUTY /bl TEMIIEPATYP, CPEAHEH SHBAPCKOI
M HIONIBCKOM TEMITepaTyphl, a TAKXKe CPEeAHEH CyMMBI OCAJIKOB C OKTSOpS MO MapT H C
ampes 1Mo ceHTsopb (Tabds. 1). JlaHHbIe 3HAYSHUS OBLIM MCIIOB30BAHBI IS pacdyeTa WH-
JICKCOB KOHTMHEHTAJIBHOCTH KJIMMaTa Mara/iaHa 1o JeBsiITH BpEMEHHBIM HHTEPBaJIaM.

B kauecTBe MOMONHHUTENBHBIX JTUTEPATYPHBIX HCTOUYHHKOB M MAaTEPUANIOB II0-
CITy’)KWJIM Hay4YHBIC TPYIBI IO aHANN3Y W OICHKE MHJICKCOB KOHTHHEHTAJIHHOCTH 3a-
nagHoi Cubupu [1], oTenbHBIX pernoHoB Bocrounoit Cubupu [2] u eBpomnenickoi
gact Poccuu (tepputopuu Cpennero u Hmwxuero [ToBomxbs, a Taxke FOxuoro Ipe-
nypanbs) [5—7]. s OleHKHM KOHTHMHEHTATFHOCTH KiUMaTta MarajaHa MIMpPOKO HC-
TMOJIB30BAJIUCH CIIEAYIOIINE METO/IbI NCCIECAOBAHUS: METO]] CPABHUTEIILHOTO aHAJIN3a,
CTaTHCTHYECKHH M MaTeMaTH4ECKHH.

Pe3y.]'leaTbI U UX oﬁcym)lelme

AHann3 yCpeIHEHHbBIX KIMMATHYECKHX MEPEMEHHBIX MO JIEBSATH BPEMEHHBIM
MHTEepBajlaM I0Ka3bIBaeT, uTo 3a nocyexHue 25-30 ner B Maraiane npousoresn poct
KaK Cpe/iHeH STHBapCKOH, TaKk U cpeJHel HI0IbCKOi TemmepaTypsl (Tadm. 1). [Ipu atom
SHBApCKHE TeMIepaTypsl BeIpociu Ha 2-3 °C, a MIOIBCKUE TEeMITEpaTyphl IMOKa3aIn
poct B cpeaneM Ha 1-1,5 °C, 1oCTUTHYB B IOC/IEAHEM BPEMEHHOM HHTEpPBaJie MaKCU-
MalpHOro 3HaueHus: B +12,6 °C. OZHOBPEMEHHO C POCTOM CpefHell Temmneparypsl
YBEIUYMIIOCH CPE/IHEE KOJIMUECTBO OCAAKOB B TEIIOE U X0JIOJHOE BpeMs roja. Tak, 3a
nocneganre 20 JIET KOJIMYECTBO OCAJKOB C OKTSOpPS MO MapT MPEBBICHIIO OTMETKY B
230 MM, a ¢ anpenst o CeHTAOPs OTMETKY B 420 MM, YTO SIBISICTCS CAMBIM MaKCHMallb-
HBIM 3HaYCHUEM 3a BCE BPEMS METEOPOIIOTHUECKUX HAOII0IeHUH B TOPOJIE.

Ha ocHOBaHWMM ycpeTHEHHBIX KITMMATHYECKIX TIEPEMEHHBIX OBUTH TIPON3BEACHBI
UTOTOBBIC pacyeThl MHAEKCOB KOHTHHEHTAJIBHOCTH KIMMara MarajiaHa 1o JByM yKa-
3aHHBIM BBILIE METOAUKAM 3a iepuosi ¢ 1936 o 2024 r. (B paszpese AeBITH BpEMEHHBIX
MHTEPBAJIOB). Pe3yapTaTsl JaHHBIX pAacUETOB MIPECTABIEHBI B TAa0M. 2.
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Tabnuya 1

YcpeaHeHHble pacueTHbIC 3HAUSHUsI KIIMMAaTHYECKUX [IePEeMEHHBIX B I'. Marajgane
3a mepuof ¢ 1936 mo 2024 r.

Cpensist rono- Cpenusist siH- i m Cpenusist cymma | Cpenusist cymma
Bpemenusie Basi aMIUIUTY/a | BapcKas TeMIIe- 0CaJIKOB C OK- OCaJIKOB C afl-
UHTEPBaIbI TeMIeparyp patypa crat “M“E,’ & TSAOpPS 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 -154 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 MHJEKCHl KOHTHHEHTAJILHOCTH B T. Maraas 3a nepuon ¢ 1936 o 2024 r.

. B Tom uncne ko3 unreHTs
B | Munexc KOHTHHEHTab- Kosdpdurment obmuieit &
PEMEHHBIC UHTEDP:! e e C. T XpOMOBy O G S EIETT CC3OHH?H KOHTHHCHT&HLHOSTI/I
BaJIbI o JIeTHEH 3UMHER
(K. % K (K + K. w a
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
1966—1975 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

AHaIi3 UTOTOBBIX WH/ICKCOB KOHTHHEHTAJIFHOCTH KJIMMaTa MarajaHa, paccuu-
TaHHBIX 10 ABYM METOJUKAM, IOKa3aJl, YTO CYIICCTBEHHBIX OTKIIOHCHHH KaK B MHJICK-
cax C. I1. XpomoBa, Tak 1 B HHAEKCAaX 00IIell KOHTHHEHTAILHOCTH HEe OTMeuaeTcs. B
IIEJIOM JTaHHBIC MHICKCH UMEIOT OOIIYI0 TEHACHINIO C YCPETHEHHBIMH PAaCYCTHBIMH
3HAYCHUSAMH KIMMAaTHYECKUX ITePEMEHHBIX, IPE/ICTaBICHHBIX B Tadn. 1. Tak, oTki0-
Henue B uHAekcax C. I1. XpomoBa 1o BceM BpPEMEHHBIM MHTEPBajIaM HE MPEBHIIIACT
1 % u cocrasmnser 0,69 %, 4TO ABISAETCS HECYNIECTBEHHBIM OTKJIOHEHHEM. [Ipu 3ToM
CHIDKCHHE 3HA4eHUs MHJeKca HaOmromaercs 3a mocineanue 25-30 JeT OTHOCHTENBEHO
HPEIBIAYIIMX BPEMEHHBIX HHTEPBAJIOB M JJOCTUTAeT MHHUMAJILHOTO 3HAYEHHMS 3a MO-
cnenuue aAeBsTh et (2016-2024 rr.) — 84,53 %. OnHako moo0HOE CHUXKEHHE OBLITO
3auKCHPOBAaHO M B MpenbIAyIINil BpeMeHHOo# naTepBai (1956—1965 rr.), uro roso-
PHT O IUKIMYHOM H3MEHEHUH HHIIEKCa 0€3 3HAYNTEIHHBIX OTKIIOHEHHHA. Takum obpa-
30M, BJIMSIHHE KOHTHHEHTa Ha KJIMMAaTOOOpa3yoliye IPOLECChl B TOPOJIE MO-IPEeK-
HEMY OCTAeTCsI JOCTATOYHO CYIIECTBEHHBIM, O YeM FOBOPHT JI0JIS TOOBON AMITIUTY b
TEMITepaTypHI BO3/IyXa, KOTOpast CO3AAaeTCs 3a CUST BIMSHII Ha Hee MaTepPHUKOB (boee
84 %).
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HToroBsle 3HaYCHNS WHAEKCOB 00IIEi KOHTHHEHTAIFHOCTH T10 JICBSITH BPEMEH-
HBIM MHTEpBaJIaM UMEIOT OOJbIINE OTKIOHEeHUs, yeM nHaekcsl C. I1. Xpomosa, u Ba-
peupytoT B npegenax 1-1,5 en. OxHako, Kak U B IEPBOM cllyyae, CIE€AYeT OTMETUTh
HAMETHBIIYIOCS TEHACHIMIO CHIDKCHHUS 3HAYCHUI MHAEKCOB 3a mociexnue 20 neT,
T. €. HaOIroaeTCsl He3HAYUTENEHOE OcialdIeHne KOHTHHEHTAIBHOCTH B Topose. [1pu
9TOM CHMKEHHME 3HAUEHUSI XapaKTEPHO Kak JUIsl MHAEKCOB 3UMHEH KOHTUHEHTAJIbHO-
CTH, TaK U JUI UHJCKCOB JIETHEH KOHTHHEHTAJIBHOCTH. JlaHHOE CHIDKEHUE OIpees-
eTCs POCTOM CPEIHUX TEeMITEpaTyp SHBAps M UIOJ, a TAK)KE 3HAUNTECIIFHBIM 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 BO3AYNIHBIX MacC U3 KOHTHHEHTAJIb-
HBIX palloHOB ceBepo-BocToka Poccuu [4]. Taxke cienyer OTMETUTh, YTO HE3HAUYU-
TEJIFHOE YBEIMUYCHHE KOJIMYECTBA OCAJKOB IMpoucxommio u panee (1966-1975 rr.),
YTO HAIIUIO CBOE OTPa’KCHUE B UTOIOBOM MHJIEKCE 00IIeil KOHTHHEHTATLHOCTH 3a 3TOT
MepHo, KOTOPHIi cocTaBmi 2,87.

3akj0ueHne U BLIBOJAbI

B nenom mpoBezieHHOE HCCiIeA0BaHIE OKA3aJI0, YTO CYIECTBEHHBIX OTKIOHE-
HHUU B 3HAQUCHUSIX UHJICKCOB KOHTHHEHTAJILHOCTH KJIMMaTa B I. Marajgane He HaOuo-
naercst. ViMeronuecss OTKJIOHEHHS BIIMCHIBAIOTCS B OOIIYIO TEHICHINIO M3MEHCHUS
KIIMMaTHYECKUX ITEPEMEHHBIX 32 UCCIIeyeMbIi EPHO/ BPEMEHH U CBSI3aHbI C POCTOM
CPEeIIHUX STHBAPCKUX M MIOJNBCKHX TEMIEPATyp, a TAKXKE C YBEIMYCHHEM KOJIMUYEeCTBa
0CaJIKOB B pa3Hble Ce30HbI rofa. OCOOCHHO Ta TEHICHINS IPOSBISACTCS 32 OCICAHIE
JIBa JICCATUIICTHS, YTO HOATBEPIKAAIOT PE3yIbTaThl IPOBEICHHBIX PACYETOB. DTO MO3-
BOJISIET TOBOPHUTH O HE3HAUUTEJILHOM OCJIa0JICHUH KOHTHHEHTAILHOCTH KiIMaTa B Ma-
rajgane. Cieayer OTMETHTb, YTO IOJOOHBIC JIOKAIbHbIE H3MEHEHUS KIIMMATHYECKUX
HEepPEeMEHHBIX (DUKCHPOBAINCH M B IPEAbIAYIIHE BPEMCHHBIC MHTEPBAJbL, XOTA U C
MEHBLINMH 3HAYCHUAMHU OTKIOHEHHH. Takum 00pa3oM, Ha KIMMAT U KIUMaTooopasy-
IOIIKE Mpoliecchl B Marajiane mo-rnpexHeMy OKa3blBalOT 3HAUUTENILHOE BIIMSIHHE 00-
MIMpHBIe KOHTHHEHTAJIbHbIE TIpocTpaHcTBa CeBepo-BocTounoit Cubnpw.
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CoBpeMeHHbBIN KIUMATHYEeCKUI peskuM 03. baiikau
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E. B. Pazunnpina (kraznitsyna@mail.ru)

Uprymcekui cocyoapcmeennuiii ynugepcumem, 2. Mpkymck

AnHoTanusl. B cTaThe BBINOJHEH KIMMATUYECKUH aHAIM3 TEMIIEPAaTypHO-BIAKHOCTHOIO PEKUMA
nobepexbst 03. baitkan 3a nepuon 1980-2023 rr. no JaHHBIM MeTeoposiornueckux cranuui Ila-
tpousl, Enannel, bonsmoe ["onoyctHoe, baprysunckuit 3anoBeanuk, bonpmoit Ymkanuii, Capma,
Kynryk, Xyxup, Xamap-/laban u baiikansck. [IpoananusupoBaHbl IPOCTPAHCTBEHHBIE  BPEMEH-
HbIE 0COOCHHOCTH PACIIPEIENICHHS CPEIHETO0BBIX H CPEIHEMECIIHBIX TEMIIEPATYP BO3AyXa U CyMM
arMocdepHbIx ocankoB. PazHooOpasue oporpaduueckux GpakTopoB U ME30LHUPKYJISLUOHHBIX YCIIO-
BHIi OIIpEEIIOT OONBIINE TIEPENajbl CPEIHUX TEMIEPaTyp BO3AyXa, KOTOPBIE B PaCCMaTPHBACMBbIi
nepuoJ Ha npubaikaabCKuX cTaHiusx rnpesbimaioT 40 °C. KolmuecTBeHHO OLEHEHb! TeMITbI ITOTell-
JeHUsI KIUMaTa, KOTOphIe COMPOBOXKIAIOTCS yBEIHUYCHHEM 3aCyLUIMBOCTU HA (DOHE yMEHBIICHHS
CYMM aTMOC(EPHBIX OCAJIKOB, UTO CIEAYET YUUTHIBATD [IPU HCCIIJOBAHIU BO3MOXKHBIX HEIaTHBHBIX
TOCJIEICTBUI M3MEHEHUI KIIMMAaTa Ha SKOCUCTEMBI 03. baiikain. B ronoBoM xoze HauboJiiee BHICOKHE
TEMIIbI OTEIUICHUSI KIIMMaTa Ha OallKalbCKUX CTAHLMSX BBISBICHBI B XOJIOMHbIA IIepuoA (¢ ssHBaps
110 MapT), KOT/a IIOr0/IHbIE YCIIOBHUS B 3HAUMTENIbHOH CTENEHH MOJBEPKEHb] BIUSAHUIO A3HAaTCKOTO
AHTULMKIIOHA U B MCHBIIICH CTENEHM CKa3bIBAETCs BIMSHKME BOJHOM Macc 03. baiikai.

KiioueBble ciioBa: KIMMar, MOTEIUICHHE, 03. baiikain, TeMneparypa Bo3ayxa, aTMoc(hepHbIC OCaIKH,
roJ0Bast aMIUIATY 1, a0CONOTHBII MAKCHMYM, a0COTIOTHBI MHHUMYM.

BBenenne

IlocnencTBust N3MEHEHUI KIIMMaTa CTAHOBSATCS IOCTOSHHO ACUCTBYIOIINM (hak-
TOPOM, BIIMSIOIIUM Ha Pa3BUTHE SKOHOMHKH peruoHoB Poccuu. B Hacrosiiee Bpemst
pasMep SKOHOMHUYECKOTO yiiepoa, CBI3aHHOTO C TOTOTHBIMHU U KITMMATHYECKUMU (ak-
TOpaMH, MOXET JOCTUIaTh W HpeBbIaTh 1 % BajloOBOr0 BHYTPEHHEIrO IPOAYyKTa
(BBII) Poccun [1]. C mpoucXOmsmMMH TIO0aTbHBIMH H3MEHCHUSMH OXKUAACTCS
CABHT K CEBEpY pallOHOB OJAarompHITHOTO 3eMIICACTUS, YBEIUNYSHHE YacTOThl U UH-
TEHCUBHOCTH HABOJHEHUH U 3aCyX.

Ha teppurtopun Poccuu, rae TeMmbl KIMMAaTHYCCKUX U3MCHEHHN ITOYTH BJIBOC
BBIIIIE, YEM CYIIH B [IeJIOM U cocTaBiisitoT ~0,49 °C 3a necstunetie, HEOOXOIUMO yUH-
THIBaTh BECh KOMIUIEKC YTPO3, PUCKOB U BO3MOXXHOCTEH, 00YCIIOBICHHBIX HaOIO/1ae-
MBIMH U OXHIA€MBIMH KIMMAaTHYCCKHUMHU H3MeHeHusMH. CleayeT OTMETHUTh, YTO
HanboJiee ObICTpOE MMOTENJICHHE TPOUCXOUT B aznarckoi yactu Poccun (~ 0,71 °C 3a
necstanerne) [4].

89



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

OXH1aeMO TIOBBITIIEHHON YSI3BUMOCTBIO K M3MEHEHHSIM KITMMaTa SIBIISTIOTCS BBI-
COKHE IIUPOTHI, a TAKIKE TOPHBIC U 03EPHBIC YKOCUCTEMBI, KOTOPHIC XapaKTePH3YIOTCS
GONBIINM BHIOBBIM Pa3HOOOpa3HeM U B HUX IPUCYTCTBYIOT HIEMUKH, 00Taarolie
BBICOKOW YYBCTBHUTEBHOCTBIO Jake K HEOONbIIMM M3MeHeHHsM kimumarta. OreHka
aJlalTalyy JIECOB K M3MEHEHUAM KJIMMaTa [1I0Ka3aja, 4To HanboJiee HeraTuBHas JuHa-
MUKa, CBA3aHHAs C YMEHbIIEHUEM IPOTYKTUBHOCTH JIECOB, XapakTepHa AJisi iecoB Cu-
OupH, 9TO MOXKET OBITH OOYCIOBIEHO 3aCYIIIMBBIMU MEPUOJIAMHU U TIOCIEICTBUSIMH
JIECHBIX 1MOkKapoB [3]. OgHUM U3 KITFOUYEBBIX SdKOHOMUYECKUX MTOCIIE/ICTBUN N3MEHEHUS
KJIMAaTa SIBIISICTCSl CHIDKCHUE YPOKaHHOCTH CENTbCKOXO03IHCTBEHHBIX KYJIBTYD B pse
PETHOHOB, YTO MPHUBOJUT K YBEJIWYCHUIO IIEH HA MPOJOBOIBCTBUE U CHUKECHUIO TPO-
JIOBOJIBCTBEHHOM Oe30rmacHoCTH [2].

Bpricokasi cTeneHp ys3BUMOCTH TEPPUTOPUH POCCHU K KITMMATHYECKUM PUCKAM
o0ycIioBiieHa psiioM reorpaduueckix (pakTopoB, HAPUMED HATHYHEM TEPPUTOPHIL B
Pa3HBIX KIMMAaTHYECKHUX T0sICaX, B TOM YHCIe OOMIMPHON apKTUIECKON 30HbBI, HAN0O0-
Jiee TIOJIBEPIKEHHON M3MEeHEeHHUIo KinMaTta. OOBEKT HccieIoBaHus — Tepputopus Mp-
KYTCKOH 00JIACTH, I'I¢ B COUYCTAHUH C PE3KO PaCUICHEHHBIM peiibe)OM TecHOe B3au-
MOJIEHCTBHE Pa3HOPOIHBIX BO3AYITHBIX MACC OMPEACISIOT pasHOOOpa3HOe MPOsIBIIe-
HUE MMOCIIEACTBAN N3MEHEHNH KJIIMMaTa U CBSI3aHHBIX C HUMU KJIMMAaTHIECKHX PUCKOB.

MeToauKka uccaeI0BaHUA

2024 rox npu3HaH o JaHHEIM BMO cambIM TemjibpIM Ha ITUTaHETe, 9TO YKa3bl-
BaeT HA HAOITIOAIONINECs BRICOKHE TEMIIBI M3MECHEHHS TTI00ATFHOTO KIIMMAaTa 3eMITH.
OpHaKo KIMMAaTUYECKUE H3MEHEHUS 0-Pa3HOMY IPOSBISIOTCSA B PETHOHAX MUPa, Te
CYIIECTBEHHBIN BKJIAJ] BHOCST BIHSHHE OpOrpaduy U NUPKYIAHOHHBIX ycinoBuid. Ha
Tepputoprn MpKyTckoi 00acTH HayYHBIH W MPAKTHYECKUN HHTEPEC MPEICTaBIISCT
W3y4YCHUE PETHOHAIBHBIX OCOOCHHOCTEH KIIMMaTa, B TOM YHCie Ha oOepexkbe 03. baii-
KaJl, KOTOPBI Oyarojapsi OrpoOMHON BOJHOM Macce OKa3bIBa€T B XOJIOJHBIN MEPHOJ,
ToJla OTEIUIAIONIEE, a B TeIUIBIN MEPHOJ To/1a — OXJIaKAAOIIee BIUIHIE HAa IPHOPEK-
Hble TeppuTopuu. Kpome TOoro, KIIMMaTH4eCKU PEKUM 03€pa CYIIECTBEHHO pa3inya-
€TCsl B €0 CEBEPHOU U F0’KHOM OKOHEYHOCTH, 3aBHCHUT OT CE30HOB I'0Jla, TPACKTOPUiL
CMEIICHNUS IIUKIOHOB, TOCTIOICTBYIOIIETO BIMSHIS B XOJIOAHBIN MEpHOA rofa A3naT-
CKOTO aHTHUIIMKIIOHA U IPYTUX (HAKTOPOB.

Lenbto paboOTHl SBUIOCH W3YyYCHHE COBPEMCHHBIX OCOOCHHOCTEH KIMMaTa
03. baiikam Ha OCHOBE CTaTHCTHYECKONH 0OpPaOOTKH CPEeIHEMECIUHBIX U aOCOMIOTHBIX
3HAYCHUH TeMIepaTyphl BO3yXa, TOJOBBIX M MECIIHBIX CyMM aTMOC(EPHBIX 0CaIKOB
MO JTaHHBIM OalKaJIbCKUX METCOPOJIOTHUSCKHUX cTaHIuil 3a mepuon 1980-2023 rr. B
KadecTBe 00BEKTa UCCIIeI0BAHUS BEIOpaHbl MeTeocTaHIuu [laTponsl, Enaniel, bos-
moe ['onoyctHoe, bapry3sunckuii 3anoBennuk, bonbmoit Ymkanuid, Capma, KynTyk,
Xyxup, Xamap-Jlaban u baiikaiabck, pacrmosioskeHHbIe B ipeaenax 50-54°c. ur. u 103—
109°8. 1. Ha BeIcOTax OT 458 10 886 M Hag y. M., BBICOKOTOpHasl CTaHLUS Xamap-
Jaban Ha BhicoTe 1442 M. IlomydeHHBIE AaHHBIC NMPEICTABISIOT MPAKTHYECKHI H
HAYYHBI WHTEpEC, TaK KaK COJEp)KaT HOBBIC PE3yIbTATHI 10 M3YUCHUIO KIMMaTHUe-
CKOT'O PSKHMa 03€pa B YCIOBHSAX BO3POCIIMX TEMITOB H3MCHEHUS TI100aIbHOTO KITMMATa.
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Pe3yJ’leaTbl HCCJICJOBAHUSA

B uccnenyemsrii nepuoa 1980-2023 rr. cpeansis rojioBas TeMIepaTypa Bo3ayxa
Ha OOJIBIIIMHCTBE paCCMATPUBACMBIX B pa00OTE METCOPOIOTHYCCKUX CTAHIHMIA TTOJIOKH-
tenpHast. MakcumansHbIX 3Ha9eHuH (0,9 °C) oHa gocTHraeT Ha I0XKHOM OKOHEYHOCTH
o3epa (baiikanbck), Ha craniusax bombiroe [NostoyctHoe, Kyntyk, Capma u Xy»)up oHa
pasHa 0,5 °C. OTpuuaTelbHble CPEIHEr010BbIE TEMIIEPATYPbl BO3AyXa OTMEUYAIOTCS B
CEeBEepHOIl OKOHEUHOCTH 03epa — bapry3unckuit 3anoseanuk (-2,7 °C), bonsmroit Y-
kaumit (—1,9 °C) u Ha BeIcoKOTOpHOH cTaHIK Xamap-/laban (—1,9 °C). Takum ob6pa-
30M, Pas3NIHYUs CPEIHErOI0BOH TEMIIEpaTyphl BO3AyXa MEXKIy CEBEPHOM M FOKHOM
OKOHEYHOCTHIO 03. baiikan cocraBinsiior B cpeaneM 3,6 °C.

CaMBIM TETIITBIM MECAIIeM Iojla Ha BCEX paCCMaTPHUBAEMBIX CTAHIIUAX, KPOME Ce-
BepHBIX cTaHlui bapry3suHckuii 3anoBeHUK U bonbiioi Yiikanui, siBIsS€TCS UIOJIb,
Ha CEBEPHON OKOHEYHOCTH 03epa — aBrycT. CaMbIM XOJIOJHBIM MECSIIEM ToJa sBIIs-
eTcsl STHBapb, 3a UCKIItoueHueM balikanbcka u bonbioi Yiikanuil, rie MUHUMYM CMe-
IIeH Ha (eBpasib. AOCOTIOTHBI MaKCHMyM TEMIIEpaTyphl BO3AyXa BapbUPYET B pac-
cmaTpuBaembiil meproj ot 23,3 °C (bombmro# Ymkanuii) no 30,5 °C (Enanner). A6-
COJIOTHBIN MUHHMYM TeMIIepaTypbl Bo3ayxa usmensercs ot —27,4 °C (bonbmoit Y-
kauuif) 10 —38,3 °C (bapry3unckuii 3anoBeaHnK). ['0/10Bas aMIIINTyAa TEMIEpaTypsl
BO3/yXa BapeupyeT oT 29,5 °C Ha BRICOKOTOpHOM cTaHiuu Xamap-/laban mo 37,3 °C
Ha cTaHiu Enaniel. B 1eiom nepenasl cpeJHUX TeMIIepaTyp BO3yXa B pacCMaTpu-
BaeMbIH MepHO Ha pacCMaTPUBAEMBIX CTaHIMAX cocTaBmian 40,6 °C.

MaxkcuManpHBIe CpeTHEMECSYHBIC TEMIIePaTyphl BO3AyXa OTMEUAIOTCS B STH-
Bape — baiikanbsck (4,7 °C), B ¢peBpane — Xamap-/ladan (14,3 °C), B mapte — boib-
moe ['omoyctHoe (—6,9 °C), B ampene u mae — Ilarponst (1,7 u 8,8 °C cootrset-
CTBEHHO), B JieTHUe Mecsnbl — Enanner (15,3; 18,4 1 16,0 °C cOOTBETCTBEHHO), B CEH-
Ts0pe — Xyxup (10,1 °C), B mepuo ¢ okTsI0ps 1o gekadbps — bonbmo Yikanwuii (3,0;
-3,3u—-7,5 °C cOOTBETCTBEHHO). MUHUMAIbHbIE CPETHEMECSIUHBIC TEMIIEPATYPhI BO3-
nyxa HaOmromaroTcss B siHBape, (eBpasie W maprte — bapry3wHCKHil 3amoBeTHHUK
(-22,2; —21,1 m —12,6 °C COOTBETCTBEHHO), B MIEPHUOJI C ampelIs 10 HIoJis — bosbImoit
Vmxkanwuii (-2,3; 3,6; 8,2 1 12,5 °C cOOTBETCTBEHHO), B IEPHOJ C aBI'yCTa M0 HOAOPb —
Xamap-aban (11,5; 5,2; —1,8 u —9,9 °C cooTBeTcTBEHHO), B Jekadpe — [laTpoHbl
(-16,3 °C).

B uccnenyemsiii nepuon 1980-2023 rr. MakcuManbHOE CpeiHEE TOJ0BOE KOJIH-
YeCTBO aTMOC(EPHBIX 0CAAKOB COCTaBUIO 1381 MM M OTMEYaIOCh Ha BEICOKOTOPHOM
ct. Xamap-Jlaban (puc. 1) u B baiikanscke (798 MM), a HaMMEHbIIIee HA CTAHITUSIX —
Capma (189 mm) n Xyxwup (205 mm). Takum 00pazoM, Ha HABETPCHHBIX CKIIOHAX Xa-
Mmap-/labaHa B cpetHeM 3a roji BeINaaeT aTMOC(EpHBIX 0CaIKOB B 7 pa3 OoJiblie, 4eM
B cpeaHeil yactu 03. baiikai.

B romoBom pacnpeneneHnn MaKCHMaTbHOE KOJIMIECTBO aTMOC(EPHBIX 0CATKOB
BBINIAIaeT B MIOJIE, 3a UCKIIFoYeHne CapMpbl, T/Ie OH MPUXOAUTCS Ha aBrycT. Hamboms-
nree KOJMYECTBO aTMOC(HEPHBIX OCAJKOB B MIOJIC OTMEUYACTCS HAa CTAHIHUAX Xamap-
Jaban (266 mm) n baiikansck (167 mM). MUHUMaNbHbIE MECSYHBIE CyMMBI OCAJIKOB TIPH-
XOISITCS Ha (PeBpaITh — MEPUOJ] yCTOHUMBOTO JIEIOCTaBa, U BapbupytoT oT 22 MM (Capma,
Bompmoe [NonoyctHoe, bonpmoit Yukanwii, Enanner) no 32 mm (Xamap-/laban).
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Puc. 1. CpeHeroioBble CyMMbI aTMOC(EPHBIX 0CaIKOB
Ha npubaiikansckux cranuusax Mpkyrckoit oonactu B 1980-2023 rr.

Ha puc. 2 nokazana aMIuIMTy/ja TOJJOBOTO X042 aTMOC(EpHBIX 0caakoB. ['omo-
Basi aMIUTUTY/Ia TECHO KOPPEIUPYET C TOAOBBIMH CYMMaMH aTMOC(HEPHBIX OCaIKOB 1
HaMOOIBIINX 3HaUCHUH (234 MM) TOCTUraeT Ha BRICOKOTOpHOU cT. Xamap-/labaH, na-
nee cnemyioT craHuuu baiikansck (153 mm), Kyntyk (106 mm), ITatponsr (101 mm).
COOTBETCTBEHHO HAMMEHBIIINX 3HAYCHNH TOZ0Bast aMIUIATY 1a aTMOC(EPHBIX 0CaTKOB
oTMeuaeTcsi Ha Oaiikanbckux craHmusx Capma (47 mm), Xyxup (53 mm) u bonbimoe
T'onoyctroe (54 mm).

IIponeHTHBIH Bkl aTMOC(HEPHBIX 0CAAKOB PAa3IMYHBIX KaJCHIaPHBIX CE30HOB
Tojia B TOZOBYIO CYyMMY OCaJKOB Ha MPHOAKaIbCKUX CTAaHIUAX BAPBUPYET B 3UMHUE
MecsIbl oT 4 % Ha OoNmbIIMHCTBE Oalikanbckux ctanmii 10 14 % (baprysunckuii 3a-
MOBE/IHUK), BecHOH 0T 9 % (Bonbioi Ykauuit) 1o 21 % (Xamap [laban). Haubosns-
NI TPOIICHTHBIN BKJIAJ B TOJJOBBIE CYMMBI OCaIKOB TIPUXOUTCS HA JIETHHE MECSIIBI
u n3Mensiercs ot 38 % (baprysuHckuit 3amoBenHuK) 10 67 % (EnaHmm!), oceHbIO Ba-
psupyet ot 16 % (bonbioe IN'onoyctroe) 10 34 % (baprysuHckuil 3anoBeJHUK).

B uccnenyemsriii nepuon 1980-2023 rr. mpoucXoAuT MOTEIIEHUE KIMMaTa Ha
BCEX PacCMaTPUBACMBIX B pa0doTe OalKalbCKUX CTAHIMAX B CPEIHEM CO CKOPOCTHIO
0,27-0,35 °C/10 net, mpudeM CO CMEHON OTPHUIATEIBHBIX CPEIHETOJOBBIX 3HAUCHHIMA
TeMIIepaTypsl BO3/AyXa Ha MONOKUTeIbHbIe. HauMeHbIlIne TeMITb! MOBBILICHHUS CPeJl-
HUX TEMIIepaTyp OTMEYalInch Ha IokHOW craHmmm baiikamsck (0,15 °C/10 ner), a
HamboJee OBICTPO CpPEIHEToOBasi TEMITEpaTypa BO3/AyXa yBeNWYmiIach Ha cT. [la-
tpons! (0,48 °C/10 ner). OOpamaroT BHUMaHUE BBICOKHE TEMIIBI POCTa CPEIHETO0-
BBIX TEMIIepaTyp Bo3ayxa B nocieanue roasl (2020-2023 rr.). ITo cpaBHeHHU!O C Aecs-
tiiretreM 1980—-1989 rr. B HacTosimiee BpeMs CpeTHET0/I0BBIE CYMMBI aTMOC(HEPHBIX
0CaJIKOB FIMEET TCHICHIINIO K YMEHBIICHHIO.
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Puc. 2. T'ongoBast aMIUIUTY1a aTMOC(EPHBIX OCA/IKOB
Ha npubaiikaabCKuxX craniusx Mpkyrckoii obiactu 3a nepuos 19802023 rr.

3ak/aoueHne

B paccmarpuBaemsrii epuon (1980—2023 1r.) cpenHEerooBeie TeMIEpaTypsbl
BO3/lyxa Ha nobepexbe 03. baitkan m3mensimcs ot 0,9 °C Ha 10)KHOH OKOHEYHOCTH
o3epa (baiikanbsck) 10 —1,9 °C Ha BeIcOKOTOpHOH cTaHImu Xamap-/ladaH, a cpenneme-
CSTIHBIC TEMIIEPaTyphl OT MaKCUMAaJIbHBIX 3HaUeHHUH B uione Ha cT. Enanis (18,4 °C)
JI0 MUHMMaJIbHBIX B siHBape Ha cT. baprysunckuii 3anoseguunk (—22,2 °C).

HawuGouee OnaronpusiTHbIe TEMIIEPATYPHBIE YCIIOBHUS B JIETHHE MECSIIBI OTMEya-
forcs B Enannax, B 3uMHEE MecsIbl B baiikaibeke, a Hanboliee CypoBbIe KITMMaTHIe-
CKHE YCJIOBMSI Ha CEBEPHBIX CTAHIMSIX: J1eTOM — bonbioi Yiukanu#, 3umoit — bapry-
3UHCKUI! 3aMIOBEHUK.

CpeaHeronoBeie CyMMBI aTMOC(EPHBIX 0CaIKOB M3MEHSIOTCS OT 189 MM B cpe-
Hell yacth 03. baiikan (Capma) 1o 1381 MM Ha BBICOKOTOpHOU cTaHIK Xamap-/ladaH,
a CpeJHEMECSYHbIC OT MAKCHMaJIbHBIX 3HAUCHH B Hrolic B Xamap-/labaHe (266 Mmm)
JI0 MUHUMAJBHBIX 3HaUeHUH B (eBpane Ha craHiusax Capma, bonsimoe I'onoycTtHoe,
Bonpmmo#t Ymkanwii, Exanmsr (22 Mm).

Ha no6epexbe 03. baiikan B 1980-2023 rT. IpOXCXOIUT TOTEIUICHUE KIMMAaTa
¢ HanboJjee BHICOKUMU TEMIIAMHU B NIEPUO/J C SHBApS MO MapT, JOCTUTAIOLINE MAKCH-
MaJIbHBIX 3Ha4YeHUH B MapTe H coctasisomme 1,25 °C/10 et Ha ceBepHOIl CTaHINH
Baprysuncknit 3anmosenauk u 1 °C/10 et Ha ct. [larpons!. [lorennenne xnmnmara co-
MIPOBO’KAACTCSI YMEHBILICHUEM TOJIOBBIX M MECSYHBIX CyMM aTMOC(EPHBIX OCaJKOB,
T. €. YBEJIMUEHHEM 3aCyIIIUBOCTH KJINMATA.
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Oco0eHHOCTH BpeMEeHHbIX BaAPHAIIUii CPeTHEer010BbIX
3HAYECHHUH TeMIIePATYPbI 10 JAHHBIM METCOCTAHIIUN
HMyrmmurue

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

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

Annotanusi. OTMEUEHO, YTO U3MEHEHHsI IPU3EMHOI TeMIlepaTyphbl B IPUIIOBEPXHOCTHOM CJIOE aT-
Moc(epbI IPOUCXOAAT HEPAaBHOMEPHO, B PAMKaX MCCIICI0BAHHS IIPOOIEMbI H3MEHEHHUS KIIMMaTa aK-
TYaJIbHO BBINOJHEHUE aHAIM3a BapHaIMil TEMIIEpaTypbl BO3AyXa B Pa3HbIX TOUKAX HAIIEH IUIAHETHI,
B YaCTHOCTH, BXXHO IIPOBEJICHNE TAKOTO POJia UCCIEIOBAHUIT Ul PETHOHOB, I/ie HaOII0MaeTCs Jie-
rpajanys JeIHUKOB. BbironHen aHanu3 BpeMeHHOM AMHAMHMKH CPEJHEr00BbIX 3HAYCHHUIT Temrepa-
TYpBI BO3JlyXa I10 JaHHBIM MHCTPYMEHTAJIbHBIX HAOIIOICHNI 32 BapUaLlMsIMU TEMIIEpaTyphbl Ha BbI-
cokoropnoit mereoctanuuu Llyrmmutne ¢ 1901 mo 2024 r. C npumeneHreM MeToia IMHEHHOH pe-
rpeccuy MOoKa3aH pOCT TEMIEpaTypbl. BelieneHne TpeH10BOH COCTaBISIONICH METOIOM CHHTYJISIP-
HOTO CIIEKTPATbHOTO aHATIN3a IEMOHCTPUPYET YBEIHUSHHE TeMIIa pocTa TeMmepaTypsl ¢ 1969 r.
KiroueBblie ci10Ba: TemMIiepaTypa Bo3lyxa, pocT, METOJ] CHHTYJIIPHOTO CIIEKTPAIILHOTO aHAJIN3a, JIU-
HeifHas perpeccus.

M3MeHeHneM KiInMarta Ha3bIBaIOT MEPEMEHY MOTOAHBIX YCIOBHH U JONTOCPOU-
HBIC TeMITepaTypHbIC H3MeHEeHNUS. [ [pHuuHbI Tako# TpaHcdopmannu MOTyT OBITH ecTe-
CTBEHHBIMH, TAKMMH KaK IUKJINYECKUE KOJICOaHHs COTHEUHON aKTUBHOCTH, CMEHA Ce-
30HOB M JICSATEILHOCTb BYJIKAaHOB [2]. CylecTBeHHBIM (pAaKTOPOM COBPEMEHHOI'O MO-
TeIJICHUsI KIMMaTa MPUHIMAETCS TaKkoke aHTPOIOTEHHAs AEATEIbHOCTh, KOTOpast 1o
JIAHHBIM MHOTOYHCJICHHBIX MyONMnKanuii [Hanpumep, 1, 3, 8] ompenenser He TOIbKO
MOBCEMECTHBINH 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 IPU3EMHON
TeMIIEpaTypbl B IPUIIOBEPXHOCTHOM C€JI0€ aTMOC(HEPHI ITPOHCXOIAT HepaBHOMEPHO [8].

B pamkax nccienoBanust mpoOieMbl H3MEHEHHs KIIMMaTa akTyallbHO BBITIOJIHE-
HHE aHaJIM3a Bapualuil TeMIepaTypsl BO3AyXa B Pa3HbIX TOUKAX Hallel MIaHEeTHI, B
TOM YHCJIe, BOKHO TPOBEICHIE TAKOTO POIa MCCIIEIOBAHUM [ PETHOHOB, T/Ie Ha0ITIo-
JlaeTcs Ierpafanys JISIHUKOB, KakuM ! siBisiercst Llyrmmurie.

l'opa LyrmmuTne — camas BbIcOKasi Touka ['epMaHuM, ee BBICOTa COCTaBIISCT
2962 M, pacnonaraercs B Anbnax, Ha rore crpansl (baBapus), B 11 kM ot ropoaxa I"ap-
muii-IlaprenkupxeH [5].
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Ha ¢manrax LlyrmmmTie pacmorokeHbl TpH JISAHNKA, 1Ba U3 KOTOphIX (Cesep-
Heiit [Hedepuep u XomnentandepHep), pacronokennsie Ha LlyrmmuimiarT (ruaro
K 0Ty OT BepiuHbl Llyrmmure), sBIsSoTcs KpynHeHmuMu B ['epMaHuy, U OTHOCH-
tenpHO Hebombioi FOxueni [nedepuep. o 1900 r. Cesepusrii [lIredeprep n FOx-
Hb1i [IHedepHep OblM 01HUM KpyNHBIM JietHUKOM. [10 HaOIIoAeHHSIM 3a JIeTHUKaMH
¢ 1980 r. oTMeuaeTcs 3HAUUTENBHOE COKpALLEHHE UX TuToIajeil. B cpeaneM exeronHo
taeT okoio 80 cM ipga. Ha 2018 r. obmras mnomans coxparuiacek 1o 18 ra, u3 xoto-
puix okoito 10 % mpuxomminock Ha FOxueri [THEDepHEp.

Jlenauk XomneHTans(hepHep HAXOAWTCS HA BOCTOYHOM CKIJIOHE Topbl Lly-
rimutie. CpaBHeHune m3o0pakernit Google Earth 2000 u 2009 r. moka3siBaeT oOT-
CTYIUICHHE TJIaBHOTO KOHEYHOTO sA3bIKa JeqHnKa Ha 40 M. SI3BIK Taxoke cokpaTHUica Ha
AQHAJIOTHYHYIO BEJIMYNHY B MINPHHY.

Bce Tpu nenHKKa Ha CKIIOHAX Topsl LyrimuTie CHIIbHO MOCTPaaant OT IKCTpe-
MaJIbHBIX TeMIIeparyp, 3apuKcUpoBaHHbIX j1eToM 2022 r. CHUMKH B pailoHe JIeHUKa
Oxusnit uedeprep, nomydenasie crmyTHHkamMu Copernicus Sentinel-2 B 2016 u
2022 rr. moKa3ayy, 9TO Ha JIETHUKE HAOTIONACTCs 3HAYUTEIBHOE COKpAIIEHHE ILIO-
maau jabjaa. [Tnomans nenqnuka coxparunack Ha 50 % ¢ 2018 no 2022 r. Uz-3a orpa-
HUUYCHHOM OCTaTOYHOIT MacChl €ro JIEASHOTO TOKPOBA OTHOCUTEIHHO MPOGIIISI CKIOHA
IOxwus11 [1IHedepHEp MepecTan Teus BHU3 110 CKIIOHY, YTO SIBISACTCSA BaXKHBIM KpHTE-
pueM st Kitaccu(UKAINK JICASHOM MacChl Kak «ieJHuKa». Ha ceropHsmHmuii aeHs ne-
Huku CesepHslii [IHedeprep n XomreHranbhepHep, Kbl MIOMEAbI0 TPHUMEPHO
16 ra, emme KIacCHPHUIUPYIOTCS KaK JISTHUKN, HO OHHU IPOAOJIKAIOT AKTHBHO TasATh.

B xoxe HacTosei paboThI BHITIOTHIETCS aHATH3 BPEMEHHOW TUHAMHKH CpPEJl-
HETO/I0BBIX 3HAUCHUH TEMIIEpaTypbl BO3/LyXa 110 JAHHBIM HHCTPYMEHTAIBHBIX Ha0III0-
JIeHMH 32 BapuaLUsIMU TEMIIEPATypPbl HAa BBICOKOTOPHOM MeTeocTanuuu [yrmmnurue.

PaccmaTtpuBanuch BapualMd CpPEIHErOAOBBIX 3HAYCHMHM MaKCHMalbHOU 3a
CYTKH TeMIIepaTypsl Bo3yxa 3a nepuoa ¢ 1901 no 2024 r. Mereocranuus Llyrmmnurie
pacronoxeHa Ha BbicoTe 2574 M. Ee reorpaduueckue koopaunatel: 47°25'00" c. .,
10°58'59" B. 1.

Jst oripesieneHyst pocTa TeMIIEpaTypsl CO BpEMEHEM B padOTe MCHOJIb30BaNIACh
JHMHEHHas: perpeccus — 3T0 METOJ] aHaJIU3a JaHHBIX, KOTOPBI MaTeMaTHUECKH MOJIe-
JUPYeT HEU3BECTHYIO MM 3aBUCUMYIO EPEMEHHYIO U U3BECTHYIO I HE3aBUCHMYIO
MepEeMEHHYIO B BHJE JIMHEHHOTO ypaBHeHH. OneHKa MMOTOHKH JINHEWHON perpeccun
BBITIOJIHSIACh HAa OCHOBE aHaM3a Kod(duirenTa JeTepMUHAILIIH.

B nacrosieii pabote ¢ Lenbio BEIEICHHS TPEHIOBOH COCTABISIONICH HCIIOIb-
30BJICSI METOJI CHHTYJISIPHOTO CHEKTPaIbHOTO aHaNN3a, KOTOPHIN 3aKIIF0UaeTcs B Jie-
KOMITO3UIINH BPEMEHHOTO Psi/ia Ha €r0 COCTABIIAIOIINE, HAa3BIBAEMbIC IMITHPHICCKUMHA
KOMITOHEHTamH [6].

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

Ha nepBoM 3Tamne MCXOAHBIH BPeMEHHOH psi pa30uBaeTcss Ha OKOHHBIE TOCIIe-
JIOBAaTEIFHOCTH, 3aTeM KaKIas ITOCIEeI0BATEIFHOCTh Ipeodpa3yeTcs B TPACKTOPHYTO
MaTpHily, B KOTOPOIl BpeMs MPeICTaBICHO B BUJE CTPOK, a B3aUMOAEHCTBHE MEXKITY
3IIEMEHTaMH BPEMEHHOM MOC/IEA0BATEIbHOCTH B BU/IE CTOJIOIOB.
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Ha crreyromem stane ¢ ebio BBIICICHHUS SMITUPHIECKIX KOMITOHEHT PsIa HC-
HOJIB3YETCSl CHHTYJISIPHOE Pa3JIokKeHHe (AIIPOKCHMAaIUs MaTPUIbl Yepe3 JINHEHHYIO
KOMOMHAILMIO Oa3UCHBIX BEKTOPOB), NPU 3TOM 0a3MCHBIC BEKTOPBI IOJIYHYAIOTCS M3
JMarOHAIBHBIX IEMEHTOB MATPHUIIB! CHHTYIISAPHBIX 3HAUYCHHUH, a IMITUPHUIECKUE KOM-
TIOHEHTBI — U3 MIPOU3BEAECHHS MaTPHILIBI JIEBBIX CUHTYJISIPHBIX BEKTOPOB Ha TPAHCIIOHU-
POBaHHYIO MaTPUILy PABBIX CUHTYJISIPHBIX BEKTOPOB.

Kaxas smnupudeckas KOMIOHEHTa COJACPKUT UHGOPMAIHIO O PAJe Ompese-
JICHHOW YaCTOTHI M JUTMHBI BHYTPH OKOHHOH ITOCIIETOBATENFHOCTH. J{JIs BBIACICHUS
TpeH[a HEOOXOANMO CTPYNINPOBATh COOCTBEHHBIE TPOMKM C MEAJICHHO MEHSIOIIN-
MHCS CUHTYJISPHBIMU BEKTOpamH [7].

Ha pucyHke mpuBeneHBI BapHaIliM CPEIHETONOBBIX 3HAUCHUN TeMIepaTypsl
Boznyxa 3a nepuof 1901 mo 2024 r. nmo nanueiM Meteoctanuuu Llyrmmurie. Makcu-
MallbHas CpeTHeroJ0Basi TeMIiepaTypa Hadmoaazack B 2024 1. u cocrasmia 0,55 °C.
MpuHuMmaneHas CpeJHErofoBas Temmneparypa HaOmomazack B 1919r. u cocraBuia
3,70 °C. Cpennsist cpenHerogoBas Temreparypa B nepuoj ¢ 1901 mo 1968 r. cocras-
nsiet —2,49 °C. Cpennsisi cpeiHeroioBasi Temreparypa 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 BapUallUd TPEHIOBOH COCTABIAIOLICH,
pacCcYMTaHHOW C IOMOIIIBIO METO/Ia CHHTYJISIPHOTO CIIEKTPATIbHOTO aHaIn3a. Busyais-
HBII aHAIU3 JaHHBIX PUCYHKA IOKAa3all, YTO TEMII POCTa TEMIEPATyphl 3HAUYUTEIBLHO
yBennumicst ¢ 1969 r. D1o xopomo otodpaXkaeT TMHAMHKA TPEHIOBOH COCTABIISIO-
e, pacCYNTaHHON C MOMOIIBIO METO/1a CUHTYJIIPHOTO CTIIEKTPAJIBHOTO aHAJIH3a.
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Puc. Bapnaiyy cpeiHerofioBbIX 3Ha4eHUI TeMIIepaTyphl BO3/yXa 110 JaHHBIM METEOCTAHINH
Lyrmmurue 3a nepuox ¢ 1901 r. mo 2024 r. ; kpacHble JMHUU — BApUALIUK TPEHI0BOIT
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COCTaBIISIIOIICH, PACCYNTAHHOM C MMOMOILBIO METO/[a CHHTYJISIPHOTO CHIEKTPAIbHOTO aHAIIN3a;
OpaH)XeBbIC JIMHUU — PE3yIbTAaThl TMHEHHON perpeccuu

Pe3ynbTarel perpeccMOHHOIO aHajiu3a Uil BpeMeHHoro uHrepsaia ¢ 1901 no
2024 r. 1eMOHCTPUPYIOT POCT TEMIIEPATYPBI CO BpEeMEHEM, KO3 HUIMEHT neTepMUHa-
uuM JuHeiHo#l perpeccun cocrasnsger 0,40. Jlyumie auHelHONW 3aBHCHMOCTBIO all-
MPOKCUMUPYIOTCS Bapualu TeMrepatypsl ¢ 1969 r., kooQpuimeHT aerepMuHaIum
JMHEWHOM perpeccuu coctasiser 0,53.

Hccnedosanus evinonnensvt 8 pamxax 2ocyoapcmeennozo 3aoanus M PAH
«IIpeobpazosanue ceoghusuieckux noieil Kaxk OCHOBHOU Paxmop medxceeochepHvix
e3aumooeticmeuity (Ne 125012700798-8) u 6 pamxax ecocydapcmeennozo 3a0anusl
HUD3 PAH.
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Jlanama@THbIe U CTPYKTYPHO-THAPOrpaguyecKkue
NpeanoChblIKM (POPMHPOBAHUSA IKCTPEMAJIBHOI0 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. Upkymck
2Upxymekuil 2ocyoapemeennviii ynueepcumen, 2. Upkymck

Annortanus. IIposenen ananu3 maHAmadTHHIX, MOPHOMETPUUCCKUX, TUIPOIIOTHIECKUX U CTPYK-
TYpHO-ruAporpadguueckux xapakrepucTuk Oacceiina p. I'onoycrtHoit. Ha ocHoBe 3aKoHOMEpHOCTEH
CTPOCHHSI PEUHBIX CHUCTEM BBIIENCHBI 00TacTH (HOPMUPOBAHUS, TPAH3UTA U AKKYyMYIIAIIHH CTOKA.
IIpocTpaHcTBEHHBII aHATIN3 CTPYKTYPHO-THAPOrpadguueckux 0COOCHHOCTEH PEUHBIX CHCTEM B pa3-
JIMYHBIX JAHAMA(THO-THAPOIOTHYECKIX KOMIUICKCaX HO3BOJICT CHOPMYIUPOBATH OOIINE 3aKOHO-
MEPHOCTH yCIIOBUH (POPMHUPOBAHHS CTOKA TEPPUTOPHU U YTOUHUTH I'PAHHIIBI 001acTell CTOKOGPMH-
poBanusi. COBMECTHBIH aHaIM3 JaHAMAPTHO-TUIPOIOTHYECKHX M CTPYKTYPHO-THAPOrpa(huuecKux
XapaKTEPUCTHK MO3BOJIMII ONpPEIENTh BEIUUHHY 0e3 IMPOCTPAaHCTBEHHOIO JOMOIHEHHS HaOmIo/a-
TespHOI cetn. [IpencraBieHa kaprocxema obiacteld cTokoopmupoBanus B Oacceitae p. ['omoyct-
HOIi B COOTBETCTBHH C JNAaHAMA(THO-TUIPOIOTHYECKUMHI KOMIUICKCAMU.

KiroueBble cioBa: naHamadTHO-THAPOIOTHYECKOE HCCIEIOBAHUE, CTPYKTYPHO-rHaporpaduye-
CKasi MHJIUKALUs, MaKCUMaJIbHasi BOJJOHOCHOCTB, SKCTPEMaJIbHBINA CTOK

BBenenne

dopmupoBaHue cTOKa Ha BOJOCOOpPE B 3HAYMUTEIBHOW CTEIEHH 3aBUCHT OT
JaHAmAaQTHOW CTPYKTYPHI TEPPUTOPHUHU, KOTOpPask OMpENeNnseT yCIOBUS TpaHChopMa-
I aTMOC(EPHOTO YBIIAYKHEHHS B TOBEPXHOCTHBIN CTOK M MH(MIBTPAIIHIO B ITO13EM-
HBIC TOPU30HTHI, PACXOBI Ha UCIAPEHHE W TPAHCIHPAIUIO PACTUTEIBHOCTHIO, aKKY-
MYJISIIUAIO B MUKPOIIOHIKEHUAX penbeda 1 O0IOTHBIX KOMIUIEKCax U T. 1. OTcyTcTBHE
HAOIOATeIbHON THAPOMETEOPOJIOTHUECKON CEeTH B BEPXOBBSIX OACCEHHOB ISt
OIICHKHM CTOKA PEYHBIX CHCTEM CO3[aeT HEOOXOIMMOCTH MPUBICYCHUS CTPYKTYPHO-
rUIporpadu4ecKoro aHaiu3a Ha OCHOBE JIaHAMA(THBIX MpU3HAKOB. MccrnenoBanue
JTaHAMAQTHO-TUAPOIOTHYECKUX M CTPYKTYPHO-THAPOrpadHUecKUX OCOOCHHOCTEH
PEYHBIX CHCTEM BBIMIOJHEH Ha IpuMepe Oaccelina p. ['0J10yCcTHOM.

O0BLEeKThI U METOBI

Bacceiin p. ['onoycTHOI pacmonoxeH B peaenax Xamap-/ladbaHckoro ruposo-
rudeckoro paiiona [8]. Mcrok pexn Haxonutcst Ha OHOTCKOM BO3BBIIIEHHOCTH, a €€
JonuHa popesaet [IpumMopckuii XpebeT 1 BrajaeT Ha 3amagHoM Oepery 105KHOH KOT-
noBuHbI 03. baiikan. B 6acceiine p. ['010ycTHON MIMPOKO pacpoCTpaHeHbl KAPCTYIO-
IIHECs MOPOABI, HEKOTOPBIE IPUTOKH MOTJIONIAIOTCS KAPCTOBBIMHU MOIOCTAMHE. Peunas
ceTh OacceitHa GopmMupyeTcs U IpEHUPYET MEPBUYHBINA MTOJBETPEHHBIN I0T0-BOCTOU-
HbIA criioH [Ipumopckoro xpe0Ta, B ycTheBOW 00JACTH OTMEYACTCSl HAMMEHBIIUH
cioit ocaaxoB, MeHee 250-300 MM B rof1. Bech MOBepXHOCTHBIN CTOK OpMUpPYyETCS U
KOHIICHTPHUPYETCS B BEPXOBBSIX paccMaTpuBaeMoro Oacceiina [4].
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[Tpn HEZOCTATOUYHOCTH M OTCYTCTBUH PEXXUMHBIX HAOTIONCHUH 3()(EKTUBHBIM
CII0cO0OM OLIEHKH BEIIMYHMH CTOKA C BOJOCOOPOB SIBISIETCS JIAHAMA(THO-TUIPOJIOT U~
yeckuit [3; 5] u cTpykTypHO-ruaporpaduueckuii aHaau3 teppuropuu. CTpyKTypHO-
THIPOTpadUIEeCKUil OIX0/ MMO3BOJISIET Ha OCHOBE 3aKOHOMEPHOCTEH CTPOCHHUS ped-
HBIX CHCTEM OIIPECINTh X BOJOHOCHOCTb, 00J1aCTH ()OPMHUPOBAHUS, TPAH3NUTA U AK-
KyMYJISIIUM CTOKA, JIaTh OIIEHKY SKCTPEMAJIbHOW BOJHOCTH PEK IPU OTCYTCTBUH
HabmoaarenbHou cetu [1; 2; 6; 7]. Ucnonbp3oBanue nanmadTHO-THAPOIOTHUECKOTO
MOAXO0/1a €T BO3MOKHOCTh BBISIBUThH OOIIHME NPOCTPAHCTBEHHO-BPEMEHHBIE 3aKOHO-
MEpHOCTH ()OPMHUPOBAHUS CTOKA HA TEPPUTOPHU B Pa3IMUHbIC ()a3bl YBIAXKHEHUS, a
TaKXE IMO3BOJIACT OLICHUTH UBMCHCHUSA PEKMUMA BOAOOTAAYU U YTOUHUTH I'PAHUIIBI 00-
nacteit GopMHUpOBaHMS, TPAH3HUTA U AKKYMYJISILIUK CTOKA.

PesyabTartsl

DopMHpPOBaHNE TOBEPXHOCTHOTO CTOKA MPOUCXOIHUT B 3JIEMEHTAPHOM CeTn 00-
nTacTi (POPMUPOBAHMS CTOKA, MIPEICTABICHHON BPEMEHHBIMU U SMTU30ANIECKIMH BO-
JoTokaMu. Bpemst noberanus no sJeMeHTapHOM CETH HEBEIIUKO, a 110 JUITMHE PEKH IPo-
UCXOJUT MHTCHCUBHOC HapaIlMBaHUE MOPSAKA, B PE3yIbTaTe YErO MPH JAOCTUKECHHU
PEYHOM CUCTEMON HAUBBICILIErO €0 3HAUYEHUs, OCHOBHOM CTOK JJOCTUTA€T TPAH3UTHBIX
BOJIOTOKOB OJMKANIIMX MIIAMIMX MOPsAKOB. KonmuecTBO BOJHO-3PO3NOHHBIX 3J1e-
MEHTOB IIEPBOTO MOPSAKA IPH ITOM COKpalaercs. B 3aMpIkaroiieM cTBope 001acTu
AKKyMYJISIIUH CTOKa HAaOIII0J]aeTCsl KOHIICHTPAIUS CTOKA U MPAKTHYECKH MOJTHOE €T0
OTCYTCTBHE B 3JIEMEHTapHOM CETH.

JlanpmadTHO-rUIpOIOrNUecKoe palloHpoBaHue OacceliHa p. ['osoycrHas He
MPOTUBOPEUUT CTPYKTYPHO-THIPOrpaUuecKuM MapamMerpaM BomocOOpa, HO MMeEeT
OIIpE/ICJICHHBIC OTKJIIOHEHHMs, 10 MHEHHUIO aBTOPOB, 00YCIOBIICHHBIE UCTOPHEH Teo-
J0T0-MOP(HOIOTHYECKOro (POPMHUPOBAHUS JTAHHON TEPPUTOPUHM U TPEOYIOIIEro OT-
JIETBHOTO UCCIICIOBAHUSL.

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

B obnactu popMupoBaHus cTOKa KOMIUIEKCHYIO CTOKO(OPMHUPYIOLIYIO M CTO-
KOPETYJIUPYIOIIYIO POJIb BBIIOJHSIIOT TOPHO-TACKHBIE TEMHOXBOWHBIC BEPIIMHHBIC U
CBETJIOXBOITHBIE COCHOBO-JMCTBEHHUYHBIE COOOIIecTBa Ha cilabo- U cpeaHepacdie-
HEHHBIX CKJIOHAaX (pHC.).

Ocaznky, MOCTYINAIONME B T'OPHO-TaeKHBIC KEAPOBO-NUXTOBBIC JaHIA(THI,
PacCTIONIOKEHHBIE HAa BEPIINHHBIX BBIIONOKEHHBIX MOBEPXHOCTSIX 00ECHEUNBAIOT HE-
BBICOKYIO, HO JIOCTaTOYHO TIOCTOSIHHYIO BoooTAady. OCHOBHAS JOJIS ITOBEPXHOCT-
HOTo CTOKa (hopMHpYyeTCcs B COCHOBO-TMCTBEHHHUYHBIX JAaHAMA(PTAX BO3BBIIICHHBIX
cksioHoB (10 1200 M), yTo 00yCIOBIMBAaET (OPMHPOBAHUE HEOOJBIINX BOIOTOKOB,
BEPXOBHUI MaJbIX pek. B MHOTOBOIHBIC TOKAIMBEIC TIEPHOBI B TAHHBIX TEMHOXBOII-
HBIX U CBETJIIOXBOWHBIX JaHAmadTax (GopMHpyeTcs BEICOKHIA M OYE€HBb BBICOKHH IT0-
BEPXHOCTHBIN CTOK. B CBOIO ouepenb, XOpOIIO pa3BUTash BOAHO-3PO3HMOHHAs CETh
(367 pneMeHTOB MEPBOTO MOPAIKA), 00IIeH MpoTsHKeHHOCThIo Oonee 800 kM ompene-
JseT O6JIaronpUATHBIC TPEATOCHUTKH (OPMUPOBAHUS SKCTPEMATBHOTO CTOKA (TalI.).
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Puc. Obnactu crokodopmupoBanus B 6acceline p. ['onoyctHoit

Tabnuya

JupdepeHupamy CTpyKTypHO-THAPOTpapUIECKUX XapaKTePUCTHK PEUHOM CHCTEMBI
T"onoycTtHOi#t 10 061acTsIM CTOKa

Oo6unactb O6nactb Oo6uactb
CTpyKTypHO-THAPOrpadUIECKUE XapaKTePUCTUKH | (opMUpOBaHMS | TpaH3UTA AKKYMYJISILUN
CTOKa cTOKa CTOKa

ITnomamp, KM> 1327 925 25,4
Cpennsisi / MakcHMalibHasl BbICOTA BOJOCOOPa, M 848 /1158 739/ 1120 624 /978
Cpennsisi / MaKCHMaJTbHASI BBICOTA TAIbBETA, M 780/ 1027 662 /960 505 /807
CpenHuii / MaKCHMaJBHBIN YKIIOH BOgocOopa, ° 4/23 5/25 7/22
Cpennunii / MaKOCI/IMaJ'ILHLII/I YKJIOH BOJIHOM 3/19 3720 3/17
MOBEPXHOCTH,
CyMMapHasi JyIMHa BOAHO-9PO3HOHHOIN CeTH, KM 858 734 30,6
Tlopsiiok BOJHO-9PO3HOHHON CETH 1234 12345 12,5
o kinaccudukanun Xoprona — Crpanepa
MarsuTyza, mr 367 258 6
CymmapHast JuinHa JIeMeHTOoB | mopsiaka, KM 473 331 13,1
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B oGmactn Tpan3uTa croka B 6acceifne p. '0JI0ycTHOI CTOKOPETyTHPYIONIYIO 1
AKKYMYJIATHBHO-TPAH3UTHYIO (DYHKIIHIO BHITTOJIHSIOT TEMHOXBOHHBIE TUXTOBO-KEPO-
BBIC CKJIOHOBBIC U ITOJrOPHBIC CBETIOXBOWHBIC COCHOBBIC JaHImadgThl. B yciaoBusx
CpeaHel BOJHOCTH BOAOOTAAYA C JAHHBIX KOMIUICKCOB PaBHOMEPHASI H OTHOCUTEIIEHO
HM3Kasi, 4TO 00YCIIOBIEHO (PaKTOpaMn HH(UIBTPAINH B TO36MHBIC TOPU30HTHI U aK-
KyMyJSIDUM Biard B sanqmadrax. Takke Haaudue BOJOTOKOB CO CIEHBIMU YCTb-
SIMU,TIPEICTABIISIIONIIE JTOKAIBHOE TOHIDKCHHE penbeda,IBIsIoTCS yJacTKaMH aKKy-
MYJSIIAA CTOKa B MEKEHHBIM TEPHOJI, aB YCIOBHAX IEPEYBIAKHEHHUS TSPPUTOPHUH,
CITy’KaT HICTOYHUKAMH JIOTTOJHUTENLHOTO OCTYTIEHHS BOJIBI B PEUHYIO CETh 1 Ha TIPH-
Jerarolyo Tepputoputo. [Ipu BEICOKMX OcagkaX, B MaBOJOYHBIA MEpHOA ITU JIaH]-
mah THbIE KOMITJIEKCHI BBIITOJIHSIOT CTOKO()OPMHPYIOIIYIO PONIb C BEICOKOH HHTEHCHB-
HOCTBIO CTOKa. /l0CTaTOYHOE KOJIMYECTBO SMU30JMUECKIX M BPEMEHHBIX TaJbBETOB
(258 1T.) 067aCTH TPAH3UTA CTOKA MO3BOJSIET IPUHSTH TPAH3UTHBII CTOK C BBIIIEIE-
JkKalel yactu 6acceliHa U GOpMUPOBATH 3HAUUTEIBHBIA MECTHBIH €ro 00BbeM.

37maKoBbIE JIyra W CBETIOXBOMHBIC OCTCITHEHHBIC JAHAMA(THBIC KOMIUIEKCHI,
NPUIIETalONIMe U YaCTUYHO 3aHUMAIOIIUE JOJIMHY PEKH, XapaKTePH3yIOTCSd HU3KUMHU
AKKYMYJIMPYIOLIMMH CBOMCTBAMH ¥ BBINOJHSIOT TPAaH3UTHYIO PpyHKLMI0. McKirouenue
COCTABIISIOT 3a00JI0YCHHBIE JJOTUHBI IPUTOKOB C PEIKUM TEMHOXBOHHBIM IPEBOCTOEM
1 OTJICNTBHBIC JTyTOBO-00JIOTHBIE KOMITJIEKCHI B TOJIMHE TIIaBHON PEKH M 00TACTH aKKy-
MYJISIIUM CTOKA, KOTOPBIE 00JIafal0T BEICOKUMH aKKyMYJIUPYIOIIMMH CBOMCTBaMH B
nepuoJ ro00i BogHOocTH. OONACTh aKKyMYJISLIMM CTOKA 00JagaeT HeOJaronpusT-
HBIMH YCJIOBUSMH CTOKO(OPMHUPOBAHUS /Ul IEPHOAOB CPEAHEH U MOHIKEHHOH BOJ-
HocTH. TeM He MeHee B ITepHO/ Il TIOBBIIIEHHOH BOAHOCTH HAINYNE SMTH30JMUCCKIX H
BPEMEHHBIX BOJOTOKOB, XapaKTePH3YIOIIUECS TOCTATOUHO OONBIIMMHU YKIOHAMHU KaK
CaMHX TaJbBEroB, TaK BOJOCOOPA 3TOW 00JaCTH, AOMYCKAET XOTh ¥ HE3HAYUTEIILHOE,
HO MecTHOE (popmMupoBanue cTOKa (10 10 M/c).

CoBMecCTHBIH aHAN3 JIaHAMA(QTHO-THAPOIIOTHIECKUX U CTPYKTYPHO-THIPOTpa-
(ruecKnX XapaKTEePUCTHK IT03BOJIHII OIPEICIIUTh BEIMYHHY IKCTPEMAIbHOM BOJIOHOC-
HOH CIIOCOOHOCTH NIPH YCIOBHH 3aIIOJIHCHHS BCEH COBOKYIHOCTH TalbBETrOB PEYHOU
cuctemsl ['onoyctHol. B obmactn ¢dopMupoBaHns CTOKa BOJOHOCHOCTH COCTABUT
604 m*/c, B 3ambIkaromeM cTtBope — 970 M/c.

BbIsiBI€HHBIE 3aKOHOMEPHOCTH M OCOOCHHOCTH (POPMHUPOBAHHUS IKCTPEMAlIb-
HOTO CTOKa MPEJIOoJaraloT rPaHNIHOE MONI0KEHUE, TOKA3bIBAIOT MAKCUMAIBbHO BO3-
MOXKHBII 00b€M, KOTOPBII MOXKET TPaHCIIOPTUPOBATH KOHKPETHAsI pedHast CHCTEMA.

Paboma evinonnena 6 pamrax I'ocyoapcmeennozo 3adanus Ul um. B. b. Co-
uagvl CO PAH (Ne cocyoapcmeennoti pecucmpayuu AAAA-A21-121012190059-5
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HN3MeH4YUBOCTH BOAHOIO M JIeA0BOro 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. Braousocmok

AunHoTanust. Vccienyercs BpeMEeHHasi H3MEHYNBOCTH BOJIHOTO U JISZIOBOTO pexkuma p. [lemknna Ha
OCHOBE JJaHHBIX THUJPOJIOrHYecKUX HabOmoaeHui 3a nepuox 2008-2022 rr. Llens paboTsl — aHAIN3
M3MEHEHHH B BOJHOM M JIEZIOBOM PEXKHUMaX PEKH B COBPEMEHHBIX KIMMAaTHYECKUX ycioBusix. Mc-
IIOJIb30BaHbl JaHHBIC TUAPOJIOTHYECKOro Iocta y C. Kamechoe, BKJIFO4Yasi €KCAHCBHBIC YPOBHHU
BOJIbI, PACXOIbI ¥ JICJIOBBIC SIBJICHHUS. Y CTAHOBJICHO, YTO MPOJOJDKUTEIBHOCTD JIEA0CTaBa COKPATH-
JIach 110 CPABHEHUIO € apXUBHBIMU JaHHBIMU 1968—1970 rr., a mpolecc yCTaHOBJIGHHs TIOJIHOTO Jie-
Jocrapa crajl 0osee IJIMTeNbHbIM. BhIsBIEHBI 0OCOOEHHOCTH CE30HHOIO XO/a TOJILHUHBI JIbJIA U BOC-
CTAQHOBJICHBI €KEIHEBHBIC PACXO/IbI BOJbI HA OCHOBE KPHMBBIX CBSI3H YPOBHEH M pacxonoB. JlanHoe
HCCJIEI0BAaHUE CTAHET OCHOBOM A KOMIUIEKCHOTO M3y4YeHHs M3MEHUHBOCTH BOJHOTIO U JIE€LOBOTO
pexuma p. [lewkuna.

KuueBble ciioBa: HQH)KI/IHB., BOL[HLIﬁ PEXKUM, JIEIOBBIN PEKUM, TOJIINHA JIbJa, KPUBBIE PACXO10B.

BBenenne

Peka Ilenxnna pacnosoxeHa Ha ceBepo-BocToke KamuaTckoro kpas v npote-
kaeT 1o teppuropun Kopskckoro okpyra. Ona Oeper cBoe Hayano Ha CpeIuHHOM
xpebre Kamuatku u Bnagaet B Ilemxunckyro rydy Oxorckoro, o0pasys 3cTyapui,
BMecTe ¢ p. TanmoBkoil. E€ mnmHa oxomo 713 kM, mromans BogocbopHoro Oacceiina
coctasnser 71 600 kM B cTBOpE ¢. KameHckoe B 69 kM 0T ycThsa. B BepxoBbsx IleH-
JKMHA — TOPHAs peKa ¢ OporaMu U IepeKaTaMu, B CPEIHEM 1 HIPKHEM TEYCHHH BBIXO-
JUT HAa PaBHUHY, 3aMEAJISIETCS U MPOTEKAeT MO 3a00J04eHHON HU3MEHHOCTH, pa3ou-
BasICh Ha MPOTOKH [2].

[Muranue pexu NMpPEeHMMYIIECTBEHHO CHErOBOE C SPKO-BBIPA)KEHHBIM BECCHHE-
JICTHUM I1OJIOBOABEM H JOXKACBBIMHU IMABOJKAMMU. Omna sBiIsIeTCS BTOpOﬁ 10 BCJIMYHUHC
cToka, rocie p. KamuaTku. 3amep3aer B OKTAOpe-HOAOpE, BCKPHIBACTCS B Mae, MPH
3TOM JIEJIOXO0/1 COMPOBOK/IAETCSA 3aTOPAMH U MOATOIICHUSIME [9].
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Baccelin pexn MaroHaceleHHBIH, B OCHOBHOM IIpeo0iamaeT ropHas Taiira u
TyHapa. KmuMar pe3ko-KOHTHHEHTaIbHBIN, BHYTPUIOA0Basl aMIUINTYAA TEMIIEPATYpP
coctasiser 6onee 40 °C, orauyaercst CypoBOi 3UMOI U KOPOTKUM U POXJIAJHBIM Jie-
ToM. OcagKu yMEpeHHbIE, HO 3IMa MHOTOCHEXHasl. B HIDKHEM TeUeHHH HMEET BaXKHOE
3HAa4YEeHHUE Ul MECTHBIX KOCHCTEM M OIPAHUYEHHOIO XO3SHCTBEHHOI'O MCIOJIb30Ba-
Hust. Cy10XOACTBO OFpaHMYEHO U3-3a MENKOBO/bsI U MOPOTOB [§&].

Iens paboTH! — MPOaHATU3UPOBATh H3MEHEHHS BOAHOTO M JICOBOTO PEXMMax
pexu [lermxuHa B HIDKHEM TCUYCHUH B COBPEMEHHBIX KIIMMATHIECKUX YCIOBHIX U BOC-
CTaHOBHTH €KEJHEBHBIE PACXO/IBI BOJBI 110 €KETHEBHBIM U3MEPEHUSIM YPOBHS BOJBI,
UCIIOJB3Ys pErPEeCCHOHHBIC YpaBHEeHHs KpUBBIX 3aBucumocteit Q(H) npu cBobogHOM
pycune.

W3ydenne memoBOro peknMa IO3BOJHT MPOTHO3UPOBATH BECEHHHE MOABEMa
YPOBHS PEKH, KOTOPBIE MOTYT NPUBOIUTE K MOJATOILIEHUSM TEPPUTOPHUIl HACENEHHBIX
MYHKTOB ¥ MH(QPACTPYKTYPBI, PACIIOJI0KEHHBIX BONN3U peku. Taxke n3MeHeHus Jie-
JIOBOTO PEKMMa MOTYT CITY)KHTh HHIUKATOPAaMH KIMMATHUCCKIX U3MEHEHHH, IPOUC-
XOZSIIUX B OacceiiHe pekH, a 3HaHWE BOJHOTO PEKUMa PEKH HEOOXOANMO IS TUIaHHU-
POBaHUs Cy/I0XO/ICTBA, OCOOEHHO B YCIIOBHSIX CE30HHBIX M3MEHEHHUH YPOBHS BOJBI U
JIeIOBBIX SIBICHUI M ONTHMU3AIMH TPAHCIIOPTHBIX MapIIPYTOB U PHCKOB.

3HaHWUS O BOJAHOM H JICJIOBOM PEXHMMaX ITOMOTYT st 00Jiee TOYHBIX PAacdeToB
00beMa CTOKa IIPU NIPOSKTHPOBAHNUH M BO3MOXKHOM JIaJIbHEHIIIEM CTPOUTENBCTBE MPH-
JUBHOM anexTpocTanuuu B [lemxunckoii ryde.

Onucanue Mocra

I'maponorndeckuii ocT pacIoIoKeH y 10KHOH okpanHbl cena Kamenckoe, pac-
MOJIOKEH Ha NpaBoM Oepery, COCTOMT W3 perepoB W 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 (3umumii) — B 1,5 kM Bbie. TosmuHa j1ba U3MEpSETCs Ha CepeHe PeKH [6].

JlonuHa pexu cnabou3BUIHNCTAs, ITUPUHON 2—4 KM 110 BEPXY, CKJIOHBI IIOKPBITHI
KyCTapHHUKOM M HU3KOPOCIBIMHU JICPEBBSIMHU, TIPABBIN CKIIOH — 0YE€Hb KPYTOH, BEICOTOH
40-60 M, neBblil — TeppacupoBaHHbIi. K 1011HE NpUMBIKAET KPYITHOXOJIMHUCTAst MECT-
HocTb. [loiima neBoGepeskHast, MUPUHON 2—3 KM, HAUMHAET 3aTOIUIATLCS NIPH YPOBHE
900 cm [6].

Pycno m3BmmicToe, necyaHo-rajJeqHoe, MecTaMu KameHucToe. [1paBerii Oeper
OUYCHb KPYTOH CKaJIbHBIH, JIeBbId BeIcOTOW 6—10 M. Bo Bpems MeKeHU OOHaKaIOTCS
MHOTOYHUCIICHHBIE OCEPEIKU U KOCHI [6].

B nmannoif pabore OyayT MCIOIBR30BaHBI JaHHBIC, MMONy4YeHHBIE ¢ caiita AVC
I'MBO 3a 2008-2022 rr. [1], a Taxke JaHHBIE U3 TUIPOJIOTHYECKUX €KETOJIHUKOB 3a
1968-1970 rr. [4-6].

Boanblii pe:xxum

ITo maraeIM AVIC 'MBO [1] 6bUH IOCTPOCHBI TPApHKH X0JIa PACXOI0B BOJIBI
3a nepron 2008-2012 rr. (puc. 1). UepHsiMu TuHUSIME Ha rpadrke 0003HAYEHBI Cpei-
HETOJIOBBIE PACXO/IBI BOJBI.
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Puc. 1. ExxenneBHBIN X011 pacxo10oB Boabl p. [lemkuna — ¢. Kamenckoe 3a 2008-2012 rr.

Kaxk BunHO n3 rpaduka, MakCUMalIbHbIE PACXO/bI BOJBI COOTBETCTBYIOT HEPH-
OJly MOJIOBOJIbSI, TAKXKE 3aMETEH XapaKTEPHBIH MaBOJOK, HAOMIOJAIOUIUICS OCEHbIO,
MOCIIE TPOXOXKJCHUS KOTOPOTO HACTYNAeT OCEHHE-3UMHSASA MEKCHb, [UINTEIHLHOCTHIO
okosio 6—8 mec. [lonoBoabe XapakTepu3yercss pe3KUM MOJIBEMOM BOJbI U yBEJIHYE-
HUEM pacxofla B HECKOIBbKO Pa3, HEPEAKO COMPOBOXKIAETCS MABOAKAMHU M JUIUTCS
OKOJIO JIBYX MECSAIEB. 3a 3TOT MEPHO MPOXOAUT A0 85 % BCero croka peku. SUMHSISI
MEKEHb OTIINYAETCS HU3KUMH YPOBHIMHU M PACX0JIaMH B TEUEHHE BCETO BPEMEHH, TH-
TaHHE PEKU B ITOT MEPUO/] TPEUMYIIECTBEHHO MOA3EMHOE.

Io knaccudukammu pek A. 1. Boeiikosa [3] p. [lerkrHa OTHOCHTCS K MIEPBOWA
rpymme, TAmy I — peku, nogyvaromie NUTaHue OT TassHUS CHEera, Ha paBHUHAX U B He-
BbICOKUX ropax a0 1000 m.

OTHOLIEHHE MAaKCUMaIbHOTO 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 k | rpymme — peknu ¢ BeCeHHUM II0JIOBO/IbEM, a B 3TOi rpymmne k Bocrouno-Cu-
OMpPCKOMY THITY.

Bocrouno-Cubupckuii THIT XapaKTepH3yeTCst BRICOKUM BECEHHHM ITOJIOBOIBEM,
YaCThIMU JIETHUMU N1aBOJAKAMU U OUEHb HU3KOW 3UMHEN MexKeHbro. Takoil Tum Xapak-
TepeH Uil Teppuropun, SIHo-Muaurupckoro paiiona, Kamuatku, Caxanuaa u pacno-
JIO)KEHHOH K BOCTOKY OT EHmcest. MHOTHe peku ¢ rroma siMiu 0acceiiHOB B IECATKH U
Jla’ke ThICSYM KBAJAPATHBIX KUIOMETPOB 3MMOM MOTHOCTBIO NepeMep3atoT [7].

JlenoBblii pesxum

Jlis ompeneneHus MPOJOJDKATEILHOCTU JICOBBIX siBIeHUNA Ha p. [lemxwuHa,
noct c. KameHckoe, OblIM MpOaHaTU3UPOBAHBI IaHHBIE O €XKEeITHEBHBIX YPOBHSIX BOJBI,
B3saThIX ¢ AVUC TMBO 3a 2008-2022 rr., BKJIHOYAIONIUE B ce0s1 JaHHBIC O JICIOBBIX
sBIIEHUSX. I K&KI0T0 Tojia ONpeaeisiiach 1aTa Hadana JI000ro yCTaHOBHUBILIETOCS
JIEJIOBOTO SIBJICHUS, JlaTa Havaja MOJHOIO JIeJ0CTaBa, 1aTa OKOHYAHHUS JIe0CTaBa U
JlaTa TOJIHOTO OYMIIEHHs OTO JbJaa. Ha puc. 2 mpenctaBieHa MpOAOKUTENFHOCTD
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MOJTHOTO JienocTaBa. Kak BUIHO U3 rpaduka, B MOCIEIHNE NECSITHICTHS, TPOIOIKA-
TENbHOCTD JieiocTaBa cocranisiia oT 140 1o 203 aHel, 4TO 03HAYAET, YTO OHA YMEHb-
LIMJIACh, IO CPABHEHUIO C apXUBHBIMH JaHHBIMU 32 1968—1970 rr. (214-215 nueit) [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 pa3HHIIAa MEXIy TOSBICHHEM JICIOBBIX SIBJICHUH W
HayaJloM MOJIHOTO JiefgocTasa p. [lemkuna. — c. Kamenckoe 3a 2008-2022 rr. [lnurens-
HOCTh YCTaHOBJICHHSI TIOJIHOTO JIEOCTaBa 3a JTOT MEPHOJA HM3MEHsIach OT 24 1o
60 mueit, B To Bpems kak B 1968—1970 rr. [4—6], 3T0 3HaUY€HHE COCTABIISIO BCEro 6—
13 nHe#. DTo CB3aHO C TEM, UTO IO TAHHBIM THAPOJIOTHYECKUX €XKETOTHUKOB, PeKa B
9TOT MEPHOJ] 3aMep3alia MONMHOCThIO, a o AanHeiM AVIC I'MBO [1] Hactynan nauiib
HETIOJTHBIH Jie1ocTaB. J{Jis pacueToB MpOI0IDKUTENFHOCTH JIEOCTaBa UCTIOIh30Baach
JIaTa MOJTHOTO MOKPBITHS PEKH JIbIOM.
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Puc. 3. lnutenbHOCTh OCBOOOXKICHNUS PeKH OTO Jibja 3a nepron 2008—2022 rr.
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B xone ananm3a ne10BbIX SBICHH, OBLTO 3aMEUYEHO, UYTO B KOHIIE OKTSIOPS HA P.
[lemxuHa ycTaHABINBACTCS HEMOIHBIN JISIOCTaB, M TOJBKO K KOHILy HOSOps-HadaIry
JeKalpsi, pexa MOJHOCTBIO 3aMep3aeT.

ITo manabM 3a 2008-2022 rr. OBIT MOCTPOEH CE30HHBIH XOJ TOJIIMHBI JIbJA
(puc. 4). B nagane u3MepeHuit (KOHEI OKTSIOPsI — Ha4ajao HOsIOPs) TOJIIMHA JIbaa CO-
craBiser ot 15 mo 30 cm u Hapactaet 1o 100 — 130 cm (3a uckirouenunem 2016 1.) K
ceperHe MapTa, MOCJIe Yero MPAKTUYECKH HEe U3MEHSIETCS JI0 IEPUOo/ia TassHUSI.
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Puc. 4. CezoHHbIH X0 HapacTaHus Jpaa 3a nepuoza 2008-2022 rr.

Taxke ObUT IIOCTPOCH XOT MAKCHMAJTbHBIX 3HAUEHUH TOJIIUHBI JIbJA 32 KOKIBIH
rox (puc. 5). TpeHia Ha yBeNW4YeHUE WM CHI)KEHHE BBIIBICHO HE OBLIO.
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Puc. 5. MakcuMmasbHas TomuHa Jibaa 3a 2008 — 2022 rr.
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BoccraHoBJieHue PpacxoaoB BOAbI

B cBsi3u ¢ Tem, uto B oTkpbIiTOM foctyrie Ha AUC 'MBO [1], ecTs exxerHeBHbIE
YPOBHH BOJIBI, HO HET M3MEPCHHBIX W PACCUUTAHHBIX €)KECIHEBHBIX PACcXOIOB BOJIHI,
OBbUIO MIPUHATO PELICHHUE MONBITATHCSI BOCCTAHOBUTH €KEIHEBHBIC PACXO/bI BOJBI 110
HM3MEpPEeHHBIM ypoBHIM. {7t aToro 3a mepron 2008—2010 rr. 65u1H HOCTPOSHBI KPHBHIE
cBs13M pacxoqioB 1 ypoBHed Q(H) mist cBoboaHOTO pycia (puc. 6), HO A yao0CTBa
BBIYMCIICHUH, B OTJINYUE OT KIIACCHYECKOT0 MPECTaBICHUs, OCH ObUTH IOMEHSHBI Me-
CTaMH.

Q, M3/c
7000
6000 y=0,0138x2-5,2541x + 615,27 /
5000 R2=/0,9953 .
4000 ',
3000
2000
1000 o
. °
0 200 400 600 800 1000
H, cm

Puc. 6. Kpusas Q(H) nnst cBo6onuoro pycia 3a nepuoxn 2008-2010 rr.

3aTeM ¢ MOMOIIbIO PAa3IMYHBIM YPAaBHEHUH ObLTH PACCUMTAHBI €KEIHEBHBIC pac-
xoae! Boasl st 2011-2012 rr. (puc. 7, 8). Hammydme# anmpokcuMariiuei moryqns-
eicst KpMBOM CTajlo ypaBHEHUE, PEACTaBICHHOE Ha pucyHke 6. CpesHee OTKIIOHE-
Hue ot aanHbix 3 AC I'MBO [1] cocraBuino 2,1 u 2,4 % cOOTBETCTBEHHO.
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Puc. 7. ExxeiHeBHBIE PAcXO/IbI BOJBI 32 IIEpHOJ] CBOOOAHOrO pycia, B3sThie u3 AUC I'MBO u
paccuuTaHHBIE TI0 YpaBHEHHIO THHEHHOU perpeccun 3a 2011 rox
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Puc. 8. ExxeiHeBHBIE PacXo/Ibl BOJBI 32 IIepHO]] CBOOOAHOrO pycina, B3sTeie u3 AUC I'MBO u
paccuuTaHHBIE TI0 YpaBHEHHIO THHEHHOU perpeccnn 3a 2012 ron

Takum 06pa3om, MONTYyYEHHOE ypaBHEHHE PErPECCHU MOXKHO HCIIOIb30BATh LISl
BOCCTAHOBIICHHSI €XKETHCBHBIX PACXOJI0B BOJBI [0 CKCIHCBHBIM YPOBHSAM IJIsi OITH-
JKafmmx 2—3 net HaOIroAeHuId.

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 THAPOIOTHIECKHX €XKETr0JHUKOB.

Paboma evinoanena ¢ TOU JIBO PAH (Pee. Ne 124022100077-0) npu noo-
oepoicke PH® (epanm Ne 23-77-10001).

CHHCOK JUTEepaTypshl

1. ABToMari3upoBaHHasi HHYOPMALIMOHHASL CHCTEMA I'OCY/IaPCTBEHHOIO MOHUTOPHHIA BOJHBIX 00b-
extoB (AMIC 'MBO). URL: https://gmvo. skniivh.ru/ ([Jata goctyna: 17.02.2025)

2. Bonpras coserckast sumkiaoneans. URL: https:/dic. academic.ru/ (nata odpamenns: 17.02.2025)

3. Boetixosé A Y. Knumatsl 3eMHOTO 11apa, B ocodbernoctr Poccnn. Cankr-IlerepOypr : Kaprorp. 3a-
Begenue A. Mibuna, 1884. 640 c.

4. T'uaponoruyeckuit exeronuuk. 1968 r./ mox pex. M. A. Komkooii, M. P. UepHsbioBoit. Mara-
naH, 1969. T. 8, Beim. 8, T. 9, Bei. 7. 87 c.

5. I'mpponoruueckuit exeroguuk. 1969 r./ nox pea. M. A. Komkosoii, M. P. UepnsbioBoii. Mara-
nas, 1969. T. 8, Beim. 8, T. 9, Beim. 7. 1970. 179 ¢

6. Tunponornueckuit exeroguuk. 1970 r./ mox pea. M. A. KomkoBoii, M. P. UepHusiioBoit. Mara-
naH, 1969. T. 8, Bein. 8, T. 9, Bem. 7. 1972. 256 c.

7. 3aiikos B J]. O4epku ruapojorudeckux uccienoBanuii B Poccuu / Tlox pen. KaHI. reorp. Hayk
A. T1. Jomanunxoro. Jlenunrpan: 'mapomereonsaar, 1973. 325 c.

8. Kimmmar Pocenn. Hayuno-npukinaiHoii cipaBounuk. O6uunck: ®I'bY « BHUNTIMU-MI/]». URL:
http://aisori. meteo.ru/. (nara obpammenus: 30.05.2015).

9. CoBpeMEHHBII IMAPOIOTHYECKUIT PEKUM HUKHETO TeueHHs: peky [TeHKUHBI U TIepBbIE CBECHUS O
THAPOJIOTHYECKUX MPOLeccax B ee 3cTyapuu (1o pesyibraram skeneauuun 2014 r.) / C. JI. Topun, M. B. Ko-
Basb, A. A. Cazonos [u ap.] / UccnenoBauus BOAHBIX Onoiornuecknx pecypcoB Kamuatku u CeBepo-3ama-
Hoit yacti Tuxoro okeana. 2015. Beim. 37. C. 33-52.

109



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

V]IK 556.54

I'maposornyeckoe 000CHOBaHHE IHAPOIHEPreTHYECKUX
napametpoB Teabmamckoi I'IC

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

Uprymeruu 2ocyoapcmeennblii ynusepcumem, 2. Upkymck

AnHotanus. llenp ucciienoBaHus COCTOsIa B BBINOJHEHUHM KOMIUIEKCA BOJOXO3SHCTBEHHBIX M
BOJIHO-OHEPreTHUECKHUX PacueToB JUlsl MPE/UIOKEHHON aBTOpaMH cXeMbl pazmerenus TerpMaMeKoit
I'SC. B xozne nanHo# paboTsl ObuTa COOpaHa BCSI MIMEIOMIASACS MCXOMHAS THIPOJIOrHYecKast HHPOp-
MaIys 0 CpeIHEMECSUHBIX pacxojax Bojbl Ha moctax Mamakan — Tensmama u Mamakan — Mama-
kaHckast ' 9C; 1o ypaBHEHHIO BOZHOTO OajlaHCa BOCCTAHOBIICHBI PSI/IbI PACXOI0B B cTBOpe Tempmam-
ckoif 'OC 3a MHOTOJIETHMI MTEPUOJT; pacCUUTaHbl pacxoasl B cTBope Tenpmamckoit '9C; ¢ mpume-
HenueM cpeacts I'MC QGIS u ganueix SRTM (Shuttle Radar Topography Mission) ycraHoBieHO
COOTBETCTBUS OOBEMOB M ILIOLIA/ICH ONPEAeIEHHBIM YPOBHAM BOAOXPAHUIIMINA, BEIpakaeMoe OaTu-
rpaguyeckuMH (TornorpapuuecKuMK) 3aBUCUMOCTSIMU. PaccunTaHo peryimpoBaHue CTOKA IO KaJleH-
JAPHOMY THIPOJIOTHYECKOMY PSily 1O Pa3HOCTHO-UHTErPAIBHBIM KPUBBIM. ONpe/ieNieHbl 3HaYeHUS
MOIIIHOCTH M BBIPaOOTKH 3JIEKTPOIHEPTUH Ha mpoektupyemoit I'IC mpu BEIOpaHHOW cxeMme pa3me-
LICHUsI CTBOPA IUIOTHHBI U 33aHHbIX oTMeTKax Y MO (ypoBus MépTBoro o6béma) n HITY (Hopmais-
HOT'O MOJTIOPHBII YPOBHS).

KiioueBsle ciioBa: Texsmamckas ['OC, perynupoBaHue CTOKa, HacOpT BOJHO-IPHEPTETHUECKHUX Xa-
PaKTEePUCTHK.

AKTyaJIbHOCTB

Tenbmamckas ['OC — nmpoekTupyemasi THIPOIJIEKTPOCTAHIIUA Ha p. MamakaH, B
6acceiine 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 BOJIOXO3AHCTBEHHBIE U BOJHO-IHEpre-
THYECKHE PACUYETOB AJIA 3aJaHHON cxeMbl pa3menienns Temsmamckoii ['OC.

B xoxe nccienoBanus TpeOOBaIOCH BBITIOIHUTD 331a4H:

e coOpaTh UCXOJHYIO THIPOJIOTHYCCKYI HH(POPMALUIO O CPEIHEMECIYHBIX
pacxomax Bojbl Ha moctax Mamakan — TenbMmama 1 Mamakan — Mamakanckas ['OC 3a
MHOTOJICTHHH TIEPHOJ; BOCCTAHOBUTH PSZT pacxonoB B cTBope Temsmamckoit I'OC mo
YpaBHEHHIO BOAHOTO OajaHca;

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

® paccuuTaTh PEryJUpoBaHHE CTOKA MO KaJEHIAPHOMY T'HIPOJIOTHYECKOMY
PSAy MO Pa3HOCTHO-UHTEIPAIbHBIM KPUBBIM;

e  ONpPEeTUTh MOIIHOCTH M BBIPAOOTKH 3JIEKTPOIHEPTUH HA MPOCKTHPYEMOI
I'DC npu BHIOpaHHOH cXeMe pa3MelIeHHsI CTBOpa TUIOTHHBI W 3aIaHHBIX OTMETKax
YMO U HITV.
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BriOpanHast TeMaTHKa UCCIEI0BAHMs 0CO00 aKTyajabHa B HAIIlE BPEMS, TaK KaK
JUTsL pa3BuTHI Mamcko-BonaiiOnHCKoTo paifoHa TpeOyeTcss MOITHAsT SHEpreTHYSCKAasT
0a3a, MoATOMY ITOMUMO CYIIEeCTBYIOIICH MaMakaHCKO# 371eCh HEOOXOIMMO IIOCTPOUTH
Tenemamckyto ['DC. OCHOBHBIM TIOTPEOUTENEM DIEKTPOIHEPTHH 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 3aTOILICHHMS,
OIIpe/IeNICHHAs! TIPU NpeUIoKeHHOM aBTopamu Bapuante HITY u onpenenennas c uc-
noab3oBaHueM ¢ npumenenueM cpeacts I IC QGIS u nanneix SRTM.

= TenbMaMckas M3C
ny6uHa xpaHunuwa, M

Puc. 1. CtBOp pasMenieHns (KpacHas JIMHUS) ¥ 30HA 3aTOIUICHHS TIPOCKTHPYEMBIM
BopoxpanmwmmieM Tempmamckoit [[DC

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

PeSyJ]bTaTLI HccJIeA0BaHUsA

YMO u HITY npunsrto aBropamu Ha ypoBHe: YMO — 398, 55 M HITY — 436 m.
YMO 3anano, Tak 4To0s! pasHuia oosemoB mpu HITY u YMO cocraBuia mpuMepHO
1/2 oT romoBOro 0ObeMa 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 3a TEPHOA
€ro dKCIUTyaTanuu B AaHHO# padote 3a 100 et n Gonee. OOBEM HAHOCOB 3a MEPHOJ,
skernyatauun B 100 et cocraputr W, = 14,3 M M°. Bpems 3anneHuss MEPTBOTO
00BbEMa paBusieTcs 12249 net. g Bo u30exkaHue MporpeBa BOJbI U YXY/IIICHUS ee
Ka4ecTBa B X0/i¢ pabOThHI MPOBEPEHO, UTO cpeaHne rryOuns! npu YMO cocTaBisin
Oornee 2,5 M, a IJIOMAJAN METKOBOJIUK ¢ TIyOMHAMH MeHee 2 M 3aHMMalnHe Ooliee
15 % ot obmelt mromaau 3epkana npu YMO.

Bennunna cpaboTtku BogoxpaHunuma (pasHocts Mexay HITY u YMO) no co-
BPEMEHHBIM TPEACTABICHUAM O MPOSKTHPOBAHHM 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 Harnope 150 m.

[Tone3usrit 06BeM B3sUT OIU3KUAM K TOJIOBHHE TOJOBOTO CTOKA, YTO TIO3BOJISETE
3apeTryInpoBaTh CTOK C HCITOIB30BaHHEM ITOUTH 98 % cToka A1t BEIpaOOTKH 3JIEKTPO-
SHEpruu.

3naueHus pacxoaoB B ctBope Tempmamckoit ['DC 3a mepuon ¢ 2008 mo 2022 r.
OBUTH Ompe/eeHbl 0 YPaBHEHHUIO BOJHOTO OanaHCa HAa OCHOBAHWH HMCIOJIBb30BAHHS
pacxoz1oB 1 ypoBHeii B ctBope Mamakanckoit ['2C.

Jlanbiie mpousBeqieH pacdeT peryiaupoBaHus pacxonoB Temsmamckoit I'DC c
MIOMOIIBIO TOCTPOCHHS PA3HOCTHO-MHTETpanbHbIX KpUBhIX cToka (PUK) [2], moka3an-
HBIX Ha pHC. 3: OCHOBHAas KpHUBas (CHHSSA)— OTBEYACT ITyCTOMY BOJIOXPaHIUIHIILY
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(YMO); xoHTpombHas (OpamKeBas) OTBeYaeT IMoiHOMY Bojpoxpanmmmnry (HITY);
MEXIy HUMH (cepasi) — pa3sHOCTHO-MHTEerpalibHast KPHUBas 3aperyJIMPOBAHHOIO CTOKA,
KOTOpast MOKa3bIBaeT BO3MOKHOCTh PETYIHPOBAHUS PACXOIOB MPH 3aJaHHOM 00BbeMe
PeryIupyoIell eMKOCTH BOZOXPAHHIIUIIA.
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Puc. 3. Pa3HOCTHO-MHTETpalibHbIE KPUBbIC

,Hanee ObLIH MMPON3BCJACHBI BOAHO-OHEPICTUUCCKHUE pACYCThl U COCTABJICH CO-

KPAIIeHHBI TMAacmopT BOAHO-’HEPTeTHYECKHUX XapakTepucTHk Tembpmamckoii I'DC
(Tabm.)

Tabruya
[TacnopT BOIHO-?HEPTEeTHYECKHUX XapakTepucTHK TempMamckon ['DC

1. XapakTepHCTHKH CTOKA

CpenneroioBoii croxk W, miia v 5605
MakcHUMAaIBbHbIH cpeiHeMeC bl pacxo Qyae, M/c 1134
MHuUHUMaIBHBI cpeHeMecsunbli pacxo Quuu, M/c 9,16
CpeaaemMHOr0IeTHHI pacxon Q, M/c 178
2. XapaKTepHCTHKH BOJOXPAHHJINIIA

IMomus1ii 0668M Bogoxpanmmuma W, ., MITH M 4446
MépTBEIii 06BEM Bomoxpanuanma Wyy o, MIH M 1758
TTones3Hpli 066EM BOHOXPaHHITHINA Wy s, MITH M 2688
Koaddunment émroctu Bogoxpanmmmnia B, % 47,9
['y6una cpaboTku Bogoxpanuuia heyg, M 37,5
Ormerka yposHs Boasl npu HITY ZEE, m 436
OrmeTka yposHs Bojibl ipu YMO ZBB ) m 398,6
TTnomap 3epkana npu HITY Qyny, MiH M? 99,4
TLona s MeTKOBOMH ¢ ry6uHoit 10 2 M nipu HITY, MiH M2 3,2
Tnomans 3epkana npu YMO Qyyg, MIH M 44,4
[Tontans MenkoBoavH ¢ riyouHOI 10 2 M ipu YMO, mitH M2 2,3

113



CoBpeMeHHble TEHAEHLUN 1 NepCneKTUBbLI Pa3BUTUSA rnapomeTeoponorui B Poccun
Mamepuarnsi VII Becepoccutickoli HayyHo-npakmuyeckol koHgheperyuu. Mpkymek, 19-21 mapma 2025 e.

Oxonuanue maon.

3. XapakTepHCcTHKA 3aperyJupoBaHHoro pexuma '9C
MakcuMabHBIi 3aperyIHpoBaHHbiii pacxon Q. , M*/c 600
MHUHUMATBHEIH 3aperyIMpoBaHHbIii pacXo Qi , M/c 70
06BEM x010¢TOro ¢opoca Wy gy, MIH M’ 93
O6béM ucnonb3yeMoro croka Wy, MIH M> 5506
Koadpduument ncnonszobanus croka K, .., % 98
MaxkcumansHbiii pacxoa I'IC QR2¢ . m/c 320
Munnmanssbii pacxox IIC Q¢ w/c 70
Maxkcumanpabiii Hanop Hyaec, M 150
MunuManbsblii Hanop Hy o M 110
CpennessseuieHHblii Hanop Hep ps, M 140
Cpenanerooas BeipaboTka anextposneprun ['DC 1o 3aperyampoBaHHOMY BOIO-
TOKY BESC, mipa kBT 1,80
Maxkcumansnas MomHocts I'IC NI2C . MBr 403
Munumanbhas momaocts TIC NE2C | MBr 65
3akiouenne

B xozxe manHOW pa®OTHI I BBIMOJHEHNS KOMITIEKCA BOJOXO3SHCTBCHHBIX H
BOJJHO-3HEPIeTHYECKUX PACUETOB OBIIM ONPEEICHBI MOIIHOCTH U BBIPAOOTKH 3JIEK-
TposHeprun Tenpmamckoit 'DC: MakcumambHas MOIIHOCTL cocTaBuna 403 MBT, mu-
HUManbHas 65 MBT u cpenHerogoBass BbIpaOOTKa 3JIEKTPOIHEPTHU COCTABHIA
1,80 mipa kBT 4, 4TO IPEBOCXOAUT ATOT IOKA3ATENb 110 CPABHEHUIO € IIPEII0KEHHBIM
panee npoektoM [1]. CpenctBamu I'IC QGIS onpenenena miomaas 30HbI 3aTOIUIEHUS,
kotopast ipu BeiOpanHoM HITY coctaBmia 99,4 mun M2 [Ipu nipectaBieHHOM aBTOpaMu
BapHaHTE Pa3MEIIeHHs D01 MEJIKOBOINH ¢ ITyOMHaMHU MeHee 2 M OyayT 3aHUMAaTh
0KO0JIO 5 %, YTO IO3BOJIUT M30€XkKATh IPOrPEBA BOABI U yXYALICHHS €€ KaueCTBa.

Cnucok 1MTEpaTyphl

1. IpoextupoBanue Tempmamckoit 'DC Ha pexke Mamakan. TexHonorust beToHMpOBaHUS MOHOINT-
HOW TPOJICTHON KOHCTPYKLMH Ha TpeOHe MIOTHHBI // ApXHB 3JIeKTpOHHBIX 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. Cymeipuna E. H., @ponos C. B., Cmynensv A. A. BonoxossiicTBeHHble pacuéThl : yued. nocodue.
Hpkyrck : M3n-Bo Upkyr. roc. yH-ta, 2019. 82 c.
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VJIK 556.537

I'opusonTanbHblie Jepopmannu OeperoB MeaHAPHPYIOMIUX
PeK U UX CBA3b € XapAKTEPUCTHKAMHU BOAHOCTH I0JIOBO/IbSA
(na nmpumepax pek Kerb n UyabIiM 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, BOAZHOCTH U MOP(OMETpHUeCKUMU rokazaressiMi. 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 MOKa3aTeIe pa3MbIBOB OeperoB ObLIN MPHHATHI IIMHA W3IIYYHHBI U
CTEIICHb Pa3BUTOCTH; B KAUYECTBE [10Ka3aTes st BOAHOCTH — PAacX0J, KOTOPbIi ObuI rpeBsiiieH 30 qHei
BTOxYy. Jleopmariy GeperoB ObLIU OLEHEHBI IO CPEITHAM H MAKCUMAIbHBIM CKOPOCTSM OTCTYIIaHHS
6eper03. B utore IOJIyYCHBI CTATUCTUYCCKU 3HAYUMBIC YPABHCHUS 3aBUCUMOCTH cpe;u-lei/'l H MakKCHu-
MaJIbHOU CKOPOCTH pa3MbIBa Oepera OT pacxoja, a TAkKe 3aBUCUMOCTH CJIa00H CTEIeHN JULL CpeJHeH
CKOpOCTHU pa3MbIBa Oepera u pasiuyHbIX GyHKImiA. [lomyueHHBIC Pe3yabTaThl YACTUYHO MOYKHO HC-
H0JIB30BATh ISl IPOrHO3UPOBaHUs Oeperosblx Aedopmanuii pek Ketb 1 UysbiM B HHXKHEM TEUEHHU.

KiioueBble ci10Ba: pyciIoBbIe IPOIECCHI, PA3MbIBBI OEPEroB, H3ITyHHEL.

BBenenne

OpHa 13 HanboJiee ONacHBIX (POPM HPOSIBICHUS PYCIOBBIX JTehopMaIiii — pas-
MBIBBI OE€PETOB PEK, CO3IAI0IINE PEATBHYIO MIIN MTOTEHIIHAIBHYIO YTPO3y pa3pyIleHHs
HACEJIEHHBIX ITyHKTOB, HH)KEHEPHBIX U APYTHX 00BEKTOB, MOTYIINE TPHBOANTH K He-
OIaroNpHUATHBIM CHTYAIHSIM U IPUYUHATE YIIepO BOAHOMY XO3SICTBY U HH)KCHEPHBIM
oObekTaM Ha mpupedHbix Tepputopusx [10]. Tomckas ob6macTe B BRICOKOW CTEIICHH
MOJIBep)KEHA HETaTHBHOMY BIMSHHIO PEYHBIX TOPHU3OHTAIBHBIX nedopmarmii. Pas-
MBIBBI OeperoB pek O6u, Tomu, Uynbeima, Bactorana, [Tapadenu, Ketu n Teima noctu-
rarT 25 M/TOM, YTO €KETOIHO MPUBOIUT K Pa3pyIICHUIO )KIIBIX JTOMOB, HHXCHEPHO-
XO35IICTBEHHBIX 00BEKTOB 1 KOMMYHHKANUH [8].

B konme 1950-x rr. HauaTo M3y4YeHHE pycIoBbIX Aedopmaruii pexk ToMcKoi 00-
JACTH COTpYAHUKaMH Kadenp reorpaduu u rujapoioruu TI'Y A. A. 3eMIIOBBIM,
. A. bypakoBsiM 1 no3anee npoaosnkeHo FO. M. KamenckoBbiM, B. A. JIbrotuHbiM,
H. C. EBceesoii, B. C. Xpomsix u zp. [0 5]. OCymecTBICHO peKOTHOCIHPOBOYHOE
HCCIIeIOBaHNE TOPU3OHTAIBHEBIX Tedopmarii O0n u e€ KpyImHBIX TPUTOKOB — Kern,
Yyneiva 1 TeiMa B nipegenax ToMckod o0OxacTu. Beleyka3zaHHBIME YIEHBIME OBLITH
NpOAHAIN3UPOBAHBI aA3POPOTOCHUMKH, TOIIOKAPTHI 1 Jtonuu 3a 1929—1965 rr., npose-
JICHBI HaTYpHBIC HAOIIOICHNS y Psiia HACEIEHHBIX ITyHKTOB M ITOJTYYEHBI KOJIMIECTBEH-
HBIE [TOKa3aTeNl CKOPOCTEH U IUIOIIaei pa3MbIBa OEperoB, yCTaHOBJICHA HATIPaBIICH-
HOCTh Pa3BUTHSI 3TOTO MPOIECCa U BO3MOXKHBIC IIPHYMHBI MHTCHCUBHBIX J1e(hopMaLuii,
a TaKkXKe JaHbl OPUEHTHPOBOYHBIEC IPOTHO3BI UX JaibHeHero pa3sutus Ha 20-50 net
Briepén [2—4]. I'pymmoii cotpyaaukoB kadeapsl rugponoruu TTY moa pykoBoACTBOM
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0. . KameHCcKOBa TPOBOAMINCH HCCIIEIOBAHMS PAa3MBIBOB OEpETOB Pa3THIHBIMHU
criocobamu [6].

Kpowme yuensix TI'Y perysspHbie cTallnOHapHbIC HAOIFOICHHUS 33 Pa3MBIBOM Oe-
pEeroB Ha paccMaTPUBAEMON TEPPUTOPUH BEHIOJIHSUINCH TOMCKOH T€0JI0ropa3Beaoy-
Hoii skcnieaunueit (TTPD) ¢ 1978 r. Habmronenue 6eperoBbix aedopMariyii pou3Bo-
JUIIOCH B paMKax [IporpaMMbl KOMITICKCHOTO M3YYCHHS SK30TCHHBIX T€OJIOTHYCCKIX
nporeccoB Ha Teppuropun Tomckoi obnactu. C 1978 mo 1984 r. reomopdorioruye-
ckuM otpsitom TI'PD, mox pykoBoactBom B. A. JIbrotrHa, co31ano 23 pycIIOBBIX I10-
cTa y HaceN€HHBIX MyHKTOB B noiuHax Oowm, Yymsima, Ketu, Tomu [2]. Hauunas ¢
1995 r. HabmoaeHus 3a nedopmanusiMu Oepero Ha cranuoHapax TI'PD mpomomka-
forcst corpyaaukamu OI'YIT «Tepputopuansusiit LleHTp TOMCKI€OMOHHTOPHHTY.
A. O. KpyToBckuMm pazpaboTaHa OpUTHHAIbHAS METOIUKA OIEHKU KOJIMYIECTBEHHBIX
mapamMeTpoB pa3pymIeHNs OEPEroB IyTeM HHTETPALUH IU(PPOBBIX CHUMKOB C JIOKAJIh-
HeiMu ['MIC 1 mpeanoxkeHa dKcrnpecc-MeTOMKa CIeUaTn3UPOBAHHBIX MOJIEBBIX TH/I-
poslornYecKkux paboT ISl OIEHKH M MTPOTHO3a TUHAMUKHU Oeperos [7].

O0beKT, MaTepuaJIbl M METOAbI HCCJIEJOBAHUS

CoBpeMeHHBIE CPEelICTBA AMCTAHIIMOHHOTO 30HAMPOBAHUS 3€MIIM MO3BOJISIOT
aHAJIM3UPOBATH Pa3MbIB OEPETOB C BBICOKOH CTETCHBIO JETATHHOCTH Ha OIMACHBIX
y4acTKax — TOYHOCTb CHUMKOB IIPEBBIIIAET T'OA0BbIE 3HAUCHUSI CKOPOCTEHN pa3MbiBa
OeperoB. PanHMMHU ucclenoBaHUsIMA aBTOPOB [1] yCTaHOBIICHO, YTO HAMOOJIBIIHE
TEMITbI TOPU30HTATBHBIX Aedopmaiiuit Ha p. UynbiM HAOMIOAAOTCS HA yUACTKE B HUK-
HEM TEUYCHHH, TJe CPETHUE CKOPOCTH pa3MbIBa JOCTHUTAIOT 8,8 M/TOJ, & MaKCUMallb-
HBIE — 35,9 M/ron1. HekoTophle H3IyYHHBI HOAMBIBAIOT HACEIICHHBIC ITYHKTH TOMCKOM
obnactu — Yepnartel, Boznecenka, [lepsomaiickoe, Komcomonbsck, Munaeska. Haubo-
Jiee MHTEHCHBHBIE pa3MbIBBI Oepera HabmogaroTes y c. [lepBomaiickoe u c¢. Komco-
MoJibcK — 11-12 m/rox. Ha p. Kers MakcuMmanbHbIe jgedopmaruu Gepera HaOIoa-
I0TCsI Ha M3JIy4HHE, KOTOpasi pacroaraetcs B paiione c. bensriii Sp — 8,2 m/rox, npu
9TOM CPETHHUH Pa3MbIB MO U3TYYMHAM PEIKO MPEBBIIIAET 2 M/TOJ.

Pexa Uynsim oOpasyercs ciusaneM pek bemsrit m Uépnsrii Uroc, Gepymmx
Hagasio ¢ KysHenkoro Anaray B Xakacuu. JlimmHa — 1799 kM, miomans OacceiiHa —
134000 xm?. ITpoTspxenHOCTh p. UynbiM Ha Tepputopun Tomckoit obiactn 725 km [2].
ITonoBoibe HaUMHAETCSI BO BTOPOI! MTOJIOBUHE ampesis U MPOJI0JKAETCsl OKOJIOo 3 Mecs-
1eB. MakcHMalTbHBIH pacXo BOJBI B 3aMBIKaroleM cTBope (¢. batypuHo) cocraBmser
B cpenneM 3450 m/c. Pexa Kets Gepér nagano u3 6onot O6s-Enuceiickoro Bogopas-
Jena, mpoTekaeT 1o 3anagHo-Cubupckoil paBHHUHE, 110 TeppuTopusiM KpacHospckoro
kpas u Tomckoii oomactu. B O6p KeTh Biagaer cipaBa nBymst pykaBamu — Torypcekast
Kerp (mmxe roponma KommamreBo) m Kombuiosckast Kers, Tekymas Broms O6u 1o
Hapsima Ha 2246 kM ot yerbst O6u. Jnnaa — 1621 xm (805 kM B npenenax Tomckoit
obnactn), miomaas 6acceitna — 94200 km? [2]. [TonoBoabe HaUMHACTCS, B CPEIHEM,
BO BTOpPOH IIOJIOBHHE ampeiis, MPOJOJLKUTEIbHOCTh IOJOBOAbS OKOJO 3 MECSIEB.
MakcuManbHbIH pacxol BOJbI COCTaBISIET, B cpeiHeM, 1650 M/c.

B maHHOM HCCIIeIOBaHUH OIICHKA TOPU3OHTAIBHBIX AeopMaluii Oblia BITOI-
HeHa B HIDKHeM TedeHnH pek Kets (9 m3myunn ot 1. benospckoe 10 ycThst) n UynbiM
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(8 m3myumH ot c. 3BIpSIHCKOE 10 yCThs). [nmmHa m3mydnH m3Mensercs ot 1180 M mo
3350 M, moka3aTelib CTEIeH! Pa3BUTOCTH — OT 1,2 710 2,3. OneHka pa3MbIBOB OeperoB
PCK BBIMOJTHEHA ITyTEM COBMEIIICHHS Pa3HOBPEMEHHBIX KOCMOCHIUMKOB BBICOKOT'O pa3-
pemerns (MeHee | M/IHKCeNb) CpeiCcTBAMHU MporpaMMHoro npoaykra ArcGIS ¢ ga-
CTOTOM ChEeMKH 4epe3 1-5 jer.

B xauecTBe MOp(HOMETPUIECKUX MTOKA3aTeNeH ObUTH IPUHSATHI IJTHHA M3y YHHBI
(S, M) u crenensb pazBuTocTH (S/A), nedopmainu GeperoB ObUIN OLEHEHBI [0 CPETHUM
(Cep, M/roxm) 1 MakCUMaTBHBIM (Cyaxe, M/TOT) CKOPOCTSIM OTCTyIaHus Oeperos. B ka-
YecTBE MMOKA3aTels BOAHOCTH PEKH IIPHHAT PacXo/1, KOTOPEIA ObLI mpeBbImieH 30 aHei
B rOJly, OCpEIHEHHBIH 3a TobI Mexxy cHUMKaMH (Q3o, M°/C) ¢ KaskI0ro HocTa Ha Hc-
clieyeMoM ydacTke: ¢. batypuno, c. 3sIpsHCcKoe Ha p. UynsiM u 1. PoguoHoBKa Ha
p. Kets.

P03y.]1 bTAaThbl U BHIBOJAbI

TemIte! pa3mbIBa 6eperoB cBOOOTHO MEAHAPUPYIONINX PEK OTHO3HAYHO 3aBUCST
OT Pa3MepoB PEK 1 UX BOJHOCTH. KOCBEHHO BOJHOCTh MOKET OBITH OLICHEHA ITOPSAKOM
pekn N, oTMeuaeTcst, 4TO pOCT CKOpOcTel pa3mbIiBa Oepera rnpourcxoaut npu N oosee
14, 9TO COOTBETCTBYET, B TOM UHCIIEe HIKHEMY TedeHHIo UynbiMa. B cpeqaemHoroner-
HEM pPacCMOTPEHHH ITOJIYYCHBI BEChbMa OJHO3HAYHBIC CBSA3M MOPSIKOB PEK, CPeHE-
MHOTOJIETHHX PAacXOl0B M CPEIHEMHOTOJIETHUX TEMIIOB Pa3MbIBOB Oeperos [6]. Ox-
HaKO BOJHOCTh BECbMa U3MEHUUBA KaK OT rojia K Fo/ly, Tak U B MHOTOJIETHEH MepCcrek-
THBE, YTO OTPAXKAETCS U Ha M3MEHIUBOCTH Pa3MBIBOB OEPETOB.

Mesxay BOTHOCTBIO IOTOKA H Ie(OpPMAITISIMU OeperoB yCTaHABINBAIOTCS OTpe-
JIeTICHHbIC YCTOWYMBBIC COOTHOIICHNUS. B HikHeM Teuenuu pek Uynsima n Kern k Ta-
KOBOH OTHOCHTCSI 3aBUCHMOCTBb MEKIY PAacX00M, KOTOPHI ObLT mpeBsiiieH 30 1Hei
B TOZly U CKOPOCTBIO pa3MbIBa 6eperos (puc. 1). @ynxmus C=f(Q3o,) mOKa3pIBaeT cTa-
THCTHYECKH 3HAUYUMYIO JHHEHHYIO CBS3b, COTJIACHO KOTOPOW ueM OOIbIe pacxon
BO/IbI B TI0JIOBOJIbE, 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, KOTOpbIH Gbist nipesbimien 30 aueit B romy (Qso, M/c)
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Tem He MeHee TPAKTHYECKUI HHTEPEC TPEACTABIISET MIPOTHO3 CMETIEHHs Oepe-
TOBOW JIMHUH HE TOJHKO B 3aBUCHMOCTH OT M3MEHCHHUS CPETHEMHOTONIETHHX PacXo-
JIOB, HO M OT MOP(OMETPHYECKUX MTOKa3areneil. PaHee oTMeyanock, 4To BBICOKHE TI0-
Ka3aTeau CPEeTHUX CKOpOCTel pa3mbIiBOB OeperoB m3myunH (Cep > (2,5-3,0) M/ron)
nyqire onuchiBaroTcst ypaBHeHHEeM Cep = f(S) [1]. Takke yTBEpKIaJI0Ch, 4TO CKOPOCTH
pa3MbIBa OEpPEroB 3aBHCAT OT CTEIICHU Pa3BUTOCTH U3IydnH [9]. CormacHo rHIpoOMOp-
(hosornyeckoi TEOPUH PYCIOBOTO mpotiecca [7], TeMIbI pa3MbIBa OEperoB MeaHapu-
PYIOIIUX PEK CTAHOBSTCSI MAKCUMAIBHBIMH TIPY IOCTHKESHUN CTETIEHH Pa3BUTOCTH U3-
Jy9UH BeNM4uHb 1,4—1,6, ¢ 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 BBINIIECKa3aHHOTO YPAaBHEHUE 3aBUCUMOCTH CPETHEN 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 M3MYYUHBI, M; Q30— Pacxol, KOTOPBINA OBLT TIpe-
BbilIeH 30 nHell B rofy, ocpeIHEeHHbIH 33 FOIbI MEKLy CHUMKaMH, M>/c; S/A — cTeneHb
Pa3BUTOCTH M3ITYYHHBL, S — [UTMHA U3ITYYUHBI, M.

IIpuHuMas BO BHUMaHKE JaHHOE YpaBHEHHUE, ObLUTH MOCTPOCHBI Irpaduku GpyHK-
it Cop=t (Q30, S, S/A) n Cep=f (Q30, S/A). Pe3aynbTathl nmpuBeneHs! 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 MOKa3aTenel BOJHOCTH M CTENEHN Pa3BUTOCTH PEK OJIHO3HAYHO YKa3bIBaeT Ha
POCT CpeHUX CKOPOCTEH pa3MbIBa, OJHAKO KO3(DPHUIMEHT TeTepMUHAIIMHA HECKOIBKO
HIwke, 9eM st yHkunu C=£(Q3o,).
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Puc. 2. I'paduk 3aBucuMocTy cpesiHux ckopocreil pazmbiBa (Cep, M):
@ — OT pacxo/1a, KOTophIit Obin npesbiien 30 aueit B romy (Q30, M/c) U cTeneHu pasBUTOCTH
usyunnsl (S/A); 6 — pacxo/a, KoTopslit 6bu1 npesbiten 30 nueii B romy (Qso, M%/c), crenenu
Pa3BUTOCTH M3IY4IHHBI (S/L) U [UTMHBI U3ITyYUHBI (S, M)
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Bonbmoii pa3dpoc Touek MO3BONISIET paCCMATPUBATh 3T 3aBUCHMOCTH KaK OT-
pakeHne o011l 3aKOHOMEpHOCTH. BO3MOXKHO, 9TO CBA3aHO ¢ U3MEHEHHEM YKIIOHA 0~
JIMHBI PEKH, YTO TPEOYET AOMOIHUTEIBHOTO YToUHeHHsI. CKOPOCTH Pa3MBIBOB OCpEroB
©XKEro/IHO UMEIOT Pa3HyI0 WHTEHCHBHOCTH M XOPOIIO KOPPETUPYIOTCS C TPEI0KEH-
HBIM TIOKa3aTeJieM BogHOCTH. MopdomeTprieckne ToKa3aTeIn Malo H3MEHSIIOTCS 3a
KOPOTKHUH MPOMEKYTOK BPEMEHH, II03TOMY UX IIPUMCHEHHE B 3aBHCUMOCTH II03BOJIUT
pacopoCTpaHUTh €€ HC TOJIBKO Ha IPUMEHCHHBIX B UCCIICAOBAHUN U3TyYHUHAX, HO U Ha
HE HCCIIeIOBaHHBIX pekax. Taxum obpazom, pyukms Co,=f (Qso, S, S/A) TpeOyeT BbI-
TTOJTHEHUS 0oJIee IeTATBFHOTO aHAIN3a U yUIeTa JTOMOTHUTENBHBIX (PaKTOPOB.
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AHHOTanus. BaxxHOIl cocraBisiiomeil nporecca MOHUTOPUHTA THAPOMETEOPOIOTNIECKOM oOcTa-
HOBKH SIBJISICTCSI TIPOBE/ICHNE HAOIIIOCHHUI 32 MapaMeTpaMy OKpYIKalolleld IPUPOJHON Cpelbl Ha
CTAQHLMAX M TocTax PocruapomeT TpaaninoHHbIMKE MeTogaMu. OTHAKO B yCIIOBUSIX HEOCTATOYHO
W3YYEHHOCTH ISl OLEHKH THIPOrpadUUECKHX XapaKTePHUCTHK BCE Yallle PACCMATPUBACTCSI BOSMOXK-
HOCTH NPUMEHEHHSI COBPEMEHHBIX METOJIOB JHCTAHIIMOHHOTO 30HAMPOBAHUS 3eMJIH M a’3podoTo-
CBHEMKH C ITOMOIIBI0 OCCIMIIOTHBIX JICTaTeNbHBIX anmnaparoB. Ha npumepe Oacceitna p. U3BuinuHKN
BBITIOJTHEHA a39p0(OTOCHEMKA YaCTH BOIOCOOpA HIDKHETO TCUCHUSI PEKH, TAXCOMETPUIECKast CheMKa,
00paboTaHbl pe3ysIbTaThl PaJapPHON ChEeMKH ITOBEPXHOCTH 3€MIIM U CITyTHHKOBBIE CHUMKH. OOpa-
00TKa BBINOIHIACH (DOTOrPAMMETPUYECKIM METOIOM, 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 HaxoauTcs B npenenax 10%-Hoi morpenHoCcTH.

KuoueBsle ciioBa: ruaporpaddeckie XapakTepICTHKH, I(bPOoBas MOAEb penbeda, [Iprmopckuii
Kpaii, opTo(hOTOILIAH.

BBenenune

Pacuets! ruaporpaguueckux XapaKTepHUCTHK PEYHBIX BOZOCOOPOB MPAKTHKH
(pacuer HaBOAHEHWH, 3aTOIUICHUH, MAKCUMAJIBHOTO 1 MUHHMAJILHOTO CTOKA M T. J.)
HIPOBOAAT C NMOMOIBIO TPAJULIMOHHBIX METOAOB KyJa BXOAAT UCTOUYHMKH JAHHBIX B
BUje: TOHmOrpaMyYecKux KapT, TaHHBIX CIPABOYHWKA M HATYPHBIX HaONIONCHUI.
OXBaTUTh HATYPHBIMU HAOJIIOICHUSIMU BECh OACCEHH IOBOIBHO CIIOXKHO. OTAEIbHbBIC
YacTH, HAMPUMEP, 3aMbIKAIOIINI CTBOP PEKU UCCIETYETCS ¢ MOMOIIBIO COBPEMEHHBIX
MeToz10B (a3podorochéMka, creMka ¢ npoduiorpada). CoBpeMeHHbIE TEXHOJIOTHH JH-
CTaHIIMOHHOTO 30HAMpoBaHus 3emin (/I33) Mo3BOSAIOT U3ydaTh OOJBIIKE BOIOCOOP-
Hble OacceiHbl, He prOerast K HaTypPHBIM HaOJIIOICHUSIM, OJTHAKO TIOJIE3HBIM SIBIISICTCSI
YTOYHEHHUE U CPaBHEHHUE MOTyUEHHBIX Pe3ysIbTaToB [[33 ¢ HATYpHBIMU HAOIIOICHHUSMH.
Brenpenne nndpoBeix MeTo0B [[33 crtocoOCTBYET yMEHBIICHHIO TPYA03aTPATHOCTH
THAPOrpaUuecKnX BEIMUCICHUN. [l HATYpHBIX M3MEPEHHUI COBPEMEHHBIE TEXHOJIO-
THU MPEACTABISIOT NEPCIIEKTUBHOE HAIIPaBIEHHE MOCKOIbKY TPYJIO0EMKOCTh MPOBEe-
HIS TIOJICBBIX padOT Pe3Ko CHIKAeTCs Omaroapsi OECIMIOTHBIM JIeTaTeNbHBIM arapa-
tam (BI1JIA), aBTOMaTH3MpOBaHHBIM KOMILIEKCAM, KOTOPBIE HCTIOIB3YIOTCS HE MTOBCE-
MecTHO. B pabote paccMoTpeHsl BapHaHThl 00pabOTKH M MPUMEHEHNS TaHHBIX COBpe-
MEHHBIX TEXHOJOTHH, a TakKe JUCTAHIIMOHHBIC METOJBI B M3YUCHHH BOJOCOOPHOTO
Gacceiina. [ TpoOBEpKM TOCTOBEPHOCTH ITOMYYCHHBIX PE3yNIbTATOB HCIIOIH30BAHBI
CIIPaBOYHUKH U Tororpaduueckas kapra. Lleas paboTsl: kapTorpadgupoBaHne TeppuTo-
pHH, pacueT THAPOrpapUIECKUX XapaKTEPUCTUK C HCIIOIB30BAHUEM a9POPOTOCHEMKHI
u 'MC nns oGHOBIIGHHS MAcTIopTa THAPOJIOTHYECKOTO MOCTa HA mpumepe p. M3Bu-
JMHKHA y ¢. M3BuimHKa (BKIIFOYast MPUMBIKAIOMIYIO K MTOCTY TeppuTOpHio) [1].

120



CoBpeMeHHble TEHAEHLUN 1 NepCneKTUBbLI Pa3BUTUSA rnapomeTeoponorui B Poccun
Mamepuarns! VII Becepoccutickoli HayyHo-npakmuyeckol koHgheperyuu. Mpkymek, 19-21 mapma 2025 e.

MaTepna.m,l M METO/bI

Pexa M3BuimHKa npoTeKkaeT Ha TeppuTopuu IIpuMOpcKoro kpas W sIBISIETCS
IPUTOKOM p. YccypH, OepeT cBoe Hayano B ropax Cuxora-AnumHs (puc. 1).

Kapra-cxema pacnosioxennst p. U3puinnka IIpumopcekuii kpaii

M 1:300 000

YenoBubie 0603HAYSHHS

Peunas cets.

——— p. Vamwimmxa

0 2 4 g 16
Kilometers

Puc. 1. Cxema pacroioxxeHHs paiioHa uccieoBanus p. Vi3BuinHka

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

Jlst p. VI3BuimHKa ObUTa BBITIOJHEHA CheMKa MecTHOCTH ¢ Mayioro BITJIA DJI
Phantom. [ToxryueHHble pOTOCHMMKH HCHOJIB30BAHbI JUIS TOCTPOCHUSI OPTO(HOTOIIIaHA
MECTHOCTH, IU(POBOIT Moxenu perbeda, KapTsl BEICOT. B paboTte mcnons3oBaHo ¢o-
TorpaMMeTprieckoe mporpammuoe obecrriedenue Agisoft PhotoScan, kotopoe mo3so-
JSIET BBITIOJIHUTB BCE ONEpaIuu 1o oopaboTKe.

OpTodoTOIIaH BHIIOJHEH Ha OCHOBE IUIOTHOTO 00JaKa TOYEK, MOJY4YECHHOTO
MyTeM MapKHPOBKH OMO3HABATEIBHBIX TOYEK HAa (POTOCHUMKAX B 3aMBIKAIOIIEM TH-
poJtorndeckoM cTBope pekr. Ono3HaBaTeIbHBIMU 3HAKAMH CTAJIN OTIOPBI MOCTA U JI0-
POXKHBIE CTOJIOBI, KOTOPbIE OBIIIM 0003HAYECHBI B TAXEOMETPUIECKOM cheMke. Mojienb
mocne AeHCTBUH 3allycka U NMEePBUYHOTO BhIpaBHMBaHMA (hoTorpaduii mo3Bonmna Ha
BTOPOM KPyT€ MOJETHPOBAHUS 3aTrPy3UTh BCE OCTABIINECS MapKephl B TPYIHO HICH-
TUPHUIUPYEMBIX TOUYKAX 3aTEM 3aITyCK U 00pa0boTKa POTOCHUMKOB C 3aII0THCHHOU Ta0-
nuLnel naHeau MPUBSA3KU 0 BCEM TOUKaM.
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Jis pacyera runporpauIecKuX XapaKTEePHCTUK 110 TAHHOI TEPPHTOPHH HC-
cllefioBaHMs ObLIA MCIIONIB30BaHA IHdpoBas Moaens penbeda (LIMP) Shuttle Radar
Topographic Mission (SRTM) ¢ paspemennem 30 MeTpoB, KoTopoe 66110 00padoTaHo
B ArcGIS for Desktop 10. 8. [3].

Pe3yabTaTthl

Coswmemiennsie B [I0O ArcGISC npocTpaHCTBEHHbIE JaHHbIE: KapTa-BbICOT U Ta-
xeoMeTpust U o0beauHeHHesl B [10 Agisoft PhotoScan Taxeomerpus u aspodoto-
CbEMKA ITO3BOJIMIIN HOJTYYHUTh CXEMBI, 10 KOTOPBIM ONPEICISIINCH THAPOTpadIecKUe
xapakrepucTuku. Ob1iee KoauyecTBo 00padoTaHHbIX (oTorpaduii ¢ BIIJIA cocra-
B0 — 242 mit. B pesynbrate 00pabOTKM JaHHBIX ObUI MOJy4eH OopTo(OTOIUIAaH U
KapTa BBICOT JUISl 3aMBIKAIOLIEr0 THAPOIOTHYECKOTO CTBOPA (pHC. 2).

133°55'35"B 33°55'40°1 133°55'45"B 133°55'35°B 133°5540°B 133°55'45"B

43°540°C

133°55'40"B 133°55'45"B 133°55'40"B 133°55'45"B

Puc. 2. Oprodotoman (a) u kapTa BeICOT (0) HIDKHEro TeueHus p. M3pummaka CK WGS-84

OmpeziesIeHHbIE ¢ TTOMOIIBIO AUCTAHIMOHHBIX METOJI0B THAPOTpadHIecKue Xa-
paKTepHCTUKH OacceliHa CPaBHUBAINCH C aHATIOTUYHBIMU JAHHBIMHU, TOJTyYCHHBIMU U3
CrIpaBOYHHKA «Pecypchl OBEPXHOCTHBIX BO» [2].

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

Tabauya
CpaBHeHHUe pe3yJIbTaToB
ST, Gh T 3HaueHue 1o | 3HauyeHue 1o Pasznuna,

2 2] LIMP %
ITommazne Gacceiina, KM> 1170 1194,7 2,1
JnmiHa pexu, KM 64 63,9 0,2
Koa¢pdpuumeHnT u3BuImcTocTi 0,821
JLuHbI Beex pek OacceiHa, KM 1593,1
TycroTa peuHoit ceTn Km/km> 1,33
Cpennsisi BbICOTa BO10cOOpa, M 810 825,6 1,9
Cpeanuii yxiioH Bogocbopa, % 23,9 26,0 8,1
MaxkcumaibHas muprHa Bogocbopa, KM 43.9
Jlecucrocts, % 98 98,6 0,6
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OkoHuaHue Ta0I.

SRS, € 3HadyeHne mo | 3HaYEeHHE M0 Pasuua,
[2] LIMP %
CpefHsisi MprHA Bojiocbopa, KM 239
[ITuprHa peyHOii JOIMHBI IO 3aMBIKAIOILEMY CTBOPY, KM 1,99
Cpenusisi IMpUHA PEUYHON JIOJIMHBI 110 peKe, KM 1,46

Pa3znuna O6bu1a paccuntana no gpopmyse:
A= T 100 9, (1)

H

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

W3 tabnunpl BUIHO, 4TO OIyONMKoBaHHAs MH(OpPMAIHMs 10 MOphoMeTpuye-
CKHM XapaKTepHCTHKaM He TIoHas Ui Oacceifna p. M3BmimHka. Y B manHOM ciydae
pe3yibTaThl 133 Mo3BONISAIOT MOTYYUTH JOTIOHUTEIBHBIC KOINYSCTBCHHBIC THPOTpPa-
(budeckue xapaKTepUCTHKH [T OLICHKH paccMaTprBaeMoro Bojgocbopa. Kpome toro,
pasHHIAa MEXIy OIICHHBAacMBIMH MapameTpaMu He mpemsimacT 8,1 % (B cpemHem
2,6 %), 9TO TaeT BO3MOXKHOCTB JIOCTATOYHO YBEPEHHO MCIIONIB30BaTh JaHHBIe (33 ms
OIIPEICIICHUS THAPOTPAPUICCKAX XaPaKTEPHUCTHK.

3akaoueHne

[pu momomu reorHpopMannoHHOTO [1O ¥ OTKPHITHIX TPOCTPAHCTBEHHBIX JTaH-
HBIX OBUIM pacCYMTaHbl THAPOTpapHUYCCKHE XapaKTePHCTHKH BopocOopa p. M3Bu-
JIMHKA: TUIOLIab OacceiiHa, [uihnHa peKH, K03((GUIIMEHT W3BUIUCTOCTH, [UIMHBI BCEX
pexk OacceifHa, TycToTa pedHOl CeTH, CPEeIHsIsl BBICOTA BOI0OCOOpa, CPeTHUI YKIIOH BO-
nocbopa, MakCHMalTbHasl IMUpUHA BoJ0cO0pa, CpeHss MHUpHHA BOIOCOOpa, MIHPHHA
PCYHOI MOJMHBI TI0 3aMBIKAIOLIEMYy CTBOPY, CPEHHss IMUPUHA PEYHOH JOJUHBI I10
peke, secuctocTh. OTKIOHEHUE TUAPOTPAPUIECKUX XAPAKTEPUCTHK, MOTYIESHHBIX
KapTorpaMuecKiM METOIOM OT HATYPHBIX NaHHBIX coctaBmwio ot 0,2 mo 8,8 %
(£ 10 %), 9TO CBUIETETBCTBYET O JOCTATOYHOH BBICOKOI TOYHOCTH JAHHBIX TOTyYCH-
HbIX B [TO ArcGIS.

CIHCOK JTHTePaTypPhI

1. Ompenenenne ruiporpaduIEcKuX XapakTepHCTHK KapTorpaduyeckum criocobom / M-Bo pupo-
HBIX pecypcoB u skonorun P®, I'TU Pocrunpomera ; or. pex.: E. B. Opnosa, H. H. bo6posuukas. CII6.,
2018. 179 c.

2. Pecypcest 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.)
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V]IK 556.54

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

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

! Upxymexuii 2ocyoapemeennviii ynueepcumem, 2. Mpkymex
2Uncmumym 2eoepaguu um. B. B. Couasvr CO PAH, 2. Upkymck

AnHoTanus. [IpoBeneH aHaIu3 psAOB JaHHBIX HAOIIOJEHHH 32 paclpe/ielIeHHeM CTOKa B yCThEBBIX
cucremax pek Cenenruuckoro u [Ipumopckoro modepexuii baiikana, ¢ yuerom ux Mmopdorenernye-
CKOT'0 TUIIA X OLIEHOYHON BEJIMYMHBI OA3€MHOI0 (IPYHTOBOI'0) CTOKA MM OEPEroBOro peryaupoba-
Husg. OcHOBHAs 3a[ada MyOJIMKANK MOKa3aTh POIb TPYHTOBOH COCTaBIONIeil B pOpMHUPOBAHUI
CTOKa 4epe3 TOJIIH OTJIOKEHUH YCThEeBBIX 00JIacTel pek ¢ BBICOKOH THIPaBIMYECKON CBSI3bIO ped-
HBIX U IIOJI3EMHBIX BOJI, PACCMOTpPEHBI: ieabTa CelleHTH, celleBble KOHYChI BoiHOCA pek Capmbl u I'o-
JIOYCTHOM M 3CTyapHO-JEIbTOBbIE CUCTEMBI peK AHIH U Byrynbieliku. Yuer 00beMOB IPyHTOBBIX
BOJI, aKKyMYJIHPYIOIIHUXCS B OTI0KEHHUAX IOIM B TedeHne 3UMHEH (ha3bl pekiMa U UX OTAa4H B I10-
JIOBO/IbE M BECEHHHE IaBOJKU MMEET BECOMOE 3HaueHHe B OalaHca CTOKA B YCTbAX PEK, 4TO IpU
OTHOCHTEIIBHO OJIM3KOM HOJATIOPHOM YPOBHE IPHEMHOTO BOZOEMaA CO3IAeT YCIOBHS IS BBIXOIA BOJ
U3 pycell U 3aTOINICHUH 3HAUUTEIbHBIX TEPPUTOPUIA C Pa3BUTOH X038 CTBEHHON HHDPACTPYKTYPOIi.

KuroueBbie ciioBa: baiikai, ycTheBbIe CHCTEMBI, OallaHC CTOKA, TPYHTOBOE PETYIMPOBAHUE, THIPaB-
JIMYECKast CBSI3b.

Beenenue

MHoroseTHee U3y4eHHEe CTOKA B YCTHEBBIX CHCTEMax OaiKaIbCKUX peK IMOKa-
3bIBa€T HEBA3KY OalaHCca M3MEPEHHBIX PACXOJ0B B BEPIINHAX U B PA3IHYHOMN CTETIEHU
Pa3BETBICHHON PYCIIOBOI CETH YCThEB, YTO, HA MEPBBIN B3MIIA MOTJIO ObI OBITH 00Y-
CJIOBJIEHO HEJIOCTATOYHOMH TOYHOCTHIO U3MEPEHHH 1 PACTIONOKEHHEM THIPOIIOCTOB Ha
nporokax. OfHAKO IPH MCCIIEOBAHUN CTOKA B OJTHOPYKABHBIX YCTBEBBIX CHCTEMaXx
pek Anru u Byrynblelikn Oblia BbISBICHA 3HAUMTENbHAsH HEBSI3KA MEXKIY YCIOBHO
BEPXHHM M HIDKHEM CTBOPAMM, YTO THIIOTETHYECKH YKa3bIBACT Ha 33JeP)KKy W HEpaB-
HOMEPHYIO Pas3rpy3Ky dYepe3 OTJIONKEHHs OeperoB B pycia YCTBEBBIX CHCTEM HIIH
HOZIPYCIIOBBIM CTOKOM, HEIIOCPEJICTBEHHO B aKBATOPHIO NPHEMHOI'0 BOAOEMA.

Tunm3amms MopdOreHeTHUECKIX THIIOB YCThEBBIX CHcTeM baiikana BeIoTHeHA
coracHo kinaccudukaruu B. H. Muxaiinosa [5] 1 B mociieICTBHA JOTIOTHEHO CITCITHU-
(ugeckuMH MOTUPUKAIAAME IS OalikaIbCKOTo TT0Oepexbst B padorax [2; 3]. Cenen-
THHCKOE 100epekbe B OCHOBHOM IPEACTaBICHO MHOTOPYKaBHOM AeNbTON BBIIBIDKE-
HUSI HA MEJIKOBOJTHOM B3MOphe. Y cThsl pek Capma u ['onoyctHas Ha mobepexse [1pu-
MOPCKOT0 XpeOTa UMEIOT BHEIIHEE CXOJCTBO C BBIABUTAIOIINMUCS AETETAMH [0 MOP-
¢donornn n pazBeTBICHHOH pycioBoi cetn. C MOp(OreHEeTHUECKOH TOYKH 3peHHs,
UMeEIOIIeH BAXHYIO (YHKIIMOHAIBHYIO POJIb B pacTIpeIeICHUN CTOKA, 3TH 00BEKTHI OT-
HOCATCA K IICEBIOJCNBTAaM, TaK KaK CO3JJaHbI ITPOTFOBHAIEHBIMI KOHYCaMH BBIHOCA, B
TOJIIIN KOTOPBIX BPE3aI0TCsl COBPEMEHHbIE KaHAJIbI CTOKA. BBIIBIKEHNE IICEBIOAEBT
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TPOUCXOMMT 3a CUET PUTOTEHHBIX OeperoB. YcTbe p. byrynbaeiku mpencTaBiIeHo 0/1-
HOPYKaBHOH JENBTOI BBIIBIKCHHS, MMPOIICANICH SBOIIOIMOHHEIA ITyTh Pa3BHTHS OT
actyapus. Kitaccudaeckoil 3cTyapHO-ACIBTOBOM CHCTEMON MOXHO CYHTATh YCTHE P.
Anra. MexanuzMbl TpaHc(hOpMaIrui pPEeYHOTO CTOKA MMEIOT CBOIO CHEeNU(UKY s
Ka)XJ0T0 MOP(POTeHETHIECKOTO THITa YCThs [4; 7-9].

PesyabTathl U 00cy:KIeHMSA

MHoroseTHre HaOMIONCHNS 3a PACHpPEACICHHEM CTOKA B pa3BETBICHHBIX YC
(Cenenra, Capma, ['onoyctHas) mokasaji HEBsI3Ky OallaHCa CTOKa MEXKIY BXOJHBIM
CTBOPOM U pycioBoii cuctemoit ot 10-20 % B ManoBoaHble (a3bl BOJHOCTH (MapT),
70 50 — 70 % — B mepuox 60IBIIONH BOJHOCTH MHOTOBOAHBIX IEPHOAOB. 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 npencTaBICHHOTO JOKJIA/Ia PaCCMOTPUM PACIpe/ieieHHE H aKKyMy-
nsiuio ctoka B YC pexku Capwmbl 3a sieto u ocedb 2024 r. PacrionoskeHue MyHKTOB
HAOJIOJICHUH TIOKa3aHo Ha puc. 1.

v - TMOPOMETPUYECKIUE NOCTBI - FOPU30HTANN C OTMETKaMM BbICOT

@® ceammw 0 - n306atbl € oTMeTKamu rny6uH, M

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

Pacnpeznenenue cToka 10 TpeM pyKaBaM MCEBIOACIBTHI P. CapMbl IPOUCXOAUIO0
MO-pa3HOMY: Ha CIIaJIe MOJI0BOAbs Oojee 75 % CTOKa NPOXOIUIIO uepe3 JIEBIH pyKas,
JIBa OCTAJbHBIX pyKaBa OCYLIECTBJISUIM CTOK OT 510 8 % (puc. 2). Ilpennonoxu-
TEJIBHO, IOTEPU PEYHOT'0 CTOKA KOMIICHCHPYIOTCS (PUIIbTpaliell B Telie KOHyca H HOo-
CIIEYIOLIUM HOIPYCIOBbIM cTOKOM B baiikan. HeBsizka jieToM cocTaBuia 4yTh Ooliee
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18 %, BEposATHO, TaKOE 3HAUCHUE HEBSA3KH CBA3aHO C 00JIee CypOBBIMH 3UMHHUMH YCJIO-
BUSIMH, JUTUTEIBHBIM CYIIECTBOBAHHEM HaJeICH W XOJOJHOW BECHOH, YTO CHH3HIO

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

10,00 Pacnipenesienue cToka m3/c. Pacnpenesenne cToka m’/c.
., 800 Jleto OceHb
= 6,00 B Capma
= 4,00 1,38 ® Capva 0,82 2
¢ 0,51
2,00 025  T1Im2 1,11
0,00 ‘ = Capma N 55 " Capma
CoF g 2 & o3 T3 = 1B
I &
s 3 5 5 B Capva B Capva
E oL g i e
o S 8 5,68  HeBsI3Ka, 391
= Mm3/c  HeBA3Ka,
uCentsiops ™ HioHb Mm3/c

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

B nepuon oceHneil MexxeHu HeBsi3Ka CTOKa coctaBuia 14 %, nonu cToka 1o
OCHOBHBIM pyKaBaM yCTbEBOW CHCTEMBI paclpeleiryiuck ot noutu 18 % B mpasoii
J10 IouTH 64 % B JIeBO MPOTOKE MCEBAOACNBTHI (puUC. 2). Bo MHOTOM pacnpeaeneHue
CTOKA 3aBUCHT H OT THIICOMETPHUIECKOTO MOJIOKEHHS PyCel, M OT BOTHO-(PHU3MIECKUX
CBOWCTB PYCIO(GOPMHUPYIONIHNX HAHOCOB M TIOYBO-TPYHTOB IMMOMMEHHBIX KOMITJICKCOB
[7; 8].

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

Ha ycTtpeBoM yuacTke, B | KM OT cOBpeMeHHOM OeperoBoii mnHun baiikana, 00-
CJIEIOBAH UCKYCCTBEHHBIN KaHaJl, IPEHUPYIOLIUI [1013eMHbIE BO/IbI KOHYCA, KOTOPBIi
MO>KHO paccMaTpUBAaTh KakK elle 0JHO PYCJIO pEKU. YPOBEHb IPYHTOBBIX BOJ| pacrosia-
raeTcsl Ha He3HAUUTEIbHBIX TTyOUHAX, UTO ABJSETCS IMPUUNHON 00BOAHEHUS MEXPY-
KaBHBIX NTPOCTPAHCTB. VccrenoBaHms pacpeiesieHust CTOKA MTOKA3hIBAIOT, 4To Oojee
50 % MOKeT UJITH HE IOBEPXHOCTHBIM CTOKOM IO PyKaBaM, 3a CUET TPYHTOBOIO pery-
JIUPOBAHMSI CTOKA UJIH MTOJIPYCIOBBIM CTOKOM [1; 6-9].

Jlnis yueta mopycioBOi cocTaBisiiomIei B ycTbeBoH obOmactu p. CapMbl ObIIH
MPOOYPEHBI 2 CKBaXMHBI M HCCIIEIOBAH 00BEM CTOKA Yepe3 UCKYCCTBEHHBIN KaHall. B
CKBa)XKWHAX OTOMPAIUCH MPOOBI TPYHTOB IOCIE0BATEIbHO Yepe3 10 cM 1ist JanbpHei-
IIEr0 UCCIIECA0BAHUS BOJHO-(DU3HUYECKUX CBOMCTB IPYHTOB, a TAK)KE U3MEPsUIach CKO-
POCTH HAIMOJTHEHUS CKBAKUH TPYHTOBBIMH BOJAMHU U paccuuThIBaics neber. Kak mo-
Ka3bIBAJIOCH B TAOJHIIE HEBA3KA CTOKA COCTaBIsuIa 14 %, KOTOphIe KaK MBI CUHTAEM
(bUITBTPYFOTCS Yepes3 TOIIIIN MOWMEHHBIX OTJIOKCHUH B MEXKPYKaBHBIX TPOCTPAHCTBAX.
Jlnst pacueTa pacnpeseneHus CTOKa Mbl IIPEICTAaBIIsIEM CIEAYIOIIYI0 OaJaHCOBYIO MO-
JIeITh!

O71=0rm2+qx+Qrms+qcrs+Qrms,
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e Opr— pacxoja Ha BepIIHHE AeIbTHI; O — PacXo]] MPaBod MPOTOKH; gk — AeOeT
HCKYCCTBEHHOTO KaHaia; Orms— pacxo]l IEHTPAIbHON MPOTOKH; ¢cks — AeOET CKBa-
skunbl ['T14; Qs — pacxon neBoit npoToku. J{ist pacyera moa3eMHON cocTaBistolei
yYTEeHA IUIOINAAb MTOTIEPEYHOT0 MPOMUIT MEKPYKaBHOTO MPOCTPAHCTBA M HHTCHCHB-
HOCTB (CKOPOCTh (DMIBTPAIINHU MM HAMOIHEHUS CKBa)XXUHBI). [0 paccunTaHHbIM JaH-
HBIM TPYHTOBBIH CTOK B MEKPYKaBHBIX IIPOCTPAHCTBAX MCEBAOAENBTHI p. CapMa co-
crasun 0,32 m3/c (6 % ot cToka Bozsl B BJT).

Tabnuya
bananc pacnpezneneHus cToka
PycioBoii cTok I'pyHTOBBII CTOK
© ©
Ne nocra BJl Capma I'TI2 | Capwma I'TI3 | Capma I'TI4 “‘1‘313[“:‘“3 ‘“liaﬁ“;‘“a Kanaz
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 cocTaBsIolEH
cToka—6 %

Taxum 06pa3om, MOKHO IIPEAIOTI0KNTE, 9TO HEMOCPEACTBEHHAS Pa3Tpy3Ka BOJ
C YCTBEBOH CHCTEMBI B 03€PO COCTABIAET 8 % M MOXKET SIBIIATHCS BEIMUNHOMN MOAPYC-
JIOBOTO CTOKA. [Iyisl meTanu3anuu CTpyKTYphbl CTOKA, Mbl INITAHUPYEM ONTUMH3HPOBATh
KOJIMYECTBO, MOJIOKEHUE B pebedhe MeKPyKaBHBIX MIPOCTPAHCTB U IIIyOHHY 3aJI0%kKe-
HUSI CKBXKWH JUTA U3yUCHHUS OEPEroBOTO PETyIMPOBAHHS CTOKA.

BoiBoabI

ITpoBeneH 0030p HAOIIOAEHHBIX JaHHBIX 110 PACHPEAEICHUIO CTOKA B YCTHEBBIX
CUCTEeMax pPa3JInNIHOTO IreHesnca. B GanaHce cToka paccMaTpUBaeMbIX 0ObEKTOB BBISB-
JICHA 3HAYMTEJIbHAs HEBsI3Ka, COCTaBIISIONIas B OTACabHBIE Toabl 10 5070 % cToka,
COIMOCTaBUMasl CO 3HAUEHUSIMH PYCJIOBOTO CTOKAa MAaruCTPalbHBIX PYKaBOB WU OT-
JIETBHBIX TPATOKOB. OOO0CHOBaHA HEOOXOIUMOCTh OTITUMHU3AITNHN HAOJTI0ICHUH 32 ITPO-
[eccaMu OeperoBOro PeryJupoBaHus U €ro ydeTa B BOJIHOOATaHCOBBIX 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, exoosawux 6 ucciedosanus UL CO
PAH (Ne cocyoapcmeennoii pecucmpayuu Ne AAAA-A21-121012190059-5).
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YJIK 556.06

YueT BpeMeHHBIX AaHAJIOT0B NPH MOCTPOEHHH
perpeccuOHHON MOJe/IU /ISl XapAKTEPUCTHK PEYHOI0 CTOKA

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

Poccutickuii cocyoapcmeennviil 2uopomemeoponocuueckutl yuusepcumem, 2. Cankm-Ilemepoype

AnHoTanusl. [Ipeiaraercst anropuT™ MoayveHus ypaBHEHUsI perpeccuu (perpecCuoHHOM MOIENN),
KOTOPBII MOKHO HUCIIOJIB30BATh JUIst Oouiee 3 PEKTUBHBIX IPOrHO30B THAPOIOIMYECKUX XapaKTepHu-
cTuK. B ocHOBe pa3pabaThiBaeMOro Mmojaxoja JISKUT METOJ| MOJTYyUSHHs PEerpecCHOHHON MOJEIH C
YUYETOM JIET-aHAJIOrOB 0 3aBUCHMOM U 110 HE3aBUCHMBIM II€peMEHHBIM. B kauecTBe 3aBUCHMOI ITe-
peMeHHOI ObLI BBIOpAH PacXojl BOABI, @ HE3aBUCHMBIMU TIEPEMEHHBIMHU (IIPEJUKTOPAMHU) CTAIIH Me-
TCODJICMCHTBI (MaKCl/IMaJ'Ibele, MHUHHUMAJIBHBIC U CPEAHUE TEMIICPATYPbI BO3YyXa, OCaJAKH, CHETO3a-
ackl, TEMIIEPATypPbl Ha TITyOMHAX MOYBBI 10 320 CM) ¥ PETPOCIIEKTHBHBIE JaHHBIE 10 PACXO/LY BOIBL.
Amnpobarus moixo/1a Mpou3BeieHa Ha pedHbIX Bojjocobopax CeBepo-3anasHoro peruona: p. Jloars —
r. Benuxue Jlykn, mereocrannus Bemukue Jlyku; p. Copots — a. OcunkuHo, MeTeoctaHuus Ilym-
KUHCKHE ropbl. OleHKa KauecTBa Mojeneil mokasana d(pGpeKTHBHOCTb MOJIy4EeHHOT0 MOAX0/1a MOy~
yeHHs 3PPEKTUBHBIX PErPECCHOHHBIX MOJEIEH.

KioueBsble ciioBa: Koppesanus, roji-aHajior, IporHo3bl, pacxo/ibl BOABI.

BBenenne

D¢ peKkTHBHOE TPUMEHEHHE PErPECCHOHHBIX 3aBUCUMOCTEH AJIs IPOrHO3a I~
POJIOTHYECKUX XapaKTEPHCTHK PEYHBIX BOJOCOOPOB OTMEUAIOT MHOTHE HCCIE0Ba-
tenu. Tak, HarpuMep, AJst HEKOTOPBIX peK Y30eKncTaHa paccuuTaHbl MHOTO(aKTOp-
HBIE 3aBUCHMOCTH MEXJYy CTOKOM PEK BEreTallHOHHOTO IEepHOoJa U aTMOC(EpHBIMH
ocaakamu [6]. ns mporHos3a ypoBHs Bojbl peku MiseiMTa (KpacHomapckuii kpaif)
MPEATI0KEHBI METOAUKH, OCHOBAHHBIC HAa PETPECCHOHHOM aHAJIN3¢ M HA UCIONb30Ba-
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HHUM HEHPOCETEBBIX TEXHOJIOTHH, AIOIKe MPUMEPHO paBHBIE pe3ybTathl [4] u Ha OcC-
HOBE Teopuru MapKOBCKHX MPOIIECCOB C IUCKPETHBIM BpeMeHeM [5]. Mcmons3oBanue
MHOKECTBEHHOH PErpeccuu ¢ AByMs MPEeIUKTOpAMHU — PacXoJIOM BOJbI 3a Mpealle-
CTBYIOIINI MEPHOI M OCAAKaMH, MPUBEJIO K YIYUYIICHHIO IMPOTHO30B Ha p. HapemM
(pexa B Bocrouno-Kazaxcranckoi obnactn Kazaxcrana, mpaBblii ipuTok MpThima)
[2], a s pexu Ambut (KpacHosipckuil Kpaii) CpaBHUTEIBHBIA aHAIN3 METOIHK IIPO-
THO3a2 MAaKCHMAaJIbHBIX YPOBHEH BOJBI MOKa3al, 4TO OJHO(MAKTOPHBIE 3aBUCHMOCTH
uMeroT 0oJiee BRICOKHE KOA(DDUITMEHTH IeTepMUHALINH, YeM MOJIEITb MHOXKECTBCHHON
perpeccun [3]. PerpeccioHHbIe ypaBHEHHS MOTYT MTOKa3hIBaTh CBOIO A(PPEKTUBHOCTH
1 B CJIO’KHBIX MPUPOJIHBIX YCIOBUSX, CM. Hanpumep, [1].

Lens uccnenoBanus 3aKIOYaeTCsl B pa3paboTKe aaropuTMa MOIydIeHUs ypas-
HEHHS pPerpeccri (perpecCHOHHON MOJIENHN), KOTOPHIH MOYKHO MCIIOIB30BaTh AT 00-
nee 3G PEeKTUBHBIX TIPOTHO30B THAPOJIOTHYCCKUX XapaKTEPHUCTHK.

MeToauka uccjae10BaHus M UCXOAHbIE JaHHbIE

OcHOBY pa3pabaThIBAEMOTr0 MOJX0A COCTABIISIOT ATAIbl PErPECCHOHHOTO aHa-
JM3a, KOTOpPbIE MOXKHO KOHKPETH3UPOBATh CIEAYIOIMM o0pazoM: 1) crenudukanus
MOJIeNH;, 2) TIOCTPOSHHUE MOJIETIH; 3) MHTepIPETaIis MOAENH; 4) MpoBepKa TUIOTE3 O
XapakTepe BIUSHAA MIEPEMEHHBIX Ha 3aBUCHMYIO; 5) IIPOTHO3UPOBAHUE 3HAYCHNUS 3a-
BHCHMOW MTEpeMEHHOM; 6) OIleHKa KauecTBa MOJICIIH.

IIporno3upoBaHue MO YpPaBHEHUIO PErpecCUH MOJpa3yMeBaeT 3HAHUE HE3aBU-
CHMBIX TIEPEMEHHBIX, 110 KOTOPBIM ONpeeNIseTCs MPOTHO3HOE 3HAUEHHE 3aBUCHMON
nepeMeHHOH. B TaHHOM Hcciie[oBaHNN 3aBICHMON TIEPEeMEHHOM OyIeT pacxo] BOJEI,
a HE3aBUCHMBIMHU IIEPEMEHHBIMH (IIPEANKTOPaMU) METEOIEMEHTHI U PETPOCTICKTHB-
HBI€ JJAaHHBIE TI0 PACXOJY BOJBIL.

OTMeYeHO, YTO TTOTyYeHHE TOCTOBEPHOTO IIPOTHO3HOTO PETPECCHOHHOTO ypaB-
HEHUsI CBSI3aHO C TEM, UTO IIPU €T0 MOCTPOSHUH JOIDKHA OBITh YUTEHA IIpe/Ioaaracmas
3a0J1arOBPEMEHHOCTb NTPOTHO3a U BO3MOXKHBIE BapUallli 3aBUCHMON U HE3aBHCUMBIX
HepeMeHHBIX. EcM aHaJIOTUYHBIH TPOTHO3UPYEMOMY IPOLECCy X0 U3MEHEHUS Tpe-
JUKTOPOB M IPETMKTaHTa OTCYTCTBOBAJI, TO PETPECCHOHHOE YPaBHEHHE, CKOpPEe BCETO,
Oyznet Hed(PEKTUBHBIM.

Taknum 00pa3zoM, B 3TaIbl PErpecCHOHHOTO aHaJIN3a CIeIyeT MOAKIIOUHUTh Clie-
NyIIui anroput™: 1) BeIOOp 3aBUCHMON W HaboOpa HE3aBUCHUMBIX IMEPEMEHHBIX;
2) CHW)KEHHE Pa3MEpHOCTH IPOCTPAHCTBA HE3aBHCHMBIX NEPEMEHHBIX (IIOCTPOCHHUE
KOPPEJSIIMOHHON MaTpHIIbl); 3) BBIOOD rofla-aHajaora Mo 3aBUCHMOM MEPEMEHHOI; 4)
BBIOOp rofja-aHaJIoTa Mo HE3aBUCUMBIM MIEPEMEHHBIM; 5) IOCTPOCHHE PErPeCCUOHHOM
MOJIETI C YIETOM JICT-aHaJIOTOB.

Anpobanys noaxoa Mpou3BoANIIack Ha PedHbIX BogocOopax CeBepHo-3anaj-
Horo pernona Poccun. IIpegukTanTaMu CIy kUM CPeAHECYTOUHbIE PACXO/Ibl BOJBI 32
2018, 2019, 2020 rr., npeANKTOPaMU SBISIUCH CPEAHECYTOUHBIE PacXoasl ¢ 1955 mo
1980 r. 1 ¢ 2008 o 2017 1., a TaKKe METEOPOJIOTUUECKHE XapaKTEPUCTUKH 32 TOT Ke
HEPUOJ BPEMEHH € CYTOYHBIM Pa3pelIeHneM: MaKCUMallbHbIe, MUHIMAJBHBIE U CPE-
HHE TeMIIepaTyphbl BO3/lyXa, 0Ca/IK1, CHEro3alachl, TeMIIepaTypbl Ha ITyOHHaX MOYBBI
710 320 cM. Bruti BEIOpaHEBI ClIeTyONTHe THAPOIIOCTH M METEOCTAHIIUH: p. JIoBaTh —T.
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Bemuxue Jlyku (F = 3270 km?), meTeoctanuus Bemukue Jlyku, p. Copots — 1. Ocun-
kuHO (F=3170 kM%), MeTeocTanys [1yIKHHCKHE TOPBI.

ITocTpocHne KOPPEISIMOHHBIX MATPUI] U UX aHAIN3 MO3BOJIMINA UCKITIOUYNATH U3
paccMOTpeHUsI MaKCHMAaTbHBIE 1 MUHIMAJIbHBIC BETMYMHBI TEMIIEPATYP, TaK Kak Obl1a
oOHapy»XeHa OYCHb TeCHas KOPPEIAIHS C 3HAaUCHUAMH CPEAHECYTOYHOW TeMIepary-
poit Bo3myxa. Psjpl Temmneparyp Ha riryOMHAX IMOYBBI COJCPIKAT Majloe KOJIHMYCCTBO
JAHHBIX C OOJBIIMMHU MPOITyCKAMH, 32 UCKIIOUCHHUEM psAa HaOIIoICHUH 3a TeMIepa-
Typoit Ha rryonHe 80 cM.

Crnemyrommii dTam 3aKiIfodancss B OTOOpe 3HAYMMOW KOPPEINSAIMH PacXoJ0B
BOJIBI OT rOJia K TONy JUTS HaXOXKACHUS TOJIOB-aHAJIOTOB, OBLIH 3a/1eHICTBOBAHBI U ME-
TEOPOJIOTHYECKHUE JaHHBIC.

Ha 3axmo9nTensHBIX Tanax CTPOMINCH PErpecCHOHHBIC YPAaBHEHHUS 110 TOTaM-
aHaJIoraM M MPOM3BOIWIIACKH alpodanus Ha He3aBUCHMOM Matepuaine — 2018, 2019 u
2020 rr.

ITocne ¢opmupoBaHUs TaHHBIX IO THAPOMETEOPOTIOTHIECKUM XapaKTepUCTH-
KaM, UX KOMITOHOBKH U 00paOOTKN OBIIH TIOCTPOCHBI M IIPOAHATHN3UPOBAHBI XPOHOIIO-
rudeckue rpaduku, Hanpumep (puc. 1). BuaHo, 4To 3a mocieHee IeCITUIICTHE BbI-
COTa TOJIOBOABS TOPa3[0 HIDKE, yeM OBLIO paHee, M MOJOOHBIX HU3KUX MOJOBOIUH
MPAaKTHYECKH HET Ha BCEM IIPOTSHKEHNH XPOHOJIOTHYECKOTO rpaduKa.
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Puc. 1. Xpononorunueckuit rpadux:
a —p. JloBate — r. Benukue Jlyku; 6 — p. Copotb — 1. OCHHKHHO

XpoHonoruueckue rpaguku Mo METE03IEMEHTaM KaKnue-11bo 0COOEHHOCTH He
BBISIBIJIM, XOTSI CTONT OTMETHTH, YTO TEMITEPaTyphl TIOYBHI Ha BCEX TITyOWHAX HE3Ha-
YHUTEIBHO YBEJIUYMIHCH.

IIpumenenne pa3padoTaHHOr0 3(pheKTUBHOTO ANTOPUTMA
AJI5 IPOTHO30B 10 PerpecCHOHHBLIM MOEJISIM

Ha stane «IToucCK JeT-aHATIOrOB» CTPOHJINCH KOPPEISLHOHHBIE MATPHUIIBI, MO-
Ka3bIBAIOLIHME CBSI3b BCEX JIET MEXAY COOOM C CyTOYHBIM pasperneHueM. J{is Harsi-
HOCTH U 0OOCHOBAHHOTO TIOWMCKA CTPOMIIUCH TPpadUKH, IO OCSIM KOTOPBIX pacroJjara-
JMCh KOIDDULMEHT KOPPEISILUK U TObl. BBIIatommecs TOYKH OKa3bIBAIOT HAUOOIIb-
e K03(GGUIUEHTH KOPPeIsuui. BUIHO, 4TO BCE-TaKU CYIIECTBYET CBSI3b UMCHHO
BHYTpH 4acTe# psza, T. e. 1o 1980 r. u mocie. B xone ananm3a BEISIBICHBI T0/1a-aHa-
JIOTH 110 CTOKY ¥ MeTeodJieMeHTaM. [1oTydeHo, 4To 3T0 pasHble rojsl (puc. 2).
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Pesynbrater anpobanuu pa3pab0TaHHOTO MOAX0/AA HA HE3AaBUCHMOM MaTepHaie
TIOKa3aHbl Ha pHC. 3. BBUTH TTOCTPOEHBI PErpecCHOHHbBIE MOJIENHN C YIeTOM T'o/la-aHa-
JI0Ta TOJIBKO IO CTOKY (BapHaHT 1) U ¢ y4eTOM rojja-aHanora o CTOKy U [0 MeTeodJie-
MeHTaM (BapuanTt 2). [Ipy mporao3e yuuThIBAINCH Pa3HBIC TOJIBL.
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p. losatb — r. Benukue Jlykn p. CopoTb — A. OCUHKUHO
roa Q X Si T rog Q X s T
2018 2014(0.85) 1960(0.23) 2010(0.89) 1963 (0.88) 2018 1975(0.86)  2015(0.14) 1977 (0.83) 2011 (0.85)
2019 2017(0.74) 2016(0.26) 1967 (0.82) 2010 (0.84) 2019 2009 (0.62) 2009 (0.15)  2015(0.88) 2010 (0.82)
2020 2014 (0.83) 1965(0.27) 2014(0.73) 1961 (0.84) 2020 2018(0.80) 1973 (0.14)  2014(0.42) 2015 (0.80)

Puc. 2. T'opoBas koppemsanust

209

200

1 sapuant: ¢ P 2sapuant: ¢
Yierom ropa- yeerom roga-
awanora Tonsko awanora no croxy
o croky. uno

~ meteoanemenTam

1eapuant ¢
yuetom roa-
awanora Tonsko
o croky

2 sapuant: ¢
yuetom roga:
awanora no croky
uno
MeTeoanemenTam

Puc. 3. Pe3ynbraThl apobaluy aIropuT™a 110 pa3IndHbIM BapHAHTAM:
a, 6 — COOTBETCTBEHHO IEPBBIIT U BTOPOIt BapuaHTh! anpobauuu, p. JloBars — r. Benukue Jlyku;
6, 2 — COOTBETCTBEHHO IEPBBIil U BTOPOH BapuaHThl anpodaruu, p. Copots — . OCHHKUHO
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OreHka dpPEKTUBHOCTH TI0 KPUTEPHIO S/G (COOTHOIICHHUE CpeTHEKBapaTHIe-
CKOHM TIOTPEIIHOCTH ¥ CPEAHEKBaJPaTHUECKOTO OTKIOHEHMs) Ioka3ana 3(pdexTus-
HOCTB JIBYX BapHAHTOB MOJIy4YeHHUs1 MoJenu (Tadur.).

Tabnuya
OreHka 3¢ (peKTUBHOCTH 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 rojia-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 rOJiaM TOJIYYEHbI YJOBIETBOPUTEIbHBIE pe-
3ynbTaThl. Ho ecTh cyliecTBEeHHBIM HEAOCTATOK MOJX0/a, KOTOPbIM 3aKIr04yaeTcs B
TOM, 4TO JTOJDKHO MTPOITH KaKoe-TO BPeMs B TPOTHO3HPYEMOM TO.Ty, YTOOBI T0100paTh
roJ-aHajor IO THUAPOJOTHYECKUM M METEOPOJIOTHUECKUM XapaKTepuCTHKaMm. Yem
Jlajblile JjaTa BITyCKa [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 3a071aroBpeMeHHOCTb.

CrieyeT OTMETUTh, YyBCTBUTEIBHOCTh PETPECCHOHHON MOJIETH K U3MEHEHHSIM
METEOPOJIOTHUSCKUX XaPaKTESPUCTHK: IMEETCsl HeIJIaBHBIN ToJT THAporpada.

Beutn monpoOoBaHbI pa3HbIC BapHAHTHI MMOCTPOCHUSI PErpeCCHOHHON MOJICIIH,
HarpuMep, 0e3 roja-aHaaora U TOJIbKO PacXobl BOJIbI F0a-aHaIora, pe3yabTaThl XyxKe.

Koneuno, nanHoe mcciieoBaHne MOYKHO Ha3BaTh IMEPBBIM TPHOIMKEHHEM K
npoOieMe, U pa3pabOTaHHBINA alTOPUTM OYZET cpadaThIBaTh MPH THIATEIEHOM TO-
00pe MPEIUKTOPOB U HE ISl BCErO T0J1a, a 1Mo (pazaM BOAHOCTH rojia.

3ak/aouenne

B xo/1e BBITIOIHEHUS NCCIIEA0BAHMS TOJIyYEHBI CICAYIOLINE PE3YJIbTAThI:

— MpOaHATM3UPOBAH METOJ PErPECCHOHHOIO aHAJIN3a U MEPCIEKTHBBI €ro Hc-
ITOJIB30BAHUA B THAPOJIOTHICCKUX ITPOTrHO3aX;

— pa3paboTaH aIropuT™M IoIy4eHHs 3(Q(PEKTUBHBIX PETPECCHOHHBIX MOJIEIICH;

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

— MMOJIy4EeHbI PErPECCHOHHBIE MOJIENU C YUETOM JIET-aHAJIOTOB.

Paspaboran anroput™ moctpoeHus 3pHEeKTUBHBIX PErPECCHOHHBIX MOJENEeH 1
HOJTy4YEHBI IPOTHO3HBIE MOAEIH AJIsl peUHbIX BogocOopoB CeBepo-3arnaaHoro pernoHa
¢ y4eToM pa3paboTanHOrO ainropurtMma. OTeHKa KadyecTBa MOJENEH Mokas3ana ux 3¢-
(heKTUBHOCTb.
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Ouenka pacnpenesieHus propa B Boge 0alKaIbCKOM
IKOCHCTEMBbI

U. M. I'ynses (fsxv.svsvs@mail.ru)'%, B. U. I'pebenmuxosa (vgreb@ige.irk.ru)?,
0. A. Bapxarosa (barhat@geogr.isu.ru)’

! Uprymexuii 20cyoapcmeennbiil ynusepcumem, 2. Upkymck
2Uncmumym 2eoxumuu um. A. I1. Bunozpadosa CO PAH, 2. Upkymck

AunHoTtanusi. BomHyto sxocucteMy 03. baiikan cOCTaBISIFOT HECKOJIBKO B3aUMOCBSI3aHHBIX KOMITO-
HEHTOB: OalikalibcKas BoJa (IOBEPXHOCTHAs U ITyOOKOBO/IHAsL), TI0J36MHbIE BOJIbI U3 CKBaJKHH, BOJIA
MHOTOYHCIICHHBIX TPUTOKOB baiikana, X0IoaHble ¥ TOpSYne MUHEPAIbHbIE HCTOUHUKH BOKPYT 03.
Baiikan u eqMHCTBEHHBIH CTOK p. AHrapbl, OTpaXKaroLIask BCe 5TO BOJHOE pazHooOpasue. M3BecTHO,
YTO B peuHbIX Bojax baiikanbckoro pernoHa Habmomaercs 1eQUIUT HEKOTOPBIX KUZHEHHO BaXKHBIX
9JIEMEHTOB, B TOM umcie ¢ropa. PaccMarpuBatoTest ocobeHHOCTH pactpe/eneHus gropa B Bojie co-
MPSDKEHHBIX KOMIIOHEHTOB KocHcTeMbl baiikana. KoHueHnTpaius (Top-noHOB B BOJIE SKOCHCTEMBI
Baiikana Obuia onpezeneHa NOTEHIMOMETPUUECKUM METOZOM C IPUMEHEHHEM CHCTEMbI KalMILIp-
Horo anekTpodopesa «Kanenb». Mcenenoanue npeacrapiseT co00il pe3yabTaTbl MOHUTOPUHTA, KO-
TOpHIi poBoauics B iepuo ¢ 1997 mo 2022 r. OnpeneneHbl BEpOsSTHbIC TPUYUHBI BHICOKUX U HU3-
KHX KOHIIEHTpaluii (ropa B BOJE U3 Pa3INUHbIX KOMIIOHEHTOB. PaccMOTpeHBl BO3MOXKHBIE HCTOY-
HUKH (TOpa MOCTYIUICHHSI 1 0OCOOCHHOCTH pacmpe/ieneHus B Boje baiikanbckoro dacceiia.

Kunouesle c1oBa: GpTop, OalikaabcKas 3KOCHCTEMa, OA3eMHAs BOJA, IPUTOKU, AHIapa.

BBenenne

@rop (F), mprucyTCTBYIOIINH B IPHUPOTHOM BO/IC, OTHOCHUTCS K OMOTCHHBIM dJIe-
MEHTaM M SIBISIETCS BaXKHBIM MHKDPOJIEMEHTOM, HEOOXOIUMBIM JUISl 3/I0POBbS UeIIO-
Beka n OMOThI. OJTHAKO €ro KOHLEHTpalUs JOJDKHA OBITH CTPOr0 KOHTPOJIMPYEMOH,
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TaK KaK HeJI0CTAaTOK, TaK M U30BITOK (pTOpa MOXKET MPHBOANTH K HETATHBHBIM ITOCTIE -
CTBHSAM. B CBsI3M ¢ BaKHOCTBIO (pTOpa IS 370POBBS M PUCKOM HETaTHBHBIX MOCIIEI-
CTBUI IpH €ro U30bITKE WIM HEJOCTATKE, BO MHOTMX CTpaHax YCTaHOBJIEHbI HOpMa-
THBBI Ha coJiepkanne Propa B MUTEEBOH BoJie. OOBIYHO ONITUMAIILHBINA YPOBEHB (TOpa
B IUTHEBOH Boje cocrapiser oT 0,5 1o 1,5 mr/nm® [1]. Cpennsia konnentpamus F B
peuHbIx Bogax mupa cocrasiser 0,09 mr/am? [2].

Bonpmas wacte Teppuropun IIpnbaiikanbs OTHOCHTCS K OHOTEOXHMMUYECKOU
npoBHHINH ¢ fedunuTtoM F B moBepxHOCTHBIX Bogax [3]. B mpenenax FOsxuoro Ilpu-
Oalikanbs U 3abaifkambsi cpeqHsst KOHIEHTpanus F B MPUPOAHBIX BOJAX COCTABISACT
0,2 mr/mm? [4]. Tlo mpEpOAHBIM HCTOYHHKAM HOCTYIUIEHUS F B HOBEPXHOCTHBIE BOIBI
Teppurtopuio IIpnbaiikambs MOXKHO pa3/IeUTh HA JIBE YaCTH — 3alaJHYI0, BKIIFOYAIO-
IIyI0 OKHYIO 9acTh CHOMPCKO# MmIaThopMbl, 1 BOCTOYHYIO, MIPEACTABICHHYIO TOP-
HBIMH COOPYKSHHAMHE, oOpamistomumu 03. baiikan (3abaiikaibe).

Yexon Cubupckoii miaTdopmbl CI0KEH COJCHOCHBIMU OCaJ0YHO-TEPPHUIEH-
HBIMH OTJIOKEHUAMH (haHEPO30IICKOTO BO3pacTa, He COAEPKAIUMH (PTOPUCTON MUHE-
paymzanuu. [ToBepxHOCTHBIE BOABI 37iech 00emHeHbl F. B To ke Bpems 3abaiikaibe
XapaKTepU3yeTcsl LIMPOKUM PAa3BUTHEM IPAHUTOUIOB C MOBBIIICHHBIM COIECPKAHUEM
F u npucyrcTBueM (ropcomepikamux pyaonposBICHHIH.

TOr 3abaiikanbs XapakTepu3yeTcss HHTEHCUBHBIM Pa3BUTHEM PEIKOMETATBHBIX
TPAaHUTOUIOB C BBICOKHMMH KOHIICHTpAIMAMH (TOpa M HAUYUEM (IIFOOPUTOBON MU-
Hepanuzaiuu. KoHunenrpaun (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 GATOJNUT, CIIOKEHHBIHN Majeo-
30HCKUMU IPaHUTOUAAMUA U MOHLOHUTAMH, BBIXOAUT Ha MOBEPXHOCTh HA CEBEPO-BO-
cToKe 1 BocToke baiikanbckoit pu¢ToBoii 30Hbl. Kinmar 1 Hanpasienue Berpa B baii-
KaJbCKOM PETHOHE Takke MMEIOT 3HaueHHWe. HampaBieHue BeTpa OT aFOMHHUEBBIX
3aBOJIOB YaCTO MPOXOAUT BIOJIb TOJUHEI AHrapsl B CTOpoHY 03. baiikan. Takum obpa-
30M, BECHOH B CHery 03. baiikan u, cieoBaTenbHO, B 0aliKaIbCKOM BOJE HAOMIOAaCTCs
HeOOobII0e TOBHIIIIEHUE KOHIIEHTpaluu ¢ropa [6].

Paccmorpum pacripenenenue F B Boje conpsipkeHHBIX KOMIIOHEHTOB baiikaiib-
CKOI 9KOCHCTEMBI — MUHEpaJIbHbIE HCTOYHHMKH, CKBaXXHHbI, IPUTOKH, balikai, ncTok
Anrapsl. OT60p BoJbI M aHaiauM3 mnpoBojwics B 1998-2022 rr., Obuto 0TOOpaHO
876 ipo6 (puc. 2, Tabm. 1). Onpenenenne MaccoBOi KOHIEHTpaIwii F B Bosie BhITOI-
HEH NMOTEHUUOMETPUUYECKUM METOIOM C IPUMEHEHUEM CHUCTEMBI KAITUIIIIPHOT'O JJIEK-
tpodopesa «Kanems» B LIKII «30TomHO-reoxumudeckue uccienosanms» UI'X CO
PAH [6].
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N-49.

Mr/am?
1,41 Severobaykalsk=

%

®dTop
B MOBEPXHOCTHBIX BOAAX

50 100 km

Puc. 1. Pactpejienienne KOHIEHTpaLuii Gropa (Mr/aM>) B IOBEPXHOCTHBIX BOJIAX
Baiikanbsckoro pernosa [5]

Tabnuya 1
Konnentparuu F (Mr/mm?) B Bofie COnMpsKeHHBIX KOMIOHEHTOB YKOCHCTeMHI baifkama
Ioxaszatens Museparbisie CKBaKUHBI [Iputoxu baiixan Hcrox
HCTOYHHUKH

KosnyecTBo 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 BOBI U3 CONMPSKEHHBIX KOMITOHEHTOB dKOocHCcTeMbI baiikana: cHHUMHA
TOYKaMHM OTMEYeHa OaliKaibcKasi BO/ia, KBapaThl C TOYKAMH — MecTa 0TOopa mpoo riryO0KOBOIHBIX
BO/JI ¥ BOJIbI U3 QHI'APCKOT0 MCTOYHMKA, KPACHBIMHU TOUKAMH — BOJIA U3 CKBAKHH, (PHOJIECTOBbIC
KBaJpaThl — BOJIa U3 MUHEPAIbHBIX HCTOYHUKOB

Mnﬂepa.mmble HCTOYHUKH

Ha Geperax baiikana oTMeuaeTcst 3HaUNTETbHOE KOTHUECTBO XOJIOIHBIX U TOPSI-
YUX MUHEPATbHBIX UCTOYHHUKOB, YaCTO ¢ TOBbIIeHHOW (wHOTHA 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 pa3zHoe BpeMs rofa) (1o aBTOPCKUM U IUTEePaTypHBIM TaHHBIM [3]) BOsm3u baiikama
noKasajaa M3MEHEHHUs ero KOHLEHTpauuu oT 6onee 20 10 2 MI/IM®, a B XOIOIHBIX HC-
tounnkax < 0,2 Mr/am> (XONIO[HBIE UCTOYHMKM B TOCENKax XygaskoBo u Hukona)

(puc. 3).
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Puc. 3. Pactipeniesienye KOHIIEHTpAIHMii F B CONPSIKEHHEIX BOTHBIX KOMIIOHEHTAX
skocucteMbl baitkama (mr/nm®)

TIpuMepom ropsiuMx UCTOYHUKOB C BHICOKOH KoHeHTpauel F ssisrorcs Ko-
TENIEHUKOBCKUH, 3MeHHbIA U 1p. VcTouHUKHM ¢ Oojiee HM3KOH KOHIIEHTparmeid (2—
3,5 mr/am?) — Topstunnck, @ponuxa, Xakycsl u ap. [TosbiuenHsie konnenTpanuu F B
TOPSTYMX MUHEPATIBHBIX HCTOYHUKAX (PUKCUPYIOT UX CBA3b ¢ O0JIee TIyOMHHBIMHE (ITIo-
HIHO-THIPOTEPMAILHBIMU CUCTeMaMu balikanbckoit pudrosoit 306! [3]. [Tockombky
B FOpSYMX HUCTOYHMKAX 4acTO OTMEYAlOTCs U pyaHble anieMeHTsl, To E. B. Cxisipos
MpEeAToara, YT0 HeKOTOpbIe TepPMabHbIC HCTOYHUKH MOTYT OBITh «IIPHUPOTHBIMH 3a-
TPSA3HUTEISIMID PEIKUMHA M PYIHBIMHU 3JI€MEHTaMU Ui Bofs!l baiikana [7].

IMoxzemuas Boa (CKBaKUHBI)

3a Bpemsi orOopa Boxbl BOKpyr baiikama m3ydeHo 17 ckBaxuH. BuIomHEHO
23 ananu3a Ha onpezeneHue F. [TonzeMHas Boaa U3 CKBaKMH UMEET MEHEE BBICOKUE
KOHIIeHTparuu F, deM Bozia ropsiaux MHHEpPAIbHBIX UCTOYHHKOB, HO HMHOTIA JAOCTHU-
raet HopManbHbIX 3HaYeHuii [1JIK — 0,75 mr/mm? (Ha octpose OnbxoH, noc. Enanusr u
np.). TToBbIIEHHBIE KOHIIEHTPAITUU (TOpA B MOJ3EMHBIX BOJaX ObLTH 00YCIOBICHBI
pacroioXeHHeM, TaK Kak Ha 3amagHoM mobepexne baiikara B BOim3n 0. OibpX0H 3a-
JICTAIOT NaJICONPOTEPO30HUCKUE TPAHUTOUIBI U CyOIienodnse mopos [8]. Beicokuit
ypoBeHb (pTopa Tarxke OOyCIOBICH IIyOMHOH 3ajeraHus BOAOHOCHOTO TOPHU30HTA,
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Kak, Harpumep, B ocenke Onbxa (rmyouna 310 M), Tie JoO0bIBaeTCs CTOIOBAsI MIHE-
pambHas Bona «Hpkyrckas» [9] (puc. 3). CBsa3b (propa ¢ BMEIIAIOIIUME TOPOIAMH,
OCyIIaeMbIMHU TTyOOKOBOJHBIMH BOJAMH, MOYKHO MPOCICAUTH MO €r0 OTHOCHTEIBEHO
BBICOKOH KOHIIEHTPAITH B BOJIC U3 CKBAYKHH.

puroxku baiikana

B nepuos ¢ 2007 o 2022 r. B pa3Hble CE30HbI ObUIN OIPOOOBAHBI BOJIBI B YCThSIX
30-35 mputokoB 03. baiikan. Boga nmpuTOKOB 3aMETHO pas3iinyaeTcs 1Mo KOHIEHTpa-
M F, 410 00ycII0BIEHO BIMSIHUEM PA3INYHBIX [0 COCTaBY APEHUPYEMBIX KOPEHHBIX
nopoJ1. COOTBETCTBEHHO Te0JIoTnuecKoi kapTe balikana nossimennsie conepxanus F
(0,3-0,65 Mr/am®) 0TMEUAIOTCS B yCThAX KPYIHBIX MPUTOKOB, KOTOPBIE JPEHUPYHOT
Pa3HOBO3pAaCTHbIE IPAHUTOUIHBIE IOPOABI, — peku Penb, AHra, Bepxusas Anrapa, by-
rynbaeiika, Kyuenra, Ycerb-baprysun u np. B ucroke p. Cenenru cogepxanue F mo-
et gocturats 0,6 Mr/am>®, uTo 00YCIIOBIEHO AHTPONIOTEHHBIM (PAKTOPOM 3a CUET MPO-
MBIIIJICHHBIX 00beKTax Ha ee Oeperax. B OONBIIMHCTBE MPUTOKOB B FOTO-BOCTOYHOM
gactu baiikana (pexu CHexHas, Xapa-MypuH, CIoisHKa U Jip.) KOHIEHTpanuu F
muskue — 0,05-0,1 mr/mv? (puc. 4). 31ech OCHOBHOM cOCTaB TOPHOTO MaccHBa Xamap-
JlaGaH ¢ HU3KUMHU KOHIIEHTPAUAMH (TOpa MPEACTaBICH BMEINAIOINME Topoiamu. B
FOT0-3aMaHoM JacTh 03. baiikam MHOTOYHCIIeHHBIE TIPUTOKHN (AHTacoiaka, MapuTyi,
[Nonosunka, lllymrxa u apyrue pekn) IpeHUPYIOT apXxeicknue MeTaMop(rIecKue mo-
poJsl (MpaMOpbI, KBAPLUUTBHI, KPUCTALIMYECKHE CIAHIBI U Ap.). KoHIeHTpanuu HOHOB
(TOpa B yCTBAX 3THX MPUTOKOB OBIIM B JIBA Pa3a BEIIIE, YEM B IOTO-BOCTOYHBIX TPH-
Tokax (1o 0,2 mr/am?®). OHM ObUIM ONM3KM K 3HAYEHUAM I BOIBI M3 03. baiikan u
HCTOKa p. AHTapsbl.

A: nemo 2007 2., B: gecna 2019 2.,

C: ocenv 2019 a.

Puc. 4. Pactipesienienne KOHIIEHTpaI il HOHOB (hTopa (MI/nM’) B BOZIe YCTheB MPUTOKOB Baitkama

B roro-zamaaHoit yactu 03. balikam MHOTOYMCIICHHBIC TIPUTOKH (peku AHTra-
conka, Maputyii, [lonosunka, lllymuxa u 1p.) ApeHUPYIOT apXxeiickue Mmetamopduye-
CKHe MOPOJIbl (MPaMOPbI, KBAPIHUTHI, KPUCTAIUTMYECKUE CIIAHIIBI U 1p. ). KoHnleHTpammn
HOHOB (PTOpPA B YCTHAX 3TUX MPUTOKOB OBLTH B JIBa pa3a BEIIIE, YeM B IOT0-BOCTOYHBIX
npurokax (o 0,2 mr/mm?). OHU OBLTH GITM3KH K 3HAYEHHUAM JUIS BOJIBI U3 03. Baiikan u
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nucroka AHrapsl. B ucroke p. Cenenru konuentpauus F B pa3Hble ce30HbI HHOTAA J0-
crurana 0,4 Mr/aM>, HO 3/1€Ch TaKXKE MOYKET CKa3bIBATHCS AHTPOTIOTEHHBIH (PAKTOp U3~
3a MPOMBILIJICHHBIX 00BEKTOB B ee OacceiiHe.

Bopaa Bbaiikana

Brmmonaeno 118 aHann30B BoJIbI Ha onpeiesieHie KOHIeHTparmid gropa. B riy-
OMHHOM M NMOBEPXHOCTHOW BoJie 03. baiikan coxepxanue dropa He npesbimaer 0,2—
0,3 Mr/mm>. 3aMETHBIX M3MEHEHHH CoepKanuil F OT OBEPXHOCTH 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/nm’) ObUIa 3aQUKCHPOBAHA TOIBKO
JBa pasa, BecHOM u oceHbio 2020 I., B TOBEPXHOCTHBIX BOAAX IEHTPAJIBLHON YacTH
03. baiikan, HampotuB ycthsa p. CeneHrw, rae KOHICHTpamus (Topa JOoCTHTaIa
0,4 mr/am? (puc. 3). DTo MOXKET OBITH 00BIACHEHO TOIBKO OBICTPBIM TEUEHHEM TIPHU Pe3-
KOM cMeHe Moros! (IUTOPM, yparaH, CUIbHBIN BeTep U T. A1.) B ycThe p. CeleHru 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 YacThbIX celicMuueckux AprkeHui B 2020 r. B balikanbckoM peruoxe.

Conepxanne F, mr/am?
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Puc. 5. Pactipejienienne KoHmeHTpamuii F (Mr/am®) B OBEpXHOCTHBIX
u Ti1y0okux Bogax o3. baiikan B 20182020 u 2022 rr.

Bopa ncroka p. Aurapsl

EsxeMecs9HBIN KOHTPOJIBHBIN 0TOOp Mpo0 HAa y4acTKe UCTOYHHKA AHTapa Mmo3-
BOJIMJI TIOJNIyYUTH PE3YJIbTaThl aHalM3a Ha COJCPKAHWE HOHOB (PTOpa HAa OCHOBE
488 mpob Bojbl, 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 peako gocturaio 0,3 Mr/mM’, a cpeiHee 3HAYEHHE U MEMaHa ObLIM OJMHAKOBBIMU
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(0,2 mr/am®). Jlpyrumu clioBaMM, KOHLEHTPAUs F— B TATB-IeCATh pas HEKE, 9eM
IJIK nns nuteeBoil Boasl (0,7—1,5 mr/mv?®). B Teuenue UCCIIEyeMOro Mepuojaa ¢
1997 o 2003 r. B BoJie UCTOKA ObUIH 3a(pUKCUPOBAHBI OTHOCHTEIIEHO BHICOKHAEC KOH-
neHTpanuu ¢propa (puc. 6). 3arem HaunHas ¢ 2007 r. HaOIIOJAIOCH OUYEBUIHOE CHU-
JKeHHre KoHIeHTpanuid gropa. B mepuox ¢ 2017 mo 2022 r. cpeHEro0Bbie KOHIICH-
TpalUK HOHOB (PTOpa B BOJIC UCTOKA AHTapbl HE3HAYUTEIFHO BO3POCIH H COCTaBIIIH
0,22-0,23 mr/nm? (puc. 5). DTO MOKET GBITH CBA3AHO C YBEIMYEHUEM TYPHCTHIECKOTO
ITOTOKA B 9TOT MEPHOA B IOXKHOM Oacceifne 03. baiikan n y ncrokos Anrapsl [10]. B
nocneaane ronel (¢ 2020 mo 2022 1.) KoHIeHTparus GTopa B UCTOKE p. AHTaphl He-
CKOIIBKO BO3POCIa. DTO MOKET OBITh CBSI3aHO C YBEIHMUYCHUEM YHCIIA TYPUCTOB.
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Puc. 6. Mecsiunble (CHHUI) M CPEIHETr010BbIe KOHIEHTpAIUK (KPacHbIi) HOHOB (ropa B Boze
ncTouHNKa AHrapa 3a rnepuox ¢ 1998 mo 2022 r. (Mr/)1M3)

3ak/aouenne

AHanu3 noxy4eHHO Ie0J0rnIecKOi H FeOXUMHIYECKOI HH(OpPMAIIUK O pacmpe-
JIeJIEHUH KOHIIeHTpanuii ropa B BOJIE COMPSKEHHBIX KOMITOHEHTOB 3KOCHUCTEMBI baii-
KaJla MO3BOJISIET CAEATh CIEIYIOLUE BBIBOIBIL:

1. dedpuuut dropa Ha TeppuTopuu [Ipubaiikanbs SBISETCS PE3yIbTATOM CIIOXK-
HOTI'0 COYETaHUS F€0JIOTMYECKUX, TEOXUMUYECKUX, THIPOJIOTHYECKHUX, KITMMATUIECKUX
1 Onosnoruueckux ¢akropos. OHAKO 3aBOMBI MO TIPOU3BOJICTBY AFOMUHUS, paboTa-
forTre B pernone 6omee 60 neT, JEMOHCTPUPYIOT 3HAYUTENBEHOE MTOCTYIUICHHE (Topa
U €ro HeraTHBHOE BO3JCHCTBHE Ha OKPYKAIOILYIO MOYBY, CHEI U PEUYHYIO BOIY, a
TaKKe Ha JII0JIeH, )KUBYIIIUX BOJIN3HU 3aBOJIOB.

2. 3HaUNTENBHBIC PA3MUYUSA B KOHIEGHTpAmMax (ropa B pa3IHYHBIX BOIHBIX
KOMITOHEHTaX 3KocucTeMbl balikana yka3bIBalOT Ha BIUSHUE €r0 MPUYPOUEHHOCTH K
Baiikanbckoll pu()TOBOIt 30HE, I/ie YaCTO IPOUCXOMIST 3eMIIETPSICEHHS U I'€OIMHAMH-
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YeCKHe TOJBIDKKH, COMPOBOKAAIONINECS HE3HAUNTEIFHBIMA M3MEHEHNSIMH KOHIICH-
Tpaumii (propa B 03. baiikain u, cienoBaTeabHO, B UCTOKe AHTaphl. B To e Bpems ak-
TUBHOCTbB TEPMAaJIbHBIX HCTOYHHUKOB, OKPYKAIOIIUX €0, IPOI0JIKACTCS.

3. I3MeHeHne KuMaTa 1 pe3ko KOHTHHeHTambHbIN knumart (¢ —40 °C mo 35 °C)
B Baiikanbckom pervone, yacTble oreruieHus u 3acyxu (¢ 2000 mo 2014 r.), a Takxke
CHIDKCHHUE MTPOMBIIUICHHOH HATPY3KK B PETHOHE B 3TH T'OJBI IPUBEIN K HE3HAYUTECIh-
HOMY YBEIMUEHHIO COofepxkaHus (pTopa B ucToke AHrapsl. [loxonomanue B mepHoa ¢
2017 1o 2020 r. cMEHUIOCH IIOBBIILIEHUEM YPOBHSI BOABI B 03. balikai, HaBOJ{HEHUSAMUI
Ha TIPUTOKAX U p. AHTapEHL.

4. IloBeIIICHHBIC KOHIIEHTpAIMU (GTopa B BOJC U3 CKBaXXHH Ha 0. ONBXOH U B
HEKOTOPBIX MPUOPEKHBIX paiioHax 03. baiikan, KoTopble ObUTH ONHM3KK K HEOOXOH-
MBIM JUIS 3JIOPOBBS YeNIOBEKa, YKA3bIBAIOT HA BO3JCHCTBHE OCYIICHHBIX TPAaHUTOW]I-
HBIX TIOPOJI C OTHOCUTEIHHO BRICOKMMH KOHIICHTPAIIMAMH (PTOpa Ha TPYHTOBBIC BOABI.

5. Hekotopble GakTopbl 00eCIeUYuBaIOT CTAOMIBHOCTD OaliKalbCKOM BOJBI U e
6e30macHOCTh: BO3MOKHOE ITOTIAJaHIE TITyONHHBIX SJIEMEHTOB B OalKaIbCKyIO BOIY U
ee OOHOBIICHHE, OTJIOKCHHE TOKCHIHBIX 3JIEMEHTOB B YCThSIX MHOTOUUCIICHHBIX TIPH-
TOKOB Ha T€OXUMUYECKUX Oapbepax U T. JI.

6. Jlnst coxpaHeHHs: YMCTOTHI BOABI B 9KocucTeMe baiikana, koTopas uMeer rio-
6ampHOe 3HaueHMe (oxpansercs KOHECKO), HeoOX0oauMo 3HAYNTETBHO YIyUIINTh
KOMIDICKCHBI TYPH3M, PEKpPEAlrI0 U COLUATBHO-YKOHOMHYCCKOE Pa3BUTHE BOKPYT
03. baiikair.
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VJIK 504.03:711.4(556)
IKoJIOTHYECKHEe HHIANKATOPbI COCTOSAHMS BOAHBIX 00bEKTOB

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

HUpkymckuii cocyoapcmeennblii ynusepcumem, 2. Upkymck

AunoTtanus. Yucno 1HBapHaHTOB YKOJIOTMYECKUX HHANKATOPOB U MHIMKATOPOB YCTOWYHBOIO pas-
BUTHUS HACTOJIBKO Pa3HOOOPa3HO, HO IO CHX IOP HE aKTyalIbHO JUIsl YETKOM OLIEHKHU MoKa3aTesei kak
Ka4yecTBa, TAK M JUHAMUKH TOKasaTeneit cpen. IIpencraBieHo Gosee aecsaTu onpeneneHuil TepMUHA
«9KOJIOTMYECKUI HMHAUKATOP», MNPEJCTABIEHO HECKOJIBKO TPy HHAMKATOPOB I10 Pa3IHYHBIM
HanpasiaeHusAM. OJJMHHAAATh 3J1€MEHTOB acmeKkTa «Boxa» 1mo oT4eTHOCTH B 061aCTH YCTOHYHBOTO
passutus G4, nate unaukaropos GRI pasgena «303 Bogay, 14 MHANKATOPOB yCTOHYNBOIO pa3Bu-
TS, Kareropuu «B. Dxomoruueckne HHANKATOPBI», Tpymiiel «B-1. BoaHbie pecypcs.

KiiroueBble CJI0Ba: MHIEKC, BOJHBIN 00HEKT, 0a30BbIC HHANKATOPHI, IMHAMUKA [TOKa3aTeei, Hehu-
HAHCOBAast OTYETHOCTb.

«DKOJIOTMYECKHI HHUKATOP» — HACTOJIBKO JKE PAaCX0XKee, PAaCTUPAKUPOBAHHOE
U HEOIpeAeIEHHOE MOHITHE, KAK U «HHANKATOP» U «IKOJOTUUECKUI» MO OTACIbHO-
ct. OfHAKO CYHIECTBYET JIOMOJIHHUTENIbHAS HEONPEIEICHHOCTh OTHOCUTENIBHO TOTO,
YTO TaKOE€ MHIUKATOP U YTO TAKOE MHAEKC (HE ISl MAaTEMaTHKOB), a TaK)Ke HepapXust
TEpPUTOPHAIILHOI pa3MEPHOCTH uepe3 Ii1o0alibHbIe, pErHOHANIBHbBIC, MECTHBIE U JPY-
rue BapuaHThbl (He Ut reorpados). be3ycioBHBIM MOHHMAaHHEM 3THUX TEPMUHOB, B
KOHTEKCTE CTAaTbH 10 3KOJIOTHH, B YACTHOCTH BOAHBIX PECYPCOB, SIBISIETCS BCE TO, UTO
XapaKTepu3yeT COCTOSIHUE BOJIHOM cpezbl. [IoMcKoBbIEe 3aIpoChl MO «IKOJIOTHUECKUI
UHJMKaTOP» B ceTH MHTEpHET NaloT THICSIUM CCHUIOK OTBETOB M OOJIBIIMHCTBO U3 HUX
COOTBETCTBYIOT ITapaMeTpam.

N3 caMbIX pactpoCTpaHEHHBIX U HE BBI3BIBAIOIINX OCOOBIX COMHEHUI CIEayeT
OTMETHTB, YTO 32 YKOJOTHUECKUI MHUKATOP IPHUHUMAIOT CJIEYIOIIHIE TIOKa3aTelH:

1) Hexwii MPU3HAK, XapaKTePU3YIOIHH 00BIYHO BCE-TAKN — HKOCHUCTEMY (HO O1a-
rozmaps «akocucteMe MTC» min kak 00BIYHO K Y)Kacy HayKH, Jake 3TO CIIOBO HMEET
COBEPILEHHO IIPOTHBOIIOIOKHBIE CMBICIIBI);

2) numb (pparMeHT HHPOPMAIHH O OKPYKAIOIIECH cpefie, HeCyIUi onpeenéH-
HBIA CMBICTT;

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

4) 3HaK, yka3aTellb, CHMBOJI, IIPH3HAK, CBOMCTBEHHBIH CHCTEME WIIH TIPOIIecCy,
Ha OCHOBaHUM KOTOPOT'O NMPOM3BOJMUTCS KaUECTBECHHAsI MM KOJMYECTBEHHAsS OLICHKA
TEHJICHIIMH M3MEHEHMH, ONpe/eseHHe WM OLIEHOYHAs KIacCH(HKALMS COCTOSHUS
9KOJIOTHYECKHUX CHCTEM, TIPOIIECCOB U SBICHUH;

5) KOMITOHEHTBI M 3JIEMEHTBI IPHPOJAHOTO TEPPUTOPHATBHOTO KOMILIEKCa, 03~
BOJISIIOIINE OLCHUBATh KaK €€ COCTOSHHE W JMHAMHUKY, Tak M 3()(PEKTUBHOCTH MeEp
obecrneueHus IKOJIOrMYecKoi 6e3omnacHocTH [3];
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6) ToKazaTens MPOIICIIINHA MMpoIecc 0TOOpa W/MIIH arperupoBaHMs, KOTOPBIH
OTCIICKMBACTCS C TCUCHUEM BPEMEHH, YTOOBI €0 MOKHO OBIIIO HCIOJIB30BATh IS TIPH-
HATHUS PEIICHUN;

7) mpu3Haku 3GEKTUBHOCTH B PaMKaX CHCTEMBI MCHE/PKMECHTA, TTO3BOJISIOIINE
MOCTOSIHHOE YJIy4IIEHHE YKOJOTHYECKUX MTOKa3aTeNed B COOTBETCTBHHU C yCTaHOBIIEH-
HBIMH LENSIMHU;

8) mapamMeTp WM ero 3HaYeHUE, ONUCHIBAIOIINIT COCTOSHUE CPE/bl, BIHSIHUC Ha
JFO/IeH, PKOCHUCTEMBI 1 MaTepHAaJIb, JaBICHUE Ha CPEY, ABIDKYIITHE CHIIB M PEaKIny,
YIPABJISIIOIINE 3TON CHCTEMOM.

HwmeroTes BHONHE OpUTHHAIIBHBIE ONIPEJENICHHUS], B KOHTEKCTE HEKOTOPBIX Hayy-
HBIX HaIIPaBJICHUH, HalpuMep: 0a30BbIe HHIUKATOPHI YKOJIOTMYECKOH pe3yIbTaTHBHO-
cTH; OMOJIOTHYECKHe MTOKA3aTEeNN 3I0POBBS OKPY KAIOIIEH CpeIbl; OpraHU3MbI — HH/TH-
KaTOPBI PA3JIMYHOTO COCTOSIHUS (BOAHBIX 0OBEKTOB); JTATCHTHBIC HHANKATOPHI 3KOJIO-
IMYECKON HANpSDKEHHOCTH PErHoHa; JKOJOTHYECKHE MHANMKATOPBI 3()(EeKTHBHOCTH
(DyHKIMOHUPOBAHUS arpONPOMBIIIIICHHOW TEPPUTOPHU OIEPEKAOUIETO PA3BUTHS.
Cpenn KOTOPBIX — «BOJONOTPEOICHNE B pacyeTe Ha eANHHUILY (B (PM3MIECKOM HIIH CTO-
UMOCTHOM BBIPaXKE€HUH) IPOLYKIHHU (CETbCKOXO035HICTBEHHOT'O ChIPhS U MPOAYKIUHU U3
HET0), MPOU3BOAMMOI Ha mpeanpusituu [1].

CymiecTByeT 3HaUUTEIFHOE YHCIIO PYKOBOIAIINX JOKYMEHTOB IO OICHKE JIes-
TEJIbHOCTH MPEANPHUATUH, XO39HCTBEHHON M MHOW AEATENbHOCTH TEPPUTOPHAIBHBIX
YPOBHEW M B TpaHHIAX CEKTOpa SKOHOMHKH, TJe HEOOXoauMasi OTYETHOCTh, B TOM
YHCIIe TOCYTapCTBEHHASI TAKXKE Pa3/esieTcs 0 HeKOTOPOMY YHCITy TTOKa3aTelel, 3Ha-
YHUTENbHAs 9aCTh KOTOPBIX SABJISAIOTCS HHIANKATOPaMH, KaK (yHKIIHOHMPOBAHUS CaMOit
OpraHu3aluy, TaK 1 e€ JIaBJICHUS Ha BOJHBIC OOBEKTHI U PECYPCHI.

B «PykoBozicTBE 10 OTYETHOCTH B 00JacTH yCTOH4YMBOrO pasButus G4» nes-
TEJIFHOCTH MPENPHATHS paCCMaTPUBACTCS B Pa3pe3e HECKOIBKUX KaTETOPHil: 3KOHO-
MHUECKOH, SKOJIOTUYECKON U coLMallbHON. B cBOIO ouepenp kaxas KaTeropus Noj-
paszenseTcs Ha HECKOJIBKO acleKToB. Tak, akojorndyeckast KaTeropus noJpasaessiercst
Ha TaKHe acCIeKThl, KaK MaTepHajbl, dHEprus, Boja, OHOpa3HOOOpa3ue, BHIOPOCHI,
cOpocsl u oTxoxbl. AcniekT «Boga» paccmarpuBaercs B pa3pese TPEX TPy OKa3aTe-
Jiei ¥ cocTouT MUHEMYM U3 11 smemenToB [2] (tabm. 1):

Tabnuya 1
DJieMeHTHI ToKa3areleii acriekra «Boaa»

Kox Ilokazarens DieMeHTbI

G4-EN8 OOmee xonuyecTBO, OOmMH | 1) TOBEpXHOCTHBIC BOJBI, BKJIIOUYast 0O0JIOTa, PEKH,
00bEM 3a0upaeMoil BOIBI C | 03epa U OKEaHBI;

pa30MBKOH 110 NCTOYHHKAM 2) o13eMHEBIE BOJIBI;

3) mox/eBbIe BOBL, COOMpacMBbIE U COXPaHsIEMbIE Op-
raHu3anue;

4) cTOYHBIC BOJIBI IPYTON OPraHU3aIUHT;

5) MyHHUIMIIATIBHBIE ¥ APYTHE CUCTEMBI BOJIOCHA0KeE-
HUS
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OkoHyanwue taor. 1

Kox TTokazarennb DneMeHTBI
G4-EN9 Wcrounnku BOIBI, Ha KOTO- | 1) pa3Mep UCTOYHHKA BOJBI;
pble OKa3bIBACT CYLIECTBEH- | 2) OTHECEH JIM JAHHBIN HCTOYHUK K OXPAHIEMbIM Tep-
HOE BIMSHHE BOJ03a00p | pUTOPHUAM (HA HALMOHAIBHOM HIIH MEXKIYyHapOJIHOM
cyObexTa X03s{CTBEHHOH ie- | YpOBHE);
ATEIBHOCTH 3) HmEHHOCTH C TOYKH 3peHHs OmopazHooOpasus
(Hampumep, pa3HOOOpa3ue M YHCIIO BHJIOB JHJIEMHU-
KOB, 0011[e€ KOJINYECTBO OXPAHIEMbIX BH/IOB);
4) HEHHOCTH WIM B)KHOCTH HCTOYHHMKA BOJBI IS
MECTHBIX COOOILECTB M KOPEHHBIX HAPOIOB
G4-EN10 | Jdosnst u oOmuit 00beM MHOTO- | 1) 001mii 00beM BOJIBI
KpPaTHO M MOBTOPHO HCIOJb- | 2) 00bEeM B IMPOLIEHTaX OT 00IIero oobema BOI03a-
3yeMoii Bojibl opranusauuei | 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-
XOJIBI, MPOIYKIHS U yeiryTu. [t acriekta «Bozmay B HeM peyCMOTPEHBI CIISAYIOIIHe
MOKa3aTelu:

1) noTpebnenue cBexeil BOAbI Ha COOCTBEHHBIE HY Kb, €ANHHUIIBI U3MEPEHUS —
TBIC. M, HCTOYHMKOM JaHHBIX [JIS 3TOTO ToKaszaTens ssusercs popma Ne 2-TII (Boa-
x03) rozioBas «CBezieHHs 00 UCIIOIB30BaHUM Boabl» PoccraTa.

2) yzaenpHOE NOTpeOIICHNE BOJIbI B HATYPAIbHOM BBIPQKCHUH — OTHOILICHUE UC-
MOJBb30BAaHHOM BOJBI (BCET0) K 00BEMY MPOU3BEACHHON 32 OTYETHBIIN MEpHO MTPOTyK-
UM B HATYPAIEHOM BBIPQKEHUH, €IHMHUIIBI U3MEPEHHUS — THIC. M°/€]I.,

3) JoJist TOBTOPHO HCIIONB30BAaHHOHN BOJBI B 00IIeM 00bEME pacxoa BOABI HA
COOCTBEHHbIE HYXKIbI, €MHUIBI M3MEPEHUS — MPOLEHTHI, HCTOYHUKOM JAaHHBIX IS
aToro noxasarens aeisercs Gopma Ne 2-TIT (Boax03), Kak U I IEPBOTO MOKA3aTeNs.

M3BECTHBIM HCTOYHUKOM, B TOM YHCJIE SKOIOTHYECKUX HHINKATOPOB JCATEIb-
HOCTH OpraHu3aluH siBisieTe HepuHaHcoBast oTuéTHOCTh ESG, M pasHooOpasHble py-
KOBOJICTBA K €€ IIPeJOCTaBICHNUI0, HanpuMmep ['mobanbpHas HHULIMATHBA IO OTYETHOCTH
(Global Reporting Initiative, GRI). B rmaBe/paznene «Oxpana OKpysKaromiei cpeph» Ta-
KOH OTY4ETHOCTH PEKOMEHJYEeTCs HMCIIOJb30BaTh PsA IMOKa3aTelNeH, JalomnX BO3MOX-
HOCTb KaK HENOCPE/ICTBEHHOH OIEHKH JICSITENFHOCTH NPEATPUATHS, TaK U CONOCTaBIIe-
HUS €r0 JICATeTIbHOCTH B IMHAMUKE, B OTPACIH U Ha TeppuUTOpHr. OOBITHO HCHONIB3YeTCS
MIATh WHANKATOPOB PaCKPBITH HHPOPMAIHH TS pa3/iena BogooopammeHus (tadm. 2).

be3yciioBHO, OTAEIBHO MECTO 3aHUMAIOT WHUKATOPBI YCTOHYMBOTO Pa3BUTHS
(OSCP, Opranu3zanus ’KOHOMHUYECKOTO COTpyaHu4YecTBa U pa3sutust) u KYP OOH
(Komucens OOH mo ycToifunBOMy pa3BUTHIO), KaK CI0XKHAsI 3aBUCHMOCTb, BBIBOTH-
Mas 13 0a30BBIX JaHHBIX, KOTOPBIE KK PABIIIO HE BO3MOKHO ITPUMEHSTH [UIS1 HHTEP-
HpeTanyuy U3MEHEHHH, HO ¢ MX MOMOILBIO MOXKHO OLIEHHTh COCTOSHHE KOHOMHYE-
CKHUX, COIHAJIBHBIX HJIM HKOJOTHYECKUX NMEepeMEeHHBIX. OOBIYHO BBIIENAIOT UHIUKA-
TOPBI COCTOSIHNS, TABJICHUS M PEarnpPOBAHMS.
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Tabnuya 2
Xapaxtepuctuka naaukaropoB GRI B paznene 303 «Bona»
Hﬂlgllﬁmp PackpsiBaemast nHbOpMALUs KommenTapuu / HCKITIOUEeHH S
OOparieHre ¢ BOAOH Kak
301-1 part "

¢ o0IIM pecypcoM
VYnpasnenue HebIaronp-
301-2 SITHBIM BO3JIEHCTBHEM
cOpOCOB B BOJIOEMBI

PackpbIBaeTcsl Kak yIC/IbHBIN I0Ka3aTelIb HA THICSYY
JOJIAPOB BBIPYYKH M HA €AUHHUILY IPOTYKIHH
Tlokasarenb, pacKpbIBAEMBbIi YACTHYHO, O€3 pa3OUBKH 110
301-4 C6poc BozibI THUITYy Ha3HAYEHUS, MHOTJIa B COBMECTHO C IIPOU3BOJIUTE-
TAMA

O6muii pacxona BOJbl, pa30UBKa HOTPEOICHUS 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
Pa3NIUYHBIX HAYYHBIX HAPaBICHUH MHOTHX CTPaH MHpa IIPU HEIOCPEACTBCHHOM yda-
ctun 58-ro komurera CKOIIE (ISEM) pu FOHEIT ynanocs focTnds coraacust OTHO-
CHUTEIILHO 00IIMX 0a30BBIX CBOWCTB (UyBCTBUTEIBHOCTH K JIABJICHUIO, H3MECHEHHUSIM;
CIOCOOHOCTH K arperaTUBHOCTH B O0IIIEH cUCTeMe HHIUKATOPOB; IIPOCTOTE UHTEPIIpE-
TaIUy MoKa3aTeleil; HaydHOW 000CHOBAaHHOCTH MOYYSHHBIX HHIEKCOB HHMKATOPA),
KOTOPBIMH JIOJDKHBI 00J1a/1aTh MHAMKATOPB! ¥ HIEKCH [5]. KoHnenrtyansHoe n mene-
HaIlpaBJICHHOE HA3HAYCHUE MCIIOJIL30BAHUS TIOKa3aTeled IMHAMHUKH IPUPOJHOM
Cpeabl IPH YCIOBUM UX YJOBIETBOPECHUS YETHIPEM BhINICYKa3aHHBIM 0a30BBIM CBOIi-
CTBaM CBOAMTCS K IIPEACTABICHHUIO B 000OMIEHHON (popMe NaHHBIX OPraHU3ALHH T10
CJICJLYIOIINM OCHOBHBIM HaIPaBJICHUSIM:

— KOJIMYECTBEHHAsl M/MJIM Ka4eCTBEHHAs! KOMIUICKCHAS! OLIEHKA COCTOSIHUS U 1~
HAMWKH KOHKPETHOM SKOCHCTEMBI, HAITPHMEP BOJHOTO 00BEKTa B I[EJIOM HIIH €TO OT-
JICTIbHBIX KOMIIOHEHTOB;

— YHCJICHHBIC 3HAYCHUS NTapaMeTPOB U MOKa3aTesie XapaKTepu3yIomuX CBOH-
CTBA HUCCIIETyEMBIX BOJHBIX OOBEKTOB;

— YHCIIEHHBIE 3HAYCHUS KaKOTO-JIM00 TTOKa3aTeNs W/MIN UX COBOKYITHOCTH, Xa-
paKkTepHu3yIoNel B3aNMOJeHCTBIE M B3aUMOCBSI3H MEX/Ty SKOCHCTEMaMH, B TOM YHCIIE
BOJIOOXPAHHOM 30HBI;

— YHCIICHHOE 3HAYEHHE ITapaMeTPOB XapaKTEPHCTHK UCCIIETyEMBIX IPOIIECCOB 1
SIBJICHUH, IPOTEKAIOMNX B 9KOCHCTEMAX;

Cpean MHIMKATOPOB yCTOHYMBOIO PasBUTHs, Karteropuu «B. Dkomornueckue
UHIUKATOPBI», Tpynnsl «B-1. Boxnsie pecypcern» (Tabun. 3, 4) [4].

DKOJIOTHYECKIE HHANKATOPHI JOJDKHEI OBITH IEPBOCTETIEHHO 3HAYMMBIMHU MeXa-
HU3MaMH, JTOCTIKEHHMS LeJIeH YCTOMINBOTO Pa3BUTHS KaXk10H OpraHU3aIMU U TEPPH-
TOPHATBHOTO CyOBeKTa. VX BaKHOCTH 3aKJIFOYAETCS] B HEMOBTOPHMOM CEKTOPAIbHOM
WIIN UHTETPaIbHOM KOHTEKCTE, C(POPMYTMPOBAHHOM B YHHKAIFHOM KakK Ha COIHAIIb-
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HOM YpOBHE, TaK U Ha aJMUHHCTPATUBHO-TeppUTOpHaIbHOM. [IpeacraBienue oruer-
HOCTH 110 OCHOBHBIM MH/NKATOPaM KOJOTMYECKOI pe3yIbTaTUBHOCTH SIBIISETCS 005~
3aTeIbCTBOM OpPraHU3alHy.

Tabnuya 3

Tpu rpynmbl ”HAMKATOPOB paszielia «3allkTa 3a1acoB U KauecTBa IPECHOI BOIbD

WumkaTops! —
JIBIDKYILAS CHJIA

68. ExxeronHoe U3bATHE MOA3EMHBIX U IOBEPXHOCTHBIX BOJ, B % OT HOCTYI-
HOro o0beMa
69. [ToTpebeHne BOIBI HAa AYITY HACEICHUS

74. 3amacel HOA3EMHBIX BOJT (M3)

WHuKatopst 75. Konnentpauus ¢ekanbHbix Coli-popm B HCTOYHUKAX MTPECHOI BOIBI

TEKyILEro (aucino wa 100 M)

COEIIHIET 76. ITokazarenu OHOXUMHUYECKOTO ¥ XUMHYECKOTO ITOTPEOICHUS KUCIOpoa
10 BOJHBIM UCTOYHHKAM

UHauKaTopst 80. O6paboTka cToUHBIX BOJ (% 00CITyKMBAEMOI0 HACEJIEHHUSI BCETO U 110 TH-

pearnpoBaHus am 00paboTKH)

Tpu rpynnbsl HHAXKATOPOB pa3ziena «3aluTa OKEaHOB, MOpel 1 OeperoBbIX 30H»

Tabauya 4

WumkaTops! —
JIBIDKYILAS CHJIA

70. BbIJIOB MOPCKHX OPTaHU3MOB (T)

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

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

73. HakomieHue coeiHenuii asora u pocdopa B mprOpekKHbIX BOAaX (T)

MH1uKaTops! 77. OTKIIOHEHUE 3aI1acoB
TEKyYIIEro 78. OTHOIIEHNE STOTO OTKJIOHEHHS K PeabHBIM 3aracam
ML 79. HeKe pa3BUTHSL MOPCKHUX BOJOpOCIICH
Wuukaropsl .

81. Yuacrue B cornamieHusx, Kacarmmxcs Mopeit (1a/aer)
pearupoBaHust

Ecnm x0oTst OB IONBITaTh OCMBICICHHO YIIPOCTHTH BCE BBIIIECKAa3aHHOE, TO 3a
9KOJIOTUUECKUIT HHIUKATOP MOXKHO IPHHATH 3HAYUMBIH 3JIeMEHT nH(popMarun, Heoo-
XOJMMBIN B KOHKPETHOM Cllyuyae JUIi aHalu3a AMHAMUYECKOTO COCTOSHHSI KaK KOH-
KPETHOTO BOJHOTO 00BEKTa, TaK M B TEPPUTOPHATIFHOM KOHTEKCTE MIIH BOJHOTO Oac-
ceifHa. [ToMrMO yKa3aHHBIX BBIIIE CYMTAEM HEOOXOTMMBIM OTMETHTH CIICTyFOIIHe

(Tabm. 5):
Tabauya 5
[Ipumeps! S5KOTOTHYECKUX NHINKATOPOB JUIS BOAHBIX 00BEKTOB
Tun unukatopa IMpumepsr

CocrosiHHE [Noka3arenn BoJ — XUMUUECKHe, (PH3UUECKUE, OHOIOTHYECKHE; CTPYKTYpa BO-
JIOOXPAHHOW 30HBI; THIIBI 3MJICHIONB30BAHUS; CHEHU(HKa OCHOBHOTO BOJO-
I0Ib30BAHUS U JIP.

JlnHamuka BpemMenHsle u TUIONIaHBIE M3MEHEHUSI HHIMKATOPOB cOCTOAHUS (OeperoBas
JIMHUSL, PACXOJ1, YUCIIO BOJIONOJIb30BATENCH U JIp.)

JlaBnenue AHanu3 TOKa3areleidl  HENOCPEJICTBEHHOW, HalpuMep pPeKpearMoOHHON
Harpy3KH ¢ pa30MBKOIi Ha CE30HBI; U3MEHEHNE THITOB 3eMJICTIONb30BAHMS; 00b-
&Mbl BOj103a00pa u jp.

Jpyrue Cratyc BOJHOro 00BEKTa, COBOKYIIHBIH aHAIM3, HAPUMEp IO JaHHBIM BCEX
THIPOJIOTHIECKUX MOCTOB MIIM CYIIECTBYIOIINX HCCIEIOBaHMH, oOecredeH-
HOCTb U peajn3aliys ONACHBIX SIBJICHUIT
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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 SBJICHUSIMH HA JKU3Hb, PA3BUTHE U YCTOINUHUBOCTH YKOCH-
cTeM, OOIIECTB M OTAECNBHBIX JroAeH. B cBA3M ¢ ueM mocTynHOCTh MH(OPMAINH, €&
aHaIN3 W WHJMKALMOHHBIC XapaKTEPUCTUKH IO3BOJIAT 3((peKTuBHEE 0OecneunBaTh
6e30macHOCTh KaK Cpeibl OOMTAHHS JIIOJCH B IEJIOM, TaK M KOHTPOJIHPOBATH IMPO-
O7IeMBI, B TOM YHCJIe Ka9eCTBa BOJHBIX PECYPCOB.
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IIporuo3 cpoxoB nosiBJCHHU JIbJAa U YCTAHOBJICHHA JIe10CTABA
Ha pexke YMOe ¢ HCN0JIb30BAHHEM HEHPOHHBIX ceTeil

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

Tocyoapcmeennviii cuoponocudeckuti uncmumym, 2. Canxm-Ilemepoype

AnnoTtanust. OT™Meudaercs, 4To pa3paboTKa U yCOBEPIISHCTBOBAHNE METOI0B MPOrHO3UPOBAHHS Xa-
PaKTEPUCTHUK JICJOBOTO PEXKHMMA SBISICTCS OJHON M3 BAXHBIX 337144, HEOOXOANMOH ISl KOMILICKC-
HOTO HMCIOJIb30BaHMs BOJHBIX pecypcoB. B mociennee BpemMst METO/IbI ITyOOKOro 00ydYeHHs MOITy-
HaloT IUPOKOE PACIIPOCTPAHCHUE B LIEIISX POrHO3UPOBAHUS PA3IMUHbBIX KIMMATHYECKUX U THIIPO-
JIOTMYECKUX XapakTtepuctuk. [IpeacraBinena pa3paboTka HEHPOHHOI CETH C UCTIOIH30BAHUEM METO-
JI0B TIIyOOKOT0 OOY4eHHs Ul MPOTHO3a CPOKOB ITOSIBJICHUS JIbJIa U YCTAHOBJICHHS JICOCTaBa Ha
p. YMOe ¢ y4eToM MCTOPHYECKHMX JAHHBIX O METEOPOJOTHYECKUX U I'MAPOJIOTHUECKUX XapaKTepH-
cTukax. PaccMOTpeHbI BapHaHThl NPUMEHEHUS PA3IMYHBIX apXUTEKTYp HEHPOHHBIX CEeTei, yTod-
HEHBI MX TIPEUMYIIECTBA U HEAOCTATKH.

KiroueBbie ciaoBa: seoBblif pexnm KolbCKOro mnoiyocTpoBa, HPOrHO3 CPOKOB 3aMep3aHus,
HEHpOHHBIE CETH.

JlenoBBIi peskuM peK, 03ep M BOAOXPAHUINIL OKa3bIBAET CYIIECTBEHHOE BIIUS-
HHE Ha paboTy BOJ03a00PHBIX COOpPYKEHHH, BOJHOTO TPAHCHOPTA, SKCILTyaTaIHio
THJIPOTEXHUYECKUX COOPYKEHUH, CPOKHU E€HCTBUS JIETOBBIX I0POT, TOPOKHOE CTPOU-
TEIbCTBO, MPOKJIAAKy He()Te— M ra30MpoBoI0B. PaloHanbHOE HCHONB30BaHUE BOJI-
HBIX PECYpCOB B 3UMHHUII MEPUOJ BO3MOKHO Ha OCHOBE IIPOTHO3A JIEAOBBIX SBICHHUH
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[1]. OnHUM U3 IPOTHO3UPYEMBIX HJIEMEHTOB JIEAOBOIO PEKUMA PEK SIBJISIOTCS CPOKU T10-
SBJICHHS JIbIIa M YCTaHOBJICHHS JenocTaBa. OcoOyro aKTyalbHOCTh MCCIICIOBAHUE ITHX
(a3 1em0BOrO pexKrMa IPHOOPETACT B YCIIOBUSIX COBPEMEHHOIO U3MCHCHUSI KITMMATA.

CucreMaTHYeCKNi BBITYCK MTPOTHO30B CPOKOB MOSBIICHNUS JICTOBBIX SIBICHUN B
Halel ctpane Havascs B 40-X rogax MpoLUIOro CTOJIETUS U K HACTOSIILEMY BPEMEHHU
B 3TOH c(hepe TOCTUTHYTHl 3HAYUTEIIFHBIC YCIIeXH. B 0OCHOBE KpPaTKOCPOYHBIX IPOTHO-
30B JICZIOBBIX ABJICHU JICKUT MIPUMEHEHUE HE TOJIBKO (PU3UKO-CTATUCTUYIECKUX 3aBU-
CHMOCTEH, HO M CTPOTUX PEUICHNI, OCHOBAHHBIX HA UCTIOJNE30BAHNN YPABHEHHS TEII-
noBoro Oananca. J[onrocpoYHbIe IPOTHO3HI JIEOBHIX SBICHIH 0a3HUpPYIOTCS Ha y4eTe
3aKOHOMEPHOCTEH pa3BUTHsI aTMOC(EPHBIX MPOLECCOB H MIPEEMCTBEHHOCTH UX U3ME-
HEHUsI, B TEUEHUH TIOCIIeIyIOIIero nepuoaa speMenu [2]. OnHako MHOTHE METOIMKHI
paspaboTansl B ceperHe XX B. M B HACTOSIIEE BPEMs HYKITAIOTCS B yTOUHEHHUH.

3a mocieHee JecATHIICTHE TITyOOoKoe oOydeHHe — HallpaBICHHE MAITMHHOTO
00y4eHusi, OCHOBAaHHOE Ha UCIOJIb30BaHUU MHOTOCIOWHBIX HUCKYCCTBEHHBIX HEHPOH-
HBIX CeTel — KapANHAIBHO M3MEHIIIO TTOAXO K CO3MAHUIO CTATHCTHUECKUX MOJETIeH
B pa3IH4HbIX cepax. OHO HAXOAUT MPUMEHEHHUE B 337a9ax KiacCH(UKaINN H300pa-
JKCHUH, MAIIMHHOTO MEPEBOJa, PACIO3HABAHUS PEYM M MHOTHX JIPYTHUX OONACTSIX.
Hayku o 3emste, B TOM 4HCIIe THIPOJIOTHS, HE SBIAIOTCS HCKITIOUYCHUEM.

[IpenmyIiecTBO MCIONIB30BaHUS TIyOOKMX HEHPOHHBIX CceTeil 00YCIOBICH MX
BBICOKOH YHHBEPCAIBHOCThIO U 3()(ekTHBHOCTEIO. COBOKYIHOCTH 3THX KadecTB
Hapsiay ¢ OBICTPBIM yBEIWYEHHEM 00BEMOB HAKOIUICHHBIX JJAHHBIX 00 OKpY KaIoIIeH
cpeze M POCTOM JOCTYIMHOCTH BBIYUCIUTEIBHBIX PECYPCOB MTO3BOJISIET PACCMAaTPUBATh
rIyOOKre HEHpOHHBIE CETH KaK HOBOE TOKOJICHHE MaTeMaTWYecKux mojeineid. OHu
CIIOCOOHBI HE TOJBKO JIOMOIHUTH, HO U MOTCHIIHAIBHO 3aMCHUTH CYIICCTBYFOIIHE Me-
TOJIbI MOAEIUPOBaHUA Teodu3ndeckux mpoueccos [3].

OCHOBHBIM IPEAUKTOPOM IS IPOTHO3a CPOKOB MOSABICHUS NEPBUUHBIX JICIO-
BBIX SIBJICHUH U yCTAHOBJICHUSI JIEJOCTABA SIBJISIETCS] HAKOIUIEHHAs! CyMMa OTpULaTe b-
HBIX TEMIIEpaTyp BO3AyXa. B ycioBHAX COBpEMEHHOr0 U3MEHEHUS KIMMaTa yBeluye-
HHE CyMM OTPHIATEeIbHBIX TEMIIEPATyp BO3AyXa (PUC. 1) IPUBOIUT K yBETUUCHUIO TIe-
pHoJa 3aMep3aHus PEK OT TOSBICHHS ITEPBUYHBIX JIeJ0BbIX siBnenuid (ITJI5) no ycra-
HOBJICHUS JiegocTaBa. CylIecTBEHHOE BIHSIHUE Ha (JOPMHPOBAHHE JICOBBIX SBICHHHA
OKa3bIBAOT aTMOC(EpHBIC OCAIKH. YBEIUYCHHE UX KOJIMUYESCTBA B MIEPUO] CTAHOBIIC-
HUS JIEZIOCTaBa CIIOCOOCTBYET 00pa30BaHUIO CHEXYPHI M IIYTH, YTO M3MEHSET THII U
Cpoxu (hOPMHUPOBAHHS JIEJOBOTO TIOKPOBA.

B kagecTBe 00BbeKTa UCCIe0BaHUS BEIOpaHa p. YMOa, mpotekatomias Ha Koib-
CKOM ITOJTyOoCTpoBe. JIe1oBbIe ¥ THAPOIOTHYECKHE XapaKTEPUCTUKU OBLIN COOPAHBI MO
rugporocty mopor Ilasnka. MeTeoponornyeckie JaHHBIE MOITYYeHBI C METEOPOIOTH-
YeCKOW CTaHIMH B 1oc. YM0a. B kagecTBe MpeTUKTOPOB MPOrHOCTHYECKOM 3aBUCHMO-
cTH ObUIH BBIOPAHBI CYTOYHBIC JAHHBIC: JaThl HACTYIUICHHUS JICOBOTO SIBJICHHS, THIT Jie-
JIOBOTO SIBJICHUS, HAKOIUICHHAsI CyMMa OTPHIATENIFHBIX TEMIIEPaTyp BO3IyXa, HAKOII-
JICHHAsl CyMMa OCaJIKOB, ypPOBEHb BOJIbI. ba3a qaHHbIX codpana ¢ 1936 mo 2021 r. 3a me-
puozn c 1 okTs10psi o 31 sTHBapsi COOTBETCTBYIOIIETO BOAOX03IHCTBEHHOTO rofa. Beibop
TaKOTO BPEMEHHOT'0 MIEpHOJia TPOJUKTOBAH HANOO0Iee PAaHHUM HA9aJI0M TeMIIEPaTyphl
Bo3ayxa yepes 0 °C u Hanboee mo3aHel natoi GOpMUPOBAHHS JIETOCTABA.
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Puc. 1. Cronp3siiee cpegHee CyMM OTPUIATEIbHBIX TEMIIEPaTyp BO3oyXa
3a XapaKTepHBIC JIaThI

Heiiponnslie cetn ObUIH pa3paboTaHBI Ha sI3bIKE MporpaMMupoBanus Python c
HCTIONB30BaHneM OnbaroTekn AutoKeras — MOIIIHOTO HHCTPYMEHTa aBTOMAaTHIECKOTO
MarmuHHOTO 00yueHus (AutoML). AutoKeras 3HaUUTETBFHO YIIPOIIACT MPOIIECC CO3/a-
HUs1, 00YYEHHMS U ONITHMHU3ALUH HEHpOceTeid, aBTOMaTH3UPYsI T0JI00P UX CTPYKTYPBI U
THITEPIIapaMeTPOB.

OOyueHre MOJEIH MPOHU3BOAMIOCH C IIOMOIIBI0 Kpocc-Banuaanuu. M3 Bcero
HaOopa JaHHBIX BBIICICH HE3aBUCHMBIN HAOOP JAHHBIX JJIsl OLICHKH TOYHOCTH PaOOThI
mozemnu (¢ 2010 mo 2019 r.). Ha nepBoM 3Tamne ocraBIuecs JaHHbIE ObUIN pa3AelIeHbl
Ha 00y4aeMbIii 1 TecTOBBI Habops! B cooTHomeHn: 80 u 20 % coorBercTBeHHO. Ha
BTOPOM 3Tare MoJeNlb 00yJaxach Ha BCEX OCTABIINXCS JaHHBIX, H pe3yJIbTaT €€ Mpo-
THO3a OIICHUBAJICS [10 HE3aBUCHUMBIM JJAHHBIM.

JLnis mporHO3a AaT NOSBICHUS JIbAa OBUIN UCTIOJIB30BAHBI JOTTOTHATEIBHBIE KITH-
MaTHYecKHe mapaMeTphl: 00JIauHOCTh, HalIPaBJICHIE BETPa, CKOPOCTh BETpa, TEMIepa-
Typa MOYBHI, aTMOC(EpPHOE TaBlICHHE (PHC. 2).

IIporHo3 cpokoB yCTaHOBICHHS JIEJOCTaBA C UCIOIB30BAHUEM JOMOIHUTEIb-
HBIX KIAMAaTHYEeCKUX MapaMeTpoB HE Jajl XOPOIIETo pe3yIbTaTa, I03TOMY 00ydeHHe
HEHPOHHOI CeTH MPOBOAMIOCH C HCIOIh30BAaHHEM OCHOBHBIX IIPEIUKTOPOB (pHC. 3).

Co3naHHble HEHPOHHBIE CETH UMEIOT 5 CI0EB: BXOAHON, BEIXOIHOM U TP CKPBI-
ThIX ¢J10s1. CKpBITBIE CIIOM TPEACTABISIIOT Co00M MoHOCB3HbIe Dense-cnou ¢ GpyHK-
el aktuBanuu RelLu. @yHKms akTuBarys HeoOxoaumMa st 3(hGeKTHBHOTO 00yde-
HHUE MOJICNH, T00aBICHUS HEMMHEHHOCTH, yCKOpeHHs 00ydeHus. [ KaxIoi SIOXH
00y4eHUsI pacCUUTHIBATACh METPHUKA accuracy (OTHOIIEHHE BEPHO IMpPEeACKa3aHHBIX
KJIACCOB JICAOBBIX SBICHHN K 00IIEMy KOJIMYECTBY MPUMEPOB), 3HAUCHHS KOTOPOH ¢
KQXKI0H 3M0X0H yImydmiainch. beio BeimosrHeHo 50 mukioB ooydenus ¢ 100 smoxamu
B KaX/1I0M. 3HaYeHUs METPHUK JJISl MOACIH C JOMOIHUTEIbHBIMU KIMMATHYECKUMH Ta-
pameTpamMu NpUBEACHBI B Ta0m. 1.
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Puc. 3. [Iporuo3 nat ycTaHOBJICHHS JieJocTaBa Ha p. YM0a — nopor [lasiika

Tabauya 1
OrneHka paboThl HEHPOHHOI CETH JUIs IPOTHO3a JIAT MOSBICHUS JIb/IA
Merpuka 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, MpUMEHEeHNe HEUPOHHBIX ceTeil odecre-
YHBAET TOYHBIC TIPOTHO3BI CPOKOB TMOSBIICHUS MEPBUYHBIX JICJIOBBIX SBICHUH U TIPU-
eMIIEMBIC Pe3yNbTaThl Ul JaT YCTaHOBJCHUS JiefocTaBa. OMHAKO JUTS MOBBIILICHHS
TOYHOCTH NPOTHO3MPOBAHUS TpeOyeTcst Oomnee qeTanbHbIi aHAIN3 CTPYKTYPBI U CIIOCB
00y4YeHHBIX HEMPOHHBIX ceTeid. Tak, HampuUMep, MOXKHO W3MEHUTH apXUTEKTYPy MO-
Jenmd, 3aMeHUB CKpbIThie Dense-ciiom Ha ciom Ttuma LSTM (Long Short-Term
Memory). Unes LSTM cocTouT B TOM, 4TOOBI TO3BOIUTE KaxaoMy Iary RNN Bb1Ou-
paTh HHGOPMAIHIO TS TIPOCMOTpPa M3 HEKOTOPOro Oosiee KpymHOro Habopa uHpop-
manuu [4]. OcHoBHas mpoOiema ctaHAapTHHIX RNN 3axirouaeTcst B 3aTyXaHUU Tpa-
JIMCHTA, YTO 3aTPYyAHSCT OOY4YCHHE MOJCNCH Ha JUIMHHBIX ITOCICIOBATEIBHOCTSX.
LSTM pemaer 3Ty npoGiieMy ¢ MOMOIIBIO CIIEIUATbHON CTPYKTYpHI ceTH. Kak mpa-
BIJIO, KJTacCH(UITMPOBAHHBIE PSRl TOCTATOYHO HECOATaHCHPOBAHHBI M3-3a yUeTa
MO3THHX JaT YCTAHOBJICHHS JiefocTaBa. /711 HacTpOMKH MOJICNHN U yueTa HAMMEHBIIINX
KJIaccoB (TIEPBUYHBIC JIEJOBBIC SIBICHHUS) MOXHO HCHONb30BaTh Mmeron SMOTE
(Synthetic Minority Over-sampling Technique), KOTOpbIii O3BOJSAET T00ABUTH JIaH-
HBIE HANMEHBIINX KJIACCOB C TIOMOIIBIO0 MeToAa Onmkaiimero cocena. Kpome toro, B
HEKOTOPBIX CIIydYasiX YBEIHMUYCHUE YHCIIA KJIAcCOB, HAIIPHMEP, BBOJOM KIlacca JJis He-
YCTOMYHMBOTO JIEJOCTaBA, MOKET AATh YIIyUIICHHbIC PE3yJIbTaThl U3-3a PY4YHON OanaH-

CHUPOBKH KJIACCOB.
Tabruya 2
Pe3ynbTaThl pabOTHI MOJIENH HA HE3ABUCHMBIX JIAHHBIX

I[aTa TOSIBJICHUSA TIEPBUYHBIX

o P ———— JlaTa ycTaHOBICHUS JIE0CTaBa

Ha6monenust IIporuos Ha6umonenuns 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

Taknm 00pa3om, NCTIONB3YS! MTPOJOKUTEIBHBIE PSIIBI HAOTIOJCHHUH 32 THIPOIIO-
THYECKMMHU U METEOPOIOTHUECKUMH XapaKTEPUCTUKAMH IPUMEHEHE HEHPOHHBIX Ce-
Teil MO3BOJSET CYLIECTBEHHO YIIYUIINTh CYIIECTBYIOIIME METOJUKH IPOrHO3HPOBA-
HHA [TApaMETPOB JIE0BOro pexnma pek Kosbckoro nomyoctposa. Bo3moxkHOCTb HC-
HOJIB30BaHMsI OOJIBIIIOTO YHCIIA MPEAUKTOPOB MO3BOJISIET CTPOUTH YHUKAIBHBIE IPO-
THOCTUYECKUE 3aBHCUMOCTH PA3lIMYHBIX TUIOB 3aMEp3aHMs PEK, YUUTHIBATH €CTe-
CTBEHHYI0O M HCKYCCTBEHHYIO 3aperyJMpOBaHHOCTh BOJOTOKOB, MOP(OJIOTrHYECKUE
0COOCHHOCTH pycell, KITIMMAaTHIeCKUEe N3MCHEHUS U JIp.
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V]IK 504.03:711.4(556)
IKOCHUCTEMHbIE YCIYru BOAHBIX 00bEeKTOB

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

"Hnemumym anobanvnozo knumama u sxonozuu um. axkademura FO. A. Hspasna, 2. Mockea
2Upxymckuii 2ocyoapcmeennviil ynusepcumen, 2. Upkymck

Annotanus. B coorserctBun ¢ MexayHapoaHoit nHunmatuBoii TEEB ucnonb3yercss ueTsipe
TPYyTIBI OCHOBHBIX 9KOCHCTEMHBIX YCIIYT, KOTOpPBIE TIOJHOCTBIO COOTHOCSITCS C CEPBHCAMM BOJIHBIX
00BeKTOB. 3a/iaua OIEHKH Oyar MPUPOJHON CPEe/bl 10 CHX MOP OCTAETCsl YaCTHYHO HEPEIIEHHOM.
IIpennaraercs MCIONB30BATh IS TOTYYEHHS HTOTOBOH IIEHBI JIEKCHKOTpauuecKue MpeamouTeHus,
COLIMANIBHYIO CIIPABEJIUBOCTD, ICOHTOJIOIMYECKYIO U HE TYMaHUTapHYI0 CTOMMOCTD IIPU HETIOCpe/i-
CTBEHHOM BKJIFOUCHHUH TaKChl M OOHHUTETa pecypca MOTPEeOUTENILCKON 1 O€3 ITOTpedIeHHs T CO3AaHus
00BEKTUBHOMW II100aTBbHOM CTaHIAPTHOM OCHOBBI Y4€Ta MPUPOIHOTO KAaMKUTaa BOJAHBIX O0BEKTOB.

KiroueBble cji0Ba: IEHHOCTb, TIOJIb3a, BOJIA, BOAOIOIB30BaHUE, CEPBUC, SKOHOMHYECKAsT OIICHKA.

DKOCUCTEMHBIE YCIYTH, IPEUMYIIECTBEHHO OeCTIIaTHbIE CEPBUCHI, TPEIOCTAB-
JsieMbIe TIPHPOTHBIMA 00BEKTaMH (OKpYKaoIIel IPHPOIHON CpeIoif), bmaromaps Ko-
TOPBIM JIIOJM MOTYT YKPENHUTh CBOE ONAaromoiydume W YCHJIMTH HpolBeTaHue. He-
CMOTpsI Ha JIaBHEE BpeMsl MOSIBJICHUS KaK MOHATHUS, TaK U MCIOIb30BaHUSI MTOJIX0/0B
aHaJIM3a, 3HAYUTEIHHOE YMCIIO HAYYHBIX PabOT 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 HAIIK METOBI OYUCTKH BO3/yXa U BOJIBI JAIEKHU OT UJCATbHBIX WU
JIOPOTH, B CPAaBHEHUH C BOAHO-O0IOTHBIMHU YTOAUSMH U JISCHBIMHU dKocucTeMamu. [1lo-
noroNr3M (paKTHIECKH 3aMEHIII MHOTHE BApHAHTHI aKTUBHOT'O OTIBIXA, HO BCE ATH H3-
MEHEHHMS He CJIeNaii HaC CUACTIIMBEE U 3/I0pOBee.

B cootBerctBun ¢ Mexnynapoanoi manimatuBoii TEEB (The Economics of
Ecosystems and Biodiversity), koTopasi cTaBuiia CBOei IIeNbI0 TIPUBJICUESHIE BHUMA-
HUE U IIPOBEJICHUE IEPBUYHON OLIEHKN YKOHOMHYECKON BBITOJIbI OT COXPAHEHMS U OIl-
TUMU3AIUHN UCTIOIB30BaHUsI OMOpa3HO00pasus, Obliia CO3/1aHa CIOKHASI CUCTEMA BBI-
SIBIICHUS Pa3JIUNYHBIX BBITOJT OT MIPUPOJIBI «XOPOIIETO Ka4ecTBay, T. €. MOJIE3HOW 1 60-
Jee moporoi (LEHHOI) OyaeT Yucras peka, a He Ta B KOTOPYIO OCYIICCTBIIIOTCS
cOpOCHI CTOYHBIX BOJl U HE KOHTPOJHUPYIOTCS CMBIBBI C OKPYXKAIOIICH TEPPUTOPUH.
TEEB nblTanack aHaIM3upOBATh BHITOIBI, OOBSCHITH 3HAUYMMOCTD M aKTyaJHn3UpOBaTh
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HEOTJI0XKHOCTb TIEPBOCTENIEHHBIX ACHCTBHIA C NCIIOIb30BAHUEM IISITH UTOTOBBIX [TOKa-
3areneil:

DO: Hay4HBIE 1 9KOHOMUYECKHE OCHOBBI, TIOJIMTHYECKHE U3/ICPIKKU U U3ACPIKKH

Oe3ercTBuS,

D1: monurnueckne BO3MOXHOCTH JUIS HALIMOHAIBHBIX U MEKITyHapOIHBIX II0-
JMTHKOB,

D2: nmoayepykka MPUHSTHS PEILICHUI ISl MECTHBIX aIMUHHUCTPATOPOB,

D3: 6usHec-pHCKH, BOSMOYKHOCTH H ITOKA3aTEIH.

D4: coOCTBEHHOCTH TPAXKIAAH U MOTpeduTeNei [2].

Cospemennas pabota rpymmsl uccnenosareneii TEEB Bkirodgaer B ce0st onpe-
JIeJIeHHE [IEHHOCTH HECKOJIBKHUX KPYIHBIX OJIOKOB:

— LEJIOCTHBIE U CHCTEMHBIE PEIICHUST K SKOHOMUKE CEJIbCKOTO X03HCTBA, KOTO-
past cBsi3aHa CO CIOXKHBIMH LIETIOYKAMH JIOTUCTHKHA CTOMMOCTH, B TOM YHCJIE B KOHTEK-
CT€ HMCIIOJIb30BAHMS BOJIBI M BOJHBIX OOBEKTOB;

— COCTOSIHHE, UCTIONB30BaHNE, TPOOJIEMBI U MEPCIIEKTUBBI MPUOPEXKHBIX (B OC-
HOBHOM HPHJIETAIOMNX K MOpPSIM) MECTOOOMTaHWH, TIeé CKOHLEHTPUPOBAHA 3HAYH-
TeNIbHAs YacTh YEJIOBEUYECTBA U MPOSBIISIOTCSI MHOTHE T100aJIbHBIE TIPOOIIEMBI;

— yuér OorarcTBa, BKIIouast yuéT mpupoaHoro kanurtana (NCA);

— FCCIIEI0BaHNE OCOOCHHOCTEH SKOCHCTEMHBIX YCIYT B CTPAaHAX U PETHOHAX.

Vcnionp30BaHne 3TUX BEKTOPOB JJISI OLICHKHU YCIyT BOJHBIX O0BEKTOB IIPUBEIET
K OCO3HAHHUIO UCTHHHOTO TEPPUTOPHAIBLHOTO U pecypcHoro BBII.

Knaccuueckast kiaaccu(UKalus IKOCHCTEMHBIX YCIyTr BKIIOYAeT YeThIpe
TPYIIIIBL:

1. Provisioning (aHIJI.) — KaKk CHa0>KEHHE YEeM-TO MaTEePUAILHBIM, CBIPhEM.

2. Regulating (aHri1.) — Kak peryJupoBaHUe IPUPOAHBIX IPOLIECCOB.

3. Supporting (aHTI.) — KaK MOAIEpKaHUE YCIOBHMA, JaXKe CYIIECTBOBAHHUS.

4. Cultural (aHry.) — KyJIBTypHBIC, JYXOBHBIC CEPBHUCHI.

Ho He cTout 3a0bIBaTh 0 BOIPOCAX NOJUTHKH, OOecrieueHne 6e301acHOCTH, HH-
(dopManmoHHOE 3HaYCHUE, HAIPUMEP FeHETHYECKUX PECypCOB, OXPaHbl 30POBBS H,
KOHEUHO, IPEBATNPYIOLINE XKETAHH KPATKOCPOUHBIX BBITO/.

J1nst BOHBIX 0OBEKTOB B 00IIEM BHJIE MOXKHO YKa3aTh JIMIIb HEKOTOPbIE CIIEy-
IOIINE HAMPABJICHUS peaIN3allii SKOCHCTEMHBIX yCIyT (Talur.).

Tabnuya
IIpumepb! SKOCUCTEMHBIX YCIIYT JUIsl BOAHBIX 00BEKTOB
Yenyru IIpumepst
Ob6ecneunBaronye, | Yucras Bozaa, ppida, BOJOPOCIH, SHEPTHs, )KU3Hb BOAHBIM OpraHM3MaM U
MaTepHaIbHbIE o0bekTam — pudam, MaHrpam, BOJa IS CTICIUAIBHBIX BUOB BOIOIMOJB30-
BaHUsA

Perymupytommue, pe- | BinsHne Ha KiMMart 1 MEKPOKJIMMAT, KDYTOBOPOTHI BEIIECTB U BOJIbI, B TOM
TIIaAMEHTUPYIOIINE YHCIIe KaK YaCTh T€0JIOTNYECKOT0, ISTOHUPOBAHUE YTIIEPO/Ia, 0COObIE MHK-
POKIIMMAaTHYECKHE YCIOBHUS, KOPHIOPBI JUIs IEPEMEIIICHHSI.
Bcenomorarensaele, | OuuieHue BoJbl, cpefooOpa3zoBaHKe, (OTOCHHTE3, HJI, OCAIOYHBIC I10-
MOAJCPKUBAIOIINE | POJIbl, OOUTATEIN BOJOEMOB M IPUOPEKHBIX TEPPUTOPHIA, HEPECTUIIHILIA.
KynprypHBIE OT1pIX, HayKa, 00pa30BaHUE, PEIUTHsl, HCKYCCTBO, ATTPAKTUBHOCTD TEPPH-
TOPHH, CBSIICHHBIC OOBEKTHI
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B cTpykType 6a30oBoro 3emirenons3oBanus Poccuu BOAHBIE 00BEKTHI OTHOCSATCS
K KaTerOPHH 3eMelTb BOTHOTO (DOH[A, a BOT MPHJICTAIOIINE TEPPUTOPHH, HECMOTPS Ha
HAJIMYUE BOJAOOXPAHHBIX 30H, MOTYT OTHOCUTHCS K (DAKTHYCCKH JIFOOO0I Ipyroi Kate-
ropuu u TeMm Ooiee Ha3HAYeHU. BcE 3TO yCIOXKHACT HE TONBKO MEPBUYHYIO OIICHKY
[ICHHOCTH — HE [IEHBI, @ COBOKYITHOCTH CBOICTB BOJHBIX OOBEKTOB, MX MOJIB3Y U 3HA-
YUMOCTB IS Jrojei. Emeé Oonee 3aTpyHUTEIHHO TONYYUTh (PHHAHCOBBIN IKBHBA-
JICHT U3MEHEHHH, 0COOEHHO aHTPOMOTEHHYIO TPAHC(OPMAIUIO U BAPHAHTHI BIUSIHUS
Y 3arpsi3HEHUN.

CopnepxaHne M UCTIOb30BaHNE BOJHBIX 00OBEKTOB C YUETOM UX IKOCHCTEMHBIX
YCIIyT MOKHO OLIEHUBATh 10 CIAEAYIOIIUM METOaM:

A) TTorpeburensckast CTOUMOCTb, CKJIAQABIBACTCS:

— W3 CTOMMOCTH TPSAMOTO HCIIONB30BAaHUS (QHAJIHN3 BHYTPEHHETO W BHEIIHETO
pBIHKA, ydeTa 3aTpaT IPOU3BOICTBCHHON (PYHKIIMHA KOHKPETHOTO OOBEKTA),

— CTOMMOCTH HETPSIMOTO UCTOJIb30BaHUs (aHAJIU3 PHIHKA allbTePHATUBHBIX BH-
JIOB MCTIONIb30BAHUS, YUETa 3aTPAT HAa HETIPON3BOCTBEHHOE HCIIOIb30BaHNE, TeIOHNU-
CTHYECKOE IIeHoOOpa3oBaHue (OpeHIl TEPPUTOPHHU, KIIOYEBOH OOBEKT), YCIOBHAS
OlICHKa (IIepCIEeKTUBBI aHAJIOTOB);

— aNbTEePHATUBHON WM MHIMOM aJIbTePHATUBHON CTOMMOCTH (METOJ BOCCTAaHO-
BUTETHLHOHN CTOMMOCTH (€CJIH BIIOXKHTH CPECTBA B OUHIIIEHHE, BOJOIIOATOTOBKY, CTPO-
UTEIBCTBO MH(PACTPYKTYPHI sl ONTHMHU3AIMA U PAIIHOHATH3AUH HCIIOIh30BaHMS,
CO3/IaHUE OXPAaHHOTO CTaTyca), yué€T 3aTpaT Ha CMATYEHHUE MOCIEICTBUM, YUET 3aTpaT
KOTOPBIX MOKHO U30€XKaTh.

Bb) CroumocTh Hcmonb30BaHus 0e3 MOTPeOICHHS — TPAIUITUOHHBIA allbTPYyH3M
cyliecTBOBaHUS (YCIIOBHAs OIICHKA, YCIIOBHBIN BBIOOD). BBICOKMIT OXpaHHEIHA CTaTyC.

CToMMOCTb Ha BBIXO/IE, BKIIIOYAIOIIAsl COLUAIBHYIO CIIPABEIITUBOCTh (OCOOEHHO
JUIS Pa3NYHBIX BapPUAHTOB MCIIOJIB30BAHMUS OJJHOTO BOJHOTO OOBEKTA M IS BOJHBIX
00BEKTOB, MIPUHAUICKAIINX Pa3HBIM PETHOHAM W CTPaHaM), ICOHTOJIOTHYECKYIO CTO-
MMOCTh (MOpaJibHbIE U HPABCTBEHHBIE 0053aTeIbCTBA, HAIIPUMED MEpe]l JHOAbMHU K-
BYIIUMHU HHMXE MO TEUEHUIO WM OyIyIIMMHU MOKOJCHUSIMM), JTEKCUKOTpadUUeCKIe
MPEATTOYTeHUS (TOCPEICTBOM TOCIIEIOBATEIEHOTO CPAaBHEHHU KOIMYECTBa OJar, oT-
JIMYAFOIINX KOHKPETHBI 00BEKT WIIN 0OBEKTOB B PETHOHE), HE TYMAaHUTAPHYIO CTOU-
MOCTbh (OT cOopa IUIaTHI 32 MOCEIICHUE, 10 TUIAThI 32 3arPsA3HCHKE), B COBOKYITHOCTH
OCHOBAaHBI Ha OIIEHKE B paMKax I'PYIIIHI (HHOTAa HECKOJIBKIX ), COBEIIATEIIEHOM H COB-
MECTHOM, 0COOEHHO MEXIyHAPOIHOTO YPOBHSI, aHAIH3€E OLCHKH.

MHorue anbTepHaTUBHBIC IIEHHOCTH SKOCHCTEMHBIX YCIYT BOJHBIX OOBEKTOB
HAXOJATCS B TIPSIMOM U TeM 0oJiee B KOCBEHHOM KOH(IJINKTE, OOJIBIIUHCTBO U3 KOTO-
PBIX HE pa3peInMBbl, HAIPUMEp PEeTHOHANBHBIC CHCTEMBI TaKCAIMH W OOHHUTET pecyp-
coB. lHopMuIpOBaHIE U peIICHHS Ui OCHOBHBIX U YS3BHMBIX T'PYIIIT OTpeOUTENCH
BOJIHBIX OOBEKTOB U MPHUJIETAIOLIUX TEPPUTOPHUM B IPaHUIIaX BOJOOXPAHHBIX 30H: JIUII,
MPUHIMAIOIMINX PEIICHNS Ha TOCYIapCTBEHHOM M MECTHOM yPOBHSX, OM3HECMEHOB U
IIPOKOH OOIIECTBEHHOCTH HE MOTYT OBITH MPUHSTHI B OJHOCTOPOHHEM MOPSIKE U
WHOTJIa HA YPOBHE OJJHOTO TOCYAAapPCTBA IS TPAHCTPAHHYHBIX 00BEKTOB.
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Emé B 2007 r. Munuctpsl okpyxatomei cpeast crpan G8+51, B Ilorcname
(I'epmaHus), HHUIIMUPOBAJIH IIPOBECHUE TTI00aTHHOTO aHAIN3a YKOHOMUYECKUX BbI-
1ol OMOJIOrMIECKOro pa3HOO0pa3usl, Ul CPaBHEHHS yIlepOa, CBA3aHHOTO C €ro COKpa-
IIEHHEM M OTKa30M OT MPUHSTHS 3alIUTHBIX Mep, C 3aTpaTaMu Ha 3(QPEKTUBHOE CO-
xpanenue» [3].

[levanbHO, 9YTO MEPBBIM ITyHKTOM PEIICHHS MHOTHX ITPOOJIEM BOIHBIX 00HEKTOB
B Poccun OyzeT He HEOPEKHOCTH U TIIOX0E YIPaBICHHUE, HE ONPEACICHUE CTOUMOCTH
HAHOCHMOTO ¥ HAaKOIUIEHHOTO yIep0Oa, a JIMIIh HCTIOIHCHNE CYIIECTBYIOIINX 3aKOHO-
JIATeTBHBIX aKTOB IIPH UCIIOIB30BAHUH BOJHBIX O0BEKTOB M COJICPKaHIH BOJIOOXPAH-
HBIX 30H.

ITocrosHHast KOH(MPOHTAIMS MEXIy HMPUPOIOH, SKOHOMHUKOW M OIarococTos-
HHEM ITPUBOJIUT HAC K HE3aMEITUTEIIHHOMY OIPEIETICHIIO KOHIICIITHN 9KOCHCTEMHBIX
YCIIYT, HHa4Ye TOTepsI X, KaK O)KHUIAeTCs, OyAeT CTouTh 18 % MHUPOBOTO AKOHOMHUYE-
ckoro mpouzBojactsa k 2050 r. [1]. IImMOTHOCTE U CIOXKHOCTH ATOH MUpPUABI B3aUMO-
JIEHCTBUI MEX]ly YEJIOBEKOM U IIPUPOION CKPBIBAET peallbHbIE II0KA3ATEIN LIEHHOCTU
1 HEOOXOIUMBIE KOMIIPOMHCCHI PEIIeHHUH.

3 mapra 2025 r. B mrab-kBaptupe OOH cocrosiiack opraHu3alMOHHAsT CECCUs
BBICOKOTO YpoBHs Mo moarotoBke K Koudepenumun OOH mo BomHbIM pecypcam
2026 r., KoTOpas MpeIoNpeesiia BEI30BEI U My TH pemerns Llenn ycroiunBoro pas-
BUTHS Ne 6 B 00€CIICUCHNH TOCTYITHOCTH H YCTOMYHBOM YIIPABICHUH BOJIHBIMHU PECYp-
caMH U caHuTapuu ais Bcex Ha 3emiie [4]. CucreMaTHuecKkasi OLeHKa CTOUMOCTH KO-
HOMHYECKOTO BKJIaJa 3KOCHCTEMHBIX YCIyT B UEJIOBEYECKOe OJarococTOsSHHE U B
TOJTb3Y BBITTOTHEHUS MPOCTHIX IIaroB, HANIPABICHHBIX HA MPEJOTBpAIICHHE ITOTSPH
WJIM COKpAIIEHHUs ATOTO BKJIAJa.

Heo6x0auMo HCKIIOUUTH Ja’ke BEPOSTHOCTb 3aKIIOUEHMS, YTO KOHKPETHBIN
BOJHBII OOBEKT MCUEpPIIANl CBOIO AKOJIOTHYECKYI0 EMKOCTh W HETIPUTOACH JUIS Jajlb-
HEHIIero CIOTb30BaHM. DTO «CMEPTHBIH ITPUTOBOPY JUIA €T0 OOUTATEINCH, TEPPHUTO-
pun u Jrozeit storo paiiona. CoznaHue 0OBCKTHBHON TTI00aJIbHOM CTaHAAPTHOU OC-
HOBBI IS y4€Ta MPUPOJHOTO BOAHOTO KalKTala, €r0 CTOUMOCTHAS OI[eHKa — HHCTPY-
MEHT, IOMOT' A0 ePEHACTPOUTh HEUCIIPABHBIM SKOHOMUYECKUH KOMIIac, IepeHa-
MPaBUTh BEKTOP MOTPEOUTEIIECKOW IKOHOMHUKH, KOTOPBIE IIPHBOAUT HAC K PEIICHUSM,
naryOHBIM JUIS TEKYILETo MPOIBETAHUS U ISl OJ1arOCOCTOSHHS OYIyIIHX TOKOJICHUI.
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OueHka 3arpsi3HeHHs] TOHHBIX OTJI0KeHUit
HNpKyTCcKOro BOA0OXpaHUININA THKEIBIMU
U peaKo3eMeTbHBIMH MeTa/LIaMu

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 PAaHEe HE MCIOIb30-
BAHHBIX JIAHHBIX 110 KOHIIEHTPALMM XUMHUYECKUX DJIEMEHTOB B JIOHHBIX OTIOXKEHHsX MpkyTckoro
BIIXP. B BUJy €r0 0CO00i BaKHOCTH JUISl pETHOHA M YHHKAJIBHOCTH C TOYKH 3PCHHUS IPOTEKAHHs Oca-
JIOYHBIX mporieccoB. Llenb paboThl: onpe/eseHne ypoBHs 3arps3HEHUs IOHHBIX OTIIOKeHUH UpKyT-
CKOT'O BIXP. TSDKEIBIMH METa/UIAMHU U PEIKUMH JIeMEHTaMHi. MeTo/Ibl UCCIIe0BaHMUS: COCPIKAHUE
METAJIJIOB B IPO0ax ONpPEessIOCh Ha MacC-CIEKTPOMETPE, MacC-CEKTPOMETPE ¢ MHAYKTHBHO-CBS-
3aHHOH IIa3MOH M HEHTPOHHO-aKTMBAIMOHHBIM aHaimm3oM B YHuBepcurere Crmuresun (Ilombmra).
Jlnst mpecTaBiIeHUsI JaHHBIX B BU3yallbHO# (opme ncnonb3oBanack [ UC-cucrema «QGisy. Pesyib-
TaThl: Ha YETHIPEX ydyacTKax VpKyTCKOro BOJOXpaHWIIMILA OIIPEAEICHO /uisi 16 ToYek cozepKaHue
40 XUMHYECKHUX SJIEMEHTOB. YCTAQHOBJICHO, YTO PaCIpe/e]eHHe OCHOBHBIX 3arps3HHUTENCH UMeeT
CXOJHBII XapakTep — Npe/CTaBiIeHo Zr 1 Y B MHOTOKPATHO MPEBBILIAOIINX cpeanue s [Ipubaii-
KaJibsi KOHLIEHTpalu, peixe Nl u CI' B NPCBBILIAOUIUX LEJIEBbIC, HO HEONMACHBIX KOHLEHTpALUIX.
MakcuManbHO 3aMKCHPOBaHHOE MpeBbieHue 1mo Zr — B 20 pa3 Gosiblie (POHOBOI KOHLEHTPALMN
(863 MI/KT), HCTOYHMK TOCTYIUICHHS HE ycTaHOBIIeH. HaOmr01at0TCst OBBIIICHHBIE KOHIICHTPALIN
Rb, Sc, Yb, Co.

KuroueBble ci0Ba: BOIHBIN 06’beKT, JIOHHBIE OTJIOKEHUS, TSHKETBIE METAILIBI, PEAKO3EMEIBHBIC ME-
TaJJIbIL, 3arPSI3HECHUC.

BBenenne

HpxyTckoe BOIOXpaHIIIHIIE, TEpBOe U3 Bcero AHrapckoro kackaaa ['9C, BbI-
JIEJISIeTCSl CPeAr APYTUX TEM, YTO MPOUCXOJSIINE B HEM MPOLECCH MPAKTUIECKH HE
3aBHCST OT PACTIOJIOKCHHBIX BBIIIE IO TEYCHHIO IPYTUX THIPOTEXHUIECKUX OOBEKTOB,
a Taxke CBOCH BBICOKOW IIPOTOYHOCTHIO ¥ MEHBITUMH 00BEMAMHU aKKYMYIISIINH BEIIle-
CTBa B JIOHHBIX OTJIOKeHUsX [1]. B wccnenoBanuu mocieqHux OIHAKO CYLIECTBYET
3HAYHUTENbHAS MTpodIeMa — Ha TeKyIIHi MOMEHT OTCYTCTBYIOT (herepaibHble Hin 00-
JIaCTHBIC CTAaHIAPTHI OIIEHKH 3arpsi3HeHus J{O MITH X Ka4ecTBa, OTOMY MOTyJIeHHBIS
JTAaHHBIC OOBIYHO CPABHUBAIOT JINOO C HOPMATHUBAMH 110 IPYTUM PErHOHAM, JI100 ¢ (o-
HOBBIMU HJTU CPETHUMHU 110 PETHOHY KOHIIEHTpanusaMu. OnpeeseHre ypoBHs 3arpsi3-
HEHHs JOHHBIX OTIIOXEHUH VpKyTCKOro BOJOXpaHWIHINA TSDKENBIMH METalIaMH H
PEIKUMHE SIIEMEHTAMH Iy TEM MIPOBEICHHUS BBIIICYITOMSIHYTOIO CPABHCHUS H SBIISICTCS
LEeNbI0 PabOTHL

OO0BbeKThI M METOAbI HCCJIEI0BAHMS

IIpoOs1 noHHBIX OTIIOXKEeHUH 0TOMpanuch B 2010 1. madopaTtopueil HHKCHEPHOH
reonorun u reodkonoruu M3K CO PAH mnsa Mpxyrckoro u bparckoro BogoxpaHu-
mm. [t MpKyTCKOTo BOZOXpaHWININA OHU OTOMPAIIUCE B YETHIPEX OCHOBHBIX paio-
Hax — y obepexbs B paiione 1. Hoporpyaununa u MensamuHoit [laau, y modepexps
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B paiioHe moc. Tanbipl, y modepexns noc. [larponsl 1 B UepTyreeBckoM 3ajvBe, B
o0meit ciroskHOCTH 0TOOpaHO 16 po6 Ha rirydune ot 0,7 mo 15 M. Mmeromasicst nH-
(opmanust 0 MECTONOJNOXKEHHM, TTyOMHe M JaTte oTOopa mpod MpejncTaBlIeHA B
tabin. 1 u Ha puc. 1.

[epBudHBI aHANMHM3 MOJMYYEHHBIX MPo0O Ha (PHU3MKO-MEXaHWYECKHE CBOMCTBA
npoussoauics cuiiamu Ul'nl” U3K CO PAH, ananus Ha conepkaHue TSHKEIBIX MeTal-
JIOB U PEIKHX DJIEMEHTOB MpoBOAWICS B YHuBepcurere CHiie3uu, BO3MOKHOCTH KO-
TOPOTO IO OTPEACTICHUIO KOHIIEHTPAITM XHMHYECKUX BEIIECTB 3HAUUTEIBHO MPEBOC-
XOJMJIH M TIPEBOCXOJIAT TEKYIINE BO3MOKHOCTH JlabopaTopuu. Y HuBepcureToMm Cuire-
3uM OBUT MPOBEACH aHAIW3 O0pa3IOB JOHHBIX OTIOKCHHH HAa COJICPKAHUE B HHUX
40 snemeHTOB, 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 POBOIMIOCH IPH TIOMOIIN Macc-CIIEKTPOMET-
poB (B TOM 4HCI€ C UHIYKTUBHO-CBSI3aHHON IJIa3MOil), a Takxke HEHTPOHHO-aKTHBA-
LMOHHOIO aHAJIM3a.

Tabnuya 1
Hcxoanble naHHBIE TOUEK 0TOOpa MPod
(RIEETETITE M IIupora Jonrora Onucanue Mecta 0T6opa Lo
TOYKH orbopa otbopa, M
L1-10 | 27.062010 | 52°9'57.6" | 104 02247, 6" | /1eBOOEPENk®PE,  Bepxosbe  3a- 1,0
smBa, noc. [lagp MenbHu4HAas
JleBoOepekbe, OCHOBHAsl aKBa-
[-2-10 | 19.07.2010 | 52°9'23,6" | 104 °25'8,7" | Topus, cesepnee a. HoBorpyn- 15,0
HHUHa
JleBoOepekbe, BEpXOBbE  3a-
[-3-10 | 19.07.2010 | 52°8'43,7" | 104 °25'8,3" | nuBa, tokmee . HoBorpyau- 3,5
HHUHa
14-10 | 19.07.2010 | 52 °9'12.47" | 104 °25'1,97" | /16BOOCPEKLE, OCHOBHAA aKBa- 0,7
Topusi, 1. HoBorpynuanna
15-10 | 19.07.2010 | 52 °8'45,57" | 104 °25'6,29" | 11eBOOCPEeK®BE, yeThe  3aMBA, 12,0
10’kHee 1. HoBorpyaununa
16-10 | 20.07.2010 | 52°0'0,3" | 104 °3949,7" | [IPaBoGEpex®e, Bepxoshe 3a- 1,5
JIMBa ceBepHee Moc. TalbIlbl
17-10 | 20.07.2010 | 51°59'51,0" | 104 3944 4 | IPaBoGepexte, yerbe 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 CEBEPHEC I10C. HanOHLI
19-10 | 20.07.2010 | 52°938,1" | 104 °27'15,6" | [IPaBoGepexe, ycThe samisa 1,0
cesepHee 1noc. ITaTpoHsl
10-10 | 20.07.2010 | 52°935,0" | 104 °272,4 | [IPaBOGEPEK®E, OCHOBHAA aKba- 7,0
TopHs ceBepHee noc. Ilatporsr
Ik-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 .
Irk-5-10 | 17.03.2010 | - - -
Ik-6-10 | 17.03.2010 | - - -
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© Touku oTbopa npob
[] PaiioHbl HCCNenoBaHMA:
1 - paiioH aep. HoBorpyauHuHa
2 - paiioH noc.Tanblbl
3 - paiioH noc. MaTpoHbl
4 - paiioH YepTyreeBCKOro 3aniBa

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

B Buny orcyTtcTBus (enepaibHBIX U PETHOHAIBHBIX HOPMATHBOB KOHIICHTpA-
LMY JOHHBIX OTJIOXKEHUH CpaBHEHHE ITPOU3BOIUIIOCH 10 IIPECTaBICHHBIM B HHBIX pa-
6oTax ()OHOBBIM U CPEIHUM KOHICHTPALMSIM, a TAK)KE PErHOHAJIbHBIM HOpPMaTHBaM
JUTS IPYTUX PErHOHOB. M crIons30BaHbI IpeIoskeHHbBIE B paboTe «'eoXuMust okpysxa-
romierd cpenbl [Ipubaiikanbs: GalKalbCKUI T€OIKOJIOTUYCCKUI MOTUTOH» (HOHOBBIC
st [Tpubaiikanes koruentpauuu V (109 mr/xr), Cr (111 mr/kr), Co (10 mr/kr), Ni
(44 mr/xr) u Cu (41 mr/xr) [2]. s OmeHKH KOHIEHTPAIMH PEIKUX IJIEMEHTOB HC-
MOJTB30BANINCH CPefHUe 3HadeHus conepkanus Sc (12,6 mr/kxr), 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 nmyonukanuu «PyHbie 1 pelikue XUMUYECKHE DJICMEHTBI
B okpykaromiei cpene [Ipubaiikanps (KOpeHHBIC TIOPOJBI, IOYBHI, JOHHBIC OTIIOXKE-
Hus)» [3]. Kputepuu 3arps3HEHHOCTH JOHHBIX OTIOXESHHUN OIICHUBAIKMCH 10 METOTUKE
13 HopMaTHBa «HOPMBI M KPUTEPUH OLEHKHU 3arpPS3HEHHOCTH JIOHHBIX OTJIOXKCHUH B
BOJHBIX 00bekTax Cankr-IlerepOypra», ouennBaromuieit 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 OJHOI PEeYHOW CHCTEMBbI HECKOJIBKO yBEINYMBACT aKTy-
AITBHOCTP €T0 MCIIOJIb30BaHUS B TEKYIIEM UCCIIeT0BaHIH [5].

Oo6cyxkaeHne pe3yjbTaTOB U BbIBOABI

B Ta611. 2 npeacTaBieHb! KOHLEHTPALUH B JOJIAX OT (POHOBBIX 3HaUEHUH (110 pa-
6ote «I'eoxnmust okpyskaromeil cpens! [Ipubaiikanps: OaifkadbCKUi T€03KOHOMIYE-
CKHU TIOJMTOH») [2].
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Tabnuya 2
KonueHTtpaiuu B 105X 0T GOHOBBIX 3HAYCHHI
EreEe KonnenTparus (B 10y151X OT ()OHOBBIX 3HAYCHHI )

TotKH 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 npuBeiéHHBIX JaHHBIX, KoHIeHTparmu Co B 12 n3 16 cioywaes npe-
BBIIIAIOT (POHOBYIO BILIOTH J10 1,278 oT He€, B ABYX CIIydasX paBHSAIOTCS JaHHOW KOH-
LEeHTpanuH, emeé B AByX HaOmonaroTcst Hike (GoHoBOH. TeppuTopnaabHO IpeBbIIIe-
HUsI HAOJIIOAI0TCA M0 BCEM TOYKaM B UepTyreeBCKOM 3ail., a Takxke y rnoc. I1aTpoHsI.
B paitonax noc. ITags MensHnYHas U 1. HoBorpyanHIHA HAOMIOMAIOTCA KaK TPEBHI-
IIEHUsI, TaK U paBHbIC ()OHOBOMY 3HAUCHHS, 110 TOUKAM B paifoHe moc. TanbIpl KOH-
neHTpanun Hike GpoHoBoi. Konuentpamuu Cr B 15 u3 16 ciryuaeB npessimarot ¢o-
HOBYIO BIUIOTH /10 2,189 OT He€, B 0IHOM cilydae HaOII0IaeTCsl KOHIIGHTPALINS HUAXKeE
(dhonoBo#. TeppuTopHaIbHO MPEBINICHUS HabMoAar0Tes y nioc. [larponst u 1. HoBo-
rpyIUHMHA, HAUMEHBIINE 3HaueHus B pailoHe moc. Tambnpsl. Konnentpanuu Cu Bo
BCEX CJIydasx HIKe (POHOBOH, HanboubIas KoHLeHTpauus cocrasisier 0,976 ot Heg,
TEePPUTOPHATGHO KOHIIEHTpAaMd B YepTyreeBCKOM 3annMBe HECKOJBKO BBHIIIE,
HaMMEHBINNE KOHICHTpANK (UKCHPYIOTCS B paiione moc. Tampupl. KoHneHTpanmm
NiB 15 u3 16 ciyuaeB npeBbIaroT GOHOBYIO BILIOTH 110 1,886 0T HeE, B 01HOM cityuae
KOHIIEHTpanusl 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. TeppHTOpHaIbHO MOKA3aTENN TOYEK B paiioHaX MOC.
IMarponsr, 1. HoBorpynuna m UYepTyreeBckoro 3aianBa HPHOIM3HTEIBHO CXOXH,
HanMeHbIIas KOHIIEHTPALHS BaHausl 3aKCUpoBaHa B paiione moc. [laxe MenbHuu-
Has, OCTaBLIMECS KOHIIEHTPALMHM HWKe (OHOBOM pPACIOJIOKEHBI B paiioHe IIOC.
Tanbipl.
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ITo MakcUMaJIbHBIM 3HAYEHUSIM KOHHCHTpaHI/Iﬁ IIPOU3BCIACHO PAHXXUPOBAHUE —
OLICHEHO YHCII0 MAKCHMAIIbHBIX 3HAYEHHH KOHIEHTPAIU /TS KaXI0r0 U3 PaiOHOB.
ITo ero pesynpraram npu nomoru ['MC-cucrempr QGis co3gaHa kapra-cxema, mpe-
CTaBJICHHAs HA pHC. 2.

[ MakcvManbHble 3HaueHus OTCyTCTBYOT
[ BuisBreHo 1 MakcManbHOe 3HaueHne
[ BLISBNHO 2 MAKCUMATbHBIX 3HAYEHUS
[ BbisiBneHo 3 MakCUMasbHbIX 3HaueHust

PaifoHbl MCCIEnoBaHMS:

1 - paioH Aep. HoBorpyanHUHa

2 - paioH noc. TanbLbl

3 - paiioH noc. MaTpoHsl

4 - pavioH YepTyreeBsckoro 3anmsa

Puc. 2. Kapra-cxema paHXHPOBaHUS PAHOHOB HCCIICOBAHMS 10 KOHIIEHTPALISIM

ITo pesynbraTam JaHHOM YacTH aHaJIM3a BO3MOXHO BBISIBUTH HAUMEHEE 3arpsi3-
HEHHBIN TaHHBIMU BEIIECTBAMH YYacTOK — pailoH moc. Talsblibl, a TaKKe B CPeTHEM
HanboJIee 3arps3HEHHbIN — paifon YepTyreeBckoro 3ai1. KOHTEKCT onuChIBaeMBbIX paii-
OHOB, 2 UMEHHO PEKPEalMOHHO-TYPHUCTHYECKas 30HA C (PaKTHIECKH OTCYTCTBHEM CY-
JIOXOJICTBA U OCOOBIM TIPOITYCKHBIM PEKUMOM JUIsi aBTOTPAHCIIOpTa B paifoHe mOoC.
Tanblbl 1 UHTEHCUBHOE CYJOXOJCTBO, UMEIOILUECS MPEANPHUITHSI U aHTPOIIOTEHHAsI
Harpy3ka oT MKp. ComHeHBIH A1t UepTyreeBCKOro 3all., CIIYKUT HOTOTHUTEIHHBIM
MOJITBEPKACHUEM BBIBOJIOB.

JL1st peikux 3J1EMEHTOB UCIOIb30BAIMCH JAHHBIE [0 CPEAHEMY COJICPIKAHUIO U3
nyonukanuu «PynHbie U peKue XMMUYeCKHe 2JIEMEHTBI B OKpy Katoie cpene [pu-
Oaifkaibst (KOPEHHBIE TIOPOJIBI, TOYBKI, JIOHHBIE OTIOKeHHs )» [3]. B Tab:1. 3 nmpencras-
JIEHbI KOHLIEHTPALUH, BEIPAXKEHHBIE B JIOJISX OT CPEIHUX 3HAUCHUI.

ITo pe3ynbTaraM pacuéToB MPEBBILIEHHS IO COAEPKAHUIO AU OTCYTCTBYIOT Ha
BCEX TOYKAX, MaKCMMaibHOe 3HadeHue — 0,706 oT cpexneil koHmeHTpanuu. I[IpeBsI-
meHus o cojepkanuio Cs OTCYTCTBYIOT Ha OONBIIUHCTBE Touek (15 n3 16), Makcu-
MaJIbHOE 3HAYCHHE paBHsCTCS cpeqHed konueHTpanuu (1-6-10, paiion noc. TanbIsr).
IIpeBbimieHus o coxep:kanuo Mo OTCYyTCTBYIOT Ha Bcex Toukax. IIpeBblieHus 1o
conepkanuio Rb mpucyTcTBYIOT Ha GombimHCTBE Touek (11 u3 16), MakcuMabHOE
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3Hagenue — 1,695 ot cpemueii konmenTpamun (I-6-10, paiton moc. Tamsimr). [IpeBsr-
LIEHWs MO CO/EPKAaHWIO SC NMPUCYTCTBYIOT HAa BCEX TOUKAX, MAKCHMAIIbHO CPEIHSS
KOHIEHTpaIUsl [IpeBbIlIeHa poBHO B noaTopa pasa (I-8—10, paiton noc. ITatponsr).

Tabnuya 3
Konnenrpauuu B 105X OT CpeIHUX 3HAUECHUH
KonnenTpaiys (B 10/15X 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 - 0,544 |- [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 |0932
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 U3MEpeHusl, 10 THIty «MeHee 0,5», He Tarolero BO3MOKHOCTH OIPEIeIIUTh PeaIbHOE
3HAYCHHE, OJJHAKO HIKHHHN MPees U3MEPEHMI KaK 30J10Ta, TaK U MOJINO/IeHa HIDKe (POHOBBIX 3HAUYCHHMI.

[TpeBbimenus no coaepkaHuio Y NPUCYTCTBYIOT HA BCEX TOUKAX, MAKCUMAJIbHO
cpenHsisi KOHLeHTpauusi npesbimena B 4,751 paza (I-5-10, paiion a. HoBorpynu-
HUHA) — 48 MI/KT Ha JeBoM Oepery AHrapsl IpH BO3MOXHBIX 100 MI/Kr B maHHOI
MecTHOCTH). [IpeBbIeHNs Mo cofepKaHuio Zr PUCYTCTBYIOT HA BCEX TOYKaxX, Mak-
CHMAaJbHO CpenHss KOHIeHTpalus npesbiieHa (I-5-10, paiion 1. HoBorpyaununa) B
20,306 pa3a — 863 mr/kr mpu 200-300 MI/Kr KIapka It TOPHBIX TOPOJ, TaKKe MpHU-
CYTCTBYET 3HaUHTeNbHOE npeBbimenue B 14,141 pa3za (I-9-10, paiton noc. ITatponsr) —
601 mr/kr mpu 200-300 Mr/Kr KIapka Uit TOPHBIX Topo. [IpeBbIeHns o coaepika-
Huto La mpucyTCTBYIOT Ha BCeX TOYKaX, MAKCUMAJIBHO CPEIHSSI KOHLIEHTpALUs mpe-
BemeHa B 1,807 pasa (I-5-10, paiion . HoBorpyaununa) — 75,9 Mr/kr Ha neBoM Oe-
pery AHrapsl mpu BO3MOXKHBIX 270 MI/KT B TaHHOW MecTHOCTH. [IpeBsImenus mo co-
JiepkaHuio Yb IMPUCYTCTBYIOT B IIECTH TOYKAX, MAKCHMMaJIbHO ()OHOBask KOHIIEHTpa-
nus npesbinieHa B 1,593 pasa (I-5-10, pation n1. HoBorpyaununa).

[To MakcHMaTBHBIM 3HAYCHNSAM KOHIIEHTPALMI TPON3BEACHO PAHKHPOBAHHUE —
OLIEHEHO YHCJIO MAaKCHMAJIbHBIX 3HAUEHHWI KOHIIEHTpAIMH Ul KaKA0T0 U3 PalioHOB.
ITo ero pesynbratam npu nomomu I'MC-cucremsr QGis co3nana kapTa-cxema, npej-
CTaBJIeHHAs Ha puc. O.
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[ MakcuManbHble 3HaueHus He 0GHapyXeHbl
[ BbisBneHo 1 MakcAManbHOE 3HaueHve
[ BhiiBneHo 2 MakCHMarbHbIX 3HAUEHNs
[ BbisBnEHO 3 MaKCAMATbHLIX 3HAYEHNA
[ BbisBneHO 4 MakCUMasbHbIX 3HaUeHHst

Paii0Hb! MCCNIeA0BaHUS:

1 - paitoH Aep. HosorpyauHuHa

2 - paifoH noc. TanbLipl

3 - paiioH noc. MatpoHs!

4 - palioH YepTyreeBckoro 3an1sa

Puc. 3. Kapra-cxema paH)XHpOBaHUS PaifOHOB UCCIIEIOBAHNUS 10 KOHIIEHTPAIUSIM

[To pe3ynbrataM AaHHOW YacTH aHaiIM3a OOHApyXKEHA TOUKA C HAHOOJBIIUMHU
MPEBBIIICHUSIMU CpeAHUX 3HadeHuil — [-5-10 B paiione a. HoBorpyanHHHaA — KOHLIEH-
Tparys IUPKOHUS B Ipo0Oe B TPU pasa MPEBBINIACT CPEAHEE 3HAUCHHUE JaXKe IS TOp-
HBIX TTOpo1. CyIIecTByeT BTOPOH ovar MOBHIIICHHOW KOHIICHTPAIIUH ITUPKOHNUS Ha Oe-
pery y noc. ITarponst B Touke [-9-10. Camo 1o cebe coneprkanne nupkonus B Vipkyr-
CKOM BOJIOXPAHUJIMIIE B HECKOJIBKO Pa3 MPEBBILIACT CPEIHUE 3HAUCHUS U HYXKIAETCs
B JIOIOJHUTEIbHOM U3yUEHUH.

CornacHo HOpMaTHBY «HOPMBI M KpUTEpHH OLEHKH 3arpsA3HEHHOCTH JOHHBIX
OTJIOKEHUH B BOIHBIX 00bekTax CaHkT-IleTepOypray», At MbUICBATHIX JOHHBIX OTJIO-
JKEHUH 3arpsA3HEHHOCTD OIPENENIeTCs 10 ABYM HOPMAaTUBaM — 1IEJIEBOMY YPOBHIO U
YpOBHIO BMemaTenbcTBa [4]. IIpeBrimenne nepBoro NoKa3bIBaeT, YTO OTIIOKCHHUS 3a-
IpsA3HEHBI, IPEBBIIIEHUE BTOPOrO — YTO OHU SIBIISIIOTCS ONACHO 3arpsa3HEHHbIMU. KoH-
LEHTPALUH B IOJISIX OT 3HAUCHUI [IEJICBOT0 YPOBHS MPEACTABICHBI B Ta0J. 4, KOHLIEH-
TpAIUH B IOJISX 3HAUCHUH YPOBHS BMEIIATeIbCTBA — B TA0M. 5.

W3 pacu€ToB crnenyeT, 4To NPEBHIMEHNS LIENEBOrO YPOBHSI, XapaKTEPU3YIOLIETO
OTCYTCTBHE 3arpsi3HeHHs, 3aMedeHbl Toibko 1o Cr (2,430 pasza) u Ni (2,371 paza),
npudéM HaOMIOJA0TCA BO BCEX TOUKax oTOOpa. IIpeBblmieHHni ypoBHS BMeEIIaTelIb-
ctBa, 1o Cr u Ni He HaOIO1aeTCsl, T. €. CepbE3Hast IKOJIOTNIECcKas OMacHOCTb OT JaH-
HOT0 3arpsI3HEHUS OTCYTCTBYET. [10 OCTambHBIM 2IEMEHTAM 3arpsI3HEHUE OTCYTCTBYET.

Io pesynbraram pacuéroB npu nomouu I'IC-cuctemsr QGis co3nana kapra-
cXeMa, OTpakarollasi CHIbHYIO0 U clalyro 3arpsi3HEHHOCTh PailOHOB HCCIIEIOBAHMUS,
npezcTaBlIeHHas Ha PuUC. 4.
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Tabnuya 4
Konnenrpauuu B 0J151X OT 3HAUYSHUN 1LIEJICBOTO YPOBHS
Haseanue KoHuenTpauus (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, TOMEYEHHBIEC 3HAUKOM «-», OTCYTCTBYIOT 10 NPUYMHE YXO0Ja UCXOJHBIX JaH-
HBIX 32 HIKHMI IIpesiel u3Mepenus, 1o Tuiy «MmeHee 0,5», He 1aro1iero BO3SMOKHOCTH ONPEJIETNTh peabHOe

3HA4YCHHUEC.

Tabnuya 5
KonnenTtpanuu B 101X OT 3HaYEHUH YPOBHS BMELIATEIbCTBA
KonuenTparys (B Z0JSX OT 3HAYCHHIT yPOBHS
Haszpanue BMEIATEIICTBA)
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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OCHOBHbIE 3arpasHUTENN:

Il CvnbHas 3arpasHEHHOCTB (Bonee 2 oT (hoHa UM HopMaTuBa):
Zr, Y, Cr, Ni
Cnabas 3arps3HéHHOCTL (Gonee 2 oT doHa UK HopmaTuBea)
Rb, Sc, La, Yb, Co

[] CunbHas 3arpssHéHHOCTL (Gonee 2 oT hoHa MM HopMaTuBa)
ZEX
Cnabas 3arpa3HéHHOCTL (Gonee 2 oT (oHa UK HopMaTnBa)
Rb, Sc, Cr, Ni, Cs

[ Cvnbas 3arps3HEHHOCTB (6onee 2 OT hoHa UM HopMaTuBa)
zr, Y, Ni
Cnabas 3arpsa3HéHHOCTL (Gonee 2 T doHa UMK HopMaTnBa)
Rb, Sc, La, Yb, Co, Cr

[ CvnbHas 3arpssHEHHOCTL (Gonee 2 oT (hoHa MM HopMaTyBa):
zr, Y, Ni
Cnabas 3arpsa3HéHHOCTL (Gonee 2 OT (oHa UK HopMaTuBa):
Rb, Sc, La, Yb, Co, Cr

PaiioHbI UCCrIeaoBaHUS:

1 - paitoH Aep. HoBorpyavHuHa

2 - paiioH noc. TanbLys

3 - paiioH noc. MaTpoHsI

4 - paifoH YepTyreeBckoro 3anmsa

Puc. 4. O6mas xapra-cxema 3arpszHeHust MpkyTckoro BIXp. MeTaniaMu

B pesynbrarte paGoTHI BBISIBICHO, YTO XapakTep 3arpsisHeHus VpkyTckoro Boo-
XpaHUIHIIA TOKETBIMU METAIJIaMU U PEIKUMH 3JI€MEHTaMHU JOCTaTOYHO OJHOPOJEH
0 3arpsA3HSIONINM BEIIECTBAM — BO BCEX CITydasX CHJIBHOE 3arps3HCHHE MPEACTaB-
neHo Zr nu Y, unora nononusiercs Ni, peske Cr, OHH TakKe BCTPEYAIOTCSI B MEHBIIIHX
KOHLeHTpanusX. OcTalbHbIE 31EMEHThI BCTPEUAIOTCA B KOHLEHTPALUSX, IPEBbILIA0-
mux (OHOBBIC MM CpelHHE 3HAUECHUs He Oonee uyeM B 2 paza. B cuimy orcyTcTBHA
HOPMAaTHBOB TI0 COJEPKAHMIO Zr U Y B JIOHHBIX OTJIOXKEHHSIX HEBO3MOXKHO OTIpefe-
JMTh, KAKYIO 9KOJOIMYECKYIO OIIACHOCTh HECyT JaHHbIe KOHLIEHTpauuu. [Ipn sTom B
03. baiikan koHneHTpamu Zn OJIN3KU K CPETHUM 3HAYECHHSIM, T. €. CYIIECTBEHHO HIKE
[6]. Konnertparuu Ni u Cr IpeBBIIAIOT IETIEBOIT yPOBEHb, OJJTHAKO HIDKE YPOBHS BMe-
IIaTETbCTBA, T. €. CEPhE3HON IKOIOTHIECKON OMACHOCTH HE MPEACTABISIOT, KaK B I1e-
JIOM M OCTaBIIHECS JIEMEHTHI.

[ToBbIIIEHHYIO AKTyaabHOCTH UMEET BOIMPOC FEHE3UCA, YCTAHOBJIEHHOTO B JJOH-
HBIX OTJIOKCHUAX CPeTHEH YacTH BOJOXpaHMIHIIA (paitoHsl 1. HoBorpymuHMHA U TIOC.
[laTpoHBI) Zr 1 €ro BO3MOKHOH IKOJIOTHYECKON OIMACHOCTH B CBSI3H C BHICOKOH KOH-
LeHTpauuell. MiHTepec npeicTaBiseT akTyann3anns JaHHbIX 110 9TOMY 3JIEMEHTY.

CIHCOK JTHTepaTyphI

1. Kapnayxosa I'. A. IIpoueccel ocagxo00pa3oBaHus B BOAOXPAaHWINIAX AHTapCKOTo Kackaja : JIHc.
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YJIK 551.465

MounuTtopunr IoasipHoit ppoHTAIBLHOM 30HBI
110 JAaHHBIM 3KCIeMIMOHHBIX HCCIE0BAHNH HA BEKOBOM
paspese «KojbCckuii MepuanaH»

T. M. MakcuMoOBCKast

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

AHHOTanusl. PaccMaTpuBaroTcs XxapakTepuCcTHKH ydacTka [lomspHoit ¢poHTaspHON 30HBI bapeH-
neBa Mopsi Ha paspese «Kosbckuid Mepuuan» B yCIOBHAX KIMMAaTHYECKUX U3MEHEHUH MMOCIEIHNX
necsituiiethid. B paboTe MCnosib30BaIuCh JaHHBIE KOHTAKTHBIX H3MEPEHUH OCHOBHBIX TEPMOXAJINH-
HBIX TOKa3aTeJIel W JIaHHBIC O ITOJIOKEHUH IPHUKPOMOYHOM JIe10BO 30HBI. [loka3aHO, YTO camblii
CeBepHBIN U3 PpOHTATIBHBIX pa3nenoB [lomsproii hpoHTambHO 30HK bapeHiieBa MOpsi Ha och pas-
pe3a «Kombckuit Mepuuan» HaXOAWICs Ha paccTossHUM OT 48 10 290 KM OT KPOMKH JICJIOBBIX MOJICH
B mepuop uccienoBanus. Habmronamucs rpaauentsr Temmepatypsl go 0,20 °C/kM, coneHocTH 10
0,025 emnc/xm. [TonoxxeHne paccMaTprBaeMoii pPOHTAIBEHOM 30HBI OCTACTCS KBa3HCTAlMOHAPHBIM Ha
MEKTOZI0BOM MacITabe U MEHSeTCsl BHYTPH T'0Jla, CMEIIasich Ha 0T B IEPUOJ Je1000pa3oBaHus U
BO3Bpallasich K CeBepy B JIETHUH NEpUOI.

KumoueBsie caoBa: Ionspras GpoHTanbHas 30Ha, FPafMCHT TEMIIEPATyphl U coaeHocTH, «Koib-
cKuil Mepuaran», bapenneso mope

Beenenue

BapeHnnieBo Mope sBIIsIeTCsI 00JIaCTBIO0 B3aMMOJICHCTBUS BOJ| ATIAHTUYIECKOTO H
apKTH4ecKoro mpoucxoxiaeHus (puc. 1). HampaBnenue pacmpocTpaHeHHs TedeHHH
BapenreBa Mopst BO MHOTOM omipezienisieTcst penibedom nHa [7]. ATIaHTHYECKHE BOIBI
MOCTYTIAIOT B 3aI1aJHYI0 YaCTh MOPS ABYMsI TOTOKaMH [8]. OCHOBHOM MTOTOK TEIUIBIX U
COJICHBIX aTJIAHTHYECKUX BOJI 3aTEKAaET B MOpE NMPEHMYIICCTBEHHO B o0acTn Mense-
JKMHCKOTO ejto0a ¢ Bogamu Hopakarnckoro tedenus. Kpome toro, ¢ Hopesxxckum u
MypMaHCKUM TPUOPEKHBIMA TEYCHUSMHU PACTIPOCTPAHSIOTCS B BOCTOYHOM HarpaB-
JICHUH BOJIBI ¢ TeMneparypoii 6omee 3 °C u coleHOCThIO MeHee 34,4 enc. ApKTHYecKue
BOJIbI, TOCTYMAIOIIUE BMECTE ¢ Apeh(yOUMMHU JIbJaMH C C€BEpa U CEBEPO-BOCTOKaA,
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(hopMHPYIOTCS TTON BIMSHUEM TasHHS JHOB. BClIeACTBHE 3TOTO OHM XapaKTepu3y-
IOTCSI OTPUIATEIEHON TEMITepPaTyPOi U TOHIKEHHOH COIEHOCTRI0. OJTHIM 13 BayKHBIX
CJICAICTBUH B3aMMOJICHCTBUS aTJIAHTHYCCKHUX M ADKTHYCCKUX BOJ Ha akBaTOpuu bapeH-
nieBa Mops aBisiercs Hanmaue CesepHoit [lomsaproit pponTansHOIl 30HE [2] (B HTE-
patype 4dacto ucroyib3yercst TepmuH [onspabrit pport (I1D)) [6]. DTo 061acTh € TO-
BBIIICHHBIMU TOPH30HTAIBHBIMH M BEPTHKAJIBHBIMH TPaUCHTAMH TCPMOXaTHHHBIX
xapakTepucTuk. Cauraercs, 4To ppoHTAIBHAS 30HA B paccMaTpruBaeMoM paiione bapen-
I1eBa MOPS SIBIIIETCS KBa3UCTAMOHAPHOM, a €€ MOJI0KeHUE TIPUBA3aHO K CKIIOHAM KPYyII-
HbIX ogasTri Imumnodeprenckoi, [lenTpansHOM GaHOK M BO3BBITIIEHHOCTH [lepcest.

[ BapenieBa Mops pa3paboTaHa ceTh CTaHIAPTHBIX Pa3pe30B, KOTOPHIE 103~
BOJISIFOT BBITIOJIHATH MOHUTOPHHT CE30HHBIX  MEKT'0/IOBBIX H3MEHEHHN OKeaHorpagu-
YEeCKHX TTapaMeTpOB Ha ITyTH CIEAOBAHMS BOJ ATIAHTHYECKOTO ITPOUCXOXKICHHS, KO-
TOPBIE OTPENEIIAIOT THIPOIIOTHYSCKHN peskuM Mopsi. OTHUM U3 Hanboiee mpoI0IDKU-
TENbHBIX TI0 AJTUTEIHHOCTH BBIMOIHIEMbIX H3MEPEeHUH (TIepBbie Pa0OThI OBLIH BBIMOJI-
HeHbl B Mae 1900 r. [1]), siBistercs pazpes «Konbckuii Mepuinany, poXoasuil BIOIb
mepuauana 33°30" B. 1. «Konbckuii MepuIiany mepecekaeT HeCKOIbKO (GPOHTAITLHBIX
30H, caMasl CEBEpHasi U3 KOTOPBIX sBisiercs yyactkom [1D bapenneBa mops u cyue-
CTBYyeT Osaronaps B3anuMoeiicTBuio Terslx Boa CesepHoit BeTBu Hopaxarnckoro Te-
YEeHHUS M XOJOJHBIX BOJI C TIOHMKEHHOHN COJICHOCTRIO BoX TeueHus [lepces. Ha mpors-
JKCHUH 3MMHET0 TIepro/a TaHHbIH yyacTok [1d HaxoauTcs B HEMoCpeICTBEHHOH OJn-
30CTH K J€J0BOM kpoMKke. PaGoThl Ha pa3pese MPOBOAATCS C IENbI0 HEMPEPHIBHOTO
MOHHUTOPHHTA MOPCKOH CpeIBl, 9TO CIOCOOCTBYET MOBBIIICHUIO KAa4eCTBa MPOTHO3a
OKUJTAeMBIX H3MECHEHHH.
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Puc. 1. Cxema TOBEpXHOCTHOH HUPKYJISIIIAU BOJ B 3aMaHOM YacTu bapeHmesa Mopsi.
UYepHbIMH TOUYKaMH 0003HaUCHBI CTAaHIIUH pa3pe3a «Kombckuilt Mepuinany.
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OHUM U3 KITIOYEBBIX (PaKTOPOB, OMPEACISIONTIX THAPOJIOTHIeCKHH pexiM ba-
pEHIIEBa MOPSI U OZTHOBPEMEHHO OTPAXKAIOIINX €r0 N3MEHYNBOCTD, SIBISIETCS HAJININE
aeastHoro nokposa [9]. OH BiMsieT Ha B3aUMO/ICHCTBHE MEK/Ty BOJHOM ITOBEPXHOCTBIO
u aTMocepoif, 9To CKa3bIBaeTCs Ha TETUIOBOM OajlaHCe MOPS M XapaKTepe B3auMO/Ieii-
CTBUSI BOJ Pa3HOTO I'eHE3Hca, 0COOCHHO B IEATEIBHOM ciloe okeaHa. CpeHsist rpaHnIa
pacnpoctpanenus ibja B bapenuesom mope npoxoaut k cesepy ot I1® [10] u Ha3bl-
Baetcs IIpuxpomounoit nenosoit 30H0i1 (IVI3). I1JI3 ompenensercs kak mepexoHas
00J1aCTh MEXIY CBOOOIHBIM OTO JIbJ]a MOPEM H IIOTHBIM Apeiidyromum apxom. 11J13
MIPOCTHPAETCS OT YCIOBHON JIMHUM, T7ie 15 % TOBEpXHOCTH MOPS TIOKPBITO JIHIOM, 0
nosnokenust m3osnHnu 80 % KOHIEHTpanuu JieqoBoro nokposa [11]. Bomusnu I1J13 B
TETUTBII TePUO/] Foa 0OBIYHO HAOI0OaeTCsl OTACTbHAS XAINHHAS (PPOHTATBHAS 30HA,
KOTOPYIO Tak)ke Ha3bIBAIOT ApKTHUeckoi ¢pporTansHol 30H0M (AD3). Ee cymecTBo-
BaHHE OOYCIIOBJICHO IOSIBICHHEM OOJBIIOT0 00beMa TalbIX BOA. BimsHue 3THX BOA
MOXKET MPOCIIEKUBATHCS B 00JIaCTH, yJaJICHHOI OT JIeIOBOH KPOMKH Ha PAcCTOSHHE B
HECKOIIbKO JIECSITKOB KHIIOMETPOB [2].

B nocnennue necsatuneTrss ApKTHKA TOTEIIena 00JbIne Ipyrux PperuoHoB [5].
[ToTernieHne conpoBOXKAAIOCH BUANMBIMU N3MEHEHUSIMU B HAOJIOJICHUSX 33 apKTH-
YECKMM MOPCKHM JIBOM: €r0 IUIOUIAh U TONIIMHA COKPAIIAIOTCS, YTO MPUBOAUT K
3HAYUTEIFHOMY COKpAIIEHUIO 00beMa JIba. DTO TaKXkKe CKa3bIBaeTCs Ha 00beMe To-
CTyMNAIOIMX B bapeHIieBo MOpe apKTHYECKHUX BOJI.

Llenv pabomul: ONEHUTh U3MEHYNBOCTD XapakTepucTuk [lomsipHoro ¢poHTa B
ceBepo-3amnaaHoi yactu bapeHieBa MOpsi MO JaHHBIM KOHTAKTHBIX HAOJIOJEHUH Ha
PETYISIPHO BHITIOIHAEMOM THAPOJIOTHYECKOM pa3pese «Kombeknit Mepuanan» B ycio-
BUSIX N3MEHEHUS KIIMMaTa.

MaTepna.m,l " METO/bI

B pabote mcnonb30Banuch JaHHBIE SKCHEIUIHUOHHBIX NCCICIOBAHUM, BBIIOI-
HenHble Ha HUC «/lanshue 3enenisn B nepuof ¢ 2008 mo 2023 r. Ha paspese «Komb-
ckuit Mmepuauan» (puc. 1). I3mepeHns 0CHOBHBIX THAPOJIOTHYECKUX TapaMeTPOB MOP-
cKoit cpepl BemonHsuch MeTooM CTI-npodummposanus ¢ nomomsio CTI-30H12
SEEACAT SBE 19 plus V2. B paboTe ucmonbs30Baiack cepus OKCaHOJIOTHICCKUX H3-
MEpPEHUH, KOTOPbIE BBIMOIHAIUCH 0T 69°30" ¢. 1. Baonb mepuauana 33 °30' B. a. 110
JIOCTUKEHUS JIEJOBOM KPOMKH ¢ AUCKpeTHOCTh0 10-30 Mmopckux muib. Paccmatpu-
BaeMble M3MepeHHsl ObUTH BBITIONHEHBI 26 aBrycta 2008 r., 12 aBrycra 2009 r., 13—
17 wronst 2017 1., 29 HOs10pst — 4 nekadbps 2017 r., 14-16 mas 2018 1., 12—-14 mapta
2022 r., 4-8 suBaps 2023 r., 24-27 ampenst 2023 ., 8-15 masg 2023 r., 20-26 HOSOPs
2023 T.

Junst BepuuKauy U IOTOJHEHHS 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 IPUKPOMOYHOH JI€JOBOH 30HBI B JATHI BBI-
MOJTHEHUSI KOHTAKTHBIX H3MEPEHHUH.
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Kitaccudukarusi exxeMecsIHONH aHOMaJIMH JISAOBBIX YCIOBUH BBITONHSIACH TIO
Meroauke [12]. CpeaHemecsiuHble aHOMAJIMHU JIETIOBUTOCTH CPaBHUBAIUCH C 3a/1aH-
HBIMU BEIMYMHAMHU CTAHJIAPTHOTO OTKJIOHEHMS JIEIOBUTOCTH OT 27-j1eTHeil HopMbl. B
Ka4yecTBe KPUTEPHs OIEHKH TETUIOBOTO COCTOSHHS BOJ bapeH1ieBa MOpsI HCIIOb30Ba-
JIOCh COOTHONICHHE aHOMAJIMK TemrepaTypbl Bojsl B ciioe 0 — 50 M Ha cTaHAAPTHBIX
cTaHIusIx paspesa «Kombekuit Mmepunuan» (69°30" — 74° c. ur. ¢ auckperHocThio 30")
[4] nns xkaxmoro mepuoaa (Mecsia), B KOTOPbIE BBHIIOTHSUIMCH KOHTAKTHBIE U3MEpe-
HUS, U CPEHEKBAIPATHYHOTO OTKIIOHEHUS TEMITEPATYPhI BOJIBI TAKXKE IT0 IISATH Ipajia-
LUSM: TIOJIOKHUTEIbHAsI OUEHb BBICOKAsl, OJOKUTEIbHAs BBICOKAs!, OKOJIO HOPMBI, OT-
puuaTenbHas BHICOKAsi U OTPHULIATENbHAS OYEHb BBICOKASL.

Pe3yJ’leaTbI u 06cy>1<aefme

PaccmartpuBaeMblie U3MepeHUs OBUTH BBITIOHEHBI TPEUMYIIECTBEHHO B 3UMHHIMA
HepHuoj, KOTJa Ha akBaTopuu bapeHneBa Mops MPOHCXOAUT Jenoobpasosanue. Ile-
puox tenoodpa3zoBanus B bapeHIeBoM Mope 00BIYHO HAYMHACTCS B HAJase OKTSIOPS ¢
CEBEPHBIX PaliOHOB MOPS U JUIUTCS 10 MapTa-arnpesis, Korja JIeA0BbIi MOKPOB JOCTH-
raeT cBOero MakcumanbHoro passutusi [3]. K nauany nepuona nenoo06pa3oBaHust OT-
HOCSATCSI UCCIIEZIOBAaHUs, BHITTOJTHEHHBIE B HOs10pe 2017 1., stHBape u HosA0pe 2023 1. B
3TO BpeMs HaONI0aeTCsl B3aNMOJICHCTBHE OTHOCHTEIEHO TOMOTEHHBIX BOJ, HE MOJ-
BEP)KEHHBIX PaJMallMOHHOMY IPOTPEBY U JOMOJIHUTEIBHOMY PACIPECHEHHUIO BCIE-
CTBHE TasHUS JbJA.

B xonre Hos6pst 2017 1. 1 suBape 2023 1. n3MepeHHst BBIIONHSINCH B YCIIOBUSAX
OYCHB OOJIBIIION MOJIOKUTEILHOW aHOMAJIMY TeMITEpaTyphl B B ciioe 0—50 M 1 6071b-
LIOM OTpUUATENbHONW aHOMAaJMU JIeIOBUTOCTH 3alaJHOro paiioHa bapenuesa mops.
CoOTBETCTBEHHO, BOABI OBLUTH TEIJIEe HOPMBI, a IJIO0IIAAb, TOKPHITast 1€JOBBIM ITOKPO-
BOM, MEHBIIIE, YEM B «HOPMAJIbHBII» Nepruoa. B Takoil «HOpMalIbHBINY» 10 JEI0BUTO-
CTH 3amaJHoro paiioHa bapeHueBa Mops U aHOMAaIMK TEMIIEPATypbl BOJ Ha pa3pese
OBLIH BBITIOIHEHBI H3MepeHust B HossOpe 2023 r. B paccmaTprBaeMbie EpHOIBI H3ME-
peHHif TeMmepaTypa BO3AyXa HMMeNa OTpHIATEIbHBIC 3HAUEHHs, Mpeolamaromiee
HalpaBJIeHHUE BETPa MEHAJIOCh OT I'0J1a K TO/ly, CPE/IHAS CKOPOCTh BETPa HE IIpeBbIIIaa
6,3 m/c. [TonmoxeHne F0KHON TPaHUIIBI TEPMHUYCCKOH PPOHTAIBHOI 30HBI BApbUPOBAJIO
o1 76°15' B HOs6pe 2017, ssuBape 2023 rr. no 76°30" B Hos6pe 2023 r. (Tabmn. 2). [Iu-
prHA GPOHTATBHOH 30HBI COCTABIsUIa 0KOJI0 30 KM, TI0 BEpTHKAJIH I'PaHUIA TEPMUYe-
CKOM (PpOHTAIILHOH 30HBI pacIpoCTpaHsIack OT nmosepxHocTu 10 100-150 M. B cBs3u
C TeM, YTO B Ha4ajle 3MMHET0 NepHO/Ia JIOBBIIT TOKPOB (hOPMHUPYETCS C ceBepa MOPS
B I0)KHOM HallpaBJIeHNH, (PpOHTaNbHAs 30Ha ObLIA yajeHa Ha 3HAUUTEIbHBIE PAacCcTO-
SIHUS OT JIeI0OBOM KpoMKH. Tak, B HOstOpe 2017 T. TepMudeckas ¥ XaInHHas GPOHTAIb-
HbIE 30HBI HaXOAUIUCH MOUTH B 300 KM OT J1eJ0BOM KpOMKH. MakcuManbHblii TOpH-
30HTAIbHBINA IPAUEHT TEMIIEPaTyphl B HaYajIe NepUOa JIEA000pa30BaHNUs MPEBBIIIATT
kinMarnyeckuid B 10—16 pa3, MakcMMasbHBIA IPaJIMEHT cojieHoCTH — B 13-25 pas.

168



CoBpeMeHHble TEHAEHLUN 1 NepCneKTUBbLI Pa3BUTUSA rnapomeTeoponorui B Poccun
Mamepuarnsi VII Becepoccutickoli HayyHo-npakmuyeckol koHgheperyuu. Mpkymek, 19-21 mapma 2025 e.

Tabruya 2
Xapaxrtepuctuku 11D na paszpese Konbckuit mepuanan
ITonoxenue | IMonoxenue | IMonoxenue Bepruxaib- B
Ilepuon n3me- JIeZI0BOM CEeBEpHOIt TepMHUYe- Hoe nonioxke- | Ilonoxenne XanuH- CPTHKATLHOC
penuii KPOMKH, C. | Touku pa3- | ckoro ®P,c. | Hue repm. O3, Horo ®P, c. m1. non(z)xqf;l;ﬂe
L. pesa, c. 1. . 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 uronb 78 °35' 78 °44' 76 °15' 30-150 76 °00'&77 °45' (1);100&07
2017 nostops | 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 IIOKPOBA Ha aK-
Batopun bapeHiieBa Mopsi IMeeT MaKCUMaJIbHbIC 3HAYEHHs1, ObLIN BBITIOJIHEHBI U3Me-
penus B mae 2018 r., mapre 2022 r., anpene u mae 2023 rr. Bce usmepenus 3toro me-
pHuoaa OBUTH BBITTOJIHCHBI B YCIOBHUSIX O9€Hb BEICOKOH (Maif 2018 r.) 1 BEICOKO# 1oJ1o-
JKuTenpHON aHoMainu (Mapt 2022 T., anpeits 1 Mait 2023 1.) TemrepaTypbl Ha pazpese
1 HopMasibHOH (MapT 2022 1. 1 anpesns 2023 1.) 1 60JIbILI0M OTpULIATEILHON aHOMAIIUU
(mait 2018 1 2023 rT.) 1€10BUTOCTH 3amagHOro paitona bapennesa mops. [Ipeobnana-
romumid Betep B mapte 2022 r. u anpene 2023 r. ©Men ceBepHOE HampaBlIeHUE U Cpe/l-
HIOIO ckopocth 11. 7m 10. 7wm/c, B mae 2018 1. mpeobnagan BOCTOYHBINA BeTep
(4,6 m/c), B mae 2023 r. — roxHblii (4,8 M/c). B paccmaTrpuBaemblil epuo;I MOJI0KEHHE
TEPMHUUYECKON U XAIIMHHOW (POHTATHLHON 30HBI Ha paspe3e coBnaaano. OTHOCUTETBHO
Hayaja 3UMHETO Teproa IMPOU30ILIO0 CMEHICHHE MTOJI0KEHNST (PPOHTAILHON 30HBI B
I0’KHOM HarpaBiieHud Ha paccrosHue 110 km B anpene 2023 r. 1 Ha 55 KM B OCTalib-
Hble ieprobl. llupruHa ¢pponTansHOI 30HE BapbupoBaia ot 30 10 55 kM. Ha makcu-
MaJIbHO OJIM3KOM PACCTOSIHUH OT JIEJJIOBOM KPOMKH (PpOHTAIbHAS 30HA HAXOAWIACH B
arpesie 2023 r. B nepuox u3MepeHuit Tpu CeBEpHbIE CTAHIIMU pa3pe3a HAXOJWINCh B
npeenax MpUKPOMOYHON JIeJOBOM 30HBI. PpOHTaNBHAS 30HA ObUIA CMEIICHA B 0XK-
HOM HampasieHuu 10 75°30" c. m. BeposTHO, cMeleHne moa0KeHus (GPOHTATBHON
30HBI B 10’KHOI HanpaBJIeHUH OBbUIO BBI3BAHO BO3/EIHCTBHEM CEBEPHOI'O BETpA, KOTO-
PBIi UMeN JOBOJIBHO BBICOKYIO cpeHIoo 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 TpeodIaia I0KHBIN BeTep, KOTOPBIA H OTHEC JIBIBI C apKTHYe-
CKMMH BOJIaMHU Ha CEBEp.

B asrycre 2008 u 2009 rr. I1JI3 mabmonanaces ceBepHee 78 °30' c. m. Makcu-
MaJIbHBIE TOPU3OHTABHBIE TPAIHEHTHI TEMITEPaTyphl ObLTH oTMedeHbI Ha 76 °30' c. mI.
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BJIOJTb OCH pa3pesa. B mose comeHocTH mpH 3TOM HaOIoaanack cTyreHdaTas CTpyk-
Typa ¢ AByMs MakCHMyMaMH, cooTBeTcTBytomuME 11D (roxxHee) u AD3 (ceBepHee).
B 311 nepuo/ip1 HaOIFOIATMCH OTPUIIATEIBHBIC OOJBIINE aHOMAIIUH TEMIICPATYPhI BO
Ha paspese MpH MOJIOKUATENBbHBIX Oosbiux (2008 1.) 1 ouens Oonbmx (2009 T.) aHo-
MaJTHsIX JISJIOBUTOCTH 3aIaiHoTO paifoHa bapentieBa Mops. B HopMabHEIA 10 TeMIe-
paType BOJ U JIEAOBUTOCTH B JIETHUN IEPUOJ BBIIOJHSUIACH U3MepeHus 15 — 17 urons
2017 r. I1JI3 nabmroganack Ha 78°35' c. m1. Bepxuwuii 20-25-MeTpoBbIi 10 OBLIT PO-
rpet 70 2 °C. O61acTh MaKCUMATBHBIX BEPTHKATLHBIX TPAJIUEHTOB TEMIIEPATYPHI ITPO-
CJIC)KHUBAIUCH 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. apKTHYECKHE BOABI IMEJN OTPUIATEIbHYIO TeMIIEPaTypy OT TOBEPXHOCTH
JI0 AHa ¥ HaxouwiKch B npezenax [1J13. MakcumanbHbI TOPU30HTATBHBIA TPAJIUEHT
TeMmIeparypsl ObuT B 12 pa3 0oJblie KIMMAaTHYECKOTO 3HAYCHHUS, TPAJTUEHT COJICHO-
¢t — Oosbie B 14 pa3. B mose coeHOCTH Ha pa3pese BBLICTSIOTCS JBE 30HbI TIOBHI-
IIEHHBIX rpaaneHToB. [lepsas obmacTe HabMrOMaMach B 001acTH ckiioHa 6anku Ilep-
cest, Tae HaxoauTcs ydactok [lomsipHoit ¢hporTansHol 308K Ha paccTosaun 65 kM oT
JIe0BOM KPOMKH CyILECTBOBAJIa BTOpasi 00JacTh MOBBIIIEHHOTO TPaAUeHTa, OHa MPo-
ABISICTCSl CHJIBHEE B PACIpEeNICHHH COJCHOCTH. 37ech HaOmomancs cioit 0—10 m
HanboJee 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] HAa3bIBAIOT «CTY-
TICHYATHIM», BBIACIISS 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 COICHOCTHU, KOTAa MPo-
HCXOJHUT aKTUBHOE TasHUE Jbfa. Takum oOpa3oM, mepsas 30Ha oTHocHTcs K Ilomsap-
HOMy (bpoHTy BapenrieBa mopsi. Bropas ke coorBetcTByeT AD3, 00pa3zoBaHne KOTO-
PO¥ CBS3BIBACTCS C TASTHUEM JIBJIOB B TEILTBIN TIEPHOJ TOJIA.

CmMenieHre rpaHUIbl TEPMUYECKO (DPOHTAIBHON 30HBI B paccMaTpHBaeMbIi
MePHO MPOUCXOANIIO B BECEHHHUE MECSIIBI B FOKHOM HalpaBlIeHNH. Tak, B Ha4daje me-
prona nenoodpa3oBaHus (THBaph U HOSIOPB) TepMUUYecKast CoCTaBIsromast [lonsapHoro
(ponTa HaxoaMIack Hal CKIOHOM Oanku [lepces, a B KOHIIE 3TOr0 eproaa (ampesb,
Mail) oHa HaOmoganace Hax LleHTpanbHOM BO3BEIIEHHOCTHIO. B HanbomnpIieid 6m3o-
CTH K JIeIIOBOW KpOoMKe (48—72 kM) (ppoHTaIbHAS 30HA HAXOAMIACh B KOHIIE IIepHOa
nenooOpaszoBanus (armpenb u Maid 2023 T.), 9TO OBUIO CBS3aHO CO CMEIICHHEM apKTH-
YECKUX BOJ BMECTE C JIEJIOBBIM ITOKPOBOM B I0’KHOM HarpaBiIeHHU. XaluHHas QpoH-
TaJIbHAst 30Ha NMeJa OOJBITYI0 M3MEHINBOCTh, HEXKEHN TepMuUYecKas. B koHIe nepu-
ona JemooOpa3oBaHMs ObTa OTMEUEHA OoJiee CIIOKHAs CTPYKTypa paclpeesieHHs
TemIepatypsl B oonact [1oisspHO#t GpOoHTAIBEHON 30HBI, OTHOCHTEIIFHO MEPBBIX Me-
csreB ce3oHa. Habmromanoch «mepeMexaromieecs» pacipeaeacHne TeMIepaTyphl, s
KOTOPOTO XapaKTEePHO YepeOBAHHME XOJOJHBIX M TEIUIBIX yYaCTKOB Pa3IHIHON IITH-
PHIH, pa3/IeIeHHBIX JIOKaTbHBIMU (hpoHTaMu. DopMHUpOBaHHE TaKOH CTPYKTYPHI MOTIIO
OBITh BBI3BAHO KAaK aJBCKTUBHBIMH IIPOLICCCAMU, TaK U ICUCTBHEM BUXPCH, KOTOPHIC
gacTo 00pa3yroTcs BO PPOHTAIBHOM 30HE [2].
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3ak/aoueHne

B pabote mpezmcraBiieHBI pe3yNbTaThl OKeaHOTpaUIECKUX HAOIIOCHNH, BBI-
noiHeHHBIX ¢ 6opTa HUC «/lanpHue 3eneHIby TPEeHMYIECTBEHHO B CEBEPHOH YacTH
paspesa Konbckuii Mepunuan B pasubie ce30HbI 2008—2023 rr. [IpuBoasTcs momoxe-
HHE W XapaKTepuCTWKH ydacTka [lomspHoro ¢ponra bapenmesa mopst Ha paspese
Konbckuit Mmepuaian B mepno]; akTHBHOTO JIe000pa30BaHMs, MAKCHMAIIBHOTO JIEIO-
BOr'0 MOKPOBA, Mepexo/ia K JeJ0TasHUIO U B JETHUH NepHO, KOT/1a MOJI0KEHHE JIe10-
BOM KPOMKH 3aHHMAET HanboJiee ceBepHOe MONoKeHne. PaccmarpuBancs mpenmMyie-
CTBEHHO JOBOJIbHO AMHAaMU4HbIM BepxHUHM 0-50 M ci0fl BOX, Kak MOABEPKEHHBII
OoubIIelt K3MEHYUBOCTH CO CTOPOHBI CUCTEMBI OKeaH-ea-aTMocdepa. [lokazano, aro
caMblil ceBepHbIil U3 GppOHTANBHBIX pa3neno [lomspHoil GppoHTanbHOIM 30HBI bapeH-
IIeBa Mops Ha ocH pa3pe3a KonbCkuil MepuanaH HaXOAWIICS Ha PACCTOSIHUH OT 48 10
290 KM OT KpPOMKH JIE€[OBBIX IOJIEH. ['pajiMeHThl TeMmriepaTypbl BapbUPOBalU OT
0,10 mo 0,20 °C/km, conenoctu — ot 0,012 mo 0,025 enc/km, mupuHa GpPOHTAIBHOM
30HBI He NpeBbImana 55 kM. [Toiaoxenne paccmarpruBaeMoil ()pPOHTAIBHOI 30HBI SIBIISI-
eTcs KBAa3UCTAIMOHAPHBIM U MOYKET MEHSATHCS B 3aBUCHMOCTH OT ce30Ha. Tak, B Teue-
HHE TTIepHo/Ia JIe000pa30BaHUs POUCXOIUT CMEIICHUE (POHTAITHLHOM 30HEI B I0)KHOM
HanpaBJeHUU OT CKJIOHa BO3BbIIeHHOCTH [lepcest k LleHTpanbHON BO3BBIIIEHHOCTH.
B navane nepuona, B Hosiope 2017 u 2023 rr., oHa Haxoaunachk Ha 76°30’ c. 1., K sH-
Bapro 2023 T. MPOJABUHYJIACH B I0)KHOM HampaBiIeHHH K 76°15' ¢. 1., Oirke K KOHITY
nenoo0pa3oBaHus B KaJeHIapHBIC BECEHHHE MECsIbI cMenanack k 76°00 c. L., a B
oTAenbHbIe neproab! (anpens 2023 r.) k 75°30' c. 1.

Paboma svinonnena 6 pamkax 2ocyoapcmeennozo 3adanus no meme Ne FMWE-
2024-0028.

Cnucok 1MTepaTypbl

1. 120 ner oxeanorpaduuecknx HaOmoAeHM Ha paspese «Konbekuit Mmepuanan» / A. JI. Kapcakos,
A.T. Tpodumog, M. FO. Anuudepos [u ap.]. Mypmanck : [IMHPO um. H. M. Kuunosuua, 2022. 146 c.

2. Poouonos B. b., Kocmanoii A. I'. Oxeannueckue Gppoutsl Mopeii CeBepo-EBporneiickoro 6acceiina.
M. : TEOC, 1998. 290 c.

3. Cucrema bapenuena mops / mox pen. akagemuka A. I1. Jlucuusina. M. : TEOC, 2021. 672 c.

4. Climate and cyclic hydrobiological changes of the Barents Sea from the twentieth to twenty-first
centuries / G. G. Matishov, D. V. Moiseev, O. S. Lyubina [et. al] // Polar Biology. 2012. Vol. 35. P. 1773-1790.
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Groups I, IT and III to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change. IPCC,
Geneva, Switzerland. P. 35-115. https://doi.org/10.59327/IPCC/AR6-9789291691647

6. Kolds E. H., Fer I, Baumann T. M. The Polar Front in the northwestern Barents Sea: Structure,
variability, and mixing // Ocean Science. 2024. Vol. 20, N 6. P. 895-916. https://doi.org/10.5194/0s-20-895-2024

7. Loeng H., Ozhigin V., Ardlandsvik B. Water fluxes through the Barents Sea / ICES Journal of
Marine Science. 1997. Vol. 54. P. 310-317.

8. Oziel L., Sirven J., Gascard J. C. The Barents Sea frontal zones and water masses variability (1980—
2011). // Ocean Science. 2016. Vol. 12. P. 169—184. https://doi.org/10.5194/0s-12-169-2016

9. Polyakov I. V., Pnyushkov A., Carmack E. Stability of the arctic halocline: A new indicator of
arctic climate change// Environmental Research Letters. 2018. Vol. 13, N 12. P. 125008.
https://doi.org/10.1088/1748-9326/aaecle

10. Skillful prediction of northern climate provided by the ocean / M. Arthun, T. Eldevik, E. Viste [et
al.] / Nature Communications. 2017. Vol. 8. P. 15875. https://doi.org/10.1038/ncomms15875

11. On the definition of marginal ice zone width / C. Strong[et al.] // Journal of Atmospheric and
Oceanic Technology. 2017. Vol. 37, N 7. P. 1565-1584. https://doi.org/10.1175/JTECH-D-16-0171.1

12.  Zhichkin A. P. Peculiarities of interannual and seasonal variations of the Barents Sea ice coverage anom-
alies // Russian Meteorology Hydrology. 2015. Vol. 40. P. 319-326. https://doi.org/10.3103/S1068373915050052
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VJIK 504.4.062.2(912. 438)
Peku kak KOpuaAOpbI NPUPOIHO-IKOJIOTHYECKOT0 KapKaca
ropona Upkyrcka

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

Uprxymcxuil eocydapcmeennvlil ynugepcumem, 2. Upxymck

Annoranus. [IpeacraBieHa kapra-cxemMa U aHaJIM3 OCHOBHBIX 3JIEMCHTOB (KIIFOUEBBIX, TPAH3UTHBIX
(KOpUIOPOB) U TOUEUHBIX, JIMHEHHBIX ) TIPUPOTHO-IKOJIOTHYECKOT0 Kapkaca T. pkyrcka. Onucanbl
TPaH3UTHBIE TEPPUTOPHH (PEKH) FOPO/Ia, COCTOSHUE UX ECTECTBEHHOTO MOKPBITHs. OTMEUeHBI (PyHK-
LHHOHAJIBHBIE 0COOCHHOCTH 3JIEMEHTOB Kapkaca. MeTo/ipl HccieioBaHus: 00001IeHUe, T0JIEBbIe Me-
TOJIbI, & TAK)KE KapTOrpaUuecKuil METOI.

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

Bonzble 00BEKTEI, OCOOCHHO B TOPOAAX BBHIMOJHSIOT 3HAYUTEIHFHOE YHUCIIO
(YHKIMH M 3KOCHCTEMHBIX YCIyT U ITOJBEPraroTCsl HAanOOJIbIIEMY BIMSHHUIO XO3SH-
CTBEHHON M MHOW nesTenbHOCTU. C OHONM CTOPOHBI, BCE BOAOEMBI U BOJOTOKH, a
TaK’Ke MpUJIeTarole TEPPUTOPUH — BOJOOXPAHHbIE 30HBI, 30HBI CAHUTAPHOI OXpPaHBbI,
B COOTBETCTBMH C 3aKOHOJATENHCTBOM Poccmy 007amaroT 3HAUNTETBHBIMH OXpaH-
HBIMHU CTaTyCaMH, B TOM YHCIIE HCKITIOYUTEIBHO TOCYIapCTBEHHYIO COOCTBEHHOCTD, C
JPYroi CTOPOHBI HEMPaBUIIbHASL OpraHM3alys (HapyLIIeHUH yCIOBHI HOCTyIa, 3aMy-
COpHBaHHE, OTCYTCTBHE Ha 3HAUUTEIBHBIX yUacTKaX JIMBHEBOH KaHAIN3AINH, peKpea-
IIMOHHAS MTEPEIKCIITYaTaIs U IP.) ¥ c1ab0oe KOHTPOIMPOBAHIE TPOUCXOSIITIX H3ME-
HEHUH, IPUBOJIT K JIETPaIallni KaK NPUOPEKHBIX TEPPUTOPHUH, TaK M CAMUX BOJHBIX
00bekToB. I103TOMy BCECTOpPOHHHE BapHaHThI aHANIN3a HEOOXOAUMBI Ul ONTUMH3a-
IIH ¥ PAllMOHAIN3AINH X HCIOIb30BaHHUS.

ITpuponno-skoorndeckuii kapkac (nanee — [19K) ropona npencrasisier coo6oi
03€eJIeHEHHbIE Y9acTKH (TIApKH, CKBEPHI U T. 11.), KOTOPbIE PACIIOJIOKEHBI Ha €r0 TePPH-
TopuH [1]. OH mpu3BaH BEIMOIHATE PYHKIUU MOAECPIKKU SKOJIOTHYECKOI CTaOMIBHO-
CTH, B YaCTHOCTH HEOOXOAWMM JUII COXPAHEHHS MECTOOOWTAHHS PAa3IWYHBIX BHJOB
haopsl ¥ GayHBl B YCIOBHAX XO3SHUCTBEHHOTO OcBoeHWs. Ha nmannbiii Mmoment ITOK
TaKOKe SIBIISIETCS] CBOCOOPA3HBIM CIIOCOOOM JIJIsl OLICHKH 3€JIeHO HH(PACTPYKTYpBI To-
poJa ¥ MOXET OBbITh HCIIOJIB30BAH AN IIAHUPOBOYHBIX PEIICHUN 10 ONTHUMHU3AIUN
ropojackoi cpemsl [2]. s MHOTHX HacelIEHHBIX IMyHKTOB HAIIeH CTpaHBI HE CyIe-
ctBytoT KapT 19K, nmosromy 1moo6HbIe pabOThl HIMEET CMBICI BBOJHUTH B IPaloCTPO-
UTEIbHbIE MPOEKTHL. B cBs3u ¢ 3TUM OblIa paspaborana kapra-cxema I[1OK u Obian
paccmotpens! ocodernoctH [19K r. pkyTcka.

[TpaxkTnyeckas 3HaUMMOCTb TAaKOH PaOOTHI BEICOKA, TAK KaK MOA00HAs KapTa MO-
JKET CTaTh OTJIMYHBIM BapHaHTOM BH3yalH3alUMu WH(OpPMAIMM, YTO IO3BOJHUT HE
TOJIBKO [0-HOBOMY B3IVISIHYTh Ha CUTYallMIO 03€JIEHEHUs Topo/ia, HO U OyAeT croco0-
CTBOBATh PAa3BUTHIO €r0 MH(PPACTPYKTYPHl M MHTECHCH(HUKAIIMU IPOIECCOB OJyaro-
ycrpoiictBa. 19K gact BO3MOXKHOCTh COXpaHHTh MPUPOIHBIE U MPUPOAHO-AHTPOIO-
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TeHHBIE CHCTEMBI B ONTHMAIEHOM COCTOSTHUH. [109TOMY KOHCTpYHpOBaHHE SKOJIOTH-
YEeCKOTo KapKaca JJIsi KOHKPETHOH TepPUTOPHH COCTABIIACT OJIHY U3 BAXKHEHINNX 3a1a4
IpaloCTPOUTEIIBCTBA.

II9K ropona BrirtogaeT B ce0sl TPH BaXKHBIE COCTABIISIONIIE:

1) mpupoaHyI0, CBA3aHHYIO MPUPOIHBIMH OCOOCHHOCTAMH, T. €. JaHAMA(THON
CTPYKTYPBI TEPPUTOPUH;

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

3) manamadTHO-MOP(HOCTPYKTYPHYIO, KOTOpasi COAEPKUT KaK MPUPOIHBIE, TaK
1 XO3AHCTBEHHBIE JIEMEHTBI TEPPUTOPUH, OTPEIEIISFONINE BHEIITHUIT OOJIHK.

Paznuuaror ruomaanele, TPAaH3UTHBIE U TOUSUHbIE JIEMEHTHI KapKaca, 3aBHCS-
mye HEe TOJBKO OT IUIOMIAZW, HO M OT IPHUHAUICKHOCTH, HAIPUMEpP 3eMEITbHOTO
yJacTka (Tadir.).

Tabnuya 1
Dnementst [19K u ux byHkImn
DneMeHTbI DyHKIHOHAIBHBIE OcHOBHbIC (YHKIMH YIEMCHTOB By 6o R
II5K rpynisl [I9K TIDK
Cpenoobpasyrolue; caHu-
TapHO-TUTHEHUYECKUE; DKOJIO-
KiroueBbie Tomnepcisaro- THYECKHE; JeKOPATUBHO-TIA- Iapicu, ciepet, pou, canl,
mas . OyJbBapBbl
HUPOBOYHBIC; HAYYHO-TT03HA-
BaTEJIbHBIC
Tpan3ur- CaHUTapHO-TUTHEHIYECKNE,;
HBIE (KO- TpancnioptHast | JeKOpPAaTHBHO-TIJIAHUPOBOY- BonooxpaHHble 30HBI pek
PHUIOPBI) HBIE; TNI00AIbHBIE
OOr111e10CTYITHBIC 03€ICHEH-
JlekopaTHBHO-IIAHUPOBOY- HbIE 1 OJ1aroyCTpOCHHbIE Tep-
PekpeannonHass | Hble; HAYYHO-TIO3HABATEIbHBIC; | PUTOPHH IIOIMIAAb KOTOPBIX
5KOJIOTMYECKUE Menbuie 30 Thic.M? apKH,
CKBEpBI, CaIbl U T. 1.
Toueunsre =
O3seseHeHHe TePPUTOPHIA 00-
B 3zaBucumoctn | JlekopaTuBHO-MI1aHUPOBOY- pa3oBaTeNIbHBIX YUPEKICHUH,
OT Ha3HAYCHMS | HBIC; MEINKO-COIIMANIBHBIC; Ca- | YUPEXKJICHUIH 37]paBOOXpaHe-
oObeKTa HHUTapHO-TUTHEHHYECKHUE; HUSI, 03€JICHEHHE TePPUTOPHUIL
KYJIBTOBBIX OOBEKTOB
Jluneiinsie | TpancmoptHas | JlekopaTHBHO-TIaHUPOBOUHBIE | Haca)xieHus BIOIb yIIUIT

B 3aBucumocTu ot TOro K kako (pyHkiuonansHoi rpyne [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 MOIB30BaHMA, 5 03€JICHEHHBIX TEPPUTOPHU CHEIHAIBEHOTO
Ha3HaueHUs. DTO OJIArONPHUSITHBIA OKAa3aTelb ISl KPYITHOTO TOPOJIa.

Kopunopsl, sBISIOTCS 9KOJOTMYECKH aKTHBHBIMU OCSIMM, BBIMOTHSIOLIME IIIy-
MOIIOJABJICHHE U OOJIQfaloIye APYTUMHU 3alIUTHBIMU (QyHKnusmu. OHH obecneyn-
BAIOT MO/ICPKaHME IIEIOCTHOCTH 3€IEHOTO KapKaca 3a CUeT CBS3BIBAHMS Pa3pO3HEH-
HBIX PE3EPBATOB, COAEHCTBYIOT MEPEMEIEHHIO MOABHKHBIX KOMIOHEHTOB MTPHPOIBI
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10 03CJICHEHHBIM YYacTKaM BJIOJbh peK. K HUM OTHOCST: 03eJeHEHHBIE KOPHIOPHI
TPaHCHOPTHOH MH(PPACTPYKTYPBHI, BOJOOXPAHHBIE 30HBI U TIOHMBI KPYIHBIX PEK, J0-
JIMHBI MaJIBIX PEK, 3alIUTHBIC JIECONOCAIKH U T. 1. [3]. TpaH3uTHBIC TEPPUTOPHU — ITO
YYacTKH, O51aro1apsi KOTOPSIM OCYIIECTBIISIOTCS SKOJIOTHYECKHE CBA3H MEXIY KITFoUe-
BBIMH TeppuTOpusiMUu. OHE MOTYT TPEJCTaBIATh COO0I HE MPENATCTBYIOIUE SKOJIO-
TMYECKUM CBSI3SIM OOLIMPHBIC YYacTKH JaHAMA(Ta MEXIY KIIOYEBBIMH TEPPUTOPHU-
AMH («CBA3YIOIMH JaHAMAPT»). ITO MOTYT OBITH JIMHEHHBIC 3JIEMEHTHI JIaHAIIadTa
(TOTMHEI peK), Ha3bIBAEMBIC «IKOJIOTHICCKUMH KOpHIopaMm» [4].

Kopunopamn kapkaca Ha TeppUTOpHH T. MIpKyTCKa SIBISIFOTCS: BOZOOXPAHHBIE
30HbI pek (UpkyT, Anrapa, YmrakoBa, Kas) (puc. 1). BogooxpaHHOI 30HO¥H sBIsIeTCS
TEPPUTOPHS, MPUMBIKAIOIIAS K aKBATOPUU PEK, Ha KOTOPOH yCTaHABIMBACTCS CIENH-
aJbHBIA PEXKUM XO3HCTBEHHON M MHBIX BUJIOB JACSTEILHOCTH C LIEJBIO MIPEI0TBpallie-
HUS 3arpsI3HEHYSL, 3aCOPEHHUS, 3aMICHNS X HCTOILCHUS BOJHBIX 00BEKTOB, a TaK¥Ke CO-
XpaHEHUs cpesbl OOUTAHUS 0OBEKTOB >KUBOTHOTO M pacTUTeldbHOro mupa. lllupuna
BOJIOOXPAHHOH 30HBI p. AHTaphl (MpoTsHKEHHOCTE 1779 kM) coctasmser 200 M, p. Up-
KyT (IpoTsoKEHHOCTH 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 YCTAHABIUBAIOTCS OEperoBble M MPHOPEKHBIE
3aIIUTHBIC TTOJIOCHI, HA TEPPUTOPUAX KOTOPBIX BBOAATCS JTOMOTHUTEIBHBIC OTpaHIye-
HUS IPUPOAONOIb30BaHusl wuprHOM oT 20 10 200 M B 3aBUCUMOCTH OT YKJIOHA U Xa-
pakTepa MpUIIEraouX 3eMeb.

BornbImas 9acTh TPAaH3UTHBIX TEPPUTOPUI UMEIOT €CTECTBEHHOE MOKPBITHE, O
HAKO JAPEBECHO-KYCTapHUKOBBIEC ()OPMBI 3aHUMAIOT YKE 3HAUNTEIFHO MEHBIIYIO TLIO-
I1a/1b ¥ HaXOJSATCSl B yTHETCHHBIM COCTOSIHUU. [loMrMO 001iero HapymeHust Crienu-
IBHOTO PeXKKMMa BOJOOXPAHHBIX 30H, HJET HEKOHTPOJIHUpyeMas BbIpyOKka u 0e3 Toro
CKyJIHOTO o3esieHeHus [6]. PekpeanmonHas Harpy3ka Ha IPUPYCIOBBIC TEPPUTOPHUH,
0COOCHHO B JIETHEE BpEMsl, IPHBEIla Ha HEKOTOPHIX yYaCTKaX K IOJHOW Jerpajaliun
TPaBSIHUCTOTO TIOKPOBA M 3HAUYUTEIFHOMY YXY/IICHUIO COCTOSIHUS JIPEBECHO-KyCTap-
HUKOBBIX popm [7].

ColuttoieHne CeuanbHOTO PeXXUMa Ha TEPPUTOPHH BOJZOOXPAHHBIX 30H SBIIS-
€TCsl COCTABHOM YacThIO KOMITIEKCA TPUPOTOOXPAHHBIX MEp T10 YITyUIICHUIO CAaHUTap-
HOTO, THPOJIOTHYECKOT0, THAPOXUMUYECKOTO, THAPOONOIOTHYECKOTO U SKOJIOTHYe-
CKOTO COCTOSTHHSI BOJHBIX OOBEKTOB M OJIATOYCTPONCTBY MX MPHOPEKHBIX TEPPHUTO-
pHii, ¥ yIyqIIEHHIO KaueCcTBa IPHPOAHO-IKOJIOTHIECKOTO KapKaca ropo/a.

Ouenka kopunopos kapkaca 19K r. HMpkyTcka 1mo3BosisieT cienaTh BBIBOJ O
TOM, YTO HY>KHO pa3paboTaTh MephI IS MOBBIICHHUS 3CTETHYECKOTO U (DyHKIIMOHAIb-
HOT'O COCTOSIHHSA 3eNEHBIX HACAKICHNH. TaKxke CTONT CHU3UTH U KOHTPOJIHPOBATH aH-
TPOIIOTCHHYIO HAarpy3Ky Ha 3TH TEPPHUTOPHH, OCOOCHHO HapyIIAIoOLIyl0 TpeOOBaHUS
3aKOHOZATEIbCTBA, HATIPUMED 3a€3/1bI aBTOMOOHIICH.
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Puc. Kapra-cxema npupoJHO-IKOJIOTHYECKOro kapkaca MpkyTtcka
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VJIK 504.4.054

Coaep:xaHue 4acTHIl MUKPOILUIACTHKA B peke Bopone
BbIllIe M HU:Ke 110 Te4eHnIo oT ropoaa Kupcanosa

K. C. Henpoxkuna (kolkova-kseniya@mail.ru),
T. U. 3unoBbeBa (zinovieva.t4tyana@yandex.ru),
A. B. Boponkos (antonvoronkov123123@gmail.com)

Tambosckuii 2ocyoapcmeennbiil ynusepcumem um. I'. P. [lepacasuna, 2. Tambos

Annoranus. PaccmarpuBaercst coiepKaHie MUKPOIIACTHKA B p. BopoHe BbIlIE U HYKE 1O Teye-
HUIO oT ropoma Kupcanosa. Omucanbsl MeToMKa 0TOOpa MpoO, UCIOIB30BAaHHOE 00OPYIOBAHHUE,
IPOOOMOATOTOBKA, a TAK)KE METOJbI MIACHTU(HKAIMH YaCcTHIl MUKPOIIACTHKA B IpoOax. JlaHbl ux
Ka4yeCTBEHHbIC M KOJIMYECTBEHHbIC XapaKkTepucTHKU. Cpean HHX: KOJIMYECTBO YACTHI] MUKPOILIA-
CTHKa, X BUJ U 11BET. MakcCUMabHOE CO/IepKaHKie YacTull oOHapy»KeHO B ¢. Bsiuka Hike no Tede-
HUIO, MUHUMaJIbHOE — B 1ocelike TepHbl BbIIIE [0 Te4eHuI0. BrisiBieno, 4ro r. Kupcanos okasbsiBaeT
HE3HAYUTEJIbHOC HETATHUBHOC BJIUAHUE B YaCTH 3arpsA3SHCHUS PEKH MUKPOIJIACTUKOM. CaMbIe pacnpo-
CTpaHEHHBIC YACTHI[BI 10 BH/Ly — BOJIOKHA, 10 [[BETY — Oelible, KpacHbIe, YepHble. ENMHIYHO 110 BUIY
BCTPEYAIOTCSI TPaHyJIbl, MO IIBETY — CEPbIe, KOPUUHEBBIC, CHHUE, 3CJICHbIC, JKEITHIC.

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

BBenenune

3auacTyro COBpeMEHHbIE OJ1ara MUBUIIM3AIMH CO3/IAI0T HE TOJIBKO YA00CTBA TS
JII0JIeH, HO U HAHOCST HEMONPaBUMbIN ypoH nipupoe. Tonbko 3a nocneanue 10 et B
MUpe OBUIO IPOU3BEACHO OOJIBIIIE TUIACTUKOBBIX H3JICIUIL, UeM 32 MPEIBLIYIIee CTOJIC-
tue. OHOpa30Bas MOCYa, aKeThl, YIIAKOBKA, OYTHUIKU M Pa3IMYHbIC EMKOCTHU, CHH-
TETUYECKAN TEKCTHIIb — CaMble PacIpOCTPAaHEHHBIE BHIBI TUIACTHKOBOTO MycCOpa.
JIvnrs mATh MPOIIEHTOB OT €r0 00beMa B KOHEYHOM UTOTE ITOIBEPraeTcs mepepadoTKe
U HCIIOJIB3YeTCs TIOBTOPHO.
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[TmacTHK HAHOCHUT Cephe3HBIH yIepO OKpyXKaIoIel cpesie, HadnHas C ero Ipo-
W3BOJICTBA WM 3aKaHUMBAs YTHIU3alreil. 3aBOJIBI, BEITYCKAIONINE INTACTHKOBBIC H3/IC-
nust, BRLICISIOT B atMocdepy mo 400 MIH T YIVIEKUCIIOrO ra3a B TOJl M MPHUMEPHO
800 BUIOB )KMBOTHBIX CETOJTHS HAXOSATCS TI0J] yTPO30i BEIMUPAHUSI U3-3a TIOSTaHUs U
OTpPAaBJICHUS ITACTHKOM.

HeratuBHOMY BIHSIHUIO ITOIBEPKCHBI BCE CPEIBL: BOJHAS, IOYBCHHAS, BO3AYII-
Has. OMHAKO BOAA, SIBJSSICH BAKHEHIIMM KOMIIOHEHTOM JKU3HU HA 3eMJie, 3aCyKH-
BaeT ocoboro BunManus. ITo ganuemM 3xooroB OOH, ka)xapIii roJ B OKEaH IT0IaaeT
0KOJIO 13 MUJUIMOHOB TOHH IIJIACTUKOBBIX OTXO70B [8]. OHM Npu M3MENbYEeHUU IO
BO3/ICHCTBHEM (PaKTOPOB OKPYIKAIOIICH CPEIbl CIOCOOHBI BBI3BIBATH MACCy MPOOIeM
JUTST )KUBBIX OPTaHU3MOB [ 15]. DTo BIUsSHUE OKa3bIBAETCS IMyTEM TOKCHUHBIX BBIJENE-
HUW M3 YacTHI[ TUIACTHKA XMMHYECKUX BEIIECTB Pa3IMIHON CTETEHW TOKCHUIHOCTH
(Harmpumep, oucenon-A, ¢ranar, TMOKCUH, METaH | T. 11.) [6; 7], MEXaHHYECKUX IO~
BPEKJCHUN OPTraHOB JKEIYJ0YHO-KUIIEYHOTO TpakTa. [IToMHUMO 3TOr0, YacTUIbl MHK-
pOIUTACTHKA UMEIOT aCOPOMPYIOINE CBOMCTBA, YTO MO3BOJSIET MM HAKAIUIMBATh Ha
CBOCH IIOBEPXHOCTH APYTHE 3arpSA3HSIONINE BEIIeCTBA (HAIIPUMED, TSKEIIBIC METaJLITBI)
W MaTOTeHHbIC MUKpoOopraHu3Mel [13]. Pexku HecyT cBOM BOJIbI B MUPOBOI OKEaH, Clic-
JIOBATEIbHO MOTYT CIYXXHUTh OJHUM M3 UCTOYHHKOB €r0 3arpsi3HEHHs] MUKPOILIACTH-
koM. [ToaToMy TTOHHMaHHE yPOBHS 3arpsS3HEHHS PEK ero 4acTHIAMH — Ba)KHAs TeMa
JUTSL KICCIIEZIOBAaHUN HAPSIILY C IPYTUMH THAPOXHUMUYCCKUMHE 3arpsI3HUTEISIMU.

MOHUTOPUHIOM 3arpsi3HeHHs BOJ B p. BopoHe B rpanuiiax TamOoBckoi o6a-
CTH 3aHMMAIOTCS PA3IHMYHbIC OPTaHU3AINH U IPEICTABUTENN HAYIHOTO O0IIECTBa 00-
nmactu. OcHOBHOW opranu3anmen sisgercss TamOoBckuit [IITMC — ¢umuan OT'BY
«entpanpHo-UepHO3eMHOE YIpABICHHE IO THAPOMETCOPOIOTUH U MOHHTOPHHTY
okpy>karomie cpeas». Cpenu uccnenonareneit MoxkHO oTMeTUTh: M. E. Bykosckoro,
C. H. ynauka, U. C. Pemeroa, H. H. KonomelinieBy u npyrux. VIx paGoTsl mocBsi-
IICHBI pa3HOOOPa3HOMY CHEKTPY METO0OB OLICHKH KadecTBa BOIBI [ 1—4].

OpHAKO BCe ATU UCCICIOBaHMs W HAONIOJICHUS HE BKIIIOYAIOT B CeOsl OLICHKY
3arpsI3HEHNS PEKU YaCTUIIaMU MUKPOTLIACTHKA.

Henb paboTHI — OnpeenuTh coepKaHue MUKPOIIacTHKA B . BopoHe BbIme n
HIDKE 10 TeueHHo oT I. KupcaHosa.

OO0wekT uccnenoanus — p. Bopona B paiione r.Kupcanosa.

Ha nepBoHavaIbHBIX 3Tamax UCCIETOBAHNSA HAMH OBIITH OTOOPAHBI IPOOBI BOJIBI
00BéMoM 2 M> kaxnas. [Ipo6sl oTOupanuchk B aBrycte 2024 r. B IByX TOUKax Ha p. Bo-
poHe (puc.):

1 — BeImIe Mo TeueHuto ot r. Kupcanosa B paiione noc. TepHsI,

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

ObopynoBaHue U MeTOIbI UCCJIEJOBAHUS

IIpo60o0TOOpP OCYIIECTBIAICS C MOMOIIBIO Cauka U3 HEPIKaBEIOLIEeH CETKH ¢ pa3-
MepoM staeliku 40 MKM METOJIOM CTalMoHapHOW (ukcanuu (Touka 1) W TpajmeHwus
(Touka 2) ¢ riryouHbl 15-20 cM OT MOBEPXHOCTH BOABI. BRIOOP JaHHBIX IMapaMeTpoB
OCHOBAH Ha OIbITE€ OT€YECTBEHHBIX [5; 9] u 3apyOexunix [10; 12] koser.
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[IpobormoaroToBKa U BBACICHUE YaCTHII MUKPOIUTACTHKA OCYIIECTBISIINCH Ha
OCHOBaHUH METOJHKH «JlabopaTOpHBIE METOBI aHATH3a MUKPOIUIACTAKA B MOPCKOM
cpelie: peKOMEHIAIUH ISl KOTMYECTBEHHOTO aHalu3a CHHTETUUYECKHUX YacTHIl B BOJIE
U JOHHBIX OTJIOKEHUSX (TIporpaMMa uccienoBaHusi Mopckoro mycopa NOAA) [14].

[Tocue 3aBepIeHHs BceX MPOOOITOrOTOBHTEIFHBIX 3TATIOB COTIIACHO YIIOMSHY-
TOW METOAMKE, ObLIA IPOBECHA BU3yallbHAsl MACHTH(DUKAIS YaCTHI] MUKPOILIACTHUKA
¢paknueii 0,04-5 MM, ToACYET UX KOTUUECTBA. B KauecTBe 000py10BAHUS UCTIONIB30-
Bajicst Mukpockon Levenhuk (40-kpaTHoe yBeTUYCHHUE).

W nenTrdukaryst mpoBoIUIach C UCIIOF30BAHUEM PYKOBOICTBA 0 BU3YaIbHOM
uaeHTH(OUKAIMY ¥ KIaCCU(PHUKAINY TUTACTHKOBBIX yacTuil [11].

KauecTBeHHBIN aHATN3 MUKPOILIACTUKOBBIX YACTHI OCYIIECTBIICH C TIOMOIIBIO
MeTofa ropsiueid uribl [5]. B kadecTBe WIiibl MPUMEHSIICS MAsUIBHUK C 3aTOYCHHBIM
’kajioM (TisATHO KoHTakTa 0,5 MM).

Pe3yJ’leaTbl HCCJICJOBAHUSA

B xoze nccnenoBanmst ObUIN MOTYUCHBI JaHHBIC, IPE/ICTABICHHBIC B TAOJHIIE.

W3 ananm3za Tabauupl ciaeayer, 4To OOJbIIe YAaCTUI] MUKPOIUIACTHKA KOJIMYe-
CTBEHHO O0OHapY KeHO B paifoHe cena Bsuka (Hroke mo Teuennio ot r. Kupcanosa). Ha
TOYKE BBINIE 110 TeUeHHIO OT ropoxa Kupcanosa (moc. TepHbI) X HE3HAYUTEIHHO
MeHblIe. B11oBoil cocTaB 4acTHIl IPeICTaBIEH IPEUMYLIECTBEHHO BOJIOKHaMu. Enu-
HUYHO BCTPEUAIOTCS TPAHYIIBI.

IIBeT wactur B Touke otOopa Ne 1 mpenMyIiecTBEHHO KpacHbIH 1 Oernbrif. Takxke
OOHapy>KEeHBI Cepble, KOPUYHEBBIC, YEpHBIE M CHHHE 4YacTuipl. B Touke orOopa
Ne 2 mumupyrontyio KOJMYECTBEHHYIO IO3MIMIO MMEIOT YacTHIBI Oeloro ImBeTa.
Taxoke BcTpedaroTcst YepHbIe, KPACHBIC, 3€IeHbIC, CHHUE U JKEJIThIe YaCTHIIBL.
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Tabruya
ConeprkaHKe YacTHIl MUKPOILIACTHKA B TPodax
0E Mecto ot6opa eI EETE Bupg wactun, mr. L{Bet wacTuw, mrT.
TPOOEI P YaCTHI, IT. . HpILLE HhILLE
cepblif — 4
KOPUYHEBBIN — 1
BOJIOKHO — 29 yepHbIN — 4
noc. Tepusl 30 PHH
rpanyna — | Oenblit — 8
KpacHbIi — 9
CUHUH — 3
YepHBIi — 5
Oenbrit — 25
BOJIOKHO — 34 KpacHbIi — 2
c. Bsruka 35 P N
rpaHyna — 1 3eJIeHbIi — |
cuHUH — 1
JKEeNTBIN — |
BoiBoabI

B 3akmroueHne MOXHO CHIeNaTh BBIBOJ O TOM, uTo I'. KupcaHoB oka3bIBaeT He-
3HAUUTEJIbHOE HEraTUBHOE BIIMSIHUE HA 3arPsI3HEHHE PEKU MUKPOILJIACTUKOM U B OC-
HOBHOM OHO KaCaeTcs 3arpsi3HEHHs pEKU BOJOKHAMH. BHIOBOM COCTaB 4acTUIl MHK-
poruiacTuka B 00eux To4kax oTOopa mpod MiaeHTHYeH. L{BeT 4acTull He3HAYUTEeILHO
oTiu4aercs. YepHsIi, 6emblil, KPACHBIN U CHHUIT I[BETA TaK)Ke MPHCYTCTBYIOT BBHIIIEC U
HUXeE 10 Te4eHuto ot T. Kupcanos.
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V]IK 556.024(504.5)

IK0JI0rHYecKoe COCTOSIHNE BOJAHBIX 00bEKTOB,
NO/ABePKEHHBIX AHTPONOTeHHOMY BO3/1eiiCTBHIO, B facceiiHax
pek O3epnoit Bocrounoii u Yku (Kamuarckuii kpai) mno
pe3yJbTaTaM IKCIeIMIUOHHBIX ucciaenoBanuii 2023-2024 rr.

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

. B. Mumnn(miwindv@gmail .com)

! Kamuamexuii punuan Tuxookearnckozo uncmumyma 2eozpagpuu JJBO PAH,

2. [lemponasnosck-Kamuamckuii

2Bonzozpadckuii unuan Beepoccuticko2o HayYHO-UCCIe008amenbCKO20 UHCMUMYMa PolOHO20
xossiicmea u oxeanozpaguuy (Cpeonesonxcckuil uauan @PI'EHY « BHUPO»), e. Bonzoepao
3Tocyoapcmeennviii okeanozpaduyeckuti uncmumym um. H. H. 3y6osa, 2. Mockea

Annotanusi. Ocenbto 2023 1 2024 rr. BHITIOIHEHBI [10J€BbIe MOHUTOPUHTOBBIC HCCIICJOBaHNMS B Oac-
ceitnax pek OzepHoit u Yku (Kamuarckuii kpaif). Cocras paboT Bkitoyan B cedst THAPOMETPUUECKUE
U THAPOXMMHUYECKHE HaOIOIeHHs in situ Ha BogoTOKaX. Takke 0TOOpaHbl MPOOBI BOJBI C LEIBIO
OIpeIeNICHHs] MAKPOHOHHOTI'O COCTaBa U BAJIOBOI'O COJCPIKAHHS DIIEMEHTOB B Ipobe. I1o pesyibratam
9KCIISTMIIMOHHBIX UCCIIEJOBAHHHN BBISIBICHBI MHOTOKpaTHbIe npebienus [1/IK B Mectax TexHOreH-
HOI Harpy3ku Ha Majble U cpefHHe BOJOTOKH B OacceliHax ucciieyeMsix pek. [IpuBoaurcst 0030p
Pe3yIbTaTOB SKCIIEIUIIMOHHBIX UCCIIEIOBAHUM, & TAKIKE UX CPABHEHHE MKy COOOIA.

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

BBenenue

JIJTst OCYIIECTBIICHHUS OIICHKH YKOJIOTHIECKOTO COCTOSHHS BOJIOTOKOB B BEPXO-
BbsAX pek O3epHoii u Yku ocenbto 2023 u 2024 rr. BHITOJHEHBI YKCIETULIUOHHBIE UC-
cnenoBanus. [loneBbie pabOTHI BKIIOUAIH B C€0Sl TUAPOMETPHUECKUE U TUIPOXUMHU-
YECKHUE UCCIIEIOBAHMUS. AKTYaIbHOCTh TAKOTO POJIa HCCIICIOBAHNN 3aKITFOYAETCs B TI0-
Jy4SeHUH UHPOPMAIIAN O TEKYIIIEM COCTOSTHUU BOJHBIX OOBEKTOB, MX KAUeCTBEHHBIX U
KOJIMYECTBEHHBIX XapaKTEPUCTUKAX.
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MeToabl ncciaea0BaHui

OmeHKa 3KOJIOTHYECKOTr0 COCTOSHHS BOJOTOKOB OCYIIECTBIISIACH B XOJ€ MOA-
TOTOBHUTEIBHBIX M PEKOTHOCIIMPOBOYHBIX paboT B mosie. Coctas paboT BKIFOUYAI U3Me-
penust MOp(hOMETpUYECKHX TOKasareleld pek (LMpuHa pyciia, riiyOMHA B CTBOpE
HAOJIOIeHNH ), I3MEPEHNE CKOPOCTEH TEUCHNS PEK, yCTAaHOBKY BPEMEHHOTO THAPOIIO-
THYECKOTO T10CTa HA OCHOBHOM BOJIOTOKE, ONIEPATUBHBIE M3MEPEHHs T'MAPOXUMHYIE-
CKHX IOKa3aTeneil, B TOM 4Hcie 9KCIPECC-TeCT, 0TOOp Mpo0 BOJBI HA ONpeeIeH s
MaKpOMOHHOTO COCTaBa, JUIS AaJbHEHIIET0 aHaln3a B J1a0OPAaTOPHBIX YCIOBHSX.
Paiion mpoBenenns padot B gonmHax pek O3epHO# 1 YKH, pacIoN0KEeHHBIX Ha TEPpH-
Topuu KamuaTckoro kpas, mpezcTasieH Ha cxeme Hipke (puc.). CTaHuy HaOIoieHni
1 0T60pa Mpod BOJBI OBLIM HA3HAYEHBI 110 pe3yIbTaTaM aHAIN3a UMEIOIIUXCA HA TOT
MOMEHT MaTEPHAJIOB THAPOXUMHUYECKUX U THAPOJIOTHIECKUX NCCIICIOBAHMUM, a TaKXKe
IO COTJIACOBAHMIO C OCHOBHBIM 3aKa3dunkoM padoT (Tabum. 1). [ToxeBbie nccnemoBanus
HAalpaBJICHbI Ha BBISBJICHUE MECT M 00BEMOB TIOCTYIUICHHUS 3arPSI3HSIOIINX BEIICCTB B
MIPUPOAHBIE BOJOTOKHU C LENIBIO MOUCKA MyTeH M0 CHUYKEHHUIO TeXHOT€HHON Harpy3KH.

CraHuum or6opa npo6 °

60 kM|

Puc. Cxema pacroyioxKeHUs TOUYEK MPOBE/ICHUS SKCISIUIINOHHBIX UCCIICI0BaHUI
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Tabnuya 1
PacumdpoBka cTaHIMi TPOBEJCHNUS SKCIICAUIIMOHHBIX HCCIEA0BaHuU U 0TOOpa MPpo0 BOJIBI
Craniun Haspanue Cranuun HasBanue
Bacceiin p. Yku Bacceiin p. O3epnasi
0-3 p. IlepeBasbHast (OHOBBIIT CTBOD) 0-14 p. JleBas OzepHast
0-103 %el;ﬁﬁjg?nwaﬂ (BbIE Py O-15 p. [IpaBast O3epHast
0-10 p. IlepeBanbHas (Hmske pyd. Hexnbiii) | O-L p- Ozepnas (JlamyTtckas)
O-11 p. IlepeBanbHas O-16 p. O3epHas
0-8 pyu. Hexweirit (mocne crokoB OI'MK) |O-Y p. OzepHas (7 KM BBbIIIE YCThS)
0-9 py4. Hexxnbrit 0-4 py4. XomyT
Bacceiin p. O3epHoii 0-6 VYerbe pyd. OTanoHHsli
0-1 JIumuoxkpes p. Jleas Ozeprast 0-7-1 |pyd. DtanonHsIii-1
0-5 p. Jleras O3epuast (Bbie pyd. Xomyt) |O-7-2 | pyd. DTanOHHbIH-2
0-13 p- JleBast OzepHast (Hmwxke pyd. XomyTt) | O-12 pyu. 6/u (I1K 5474+20)

IleHHOCTH ATHIX WCCIIEAOBAaHUI B TOM, YTO B OacceiiHax 3THX peK OOWTAIOT
20 BHJOB IMPECHOBOIHBIX, TPUOPEIKHBIX PBHIO B ppI0000pa3HbIX [ 1]. BenukonemnHoe co-
CTOsIHHE OropecypcHOi 6a3bl, 00JbIIOE pa3HO0Opa3re 00bEKTOB JI0BA, KOMILIEKC APY-
THX IPUPOHBIX YCIOBUH, IPeIONpeesIeT BaxKHEHIIee 3HAYCHUE U TePCIICKTHBEI IS
PEKPEAMOHHO-TYPUCTHIECKOH AEATEIBHOCTH CPEAN TIPOUUX BOIHBIX 00BbEKTOB Kam-
yatckoro kpas Pexu O3épnas BocTounast 1 Yka coCTaBIsIIOT 0koso 4 % HEpecTOBOTO
(doHnza TMXookeaHckux Jococei Kaparuuckoit noa3ons! u odecneunsaror g0 10 % eé
yJI0BOB 3THX PbIO. Y IeIbHAS NPOLYKTUBHOCTE 0acceiHOB jocturaer 1,4-2,35 1/km?,
a yJenbHas PeIOONPOAYKTHBHOCTE HepecTHUIL — 3,64-9,57 kr/m? (OHH M3 CaMbIX
BBICOKHX ITOKa3aTesell He TOJIBKO CPEAM PEeK BOCTOYHOrO mobepeskbst Kamuarku, HO 1
KamuaTku B nenom) [2].

I'uapoxuMmnyeckne XxapakTepucTHKH. Bo BpeMms moseBbIx paboT Ha BOIOTO-
Kax ¢ OMOIILIO TOPTATHBHBIX MOJIEBBIX TPHOOPOB U naTynkoB Hanna Instrument ocy-
IIECTBISUINCH KCIPECC-U3MEPEHUSI BEITMYMH OCHOBHBIX THPOXUMHYECKHUX ITOKa3aTe-
T BOJIBI HAa BCEX MCCIIEyEeMbIX CTBOpax pek [3].

BonbmmHCTBO P0G BOJIBI SBISIFOTCS yIIBTPAIIPECHBIME ¢ MUHEpaIn3amuei 37—
60 mr/m®. MuHepanu3aiys OTACIBHBIX P00 BOABI B 30HAX TEXHOTCHHOTO BO3JCH-
ctBus npessimaet 100 mr/m®: B yetse pyu. XomyT (cT. O-4) — 138 Mr/m?, B ycThE pyu.
Oramonusii — 101 mr/m® (ct. O-6). [IpuMedaTensHO, 9TO B pydbe DTATOHHBIH MHUHE-
panu3zanus 2024 1. npeBbIIaeT 3HaYeHUEe u3MepeHui npouutoro 2023 r mouty B J1Ba
pasa (ct. O-7-1) — 544 mr/n, B yctbe pyd. XomyT (c1. O-4) — 160 M1/, B ycThe pyu.
Oranonuslit — 282 mr/n (ct. O-6). [Topsaok 3HauCHUI HA YPOBHE MM BBIIIIC IPOIIIOTO
2023 r.

ITo xuMuveckomy coctaBy poOBI BoJbI ¢ GOHOBBIX cTBOpOB (O-1, O-3) 1 KOH-
TpoabHBIX cTBOpOB (O-10, O-11, O-13, O-14), aBrstorcst THAPOKAPOOHATHO-KAIbIIHE-
BeIMHU. Cynbgatsl coctaBisioT 13—19 % cocrasa, nons Hatpus 10-11 %.

TIpoOBI BOIBI B 30HAX MOBBIIIIEHHOTO TEXHOTEHHOTO Bo3IercTBU (cT. O-4, O-6,
0-7-1, O-7-2, O-9) umeer cyabdaTHO-KaIBLUEBLIH cocTaB. [IponeHTHOE conepkanue
cynbdaroB B Hux 6oiee 45 %-3kxB/M°, a B pyd. XoMyT (cT. O-4) cynbdatsl SBISIOTCA
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OCHOBHBIM aHMOHOM. DTH MPOOBI KUCIbIE, TTOKa3aTeslb pH B HUX HUXeE 6,5, TTOATOMY
THJPOKApOOHATHI B HUX HE NPEACTABICHBI WIIM X OYeHb Majo. [Ipn aToM nosst Mmaraus
BbIIIE, 4eM B (DOHOBBIX mpodax — 13—16 %-okB/M*, a josst Harpusi HUKe — 2—7 Y%-
9KkB/M>. B KATHOHHOM COCTaBe MPUCYTCTBYET KEIEe30.

ComneBoii coctaB pyd. b/H (O-12) MOXHO Ha3BaTh MPOMEXYTOUHBIM HITH TIepe-
XOIHBIMU MEXJY ABYMs MPEAbLAYLIMMU TUIIAMU BOJI. B aHHOHHOM cocTaBe ruapoxap-
60HATHI U CyTb(aThl UMEIOT PAaBHBIC JOIH — ATU BOJBI THAPOKApOOHATHO-CYNIb(haTHO-
KaJIbI[HEBEIC.

CoctaB mipo0 Boxb! u3 p. [Ipasas Ozepnas (O-15) n Ozepnas (O-16) TunmuaHO
(hOHOBBII: B AHHOHHOM COCTaBe Mpeodi1ajatoT ruipokapOoHaTsl — okoio 40 %-35kB/M?,
a cojiepKaHue CyIb(aToB HIDKE, YEM B OCTATBHBIX MPodax — 5—6 %-okB/M>.

IIpu omenke kadecTBa BOIBI IO THAPOXHMHYECKHM MOKA3aTENSIM HCIOJIB30-
BaJICsI MHTETPATLHBINA HHICKC 3arpsi3HeHus BobI (1anee — M3B), paccuntanHbli 1Mo 6-
THU NIPUOPUTETHBIM 3B, nmeronM Hanbonee BHICOKUE 3HAUEHUS OTHOILICHUI KOHIIEH-
tparuit 3B x ux ITJIK. Y ctonT OTMETHTH, 9TO 1O MHKPOHMOHHOMY COCTaBy ITPOOBI
BOJIBI B 30HAaX TOBBIIIEHHOI'0 TEXHOTeHHOTO Bo3aelcTBus (ct. O-4, O-6, O-7-1, O-7-
2, 0-9) umeeT Ha NOPAIOK OO0J€e BEICOKHH yPOBEHb 3aTrPSI3HEHUS TSXKEIbIMH U IIepe-
XOJHBIMU METaJIIIAMHU.

WuTerpansuble ruapoxuMudeckre HHAeKCH 3B mokassBaioT, uto B 2023 1. B
BOJIOTOKAX JIPEHUPYIOLIMX yYaCTOK OTKPBITHIX TOPHBIX PadOT U IPOMILIONIAIKH 000-
raTUTEIbHOTO KOMILIEKCAa ¥ XBOCTOBOTO X03s1iicTBa — pyub XoMyT (cT. O-4), Dtanon-
HbIii-1,-2 (c1. O-7-1, O-7-2) u Hexwusiit (cT. O-9) — KauecTBO BOJBI COOTBETCTBYET I10-
cleHeMy 7-My (Upe3BBIYaifHO TPS3HBIC BOABI) M MIPEANIocieIHeMY 6-My (O9EHB Tps3-

HBIC BOJIBI) Ki1accy (Tadui. 2).
Tabauya 2
Kiacc kauectBa BOJbI B paCCMAaTPUBACMbIX TOUKaAX I10 pe3yJibTaTaM pacyueTa 3B
B 2023-2024 rr. B 6acceiinax pek O3epHas 1 Yka

Crannus 20H233B . Knacc 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 (ouens rpsizHas) 62,4 VII (upe3BbryaifHO rpsi3HAs)
Bacceiin p. O3zepHoii

O-1 1,41 1II (ymepenno 3arpsizaensas) | 0,03 I (ouens uncras)

0-5 1,74 IIT (ymepenno 3arpsisaensas) | 0,09 I (ouens uncras)

0-14 1,30 III (ymepenno 3arpsisaensas) | 0,04 I (ouens uncras)

0-4 42,1 VII (upe3Bbryaiino rpssHas) | 48,9 VII (4pe3BbIuaifHO Tpsi3HAS)
0-6 6,66 VI (ouens rpsizHas) 0,25 I (ouens umcras)

0-7-2 18,5 VII (upesBbruaiino rpsizaas) | 30,9 VII (upe3BbIuaiiHoO rpsi3HAS)
0-12 0,58 11 (umcras) - —

0-y - - 0,03 I (Ouenp Yucras)

Kpaiine Tsxenas skojoruueckas cutyanus ckiaasiBanack B 2023 r. B pyd. Xo-
MyT, e 3B nocrur 3navenuii 42,05, uro B 72,5 paza Bblie, 4eM B JOHOBBIX yCIIO-
BUSIX U B HECKOJIBKO KparT, 10 2 MOPSAKOB, MPEBBILICHH] HOPMATHBBI KQUeCTBa BOJIBI IO
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Memu U pryTy. [Ipu cpaBHEHUM cO cBEeKUMM AaHHBIMU 2024 T. cUTyalus ¢ CoAeprKa-
HHMEM TsDKEJBIX METaJuIoB B Ipobax BoJbI cxoxas. BeusiBneno npessimenne [1K mo
MeJu, AaXe BBIIIE YeM B IIPOILIOM roy B 1,5 pa3a. Takxke OCTatOTCs MPEBBILIEHUS O
TaKUM TSDKEJIBIM MeTajlIaM: MapraHIly; aTlOMUHHUIO; IUHKY U XKeJe3y.

B pyu. Dranonnsrii (ct. O-6) B IpUyCTHEBOM 30HE U B €0 HCTOKaX (Py4bsix DTa-
JIOHHBIN-1 1 DTanoHHBIN-2) KOJIOrMUYECKasi CUTYyaLUsl HCHAMHOTO JIy4llle, YeM B pyu.
Xomyt. B 2023 r. U3B nocturan 3nauenuit 12,63—18,5 (7 kimacc — 4pe3BbIYaliHO TPSI3-
HBIC BOJIBI) — B BEPXHEM TeUCHHH, 6,066 (6 KITacc — 04eHb TPSI3HBIC BOJBI) — B HIDKHEM
(ipu Bnagenuu B p. Jleyro O3epHyro), uto B 22-32 pa3a u 11,5 pa3 Beimie, 4em B do-
HOBBIX ycloBusiX. B 2024 r. B BepxneMm Teuenun 3Hauenue 3B npessicui 30.

B pyu. Hexubrii (6acceiH p. YKn) 3KOJIOTHYECKast CUTYAITHS TaK YK JOCTaTOYHO
TskKenas — TOkcuuHocTh 1o M3B B 2023 1. coctaBuina 6,65, 4TO COOTBETCTBYET 6-My
(mpeamnocneaHeMy) Kiaccy KadecTBa (O4€Hb IPSA3HBIC BOJBI), T. €. CUTyalsl IPUMEPHO
Takas k€ Kak B YCTbe pyd. DTanoHHoro. MHTerpambHas TOKCUYHOCTh BOJBI B pyY.
Hexnsrit B 11,5 pa3 Beire, ueM B (hOHOBBIX ycioBuAX. B 2024 r. curyarust H3MeHNU-
J1ach He B Jrydlnyto ctopony. [Ipesbienne coctaBuio ot 30 1o 60 Ha BCEM mpoTsiKe-
HHUH BOJOTOKA.

HaubGonee uncteie Bogsl B pyd. 6/H (IIK 547+20, ct. O-12), npenupyroiiem
Xaneiickyro BTC, — M13B=0,58 (2 kitacc kauecTBa — «4UCTBIe»), U B p. O3epHast cT. O-
16 (44,1 kM HIDKE yeThs pyd. XomyT) — U3B=1,05 (Ha rpanume MexIy 3 Kiacc «yme-
PEHHO 3aTrpsI3HEHHBIX» U 2 KJIacC «IUCTBIX»). B 2024 r. cutyarus kapJUHAIBHO HE Mo-
MeHAnIack. OCHOBHOTO CTOKA PeK IOKa eIlé T0CTaTOYHO, YTOOBI MOIAEePKUBATH KOH-
[EHTPAIIIO 3arPA3HAIOIINX BEIIECCTB Ha MPEACTHHO JOMYCTHMOM YPOBHE.

BoiBoabI

Hcxons m3 MOMyYEeHHBIX JaHHBIX, B MAJBIX BOJOTOKaX B 30HE TEXHOTCHHOTO
BoznerictBus OI'MK mipupoaHbie BO/IBI B HACTOAIIEE BPEMSI OTHOCSTCS K KATETOpUU
Ype3BBIYAHO IPs3HBIX (7 KJIACC) M OYEHb IPS3HBIX (6 Kiacc). B ux Bojgax npeBbILIeHbI
PBIOOX035ICTBEHHBIE HOPMATUBBI MO 7—9 TSDKENBIM MeTajulaM. 3arps3HEHHe JOCTH-
TaeT HKCTPEMATbHBIX 3HAUCHWH (KPaTHOCTEH NpEBBINICHUH (OHA W HOPMATHBOB
IIAK) — B mecsaTkH, a 1Mo OTACIBHBIM MeTalulaM (Meb) — B COTHH pa3. M3 3Toro Bo3-
MOXHO 3aKJIIOUUTh, YTO B HACTOSIIEE BPeMs IEPEHOC MOTEHIINAIBHO OMACHBIX 3arps3-
HSIOIIUX BEIIECTB TEXHOTCHHOTO MPOUCXOXKACHHS OKA3bIBAET CYIIECTBEHHOE Hera-
TUBHOE BJINSHHE HA KAY€CTBO PUPOIHBIX TOBEPXHOCTHBIX BOJ| B 3 HIJKENIEKAIIUX Ma-
JIBIX BOJIOTOKAX, OTHOCSIIIMXCS K BBICIICH PHIOOXO3SHCTBEHHON KaTeTOPUH.

Paboma svinonnena 6 pamkax cocyoapcmeennozo 3aoanus K@ TUI J[BO PAH
no meme « CmpykmypHO-@YHKYUOHATbHASA OpP2AHU3AYUA, OUHAMUKA U NPOOYKMUS-
HOCMb HA3eMHbIX U NPUOPedicHbIX dKkocucmem na Jlanvuem Bocmoxe P®. Paspabomxka
HAYYHBIX OCHO8 U IKOHOMUYECKUX UHCIPYMEHMOE YCMOUYUB020 NPUPOOONOIb308d-
Husy (Ne ETUCY 124012700496-4).

Cnucok JIMTepaTypbl

1. Lleixo b. A., ®éoopos B.B.Tnmasa 1. Kmacc Cephalaspidomorphi— Munorn. Kiacc
Condrichthyes — Xpsitessie poiobl. Kitace Holocephali — IensHoronossie. Kiace Osteichthyes — KocTHbie
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pbi061 / Kartanor mo3BoHOuHbIX KaM4yaTK ¥ compeaesbHbIX MOPCKHX akBatopuii. [TerponasnoBck-Kamuar-
ckuii : Kamuar. neuar. asop, 2000. C. 7-69.

2. Kopocmenes C. I'., Ynamog A. B. Jlannbie uccnenosanuii 2023 r. mo Bo3naeiictBruio O3epHOBCKOTO
ropHo-metaiutyprudeckoro kombunata (OI'MK) Ha cocrosiuue uxtrodaynsl pex Osepnas u Yka (CeBepo-
Bocrounas Kamuatka); Coxpanenue 6uopasnoo6pasust KamMuaTky v npuieraronux Mopei : Matepuaist XXV
Bceepoccuiickoit Hayunoit koHdepenuuu. Ilerponasnosek-Kamuarckuii, 14—15 nos6. 2024 r. Ilerpomnas-
noBck-Kamuarckuii ; M. : M3a-Bo Lentpa oxpaus! aukoii npuposst, 2024. C 168-175.

3. Hlaopuna A. A., Toxpanos A. M. IIpensaputeibHble pe3yabTaThl 00CIEIOBAHUS BEPXHETO Tede-
nus peku Jleas Ozepnas (CeBepo-Bocrounas Kamuarka) B 2023 rony / CoBpeMeHHbIE HayUHbIE MOIXObI B
(byHIaMeHTaNbHBIX U IPUKIAJHBIX HCCIEN0BAHUAX : ¢O. ¢T. MexayHap. Hayd. kond. Canxr-IlerepOypr, AB-
ryct 2024). CII6. : THUW «Harmpassuruey, 2024. 60 c.

VIK 551.465
MounuTopuHr cocTosinust YepHoro mops

A. A. Boponrtios (vorv10921@gmail.com), A. M. Byneirus (bam524@mail.ru),
O. I'. Bumraes (vishniovoleg@meteo.ru)
DI'BY « BHUUTMU-MI/]», 2. O6nunck

AHHoOTanus. PaccMOTpEeHO COBPEMEHHOE COCTOSIHHE MOHUTOPUHIa YepHOro MOps CrenuanucTaMu
Pocrusmpomera nocpecTBOM BBEJIEHHs B IPAKTHKY HOBOTO CIIPABOYHOIO M3/1aHMs B Bujie «brose-
TEHS TUPOMETEOPOIIOTMYECKOr0 COCTOSHUS HEPHOTr0 MOPS», B COCTaB KOTOPOT'O BXOST MaTepUalIbl
Pa3HBIX BUJIOB HAOMIOICHNUIT 32 KaKABLi TO1 PH IIOMOIIY Pa3IMYHbIX HAOMIOAATeIbHBIX IIaTHOpPM,
BKIouast cyna, MIC3, Oy u ruipoMeTeoposIornueckue CTaHun. OTH exxeronHbie broyuerenn Yep-
HOTO MOPsI IPEJOCTABILIOT TIEPBUYHYI0 HH(GOPMAIIHIO 1711 BEIPAOOTKH 0O0OCHOBAHHBIX yIPABICHUE-
CKHX PEIIeHHH Ha PA3JIMYHBIX YPOBHSIX OT JIOKAJIBHOI'O 10 (eaepaibHOro.

KuoueBsle c1oBa: YepHoe Mope, TeMIepaTypa BOBI, COICHOCTb BOJIbI, MOHUTOPHHT

M3meHeHus kiumara, IpoUCXOASIIIHUE B TOCIEAHNE JECSITUIIETHS, B TOM YHCIIE —
rJI00aNbHOE TIOTEIICHHE, JICJIAl0T 0COOCHHO aKTyalbHBIMU HCCIICIOBAHMS TEKYIIHX
U3MEHEHHH pexuma Mopei PO u ux mpuOpexHbIX pernoHOB. BaskHbIME 0COOEHHO-
CTSIMM BHYTPEHHUX 0’KHBIX MOPEH SIBIISIIOTCSI COBPEMEHHBIE BO3MOKHOCTHU HCIIOJIb30-
BaHUs X PEKPEAllMOHHBIX COCTABIIIOMINX, TAKUX KaK TEIUIbIA KIMMAT, TEMI0E MOpE,
neneOHoe BO3JEHCTBHE MOPCKHMX M BO3AYIIHBIX BaHH U MHOroe japyroe. UépHomy
MOPIO TIPHHAISKUT 0codast poib. [ TaBHBIM MPHUPOIHEIM pecypcoM YepHoro mops
ABIsieTCsl KuMat. KiuMaT B 3HaYMTENIbHOM CTENEHH ONpeieNsieT BO3MOKHOE UCTIONb-
30BaHHE OOEPEXKbs ITUX MOPEH IS CO3/IaHUS KYPOPTOB, IOMOB OT/bIXa, KEMITUHIOB.

C npyroif CTOpOHBI, peKpealiOHHBIE BO3MOKHOCTH MPUOPEKHBIX 30H FOKHBIX
MOpEeH OTPeaeNIoTCS He TONBKO BO3ICHCTBUSMA BHEITHHUX TII00ATBHBIX TPHUPOTHBIX
(haKTOpOB, HO 1 AHTPOINIOTCHHBIM BO3ACHCTBIEM. B 4acTHOCTH, 9KOJIOTHUECKOE COCTO-
ssHue YepHOro Mopsl B CBA3U € PaClIMPEHUEM TPAHCIIOPTUPOBKU YIJIEBOAOPOOB, YBE-
JMYEHNS] MHTEHCUBHOCTH CYJJOXOJICTBA U APYTHX BUIOB YEIOBEYECKOHN NEATENBHOCTH
B OeperoBoii 30He MPOAOIDKACT yXyaTbcst. Ha M3MEHeHHs THIPOIOrHIecKoro pe-
JKMMa MOpSsi, BBI3BaHHBIE aHTPOIOT€HHBIM (DAKTOPOM (M3BSTHEM YacTH CTOKa peK),
HaKJIa/bIBAIOTCS PErMOHAIBHBIE IPOSIBICHUS KIMMAaTHUYECKUX HU3MEHEHHH, KOTOpble
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MOTI'YT YCHJIMBATh MJIM OCIa0JIsATh HEraTHBHBIC MIOCIIE/ICTBHUS XO3SHCTBEHHOM e TEIb-
HocTH. ['T06aIpHBIE H3MEHEHUS KIUMAaTa ONPEACIAIOT 3HAYNMBbIe, B TOM YHCIIE U HeTa-
THUBHBIE M3MEHEHNs cocTosTHUS UépHOTo Mops. JlocTOBepHAsI OIICHKA MIPOUCXOIAIIINX
U3MEHEHHUH MOXKET M03BOJIUTh CBOEBPEMEHHO CIUIAHUPOBATh U BBIMOIHUTD aJanTaly-
OHHBIE MEPONPHUSITHUS C LEIbI0 YMEHBIIECHHS BO3MOXKHBIX HETaTUBHBIX NOCIEICTBUI.

[ToHATHE «MOHHTOPHHIY, MIPUMEHAEMOE KaK METOJ HAyYHOTO HCCIICTOBAHUS,
CBSI3aHHBINH HEMOCPEACTBEHHO C U3yYEHNEM OKPYKAIOLIEH CPeJIbl, MOYKHO ONPEIEITUTh
KaK peryJsipHble HaOIIOAEHNs, OIIEHKA COCTOSIHUS U MPOTHO3 €€ COCTOsIHUsA. J{71s1 Mo-
peii Poccnn mosokeHust Tocy1apCTBEHHOTO MOHUTOPHHTA BOJAHBIX 0OBEKTOB YK€ y3a-
koHeHO BoaubiM konmekcom Poccutickoit deneparn Ne 74-D3 (¢ m3m.). B cBsizu ¢
9TUM OpraHU3alysl KOMIIJIEKCHOTO MOHUTOPHHIA COCTOSIHUA YepHOro Mops ABIsIeTCs,
6e3yclIoBHO, akTyalbHOH 3a1aueii [4; 7]. B paMkax 3TOro MOHUTOpUHTA OBIIO MPH-
HATO PEIICHNE O IMOATOTOBKE M BBITyCKE €XKETOAHBIX OIOJUIETeHEH THAPOMETEOpOIo-
rudeckoro cocrosaus Yeprnoro mopst [6]. Hauunas ¢ 2019 r. takoii OroimereHs [2].
TOTOBUTCS M PAcChIIACTCS 3aMHTEPECOBAHHBIM OpraHmsanusM. B Bromnerensx 3a
2020-2023 rr. mpencTaBiieHa Takxke WHpopMmamus u 1o A3oBckomy mopio [3]. B
HACTOSLIMNA MOMEHT BPEMEHH K I1e4aTH FOTOBUTCA BIONIeTeHb THIPOMETEOPOIOrHYE-
cKoro cocTostHus YepHoro mMops 3a 2024 r.

OTMeTHM, 9TO TIOATOTOBKA MaTepHajoB brojuieTeHeil mpoBOIUTCS HAa OCHOBE
00beIMHEHHOM 0a3bl TaHHBIX [5], B KOTOPYIO MOCIIE IIPOBEICHHOTO CPAaBHEHHS U TIPO-
BEJICHHUS JIOTIOJHUTEIBFHOTO KOHTPOJISI OBbUTH JIOOABJIEHBI MCTOPHYECKUE MaTepualbl,
cobpannsie MI'YI PAH [9], BroieTeHn coiepKUT ONepaTUBHYI0 HH(POPMAIIHIO 110 Te-
KyILIeMy COCTOSIHUIO Mopeid. [Tos onepatuBHON MOHMMaeTcs HHPOpPMALYS, TOITyYeH-
Has C JMIEH3UPOBAHHBIX HAOJIOJATENBHBIX IJIATGOPM B TEUECHHE aHAIM3UPYEMOIo
roga. B Bromnerene ucnonp30BaHbI TAaKKe HCTOPHUECKHIE JAHHBIC IS OICHKH MPOUC-
XOISAIMX TEHAECHIIMN N3MEHEHNSI COCTOSTHHS MOPEH.

Hacrosumit broynerens cogepkur:

— MaTtepuanabl HaOMIOJAEHUN Ha NMPHUOPEKHBIX METEOPOJOTMUYECKUX CTAHIIUIX,
BXOJAIINX B CHCTEMY MEXTyHApOIHOTO oOMeHa. [IpeicTaBiIeHBI METEOPOIOTHUECKIE
naHHble mwectu crpal: P®, Pymbiann, ['pysun, Typuuu, bonrapun n Ykpauns;

— JTaHHBIE HAOJIOICHUH Ha MOPCKUX THAPOMETEOPOIOTHIECKUX CTAaHIUAX U TI0-
CTaX POCCUMCKOro cekTopa YepHoro mops;

— MarepHansl HAOMIOJACHHUH, BBIOIHIEMbIE IITYPMAaHCKAM COCTaBOM CYJIOB,
HaxO/IMBILKMXCS B aKBATOPHH MOpeH (JJ00pOBOJIBHBIE Cy/10BbIE HAOIIOICHNS);

— JTaHHBIE TITyOOKOBOJHBIX OKeaHOTrpadudecknx HaOII0eHUH, IPOBOIUMBIX C
06opTa Hay4HO-HCCIIEAOBATEIBCKUX Cyn0B PocrmppomMera, Hay4dHO-HCCIIEIOBATEINb-
CKHX CYZIOB M 3aSKOPEHHBIX HaJBOAHBIX M ITOJIBOJHBIX HAOIIOIATEIBHBIX IIAT(HOPM
Axanemun Hayk P®;

— JlaHHBIE TIIyOOKOBOJHBIX OKEaHOTpa(UUECKNX HAOIIOICHUH, MOydaeMble C
HOMOILBIO TPO(QWINPYIOMNX OyeB, BBIMOIHAIONMX HAOIIOACHHS B PaMKaxX MEXIyHa-
poxanoit mporpamMmslr APTO (puc. 1);

— JJaHHBIC AUCTAHIIMOHHOTO 30HIMPOBAHMA C TOMOIIBI0 HCKYCCTBEHHBIX CITYT-
HUKOB 3emin (puc. 2-3).
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B Bromerensx npeacraBieHsl M JaHHbIE MOJIENBHBIX pacueToB. B wacTHoCTH,
MPUBOJIATCS KApThl MAKCHMATBHO BO3MOYKHBIX M HanOO0JIee BEPOSTHBIX 3HAUCHUH BBI-
COT BOJIH, KapThl TOBEPXHOCTHBIX TeueHUH (puc. 4).

CropocTh TeyeHHH, M/c
HoaGpb 2024 r.

Puc. 4. Kapra NoBEepXHOCTHBIX TeUeHNI YepHOTro MOpst IO MOJICJIBHBIM pacueTaMm (pacyer
BBITOJIHEH B paMKax mpoekta KonepHukyc)

Broierenp u3naercss B BUJE OTAEIbHON KHHUIH, COAEpIKalleld aHAIMTHYECKUN
0030p TEKymIero cocTossHUS YepHOTro MOpsi ¢ OOJBIIAM KOJIUYESCTBOM MILTFOCTPATHB-
HOro MaTepuaia: rpadukoB, Tadiuil, KapT. HemocpeacTBeHHO JaHHBIC HAOIIOICHHUH,
KaK B HCXOJTHOM, MPOKOHTPOJIMPOBAHHOM BHUJIE, TAK M BUJIE PACCUUTAHHBIX CTATUCTHK
cobpanbl B [Ipunoxkenusx k bromterenro. [Ipumoskenus 3anucansl Ha CD-quck, mo-
CTaBJIIEMBIN C KaKIbIM 3K3eMIUIsipoM bromnerens. Cucok JaHHBIX, BKIIOYAEMBIX B
IIpunoxkeHusix, MOKET HECKOJIBKO MEHAThCS OT rojaa k roay. Hampumep, Brosierens
3a 2023 1. conmepxut 27 npuioxenni [3]:

— TaOJHIBI CTATUCTUK THIPOJIOTHYECKUX TTAPAMETPOB Ha MOPCKHX CTAHITHAX U
noctax YépHoro u A30BCKOT0 MOpeH (TpexcpeaHee, KBaHTWIIN, pa3Max), TeMIeparypa
BO/JIBI;

— OCHOBHBIC CTATHCTHUKH MEPBOTO MOPSIKA THAPOJIOTHIESCKHAX TTapaMEeTpOB HA
MOPCKHX CTaHIUAX U nocTax YEpHoro nu A30BCKOro Mopei, TemrepaTypa BObI;

— TaOJIUIBI CTATUCTUK TUAPOJIOTHUECKUX MapaMeTPOB HA MOPCKUX CTAHIUSIX U
nocrax Y€pHoro m A30BCKOTO MOpeH (TpexcpenHee, KBaHTHIIM, pa3Max, COJIEHOCTh
BOJIbI;

— OCHOBHBIE€ CTAaTHCTUKU MEPBOTO MOPsAKA TUAPOJIOTHUYECKUX MapaMeTpoB Ha
MOPCKHUX CTaHIMSX U 1mocTtax UEPHOTO U A30BCKOTO MOpEH, COIEHOCTH BOJIBI;

— TaOJIUIBI CTATHUCTUK THAPOJIOTHICCKUAX MTApaMETPOB HAa MOPCKUX CTAHIUSX U
moctax YEpHoro m A30BCKOTO MOpeil (TpexcpeiHee, KBaHTHIH, pa3Max), YPOBEHb
MODS;
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— OCHOBHBIE CTAQTHCTHKH IIEPBOTO TOPSAKA THAPOIOTHYECKUX ITapaMeTpoB Ha
MOPCKHX CTaHIUAX U nocTax UEpHOro u A30BCKOro Mopeil, ypoBeHb MOpS;

— TaOJMILBI CTATUCTHK T'MAPOJIOTHYECKUX apaMeTpOB Ha MOPCKUX CTAHLUSX H
noctax YépHoro m A30BCKOrOo MOped (TpexcpemHee, KBAHTHIIH, Pa3Max), BBICOTHI
BOJIH;

— OCHOBHBIE CTATHCTHKH ME€PBOT0 MOPsAKA MMIPOJOrMYECKUX MapaMeTpoB Ha
MOPCKHX CTaHIUAX U ocTax UEpHOTo n A30BCKOTO MOpEHi, BEICOTHI BOJIH;

— aHOMAJINU CPETHEMECSYHBIX M CPEAHErOI0BBIX 3HAUCHHWI OCHOBHBIX THAPO-
JIOTHYECKUX TTapaMeTpoB Mo JaHHBIM Habmoaennii Ha MI™ u MI'TI AzoBckoro u U€p-
HOT'O MOpeii;

— KapTBI-CXEMBI MECT, Iie ObITH BHITTOJIHEHBI INTyOOKOBOIHbIE CY/IOBBIE HAOIIO-
nenns B 2023 r.;

— KoopamHaThl MecT, rae B 2023 r. ObUIM BBIIIOJIHEHBI MOMYTHBIE CYHOBBIC
HaOJII0ICHUS,

— rpaduKH TOZOBOTO X0/1a CPETHEMECSIHBIX, MAKCUMAIBHBIX 1 MUHIMATBHBIX
3a Mecsll 3HAUCHMI TeMIIepaTypbl BO31yXa HAa HMPHUOPEKHBIX METEOPOJIOTHMIECKHX
craHuusax YépHoro mops;

— rpauKu CpeJHECYTOUHBIX, MAKCHMAIbHBIX U MUHIMANBHBIX 33 CyTKH 3Haue-
HUH TeMIIepaTypsl BO3/IyXa Ha METCOPOJIOTHYECKUX CTAHIMAX mobepexbs YEpHoTro
Mmops B 2023 r,;

— rpad)uKu CpeIHECY TOYHBIX, MAKCUMAIIbHBIX 1 MUHUMAJBHBIX 33 CyTKH 3Have-
HUH TeMIlepaTypbl BO3AyXa Ha METEOPOIOTHYECKUX CTAHIUAX MOOepexbs A30BCKOTO
Mops B 2023 r,;

— TpaMKM TOI0BOTO XO/1a CPEAHEMECIYHBIX, MAKCUMAIBHBIX 1 MUHUMAJIbHBIX
3a Mecsdl] 3Ha4eHUH TeMIepaTypbl BO3JyXa Ha MPUOPEKHBIX METEOPOIOTHYECKHUX
CTAHIISIX A30BCKOTO MOPS;

— rpaduKy TOJOBOTO X0Jla CPEIHEMECSYHOT0, MAKCUMaIbHOTO U MHHUMAaIlb-
HOT'0 32 MECSIL 3HAYCHUH aTMOC(EPHOT0 JIaBJICHHUS Ha METEOPOJIOTHYECKUX CTaHIMAX
A30BCKOTO MOpS;

— rpaduKu TOJOBOTO X0Ja CPEIHEMECSYHOTO0, MAaKCUMAIbHOTO U MHHUMAaIlb-
HOTO 32 MECSIII 3HAYCHUH aTMOC(EPHOTO JIaBJICHHUS HA METEOPOJIOTHIECKUX CTaHIHAX
Yépnoro mops;

— rpaduKN CpeHECYTOYHOTO, MAKCHMAIFHOTO ¥ MHUHHMAJIBHOTO 32 CYTKH 3Ha-
YeHHUI aTMOC(EpHOTo JaBIeHNs Ha YPOBHE MOPS HAa THIPOMETEOPOIOTHIECKUX CTaH-
nusix YépHoro Mops;

— rpaduKH CpeAHECYTOYHOTO, MAKCHMAIFHOTO ¥ MUHUMAJIBHOTO 3a CYTKH 3Ha-
YeHNH aTMOC(EpPHOTO JaBICHHS Ha yPOBHE MOPS Ha THAPOMETEOPOTIOTNIESCKUX CTaH-
nusx YépHoro Mops;

— PO3BI BETPOB (CpeaHss U MaKCUMaIbHAs 3a TOJl CKOPOCTh BETPa) U MOBTOPsie-
MOCTh BEIMYMH MOJYJsi CKOpOCcTH BeTpa 3a 2023 r. Ha TUAPOMETEOPOIOTHUECKUX
CTaHLHUAX A30BCKOTIO MOPS;

— PO3BI BETPOB (CpeHsist 1 MaKCHMalbHasl 33 TOJ] CKOPOCTb BETpa) U IOBTOpsIe-
MOCTb BEIHYHH MOJYJsS CKOpocTH BeTpa 3a 2023 r. Ha THAPOMETEOPOTIOTHYECKUX
cranuuax Y€pHoro Mopsi;
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— PO3BI BETPOB (CpeTHEMECYHBIC, MAKCHMAIIbHBIC 3HAYEHHS) f TOBTOPSIEMOCTH
BEJIMYMH MOJYJIsl CKOPOCTH BETPA 3a MECHIL B 3aI1aIHON U ceBepo-3anaaHoi yacti Yép-
HOTO MOpS;

— PO3BI BETPOB (CpeTHEMECSYHBIC, MAKCUMAJIBHBIC 3HAYCHUS) H TOBTOPSIEMOCTh
BEJIMYMH MOJYJIsl CKOPOCTH BETpa 3a MecsIl Ha moayocTpose Kpbim;

— PO3BI BETPOB (CpeTHEMECSUHBIC, MAKCHMAIIbHbIEC 3HAYEHHS1) ¥ IOBTOPSIEMOCTD
BEJINYMH MOJYJS CKOPOCTH BETpa 3a MecAIl B BOCTOYHOH M CEBEPO-BOCTOUHOH HacTH
YépHoro Mopsi;

— PO3BI BETPOB (CpeTHEMECUHBIC, MAKCHMAIIbHbBIE 3HAUEHHST) 1 IOBTOPSIEMOCTD
BEJIMYMH MOJYJISl CKOPOCTH BETpa 3a MecCsIl B 10:kHOMI yacTu YEpHOTrO Mopst

— pO3BI BETPOB (CpeaHEMECSYHbIe, a TaKXKe CPEIHET00BbIe, MAKCHMAaIbHbBIE
3HAYEHHUs) ¥ MOBTOPSIEMOCTh BEITMYMH MOJYJISI CKOPOCTH BETpa 3a MECSIl M 3a TOJ B
A30BCKOM MOpE;

— KapThl TEMIEpaTypsl TOBEPXHOCTHOTO c10s1 UEpHOTo U A30BCKOr0 MOpEl;

— KapThbl OTKIOHEHMsI ypoBHS UEPHOro MOpsi OT reouna;

— KapThl CKOpocTel TeueHuit B YépHoM Mope;

— KapThl BBICOT BOJIH B UEpHOM MoOpe.

B Bromrerensax ocoboe BHUMAHUE YAEICHO INIABHBIM «OOJIEBBIM TOYKAM)» pe-
»xwumMa Yeproro mops. [lepBas mpobiaema — HadaBreecs ¢ cepenusl 1990-x rr. moTen-
JIEHUE AeATeNbHOro cios Mops. CpeaHeronoBas TeMieparypa HOBEPXHOCTHOTO CIIOS
BO/IBI 3a 9TOT MEpHOJI BrIpocia dosee yem Ha 2,2 °C [1]. Poct TemnepaTyps! noBepx-
HOCTHBIX CJIOEB BOJBI BEIET K YMEHBIICHHUIO PACTBOPUMOCTH KHCIOpoAa B Boae. OT-
CYTCTBHE XOJOIHBIX 3MM Ha MPOTSHKCHUU ITOCICTHETO JCCSATWICTHS MPUBOIUT K
YMEHBIICHHIO MOCTYMAIONIEr0 U3 aTMocdepbl Kucinopoaa. Tekyimast cuTyanns BbI3bl-
BaeT KpailHI010 00eCIIOKOEHHOCTh BBULY TOTO, UTO Ha OObIIeH yacTH akBaTopun Yep-
HOT'O MOPSI HICYE3aeT WIIH y’KE OTCYTCTBYET CIIOH BOJIBI C COJICPKAHUEM PACTBOPEHHOTO
KHCJIOpOJia B KOHLIEHTPALUH, 1O0CTATOYHON JUIs MOAJEPKaHHs TTOMYJISLUH IIPOMBICIIO-
BBIX PBIO U APYIUX TUIPOOHMOHTOB. Martepuaisl, peAcTaBiIeHHbIe B broyuerensx, no-
Ka3bIBAIOT, YTO OHOpa3HOO0Opa3ue YepHOro Mopsi HAXOAUTCS O] yTPO3OH.

W3naBaembie exeroaHo broyieTeHn ruipoMeTeoposIorTuYecKoro coctosius Yep-
HOT'O MOpsI ITPU3BaHbI IPUBJICKATh BHUMAHHE IIUPOKOH OOIECTBEHHOCTH M yIIPaBIIs-
IOIIMX OPraHOB K BO3ZHMKAIOIIMM MPOOJIeMaM SKOJIOTHYECKOTO XapakTepa W Ipejo-
CTaBIIAIOT MEPBHYHYI0 WHPOPMAIMIO I BBIPAOOTKH OOOCHOBAHHBIX YyINpaBIICHUE-
CKHX PELICHHH, KaK Ha JIOKAJIbHOM, TaK 1 Ha (eaepanbHOM yPOBHSX.
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Ouenka nnaexca myrHoctu NDTI pek boabmoit Upern
U boabmoit beJioi

A. A. TTnsickuna (alinadensina@mail.ru)

HUpxymckuii cocyoapcmeennblii ynusepcumem, 2. Upxymck

Annortauus. JlaeTcs omeHka MHIEKCAa MyTHOCTH BoJbl pek bonpmoit Upertn u Bonbmioit benoii B
UYepeMXxOBCKOM paiioHe Ha OCHOBE CITyTHHKOBBIX JaHHBIX Sentinel 2 3a nepuozn 2020-2024 rr. C no-
MoltIpto npumeneHns nuaekca mytaHoct Boabsl (NDTI — Normalized Difference Turbidity Index) Bbi-
SIBJICHBI [IPOCTPAHCTBEHHO-BPEMEHHbIE 3aKOHOMEPHOCTH W3MEHEHHsl KaueCcTBa BOJHBIX OOBEKTOB.
YCTaHOBIICHO, YTO 30HBI TOBBIMICHHON MyTHOCTH KOPPEIUPYIOT C y4acTKaMU aKTUBHOT'O aHTPOIIO-
TEHHOIO BO3/IEHCTBUS, BKIJIIOUAs HACEJICHHBIC ITYHKTHl U CEJIbCKOXO3SIHCTBEHHbIE TEPPUTOPHH, a
TAKKEe C ECTECTBEHHBIMHM THIPOMOP(OIOrHUSCKUMH MPOLECCaMU, MPOUCXOISIIMMU B MPOTOKAX,
CTapHLax 1 Ha MEJIKOBOABSIX. [TomyyeHHbIe pe3ysIbTaThl MOTYT CITy>KHTh OCHOBOH JUIsl KOMIIIIEKCHOTO
9KOJIOTMYECKOTO MOHUTOPUHIA M OLIGHKH BO3/ICHCTBUS IPUPOIHBIX U aHTPOIIOI€HHBIX (paKTOPOB Ha
BOJIHBIE DKOCHCTEMBI PETHOHA.

KiroueBslie cjioBa: MyTHOCTB Bofibl, Sentinel-2, nunexc mytHoctu NDTI, Bonbuias Upets, bosbuias
Benast, ruapomopdooruyeckre mpoIeccsl, MaBOAKN, aHTPOIIOTEHHOE BO3IEHCTBHE, IKOJIOTHYESCKHN
MOHHUTOPHHT.

BBenenune

AKTyanbHOCTB HccienoBanust aist YepemxoBckoro paiiona MpkyTckoit odbmactu
00yCIIOBJIEHa HE TOJBKO HPHPOAHBIMH (DaKTOpaMH, BO3pAcTaroOLIel aHTPOIIOTCHHON
Harpy3Koi OT *KM3HEJEATeIbHOCTH MECTHOTO HACENICHHMS, CEIbCKUM XO3SIHCTBOM H
MPOMBIIUIEHHOCTBIO, HO U COLMAIBHON HANpPsUKEHHOCTBIO, CBSI3aHHOM C KauecTBOM
BOJIBI B MECTHBIX peKax. B mocieqane ToIbpl )KHUTEN HACSICHHBIX ITYHKTOB, TIPHJIeTa-
fomux K pekaM bosbmast Mpers u bonpimas benas, HeoqHOKpaTHO BeIpaXkanu HeJo-
BOJILCTBO YXY/AILIEHHEM KadeCTBa BOJBI, YTO MPOSBIAIOCH B U3MEHEHUH €€ IIBeTa, 3a-
raxa ¥ Ipo3pavyHOCTH U MacCOBOM TnOeH peIObl. DTH COOBITHS AKTHBHO 00CYKIaNCh
B COITMAJBHBIX CETSX, I/Ie JKUTEIH ACTHINCH (GOTOrpapusIMU U BHUACO3AMUCIMH, JIe-
MOHCTPHUPYIOIINMH 3aTrPsI3HEHNE PEK ¥ THOEIb phIObl. MHOTHE KUTEIH CBSA3BIBAIN OTH
SIBJICHUSI C ACSATEIBHOCTBIO IPOMBIIUICHHBIX U YTJIeI0OBIBAIOIINX NPEIIPHITHH, CEllb-

191



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

CKOXO3SHCTBEHHBIX OPTaHU3AINH, PAaCTIOIOKEHHBIX BOJIM3HM BOTHBIX 00BekTOB. OOpa-
HICHUS OT MECTHBIX JKUTeJel moctynand B Pocpupoaaanzop u Pocnorpebranzop u
Ipuponooxpannyr [IpokypaTypy, ¢ TpeOOBaHHEM MIPOBECTH PACCICAOBAHUE U TIPU-
HSITh MEPBI 110 YIIYUIICHUIO YKOJIOTHIECKOH CUTYaIlUH, OJTHAKO UX PE3yJIbTaThl HE BCE-
T/Ia YJOBJETBOPSUIM MECTHOE HAceNICHHWE, YTO MOAYSPKUBACT HEOOXOIMMOCTE Ooiee
JIETaIBHOTO U HE3aBUCHMOTO aHAIIU3a COCTOSIHUS BOJHBIX 00BbEKTOB. B 3T0i 00macTi
WCCIIEZIOBAHUS UCTIOIb30BAHNE CITYTHUKOBBIX JaHHBIX Sentinel-2 A OlleHKA MyTHO-
ct Boabl ¢ momotibio naaekca NDTI (Normalized Difference Turbidity Index) cra-
HOBHTCSI 0COOCHHO aKTYaJIIbHBIM. DTOT METOJ MO3BOJISIET HE TOJBKO BBIIBHTH ITPO-
CTPaHCTBCHHO-BPEMEHHBIC HM3MCHCHHS MYTHOCTH BOJIBI, HO M YCTaHOBHTH CBS3b
MEX]ly aHTPOIIOTEHHOH JIeATENbHOCThIO, €CTECTBEHHBIMU (DAKTOpaMU U YXYIIEHUEM
Ka4yecTBa BOJIHBIX PECYpPCOB.

[Tomy4eHHbIe TaHHBIC TTOMOTYT OOBEKTHBHO OLICHUTH COCTOSIHUE BOIHBIX 00B-
€KTOB, YTO OYJIeT CII0COOCTBOBATH OCBEAOMIIEHHOCTH MECTHOTO HACEICHHUS U BOCCTa-
HOBJICHUIO JIOBEPHS K PUPOTOOXPAHHBIM OPTaHaM H MPEIIPHUATHSIM, COOTFOTAI0ITIM
TpeOOBaHMS OXPAHBI OKPY’KAIOIICH CpesIbl.

O0beKT HccaeI0BaAHNuS

OOBEKTOM HCCIEOBAHUS SBISIOTCS BOAHBIE 00BEKTHI peku bonbmas Npets n
bonbmas Benast, pacrionoxxenHoi B UepemxoBckoMm paiione Mpkyrckoit oomactu. B
paMKax UCCIIEJOBAHUS PACCMATPUBAECTCS TAKKE €€ OCHOBHOM IIPUTOK, I'oityMeTh.

HccnenyemMsle pexu MoBep KeHbI €CTECTBCHHBIM H aHTPOTIOT€HHEBIM (haKTOpaMm,
BIIMSIONIMM Ha MX THAPOXMMHYECKHE MapaMeTphl, BKIOYast MyTHOCTh BOABL. Cpemn
HIPUPOAHBIX (PAKTOPOB OCHOBHOE 3HAYECHHME MMEIOT CE30HHBIE KOJICOAHUS CTOKA, HPO-
3HOHHBIE ITPOIIECCH! U BBINAJAEHHE 0CAIKOB, IPUBOJAIIEE K YBEIUUECHUIO KOHIICHTpA-
IIIH B3BEHICHHBIX YaCTHIl. AHTPOIIOTCHHOE BIMSHHUE CBA3AaHO C TOPHOIOOBIBAIONICH
JEATENBHOCTBIO, CEIbCKUM XO3SHCTBOM H IOCEICHUSIMH, PACIIONOKEHHBIMU B TIpeJie-
Jax OacceiiHa peKH.

JUis OLEHKH MPOCTPAaHCTBEHHO-BPEMEHHON H3MEHYMBOCTH MYTHOCTH BOJIBI
MPUMEHEH aHAIN3 CITyTHUKOBBIX CHIMKOB Sentinel-2 ¢ MCIIoap30BaHIEM HOPMAIN30-
BaHHOTO pa3HOCTHOTO MHAeKca MyTHOCTH (NDTI).

UepeMXOBCKHII palioH pacloyokKeH B IMpeenax 0kHoH dacti Boctounoit Cu-
OupH, B IEHTPaNbHOHN YacTu MpKyTCKoil 00JaCTH, YTO ONpEAEIseT ero Pe3K0 KOHTH-
HEHTAJIbHBIH KIMMAT ¢ BBIPa)KEHHON ce30HHOCTHIO [1]. OCHOBHOE BIMsSHNE HA KIUMaT
OKa3bIBAIOT CEBEPO-3aMaHble U 3aMaHbIe BO3AYIIHBIE MACCHI, a TAK)KE 3HAUUTENbHAS
ynanéHHOCTh OT okeaHoB [2]. Cpenusisi TeMneparypa B siHBape cocTasiseT —20...
—25 °C, MuHMMasbHbIE TeMepaTypsl MOryT gocrurator —45 °C. Jlero témioe, cpea-
Hsis Temrieparypa uroist — +18...+20 °C, makcumanbHble 3Ha4eHus qocturaror +35 °C [1].

T'omoBoe koMYecTBO 0CAAKOB BappupyeTcs B npeaenax 250—400 MM, 6onbiiast
UX 4acTh BBIMAJAET B JIETHUI NepHoA. 3UMbI MaJOCHEKHBIE, UTO CIOCOOCTBYET IITy-
6oKOoMy IpOMep3aHHIO MOUBHL. BeTpa nmpeobiiaatoT 3anaaHble 1 10ro-3aa/iHble CO Cpei-
Hell CKOPOCTBIO 3—5 M/c, 3MMOiT BOSMOYKHBI CHITBHBIE BOCTOYHBIC BETPHI H METEIH [3].

IIpoaomxuTenbHOCTh 0€3MOPO3HOTO Mepruoaa coctapisier okoso 90—110 gueit,
YTO OTPAaHWYMBACT BETCTAIMOHHBIN ce30H pacTteHmi [1]. CymecTBeHHBIE Tepernabl
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TEMIIepaTyp B TEUCHHE I'01a ¥ KOPOTKOE JIETO HAKIIABIBAIOT €KETOTHBIC OTPAHNICHUS
Ha BUIbI PACTUTEIBHOCTH U CEIbCKOXO3SICTBEHHYIO IEATENBHOCTb.

T'unporpacduueckast ceth paifoHa npejcTaBicHa bacceitHoM p. bomnbmioit benoi,
ee nputokamu — bonbsmas Upets, l'omymets n apyrumu [3]. Bona mpurogna mis mi-
THEBOTO M TEXHUUECKOTO BotocHaOxeHus1. Pexa benast umeeT mmpokyro 3a00J1049CHHY IO
nonuHy [4]. Pexu Bomemas Upers, ['omymers u Bombmast benast mpunamnexar Gac-
ceiiny Anrapsl. bonbmast benmas o6pasyercs B pesynbTarte cnusiHus pek bapyyH-Caran-
bunsunp u Caran-bunsunp. Ha pasanne p. bonsmioit benoit, cimBasics ¢ pexoit Manoi
Benoii, npuanmaer Ha3zBanue benas u Bnagaer B Anrapy. Knumar paiiona pe3ko KOH-
TUHEHTAJIBHBIN ¢ POJIOJLKUTENIEHON XOJIO0AHOM 3UMON M KOPOTKHUM >KapKuM jieToMm [1].

ITouBeHHBI TOKPOB YepeMXOBCKOTO paiioHa (GOPMHUPYETCS B YCIOBUSIX PE3KO
KOHTHHEHTAJILHOTO KJIMMaTa | Mpeodiaganus ecoctentoro nanamadra [5]. OcHoB-
HBIMH TI0YBaMH PaliOHa SIBJIAIOTCS AEPHOBO-TIOA30JIUCThIE, YEPHOZEMBI OIIOA30JICHHBIE
U cepble JIeCHbIE TIOYBHI [6].

YepHO3EMBI ONOA30ICHHBIC 1 TEMHO-CEPHIC JICCHBIE MOYBHI PACIIPOCTPAHCHEI B
PAaBHHHHBIX YacTsIX paiioHa, B YCIOBUSIX YMEPEHHOTO YBIQ)KHEHUsI. DTU ITOYBBI 001a-
JIal0T BBICOKOH TUIOJJOPOJHOCTBIO, HO, BCJICICTBUE CKIIOHHOCTH K 9PO3UH TPEOYIOT Me-
JIMOpaLMHU IJIs CEJIbCKOXO03CTBEHHOIO UCIIONIb30BaHus. B noiimax pek BCTpeuaroTcst
QIITIOBHAJBHBIC MTOYBHI C BRICOKOH BIIaro€MKOCTBIO, HCTIONB3yEeMBIC TSI CEHOKOCOB H
nactou [5].

Ha cxyioHax W BO3BBIIIEHHOCTSIX (DOPMHUPYIOTCS MAJIOMOIIHBIE KaMEHHCTHIC
MOYBBI, OTJINYAIOMIAECS HU3KUM COJIEPKAHUEM TyMyca M BBICOKOH 3PO3MOHHON MOJ-
BEPXKEHHOCTHIO [6]. 3HAYNTENbHBIC TIOMIAIN 3aHATHI TOYBAMH TEXHOT€HHOTO TTPOMC-
XOXKAEHHS B 30HaX JOOBIYM yTJIsl, YTO TPEOYEeT MPOBEACHHS PEKYIIbTHBALIMOHHBIX Me-
pompusTuii [7].

Teppuropust palioHa XapakTepU3yeTcsl INPEUMYILIECTBEHHO arpapHOil Hampas-
JICHHOCTBIO, MHOTOYHCIICHHBIMH MECTOPOKACHUSAMH Pa3HOOOPAa3HOTO PYAHOro, He-
PYAHOr0, KAMHECAMOLBETHOTO, TBEPJOr0 TOIIMBHO-IHEPIreTUYECKOr0, MUHEPAIbHO-
CTPOUTETHHOTO CHIPbs [7].

MeToabl MccJIe0BAHUSA

OueBUHO, YTO YCIOBUEM PENPE3CHTATUBHOCTH JAHHBIX MOHUTOPUHTA SIBIS-
eTcs OHOPOIHOCTH BOJHOTO Tella PeKH Ha CTBOPE MOHUTOpUHTA. Pazymeercs, pery-
JsipHast MPOBEPKA OAHOPOJHOCTH CTBOPOB MOHUTOPUHTA IO BCEM OMPEAEIIEMbIM TH/I-
POXMMHUUYECKUM XapaKTEPUCTHKAM SIBIIETCS KpaliHe TpyJoeMKoW 3anadeil. B cTathe
IpeACTaBlIeHa METOAUKA IPOBEPKU OJHOPOJIHOCTH CTBOPA MOHUTOPHHIA C TIOMOIIBIO
aHaJIM3a IAaHHBIX JTUCTAHIMOHHOTO 30HIupoBanus 3emiu (/133). DTta MeTonnka BKITIO-
yaeT B ce0s1 pacueTsl nHAekca MyTHocTH NDTI Ha 0oCHOBaHMHM CITyTHUKOBBIX CHUMKOB
Sentinel-2 B cpene QGIS B npenenax OydepHOii 30HB CTBOPa MOHHUTOPUHTA, aHAIIU3
OIHOpOJIHOCTY 3HaueHui nuaekca MyrHoctd NDTI Bnons ctBopa MmonuTtopuHra. Ilpu-
BEJICHA OIIEHKa OJHOPOJIHOCTH MHIEKca MyTHOCTH Ha p. bonbmioit benoit n bonbmioi
Hpetu no Bnaaenus B Hee p. Manoit benoii. Pazymeercs, 0oAHOPOAHOCTH CTBOpa MO-
HUTOPUHTA 110 3HAYCHUSIM HHJIEKCa MyTHOCTH HE TapaHTUPYET €ro OAHOPOTHOCTH MO
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BCEM THAPOXMMHYECKIM ITapaMeTpam, 0JTHAKO OTCYTCTBHE OTHOPOIHOCTH IT0 HHACKCY
MYTHOCTH MOXXET CIIy’KUTb IPH3HAKOM HEOJAHOPOIHOCTH PEYHOTO IIOTOKA Ha CTBOPE.

HopmanusoBanublii pasHoctHbIil nHaeke myTHocTH (Normalized Difference
Turbidity Index, NDTI) sBnsieTcs mokaszaTeneM MyTHOCTH BOZBI, OH XapaKTEPH3YeT
YMEHBIICHHE NTPO3PavHOCTH BOJbI N3-3a B3BEIICHHBIX MUHEPAILHBIX U OPTaHUIECKHX
YacTHL, B BOJHOM 00bekTe. MyTHOCTh MOKET OBITH BbI3BaHa IOCTYIUICHHEM TEPPHU-
TeHHBIX YacTHUI] ¢ BogocOopa u spo3ueit 6eperosoit muanu [§]. Manexc NDTI moxet
npuHUMaTh 3HadeHus ot —1,0 mo +1,0. Uem BbIle 3HaYeHHE WHAEKCA, TEM OOJIbIIe
MYTHOCTb BOJIBI, T. €. BBILIE COJEprKaHKe B3BelIeHHbIX yacTull. Munexc NDTI paccun-
ThIBaeTCs 1O popmyie [8]:

NDTI = (Red — Green) / (Red + Green), (1)

riae Red — n3myuenne noBepxHOCTH 3eMITH B KpacHOIt obnactu criekTpa; Green — B 3e-
JIEHOM 00JIaCTH CIIEeKTpa.

B kauecTBe MCTOYHHUKOB JAaHHBIX 00 MHTEHCHBHOCTH 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
3ngauenust NDTI, Tak kak KOHLUEHTpaLys B3BELICHHBIX YaCTUL] YBEIUYUBAET OTPAXKa-
TEJIBHYIO CIIOCOOHOCTh B KpacHOM nmamazoHe (RED) mo cpaBHEHHIO ¢ 3€JICHBIM
(GREEN).

PeSy.]]bTaTbl HCCJIeA0BaAaHUA

Jlns mpoBefeHus MCCIe0BaHNUsS ObUTH MCIIONB30BAHBI TAHHBIC CITyTHHKOBBIX
caumMKoB Sentinel 2 3a meproa 2020-2024 tr. [9]. 11 ONIEHKH MYTHOCTH BOJTHBIX 00B-
€KTOB OBLIH MOCTPOCHBI KapTa-CXEMbI OTHOPOHOCTH HOPMAIN30BAHHOTO PAa3HOCHOTO
unekca myTHoctd NDTI B mpeaenax BOJHBIX 0OBEKTOB Ha MPaBOif 4aCTH HA PUCYH-
Kax U B JICBOW YaCTH, TaK ke ObLTH BEIOPAHBI YIACTKU C TIOBBIIIEHHBIM HHIEKCOM MYT-
HOCTH U JUIs1 HAIJISIIHOCTH MCTIOJIb30BaHbl CIYTHUKOBBIE CHUMKH TeppuTopuu. Kapra-
cXeMa CIIyTHHKOBOI'O CHMMKa, pekiaccuduunpoBaHHoro no 3naueHusm NDTI 3a
2020 r., mpeacTaBieHa Ha puC. 1.

PesynbraThl Hccieq0BaHNs IOKA3bIBAOT, OLIEHEHHBIE 110 JAHHBIM CITYTHUKOBBIX
cHuMKOB Sentinel 2, yTo Ha TeppuTopuHu KccaenoBanus B 2020 r. 3HaUCHHS BEreTalu-
onnoro unaexkca NDTI Bapsupyrotcst ot —0,33 mo 0,07. B nenom Boaa B pexax bomb-
mast benas, bonpmas UpeTh olleHuBaeTCsl Kak YUCTast, Ha PUCYHKE BUIHO, YTO TE€PPU-
TOpHSI CO 3HAUCHHEM HHIeKca > 0 mpencTaBisieT co0oi palilOHBI C MTOBBIIICHHBIM HH-
JIEKCOM MYTHOCTH O €CTECTBEHHBIM U TEXHOT€HHBIM TPUYUHAM.

Kapra-cxema CIIyTHUKOBOTO CHUMKA, PEKIACCH(PUIIUPOBAHHOTO MO 3HAYCHHSIM
NDTI 3a 2021 r., npencraBieHa Ha puc. 2. Pe3ynbrarsl uccie0BaHus MOKa3bIBAOT,
OLICHCHHBIC IO TAHHBIM CITyTHUKOBBIX CHUMKOB Sentinel 2, 4TO Ha TEpPUTOPHUU HUCCIIC-
noBanus B 2021 r. 3Hayenus BeretanmoHHoro muaekca NDTI Bapwupyrorcs ot —
0,30 no 0,05. B uenom Boga B pexkax bonbmioit benoii, bosbmoit Mperu onennBaercs
KaK 4MCTasi, Ha pUCYHKE BUJIHO, YTO TEPPUTOPHUSI CO 3HaUEHUEM HHAekca > 0 rpecTas-
JsieT co00i pailoHBI ¢ MOBBIIICHHBIM HHICKCOM MYTHOCTH IO €CTCCTBEHHBIM M TEXHO-
TEeHHBIM MPUYUHAM.
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Puc. 1. Kapra-cxema criyTHHKOBOTO CHIMKa Sentinel 2 Ha paifoH HccieI0BaHui,
pexnaccuguposantoro 1o 3HaueHussM NDTI 3a 2020 r. : A — 3anagHas yacTh KapTa-CXeMbl
CIIyTHUKOBOTO CHUMKA, b — BocTouHas 4acTh KapTa-cXeMbl CIIyTHUKOBOTO CHUMKa, B —
[IpubnmxeHHas kapTa-cxema paiioHa ncciegoBanus, I' — CryTHUKOBBINH CHUMOK p. bosnbias
benas, /1 — CiyTHHKOBBIN cHUMOK p. bonbmias Upets, ['omymets
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Puc. 2. Kapra-cxema CIlyTHHKOBOTO CHUMKa Sentinel 2 Ha paifoH Mccie0BaHuM,
pexnaccuduimposanroro o 3HadeHussM NDTI 3a 2021 r. : A — 3anagHas yacTh KapTa-CXeMbl
CIIyTHUKOBOT'O CHUMKa, b — BocTo4Has 4acTh kapTa-cXeMbl CITyTHUKOBOTO CHUMKa, B —
IIpubmmkenHas kapTa-cxema paiioHa uccienoBanus, I' — ClyTHUKOBBINH CHUMOK p. bombiias
Wpets, 'onymeTs

Kapra-cxema CIyTHUKOBOTO CHUMKA, PEKIACCH(PUIIMPOBAHHOTO MO 3HAUCHHSIM
NDTI 3a 2022 r., npeacrasieHa Ha puc. 3.
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Puc. 3. Kapra-cxema criyTHHKOBOTO CHHMKa Sentinel 2 Ha paifoH HcCIIeI0BaHUIA,
pexiaccugumposanHoro 1o 3HadeHussM NDTI 3a 2022 r. : A — 3anaHas yacTh KapTa-CXeMbl
CIYTHHKOBOTO CHUMKa, b — BocTo4Has gacTh kapTa-cXeMbl CITyTHUKOBOTO CHUMKa, B —
IIpuGnkennas kapTa-cxema pailoHa uccienoBaHus 3anaaHoi yacty, I' — [Ipubnmkennas kapra-
cxema p. bonbiras benas y c. bospiuedeiick, /| — CryTHHKOBBINH cHUMOK p. Bonbiias pets,
T'onymers, E — CiyTHuKOBBIH cHUMOK p. bonbiia Benast y c¢. Bonbiedeiick
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Pe3ynpTaTh! MiccneoBaHNS TTOKA3BIBAIOT, UTO HAa TEPPUTOPHH HCCICAOBAHNUS B
2022 r. 3nauyenus uapekca NDTI Bapsupytores ot —0,38 10 0,09. B nenom Boja B pe-
kax bonbias benas, bonpmas VUperh oleHuBaeTCs Kak YUCTast, Ha PUCYHKE BUAHO,
YTO TeppuTOpHA co 3HaueHueM nHaekca NDTI > 0 mpexcrasseT co6oif paitoHs! ¢ o-
BBIILIEHHBIM HHIEKCOM MYTHOCTH B OCHOBHOM II0 €CTECTBEHHBIM IIPUUMHAM, CBSI3aH-
HBIM C IIOHM)KEHUEM YPOBHS BOJbI B PEKAX.

Kapra-cxema CIIyTHHKOBOTO CHUMKA, PEKIACCH(PUIIMPOBAHHOTO MO 3HAUCHHSIM
NDTI 3a 2023 r., npencrasieHa Ha puc. 4.

Pe3ynbraTel vccnenoBaHus MOKa3bIBAIOT, YTO HA TEPPUTOPUHN HCCIIEIOBAHUS B
2023 r. 3nHaueHus BeretanronHoro uHaekca NDTI Bapeupyrotes ot —0,35 g0 0,16.

Ha MenkoBOABSX CKaIIMBAIOTCS CPYOBI IEPEBbEB 1 MX OCTATKH, 00pa3yromuecs
B MECTax JIECOCIIIaBa, M3-3a KOTOPHIX YBEIMUMBAETCS KOHIICHTPAINS OPTaHUIECKOTO
BEIIIECTBA U MOBHIIIACTCS MyTHOCTB BOJIBI PEKH IIepe]l MOCTOM Y ¢. Boibreberick.

Ha pucysnke 4 BHHO, YTO B OCHOBHOM HHJIEKC MyTHOCTH MMeJ 3HAUCHHUS B AHA-
nazone —0,1 — 0,0. [To ecTecTBeHHBIM IPHUYMHAM MYTHOCTb ITOBBIIIACTCS B IIPOTOKAX,
B cTapuIax, nepen u nocie ocepearax (0,5-0,16), B CTpeKeHAX W 3aBOJIIX HA0JI01a-
ercst Hu3kui unaekc mytaoctu (—0,2...—0,1).

B nenom unaexc mytHoctu p. bonbiuas benast B 3TOT nepuos Bellle CpeaHEro
M3-3a TTABOJIKOB, CBSI3aHHBIX C MOBBIIICHUEM YPOBHS PEKH IMOCIE OCaakoB. B miome
2023 r. B UepeMXOBCKOM paiiOHE, /i€ IPOTEKAIOT UCCIIEAYEMbIE PEKU U UX NPUTOKU,
6b11 BBesieH pexxuM YC Juis OnepaTHBHOTO yCTPaHEHHMS TTOCIIEACTBHI CTHXHU.

Kapra-cxema cIyTHUKOBOTO CHHMKA, PEKIACCH(PHUIIMPOBAHHOTO MO 3HAYCHHSIM
NDTI 3a 2024 r., npencrasieHa Ha puc. 5.

PesynbTarhl uccieg0BaHUs [TOKA3bIBAIOT, YTO HA TEPPUTOPHUU HCCIEIOBaHMS B
2024 r. 3Hauenus BererannonHoro uHaekca NDTI Bapeupyrorcs ot —0,30 10 0,04. B
nenoM Boaa pek bombmas benas, bonpmas Mpets onieHnBaeTcsa Kak 4ucTasi, 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 benoit yBennunBaeTcs Bo3ie HaCEICHHBIX 00BEK-
TOB, TakuXx Kak Pycckas Anapb, ['buibiMb 1 Tromens. [1o Bcem pucyHkaMm BHUAHO, YTO
9TO CBS3aHO CO CMBIBOM 3arpsI3HSIONINX BEIICCTB B IOBEPXHOCTHBIN 0OBEKT: ITBIJICHUE
OT aBTOTPAHCIIOPTA, CMBIB BHECEHHHBIX YJOOPEHHH C CEeIbCKOXO3SHCTBEHHBIX yro-
nuii; a'y p. bonbmas Upers nHneke MyTHOCTH BOAbI Bo3pacTaeT y c. ['yceeBa. Takxke
BO3MO’KHO, YTO MHJEKC MYTHOCTHU Yy €. TIOMEHb NOBBIIIEH U3-3a IEPEHOCa 3arpsi3HEH-
HBIX CTOYHBIX BOJ U3 00bEKTa HAKOIUICHUS BOJIBI BO3HECEHCKOTO KAMEHHOYTOIBHOTO
MecTopoxeHns HeiranHekoi mromanu koMmnanuu «Boctcnbyroney B p. bonbmas
Benas uepes noazemMHbIe BOBI.

Kak MBI BHIUM, Ha KOMITO3UTHBIX H300pa)KCHUSIX B HATYPAJIbHBIX IIBETaX, BOJIA
B p. ['oymMeTh JOBOJILHO MyTHasl, 3eJieHasl U3-32 MPUBHECEHHBIX OPraHUYECKUX Be-
HiecTB uepe3 noiiMy peku. Takyro e kapTuHy Ham aaer u nepecuer B NDTI Ha pu-
cynkax 2020, 2021 u 2024 rr. 3Hauenus uHaekca B quamnasone —0,2...—0,3 otobpaxa-
I0TCS Ha KapTe 3€JIEHBIM LIBETOM U COOTBETCTBYIOT IIOUYTH YUCTOM, 3aMyTHEHHOM BOJIE.
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Puc. 4. Kapra-cxema criyTHUKOBOro cCHUMKa Sentinel 2 Ha palioH HCClieI0BaHHH,
peknaccuduipoBanHoro mo 3uadennsim NDTI 3a 2023 r. :

A —3amajiHas 4acThb KapTa-CXeMbl CIIyTHHKOBOI'O CHUMKa, b — BOCTOUHAs 4acTh KapTa-CXeMbl
CIIyTHMKOBOI'O CHUMKa, B — mpuOnmkeHHas kapTa-cxema pailoHa MCCIIeI0BaHuUs 3a1aAHOM 4acTH,
I' — npubnmxkennas kapra-cxema p. bonsioit benoii y c¢. bonbiiedeiick, [1 — npuburkeHHast
kapta-cxeMma p. bonbmoit benoit u bonpmoi Upetn
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Puc. 5. Kapra-cxema criyTHUKOBOTO CHHMKa Sentinel 2 Ha paifoH HcCIIeI0BaHUIA,
pexiaccuduuuposantoro 1o snadeHusm NDTI 3a 2024 r.:

A — 3amazHas 9acTh KapTa-CXeMbl CITyTHUKOBOT'O CHUMKA, b — BOocTOYHast 9acTh KapTa-CXeMbI
CITyTHMKOBOI'O CHUMKa, B — nmpuOumkeHHas kapTa-cxema pailoHa MCCIIe0BaHuUs 3aMaAHOM 4acTH,
I' — mpubnmwkennas kapra-cxema p. bonbiioit benoii y ¢. Bonbiiedeiick, [] — ciry THUKOBBII CHUMOK
p. bonbmoit Upetu, I'omymets, E — ciiyTHukoBbIi cHuMOK p. bonbimoit bernoit mocie Bnaaenus
p. bonsmoit Upetn, XK — cniyTHrKOBBINA cCHUMOK p. bonbmioit benoii y c. bonpmebetick
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2 aprycra 2024 r. Ciy»00¥ rocy1apcTBEHHOTO YKOJIOTHIECKOTO Ha130pa ObLTH
B3ATHI IPOOBI BOAKI B pekax bonbmras Upets, ['onymers, MHm0H.

ITo pesynbpraTam 00cieJ0BaHHS YCTAHOBJICHO, YTO BEPOSITHBIMU IIPUYUHAMU TU-
6emm pBIOBI ABISIOTCS MPUPOAHBIC MPOIECCH], CBS3aHHBIE C BBHICOKUMH TEMIIEpaTy-
paMu BOJ, 9TO, B CBOIO OUYEpElb, ITOBJICKIO CHIDKCHHE 00BEMa KHICIOpoIa B BOJHOM
Macce U COOTBETCTBEHHO T'HOeIb PHIOBI. FI3MEeHEeHHe [IBETa BOJIBL, BEPOSTHO, OBLIO CBSI-
3aHO CO CMEIIEHHEM BOJBI p. ['0dyMeTs ¢ GONIOTHBIMU MaccaMH, YTO HAOIIOAATIOCH C
2020 mmo 2023 ., HO MOp PBIOBI OBLT 3a(hUKCHPOBAH TOIBKO mocie 2023 T.

B nmetane 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 HaOMIOAAmOCh Ha PUCYHKAX C
2020 mmo 2023 ., HO MOp PBIOBI OBLT 3a(hUKCHPOBAH TOIBKO B 2024r. y nep. Cpeauss.

[To pe3ynmpTaTaM MOHHTOpPHHTA 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 OCa/IKU CO JHA, TCUCHUE MOXKET
paspymarts 6epera u MOJAHUMATE B BOAY OCaI0YHBIC TOPOJIBI, B CTPEKEHIX U 3aBOIAX
HaOropaeTcss HU3KuU uHaeke mytHoctu (—0,3...-0,2).

Ha MenKoBOIBSIX, TJIe CKAIUIUBAIOTCA CPYOBI ICPEBHEB U UX OCTATKH, MOBBIIIA-
eTcs KOHIICHTPAIUS OPTaHNYECKOTO BEIIECTBA W MHAECKC MYTHOCTH BOIBI KaK IMepes
MocTOM y ¢. bonpmiebeiick.

ITo puc. 1-5 BugnO, uTO p. bonburast MpeTs Ha IPOTSKEHUU BCETO YCThs SIBIS-
€TCs YUCTOM 110 MH/IEKCY MyTHOCTH B OTJIMYHH OT OCTAIBHBIX PEK, Ha KOTOPbIE BIUSIET
penbed wim BHECEHHE OOJIOTHBIX Macc depe3 oMy OJyiarogapsi MUTaHUIO OT MOJI3EM-
HBIX Kitrouei. Temmeparypa Boasl kpyriioroaunaHo 3—5 °C. Peka He 3amep3aeT B Mo-
PO3BI, a IETOM B 2Kapy BOAA OCTAETCs XOJIOAHOM.

Boszne cena [TaTounslit eCTh BOIHBII 00BEKT HCKYCCTBEHHOTO MTPOUCXOXKICHNS,
MYTHOCTH BOJBI B HEM MOXKET OBITh BBI3BaHA BBINAJICHHEM OCAIKOB, YPE3MEPHO pa3-
MBIBAIOIIUMHE CKJIa]] BCKPBIIIHOW TIOPO/IbI 00hEKTA HAKOIJICHHOT'O BO3ICHCTBYSL.

3akaoueHne

Wupexc MmytHOCTH BOJbI B pekax bombioit Uperu u bonbioii benoit 3aBucut
0T BpeMeHHU rojia. IHeKc MOBBIIAEeTCs 0 €CTeCTBEHHBIM NIPUUYNHAM B TIEPHOABI 110-
BOJIKOB M MOJIOBOJIHI, TIPH BBITIAJICHUHN OOJIBIIOT0 KOJHMUYECTBA OCAAKOB, TAaK e B Me-
CTax C CHJIbHBIM TE€UEHHEM U 9PO3HeH OeperoBoi JIMHUHU 1 IObEMOM OCaI0YHBIX MO-
POJI CO J1Ha, IT0 AHTPOIIOTCHHBIM IPHYMHAM — CO CMBIBOM yJIOOPEHUH € CEIbCKOXO035TH-
CTBEHHBIX YTOAUH, IBUICHUS OT aBTOTPAHCIIOPTA, OCTATKaMH CPyOOB Ha MEIIKOBOIbSX.
Bornpias pasHuma B MyTHOCTH BOJIBI OYZIET y PeK C pa3HBIM THIIOM IMHUTAHWSA, MyTHAs
peka Oyzet npoberarts yepes noimy, cooupas OpraHnIecKHe BEIeCcTBa, PeKa HAMHOTO
yuie OyJeT UMeTh OOJIbIIE [TO3eMHOE [TUTAHHUE.
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VJIK 628.3
CoBpeMeHHbBII ONIBIT YPeryJIMpoBaHHs BONPOCOB
BJIMSIHUS CKJIAJIMPOBAHUSA NPOMBIILJIEHHBIX 0TX0/10B

HA MOBEPXHOCTHBIE U MOA3eMHbIE BO/bI /s TEPPUTOPUH
HNpxkyTckoii odactu

C. C Canxo (semen200128@gmail.com), O. A. bapxaropa (barhat@geogr.isu.ru)

Hprymceruu 2ocydapcmeennblii ynusepcumem, 2. Upkymck

AHHOTaHHﬂ. Crarbst IIOCBALICHA np06neMaM yrpaBJiCHHS [IPOMBIIUJICHHBIMUA OTXO4aMU B I/IpKyT-
CKOM o6nacm, BKJTIOYas UX BJIMAHUE HA BOAHBIE PECYPCHI. OnucaHue 0XBaThIBACT PpasIn4YHbIC BUABL
OTXO/I0B, 06pa3y}011mec;1 B TCIIJIOOHEPICTUYCCKOM, I‘OpHOIIO6I>IBaIOIIICM N JICCONIPOMBIIIJICHHOM CCK-
TOpax, U ux BO3JICHCTBHE HA 3KOCUCTEMBI peruoHa, B 4aCTHOCTHU, Ha BOAOEMBI U ITOA3EMHBIC BOJBI.

Llenbio paGoThI SIBISIETCS OLICHKA BIIMSHHUS CKIAAHPYEMbBIX OTXOZOB OT OCHOBHBIX OTpaciieil mpo-
MbllIeHHOCTH VpKyTCkoi obnactu
KitioueBble €J10Ba: IPOMBIIUICHHBIE OTXO/IbI, BOAHBIE PECYPChI, IKOJIOTHYECKas GE30IIaCHOCTb.

IIpomBIIIIEeHHBIE OTXOABI — 3TO BEIIECTBA M MaTepHaIIbl, 00pa3yIoInecs B Mpo-
1ecce IMPON3BOICTBEHHOM JIEATEIHPHOCTH W OTPEOICHUS 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 W Ta3000pa3HBIX, KOTOPEIE MOTYT OKa3bIBaTh HETaTHBHOE
BO3CHCTBHE Ha 3KOJIOTHIO, BKIIFOYAsl BOAHBIC pecypchl. [109TOMY BaKHBIM acIICKTOM
SBIISIETCS IPABIIIBHOE YIIPABICHUE OTXOAAMHU C LEIBI0 IPEI0TBPAILCHHS 3ar PsI3HEHUS
OKPY’KAIOIIEH Cpelibl U COXPaHEHHsI BOAHBIX 00BEKTOB.

CornacHo ®enepanpHoMy 3akoHY Ne 89-D3 «O0 0TX0HaX MPOU3BOACTBA H I10-
TpeOJIeHUsD», OTXOIbl KJIACCU(PUIMPYIOTCS 110 CTENEHHW ONACHOCTH: YPE3BBIYANHO
omacHeie (knace I), Beicoko omacHeie (knace 1), ymepenHo omacusie (kmacc I1I), mamo
omacHsie (kimacc IV) n otxompl msatoro kinacca (Kmace V), KoTopble cUMTalOTCsl HAUMe-
Hee omacHbIMU. OTXOJBI MATOrO KJIAcCa BKIIOYAKOT B ceOs TaKHe MaTepHaibl, Kak
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CTPOUTEINILHBIE OTXO/IbI, 00PE3KH IPEBECHHBI U METAIIONOMA, a TAKKE OCTATKH Opra-
HUYECKUX MarepranoB. HecMOTpsl Ha CBOIO HU3KYIO ONACHOCTh, OHH TaK)Ke TPEOYIOT
MPaBIIIBHOTO O0pAIEHNs, TOCKOJIBKY HEMPAaBUIbHOE UX HAKOIUICHHUE U pa3MeIleHHe
MOTYT IIPUBECTH K 3arPsI3HEHUIO 10YBBI U BOAOEMOB [2].

HopmatuHo-1ipaBoBast 6a3a B Poccun BKiIIOYaeT HECKOJIBKO KIIFOUEBBIX aKTOB,
perysimpyromux odpamienue ¢ orxogamu. OCHOBHBIM JIOKYMEHTOM sBisercs Dene-
paneHBIT 3ak0H Ne 8§9-®P3 «O06 oTX0omax MPOW3BOACTBA M MOTPEOJICHUS», KOTOPHIH
yCTaHaBIIMBACT PaBHiIa OOPAIIECHNS C OTXOAAMH BCEX KIIACCOB, BKJIIOYASI OTXOJIbI I1sI-
TOro Kyacca. BaxHo, 4TO A7 9TUX OTXOJAOB TaKKe MPEeIyCMOTPEHBI TPeOOBaHUS 110
UX y4eTy, yTWIM3ALUU U Pa3MELLEHUIO, C LEIbI0 MUHUMU3AUY PUCKA 3arPSI3HCHMUS.

OTX0BI MATOTrO KJIACCA, HECMOTPSI HA OTCYTCTBHE HENOCPEICTBEHHON yTPO3bI
JUISL 3I0POBbS YENIOBEKA, JOJIKHBI XPAaHUTHCS Ha CIEUATbHO 000PYAOBAHHBIX MONIU-
TOHAX € 3alIMTOM OT BHELIHUX BO3JAEHCTBUN. BakHO MpenoTBpaliaTh UX NO0NaJdaHue B
BOJIOEMBI U IPYHTOBBIE BOJBL. J[JIsl 3TOr0 UCHOJIB3YETCsl FEpMETU3aLUsl MECT CKIIalu-
POBaHMS OTXOO0B, PETYJISPHBI MOHUTOPUHT COCTOSIHUSI OKPY2KalOLIel Cpeibl U Mpu-
MEHEHUE TEXHOJIOTui nepepaboTKH OTXOH0B.

KirroueBpIMHM MepaMu 3aILUThI BOAHBIX PECYPCOB SIBIIIIOTCS CO3AAHUE CIELU-
QIBHO O0OPY/NOBAaHHBIX IUIOMIANOK JUIS CKIAAMPOBAHHS OTXOJOB, HCIIOIb30BAHHUC
MeMOpPaHHBIX MOKPBITHH Ul MPEAOTBPAICHUs MTPOHUKHOBEHUS 3arps3HAIOLINX Be-
LIECTB B 36MJII0 U BOAY, a TAKXKE PErYJIAPHbIE SKOJOIrMUECKUE UCCIIEOBAHUS, BKIIIOYAsL
MOHHUTOPHUHI Ka4eCTBa BOJOEMOB U MOA3EMHBIX BOA. [IpuMeHeHne TEXHOIOIUH yTH-
JM3aIMU OTXOJI0B, TAKUX KakK IepepaboTKa u Oe3omacHas yTHIN3anus, MUHIMA3UPYET
PHUCKHU ATl 9KOCUCTEM U BOJHBIX OOBEKTOB.

OcHOBHBIE npeanpuaTud ¢ 00beKTaAMH pasMellieHus 0TX0/10B

Wpkyrckast 00s1acTh — OJIMH M3 KPYHMHEHIIMX MPOMBIIUIEHHBIX pernoHoB Poc-
CHH, TJI€ COCPEIOTOUCHBI Pa3HOOOpa3HbIe MPEANPUATHI. DKOHOMUYECKast aKTHBHOCTD
permuoHa CriocoOCTBYET 3HAYUTEIIFHOMY 00pa30BaHUIO OTXOA0B, YTO OKAa3bIBACT BIIUS-
HHE Ha HKOJOTMYECKYI0 CUTyalulo. B dncie KpymHBIX MCTOYHUKOB OTXOJOB HAXO-
JSTCS TEIUIOAHEPTeTUYECKUE MPEAPUATHS, TOPHOJ00BIBAIONIAS ITIPOMBIIIIIEHHOCTh U
JIECOTIPOMBIIITICHHBIH KOMIUIEKC.

1. TernosHepreTUUecKre NPEATPUATHS

Terutosneprerrka B Mpkyrckoii obnactu npencrasiena kpynasiMu TOLL, Ta-
knmu kak HoBo-Upkytckas TOL, TOII-9, TOLI-10, koTopsle mprHaIeKAT KOMITAHIH
HpxyTcKaHepro. DTH NPEINPHITHS HMEIOT OTXObI, TAKHE KaK 30J1a M 30JI0IIUIAKOBBIC
MaTepHabl, 00pa3yroLIHecs B IPOLECCE CKUTAHUS YTl U Ma3yTa.

OTX0aBI CKIAAUPYIOTCS B OOJBIINX 00beMax, 3aHNMast 3HAUYUTEIEHBIC 3€MEIThb-
HBIE TIomanan. HekoTopslie M3 HUX BEIMBIBAIOTCS JOXK/IEBBIMH W TaJBIMH BOJIAMH, YTO
HNPUBOJUT K 3aTPS3HEHUIO MTO3EMHBIX BOJ.

2. 'opHOmOOBIBaIOMIAs TPOMBIIIIICHHOCTh

B ropromoOsIBatomeM CeKTOpe perroHa OCHOBHBIMH OTXOZ000pPa30BATENIAMH
SBIISTFOTCS 30JI0TO- 1 YTIIEI00BIBAOIIIE KOMITAHUH, pacIojokeHHbIe B bonaiidnackom
u Ycre-UnnmcekoM parionax. HanGounbie 00beMbl OTXO0Z0B BKIIIOYAIOT:

o BCKPBIIIHbBIE TOPOJBI,

o IIJaMBbI U IIUIAKH,
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e OTXOJBI (DIOTAIINH U IHAHUPOBAHMS.

OTH 0TXOJbl OKa3bIBAIOT BIMSHHE HA HKOJIOTHYECKOE COCTOSHHE TEPPUTOPHU
CJIeLyIOIINM 00pa3oM:

e HapylIeHue JaHamadTa 1 00pa3oBaHUE IMyCTOIICH,

e 3arpsi3HEHUCE BOIAHBIX OOBEKTOB OTXOJaMHU NepepabOTKH.

3. JleconpOMBIIIJIEHHbII KOMILIEKC

JleconpombITIIeHHBIN KoMITIeKe VIpKyTCKoi 001acTH MpeCTaBIeH PSAAOM Jie-
PeBo0OpabaTHIBAIOIINX H JIECOMMIIBHBIX 3aBOJIOB B Y cTh-MnmMcke, bparcke u aipyrux
patioHax. OCHOBHBIE OTXO/IbI, 00pa3yIONINECs B XOE UX JEATEIbHOCTH, BKIIOYAIOT:

e OIMJIKH,

o KOpa,

o JpEeBECHBIC OTXOJBI, KOTOPhIE HE MOJUIEKAT IepepadoTKe.

Bo3znelicTBre 3THX OTXOI0B Ha OKPYXKAIOIIYIO CPEay:

o 3arps3HEHUE JECHBIX TEPPUTOPUN HECAHKIIMOHUPOBAHHBIMH CBAJIKaMH Ape-
BECHOTO MyCOpa,

o HapyIlIEHHE 3KOCHUCTEM JIECHBIX PaliOHOB,

 BBIOPOCHI METaHa IPU THUCHUH JIPEBECHBIX OTXOJI0B.

OCHOBHBIE YK0JIOTHYECKHE l'lpOﬁ.]'leMbI, CBfI3aHHBIC C 3aTrPA3HEHUEM
BOJHBIX 00bEKTOB M BO3MOKHOCTH X peuieHust

HpO6J'IeMbI C BOJHBIMHU O6'beKTaMI/l OT CKJIaAUPOBAaHUS NPOMBIINUICHHBIX OTXO-
noB B MpkyTckoit obmactu 3to [2]:

1. 3an$[3HCHI/IC TOBEPXHOCTHBIX BOJ OTXOAaMH TECILUIOOHECPTETUYCCKUX MPEI-
MIPUSATHI.

HpoGHeMa 3aKJII0YacTCd B TOM, YTO 30JI1a U IIJIAKW MOTYT BBIMBIBATHCS HOXK/C-
BbIMHU U TaJIbIMA BOJAaMHU, IOTIajjasds B PEKY WK 03€pa, YTO NPUBOAUT K 3arpA3HCHUIO
BOJHBIX 00BEKTOB. Takme OTXO/BI COACPIKAT TSKEIbIE METaJUTBI (HAaIlpuMep, KaIMHEM
Y CBUHIIOM), [TbLJIb U JPYTUC XUMHUUCCKHIE BEIICCTBA, KOTOPHIC MOTYT YXYALIUTh Kaue-
CTBO BOABI U HAPYHINUTH 3KOCUCTEMbBI BOJOEMOB.

3TO TaK)K€ MOJKET MOBJIMATL HAa KAYECTBO MUTHEBOM BOAbI U CCIILCKOC XO035H-
CTBO, TaK KakK 3arps3HCHHAs BOJa MOXKET IIONaaTh B HCTOYHUKU BOIOCHA0KCHHS.

2. 3arps3HEHHUE MOI3EMHBIX BOJI OTXOJaMHU TOPHOI00BIBAFOIICH TIPOMBIIUICHHOCTH.

OCTaBHeHHLIe Ha OTKPBITBHIX IJIOIIaAKaX WJIN CKIaJIUPOBAHHBIC 663 ﬂOH)KHOﬁ
3aIATHI OTXO/IBI MOTYT IPOHUKATE B TPYHT M 3arPs3HATH TPYHTOBBIE BOJIBL. B gacTHO-
CTH, OTXOJIbI, COJICPIKAIUe [TUAHUABI U APYTHE XUMHUYCCKHE BEIIeCTBa KpallHEe TOK-
CHUYHBI JUTA ) KUBBIX CYHIECCTB, BKIIFOYast n}oneﬁ, JACJIar0T BOAY HerI/IFOﬂHOﬁ JJIS ITAThS
Y CEJIbCKOTO XO34MCTBA.

3arpsi3HEHHE TOJ3EMHBIX BOJ| OTXOJAMH TOPHOIOOBIBAIOIICH MPOMBIIUICHHO-
CTH MOXKET IPUBECTH K JOJITOCPOYHBIM ITOCICICTBHSM ISl SKOCUCTEM peruoHa. [lo-
MHUMO 3arpsi3HCHUS BOJAHBIX PECYPCOB, 3TO TAKIKE MOXKET MPUBECTH K JIETPAIAIUH 3¢-
MeITb U yTPATe CeIbCKOXO3IHCTBEHHBIX YTOIHH.

3. 3arps3HeHHE OTXO0aMH JICCOTIPOMBIIIIICHHOTO KOMIUIEKCA.

Bnusnue na 6oonste oovexkmeor: Ilpyu cKIaIupoBaHUU IPEBECHBIX OTXOIOB 3a-
TPASHAIOIHUE BEUICCTBA MOT'YT IOTIAlaTh B BOJOEMBI B XO4€ I[O)I(I[eﬁ WJIN ITaBOOKOB.
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OTH OpraHUYecKne OTXOJBI, pa3yiarasich B BOJIOEMAax, BBIICISIIOT METaH U JIpyTHE Be-
IECTBA, KOTOPHIC YXYAMIAIOT Ka4eCTBO BOJABL. TakkKe 3TO MOXKET IMPHBECTH K IBTPO-
(ukammu, T. €. Ype3MEPHOMY POCTY BOJIOPOCICH, KOTOPBI YMCHBIIACT COJCPIKAHUEC
KHCJIOPOJIa B BOJIE, HAPYIIas >KU3Hb BOJAHBIX OPTaHU3MOB.

Pucku ona akocucmem: 3arps3HATEIH, TaKUEe KaK XUMHYECKIE BEIIECTBA, HC-
MOJIb3YEMBIC B IIpOIiecce 00paObOTKH JPEBECHHBI, MOT'YT ITOIIAaTh B IOYBY, YTO B Jajlb-
HeHIeM IPUBOANT K 3arpA3HEHHIO KaK OBEPXHOCTHBIX, TAK U ITOJ3EMHBIX BO/I.

Ilomeps duopaznoodbpasus 600HbIX IKOCUCMEM: 3aTPSI3HEHNE BOJIOEMOB TIPO-
MBIIIICHHBIMI OTXOaMH, TAKAUMH KaK TSKEJbIe METAIUTHI FTH OpraHWIeCKHe BEIIeCTBa,
YHUYTOXKACT KH3Hb B BOJIOEMAaX, HAPYIIACT SKOCHCTEMBI U YXYAIIACT KaYeCTBO BOJIBL.

3azpaznenue ucmoyHuK06 numuyesoil 600bl: Boya 13 3arpsa3HEHHBIX BOJOEMOB
MOXXET TOIacTh B BOJIOCHAOKEHHE HACEICHHBIX ITYHKTOB, YTO MOXET MIPUBECTH K Ce-
PBE3HBIM 3a00JIEBAaHHSAM H yTPO3aM IS 3I0POBbS HACEICHUSL. |

Dkonomuueckue nomepu: 3arpsa3HeHHE BOIHBIX OOBEKTOB, BBI3BAHHOE IIPO-
MBIIIJICHHBIMU OTXOJaMH, BEJICT K CHIDKCHHIO YPOXKAWHOCTH CEIIbCKOX03IHCTBEHHBIX
KyJIBTYp, HAPYIICHUIO PHIOHOTO MPOMBICTA U YXYAIICHUIO KadecTBA BOBI IS XO3Sii-
CTBEHHO-OBITOBBIX HYX/I.

Jlns pereHus mpoOeM 3arpsi3HEHUs BOAHBIX 00BEKTOB B MIpKyTCKoit 06macty,
BO3HMKAIOMINX BCIIEICTBHE CKIIaUPOBAHUS M HEITPABIIIEHOTO O0OPAIIEHNS C TIPOMBIIII-
JICHHBIMH OTXO0JIaMH, HEOOXOIUMO IPUMCHSTh KOMIUIEKCHBIC TIOJIXO/IbI, BKIIFOUAIOIINE
TEXHOJOTMYECKUE, OPTaHM3alMOHHBIC U aIMHUHUCTPAaTUBHBIC Mephl [3]. PaccMoTpum
BO3MO’KHBIE PEIICHHS JJIS pa3HBIX TUIIOB MPEATPHUATHIH.

IIpobnemsl, CBsI3aHHBIE C HAKOTUICHHEM 307151 M 30JI0MIJIAKOBEIX MAaTEPHAIOB HA
TETIOIHEPTETHYCCKHUX PEATIPUATHSX, TPEOYIOT IPHUMEHEHUS HECKOIBKHUX Y PEKTHB-
HBIX Mep.

o Hcnonv3oeanue mexnonozuil ouucmKu CMoOYHbIX 600: ISl IPEIOTBpAIIe-
HUSI TIOTIAIaHKS 3aTPSI3HSOLIIX BEIIECTB B BOJOEMBI HEOOXOIUMO BHEAPHUTH CHCTEMBI
OYHCTKHU CTOYHBIX BOJI, BKJIFOUAIOIIUE (DIIIBTPALIUIO U OCAXKICHHE TSKEIIBIX METAJLIOB,
a Takke 00e3BPE)KMBAHNE XUMUYIECKUX BEIIECTB. DTU TEXHOJOTUU MO3BOJAT 3HAUU-
TEJIFHO YMEHBIIUTH KOHIIEHTPAIINIO TOKCHYHBIX BEIICCTB B CTOYHBIX BOJAX IEPE UX
cOpPOCOM B BOJIOCMBL.

o Ilepepabomka 3010uinakoswvix omxo0oe: IIpuMeneHe TeXHOJIOT Ui iepepa-
OOTKHM OTXO0JI0B, TAKHX KaK FCIIOJIH30BAHIE 30JIBI U IIJTAKOB B CTPOUTEIHHON OTpacin
WIIN B CEIBCKOM XO3SICTBE, IMO3BOJHUT CHHU3UTH OOBEMBI CKIAAMPYEMBIX OTXOOB.
Hanpumep, 3051a MOKET OBITH HCIIOJIB30BaHa KaK JOOABKa B IIEMEHT MM KaK yno0pe-
HHE, YTO CIIOCOOCTBYET 3aMKHYTOMY ITUKITy UCIIOJIB30BAHUS OTXO/IOB.

o I'epmemusayusa cknaooe omxooos. Co3naHue TePMETUUYHBIX CKIIAJIOB IS
30JIOBBIX OTXOZOB C CHCTEMOM 3alIUTHI OT aTMOC(EPHBIX 0CAIKOB MPEAOTBPATUT BHI-
MBIBaHUEC 3arPSI3HSAIOLIMX BEIECTB B TPYHTOBBIC U IOBEPXHOCTHBIC BOIBL. J1Jist 3TOTO
MOT'YT OBITh HCTIOJIE30BaHbI MEMOPAHHBIE MTOKPHITHS M CHCTEMBI BOJOOTBEICHHS, KO-
TOpBIe obecredar 6e301macHoe XpaHEHHE OTXOIOB.

o Monumopunz xauecmea 6000emog: PeryisspHbII MOHUTOPHHT COCTOSHHS
BOJIBI B BOJIOEMAX, PACTIONIOKECHHBIX BOJIIN3U TEIUIO3HEPTETHUECKUX 00BEKTOB, T03BO-
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JIUT CBOEBPEMEHHO OOHAPYKUBATh 3arpsA3HEHNE M MPHHUMATH MEPHI TI0 €T0 yCTpaHe-
HUIO. Vcnonp30BaHre aBTOMATH3UPOBAHHBIX CHCTEM MOHHUTOPHHTA MTOBBICHT (P QeK-
TUBHOCTb KOHTPOJISl 32 KAUECTBOM BOJIBI.

JIis TOpHOTOOBIBAIOIINX MTPEANPHATHI VIpKyTCKOH 00:1aCTH, TAKUX KaK 3070TO-
1 yrieno0biBaronye KoMimanuu B bogaitouackoM u Y cTh-UmuMckoM paiioHax, KoTo-
pble 00pa3yroOT IUIaMBI, [IJIAKH, BCKPBIIIHBIC IOPOJBI U OTXOIBI OT IIHAHHPOBAHUS U
(baoTtanyu, He0OXOAUMBI CIETYIOIINE MEPHI:

o 3amkHnymoe 6o0ocnabicenue: BpelneHre cUCTEMbl 3aMKHYTOTO BOJOCHAO0-
JKSHUS Ha TOPHOIOOBIBAOIINX TPEIIPUATHSIX IIO3BOJHUT UCKITIOYUTE COPOC 3arpsi3HEH-
HBIX CTOYHBIX BOJI B OTKPBITHIE BOJIOEMBI. Bosia Oy 1eT ounIaThCst 1 MOBTOPHO HCITOIb-
30BaThCs BHYTPH MPOU3BOJCTBEHHOIO IUKJIA, YTO 3HAUUTEIPHO CHU3HUT HATrpy3Ky Ha
BOJTHBIE PECYPCHI.

o Quuvmpayua u HEUMPAIUZAUUA OMXO0006: ISl yAAJEHU TOKCUYHBIX Be-
IIECTB U3 CTOYHBIX BOJ U OTXOJIOB, COAEPIKALIMX LUAHHUIBI U IPYrHe XUMHKATBHI,
MO>KHO TIPUMEHSITh OMOTEXHOIOTMYECKUE METOIBI U (PU3UKO-XUMHUIECKHE METOIbI, Ta-
KHe KaK aKTUBHPOBAHHBIC YTIIM WM MEMOpaHHBIC TEXHOJOTHUH JJISI OYUCTKH BOIBI.
OTH METO/IbI IOMOTYT 0€30I1aCHO YTHIN3HPOBATh OTXO/IbI, MUHUMH3HPYS UX BIUSHHEC
Ha OKPY’KaIOIIyI0 CPemdy.

o Konumeitnepuzayusa u uzonayus omxoo00: Ui NIpeOTBPAILCHUS 3arpsi3He-
HUS TPYHTOBBIX U IMOBEPXHOCTHBIX BOJI OTXOJIaMH, COJAEPKAILMMU TOKCUYHbIE Belle-
CTBa, HECOOXOIUMO UCIIOJIb30BAHUE CIICIUABHBIX KOHTCHHEPOB M TEPMETHYHBIX CKJIa-
JI0B. OTO MO3BOJUT 3(HEKTUBHO YHPABIATh OTXOJAMH U NMPEJOTBPATUTH UX PacCIpo-
CTpaHEHHE B OKPYIKAIOIIYIO CPELY.

o Pexynomueayus 3emens. 7151 BOCCTAHOBJICHHUSI YKOCUCTEM Ha TEPPUTOPHSIX,
MOJIBEPTIIMXCS TOPHBIM paboTaM, BaXKHO MPOBECTH PEKYJIbTUBAIUIO 3eMelb. Mcromb-
30BaHME PKOJIOTHYECKH OE30MacCHBIX METOJOB, TAKMX KaK BOCCTAHOBJIECHHE MOYBHI U
3acayKUBaHUE PACTEHUMH, TIOMOXKET BOCCTAHOBUTh YKOCUCTEMBI U YIIYULIUTbh COCTOSIHUE
BOJIOEMOB.

JUis meconpOMBIIIICHHBIX mpeanpuatuil MpkyTckoil o6nacTu, BKiIodas nepe-
BOOOpabaTHIBAOIIIE ¥ JIECOMIIBHBIC 3aBOIBI B Y cTh-Mmnmcke u bpartcke, permenuem
npo0JIeM 3arpsi3HEHNsI BOIHBIX 00HEKTOB MOTYT OBITh CIICIYIONINE MEPHI:

o Ilepepabomka Opesechvix omxo006: BeeneHrne CUCTEMBbI IepepabOTKH OITH-
JIOK, KOPBI U APYTHX APEBECHBIX OTXOJOB B OMOTOIUIMBO, TMEJUICTHI FIIM JIPEBECHBIC
TUTUTHI CHU3UT 00BEM OTXOJI0B, YMEHBIIAsl HX BO3ACHCTBHE HA KOJIOTHIO. JTO TI03BO-
JIUT 00ECIICYUTh 3aMKHYTHII IIHKII TIepepadOTKU U COKPATUTh HETATUBHOE BIMSHUC HA
BOJIOEMBI.

o Opeanuzayusa nOIUZOHOG 0N OPEBECHBIX OMX0008. IS TIPEIOTBPAIICHHS
3arps3HEHHS JICCHBIX TEPPUTOPUI U BOJIOEMOB HEOOXOIUMO CO3/IaTh CIICIIHATH3HPO-
BaHHbBIE IOJIUTOHBI AJISl XPaHEHUS! PEBECHBIX OTXO0B C COOIIOACHUEM BCEX IKOJIOTU-
YECKHX CTAaHAApTOB. VICHoOIp30BaHME TePMETHYHBIX KOHTCHHEPOB M BOJIOOTBOIHBIX
crcTeM o0ecTednT 0e301MacHOCTh CKIIAANPOBAHMS OTXO/IOB U MPETOTBPATUT MX TOMAa-
JlaHHE B BOJIOEMBI.

o Buonozuueckue memoowt ouunienus 6000emo6: 11 OUUCTKUA BOJOEMOB OT
OPTaHMYECKHX 3aTrps3HUTENEH, TaKNX KaK APEBECHBIE OTXOMbI, MOJKHO HCIIOIb30BaTh
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OMOTEXHOJIOTHH. 3aceleHIe BOJOEMOB BOIOPOCISIMI U IPYTUMH PACTEHISIMHU, KOTO-
pbIe MOTTIOMAIOT OPTaHWYECKHE BEIIECTBA, TOMOXKET YMEHBIIHTh KOHIIEHTPALHIO 3a-
IPS3HSIONINX BELIECTB B BOJIC U BOCCTAHOBUTH 3KOCHCTEMY BOJIOEMOB.

o Konmpons evi6pocoé memana: Beenenne cicTeMbl MOHUTOPHHTa MeTAHO-
BBIX BBIOPOCOB C MOCIEIYIOIINM HCIOIB30BaHHEM METaHA B KaueCTBE 3HEpPreTHIe-
CKOT'0 pecypca WM €ro C)KUTaHWeM I103BOJIMT MUHUMH3HPOBATH BHIOPOCHI ITAPHUKO-
BBIX Ta30B U 3arpsA3HCHUE BO3IyXa.

o Yowecmouenue yxonocuueckux cmanoapmog: BaxxHsIM MIaroM B peIICHUH
TIPOOIIEMBI 3aTrPSI3HEHNS BOJIOEMOB SIBIISIETCSI Y’KECTOUEHNE SKOJIOTUUECKIX CTAaHApTOB
JULSL TIPEAPUSITHI BCEX OTpacieil. ITo BKIIOYAET B ceOs 3eII€HbIC TEXHOJIOTHH, TTOBBIIIIE-
HIE OTBETCTBEHHOCTH 32 COOMIOEHNE HOPM IKOJIIOTHIECKOIT OE30MaCHOCTH U CO3/1aHHe
CTHMYJIOB JJIsl BHEIPSHUSI HHHOBAIIMOHHBIX PEIICHUH 110 IepepaboTKe 0TXOIO0B.

o T'ocyoapcmeennwiit monumopune: Co3nanne 3p(OEeKTHBHOI CHCTEMBI TOCY-
JAPCTBEHHOTO 3KOJIOTMYECKOT0 MOHUTOPUHTA 32 COCTOSHUEM BOJIHBIX 0OBEKTOB, C pe-
TYJISPHBIMH ITPOBEPKAMHU KauyeCTBA BOJBI M COOIFOACHHS SKOJIOTHUCCKUX HOPM, TT03BO-
JIMT ONIEPATHBHO PEarupoBaTh HA 3arpsI3HCHUE U MIPEANIPUHAMATE HEOOXOIMMBIE MEPBL.

« Od6pasoBanue u o0ydyenue padboTHUKOB: [10BBIICHUE YPOBHS OCBEIOMIICH-
HOCTH PaOOTHHKOB MPEIIPHATHI O BaXKHOCTHU KOJIOTHYECKOH 0€30IIaCHOCTH U IIPaBUITb-
HOTO OOpAIeHNs C OTXOaMH CITIOCOOCTBYET MHUHIMH3AINH PUCKOB 3arps3HeHus. [1po-
BEJICHUE TPEHUHTOB U NPOrpaMM 00yUEHHUS JUISl COTPYIHUKOB HA BCEX YPOBHSX IPOU3-
BOJICTBA SIBJIIETCS HEOOXOAUMBIM YCIIOBHEM ]I yCTOMYMBOTO PAa3BUTHS PETHOHA.

3ak/aoueHne

B pesynpraTe naHHOM pabOTHI OBLTH BEISBICHBI OCHOBHBIC IPOOJIEMBI, CBSI3aH-
HBIE C BO3JICHCTBHEM MPOMBIIIJICHHBIX OTXO/J0B Ha BOAHbBIE pecypchl MUpKyTcKkoit 06-
nmactd. HecMoTpst Ha pa3HOOOpasne OTXOJ0B, 00pa3yIoMMXCA B TEIUIO3HEpreTHYe-
CKOM, TOPHOJOOBIBAIOIIEM H JICCOIPOMBIIINICHHOM CEKTOpaX, OOIIMMH TOCIIEICTBH-
SIMU SIBJISIOTCS 3arpsI3HEHUE BOJOEMOB M MOA3EMHBIX BOJ, YTO MOYKET IMPUBECTH K Ce-
PBE3HBIM SKOJIOTHYECKUM M YKOHOMUYECKUM MIpodIeMam.

JLnis penenns 3THX BOIPOCOB HEOOX0ANMO BHEApEHHE 3(H(HEKTHBHBIX TEXHOIO-
THIA TepepadOTKU OTXO0B, TEPMETH3ALUS CKIAJI0B H HCIOIb30BaHHE OMOTEXHOIOTHI
JUIL OUYUCTKH BOJOEMOB. BaXKHBIM IIaroM sBISETCS TakiKe MOBBILIIEHUE 3KOJIOTUYe-
CKOM OCBEJJOMJIEHHOCTHU Ha BCEX YPOBHSIX MPOMBIIUICHHOCTH U CO3[[aHUE CUCTEMBI MO-
HUTOpPHUHIa KauecTBa BOJHBIX PECYpPCOB. DTU MEPHI MOMOI'YT CYLIECTBEHHO CHU3UTH
HEraTHBHOE BIIUSTHHE Ha KOCHCTEMY M BOJHBIC OOBEKTHI, 00ECICUNBast yCTOWYNBOEC
pa3BUTHE PETUOHA.
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VK 628.1

I'mapoxuMuyeckuil aHAJIN3 BOAbI, HCIOJIb3YEeMOM
B TexHoJIornyeckoM nukJje Ha TIL-1 ropoaa Uursl

A. B. CaxnoBckuii (nice.sakhnovskiy03@mail.ru), O. A. bapxaToBa
(barhat2006@mail.ru)

Uprxymcxuil eocydapcmeennvlil ynugepcumem, 2. Upxymck

AnHoTanus. Boja sBisieTcst )KU3HEHHO Ba)KHBIM IIPHPOJIHBIM PECYPCOM, UCIIOIB3YEMbIM JUIs pa3-
JUYHBIX TIeJIeH, BKIIOYAsl MPOU3BOJICTBO AJIEKTPOIHEPTUU Ha TEIUIOBBIX dJekTpocTanuusx (TOLL).
T'unpoxumuyeckuii aHainmu3 Bojbl, ucnonbzyemoid Ha TOLI, nmeer pemraroriee 3HaueHue a7 obecrie-
yeHus ee 6e3onacHocTu U 3ddexTuBHOCTH Hconb3oBanus. Terutosas snekrpocrannust (TOL) 1 r.
YuTsl, pacnionokeHHast B 3abaiikanbckoM Kpae T. Uure, Ha Oepery 03. KeHoH, mpezacTaBisiet codoit
Ba)XKHOE [IPOU3BOJICTBEHHOEC MPEIIPUATHE, KOTOPOE 00ECIIeUHBACT 3JICKTPOIHEPrHeil KaK MPOMBIIII-
JICHHBIE OOBEKTBI, TAK ¥ HACEJICHHbIE IyHKThI B PETHOHE. DTa IEKTPOCTAHLIMS OCYIIECTBISIET MPO-
I[ecC MPOM3BOJICTBA IEKTPOIHEPTHH ITyTEM CIKUTAHUS YIJIs, KOTOPBIHA SBISETCS OCHOBHBIM BHOM
ToruBa Uit JaHHoi TOLI. Pe3ynapTaTsl THAPOXUMHUYECKUX HCCIeIOBAHNHN MOKA3alH, 4YTO BOAA, UC-
rojb3yeMasl B TexHosorrndeckoM Iukie Ha TOLI-1 r. UnTel, COIEpKUT MOBBIIICHHOE CO/IEPKAHHE
JKECTKOCTH, IMOKCHIa KpeMHHsI 1 pocdaToB, 4TO MPUBOIUT K 0OPa30BAHMIO HAKUITH, KOPPO3HUH 000-
PYZOBaHUS U CHIKCHUIO () (EKTUBHOCTH €ro PabOTEHI.

Kuirouessie cioBa: TOLI, TeXHOIOTHYECKHUI LUK, THIPOXMMHUYECKHI aHAITM3 BOJIBI

Lenbto 1aHHOrO HMCCIEAOBaHUS ABISAETCS ONpEAeIeHHe IHIPOXUMUYECKUX Xa-
PaKTEepPHCTHUK BOABI, HCIOIb3yeMbIX Ha TOLI-1 r. YuTsl, A7 OLIEHKH €€ KauecTBa U Co-
OTBETCTBHUS HOPMATHBHBIM TpeOOBaHUAM. [|JIs TOCTHKEHHUS TIOCTABICHHOH IIeTH OBIITH
MOCTABJIEHBI CIIEAYIOIINE 3a/1a4u:

e IPOBECTU OTOOP U MOATOTOBKY MPOO BOJBI AT THAPOXHUMHUUYECKOTO aHAIH3A;

®  BBIIIOJHEHUE THIPOXUMUYECKOIO aHAIN3a;

e CpaBHECHHE NOJYYEHHBIX TAHHBIX C HOPMATHBHBIMH TPeOOBAaHHMAMH, YCTa-
HOBJIEHHBIMH JUJIs1 BOJIBI, HCIIONB3yeMoH Ha TOLL;

e  BBIIBJICHUE BO3MOXKHBIX IIPOOJIEM, CBSI3aHHBIX C KAYECTBOM BOJIBI, M pa3pa-
60TKa peKoOMeHJanuii Mo uX yCTPaHEHHUIO.

T'uppoxumuueckuil aHanu3 — COBOKYITHOCTb IIPUEMOB U METOMOB /ISl OIpeJie-
JIEHUs! KaYeCTBEHHOI0 M KOJMYECTBEHHOIO COCTaBa BOJ. B 3aBucuMoOCTH OT Heneit u
3ajau aHalKM3a BapbUPYIOTCS €ro MOJHOTAa M HampasieHue. OCHOBHBIMHU IOKa3aTe-
JISIMU Ka4€CTBa BOJIBI SIBJISIFOTCS: MOHHBII COCTaB, MUHEpaJIN3aLus, XKECTKOCTb, IEI0Y-
HOCTB, COJIEpKaHNe HEOPIraHUYECKUX U OPTaHMYECKUX KOMITOHEHTOB.

Xapakrepuctuka o0bekrTa ucciaegopanus (TIL-1 r. Unts)

TOL-1 1. YUtk IBISETCS KIFOUEBBIM 00BEKTOM SHEPTETHKHU Ha TEPPUTOPHH 3a-
Oalikanbckoro kpas. Pacrono)keHHas B 3armagHoO yacTH peruoHa (puc. 1), 3ta craHIms
o0J1aaeT BEICOKOW MOIHOCTHIO U 3HAYUTEIILHBIM BKIIAJIOM B IIPOU3BOJICTBO AJICKTPO-
sHepruu At notpedutenein. TOLI-1 r. UnTsl ocymecTBISIET MPOLIECC TeHEepaluH dJIeK-
TPOSHEPTHH ITyTEM CKUTAHUS YTIIs, KOTOPHIH SBISIETCS OCHOBHBIM BHIOM TOTUTHBA JIJIS
JAHHOTO SHEPreTUIECKOr0 O0BEKTA.
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30}100TBan TaU-1

Puc. 1. Pacnionoxxenne TOLI-1

TOLI-1 r. UnTsl 0O6ecnieunBacT 3JeKTpOCHA0KEHNE HE TOJIBKO 30HBI CBOETO TPsi-
MOT0 BIMSHUS, HO M CMEXXHBIX paifoHOB UnTel. CTaHINA UMEET TEXHOJIOTHIecKoe 000-
pyZIOBaHHE, CHCTEMbI OYNCTKH OTXOMOB ¥ JPYTHE COCTABIAIOMINE, HEOOXOIMMBIC IS
oOecrieueHus cTaOMIIFHOTO IPOU3BOJICTBA AIICKTPOIHEPTUU HA TEPPUTOPUH PETHOHA
31

Uurunckas TOII-1 6epér Boay u3 03. Kenon u cOpackiBaet e€ oOpaTHO MOJO-
TPETOM.

Taroke sl BOCIIOJTHEHHs 0€3BO3BPATHOTO BOAOIOTPEOICHUS HA TEXHOJIOTHYC-
CKHE HYXK/IbI €XKeroHO MPOU3BOANTCS MOJKauKa BOAbI U3 peku MHroxa.

Jlns texamueckux Hyka Ha TOL[-1 Boga ydacTByeT B CIeIyIONINX TEXHOIOTH-
YeCKUX IUKiIax (tadi. 1):

e OoOeccoeHHas BOJa, MoJTyyaeMasi myTeM 00pabOTKU KOHJICHCATa B CHCTEME
00eccoMMBaHus, UCIOIb3YeTCs ISl BOCHOJIHEHHS MOTEph Mapa B TypOHHE, a Takxke
JUTS TINTaHWS BBIIAPHBIX YCTAHOBOK.

e Ceipas Boja (Bozna u3 03. KeHOH WM BOZOXPaHWIUINA), UCIIONB3YETCS IS
OXJIQXKJICHUS] TEHEPaTOPOB U IPYTUX YCTPOUCTB.

e TexHuueckas BoAa (OXJIax/ICHHAs ChIpast BOJa), UCIIONB3YeTCs B TPATUPHIIX
JUTS OXJTKICHUS IUPKYJIAPYIOIISH BOJIBI.

e [IpomyBodHas Boja (BOAa C BBICOKHM COJIEPKAHUEM COJICH), yHanseTcs U3
KOTJIOB U BBIMAPHBIX YCTAHOBOK IS MPEAOTBPAILCHHS HAKUIIH.

e BopomnpoBoanas Boja (Boja M3 TOPOJCKOTO BOIOIPOBOAA), UCTIONB3YETCS
JUTS TINTHS], TPUTOTOBJICHIS TIUIIH U IPYTUX CAaHUTAPHBIX HYXI.

e Bona u3 cobcTBeHHOTO Bos103a00pa (coOcTBeHHBIN Bo103a00p TALI-1, pac-
TOJIO’KeHHBIH Ha 03. KeHOH) o0ecrieunBaeT AOMOIHUTEIBHON BOIOH IMTHEBOTO Kaye-
CTBA.
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Tabnuya 1
Pacxoz BojsI (M) Ha IpeANpUATHY 32 HIOHB 2024 T.
il;en HaunmenoBanune Konnuectso
1 Pacxoz ceIpoii BOIbI 126 162,5
2 Pacxo 00eccoleHHO# BOJIbI 213233
3 PacxoJ1 XUMUYECKH OUHIIIEHHONU BOIBI 77 687,4
4 Pacxoz BoJIbI Ha CITy>KEOHBIC HYXK/IBI: 27 151,8
41 Pacxon ceIpoil Bogsl Ha B3PBIXJICHUE AJICKTPOMArHUTHBINA 9000
"~ | npeobpasoBatens pacxoaa, Moziesb «MactepPioy»
49 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 B3pbIXJieHHE, pereHepaliio, OTMBIBKY BOJO- 7000
" | poa-karuoHa Il crynenu
45 Pacxon UOB na B3phIXJIeHHUE, pereHepannio, OTMBIBKY (DHITb- 3000
" | TpoB AH I u Il crynmensix
46 Pacxop cpipoii Bo/bl Ha poYKE MOTEPH (IIPOMBIBKA CMOJIBI, 151.8
| yrus, caHUTapHbIe HYXK/IbI 1IEXa) ’

OT60p U NMMOATr0TOBKA l'[p06 BOJbI 1JId THAPOXUMHUYECKOI0 aHAJTIU3a

CocTostHHE TTOATOTOBKH BOJBI Ha JHEPIETUYCCKUX TPEAIPUATHAX OMPEICIIIeT
HE TOJIBKO UX YKOHOMUYHOCTB, HO U UX KOJIOIHYECKOE COBEPIICHCTBO, TOYHEE, CTC-
MIEHb WX AKOJIOTHYECKOM Oe3omacHoCcTH [1].

Jnist OIIeHKH KadecTBa MPUPOAHBIX BOJ U BOJ HA PA3IMYHBIX CTAANUAX TEXHOJO-
THYECKOT'0 POIIECcca MPHHSATH HIKEIICPEUUCIICHHBIC ITOKAa3aTeN: B3BEIICHHBIC BEllle-
CTBa, CyXO# OCTaTOK, MUHEPAJIbHBIH OCTATOK, IPOKAJICHHBII OCTATOK, OKUCIISIEMOCTD,
JKECTKOCTB, IEIIOYHOCTh, HOHHBIN COCTaB BOJIbI, PACTBOPEHHBIE Ta3bl.

PacTBopeHHBIC B BO/IE BEIIECTBA BHI3BIBAIOT T€ MIIM MHBIC HEMOJAKH B paboTe
SHEPTreTHYECKOr0 000pyAOBaHMs. B OCHOBHOM 3TO CBSI3aHO C 00pa30BaHUEM HAKHII-
HBIX OTJIOKEHUH U KOPPO3HH.

Vnanenue npuMmecei, 3arpsi3HAOIIKX BOAY, T. €. IPEJBapUTENIbHAsL BOJOIOATO-
TOBKa, a TAaK)Ke XUMHUYCCKHI KOHTPOJIb 32 KAYECTBOM BOJIBI B IIHKJIC AJIEKTPOCTAHIINH,
obecrneunBaeT MpenynpexacHiue o0pa3oBaHusl HAKUIY Ha TIOBEPXHOCTSX HArpeBa, uc-
KITI0YaeT BO3MOKHOCTh KOPPO3HMOHHBIX MOBpPEXKIEHUH. Bee 9To mpemonaraet Haiex-
HYIO 1 Oe3aBapuiHYI0 paboTy JIEKTPOCTAHIINH.

XUMHYECKHI [IEX — 3TO TO CTPYKTYPHOE MOpa3AeiICHUE, KOTOPOE CITY)KUT IS
OCYIIECTBJICHHUS ITHUX 3a/1ad.

OT1060p npo6 Boer HAa TOIL 1 . YUTHI MPOBOANTCA B pa3HBIX IEXaX HA BCEM ITPO-
W3BOJICTBE, & UMCHHO: TYpOMHHBIH, MBUICBOH, YTOJNBHBIN, XUMHUYSCKUNA, TypOWHHO-
BpaIIaTeNIbHbIH, a TAKXKE B IIEXe CAHUTAPHOT'O 0OCCIICYCHUSI.

BoponoaroroButenbHas ycTaHOBKa (cxema oOeccONMBaHUS) MpeaHa3HaueHa
IUTSI TIOATOTOBKH MTOAMMUTOYHOM BOIb! KOTiI0B BK3-220-100.

OCHOBHBIM HCTOYHHKOM BOJIBI SIBIIIETCS Boja 03. KeHon (Tadu. 2).
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Tabnuya 2
I'uapoxumuyeckne mokasaTenu Boabl Bojgozadopa TOLI-1
HanmeHnoBanue nokazaTemnst Enuanna Hokazatess TIIK IIpeBblnieHue,
KadyeCcTBa H3MEpEHUA pa3

pH 8,13 8,3 0,97
JKectkocTh o01Ias MT-9KB/IM> 6,77 5 1,35
11lermouHOCTH OOIIAs Mr-3KB/IM> 32,5 2 16,25
1llenouHOCTb TUPATH. Mr-9KB/M° 0,036

Kanpmii mr/mm’ 64,95 46 1,41
Maruwuit mr/mm’ 45,1 12 3,76
Harpwii Mr/ v 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
Cynbdatst mr/nm’ 238,2 350 0,68
XJtopuist M/ 80,3 50 1,60
buxapbonatet mr/am’ 151,2 30400 0,75
Kap6onatsl mr/ v’ 2,2 5 0,44
Hurpatst MI/ v 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
JMcCTiepcHOCTH. J{iisl ylIaBIMBaHUsI 3THX IPUMECEH CiTy)KaT MeXaHudeckue GUIbTpbI [2].

B xagecTBe pUIBTPYIOMUX MaTepUAIIOB MPUMEHSETCS aHTPAUT U aKTHBHUPO-
BaHHBIN YIroJb.

O0paboTka BOABI METOJIOM HOHHOTO OOMEHA OCHOBaHA HA CIIOCOOHOCTH MOHH-
TOB BCTYHAaTh B MOHHBIN OOMEH ¢ PaCTBOPEHHBIMHU B BOJE COISMHU.

ITo mepe umbTpOBaHUS BOIBI Uepe3 CIIOI HOHMTA, BCe OOJIBIIAS YacTh €ro aK-
THBHBIX I'PYIIT 3aMEIIAETCsl HOHAMH, TTOTIIONIaeMbIMU 13 Bojbl. Korna oOMeHHas em-
KOCTb MOHHUTA HCYEpIIaHa, HeOOXO0AUMa €ro pereHepanus, T. €. 00paTHOe 3aMelCHUE
€ro aKTUBHBIX TPy OOMEHUBAaEMbIM HOHOM.

Pe3yabTarsl ruipoxumMuyeckoro anajansa Boabl Ha TII 1 r. Untsl

Bo Bpems uccienosanus (Maii-uronb) B padore TOII-1 Obutu 3ameiicTBOBaHBI
7 n3 14 xot0B. B X0noxHOE BpeMs rojia, MPUMEPHO C CEPEMHBI OCEHHU U 710 | JeKa bl
BECHBI B paboTe HaXxomsTCs Bce 14 KOTIIOB.

XUMUYECKHI aHaau3 BOJbI, UCIOJIb3YEeMON JUIsl TIOJAMHUTKH, MOKazail CIeIylo-
HIKe pe3yJIbTaThl, IPECTABICHHbIC B TA0II. 3.

JInis IpoBepKH METOCTHOCTH W XUMHUYECKOTO aHaJIM3a BOJBI OBIIM TPOBEPEHBI
KOTJIBI Ne 5 1t Ne 6 (Tabu. 4 u 5).
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Tabauya 3
KauectBO BObI I/ICHOHB3yeMOﬁ Ha MOAIMUTKY TCIJIOCETU U CETEBOI BOJBbI
11[émou- Ilenou- JEe—
HoCTR((hes HOCTE LEemee Kecrrocts Ca Vilk @roipo- 0, nele Beme- | Hedrenmpomykrel, Fe,
i [T} L o 2 MKT-9KB/ IM> o, MKT/ M° CTBa, mr/am? mr/am?
MKT-9KB/ MKT-9KB/ MKT-9KB/ 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
Brrem T'uaparnas meé- ~ % npo-
flara FHPE)?";T/H IT[ glﬁeljj];;: pH POy, mr/av? | SiO,, mr/mv? noqgg;"ll:ﬂ/ 1 pH PO, mr/nm? | SiO,, mMr/am? (J;;[(e)g:; JLYyBKH
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- ~ Ao
AL FHPLIICI;?)T;{ Iz.llf[l ?66;2: pH | POy, mr/mv® | SiOn mr/mu? | TOTHOCTP | pH POy, mr/av® | SiO,, mr/om? (;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
CpeaHeMecsqHOE 42/158 9,2 2,9 0,15 546/956 9,7 25 0,92 102 0,9

IIpumeuanue: B nepuon ¢ 11 uronst no 20 moHs KoTén Ne 5 ObIT BBIBEICH M3 CTPOS IS TPOBEJCHHS MEP YCTPAHEHNS HAKUITH M KOPPO3Hid.
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Tabnuya 5
Kotosas Boga B kotie Ne 6
Cpenuna I{ukion
Jlata e vmn | or | POw_ | SiOn e obmn | pi | POw | SiOs | Concconep- | %mponyems
g . Mr/ v ML/ M ———— Mr/am Mr/am 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 IIPOBECHUS MEP yCTPAHEHUSI HAKHUITH U KOPPO3HH.
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AHanmu3upys MoydeHHBIE JaHHbBIe, BUAHO, YTO BCEe THIPOXUMHUYIECKIE TIOKa3a-
Tenu, kpoMme Oz, COOTBETCTBYIOT HOpMaM. OJTHAKO MOHMKEHHBIH Mokaszatens Oz 1aét
HaM [IOHUMATh, YTO HU3KOE COJAEep:KaHUe KUCIOPO/ia UCKIHUAeT KOPPO3UI0 BHYTPEH-
HUX TOBEPXHOCTEH 000pyI0BaHUSA M TPYOOIIPOBOJIOB CHCTEMBI PETCHEPATHBHOTO T10-
JIOTpeBa CTaHINH, a TAKKE BEIHOC MPOAYKTOB KOPPO3HUU HA TEINIOOOMEHHbIE OBEPX-
HOCTH KOTJIOB [4].

Crout 3aMeTuTh, 4To oTcyTcTBHEe CO2, M paboThl TOLL 5TO OUEHB MOJIOXKHU-
TeNbHBIN (HaKTOpP, TOTOMY YTO HAIUYIHE B CETEBOU BOJIE CBOOOIHOMN YTIEKUCIOTHI (JIH-
oxcuza yriaepoaa COa) SBISIETCS KaTAIN3aTOPOM KHCIOPOAHON KOPPO3HUHU. DTO MpH-
BOJUT K BHYTPEHHEH KOPPO3UU TEIIOBBIX CETEH U MOXKET BBI3BAThH BBIXOJ M3 CTPOS
00opynoBaHMS.

B cBa3u ¢ atum comepkanre CO2 M COOTBETCTBYIONEE eMy 3HAUEeHHE TTOKa3a-
Tenss pH B OCHOBHBIX TEXHOJIOIMYECKUX MOTOKAX TEMJIODHEPreTUYECKUX YCTaHOBOK
CTPOrO HOPMHUPYIOTCSI.

Jlis oGecriedeHust pabOTHI OTOMUTEIBHBIX CHCTEM BaXKHO, YTOOBI KOTIIOBAs BOJA
Obl1a yMATYEHHOHN M OYMIIEHHOMN, a € XUMWYECKHH COCTaB COOTBETCTBOBAJI HOPMaM
U TpeOOBaHUSM.

W3 nanHbIX Tabn. 4, 5 MBI BUAUM, 4TO coaepkanue pH (BogopoaHsIil mokasa-
TeJIb) B UKJIOHE TPEBHIMAET 9,5 U 3TO TOBOPUT O TOM, YTO B JAHHOM YYaCTKE ITOBBHI-
HIEHO pa3BUTHE KOPPO3MOHHBIX MPOLIECCOB. B crencTBUM 3TOro mokasarens KOTEN
Ne 5 1 Ne 6 Ob11H BBIBE/IEH U3 CTPOS ATl IPOBEPKHU IIETOCTHOCTU KOTIA U CMa3KH aH-
TUKOPPO3UMHBIM IOKphITHEM. [l0Cie IPOBENEHHBIX MEPOIPUATHIL BOJLOPOIHBIN TOKa-
3aTeNb MOHM3HWICS 710 HOPMBI B KOoTie Ne 5, crieoBaTenbHO, BRIBEACHUE U3 CTPOS U
MpOBepKa KOTJIA JAJI0 CBOU MOJIOKUTEIbHBIE PE3yIbTaThI.

[Ipessblienne conepskanus GpocdaTor B KoTia0BOH Boae TOL] moxer npusectu
K 00pa3oBaHUIO OTIOXKEHHWH (ochaTa HATPUS HA CTEHKaX KOTIOB. OHU BIHSIOT Ha
CBapHBbIE UIBBI KOTEIBHOTO 000PYIOBAHMUS: OCIAOIAIOT MEXKPUCTAJUTUTHBIE TPAHHIIBI,
yXyIIAIT 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
npeanpustiar TOL] 1 r. UHTH He MOTYT PEIIUTb ATY MPOOIEMY, IIO3TOMY MPUXOAUTCS
MOCTOSSHHO KOHTPOJIUPOBATH L[EIOCTHOCTD IIBOB M MPOU3BOIUTH €KEHEIEIbHYIO Me-
XaHUYECKYIO OUUCTKY.

3akaoueHne

T'unpoxumuyeckuil aHaiu3 BOJbL, UCIIOJIb3YEMOM B TEXHOJIOTMYECKOM LIUKIIE HA
TOL-1 r. UuTsl, BBISIBUII IOBBILIEHHOE COAEPIKAHUE KECTKOCTH, AMOKCUAA KPEMHHUS U
¢docdaroB. YXymeHHOe Ka4eCTBO BOABI MOXKET HPUBECTH K 00Opa30BaHHIO HAKUIIH,
KOppO31H 000PyJIOBaHUS U CHIDKCHUIO 2P (HEKTHBHOCTH €ro padoThL.

HakomnneHnue HakUMU B TEMIO0OOMEHHUKAX U TPyOOIpOBOJaX NPUBOJUT K CHU-
JKEHHIO TEIJIONEpeNaur, YBEIMYEHUIO pacxoja TOIUIMBA M COKPAILEHHIO CpOKa
ciryx0bI 000pynoBanus. Kopposus Meraiuia MpuBOANT K Pa3pyIICHUIO 3aIUTHON OK-
CHJIHOH IUIEHKH W JalbHEHIIeMy pPa3BUTUIO KOPPO3HOHHBIX MPOLECCOB, YTO MOXKET
TIPUBECTH K aBapUIHBIM CHTYalHsAM H OCTaHOBKe paboTsr TOLI.
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Bo n36exanne HeraTHBHBIX TTOCIIEICTBHI HEOOXOIMMO BHEPSATH KOMILIEKC Me-
PONPUSATHIA, HAITPABIEHHBIX HA BOJOMOArOTOBKY HCIIONB3YEMOM BOABI 7S YITyYIIEHUS
e€ xayecTBa. K HUM OTHOCSITCS: HCIIOJIB30BaHUE COPOLIMOHHOM 00paboTKH (B KauecTse
copOeHTa MPHUMEHSIOT MOPOITKOOOPA3HBI AKTUBHBIN YTrOb, KOTOPBIA ITOTIIOIIACT
rupohoOHBIE BEIIECTBA, B TOM YHCIE YIIIEBOAOPOABI HEYTH U HEPTETIPOLYKTOB, Op-
TaHUYECKUE COCAMHEHUS M METAJUIbl), IPUMEHEHUE 3JIEKTPOXUMHYECKUX METOI0B
(OHH OCHOBAHBI Ha MPOTEKAHUH XMMUYECKUX IPOLECCOB Ha 3IEKTPOJAX MPH MPOITyC-
KaHUU 4epe3 BOAY [TOCTOSIHHOT'O MJIEKTPUUECKOr0 TOKA. Takue METOAbI O3BOJISIOT MU-
HUMHU3UPOBATh BO3ACHCTBHIE HA OKPYKAIOMIYIO CPEIY).

Cnucok 1MTEepaTyphl

1. Bomomoaroroska st TOL]/ A. A. Kauapymms, JI. @. Komaposa, B. I1. Tepckum [u ap.]. CII6. :
BHUUT, 2000. C. 187.

2. Bomonoaroropka Ha TOII: HasHadeHune u ocHOBHble Mertonsl. URL: https://irkutsk.vagner-
ural.ru/o_kompanii/stati-po-vodoochistke/vodopodgotovka-na-tec-naznachenie-i-osnovnye-metody/.  (nara
obpamenust: 05.03.2025).

3. Iybnnunoe akumonepHoe oduecTBo TeppuropuanbHas renepupyromas komnanus Ne 14, URL:
https://www.tgk-14.com/ (zata obparenus: 05.03.2025).

4. FOcynos P. A., Cepeees C. JI. Xumus BoIHOHM cpenbl B TeruiosHepretuke. Kaszanp, 2020. Ne 46.
C.12.

YK 502.55:504.4.062.2

JKO0JIOrHYecKasi COCTABJIAIOIIAs 00ecneyeHHsI
THAPOJIOTHYECKOH 0e301aCHOCTH

H. M. Tponmua (malevanskaya@inbox.ru), E. B. ITotanosa
(e.v.potapova.isu@mail.ru)

HUpxymckuii cocyoapcmeennblii ynusepcumem, 2. Mpkymck

Aunotanusi. OTMEUYCHO, YTO BOAHBIC OOBEKTHI SBISIOTCS HCTOYHUKAMH KaK 00CCIICUCHHS KU3HH,
TaK ¥ MECTaMH BO3HMKHOBCHHS M PEANU3aI[MU ONACHBIX SBICHHI, B TOM YHCJIE CBS3AHHBIMH C 3a-
TPSI3HEHUSIME BOJI, HCTIONB3YEMBIX IS IMTHEBOTO BOAOCHAOXKEHNS. [ Maposkomornueckas Ge3omac-
HOCTb, BKJIIOYAIOIIast KAK CTPYKTYpPY B3aUMOCBSI3€H MEKY C OJIHOM CTOPOHBI — OKPYKAIOMIUMH TIPHU-
POIHBIMHI SKOCHCTEMaMH, BOIHBIMU OOBEKTaMH, C IPYTON — XO3SICTBOM U HACEIICHUEM, MOYXKET OBITh
rapaHTHpPOBaHa YKOHOMHUYECKH d(P(PEKTHBHBIM M IKOJOTHYECKH 0€30IMacHbIM BOIOIMOJIb30BAHHUEM.
TIpesioxKeHO MIeCTh YHUBEPCATBHBIX METOIOB YCHIICHHS BO3MOXKHOCTH PEIIICHHS MHOTHX THAPOIKO-
noruyeckux npodiem. s obecriedeHust BceX ypoOBHEH 0€30MacCHOCTH KaKIbI BOIHBIA OOBEKT
HYXJAaeTCsl B COOCTBEHHOMN CHCTEME YIIPABIICHUSL.

KuoueBsble ciioBa: BOJIOIIOJIB30BAHUE, OIIACHBIC ABJICHHA, BOHOXO3HﬁCTBeHHBIﬁ KOMIUJICKC, r'iApo-
OKOJIOrH4YeCKast 6630H3CHOCTL, BOOa.

3HAYNMOCTH BOJHBIX OOBEKTOB B KaUECTBE OCHOBBI KH3HU U JICATEIHHOCTH Ye-
JIOBEKa MPEAOTNPEIEIIeT IIPHOPUTET OXPAHBI BOAHBIX OOBEKTOB MEPEJl NX HCIIOIB30-
BaHMEM. PerynanpoBaHue BOJHBIX OTHOLIEHUI OCYIIECTBIAETCA UCXOS U3 MPEACTaB-
JICHUSI 0 BOJHOM O0BEKTEe Kak O BaKHEHIIeH cOCTaBHON 4acTH OKPYXKAIOLIEH Cpesbl,
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cpexe oOnuTaHns 00BEKTOB )KHBOTHOTO M PACTUTEIFHOTO MHUpa, B TOM YHCIIE BOTHBIX
OMOJIOTMUECKNX PECYPCOB, KaK O IPUPOJHOM pecypce, UCIIOIb3yEeMOM YeIoBeKoM [1].
Ho BoznHbIC 00BEKTHI SBISIOTCS ONACHBIMU CaMH 110 ce0e U 00bEKTaMH, CO3/IAI0IIMMHI
omacHeie siBneHus. [To onenkam BO3, B 2019 1. ot yromuenust ymepio 236 Thic. 4el.,
KOTJIa Ha JIOJII0 TPaBM IIPUXOAUIIOCH MOYTH 8 % BCEX CIy4aeB CMEPTH B MHUpE. Y TOII-
JIEHUE SABISIETCS] TPEThEH MO 3HAYMMOCTU NMPUUYMHOM CMEPTHU OT HENpPEeAHAMEPEHHBIX
TpaBM — Ha HETo NPUXOAUTCS 7 % BCeX CIIyuaeB CMEPTH, CBS3aHHBIX C TpaBMamu [2].
K 2024 r. coobumim 0 CHIKEHHH YPOBHS CMEPTHOCTH OT yTOIICHHH, HO OHH OCTa-
I0TCS CEPhE3HOH MPOOIEeMOil 0OIIECTBEHHOTO 3/IpaBOOXPAHEHMS, TOCKOIBKY KaXK bl
4ac OT MPOUCIIECTBUH Ha Boze morudaet 6omnee 30 vern., a Toinpko B 2021 r. yToruieHus
ctanu npuauHoit cmeptu 300 ThIc. den. [TouTu mosoBHHA BCeX CIydaeB MPUXOAUTCA
Ha JuI Miajame 29 JeT U 4eTBepTh — Ha JeTed milafaue nsatu jet [3]. B exeronnom
nokaane BMO 2021 r. «CocTostHEE rI100aIbHBIX BOIHBIX PECYpPCOB» YKa3aHO, 9TO T10-
CIIEACTBUSL M3MEHUYMBOCTH M M3MEHEHMS KJIMMAaTa 4acTO MPOSBISAIOTCA uepe3 BOAY.
JIronn, pakTHYECKH MOTyYUB Oe3rpaHUIHYIO BIACTh HAJ IPUPOJHON CPEnoil, cunuTast
ce0s «BEHIIOM IIPUPOJBI», 3a0BUTH, YTO CAMH SIBISIETCSA MaJoi YacTHILEH 3TOH Cpesbl.
U Ilpupona BcE yaie HalOMUHACT HaM 00 3TOM KaTacTpOGUUECKUMU MPOSIBICHUSIMU
cBoero Bennuus. MOKHO ¢ yBEPEHHOCTBIO 3aKIIFOYHUTh, YTO BOJIA — 3TO KHU3Hb U BOAA —
3TO CMEpTh.

IIponsBoacTBeHHAsE JEATENBHOCT MHOTUX CEKTOPOB 3KOHOMHKH — BOIHBIN
TPAHCHOPT, SHEPreTHKa, CeNIbCKOE U JIECHOE XO3SHCTBO, KOMMYHAIIbHBIE CIIYXKOBI U
JIp., B 3HAYUTENBHON CTETIEHH MOJBeP KEeHA BIUSAHUIO HEOIarONpUATHBIX THAPOMETEO-
POJOTHYECKMX YCIOBHH. Pa3BUTHE HOBBIX TEXHOJOTHH M XO3AHCTBEHHBIX HH(Qpa-
CTPYKTYp YCYryOnsieT ysi3BUMOCTb SKOHOMUKH M XXKH3HEJESITEIBHOCTH O0IIecTBa OT
SKCTpEMaJIbHBIX MPOSIBICHUN OKpy:katoeil cpeasl. Ha obmmpnoit Teppuropun Poc-
cuu, o0nagaroniel OOIBIIMM pa3HOOOpa3HeM KIMMAaTHIYECKUX YCIIOBHMA, HAOIIO1AETCsI
MIUPOKUH CHEKTP HEOIArONPHUATHBIX M OMACHBIX THAPOMETEOPOIOTHIECKHX SBICHHH,
KOTOpBIE MOT'YT HAHECTH CYIIECTBEHHBIN SKOHOMUYECKUH yIepO, KaK OTJEeIbHBIM XO-
3STMCTBYIOMIUM CYOBEKTaM, OTPACIsiM 3KOHOMHKH B I[EJIOM, TaK KH3HU U 310POBBIO
rpakaad. CuTyamus ycyryOoisieTcs, TeM 4TO XO3SIHCTBEHHAs! AESTEIbHOCTh 1 MHOTHE
00BEKTHI HHPPACTPYKTYPHI TAKIKE CO3/AIOT JOMOJIHUTEIIBHBIE ONACHOCTH, HAIpUMep
HPOPBIBBI AaMO ¥ IIOTHH.

OmnacHoe MPUPOAHOE SBJICHUE — THAPOMETEOPOIOTHIECKOE HITH TeIHOTe0(hH3H-
YECKOE SIBJIEHHE, KOTOPOE IO HHTEHCUBHOCTH Pa3BUTHS, TPOIOKUTEIBHOCTH HITH MO-
MEHTY BO3HHUKHOBEHHUSI MOXKET INPEACTABIATh YTPO3y KU3HH UM 3[0POBBIO IPaXKJaH,
a Taxoke MOYKET HAHOCUTH 3HAYNTENIbHBIN MaTepHaIbHbIN yiepo [5]. [lepedens u kpu-
TEPUH OIACHOTO MPHUPOIHOTO SBICHHS MO TEPPUTOPUH JeATeNbHOCTH HpKyTCKOTO
YI'MC paszpabotansl B cootBeTcTBHH ¢ PJ1 52.04.563—2013 «HCTpYKIHUS 1O MTOATO-
TOBKE U Tepeiadye MITOPMOBBIX COOOIICHUI HAOIIONATEIbHBIMU NOAPA3ICICHUSIMIY,
BBEACHHBIM B JeiicTBue mpuka3oMm Pocruapomera 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, yrBepxkaensl HadampHHKOM DIBY «UpkyTckoe
VI'MC» 10.04.2014; BBenenn B aetictBue ¢ 28.04.2014. 13 HeCKOJIBKUX AECATKOB Ta-

217



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

KWX SBICHUI HEMHOTHM MEHBIIIE TTOJIOBHHBI HMEIOT OTHOIICHHNE W K BOJAHBIM OOBEK-
TaM MM CO3Ja0T KOMILIEKC OMACHBIX ABJIECHUH, KaK HalpUMep CUIIbHBIE T0KAH MpHU-
BOJIAT K MABOJKAM.

OmnacHoe IpUPOTHOE SBICHHE, KaK COOBITHE MPUPOTHOTO MPOUCXOKACHUS HITH
COCTOSIHME DJIEMEHTOB ITPUPOJHON CpeJibl, KaK Pe3yJIbTaT JEATENBHOCTH IPUPOIHBIX
HPOLIECCOB, KOTOPBIE 10 CBOSH MHTEHCUBHOCTH, MACIITA0y pacrpocTpaHEeHHs U IPo-
JIOJDKUTEIBHOCTH MOTYT BBI3BATh MOPaKaloIee BO3ICHCTBUE Ha JTI0CH, 00 BEKTHI KO-
HOMHKH U OKPY’KaroIyto cpexy. OHI MOTYT TOAPA3IeIATECS: TI0 XapaKTepy MposiBIIe-
HUSI — Ha TIpAMBbIC U KOCBEHHBIC; MO MacmTaly — Ha 00BEKTHbIE, JTOKaIbHBIE, PETHO-
HaJIbHBIC, HAIMOHAJIBHBIC U TJI00AIbHBIE; 110 THITY TPOSIBIICHUS — Ha MTOCTOSIHHBIE, T1e-
pUOANYECKHe, STU30ANYECKHe U MTHOBEHHBIC; M0 HAMPABIEHHOCTH Pa3BUTHI — Ha
HapacTaromure 1 yosiBatomnye u T. 1. [4]. Bce omacHocTH CBSI3aHHBIE ¢ BOJIHBIMUA 00B-
€KTaMHI TaK)Ke MOYKHO pa3/IeUTh Ha IPYMIIbl, B KOHTEKCTE ¢ KOHTPOIUPYIOIIUMH rOC-
yAapCTBEHHBIMU NOpa3aeneHuaMu. Hanpumep:

1. AnmuaHCTparn cyOBEeKTOB M IIpaBHTENBCTBO OCYIIECTBISIOT 3aKOHOA-
TEIIbHOE HOPMUPOBaHKE U (e/IepabHOE YIPABICHHUE, B TOM YHCIIE TAKUX 00BEKTOB,
Kak o03. baiikai.

2. PernoHansHO BOJTHO-XO3SIHCTBEHHBIN KOMIUIEKC yIpaBisieTcs: bacceitHOBbIMU
COBETaMH, OCYIIECTBISIOINMHI PalHOHAIFHOE HCIIOTb30BaHNE, OXPaHy BOJHBIX 00BEK-
TOB M Pa3pabOTKy PEKOMEHIAIMH B 00J1aCTH UCHOJIb30BAHUS U OXPAHbl BOIHBIX 00BEK-
TOB B rpaHHIax OacceifHOBOro oKkpyra, ceiuac ux B Poccuu aBauarh oJuH.

3. YpoBeHb MPOU3BOACTBA U XO3SICTBEHHBIH KOMIUIEKC PETHOHAIBHO KOHTPO-
JMpyeTcs noapasaereHussMu PocipupogHanzopa.

4. ObecnieueHre HACENEHHs BOAOM HAAIEkKAIEr0 KauecTBa, KOHTPOIMPOBaHHE
Ka4yecTBa BOJ OCyIIecTBIseTcs PocioTpednanzopom.

5. Ocraércst 3HAYUTENFHOE YUCIIO JIMYHBIX CKBAXXHH, KOJOAIECB, MECT HEOpra-
HHM30BaHHOM pEeKpeanyu, r1e JIOAN TOJDKHBI HMPOSBIATh COOCTBEHHYIO OTBETCTBEH-
HOCTb 32 BOSHUKHOBEHHE, PA3BUTUE U PEATHU3ALIUI0 BO3MOXKHBIX THAPOIKOIOIMUECKUX
OIIACHOCTEH.

be3ycnoBHO, Bce TH MOApa3/eNeHHs ¥ KOMIUIEKCHI YIPaBJIEHUs BOJOXO35H-
CTBEHHBIX KOMIUIEKCOM B3aHMOCBS3aHbI KaK Ha FOCYAapCTBEHHOM, TaK Ha TEPPUTOPH-
QIPHOM M PETHOHAIBLHOM YPOBHsIX. HO OTIMYNTENBHO, YTO KaX/IbIil BOAHBINH OOBEKT
00OBIYHO HYXKJA€TCSI B COOCTBEHHOM CHCTEME yIPaBICHUSI.

[Tpu peannzanny OGONBIINHCTBA ONACHBIX SBJICHHH, Ja’Ke HETIOCPEACTBEHHO HE
CBSI3aHHBIX C BOAHBIMH OOBEKTaMH, TPOUCXOJHUT UX 3arps3HEHUE B PE3YJITATE CMbI-
BOB C TEPPUTOPHH, TIPH MOBPEKICHUH MIPOU3BOICTBEHHBIX 00BEKTOB, KJIaJ0HIII, CKO-
TOMOTHJIFHHUKOB, IIJJAMOHAKOTIUTENICH M APYTHX O0OBEKTOB HAKOIUICHHOTO Bpena Ha
TEPPUTOPHH, TIOBPEKICHUN CUCTEMbI BOJI00OECIICUEHUS, YTO IPUBOAUT K OIIACHOCTH
3a00J1eBa€MOCTH ¥ CMUPHOCTH HACEJICHMS B Pe3yJIbTaTe yrnoTpeOIeH s 3arpsi3HEHHOM
BOJBI. [l03TOMYy OTHETBHBIM OJIOKOM OMACHOCTEH HMMEHHO THAPOIKOIOTHIECKOH
TPYIIIBI CJIEYyeT CUNTATh Ka4eCTBO BOJ, OCOOEHHO 00BEKTOB MUTHEBOTO HA3HAYCHMS.
B cooTBercTBUM ¢ BOAHBIM KOJIeKcoM P® BostHBIE OOBEKTHI HCIONB3YIOTCS JUTA IIeeit
MHUTHEBOTO U X03HCTBEHHO-OBITOBOTO BOJJOCHA0KEHNSI, COPOCAa CTOUHBIX BOA U (MIIH)
JPEHAKHBIX BOJI, TIPOM3BOJCTBA AIICKTPHUECKON PHEPTHH, BOJHOTO W BO3IYIIHOTO
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TpaHCIIOpTa, CIIaBa APEBECHHBI W MHBIX NPEIYyCMOTPEHHBIX BOIHBIM KOMIEKCOM Iie-
nei. IIpuopureToM cuMTaeTCsl IMEHHO MCIONB30BaHKME BOJ Ul MUThs, HO YPOBHHU
IpeAeIbHO-I0MYCTUMBIX KOHIIEHTPAIMH 3arpsA3HAIOMINX BELIECTB BBIIIE IS BOJHBIX
00BEKTOB PHIOOXO3AHCTBEHHOTO Ha3HAUCHHSL. DTO MOHATHAS 0COOEHHOCTH (PYHKITHO-
HUPOBAHUS BOJHBIX HKOCUCTEM.

I'maposkosiorudeckast 6e30MacHOCTb, BKIIOYAOIIAsl KaK CTPYKTYPY B3aHMOCBSI-
3el MEX/y C OHOH CTOPOHBI — IPUPOTHBIMH IKOCHCTEMAaMHU, BOJXHBIMH 00BEKTAMH, C
JIpYToi — XO3SICTBOM W HACENICHHEM, IIPH KOTOPBIX CPOUTCS SKOHOMHYIECKH d(pek-
THBHOE M 3KOJIOTHYECKH O€30IacHOE BOJOIONB30BAHHE, OMPEEISIETCS OCOOCHHO-
CTSIMU MPOCTPAHCTBEHHO-BPEMEHHON M3MEHYMBOCTU PEUHOTO CTOKA, €0 €CTECTBEH-
HOH 3aperyIMpOBaHHOCTBIO, OTCYTCTBHEM Ae(pHUIMTa BOJHBIX PECYpCOB M JIPYTUMH
cenn(pUIeCKIMI XapaKTepUCTUKaMHA. BO3MOKHBIE aHTPOIIOTEHHBIE W KIMMaTHUe-
CKHE WM3MEHEHMs, B TOM 4YHCIE TIJI00albHBIC, JOJDKHBI YYUTHIBATHCS IIPU OLICHKE
HAJIe)KHOCTH BBITIOJHEHHS THIPOJIOTHUECKUX OrpaHHueHu. [1onokeHns ruipos3Koo-
THYECKOH Oe30MTaCHOCTH BOJOINOJIB30BAHUS B IIEJIOM BKJIOYAET COOTBETCTBYIOIIYIO
OLICHKY (DYHKIUII BOZHBIX 00BEKTOB, THITH3ALIIO X (POPMYITUPOBKY THIPOIOTHIECKUX
OI'paHUYCHHUI BOJIOTIOJIL30BAHMS, TIEPEUEHb YCIOBUIT SKOHOMUYECKH 3()(PEKTUBHOTO U
9KOJIOTHYECKH Oe30MacHOTr0 HCIOJIB30BAHUS BOJIHBIX 00BEKTOB. Ilpemymnpexnenue
WIIN YMEHBIIEHHE PHCKOB OIACHBIX THAPOJIOTHIECKUX SBICHUI BO MHOTOM 3aBHCHT
OT 3Q(PEeKTUBHOCTH MOHUTOPHUHTA COCTOSIHUSI BOJHBIX O0OBEKTOB, BOAHOTO 3aKOHO/A-
TEeJIbCTBA U XapaKTepa BOJONOIb30BAHUS.

He menee 3HaunMoi 3a1a4ei B 9TOi 00JIaCTH SBIISETCS pEIICHUE Psiia METOI0-
JIOTHYECKUX MPo0IeM 3ydeHus 1 obecnedeHns 6€30ImacHOCTH U 3((PEKTHBHOCTH BO-
JIONOTb30BaHMs, OLEHKH BEPOSITHOCTH OIACHBIX THIPOJIOTHUECKUX SIBICHUIN AT peu-
HBIX OacceilHOB, perHOHOB U cyOBekTOB PD. BrIABIEHNE THAPONIOTHUECKUX U 3KOJIO-
THYECKUX OTPAHUYCHHH CBSI3aHBI C OIICHKOH M TPOTHO30M M3MEHEHHS BOAHBIX pecyp-
coB. PaccmoTpenne n pemenue 3TUX podieM TpedyeT pa3pabOTKH HOBBIX MOAXO/I0B
K M3YYCHHIO M OOECIICUYCHMIO THJIPOIKOIOTHUECKOH Oe3011acHOCTH, N3y4eHHs Ipo-
CTPAHCTBEHHBIX OCOOCHHOCTEH BO3HUKHOBEHUS IPUPOJHBIX U TEXHOTEHHBIX ONACHO-
CTell M PUCKOB YPE3BBIUAMHBIX CUTYyalNH, CO3MaHNUsI COBPEMEHHBIX (MM COBEpPIICH-
CTBOBAHHS TPATMUIMOHHBIX) CPEJICTB THIPOIOTUUECKUX M BOJOXO03HCTBEHHBIX pacye-
TOB, COBEPILIEHCTBOBAHUS COCTaBa, CTPYKTYPBI U COJEPKaHUsI MOHUTOPUHTA BOJHBIX
00BEKTOB.

B cBsI31 ¢ 3THM CBOEBpPEMEHHBIE U JOCTOBEPHBIE COOOIIEHHUSI O BOSHUKHOBEHUN
U pa3BUTHH (YCHJICHHH U OKOHYAHHH) HEOJIArONpPHUATHBIX U OMACHBIX THAPOMETEOPO-
JIOTUYECKUX SIBJIICHUH, OJaBaeMble HaOII0JaTeNbHBIMU NOIpa3AeieHusiMu Pocrunpo-
MeTta 1 BMO, 103B0JISIIOT yMEHBIINTD HETaTUBHOE BO3ACHCTBUE ITUX SIBJICHUN Ha pa-
00Ty OTAENBHBIX NPEANPUATHI 1 SKOHOMHUKH CTPAHBI B IIETIOM.

Pemenne MHOTMX THAPOIKOJOIMYECKHX IMPOOJIEM MOXKHO JAOOUTHCS pas3iud-
HBIMH YHHUBEPCAIBHBIMH METOIaMH, HAIIpUMeEp:

¢ YCHJICHWEM ITOHNMAaHUS 3HAYMMOCTH M IPo0IIeM KakI0Tro KOHKPETHOTO BOJI-
HOI'0 00BEKTA,

® Da3BUTHEM CHCTEMBbl HaOJIIOATENBHON CETH THJIPOMETEOPOJIOTHIECKOM
CITy>KOBI ¢ YIETOM MEKTYHAPOAHBIX ITPOTPAMM;
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e yBeIMYECHHEM HHBECTHIINH C IIENTBI0 BOCTIOTHEHHMS TPOOEIOB B cOOpE TaHHBIX
M0 OCHOBHBIM TI'MJIPOIKOJIOTHYECKUM ITOKA3aTEISIM M OLEHKE THAPOIKOJIOTHYECKOTo
cTaTyca, BKItouast Kpuocgepy, Ha CTpaHOBOM YPOBHE;

® YCKOpEHHEM pPa3pabOTKM METOJOB aHalW3a, HalpuMep AemuppupoBaHUs
JAHHBIX TUCTAHIIMOHHOTO 30HANPOBAHMS 36MJIM M CKBO3HBIX CHCTEM 3a0JIaroBpeMeH-
HBIX TPEIYNPEKACHUN 00 ONACHBIX SBICHHAX JUISI CHI)KCHUSI BO3ACHCTBHS HKCTpe-
MallbHBIX SBICHUN Ha JIIOJIEH, )KU3Hb U CPEJCTBA K CYLIECTBOBAHUIO, IKOCUCTEMBI U
SKOHOMHUKY B I[EJIOM BO BCEX YaCTAX MHUPA,;

® YIIYYIIEHHEM CHCTEMBI JI0JITOCPOYHBIX M KPATKOCPOYHBIX TPOTHO30B U OMO-
BEIICHUsI 00 OITACHOCTSIX, B COOTBETCTBHH C IIPU3BIBOM TeHepansHoro cekperapst OOH
0 co3nanuu k 2027 r. cucteM 3a01aroBpeMEHHBIX MpeaynpexaeHuil s Beex [6];

e pacupeHHeM oOMeHa THIPOIKOJOTHYECKHMH JTaHHBIMU Ha YPOBHE I'paHH-
Yanux CTpaH U MEXIYHAPOIHOM yPOBHE.

BesycnoBHbBIM sBiseTCS cOBMECTHass paboTa cCOOOLIECTBA B IOJJICPXKKY IJI0-
6aIbHOTO MOHMMAHMS, Pa3pabOTKU MOJUTUKU U MIAHUPOBAHUS B LIENAX peann3aliu
IepcnextuBHoro Buaenus u Crparernu BMO B 061acTé THAPOMETEOPOIOTHH IS
HOAJEPKKH JOCTIKEHUS LeJiel B 00JIaCTH yCTOHYHBOTO PAa3BUTHSL.
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V]IK 556.535.5

Oco0eHHOCTH HApPACTAHUS TOJIIHHBI JIbAA
Ha Kamckom BogoxpaHuniie

H. A. IlIBapéra (nata2004fac@mail.ru), K. [I. Mukoa (mikovak@yandex.ru)

Tlepmckuii 2ocyoapcmeentbviil HAYUOHATbHBIN UCCIe008amenbeKull ynusepcumen, 2. Ilepmo

AnHotanusi. CTaThsl IOCBSIICHA aHAIN3Y OCOOCHHOCTEW HapacTaHWs TOJNIIMHBI Jibaa Ha Kamckom
BOJIOXpaHmHIie. B xoje paboTh! ObLiIa UCTIOTb30BaHa HHPOPMAIHUS 110 9 THIPOIIOTUIECKUAM ITOCTAM
(r/m) o TonmmHe nbaa 3a nepuoa 1956-2023 rr. MccnenoBanue mokasano, 4To HanOOJbIIas HHTEH-
CHBHOCTbH HapacTaHUs TOJIIMHBI JIbJia HAa BCEX I/I, HaOJIroJaach B EPHOJ] ¢ HOAOps 1o (eBpasb.
MaxkcuMyM MHTEHCHBHOCTH HapacCTaHHs TONIIMHBI JISISTHOTO MOKPOBa HaOI0IaeTes B ekabpe, ¢
uHTeHcUuBHOCTHIO mouTH 0,70 cM/cyT. [lpumepHo B Havasne ¢eBpais WHTCHCHBHOCTh HapacTaHUs
TOJII[MHBI JISSTHOTO TOKPOBA HAYWHACT CHIXKATHCS U B MapTe yke He npessbinaet 0,10 ecm/cyT. Cpen-
Hsisl TOJIIIMHA JIbJIa B KOHIIC 3UMbI Ha T/11 cocTaBisieT 42—73 cm. Hanbonpive 3HauCHUs TOTIUHBI
nba 70—73 cM xapaKkTepHbI s [IOCTOB, PACTIONOKEHHBIX B MEITKOBO/THBIX 3JIHBAX BOAOXPAHIIIHIIA
(r/m Maiikop, Bucum, Unbennckuii, Ycrb-Kemons). HeGoubinas TonmmyHa Jiba OTMEYanach Ha I/m
Bepesuuku u Ycre-I10%kBa, pacionokeHHBIX HA BEPXHEM, TPOTOYHOM B 3UMHHI MEPUOJ, YIACTKE
BOJIOXPAHWJIMILA U HA TIPUILIOTHHHOM yuacTke y Kamckoit 'DC (42-53 cm).

KuroueBrble ci1ioBa: TOIIIIMHA JbJa, MHTCHCUBHOCTh HapaCTaHWsA TOJIUIUHBI JIbJA, Kamckoe BOOOXpa-
HUJIALIC.

BBenenne

3uMOi MMOYTH BCE PEKH, 03epa M BOJOXpaHMIUIIAa B Poccum mokpsiBaroTcs
apaoM. Ha uccnenyemoii TeppuTopun NpoJO/LKUTENBHOCTD J1€10CTaBa COCTABILAET 5—
6 mec. Kaxplit TOI CPOKH MOSIBIICHHSA JIbJida W OYHUIICHNS BOJOXPAHWIHI OTO JIbIa
MEHAIOTCSL B JOBOJIHO INUPOKHX Ipejenax. MccnenoBanue HapacTaHHs TONIIMHBI
JbJja UMEIOT OOJIBIIOE MPAKTHYECKOe 3Ha4YEeHHE VIS Pa3HBIX OTpaciiedl SKOHOMHKH.
OpraHu3anysa 3UMHHUX HepenpaB, THIPOTEXHHYECKOEe U JTOPOKHOE CTPOUTEIHCTBO,
MIPOKJIagKa HeTe- ¥ ra30MpoBOIOB B reorpaMuecKuX 30Hax, Ie €KETONHO OTMEYa-
I0TCS YCTOMYMBBIC JIEOBBIC SBJICHHS, TPEOYyIOT oOecIieueHns! Ha/Ie)KHBIMU CBE/ICHH-
MU O JIEIOBOM pexuMe. M3yueHne 1eJ0BOro COCTOSIHUS U JEJOBOTO PEKUMa BOJO-
XPaHWJIHI] UMEeT Takoke OOJBIIOe 3HAYCHNE IS PEHICHUs PAa HayJHBIX W NIPAKTHU-
YECKHX 3a/ad.

JlenoBbIi pexUM BOJOXPAHUIHIL — 3TO COBOKYIHOCTb 3aKOHOMEPHO MOBTOPSI-
IOMINXCS IPOIIECCOB BOSHUKHOBEHUS, PA3BUTHS U pa3pyIICHUs JISITHBIX 00pa30BaHMH
Ha BOJTHBIX 00BeKTax [9]. B pa3HbIe roas! xapakTep HapacTaHWUS TOJIIMHEI Jba Me-
HSJICS B 3aBUCHMOCTH OT Pa3JIMUHBIX T'MAPOJIOTHYECKUX (DAKTOPOB, MOTOAHBIX YCIIO-
BUIl HE TOJBKO MO KOJIMYECTBEHHBIM IIOKA3aTeNsIM, HO U [0 KAYeCTBEHHBIM ITPU3HAKAM,
KaK 9TO CBOMCTBEHHO MHOTHM JIEJJOBBIM ITporieccaM. CaMo HapacTaHHE TOJIIUHEI JIbIa
B BOJIOEMAaxX MPOMCXOAUT C Hadaja JIe[0CTaBa IyTeM KPUCTAJUTU3AIMN BOJIBI Ha HIK-
HEH MOBEPXHOCTH JIEITHOTO TOKPOBA, TPOMEP3aHUs IIIyTH MO IeASTHBIM HOKPOBOM, a
TaKXKe 3a CUeT CMEP3aHUs MPOMUTAHHOTO BOJOI CHera, HaXOAAIIETOCs Ha JEATHOM
nokpoBe. Cpoky Hadaja JIeTOBBIX SABJICHMI HAa BOJOXPAHIINIIAX MTO3HEE, HEXKEIH Y
peK, M3-3a TOro, YTO K MOMEHTY Iepexo/a TEMIIEPATYPhl BO3AyXa K OTPUIIATENIbHBIM
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3HAUEHISIM TEIUI03anachl BOJHBIX MAacC B BOJIOXPAHMIIMIIAX OOJBIINE, YeM B PEUHBIX
BOJIaX B €CTCCTBCHHBIX YCIIOBHSX, BCIICICTBHE YBEIHMUCHNUS TITyOHHBI H CHIDKEHHS CKO-
POCTH TeYeHHs Ha MOAMOPHBIX yyacTkax [3].

WccnenoBanusM HapacTaHUsI TONIUHBI JIbJIa TIOCBSAIIEHO MHOTO HAyYHBIX TPY-
noB. Harmpumep, B Tpyax Takux yaensix, Kammaun B. T'. w Mukosa K. /1. (2006), T'op-
oynoBa 1. M. (2020), OblIH MPOBEICHBI AHATU3BI M BBISIBICHBI 3aKOHOMEPHOCTH TPO-
1eccoB JenooopaszoBanus Ha KamckoM BogoxpaHunuine. Bonpocamu 3ak0HOMEpHO-
cTH (POPMHUPOBAHUS JISTOBOTO PEXKMMA 03€p U BOJOXPAHWIIHII B 3aBUCHMOCTH OT Pas-
JUYHBIX (akTopoB 3aHuManuch: Kupsens I1. 1. (2007), Kamuaun B. T'. (2012, 2015),
OsuunnankoBa O. B. (2022). BnusHue KIUMaTHIeCKUX H3MEHEHUH, TaK JK€ OKa3bIBaeT
CYIIECTBEHHOE BIMAHHE HAa (HOPMHPOBAHHE TOJIIMHBI JIbAa, OoJiee MOAPOOHO 3TO
OBLIO paccMOTpeHO B cienyromux Tpyaax: Aradonosa C. A. (2014); Marpurkuit .
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'eorpaduaeckoe momoxeHne U KIMMAT SBJISIOTCSI OCHOBHBIMH (haKTOPaMH BIIH-
SHUS Ha XapakTep 3aMep3aHus BOJOXpaHWINIL. HapacTaHue Jbaa IPOUCXOINT B pe-
3yJIbTaTe TEIIOOOMEHA MEXK/IY JICASHBIM ITOKPOBOM M aTMOC(HEpO MPU OTPHLIATEIIb-
HOoM OanaHce Temsia. 3HAUUTENbHOE BIMSHUE HA PACIpPEeICHUE TOIIIUHBI JIbJa IO
AKBATOPUH OKa3bIBAET CHEXKHBIN MTOKPOB.

HMcxoanbie JaHHbIE H METOIBI HCCJIET0BAHUS

B xozae paGoTs! ObLTH TIPOAHATU3UPOBAHBI PSIBI JAHHBIX 10 TOJIIWHE JIbJIa Ha
9 r/m Kamckoro Bomoxpanwimia: bepesnunku, Bucum, JloOpsuka, Kamckas I'DC,
Verw-TloxkBa, Matikop, Mnbunckuii, Tponna, Ycrb-Kemons (puc. 1). TTo r/m ucmois-
30BaHa HH(OpPMAIIKs O TONIIHMHE JbJa 3a nepuoy 19562023 rr.

Pe3yJ’leaTbI u 06cy>1c21erme

AHanu3 cpegHeMHoroyieTHux (19562023 rr.) BeIMYMH TOJIIMHBI JIbJIA IO Me-
csiam Ha 1/ KaMmckoro Bomoxpanuiuiia (puc. 2) mokasai, 4To MOCie YCTaHOBICHHS
JIeIOCTaBa HapacTaHUe TOJIIMHBI JICJTHOTO MOKPOBA B Pa3HBIX pailoHaX aKBATOPUHU
BOJIOXPaHMIINIIA TTPOUCXOJUT TTO-pa3HOMY. JIeTOBBI PEKUM HE TIOCTOSIHEH M HaXO-
JIATCS TIOJ ICHCTBUEM M3MCHEHUSI Psiia KIMMATHYCCKUX (PAKTOPOB TAaKUX KaK TEMIIC-
patypa Bozayxa, aTMoc(hepHas UPKYISIIHS (BETPOBOU PEXKHUM), a TAaKXKe TPYTHUX HE
MeHee BaXHBIX (PaKTOPOB KakK BBICOTA CHETa Ha JIbAY, THIPOJOTHUSCKUX XapaKTepH-
CTHK BOJIOTOKA, OCOOCHHOCTEH MO3EMHOTO MUTAHUS U MOP(OIOTHUECKOTO CTPOCHHS
MECTHOCTH. B TeueHue nepuojia jae0ocTaBa TONIIKMHA JISASTHOTO TOKPOBA U3MEHSICTCS
MOJT BJIIMSIHUEM TETUIOOOMEHHBIX TPOIIECCOB Ha BEPXHEW M HW)KHEU TMOBEPXHOCTSX, a
TaKKe B TOJIIIE JIbJIa U CHETa, HaXO/ISIIerocs Ha JieJssHOM rokpoBe [ lonuenko, 1987].

Ha Kamckom BooxpaHuiniie 0ojiee HHTEHCHBHOE HapacTaHHe JIb/ia IPOUCXO-
JUT B TieproJ1 ¢ Hos0pst mo sitHBapsb (0,40—0,65 cM/CyT), 9TO BIOHE MOXKHO OOBSICHUTH
TEM, YTO B Hayaje 3MMbI HaOIIOMAI0TCsS OOBIYHO HAMMEHBIIIAs TOIIIMHA JIEISTHOTO I10-
KPOBa, YTO CHOCOOCTBYET O0Jiee MHTCHCUBHOMY HapacTaHUi0. MaKCHMyM HHTCHCHB-
HOCTH HapacTaHUs TOJILIMHBI JEISHOTO MMOKPOBA MPUXOAUTCS Ha JeKadpb, C MHTEH-
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cuBHocThIO TIouTH 0,70 cM/cyT. B mepwoa ¢ ¢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 CHEra Ha JibJy, YBEJIU4NBa-
€TCsI TeTIOU30JISIIINS, YTO MPUBOJNT K CHIDKEHUIO MHTEHCUBHOCTH HapacTaHWsI JIb/A.
C cepennHBI MapTa IO ampeib HAOIIOMAeTCs YMEHBIICHWE TONIIUHBI JIESHOTO I10-
kpoBa. HaumHas ¢ KOHIIa MapTa, eIe 10 Hayajia BCKPBITHS, HAaOI0JaeTCsl YMCHBIIICHUE
TOJIIIMHEI JIbJIa Ha BOJOXpaHWIHIIe. B cepennte ampenst yMeHbIIEHHE TOJIIIUHBI JIbJa
cocrasiser 0,50 cm/cyT.

Bepesrnkn
.I\IC Bepestmrn

Ve Tloxsa

Maiikop

YcnoBHLle 0603HaueHUs

@ Mereoctanuna
A Tuaponorwyeckwii noct

MC JToGpsinka
Hix. -LLlanum

kawcm T3¢,

Tpouua

Puc. 1. Cxema pacrtonoXeHus THAPOIOTHIECKUX TIOCTOB M METEOCTAHIIHIA
Ha Kamckom BojioxpaHmmiie
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Puc. 2. Cpennee 1o Bcem 1/ KaMckoro Bo1oXpaHMIIUIIA H3MCHEHHE HHTEHCHBHOCTH
HapacTaHus TOJIIHUHBI Jbaa (Ahs, cM/cyT) 32 nepuoa 19562023 rr.

B cepemune HOSOpST cpeqHss TOJIIMHA JIbJa IO BCEM I/IM HamMeHbImas (9—
18 cM), Tak Kak JeJOCTaB TOJIBKO ycTaHOBHICS (Tabi.). Hanbonpmas TommuHa Jbaa
HAOJFOJICTCSL HA caMOM ceBepHOM T/l bepe3nuku (15 cM) 1 B MEITKOBOJIHBIX 3aJIMBaX
Bojoxpanmimiia (15—-18 cm), rae nemocta ycraHoBmics paHsie (T/m Bucum, Maii-
kop, Ycrb-IloxkBa, Mnbuacknii). HeGombimas ToMImuHA JIbJa B 9TO BpEMsT OTMEJaeTCs
Ha /i Jloopsuka u Kamckas 'DC (9 cm). Ha r/m JloOpsiHka HeOobINas TOJMIIMHA JIbJa
oOycnosnieHna padoroit [lepmckoit I'POC, cOpachiBarorieli Teruibie Bojbl B JloOpsH-
cknii 3anuB Kamckoro Bogoxpanwmiia. Ha r/m Kamckas I'9C HeOombIHe TOMIIHHB
Jp/1a 00y CIIOBIICHBI O0JIee MTO3HUM, TI0 CPABHEHHUIO C CEBEPHBIMHU ITOCTAMHA H TIOCTaMHU
B MEJIKOBO/IHBIX 3aJIMBaX, yCTAaHOBJICHHEM JieJj0cTaBa. Jle 3/1ech B cepeiuHe HOsIOps
HE yCIIeBaeT HApaCTH 0 OOJIBIINX 3HAUCHUHN. B KoHye Hoa0psa CPEAHAS TOMIINHA JIbIa
cocraBisier 17-26 cm (Tabin.). boslee BhICOKHME 3HAYEHUS TOJIIMHBI JIbJla Ha0JI0/1a-
FOTCSI TAK)KE B MEJIKOBOJHBIX 3aJIMBaX, TI¢ PACHONIOKEHbI I/ Bucum (26 cm), YcTh-
Kemonb (26 cm) u Maiikop (25 cm). Ha r/m Bepe3Huku TOJIMHA JibJa HECKOJIBKO
MensbIe (21 cM), aTo MokeT ObITh 00ycioBiIeHo copocamu ConmkaMcko-bepe3HnkoB-
ckoro npomy3ia. HeGosbmmast TommuHa Jibaa Ha 1/ Kamckas ['9C (17 cm) u 1/

Tpowura (19 cm). 3a 15 aHeii TommmHA JbAa Ha I/l HapactaeT Ha 4—12 cm.
Bonbime Bcero TonmuyHa Jb/1a yBeIUUmIach Ha r/m Y cre-Kemons (+12 cm), Maiikop u
Hobpsaka (+10 cm).

B cepeoune doexabps B cpeaHeM, TONIIMHA Jibaa cocTaBisiuia 2233 cm. Ha /i
Bepesnuku, Ycrb-Iloksa, Joopsuka, Kamckas ['DC, Tpouia u ToamuyHa jbaa Oblia
MeHbIe (22-26 cM), yem Ha r/n Mnpunckuit, Bucum, Maiikop u Ycrb-Kemons (28—
33 cM). DTO MOXHO OOBSICHUTH TE€M, YTO B MEIKOBOJHBIX 3aJMBaX TOJIIMHA JIbIA
HApacTaeT JOJIbIIE, TAK KaK YCTAHABIMBACTCS JICNOCTAB paHbIIC. B KoHye Oekadps
HAaUMEHbIITNE BETMYMHBI TOJIIMHBI JIbJa U3MEHSIOTCS B Tipeaenax 31-36 cm, Ha Tex ke
/1, 9TO U B cepeinHe iekadpsi. Hanbonpmme xe 3Hadenus (37—45 cM) Tak e HabIo-
JAFOTCs Ha TaKWX r/m Kak Bucum, Maiikop n Ycre-Kemons. B cpemrem 3a oNoBHHY
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MecsiIa, TOJNIIUHA JIbJa HapacTaeT Ha 8—15 cm. Jlem, B 3To BpeMst HapacTaeT ¢ OombIei
WHTEHCUBHOCTBIO. Hambosbiliee yBenmWYeHHEe TOJIIMHBI Jiba HaOIroAaeTcss Ha T/1
Verb-Kemons u cocraisier +15 cm.
Tabnuya
Cpennemuoronernue (1956-2023 rr.) BenmuurHbl TOMMUHEL Jb1a (ha, cM) Ha pa3HbIe TaThI
Ha r/m KaMCcKoro BOOXpaHUIHIIa

= = 2] =} f=" o
IToct g g E’( é E E & S g g %
v = %) — %) — %) N Te) — s)
—_ @A — o — o — N — 12} —
bepesuuxu 15 21 26 34 38 45 51 51 56 53 54

Bucum 18 26 33 43 50 60 61 68 69 72 59
Jlobpsitka 9 19 26 37 46 50 56 61 63 62 53
Kamckas I'DC | 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
WnbuHCKH 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 sneaps cpenusis TONIKHA Jba cOCTaBisuia 35-52 cM (cM. Tabi.).
HawnmMensine 3HaueHHs TOJIIMHBI JIbAa HaOmMoqanuch Ha r/m bepesnuxu, Kamckas
I'DC u Yerp-TToxksa (35-38 cMm). boitee BrIcOKHE 3HAUESHUS TPUXOJIATCS T/T1 ¢ MATIBIMU
riryounamu BucuM, JloOpsiHka u Ycrb-Kemonb, Tie TONIMHA JIba U3MEHSETCS OT
46 1o 52 cm. Hebosbliast TOJIIMHA JibJa Ha /11 Bepe3Huku, 00yclioBiicHa OIHU30CTHEO
MIPOMBIIUIEHHBIX MPEINPUATHH, KOTOPBbIE COPACHIBAIOT CTOYHBIC BOJBI C TEMIIEPATY-
PO BbIIIE TEMIIEPATYPhl OKPYKAIOIIEH CPe/ibl, TEM CaMbIM 3aMEAJISETCS] HapacTaHue
nbaa. B koHye aneaps HauMeHblIasi CPeaHsIs TONIIUHA JibJa cocTaBuia 39—45 cMm, Ha
r/n bepe3nuku, Ycre-Iloxksa, Kamckas I'DC. Haubonpmas TonmuHa HabIr0Aa1aCch B
MEJIKOBOIHBIX 3aiuBax (56—62 cM), T1ie Jieq HapacTaid ¢ OOJbIed WHTEHCUBHOCTBIO
(r/m Bucum, Ycrb-Kemonn, Maiikop). 3a 15 qHell MakcumalibHasi MHTEHCHBHOCTH
HapacTaHWs TOJIIMHBI MO BceM moctaM (+8...+10 cMm), Habmomanace Ha MOCTax ¢
HaMEHbIINMH TiayOomHamu (r/m Buenm, Ycre-Kemons, Wnbsmuckuit, Maiikop).
HammMensiee HapacTaHwe TOJIIUHEI JIba HaOmoaanock Ha /11 JJoopsiaka n Y cre-Ilo-
’KBa M COCTaBIISUIO +4 cM.

B cepedune ¢espans nanbonee BHICOKUE 3HAUCHUS HAOIIOJAINCh HA I/11 Y CTh-
Kemonb, Matikop n Bucum (61-65 cm). Hanmenbiniee 3HaueHNE HapaCTaHHS TOJITTHBI
Jpaa u3MeHsuich ot 44 o 51 cm Ha r/m bepesnnku, Kamckas-I'9C u Yerp-IToxkBa.
[Ipu4HHBI 3TOTO ONKUCHIBATIMCH HECKOJBKO BBILIC. B KOHYe (hedpas CPEIHSS TONIINHA
Jb/Ia Ha BojioXpaHwmIuie coctaBmuia 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 qHe MHTEHCMBHOCTh HAPACTAHUS TOJIIIMHBI
JbJIa Ha HEKOTOPBIX I/l HAUMHAJA YMCHBINATHCS, HAaIIpumep, Ha r/m Ycrb-IlokBa u
Bepesnunku HapacTaHue TOJIIWHBI JIbJIa HE MPOUCXOAMIO BoodIie. Ha npyrux 1/ kak
Bucuwm, Mneunckuii 1 Ycerb-Kemors, e npogomkan Hapactath Ha +6 110 +9 cM.
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B cepedune mapma TONIUHA JTbAA ITOYTH HE OTIMYATIACh OT 3HAUCHUH B KOHIIS
(heBpais, 9TO CBSI3aHO C TEM, UTO B 3TO BPEMsI JIE/ IIOUTH HE HapacTaj, a Ha HEKOTOPBIX
I/l Ja)ke OTMEYaJoch yMeHblIeHHe ToimuHbl Jpaa (r/m Kamckasl'9C). B kownye
Mapma Ha Takux T/1 kak Bucum, Maiikop u UnbHHCKHMN, TONIUHA JTbIa MTPOA0IDKATA
Hapactath (71-73 cm). IIpu stom Ha /11 bepesnuku, [1oopsaka u Ycrb-IToxksa To-
HIMHA JIbJa CTajla YMEHBIIATHCS U MHTCHCUBHOCTh HapacTaHHs TOJIIMHBI JIbAA TIPH-
HsUTa OTpHIIATeNbHbIe 3HadYeHus (puc. 2). Paccmatpusas nepuon ¢ 1956 mo 2023 r.
(tabn. 1) HanOombIIast U3 CPETHIX TONIIHH JIb/Ia ITI0 BCEM IT0cTaM ObIIa B KOHIIE MapTa.
Cawmas GorrbIast TOJIIMHA JIbIA HaOM0ganack Ha r/n MimbmHCKHi 1 cocTaBisia 73 cM.

BoiBoabI

B pesynbraTe BRIMOIHEHHOI pabOTHI MOKHO CAEIATH CICTYIONINE BEIBOIBI:

1. lHTeHCHBHOCTH HapacTaHWs TONIIMHEI JIbJ]a HAa Pa3HBIX I/ pa3nuyHa. B oc-
HOBHOM, HanWOOJIbIIasi UHTCHCUBHOCTh HAPACTAHUs TOJIIMHBI JIbJ]a HA BCEX IOCTaX,
HaOII01aNIach B IEPHO/] ¢ HOSIOPs 110 GeBpaib. C HOSIOPS 10 HAYAIIO sTHBAPS TOJIIMHA
npaa HapactaeT Oosee mHTeHCHBHO 0,40-0,65 cMm/cyT), Tak Kak B Hadaye 3WMBI
0OBIYHO HEOOJIBIIIAS TOJIIIMHA JISASHOTO TOKPOBA, CIIOCOOCTBYOMIast 00JIee HHTCHCHB-
HOMy HapacTaHuio. C ¢eBpaiis o MapT UHTEHCUBHOCTh HapacTaHHs CHMUXKAETCS (710
0,10-0,30 cm/cyT). C cepenuHBI MapTa IO ampess HaOMIOMAeTCs YMEHBIICHHE TOJ-
IITMHBI JISJSTHOTO MTOKPOBA.

2. B MENKOBOJHBIX 3aIMBaX, IJIe JIE0CTaB YCTAaHABIMBAJICS PaHbIIe, HapacTa-
HHE TOJIIUHGI JIbJa B PAHHHE MECSIIBI 3UMBI ¢ HOSOPS MO cepeinHy AeKaOph, MPOUC-
XOIWUT ¢ OOoNbIIell MHTEHCHBHOCTHIO Ha TAaKWX I/ Kak Bucum (+15 cm), Maiikop
(+17 cm), Verp-Kemons (+16 cM). B 3T0T ke mepuoji, MEHbIas MHTEHCHBHOCTH
HaOJro/1aslach Ha riIyOOKOBOAHBIX y4acTkax kak r/m Kamckasl'DC (+13 cm), bepes-
HUKH (+11 cm).

3. MuHHMaIbHBIC 3HAUCHHS TOJIIUHEI JIbJ]a HAOMOAAI0TCS B HaJale 3UMBI — C
ceperHbI HOSIOps o cepenuny Aekadps (9-33 cm), Habo1asCh B OCHOBHOM Ha LIEH-
TpaJIbHBIX M IOKHBIX T/11. HanbomnpIas u3 cpeiHuX 3Ha4YeHU TOJIIIMHBI JIbAa HAOII0-
JTATIOTCS C CEPEeTUHBI (PeBpaIs IO KOHEIl MapTa U cocTaBisieT 42—73 ¢M, MPUXOIsiCh Ha
CCBEPHBIC U MEJIKOBOTHBIC I/II.
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AnHoTanus. MccnenoBaHus pacnpezielieHUs CTOKa BOABI M HAHOCOB IO ITIaBHBIM HAaIpaBICHUSAM
CTOKa J1enbThl p. CeleHr NPeCTaBIsAoT B OCHOBHOM (hyHIaMEHTaIbHBIH XapaKkTep MO BbISBICHUIO
0COOCHHOCTEH B3aNMOAEHCTBHSA TEKYUHX BOJ C MOACTHIAIOMICH TOBEPXHOCTHIO B OCOOBIX YCTHEBBIX
YCJIOBHSIX M peIIaloT 0agaHCOBBIC 33a4 C y4eTOM JAMHAMUYHBIX BXOJHBIX TMIPOKINMATHYECKUX
apaMeTpoB CTOKA IIPHU 3aperyIUPOBAHHOM YPOBHE IIPHEMHOTO BoJoeMa. B mpukiagHoM 3Ha4eHIN
pe3yJbTaThl UCCIICOBAHUN MOTYT CTaTh BaXKHBIM 2JIEMEHTOM IUIAHUPOBAHMS 3€MIICTIONb30BAHUS U
TeppuTopuanbHoro pasputus CelleHruHcKoro nodepexns Kabanckoro paiiona Pecry6muku Bypsi-
Tu. [IpoBONTCS CPaBHUTENBHBINM aHAIM3 JAaHHBIX THAPOMETPUUECKHX, PYCIOBBIX U reoMopdoo-
TMYECKHX U3MEPEHUH 3a MOCIEIHUE 1Ba IOJICBBIX CE30HA M IOKa3aHa TPaHC(HOPMAIHs 03EPHOIO
Kpas JIeJIbThI 0 MaTepralaM KOCMUYECKOH MyJIbTUCIEKTPaIbHOM cheMku. Ocoboe BHUMaHHE yJie-
JIEHO CTOKY B3BEILEHHBIX HAHOCOB, YBEINUUBAIOIIETOCS B IIOCIEAHHE MHOTOBOAHBIE TOJIbI.

KutoueBble cioBa: nenbra CeleHru, CTOK BOJIBI, B3BEIICHHBIC HAHOCHI, O3E€PHBI Kpaii AeIbTHI, I10-
JIeBbIe TaHHbIe, J133.

MeToapl H MaTepHAaJIbl HCCTETOBAHUS

IToneBoil MeTon 3aKitO4alICs B IPOBEACHUU THAPOMETPUUECKUX U3MEPEHHUN Ha
CEMHU OCHOBHBIX ITPOTOKAX U B BEPILKHE JICJIbTH HA MOHUTOPUHTOBBIX THIPOMETpUYE-
CKUX CTaHIUsX, ycTaHoBIEHHBIX ¢ 2003 r. CTaHuu 3a0€TOHUPOBAHBI U UMEIOT TOY-
HBIE TeorpauuecKue KOOPAMHATHI M BEICOTHYIO TIPUBS3KY, UTO TIO3BOJISIET TIPOBOIUTH
CPaBHHUTEJIBHBIA aHAIIN3 TIOJTy9YaeMbIX PSIOB AaHHBIX. JIaOopaTOpHBIH METO.I 3aKITIO-
yascs B 00paboTke mpod PeYHbIX BOJ Ha ONPEACICHUS MyTHOCTH U pacdyeTa B3BEIIICH-
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HBIX HAHOCOB, ¥ IOHHBIX OTJIOXKEHHI MTPOTOK U MONM JUTSl TPaHyJIOMETPUIECKOr0 aHa-
JM3a PYCIOBBIX OTJIOKEHUH CUTOBBIM METOJOM. Takke MCIOJIb30BANICS KapTorpadu-
YECKUH METOJ JUIsl MOCTPOCHUIT cXeMbl MOP(OIMHAMUKN OeperoBOi JIMHUM ACIBTHI
pexu CeneHr 1 OLIEHKH CTEIEeHH € BBIABIKEHHUS. beperoBast JMHUS [Tl CTPOH-
JaCh TIOJIyaBTOMAaTHIECKIM METOJJOM 00pabOTKN MyJIbTHCIIEKTPAILHBIX KOCMUYECKHX
canmikoB (Landsat level 2) s momy4deHuss MOHOXPOMHBIX pacTpoB «BOJa — CyIIay,
JUISL 9ero Mo0upascs COOTBETCTRYoNMH ko3 purueHt. Kaprorpaguueckue paboTsl
HpoBeJieHbI B IM(GpOBOM KapTorpaduueckom nakere ArcMap, ¢ HCIIOIb30BaHUEM Ma-
tepuanos ¢ uaTepHer-noprana (EROS) EarthExplorer [4].

PesyabTaThl U 00cy:KaeHUEe HCCIE0BAHUN

Cxema moJIoKeHus OeperoBoi JIMHUHU IMMOCTPOCHA 0 KOCMUYECKUM CHIMKaM Ha
nepuoy mojeBbix HaOmoaeHuit B 2023 u 2024 IT. ¥ MO3BOJSIET CPABHUTH TUHAMUKY
Pa3BUTHUS 03EPHOTO Kpasi ACIBTHI (PHUC.). AHAIN3 JHHAMHUKH 03€PHOIO Kpast ICIbThI K
2024 r. moka3ai oOIiee BBIIBIDKCHNE B aKBATOPHIO, pofospkaromeecs ¢ 2011 r. Or-
MeuaeTcs olpeieTIéHHas HallpaBICHHOCTh BBIIBIDKEHIS: MAKCUMAJIbHOE B LIEHTPAIIh-
HOM cekrTope 1o mpotokam CpenHeyctbe, Konmuaaas 1 Monooii npotoke Kasanoga,
nepexBaThIBalonIell cTok u3 JI0OaHOBCKOTO CEKTOpa; paBHOMEPHOE MEJJIEHHOE BbI-
nBkeHne 1o kpasm CeneHruHckoro u JI00aHOBCKOTO CEKTOPOB. BwiaBmkeHue
JETBTHl TPOUCXOIUT TIPH TPOTHUBOIACUCTBUU IBYX (PaKTOPOB: TOCTYIIICHHH CTOKa
HaHOCOB B YCThSIX POTOK U KojieOaHus ypoBHs baiikana ¢ mepeHocoM HaHOCOB BJIOJIb-
OeperoBeIMH TEYCHHUSMHU. YBEIUYSHHE BOJHOCTH B OacceliHe oTmedaercs ¢ 2019 .
(pacxon B BepmmHe aenbThl (BJI) 1600 M/c), ¢ HauGonsmmm cTtokom B 2021, 2023
2024 rT., 4TO BBIPAXkKEHO B pacxojax Boasl B BJI, mpessimaromux 2500-3000 m*/c. K
naBoakaM 2021 u 2023 rr. mpHypoueHB! BBIXOABI BOJA Ha BBICOKYIO 3 METPOBYIO
HAAMONMEHHYIO Teppacy M 3HAYUTENBbHBIM 3aTOIICHHEM BCEW TEPPUTOPUH CYO-
a’pasibHOI JeNbTH U MOATOINICHHEM yJacTkoB KabaHCKOW MOWMBI ¢ HaCeICHHBIMH
nynkramu baiikano-Kynapa, KopcakoBo, Manoe KonecoBo u jip., pacroiararoinmxcs
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(opM, T. €. HMeeT
JIOKaJbHBIC WM TOYCYHBIC HCTOYHUKU MOCTYIUICHHS OSPEeroBOro WiM pyciIoBOrO Ma-
Tepuana. Tak, B MaJOBOJHBIE TOABI IIPU 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). AHanM3 NaHHBIX MO CTOKY HAaHOCOB MOKAa3bI-
BaeT, YTO MEXIY TJIAaBHBIM y3JI0M Ou(ypKaluu NeNbThl U y3JIaMU PacHpeiesCHHs
CTOKa BTOPOT'O-TPETHETO YPOBHS, TJI€ YCTAaHOBJICHBI MOHUTOPUHTOBBIE CTBOPHI HAOIO-
Jenuit, akkymysupyercst ot 10 no 40 % nanocos, a 60-90 % pacxomyercst Ha CTpoU-
TEJILCTBO M BBIJBIDKCHHUE O3CPHOIO Kpasi ICIbTHI M HA CKJIOH aBaH/ICIBTHI.

Cpenusist MyTHOCTB PEYHBIX BOJI paccMarpuBaemoro nepuona 0,6-0,7 r/am?, cy-
IECTBEHHO pasinyasich B HauOosee BognoM 2023 r., ot 0,01-0,04 r/nm* B mpoTokax
CpenneycTheBckoro cexropa, 1o 0,1 r/ov’ B mpotokax Jlob6aHoBckoro, ¢ Gonee cra-
OunbHOM MyTHOCTHEO B CelleHrHHCKOM 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 TAPAMETPhl CTOKA BOJIBI M HAHOCOB B NpoToke Ka-
3aHOBa, YBEJIMYCHHE KOTOPBHIX YKa3bIBAIOT HAa aKTUBH3ALMIO MIEPECTPOMKH PyCIOBOH

CEeTH U CIIeI0OBATENILHO TIepepacpeieieHne HalTPaBIeHHOCTH CTOKA U Pa3BUTHS U BbI-
JBIDKEHHST 03€PHOTO Kpast ACTBTHI (CM. pHC.).
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Puc. Cxema pacronoxeHust ruipoMop(ocTBopoB; AMHaMUKa OeperoBoi JMHUH
U pacmpeaeieHnsl CTOKa 10 ceKTopam JIenbThl B 202324 rr.

VccnenoBaHust CTPYKTYPBI PyCJIOBOW CETH W PAacHpeAeiICHUs CTOKa 110 Maru-
CTpaJIbHBIM PYKaBaM, O0bCIUHEHHBIM B CEKTOpa MeibThI p. CeNeHIH, PO I0DKAIOTCS
¢ 2003 r. mo Hacrosimiee BpeMs [2; 3] B yUUTHIBAIOT PE3yIbTATHI MPEIIMICCTBYIOMNX
HCCIIeToBaTeNell U MapajuielbHO MPUBOIAIINECS PaOOTH. AHAIN3 HAKOIJICHHBIX aK-
TyaJbHBIX JaHHBIX K 2017 T. MO3BOJHI TIOCTPOUTH MOTYIMITHPHYCCKYIO MOJICIh pac-
MpEeJIeNICHUs] CTOKA 110 OCHOBHBIM PyKaBaM M CEKTOpaM ICJbThl B 3aBHCUMOCTH OT
ypoBHs baiikana, kak mpHeMHOT0 BojoeMa u 0a3nca 3po3HH, U BXOAAIINX PACXOI0B
BOJIbI B BepiuHe AenbThl [1]. 3mepennbie nannbie 3a 2023-2024 rr. B OJHOM Mepe
YKJIaJBIBAIOTCS B YKA3aHHYIO MOJICIIb, 1€ PACXOJIbI B BEpIIUHE ACIbThI cBbImIe 2000—
3000 M*/c mpeanonaralT OTHOCUTENEHO PABHOMEPHOE pactpeenenue croka mo Ce-

JeHruHCKOMY U JIoOaHOBCKOMY CEKTOpaM M B MEHbBIIEH YacTH APSHUPYIOTCS depe3
CpeaHeyCTheBCKHIA (LIEHTPATBHBII) CEKTOP.
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Tabnuya 1

OcHogHbie MophomempuuecKue napamempul pycia 8 Mopghocmeopax
u pacnpedenenue cmoxa 600bl U HAHOCO8 3a 2 2004

2024 rox
Pacnpeueneﬂue BOJIHOTO CTOKa IO
Vv Q P, R, CEKTOPaM JIeJIbThI
MopdocTBop > | B,m | HoMm | o,M
m/c 3 3 Q,
m’/c /oM Kr/c 3 %
m/c
CEKTOp
?gﬂ‘f““a Aemstel | ) 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
Konmuanast 0,97 [ 132 |1 119 | 115 0,05 | 5,8 (ueHTpabHbIH)
Kasanosa 1,34 |80 |2 160 | 214 0,06 | 58,6
JlobGanoBckas 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 rox
Pacnpeueneﬂﬂe BOJIHOI'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 HenTl] o 1 1407 |4 | 1723|3618 | 0,05 | 180,9 | 3618 | 100
Xapay3s 09 |[158 |3 525 |458 0,06 | 27,48 .
TleBobeperkHan 1 [224 |3 [586 609 | 008 | 4872 066|295 | Cenenrunckuii
TanyTait 1,5 140 |3 357 | 523 0,04 | 20,92 CpenneycTbeB-
CpeaHeycTbe 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

BoiBoabBI

B pamkax naHHOW myOauKanuu, B MOJTHOM Mepe HE MPEACTaBISETCS BO3MOXK-
HBIM OXBaTHUTh NIPOOJIEMy HEloydeTa HeBSI3KH cTOKa (M. Tabu. 1). IIpuauns! JaHHOTO
(heHOMEHa HEBSI3KH OanaHca CTOKA [TOKA CKPBIBAIOTCS B CIIOKHOM MexaHu3Me (Gopmu-
poBanust ycteeBoii obsacti Cenenru. Hara runoresza ocHoBaHa Ha rporeccax oepe-
TOBOTO PEryJIUPOBAHUS, T. €. IPU aKKYMYJISIIIUU WM Pa3rpy3KH BOJI MOHMEHHBIX KOM-
IUIEKCOB B PYCJIOBYIO CETh IIPU U3MEHEHUM YPOBHS BOJBI B HUX Ha INOJbEME U CIale
naBozKa. [ apryMeHTaIy Takoro MperooKeHns TpedyeTcs mposeneHue oonee
MPOJIOKUTENBHOTO U AETAbHOTO AKCIIEPUMEHTA Ha KIIOUEBBIX Y4acTKax, Pacroio-
JKEHHBIX B PAa3HOYPOBEHHBIX IOMMEHHO-PYCIOBBIX KOMIUIEKCAX PA3JIMYHOIO CIIOXKE-
HUS 1 Bo3pacTa. Taxum ob6pazom, B 2023—-2024 rr. KapAUMHAIEHO HE TOMEHSIIOCH pac-
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TIpeJieTIeHne CTOKa IT0 pyKaBaM M CEKTOpaM AeibTH: B JIOOaHOBCKMIT CEKTOp HAIIPpaBHU-
nock 6onee 34 % croka, mpudeM B 3amuB [IpoBan moctymmmo 25 % u 6onpmmii 00seM
CTOKA M3JIUBAJICSI B aKBATOPUH COPOB IICHTPAIBbHOU Tepr(epruu IeIbTHI.

Hccredosanus svinoansauce 8 pamkax epanma PH®D (Ne 25-27-00229 «Ponw
NOUMEHHO-MEPPACOBbIX KOMNIEKCO8 6 pacnpedeseHu U aKKyMyIayuu CIoKa 0ebhnvl
p. Ceneneu») no mamepuanam nonesvix pabom, exooaujux 6 ucciedosanus Ul CO
PAH (Ne 2ocyoapcmesennoii pecucmpayuu Ne AAAA-A21-121012190059-5).
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VIIK 551.510.42(571.1)

Ocob0ennocTu popmMupoBanusi 0COOBIX SIBJIEHUI MOT0/IbI
KOHBEKTUBHOI'0 IIPOUCXO0KIACHHS ONACHBIX Il ABHALMH
HaJ TeppuTopueil 3anagHoit Cudoupu

A. A. Korosa (anna_kotova_1995@list.ru)

Capamogsckuii HayUOHANbHBLI UCCIEO08AMENLCKUL 20CYOAPCMEEHHbLI YHUGEPCUMEm
um. H. I'. Yepuwiwescroeo, 2. Capamog

Annotanus. [IpescTaBieHsl pe3ysibTaThl 10 PErHOHAIBHOMY HUCCIIEI0BAaHUIO (DAKTOPOB U CHHOIITH-
YECKUX YCIIOBHH, BIMSIOIIMX HA Pa3BUTHE KOHBEKTHUBHBIX MporieccoB. MccienoBanne oxBaThiBacT
o0mmmpHyo Tepputopuio 3anagHoi Cubupy, HO BHUIMaHUE aBTOPA aKLEHTHPYETCs Ha CBSI3aHHBIX C
KOHBEKIIUEH SIBIICHUH MMOTO/IbI, OMACHBIX ISl aBUAIIUH, TAK KaK MATCPHAIOM ISl paOOTHI TIOCITY KU
CHHOINTHYECKUI apXWB aBHAMETEOPOJIOTHYECKOTO IIEHTpa TI. XaHThl-MaHCHiicKa 3a Nepuoj ¢
2017 mo 2023 r. KoHBEeKTHBHBIE SBICHUS MOTO/bI OHU U3 CAMBIX TPY/HO IIPOTHO3UPYEMBIX, CBEJIE-
HUS O KOTOPBIX IIPEJCTABIIAIOT aKTyaJbHOCTh KaK B HAYYHOM ILIaHE, TaK M JUI pELIEHHs psAia IpU-
KJIaJHBIX 3a/1a4, B YaCTHOCTH JUIsl aBUAIIMOHHOTO MPOTrHO3a. B pamkax mccienoBaHus BbIICIICHA TH-
MU3aLUsl CHHONTUYECKUX YCIOBHI MO XapaKTepy MPU3EMHOT0 M BBICOTHOTO 0apUYeCKHX MOJICH 1o
CTEINECHU OJNArONpPUATHOCTH IS Pa3BUTHS MHTCHCUBHOM I'PO30BOM aKTMBHOCTH HAJ 3HAUUTEIBHON
Tepputopueii 3anaaHoit CuOUpH, B TOM Yucie U Ui GOpMHUPOBAHHUS CHEIKHBIX TPO3.

KiroueBble cj10Ba: KOHBEKTUBHBIC TIPOLIECCHI, 3aHaL[Ha$[ CI/I6I/IpI>, CHHONTHYECKOEC IIPOTHO3MUPOBA-
HHUE, METCOPOJIOTUICCKOC 06CHy)KI/IBaHI/Ie aBualyu, CHEXHas rposa.

I'eorpaduueckas xapakrepucruka reppuropuu 3anaaHoi Cudupu

3anmagnas CHOUpPH — 3TO TIPUPOIHBIN PETHOH, KOTOPBIH HAXOMUTCS MEXKIY
YpanbckuMu ropaMu Ha 3arajie u A0JauHou p. EHncell Ha BOCTOKe, ero miomais co-
crapysieT okouo 2,8 MiH kM. TToutu 80 % mtomanu 3anagaoii Cubupu 3aHuMaet 3a-
nanHo-Cubupckas paBHuHa. C ceBepa Ha T TEPPUTOPHS PErHOHA MPOTSHYJIACH I10-
gty Ha 2500 xm: ot CeBepHoro JleqoBUTOr0 okeaHa 10 Bo3BhIIeHHOCTeH Kazaxckoro
MEJIKOCOToYHrKa, 1 Ha 1900 KM ¢ 3amaja Ha BOCTOK: OT YpanbckuX rop no CpenHe-
CHOMPCKOTO TIOCKOTOPBSI.

3anmagHas CHOHMPh Kak OTACIBHBIA (PH3HKO-TeorpapuyecKuii paifioH BKIIFOUACT
3anmagHo-CHONPCKYI0 HI3MEHHOCTh C CEBEPHBIMU CKIOHaMM Kaszaxckoro memkoco-
MIOYHUKA U yacTb AJTas ¢ ero cesepHbiMu oTporamu Kysneuxum Anaray u Canaup-
CKHUM KpsDKEM, MEXIy KOTOpbIMM pacroyiokeHa Kysnenkas korioBuHa. Ha 3amane
rpaHHIa paifoHa MPOXOJUT MO BOCTOYHBIM NPEArOpbsIM Ypalia, a Ha BOCTOKE — IO 3a-
nagHomy yerymy Cpemane-CHOMPCKOTO MIIOCKOTOphs. TakuM 00pa3oM, TeppUTOPHSI
3amagHoit Cubupu B cootHomennn 90 % Ha 10 % menuTtcs Ha paBHUHHYIO U TOPHYIO
94aCcTU COOTBETCTBEHHO.

K ocHOBHBIM (hu3nKo-reorpapuuecKuM XapakTepUCTUKAM TEPPUTOPHUN 3amaj-
Holit Cnbunpw, BIUAIOMNX HA (OPMHUPOBAHNE OINACHBIX KOHBEKTHBHBIX SBICHHUH IT0-
TOJIBI 1 YCHIICHHUIO KOHBEKTHBHOW HEYCTOHYMBOCTH aTMOoc(epa HaJl UccIeIyeMoi Tep-
PUTOPHUEH OTHOCSTCA:
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1. PaBHUHHOCTE penbeda ¢ pa3BeTBICHHOI PEYHON CETHIO U MPH OIM3KOM 3aje-
TaHUM TPYHTOBBIX BOJ B COBOKYITHOCTH C KJIMMAaTHUECKUMH XapaKTePUCTUKAMH PErt-
OHa CHOCOOCTBYIOT BBICOKOW 3a00JIOUCHHOCTH TEPPUTOpUH. BOJOTHBIE MaccuBHI,
BCJICACTBHUE OOJBIION IUTOITA N, a TAK)KE CKOHIICHTPUPOBAHHBIX B HUX OTPOMHBIX 00B-
eMax Topda 1 METaHa, OKa3bIBAIOT 3HAYUTEIBHOE BIMSHNAE Ha (POPMHUPOBAHUE MECT-
HBIX IUKJIOHOB. Posib TepMuueckoro dakropa, TEIIo- U BIarooOMeHa ¢ MOACTHIAIO-
11l MOBEPXHOCTHIO B MPOLIECCe MECTHOTO [IMKJIOreHe3a o4eHb Benuka. [Ipu nepeme-
IIEHUH BO3IyIITHOM MacChl Ha 0ojiee TEIUTyT0 MOCTIIIAIONIYIO CHIIFHO 3a00JI09EHHYIO
TIOBEPXHOCTb, OHA HACBIIIAECTCSI TETIIOM U BJIArOH, YTO MIPUBOIUT K 00pa30BaHUIO 00-
JAYHOCTH C BBIICJICHUEM CKPBITOTO TEIUIa U K Pa3BUTHIO TITyOOKOH KOHBEKIINH, a CIe-
JIOBATEIbHO, K 00pa30BaHUIO HHTEHCHBHOTO ME30IMKIIOHA [1].

2. OcobennocTr (pr3nKo-reorpaduIecKuxX XapakTepUCTHK TEPPUTOPHH 3armaj-
HoIt CHOMpPH BHOCST JOIOJIHUTEIIbHBIE ()aKTOPHI K YCHIICHUIO KOHBEKIIUH HAJl JAHHBIM
peruoHoM. Paiton mexypeunst OOb-MpThIl — paBHUHHOE CHIIBHO 3200104€HHOE TPO-
CTPAaHCTBO C O6IHI/IpHI)IMI/I JICCHBIMU MAaCCUBAMU Y MHOT'OYMCJICHHBIMH O3C€paMu. He-
GoIIbIIIKeE 110 IUIOMIAAN 03€pa, KOTOPBIE B OTINYNE OT KPYITHBIX BOJOEMOB OBICTPO IIPO-
IpEeBAIOTCSI, CIIOCOOCTBYIOT JOIOIHUTEIBHON KOHBEKIMH. Tarkke DOTMOJHUTEIBHBIM
6aronpuUATHBIM (aKTOPOM IS PA3BUTHSI HEYCTOWIUBOCTH aTMOC(HEPHI SIBIIACTCA TYp-
OyJIeHTHOCTB, OPMHUPYIOIIUECS HAJ] IECHBIM MaCCHBOM.

3. 'eorpadmueckne 0COOCHHOCTH MCCIIELyeMOI TEpPUTOPHUH: €€ OTKPBITOCTD C
ceBepa oOecreunBaeT MPOHUKHOBEHHE XOJIOIHOM apKTHYECKON BO3/IyIIIHON MacChl CO
CTOPOHBI CEBEPHOTO .HCL[OBI/ITOFO OK€aHa Ha KOHTHHCHT B TCUCHHC BCCTIO roga, a HC
3alIMIIEHHOCTh CO CTOPOHBI creneil Ka3zaxcrana, obecrnednBaeT BRIHOC TEILIONW yMe-
PEHHOM MM TPOITMYECKON BO3/IYIIHOM Macce ¢ 1ora Ha ceBep. TakuM 00pa3oM, OTKpHI-
TOCTh TEPPUTOPHUHU C CEBEPA U Ora CIIOCOOCTBYET CBOOOAHOMY BO3AYyXO0OMEHY, UTO
CO3/1aeT yCIOBHUS TSI 000CTpEeHHUs OapUIECKUX I'PAJANCHTOB M IPUBOIUT K YCHIICHHIO
KOHBEKTHBHOM HEYyCTOHUMBOCTH aTMOC(EPHI.

BawusiHue Ypaiabckux rop BeIpaskaeTcs B 00IEM yMEHBIICHUH KOJINYECTBA 0Cal-
KOB, BBITIAJIAIOUINX B CEBEPHOM U LIEHTpaIbHOH YacTsx 3amagHoit Cubupu BCiaeacTBre
OCaKICHMS BIIATH Ha 3aIaHBIX CKJIOHAX XpeOTa. OIHAKO B I0XKHON YacTH TOpHAs CH-
crema AnTas OKa3bIBaCT IPOTHBOIOIOXKHBIN 3(QEKT, SBISACE «KOHAEHCATOPOM
BJIArM», 3HAUYUTEIIBHAS 10J11 KOTOPOH BBINa/IaeT Ha 3aMaHbIX CKJIIOHAX U B IIPEJIrOPbsIX,
CIIOCOOCTBYSl YCHIJICHHOMY YBIIQKHEHUIO FOTO-BOCTOYHOM yacTu 3amagHoit Cubupn.

CuHonTu4yeckue yc10Busi (JOPMHPOBAHNS ONACHBIX 151 aBHALUU
KOHBEKTHBHBIX SIBJIeHMI MOroabl HaJ1 TeppuTopuu 3anaaHoi Cudupu

OmnacHple SBICHHSI TTOTO/IbI KOHBEKTHBHOTO IMTPOUCX 0K IEHHSI OTHOCSITCS K ME30-
MAacCIITAOHBIM METEOPOJIOTHICCKUM SBJICHHUSM, KOTOPBbIE POPMHUPYIOTCS TPH B3aHMO-
JCHCTBUM CHHONITHYECKHX IIPOIIECCOB OOMLICH IUPKYIISALUK U MOCTUIIAIOIICH TOBEPX-
HOCTHU. ['pO3bl, IUBHEBBIE OCAJIKU M IIKBAJIbl HOCSAT JIOKATBHBIA M HEMPOJOKUTEIb-
HBIN XapakTep, TaKk Kak TOPH30HTAIBHBIC pa3Mepbl KOHBEKTUBHBIX 30H BO MHOTO pa3
MEHBIIIE PACCTOSHUS MEKAY KIMMATHICCKAMH CTaHIHSIMH, Ha KOTOPBIX OHU HAOJIFO-
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nmarotcs. Bee aTo ompernenseT TpyIHOCTH B PETHCTPAINN, H3YIEHUH U TPOTHO3UPOBA-
HUH SIBIICHAH TIOTO/IbI, CBA3aHHBIX C 30HAMHU aKTHBHOM KOHBEKITHH, B TOM YHCJIC B paM-
Kax YHCJICHHBIX Mojelel aTMochepsl.

TaxuM 00pa3oM, MCCIIETOBAHUS YCIOBHH BO3HHKHOBEHHS ONACHBIX SIBJICHHUH
TIOTOI6I KOHBEKTHBHOTO ITPOUCXOKICHHUS HEOOXOMMO TTPOBOIUTH HA PETHOHAIBHOM
YPOBHE C Y4ETOM MECTHBIX OCOOCHHOCTEH UIS TOBBIIICHUS Ka4ecTBa U 3a0iiaroBpe-
MEHHOCTH IIPOTHO3A.

IIpoTspKeHHOCTE HUCCIeTyeMol TEPPUTOPHH B MEPHANOHAIEHOM HATPaBICHUH
00yCIIOBIMBAET pa3HUILy B KIIMMATHYECKOM PEKUME M TPOSBICHUIO CHHONTHYIECKUX
MPOLIECCOB HaJ Pa3IHYHbIMU paiioHamu 3amaaHoi Cubupu. CHHONITHYECKHE YCIIOBHS
(hopMHUpOBaHHS TPO30BOHN AEATEIHPHOCTH HAJ PETMOHOM aHAIM3MPOBAINCH I TPEX
gacrei 3amagnoit Cubupn: ceBepHOMH, IEHTPATBFHOMN 1 10)KHOM.

HccnenoBanuck ciiydaW TPO3 C BBINAJCHHWE JIMBHEBBIX OCAJKOB, KOTOpEIC
HaOI0JaTUCh OJTHOBPEMEHHO HE MEHEe 4eM Ha TpeX adpoApoMax WM MOCaJ0YHBIX
TUTOIIAIKAX, a TAKXKe KIIMMAaTHIECKUX CTAHIIMAX HA UCCIIeTyeMON TepPUTOPHH IO 1aH-
HBIM MPU3EMHBIX KapT 1moroisl. Beero 3a mepuos ¢ 2017 mo 2023 . 6bLI0 UCCIIE0BAHO
495 ciryyaeB rpo30BOif aKTUBHOCTH C BBIIAICHIEM JIMBHEBBIX OCAJIKOB HAJI 3HAYHUTEIIb-
HOU TeppUTOpUEH.

AHanu3 CHHONITUYECKOro MaTepuaia 3a nepuon ¢ 2017-2023 rr. nokasai, 4To
rpo30Basi aKTUBHOCTh HaJl 3HAYUTEIBHOW TEPPUTOPUECH HOCHIIA NPEHMYIICCTBCHHO
(dpoHTaNBHBII XapakTep, B 6onee 70 % ciaydaes.

Heo6x011M0 OTMETHTB, YTO MOBTOPSAEMOCTh BHYTPUMACCOBBIX I'PO3 PE3KO pac-
TET ¢ ceBepa Ha 1oT: ¢ 25 % B ceBepHO yactu Tepputopuu 10 30 % B 10XKHOH.

YBenuueHne MPOICHTHON COCTABIISIONICH BHYTPHMACCOBOTO THIA TPO3 Ha IOT
TEPPUTOPHUHU CBSI3aHA, OUEBHJIHO, C TEPMUYECKON COCTABISIONICH, OOIBIINM HpOrpe-
BOM TIOJICTHJIAIOIIEH MOBEPXHOCTH B TEUEHHE JIHS, a TakxkKe ¢ oporpadudeckum 3 dex-
ToM. B mpenropesx ['opHOro Anrtas B cpaBHEHHH C paBHHHHBIME 00JacTsSMH 3amnaj-
Hoii CHOUPH CO3A0TCS YCIIOBHS JJIsl YCUIICHUSI TEPMHYCCKO KOHBEKIIUH B TIOCIICIIO-
JyZICHHBIC Yachl [0 MPUYMHE BEIHYKACHHOTO IOIbEMa BO3yXa B TOPHOI MECTHOCTH.

BryTprMaccoBsie Tpo3bl HaJ 3HAYUTENGHOW TEPPUTOPHEH OTMEYAIHCh IPH
KJIACCHYECKUX JITSI TOTO THITA TPO3 CHHONITUYECKUX CHTYAIUSIX — B MaJIOTPaHEeTHBIX
noJisix mpu Tepmuueckom rpedue Ha AT-850 Bo BTOpoi MmojoBUHE JHS MPU MaKCH-
MaJIbHOM TTPOTPEBE MOACTHIIAIONIEH TOBEPXHOCTH.

[ToBTOpsIEeMOCTH THITOB CHHONTHYECKHX ITPOIIECCOB PAa3BHUTHS T'PO3OBOH Jesi-
TEJIFHOCTH HaJl 3HAYUTEIIbHON TeppuTopun 3anaaHoil CHOUPH OTHEIBHO TS KaXKIO0TO

U3 pailoHOB TIpHUBE/ICHA B TaOIHIIE.
Tabauya 1
TI0oBTOPSE€MOCTh THIIOB CHHONITHYECKUX MPOLIECCOB Pa3BUTHsI TPO30BOM AEATEIBHOCTH
HaJl 3HAYUTEIbHOI TeppuTopuu 3anaaHoit Cubupu

Paiion Bcero ciyuaes = Tun =
DponTanbHEIH, % BryTpumaccoBsli, %
CeBepHblii 166 75,30 24,70
LentpansHbiit 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 CICJIaTh BBIBOJ, YTO HH-
TEHCUBHAsI TPO30Basi IEATENbHOCTh HaJ 3amagHoi CHOUpPhIO pa3BUBAETCS MpaKTHUC-
CKH B TIOJIOBMHE PACCMOTPEHHBIX CIy4aeB IPH IMPOXOKIACHUH XOJIOTHBIX (POHTOB
BOJTHAMH, TIPH TOM Han0OJIee MHTCHCHBHBIC, C BBIITAJICHUEM CHIIBHBIX OCAJIKOB IIKBa-
JMCTBIM YCHJIEHHEM BeTpa 10 15 M/c n Gosee, pu OBICTPO CMEIIAIOMINXCS XOJIOJHBIX
(poHTaxX BO BTOPOIA MOJIOBHHE THS. [ PO3BI C BRINIAICHUEM 0CAIKOB TaK YK€ OTMEYAIICh
TIPH TIPOXOKICHUN AMHAMUYIECCKN 3HAYMMBIX (DPOHTOB OKKITFO3UH C KOHTPACTaMH TEM-
nepatyp Oonee unu pasao 8 °C/1000 kM, B Gonee yem 15 % cnyuaeB. Takas xe mo-
BTOPSIEMOCTS ¥ UL (PPOHTATBHBIX TPO3 IMTPH MPOXOKACHUH TETUIBIX PPOHTOB B HOYHEIE
U YTPSHHHUE YackHl.

Pexe Bcero rpo3sl OTMEUAIUCHh IMPH IMPOXOXKACHHH BTOPHYHBIX XOJIOTHBIX
¢ponTOB. IIpH MPOXOXKAEHHH BTOPHYHBIX XOJOAHBIX (DPOHTOB TPO30Bast JIEATEIb-
HOCTB (hOPMHPOBATACh KaK B IIEPBOM, TAaK ¥ BO BTOPO TTOJIOBHHE JHS TP TEMITEpaTy-
pax Bo3ayxa or +10 °C npu HeycTOWYHBOM BO3AYIIIHOW Macce B 0apHyIeCKO JI0KONHE
B THUTY ITUKJIOHA 32 OCHOBHBIM XOJIOAHBIM (poHTOM. [IpK 3TOM HaJ MyHKTOM IPOTHO-
3UPOBAHMS OTMEUaNICs 3aTOK Xoj0/a Ha ypoBHe AT-850 rlla u npoxojmia ock 6apu-
yeckoil J1oxxOouubl Ha AT-500 rlla, yTo crocoOCTBOBAIO BOCXOMSIIMM JIBHKEHUSIM U
00pa30BaHUIO MOIIHOI KOHBEKTUBHOII oOnaunocTH. Takum 00pa3oMm, mocie KpaTko-
BPEMEHHOTO ITIPOSCHEHNUS, HACTYMAIOMIETO BCIE 32 MPOXOKACHHEM OCHOBHOTO XO-
JIOAHOTO (ppOHTA, (POPMUPOBAIICH TPSIBI KY4EBO-JOXKIEBHIX O0JIAKOB C JTHBHEBBIMHU
0cCajJIKaMH, TPO3aMH U IIKBAIKCTBIM YCHJICHHEM BeTpa. HO ocaaku u rpo3bl B THUTY
IIUKJIOHA MOTYT OBITh HE TOJNBKO ()POHTAIBHBIMH, HO M BHYTPHMACCOBBIMH, TaK KaK B
TBIJIOBOW YaCTH BO3IYIIHAS Macca HEYCTOHUMBA.

B pesynbrate rccie0BaHus BBIIEICHO 6 THIIOB CHHONITUYECKUX MPOIIECCOB 00-
pa30BaHUs TPO3 C BHIMAJCHUEM JINBHEBBIX 0CAIKOB Ha/l 3HAYUTEIBHON IIIOMIABI0 3a-
nanHo# Cubupu. Y craHoBneHo, 9to 6omee 40 % Tpo3 ¢ BIaICHIEM JIMBHEBBIX 0CaI-
KOB (hOpMHpPYETCs NMPH CHHONTHYCCKOM THIIC «JI0KOWHa». B omHOI weTBepTH pac-
CMOTPEHHBIX CITy4aeB MpU BTOPOM THUIIE — MIPOXOXKACHUU IIUKIIOHA, IPU 9TOM B OOJIb-
MIMHCTBE CIy4aeB IPH MOJIAPHBIX BTOPKEHUAX BO3AYIIHBIX MAacC W MPH FO’KHOM BbI-
Hoce. C «MayorpaJueHTHBIM OapUYecKuM IOJeM» CBs3aHO okoio 15 % ciydaeB. B
«ThUTY LIMKJIOHA» OTMEYaoch 3,6 %, Ha «BOCTOYHOI epudepun aHTHIUKIoOHa» — 2,2 %.

CuHoONTHYECKHE YCTOBHUS, OaronpusATHbIE 115 (OPMHPOBAHUSA
CHEXKHBIX I'P0o3 HaJl TeppuTopueii 3anagnoii Cudbupu

OmnacHble SBICHUS MOTO/IbI KOHBEKTUBHOTO MPOUCXOKICHUS B 3UMHUI TIEPUO/T
SBIISIFOTCS. MAJOM3YYCHHBIMH U CJI0)KHO TPOTHO3UPYEMBIMH, OCOOCHHO B YCIIOBHSX
PEIKOW CeTH KIIMMAaTHYECKUX CTaHIUi. CHEXHBIC I'PO3bI UMCIOT ME30MAaCIITaOHbBII
xapakrtep, 0OJbIIas pojib B UX BO3HUKHOBEHUHW MPHUHAJICKUT MECTHBIM (hakTopam,
MOATOMY B IIEJISIX TTOBBIIMICHUS OTIPABIBIBAEMOCTH M 3a0JIarOBPEMEHHOCTH ITPOTHO3a
HEOOXOIMMO MPOBOIMUTH PETHOHAIBHBIC UCCIICTOBAHUS CHHONTHYCCKUX YCIOBHH UX
(hopMUpOBaHUSL.

CHexxHast Tpo3a HaOmomamack B paioHe a’poxpoma XaHTHI-MaHCHHCK
20 mapta 2016 1. 8 09.04, 13 mapra 2017 r. — B 17.21, 7 mapra 2019 . — okomo 19.00.
JUTUTEeIPHOCTh CHEXXHBIX TPO3 COCTaBWIA OT 5 0 18 MUH, OHU CONMPOBOXKAAIUCH
MIKBAJIHUCTBIM BETPOM C MAaKCUMAIIbHBIM TTOPBIBOM BeTpa 23 M/C M CHIIBHBIM CHETOIla-
JIOM C yXyJueHueMm Bugumoctu 10 200 M.
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[Ipu n3ydeHNn a’pOCHHONTHYECKOTO MaTepHaia ObUT BBISBICH P YCIOBHH,
KOTOpPBIE MPOCIESKNUBAINCH BO BCEX TPEX CIIydasx rpo3bl 3UMOH [2]:

1. I'po3bI HAOTIOAATKCH TIPU IPOXOKICHUU TUHAMUYECKH 3HAYUMBIX aTMOchep-
HBIX (PPOHTOB: OTMEHAIICS OONBIIOI KOHTPACT HE TOIBKO B TIOJIE TEMIIEPaTypHhl, HO U B
noJie BiakHocTH. B 2016 1 2019 rT. cHeXHBIE TPO3bI HAOTIOAATUCH TIPH TPOX 0K ICHUN
(hpoHTa OKKITIO3MH 110 TUIY XOJIOTHOTO (poHTa, a B 2017 T. IO/ BIMSHUEM BEPIIHHBI
(bpoHTANBHOMN BOJHEL

2.B 2016 r. B cioe ot 3emiu 10 BbicoThl 1500 M ¢ 1ora, 1oro-BOCTOKa IocTymnajia
BJIOYKHASI BO3/IyIITHAs Macca U ogHoBpeMeHHo B ciioe 1500-3000 m ¢ roro-3amnana, 3a-
naja ¥ ceBepo-3amaja nocrynaia cyxas BozaymHas macca. B 2017 u 2019 rr. nepen
(hpOHTOM B TEINIOM CEKTOpe ObLIA BIayKHAsI BO3YIITHAS Macca, a 3a pPoHTOM — cyxas;

3. Crparudukanus atMocepbl Oblia BIAKHOHEYCTOWIHBOM;

4. PaifoH nporHo3upoBaHMs HaXOAWIICS MO/ BIMSHUEM CTPYHHOIO TEUEHMs, Ha
OCH KOTOPOTO CKOPOCTh BETPA IOr0-3aMaJHOTO U 3aMaJHOTO HAMpaBICHUN JOCTUTAIa
30 m/c.

Heo0xommMo 0TMETHTB, YTO 3aICPKUBAIOIIHN CIIOH — HHBEPCHS TEMIEPaTypPhI
oTMeyanach ToJbKo B ciryyae 2016 r. Ha Beicotax 1000—1500 m. [Tpu Hanmuuuu 3aaep-
JKHBAIOIIETO CJI0S BBIIIE ITIOTPAHUYHOT0 00Pa30BaHNE MOIIHBIX Ky4eBO-I10KIEBbIX 00-
JIAKOB ¥ TPO3 MTPOMCXOANT HanboJee akTHBHO IO THITY «B3PBIBHOM KOHBEKIHI [3].

O0s13aTeIIbHBIM YCIIOBHEM JUIsI BOSHIKHOBCHHUS TPO30BOT0 00JIaKa B JIFO0OI Tie-
pHOA rofa ABISAETCS HAaIW4He YCIOBUIl JUIl pa3sBUTUS KOHBEKIMM MM MHOTO MeXa-
HHU3Ma, CO3/JAIONIEr0 BOCXOSIIIE TOTOKH, 3aIachl BIAarH, JOCTATOYHOTO I 00pa3o-
BaHMSA OCAIKOB, W HAJIMYHE CTPYKTYPHI, B KOTOPOM HYacTh OOJAYHBIX YacTHIl OyaeT
HAXOJUTHCS B KUJIKOM COCTOSIHHHM, @ 4acThb B JIEASTHOM. Takoe BO3MOKHO, €CIIM HUXK-
HsIs 4acTh 00J1aka popMHUpoBajach pu Temreparype Bo3ayxa oiue 0 °C. B BepxHneit
4yacTH oOJ1aKa MPH MOTAJaHN| YaCTHI] BOJBI B 30HY OTPUIATENbHBIX TEMIIEpaTyp Io-
CTETIeHHO (hOPMHPYIOTCS KPHUCTAILTBI JIbaa. CMEIIaHHBIH cOCTaB o0JIaka MPHBOIUT K
YKPYITHCHHIO OOJIAYHBIX YJIEMCHTOB U (POPMHUPOBAHUIO FPO30BOI 00JIAYHOCTH.

Heo6x01uMo0 OTMETUTD, YTO B MapTe CPEIHSAS MHOTOJICTHAS TEMIIepaTypa BO3-
yxa st aspojgpoMa XaHTel-MaHcuiick coctaBiser —9,1 °C. B paccmarpuBaeMbix
ClTydasix IpH MPOXOKICHUH (ppOHTa TeMIlepaTypa Bo3ayxa Obuta oimska +0 °C, T. e.
OoTMeuanach aHOMaJIbHO TeIIasi MOroja /Ui Hadana BECEHHEro mepuoja B 3anaaHon
Cubupu. MoXHO CKa3aTh, YTO B YCIOBHSIX aHOMAJIBHO IPOTPETOTO BO3AyXa B MOTpa-
HIUYHOM CJIO€ YacTh oOyiaka popMHpOBaIach MPH MOJOKHUTEIEHBIX TEMITEpaTypax H
COCTOsIIA U3 KaIellb.

B paccmarpuBaeMbIxX cirydasix KOHBEKIHs, O1arogapst KOTOpPOH pa3BHIOCH TPoO-
30BO€ 00JIaKO, BO3HMKJIA MPH MOABEME TEIJIOTO BO3AyXa BIONb JIMHUH (POHTA IPH
aJBEKLMM apKTUYECKOro Bo3ayxa. OpoHTalbHasi KOHBEKLUS pa3BUBaJlach OJHOBpE-
MEHHO CO CJIOMCTO-I0KICBBIMH O0JaKaMU M OOJOKHBIMH OCAaJIKaMH, YTO MaCKUPO-
BaJIO Ky4eBO-I0KIEBYIO 00JIauyHOCTb.

Kpome KOHBEKTHBHOH HEYCTOHYHNBOCTH BO3IyXa, HEOOXOIUMBIM YCIIOBHEM IS
Pa3BHUTHS IPO30BOTO 00JIaKa SBIISETCS BETEp MepeMEHHOT0 HanpaBieHust. Ocaaku, 00-
pasymomyecss B BOCXOSIIEM MOTOKe, MEPEeHOCATCsA MO BEPXHEMY YPOBHIO OOjaka B
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30HY HACXOJAIIETO IMOoTOKa. TaknuM 00pa3oM, 30HBI BOCXOISIIETO M HUCXOISIIETO TI0-
TOKOB OKa3bIBAIOTCSl PA3JEIEHHBIMU B IPOCTPAHCTBE, YTO OOECIICUMBACT Pa3BUTHE
rpo30BOTro 00JaKa.

Bo Bcex Tpéx ciyuasx B cpefHEH M BepxXHEH Tporocdepe mpeodiaianu CHIlb-
HBIE BETPBI ¢ OOJIBIINM BEPTHKAIBHBIM CABUTOM I0T0-3aI1aJHOTO U 3aI1aJJHOTO HAIIPaB-
JICHUH, TaK)Ke paiiOH MPOTHO3MPOBAHUS HAXOMWIICS I110]I BIUSHUEM MOIIHOTO CTPYH-
HOTO TeUeHHsI BOIU3H Tpononayssl. Hanmnune 3HaYUTENbHBIX CABUTOB BETPA 110 BHICO-
TaM M CTPYWHOTO TEUCHHUS SIBIJIOCH TOTIOTHUTEIFHBIM (haKTOPOM yCHUIICHHS aKTHBHO-
cTr aTMOoc(epHOTO (PPOHTA U Pa3BUTHIO KOHBEKTUBHBIX JIBHKEHHH 110 THITY TepMUIe-
CKU IpAMOM nupkyJssiiuu [4].

B pamxkax mccie1oBaHus a3pOCHHONTHUECKOTO MaTeprana ObUIO BBISIBICHO, UTO
Ui GOPMHUPOBAHUS WHTEHCHBHOW 3MMHEH KOHBEKIIMM HEOOXOIMMO HAIMYHE IBYX
(haKTOpOB: AMHAMHUYECKUI TOIBEM BO3[yXa M OOJbIIAs KOHBEKTHBHAs HEYCTOWYH-
BOCTb aTMOC(hepBhI.

JuHamraecknii Gpaktop obecrednBaeT NOABEM BBEPX TETIIOTO BIAKHOTO BO3-
JyXa U3 HIKHEH Tporocepsl. B paccmaTpuBaeMbIx ciaydasx JaHHBIH (akTop ObLI
00yCIIOBJIEH OJIM3KMM PACIIOJIOKEHHEM LICHTPa LIUKJIOHA K pallOHY IPOrHO3UPOBAHMS,
€ro UKIOTeHEe30M, 000CTpeHUEM (HPOHTOB U UX COMMKEHUEM. DTO IPOUCXOIUIIO TIPH
atMochepHbIX (poHTaX ¢ KOHTpacTaMu Temiepatyp ot 10 °C u BbIIIe, pa3aesiFomnx
BO3/IYIIHBIE MACCHI C PA3JIMYHON BIQ)KHOCTBIO: IIPH MIPOXOKACHUN (PPOHTA OKKIIIO3UH
U BOJIM3M BEPIIMHBI ()POHTAIBHOM BOJHBL TakuM 00pa3oM, JMHAMUYECKUH MOABEM
YCHUIMBAJI KOHBEKTUBHYIO HEYCTOMYMBOCTD BO3/TYILITHOM MacChI.

ITomBoas MUTOT, MOKHO BBIACIHUTH CICAYIONINE CHHONTHYECKHE YCIOBHS, COBO-
KyIMHOCTb KOTOPBIX MPUBOJUT K 00pPa30BaHUIO CHEXKHBIX IPO3 HA TEPPUTOPUH 3amai-
Hoii Cubupu:

a) TMHAMAYECKHUH TOTHEM TETUION BIIaYKHOW BO3YITHOW MAacChl XOJIOIHBIM BO3-
JYXOM TIpU MPOXOXKICHUN Yepe3 PaioH MPOTHO3UPOBAHMS aKTHBHOTO YIITyOJIsIoIIe-
rocst IUKJIOHA, BEPIIMHBI ()POHTAIBHOH BOJIHBI, TUHAMUYECKH 3HAUUMOTO XOJI0HOTO
(poHTa MM PpoHTA OKKITIO3UH MO THITY X0I0HOr0. [IpH 3TOM BO3ayIIHAsA Macca mepex
9TUMH (PPOHTAMH IOJDKHA OBITH aHOMAJIBHO TEIUIOH JUIS IyHKTA IPOrHO3UPOBAHNS;

0) HaJM9IKe MOIITHOTO CTPYHHOTO TEUESHUSI, BEPTHKAIBHBIX C/IBUTOB BETPOB IOT0-
3amaHbIX U 3alla/IHbIX HApaBIeHUH B CpeiHel 1 BepXHel Tporocdepe.

Heob6xommmo o6paTuTs BHIMaHHE, 9TO Hanbosiee MHOOPMATHBHBIMHE IS TTPO-
THO3a CHEXXHOW TPO3BI SABJISIETCS MHISKCHI HeycTondmBocTH atMochepsl TOTAL un
SWEAT. B nnu co cHexxHoit rpo3oii cornacHo unaekcy TOTAL nporuosupoBanach
CUIbHASA HEyCTOWINBOCTE (>49,2 °C), cormacuo unnekcy SWEAT nporrosupoBanach
ciabast HeyCTOHYIUBOCTb.

Bce BblmenepeuncieHHble ycaoBys GOPMUPYIOT HHTCHCHBHYIO 3UIMHIOIO KOH-
BEKIIMIO, IPUBOJISIYIO K PEKOMY JUlsl TeppUTOpHH 3arnaaHoit Cubupu MeTeoposioru-
YeCKOMY SBJICHHUIO — CHEXHOII rpo3e. Taknm o0pa3zom, HacTosmas padbota 00beJHHICT
IIMPOKUH KPYT 3a1a4, pelIeHne KOTOPHIX OPHEHTHPOBAHO HA PETHOHAIBHBIC aCTIEKTHI
HCCIIeI0BAHMS KOHBEKTHBHBIX MPOIECCOB U YIIyUIIEHHE Ka4eCTBa UX MPOrHO3MPOBa-
HUSI Ha Tepputopuu 3anagHoi Cubupu.
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OolecneyeHue ruipoOMeTeOPoJIOrNIecKoil 0€30MACHOCTH
HA MOPCKHX 00beKTaX 100bIYH He()TH U rasa

1O. B. Bamectrok (vashestyuk yv@istu.edu)

Uprymeruu 2ocyoapcmeennblii ynusepcumem, 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 KOTOPOrO0 B KOHCYHOM CYETE 3aBHUCHT
ycrenHoe 0ypeHue CKBa)KHH U OCBOCHHE MECTOPOXKIACHHUS B LIEJIOM. B cTaThe 0CBeIaoTcs BOpoCcs!
cOopa 1 000011IeHHS THIPOMETEOPOIIOTHYECKOH HH(BOPMAIIMH AJIst 000CHOBAHHS HHBECTHIINIT 1 TIPO-
EKTUPOBAHUsI COOPYIKEHUH, OCYLIECTBISIEMBIX ITyTEM MPOBEICHHUS MHKEHEPHBIX THIPOMETEOPOIIO-
rHYECKHX HU3bIcKaHuil. JlaeTcs uHpOpMAIMsS O CHCHHATU3UPOBAHHOM THIPOMETEOPOIOrHUSCKOM
obecrieueHUH pabOTHI MOPCKHX COOPYKEHHIA, BKIIFOYAsi TPaHCIOPTHBIE omepaiuu. OOcyxaaeTcs
HaJISKHOE OIIpE/IeJICHUE MTapaMeTPOB OKPYIKAIOIICH cpeiibl, KOTOPOE SIBISIETCSI OCHOBOW MPOEKTHBIX
pelIeHNH, MUHUMH3HPYIOIIUX TIPUPOIHBIC PUCKU U BO MHOTHX CITy4asiX, CBOJSIIMX MX MTPAKTHYECKU
K HYJI0. AKICHTHPYETCS BHUMAaHHME Ha MCIOJIB30BAHUM JAHHBIX, MIOJyYCHHBIX Ha CTAIlMOHAPHOMN
CeTH TOJISIPHBIX CTAHIIMNA, CIlyTHUKOBBIMH CPEACTBAMHU HAOIFOICHNI, aBTOMATHYECKUMH OYHKOBBIX
CTaHLMAMH, 1711 0OecriedeHHs THAPOMETEOpOIorHueckoii 6e3onacHocT. PaccmaTpuBaeTcst u3MeHe-
HUS KJIMMara Kak (axrop, TpeOyIommuii yueTa mpi NPOSeKTUPOBAHUU U SKCILTyaTAIIMU JOJITOBPEMEH-
HBIX, CJIO)KHBIX MOPCKHX OOBEKTOB.

KiiroueBble ¢JI0Ba: THAPOMETEOPOSIOrHYEcKasi 0€30MacHOCTb, MOPCKUE 00BEKTHI, 100bIYa HEDTH 1
rasa, ONacHbIC SIBJICHUSI, I3MCHEHUS KJIHMaTa.

C yBenuueHneM 00beMOB 00BN HE(PTH U Ta3a ¢ MOPCKUX IUIAT(HOPM, BOIPOCH
THAPOMETEOPOJIOTHUECKON OE30MaCHOCTH BBIXO/T Ha IIepeiHui 1u1aH. Mopckast cpeza
obnafaeT crnenu(pUIecKUMH YCIOBHSIMH, KOTOPbIE MOTYT OKa3blBaTh 3HAYUTEIIHLHOE
BIIMSIHUE Ha O€30MacHOCTh KaK IPOM3BOJICTBEHHBIX MIPOLIECCOB, TaK M YKOJIOTMYECKYTO
CHUTYaLHIO B PETHOHE. AHAIIM3 00ECTICUCHUS THIPOMETEOPOIOTHIECKOH Oe30IacHOCTH
Ha MOPCKHMX 00BeKTax JOOBIMM He()TH M Ta3a SBISETCS OCHOBHOM LIEIBIO.

I'mapomereoponornueckas 0€30MacHOCTb HOAPA3YMEBACT 3aIUTY XKU3HH U 3710-
POBBSI JIIO/IEH, a TaK)Ke COXpPAaHEHUE OKPYKAIOIIEH cpebl M MaTepHAaIbHBIX IEHHOCTEH
OT HETaTHBHOTO BO3ACHCTBHS aTMOC(EPHBIX U THApoIorndeckux seieruit [1]. Kiro-
YeBBIMH (PAaKTOPAMH, OTIPEACIAIONIMMHI THAPOMETEOPOIOTHIECKYI0 Oe30MacHOCTh Ha
MOPCKHX 00BEKTaX, SBISIOTCS:

— atMoc(epHbIC SBICHUS: ITOPMBI, yparansl, TyMaHbl, OCaIKH;

— TU/IPOJIOTUYECKHUE SABJICHUS: IPUIUBHI U OTJIUBBI, BOJIHBI, TEUCHUS,

— COBOKYITHOE BIIMSHHUE 3THX (PaKTOPOB HAa TEXHOJIOTHYCCKHE TPOIIECCHI.

Ha mopckux o0bekTax 100bMM HEPTH U Ta3a THAPOMETEOPOIIOTHIECKUE YCII0-
BUSI MOTYT CO3/1aBaTh CEPhE3HBIC PHCKU:

— IITOPMOBBIE YCIIOBHS: CUJIBHBIN BETep U BBICOKHE BOJHBI MOTYT 3aTPYIHUTH
WIIN CZIeNIaTh HEBO3MOXKHBIM BBIITOJTHEHHE Pa0OT, MOBHIMIAs PUCK aBapHii;

— TyMaHbI ¥ HU3Kast BUIUMOCTB: 3TO MOXKET 3aTPYHATH HABUTAINIO, YTO BEET
K BO3MOXKHBIM aBapHsAM U CTOJIKHOBEHUSM;
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MIPUJIMBBI U OTJIMBBL: PE3KUE M3MEHECHUSI YPOBHS MOPSI MOT'YT HETaTHBHO CKa-
3aThCs HA YCTOMYMBOCTH TIAT(GOPM H UX 00CTYKHBaHHH;

nenoBele siByieHus. CyKaTUs JIbIOB M UX MHTCHCUBHBIN IpeiiQ), BTOpPIKCHUE TSDKE-
JIBIX JIBJIOB B paifoH JOOBIUH, paHHEE JIe000pa30BaHue, ONTaCHBIC JIEIOBBIC 00pa3oBa-
HU (alicOepri, TOPOCHI, CTAMYXH, THTAHTCKUE JIeSHBIC MMoJs). Takke K OMacHBIM SIB-
JICHUSIM OTHOCST OOJICICHEHUE COOPYKCHUI, IK3apallHIo JHA JICTOBBIMH 00pa30BaHU-
SIMH, HABAJIbI JIbJIa HA Oepera U COOPYIKEHHUsI, OTPBIBBI IPHITAsL.

ObecrieyeHne rUIPOMETEOPOTIOTHUECKON 0€30ITaCHOCTH Ha MOPCKHX 00BEKTax
TOIpa3yMeBaeT KOMITICKCHBIN TTO/IX0, BKITIOYATOIHH CIIETYIOIIHE MEPHI:

Monumopune u npoero3uposarue no2oousix ycaoguil. JIns odecrieueHus Tuapo-
METEOPOJIOTHYEeCKOH 0e30MacHOCTH HCHONb3YIOT CTallMOHAPHYIO CETh MOJSIPHBIX
CTaHIINH, CITyTHUKOBBIE CPEJICTBA HAOJIOICHHH, aBTOMATHUECKHE OYHKOBBIC CTAHITUH.
YcTaHOBKA COBPEMEHHBIX METCOPOJIOTHYCCKUX CTAHIMIA 1 CHCTEM MOHUTOPHHTA 103~
BOJISICT OTCJIC)KUBATh AKTYAIbHBIC M3MCHCHHUS MOTOIHBIX YCIOBHI U MPECKa3bIBaTh
IIOTCHIIMAJIBHBIC pI/ICKI/I. B paﬁOHaX PasBUTHS MHOI'OJICTHEMEP3JIBIX I'PYHTOB IIPOLIECChI TEXHO-
TEHHOI'O XapaKTepa, CBA3aHHbIC C ACATCIbHOCTBHIO ITOA3EMHBIX BO, MOI'YT IIPOSBJIATHCS B pa3H006—
pasubix popmax u nponeccax [2]. Onupasich Ha JaHHBIE O BETPE, BOJIHAX, TYMaHe U APYTUX
napaMeTpax, MOKHO 3apaHee IPUHUMATh MEPHI JIJIS PETOTBPAIICHAS aBapHH.

Paspabomka uncmpyxkyuii u pecnamenmos. Ha OCHOBaHUY aHaJIM3a PUCKOB pa3-
pabaThIBaOTCSl HHCTPYKIUHU 10 OS30MACHOCTHU JijIsi paOOTHHKOB MOPCKHAX OOBEKTOB.
OTH TOKYMEHTHI TOJDKHBI PACTIPOCTPAHSTh 3HAHUSI O TOM, KaK JeHCTBOBAThH B YCIIO-
BUSIX HEOJIATONPHUATHOMN TTOTOTBI.

Obyuenue nepconana. PAOOTHHKH MOPCKUX OOBEKTOB IOJDKHBI IPOXOIHTH Pe-
TYJISIPHBIC TPEHUHTH IO JCUCTBHSAM B 3KCTPEMANIBHBIX THIPOMETEOPOIOTHYCCKUX
YCIIOBUSX. DTO BKJIIOYAET B Ce0sl KAK TEOPETHUYECKYIO MOJITOTOBKY, TaK U TpPaKTHIe-
CKHE 3aHATHS.

Hcnonvzosanue mexnonoeuu. IHHOBallMOHHbBIE TEXHOJOTUH, TAKHE KaK JIPOHBI
JUTSE MOHUTOPUHTA COCTOSIHUSI MOPCKOW CpeIbl U aBTOHOMHBIE METEOPOJIOTHUECKUe
CTaHIINY, 3HAYNUTEIILHO MOBBIIIAIOT YPOBEHD O€30MMaCHOCTH.

Koopounayus ¢ eocyoapemeennviyvu opeanamu. dhdekTrBHas padoTa mo odec-
MEYCHUIO THUAPOMETEOPOJIOTHUECKON 0e30MacHOCTH HEBO3MOXKHa 0e3 B3auMoJeH-
CTBUSI C TOCYIapCTBEHHBIMU CTPYKTypaMH, 3aHUMAIOIIAMUCS METEOPOTOTHYECKUM
MPOTHO3UPOBAHUEM H KOHTPOJIEM 32 MPUPOTHBIMH SBJICHHSIMH.

ObecrieyeHre THAPOMETEOPOTIOTUICCKOM OC30MaCHOCTH OCBOCHHS W pa3pa-
OOTKH MECTOPOXKJICHHI BKIIFOUACT JIBA OCHOBHBIX dTana. [lepBoe — 310 cOop u 0600-
[IEHNE THAPOMETEOPOTIOTHUECKOW HHPOPMALINU, HEOOXO0AUMOM /17151 000CHOBAHUS WH-
BECTHIMH ¥ POCKTUPOBAHUS COOPYKCHUH MyTeM TPOBEICHUS WHKCHEPHBIX THIPO-
METEOPOJIOrHIEeCKUX H3bICKaHuUil. BTopoe — 3T0 criennann3upoBaHHOE THIPOMETEOPO-
Jorudeckoe obecreueHne padboThl MOPCKUX COOpPYKeHHH (TIaTdopM, TEPMHUHAIOB
T. 11.), BKJIFOUAsl TPAHCTIOPTHBIE oreparuy [3].

242



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

l/lmlceﬂepmﬂe JIeJOBbIC U3bICKAHUSA

HanmexHoe ompeznencHne mapaMeTpoB OKpPYIKarOIIEH Cpebl SBIICTCS OCHOBOM
MPOCKTHBIX PEHICHUH, KOTOPhIE MUHUMHU3UPYIOT MPHPOIHBIC PUCKH U BO MHOTHX CITy-
YasiX CBOJAT UX MIPAKTUUECKH K HYJI0. [ToAroToBKa HEOOXOAMMBIX JTAHHBIX BKIIIOYAET
0000mIeHNe W aHATN3 UCTOPUYECKUX apXUBOB HAONIONIEHWH, MPOU3BOJICTBO HHIKE-
HEpPHO-M3BICKATENbCKAX PadoT, (hHU3NIECcKoe, THAPOANHAMUIECKOEC U BEPOSITHOCTHOE
MOJIETUPOBAHHE MIPOIIECCOB, Pa3pabOTKy U CO3/1aHHE HOPMATHBHBIX JOKYMEHTOB JUIs
MPOEKTUPOBAHUS, OCHOBHOI M3 KOTOPHIX — BpeMeHHBIE JIOKalbHBIE TEXHHUECKHE
ycioBus (BJITY) no npupogaomy OIIOKY.

Jlis mpoBeIeHNsT 3MMHHUX HHKCHEPHBIX THIPOMETEOPOIOTHICCKIX U3BICKAHHHA
UCTIONIb30BATHCh PAa3/IMYHble MOPCKUE (ATOMHBIC U JU3ENbHBIC JIE€IOKOJBI, HAYyIHO-
SKCHETUIMOHHBIC U TPAHCIIOPTHBIE Cy/1a) M BO3AYIIHBIC (CAMOJIETHI, BEPTOJICTHI) Cy1a.
W3bIckaHUs HaTpaBIICHBI, TPEXK/IE BCETO, Ha OMPEACICHHE TPOIHOCTHBIX TTAPaMEeTPOB
JICIOBBIX 00pa30BaHUIA, HX Pa3MEPOB M MACChl U CKOPOCTH JIBH)KCHHSL.

TpaauIOHHBIM CTIOCOOOM OMpEeAETICHUS MIPOUYHOCTHBIX CBOUCTB JIbJIa SIBJISETCA
UCTIBITAaHHE MaJIBIX 00Pa3IOB JIbJa, OTOOPAHHBIX U3 JIEITHOTO TOKPOBA.

[To MHEHHIO OTEYECTBEHHBIX M 3apYOSKHBIX CIICIUMAIMCTOB, OIHUM H3 HauOoee
MEPCIEKTUBHBIX TUTIOB HATYPHBIX JKCIICPUMCHTOB SIBISICTCS M3MEPEHHE TIIOOATBHBIX
Harpy30K Ha CyJIHO 1 OCJIEAYIOIIHI epecyeT NOTyYeHHBIX PE3yIbTaTOB Ha COOPYKECHHE.

TopocucTele HATPOMOKICHUS 00paszyroTcs B Apel(yIONMX JbJax W IpHIIac.
Pasmep xuiieit rpsx TOpocoB Ha Apeii(yromuX Jipaax meib(a pocCUCKAX 3aMmep3ato-
IMX MOpEeH HaXOAWUTCS B auana3one oT 3 1o 25 m. ['eomeTpusi HaABOJHON YacTH OT-
JICTFHOTO TOPOCA FJIM CTAMYXH OINpPEAETSIETCS ¢ MOMOIIBIO MPOCTHIX TEOMOIUTHBIX
CBHEMOK, C HCIIOJIb30BaHHEM a’pO(OTOCHEMKH M J1a3epHOro mpoduimpoBanus. [lo-
CIJICJIHUEC JIBa METO/A MO3BOJISIFOT MTOJIYYHUTh IPOCTPAHCTBEHHO PACIPE/ICICHHBIC 1aH-
HBbIE, HEOOXOAMMBIE JUI pacueTa CTAaTHCTHUK U TaKUX XapaKTEPUCTHK, KaK TOPOCH-
CTOCTb, IPOTSKEHHOCTH TPSIZT TOPOCOB U T. TI.

HwkHss 9acTh TOPOCOB, MX OCajKa, KWIEBas 9acTh U3MEPSIOTCS C TIOMOIIBIO
00paTHBIX TOIUIEPOBCKUX COHAPOB, KOTOPBIC YCTAHABIUBAKOTCS HA THE HA TPOJOIKH-
TeJIBHBIN neprof (rox u 6ojee), a TakXKe ¢ IIOMOIIBIO TTOIBOTHBIX BHIEOCHEMOK.

Jnis moydeHns HHGOPMAIMK 0 BHYTPEHHEM CTPOSHHH JISISHBIX 00pa30BaHMHA
OOBIYHO HCHOJNB3YETCs TEIUIOBOE OypeHHE, IIPH KOTOPOM JUTS 3(P(PEKTUBHOTO U OBICT-
POTO MONTyYeHHS TITyOOKHX CKBaKHUH UCIIONIB3YETCs ropsiyast BOJA.

JUis oy9eHus TaHHBIX O CKOPOCTH JBIDKCHHUS JIHJIOB MIPUMEHSIOTCS Apeiidy-
fompye OyH, KOTOpBIe YCTaHABIMBAIOTCS Ha JICNSHBIX IMOJ | aiicOeprax. Vcmoms3sy-
I0TCSI pa3IU4Hble HABUTallMOHHBIE cucTeMbl, Takue kak ARGOS. KomnuectBo Oyés
OIIpe/IeNsieTCss 0COOCHHOCTSMH JICAOBBIX YCIOBHH U COCTAaBIISACT OT HECKOIBKUX €U~
HUI] 10 HECKOJIBKUX JECATKOB.

Crnenuajan3npoBaHHOE FHAPOMETEOPOIOrHYecKOoe ofecreyeHmne

B ciygasx, kora HEBO3MOXKHO CIIPOEKTHPOBATH COOPYKEHHUS, CITIOCOOHBIC BBI-
JiepKaTh MaKCHMAaJIbHBIE JIE0BBIC HATPY3KHU U YIPO3bl, HEOOXOIMMa CHCTEMa OPTaHH-
3aI[HOHHO-TEXHUYECKUX MEPONPHUATHH, HAIIPABICHHbBIX Ha NPEIOTBPAICHUE aBapHii-
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HBIX CUTYyaIuil — yrpasiieHue JiefioBoit oocranoskoit (YJIO). Takas cutyanus xapak-
TepHa s paiiona IlltokmanoBckoro I'KM, rae Bo3MOXHBI aiicOepri Macco Ooliee
4 MJTH T.

VJIO BkirouaeT B ceOsl 0OHApY)KEHHE M OTCICKUBAHME aiicOepProB M IPYTUX
OITACHBIX JISITHBIX 00pa30BaHMiA, IPOrHO3UPOBAHIE TPACKTOPHIH MX IBIDKCHHS, OTIpe-
JICTICHHUE CTENICHU PUCKA IS COOPYKCHUS, IPUHATHE PEIICHHS 10 (PU3UICCKOMY BO3-
JICHCTBHIO Ha OMACHBIM OOBEKT C LENBI0 MPEJOTBPAILEHHS €r0 IPOHNKHOBCHHUS B 30HY
BO3MO)KHOTO KOHTaKTa C COOPYKEHHEM.

OOHapykeHHe aiicOeproB, MOHUTOPUHT WX JWHAMUKH, ITPOTHO3 TPACKTOPHH
JIBYDKCHHS SIBJISICTCS] YaCThEO CHCTEMBI CIICIIHATH3UPOBAHHOTO THIPOMETEOPOIIOTHYe-
ckoro obecrieuennst (CI'MO) paifoHa 10ObIYM U TPAHCTIOPTUPOBKH YTIEBOJOPOJIOB.
Crtpykrypa u Buabl uHpopMmamuu B CI'MO uMeroT cBoto crieliuuKy B 3aBUCHMOCTH
OT palioHa M BHJOB JesTeNbHOCTH. Kak mpaBmiio, 3To obecrieueHne padoThl CO0-
CTBEHHO IUIaT(GOPMBI WM TEPMUHAJIA, OTEPALMi 110 OTIPY3Ke YIIIEBOJIOPOIOB H MOP-
CKas TPAHCTIOPTHPOBKA.

B mactosmee BpeMs THIPOMETEOPOJIOTHYECKOe OOecIeueHne MOPCKOH jes-
TEJILHOCTH TPEICTABISIET COOO0M CIIOKHYI0 MH(POPMAIIMOHHYIO CHCTEMY, KoTopast Oa-
3UpyeTca Ha COBPEMEHHBIX CHCTeMax HaOJIIOACHUi, nepenadn u oopaboTku mHDOp-
MaIlyy, aHalIn3a W MPOTHO3WPOBAHMS THIPOMETEOPOJIOTHYSCKUX yCIoBHiA. Crammo-
HapHast CeTh MOJIPHBIX CTAHIUH SBISCTCS OCHOBHBIM HCTOYHHKOM THIPOMETEOPOIIO-
ru4ecKoi MH(GOPMAINK, U 32 TIOCIEHUE TObI BBIMOIHEH OOJBIION KOMIUIEKC padoT
M0 UX MOJIEPHU3AINH ¥ OOHOBJICHUIO.

CITyTHHKOBBIE CPE/ICTBA HAOIOICHNUIT SBIISIFOTCS OCHOBHEIM, @ B TI0/IaBIISIONIEM
OOJIBIIIMHCTBE CITy4YacB, €AMHCTBEHHBIM HCTOYHUKOM HH(OPMAIIMU O COCTOSHUH apK-
THUYECKOT0 JIEIHOTO MOoKpoBa. B HacTosmee Bpems B Poccun s nenoBo-uHpopma-
IIHOHHOTO O0ECHeUeHNUsT MOPCKON NESTEIbHOCTH HCIOIB3YIOTCS CITyTHUKOBBIC JaH-
HbIE 3apyOekHbIX KocMudeckux anmapaToB (KA) NOAA, Terra, Aqua, RADARSAT,
Envisat u numie ogHoro oreyectseHHoro KA Mereop-M. Poccust Ha 98 % Haxoautcst
B 3aBUCHMOCTH OT 3apyOeKHBIX HCTOUHUKOB CITyTHUKOBOI HH(OPMAIIHH.

Tlopyuenuem CoBeta besomnacHoctu Poccuiickoit @enepanuu ot 17 mapra
2010 r. nnaHupyercst Co3AaHNe POCCUHCKOM, MEPBOH B MUPE BBICOKOIJUIUIITHYECKOM
THJIPOMETEOPOJIOTHUECKOM MHOTo1eneBOoi kKocmuueckoi cucteMbl (MKC) «ApkTrkay
JUTE MOHUTOPHHTA 0OCTAHOBKH B CEBEPHBIX MOJIIPHBIX palfiOHaX B MHTEpecax obecrie-
YeHHs1 0E30IaCHOCTH TPAaHCAPKTHUECKHX MepeneToB, HaBurammu Ha CMII, x031ii-
CTBEHHOH JICATEIIFHOCTH Ha apKTUYCCKOM Ienb(de, a Takxke Uil n3ydeHus KimMara [5].

KA «ApkTHka-M» — BBICOKOAUIMIOTHYECKAs THAPOMETEOPOTIOTHYecKast 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 JISSITSTBHOCTH M MOHUTOPHHTA OKPYKAIOIIEeH CpeTbl Ha BCel TeppuTOpiH ApK-
THUKH, BKJTI04ast akBaTopuu CeBEpHOTO JIEOBUTOTO OKEaHa U MPUOPEKHBIC PETHOHBL
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3agayu cuCTeMbl: MOHUTOPHHT TOBEPXHOCTH M 00JaYHOCTH 3eMIJIM M MOpEHl B
ApPKTUYECKOM PErHOHEe M Ha MPUJIETAIOLINX TEPPUTOPHAX, a TAKKE MOCTOSHHBIA U
HaJEKHBIH OOMEH METeopoJIornyeckoil nHdopmaryei. Amnmnaparypa CIlyTHUKOB HC-
MOJIB3YETCS VIS OTIPE/ICIICHHS] MECTOIIOJIOKEHHUS Cy/I0B, CAMOJIETOB U APYTHX TTOABHK-
HBIX OOBEKTOB, TEPILIIINX OEACTBHE, B PAMKaX MEXIYHAPOAHOH CITyTHHKOBOH CH-
ctemsbl noucka u cnacanust «KKOCITAC-CAPCAT».

B mae 2023 r. I'ockopniopanus «Pockocmocy u HITO JlaBoukuHa 3aKITFOUUIN
TOCYJapCTBEHHBIN KOHTPAKT HA MOJCPHHU3ANNIO CHCTEMBI « ApKTHKa-M» I yBemn-
YyeHUs € OpOUTAIBbHON I'PYNIMPOBKH JI0 YETHIPEX KOCMHYECKHX amnmapatos. Co3na-
HUE U 3aIlyCK CIYTHUKOB «ApkTuka-M» Ne 3, 4, 5 u 6 nameuarorcs n0 2031 r. D10
MO3BOJIUT BJIBOE COKPATHTH NMEPHOTUYHOCTh CHEMKHU IOJIAPHON 00JIaCTH U TPOU3BO-
JIUTH HaOIOZICHNS TpeOyeMOoro paifoHa ¢ pa3HBIX PaKypCcoOB, a TAKKe IETATH3HPOBATH
CBEPXKPATKOCPOUHBIC TPOTHO3BI OTO/IbI, TOBBICUTE ONEPATHBHOCTH OOHAPYKEHUS U
MOHHUTOPHUHTA OMACHBIX NMPHPOIHBIX SBICHUH U UPE3BBIYANHBIX CHUTyallUil U yBeIH-
YUTh TOYHOCTH BBICICHIS 00TaKOB HAJ CHEKHBIM M JIEJIOBBIM IIOKPOBAMH U OTIpe/ie-
JIEHUS! UX XapaKTEPUCTHK B ADKTUYECKOM PETMOHE M Ha MPUIIETAIOMIUX TEPPUTOPHSIX.

«ApkTHKa-M» noctpoeH Ha 6a3e miardopmsl «Hasuraropy». Ero macca cocras-
nset 2100 xr. AnmapaTypa, pa3MeméHHas Ha CIIyTHUKE, IPAKTUYIECKU COBIAIACT C all-
napaTtamMu cepuu «nektpo-JI». [Tone3nas Harpys3Ka COCTOUT H3:

o MHOT030HAJIbHOI'O CKaHUPYIOILET0 YCTPOHCTBA THAPOMETEOPOIOrHYECKOTO
obecneyenus (MCVY-I'C) — obecrieunBaeT norydeHue n300pakeHUi 00JIauHOTO CIIOs
U TToBepXHOCTH 3eMiu. PaboTaeT B nHGpPaKpacHOM U BUANMBIX AUANa30HAX;

« TenmoreousnuecKkoro ammaparyproro komiurekca (I TAK-BDJ);

e anmapaTypbl Nepefadn AaHHBIX MEXIy Ha3eMHBIMH METEOPOJOTMYECKHMU
CTAHIUSIMU;

o ammapaTypsl cucteMsl «Kocmac-CapcaT» Ui peTpaHCIAINN CHUTHAJIOB OT
aBapHUITHEIX OyeB.

Esxeronno Beimyckaercs 6osiee 12 THICSY METEOPOJIOTMYECKUX M THAPOIIOTHYE-
CKUX KPAaTKOCPOYHBIX NMPOTHO30B OOIETO MOJIB30BAHUS MO PA3TUYHBIM AKBATOPHSIM
apKTUYeCKUX Mopel 1 0koito 400 KpaTKOCPOUHBIX TPOTHO30B 110 aKBATOPHSM ITOPTOB
CO cpeJHell onpaBbIBAEMOCTBI0 95—97 %, 4TO COOTBETCTBYET YPOBHIO IIPOTHO3UPO-
BaHMA BeAYIIHUX 3apyOeKHBIX [IEHTPOB [4].

B Teuenne mocienHux S et Bce HAOIIOMAEMbIe OMTACHBIE THAPOMETEOPOIIOTH-
YECKHUE SBJICHUS JJIsI MOPCKOH AEATENEHOCTH OBIIN CIIPOTHO3UPOBAHEI U INTOPMOBBIE
IpeAyNpeKICHUs CBOEBPEMEHHO NEPEaHbl 3aMHTEPECOBAHHBIM OPraHM3alUsIM, YTO
MO3BOJINIIO COKPATUTh MOTEPHU H yIIEPOBI IO MOTOAHBIM YCIOBHSM.

Jlns obecriedeHns JIEIOBOTO IUIABAHMS HEOOXOIMUMOH THIPOMETEOPOIOTHYe-
ckoit mapopmarnmern B AAHWUU 6but pa3paboTaH alanTHPyEeMbIi KOMILIEKC MOHHUTO-
PHHIa U POTHO3UPOBaHUS COCTOsIHUS aTMocdepbl u ruapochepsl (AKMOH), mo3so-
JSIIOLIMN aJalTUPOBATh TEXHOJOTMYECKUH IIPOLECC MOHUTOPUHIA IIPUPOAHON Cpebl
K PETHOHATIBHBIM (DPHU3NKO-TeorpaUIecKuM YCIOBHAM H CHEIH(UISCKUM 3aripocaM
HoTpeOuTeNst, HEOOXOJUMBIM JUISl OBBIICHNS! 0€30MaCHOCTH 1 3P PEKTUBHOCTH MOP-
CKOM JIeSTETBHOCTH B apKTHUECKHX Mopsx Poccun. Kommiuexkc cocTout u3 6a3oBoro
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MOJTYJIsI, pa3MENIeHHOTO B MH(OPMAIMOHHOM LIEHTpPE, W YAAIeHHBIX Moaynei. baso-
BBI MOITyJTh 0OecrieunBaeT cOop, 00padOTKy M aHAIN3 TAHHBIX, pa3padoTKy HH(POP-
MAaIMOHHOM MPOIYKIIMH U, €€ JOBEICHHE 10 KOHEYHOT'O MOTPEOUTEIS. Y TaJICHHBIC MO-
Iy H, pa3MeIaeMble Ha Cynax, JIGHOKOJIax, MmiaThopMax W TepMHHANAX, oOecredn-
BAIOT BU3YaIHM3AI[MI0 METEOPOIOTHIECKOH, JIEIOBON U OKEaHOIOTHYecKoil mHpopma-
IIH ¥ €€ COBMCIICHUE C 3JICKTPOHHBIMH HABHTAIIMOHHBIMH KapTaMH.

AKMOH - 3T0 ne10BbIi HaBUraToOp, KOTOPBIH BKIIIOYAET, HAPSAAY C JIEIOBOH, U
Ipyryio uHbopManuio (BeTep, BOIHCHWE, NPWIINBEI, TCUCHHUI W 1p.). B HacTosmee
Bpemst komimiekc AKMOH ycnemHo skcruryaTupyercst Uisi 00ecriedeHus MOPCKHUX
tpancmoptHeIXx 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
J00BIIM He()TH ¥ Ta3a MPEJCTABISCT COO0H BaKHYIO 3a/1a4y, KOTOpas TpeOyeT KOM-
IUIEKCHOT 0 1o1xo0/1a. Heo6X0AuMOCTh MOCTOSIHHOTO MOHUTOPHHTA, aHAJIN3a PHCKOB U
3¢ deKTUBHOrO0 00yYEHUS! TEPCOHANa OMPEACISeT KIIOUYEBBbIE DIIEMEHTHI B CHCTEME
6e3omacHocTH. [IprMeHeHHEe COBPEMEHHBIX TEXHOJIOTHH U Y/ACICHUE TOJDKHOTO BHU-
MaHUsI [TOJTOTOBKE CIICIUATIICTOB CIIOCOOHBI MUHUMHU3HUPOBATh 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, TO CTAHOBUTCS OCOOCHHO aKTyaIbHBIM.

Cnucok IMTepaTyphl

1. Abysapos 3. K., [ymanckas H. O., Hecmepos E. C. OnepatuBHOe OKeaHOrpaduyeckoe 00ciIyKu-
Banue. M. : O6uunck : UT'-COLMH, 2009. 288 c.

2. Bawecmiok 1O. B. IlepcrieKTHBHbIC HANIPABIICHUS CHIJKCHUSI TEXHOTCHHOTO BIMSHHS TOPHOT'O IPO-
H3BOJCTBA Ha HoA3eMHyI0 ruapochepy // Ilonsemuas runpocdepa : MaTepuansl Beepoc. coBemanus 1o mosi-
3eMHbIM BoJiaM Bocroka Poccun (XXIV coerianune no noazeMusiM Bojam Bocroka Cubupu u Jlansuero Bo-
CTOKa ¢ MexyHap. yuactuem). ExarepunOypr, 21-28 uronst 2024 r. ExarepunOypr, 2024. C. 481-486.

3. Komuamoe B. @., Kmumoposa E. H. Jlykesnog FO. C. OCHOBHbIC HANpPAaBICHHUS M MEPCIECKTUBBI
THIPOMETEOPOJIOTHIECKOT0 obecredeHust Mopckoii aestenapnoctu / Tpyast TOWH. 2008. Beim. 211. C. 31—
42

4. Hecmepog E. C. OnepaTuBHOE THAPOMETEOPOJIOTHYECKOe OOecIeueHne AesTeIbHOCTH Ha MOPSIX
Poccuu // Tpynst TOVH. 2013. Boin. 214. C. 305-316.

5. @ponos A. B. O pa3BUTUM T'UIPOMETEOPOIOrHYECKOro obeceueHns MOpeKoi iesTenbHoctu Poc-
cuu // Teopust u npakTHka MOpckoi aestenbHocTd. Beim. 7. M. : COIIC, 2006. C. 25-35.

246



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

VJIK 556.535

Ouenka Biausinus pek Canru FOxnoii 1 UHroabl Ha MOCTOBOI
nepexoa B ¢. XajaKkra

W. I1. I'py3aes (ilish.01 @mail.ru)

Uprymeruu 2ocyoapcmeennblii ynusepcumem, 2. Upkymck

Annoranus. O6bekToM HcenenoBanus seisiercs p. Canra HOxHast 1 ee jieBbIil NpUTOK — p. MIHrO4,
KOTOpast CIocoOHa OKa3bIBATh BIMSHIE HA MOCTOBOII IIEPEX0/1, HAXOASAMIMICS B C. XaaKTa BO BPeMs
TIPOXOXKJICHUS JOXKAEBBIX IIABOJIKOB B JICTHE-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 TaHHOTO MOCTOBOTO Iie-
pexojia 1 HaXOISIIMeCs] B HEYIOBJIETBOPUTEILHOM cocTossHuM. Peka MHroaa pacnonoxena B 1,7 km
FO)KHOT'O HAaIPaBJICHUSI OTHOCUTEIIBHO HCCIIElyeMOr0 MOCTOBOTO repexo/ia. Bo Bpemst 10k /1eBbIX ITa-
BOJIKOB YPOBEHB BOJIbI p. VIHIO/IbI TOJHUMAETCS U 3aTAIlJIMBACT HACEICHHBIE MyHKTHI, PACHIOIOKECH-
HbIC B ee noiime. Llens nccneioBanms — ananus pexxuma pex Canru Oxuoit u arozs!. B pesynbrare
paboThl HEOOXOAMMO OICHUTD BIUSIHUE STUX PEK Ha HCCIIEyeMblii MOCTOBOM MEpexo/.

Karouessie ciioBa: p. Canra FOxnas, p. Marona, MoctoBoil nepexos

I'maposioruyeckuii pe;xumM paioHa UCCIeJ0BAHNSA

B agMuHMCTpaTMBHOM OTHOIIEHHH HCCIENYEMBII MOCTOBOM MEPEX0] pactomno-
JKEeH B YJIETOBCKOM paiioHe 3abalikanbckoro kpas Poccnu. Moct Haxomures y c. Xa-
JIAKTa, B CEBEPO-BOCTOYHOH YaCTH pailoHa Ha pacCTOSHUU 6,5 KM (T0 MpsIMOM) Ha ce-
BEpPO-BOCTOK OT C. YIJIETHI.

Bonotoku paiiona uccienoBaHuil OTHOCATCS K VIHTOAMHCKOMY JIECOCTEITHOMY
nojpaifony MHroguHo-Ara-bop3HHCKOro ruaposorHueckoro paitona. [lis pex pac-
CMaTpPUBAEMOI0 PalioHa XapaKTEPHbI UEPEJOBAHUS PE3KUX [IOBEMOB U CIIaJI0B YPOB-
Hell B TEIUTyTo 9acTh rojia (TTaBOTOYHBIN PEKUM), HU3KAsl B JICTHE-OCCHHUH MEPHO 1
yCTOHYMBas B XOJIOAHOE MOIYroJue MeXeHb. BoIOTOKN qaHHOTO palioHa mpUHAJIe-
JKaT K TUITY PeK ¢ MpeolIagjaHueM JOXKIEeBBIX MaKCUMYMOB [3].

Onucanue OIMKARIINX BOJTOTOKOB HCCJIEIYEMOr0 Y4acTKa

Pexa Canea Oxcnas

Peka Canra IOsxHast — 1eBbIi MPUTOK MepBoro nopsiaka p. Uaroasl. bepet cBoe
navaio Ha Beicote 1160 M BC. [lnomans Bomoc6opa — 115 kM2, 00mmIas 1IMHA PEKA —
32,5 kM, YKJIOH pexu 14,5 %o. Ilnomans BogocOopa 10 CTBOpa HCCIeyeMOro MOcTa —
114 xm?, paccTosnue 10 uctoka — 30,6 kM, ykioH — 14,7 %o. Jlonuna peku Tpamele-
uaanbHast. JIeBbli CKIIOH JOJMHBI XOJIMUCTBIN, paBbiii nosioruii. [loiima nosnoras, me-
cramu gocruraet 0,15 kM B mmpuny. Hike npoexkTupyeMoro MOoCToBOIO Mepexojia
TEXHOTeHHO HapylueHa. [To Bcell moiiMe nmpouspacTaer Jqyropasi 1 pelkas KycTapHU-
KOBasi paCTUTENBHOCTh. Pycio peku u3BuiIuCcTOE. B cpeHeM MMeeT MIUpUHy 3 M, B
CTBOpPE HMCCIIETyeMOTO MOCTOBOTO Mepexo/ia muprHa pycia 27 M. [yOonHa Ha murecax
nocruraer 0,6-0,7 M. [IHO clio’keHO WIIOM, MecTaMu rajeyHukoM. I1lo 1Hy 4acTuyHO
MIPOU3PACTAIOT BOAOPOCIH. beperoBeie ouepTanus MpoCieKUBAEMbIE, CI0KEHBI T~
HUCTBIMH U CYTTIMHUCTBIMU TPYHTaMH. BeicoTa GeperoB MoxkeT gocturath a0 2,0 M oT
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nHa pexku. Ha p. Canre FOxHoi, Bbilie MocToBOTO niepexona B 11,6 km u B 13,2 kwm,
PACIIOJIOKEHBI /IBA BOAOXPAHWININA, CO3JAHHbIC ISl OPOLIEHHS CeIbCKOX03sCTBEeH-
HBIX yroaui. B 3umunit nepron B pailoHe MOCTOBOTO TIepexo/ia peka rnepemMep3aeT 10
JTHa, B CBS3M C YeM 00pa3yroTCs ©KEroAHbIe HaJeAn MOITHOCTEIO 0 1,84 M. Hanens
o0pasyeTcs oL MOCTOM 1 PACIIPOCTPAHSIETCS HIDKE 110 TEUSHNUIO 10 ycThst Canrn FOx-
Hoii. B Teyenue rona Ha peke HabOironmaercs ctok. Ha puc. 1 npexncranena p. Canra
IOxHas u nccnexyeMslif MOCTOBOI TTEPEXOS.

Puc. 1. Uccnenyemsrii MocTOBOI mepexox yepe3 p. Canra IOxHast
(BHJ BHU3 I10 TCYCHUIO)

Pexa Hneooa

Pexa Muroaa — neBwliii mpuTok nepsoro nopsiaka p. Llunku. beper cBoe Hauano
B xpeoTe XoHToH. [Inomane Bogocbopa pexu paBHa 37 200 kM2, umHa — 708 kM. B
paiione yctbst p. Canru FOxHolt nonmuna p. MHroas! tpaneneuaanbHas. CKIOHBI 10-
JIUHBI TIPEJICTaBIIeHBl XpeOTaMu, U3pe3aHbl TOPHBIMUA PeKaMH U pydbsimMu. Ha neBoit
noiime Muronel pacnonoxkena a. Xaznakra. Jlepas noriMa 1octuraer 1 KM B HIUPHUHY.
IIpaBas noiiMa yaCTUYHO 3aKOYKOBaHa, UMEET LIMPUHY 10 6 KM. PacTuTenbHOCTh 10
BCEi moiiMe MpesCTaBIeHA TPABSIHUCTOI (MecTaMH yBIIQXKEHHOH) U KyCTapHHKOBOM
pacTUTENBHOCTHIO. Pycio pekn m3BmimcToe. Ha mtaHHOM BOJHOM 00BeKTe HaOIrO/1a-
eTcsi HOMMEeHHast MHOTOpYKaBHOCTb, UIMEETCSI MHOXKECTBO IPOTOK PA3IMYHON IIUPHUHBL
u rryounbl. OCHOBHOE PYCIIO B MEPUO]] MABOJAKOB JocTuraet B mupuny 100 M. [y-
OMHA Ha MOMCHT HCCJICIOBaHMI Ha Tutecax jJocturaia 4 M. JIHO 9YaCTHUYHO CIIOKEHO
WJIOM M TIECKOM, MECTaMH TaJIeYHUKOM. beperoBrie ouepTanus XOpoIIo MPOCcIeKUBa-
rorcs. Ha m3myunHax HaOIOgar0TCsl TOOOYHHU U MOAMBIBBI OeperoB. Ha puc. 2 mpen-
CTaBJICHO OCHOBHOE PYCJIO p. IHT0/1p1 B palioOHE yuacTKa MCCIIEIOBAHUN.
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Puc. 2. OcnoBHoe pycio p. IHrona B paiioHe yyacTka UcciaeI0BaHui
(B BHU3 10 TCYCHUIO)

IlnoTuns Ha p. Canra KO:xuas

Berre ncenegyemoro MoctoBoro nepexona Ha p. Canre FOxxHOI pacronoxkeHsl
JIB€ HEKaNUTaJbHbIe MI0THHEL. [lepBas ruioTuHa pacnonoxena B 13,2 KM BBbIIIE MO Te-
YEHHIO OCH IIPOEKTUPYEMOI0 MOCTOBOIO IIEpexo0/ia, BTOpast — Ha paccTosiHuM 11,6 km
OT OCH Tpacchl. 3eMIIsIHbIE IIIOTHHBI OCTpoeHbl B 1960-1970 rr. [TnoTuns! Bogoxpa-
HWJIAI OTCHITIAHBI U3 CYTIIMHUACTOTO TPYHTa. B mpaBoi yacTu mioTHHBI N 2 UMETOTCst
YYaCTKH OOpYIIEHHUS OT MOJMBIBA TeJla TUIOTHHEI BOJHOBBIMH IIPOIIECCaMU, KOTOPHIE
HaMHOTO CHIJKAIOT €€ YCTOWYMBOCTh. B npaBoil yactu miuotuHel Ne 2 umeeTcst npomo-
vHa. Ha ocHOBaHMU NaHHBIX 00CIENOBAHMS CAETAHO 3aKIIOYEHHE O BO3MOXKHOCTH
npopsiBa 00enx m1oTuH. Ha purc. 3 mpeacraBieHa MpoOMOWHA B TIPABOM YaCTH HIKHEH
MJIOTUHBI.

Puc. 3. Pa3mbIB rutoTuHbl N 2 (BU BHU3 110 TEUCHUIO)
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PyciioBoii npouecc

HaGmonenus 3a pycioBsiMy Ae(OpMalMsAMH Ha y9acTKE MCCIIEO0BAHNS HUKO-
raa He npoBoaunuck. PycnoBele odepranus p. Canru FOxHOI npocnexuBaroTcs Ha
MPOTSHKEHUH Beel pekn. Ha TaHHOM BotoTOKe HaOmogaeTcs MeaH[pupoBanue. B paii-
OHE HMCCIIElyEMOTr0 MOCTOBOTO MEPEX0/ia MEaHAPUPOBAaHKE BEIpaxeHo ciabee. bepe-
TOBBIC OYEPTAHMS BHIPAYKCHBI SIBHO.

Pycnosoii npouecc Ha p. MHroae mpencraBieH NOMMEHHOM MHOIOPYKaBHO-
CTBIO. BepeFOBLIe O4YCpTaHUA PCKH BBIPAKCHBI ABHO. PyCJ’IOBHe IIPOIECCChl HE CIIO-
COOHBI HEraTHBHO TOBIHATH HA 00BEKT M3BICKAHNH, TOCKOJIBKY JIEBBII Oeper U jieBas
noiiMa MHro/1p1 Ha yyacTKe U3BbICKaHHUH 3acTpoeHa (c. XaaaKra).

MeTtoabl pacueTa riAPOJOrHIC€CKUX XapaKTCePUCTUK

rHHpOMeTeOpOHOFI/I‘ICCKI/Ie pa6OTLI BBIIIOJIHECHBI B COOTBETCTBHMU C HACTABJICHU-
AMH, PYKOBOAAIIUMU JOKYMEHTAMU U MCTOANYCCKUMHU YKa3aHUAMU POCI‘PI,Z[pOMCTa,
PETIIAMEHTHUPYIOINUMUA METOJBI IIPOU3BOACTBA JaHHBIX BUIOB pa60T.

PacueT cTOKOBBIX XapaKTePUCTHK

Becennee nonosoove

PacyeTHbII MaKCUMaNTbHBIN PacX0.l BOJBI BECEHHETO TOJ0OBOIBS Qp v 3aTaHHBIN
€XKEroTHOW BEPOSITHOCTBIO TpeBbIeHust P % /I BOTHBIX 00BEKTOB Ha y4acTKe MC-
cienpoBanuii onpenensuics cornacHo CIT 33-101-2003 [S] n «Ilocobus mo ompenene-
HUIO PaCYETHBIX TUAPOIOTHIECKUX XaPaKTEPUCTUKY [ 1] Mo penyKIumoHHoH hopmyie:

Op o= Kohyp o410 0102A/(A+A1)" )

Jlosicoesvle nasooku
PacueThl MaKCHMaJIbHBIX PACXOI0B BOJBI JAOKICBOrO maBojka s p. Caxra
O Hast pon3BOAMIKCEH 110 (HOPMYJIIE TIPEAEIIbHON HHTCHCUBHOCTH CTOKA:

Op o = q190H | %0/p %A )

MakcumanbHbli pacxoi BOJIbI 0XKAEBbIX MABOAKOB p. IHroma paccuuThiBasics
corimacuo CIT 33-101-2003 1o pacdetHol Gopmyie Trma [ (pexyKIHOHHON) ¢ HCIIOIb-
30BaHUEM CTOKOBBIX XapaKTEPUCTHK peKu-aHajora (Tuapojioruueckuid moct p. MH-
roja — c. YJeThl).

Op %=qap 24(002/0a024) (A/A)"A (3)

Pacuer napamerpoB Haslequ
Pacuer MmakcuManbHOM  TONIIMHBI  HAJEAW  3aJaHHOM  BEPOSTHOCTHIO
npeBbiieHus P % ocymiecTBisiercst B COOTBETCTBHM ¢ TyHKTOM 3. 9 «PykoBojcTBa 110

MPOCKTUPOBAHUIO, CTPOUTEIBCTBY M OSKCIUIyaTAIllMd HCKYCCTBCHHBIX COOPY KCHHIMA
ABTOMOOMJIBHBIX IOPOT HAa BOJOTOKAX C HaJEAIMU» [4] o popmyie:

Znax P = Vanax ukxkfkn (4)

Pacuer NnpophbIBa MNJIOTUHBI
Pacuer MakcumalbHBIX pacxoaoB IpH MNPOPLIBEC IUIOTHUHBI ITPOU3BOAUJIICH
cormacuo [IMII-91 o popmyue [2].
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Oun=((Z" 1Wot Wy 25) Qi) (Z" 1 Wot Wy 2) "+ 9 Qi ®)
PacuyeT ypoBeHHBIX XapaKTePHCTHK
INoce momydeHHss MakCHMaJIBHBIX PAacXoJ0B BOABI OBUIH IOTYyYCHBI MAaKCH-
MaJlbHbIE YPOBHH COOTBETCTBYIOIINX oOecreueHHocTel. [{is pacuera MakCHMalIbHBIX
ypoBHe#t Boabl 6bu10 ucnonszoBano 10 Kpeno «MopdocTtBop». PacueTHsie Makcu-
MaJbHBIC YPOBHH BOABI ONIPEIEIISUINCH TT0 KpUBBIM O=f(H) depe3 pacxo sl BOABI Q1 %.
[TocTpoeHne KpUBBIX PACXOA0B OCYLIECTBIAIOCH C OMOIIBIO (POPMYJIBI:

0 = w/n*h?3[? (6)
Ha puc. 4 npencrasiena kapTa-cxeMa pactoioKeHHUsI TPOTOK U MOP(GOCTBOPOB.

s D Y

Puc. 4. Kapra-cxema pacrionoxeHus IpoToK U MOp(HOCTBOPOB

Pacuer 3po3umn Oeperos

Ha p. Canra lOxHast pycioBoii mporiecc mpeAcTaBiIeH CBOOOIHBIM MEaHIpUpPO-
BaHUEM, B paifoHe HCCIIelyeMOro MOCTOBOTO TIepexo/ia OHO Oojiee orpaHudeHo. be-
pera peKu 4aCTUYHO CJIOXKCHBI CYTJIMHUCTBIMU OTJIIOKCHUSAMU U MECTaMU NOCTUTAIOT
B BBICOTY 710 2,0 M OT AHa pexu. B cBs3m ¢ 3TuM OGepera JaHHOTO BOJOTOKA TOABEP-
JKEHBI Pa3MBIBY BOJIHBIM ITOTOKOM. J[JIs onIpeienieHust CKOpOCTH pa3MbIBa OeperoB ObLI
MIPOM3BE/ICH aHAIN3 6 KOCMOCHUMKOB, B3sThIX B [10 Google Earth 3a pasusie rojpt
(2003,2004,2016,2017,2019, 2021). /lanabIe KOCMOCHUMKH ObUTH cOBMeteHbI B [1O
AutoCad. CpaBHEHHE TPOU3BOAMIOCH TOJIBKO IS KOCMOCHUMKOB, CHSTBIX B JIETHHH
MePUO/I, MOCKONBKY BO BpeMs JOXKJEBBIX aBOJKOB JaHHBIA BOJOTOK HE BBIXOJUT Ha
noiimy. CpeiHss CKOPOCTh Pa3MBbIBa MOJyUYEHA ITyTeM AEJICHUS IUIONa U pa3MbIBa Oe-
pera Ha JUIMHY (POHTA pa3MbIBa U IIEPHO]] pacyeTa.
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Pe3yabTaThl pacyeTa ruAPOTOTHIECKUX XaPAKTEPHCTHK
pex Canru FO:xuoii u UHroasl

B xone koMIuieKca BBITTOIHEHHBIX THAPOJIOTHYECKUX PA00T OBIIM TOJYYEHBI:
MaKCHMAJbHBIE PACXO/bl U YPOBHHU BOJBI PA3IUUHBIX OOecrieueHHOCTeH, Hanens 1 %
u 2 % obecnieueHHOCTH. OTMETKH MOCTOBOTO TIEPEX0/1a, €r0 KOHCTPYKTHUBOB, TOPOXK-
HOTO IOJIOTHA, & TaKXKe OrKaiiiel TeppuToprui OBUTH MOTyYEeHbI ITyTeM reo/ie3nye-
ckoit cremkn GNSS npuemunkamu. Taxke Ha kocMuuecknit cHumok Google HaHe-
ceHa 30Ha 3aromieHus p. Canru FOHOH B CTBOpE HCCIIEAyEeMOT0 MOCTOBOTO Tepe-
xoma. BeITi coBMeIeHsl KOCMOCHUMKH 32 pa3HbIe TOIBI ¢ ONU(POBAHHBIM PYCIOM U
NPOaHAIN3UPOBAH MpoLEecC nepepaboTKH Oeperos.

B tabn. 1-3 npencraBneHsl pe3ysbTaThl PACYETOB.

Tabnuya 1
ObecreyeHHbIe MaKCUMaJIbHBIE pacXo/ibl Bozbl pek Canru HOxHol u MHroms!

MakcumasibHbIe pacxoibl Bojibl O, M/c
Xaiazzzs:}fz:m HI;‘:;;HL JloX1eBbIe aBOIKA BeceHHee 11010BoIbe IEII;(;];I::I
BOJZIOTOKA Cﬁil;;A’ Ob6ecneuennocts P, % Ob6ecnieueHHoCTh P, % 25?::6;’3:
1 2 3 5 10 1 2 3 5 110 1 2 [ 10

Canra HOxnast
(cTBOpP MOCTOBOTO 114 70,8 |61,6(56,6| 49,6 |39,6| 5,5 | 48 | 43 |3,8[3,1[410|370(268
nepexojia)
Murona (ctBop
yctbs p. Canru 13209 [1944|1717(1593| 1427 |1179|1204(1106|1041|944|846| — | — | —
1OxHOi)

Ha pexax Canre IOxHoit u MHroze npeobnagaer 10’KAEBOH MaBOJOK HaJ Be-
CEHHMM T0JI0BOJIbeM. COTIacHO MPOM3BECHHBIM PAcyeTaM MAKCUMAJIbHBIMU PacXo-
JIaMH BOJIbI SIBJISIIOTCS PACXOABI P MPOPHIBE TUIOTHHBI.

Tabauya 2
Paccunrannast MakcuMaibHas TONMHA Haseau Ha p. Canre HOxkHol
TonmuHa Haneau, M
HasBanue BogoToka O6ecneuenHocTs P, %
1 2
p- Canra IO>xHast (CTBOp MOCTOBOTO ITEpPEX0/1a) 3,23 2,92

MakcruManbHasl TONIUHA HAJIEAH 00eCTIeYeHHOCThIO 1 % B CTBOpE MOCTOBOTO
nepexoja pasusercs 3,23 M. PaccTosiHus OT HA 10 EPEKPBITUS MOCTOBOTO NEpexoia
(akHss oTMeTKa Oanku) paBuasiercs 3,50 m.

MaxkcuMabHBIMU SBJISIIOTCS YPOBHHU BOJBI BO BPEMS MMPOXOKIACHUA BECCHHETO
10JI0BObs 10 Hanenu. CleayromuMu 10 BBICOTE SIBJISIOTCS YPOBHHU IIPOPBIBA ILIO-
THHBI, a JJajiee J0KJIEBOro MaBoJIKa.
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Tabnuya 3
Paccunrtannbie oOecnieueHHbie ypoBHU BOJibI p. Canru HOxHOM 1 p. IHro161
ITno- MakcumanbHble ypoBHH BojbI Q, M¥/c
maab Becennee MOJIOBOJALE IO

XapakTepucTrka n Jlox1eBbIe HaBOJAKH TIpopBIB MIIOTHHEI

HA3BAHHE BOOTOKA | Loro- ——
al cbopa O6ecneuennocts P, %
A, xm? 1 2 10 1 2 10 1 2 10

p. Canra lOx-
Hasi — MC1 (Bblie
MOCTOBOT'O IIepe-
xo1a B 0,42 km)

114 ]732,02|731,96|731,75|733,59|733,59|733,57|733,16| 733,07 | 732,82

p. Canra IOx-
Has — MC2 (BbIme
MOCTOBOTO Hiepe-
xona 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 (amxke
MOCTOBOT'O IIepe-
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. Murona —

MC1 (Hmxe ycThst
p. Canru HOxHoit
B (0,24 xm)

13209726,38 | 726,27 725,98 | — — — — - -

Jns p. MHroas! pacueT MakCUMaIbHBIX YPOBHEHM BOABI MPOU3BOJHUIICS TOJIBKO
JUISL IO’KAEBBIX TTaBOAKOB, TIOCKOJNIBKY aHHAs (paza sBIIAeTCs TMMHUTHPYIOIIEH Ha TaH-
HOM BOJIOTOKE. Pa3HOCTb BBICOT MeXIy HMEPEKPBITUSI CTBOPA MOCTOBOTO Nepexoja U
MaKCHUMAaJIbHBIM YPOBHEM BOJIbI JOKIEBOT0 MaBojka 1 % obecneuennoctu Ha p. MH-
Tojic B TaHHOM 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 IJIsI CTBOPA MOCTOBOTO Tiepexoa U B SO M BhIIIE U HIDKE
MO TEYEHHIO OT JaHHOro MocTa. [yt p. IHrop! 30HbI 3aTOIIIEHNS IPEACTaBIEHbI HA
puc. 7-8.

Takum o6paszom, p. Canra FOxHast He criocoOHa 3aTalIMBaTh MOCTOBOH Iepe-
x071. MakcHMaNbHBIH YPOBEHB BOIBI BECEHHETO MOJIOBOIBSI TT0 HAJIE TN HIKE TTIEPEKPHI-
Tus 1aHHOro Mocta Ha 10 cM. IIpopbIBHBIE M MABOJKOBBIE PACXOAbI TAKXKE HE CIO-
COOHBI 3aTaluIMBaTh MOCTOBOH mepexojl. PasHuIa OTMETOK MEXay MaKCHMAJIbHBIM
ypoBHeM Boasl p. MHroga odecnedeHHOCTHI0 | % BO BpeMs IPOXOXKICHUS TOKAEBBIX
MIaBOJIKOB M HU3IIEH OTMETKON IIEPEKPBITH MOCTOBOTO TIepexoa Goiee 5 M.

253




CoBpeMeHHbIe TEHAEHLMM W NepCnekTUBLI Pa3BUTUS ruapomeTeoposiorui B Poccum
Mamepuarsi VIl Beepoccutickoli HayyHo-npakmuyeckol KoHgeperuuu. Mpkymek, 19-21 mapma 2025 e.

Foma saronicHns
1% ofeCTeTeNIoCTH

Puc. 5. 3ona 3aromenus ot p. Canru KOxHOM npyu MPOX0KISHUN T0XKIeBOro masoaka 1 %
00eCre4eHHOCTH B paifoHe MOCTOBOTO TIepexo/ia

Puc. 6. 3ona 3atomnenus ot p. Canru KOkHOM IIpU IPOXOKAEHUH BECEHHETO IOJIOBObS
o Haseau |1 % obecrieueHHOCTH B pailOHE MOCTOBOT'O Iepexo/ia

Puc. 7. 3ona 3aromnenus ot p. Canru KOxxHOM npu NPOX0KACHUN MPOPBIBE MIOTUHBI 1 %
00€eCcIIe4eHHOCTH B pailOHE MOCTOBOTO IEpexoia

Ha puc. 9 npeacrasneH pe3ynbTaT aHaIM3a KOCMUYECKUX CHUMKOB C Pac4eTOM
spo3un OeperoB. B kauecTBe MNOANOXKKM OBUI HCHONB30BaH KOCMOCHHMOK 3a
03.08.2017.

B tabin. 4 npexcrasieH pe3ynbTaThl pacuera pa3mbisa Oeperos p. Canru KOxxHo#.
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Puc. 8. 3ona 3aroruieHus ot p. MHroapl mpu MpoxXoxJICHNH JOXKIEBBIX MaBOAKOB 1 %
00€ecCIeueHHOCTH B pailoHe ¢. XaaKTa

'y
mm—— Pycno p. Canea FOocnas 6 2004 2.

— Pycno p. Canea FOxcnas 6 2017 .

Puc. 9. Pesynbrar otudposku pycna p. Canru FOxHOi Ha COBMEIICHHBIX KOCMOCHUMKAX

Tabnuya 4
Pesynbrars! pacyera pa3mbiBa 6eperos p. Canrn KOxHoit
PasmbIB, M/TOJL
Beper
MakcuManbHbIH Cpenunit
JleBbrit 1,3 0,16
IIpaBsrit 1,2 0,16

MakcHuMaibHbI{ pa3MbIB JIeBOTro Oepera paBeH 1,3 M B roj1, pa3MbIB paBoro Oe-
pera 1,2 m B roa. Cpennsist CKOpocTh pa3MbiBa 6eperos 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 SBJICHUN

Ha eBponeiickoil Tepputopuu Poccun:

KOHIENIMSA MOCTPOEHNs ABTOMATH3HPOBAHHON TEXHOJIOTHH

0. B. Kanmrikosa (kov@feerc.ru), A. A. Crpeirun (sprygin@rpatyphoon.ru),

C. B. Koznog (kozlov-sv@rpatyphoon.ru), A. E. Bsizmiios (vyazilov@rpatyphoon.ru),
JI. X. Unrems (lev.ingel@gmail.com), JI. K. Kymmkaukosa
(kulizhnikova@rpatyphoon.ru)

Hayuno-npouseodcmeennoe oowvedunenue « Tatihyny, e. O6Hunck

AHHOTaHl/lﬂ. OTmeqaeMmf/’l B HAaCTOSALIECE BPEMs POCT YAaCTOThI U HHTCHCHUBHOCTHU IPOSBJICHUSA OIlac-
HBIX IPUPOJIHBIX TPOIIECCOB U SIBICHHUI 00YCIOBIMBACT MTOTPEOHOCTH B pa3pabOTKe HOBBIX PEIICHHH
110 320JIarOBPEMEHHOMY OIIOBEIICHHIO 00 OIMACHOCTH MX BOSHUKHOBEHUS C BHICOKOW CTEICHBIO Je-
TaIM3aliy BO BPEMEHH U B IIPOCTpaHCTBE. PaccMarpuBaeTcst 001Iasi KOHLEIHS TIOCTPOCHHUSI aBTO-
MAaTH3MPOBAaHHOM TEXHOJIOTMHM MOHUTOPHHTA U IPETYPENICHHS O BO3MOXHBIX yIP0O3ax, CBI3aHHbIX
C CUCTEMaMH I'TyOOKOH KOHBEKIIUH U ITOPOKIAEMBIMH MU OTTACHBIMU KOHBEKTUBHBIMU SIBICHUSIMU
Ut eBporeiickoit Tepputopun Pocenn B Temblil mepuoa rofa. Jlaetcst onucanue mpeagaraeMoro K
UCIIOJIb30BAHMIO IT0JIX0/Ja K PACIIO3HABAHUIO CIECHUAIBHBIX MATTEPHOB (CHTHATYpP) WHTCHCHUBHBIX
KOHBEKTHBHBIX IPOLIECCOB, MPOSBISIOMMXCS B JaHHBIX JAMCTAHIIMOHHBIX HAOJIOJCHUH, a TaKKe
CXEMBI IIOCTPOCHUSI 0a3bl JAHHBIX COCTOSIHUI CHCTEM IITyOOKOI KOHBEKIIMH, OLICHUBAEMBIX 110 BCEMY
KOMIIIEKCY JIOCTYIHBIX JIJAHHBIX METSOHAOIIOJCHHH 1 YMCICHHOTO MOICTUPOBAHMSI JUIsl HAKOTLICHUS
ucropuii ux passutus. [IpuBoantes nadopmaryst o padore pealn30BaHHOTO IPOTOTHIIA TEXHOJIOTHI
B Terutelid nepuon 2024 r.

KiroueBble ¢J10Ba: HHTEHCUBHBIC KOHBEKTHBHBIE IIpOLECCHI B aTMOC(lJCpC, OITAaCHBIC KOHBCKTUBHBIC
SIBJICHUS, [IPOTHO3, TEXHOJIOTUSA, CUTHATYPBI, ClICIUAJIM3UPOBaHHAsA basza JAHHBIX, TaHHbIC TUCTAaH-
OHUOHHBIX Ha6IIIOHCHHﬁ, YHCJICHHOC MOJCIMPOBAHUE, ITPOTOTHII.

Beenenue

Ha eBporetickoit Teppuropun Poccun (ETP) HauBbICIIass akTHBHOCTh KOHBEK-
LUK C PErHCTpaIMeil ONacHBIX KOHBEKTHBHBIX siBiicHui (OK 1), kak mpaBuiio, npuxo-
JIUTCSI HA TIEPHOJ] ¢ Mas IO CEHTSIOPb, MHOT/IAa BIUIOTH U 10 OKTAOPs. C KaXKIbIM TOA0M
guciio OKSI mocrenenHo ysenmuuBaercs. [1o maopmanim u3 eBporeickoi 0a3bl 1aH-
Heix ESWD, kyna 3anocsitest cBepenust oueBuaues, B 2024 r. na ETP otmeuanoch
oxono 2900 caygae OKS [7]. Yare Bcero peructpupoBaics KpymHbIH Ipaj 1uaMeT-
pom Goee 2 cMm (56 %), cunbHBIN BeTep wiu mkBai (37 %), MpuMepHO B PaBHOH cTe-
TICHW CMEPYH U OTMacHbIe ynapsl MoIHHH (110 4 %). I1o oduImambHBIM JTaHHBIM C Me-
TEOCTAHIMH B YKa3aHHBIA mepuo] ObuIo 3adukcupoBaHo okono 1400 OKS, u3 Hux
MPEUMYIIECTBEHHO cribHBIC JIUBHU (90 %), 3HAUNTENBHO peke KpynHbid Tpaa (5 %),
mkBaibl (3 %), crmbHBIE TPO3bI (2 %) 1 emepun (0,2 %) [1].

Jist cHIDKeHUST BO3MOKHOTO HETaTHBHOTO yiiep6a ot mpoxoxkaeHust OK S veoO-
XOIMMO 3a0JIarOBPEMEHHO OTIOBEIATh O BOBMOYKHBIX PHCKAX, CBS3aHHBIX ¢ HX (op-
MupoBaHueM. B cTpykType Pocrunpomera 3Ty 3aady pemaroT CrieliHaIn3upOBaHHbIC
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Tepputopuaibiabele yrnpasieHns (YI'MC), KOoTopble BBIIAIOT ITOPMOBEIEC Mpeaympe-
xneHns. Kak mpasnio, mogoOHble NpenynpekaAeHus UMEIOT JOCTaTOYHO OOJIBIIOI
paz0poc 1Mo BpEeMEHNU C yKa3aHHEM IEPHOI0B, OXBATHIBAIOIINX IEJIbIE CYTKH U Ooliee,
M OTHOCSITCS K IOCTATOYHO OONBIIMM TePPUTOpHAM MacmTaba cyOsrekToB POD. [Ipn
9TOM HHTCHCHBHBIC KOHBEKTHBHBIC IIPOILIECCHI, MOPOXKIAIOIINE CUCTEMBI TTyOOKOH
koHBekuuu ¢ OKS, nocraToyHo J0KaNM3UPOBaHbl B MIPOCTPAHCTBE U BO BPEMEHH, B
HEKOTOPBIX CIydasX OHM BO3HUKAIOT B3PBIBHBIM 00Pa3oM, a HEPEAKO MOTYT OBITh U
6picTpoTeyHBIMH. [10 3TO¥ MPHYMHE BO3HUKAET MOTPEOHOCTH B pa3pabOTKe HOBEIX pe-
IIEHUH, KOTOPbIE O3BOIMIN ObI yTOUHSTh IITOPMOBBIE TIPEAYIPEKICHNS, KaK BO Bpe-
MEHH, TaK 1 [0 IPOCTPAHCTBY.

Perrenne qanHOI 3a/1a4M BUIUTCS B HCIOIBb30BaHUN 00BEKTHO-OPHEHTHPOBAH-
HOT'O TIOAX0/1a K PACCMOTPEHNIO KOHBEKTUBHEIX cHcTeM. Kaxias cuctemMa MOXKeT OBITh
IPEJICTABICHA B BUJIE CIIOKHOTO 0OBEKTa, OMUCHIBAEMOr0 HAOOPOM COCTOSIHUIT Ha Oc-
HOBE JIOCTYIIHBIX JAaHHBIX METCOHAOMIOJCHUN U YUCICHHOTO MOJEIHpOBaHHS. s
MporHo3a yrpo3 Bo3HUKHOBeHNs OKSI HeoOXoamuMo B EepBYIO OYepeNb BHIICIUTH TE
0OBEKTHI, KOTOPBIE CBSI3aHBI C CUCTEMaMHM IITyOOKOH KOHBEKIMU. AHAJIN3 AUHAMUKH
UX Pa3BUTHS MO3BOJIUT OLICHUTH OKHJIaeMmble niepuoasl popmuposanus OKSI. Ipen-
MOJIaraeTcsl, 9YTO B TAKOM PEKUME MpeeibHas 3a01aroBpeMEHHOCTh OTMOBEICHUS 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. TakuM oOpa3om, 3a cHeT 0OBEKTHO-
OPHEHTHPOBAHHOTO IOJX0/a MPEACTABIACTCS BOSMOKHBIM CYIIECTBEHHO JETaTN3H-
poBaTh mpeaynpexaeHus 06 OKS.

CHFHaTprI HHTCHCUBHBIX KOHBCKTHBHBIX ITPOLIECCOB

IHTEeHCHBHBIE KOHBEKTUBHBIC TIPOUECChI MOT'YT OBITH BBISIBJIEHEI I10 XapaxkTep-
HBIM JIMaTHOCTHYECKUM MpPU3HAKaM — MaTTepHAM (CHTHATypaM), IPOSBIISIONINMCS B
CTPYKTYpE IaHHBIX JUCTAHIIMOHHBIX HAOIFOJCHUHN, TPEXKIC BCETO PaJUOIOKAIHOH-
HBIX, CITyTHUKOBBIX U I'PO30IEICHIAIMOHHBIX HabmroAeHui. IIprpoa HEKOTOPBIX CHUT-
HATYp JI0 CUX TIOp HE U3y4YeHa, a BO3SMOKHOCTH MX PACIIO3HABaHUS B OOJbIIEH CTENEHI
ONPEAETSIIOTCST UCHOJIb3YEMbIM Pa3pelIeHUEM HMCXOJHBIX IAHHBIX. TeM He MeHee,
UICHTU(UKAINS CUTHATYD B TPAaHHUIAX KOHBEKTHBHBIX CHCTEM MOXET CIIYXKHTh OYe-
BUJHBIM IPU3HAKOM HUX OTHECCHUSA K KJIACCy CHUCTEM FJ'Iy6OKOI‘/'I KOHBCKIIUHU. Baxno
OTMETHUTB, UTO IO pe3yIbTaTaM HEKOTOPHIX 3apyOe)KHBIX MCCIEJOBAaHHMN, yCTAHOBIICHA
CTaTUCTUYECKAs CBsI3b HAONIOJaeMBIX CUTHATYp ¢ peructpanueid OKSI, mo stoit mpu-
YMHE BO MHOTHX cTpaHax, mpexje Bcero B CIIIA u B EBporne oHM HCHOIB3YIOTCS B
onepaTuBHOH npaktuke [4]. B Poccun ucnonb3oBanue curuatyp aias nporuosa OKSL
MOKa HaXOJIWTCS B CTaIUH MPOPAOOTKH, M B ATOM ITOJXOJIC aBTOPHI BHIAT OOJBIIHE
nepcneKTuBbL. Jlanee mpeyiaraetcs pacCMOTPETh HauOoIIee IMUPOKO U3BECTHBIC CHT-
HATypBl, CTPYNITUPOBAHHBIC 110 TUITY JaHHBIX. B TabnuIle 1aHbI KpaTKHe CBEIEHUS MO
HamOoJIee N3BECTHBIM CHUTHATYpaM, a Ha puc. 13 mpumepsl ux nposisineHuii Ha ETP.
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Tabnuya 1

CI/IFHaTypr HWHTCHCUBHBIX KOHBCKTHUBHBIX IIPOLIECCOB

Haspanue

Onucanne

Tun cucTeMbl ¥ BO3MOKHBIE
OKA

PajnapHble CHTHATYPbI

Hook Echo

KproukooOpasuslit n3rud paanosxa Ha HIKHEM
ypOBHE

Bounded Weak Echo | Orpannuennas o6nacts c1aboit 0TpaxaeMocTu
Region (BWER) B CJIO€, CBsI3aHHAs C ME30LIUKIOHOM

O6uacTb CoueTaHust IPUXOSILIETO/yX O ISIIEr0
Mesocyclone 10 OTHOILICHUIO K JIOKATOPY MOTOKA Ha HIYKHEM

U CPE/IHEM YPOBHSIX

Forward Flank Notch

V-o0pasHas Gpopma pagnosxa Ha CpeJHEM
ypOBHE

Anomalous Storm

IlepemerieHne cuctemMsl B HaIIpaBIE€HUH, OT-

Cynepsigeiika: MIKBa,
cMepy, KpYIHBIN Tpaj,
CHJIBHBIH JINBCHB

Propagation JIMYHOM OT HAIPaBJICHHs BEAYIIEr0 MOTOKA
. HaxionHast 06s1acTh paiosxa ¢ pe3KiuMH rpa-
Weak Echo Region P pesid p
(WER) HHI[AMHU BBICOKUX U HU3KHX 3Ha4YeHUH 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 Irpaj
Divergence Husep Y p 24 P
mTopMa
KBasununeitHas cucrema
. 00JIBIIOT0 MacIITaba: ycu-
Bow Echo Jlyroo0pasHsliii U3rud paarosxa Y

JIEHHE BETpa, IKBAJI, HHO-
rj1a cMep4

Three Body Scatter

«1Inm» HU3KKUX 3HAYCHUH OTPakaeMOCTH, IIpe-

Spike (TBSS) HMMYIIECTBEHHO JUIS JJOKATOPOB S-1Hana3oHa N
I'panoBelii uTop™: B
MaxkcumanbHas Beicota ypoBHs 50 dBZ u 60- .
50 dBZ Echo Top ce MIEPBYIO OUepe b KPYyTHbIH
- — rpa,

Tight Reflectivity O06uacTb Pe3KUX IPAUEHTOB OTPAXKAEMOCTH HA pax
Gradient HIDKHEM YPOBHE
CnyTHMKOBbIE CHTHATYPBI
Overshooting Top KymnonoobpasHnast Bepiinta 061aka, mpoouBaro-
(OT) 111asi Tpononay3y
Cold-U/V/Ring U/V/xonb110-00pa3Hasi X0JI0jHasi 00J1aCTh
Warm Area bonee Teruias obnacte, okpyskaromas 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 HAKOBAIBHEN

Radial Cirrus (RC)

PannanbHo pacnpocTpaHsieMble NepUCThIe Bbl-
OpoChl HAKOBAIEHH B BHJIE JTyde

KOoM: Bech komruieke OKSI

CurHatypbl MOJTHHEBOI AKTHBHOCTH

Lightning Jump (LJ)

Pe3sknii poct uncna perucTpupyeMbIX pas3psijioB

Cucrema C SIBHO BBIPaKCH-
HBIM BOCXOISIIIIM [TOTO-
KOM: Bech KoMruiekc OKS

Lightning Dive (LD)

Peskoe cHmKeHHE UncIa PErNCTPUPYEMBIX Pa3-
psiioB

Cymnepsiueiika: B IEpBYIO
ouepesib cMepy
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| 04.07.2024 .

foa Kypcopow: oucotai 9.bos paccTommeci  69.7k4 at

ST

Puc. 1. PanapHble CUIHaTypbl Cynepsueiky, Ipouienieil 1o TeppuTOpun CeBepo-3arna Horo
(henepanbHOro okpyra 4 uronst 2024 r. (8ed-I'IC «Meteopaz»)

Puc. 2. CiyTHUKOBBIE CUTHATYPBI I'PaJioBoOro mropma B PoctoBckoit obnactu 14.06.2020.
(Meteosat, BUIUMBII JTHaIia30H)

50

- paa
49 W negative @ @ [6)]

M positive BeTep

Konuyecrtso paspagos 3a2 MUHYTbI

QOQQQQOQQ@QOQQG
SO LD S 0 OO S A S
it v g A vl Al R O Y

O O OOV O POE VO
ROROR SRR O

Bpems, UTC

Puc. 3. lunamuika BO BpeMEHU KOJIUYECTBA MOJHHUEBBIX PAa3psA0B ISl MOITHOTO IITOPMA,
npomeamero no 3anagy ETP 18-19.05.2021 r. ¢ yka3aHueM city4yaeB BbIsiBISHHs cUrHaTypst LJ
1 MOMEHTOB peructparun pa3nuaasix OKS
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Pamapuble cUrHaTYpBI OOYCIIOBIMBAIOTCS OCOOCHHOCTSIMH TPOCTPAaHCTBEHHO-
BPEMEHHOTO pacIpe/ieIeH s THAPOMETEOPOB, PETHCTPUPYEMBIMHU PaJHOIOKATOPOM B
MOIIHBIX KOHBEKTUBHBIX cUCTeMaX. JJaHHbIC CUTHATYPBI MPOSIBISIIOTCS HA M300paxe-
HUSIX PACIpeIeIeHUs TOPU30HTAIBHOM OTPakaeMOCTH U paHaIbHON ckopocTtH [12].
CIyTHUKOBBIE CUTHATYPBI ONPEIEISIOTCS 0COOCHHOCTSIMU, HAOII0JaeMbIMI Ha BEPX-
Hel rpaHuile cucteM riry0oKoi KOHBeKIH. OHHU SIBISIIOTCS PE3YIIETaTOM ITPOSIBICHHS
MHOKECTBA Pa3INYHbIX (PU3UUECKUX MpoIieccoB [ 11]. BeIBIAIOTCS OHE HAa H300pake-
HUSIX B BUAUMOM U MH(paKpacHOM Juana3oHax crekTpa. CUrHaTyphsl MOJTHHEBOH aK-
THUBHOCTH CBSI3aHBI C MyJIbCAIUSIMU BO3/YIIHBIX IIOTOKOB, TIPH KOTOPBIX MPOUCXOANT
nepepacrnpe/eieHiue 00beMOB 3apsHKEHHBIX YacTUIl BHYTpH obiaka [13].

CrnennajJu3upoBaHHas 0a3a JaHHBIX COCTOSIHUI cUCTEM
rJy00Koi KOHBEKIIUH

Kak yxe ObUIO YHOMSHYTO BBIIIC, MPEAJIAracTcsl BBIACIATh U PACCMaTPUBATh
KOHBEKTHBHYIO CHCTEMY KaK CJIOXHBIH, IIOCTOSTHHO BUAOM3MEHSIOMUIiCS 00BEKT. Y
9TOro OOBEKTa JTOJUKHBI OBITH ONpPEEeNICHBI MPOCTPAHCTBEHHBIC XAPAKTEPHCTHKH, B
MEPBYIO O4Yepelb KOHTYp 00BEKTa, a TAKXKE KOOPAMHATHI ero IeHTpa Macc. Kpome Hux
00BEKT JODKEH 00J1a1aTh HAOOPOM aTpUOYTUBHON MH(OPMAIUH, KOTOpasi B JAHHOM
ciydae OyJIeT ONMUCHIBAaTh ero coctosiHue (puc. 4). [TockoabKy B paboTe cTaBUTCS 3a-
Jada TIpeaymnpekaeHns o0 yrpo3ax BosHuKHOBeHHs OKSI, To Kpyr mHTEpecyeMBIX
00BEKTOB JIOJKEH OBITh CYXEH JI0 TeX, KOTOPbIE MPEJCTAaBISIIOT CUCTEMBI TITyOOKOM
KoHBEKIMH. C y4eTOM BCETO BBIIIIECKa3aHHOTO BO3HUKACT PSIJ 33734, KOTOPbIe HE0O-
XOZMMO PEIINTE:

— upeHTH(UKAIHSI 00HEKTOB;

— BBIOOp HanboJee 3HAUYMMBIX aTPHOYTOB 0OBEKTA;

— IPOCICKUBAHNE 0OBEKTOB BO BPEMEHU;

— OTHeceHHe 00BEKTOB K KIIacCy CHCTEM ITyOOKO# KOHBEKIINH;

— OIIGHKA CTaJWU Pa3BUTHSA OOBEKTa W IIPOTHO3 INEPHOIOB (HOPMHPOBAHHS
OKJ;

— IPOTHO3 TPACKTOPUU MEePEMEICHHS 00bEKTa.

B mporiecce perreHust mocTaBIeHHBIX 3a7a4 MpearaeTcst chopMupoBaTh CIie-
OHATH3UPOBAHHYIO 0a3y JaHHBIX, (PaKTHIECKH MPEACTABIIONIYIO cO00# 6a3y 3HaHUIT
0 CHCTeMax IIyO0OKO# KOHBEKIINH B PaCCMaTPHUBAEMOM PETHOHE, BKIIOYAIOIIYIO JIeTa-
JU3UPOBAHHOE ONHCAHNE UX COCTOSHHN B pa3INYHbIe MOMEHTHI BPEMEHHU UX KH3HEH-
HOTO nuKia. s mocTpoeHus mogooHoi 6a3el OyIeT UCIOIb30BaH BECh JOCTYITHBIH
Ha0Op NTAHHBIX KaK JMCTAaHIMOHHBIX HAOJIOJICHUH, OMUCHIBAONINX TEKYIIHE Hapa-
METPbI CHCTEMBI, TaK U JAHHBIX YUCIEHHOT'O MOICUPOBAHUS TSI XaPAKTEPUCTUKU TEX
YCIIOBHIi, B KOTOPBIX OHA pa3BuBaetcs, 4to st ETP, mo HammM naHHbIM, OyneT cie-
JIaHO BIIEpBBIe. Takol KOMIUIEKC MO3BOJIUT IOJTyYHTh HaHOOJIee TIOTHOE MTpecTaBIIe-
HHE O JIMHAMHUKE CHCTEMBI, B TOM YHCJIE O TOM, [0 KAKHM BapHUaIlHsIM €€ MapaMeTpOB
MOXHO OyJeT cyauTh o mpenctosmem Gopmupoanuu OKSI, uro, B cBOIO ouepens,
TIO3BOJIUT pa3paboTaTh HOBBIC METOABI MX INporHo3a. Co3maHWe paccMaTpHUBacMOM
0a3bl JTaHHBIX OTKPOET MIMPOKUE BOSMOXKHOCTH ISl €€ MCIIOJIb30BAHUS U B MOJICIISIX
MAIITUHHOTO O0YYCHUSI.
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Mogenu norogs MeTeocnyTHUKK MeTeonoKaTopb! [po3oneneneHraTopel
TR e —
3 I ‘é'*h

s

3. OnucaHue cucTembl

B

e 2,082 5. 2. 462 Moomaie o’

02.07.2024 12:30 02.07.2024 12:40

Puc. 4. Cuctema riy6okoit konBekiun ¢ OKSI kak CiioKHbIH 00bEKT

OT BBIOpAaHHOTO TOAXO/A K PENICHUIO TTEPBOIl U3 BHIMICYNOMSIHYTHIX 3a/1a9 BO
MHOT'OM OYZIET 3aBHUCETH JICTalI3alus pa3padaTeiBacMOil 0a3bl JAHHBIX U €€ HAITOJTHE-
Hue. Ha puc. 4 nokaszan npumep pealn30BaHHOIO BapUaHTA BBIAEIEHUS ABYMEPHOTO
KOHTYpa CHCTEMBI 10 TIOJII0 MAKCUMAIbHOM PagroIOKallMOHHON oTpaXkaeMocTH. J{aH-
HBI KOHTYp (PaKTHYECKH OTpa’kaeT 00JacTh C THAPOMETEOpaMH, WMEIONIIMHU pas3-
MepbI 00JIee HEKOTOPBIX IIOPOTOBBIX BETUYNH, CBI3aHHBIMHU C UCCIIETyeMOW CHCTEMOH.
[TonoOHas npakThka HASHTU(GHUKALMKA O0BEKTOB 10 paJlapHbIM JIAHHBIM IIHPOKO HC-
TTOJIB3YETCS B PA3IMYHBIX CHCTEMax HayKacTHHTa [6]. OtHAKO OHA HE ABISETCS UcUep-
MBIBAIOMICH, 00BEKTHI, KPOME TOTO, MOTYT OBITh HACHTU(QHIUPOBAHBI H ITO TIOJIIO CITyT-
HUKOBOI PaIOsPKOCTHON TeMIIepaTypsl (10 00JIaCTH BEPXHEH TPAHHUIIBI CUCTEMBI), U
0 KJIacTepaM MOJHHMEBBIX pa3psnos [10, 14]. B nanHoii paboTte mpeyiaraercst pa3pa-
00TaTh METOIMKY COTPSIKEHHS BCEX TPEX YITOMSHYTHIX TUTIOB JTAHHBIX JUTS BRIPAOOTKH
anropuT™Ma (GOPMHUPOBAHUS SIWHOTO PEJICBAHTHOTO TPEICTAaBICHUS (KOHTYpa) 00B-
€KTa KOHBEKTHBHO! CUCTEMBI.

B pamkax peann3oBaHHOI Ha TEKYIIMI MOMEHT CXEMBI HACHTH()UKAIIH 00BEK-
TOB TOJIBKO IT0 PaJIapHBIM JaHHBIM OBUT MPOTECTUPOBAH BAPHAHT MX MPOCICKUBAHU
Ha OCHOBE aHaJIM3a 30H IEPEKPHITHS 00bEKTOB Ha IIOCIICAOBATEIBHBIX CPOKAX H KPOCC-
KOPPEJSLIMOHHON 3aBHCUMOCTH, MIO3aMMCTBOBAHHBIN U3 paboTel [3]. Beuto ycTanos-
neHo, 9yto Ha JaHHbIX cetd JIMPJI-C Pocruapomera, moctymaromux Kaxasie 10 Mu-
HYT, IPEAJIOKEHHbII BAPUAHT [103BOJISIET JOCTATOYHO TOYHO YCTAHABIUBATb CBSI3U PO-
JUTENb-TIOTOMOK U CONPOBOXKAATh JOITOKHUBYIIUE CUCTEMBI (BILIOTH A0 CYTOK).
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Crnenudukanus paspadaTbiBaeMoii TEXHOJIOTHH U PadoTa ee NPOTOTUIIA

KoneuHoii 11en1610 pabOTHI SBISETCS CO3AHUE ONIEPATUBHON TEXHOJIOTUH, KOTO-
past OyieT TO3BOJIATH B PEXKUME PEaTbHOTO BPEMEHH ITPOBOUTE MOHUTOPHHT KOHBEK-
TUBHBIX CHCTEM M BBLAABATh NPEAYNPEKACHUS O TOM, C KAKUMH M3 HUX MOTYT OBITh
csa3ansl OKS. [penynpesxaenus OyayT yTOUHSTHCS 1T0 MEpe ONEepaTHBHOTO TTOTyYe-
HUS TEKyIUX NAaHHBIX HaOmofgeHui. [IpemycMarpuBaercs, 4TO TEXHOIOTHS OynmeT
IpPEeACTaBIATh COOON aBTOHOMHOE peElIeHHe, OOecleuuBarollee Kak KOMIIIEKCHOE
MpEeACTaBlICHUE PAa3IMYHBIX TUIIOB JaHHBIX Ha KapTe mocpenactBoM BeO-I'MIC, B ToM
Yrcae 00BEKTOB KOHBEKTHBHBIX CHCTEM, TaK W CUTHAJM3AMNIO H COIIPOBOKICHUE CH-
CTEM C MOTEHIHANbHO BO3MOKHBIMU OKSl. B 5TOM OTHOIIEHHH TEXHOJIOTHS MOMKET
OBITH TOJIe3HA KaK B paboTe CIEIMaTUCTOB — CHHONTHUKOB-IIPOTHO3UCTOB, KOTOPHIE
OyayT paccMaTpHBaTh MPOTYKINIO TEXHOJIOTHUH KaK JOTOIHUTEIBHBIA HCTOYHUK HH-
(hopmanuy s TPUHITHS PENIeHUH 0 Bbave npexynpexaeanii 00 OKS, tak n mis
MHBIX KaTeropuii norpedureseii (He crenuaaIicToB) B LEJSX BBIPAOOTKH PELICHHH 110
NPOBE/ICHUIO TPEYNPEUTENBHBIX W/WIN 3alIUTHBIX MEpP OT BO3MOXKHOT'O HEraTHB-
Horo ymiep6a ot mpoxoxaeHust OKS. 3a ocHOBY mpu pa3pabOoTKe TEXHOJIOTUU OyIeT
B3AT ONBIT Pa0OTHI 3apyOEIKHBIX 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 IpeBapu-
TEJbHBIC PE3YIbTATHI €ro paOboTHI B TEIUIBIHN neproa 2024 r. (puc. 5). B xoae Tectupo-
BaHUS NIPOTOTHIIA OLIEHUBAIOCH KaUeCTBO KPATKOCPOUHOTO (C 320J1arOBPEMEHHOCTBIO
710 48 1) nporuo3a 304 Bo3MokHoro (popmupoBanust OKSI ¢ cnonb3oBaHreM BbIXO/I-
HBIX AaHHBIX Moaenu WRF (mar cetku 6 kM), a Takke kadecTBo mporao3a OKS na
OCHOBE CHI'HATYp HHTEHCHBHBIX KOHBEKTHBHBIX IIPOLIECCOB X KOMILIEKCA CHELUAIBHO
pa3pabOTaHHBIX KPUTEPUEB, YUUTHIBAIONINX THHAMUKY 3HAUCHWH MaKCHMallbHOW OT-
pakaeMOCTH M BEPTUKAIBHO-MHTETPUPOBAHHOW BOJHOCTH CHCTEMBI. Y CTAHOBIJIEHO,
YTO CIIEIMAIBGHO Pa3pabOTaHHBIM PEerHMOHANBHBIN MHAEKC MPOTHO3a MOIIHBIX JOJTO-
SKUBYIIUX IITOpMOB SSI [2] noka3plBaeT HAUIYUILINE PE3yNbTaThl C TOUKH 3PEHUS CO-
oTHomeHus npeaynpexaenHocty OKS u nomu noxHsix nporuo3os. IloarsepxieHa
3 PEKTUBHOCTH pa3pabOTAHHBIX KPUTEPHEB H HEKOTOPHIX MPOAHATH3UPOBAHHBIX CHT-
HATyp MHTEHCUBHBIX KOHBEKTHBHBIX ITPOLIECCOB. ¥ CTAHOBJIEHO, YTO C UX HCIONb30Ba-
HHMEM Ha OCHOBE apXMBHBIX JaHHBIX 3a 2024 r. MOXXHO OBLIO ¢ 320J1arOBPEMEHHOCTHIO
J10 45 MUH BBISBISTH ONACHOCTh BO3SHUKHOBEHHUS OOJIBIIMHCTBA 3aPETUCTPUPOBAHHBIX
B oToT eprox OKSI. Ipexynpek1eHHOCTB Tpajia o KPUTESPHSIM /IS CIICIHATTFHO BBI-
JIENIEHHOM 30HBI BOKPYT MOCKBBI C BBICOKOW IIOTHOCTBIO HACENEHUs JOXOJHIa 0
100 %.

3ak/aoueHne

PaccmoTpena oOmast KOHIENIHS TTOCTPOSHHSI aBTOMaTH3UPOBAHHON TEXHOJIO-
MU MOHUTOPHHIA U ITpeAyNpexaeHust 00 yrpo3ax BozHukHoBeHMs1 OKSI. [Toxuepku-
BAeTCsA, YTO IIMPOKO MCHOIB3YEMBIH 32 pyOeKOM MOAXO0J K PACIO3HABAHWIO MHTCH-
CHBHBIX KOHBEKTHBHBIX IIPOIIECCOB HA OCHOBE CIICIIMANIbHBIX NMATTEPHOB (CHTHATYD)
MOXKET OBITh aJalTUPOBAH JUIsl TEPPUTOpUH PoccHu M MOKET 3HAYUTEIIBHO HOBBICHTD
a¢dexTuBHOCTS MporHo30B OKSI. Kpome Toro, mogaepkuBaeTcs, 4To A1 HOCTPOCHUS
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Ka4eCTBEHHOTO MPOTHO3a BAYXKHO YUUTHIBATh M PETHOHAIBHBIE OCOOCHHOCTH KHU3HEH-
HOT'O IIMKJIa CUCTEM TTyOOKOW KOHBEKIIMH, JJISl 3TOTO MpeIaraeTcsi HOCTPOUTh CIie-
[UaIN3UPOBAHHYI0 0a3y JAHHBIX UX COCTOSHMI Ha OCHOBE BCETO JIOCTYITHOrO Habopa
JTAHHBIX TUCTAHIIMOHHBIX HAONIOACHUH M YHCICHHOTO MOJETINPOBaHus. Takoe pere-
HHE [0 NCTIONIb30BaHUIO BCEro KoMIuiekca qaHubx a1t ETP Oyner peanusosano Briep-
BbIe. [IpeaBapuTenbHbIe pe3ysIbTaThl TOCTPOSHHOTO IPOTOTHIIA TEXHOJIOTHHY OKa3alIH
MOJIOKUTEIBHBIN 3 PEKT ero UCTIONB30BAHNUS.

Q
[=

o/ Mikfeere u/nowcasting i

&

CEsEEE L

Puc. 5. Beo-I'MC npomomuna mexnonozuu
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YK 551.501.7

du3znyeckas NPUPOAA M IKOJOTHYECKHe MOCIeICTBUSA
3arpsisHeHust aTMoc(epbl APKTHKH

I. 1. Kospurus, 1. A. TToranosa (dankov2003@mail.ru)

Poccuiickuil 2ocyoapcmeennbiii 2uopomemeopono2uieckutl ynugepcumemy, 2. Cankm-Ilemepoype

AnHoTanusi. CtaTbs MTOCBAIIEHA POOJIEMe 3arpsi3HEHNUS BO3/IYIIHOTO OacceiiHa APKTHYECKOTo pe-
THOHA YEPHBIM YIJIEPOIOM, PACCMOTPEHBI (PU3NYECKHE MPOLECCHl X METO/bI NCCIICJOBAHUS JaHHON
MpoOJIeMBl, a TAK)KE BO3MOXKHBIC ITyTH €€ perieHns. Kpome Toro, aklieHTUpyeTcsi BHUMAHHE Ha BaX-
HOCTH KOHTPOJISL HaJl IPOMBIIIJICHHBIM Pa3BUTHEM PETHOHA U COOJIIOACHHS MEKIYHAPOIHBIX HOPM
0 OXpaHe OKpy>katouen cpespl. [loguepkuBaeT HEOOXOAMMOCTb KOMIUIEKCHOTO MOAX0/a K H3yde-
HUIO aTMOC(EPHBIX MPOLIECCOB B APKTHKE IS pa3padoTKU 3P (EKTHBHBIX MEp [0 CHU)KEHHUIO aHTPO-
MOTE€HHOT'0 BO3JICHCTBHS, MOIYEPKUBACTCS HEOOXOMMOCTh 00ECTIeUeH s HKOJIOTHYECKol Oe3omnac-
HOCTH PETHOHA, YTO TPEOyeT COBMECTHBIX YCHIINH U COOIIO/ICHNS CTAH/IapPTOB OXPaHbI OKPY KaIOIIeH
Cpenpbl.

KuoueBble ciioBa: ‘ICpHLIﬁ yriaepon, BO3AYIIHBIC MACChI, a3P030JIbHBIC CTAaHIIUH, CUJIa KOpI/IOJII/ICB..

AKTYaJIbHOCTh

ApKTHKa UTpaeT BaKHEHIITYIO poJIh B TII00ATBHON KIIMMAaTHYECKON crucTeme O:ra-
rojiapsi CBOMM YHHKAJILHBIM NPUPOAHBIM 0COOEHHOCTAM. JI100bIe HapyIICHUs IPUPOI-
HOro OajiaHca MOTyT MPUBECTH K 3HAYUTEIIBHBIM MOCJIEACTBUAM HE TONBKO JUI CaMOH
ADKTHKH, HO U JUIsl Bcel MaHeThl. KOHTPOb Hall KAaUECTBOM BO3/1yXa U OLICHKA IIOTEH-
[UAIBHBIX PUCKOB HEOOXOAMUMBI ISl MUHUMHU3AaIlMH HETaTHBHBIX ITOCIIEACTBUH XO351i-
CTBEHHOM JeATeIbHOCTH. DKONOruueckas 0€30MacHOCTb U yCTOMUMBOE pa3BUTHE ApPK-
THUKU TPeOYIOT BHUMATEIBHOTO M3YUYCHUS B3aUMOCBSI3eH MEXAy (U3MYECKUMH MPO-
eccaMu B aTMmocdepe u skocucteMamu. McecneioBanns (GU3MIECKUX MPOLECCOB U MO-
CJICJICTBUH 3arps3HCHHUS IOMOTAIOT CO3/1aBaTh HAYYHO OOOCHOBAHHBIC PELICHHS IS
yIpaBlIeHUs IPUPOIONOIb30BAHIEM U CHIKCHUS aHTPOIIOT€HHOM HArpy3Ku.
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HpaRTuqecxaﬂ 3HAYUMOCTDb

1. IToHMaHe HCTOYHUKOB X MEXaHU3MOB PACIIPOCTPAHEHHS 3arpsI3HEHUH M03BO-
JSIeT CO3/1aBaTh CTPATETHH 10 YMEHBIICHHIO aHTPOIIOTeHHOTO BO3/ICHCTBHUSI HA PETHOH.

2. HccnenoBanue BIUSHUS 3aTPSI3HEHMH HA KIIMMAT IIOMOTAaeT MOJAEIHPOBATh
MOCIEACTBUS INI00ATFHOTO MOTEIUICHHS U pa3pabaThIBaTh MEPHI aIalTaIlHH.

3. AHaU3 KOJIOTMYECKHUX IOCIIEACTBUI MO3BONIET Pa3paboTaTh MPOrpaMMBbl
COXpaHEHUs YHUKAJIbHBIX apPKTUYECKUX HKOCUCTEM U 3aIIUTHI HCUE3AOIIUX BUIOB.

4. Pe3ynbpTaThl HCCIEAOBAHUI TOMOTAIOT OIIEHUTH PUCKH IS 310POBbS MECT-
HBIX JKUTEJIEH U MPeUIOKUTH IyTH MIHAMHU3AINH HETATUBHOTO BO3/ICHCTBUS 3arps3-
HEHUH.

5. Hayunsle nanHbIe CIOCOOCTBYIOT YKPEIUICHHIO MEXKAYHAPOAHOTO COTPY THH-
YyecTBa B 00JIACTH OXPaHBI OKPY’KAIOIIEH Cpeibl M yCTOWYNBOTO PAa3BUTHS CEBEPHBIX
PETHOHOB.

BbIBOJIBI M PEKOMEHAAMN:

— Heo0X0aMMO yCHIIMT MOHHUTOPHHI COCTOSIHHSI arMocdepbl APKTHKH s
CBOEBPEMEHHOTO BBIABIICHNS HOBBIX HCTOUYHHUKOB 3arPsI3HEHUH.

— Pa3paboraTs MeXayHApOJHbBIE COTJIAMIECHUSI M CTAaHIAPTHI 10 KOHTPOIIO HaJ
BBIOPOCAMU 3arPSI3HSIONINX BEIIECTB B APKTHYECKOM PETHOHE.

— IIpoBoauTh 0O6pa3oBaTeNbHBIC KAMIIAHUH CPEAU MECTHOTO HACEJICHUS H Mpo-
MBIIUICHHBIX TPEIIPHUATHI JUISl TOBBIIICHHUS] OCBEIOMIICHHOCTH O TOCIEICTBHUSX 3a-
IpSIBHEHHS aTMOC(EpEI.

OTH Mepbl NOMOTYT CHU3UTh HETAaTUBHOE BO3/JECHCTBHE HA YHUKAIBHBIN NPHPOIHBIN
KOMITIIEKC APKTHKH X 00ECIICUNTh yCTOWINBOE PA3BUTHE PETHOHA.

3arpsizHenune atmochepbl B ADKTHYECKOM peruoHe

HccnenoBanue n KOHTPOIIB 3a 3arps3HEHUEM apKTHUECKOH aTMOc(hepbl HMEIOT
MIePBOCTETIEHHOE 3HAYCHNE, TaK KaK 3TOT PETHOH OKA3bIBACT CYIIECTBEHHOE BIMSHHE
Ha MI00aIbHBIC KIMMAaTHYECKUE Mponecchl. YepHbIi yriiepos, monagaomuii B aTMo-
cdepy, 3HAUUTENHHO BO3/ICHCTBYET HA KIMMAT M OKpysKatomlyto cpeay. CokpamieHue
BBIOPOCOB YEPHOTO YIIepoa B JAHHOM PETHOHE MOXKET MPUBECTU K TIOHIKEHUIO TEM-
HepaTypbl HOBEPXHOCTH U YITYHIIEHHIO 3KOJIOTHYEcKOH cutyarn. Heobxomumo mpo-
JIOJDKATh HAay4YHbIC M3BICKAaHHS M IPEIIPUHUMATh IIard MO0 YMEHBIICHHIO BHIOPOCOB
YEepPHOTO yriepojaa B ApKTHKE paJy COXpPAaHEHUS YHUKAIBHBIX 3KOCHCTEM peruoHa [4].

Oo6pa3oBaHue U Bo3/1elicTBHE YEPHOI'0 YIJIepo/ia HA PUPOLY

OCHOBHOI MCTOYHHMK ITOSIBJICHHS YEPHOTO yrjiepoaa — HEIOJIHOC CropaHue TOoII-
JIuBa B TaKHUX OGLCKTaX, KaK JU3CJIbHBIC ABUTATCIIN, TIEYU U TIPU JICCHBIX IOXKapax.
Ocemanue caxy Ha CHET | JIe] CHHUKAET UX CII0COOHOCTD OTpaxaTb COJIHCUHBIN CBECT,
YTO YCKOPACT IMPOLECC TassHUSA. DTO MOXKET YCKOPUTH UBMCHCHHE KJIMMATa B pEruoHe
1 HCTAaTUBHO CKa3aTbCA Ha DKOCUCTEMaX U 310POBLE HACCICHUS [4] HccnenoBanus
BJIMAHUA BEPXOBLIX U HU30BLIX JICCHBIX MOXKAapOB Ha COACPIKAHMUE YEPHOI'0 yriepoaa
moMoraroT rny6>1<e IIOHATH MCXAaHU3MBI €T0 (bOpMI/IpOBaHI/IH " NCpEMCIUICHHA B aTMO-
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cdepe. DTH TaHHBIE BYKHBI JJIS CO3JJAHUS CTPATETHH MPEI0TBPAIICHIS JISCHBIX ITOKa-
POB M COKpaIIeHUsI BHIOPOCOB YEPHOTO YTIIEPO/a, YTO ITO3BOJIUT yMEHBIINTD €TI0 Bpe/i-
HOE BO3/JEHCTBHE Ha KIMMAT U OKPY KAIOIIYIO CPELy.

IlepemenieHue BO3XYIIHBIX 3arPsi3HEHMIT

Bosnyniasie HOTOKH CIOCOOHBI IEPEMENIATH YEPHBIH YTIIEPO] U TPOUHE 3arpsi3-
HUTENN Ha 3HAUUTEIbHbBIE PACCTOSIHUS OT MECT BO3HUKHOBEHHUS 10xkapoB. Hanpumep,
IpU JIECHBIX MOXKkapax B 3anaaHoi Cubupu, EBponeiickoii wactu Poccun, CTEHBIX 30-
Hax Bocrouno-EBporeiickoii pasanns!, FOxHOM Ypane n Kazaxcrane, uepHBIi yrie-
PO MOXKET JIOCTHTaTh APKTHKH OJlarofaps JBHKEHHIO BO3YIIHBIX Macc. DTOT MPo-
iecc TepeHoca 3arpsi3HEHUH Ha OOJIBIINE PACCTOSHUS M3BECTEH KaK aTMOC(EpHbIH
TparcnopT. OH crocOOCTBYET TNI00ATBHOMY PaCIpPOCTPAHEHUIO 3arpsS3HEHUH, BKITIO-
Yast YepHBIH yTIIepo, OKa3bIBast HEOIAromprusaTHOE BO3ACHCTBHE Ha KIIMMAT, OKpYysKa-
IOLIYIO CPEy U 3I0POBBE JIIOJEH HE TOJIBKO B pallOHAX BO3TOPaHHMs, HO U B yJAJIEHHBIX
peruoHax, riae OHH MOTYT OKa3aThes [2].

B apxTrndecknx 00y1acTIX BO3HHKAET JBIMKA, BEI3BAHHAS COUCTAHHUEM JANBHETO

MEpPEeHOCa aHTPOIIOTCHHBIX BBIOPOCOB M TEMIIEPATYPHOI MHBEPCHH, YTO CTAHOBHUTCS
0COOCHHO OCTPOIi MPOOIEMOii B 3MMHUI M BECCHHUIA IEpHOAbL. BakHYO POJIb B 3TOM
mpolecce UrpaeT 4epHsli yriaepos. [lormomast CONMHEUHYIO SHEPTUio, OH CHOCO0-
CTByeT OoJiee OBICTPOMY TATHHUIO APKTHYECKOTO CHEera. DTO MOYKET IIPUBECTH K U3Me-
HEHUSIM B BOJHOM LIMKJIE M KIIMMATHYECKUX YCIOBUIX APKTUKH [6].
Kpome Toro, uepHbIi yriaepos BiaHseT Ha o0JauHble CHCTEMBI, BO3ACHCTBYS Ha KIU-
Mat. OH crtocoOeH MEHSATh YCTOHYHBOCTh 00JIaKOB, 00BEM 0CAAKOB M UX OTPakaTelIb-
HYIO CTIOCOOHOCTB, YTO B UTOTE MOKET M3MEHNTH KIIMMATHUECKHE YCIOBHS HE TOIBKO
B ApKTHKE, HO U B IPYTHX PETHOHAX.

HOJ’[ﬂpHaﬂ CTaHIHUA A3PO030JIbHBIX HCCJIe0OBAHUM
MocKOBCKOTO rocy1apCTB€HHOIr0 YHUBEPCUTETA HA 0. Beabrit

Andpo3obHBIE CTaHIMH, Tog00HbIe cTaHu MI'Y «OctpoB benbiiiy, BbImo-
HSIOT 3HAYMMYIO (DYHKIMIO B OTCIIC)KMBAHUU YPOBHSI 3arpsi3HEHUs] arMOCc(epbl U BbI-
SIBIEHUM €r0 UCTOYHUKOB. 3Mepsis KOHIIEHTpalluKi YEPHOTO YIiIepoJa, CEeUalIuCThI
OIIPEICIISIOT KIFOUCBBIC HCTOYHUKH ITOTO 3aTPS3HUTEIS M OLICHUBAIOT UX BKJIA] B 00-
M ypOBEHb 3arpsi3HEHMs] BO3ayXa. Takue uccieoBaHus ClIoCOOCTBYIOT HE TOJIBKO
MOHUMAHHUIO MEXaHU3MOB 00pa30BaHUs a3P030JIeH, HO U pa3pabOTKE METOI0B CHIKE-
HUSI UX BO3AECHCTBUS AJIs1 OXPaHbl IPUPOBI U 310POBBS JIOJEH.

IToctosinuble u3Mepenus Ha ctanuu MI'Y «OctpoB benblit» npeocTaBisitoT y4eHbIM
Ba)KHBIC JJAHHBIE O COCTaBe aTMoc(epbl JaHHOTO PErHOHa, YTO HEOOXOANMO ISl aHa-
JIF3a TPOIIECCOB, MMPOTEKAIOIINX B apKTHYECKOI aTMocdepe, U NX BINSHHUSA HA H3Me-
HeHus kiuMara [3].

Y4eHble yCTaHOBWIIM, YTO OCHOBHOM MPUYMHON 3UMHETO 3arpsi3HEHUs! SBISETCS UC-
MOJb30BaHNUE UCKOMAeMbIX BHIOB TOILIMBA, TOTJA KaK JIETOM NpeodIagaeT CKUTaHHe
Omomacchl, BKIIFOUas JECHBIE MOXKaphl U Apyrue (akropsl. Cxuranne 0HOMacCHl OT-
BETCTBEHHO ITPUMEPHO 3a TIOJIOBHHY BCEX T'OJOBBIX BHIOPOCOB YEPHOTO YIIEPOa B aT-

Mocdepy.
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IIpuuuna nepeMeieHne BO3AYIIHBIX Macc kK CeBepHOMY MOJTIOCY

[Touemy BO3IyIIIHEIE MacCHI, COAEPIKAIINE YSPHBIH YTIEPOI, HATIPABIIIIOTCS B CTO-
pony Apktuku? Kakoe ¢pu3ndeckoe siBICHHE 00BSICHIET UX ITepeMeIeHIe Ha ceBep?

Berep npeacrasnseT co60it OAHY U3 KIFOUEBBIX CHJI IPUPOJIBI U SIBIISICTCS BaXK-
HOM 4acThi0 aTMOC(epHON MUPKYIAIIHA. ETo BOSHUKHOBEHUE CBSI3aHO C CHIION Oapu-
YEeCKOTO I'PaJIneHTa, KOTa BO3IyX ITEPEeMEINaeTcs U3 30H BRICOKOTO JaBJICHHUS B 00JIa-
CTHU C HU3KUM JaBlieHHeM. VI HTeHCUBHOCTb BeTpa 3aBHCUT OT Pa3HUILI B JaBICHUM:
YeM OHA BBIIIIE, TeM CHJIbHEE BO3YIIHBIN MOTOK. Ellle 01HUM 3HAYUTENBHBIM (haKTo-
POM SIBIIIETCS HAKIIOH OCH 3eMJIH, IPHBOASAIININ K BOSHIKHOBEHNIO CHIIBI Koproca.
Ora cwita 00yclIoBJIEHa BpaleHHeM 3eMITd BOKPYT cBoeit ocu. T1oj ee Bo3aelicTBHEM
MPSIMOJTMHENHOE HAMpaBlIeHHUE IBUKEHHSI BO3LYIIIHBIX MAaCcC MOCTETIEHHO U3MEHSIETCS:
B CEBEPHOM IIOJIyIIApHH OHO CMEINAeTCs BIIPABO, a B I0)KHOM — BJICBO, NEPEXOAs B
JBIDKEHHE TI0 TYyTroo0pa3HON TPAeKTOPHH IO TEX TOP, TOKA CHIIBI HE yPaBHOBECSTCS.
[ocne aToro BeTep HampaBIsIeTCs BIOJIb H300ap. Takoi THIT BeTpa Ha3bIBAOT FEOCTPO-
¢uueckum. ['naBHBIM nposiBiIeHHeM cuitbl Koprosica B mpupoze siBisiercst (popMHUpo-
BaHME aTMOC(EPHBIX BUXPEH — IUKIOHOB 1 AHTUIHKIJIOHOB (pHcC.). IMEHHO U3-3a 3TOH
CHJTBI OHH 3aKPYYHBAIOTCS B MPOTHBOITOJIOKHEIE CTOPOHBI B CEBEPHOM U I0)KHOM I10-
nymapusix [1].

Puc. JIBuxenue Bo3LyIIHbIX Macc o[ 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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L{UKJIOHBI ¥ aHTUIMKIOHBI, MPEJICTABISIONME CO00H KpYIHbIE BHXPEBBIC
CTPYKTYPBI BO3/yXa, 00pa3yroTCs U MEPEMEIIAOTCs [10]] BO3/ICHCTBUEM ITOU Chilbl. B
CEBEPHOM MOJYIIAPHU IIUKJIOHBI JBUKYTCSI MPOTHB YaCOBOM CTPENIKH, a AHTHIIUK-
JIOHBI — 10 YaCOBOW. B F0’KHOM TIOIyIIapyu Bce HA000POT. DTO SBICHUE 00YCIOBICHO
JIBYMsI IPUYMHAMH: BpAIlleHueM 3eMJIH C 3ariajia Ha BOCTOK U 3aBUCHMOCTBIO TaHICH-
[UAITBHON CKOPOCTH TOYEK Ha MOBEPXHOCTH 3eMJIU OT reorpapuuecKoi mupoThl (3Ta
CKOpPOCTh MHHHMMAJIbHA y MOJIOCOB M MaKCHMallbHa Ha 9KkBaTope) [3].

B03MO0KHO, BbI 3aMeYalld, YTO MTHIBl U CAMOJIEThI 3a4aCTYIO JICTAIOT 110 U3BH-
JIMCTBIM MapIIpyTam, a He IPsSIMO C CeBepa Ha OT HIIH ¢ BOCTOKA Ha 3amaji. JTO TakKe
cesi3ano ¢ 3 dexrom Kopuonuca. [TUI0TH ¥ HABUTAIIMOHHBIE CUCTEMbI TIPHHUMAIOT
9Ty CHWJIy BO BHMMAaHHE IPU pacyeTe MapLipyTOB, YTOObI MHHUMH3UPOBATH PACXO[
TOIUTUBA M COKPATHTh BPEMsI MOJIETA.

Cuna Kopuosnuca — 370 BO3HHUKAIOIIAS HHEPIIMOHHAS CHITA, ISUCTBYFOLIAs TIep-
NCHIUKYJISIPHO HATIPABJICHHUIO JABMXKCHUS TEJI OTHOCHTEIILHO BpAIAIOIICHCs MOBEPX-
HocTH. OHA MPOSIBISIETCSI, KOT1a 00BEKTHI ABIKYTCS TMOO K IEHTPY, TUOO0 OT Hero [8].
KopHoncoBo cMeIeHHEe eCTh Pe3yJIbTaT JABHIKEHUS 00beKTa, BPAILICHHsI 3eMIIU U Te0-
rpadudeckoit mupoThl. [1o 3T0l MpUYHHE B OTBETE JOJHKHBI IPUCYTCTBOBATH Y/IBOCH-
HBII CHHYC IIUPOTHI (, CKOPOCTh Tesa V ¥ yrioBasi CKOpOCTh BpaleHus: 3emin Q.

Tounas popmyna TOBONBHO mpocTta: Fc = Zm[Q X V] — pe3yJIbTaT BEKTOPHOTO IPO-

M3BEJICHUS YaCTOTH! BpAIllEHHUs 3eMJIU U CKOPOCTH ABMXKEHUS Tesa (BEKTOP YacTOTHI
BpAIIEeHUs 3eMJIH HallpaBJIeH Ha MOJSIPHYIO 3BE31Y).

Cunna Kopuonuca urpaer BakHyIO posib B TaKUX HayKax, Kak METEOPOJIOTHs,
reodusuka ¥ okeaHorpadus, OCKOJIBKY JIF000€ TeJo, ABMKYyIIeecs BOJIN3U MOBEPX-
HOCTH 3eMIH, HCIBIThIBAET €€ Bo3aeiicTBue. Hampumep, 3Ta cuna oka3blBaeT 3HaUH-
TEJIFHOE BJIMSHHUE HAa aTMOC(EpHBIEe POLIECCHI, ONPE/eNsas HalpaBIeHHE U HHTCHCUB-
HOCTb OCHOBHBIX BETPOBBIX TIOTOKOB, a TAK)Ke HAIPaBJICHUE BpPaIlleHHs IIUKIOHOB. B
ruapocdepe oHa onpeneNsIeT TPACKTOPHIO MOPCKUX TeueHHH [S].

ATMOchepHas LUPKYJIALUS TaKKe CTUMYIHPYETCs COTHEYHOI aHeprueil. I'pa-
BUTAIMs, apXUMenoBa cuiia U cuina Kopronuca, o0ycioBieHHas BpallleHHEM 3eMIIn,
BMECTE C PasHULEH TeMIepaTyp MeKIy SKBaTOPOM U IOIIOCAMH MPUBOAAT K KPyro-
BOPOTY BO3/lyXa BOKpYT IJIaHeThl. HarpeBaemblil COTHEUHBIMHU JIyyaMH BO3yX B TPO-
MIYECKUX 30HAX CTAHOBUTCS JIETde M MOAHMMAETCS K BepIIuHe Tponocdepsl. OxHo-
BPEMEHHO C 3THUM BO3HHKAIOT ITAacCaThl, KOTOPHIE IBIDKYTCSA K HKBATOPY C ceBepa U
I0ra, cO3/1aBasi BOCTOYHBIE DKBaTOpHaNbHblEe TeueHus. Ha BepxHel rpaHuie Tpomno-
cdepsl BO3AyX OTKIOHSETCS K BOCTOKY, (hopMuUpys CyOTpOIUUECKUe CTpyHHBIE Teue-
HUS (co ckopocThio MeHee 100 KM/9) B KaXXI0M TOTyImapiu. MexX Iy OoNocaMy 1 a-
pautensaMu £60 © TemrepaTypHbIE KOHTPACTBI BBI3BIBAIOT LIUPKYIISILHIO, @ TPU3EMHBIE
BETPBI HAIIPABJIEHBI OT MOJIFOCOB K yMEPEHHBIM IIUPOTaM. JJOMUHHUPYIOIINE HA3EMHBIE
BETPOBBIC MOTOKH YCTPEMIICHBI B CTOPOHY Onmkaiiiero mojoca [8].
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IocaencTBus 3arps3HeHNs1 APKTUYECKOH MOBEPXHOCTH YEePHOI ca:keil

o TasiHHE JIGTHUKOB MPUBOJUT K YBEIMUCHHUIO YPOBHS MOPSL.

[To mepe TasHHS JETHUKOB B MHPOBOH OKEaH IOCTYIAeT OOJIBIIE BOJBI B pe-
3yJIBTATE YEro MOJHUMACTCS TII00aTbHBIA YPOBCHD MO

e HeratuBHoe Bo3zelicTBue Ha (iopy U ayHy.

W3MeHeHUs] B MOPCKOM JIbJIE M JISTHUKAX ITOBJIMSIIN Ha YCIIOBUS CYIIECTBOBAHUS
MHO’KECTBA )KUBBIX OPTaHH3MOB. JTO KacaeTCsl MEJIKHX TUIAHKTOHHBIX CYIIECTB, KOTO-
pbI€ KUBYT BOJIM3HU JIEISHBIX KpaeB, 00ECIEUNBAIOIINX UM MOIXOSIINE YCIOBUS IS
BBEDKMBaHUS W pa3MHOXeHHs. [lonmymsamun OenbIX MeaBeael 0Ka3alluch Mo yrpo3oi,
JIMIIVBIINCH 3HAYUTEIHLHON YaCTH CBOMX MPUBBIYHBIX TeppUTOpUid. [IporHo3upyercs,
YTO B OyAyIIEeM JepeBbs HAYHYT MPOJABUTATHCS HAJbIIC HA CEBEP, BBHITCCHsSI 3HAYHU-
TENBbHYIO YaCTh TYHAPOBON PACTUTEIHHOCTH.

e BiusHue Ha o€l U 001IEeCTBO.

Tepputopruu, HACENCHHBIC JIOJBMH, MOTYT IIOJIBEPraThCs 3aTOIUICHUSAM H
onom3HsaM. Kiimmatndeckue U3MEHEHUs BEAYT K CHU)KCHHIO 00BEMOB PHIOHOTO IPO-
MBICTIAa B aPKTHYECKUX BOAAX, YTO YMEHBIIIAET SKOHOMHUYECKUI BKJIA]] B PETHOHAIb-
HYI0 9KOHOMHUKY [7].

Me:krocyaapcTBeHHOe B3aUMo/ieiicTBHe B APKTHYECKOM peruoHe

e Bormpoc 3arps3HeHns aTMOC(epsl YUepHBIM YTIEPOAOM 00CYKIACTCS HAa MEX-
JIyHapoHOH apere. OTHUM W3 TIEPBBIX 00BeTMHECHUH, paboTaroIIuX Ha T 3TOH Ipooure-
MOH, cTalm ApKTHYECKHIA COBET, KOTOPBIN o0benunsietr ycmmust Kananer, Jlanm, Oun-
nsuaun, Mcnannumu, Hopserum, Poccun, HIBemuu u CIIIA Ha rocygapcTBEHHOM
yposHe. Kpome Toro, B pabote ¢popyma ydacTBYIOT IPEICTaBUTEIN KOPEHHOTO Hace-
JICHUS ¥ HaOMIOJaTeNN OT Pa3IMIHBIX OpTraHU3aINi.

e [lepBoHauanbHO pa3paboTaHHas COBMECTHAs IporpaMMa HalpasliieHa Ha Co-
KpaleHne BEIOPOCOB YepHOTO yriiepona Ha 25-33 % k 2025 1. OTHOCUTENIFHO MOKa3a-
tenett 2013 r. B Onmwkaiiiime aBa rojia INIaHUPYETCsl IEPECMOTPETh STH TIOKa3aTelH IS
JIJIbHEMILIEro CHYKEHUS JOIYCTUMBIX YPOBHEH 3arpsi3HEHUs CaXKEBBIMU YaCTULIAMH.

OCHOBHbIE HaIPaBIEHUsI COTPYTHUUECTBA BKIIOYAIOT:

1. Dxonorugeckas 6e3omacHOCTh: COBMECTHBIC MEPHI TI0 3aIUTE YHUKATbHON
TIPUPOABI APKTHKH, OOpBOE ¢ 3arpsi3sHEHUEM, BKIIIOYAs IPoOIeMy YEPHOTO YIiiepoa.

2. Hayunsle uccnenoBanus: IIpoBeieHne COBMECTHBIX HAyUHBIX SKCIIEIUIMNA U
HCCIe0BaHUi Knmarta, Gpaopsl ¥ (ayHsbl, JISTHUKOBOTO IIOKPOBA.

3. DkoHOMHYECKOe pa3BuTHE: Pa3paboTka NMPHPOIHBIX PECypcoB, CO3/IaHHE
TPAHCIIOPTHON MHPPACTPYKTYPHI, TAKKX Kak CeBepHBINH MOPCKOM MyTh.

4. CouanbHoe Onarononyuue: [loanepikka KOPEHHBIX HAPOJIOB, YIYUIICHHE UX
Ka4ecTBa XHU3HU, COXPAHCHNE KyJIbTYPHOTO HaCIIEIHs.

5. MexnayHnapoanas muruiomarus: OOCyXJIeHHE BOMPOCOB OE30MAaCHOCTH |
MHUPHOTO pa3pelIeHus CIIOPOB Yepe3 MeXTyHapOIHbIe (OPYMBI, TaKHE KaK ApKTHYE-
CKHI COBET.

Takoe B3anMOJIEHCTBHE CIIOCOOCTBYET YCTOWYMBOMY Pa3BUTHIO PETHOHA, CO-
XPaHEHHUIO €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 BIUSHUE HAa KJIMMAT IOJYEPKUBAIOT
BaXXHOCTb CHCTEMaTHYeCKUX UccienoBaHuil B Poccuiickoit ApkTuke, KoTopas siBis-
€TCsl OTHUM M3 CaMBIX YSI3BUMBIX PETHOHOB K 9KOJIOTMYECKHM M3MEHEHHUSIM, BbI3BaH-
HBIM X039UCTBEHHOH JESTEIIbHOCTHIO.

Jns cokpalleHust BIMSIHUS YEPHOTO yriiepoja Ha APKTHUKY MOYKHO NpPEAIpH-
HSTh CIEAYIOIINE IIary:

e TIEPEBOJI PHEPTETUKY HA abTEPHATUBHbBIC HCTOYHUKHU dHEPTHUH;

e TpUMEHEHWE BHJOB TOIUIMBA, TIPU CTOPAHUU KOTOPHIX HE 00pasyeTcs caxa
(Hampumep, ras);

® BHEJPCHHE COBPEMCHHBIX TEXHOJIOTHI OYHCTKU T'a30BBIX BBEIOPOCOB, BKIIIO-
Yasi KaTaJUTUYeCKHe HEHTPaIu3aTopsl;

® YXKECTOYCHHE TOCYIapCTBEHHOTO KOHTPOJIS U MOBBIIIICHUE OTBETCTBEHHOCTH
3a HECOOTFO/ICHHE YKOJIIOTHUSCKIX CTaHIapTOB.

Karanutuyeckne HeWTpaIn3aToOpbl NPEACTABISIOT co00i 3 dexTHBHOE cpel-
cTBO 60pBOBI ¢ BEIOpocamu caxku. Hanmpumep, poccuiickas kommnanus « OdKOOHEPT O-
TEX», crienanu3upyromasics Ha pa3paboTKe ¥ MPOU3BOACTBE CHCTEM OUHCTKH BPE]-
HBIX BBIOPOCOB, CO3/1ajla HHHOBAI[MOHHOE 000pYyIOBaHUE — KaTAIUTHYCCKHE HEHTpa-
JIM3aTOPBI C HHTETPUPOBAHHBIM CaXKEBBIM (DMIIBTPOM. DTO 000PYIOBaHUE MIPEIHA3HA-
YEHO JIJISI MUHUMU3AIAH KOJIMIEeCTBA CaXKH, TIOaIaroIIel B aTMocepy, 0COOCHHO ak-
TYaJbHO IS IPEINPHUSTHI, TeHCTBYIOIINX B apPKTHIECKON 30HE U 00S3aHHBIX COOITIO-
JaTh TpeOOBAaHUS TOCYIapCTBEHHOMN MPOrPaMMBbI Pa3BUTH APKTHKH.

IIpunmun paboTs! JaHHOTO 000PYIOBAHUS OCHOBAH Ha CIIOCOOHOCTH KaTalu3a-
TOpa MPeoOpPa30BBIBATH TOKCUYHBIE KOMITOHEHTHI BBIXJIOITHBIX Ta30B B O€3BpE/HBIC BE-
mrectBa. OTpaOOTaHHBIE Ta3bl IPOXOIAT Yepe3 CUCTEMY, TIe CaXka OCeIacT Ha KaTalli-
THUYCCKU aKTHBHOM CKEBOM (PHIIBTPE M 3aTEM CIKUTACTCsl B IOTOKE Ta30B, IPEeBpalla-
SCh B YIJIEKUCIIBIN Ta3.

MacmrabHoe BHEIpEHHE IOJO00HBIX PEIICHHH MOJKET CYIIECTBCHHO CHU3UTH
HEKOHTPOJIMPYEMbIC BBIOPOCHI CaKHM IIPH IKCIUTyaTallid KOTEJBHBIX, IBUTATEICH
BHYTPEHHETO CTOPAHMS M IPYTHX DHEPTeTUUYECKUX YCTAaHOBOK, TEM CaMbIM CIIOCO0-
CTBYS pEIICHHIO IPOOIIEMBI 3arps3HEHNS Bo3ayXa B ApkTuke [7].

Pemrenne mpo01eMsI 3arpsA3HEHNS BO3/TyXa YEPHBIM yTIIEPOIOM, BOSHHKAIOIIECTO
BCJIEJICTBUE JIECHBIX T0XAapoB, TpeOyeT KOMIUIEKCHOTO moaxoaa. OHO BKIIOYAET He
TOJIKO YCUJICHHE KOHTPOJIS 32 JIECHBIMH MAacCHBaMHU B TIEPUOJI 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 JIYUIlIC KOHTPOJIUPOBATH BBIOPOCHI Yep-
HOTO yIJIeposa.

Hampumep, py mimaHIPOBAaHUN Mep MO COKPAIIEHUIO BEIOPOCOB MOXHO MPUHH-
MaTh BO BHUMAHHE HAMPaBJIEHUE U CKOPOCTh BETPOBBIX IOTOKOB, KOTOPbIE BIUSIOT Ha
pacmpocTpaHeHue 3arpsi3HeHuid B atmocdepe. [IoHUMaHuEe TUHAMUKH BO3IYIIHBIX
Macc M UX B3aumojencTsus ¢ cuiioil Kopuonnca moMokeT OoNTUMU3MPOBATh CTpaTe-
THH 110 0OpbOE C 3arps3HCHHEM M YMEHBIINTH €r0 BO3IACHCTBHE HA OKPYKAIOIIYIO
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cpeny. Xots cuina Kopronrca 9acTo HEOOIEHUBAETCS M3-32 CBOETO CPAaBHUTEIHHO
HEOOJIBIIIOTO 3HAYEHHS, OHA BCE JK€ MIPAcT BAXKHYIO POJIb B PA3IMYHBIX IIPOIIECCaXx,
BKJIOUasi HUpKyJsiuio arMocdepsl. HMccnenosanne 3ddexra «kopromucoBa cMmelie-
HUSD BO3YITHBIX MACC MPEICTaBISIET COO0M MEPCIEKTUBHOE HATIPABICHHE ISl JTalTh-
HEWUIINX HAYYHBIX U3bICKAHUH.
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Cexkuus

Bausinue KIMMaTHYeCKMX U3MEHEHHH HA TPaHC(POpMaLUI0
NPUPOJHBIX U COHAIBHO-IKOHOMUYECKHUX YCIOBHMI
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VIIK 551.4.01(571.1/.5)

Bo3aeiicTBHe KINMATHYECKHX U3MEHEHHUH
HA TPAHC(OPMAIHIO TAEKHBIX F€OCUCTEM

T. U. Konosayosa (tkonov(@mail.ru)

Uprymeruu 2ocyoapcmeennblii ynusepcumem, 2. Upkymck
HUnemumym eeoepacpuu um. B. b. Couasvr CO PAH, 2. Upkymck

AHHOTaUMs1. 3aKOHOMEPHOCTH Pa3BUTHS TAlTH pacCMaTPUBAIOTCS IS MEpUOA MO3IHETO KaiHO-
3051. Y CTaHOBJICHO, YTO KJIMMAaTHYECKHE TPE0OPa30BaHMs IPOXOIIN B YCIOBHAX aKTUBU3AIINH TEK-
TOHUYECKHX JBMKCHHUI 3eMHOI KOpbI. 1IX cCHCTEMHOE MPOSIBICHUE OTPA3UIIOCh Ha CrIeli(UKe Talru
peTrHoHa, ONpeesieMoll TakKe pa3BUTHEM B €AMHON TMHAMUYECKON CHCTEME C APYTMMH THIIAMH
reocucTeM. M3y4aloTcsi OCHOBHBIC HTallbl YBOJIOLMOHHBIX NPEoOpa3oBaHUIl TAlTH M XapaKTepH-
CTHKHU IIPUPOJHON Cpelibl B 3TH Neproabl. Marepuaisl NCCIIEA0BaHUM MIPECTaBICHEI B ()OpME MH-
(OPMAILMOHHOrO CHHTE3a JAHHBIX U 3HAHMH O TEPPUTOPUH, OCHOBAHHOI'O HA TEOPHU I'€OCHCTEM
B. b. CouaBbl, pe3yibraTax CTalMOHapHBIX, HA3EMHBIX MapUIPYTHBIX HCCIIEIOBaHUI, KapTorpapu-
4yeckoit nHpopmalu, AemndprupoBaHus KOCMUYECKUX CHUMKOB. Pe3ysibTaThl paboThI HANpaBISHbI
Ha pemeHne (QyHAaMEHTaJbHOW MPOOJIEMBbI, CBS3aHHOH C MOHHTOPHHIOM COCTOSHHS IPHPOIHOMN
Cpe/ibl PErMOHOB ¥ IIPOTHO30M €€ M3MEHEeHHUSL.

KaroueBble cjioBa: Taiira, o3 Hu KaitHO30i, 3Tanbl TpaHchopMaLuy, KIUMaT.

BBenenne

BrisBnenne xapakTepa mpeoopa3oBaHMs T€OCHCTEM 3aHUMAET 0C000e MECTO B
reorpauyecKux UCCIeI0BAaHUIX, COOTBETCTBYIOIIEE COBPEMEHHOMY ATAaIly Pa3BUTHUS
HAy4YHOTO 3HaHMs. Ero Hemb3s cBeCTH K MPOCTOMY cOOpY CBEJCHHN O CMEHE OJIHOTO
MIPUPOTHOTO KOMILIEKCA JPYTUM, HOBBIM, 32 TOT MJIM MHOM T'€OJOTHUECKUH OTPE30K
BpeMeHH. HeoOxoanMo n3yueHrne CMEHBI COCTOSTHHUIA T€OCHCTEM, 3aBUCSIINX OT MHO-
roo0pa3HOro BO3ACHCTBISI MOP()OTEKTOHNYECKUX, KITUMATHUCCKHX, TOYBEHHO-PACTHU-
TeNbHBIX (hakTOpoB. CMEHA OJTHOTO THUTIA TEOCUCTEM HOBBIM MPOUCXOIUT HE IPOCTO B
CBSI3H C I3MEHEHHEM KIIMaTa, HO BO MHOTOM OJ1aroaps TpaHc(GopManiy HECKOIbKUX
MJIM BCEX KOMIIOHEHTOB I'€OCHUCTEM M CUJBI MX Bo3aeicTBus. OIHAKO, HECOMHEHHO,
YTO BCSIKAsi HOBAsl TE€OCHCTEMAa MMEET «IMaMsTh», HACIEIyeT YepThl UCXOMHOU. BbI-
SIBUTH JTAIbl PEOOPa30BaHUs TEOCHCTEM, 3HAUUT MOHATH, KAKHE M3MEHEHUS MOTYT
MPOHM30MTH C TCOCHCTEMOM IPH TEX WM HHBIX BapUAHTaX BHEIIHETO BO3JCHCTBUS,
BKJIFOYAsi aHTPOIIOTEHHOE. Bce 3TO MO3BOIHI MPUOTU3UTHCS K PEIICHHIO IPOOIEMBI O
MEPCIIEKTUBAX OCBOCHUS TaeXKHBIX reocucteM Cubupwu.

B nacrtosmiee BpeMst BOompoc 00 0COOSHHOCTSIX Pa3BUTHS TACKHBIX T€OCHUCTEM,
UX TMPOHUCXOXKICHUS U DBOJIOIHU SBISICTCS TUCKYCCUOHHBIM. B 3TO# CBSI3M OCHOBHAS
LeJIb UCCIIeIOBAaHUN — BBISIBIICHHE HAIIPABIICHUS TPaHC(HOPMAINH TACKHBIX T€OCUCTEM
CuOupH B yCIOBHAX KIMMAaTHYECKUX M3MEHEHUH. Pe3ynbTaThl paboThl HAlpaBICHb
Ha penieHne (QyHIAMEHTAJIbHON TPOOJIEMbI, CBI3aHHON MOHUTOPHHIOM COCTOSHHSI
MPUPOIHON CPEbl CEBEPHBIX PETHOHOB, IIPOTHO30M €€ M3MCHCHHS, IUTAHUPOBAHUCM
MIPUPOJIOTIONIE30BAHUS B HX Mpeaemax.

OOBEKT UCCIIeIOBAHUS — TaCKHBIE TE€OCHCTEMBI FOro-3araaHon yactu Cpennei
Cubupu.
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Ienp — BBISIBIICHHE XapaKkTepa Mpeo0pa3soBaHus TA€KHBIX TEOCHCTEM ITO]T BITHSI-
HHEM U3MEHEHHI pUpoaHBIX (hakTopoB. PaboTta Gasupyercs Ha pe3yrbTaTaXx MHOTO-
JICTHUX IOJICBBIX HCCIICAOBAaHUHN, KapTrorpaduueckoil nHpopmaimu, aeumdpuposa-
HUW KOCMHUYECKUX CHUMKOB. PEKOHCTPYKIIMST MOAH(DHUKAIINN Ta€KHBIX T€OCHCTEM foTa
Cpenneit Cubupu nipoBe/ieHa Ha OCHOBE CHHTE3a CBEJICHHH, TIOTYICHHBIX M3 HAYYHBIX
My OJIMKAIHMH 10 MATWHOIOT Y, TAICOKIINMATY, TCKTOHHUKE, a TAKXKE OIICHKE JTaHImad-
TOB-aHAJIOTOB.

ITox reocrcTeMamMu TOHUMAIOTCSI BCE Pa3MEPHOCTH 3€MHOTO POCTPAHCTBA, T1Ie
OTJIEJIbHBIC KOMIIOHEHTHI TIPUPOIBI HAXOATCS B CHCTEMHOM CBSI3M JPYT C IPYTOM H
Kak OIpeIeTCHHAs IEIOCTHOCTh B3aUMOJICHCTBYIOT C YEJIOBEYECKHUM OOIIECTBOM.
Tpanchopmariyst reocucTeM pacCMOTPEHA 3a MEPUOJT TO3THETO KaitHO3051, KOTIa Hava-
Jock (popMHUpOBaHWE COBPEMEHHOTO OOJIMKA reocucteM. Hauwnas ¢ sToro mepuona
KafHO30MCKOW 3pbI T€OCUCTEMBI paiioHa MCCIIEOBAHUI MPETepIien MHOTOATAITHOE
pasButHeE.

IIpeacTraBiaeHns 0 NPUYNHAX IVI00ATBHBIX
M PerHOHAJIbHBIX U3MEHEHMI NPUPOIHOI Cpeabl

PaccmatpuBaroTcs pa3iaHyHbIC NPUYUHBI II00ATBHBIX N3MEHEHUH MPUPOAHON
CpeIbl: BO3ICUCTBUE TEKTOHMYECKUX TIPOIIECCOB, N3MEHYHBOCTH OPOUTHI 3€MJI 1 WH-
COJISIIINH, BO3/ICHCTBHE OKEaHMUECKHX TeueHnH 1 mpod. KoHcTaTtupyrores mpeobpaso-
BaHUs KJIMMaTa, 00yCIOBICHHBIC H3MCHCHHEM TEMIIEPATYPbI, COJICHOCTH U allBEJIMHIa
B TIOBEPXHOCTHBIX U TTYOMHHBIX BOJIaX OKEaHOB B COUETAHHMU C M3MEHEHHEM Xapak-
Tepa M CHITBI BeTPoB [8; 9]. YTBepkmaeTcs, 94To Mpeodpa3oBaHNs COTHEYHOW HHCOIIS-
[IUH, BBI3BaHHBIC OPOHMTAIBHBIMH MPUYMHAMH B Ieproabpl MumankoBuda (100 000,
41 000 u 23 000 1. H.), OIpeeNUIN 3HAUUTEIbHYIO YaCTh U3MEHEHUI B 00bEMe e~
HUKOB B TI03[THEM ILIEHCTOIICHE, KOTOPbIe ObLTH BBISBICHBI TIPH U3yUYECHHUH MOPCKHUX U
JIETHUKOBBIX KEPHOB [ 'peHitaniuu, AHTApKTUIBI ¥ IEHTPATBLHON YacTh ATJIaHTUKH [6;
7]. Ha ocHOBe 3TOro OBLIH C/IEITaHBI BBIBOJBI O TOM, YTO MACCOBBIC PEOPraHU3aI[IH
CUCTEMBbI OKeaH-aTMocdepa, JOCTUTIINE HAaUOOIbIIeH BEIHUUHBI B JIEAHUKOBBIN Tie-
puox (~ 14 500 et Ha3ax), OBIIM BEI3BAHBI MTOJIOKHUTEIFHON 0OpaTHON CBA3BIO OOJIB-
MIAX JICJSHBIX IIUTOB CEBEPHOTO IOIYIIAPHS C KIIUMATOM.

CornacHo ApyruM MpeacTaBleHUsIM, KpyIHbIE TpeoOpa3oBaHus Ha 3emiie CBs-
3aHBl C BO3JICHCTBHEM SHAOTEHHBIX IpolleccoB. Tak, B Hawaje soruleiicToneHa —
2,6 MITH JIeT Ha3aJl — TII00anbHas TpaHCHOpMAIHs IPUPOTHOH cpelsl Ha 3emIte, KOTOo-
past IHiack mopsijka 15 Teic. JieT, Obliia BBI3BaHA TEOMAarHUTHOM CMEHOM MOJIIPHOCTH
T'aycca — MatysiMa, 4TO NMPHUBEIIO K YUETHIPEXKPATHOMY OCJIA0JICHUIO MATHUTHOTO MOJIS
TUTAHETHI, TI0 CPABHEHHIO C COBPEMEHHBIM [5]. DTOT pyOek 00beJMHEHO HAYaIO JIe/-
HUKOBOro miepuoga. CHKEeHHe »HAOTeHHOW akTtuBHOCTH 750-600 MutH JjeT Hazan
(marauTHas naBepcus bpronec — MarysiMa) B cpeITHEM IUICHCTOIICHE OMPEACIHIIO 0Ye-
penHoe noxonomanue kauMata. C pydexom ['ayce — MaTysima CBSI3aHO OJICACHCHUE
rop Bokpyr baiikana. Dmoxa obparHoit mossipHocty (bpronec — MaTysiMa) 03HaMeHO-
BaJIaCh YMEHBIIICHHEM aTMOC(EPHOTO YBIaKHEHHS B peruoHe [4].
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O0cy:kaeHue pe3yibTaTOB MCCJIe0BAHUS

IIpoBeneHHbIE NCCIEAOBAHUS TTOKA3aIN, YTO UCTOKN (POPMUPOBAHHMS TACKHBIX
reocucreM CHOMPH OTHOCSTCS K HEOTEHOBOMY IIEPHOJY, KOT/Ia BO3HHKIIM YCIIOBHS,
CIOCOOCTBYIOIIME Pa3BUTHIO Taiiru. Tpurrepom ee GOpMHPOBaHUS OCITYKUIO Tep-
BOE€ TMOXO0JIOJIaHWEe, KOTOPOE MPOTPECCHBHO PACTPOCTPAHMIOCH OT Moiroca Ha for. K
KOHITy MHOIIeHa (~6 MJIH JeT Ha3a1) B CHOMPH IPOUCXOIUT Pa3BUTHE YMEPEHHO-TETI-
JIOTO KJIMMaTa CoO CPeIHUMHU JIETHUMHU TEMIIEPaTypaMu Ha 7 © HUKE, UeM B Haualle 3Toi
aMmoxu (~24 MJIH JIeT Ha3a/a) U 4eTKoi ce30HHOH auddepennuanueii. Ero HoBble 3Ha-
YEHUs XapaKTepU30BAIMCh CPEIHUMH TeMIlepaTypaMu Bo3ayxa 3umoit ot 0 1o +3 °C,
setoM okotio +20 °C; cymmoit ocaakoB — 1000 mm/rox [1; 3]. Hemoctatounas Biax-
HOCTb BO3/yXa B IIEPHOJ BEreTal[MX ¥ HU3KUE 3UMHHE TeMIIEPaTypbl ONPEICIHIIH Ipe-
00pa3oBaHMS MUPOKOIUCTBEHHBIX JecoB. Ha ceBepe CnubupH yBEeIMUIIINCE apeasisl
XBOWHBIX JIECOB (TCyTa, MUXTA, €Jb), Ha IOT€ — COCHOBBIX OOPOB M OEPE3HAKOB, MPHU-
CIIOCOOJICHHBIX K BO3pOCIIEiT CyXOCTH BO3/yXa M 3UMHUM 3amopo3kam. Tpancdopma-
IS JIECOB B TAa@)KHBIE MIPOMCXOANIA MPEXK/IE BCET0 HAa paBHUHAX BCIEJCTBUE UHBEP-
cull TeMIepaTypsl BO3AyXa.

Crnenyromuii 3Tan cBsi3aH ¢ IJIMOLEHOM (Havascst 5,3 MIIH JI. H. ¥ 3aKOHUMJICS
2,6 MJIH JI. H.). DTa 3110Xa 0XapaKTepU30BaICs HHTEHCUBHBIM MIOXOJI0OJaHUEM U yCUIIe-
HHEM KOHTHHEHTAJIbHOCTH KiuMaTa. [TogxseM xpeOToB Ha fore u Boctoke CuOupH npu-
BEJI K BOSHUKHOBEHHIO OporpaduuecKux mperpaj, KOTOpble OKa3aiy BIMSHUE HA IUP-
KyJISIIUIO aTMOoc(epbl. 3HAUUTENIBHYIO POJIb CTa] UrpaTh CHOMPCKHI aHTHLIMKIIOH, KO-
TOPBIN K KOHIY IUIMOLIEHA NPEBPATHIICS B MOLIHBIA UPKYJISLMOHHBIA (akTop 1 no-
BJIMAT Ha TpaHc(hopMaiuio reocucteM. CpelHIe TeMIepaTypsl 3HMOH TOHU3UIHUCH 10
oTpuuareabHbIX 3HaueHui —5...—10 °C; B utone cocrapmsuim +15...+20 °C; cymma
ocaakoB yMeHbImIack 10 600-800 mM/rox. B cucreme armochepHON HUPKYISIUH
YCHJIMIICS 3aI1a/IHbIN MIePeHOC BO3AYIIHBIX Macc. [InoleH cTai y3noBbeIM dTanoM aud-
(hepeHIMAINY Tae)KHBIX THIIOB TEOCHCTEM paiioHa UCCIICIOBAHHH.

OdepeHO# ATl OBIIT COMPSIKEH C MIIEHCTOIICHOBOM 3MTOX0# YeTBEPTHYHOTO I1e-
proaa (MPOTsHKEHHOCTH OT 2,59 MiH 1. H. 10 11,7 ThIC. 1. H.). [IpeoOpa3oBanust Taiiru
OBUTH BBI3BAHBI CYNIECTBEHHBIM MTOXOJIOAAHHEM U 000CTPEHHEM KOHTHHEHTAJIBHOCTH
KJIMMAaTa, MOABIEHUEM H JUINTEIbHBIM COXPaHEHUEM CHEXKHOTO ITOKPOBA. 3UMHHE TEM-
neparypsl Bo3lyXxa NOHU3UIUCH 10 —25 °C; aetHue — no +15 °C; cymma ocaikoB —
400-600 mM/Tox. B psape myOnuxanuil yTBepikaaeTcs, YTO TaeKHBIH THUI T€OCHCTEM
Ha OOJBIIeH YaCTH CBOETO COBPEMEHHOTO apeasa sIBISETCS CISICTBHEM JICTHIKOBOTO
nepuoga. OIHUM M3 TUHNOTETHYECKUX LEHTPOB BO3HUKHOBEHMS TAWTM CUHTAETCS
IOxHO0-Cubupckuii, Kk KOTOPOMY OTHOCATCS TaeXkHbIE T€OCUCTEMBI palioHa HCCIeno-
BaHmii. OH HE UCIIBITAN OJICICHCHHUS, B CBS3H C UEM Talira C MOMEHTa CBOETO TIOSIBIIC-
HUSI CYIIIECTBOBANA 37€Ch IIOCTOSTHHO. [103TOMY reoCHCTeMbI NMEIOT O0Jiee THITHIHEIE
TaeXHBIC YEPThI ¥ MOTYT CITy>KHTh CBOCOOPA3HON «TOYKOH OTCUETA) JUIsl CPABHEHHUS C
apyrumu gactsiMu Cubupu.

31ech TaeXKHbIe, IEPUTIIIHANBHBIC CTEIHBIC, a TAKXKE TACKHBIC U TYHAPOBBIC
(banmu coueTanuch B eANHON TMHAMUIECKOH CHCTEME, UTO CKa3aJI0Ch HA MHOTHX 0CO-
OEHHOCTSIX COBPEMEHHBIX TaCKHBIX T€OCUCTEM PETHOHA. 3a BpeMs CapTaHCKOH JieTHHU-
KOBOH 3MIOXHU MPOU30IILIO TIOBCEMECTHOE Pa3BUTHE MHOTOJICTHEH MEP3/IOTHI, a TaKXKe
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(hopMHpOBaHWE EPHUKOBBIX, KEPOBO-CTIAHINKOBEIX CBETIOXBOWHO-TACKHBIX T€OCH-
CTEM Ha CEBEPO-BOCTOKE pPEervoHa. B mocnenoBaBIIMil 32 HUM MEXIIEIHUKOBBINA Ie-
pHOJ yCIIOXKHMIACh MOP(OJIOTHYECKasi CTPYKTypa FeOCHCTEM, yHacJeJOBaBIIas pe-
JIUKTHI MPEABITYINX 3TOX: JIEASHBIC TIPOCIION, JIMH3BI U KIMHBS JIbIa, KapOOHATHBIC
OTJI0’KEHHsI ¥ TIOKPOBHBIE TOJIIIN JIECCOBUIHBIX CYTIIMHKOB. Mi3MeHeHne kimmara mpo-
UCXOJHIIO B CTOPOHY HNOTEMJIEHUS, HO CyXOCTh OCTaJIach.

3aBepIIAOIIHIA 3TAll CBS3aH C MOCIeIHEeH MOX0M re0IOTHYECKOI HCTOPUH 1A~
HETHI. ['0JI01IeH — BpeMsI CTAaHOBJICHHSI COBPEMEHHBIX T€OCHCTEM. JTa 31I0Xa O3HaMe-
HOBAJIaCh aKTUBM3AIMEH TEKTOHMYECKUX MTPOLECCOB M (POPMHUPOBAHUEM ATBITHHOTHII-
HOTo pernbeda rop Ha fore u Boctoke Cnbupu. 3HaunTeNbHbIE AMIDTUTYAbI HEOTEKTO-
HUYECKUX TMOAHATHHA CHOCOOCTBOBATM HEOJHOKPATHON TpaHC(HOPMAINH TaeKHBIX
reocucteM, odeqHeHnI0 (Iopsl. B paHHEM rononeHe Haudamach SKCIAHCHUS CBETIIO-
XBOMHO-TAa€KHBIX I€OCHCTEM. B KcepoTepMHUECKHi HEpPHOJ TOJIOLEHa MPOU301LIa
oyepe/Has akTUBHM3AIMs [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, TI0 CPaB-
HEHUIO C JPYTMMH YacTsIMHU pesibeda. ITo 03HAMEHOBAJIO COBPEMEHHBIN ATall pa3BH-
THS IPOIIECCOB KCepoduTH3anuu.

CoBpeMeHHbIE TPEOOPA30BAHUS TACKHBIX Fe0CUCTEM

B nacrosiee BpeMsi BBICOKAsi KOHTUHEHTAIBHOCTh KJIMMaTa ycyryOmnsercs co-
BPEMEHHBIMU TEHJCHIIMAMH €ro MOTeIUIeHHs, nposBistomeiics ¢ 70-x rr. XX B. ITo
OIIEHKaM 3apyOeXHBIX SKCHEepPTOB B paiioHax Cnbupu (GUKCHPYETCS OJUH M3 CaMBIX
BBICOKHX TPEHIOB MOTeIIeHus KiuMata Ha 3emiie (o + 3,5 °C 3a 100 net). OgHako
Ha CEBEpHOI IpaHUIlE apeasia MOTEIUICHUE KJIMMAaTa He CTOJNb CYIIECTBEHHO — OKOJIO
1 °C, a Ha TpaHuIe apkTHdeckoi TyHApHI nopsaka 0,5-0,3 °C. B HacTosmee BpeMs
JUTst palioHoB CHOMpPH XapakTepeH NerpalupyIONIHid THIT MHOTOJIETHEH MEP3JIOTHI, UTO
onpeessieT HIKCIAaHCHIO Taliry B HANPaBJICHUH MIPEKHUX CEBEPHBIX PyOekel, n3MeHe-
HHIO Ha CEBEPHBIX pyOexkax CTPYKTYpbl ANHAMUYECKON CUCTEMBI Talra-TyHapa, Gpop-
MHUPOBAHHUIO YCTOMYMBHIX THITOB Tairu. [IpakTiuecku mis Beel Tepputopun rora Cu-
OupH XapakTepHa HHTCHCUBHAS U Pa3HOOOpa3Has aHTPOIIOTCHHAS JCATCIBHOCTD, KO-
TOpasi CTAHOBUTCSI 3aMETHBIM (haKTOPOM, CIIOCOOCTBYIOIIMM TpaHC(HOPMAIMU TalTH.
B uwacTHOCTH, Ha PErMOHAIEHOM YPOBHE MPOUCXOJUT U3MEHEHHE TEIUIOBOTO PekUMa
reocucTeM. JTO HaOIrOmaeTcss Kak B BEKOBOM M3MCHEHHH TEPMHUYECKUX YCIOBHH B
paiioHaX aKTHBHOTO, OCBOCHUS TCPPUTOPHH, TaK M B YACTHBIX KOJICOAHUAX B TIPEICIax
oTIeNnbHbIX paiioHoB [2]. Tlog BiusiHUEM KCepOPUTHU3ALUU KIMMAaTa B BOCTOYHOU U
FOTO-BOCTOYHOW YACTSIX TEPPUTOPUH TPOUCXOTUT PACIIMPEHHUE IUIOIMAACH JINCTBEH-
HUYHO-Tae)KHBIX TE€OCUCTEM U OTTCCHEHHE TEMHOXBOWHBIX Ha 00Jiee BRICOKHE YPOBHHU.
OOHOBPEMEHHO TEMHOXBOMHBIE JIeca ¢ MUXTONH CMEHSIOTCS KEIPOBBIMU JTUOO Keapo-
BBIMH C IIPUMECHIO CBETIOXBOUHBIX IOpOoJ. 1Ipu nocTaTo4HO 4acToi NOBTOPSEMOCTH
moskapoB (He pexe yeM pa3 3a 100—150 5eT) cymecTBOBaHNE TEMHOXBOHHO-TACKHBIX
TEOCHCTEM CTaHOBHTCS MTPOOJIEMAaTHYHBIM JaXKe B HanOoIee OaronpusITHBIX JUIs HUX
MPUPOJIHBIX YCIOBUSIX.
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OTH 3aKOHOMEPHOCTH XapAKTEPHBI TAKXKE U JJIs1 CBETJIOXBOMHBIX TUIIOB I€OCU-
creM. B aTOM citydae 11ecooOpasyromMMK CTaHOBSATCS MEIKOJIMUCTBEHHBIE MOPOJIBI
1100 KyCTapHUKOBBIC M TpaBsSHUCTHIC (hopManny. BMecre ¢ TeM B CBSA3M € MAPHUKO-
BBIM 3((EKTOM Ha TUTAaHETEe OXKHIACTCS TajJbHEHINee TMOBBIIICHHE CPeTHEeH TeMmepa-
Typbl Bo3myxa. IlociaeacTBus Takoro pe3Koro MOTEIUICHHS MOTYT OBITH KaTacTpo-
(U4HbI U1 TeocucTeM OOopeantbHOM 30HBI. AHTPOIIOTEHHAs JeTEIbHOCTD TAKXKE H3-
MEHMJIA U HaNpaBJICHHUE MPOLIECCOB OYBOOOPA30BAHNUS B PETHOHE, IO/ €€ BIUSIHHEM
o0mielt TeHIeHINeH N3MCHEHHS ITOYB TaCKHBIX T€OCHCTEM, HAXOAAIINXCS B TIEPEXOJI-
HOH TI0JIOCE CO CTETTHBIMH, SIBIISIETCSI X OCTEITHEHNE, BEIPAXKAIOIIEECs B PUOIIKEHNN
K MOBEPXHOCTH KapOOHATHOTO MOPWU30HTA, CHIDKEHUH KUCIOTHOCTH, TOSBICHUH CO-
JIOHIIEBATOCTH, YIUIOTHEHUH, 00Pa30BaHUU CTOIOUATON CTPYKTYPHI.

3ak/aouenne

3a nepuo no3aAHero KaHO0305 (MI/IOL[CH — I‘OJ'IOI_ICH) MMpOn30LLI0 UBMCHEHHUE Ta-
€XXHBIX TCOCUCTEM PETUOHA, KOTOPOEC BBIPAXKACTCA B BBITCCHCHUU IIUPOKOJIMCTBEHHBIX
JIECOB XBOWHBIMH U JIaJIbHEHIIIEM YCHUJICHNH ITPOLCCCOB OCTCITHCHU . cDOpMI/IpOBaHI/Ie
u npeo6pa30BaHI/Ie Talru ObLIO CBSI3aHO C aKTUBH3AICH TEKTOHHYECKHUX IIpo1eccoB
1 BBI3BAHHBIX UMW HCOJHOKPATHBIM HU3MCHCHHUEM KIIMMATHYCCKUX yCJ'IOBHfI, COIIpsi-
KCHHBIX C YCHJICHUEM KOHTUHCHTAJIBHOCTU KJIIMMAaTa U Pa3BUTUEM ITPOILECCOB apuau-
3alnu.
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Bausinue kainMaTn4ecKuX M3MEHEHHU I
Ha COUMAJIbHO-IKOJIorn4eckue cucrembl CeBepa
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Hucemumym ceoepagpuu um. B. 5. Couaser CO PAH, 2. Hpkymck
Uprymcekuu cocyoapcmeennulii ynugepcumem, 2. Upkymck

AHHOTanus. V3yyaroTcst MOCIeACTBUS KIMMAaTUYECKUX M3MEHEHHH, ¢ KOTOPBIMH CTaJIKMBAIOTCS
skuresn ceBepa MpkyTckoil obiacti B HacTosiIee BpeMs, a TAKXKE pacCMaTPUBAIOTCS aJallTallioH-
HbIC IPAKTUKN MECTHOT'O HACEJICHNUS, TIO3BOJISIONINE MUHUMHU3UPOBATh HETATUBHBIC COIIMAIBHO-IKO-
HOMMYECKHE IOCIIEICTBHS OT ITUX M3MeHeHuH. [IpumenstoTcs oOleHayuHble METOAbl aHaIn3a U
CHHTE3a, IPH TPOBEICHNH MOJICBBIX HCCIESIOBAHUI OBLIN HCIIOIb30BAHbI METOIbI COLMAIBHBIX HAYK,
TaKMe KaK HHTEPBbIOMPOBAHUE, OIIPOCHI M HaOII04eH s, FcenenoBaHus IpoBeIeHbl Ha IpUMepe paii-
onoB Kpaitnero CeBepa v mpUpaBHEHHBIX K HEMY TEPPUTOPHIA, B 4aCTHOCTH, COOP MOJIEBBIX MaTEPH-
aJIOB ITPOBOJIMIICS B IOCEIEHUsIX pa3Horo yposHs Karanrckoro, Kupenckoro u Yers-Kyrekoro paii-
OHOB. M3yueHne BIMAHNA KIMMAaTHYECKUX U3MEHEHHH Ha HaceJIeHHE U SKOHOMUKY CTPaHBbI, OTAEb-
HBIX PETHOHOB M MX PaiiOHOB, a TAKXKe BOIPOCH! aJANTAllUK K STUM U3MEHEHUSAM SIBIISIIOTCS CErOJIHS
OJTHUM U3 aKTyaJIbHBIX HAYYHBIX HAIIPABJIEHUH, 4TO OTMedaeTcs B CTpaTerny HayYHO-TEXHOJIOTHYE-
ckoro pa3sutust PO u Knumaruueckoii nokrpune PO. Ilpuknagnas poiab Takux paboT BakHa JUIs
(hopMHPOBaHHMS IPOTPAMM U CTPATETUii Pa3BUTHUSI TEPPUTOPHIL, 4TO onpesensiercs: B CTparterun npo-
CTpaHCTBEHHOro pas3BuTust Poccuiickoit Denepanmu Ha nepuox xo 2030 roga ¢ mporHo3oM 1o
2036 roxa.

KaioueBble c10Ba: connaibHO-9KOIOTHUECKHE CHCTeMBbI, CeBep, U3MEHEHNE KIIMMaTa, JIOKAIbHBIN
YPOBEHb.

IIpobnemMsl, cBS3aHHBIC C KINMATHYECKUMM H3MEHCHHMSMH, OCOOCHHO aKTy-
QITBHBI TS COLMATTBHO-IKOJIOTHYeCKUX cructeM CeBepa M APKTHKH, TaK KaK IMPOHUCXO-
JisIIee TOTEIUICHHE B BRICOKMX IIMPOTaX MPOUCXOAUT 3HAYUTENEHO OBICTpEe, YeM Ha
ia”ere B 1esioM [ 10]. B pesynbraTe cOnManbHO-IKOIOIHIECKUE CUCTEMBI STHX PEerH-
OHOB HCHBITHIBAIOT HETPOMOPIHMOHANBEHO CHIBHOE BO3ICHCTBHE MOCIEACTBUH M3Me-
HeHus knumarta [ 11]. Beicokue TemMIibl n3MEeHeHUs KiimMaTa HabmoaarTes u B UpkyT-
CKOIi 00JIaCTH, MPEBBIIIAst CPSAHEPOCCUIICKHE TIOKa3aTemu [5; 6].

JKuzHenesTeIbHOCTh HACEIEHHUSI CEBEPHBIX TEPPUTOPUI BO MHOTOM OIpe/es-
eTcs MPUPOAHO-KIMMATHIECKUMHE YCIOBUAMH M 9yTKO PearnpyeT Ha Bce H3MEHEHHS,
B TOM YHCJIC B TAKHX Cepax KaK TPAHCIIOPTHOE COOOMICHUE, KIITHITHO-KOMMYHAaIIb-
HOE XO035CTBO, IPOJJOBOJIBCTBEHHOE obecredyeHue u ap. Ocodoe 3HaueHne PUKCUPY-
IOIINECS M3MEHEHH KIIMMAaTa UMEIOT JUIs TEPPUTOPHUN TPATUIIHOHHOTO IPUPOIOTIOIH-
30BaHMS, TJIe TIPOXKUBAIOT KOPEHHBIE Hapoabl CeBepa U MpUpaBHEHHOE K HUM Hacelre-
HHE, 3aHMMAIOIINECS TPAAUIUOHHBIME BUAaMU JICSATEIBHOCTH, TAKUMH KaK OXOTa,
OJICHEBOJICTBO, PHIOOJIOBCTBO, COOUPATENLCTBO. [l0BCeIHEBHAS KU3HD U XO3SIICTBEH-
Hasl IPAKTHKA ITHX HAPOJIOB TECHO B3aUMOCBS3aHbI C OKPY’KAIOIICH PUPOTHOI cpe-
JIOH, TIO3TOMY YK€ CETOHs OHH MTPUMEHSIOT Pa3HOOOpa3HbIC MPAKTUKU aIalTAlluH K
MPOUCXOISIINM U3MCHEHHSIM. V3y4eHue mocieIcTBUIl KITMMATHYCCKUX H3MCHCHHUN U
CHCTeMaTH3alMs CYIIEeCTBYIOINX MEXaHU3MOB aJaNTalluu HaceleHus cesepa MpkyT-
CKOM 00JTaCTH HMeeT BaXKHOE 3HAYCHNUE JITSI pa3paOdOoTKH IPOrpaMM TePPUTOPHATEHOTO
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Pa3BUTHSA U TOAACPKAHUS YCTOWIMBOCTH COIHAIBHO-IKOJIOTHIecKknX cucteM CeBepa
B U3MEHSIOMINXCS YCIOBHSIX.

Coop nosneBbIX MaTepuanoB cobupaics B TeueHnn 2022-2023 rr. Bo Bpems co-
[IaTbHO-TeoTrpanIecKuX nccaenoBanuil Ha Tepputopun Katanrckoro, Kupenckoro
n Ycrb-KyTckoro paiionoB Mpkyrckoit oomactr. OCHOBHBIMH METOJaMH cOOpa Kade-
CTBEHHBIX MaTepHaloB ObLIM MHTEPBHIOMPOBAHHUE M ONPOCHI MECTHOT'O HACENICHHMS,
IpeACTaBUTENEH pa3HBIX cdep NPopheCcCHOHANBHON AESTEIBHOCTH, a TAKIKE CTAPOKH-
JIOB 1 WICHOB OOIIMH KOPEHHBIX HAPOAOB. Bcero B MccieoBaHNN MIPHUHSUIN ydacTHe
118 pecrioHieHTOB.

Karanrckuii paiion eAMHCTBEHHBIN B pErHOHE OTHOCUTCSA K TeppuTopHsiM 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 KU3HEASSTEIIbHOCTH HMEIOT BBICO-
KYyIO 3aBHCHMOCTb OT MOTOAHBIX M KIMMAaTHIECKUX ycinoBuil. [IpakTudecku Bce moce-
nenus KataHrckoro paifoHa He UMEIOT KPYIJIIOTOJUYHOTO HA3€MHOTO COOOIIEHNS, 3a-
BO3 OCHOBHBIX I'PY30B B PalfOH OCYILECTBISETCS B XOJOJHOE BPeMs rofa 1Mo 3UMHH-
kaM. Pan nocenenuii Kupenckoro n Yers-KyTckoro paiiloHa Takke HE UMEIOT pery-
JISIPHOTO HA3eMHOTO COOOIIEHHS C paifOHHBIMHU IIeHTpamMu. BaxkHoe 3HaueHue s co-
UAJIbHO-Y)KOHOMUYECKOro pa3ButHs ¥Ycrb-Kyrckoro u Kupenckoro paiioHOB umMeer
CYJIO0XOACTBO Mo p. JleHe, a 3Ta TpaHCIIOPTHAs OTPACHb, HA KOTOPOH TaKKe 3HAUU-
TEJIFHO CKAa3bIBAIOTCS KIMMATHYCCKHE M3MEHEHUS U W3MEHEHHUS THIPOJIOTHYECKOTO
pexxnma. TIporiecchl aemocTaBa 1 JieI0Xo/a BIHSIOT Ha TPAHCIIOPTHYIO CBSI3HOCTD TO-
POJIOB U MOCEIIKOB 10 GeperaM peK MCcleyeMOH TeppUTOpHUH, 0COOEHHO 10 Geperam
pexu Jlensl B Kupenckom paiioHe, Tak Kak TaM OTCYTCTBYIOT MOCTOBBIC IIE€PEIPaBhl.

Taxoke B 3TUX palloHax pa3BHTA IIPOMBICIOBAsS OXOTHHYBE-PHIOOIOBHAS JIEsI-
TenbHOCTh. B Karanrckom paifone 3apeructpupoBaHo Oolsiee AecsiTH OOIIMH KOpPEH-
HBIX MAJIOUUCIICHHBIX HapOJO0B, 3aHUMAIOIIUXCS TPAJUIMOHHBIM IPUPOJONOIb30Ba-
HHEM (OXOTOH, PHIOOIOBCTBOM, COOMPATENBCTBOM, Ha CeBepe palloHa HECKONIBKO Ce-
MeH 3aHUMAIOTCS OJICHEBOJCTBOM). /Iy MHOTHX kwuTesel ceBepa MpkyTckoit obia-
CTH, 0COOCHHO CEBCKHX MOCENICHUH, TIPOMBICIOBAs U PHIOOTIOBHAS JICATEILHOCTD SIB-
JSIeTCSl OCHOBHBIM MCTOYHHMKOM MOTY4EHHs JOXOJO0B U MPOTYyKTOBOTO OOECIeUYEHusI.
[Ipoucxoasmiye KIMMaTHYECKHEe W3MEHEHHS CKa3bIBAIOTCSA Ha TPAJUIMOHHON es-
TEJIBHOCTH KaK MPsMO, TaK M OIIOCPET0BAHO YePe3 U3MEHEHUE MPUPOIHBIX YCIOBHIA.

O030p Hay4YHOM JTUTEPaTypBhI BBIIBHI PsiZl OCOOCHHOCTEH MPOUCXOAAMINX KIIH-
MaTH4ecKux u3MeHeHuit B MpkyTckoif 061acTy, B TOM 4HCIIe Ha ceBepe pernoHa. Ouk-
CHpyEMBbIC YUCHBIMH KINMATHYCCKHE W3MEHEHHs OBLTH COIIOCTABICHBI C PE3yNbTa-
TaMU MOJIEBBIX COLMOJIOTMYECKIX UCCIIECI0BAaHNI B CEBEPHBIX paiioHax obiactu. B me-
JIOM HaOJII0/IaeTCsl COOTBETCTBUE OCHOBHBIX ()OPM KIMMAaTHYECKUX M3MEHEHHH M MX
nocneacTBHIl. BMmecTe ¢ TeM mosieBbIe HcCaeJ0BaHIS TO3BOJIMIN TTIOJTyYUTh Ooee Je-
TaJIbHBIE CBEIEHHS O BIMAHUY U3MEHEHHs KJIIMMAaTa Ha COLUAIIbHO-IKOJIOTHYECKHE CH-
creMbl CeBepa, BBIIBUTH M NPEANPHUHATH MOMNBITKY CHCTEMaTH3allMM HMEIOIINXCS
MPAKTHUK aJanTaluyd MECTHOTO HACEeJEHHsI K 9TUM U3MEHEHUsM (Tabi1.).
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Tabnuya

Ha6IIIO,Ha€MLI€ KIIMMaTU4YE€CKUE NU3MEHCHHU Ha CEBEPE I/IpKyTCKOﬁ 00IaCTH M UX IIOCICACTBUA

®Dopma IpOosBICHUS KIUMaTHYe-
CKHX H TIPUPOJIHBIX W3MEHEHHI

IlocnencTBus, KOTOpbIE
OTMEYAIOTCSl KUTEISIMH Ce-
BEPHBIX PailOHOB

IIpoGuiemsl
IS MECTHOTO HACEJICHHS

BrIsiBIICHHBIE MEXaHU3MBI
ajanramnuu

Hsmenenuss  memnepamyp-
HO20 pedxcuma ammocgep-
nozo 6030yxa. Ob1iee norer-
JICHWE KIIMMAaTa W CE30HHBIC
teuaennyu [1; 4; 5; 7].

— Terutast oceHb;
— Temnast 3uma

CokpaliieHue CpokoB (hYyHKIIMOHUPOBAHUS
3MMHHKOB,

CrBuranue cpokoB Hayasia MPOMBICIOBON
OXOTBI;

VI3meHeHHs: CPOKOB MHUTPAIMH MITHI] U K-
BOTHBIX;

IMozanee «co3peBaHue» MIKYPOK COOOJIS.

Hcnone3oBaHne HOBBIX TEXHOJIOTHYE-
CKHX JI0pOT;

Benenne 0XOTbI € y4ETOM U3MEHEHHUS
CPOKOB MUTPAIlMH ITHIL U JKUBOTHBIX;
Hcnonp3oBaHue IOHTOHHBIX MOCTOB Ha
BpeMs JIJI0CTaBa.

Usmenenusn pescuma ammo-
cgpepmvix ocaokos. Ormeua-
eTcs yBeJIMYeHHE CyMMBI aT-
MOC(EpHBIX OCaIKOB B 3HM-
Huit nepuon [1; 3].

Ilpy NOBBINIEHUH JICTHUX
TeMIepaTyp OTMeYaeTcs
YMEHBILEHHE CyMMbI aTMO-
cepHbIX 0caaKoB [6]

— VYBenuueHue KoJnye-
CTBa TBEP/BIX OCAJIKOB;
— YMeHbIICHHE KOoIuue-
CTBa JKHUIKUX OCAJIKOB,
0CcO0OEHHO BO BTOPOIT TO-
JIOBHHE JIeTa

Vxynuienne ycaoBuii GyHKIIMOHUPOBAHHUS
3UMHUX JIOPOT, MTOBBIILIEHHE PACXOJI0B Ha CO-
JACPIKAaHUE 3UMHUKOB;

HaxoruieHne cHeroBoii Macchl MOBBIIIAET
PHCKH BBICOKMX HAaBOJHEHHI;

Bospacranue noxxapoonacHOCTH B Taiire n
POCT KOJIMYECTBA JIECHBIX TT0XKAPOB;
Bospacranue npodiiem 6e301acHOCTH Hace-
JICHUS B CBSI3H C JICCHBIMHU MOKapaMHu;
TloTepsi IeHHBIX YTOAWI U YHUYTOXKCHUE
OXOTHHYbEH HH(PPACTPYKTYPBI, B pe3yiIbTaTe
JICCHBIX II0KAPOB (3UMOBBS, IOPOTH)

YBenuyeHue 3aTpar Ha YUCTKY U IOJI-
JiepsKaHue 3UMMHHX JI0pOT;

Crtporuii KOHTPOJIb MOCEIIAEMOCTH Jieca
B JICTHUI NEPUOJ;

Co3panue 1 moepKaHue MIUHEpaU-
30BaHHBIX TT0OJIOC;

3abiaroBpeMeHHast OAr0TOBKA HAcese-
HUSI K HABOJTHCHUSIM, CIICIIHAJIbHbIC
HPUCTPOMKH, JUTSl CHIKEHHUS yIIepOoB

Hsmenenus  eudponocuue-
CKO20 pedcuma pex.

C BO3pacTaHMEeM BEIMYUHBI
TBEPABIX OCAJIKOB, MOBBIIIA-
FOTCSl PUCKH HABOJHEHMH 115
peK HCCIeayeMOi TeppHuTo-
pHH, KOTOpBIE IO TEHE3UCYy
OTHOCSITCS. K CHETOBOMY IIH-
TaHuo [8]

— HaBoguenus;
— ObmeneHue pek

Bo3pacranue 4acTOThI HOBTOPSIEMOCTH BBICO-
KUX HABOJIHCHUI;

VXyuIeHne yciIoBHi 1714 3ae3a Ha OXOTHH-
Ybe-pPbIO0JIOBHbIE YUACTKHU;

VY 1opoxaHue J0CTaBKU IPy30B PEUHBIM
TPAHCIIOPTOM B JICTHHII IEPHOI;
[ToBbllIEHHE TeMIIEPATypbl BOJbI U HETaTHB-
HbIE TOCJIE/ICTBHS JUIsl PHIOHBIX PECYPCOB;
3amops! pbIObI B 3UMHHUIT IEPUOJL

3abaroBpeMeHHast OArOTOBKA Hacelie-
HHS K HABOJIHCHHUSIM, COOPYIKCHHSI CIIe-
[HAJIBHBIX TIPUCTPOCK, JUIsl CHUIKCHHS
ymepoos;

Hcnosnp30Banue 00IETYCHHBIX BapHaH-
TOB JIOJIOK, MOTOPOB C 3aIUTOM;
Henomnnas nmorpyska 6api;

BypeHue ba A71s IPEeA0TBPAICHHS 3a-
MOpa PhIOBI
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TpebyeT AOMOTHUTETHFHOTO UCCIICIOBAHUS TAaKOE SIBJICHNE KaK CyXHe rpo3bl. B
MOCJICHUE TOIBI ATOT MPHPOIHBIA (HaKTOP CTaJl JOMHHUPYIOMIECH MPHIHHON BO3HHK-
HOBCHUSI JICCHBIX TI0)KapOB B TPYIHOJOCTYITHBIX pallOHaX Ha CeBepe 00JIaCTH COTIaCHO
odunmanbHON cTaTcTHKe. Takke HEKOTOPBIE UCCIIeI0BAaTEe OTMEUAIOT, 9YTO Ha Tep-
putopun CHOMPH 3TO SIBJICHUE YIaCTHIIOCH B ocieqaue rojsl [9]. Ho mpu atom ecth
000CHOBaHHBIC COMHEHHSI JCUCTBUTEIIFHO JIH CYXHE TPO3bI SIBISIOTCS IPUIHHON BO3-
pacTaHMs KOJTUYECTBA JIECHBIX MOKapoB Ha ceBepe MpKyTCKoi 00J1aCTH HITH 3TO CKPBI-
TBI aHTPOTIOTeHHBIH (hakTop [2].

Bo3HUKHOBEHME pa3IMUYHBIX ONACHBIX THAPOMETEOPOJOTHUECKUX SIBICHUN Ha
CeBepe PeruoHa, KOTOpble PErUCTPUPYIOTCS BCE yallle, HalpuMep, I'po3a co MIKBaJIOM
B Kupencke 23.07.2022, TpebyeT Ooiee 1eTaIbHOTO H3YIEHHUS IPOOIeMBI KIMMaTHYe-
CKHMX M3MEHEHHMH U NX BO3MOKHBIX MOCJIEICTBUMN.

Taxum 06pazom, HaOII0JaeMBbIe TIOCIIEACTBISI KITMMAaTHUSCKIX H3MEHCHHHN YKe
CEero/IHs OKa3bIBAIOT 3HAYUTEIHHOE BIMSIHUE HA COLMATbHO-IKOJIOTMUECKUE CUCTEMBI
M3y4aeMbIX pailOHOB, KaK MPSIMO, TaK U OMIOCPEIOBAHO, Yepe3 N3MEHEHHE MTPUPOTHBIX
YCIIOBHH, a TAK KaK MECTHBIE COOOIIIECTBA TECHO CBA3AHBI C IPUPOTHON CPEIOii, TO 3TO
3HAYUTEJIHHO CKa3bIBAETCSl HA BCEX ACIEKTaX JKU3HEAEATEIbHOCTH, BKJIIOYasl pa3Hble
chepbl 5KOHOMUKH U o0ecriedeHns 0e30MacHOCTH HACEIEeHUSI.

Tpebyrorcst mpoBeieHue OoJiee TeTATBHBIX UCCIETOBAaHIA H3MEHEHHS KIIMMaTa
Ha TeppuTOpHHU ceBepa MpKyTckoi 00J1acTh st U3yUCHHUS JIOKAIbHBIX OCOOCHHOCTEH
Y TOCIEAYIOUIEr0 MPOTHO3UPOBAHUSI CUTYAIlMH AJsl pa3paOOTKH COOTBETCTBYIOIINX
CIIEHApHUEB aJIalTAlluH COIMATbHO-IKOIOrHUeCKuX cucteM CeBepa K KITUMATHYECKUM
W3MEHEHHSIM.
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YJIK 556.555.3

OneHKa MHOT0JIETHEr0 H3MeHEHNsI KBAPTAJLHOTO MPUTOKA
Boabl B KaMckoe BogoxpaHuniie

B. H. Pomamosa (vikt.romashova@yandex.ru), K. JI. Muxosa

Tlepmckuil 2ocyoapcmeeHHbIl HAYUOHAbHBILL UCCTIe008amenbCKull yHusepcumem, 2. Ilepmv, Poccus

AHHoTanus1. B rccienoBaHny BBINOJIHEHA OL[EHKa MHOTOJIETHETO U3MEHEHHMS IIPUTOKA BOJIbI B Kam-
CKO€ BOJIOXPAaHMIIUIIE 10 KBapTanaM. MCXOQHBIMU JaHHBIMU MOCITY>KHIM BEJIMYMHBI CPEAHECYTOU-
HOro NpUTOKa BoAbI K Bogoxpanuauiy Kamckoit I'DC 3a nepuon 1954-2022 rr. [onyuennsie pe-
3yJIbTAThl OKA3aJId, YTO BO BCE KBApTAJIbl HAOIIOJAETCS YBEIMUYCHUE MIPUTOKA BOJBI B BOJAOXPAHH-
nmie. [Tpu 3ToM npoBepka Ha CTaTUCTUYECKYIO 3HAUMMOCTh IOKAa3aJla, YTO BBISIBIICHHbIE TCH/ICHITHH
CTaTHCTHYECKU He 3HaYrMbl. HanbobIiyo n3MeHYnBOCTh UMeeT nputok Bosbl B 11 1 IV kBapramax
(Cy=0,36-0,38), HanumeHbI1ast "3MEHYUBOCTH ITpuToKa Bo 11 u I kBapranax (Cv=0,18-0,22). B nenom
3a [II u IV kBaprans! B Bogoxpanunuie noctynaer 16—18 % mputoka. Bo II kxBapTasne B Bogoxpanu-
nue nocrynaer 60 % npuroxa.

Ki1roueBble cj10Ba: MPUTOK BOJIBI B BOJOXPAaHMIIHIIE, M3MEHYMBOCTh NPUTOKa, KaMckoe Booxpa-
HUJIUIIIE.

BBenenne

IIpuToK BOABI B BOJOXPAHIIHUINE CUUTACTCS OJHON M3 OCHOBHBIX XapaKTepH-
CTHK, KOTOPBIC BIUSIOT HA PEKUM PabOTHI THAPOIIECKTPOCTAHIUH. JIJIs1 TOrOo YTOOBI
I'SC s dextrBHO paboraia HEOOXOAUMO 3HATH, CKOJIBKO BOJBI PUTEYCT K BOIOXPa-
HUJTHUIY, a TAKOKe MIIAHUPOBATh CKOIBKO YAACTCS BBIPAOOTATh 3JIeKTpodHeprun. Ecian
HENpPaBUIbHO CIIPOrHO3UPOBATH KOJUYECTBO BObI, NOCTYNHBIIEH B BOJIOXPAHUIIMLLE,
OHO HE HAIOJHMUTCS 10 MPOEKTHOH OTMETKU. B TakoM ciydae OHO CMOXKET HamoJ-
HHUTBHCS B CIEAYIOIUII pa3 TOIBKO Yepe3 TOJ, 4TO NMpUBEET K aehuuuTy Boasl. I1po-
THO3BI TIPUTOKA BOJBI K Bojoxpanmnnry Kamckoit 'DC HeoOXoaUMBI 11 HaIeKHOM
1 3((EKTHBHON IKCILTyaTaIlliH BOJOXPAHMIIMIINA, a TAKKe JUTI MHHAMH3AIAN PHCKa
BO3HUKHOBEHMS aBAPUUHBIX CUTYalUH.

PaboT, MOCBSIIEHHBIX TPUTOKY BOIBI B BOJOXPAHIIIHUIIE HEMHOTO, HECMOTPSI Ha
akTyaiabHOCTh TeMbl [1-3; 5; 6]. lnsa Kamckoro BomoxpaHuiniia BOIPOCH! MPUTOKA
BOJIbI K BOJIOXPAHMUJIMILY HEJIOCTaTOYHO U3yUyeHbl. B ycIoBUsAX, KOTJa MPOUCXOAT CO-
BpPEMEHHBIE KJIMMaTUYECKUE U3MEHEeHus [7], a Taioke M3MEHEHHs 3UMHETO CTOKa IO
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ce3oHaM [4], BOmpOCHI MPOTHO3a MPUTOKA BOABI K BOJOXPAHWIIMIILY OCTAIOTCS aKTY-
anbHBIMH. [103TOMY TENTBIO MCCIICMOBAHUS SBISUICS aHAIM3 KBAapTAIGHOTO IPHTOKA
BOJIbI K KaMCKOMY BOJIOXpaHUIIUIILY 32 MHOTOJICTHUHN TIEPUO/I.

XapaKTepUCTHKA HCCIeAyeMoil TeppuTOPUH

Kamckoe Bogoxpanunuiie co3gano B 1954 r. Ha p. Kame, B pe3ynbrare crpou-
tenbcTBa Kamcekoit 'OC. Tepputopus Bogocbopa Kamckoro Bogoxpanunuia, oomeit
mwromaaeio 1910 km?, oxBaTeiBaeT Oacceiin Bepxueit u Cpenneli Kamebl, a Takxke pac-
I10JI0’KEHA Ha CEeBepO-BOCTOKe eBporneiickoi yactu Poccun. [Ipoctupaercs Bogoxpa-
Huuie Ha 250 kM ¢ ceBepa Ha tor. [IpaBoOepexHas yacTh BogocOOpa pacroiaraeTes
Ha Pycckoit paBHUHE, 1eBoOepekHas — B MPEATOPhIX U HA 3aMaJHOM CKIOHE Ypaib-
CKHX Top. Bomoxpanmnmine nMeeT BHITSHYTYIO GOPMY C W3pPE3aHHBIMH Oeperamu H
KpymHbIe 3amuBbl. [Ipurok B Kamckoe BogoxpaHmmie GopMupYeT CTOK pek: Kamer,
Bumiepsi, Yycosoii, CeuiBa, SiiBel, IHbBa, KockBa 1 OOBEIL.

HMcxoaHble JaHHbIE H METOAbI UCCJIETOBAHUS

B pabote ucmonb30BaHbl MaTepHaNbl pacyeToB IlepMcKoro meHTpa mo Tuapo-
METEOPOJIOTHH U MOHUTOPUHTY oKpy: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 3HAYCHHUSIM
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. Jlns storo
ObLTa IPOBEpEHA HyJIeBas THITOTe3a 00 OTCYTCTBUH TpeHa. Ecim ypoBeHb 3HaYMMO-
cti p < 0,05, To HyneBas runoTe3a 0TBEPraeTcsi, YTO 03HAYAET, UTO CYIIECTBYET CTa-
TUCTHYECKU 3HAYMMBIH TpeHa. B cimyuae ecnu p > 0,05, HyneBas Tunoresa npuHUMAa-
€TCsl, YTO YKa3bIBA€T Ha OTCYTCTBUE CTATUCTHYECKU 3HAUUMOTO TPEHA.

Pesyabrathl U 00cy:KIeHHE

AHanmu3 MHOTOJICTHETO M3MEHEHHS MIPUTOKa BOIBI B KaMckoe BOIOXpaHHIIHIIE
MIOKa3aJl, YTO BO BCE KBAPTaJIbl HAOIIOIETCSl pOCT MPUTOKA BoJbI (puc. 1, 2). M3mene-
HHE TIPUTOKA BOJBI K BOJOXpaHWIMITy Bo 1l KkBapTaie, B Te4eHHE KOTOPOTO Ha peKax
MPOUCXOANUT OCHOBHASI BOJIHA BECEHHETO MOJIOBO/IbS, IMEET HEOOIBIIYIO TEHACHIIHIO
K pOCTy.

[TpoBepka CTATHCTHYECKOH 3HAYMMOCTH BBISBICHHBIX TCHJICHIMH IOKa3aia,
9TO TPEHJ SABJISAETCS CTATUCTUYIECKU HE3HAUUMBIM (p > 0,05). DT0 CBUAETENBCTBYET O
HECYIECTBEHHOM TOBBIIICHUH IIPUTOKA BOJIBI B TAaHHOM KBapTaje. Haubonpmuii mpu-
Tok HaOmomancs B 1990 T., Korma KOJNHYECTBO IIOCTYTAIOIMIEH BOJIBI COCTABHIIO
50,3 km?, uTO OoJiee ueM B 2 pa3a MPEBBICHIIO HANMEHbIIIEE 3HaUCHUE TIPUTOKA, 3a(rK-
cupoBanHoe B 1954 1. (20,1 xm®). CpenHss 32 MHOTOJICTHUH MEPHOA BEIUUUHA TIPH-
ToKa BoJbl BO II kBaprane cocraBuia 34,5 km>.
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Puc. 1. Muoronernee (1954-2022 rr.) u3sMeHeHHe IPUTOKA BOABI
k Kamckomy Bomoxpanmmmnty 3a I-11 kBapTan

W3menenne nputoka Bozasl B I1I kBaprane xapakrepusyercsi TEHACHIMEH K po-
CTy IPUTOKA BOJBI 32 PACCMATPUBAEMBIH Mepuo/]. AHAIN3 MHOTOJIETHETO H3MECHEHUS
MPUTOKA HE BBIIBIJI CTATHCTHYECKH 3HAYMMBIX M3MeHeHHH (p > 0,05). HanbGompmmii
MPUTOK BOBI HaOmroaancs B 2019 r. — 22,7 kM3, a HAWMEHBIIHA PUTOK HAOIIOIAICS
B 1960 r. u coctaBun 5,34 km*. CpeiHee 3HaU€HHE NPUTOKA 3a PACCMATPUBAEMBIH Ie-
puox coctasuio 10,118 kM. B HekoTOpbIe TOABI MPUTOK OBIT 3HAUUTEIHHO BBIIIE
cpemHero 3HaueHus (Hampumep, B 1956, 1959, 1962, 1965, 1969, 1971, 19781980,
1984-1987, 1991-1994, 1996, 2007-2009, 2012, 2015, 2017-2019 rr.), a B apyrue —
3HaYUTENbHO HIDKE (Hampumep, B 1954-1955, 1957-1958, 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 Bojoxpanmmmniyy 3a I11-IV kapran

B IV kBaprane Ha01r0/12€TCSl POCT MPUTOKA BOJIBI K BOJIOXPAHMIIHIILY 33 TIEPUO/T
1954-2022 rr. Hanbosnpmas BeIM4IrHA IPUTOKA Habmroanack B 2019 r., korna o0seM
nocrynatouieit Boas! coctaBui 19,8 km?. DT0 B IATH pa3 NpeBbICUIO HAUMEHbILIEE 3Ha-
YeHUe MPUTOKa, 3apukcupoBaHHoe B 1974 r. (3,75 km?). Cpeansisi BeTUUMHA TPUTOKA
BOJIBI 33 TAHHBII KBapTaj cocTaBmia 8,98 kv®. B maHHOM KBapTase B BOJOXPAHUIIHIIE
rmocTymaet B cpenHeM 16 % o0Imero mpuToka BOJIHI.

M3menunBocTh mpuroka Tak ke, kak B III kBaprame ocrtaercs BBICOKOH
C, =0,36 (Tabin. 1) nz-3a GONBIIONH HEONPEAETCHHOCTH BBIMAACHUS KUAKUX OCATKOB.
JIaHHBIN MTeproj XapaKTepHU3yeTCsl MEPEX0IOM OT OCEHHUX YCIOBHM B OKTIOpe (T10-
BEPXHOCTHOE ¥ IOJ3EMHOE MHUTaHHE PEK) K 3UMHHUM YCIOBHSM B HOSOpe-nexadpe
(Tonbko rpyHTOBOE NUTaHKe). [103TOMY U3MEHUYHUBOCTH MPUTOKA UyTh MEHBIIIE, YeM B
IIT xBaprane. B IV kBaprane m3MeHeHHe INPUTOKA BOABI K BOJOXPAHMIIMILY TaKkKe
HMMEEeT TEeHJICHIIMIO K pocTy. [IpoBeieHHbIi aHaIN3 3HAYMMOCTH TPEHJ1a MOKa3all, YTo
JAaHHOE U3MCHEHHe 3a repuon 19562022 rr. craTuctidecku He 3HaYUMO (p > 0,05).
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Tabnuya 1
Bennunubl rogoBoro (kM. Ky0/ro/1) ¥ KBapTajbHOTO MPUTOKA BOJBI (KM. KyO/KBapTam)
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, %
Haubonpmmii 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 kBaprane cpeansisi BeIMuMHa OpUTOKa BOAbI coctaBmia 3,73 km?. IIpurox
BOJIbI B BOJIOXPAHUIIMIIE B JAHHBIN EPUO]] HANMEHBIIHH (6 % OT TOZOBOTO MIPUTOKA).
B 2020 r. otMeueHa HanOobIIAST BEIMYMHA TIPUTOKA, KOT/Ia KOJTUYECTBO TOCTYIIAI0-
el BoAbl cocTaBmwiio 6,51 km?. DTO B TpU pas3a NMPEBBICUIIO HAMMEHbIIIEEe 3HAUYCHUE
NpUTOKa, 3adukcuposanHoe B 1954 r. u cocrasistroee 2,30 km®. (tadum. 1). Mexro-
JI0Basi NI3MEHYNBOCTH NpuToka Hebombmast C,=0,22. B nepBom kBapTane, Ha KOTOPBIi
MPUXOIUTCS 3UMHSS MEKEHb, KAKOW-JIN00 TEHACHIINH H3MEHEHHUS IIPUTOKA BOIBI K BO-
JOXpaHWINILy He HaOmrogaercs. OLeHKa 3HAYMMOCTH TPEHJA MOoKa3ala, YTo TPeH[
CTaTUCTUYECKU He3HaYUMBIM (p > 0,05). B 2020 r. oTmeueHa HanOomblIasi BEIHUUHA
MPUTOKA, KOT/Ia KOJIMYECTBO IMOCTYIAIOMEeH Boasl cocTaBmio 6,507 km®. DTo B aBa
pasa npeBbINIaeT HAaNMEHbIIIee 3HAaUCHNE TIPUTOKA, 3aduKkcuposanHoe B 2012 r. u co-
crasisonee 3,087 km® Cpennsisi BelMuuHa npuToka Boasl 3a I kBapTan cocraBuia
4,116 xm?.

BoiBoabI

Ha ocHoBe aHanm3a KBapTaabHOI'O MPUTOKA BOJbI B KaMckoe BOJOXpaHUIIHILE
MOJKHO CJIEJIaTh BHIBOJI O 3HAUUTEIBHON H3MEHUNBOCTH ITPUTOKA 332 pACCMATPUBAEMBII
nepuox (1954-2022 rr.).

B nenom camast Oombliasi HK3MEHYHBOCTH TIPUTOKA BOABI K KaMckoMy Bomoxpa-
Hunuiy HaoOmronmaercs B 11 u IV kBapTane, rae KO3QQHUIUCHT BapUalid COCTABUI
0,38 u 0,36 COOTBETCTBEHHO. DTO CBSI3aHO C TE€M, YTO CTOK B 3TOT MEPHOI GOPMUPY-
€TCsl 32 CUET JKUJKUX OCAJIKOB, KOTOPbIE MOTYT BBINIAJaTh C Pa3HON BEPOSITHOCTBIO.
Camasi HaMMCEHBIIIasl U3MEHYMBOCTh HaOmoaaercs Bo 11 kBapraine, rae ko3¢ GunueHTt
Bapuaiuu paseH 0,18. B aToT nepuo crok GopMUpYeTCs IPEUMYILIECTBEHHO 3a CUET
TasiHUS cCHera Ha BojocOope. OCHOBHOW MPUTOK BOJBI MPOUCXOIUT BO BTOPOM KBap-
Taje, B BECEHHUH nepuoi, coctasiisisi 60 % OT rooBOro NpuToKa.

Bce yetbipe ce3oHa (3uMa, BeCHa, JIETO, OCEHb) XapaKTepU3yIOTCs pa3InyHbIMU
TEHICHIIUSMU U3MEHEHUS IPUTOKA BOJBL. [IpH 9TOM CTaTUCTHUECKHE POBEPKH TTOKa-
3aJI1, YTO UMEIOIIUECS TPEH/IbI SIBIISIFOTCS CTATUCTUYECKH HE3HAYUMBIMHU.
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V]IK 528.88(282.256.341)

MoaenupoBanue U pa3padoTKa NPOrpaMMHOI0 odecrneyeHust
JJIS1 aBTOMATH3HPOBAHHOI0 AHAJIM3Aa CIYTHUKOBBIX CHUMKOB:
OlleHKA U MOHUTOPHHT II0IAH 0. Apku

®. M. Arapees (fm.inbox@yandex.ru)

Hprymckuil cocyoapemeennuiil yhueepcumem, 2. Uprymck

AnHoTtanust. Ctaths MOCBsIICHA pa3pabOTKe MPOrPAMMHOr0 00ecHedeHH s Ul aBTOMATH3HPOBaH-
HOTO aHaJIN3a CITyTHUKOBBIX CHUMKOB C II€JIbIO0 OLICHKM M MOHUTOPHHIA M3MEHEHHs IUIOIIAIH O.
SIpxu, pacmonokeHHOTO Ha CEBEPHOI OKOHEUHOCTH 03. baiikan. [{is oneHKH mapaMeTpoB HCTIONB30-
BaHbl JaHHble Landsat 3a meprox oTkpeiTod akBatopuu B 1995-2024 rr. [laercs undopmanys o6
OCHOBHBIX 9Tamax padOThI AArOPUTMA JUIS pacyeTa IUIONaan 00beKTa B 3aBHCHMOCTH MO 3HAYCHHSIM
crekrpanbHoro BogHoro unaekca (WRI) u npuBogutcst nHpopmanus o CTpPyKType OTYET, COCTABIIS-
€MOM I10 pe3yJibTaTaM paboThI AIropuT™Ma. B Xo/1e ucclie[oBaHus pacCUUTaHbl IUIOMWIAAH 0. SIpku 3a
Oosee uem 150 jHEl cbeMKH, HO BBUY HE CPa3y BBISBICHHBIX 1e()EKTOB CHUMKOB, B pabOTy B3SIThI
ToNbKO 144 nHs. 3a Bce 144 HS CHEMKH MOJTyYEHBI TaHHBIE O IUIOMIATSX 0. SIPKU U COTIOCTABIEHBI C
uHpopmarmeit 00 ypoBeHHOM pexrme 03. baiikan 3a nepuo/| nucciaej0BaHusI.

KiiroueBble cj10Ba: CIIEKTPAIbHbBII BOIHBIN HHICKC, 0. SIpku, anroput™ o6pabdortku, Landsat.

Pabota 6b11a oCBAIIeHa aBTOMATH3AIMH pacueTa 3HAUCHHS TUIOIA N 0. SIpKu,
PAcIOI0KEHHOTO Ha CEBEPHON OKOHEYHOCTH 03. baiikal, 1o 3HaueHHsIM CIEKTpallb-
Horo BojHoro unmekca (WRI) [1; 2] u oOydeHuro aaropurMa Ajasi MOACTHPOBAHHS
IUI0IIAJCH 0. SIpKK B 3aBUCUMOCTHU OT YPOBEHHOIO pexkuMa 03. baiikail.

Jlis orieHKH MOpP(OMETPHUYECKUX ITapaMeTpOB OCTPOBA OBIIM HCIIOIB30BAHBI
nmanHbele Landsat 3a mepuon oTkpeiTol akBatopuu B 1995-2024 rr. CymmapHO OBLIO
obpaborano 6onee 150 nHeii cbeMKku, HO B paboTe okazanuch Tosbko 144. Tax xe uc-
MIOJIH30BAHHI JJAHHBIE 00 YPOBEHHOM pexxnume 03. baitkar.

Pa3paboTaHHEINH aNTOPUTM OTKPHIBAET TJIABHYIO TUPEKTOPHIO, COMCPIKAIIYIO B
cebe marnkw Buna «JJJI. MM.ITT T, kaxxnas marka, B CBOFO O4epe/ib, COACPIKUT (haiiiibl ap-
XMBa CIIEKTPAILHON ChEMKH 32 BEIOpaHHYIO AaTy. CKPUNT B 3aBUCUMOCTH OT OHpE/EEH-
HOTO UCTOYHHKA TIOHUMAET, KaKHue KaHaJIbl HaJl0 B3sITh Juist pacueta WRI (tabm. 1).

Tabnuya 1
CTpyKTypa alropuTMa Jiisi pacyera miomia oobekTa B 3aBucumoctu o WRI

&

Oneparust
Onpenenenne ucrounnka gannsix (LT05, LCOS, LC09).
ITorck HEOOXOJMMBIX KaHAJIOB B AUPEKTOPUH MO KPUTEPUSIM.
Pacuer WRI.
O0pe3ka pacTpa 1o BEKTOPHOW MacKe.
Pexnaccudukanust no NpUHIMIY «CYyILIA-BOJAY.
[IpeoGpa3oBaHue pacTpoOBOro CJI0s B BEKTOPHBIIA.
Pacuer rutomanu o0beKTa.
3amnuck aHHbIX (IUI0IIA/11) B aTPUOYThI BEKTOPHOT'O CJIOSL.
CoxpaHeHHe BEKTOPHOTO CJIOS.
0 | CoxpaHeHHe TaHHBIX 33 PACUCTHBIN Mepuo B (aii . xIsx.

= O |QA|N|n | |W || —

289



CoBpeMeHHble TEHAEHLUN 1 NepCneKTUBbLI Pa3BUTUSA rnapomeTeoponorui B Poccun
Mamepuarnsi VII Becepoccutickoli HayyHo-npakmuyeckol koHgheperyuu. Mpkymek, 19-21 mapma 2025 e.

Tax xax (aiisl CIyTHUKOBOW CHEMKH COJIEPIKaT B Ha3BaHUH CBEICHUS 00 mc-
tounuke nanubix (LTOS) m HoMepe kaHana, ObUIO IPUHSATO PEIIeHHEe alTOPUTM CTPO-
WTh Ha WJICHTH(OUKALUH STUX JaHHBIX.

Pazpaborans! aBe ocHOBHBIC (DyHKINH: | — OYHKIMS ONpeIeNeHNs THIIA CITyT-
HUKa I10 COJICPKaHUI0 HANMEHOBAHHS OTACIBHBIX (DaiiiIoB. 2 — DyHKINS OnpeieneHus
KaHaJIOB CIIyTHHKA I10 COJICP)KaHNI0 HAaMMEHOBAHUS OT/IENbHBIX (aiinoB (puc. 1).

def detect_satellite(folder_path): for band_name, band_num in band_mapping.items():
# Co3n3eM WaGNOHLI NOUCKA GAIAN0B € YYETOM PE2NH4HIX GOPMATOR UMEHOBIHIA
PYHHLMA ANA ONPE.IEEHMA THN CYTHIKA HA OCHOBE MMEH Gan0e B nanke. band_patterns = [
Bo3spauaer kniow u3 satellite_band_mappings unu None. + Biband_num}TIF, # Hanpamep, *_B.TIF

'*_BOfband_num}.TIF', # Hanpumep, *_BO3.TIF
if_files = glob.globlos.path join(folder_path, " tif}) + glob.glob{os path.joinlfolder_path, "* TIF)) +_B{band_numktif,
for file in tif_files: *_BOfband_numltif,
filename = os.path.basename(file) '*_SR_8{band_numLTIF, #Hanpumep, *_SR_BA.TIF

if 'LTOS' in filename or 'LEOS' in filename: *_SR_BO{band_num}-TIF,
retum 'Landsat_S' *_SR_g{band_num}.tif’,
elif'LEO7" in filename or 'LTO7" in filename: f'*_SR_BO{band_num}.tif

return 'Landsat_7' 1
elif'LCO8" infilename or 'LO0S" in filename:
return 'Landsat_g&'
elif’LC09" infilename or 'LO0S" in filename:
return 'Landsat_%' CAYyTHWUKA ——*
return None #CryTHUK He onpeeneH

DYHKUMUA oNpesieneHna KaHaNoB

DyHKUMA onpeaeneHuns
MCTOYHUKA JaHHbIX

LTOS| L2SP_132021 20090601 20200827 02 T1 [SR B2

dopmaT MMeHM CNYTHUKOBOTO CHUMKa B apxuse USGS EarthExplorer.

Puc. 1. DyHkuun uieHTHGUKAIMN UCXOJHBIX JAHHBIX

Jlnst onpeieieHyst KaHAJIOB CITyTHHKA TaKyKe COCTABIICH CJIOBAph B 3aBUCUMOCTH
OT UCTOYHMKA JTAaHHBIX. 371eCh MPEJICTAaBICH KPATKHH BBIBOJ] PaOOTHI aJITOPHTMA MOCIIEe
00paboTKH Kaka0i manku. Pabora mporpaMMBbI cBeJIcHa K IIUKINIECKON, paboTa mpo-
rpaMMBbl 3aBepLIASTCs IociIe 00padOTKH BCeX IMOMNAINOK INIaBHOW aupexTopuu. Kpar-

KW BBIBOJI ITOCJIE 00Pa0OTKH Ka)XI0H MOAANKA PEJICTaBIeH Ha puC. 2.
O6pabotka nanku: 01.06.2009

Omnpenenen cnytauk: 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 qas kanana NIR (Band 4): LT05_L2SP_132021_20090601_20200827_02_T1_SR_B4.TIF

Haiinen ¢aiin ps kanana SWIR (Band 5): LT05_L2SP_132021_20090601_20200827_02_T1_SR_B5.TIF

Bce HeobXxoiMble KaHabl HaiineHsl. Boimonusercs pacaer WRIL

WRI ciioit coxpane 1o mytu: W:/Self/Postgraduate/Projects QGIS/DISS_PRJS/data_2\01.06.2009\01.06.2009_ W
RI.tif

Ipumenenne macku k WRI ciioro.

Pexnaccudummposannoe WRI nsobpaxenne coxpaneno no mytu: W:/Self/Postgraduate/Projects QGIS/DISS_PRJ
S/data_2\01.06.2009\output\01.06.2009_WRI_reclassified.tif

KOHBCpTaL[PISI pacTpa B BEKTOP JJIA MOJYYEHHUS KOHTYypa OCTPOBa.

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 nociie 00pabOTKN Kax 101 IMOIIAIIKH
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beun paccunTansl momany o. Spku 3a 6onee yem 150 qHEH CheMKH, HO BBUTY
HE Cpa3y BBIABICHHBIX JIE(PEKTOB CHHMKOB, B Pa0OTy B3STHI Ha JTAHHBI MOMEHT
Tonbko 144 nus. 3a Bce 144 nHS CheMKHM HOJIYYEHbI JaHHBIE O IUIOMIAJAX O. SIpKu.
Jlannsle 00 ypoBEeHHOM peknMme 03. baiikan ObUIM B HANIWYMU TOJNBKO 3a MEPHO C
2008 mo 2019 1. (49/144 nueii cvremrn) — AVIC TMBO. KoaddunmeHnT Koppensiin
psznoB 3a maHHBIN epuon —0,95. DTo CBUACTENBCTBYET O BBICOKOI 00paTHOH 3aBHCHU-
Moctu (puc. 3).

F, k2
F, km2

~— MAouayo. Aipkn

= Ypomews o. Bafikan (n. Hiweanrapck), m

MNepuda HabaoaeHWl ¢ non- 20 - ! 1N . -
o HbIM HaboOPOM AaHHbIX {
:

& 9

nara nara

Puc. 3. Pesynbrar paboTsl alropuT™Ma — pacCYMTaHHbIC IUIoNau o. SIpku (cnesa) u ['padux
M3MEHEHHs IUIomaau o. SIpku u yposHeit 03. baiikan (crpaBa)

C 1eTbI0 YBEMUUCHHS JaHHBIX JJIsl 00y4YeHUs Oy IyIIEro aaropuTMa MOICIUpPO-
BaHMA IUIOIAAeH 0. SIpku, ObIIH paccYUTaHbI TEOPETUUECKUE JaHHBIE 00 YPOBCHHOM
pexxnme 03. baiikan 3a nmepuoasl ¢ 1995 mo 2008 u ¢ 2020 mo 2024 r. st 9TOr0 OBLT
HAIIMCaH aJiTOPUTM, B KOTOPBIH IIOATPY>KACTCS TaOJIUIIa ¢ IBYMS pPsIaMy HaOTFOICHUH,
OJIMH 13 KOTOPBIX BKJIFOYAET MPOMYCKU AaHHBIX. [Iporpamma pasjenseTr JaHHbIE Ha
M3BECTHBIE U OTCYTCTBYIOIIME, HA OCHOBAHUU JIMHEHHOM perpeccuu ornpeaesnser mno-
TPEITHOCTh JAHHBIX U 3aIOJIHACT OTCYTCTBYIomue (puc. 4). lannsre: 1. Mudopmaris
00 ypoBeHHOM pexuMe 03. baiikan mo qanasiM AVIC 'MBO u pacueTHbIC IIIOMIaIH
o. Spku (2008-2019 roasl, 49 nueit cvemxu). 2. PacuerHsle miomamu o. Spku c
1995 o 2024 r. (144 nus cvemku) u 3. OTCyTCTBYIOIINE JaHHBIE 00 YPOBEHHOM pe-
skume 03. baiikai ¢ 1995 o 2008 u ¢ 2020 mo 2024 r. KoahhunmeHT Koppessiy 1mio-
maau 0. SIpku ¢ pacyeTHhIMHE (BKJIFOUas (JaKTHIECKUE) TAaHHBIC 00 YPOBEHHOM PEKUME
03. baiikain cocrapnser —0,91.

H,m
H,

250 L 6. ® . H=-34.6F+311.9 270
6.0 . R'=0.90 H=-34.7F+312.1

R?*=0.83

150 2.00 250 3.00 350 400 450 150 200 250 300 350 400 450

Puc. 4. I'padux cBsizu mwiomau o. SIpku u Gpakruueckux yposHei 03. baiikan (ciesa) u ['padux
CBSI3U IUIOWAAN 0. SIpKku 1 pacueTHbIX ypoBHei 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 pe3ynbraTa padoTa Mo-
nenu, pa3paborad anroputM (Talu. 2) Ui MOACIHPOBaHHS MOP()OMETPUICCKUX U3-
MeHeHuid 00BexTa (0. SpKn).

Tabnuya 2
CTpyKTypa anropuTMa Jiisi MOACIUPOBAHHSA U BU3yalH3allui MOP(HOMETPHIECKUX H3MEHEHUH
Ne Oneparust
1 3arpy3ka BEeKTOPHBIX KOHTYPOB
2 IIpuBsi3ka ypoBHs BOJbI 03€pa K aTpuOyTaM IUIOLIAAU BEKTOPHBIX cI0eB 03. balikai
3 OOyueHHe MOJIENH: IOCTPOCHHE 3aBUCUMOCTH MKy YPOBHEM BOJIbI U IIOMA/IBI0
4 3anaercs ypoBeHb 03. balika, s KOTOPOro BHIIIONHSIETCS MOAEIUPOBAHHE
5 I'enepanus MopomMeTpHUIeCKUX U3MEHEHHUH 0. SIpkn

[TporpaMma 1o3BoJII€T MOAENINPOBATH U BU3YaIM3UPOBATh (puc. 5) Mopdomer-
pHUYecKre U3MEHEHUs OeperoBoil JINHUK 00bEKTa, OCHOBBIBASCH HA 3aBUCHMOCTH MO-
nemu. Bee pacuers! anroputM nposoaut B EPSG: 32649 WGS 84 UTM zone 49N.

N

Puc. 5. PaccuntaHHble aIrOpuTMOM BEKTOPHBIE CIIOU 0. SIpKu

Cnucok 1MTepaTyphl

1 Mopososa B. A. Pacuer MHIECKCOB JUIS BBISBICHUS U aHAIN3A XapPAKTEPUCTHK BOJHBIX 00b-
€KTOB C MTOMOIIBIO JAHHBIX JTUCTAHIIMOHHOTO 30H1upoBaHusi / COBpeMeHHbIE MPOOIEMbI TEPPHUTO-
puanbHoro paszsurus. 2019. Ne 2. ID 85. C. 1-11.

2 Manuniox T. A., Macnosa A. B. ViccnenoBanue BOTHBIX TIOBEPXHOCTEH 03€p IMMyTEM HUCIOIb-
30BaHUS BOJHBIX MHIEKCOB 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 0CagKaX
HA METEeOPOJIOrHYeCKUX CTAHIUAX U CTAHIMAX MOHUTOPHHIA
XHMHMYECKOro cocraBa ocaakos B Upkyrckom YI'MC

. A. Tanymun (galushin2012@yandex.ru)'%, C. A. I'pomos (gromov@igras.ru)',
C. M. ABniees (avdeevbio@yandex.ru)*

Unemumym anobanvrozo kaumama u sxono2uu um. axao. 0. A. Uspasna, 2. Mockea

Poccuiickuii cocyoapcmeennviii acpapubiii ynusepcumem — MCXA um. K. A. Tumupszesa, . Mockea
SUncmumym 2eozpagpuu Poccuiickoti akademuu nayk, 2. Mockea

YBeepoccutickutl HayuHo-UCCIe008ameNbCKULl UHCIUMYM CelbCKOXO3ATUCMEEHHON OUOMEXHOI02UL,
2. Mockea

AnHoTanus. VccnenoBaHue NOCBSIICHO aHAJIM3Y BPEMEHHBIX PsJ0B aTMOC(EPHBIX OCAIKOB, CO-
OpaHHBIX Ha CTAHIMAX METEOPOJIOTHYECKON CETH M CTAHLMAX HAOJIONCHUS 32 XMMHYECKUM COCTa-
BoM ocasikoB (XCO) B Mpkyrckoii obnactu. Mcnonp3o0Bannch JaHHbIe HAOIIOJCHUIT 3a MEpHO C
2010 mo 2020 r. OCHOBHOM 1IEIBI0 OBLUIO OLIEHUTH BO3MOKHOCTh OOBEIMHEHHS JAHHBIX dTUX CETEH
JUISl PEIICHUs] HAYYHBIX 33/1a4 BO3JICHCTBHIO aTMOC(EPHOrO 3arps3HEHUS HA NPHPOJHBIC HKOCH-
CTEMBI, B TOM YHCJI€, C UCIIOIB30BAHUEM CPE/ICTB HHTEPIIOSIIUK B FeONH()OPMALIMOHHBIX CHCTEMAX
(T'C). B pabore ananuzupoBaiuck aanHble cranuuiit Mpkyrckoro YI'MC Pocruapomera, u3 Koto-
pbIX Ha 24 BefyTCs TOJIBKO METeoposiorndyeckue HaboneHus, a Ha 10 opraHn30BaH MOHUTOPHHT
XUMHUYECKOr'o cocTtaBa OCaJKOB. Brln ucnons30BaHbI COBPEMEHHBIC METOJBI CTATUCTUYCCKOI'O aHa-
JIM3a, BKIIIOYAsi CTAaHIaPTHBIE APaMETPhI, KOTOPbIE MO3BOJISIOT OLCHUTH OJHOPOJHOCTD JAHHBIX IIPU
CPaBHEHHMHM PE3yJbTaTOB JUIsl CTAHIMI yKa3zaHHbIX cerel. IlomyueHo, 4yro KodpGUIMEHT BapHaluK
cymM ocajxoB Ha craniusax XCO Bapbupyer ot 10 10 24 %, Toraa kak Ha METEOPOJIOrHUECKUX CTaH-
IUAX OH cOCTaBisAeT oT 9 10 28 %. DT0 yka3bIBaeT Ha BO3MOKHOCTh COBMECTHOTO HCIIOIb30BaHUS
JaHHBIX 00enx cereil wis pacmmpenns uHpopmaruu B ['MC. [pakTudeckas 3Ha4MMOCTb UCCIIEI0-
BaHMHs 3aKJIFOYACTCA B BO3MOXKXHOCTHU HUCIIOJIB30BaHUS O6”be}11/IHeHHbIX JAHHBIX JUIA U3YYEHU, MOJIE-
JHMpoBaHMs U aHanmmu3a ocaakoB B ['MC, uTo criocoOCTByeT MOTyueHHIO 00JIee TOYHBIX U JeTaTbHBIX
OLICHOK BIIQJKHBIX aTMOC(EpHBIX BbINaieHuil BemecTB B VIpkyTcKoii 06maacT.

KuroueBble ciioBa: armocepnbie ocanku, kodduuuent Bapuannu, MpkyTckas ooiactb, MeTeo-
pOJIOTHsl, CeTh XMMHYECKOI'0 COCTaBa 0CAJIKOB.

BBenenne

MerteopoJorusi, Kak HayKa, M3y4aeT aTMOoc(epHbIe IPOLIECCH U UX POJb B (hop-
MUPOBaHUM Ha KIMMAaTUYECKUE PEXKUMbI TEPPUTOPUI peruoHoB. B nocnennue necs-
TUJIETHS CTATHCTUYECKHE METOJIBI CTATH HEOTHEMIIEMOI YaCThIO METEOPOJIOTHYECKHX
UCCIIEI0OBaHUM, OTKPHIBAsi HOBbIE TOPU30HTHI B HOHUMaHUH U IPOTHO3UPOBAHUM KITH-
MaTHYeCKUX 0COOCHHOCTEH PalilOHOB MCCIEJOBAHUH U BO3MOXKHBIX MPOSIBICHUHN H3Me-
HEHMH KIIMMaTa. DTH METOABI MO3BOJITIOT HE TOJBKO ONPENENIATh CPEAHNE 3HAUCHHS
METEOPOTOTNYECKUX DJIEMEHTOB, HO M BBIABIATH MX BaPUATHBHOCTB, YTO SIBISETCA
KJIFOUEBBIM JUIS aHAJIM3a U MHTEPIpPEeTaliy JaHHbIX [2].

KomnuecTBo aTMOC(EpHBIX 0CaJKOB — OJUH U3 HanOOoJIee BaKHBIX METEOPOIIO-
THYECKHX JJIEMEHTOB, KOTOPBIE ITOIBEPKECHBI 3HAYNTEIHHON H3MEHINBOCTH U KoJieba-
HUSIM BO BPEMEHH U MPOCTPAHCTBE. AHAIM3 UX CTATUCTUYECKUX XapaKTEPUCTHUK, Ta-
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KHX KaK CpeTHHE 3HAUCHUS, TUCTIEPCHs, KO GHUINSHT BapHaIli 1 ACHMMETPHUH, 1103~
BOJISIET BBISIBIISITH 3aKOHOMEPHOCTH, KOTOPBIE HE BCET/la OUEBH/IHBI ITPU UCIONb30Ba-
HHUH TOJIBKO CPEJHUX CYMM OCaJIKOB. ITO OCOOEHHO Ba)KHO JUIsl OLICHKU BIIMSIHUS at-
MOC(EpPHBIX IPOLIECCOB Ha reorpaduiaecKyro Cpeay 1 BBISBICHHUS BOZMOXKHBIX KIIHMa-
TUYECKUX U3MEHEHHI.

OpHako, HECMOTPS Ha 3HAYUTENbHBIE TOCTHKEHNS B 001aCTH CTATUCTUYECKOTO
aHaJIM3a METEOPOJIOrMUECKUX JaHHbBIX, CYILIECTBYET Psii OTPAaHUUYEHUN €ro UCI0JIb30-
BaHMA. CyIIeCTBYIOIINE METOBI YaCTO HE MO3BOJIAIOT YIUTHIBATH OCOOCHHOCTH pac-
TIPe/IeNICHNs PE3yJIbTaTOB HAOIIOCHUH BO BPEMEHN M IIPOCTPAHCTBE, UTO 3aTPyIHSET
BBISIBJICHHE CKPBITBIX 3aKOHOMEPHOCTEH M MEXaHU3MOB (DOPMHUPOBAHMS KIIMMaTHIE-
CKOTO peXKHMa. B ¢Bs3M ¢ 3TUM BO3HHKAET HEOOXOAUMOCTH B Pa3pabOTKe U BHEIPEHUH
HOBBIX TIOJX0JIOB, KOTOPBIE MOTJIH OB 00JIee TOYHO M TIOJTHO OMHCHIBATH METEOPOIIO-
ruveckue nporeccsl [3; 4].

Oco0oe BHUMaHUE yJIEISETCS NCCISA0BAHUIO aTMOC(EPHBIX OCAIKOB U MX XH-
MHYECKOT0 cocTaBa. OCagKi HTPArOT KIFOUEBYIO POJIb B IEPEHOCE 3arPS3HSAIONINX Be-
IIECTB M MX PACIpE]e]ICHNM Ha PErHMOHAIbHOM ypoBHE. B Poccun ¢dynkmmonupyer
CeTb MOHUTOPUHTA XUMHUECKOro cocTaBa ocaakoB (XCO), ogHaKO COBPEMEHHOE KO-
JIMYECTBO €€ CTAHIUH HEJOCTaTOYHO JUIA IOJIHOTO OXBaTa TEPPUTOPHUU CTpaHBL. B
CBSI3U C 3TUM Hapsily C pacCUIMPEHHEM CETH CTaHIMI aKTyallbHOM 3ajaueill siBisieTcs
pa3paboTKa HOBBIX METO/IOB aHAJIM3a U 00PAOOTKH JOTIOJIHUTEIbHBIX JaHHBIX, ITOJY-
yaeMbIX Ha rocynapcTBeHHoi HabmomarensHoi cet (I'HC). IlepcrnekTuBHBIM
HAINpaBJICHUEM SIBIICTCA MHTETpalys JaHHBIX, Mody4aeMbIx co crannuit XCO, ¢ uH-
(opmanmeii ot cetn Pocrunpomera, 9To MO3BOJHT IOBBICUTH TOYHOCTD 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 BApHUALNIT XapaKTEPUCTUK aTMOC(EPHBIX 0CAKOB Ha
Teppuropun MpxyTckoit oonactu. B uccnenoBaHuu NCTIONIB30BaHbI JaHHbIC, TOTYIEH-
HBIX co craHimi HaOmonerni 32 XCO u MeTeoponorndeckux ctannui. lenpio pa-
OOTBI SBIISIETCS OLIEHKA BO3MOXKHOCTH TIPIMEHEHHS JaHHBIX €IWHOI CeTH At HHTep-
HOJISIMY MHpOPMALMK 00 3arps3HEeHUH aTMOC(EPHBIX BBITIAZICHUH JUIsl TEPPUTOPUH C
HCTIONB30BaHNeM reonHpopmarnoHHbIX cucteM (IC).

Jnst JoCcTHKeHNS! 9TOMH 11en OBLIN PEleHbI CIEAYIONINe 3aqatH:

1) cOop u cucTeMaTH3anMs JaHHBIX 00 aTMOC(HEPHBIX 0CaTAKAX C METEOPOIIOTH-
YEeCKHUX CTaHIMH VpKyTCKoH 006JaCTH U CTaHIINI MOHUTOPUHTa XMMHUYECKOTO COCTaBa
0CAaJIKOB PEroHa;

2) aHaIM3 CTATHCTUYECKUX XapPAaKTEPUCTHK OCAIKOB;

3) oLieHKa TOYHOCTH M HAJEKHOCTU AAHHBIX, NOXy4eHHbIX co ctannuil XCO u
METEOPOJIOrMYECKUX CTAHIMM, Ul JaJbHEUIIEr0 UCII0Ab30BaHMsl B UHTEPIIOJIALMOH-
HBIX MOJEIISIX.
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MeToabl M MaTEPHAJIBI

Jnst mpoBeNEHUsI CTATUCTUYECKOTO aHaIM3a TOJOBBIX CYMM aTMOC(EpHBIX
0CaJKOB MCHOIb30BAINCh JaHHBIE, OTy4YeHHbIE U3 Beepoccniickoro Hay4Ho-nCCIe-
JIOBAaTEJIbCKOr0 HMHCTUTYTA T'MAPOMETEOpPOJIOrHueckoil uHpopmanuu — MupoBoit
IIEHTP JTaHHBIX (J1ajee — METeOPOIOTUIECKIE JJaHHbIC), & TAKXKE JaHHbIE, COOpaHHbIE
13 ©XKEroHUKOB Pe3yJIbTaToOB HAOIIOICHUH 32 XMMHYECKUM COCTaBOM OCaJKOB (1a-
nee — craniun XCO) [1; 6], mybnukyemsle ['taBHOM reodusnyeckoil odcepBaTopueit
(I'T'O) Pocrugpomera (puc. 1).

JIis mpoBeICHNS CTATUCTUIECKOTO aHAIN3a OBLTH MCIIOIH30BaHBI COBPEMEHHEIC
CTaH/IapTHBIE METOJbI 0OPaOOTKN M aHalM3a JAHHBIX, BKIIFOUasi METOIbBI OIHCATENb-
HOW CTATUCTHKH, TaKUE KaK BBIYUCICHHE 3HAUCHUN CPEIHUX, MEIHAaH, CTAHAAPTHBIX
OTKJIOHCHHH U K03()(HUIIMEHTOB BapHAIIIH.

MamakaH
KupeHck -

_Ep“““’“ Makcumoso

Huxneyannck
Tynyn .
L. HKuranoso
Canuck 7
. L Banararnck ONEWGHA YiiKaHNA OCTPOR
Mepeeos 5

a5 £ ik
pemxoBo | Banupan Eapryannckni sanoseanns

Wira®

; XomyTos

“CuUpkyTek Bonkuioe FonoycTHoe
Xamap - DaGan (~METoK AHrapi
| —Bankaneck

Puc. 1. PacrionoxeHue CTaHIM XMMHIECKOTO COCTaBa 0CAIKOB (KpacHbIC TOUKH) U
METEOPOJIOTHYECKUX CTAHIIMI U MOCTOB (CHHUE TOYKK) B IpKyTCKOit o0macTu

Pe3yabTaThl 1 X 00Cy:K1eHHS

B pamxax gaHHOTO MccienoBaHHs ObUI MPOBEICH aHAIN3 MapaMETPOB OIHCa-
TEILHOW CTATUCTUKH IJIsl KOJIMYECTBA BBINABIINX OcaakoB B MpkyTckoit obnactu, oc-
HOBBIBAsICh Ha AaHHBIX HaOmoaeHui 3a nepuox ¢ 2010 mo 2020 r. Ocoboe BHUMaHKE
YCNATIOCH OIIEHKE BO3MOYKHOCTH HCITONB30BAaHMS JaHHBIX ceTh Y MC ams unTepmo-
JSLAU JAHHBIX O XUMHYeCKOM cocTaBe ocagkoB XCO 1 MoAenupoBaHHs MPOLECCOB
BBINICHUS 3arps3HSIONINX BEIIECTB B MaciiTadax peruona. J{is sroro Obu1 paccuu-
TaH K03 GUIHEHT BapHaIii CyMMBI 0CaJIKOB, KOTOPHIH SIBIISICTCS BaYKHBIM ITOKa3aTe-
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JIeM OJTHOPOIHOCTH AaHHBIX. COTIIACHO JINTepaTypHBIM HCTOYHHKAM, 3HAUCHHE KOd (-
¢urnmenTa Bapuanuy, npepbimaromee 33 %, CBHACTENBCTBYET O HEOJHOPOTHOCTH
JIAHHBIX U JIeJaeT UX HENPUTOAHBIMU JUIS JallbHEHIIero aHaansa.

B cocrase cetu Upkyrckoro YI'MC Pocrunmpomera Ha TeppuTopuu odiactu
(YHKIMOHUPYIOT 24 CTaHIWK, HAa KOTOPBIX BEIYTCS TOJIBKO METEOPOJIOTHYCCKHE
HaOmroeHus, U 10 craHIui, B IpOorpaMMy KOTOPBIX BKJIFOUCHBI TAKIKE OTOOPHI MPOO
Ha XUMUYECKHUN COCTaB OCAAKOB. YUHThIBas, 4To HaOmoaeHus 3a XCO Ha Tpex cTaH-
musax (bomsmmoe N'onoyctroe, McTok Anraps! n baiikansck) 6sumn HadaTs! B 2010 T,
CTATUCTUYECKUI aHanm3 npoBoamics 3a nepuoa ¢ 2010 mo 2020 rr., gaHHbIC 32 TIE-
puox ¢ 2003 mo 2010 r. He ObUTH BKJIFOYCHSI [5].

CpeaHerooBoe KOIUYECTBO OCAIKOB B PETHOHE MPOCTPAHCTBEHHO BapbUpPyeT
oT 168 MM Ha ocTpoBHOM cTanuuu Xyxup 10 1338 MM Ha ropHOI ctanuuu Xamap-
JabaH, 9TO CBUACTEIHCTBYET O 3HAUYUTEIHHON HEOIHOPOTHOCTH TeorpaUuecKux 1
KIIMMaTo00pa3yIomux yciIoBuil. 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 (HUIMEHT BapHalliy JaHHBIX
cranuuit XCO Mpkyrckoit obnactu 3a nepuon ¢ 2010 mo 2020 r.

Jucnepcust psSaoB JaHHBIX O KOJU4ecTBe ocaakoB i cTanuuii XCO HpkyT-
CKOM 001acTH JEeMOHCTPUPYET 3HAUMTeIbHbIC pasnuuus: oT 1379 Ha cr. Xyxup 10
17 552 na ct. baiikanbck. DT0 yKa3bpIBaeT Ha BRICOKUH pa30poc JaHHBIX 0 TO/IaM, 0CO-
OCHHO JUTsS CTaHIMU, PACIOJI0KECHHBIX B TOPHBIX pailoHaX. MUHAMAabHBIC 3HAUCHHS
Jucrepcun HabmonatoTest s cranuuii Xyxup u [IpeoOpakeHka, 4TO MOXKET CBUJIE-
TEJIECTBOBATH O OoJiee CTaOMIBHBIX KIMMAaTHYECKAX YCIOBUAX B 3THX pailoHax.
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CranmapTHOE OTKIOHEHHE, SBISIONIEeCS BaKHON XapaKTEpUCTHKOM pactpese-
JICHUsI JaHHBIX, B JAHHOM HCCJIEJIOBAHUU AJIsl CYMM I'OJJOBBIX OCA/IKOB HA CTAHLHUSX B
TOPHON MECTHOCTH BapbHupoBajio B mpenenax ot 129 no 131. {ns cranuuit Xyxup u
IIpeoOpaxeHnka ero 3Ha4eHHsT COCTaBUIH 37 U 43 COOTBETCTBEHHO, YTO yKa3bIBAET Ha
Oosee y3Kuif HHTEPBAJ N3MECHEHHUI HanboJee BEepOsSTHRIX 3HAUCHHUH MO CPaBHEHHIO C
JIPYTHUMHU CTaHLUSIMHU.

AHanmu3 acHMMETPUH pacIpeIeNIeHNs JAHHBIX BBIABUI HanOoOJIee BEIPAKCHHYIO
JIEBOCTOPOHHIOD aCHMMETPHIO pacTpeeNieH sl sl CTaHuy bpaTck ¢ Koappurimen-
ToMm acumMeTpun —1,21. B To ke Bpemsl, Ha ctaHInK baikambck HaOIIoIaeTCs «Ipa-
BOCTOPOHHSISI» acCUMMETpHs CO 3HadeHueM B 1,26. Dkcluece pacnpeesieHus TaHHbIX
Ha cTaHIMM baiikamsck coctaBmsier 2,02, 94TO yKa3bIBaeT Ha OCTPOKOHEUHYIO (hopmy
rpaduka u 0oJee BrIpakKeHHBIE ITMKH IT0 CPABHEHHIO C HOPMAIBLHBIM PacTIpe/IelICHIEM.

Koaddumnment Bapmanuu CpeaHEMHOTOJICTHUX TOJOBBIX CYMM OCAJKOB [UIS
BCEX HaOJIOJIATENIbHBIX CTAHIIMI XMMHUUYECKOT0 cOCTaBa 0caakoB B MpkyTckoii o0a-
ctu m3mensiercst oT 10 10 24 %. DTo CBUAETENBCTBYET O JOCTATOYHO BBICOKOW OHO-
POIHOCTH TaHHBIX TOJOBBIX CYMM OCaJKOB. Takwe 3HaueHHs KOX(PQHUIIHEHTa BapHa-
I[H YKA3bIBAIOT HA CTA0MIBHOCTh U COTJIACOBAHHOCTB JJAHHBIX, UTO SIBIISICTCS] BaXKHBIM
JUIS IabHEHIIero aHaan3a U UHTEPIPETAIlH PE3yJIbTaToB.

[Ipumenenne mpaBmiIa Tpex CUTM (TTOKA3BIBAIOIINX TPAHUIIBI C BEPOSTHOCTHIO
97 %) MO3BOJISIET ONPEICIUTh TOBEPHTEIFHBIC MHTEPBAJIBI ISl CPSIHUX 3HAYCHUH.
Jnsa craniuu baiikanbck uHTepBan cocrasisger oT 411 qo 1205 mm ocaakoB, a ams
cTaHIuK XyXup — oT 56 10 278 MM. DTH HHTEpBAJIBl OKA3BIBAIOT AUANA30H 3HAUe-
HUH, B KOTOPOM C BBEICOKOH BEPOSATHOCTBIO OYIAYT HAXOAUTHCA CPEAHNE MHOTOJICTHHE
TOJIOBBIC CYMMBI OCAJIKOB Ha JaHHBIX CTAHIHSX (pHUC. 3).

CraHuum

e=@== H1)KHAA rPaHNLA MHTEpBana e=@==BepXHAA rpaHULLa UHTEPBA/A

Puc. 3. JloBeputenbHbIe HHTEPBAJIbBI U1l CPEHEMHOTOJIETHUX T'OIOBBIX CYMM aTMOC(EpHBIX
ocankoB utst cranimii XCO B UpkyTckoit obmacti
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B xone ananmmza KIMMAaTHYECKUX JAAHHBIX TSI METEOPOJIOTHUIECKIX CTaHITHM,
PacIoNOKEHHBIX B PErHOHE, BBIABICHO 3HAYUTEIBHOE Pa3sHOOOpasme IS CPEeTHHX
CyMM BBIIA/IAl0ILETO 32 T'oJ] KosinuecTBa ocaakoB. Ha cr. bonpmol Ykanuii octpoB
3aUKCUPOBAHO MHUHUMAIBHOE KOJIMYECTBO OCAJIKOB (IISI PACCMATPHUBAEMBIX METEO-
POJIOTHYECKUX CTaHIMH perruoHa) — 224 MM, B TO BpeMsl Kak Ha cTaHuu Bepxwss ['y-
Tapa HaONIOJaeTCsi MaKCUMalbHOE 3HavyeHWe — 579 MM. MenumaHa CyMM OCaJIKOB
Tak)Ke JEeMOHCTPUPYET MIMPOKHUIl nuana3on: oT 213 MM Ha craniuu bonpmioi Yka-
HUH 0cTpoB 110 559 MM Ha ctanimu Bepxwusist ['yrapa (puc. 4).
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Puc. 4. CpeJTHEMHOTOJICTHSISI TOJI0Basi CyMMa OCaJIKOB M KO3(D(DUIIMEHT BapHaIliy TaHHBIX CTAHIINI
YI'MC Hpxkytckoit odractn

Haubonbmuii pa3dpoc ro10BbIX JaHHBIX OTHOCUTEIBHO CPEAHEr0 3HAUEHHs OT-
MeueH Ha ctannuu TymyH, rae aucnepens coctaBisteT 16301. O1o ykaspBaeT Ha 3Ha-
YUTEIbHYI0 BapHAaTHBHOCTH KOJIMYECTBA OCAJKOB B JAaHHOM pernoHe. Hamportus,
HaMMEHBIINH pa3opoc 3adUKCUpOBaH JuIs cTaHIMU Mamakan ¢ pucrtiepeneit 1903, uro
CBHUJICTETIBCTBYET O HE3HAUUTEIBFHBIX MEKIOJJOBBIX U3MECHEHHSX B BBIMAJCHUH aTMO-
chepHBIX o0cankoB. COOTBETCTBYIOIIME CTAaHIAPTHBIC OTKIOHCHHS COCTABIISIOT
128 g cranuuu bonbiioi Yiukanuil octpos u 44 nist cranuuu Mamakas.

Pacnpenenenue naHHBIX HAa MCCIEAYEMBIX CTAaHLUSX MMEET aCUMMETPUYHBIN
xapakrtep. Koadpurment acummeTpun Ha cranimn KazaunHackoe cocrasiser 1,53, 9to
YKa3bIBaeT Ha CMEIICHHUE PACIpE/CICHHs B CTOPOHY OoJiee BBICOKMX 3HaueHHH. Ha
cranunu Taiimer naGmomaercst oOpaTHas KapTHHA — KOI(GHUIMEHT aCHMMETPHU —
0,76. Dkcrecc Takke pa3nuyaeTcs: Ha cTaHIM Ka3aumHcKoe pacrpenieneHne uMeeT
OCTPOKOHEUHYI0 Gopmy (Kodpduiment skcrecca 3,92), 4To yKa3plBaeT Ha HAIMYHE
«TOJICTBIX XBOCTOB» M BEPOSTHOCTb PEIKMX SKCTPEMalIbHBIX 3HaueHui. Ha crannmm
Tynyn pacnipesesieHne XxapakTepu3yeTcst INIOCKOBEPLIMHHON (GopMoi (K03 PuIeHT
skcrecca —1,48), uTo roBopuT 0 GONIBIIEH BEpOATHOCTH OTKIOHEHHUH OT CPEIHETO.

MO>KHO yTBEPKIATh, YTO C BEPOSITHOCTBIO 97 % (IIPaBHIIO TPEX CUI'M) 3HAYCHHS
ocazkoB Juist ctaHiuu TyiyH OynyT HonanaTth B AOBEPUTEIbHBIN HHTEpBAT OT 81 10

298



CoBpeMeHHble TEHAEHLUN 1 NepCneKTUBbLI Pa3BUTUSA rnapomeTeoponorui B Poccun
Mamepuarns! VII Becepoccutickoli HayyHo-npakmuyeckol koHgheperyuu. Mpkymek, 19-21 mapma 2025 e.

847 MM, 9TO yKa3bIBaeT Ha 3HAYUTENBHBIN pa3dpoc 3HAYCHNH psia TaHHbIX. [ cTaH-
umu bonbmioi Yimkanuii ocTpoB uHTEpBaN coctaBiser oT 64 1o 383 MM, 4TO Takxke
CBUJETEILCTBYET O 3HAUMTENILHOM pa3dpoce 3HaueHui (puc. 5).

Ocagku, mm

CraHuumn

e=@= H|13KHAA rPaHNLLA MHTEPBANA @=@==BepXHAA rPaHNLA UHTEPBa/a

Puc. 5. JloBepuTesbHbIC HHTEPBAJIbI IS CPEAHEMHOTOJIETHUX I'OJJOBBIX CYMM aTMOC(HEPHBIX
ocajikoB Ha cranuusx Mpkyrckoro YIMC B 2010-2020 rr.

Koa¢ppuument Bapuanuy AaHHBIX MO OCaJKaM Ha BCEX METEOPOJOTHUECKHX
CTAHIIUAX PETHOHA cocTaBisieT MeHee 33 %, 4TO yKa3blBaeT Ha UX OJHOPOIHOCTH.
CpaBHeHre KO3POUITMEHTOB BapUaIUH TSI METEOPOJIOTHIECKUX CTAHIIUN M CTAHITHI
cetn XCO moaTBepkKIaeT OAHOPOJHOCTD TAHHBIX B JIBYX Pa3IMYHBIX CETAX HAOO/Ie-
HUH. DTO NO3BOJISIET CUNTATH 0OOCHOBAHHOM HKCTPATIOJISIINIO JAHHBIX O COJICPIKaHUU
cynbdaroB u HUTpaTOB co ctannuii XCO Ha palfOHBI, TI€ MPOBOIITCS TOJIBKO METEO-
POJIOTHYECKHE HAOIIOACHUS, YTO PACIIHPSICT BO3MOXKHOCTH aHAIN3a IPOCTPAHCTBEH-
HBIX XapaKTePUCTUK U3MCHCHUI BIIQXKHBIX BBITAJICHUI KUCIOTOOOPA3yIOIIUX BEIICCTB
B PETUOHE.

3akarouenue

AHanu3 naHHbIX HaOmogeHui 3a ocaakamu Ha cetd YI'MC Pocruapomera B
HpxyTckoit 007acTH BBISIBUII H3MEHUNBOCTh CPETHEMHOTOJIETHHE CYMM OCAKOB JIJIS
METEOPOJIOTHUECKUX CTAHIINHI B Pa3HBIX YaCTSX PETHOHA. DTH PA3INIHsI 00y CIOBICHBI
Kak reorpapuuecKkiuMu (pakropamu, TaK © MECTHBIMU KIIMMATOOOPa3yONIHMH yCIOBHU-
SIMH, BKJTFOUasi 0COOCHHOCTH pelibeda, OJIM30CTh K KPYITHBIM BOJJOEMaM U UX BIUSHUE,
a MHOTJIa BJIMSHUAE aHTPOIOTCHHBIX (PakTOpPOB. BrIcoKast MeXro10Basi U3AMEHYHBOCTH
0CaJIKOB Ha HEKOTOPBIX CTAHIHUAX TOJYECPKUBACT HEOOXOIUMOCTD MPOBEICHHUS JTalThb-
HEHIINX KCCIIeIOBaHUI C UCIOIB30BaHUEM 00JIee [UIMHHBIX PsIOB HAONIOICHUI s
MOJTyYeHHs] YTOYHEHHBIX OLIEHOK COBPEMEHHBIX XapaKTePUCTHUK, a TAKKE BO3MOKHBIX
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TIPOSIBIICHUHA KIIMMATHYECKUX W3MEHEHUH, /U WX HUCIOJIL30BAHUS B MCCIICIOBAHUIX
BO3JICHCTBHUS 3arpsA3HEHUS aTMOC(EpPhl Ha KOCHCTEMBI PETHOHA.

CpaBHeHHE KOA((PHUINCHTOB BapUallMd U JOBEPUTCIBHBIX WHTECPBAJIOB ITOKA-
3aJ10, 9TO TaHHBIE MeTeoposiornieckux craniuii u ctannuit XCO B UpkyTckoit oba-
CTH XapaKTePU3YIOTCS BHICOKOW CTETICHBIO OJHOPOAHOCTH CTATHCTUISCKUX MapaMeT-
POB. DTO MOATBEPIKIAET BO3MOXKHOCTh HCIIOJIB30BAHMS ITHX JAHHBIX COBMECTHO JIJIS
SKCTPAINOJIALIUU U MPOBEJCHHSI aHaIU3a B TeONH(OPMAIIMOHHBIX CHCTEMAX, a TaKKe
JUTSI TIPOBEAICHUST KOMIUIEKCHBIX UCCIIEIOBAHNIN B 00JIACTH YKOJIOTUH U METEOPOJIOTHH.

Uccneoosanue evinonneno 6 pamxax memvt HUOKTP AAAA-A20-
120013190049-4 «Pazsumue memoo0o8 u MeXHOLO2UN MOHUMOPUHSA 3A2PA3HEHUs
npUpoOOHOTL Cpedbl 6credcmeue MpPaHcePaHUUHO20 NePEHOCA 3A2PAZHAIOUUX Gelyecms
(EDOK OOH: EMEII, MCII KM) u xucrommusix evinadenuti 6 Bocmounoti Aszuu
(EAHET)».

Cnucok 1MTepaTypbl

1. lannble — Beepoccuniickuii Hay4HO-HCCIEA0BATEILCKUNH MHCTUTYT M'HAPOMETEOPOIOrHYECKOM HH-
¢dopmanmu — MupoBoii 1ientp aanubix. URL: http://meteo.ru/data-access/?ysclid=m7n9sioqmt480250968
(mata obparerns: 03.02.2025).

2. Ucaes A. A. Cratuctika B METEOPOJIOTHH U KiuMaTonoruu. M. : U3n-so MI'Y, 1988. 248 c.

3. Kouyrosa, E. A. Ce3onHbIe n3MeHEeHUs aTMOC(EpHBIX 0caKOB Ha Teppuropun MpkyTckoii oba-
cru/ E. A. Kouyrosa, A. E. lllyroBa // /lunamMuka u B3aumojieiicTBre reocdep 3emMin : Matepuaisl Beepoc.
KkoH(. ¢ MexyHap. yyacTueMm, nocssml. 100-yeTnio noArotoBku B ToM. roc. yH-Te CIIEHNAINCTOB B 001acTH
Hayk o 3emue. Tomck, 8—12 HostOpst 2021 r. B 3 1. T. 2. Tomck : ToM. LeHTp Hay4.-TexH. unpopm., 2021.
C. 145-148.

4. CoBpeMeHHBIC M3MEHEHHsI KIMMaTa Ha Teppuropun Mpkyrckoit obmactu / 1. B. Jlareimesa [n
np.] //M3Bectus UpkyTtckoro rocyaapcTBenHoro yuusepeurera. Cepust: Hayku o 3emue. 2010. T. 2. C. 110-
125.

5. Meronuyeckoe nucbMo. O630p cocTosiHUs PabOT MO HAGIIOJAECHUIO 38 XMMUYECKUM COCTaBOM U
KHCJIOTHOCTBIO aTMochepHbIX ocaakos B 2022 r. CIIb, 2023. 60 c.

6. ExxeroaHble JaHHBIC IO XMMHYECKOMY COCTaBy M KMCIOTHOCTH aTMOC(epHbIX ocajikoB 3a 2016—
2020 rr. : monorpadus / H. A. Tlepumna, A. . TTomumnyk, M. T. ITaBnosa, E. A. Cemenern. CII6. : Amupur,
2021. 114 c.
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VIIK 551.510.42(571.1)

Murpauus B/] uz CYB/I Oracle B8 CYB/] PostgreSQL
B PaMKaxX HMIOPTO3aMelleHusl

A. A. louenko (docl7aleks@gmail.com)

Bceepoccutickuil nayuno-ucciedo8amenbCkuil UHCMumyn UOPOMEmeopoi0cUteckol un@opmayuu —
Mupoeoii yenmp oannvix, 2. O6HUHCK

AnHoTanus. CTaThs MOCBSIICHA NOUCKY ¥ IPUMEHCHHIO METO/IOB ISl MUTPAIMX 0a3bl TaHHBIX U3
cucTeMbl yrpasieHus 6aszamu aanubeix Oracle B cucremy yrnpasnenust 0azamu qaHHbIx PostgreSQL
B paMKax IIpolecca 110 HMIIOPTO3aMEIICHHIO IIPOTPAMMHBIX CPEICTB.

KiroueBble c10Ba: cuctemMa ynpasieHuUs 0a30i JaHHBIX, CTPYKTypa 0a3bl JaHHBIX, MUTPALHs Oa3bl
nmannbix, Oracle, PostgreSQL, Ora2Pg.

IlocTanoBKa 3agaun

B nacrosmiee Bpems B pakTuke L{eHTpa okeanorpadudeckunx nanabix (IIO1) u
rOCyJapCTBEHHOH cucTtemMe wuHpopManuu o0 oOctaHoBke B MHPOBOM OKeaHe
(ECUMO) npumensiercs CYB/] Oracle, kak OCHOBHOE XpaHWIIUINE JAHHBIX U OCHOB-
HOM MHCTPYMEHT COJIepKATeIbHON TIepepadOTKH JaHHBIX.

B ocHOBY mporpaMMHEIX CpEICTB HAaKOIUICHUS, XpaHEHHS U MpeoOpa3oBaHUSI
nanubix B L{O/] nonoxena uaes ucnonpzoBanust CYBJl BEICOKOro ypoBHs, KOTOpPOE
MOXET 00eCHeunTh HaKOIUIEHHE OOJBIIOro 00beMa MCXOJHBIX (HAOIIOIEHHbIX) daH-
HBIX (mopsaka 20 T6aiT), cogepkaTeTIbHyI0 00padOTKY NCXOTHBIX JaHHBIX M MOTyde-
HUE TIPOM3BOIHBIX JIAHHBIX Takxke Ooibiroro oobema, CYB]] Oracle.

Taxas CYBJ] Oblna 3akymiaeHa, COTPYIHHUKH Mpouuty o0ydeHue mo pabote c
atoii CYB/] u nucnonp3oBanu ee B TeueHue nmocieaanx 20 mer.
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Puc. 1. Tlpumep XpaHUMBIX JaHHBIX B Oa3e naHHBIX B Oracle
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CornacHo pemenusm [IpaButensctBa P®, Takoro poaa nporpaMMHbIe CpEACTBA
JIOJDKHBI OBITh 3aMEHEHBI Ha POCCHHCKHMI aHAJIOT MM CBOOOJHO pacHpoCTpaHsieMble
IpOrpaMMHBIE CPECTBA.

B xauectse 3amensr CYB/] Oracle nmpuHATO pemeHne UCToab30BaTh 00bEKTHO-
PEIIIMOHHYIO CHCTEMY yTIpaBiIeHus 0a3amu JaHHbIX PostgreSQL.

OCHOBHOI1 3a/1aueii SIBISIETCS TOUCK U NPUMEHEHHs anroputMa 3ameHsl Oracle
Ha PostgreSQL.

IMouck MeTona aust OCyHIeCTBJICHUA MUT'Pallln 0a3blI TaHHBIX

MmuoskecTBo Poccuiickux opraHm3aluii CTOJIKHYJIOCH ¢ MOAOOHOH mpobiemoit
murpaiun CYBJ] Oracle na CYB]] PostgreSQL.

IIpumensanuch pa3IuuHble METOBI 711 OCyILeCTBIEeHUS epeHoca b1, Takue kak
PY4HOI TIepeHOC, CO3/laHne CIICINAT3UPOBAHHBIX KOHBEPTEPOB MIIH HCIIOJIB30BAHNE
YK€ TOTOBBIX.

CymrecTByeT MHOXKeCTBO pa3nuduabix KoaBepTepoB CYB]] Oracle B PostgreSQL,
TaKHUX Kak:

— Ispirer Toolkit,

— CYBERTEC MIGRATOR,

— Full Convert,

— ¥ MH. JIp.

Ho MHOrMe 13 HUX IUIaTHBIC WM MMEIOT KaKue-JIM00 OrpaHHYeHHsI, TOATOMY Jla-
nee OyzeT paccMOTpeH OecrutaTHbIN koHBepTep Ora2Pg.

Ora2Pg — 310 GecIuraTHBI MHCTPYMEHT, MCIOIB3YEMBIi JJIs MHUTPAIiy 0a3bl
nmaaHbIX Oracle B PostgreSQL. On mogxirogaercs k 6a3ze nanabix Oracle, aBTomatnde-
CKHU CKaHUPYET ee U U3BJICKAeT ee CTPYKTypy WIH JaHHEIE, a 3aTeM reHepupyeT SQL-
CKPHIITHI, KOTOPBIE BBl MOXKETE 3arpy3HTh B 0a3y maHHbBIX PostgreSQL.

Ora2Pg MOXHO HMCIIOJNB30BaTh JUISI JIFOOBIX IIEJIeH — OT pEeUH)KMHUPHUHTA 0a3bl
nanHbIx Oracle 10 MUrpanyy OrpoOMHON KOPIOPAaTHBHOM 0a3bl JaHHBIX WIIM IPOCTON
peTUTHKanny HeKOTOphIX HaHHbIX Oracle B 6a3y naHHbIX PostgreSQL. Ona oueHs mpo-
CTa B WCIIOJIB30BAHNH M HE TpeOyeT HWKAKWX 3HAHWH o 6aze maHHBIX Oracle, kpome
yKa3aHHs ITapaMeTpoB, HEOOXOANMBIX JUIS TOJKIIIOUCHHMS K 0ase naHHbIX Oracle.

YcTaHoBKa H HACTPOIiKa KOHBepTepa

V nporpammel Ora2pg HeT rpaduueckoro uHTepdeiica u B3auMOACHCTBIE ¢ HEl
MPOUCXOAUT Yepe3 KOMaHAHYIo cTpoKy. [Tlepenoc bJ1 MOXKHO TPOM3BOAUTE KaK Ha OIe-
paumonHbIX cucreMax Unix, Tak 1 Ha OC Windows. Oxnnaxo Ora2Pg cocrout n3 Perl-
ckpunTa (ora2pg) u Perl-momynsa (Ora2Pg. pm), mosTomMy At ee yCTaHOBKH M ycCTa-
HOBKH HeoOxoanMmbIx Moayneit DBD::Oracle u DBD::Pg nHa OC Windows B ToKyMeH-
tauuu Ora2pg npeyuiaraeTcsi uCroib3oBath Strawberry Perl.

Strawberry Perl — ato cpena perl it MS Windows, coaepikaiias Bce HeoOxo-
JMIMOE IS 3aITycKa M pa3paboTKy MpuiioxkeHnit Ha s3b1ke perl. [Tocie ee yctaHOBKH 1
3aIycKa JJOCTaTOYHO BBECTH CIIEAYIONINE KOMaHIbI Ul yCTaHOBKM MoyJiei Perl He-
oboxoaumbIx st pabotsl Ora2pg (Oracle u PostgreSQL y»xe g0JKHBI OBITh YCTAaHOB-
JICHBI):
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cpanm DBD::Oracle

cpanm DBD::Pg

Jlanee HeoOX0AMMO CKavyaTh U pa3apXUBHPOBATh apxuB ora2pg-24.3.zip. [locne
BBEJICHHSI CIISIYIOIINX KOMaH 1 ycraHoBka Ora2pg Oy/ieT 3aBepIleHa:

cd “ITyTe 1O comep>KMMOTO apXuBa ora2pg-

24.3.zip” perl Makefile.PL

gmake && gmake install

IMoaroroBka m HACTpPoOiika MPOeKTa MUTPALIUH

Jnst Hactpoiikn pabotsl Ora2pg HE0OXOIMMO CHaJana co3AaTh MPOEKT Iepe-
HOCa MCHOJIB3Ys KOMaH/IbL:

cd “Tlyts nmupextopun ycraHoBieHHo# Ora2Pg” ora2pg --init project “Has3sa-

HUE NPOoeKTa”

[Tocne co3manmst MPOEKTa cO3MacTCs JUPEKTOPHS MPOEKTa, B KOTOPOH Oyner
¢aiin koHpu-rypaunu neperoca. OH U copepkuT napamerps! padotsl Ora2pg. Ilepe-
YHCIMM OCHOBHBIC, KOTOPBIE HEOOXOANMO H3MEHHUTD:

— ITyte no aqupexropun Oracle;

ORACLE HOME “ITytb o nupexropun Oracle”

— Anpec BJ] Oracle u pouss, gepe3 kotopyto Ora2pg 6yAeT SKCIOPTUPOBATh JaHHbIC
ORACLE DSN “Anpec BJ1”

ORACLE USER “ITonp30BaTeib, KOTOPEIH nMeeT noctyn k b1 B Oracle”
ORACLE PWD “ITaposb mone3oBatens Oracle”

— Pexum akcriopra cXemsl;

EXPORT SCHEMA 1

— Ykazanue cxembl Oracle (ocTaBUTE Oe3 Ha3BaHHS CXEMBI IIPH HEOOXOIUMOCTH
9KCIOPTA BCEX JOCTYIHBIX CXEM);

SCHEMA “Oracle cxema/monp30BaTeNb HAa AKCTIOPT”

— Anpec BJ] PostgreSQL u poib, gepes kotopyto Ora2Pg 6ymeT mMIopTHpoBaTh
nanHbie (B PostgreSQL HeoOXoauMo 3apaHee 3aBeCTH COOTBETCTBY MY 0 BJT).

PG DSN “Anpec B/l ¢ yka3zaHuem ee Ha3BaHUS
PG_USER “ITonb3oBatens PostgreSQL”
PG PWD “ITaposib mosb3oBarenst PostgreSQL”

OTo nHIIb OCHOBHBIE MapaMeTpsl pa®oTel Ora2pg, HO MPH HEOOXOAUMOCTH
MOXXHO BOCITOJIb30BAaThCS MHOKECTBOM JOTIONHUTEIBHBIX OMINH, BKIIOYAIONINX B
ce0st HacTPOHKY KOAMPOBKM JaHHBIX bJl, HacTpoliky paboThl ¢ pa3IMIHBIMU 00BEK-
tamu bJl, HacTpoliKy KOHBepTallK THIIOB JaHHBIX U MHOTO€ Jipyroe. B 3aBucuMoctu
OT KOMILJIEKCHOCTH, nepeHocuMoi bJI Murpamus MoxeT 3aBepIIUTbCs HEeyAauel, HO
JUTS PEUICHUS Pa3IMYHBIX BO3MOXKHBIX IpoOJsieM B (aifie KoH(HUTypanuu ecTh BO3-
MOYKHOCTb BKJIFOYHTB PEKHM OTJIAAKH, a TAK)KE HACTPOUTH BBILICYNOMSIHYTHIE Iapa-
METpBI NIEPEHOCa.

Hanpumep, mpu neperoce 6a3b1 qanHbIX B [{O/] Ob11H IPUMEHEHBI CIEAYIOIIe
JIOTIOTTHATENFHBIE HACTPOMKH MPOEKTA!

— ITonpoOHBIH BBIBOA B KOHCOJIb BCEX BBIMOIHACMBIX MTPOrpaMMON JIeHCTBU;

DEBUG 1

— Tun Tpan3akunit g odpamenus k Oracle;
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TRANSACTION readonly

— OcTaHOBKa BBIITOJHEHUS KOMaHJ IPpH OOHApY)KCHWU ONIHOKH (OTKIIIOYCHA,
TaK Kak 1o npuyuae oobema b/l ObLI0 MPUHATO pelIeHUe He OCTaHABIUBATH IEPCHOC
13-32 KQKJ0H BO3HHUKAIOIIEH ONIHOKH, a (PMKCHPOBATH Cpa3y BCE IS UX JNAIbHEHIIIEro
YCTpaHEeHHS);

STOP_ON_ERROR 0

— OmnpenerneHue MpUMEHsEMOTro TUMa AaHHbIX B PostgreSQL st naHHBIX THIA
numeric() B Oracle;

DEFAULT NUMERIC numeric

— Yka3zaHue, 4To MoJIb30BaTeNb, oOpamaromuiics k Oracle, iMeer 10ocTyI K WH-
(hopMarum o 1ocTynax Apyrux Mojab30BaTeme.

USER _GRANTS 0

IkcnopT cTpykTyphl BJ1

ITocne ycranoBku u HacTpoiiku Ora2Pg moxHO mpuctynats k nepexHocy b/l
[lepBBIM 3TarmoM mepeHoca SABISAETCS IKCIIOPT CTPYKTYPhI 0a3bl JaHHBIX B Sql (aiiisl,
KOTOpBIE Tajbllle MOXHO OyIeT UMIIOpTHPOBaTh B PostgreSQL.

Ha srom stane Ora2Pg obpamaercs k b/l B Oracle, n3Biexaer HeoOX0IMMYI0
ctpyktypy b/l, moaroraimusaer PL/pgSQL ko u coxpansiet ero B sql daiine. UroObt
OTIPEIIETTUTD THUIT SKCIIOPTUPYEMON CTPYKTYPBI HEOOXOMMO HCIOIB30BaTh KIIFOUEBOE
cioBo TYPE B (aiiiie ¢ HacTpoiikaMu poeKTa MUTPAIHH, JIHOO yKa3bIBaTh THII B KO-
Manze s 3anycka Ora2Pg. TYPE npunumaet cienyromne 3HaueHust:

—TABLE: n3Biexarts Bce TaOIHUIIBI C MHACKCAMH, TEPBUYHBIMHU KIIOUYaMH, OTpa-
HUYCHUSAMH YHUKAIBHOCTH, BHEITHUMH KIIIOYaMHU W OTPaHMYCHUSIMH-TIPOBEPKaMH.

— VIEW: u3Bnekarb TOJIBKO MPECTaBICHHUS.

— GRANT: u3Bnekats posu, npeodpasyemsie B rpynmnsl PostgreSQL, moab3oBa-
TeJIel 1 mpa-Ba LI BCeX 0OBEKTOB.

— SEQUENCE: u3Biekars Bce M0CIEA0BATEILHOCTU U UX TEKYIIHE 3HAUECHUS.

— TABLESPACE: u3BnekaTh IpocTpaHCTBa /sl TAOIHI B HHIICKCOB.

— TRIGGER: u3Bnexats coOsrtuitaeie Tpurrepsl. — FUNCTION: usBiekaTs
GbyHKIHIH.

— PROCEDURE: n3Bnekats npoueayphl.

— PACKAGE: u3BnexaTb nakeTsl U Tejia MaKeTOB.

— INSERT: n3Bnexars ganusle uepes oneparop INSERT. — COPY: u3Bnekatsb
nanHble uyepe3 onepatop COPY.

— PARTITION: u3BiekaTh CEKLMU 10 AUANA30HAM U CHUCKAM C ITOJICEKIIUSIMU.

— TYPE: u3Bnexars nons3oBarensckue Tumsl Oracle.

— FDW: u3Bnekars Tabauibl Oracle kak cropoHHue Tabnuib! 1yt oracle fdw.

— MVIEW: skcniopTupoBath MaTepuan30BaHHbIC MTPEICTABICHUSI.

— QUERY:: aBromaTnuecku npeodpaszobbiBath SQL-3ampocsr Oracle.

— DBLINK: co3nate cepBep 00&pTKH cTOpoHHHX AaHHBIX Oracle, 4ToOBI Hc-
moJe30BaTh ero kak dblink.

— SYNONYM: skcniopTupoBath ciHOHMMEBI Oracle xak npescTaBieHus Ha Oa3e
JPYTUX OOBEKTOB CXEMBI.
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— DIRECTORY:: skcnioptupoBats kaTtanoru Oracle kak 0OBEKTHI pacIIupeHHs
external file.

— LOAD: otmpaBisiTe HaOOp 3aIpOCOB € UCMOJIB30BAHUEM HECKOIBKHX COEIU-
HEHUH ¢

Postgres Pro.

— TEST: Bemonauth cpaBrenue b/l Oracle u Postgres Pro.

—TEST COUNT: BBIIOJHUTE CPaBHEHHE KOJIMUECTBA CTPOK B Tabmumax Oracle
u Postgres Pro.

— TEST _VIEW: nojicuuTaTh 4YUCIO CTPOK, BO3BpPAIIAEMBIX MPEICTABICHUSIMU
Ha 00enx cTOpoHax.

—TEST DATA: BBIIOJHUTE IPOBEPKY KOPPEKTHOCTH CTPOK HA 00EUX CTOPOHAX.

— SEQUENCE_VALUES: skcriopt DDL, 9T00BI yCTaHOBHTH MOCIEIHNE 3HA-
YEHUS M10CIIET0BATENLHOCTEN.

‘m AINSERT < Clarazpol =lal =EF R al@ =

£t Sech View fcodng Longusge Setings Toos Macro Run
CRCL=ll (o]} gt |

e 3By koot

CREATE SCHWA IF HOT EXISTS gn
ALTER SCHEMA gus ORIER 10 gus;

SET seazch_path = gus,public:

EICREATE TABLE hoho_inc_st (

ek
T O oL bttt 15

£

COMENT O COLD hoho_ta_st nute IS E
w_hor 15

Sructured Query Language e length:5210lines:97 n:13 Col:27 Pos: %5 Windows (CRLF) _UTF8

Puc. 2. Tlpumep skcniopra tabmmin B SQL ¢aitn ¢ momomnrsio Ora2Pg

UYroOBI KaXKIBIH pa3 I CMEHBI THIIA YKCTIOPTa HE MEHATh KOH(DUTYPaIIMOHHBIN
(darin wim xomanay Ora2Pg, MOKHO HCIOJB30BaTh aBTOMATHYECKH TEHEPUPYEMBIN
TIPU CO3J]AHUH MPOSKTa MUTPALUU CKpUNT export schema. psl, KoTOpsIil mpu 3amycke
OyaeT mooUYepeIHO BHIMOJIHATH SKCIOPT OCHOBHBIX THIIOB CTPYKTYphI bJI, KOTOpHIE B
HeM yKka3aHbl. [1o OKOHUaHHIO ero padoTHI Bee co3manuble sql (aitrer OyxyT XpaHuTcs
B TUPEKTOPHHU schema B KaTajorax ¢ COOTBETCTBYIOUIMMHU Ha3BaHHSAMH, TaK YTO MPH
HEOOXOIMMOCTH UX MOYKHO IIOCMOTPETh HJIH PESAAKTUPOBATE.
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HMmnopr crpykrypsl B/]

CremyronyM 3TarioM MUTPALMH SIBISIETCS. UMITOPT paHee BEIHECEHHOW B (hailibl
¢ paspemenueM . sql crpykrypsl B/1, 31ech He0OX0AMMO HCHONB30BaTh psql KOMaHTy
JUTS IMITOpTa (haiiioB:

cd “IupexTopus MpoeKTa MUTparun’

psql --port="TTopr BJI B PostgreSQL” --username="“MMs moip30BaTeNs

PostgreSQL”

“HazBanue BJ1” < “/Iupexropus npoekta’\schema\”Tun maHusx’s\”Tumn naH-

HBIX”. sql

“ITaposib monb3oBarens PostgreSQL”

JlaHHyI0 KOMaHIy HEOOXOIUMO MPUMEHHUTH ISl KaXI0TO THIA CTPYKTYphl B/I.
[Ipn HEOOXOIUMOCTH MOXKHO CO3/1aTh CKPUNT aHAIOTHYHBIN export schema.psl, HO
Jutst uMnopta ctpykTypbl bJI. OnHako, Tak Kak MHOTHE TUIIBI CTPYKTYP CCBUIAIOTCS Ha
JpyTHUE TUIIBI, CIEAYET YIUTHIBATh IOPAJOK UMIIOPTA, HAYE BO3MOXKHA CUTYyalus, KO-
T/1a IMIOOPTUPYEMBI 00BEKT MOYKET CCHUIATHCS Ha €Ile He NMIIOPTHPOBAHHBIE CTPYK-
TYpBHI.

Taxxe s ynoOHoro otoOpakenus: BbiBoga Ora2Pg pekomeHyeTcs: nepeHa-
MPaBJIATh NOTOK BBIBOJAA C KOHCOMH B (haifyl, Tak KaK 3TO MOXET ITOMOYb AJIs OOHApY-
JKEHUS W aHAIN3a OIMMOOK MMIIOpTa. DTO MOXKHO CIeaTh J00aBICHUEM CIEAyIOIei
CTPOKH IepeJl BBOJOM MapoJisl MOJIb30BATENS:

> “Jlupekropust npoekra’”\schema\”Tum nanubx’s\log.txt 2>&1

Ilepenoc nanubix BJ1

[Tocnemumii 3Tan MUTPALIH 3aKITI0YASTCS B IIEpeHOCe caMuX JaHHBIX U3 Oracle
B IIOATOTOBJICHHYI0 CTpYKTYpY b/l B PostgreSQL. Eciu B koHpHUTYpanuoHHOM aiine
npoexta Ora2Pg yxe 3amaHbl Bce HEOOXOAUMBIE apaMeTphl, Takue kak aapec b/l B
Oracle u PostgreSQL u nanHbIe TIONB30BaTeNel 11t mogKmoueHns k bJI, To ocraercs
BBecTd koManay ¢ TunoM INSERT nnu COPY:

ora2pg -t “INSERT wmu COPY” -¢ “Ilyts o korpur daiina”

CTOUT OTMETHUTB, YTO B KOHPUT'YpALIMOHHOM (haiie MOXKHO HACTPOUTH KOHKPET-
HBIE CXEMBbI MITH TaOJIHIIBI TS TIEPEHOCA C TOMOIILBIO TAPAMETPOB:

— SCHEMA;

— ALLOW.

Kax pa3 3a cuet mapamerpa ALLOW MoOXKHO HacTpamBath TaOIHIIBI, KOTOPHIE
OyIyT 3aJIeHiCTBOBAHBI TIPH CIIETYIOIIEM BBITIOTHEHNN KoMaH ikl Ora2Pg. [TpudeM sToT
napamerp OyAeT YUUTHIBAThCSl HE TOJIBKO MPU MIEPEHOCE JaHHbBIX, HO U IPH IKCIIOpTE
ctpyktypsl BJ] 3 Oracle, 9To MOXHO HCHOJB30BATH JUIsI paOOTHI C JIOKAJIbHBIMU
YYacTKaMH CXeMbI. DTOT mapaMeTp Tak jke€ MOXET OMOYb ITPH MEPEeHOe TaHHbIX, TaK
Kak npu oOHapyxeHnu ommbOku Ora2Pg B yo0oM ciydae npekpaTtut paboTy ¢ aaH-
HBIMH 1 ocTaBinecs Tadiuipl B PostgreSQL He OyayT 3anonnensl. Takike 1o 3ToH ke
IpUYMHE Ha 3Tale MepeHoca JaHHBIX, KaK U Ha 3Tale HMIOPTa CTPYKTYPHI, PEKOMEH-
JyeTcs IepeHAIPaBIIATh IIOTOK BRIBOJIA C KOHCOMHN B (paiii.
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g T b BEH a3 Ty

Puc. 3. Tlpumep nepeHeceHHbIX AaHHBIX B PostgreSQL

Yacrbie npodieMbl

[Tocite BEITOTHEHNUS 3TOTO dTana MHUTpaIys Oyaer 3aBepuicHa. Ho B 6onmbmmH-
CTBE clly4yaeB, eciu nepenocumas b/l umeer xoTsi Obl CPETHIOK KOMILICKCHOCTD, TO
MOTYT BO3HHMKHYTH Pa3IH4HBIC NMPOOJIEeMbI HA J000M 3Tame murpanuu. IIpu ocy-
mectBiaennn Murpanuu b/ B IIO/] ObuTH BBISBICHBI CIIEAYIONIHE TPOOIEMBI:

— Hwmskast npucniocodnenHocts Ora2Pg k pabote Ha OnepauoHHBIX CHCTEMaX
Windows: Ora2Pg nerue ycranasiausath 1 ucronbs3oBars Ha OC Unix. Hampumep, aB-
TOMAaTHYECKH TeHEpUPYEMBIii CKpHNT export schema.psl mpHIIIOCs HCHIPABIATE IS
€ro KOPPEeKTHOH paboTHI, a CKPUNT ISl UIMITOPTa CTPYKTYphI b/l peann3oBaH TOIBKO
st Unix cucreM.

— IIpob6nemsr ¢ xogupoBkamu UTF-8 u WIN1251: B Oracle nepenocumas B/
ObL1a 3amosiHeHa MaHHBIMU B KomupoBke WIN1251, Ho B PostgreSQL nanubie ObLTO
npuHATO XpaHuTh B Kogupoke 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 HacTpoiiku 3THX mapa-
METPOB MOTYT BO3HHUKHYTH ITPOOJIEMEI ¢ 0TOOpakeHueM KUpuTHIb B Post-greSQL u
psql.

— Pasnumna B cuntakcuce PL/SQL u PL/pgSQL: ctpykTypsl 00bekToB B Oracle
OTIMCHIBAIOTCS HA MPOIeAypHOM pactmpennu s3bika SQL PL/SQL, a B PostgreSQL —
PL/pgSQL. D10 oueHp BaxkHbIH (akrop, Biusironii Ha murpanuio b/, n B Ora2Pg
eCThb (PyHKIIMOHAJT AJS PEIICHHsT MHOXKECTBA MPoOJIeM, CBA3AHHBIX ¢ 3THM. OIHAKO
Ora2Pg He MOXET IMOTHOCTHIO MepeHecTH Bech kox ¢ s3brka PL/SQL ma PL/pgSQL,
0c00eHHO y coXHBIX cTpyKTyp BJI. I1o aT0if npryrHe B OONBIIMHCTBE CIy4acB Tpe-
Oyercst Bpy4YHYIO IeperuchiBaTh KO/ CIIOKHBIX CTPYKTyp Ha PL/pgSQL.
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— W MHOeCTBO JpyTHX HEOOIBIINX MPOOIeM, KOTOPHIE OKa3aJIUCh JOCTATOYHO
3aTpaTHBIMH 110 BPEMEHH M3-32 MaJIOr0 KOJIMYECTBa HHPOPMAIMH 00 UX YCTPAHCHUH B
UHTEpHETE.

3aka04enue

B urore paGoThl O MOMCKY METOOB JUIS MUTPALUK 0a3bl TAHHBIX U3 CHCTEMbI
yrnpasienus: Ga3amu ganHHbix Oracle B cucTeMy ynpaBieHUs 0azaMM JIaHHBIX
PostgreSQL B pamkax mporecca MO MMIOPTO3aMEIICHHIO MPOTPAMMHBEIX CPEICTB
OBLIO IPHHSTO PELICHUE HCIONb30BaTh open-source-npuioxkenne 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, 00JIbINAs YACTh HCXOI-
Hoit B/] Obu1a nepenecena 6e3 HeOOXOIMMOCTH B PYyYHOM IIEPEHOCE.

Cnucok JIHTEPATYPBI

1. Cratbu o murpamuu ¢ Oracle Ha PostgreSQL ot paspaborunko CYBJl Postgres Pro. URL:
https://postgrespro.ru/blog/pgsql/5969645?ysclid=m1qe0eq0tt87196886 (nara obpamenus: 04.03.2025).

2. lokymenranus koueprepa Ora2Pg. URL: https://ora2pg.darold.net/documentation.html (zara 06-
pamenus: 04.03.2025).

3. JlokymeHTauus npouemypHoro pacmmpenus ssbika SQL PL/SQL. URL: https://docs.ora-
cle.com/en/database/oracle/oracle-database/19/Inpls/index.html (zata obpamienus: 04.03.2025).
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VK 551.465

CoBpeMeHHbIE MeTOAbI 00Pa0OTKHU U MyOJINKAIIUN
oKeaHOrpaguuecKux JaHHbIX

I1. O. UBanoB (pavlik.ivanov2020@mail.ru)
D@I'BY « BHUUT MU-MI/1», Obnunck

AHnHoTanus. PaccmoTtpen meton 00paboTKH U MyOIHKaIliK OKeaHOTpapUIeCKUX TaHHBIX Ha KaPTO-
rpaduyecKoil OCHOBE Ha MPUMEPE CYIIECTBYIONIEro MexaHn3Ma 00paboTku u myoaukarwu Bo BHU-
NI'MU M.

KuroueBble ci1oBa: okeaHorpaduueckue 1aHHbie, 00padoTka nanubiX, [ YIC, myOnukaims 1aHHBIX.

Ha nanHBIit MOMEHT CylIleCTBYeT HOTPEOHOCTh B ONIEPATUBHOM U B JOCTaTOYHOM
CTETICHH TOYHOH IPOCTPAHCTBCHHOW MH(OPMAIMX B Pa3HEIX cepax U, B YaCTHOCTH,
B okeaHorpaguu. [ToaToMy B HacTosiIiee BpeMsi BeCbMa aKTyaJlbHO COBEPIIEHCTBOBA-
HHE TPOrPaMMHOTO o0eciedeH st It 00pabOTKU JaHHBIX, a TAaK)Ke Pa3BUTHE CEPBH-
COB IO YITyHIIEHHUIO ITOJIH30BATEIECKOT0 OMBITa PAOOTHI C JAHHBIMH.

PaccmoTpuM Ha mpEMepe CymIeCTBYIOMICH HH()OPMAIMOHHONH CHCTEMEI
ECHMO [2] xak IpOXOJHT ITyTh JAHHBIX OT MOJTyYCHHUS JI0 IyOIMKauy Ha KapTorpa-
¢uaeckoit ocrore ¢ momorpsto I'MC [1].

CHavana JaHHBIE B CHCTEMY NTOCTYIAIOT Yepe3 MpOorpaMMy-TIOCTaBIIHK OT Op-
TaHU3aIMi, KOTOPBIC ITH JaHHBIC COOMPAIOT WIIK MOJTy4aroT. Jlanee qaHHbIC 3arpysxa-
10TCsI B 0a3y MHTETPHPOBAHHBIX JaHHBIX Ha CEpBep, I/Ie MPOUCXOIUT X 00paboTKa,
MOCTIE YETO MMyOIUKYIOTCSI B OTKPBITBIN TOCTYII.

Yraybumcs B netanu 06pabOTKH TaHHBIX.

Jannsie xpansrcs ¢ nomomblo CYBJ[ ¢ OTKpPBITBIM HCXOJHBIM KOAOM
PostreSQL ¢ pacmmupenuem PostGIS [3] st xpanenus reorpadgudeckux nanubIx. Jlms
00paboTKK AaHHBIX Ucoib3ytorcs oudmmoreku GRASSGIS u GDAL.

GRASSGIS [4] conepxuT QyHKINHU sl pabOTHI C PACTPOBBIMH U BEKTOPHBIMHU
reogaHHbMH, @ GDAL city’KuT 17151 YTeHHS U 3aIIUCH JaHHBIX.

B ocHOBHOM JaHHBIC TPEICTABISIOT HAOOP TOYEK C UX KOOPIMHATAMHU H 3HAYC-
HUSIMH HCCIICyEMBIX XapaKTEPUCTHK B HUX, KOTOPBIE OMMCHIBAIOT HOPMAJIBHOE pac-
MpEeACICHUE METCOPOIIOTHICCKUX U OKCaHOTPa(UICCKUX SBJICHUH, YTO HE MOIXOIUT
JUIS 9TEHNS ¥ TOHUMAHUS KapT YeJIOBCUSCKIM TTIa30M.

B kauectBe penreHne 3Toi mpo0IeMbl JaHHBIC HYKHO PUBECTH K HHTYUTHBHO
MOHATHOMY MOTPEOUTEII0 3TOI MH(OpMANNK BUAY: IS 3TOTO UCHOIB3YeTCsS HHTEp-
MOJISILUS U 3aTE€M MOCTPOCHUE U30JIMHUIM.

BriocnenctBun KakaoMy CO3MaHHOMY CIIOIO0 HA3HAYAIOTCS CTHIIHM JJIS JTydIIeH
YUTAEMOCTH U BU3yaJU3alH JaHHbIX.

ITonmpobHee o mporiecce MHTEPHOIAINT TOYSUHBIX TaHHBIX Ha 2D-pactp: cymre-
CTBYET HECKOJIBKO METOJI0B MHTEPIOIALUH, Y KaXkK0r0 €CTh CBOM OCOOCHHOCTH.

B Hacrosmiee Bpems MpUMEHSIOTCS HanOoJIee pacpocTpaHEHHBIE U 9acTo MpH-
MEHSEMBbIE METO/IbI:

WHTEPIOJISIIS METOJIOM 00paTHO B3BENICHHBIX paccTossauit (OBP);

KpPUTHHT;

TpuaHrysus (puc. 1-3).
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TpuaHTyIAIMs He TIOIXOHT T10 JIOTHKE ITOCTPOCHHUS PACTPOBOTO H300paKEHHS,
tak uto octaércst OBP u kpurunr.

Merton KpuruHra HauboJee MpaBaonoJ00HO CTPOUT MHTEPIIONSAIUIO, ITO CBS-
3aHHO C €r0 peajn3anneii, Ho B3aMeH 3TOT criocod Hanboree BpeMa3aTpaTHBIM.

B cBoro ouepenp unrepnossinus metogqoM OBP sBisiercs He cambIM TOYHBIM
METOJIOM, KOTOPBI MOKET TPEICTABIATH B JOCTATOYHOH Mepe HHPOPMAIIHIO TOIBKO
PAIOM € TOYKaMU U3MEPEHUH, TaK jK€ STOT METOJ] UMEET BBIPAKECHHBIE «KOJIOALBI U
«AMBD» Ha PaCTPOBOM M300paXKEHHH, YTO BBITJIUT HeecTeCTBEHHBIM. Ho B poTHBOBEC
3TOMY CYILLECTBEHHOMY MUHYCY UAET OUEHb BBICOKAs! CKOPOCTh IIOCTPOEHUS pacTpa.

Janee HaM HEOOXOIUMO MOCTPOUTH IO MOITYICHHOMY PacTpOBOMY H300paske-
HUIO N30JIMHUH.

Jlns xpuruHTa He 0053aTENFHO TPOBOIUTH JOMOTHUTEIHHBIC MAHUITYIISIAN C
MIOCTPOCHUEM U30JIMHUI, OHH ITOITy4YaTcs MPaBIOOJOOHBIMA U TaK.

Jns OBP mocne mocTpoeHust U30JUHUI BO3HUKAET HEOOXOJUMOCTh B CIJIAXKH-
BaHWH W3OJMHMI CIEIUAIbHBIMA (YHKIHSAMH, MOCIE Yero pe3ylbTaT MOIydaeTcs
Jyd1ie.

CpaBHHUBas 3T J1Ba MeTO1a 00pabOTKH OOJIBIIOr0 00BhEMA JAHHBIX, TPEITOYTH-
TEJbHBIM OKa3bIBaeTCs HE CaMblil TOYHBIHN, HO OBICTpHI MeTog OBP, k KoTOpOoMy Tpe-
OyeTtcst moxOMpaTh HanboIIee MOAXOoAAIIHe (QYHKITNH CTIIaXUBAHHUS N30JIMHUH.

O0paboTaHHBIC TaHHBIC yOJIUKYIOTCS Ha BeO-cepBuce GeoServer, Iie mMoJIb30-
BaTeNIb MOYKET BEIOMPATh MHTEPECYIOUINE €r0 KapThl U HHTEPAKTUBHO C HUMHU O3HAKO-
MUTBCSI, & TAKKE PU HEOOXOIUMOCTH BBITPY3UTh HEOOXOIUMBIE KAPThI CO CIOSMHU.

Ha nauHbIii MOMEHT PUXOAUTCS BEIOMPATh HHCTPYMEHTHI U3 OTEYECTBEHHOTO
MPOrPaMMHOTO 00CCIICUCHHS HITH U3 MPOTPaMM C OTKPBITBIM HCXOJHBIM KOJOM, YTO
HEMHOT'O OTPaHUYHMBAET BO3MOXKHOCTH I10 YIIYUILICHHUIO KauecTBa paboT.

B Oyaymem ams yBenWueHHS TOYHOCTH MOXKHO OyJeT HCIIOIh30BaTh HCKYC-
CTBCHHBIN MHTEIUICKT [5], a Takxke 0oJiee YCOBEPIICHCTBOBAHHBIC BEPCHH YK€ CYIIle-
CTBYIOIIIETO MIPOrPaMMHOI0 OOCCIICYCHUsI WIIM HOBBIC TCXHOJIOTHH, KOTOPBIC OyayT
ObIcTpee U TouHee 00padaThIBATh JaHHBIC.
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VJIK 551.501.7

MoneaupoBaHue apaMeTPOB pPaccestHUs U3JTydeHUsl
KPYNHOIUCIIEPCHBIMH 23P030JIbHBIMH YaCTHLIIAMH B aTMOochepe

E. I0. Muxreepa (mikhteeva.elena@mail.ru)!, B. P. IToranosa
(veronikap05@yandex.ru)?, U. A. IToranosa (potapovaira@yandex.ru)',

A. JI. Cko6mukosa (kafedra_phys@rshu.ru)!, T. IO. SIkoBieBa
(yakovtat@yandex.ru)'

! Poccuiickuii 2ocyoapcmeennbviii 2udpomemeoponozudeckutl ynusepcumem, 2. Canxm-Ilemepoype

2Banmuiickuti 20cyoapcmeennvitl mexnudeckuti yuueepcumem «BOEHMEXy um. [ @. Yemunosa,
2. Canxm-Ilemepbype

Annortauus. [IpeacTaBieH aHaIN3 HCCIICI0BAHNS, TOCBSIICHHOTO Pa3paboTKe MOJEIICH IS OLICHKH
apamMeTpoB PAaCCeSIHHOTO M3JTy9CHHsI, BBI3BAHHOTO a’pO30JIbHBIME YacTUIAaMH B atMochepe. Bbi-
MOJIHEHO MOJICIMPOBAHHUE CBOWCTB PACCESHHS dTUX YACTHIL, YTO JAJ0 BO3MOXKHOCTH 0OJEe TOYHO
OITHCaTh MPOIIECC PACCESIHUS ¢ IPUMEHEHUEM MOJISIIH HEOHOPOAHOI yacTuipl. Tem He MeHee uc-
MOJIb30BAHME TaHHOH MOICIH MOKET IPUBECTH K 3HAYUTEIBHBIM OLINOKAM IIPH ONTHYECKOM OIpe-
JIeTICHUH pa3MepoB 4acTull. st JoCTIKEHHs O0JIee TOUHBIX Pe3yJIbTaTOB M YMEHBIICHUS BEPOSTHO-
cTH ommubOK TpebyeTcs: MPOBECTH JAOMOIHUTEIBHBIC HCCIICIOBAHNSI, HAPABICHHbIC HA YIIyYIICHIE
MOJICTIMPOBAHUS M aHAJIN3 COOPAHHBIX JAHHBIX. JTO MO3BOJIUT MOBBICUTH HAJISKHOCTD TTOIY4aeMbIX
PE3yNIBTATOB M YJIyYIINTh MOHUMAHHE IIPOLIECCOB, CBS3AHHBIX C PACCESIHUEM H3JTydYCHHUSI B aTMO-
cepe.

KiioueBble cj10Ba: adp03071b, MUKPOCTPYKTYPa, ONTHKO-IOKALIHOHHOE YPABHEHHE, OIITHYCCKUE Me-
TOJIBI, ONTHYECKHE CBOMCTBA, TPAHCMHUCCOMETPUUYECKHE M3MEPEHHS, (HOTOIEKTPUUCCKHI CUCTUHK
YJaCTHIL

Co3ltaHue METO/I0B JINJIapHOT0 30HMPOBAHUS aTMOC(EpPbI, KOTOPOE UMEET 3Ha-
YEeHHUE JUIA HKOJIOTMYECKOr0 MOHUTOPHHTA KaK B apKTHUCCKUX, TaK U B 00JIee F0KHBIX
pernoHax, TpedyeT peleHus psijia HAyIHBIX 331a4, BKJII0Yasi HHTEPIPETALUIO JaHHbIX,
HOJIyYEHHBIX C ITOMOUIBIO Jnaapa. ONTH4ecKkue MeTOAbl 30HIMPOBAHUS ITO3BOJISIOT
OLICHUTD KOHIIEHTPALIUIO M CTPYKTYPY 3arps3HAIOIINX BelecTB B arMocdepe. B nacro-
AI1ee BpeMs B apKTHYECKOM PETHOHE HAOMI0TaeTCsl POCT YPOBHS 3arpsi3HSIONINX Be-
IIIECTB, BEI3BAHHBIN PA3IMIHBIMU HCTOUHNKAMH, TAKUMH KaK JIECHBIC TIOKAPBI, BYJIKaHH-
YeCKHe U3BEP)KeHHS M aHTPONIOTeHHBIE (h)aKTOPBI KPYITHBIX TIPOMBIIUICHHBIX TOPOIOB.

JUis OIleHKH BO3/ICHCTBUS aTMOC(EPHOTO 3arpsA3HEHNS Ha KIIMMAaT HEOOXOMMO
UICHTH(UIIMPOBATh THUIIBI 3arPsA3HAIOMINX BEIIECTB, BKIIOYAs MAPHUKOBHIC Ta3bl W
YepHbIi yriepos. st 3Toro nesnecoodpasHo MPUMEHSATh ONTHIECKHE METOABI 30HIN-
posanus [1-3]. BaxkHo pa3paboTaTh MOAXOABI Ul OMpPEAETICHUS TUIIOB BELIECTB IO
UX ONTHYECKHM CBOMCTBAM C HCIIOJIB30BAHMEM ONTHKO-JOKAIIMOHHOTO ypaBHECHHS.
OnHAaKO HEONPEAEIEHHOCTh 3TOT0 YPABHEHUSI 1 MaTeMaTHIECKasl CII0KHOCTh 00part-
HOM 3a/1au¥ 3aTPyJHAIOT HHTEPIPETALMIO JaHHBIX U MOTYT IIPUBECTH K OLIMOOYHBIM
BBIBOJIaM.

JUIs TIOBBIMIEHHUST TOYHOCTH OTIPENICJICHHS ONTHYECKUX XapaKTePHCTHK aTMO-
cepHOro a3p0o30JIs MPUMEHSIOTCSI THTETPAIbHBIE METOABI MHOTOIIO3UIIMOHHOTO 30H-
nupoBanust [4—6]. [1pu npoBeieHNH TMapHOTO 30HMPOBAaHUS B aTMOchepe ¢ HU3KUM
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YPOBHEM pacCEIHUA HAa 3HAYUTCIIbHBIX PACCTOAHUAX OT IMPUEMOIICPEIATUNKA YBECIN-
YUBACTCA PHUCK BO3HUKHOBCHUSA CJ'Iy‘IafIHBIX U CHCTEMAaTHYECKUX OLIHOOK B nu3Mepe-
HHAX, B TOM YHCJIC HeTO‘lHOCTCi/‘I, BbI3BaAHHBIX (bOHOBLIM OCBCIICHUEM [7]

AHaJM3 NOJYyYEeHHBIX Pe3yJIbTATOB UCCJIeI0BAHNS TapaMeTPoB
oOpaTHOro paccesinusi atMmocgepsbl

HeobOxonuMocTh omnpeieneHns XapakTepUCTHK MHKPOCTPYKTYPBI a3p030Jis,
BKJTIOUas KOX(QHUINCHT OCIa0ICHNUS YacTHIl, TPeOYyeT MmapaMeTpH3alii X OMTHKO-
MHKPOCTPYKTYPHBIX CBOMCTB. DTO YCIOXHSETCA H3-3a Pa3sHOOOpPa3Usl ONTHYECKUX
ocoOeHHOCTEH a’po30NbHBIX (pakuuii [8; 9].

Cpenu npyrux (GakTopoB, KOTOPBIE YCIOKHSIIOT 3a1a4y, MOXKHO BBIJACIUTD 3Ha-
YUTENEHOE N3MEHEHHE PACCEHBAIOIINX XaPaKTEPHUCTHK YaCTHUII, KOTOPBIE HE COOTBET-
CTBYIOT TEOPHH paccesHUs CBETa OJHOPOAHON yacTHIeH. MoJenrpoBaHue paccerBa-
IOIUX CBOICTB aTMOC(EPHOT0 a’po30Iisl ¢ y4ETOM JAHHBIX SKCIIEPUMEHTA TOMOTaeT
YCTaHOBUTH KOPPEJAILINIO MEXTY KOdPPHuImeHToM ocnabieHns U KOHIIEHTpaIel ya-
ctuil. B cBsA3M ¢ 3THM IIPOBOIUTCS] MOJEIMPOBAHNE ONTUYECKUX CBOWCTB aTMocep-
HOT'0 23p030JIs C yYETOM JIaHHBIX 3KCIepUMeHTa. [Ip1 COBMECTHBIX JINIapHbIX, (HOTO-
SMEKTPUIECKUX U TPAHCMUCCOMETPUIECKUX H3MEPEHHSIX ObIIO yCTaHOBJIEHO, YTO €CTh
CBS3p MEXKAY KOHIEHTpalMed 4JacTUI W Kod(duimenToM ociadmeHus. OcobeHHo
Ba)KHO, YTO CBSI3b MKy KO3 PUIIEHTOM ocsiabieHns 1 o0mel KOHIeHTparuei Ja-
CTHI] OKa3aJjiach CTAOMIILHOI B CEPUH SKCIIEPUMEHTOB. DTa CBSI3b MOXKET ObITh HCIOJIb-
30BaHa JJIS OTIPEIeNICHHs COACPKaHNUs a3po30iIs B aTMocdepe.

Jlnis 0OBsICHEHHS Pe3yIbTaTOB YKCIIEPUMEHTOB PACCMATPHUBACTCS MOJICITb OMITH-
YECKUX CBOIMCTB YaCTHII, KOTOPasi OCHOBAaHA HA IAHHBIX U3 ITPOBEACHHBIX 3KCIIEPUMEH-
TOB M PacIIpe/ICICHNH Pa3MEpOB YaCTHII, ONPEACIIIIOMINX KOd(QGHUIUESHT ocaadieHns
a’posouts. IIpy 3TOM yUHTHIBAIOTCS PE3yIbTaThl (DMIIBTPOBBIX H3MEPCHHI MOTydeH-
HbIX DY, IPOBECHHBIX OHOBPEMEHHO € (JOTOINEKTPHUUECKUMU U3MEpeHusIMU. B at-
Mocdepe HaOII0AAI0TCs YACTHIIBI, COCTOSIINE U3 SIPA U 000JIOUYKH C Pa3JINYHbIMU OIl-
THYECKHUMHU CBOICTBaMH, HaIlpuMep, 00BOJHEHHBIC YaCTHUIIBI adpo3ois. Paccmarpusa-
eTcs 3aBHCHMOCTh OTHOIICHHH pPa3MepoB YaCTHI], HAIIEHHBIX ONTHYECKUM CUCTUH-
koM D(OC) u ¢uaprpoBeiM ycTpoiictBoM D(DVY), ot xodddunmeHTa ocradieHus
(puc. 1).

IIpencraBieHHbIe pe3ynbTaThl yKa3bIBAIOT HAa TO, YTO pa3Mephl YacTHUI], MOTY-
YEHHBIEC C TIOMOIIBIO ONTHYECKOTO CUETYMKA, MEHBIIE, €M T€, YTO OBUTH M3MEPEHbI
(UIBTPOBBIM YCTPOMCTBOM. DTO CBUAETEIBCTBYET O TOM, YTO MHIHMKATpPHCA pacces-
HUs o yraoM 90°, mponopuuoHanbHas KBaJpaTy pa3Mepa YacTHUIbI, IS €CTECTBEH-
HBIX YaCTHUI] OKA3bIBAETCS] MEHBIIIE, YeM JIJIS YACTHII, CTIOJIB30BAHHBIX B TPAIyHPOBKE.
Pasnuma B pasmepax MOXKeT OBITH 3HAUUTENBHOM, 0COOCHHO /I KPYIHBIX YacTHIL,
pa3Mepbl KOTOPBIX NPEBBIMIAIOT | MKM.
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Kosddunuent ocnadenust

Puc. 1. Pe3ynpTaThl CPaBHUTEILHOTO aHAIM3a PA3MEPOB 4acTHLL, nu3MepeHHbIXx OC, DY

AHaau3 pe3yJbTaTOB MOJAEJIHMPOBAHHUS XapaKTePHCTHK pPaccessHUs
H3JIyYeHUs JJI5 YACTHIIBI

st Gonee neTaabHOrO aHalW3a JIAHHBIX TOJIEBBIX M3MEPEHHI HCIHONB3yeTCs
MO/ICJTb HEOJHOPOIHON YaCTHIIbI, B KOTOPOU ITOKa3aTelb NPEIOMIICHHUS 000JI0UKH U3~
MEHSIETCs paJIalIbHO, B TO BPeMsI KaK sIIPO OCTaeTCs OMHOPOAHBIM. [lanee mpeacras-
JICHBI PE3yJbTAThl PACUCTOB JUIS YaCTHIIBI C SAPOM M3 CAXKH, UMEIOLICH MOKa3aTelb
npenomienus 1,82-0,641 (puc. 2).

IR )IR1,33); 80

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. BepTUKaITbHBIH
YTOII paccesTHHs UCTIONB30BaH JITsl MOJICITUPOBAHUS IIpoIIecca paccestHus B POTODIICK-
TpudyeckoM cuetuuke yactui, IR = /(L) / 1(0), L = p1— po— Oe3pa3mMepHas TONIIIHHA
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, )
rae
d=(p—po)/(p1—po), p = po(1+0,01k).

Benmunna (1+0,01k) npexcraBnsier co0ol COOTHONMICHUE MEXKIY pa3MepoM da-
CTHIIBI C MTOKPBITHEM U pa3MepoM ee siapa. @opmyna (1) onmuceiBaeT HEOAHOPOIHOE
MOKPBITHE M3 CaXXH C J0OABICHHEM BOJIBI, B TO BpeMs Kak (Gopmyia (2) MoaenupyeT
HEOJHOPOJHOE TOKPHITHE W3 caxu Oe3 Boabl. Ha puc. 2 mokasaHBl 3aBHCHMOCTH
mexay BeamurHamu [R(1)/IR(1,33) u po, k, rae MmoxxHO HaOMOIATh 00IACTH MUHIMY-
moB s otHomeHu# IR(1)/IR(1,33). Pucynok 3 muttoctpupyet 3HaueHne G Bemu-
YHHEI k, KOTOPOE COOTBETCTBYET MUHIMYMY OTHOCHTEIBHOW HHANKATPUCHI PACCESTHUS
IpU HAJIMYUH YBIQXHEHHOH 00omouky siipa. Ha pucyHke 4 neMOHCTpHpYETCs, 4To
MHHUMAJIHOE 3HaYE€HHE OTHOCHTEILHOW MHIUKATPUCHI PACCESIHUSI BAPbUPYETCSl IS
YaCTHI Pa3IHYHBIX Pa3MEPOB, YTO HETATUBHO CKAa3bIBACTCS HA TOYHOCTH ONTHYECKUX
U3MEpPEHHH XapaKTePUCTUK adpO30JIsl.

Ilony4yeHHbIe pe3yabTaThl MOATBEPIKIAOT JaHHBIC YKCHCPHUMEHTOB, KOTODPHIC
JEMOHCTPUPYIOT 3HAYUTENBHOE CHIDKCHHE WHIUKATPHCHI paccesHHUs B pe3yibTaTe
CTPYKTYpPHPOBAHUS YACTHIEL. PacdeTs! moka3sBatoT, 9To 3(p(heKT yMEHBIICHHS NH/TH-
KaTPHUCHI pacCesHUs U3-3a CTPYKTYPUPOBAHHOCTH MEHEE BBIPAXKCH TIPH yIIIaX paccesi-
Hust menee 30 rpaaycos.

Takum oOpazom, OblTa co3/7aHa MOJETh HEOJHOPOJHON paccerBaroliei da-
CTHIIBI, COCTOSIIIICH M3 OJHOPOIHOTO Si/Ipa U 00OJIOYKH C IMEPEMEHHBIM TTOKa3aTeIeM
MPEOMIICHHUS, YTO TIO3BOJUIIO aJCKBATHO MHTEPIPETHPOBATH IKCICPHUMEHTAIbHEIC
JTAHHBIC.

G
25 1

20 [YTTT

10 4

Puc. 3. 3nayeHue BeJIMUUHBI k, COOTBETCTBYIOIIEE MUHUMYMY HHAUKATPHCHI
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Puc. 4. MUHUMYM OTHOCUTEIHLHON MHIUKATPUCHI paccesHusl IPU HAJIMYUHU YBIAXKHEHHOTO
nokpeITus. Pesynbrarer msmepenuii (1) u pacueros (2)

3akiaouenue

Jlnst BBISIBICHHST MHUKPOCTPYKTYPHBIX OCOOCHHOCTEH C MOMOIIBIO ONTHYECKUX
u3MepeHuit ObpuTa pa3paboTaHa MOAETb HEOJHOPOIHON PACcCEHBAIOIIEH YaCTHIIBL, CO-
CTOSIIIIEH U3 OJHOPOIHOTO LEHTPA M 000JIOUKH € PaJHalbHO H3MEHSAIOMMMCS TTOKa3a-
TeleM MpPeIOMIICHUS. DTa MOJIEIb YUUTHIBACT PA3IN4YHbIC COOTHOIICHHS MEXly 000-
JIOUKOH 1 LEHTPOM M XOPOILIO COIIacye€TCs € SKCICPUMCHTAJIbHBIMU JaHHBIMU. br11o
YCTAQHOBJIEHO, YTO CTPYKTYPHPOBAHIE MEJIKHX YACTHII CI1a00 BIIHSIET Ha HX PACCESTHNUE,
YTO CIIOCOOCTBYET TTOBBIIICHUIO TOYHOCTH ONTHYECKHX U3MEPEHUH MUKPOCTPYKTYp-
HBIX XapaKTEPUCTHK.
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OnbIT IPUMEHEHU ABTOMATH3UPOBAHHON TEXHOJIOTHH
MPOrHO32a 3aPOKICHHUS U MepeMeLleHUs MOJASAPHBIX
ME30LMKJIOHOB VI APKTHYECKOro pernona P@

C. A. Ilerpuuenko (psa@rpatyphoon.ru ), O. B. Kanmsikosa (kov@feerc.ru),
C. B. Koznos (kozlov-sv@rpatyphoon.ru), JI. K. Kyiamxnukosa
(kulizhnikova@rpatyphoon.ru)

Hayuno-npouseodcmesennoe obwvedunenue « Taiighyn» Poceuopomema, 2. ObHunck

AnnoTtauusi. [IpuBeneHs! pe3ynbTaTsl HE3aBUCUMBIX UCTIBITAHUH aBTOMATU3UPOBAHHON TEXHOJIOTHI
IIPOTHO3a MOJIIPHBIX ME30LMKIOHOB B APKTHYECKOM pernone Poccun, KOTopsie ObUIH NTPOBECHBI B
2024 r. IToka3zaHo, 4TO CpeqHAs ONPaBABIBAEMOCTh MPOTHO30B cocTaBisieT 76 %. Ilpoanammsupo-
BaHbI HeclporHo3upoBanHele ciaydan [IML] u npeacraBieHsl BApHAHTHI O0BSICHEHHS] BOSHHUKHOBE-
HUSI TAKHX CHTYaLHi.

KuiroueBble c;10Ba: MOJISIPHBIC ME30LUKIOHBI, HHICKChl KOHBEKTUBHON HEYCTOWYHUBOCTH, aBTOMATH-
3MPOBAHHBIN MPOrPAMMHBIN KOMIUIEKC, 3apOKACHHE, IEPEMEIICHHE, TPACKTOPHUS, IIPOTHO3, MOJIEIb
Polar WRF.

BBenenne

B 1994 r. Paboueii rpymmoii 1o moyisipHbIM AenpeccusM EBponeiickoro reodu-
3ugeckoro obuiectsa (European Geophysical Society’s Polar Lows Working Group)
JUI HAUMEHOBaHHUS 00JIauHBIX BUXpeH o u f Me3omacmtada (ot 20 1o 2000 kM), BO3-
HUKAIONINX HAJ MOPSIMU K ITOJIFOCY OT MOJIIPHOTO (hPOHTA, PEKOMEHJOBAHO ITOJIB30-
BaThCS TCPMHHOM «IIOJIIPHBIA ME30LUKION» (polar mesocyclone) [11]. Tepmun xe
«ToJIsipHas aenpeccus» (polar low) Cy>XuT 11 HAUMEHOBAHUS HanOoJIee HHTEHCHB-
HBIX TTOJISIPHBIX ME30IUKIOHOB CO CKOPOCTHIO BETpa, MpeBbIIatomieit 15 m/c.

ITox 31O OmpeneneHne nonagaeT O4eHb MUPOKUH CIIEKTP LUKIOHNYECKHX 00-
pazoBanuid. OT oporpaduueckux BUXpei 10 HEOOIBIINX (PPOHTANBHBIX [IMKIOHOB Ha
ApPKTUYECKOM (pOHTE.

B CeBepHom momymapuu 00yacTeio HanboJiee aKTHBHOTO ME30MacIITa0HOTO
IIUKJIOTeHe3a sBsieTcs akBatopusi CeBepo-EBpomnetickoro 6accelina.

Han ceBepubiMu Mopsimu Poccun, nexxamumu k Boctoky oT Hosoit 3emunu (Kap-
ckoe Mope, mope JlanteBbix u Boctouno-Cubupckoe mope), IIMI] Bo3HUKAIOT TO-
pas3zo pexe, BcieacTBUE MeHbIel, yeM B CeBepo-EBpornieiickom Oacceline, mionaan
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CBOOOJIHOM OT JIbJIa MOPCKOW TIOBEPXHOCTH. B ATHX o0iacTsaX HAOIIOAaeTCs JISTHUI
MaKCUMYM B roJioBoM xoje konaudectBa [IML] B oTiuune OT 3UMHEr0 MakcuMyMma B
Mopsix 3anagHee Hosoit 3emin.

TIMI] yamie Bcero oOHApy>KUBAIOTCSI M UCCIIEMYIOTCS HA OCHOBE peaHalin3a u 1o
JIAHHBIM CITyTHUKOBBIX HaOmroneHuit [5; 9; 10]. 3amyck B 2021 1 2023 rT. poccuiickoi
BBICOKORJUIMIITUYECKOH METEOpPOJIOTMYECKON TIpyINIbl CIHYTHUKOB «ApPKTHKa-M»
Ne 1 1 Ne 2 pacurput 3T# BO3MOXKHOCTH.

Jna unentnukanuy [IML] akTyamTbHBIMH CTalH 1 METOJBI YHCICHHOTO MOJIe-
JIUPOBAHMSI C MCTIOJIB30BAaHUEM PETHOHAIBHBIX MoJieneld. Hampumep, B padorax [1; 2]
pa3padaThIBAIOTCS KPUTCPHUH, TTO3BOJISIOIINE WACHTHOUIIMPOBATh U HCCIICI0BATh Te-
nesuc [IMI1.

[Iporuos 3apoxxaenus u nepemenienust [IIMLI 1o HacTosiero BpeMeHn ocTaeTcst
AKTyaJbHOU MpPOOIEeMOW, ¢ KOTOPOW CBsI3aHBI MHOTOYHUCIICHHBIC HCcienoBaHus. U
CIIO)KHOCTH MOTYT OBITH OOYCIIOBJICHBI, IO HAaIlleMy MHEHHIO, CYIIIECTBOBAHHEM Pa3-
JIMYHBIX MEXaHU3MOB HX 00pa3oBanus. OCHOBHBIE, IT0 COBPEMEHHOH Kiaccudukamnmu,
9TO OAPOKJIMHHBIC U KOHBEKTHBHBIC THITBI ME3OIHKIOHOB [4; 6].

Hamu 65110 npeAnoKeHO UCTIONB30BaTh st mporHosa IIMI] nHaeKkchl KOHBEK-
TUBHOW HEYCTOWYMBOCTH, PACUET KOTOPBIX BEJETCS MO BBIXOTHBIM JaHHBIM YHCIICH-
HOro MojeiupoBanus arMochepsl [7; 8]. [ToJist pa3HbIX KOHBEKTUBHBIX HHICKCOB MO-
TYT UMETh OCOOCHHOCTH B OOJIACTSIX ME30LUKIOHOB, BO3HUKAIOUINX MPU Pa3IUIHBIX
CUHOIITHYECKUX CUTYAIUSX, TOCKOJIBKY CBS3aHBI KaK C TEPMUUECKUMHU, TaK U C INHA-
MHYECKIMH XapaKTePUCTHKAMH aTMOC(EpHBIX mporieccoB. beut copmupoBan Habop
MOTEHIHUAIBHBIX MPEAUKTOPOB MOJIIPHOIO LUKJIOI€HE3a U3 YUCIa PACCUUTBIBAEMBIX
WHJIEKCOB, UIMEBIINX OCOOCHHOCTH B paifonax passutus [IMII. /lns xaxkaoro nHaEKCa
OBLIH OIIpeNIeIeHbl PETHOHATBHBIE TTOPOTOBBIE 3HAYCHUS C YUETOM HX HAIPaBIECHHO-
CTH Ha pacno3HaBaHue yrpo3 BosHukHoBeHUs [IMI]. Cymepro3umun mosiei oToopaH-
HBIX MHJIEKCOB, TI0 HALlIEMYy MHEHHIO, 1al0T BO3MOKHOCTH BEPOSTHOCTHOTO IPOTHO3U-
POBaHUS 3apOXKICHUS U HOPMUPOBAHUS TPOTHOCTHYECKONW TPACKTOPUH TIEPEMETICHUS
paccmarpuBaemoro [IMLI. Bein pazpabotan mporpaMMHBI KOMIUIEKC, TIO3BOJISIFOIINN
B aBTOMATHYCCKOM pexuMe (HOPMHPOBATH MPOTHOCTHYCCKUAE KApPTHI, OTPAXKAFOIIMEC
00acTi BEpOSTHOCTH BOZHUKHOBEHHS U TiepemerneHust [IMLI.

TexHoJornyeckast JUHHUS

TexHomornueckas IMHUASA MOCTPOEHUS IIPOrHO30B IOJSPHBIX ME30OLUKIOHOB B
ApxtrgeckoM pernone PO Bkirouaer B ceOst:

a) TIaKeT POrpaMM 3aIlyCKa PacueToB MO PaCHHUCaHUIO;

0) uucnennyr wmozaenb PolarWRF-ARW 4.1.5 (PWRF) c BbeiOpaHHBIME
HACTPOMKAMHU U IapaMeTPU3aLUsIMU [IOICETOYHBIX IIPOLECCOB;

B) NPOTPaMMHBIH MOZYJIb Ul pacuera MoJel MHAEKCOB KOHBEKTUBHOW He-
YCTOMUYMBOCTH;

T') IpPOrpaMMHBIH MOJYJIb JJIs pacueTa moneit BeposTHocTH oopazoBanust [IMI]
Ha OCHOBE 0TOOpaHHON KOH(MHUTYpaIy HHICKCOB, IS KaXKI0T0 U3 KOTOPBIX OTpesie-
JIEHO CBOE PErMOHAIBHOE TIOPOrOBOE 3HAUEHHUE;

JI) IPOrpaMMHBII MOAYJIb JJIst HOCTPOEHHs KapT obacTell pucka oOpa3oBaHUs
HIML;
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€) TIPOTPaMMHBIN MOJTYJIh JUTS pacdeTa IEHTPOB o0acTel ¢ 3alaHHON BEpOsIT-
HOCTBIO prcka oOHapyxeHus [IML];

K) IPOrpaMMHBIN MOy b AJIsl HOCTPOEHHSI TPAEKTOPUIL IIepeMelleH s LIEHTPOB
o0macTelt ¢ 3aaHHON BepOATHOCTHIO prcka oOoHapyskerus [IMILI.

B npornecce pacuera o mogenn PWRF GopmupyroTcst BeixogabIe (aiiisl, co-
JepoKalliye MPOrHOCTUYECKHE JNaHHbIE O CTAaHAAPTHBIM METE03JIeMEHTaM (TeMIepa-
Typa, JaBJICHHE, BIAXXHOCTh, CKOPOCTh BETPa U I'€OMOTEHINAN) B Y3JIaX PacdyeTHOI
ceTky ¢ maroM 12 kM Ha 50 BEpTUKAJIbHBIX YPOBHSX C YACOBBIM I1arOM I10 BPEMEHHU.
OTH 1aHHbIE HCIIONB3YIOTCA JUIS MOCIEAYIOIIEr0 pacyeTa MoJjieil HHIEKCOB KOHBEKTHB-
HOI HEYCTOHYUBOCTH aTMOC(EpHI.

Br16op cxem mapaMeTpu3anuy NOACETOYHBIX MpoiieccoB B Moaenn PWRF mpu
pacdere CTaHIAPTHBIX METEOIIEMEHTOB OBUI MPOM3BENCH HCXOIS M3 H3BECTHOTO
OITbITa PabOT APYTUX aBTOPOB, CBSI3AHHBIX C MOAEINPOBAHUEM yCIOBHH BO3HHKHOBE-
nus [IMI] [2; 3; 6].

Hcnons3oBaBmuecs B pabote cxemsl mapamerpusannu PWRF, npusenens! B
Tabm. 1.

Tabnuya 1
ITapameTpu3anus noaceTo4HbIX npoueccoB B mogean PWRF
ITapametp Hcnonb3yemoe 3HaYeHHE
Mukpodwusuka (mp_physics) Goddard scheme

JlnuaHoBoJHOBAsI paauais (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
Torpannunsii cioii (bl pbl physics) Mellor-Yamada-Janjic (MYJ) scheme
Kyuesast 061a4unocTh (cu_physics) Kain-Fritschs scheme

B macTosmee Bpems pabodast KOH(GUTYpaIys rpymTsl KOHBEKTHBHBIX HHICKCOB,
0TOOpaHHBIX B KAUECTBE MPEIUKTOPOB, COCTOUT U3 BOCBMH ANHAMUUYECKUX HHAEKCOB,
CBSI3aHHBIX C 3aBUXPEHHOCTBIO, CIIMPAILHOCTBIO U CIBUTOM BeTpa. OHM NPUBE/ICHBI B
Tabm. 2.

B npencraBieHHOM KOMIUTEKTE HCIIOIB3YIOTCS YSThIPE KOPEIUTHPYIOIIIE MEXKTY
co0oii MH/IEKCa, CBA3aHHBIX C 3aBUXpeHHOCTHIO (Vorticity) 1 Tpu HHJIEKCa, CBSI3aHHbIC
co casurom Betpa (Vertical Shear). dakTudecku 3T0 O3HAYACT MMPHIAHUE COOTBET-
CTBYIOIINX BECOBBIX KOA(P(PUIIMEHTOB YIIOMSHYTHIM XapaKTePHUCTUKAM.

ITpu pacuere BepositHOcTH hopmuposanus [IMI] ncronb3yercs, Kak yxe oTMe-
4ajoch paHee [7], IPENOI0KEHHE O TOM, YTO 4eM OOJIbIIe 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 MPOTHOCTUYECKUX TPACKTOPUI MEpeMEIeHUs LIEHTPOB o0acTei, ¢
3aJaHHON BepOSATHOCTHIO 00HapyxeHust [IML]. DTu TpaekTopun, M0 HalIEeMy MHEHUIO,
B OIIPEICICHHON CTEICHN OTPAKAI0T BO3MOMKHYIO KapTHHY MEPEMENICHUS peabHBIX
ME30IIMKIIOHOB.
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Tabnuya 2
Wnpnexcsl, ncnonb3yemslie 11st mporuosa [IMI]
R Hcnomns-
Py Hazpanue HUHICKCa Onmcanne HWHICKCa 3yCMLIﬁ
MHJIEKCOB
opor
Vorticity 3aBuxpeHHocTs Ha ypoBre 10 M | >0,00009
Mean Surface-1km Vorticity ¥ Cpe/HeHHas 3aBUXPEHHOCTE B >0,0001
cioe 0—1 km
3al E€HHOC .
BUXPEHHOCTD | /oo oo o ce2km Vo rticity VYcepeaneHHas 3aBUXPEHHOCTD B ~0,0001
cioe 0—2 kM
Mean Surface-3km Vorticity ¥ CpeIHeHHas 3ABUXPEHHOCTE B >0,0001
cioe 0-3 km
Cnupansnocts | 3km Storm Relative Helicity OtiocuTenbHas CIUPATLHOCTE B <50
cioe 03 kM
Casur Betpa 110 Pudapacony
Bulk Richardson Number (Berep Ha ypoBHe 500 M u cpen- <25
Shear HEB3BEILICHHBIH BeTep B cioe 0—
Caswr BeTpa 6 xm)
Surface-1km Wind Speed Motyb pa3sHOCTH CKOPOCTEH <5
Difference BeTpa Ha ypoBHe 10 M u 1 kM
Surface-1km Vertical Shear Cagwr Betpa B cioe 0—1 km <5

[Iporuo3 BbLIaeTCsl OJMH Pa3 B CyTKH, 3a0JIarOBPEMEHHOCTh IIPOTHO32a — JIO
48 gacoB. PacuerHast 06macTh MpencTaBIsieT COOOH BBIACICHHYIO aKBAaTOPHUIO, BBHI-
6paHHy}0 B KQYE€CTBE UCIBITATCIIBHOI'O IMOJIMI'OHA, KOTOPast BKJIIFOYACT B celst IIpaKTH-
YecKH BCIo akBaropuio bapenuesa u Kapckoro mopeii, a Takxe 3anaHyro 4acTb MOpst
JlanTeBbIX.

Pe3yJ’leaTbI NMPAKTHYIECCKOIo HCIOJIb30BaHUS pa3pa60TaHHoﬁ TEXHOJOInHu

TecToBbIe pacdeTbl ¢ UCIIOIB30BAaHUEM Pa3pa0OTAHHOW TEXHOJOIMH HA pery-
JSIpHOH ocHOBe npoBoauIuCh ¢ 2022 1. [lo pe3ynpTaTaM 3THX pacdeToB MPOU3BOANU-
JIaCh KOPPEKIUsS MPOTPaMMHOTO KoMmririekca. B 2024 r. ObUTH TIPOBEACHBI HE3aBHCH-
MBbIE HCITBITAHUS PAa3paO0TaHHON TEXHOJIOTMYECKON JIMHUM. VICTIBITaHUs TPOXOANIIH 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 npoBeieHNUs HE3aBUCH-
MmbIx ucnbiTannit HIIO «Taiidyr» mpemocTaBisio eXeIHEBHBIC MPOTHOCTHUCCKHE
pacueTsl Ha 48 yacoB BO3MOXHOTI'0 3aPOKICHUS U IIepEMEILEeHHs OIIPHBIX Me30Mac-
MITAaOHBIX [IUKJIOHOB B MPeeTax BBIICICHHOI akBaTOPUH, 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 «Taitdym».

Bepuduxamus nporHozos npousoaunach B AAHUU na 6aze 06paboTaHHBIX
CITyTHUKOBBIX n300paKeHU I c caiita Meteo-Cubupb
(https://geosib.rcpod.ru/MeteoSiber/index.html), Toay4eHHBIX C WCIOIB30BAHUCM
cyTHUKOB ApkTuka-M Ne 1 u Ne 2.

B T1abn. 3 mpuBeneHs! pe3ynbTaThl BepU(HUKAIUK TPOTHO30B, MOTYyYCHHBIC B
AAHUN.
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Tabnuya 3
PesynbraThl BepuduKaiyu NporHo3oB

Sran KonmgectBo 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
1 46 3 40 1 2 0
Bcero 137 27 75 26 7 2

[TpuBeneHusIe B Ta0I. 3 pe3ysIbTaTHI MO3BOJISIIOT OLIEHUTH KaU4eCTBO MMPOTHO30B.

OO01mast onpas/IbIBAEMOCTb MPOTHO30B (TIPOrHo30B 0e3 1 npu Hannuuu [IMI]) 3a
Bce Tpu nepuopa rno ganasiM AAHWU coctasisier 76 %. Ipenynpexnennocts IIMII,
T. €. OTHOLIEHUE KOJUYECTBA NMPABUIBHO CIporHosuposanHubix [IMI] k cymmapHOMy
uX KonuuecTBy — 74 %.

W3 mpencraBneHHbIX B TaONUIle JaHHBIX BHJHO, YTO KadyeCTBO IPOTHO30B
MPEAOCTABIIEMBIX B HACTOSIITII MOMEHT CYIIIECTBEHHO pa3nndaeTcs 1mo cesoHam. O0-
I1as OTIPaBIBIBAEMOCT B BECEHHHH MTEpHO/I oripeesicHa B 72 %, B meTHuit — 61 % (ko-
raa KoauuecTso npomnyckos ITMI] npeBbICHIO KOJHMUYECTBO YCIEHIHO CIIPOTHO3HPO-
BaHHBIX CIIy4aeB), a B 3UMHHH — 93 %.

Takwe cuTyaryi BO3MOXKHBI, 110 HAIlIeMy MHEHHIO, BCICACTBHE CIEIYIOMINX
(hakTopoB.

1) IIporuocruyeckue nanHble riaodansHoi Monenu GFS, ucnonb3yeMbie B Ka-
YecTBE HAYAIBHBIX U TPAHWYHBIX YCIOBHH ITPH MPOBEICHUN PACYETOB HEAOCTATOYHO
KaueCTBEHHO OTPa)KarOT CUTYALHUIO ISl HEOOIBIINX TT0 MacmTabaM U C1adbIX IUKIIO-
HOB 0COOCHHO Ha MIMPOTax nopsaka 80° c. 1. u ceBepHee.

2) Vcnonp3yeMsblil mpu pacyeTax Miar CeTKH 12 KM CIMIIKOM BEJIUK U pa3pelie-
HHE MOJIETIM HEIOCTaTOYHO JJIS BBIICJICHHUS BOSMYIIEHHUH C TOPU30HTAIBHBIMU Mac-
mrabamu Meree 150 — 200 kM.

3) B nHabmtoiaeMbIX B 110J1€ 00JIaYHOCTH Ha CITyTHHUKOBBIX H300pa)KCHUSX BHUX-
PEBBIX 00pa30BaAHMX, HACHTH(OUIIIPYEMBIX IpH Bepudukannu kak [IMII, mpusemuas
CKOPOCTH BETpa B OKPECTHOCTSX IIEHTPa MOXKeT ObITh MeHee 10 m/c, uTo 3aBeoMo He
MO3BOJISICT OTHECTH 3TH 0Opa3oBanus kK [IMII. A 370 3a05keHO B pa3paboTaHHON Me-
TOJUKE MTPOTHO3a (IsI JAHHBIX CIydaeB Tpaekropuu nepemerienus [IMI] ve ¢popmu-
pytorcsi). Ho B OTCYTCTBHE TaHHBIX O CKOPOCTSIX BETpPa B IIPOIIECCe BEPUPHUKALINH TTPO-
THO30B TOJIBKO IO CITyTHUKOBBIM CHHIMKaM HaOJlfolaeMble BUXPH, TEM HE MeHee, 000-
3Havarotcs kak [IMII,.

Heo6xoauMo OTMETUTH, YTO HMEHHO B BECCHHE-JICTHUH MEePHOA HAaOMI0AaeTCs
MakcuManbHoe KoimdectBo [IMI] ¢ ropm3onTansHEIMI MacmTabamu MeHee 200 kM.
B ocenne-3umHHM# nepro Macmradsl Habmogaemerx [IMI] Bo3pacrator.

Ha puc. 1-3 npuBeneHs! npuMeps! Takux cuTyanuil. Ha kaxaoM n3 HuX moxa-
3aHBI KapThl 001acTu pacuetos (puc. 1, a, 2, a u 3, a), Ha KOTOPBIX MPU HATUYUH MTPO-
rHoctudeckux [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 Meteo-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 no mogenu GES c caiita
https://www.ventusky.com (B)

Puc. 2. IIporHocTrueckas kapTa HenslTaTesbHoro nonurona ot 0 wacos UTC 4 asrycra 2024 1. (a),
CIIyTHHKOBOE M300pakeHue Toii e obnactu ¢ caiita Mereo-Cubups ot 7:45 UTC 4 aBrycra
2024 r. ¢ pacnpeiesieHHeM 00Ja4HOCTH B BUJIE 3aBUXPEHHS ¢ KOOPJMHATAMH IIEHTpa
74°c. m1. 52°B. 1. (6) u nosie npuzemuoro Berpa Ha 6:00 UTC 4 aBrycra 2024 r., paccuntanHoe
no moaenu GES c caiita https://www.ventusky.com ()

Puc. 3. Ilporroctiueckas kapTa ucnbITatenbaoro nosmrona ot 0 wacoB UTC 8 asrycra 2024 1. (a),
CIIyTHHKOBOE H300pakeHue Toii xe obnactu ¢ caiira Mereo-Cubups ot 5:30 UTC
8 aBrycra 2024 r. ¢ pacnpezeneHreM 00Ia4HOCTH B BUE 3aBUXPEHUS ¢ 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 ()

322



CoBpeMeHHble TEHAEHLUN 1 NepCneKTUBbLI Pa3BUTUSA rnapomeTeoponorui B Poccun
Mamepuans! VII Bcepoccutickoli HaydHO-npakmuydeckoll KoHgbepeHyuu. Mpkymek, 19-21 mapma 2025 2.

IIpexncTaBieHHbIe HA PUCYHKAaX M300pa)K€HMSI HATIISAHO MOATBEPXKIAIOT Clie-
JaHHbIE MIpenonoxenus. Bo Bcex Tpex ciyvasx mogens GFS He BociponsBoanT npu-
3HAKOB LUKJIOHMYECKON IUPKYJISILMU B pailoHax ¢ HAaOIIOAABIINMHUCS BUXPSIMHU, BO3-
moxkabiME [IMII. MozensHast cCKOpoCTh PU3eMHOTO BeTpa MeHbIne 10 M/c. ['opu3oH-
TaJbHBIC MAaCIITa0bl HECIPOTHO3UPOBAHHBIX IIMKIOHOB MeHbIe 200 KM.

B 3umHee Bpems TakMX CHUTyallMi CyIIECTBEHHO MeHblle. Kak BHAHO u3
tabu. 3 Ha TpeTheM dTane 3auKCUpOBaH BCero ojuH ciyyaid npomnycka [IMLI. TIpu-
YHMHA 3TOTO IIPOITyCKa HaM ITOKa He SICHA, TOCKOIBKY 3TO ObIII IUKJIOH CHHONTHYECKOTO
MacmTaba, HaOmogaBmmiicss B bapernieBoM Mope, KOTOPBIH MPOCIeKUBaCS Kak Ha
CITyTHHUKOBBIX H300pa)KEHMSX, TaK X B MOZEIBEHOM I10JI€ TIPU3EMHOTO BETpA.

Ipenynpexaennocts [IMI] aist TpeTsero stana no qanasiM AAHUN — 98 %.

INoce oKOHUaHUS HE3aBUCUMBIX HCTIBITAHUI pa3pabOTaHHAS TEXHOJIOTHIECKas
JMHUS TPOJ0JDKACT Pab0TaTh B TECTOBOM PEXHME C IIEJIBI0 HAKOIUICHUS IAHHBIX IS
JATbHENIIIEr0 €€ COBEPIICHCTBOBAHHUSI.

Hmxke mpencraBneH mms mpuMepa ciydail (GOpMHPOBAHHSA JONTOXKHUBYIIETO
TIML] B xonme HosiOpst 2024 1. Ha puc. 4 moka3aHa cepus CIyTHUKOBBIX CHUMKOB C
ML, nonyuennsix ¢ nomomsio 'MC Mereo-Cudups. [IML] Bozuuk B Hopsesxkckom
MoOpe, IBUTAJICS Ha CEBEPO-BOCTOK BO0Ib CKaHIMHABCKOTO MOJyOCTPOBA M K HaUaIry
cyTok 29 Hos6ps 2024 1. Bomen B 06JacTh BUANMOCTH TexHOMoruH. [locime Bxoxe-
Hus B bapenueso mope IIMII npogosmkun amxenue k apxunenary Hosas 3emust. Ha
puc. 5 npexacranena Ttpaekropuss 3toro [IMI[ ma 29wu 30 HosOps 2024 r. Ha
puc. 6 ToKa3aHbl MOJSI MPU3EMHOT0 BeTpa, paccuntaHHsle o moxenu GFS c caiita
https://www.ventusky.com 3a Te e CpPOKH, YTO M CITyTHHKOBBIC W300pakeHHUs Ha

puc. 4.

5

Puc. 4. Cniyraukosbie uzoopaxenust ¢ [IMI] (Apkruka-M Ne 1 u Ne 2, NOAA-18 u 19) 3a nepron
c0uaUTC29.11.2024 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: 2024-11-29_03:00:00 - 2024-12-01_00,00:00 (1772824 m/s)
A0E 50°E BO'E T°E BI"E

Puc. 5. Kapra tpaekropuii nportosupyembix [IML] na 29-30 Hosi6pst 2024 r.
(nporuo3 ot 0 u BCB 29.11.2024 1.)

Puc. 6. Ilons npuzemHoOro BeTpa, paccuntanuslie o mojenu GES c caiira
https://www.ventusky.com 3a nepuoz ¢ 0 u UTC 29.11.2024 o 18 ¥ UTC 30.11.2024 ¢ uiarom 6 4

W3 mpecTaBIeHHBIX PUCYHKOB BUIHO, YTO OOIIHME YEPThI IyTH paccMaTpHBac-
Moro nonroxkuBymiero [IMI] B TexHOIOTHY OBUTH JOCTaTOYHO XOPOIIO BOCIIPOM3BE-
JIEHBI, HO UIMEJI MECTO HEKOTOPbIE IMOTPEIIHOCTH JIOKAJIM3ALUHU LIEHTPa HUKIOHA, KaK
110 BPEMEHH, TaK ¥ MO MPOCTPAHCTBY.
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Pe3ome

Co3maHa TEXHOJOTWYECKash JMHHSA IIOCTPOCHHS B aBTOMATHYECKOM PEKHME
MPOTHO3a BO3HUKHOBEHUS U MTEPEMEIICHHUS OISIPHBIX ME30IHKIOHOB. [IpoBeieHHbIe
HE3aBHCUMBbIC UCTIBITAHUS U €€ TOCIICYIOIICE UCIIOIb30BaHUE [TOKA3AJIH, YTO BHIOpAH-
HbIE MOJIXO0/IbI M0 MOCTPOEHUIO MPOTHO30B 3apokaeHus u nepemenienus [IML nator
TOJIOKUTENBHBIN 3D (eKT, TeXHOTOTHS paboToCTIOCO0HA U MOXKET OBITh BOCTpeOOBaHa
B OIICPATHBHOM MpaKkTUKe. B nampHelIeM MmIaHupyOTCsl pabOoThI IO YCOBEPIICHCTBO-
BaHHIO NMPOrPAMMHOI0 KOMIUIEKCA KaK 33 CUYET YCBOCHUSI CITyTHUKOBOW MH(pOPMAIHH
U TOpaOOTKH METOIMKH MPOTHO3a, TaK M 3a CUET BHIOOpa HOBOH KOH(HUTYparmy Mo-
nemu WRF ¢ y4eToM DOCTYIHBIX HaM BBIYHCIHTEIBHBIX PECYpCOB, B YACTHOCTH 3a
CYCT PACUIMPEHUS [IPOTHOCTHYCCKOI 00IaCTH ¥ YMEHBILICHHUS IlIara PACYCTHON CETKH.
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VIIK 551.510.42(571.1)

IIpoueccol cHerorasitHus Ha 10KHbIX pekax Ilepmckoro kpas
B 2019 r.

M. A. TacraiibekoBa (wisecause777@gmail.com), /1. A. ITactryxoBa
(pastukhova dasha261403@mail.ru), A. A. Hlaiinynuna (Adelinash89@mail.ru)

Tlepmckutl 2ocyoapcmeenvlil HAYUOHATbHBII UCCIe08amenbCKuil yrusepcumem, 2. Ilepyo

AnnoTtanus. CHeroTassHue Urpaer BaKHyl0 poJib B BOJHOM PEXKUME PEK, OCOOCHHO B pErHOHax ¢
YMEPEHHBIM H XOJIOJIHBIM KIMMATOM, IJi¢ 3HAYUTEIbHAS YaCTh TOJOBBIX OCAJKOB BBIIANACT B BHIE
cHera. [ToHMMaHue BIMSHUS IIPOLIECCOB CHETOTASHUS HA BECEHHEE MOJIOBO/IbE HEOOXOAUMO 1Ist d(-
(EKTHBHOTO YIIPABICHHS BOJHBIME PECYPCaMHt H 0€30I1aCHOCTH HaCeICHNUS, IIPOKUBAOIIECTO Ha IIPH-
OpEKHBIX TEPPUTOPHAX. BBITIOIHEHBI pACUEThI CHErOTassHUS 110 METO/Ly TeMIIepaTypHBIX KOG duIu-
€HTOB Ha BoziocOopax pek CouiBa u UycoBas, OTHOCAIIUXCS K 103KHBIM paifonam Ilepmckoro kpas. C
HCIOJIb30BaHNEM T'eOMH(BOPMAIIOHHOTO MOJCIMPOBAHUs IOCTPOEHA Cepusl KapT MOCTYIUICHHUS
CJIOEB TAJIOT0 CTOKA Ha BOJOCOOPHI, BBIIIOJIHEH aHAJIN3 CTAUBAHMS CHEXKHOT'O ITOKPOBA U M3MEHEHUS
cHeros3amacoB B BeceHHui mepuoy 2019 r. Tak, MakcMMalibHbIC CIIOM MOCTYTAId Ha BOIOCOOP P.
CouiBbl u p. Uycosoit 1015 anpens, ux BenuunHa coctaBisuia 20—25 MM/CyT. 3aMeTHYIO poib Ha
CTauBaHUE CHEKHOTO MOKPOBA OKA3bIBACT IIMPOTHAS 30HAIBHOCT U BBICOTHAS HOSCHOCTH, MPOSIB-
JIeHHE KOTOPOii 3aMe/UIsieT CTauBaHue CHera Ha Bojocoope p. UycoBoid.

KiioueBble ¢j10Ba: CHEroTasHue; FI/IC-TeXHOJ'IOFHI/I, BCCCHHEC IMOJIOBOABE.

CHerorasiHue — 3TO MPOLIECC MPEBPALIECHUS CHETa U JIbJ1a, 3aKJIFOUYEHHOTO B CHEX-
HOM TIOKpOBe, B BOJY [4]. CHeroTasiHUE SIBISETCS] MPUUNHON CHIIBHBIX HAaBOJHEHUI Ha
peKax B BECCHHHUII TIEPHO/, 1 KOCBEHHO MOJKET BBI3BIBATh PAa3MBIB OCPEroB, UX Iepe-
(hopMupoBaHHe, YTO BICUET YIPO3y KU3HHU JIIOICH M HOPMAIBHOMY (DYHKIIHOHHPOBA-
HHIO 00BEKTOB HH(PACTPYKTYPBL. DTO 00YCIIOBINBACT BHICOKYIO aKTyaJIbHOCTb POBE-
JICHUS TTOJJOOHBIX UCCIIEIOBAHMUIL, TaK KaK TAJIbIEe BOJABI OIIPEACISIOT 00BEM CTOKA, MaK-
CHMaJIbHBIE PacXo/Ibl M YPOBHH BO BPEMsI ITOJIOBOIMH Ha peKax. ITO OCOOCHHO BayKHO
Jutst [TepMckoro Kpast, rie Ha Tallblii CTOK MpUXouTces Oosiee 60 % rooBoro cToka.

Lenbro naHHOM PabOTHI ABNIAETCS PAacdyeT CHErOTAasHHs Ha BOAOCOOPAX FOKHBIX
pex Ilepmckoro xpast — CeiiBe u UycoBoit. JlanHbBIe pekn OepyT Ha49aIo Ha 3armagHoOM
CKJIOHE YPaJbCKUX IOp, NOCTEIEHHO MEHsS XapaKTep TEUEHUs Ha paBHUHHBIN Ipu
npuOIKeHnH K yeThio. ChuiBa BriasaeT B UycoByro,  BMecTe OHU GopMUpyroT Chii-
BeHCcKO-UycoBckoit mnec Kamckoro Bogoxpanunumia. COBOKyIHAs ATUHHA PEK CO-
crapysier 1044 kM, momans Bogocoopa — 40 890 km?. CpeaHss BbICOTa BOZOCOOPOB —
310 m BC, 3anecennocts — 79 % [3; 5].

J1J1s BBITIOJTHEHUS PACUeTOB CHETOTAsIHUS UCIIOIB3YIOTCS IaHHBIE O CPEAHECYTO-
YHOI TeMItepaType BO3ayXa, MAKCHMAaIBHBIX CHETO3aacax u CyMMe 0caakoB ¢ 11 me-
TEOCTAHITNH, PACIIOIOKCHHBIX Ha HCCIIETyEeMBIX BogocOopax. Pacuer mponsBoanTcs B
CrenuabHON nporpaMme SnowMelt, B €ro OCHOBE JIGKHT METO]] TEMIICPATyPHBIX KO-
a¢pdunuenros B. JI. Komaposa u anantuposannsiii H. /1. JlebeneBoii muist ycnoBuit Bo-
nocbopa Kamckoro Bogoxparminiia. MeTos1 65UT yCOBEpPIIEHCTBOBAH C TPUMEHEHHEM
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T'C-texnonoruii B. I'. KamuanasiM u ap. [Ipu pacdere UCTIONb30BaINCh BOIHBIE K-
BHBAJICHTHI [UIS CHETa — B TIOJIe 5 MM, B siecy — 2 MM. [logpoOHee o Moxenn cHeroTasi-
HUs ykaszaHo B [1; 5].

B cpene 'MC noctpoeHs! IUdpoBbIe MO peibeda BogocobopoB p. UycoBas u
p. CouiBa no /1 JIstmuno 1 [TokaMeHHOE COOTBETCTBEHHO (pHcC. 1).

C ucnonp3oBaHuEeM mporpaMmMHoro makera ArcGIS Opiia mocTpoeHa cepus Kapt
MOCTYIIJICHHS CJIOEB TAJIOTO CTOKA Ha BOJOCOOPBI, BBIIIOJIHEH aHAIM3 CTAaUBaHMs CHEX-
HOTO MOKPOBa M M3MEHEHUs CHeroszamnacoB B BeceHHUH nepuoa 2019 r. Beibop rona
00yCIIOBIIEH TeM, UTO Ha BoJocOopax pek Cruia 1 UycoBas B 3TOT O METEOPOIOTH-
YEeCKHE XapaKTePHUCTHKH, (TeMIeparypa Bo3/IyXa, OCaIKd U MaKCHMAIbHBIA CHEr03a-
T1ac) MPeBBIIIAN CPEHEMHOTOJIETHHE 3HAUCHUSI.

Venoensre obosHauerns:

- BonoxpaHumime

e Peunaz ceTe

D I'parria 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. Tlonoxxernue Boxoc6opos pex ColaBa 1 UycoBas B Ipeenax TeppUTOpHN OacceliHa
Kamckoro Bopoxpanuiniia
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AHanu3 meteoposiorndeckux yciosuil 2019 r. nokaszai, yTo BO BTOPOH IIOJIOBUHE
3MMBI KOJIMYECTBO OCAJKOB OBIIO 3HAUUTENBHO Oolblie, deM B nepBoil. [lociaennuii
pa3 mogobHoe pacupenenenue o0buto B 2001-2002 rr. [lekabppb ObLI1 0YCHB CyXuM (B
OCHOBHOM BBITTAJI0 MEHBIIIE MTOJIOBUHBI HOPMBI OCAJIKOB), STHBAPHh — YMEPEHHO CHEX-
HBIM. B (heBpasne KonmaecTBO 0canKoOB MPEBBICHIIO IBE MECSUHBIE HOPMBI B [lepmu n
[0 IpYI'MM LEHTpalbHbIM pailoHam [2]. MakcumainbeHblii cHero3anac B 2019 r. mpu-
mencsa Ha 10 u 31 mapra. Ha BogocOope p. UycoBast 3HaueHHsI CHero3amnaca B IoJIe U
necy 0b110 60sbIIe, 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 Bo3ayxa Ha BogocOope p. ChuIBBI OblTa BbIIIE, @ HA p. Yy-
COBOIf — HIKe HOpMBL. B anpene ona coctasisuia 2,7 °C. st UycoBoit 3To HOpMa, 11
CbuiBbI — HUXE HOpMBIL. B Mae Temneparypa Bo3nyxa cocrasuiua 12,3—13,3 °C, atu no-
Ka3aTeJsu SABIAI0TCS HOpMOH 1i1st ChUIBBI M ITPEBBIIIAIOT HOPMY ISt UycOBO.

Cymma ocankoB B Mapte coctaBisiia 38,9—61,3 MM (Bbllle HOPMBI), B arpene
16,9-21,6 MM (HIKE HOPMBI), B Mae HOPMa OCaJIKOB IPEBHIIIANA 3HAYCHNS Ha BOJIO-
coope p. CoutBbl — 48,5 MM, a u1s TeppuTopun UycoBoi 3HAUECHUS BXOJAT B IOITYCTH-
Mble — 70,5 MM.

BrInosnHeHbI pacueThl U3MEHEHHUS IUIOMIa i BOAOCOOPOB, 3aHATON CHEXHBIM TI0-
KpoBoM BecHoU 2019 r. (puc. 2).

100
90

80

70

60

x 50
40

30

20

10

2, 5 N 2 5
<6 J s, <5 . Degys ls
’ May, p p anp Majj Mayy

JHara
—e—p Crutsa —o—p Yycosan

Puc. 2. I3mMeHeHue II0Ia 11 BOAOCOOPOB, MOKPLITOI CHEroM, B BeceHHHi nepron 2019 r.

AHanu3 puc. 2 mokasal, 4To JUHAMHUKA OCBOOOXICHUS UCCIIEAYEeMON TeppUTO-
PHUH OT CHEKHOTO TIOKPOBA UMEET CXOXKHI XapakTep. [Ipu 3ToM cHeroTasiHue Ha BOJIO-
c6ope p. ChUIBBI, KOTOPBI HAXOAWUTCS I0XKHEE W MIMEEeT Ooyiee paBHUHHBIA XapakTep
MECTHOCTH, IPOUCXOAUT PaHbIIIE, YeM Ha BBITSIHYTOM U UMEIOIIUM OOJIBIINE BBICOTHI
Bojiocbope p. UycoBoil. Tak, kK KOHIly MEPBOM JAEKaIbl ampeisi CHEXXHBIM TTOKPOBOM
3ansTo 70 u 90 % tepputopuu 6acceiinoB pexk CbuiBbI 1 UycoBO# cOOTBETCTBEHHO. K
KOHITY BTOPO#1 ekajibl yxxe 38 u 65 % cooTBeTcTBEHHO. B KOHIIE meproia cHeroTas-
HUSl HAOJIONAIOTCS MAKCUMAJIbHBIE PACX0XKICHUS B IMHAMHUKE CTaWBaHUS CHEKHOTO
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TTOKPOBA MCCIEAYeMBIX TeppuTopHi. Tak, k 25 ampens cHer Ha BogocOope p. CriiBa
MIOYTH MTOITHOCTBIO CTaslI, a Ha BomocOope p. UycoBoil CHEroM OBLTO TTOKPHITO MOPSIIKA
40 % mmouragu. Bomocbop p. UycoBoil MONHOCTHIO OCBOOOIMIICS OT CHEXKHOTO I0-
KpOBa K cepenuHe Masi (puc. 2).

[IpuMmeHeHne TeOMHPOPMAIIMOHHON MOJENH CHEeroTasHus [1] Mo3BOJIMIO BbI-
MOJTHUTH MOJICTIHPOBAHKE CIIOCB CTASsIBILICTO CHET'a, MOCTYMAIOIINX HA TSPPUTOPHIO HC-
cienyeMbix BogocbopoB B ampene 2019 r. (puc. 3). Tak, MakcuMalbHbIE CJIOU MOCTY-
nau Ha BojocOop p. CeiBel U p. Uycosoii — 10—15 ampens (puc. 3, 6). 3aMeTHO BIH-
SHUE MIHPOTHOW 30HANTBGHOCTH M BBICOTHOW ITOSICHOCTH Ha IIPOIIECCHI CHETOTAasHHUS.
IupoTHast MOSCHOCTh OCOOCHHO SIPKO MPOSBIISAETCS Ha BomocOope p. CBUIBBL, a BBI-
coTHas — Ha BojtocOope p. UycoBoii, 4TO 3aMeTHIIO CTauBaHKE CHera (pHc. 3, 2).

VYenosusie obozHaueHma:
—— Peunas cets

[
Crion cTaspucro chera, Myt
10-099

1095

=5-10

m10-15

mi5-20

m0-25

Puc. 3. Ciiou cTasBIIEro cCHera, ocTynarolue 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, BBIITOJIHEH aHAIN3 TIPOIIECCOB CHETOTASTHHS Ha IOHBIX peKax
Iepmckoro kpas (Cpuie u UycoBoit) B 2019 1. B 3T0T rog MeTeoposiornuecKkie xapax-
TEPUCTHKH, (TeMIIepaTypa BO3IyXa, OCAJAKH U MAaKCUMAalbHBIA CHErosarac) IpeBbI-
[Ialld CpeTHEMHOTroJIeTHHE 3HauYeHus1. OCHOBHOHN MPOIIECC CHETOTasHUS MPUXOIUAICS
anpens Mmecsn. Tak, xk 25 anpens cHer Ha BogocOope p. ChUIBa TOYTH IMTOJTHOCTHIO
ctasu1. Bomoc6op p. UycoBoii MOTHOCTHIO OCBOOOAMIICS OT CHEIKHOTO IIOKPOBA K cepe-
JIUHE Masi, 9TO 00YCIIOBJICHO MPOSIBICHUEM BBICOTHOM MOSICHOCTH.
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VK 520.8
COBpeMeHHbIe METOJAbI NOUCKA IK30IIJIAHET

J. C. Xaburyes (khabituev@iszf. irk.ru), A. C. Jlaremmes (loshchenko@bk.ru)

Uprymcerkui 2ocydapemeennulii ynugepcumem, 2. Upkymck
Hnemumym conneuno-semmnotl pusuxu, 2. Upxymck

AHHOTanus1. BbINONIHEH CpaBHUTEIBbHBIN aHAIM3 COBPEMEHHBIX METO/IOB U MOIXO0JI0B K OMCKY K-
30IIJIaHET, KOTOPBIE CYIIECTBYIOT 3a rpeaenamu COJTHEYHON CUCTEMBI U IIPE/ICTABIISIOT HHTEPEC IS
pa3BUTHUS TEOpUH OOpa30BaHMs IUIAHETAPHOTO BEIIECTBA U BO3MOXKHOTO CYIIECTBOBAHHS YKU3HH.
Oco0oe BHUMaHHUE Y/ICISUIOCh OITUCAHHIO METO0B JOIICPOBCKON CIIEKTPOCKOIHMH, TPAH3UTHOI (ho-
TOMETPHH, PAJHOHAOIIONCHUSIMH ITyJIbCAPOB, MPSIMOro (oTorpadupoBaHus, aCTPOMETPHISCKOMY
METOJly ¥ METOJly TPaBUTAL[IOHHOTO JMH3UPOBaHMs. PacCMOTpPEHBI pe3ysbTaThl, MOJTy4YeHHBIC KOC-
MudeckuMu Teneckonamu «Kerutepy, «Xa66m», «/xeiime ¥Y266» u TESS, xoTopbie ceromss siBisi-
I0TCSl OCHOBHBIMH HHCTPYMEHTaMK 00HAPY KEHHs IK30IUIaHET. PaccMOTpeHb 0COOCHHOCTH IK301LIa-
netHo# cucteMbl TRAPPIST-1. [Ipoananu3upoBaHbl TEHICHIIUH PACIIPEeTICHHS YK30IUIAHET B 30HE
oburaemoctH (habitable zone), rie B q1nana3oHe pacCTOSHUM OT 3B€3/IbI TEMIIEPATypa Ha TIOBEPXHO-
¢ty m1aneTsl coctasisier oT 0 1o 100 °C.

KiroueBnble ciioBa: IK30IIAHETBI, JOIJICPOBCKAsA CIICKTPOCKOINS, TpaHSHTHBII‘/'I METO/, ITyJIbCaphl,
aCTpOMeTpPI‘-ICCKI/Iﬁ METO/, TPABUTALIMOHHOE JIMH3UPOBAHUE, TEIECKOII, CITyTHUK

BBenenne

[Tnanersl, npuHaIeKamue He Hamedd COTHEYHOW CHUCTEMe, a WHBIM TUIaHeT-
HBIM CHUCTEMaM y APYTuX 3BE3[, Ha3bIBAIOTCS HK30IUIAHETAMU WM BHECOJIHEUHBIMH
rianetamu. Kpome Toro, cymecTByIOT U TUIaHETHI, HE CBSI3aHHBIE CHIION MPUTSYKEHHS
C KOHKPETHOH 3Be37I0l, a KOTOpPBIE CBOOOAHO MEPEMEIIAIOTCS B MEXK3BE3THOM IPO-
CTpaHCTBE (IUTAHETHI-CHPOTHI). DK30IUIAHETHI MOJMYYalOT CBOE Ha3BaHUE IO MMEHH
3BE3JIbI, BOKPYT KOTOPOI OHU 00pamarTcs, ¢ J00aBICHHEM JIATHHCKOW OYKBBI IO all-
(daBuTy, HauMHast ¢ OYKBBI b, Tak Kak repsasi OykBa ¢ IPHCBAUBACTCS 3BE3/IC.

[IpuHATO CYNTATH, YTO O MHOKECTBEHHOCTH OONTAEMBIX MHPOB IIEPBBIMH 331y~
MAaJIUCh IPEYECKHE aTOMUCTHI B V B. /10 H. 3., OJHAKO TOJIBKO I10OCJIE CO3JaHUsl IeIHO-
neHTpryeckoit cucremsl Mupa Koneparkom B X VI Beke mosSBUIUCH (U3HUSCKH 000C-
HOBAHHBIE MPEANON0KEHHS 00 MHBIX TUIAaHETHBIX cucTeMax. OTHUM U3 MEePBBIX H3JIO0-
JKAJI OCHOBHBIE TIOJIOKEHHS COBpPEMEHHOW Kocmojoruu Jxopmano bpyHo, yTBep-
JKIABIIAH, 9TO «CYHIECTBYIOT OCCUHCICHHBIC 3€MIIH, KOTOpPBIE KPYXKATCS BOKPYT
CBOUX COIHII, MMOJOOHO TOMY, KaK HAIM CEMb IUIAHET KPYXKATCS BOKPYT HAIIECro
Comanay [5].

KocBennslie mpu3Haky (OPMHPOBAHHS M HATMYHS TUTAHET Y 3BE3]T pa3HOTO THITA
(oOHapy’KeHHE B CIIEKTPE 3BE3/IbI TSHKEIIBIX JICMEHTOB, 3ePKaTbHAs aCHMMETPHS TIJ1a-
HETapHBIX TyMAaHHOCTEH, HAIM4HE Ta30BO-TIBIJIEBBIX IIPOTOIUIAHETHBIX TUCKOB Y (hop-
MUPYIOITAXCS 3BE3THBIX 0OBEKTOB) 0OHAPYKUBAIHCH SIIE JO OTKPBITHS CAMUX IK30-
a”eT. [lo cocrosiHuto Ha cepeauny sitHBapsi 2025 r. JOCTOBEPHO MOATBEPKIEHO Cy-
mectBoBanue 7397 sx3oruraner B 5078 maHeTHBIX cucTeMax. B ranmaktuke MiedHblin
[TyTh KOMHUYECTBO SK30IUIAHET OI[CHNBAETCs HE MeHee ueM B 100 MuumapaoB, U3 Ko-
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TOPBIX OT 5 710 20 MIIIITMApI0B MOTYT HaXOAWUTHCS B 30HE 0OMTaeMOCTH. 30Ha 00HTAa-
€MOCTH — KOMIIIEKC KPUTEPUEB, KOTOPOMY JIOJKHA COOTBETCTBOBATH IJIAHETA, YTOOBI
Ha Hel MorJla BO3HMKHYTb KM3Hb 3MHOTO THIIA. B riepBOM npHOIIMIKEHIH MOXKHO pac-
CMaTpuBaTh €€, KaK JIMana3oH PacCTOSHUN OT 3Be3/Ibl, BHYTPU KOTOPOTO TeMIlepaTypa
Ha IUIaHETE T03BOJISIET BOJE CYLIECTBOBATH B )KHKOM COCTOSIHUU.

OmnpezieieHre XapakTePUCTHK U KITACCU(HUKALHS STHX 00BEKTOB SIBISICTCS PyH-
JAMEHTAJIBHOM 3aaueli, HapaBICHHON Ha MOHMMaHHE pa3HO00Pa3Us MIaHETHBIX CU-
cTeM Bo Bceenennoi. B 3T0if cB3u 0OHapyXeHNE U H3y9eHHE SK30IUIaHET MPEeaCTaB-
JI5IeT OTPOMHBIN HAay4HBIH U MPAKTUYECKUI HHTEPEC.

MeToabl MOMCKA DK30ILIAHET

IlepBas merommueckn 000CHOBAaHHAS MOMBITKA TTOMCKA AK30IUIAHETHI Y OJTHOM
n3 Oommwkanmux 38e3) (Jletsmas 3Be3qa bapHapa) Obuta npeanpunsaTa B 1980-x rT.
Omaromapsi ycrexam B pa3BUTUHU acTPO(PH3HUKH U TIOSBICHUIO HOBBIX MOIIHBIX PaHO-
TEJIECKOIIOB. [IaHHBII METOJI OCHOBAaH Ha TOM, YTO IUIAHETA, BPAIIAsCh BOKPYT CBOCH
3BE3/bl, «packaunBaeT» ee. [loaTomy, eciu u3MepUTh TOIIEPOBCKOE CMEILIEHUE CIIEK-
Tpa 3BE3/IbL, BEI3BAHHOE €€ MOMEPEMCHHBIM YCKOPEHHEM, TO MOXKHO OOHAPYKHUTH JK-
30IUIaHETy, YCTAHOBUTD €€ MPUOIM3UTENBHBIC MAacCy U opouTy. OTHAKO 3HAUNTEITFHOE
JIOTUIEPOBCKOE CMEIICHUE CTIEKTPa BBI3BIBAIOT TOJIBKO OYEHb MAaCCHBHBIE TIAHETHI, T10-
STOMY C TIOMOIIBIO CIIEKTPOMETPHYECKOTO H3MEPEHHUS MOKHO OOHAPYKHUTH 3eMIIETIO-
JIOOHBIC IUTaHETHI 0O0JIbIIE 3eMIIM B HECKOJIBKO pa3. [lepBas Ha/Ie)KHO YCTaHOBIICHHAS
9K30IUTaHeTa Obuta oOHapyskeHa B 1995 r. actponomamu JKeneBckolr oOcepBaTopun
(IlIsetirtapust) Mumrenem Matiopom n Jnapse KEmo, mOCTpOMBIINME CHIEKTPOMETD,
CIIOCOOHBIH C BEICOKOH TOYHOCTBIO H3MEPSTH CMEIICHHUE JINHUHA B CIICKTPE 3BE3.IBI (110
13 m/c). JlocTurnyTras ceifyac TOYHOCTb PErHCTPALIMH JIy4eBOil CKOPOCTH 3BE3/1 B 1 M/C
MO3BOJIICT OOHAPYKUTH HAJMYHUE IIAHET B HECKOJIBKO pa3 MaccuBHee 3eMiH (cymep-
3eMiIH) BOJM3HM 3BE3] B HECKOJBKO pa3 MeHee MacCHBHBIX, yeM ComHie. Brepsrie
CIICKTPBI [UIAaHET B MH(PaKpaACHOM JUAITa30HE, I/I¢ KOHTPACT CO 3BE3IHBIM CBETOM MH-
HHUMAaJICH, yJaJIOCh MOIYYHTh ¢ MoMoInbio «Crutiiepa» B 2007 T. 1 TOpSUUX IOIHTE-
pos HD 209458 b (O3upuca) u HD 189733 b [2].

Kpome norurepoBcKoi CHEKTPOCKOIIUH, KOTOpast HanboJiee MOIXOIUT It OOHa-
pY’KEHHUS IJIaHEeT TUraHTOB, pa3padoTaHbl APYrue METOIbl OOHAPY)KEHHUs IUIAHET.
TpaH3UTHBIA METOJT UJIH METO/I TPAH3UTHOH (HOTOMETPUH, PUKCUPYS YMEHBIIICHHE SP-
KOCTH 3BE3/I6l B MOMEHT TIPOXOK/ICHHS TIAHETHI Ha (POHE 3BE3.IBI, IIO3BOJISIET OMpe/ie-
JIUTh TaKUe XapaKTEePUCTHKH HK30IUIAHETHI, KaK Macca, TeMIepaTypa MOBEPXHOCTH,
anb0es1o0, paiuyc, a TakKe YCTAaHOBUTH COCTaB atMocdepsl. DTa 001acTh Uccien0Ba-
HUH B acTpoHOMUM TosiBUiach B 2004 r. ¢ oOHapyKeHUEM TIEpBOM TPAaH3UTHOH DK30-
wianetsl HD 209458b. CpaBHUTENHHO HEIaBHO, OJIarofapsi BBISBICHHUIO KOJeOaHMI
TPaH3UTHBIX MOMEHTOB (MOMEHTOB CepeAMHbI TPAH3UTA), KOJIeOaHUH POJOIKUTEIb-
HOCTH TPAH3UTOB U yTiIa HAKIOHA OPOUTHI IUTAHETHI CO BPEMEHEM, TTOSIBUIIACH BO3MOXK-
HOCTh HUCKaTh «HEBUIUMBIC» (HEICTCKTHPYEMbIe KaKUMH-ITH00 JIPYTUMH METOIaMH)
BHECOJIHEYHBbIE TaHeTsl [11].
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O hexTHBHOCTH TPAaH3UTHOTO METOIa BO MHOTOM OTIPE/IENSETCS, IPUCYTCTBYET
J1 HeoOXoIMMast JIMHUS «HAOII0IaTeIb-INIOCKOCTh OPOUTHDY SK30IUTAHETHI B YAa4HO
JI1 BBIOPAaHO BpeMs TPOXOKACHUS Ha (DOHE 3BE3/IbI, TAK KK IIUKIIBI MOTYT IIOBTOPSTHCS
pa3 B iecaTky JeT. Taxke HeoOXOAUMO YUNTHIBATh, YTO JJIS IPKOCTH HEOOIIBINNX 3eM-
JIeTI0TOOHBIX TUTAHET XapaKTepHBI OYCHB ciadble m3MeHeHns. Hamprumep, mpoxoxie-
Hue Ha Qone Comnna HOmurepa, xoropsrit B 10 pa3 menbiie ConHia, 0ciaduio Obl
6neck Hamrero cBetuna b Ha 1 %, a 3emis Bcero Ha 0,008 %. [ToaTomy TpaH3uT-
HBIM METOJIOM OOJIBIIE BCETO OTKPHITO TUTAHTCKUX ITIAHET, BPALIAIONINXCS OIN3KO K
CBOMM 3Be€371aM, KOTOpbIE Ha3bIBaIOT ropssuumu FOnurepamu [6].

B 1990 r. nonbcko-ameprukaHCKuid acTpoHOM AJjiekcanip Bosblan BOCIOIb30-
BaJICS BPEMEHHO CBOOOJIHBIM TIOCIIC PEMOHTA PAIHOTENIECKOIoM Apecn6o, YTOObI 3a-
HATBCS TTOMCKOM IyJIbCAapOB. DTH HEWTPOHHBIC 3BE3/IBI MPEACTABISAIOT COO0H KOM-
MAKTHBIE OCTATKU CBEPXHOBBIX, KOTOPBIC MCITYCKAIOT BJOJb OCH CBOEIO MarHUTHOTO
HOJIsI MOIITHOE SJICKTPOMAarHUTHOE H3JTyuyeHne. MarHuTHast OCbh MOXKET HE COBIAAATh C
OCBIO BPAIIICHUS, ¥ €CITH KOHYC M3Ty4eHHS 33a]eBaeT 3eMITI0, TO MBI BHIUM ITEPHO -
YEeCKHE UMITYJIBCHI, B TOM YHCIIE B PaIN0Iiana3oHe. PaqnoBoIHOBOE N3y YeHHE ITyITb-
CapoB OOBSICHSCTCS MEPEX0AaMH 3JICKTPOHOB MEXKIY YPOBHSIMH SHEPIUHU, BOSHUKAKO-
MIMMH U3-32 OTTAJIKUBAHUSA 3aPSDKEHHBIX YaCTHUI] OT JBOWHOTO JIEKTPUYECKOTO CIIOS U
TPAaBUTAIIOHHOTO TIPUTSKEHNS 3Be3/bl. PaanoHabiioieHue myibcapoB OCHOBAHO Ha
TOM, YTO €CJIH €CTh IUIAaHEeTa, 00paIIaroNIasicss BOKPYT IyJbcapa, TO IPHHUMAEMBIH OT
HETro CUTHaJ Oy/eT UMETh OCIMILIMPYIOLIYIO COCTABIISIOILYIO.

2008 . cTan mpOpBIBHBIM JUISI HOBOTO, XOTSI U CAMOT'O OYE€BHUHOTO U3 METOJIOB
MIONCKAa HK30IUTAHET — TPSAMOTO HAOMIOACHHS WM TPSMOTo (GoTorpapupOoBaHHS
(imaging), KOTOpBIH MO3BOJIICT OOHAPYKUTh TOPSIYUE M JOCTATOYHO YJAJICHHBIC OT
CBOMX 3Be3]l IulaHeTsl Ha paccrosiHuu oT 10 10 100 actpoHoMuueckux enuHui. He-
JTABHO C(OPMHPOBABIIHECS HEOCCHBIC TEJIa BO3PACTOM B HECKOJIBKO MHJUIHOHOB JICT
HATPETHI JOCTATOYHO, YTOOBI MOKHO OBIIIO 3apETHCTPUPOBATH UX TEIIOBOC H3ITYICHUE
B HH(ppaKpacHOM Auana3oHe. HazeMHBIM Teneckonam ¢ alalTUBHON ONTHKOM U 3BE3I-
HBIM KOpOHOTpaaM B UCKIIIOUUTENIBHBIX CIydasxX yAaéTcs MOMydaTh M300paKeHUs
OUYEHb MAaCCUBHBIX M MOJIOJBIX IUIaHET Ha paccTostHuu okouo 0,1” oT npenenbHO Ma-
JIOMacCHBHOH 3BE3/IbI MM KOPHYHEBOTO KapJIHKa.

CyTh MeTO/a 3aKII0YaeTCsl B TOM, UTO CBET 3BE3/Ibl HCKYCCTBEHHO «3aKpbIBa-
eTCs» CIEeNHATBHBIM YKPAaHOM, TaK Ha3bIBAEMBIM KOPOHOTpadoM, YTOOBI OH HE MeIIall
HAOJIOICHHUTO HaXOAAIICHCS PIIOM IUTaHEeTHl. boree mepcrneKTHBHBIM CIIOCOO0M dKpa-
HUPOBAHUS SBISICTCS HHTEpPepoMeTprs. B mpocrteiiinem BapuaHTe JiBa 3epKaTbHBIX
TeJecKona MPUHUMAIOT CBET OT OJIHOM M TOM e 3B€3/1bl, KOTOPBIN 3aT€M MOABOIUTCS
K 001memMy nIpuéMHUKY ¢ 33epKKOH TI0 (a3e, Tak, YTOOBI CBET 3BE3/IbI TOTHOCTHIO Ta-
CHJICS] BOTHOBOW HHTEP(PEPCHIINECH, B TO BPEMsI KaK TYCKIIBIH CBET IUTAHETHI OCTABAJICS
HETPOHYTHIM (JINOO Ja)ke MOT OBITh yCHIIeH). DaKTHYECKH 3TO 3aMEHA OJTHOTO 0OJIb-
IIOTO 3epKaja TeJIECKOIa MHOKECTBOM MaJICHBKUX. biiaromaps B3anMo/1eicTBHIO CBe-
TOBBIX BOJH MOYKHO yOpaTh 3aCBETKY OT SIPKUX 3BE3] H YCHINTH IPKOCTh Jy4eH, yKa-
3BIBAIOIIUX HAa HAJMYUE TUIAaHETH. [IpH 3TOM HHTep(pEpOMETp MO3BONISAET MOITYyYaTh
TOYHBIE JAHHBIE [0 MECTOMOJIOKEHHIO IK30IIaHeThl. TakuM METO0M yJaloch Jaxe
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cdororpadupoBaTh MPOTOIUIAHETHBIE AWCKM, HAXOAAIIMECS HAa PACCTOSHUM ITOYTH
500 cBETOBBIX JET OT 3eMJIH.

ACTpOMETPUYCCKHIA METOJ IMO3BOJIICT OOHAPYKUTh SK30IUIAHETY, CCIH €CTh
3Be3/1a, 00J1a/1at0Imas HeCBETAIUMCS KOMIIAHBOHOM, Ybs OPOHTANbHAS TNIOCKOCTh HE
napaurebHa (a JydIe BCeTo — NepICHANKYISIPHA) THHUH, COSTUHSIONICH 3Ty 3BE3Ty
u 3emutro. [TockonpKy 00a Tena 0OpanaroTcss BOKPYT OOIIETo IICHTPa TSHKECTH, 3Be3/Ia
OyzaeT 4yTh-4yTh IOKAYMBATHCS HA 3eMHOM HEOOCBOIE. DTH Ka4aHUS MOKHO OOHapYy-
JKHUTB C TIOMOIIBIO YTIIOMEPHBIX HHCTPYMEHTOB, T. €. aCTPOMETPHICCKUMHI METOTAMH.
B 0cHOBHOM, 3THM METO/IOM yTOUHSIOT Maccy M pa3Mep dK30IUIaHeT.

MeTox TpaBUTAIIMOHHOTO JIMH3UPOBaHUs (HaHOJIM3HPOBAHKE) HAIICJICH Ha TI0-
WCK TTAaHET-ONHOYEK, He CBA3AHHBIX ¢ KaKOW-ITHO0 3BE310H. DTOT METO/] TTO3BOJISET
3aMEeTHTh JaIEKHE OT 3BE3IIbl MaJOMACCHUBHBIE SK30TUIAaHETHl M CITyTHUKH ITaHeT. OH
OCHOBaH Ha OOIIEH TEOPHUH OTHOCHTEIFHOCTH DHHTINTEHHA, COTTIACHO KOTOPOH CBET
JTAIEKON 3BE37Ibl, MPOXO/s BOIM3M 3Be3/bl (WM TUIAHETHI), HaXonsulelcs OImke K
HaOroaTeNto, OyIeT NCKPUBIATHCS. JIpyrUMH CJI0BaMH, TPaBUTALNS, CJIOBHO JIMH3A,
co0mpaeT CBET, MOAITOMY HaOIFOJaTeNbHBIN AP (EKT 3aKITF0YaeTCs B KPaTKOBPEMEHHOM
BO3pACTaHUH BUIUMOTO OJIECKa 3BE3/Ibl, HE CBSI3aHHOM C H3MECHCHHUSIMH CaMOH 3BE3.IbI
(mynbcanusAMH, BCIBIIIKAMUA U T. 1.). TakMM METOOM y4eHbIe 00HApYKHUBAIOT IK30-
TUTAaHETHI pa3MepoM ¢ 3eMITio. [ paBuTannoHHOE MUKPOIMH3UPOBAHHE MTOTYIHT Pa3BH-
tue B 20262027 rr. ¢ 3amyckom obcepBaropun Haucu ['peiic Poman (RST, Roman
Space Telescope).

IlepByro MONBITKY OOHApPYyXEHUS HK3OIIIAHET M3 KOCMOCA MPEANPUHSIT KPYII-
Helmmi kocmudeckui teneckon Xao01 (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 Ilytn «oxHO» CTpesnblia B TEUCHHE HEIENU B MOJE Pa3MEpOM HECKOIBKO
YTJIOBBIX MUHYT OH HaOmronan 180 Teic. 3BE31, re 0OHAPYKIIOCH 16 KaHIUIATOB B
9K30IUIAHETHI ¢ OpOUTaIbHBIMU niepuogamu oT 0,4 1o 4 cyT., U3 KOTOPBIX MOKa MO
TBEP/MIINCH TOJIBKO JIBE CaMble IPKHE CHCTEMBI.

Kocmuuecknii teneckon «Kerutep» (NASA) ¢ oobexktuBoM auametpom 0,95 m
3a 9 set ciryx0b1 (7 mapta 2009 r. — 15 HOs10ps 2018 T.) Ha TeMMOLEHTPHYECKOH Op-
6ute ¢ Oosbioi 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) oTkpsut Gomee
JBYX THICSY dK30IUTaHeT. Emre okoiio IBYX THICSY KaHAWAATOB B OK30IUIAHETHI JKIYT
CBOCTO MMOJATBEPIKICHNUS IPYTUMH HAYYHBIMH rpyrmamu [3].

Ecnn paccMaTpuBaTh B KauecTBE OOMTAEMBIX BCE IUIAHETHI C MHCOJIAIUEH OT
0,25 10 2,2 3eMHOM, TO TAKMX B BBIOOPKE OKkasbiBaeTcs 361. Ecnu ske mpuHATH 32 00u-
Taemyto 30Hy uHTepBai ot 0,32 1o 1,78, TO KOIMYECTBO MOAXOAANIUX IIJIAHET PABHO
288. brarogaps Kermiepy ynanocs 00HapyXuTh CICAYIONIYI0 3aKOHOMEPHOCTD, YTO C
YMEHBIIICHUEM PAIyCOB KOJIMYECTBO KaHANWIATOB HAPACTAJIO, M CAMBIMH MHOTOYHC-
JICHHBIMH OBUTH KaHIWIATHI pa3MepoMm MeHbmie Henryna. IIpuaém skcTpamosis
yKa3bplBaJa Ha TO, YTO M B ATOM JMAIa30HE C YMCHBIICHHEM pa3Mepa 4YHCiIO ITaHeT
66IcTpO pacTéT. Taxke B pachpenereHu: IIaHeT 10 paguycaM ObLI BBIBICH TTy0o-
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KU «1ipoBay» B uamna3one ot 1,5 10 2 Re (pamuycos 3emim). OH ObLT Ha3BaH JI0JH-
Holt paguycos (radius valley) mmm 3a3opom ®@ynrona (Fulton gap). [lnmareTs! ¢ pagmy-
camu > 1,7-1,8 Re, no-suanmMomy, 001a1a10T MPOTSHKEHHBIMH BOIOPOIHO-TEIIMEBbIMH
aTMocdepaMu U MPeCTaBIAIOT MHHN-HenTyHbI, B TO BpeMs Kak y IUTaHeT MEHBIIETO
pasMepa BOOpoAHBIX atMochep HeT. CIyTHUKH 3K30IUIaHET Ha4daid MCKaTh eIlé B
HepBBIX penu3ax aaHHbIX Kerepa, a B oktsiope 2018 r. NASA ykazanu Ha mepBoe
CBUJICTEIBCTBO BO3MOKHOM JIyHBI 3a peenamu Hameil COlTHEUHOH CUCTEMBI.

B 2018 . Ha opbuty c mepmomom 13,7 cyT ObLm 3amymeH cmyTHHK TESS
(Transiting Exoplanet Survey Satellite). Ero 4 mmpokoyroisHbIe KaMephl ¢ 00BEKTH-
BaMu nuameTpoM 10 cM u mosem 3peHust 24°x24° y kakaoi OJJHOBPEMEHHO MOKPbI-
BaloT Oosee 5 % HebecHOI cdepsl, 3yyast TOIBKO SpKHe 3BE3ABI 70 12™ B muamnazoHe
JuiiH BosiH 0T 600 1o 1000 M. 3anmymieHnsiii 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 cmytHrka ARIEL (Atmospheric Remotesensing Infrared Ex-
oplanet Large-survey, ESA) ¢ Teneckonom BHAMMOro W OJMKHEr0 MH(PPAKPACHOTO
JIMana3oHoB Ui u3y4eHus atmocdepsl 6onee 1 000 sx3oruianer [7].

B HacTosmee Bpems cpein MHOTOUUCIICHHBIX 00HAPYKEHHBIX SK30IUIaHETHBIX
crcteM oco0bIit mHTepec mpencTasister cucrema TRAPPIST-1, 3apernctpupoBanHas
B 2016 T., KOTOpasi, BOSMOXKHO, COCTOUT MUHHMYM U3 CEMH ITOJIOOHBIX 3eMIIe IIaHET,
HCKOTOPBIC M3 KOTOPBIX MOTYT OBITh MOTeHIUANbHO obOutacMbl. TRAPPIST-1
(2ZMASS J23062928-0502285) — oguHO4YHAs 3Be3/1a KapiauK kiacca M8 V B co3Be3quun
Bonones, Haxomsmiasicst Ha paccTossHUM puMepHo 12,1 ik (39,5 cB. roaa) ot CosnHia.
Cpennsist rutanera (e) sIBISIETCS KaHIUIATOM B OOMTaeMble OKEaHNYECKHE MUPBI B CH-
creme TRAPPIST-1. Ilnanera e MOXKET OJIEPKUBATH, MO KpaiiHel Mepe, HEKOTOPYIO
MPUTOAHYIO JUIS JKU3HH IUIONIAAs MOBEpXHOCTH npu masieHnn CO»B mpenenax 0—
2 Gap, B 3aBUCUMOCTH OT (poHOBOTO cojaepkanus N2 [8].

B 2019 r. BriepBbIc 0OHAPYKEH TEIUIBIH ra30BbIi TUTAHT ¢ SKCTPEMAJbHO HU3-
Kol mnoTHOCTRIO ~0. 1 T/cM?. DTO yKa3bIBAeT HA TO, UTO BCKOpE OyIeT 0OHApYKEHO
60IIbIIIOE KOJIMYECTBO HK30IUIAHET, HAXOIIUXCS HA CTaUH MHTEHCUBHOTO HCIIape-
HUsI, BEIIECTBO KOTOPBIX 3aIOJHSACT BCIO cucteMy [9]. B crenmanbHoi acTpodusmye-
ckoit oocepsaropuu (CAO PAH) ¢ 2020 r. BBesieH B paboTy TepBbIH ONTHYECKHUI PO-
60TH3UpOBaHHEIA 50-CM TETIECKOTI, TPeTHA3HAYCHHBII IS MCCIIEIOBAHMS K30ILTaHET
METOJIOM TPaH3UTHOH (hoToMeTpuu. B pesynbrare aHamm3a KpuUBBIX Oiecka 3Be3[ B
HCCIIelyeMOM T10JIe Hai/ICHO BOCEMb 3BE3/1, Y KOTOPBIX HAOJII01AI0TCS IEPUOJHIECKHIE
HaJIeHus IPKOCTHU, XapaKTepPHbIE A TPAH3UTHBIX coObrTHil [10].

IlepBbIif B HCTOPHHU CHUMOK 9K30IIIaHETHI OB caenan | centsops 2022 . ¢ mo-
MOIIBIO HOBeHIIIero teneckona «Jxeiime Y200» — opOutansHol nHGpakpacHoH oocep-
BaTOPHH, 3aIlylIeHHON Ha opouty 3emin B aekadpe 2021 r. «/[xeitMc Y200» — camblii
KPYIHBIIT KOCMHYECKHI TEJIECKOI C CaMbIM OOJBIINM CETMEHTHPOBAHHBIM 3€PKaJIOM
JqrametpoM 6,5 M. Tereckon Jaim BO3MOKHOCTH (hoTorpadupoBath ra3oBblii rurant HIP
65426 b[en], koTopsii B 12 pa3 Tsoxernee FOmurepa u HaxoauTes B 385 CBETOBBIX T0O/IaX
ot 3emiu. Temmepartypa ee armocdepst coctaBisieT npumepHo 1300 °C. M3BecTHo,
YTO B aTMOC(epe TUTaHEeTHI €CTh KPAaCHOBATHIC 00TaKa CHIIMKATHON TTBUTH.

336



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

Opuxk [lerurypa (Erik Petigura), acnmpant [Ixeddpu Mapcn, oTHIM U3 TIEpPBBIX
B HOstOpe 2013 r. monbITajcs 3KCTPANOIHPOBATh TSHACHIINU B PaCTIPEICIICHUH TTaHET
1o 30k obutaemoctu (habitable zone), riae B nuamasoHe pacCTOSIHUHN OT 3BE3/Ibl TEM-
nepaTypa Ha MoBEpXHOCTH M1aneTsl coctaniseT oT 0 1o 100 °C [4]. [Ipu HopManbHOM
JaBICHUN aTMOC(Ephl 3TO OTKPHIBACT BO3MOXKHOCTH JUISI CYIIECTBOBAHUS JKHIKOM
BOJIBI,  3HAYUT )KU3HU B € HBIHCITHEM IOHUMAaHUH. B 3aBHCHMOCTH OT ONpeIeIICHHS
30HBI JKU3HHU OH MOJTY4H]T YaCTOTY BCTpeuaeMocTH 3emiepa3mMepHsix (1-2 Re) mmanet
B Hel B 5,8 %, 8,6 % u maxe 26 % (mocienHee 3HaU€HUE COOTBETCTBYET CIIHIITKOM
ONTUMUCTHYHON MIUPHHE 30HBI 00MTaeMoCTH). Eciii NCXOMUTh M3 TOHATHS «3eMIIe-
MOJJO0HBIE)» TUIAHETHI, TO HX MOXKET HACUUTHIBATHCS B TanakTuke Mieunsrit [TyTs ot
5 mo 20 mapxa, oduraemsIx — okoso 300 MIJUTHOHOB, a TeX, KOTOPbIe MOTYT CpaBHU-
BaThca ¢ 3emnéit — 216. IIpoextr HabEx (Habitable Exoplanet Imaging Mission,
NASA), npemmaraemsrii 11 3ammycka B 2035 1., OyneT BKIFOUaTh TEICCKON yIbTpadu-
OJIETOBOT0, HH(YPAKPACHOTO U BUIUMOTO AUATIa30HOB JUTHH BOJH OT 91 10 1 000 HM, KO-
TOPBIN HAIETIEH U3YUUTh aTMOC(EPBI 3eMIIETIOIOOHBIX SK30TUIAHET B 30HE KH3HU [1].

Taxum 06pa3om, B IepBEIe TOIBI 0OHAPYKEHHS SK30IUIAaHET OCHOBHBIM acTpO-
(bu3nYeCKUM METOIOM OBLT METOJ PaJHalbHBIX CKOPOCTCH, OCHOBAHHBIA Ha ITOMCKE
U3MEHEHUH pajualbHOM CKOPOCTH 3BE3/bl, BBI3BAHHOW BO3JCHCTBUEM MAaCCUBHOIO
00BEKTa B €€ OKPECTHOCTSX, KOTOpPHIE BBIPAXKAIOTCS B NMEPHOTMYCCKOM CMEIICHUH
CIICKTPaJIbHBIX JINHKUHA. B HacTosmiee BpeMs: HanOOJIbIIee PACIPOCTPAHCHNE Oy YU
TPAH3UTHBIH METOJI, TA€ MyTeM MOCTPOSHMSI KPUBOW M3MEHEHUs 3BE3/IHOTO Ojecka
3BE3/1bI BO BPeMS IPOXOKACHUS 0 €€ AUCKY [UIAHEeThl, MO)KHO YCTAHOBHUTH HE TOJIBKO
JUaMeTp SK30IUIaHeTH, IEPHOJ BPAIleH!s, HaJTHIHe KOJEIl U COOCTBEHHBIX CITyTHHU-
KOB ITAHETHI, @ TAK)KE XUMUICCKUH COCTaB aTMOC(EPHI INIAaHEThI, CTPOCHHE U HAJTHYHE
obnayHoro nokposa. [Topsaka 134 moaTBep:KICHHBIX 3K30IUIaHET 0OHAPYKEHBI METO-
JIOM TPaBUTALHOHHOTO MUKPOJIHUIIEH3NPOBAHNS, KOTOPHIN B OTIINYHE OT APYTHX METO-
JIOB TTO3BOJISIET OOHAPYKUBATh SK30ILUIAHETHI HA OTPOMHBIX PACCTOSHUAX OT 3eMIIH, a
TaKXKe IK30IUIaHCThI-OJUHOYKH.

Bynymiee B ucciaeqoBaHUX SK30IUIAHET 3TO MOUCK SK30IUIAHET 36MHOTO THIIA B
30HaX 0OMTAEMOCTH, TJ€ IIPH OJIAroNPHUATHBIX aTMOC(HEPHBIX YCIOBHIX Ha €e IMOBEpX-
HOCTH MOTJIa COXPAHITHCS B )KHUIKOM BHIE Bojia. [JIs 9TOH [eNu TepCIIeKTHBHO ajlb-
Helilee pa3BUTHE KOCMUYECKUX M Ha3eMHBIX TEJIECKOIIOB, CTATUCTHYCCKUX METOJIOB
Ui Bepu(UKaIM MOJeNel IUIaHEeTOOOPa30BaHMUA W TIONyYCHHS KOIMYECTBEHHBIX
OIIEHOK PK30IUIAHET PAa3HBIX THUIIOB.

3akaoueHne

Cpenu CymecTBYIONIMX METOJOB Hamboyiee MEPCIEKTUBHBIMU SIBISIFOTCS Me-
TOJIBI TPAH3UTHOM W JIOTIEPOBCKOI (POTOMETPHH, HO, OHHU IUIOXO MOIXOIAT sl OOHA-
PYKEHUsI MYJIbTUILIAHETHBIX CUCTEM. boliee neTanbHO U3ydarh arMocdepy 3K30ILUIa-
HET IO3BOJIIET METOJ T'PAaBUTALMOHHOTO JIMH3UPOBAHUS, HO, OH UMEET HEKOTOpbIe
OTpaHMYCHHUSA 110 00HAPYKECHUIO FK30IUIAHET 3€MHOH I'PYIITBL. ATMOC(EPHI IK30T1Ia-
HET MOKHO U3y4aTh ABYMsI CIOCOOAMHU: TPAHCMHUCCHOHHOM, MITH ITPOCBEYMBAIOICH, 1
SMUCCHOHHOM, HJIN OTPaKaTEIbHOM, ClIEKTpocKonuel. B nepBom citydae aHaIM3upy-
€TCsI 3aBUCUMOCTD ITyOMHBI TPAH3UTA TUIAHETHI OT JITTUHBI BOJIHBI, HA KOTOPOU BETYTCSI
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HaOJIOIEHNS, BO BTOPOM — OTpakEHHBIH TTaHeTOH 3BE3MHEBIH cBeT. Kpome Toro, omHy
U3 KIJIIOUEBBIX POJIEH [UIS yCIIEITHOTO TIOMCKA SK30IIIaHET UIPaeT NMPaBIIbHBINA BHIOOD
00BbeKTa HAOIIOIEHUH.

B nacrosmuii MomeHT npubau3utensHo 10 % Bcex 0OHapyKEHHBIX SK30TUTaHET
ABISIFOTCS TOPSYMMH IONUTEPAMU MJIM TEIUIBIMM HENTyHamu, ¢ mMaccod ot 0,05 mo
5 mace FOnmrepa n nmerot pamuyc opoutsl <0,2 a. e. AHaIHM3 pacupeieIeHus IK30-
IUIAaHeT Ha JuarpaMme «Macca — OpOHMTaNbHBIA INEepuoa» OOHApyKUBAeT INPOBAI
MEXIy HOMyJIIIUAMHE KaMEHHCTBIX CyIep3eMeldb M Ta30BBIX MUHHHENTYHOB. [Ipn
9TOM YETKON TPaHUIBI TI0 PAANYCy MEXITy KaMEHHCTBIMHU M Fa30BbIMU INTAHETAMU HE
CYIIECTBYET, a IEPEXOJHOI 30HON MekKAy AByMs THUIIaMH MJIAHET 10 pa3Mepam sBIs-
etcsa uHTepBan 1,6—1,9 pannyca 3emmmu. [losTomMy HccnemyeTcs THIOTE3a O TOM, YTO
MIPOMEXYTOUHBIE TUIAHETHI C OTHOCUTENHEHO MAJIOH Maccoi M OOIIMPHO ITepBIYHON at-
Moc(hepoii He SBISIOTCS J0JT0 KUBYIIUMH 00BEKTAMH T10 TIPUYHHE TOTO, YTO BOJOPO/I-
Has 000JI0uUKa, 3aXBaYE€HHAs TAKON MPOTOILIAHETOH, JOCTATOYHO OBICTPO TEPSIETCSL.

3a 4eTBepTh BEKA MCCIECIOBAHUH HK3OIIIAHET HAHICHO OIPOMHOE KOJIHYIECTBO
SK30ILIaHET, KOTOPOE YKa3bIBAET HA TO, YTO IJIAHETHBIE CUCTEMBI — HE UCKIIIOYHUTEIb-
HBIi, a BIIOJIHE OOBIYHBIN MPOIYKT MPOTO3BE3AHOMN 3BOIIONMH. [Tpr 3TOM 0CcOOBIH HH-
Tepec 00pamH K 3K30IUIaHeTaM 3eMHOTO THIA C YCIOBUSAMH HA IMOBEPXHOCTH, OJIU3-
KAMH K 3eMHBIM. [711 00pa3oBaHMs Ha ITAHETaX 3€MHOTO THIIA MMOTEHIIMAIBHO TIPH-
TOZIHBIX JJIsL )KM3HH YCIOBHH BayKHBIM SIBJISICTCS ITpoLiece cOpoca MepBUYHO ra3oBoit
000JI0OYKH BOKPYT' KaMEHHCTOT'O s/Ipa 32 HepBble COTHU MUJUIMOHOB JIET JBOJIIOLHH,
KOTJIa TJIaHeTa HAXOAUTCS B PeKMME MHTEHCHBHOTO T'a30IMHAMUYECKOTO HCTCUCHHS
aTMocQepsbl.
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SUncmumym 2eozpagpuu um. B. B. Couasvr CO PAH, 2. Upkymck

AHHOTanUs. AKTYyaIbHOCTb CTaThbH 00YCIIOBIICHA TEM, YTO B YCIOBHUSX I100aIbHBIX SKOJIOIHUECKUX
BBI30BOB, TAKUX KaK M3MEHEHHUE KJIMMaTa U yTpata 0MOpa3HO00pa3us, BAKHOCTb IPUPOJTOOXPAHHOTO
3aKOHOZIATEeJILCTBA JUIsl TOATOTOBKU BHICOKOKBAIM(DUIIMPOBAHHBIX THIPOMETEOPOJIOrOB CTAHOBUTCS
HEOCHOPHMOIi: THAPOMETEOPOIIOrH, 00J1a1ast 3SHAaHUSIMH O 3aKOHOJATEIbHBIX HOPMaX U HABBIKAMH HX
HPUMEHEHUs], CIIOCOOHBI HE TOJIBKO (P (EeKTHBHO paboTaTh B CBOEH MpohecCHOHaIbHOIM 001aCTH, HO
M BHOCHUTB BKJIA]] B 3aIIUTY OKpY’Kalollel cpenpl. B crarbe obcyskmaeTcs: B3anMoielicTBie 00pa3o-
BaTEJIbHBIX YUPEXKICHUI U 3aKOHOAATENILCTBA B c(hepe IKOJIOTHH, KOTOPOE IPEACTABISET COO0M He-
obxoxumoe ycioBHe (DOPMHPOBAHHS BBICOKOKBAIHU(DUIIMPOBAHHBIX CIELMAIHCTOB, CIOCOOHBIX
CIIPABJISITBCS. ¢ COBPEMEHHBIMHU BBI30BAMH B 00JIaCTH TMAPOMETEOposIoruu. Jlaercs npencrapieHne
0 KJIIOYEBOI POIIH AKOJIIOTHYECKOro 00pa30BaHus B TIOrOTOBKE COBPEMEHHOTO CIIEIUAINCTA, KOTO-
past TECHO CBsI3aHA C peaju3aluedl JOJTOCPOUYHBIX IIAHOB COLMAIBLHO-DKOHOMHYECKOTO Pa3BUTHS
roCcyIapcTBa, YTO BO3MOMKHO TOJIBKO TIPH HEHNOCPEACTBEHHOM HMX y4YaCTHH, CTPOSIIUX CBOIO paboTy
Ha NPUHIUIAX YCTOHYUBOrO pa3BuThs. OOCyKIaeTcs TO, 4TO B COBPEMEHHOM MHpE IIIAaHUPOBAHUE
COLIMAJIbHO-9KOHOMUUYECKOI0 Pa3BUTHS IOCYJapCTBa HEBO3MOXKHO 0€3 OPUEHTALMU HAa KOHIEHLIUIO
YCTOWYMBOTO Pa3BUTHS, IpUYEM OoJiee IeTalbHON MPOpabOTKOM JaHHOI KOHILEMIIUK 1 ee peain3a-
LHeil B pa3IMYHBIX OTPACISIX HAPOJHOTO XO3SHMCTBA JOJDKHBI 3aHATHCS Oy IyIHe CICIHATHCTDL.
KiioueBble €j10Ba: NPHUPOJOOXPAHHOE 3aKOHOJATEILCTBO, KOMIIETEHLUHM TI'MAPOMETEOPOJIOroB,
YCTOHYNBOE pPa3BHUTHE.

Poct mpomsBoacTBa MaTepHaNbHBIX OJar IPUBOINUT K COKPAIIIEHHUIO HE TOABEPT-
MIUXCSI 3aTPA3HEHNIO aTMOC(hEPBI, BOJIbI, TIOUBBL. B cBOIO 0vepenp, neduut nepeurnc-
JICHHBIX IPUPOHBIX PECYPCOB, HEOOXOAMMBIX JUIsl HOPMAJIBHOM KU3HEAESTEIBHOCTH,
ABIISIETCS] IPUYMHON YXYALICHUS 3I0POBbS JIIOAEH U, IOMHMO 3TOT0, IPUBOAUT K BO3-
HUKHOBCHHMIO JIOTTOTHUTEIBHBIX 3aTPaT, CBA3aHHBIX C YCTPAHESHHEM MOCIEICTBUIT TTpH-
YMHEHHOT0 ymiepOa. B yciioBusax HeoOX0AMMOCTH NPUHATHS MEp TI0 YJIYUIIECHHIO CO-
CTOSIHUSI ITPUPOJIHBIX PECYPCOB BAKHBIM CTAHOBHUTCS ITPUBJICUCHNE BHUMAHHS K POJIH
MPUPOTOOXPAHHOTO 3aKOHOIATENIBCTBA B (POPMUPOBAHUH MPO(HECCHOHANBHBIX KOMIIE-
TEHIMH CIIENNAICTOB, PA0OTAIONIHNX C IIPUPOIHBIMU PECYPCAMH, B TOM YHCIIE U TH]I-
POMETEOPOIIOrOB, JUIS MOBBIICHNS COIMAILHO-O)KOHOMUYECKHX MTOKa3aTeIel CTpaHbl
Ha JJOITOCPOYHYIO IEPCIIEKTUBY.

T'mapomereopororust — 3To Hayka, U3ydaroniast aTMoc(hepHBIe W THAPOIOTHYC-
CKHeE MPOLECCHI, a TAKXKE MX BIMSHKE Ha OKPYKAIOILYIO CpeTy U uesoBeka. B ycinosusix
COBPEMEHHOT'0 MHpa, IJIe SKOJIOTHUECKUE ITPOOIEeMbl CTaHOBATCS Bee 0ojiee aKkTyalb-
HBIMH, B&KHOCTh Ka4€CTBEHHOT0 00pa30BaHMs U TIOATOTOBKH CIEIHAINCTOB B 00J1a-
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CTH THAPOMETEOPOJIOTHH Bo3pacTaeT. OmnpeneneHne mpodecCHoHaIbHBIX KOMIIETEH-
U THAPOMETEOPOIIOTa OCYIIECTBIICTCS 00pa30BaTeIFHOI OpraHu3anyeil Ha OCHOBE
npodeccHoHaIbHBIX cTaHAApTOB [3]. YUUThIBas HECOOXOMMOCTh 3HAHUS TPEOOBAHMIA
HOPMaTUBHO-IIPAaBOBbIX AKTOB [10 OXPAHE OKPYXKAIOIIEH Cpebl sl BHIIOJIHEHUS TPY-
JIOBBIX (PYHKIMH THAPOMETEopoIora [4], OMHUM M3 KIFOUEBBIX aCIeKTOB (hOpMHUpPOBa-
HUSI IPO(hEeCCHOHATBHBIX KOMITCTCHIIHI THAPOMETECOPOIIOTOB SBISICTCS 3HAHUE TIPUPO-
JIOOXPAaHHOTO 3aKOHOJATEIbCTBA, KOTOPOE YCTAaHABIUBACT IIPABUIIA B3aUMOICHCTBUS
YeJI0BeKa C MPUPOTHON CpeZior M HAIIPABIICHO Ha €€ 3alluTy.

[TpupomooxpaHHOE 3aKOHOAATEIECTBO BKITFOUALT B Ce0sT COBOKYITHOCTB FOPH/IH-
YECKUX HOPM U aKTOB, PETYJIHPYIOLUIMX OTHOILEHUS, BO3HUKAIOIUE B MPOLECCE MC-
MOJB30BAHMS U OXPaHBI IPUPOTHBIX PECYpCOB. DTO 3aKOHOMATEIHCTBO OXBATHIBACT
pa3nudHBIe 00J1aCTH, TaKMe Kak OXpaHa aTMOC(EpPHOTo BO3/1yXa, BOIHBIX PECYPCOB,
3eMelb, OMOIOTHYECKOT0 pa3HooOpa3us u p. OCHOBHOI IEThI0 PHPOJOOXPAHHOTO
3aKOHOJATENILCTBA SBIISAETCSA 00ECIeUeHNne YCTOMYMBOTO PA3BUTHSL, 3aI[UTa OKPY>Kako-
el cpesisl ¥ 30POBBS HaceneHus. [y 3Toro HeoOXoauMo:

1. 3HaHue 3aKOHOJATENLCTBA U €10 HOpM. OJJHON U3 OCHOBOIIOJIArAIOILUX KOM-
NEeTeHUUH THIPOMETEOPOIora SBISETCs] 3HAaHUE JIEHCTBYIOLIETO MPUPOAOOXPAHHOTO
3aKOHOJATENECTBA. DTO BKIIOUAET B ce0s HE TOIBKO OCBEAOMIICHHOCTh O 3aKOHAX U
HOPMATHUBHBIX aKTaX, HO U YMCHHUE MPUMCHATH UX HA ITPAKTHUKE. FHI[pOMeTeOpOHOFI/I
JIOJDKHBI YMETDH OLICHHBATH BIUSHHUE PAa3IHYHBIX (PaKTOPOB Ha COCTOSTHHE aTMOChepbl
Y BOJHBIX O0BCKTOB M IPUHUMATh PEIICHUS, OCHOBBIBASICh HA MPABOBBIX HOpPMaXx.

2. DKOJOTHYEeCKas HKCIEepTU3a W MOHUTOPHHT. [ MAPOMETEOpOIOTH YacTo
YYacTBYIOT B TIPOIIECCaX SKOJIOTHUESCKOH IKCTIEPTHU3BI I MOHUTOPUHTA COCTOSHHSA aT-
Moc(epbl U BOIHBIX 00bEKTOB. BajkHO, 4TOOBI CHICIIMAIUCTHI MOTJIM TPAMOTHO UHTEP-
MpeTUPOBATH JaHHBIC, ITOJTYYCHHBIC B PE3YJIbTATC 3aMCPOB U HCCHeﬂOBaHHﬁ, u naBaThb
PEKOMEHAAIUU 10 MUHUMHU3AIINU HETATUBHOI'O BOSHeﬁCTBHH Ha KOMIIOHCHTBI OKpY-
Jkatromiel cpepl. [IpuponooxpanHoe 3aKOHOAATENbCTBO 334a€T PAMKU /ISl TAKUX DKC-
NepTU3, YCTAaHABIMBAs, KaKUe MapaMeTpbl JOJDKHbBI ObITh MU3YUYEHbI, U KaKUe METOJIbI
aHajin3a ABJISAIOTCA TPUEMIIEMBIMU.

3. Yuactue B pa3paboTKe U pean3aniil SKOJIOTHIECKUX MporpaMM. I'uapome-
TEOPOJIOTH UTPAIOT KIFOUEBYIO POJIH B pa3padOTKe M pean3aliy IPOTrpaMM MO OXpaHe
aTMocdepbl U BOJHBIX 00BEKTOB. 3HAHUS O MTPABOBBIX H IKOJIOTHYCCKUX HOPMAX, BHE-
CCHHBIX B 3aKOHOAATCIBCTBO, IMTO3BOJIAIOT UM BHOCUTH MPEJIOKEHUA IO YITYUIICHUTIO
CYIIECTBYIOMINX MPAKTUK, OPHEHTHPYSICH Ha Oonee 3((PEeKTHBHOE yNpaBICHUE TPH-
POJIHBIMHU PECYpCaMH.

4. IIpomornus ycroitunBoro pa3Butust. OfHOMN U3 1esell MPUPOTOOXPAHHOTO 3a-
KOHOJATEIbCTBA SABISIETCS COAEHCTBUE YCTONUMBOMY pa3BUTHIO. [ 'mapomereopoliory,
o0ragast HeOOXOIMMBIMU 3HAHUSIMHU, MOTYT aKTHBHO Y4aCTBOBAaTh B 00pa30BaTEIbHBIX
nporpammax, HalpaBJICHHBIX Ha MOBBILICHUE METEOPOJIOTHYECKOH M T'HIPOJOruye-
CKOW OCBEIOMJICHHOCTH, KaK CPEAH HACCICHHS, TaK M CPEIU CHENNAINCTOB U3 IPYTUX
obractedt. DTO MOMYEPKUBAET UX POITH KaK CBSI3YIOIIETO 3BeHA MKy HAYKOM, IpaK-
TUKOH U 3aKOHOJATENLCTBOM.
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O06pa3 COBPEMEHHOTO CIEHAINCTA, B TOM YHCIIE U THAPOMETEOpOJIora, TpedyeT
Gosee MMPOKOTro 00pa3oBaHUs — 00pa30BaHUsI Il YCTOWUNBOTO pa3BuTHs. B epByro
odepelb JaHHOe TpeboBaHHE 00YCIIOBICHO HOBBIMHU (eaepalbHBIMU TOCYJapCTBEH-
HBIMH 00pa30BaTENbHBIMH CTaHAapTaMi. KOMIETEHTHOCTHBIN TOAXO/, SBIISIOIIUICS
OCHOBOH JaHHBIX CTAHJApPTOB, HAIlEJICH TTOATOTOBUTH JUIsl PIHKA TPy/Ja KBaIH(DUIIN-
POBaHHBIX CIICIUAIMCTOB, CIIOCOOHBIX CAMOCTOSITEIBHO PeIIaTh MPoOJIEMbI B pa3jiny-
HBIX chepax u BuIax AesTensHocTH. OQHAKO B COBPEMEHHBIX yCIOBUSX JTI000€ yIpaB-
JICHYECKOE PEIICHHUE JODKHO IPHHUMATHCSA C yIETOM TPeOOBAaHUH YCTOWIMBOTO pa3-
BUTHS, HAIIPABICHHOTO HA 00ECIIeYeHNE YOBICTBOPECHUSI SKOHOMHUECKUX, 3KOJIOTH-
YECKHX U COIMANBHBIX MOTPEOHOCTEH B JONTOCPOUHOI EPCIEKTUBE.

OHUM U3 OCHOBHBIX YCJIOBHUH JOCTIKEHHS IIeIel yCTOWYMBOTO Pa3BUTHS SIB-
JSIETCS parMoOHAIBHOE MPHUPOIoTIoNb30Banne. OHO o0OecreunBaeT HOPMAaIbHBIE yCIIo-
BUS JKU3HEJEATENIBHOCTH 4eJI0BEKA, MPEN0TBpAllaeT BO3MOXKHBIE BPEJHbIE BO3JEii-
CTBHS Ha OKPYKAIOIIYI0 CPEY, Pa3yMHO PETyIHPYeT OCBOSHHUE IPUPOIHBIX PECYPCOB.
B pamkax panuoHaIbHOTO IPUPOONIOIH30BAHIS IPHHINI KOMITTIEKCHOCTH 3aHIMAET
TJIaBEHCTBYIOIIEe rojokeHne. Heo0xoquMocTs coOIT0IeHNS TaHHOTO IPUHINIIA 00Y-
CJIOBJIEHA MIPEXKE BCETO TEM, UTO BCE JIAHIIIA(THI SBIISIOTCS CI0XKHBIMUA TEPPUTOPHU-
QJIBHBIMHU TPOCTPAHCTBEHHO-BPEMEHHBIMH, OTKPBITBIMHE CUCTEMaMH U MPEJICTABIISIIOT
coboit gacTu equHON reorpadudeckoit odomouxu [1]. LlemocTHOCTE reorpadnaeckoit
000JIOUKH HE MOXKET OBITh HapyIIeHa, JI000e BO3ACHCTBIE HA OT/ICIIBHO B3ATHIH KOM-
MOHEHT OKPY’Karolel cpesbl, B TOM 4nciie aTMOC(EPHBIN BO3/lyX U BOJHbIE 00BEKTHI,
BJIE€YET 3a cOOOM IIeTh M3MEHEHUI He TOJIBKO B OKpY>KaloIeH cpese, HO U B KU3HE e-
ATENFHOCTH HaceneHus. [loaToMy BakHOW 3a1aueil CIIeIHaInCTOB-THAPOMETEOPOIIO-
TOB SIBJISI€TCS YMEHHE KOMIUIEKCHO OIIEHHBATH UCCIIEAYEMbIi OOBEKT.

IIpuponooxpaHHOE 3aKOHOAATENBCTBO UTPAET BayKHYIO POJIb B (DOPMHUPOBAHHU
npodecCHOHATBHBIX KOMIICTEHIIH IHapoMeTeoposioroB. IloBeimenne 3¢ hexkTHBHO-
CTH NPUPOJTOOXPAHHBIX MEPONIPHUATHI MPUBOJUT K PA3BUTHIO U COBEPLICHCTBOBAHHIO
MEeTOJI0B OOPBOBI € 3arps3HEHUEM, YTO SIBIISIETCS HEOOXOJUMBIM ITPpU BO3IACHCTBUM Ha
aTMocdepy 1 BojiHbIE 00BEKTHI [2]. DTO 00yCIOBICHO HECKOJIBKUMH KITIOYEBbIMH (hak-
TOpaMHu:

1. HopmaruBHO-11paBoBas 0a3za onpezaeiseT chepy AesTeNbHOCTH THIPOMETE0-
POJIOroB:

— PerynmupoBanue B 00,1aCTH THAPOMETEOPOTIOTUH W CMEXKHBIX 00JIacTsX.

— locynapcTBeHHBIM MOHUTOPHHT PaAUallMOHHON 0OCTaHOBKY.

— DKOJIOTHYECKUN HA/30D.

2. IlpodeccronanbHble KOMIIETEHIIMH THIPOMETEOPOJIOTOB J0JDKHBI BKJIIOYATh
3HaHUE:

— HopmatuBoB n0mmycTUMOTO BO3/ICHCTBUS Ha aTMOC(HEPHBIN BO3YX U BOJTHBIE
OOBEKTHI.

— IIpaBun BegeHus HaOMoAeHNI 3a COCTOSHUEM aTMOC(EpHOro BO3ayXa U BOJI-
HBIX 00BEKTOB.

— TpeboBanuii k kKauecTBy aTMOC()EPHOTO BO3yXa M BOAHBIX OOBEKTOB.

3. [IpakTHueckoe NMPUMEHEHNE 3aKOHOJaTeNILCTBA B paboTe:
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— ObecnieueHne SKOJIOTHYECKOI O€30MTaCHOCTH.

— Peanm3anys KOHCTUTYIIMOHHOTO ITpaBa IpakaaH Ha OIarOIPHATHYIO OKPYKa-
IOILYIO cpey.

Benenue rocy1apcTBEHHOTO 9KOJIOTMYECKOTO MOHUTOPHHTA.

4. DKOHOMHYECKHE aCTICKTHI:

— Ilonumanue cucTeMsl IUIaTeXel 3a BO3AEHCTBUE Ha OKPYKAIOLLYIO CPENLy.
3HaHUE MEXaHM3MOB KOMIICHCAIIUHU YKOJIOTHYECKOro yiepoa.

VYdacTtue B popMHUPOBAHUH HHBECTUIIMOHHBIX PEUTHHIOB TEPPUTOPHIL.

5. KoopanHannoHHas 1€ITebHOCTb:

— BsaumogneiictBre ¢ @enepaiibHOM CITyKOO0H 11O THAPOMETEOPOJIOTHHE U MOHH-
TOPUHTY OKPY’KaIOIIeH Cpe/Ibl.

— COTpYJHUYECTBO C APYTUMHU IPO(UIBHBIMU BEIOMCTBAMHU.

— Yyactue B NpeAOTBPAIICHHH CTUXHMHBIX OCJACTBUN W JTUKBUIAIHMU HX IO-
CJIEICTBUH.

IIpuponooxpaHHOe 3aKOHOAATENBCTBO SIBISIETCS HEOTHEMJIEMON 4acThlo MPO-
(heccroHaNBbHON MOATOTOBKY THAPOMETEOPOIIOTOB, (POPMUPYS UX KOMIIETCHIIUH B 00-
JACTH YKOJOTHMYECKOTO MOHUTOPHHTA, TPOTHO3HPOBAHMS TPUPOMHBIX SIBICHUH W
o0ecrieyeHust IKOJIOTHYECKOH Oe30IacHOCTH.
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VK 378.1

Opranusanus padoThl KypaTopoB CTY/IeHYeCKHX IPYIII
Ha kadeape ruaApoJIOruy U NPUPOIONOJIb30BAHUSA
reorpagpuyeckoro gpaxkyasrera UI'Y

O. A. Uanosa (oksaliv@yandex.ru)', JI. A. Tuxonosa (larati2018@mail.ru)',
C. A. Canatun (salatin.s@yandex.ru)'?

! Uprymexuii 20ocyoapcmeennblil ynusepcumem, 2. Upkymck
2Unemumym 2eoepaduu um. B. B. Couaswr CO PAH, 2. Hpkymck

AnnoTtauus. [IpencraBneHo onucanne OpraHu3aliOHHO-BOCIIUTATEIBHOM, KOHTPOIUPYIOIISH 1 Me-
TOAMYECKOH (DYHKIMM KypaTopa B 00pa30BaTEIbHOM IIPOLECCE yUaluxcs, Ha IpUMepe PaboThI Ky-
paTopoB CTyJEHUECKUX Ipym reorpaduueckoro dakynprera MpKyTCKOro rocyaapCTBEHHOTO YHH-
BepcuTeTa c(hOpMyIMPOBAHBI AKTyallbHbIE 33124l B paboTe KypaTopa B 00pa30BaTeIbHOM IpoLecce
(Hampumep, TIpH aJanTalUu CTYACHTOB MIIAIIMX KypcOB K HOBOMY (hopmary oOydeHusl, TUKBHIA-
MM aKaJeMHUYECKHUX 33/10JDKCHHOCTEH, PELICHUH PA3JIMYHBIX OPraHW3alMOHHBIX BOIPOCOB H IIp.).
MeTo/107I0THYECKOH OCHOBOM MCCIIeJOBAHMS TTOCTY)KHIIN aHAJIM3 HAYYHBIX CTATEHl 10 COOTBETCTBY-
tolieit reMaTuke U MeToJ| HaOmoneHus. 1o MHeHHIO aBTOPOB, 0cobas poiib KypaTopa 3aK/Il04aeTcs
B 9(QeKTHBHOM B3aMMOJICHCTBUM CO CTYJCHTAMU, YMEHUH HAWTH HOJAXOJ K CTYACHUYECKOIl rpyrmme
U KOKJIAOMY CTYACHTY OTHCJIBHO, a TAK)KE B IMIPOSABJICHUU TBOPUCCKUX KAUYCCTB.

KiiroueBble c10Ba: Kypatop, BOCIHUTATeNIbHAsL paboTa, yueOHast paboTa, CTyJeH4YecKasl rpyImia, 00-
pasoBaTeNbHBIA IpoIecc.

KyparopeTrBo siBisiercst oqHO# U3 (opM ydeOHO-BOCTIMTATEILHOW pabOTHI CO
CTyJIEHTaMH BBICIIETO npodeccnoHanbHoro oopaszosanus. Pabora kyparopa cTy/ieH-
YeCKO#l IrpymnIel HOCHUT IeJICHANpPaBIeHHbII cucTemaTndeckuii xapakrep [1]. B mpo-
Iiecce pyKoOBOJICTBA W COTPYJHHIECTBA MEKIY KypaTOPOM M CTYJCHTaMH BO3HHKAET
MHO>KECTBO BOIIPOCOB HE TOJIBKO y4eOHOT0, HO M BOCIIUTATENILHOTO Xapakrepa. Kypa-
TOPCTBO SIBJISICTCS BaXKHOM 4YacThI0 y4eOHO-BOCIUTATENBHOTO MPOIIECCa, MOCKOJIBKY
KypaTop (GopMupyeT MOCPETHUIESCTBO MEXKIY CTYJCHTAMH M CIO0XKHOW CTPYKTYpOH
KHU3HENIESTENIbHOCTH YHUBEpCUTETa. brarogaps KypaTropcTBy MOBBIMIAETCS YPOBEHb
KOMMYHHKa0€IbHOCTH, YIIy4IlIaeTCsl COLUaIbHO-TICUXOJIOTHUECKUI KIIMMAT B KOJUICK-
TUBE, yYBEIMYMBACTCS MOKA3aTeNb BKJIIOYEHHOCTH M MOTHBAIMM CTYAEHTOB K IIPO-
neccy o0yuenus. ECTb MHeHHe, 9TO KypaTop HEOOXOANM TOJIBKO Ha PAaHHUX Kypcax ¢
LeJIbI0 TOMOIIM B a/IallTalliy NIEPBOKYPCHUKOB K 00YUYEHHIO, OZJHAKO B CBS3U C HEOO-
XOJIMMOCTBIO YCHJIEHHS] BOCIIMTATEILHOH paboThl CO CTYJEHTaMH POJIb KypaTropa Mo-
BBIIIAETCS, U KPYT €ro 3aja4 pacmupsiercs [5].

Ha reorpaduueckom dakynsrere UI'Y mepsast BcTpeda CTyJEHTOB C Kyparo-
paMHu 1 MPOQeccCOPCKO-TPENOAABATEIFCKIM COCTAaBOM TPaJUIMOHHO MPOXOANUT Ha
Jue 3nanwmii [3]. Dror geHs umeeT i (akyibTeTa 0C000C 3HAYCHUE, MTOITOMY OH
BCET/a HAIOJHACTCS aTMOC(hepol TOPKECTBEHHOCTH. BayKHBIM MOMEHTOM SIBIISCTCS
BPYUYCHHE KypaTOpPOM CTYACHUECKNX OMIIETOB CTYAEHTaM, a TAKXKe 3aledaTiicHue 00-
meit pororpadun Ha mamsTh (puc.). Takoi CUMBOJIMYHBIN XKECT, HA HAI B3MJIS, CHO-
cobcTByeT hopMupoBaHHIO OnaronpusiTHOM aTMocdepsl Ha Gakynbrere. Kyparopamu
TIPOBOSTCS TIEPBBIe HHANBHIYAIFHBIC BCTPEUHN CO CTYACHYCCKUMHU TPYIIIaMH, B XOJIC

344



CoBpeMeHHble TEHAEHLUN 1 NepCneKTUBbLI Pa3BUTUSA rnapomeTeoponorui B Poccun
Mamepuarnsi VII Becepoccutickoli HayyHo-npakmuyeckol koHgheperyuu. Mpkymek, 19-21 mapma 2025 e.

KOTOPBIX O0CYKTAIOTCS MIPENICTOANIIE TUIaHBl Ha yueOHbIi ron. KypaTops! Takke oT-
BEYAIOT Ha BOIIPOCHI CTYJCHTOB U PACCKa3bIBAIOT O pecypcax M BO3MOXKHOCTSX, JIO-
CTYHHbIX Ha (hakynbpTere. bonblioe 3HaUeHHE UMEET MeToauuecKast (PyHKIUs Kypa-
TOpa, TIO3BOJISIONIAST PEIIUTh 33J[a91 CTAHOBIICHUSI JINYHOCTH cTyAeHTa. KypaTtop mo-
MOTaeT CTYJCHTaM B M3YYCHHH JITIHOCTHBIX OCOOCHHOCTEH, cOOMpasi HeoOXOIMMEbIe
CBEJICHHS, IOMOTAOIIHE KypaTopy B 3(p(PEeKTUBHON AesATeIBHOCTH (HAPUMEp, ITPHO-
PUTETHBIE JOCYTOBBIE MHTEPECHI YUAIIETOCS C LETbI0 PACKPBITh €ro TBOPUYECKUH TMO-
tenman) [2]. Takum 00pa3om, 3TO IPUBUBAET MEPBUYHBIC HOPMBI B3aUMOOTHOIICHUS
KypaTOpoB CO CTYJCHTaMH.

© —

Puc. Obmas otorpadus cryneHToB 1-ro Kypca HanpasieHns «[ HIpOMETEOpOTOTHs»
¢ kyparopoM Tuxonosoit JI. A. na [{ne 3nanuii 02.09.2022 (aBt. doro: Yepemucun 1. O.)

B xoze nanpHeliero, 6osee GJIM3KOro 3HAKOMCTBA YHAIIUXCSI CO CTYACHUCCKOM
JKU3HBIO, TIPOBOJUTCS €xXerofHoe mepomnpusatie «[locsmeHne B cHenualibHOCTHY.
Jlis pe6sT 3TO0 BO3MOXKHOCTB 3asBUTH O ceOe MOCPECTBOM BHCOBU3UTKH U TBOpUE-
CKOTO HOMepa, OJ1aroiapsi KOTOPbIM (aKyIbTET MOXKET OJIMKe MO3HAKOMUTBCS CO CTY-
JeHtamu. I'pynmoBast paboTa MOBBIMIAET YYBCTBO MPUYACTHOCTU U BOBIECUEHHOCTH,
YTO IPOU3BOAUT OOJIBIIOE IMOIHOHATIBHOE BrieyaTieHne. Ocoboe 3a1aHue MOTydaeT
KypaTop CTYAEHYECKOW IPYIIIHI, 3a1a4eii KOTOPOTO SABIISCTCS IIPEICTaBICHUE CBOCH
CTYJICHYECKOH Ipymmbl (haKyIbTeTy B TBOpUecKoM (opmare». Henb3st He OTMETHTS,
4TO JaHHBIH (opMar O4YeHb HEOOBIYHBIN JUISi KYpaTOpOB CTYJIEHYECKUX T'PYII BbIC-
mero ydebHoro 3aBefeHHs. [lepmoauueckoe MOCEIICHHE KypaTOpPOM pPa3IHYHBIX
BHEYUYEOHBIX MEPOIIPUATHH CTYICHTOB JKEIAaTeIbHO, YTOOBI MPOOYANTH B HUX HHTEPEC
K TBOPYECKOH, CIIOPTUBHOM MM 00IIECTBEHHOH JiesiTeNibHOCTH. KpoMe Toro, opranu-
3alUsl COBMECTHBIX MOE3/I0K WM SKCKYypCHH (OPMUPYET TeCHbIE B3aUMOOTHOIICHUS
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CTYAEHTOB C KypaTOpOM, ITOCKOJBKY 3TO JaéT BO3MOKHOCTH Y3HATh JAPYT Apyra
ayudmre. Takum 00pa3oM, pacKpbIBaeTCsl OPraHU3aMOHHO-BOCIIUTATENbHAS (YHKIUS
Kyparopa, KOTopasi IpeJoyiaracT IpHoOIIeHHEe CTYyJCHTOB K CHCTEME KYJIbTYPHBIX
[IEHHOCTEH (haKynbTeTa, aKTHBU3AIIHIO TBOPYECKOTO MOTEHITHANIA KaXK/0T0 CTYICHTA 1
TPYIIIBI B 1IeJIOM [4].

HemnocpezncTBenHo B xoz1€ yueOHOM 1ESITEIILHOCTH KYPaTOP BBINOJIHACT KOHTPO-
JUPYIOUIYI0 (YHKIUIO, (GPUKCHPYS TOCEIaeMOCTh U yCIeBAEMOCTh CTyIEHTOB. Upes-
MEpHOE yJacTHe CTYJCHTOB BO BHEYUCOHOH MESATEIBHOCTH HHOTJa METIIAaeT OCBOCHHIO
00pa30BaTebHOM MPOrpaMMBbI 1 HETAaTUBHO BIIHMSET Ha ycIrieBaeMocTh. OCOOEHHO 3TO
XapaKTepHO YISl CTYyJEHTOB | Kypca, HOCKOJIBKY B YCIIOBHSIX HEJIOCTATOYHO ajamnTa-
UM K HOBOMY JUIs ce0s popmMaTy oOydueHHs CTYJCHTHI HAUMHAIOT YACIATh OOJbIIee
BHUMAaHHE BHEYYEOHBIM MEPONIPHATHSAM, TEM CaMBIM, OTBIEKAsCh OT MPHOPHUTETOB.
3710 BBI3BIBACT KOH(IIMKT HHTEPECOB, TAK KAK aKTHBHOE y4acTHE BO BHEYUEOHOI nes-
TEJIFHOCTH Yallle BCETo HIET B pa3pe3 ¢ TpeOoBaHUAME 00pa30BaTeNIbHOI IPOrpaMMBI.
B nanHOM ciydae poss KypaTopa 3aKII04acTCsl B TOM, YTOOBI CKOPPEKTHPOBATh yda-
CTHE CTYJEHTAa BO BHEYYEOHOW IEATECIBHOCTH MOCPEICTBOM HMHIMBHUAYaIbHON KOH-
CYJIBTALIVH WY TIOMOIIHN B IUIAHUPOBAHHH ACSATEIEHOCTH YYaIIErocsi C IPUOPUTETHBIM
yuéToM y4eOHOH Harpys3Ku.

CTyaeHTHI IepBOTO Kypca MOTYT UMETh ciIaboe MpeacTaBiIeHne 00 0cOOCHHO-
CTSIX OCBOCHUSI IMCLUILIMH 10 CPAaBHEHHMIO ¢ 00111e00pa30BaTeIbHON HUITH IIPOTPaMMOH
CpEIIHEro CIIeNUaIbHOr0 00pa3oBaHus U, TAKUM 00pa3oM, HepalMoHAIBHO pacrpese-
JIUTH BpeMs JUIs TOJITOTOBKH K 3aHATHIM. [1epBbIii ro 00y4eHus, Kak IpaBUIIO, BKITIO-
4aeT B ce0sI OCBOCHHE NMPEHMYIIIECTBEHHO 00Ie00pa30oBaTebHBIX TUCIUIIIHH («Mc-
Topust Poccnmny», «O0mas xumusi», «bruonorus», « IHOCTpaHHBIN S3bIK», «DU3HYecKast
KyJIbTYpa U CIOPT» U Tp.). DTO HEPEIKO MPUBOAUT K TOMY, UYTO CTYAEHTHI TEPSIOT
HHTEpEeC K 00Y4IEHHIO, TOCKOIBKY Y HUX BOSHHKAET BOIIPOC O HEOOXOAMMOCTH OCBOE-
HUS psifia 00111e00pa30BaTeNIbHBIX JUCIUIUINH, KOTOPBIC Ha MIEPBBII B3I HE HMEIOT
HPSIMOTO OTHOIICHMSI K BBIOPAHHOM CHELUAIBHOCTH. DTO OCOOCHHO MHPOSBIIACTCS,
€CIIU B IIpoIlecce MepBOii MPOMEXKYTOUHON aTTeCTalluu CTYACHTHI CTOJIKHYIINCH C 3a-
JOJDKEHHOCTBIO. B 3TOM citydae KypaTtopy He0OX0ANMO OOBSICHUTE CTYJEHTaM O HEOO-
XOZIMMOCTH HM3Yy4eHHsl 00I1e00pa30BaTeNbHBIX ANCHUILIMH Ha MEPBOM Kypce, MOo-
CKOJIBKY 9TO 00s13aTesIbHast YacTh OCBOEHHs 00pa3oBaTeNbHOI MPOrpaMMBl, TTO3BOJIS-
IOIIAsICS 3aKPETTHTH 0a30BbIE HABBIKHU CTYICHTA.

B ycnoBusix BeIe3AHBIX yueOHBIX IMPaKkTUK Ha 0a3ax (akymnprera B 1. bombmme
Kotel 1 1. Ap1ias CTyJeHTBI aIaTUPYIOTCS B YCIOBHSAX, TI€ HEOOXOANMO CaMOCTOs-
TEJIHO PaCcpeNieNnTh 003aHHOCTH: HalIpUMep, OPraHN30BaTh OBIT Ha MOJIEBOIt Oase,
MIPOBECTH M3MEPEHHS WIIH 00padboTaTh qanHble. KypaTop UrpaeT BayKHYIO POJIb B TOJ-
TOTOBKE CTYICHYECKON TPYIIIBI K ITOJIEBOH MPAKTUKE, 00ecednBasi MOPAIbHYIO O/
JICPIKKY MOCPEJICTBOM 00CY K/ICHNSI BO3BMOXKHBIX TPYAHOCTEH, CBSI3aHHBIX C NpeObIBa-
HHUEM BJIaJIK OT JIOMA, JUTUTCIIFHBIMH MTO€3IKaMH MM HHBIMH CTPECCOBBIMHU CHTYAIlH-
aMu. HecMOTpst Ha TOTEeHIMATBHBIE TPYIHOCTH, CTYICHTHI Teorpadraeckoro (akyib-
tera UI'Y mpoxonsaT ydeOHbIe IPAKTHKH ¢ OONBIINM HHTepecoM. Takoil ombIT maeT
BO3MOXKHOCTh TOPa0OTaTh B HOBBIX MECTaX, MHOT/IA JaXe B APYTUX PETHOHAX CTPAHbI.
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Kpowme Toro, moseBas nmpakThka B OOJBIIEH CTEIEHU HE MPeIoiaraeT pyTHHHOHN pa-
OOTBI, YTO 3HAYHUTEIHFHO ITOBBIIIACT HHTEPEC CTYICHTOB.

Ha crapmux kypcax Ha01r01a€TCsl yMEPEHHOE CHIXKEHUE MOCEIAeMOCTH 3aHsI-
TUH B CBSI3M CO CHW)KCHHEM YPOBHS MOTHBAIIMM CTYJIEHTOB K y4eOHOMY IpOIECCY,
HalpHuMep, U3-3a ITOTPEOHOCTH B TPYAOYCTPOHCTBE MIIM HAMYUS aKaJeMHYCCKHX 3a-
JnoJKkeHHOCTeH. [1oTpeOHOCTh B TPY0YCTPOMCTBE BOSHUKACT, KaK IIPAaBHIIO, N3-3a He-
XBATKU CTUIECHIUAIBHBIX CPEJICTB WIIM MX MOJHOTO OTCYTCTBUs. CTYIEHTHI CTapIINX
KyPCOB CTAITKUBAIOTCSI CO 3HAYUTEIBHBIMH TPYIHOCTSIMH ITPH JTUKBUIAIMHA OOJIBIIIOTO
KOJIMYECTBA aKaJeMHICCKUAX 3a/I0JDKEHHOCTEH, TIOCKOIBKY MapaielbHO UM HEoOXo-
JIMMO Ka4eCTBCHHO OCBOUTH TEKYILYIO IIPOrpaMMy, TPEOYIOLIYIO OT CTYICHTOB 3HAYH-
TenbHOH oTnaun. C y4ETOM MOBBIIIEHHOHN CIOKHOCTH MPOQUIBHBIX AUCIUTUINH U TI0-
JTAITHOM YBEIUYECHUU Yy4eOHOW HArpy3KH, CTYJIEHTHI MOTYT HE CIPaBUTHCS C TaKOH
3a/a4eil 1 0KazaThCs MOJ yrpo3oil orurciaenus. HekoTopble yyamuecss OTYUCISIOTCS
Mo coOCTBEHHOMY enaHuto. Ha mpumepe rpynmsl THAPOMETEOPOJIOroB 3 Kypca
(6321-/1b, 6322-]1b), B OCHOBHOM, 3TO CTyIeHTHI, mocTynusime Ha 6aze CI1O. B mo-
CIICZICTBUH MOJIOJIBIC JIFOIX TIPH3BIBAIOTCS HA BOCHHYIO CITY’KOY, a IEBYIIKH yCTpanuBa-
10Tcsl Ha padoty. s criiaxuBaHMs YKa3aHHBIX MOCIEACTBUN cO3JaeTcs cpesia co-
TPYJHHUYECTBA KypaTopa U TPYIIbl. MOTHBAIMS CTYACHTOB YCHIUBAETCS, UX JTOCTH-
JKEHHSI TIPU3HAIOTCS, BOBJICUYCHHOCTh CTYACHTA B Y4eOHO-BOCTIMTATENHHBIN TPOIIECC
CTaHOBUTCS BUIUMBIM.

OcBoeHue yacTi 00pa30BaTEIbHBIX AUCIUILIMH OCYIIECTBISICTCS CTYICHTAMU C
3aTpyaHeHusIMUA. Hanpumep, TUCIMITINHEI, TPU U3yYEeHUH KOTOPBIX TPeOyeTcs: OCBO-
€HHE IPOTPAMMHOTO 00eCTIeUeHHSs, TPOBEACHUS CIIOKHBIX MATEMATHIECKIX PACUETOB
WM U3YYEHUS DKOJIOIMYECKOTr0 HOPMAaTHBHO-IIPABOBOrO 3aKOHOJATENbCTBA. Tpaau-
LUOHHO OOJBIIYIO CII0KHOCTD BBI3BIBACT U3yUEHUE HHOCTPAHHOTO SI3bIKa WIIM HAIKCa-
HHUE KyPCOBBIX paboT, TpeOyIolIee OT CTyAeHTa 3HAYUTEILHON CaMOCTOsTENLHOCTH. B
STOT MOMEHT POJIb KypaTopa TPYIIIbI CTAHOBHUTCS 0cOOeHHO 3HaunMoit. KypaTop mon-
JKCH MPOBECTH OECENy CO CTYJICHTOM, BRISICHUTD IIPUYHHY BO3HHUKHOBEHUS IIPOOICMBI
Y TIOBJIHSITH HA O0YYaroIIerocsi Tak, YT00bl OH CTPEMUJIICS TIOBBICUTh YCIIEBAEMOCTD,
0CO3HaBasi 3HAYMMOCTH M HEOOXOMMOCTH TTONTydaeMbIX 3HaHUH. Kpome Toro, Kypa-
TOPY HEOOXOIUMO TIOCTOSTHHO TIOAICPKUBATH CBSI3b CO CTYACHTAMH, B TOM YHCIIE IO
BOMPOCAM JIMKBUIALUH 3a/10JKEHHOCTEH.

B 3akimodeHne CTOUT OTMETUTH BKHOCTh PEaTM3aINi PACCMOTPEHHBIX (PYHK-
I Kypartopa, Mo3BoJsttoIre 3 (GEKTHBHO PeaNn3oBaTh JAaHHYIO JeATeNFHOCTh. Ha
Halll B3IJIs11, KypaTopy OY€Hb BaXKHO MOIXOAMUTH K JIeNly ¢ MaKCHUMaJbHOM oThauei,
MOPO¥ TIPOSIBIISISI ¥ TBOPUECKUE KadecTBa. [Ipu 9 ToM HE0OX0AUMO MPUHATH BO BHUMa-
HUE TO, YTO KK/BIN CTYIEHT YHUKAJICH, KITFOY K €0 MOTHBAIIMH MOXKET OBITh CIpsITaH
B MH/MBUYaJbHOM IOAXOJIE, OALEPIKKE U BHUMAHUHU.
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