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0e301acHOCTH.

Kaszanxoea U.M. KOHTpOIb NOTEHIUAIBHOW ITONOJHIEMOCTH JIBYCTBOPYATOIO
MOJUIIOCKA aHaJlapbl — HEJJaBHEro BeeneHua B UepHoe Mope.

Kawupuna E.C., Hosuxos A.A. Vicnonb3oBanue ['uc-TeXHOJIOTUM U TaHHBIX -
CTAaHIIMOHHOTO 30HAUpOoBaHMs 3eMiu s ynpasierus OOIIT.

Knumenxo A.I'., /lonoenonan A.B., Mameeenxo B.T. YTouHeHHas mMaTeMaTH4ie-
CKasi MOJICJIb pacyeTa TEIUIOEMKOCTH PabodYuX Tel, BIUSIOMUX Ha 3P (HEKTUBHbBIE
1 sKosorudeckue napamerpst IBC.

Ko3snosa T.A. OuncTka CTOUYHBIX BOJ C MPUMEHEHHUEM MUKPOBOJIOPOCIIEN B 30HE
CyNEpPTYpU3Ma COUMHCKOIO PETHOHA U aAAlITUPOBAHHbBIE K PETMOHY METOABI TOK-
CUKOJIOTMYECKOT0 KOHTPOJISI CTOYHBIX BOJI.

Kpacosckas B.C. ]lunamuka BereTaiuoHHOro nHaekca B Kpsimy.

Kynvnes B.B. Ucnonb30BaHne (paKTaIbHBIX XapaKTEPUCTUK JINTHEB OEpe3bl Iy-
mmcroit (Betula pubescens) npu OnonHIMKaAIMK B 30HE BIMSHUS METaUTypruye-
CKOr0 KOMOMHATa.

Mycuna A.A., Hlaeuoyanun A.P., Hypmexamumosa B.A., ['unazoea A.®. Ouenka
KOMIUIEKCHOTO MHJIEKCa 3arps3HeHus aTMochepHoro Bo3ayxa r. HumkHekaMck mo
JTAaHHBIM AaBTOMATHYECKUX CTAHIIMH MOHHUTOPHHTA.

Haeuna M.A. Arann3 pekpeanrioHHoro npupoaonosas3oBanus Ha OOIIT Kpeima.
Pomanoeckasn K.C. IlpumeHeHne MUKpOOHOJIOTHYECKHUX MpenapaToB Mpu oOpa-
MIEHUU ¢ OMOOPraHUYECKUMHU OTXOJIaMH C IEJIbI0 CHUIKEHHUS 3aI1axOBOTO 3arpsi3-

HEHUsI OKPY>KAIOIEH CpeJibl.

Pybanosa H.U. IlpumeneHne HEMPOHHON ceTH JUIsl MOJydyeHUs: MHPOpMAIUH O
IIPOCTPAHCTBEHHOM pa3MELIEHUN MAJIOHAPYILIEHHBIX JIECHBIX TEPPUTOPHIA.

Canuxos ﬂF (DaKTOP 3arpsi3HEHUA U CTCIICHb 3arpsA3HCHUA KaK B3aWMMOIOOIIOJI-
HAOIMHUE MHACKCHI OLICHKHU 3arpsa3HCHUS ITOYB TAXKCIIBIMHA METATJIaMH.
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Camotinos C.FO., Escmuenees B.11., Ecopxun A.A., Baxonees B.B., Munckuu 1. A.
[TpotoTun uudpoBoit MOAETN MOHUTOPHUHTA OKPYKAIOIIEH Cpe/ibl HA OCHOBE OH-
TOJIOTHYECKOT'O MOAXO0/A.

Cagonos B.A., Hvaxose H.H., /Jonoenousn A.B., Knumenxo A.I., Kunses C.A.,
benozcyoos A.A. Crioco® HenpepbIBHON pabOThl BETPOIHEPIETUUECKON yCTaHOB-
KH.

Cunxun I1.I1. TITOTHOCTh KJIETOYHBIX CTEHOK TPAXEWJ T'OJUYHBIX KOJICI[ JIHCT-
BeHHHMIIBI cubupckoii (Larix sibirica Ledeb.). MeTton usmepenus u 0COOEHHOCTH
pacrnpeieneHus..

Ckpoiivnux .11, OcobenHocTn cTpyKTypbl equHcTBa «IIpoctpanctBo — Teppu-
Topus» (Ha npumepe Tuxookeanckoi Poccun).

Cmuprnosa JI.JI. Mommocku Mytilus galloprovincialis Lam kak uaaukaTops! Ba,
Xe, Zr Ha pa3IMYHBIX TJIyOHHAX CEBACTOIOIBCKOTO B3MOphs (UepHoe Mope).

Yenasa A.A., /loap P.C., Hewenko U.I1., ’Kuba P.JO. I'mapoXxuMU4ecKue moKa-
3aremn HoBoadonckoro Jlebeaunoro npyaa u (akTopsl X BIMSHUS HA Pa3BUTHE
BOJIOPOCITH 3JIOJIEH.

®@edoceesa H.B., Cepeeesa H.O. Ananus cMmora B Ilexune.

Xanuxos U.C., Jlykvanosa H.H. K Bonpocy 0 pedHOM CTOKE MOJHULMKINYECKUX
apoOMaTUYECKUX YIIE€BOJIOPOIOB B JOHHBIE OCa/IKK 03epa baiika.

Xanuxoe U.C., Jlykvsanosa H.H. CocTaB HEKOTOPHIX HA(DTAIUHOB B JOHHBIX OT-
JOXeHHUsX 1okHoro baiikana B pasHoe Bpems roja.

Xapviouna A.C., Bopomuinyes K./[. Ilpumenenne nannsix /I33 B HedrerazoBom
KOMIUIEKCE JJIsi KOHTPOJISI OMAcCHBIX TE€0JIOTMYECKHUX MpPOLECCOB (Ha HpHUMepe
Makapogckoro paitona CaxaquHCKON 00J1acTH).

Ulaxuposa @.M., Jlamvinosa B.3., Hukumuwn O.B. Ponb €CTECTBEHHBIX U aHTPO-
MOTeHHBIX (AaKTOpOoB B (OPMUPOBAHUU UXTHO(AYHBI U MpONyKTUBHOCTH Kyii-
OBIIIEBCK

FOwyx P.B., Kpacnobaesa JI.10., Kopobetinuxosa K.P. HanpaBneHnust HeUTpaiu-
3aIli¥ a30THOTO TETPAOKCHIA.
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OCOBEHHOCTH COCTABA BO3J1IYXA HAJI CUBUPBIO U
KAPCKHUM MOPEM B 2022 TOY
Anmoxuna O.FO., Awmoxun I1.H., Apwunosa B.I"., Apwunos M.FO., benan b./{., benan C.b.,
Haswioos JI.K., /[yooposa H.B., Henes I A., Koznos A.B., Paccxazuuxosa T.M., Casxun /|.E.,
Cumonenkos /].B., Cxnsonesa T.K., Tormaues I'.H., Pogoros A.B.
Huctutyt ontuku armocdepst um. B.E. 3yea CO PAH, r. Tomck, Poccus
bbd@iao.ru

B nmoxnane mpuBOIATCS pe3ysbTaThl IPOBEICHHOTO B ceHTA0pe 2022 roja 3KCIepuMeHTa Ha
camoutere-naboparopuu Ty-134 «Ontuk». Ero uenpio ObLIO MCCIEIOBAaHME M3MEHEHHS COCTaBa
BO3/lyXa U XapaKTEPUCTUK MOJCTUIAIONIEH TOBEPXHOCTH, BKJIIOYasi BOJAHYIO, B PoccuiickoM cexTo-
pe Apkruku u CuOHpH, B YCIOBHSIX MEHSIOLIETOCS KJIMMaTa IMyTEeM IMPOBEICHUS CHHXPOHHBIX
HA3eMHBIX, KOpaOeJIbHbIX, CAMOJIETHBIX U3MEPEHHUI U YUCICHHOT'O MOJICIUPOBAHUS IS OIpe/ere-
HUS TEHJEHUUH MX W3MEHEHUs JJIs MPOTHO3a KIUMaTa U COLUAIbHO-3KOHOMHUYECKOTO Pa3BUTHUS
peruoHa. ApKTHUYECKUN dKcrepuMeHT Obll ocymiectBiieH 8—11 centsabps 2022 roga U BKIOYANl B
cebOst m3Mepenusi: Ha camotiete adboparopun Ty-134 «Ontuk» B nuanazone Beicot ot 200 1o 9000
METpPOB, KopalOeJabHble Ha HAy4YHO-HCCIEAOBATEIbCKOM cynHe «AkaaemMuk Mctucnap Kennpim» B
IIPUBOJIHOM CJIO€ U CIIELMAIIbHO OPIaHW30BAHHBIE B HECKOJIBKMX ITYHKTAaX B MPU3EMHOM CJIOE€ BO3-
JyXa Ha Cylle, KOTOpbIE paclojiaraiuch BAOJb MaplIpyTa mosiera: craunoHapa «lLnoTHUKOBOY
(Tomckas 0011.), cranmonap «Myxpuno» (XMAO), benosipcke (XMAO) u o03. XapansHrceaaro
(IHAO).

CpaBHeHHE TOJYUYEHHBIX JAHHBIX C pe3yJIbTaTaMU MPEIbIAYIIUX IKCIEPUMEHTOB BBISIBIISIIOT
3HAYUTENIbHBIE Pa3jNuvsi B KOHIIEHTPAIMM METaHa W HeOOJbIIMe A APYTrHUX ra3oB U a’po30Jid.
Oka3anoch, uTo Ha (oHE III00aTBHOTO pocTa KoHIeHTparuu MeTana (Greenhouse..., 2022) ero co-
JiepKaHue B MorpaHuyHoM ciioe B 2022 crasio menbiine Ha 100 ann'l, yem B 2020 rony. Xots 00-
miasi TeHJEHIIUS POCTa €ro KOHIIEHTpAIMu B CBOOOIHOM Tporocdepe mpocnexuBaercs. O0bsIcHe-
Hue 3Toro peHomena yactuuno umeercs B (Allen, 2022; Peng et al., 2022), rae mokasato, uro 2020
roJi ObUT 0OCOOEHHBIM, C AHOMAJIbHO BBICOKHM BBIJICIEHUEM METaHa U3 OOJIOTHBIX CHCTEM, TO €CTh
Ha cyuie. Bropas HeoxxuaaHHOCTh cBsi3aHa ¢ pacipenenenuemM CO2 (puc.3). JlaHHbIe MOKa3bIBAOT,
YTO MOYTH He HabmonaeTcst pazHulbl B KoHUeHTpauusx CO2 mexnay 2020 u 2022 romamu. IT0
OISITh K€ MPOTUBOPEYUT TII0OATBHOMY POCTY KOHIIGHTpAIMu yriiekucioro rasza (Greenhouse...,
2022). Paznuna nMeeTcst TOJIBKO B BEpXHEH Tponochepe u morpaHudIHoOM ciioe. M, oueBuaHO, U4To B
MIOTPaHUYHOM CJI0€ OHa 00yciioBlieHa 00Jiee MHTEHCUBHBIM €TI0 IOIJIOIEHHEM BOJIHOW MOBEPXHO-
cTbio. BepositHo, uto 2020 rop siBnsiics aHoManbHBIM U 10 noBeaeHuto CO2. Ilo kpaiineit Mepe, B
Poccuiickoit Apktuke. [To ocTanbHbIM ra3aM Takoi 60IbIION Pa3HULIBI HE OOHAPYKEHO.

Paboma evinonnena no npoexmy Munoopnayxu P®, coenawenue Ne 075-15-2021-934.

CIHCOK UCIIOIL30BaHHOMN JINTCPATYPBhI:

Greenhouse Gas Bulletin. — WMO, 2022. — No. 18. — 10 p.

Allen G.H. Cause of the 2020 rise in atmospheric methane // Nature. — 2022. — Vol. 612, No.
7940. — P. 413-414.

Peng S., Lin X., Thompson R.L., Xi Y., Liu G., Hauglustaine D., Lan X., Poulter B., Ramonet
M., Saunois M., Yin Y., Zhang Z., Zheng B., Ciais P. Wetland emission and atmospheric sink
changes explain methane growth in 2020 // Nature. — 2022. — Vol. 612, No. 7940. — P. 477-482.
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BOJIHBI TEIIJIA U1 XOJIOJA B OCHOBHBIX
3EPHOINIPOU3BOAAIINX PETUOHAX P®
bapoun M.IO.
HuctutyT r1o0anbHOTO KIIMMara v SKOJIOTUK UMeHH akajnemuka FO.A. M3pasns,
. Mocksa, Poccus
Wuctutyt reorpaduu PAH, . Mocksa, Poccusi,
HNuctutyt dusuku armochepsr um. A.M. O6yxoBa PAH, . Mocksa, Poccus
mick-bardin@yandex.ru

AHaIM3UPYIOTCSI 0COOEHHOCTH M3MEHUYMBOCTU CE30HHOM CTaTHCTUKU WHAEKCOB BOJH TEIUIA U
X0JI0/1a Il IBYX PETHOHOB fora eBpormeiickoi yactu Poccun (EUP): ycnoBHo CeBepokaBKa3CKOTo
(CK) u Uentpanbno-ueproszénoro (IIY), u mis rora 3anagnoit Cubupu (3C). PaccmarpuBaercs
CTPYKTypa BOJH: reorpaduyeckoe pacrpeiesieHue aHOMaJlHWil TeMmIeparypbl BO3/yXa B IEPHOI
OCYIIECTBJIEHUSI BOJIH Ha Tepputopun Poccuiickoit denepanuu, KpynHoMacITaOHble LUPKYIALU-
OHHBIE YCIIOBHUS, COIPOBOXK/IABIIUE BOJHBI TEIJa M Xoioaa. B memnom cTpykrypa TponocdepHoi
MUPKYJSIIAN 1715 BoJH Teruia rora EYP coorBeTcTBYeT oTpunarensHoil (haze Beaymied MUpKyIsn-
oHHOM Monbl Boctounas Armantuka — 3anamgHas Poccus (BA3P); mokasaHo, B 4acTHOCTH, 4YTO B
MECSIIIbI OCYIIIECTBIICHUSI JUTUTEIIBHBIX BOJIH Teria Hax toroM EUP craructuka nnaekca BA3P 3na-
YUTEJIBHO CMEILIAETCA B CTOPOHY OTPUUATENIbHBIX 3HAYEHHM, KOTOPBIE, aCCOLMUPYIOTCS C MOJIOXKH-
TEJIbHBIMU aHOMAJUSAMU TeMmieparypsl noBepxHoctu okeana (TIIO) B CeBepHoil ATnaHTHKE; IIpU
3TOM PE3KO BO3pacTaeT OJOKUPYIOIIasi aHTUIIMKIIOHUYECKasi akTUBHOCTh Ha Tepputopuu EUP.

PaccMoTpeHbl TeHAEHIIMN U3MEHEHHS] MHAEKCOB BOJIH TEIIA U X0JI0/1a B IEPUO] I100aIbHOT0
MOTEIJICHUS. U KolleOaHusi maciiTaba gecsaTuiieTuil. [obanbHOE MOTEIUIEHHE B MEPBYIO O4Yepeb
BBIPQXKACTCS B OOIIEM CMEIICHUU (PYHKIIMU PACIIPEIICIICHUS TEMIIEPATyPhl B CTOPOHY 0OJiee BBICO-
KHX TeMIIepaTyp; NPy OTCYTCTBUHM U3MEHEHU TUCTIEPCUU MEXTOJOBBIX KOJIEOaHHI 3TO MPUBOIUT K
YBEITUYCHUIO TTOBTOPSEMOCTH TEMIIBIX» IKCTPEMYMOB U YMEHBIICHUIO «XOJIOMHBIX». JTU TEHICH-
MU B OOIIeM HaOMIOAAIOTCS ISl BCEX PAaCCMOTPEHHBIX PETHOHOB: OJJHAKO, TEMITBI M3MEHEHHI pa-
3UTENIBHO pa3inyarotcs: ecau s ora 3C auHelnslil Tpena ¢ 1976 1. cocrasnser 0,4 nHs 3a necs-
tunerue, To ansa 1Y pernona — 3 nus, a nis CK peruona — 5,5 aneit 3a necarunerue: noutu B 14
pa3 (!) ovicTpee, uem Ha tore 3C u B 2 paza — yem B [{U peruone. CeBepo-KaBka3ckuii peruoH BbI-
3bIBAET OUYEHb CEPHhE3HBIE OMAceHUs B IUIaHE yBENWYEHHS pucka 3acyxu. [Ipu HaOmromaeMbIx TeM-
Iax pocTa Ce30HHOW MPOJOKUTEIBLHOCTH BOJH TEIJIa K CEpEAMHE CTOJIETUS OHA MOXKET JIOCTHI-
HyTb 35-45 nHel B cpeaHeM, T. €., BEIMYWH, HAOMIONABIIMXCS 10 CHUX TMOpP JHIIb B €IMHUYHBIC
HauOoJyiee HKCTpeMalbHbIe TOABL. Heckonbko MeHee KpuTuyHa curyaruss B LlenTpanbHo-
UepHO3eMHOM pETHOHE: 3/1€Ch K CEPEMHE CTOJIIETUSI MOKHO O’KMJIaTh pocTa A0 25 nHEH, T. €., pu-
MEpPHO CYIICCTBYIOIIMI Ha CEroAHAIHUN JeHb ypoBeHb CeBepo-KaBkaszckoro pernona. B 1o xe
BpeMmsi, cutyanus Ha tore 3C cyniecTBeHHO OoJiee OaronpusTHa B TOM TUIaHE.

HaGmronarommiicst B mocneaHue AeCITHUICTHS] HUCXOAANi TpeH uuaekca BA3P u oxunae-
MbIH nipu norerieHuu pocT TIIO ycunmBaroT pucK 3aCyXy B OCHOBHBIX 3€pHOIPOU3BOISALIUX paii-
onax EUP. C npyroii croponsl, Ha tore 3anaaHoil Cubupu BOJHBI TeIIa pexe, MEHee MPOAOIIKU-
TEJIbHbI, U MaKCUMaJIbHbIE TEMIIEpPATypbl B HUX B cpenHeM Ha 2—4°C Huxke, uem Ha tore EYP. Ilo-
BUJIUMOMY, 11€J1eCO00pa3HO HUCIIOJIb30BaTh MOJIyU€HHBIE PE3YyNIbTaThl O PA3IMYUU UHTEHCUBHOCTH U
MIPOAOJKUTENHPHOCTH BOJH TEILIA M XOJIO0AA U UX U3MEHEHUSX /IS 1eNiel BEIpaOOTKH PEKOMEHAalui
10 a/IANTAllK CEJIBCKOTO X03sHcTBa PD K yCI0OBUSAM COBPEMEHHOI'O NOTETICHUS.
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KOMILIEKCHBIN ITOIXO0/I K PEINEHUIO 3AJIAUM ONTIEPATUBHOI'O AHAJIM3A
COCTOSIHUSI BEPTUKAJIBHON CTPATU®HUKAIIMNA OKEAHCKOM CPEJIbI
Kpacnooybey JI.A.1?
IdIAOY BO «CeBacTononbckuii rocyIapcTBEeHHbIH yHEBEpCHTET», T. CeBacTonomns, Poccus
2I'BHY «MHCTHTYT IPUPOIHO-TEXHUUECKUX CUCTeM», T. CeBacTomoms, Poccus

Tocsawaemces ceem.iol namsamu 8610a0We20Cs YUEH020 U 3ACTYHCEHHO20 U300pemamers,
BHECULE20 3HAYUMENbHDIL 6KIAO 8 CO30AHUE U PA3GUMUE OMEYECHBEHHO20 IKOIOSUYECKO20
npubopocmpoenus, 0.m.H., npogheccopa, 3asedyrue2o iabopamopuel
Hnuemumyma npupoono-mexnHuieckux cucmem
Bumanus Anexcanoposuua I aiickoeo

B nocnennue roapl Natickuii B.A. kak pyKOBOAUTENb JTa0OPaTOPUH MHOT'O BHUMAHHUS YIEIISUT
pa3paboTKe MPUHIIUIIOB MMOCTPOSHUS THAPOCTATHYCCKUX M3MEPUTENICH TIIOTHOCTA OKEAHCKOW cpe-
JIbl, CIIPABEUIMBO T0JIaras, 4To UCIOJIb30BAaHUE TaKUX MPUOOPOB B KayecTBe 0A30BBIX MPU 30HU-
POBaHHMH OKEAHCKOH TOJIIIIH MMO3BOJIUT CYIIECTBEHHO YIPOCTHTh aHATN3 COCTOSHUS CTpaTU(UKAINN
OKEaHCKUX BOJ.

BeprukanpHas crpatuduKanus OKCaHCKOW CpeIbl MPOSBISETCS B pe3yibTare oOpa3oBaHUS
Ha Pa3NUYHBIX TNIyOWHAX TOPU30HTAIBHBIX CIIOEB MOPCKOW BOJIBI C OJJUHAKOBOM MIOTHOCTHIO. Jliist
aHaJIM3a CBOWCTB BEPTHKAIBHON CTPATH(UKAIIUU BBEICHBI XapaKTCPUCTHKHU: BEPTUKAIbHAS YCTOM-
ynBocTh E u wactora Bsiicsnia — bpenta N, KoTopas COOTBETCTBYET TEPMOXAIUHHBIM KOJIeOaHU-
SIM C TIEPHOJIOM T , BEI3BAaHHBIX BEPTUKAIBHBIM IEpEMEIICHUEM BOJHBIX Macc. Brruncnenue xapax-
TEPUCTUK BEPTUKAIBLHOM CTPATU(PUKAIIMN MOKHO BBIMIOJTHUTD [0 U3BECTHBIM COOTHOLICHHUSIM

E=g(dp/dp), N> =gE, T =2n/N, (1)

I7ie p — INIOTHOCTh MOPCKOW BOJBI; P — TUAPOCTATUYECKOE JAaBJICHUE; g — YCKOpPEHHE CBOOOJHOIO

Ma/ICHUs Ha IHUPOTE OKeaHOTpadUIeCcKoi CTaHINH, 3HAaU€HHEe KOTOPOTO 3aBUCHT TaK K€ OT TITyOHUHBI.

Kak cnenyer u3 coorHomenuit (1), 6a3o0Boil omepanueit st ompeneaeHus BEePTHUKAIbLHON
YCTOMYMBOCTU E M COOTBETCTBYIOLIEH €1 4acTOThl Bsalicsuisi-bpeHTa sABIseTCs BBIYUCICHUE TPaJu-
€HTa TUIOTHOCTH MOPCKOHM BOJBI MO THAPOCTATUYECKOMY JABJICHUIO P . DTy ONEparuio MOXHO BbI-

MOJTHUTb, UCIONIb3Ys. MAcCUB JIaHHBIX BEPTUKAIBHOTO PACIpEesIeHHs] TUIOTHOCTH MOPCKON BObBI
OTHOCHTEIIEHO THAPOCTATHYECKOTO JABJICHUS, TIOCTPOCHHBIN B pe3yabTaTe MPOBEACHUS U 00paboT-
KU pe3y/IbTaTOB SKCIIEPUMEHTA B pallOHE OKeaHOTpapUUeCcKol CTaHLIUH, TUOO0 B X0J1€ MPO(PUIHLHOTO
IKCIIEPUMEHTA MPH YCIOBUHM U3MEPEHHUS TUNIOTHOCTH MOPCKOM BOJIBI IN Situ.

B Hacrosiee BpeMst npoQuiIbHbIE U3MEPEHUS XapaKTEPUCTUK CTpAaTH(PUKALIUN BOJI OCHOBAHBI
Ha MMOCTPOEHUH BEPTUKAIHHOTO PACTIPEICTICHUS TEPMOXATMHHBIX ITapaMEeTPOB OKEAHCKOH Cpebl —
TeMIeparypbl 1T ¥ CONEHOCTH S B 3aBUCUMOCTH OT I1yOuHBI D, cOOTBEeTCTBYIOIIEH rUaApoCcTaTHYe-
ckomy naienuto P. [Ipu 3TOM Ha MpaKkTHKeE MPsIMbIE N3MEPEHHSI BBITTOTHSIOTCS TOJIBKO JJIST TEMITe-
patypbl MOPCKOH BOJABI U THIPOCTATUYECKOTO JAaBJICHHS, a COJIEHOCTh ONpEAEseTcs KOCBEHHBIM
METOZIOM Ha OCHOBE MPSMBIX U3MEPEHUI 3JIEKTPOoNnpoBoANMOCcTH C MM CKOPOCTH pacrpocTpaHe-
Hus 3ByKa V B uccienyemoil cpexe. Ilpu sTom BakHeimias rujgposioruyeckas XapakTepHCTUKA
TUIOTHOCTh, KOTOpasi HEOOXOAWMa JUIsSi BBIYHMCICHUS OCHOBHBIX XapaKTEPUCTHK CTPATH(QHUKAIUH,
BBIUUCIIIETCSI TaK JK€ KOCBEHHBIM IMyTEM NpPU IMOMOINM YpPaBHEHHS COCTOSIHMS MOPCKOI BOJBI
TEOS-10 mo u3MepeHHBIM TePMOXaJIHHHBIM ITapaMeTpaM B cooTBeTcTBHH pekoMeHaarusmun WOCE
npu niomomu CTD mpodunorpador nmomnaskoBoro tuma Argo, Hanpumep, SEACAT SBE 19 plus,
MPUMEHEHHE KOTOPBIX TPeOYeT CYNIECTBEHHBIX BPEMEHHBIX 3aTpaT Ha dKCIIEPUMEHT (HEe MEHee Cy-
TOK JIJIs1 IOCTPOEHUS TOJIBKO MAacCHBOB JaHHbBIX n3Mepenuit CTD mapameTpoB). 1o cBS3aHO C OCO-
OCHHOCTSIMU PEXHMOB MPOPIIMPOBAHHS C MAIBIMA BEPTHKAILHBIMU CKOPOCTSIMH, 00eCrieunBaro-
IIMMHU JONYCTHUMbIE TUHAMUYECKHE MCKAKEHUS B U3MEPEHUIX JaTUMKa TEMIIEPaTypbl, HUMEIOIIEro
HanOOJIBIIYIO TIOCTOSIHHYIO BPEMEHH 10 CPAaBHEHHMIO C JIPYTMMH CEHCOpPaMH, YCTaHOBJICHHBIMH Ha
6opty CTD mpodunorpada.
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Takum 00pa3om, TOCTPOEHUE PACTIPEEICHUI IIOTHOCTH MOPCKOM BOJIBI U COOTBETCTBYIO-
IIMX XapaKTEPUCTUK BEPTUKAIBHOW CTpAaTH(PHUKALUU OKEAaHCKOH Cpe/bl M3BECTHBIM METOJOM Tpe-
OyeT 3HAYUTENbHBIX 3aTPaT BPEMEHU Ha MPOBEACHUE dKCIIEPUMEHTa 10 NpOodUIMPOBAHUIO U 00pa-
OOTKY MOJTyYCHHBIX JaHHBIX.

Lenbto uccnenoBanus SBIsETCS pa3padOTKa arOPUTMHUYECKOTO 00ecreueHus 11l aBTOMATHU-
YEeCKOTr0 MOCTPOCHHS B PEaIbHOM BpeMEHH (B Ipolecce ABMKEHUS aBTOHOMHOTO MOPCKOTro Oys-
npodunorpada) pacnpenesieHuid XapaKTepUCTHK CTpaThu(UKaAIK, O00ECIeYUBaAOIUX 3KCIPEcc
aHaJIN3 BEPTUKAJIBHOW IJIOTHOCTHOM CTPYKTYphl OKEaHCKOM Cpelpl cpa3y IOCie 3aBEpLICHUS JKC-
MepUMEHTa Ha KOHKPETHOI OkeaHorpaduyeckoi CTaHIIHH.

3HAYUTEIHHOTO COKPAILICHUS BPEMEHH MOMYYCHUS XapaKTEPUCTUK BEPTUKAIBHOMN cTpaTu(u-
Kallud MOYXKHO JOCTHYb 32 CUET YBEJIMYEHHUS BEPTUKAIBHON CKOPOCTH IMOIPYKEHUS aBTOHOMHOIO
Mopckoro Oys-ipodunorpada u mpuMeHeHus: MeTosa (crmocoba) U3MEepeHHs! TNIOTHOCTH MOPCKOU
BOJIbI HETMIOCPE/ICTBEHHO B Ipoliiecce TpoduInpoBaHusl.

VYBeIMUNUTh CKOPOCTh MPO(UIMPOBAHUS MOXKHO 32 CUET MCKIIIOUEHHUS U3 cocTaBa MHpOpMa-
[IMOHHO-U3MEPUTETHLHOT0 KaHala OOPTOBOM ammapaTypbl 3B€Ha ¢ HauOoJbIlIel MOCTOSHHON BpeMe-
HU — JlaTYMKa TEMIEPATypbl, a TAK)KE IPUMEHEHHUS] METO0/1a IMHAMUYECKUX U3MEPEHHUI BEpPTUKAIIb-
HOTO TpOGUIS TUIOTHOCTH MOPCKOM BOABI KaK (DYHKIIUU THIPOCTATUYECKOTO JABJICHHS, KOTOPBIN
OCHOBaH Ha MPUMEHEHUH HBIPSIOIIEro Oys-nmpoduiorpada, oOCHAMEHHOTO OOPTOBON CHCTEMOU W3-
MEpEeHUIi TPAeKTOPHBIX MMapaMeTpPoB ero BepTukaibHoro asmwkenus (Kpacunomnyobern, 2022). Oanako,
3TOT METOJ TpeOdyeT U3MEPEHUsI IJIOTHOCTH MOPCKON BOJIbI HA OKEAHCKOM MOBEPXHOCTU B pailoHe
okeaHorpauueckoil CTaHIMKM KaK HAYaJIbHOTO 3HAYEHUS Ui MPOILENypbl BRIYUCICHUS TEKYILIETO
3HA4YEeHUsI TUIOTHOCTH MOPCKOW BOJIBI, YTO 3aTPYAHSAET €r0 MPUMEHEHHE B Clydae HEOOXOAUMOCTH
aBTOMAaTUYECKUX M3MepeHui. JlJig ycTpaHeHHs 3TOro HeAOCTaTKa MpeiaraeTcs UCIoib30BaTh U3-
MEpPHTEIb TUIOTHOCTH skuaKkocTH (["aiickuii, 2023), BKIIOYHB €ro B cocTaB mpoduiorpada.

B pe3synbrare OTKpBIBAa€TCs BO3MOMKHOCTH IOJYy4YaTh CHHXPOHHBIE HM3MEPEHHUs IUIOTHOCTH
MOPCKOM BOJIBI M COOTBETCTBYIOLINE 3HAUEHUS TMAPOCTaTUYECKOrO JaBJIEHMs B mpolecce npodu-
JIMPOBAHUS U HA 3TOM OCHOBE BBIUUCIIATH DJIEMEHTHI PACIIPEAEIEHUIN XapaKTEPUCTUK BEPTUKAIBLHON
cTpatudukanuu, GopMUPYs COOTBETCTBYIOIIME IU(PPOBBIE MACCUBBI B OOPTOBOM 3allOMHUHAIOILIEM
YCTPOUCTBE, IPAKTUYECKH B PEAIBHOM BPEMEHHU.

CTpyKTypa anropuTMH4YecKOro OOeCHedeHHUs, Peau3yIOUIero MpeUIoKeHHbIH MOIX0/, IMOo-
CTpOEHA Ha OCHOBE KOMILIEKCHOT'O MCIOJIb30BaHMs crocoba cratuueckoro (I"aiickuii, 2023) u Me-
tona muHamuueckoro (Kpachnomy6ern, 2022) u3MepeHusl MIOTHOCTH MOPCKOW BOJbI IN Situ. M3me-
peHHE MIOTHOCTH MOPCKOW BOBI B MPUIIOBEPXHOCTHOM CJI0€ KaK HayaJIbHOW TOYKH (OPMHPYEMO-
ro BEPTUKAIBHOIO MPOMUIIS MpeiaraeTcsl BHIIOIHATh CTATUYECKUM METOJI0M, 00eCTIeUnBaIOLIUM
HE00XO0/AMMble HayaJIbHbIE YCIOBUS JAJIS BBIYMCICHUS MOCIEIYIONIMX 3JIEMEHTOB MacCUBa MJIOTHO-
CTEW MPHU MOMOILIY METOJIa TMHAMUYECKUX U3MEPEHUH.

Takum 00pazom, KOMITJIEKCUPOBAHUE CTATUYECKOTIO CIoco0a M JIMHAMHMYECKOI0 METOoJa U3-
MEpEHHUsI TUNIOTHOCTH MOPCKOI BOJBI J€NaeT BO3MOXKHBIM pa3pabOoTKy alrOpUTMHUYECKOro obecre-
YEHUs Ul IIOCTPOEHUS PACHpeIeNICHU XapaKTepUCTUK BEPTUKAIBHON CTpaTH(PHUKAIIUN OKEaHCKON
cpelbl B BUJIE IIU(PPOBBIX MACCUBOB B pEXHUME, OJIN3KOM pealbHOMY BPEMEHHU.

Paboma evinonnena 6 pamxax I'oczaoanus UIITC Ne cocpecucmpayuu 121122300070-9.

Crnucok UCT0JIb30BAHHOM JIUTEPATYPHI:

KpacnonyOerr JI.A. JluHamMuueckue U3MEpPEHHsS B 3a7adax ONEPATUBHON OKEAHOJIOTHH IPU
HCCTIEIOBAaHUM CBOMCTB OKeaHCKOM Toimm // CUCTEMBI KOHTPOJISI OKpyKarorieit cpeapl. — CeBacTo-
nosib: MactutyT npupoano-rexaudeckux cucreM (UIITC). — 2022. — Beim. 1(47). — C. 56-65.

laiickuit B.A. ITarenT Ha u3zoOperenue PO Ne 2792263. M3mepuTesns MIOTHOCTH KUAKOCTH U
€ro BapuaHTHI: 3asBUTENb U naTteHToobnanarens: ®I'BHY «MHCTUTYT IpUPOTHO-TEXHUIECKUX CH-
ctem». Omy6s. 21.03.2023. brom. Ne 9.
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METO/AbI U CPEJICTBA UBMEPEHUA
IMAPAMETPOB ITPUPOJJHOMN CPEJIbI
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JUCTAHIUOHHBIE METO/IbI UCCJIEAOBAHUSA SMUCCHUHU ITAPHUKOBBIX
I'A30B HA TEPPUTOPUU PECITYBJIMKU ABXA3USA
Axcanba A.K.1?, Maparnouou cu?l Kuwmapus A2
Mucruryr sxonorun AHA, r. Cyxym, Ab6xasus
2 Abxa3cKmii rocynapcTBeHHsIH, I. CyxyM, AOXasus
asida_cen@mail.ru, sofa-291088@mail.ru, Yamze.kishmarya@mail.ru

Haubonee 3¢(eKTUBHBIM METOJOM IMOJYYEHHS! TOJITOBPEMEHHBIX EPUOANYECKUX JTAHHBIX O
I00AJBHBIX PACIpENIeICHUAX Ta30BbIX KOMIIOHEHTOB B arMocdepe SBISIIOTCS IUCTAHLMOHHBIE
MeTOonbl M3MepeHuid. B AOxasum npuMeHeHHe IUCTaHIIMOHHBIX METOIOB HCCIEIOBAHUNA HOCHUT
Ba)KHBIM XapakTep B CBSI3U ¢ 0COOCHHOCTAMM peibeda CTpaHbl U, KPOME TOT0, IIO3BOJISET OLECHUTh
KOHLIEHTPAIMH TTApHUKOBBIX T'a30B B BepTuKaibHOM npoduie. C 2020 roga corpynnukamu Otnena
I'MJIPOMETEOPOIOrHUECKOI0 U IKOJIOTMYECKOr0 MOHUTOPHUHIa IHCTUTYTa 9K0JI0rMM AKaJeMUH HayK
AOXa3uu BEAYTCs UCCIICAOBAHMS HAJl COEPKAHUEM ITAaPHUKOBBIX T'a30B B aTMOC(HEPHOM BO3IIyXE C
UCIOJIb30BaHUEM JaHHbIX, NoiydeHHbIX AIRS. TounocTe mnpoduiiell Temmeparypsl Bo3lyxa B
Tporocdepe COOTBETCTBYET TOYHOCTH, JOCTHTAeMON PaaMO30HAaMH, 3aITyCKaeMbIMH C HAa3eMHBIX
CTaHIIUH.

Ha teppuropun Ao0xazum 3a 2002-2023 rr. HaOmofgaeTcss pocT KOHLIEHTpALMM JTMOKCHIA
yraepoja U MeTaHa U yCTOWYMBOE MOHMKEHUE KOHIEHTPAIMKU OKCUIA YIIepo/ia B IPU3EMHOM CIIO€
Bo3ayxa. Kpome toro, u3 puc. 1 u 2 BUAHO, YTO U3MEHEHHE KOHLIEHTPAIIM KOMIIOHEHTOB BO3/1yXa
HOCHUT CE30HHBIN XapakTep. MakcuMallbHble KOHLIEHTPALUU MEeTaHa HaOIOAITCs B BECEHHUH U
OCEHHUU TEPHOJIbI, a pe3kuil pocT KoHieHTpanuu CO Ha puc. 2 B UIOHE CBS3aH C OOJIBIIUM
yBEJIMUEHUEM YHciIa aBTOMOOMIIEH, YTO CBSI3aHO C HAIJIBIBOM TYPHCTOB Ha TEPPUTOPHIO CTPAHBI.

1945 T T 122

120
1940 118
1935 116

114

2
2 1930 112
a

ppbv

110

1925
108

106

1920

104

1015 | . | : | 102 | | \
Jan Mar May Jul Jan Mar May Jul
2023 2023

Pucynox 1 — BpeMeHHBbI€ psifibl, yCpEAHEHHBIE PucyHok 2 — BpemeHHbI€ psijibl, YCPEHEHHBIE

o ruromaau koHuenTpanuu CHa, MonbHas 1oms B
BO3/yXe (AHEBHas / BO3pacTaromast, TOJIbKO IS
AIRS) 3a mecsinr 1 rpan. pu 1000hPa [AIRS
AIRS3STM v006] ppbv 3a 2023-suBaps - 2023-
utonb, Pernon 39.8704E, 42.0037N, 41.9138E,
43.6077N

Crnrcok UCTIOIb30BaHHOM JIUTEPATYpPHI:

1o iomaay KoHneHTpanuin CO Ha TOBEPXHOCTH
(AHCAMBIJIb) 3a mecsir 0,5 x 0,625 rpan. [Moxens
MERRA-2 M2TMNXCHM v5.12.4] ppbv 3a 2023
ron-sHBapsk - 2023-utonb, Pernon 39.8704E,
42.0037N, 41.9138E, 43.6077N

NASA Goddard Earth Sciences Data and Information Services Center. NASA/GSFC.
How AIRS Works. NASA/JPL. Archived from the original.
The news release NASA/NOAA Announce Major Weather Forecasting Advancement, August

24, 2005.

Savtchenko A., Ouzounov D., Ahmad S. et al. Terra and Aqua MODIS products available
from NASA GES DAAC // Adv. Space Res. — 2004. — \Vol. 34, No 4. — P. 710-714.

Salomonson V.V,, Barnes W.L., Maymon P.W. et al. MODIS: Advanced facility instrument for
studies of the earth as a system // IEEE Trans. Geosci. Remote Sens. — 1989. — \ol. 27, No. 2. — P.

145-153.
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MOAUDPUKALIUA CTEKA ITPOTOKOJIA LORA JIS1 PABBEPTBIBAHUSA
BECIPOBOJIHBIX CEHCOPHBIX CETEN YYETA TIAPAMETPOB
MPUPOJHOM CPEJIbI
Bapazywun I11.A.

OI'AOY BO «Kpwimckuii penepanbabiii yauBepcuteT uM. B. U. Bepraackoroy,
r. Cumdepornonb, Poccus
mechanic216@gmail.com

Pemenusi, mpuMeHsiemMble 7151 OpraHU3alliy CUCTEM MOHHMTOpPHUHTra M cOopa mH(OpMaIMy Ha COo-
BPEMEHHOM JTare pa3BUTHs OECIIPOBOIHBIX TEXHOJOTHHA HEPEAKO OTHOCAT K chepe MHTEepHETa BelleH
(10T), yacTHO# Pa3HOBHIHOCTHIO KOTOPOTO SIBJISIIOTCS OecripoBoaHbie ceHcopHbie cetu (BCC).

Cyl1ecTByrOIMe CUCTEMbI B IEJIEBOH 00JACTH TPEICTABISAIOT COOOW CeTH OE3TMIICH3MOHHBIX
nuama3zonoB ISM, Hambonee pacmpocTpaHEHHBIMH W3 KOTOpBIX sBIsitoTcst ctaHmaptel WiFi (IEEE
802.11 b/g/n), Bluetooth (IEEE 802.15.1) u ZigBee (IEEE 802.15.4). OCHOBHBIM HEIOCTATKOM TaKHX
YCTPOMCTB SIBJISIETCS Majblii paguyc NEHCTBUS, YTO OTPAaHUYMBAET WX NMPUMEHEHHE, CBOJSI €ro K Jo-
KaJbHOMY pa3MEIEeHHI0 Ha KaKOM-TO HEeOOJBIIOM OOBEKTe. YCTPOWCTBA C pAaCIIMPEHHEM CIIEKTa,
IIPUMEPOM pean3aliii KOTOPbIX ABIAIOTCS Moayau LORa, nmeroT kpaiine HU3KOe SHEpPronoTpedieHue,
OONBIION paguyC ACUCTBHS M BO3MOXKHOCTBH YIpPaBIICHHs OIOHKETOM pajnoOKaHajia JUlsi ONTHMAaTbHOM
HACTPOUKHU PaTHOMOMIYJIS.

Cpenu ctannaptoB cBs3u B 10T mmpokoe npumenenue noayumn LORaAWAN, HO v OH He JUIIeH
HE/IOCTaTKOB — €IUHCTBEHHO BO3MO)XKHASI TOTIOJIOTHS CETH THIIA «3BE3/1a», YTO BBIHY)XJAeT, IPU HE0O-
XOJUMOCTH YBEIHYEHUS 30HBI MOKPHITHUS, pa30MBATh CETh Ha KIACTEPHI U MCIIOIb30BaTh JOMOTHUTEIb-
HBIE [IUTIO3BI TSI CBSI3U MEKITY HUMH.

Jlnst pemieHnss MHOTHX 3a7ad B OOJIaCTH ydeTa MapamMeTpoB MPHUPOIHOM Cpeibl, He TPeOyIOUINX
nepefayn OOJBIIOrO KOJMYECTBA JAHHBIX (Harmpumep, oOecreueHue MoxKapHOW Oe30I1aCHOCTH, y4eT
celCMUYeCcKOil akTMBHOCTU M T. JI.), L1€JecO00pa3HO OTKa3aThCsl OT MPOTOKOJIA CETeBOro ypoBHs LO-
RaWAN, u ucnonp3oBaTh MPOTOKON (PU3UYECKOrO M KaHajabHOro ypoBHs LORa (Manbeuesa u np.,
2018). B takoMm cirydae MCTONb30BaHHE MOAU(DUIIMPOBAHHOTO CETEBOTO MPOTOKOJIA TIO3BOJIUT OpraHu-
30BaTh B si9encTyo (Mesh) cets Bech HAOOP Y3JI0B M OXBATHTH JOBOJILHO KPYIHYIO TEPPHUTOPHIO, UTO
aKTyaJbHO JUIsl PEIICHUI Ha yIAJIeHHOW MECTHOCTH C 3aTPYyAHEHHBIM JOCTYNOM. Takke MpUMEHEHUE
YKa3aHHOTO PEIIEHHsI MTO3BOJIUT HOBBICUTh MH()OPMAIIMOHHYIO HAJEKHOCTh pacIpe/ieIeHHON CHCTEMBbI
MoHuTopuHra. Ha pucynke 1 mokasan ruGpuaHblii pucyHok MoaudunupoBaHHoro creka LoRa, cocro-
SIIMIA U3 CTEKa y3J1a, CTeKa MUTI03a, 8 TAK)KE MOJIENb B3aUMOJICHCTBUS MEKAY Y31aMHU U LIUTI030M.

YPOEEHE NPUNOKEHHA YPOBEHE NPUIOKEHNA YPOBEHE NPMNOKEHWUA

CETEBOIA TpaHCnATop CETEBOI TPaHCMATOp
YpOBEHb NakeToB YpOBEHD NakeTos

- . M3MHECKHA
(DUSHYECKMI YPOBEHD LORE |y (DU3MYECKMI YPOBEHD LORE (o ¢ cTex IP

ypoBeHs LoRA

CETEBOI YPOBEHb

Yaen Yaen .
CeTeBoii cepeep / WN0O3

Pucynok 1 — IIpennaraemast Moziesib CTEKa U B3aUMOJEHCTBHS y3€I1-y3€- 1103

[IpennoxenHass monensd sBugerca moaudukanueit creka LORaWAN, obecnieunBatromas passep-
ThIBaHHE MESN-CEeTH COCTOsIIEH U3 aBTOHOMHBIX CEHCOPOB, C BOZMOXKHOCTBIO OXBaTa OOJBIION TeppH-
TOpUH.

HanpasneHnue nanpHEHIIMX HCCICIOBAHUHN JICKUT B 00JACTH MMHTAIIMOHHOTO MOJCIHPOBAHUS
ceTell MpeUI0KEHHOTO THIIA, & TAaKXKEe B 00JIACTH Pa3pabOTKH W BHEAPEHUS alapaTHOTO U MPOrpaMM-
HOTO 00€CTIeYeHHSI.

Crucok UCNoNb30BaHHOM TUTEPATYPhI:

Mansnesa H.C., 3y6oBa A. /1., MapsimeBa M. H. Ananu3 crioco60oB moctpoeHns: 0€CIpoOBOIHBIX
CEHCOPHBIX ceTell / HKEeHepHOCTPOUTENbHBI BeCTHUK [IpuKactus: HaydHO-TEXHUYECKUH KypHAT /

AcTpaxaHCKUH TOCYJapCTBEHHBIM apXUTEKTYpPHOCTPOUTEIbHBIA YHUBEpCUTET. — AcTpaxanb: [AOY
AO BO «ATACVY», 2018. — Ne 2 (24). —C. 31-36.
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3KCHEPUMEHTAJIBHBIE UCCJEJOBAHUS BO3JIENCTBUS AKYCTUUYECKNX
U BUBPAIIMOHHBIX CUTHAJIOB PA3JIMYHOM YACTOThI
HA BUOCEHCOPHBIE CUCTEMBI
I'pexos A.H., I pexos H.A., Kyzomun K.A., Ilenowenxo C.C.
OI'bHY «MHCTUTYT IPUPOAHO-TEXHUYECKUX cUCTEM», I'. CeBacTonoib, Poccus
i@angrekov.ru

OmnepaTuBHOE BBISIBIICHUE BO3ICHCTBUI BHEUIHUX MEIIAIONINX (haKTOPOB, BIUSIOUINX HA IO-
BeJICHUYECKHE W/WIH (HPU3HOJOTHUECKHE PEaKIIMU BOAHBIX OPraHU3MOB, U HEIOMYIICHHE TeHepaluu
CUTHAJIOB JIOXKHOUM TPEBOTH SABJISIETCS] aKTyallbHOM 3a7aueil 1pu pa3paboTKe aBTOMATU3UPOBAHHOTO
OMOCEHCOPHOTO KOMILUIEKCAa PAHHETO OMOBELIEHUS I SKOJIOTHYECKOT0 MOHUTOPUHTA BOJIHOM cpe-
ab1 (Grekov, 2019) u obecrieueHUs] HEIPEPHIBHOTO U3MEPEHHS TEKYIIUX KOJACOAHUH (YHKIMOHAIb-
HOM aKTUBHOCTU OPraHU3MOB-OMOCEHCOPOB KaK B MCKYCCTBEHHBIX, TaK U B JIFOOBIX IPHUPOJIHBIX
ycenoBusix (TpyceBuu, 2021) ¢ xkoHTpodaeM M (UIbTpaluell BO3IACHCTBUN BHEIIHUX MEMIAIONINX
(hakTOpoB, TaKMX KaK TEMIEpaTypa, COJICHOCTh (3JIEKTPOMPOBOIHOCTD), OCBEIICHHOCTh, BOJTHEHHUE,
TEYEHHUE U IIYMBI, BIUSIIONINE HA MTOBEICHYCCKNE W/UH (PU3UOJIOTHUECKUE PEAKIIMU BOJHBIX Opra-
HU3MOB, U BBISIBIICHUE CTEIIEHH MX OTKJIIOHEHUN OT HOPMBI, B LIEJSAX MOBBIILIEHHUS TOYHOCTH U J0-
CTOBEPHOCTH HMHAMKAIMM SKOJOTMYECKH ONACHBIX M3MEHEHMH OKpYXalollel cpenbl, B NEPBYIO
ouepeib, TOKCUUECKOro 3arps3HeHus. [loaromy akTyanbHOH sIBIsETCS 3aja4a MO MCCIEI0BAHUIO U
OLIEHKE BO3/IEHCTBUS aKyCTHUECKHUX M BUOPAIIMOHHBIX CUTHAJIOB Ha YEPHOMOPCKUE MUJIUU.

HccnenoBanusi mpoBOIMIMCH B JIAOOPATOPHBIX YCIOBUSAX C MCIOJIb30BAaHHEM pa3pabOTaHHOMN
AKCIIEPUMEHTAJIbHOW YCTaHOBKH, COCTOSIIEN U3 aKBapuyMa, B KOTOPOM pa3MEIleHa CUCTEMA KU3-
HeoOecrneveHus, Co3/AaroIas MUPKYISIUI0 BOABI M 000Trallaas ee KuciIopoaoM, GopMupoBatens
MHTEPBAJIOB BPEMEHH, KOTOPBIN BBIJAET Cr€HEPUPOBAHHBIN JJICKTPUYECKUM CUTHAJI C ONPEIEIICH-
HOM CKBa)XHOCTBIO, HCTOYHHUKA BHUOPOAKyCTUYECKOTO CHTHANa, JBYXKaHAJIBHOTO TeHepaTopa
HaNpsDKEHUS U YacTOThI, YCUJIUTEINS MOIIHOCTH HU3KOW 4acTOThI, OJ0Ka KOJOHMM MHJUH, COEIU-
HEHHOI'0 C MHOT'OKaHAJIBHBIM MU3MEPUTENIEM aKTUBHOCTH MHUAMN, UMEIOLIUM Y3JIbl KPEIUIEHUS MH-
Ui ¥ AaTyuky UKcanuu ¢ npeoOpa3zoBaTesieM PacKpbITUS CTBOPOK MUJIUHN B KOJI, OJI0Ka TeJIeMeT-
PHH, UMEIOILEro KOHTpOoJIIep GOPMHUPOBATEINS U3MEPUTEIBHOTO KaJIpa U Y3JIbl Iiepeiaun JaHHbIX.

Pabotaet pa3paboraHHas 3KCIepUMEHTaIbHAs YCTaHOBKA CleAyomuM oopazoM. Dopmupo-
BaTelb MHTEPBAJIOB BpEMEHU OAMH pa3 B 30 MUH cO3JaeT BOpOTa AJI BKJIIOYEHHS MCTOYHUKA
BUOPOAKYCTHUECKOIO CUTHalA JJIUTENbHOCTHIO Ha 2 MUH. B MCTOYHMKE BUOPOAKYCTHYECKOTO CHUT-
Hajla TEHEPUPYETCS DIIEKTPUYECKUI CUTHAJI ONPEJEIICHHON 4acTOThI, KOTOPBIA 4epe3 YyCHIIUTEIND
MOIIIHOCTH TOJAeTcs Ha AJIEKTpoaKycTUyeckuil mpeoodpaszoBarenb. CHopMUPOBaHHBIM BHOpOAKy-
CTMYECKHI CHTHall C 3JIEKTPOAKyCTUYECKOTO Mpeodpa3oBareis yepe3 CTEHKY akBaphyMa pacIpo-
CTpaHsieTCs B BOJE, BO3ACHCTBYET Ha KOJIOHMIO MUIMI M NEpBUYHBIN mpeoOpa3oBaTenb BHOPO-
YCKOPEHUH, B KOTOPOM OLU(POBBIBAETCSL.

B pesynbrare mpoBeeHHBIX MCCIEIOBAaHUM ClielaHbl OLIEHKH BO3JEHCTBUS aKyCTUYECKUX U
BUOPAIIMOHHBIX CUTHAJIOB PA3TUYHOM YacTOTHI, CKBAXHOCTH U aMIUTUTYAbl HA YEPHOMOPCKUE MH-
JIMH, YTO TO3BOJIMJIO OINpPENEINTh TEXHUYECKHE XapaKTEPUCTUKU aKyCTHUYECKHX BHOPOJATUHKOB,
HEOOXOAUMBIX JJIs1 YCTAHOBKU B aBTOMAaTH3UPOBAaHHYIO MOPCKYIO OMOCEHCOPHYIO CUCTEMY PaHHETO
OTIOBEUICHMSI, U UCIOIb30BaTh pa3pabOTaHHYI0 METOAMKY IPH 00pabOTKE CUTHAJIOB JJISl TIOBBIIIIE-
HUS U30MPaTENbHOCTH OTKJIMKA Ha 3arpsA3HUTENH.

CrucoK MCTIOJIb30BaHHOM JTIUTEPATYPHI:

Grekov A.N., Kuzmin K.A., Mishurov V.Z. Automated Early Warning System for Water En-
vironment Based on Behavioral Reactions of Bivalves // International Russian Automation Confer-
ence (RusAutoCon). —2019. — P. 1-5.

Tpycesuu B.B., Ky3smun K.A., Munrypos B.XX., B.}O. XKypasckuii. OcoOeHHOCTH MOBEEH-
YyecKHux peaknuii yepHoMmopckoit munuu Mytilus galloprovicialis B ecrecTBeHHBIX ycloBHSIX 00UTA-
Hus // buonorus BHytpeHanx Boa. — 2021, — Ne 1. — C. 12-22.

21


mailto:i@angrekov.ru

Cucmemvl koumpoas oxpyacaroujeti cpeovt — 2023

HEOIPEJEJEHHOCTU CEHCOPOB JI)I51 KOCBEHHBIX U3MEPEHUI
COJIEHOCTHU MOPCKHUX BO/J]
I'pexoe A.H., [ pexos H.A., Cviues E.H.
OI'BHY «MHCcTUTYT IPUPOAHO-TEXHUYECKUX cucTeM», . CeBacronois, Poccus
i@angrekov.ru

CoJICHOCTh OTHOCHTCS K TaKHM IapaMeTpaM MOPCKOW BOIbI, KOTOPBIC MPSIMO M3MEPUTH IN
situ moka HeBo3mMoxxkHO (I'pekos, 2018). /lo HacTOsIIEro BpEMEHN BCE M3BECTHBIC, CYLICCTBYIOLIHNE
WM TIePCIIEKTUBHBIE, CIIOCOOBI ONpeAENeHUS COJIEHOCTH SIBIISIOTCS KOCBEHHBIMU. Llenb manHoil pa-
00THl — HATH MaKCUMaJIbHbIE KOA((UIIMEHTHI YyBCTBUTEIBHOCTH C IENIBIO OLEHKH HEOIpe/IeIeH-
HOCTH CEHCOPOB BXOIHBIX BEIMYHH IIPH KOCBEHHBIX CIIOCO0AaX OMpeesieHus] COJICHOCTH.

C uenpio cpaBHEHHUS Pa3IMYHBIX U3MEPHUTEIBHBIX KAaHAIOB AJISi KOCBEHHOTO OIPEIEIICHUs CO-
JICHOCTH TOJIy4€Hbl COOTHOILIEHUSI HEOMPEEICHHOCTEH pealbHbIX M TEOPETHUECKUX (PACUETHBIX )
CEHCOPOB IS YCIOBHOTO 0a30BOro ypoBHs HeomnpeaeneHHocTu coeHocTH (0,002 nmm 0,002 r/kr).
B uccrnenoBanuu npeacTaBieHbl 3HAUEHUSI U COOTHOIIEHUS PEAIbHBIX M PACUETHBIX HEONpeIesIeH-
HOCTEH CEHCOPOB BXOAHBIX BEIMYHH ISl 3TOTO YCIIOBHOTO YPOBHSI.

1) Sp(C, T, P) — MeTox OTHOCHTENBHOM 3eKTponpoBoaHocTH (MOD);

2) ¢(Sa, T, P) — meton ckopoctu 3Byka (MC3) (I'pexos, 2017);

3) p(Sa, T, P) — meron mnotaoctu (MIT) (Grekov, 2019);

4) n(Sa, T, P, W) — meto nmokasaresns mpeaomienus (MIIIT).

HaunydmmM cooTBeTCTBUEM MEXAY PEalbHBIMH M PACYETHBIMU HEOMPEACIEHHOCTSIMU CEH-
COpPOB BXOJIHBIX BeNW4UH oOnanaer metonq MOD, a MC3 obnagaeT HauOONBIIMMH YCIIOBHBIMU CO-
OTHONICHUSMHU MEXKY HEOIPEAEICHHOCTIMHU PEAbHBIX M PACUETHBIX JATYUKOB U MOXKET paccMart-
pUBAThCS KaK MEPCIEeKTUBHBIN [T UCTIONb30BaHus BMecTo MOD, B 30HaX ¢ BBICOKOW M3MEHUNBO-
CTBIO CTPYKTYPBI COJIEBOI'O COCTaBa, K KOTOPHIM, B YaCTHOCTH, OTHOCHUTCS IHIeib(oBasi 30Ha OKea-
HOB U Mopeil. Meroast MIT u MIIII npakTHuecky 3KBUBAJIEHTHBI MEX1y cO00il IO CBOMM COOTHO-
IIEHUSIM C peaJIbHbIMU JIaHHBIMH U 10 CBOMM XapaKTEPUCTUKAM TOYHOCTU 3aHMUMAIOT MPOMEXKY-
To4HOe noJjoxkeHue Mexay MOD u MC3, Ho 6amxe k MOD. Meron MIIII moxHO cunTath peanu-
3yembIM, a MeTo]l MII MOHO cUMTaTh YCIOBHO peajin3yeMbIM, T.K. T0OKa HE CYILECTBYET CEHCOPOB
JUTS U3MEPEHUS TIOTHOCTH iN Situ.

Crnrcok UCOoIb30BaHHON JIUTEPATYPBHI:

I'pexoB A.H., I'pexoB H.A., CsrueB E.H. Onienka HeonpeneneHHOCTH U3MEPEHUN ITpaKTHie-
CKOIl COJIEHOCTHM MOpPCKOW BOJABI B OKeaHOorpaduyeckux uccienoBaHusx // CUcTeMbl KOHTPOJIS
okpyxaromeit cpensl. — 2018. — Beim. 11 (31). — C. 13-22.

I'pexoB A.H., I'pexoB H.A., CriueB E.H. [Ipodunorpads! ckopoctu 3ByKa 1 alropuTM omnpe-
JeJICHUsI TIIOTHOCTH BOABI JUIs OKeaHorpaguueckoro auanazoHa / CHCTEMbl KOHTPOJIS OKpYKaro-
et cpenbl. — 2017, — Ne 8. — C. 11-15.

Grekov A.N., Grekov N.A., Sychov E.N. New Equations for Sea Water Density Calculation
Based on Measurements of the Sound Speed // Mekhatronika, Avtomatizatsiya, Upravlenie. — 2019.
—Vol. 20 (3). — P. 143-151. DOI: 10.17587/mau.20.143-151.
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PA3PABOTKA JIBYXKAMEPHOI'O U3MEPUTEJISI TOKAJBHOM IVIOTHOCTH
KUAKOCTU HHBAPUAHTHOI'O K HAKJIOHY ITPU TIOI'PYKEHUH
Knumenro A.B.Y, Esooxumos IT.A. Y%

IOI'BHY «MHCTUTYT NpUPOIHO-TEXHHYECKUX cHCTeM, T. CeBacTonons, Poccus
2PI'AOY BO «CeBacTononbCKuii rocyjapcTBeHHBIH yHUBEpCHTET», T. CeBacTonons, Poccus
chirpyy@mail.ru, evdokimov@ieee.org

Ha cerogusitinuii 1eHb BBIYMCIIEHUE TIOTHOCTH MOPCKOM BOJIBI OCYILIECTBIIIETCS KaK MpaBU-
JI0 KOCBEHHBIMU METOJIaMU: CTaHAAPTHBIMU MpUOOpaMu U3MEpsAETCs JaBjieHHE, TeMIEeparypa, co-
JIEHOCTh, OTHOCUTEJbHAS JIEKTpUUECKas MPOBOJUMOCTh U Jaliee BBIYUCISETCS MJIOTHOCTh C HC-
I10JIb30BAHUEM TEPMOJAMHAMMUECKOE YypaBHEHHsSI cocTosiHMs Mopckoil Boasl TEOS-10. JlanHbIi
MOJIXO0JT HA MPAKTHKE 00Ja/1aeT PsIOM OrpaHUYEHUI BBI3BAHHBIX HEMOCTOSHCTBOM COJIEBOTO COCTa-
Ba Mopeld MUpOBOTro OKeaHa, BCIEACTBHE Yero TpeOyeTcss BBOJUTh PETHOHAIBHBIE TOMPABKU, KO-
Topble He pemaroT npoodnemy nenukom. Jladoparopuss [BUCT UIITC ocymiecTBiseTr pa3paboTKy
W3MEpUTENS JIOKaJIbHOU IIOTHOCTH HUAKOCTH, KOTOPBIM MO3BOJIAET MPOBOIUTH IMPSIMbIE H3MEpe-
HUS JIOKAJILHOW IJIOTHOCTH HMCIIONIB3Ys TOJBKO NaTduku TU(d(EepeHIINATLHOTO NaBICHUS U TEMIIe-
patypsl. PaspaboTka omupaercs Ha 0a3oByI0 Mojeib OJHOKaHaibHOro uiameputens ([aiickwuii,
2023) HO OTAMYAETCs OT HEE TEM, YTO 3a CUET OJJHOBPEMEHHOT'O MCIIOJIb30BAHUS JIBYX PE3EPBYapOB
C ATAJIOHHBIMU KUJKOCTSAMH C PA3TUYHON MIOTHOCTHIO MPOUCXOIUT B3aUMHAsE KOMIIEHCAIIHS YCKO-
peHus CBOOOHOTO Ma/ieHus, KOTOpOEe MEHSIETCS Ha 3HAUMTENbHBIX TyOnHax. Ha pucynke 1 mpen-
CTaBJICHA CTPYKTYpHAas CXeMa JBYXKaMEPHOT'O U3MEPUTEIIS JTOKATbHOM MIOTHOCTH.

[Ipu TpebGyemoMm craHgapTHOM auanazoHe usMepenus: mioTHoctd 1,01000-1,03000 r/cm,
npeamnonaraeMas TO4HOCTh H3MepeHns coctaBut 0,00001 r/cM3, UTO B OTHOCHTENBHBIX €IMHHIIAX
cocrasnser 5-10%,

J1P A |
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- = e ff-; I 1
B [ ] h | H
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Pucynok 1 — CtpykTypHas cxema IByKaMepHOT0 U3MEPUTEISI JIOKAIBHOM INIOTHOCTH, 1 — TaT4nK
i depeHranbHOTO AaBIeHHs, 2 — ATATOHHAS JKUAKOCTh C INIOTHOCTBIO p,, 3 — 3TAJIOHHAS JKHUI-

KOCTb C TUNIOTHOCTBIO 0, , 4 — UBMEPUTENbHBIN KOHTEHHEp, 5 — CU(OH, 6 —TaTYNK TeMIIEpaTypHl,
7 — H — 'myOuna norpyxenus usmepurens, 8 — h — uamepurensHas 6a3a

[IpennoxeHHbI MOAX0A K KOHCTPYHPOBAHUIO U3MEPUTENEH TUIOTHOCTH HAlpaBJIEH HA YCTpa-
HEHUE OIPaHWYECHUI, CBA3aHHBIX C HEMOCTOSTHCTBOM COJIEBOTO COCTaBa Moper MHUpOBOro okeana, u
obecrieueHne 0ojiee TOUHBIX U3MEPEHUH, He TPEOYIOMUX 00ecIeueHNs] BEPTUKATBHOCTH MIPU MOTPY-
KEHUM 30HJ0B. JlanmpHeliiee pa3BUTHE W NMPUMEHEHUE TAaKMX H3MEPHUTENEH MOXKET 3HAYMTEIIBHO
YAYYIIUTh Hallle HOHUMaHUE O PACHpeieleHIH TNIOTHOCTH MOPCKOI BOJIBI U €€ (PU3UYECKUX CBOUCTB.

Paboma evinonnena 6 pamxax I'oczadanus UIITC Ne cocpecucmpayuu 121122300070-9.

CrnucoK HUCIIOJIb30BAHHOM TIUTEPATYPHI:

laiickumii B.A. TlatenT Ha uzo6perenne PO Ne 2792263, 3mepurtenb MIOTHOCTH KUJIKOCTH U
€ro BapHaHThI: 3assBUTENb U aTeHTooOManarens: ®I'BHY «MHCTUTYT NPUPOTHO-TEXHUUECKUX CH-
crem». Ony6ut. 21.03.2023. Bros. Ne 9.
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K BOITPOCY O TEXHOJIOT'UU U JATUUKAX PETHCTPALIUU AKTUBHOCTH
BOJIHBIX OPTAHU3MOB B OHJIAMH-BUOMOHUTOPHUHI'E
Komapoea E.I1., I'voumos A.B.?, Annosapoe K.B.°
IOIAOY BO «IOsxHblii (eepanbHblii yHUBEpCUTET», T. Poctos-Ha-Jlony, Poccus
2I'bYH «MypMaHCKHii MOpcKoii 6uonorndeckuii macTutyT PAHY, 1. Myp™manck, Poccus
3OI'AOY BO «MypMaHCKHii apKTHYECKUI yHUBEPCUTET», T. MypMaHck, Poccus
alexgud@mail.ru

HoBsie u Oyaymiye TeXHOIOTUN SKOJIOTMYEeCKOr0 MOHUTOPUHIAa B KOHEUHOM HTOT'€ CTAHOBAT-
Csl OHJIAITH-CUCTEMaMH aBTOMATHYECKOTO ¥ HENPEPHIBHOI'O M3MEPEHHSI, COUETAIOIIUMH MapaMeTphI
OKpykarolen cpeabl ¢ Ononnaukanuei. Cepuiinple okeaHorpaduyecKkue 30Hbl YCHEIIHO UCIOJIb-
3YIOTCSI JUIsl HETIPEPHIBHOTO MOHUTOPUHTA THAPOJIOTHUYECKUX, (PU3MUECKUX M HECKOJIbKUX XUMUYE-
CKHUX MapaMEeTPOB BOJIHOM Cpebl.

OnHaKo MOJHOLEHHBIH 3KOJOTHYECKUM (THAPOOUOIOrMUECKUii) 30H1, HEOOXOAUMBIH i OH-
NaitH-OMOMOHUTOPUHTA Ka4yeCTBa BOJbI U KOHTPOIISL IKOJIOTHYECKON Oe30MacHOCTH, €lle HEe pa3pa-
00TaH, - IPOTOTHIIBI 30H/a M TEXHOJIOTUSI HAXOAATCS Ha HAYAIBbHOM CTaJMy MHUPOBBIX pa3pabOTOK
HEOOJBIIMMH HAYYHBIMU FPYIIIAMH.

Jleno B TOM, 4TO 3a7ada CO3/IaHUs TEXHOJIOTMH aBTOMAaTHYECKOTO KOHTPOJISI Ka4eCTBa BOJBI B
MIPUPOJIHON cpejie 3HAUUTEIbHO CIOKHEee, YeM UCIOJIb30BaHNEe OMOIOTUYECKOTO OHJIANH-KOHTPOJIS
Ha CTaHIUSAX BoaocHaOkeHus. OHIAHH-OMOMOHHUTOPHHI OCHOBAaH HA pEAaKLIUAX OpraHu3Ma-
OroceHcopa/MOHUTOpa U TpeOyeT 00s3aTelabHBIX (YHIaMEHTAIbHBIX HCCIEIOBAaHUN aKTUBHOCTH
OpraHu3Ma-MOHHUTOPA B €CTECTBEHHBIX YCIOBHUSIX (IOMUMO JIA00OPATOPHBIX SKCIIEPUMEHTOB).

[Ipyu U3ydeHHH U TECTUPOBAHUM PA3TMUYHBIX TEXHUYECKHX CUCTEM OHJIaH-OMOMOHUTOPHHTA
OBLIO, B YaCTHOCTH, OOHAPYKEHO, YTO BHIOOp MM pa3paboTKa aJleKBaTHBIX, HA/IEKHBIX U MPOCTHIX
B HCIOJIb30BaHUU JIATYMKOB SIBJISIETCS KIIOYEBBIM 3BEHOM B TEXHOJIOTUU OHJIAMH PEruCTpaluu ak-
TUBHOCTH BOJHBIX )KHBOTHBIX, B TOM YHCIIE JJISl pa3padOTaHHOTO HaMU aIapaTHO-MPOTPaMMHOTO
KoMILIekca oneparuBHoro 6uomonutopunra (AITK OBM) u 6uonnmukanuu (Gudimov, 2020).

Y CTaHOBIIEHO, YTO AJIEKTPOMArHUTHBIE TATYMKH, UCIIONB3YEMbIe B OTEYECTBEHHBIX U 3apy-
OeXHBIX aHaJOorax JJIsl PerucTpally MOBEICHUECKOM aKTUBHOCTH JIBYCTBOPYATHIX MOJUIIOCKOB, TaK
ke, KaK U TPaTUIMOHHbBIE KapIUOJaTIYUKH Uil OE€CIIO3BOHOYHBIX, B OCHOBHOM HaJI€)KHBI B KOHTPO-
JUPYEMBIX YCJIOBUSX, HO MMEIOT PsJl HEJOCTAaTKOB, YCIOXKHSIOLUIMX HACTPONKY M 3KCILTyaTallUio
CHCTEMBI. JTO JIeJaeT MpOoOIEMAaTHYHBIM UTUTEIIFHOE HUCIOIB30BAHNE MPHOOPHBIX KOMITJIEKCOB B
peabHBIX IPUPOJHBIX YCIOBUAX, OCOOCHHO B OTJAJICHHBIX paliOHaX.

Kpome Toro, cymiecTByromue CeHCOPhl COBEPIIEHHO HETPUTOMHBI WM MaJOMPHUTOTHBI IS
MEJIKMX OeCHO3BOHOYHBIX, COCTABIIAIONMX OOJBLIYI0 YacTh BUAOBOTO PAa3sHOOOPA3Hsi MOPCKUX U
npecHbIX Boj. HeoOxoanmocTs pa3paboTKH ¥ IPUMEHEHHUS TaTYMKOB APYrOro THITA OYSBHIHA.

OnHUM U3 NMOTEHIUAIBHBIX MaTE€pHUajoB, MEPCHEKTUBHBIX JJIS CO3/IaHHsS HOBBIX THIIOB JlaT-
YHKOB, SIBJISIETCSl CETHETORJIEKTpUYECKasi KepaMuKa, 00J1a/1aromiasi BEICOKOW YyBCTBUTEIHLHOCTBIO K
cl1abbIM JIBIKEHHUSIM M BHOpanusM. OcHOBHas po0iieMa 3aKIIIoyaeTcsi B TOM, YTO CBOMCTBa cerHe-
TODJIEKTPUIECKUX KEPAMUYECKUAX M3EIHI B OTHOIICHUH BO3MOYKHOCTH MIX MCTIOJIB30BAHUS ISl pe-
THCTpaLuy cnabbix BUOpanuii B BOJHOM cpejie, oKa He U3YUEeHBI.

Cnucok UCoab30BaHHON JTUTEPATYPBI:

Gudimov A.V. The first IT systems for ecological online monitoring in water environment //
2020 International Multi-Conference on Industrial Engineering and Modern Technologies,
FarEastCon 2020. — 2020. - INSPEC Accession Number: 20179101~ DOI:
10.1109/FarEastCon50210.2020.9271293.
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OCOBEHHOCTHU ITPEOBPA30OBAHUS DHEPT'UHN
B BETPOJSJIEKTPUYECKHUX YCTAHOBKAX
Kpacnooybey JI.A. Y2, Kanos JI.H.*
I AOY BO «CeBacTonosbckuii rocynapcTBEeHHBINH yHHBEpCUTETY, T. CeBacTonoms, Poccus
2dI'BHY «MHCTUTYT IPHPOIHO-TEXHUYECKHX cHcTeM», T. CeBacTonoinb, Poccus

DKOHOMHUYHBIE U SKOJIOTUYECKU 0e30TacHbIe BETPOIIEKTPHUECKUE YCTAHOBKHU MPECTABIISIOT CO-
BPEMEHHOE HAIpaBJIEHUE B pa3BUTUU 3ekTpodHepretuku. B ([JomornownsH, 2022) npenioxeH mep-
CIEKTUBHBIN CIIOCO0 MpeoOpa3oBaHMs SHEPTUU BETpa Ui HAJEKHOTO SHEProcHaO)eHHs moTpeduTenen
B M3MEHSIOIIMXCS BETPOBBIX YCIOBHSIX. BeTpossekTpuueckas yCTaHOBKA COAEPKUT BETPOTYpOUHY U
3JIEKTPUUECKYIO MALIMHY, MEXaHUYECKH COEJUHEHHYIO C BpallatoLeicsl HArpy3Koi U NOJKIIFOUEHHON K
3JIeKTpUUecKoi cetu, puc.l. MHTepec mpeacTaBisitoT 0cOOEHHOCTH ITpeoOpa30BaHus MOIHOCTH BETpa B
ANEKTPUYECKYIO MOIIHOCTb AIEKTPOCETH U B MEXaHUYECKYIO MOIIIHOCTb HAarpy3KH.

DneKTpHUYEeCKasl 4YacTh BETPOYCTAHOBKHU OIMCHIBAETCS YPABHEHUEM DJIEKTPHUUECKON MaIINHbI

ReE=1g-[Re -(Rc +Rg)+RcRg ]-ReU¢ + (R +Re)Ug, 1)
do
rne Ug =W gt Hanpsbkerne Bo30yxaenus; W — unciio BUTKOB 00OMOTKH BO30Y)uenus; @(15) —
MarHuTHBIA NOTOK; |5, Rg — TOk U conmporusnenue Bo3Oyxaenus; E(k,Q, @) — DJIC, 3aBucamas ot
CKOPOCTH BpallieHus BeTpoTypOunsl £ ; K, — KO3 dHUIUEHT IepeJadn peayKTopa OT BeTPOTyPOUHBI K
3JIEKTPUYECKON MaluHe; |-, Rg — TOK U CONPOTHUBIIEHHUE AKOPS IIEKTPUYECKON MaIIMHBL.
VYpaBHeHHe BeTPOTYpOUHBI MPEACTABIISET PABEHCTBO MEXaHMUECKUX MOMEHTOB

dQ
J—+Mp +Mg +My, =Mgp, (2)

dt
rJe NepBoe ClIaraeMoe — JUHAMHYECKHiA MOMEHT BeTpoTypOuHbl; M (I¢,®) — MOMEHT 3JeKTpuye-
ckoil Mammubl; M, (K, €2) — MoMeHT Harpysky; K, — kKo3QdUIMEHT nepenaun peayKropa OT dJeK-
TPUUYECKOH MaIllMHBI K Harpyske; Mgt (QQ,o,V) — Bpamaromuil MOMEHT BETPOTYPOMHBI; OL — Yroi
ycraHoBku €€ sonacteit; V' — ckopocTh BeTpa. Pexum paboThl BETPOIIEKTPOYCTAHOBKH OMPEAETAETCS

ckopocthio Betpa V (t) Ha ocHOBe pemienus ypaBaenwii (1), (2), puc.2.

E: KBT T — 1 T T p—
- '{Bemo'ry'pﬁmta\" —

2

I TMEXTpHYeCKAT C2TE o

Harpyzea

]

0 2 4 [} S £, WIEH
Pucynok 1 — biok-cxema BETpOAJIEKTPOYCTaHOBKM  PHCYHOK 2 — Pexum BeTpO3JIeKTPOyCTaHOBKU

Ha pucynke 2 noka3aHbl SHEpreTUYECKUE apaMeTphbl peKuMa BETPOIIEKTPUUECKON YCTAaHOBKH B
TEYEHHE YEThIPEX XapaKTEePHbIX UHTEpBaJIOB BpeMeHUu. Ha untepsaze ot 0 10 4 MUH 3HAYUTENbHBIN Be-
Tep, U Harpyska, BO30yX/I€HUE U CETh MOTJIOLIAI0T MOIHOCTh BeTpoTypOuHbl. Ha untepsane ot 4 10 6
MUH Harpy3ka BBIKJIIOYEHA, U BCS MOIIHOCTb BETPOTYpOHMHBI MOTJIOMIAETCS CEThI0 M BO30YXKICHUEM
MalHbl. B cnegyrone 2 MUH Harpy3ka BOCCTaHAaBIMBAETCs, a CKOPOCTh BeTpa majgaeT. Tenepsb Haps-
1y ¢ BETPOTYpPOMHOM MOIITHOCTh TEHEPUPYETCS U ceThio. Ha 3aKimounTelbHOM UHTEpBaje HaOIIOACHHS
CKOPOCTh BETpa MaJIaeT JI0 HYJISI, U BCSI MOITHOCTh T€HEPUPYETCS CEThI0. DIEKTpUYecKas MalluHa Ciy-
JKUT JIUIIIb CPEICTBOM TI€peIadll MOIITHOCTH OT BETPOTYPOMHBI M CETH K HArpy3Ke M Ha BO30YKICHHUE.

Cnucok UCob30BaHHON JTUTEPATYPHI:

HonormnonsH A.B. Cnioco6 nmpeoOpa3oBanus 2HEpTUn BeTpa B Mexanndeckyro / A.B.Jlonormonss,
B.A.Cadonos, A.I'. Knumenko // CuctemMbl KOHTpOJIsL okpy:xatoteit cpeabl — 2022 / Te3ucsl 10oknaaoB
MexayHapoaHOW Hay4YHO-TIpakThuueckoi koHdpepennuu. — CeBacronons 08—11 HosOpst 2022 1. — CeBa-
cromnoisib: UIT Kynukos A.C., 2022. — C. 123.
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OBHAPYKEHUE AHOMAJIN MOJIEJIBIO SARIMAX
B PAJAX AKTUBHOCTHU ABYCTBOPYATbHIX MOJIJIFOCKOB
JJIA ABTOMATU3NPOBAHHOTI'O KOMIIVIEKCA BUOMOHUTOPHUHT A
BOJIHOWM CPEJIbI
Maspun A.C., I pexos A.H., Boiurksapxoea E.B.
OI'BHY «MHCcTUTYT IPUPOAHO-TEXHUYECKUX cucTeM», . CeBacronois, Poccus
aveiro_7@mail.ru

Iesnpto TaHHOTO MCCIeNOBaHUA SBISAETCS pa3paboTKa alropuTMa Juis oOHApyKEHHUs aHOMa-
JUH B psilax aKTUBHOCTH JIBYCTBOPYATHIX MOJUIIOCKOB. BBUAY Bo3pacTaroliell Harpy3ku Ha BOJHbIE
00BEKTHI Ha ()OHE MPOMBIIUIEHHOIO Pa3BUTHUS YEJIOBEYECTBA, ypOAHU3ALMH, PA3BUTHUS CEIILCKOTO
XO03sCTBA MOAOOHBIE UCCIIEOBAHUS KpailHe aKTyabHbI. Pa3paboTaHHbII MPOrpaMMHBIN alrOpUTM
oOHapyKeHMsI aHOMAJIM OyJleT BKJIIOUYEH B IPOrpaMMHOE 00ecrieueHrue KOMITIEKCa aBTOMAaTU3HUPO-
BaHHOTO OMOMOHUTOPUHIA BOJHOU CpeJIbl.

Wcxomanoii undopmanmeit 11st pa3padotku nporao3Hoit mogenu ARIMA mocnyxuiau JaHHbIE
AKTUBHOCTH TPECHOBOJHBIX JIBYCTBOpYATHIX MOJITIOCKOB Unio pictorum (Linnaeus, 1758), momy-
YyeHHble 3a mepuo] MapT-anpeib 2017 r. JlaHHBIE MOJIydeHbl ¢ pa3pabOTaHHOIO aBTOPAMU KOM-
IUIEKCa aBTOMATHYECKOT0 OMOMOHHMTOPUHTA BOJHOW CpeIbl, OCHOBAHHOTO Ha (PMKCAIIMU TOBECH-
YEeCKUX Peakiii AByCTBOpUaThiXx MojutiockoB (Grekov, 2019).

MonenupoBaHusi BPEMEHHBIX PSJIOB MPOBOJIWIOCH € HCmoib3oBaHueM wmonenn SARIMA
(mozens ARIMA ¢ ce30HHOM COCTaBIISIONICH).

Pabora nmpoBeaeHa mol3TaIHoO:

1. JlexoMmo3uiusi BpEMEHHBIX PSAJOB, JJIs ONPEAEICHHUs pa3MEPHOCTH CE30HHOCTH «m.

2.  OmpeneneHue ONTUMAIBHOW MOJETH, TO €CTh OINpEACICHHE MapaMeTpOB MOICITH
SARIMA: p,P,d,D,quQ.

3 [Toctpoenune monenu SARIMA 1o onTuManbHbIM apaMeTpaM, ONPEeIEHHbIM Ha 11are 2.

4.  IlporHo3upoBaHUE JaHHBIX.

) OrneHka u aHanu3 pe3yabTaToB.

B kadectBe Mephl A 0OOHapyKeHHs aHOMAJIUN B JIaHHBIX BOCIOJIb3yeMCsl KOPHEM U3 Cpeji-
HekBapatrueckoit omuoku (RMSE — Root mean squared error).

AHanu3 TaHHBIX MPOBOAMIICS Ha si3bIke MporpammupoBanus Python (V3.9.12) ¢ ucnons3oBa-
HUEM MakeTa MamMHHOro oOydenus scikit-learn (V 1.2.2) u nmakera CTaTUCTHYECKHX MOJeEsen
statsmodels (V 0.14.0).

Pa3paboran anroputM oOHapyKeHUsT aHOMAJTUH.

Brruucnenune nopora senuunael RMSE npu kakaom Bpemenu ocpennenus (ot 5 o 30 mu-
HYT) JIaHHBIX MO3BOJIUJIO ONPEAEIUTh BPEMs PearupoBaHUs alropuTMa Mpu oOHApyKEHUH aHOMa-
JIUH.

Hccneoosanue evinonneno 3a cuem epanma Poccutickoeo nayunoeo ¢ponoa Ne 23-29-00558,
https://rscf.ru/project/23-29-00558/.

CnucoK MCTOJIb30BaHHOW JINTEPATYPHI:

Grekov A.N., Kuzmin K.A., Mishurov V.Z. Automated early warning system for water envi-
ronment based on behavioral reactions of bivalves // 2019 International Russian Automation Con-
ference (RusAutoCon) IEEE. — 2019. — P. 1-5.
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MATEMATHUYECKASA MOJEJIb OITUMU3ALIUU
WH®OPMAIIMOHHOM JJOTUCTUKH
Moucees JI.B., Illoxun A.T".
OI'AOY BO «CeBacTomnonbCcKuil rocyaapcTBEHHBIN yHUBEpcUTeT», CeBacTonods, Poccus

AGShokin@sevsu.ru

CoBpeMeHHbIE ceTeBble HHPPACTPYKTYPhI JI000T0 YpOBHS TPEOYIOT PEIICHUS] KOMILJIEKCHBIX
3a/1a4 00eCTieueHUsT KaK HaJe)KHOCTH, TaK U MPOITyCKHOW criocoOHOCTH. Pemenue ciioxHOU 3a1a4u
yIpaBlIeHUS U TUCHETUYEpU3aUN HHPOPMALIMOHHON MH(GPACTPYKTYPHI BhI3bIBACT MPOOJIEMY yueTa
MHOXECTBA JUHAMUYECKUX, PA3HOPOAHBIX XapaKTEPUCTHUK.

Hanuuue 6onbiIoro uucia XxapakTepUCTHK, BIMSIOMIMX Ha SKCILTyaTallMOHHBIE XapaKTepH-
CTHKH CETEBBIX TPAHCTIOPTHBIX TIOTOKOB TPEOYET pa3BUTHSI HOBBIX CHEIM(PHUISCKUX METOJIOB MOJIEC-
JIMPOBAHUS U NPHUHATHUS PELIEHUs, YUCICHHBIX METOJIOB, IPUHATUS PEIICHUN B YCIOBUSAX HEOIpe-
JIEJICHHOCTH, PUCKOB, MCCIIEOBAaHUS ONepaliii B HEUETKON MOCTAaHOBKE C MCIOJIb30BAaHUEM BEpO-
SITHOCTHBIX KPUTEPUEB OLICHUBAHUSI.

Cucrembl, paboTarOIINE B PSKUME «POs», HA 0a3e CETCIEHTPUICCKON MOJICIH BBI3BIBAIOT PSJI
po0OJieM, CBSI3aHHBIX C JUHAMHUYHOCTBIO CAMOTO «POsi» — KOIMYECTBOM KOMIIOHEHT, €T0 CBSI3AMHU U
UX COCTOSIHUSIMH, MHOTOTPAHHOCTBIO MCIOJB30BaHUSI TEXHOJOTUM, B3aUMHOE BIIUSHUE, WCIIOIb30-
BaHusa meroza cuHtesda (Kynemos u ap., 2010; barenkos, barenkos, 2018) u erie nenslii psx 1py-
TUX aCMEKTOB JIENAIOT 3aJa4¥ MOJCIMPOBAHUS, ONTUMHU3AIMU TTOCTPOCHUS CTPYKTYP U MPUHATHUSA
pEeUIeHUI CIIOKHBIM HE TOJBKO C TOYKU 3PEHUs MOJYUYECHHs] CaMHMX IOKa3aTesield HO U C TOYKH 3pe-
HUS BBIOOPA METOOB MX MOTYUYCHUSI.

Jlnst perieHus MOCTaBIECHHOM 3aja4M [NIAHUPYETCS] IPUMEHEHUE TTOJIMMOEIIBHOTO KOMILIEKCa
(YHKIIMOHATBHBIX 3a/1a4 ONTUMHU3AIUU WHPOPMAIIMOHHOW JOTUCTHKH, YYUTBHIBAIOIIETO BCIO CIIe-
unpuKy 0003HAYEHHOHN MPOOIEMATHKHY.

JlocTikeHre OCTaBICHHOM 3a/1aul 00€CTICUNBACTCS UCTIOIB30BAHIEM MaTPHUIIBI MOACIIBHBIX
pelleHni, a TakKe BKJIIOYaeT B ceOst MOJenb A IUCKPETHOW ONTUMHU3ALUU C MHOTOUHJEKCHOM
CTPYKTypOil 06a30BbIX (YHKIIMOHAJIBHBIX 3aJ1a4 U 0a30BbIE CTOXACTUYECKHE MOJENU MOJIUMOJEIb-
HOT'O KOMILJIEKCA.

B cBoro ouepenp Mojenb st TUCKPETHON ONTUMU3AIMN ¢ MHOTOMHICKCHON CTPYKTYpoil Oa-
30BBIX (DYHKIIMOHAIBHBIX 3374 U 0Aa30BbIE CTOXACTUYECKHUE MOJIEIH MOJTUMOEIBHOTO KOMILIEKCa
OasupyeTcs Ha MOJIESIX MaKCUMM3AIUK MOKa3aTeseil IoMeXxoycTOYUBOCTH NepeaBaeMbIX cO00-
IIeHU, MUHUMU3AIlMA BPEMEHHBIX MOTEPh, CBA3AHHBIX ¢ oOecreueHneM HHGOPMAIMOHHOTO 00Me-
Ha, MUHHMM3AIMA CTOMMOCTHBIX ToOKa3areied WHOOpPMAIMOHHOTO Tpaduka U MaKCUMHU3AINU
HaAEKHOCTHBIX (PYHKINN oOecriedeHns CeTeBOro Tpaduka.

Crnucok ncnoab30BaHHON JIUTEPATYPHI:

Kynemos U.A., babkun A.B., Manaxos }0.A., [lymuinackuit M.A. AHanu3 METOJ0B CUHTE3a
CTPYKTYpHI ceTelt cBsizu // Hayuno-texuudeckue Beqomoct CIT6ITY 1. — 2010. — C. 106-112.

barenkoB K.A., barenkoB A.A. AHaW3 U CUHTE3 CTPYKTYp CETEH CBS3HM MO JETCPMHUHHPO-
BaHHBIM Moka3arensaM ycroiunsoctH // Tpynst CIIMUPAH. — 2018. — Beim. 3(58). — C. 128-157.
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OIEHKA COAEPXAHUSA ITUOKCHUJA A30TA B TPOITIOC®EPE HA TEPPUTOPUH
PECIIYBJIMKU TATAPCTAH 1O JAHHBIM CIIEKTPOMETPA TROPOMI
Huxumun O.B.1, Kyzomun P.C. v Basuee U.H2 Jlamwinosa B.3.%*

1000 «3koaymury, r. Kazans, Poccus
2MBY 10 «IJJIT Tankoapom», r. Kazans, Poccus
3OI'AOY BO «Kaszauckuii (IIpuBomikckuii) denepanbHblii yausepcuter», r. Kazans, Poccus
‘UucTutyT npobiem sxoxorun u Heapononb3osanus ITHBY «Akanemus Hayk Pecriy6nuku Tarap-
crany», r. Ka3anb, Poccus
olnova@mail.ru

3arpsizHeHue aTMoc(epHOro BO3ayxa SIBISETCS OJHUM M3 OCHOBHBIX (PaKTOpPOB, OKa3bIBalO-
IIMX HEraTUBHOE BIMSHUE HAa 3J0POBbE HACEIICHUS M OKpYyKaroulyio cpexy. [losromy, HeoOxoaum
KOMIUIEKCHBI MOHUTOPUHT COCTOSIHUS aTMOC(Epbl, BKIIIOUAIOLIUI OIIEHKY KOHIIEHTPAIUH OTIEIb-
HBIX BemiecTB. OTHUM M3 OTNEPATHBHBIX CIIOCOOOB OCYIIECTBICHHS YKOJIOTHIECKOTO MOHUTOPUHTA
SBIJIACTCS CIIYTHHKOBOE 30HIMpPOBaHWE, HApHUMeEp, NMpH HoMolnu ammapaTta Sentinel-5 Precursor
EBpomneiickoro kocMuueckoro areHTcTBa. B pamkax nanHod paOOThI MpoOBEEHA OLIEHKA COJepkKa-
HUS TMOKCHAA a30Ta B Tpornochepe Ha Tepputopun Pecnyonuku Tartapctan B 2023 roay (c ssHBaps
10 OKTSI0pK). JIoCTyn K NaHHBIM M OCHOBHBIC ONIEPAIMH OCYIIECTBIBUIACH C IMTOMOIIBI0 00JIAYHON
wiardopmsl Google Earth Engine. Kaptel opopmsiiuce B QGIS v.3.12. O6paboTka mosrydeHHbIX
JTAHHBIX TPOU3BOIMIIACH ITPH MTOMOIIHM TporpaMMel Statistica 10.0.

Ha pucynke 1 npencrasiena kaprta 3arpssHenus tpornochepsl Peciyonuku TatapcTan quOK-
cunoM aszota 3a 2023 rox. B cpenHeM comepikaHue AMOKCHIA a30Ta COCTABIANO 25+6 MKMOIB/M?
(cpenHee + cTaHJapTHOE OTKIOHEHHUE), Bapbupys Ha 60 exuHuI oT 17 10 77 MKMOIE/M2.

56°0"

KabepexHBIERIE I 5| NG
HKHEKAMERKS

55°0"

ATIEMETBEBEK:

KoHueHTpauusa NO2, MKkMOnb/M2
B

I 25

. 35

I 45

B 55 0 50 100 kM
65

. 75

48I°0’ SOI"O' 52|°0’ 54|°0’
Pucynok 1 — YcpenneHnHast KOHIEHTpanus AMOKCHIa a30Ta B Tporocdepe Ha Tepputopun Pecny6-
nuku Tarapcran B 2023 roay no 1aHHBIM CIYTHUKOBOTO MOHUTOPHHTA

54°0’

N3-3a KOHTPACTHOCTH ©CTECTBCHHBIX M aHTPONOTCHHBIX UCTOYHHKOB 3arpsi3HeHus, NO» sB-
nsieTcsl yIoOHBIM aTMOC(EepHBIM KOMIIOHEHTOM JUIsl KapTorpadupoBanus u3 kocmoca. Kak BUIHO
W3 PUCYHKA, OCHOBHBIMU 3arpsi3HUTEIISIMA TPOTOchephbl TUOKCHUIOM a30Ta HAa TEPPUTOPUN PECITyO-
JUKU SIBISIFOTCST KpymHbIe arnomepanuu: Kazann, Habepexxusie Yennsl, HuxHekamck u Enabyra.
BcenencrBrue BBICOKON MIOTHOCTH aBTOMOOMJIBHOTO TPAHCTIOPTA M OOMIIMS MPOMBINIJIEHHBIX MPeI-
MPUATHIA TaM OTMEUAIOTCS HauOOJbIIINE KOHIICHTPAIIUU 3TOTO T'a3a, MHOTOKPATHO MPEBBIIIAIOIINE
(hoHOBBIC 3HAYCHUSI.
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OIEHKA COAEPKXAHUSA METAHA B ATMOC®EPE HA TEPPUTOPUU
PECITYBJIMKU TATAPCTAH 1O JAHHBIM CIIYTHUKOBOI'O 30OHAUPOBAHUSA
Huxumun O.B.1, Kyzomun P.C. L Cagpun A.A2 Jlamvinosa B.3.%*

1000 «3koaymury, r. Kazans, Poccus
2MBY 10 «IJJIT Tankoapom», r. Kazans, Poccus
SOI'AOY BO «Kaszanckuii ([TpuBomikckuit) henepanbHblii yausepcute», . Kasans, Poccus
‘UucTutyT npobiem sxoxorun u Heapononb3osanus ITHBY «Akanemus Hayk Pecriy6nuku Tarap-
crany», r. Ka3anb, Poccus
olnova@mail.ru

Metan (CH4) sBnsieTcss BTOPBIM MO PAcpOCTPAHEHHOCTU MAPHUKOBBIM T'a30M IOCTE yriie-
Kucaoro rasa. Ero xoHueHTpamus B armMocdepe B IMOCIEIHUE TOABI YBEIMYMBAJIach Bce Ooiee
OBICTPBIMU TEMIIAMH, YTO B IEPBYIO OYEpellb CBI3BIBAIOT C aHTPOIIOTEHHOW JAedaTerabHOCThio. B
HACTOSIIEE BpeMsI BO3MOYKHO OIEpaTUBHO UCCIIEOBATh COJEpKaHUE MeTaHa B aTMocdepe 1o JaH-
HBIM CIYyTHHKOBOTO 30HAMpPOBaHUS MpH momolnu amnmapara Sentinel-5 Precursor EBpomeiickoro
KOCMHUYECKOIro areHTcTBa. JloCTyIl K JJaHHBIM U OCHOBHBIE ONEPalliU OCYUIECTBIISIIUCH C TOMOLIBIO
obmaunoii wiathopmer Google Earth Engine. Kapter odopmitsuincs 8 QGIS v.3.12. O6pabdoTtka mo-
JYYeHHBIX JaHHBIX TPOU3BOINIIACH ITPHU MoMoInu nporpamm Statistica 10.0 u MS Excel 2007.

B kauectBe mpumepa npeacTaBieHa KapTa YCPEAHEHHOTO COJIep)KaHUs MeTaHa Ha TeppUTO-
puu Pecniyonuku Tatapctan B 2023 r., a Taxke quHamuka nokasarens B 2020-2023 rr. (pucyHok
1). B cpennem konuentpanusi metana B 2020 rogy coctasmsiia 1851413 ppb (cpennee + crangaprt-
Hoe oTkJIoHeHue), B 2021 — 1867+13, B 2022 — 1871+11 u B 2023 — 1879+11 ppb cooTBETCTBEHHO.
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Pucynok 1 — CpenHsist KOHIIEHTpalusi MeTaHa B atmocdepe Ha Tepputopun Pecyonuku Tatapcran
B 2023 r. (ciieBa) u quHaMUKa Tokasaress 1mo mecsiiam B 2020-2023 rr. (cripasa)

Habntonaercst TeHAEHIMS K YBEJIMYEHUIO METAHOBOTO (DOHA B r0OJIOBOM MCUUCIICHHUH, HAIPU-
Mmep, otHocuTenbHO 2020 roxa B 2023 rogy KOHIEHTpAIMs Ha TEPPUTOPUHU PECITYOIUKH YBEIUUU-
nack Ha 1,5 %. Kpome Toro, BecbMa 3aMeTHBI OOJIBIITNE aMIUTUTY/IbI MECSYHBIX BapUaluii (POHOBBIX
KOHIIGHTpaluii MeTaHa (HauOoJIbIIMe 3HAUEHUSI XapaKTepHBbI JJIs1 OCCHH, HAaUMEHBIINE JJIsi BECEH-
Hero ce3oHa). OO0HapykeHa craructrudecku 3Haunmas (P<0,01) oOpaTHas 3aBUCUMOCTH COJEpIKa-
HUS MeTaHa B aTMOc(epe OT CTeNEeHU 00JIECEHHOCTH TEPPUTOPUH U TpsAMasi 3aBUCUMOCTB OT IPO-
L[EHTa MacTOMI B pailoHax pecnyOnuku. MoXHO OTMETUTh, YTO HECMOTPS Ha yI00CTBO paboOThI C
JTaHHBIMU clyTHHKa Sentinel-5 Precursor, u3-3a CHIIBHOTO BIMSHUS 00JAYHOCTH HA M3MEPEHUE CO-
JiepKaHusl MeTaHa KapTorpadupoBaTh €ro KOHLEHTPALIMIO 1[E1ecO000pa3HO C OCPETHEHUEM 3a JUIN-
TENbHBIN MIEpUOJI BpEMEHU (MECHL, CE30H, TOA).
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NPUMEHEHHME OIITUYECKUX METO/IOB U3MEPEHUW S NIEPEMEIIEHUI
JIJISI KOHTPO.ISI BUBPAIIAM JIBUT ATEJIEA
Hyp3zaii B.A., ['voapes @.A., Jleii B.A.
OI'AOY BO «CeBacTomnonbCcKuil rocyapCcTBEHHBIN yHUBEpCUTET», T. CeBacTonois, Poccus
VANurzai@sevsu.ru

B coBpeMeHHBIX peausix MHOXKECTBO JBMIKUTENEH, SKCILUTyaTUPYEMbIX Ha NPENPUATHIX BO-
JOOYHMCTHBIX COOPYKEHUH, CUCTEM BOAOIOABEICHUS, TOpHOAOObIBatomIe oTpaciu CeBacTonons u
KpbiMa, HIMEIOT CYIIECTBEHHBIN H3HOC U TPEOYIOT MOBBILIEHHOTO KOHTPOJISI BAOPOCOCTOSIHHUS.

KOHTpO1b MOKET OCYILIECTBIATHCS HA IIOCTOSIHHONM OCHOBE WJIM IIEPUOJAMYECKHU, B 3aBUCUMO-
CTH OT Ba)XHOCTHU O0BEKTa WJIN CTENEHH ero uHoca. Ocoboe BHUMAaHUE JIOJKHO YAEIAThCs nepe-
XOJHBIM MpOIECCaM, TAKMM KaK IIyCK U OCTAHOB JIBUTaTeJNIEd, B CBSA3U C IPOXOXKIACHUEM UMM PE30-
HAHCHBIX YaCTOT M CYLECTBEHHBIM YCUJICHUEM aMILIUTYAbl KauaHuii. OCHOBHas 3a/1a4a KOHTPOJIS —
BBISIBIICHHE W3MEHEHHS BHOPOCOCTOSIHMS MEXAaHH3MOB M JJIEMEHTOB KOHCTPYKIMH, ¥ MPEIOTBpa-
LIEHUE WM MUHUMU3ALMS OCIIEICTBUI TEXHOT€HHBIX aBapUil.

B pamkax paGoTbl ObUIO IPOM3BEIEHO MCCIIEI0BaHUE BO3MOKHOCTH IPUMEHEHUS ABYX Oec-
KOHTAKTHBIX ONTUYECKUX METOA0B KOHTPOJISI COCTOSHUN O0BEKTOB [yl U3MEPEHUSI YaCTOTHOTO CO-
CTaBa M aMIUIMTYAbl BUOPALIUU AJIEKTPOIBUTATENIEH.

[Tpumensnce (HOTOMOIYNISALMOHHBIM METOJ KOHTPOJS C HUCHOJIb30BAHUEM TOHKUX IUIEHOK
(Hypszaii, 2021), u nasepubiii Meton cneki-koppensauuu (Emyraues, 2023). B xauecTtBe TeCTOBBIX
00BEKTOB MCIOJIB30BANINCH JJabopaTopHblit BUOpocTeH  YII-709, naboparopHas ycTaHOBKA 110 HC-
CJICZIOBAaHUIO TIPOM3BOJCTBEHHOW BHOPALMU C SKCIEHTPUYHBIM BAJIOM JBUTATENS U ACHHXPOHHBIH
JIBUraTellb B I1ape ¢ TEHEPaTOPOM MOCTOSIHHOTO TOKa.
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Pucynok 1 — BuGpauus npu octaHOBe JBUTATEN,
¢bukcupyemasi GoTOMOAYISILIMOHHBIM METOZIOM

Oo6a MCTOa MPOACMOHCTPUPOBAJIM BBICOKYIO MACHTUYHOCTDb HOKa3aHI/II>'I, U Ha B3IJI4J aBTO-
POB HUCCIICAOBAHUA, MOTYT HNPUMCHATHCA I NPOBCACHUA MEPHUOANYCCKOI0 ISKCIPECC-KOHTPOJIA
BI/I6pOCOCTO$IHI/I$I JABUT aTenei MMPOMBIIIJICHHBIX ITPOU3BOACTB.

Crnncok UCOIb30BaHHON JIUTEPATYPBHI:

Hypsait B.A., beikosckuii FO.M. HccnenoBanue BIMsSHUS OCBEHMIEHHOCTH HA MOTPEHIHOCTH
M3MEpeHus: BUOpalUii TEXHOJIOTMYECKHX OOBEKTOB (POTOMOMYISIMOHHBIM TOJIOTpaQUUECKUM CIIo-
cobom // Cucrembl KOHTpOJs OKpyxkamomei cpempl. — 2022, — Ne3(49). — C.117-126.
DOI:10.33075/2220-5861-2022-3-117-126

[IpumeHeHne TeXHOJIOTUHM (IIONOB B TEXHUYECKOM 3PEHMHM KUOEp(U3MUECKUX CHUCTEM JUIsS
JIMAarHOCTHKHU aBTOJIOpOKHBIX MocToB / II.A. Enyraues, @.A. I'yOapeB, A.A. bannukos, A.B. Mo-

CTOBIIUKOB // BecTHHK TOMCKOro rocygapCTBEHHOTO apXUTEKTYpHO-CTPOUTEIHLHOTO YHUBEPCUTE-
ta. — 2023. — Ne 2(25). — C. 191-206. DOI: 10.31675/1607-1859-2023-25-2-191-206
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MATEMATUHYECKOE MOAEJIUPOBAHUE NIEPEJAYA DJEKTPOOHEPI' MU
OT YJIAJEHHBIX BETPOSJIEKTPOCTAHIIUIA
Onetinuxos A.M.Y, Kanoe JI.H.?
IOI'BHY «MHCTUTYT NpUpOIHO-TEXHHYECKUX cHCTeM», T. CeBacTomnons, Poccus
2PI'AOY BO «CeBacTononbCKuii rocyjapcTBEeHHBIH yHUBEpCHTET», T. CeBacTonons, Poccus

B o dmopHBIX BETpO M BOJTHOBBIX AJIEKTPOCTAHLUSAX DJIECKTPHUUECKHUE CUCTEMbI MPEICTABIISIOT
CIIO’KHBIE paclpe/ie]IeHHble COBOKYIHOCTH T'€HEPAaTOPOB M TPaHC(HOPMATOPOB, COSAMHEHHBIX KaOeib-
HBIMHU CETSMHU. AHAIN3 PEKUMOB B MOJOOHBIX CHCTEMaX BBIMOJHACTCS [0 MAaTEMAaTHYECKUM MOZEIISIM
MalIlH, CBSI3aHHBIX KaOeJsIMU, B KOTOPBIX YUUTHIBAIOTCS SKBUBAJICHTHBIE COMPOTUBIICHUS U HHIYKTHB-
HOCTH X)W1 Kabenen (OneitankoB, 2022), TOATOMY BCE €IIe aKTyaJIbHOW OCTaeTCs 3a/1a4a aHalin3a dJIeK-
TPOIHEPTETUUECKUX PEKUMOB TAKUX CHCTEM C YU4€TOM JJIMH U NMEPEMEHHBIX MapaMeTpoB kabeneil, pac-
CMaTpUBAaEMBIX KaK 3JIEKTpUUYECKHE LIETH C pacnpeaeneHnsiMu napamerpamu (becconos, 2012).

[enbro uccnenoBaHus SABISETCS MOCTPOCHUE METOAMKM MAaTEMaTUYECKOr0 MOJEIUPOBAHUS MPO-
1ecca mnepefadyu dHEPrur Mo MPOTHKEHHBIM KaOessiM ¢ Y4eTOM HepaBHOMEPHOCTH pachpeiesieHus] UX
[apaMeTpoB IO JUIMHE.

Ha puc.1,a nuzo0paxkeHa ynpoieHHas 010k-cxeMa o(pQIIOpHOI AIEKTPOCTAHIIMH ¢ HECKOIBKHUMU

CHUHXPOHHBIMH BOJIHOBBIMHU W TUIIOBBIMHU BETPOICHEpPATOPAMU C HAIIPSIKECHUCM US = 660 B, CBA3aHHBI-

MU KabeseM ¢ GeperoBoil SHEpreTHIecKoil cucremoit epementoro Hanpsokenus U, = 380B. s pac-
yeTa JuuHa Kabens pasnenena Ha 10 uHTepBajioB. Y aenbHbIE 3HAYCHHUS MHIYKTUBHOCTA M €MKOCTH Ka-
Genst npuHATH nocTosiHHbIMU U paBubivu: Ly =318 mxl'u/m; Cy = 0,44 mx®/m. 'paduku 3aBucumMo-

CTeH yJeJIbHBIX COMPOTUBIIEHUS U IIPOBOJIUMOCTH 110 JUTMHE Kabess npuBeieHb! Ha puc.1,0, rie ydTeHsl
BO3MOYKHbIE U3MEHEHHS Ha3BaHHbBIX TapaMETPOB OT TEMIIEPATYPhI U BIAXKHOCTH OKPY’KAIOLIEH Cpeabl.

C y4eToM TrpaHUYHBIX YCJIOBHHA B TOYKAaX COEAMHEHHsS OJHOPOIHBIX YYAaCTKOB KaOens U 0
HaydaJbHBIM YCJIOBHUSM B Hayaje M KOHIE KaOeis IMOCTPOeH ajJrOpuUTM pacueTa HalpsKeHUH, TOKOB U
MOIITHOCTEH B 3JIEMEHTaX CHCTEMbI U IO JUIMHE Kabens. B cuily MHAMBHUIYaNbHBIX BETPOBBIX YCIOBHUM
JUIsl yCTAHOBKU YYHUTBIBAIOTCSI BO3MOXKHBIE (ha30BbIE CMEIICHUS HANIPSHKEHUIH reHepaToOpOB.

Ha puc.2 noka3ansl pe3yabTaThl pacueTa MOIHOCTEH IO JUTMHE Kabessi B MOMEHT BPEMEHHU 4epe3
5 ¢ ot Hauasa HaOmoxeHus. Kak BHIHO, HECMOTpPS Ha 3HAUYUTEIbHbIC KOJICOAHUS AaKTUBHBIX MOIIHO-
CTel, BRIpabaThIBAEMbIX T€HEpaTOpPaMu, CyMMapHasi akTHBHAsI MOIIIHOCTb, TIepe/laBaeMasi B CETh, UCTIbI-
THIBA€T TOJHKO HEOOJBbIINE KOIeOaH!s, a YaCcTh 3TOM MOIIHOCTH TEPSETCs B Kabele, 4TO OOBICHIEeTCS
BBIOOPOM Y/ICTIBHBIX MapaMeTpoB KaOelsi, B YaCTHOCTH, MPOJOIBHOTO COMPOTHBICHHUS M TONEPEYHOM
NPOBOJUMOCTH. Pacripenenenre peakTHBHON MOIIIHOCTH BIOJIb KaOelsi HMEeT SIPKO BBIPAKCHHBIH BOJI-
HOBOM XapakTep CO 3HAUUTEIbHBIMHU aMIUINTYAAMHU CTOSTYMX BOJIH.
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CrnucoK UCTIONIb30BaHHOM JTUTEPATYPHI

OneitnukoB A.M., Kanos JI.H. OcobenHocTi MaTeMaTHYeCKOr0 MOJECINPOBAHUS MIEpEaadH K-
TPORHEPTUU OT BETPOINEKTPOCTaHLUM B 0pPIopHbIX 30HAX // CHUCTEMBI KOHTPOJISL OKPYXKAIOLIEH cpe-
11 — 2022 / Tesucsl noxnanoB MexayHapo HON HayIHO-TIpaKTHIeCKoi KoH(pepeHmn. — CeBacTomolb,
08 — 11 Hos6ps1 2022 r.— CeBacrononb: UIT Kymukos A.C., 2022. — C. 43.

Becconos JI.A. Dnextpuueckue nenu. — M.: U3a-Bo «tOpaiity», 2012. — 701 c.
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NNPAKTUYECKHUE ACHHEKTbI UBMEPEHUS ITPO®UNJIA
IJIOTHOCTH MOPCKOM BOJIbI
Ilenvkoe M .H.
OI'BHY «MHCcTUTYT IPUPOAHO-TEXHUYECKUX cucTeM», . CeBacronois, Poccus

veter4750@mail

W3mepenue npouiist INIOTHOCTH SIBJISETCS] BAXKHBIM KOMIIOHEHTOM HCCIIEJOBAaHUHN B OKEaHO-
JIOTUH, TO3BOJISIOUINM IOJYYUTh JaHHBIE O BEPTHUKAIHLHOM paclpeiesieHUH IIOTHOCTH MOPCKOM
BOJIbI, YTO HEOOXOJMMO Ui MOHUMAaHUS TUIPOAMHAMUYECKUX MPOIECCOB B OKEaHe, IPOrHO3UPO-
BaHUA KJIMMAaTHUYECKUX U3MEHEHHH U M3y4eHHs] MOPCKOM 3KocucTeMbl. B HacTosiee Bpems cyiie-
CTBYET HECKOJIbKO HCIIOJIb3YEMBIX CXEeM JUIsl U3MEepeHHs] MPOdUis MIOTHOCTU C UCIHOJIb30BAaHUEM
JaTYMKOB AaBiieHus. Hanpumep, Ha pucyHke | mokasaHa KOHCTPYKLHUSA, IMPEUIOKEHHAs B paboTax
(®enoros, 2013), mpeaycMaTpuBaeT MCIOJIB30BAHUE YETHIPEX JATUMKOB JIABJICHHS, PACIOJIOKECH-
HBIX B (popMe TpeyroiabHOH nmupaMuabl. OAHAKO CYHIECTBYIOIINE CXEMBbl UMEIOT CBOM HEIOCTATKH,
TaKre KaK BBICOKAs CTOMMOCTB U CJII0)KHOCTb MCIOJTHUTEIBHBIX MEXaHU3MOB, HEOOXOAMMOCTH KOM-
MIEHCALUH YTIIOBBIX KOJIEOAHUH KOHCTPYKIIUH IPU CBOOOTHOM MafeHuu. [103TOMy aKTyalbHBIM SIB-
nseTcs pa3paboTKa HOBBIX METOJOB M3MEpEeHHs MpoGuiIs MIOTHOCTH, KOTOpble ObUIM OBl Oonee
3¢ (HEeKTUBHBIMU, TOCTYIMHBIMU U yIOOHBIMH B HCIIOJIb30BAHUH.

PI/ICYHOK 1 — Pacmmonoxxenue JaTYHUKOB JaBJICHUSA

Jlig peuieHus! BbINIEYKa3aHHBIX MPOOJIEM MpeasioKeHa KOHCTPYKIMS C ABYMs AaTYUKaMU
JIaBJIEHUs] U OJHOTO akcenepoMeTpa. MimMeeTcs 10BOIBHO OOJBLION BHIOOP MOAXOASAIMX aKCEIepo-
METPOB C HEOOXOIUMBIM pa3peleHHeM 110 TpeM KOOpAWHATaM U HaIW4YHeM TpeOyeMbIX UHTepdeii-
COB Ha BbIxojie. OTAEIBHO PaCCMOTPUM ONTHUYECKUI METOJ, OCHOBaHHBIM Ha M3MepeHHus Kod(du-
LIMEHTA IIPEJIOMJIEHUSI CBETOBOIO JIy4ya B 3aBUCUMOCTHU OT IJIOTHOCTH MOPCKOM Boabl. Jliis ero pea-
JM3AlMM UCHOJB3YIOTCS J[BE MEHTANpPU3Mbl M JaTYUK OTKJIOHEHHUS Jiyda (IaTUYMK IOJIOKEHUS) ¢
MaKCHMaJbHO BBICOKUM pa3pellieHreM. B Hacrosiiee BpeMsi UMEIOTCSl ONTHYECKHE JTMHEHHbIE J1aT-
YiKU-(OTONPUEMHUKH Ha doToaunoaax ¢ paspeuienreM 10 80000 Touek Ha TF0MM.

JlaTuuk 1mogoO0HON KOHCTPYKIMH IieJIeco00pa3Hee MCIOb30BaTh B 30HAMPYIOIIUX YCTPOM-
ctBax tuna MCTOK u T.m. PaccMoTpeHHbIe NTpakTUUECKHE aCTeKThl U3MEPEHUsI PO TIOTHO-
CTH MOPCKOM BOJBI MOTYT IOCIYKUTh OCHOBOH ISl pa3paboTKU yHOOHBIX U 3((HEKTUBHBIX HH-
CTPYMEHTOB JUISI IIPOBEICHHS HAYYHBIX UCCIIETOBAaHHUM B 00JIACTH OKEAHOJOTHH U THAPOJUHAMUKH.
W3mepeHue MIOTHOCTH MOXKET JaTh JOMOJHUTENbHYI0 MH(OPMAIMIO O BEPTUKAIBHOM paclpese-
JIEHUH BOJIHBIX MACC, YTO CYIIECTBEHHO IIOMOXKET B IOHUMAaHUH MIPOLECCOB, IPOUCXOAAIINX B OKe-
aHe.

Paboma evinonnena 6 pamxax I'oczadanus UIITC Ne cocpecucmpayuu 121122300070-9.
Cnucok UCTONb30BaHHOM JINTEPATYPHI:

®enotoB [.A. HoBas momudukanus TUApOCTaTUUECKOTO METOJa ONpPENeTeHUs TUIOTHOCTH
MOpCKO#i Bo/ibl // @yHAaMeHTaNnbHast U npukiIaaHas ruapodusuka. — 2013. — T. 6, Ne 1. — C.58-65.
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AHAJIUTHYECKASA CUCTEMA JJISA BBICTPOI'O BBISIBJIEHUSA PEAKTUBHbBIX
METABOJIUTOB KCEHOBMOTHUKOB — IOTEHIIMAJIBHBIX 3ATPSI3HUTEJEN
OKPYKAIOWEM CPEJbI
Ilooonvckasn E.11.

HNucturyT ananmutraeckoro npubdopoctpoennss PAH, r. Cankr-IlerepOypr, Poccus
ek.podolskaya@gmail.com

CoBpeMeHHbIE METO/BI OUUCTKH CTOYHBIX BOJI HA OCHOBE aKTMBHUPOBAHHBIX OKUCIUTEIbHBIX
IIPOLIECCOB, MOJPA3yMEBAIOIIUX COBMECTHOE HMCIIOJIb30BAaHUE XUMHUYECKUX OKHMCIHUTENeH, (oToka-
TaJIN3aTOpoB U Y@ W3Iy4eHHUs, MOTYT HPUBOJUTH K 00pPa30BaHUIO TOKCHYHBIX MPOMEKYTOUYHBIX
IPOAYKTOB TpaHC(OpMaLUu KCEHOOMOTHUKOB M OOPa30BaHUIO PEAKIIMOHHBIX METa0OJIMTOB, CIIO-
COOHBIX MPU MOMAAAHUU B OPTaHU3M KOBAJIECHTHO CBS3BIBATHCS C OCIKOBBIMU MOJeKyinamu (0Opa-
30BBIBATH AJIyKThl), TEM CAMbIM Hapyllas ux QyHKuuU. Takue HapyLUIeHUs MOTyT IIPUBECTH K 3Ha-
YUTEIbHBIM HETaTHBHBIM U3MEHEHHUSM B OMOIICHO3€ BOJIOEMOB, B KOTOPBIE MOMAJAI0T CTOYHBIE BO-
b1, TIPOLLE/LINE HEJOCTATOUHYIO OYUCTKY OT IPOJYKTOB OKUCIIEHHs KCeHOOMOTUKOB. Kpome Toro,
HU3KOE€ Ka4eCTBO OYMCTKH IHMTHEBOM BOJABI TAK)KE MPHUBOJUT K IONAJAHUIO B OPraHU3M YEJIOBEKA
Pa3IUYHBIX KCEHOOMOTUKOB U/UIIM UX METa0O0JIMTOB, YTO HAHOCUT 3HAYUTEIbHBII Bpel 310POBbIO.

Ha cerogusimuuii 1eHb CIIMCOK aHTPOIIOIEHHBIX 3arps3HUATENEH, ITOUIEKAIUX MOHUTOPHUHTY
B NIPUPOJHBIX BOJAX AOCTATOYHO IIUPOK. B HETO BXOJAT TaKue KIIACChl COEAMHEHNH, KaK IIECTULIN-
b1, CTOMKHE 3arpsi3HUTENH (MOTUXIOPUPOBAHHBIE OM(EHMITBI, THOKCHHBI, TMOSH30(YypaHBbI), TTOJIH-
apOMaTU4eCKUe YIJIeBOAOPOAbI, 1 0c000€ BHUMAHHE YAEISIETCS Pa3InYHbIM JIEKAPCTBEHHBIM Cpe/l-
crBaM. Tak, Hanmpumep, TUKIOGEHAK, SBISIONMICS HanboIee MpoJaBacMbIM (apMaIieBTHYECKIM
npernaparom, ObUI BEIOpaH B KaueCTBE MapKepa aHTPOIOI€HHOI0 3arps3HEHUsT OKPY’KaloIIel cpeibl
B CBSI3M C KpailHe HEraTMBHBIM BO3EHCTBHEM HA 3KOCHCTEMY U ObUI BKJIIOYEH B TJIaBHBIM CIUCOK
IIPUOPUTETHBIX BELIECTB, MOMJIEKAIUX MOHUTOPHUHTY.

Co0TBETCTBEHHO, pa3padOTKa MOJIXO0J0B, MO3BOJSIOLUIMX MPEICKa3bIBaTh BO3MOXKHBIE IO-
CIIeICTBUSL TpaHC(hOpMAIMM KCEHOOMOTHKOB IOJl BO3JEHCTBUEM OKHCIUTEIbHBIX (PAKTOPOB Ha
OKPY’KaIOIIYIO CPENly U KUBBbIE OPTraHU3MBI, SIBJISIETCS aKTyallbHOU 3amadeil. [Ipu aTom ocoOblit vH-
TepEC NMPEACTABIAIOT CKPUHUHIOBBIE METOIUKH, IO3BOJIAIOIIME IIPOBOAUTH MHOXKECTBO JKCIEPH-
MEHTOB 3a KOpoTKoe BpeMsi. COOTBETCTBEHHO, pa3pabdOTKa aHATUTHUYECKON CUCTEMBI JIJIsl OBICTPOTO
BBISIBICHUS] PEAKTUBHBIX METAa0OJIMTOB MPOBOJMIACH Ha ocHoBe Metojga MAJIIM (marpuuno-
aKTUBHUPOBAHHAs JIa3epHas 1eCOpOLMs/MOHN3AINS) MACC-CIIEKTPOMETPHH, KOTOPBIA OTIMYAETCS HEe
TOJILKO O€CTIperieIEHTHON YyBCTBUTEIBHOCTHIO, HO U BhICOUAMIIEl KCIIPECCHOCTHIO.

B pesynbpTaTe paboThl NpeAoKeH MOAXO Ui IKCIPECCHOTO BBISIBJICHHS PEAKTUBHBIX METa-
00JIMTOB KCEHOOMOTUKOB, BKJItOUYAIOIIUK B ce0st: QyHKIMOHann3anuio noepxHoctu MAJI/IUA mu-
II€HW HAaHOYAaCTUIIAMU JTMOKCUAA TUTaHa, JUIsl 4ero Obuia pazpaboTaHa yCTaHOBKA JUIsl PACIIbUICHUS
HAHOYACTHUI] B OE€CKaIleIbHOM PeXHMe, YTO 00ecleurnBaIo BHICOKMH ypOBEHb are3un HaHOYaCTHUIL
K T[IOBEPXHOCTH MHUIIECHU; NpOBeJeHHE Ha (YHKIMOHAIU3UPOBAHHON MoBepxHOCTH Y-
MHAYIIMPOBAHHOTO (DOTOKATAIUTUYECKOTO OKUCIEHUS KCEHOOMOTHKOB; MHKYOAIIMIO MOJYYEHHBIX
MPOYKTOB C yJABIWUBAIOIINM areHTOM — OEJTKOBON MOJIEKYJIOM, CITocOOHON 00pa3oBHIBATh aTyK-
Tol; MAJIZIN Macc-criekTpoMeTpruuecKuil aHanu3. Pa3paboTaHHbIN MOAX0J] OTIMYAETCsl KCIpecc-
HOCTbIO, IPOCTOTOM U JIEUIEBU3HOM U MO3BOJIAET HAAECKHO (GUKCHPOBATH 00pa30BaHHE PEaKTHBHBIX
MeTa0OJIUTOB MO MX aJAyKTaM C IJIyTaTHOHOM U TJI00MHOM uyenoBeka merogoM MAJIJIU macc-
CHEKTPOMETPUH U MPEBOCXOAUT OOIIETPUHSTHIE TOIXO/BI 110 CIEIYIOIIUM KPUTEPUSIM: 3HAYUTEIb-
HOE CHMKEHHE KOJMYECTBA PACXOJHBIX PEAKTUBOB U UCCIIEIYEMbIX BEILECTB; CHUKEHHUE BpEMS- U
Tpyao3aTpaT Ipoliecca Hccle0BaHus; 00beINHEHNE HECKOJIbKUX CTaJAWNi UCCIIEOBAHUS B OJHY;
BO3MOKHOCTh TPOBEIEHUS HECKOJIBKUX HSKCIEPUMEHTOB OJIHOBPEMEHHO; BBISBICHHE OOJIBILIErO
YlClla peaKTUBHBIX METa0OJIUTOB.
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KOPPO3HMOHHOE PACTPECKUBAHUE AJIIOMMHHUEBBIX CII'TABOB B
YCJOBHUAX MPUMOPCKOH ATMOC®EPHI BJIAJKHBIX CYBTPOIIMKOB
Pyones B.I1
Owiman PI'BHY «MHCTUTYT NIpUPOIHO-TEXHUUECKUX cUCTEM», I'. Coun, Poccus
stc-sochi@mail.ru

B ycnoBusix mpumopckoir atMocdepbl BIIaXHBIX CyOTPONMKOB IPOBEACHBI HCIBITAHUS Ha
Koppo3uoHHoe pactpeckuBanue (KP) mpu skcrmo3unuu moj HaBeca 17-TH Mapok oOpas3IioB aTFOMH-
HUEBBIX CIUIABOB, M3TOTOBJICHHBIX M3 IUIUT, JIUCTOB, IITAMIOBOK U npoduiied. Mcnbitanue na KP
npoBoamiock mo OCT 90352-84. CymHOCTh TaHHOTO METO/A 3aKJIF0YAeTCs B TOM, 4TO 00Opaserl ¢
MIPEIBAPUTENILHO CO3/IaHHOM TPEIIMHOM MoABepraeTcs OAHOBPEMEHHOMY BO3ACHCTBHUIO KOPPO3H-
OHHOM Cpebl U PACTATUBAIONIMX HAMPSDKEHHMA, P KOTOPOM Oepera TPelIMHbI CMEIAIOTCs BIOIb
TUHUN HarpyxeHus. [IpuMeHeHHbIN MeToJ OTBe4yaeT TpeOOBaHUSM MEXIYHAPOJIHOTO CTaHIapTa
ASTM E1681.

WcnpiTanusa mokasanu, 4To mocie S-TeTHEeW SKCHO3HIMU MO HABECOM 3HAUUTENbHON CTOM-
KOCTBIO K KOPPO3MOHHOMY pacTpecKuBaHUIO obnanaer criaB B9ST2, y Hero HauMeHbIIniA IPpUpoCT
Tpemunsl (puc. 1, 26). K crutaBam ¢ MeHbIel CKIOHHOCTBIO K POCTY TPEIIMHBI, TPEICTaBICHHbBIX
Ha puc. 1, cienyer Takxke oTHecTu civiaB 19737T2, a Hauxy/auMe nokasareay Ipyu JaHHOM BHUJIE UC-
neiTanus y criaBoB B95T1, 1161T (puc. 1, 2a). Ha nanHo#t BpeMeHHOH 6a3e 3KCMO3UIMU U MPU
YBEJIMUEHUU TPOJIOJKUTENILHOCTH UCHBITAHUN 00paslibl CIIJIaBOB, CKJIOHHBIX K KOPPO3HOHHOMY
pacTpecKUBaHUIO, pa3pyLIMIUCE (puc. 2a).
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Pucynok 1 — BpemenHnas 3aBUCHMOCTb IPUPOCTA TPEIIMHBI B 00pa3liax allOMHUHHEBBIX CILJIAaBOB B
npoliecce 3KCIO3UIIH [10]] HABECOM Ha OeperoBOi MCIBITATEIbHON TUIOIIA/IKe

Pucynok 2 — Buemnuit Bun o6pasuos cmiaa 11617 (a) u crtaa B-95T2 (6) nocne 10 net skcrmo-
3UIIMU B TPUMOPCKOM aTMocdepe BIaKHBIX CyOTPOIUKOB

JIaHHBII METOJT ITO3BOJISIET OLEHUTH BIMSHUE KOPPO3NOHHOM Cpe/ibl Ha BA3KOCTh pa3pyllEHUs
ATIOMHHHEBBIX CIUIaBOB. Ha OCHOBaHWU MOJNYYEHHBIX JaHHBIX IO CKOPOCTH POCTa TPEIIMHBI OTpe-
JeNeHbl 3HaueHus1 ko3 dunmenta nHTeHCUBHOCTH HamnpstkeHus (KWH) mist uccnexyeMbix matepu-
aJIoB.
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ABTOMATH3UPOBAHHBIN JIABOPATOPHBIN CTEH/I JIJISI UCCJIEJJOBAHUS
BJIMSTHUSI HEOJJTHOPOJHOCTEM, HAXOJAIINXCA B BOJIE,
HA BBIXO/IHBIE CUT'HAJIBI PABPABATBIBAEMbBIX U3MEPUTEJIBHBIX KAHAJIOB
Psazanos B.A., [lacvinkos M.A., Anexcees C.1O., [lImvipesa U.T".
OI'bHY «MHCTUTYT IPUPOAHO-TEXHUYECKUX cUCTEM», I'. CeBacTonoib, Poccus
sevmixa@mail.ru

Pa3paboTka ¥ co3gaHue M3MEPUTEIbHBIX KaHAJIOB, NMpPEJAHA3HAYCHHBIX Ui paboThl IN Situ,
CBSI3aHAa CO MHOTMMHM TPYJIHOCTSIMH. BO-TIepBBIX, H3MEpPUTENIbHbIE KaHAJBI 10 CBOUM METPOJIOTHYE-
CKHUM XapaKTCpUCTUKAM JOJIKHBI GBITB OJIN3KHU K STaJIOHAaM, a I10 TCXHUYCCKHUM BO3MOXHOCTAM BBI-
JepKUBATh OOJBIIME aBIECHUS U paboTaTh B arpeCCUBHBIX YCIOBUSX, HAIPUMED, B MOPCKOI BoJIE.
BrimonHenue Takux TpeOOBaHUI MO3BONUT (PUKCUPOBATH PA3IMUHBIC 3arpS3HUTENN B MPECHBIX U
MOPCKHX BOJaX, OMPEAENATh UX YPOBEHb HE TOJIbKO HA MOBEPXHOCTH, HO U HA OOJIbIIUX TITyOMHAX.
C oTOH 1eNnpl0 B J1a0OPaTOPUU TUAPOAKYCTHUECKUX M ONTHYECKHX METOJOB U CPEICTB KOHTPOJIS
COCTOSIHUSI OKpysKaromei cpeapl MHCTUTYTa MPUPOTHO-TEXHUYECKUX CHUCTeM ObLI pa3paboTaH u
CO3/1aH aBTOMAaTU3UPOBAHHBIH J1a0OpaTOPHBINA CTEH, B KOTOPOM YCTAaHOBJIEHBI pa3jIMyuHbIE U3MEPU-
TeJbHbIE KaHAIBI KaKk pa3paboTaHHBIE aBTOpaMH, TaK U MOKyMHbIE. B cocTaB cTeHAa HAa JaHHOM
JTare yCTaHOBJIEHBI CIEAYIOLIUE U3MEPUTEIbHBIE KaHAJIbI: CKOPOCTU PaCIpOCTPAHEHHUS, MOIJIOIIE-
HUS, pacCcesHUs U 3aTyXaHHs aKyCTUYECKUX CUTHAJIOB, SJIEKTPOIMPOBOAHOCTH MOPCKOM BOJBI, dJIEK-
TPUUYECKOTO MMIIEIaHCa, TEMIIEPATyPhl BOJBI, ONTHYECKON IIIOTHOCTH U KO3 PHIIMEHTa POITyCcKa-
Hus. {71 Bcex M3MepUTENbHBIX KaHalIoOB pa3paboTaHo, mpoBepeHo M ycraHoBieHo B I[IK mpo-
rpaMmmHoe obecrieueHue. B panbHeiimem cteHs OyAeT yCOBEpPIIEHCTBOBATHCS M HACHIIIATHCS J10-
MIOJIHUTEIbHBIMU U3MEPUTEIHHBIMU KaHAIAMHU, YTO MO3BOJHUT UCCIEN0BaTh, MOAEIUPOBATH U (op-
MHUPOBATh CTPYKTYPY U ONPEICIUTh IMPEANOoIaraéMble TEXHUYECKHE BO3MOKHOCTH OyAyIIUX MHO-
ropyHKIIMOHAIBHBIX UH()OPMALIMOHHO-U3MEPUTEIBHBIX CHCTEM, MpeIHAa3HAUYEHHBIX Ui paboOThI B
)KCCTKHX,MOpCKHX,YCHOBHHX,06HaHaKHHHXIﬂﬂCOKOﬁfHYBCTBHTGHBHOCTBK)HﬁHpHeMHeMOﬁﬁHeOHpe-
JIEJIEHHOCTBIO.

CtpykTypHO-QyHKIIMOHAJIbHAS CXE€Ma aBTOMATHU3MPOBAHHOIO JaOOPATOPHOIO CTEHJA Ipe.-
CTaBJICHa Ha pUCYHKe 1.

Hacoc TaGopaTopHbiit
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BNEKTPONPOBOAHOCTA
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PI/IcyHOK 1- CprKTypHO-(bYHKLII/IOHaHBHaﬂ CXEMa aBTOMAaTU3UPOBAHHOT'O na6opaTopHoro CTCHOa

CrnucoK UCHOIb30BAHHON JIUTEPATYPHI:

I'pexoB A.H., I'pexoB H.A., CriueB E.H., Ky3pmun K.A. Pa3Butue akyCTHUECKMX H3MEpU-
TEIBHBIX MPUOOPOB ISl UCCIIENOBAHUS BOIHOM cpeabl IN Situ // CucTeMbl KOHTPOJISI OKpPYKArOIIeH
cpensl. — 2019. — Bemm. 2 (36). — C. 22-29. DOI: 10.33075/2220-5861-2019-2-22-29
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I'MJPOI'EJIN - COPBEHTHI HOBOI'O TIOKOJIEHUSA B MOHUTOPUHI'E
ITPUPOTHOM BOJBI JJ1sI KOMBUHUPOBAHHBIX METO/10B AHAJIN3A
Cenun B.I'., Muxatinosa A.B., Kysemuna T.I'., Cumaxuna A.U., Cenun I1.B.
®I'bYH UHcTuTyT reoxumMuu u aHanutudeckor xumun nmMenu B.U. Bepuanckoro PAH,
r. MockBa, Poccus
valsenin@mail.ru

Cnabocumteie momumepHsie ruaporenu (CII) npeactaBisitoT co0oil TPEXMEPHYIO CETKY
TUAPOQUIBHBIX COMOJIMMEPOB HJIM TOMONOIUMEpoB. X Takke Ha3bIBalOT rUAPOGUIBHBIMU THIPO-
TeJISIMH, TIOCKOJIbKY OHHU YJIEPKHBAIOT OOJIbLINE 00bEMBl BOABI. DJIaCTUUYHOCTH, HaOyxaHHe u ad-
copOupymomias crnmocoOHocTh ABIAOTCS BakHbIMU cBoiicTBamMu CIII'. Cunrtetnueckue CIITT obGua-
JAI0T JYYIIEH MOTJIO0MIAIONMIEH ClTOCOOHOCTBIO BOJIBI U CTAOMIIBHOCTBIO THAPOPOOHO-THAPOPUIEHON
ceTku, ueM mnpupoanbie. B nHactosmiee Bpems CIII' nmpumeHstOTCS B MUIIEBOM MPOMBIIUIEHHOCTH,
CEJIbCKOM XO3SIIICTBE, KOCMETUKE, MEAMIIMHE U T. N, OHU HAXOAST LIMPOKOE NMPUMEHEHHE H3-3a
HU3KOM CTOMMOCTH, HETOKCHYHOCTH U O€3BPEeIHOCTH ISl OKpYkarotel cpeabl. Llenb 31oit paboThl
— TI0Ka3aTh BO3MOKHOCTh IpuMeHeHus CIII" B aHaMUTHYECKOW XUMHUH KaK COPOSHTOB Il KOHIICH-
TPUPOBAHUSI HEOPTAHUYECKUX KOMIIOHEHTOB BOJABI M MX OTIMYME OT TPAJULUOHHBIX COPOEHTOB.
Metonuka pabdotsl ¢ CIII' BKiIro4aeT MUHUMYM OIE€palfii: B U3BECTHBIII 00bEM BOJBI BHOCUTCS
onpeaenenHas HaBecka CIII™ u mocne HaGyxaHus noaumepa ero BeicymuBatoT npu 70-100°C. Bona
ucrnapsiercs, a Bce Makpo- 1 MukpokomrnoHeHTsl octatorcsi B CIII'. Cyxue rpanysbl MOKHO aHaIH-
3UpOBaTh Pa3IMYHBIMU MHCTPYMEHTAIbHBIMU MeTo/amu, Hanpumep, POA, MHAA. KonueHntparsl
XpaHsaTcs ponroe Bpems. Ilpudem, nmonumep sBISETCS ONHOPOJHOM MAaTpPHIEH, HE BIMSIOLIEH HA
nokazanusi POA. Ilpumenenue CIII' mo3Bossier mpoBeCTH KOHUEHTPUPOBAHHME Cpa3y Ha MECTe
HaxO0XJIeHUs 00BbEKTa — peKH, 03epa, 6osoTa. OCOOEHHO 3TO BaXKHO ISl MAJIOIOCTYITHBIX MECT, OT-
KyZa mpoObl BOJIBI CIIOKHO JIOCTABIIATh B HY:KHOE BpeMsi B aboparoputo. CIII™ onmpoboBanbl aBTO-
pamMHu Ha MOJENBHBIX 00BbEKTaX BOJbI IPU COBMECTHOM KOHLIEHTPUPOBAHHM MOHOB YETHIPEX dJie-
MEHTOB U HX orpejeneHuu B oobeme TBepAoi dazpl CIII" meronom POA (Cumakuna, 2021). [pe-
nenbl OOHAPYKEHHST METAIIOB B TBepaoH ¢aze cocrapisaoT 0,0002, 0,0003, 0,0002 u 0,0005 mac.
% nns uonos Fe(IIl), Cr(VI), Cu(Il) u Mn(II). OTHOCHTENBHBIE CTAHTAPTHBIE OTKIOHEHHS COCTaB-
nsotT 4,1, 3,2, 4,1 u 5,2% cootBeTcTBeHHO. B mpoiobkeHne paboT aBTOpaMu B BECEHHE-JIETHIOIO
MmexxeHb 2023 r. onpoOoBaHa Boa pek U 03ep OcramkoBckoro paiiona TBepckoi obmactu BOIM3N
03. Cenurep. Ha tepputopuu paitona 0epet Havayno p. Bonra. Onenku kagecTBa BOJbI OCHOBHBIX
BOZIOEMOB U pEK LIEHTpa eBponeiickoi yactu PD, nMeromux xo3sHCTBEHHOE 3HAUYEHUE, TPOBOJATCS
naBHO. BriOpanHble HaMu 00beKTHI (Manble peku biusna, bonpmas Koma, ['mymmna u Y ckpoiins)
paHee He HaOJIIOAAIKCh, TOCKOJIBKY HAPSIMYIO HE OTHOCATCS K 0OBEKTaM PEKpealliOHHOrO BOJIO-
noJsib30BaHua. OJHAKO B CBA3M C TEM, YTO 3Ta TEPPUTOPHUS SIBISIETCS HEOOJBIION IO IUIOMIAIN
(3,8% muomaau P®) ¢ BbICOKOI IIOTHOCTHIO HAcEIeHUs, TO 00€CIIEUeHHOCTh YUCTHIMU BOJHBIMHU
pecypcamu ¢ TOAaMU PE3KO CHUXKAETCs. AHTPONOT€HHOE BO3JEHCTBUE MPUBOAUT K YBEIMUEHHUIO
KOHIIGHTpalui cynb(}aroB, XJIOpUAOB, HaTpus, Kaius, HepTenpoaykroB U BIIKS oTHOCHTENBHO
(hoHOBOTO cofiepkaHusl. 37ech MOXKET cHOPMHUPOBATHCS NePULIUT PEKPEAMOHHO-IOCTYIHBIX BOJ-
HBIX pecypcoB. [IpupoHbie HeoXpaHseMble BOAHBIE SKOCUCTEMbI CIIOCOOHBI K CAMOOYHUIIICHHUIO, €C-
JU aHTPONOTeHHasl Harpy3ka He MpEeBbIIIAeT ONpeesIeHHbIX MpenenoB. Eciu 3ToT mpegen mpe-
B30MICH, MPOUCXOIUT MX Jerpajalus U OJHOBPEMEHHO CHUXKAETCS UX CIIOCOOHOCTh K CaMOOYH-
mienuto. [Toatomy npoBeneHre MOHUTOPUHTA MaJIbIX PEK, MUTAIOLINX OCHOBHBIE BOJIHbIE OOBEKTHI,
CErO/IHsI KpaliHE aKTyaJIbHO.

Cnucok UCOIb3yeMOM JTUTEPATYPHI:
Cumakuna S.U., Ky3pmuna T.I'., Cenun B.I'. MccrnenoBanne cOpOIMOHHBIX CBOWCTB IOJIH-

MEpHBIX TUApPOTresiell Ha OCHOBE aKpUIaMua CIEKTpaIbHbBIMU MeToamMu// JKypH. aHaUT. XUMHUHU. —
2021. —T.76.—Ne 11. — C. 997-1003. DOI: 10.1134/S1061934821110137
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NCCIEJOBAHUE BJIUAHUSA SJJIEKTPOMATHUTHOI'O TOJIA
YACTOTOM 300 I'l HA MOPCKYIO MUKPOBHUOTY
Cmenanosa O.A.%, Llonaps C. A2 [Menvrkoe M.H.!
I®I'BHY «MHCTUTYT MPUPOAHO-TEXHUUECKUX cHCTeM», T. CeBacTonons, Poccus
2I'bBYH ®ULL «Mopckoii ruapodusndeckuii uactuTyT PAHY, T. CeBacTomnomns, Poccus
solar-ua@ya.ru

Ha 6a3ze Uncturyra npupogno-texuunueckux cuctem (UIITC) 6bumn mpomomKeHsl Uccieno-
BaHUS BIUSHMS 3JIeKTpoMarHUTHOro noist (OMII) Ha yepHomMopckyro Mukpoouoty. Hamm nepsbie
9KCIIEPUMEHTHI [T0KA3aJIl, YTO BO3JEHCTBUE AJIEKTPOMATHUTHON HArpy3KH HA MOPCKYI0 MUKPOOHO-
Ty OPUBOAUT K CHUKCHHMIO MH(PEKIUOHHOTO TUTPA y alblOBHUPYCOB U MOBBIIIEHUIO YCTOHYUBOCTH
(CHM)KEHUE YyBCTBUTEJIBHOCTH) K BUPYCHOMY JIM3UCY Y MUKpoBoJopociel Ha 1-2 nopsaka (Cre-
naHoBa u ap. 2023).

Llenbro NpoIOIKEHHBIX UCCIEI0BAaHUN SIBUJIOCH M3YYEHHME BIUSHUS Ha MOPCKYI0 MUKPOOHO-
Ty OMII ¢ MakcumanpsHoM yactoroi 300 I't m ypoBHeM curnana 120—-150 mB.

DKCIEPUMEHTHI MPOBOAMIN C MTOMOIIBIO JTa0OPaTOPHO YCTAaHOBKH, pa3paboTaHHOUN Ha 0asze
JIaboparopuu ruapoduznyeckux U OMO3JIEKTPOHHBIX U3MEPUTENIBHBIX CUCTEM M TeXHoJorui LleH-
Tpa sKojoruyeckoro npudopoctpoenus u s3kosHepreruku UIITC (JITBUCT LII1D UIITC) (I1ens-
KOB U Jip., 2022), KOTOpas 1ociie yCOBEPLICHCTBOBaHMs 103BOIsIa co31aBaTth DMII ¢ MakcuMmanb-
Hout yactoroit 300 'y u ypoBHeMm curnana 120-150 mB.

Hccnenyemas Mopckass MUKpOOHOTa Obljla MCIIOIB30BaHA B BH/I€ BUPYCHBIX CYCHECH3UH ajlb-
roupyca TVV (mramm TVV-Sl-1) ¢ pa3HbiMH UHQEKIMOHHBIMH THTPAMH U XO3SMHA BHpYycCa —
KyJbTYpbl MUKpOBoopociu Tetraselmis viridis. MeToanka mocTaHOBKH 3KCIIEPUMEHTOB M y4eTa
pe3ynbTaToB moApooHo onucansl panee ([lenskoB u ap., 2022; Cremanosa u np., 2023).

Bcero 6bu10 poBesieHo 12 3KcrepuMEHTOB, U3 HUX 6 1o 00iaydeHuto DMII xunkoit KynpTy-
pbl MukpoBoopociu Tetraselmis viridis u 6 mo BiusHrio DMII Ha BUPYCHYIO CYCIICH3HIO [ITaMMa
TvV-SI-1. Pe3ynbTathl BriepBble (pUKCHPOBaIH MOBHIIIEHNE WHPEKITMOHHOTO THTPA UCTIOIb3yeMO-
ro mraMMa ansrosupyca TvV Ha 1-4 nopsaka nocie npedsiBanus B OMII ¢ 3agaHHbBIME XapakTe-
puctukamu (300 'y u 120-150 MB). YV mukpoBomopociu Tetraselmis viridis B 4-x skcrepuMeHTax
HE OTMEYaJIOCh OTIMYMN MEXAY OOJIyueHHOH (OMBIT) KyJbTYpOH M KOHTPOJIBHBIM OOpa3loM IO
YYBCTBUTEIBHOCTH K BUPYCHOMY JIM3HCY, B 2-X CIy4asX HaOI0aau MOHKEHHE YCTOHYNBOCTH Ha
2 nopsizka.

[To Hamemy HpennoyioKeHNUI0 3aUKCUPOBAHHBIM B SKCIIEPUMEHTAX (aKT yBETUUYECHUS WH-
(EeKIMOHHOTO TUTpa albroBUpyca MUkpoBogopociu Tetraselmis viridis (uramm TvV-SI-1) nocne
BozaeiictBuss OMII ¢ Bricokoil wactoToit (300 I't) M yCHJIEHHBIM YPOBHEM CHUTHalla MOXET ObITh
CBSI3aH C PE3KUM CHIDKEHHEM CBOMCTB aJre3uM (CKJIEMBaHU, NPUKICHBAHUA, CIUIAHUSA) Y BUPYC-
HBIX 9aCTHUI[. ITO MOKET NMPUBOJUTH K YBEIMYCHUIO KOHIIEHTPAIIMH BHPYCOB B CYCIICH3MH M HHUBE-
JMPOBAHUIO OOBIYHO YrHETAIOIIEee BO3AEHCTBHIE HIEKTPOMAarHUTHON HArpy3KH.

HccnenoBanus B JaHHOM HaIlpaBIEHUU OyAyT MPOJOJDKEHBI IS NAIbHEWUIIEro HU3y4deHHs
BIIMSIHUSA SJIEKTPOMArHUTHOTO 1OJI1 HA MOPCKYIO MUKPOOHOTY.

Paboma evinonnena 6 pamxax I'oczaoanus UIITC Ne cocpecucmpayuu 121122300070-9 u
OI'bYH ©OUI] MT'M PAH Ne FNNN-2021-0003 «Onepamuenas okeanonocusy.

Crnrcok UCOIb30BaHHON JIUTEPATYPHI:

CrenanoBa O.A., [llonape C.A., [lenpkoB M.H. Pe3ynbraTel H3y4eHHs BIUSHUSA JIEKTpoOMar-
HUTHOTO TIOJISI HA MOPCKYI0 MUKpoOHoTy // CHcTeMBI KOHTPOJIS OKpyKatomien cpensl. — 2023. — Ne
2 (52). — C. 32-30.

[lenpkoB M.H., [onaps C.A., CrenanoBa O.A. JlaGoparopHas ycTaHOBKa JUIsl U3y4€HUs
BJIMSIHUS TIEPEMEHHOTO 3JICKTPOMArHUTHOTO IMOJISl Ha MOPCKYI0 MUKpPOOHOTY // CHCTEMBI KOHTPOJIS
okpyxatotei cpeanl. — 2022. — Ne 3 (49). — C. 37-43.
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CKOPOCTHASA BU3YAJIN3ALUA DJIEKTPOAYT'OBOI'O CUHTE3A
KEPAMHUYECKUX MATEPHUAJIOB
Topeanos /I.B., Lupon M.C., Jlaspenuyx A.A., Cnepanckuti M.IO., [ yoapes D.A.
OI'AOY BO «CeBacTomnonbCckuii TocyJapCTBEHHBIN YHUBEpCUTET», I'. CeBacTonoib, Poccus
torganov_d@mail.ru

Kap6un kpemuust SiC sABJISETCS OTHOCHTEILHO MHEPTHBIM BEIECTBOM: MPAKTHYSCKUA HE B3a-
UMOJICHCTBYET € OOJBIIMHCTBOM KHCIIOT, KPOME KOHIIEHTPUPOBAHHBIX (PTOPUCTOBOJOPOIHOM,
a30THOU U opTodochopHO KUCIOT. Bricokas Tepmuueckasi, XUMUYECKasi U paJuallMOHHasl CTOM-
KocTh JienatoT SiC BocTpeOOBaHHBIM BO MHOTUX O0JIACTSIX HAYKU M TEXHHKH.

Haubonee npocTteiMu criocobamu mojiydeHusi yinbTpaaucrepcHoro mnopomika SiC sBisercs
MeToJT kKapOoTrepmuueckoro cuHte3a npu Temmeparype 1400—1700°C. Cunte3 SiC nmpoBoguTcs B
revax C 3allMTHON aproHOBOil atMocdepoi, MeTo]] MEXaHOCHHTE3a, OCHOBBIBAETCSl HA MeXaHUYe-
CKOM BO3/ICMCTBUU Ha TBEPJIbIE T€JA C LIEJBI0 UX U3MENIbUEHUS U NIepEMEIINBaHU KOMIOHEHTOB. K
0ojiee COBPEMEHHBIM METO/JaM MOKHO OTHECTH BBICOKOTEMIIEPATYPHBIN CHHTE3, MIa3MOXUMUYE-
CKHE METO/I, IIa3MOIMHAMUYECKUI CUHTE3. Bee 3T MeToabl 001a/1at0T psiIoM HEAOCTATKOB B BUJIE
CIIO)KHOCTH TEXHOJIOTUYECKUX YCTAaHOBOK, JAOPOrOro OOCHY>KHMBaHWS, UCIOJIB30BAaHUS PA3IUYHBIX
3aLUTHBIX Cpes.

B HenaBHeit pabote mo cuHTe3y KapOuaoB MetamuioB U HemeTaiioB ([1ak, 2022) npeanoxeHo
HCI0JIb30BaTh 3JIEKTPOJYIOBYIO YCTAHOBKY IIOCTOSIHHOTO TOKa. B Hacrosiiee BpeMs HaMu BeAyTCs
paboThl MO MONYYCHHIO KapOHMaa KPEeMHHs C UCIOJBb30BAHUEM 3JIEKTPOIYroBONH YCTAaHOBKH Iepe-
MEHHOT'0 TOKa.

[IpoGnemoit uccneaoBanus JIEKTPOAYTOBOIO CUHTE3a SBISETCS BBICOKAs TEMIIEpaTypa Mpo-
[ecca " sIpKoe CBEUYEHHUE, KOTOPOE HE MO3BOJIACT HANPSAMYIO HAOII0IaTh IPOIecchl B Tuiazme. Kpo-
M€ TOro, CHHTE3 HJET B TUIJIE, YTO TaKXKe 3aTpyaHseT HabmojaeHue. B To jxe Bpemsi BU3yaibHas
nH(popMalus 0 Mpolecce CUHTe3a HE0OX0AUMa Ui MOHUMAHUS MIPOUCXOSAIINX IPOLECCOB U KU-
HETHKH 00pa30BaHus MPOIYKTOB. JlazepHblii MOHUTOpP Ha OCHOBE aKTUBHOW Cpeibl Ha mapax Opo-
MU/, CONPSKEHHBIH CO CKOPOCTHON Kamepoil, JaeT BO3MOKHOCTbh BH3yaJH3alluu ObICTPOINpPOTE-
KaIOILNX BBICOKOTEMIIEPAaTYPHBIX MPOLECCOB B pexkume peanbHoro Bpemenu (I'ybapes, 2022). Ha
pucyHke 1 mokasaHa cxema 3KkcrepuMeHTa. B nokmnazae oOcykaaroTcst pe3yabTaThl BU3yalu3alluy U
NEPCHIEKTUBBI Pa3BUTHUS METOIa 3JEKTPOIyTOBOIO CHHTE3a KapOu0B U OOPUIOB METAJIIOB U HEMeE-
TaJUIOB.

Onexrpoxn 1 I

OGbekTHB VeuauTens SpKoCcTH Jlnnza

K: al e
amepa o Onexrpon 2

Kamepa 2@

Pucynok 1 — Cxema 3KkCiepMMEHTAIBHOW YCTAaHOBKH

Crnrcok UCOIb30BaHHON JIUTEPATYPBHI:

ITak A.fl. 3akOHOMEpPHOCTH M XapaKTEPUCTHKHU MPOLECCOB MOJIYYEHUsI KEPAMUYECKUX MaTe-
pHAIOB HA OCHOBE KapOMJIOB B YCIIOBHUSIX BO3AECUCTBUSA aTMOC(EPHOI 3JIEKTPOIYyroBOW IMJIa3MBbl.
Hucc. 1.1.H. — Tomck: Tomckuii monmutexHuueckuil yausepcurert, 2022. — 340 .

I'ybapes @.A. Busyanu3zanus ropeHUss HAaHOIOPOIIKOB METAJNIOB ¢ MPUMEHEHHUEM UMITYJIbC-
HOTO M HEMpPEpPBIBHOTO JiazepoB mojcBeTku // Ilon3yHoBckmii BectHuk. — 2022, —T. 2, Ne 4, — C.
151-158.
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MNOBEJEHYECKHUE PEAKIIMU NTPECHOBO/HBIX MOJIJIFOCKOB INIEPJIOBUI]
HA HEMHBA3UBHBIE BO3JEACTBUA ®PU3NYECKHUX ®PAKTOPOB CPEbI
B KOMIIVIEKCAX ABTOMATU3UPOBAHHOI'O BUOCEHCOPHOI'O
KOHTPOJIA BOJA B HATYPHBIX YCJIOBUAX BOJOEMOB
Tpycesuu B.B.

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

B coBpeMEHHBIX YCIOBMSIX C OBICTPO BO3PACTAIOLICH MHTEHCUBHOCTBIO 3arpsi3HEHMs ek,
MIPECHOBOAHBIX BOJOEMOB U JIPYTHX MCTOYHHKOB BOJ0OOECIICUCHHs HACENeHHs, Bce OOJbIlee 3Ha-
YeHUEe MPUOOPETAI0T aBTOMATU3UPOBAHHBIE OMOAJIEKTPOHHBIE CUCTEMbI HEIPEPBHIBHOIO, KOHTPOJIS
BO/JI, TOCTYMAOLINX B CHCTEMBI BOJ0OOECIIEYCHNS HACEIEHHBIX MyHKTOB. Hamu pa3zpaborana u uc-
IBITHIBAETCS. B 30HE BOJ103a00pOB MpecHOil Bozbl I. CeBacTonoss cucTeMa aBTOMAaTU3UPOBAHHOIO
MOHHUTOPHHIa BOJHOI Cpeiibl, HA OCHOBE IMOBEJCHUYECKMX PEAKIHMI JBYCTBOPYATHIX MOJIIOCKOB-
nepinosuil (Unio pictorum). J{is ucmosp30BaHuUs 3TOr0 KOMIUIEKCA B IPECHOBOIHBIX Cpeliax CBeie-
HUSI 00 OCOOCHHOCTSIX IMOBEIECHUYECKUX PEAKIUH MOJUIIOCKOB, BKJIIOUYEHHBIX B COCTAaB KOMIUIEKCA,
aBIsArOTCs onpenensitomumu (Tpycesud, 2017).

C ucnonb3oBaHHEM pa3padOTaHHOIO HaAMHM KOMIUIEKCA Ha MPOTSLDKEHUU 4-X JIET MPOBEAEHBI
KPYIJIOTOJIMYHbIE UCCIIEOBAHMSI XapaKTePUCTUK IOBEIEHUS MOJIJIFOCKOB B HATYPHBIX YCIIOBHSX P.
UYepHas, B 30HE B0/103a00poB BojoKaHana r. CeBacTomnoss. Y CTaHOBJIEHO, YTO B HOPME JABH)KCHUS
CTBOPOK MOJIJIFOCKOB IOJYMHEHBI CYyTOYHOMY PUTMY, IPOSBISIOIIEMYCS B €KECYTOYHOM MOsIBIIE-
HUU CEpPUN YaCThIX TIIyOOKHX CXJIONBIBAHUM CTBOPOK MPU 3aX0JI€ COJIHIIA, BCE CE30HBI I'0Jia, 1aXe B
3UMHUI NIEeproJl MPU NOHMKEHUU TemIeparypbl Bojbl 10 1-2°C. MOIIOCKH OCTPO pearupyror u3-
MEHEHHUEM YacTOThl CXJIONBIBAHUHN U aMIUTUTY/Ibl PACKPBITHS CTBOPOK Ha pe3Kkue KosiebaHus pusu-
4eckuX (haKTOpoB OKpyxkaromeil cpeabl. HenHBa3uBHbIE KpAaTKOBpPEMEHHbIE BO3AEUCTBUS, TaKHUe
KaK: pe3Kre U3MEHEHHUs TEMIIEPaTypbl, U3MEHEHHE CKOPOCTHU MTOTOKA BOJIbI, yIIaBIlasi TEHb WM pe3-
KO€ M3MEHEHHE CBETOBOI'O MOTOKA, TONYKH, TPOMKHE CTYKH B HEMOCPEICTBEHHOH OJIM30CTH OT
pudopa ¢ 3aKpeIrICHHBIMU MOJUTIOCKAMH BBI3bIBAIOT MTHOBEHHOE KPAaTKOBPEMEHHOE CUHXPOHHOE
3aXJIOIBIBAHUE CTBOPOK, MOCJE YEro uepe3 3-5 MUHYT BOCCTAHABIMBAETCS HOPMAJIbHBIN YPOBEHBb
PacKpbITUS. DTU PEaKIMK HOCAT XapaKTep 3alllUTHBIX pediiekcoB. [Ipu yacTbIX MOBTOPEHUAX TaAKUX
BO3/ICWCTBUI YPOBEHb pPEaKLMU MOJUTFOCKOB OBICTPO CHMXKAETCS M MOCJe HECKOJIbKUX MOBTOPEHUN
peakuus ucueszaeT. OTMEUEHHbIE TAKME YaCTO BCTPEUAIOLIUECS PEAKIIUN MOJUTFOCKOB JOJIKHBI YUH-
THIBATHCS KOMITBIOTEPHBIMU IIPOrpaMMaMu Kak HecymiecTBeHHbIe (Grekov, 2019). 3akperuieHHbIC B
pruOOpe MOJITIOCKH COXPaHSIOT pabOTOCIIOCOOHOCTh B T€UEHUE Trofa U 0ojee, U MOTYT JIETKO 3a-
MEHSATHCS HOBBIMHU.

JlonroBpeMeHHas SKCITyaTalys KOMIUIEKca MoKa3aia BEICOKYIO (D PEKTUBHOCTD €ro UCIOJIb-
30BaHUsA Ul OLICHKM Ka4eCTBAa BOJAHOW CpEJlbl IPECHOBOAHBIX BOJOEMOB U peK. KOHCTpyKTHBHBIE
0COOEHHOCTH TaKOT0 KOMIUIEKCa PeyCMaTpUBalOT BO3MOXKHOCTh €0 MCIHOJIb30BaHUS KaK B Kaye-
CTBE CTAllMOHAPHBIX CTAHLMN aBTOMAaTHU3UPOBAHHOIO KOHTPOJII BOJHOW Cpenbl, TaK U B MEPEHOC-
HOM BapHaHTe JUIsl aKTUBHOTO MOHMTOPHUHTA OTJIEJIBbHBIX PETHOHOB, @ TAKKE BO3MOKHOCTH JIETKO
CO3/1aBaTh KPYITHBIE CETH MOHUTOPUHTA BOJI, YIIpaBiseMble B ONliNe pexxume U3 eMHOTO LEHTPA.

Takum 00pa3oM, BaKHEHIIMMH MTPEUMYIIECTBAMU MPeiIaraéMoi CUCTEMBI SIBJISIFOTCS: BBICO-
Kas CTENEeHb aBTOMAaTU3allM MOHUTOPUHTA BOJ, & TAKXX€ BBHICOKAs HAJEKHOCTh, IPOCTOTA B 00CITy-
KUBAHUH, 1OJITOBEYHOCTh, M CPABHUTEIBHO HEBBICOKAsi CTOUMOCT.

Crnncok UCOIb30BaHHON JIUTEPATYPBHI:

Tpycesnu B.B., Ky3emun K.A., Mumypos B.JK. BHUOMOHUTOPUHT BOJHOM Cpenbl C UCHOJIb-
30BaHHEM IMTPECHOBOHBIX JIBYCTBOPYATHIX MOJUTIOCKOB // CHCTEMBI KOHTPOJISL OKPYKAIOLIEH Cpelibl.
—2017. — Beim. 7(27). — C. 83-93.

Grekov A.N., Kuzmin K.A., Mishurov V.Z. Automated Early Warning System for Water En-
vironment Based on Behavioral Reactions of Bivalves // International Russian Automation Confer-
ence (RusAutoCon). — 2019. — P. 1-5.
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IMPOT'PAMMA SKCIPECC-AHAJIN3A N30BPAKEHUI U BUJIEO QAVIS:
NPUMEHEHHUE B 3AJJAYAX OHEHUBAHUSA TAPAMETPOB
COCTOSIHUSI TIPUBPEKHBIX AKBATOPUI
Quwenxo B.K., I'onuaposa A.A., 3umun I1.C., I'onuk A.B.

OI'bHY «Tuxookeanckui okeanosiornyeckuii uHCTUTYT M. B.W. UneuueBa JIBO PAH»,
r. BmaguBoctok, Poccus
fischenko@poi.dvo.ru

B TOU IBO PAH pa3paboTtana 1 mpuMEHSETCS B UCCIIEIOBAHMIX MPOrpaMMa SKCIIPecC aHa-
mu3a m3obpaxkenuit u Bumeo QAVIS (Quick Analysis of Video and Images for Scientists). IIpo-
rpaMMa IpeaoCTaBisieT MOIb30BaTEN0 HA0Op MHCTPYMEHTOB, C IIOMOIIBI0 KOTOPBIX OH B PEKHUME
pEaJIbHOTO BPEMEHU MOKET KOJMYECTBEHHO OLICHUBATh IIPOCTPAHCTBEHHBIE JINOO BPEMEHHBIE 3a-
KOHOMEpPHOCTHU B M300paXKEHUSX M BHJIC0, HAOIIOJAEMBIX HA HKpaHe KoMIbioTepa. B mHCcTUTYTE
rporpamMma MpUMEHSIETCS B 3a7ja4ax OIEHUBAHUS THAPOJIOTHYECKUX U OMOJIOTHYECKUX MapaMeTPOB
COCTOSIHUS PUOPEKHBIX aKBATOPHI Ha OCHOBE aHAIHM3€ BUACOTPAHCIISIIMIA C HECKOJIBKUX HAJBOJ-
HBIX U TOABOAHBIX [P-kamep, ycTanoBiIeHHBIX B 3asiuBe [letpa Benukoro (Slnonckoe Mope).

Jliig 3a7a4 OIlCHUBAHUS XapaKTEPUCTUK MOBEPXHOCTHOTO BOJHEHUSI Hambosee >(PQPeKTUBHBI
nBa HHCTpyMeHTa. MHCTpyMeHT SIpKOCTh M3MepsieT CPeHIO SIPKOCTh B JIOKAJILHOW 00J1acTH dKpa-
Ha, YKa3aHHOU MoJib3oBareneM. Eciu HHCTpYMEHT yCTaHOBIIEH HAa MOPCKOII clieHe B 0071acTh, yepe3
KOTOPYIO IIPOXOJUT BOJIHOBOW IPOLIECC, TO CUTHAJI U3MEHEHMSI SIPKOCTU OTPAKEHHOI'O OT BOJIbI B
CTOpPOHY KaMmephl cBeTa b(t), 00ycIoBIEHHBIH NEPUOANUESCKUM U3MEHEHUEM HAKIIOHA TPOXOISIINX
4yepe3 UHCTPYMEHT BOJIH, HECeT HH(OPMAIUIO O YaCTOTHBIX CBOMCTBAX PEaTbHOTO CHUTHAJIA BOJIHE-
Hus h(t), 1 mosToMy MOXKeT cuuTaThCcs ero oueHkoi. Muctpyment Koppensauus paccyuTbiBaeT u
0TOOpaXkaeT B3aUMHYIO KOPPEISIITHOHHYIO (DYHKITHIO MKy ITapaMu KaJIpOB BUACO - HAYAIBHBIM U
TEKYIINM, B 33/IaHHOI mojb30BaTesnieM obnactu. Ecnu B 06nacTu aHanm3a HaXOJIUTCS MapKepHBIH
00BEKT, HanpuMep, Oyl Ha MOBEPXHOCTH BOJIbI, TO MAaKCUMYyM KOPPEJIALIUUA OTCIIEKHUBAET CMellle-
HUEe 00BEKTa B TOJIE 3pEHUS KaJpa OTHOCUTEIHHO €0 HaualbHOTO MmosoxkeHnus. [Iporpamma coxpa-
HSIET TOCJIeI0BAaTEIbHOCTh 3TUX CMEUICHUM B BBHIXOAHOMN (ailyl B BUJE BPEMEHHOIO CUTHaJa Nepe-
MelleHni Mapkepa. B cutyanuu ¢ OyeM BepTHUKaIbHYIO KOMIIOHEHTY €ro JIBI)KEHUH MOXKHO pac-
CMaTpHUBaTh KakK MPsIMYIO OLIEHKY cUTHaia BostHeHHs h(t). B mporiecce paboThl ¢ JaHHBIMU pa3Bep-
HYTOM HaMU CHCTEMbI Hay4HOTO BHAeOHaOmoneHus 3anuBa IleTpa Benukoro mpuMeHSITUCH elie
HECKOJIbKO METOJIMK OIIEHMBAaHMsI CUTHAJIOB BOJHEHMS U KoyiebaHuil ypoBHS Mops. Haubonee tou-
HOM M3 HHUX SBJSIETCS METOJMKA C MCIOJB30BaHHUEM T.H. BUIEOBOIHOMEPOB, B KOTOPBIX >KECTKO
OTPAaHUYMBAIOTCS] TOPU3OHTAIBHBIC IBHKEHUS MapKEPOB, CTOCOOHBIE BHOCUTh HEKOHTPOIUPYEMYIO
N00aBKY B CHUTHAJ BEPTUKAIbHBIX CMEIICHHWH. B 3uMHee BpeMsi peryispHO BBITIONHSIOTCS HaOI0-
JICHUS 32 BEPTHUKAIBHBIMU JBHKCHHUSIMH JICJJOBOW MOBEPXHOCTH. B HHUX MPAaKTHYECKH BCETIa BOC-
MIPOU3BOJIATCS KOMIIOHEHTHI CEHIIeBLIK KonebaHuii OyxT, Gukcupyemsie serom. Pa3paboran u uc-
MOJTB3YETCS PSiJl METOAMK OLICHUBAHUS BapHAaIMil MOJABOJHBIX TEYCHUN HAa OCHOBE OTCIIC)KHBAHUS
JIBUKEHHU UCKYCCTBEHHBIX M €CTECTBEHHBIX MAPKEPOB Ha TPAHCIAIUAX C TOJBOAHBIX Kamep. Cur-
HaJIbl TOPU30HTAIBHBIX JIBHKEHUN OKA3aJIMCh CYIMIECTBEHHO KOPPEIUPOBAHHBIMH C CUTHAJIAMH T10-
BEPXHOCTHOTO BOJTHEHHUS, CHHXPOHHO PETUCTPUPYEMBIMU C TIOMOIIBIO HAIBOJIHBIX Kamep.

OnmHoit uX 3a7a4 CUCTEM IMOABOJIHOTO BUICOHAOIONECHUS SBISETCS MOHUTOPHHT COCTOSHUS
Mopckoro 6uopaznoobpazus. [Iporpamma QAVIS npumensiach Ui perucTpaluu IbIXaTelbHbIX
PUTMOB MAaJIOTIOJIBHKHBIX PHIO W TIEPHOIMYCCKHUX JIBM)KCHUN KOHEYHOCTEH OANITHYCOB ITO 3aKadH-
BaHHUIO B CBOM PaKOBHUHBI CBEXKEH BOJIBI C KHCIOPOJAOM U MUTATEITHHBIMU BEIIECTBAMHU.

[IporpamMMa KoMmakTHa, MPOCTa B Pa3BEPTHIBAHUU M UCIONIb30BaHUU. C ee MOMOIIbIO MOJIb-
30BaTeNH MPsIMO Ha CBOMX PabOUMX MECTaX MOTYT OPraHM30BaTh JOJITOBPEMEHHBIN HETPEPHIBHBIN
MOHHUTOPUHI MOPCKHUX HPOLECCOB B MPUOPEXKHBIX 30HaX MHUPOBOro OKeaHa, €ciau TaM KeM-JIH0o
YCTaHOBJICHBI BHJICOKAMEPHI, BEAYIINEe HEMPEPBHIBHYIO TPaHCIALUIO B ceTh MHTepHeT. B moxmane
OyIyT 00CYXIEHbI HECKOIBKO MTPUMEPOB TaKUX HAOIIOICHUH.
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COBEPHIEHCTBOBAHHUE CUCTEMBI KOHTPOJISI ABAPUMHBIX CUTYALIUIA
C UCIIOJIB3OBAHMEM TEXHOJIOT'MBHU LORA
Yauues JI.P., Cocnosckuii 1O.B., Munioxos B.B.
OI'AOY BO «KpeiMckuii ¢peaepanbHbiii yauBepcuteT uM. B.W. BepHaackoro»,
r. Cumdepononb, Poccus
denis.chachiev@mail.ru, sosnovskiy.yv@cfuv.ru, milyukov.vw@cfuv.ru

3HauMMO€E HAIpPAaBJIEHUE Pa3BUTHUSL CUCTEM KOHTPOJIS OKPYXKAIOLIEH cpelibl — TeKYIIUH MOHHU-
TOPUHT arpoMEeTEOpPOJIOTUYECKUX IOKa3aTeNell, a Takke COOBITHUI, CBA3aHHBIX C 0€30MacCHOCTHIO
00bEKTa MOHUTOPHHTA.

B pabote paccmarpuBaeTcs MpakTUYeCcKas peaau3alus MOHUTOPUHIA aBapUUHBIX CUTYyalUl
pacmpeIeIeHHbIX CeITbCKOXO03SIMCTBEHHBIX 0O0BEKTOB C MOMOIIBI0 OECIPOBOIHBIX perieHuid. Pa3pa-
O6oTyrkam ObUIa MOCTaBIEHA 33/1a4a CO3/1aTh CUCTEMY MOHUTOPHUHTIA JUIsl OMOBEILIEHUsI 00 aBapuii-
HBIX COCTOSIHMSIX PAacIpe/ielIeHHbIX CElIbCKOXO03AHCTBEHHBIX 00beKTOB. IIpakTHueckas 3amaua co-
CTOUT B OpraHU3allMy Nepeaud CUTHAIOB OTMOBELIECHUS B JOKAJIbHBIM MYHKT MOHUTOPHHTA TPYIIIHI
CEJIbCKOXO3SIICTBEHHBIX OOBEKTOB, a TAKXKE B IIepeaya CUTHajla Ha LIEHTPAJIbHbIN TUCIIEeTYEPCKUIl
nyHkT (LII1) ot Gonee yem 10 rpynn B pexxuMe peanbHOro BpeMeHH. Takke YCIOBUsIMH TeXHUYE-
CKOTO 3a7jaHus ObUIO 3aIpPELIEHO BMELIMBATHCS B CYLIECTBYIOILYIO JIOKAJBHYIO CUCTEMY YIIpaBile-
HUS, pa3MEIEHHYIO OTAEIBHO Ha KaKI0M 00BEKTE.

Paccrosinust mexxy odbekTamu B rpynne He mnpesbimatoT 400 M., a Mexay IpynnaMmu — 10
1500 m. ITpu stom LII ynanen ot rpynm Takum o0pa3oM, YTO CpeHEe PacCTOSHUE OT TPYII JI0
LTI cocransier 2300M.

BrinonHeH aHanu3 BapuaHTOB MPUMEHEHUS MPOBOJIHBIX pelleHul, TpeOyrImux paboT mo Ka-
OCJBHOI CeTH, a TaK)Ke JOCTYIHBIX TEXHOJOTHI W amlmapaTHbIX MOjyJei, B Tom yucie ZigBee,
GSM, Wi-Fi ¢ psgom gononuaeruii. OqauM 13 Hanbosee 3 PeKTUBHBIX PEIICHHI B JaHHOM CiIydac
MOJKET SIBJISITHCSI TEXHOJIOTHUS MEePEeAayu JaHHBIX C PACIIMPEHUEM CIEKTPa, IPUMEPOM peau3alun
koTopoit sBisercss LoRa (Augustin et al., 2016). AnnapaTHO-IIpOrpaMMHbIE pelIeHUs (MOJYJIH)
LoRa umeror cxkopocts nepenaun gaHubix 0.3-50x6/c, qanbHOCTh pabOTHI B peaIbHBIX YCIOBUSAX —
70 15KM B 3aBUCUMOCTH OT HACTPOEK.

Paccunrtanbl TpeOyembie mapaMeTpsl HaCTpoOiiku GecripoBoaHbIX Moayel Semtech SX 127x
(S. Corporation..., 2017) mis 3a1aHHON JAIBHOCTH HA OCHOBE (POPMYIIBI OTEPh CHTHAA, CKOPPEK-
TUPOBAHHOM TOJ] peanibHbIe ycioBus ropoja (Linka et al., 2018). C ydetom paccrosiuuii Ha 00beK-
Te, Ha IPHEMHO# CTOpOHe ocTtaercs 3anac B 7 dBM mpu ycrnoBu# UCTIONb30BaHUS CTAHAAPTHBIX aH-
TEHH, KOO QHUIUESHT YCUIICHUSI KOTOPBIX puHUMaetcs 3a 0 dBm.

JUIs OLIEHKM BpEMEHU pEaklMY, a TAaKKE YPOBHSA MPUHMMAEMOIO CUTHAJIa B PEaJIbHBIX IOJIE-
BBIX YCJIOBHSAX OBbLIM COOpaHbl MOOMIIBHBIE CTEH IBI, COCTOsIIME U3 Moayiei Lora RA-01 (SX1278),
CTaHJApPTHBIX AHTECHH, MOJCUCTEMbI NIUTAaHUS U YIPABIIOLIEro KoMmbloTepa. M3mepenus nposo-
JWIIACH BO BpeMs Bble3sia Ha 00bekT. [lo pesynbraraMm 3KcriepuMeHTa BpeMsi peakliyd CUCTEMbI Ha
COOBITHE B XYALIEM cly4yae, IpU yCIOBUU MOAETUPOBAHMS KOJJIM3UH MMakeToB, He mpesbimaeT 10
CEKYyH/I, @ YpOBEHb CHUTHAJIa B XY/ILLIEM N3MEPEHUH Ha MAaKCUMaJbHO YAaJ€HHOM OOBEKTE COCTABUII
— 114 dBm, 4TO HECKOJIBKO Jydllle TEOPETUUECKUX PACUETOB U MOJHOCTHIO COOTBETCTBYET Tpebo-
BaHUSM K CHCTEME.

CnucoK MCTOJIb30BaHHOW JINTEPATYPHI:

Augustin A., Yi J., Clausen T., Townsley W.M. A study of LoRa: Long range & low power
networks for the internet of things // Sensors. — 2016. — Vol. 16, No. 9. — P. 1466.

S. Corporation, “Sx1272/73 datasheet, rev 3.1, march 2017,” [9nekrponssiii pecypc]: URL:
http://lwww.semtech.com/images/datasheet/sx1272.pdf, 2017.

Linka H., Rademacher M., Jonas K., Glenn Aliu O. Path Loss Models for Low-Power Wide-
Area Networks: Experimental Results using LoRa // VDE ITG-Fachbericht Mobilkommunikation,
2018.
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PA3ZPABOTKA MOJYJISI HABUT AIIMOHHOMN CUCTEMBI
JJIA1 YCJIOBHO-PA30OBOI'O OKEAHOI'PA®OHUYECKOI'O 30HJA
Ulanosanos O.1O.
OI'BHY «Muctutyt npupoano-texuuueckux cucrem» (UIITC), r. CeBacTonons, Poccust
neoton@list.ru

B Hacrosiee BpeMs, IpH PELICHNUH 3a]la4 ONEpaTUBHOIO cOOpa AaHHBIX U MU3MepeHUs pu3u-
YEeCKMX IapaMeTpoOB MOPCKOW aKBAaTOPUH, CYIIECTBYET HEOOXOAMMOCTb B CO3JIaHUM YCJIOBHO-
pa3oBbIx 30H10B (ApxunkuH, 2009). DT 30HbI JOKHEI OBITh HEJOPOTUMHU U KIMETH OTICPAaTHUBHBIM
KaHaJl CBsI3U ¢ 0a30BOH craHuMel. B ncciienoBaHuy MpeacTaBieHO ONUCAHKE pa3paboTKU MOAYJIs
HABUTAIIMOHHOW CHCTEMBI JJIsl YCIOBHO-PAa30BOT0 oKeaHorpapuieckoro 3ouaa. CTpyKTypHas cxema
IpeJyularaeMoil CUCTEMbl U3MEPEHUs TpeicTaBiIeHa Ha pucynke 1. PaspaboTka Takoro mMomyss siB-
JsieTcs aKTyallbHOM 3ajlauell B cBeTe HEO0OXOAMMOCTH cOOpa OMEepaTUBHBIX JAaHHBIX M M3MEpPEHHs
¢usnveckux napamerpoB Mopckoit akBaropuu (ComosbeB, 2000). 30H1bI MOTYT OBITH UCIIONB30Ba-
HBI JUIsl MOHUTOPUHIA U3MEHEHUH KPUTUYECKH Ba)KHBIX [1apaMETPOB MOPCKOM Cpenbl, UCCIEN0Ba-
HUS KJIMMaTa, OOHapy>KEHUs 3arpsi3HEHUH U JpyruX BaxKHbIX 3ajad. [{nsd a¢dexTuBHON peanuzanuu
TaKWX 30HJIO0B TpeOyeTcst pa3padoTKa HAAEKHONH HABUTAMOHHOW CHCTEMBI, 00ECIIEUNBAONIECH TOY-
HOE OIPEAEICHUE MECTOIIOJIOKEHHS 30HI0B U TPUBSA3KY UX IOJIOKEHUSA K TOYKAM IPOCTPAaHCTBA

MOPCKOM aKBaTOPHH.
x/¢/’ \\k\x AHT

PM GPS/ |¢
—— ——] GLN
PM
MK 11
OH K > A——N PB [* ]
II MaBM
L_| BN VM
PU3 PMnc

Pucynok 1 — CtpykTypHas cxema OCTPOEHUS CUCTEMBI Ha OCHOBE
YCIIOBHO-Pa30BOI'0 U3MEPUTEILHOTO 30H1a

B coctaB cuctembl u3MepeHus: BXOJAT pa3oBblii n3MepuTenbHblid 3087 (PU3) u paanonpuem-
Has cranuus (PIIC). B coctaB PU3 Bxoaut paguomonem (PM), npenHazHaueHHBIN JUIsl OCYIIECTB-
nenus csa3u 1o paauokanany ¢ PIIC, GPS/GLONASS monyiib.

B cocrar PIIC Bxomsat: paguomoneM, mpeaHa3HAYCHHBIA I 00eCTIeYeHHs TBYXCTOPOHHEH
cBs3u ¢ PU3; nepconanbHOEe BeIUUCINTENBHOE ycTpoicTBO (II9BM) ynpaBnenus cuctemoi nuzme-
PEeHMS U1 PErMCTPALUU MTOCTYNAIOIIUX JAaHHBIX U UX Mocienyoneil o00paboTku.

B cocras anextponuku PU3 Bxoasar cnenyromue ysnbl: MukpokoHTposuiep (MK), npeana-
3HAYEHHBIN AJIs yOpaBiieHus: paboToil anekTporHoro 61oka PU3 no 3amanHoil mporpamme; paauo-
MozeM (PM), npeqHa3zHaueHHBIHN A1 Iepeiaull JaHHbIX Ha OeperoByro uiu cynoByto PIIC u npue-
Mma komas[ ¢ PIIC; usmeputensusiit Monyns (MIM); Gatapest aToHoMHoro nutanus (BII); ¢uem
Hakonutenb (PH), npeaHasHadeHHBIH A7 XpaHeHMs JAHHBIX W3MepeHui; pene BciuibiTus (PB);
anteHHbIi 6110k (AHT) mst pasmemienust antenHsl PM u GPS/ GLONASS momyns.

Paboma evinonnena 6 pamxax I'oczaoanus UIITC Ne cocpecucmpayuu 121122300070-9.

CnucoK CTIOIb30BaHHOM JTUTEPATYPHI:

Apxunkun B.C., Jlazaprok A.IO., Jleamos /I.E., Pamazun A.H. Okeanonorus. Uuctpymen-
TapHbIE METOJbl MU3MEPEHHS] OCHOBHBIX MapaMeTpoB MOpckod Boawl. — M.: Makc IIpecc, 2009. —
335c.

ConosreB F0.A. CucreMbl cmyTHUKOBOM HaBuramuu. — M.: Dxo-Tpenas, 2000. — 267 c.
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KOHUIENIUA NPUMEHEHUSA KAHAJIA U3SMEPEHUSA JABJEHUSA I
3KCHPECC-AHAJIM3A JOKAJBHOM IIJIOTHOCTHA MOPCKOM BOJbI
HA MAJIBIX T'TYBUHAX
Huwxun IO.E.

OI'bHY «MHCTUTYT IPUPOAHO-TEXHUYECKUX CUCTEMY, I'. CeBactomnodb, Poccus
iurii.e.shishkin@gmail.com

Pa3paboTka cpencTB 3Kcpecc-aHalm3a JOKATbHOM TUIOTHOCTH MOPCKON BOJIBI UTPACT BaXKHYIO
pOJIb B PEIICHUH 3a/1a4 OOHAPY)KEHHsI aHOMAITbHOCTEH U BBISIBJICHUS 3HAYMMBIX JIMHAMHUUYECKUX H3Me-
HEHUH (PU3NKO-XUMUYECKHX TMapameTpoB B Mopsix U okeanax (IlTokaszees, 2010). Ilpemnaraercst KoH-
LETIHS UCTIONB30BaHMUS Maphl KOMIUIMMEHTAPHBIX W3MEPHUTENBHBIX KaHAJIOB, KOTOPbIE U3MEPSIOT a0-
COJIIOTHOE JIaBJieHHe P, BHYTpHW pe3epByapa C STAIOHHOMN JKUIKOCTBIO IUIOTHOCTBIO P, OTAEIEHHOTO
ruOKoli MEMOpaHOI U JaBlieHHs CHApYKU Hero P, B MOPCKO BOJIE COOTBETCTBEHHO. CXeMaTHYeCKoe
N300paKEHUE CTPYKTYPBI TAKOTO M3MEPHTENS MPEACTaBIeHO Ha pucyHKe 1. [TockonbKy naBieHue 3a-
BUCUT OT IUIOTHOCTH BOJIbI, PA3HOCTh M3MEPEHHBIX 3HAUCHHUH JIABJIICHUS THX JBYX KaHAJIOB MOJKET
ObITh UCIIOJIb30BaHa ISl pacuera JIOKaIbHO! 1ioTHoctd p = p,. — (B- — P,)/(g, * h), tne g, — ycko-
peHue cBOOOHOTO MajieHus Ha TIyOMHEe Z, h — BBICOTA pe3epByapa ¢ STAJIOHHOW JKHIKOCTBIO. Takoi
MOAXO/ OCHOBaH Ha HMCIIOJB30BAHUM JATYMKOB a0COJFOTHOTO JIABJICHUS Y3KOTO pabodvero auara3oHa
(6ym3K0r0 K arMocepHOMY) UTO TO3BOJISIET OBICTPO M AP(EKTHBHO OCYIIECTBISTH YKCIPECC-aHAIN3
TUTOTHOCTH MOPCKOM BOZIBI Ha MaJIBIX TITyOHHAX.

[MoBepxHOCTb
AKUIOKOCTU

Kamepa nepegauu
faBneHun

Po
P Pr h
1
OaTtumkun )
OaBneHun Pe

Pucynok 1 — Cxematnueckoe n300paxeHUe CTPYKTYPbl H3MEPUTEIIS JIOKATbHOM IIIOTHOCTH KHUIKOCTH

W3mepurenbHble cpefcTBa Ha 6asze MPeIoKeHHONW KOHIIETIIMY HalpaBlieHbl Ha IPUMEHEHHE B
okeaHorpaduu sl U3y4EHHs MPOIIECCOB, CBA3aHHBIX ¢ M3MEHEHHSMH TUIOTHOCTH BOJBI, MOTYT TIO-
MOYb B M3YUEHHH BIMSIHUS M3MEHEHUH TUIOTHOCTH Ha KOCHCTEMBI MOPSI, YTO OCOOEHHO Ba)KHO TPH
W3yYCHUU BIUSHUS aHTPONIOT€HHBIX (DAKTOPOB, TAKMX KaK 3arpsi3HEHHWE M W3MEHEHHUE COJICBOTO CO-
CTaBa Ha MOPCKYI0 6MOTYy. D((PeKTUBHO pemiar 3a1auy onpeeNeHus IPeIUKTOPOB MUTpAIU pIO 1
JIPYrUX MOPCKHX OPraHU3MOB, a TAaK)Ke B Pa3pabOTKH CTPATETHH IS aKBaKyJIbTYPhI M YCTOHYNBOTO
pbIOosioBeTBa. Tarke MpeaoKeHHbIE U3MEPUTENbHBIE KaHAIbl MOTYT OBbITh MCIOJIB30BAHBI Ui U3-
MEpEeHHs U KOHTPOJIS TNIOTHOCTH MOPCKOM BOJIbI BOJIM3HM CTPYKTYP MOPCKHX COOPYKEHHUH, TAKMX KaK
MasikH, He(TsHbIe MIaT(HOPMBI U BETPOTEHEPATOPHI, YTO TO3BOJIUT OCYIIECTBIISATH KOHTPOJIb U 0bec-
MEYUTh 0E30MACHYIO SKCILTyaTallI0 TaKUX COOpyXeHHUH. [IpocToTa M TeXHOJOIrMYHOCTh M3TOTOBIIE-
HUS TOJJOOHOTO KJlacca MPHOOPOB 3HAUUTENbHA CHUKAIOT UX CTOMMOCTH YTO MO3BOJISIET OCYIIECTB-
JSITh YCTAHOBKY TaKMX U3MEPHTEIFHBIX CHCTEM Ha HEKOTOPOM KOJIMYECTBE TOUEK B BHIOPAHHOW MOP-
CKOIl aKBaTOpHH JUIS TOJMydeHHs Oosee MOMHON MH(pOPManny O PacIpeAeIeHnH MOJeH MIOTHOCTH
BOJIBL.

Paboma evinonnena 6 pamxax I'oczaoanus UTITC Ne cocpecucmpayuu 121122300070-9.

Crnucok HCT0JIb30BAHHOM JIUTEPATYpPHI:
ITokazees K.B., Uanuna T.0., Hameukun FO.Jl. Onrrka okeaHna: YuyeOHoe mocobue. — M.:
MAKC IIpecc, 2010. — 216 c.
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PA3BBUTHE NHO®OPMAIIMOHHOM TEXHOJIOI' MU BU3YAJIN3ALINA U
AJN'OPUTMHUYECKOI'O OBECIIEYEHUSA 1151 ABTOMATU3AIIUU MPOLECCOB
AHAJIM3A JIAHHBIX U3MEPEHU TPO®UJIEI MOPCKOM CPE/IbI
Hluwxun FO.E.

OI'bHY «MHCTUTYT NPUPOAHO-TEXHUYECKUX CUCTEM», I'. CeBactomnonb, Poccus
iurii.e.shishkin@gmail.com

CoBpeMeHHbIE TEXHOJIOTUU aBTOMAaTH3allui BU3YyallbHOIO aHAJIM3a JAHHBIX UIPAIOT Bee Oosiee
BaXXHYIO posib B cdepe Mopckux ucciaemoBanmii (Shishkin, 2016). CtpykTypupoBaHHEe W aHAIIU3
00X 00BEMOB MPOCTPAHCTBEHHO-PACTIPEACICHHBIX AAHHBIX M3MEpPEHHH Mpoduield MOpPCKOn
Cpelbl ABJISAIOTCS OJHUMH U3 KIIIOUEBBIX 3ajiad B 3TOHM oOsacTu. B naHHOM MccnenoBaHuu npesyia-
raercsi BApHAHT Pa3BUTUS MH()OPMAITMOHHON TEXHOJIOTUU M PEATHU3YIOIIETO €€ AIrOPUTMUYECKOTO
o0ecreyeHus, HalpaBJICHHbIM Ha aBTOMATU3ALMIO NTPOLIECCOB aHAJIN3a JaHHBIX U3MEPEHUI podu-
JIel MOPCKOM cpelibl 3a CUeT BHEJIPEHUS CPEACTB BU3yallM3allMH JJAHHBIX MOHUTOPHHIA U OTOOpa-
KEHUS KOPPEISLHMOHHBIX CBA3EH MEXKIY HUMH.

OOBEKTUBHBIMU CIIOKHOCTSIMH TIPU aHAJIM3€ JAaHHBIX Mpoduieil MOpCKoil cpenbl sBIISIOTCS:
BO-TIEPBBIX, O0BEM M CJIOXHOCTh JAaHHBIX — MOHHUTOPHHI MOPCKOH cCpelbl mpeironaraer coop
OobIIOr0 00BeMa JaHHBIX, BKIIOYAsS WHPOPMALHUIO O PA3JIMYHBIX (PU3MYECKHX, XUMUYECKUX H
OMOJIOTUYECKHUX TapameTpax, U 00pabdoTKa ¢ MOCIEOYIOUIMM aHAJIH30M TAaKOTO 00beMa JaHHBIX
TpeOyeT MOIIHBIX BBIUUCIUTEIBHBIX PECYPCOB M IPPEKTUBHBIX AITOPUTMOB. BO-BTOpBIX, MOpCKast
Cpeia UMEeT BBICOKYIO CTENEHb HEONPEAEICHHOCTH U U3MEHUUBOCTH, U Takue (akTopbl KaKk BO3-
JeicTBUE TEUCHMH, BeTpa U KIMMATHYECKUX M3MEHEHHH, MOryT HPUBOAUTH K 3HAYMTEIbHBIM HC-
KaXCHUSAM HaOJII0JIaeMbIX MOJIEH NMapaMeTpoB CPeJibl, YTO CO3JAaeT CIOKHOCTH B TOHUMAHUM U UH-
TEpIpeTalu JaHHBIX MIPU MOTBITKAX BBIABICHUS TPEHIOB M NAaTTepHOB. U TpeThuM (akTopoM siB-
JieTCsl KOMILJIEKCHOCTh M3YYEHHUs IapaMeTpOB — MOpCKasl Cpena SIBISETCS CIOKHOM CUCTEMOH C
MHOKECTBOM B3aMMOCBSI3aHHBIX [1apaMETPOB, IOHUMAHUE 3THUX B3aUMOCBS3EH SIBJISIETCS HETPUBU-
aJIbHOM 3aj1aueil, 0cCOOEHHO B Cilyyae ¢ HEJIMHEHHBIMU U HEOJHOPOAHBIMU CHCTEMaMHU.

IIpennaraeMblM pelIEHHEM BBIIEYKa3aHHBIX 3a7ad SBJSIETCS KOMIUIEKCHOE HCIOJIb30BaHUE
HarJsIIHBIX BHU3YalIbHBIX CPEACTB, KOTOPBIE BKIIOYAIOT YETHIPE CUCTEMOOoOpasyromux Onoka. Mn-
TEpaKTUBHBIE KapThl: CO3/JaHME MHTEPAKTHBHBIX KapT, OTOOpaKAIOMIMX MO TpeOyeMbIX (U3UKO-
XUMHUYECKUX MOJIeH MOPCKOW CpeJibl, MO3BOJISIET aipECHO aHAIM3UPOBATh JIaHHbIE, BHIOUpas UHTE-
pecyrolue napameTpsl 1 MacIITaOMpoBaTh UX Ul MOJIYYeHUs AeTalbHON HHpopMmanuu. Busyanu-
3alMsl JAHHBIX B BUJE IpaMKOB U JUarpamMm MO3BOJISIET BU3YaJIU3UPOBATh KOPPENALUN U BPEMEH-
HbIE TPEHIbl MEXAY KJIIOYEBBIMH ITapaMeTpaMH MOPCKOM Cpellbl, CTaTUCTHYECKHUE NOKAa3aTeNnHu U
JMHAMUKY paclpeeseHHs MapaMeTpoB BO BPEMEHHU U IO TITyOMHE. AHUMALUU MO3BOJISIOT €cTe-
CTBEHHBIM JJIS T10JIb30BaTeNsl 00pa3oM BU3YaJIU3UPOBATh XPOHOJIOTHIO U3MEHEHUI apaMeTpoB BO
BpeMeHU U mpoctpaHcTBe. Mcnonb3oBanue 3D-Busyanuzanuy MO3BOJSIET OTOOpakaTh CIIOKHBIE
TpeXMepHbIE JaHHbIE, TaKHE KaK Tornorpadus MOpCKOro JHa WK paclpeaeseHue MIIaHKTOHa B Ipo-
CTPaHCTBE, UTO MPEAOCTABISIET HOBbIE BOZMOXKHOCTH JJIsl aHAJIN3a U TOHUMAaHUs MOPCKOM CpPEIbl.

Taxum o6pa3omM npeioxkeHHass HHGOpPMALMOHHAsT TEXHOJIOTHUS MPU pa3pabOTKe alropuTMU-
YeCKOro odecneueHus, OJHOBPEMEHHO 00JIaJaloIero TaKUMHU CpPeJICTBAMU BU3yaIU3allMM KaK: MH-
TepaKTUBHBIE KapThl, rpadMKy U JUarpaMMbl, aHUMaluu ¥ 3d-Bu3yanu3anus o0iagaeT pyHKINO-
HaJIbHOM TOJHOTOM MPH PEIICHNN 3ajad aHaJln3a, UTPAET KJIIOUEBYIO pOJIb B aBTOMATHU3ALMH IIPO-
LIECCOB UCCIIEI0OBaHMs JaHHBIX MPO(UIIel MOPCKON Cpe/ibl U BBISBJICHHUS B HUX 3aKOHOMEPHOCTEH 1
aHOMaJINii, MO3BOJISIET MOJIYUYUTh OOJiee pelieBaHTHBIE LENH Pe3yJbTaThl, O0Jer4aeT MHTEepIpeTa-
LMIO MOJTYYEHHBIX JaHHBIX U MOBBIIIaeT 000CHOBAHHOCTH BBIBOJIOB, OCYIIECTBIISIEMBIX Ha UX OCHO-
B€, IO3BOJIAIOT UCCIIEeI0BaTeNsIM OoJiee MPeAMETHO U3ydaTh BHYTPEHHUE MPOLIECCHl MOPCKOM Cpejibl
U Jydllle TOHUMAaTh TUHAMUKY U3MEHEHUH, MPOUCXOASIIUX He. ABTOMAaTH3aIMs TaKUX MPOLIECCOB
3a CYET CPEeACTB BU3YaJIM3aLMU OTKPHIBAET HOBbIE BO3MOXHOCTH Ul OK€aHOTpa(puH, KIMMATOJIO-
I'MU U IPUKJIATHBIX 00J1acTel, CBA3aHHBIX C pallMOHAIM3AIMEN MOPCKOTO MPUPO/I0IOIb30BaHUS.

Paboma evinonnena 6 pamxax I'oczaoanus UIITC Ne cocpecucmpayuu 121122300070-9.

CnuCcoK MCTIONb30BaHHOM JINTEPATYPBI:
Shishkin Y.E. Big Data visualization in decision making // Science in Progress. —
Hosocubupck: HI'TY, 2016. — C. 203-205.
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CEKLUA 2

IJIOBAJIBHBIE U PETUOHAJILHBIE U3MEHEHMS KJIMMATA
U OKPYIKAIOUIEN CPEJIbI
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CPABHUTEJIbHBINA AHAJIU3 BJIUSHUSA BOCTOUYHO-
ATJIAHTHYECKOI'O/3ATTATHO-POCCUMCKOI'O U CKAHJIMHABCKOT O
KOJIEBAHU HA 3ABUXPEHHOCTb KACATEJIbHOT'O HATIPSI)KEHUSI TPEHUSA
BETPA HAJl YHEPHOMOPCKHUM PET'HOHOM
Asepvanosa E.A.X?, I'vbapee A.B.%, ITononckuii A.B.

IOI'BHY «MHCTUTYT NpUPOIHO-TEXHHYIECKUX cHCTeM», T. CeBacTomnons, Poccus
2Punman MocKOBCKOT0 TOCYIapCTBEHHOTO YHUBEepcuTeTa nMenn M.B. JloMoHocoBa B
r. CeBacrornoiie
eisal@mail.ru, alexgub@inbox.ru, apolonsky5@mail.ru

CkanguHaBckoe u  BocrouHo-Atnantuueckoe/3anagHo-Poccuiickoe komebanus (CK u
BA3PK) saBnsioTCS  BaXKHEHIIMMH  KPYIMHOMACIITAOHBIMH  OCHWJUIMPYIOIIMMH  MOJAMH,
OKa3bIBAIOUIMMH BIMSHUE Ha (OpMUpOBaHME KIMMaTudeckux ycioBuilt B EBpasuu. B nutepatype
OITyOJIMKOBAHBI Pa3JINYHbIC TOUKH 3peHust oTHOCUTENbHO BiusHUs CK 1 BA3PK Ha n3MeHUMBOCTH
Pa3IMYHBIX TUIAPOMETEOPOJOTHYECKUX XapaKTEPUCTHUK HaJl YepHbIM MOpeM, a HX BIHSHHE Ha
(dbopmMHupoBaHKE 3aBUXPEHHOCTH KacaTelbHOro Hanpspkenus Tpenus Berpa (3KHTB) nan Yepubim
MopeMm monpobHo He wucciaenoBano (bapmun, 2015; Ilomonckwmii, 2020; esxor, 2016).
N3MeHYnBOCTb 3aBUXPEHHOCTHU I0JISI BETPA OKA3bIBA€T 3HAUUTEIbHOE BIUSHUE HA LIUPKYIALHIO B
UYepHom Mope, moaTomy B Haieil pabote Mol uccrienosanu siusaue CK 1 BA3PK na 3KHTB nan
ero akBaropuei. B kauecTBe NUCXOAHBIX JaHHBIX MCIIOJIb30BAIMCH CPOYHBIE MACCUBBI I10OJISI BETPA U3
pe-ananmu3a MERRA2 u 3nauenust unnekcoB CK u BA3PK 3a nepuon 1980-2019 rr. Meroauka
aHayin3a 1 00pabOTKU JaHHBIX 1OPOOHO onucaHa B padore (ABepbsiHoBa, 2022). Iloka3aHo, uyTO B
TeYeHHH OOIblIe yacTu rojga B mojoxuTenbHyio ¢azy CK mpoucxomuT 3HaunMmoe yCUJICHHE
nukiaonndeckoi 3KHTB B pasHbix gactsax mops. B ceHTs0pe-okTsOpe u B CpeHeM Ui 3UMBI B
nonoxkurenbHyto  pazy BA3PK wag UYepHblM MOpeM MOIY4eHO 3HAYUMOE YCHIICHHE
AHTUIMKJIOHUYECKON 3aBUXPEHHOCTH. [loiyueHHbIe pe3yabTaThl CBUAETEILCTBYIOT O TOM, uTo CK
BIUsieT Ha (OpPMUPOBAHHE MPOCTPAHCTBEHHO-BpeMeHHO cTpykTypsl 3KHTB cunphee, uem
BA3PK.

Paboma evinonnena ¢ pamxax memol coczadanusi Ne 0012-2021-0003 « @Dynoamenmanvhole
UCCe006aHUsL  NPOYECCO8 6 KIUMAMUYECKOU cucmeme, ONnpeoetsiiomux npoCcmpaHcmeeHHo-
BPEMEHHYIO UBMEHUUBOCMb NPUPOOHOU Cpedbl 2100ANbHO20 U PE2UOHATbHO20 Macuumabosy (Ne
eocpecucmpayuu 121122300074-7). [oanas eéepcus pabomol niaHUpyemcs K neuamu 6 HcypHaie
«Memeoponocus u 2uoponocusny.

Crnrcok UCOoIb30BaHHON JIUTEPATYPBHI:

bapaua M. [O., Ilmaroa T. B., Camoxmna O. ®. OcoOEHHOCTH H3IMEHYUBOCTH
LIMKJIOHUYECKON AaKTHUBHOCTM B YMEpEHHbIX MHMpoTax CeBepHOro MoylIapusi, CBSI3aHHBIE C
BEAYIIMMU MOJaMu aTMochepHo UUpKymauuu B ATiaHTuko-EBpomeiickom cextope //
OynnameHTanbHas U npukiaagHas kmmmaroiorus. — 2015, — T. 2. — C. 14-40.

HesxoB, H. H., Jlumuenko A. E., Paounnn A. 1. CoBpeMeHHbIE THIPOMETEOPOIOTUYECKUE
ycioBuss B YepHoMm u A3zoBckoM Mopsax // Tpynel I'ocymapcTBEHHOro okeaHOrpapuiecKoro
uHctutyTa. — 2016. — Ne 217. — C. 222-240.

[Tononckuit  A.b., Cyxonoc ILLA. Amnamu3 BiusHus  ATinaHTHKO-EBpomneickux
KpPYITHOMACIITAaOHBIX aTMOC(HEPHBIX MOJI HAa 3MMHHE aHOMAJIUU TEMIIEPAaTyphl BO3AyXa MPU3EMHOTO
ciost B YepHomopcko-Kacnmiickom perrone // CucteMbl KOHTPOJIS okpyxkaromiei cpensl. — 2020. —
T.42, Ne 4. - C. 13-19.

AseppsinoBa E.A., I'ybape A.B., Ilonmonckuii A.b. Bnusuue CeBepoaTiaHTHUYECKOTO M
BocTouHO-AT/IaHTHUECKOr0 KoJIeOaHWH Ha 3aBHUXPEHHOCTh KacaTeJIbHOTO HANpsHKEHUs TPEeHUs
BeTpa Hajg YepHsiM MopeM // Meteoponorus u ruaposorus. — 2022, — Nel. — C. 24-35.
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CHUCTEMA JIJIsI OIEHKHA Y BU3YAJIN3AIIMA U3SMEHEHU I
KINMMATHYECKUX APEAJIOB BU/10B
bozoanosuy A.1O.
OI'BY «MHCTUTYT TI00aILHOTO KIMMAaTa M 9KOJIOTUU MMeHH akanemuka F0.A. M3pasisy,
r. MockBa, Poccus
bogda-anton@yandex.ru

MareMaTHuecKoe MOAETHUPOBAHNE KIIMMAaTUYECKUX apeajioB OMOIOTHYECKUX BUIOB SIBISETCS
BaXHBIM MHCTPYMEHTOM JUIsl OIICHKHU IOCJIEICTBUI M3MEHEHHUs Kiumara. B pabote omucbiBaeTcs
cucrema RANGES, xotopas Ha ocHOBe (haKTHUECKUX AAHHBIX O KIMMAaTe WM JAHHBIX MOJEIHPO-
BaHUA KIIUMaTa, a TakkKe 3HAYCHUI KIMMaTUYECKHX MPEIUKTOPOB OLICHUBAET YBEPEHHOCTb B TOM,
NPUHAIICKAT T 3aJaHHas TOYKa reorpauueckoro MpOCTPAHCTBA K KIMMATHUYECKOMY apeaiy
orpezeneHHoro Buaa. JIaHHBIN MOIXO0J] BBIMOIHIET MPOBEPKY OTPaHUUEHUN KIMMATHUYECKUX IIpe-
JUKTOPOB JJIsl KayKJOro rojla pacCMaTpUBaeMOro Mepuoja BPEMEHHU, a He JJI UX CPEJAHMX 3Haye-
uuii (Cemenos u np., 2020).

B noxiane OynyT npeacraBieHbl pe3yibTaThbl pacdyera KIMMaTHUECKUX apealloB Cpeau3eM-
HOMOPCKOM IJI0JIOBOM MyXH M HEMapHOro menkonpsaa 1 kmumaroB 1990-1999 rr., 2030-2039
rr. 1 2050-2059 rr. B ycnoBusx pa3nndnbix ciieHapues (bormanosuu u ap., 2023; Bogdanovich et
al., 2023). Jlns tepputopun Poccuu MCHONB30BAIMCh KIMMATHYECKUE AaHHBIC, PACCUMTAHHBIC C
MIOMOIIIBIO0 PETHOHATBHON KIMMaTH4YecKoi Moaenu [ maBHO# reodusnveckoil o0cepBaTopun UM. A.
W. BoeiikoBa. /[ rmo0anbHBIX OLIEHOK pacyeT ObUT OCYIIECTBIICH M0 JAHHBIM KJIMMAaTHYECKON MO-
nenu MHCTUTyTa BRIYMCIUTEIbHOM MatemMaTuku PAH.

Cnucok UCTIOIb30BaHHOM JTUTEPATYPHI:

bormanosuu A.1O., Jlo6pomo6oB H.1O., Kpsutenko C.B., bapanuukos 0.H., Jlunka O.H.,
CemenoB C.M. Kiimmatudeckuil apeasl HemapHOro IIEJIKOIpsiAa Ha Tepputopun Poccuu, cooTBer-
CTBYIOIIMK kTuMaTaM KoHIa XX Beka 1 XXI Beka // @yHaameHTalbHas U IPUKIaTHAS KIMMATOJO-
rus. — 2023. - T.9, Ne 1. - C. 65-88.

CemenoB C.M., ITonoB U.0O., fActokeBuu B.B. Ctatuctuueckas Mosienb /Uil OLEHKU (POpPMHU-
pOBaHUs KJIMMATOTE€HHBIX YIpo3 MO JIaHHBIM MOHUTOpPWHTA KiauMmata // MeTeoposorust u THapoJio-
rust. — 2020. — Ne 5. — C. 59-65.

Bogdanovich A.Yu., Andreeva A.P., Dobrolyubov N.Yu., Krylenko S.V., Lipka O.N., Se-
menov S.M. Possible Expansion of the Climatic Range of the Mediterranean Fruit Fly Being a
Dangerous Fruit Pest // Russian Meteorology and Hydrology. — 2023. — Vol. 48, No. 1. — P. 72-78.
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Ob UIBMEHYMNBOCTU PACTBOPEHHOI'O KUCJIOPOJA B OBJIACTH XOJIOAHOI'O
INPOMEXYTOYHOI'O CJIOA BOJ YEPHOI'O MOPs
Banne A.A., lHonouckui A.5.
OI'BHY «MHCcTUTYT IPUPOAHO-TEXHUYECKUX cucTeM», . CeBacronois, Poccus
ogorodovaa.a@mail.ru

Kak uzBectHo UepHoe mMope siBisieTcss Hauboliee U3ydyeHHbIM MopeM MupoBoro okeaHa. 1o
YHUKaJIbHBIH OacceliH C CHJIBHOH BEpTHKAJbHOW cTpaTu(duKanuei, KoTopas JeTuT MOpe Ha JBa
cnost. [lepBblii — KHCIIOPOIHBIN CIIOW, BTOPOM — OECKUCIIOPOIHBIN CIOW B KOTOPOM IMPUCYTCTBYET
CepOBOAOPOA, METaH U aMMOHMA. BepXHHIl KUCIOPOAHBIN CIOH CHIBHO pacHpecHeH Onaromaps
pEUYHOMY CTOKY M B MEHbIIEH cTeneHu ocaakaM. Hikuuil cioii mmeer 60s1ee BHICOKYIO COJIEHOCTh
13-3a MOCTYIUIEHUSI MPaMOPHOMOPCKHUX BOJ, CPEAU3EMHOMOPCKOIO IIPOUCXOXKICHUS Yepe3 MPOJIUB
Bocdop. Bozpacranue coneHoctd ¢ TiyOMHOI NPEnsSTCTBYET MEPEMEIIMBAHUIO U HACBHILICHUIO
HIKHUX ciioeB kuciopoaoM (CopoxuH, 1982). dopmupyromascs BepTHKajdbHasl IJIOTHOCTHAS
cTpaTuUKalMs MPEnsITCTBYeT KOHBEKTUBHOMY MEPEMEIINBAHUIO U MOCTYIJICHUIO PaCTBOPEHHOTO
KHCJIOpO/ia B 00J1IaCTh IPOMEXYTOUHBIX U IITYOMHHBIX BOJI, YTO U BBI3bIBAET OTCYTCTBUE KHCIOPO/1a
(aHOKCHYECKHE yCIOBHS) OCHOBHOU TOJNIIHM BoJ Mops. Havano anokcuu HaOmrogaercs Ha TiTyOuHax
nopsiaka 100 M. B GonbImmHCTBE ONMyOJIMKOBAaHHBIX Pa0OT /ISl aHAIHM3a JOJITONEPHOAHBIX TCHICH-
UUA TUAPOJIOrO-TUAPOXUMUYECKUX XapaKTepUCTUK UYepHOro MoOps HCHOJIb30BAIUCH JAHHBIE
HaOJIIOACHNH, TTOTyUYeHHBIE B PAa3HBIX YaCTSAX MOPS U B pa3HbIC EPHO/BI, a TAKKe 00Ia1aromme oT-
JIMYHBIM JIPYT OT Apyra IpOCTPaHCTBEHHO-BPEMEHHBIM pa3pelieHueM. JTO HE MO3BOJISET MOIYYUTh
HAJIE)KHOE OIMCAaHUE M3MEHYMBOCTH KOHLEHTPALMK PacTBOPEHHOI'O KHCIOpOJa U COJIEHOCTU Ha
BPEMEHHBIX MaciTadax, IMPEBHIIIAIIIMX HeCKoJbKo AcecaTunetnit ([loOpxkanckas, 1967; Stanev et
al., 2013; Capet et al., 2016).

Lenbto qaHHOW pabOTHI ABISETCS MPOAHAIU3UPOBATH JOITONEPUOAHYIO H3MEHYUBOCTh COJIE-
HOCTH U KOHLIEHTPALIUK PACTBOPEHHOI0 KKciIopoaa Ha ropu3oHTax 50, 75 u 100 m B paiioHe 3anaj-
HOTO ¥ BOCTOYHOTO KpyroBOpPOTOB UepHOro Mops, a Takke B 00JacTH cBajla IIYOHWH Yy ceBepo-
3amaHoro Tmenbda 3a ~70—100-neTHHiT TeproT ¢ UCTOIB30BAaHUEM apXHUBHOTO MAacCUBa JAHHBIX U
BBISIBUTH Han0oJiee BEPOATHYIO IPUUMHY U3MEHEHUH TaKUX BPEMEHHBIX MaCIITa0O0B.

OCHOBHO¥ pe3yNbTaT HACTOSIIIECH padOThI 3aKIII0YAETCS B CIAEAYIOIIeM. AHAIN3 TPEHOB, BbI-
JICNIEHHBIX Ha OCHOBE OOHOBIIEHHBIX apXMBHBIX NaHHBIX ¢ 1923 mo 2020 rr. BeIABUI yBEIMUEHUE
COJIEHOCTH, a TaK)K€ YMEHbIIIEHNE KOHLIEHTPALIUK PAaCTBOPEHHOT0 KHCIOpO/ia B BEpXHEH yacTu oc-
HOBHOT'O ITMKHOKJIMHA B IIEHTpax 3amaJHoro ¥ BOCTOYHOI'O IIMKJIOHUYECKUX KpyroBoportos. Ha me-
pudeprn oTMEUYEeHbI IPOTUBOIOJIOKHBIE TEHIEHIMU. BeposiTHas npuyrHa TaKoro pasiuyusi — ycu-
JICHWE 3aBUXPEHHOCTH MOJIsl BETpa, KOTOPOE NMPUBOJAUT K MHTEHCU(DUKAIMM UPKYIALUU U YBEIH-
YEHUIO CKOPOCTH BEPTUKAJIBHOIO MOJbEMA BOJ B LEHTPAaX LUKIOHUYECKHUX KPYTOBOPOTOB M HX
OIlyCKaHUA Ha nepudepun ITUX KPyrOBOPOTOB.

Paboma evinonnena 6 pamxax eocyoapcmeennoeco 3adanus UIITC no meme « Dynoamenmais-
Hble UCCIe008AHUSI NPOYECCO8 6 KAUMAMUYECKOU cucmeme, ONpeoeisiiomux npocmpancmeeHHo-

BPEMEHHYIO UBMEHYUBOCMb NPUPOOHOU CPEObl 2I0DATLHO20 U PECUOHANLHO20 Macuimabos (Ne eoc-
peaucmpayuu 121122300074-7).

Crnrcok UCOIb30BaHHON JIUTEPATYPHI:

Copoxun 0. 1. Yepnoe mope: Ilpupoaa, pecypcsl. — Hayka, 1982. — 218 ¢

JoOpxanckas M.A. 3aKOHOMEPHOCTH MPOCTPAHCTBEHHOTO pACTpEEICHUsT KHCIOpoJaa Ha
pa3nuuHbIX TyonHax YepHoro mops. / OkeaHorpapuueckue uccienoanus Yeprnoro mops. — K.:
Hayk. mymxka. — 1967. — C. 154-169.

Stanev E.V., He Y., Grayek S., Boetius A.. Oxygen dynamics in the Black Sea as seen by
Argo profiling floats // Geophysical Research Letters. — 2013. — Vol. 40, Ne. 12. — P. 3085-3090.

Capet A., Stanev E.V., Beckers J-M., Murray J.W., Grégoire M. Decline of the Black Sea ox-
ygen inventory // Biogeosciences. — 2016. — Vol. 13. — P. 1287-1297.
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OLIEHKA COBPEMEHHOI'O COCTOsIHUS TEMIIEPATYPbBI U COJIEHOCTH
B AEATEJIbBHOM CJIOE YEPHOI'O MOPS
Boponyose A.A., bynvieun A.M.
OI'BY «BHUUTMU-MI/I» r. O6HuHCK, Poccus
vorv10921@gmail.com

Ténble 3UMBI MOCIETHETO ecATUIEeTU B UepHOMOPCKOM pernoHe (pakTH4YeCKH CTaHOBSITCS
HOBOW KJIMMAaTW4ecKoil HOpMoOH. ['mobanpHOE MOTEIICHUE KIMMara, MepecTporika arMochepHon
LHUPKYJSLIUU, YTO COMPOBOXKIACTCS U3MEHEHHSIMH, KaK PeKMMa BETpa, TaK U OCAJIKOB, BEAYT K U3-
MEHEHHUIO MPOIECCOB (POPMUPOBAHUS TEPMOXATTMHHOMN CTPYKTYPHI ACATEIBHOTO CIIOS MOPSL.

B ycnoBusix rio0anbHOrO MOTEIUICHUS MOCIEIHUX ACCATUIICTHH, aKTyalbHOCTh HCCIEI0Ba-
HUSI U3MEHEHHUH PEXHMa MOPSI U €r0 MPUOPEKHBIX TEPPUTOPHIA 3HAUUTEIHLHO BO3POCIIA, 0COOCHHO
B YaCTH BBIABIICHUSI OCHOBHBIX MPOOJIEMHBIX NMPOLIECCOB, MOHUTOPUHT KOTOPBIX JOJKEH OCYIIECTB-
JSATHCS ¢ 0COOBIM BHUMAHUEM.

B pabote npezacTaBieHbl pe3ylbTaThl COBPEMEHHOTO COCTOSIHHS TUAPOJIOTMYECKOTO pexruma
(TemrepaTrypa U COJIEHOCTb MOPCKOM BOJbI). OCHOBOH MOJIYYEHHBIX PE3YJIbTaTOB M BBIBOJOB CIIY-
JKaT B OCHOBHOM HaOJto/ieHus, BbinojgHeHHbIe B miepuoa 2017-2022 rr. (bromnerens..., 2022), ¢
MIPUBJIEYEHUEM JIJAHHBIX 110 COBPEMEHHBIM KimMaTHueckum nepuogam 1981-2010 u 1991-2020 rr.

Ha ocHoBe ananm3a MoJIy4eHHBIX Pe3ylbTaTOB CHOPMYIUPOBAHBI OCHOBHBIEC BBIBOJABI O Te-
KYIIIEM COCTOSIHUU TEMIIEPATyphl U COJIEHOCTHU AESITENBHOr0 c1ost YEpHOro MOps.

B riy6okoBoHOM YacTH MOpPsl pa3HOCTh CPEIHUX 3HAUYCHUN TeMIepaTyphl BOJBI 3a MOCIEI-
HUE 5 JIeT U CpeAHMX 3HAUYE€HUN COBPEMEHHOI'0 KIMMaTH4yecKoro nepuoga cocrasisier ot 0,0 go
3,8°C 3umoii u ot 0,7 mo 6,6°C merom.

B npubpexHoit 30He poccuiickoro cekropa YepHoro Mopsi HaOJIIOAACTCS YBEIMYCHHUE TEMIIe-
patypsl Boabl 3umoin 1,1-3,1°C, nerom 0,8—1,7°C.

[TonoXXUTenbHBIA TPEHI TaKXKe€ MOJITBEP)KIACTCS JTaHHBIMHM CITyTHHUKOBBIX HaOJIOJEHHM: 3a
nocaenHue 39 et Temneparypa MOBEepXHOCTHOTO ciiosi Mops noBeicuiack Ha 1,8-3,4°C (Bynabirun
u ap., 2023).

MHoOrosIeTHUH MOJIOKUTENBHBINA TPEHT YBEIMUEHUS COJIEHOCTH MPOCIIEKUBAECTCS KaK 110 J1aH-
HBIM TJTyOOKOBOJHBIX CY/IOBBIX HaOJIOEHUHN B TIIyOOKOBOJHOW yacTH YEPHOro MOps, TaK U MO U3-
MEpPEHUSIM, BBIMOJIHEHHBIM Ha MOPCKUX MPUOPEKHBIX CTAHLUAX U ITOCTAX.

B riiy00KoBOHOM YacTH MOpsI pa3HOCTbh CPEIHUX 3HAUYEHUN COJEHOCTH MOPCKOW COJIbI 3a
MIOCJIEAHHE 5 JIET U CPEJHUX 3HAYEHUN COBPEMEHHOI0 KIMMATUYECKOT0 Nepuoaa cocrasiuset ot 0,1
10 0,8%o.

B nmpubpexHoit 30He poccuiickoro cekropa YepHoro Mopsi HaOJIr0AaeTCsl YBEIUYEHHUE COJle-
HoctH B nipeaenax 0,1-0,9%o (uckimouenue npeacrasisieT codbou paiton deogocun, 3adpuxcupoBaHa
pa3HoCTh B 2,7%o).

[ToTennenue kiMMara MpUBEIO K CYHIECTBEHHBIM M MPOJOJIKAIOIIMMCS IO HACTOSIIETrO Bpe-
MEHHU U3MEHEHUAM cocTostHUS YEpHOTO MOps.

B nepByto ouepenp — norenseHne AeATeabHoro ciaos. Bo-BTopbiX, (hakT 0COOHEHUsI TOBEPX-
HOCTHOTO CJIOSI BOJIBI.

Crnncok UCOIb30BaHHON JIUTEPATYPBHI:

bromterens ruapomMereopoaornyeckoro cocrossaus Yepnoro n Azosckoro mopeit B 2021 ro-
ny. Ilox pen. npod. I'pyzunosa B.M. — IxeBck: OOO «IIpunty», 2022. — 268 c.

Bynsirua A.M., I'py3sunos B.M, Boponnos A.A., IssikoB H.H., Ilponienxo C.A. Hosas reo-
rpadus UépHoro mops. — O6HuHCK: ApTHdeke, 2023. — 208 c.
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POJIb UBMEHEHWH KJIUMATA B PA3PYILIEHUH
OBBEKTOB KYJIbTYPHOI'O HACJIEAUA
Buuukeapkosa E.B., Cyxonoc O.FO.

OI'BHY «MHCcTUTYT IPUPOAHO-TEXHUYECKUX cucTeM», . CeBacronois, Poccus
aveiro_7@mail.ru

[Iporpeccupyroliyio yrpaTy UCTOPUYECKUX M apXeOJOTHYEeCKHX MaMATHUKOB M3-3a U3MEHE-
HUS KIIMMAaTa 4acTo yImycKaroT u3 Buay. HabmrogaeMblie v mporHo3upyemMble TEHACHIIUH KIF0UYEBbIX
METEOPOJIOTUYECKUX MapaMeTPOB OKA3bIBAIOT M OyIyT OKa3bIBaTh pa3pyLIUTEIbHOE BO3JEUCTBHE
Ha OOBEKTHI KyJIbTYpHOro Hacienus. Llenb paGoTel — M3Y4UTh BIMSHUE W3MEHEHHS KJIMMara Ha
00BEKTHI KYJIBTYpHOTO Hacaeaus Ha EBporelickoit Tepputopun Poccun.

Ha Teppuropuun EBpomneiickoii Teppuropuu Poccun pacronosxkeHo 20 00beKTOB KyJIbTYpHOTO
nacneaus FOHECKO (World Heritage List). O0beKTbl KyJabTYpHOTO HAcACIUs PACIIONOKEHBI B
KOHTPACTHBIX KJIMMaTHYECKUX 30HAX.

B paGote ucnonb3oBaHbl JaHHBIE 00 OCHOBHBIX METEOPOJIOTHUECKUX Mapamerpax (MpuzeM-
Hasl TeMIepaTypa BO3/1yXa, OCaJK{, TOUYKA POCHI JIJIsl pacyeTa OTHOCUTEIBbHOM BIIAXKHOCTH) U3 pea-
nanmuza ERAS 3a nepuon 1960-2020 rr. [1yig oneHKH BO3MOXHOTO yiiepda OT MOpo3a UCII0JIb30Ba-
HBI JiBa MHJEKCA — LIMKJIbI 3aMEP3aHUS-OTTAUBAHMSI U BJIAXKHO-MOPO3HBIN nHAEKC. ColeBOe BBIBET-
pUBaHUE OLIEHUBAETCS MyTEM IOJICYETa MEePEX0J0B PACTBOPEHUSI/KPUCTAIUIM3AIMH PA3TUYHbBIX CO-
Jiel, B HallleM ciiy4yae XJIopuaa HaTpus U cyibdara KaabLusl.

s teppuropun EBpomnelickoit yactu Poccuu monydeHbl MOJOKUTENbHBIE TEHICHIIUU ITUK-
JIOB 3aMep3aHMsI-OTTauBAHMS MIPAKTHYECKH JIJISI BCEX 00BEKTOB KyJIbTYPHOTO HACIEAUs, KPOME FOXK-
Horo peruona (ruranens Hapein-Kana B [lepOente, [larecran) (puc. 1). Hamu pe3ynbraTsl nokasa-
JIM yBEIMYCHHE TUIICOO0PA30BaHMsI B CEBEPHBIX PErMOHAX M CTATUCTHYECKU 3HAYNMOE CHHUIKCHUE B
10’)kHbIX pernonax (Vyshkvarkova, Sukhonos, 2023).
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Pucynok 1 — KomuuecTBo 1TUKIIOB 3aMep3anus-oTTanBanus (a) u Tpenas (D) 3a mepuox 1960-2020

rr. Ctatuctruecku 3HauuMbie TpeH bl (P<0,05) oTMedeHbl YepHBIMU TOUuKaMu. DUOIETOBBIMHU Tpe-
YrOJbHUKAMH OTMEUYCHBI 00BEKTHI KYJIbTYPHOTO HACTICTUS.

Paboma evinonnena 6 pamxax eocydapcmeennozo 3adanusi Hucmumyma npupooHo-
mexHuueckux cucmem (Ne cocpecucmpayuu 121122300072-3).

CIHCOK UCIIOIL30BaHHOMN JINTCPATYPBhI:

World Heritage List. URL: https://whc.unesco.org/en/list/ (nata oopamenus 08.12.2022)

Vyshkvarkova E., Sukhonos O. Climate Change Impact on the Cultural Heritage Sites in the
European Part of Russia over the Past 60 Years // Climate. — 2023. — Vol. — No. 11. — e50. DOI:
10.3390/cli11030050.
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NCITIOJIb3OBAHUE KIIMMATUYECKHUX HOPM JIUIAA HCCJIEAJOBAHUSA
N3MEHYHNBOCTHU TEMIIEPATYbI BJ1OJIb IIOBEPEXDBA ITPUMOPHA
Tauxo JI.A.

OI'bYH TuxookeaHckuii okeaHoioruueckuii ”HCTUTYT uMm. B.M. Unbuuesa 1IBO PAH;
®OI'bOY BO JlaibHEBOCTOUHBIN TOCYIAPCTBEHHBIN TEXHUYECKUI
pBpI00X034HCTBEHHBIN YHUBEpCUTET; T. Biaausoctok, Poccus

gayko@yandex.ru

[Ipu pemieHnyn MHOTHX HApOJIHO-XO3AWCTBEHHBIX 33/1a4 OYEHb BAXKHBIM SIBJISICTCS] 3HAHUE U3-
MEHYUBOCTH THJIPOMETEOPOJIOTMUECKUX MTapaMeTPOB KaK OT MecsIla K MeCsIly, TaK U OT ToJia K ro-
ny. OgHuM U3 MoKa3zaTened KIMMaTUYeCKO M3MEHUYUBOCTH SIBJSICTCS U3MEHEHHUE KIIMMAaTUYECKUX
HOpM — 30-JIETHUX MEPUOJOB YCPETHEHHS KIMMATHYCCKUX MOKa3aTeNel, YTBepKIEHHBIX Beemup-
Holt Meteoponornueckort Opranuzanueit (BMO). B cBsi3u ¢ MporCXOAAIIIMMU 3HAYUTEIIbHBIMU U3~
MeHeHussMU KiauMmata BMO npuHsiia HOBbIM IByXYpPOBHEBBIN 10aX0/ K 30-11eTHUM 0a30BbIM HOp-
MaM: 00 ux oOHoBieHHH He Kaxabie 30, a kaxnabie 10 net. Tak, B 2014 1. 111 onepaTHBHOTO aHA-
nu3a OBLT TONOTHUTENBHO BRIOpaH psix 1981-2010 rr., a ¢ 1 urons 2022 r. — 1991-2020 rr. OgHako
niepuoa ¢ 1961 o 1990 rr. 611 cOXpaHEeH Kak 0a30BBIA MEPHO JIJIS TOJTOCPOYHOM OIIEHKH H3Me-
nenus kumara (https://www.meteorf.gov.ru/press/news/28963/ ot 07.10.2023).

Paiion npencraBnsieMoro ucciaenoBaHusi — nodepexxbe [IpuMopckoro kpas, BIOJIb KOTOPOTO
pacrniosioxkeHsl 1sITh rugpomereoposornueckux cranuuii ('MC) Ilpumopckoro YI'KC: Ilocwer;
BnaguBoctox u Haxoxaka (toxHast rpynma cranuwmii); Pynnas Ipucrane u CocyHoBO (BOCTOUHOE
no0epexbe), OCBemaImX npuopexHsiil pexxum C3 Smnonckoro mops u FO3 Tarapckoro npoiusa.
[To nanubM HabmoaeHui Ha 'MC ObUIM paccunTaHbl sl KaXA0H CTAaHIIMK CPEIHEro10BbIe (Talll.
1) 1 1 KaKI0TO Mecslla CpeHEMECSYHbIe HOPMbI TEMIIEPAaTyphl BOJBI U BO3/lyXa, U MPOBEACHO
UX COMOCTaBIICHUE MEXIY COOOI.

Tabmuma 1 — CpeqHerogoBsie HOPMBI TEMIIEPATYPBI BOABI M BO3/IyXa, PACCUMTAHHBIE 32 TIEPHO/IBL:
1961-1990 (1), 19812010 (I1) u 19912020 rr. (1), Ha TMC IIpumopss

IMC ;FeMnepaTyﬂa BOILLI,OCI - ;FeMHepaT}ﬁ)a Boszlyxz:,l"lc
IToceeT 8,9 9,3 9,5 6,0 6,5 6,8
BiagusocTox 8,4 9,0 9,4 5,7 6,6 6,7
Haxonxka 7,0 7,5 7,8 53 6,1 6,4
Pynnas [Tpucrann 6,1 6,5 6,5 3,8 4.4 4.6
CocyHOBO 4,8 5,4 5,6 2,0 2,5 2,8

[Ipu ananuse tabna. 1 o4eBUIHO, YTO BEIMYMHA CPETHETOJAOBBIX HOPM JUIsl TEMIIEpPATyphbl KaK
BOJIbI, TaK U BO3JlyXa, YBEIMUYMUBAETCS OT Mepuoja K nepuoy. Jlanee OblT MpoBEAEH aHATIN3 Cpell-
HEMECSTYHBIX HOPM I10 CTaHIIMSM, HO 371€Ch HEe BCE Tak oHO3HA4YHO. [Tpu cpaBuenuu III u 11 HopwMm C
I Ha cTaHIUAX MOXKHO OTMETHUThH IpeoliaJaHue MOJ0KHUTEIbHBIX aHOMalui. Tak, B Mepuoj ¢ am-
pens no asryct juist 111 u Il Hopm HaGmroaercs JOBOIBHO 3HAYUTENIBHOE MOBBIIIEHUE TEMIIEPaTyphl
Bozb! (10 2,2°C), HO Ha 00mIeM (GoHE MOTEIJICHUS Ha CTAHIUSAX BOCTOYHOTO MOOEPEkbsi B CEHTSO-
pe, HosiOpe U nekaOpe OTMEYEHbI J1aKe OTPHIIATEeIbHbIE AaHOMAJIUU TEMIIepaTypbl BOABI OTHOCH-
tenbHO 11T 1 1T HopMmE! (10 -0,6°C). Temmneparypa Bo3yxa Oojiee cTabuiIbHa, B OCHOBHOM OTMEUEHO
npessimienue 11 u II Hopm Hax 1, 3a uckmrouenneM nexadpsi, koraa Temneparypa Il Hopmbl npeBbI-
cuna temneparypy III. B rogoBom acnekte anst obeux cpen npeodnanaet npesbimenue 11 HopMerl
Hap L.

Takum oOpa3oM, MpU CPaBHEHWU KIMMATHUYECKUX HOPM MEXAy co00il 04eBHIHO, YTO BEJIH-
YUHA HOPM, CJIEAYIOIIUX APYT 3a APyroM Bo BpeMeHHOM uHTepBasie 20 u 10 yer, yBenuuuBaercs,
ClIeZIOBAaTeNbHO, TOBBIMIAETCA OOIIMKA TeMIepaTypHblii (JOH JaHHOTO paiioHa, T.e. MpoIecc MOTel-
JICHUS KJIMMAaTa ¥ B I0)KHOU, M B BOCTOYHOM YacCTsIX PETHOHA ITPOIOJDKACTCS.

52



Cucmemvl koumpoas oxpyacaroujeti cpeovt — 2023

MHOT OJIETHSISI IMHAMUWKA 1 TPEH]IBI BBITIA IEHWI OKUCJIEHHOM CEPBI
M A30TA C OCAIKAMM B PAMOHAX CTAHIIUI EMEIT
Tanywun JJ.A*., Tpomos C. A2,
1I/IHCTHTyT I'mo6ansHOro Kitnmata u Dkonoruu um. ak. F0.A. U3pasns, r. Mocksa, Poccusi.
2dI'bYH UncrutyT reorpadun Poccuiickoii akagemun Hayk, . Mocksa, Poccus
galushin2012@yandex.ru

[lepenoc 3arpsA3HSIONIMX BEIECTB — B YACTHOCTH, OKCHJIOB CEPHI U a30Ta — SIBJISIETCS KITIOYe-
BBIM B (DOPMHPOBAHUM TPAHCTPAHUYHOTO 3arpsi3HEHUS BO3JyXa. 32 CYET XMMHUYECKUX IpeBpallie-
HUH B aTMOcdepe ITH 3arpsi3HEHUS BBINAJAIOT B BUJEC KHUCIOTHBIX OCAJIKOB M CYXOTO OCaXKICHUS
KHCJIOTOOOPa3yIOUIUX COSTUMHEHUI Ha TePPUTOPUH cocenHux crpal (bpyckuna u np., 2023).

Llenpto paOoOTHI SIBJISIETCS aHAIM3 MHOTOJICTHEH JUHAMHUKU M TPEH/IOB BIKHOTO BBIMAJCHUS
OKHCJICHHOM cepbl U a3oTa (¢ ocaakamu) Ha crannusax EMEII 3a nepuox 2000-2020 u cpaBHEHHE C
2021 r. mo pe3ynbraraM MojenupoBanus nporpammsl EMEIL.

Ji1s paboThl MCIIONIL30BAaHbI 3HAUCHUS PACCUMTAHHBIX BBINAICHUI, OKUCICHHBIX CEPhI U a30Ta
o stuetikam 0,1X0,1° s o6nactu monenupoBanust EMEIL [J{ns siueex iokanu3anuu CTaHIMN MO-
nutopuHra EMEIT namMu ObuTH BEIOpaHBI M IPOAaHAIU3HPpOBaHbl gJanHbIe 32 2000—2021 rr. (puc. 1).
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Pucynok 1 — Beinasienus coelMHEeHUN OKHCIEHHON CEPhI M a30Ta C aTMOC(HEPHBIMU OCaIKa-
Mmu Ha cT. Jlanku, JlecHol 3anoBennuk, [Tunera, Aauckocku 3a nepuos ¢ 2000 mo 2021 rr.

AHanu3 pe3ylbTaToB MOJENIBHBIX PacyeToB MoKa3biBaeT, uto B 2021 r. mpoaomkano Habmo-
JaThCsl CHU)KEHUE BBINAJICHUs OKUCICHHOM cepbl Ha BCEX CTAHIUAX, 34 UCKIIOYEHUEM CT. SIHUCKO-
cKH. 31ech, IO CPaBHEHHIO ¢ MPEBLAYIIIM TO0M, BHIIAAEHHs YBETUIUINCh Ha 4,74 Mr/M? u 10-
cturmu 72,25 Mr/m? B roa. OfHaKo JHHESA TPeHAa AeMOHCTPUPYET olllee MIAaBHOE CHUKEHHE (0T
rojia K TOJy) BBITIaICHUI OKMUCIIEHHOHN CEePHI M B JTAHHOM ITYHKTE.

Pe3ynpTaThl MOJENIMPOBAHUS BBINAJCHUS OKUCIIEHHOTO a30Ta Ha ctaHimax EMEII Taxke mo-
Ka3bIBAIOT CHWIKCHUE BBINIAICHUH 32 BECh TMEPHOJ], HO C 3HAYUTEIILHO MEHbBIIIEH MHTEHCUBHOCTEHIO.
Ha cranuuu Jlanku (Ha rore MOCKOBCKOM 00s1acTi) HAaOII0AaeTCsl IEPUOINUECKN HE3HAUNTENIbHBIN
POCT BJIAKHBIX BBIMAJICHUM 3a T, ocooerHo mocie 2013 r. (1o 240,55 mr/m? B 2021 1.).

Uccnenoanue BeimonaHeHo B pamkax Tembl HUOKTP AAAA-A20-120013190049-4 «Pa3Bu-
THE METOJIOB M TEXHOJIOTH MOHHUTOPHHTA 3arps3HEHUS] MPHPOTHOW CpeAbl BCIEICTBHE TpaHC-
rpaHuyHoro nepexnoca 3arpsisastomux Bemects (EQK OOH: EMEIL, MCII KM) u KMCAOTHBIX BBI-
nagenuii B Bocrounoit Asuu (EAHET)».

O1leHKa JaHHBIX MOJICIIMPOBAHUS clellaHa B paboTax MO roCyJapCTBEHHOMY 3ajaHuio MH-
crutyrta reorpapun PAH AAAA-A19-119022190168-8 (FMGE-2019-0010)".

Crnrcok UCOIb30BaHHON JIUTEPATYPHI:

bpyckuna .M., I'pomoB C.A., Anekcangpoa M.C. u np. 3arpsa3HeHHe BO3/lyXa U OCaIKOB
no nanHbiM ctanuuii EMEII // O630p cocTosiHus M 3arps3HEeHHs] OKpyskarolei cpeasl B Poccnii-
ckoit denepanuu 3a 2022 rog. — M.: ®I'BY «MUT'KD», 2023. — C.64-66.
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OIIBIT UMUTAIMOHHOI'O MOAEJINPOBAHUSA CTOKA PEK 1 KAPCTOBBIX
BOJOHOCHbBIX CUCTEM KPBIMA
Tapyman B.H.*?
!®I'BYH «Muctutyt Boaubix npobiaem PAH», r. Mocksa, Poccus
2PI'bBYH «MHCTHTYT IPUPOIHO-TEXHUUECKUX cUcTeM», T. CeBacTonons, Poccus
gartsman@inbox.ru

DKCIEepUMEHTHI 0 UMHTAIIMOHHOMY MOJIETMPOBAHUIO CTOKA PEK M KAPCTOBBIX BOJOHOCHBIX
cucteM (KBC) KppiMa BriepBbIie MpOBOAMIMCH C McToIb3oBaHueM Mozern FCM. Monens maBoako-
Boro 1ukia (Flood Cycle Model, FCM) — koHnenTtyansHas BOJIHOOAIaHCOBAsE MOJIETh C COCPEIO-
TOYEHHBIMH ITapaMeTpaMu, pa3padoTaHHas IJIs UMHUTALUU JOXKAEBOrO CTOKA TEIJIOTo Meproja rojaa
B MaciTabe Malioro peuHoro O6acceitna. Pazpaborka mogenun FCM BkitouaeT onucanue TUHAMUKA
OCHOBHBIX COCTaBIISIOIIMX OOIIEro Biarosamaca 0acceiiHa U BOCHPOU3BOIUT 3P EKT MpocTpaH-
CTBEHHOW KCITAHCHH JPEHAXXHON CETH 3a CYET BPEMEHHBIX IMOBEPXHOCTHBIX U MOJMOBEPXHOCTHBIX
BOJOTOKOB IIPU 3KCTPAOPAMHAPHBIX MaBojakax. [[puHATHIE KOHLENTYyaJIbHbIE TOMYIICHUS MOJEIH,
COTJIACYIOUIHECS C PAllHOHAIBHBIMU THIIPOJIOTUIECKHUMU COOOPAKEHUSIMH, TIPUBOISAT K TPEM PEKHU-
MaM (GOPMHUPOBAHUS CTOKA, HA3bIBAEMBIM BHYTPHUOOBEMHBIM, IOBEPXHOCTHBIM H “TIPOPHIBHBIM .

Monens FCM xapakrepu3yercs MajbIM YMCJIOM IAapaMeTpoB, /s OOJBUIMHCTBA U3 HUX pa3-
paboTansl crienupruyecKkue Tporeaypbl He3aBUCUMOH (6e3 KaauOpoBKHM) MapaMeTpU3alii Ha OCHO-
B€ CTaHJAPHBIX JAHHBIX THIPOMETEOPOJIOTHUECKUX HaOmoaeHni. Bepudukanum u tecTupoBanue
MOJIETI TIPOBOAMIIOCH B PA3IMUHBIX PETHOHAX C MPeo0ialaHueM JOXKACBBIX MABOJKOB B PEKUME
pEK, Ha OCHOBE KaK CTAaH/JApPTHBIX CETEBBIX, TAK M OPUTHHAIBHBIX aBTOPCKUX HATYPHBIX HaOIO/e-
Huit. Cpenau Hanbolee BaKHBIX pe3yabTaToB pa3padoTku mojenu FCM — T.H. addexT 6acceiiHoBo-
r0 KOHTPPETYJIUPOBaHUs - HanOoJee IPKoe MPOSIBIICHHE CHIIBHOW HEIMHEHHOCTH HKCTPEMAIILHOTO
cToKO(hopMHUpOBaHUS.

HiMuTaninoHHOE MOJICTTMPOBAHUE BBIITOJIHEHO IS IBYX Tap OOBEKTOB, B KaXKIYIO 3 KOTOPBIX
BKJIFOYEHBI OJIMH Mauiblii peuHoil 6acceitn u onna KBC. HccnenyembiMu 00bEKTaMU BBICTYHAIOT P.
Kyuyk-¥Y3en0Oam - c.MHoropeune u rcrounuk KapctoBblit — c. MHOropeube, a Takke p. AHrapa —
c. [lepeBanbHas u uctounuk Kpacnoii nemeps! (p.Kpacnonemepnas) — Kuznn-Koba. 3agauamu nc-
CIIEZIOBAHMSI SIBIISICTCS: @) TMOATBEPKICHUE KOHIENTYaTbHONW COCTOSTENFHOCTH MOJENN NPHUMEHH-
TEJBbHO K PEerMOHAJIBHBIM OCOOCHHOCTSM T'MJIposIornyeckoro pexuma pek ['opaoro Kpeima; 6) co-
MOCTaBJIEHUE 0COOEHHOCTEH (hopMHUpOBaHMs CTOKa B peuHbix OacceitHax u KBC, comocTaBuMBIX 10O
pasMepaM U pacIoyioKEHHBIX B CXOIHBIX (PU3UKO-T€OrpapUUeCKUX yCIOBUSAX.

BrImotHeHHBIE YHCIICHHBIE SKCIIEPUMEHTHI 10 MMHUTAI[MOHHOMY MOJEIHPOBAHHUIO CTOKA Tie-
PEUUCIIEHHBIX BbIIIE 0OBEKTOB MO3BOJISIOT CAENATh CIEIYIOLIUe MpeBapUTeIbHbIe BRIBOABI. KoH-
[ENTyaJlbHbIe OCHOBBI M PAaCUYETHBIC aJTOPUTMBI MOJICIH JIOCTaTOYHO aJeKBAaTHBI YCIOBHSIM (oOp-
MUpoBaHMs cToka B ' pHoM KpeiMy, mpruem 3T0 OTHOCUTCS KakK K CTOKY MajbIX pek, Tak u KBC
(ucrounnkoB). OIEHKN PE3yIbTaTOB 33 MHOTOJIETHUH TIEPHO/] MIOKA3BIBAIOT YIOBJICTBOPUTEIHHOE,
MHOT/Ia XOpolllee, KaueCTBO MMUTALIMOHHOTO MOJEIMPOBAHUS IrHiporpada cToKa Mo BCEM HCCIe0-
BaHHBIM OOBEKTaM. DTa 3aKOHOMEPHOCTh HApYIIAeTCs MPEUMYIIECTBEHHO TPU HAIWYHUU SIBHBIX
rpyObIX OMIMOOK B JAHHBIX HAOMIOJEHUN 3a cToOKOoM. CrenuduyeckuM 4epToil pe3yabTaToB MOJE-
JMPOBAHMUS CTaJIa TOTOJMYHAs] HEYCTOMUNBOCTh TAaKUX MMapaMeTPOB MOJIENHN, KaK KPUTHUECKUH pac-
XOJl U MOKa3aTenb ucTomeHus croka. B I'opaom KpbiMy ecTh HEOOXOIUMOCTh MX KalIUOPOBKH, B
OTJIIMYHUE OT JIPYTUX PETHOHOB, TJ€ OHU OTIUYAIOTCS OOJBIION YCTOHYUBOCTHIO. DTO SIBHO CBS3aHO
C pa3BUTHEM KapCTOBBIX MPOILIECCOB HA BCEX HCCIENYEMbIX BOJOCOOpax, M MPOSBISETCS 3HAYM-
TeIbHO cuiibHee B pexkuMe ctoka KBC, uem peuHbIx 6acceifHoB.

Paboma evinonnena 6 pamkax eocyoapcmeeHno2o 3aoanusi Hucmumyma npupooHo-
mexHuueckux cucmem (Ne cocpecucmpayuu 121122300072-3).
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POJIb PETUOHAJIBHBIX 'MIPOMETEOPOJIOTUYECKHUX YCJIOBUI B
O®OPMUPOBAHUUN AHOMAJIBHBIX BEJIMYUH pH BEPXHEI'O CJIOSAA BOJ1
IJTYBOKOBOJHOM YACTHU YEPHOT'O MOPSI
I'peonesa E.A., Ilononcxuii A.b.

OI'bHY «MHCTUTYT IPUPOAHO-TEXHUYECKUX cCUCTEM», I'. CeBacTononb, Poccus
Lenagrebneval2@gmail.com

Ha ximmar CpennszeMHOMOpPCKO-UEpHOMOPCKOIO PErMOHa CYLIECTBEHHOE BIIMSAHHE OKa3bl-
BaIOT MUPKYJSAIIMOHHBIE mporiecchl B CeBepHoit ATnantuke (Rogers, 1997). M3MeHenune pexuma
LUKJIOT€HEe3a M AaHTULMKIOHUYECKOTO OJIOKHPOBAHUS MPOSBISAETCA B AHOMAIUAX IOJEeH AaBICHMUS,
TEMIIEPATYPHI U OCAJIKOB, KacaTEJIIbHOIO HANPSDHKEHUS TPEHUS BETPa Ha IMOBEPXHOCTH MOpA U JIpy-
I'MX XapaKTepUCTUK. BciencTBue 3T0ro mpoucxXoquT U3MEHEHUE CTpaTU(UKALUU BOJHOW TOJIIIH,
MHTEHCUBHOCTU BEPTUKAIBHOIO NIEPEMELIMBAHM, CKOPOCTH allBEJUINHIA U JayHBEJUIMHIA U IPYTUX
IIapaMeTpoB MOPCKOH cpelpl. Takue Bapualuu pernOHAJIbHBIX THAPOMETEOPOIOTHUYECKUX YCIOBUI
OKa3bIBAIOT CYLIECTBEHHOE BJIMSHHME Ha TMAPOXUMHMUYECKHil coctaB Boa YepHoro mops (Oguz,
2005). OpHol M3 BaKHEHIIMX MMIPOXUMHYCCKUX XAPAKTEPUCTHUK, BBIPAKAIOIINX HAIPABICHHOCTh
OMOTre0XMMHUECKUX IPOLIECCOB B MOPCKOM BoJe, siBisieTcs BennuuHa pH. B moBepxHocTHOM ciioe
ri1y0OKOBOHOM YacTH UYepHOro Mopsi BO BpeMEHHOM Xojie¢ BenuuuHbl pH onpenenstorcs kBasu-
nukrueckue kosebanus ¢ nepuogom ~ 10 mer (ITomonckwmii, 2022). Hanbosee BeposTHO, YTO OC-
HOBHas PUYMHA TaKOM M3MEHUMBOCTH Beau4MHbI pH cBsi3aHa ¢ BapualMsMU PErMOHANIbHBIX M-
POMETEOPOJIOTUYECKUX XAaPAKTEPUCTUK, B TOM 4HCie, 00YCIOBICHHBIX U3MEHEHUSAMHU IUKIOHHYE-
CKOM aKTUBHOCTH B ATiaHTUKO-EBporneiickoM cexTope (Bkito4as YepHoMopckuil pernon). B cBs3u
C 3TUM B paboTe BBINOJHEH aHAIU3 BIMSHUS YETHIPEX OCHOBHBIX MPOCTPAHCTBEHHO-BPEMEHHBIX
MOJl B cucteMe okeaH — armocgepa CesepHoro nonymapusi — 3to CeBepoaTianTuueckoe u Bo-
ctouHo—ATiantudeckoe konedanus (BAK), CkannnnaBckoe u Boctouno-Atnantuueckoe — 3a-
MaJIHOPOCCUICKOE KoJeOaHUsl Ha aHOMAJIMM BOJOPOAHOTO IOKa3aTelsl B MOBEPXHOCTHBIX BOJaxX
OTKpPBITON yacTh YepHOro Mopsi.

C npuMeHeHreM METOAUKN Pa3HOCTHBIX KOMIIO3UTOB IIOJIyY€HO, 4TO B 3UMHHUI niepuoa BAK
OKa3bIBaeT HauOoJjbllee BIAMsSHME HAa aHOManuu BeauuuHbl pH. C HOA0ps mo ¢eBpans B oTpHIA-
TenbHyI0 ¢a3zy BAK nomyyeHa nmonoxxurenbHas cpeHece30HHas aHoMmainus BennuuHbl pH (B cpen-
HEM 1o BHYyTpeHHel akBaropuu Mops okoso 0,09 en. pH). Ilpu nonoxurensHol ¢aze BAK
(BAK+) anomanus pH oTpunatensHa U B CpeHEM 0 aKBATOPHHM MPEBBIIIAET (M0 aOCOIIOTHON Be-
nuuune) —0,08 ex. pH. Takum oOpazom, pazHOCTh MEXAY aHOMAIUSIMU BenuuuHbl pH Ha moBepx-
HOCTHU MOpsI ¢ HOSIOpsl 0 eBpajib B MOJIOKUTENbHYIO U oTpuatensuyio (assl BAK cocrasnser
oxono —0,17 ex. pH. Ilpuyem npu nonoxutensHoit ¢paze BAK B mosie npocTpaHCTBEHHOT0 KOMIIO-
3UTa OTpULATeNbHble BenuuuHbl pH mpeobiiagatoT npakTUYecKy Mo BCEW aKBaTOPUU, a 3HAUMMBbIE
o0JacTy BBIJENAIOTCS B BOCTOYHOW M 3alaJHOM 4acTAX MOps, TaM, IJi€ BBIIOJHEHO JIOCTaTOYHOE
KOJIMYECTBO M3MepeHui. [lomydeHHbple 3aKOHOMEPHOCTH NPOCTPAHCTBEHHO-BPEMEHHON M3MEHYU-
BocT pH 0O0yciioBieHbl OCOOCHHOCTSIMH PErHOHAJIbHBIX THIPOMETEOPOJOTHYECKUX YCIOBUH B
YepHoMmopckoM pernoHe B pasnuuHble (a3sl BAK (B yacTHOCTH, yBeTMYEHHEM MOBTOPSEMOCTU
aTMoc(epHbIX LMKIOHOB 311eck npu BAK-), conmyTcTByromel nHTeHCUPUKAIUEH epeMeliBaHus
BEPXHETO CJI0s MOPS U OMOT€OXUMHUYECKUMHU MTPOLIECCaMH.

CnucoK MCTOJIb30BaHHOW JINTEPATYPHI:

Rogers J.C. North Atlantic Storm Track Variability and Its Association to the North Atlantic
Oscillation and Climate Variability of Northern Europe // Journal Climate. — 1997. — Vol. 7. — P.
1635-1647.

Oguz T. Black Sea Ecosystem Response to Climatic Teleconnections // Oceanography. —
2005. - Vol.18, No. 2. — P. 122-133.

[Tononckuit A.b., I'pedbueBa E.A. O mexronoBoil n3MeHUMBOCTH BenuuuHbl pH B moBepx-
HOCTHOM CJIO€ TTYOOKOBOAHOU yacTh YepHoro Mopsi // CucTeMbl KOHTPOJISE OKPYKAIOIICH Cpeibl. —
2022. — Ne 2(48). — C. 12-21. DOI: 10.33075/2220-5861-2022-2- 12-21.
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3ODEKTHI COJTHEYHOM AKTUBHOCTHU B IUHAMUKE XAPAKTEPUCTUK
IEHTPOB JEMCTBUSI ATMOC®EPHI B CEBEPHOM ATJIAHTHKE
Typesuu J1.A.Y, Yepeovko H.H.*?
'HUU «Tomckuii rocynapcTennsiii yausepcutet», r. Tomck, Poccus
2IHCTUTYT MOHMTOPHHTA KJIMMATHUECKUX H 9Koorndyeckux cucreM CO PAH, r. Tomck, Poccus
darya.volguntzova@yandex.ru

[TpoBenena orenka 3¢ dekToB conHeuHo akTuBHOCTH (CA) B JMHAMHKE XapaKTEPUCTHK
LEeHTpOB aecTBus atMocdepsl B CeBepHoil ATiantuke: McmaHACKOro MUHUMYMa U A30pCKOTO
MakcumyMma. OHHM OTHOCATCSI K SHEProakTUBHBIM 30HaM MHpOBOro okeaHa. B HUX 4yBCTBUTEINb-
HOCTb K Pa3HOr0 pojia BHEUIHUM BO3ACHCTBUSM IOBbIIICHA. BO3MYyIlIEHUs 3TOM 30HBI ATUMH BO3-
JEWCTBUSMH 3aITyCKAIOT JOBOJILHO OBICTpbIC M3MEHEHUS Pa3HOTO BPEMEHHOI0 MacmTada B 30HE MX
HauOOJIBIIET0 BIUSHUS U, Jjajiee, U BO BCE cucTeMe B3auMOeHcTBUs okeaH-aTMocdepa. [lepuon
uccnenoBanust — 1954-2021 rr., COOTBETCTBYET BETBU CIiaja BeKOBOro nukia CA.

BriepBbie 1715 JaHHOTO MEpHOa MCCIEAO0BaHUsS MOKa3aHo, 4To VcnaHACcKuil IUKIOH YCHUITHU-
Basica B 4eTHbIe UKIIBI CA (1aBneHne B EHTpe OBUIO HUXKE), @ B HEYETHBIE — OH ObLI Oojiee crad
(puc.1). Takas AuHAMHKA BBISBICHA U MO CPEIHUM TOJOBBIM 3HAYCHUSIM JABJICHUS, U MO CPEAHUM
IUISL 3MMBI ¥ XOJIOJTHOTO TIepro/a, Koraa VMcnanackuii MUHUMYM HanOoJiee IpOosiBIICH.
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Pucynok 1 — MI3mMeHeHune cpeiHeroqoBoro JapjieHus B MIciaHACKOM MUHUMYME U CPETHETO
KonuecTBa uncen Bonbda ¢ 19 no 24 conHeuHbli UK

B A30pckoM aHTUMIMKIIOHE TaKOM OJJHO3HAYHOCTU MU3MEHEHUS JIaBJICHUS HE BBISBIEHO, XOTS B
MOCJIETHUX YETHIPEX IMKJIaX OH OB O0JIee CHIICH B HEUETHBIC IIUKJIBI, & B YETHBIC — OoJiee ciial.

DKCTpEeMyMBbI JaBJICHHs B IIEHTpax jAeicTBus aTMochepsl CeBepHON ATIAHTHKH 32 PacCMOT-
PEHHBIN MEPHOJI JIET OTMEYAIOTCS HE B camMu Toibl SKcTpeMyMoB CA, a casurarorcs. Mcnanackui
MUHUMYM OBLJT YCHWJICH, Halle Bcero, B 30He MakcumyMma CA, a ocnabneH B roabl cHkeHHoOU CA.
[Toxoskast 3aKOHOMEPHOCTH Ha0II0JATach M B A30PCKOM aHTHITUKIIOHE.

B Gonpineii crenenn quHamuka uHaekca NAO ompenenseTcss U3MEHEHUSIMU WHTEHCHBHOCTH
Ucnanackoro muaumyma (kodddummerT cBsa3u paseH 0,81). bonbiras 4acTh MUHUMATBHBIX 3HAYE-
Huit NAO nabmonanace B roasl MuanMyMa CA u BOm3u Hero. [loBbIIeHHbIE 3HAYEHUS UHIEKCA
OTMEYaJIMCh Yale Bcero B Tojiel oBbimeHHONH CA.B detnpie nukisl CA 3HAYEHUST MHIEKCA TOpa3-
JI0 BBILIE, YEM B HEUETHBIE.

B konebaHusx 3UMMHUX 3HAYCHWI JaBJieHUs B IEeHTpe McimaHnckoro MUHMMyMa M 3UMHETO
NAO nanbosee 3HaYMMBbI LIUKJIBI C IEpHOAaMHU oKosio 8—9 u 20-22 ner.

HauGonpimme oTKIOHEHHS JaBICHUS OT CPETHEr0 B 3UMHUM TIEPHO]T HAOTIOIATUCh B YETHOM
conaeyHoM nukie 2009-2019 rr., naubosiee cmabom U3 BCEX PaCCMOTPEHHBIX, U COBHANAIOIINM C
MHHUMYMOM BEeKOBOTO 1ukia CA.
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PEI'’MOHAJIBHBIE ITPOSABJIEHUSA CE3OHHOCTH B 'OAOBOM XOJE
CPEJHEMECSIYHOM TEMIIEPATYPBI BO31YXA B IPUIIOBEPXHOCTHOM CJIOE
Lobponobos H.IO.

OI'BY «MHCTUTYT TI00abHOTO KIMMAaTa M 9KOJIOTUU UMEHU akanemuka F0.A. N3pass,

r. MockBa, Poccus
dobronik@yandex.ru

B nmoxmane onmcano mpeoOpa3oBaHHE THUIIOB TOJOBOTO XOJa CPEAHEMECSYHOW TeMITepaTyphl
MIPH TIEPEMEIIIEHUH B T€OTpa@uecKoM MPOCTPAHCTBE.

Uctounuk nannpix: peanain3 NOAA-CIRES-DOE 20th Century Reanalysis V3.

BpemMenHoli 0XBaT: KIMMAaTUYECKH, T.€. TPH IecATuieTus, a umeHHo 1981-2010.

[IpocTpaHCTBEHHBII OXBAT: TI00ATBHBIN.

[IpocTpancTBeHHOE pa3pemnienue: 1°x1°.

[IpenMer wmcciaenoBaHUs: TOJOBOM XOJ CPEIHEMECSYHOH TEMIIEpaTyphl BO3JyXa B IPHIIO-
BEPXHOCTHOM CJIO€.

3anmava: kraccuUKaIys TUIIOB TOAOBOTO XO/a.

I'ogoBoit X0/ XapakTepu30BajCs MPOCTEUITUM 00pa30M — XOJOJHBIM U TEIUIBIM MEepUOIaMu
rojia (OTHOCUTEIBHO CPEAHETrOA0BOr0 3HaUeHHs). O003HauuM Xjj CpeTHEMECSIUYHOE 3HAYCHUE TEM-
neparypsl B j-it Mecsiit i-ro roga. Micxoas w3 COBOKYMHOCTH TaHHBIX {Xij} BBIYHUCISIOTCS OLCHKH
MapaMeTpoB rOJIOBOTO X0J1a {B}} M UX CpeIHEKBaJIpaTHYECKue OTKIOHCHHs {Sj}. Jlamee cocTamis-
eTcs nocnenoparenbHocTh {Rj} uncen (-1), 0 unu 1 mo cneayromemy npasuny: Rj = -1, ecnu B] <
—1,6455j; Rj =1, ecnu B} > 1,6455j; Rj = 0 B ocranbubIx ciydasx (1,645 — 95-1 oqHOCTOPOHHSS
KBaHTHJIb HOPMAJIBHOTO PACIIPEICTICHHS ).

Krnaccudukanus: ronoBoit Xo B IByX 3J€MEHTaX MPOCTPAHCTBEHHOMN CETKU MMEET OJIMHAKO-
BBII KJIacC, €CJIM COOTBETCTBYIONIME R-TI0CIeI0BATEIIEHOCTH COBMEIIAIOTCS ITUKINIECKON IepecTa-
HOBKOM. Takast kimaccuduKaius COOTBETCTBYET «(PHU3UUECKOMY» MPEACTABIECHUIO O TEIUIOM U XO-
JIOJTHOM CE30HaX — CpeTHEMecsUHas TeMIeparypa OOJbllle WK K€ MEHbIIIEe CPEeTHET0J0BOM COOT-
BETCTBEHHO.

Pesynbrar knaccudukanuy npuBeieH Ha pUCYHKE.

B3 e srs w0 053 s s 6 ees e asm 00 X dem s ee 75 OB 1058 1drB  Lwm 1SR 165m  1me

Pucynox 1 — [IpeacraBnensl 12 caMbIx MHOTOYMCIICHHBIX KJIACCOB (CIEBa) U
COOTBETCTBYIOIINE UM R-MOCIe10BaTeIbHOCTH (CIIpaBa)
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COINIOCTABJIEHUE AKTUBHOCTH 9HIOK C OCOBEHHOCTSAMHA
BO BPAIIEHUU 3EMJIN
3omoe JI.B. *?, Mapuykosa O.B.3, Cudopenxos H.C.*
'CAUII MI'Y, 1. Mockga, Poccns
2MMAM HUY BLID r. Mocksa, Poccns
3 Tromenckuit [ocynapcTennsiii Yuusepceuter, r. Tiomens, Poccus
4 I'mppomeruentp P®, r. Mocksa, Poccust

B nocnennee necstuierve HaOMIOAAIOTCS aHOMAJIUU BO BpAlICHUHM 3e€MJIHM: YCKOpPEHHUE €€
BpamieHus ¢ 2016 rojga, NMpakTUYECKU IOJHOE 3aTyXaHUE YaHJIEPOBCKOTO JBM)KEHHUS II0JIIOCA
(YAIT) B 2019-2021 rr., ocnabnenue curHaina cBobomHoi Hyrammu sjapa FCN. M3BectHo, uTO
cuibHbIe coObITHsI El NINO cka3piBaroTCs Ha 3amagHoOM MEepeHoce B aTMOocdepe u 3aMeISIOT Bpa-
menue 3emtn. Tak Obu10 B 1983, 1997 1 2016 rr. ITocnenuee cunsnoe El Nino o3namenoBano mMak-
CUMYM TIPOJOJDKUTENBHOCTH cyTok LOD, mocne 4wero Hawayics cmaj, mpoaospKaBiuiics no 2022
roja, Korja CKOpOCTh BpallleHusl 3eMIId JOCTUIIIAa OecrpelieIeHTHOrO 3a nocieanue 70 neT Makcu-
myma (LOD — muanmyma, puc. 1). OnHOBpeMEHHO ¢ 3THM MOTHOCTHIO 3aryxio YJAIL. Dtum aHO-
MaJIisIM COMYTCTBOBaio TpoiiHoe cobbitrie La Nina. B 2023 r. YJII crano mpocMaTpUBaThCS B
nanabx, LOD Tarke Hadana MemaiieHHO Bo3pacTaTh. BriomHe BeposTHO, uyTo B 2024 roay mociemy-
et EI Nino.
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Pucynok 1 — Bapuanuu B umntensHoctu cytok LOD no nanusim EOP CO04. TlpunuBHas Mojaenb
Bapuanuii LOD. Ungekc SOI (naBepTHpoBaHHbIil) oTpakatonmii JHIOK

B pa6orax H.C. Cunopenkosa, b. Hao, XK. Jluxe, U. Cepnix, [I. Coneukuna, 5. Buncona pa-
Hee MOJHUMAJICS BOMPOC O BO3MOXKHOU cBsizu Db Hunbo FOxuoro Konebanus (OHIOK) ¢ oco-
OCHHOCTSIMH BO BpaleHUH 3eMiIH. B 4acTHOCTH, Ha OCHOBE CXOJCTBA CIIEKTPOB BBHIIBUTAIHUCH HIICH
00 ux 00yCJIOBICHHOCTH KaKUM-TO oOmMM Qaxtopom. B pabote OynyT npeacTaBieHbl apryMeHThI
3a M MPOTHUB 3THUX, JI0 CUX MOP HE JOKa3aHHBIX, TUTIOTE3. Takke OyIyT COMOCTaBIEHbI 0COOEHHO-

cTeil B nBIKeHUU JIyHBI, MOIyTUPYIONIUE MPUIMBHOE BO3JIEHCTBUE HA 3EMITIO C KBA3HMIIUKINIHO-
ctsamu LOD, YJII1, SHIOK.
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BYAYHIEE BETPOOHEPI'ETUYECKOI'O IOTEHIHUAJIA KPBIMCKOI'O
HOJYOCTPOBA IO JAHHBIM ITPOEKTA
PEI'’MOHAJIBHOI'O MOJAEJINPOBAHUS CORDEX
JIybkoe A.C.

OI'bHY «MHCTUTYT IPUPOAHO-TEXHUYECKUX cCUCTEM», I'. CeBacTonoib, Poccus
andrey-1s2015@yandex.ru

B uccnenoBanun ¢ nomompio 14 CBSI30K PErMOHAIBHBIX KIMMAaTUYECKUX MOJEJIEH U TJIOo-
OaybHBIX Mojenel upKyasauu atmocdepsl u okeana (PKM-MOIL) u 3 cBszok PKM ¢ peananuzom
ERA-Interim npoekta CORDEX Obutd 1OApOOHO HCCIIECIOBAHBI MPOCTPAHCTBCHHO-BPEMEHHBIC
0COOCHHOCTH BeTporeHepanuu KpbIMCKOro moiayocTpoBa B HACTOSIIEM U OyIylleM MO CLIEHAPHIO
BBICOKHX BBIOpOcOB 8,5 MB1/M2. Cpenu HauGonee >((HEKTUBHEIX PAHOHOB I BETPOTEHEPAIUH
orMmeuenbl KepueHckuii momyoctpoB, Tapxankyrckuit mosryoctpoB 1 3aymB Cuamr (puc. 1). B atux
paiioHax oTMeueHa BO3MOKHOCTh peanm3anuu KIIJ[ Berposnepreruueckoit ycranoku (BOY) 6o-
nee yeM Ha 60% OTHOCUTEIHLHO HOMUHAJIBHOTO. Pe3ynbTaThl HCCIeI0OBaHUS MTOKA3ald, YTO BKJIA]
BHYTPHUTOJOBOM M BHUTPUCYTOYHOM M3MEHUYMBOCTHU Ha TMOPSIOK MPEBBIIIACT BKJIAaJ MHOTOJICTHUX
n3MmeneHuit. Jlerom B KpbiMy criocoOHOCTB K BeTporeHepanuu MeHblle Ha 27% OTHOCHUTENBHO 3U-
MBI, 2 HOUbIO MeHbIle Ha 38% uvem gHeM. CpelHEroJ0Bble U3MEHEHHS BhIpaOATHIBAEMOW BETPO-
sHepruu K koHny XXI Beka B menom He mpeBbiciiid 3%. OOHapy:KWHa BhIpAXKEHHAs MPOCTPaH-
CTBEHHAsi HEPAaBHOMEPHOCTh M3MEHEHMI BeTporeHepanuu B XXI| Beke, koTopas moJapoOHO pac-
CMOTpEHa JAJIs JIETHETO U 3UMHEr0 CEe30HOB B JIHEBHOE M HOYHOE Bpems cyTok. Hambomnee cyie-
CTBEHHBIE U3MEHEHHSI OTHOCSTCS K JIETHEMY CE€30HY. B 3TOT ce30H k koHIly 21 Beka Habmtomaercs
3HAYUMOE YMEHbBIIIEHHE BETPOreHEepalluu B pailoHaX MpeAropbs, rop, HeHTpaabHoro KpsiMa u 3a-
nuBa CuBai 1 HEOOJIBIIIOE yBeIMUeHUE B pailone TapxaHKyTCKOro mojiyoctpoBa. Tak ske B pabote
ObL1a MpOaHaIM3UPOBAHA BHYTPUCYTOUHAS, BHYTPUTO/IOBAsI M MHOTOJIETHSASI U3MEHUUBOCTh. bymy-
M€ U3MEHEHHSI N3MEHUMBOCTH ATUX MAcCIITa0OB JIexKaT B ripeaenax 5%.

B HIS (1986 —2005) [ ] MID(2032-2051) ] END (2080 -2099)
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Pucynok 1 — JlnarpaMMbl MEeXKBapTHJIBHOTO Juana3oHa Juis 14 cea3ok moxenein PKM-MOLI:
Hactosee coctosaue (HIS) u 6yaymme usmenennst (MID u END) BeTposHepreTndeckoro noTeH-
nuaiia B paitone KepueHckoro noiayoctpoBa, TapXaHKyTCKOro MOJIyOoCTpoBa U 3ayirBa CuBaill Ha
npumepe BeTporeHeparopa Vestas V-126-3.45
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OBb OIIBITE NIPUMEHEHUSA TEIIVIOCOAEP KAHUS OKEAHA B BEPXHEM
300-METPOBOM CJIOE B KAYECTBE JOIMOJHUTEJBHOI'O ITPEIUKTOPA
HEWPOCETEBOM MOJIEJIH ITIPOI'HO3A HIOK
JIyokos A.C., Bockpecenckas E.H.

OI'bHY «MHCTUTYT NPUPOAHO-TEXHUYECKUX CUCTEMY, I'. CeBactomnonb, Poccus
andrey-1s2015@yandex.ru

Onb-Hunabo — FOxHoe konebanue (DHIOK) — rino0anbHbIil KBa3UNepHOIuIecKuil (2—7 JeT)
MpOIleCC CHUCTEMBI OKeaH-aTMOC(epa, HUMCIOIIUH JBa TPOTHBOMOJIOXKHBIX JKCTPEMAIbHBIX
cocrostHus: Dnb-Huubo u Jla-HuHbs ¢ xapakTepHBIMU KIMMATHYECKUMH OTKIMKAMHU IO BCEMY
3emuomy mapy. Tpaauunonno daza DHIOK ompenensercs ¢ momomisio uaaekca Nino 3.4. Panee
aBTopamMu paboTel ans mporHo3a cocrossHuS OHIOK Obina mpeanmokeHa Mojaenb Ha OCHOBE
nckyctBeHHbIX HelpoHHbIX cereir (HC) (JIyokos, 2020). OcoOEHHOCTBIO ATOW MOJCIH SBISICTCS
JETAbHBI OTOOP MPEAWKTOPOB - aHOMAIMK B TJIOOANBHOW cHCTEME OKeaH-atMocdepa, IS
nporuo3upoBanus uHaekca Nino 3.4. B Hacrosimeit paboTe mpeaioxkeHa BO3MOKHOCT BKITIOUCHUS
nois Terocoaepxkanus okeana (TCO) B BepxnemM 300-MeTpOBOM ClIO€ B KayeCTBE BEKTOpa
MpeIuKTOpoB B Mojenb Ha ocHoBe HC. Clo)XHOCTBIO 100aBISICHUS TAKOTO BEKTOpa MPEIUKTOPOB
SIBJISIETCS] OTPAHUYECHHOCTD 110 BpeMeHuu psifa nanueix o TCO B 300-meTpoBoM ciioe.

Omenka kauectBa Bocmpom3BeneHuss mozeapto HC wmumekca Nino 3.4 B cpaBHEHHH C
TUHAMHYeCKUMH Mojesivia CeBepoaMeprKaHCKOTO MYJIbTHMOJICIIBHOTO aHCaMOJIs TIpUBEICHA Ha
pucynke. Moxuo oTtmetutb, uro moaenb HC c yuactuem mnpemukropoB TCO crama myuiie
Bocnpou3BoauTh uHAEKC NINO 3.4 ¢ 3a01aroBpeMEHHOCTBIO 10 5 MecsmeB. B To ke Bpewms,
CIOCOOHOCTH MPOTHO3UPOBAHUS YMEHbBIINUIIACh, HAUUHAsA C 3a0JaroBPEeMEHHOCTH 6 MecsIeB. JTo
MOXKET OBITH CIIEACTBHEM OoJiee KOPOTKOTO psija oO0ydeHHs. MacCHBBI JAHHBIX OKEAHUYCCKHX
peaHanM30B OOBIYHO KOpOYE, YeM JaHHbIC aTMOC(EpHBIX peaHan30B. lcrmoibyemblii MaccuB
ORASS noctynen ¢ 1958 rona, B pe3ynbpTare uero odydaromnias BEIOOpKa yMeHbInmIack Ha 10 et
M0 CPAaBHEHUIO C MPEIBIIYIIUM HCCIEOBAHUEM, YTO MOTJIO CKa3aThCsl HAa CIOCOOCTH MOJAENH K
MIPOrHO3y ¢ 00Jiee BHICOKOMN 3a01aroBpeMEHHOCTHIO.
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Pucynok 1 — Beece3onHnas koppessinus (a) ¥ cpelHEKBaApaTHUECKOe OTKIIOHEHUE OTHOCUTEIHHO
unekca Nino3.4 (0); cesonnas koppensus 1t HC u3 (JIyokos, 2020) (B), HC ¢ ucrnonb3oBanuem
JonoaHUTeNbHBIX npeaukTopoB TCO (T) 1 pazHuna Ko3PpPHUIUEHTOB KOppesauu (1)

Crnncok UCOIb30BaHHON JIUTEPATYPBHI:

Jlyoxos A.C., Bockpecenckas E.H., MapuykoBa O.B. IlpumeHeHne HEHpOHHBIX CeTeW s
MOJeIbHOTO TporHo3a Jnb-Huubo wu Jla-Hubbs, Bkmouas wux tumsl // Meteoponorus u
runponorus. — 2020. — Nell. — C. 111-121.
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COCTAB BbIBPOCOB ®JIIOUJ0B CUIIOB BYXTbI JIACIITU B ATMOC®EPY
U TUJAPOC®EPY (IOKHBIV BEPEI KPBIMA)
Jlvicenko B. 1.
®unmnan Mockosckoro I'ocynapctsenHoro YHusepcurera uMeHu M.B. JIomoHocOBa B
r. CeBacrormoib, Poccust
niagara_sev@mail.ru

B nHamm qHU 00JIBbIIIOE BHUMAHUE YICNSIETCS UCCICIOBAHHUIO YTIIEBOJIOPOIHON Jera3aiuy Ha
JHE MOpeil U okeaHOB. VX BBIOPOCHI OKa3bIBAIOT BIMSHHME HA MapHUKOBBIKA 3¢ (heKT pazorpena at-
Mocdepbl. 3HAUUTEIIBHOE BIUSHUE HA 3TH MPOIECCH OKA3BbIBAIOT My3BIPHKH T'a3a YIIICBOIOPOIOB B
MEJIKOBOJHOM MpUOpekHOoi 30He. OHU LIETMKOM MOMa/laloT B aTMOCc(epy, MOITOMY UX HCCIea0Ba-
HUIO yaensercs Oonbmioe BHUMaHue. [Ipubpexnbie cunbl B OyxTe Jlachmu SBISIOTCS TIOJTUTOHOM,
I'Jie JIETKO MOYKHO B35ITh IIPOOBI Ha COCTAB (PJIFOHJIOB.

Llenpro HAMIKMX UCCIIEAOBAHU SBISUIOCH H3y4YeHUE 0COOCHHOCTEH (urron1oB B OyxTe Jlacmm.

Brixozpl raza B 6yxrte Jlacnu npuypoueHsl k MectaM niepecedenust JlacnuHckoro u beperoso-
ro pasznomoB. Cunbl HaxonaTcsa Ha paccTostHUM oT 10 10 60 MeTpoB OT ype3a Bozbl OeperoBoi Jin-
HUU Ha MOBEPXHOCTH IISHKHBIX OaKTEpUaIbHBIX MOCTPOEK.

Jnst or6opa mpoO ras3a ObLI BRIOpAH CHII C IIOCTOSTHHBIM BBIJIEIICHUEM ITy3bIPHKOB. [Ipo0BI 0T-
oupanuch B 2022 u 2023 rogax B eMkocTH 00bemoM 100 mii. OHU 3aKpBIBATKCH IBYMS IPOOKaMu B
MOJBOJIHOM MOJIOKCHUH. MaTepuan Jijisi aHanu30B oTOupascs yepe3 yac. Bpemst orbopa mpoOsr ra-
3a coctaBisio oT 8§ 1o 15 munyt. [IpoOsl raza uzydanucs B nadoparopuu MI'Y.

[To pe3ynpTataM aHaIM30B BO (UIFOHIAX KPOME YTIIEBOJIOPOIOB COAEPIKAICS KUCIOPOI, a30T,
YIIIEKUCIHbIN Ta3 u reiuil. Hannume cepoBogopoaa GUKCHPOBAIOCH OPraHOJECHTHUYECKUM METOIOM.
Konuenrpanuu yrieBogopoAHbIX Ta30B B Mpodax u3MeHsioch ot 57,56 no 61,48 %. B ocHoBHOM
sT0 MetaH. Coneprkanue aTuieHa cocranisiio ot 0,96 no 1,03, a mpomana ot 0,0019 no 0,002 %. B
pobax MPUCYTCTBOBAJIM 3TaH, MPOMUIIEH, OyTaH U MEHTaH, HO WX OO0Ilee KOHLEHTPAlUNl He Ipe-
Boimanu 0,004 %. Yrinepon B yrieBogopoax (IIIOHI0B XapaKTEPU30BAJICS TSKEIbIM H30TOMHBIM
cocraBoM (- 813C — 35,22%¢0).

W3 He yriepoaHbIX ra3oB ¢uIIOHABI coaepkanu kucinopon (4,76-8,96 %), azor (9,62-23,61
%), yriekucibii ras (0,23 mo 0,34 %) u renwmii (0,43-1,19 %).

JlomonHUTENbHBIE JaHHBIE O cocTaBe (PIOUIOB OBLIM MOMYyYEHBI B XOJE€ THIPOXUMHUECKON
CbEMKH COJIEHOCTH Y BbIXOA0B cunoB. [l 3Toi 1enu Boja oTOMpanach U3 BOPOHOK CUIIOB B MO-
MEHTHI BRIOPOCOB ra3a. 3a aBa rojaa ObU1o 0TOOpaHO ABEeHAANATh NATh MPo0. COIEHOCTh B HUX U3-
MeHsu1ach oT 6,8 1o 14,7%00. Jlist CcpaBHEHHUS ObUIM B3SITHI JIEBSITH MPOOBI BOJBI CO JHA OYXTHI HA
ynaneHuu ot cunoB. Ilokaszarenb coleHOCTH B HUX U3MeHsuics ot 18,3 1o 18,9%00, uTO COOTBET-
CTBYET COJIEHOCTH B JIaHHOM cektope YUepHoro mops. [lpuBeneHHbie pe3ynbTaThl JOKA3ald, YTO
MHOTOKOMIIOHEHTHBIE Ta30BbIe (DIIOUBI COMPOBOXKIAIUCH «THAPOTEPMAIBHBIMU PACTBOPAMU,
KOTOpBIE BU3YyaJbHO HE (DUKCHPOBAIUCH. BBHIOPOCHI OMPECHEHHBIX BOJ WMEITU HE3HAYUTEIhHBIE
00BEMBI U HEKOTOPYIO TIEPUOINIHOCTD.

Pe3ynpTaThl HaMMMX MCCIETOBAaHUNA MOATBEPAUIIN, YTO COBpeMeHHbIE (rtonu bl OyxThl Jlacu
HMMEIOT SHJOTEHHYIO0 MPUPOIy oOpa3oBaHus. Ha 3TO yKa3bIBaIOT CIeAyIONIUE MPHU3HAKU: MPUYPO-
YEHHOCTh BBIXOJIOB Ta30BBIX CTPYH K 30HE MEPECEUeHHUs Pa3jiOMOB; KOHTPOJIb BEIOPOCOB TEKTOHU-
KOW permoHa; reoXuMus KapOOHATHOTO IEMEHTa IJISHKHBIX MOCTPOEK; MPUCYTCTBUE a30Ta, yriie-
KHCJIOTO Tra3a, Tejus, CepoBOJOpO/ia, METaHa, 3TaHa, MpoIMaHa, ITUJIEHa, IPOoNuJieHa, OyTaHa, MeH-
TaHa; TSKENBIA U30TOMHBIA COCTAB YIJIEPO/a; MEPUOAUYHOCTh U MYIbCUPYIOIIUM XapakTep U3Bep-
KEHUH; HEMTOCTOSTHCTBO 00bEMOB BHIOPOCOB M COCTaBa Ta30B; T€OXWMHUS KapOOHATHOTO IIEMEHTa U
OTCYTCTBHE MOIIHOTO YeXJia aJUTFOBUAIBHBIX OTIIOKEHUH Ha MOJABOTHOM OEperoBOM CKJIOHE.

B pe3ynbrare Hammx Mcciaea0BaHui ObLJIO YCTAHOBIIEHO, UTO (UIFOMIBI KpOME METaHa COZep-
KaT Apyrue ra3bl U BOJAHBIE PacTBOPHL. Bce 3T mpoayKThl monagaroT B atMocdepy u ruapocdepy.
Bo3moxHO, B HallIM AHMU TIyOMHHBIE MOCTYIJICHUS U3 HEAP SIBISIFOTCS TJIABHBIMH KOHTpOJIEpaMu
cocTtaBa aTMoc(hepbl U THIPOCHEPHI.
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I''IOBAJIBHBIE OTKJ/IUKU ABJEHUS JIA-HUHBSA 11O JAHHBIM ERA5
M EI'O TPOMHOE MPOSIBJIEHUE B 2020-2023 T'OJIAX
Mapuyxosa O.B.Y, Bockpecenckas E.H.?

'Tromenkuii rocynapcTBeHnblil yHuBEpCHTET, T. TiomMeHs, Poccus
2PI'BHY «MHCTHTYT IPUPOIHO-TEXHUUECKUX cUcTeM», T. CeBacTonons, Poccus
olesjath@mail.ru

Bcemupnas meteoponorndeckas opranuzanus (BMO) ocenbto 2020 Ha cBoeM 0pUIIHATEHOM
caiite 00BsIBIIIA O Pa3BUTUH YCIIOBUM opmupoBanus Jla-Hunbs, koTopoe, Kak 0XKHJaJI0Ch C BEPO-
atHocThi0 90% mo manHbIM Global Producing Centers of Long-Range Forecasts, 10o/mKHO OBLIO
IPOAJIUTHCA JI0 CIEIYIOLIEro rojia U NOBIUATh HAa KIMMATHYECKUE YCIOBUS Pa3HbIX PEIrHOHOB 3eM-
. Jletom 2022 BMO npenocraBuiia o4epeHOW Iporuo3, uro Bnepsbie B XXI| Beke sBieHue Jla-
Hunbs 0XBaTUT TpU MOCIEI0BATENBHBIX 3MMHUX CE€30HA CEBEPHOIO MOyIIapus. DTH TpU MOCIEI0-
BaTEJIbHBIX XOJIOJHBIX SBJICHHUS B YKBATOPUATIBLHOM 30He THXOro oKeaHa MoJjy4nin Ha3Baiu «triple-
dip La Nifa», uto B mepeBoje ¢ aHrIHiicKOro o3Havaer «rpuo Jla-Hunbs» mim «rpoiiHoe» Jla-
Hunps.

Camo cobbiTue Jla-Hunbs sBisercs oTpunaTtensHoi (as3oii rmodanbHONM KIMMATHYECKO# oc-
mwsnuu — Onb-Huabo—10xHoe Konebanue (OHIOK). B cBoro ouepens DHIOK — 310 kBasuaByx-
1 BOCbMUJIETHEE KoJiebaHue KiauMara 3eMIIM U NepBas MOJA pa3jioKeHusl CpeJHEMECSYHbIX aHOMa-
muu Temrieparypsl noBepxHoctd okeana (TI1O). B 6onee y3kom cmeicne, Jla-Hunbs xapakrepuzy-
I0TCS SKCTpeMalibHbIM NoHmkeHueM TIIO B sxBaTOpHanbHOM nojioce THUXOro okeaHa ¢ MPOJIOJIKU-
TEJIbHOCTBIO CYIIECTBOBAaHUA OT 5 MecsueB. B cpeanem 3tu coObiTus uisitest 12 mecsiues, HO UX
CYIIECTBOBAHHUE MOXET OXBAaTHUTh J[BE OOpeabHbIE 3UMBI.

B nanHoll pa®oTe BBINOJHEH NEpepacueT KOMIIO3UTOB TEMIIEpPAaTyphl BO3]yXa, OCAJKOB M
MpU3eMHOro JaBjieHus peananuza ERAS (mrar cerku 0,25°) B roasl pa3ubeix TunoB Jla-Huubs (Bo-
ctouHo- u llentpanpHo-Tuxookeanckoro) 3a nepuon ¢ 1940 mo 2022 rr. Kpome sToro cienan aHa-
mu3 nocnenHux coobrtuii Jla-Hunps 2020-2022 rr. mo JaHHBIM OKEaHWYECKOTO peaHalln3a
NCEP/GODAS. Bbuio BBISIBIICHO, 4TO niepBoe siBjieHue Jla-HuHbBS U3 TpUO MOCIIEAYIOMMX COOBITHI
otHocutcst K llentpanbHo-Tuxookeanckomy (ILIT) tumy, a aBa apyrux — k Boctouno-
Tuxookeanckomy (BT).

AHanmu3 OTKJIMKOB B TeMIIEpaType BO3AyXa B roJibl pa3HbIX TUIOB Jla-HuHbs BBIABUIL, UTO
Hanbojee MakCHUMaJbHbIE TIO MOJYJIO U 3HAUMMbIE aHOMAJIMU OTHOCHUTEIBHO CPEJHEro KJIMMara
(1981-2010 rr) ¢popmupyrotest ¢ aexkadpst «0» roga mo MapT «+1» roga (puc.1).

JIH BT NHUT
°Q °Q
dﬂeegan/b +1 rog 4 " : Bpanb +1 rq.q 4

ol 'W

7
/ Brn /e &
W wwg 90

'
N
'

N

NHUT

0 /,///":///7////‘;///.

78 o ol PR N R,
RARL P

%7

45°S

-4
Pucynox 1 — Kommosuter anomanuit remneparypsi Bozayxa miast BT (9 coOwrruit) u LT (11 cobsI-
tuii) TunoB Jla-Hunbs no nanueiv Erab
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OTEOP U BEPUGUKAIIUS MOJIEJIENA CMIP6 IJISI U3YYEHW S
INACCATHBIX BETPOB
Mapuyxosa O.B.X, Bockpecenckasa E.H.?, Agpanacveea B.B.>
'Tromenkuii rocynapcTBeHnblil yHuBEpCHTET, T. TiomMeHs, Poccus
2PI'BHY «MHCTHTYT IPUPOIHO-TEXHUUECKUX cUcTeM», T. CeBacTonons, Poccus
$MockoBckuii TocyapcTBeHHbIH yHUBepCeuTeT, I. Mocksa, Poccus
olesjath@mail.ru

ITaccatel (BOCTOYHBIE BETPHI) — 3TO MOCTOSHHO-NIPEoOIaJatoIne BETPhl, TYIOLUE ¢ BOCTOKA
Ha 3amaj, B 9KBaTOPHAJIbHON 30HE 3eMiIi. Y CUJICHHE MaccaToB MPUBOJMUT K aKTUBU3ALUH Apeiido-
BBIX TEYEHUH B TPOIMUYECKUX akBaTopusax Tuxoro okeaHa. B obmacTu ycuieHHBIX IMaccaToB co3/a-
IOTCSI YCJIOBUS IMBEPTEHIIMH TEIUIBIX TTOBEPXHOCTHBIX BOJ M MOJbEMa TTyOMHHBIX XOJOAHBIX BOJ
Ha MOBEPXHOCTh, YTO MPUBOIUT K GopmupoBanuto sinenus Jla-Hunbs. [lpu ocnaGnenun naccat-
HBIX BETPOB CO3Aat0TCs ycioBus Diab-HuHbo.

[TonoxutenbHble TEHIECHIIMM U3MEHEHUS AABJICHHs HaJl YDOBHEM MOps B BOCTOUHOW yacTu
Tuxoro okeana, ¥ B TO>XK€ BpeMs OTPHIIATEIbHBIC TPEH/IbI AaBICHHS B HHIOHE3UHCKOM PErHoHe 3a
HOCJIETHUE COPOK JIET, IPHBOJIAT K CIIBUTY B CTOPOHY C YCHJICHHS] THXOOKEAHCKHUX naccatos (Sohn
et al., 2016; Zhao and Allen, 2019). DTOT cABUT XOPOIIO MPOCISIKUBACTCS MPH PACUETaX JIMHEHHBIX
TpeHnoB naccatHbix unaekcos EP TWI (Boctounsiit), CP TWI (uentpansusiit), WP TWI (3anaa-
HbIi) o panHbM peananuza NCEP/NCAR ¢ 1979 no nacrosiee Bpems. MUugekcet WP TWI u CP
TWI, paccuntbiBaemble He BocTouHee 140°3.11., UMEIOT OTpULIATENbHbIE 3HAYEHUS MEPBBIX KO3(-
(GUIMEHTOB ypaBHEHHs JTMHEWHOTO TPEHIA, OJHOBPEeMEHHO ¢ TeM, kKak mHaekc EP TWI Hao6opot
UMeeT NOJOXKHUTEIbHYIO TEHCHLUIO.

Henp HacTosIICH paOOTHI 3aKIII0OYAETCA B TOM, YTOOBI OTOOPATh KIMMATUYECKUE MOJIEIH MPO-
exkta CMIP6, xoTopble paBUIbHO BOCIPOM3BOIAT TEHAEHIUH [1aCCATOB B TPEX PErMOHAX 3KBATO-
PHATBHO-TUXOOKEAHCKOI0 CEKTOpa ISl uctTopruueckoro nepuoaa ¢ 1979 no 2014 rr. Ilpornocruye-
ckue cueHapuu i mecroro nokoseHuss CMIP naunnatores ¢ 2015 r. K ananusy 6butn nmpusiede-
HBI BCE MOJIENH (B KOJHUYECTBE 47), KOTOPbIE HMEJH PacueTHbIE 3HAYEHHU ST 30HAITBHOW KOMITOHEHTHI
Betpa (U) 3a ucropuueckuit nepuo. /lanHple Noay4eHbl ¢ OQUIMATBHOIO CalfTa KIMMaTUYECKOrO
npoekta «Copernicusy.

ITo pesynbTatam aHanM3a NMPOBEJACHHOM BepuduKanuu B padbore orodpano 11 monenei, ko-
TOpBIE TPABUIIBHO BOCIIPOM3BOAAT MOKA3aTeIH JIMHEWHBIX TPEHIOB /ISl BCEX TPEX MHIECKCOB Iac-
CaTHBIX BETPOB, MMEIOT HAHOOJBIIYIO KOPPEJALHUIO U OJIM3KHE N0 3HAYEHUSIM JUCIIEPCHIO U Cpell-
HEeKBaJIpaTHUeckre OTKIOHeHHs ¢ aaHHbiMH peaHannza NCEP/NCAR. DTuMu MOAETSIMU CTaH
HadGEM3-GC31-LL, INM-CM4-8, NorESM2-MM, FGOALS-f3-L, CMCC-ESM2, CanESM5-
CanOE, CESM2-WACCM, CESM2, AWI-ESM-1-1-LR, HadGEM3-GC31-MM. B nanbHeiimem
U3 HUX OYAYT CO371aHbl aHCAaMOJIM MHEKCOB MACCAaTHBIX BETPOB /IS IPOBEJCHUS PACUETOB 110 ABYM
CIIeHapusM pa3BUTHUs: ontuManbHOro (SSP2-4.5) u kpaiine neOnarompustHoro (SSP5-8.5). Ha
3TOM OCHOBE OYAYT c/ieflaHbl BBIBO/IBI 00 M3MEHEHHSIX MacCaTHBIX yCI0BUHM K KOHIY XX| Beka.

Cnucok UCoab30BaHHON JTUTEPATYPBI:

Sohn B.J., Lee S., Chung E.S., Song H.J. The role of the dry static stability for the recent
change in the Pacific Walker circulation // Journal of Climate. — 2016. — Ne 29(8). — P. 2765-2779.
DOI:10.1175/jcli-d-15-0374.1.

Zhao X., Allen R.J. Strengthening of the Walker Circulation in recent decades and the role of
natural sea surface temperature variability // Environmental Research Communications. — 2019. —
Ne 1(2). — 021003. DOI:10.1088/2515- 7620/ab0dab.
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BO3MO’KHBIE U3MEHEHUSI 3UMHEN IIMKJIOHUYECKONH AKTUBHOCTH B
CPEJAN3EMHOMOPCKO-YEPHOMOPCKOM PEI'MOHE B XX| BEKE HA OCHOBE
AHCAMBJISI MOJIEJIEM CMIP6
Macnosa B.H., ’Kypasckuii B. 1O, JIyoxos A.C.

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

Ienpro HAcTOAIIEH pabOTHI OBUT aHATN3 WU3MEHEHUN 3MMHEH IMUKIOHMYECKOH aKTUBHOCTH B
CpennzeMHOMOpPCKO-UepHOMOPCKOM pernone, kak yactu CeBepoaTiiaHTHuyecku-EBporeiickoro
CeKTOpa, B Tpex |5-ieTHuX mepuoaax: Havane, cepenune u konme XXI Beka. Hamm mporaossl ObI-
JI1 OCHOBAHbI Ha aHcaMOJie U3 CeMH MOJIeIel IPOEKTa B3aUMHOTO CPABHEHMSI CBA3AHHBIX MOJIEIei
(CMIP), daza 6, koTophle IMOKa3aly HawIydllee cornacue ¢ moBropHbiMu ananmm3amu NCEP/NCAR
u ERAS B pamkax npomexxytounoro cieHapusa SSP2-4,5 u cuenapus SSP5-8,5 ¢ cambIM BBICOKUM
YpPOBHEM BBIOPOCOB. Pe3ynbTaThl MoKa3zaiy MOCIEAOBATEIbHOE YBEJIUYEHUE MOBTOPSEMOCTH IIHK-
nonoB HaJ Llentpanbuoii EBpornoit u bputanckumu octpoBamu, 4To OBLIO CBSI3aHO CO CMEIIEHHUEM
TPAeKTOPUU IIUKJIOHOB: K ceBepy OT 3anagHoro Cpeau3eMHOMOpBS U K I0ry oT peruoHa Mcnana-
CKOM HU3MEHHOCTH.
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Pucynok 1 — Cpennee mosiokeHue TpeKOB IUKJIOHOB, UCXOSAIINX M3 o01acTel IIUKIOreHes3a, OT-
MEYEHHBIX CHHUMH NPAMOYrojJpHUKaMu. CHHUI TPEK COOTBETCTBYET NIEPHOY Hadalla BEKa, CBET-
JI0-3eNIeHbIld Tpek — cepennne XXI Beka o cueHapuro SSP2-4,5, 3eneHblil Tpek — KOHILY BEeKa 10
cuenapuio SSP2-4,5, opanxkeBblii Tpek cooTBeTcTBYeT cepenuHe XXI Beka no cuenaputo SSP5-8,5,

a KPacHBIN TPEeK COOTBETCTBYET KOHITY CTOJIETHS 10 ciieHapuro SSP5-8,5.

CnucoK MCOJIb30BaHHON JIUTEPATYPHI:

Khromov S.P., Petrosyants M.A. Meteorology and Climatology, 5th ed. — MSU: Moscow,
2001. — 528 p.

Lionello P., Bhend J., Buzzi A., Della-Marta P., Krichak S., Jansa A., Maheras P., Sanna A.,
Trigo 1., Trigo R. Cyclones in the Mediterranean region: Climatology and effects on the environ-
ment // In Mediterranean Climate Variability; Lionello, P., Malanotte-Rizzoli, P., Boscolo, R., Eds.
— Elsevier: Amsterdam. The Netherlands, 2006. — Vol. 4. — P. 325-372.
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NCCIEJOBAHUE «OCTPOBA TEIIJIA» I'. MATHUTOT'OPCKA
Huxuwoea B./{., Kopomkoea H.B.
CapaTtoBCKUIl HAIMOHAIBHBIN UCCIEA0BATEIbCKUNA FOCY1apCTBEHHBIA yHUBEpcUTET MeHu H. I'.
Yepnsiesckoro, r. Caparos, Poccus
Nikishova.V@yandex.ru

OcTpoB Tema — 3TO ABJIEHUE, IPU KOTOPOM OMpeiesieHHasi TEPPUTOPUS WM 0071acTh CTaHO-
BUTCS 3HAUUTEIILHO TEIIee, YeM OKPY’KaoIIKe ee pailoHbl. B HacTodiee BpemMsi UAET YBEIUUYCHHE
ypOaHU3UPOBAHHBIX TEPPUTOPHI, YTO MOXKET MOBIUATH Ha TemIiepaTypHoe mose. Beab, ropogax
pacmoararTcs UCTOYHUKU TEIUIa, — 3TO MPOMBIIUICHHBIC TPEANPUSTHS, TPAHCIOPT U OOBEKTHI,
CBSI3aHHBIC C JKUJIHUITHO-KOMMYHAJIBbHBIM Xo3siicTBoM (banguna u ap., 2015), Takxke B ropoje
Ha0II0Aat0TCsl HEOOBIINE TUIOMIAIN PACTUTEIBHOTO MTOKPOBA.

Ienb uccnenoBaHUA: BBIIBUTH «OCTPOB TEIJIay ropojaa MarHuTOropck u OlEHUTh €ro TeMIle-
paTypHBIN PEKUM I10 JAaHHBIM CITYTHUKOBOTO MOHUTOPHHTA.

MeTto paboThl BHIIOIHSIICS B HECKOJIbKO ATamnoB. [lepBbIiM 3Tamom, ObUIN MpOaHaIN3UPOBaA-
HBI CPEIHEMECSYHbIC 3HAUCHHUSI TEMIIEPaTyphl 10 METEOPOJOTUYECKON CTaHIMK T. MarHuTOropck
3a 2020 roj (IHEBHBIC 1 HOYHBIC YaChl).

Bropeim 3Tanom, u3 mHTepHeT-pecypca (Earthdata..., 2022) oueHuBanach cpegHeMecsIHas
temreparypa. s Hadana Opalics y4yacTOK, COBIAJAIOIINI C MECTOIMOJIOKEHUEM METEOCTaHIINH U
3aTeM BBICUMTBHIBAJIACh TEMIIEpaTypa Mo JaHHOMY YYacTKy. 3aTeM JaHHBIE TI0 Ha3eMHOMY U CITyT-
HUKOBOMY MOHUTOPHUHTY COTIOCTaBIISUIUCH.

Tperuii 3Tan — 310 JeneHne ropoja Ha CEKTOpa U aHaJIu3 TEMIIEpPATyp ¢ KaKJOro y4yacTKa, U B
pe3ylbTaTe COCTaBJICHHE KapThI-CXEMbI TEMIIEPaTypHOro Mojsi ropoaa. Pesymbrar paboThl mpen-
CTaBJICH Ha pUCYHKeE 1.

I=1km—I

Pucynok 1 — Kapra-cxeMa cpeiHerogoBbIX 3HAYE€HHI TEMITEPATYPhI MOICTHIIAIOIIEN TOBEPXHO-
CTH 32 JIeHb, IOJIYYEHHBIX C IOMOIIbI0 criekTopaauomerpa MODIS

Hcxons, U3 BBILIECNIEPEYUCICHHOTO MOIYYaeTCsl, YeII0BEYECKas NeATEIbHOCTh BHOCUT 3HAYU-
TEIBHBIN BKJIAJ B TEMIIEpaTypHOeE noje. Temneparypa — 3TO OJJHAa U3 BaXKHEHUIIUX XapaKTEPUCTHK,
KOTOpas JIaeT MOHSTh pa3IMyHbIe MPOLIECCH], TAKKE KaK: U3MEHEHHE KIIMMara, 00J1akooOpa3oBaHue,
BO3MOKHOCTB BO3/I€TIBIBAHUS CEIBCKOXO35MCTBEHHBIX KYJIBTYD H JIp.

CIrcoK UCTIOIB30BAaHHOW JTUTEPATYPHI:

banguna E.A, Koncrantunos I[1.U., I'pumienko M.IO. HccnenoBanre ropojckux OCTPOBOB
TeIla ¢ IMOMOIIBIO JAHHBIX JHCTAHIIMOHHOTO 30HIMPOBAaHUS B MH(ppakpacHOM auanazone / E.A.
banauna, I1.1. Koncranturos, M.IO. I'pumenko, M.U. Bapenros // 3emns u3 Kocmoca. — 2015. —
Crnenseimyck. — C. 38—42.

EARTHDATA/ AppEEARS/ [D1eKTpOHHBII pecypcl]. URL:
https://appeears.earthdatacloud.nasa.gov/ (nata o6pamenus: 05.11.2022).
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CPABHEHUE TEPMOXAJIMHHBIX XAPAKTEPUCTHUK HA PA3PE3E «KOJbCKHI
MEPUJIUAH» C KIUMATUYECKUMHU NHIAEKCAMMU JJIs
CEBEPHOM ATJIAHTUKHA
Hosocenoea E.B.Y, benonenxo T.B.%, l'opoeeéa C.M.?, Byosmckuii M.B.3
'Cankt-Tlerepbyprekuii rocynapcTBenHsli yausepeurer, r. Cankr-IlerepOypr, Poccus
2Poccuifckuii THAPOMETEOpOIorkueckuil ynusepcurer, r. Cankt-Iletep6ypr, Poccus
3TuxookeaHCKHIi OKeaHONOTHYeCKUiA HHCTUTYT uMeru B. U. Unsnuésa JIBO PAH,

r. BmaguBoctok, Poccus
novoselovaa.elena@gmail.com

«Konbpckuii Mepuanan» — 3TO BEKOBOM CTaHIAPTHBIN pa3pes3, pacnoioxkeHHbI B bapeHieBom
Mope, a UIMEHHO Baosb Mepunuana 33°30° B.1. ot mobepexbs Kombckoro 3ammBa 10 77° c.ur. B
HACTOAIIMN MOMEHT pa3pe3 SIBJSIeTCS OJTHUM M3 CaMbIX MPOJOKUTEIBHBIX B MUPE PSAAOB OKEaHO-
rpadMUecKuX JaHHBIX: C YUETOM HEOOJBIINX MEPEephIBOB 00UIMii eproa HabmoneHui Ha «Koib-
ckoM MepuauaHe» coctasisieT 104 roma (Kapcakos u mp., 2022). «KonbCkuii MepuIuan» COCTOUT
u3 16 craHumii ¥ TPOCTUPALCTCS Ha ceBep 0 77° c.11., HO HanboJee peryysipHble HaOII0IeHUS TPO-
M3BOJATCS Ha 10KHBIX 10 crannusx (o 74° c. m1.), KOTOpbIE pacmoiararoTcsi B 00JacTH pacipo-
CTpaHEHHUs TEIUIbIX aTIaHTHYecKuX BojA. O01acTh pacpoCTpaHEHUsI OCHOBHOM MacChl aTJaHTHYe-
CKHX BOJI B OCHOBHOM OTPaHUYMBACTCSI UMEHHO IMapauiennto 74° c. mr. (JIucursin, 2021).

Hannsie «Konbckoro mepuauana» A0cTynHbl Ha caiite [lomsproro ¢unmana ®I'BHY "BHU-
PO": http://www.pinro.vniro.ru/ru/razrez-kolskij-meridian/ryady-nablyudenij. /Tanusie riobanbHO-
ro Buxpepazpemaromniero peananuza GLORYS12V1 (Global Ocean Physics Reanalysis) noctymasr
wa nmoprane CMEMS  (Copernicus  Marine  Environment  Monitoring  Service):
https://data.marine.copernicus.eu/product/GLOBAL_MULTIYEAR_PHY_001_030/description).

bruto ycranoBneHo, uto HaTypHble u3Mepenus Ha Konbckom mepunuane (KS) u nannsie pe-
anaim3a GLORYS12V1 (KS-GLORIS) oueHb XOpOIIO COTJIACOBAHBI M UMEIOT BHICOKHE 3HAYCHUS
Koppemsuuu TeMieparypsl B auanasone 0,94-0,99 u HecKoIbKO MEHbIINE 3HAYEHUS IS COJIEHO-
ctu (0,70-0,80). danee Mbl IpocaeAUIN B3aUMOCBSI3b MEXKY aHOMAJIUSMU TEMIIEpaTypbl BOJbI Ha
Konsckom mepunuane u ungekcamu PC1, PC2, NAT, NAT1, NAT2, kotopsie Obl pazpaboTaHbl
u BBesleHbI B cTaThe (Gordeeva, Belonenko, 2022). bbl10o BBISIBIEHO, YTO CBSI3b TEMIIEPATYPbI BOIbI
Ha Bcex cTaHuusaX Konbckoro MepuanaHa ¢ CONPSKEHHBIMHM MHIEKCAMU OINPENEISAETCS, MPEXIE
BCEro, TPEHIaMH U JJIMHHOBOJIHOBBIMU KoseOaHusMU. Bricokas koppemnsius PC2 (NAT1 u NAT2)
¢ TemrepaTypoi Boasl Ha BceM KonbckoM pa3pese B moBepXHOCTHOM 200-METpOBOM CIIOE B OCHOB-
HOM BeTBHM Mypmanckoro Teuenus gocturaet 0,80 mis HaTypHBIX maHHbIX B 0,81 ms maHHBIX
GLORYSI12V1. D10 o3nauaer, uro Temneparypa CeBepo-EBpomneiickoro OacceiiHa omnpenensercs
TPAHCIIOPTOM TeIIa, MOCTYIAOIIEro C aTIAaHTUYECKUMH BOJaMH.

O4eBHIHO, YTO MTPOLIECCHI, BIMAIOIINE Ha TEMIIEPATYpHbIN pexxuM Ha KonbckoMm mepuauase,
OTIpEeEISAI0TCA MHOTUMHU (PakTOpamMu, KOTOpble HEpaBHO3HAYHBI BO BPEMEHHU, U MTPOCThIE IMHEHHbIE
CBSI3M, OLIEHUBAEMBbIE 110 BCEH JUIMHE BPEMEHHBIX PSJ0B, HE MOTYT ONKCAaTh MHOTHUE aCHEKThI U3-
MEHYHMBOCTH 3THX IpoueccoB. [l 3Toro TpeOyroTcss UCcCae0BaHus, YUUTHIBAIOLIUE, B TOM YHUCIIE,
peruoHanbHble 0cO0eHHOCTH. OIHAKO C YBEPEHHOCTHIO MOXKHO YTBEP)KJaTh, YTO Ha TeMIepaTyp-
HBIN pexuM B OacceliHe bapeHiieBa Mops BIUsSET HE HETIOCPEACTBEHHO TPAHCIIOPT (aIBEKIHS) BOJ
u3 ATIIaHTHYeCcKOoro 6acceifHa, a UMEHHO TeIIo, IEPEeHOCUMOE STUMHU BOJIAMH.

[TyOnukanus BeinoiaHeHa npu GpuHaHcoBoil nmoanepsxkke rpanta CIIGIY Ne 94033410.

CHnucoK MCTOJIb30BaHHOW JIMTEPATYPBI:

KapcakoB A.JI. OkeaHorpapuyeckue uccieaoBaHusi Ha paspese «Konbckuil Mepuanan» B
bapennesom mope 3a nepuon 1900-2008 rr. — Mypmanck: M3a-so IIMHPO, 2009. — 139 c.

JIucuusia A.IL u np. Cucrema bapennesa mops. — M.: I'EOC, 2021. - 672 c.

Gordeeva S.M., Belonenko T.V. New indicators responsible for heat transfer from the Atlan-
tic to the Arctic // ESDB repository, GCRAS. — 2022. DOI:2022ES000792-data.
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KIMMATHUYECKHUE YCJOBUSA OCEHHEI'O IEPUOJIA HA TEPPUTOPUU
CAPATOBCKOM OBJIACTH
Opmenu E.U., Conooosnurxosa K. A.
OI'BOY BO «CaparoBckuit HallMOHAIBHBINA UCCIEA0BATENBCKUN TOCYIapCTBEHHBI YHUBEPCUTET
umenu H.I'. Yepueimesckoroy, r. Caparto, Poccust
zhanna.solodovnikova.01@mail.ru

CaparoBckast 00JIaCTh SIBJISIETCS OJHUM U3 KPYMHEUIIMX CEIbCKOXO3SHCTBEHHBIX PAaliOHOB
Poccun, ognako Gombliast 4acTh TEPPUTOPUU PETHOHA OTHOCUTCS K 30HE HEYCTOHYHMBOTO 3eMIlelie-
musi. B paboTe paccuuTaHbl AaThl Iiepexoia TeMmneparypsl Bo3ayxa uepe3 mnpenensl 10°C u 0°C B
CTOPOHY €€ MOHM)KEHHUS, MPOJIOJKUTEIbHOCTh OCEHHEr0 CEe30Ha, U MPOBEIEHA OLEHKa TUApPOTep-
MUYECKUX YCIOBHUU TEPPUTOPUU IO JAHHBIM ISATH METCOPOJIOTUYECKUX CTaHIUU (M/C XBaJIBIHCK,
M/c bamamos, m/c Caparos, M/c EpmioB, M/c Anekcanapos ['aif). B ocHOBY uccienoBanmii mojaoxeH
€XKETHEBHBIM METEOPOJOTHYECKUI apXuBHbIM MaTepuan opuuuansHoro caiitta BHUMT'MU-MIJ]
(Apxus..., 2023). B yciioBUAX PErHOHAIBHOTO MOTEIJICHUS KIMMAaTa OTMEYAeTCs CMEIIeHUE JaT
nepexoja TemrepaTtypsl Bozayxa uepe3 10°C u 0°C na 6omnee no3auue cpoku. [Ipo1omkuTenbHOCTh
OCeHHero rnepuoja Ha reppuropun CapatoBckoil oonactu cocrapisieT 40—44 nus ([Ipsxuna, Opme-
au, 2018). B Tabnuue 1 nmpencraBiieHbl 3HAUEHUS CpPEAHEW MECAYHOM TeMIlepaTypbl BO3JyXa U
CYMMBI OCaJIKOB B CeHTsI0pe u okTs0pe 3a nepuon ¢ 2011 mo 2020 rr. B cpaBHEHUH ¢ KJIMMaTH4e-
ckoit Hopmoii (Cpennue..., 2023).

Tabmuna 1 — CpegHue 3HaUCHUS TeMIIepaTypsl Bo3yxa, °C, U 0CaIKOB, MM, 110 CTAHIIASM
Caparosckoii oosactu 3a 2011-2020 rr. B cpaBHEHUH C KJIMMAaTHYECKON HOPMOIt

T, °C R, MM
M/c IX X IX X

Tep Hopma Tep Hopma Rep Hopma | Rep Hopma
XBaneiack | 14,9 14,9 7,1 7,4 42 47 37 40
banamos 14,3 14,0 7,4 6,8 52 46 36 42
CapatoB 14,8 14,8 8,0 6,6 43 39 30 33
Epuios 14,8 145 7,2 6,7 56 42 27 36
An. Tait 15,8 15,7 8,0 7,7 32 25 22 33
[Ipumeuanue: T, — cpeqHre MHOTOJIETHHE 3HAa4eHUS TemiepaTypbl Bo3ayxa (°C) 3a nmepuog ¢ 2011 mo
2020 rr.; Rep — cpenHsiss MHOTOJIETHSISI cyMMa ocaakoB (MM) 3a epuof ¢ 2011 mo 2020 rr.; Hopma — nan-
HbIe KIIMMaTHYECKON HOPMBI TeMIIEpaTyphl U ocaakos 3a nepuox ¢ 1991 mo 2020 rr.

W3 tabn. 1 BUgHO, 4TO B CEHTSOpE M OKTAOpE 10 BCEM METEOCTAaHIUSAM [T0Ka3aTeau TemIepa-
Typhl BO3/lyXa OJM3KH K HOpME, B OKTsI0pe HauboJibllee OTKIOHEHHE OT HOpMbI oTMeuaeTcs B Ca-
patoBe u cocrasisieT 1,4°C. B centsiOpe ocaaku npeBsiatoT HopMy B banamose Ha 6 mm, B Capa-
ToBe Ha 4 MM, B EpmoBe Ha 14 MM, B AnekcanapoBoM ['ae Ha 7 MM, Ha ceBepe pernoHa — B XBa-
JIBIHCKE OTMEYAETCs] YMEHBIIIEHHE OCAJKOB Ha 5 MM. B OKTSI0pe KOIMUECTBO OCAIKOB HIKE HOPMBI
10 BCEM METEOCTaHLIMSAM, C HauOONBIINMHU OTKIIOHEHUsIMU B EprioBe (Ha 9 MM) 1 AllekcaHApOBOM
lae (ma 11 mm).

CrnucoK UCHOIb30BAHHON JIUTEPATYPHI:

ApPXUB CpeTHEMECSYHBIX 3HAUCHHUI TeMITepaTypsl Bo3ayxa Mo craHiusM CapaTtoBckol obia-
ctu / Beepoccuiickuil HayuHO-HCCII€I0BAaTENIbCKUN HHCTUTYT THIPOMETEOPOIOTHYECKON HHpOpMa-
. — MupoBoit 1ieHTp AaHHBIX [DnexkTpoHHbI pecypc]: URL: http://meteo.ru/ (mara oOpamieHus
05.01.2023).

[Ipssxuna C.1. Opmenn E.M. Arpoknumarnyeckas XapakTEpHCTHKA ce30HOB roga CaparTos-
ckoii obnactu // 3Bectust CapatoBckoro ynusepcurera. Hosast Cepusi. Cepust: Hayku o 3emute. —
2018. —T. 18, Bem. 4. — C. 243-247.

CpenHue MHOTOJIETHHE 3HAYEHMsI TEMIIEPATyphl BO3yXa U OCAAKOB (KJIMMaTHYECKass HOpPMA)
no cranmusM CaparoBckoir obmactu / ['mppomernentp Poccum [Dnextponnsiii pecypc]: URL:
https://meteoinfo.ru/climatcities/ (mara oopamenus 05.01.2023).
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HAMBOJIEE BEPOSITHBIA CHEHAPHUH ITPU CYIIECTBYIOHIEW CUCTEME
IMPABOBOI'O PEI'YJIMPOBAHUSA U KOHTPOJIA 3A AHTPOIIOI'EHHBIMUA
BbIBPOCAMMU NTAPHUKOBBIX I'A30B
Ilexapnuxoea M.E.

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

Bcenenctue riobanbHOTO Xapakrepa mpoojaeMbl H3MEHEHUH KiIMMaTa W TOCIEICTBUNA TaKUX
U3MEHEHUH, 3(pPeKTUBHOE ee pelIeHrne BO3MOKHO TOJIBKO MyTeM OObEIUHEHUS! YCHIINNA BCEro MH-
POBOTO COOOIECTBA U COTJIACOBAHUS COBMECTHBIX JCMCTBUI 1O KOHTPOJIIO HAJ aHTPOIOT€HHOU
SMUCCHEN MapHUKOBBIX Ta30B U a3p030Jied, B TOM 4Hclie B cepe MpaBoro peryiupoBaHus JaHHON
poOIEMBI.

B noknage Oyzaer mpezicTaBiieH aHaiu3 Hauboliee BEPOSTHOIO KIIMMATHYECKOTO CIICHApUs
IIpU pean3aliy CyIIECTBYIOLIEH CUCTEMbI IPABOBOIO PETYJIMPOBAHUS U KOHTPOJIS 3a AaHTPOIIOT€H-
HBIMH BBIOpPOCAMH MAPHUKOBBIX T'a30B OCHOBHBIMU CTPAaHAMHU-IMUTEHTAMH, KOTOPBIE SBIISIOTCS
yuactHukamu [lapmkckoro cornamenus (Ilapmxckoe Cornamenue, 2015).

Ha ocHoBe aHanm3a cymiecTBYIOLIEH HOPMATHBHO-IIPAaBOBOM 0a3bl B OCHOBHBIX CTpaHaX-
SMUTEHTax (OTBETCTBEHHBIX OoJjiee, ueM 3a 75% TiI00aIbHOM SMUCCUU MTAPHUKOBBIX Ta30B) U JaH-
HBIX MO0 BBIOpOCAM MAPHUKOBBIX ra3oB mo 2022 roj (BKIYHUTEIBHO) CAENaH BBIBOJ, YTO MPHU CO-
BPEMEHHOM COCTOSIHUU NPaBOBOro peryinupoBaHus smuccuu I1I' B Oosbleil yactu cTpaH, OTBET-
CTBEHHBIX 32 OCHOBHYIO JOJIIO TJIOOANBHBIX BHIOPOCOB MApPHUKOBBIX Ta30B, JOCTHKECHHE JEKIapU-
pyemoii nenu Ilapmxckoro cornamenus npaktudecku HepeanbHO ([lekapuuxoBa, [lonoHckuid,
2022).

Ecnu naxe OONBIIMHCTBO M3 JEKIapaTUBHBIX BbICKA3bIBaHUI cTpaH-yyacTHUI] [lapukckoro
COrJIAIICHUs, HE TMOJKPEIUIEHHBIX COOTBETCTBYIOIIMMH HAIIMOHAJIBHBIMU IPABOBBIMH AKTaMH, O
MIPUBEPKEHHOCTHU €ro LeNsIM OyJIeT peaJn30BaHO, TO HAWIYUIINNA Pe3yNbTaT, KOTOPbIA MOKET ObITh
JOCTUTHYT, BEPOSATHO OYJET COOTBETCTBOBATH clieHapHio SSP2-4.5 6-ro Onenouynoro oryera [PCC
(IPCC, 2021). [Ipu 5TOM NOBBIIIEHHE TIOOATBHON TPU3EMHON TeMIepaTypsl K KOHIy 21 Beka Oy-
JIET HaXOUTCs B pezenax 2,1-3,5 rpaaycoB 10 CpaBHEHHUIO € JOUHIYCTPUAIBHBIM YPOBHEM.

Paboma evinonnena 6 pamxax coczaoanus UITTC Ne eocpecucmpayuu 121122300074-1.

Crnucok Ucnoab30BaHHON JIUTEPATYPHI:

IPCC, 2021: Summary for Policymakers. In: Climate Change 2021: The Physical Science Ba-
sis. Contribu-tion of Working Group | to the Sixth Assessment Report of the Intergovernmental
Panel on Climate Change [Masson-Delmotte, V., P. Zhai, A. Pirani, S.L. Connors, C. Péan, S. Ber-
ger, N. Caud, Y. Chen, L. Goldfarb, M.I. Gomis, M. Huang, K. Leitzell, E. Lonnoy, J.B.R. Mat-
thews, T.K. Maycock, T. Waterfield, O. Yelekei, R. Yu, and B. Zhou (eds.)]. In Press.

[Tapuxckoe Cornaiiexnue oT 21.12.2015 [DneKkTpoHHBI  pecypc]: URL:
http://unfccc.int/resource/docs/2015/cop21/rus/109r.pdf.

IlexapuukoBa M.E., ITononckuii A.b. AHann3 peaaucTUYHOCTH TOCTHKEHUSI OCHOBHOM LIETU
[Tapmxckoro coryameHus Npy CyLIECTBYIOLIEN CUCTEME MTPABOBOTO PEryJINPOBAHUS U KOHTPOJIS 32
AHTPOTIOTEHHBIMU BHIOpOCAMU MAPHUKOBBIX ra3oBy // DyHIaMeHTallbHAA U MPHUKIAJHAS KIMMATO-
qorus. — 2022. — T. 8, Ne 2. — C. 190-208.
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JOJI'OINNEPUOJHBIE KIMMATHYECKHUE UBMEHEHUA
B CPEJIHEM INOBOJI’KBE
Ilepeseoenyes 1O.IT1, Mupcaesa H.AY Hlanmanunckuii K.M.Y, Hukonaes A.A.%, Tt azupos M.III?
'Kasanckuii (IpuBomxkckuii) dhenepanbubiii ynusepcuter, T. Kazans, Poccus
2TaTapCKI/II7I Hay4YHO-UCCIIE0BATEILCKIMI HHCTUTYT CEJIbCKOTO X03s1icTBa, I. Kazanb, Poccus
ypereved@kpfu.ru, marsel.tagirov2019@yandex.ru

B nanno#i pabote nmaercst aHanu3 kimMarnueckux m3meHeHuii B CpemnHem [loBomkbe c uc-
MOJIb30BaHUEM JJIMHHOPSIAHON cTaHiuu Kaszanb, yauepcuteT B nepuop 1828—2021 rr. Otot nepu-
of1 sIBJsieTCs HanOoJiee JITMHHBIM, OH BBIOPAH C II€TIbI0 CPABHEHUSI PErMOHAIBHBIX KIMMAaTHUECKUX
KoJieOaHM ¢ KoJeOaHUSIMU TIPUITOBEPXHOCTHON TeMIIepaTyphl BO3yXa, OCPEAHEHHOM 10 TePPUTO-
pun Bcero CeBepHoro noiymapust HadyuHas ¢ 1850 1., 4TO MO3BOIMIIO OLIEHUTH BKJIAJ TII00ATBHBIX
MIPOLIECCOB B PETHOHAIILHBIE.

B kauecTBe MCXOJHBIX JAHHBIX MCIIOJIb30BAJIUCH JAHHBIE PU3EMHON TEMIEpPaTypbl BO3AyXa
mo Bcemy 3emHoMy miapy (1850-2021 rr) VuauBepcutera Bocrounoit Anrmmu (CRU)
(https://www.uea.ac.uk/groups-and-centres/climatic-research-unit/data, nara nocryma 28.12.2022 r.),
naHHble MeTeoHaOmoneHuit 183 mereocranuuit Ha teppuropun I[IpuBomxckoro ¢denepaibHOrO
okpyra u3 ponga BHUUTMU-MILJ] 3a 1955-2021 rr., a TakKe TaHHBIC MHOTOJICTHUX HAOJIOICHUN
B MeTeopoioruiyeckoit ooceparopuu Kazanckoro ynuepcuteta B nepuon 18282021 rr.

K uncity 0CHOBHBIX BBIBOIOB CJIEYET OTHECTH:

1. B mepuon 1828-2021 rr. B Kazanu u B nemom B Cpeanem [loBomkbe BO Bcex Mecsiax 00-
HapyKe€Ha TEHJCHIIMSI MOBBIIEHUS TeMIIepaTypbl Bo3ayxa. [Ipu 3ToM CKOpOCTh MOTEIUIEHUS TOCTH-
raeT HauOOJbIINX 3HAYCHHUI B 3UMHe-BeceHHM nepuoa (B aekabpe senuunna KHJIT=0,283°C/10
net, B mapte 0,246°C/10 ner).

2. Ananu3 TpuALaTUIETHUX HOPM TeMIiieparyp Bo3ayxa B nepuof 1841-2020 rr. mokasai, 4To
B nocnennue 30-netaue (1991-2020 rr.) BO Bce MecsIbI TO/la TEMIIEPATypa BHIIIE, YEM B IPEIIbI-
nymue 30-netus. Hanbonbime TpeHabl TeMieparypbl ooHapyxeHsl B 1970-2021 ropax. IIpu stom
B 3MMHE-BECEHHHE MECSLIbI MOTEIIEHNE MPOUCXOAUT 00JIee BHICOKUMHU TEMITAMHU, YEM B OCTAJIbHBIE.

3. C UCcnoap30BaHUEM HHU3KOYACTOTHOTO aHAJIM3a BPEMEHHBIX PsAOB TeMriepaTypsl B Kazanu
U MO0 BCEMY CeBepHOMY moiymapuio B mepuoa 1850-2021 rr. BeIEIEHBI MEPUOABI MOBBIIICHHS
(TOHMXEeHHsT) TeMIIepaTyphbl pa3IN4HON MHTEHCUBHOCTH. [loka3aHo, 4TO EpUOBI TOTETIEHHUS 00-
Jiee TPOJIOJKUTENIbHBI 1 UHTEHCHUBHBI, YEM NEePUOABI MOX010AaHua. Hu3kouacToTHas KOMIIOHEHTa
BbIIeNMIIa KBa3u 00-eTHHE KoJeOaHus TOI0BOM aMILUIUTYABI TEMIIepaTyphbl BO3AyXa, YTO OOBICHS-
€TCsl IOCTAaTOUHO OJIM3KON MUKIMYHOCTBIO psiia Te0pU3NYECKUX (PaKTOPOB.

4. Ananu3 mokasaresieil TeMneparypHOro pexxuma JByx nepuonoB 1828—-1945 u 1946-2021
IT. TO3BOJIMJ ycTaHOBUTH B CpenHeM IloBoimkbe KiaMMaTudecKu-o0yCcIOBIEHHOE Hayajao aHTPOIO-
reHa (¢ 1946 r.), yTo mpHUBENO K 3HAYUTEIILHOMY MOBBIIIICHUIO TEMITEPaTyphl (TOTETJICHHIO).

5. BreisBiieHa KOppeNAIMOHHAs 3aBHCUMOCTh Kojiebanuit TB B Kazanu or kimmarnyeckux
MIPOIIECCOB CEBEPHOTO IMOJIYIIAPUS: MO TOJOBBIM IOKa3aTeIsIM KO3(PGHUIIMEHT KOPPESIMU JOCTUTa-
et 3Hauenus 0,79; netom 0,52; 3umoni 0,66, 9TO MO3BOIMIIO OIEHUTH BKJIAJ] ITOOAIBHOTO MpoIecca
B PETMOHANIbHBIN: 3uUMOii ~43% nM3MeHeHul 00bsSICHIeTCS T00ATBHBIM (haKTOpOM, IeToM ~27%.

6. IToka3zaHa 3aBHCUMOCTB TeMIlepaTypHoOro pexxuma B Kazanu u B nenom B Cpennem IloBon-
Kbe OT KoJIeOaHUH HUpKyasuu arMocdepsl: TecHble cBsi3u ¢ uaaekcamu NAO, AO, SCAND; ne-
tom ¢ EAWR.

7. lana oneHka u3meHeHus temreparypsl B Kazanu 1o koHna 21 Beka ¢ UCIOIb30BaHUEM MO-
neneit CMIPG6.

Paboma evinonnena npu uacmuurnoii gounancosoti noooepacke epanma PH® (npoexm No 22-
27-20080).
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MNPOEKIUU UBSMEHEHHUS KOJIMYECTBA 3UMHHUX
ATMOC®EPHbBIX OCAJIKOB B YEPHOMOPCKOM PEI'MOHE B XXI CTOJETUH
Tononckuit A.b., Cyxonoc I1.A.

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

AHanu3 BO3MOXKHBIX KJIIMMaTUYeCKUX u3MeHeHui B XXI Beke 1o BIUSHUEM aHTPOIOT€HHbBIX
(akTOpPOB Ha PErHOHAILHOM MaciuTade MpeacTaBisieT co00il akTyalbHy0 33aa4dy. Kak m3BecTHO,
YepHOMOPCKHUI PETHOH XapaKTepU3yeTcsl HEOMpeaeIEHHOCThI0 TeHACHIIMM KIMMaTHYeCKUX U3Me-
HEHUI B UICTOPUUYECKOM Hepuoe. s 3Toro pernoHa rnoy4eHbl IPOEKIUU U3MEHEHUH KOJIMYeCTBA
arMocdepHbIx ocankoB (AO), KOTopbie 3auacTyro mporuBopedar apyr apyry (ITomonckwuii, 2023). B
CBSI3H C 3TUM TeHJeHIUN n3MeHeHus koimuecTBa AO B XXI Beke B yKa3aHHOM pPEernoHe TPeOYIOT
yrouHeHus. Llenapio paOoThl sIBIsSETCS OLIEHKA MPOEKIUN M3MeHeHUus KonuyecTBa 3uMHUX AO B
YepHoMmopckoM peruone B Kparkocpounoit (2021-2050 rr.) u cpeanecpounoit (2051-2080 rr.)
MEPCIEeKTUBE [0 OTHOWICHUIO K HCTOpHueckomy mepuoay (1976-2005 rr.) mis HECKOIbKHX
CIICHapHEeB U3MECHEHUS KOHIIEHTpanuu napHukoBbiX razoB (RCP2.6, RCP4.5 u RCP8.5) no nanabM
pervoHanbHON KiuMatuyeckor moaenu SMHI-RCA4.

Hcnonb30BaHbl cpeHeMecs UHble BeUYMHbBI KoanuecTBa AO B ekaOpe 1o JaHHBIM YUCIIEH-
Hoit mozeniu SMHI-RCA4, Bxomsieit B mpoekt CORDEX (Jacob et al., 2014), ¢ npoctpaHCcTBeH-
HeIM paspemenneM 0,5x0,5° 3a nepuon 1951-2099 rr. Beibop nanHOW pernoHaIbHON KIMMaTHde-
CKOIl Mojenu 00yCIOBJIEH €€ CIOCOOHOCTHIO a/IeKBAaTHO BOCHPOU3BOJUTH CPEAHHE BEITUUYHHBI U
JOJITOTIEPUOHBIE TEHJEHIMH u3MeHeHud 3uMHuX AQO Hajg YEpHBIM MOpeM B HCTOPUYECKHUI
nepuon (ITomonckuii, 2023). UepHOMOpPCKHIA perMOH orpaHn4eH koopauHatamu 40-48° ¢. mr., 26—
42° B. 1.

[Tonydeno, uto npu manoBeposiTHoM cuieHapuu RCP2.6 B kpaTKOCpOYHOU MEPCIIEKTHBE Me-
nuaHa konmdectBa AQO yBenmuuBaerca Ha 25-50% Baoab AmnaTonuiickoro mnobepexbs. B
CPEIHECPOUYHON NEPCHEKTHUBE O0XKHUAAETCS yMEHbLIEHHWE MeauaHbl koiaudectBa AO Ha ceepo-
BOCTOKE YEepHOMOpPCKOI0 PETMOHA U YBEIMUYEHUE U3y4aeMoro mapaMeTpa HaJl MajbIMU IO IUIonia-
11 00JacTAMU Ha IoTe, I0ro-3amajie 1 ceBepo-3amnaze YepHOMOPCKOro peruoHa.

ITpu G6onee BepositHoM crieHapuu RCP4.5 B kpaTKOCpOYHON MEPCIIEKTUBE 00JIACTH YBEIHYe-
Hus (6onee 25%) menuansl konmuuecTBa AO Manbl 1o TUiomaau. B cpeaHecpouHoil mepcrneKkTruBe
OKUJaeTcs pocT MeauaHbl konnuecTBa AO B IIEHTpaJIbHOW U F0KHOM yacT YepHOMOPCKOTO peru-
ona. Haunbonbiiee yBennuenue menuansl koaundectBa AO (cBoime 50%) oOHapyXeHO BAOIb AHa-
TOJNHMICKOTO MoOepexbs. B ceBepo-3amanHoit yacTu YepHOMOPCKOTO pEeTrHoHa pacmloiiokeHa 00-
nacTh yMeHbIeHus (6omuee 25%) meauansl konudectBa AQ.

[Tpu neccumucTnyHOM (M MeHee BeposiTHOM) cuieHapun RCP8.5 B kpaTtkocpouHoii mepcrex-
TUBE MeanaHa KoiandectBa AQO yBeTUUMBAETCS MOYTH BO BCEM UepHOMOPCKOM pErHOHE, 33 UCKIIIO-
YEeHUEM MaJIbIX O IUIOMIAIA 00IacTe B CeBEPO-3aIaHON U FOTO-3amaHON JacTsax YEpHOTO MOps.
Hau6Gonpmmii poct (cBeime 50%) meauansl konudectBa AO oTmedaercs B okpecTHocTu KepueH-
CKOTO MpOJMBa, IOr0-BOCTOYHON yacTH YEpHOro Mopst U BIOJb AHATOIMHCKOro mnoodepexnbs. B
CPEIHECPOUYHON NEPCHEKTUBE MOYTH BCSI TEPPUTOPUs UEpHOMOPCKOrO PErnoHa XapaKTepU3yeTcs
3Ha4YUMBIM pocToM (cBbIie 50%) meanansl konudectsa AO.

Paboma svinonnena 6 pamxax eoczaoanus UIITC, Ne cocpecucmpayuu 121122300074-1.

CnucoK MCOJIb30BaHHON JIUTEPATYPBI:

ITononckuii A.b., Cyxonoc II.A. Pacdu€r kiMMaTu4ecKkux XapakTEpUCTUK OCaIKoB Haj Yep-
HbIM MOpPEM MO JIaHHBIM PErHOHAJbHBIX KIUMaTHUecKux Mmojeineit // ['mapomereoponornyeckue
uccienoBanus u nporao3sl. — 2023. — Ne 3 (389). — C. 59-74.

Jacob D., Petersen J., Eggert B. et al. EURO-CORDEX: new high-resolution climate change
projections for European impact research // Reg. environ. change. — 2014. — Vol. 14, No. 2. — P.
563-578.
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OILEHKA KAYECTBA BOCHIPOU3BEJIEHUSA PEAHAJIN30M ERAS
XAPAKTEPUCTHUK BETPOBOI'O PE:XKUMA B KPBIMCKOM PEI'MOHE
Hononsnxun J1.A., JIyoroes A.C.

OBI'HY «MHCTUTYT IPUPOAHO-TEXHUYECKUX cucTeM», . CeBacronois, Poccus
p0lOnyank1n.denis@gmail.com

H3MeHeHus BETPOBOrO pPeKMMa M MOBTOPSEMOCTU 3KCTPEMAIbHBIX BETPOB B TEUCHHE
HECKOJIbKUX Tocienuux necaruieruid (Escturnees u ap., 2017; benokomnsrtos, 2017), B Tom
yuciie 1 B KppIMCKOM pervone, BhI3bIBAIOT HHTEPEC HE TOJIHKO B HAYYHOM COOOINECTBE, HO U
Cpeau Kpyra JIuL, IPUHUMAIOIIUX CTPATETHUECKUE PEUICHUs. DTO TOBOPUT 00 aKTyaJlbHOCTH
M3Y4YEeHUS U3MEHEHU ITapaMeTpoB BETPa, JUIsl Yero Hy>KHbI JaHHbIE IPOBEPEHHOI0 KayecTBa.

Jls mpoBeieHus ncCieI0BaHusl MIPEAIONAracTcsl UCIO0Jb30BaTh IaHHbIE IO BETPY IJIO-
6anpHOro peananuza ERAS (Hersbach et al., 2020), u3 kotoporo OyayT BeIOpaHbI JaHHBIC 110
Kpbimy. UTO0OB! BBISIBUTH aJ€KBATHOCTH MOJEIM 3TOr0 peaHaiu3a JJis JAHHOIO PErvoHa,
HeoOxoIMMa MPOBEpKa KauecTBa C MPUBICUCHUEM JaHHBIX HAOIIOJCHHUS, UTO U SBIISETCS 1ie-
JBI0 HACTOAIIETO MCCIeoBaHMs. B paboTe ObLT MPOM3BENEH TaKOW aHATIN3 cpa3y IMyTeM CO-
MOCTABIICHUS C TaHHBIMH METECOHAOTIOACHUIA.

MaccuB nannbIx peaHanusa ERAS npeacraBisieT XapakTEpUCTHKU 110 U U V KOMIIOHEH-
Tam BeTpa Ha BeicoTe 10 M Ha mepuox ¢ 1959 no 2022 rr. Beicokoe mpocTpaHCTBEHHOE pa3-
pemenwne (0,25°%0,25°) sToro mMaccuBa JaHHBIX IO3BOJIET YY€CTh OOJIBIIMHCTBO reorpadu-
yeckux ocoOeHHocTel KpwiMckoro momyoctpoBa. Jlisi cpaBHeHHs ObLTH BHIOpaHBI JaHHBIE
HaOmoneHui 22 mereoctannuii Kpeima o ckopoctu Betpa Ha Boicote 10 M 3a mepuos 2005-
2020 rr.

Ananu3 nokaszan, yto ERAS B nienom 3aBblliaer 3HauY€HUsI CKOPOCTH BeTpa AJisi 00Jb-
IIMHCTBA cTaHIuil. Hanbomnpiire 3HauYeHUsT pa3HOCTH XapaKTePHBI B LEJIOM JJIsl 3MMHUX Me-
csteB. MakcumalibHble orpemHocTy (0T 2 1o 3 m/c) ormeuarotes ais Kepuu, Kpacnomnepe-
korcka, OnacHoro, @eogocun u YepHomopckoro. CpelHuEe 3HaYEHUs CPENHEKBAAPATUYHON
omuOku (RMSE) cocrasisirot 2,38 m/c, nocturas 3—4 m/c B 3MMHHE MECSAIIbI Ha TTEpUQEepUu.
Koaddunment koppensiun Mexay psaamu ganabix gocturaer 0,77 (Aspomopt Cumdepo-
T0JIb), XOTSI JIIs1 AJTyIUTHI OH cocTaBuJ Juilb 0,24.

B urtore nomydeno, uro peanaiuz ERAS He oTpakaeT B MOIHON Mepe 0COOEHHOCTH
pacnpezeneHuss CKOpocTH BeTpa aisi KpbIMCKOro mojyocTpoBa M HY)KJA€TCsl BO BHECEHUU
HEKOTOPBIX MOIPABOK JJs paboThl ¢ HUM. HanMeHbIne MOrpenrHocTy peaHanns3a B coyera-
HUU C BBICOKMMH 3HAQUCHUSIMU KOPPEJSIIIUU XapakTepHbl s 1eHTpa Kpeima. Haubonbime
MOTPEUTHOCTH B COYETAHUHU C HU3KMMU 3HAUCHHUSIMU KOPPEIIALNH XapaKTePHbI ISl FO)KHOTO U
ceBepHOro nodepexuit Kpeima, a Takke Jj1s1 TOPHBIX PailOHOB.

Cnucok ucnob30BaHHOM JTUTEPATYpPHI:

benoxonbiToB B.H. O KOMITJIEKCHBIX MCCIEOBAHMUSX OMACHBIX IMPUPOIHBIX SBJIECHUI B
AzoBo-UepHomopckom Oacceiine / B. H. benokonsiros, B. B. ®omun, A. B. Unrepos // Mop-
cKkoii runpodusnueckuit sxypHai. — 2017. — Ne 3(195). — C. 32-48.

Escturuees B.I1., HaymoBa B.A., Bockpecenckas E.H., EBcturuees M.IL., JlroOapen
E.I1. Berpo-BoiHOBBIE ycioBUs MPUOpex)HON 30HbI A30Bo-UepHOMOpckoro pernona. — CeBa-
cronons: UIITC, 2017. —319 c.

Hersbach H., Bell B., Berrisford P. et al. The ERA5 global reanalysis // Q. J. R. Mete-
orolog. Soc. — 2020. — No. 146 (730). — P. 1999-2049. DOI: 10.1002/qj.3803.
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Onp0Opyc — BbIcouaiiias BepmmHa EBporbr (5642 M), HbIHE CISANIMIA BYJIKaH, MOKPBITHIN
TPUILATHIO JIeAHUKaMU. [Ipy caMbIX TEMJbIX CLIEHAPUSAX U3MEHEHHsI KJIMMaTa, HOYTH BCE OCTABIIM-
ecs Ha CeBepHom KaBkase nenHuku OymyT ckoueHTpupoBaHbl Ha Dibbpyce (Postnikova et al.,
2023). Hamu paccMOTpeHBl BEpOSITHbIE U3MEHEHUS JIEAHUKOB DJbOpyca B COOTBETCTBUU C KIMMa-
THYECKUMU clieHapusmMu u3 npoekra CMIP6 (SSP1-1.9, SSP1-2.6, SSP2-4.5, SSP3-7.0, SSP5-8.5)
B XXI Beke. OxuaeMmoe OTCTynanue GpoHTOB JEIHUKOB MPUBEACT K (POPMUPOBAHUIO MPOTJIISALIM-
QJIBHBIX 03€P B JIOKAIBHBIX JICTIPECCHUIX JI0XKA, KOTOpbIe ObUTH MaeHTH(GHUIMpOoBaHb! panee (JlaBpen-
TheB U J1p., 2020). Hamu Obl10 onpeseneHo Hanbosee BEpOsSTHOE BpeMs UX 00pa3oBaHMs U yTOUHE-
HBI X XapakTepucTuku. Kpome Toro, ObUI0 CIPOTHO3MPOBAHO BPEMsI U MECTO 00pa3zoBaHHs 00JIa-
cTel MorpeGeHHOro Mo MOPEHOW MEPTBOTO JIbJIa, KOTOPBIE B ONPEAEICHHBIX 00CTOATEIbCTBAX OY-
IyT TIOANPYKUBATh 03€pa, yBEIUYMBas, TEM CaMbIM, BEPOSTHOCTh MX HpopsiBa. /s mpoBeneHus
JMIAHHOTO MCCJIENOBAHUS ObLIA HCIIOIB30BaHAa II100anpHas risinuoiornueckas monaeins GIoGEMflow
(Zekollari et al., 2019) co BcTpoeHHBIM B Hee OJOKOM 3BOJIOIMKA MOPEHHOTO MOKpoBa. B Hell mpo-
LIECChI YHEProoOMeHa U JUHAMUKH JIEAHUKOB OIMHUCBIBAIOTCS B YIPOIIEHHONW dopMme. DTo sBIseTCS
NPUYMHON Hen30eKHON HEONpeIeICHHOCTH B NMPOTHOCTHYECKUX pacyeTax XapaKTePHCTUK OJiese-
HeHust. OJJHaKO ¢ POCTOM 3a0JIarOBPEMEHHOCTH IIPOTHO30B BCE BO3PACTAIOIIYIO POJIb HAUYMHAET UT-
patb pa3dpoc B HMCXOMHBIX KIMMATHYECKHX CIIEHAPUAX. DTH BOIMPOCHI TaKke OOCYXKITArOTCS B
HACTOSIIEM HCCIIeIOBaHUU.

CornacHo mporHoctTudeckum pacueram, k 2100 roay negHuKy Ha DIp0pyce OTCTYMST BbIIIE
4000 M H.y.M., ¥ Ha UX MecTe Ha DibOpyce BeposTHO Oyner oOpa3oBaHo 0 17 HOBBIX 03ep. [Ipu
ymepeHHOM moteruienuu (cuenapun SSP1-1.9, SSP1-2.6) Bo3MoOkHA CTaOMIM3AINS ITOJIOKEHHUS
¢ponTOB NegHUKOB Ha BicoTe 3600-3700 M. IIpu sTom Ha Dnbbpyce O6yaer chopmMupoBaHo 110 §
o3ep. Camoe 00JBIIIOE 03€pO HA MECTE JIEIOBOTO TUIaTo J[XKHKayreHKE3, BO3MOXKHO, Oy/IeT MOATpY-
KEHO MOpPEHOU Cc morpeGeHHOoM Mo Hell 00J1acThi0 MEPTBOTO JIbAa TONMMHON 10 60 M mpearnono-
xuteabHo B 2040110 romax, U BEposSTHO OYIET MPEACTABISITh 3HAUUTEIBHYIO CEJIEBYIO OMMACHOCTh
HIDKE TI0 TeUeHHIo p. Manka.

Hccneoosanue svinonneno npu gpunancosou nooodepacke PH® 6 pamkax nayunoco npoekma
23-27-00050.

CHMCOK MCIOJIb30BaHHOM JINTCPATYPhI:

JlaBpentreB U.N., Ilerpakos /[.A., Kyry3oB C.C., KoBanenko H.B., CmuprHoB A.M. Onenka
MOTEHIMaja pa3BUTHUS JIEAHUKOBBIX 03€p Ha Llentpansnom Kaskaze // JIEn u Cuer. — 2020. — T. 60,
Ne 3. — C. 343-360. DOI: 10.31857/S2076673420030044

Postnikova T., Rybak O., Gubanov A., Zekollari H., Huss M., Shahgedanova M. Debris cover
effect on the evolution of Northern Caucasus glaciation in the 21st century // Frontiers in Earth Sci-
ence. — 2023.

Zekollari H., Huss M., Farinotti D. Modelling the future evolution of glaciers in the European
Alps under the EURO-CORDEX RCM ensemble // The Cryosphere. — 2019. — Vol. 13. — P. 1125-
1146.

72


mailto:tasinidze@gmail.com
https://doi.org/10.31857/S2076673420030044

Cucmemvl koumpoas oxpyacaroujeti cpeovt — 2023

IMAPAMETPU3ALUSA OBJIAMHOCTU B SHEPT'OBAJIAHCOBBIX MOJIEJIAX
I'OPHBIX JIE/JTHUKOB
Poibax 0.0.1%3 Puibak E.A.%3, Kopnesa A3
"Nucruryr Boaubix mpobaem PAH, r. Mocksa, Poccus
2@UILI CHII PAH, r. Coun, Poccus
SOBIHY «HCTUTYT NPUPOIHO-TEXHHIECKUX CUCTeM», T. CeBacTonons, Poccus
*Uncrturyr reorpadun PAH, r. Mocksa, Poccnst
0.0.rybak@gmail.com

ConHeyHas pazuanusi BHOCUT OCHOBHOM BKJIAJl B IIOBEPXHOCTHOE TassHUE FOPHBIX JIEHUKOB.
JIBa (aktopa perynupyroT 3)(PeKTUBHOCTh BO3IEHCTBUS COJHEYHOW paJMallUd U PEKUM TasHUS.
[TepBoiii GakTop, KOTOPBINA OMpenesseT oclablieHue MPUXOASIIEH COJIHEYHON paaualyuy Ha BEpX-
HIOIO TpaHMIly arMocdepsl, 3To ee mpo3padHocTh. OciiabiieHne NoToKa paualy SIBISEeTCs CIel-
CTBHEM BO3JCHCTBUS KOMILIEKCA MPOIIECCOB, 3aBHCALIMX OT COCTaBa arMochepsl M MpUCYTCTBUS
pas3Horo poja mpumecei, U 00IauHbIM MOKPOBOM. BTopoii (hakrop ompeznensercs CBOMCTBaMH IO-
BEPXHOCTH, Ha KOTOPYIO MIOCTYIMAET U OT KOTOPOI YaCTUYHO OTpakaeTcs paauanus (anpdeno). MHo-
rJa B Pa3IMYHBIX MPHIOKEHUSIX HE Pa3AESIOT MPO3PavHOCTh aTMocdepbl, 00yCIOBIEHHYIO OCO-
OCHHOCTSIMHU €€ COCTaBa, U 00JaYHOCTh, & PACCMATPHUBAIOT UX COBMECTHO, UCIIOJIB3YSl TEPMUH «HH-
TerpajbHasi MPOMYCKHAas CIOCOOHOCThY.

WNHcTpyMeHTalIbHOE W3MEpPEHUE MPO3PAauHOCTH aTMOC(ephbl JOCTATOYHO CIIOKHBIM Ipolecc,
OJTHAKO MPO3PAYHOCTh MOXKET OBITh KOCBEHHO OIIEHEHA C MCIOJIB30BAHUEM PA3IUYHBIX PACUETHBIX
anroput™MoB. HemocTarok mooOHBIX pacueTHBIX METOIOB 3aKJIFOYACTCS B TOM, YTO OHHM, KaK MPaBHU-
710, OCHOBaHBbl Ha YCPEAHEHHBIX MO BPEMEHM MapaMeTpax COCTOSHHSI aTMOc(epbl, 1 HE MOTYT
y4ecTb KOPOTKOIEPHOAHbIE BapHallMM, OOYCIOBIIEHHbIE, HAPUMEP, CMEHOW BO3JYLIHBIX Macc ¢
Pa3IMYHBIM COIEpKaHUEM MpUMecel (MbUTH, adpo30Jis U Jip.). B 3aBucuMocTH OT THIAa 00JIa4HOCTH
1 BBICOTHI COJIHIIA, O0JIaKa MOTYT JINOO MPOITYCKaTh OOJIBIIYIO YAaCTh IPSIMOM COJTHEUHOM pajualuu,
1100 He mporyckars BoBce. OUeBHIHO, UTO MCIOIb30BAaHUE B pacueTax oOmield 00lIayHOCTH B CO-
OTBETCTBUU C JaHHBIMU METEOCTAHIIMU 0€3 yueTa MpOITyCKarolel CHoCOOHOCTH 00Ja4HOTO MOKPO-
Ba, TPUBEJET K 3HAUYUTEIHHBIM UCKAKEHHUSIM B OIEHKAaX JHEPreTHYecKoro OamaHca. 3aaepKuBas
MPSIMYIO paualuio, o0Ia4HbIi MOKPOB, YBEIUYUBAET JOJII0 PACCESIHHON pajndaluy B OOIIEeM MOTO-
Ke, ¥ TP OMpPEIETICHHBIX 00CTOSITENHFCTBAX MOXKET YCHJIMBATh MOTOK JJMHHOBOJIHOBOM pavaiii.
XapakTepuCTUKH 00JJaYHOTO MTOKPOBA, OMPEIEIIEHHBIE Ha CETEBOIl METEOCTAaHILINU, U PACCUMTAHHbBIE
M0 JaHHBIM HaONMIOAeHUN OyIyT CYIIECTBEHHO pa3inyarbcsi. ITO O0OCTOSATENHCTBO 00YyCIaBIMBAET
HE00XOUMOCTh MEPECMOTPa HEKOTOPBIX YCTOSBIIMXCS OOLIENPUHATHIX aJIFOPUTMOB JJIS pacyera
paauanMOHHBIX TOTOKOB B IIISIITUOJIOTUYECKUX MOJAEIIAX.

[IpoGrnema CyIIECTBEHHO OCJOXHSETCS B MPOTHOCTUYECKHUX pacuerax, Korja HeoOXonuMo
npuberarb K pa3IMyHOTO pojia KOCBEHHBIM OIIEHKaM, «THUIUYHBIM 3HAYEHHUSIM)», CTOXaCTUYECKUM
MOJIEIISIM U Ip. DTO, €CTECTBEHHO, IPUBOAUT K POCTY HEONIPEACIICHHOCTH B PE3YIbTaTax MaTeMaTH-
YEeCKOT0 MOJICIIMPOBAHUS SHEPTETHUECKOTro OajaHca Ha MOBEPXHOCTH JIEAHUKA, U, B KOHEUHOM HTO-
re, MPOTHO30B €0 JUHAMUKH U 3BOJIOLHH.

st Toro 4toObl MOAEh a/J€KBaTHO BOCHPOM3BOAMIIA HHEPrOOOMEHHBIE MPOIECCHl Ha OT-
JICIbHO B3SITOM JIEJHUKE, HEOOXOAMMa COOTBETCTBYIOLIAs HACTPOIKa KIIOUYEBBIX MapaMeTpoB IO
JaHHBIM HaOMIOAEHUH. DTO, €CTEeCTBEHHO, CHUKAET YHUBEPCAIbHOCTh MOAEIBHOTO MOAX0AA, U Je-
JIaeT MOJEJb 3aBUCUMON OT KOHKPETHBIX (pu3nKo-reorpadudeckux yciaosuil. Llenp Hacrosiero uc-
CJIeZIOBaHMS 3aKJII0YAETCs B TOM, YTOOBI IO ME€pe BO3MOXKHOCTHU CZEIaTh MOJCIIBHBIN 1MOX0] 6oee
YHUGPUIUPOBAHHBIM. J1Ji1 3TOr0 HaMHu ObUIM MPOAaHATN3UPOBAaHbl HEKOTOPHIE ACTIEKTHI MapaMeTpH-
3aMd 00JAaYHOCTH B IIISIIMOJNIOTHYECKUX MOJAENsAX. B mccrnenoBaHuu ObUIM HCIIONB30BAHBI PSIJIBI
HaOJIOIEHNH Ha aBTOMATHMYECKUX METEOCTaHIMSIX Ha JienHukax J[xkankyar m ['apabamu Ha llen-
TpasibHOM KaBkase 1 Ha ceTeBOll METEOCTaHLIMU TepCcKoIl, KOTOpast HAXOAUTCS B HENOCPEACTBEHHON
0JIM30CTH OT 00OUX JIETHUKOB.

Hccneoosanue svinonneno npu gunancosoii noooepicke PH® 6 pamkax nayunozo npoexma
23-27-00050.
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AHOMAJIMU TEPMUYECKOI'O UHAEKCA ANIBEJIJIMHT A
B BOCTOYHOM YACTH TUXOT'O OKEAHA
Cepebpennuxos A.H., Ilononckuii A.b.
OI'BHY «MHCcTUTYT IPUPOAHO-TEXHUYECKUX cucTeM», . CeBacronois, Poccus
swsilv@gmail.com

AHomanuu TepMuyeckoro uHuaekca anseuinnara (THA) paccMoTpeHbl Ha IpUMeEpe TUXOOKE-
anckux anBeumHroB (Ymmmiickoro, [lepyanckoro n KanudopHuiickoro), BXOISIINX B BOCTOUHYIO
norpannynyro anBe/uMHToBYI0 cuctemy (BITAC). TUA paccuuThiBacTCs BEIYUTAHHEM CPETHETO
3HaueHUs TemrepaTypsl moBepxHoctu okeana (TI1O) B oddmopHoii (ynaneHHol oT Gepera) 30He
U3 KaXJ0r0 3HaUCHUs B allBEJUTMHTOBOM 30HE JUIS KaXK0i reorpaduyecKoil upoThL.

Kaxxnas anBeuiMHroBasi CUCTEMa JIEWIIach HA JIBE YaCTU: CEBEpHYIO U 10kHY0. TIIO u tem-
MepaTypHbIE aHOMAJIMU PACCUMTHIBAINCH 3 KaXKIbIH eHb ¢ 1982 mo 2021 rr. ¢ npocTpaHCTBEHHBIM
pazpemenuem 0,05°x0,05°. [IpunosepxHoctHbii Betep (IIB) paccunrthiBancs 3a KaxkIbplid JA€Hb C
1988 mo 2022 rr. ¢ nmpoctpaHcTBeHHbIM pa3pewieHueM 0,25°x0,25°. Betep ¢ MogyneM CKOpOCTH
MEHBIINM 4 M/C B pacdeT He TPUHUMAIICS.

[TokazaHo, 4TO AJisi CEBEPHOU M FO)KHOM YacTel THMXOOKEAHCKUX alBEJUIMHIOB MaKCHUMaJlbHas
ioua1b nonoxureasHod anomanuu TI1O B anBeUIMHIOBOM 30HE COBMAJIAET (C TOUHOCTHIO 0 OJI-
HOTO Mecslla) ¢ MaKCHUMAaJIbHBIM 10 abcoitoTHoW BenuuuHe THUA. YTBepkaeHHe crpaBeliiBO U
JUIS OTPULIATEIIBHOM TEMIIEPATYPHON aHOMAJIMM 34 UCKJIFOYEHUEM CEBEPHOM yacTu Uminmiickoro ar-
BEJUIMHTA, TJe T000HOE COBMAaJeHUE MMeeTCs TOJIbKO ¢ MUHUMaiabHbIM 3HaueHueM TUA. Tlomo-
KHUTEJIbHBIC TEMIIEPATYPHBbIC AHOMAJIMH 10 3aHUMAEMOH IJIONIa U B OOJBIIMHCTBE CIIy4aeB CyIlle-
CTBEHHO Oo0Jjblle OTpUIaTeNbHbIX. [locKonbKy B OQdIIOpHONH 30HE MOAOOHBIX AHOMAIUNA HE
Ha0J10/1a710Ch, TO MOKHO C/EJIaTh BBIBOJI, YTO 3TH W3MEHEHHS 00YCIIOBICHB N3MCHCHUSIMA MHTCH-
CUBHOCTH allBEJUIMHIOB, KOTOPbIE, B CBOIO OUEpE/Ib, CBA3aHbI ¢ Bapuauusmu noss [1B.

CpeaHeMecaqHsIe M3IMEHEHWA TEMNEPATYPEI NOBEPXHOCTH OKeaHa
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Pucynok 1 — Oddmopuas u anBennuHroBas 30061 Ynumnuiickoro ansesuinHra (ciesa). Crpasa: ce-
3oHHbIe U3MeHeHus TI1O B odduiopHoil 1 anBeUIMHTOBON 30HaX (KpacHasi U CUHSS KPUBBIE) U
TUA nnst ceBepHOi yacTu Ynunuiickoro anBesiMHra. [{is HarfasJHOCTH K anBEJUIMHIOBOM KpUBOU
no6asnena nocrostaHas 0,72°C, kpuBas TUA mokazana ¢ oOpaTHBIM 3HAKOM U K Hel 1o0aBiieHa
noctosHHas 12,3°C
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TEMIIEPATYPA IOBEPXHOCTH OTKPBITON YACTHU TUXOI'O OKEAHA,
BETEP U TEPMUYECKHWIA NHAEKC BOCTOYHBIX TOTPAHUYHBIX
AINBEJIJIMHI'OBBIX CUCTEM
Cepebpennukos A.H., Ilononckuii A.b.

OI'bHY «MHCTUTYT IPUPOAHO-TEXHUYECKUX cCUCTEM», I'. CeBacTonoib, Poccus
swsilv@gmail.com

PaccmarpuBarotcst Tuxookeanckue anseuHru (Ynnmiickuit, [lepyanckuit u Kanmudopuuii-
CKHI1), BXOJISIITME B BOCTOUHYIO MOTPaHUYHYI0 anBe/uTMHTOBYIO cuctemy (BITAC). Ananusupyercs
BIIUSTHUE BHEIIHEH (1I0 OTHOIIECHUIO K alBEJUTHHTY U MPWJICTAIONICH K HEMY 00JIaCTH) TeMITepaTyphl
noBepxHoctu okeaHa (TIIO) Ha u3meHeHnus repMuueckoro uHAeKca anpesuiara (THUA), mpencras-
nsttoniero co6oit paznocts TTIO B mpubpexnoit u odduopHoit 3onax. [To gaHHEIM 0 pHUIIOBEPX-
HOCTHOM BETPE PACCMOTPEHBI TEHACHIMU MEXTOJOBBIX U3MEHEHUI CyMMBbl BEPTHUKAJIBHBIX CKOPO-
CTE! IKMAaHOBCKHUX TPAHCIIOPTA U HAKAYKH.

TIIO u THUA paccunTbiBaJiuCh 32 Kaxabld AeHb ¢ 1982 mo 2021 rr. ¢ npocTpaHCTBEHHBIM
paspemienueM 0,05°x0,05°. TIpumnoBepXHOCTHBINA BETEP PACCUUTHIBAICS 33 KaXIblid 1eHb ¢ 1988 1o
2022 rr. ¢ npocTpaHCTBEHHBIM pazpemienuem 0,25°x0,25°. Betep ¢ MogysieM CKOPOCTH MEHBLIUM 4
M/C B pacueT He IPUHUMAJICSL.

KnumaTtnueckue ycrnoBus AJis alBEJUNIMHIOBON CUCTEMbI HE MOTYT ObITh OJMHAKOBBIMU B CHITY
OO0JIBIION MPOTSHKEHHOCTH 10 mmpoTe. [TosToMy Kakaas cucrema Jenuiaach Ha JIBE YacTH: CEBEp-
HyI0 U 10)kHYyt0. Hanpumep, Unnuiickas anBeUIMHIOBas CUCTEMa, UMEIOIIAsl MPOTSHKEHHOCTh 24°
(6omee 2660 kM), ObLIa pa3aeneHa 1o wxuou mupote 30,0°.

Jlns ananusa BausHUS ynaineHHoOU ot anBesuinHra TI1O Ha mexronoByro namenunBocts THUA
OBUTH BBIJICJICHBI TaK Ha3bIBaeMble “BHEIIHWE” paiioHbl. OHH MMEIOT MPOTSHKEHHOCTH 10 JIOJITOTE
5°, yaaneHsl OT 30H alBeJUIMHIa U MPUJIEraloluX pailoHOB Ha 1° M MMEIOT Takyro ke IMPOTIKEH-
HOCTB TIO IIUPOTE, KaK U TOCIICTHNUE.

Mexronosbie nameHerua THO 200 1: 44.63%
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Pucynoxk 1 — Mexronoseie nsmenenus TIIO Bo “BHemHem” palioHe UNIMICKOTO anBeJUINHTA C
koopauHaTamu 96,0° — 91,0° 3.1. n 42,0° — 18,0° 1o.111. (cr1eBa) U NPOCTPAaHCTBEHHASI CTPYKTYpa
20d 1 (cipaBa)

CornacHo rpadukam mMexronoBeix uzmenenuit TI1O (puc. 1, cieBa) u BpeMeHHOTo K03 du-
[IUEHTA TJIaBHON KOMITOHEHTHI (puc. 1, cripaBa), TeMnepaTypHbIi TPEH/1 BO BHELITHEM paiiloHE OTCYT-
ctBoBai. [lepBas smmupuueckas moga (30D 1), orBeyaromas 3a 44,6% cyMMapHOW AHMCTIEPCUU
cpeanerooBbix nosneit TI1O, mokaspIBaeT, YTo0 HaMOOJBIINE MEKIOJJOBbIE U3MEHEHUS OTPHIIATEIb-
HBIX TeMIIEpaTypHBIX aHOMAaJMi MPUIUIMCh Ha CEBEPHYIO YacTh pervoHa. llomydeHo orcyrcTBHe
uHTeHcupuKauu Yunuiickoro anBesuiMHra 1no AaHHeiM THUA u ycTaHOBIIEHa CBSI3b MEKIOJIOBBIX
m3MeHeHud TUA ¢ BepTUKaNbHBIMH CKOPOCTSIMH, OOYCIIOBJICHHBIMH 3KMaHOBCKHM TPAaHCIIOPTOM
(BEeTpOBBIM CIOHOM) M HAaKa4yKH (CBS3aHHOW C TOPU3OHTAJIBHON HEOJHOPOTHOCTHIO MOJS BETPA).
AHaJIOTUYHBIE PE3YIbTaThl ONy4YeHbl U 1151 apyrux BITAC.
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BJIMSTHUE COBBITUM 3J1b-HUHBO U JIA-HUHbSI HA YKCTPEMAJIBHOCTD
PEKPEAIIMOHHBIX ITOKA3ATEJIEM HA TEPPUTOPUM KPBIMA
Cmecgpanosuu A.A.*, Bockpecenckas E.H., JIy6rkos A.C.*
lOI'BHY «MHCTUTYT NpUPOIHO-TEXHHYECKUX cHCTeM», T. CeBacTonomns, Poccus
amazurenko@mail.ru

W3MmeHeHre KIMMaTUYECKUX YCIIOBUHM BIUSET Ha OMOKIMMATHYECKYI0 KOM(OPTHOCTh U, CO-
OTBETCTBEHHO, Ha XapaKTep PEeKpearmoHHON nesTelbHOCTH B KpeiMy. Cpean KpyImHOMACIITaOHBIX
MIPOLIECCOB B CHCTEME OKeaH-aTMoc(epa 3aMeTHBIN BKJIAJ B U3MEHYMBOCTh T'HIPOMETEOPOIOTHYE-
ckux ycioBui B UepnoMopcko-CpeanzemHoMopckom peruone BHocuT FOxxnoe Konebanue, ero nse
akTUBHBIX (ha3el — Dap-Hunbo (OH) u JIa-Hunbs (JIH).

Ilenp HacTOsmIel pabOThI — BBIIBUTH 3aKOHOMEPHOCTH H3MEHYHMBOCTH OMOKIMMATHYECCKHX
rokasaresnel Ha Tepputopun KpbimMa B CBSI3U C MEXKIOJIOBBIMU MPOLECCAMU B CHCTEME OKEaH-
armocdepa — Dnb-Hunabo u Jla-Hunbs ¢ yuerom ux tunos. MadopmarmonHoi 6a3oii B paboTe mo-
CILYKWJIM €XKECYTOUHbIE PU3EMHBIE JaHHbIE peaHain3a ERAS ¢ mpocTpaHCTBEHHBIM pa3pelieHueM
0,25°%0,25° 3a mepuox ¢ 1950 mo 2020 rr. ans 22 meteoctanuii KpsiMckoro moigyoctpoBa u J0-
CTYIIHBIE CTaHI[MOHHBbIe HaOmoaeHus 3a 2005-2020 rr., KOTOPbIE UCIIONB30BATUCH AJII HUBEIHPO-
BaHUS MCKa)XEHUU NpUMEHseMol 0a3bl JaHHBIX. B kauecTBe OMOKIMMAaTHYECKUX MOKa3aTeNlel pac-
CUUTBHIBAIUCH (PU3MONIOTHYECKU dKBHUBalleHTHas Temnepatypa (PET), unnexc nyxotsl (E), unnekc
BJIQXKHOT'O BETpoBOro oxjaxjaeHus Xwuia (Hw). B kauecTBe kputepueB d3KCTpEeMaJIbHBIX KIUMaTH-
YECKUX YCIOBHUI BBIYMCISUIUCH S5-H U 95-i MPOLEHTHIIN CpEeAHECYTOYHBIX aHOMAIUN OMOKIMMATH-
YECKUX MHJIEKCOB I Kakaoro Mecsua. Ha 3Toli ocHOBe paccMaTpUBAJIOCh YUCIIO JHEN BBIIIE WU
HUXKE 33JJaHHOTO OTHOCUTENBHOTO mopora. C HCHONb30BAHMEM METOAA KOMIIO3UTOB BBISBIICHBI
O0COOCHHOCTH U TIOJYYCHBI KOJIMYSCTBCHHBIC OICHKU TPOSBICHHS OTKJIIMKOB TJIO0ATBHBIX COOBITHI
OH u JIH ¢ yyeToM Hanmu4us ABYX TUIOB KaXKIOTO M3 HUX B MOBTOPSIEMOCTH IKCTPEMaJIbHBIX OHO-
KJIMIMAaTUYECKUX YCJIOBUM Ha Tepputopun Kpbsima.

[Tokazano, yto mpu pa3Hbx TUnax codertuiit OH u JIH dopmupyercst ocoObiii XxapakTep dKc-
TpeMaJbHBIX PETHOHAIBHBIX OTKIMKOB. Tak, BocTouHblil Tumn JIH xapaktepusyercs 6osiee x0yo-
HBIMH U BETPEHBIMU 3UMOM (sTHBapb-(heBpaib) U BeCHOH (MapT-ampesb) Ha Bcex craHiusax Kpeima,
Y, COOTBETCTBEHHO, TO3JHUM HAYaJOM BECHBI. 3a CUET YBEIWYCHHUS KOJMYECTBA TEIUIBIX JHEH B
CEHTSIOpe yBENWYMBAECTCS B 1IE€JIOM IMPOJOJDKUTENBHOCTh KYPOPTHOTO Ce30Ha ¢ KOM(OPTHBIMU
ycnosusimu. LlentpansHomy Tumny JIH cooTBeTcTBYIOT O0JIEe BETpPEHBIC W XOJIOAHBIC THU B KOHIIE
OCEHU Y HayvaJie 3MMbI Ha BCEX CTaHIIMIX, a B TEIUIbIM Mepuo1 roja — 6osee xapkoe U AYIIHOE JETO
u 6osee kKoM(popTHAs 110 OMOKIMMATUYECKUM YCIOBHSIM CEPEAMHA OCEHU.

[Ipu BocTouHOM Ture DH xapakTep NposBIECHUS OTKIMKOB B XOJOJHBIN MEpUo] Troja HEMHO-
ro HallOMMHAET BOCTOYHbIN TUN JIH, HO yBeIMUE€HNE XOJIOIHBIX U BETPEHBIX JHEH HAYMHAECTCS YHKE
B HOsIOpe M TUCKOMGOPTHBIE YCIOBHS IJSATCS MO SHBaph BKIOYHTENbHO. B Takue roast OH mapt
0OBIYHO Oo0Jiee XOJOMHBIA M BETPEHBIM HAa CTAHIMAX 3aMaJHOr0, IOTO-3alaHOTO W CEBEpo-
BoctouHoro Kpeima. IIpu 3Tom peructpupyercs Oosee mo3aHee Hadajao BECHBL. B To ke Bpems,
yYBEIWYCHUE TETUTBIX JTHEH B OKTSOpE Ha CTAHIUSAX CEBEPHOTO, FOTO-3aMaJHOTO U FOTO-BOCTOYHOTO
Kpbima obecrieunBaeT O6aronpusITHbIE PeKpeallMOHHbIE YCIOBHSI, YAIUHS OapxaTHbIN ce30H. LleH-
TpasibHOMYy THIy OH cooTBeTcTByeT 0Oojiee XOJOIHBIM Aekabpb HAa CTAHLMSX FOKHOTO, OTo-
BOCTOYHOI'O M BOCTOYHOTO KpbIMa, oueHb BETpEeHbIE U XOJIOJHBIE YCIOBHUSI B KOHIIE 3UMBI - Cepe-
JIMHE BECHBI HAa BCEX CTaHIUAX. B To ke Bpems, mpu ToMm THne DH yBennmuuBaeTcsi KOJTUYECTBO
TEIIBIX JHEH yXe B Mae, 4TO MO3BOJISIET HayaTh KynalbHbIA ce30H B KpbiMy HAMHOTO paHbIIIe.

BrisBiieHHBIE 3aKOHOMEPHOCTH M3MEHEHUH OMOKIMMATHYECKUX TOKa3aTelied MOTYT BBICTY-
MaTh PETYIUPYIOMUM (aKTOPOM MPH TUIAHUPOBAHUU M OPTAaHHU3AINH PA3IUYHBIX BUOB PEKpealn-
OHHBIX MEPOTPHUATUN Ha Tepputopuu Kpeima u, Takum oOpa3zoMm, odecrieduTs 0osiee KoM(pOpPTHBIE
YCIIOBUSI JJISI OTJBIXAIOIIMX U MECTHBIX JKUTEJEH, a TaKKe MOBJIUATH HA MPOJIOJKUTEIBHOCTD pe-
KpEalrOHHOI O IEPHO/Ia.

Paboma evinonnena 6 pamxax eocyoapcmeennozo 3adanus Hucmumyma npupoouo-
mexnuueckux cucmem (Ne cocpecucmpayuu 121122300072-3).
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N3IMEHEHUSA BOJIH TEIIVIA U KOHIHEHTPAIIUU YACTHUL PM1o
B A30BO-YEPHOMOPCKOM PET'MOHE
Cyxonoc O.1O, Bockpecenckasa E.H., Ecopxkun A.A.
OI'BHY «MHCcTUTYT IPUPOAHO-TEXHUYECKUX cucTeM», . CeBacronois, Poccus
kovalenko _olga89@mail.ru

CornacHo mocneHUM oTyeTaM MeXNpaBUTEIbCTBEHHON TPYIIbBI SKCIIEPTOB MO M3MEHEHUIO
KimuMara u Pocrugpomera, mocieiHue JeCATUNICTUSI XapaKTEPU3YIOTCS YBETUYECHUEM YacTOThI BOJIH
teruia. [lorogueie ycnoBus, HaOMIOAAIOIIKUECS BO BpeMs BOJIH TEIUIa, MOTYT IIPUBOJUTH K yBeJInYe-
HUIO KOHIICHTPALIUU 3arpsI3HSIONIMX BEIECTB. M3MeHeHus: 4acTOThl TaKUX SIBJICHUN HaXOIAT OTpa-
KEHHS B COCTOSIHUH 3/10POBbs HaceleHUs (ITOBBILICHHE PUCKA CMEPTH ), CETLCKOT0 X03sIiCTBa (pUCK
BO3HUKHOBEHHUSI JIECHBIX [10KAPOB, CHHYKEHUIO YPOKaHOCTH).

Lenbto paboOThl SABJISETCS aHAIW3 M3MEHEHUH JIETHUX BOJIH TEIUIa U KOHUEHTPALUU YaCTHI]
PM1o B AzoBo—UepHomopckom perunone (AYP), orpannuenHom koopauHatamu 40°—49° c.ui., 25°—
45° B.n. 11 3TOrO MpUBIIEKATUCH CPEAHECYTOUYHBIE IaHHBIE O TEMIEPAaType BO3yXa Ha BBICOTE 2
M u3 peananuza ERAS (Hersbach et al., 2020), cpentnemecsiuHble BETUYMHBI KOHIIEHTPAIIUH YACTHII
PM1o o pesynbraram pacueroB mojaenu EMEP MSC-W Bepcuu rv4 (Simpson et al., 2012) 3a me-
puoa 1990-2020 rr. B AUP, a taxxe cperHeMecsuHble BETUYMHBI HHACKCOB CeBepoaTIaHTUIECKO-
ro konebanus (CAK), Bocrounoarnantuueckoro kojebanus (BAK), konebanus Bocrounas At-
nantuka — 3anannas Poccust (BA3P), CxannunaBckoro konebanust (CKAHJI) 3a mepuon 1950—
2022 rr.

B menom morydeHHBIC B HACTOSIICH pabOTe OIEHKH JOJTONEPUOIHBIX U3MCHCHHI XapaKTe-
puctuku BosH Teraa B AYP cornacyrotes ¢ pe3ynbraTamMu Ii100aibHBIX M PETHOHATBHBIX UCCIIEI0-
BaHUU. YBEIMUYCHUE KOJMYESCTBA JICTHUX BOJH TEIUIA U UX MPOJIOJDKUTEIBHOCTH, OCOOSHHO B TI0-
cnennue 30 net (mo 1,4 coowitus/100eT u 1o 1 auA/10 J1eT, COOTBETCTBEHHO) MPOUCXOAUT Ha (PoHE
riobanpHOro norerieHus. Ilpu sTtom Hanbosee MHTEHCUBHBIE BOJIHBI TeIlIa (HallpuUMep, COObITHE
2010 roga) conpoBOKIaTHCh MOBBIIEHHON KOHIIEHTpaluel gactur, PMao.

UtoOBI ompenenuth (PU3NYECKUe MEXaHU3Mbl, OTBETCTBEHHBIE 3a KOJIEOAHHUS B YACTOTHO-
BPEMEHHOM IPOCTPAHCTBE B aHAIM3UPYEMBIX psAllaX, UCCIEI0BaHA CBSA3b C KPYMHOMACIITAOHBIMU
HUPKYJISIIIMOHHBIME TIpOIlecCaMH. Takoil aHajau3 BBIMIOJIHEH C MOMOIIBI0 MHCTPYMEHTOB KpOCC-
BEUBIET MpPeoOpa3oBaHUs M BEHBIET-KOTEPEHTHOCTU. BpeMeHHBbIE psIbl XapaKTEPUCTUK JIETHUX
BOJIH TeruUia, KoHIeHTpauuit gactur, PMio mokaszanu 3naunmeie cBsizu ¢ CAK, BAK, BA3P. Jlnsa
Pa3HBbIX MHJEKCOB IUPKYISIIHHA Pa3nuyaloTcsi (a3oBble COOTHOIICHHUS BO BPEMEHHBIX psaax. M3-
MeHunBocTh uHACKca CAK ¢ konebaHMsIMH XapaKTEpUCTUK BOJH Telia Ha mepuojae 8—12 et
HaxoJsaTcs B mpoTuBodasze, Torna kak m3mMeHunBocth CAK Ha 5TOM ke mepuoze omnepexaer KoJe-
Oanus koHueHtpauuu PMio. Konebanus paccMaTpuBaeMbpIx KIMMAaTUYECKUX XapaKTEPUCTHK Ha Tie-
puozae 1-4 roga onepexarot u3mMeHeHus nujaexca BAK npumepno Ha 0,5 rona. 3HaunMele obaacTu
KOTEPEHTHBIX Kojebanuii Mexy uHaekcomM BA3P n kinMaTndeckuMu XapaKTepUCTUKAMHU Xapak-
TEPHBI JIUIIb AJis1 KOHIeHTpauuu PMio, a mexxny CKAH/I — m1st konruecTBa JETHUX BOJH TEIUIA U
WX TIPOJOJDKUTENHHOCTH. Takum o0pa3om, KosieOaHusl B psiiax KIMMAaTUUECKUX WHEKCOB U B PAZIax
XapaKTePUCTHK BOJIH TEIJIa, KOHIIEHTpauu YacTul] PM1o TeCHO cBs3aHbl. ITO OyAEeT HAXOIUTh OT-
paxeHue B KauecTBEe aTMOC(EpPHOTO BO3/yXa, YTO OTKPHIBAET B JAIbHEHUIIIEM IMEPCIEKTHBY BO3-
MOHOCTH JIOJITOCPOYHOTO IPOTHO3UPOBAHUS N3YYaeMbIX aHOMaIUH.

Paboma evinonnena 6 pamxax eoczaoanus UIITC, Ne cocpecucmpayuu 121122300072-3.

CIHCOK UCIIOIBL30BaHHOMN JINTCPATYPBhI:

Hersbach H., Bell B., Berrisford, P. et al. The ERA5 global reanalysis // Q. J. R. Meteorol.
Soc. —2020. — Vol. 146. — P. 1999-2049.

Simpson D., Benedictow A., Berge H. et al. The EMEP MSC-W chemical transport model —
technical descriptionAtmos // Chem. Phys. — 2012. — Vol. 12 (16). — P. 7825-7865.
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CBsA3b COBMECTHBIX 9KCTPEMYMOB TEMIIEPATYPBI BO3JIYXA U OCAAKOB
C MOJAMU LUPKYJISIIIAN ATMOC®EPHI B BOCTOYHOM EBPOIIE
Cyxonoc O.1O., Bviukeapkosa E.B.

OI'BHY «MHCcTUTYT IPUPOAHO-TEXHUYECKUX cucTeM», . CeBacronois, Poccus
aveiro_7@mail.ru

HenaBuue uccnenoBanus moka3plBalOT YBETUYEHHUE YACTOThI COBMECTHBIX SKCTPEMYMOB TEM-
nepaTypsl BO3AyXa U 0CaJIKOB BO MHOTHX YacTSX MHpPA, OCOOCHHO B 3aCYIUIUBBIX U KAPKHUX YCIIO-
BUSIX.

B pabote ananu3upyercs CBA3b COBMECTHBIX AKCTPEMYMOB TEMIIEPATyphl BO3yXa M OCA/IKOB
C pexumamMu arMochepHOW LUPKYJISALUU, OKAa3bIBAIOMIMX HauOOJbllIee BIUSHUE B ATIAHTHUKO-
EBporeiickom peruone, Ha teppuropun Boctounoit EBpomnsl 3a nocnennue 60 ner. B kauectse
COBMECTHBIX IKCTPEMYMOB HCIOJIb30BAIMCH KOMOMHAIIMM SKCTPEMAIIbHBIX TEMIEpaTyp U OCaAKOB
(uaaexcel) — xonoano/cyxo (cold-dry — CD), xomoano/Bnaxkuo (cold-wet — CW), teruio/cyxo
(warm-dry — WD) u teruto/Bnaxkao (warm-wet — WW). MHeKchl COBMECTHBIX SKCTPEMYMOB pac-
cunThIBaM 110 NaHHbIM E-OBS.

OneHKH CBSI3U MEXY JABYMS BPEMEHHBIMH PsAJaMU MPOBOAMIUCH C UCIOJIB30BAHUEM CTaH-
JapTHOTO KOPPEISIMOHHOTO M KOMIIO3UTHOTO aHAIIN3a, a TAKXKE KPOCC-BEHBIIET aHAIM3A.

@da30BbIe COOTHOIICHHS M BPEMEHHBIE MHTEPBAJbl JUIS PAa3HBIX KIUMATHUECKUX WHACKCOB
Obutn pasHbIMU. [leproa HanOGoIbIIMX KOJIeOAHMI HHIEKCOB COBMECTHBIX SKCTPEMYMOB COCTABIISLII
ot 4 no 12 ner u wabmonancs B nepuoa 1970-2000 rr. KorepeHTHbIe KoieOaHUS BO BPEMEHHBIX
psangax uaaekcoB WD u WW u unnekca Ceepoatmiiantudeckoro konebanus (CAK) mpoucxoammm
ckopee cuH(pazHO, BO BpeMeHHBIX psanax unaekcoB CD u WD u unaekca ApkTuueckoro KoieGaHus
(AO) — B mpotuBo(dase, a BO BpeMeHHBIX psigax uHaekcoB WD u WW u nnnexca CkaHIUHABCKOM
ocumuisiiuu (SCAND) mpousonuiu B npotuBodase (puc. 1). CtaTucTuuecku 3HaUMMOE yBeInue-
HUE YHUCIIAa TETUIBIX COBMECTHBIX IKCTPEMYMOB OOHAPYXKEHO JJIsi CEBEPHBIX YaCTEH MCCIIETYeMOTO
pervoHa B 3UMHHI ce30H ¢ monoxutenapHbiMu pazamu CAK u AO (Sukhonos and Vyshkvarkova,
2023).
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Pucynok 1 — Kpocc-BeiiBner-criekTp (ciieBa) U BEiBIET-CIEKTP KOT€PEHTHOCTH (CIpaBa) MEXY
unaexkcom WD u CAK ass 3uMHEro ce3oHa.

Paboma evinonnena 6 pamxax eocydapcmeennozo 3adanusi HMncmumyma npupooHo-
mexnuueckux cucmem (Ne cocpecucmpayuu 121122300072-3).

Crnrcok UCOIb30BaHHON JTUTEPATYPHI:

Sukhonos O., Vyshkvarkova E. Connection of Compound Extremes of Air Temperature and
Precipitation with Atmospheric Circulation Patterns in Eastern Europe // Climate. — 2023. — Ne 11. —
€98. DOI: 10.3390/cli11050098.
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BJIUAHUE NHAOOKEAHCKOI'O JUITOJISA HA ITPOCTPAHCTBEHHO-
BPEMEHHYIO N3MEHYUBOCTH IPU3EMHOM TEMITIEPATYPHI BO3IYXA
A®PUKAHCKO-EBPOIIEMCKOI'O PETUOHA
Topounckuii A.B., Ilononckuii A.b., ['yoapes A.B.

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

Nunookeanckuii qumnons (MJ1) mpencraBiser co0oil 0HY W3 OCHOBHBIX MOJ, XapaKTepU3y-
IOLIMX MEXI0JJOBYI0 U3MEHUMBOCTh KPYITHOMACIITAOHOIO B3aUMOJICHCTBUS OKeaHa U aTMoc(epbl B
HKBATOPHAIBLHO-TPONUYECKON 30He MupoBoro okeana (Saji, 2018). Dto siBineHue, B MEpBYIO OYe-
pelib, IPOSIBIIAETCS B BU/I€ aHOMAJIBHOT'O IEPEHOCA BJIard, COIPOBOKAAIONIEIOCsI OOMIBHBIMU OCaJI-
KaMy WJIH, HA000pOT, aHOMAJIBHBIMHU 3aCyXaMU W HAHOCHUT CEPhE3HBIN yliepd cTpaHaM, pacrojo-
’KEHHBIM KaK Ha BOCTOYHOM, TaK U Ha 3anagHoM nodepexne MHauicKoro okeaHa.

Uro kacaerca BinusHuA W] Ha EBponelickuii permoH, paHee aBTOpaMu YK€ yAaJIoCh BbIIE-
JUTh B MOJSAX NMpU3eMHON Temmeparypsl Bo3ayxa (IITB) cratuctuyecku 3HauMMBblid CUTHAM, CBS-
3aHHBIN ¢ He3aBUCHMBbIMH OT Oib-Hunbo IOxnoro xonebanus (OHIOK) cobbitusimu M1, xak B
JIETHUH, TaK U B oceHHUH nepuossl ([Tomonckuit u ap., 2022). bpuio moka3aHo, 4To BO BpeMs I10-
noxurenbHol ¢aszsl UJ1, anomanuu [1TB moryT nocrurars 3nauenuit +3—4°C.

B nanHol paboTe mpoBOIUTCS KOJMYECTBEHHAs OleHKa BausHUS MJ[ Ha MeXromoByro u3-
meHunBocTh [ITB B Adpuxancko-EBponeiickom pernone. Pacumpenue ucciaenyemoin 06aacTu 3a
cueT go6asneHus K Heil CeBepHON A(QpPUKH CBSI3aHO ¢ TeM 00CTOATENbCTBOM, YTO HAJIMYUE 3HAYHU-
Moro curHaia MJ{ B EBpornelickoM pernoHe B JIETHE-OCEHHUE MECSIbI MOXKET OBITH 00YCIIOBIEHO
M3MEHEHHEM MHTEHCUBHOCTH KOHBEKTHBHBIX IporieccoB Haj CeBepHoi ApUKOii.

B pabote ucnonb30BaHbl pe3ynbTaThl IN00aNbHOT0 aTMocdepHoro pe-ananuza ERAS, 3a me-
puoa 1968-2022 rr. o I[ITB ¢ MecauHbIM pa3penieHuEM ¢ MECSIUHBIM Pa3pelICHUEM B y3J1axX pery-
nsipHoit cetku 0,25° x 0,25°. UccnenoBanack 001acTh, orpaHnyeHHast koopanHatamu 0°—55° c.ur. u
10° 3.1. — 50° B.xa. Ilomyuennbie BpeMmeHnHble psanbl [ITB ang nerHe-oceHHUX MecsIeB CpaBHHBa-
JIUCh C KIMMaTtndeckum uuaekcoM MJI. Jlns aHann3a nmpoCcTpaHCTBEHHO-BPEMEHHOW NU3MEHUYNBOCTH
noneit IITB ucnonp3oBasics TpaJIuIMOHHBIA M XOPOLIO anpoOMpPOBAaHHBIN METOJA SMIMPHUYECKUX
OpTOrOHANBHBIX QyHKIHHN (D0D).

Beinenen cratuctuuecku 3HauumMblid curHan B nose I[ITB nan Adpukancko-EBpomneiickum
PETUOHOM B JIETHE-OCEHHUI niepuo, cBa3anubiid ¢ M/, [lokazaHo, 4TO 3TO SIBJICHUE 3HAYUMO BIIHSI-
€T Ha nepByro aMnupuyeckyro Moay noist 0@ B nosne [1TB ¢ uioHs 1o OKTA6ph ¢ MaKCUMAaIbHBIM
(o Monyito) 3HaUeHUeM ko3 duirenta koppesuu (—0,46 B OKTs0pe) U BHOCUT COOTBETCTBEHHO
~13% B obmyro qucnepcuto I1TB. Kpome Toro, mpoaeMoHCTpHpOBaHO, YTO U3MEHUYUBOCTb METEO-
posornyeckux napamerpoB B CeBepo-A(QpUKAHCKOM PETHOHE, B JIETHE-OCEHHUI NMEPHOJ, MOXKET
OKa3bIBaTh BIIMSHUE HA KIUMaT EBpOIbI, BEPOSITHEW BCErO, Ye€pPE3 MEPUANOHAIBHBIN MIEPEHOC BO3-
TYIIHBIX Macc BO BpeMs siBiaeHust N/1.

Paboma evinonnena 6 pamxax eocyoapcmeennoco saoanus UIITC no meme «Dynoamen-
ManvHvle UCCIe008aHUs NPOYECCO8 8 KIUMAMUYECKOU cucmeme, Onpeodesiiouux npocmpancmeeH-
HO-8DEMEHHYIO UBMEHYUBOCMb NPUPOOHOL Ccpedbl 2100AIbHO20 U PecUOHATbHO20 Macuimaoos (Ne
eocpecucmpayuu 121122300074-7)

Crnucok UCOab30BaHHON JTUTEPATYPBI:

Saji N.H. The Indian Ocean Dipole // Oxford Research Encyclopedia of Climate Science. —
2018. — P. 1-46.

[Tononckuit A.b., Topbunckuii A.B., I'ybapeB A.B. OTKJIMK B MOJIAX MPU3EMHON TeMIiepary-
pbl Bo3yxa EBpomneiickoro pernona Ha Munookeanckuit aumnosns / CUCTEMbl KOHTPOJIS OKPYKaro-
mieit cpensl. — 2022. — Beim. 4 (50). — C. 6-14. DOI: 10.33075/2220-5861-2022-4-6-14.
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OBOCHOBAHHUE HEOBXOUMOCTHU U INTPUHLHUIIBI YYUETA
IMPOCTPAHCTBEHHOM N3MEHYNBOCTH CHEXHOTI'O ITOKPOBA B YCJIOBHSIX
CJIOXKHOTI'O PEJBE®A ITPU KIIMMATNYECKOM OBCJIYXKXKUBAHUU
9KOHOMUKH
@aconvko JI.B. Iuconvyuna I' 5.

I'maBHas reopusuueckas oocepBaropus uMm. A. U. Boeiikosa, 1. Cankt-IletepOypr, Poccus
dvfasolko@mail.ru

Jis ycTOMYMBOro (yHKIIMOHMPOBAHUS OOBEKTOB MH(PACTPYKTYphl B YCIOBHSAX CIIOKHOTO
penbeda HeoOXoqUMa JeTanbHas MUKPOKIMMATHIECKasi OLIEHKAa U3MEHEHHUS PA3IMYHbIX KIMMAaTH-
YEeCKUX XapaKTepUCTUK (0a30BBIX M CHELMAIM3MPOBAHHBIX). lMcrnonb3oBaHuEe B FOpHBIX pailioHAX
UCKITIOYUTEIIEHO JaHHBIX METEOCTaHIMi, 0e3 ydéra MoppOoMeTpHYeCKHX IMoKaszaTenel penbeda,
YBEJIMYMBAET PUCK HETaTUBHBIX JIOKAJIbHBIX SKOJIOTMYECKUX HOCIEICTBUH M HKOHOMMUYECKUX
yiepOoB. BONBIIMHCTBO KIMMAaTHYECKUX XapaKTEPHCTUK B 3HAYUTEIBHON CTETNEHU 3aBHUCST OT
¢dopMbl penbeda 1 BbICOTHI MECTa, BKJIKOYask XapaKTEPUCTUKU CHEKHOTO ITOKPOBA, KOTOpble Hanbo-
Jiee TPYIHO MOJJAI0TCA YYeTy 3a CYET BBICOKOM IPOCTPAHCTBEHHOW M3MeHUYMBOCTH. [Ipu nmpoexTu-
POBaHUU XO35IMICTBEHHBIX OOBEKTOB MPOEKTHUPOBIIUKU B OCHOBHOM ucnonb3ytoT CIT «Harpysku n
BO3JICHCTBUSAY, /i€ IPUBEACHA KapTa palilOHUPOBAaHUS CHETOBOM Harpy3ku. CylIeCTBEHHBIM HEIO-
CTaTKOM TaKOro pailOHMPOBAHUS SBJIAETCS MACLITa0 KapThl, KOTOPbI HE MO3BOJSET YUYMUTHIBATH
0CcOOEHHOCTH M€30- U MUKpOpenbeda U AETATHHO OLEHUTh CHETOBYIO HArpy3KY JJIsl ONpeaeICHHBIX
y4yacTkoB B peinbede. K ToMy jxe Ha kapTe BbIJI€JIEHbl 3HAUUTEIbHbIE TEPPUTOPUN MATIOM3yUEHHBIX
(ropHBIX) pailloHOB, I'/I€ HEAOCTATOK METEOPOJIOTMYECKON MH(OpMaLlMK HE MO3BOJIMII IPOBECTH 00-
Jee JeTanbHOE palloHUpOBaHNUE.

B nokiane npencraBieH METOJ OLIEHKH IIPOCTPAHCTBEHHOI'O PacHpe/leeHHs XapaKTEPUCTHK
CHEYKHOI'O TIOKPOBa B YCJIOBUAX CIIOKHOTO penbeda, OCHOBAaHHbII Ha MCIOJIb30BAHUM KJIACTEPHOTO
aHaJln3a, KOTOPBIA MO3BOJIET MOJ00paTh METEOCTAHIIMU, HAXOASIIMECS] Ha Pa3HBIX BBICOTAaX, HO B
OJTHOPOJHBIX MHUKPOKIMMATUYECKUX YCIOBHUAX, U IOJYYEHHUS BEPTHKAIBHOIO pPACIpeAeiIeHUsS
BBICOThI CHEXHOI'O TIOKpOBa B uccienyemoM peruone (Iluronsumua u ap., 2013, 2020, 2022). Ox-
HAKO 3TOT NOJIXOJ HE BE3J€ MPUMEHHUM, IIOCKOJIBKY B TOPHBIX pailOHax MOTYT OTCYTCTBOBATh JaH-
Hble MeTeoHaO0IeHuI. B 3TOM citydae, aBTOpbI AOKJIaa IpeiaraloT METOIMKY, OCHOBaHHYIO Ha
HCIOJIb30BAHUHU JAHHBIX KPATKOBPEMEHHBIX MAapIIPYTHBIX HAOIIOJEHHH 3a CHEXHBIM MOKPOBOM
(daconbko u ap., 2022). PazpaboraHHble METObI MO3BOJIAIOT YCTAHOBUTH 3aKOHOMEPHOCTH pac-
IIPENIETICHNS] CHEKHOTO TOKPOBA B PA3JIMYHBIX FOPHBIX CUCTEMAX M KOJIMYECTBEHHO OLIEHUTH ITPO-
CTPaHCTBEHHYIO U3MEHUYHUBOCTh CIEIIMATU3UPOBAHHBIX MTOKa3aTeNed CHEXHOIO OKPOBA.

[losnydeHHBIE pe3ynbTaThl JAOT BO3MOXKHOCTh aKTyaJM3UpPOBAaTh CYIIECTBYIOLIYIO CHUCTEMY
Ta0JINI MUKPOKJIMMATHUYECKON N3MEHUYUBOCTH, CYIIECTBEHHO JOIOJIHUB €€ MOKa3aTeNIIMU CHEXKHO-
r'o MOKPOBa JUIs UX JalIbHEHIIEro UCTIOIb30BaHUS MPU MPOSKTUPOBAHUH U SKCILUTyaTallud 0ObEKTOB
MHQPACTPYKTYPHI B CIOKHBIX YCIOBUAX pebeda.

Crnrcok UCOIb30BaHHON JIUTEPATYPBHI:

[Turonennua I'B., 3unoBbeBa H.A. IIpocTpaHCTBEHHOE pacHpeneneHUe BBICOTBI CHEXHOTO
MOKpOBa B TOPHOM KJIacTepe TeppuTOpuH npoBeneHust 3uMHUX Onumnuiickux urp «Couun-2014» //
Tpynst I'TO. — 2013. — Beim. 569. — C. 137-147.

[Turonsuuna I'b., ®aconbko [1.B. MUKpOKIMMATHYECKHUI MOAXO K OLIEHKE MMPOCTPAHCTBEH-
HOM M3MEHYMBOCTU XapaKTEPUCTHK CHEXHOTO MOKPOBA B CIOKHOM peibede NMpu HEeAOCTaTOUHOMN
Mmeteoponoruueckoit nHpopmaruu // Tpynel [TO. — 2020. — Beim. 599. — C. 26-44.

[Turonsuuua I'b., ®aconeko [[.B. Meronuka pacu€ra mpoCTpaHCTBEHHOTO pacHpeieieHus
BBICOTHI CHEXKHOTO TIOKPOBA B CJIOXKHBIX YCIOBUSAX peibeda Mpu HEAOCTATOUHONH METEOpOSIorHye-
ckoi nH(opMaruu (Ha mpumepe AHMCKOTo XpedTa) // Meteoponorus u ruaposiorus. — 2022. — No
2.—C.45-52.

®aconbko [1.B., [uronsuuna I'.b. YcoBepiiieHCTBOBaHME TEXHOJIOTUU yde€Ta MUKPOKJIMMA-
THYECKOM MH(POpPMALUMU MPHU pacdeTax CIEeHUAIN3UPOBAHHBIX XapAKTEPUCTUK CHEXHOTO MOKPOBA
Ha nipumep ropraoro penbeda Ceseproro Kaskaza // Tpyner I'TO. — 2022, — Beim. 605. — C. 25-40.
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UCCJEJTOBAHHME BOJIIOLIMU CTPYWHOTI'O 30HAJIBHOT'O
BETPOBOI'O TEUEHMUS C UCITIOJIB3OBAHUEM
NCKYCCTBEHHbBIX HCTOYHUKOB U CTOKOB 3ABUXPEHHOCTHU
Deoomos A.b.

OI'BHY «MHCTUTYT IpUPOAHO-TEXHIUECKUX cucTeM», T. CeBacTomonb, Poccust
fedotovs7@mail.ru

B pamkax 4uCIEHHON MOJENIN ABYXCIOHHOIO OKE€aHa C IIyOMHOW CJI0€B, COOTBETCTBYIOLIEH
CPEJHUM OKEAHMYECKUM YCJIOBHSM, IPOBENEHO HCCIEIOBAHUE BETPOBOM 3BONIIOIMM KpyIHOMAc-
MTAa0HON LUPKYIALUU C YI€TOM PEAlbHBIX reorpaduueckux 0COOEHHOCTEH paccMaTprUBaeMoOi ak-
Baropuu Ha npumepe CeepHoil ATinanTuku. CeBepHas ATJIaHTUKA KaK aKBATOPHUS UMEET He Mps-
MOYTOJIbHYIO, a TpaneurueBuIHy0 Gopmy. BeneacTBue 3Toro cyiiecTBeHHONH 0COOCHHOCTBIO MPHU-
MEHSIEMOM YHCICHHON CXEMBbI SIBIISICTCS BKJIIOUEHUE B HEE JOMOJHUTEIbHBIX HCTOYHUKOB M CTOKOB,
UMEIOIMUX (PU3NIECKUi CMBICI. Takum 00pa3om, BUXpEBBIE OIS, TEHEpUPYEMbIE B pe3yibTaTe 0a-
POKJIIMHHON HEYCTOMYMBOCTH CTPYMHOIO TE€YEHMsI K CEBEpy M IOIY OT HEro, UMEIOT pas3jInyHble
YCIIOBHSI PACTIPOCTPAHEHHS. DTH YCIOBHS MOKHO C(OPMYIHPOBATH CICAYIOUIMM 00pa3oM:

a) YMCIICHHOE 3HAYCHUE MEPUIUOHAIIBHOTO TpaaueHTa napamerpa Kopuomnuca (6eta-a3¢dexr)
B CEBEPHOI YaCTH aKBATOPUU HE3HAYUTEIHHO, HO HIDKE, YeM B I0XKHOM, YTO JaeT COOTBETCTBYIO-
IIyI0 pa3HuIly B (pa3oBoi CKOPOCTH pacnpocTpaHeHus BoyH PoccOu;

0) mIomaab CEBEpHON YaCTH «TPAICIUIy CYIIECTBEHHO MEHBIIE, YeM F0KHOM, 4TO JJaeT To-
pa3ao OOJBIIYIO TNIOTHOCTD YITAKOBKU BUXPEH B IIUKIOHHYECKOW YaCTH KPYroBOPOTa,

B) JMHEIHOE 30HAIBHOE PACcCCTOSHUE OT palloHa TeHepaluH BUXpEH 10 3amaaHoro Oepera B
CEBEPHOI YacTH CYIIECTBEHHO MEHBIIIE, YEM B I0JKHOM, YTO JaeT OoJblee BpeMs pacipoCTpaHEHHUS
AHTHUIMKIOHUYECKMX BUXpEH K 30HE 3aMaJJHOr0 OTPAHUYHOTO TEUCHHUS.

OcHOBHOE BHUMaHHE B pabOTe YEIEHO NU3MEHEHHIO 30HAJIbHOW MPOTSKEHHOCTH aKBATOPUU
CeBepHOIl ATJIIaHTUKM B 3aBUCUMOCTU OT reorpapuyeckoi mupoTsl. PaKTUUECKOE pELICHHE CH-
CTEMbl YpaBHEHUH, OMHUCHIBAIOIINX KPYMHOMACIITAOHYIO HUPKYJSALHUIO, OCYIIECTBISETCS B KBaj-
paTHOI pacueTHOI 06iacTH, MpU 3TOM MPUMEHEHHE HCKYCCTBEHHBIX HCTOYHHUKOB M CTOKOB OTHO-
CUTEJbHON 3aBUXPEHHOCTH IMO3BOJISET y4eCTh peallbHyI0 reorpa(uio akBaTOpUH, MPU 3TOM YHC-
JICHHbIE pacyeThl BBIOJHAIOTCS, KaK U paHee, B KBaJpaTHOM pacueTHoi obmactu. CTOK OTpuIa-
TENBHON 3aBUXPEHHOCTH (popMUpyeTCs BOIHM3M 3amaJHOTO Oepera pacyeTHOM 00JIacTH, a UCTOYHHK
QITOPUTMHUYECKH OPraHM30BaH 4epe3 paBHOMEPHOE IepepacipeieieHue YAaleHHON OTpulaTelb-
HOM 3aBMXPEHHOCTH IO BCEH OCTaJIbHOM YacTU pacueTHOM o0iacTu, B KOTOPOW 3aBUXPEHHOCTH OT-
pHLaTeNbHa, TaK, YTOOBI CyMMapHOE KOJIMYECTBO 3aBUXPEHHOCTH 000MX 3HAKOB OCTaBaJlOCh HEM3-
MeHHbIM. HaganbHoe mose mpexacraBiseT coO0oi CTpylHOe TedeHue, pacrnajaromieecss u3-3a 6apo-
KJIMHHOM HEyCTOMYMBOCTH Ha yJnaleHuu npudausutensHo 4.0 Ge3pa3MepHBbIX €IUHMIIBI B 30HANb-
HOM HaIIpaBJIEHUH, B 3TOT MOMEHT ObLUI IPUMEHEH MEXaHU3M MCKYCCTBEHHOTO BKJIIOYEHUS B YHC-
JIEHHYIO CXeMY CTOKa OTpUIIAaTeIbHON 3aBUXPEHHOCTH B pailoHE y3KOro 3amaJHOro MOrPaHuYHOIO
cnos. B pesynbsrate uepe3 6000 cyTOok MOJIETFHOTO BPEMEHHU CTPYKTypa TEUCHUS BOIM3HU 3aMaTHOTO
Oepera KapJIMHAJIBHO WM3MEHWJIACh: CEBEpHAs 4YacTh 3allaJHOTO MOIPAHMYHOTO TEYEHUs, CyIle-
CTBEHHO YIJIMHMJIACh W JIOCTUIJIA OoJiee HU3KOW IIHMPOTHl B CPAaBHEHMH C HAa4YaJbHBIM II0OJIEM,
CTpYIHOE T€UEHHE, BB U3 palioHa 3apOKIEHHUS PE3KO HAIPABUIIOCh K CEBEPY U, TOCTUTHYB Ce-
PEAMHBI pacyeTHOM 00JIacTH B MEPUIMOHAIILHOM HaIlpaBJICHUH, Pa3BEPHYJIOCh Ha BOCTOK. Pa3Bo-
POT CTpYHHOro TE€YEHHs] Ha BOCTOK IMPOUCXOJUT Ha TOW e caMOil MIMpoTe, Ie pacrnojaraioch
(dbopMupoBaHHE CTPYWHOTO TE€YEHUsS MPU TPAJAULMOHHOM UYHCICHHOM MOJIEIMPOBAHUU, a UMEHHO,
Ha IIMPOTE, HA KOTOPOH N3MEHSETCS 3HAK BETPOBOIO MOTOKA 3aBUXPEHHOCTH C LIMKJIOHUYECKOIO Ha
AHTULMKIOHUYECKH.
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YUCJEHHOE MOJEJIUPOBAHUE ABOJIIOIIMA CTPYHHOI'O
30HAJIBHOI'O BETPOBOI'O TEYEHMHS C UCITIOJb30BAHUEM
KOMBUHUPOBAHHOM JUCCUNIALIUA
Deoomos A.b.

OI'BHY «MHCTUTYT IpUPOAHO-TEXHIUECKUX cucTeM», T. CeBacTomonb, Poccus
fedotovs7@mail.ru

B pamkax 4uCIEHHON MOJENIN ABYXCIOHHOIO OKE€aHa C IIyOMHOW CJI0€B, COOTBETCTBYIOLIEH
CPEIHMM OKECaHUYECKUM YCIIOBHSIM, IPOBEICHO MCCIIEIOBAHHUE BETPOBOM IBOJIIOLUU KpPyIHOMAC-
MTa0HOM HUPKYISALMU C OJHOBPEMEHHBIM HUCIIOJIB30BAHUEM JIBYX MEXAaHU3MOB JAMCCUIIALINU 3aBUX-
PEHHOCTH Ha MOJACETOYHBIX MPOCTPAHCTBEHHBIX MacLITa0ax: CHEKTPaJbHOM (PUIbTpALMK BBICIIUX
TApPMOHUK U OOBIYHOM BSA3KOCTH C OYEHb MAJEHBKUM K03((OUIMEHTOM MOA JASHCTBUEM CTal[MOHap-
HOT'O HEOAHOPOJHOTO BHEIIHETO MOTOKA 3aBUXPEHHOCTH, MOJAEIUPYIOIIETO0 BO3JEHCTBUE BETPA HA
okeaH. [Ipu Takoil mapameTrpu3anuu IUCCHIIATUBHBIA OIEPATOP BO3AEUCTBYET TOJBKO HA MEJIKO-
MacmTabHYI0 YacTh CHEKTPa SHEPTHH M DHCTPO(PUH, OCTAIBHOW CIEKTPAJIbHBINA JHHAMHUYECKUN
Jyarna3oH TaKOMY BO3EHCTBHIO HE IIOJIBEPTaeTCsl B OTJIMYUE OT UCII0JIb30BAHUS OUTrapMOHUYECKON
BSA3KOCTH, KOTOpas OJHOBPEMEHHO C BBINOJHEHHEM (YHKLIHMU OOECIEeYeHHs CTOKAa 3HEpPrud Ha
MaciTabax CpaBHUMBIX C IPOCTPAHCTBEHHBIM IIarOM PAacUeTHOM CETKH BO3JIEHCTBYET aOCOIIOTHO
Ha BCE TAPMOHMKH CTPYKTYpPbI TEYEHHH, XOTS U B MEHBIIEH CTENIEHU B CPABHEHHUHU C MAJIbIMU Mac-
mrabamu.

JlanHO€ 00CTOATENBCTBO MOKET OBITh MPUYNHON NCKAKEHUS (PU3NIECKHUX TPOIIECCOB B SHEP-
rosecyei yactu crnekrpa. OQHUM U3 pe3ylbTaTOB UCIOIb30BaHHUS KOMOMHUPOBAHHOHN IuccHIIa-
LU SIBJISIETCS YMEHBLIEHHE WHTEHCUBHOCTU CTOKA SHEPrHUHM M 3HCTPO(GUU B Majble MaciuTalObl U
pa3BUTHE CTPYHHOIO TEUEHUS IIPU MEHBIINX 3HAYCHUSIX BETPOBOM HAarpy3KH B CPABHEHHHU C aHAJIO-
THYHBIMU YUCIICHHBIMHU KCIIEPUMEHTAMHU BBIITOJHEHHBIX ¢ OMTapMOHUYECKOHW BA3KOCTHIO. Jlomosn-
HUTEJNbHON BO3HMKIIEH NpoOJEeMO HCIOJIb30BaHUS KOMOWHHUPOBAHHON JHCCUNAIMM SIBIISETCS
YBEJIMYEHUE XapPAKTEPHBIX BPEMEHHBIX MEPUOOB aJanTaliyd MOIECIUPYEMBIX MPOLECCOB K U3Me-
HEHHUIO BHEIIHKUX I1apaMETPOB 3aa4M, IIPEKIE BCErO K U3MEHSIOLIENC HHTEHCUBHOCTU CUJIBI BET-
pa.

B pabote npojieMOHCTpUpOBaHa IBOJIOIUSA BUXPEBOTO IMOJI HA MaciiTabax OJIM3KUX K Mac-
mraly PoccOu. DxcnepuMeHThl ObUIM MPOBEIEHBI ISl IBYX 3HAU€HUN MHTEHCUBHOCTH BETpa, OT-
JIEIBHO MPOAHAIN3UPOBAHbl BPEMEHHBIE U DHEPIeTHUYECKUE ITapaMEeTPbl N3MEHEHUSI HHTEHCUBHOCTH
LHUPKYJSLUUY, OTIACNbHBIN akIEHT clejaH Ha mpolecce (GpopMHpoOBaHHME MHTEHCHBHBIX BUXPEBBIX
PUHTrOB. BbIsieneHbl 0CHOBHBIE BpeMEHHbIE MAcIITa0bl KOJeOaHUM SHEPIUK BEPXHETO CIIOS.

ITo cpaBHEHMIO C PKCIIEPUMEHTaMH C OMTapMOHUYECKOH BA3KOCTBIO JaHHas paboTa mpoje-
MOHCTPHPOBaja BO3MOXKHOCTb 00pa30BaHUsl BUXPEHl C MOAYJIEM 3aBUXPEHHOCTH, MPEBBILIAIOIIUM
MOJ1yJIb 3aBUXPEHHOCTH OCHOBHOTO TE€UYEHMSI, UTO MOATBEPHKIAET CYry0O HEIMHEHHBIH MEeXaHU3M
YCUJIEHUS TAKMX BUXPEH BBUAY HEBO3MOKHOCTH YCHJIEHHS UX 3a CUET aIBEKIIMH, KPOME TOTO Iepe-
XO/JI TUTAaHETapHOM 3aBUXPEHHOCTH B OTHOCHUTENBHYIO Takoro 3¢ dexra He nact. Bo-nepBbix, u3-3a
OTCYTCTBHSI MEPUIMOHAIBHOI'O IIEPEHOCA B HANIPABIICHUN IUPOTHI IIOKOS, 4, BO-BTOPBIX, IIPOCTO U3~
3a HE3HAYUTEIBbHOIO MEPUIMOHAIBHOIO TPAJUEHTa INIAHETAPHON 3aBUXPEHHOCTH.

DKcIepUMEHTHI ObUIH MPOBEAEHBI IS ABYX 3HAUYCHHH MHTEHCUBHOCTU BETpPA, OTJEIBHO MPO-
AQHAJIM3UPOBAHbl BPEMEHHBIE M SHEPreTHUYECKUE MMapaMeTpbl N3MEHEHNs HHTEHCUBHOCTU LUPKYJIS-
LMY, OTAENIbHBIM aKIEHT cjieslaH Ha mpolecce (GOpMHUPOBAHUS MHTEHCHUBHBIX BHXPEBBIX PUHIOB.
Brienensl OCHOBHBIE BpeMEHHbIE MacIITa0bl KOJIEOaHUN SHEPTUH BEPXHETO CIIOSL.
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BBISIBJIEHUE CKPBITHIX MNEPUOJUYHOCTEN B MACC-BAJTIAHCOBBIX
CEPUSX JIEJHUKA I KAHKYAT
Xopowynosa /[ A.
®unnan MI'Y B r. CeBacronoue, r. CeBacTonob, Poccust
dashakhoroshunova@gmail.com

JIro6oe ucrnoab30BaHUE JICAHUKOB COMPSIKEHO C HEOOXOAMMOCTBIO BBISIBICHUS U M3YyYCHHS
OCHOBHBIX TEHACHIIMN B AMHAMUKE ojeaeHeHus. VcciienoBanue NUKIMYHOCTH B KOJUYECTBEHHBIX
psigax 0allaHCOBBIX XapaKTEPUCTUK JICAHUKOB TECHO CBSI3aHO C TIOHMMaHHEM MeXaHU3Ma SIBJICHUH U
BO3MOXXHOCTBIO CO3/IaHUS MTPOTHOCTUYECKHUX pacuyéroB. Jlemnuk Jl>kaHkyaT, Uit Macc-0amaHCOBBIX
CEpHil KOTOPOro BBINOJIHEH FAPMOHUYECKUN aHAIN3, SIBISETCS HE TOJBKO PE3epByapOM IPECHOU
BOJIBI B PETUOHE, HO ¥ OMOPHBIM OOBEKTOM JJIsl H3yUCHHUS TMHAMUKHY JISTHUKOB Bcero LleHTpanpHO-
ro KaBka3a. B cBsI3u ¢ 3TUM BBISIBIEHUE TOM WJIM MHOW NEPUOJUYECKON COCTABIISIOLIEH B psaax
aKKyMYJILIUY, a0Isuu 1 OajaHca Macchl JIEMHUKAa UMEET KaK MPAaKTUYECKOE, TaK U HAyYyHOE 3Ha-
YEHUE U B KOHTEKCTE COBPEMEHHBIX KJIMMATHUYECKUX M3MEHEHUH SIBIISIETCA OJHOW M3 CaMbIX aAKTY-
aJIbHBIX 3a1a4 coBpemennoi risuooruu (IPCC, 2019).

UToOB! BBHIMOJIHUTH aHAIN3, HEOOXOAUM MaKCUMaJIbHO JUIMHHBIM psia HaOMIOAeHUN OamaHCco-
BBIX XapaKTEePUCTHUK JeAHHKA. [IpsiMmble MHCTpyMEHTAIbHBIC HAONIOACHHUS HA JeAHuKe JlKaHKyat
BenyTcs ¢ 1967 roga u no Hacrosiee BpeMsi, HO yYEHbIM-TJIALMOI0raM y1ajoCh MPOJIOHTUPOBATh
psAI HAaOIIOJCHUN JI0 MPOJOJDKUTEILHOCTH 151 rojma, MCHob3ys KOCBEHHO PEKOHCTPYHPOBAHHBIC
JaHHbIE, TIOJTyYEeHHbIC HA OCHOBE JJAHHBIX METEOHAOIIOICHUN B MIEPHOJ] OTCYTCTBUS TIISIIIHOJIOTHYE-
ckux u3Mepenuid. [locne ynanenus mMHEHHOTO TpeHaa ObUTH MOCTPOCHBI IEPHOIOTPAMMBI, OaaH-
COBBIX XapaKTEPUCTUK JIEAHUKA, MPEACTABISAIONINE COOON CIEKTPaIbHYIO IJIOTHOCTH CHUTHAlA, a
Takke rpaduKi MHTETPUPOBAHHBIX TIEPHUOIOTPAMM, C IIOMOIIBI0 KOTOPBIX MOXHO BBIJICIUTEH CTaTH-
CTHUYECKH 3HAYUMBbIC MEPUOANYHOCTU. [’ paduku ObUIH MOCTPOCHBI OTIAENBHO AJISl 3HAYCHU, TOITY-
YEHHBIX C MTOMOIIBIO MPSIMBIX HAOIIOACHUH, I 3HAUCHUM, PEKOHCTPYUPOBAHHBIX 10 KOCBEHHBIM
JTAaHHBIM U 17151 BCETO psna HaOmroaeHuit B eiom (1871-2022 rr.).

B urore, B psnax akkymynsauuu B nepuor ¢ 1967 mo 2022 rr. (mpsiMble U3MEpPEHUs) 3HAUU-
MBIX MepHOAMYHOCTEH He 0OHapyxkeHo. OnHako B psax ¢ 1871 mo 1967 rr. (peKoHCTpyHpOBaHHBIE
3HauYeHus) U Ha BcEM nepuozae HabmoaeHuit, ¢ 1871 mo 2022 rr., Ha 95% ypoBHE 3HaAYMMOCTH Me-
Hee 5% B O0IIyI0 JUCTIEPCHIO Psiia BHOCST TAPMOHUKHU ¢ EepUOIUYHOCTHIO B 4,8 1 3,4 roxa. Ilpu
9TOM y BCeX OalaHCOBBIX KOMIIOHEHT JIEHUKA Tpa(yiKu UHTETPUPOBAHHBIX MEPUOJOTPAMM BHU3Y-
anbHO cxoxu ans nepuonoB 1871-2022 rr. u 1871-1966 rr. BepositTHO, 3TO 00BICHSIETCS T0OCTa-
TOYHOM JUISl CTATUCTUYECKOTO aHAIW3a JUIMHOW Psia pEKOHCTPYHPOBAHHBIX 3HAYCHUHU. BrplsaBieH-
Hasl TIEPUOIUYHOCTh MOXET OBITh CBSI3aHA C MEXTOJOBBHIMH aHOMAIIMSMU OCAJIKOB M B MEHbIIEH
CTENEeHU TemIepaTypsl. B cBOI ouepenb MEXro/l0Bble KOseOaHUsI TEMIIEpaTypbl U OCAJKOB, BIIUS-
Iolue Ha 0aNaHCOBBIC XapAKTEPUCTUKU JIETHUKOB, MOTYT OOBSICHITHCS U3MEHUMBOCTHIO KIMMATa,
00yCIIOBJIEHHOH TMHAMUKON KPYITHOMACIITAOHBIX HUPKYJISALUOHHBIX MPOIIECCOB.

Crnrcok UCOIb30BaHHON JTUTEPATYPHI:

IPCC, 2019: Special Report on the Ocean and Cryosphere in a Changing Climate. In press. —
755 p.

83



Cucmemvl koumpoas oxpyacaroujeti cpeovt — 2023

BO3MOJKHBIE IIOCJIEJICTBUSI OT UBMEHEHUSI KJIMMATA JIJI11 TOPHOM
CUCTEMBI JIFKYHI'APCKOT' O AJIATAY
Yepeonuuenxo A.B., Yepeonuuenxo B.C., Yepeonuuenxo A.B.
ANMaTHHCKUH YHUBEPCHUTET YHEPTETHKH U CBsI3U T. Anmartel, Kazaxcran
geliograf@mail.ru

Ceroans mpobiemMa U3MEHEHHUs KITMMAaTa SBJISIETCS. OJHON M3 BaYKHEHIINX MPOOJIEM YeI0BeUecTBa
Y OJIHUM U3 OCHOBHBIX BBI30BOB Hallero BpeMeHU. Tak Kak (paKTHUYeCKH BOMPOC MOXKET 3aTparuBaTh He
TOJIBKO OT/EJIbHBIE CEKTOpa SKOHOMUKH CTpPaH, WM TOCYJapcTB B LIEJIOM, Harnpumep, Takue kak Kupu-
6aru wu Tysany. Borpoc 1o cytu riy6sxe, OH 3aTparuBaeT BbIKUBAEMOCTb UeJIOBEKa KaK BUAA, a TakK-
’Ke 3aTparuBaeT 0e30macHOCTh ero xusHeaestenbHoctu (baitnan, 1964). B aToM miaHe oueHb BaXKHOM
3a7a4el SIBJSICTCSl MPOSIBJICHUE W3MEHEHHs KJIMMAaTta B MPEArOpHbIX M ropHbiX paiionax (Kum, 1996;
Jlo6anoB, Aurcumos, 2003; TToapesos u ap., 2001).

B nepByto ouepens B ycinoBusx apuaHoro kimMara LleHTpansHoit A3uu, rie HanOoJiee HaceIeH-
HBIMHU SIBJSIFOTCS MMEHHO NPEATrOpHBIE 30HBI, M TE PACIOIOKEHbl HanbOoiee MPOIyKTUBHBIC 3eMJIH H
HUMEIOTCSL pecypchl BOJBL. 371€Ch, XO35AMCKasg U pPEKpealiOHHas IeATEIbHOCTh MOXKET 3aTparuBaTh J0-
BOJIBHO BBICOKOTOpPHBIE pallOHbI 10X0Asd A0 JIeAHUKOB. COOTBETCTBEHHO, BECbMa Ba)KHO OIPENEIHUTD,
KakK OBICTPO NMPOU30MJIET CMELEHHEe KIMMAaTUIECKUX 30H, U KaK OHM CIIBUHYTHCS IO OTHOIIEHHUIO K CO-
BPEMEHHBIM YCIIOBHUSIM.

JInsi JaHHOTO MCCIIeI0oBaHUsl Mbl BBIOpalU CLIEHapuH, pa3pabOTaHHbIE C MCIOJIb30BAHUEM METO-
JIOB FApMOHUYECKOT0 aHAIN3a PsiI0B HAOMIONEHUN 3a TeMIepaTypoil M OCaJKkaMH C allpoKCUMaluei
nonuHoMa mectoit crenenu (badkun, 2005). OcHOBHBbIC TAPMOHUKH, BBIACICHHBIC M3 BPEMEHHOTO psia
U CIIO)KEHHBIE ¢ TPEHIOM (TOXE B BHJI€ CUHYCOM/IbI) ITOKA3bIBAIOT, TEHJICHIHUIO JaJbHEHIIEro n3MeHe-
HUS TeMIepaTypbl WIK 0CaIKOB. II0CKOIBKY COTJacHO HAIIMM MPEICTaBICHUSAM KaxKaas rapMOHUKA —
3TO OTIENBHO BBIICICHHBINH (hu3ndeckuil HakTop, BO3ACHCTBYIOMNI Ha KIMMATHYECKYIO CUCTEMY, TO
IPU COXPAHCHUU MPOYUX YCIOBHI OyIyT (OPMUPOBATHCS M KIMMaTHdeckue hakTopsl B peruone (Xox-
108, 2007; Yepeauuuenko, 2010; Yepeauuuenko u ap., 2013; Uepeauuuenko, 2015).

IIpenuioskeHHbIE METO/IBI OBUIN YCTICIIHO aJaNTHPOBAHBI aBTOPAMH ISl OLICHKU M MPOTHO3a KJIU-
mara KazaxcraHa, BKJIrO4ast IpeArOpHbIE U ropHbie paionsl (Xoxios, 2007; Yepeaaudenko A.B., 2001;
Yepenuuuenko, 2010; Yepenuuuerko u ap., 2013; Yepennudenko, 2015). Ha HayanpHO#M cTaanu mpo-
THO3UPOBAHUS JJIs1 JAaHHOTO PETMOHA B YCJIOBHAX OOIIECH HEONpPeneNeHHOCTH KIMMAaTHUECKUX MPOTHO-
30B MBI OIPAaHMYMINCH BBIOOPOM CpPEIHUX MECSAYHBIX TEMIIEpaTyp M OCaJIKOB M UX M3MeHeHHeM 3a 30
net. [lepronpl, Oosee oTaaleHHbIE, TOKAa HE TOJAAIOTCS aJIeKBaTHOM IKCIIEPTHOM OLIEHKE.

B nacrosimee Bpems, cornacno Cenpmomy Haronansnomy noknany PK 06 n3amenenun kinumara
OoTMeYaeTcs, 4To B cpeaHeM o KazaxcraHy CKOpPOCTh MOBBIIIEHUS CPEIHETO0BOI TeMIIepaTyphl BO3-
nyxa cocrasisier 0,28 °C xaxzapie 10 net. [To cezonam B nenom no Kazaxcrany HanOonmbpImnii pocT TeM-
nepaTyp npoucxoaut BecHoW u oceHbto — Ha 0,30 u 0,31 °C/10 ner, HEMHOrO MEHbIIE 3UMOW — Ha
0,28 °C/10 ner, nerom HaOIIOAAaeTCs] HAMMEHbINAS CKOPOCTh IOBBIIMIEHHS TEMIIEpAaTypbl — Ha
0,19 °C/10 net. B GonbIIMHCTBE CITyyaeB TPEHIbl CTATUCTUYECKHU 3HAYUMBI IIpu 95 % noBEpUTEIHHOM
MHTEpBaJie, BKJIAJ TPEHA B CYMMAapHYIO JAMCIEPCHIO CPEeIHETONOBBIX Temrepatyp cocrasiser 40 %,
st ce30HOB — oT 7 110 27 % (Cenpmoe. .., 2018).

B cpeanem no Kaszaxcrany Bo Bce ce30HBI Habmomaercs ciabast TeHISHINS (CTaTUCTHYECKU He-
3HayuMasi) K yMEHbILIEHUIO KOJIMYECTBa 0CcaiKoB npumepHo Ha 0,7 mm/10 5ieT, 3a UCKITIOYEHHE 3UMHETO
CEe30Ha, KOrJa TEHJEHIMS K YBEIMYCHUIO OCaakoB coctaBisieT 1,5 mm/10 ner u siBisieTcss 3HAUMMOM.
Takum o0pa3oM, B U3MEHEHUAX PEXKUMa OCATKOB 3a UCCIIEAYEMBIH MEPHOJ] COXPaHAETCsl 3HaYMMast TeH-
JICHIMS K YBEJIMYCHHUIO OCA/IKOB B 3UMHHI MEPUOJ] U K YMCHBIICHHIO UX B OcTaibHbie ce30Hbl (Cellb-
Mmoe..., 2018).

B Kazaxcrane HabiromaeTcst pocT OTAETBHBIX KCTPEMATbHBIX METEOPOJIOTHUECKUX SBJICHUH, KO-
TOpBIE MO0 CBOEH MHTEHCUBHOCTH, MACIITa0y PacIpOCTPAHEHHUIO U MTPOAOIKUTEIHHOCTH MOTYT BBI3BATh
OTpHUILATEIbHBIE TOCIEACTBUS ISl )KU3HEEATEIBHOCTH JIIOEH, SKOHOMHUKH M OKPY’KAIOIIEH Cpefbl, I10-
X0’KH€ OIEHKH TIOJTyYEeHBI U JJIs Ipyrux pernoHoB (Xoxios, 2007; CeipomsituHa, 2010; UepeqaunaeHKo
A.B., 2015).

Jiig pacueTa MATKOTO CIIEHapHs MPUMEHSIICS METO]l TApMOHUYECKOTO aHAJIN3a, KOTOPBIM yJ1al0Ch
BBIICNTUTH TPU KJIMMATUYECKUE TAPMOHUKH CO CIEAYIOLMMU nepuojgamu: 53 roaa u amrmumrynoit 1,0°C;
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33 roma u amrumuryaoi 0,7°C; 23 rona u ammmurynoi 0,4°C. [lpumedarensHo, yTo B Hadane XX Beka
BCE TPU TAPMOHHMKH C CyMMapHOW aMITUTya0u Oosiee 2°C MOYTH OJHOBPEMEHHO MMEIH MaKCUMYM,
MOCJIE YeT0 UX aMIUTUTY]Ibl Ha4aJIl YMEHbIAThCs. B pe3yipTate aHanu3a CMEIIeHUs] TapMOHUK BO Bpe-
MEHH, OBLIM TIOCTPOEHBI TPU BEPOSATHBIX CIIEHAPHS U3MEHEHUS TeMIiepaTypsl, Ay JkyHrapckoro Ana-
Tay.
Tabmmma 1 — 3HaveHus CpeTHUX MECSYHBIX IMOKa3aTeNIeH TeMIepaTyphbl ¥ 0CaIKOB ISl TEKYILETO CO-
CTOSIHUS KJTUMATa, €r0 MPOrHO3a M0 CPEJHEMY U KECTKOMY clieHapusM depe3 30 JeT Jj1s 4acTu cpeaHe-
ropbs JlxxyHrapckoro Anaray

‘ﬂHB ICDeB lMap lAnp ‘Maﬁ ‘I/IIOH ‘I/I}on IABI‘ ‘CCH IOKT ‘HOH6 ‘z[eK CpenHeronoBast
AMmnutyna
Temmneparypa TeMIepaTypa
B
JaHHeli | -6,4|-56(-15| 55| 10 | 14 | 16 155 11 (48| -1,1 |-4,2 4,8 22,4
MOMEHT
Markuit | -59|-53(-15|57(10,1| 14 | 16 |155| 11 |48 | -1,3 |-4,4 49 21,9
cLeHapui
Kecrkuii | 54 |-48|-13| 6,1 |10,3|14,2| 16 [153|109| 4,4 | -1,6 |-4,5 5,0 21,4
cLieHapHii
Ocanxu I'o10BOE KOJIMYECTBO OCAKOB
B
manHeii | 39 | 35 | 62 | 92 | 114 | 96 | 90 | 45 | 48 | 81 | 75 | 54 831
MOMEHT
Miarkuit | 38 | 37 | 67 | 98 | 119 | 103 | 98 | 49 | 48 | 81 | 76 | 56 870
cLieHapHii
Kecrkuii| 34 | 37 | 65 | 96 | 118 | 99 | 94 | 48 | 42 | 76 | 72 |51 832
cLeHapui

BeiBoabl. He cMOTpsi Ha MpOTHO3bI, HENB3sl 3a0bIBaTh, YTO TO TOpHAs CUCTEMa M U3MEHEHHE
pacrpeneneHust 0CaIkoB M TEMIIEPATYPbl MOXKET U3MEHHUThH BBICOTHYIO TIOSICHOCTh PACTEHUI U pa3HO00-
pasue OMOJIOTHUECKUX BHJOB, KOTOPBIE 3/1eCh 00MTaloT. KpoMe Toro, mpecTaBieHHbIe BEIBOJIBI XapakK-
TEPU3YIOT B IIEJIOM TOPHYIO CHCTEMY, B TO BpeMs, KaK ISl K&KIOr0 U3 YEThIPEX XapaKTEPHBIX MOSCOB
JlxyHrapckoro Anaray NMpHBEICHHBIE W3MEHEHHUS MOTYT CYIIECTBEHHO OTJIMYATHCS OT MPOTHO3HPYE-
MBIX JIMANa30HOB, KaK B MOJOXHUTEIBHYIO, TAK U B OTPHUIIATEIbHYIO CTOpOHY. bonee Toro, Ha ¢one u3-
MEHEHUS CPEJHUX TEMIIEPATyp M CYMM BBITIAJAIOIINX OCAJKOB, BAXKHYIO POJIb MOTYT CHITPAaTh KPaTKO-
BPEMEHHBIE, SKCTPEMAJIBHBIE OIIACHBIE SIBICHMSI, HAIIPUMEp, Kak 3To npousouuio 17 mas 2011 roxa, B
pe3ysbTaTe KOTOPOTO BCsI JIECHAS 30HA Ha CKJIOHAX YIIENbs psaoM ¢ Mezaeo Obljia yHUUTOXKEHA, 3 Pell-
KHM UCKJIIOYCHHEM. DTO O€3yCIOBHO OCJIOXKHSET TPAKTOBKY JaHHBIX, U X MPAKTHYECKOE NPUMEHEHHE.
OpnHako, NpY BBIACHEHHH OOIIMX TEHIEHIMH M3MEHEHHs KIIMMaTa, MOKHO MOHATh BBDKHBAEMOCThH OT-
JIENTbHBIX BHJIOB B HOBBIX KIMMATHYECKUX YCIIOBHSX U OINPEIEIUTh BO3MOXHYIO UX BBDKHBAEMOCTH C
y4ETOM BPEMEHH Ha MHUTPAIMIO M aJalTalMi0 K HOBBIM YCIIOBHSM. B mepcreKkTuBe 3TO JaeT BO3MOXK-
HOCTh OIICHHBATh YA3BUMOCTh BHJOB B TOM 4mcie u sHaeMukoB (Dujsebayeva, Malakhov, 2017; Mala-
khov et al., 2018).

Heo06xomumo moHUMaTh, 9TO TOPHBIN KIacTep OyAeT MEHIThCS Kak CBEpXY, TaK U CHU3Yy. B gacT-
HOCTH, OTCTYIUICHHE JICTHUKOB OYIET CIIOCOOCTBOBATH OOpPA30BAaHUIO PA3NMYHBIX MPOIECCOB, B TOM
YHclie CY)KCHHIO KIIMMAaTUIeCKON mosicHocTi. CHU3Y OyJeT HAacTymaTh 30Ha CTENed W MOJYIMyCThIHb, a
CBEpXy HACTYNATh IPO3NOHHBIE MPOIECCHI, MPETSITCTBYIOIINE OBICTPOI aJanTalii U 3aKpeTyICHHIO HO-
BbIX BUJOB. [Ipu nu3menennu cpenneit remmneparypsl Ha 1°C KIMMaTHUYECKUN TOSC MOXKET CMECTHTHCS
BepTHKaNbHO Ha 140—-160 MeTpoB (MecTamu U OOJIBIIE), UTO OYEHb CYIIECTBEHHO JJIi TOPHOW CHCTEMBI
U KPUTHYHO JUIS BUJIOB, KOTOPbIE OOMTAIOT B MOTPAaHUYHOM 30HE MEXy nosicamu. OCOOEHHO ISl BH-
JIOB, KOTOpbIE OOUTAIOT B 30HE MEXY JIEAHUKAMU U KYCTApHUKOBOW PaCTUTENILHOCTBIO, TaK KakK 37€Ch
KauecTBEHHbIN nepexo OyeT Haubosee Npo 0JKUTEbHBIH.

OTmeTHM, 9TO B YCIOBHAX HU3KOTOPHSI U CPEIHETOPhS TAKOE CMEIICHNE MOYKET OKa3aThCsl KpH-
TUYECKUM JI1 HEKOTOPBIX BU/IOB, TAK KaK HEKOTOPHIM M3 HUX HANTH CBOIO KJIMMAaTHYECKYIO HHILY, OYy-
JIeT TIPOCTO HETJAE, YTO MOXKET MPUBECTH K PUCKY MOJIHOTO MCUYE3HOBEHUSI HEKOTOPHIX BUIOB KaK pacTe-
HUM, TaK 1 )KUBOTHBIX.
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B3AUMOCBSI3b IPUITOBEPXHOCTHOM TEMITEPATYPBI C NHIAEKCAMHA
ATMOC®EPHOM IIUPKYJISAIIMA B IEHTPE EBPOIIEMCKOM YACTH POCCHUHN
Hluwkun I'M., I'ypvsanos B.B.

Kazanckuit (IlpuBoskckuit) @enepanbublii yHuBepcuTeT, . Kazanp, Poccus
mr.GoraShi@mail.ru

OO6mas nupkynauus arMocdepsl SBISETCS OMPEeNIIOMUM (aKTOPOM CO3/IaHUs U MOJAep-
’KaHUS TOTOJHBIX U KIMMATHYECKUX YCIOBUH JI000T0 paifoHa Ha 3emIe.

Lenb nqaHHOTO MCCIEAOBAHUS — JaTh OLICHKY BIMSHHS KPYMTHOMACIITAaOHBIX MEXaHU3MOB aT-
MOC(EPHOU MUPKYISIHHA HA XapaKTep TEPMUIECKOTO PEKIMa IIEHTPATBHBIX PAOHOB €BPOIEHCKOM
yactu Poccun (manee — EUP — IV kBazuogHOpoaHbIi KIMMaTudeckuii peruon: 50-63° c.am. u 30—
60° B.x1.). Ha paccmaTtpuBaeMoii aBTopamMu TEPPUTOPHH SIPKO MPOSIBIISIETCS MPEOOIalaHue 3aragHo-
ro mepeHoca Bo3Jyxa Bo Bceil Touie Tpornocdepsl. B kauecTBe MCX0AHOrO Marepuaia ObUld IpU-
MEHEHBI JaHHble peaHann3a ERAS5S mo temmeparype mpuzeMHOro Bo3ayxa 3a mepuoja ¢ 1979 mo
2021 rr. Beibop maHHBIX peaHanu3a ObLI 00YCIOBICH OTCYTCTBHEM MPOIMYCKOB M U3IUIIHUX HEOJ-
HOpOJHOCTEH B psinax. s onucanus arMmocepHO MUPKYIALIUU OBUIH MCIIOIB30BAaHBI CPEeTHEME-
CSTYHBIE Psijibl Hanbomee NH(OOPMATUBHBIX MHJIEKCOB 3a TOT ke mepuoj: CeBepoaTaaHTHUECKOEe KO-
nebanne (NAO), Apkrrueckoe konebanue (AO), Ckannunasckoe konebanue (SCAND), koneba-
Hue Mexay Boctounoil Atnantukoi u 3ananHoit EBpasuein (EA/WR). Pe3ynbTarhl ycTaHOBJIEH-

HBIX CBSI3CH AJId OCHTPAJIBHBIX MECALICB CC30HOB I0Jia MPEACTABJICHLI B Ta6JH/IIIC 1.

Tabmuma 1 — Pactipenencnue kodhGUIMEHTOB TMHESHHONW KOPPEISIIAH
mMexay psaamu Temieparypsl (T) u uagexcamu 1A (1979-2021 rr.), B ieatpe EUP (r 100)

r SHBapp Arnpenb Hronb Oxkts0pb
Tu or 75 Ha C3 or 15Ha C3 OT OKOJIOHYJIEBBIX ot 40 na C3
NAO | (60° c.ur.; 37° B.1.) (62° c.m.; 31° B.1.) | 3mavenmii Ha C (ce- | (62° c.m.; 32° B.11.)
1o 35 na IOB 1o -20 B BepHee 58° c.u.) 1o -30 na IOB
(51° c.or.; 47-60° LEHTP.4acTh no -30 na O (53° c.mr.; 56° B.1.)
B.JI.) (54° cm; 41° B.1) | (1osxmee 52° c.im.)
TuAO | or65Ha3 or 20Ha C ot 20 no 35 Ha ot 50 Ha C3
(zamaguee 37° B.11.) (ceBepnee 62° c.m1.) | Oonbinei wactu Tep- | (60° c.um., 33° B.1.)
1o 40 na CB 1o 0 Ha Gonpiiei pUTOpHUH 1o -5 na OB
(Bocrounee 50° B.jy) | 4acTU TEPPUTOPHUU (roxxHee 52° c.ur. u
Bocrounee 47° B.11.)
Tu ot -10 va C3 or 35 Ha 3 ot 60 Ha C3 or 10 Ha 3
SCAND | (61° c.mr.; 33° B.11.) (zamagmee 33° B.1.) | (61° c.ur.; 33° B.11.) (zamagnee 33° B.11.)
1o 70 na IOB 1o -40 na B mo Oua B 1o -50 Ha B
(roxxnee 53° c.ur. u (Bocrounee 57° B.1) | (Boctounee 57° B.a) | (Bocrounee 58° B.x)
Bocrounee 52° B.1.)
Tu or 10 Ha 3 ot -50 o -70 Ha ot -20 Ha 3 ot -60 Ha C
EA/WR | (3amaanee 31° B.11.) Oonbuei yactu Tep- | (zamaxuee 33° B.1.) | (ceBepuee 60° c.mr.)
1o -20 va CB puropun no-75Ha B 1o -20 nHa O
(ceepnee 60° c.u1. u (Bocrounee 49° B.1) | (roxxHee 52° c.ir.)
Bocrounee 49° B.1.)

Takum o6pa30M, B X014 pa6OTBI OBLIM OTMEYEHBI TECHBIC MOJIOXKUTEIILHBIE CBSA3H:

e Cunnekcom NAO — B xomonHbIi iepuo rona (mpeumynt. B C3 obnactsx nentpa EUTP);

e C unrnekcom AO — B XoJoaHbIN Tiepuoa roja (nmpeumyil. B C3 obnactsx uentpa EUTP);

e C manmekcomM SCAND — B xomoansrit nepuon (B FOB 0011-x); B Terutbtii mepuos (B C3 0011-X);

Hawubonee TecHbie OTpULATCIILHBIC CBA3U OTMCYCHBI:

e C urnekcom SCAND — B Termblii mepuo] (B BOCTOYHBIX 00JIACTSX);

e Cungekcom EA/WR — npenMyIieCTBEHHO B TEIUIBINA IEPUOT TOA.
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IKOJOI'MYECKUE ITPOBJIEMbBI IIPUPOAONIOJIB3OBAHUA
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KPATEPUM ONITUMHU3AIIMA KOJIMYECTBA COJTHEUHBIX KOJIJIEKTOPOB
B CTPYKTYPE 'NBPUJHBIX 'A3OTYPBUHHBIX YCTAHOBOK
A6naes P.P.Y, Knumenxo A.I'?, Jlonoanousn A.B?
I AOY BO «CeBacTononbckuii rocy1apcTBEHHBINH yHUBEPCUTETY, T. CeBacTonomns, Poccus
2PI'BHY «MHCTHTYT IPUPOIHO-TEXHUUECKUX cUcTeM», T. CeBacTonons, Poccus
Ablaev.expert@mail.ru, kag195877@gmail.com, dologlonyan@mail.ru

Bre160op onTUManbHON CTPYKTYpPhl THOPHUIHBIX COMHEYHBIX ra30TYpOMHHBIX YCTAHOBOK SIBIISI-
ercs akryansHoM 3amaueit (Atef et al, 2020). IIpu cTpyKTypHO-ITapaMETPHUECKOM CHHTE3€¢ TaKHX
CHCTEM BBIOODP CTPYKTYPHI Fa30TypOMHHON YCTAaHOBKH U PEKHMOB €ro pabOoThI MPEACTaBISAET COO0H
MIPEKE BCEro TEXHUUYECKYIO 3a/1auy. B TO BpeMs, Kak BHIOOP ONTUMAIbHOW CTPYKTYpBI U KOJIHUYE-
CTBAa COJHEUHBIX KOJUIEKTOPOB B THOPHIHBIX YCTaHOBKaX HEBO3MOXXHO PEIIUTh HCKIIOYUTEIHHO
MyTeM TEeXHUYECKOHM onTumu3anuu. [10CKoIbKY UCIOIB30BaHUE COHEYHBIX KOJIEKTOPOB B TAKUX
YCTaHOBKaX BCETJa JIACT IMOJIOKUTEIFHBIX TEXHUYECKUN dPPEKT B BHUJIE TTOCTOSHHOTO POCTa CyM-
MapHOW IKOHOMHUU TOILJIMBA.

Jlist ONTUMU3AIMH KOJMYECTBA COJTHEYHBIX KOJIJICKTOPOB B 3TOM CiIydae TpeOyeTcsl mpume-
HEHHUE TEXHUKO-PKOHOMHYECKOTo Kputepus. B pabore (Abnaes, [lomormnonsH, 2023) B kadecTBe
KpUTEpUsI ONTUMHU3ALUN KOJIMYECTBA COJIHEYHBIX KOJJIEKTOPOB SHEPreTUYECKON YCTAaHOBKH ObLI
MpeaoxkeH Kod(pGUIIUEHT, KOTOPBII OTpaskaeT yJelbHbIe MIPUBEICHHBIE 3aTPaThl, MPUXOASIINECS
Ha | fmeH.en./rox MpUBENEHHOTO JOXOJa, KOTOPBIM JODKEH CTPEMHUTCS K MUHHMAJIbHOMY CBOEMY
3HaueHuto. OIHAKO 3TOT MOKa3aTeilb HEe MO3BOJIET C TOYHOCTHIO YCTAHOBUTH TO KOJIUYECTBO COJI-
HEYHBIX KOJJIEKTOPOB, MPHUMEHEHHE KOTOPBIX B CTPYKTYpe TMOPHIHON yCcTaHOBKH OyneT 3ddex-
THUBHBIM.

MRD2

Pucynok 1 — Onpenenennie onTUMalIbHOTO rabapuTa COJTHEUHBIX KOJJIEKTOPOB

[IpeoOpa3oBanue 3TOro KO3 PUIMEHTa B CPAaBHEHUHU MPUBEIECHHBIX 3aTpaT U MPHUBEAECHHBIX
JI0XO0JI0B MCTOJIB30BAaHUS COJTHEUHBIX KOJIEKTOPOB MO3BOJIUT YCTAHOBUTH TOUKY 0€3yOBITOUYHOCTH
(cm. pucyHOK 1), KoTOpoe OyIeT XapaKTepru30BaTh TO KOJIMYECTBO COTHEYHBIX KOJIJIEKTOPOB, KOTO-
poe Oyner onTUMaIbHO.

Takum 00pa3oM, OCHOBHBIM KpPUTEpHUEM, KOTOPBII MO3BOJIUT ONPEIEIUTh ONTUMAIbHOE KO-
JUYECTBO COJIHEYHBIX KOJUIEKTOPOB B CTPYKTYpE TMOPUIHON YHEPTETUUECKON YCTAHOBKHU SIBISIETCS
MpHUBEeHHAss 0e3yOBITOYHOCTD, KOTOpasi Onpeensercs cpaBHeHneM auddepennnana cyMmmsl 9KO-
HOMHH TOTUIMBA C BETMUYMHON MPUBEACHHBIX 3aTPar.

CIHOHCOK UCIIOIBL30BaHHOMN JINTCPATYPBhI:

Aomaes P.P., Jlomornonsa A.B. MeToanka TeXHUKO-DKOHOMHUYECKON ONTHMHU3AIUN COJTHEU-
HBbIX FI/I6pI/I)1HI>IX I‘a3OTyp6I/IHHBIX YCTAaHOBOK // HpI/IKJ'IaI[HLIe OKOHOMHUYECCKHUE HCCIICAOBAHUA. —
2023. — Ne 2. — C. 140-147. DOI 10.47576/2949-1908 2023 2 140.

Atef M., Khatib T., Abdullah M., Romlie M. Optimization of a Hybrid Solar PV and Gas
Turbine Generator System Using the Loss of Load Probability Index // Clean Technologies. — 2020.
—Ne 2. — P. 240-251.
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IMPOEKT CO3JAHUSA UCKYCCTBEHHBIX OCTPOBOB KAK
NEPCHEKTUBHBIN CIIOCOB 3AIIIUTHI KPLIMCKHNX BEPETOB
Aeaproesa-Jlax U.B., ll]Joopo A.E., Yepnvix C.JI.

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

[Ipoueccrl cokpalieHus MIsHKEH U OTCTyruieHus Mopckux OeperoB Kpeima HaOmtomaroTcs ¢
80-pIX IT. mpouuIoro crojetus. X mpuyYuHbI UMEIOT KaK IPUPOAHYIO, TaK U aHTPOIIOTEHHYIO CO-
CTaBJIAIOIINE, KOTOPbIE JOBOJIBHO MOJIPOOHO PACCMOTPEHBI BO MHOTUX Hay4HBIX paboTax.

TpaauumoHHBIE METOABI 3AIIUTHI MOPCKUX OEPETOB IyTeM CTPOUTENIHCTBA OEPEro3alUTHBIX
COOPYKEHHI TEPSIOT CBOIO aKTyaJlbHOCTh M3-3a UX HEJOJITOBEYHOCTH, HEOOXOAUMOCTH TTOCTOSIHHO-
r0o 00CITy’KUBaHHS U KapIMHAILHOTO U3MEHEHHUsI OEPEeTOBbhIX JaHIIA(TOB.

B nocnennue roapl B KauecTBe MEPCHEKTUBHOTO criocoba Geperozamutsl B KpsiMy paccmar-
PHUBAIOTCS UCKYCCTBEHHBIE OCTPOBA, CO3JJaHNE KOTOPHIX MMO3BOJUT PEIINTh HECKOIBKO MPOOIEM 0/1-
HOBpeMeHHO (Arapkos, 2019). B mepByio ouepenb, 3TO pelIeHHEe DKOJIOT0-OMOIOTrHYeCcKUX Ipo-
Onem: 1) mosiBieHUE TBEPIBIX CyOCTPATOB B AaKBATOPUH, CIIOCOOCTBYIOIIMX Pa3BUTHIO HA HUX IOJ-
BOJHOM OHMOTHI M OMOIIEHO30B (BOAOPOCIICH, MOJUIFOCKOB, PAKOOOPa3HBIX M IIp.); 2) IMOBBIINICHHUE
IIPOJYKTUBHOCTH MOJUIFOCKOB-(PMIIBTPATOPOB, OUMIIAIOIIMX aKBATOPUIO U MPOAYLHUPYIOLIUX 00J10-
MOUYHBIN MaTepuan ais GOopMHUPOBAHUS TUKHBIX OTJIOKEHHI; 3) CMEIICHHE «aKIEHTOBY Mpeoopa-
30BaHMsI MIPUPOIHOMN Cpeabl ¢ OEperoB M IUISHKEH Ha MPUOPEKHYIO aKBATOPHIO, YTO 00ECHIEUUT CO-
XpaHEHHUE €CTECTBEHHBIX MPUMOPCKUX JaHAmA(TOB. B pexpeallnoHHOM OTHOIIEHUU MOJIOKUTEINb-
HBIMH MOMEHTaMH OyIyT: a) pOCT MPOTHKEHHOCTH OEPEeroBOi JIMHUK U IIONIAIN TUSDKEH, yBEIH-
YUBAIOIINE PEKPEALUOHHYI0 €MKOCTh MPUOPEKHBIX TEPPUTOPUIA; 0) aKTUBU3ALMS BOJIHBIX BHJIOB
criopTa M Typu3Ma (IaiiBUHTa, MApyCHOTO CHOPTA, KAsSKWHTA H Jp.); B) CO3/IaHUE YKPBITUH U CTOS-
HOK ]IS MOPCKOTO TPaHCIOPTa (MOPCKHUX JIAWHEPOB, AXT, KATAMapaHOB, JIOJIOK U Tp.), CTUMYJIHUPY-
IOIINX Pa3BUTHE MOPCKUX ITyTEHIECTBUI (MOPCKHUE MPOTYIKH, KPyH3bl) BIOJH OeperoB Kpeima.

Kak onuH u3 BapmaHTOB MCKYCCTBEHHBIX OCTPOBOB paccMaTpUBaeTCsl pa3pabOTaHHBIN aBTO-
pamu (ILloxpo, Yepnsix, CopokuH, 2023) NMpoeKT CO3/1aHUsI B MOPE TPaBEPCOB — MCKYCCTBEHHBIX
KOC, COEIMHAIOUINX Oeper ¢ OCTPOBOM, COBMECTHO C KOHCTPYKIMSMH BOJHOTACALIMX COOPYKEHUH
MEX1y OCTPOBaMH JJIsl 3aXBaTa HAHOCOB U3 BOJIHOBOT'O IMOTOKA U 3aHECEHUS] UMM MEXOCTPOBHOI'O
MPOCTpPaHCTBA. B yka3zaHHOM NpPOEKTE pacCMOTpPEHa BO3MOXKHOCTH YIPAaBJICHHS] WHTEHCHBHOCTBHIO
HaMbIBA TP TIOMOIIH PETYIMPOBAHUS BEICOTHI (JOPMHUPYEMBIX KOC MEKY OCTPOBAMH U OEPETOM.

B kauecTBe 3KCIIEpUMMEHTAIBLHOTO paiioHa CTPOUTENLCTBA MCKYCCTBEHHBIX OCTPOBOB HaMHU
paccmarpuBaercsa ydyactok Kamamurckoro 3amuBa UepHoro mops mexay o3. Kesui-fp u EBnaro-
pueil, ubu Oepera UMEIOT caMble HTUPOKHUE U MPOTHKEHHBIE TaeYHO-TIeCYaHble MK, HO aKTUBHO
orctynaroT. HeGonpmve riyOHMHBI B 3aJIMBE, HATMYHE PHIXIIBIX JOHHBIX OTIIOKEHHUH W BIOIBOEpe-
TOBBIX ITOTOKOB HaHOCOB ONpPEAEISAIOT 00IIMe MPUPOIHBIE YCIOBUS peaan3aliy JAaHHOTO MPOEKTa,
OJIHAKO €ro OCYIIECTBIICHHUIO JIOJKHBI MPEAIIECTBOBATh KOMIIEKCHBIE HAYYHO-TEXHUYECKas U 3KO-
JIOTHYECKast KCIIEPTU3HI.

Paboma ewinonnena 6 pamxax eocydapcmeennoco 3adanus MIITC (Ne ezocpecucmpayuu
121122300072-3).

Crnrcok UCOIb30BaHHON JIUTEPATYPBHI:

Arapkos B.U. HNckyccTBeHHbIe 0cTpoBa B KanaMUTCKOM 3aKBe — METanpoeKT KOMITJIEKCHO-
IO UCIOJIb30BaHUS MPUPOIAHBIX PECYPCOB 3aJIMBa M 3alllUTHI Oepera oT abpa3HOHHBIX MPOIECCcoB //
AxTyanbpHble TpoOJIEeMbl TYMaHUTapHBIX Hayk: Tpyabl V Bcepoccuiickoil HaydHO-IIpaKTHYECKON
koHpepeHtwH (. EBmatopust, 16 mas 2019 r.). — Cankr-IlerepOypr: MOO «1Cx, 2019. — C.7-13.

Hloapo A.E., Yepnbix C.JI., Copokun A.H. Kontponbs npouecca Hapactanusi 6epera mnpu co-
3JaHMM UCKYCCTBEHHBIX OCTPOBOB 3a CYET MCIIOJIb30BAaHUS HAHOCOB M3 INIyOOKMX TOPU3OHTOB //
Cucrema KOHTpOIIsL OKpyxaromieid cpenbl. — 2023. — Ne3(53). — C. 87-97.
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COCTAB MUKPOBOJIOPOCJIEM-OBPACTATEJIEN HA IIVIACTHHAX,
MOKPBITBIX KPACKAMHU C HAHOYACTHLHAMUA
Anopeesa H.A.Y?, Mocynoe A.A4.2, Cuzoea O.C.1?
lOI'BHY «MHCTUTYT HPUPOIHO-TEXHHYECKUX cHCTeM, T. CeBacTonons, Poccus
2PI'AOY BO «CeBacTonoIbCKNii rocyIapCTBEeHHBINH yHUBEpCcHTET», T. CeBacTonons, Poccus
andreeva.54@list.ru

B nporecce oO6pa3zoBanus OMOIUIEHKM HA PA3JIMYHBIX MMOBEPXHOCTSIX B MOPCKOH BOJE ydyacT-
BYIOT MTOYTH BCE KJIACCHI MUKPOOPTaHU3MOB U BOAOPOCICH, MPUYIEM IPAKTHYECKH BCE 00pacTaTeu
CHOCOOCTBYIOT KOppo3uu. MukpoBoaopociu u nuuanodakrepuu (L[b) sBnstorcs ogHol u3 cocras-
HBIX YacTell OMOIUICHKH, SBIISIONICHCS TIEPBBIM 3TAIMOM MpoIiecca OMOKOPPO3UU PA3IUYHBIX MaTe-
pHaJiOB B MOPCKUX YCJIOBHUSX, OJHAKO BKJIAJ UX B TOT Mpolecc u3ydyeH cinado. [locnennue uccue-
JIOBaHMSI, BKIIOYAIOIINE UCIOJIb30BaHUE aTOMHO-CHIIOBOM Mukpockonuu (ACM), mo3BOJUIH BbI-
SIBUTh CBSI3b JMATOMEH ¢ OakTepusMu M C mporeccamu Ouokopposun (Landoulsi et al., 2011). B
npubpexHoit akBaropun UEpHoro Mopsi Hamu ObLIO BhIsiBIIEHO 25 dopm Bacillariophyta. (Auape-
eBa, 2021). IMEHHO OHM COCTaBIIIIOT OCHOBHYIO YacTh OMOMAcchl 0OpacTaHMsl Ha MOBEPXHOCTSIX,
MOrpy>XeHHBIX B MOpcKyto cpeay (Wetherbee et al., 1998). Emé oaHumM HEOThEeMIIEMbIM KOMITOHEH-
TOM aJIbI'OLIEHO30B MOPCKUX OOpacTanuid saBisitoTcst inanobakrepuu (Cyanoprokaryota). brnaronaps
00pa30BaHMIO pa3HbIX XUMUYecKkuX coenuHeHuil L{b Moryt Bctymath B pa3HOOOpasHbIe ajiesnorna-
TUYECKUE B3aMMOOTHOIIICHUS B AJIbIOIIEHO3aX.

HccnenoBanus mpoBoauin B mpuodpeskHoii akBaropun CeBacromons B 20222023 rr. B pabo-
T€ UCIOJB30BAJIM IJIACTHUHBI U3 OprcTekia (moauMeTuinakpunar) pasmepom 10x15 cm, tonmmHa 3
MM, S=150 cM?, HOKpBITEIE C 06EHX CTOPOH IIPOTOTHIIAMH TIPOTHBOOOPACTAIONIEH Cy/I0BOI KPAcKH,
cojiep Kaliei B Ka4eCTBE aHTHOOPACTAIOIIEr0 areHTa pa3IMdHble HAHOYACTHIBI U X OoKcuasl. Co-
cTaB U MOp(OJIOTUS MUKPOBOJOPOCIEH B HMCXOJHOW CYCIEH3MM HM3Y4YalNCh Ha MPUKHUIHEHHBIX
npenapatax. MUKpocKonupoBaHue U (QororpadupoBaHue KyiabTyp OCYIIECTBISUIOCH C HCIONb30-
BaHueM Ouosornyeckoro Mukpockomna Levenhuk 740T mpu yBenuuenuu x 400.

Cpenu AMaTOMOBBIX BOJOpOCiel ObUIM BBIABIEHBI B OCHOBHOM MPEACTABUTEIN POJOB
Amphora, Melosira, Navicula, Pinnularia, a B mekotopsix ciayuasx — Amphipleura, Cylindrotheca,
Coscinodiscus, Cymbella, Nitzschia, Pleurosigma, Rhizosolenia, Striatella u nHekoTopsie npyrue.

[{uanobakTepun ObUTH TpeacTaBiIeHbl pomaamu Aphanocapsa, Microcystis, Synechococcus,
Chroococcus, Leptolyngbya u Oscillatoriales (8 Tom uucne Spirulina). B oOpacTanusix Takke BbI-
SIBJICHBI 3€JIEHBIC U TUHO(PUTOBBIE BOJAOPOCIU. B HEKOTOPHIX Ciydasx 0OOHAPYKUBAIUCH PA3IMUHbBIE
HeuAeHTU(pUIIMPOBaHHBIE (JOPMBI, B TOM YHCIIE, IEHTOOOpa3HbIE M TaHTEIIEBUHBIC.

Uepes 2 mecsana sxcno3unind B 2022 roly HauMeHbIlIee KOJMYECTBO TAKCOHOB MUKPOBOJIO-
pocneil OblTO 3aperucTpUpPOBaHO B BapuaHTax IUTacTUH ¢ buomnact-52 u ¢ mokpeiTueM, coaepxka-
M Hanovactuiel (HY) Ag-TiOo.

B 2023 romy HauMeHblllee KOJTUYECTBO TAaKCOHOB OBbLIO BBISIBICHO B BapuaHtax ¢ HY
CuO/Cu20/CuFe;04 u Ag-TiO2. OTMedeHO, YTO IMaHOOAKTEPUHU TOSBISUIMCH TONBKO uepe3 21
JIeHb AKCIIO3UIIMU TJIACTHMH U aKTHBHO Pa3BUBAIUCH JI0 OKOHYAHUS HATYPHOTO SKCIIEPUMEHTAa Ha
npoTshkeHun 2 MecsieB. ClieyeT OTMETHTb, YTO [IMaHOOAKTepHH Ha BCEX CPOKaX IKCIO3HIIMH OT-
cyrcrBoBaiu B BapuanTax ¢ HU CuO/Cu.O/CuFe204 u Ag-TiOs.

Takum oOpa3oM, Hanboee MePCHeKTUBHBIMEA MTPOTUBOBOIOPOCIIEBEIMHU MOKPBITUSIMUA MOKHO
cuurath kpacku ¢ BmodenueM HU Ag-TiO2 u CuO/Cu.0O/CuFe20s.

CnucoK MCTIOIb30BaHHOM JIUTEPATYPHI:

Landoulsi J., Cooksey K.E., Dupres V. Review — Interactions between diatoms and stainless
steel: focus on biofouling and biocorrosion // Biofouling. — 2011. — Vol. 27, No. 10. — P. 1105~
1124.

AnpapeeBa H.A. [{uaHoOGakTepuu ¥ TMATOMOBBIE BOJPOCIH B COOOIIECTBAX Pa3UYHBIX KO-
TonoB mpudpexxHon akBaropun CeBacromnosst (UepHoe mope) // HammonanbHast accomuarus yde-
HeiX (HAY). —2021. — Ne 74. — C. 6-10. DOI:10.31618/NAS.2413-5291.2021.2.74.524

Wetherbee R., Lind J.L., Burke J., Quatrano R.S. Mini review: The first kiss: establishment
and control of initial adhesion by raphid diatoms // J Phycol. — 1998. — Vol. 34. — P. 9-15.
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ITAMMBI HIUAHOBAKTEPUI N3 ®UTOBEHTOCA
YEPHOMOPCKOI'O IPUBPEXDBSA KPBIMA
Anopeesa H.A.X, Cnapcxasn J1.71.°
IOI'BHY «MHCTUTYT HpUPOIHO-TEXHHUECKUX cHCTeM, T. CeBacTomnons, Poccus
2Cankt-Tletepbyprekuii rocynapcTBeHHbIH yHIBepenter, r. Cankt-TlerepOypr, Poccus
andreeva.54@list.ru, dina.snarskaya@spbu.ru

HeorbemieMbIM KOMIOHEHTOM (yHAAMEHTAIbHOW 0a3bl JJIs MPOBEACHHUS MPUKIAJHBIX H
(yHIIaMEHTAJIbHBIX Pa0OT MPAKTUYECKHM BCEMHU OTEUECTBEHHBIMU MCCIIEIOBATEIbCKUMH U MPO-
MBILIUICHHBIMU OPTaHU3AIUSAMHE, a TAKXKE KOHTPOJIBHBIMH JIAOOPATOPUAMH M Y4eOHBIMU 3aBEICHUS-
MU, UCHOJB3YIOIIMMH IITAMMbl MUKPOOPTaHU3MOB B CBOEH NIEATEIbHOCTH, SBISIOTCA KOJUICKIIHH.
ItamMbl 1MaHoOaKkTepuid, OOUTAIOMIMX B 3KCTPEMAIBHBIX SKOJIOTMYECKUX HHIIAX (Hampumep,
MOPCKHE JIOHHBIE OTJIOXKEHHUS), 00JIaJal0T YHUKAJTbHBIMU OMOXUMHYECKUMU U (PU3NOJIOTUYECKUMU
CBOWCTBaMH, KOTOPHIE MOKHO HCIIOJIb30BaTh B (DapMaKOJIOTHH Il CO3/IaHUS HOBBIX MEPCIICKTHB-
HBIX JiekapcTB. Kpome Toro, Takue KOJIJIEKIIUU UMEIOT OTPOMHOE Hay4yHOE U MPUKIIAJAHOE 3HAYCHHE,
B KauecTBe «0aHKa» XpaHeHHs reHo(oH1a opraHiu3MoB. [IepBbIM 1Iarom Ha IyTH K YCIIEITHON U30-
JSUUU [TUAHOOAKTEpUN U3 WX MPUPOTHOU CPEIbl SBIAIOTCS KOMILIEKCHBIE JaHHBIE 00 UX cpele
OOUTaHWs, a ISl YCHEITHOTO KyJIbTUBUPOBAHMS HEOOXOAUMBI 3HAHUSI TAKCOHOMUH.

Brigenenue HOBBIX IITAMMOB ITHAHOOAKTEPH OCYIIECTBIISUIA B MPOLIECCE aTbrOJIOTMYECKUX
UCCIIEI0OBaHUM 00pa3lioB JOHHBIX OTJIOKEHUH, OTOOpaHHbBIX B TeueHHE Bcex ce30HOB 2020-2023 rr.
B Pa3IUYHBIX 30HAaX YepHOMOpPCKoro nodepexns Kpeima Bo Bpems 11 skcnenunuit Ha runporpadu-
yeckoM cynne «lIpodeccop Boassaunikuity. g nmogyyeHus HaKOMUTEIbHON KyJIbTYpPhl HATUBHBIM
Matepuain KyiabTuBupoBain B Teuenue 30—120 cyTok Ha xuakoil moauduuupoBanHo cpeae ['po-
MoBa No 6 (MPUTOTOBJIEHHOW HA MOPCKOW BOj€). BhieneHus M OYUCTKU KYJIbTYpP OCYIIECTBIISUINA
HECKOJIbKUMHU MeToAaMu. Mopdooruio nuanobakTepuil u3ydail Ha MPKU3HEHHBIX MpernapaTax ¢
UCIIOJIb30BaHUEM CBETOBBIX MHKpockonoB Levenhuk 740T u Leica DM2500 mpu yBenudeHun x
400. ®ortorpadupoBanue KyIbTyp MPOBOIMIHA MPU TOMOIIU UG POBBIX HACAJIOK C UCTIOIb30BaHU-
€M COOTBETCTBYIOLIMX KOMIbIOTepHbIX nporpamm (Levenhuk ToupView u Leica Application Suite
(LAS) u nanmpHeiinieir 00paboTkoit n3o0paxenuii B nporpamme Adobe Photoshop CS3 Extended.
TakcoHOMUYECKYI0 MPUHAATIEKHOCTE MUKPOBOJOPOCIIEH yCTaHABIMBAIN MPU MOMOILMU OIpeeIIn-
teneit (Komarek, Anagnostidis,1998; 2005).

[Ipu uccnenoBaHUM JOHHBIX OCAJKOB, B3SATHIX C PA3WYHBIX TIYOMH MPUOPEKHON akBaTOpUH
Kprima, Ob11u BhIZIENIEHBI 44 alTbroJIOTMYECKH YUCTHIE KYJIBTYPhl IMAHOOAKTEpU. 22 KYJIbTYPHI T0-
Jy4eHbl U3 00pa31oB, 0TOOpaHHBIX Ha riryoune 20—38 M, 12 — Ha rimyoune 50—65 m u 10 — Ha riy-
oune 80—130 m. Haubosnbmiee konuaecTBo KynbTyp (15) uzomupoBaHo u3 oOpasioB rpyHTa, 0TOO-
pPaHHBIX B OCEHHUI mepuoA. B neTHuil, 3MuMHHUI U BeCEHHMI CE30HBI KOJMYECTBO M30JIATOB OBLIO
pUMepPHO OANHAKOBBIM (11, 9 1 9 COOTBETCTBEHHO).

Itammel nmanoOakTepuid, nzonupoBanHble 3a nepuon 2020-2023 rr. u3 oOpasloB TOHHBIX
0CaJIKOB OBUIH TIepeIaHbI JJIsl IENOHUpOBaHus B PecypcHbiil ieHTp «KyabTHBHpOBaHUE MHKPOOP-
raan3moBy CIIOI'Y. [IpeaBaputenbHas uaeHTU(GUKAILMS TOTYYEHHBIX KYJIbTYP BBISIBUIIA CPEIN HUX
rmanoOaktepun pogoB Nostoc (21 mramm), Nodularia u Leptolyngbya (o 3 mrramma), a Taxxke
OJTHOKJIETOYHBIE U KOJIOHUANbHbIE (hopMbl (11 mTamMMoB).

CHHCOK HCIOJIb30BaHHOM JINTEPATYPHI:

Komarek J., Anagnostidis K. Cyanoprokaryota 1. Chroococcales. In: Siisswasserflora von Mit-
teleuropa 19/1 / Ettl H., Gértner G., Heynig H., Mollenhauer D. (eds). — Gustav Fischer, Jena-
StuttgartLiibeck-Ulm., 1998. — 548 p.

Komarek J., Anagnostidis K. 2. Oscillatoriales. In: Siisswasserflora von Mitteleuropa 19/2 /
Biidel B., Krienitz L., Gértner G., Schagerl M. (eds). — Elsevier/Spektrum, Heidelberg, 2005. — 759

JoB
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I'EOJOI'MYECKHUE U THAPOBUOJOI'NYECKUE XAPAKTEPUCTHUKHA
IKOJOI'NMYECKHA ONMACHBIX PEK COYUHCKOI'O IPUYMEPHOMOPBA
Topoynosa T. JI, ['yokosa H. K., Pybanosa H. U.

OI'BHY «MHcTUTYyT NpUpogHO-TeXHUYECKUX cuctem» (punuan), r. Couun, Poccus
tatianashaw@mail.ru

Hccnenyst Bonotoku CounHckoro IIpnyepHOMOpPBS, aBTOPHI MPEUIOKWIN IPUMEHSTh TPYII-
MUPOBKY PEK MO0 MOP(POMETPUUECKUM XapaKTEPUCTHKAM M XapaKTepy MPUPOAONOIb30BAHUS HA BO-
I0cOOpHOI momanu. B nanHOe cTatbe paccMOTpeHa 0JjHa U3 BBIAEICHHBIX I'PYII, 8 UYMEHHO — Ma-
JIBIE PEKH, FKOJIOTHYECKOE COCTOSTHIE KOTOPBIX MPEACTABISACT Yrpo3y JUIsl SKOJIOrHYecKoi Oe3ormac-
HOCTH KypopTa. TUIMYHBIMH [UIs 3TOTO KJIACTEpa SBJIAIOTCSA peku Xepora U burxa, KOTOpbIe H3Y-
YaJich aBTOPAMH JIETAIbHO, OJTHAKO, U APYTHE BOJOTOKH MOOEPEKbs IO OCHOBHBIM XapaKTEPUCTHU-
KaM BXOJAT B JAHHYIO IPYIIILY.

OcHOBHbIE ONIaCHBIE SK30TE€HHBIE T'€0JIOTMUECKUE MPOLIECCHI, BBISIBICHHBIE B OacceliHe 3TUX
PeK: 3PO3MOHHBIE IPOLIECCHI, OMOJI3HEBBIE M CEJIEBbIE MpoLecchl, noaromieHue. s GacceiiHOB
ATHX pEeK XapaKTepHa BbICOKas TexHoreHHas Harpyska (I'yaxosa u np., 2020; 2021). B 6anke Ha
IIPaBOM CKJIOHE JTOJIMHBI p. Manas Xepota pacrnionoxeH Aepckuid nonmron TKO, B paiioHe KoTO-
poro (mo mpoBedaeHusi pekyiapTuBamM B 2010 Tr.) aKTMBHO TMPOTEKAIM TEXHOTEHHO-
CIPOBOLIMPOBAHHbIE OIOJI3HEBBIE U celeBble Mpouecchl. ONONI3HEBbIE OTIOKEHHS 3aMOMHAOT Oal-
KY U S3bIK OIIOJI3HSI, KOTOPBIN mKpokuM ¢ppoHTOM (10 120 M) BHeApuiics B oiuHy p. M. XepoTa u
HEepeKpbl1 ee (Iocie Yero pycilo peKd Ha 3TOM ydacTKe ObLJIO B3STO B OSTOHHBIN KOJUIEKTOp). B
re0JIOTHYECKOM CTpOeHMM OacceifHa p. buTxa mpUHUMAIOT yyacTHe COBPEMEHHbIE 3JIIOBHAIIbHBIC
OTJIOKEHUS (KOpa BBIBETPUBAHUS), IPECTABICHHbIE ITIMHAMU TYTOIUIACTUYHBIMU U TIOJIYTBEPABIMU
(B HEOOBOJHEHHOM COCTOSHMM) ¢ LIeOHEeM MecyaHuKa M JipecBoil apruiumrta. Ha mpaBom ckiioHe
peku pacnonoxeH Jloockuit nonuron TKO, rne HEOTHOKPaTHO aKTUBU3UPOBAIIUCH ONOJI3HEBBIE U
CEJIEBBIE MPOLIECCHI, B PE3YJIBTATE YETO TPOUCXOUIIO IIEPEKPBITHE pyciia peku burxa.

Ananus 6uorectupoBanus (Tabu. 1) BbIsiBUII, UTO HauboJbIIEEe BO3AEHCTBHE HA 00a HUCIIOJIb-
3yeMbIX B JaHHOU pabote TecT-o0bekTa (Daphnia magna Straus u Chlorella vulgaris Beijer), npu-
HaJIeKaIlMe K Pa3IudHbIM TPOUUECKUM TpyIIaM, HaOII0Jalcs B YCThEBOM 30HE PeKH XepoTa.
[TpumMensIach 1mKaga TOKCHYHOCTHU OT 1 Oaniia «BechbMa CUiIbHAs TOKCUYHOCTH» 10 4 6amioB «Cia-
0ast TOKCHYHOCTh WJIN €€ OTCYTCTBUEY.

Tabmuua 1 — TokcuuHble cBOICTBA BOJIBI pek XepoTa 1 butxa mo pesysnbrataM HcciIeoBa-
Huii 3a nepuon 2017-2022 roasl

H Cpennuii 6a1 XpOHUUECKON TOKCUYHO- | PocCT 4nCIIeHHOCTH
AMMCHOBAHMNC PeKH, yHa- CTH 110 BEDKHBAEMOCTH KJIETOK
CTOK oTOOpa Mpod - . Chlorell laari

Daphnia magna Chlorella vulgaris orella vulgaris

Xepora, BepxHee TCUCHHE 3,8 3,6 cirabasi CTUMYJISIITHS

XepoTa, ycTbe 1,2 1,5 CTUMYJISILIUS

burxa, BepxHee TeueHue 4 3,4 ciabasi CTUMYIISIITHS

burxa, yctbe 2,4 2,2 CTUMYJISIIIUS

OddexT cTuMynIIMM NPUPOCTa KIETOK MUKPOBOJOPOCIEH MO CPaBHEHHUIO C KOHTPOJIEM SIB-
JSeTCS MHAWKATOPOM MPHUCYTCTBHUS B HCCIEAYEMBIX MpoOax H30bITKA BEIIECTB — HHAYKTOPOB,
MPEIOI0KUTENBHO, MTONAJAAI0NINX B BOJOTOKH CO CTOKaMHu ¢ nmoauroHoB TKO.

Crnucox UCOIb30BaHHON JTUTEPATYPHIL:

I'ynkoBa H.K., I'op6ynosa T.JI., MaroBa H.U. Bnusaune monuronoB TKO Ha aerpanaruio
OMOreoleH030B NMPUOPEKHBIX 30H BOAOTOKOB U YepHoro Mops // [IpuponooOyctpoiictBo. 2021. —
Ne 5.—C. 117-124. DOI: 10.26897/1997-6011-2021-5-117-124

I'ynkoBa H.K., I'op6ynosa T.JI., Marosa H.1. OnieHka KOMITJIEKCHOTO BO3/IEHCTBHSI TTOJIHUTO-
HoB TKO Ha OMOTOMBI peK B YCIOBUAX BIAXKHBIX CyOTponukoB // CoBpeMeHHas HayKa: aKTyaJbHbIe
npobnemMbl Teopun U nipakTuku. Cepust: EctectBennbie u Texanueckue Hayku. — 2020. — Ne 9. — C.
23-29. DOI: 10.37882/2223-2966.2020.09.12
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YIPABJIEHUE 'EHEPAIIUEN TEILJIOTHI B KOTEHEPAIITMOHHBIX
MHUKPOT'A3OTYPEUMHHBIX YCTAHOBKAX C PETEHEPAIIMEN HA YACTHYHBIX
HAT'PY3KAX [IPU PA3JIMYHBIX CITOCOBAX HAI'PYKEHUSA
Jlonoenonan A.B., Mameeenko B.T., Knumenko A.I".

OI'bHY «MHCTUTYT IPUPOAHO-TEXHUYECKUX CUCTEMY, I'. CeBactomnodb, Poccus
dologlonyan@mail.ru

[TpuMeHeHre KOreHepalMOHHbBIX TEXHOJIOTHH [T 00ecreueHus YJHEPTUei JIOKAIbHBIX 00bEK-
TOB NPOMBIIUIEHHOCTH U CEJIbCKOTO XO03s51iCTBa BO3MOXKHO MPHU JELEHTPATU3ALUKN [eHEPUPYIOLINX
MouHocTer. IIpu 3ToM TemnoBas 1 KOHCTPYKTUBHAs CX€Ma KOT€HEPAllMOHHOW YCTaHOBKH JIOJKHA
OBbITh IIPUCIIOCOOJIEHA K MOCTaBKe TPeOyeMOro KOJIMYECTBAa SHEPIrUU (JIEKTPUUECKONW M TEIIOBOM)
JUTSL pa3HbIX TIOTPEOUTENICH.

Js poctuxkeHus TMOKOCTH B 00beMax MOCTAaBKU SHEPTUU U BBICOKOM TEIUIOBON 3P QeKTHB-
HOCTH T'a30TypOMHHON 3HEPreTUYECKON YCTAaHOBKH MOKHO IPUMEHSTHh HE TOJIBKO PAa3IMYHBIE TEll-
JIOBbIE€ U KOHCTPYKTHUBHBIE CXEMbI, HO U yIpaBiieHuEe pabOYyUMM IpolleccaMH B LIMKJIAX Ta30Typ-
OWHHBIX JIBUTATEIICH.

I'n6Gkue KoreHepalmoHHbIE TEXHOJOTUU MOTYT OBbITh MPUMEHEHBl Ha MHUKPOTa3oTypOMHHBIX
ycraHoBkax (MI'TY) c perenepanueii TEIUIOThl, a Takke TypOOKOMIIPECCOPHBIM yTUIN3aTOPOM U
pereHepanuei TerioTsl (cM. puc. 1 u 2).

P ort
N
~ Kn
K TI|TH OK
KC
Pucynox 1 — Cxema koreHeparnmionHoit MI'TY Ha 6aze Pucynok 2 — Cxema xoreHepanuonsoit MI'TY Ha 6aze
[II+P: K — kommpeccop; KC — kamepa cropanus; T — ML+TKVY+P: TII — Typbuna nepepacmmpenns; OI'l —
TypbuHa; OI'2 — oxmmagurens ra3os; H — Harpyska; P — oxjanurens razon; K — noxumaronuii koMmmpeccop;
perenepatop; Kir — 6aiinmacHsli knanan ocTaJbHbIe 0003HAYEHUS, KaK 1 Ha puC. |

I'azoryp6unnsie apuratenu (I'TJl) o6magaroT ciocoOHOCTHIO H3MEHATH paboUHii mpoliecc 3a
CUET YIpaBJICHHUS XapaKTePUCTUKaMH Pa3jMuYHbIX 3JIEMEHTOB ABUTrareis. M3MeHeHue xapakTtepu-
cTuK 31neMeHTOB MI'TY u uepe3 Hux npoueccoB B nukinax ['T/[ B onpeaeneHHbIX YCI0BUAX MOKET
OKa3bIBaTh 3(PPEKTUBHOE YHPABIAIOLIEE BO3ACHCTBIE Ha N3MEHEHHUE TEINIOTEXHUYECKUX XapaKTe-
pUCTUK KoreHepauuonHo MI'TV.

N3MeHATh TEIIOBY0 MOIIHOCTh KoreHepauuoHHoM MI'TY ¢ perenepanuen TEIOTHl MOXHO
MOCPEJICTBOM MEepenycKa IUKIOBOr0 BO3AyXa MUMO pereHeparopa. Takoii crocod 1mo3BosisieT nepe-
pacrmpeienuTh TeTIOBOM MOTOK 3a TypOMHOM (TYypOMHOM MepepacIiIupeHs) MEXIy pEereHepaTopoM
U KOTJIOM-YTHJIM3aTOPOM. DTO OCOOEHHO BaXKHO MpPHU LUKIMUECKOW WIIM TEPEeMEHHOM TEeIIoBOH
Harpyske.

[IpoBeneHHbIE HCCIeIOBaHUS TIOKA3ald, YTO Haubosee MOAXOMAIIMMHU JJIsl KOTeHEepaluu sIB-
JISI0TCS Ta30TypOUHHBIE YCTAHOBKH C pereHepalueil, MocKoIbKy MO3BOJISIOT 3a cueT OalinacupoBa-
HUS LIMKJIOBOT'O BO3JyXa MUMO pereHepaTopa MaHUIYJIMpPOBaTh MOTOKAMHU MEXAHUYECKON U TEIJIO-
Boit sHepruu B ['T]/] He3aBHCUMO JIpyr OT Apyra, yeM 00ecleynBaloT NOoTpedUuTess Kak B 0a30BOM,
TaK 1 MAaHEBPOBOM pEXHMMaxX TEIUIOTON HE3aBHUCHMO OT CTEIIEHU HarpykeHus. B aTom ciydae pere-
HEpaTop BBICTYMAeT B KA4eCTBE JMHAMUYECKOTO aKKyMYJISITOpa TEIUIOTHI IMKJIA, KOTOPas MOKET
IepepacipeesarTcs MEeXAy TEIUIOBOM M MEXaHUYECKOW SHEPrUsMU YCTAaHOBKHM B 3aBUCHUMOCTH OT
notpeOHoCcTel JIoKabHOTO 00BekTa. [logo0HOE HE MOTYT MPOJEMOHCTPUPOBATH HU JBUTATEIIH
BHYTPEHHET0 CrOpaHMs, HU MapoTypOMHHBIC YCTAaHOBKH JIFOOOH KOH(HUTYparuu.
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COBMECTHOE UCHOJIb30BAHUE MOJEJIEM WRF M CFD JIJIS PASPABOTKHN
CHUCTEM NOJIEPKKH ITPUHSTHUS PEINEHUM IO OBECITEYEHHUIO
3KOJIOTMYECKOM BE30OINACHOCTH
Eeoprun A.A.

OI'bHY «MHCTUTYT IPUPOAHO-TEXHUYECKUX cUCTEM», I'. CeBacTonoib, Poccus
egorkin1974@yandex.ru

3arpsi3HeHue BO3/yXa MPEACTABISACT COOOW OMUH M3 HamOoJee BaXKHBIX (PAKTOPOB, BIHSIO-
X Ha 370poBbe 4yenoBeka. OOecrneueHue HKOJIOTMYECKOl Oe30MacHOCTH MpPEeIojiaraeT ocy-
IIECTBIICHUE OIEHKU (AaKTOPOB TAKOTO BO3JEHCTBUS. B CBSI3M CO CIIO)KHOCTBIO TPOIECCOB, MPOHC-
XOJAUIMX B aTMocdepe, A OLCHKU BO3JACHCTBUS U MPUHATHS YIPABICHYECKUX PELICHHUH MO ero
MUHMMH3ALUA TPUMEHSIOT CUCTEMbI MOJJICPKKU MPUHATUS pelieHuid. BoznelcTBre 3arps3HeHus
aTMocdepsl Ha YeloBeKa 4acTO MPOUCXOAUT B TOPOACKUX YCIOBUSAX, TOITOMY JUISl IPUHATHUS COOT-
BETCTBYIOIIHUX MPO(PHIAKTUYCCKUX MEpP W OTPAHHUCHUS 3arps3HEHUS BO3IyXa TPeOyeTcst MPOrHo-
3MpOBaHUE KauecTBa BO3yXa C BRICOKUM paspeieHueM (Sauer, Munoz-Esparza, 2020). ITockonbky
3arpsiI3HEHUE BO3/yXa ONPENEIACTCS KaK JOKAIbHOW TMHAMMYECKOW LIUPKYISLUUEH, TaK U MIEPEHO-
COM Ha OOJIbIINE PACCTOSHUS, TOUHOE MOJICTUPOBAHUE PACTIPOCTPAHEHUS 3aTPSA3HSIONIUX BEIECTB
TpeOyeT yYUTHIBATh B3aUMOCBSI3M ME30MACIITAOHBIX (PETMOHAIBHBIX) U MHUKPOMACIITAOHBIX IMPO-
1eccoB. Me3omaciTabHbIE MOJIETTH UCIIONIB3YIOT B KQUECTBE HAYAIIbHBIX YCIOBHM METEOPOJIOrHyIe-
CKHME€ JaHHBIE C HU3KUM IMPOCTPAHCTBEHHBIM paspericHueM. J[0BOJIBHO 4acTO MPUMEHSIOTCS JaH-
HBIE C POCTPAHCTBEHHBIM Pa3pELICHUEM B HECKOJIBKO KUJIOMETPOB.

TakuMm 00pa3zom, Me30MacITaOHBIE MOJICIIH XOPOIIIO PA0OTAOT B IPOTHO3UPOBAHHH 3arpsi3-
HEHUs1 aTMOC(ephl B peruoHaIbHOM MaciuTabe, HO He MOAXOAST AJIsi MOJEIUPOBAHUS pacIipenee-
HUS QU3NICCKUX U XUMHUYECKHUX IEPEMEHHBIX B MacIITabe TOPOJCKOTO paiioHa, 4To TpeOyeT, 4To-
Obl pazpelieHre Mojenu OblTo MeHble 1 kM. J[is JeTansHOro mpeacTaBleHUs pacpOCTpaHEHUS
3arpsI3HSIONIMX BEIIECTB B TOPOJICKUX WM MPOMBIIIUICHHBIX 30HAX UCTIOJIB3YIOTCS Pa3IMYHbIE Me-
TOJbI yYMeHbIIeHUs MaciiTtaba. OIHUM U3 HUX SBISETCS MPUMEHEHUE MOJENed, MCIOIb3YIOIMINX
I"ayccossrit moaxon (Forehead, Huynh, 2018).

OaHako MOJENM Takoro THUMAa HAMpsIMyI0 HE PAacCUMTHIBAIOT JUHAMHYECKHE U TEIJIOBHIE
MPOIIECCHI M TTIOATOMY HE YUHUTHIBAIOT B3aUMOJCHCTBUS TypOYJICHTHOCTH U XUMUU. {151 ydera Biu-
SIHUSI TYpOYJIEHTHOCTH Ha XMMHUYECKHUE COeIMHEHUSI MOKHO MCTOIb30BaTh TPU OCHOBHBIX MOAX0/A:
ycpenneHHyto mno PeitHonmbacy ¢opmymupoBky Haswe-Ctokca (RANS), meron monaenupoBaHus
6onpimux Buxpei (LES) u metox npsimoro unciernnoro moaenuposanus (DNS). Moaenu Berauciu-
tenbHOU ruapoauHamuku (CFD) paspemator TypOyiaeHTHOCTh ¢ ucnoiab3oBanueM RANS, LES wnn
DNS nns pemiennss ”HXKEHEPHBIX 3aa4, CBSI3aHHBIX C IOTOKAMHU KUJKOCTH.

CoBMeECTHOE HMCITOJIb30BaHUE BBIXOJAHBIX AaHHBIX Moaenu WRF B kauecTBe HadalbHBIX U
TPaHUYHBIX YCIOBUNM MOXKET 3HAUUTENBHO YAYUYIIHTh MPOTHO3ZUPYIOUIYIO CIOCOOHOCTh MOJENN
CFD, ucrnonp3yemMoil Jyuisi OIEHKH BIUSHUS 3arpsi3HSIONIMX BEMIECTB HA KAadyeCTBO OOeCredeHus
IKOJIOTHUECKO Oe3omacHocTH ropojackor MectHocTu. [Ipumenenune moxeneit WRF u CFD s
pa3pabOTKH CHCTEM TMOAACPKKHA MPUHATHUS PEIICHUN MO 00ECTIEYEHUI0 IKOJIOTHIECKON Oe301acHo-
CTH MOXeET OBbITh HCIIOJIb30BAHO B KAYECTBE HAJICKHOTO METO/1a JJIsl MOHUMAHUS CIIOKHOTO TeUSHUS
BO3JIYIIHBIX TTOTOKOB M PACCEMBAHMS 3arPSI3HSIONINX BEIIECTB B TOPOJCKUX PaOHAX.

CnucoK MCTOJIb30BaHHOM JINTEPATYPHI:

Sauer J.A., Mufoz-Esparza D. The FastEddy® resident-GPU accelerated large-eddy simula-
tion framework: Model formulation, dynamical-core validation and performance benchmarks //
Journal of Advances in Modeling Earth Systems. — 2020. — Vol. 12, Ne 11. — e2020MS002100.
DOI: 10.1029/2020MS002100.

Forehead H., Huynh N. Review of modelling air pollution from traffic at street-level. — The
state of the science // Environmental Pollution. — 2018. — VVol. 241. — P. 775-786.
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KOHTPOJIb HOTEHIIAAJBHOM MMONMOJHAEMOCTH IBYCTBOPYATOI'O
MOJIVIIOCKA AHAZIAPBI - HEJABHEI'O BCEJIEHIIA B YEPHOE MOPE
Kazankoea U.1.

OI'BHY «MHCcTUTYT IPUPOAHO-TEXHUYECKUX cUcTeMY, T. CeBacronois, Poccus

ikazani@bk.ru

OrneHka BIHMSIHHUSI aHTPOMOTEHHBIX M €CTECTBEHHBIX (DPAKTOPOB CpeIbl HA OMOTHYECKYIO CO-
CTaBJISIIOILYIO TPUPOJHO-TEXHUUYECKUX CUCTEM aKTyajbHAa B CBA3U C KPU3UCHBIMU SIBICHUSIMHU B
MIPUPO/IC U3-32 YCUJICHUSI aHTPOMOTEHHOM HArpy3Ky M KIMMaTHYeCKUX U3MEHEHHH, Ha0It0/1aeMbIX
B nociennue aecsrunetus. MuBazua B A3oBo-UepHoMopckuii 6acceiiH pa3au4HbIX BHIOB THAPO-
OMOHTOB, UX OBICTpasi SKCIAHCUS MPUBOJUT K TOMY, UTO OHM CTAHOBSITCSI OMACHBIMU C TOYKH 3pe-
HUS WX BJIMSHUA Ha OMOpa3HOOOpa3une U yCTOMYMBOCTH AKOocHcTeM. K TakuM BHIaM B HacTOAIIEe
BpeMst oTHocuTCs aHazgapa Anadara kagoshimensis, kotopas ¢ 2018 r. BK/IO4YeHa B TPYIIIY CaMbIX
omacHbIX MHBa3uBHBIX BUI0B Poccuu (ConmatoB u ap., 2018). HatuBHbIN apea 3TOro TEIIOBOIHO-
ro 3BpuOHOHTa, Kak ompezeneHo B (JIyraenko, 1999; Peskos, LllepOans, 2017) pacnonoxeH B yme-
PEHHBIX IHUPOTaxX ceBepHOU 4acTu Tuxoro okeana (Zentos et al., 2010). AHagapa MaccoBO MPOSIBU-
Jach B TOHHBIX OmorieHo3ax YepHoro mMops Kk cepeauHe 80-X roJoB MpOIJIOro BeKa, U B HACTOsAIIEE
BpeMsl HaOIItoJjaeTcsl YCUIICHHE ee dKCIMaHCcuu B A30BckoM Mope. [Ipu 3Tom HaOmogaroTcst OTAEb-
HBIE «BCIUIECKH» YMCIIEHHOCTH MOJUTIOCKA, 0coOeHHO ero monoau (PKusornsgosa u ap., 2020). Or-
CIOIa MPU3HAKAMH AKCIAHCUU aHaAapbl (YBETHMUEHUS TUIOTHOCTH, OMOMACCHI U 3amaca), O4eBHUIHO,
JIOJDKHO SIBJISITH M YBENTMUEHUE YMCIIEHHOCTH JIMYUHOK MOJUTIOCKA, KOTOPYIO, B CBOIO OYepe/ib, MOYKHO
OLIEHUBATh METOJIOM KOHTPOJIS MOTEHIUAIBHOM MOMOIHAEMOCTH MOMYJISIUY MoJuttocka, (Kasankosa,
Hlypos, 2010). CyTh 5TOro MeTO/a 3aKII0YAETCS B PErYJIIPHOM MOACYETE JIUYHMHOK M MOCTIMYHMHOK
MOJUTIOCKA, TIOSIBUBIINXCS Ha KOHTPOJIBHBIX CyOCTpaTax ¢ BOPCUCTOM MOBEPXHOCTHIO 32 OIpEe/eIiCH-
HbIe IPOMEKYTKH BpeMeHH. [leauBenurepsl aHagapbl, Kak 1 MUAUM U MUTHIISICTEpA, CIIOCOOHBI 3a-
KPEIUIATHCSl Ha HUTYATBIX CTPYKTYypax. DTO MOXKET CBUIECTEIHCTBOBATH O TOM, YTO MOCTIUYUHKH
aHaJapbl HEKOTOPOE BpeMs CIOCOOHBI JKUTh Ha BEPTUKAIBHO PACIONOKEHHBIX TBEPABIX CyOcTparax,
KOJIOHM3UPOBAHHBIX HUTYATBIMU BOJOPOCIISIMH, M 3aTeM MepeMelaTbcs B OMOIIEHO3bI TOHHBIX TPYH-
TOB. MOHUTOPUHI MOTEHIUAIBHON MOIMOJHIEMOCTH MOJUIIOCKA TOKa3ad, YTO y HOKHBIX M IOTrO-
3anagHbIX OeperoB Kpsima B 2008-2022 rrT. ee BeaMuMHA ObUIa OTHOCHUTENBHO HU3KOM. B mepuon
OCeaHusl MOJUTIOCKA, T.€. B MIOJIE—OKTSOpe, HCCelyeMblil mapaMeTp Haxoauiacs B mpenenax 0—7,8
3K3.:CM 2 MecsI . [Tpuuem, 1o 2018 r. ero makcuManbHbIe 3HaU€HUs He npeBbimanu 1,1, mocne 2018
T. — 7,8 ¢ 9K3.-CM2-MeCSII }, 4TO MOXET CBHJIETENECTBOBATH 00 AKTUBHM3AIMN POCTA MOMY/IALNY aHa-
napsl B UepHoM mope.

CnucoK UCOJIb30BaHHOW JTUTEPATYPHI:

ConmatoB A.A. u ap. Mommocku. Anadara kagoshimensis (Tokunaga, 1906) // Cambie omac-
Hbele nHBasuoHHbie BUabl Poccun (TOII-100) / ITon pen. ¥O.}O. [drebyanze, B.I'. Iletpocsna, JI.A.
Xnsan. — M.: ToBapuniectBo HayunsIx u3gannii KMK, 2018. — C. 260-266 C.

Pesko H.K., Illep6anp C.A. OcobeHHOCTH OHOJIOTHH JBYCTBOpYAaTOro MojuTiocka Anadara
kagoshimensis 8 Uépaom mope // Dxocuctemsl. — 2017, — Beim. 9. — C. 47-56.

Jlyraeako K.A. Oxumaembie (ayHucTHUECKHE H3MEHEHHsI B OacceifHe SIMmoHCKOro Mopsi:
BJIUSIHUE KJIMMaTa U YPOBHSI MOpsl Ha paclpejeseHHe JBYCTBOPUYATHIX MOJUIIOCKOB // BrojiereHb
JlambHEBOCTOYHOTO MaakoJiorndeckoro oomectsa. — 1999. — Bem. 3. — C. 38-64.

Zenetos A. et al. Alien species in the Mediterranean Sea by 2010. A contribution to the appli-
cation of European Union’s Marine Strategy Framework Directive (MSFD). Part 1. Spatial distribu-
tion // Mediterranean marine science. — 2010. — Vol. 11, No. 2. — 381 p.

XKusormsimoa JILA. u ap. DkcnaHcusi ABycTBopuaToro moiuntocka Anadara kagoshimensis
(Tokunaga, 1906) B AzoBckom Mope // Poc. xxypH. 6uon. maBazmid. — 2021, — T. 14, Ne 1. — C. 83—
94,

Kazankora M.U., Hlypos C.B. Crioco0 u3ydeHus MOMOTHIEMOCTH MOCEICHU MUIUU, MUTH-
JscTepa W a”Hamapbl B mpubOpexHoi 30He Uepnoro mops: mareHT 2548105 P®D. MIIK A01K
61/00Ne2014150175/93 / nmarentoobmanarens ®I'BYH «HCTUTYT MOpPCKHX OHOJIOTMYECKUX HC-
cnenoBannii umeHn A.O. KoBaneBckoro PAH». Omy6i. 10.04.2015, brom. Ne 10.
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HCHOJIb30BAHUE T'UC-TEXHOJIOTU U JAHHBIX JJACTAHIIMOHHOI'O
3OHAUPOBAHUSA 3EMJIA JJIA YIIPABJIEHUS OOIIT
Kawupuna E.C. 1 Hoeuxoe A.A.?
l®umman MT'Y B r. CeBacronoue, r. CeBacTomnosns, Poccust
2PI'BHY «MHCTHTYT IPUPOIHO-TEXHUUECKUX cucTeM», T'. CeBacTomois, Poccus
e_katerina.05@mail.ru, a_novik@bk.ru

Oco60 oxpansiembie npupoabie Tepputopun (OOIIT) urparoT BaKHYIO posib B COXpaHEHUU
MIPUPO/BI, TIaBHBIM 00pazoMm, 6uopasHoodpasus. Muororpantocts Tepputopurt OOIIT u BbImon-
HSIEMBIX MU (QYHKLIUH ONpeesnsieT 3HaYuTeIbHOE KOJTMYECTBO MOIX0I0B K yIpaBieHuo. Pa3surue
COBPEMEHHBIX TEXHOJIOTUH, B YacTHOCTH reonHpopmannonHbix cucteM (I'MC) n aucraHmoHHoro
3ouaupoBanus 3emin (/[33) mo3Bomsier monmyyaTh onepatuBHble naHable 00 OOIIT, cokparuts 3a-
TpaThl Ha UX 00pPaOOTKY M aHAJIHU3.

[Iupokoe pacrpocTpaHEHHE MOTYYHUIIO TPUMEHEHNE HHTETPATBHBIX WHACKCOB, ITOIYYEHHBIX
Ha OCHOBE KOCMHMYECKHUX CHUMKOB. [lns pacdera mHIekcoB ucnonb3ytotcs ['MC-texnonoruu, B
gactHocTH QGIS. J{nst ouenku cocrosiaus teppuropuit OOIIT wacto mpumensercs naaekc NDVI,
MpUMep pacipeneseHusl KOTOporo mokasaH mo janamadraMm 3akaznuka «baiinapckuit» (puc. 1).
3aka3Huk «balgapckuii» pacroioKeH B I0ro-3anagHoi yactu KpeIMCKOTO MOJyOoCTpOBa B MEXKIO-
PHOI KOTJIOBUHE U Ha MPHJIECTAIOIINX HU3KOTOPhSIX.

Fnanenns NOVT
. < 0.200
I 0.200 - 0.300
[ 0300 0.400
771 0.400 - 0500
L 0.500- 0.600
B 0.600- 0.700

; El >0700
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wm i

Pucynoxk 1 — Cxema pacnipenenennst NDVI no nanamadram 3akaznuka «baigapckuii»
r. Ceacromois (Mcmons3oBanue nuaekca. .., 2019)

NDVI orpaxaer cocTosiHue (HUTOMACCHI 3€€HbIX PACTEHUIl, UTO SBJIAETCS UHAUKATOPOM CO-
crosaus skocucteM OOIIT. IlomyyeHHble 1aHHBIE MO3BOJIIOT CAENATh BBIBOJA O paclpeaesieHuu
3armacoB (pUTOMAcCChl PacTUTENBHBIX COOOIIECTB 3aka3HuKa «bainapckuii». Kak BuaHO U3 cXembl,
6onpimmmMu nokazarensiMu NDVI u 3amacamu utomaccsl U OTIMYAIOTCS JIPEBECHBIE IKOCHCTEMBI
OYKOBBIX U JTyOOBO-TPa0OBBIX JIeCOB. 3amachl (PUTOMACCHl CHJIBHO CHIDKAIOTCS B KOTJIOBHHE, TJE
MIPEACTABIIEHBI CTEITHBIE SIKOCUCTEMBI U CEITbCKOXO03IUCTBEHHBIE YTObSI.

Taxum o6pazom, [ IC-TexHONOTHU U AaHHBIE JUCTAHIIMOHHOTO 30HAWPOBAHUS 3€MIIH 1103BO-
JISIOT ONEpPaTHBHO MOJy4yaThb HMH(OpPMAaLHI0O O COCTOSHUHU NpupoAHbIX KoMmiuiekcoB OOIIT, yto
JIOJKHO OBITH MOJIOKEHO B OCHOBY MPUHSATHS YIIPABIEHYECKUX PEIICHUH.

Crnrcok UCOIb30BaHHON JIUTEPATYPBI:

UcnonszoBanne naaexca NDVI miis reoskomorundeckoit orieHKH 0co000 0XpaHsIeMBIX MPUPO/I-
HBIX TeppuTopuil Ha npumepe ropoja Cesactonons / E.W. T'ony6esa, E.C. Kamupuna, A.A. HoBu-
koB, E.B. I'myxoBa // Matepuanst Mexaynapoano konpepeniun MarepKapro. Uatepl IC / Tlox
pen. O.1. Mapkosa (Korosa), M.B. HeiprioB. — M.: U3narensckuit nom MI'Y, 2019. — T. 25. — C.
320-331.
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YTOUYHEHHASI MATEMATHUUYECKAS MOJIEJIb PACUETA TEIIJIOEMKOCTH
PABOYMUX TEJI, BJIUAIOIHINX HA DOOEKTUBHBIE U 9KOJIOI'NMYECKHUE
INAPAMETPBI IBC
Knumenxo A.I"., [lonocnonan A.B., Mameeenko B.T.

OI'bHY «MHCTUTYT IPUPOAHO-TEXHUYECKUX cCUCTEM», I'. CeBacTonoib, Poccus
kag1958776@gmail.com

TepmoauHaMuyeckue pacueTsl MPOLECCOB CMeCe00pa30BaHUs U CrOPaHMs TOIUIUB SIBIISIOTCA
KIIIOYEBBIMH TIPU Pa3pabOTKE COOTBETCTBYIOLIMX KOHCTPYKTHBHBIX 3JI€MEHTOB au3enbHbIX JIBC
(ycTpolicTB cMeceo0pa3oBaHusl, KAMEP CrOpaHusi, BIIyCKHBIX U BBITYCKHBIX OPTaHOB, PEryJIATOPOB
(a3 razopacnpeeneHust, MEXaHU3MOB, PETYIHPYIONIUX yrojl ONEePeKeHUs MOAaYH TOILIUBA U AP.).

Pacuer TemoeMKocTel sIBII€TCS BaXKHOM COCTABIIAIOLIEH NMPU TEPMOJMHAMMUYECKHX pacue-
tax JABC, T.K. OT 3TOro napamerpa B JajibHEMUIIEM 3aBUCUT TOUHOCTb OLIEHKH TEPMOJIMHAMUYECKUX
CBOMCTB pabo4uX Tej, KOTOpbIe B paboyeM MpoLecce MEHSIOTCS Ha MPOTSHKEHUU BCEro LUKJIA.

Pa3zBuTHe BBIYMCIUTENBFHBIX METO/OB IMO3BOJISICT CETOMHS pemaTh 3aja4u 0e3 OOoJbIIuX 3a-
TpaT BPEMEHHU M C BBICOKOH TOYHOCTBIO, 4YTO mpepiaraercsa B padore (Cobonenko, drnopuaHckas,
2021), B OCHOBE KOTOPOI1 MOJIOKEHO ypaBHEHUE BUIA

, i-6
& 3 a3 0, (2) ,
rae 7 = T/T* — oTHOcUTeNbHAS Temmeparypa: T — Temmeparypa rasa, K; T* = 1000 K; ai — maccus
KOX(QPHUIHUEHTOB, CeMUUYHBIA A KaXIOro Taza; R — yHUBepcanbHas ra3oBasi MMOCTOSHHAS,
JIx/(monb-K); ¢, — ynenpHas n3o00apHast MOJISIpHAs TETIIOEMKOCTh, J[x/(Moib-K).

IIpoBeieHHBIN CPAaBHUTENIBHBIA aHAIN3 CYIIECTBYIOLUIMX METOAMK pacyera TepMOJMHAMHYe-
ckux napamerpos JIBC (Anekcannpos u ap, 2009; Cobonenko, ®naopuanckas, 2021) nokassiBaer,
4TO HanboJsee TOYHOM Ha CEeroIHAIIHUMN 1IeHb METOIMKOH pacueTa siBisercs metoauka (CoboseHko,
®nopuanckas, 2021) (cm. puc. 10) mo cpaBHeHHIo ¢ MeToaukou (Anekcanapos u ap, 2009) (puc.
la). Ee npuMeHeHHE B COBPEMEHHBIX MPOTrPAMMHBIX KOMILJIEKCAX MOKET 3HAUUTENIbHO MOBBICUTH
JIOCTOBEPHOCTb PE3yJIbTaTOB TEPMOJNHAMUYECKUX PACUETOB, KOTOPbIE MO3BOJAT YIYUIIUTh OLIEH-
Ky TEpPMHUYECKOH, 3KOJIOrnYecKoi 1 3((eKTUBHON COCTaBIAIOMMX pabounx npoueccos JIBC.
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Pucynok 1 — 1 — MosisipHast TEMII0EMKOCTh aTMOC(HEPHOTO BO3IyXa; 2 — MOJISIpHAs TEIUIOEMKOCTh
kucyopona Oz; 3 — MoJsIpHas TETII0eMKOCTh a3ota N2; 4 — MosipHas TEII0eMKOCTh Bogopoaa Ho;
5 — MoJIsIpHas TETII0OEMKOCTh okcuia yraeponaa CO; 6 — MosipHast TEMII0EMKOCTb JHOKCHIA
yraepoaa COz; 7 — MossipHasi TEIJI0OEMKOCTh BoasiHOro napa H2O

CrnucoK UCHOIb30BAHHON JIUTEPATYPHI:

AnexcanipoB A.A., Oukos B.®., Opros K.A. Tenno¢pusnueckue cBoiicTBa pabo4nx BEIIECTB
teruiosHepreTuku: CrnpaBounuk. — M.: U3nat. nom MOU, 2009. — 223 c.

Cobonenxo A.H., ®nopuanckas M.B. Pacuet TennoeMKocTy NpoAyKTOB CTOPaHUs KOMITPH-
MHUPOBaHHOTO ra30BOI0 TOILUIMBA Mapok "a" u "0" B nuzemnsx // BectHuk ActpaxaHckoro rocyaap-
CTBEHHOT'O TeXHUYEeCKOTO yHUBepcuTeTa. Cepusi: Mopckast TexHuka u TexHojorus. — 2021, — Ne 2,

—C. 65-74.
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OYHMCTKA CTOYHBIX BOJI C IPUMEHEHUEM MUKPOBOIOPOCJIEN
B 30HE CYIIEPTYPU3MA COYUHCKOI'O PETUOHA U AJAIITUPOBAHHBIE
K PETHOHY METO/1bI TOKCUKOJOI'HMYECKOI'O KOHTPOJISA CTOYHBIX BO/I
Kosnosa T.A.
OI'BHY «MHCTUTYT NpUPOIHO-TEXHUUECKUX cuctem» (dumuan), r. Coun, Poccus
WNucruryt EcrectBo3nanus, TI'Y, r. Tam6oB, Poccus
k_tatianal5@yahoo.com

Crounsie Boabl (CB) 30HbI cynepTypu3Ma COUYMHCKOTO peruoHa OTJIMYAIOTCS IIUPOKUM pa3-
HOOOpa3ueM pacTBOPEHHBIX BEIIECTB, HanOOJee OMACHBIMU M3 KOTOPBIX SBIISIOTCS TaKUE KOMIIO-
HEHTBI, KaK dHJO0KpHUHHO-onacHblie BemecTBa (EDCS), dhapmaneBTuueckrne U KOCMETHUECKHE CPe/l-
CTBa, a TaK)Ke pazHooOpa3Has MaTOreHHas MUKPOQIIOpa, MOCTYHAOMAs C MPOAYKTAMH KU3HEIes-
TEJIBHOCTH JIIO/ICH, MPUEXaBUINX U3 Pa3IUYHbIX pernoHoB Poccun u GnmkHero 3apyoexbs. Mukpo-
BOJIOPOCIH SIBJISIFOTCSI XOPOIIIO M3BECTHBIMU OMOJIOTHYECKHMH areHTaMu Ui yHaJleHHus U Onoe-
rpajanuy nogo0HsIX 3arpsasHenuit u3 CB. OqHoBpeMeHHO, MUKPOBOIOPOCIIH IIUPOKO MPUMEHSIOT-
Csl B TOKCHUKOJIOTHH, KaK TECT-OpPraHU3Mbl B METOJJaX TOKCUKOJIOTHYECKOI'0 KOHTPOJIS IPUPOIHBIX U
CB. 511 OLIEHKH TOKCHUKOJIOTHYECKON HArpy3KH IOHHBIX OTJIO)KEHUU M JTUBHEBBIX CTOKOB BBIOpaH
o0bekT KonoBparka (Rotifera). OnHako, HEOOXOAUMOCTD aanTaKuy 0a30BBIX METOIOB TOKCHKOJIO-
THYECKOr0 KOHTPOJIS K pealiusiM peruoHa cynepTypusma, rie 3arps3HeHUs MOoMnagaloT B HeOObIIINe
TOpPHBIC PEKH, a 3aTeM CMEIIUBAIOTCS C MOPCKOW BO/OH, oueBuaHa. Heobxoaumo pa3zpaboTarh 1n0-
MIOJIHUTENbHBIE METO/IbI (BKIIIOUAsl SKCIPECC-METO/Ibl) U PEKOMEHIAIMH MO0 TOKCHUKOJIOTHYECKOMY
koHTpoo CB ¢ npumMeHeHneM MHKPOBOJOPOCIEH, MPOBECTU UCCIEAOBAHUS 110 BOIPOCAM: BIIMSI-
HUs OMOXMMUYECKUX TOKa3aTelnel BOJAHOM cpelibl Ha MPOJOKUTEIBHOCTh KU3HU U KHHETUKY Ou-
oJlerpaZialiiy 3arpsi3HAIOLINX BEIIECTB, BIUSIHUE CMECE TOPMOHOB U JIPYTUX 3arpsi3HEHUM Ha pas3-
JUYHBIE BUJBI BOJIOPOCIIEH, KaK TeCT-OPraHu3MOB. BriOpaHHbIE METOBI AJIs alanTallii K PErHOHY
CylepTypu3Ma BXOJST B CIHUCOK CTaHIapTU3HpOBaHHOW MmeTomuku PJ[-52.24-868 (2017) Munu-
crepctBa [Ipupoansix PecypcoB u Okonorun PD ¢ n1ononHeHUsIMU IO KPUTEPUSAM 3/10POBbsI KYJIb-
Typ Bomopocieir u3 CranmaptHoro Metoga (EC, 2007 Method EPS1/RM/25). OcHoBHBIME
HampaBJICHUSAMH a/laliTallid METO/I0B SBJISIETCS BBIOOP BHUJIAa TECT-00BEKTA MO IBYM OCHOBHBIM KpH-
TEPUSIM: BHUJI IOJKEH ObITh OOBIYHBIM (’KE€JIaTeIbHO TOMHHAHTHBIM) JJIs1 BOJI0eMOB pernona Couu;
BUJ| TOJDKEH OBITh MPEJCTaBJIeH MOMYJISALUSAMH KaK B IPECHBIX, TAaK U B COJIOHOBATHIX Bojax. J[ns
Bojiopocieit BerOpana Scenedesmus obliquus (Turpin) Kutzing: ans komopaTtok Brachionus calyci-
florus Pallas. Hameuena paboTa 1o CpaBHEHHIO JAHHBIX, MOJYYCHHBIX Ha Ja0OPATOPHBIX KYIbTY-
pax (komnekuus MI'Y, MockBa) U BbIJIEJIEHHBIX B IPUPOJIE.

BaxHbIM acmekToM 3TOH paloThl sBiISETCS Balnuianus oTpaboTaHHbIX MeToqoB Ha CB u
MPUPOIHBIX BOAAX 30HBI cynepTypusma COUMHCKOTrO peruoHa.
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JAUHAMMUKA BETETAIMOHHOI'O UHAEKCA B KPBIMY
Kpacosckaa B.C.
OI'bHY «MHCTUTYT IPUPOAHO-TEXHUYECKUX CUCTEMY, I'. CeBactomnodb, Poccus
OI'AOY BO «CeBacTomnosnbcKuil rocyAapcTBEHHBIN YHUBEpCUTET», I'. CeBacTonoiib, Poccus
VladislavaKrasovskay@gmail.com

C HayaloM CIYTHUKOBBIX HaONIOJIEHUH TeMa MHCIIOJIb30BAHMSI BEreTallMOHHBIX HHACKCOB
(BU) crana nocratoyHo nomynsapHoid. HecMoTpst Ha TO, 4TO OONBIIMHCTBO aBTOPOB M3y4yanu BU B
Kpeimy (I'opGynoB, 2022; TensHOBa, 2017), O0ABIIMHCTBO pabOT HE OTpakaeT XapakTep M3MEHe-
Hui BU nia KpeiMckoro peruosa.

OcHoBHOH 3a/aueil pabOThl SIBJISETCS aHAIM3 BPEMEHHBIX PSAIOB JAHHBIX BETETAIIHOHHOTO
unaexca NDVI, KOTopbIii paccUMTHIBAETCSI HA OCHOBE JAHHBIX CIIYTHHKOBOTO mpudopa MODIS
(MOD13Q1) (Didan, 2015). Psasl JaHHBIX COCTaBJIAIOT 16-TH JHEBHBIE KOMIIO3HMTHI C IPOCTPAH-
CTBEHHBIM pazpermieHrneM 250 M. CHUMKH 3arpy>KeHbl 3a MEepUo/i BETeTallii pacTUTEIBHOIO MTOKPO-
Ba (ampenb — okTa0ps) ¢ 2000 mo 2022 rr. s u3BnedeHus 3HaueHui naHHbpIx B ObL1 co3man To-
YeyHBI BEKTOPHBINA ciioi ¢ maroM 1 kM. [lomydeHHble paapl ObLIH OTGMIBTPOBAHBI 1O JAHHBIM
CIYTHUKOBOH Kjaccu(UKaIuy, BKIIOYAIOIIEH B cedsl Jieca M CTENHbIe Y4acTKu. B pe3ynbTare uc-
10JIB30BAJIOCH 9 THIC. TOUEUHBIX OOBEKTOB.
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HpOBeILCHHHﬁ AHAJIM3 TOKa3aJl OTCYTCTBUC 3HAYUTCIIBHOIO TPEHAA, YTO T'OBOPUT O HE3HAYM-
TCJIbHOM BJIMAHUHN U3MCHCHUA KIIMMATa HAa JUHAMHUKY BCETCTALUU PACTHUTCIIBHOI'O ITOKPOBa (BI/I)
OI[HaKO SIBHO 3aMCTHO BJIMSAHHEC MCKI'OJOBBIX M MCKACCATUICTHUX KoJIcOaHmM Kiiumara, 410 OT-
KPBIBACT BO3MOKHOCTHU K BBIABJICHUIO 3aKOHOMepHOCTCﬁ CBSI3M HW3MEHEHUI B PACTUTCIILHOM I10-
KpPOBE€ C pETUOHAJIIBHBIMH MCTCOYCIIOBUAMU U rI100aJbHBIMA KJIUMATHYECKHUMU mnmponeccamMu.

Crnrcok UCOIb30BaHHON JIUTEPATYPBHI:

TensHoBa H.O. BeisiBnenue u kaprorpagupoBanue MHOroseTHUX TpeHaoB NDVI s oueHku
BKJIaJ]a U3MEHEHUI KJIMMaTa B JUHAMHUKY OHMOJIOTMYECKOM MPOAYKTUBHOCTH arpO3KOCHUCTEM JIECO-
cTennHOM U crenHoi 30H CeBepHoit EBpazuu // CoBpeMeHHbIe MPo0IeMbl JUCTAHIIMOHHOTO 30HIU-
poBanus 3emiu u3 kocmoca. — 2017. — T. 14, Ne 6. — C. 97-107. — DOI 10.21046/2070-7401-2017-
14-6-97-107. — EDN YLXCMA.

I'op6ynoB P.B. ®@yHKIIMOHUPOBAaHUE U JUHAMUKA PErMOHAIBHBIX T€0IKOCUCTEM B YCIOBHSIX
M3MEHeHHus kimMata (Ha npumepe KppiMckoro nosnyoctpoBa). — M.: ToBapHIlIeCTBO Hay4HBIX W3-
nmannit KMK, 2022. - 191 c.

Didan K. et al. MODIS vegetation index user’s guide (MOD13 series) // University of Arizo-
na: Vegetation Index and Phenology Lab. — 2015. — T. 35. — C. 2-33.
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HNCITOJIb30BAHUE ®PAKTAJIBHBIX XAPAKTEPUCTHUK JINCTBEB BEPE3bI
MYIIHACTOM (BETULA PUBESCENS) ITPM BUOMHIUKAIIMY B 30HE BJINSTHUA
METAJIJTYPTHUYECKOI'O KOMBHUHATA
Kynvnee B.B.

LenTtpansHo-UepHO3eMHOE MEXPErHOHAIBHOE YIIPaBICHUE
DenepalibHOM CITYKOBI 110 HAJI30PY B cdepe MPUpPOA0Ioib30Banus, T. Boponex, Poccus
kulneff.vadim@yandex.ru

OYHKIIMOHUPOBAHUE METAJUTYPrUYeCKUX MPEANPUSATHII HEepa3pbhlBHO CBS3aHO C OMOCPENO-
BaHHBIM 4epe3 BBIOPOCHI U COPOCHI MOCTYIJICHUEM 3HAYUTEIHHOTO KOJIMYECTBA MOJUIFOTAHTOB B atT-
MOC(EepHBIil BO31yX, B TOBEPXHOCTHBIE U MOA3EMHBIEC BOJIbI U HA NMOYBEHHBIN MOKpOB. OTOODP Npoo,
M3MEpEeHUe MapaMeTPOB COCTOSHUS aTMOC(EPHOTO BO3yXa, MOYB, IPUPOJHBIX BOJ, P SIKOMOHH-
TOPUHTE MMPOBOJUTCS OTAEIBHO AJIs Kaxa0h reocepHoil 00010YKU. DTO MPUBOAUT K MOTYYECHHUIO
Pa3pO3HEHHBIX JaHHBIX, HHTEPIPETALNS KOTOPHIX HE IMO3BOJISIET LEIOCTHO OICHUTH BIUSHHE 00b-
eKTOB HeratuBHOro Bo3jeiicteus (Canran, 2016, Auronunosa, 2017, G. lzydorczyk, 2021, Nang-
Htay Yin, 2016).

B HacrosimeM wucciaenoBaHUU MPENCTaBICHA IMONBITKA BBIPAOOTKHA HHTETPAIBHON OIICHKHU
BIMSIHUS OOBEKTOB METAJUTYPIHUECKOW MPOMBIIIICHHOCTH Yepe3 OMOMHIUKAIIUIO COCTOSHUS KOM-
MIOHEHTOB TPUPOTHON Cpelbl Ha MpUMepe 30HbI BIUAHUA HOBOIMMIENKOro METalTypruyecKoro
KoMOMHaTa. B KauecTBe MaTeMaTHUYECKOTO amrapara HCIOJIb30BANOCh SIBJICHHE (PaKTATbHOCTH
MPUPOJHBIX 00BEKTOB. B 4acTHOCTH, Ompenensyioch 3HaueHue (hpakTaibHOH Pa3MEPHOCTH JUCTO-
BO#1 muiacTuHbl Oepe3nl mymuctoit (Betula pubescens) (o ¢pororpadun) ¢ moMoIbIO CrIeIUaTLHOTO
MIPOrPaMMHOTO OOECTICUeHUSI.

[TpuMeHUTENHHO K 3a7a4aM T€09KOJIOTHH (PPAaKTATBHOCTh OTPaXKaeT MEpy caMoIo1o0us B3a-
MMOJICUCTBYIOIIMX Cpell (X034iCTBEHHOM U MPUPOAHON ), OTPAaHUUYHMBAIOIIECH PA3BUTOCTh CTPYKTYPHI
skocuctemsl (Kynbaes, 2020; Haconos u ap., 2019 a, 6, B; Haconos u nip., 2018).

N() = p&'™P 1)
rre: N(8)- crpykrypa (pa3Mep) 3KocUCTeMBI, Ud - mar MacmradupoBanus, D — ¢pakranbHas mMepa
CaMoNoJ00Hs TEXHOMPUPOIHBIX MPOLIECCOB.

Jnst cBsi3u (DpaKTaTBbHOCTH SKOCHCTEMBI C €€ JKU3HECTIOCOOHOCTHIO BBEIEM HETPEPHIBHYIO
GyHKIMIO (paKTaIbHON «TeMIepaTypbl» MPUPOJHO-TEXHOTEHHBIX MPOLIECCOB Ha MHTepBasie D €
(1; 2) cnemyrommm ob6pazom (LBerkos, 2011):

Tf=a'(1/(n_D)_1/n) )

rae: D — ¢ppakranbHbli HOKa3aTenb 3KOCUCTEMBI, N — PA3MEPHOCTH MPOCTPAHCTBA, B KOTOPOE
BJIO’KEH (paKTaJIbHBII OOBEKT, a — MOMPABOYHBIN KOIPPUIINEHT, BEIONpaeMblii HHAUBHUYAJIBHO (B
HamleM ciydaen=2,a=1).

[TonydeHnHble 3HaUeHUS PpaKTaIbHOW pa3MEpHOCTH KoieOmtoTces B uHTepsaie ot 1,0 1o 1,7.
B xone uccnenoBanus yCTaHOBIIEHO, YTO 3HaU€HHE (PaKTAIbHON Pa3sMEPHOCTH YBEIMUYUBACTCS 110
Mepe IpUOJIMKEHUST K ICTOYHIKAM TEXHOT€HHOTO BO3CHCTBUS. PaBHO TpH yaleHuH OT 00BEKTOB
HETaTUBHOT'O BO3/AEUCTBHS, 3HaUeHUs (PPAKTAIBHOTO MOKAa3aTells JIUCTOBOM MIacCTUHBI Oepesbl Mmy-
LIMCTON CHMXKAKOTCSI.

Cornacuno npuegeHHomy B ctaTthe (Kynbnes, 2020) panxupoBaHuto B 30He BiausHUA HoBo-
JUTIETKOTO METaUTypTHIecKoro KoMOnHaTa HaOMOAAaeTCsl YCTOWYMBAs TUHAMUKA COCTOSIHHS JKO-
cHCTeMBbl. JTO obecreunBaeT HUBEIUPOBAHUE HEraTUBHOI'O BO3JICMCTBUS B YAaCTH 3arpsi3HEHUS 3a
CUET MPOIIECCOB €CTECTBEHHOTO CAMOOYHIIICHHSI.

Omnpenenenne QpakTaTbHBIX XapaKTEPUCTUK JHCTOBBIX TUTACTHH Oepe3bl MyIIHCTOW ¢ TIOMO-
IIbIO CHEIHMATIBHOTO MMPOrPaMMHOTO OOecrieueH sl SBISeTCS HauMEHee PeCypCOEMKUM, U OJHOBpE-
MEHHO, aJIeKBaTHBIM W MaTEMaTHUYECKH JIOCTOBEPHBIM CIIOCOOOM OIEHKH TEKYIIETO COCTOSTHHUS
KOMIIOHEHTOB OKpY>KaroIlel Cpeibl 30HbI BIUSHUS METaTyprudeckoro npeanpustus. Vcmnomnb3o-
BaHHE YKa3aHHOI'O croco6a moBsbIaeT 3p(HEeKTUBHOCTh OCYIIECTBICHUS YKOJIOTHYECKOTO MOHUTO-
puHTA.
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OLEHKA KOMINVIEKCHOT'O HHAEKCA 3AT'PSI3BHEHUSA ATMOC®EPHOI'O
BO3AYXA I'. HWOJKHEKAMCK 11O JAHHBIM ABTOMATHYECKHUX
CTAHIIMIA MOHUTOPHUHT A
Mycuna A.A., acuoynnun A.P., Hypmexamumosa B.A., I'unsazoea A. .

WHcTuTyT npo0iieM SKOJIOTHH U HePONoJIb30BaHus AkajeMun Hayk PecriyOnuku TartapcraH,

r. Kazanb, Poccus
adelina221997.97.13@gmail.com

[enbto paboTHI ABISETCS OLIEHUTh JUHAMUKY 3arpsi3HEHUs aTMOC(EepHOro Bo3ayxa B . Hux-
HEKaMCK OCHOBHBIMHU Ta30BbIMHU MPUMECSIMU [0 JAHHBIM aBTOMAaTUYECKUX CTAHIIMM KOHTPOJIS 3a-
rpsizaeHus (ACK3A) MunucTepcTBa 9KOJIOTHH M IPUPOIHBIX pecypcoB Pecnybnuku TaTapcran 3a
nepuon 2016-2022rr. B ropone Huxuaekamck Haxoautest 5 ACK3A.

B cooTBeTcTBHM C NPHUHATHIMU IMOAXOJAMHU JUIS JUArHOCTUKHU YPOBHS 3arps3HEHHs] aTMO-
chepHOro BO3IyXa UCIOJIb3YyeTCs UHACKC 3arps3HeHus atMocheps! (M3A) nmn komruiekcHbii U3A
(KN3A). U3A omnpenenser ypoBeHb 3arps3HEHHs] BO3ayxa U ero 3Q¢eKT Ha 30pOBbE YEIOBEKA.
g pacuéra U3A ucnonb3yroTcsl CpeJHEr010BbIE KOHIIEHTPAI[MHM BEIIECTB, YTO MO3BOJISIET OIpe-
nenuthb 3 dexTsl qmTensHoro Bo3aelictBusa npumeceit. KM3A4 - koMIieKCHbIN MHAEKC 3arps3He-
HUs aTMOC(hephl, YIUTHIBAIONUN 4 TIPUOPUTETHBIX BEIIECTBA. B TaHHOM pacdeTe MCIOIh30BAINCH
KoHIeHTpauuu okcuaa azora (NO), muokcuaa azora (NO2), cepsl auokcuna (SO2) u yriaepos OKcH-
na (CO). Haubonemee 3nadeanst U3A mist NO nabmonanocs B 2018 roay (3nauenne — 0,176), mis
NO2 — B 2022 r. (3Hauenue — 1,01), must SO2— B 2022 roay (3nayenue — 0,133) u ans CO — B 2018
rony (3Hauenue — 0,175). I1o nomyuennsiM 3HaueHusiMm KM3A4 3a 2016-2022 r. Obuio paccuuTaHo
OTKJIOHEHHE CKOJIB3SIIETr0 CPETHErO U OT HEr0 YCTaHOBJICHBI TMANa30H pa3dpoca MUHUMANbHBIX U
MAaKCUMAaJIbHBIX 3HAYeHUW. MeTOoJ CKONB3SIENH CpeAHEd — OAUH U3 AMIIMPUYECKUX METOAOB IS
CTJIQXKMBaHMS ¥ IPOrHO3UPOBAHMS BPEMEHHBIX psAnoB. [Ipu criaxuBaHUM 3TUM METOAOM (hakTHue-
CKHM€ 3HAYCHMs psla JUHAMHKU 3aMEHSIIOTCS CPEIHMMH 3HAYCHHUSIMHU, KOTOPBIE XapaKTEePU3YIOT
CPEIMHHYIO TOYKY NEpHoJia CKOJbXkeHUsA. C MOMOUIBIO CKOJIB3SUIETO CPEIHETO MOKHO BBISIBUTH
xapakTtep u3meHnenuii 3Hauenust KU3A4 Bo Bpemenu (puc.l).
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Pucynok 2 — I'padux pacnpenenenus 3nauenuit KU3A4 B r. Hiwknekamck 3a 20162022 rr.

OrneHka kauecTBa aTMOC(EepHOro BO3/1yXa Ha OCHOBE CTEIIEHEH 3arpsi3HEHUS, PUBEICHHBIX B
PJ1 52.04.667-2005, Oynet HEKOppEKTHA, T.K. IEpEYCHb aHATU3UPYEMBIX BEIIECTB OTPAHWYEH JIHIIIH
YeTHIPbMsI IPUMECSIMHU. TOTa 32 aHATU3UPYEMBIi IEPUOJ MOKHO OILIEHUTH KaueCTBO aTMOCc(hepHO-
ro Bozayxa mo mokasaremo KN3A4, pacnonoxuB 1o BO3pacTaHHio ciemyronmM obpazom: 2020
<2016 <2021 <2017,2019 <2018,2022.

CrnucoK UCHOIb30BAHHON JIUTEPATYPHI:

PJ1 52.04.186-89 PykoBoICTBO 110 KOHTPOJIIO 3arpsi3HEHHS aTMOC(EPHI.

P/1 52.04.667-2005 JIoKyMEHTBI O COCTOSIHMM 3arpsi3HEHUs] aTMOc(epsl B ropoiax Jyis UH-
(hopMHUPOBaHKS TOCYIAPCTBEHHBIX OPTaHOB, OOIIECTBEHHOCTH U HaceleHus. O0mue TpeOoBaHus K
pa3paboTke, MOCTPOCHUIO, U3JI0KEHHIO U COJICPIKAHUIO.
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AHAJIN3 PEKPEAIITMOHHOTI'O ITPUPO/JIOITIOJB30BAHUS HA OOIIT KPBIMA
Hazcuna M.A.
Ounnan MI'Y um. M.B. Jlomonocosa B r. CeBacromnoine, T. CeBacTonoib, Poccus
emily_day@mail.ru

Coznanne u pynkiumonupoBanue OOIIT mmeeT 0coOyr0 Ba)KHOCTh JJIs COXpPAaHCHHUS JIaH]I-
madToB, UX OMOPAa3HOOOpa3us, a TAKKEe 0OBEKTOB, HAXOIAIIMXCS B MX TPaHUIIAX, 00JIa1ar0IIeH uc-
TOPUKO-KYJIBTYPHOU U JIpyroil neHHocThio. B 3aBucuMoctu ot ynukanbHoctu OOIIT naznauaercs
ONpPEIIEICHHBI YPOBEHb OXPAaHbI, PErJAMEHTUPYIOTCS BHJbI JAEATEIBHOCTH, UCXOAS U3 KOTOPBIX
MOJKET BBIOJHATHCS (PYHKIIMOHAIBHOE 30HUPOBAHNE TEPPUTOPUH (XO3SIICTBEHHO-CENUTEOHOE, pe-
KpealMoHHOE, BOJOXO03SHUCTBEHHOE U Jp.). PaccmaTpuBas kiaccupukanud MpUpOI0NOIb30BaHUSL
HET TaKoH, KOTopasi Obl KOPPEKTHO OOBEIUHSIA B ce0€ W THUIIOJOTHYSCKUN TOIXOA M MPOCTPAH-
CTBEHHBIN OXBaT, HO NpH pazrpanrndeHun aesrenbHocTd Ha OOIIT opranuzanusM, B UbeM BEICHUHU
HaXOJSITCS OHHM, HEOOXOIMMO TOJHOCTHIO UCKIIOYHMTH WJIM MHUHAMHU3HPOBATH yIIepO, HAHOCHMBIN
OOIIT B cooTBEeTCTBUU C OCOOCHHOCTSIMU TEPPUTOPHUHU.

Uro kacaercs TeppuTopus moiayoctpoBa Kpeim, To pernon umeer pocrarouno maoro OOIIT,
YTO MOXKET CBHJICTEIILCTBOBATh O HAIMYUM YHUKAIBHBIX JaHAmadTOB U OMOpa3HOOOpasus, KOTO-
poe Tpebyer oxpanbl. B crpykrype OOIIT momyoctpoBa co3mansl Buasl OOIIT pernoHaabrHOTO
3HAYEHUS, MO3BOJISIONINX PAa3TPAHUYUTh CTETIEHb OXPaHbl TEPPUTOPUU UCXOIS U3 O0COOEHHOCTEH
COXpaHEHHUS TeX WJIU UHBIX OOBHEKTOB.

PexpeanimonHoe npupoAOIoNb30BaHUE HA MOIYOCTPOBE PA3BUBAETCS, C KaXKIbIM I'OJOM TY-
PUCTUYECKUM TIOTOK CTAaHOBUTCS Oojblne, pasBuBaercsa u skoTypusMm. Ha OOIIT paszpabortansl
MapUIPyThl, IPUTOAHBIE IJIS1 PA3HBIX CIIOCOOOB MPOXOKIEHUS, YTO SBISETCS MPUBIIEKATEIBHBIM AJIs
pa3HbIX KaTerOpuil TYpUCTOB.

Jns aHanuza pekpeanmoHHOro Bo3zeiicTBus Ha otaenbHble OOIIT ouenuBanach CTENeHb
HapyIIEHHOCTH TOYBEHHO-PACTUTEIHHOTO MTOKPOBA IO IIKaJIe PEKPEAMOHHON JUTPECCUH.

PexpeaninonHoe BO3/I€CTBUE HA TPOIbI, PACIIOI0KEHHBIE B PACCMATPUBAEMBIX 3aKa3HUKAX -
«baimapckom» u «MpbIc Ailsi», 4aCTUYHO TIpoJieraroiue mo tepputopun bonbiioi CeBacTonob-
CKOM TPOIIbI, OLIEHUBAETCS B CPEIHEM Kak cliaboe, HO XOYeTCs OTMETHTh, YTO B Haubosee AOCTyII-
HBIX ISl TYPUCTOB MECTaX OHO BBIIIE. A Takke 3aKka3HUK «MpbIc Alis» 0oJee moaBepKeH pekpea-
[IMOHHOMY BO3JECTBHIO, yeM «baiimapckuii», Tak Kak Ha HEM pacroiiaraercs 0osee mpoxXoauMbIi
MapHIpyT, Ha KOTOPOM CE30HHO PacCIioaraloTcsl CTUXUMHbBIC TTaTaTOYHBIC Jlareps.

Takum 06pazom, MOKHO CJeNaTh BBIBOJ, YTO YPOBEHBb PEKPEAIMOHHON AUTPECCUU BO3pacCTa-
€T MPH YBETUYCHUH TTOCEIIAaeMOCTH Y4acTKa M CII0co0a MPOXO0KICHUS UITH €T0 UCTIOJIH30BaHUS.
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NPUMEHEHUWE MUKPOBUOJIOI'MYECKHUX ITPEITAPATOB ITPU OBPAIIEHUU
C BUOOPTAHUYECKNUMH OTXOJAMMU C HEJIBIO CHUKEHUS 3AITAXOBOI'O
3ATPSI3BHEHUS OKPYKAIOIIEN CPEJIBI
Pomanosckasn K.C.

Poccuiickuii ynuepcutet apy»x0nl HapoaoB uMmenn [latpuca JIlymymOsb1, r. MockBa, Poccus
romanovskaya-ks@rudn.ru

[Iponecc pasznokeHus: OMOOPraHUYECKUX OTXOAOB COMPOBOXKIAETCS 0Opa3oBaHUWEM, B TOM
qucie, JeTyuyux opranndeckux coeaunenuit (JIOC), obmamarommx pe3KUM HENPUATHBIM 3aIaXOM.
Ha cerogusimauii nens npoodiema odpazosanus JIOC, BBIIESIAIOMMXCS PY HAKOIUICHUH, XpaHECHUN
cnenn(pruIeckux OMOOPraHMYECKUX OTXOJ0B, UX YTUIM3AIMH, & UMEHHO BO3MOXKHOCTU YCTPAHEHUS
HENPUTHBIX 3allaxOB OCTAaeTcs €l1ad0 M3yYEeHHOW KaK C TEOPETUYECKOH, TaK M C IPAKTHUECKOMN
TOUKHU 3peHus. B cBsa3u ¢ 3TuUM pa3zpaboTka U anpodaius ¢ UCHOIb30BaHUEM OMOTECTUPOBAHUS HO-
BbIX OMonpenaparoB, 00ECIEUNBAIOIINX YCKOPEHHE OUOAETpalallui OpraHMYeCKUX OTX0J10B, 00pa-
3YIOIIMXCSI B Pe3yJIbTaTe XO3sIMCTBEHHOM JESITEIbHOCTH U JKU3HEAEATEIbHOCTU YelOBeKa, U CHHU-
KEHHE HETaTUBHOT'O BO3AEMCTBUSI HA KOMIIOHEHThI OKPY KaIOLIei Cpe/bl U 3J0POBbE YETIOBEKA, BbI-
3BaHHOro BelesieHueM JIOC pas3Hoil mpupojbl, 0OYCIOBICHHBIX Pa3IOKEHUEM OpPraHMYECKHX
KOMIIOHEHTOB OTXOJIOB U 00JIaJal0MINX HETPUATHBIMU 3araxaMu, 00peTaeT Bce OOJBIIYIO aKTyallb-
HOCTb ¥ 3HAYUMOCTb.

[lenbto maHHOM pabOTHI SBISETCS ONUCAHUE M AHAIM3 KOJMYECTBEHHOI'O M Kaue€CTBEHHOTO
COCTaBa, a TaKKe AMHAMUKU 0o0pa3oBaHMs ra3zos, B ToM uucie JIOC, BBIAEIAIOMUXCS NPH pa3io-
KCHUU OTIENBHBIX (Ppakiuii OMOOpPraHMYECKUX OTXO/IOB, YCTAHOBJICHHWE MEXaHU3MOB OHOIETpaaa-
LMY Ha Pa3HbIX CTAJIUAX MPU a3pOOHOM OKHCICHMM U aHa3POOHOM pa3oKEHUHU PA3IMUHBIX KOM-
[TIOHEHTOB OTXOJIOB.

B mpencraBieHHOM HCce0BaHUM MTPOBEAEHA OLlEHKA 3((GEKTUBHOCTH BO3JEHCTBUS IKCIIE-
PUMEHTAILHOTO OMoIpenapara Ha IPOLECCHl Pa3IoKEHUs OTIACNIbHBIX (paKIUil 6MOOPraHNYEeCKUX
OTXOJI0B U Ha cocTtaB obpazyromuxcs JIOC. [Ipennaraercss UConb30BaHUE METOJOB OMOTECTHUPO-
BaHUA C IPUMEHEHUEM (IyOPUCLEHIIMHN IIPU UCCIIEI0BAaHUU OCOOEHHOCTH BO3/EHCTBHS Ta3000pa3-
HBIX NPOJYKTOB Pa3i0okKeHUs: OMOOPraHMYECKUX OTXOJ0B HA MUKPOOPTaHU3MBI.

B pesynbTate uccieqoBaHus cieaaH BbIBOJ O HEOOXOAUMOCTH IPOBEACHUS JabHEHIINX HUC-
CIIEZIOBAaHUI B HamNpaBlEeHUAX MoAOOpa MHUKPOOPTaHU3MOB, PACILEIUIIONMX COCTUHEHUS-
OJIOPaHThI, U OLEHKU WX OMOTEXHOJIOIMUECKOTO MOTEHIIMala, a TakKe MPopabOTKU ONTUMAJIbHON
TEXHOJIOTUHM BHECEHMs OMonpenapaTta B UCXOAHbIM CyOCTpaT Ha OCHOBE OPraHUYECKUX OTXOJIOB.

OO65acTi MPUMEHEHUS TIOTYYEHHBIX PE3YJIbTAaTOB JOCTATOYHO IIMPOKH U BKJIIOYAIOT UCIIOJIb-
30BaHUE PE3YyJIbTATOB KAYECTBEHHOIO M KOJIMYeCTBEHHOro aHanu3a JIOC g nanpHEHIMX uccie-
JIOBaHUM BO3MOXHOCTEN MPUMEHEHHUs OuoNpenaparoB il IepepaboTKH OTXO0/I0B Pa3IMYHOrO Cpo-
Ka XpaHEHUs U Pa3IM4YHOro 00beMa, yJaydllleHUs KayecTBa OMOKOMIIOCTA, MOJIYYaroLlerocs B pe-
3yJIbTaTe MEPEepadOTKH.

CnucoK MCOJIb30BaHHON JIUTEPATYPBI:

Jayathilakan K, Sultana K, Radhakrishna K, Bawa AS. Utilization of byproducts and waste
materials from meat, poultry and fish processing industries: a review // J. Food Sci. Technol. —
2012. — Ne 49(3). — P. 278-293. DOI: 10.1007/s13197-011-0290-7.

Qu Y., ShenE., Ma Q., Zhang Z., Liu Z., Shen W., Wang J., Li D., Li H., Zhou J. Biodegra-
dation of indole by a newly isolated Cupriavidus sp. SHE // Journal of environmental sciences
(China). — 2015. — Ne 34. — P. 126-132. DOI: 10.1016/j.jes.2015.01.023.

Smith CJ, Scott SM, Ryan BA. Cardiovascular effects of odors // Toxicol Ind Health. — 1999.
— Ne 15(7). — 595-601. DOI: 10.1177/074823379901500701. PMID: 10677884.
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NPUMEHEHUE HEHPOHHOM CETH JIJISI HOJYYEHUS WHOOPMAIIAU
O ITIPOCTPAHCTBEHHOM PASMEHIEHUHN MAJIOHAPYIHIEHHBIX
JECHBIX TEPPUTOPUM
Pybanosa H.U.

OI'BHY «MHCTUTYT NIpUPOTHO-TEXHUYECKUX cuctem» (pmman), r. Coun, Poccus

lelj06@yandex.ru

Manonapyuiennsie jecHsie Teppuropun (MJIT) — Tepputopun B mpepenax COBPEMEHHOU
JIECHOMU 30HBI, COJIEPIKALINE JIECHBIE U HEJIIECHBIE DJKOCUCTEMBI, B MUHUMAJIbHON CTEIIEHU HapyIICH-
HbIE XO3SIICTBEHHOHN JEATEIILHOCTBIO UEIOBEKAa WM 0€3 NMPU3HAKOB 3HAUUTEIbHOW AEATEIbHOCTU
YeIJI0OBEKA.

KitoueBbie kpurepun MJIIT, coOmoeHre KOTOPBIX MO3BOJISIET OOECHEUUTh YOEKHINE s
BCEX BUJIOB MBOTHBIX JAHHOM 3KOCHCTEMBI, B TOM YHCIE — JJIs MOAAEPKAHUs KU3HECTIOCOOHBIX
MOMYJISIUM KPYIHBIX XUITHUKOB, HAXOASILMXCSI HA BEPIIMHE TPOPUUECKUX LIEMOYEK U TPEOYIOIUX
HauOOJIBLIYIO TJIOLIA/Ab JIl COXPAHEHUS JIEMEHTAPHbIX HOIMYJIISAIMA:

1. Munumanssas miaowmaas 50 000 ra.

2. MunumanbHas mupuHa ydactka MJIT 10 kM — auameTp BOMCAHHOTO Kpyra B IpaHHUIax

TEPPUTOPUHU.

3. MuHuManbHas MIUPUHA KOPUIOPA/TIPUJIATKA — 2 KM.

4. OrtcyrcTBUE (PparMEHTAMH TOCTOSHHOW HHDPACTPYKTYPOMA.

Llesnp naHHOIO 3Tama MCCIeIOBaHMS — IMOCTAaHOBKA 3aJa4yM AJis pa3pabOTKU MPOTrpaMMHOIO
o0ecreyeHrs Ha OCHOBE HEHPOTEXHOJOIMH M MCKYCCTBEHHOIO MHTEJUIEKTA /Ul aBTOMAaTU3UPOBaH-
HOT'O BBISIBJICHUS IPAHUL] MAJIOHAPYILIEHHBIX JIECHBIX TEPPUTOPHUH.

CyTb npuMeHSEMON CErofHs METOAMKH COCTOUT B IIOCIIENOBATEIBHOM, C MCIOJIb30BAaHUEM
Bce OoJsiee JETaJbHBIX M TOYHBIX JAHHBIX, UCKIIOYEHUU OCBOEHHBIX U IPEOOpPa30BAaHHBIX XO03AM-
CTBEHHOM JIeSITeIbHOCTBIO YeNIOBEKa TEPPUTOPUI U3 OOIIUX I'PaHMI] JIECHON 30HBI.

N3yunB MUPOBOM U OTEYECTBEHHBIN ONBIT BbIABICHU rpaHnull MJIT MBI BeIAEIMIN psAll Orpa-
HUYEHUH (BBI30BOB), BEI3BAaHHBIX IPUMEHSIEMON METO10JI0THeH 00pabOTKHU UCXOIHBIX TAaHHBIX.

B oTHOmIEHNN MeXAyHAapOIHBIX pa3pabOTOK peyb HJET O TOM, YTO 3a MOCIEAHEE AeCITHIIe-
THE NEePUOUYHOCTh OOHOBJIEHUS TaHHBIX COCTaBisIa 3—4 roja, a BpeMs MepBUYHON 00paboTKU U
MOATOTOBKM JaHHBIX JJIsi mojb30BaHus — 1,52 roma. Takum oOpazoM, B OTKPHITOM JOCTYIE HAXO-
autcs uHpopmarus o rpanunax MJIT B nyumiem ciyyae 5—6-netHeit naBHocTH. Kpome Toro, cie-
IyeT UMETh B BUAY BEPOSITHOCTh MOSIBICHUSI IPOOJIEM C JOCTYIIOM K UTOTOBBIM JIaHHBIM MEX]IyHa-
POJHBIX MCCIIEJOBAHUH B YCIOBUAX MH(DOPMAIIMOHHON U TEXHOJOTMUECKOW M30JI1IMHU Hamel cTpa-
HBI.

PernonanpHble OTEUECTBEHHBIE Pa3pabOTKU XapaKTEPU3YIOTCS CIEYIOIIUMH BBI30BAMH:

— 3HAYUTENbHAsA TPYAOEMKOCTb, a, CIIEJOBATEIIBHO, CTOMMOCTb IPOLECCa;

— mpo0OsieMbl ¢ GUHAHCUPOBAHUEM, OCOOECHHO B CBSI3HM C YXOAOM ¢ Tepputopuu Poccun psima
KpynHbIX MexayHapoausix HKO, n gake nmpuzHaHMEeM HEKOTOPBIX U3 HUX MHOAreHTamH, (puHaH-
CUPOBABLINX 3Ty AesITeNbHOCTh — ['punnuc, Beemupnsiit houn auxoit npupoast (WWF) u ap.;

— TpeOyeTcsl TOCTaTOYHO BBICOKUN YpPOBEHb CIIELUAIMCTOB, OONANAIONMX KaK 3HAHUSAMHU B
reorpa(guu 1 SKOJIOTUH, TaK U HABBIKAMU 00pabOTKM MHPOPMALMHU (CHUMKOB) IIPU ITOMOIIHU CHElH-
IU3UPOBAHHOTO MPOTrPAMMHOIO OOECreueHusl, TaKk KaKk HHTepIIpeTalys CHUMKOB IIPOBOJUTCS Iy-
TEM 3KCIIEPTHOTO JAeIU(PPUPOBAHUS HAPYIIEHHBIX TEPPUTOPUNA U OTAETBHBIX HAPYLIICHUH.

Pemennie 3TuX BBI3OBOB JIEKUT, Ha Hall B3MJISLJ, B IUIOCKOCTH pa3pabOTKU MPOrpPaMMHOTO
o0ecrieyeHrs: Ha OCHOBE HEMPOTEXHOJIOTUI U UCKYCCTBEHHOI'O MHTEIIEKTa, MO3BOJISIOMINX Ha OC-
HOBE aHaJIN3a OTKPBITHIX JAHHBIX JTUCTAHIIMOHHOTO 30HAUPOBaHUs 3eMiu 1 oomenoctynubix [ UC,
a TaK)Ke XapaKTePUCTUK aHTPOIIOT€HHBIX 0OBEKTOB TEPPUTOPUH, C HEOOXOAUMOM MEPUOAUIHOCTHIO
BBIJIEJISITh U KOPpeKTUpOoBaTh rpanuisl MJIT, a Takke mporHo3upoBaTh NPOCTPAHCTBEHHOE pa3Me-
menue ¥ wiomaa MJIT ¢ yyeTom m1aHoB pa3BUTHUS TEPPUTOPUM.

105



Cucmemvl koumpoas oxpyacaroujeti cpeovt — 2023

DAKTOP 3AT'PAZHEHUSA U CTEIIEHD 3ATPA3HEHUSA KAK
B3AUMOAONOJIHAIOIUWE NTHAEKCBHI OHEHKU 3AT'PA3HEHUS I1IOYB
TAKEJBIMU METAJIJIAMUA
Canuxos J[.I".

OI'AOY BO «Kazanckuii (IIpuBomkckuit) dhenepanbHblii yHUBEpCHTET», T. Ka3zanb, Poccus
SDamirV5@yandex.ru

ConepxaHue THKEIBIX METANIOB B TIOYBAX CBSA3aHO C MX CIHOCOOHOCTBIO K I'€0- U OMOAKKYy-
MYJISLMH, & TaKKe CO CKOPOCTBhIO MEpeHoca BHYTpH MouBeHHOro mpoduis. [IpoGiema BbICOKHX
KOHIIEHTPAIUH TSDKEJIBIX METAJJIOB, OCOOCHHO B CEIhCKOXO3SIMCTBEHHBIX TOYBAaX, CO3/aeT TJIO-
0abHYI0 SKOJOTHYECKYI0 MPo0ieMy HU3-3a pellarolield BaKHOCTH MPOU3BOJICTBA MPOAYKTOB MHUTA-
HUS U 0e30MacHOCTH. BKITFOUEHHE TSKEIbIX METAJJIOB B TPOPHUUECKYIO LIEMTh MOXKET MOBJIUATH Ha
310pOBbe KMBOTHBIX W uenoBeka (Kowalska, 2018). AkTyanbHOCTh HCCIIEOBaHUS OOYCIIOBJIEHA
HEO0OXOIMMOCTHIO BBISIBJICHHSI OCOOCHHOCTEH HAKOIUICHUSI MUKPO3JIEMEHTOB B ITOUBax PecryOnuku
TarapcTan ¥ yCTaHOBIIEHUSI BETMYUHBI MOTEHIIUAIBHOTO AKOJIOTHYECKOro pucka. OT6op cmeriaH-
HBIX MMOYBEHHBIX O0PAa3IOB MPOM3BOAMIICS MOYBEHHBIM OypoM DienbMaHa, MOATOTOBKY MTOYBEH-
HBIX P00 M OINpeeNICHHE 3JIEMEHTHOro aHanusa nposoawmm o MYK 4.1.1483—-03. BamoBoe co-
JepXKaHUE DSJIEMCHTOB ONpEISIsUId Ha aTOMHO-dMHUCCHOHHOM crnektpodoTomerpe ICPE-9000
(«SHIMADZU Corp.», Anonus) (Canuxos, 2023). Lensto paboThl sABISAIACH OLIEHKA TEOXUMUYE-
CKOT'O COCTOSIHHS TIOYB C MCIOJIb30BaHUEM HECKOJIbKUX WHICKCOB 3arpssHeHus. Hamu Obutn pac-
cuMTaHbl MHAEKCHI - (haktop 3arpssHenus (Cr) u creneHb 3arpsi3HeHNs (Cdeg) M1 CPABHEHO COJIEpIKa-
HUE TSDKEJBIX METAJUIOB B MOYBAaX OMOT€OXMMHYECKUX MpOBUHIMK Pecryonmuku Tartapcran (Tadur.

1)

Tabnuma 1 — Pesynbrarel no unaekcam Cs u Cgeg B poBUHIIUAX Pecniybnuku TaTapcran

No Crenensb 3a-
- [TpoBuHIHS As | Cd | Cr | Cu Ni Pb Zn TpSI3HEHUS
n/n
(Caeg)
1 [IpenBomkbe 0,21 | 0,57 10,24 | 0,23 | 5,81 | 0,01 | 0,26 7,31
2 3anaanoe [Ipeakambe 0,09 | 0,88 |0,22| 0,21 | 5,16 | 0,05 | 0,23 6,82
3 Bocrounoe IMpeakamse | 2,20 | 0,41 | 0,26 | 0,17 | 7,25 | 0,03 | 0,20 10,53
4 3anagHoe 3aKamMmbe 0,10 | 0,77 | 0,24 | 0,28 | 6,02 | 0,04 | 0,26 7,69
5 Bocrounoe 3akambe 009|162 (037|038 893 | 0,02 | 0,25 11,65

Ananus pesynbratoB Cf IoKasaj, 4To, B MOYBBI NpoBUHIMI Pecybnuku TartapcTan yucTbie
no otHotrenuto k Cr, Cu, Pb u Zn. Onnako, Bo Bcex mpoBHHIMX uMeercs 3arpsizHenue Ni. B ot-
JIeTbHBIX TPOBHUHIMAX OOHapy:keHO ymepeHHoe 3arpszHenue AS u Cd. Pesynbrathl mo Ceg mon-
TBepxkaatoT pe3ynbratel o Cr, B Bocrounom [penkamee 1 BocTounoMm 3akambe 0O0Hapy>KeHO yMme-
PEHHOE 3arps3HEHHE.

Crnucok UCoJIb30BaHHOM JTUTEPATYPHI:

Kowalska J.B., Mazurek R., Gasiorek M., Zaleski T. Pollution indices as useful tools for the
comprehensive evaluation of the degree of soil contamination — A review / J.B. Kowalska, R. Ma-
zurek, M. Gasiorek [et al.] / Environmental Geochemistry and Health. — 2018. — Ne 40. — P. 2395—
2420. DOI: 10.1007/s10653-018-0106-z

CamuxoB JI.I'. Onenka 3arps3HeHUs TOYB TsDKEIBIMU METaUIaMU B OMOT€OXMMUYECKUX TIPO-
BuHImsAX Pecnyonuku Tatapcran / JI.I'. Camuxos, C.B. Ilerpos, H./I. lllamaes, I'.I". Ka3zapsu, H.P.
laiipyrnunosa, U.b. BeibopHosa, M.H. Mykmunos, 3.A. Illypanes // Journal of Agriculture and
Environment. — 2023. — Ne 8 (36). — C. 1-5.
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MPOTOTHUII HUPPOBON MOJEJIA MOHATOPUHT A
OKPYKAIOIIEN CPEJbI HA OCHOBE OHTOJIOTHYECKOT' O IOIXO0JIA

Camoiinos C.10.Y, Escmuenees B.I11?, Ezopxun A.A.*?, Baxonees B.B.:, Muncxuii M.A.*
1OI'AOY BO «CeBacTonoibCKuii rocyJapCTBEeHHBIH yHUBEpcHTETY, T. CeBacTonoins, Poccus
2OI'BHY «HCTUTYT NPUPOIHO-TEXHHUIECKUX CHCTeM, T. CeBacTomnons, Poccus
SYSamoylov@sevsu.ru

s obecrieyeHusi TpeOyeMbIX KOMILJIEKCHBIX HaOJIOJEHHUI 3a COCTOSHHEM OKpY»Karolei
cpeanl (OC) ¢ yueToM ee OIEHKH M MPOTrHO03a, €€ 3arpsA3HEHHEM B KOHTEKCTE WHHOBAIIMOHHOTO U
aJanTUBHOIO MOAXOJ0B Ha KOMIIOHEHTHOM M CUCTEMHOM YPOBHSX M 3a NMPOUCXOJSALIMMHU B HEU
IIPUPOIHBIMHU SIBJICHUSMHU, A TAKXKE B CBSA3H C UMIUIEMEHTALMEN IPELIU3UOHHBIX CIIOCOOOB OLIEHKH B
COBpeMEHHbIE MH(OPMALIMOHHBIE TEXHOJIOTHH, IPOBEJCH 0030p CYIIECTBYIOIIMX OHTOJIOIMYECKUX
MoOJICJIC MOHHMTOpPHHIAa Okpyxkarommx cpen (Wang, 2020; Masmoudi, 2018; Bonacin, 2016;
Fazliev, 2017). Ha ocHOBE mOJIy4eHHOTO aHaau3a ObUT MPEIJIOKEH MPOTOTHI YHUBEPCATILHON (-
pPOBOI MOJIEIM MOHHUTOPHHTA BO3AYIIHON Cpelbl HA OCHOBE OHTOJOrndeckoro noaxoxa (OWL) u
€€ MHKAICYJIALUS B ClIeUaIN3uPOBaHHbIe HHPOPMAIIMOHHO-aHAIUTUYECKHE CUCTEMBI Uepe3 COOT-
BerctByromee Application Programming Interface (API) ¢ BO3MOXHOCTBIO IIOBTOPHOI'O IIPHUMEHE-
Hus. Llenb skcriepuMeHTa COCTOUT B TOM, YTOOBI IOCTUYh CEMAaHTHUECKOE MOJICITMPOBAHHE MPOIIEC-
ca HabmoneHus B Sensor Web myTemM MHTErpald MOHUTOPUHTA atMocdepHOro Bo3ayxa (AB) u
MH(OPMALIMOHHO-aHAIUTUYECKOW CHUCTEMBbl OTIOBELIEHUS, KOTOpasi OMpeleisieT 3HaHUs MpeaMeT-
HOI 00JacTH M TOMOraeT Juiy, npuHuMatoniemy pemenue (JI[IP), B ympaBieHu#n reoskoiornye-
CKMMH PUCKaMHU.

B skcnepuMeHTe 3a OCHOBY OHTOJIOTHU cucTeMbl MOHUTOpUHTAa AB B3siT ctangapt W3C cu-
crembl HaOmoaenus (SOSA — SSN) https://www.w3.0rg/TR/vocab-ssn/#0bservations (Semantic,
2017). AxcnoMaTu3anusi TAKCOHOMUH METEOPOJIOTHUECKUX MMapaMETPOB, XUMHUUECKUX MPOIECCOB U
IpoIelyphl TPOU3BOICTBA HAOMIOIEHHS B BHJIe HOBBIX KiaccoB (Pe3ynbrar (atMocdepHbie ocaiku,
TeMIlepaTypa IPHU3EMHOTO BO3[yXa, BETEp, CIIyTHUKHU), Bpems HaOmioneHus, TUoBO MOMEHT
Bpemenu (W3C), Peectp 00beKTOB HeraTUBHOTO Bo3neicTBuUs1, Habmogaemoe cBoiictBo, M3mepu-
TenbHas cucreMa, llnardopma ¢ cucremamu usmepenus, [lynkr nabmonenus, [ponenypa mpous-
BOJICTBA HaOJIIOJICHUS], a TAaKXKe BBIYMCIIEMBIX KiaccoB: ['o pacuéra mHaekca 3arps3HEHUs] aTMO-
cheprsr (U3A), Beibopka ciayuaeB npesbienust 11K, Beibopka cimydaeB npessimenus [1JIK mo
BELIECTBY IIEPBOr0 KJIacca OMACHOCTH, MOCTPOEHHBIX IO CEMAaHTUYECKH PACIIMPEHHBIM IIpaBUIIAM
BBIBOJIa MPEAYNPEXKIEHUN O T€03KOJOTHYECKUX PUCKaX C Y4ETOM MHTErPalliy T€TepPOreHHbIX JaT-
YUKOB KayecTBa AB, KOHKpETH3UPYIOT 3HaHUS IPEeAMETHON 001acTH U 0TBeuyaroT Ha Bornpockl JITTP
10 BbIpa0OTKE PEKOMEHJAINIl opraHaM BJacTH M TpaXkJaHaM O BO3MOXKHBIX YXYALICHUSIX OKpYy»Ka-
IOLIEN cpebl U KIMMATUYECKUX SIBJICHUSX.

[To utoram npoBeeHHOT0 HCCIeA0BaHUs ObLI MPEUI0KEH MPOTOTUI OHTOJIOTUH MOHUTOPUH-
ra AB, koropas pacmMpseT BO3MOXHOCTH HCIIOJIb30BAHMSI HOBBIX XapaKTEPUCTUK U JeENaeT €€
YHUBEpPCaJIbHOU IIUPPOBOI OHTOIOTMYECKON MoAenbio MoHuTOpuHra OC, OCHOBaHHOW Ha MpoIeC-
ce HaOmoaeHus B Sensor Web. Otobpakaembie poIIecchl B BUJE HOBBIX KIIACCOB U UX IK3EMILIS-
POB, CBOMCTB M OTHOWIEHWH B MOHHUTOpHUHTe OC MOTYyT OTHOCHTBCS K PA3JIMYHBIM BPEMEHHBIM U
MPOCTPAHCTBEHHBIM MaclTabaM M MPEACTaBIATHCS HA Pa3HbIX YPOBHAX JeTanu3anuu. Vcnomib3o-
Banue npaBui OsaWL mo3BossieT onmcaTh MOCIeI0BaTeIbHOCTh JTOTHYECKUX PACCYKISHHM, KOTO-
pble IPUBOJIAT K BHIBOJLY HOBBIX (DAKTOB.

[IporoTun yHuBepcanbHON IIUPPOBOIl OHTOJOTUUECKONW MOJIETH MOXKET ObITh BHEAPEH B UH-
(opMalMOHHO-aHATUTUYECKUE CHCTEMbl HA OCHOBE OHTOJIOTHMH 3KOJIOTMYECKOT0O MOHUTOPHHIA C
«KOHCTPYKTOPOM» TEMAaTHUECKUX BUJDKETOB JIJIS CHIEIUAIN3AIMA CUCTEMBI O] TOTpeOUTENs B BU-
7ie BeO-TIPHUIIOKEHHSI 1 MOOMIIBHOT'O BeO-caiiTa.

Paboma ewvinonnena npu nooodepocke npoepammol Ilpuopumem-2030 Cesacmononbckozo
2ocyoapemeennozo (cmpameeuyeckuti npoexm Ne3).
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CIIOCOB HEIMPEPHLIBHOM PABOTHI BETPOOHEPIETUUYECKON YCTAHOBKHA
Cagonoe B.A.*2, [loaxoe H.H.Y, Jonoznonan A.B.?, Knumenxo A.I'?, Kunses C.A.,
Benozyoos A.A.*

!CeBacrononsckoe otnenenne TOMH, r. CeBacromnoins, Poccust
2I'BHY «MHCTHTYT IPUPOIHO-TEXHUUECKUX cUCTeM», T. CeBacTomoms, Poccus

hydrogen18@mail.ru

DHepreTuka MoCTpoeHa Ha 3a0ope ¢ TIyOuH YHEProHOCUTENeH —yrojib, HepTh, ypaH U Ipo-
YHX DHEPrOHOCUTENICH, IPUYEM 3aTpaThl SHEPTUU HA MOIBEM UX Ha MOBEPXHOCTh MEHBIIIE YHEPIro-
COJIep’KaHusl UX IpPHU peanus3aly Ha MOBEpXHOCTH. BO3MOXXKHO MOJHMMATH C MIYOMH W JApYyrue
JHEProcoACpKAIINE MATePHAIIBI, HAIIPUMED, CIKATBI aTMOC(hepor BO3AyX, KOTOPHIH COBEPIIUT pa-
00Ty NP pacHIMPEHUHN HA TOBEPXHOCTH.

Ha pucynke 1 nokaszana cxema paboTsl criocoda mpu:

naBneHny Bo3myxa - P20%0=127783 Ila, remneparype Bo3myxa — 7200 =278K,

IJIOTHOCTH Bo3ayxa — p1=1,478 kr/m>.

Han moBepxHOCTBIO MOps AaBi€HUE BO3AyXa — P° =101325 ITa, Temneparypa BO3ayxa
7°=288,1 K.

[Ipu royOuHe moOrpy:KeHHUs BO3AYyXONpoBOAOB auamerpoMm 1 M, Ha 2000 M, mpennaraemas
yCTaHOBKa OyJeT UMETh MOCTOSHHYIO MO-
ne3nyro moiHocTh70,3 kBTt (3a Munycom

P,=101330Ila reHeparto
IIOTEPHb Ha CO3aHHUEC CKOPOCTH HA BXOIC T,=288 K BbiGpoC
P P X po= 1,225 ki’ Boaayxa‘\ 6uHa
Ha TpPCHUC B TPY6aX U KOMIICHCAIIHUIO =1, />

MOIITHOCTH HA HEOJIHOPOJHOCTH JABJICHUS
B Tpy0ax) yBeNUYHUT BBIPAOOTKY SHEPTUU T, N, N L .
Oonee, yeM B 8,8 pasa 1Mo CpaBHEHHIO C
USW -56-100 u coctaut 607 MBT wac B~ — N2 "~ 1 APy ipemin | [Pt
rOJ] IPU YMEHBIICHUH THaMeTpa poTopa B Sl ; Nt A ¥ Tpy6a
py6a C©XaToro

17 pas, 3amennut noutn 9 BOY USW -56-  —~—"7 sa6opan Ag— BO3AYXa
100, 3HAQUUTEIBHO COKPATUT OOBEM 3aHHU- &
Maemoro npoctpanctsa BOY u BOC. ﬁ\iﬁ/\ Ew‘*éw

[Ipm onmyckaHmM BO3QYyXONPOBOJOB  — ~— [~— ~— — ~— [ — — —
maamerpoM 1 M mo 1000 M momHOCTE AN A | NANAAT NN
npepnaraeMoii BOY coctaBuT mocTostHHO A _ANCA_/| | NAAA L N AN AL
24 xBt, a »HeproBbpabOTKa COCTABUT: __A__AN__A__/ R Uk | BEHTWUNATOP

24x24x30x12=207,36 MBT wyac u 1o A A e ) S
CpaBHEHHIO CO cpeaneit it BOY USW - ];'213%71728%”&‘ -
56-100 mpu ko>pdHIKEHTE HCHONB30BA- ~— ~— ~—"~— p::1,47’g KT/

Hus C=0,45 u cpeaHeroloBoil CKOpOCTH
BeTpa 5,44 M/c:3HeprOBLIpa60TKa yBEJIN- Prcymox |
gutcst B 207/82=2,53 pa3a.

IIpu nuamerpe Bo3nyxonpoBonoB 1,9 M u norpyxxennn ux Ha 200 M mioniaae Ha cpe3e Tpy-
ObI TIepes; TEeHEPaTOpPOM, B CBSA3HM C yBEIMUYEHHEM CKOpOCTH a0 71,45 m/c, MOXKET yMEHBILIUTCS B
71,45/11,45=6,24 paza, mnomaas nepen TypouHon coctaBut 0,463 M2, a JIMaMETP BO3IYXOIPOBOIA
HaIlOPHOTO0, U, CIEAYIOIIEro 32 HUM poTopa cocTaBuT 0,77 M, 4TO MeHbIlIE 1uaMeTpa potopa BOY
USW -56-100 B 22 pa3a. [Ipu sToM, 3HEproBeipaboTKa 3a Toa coctaBuT 223,776 MBT 9ac B rox,
9to OosbiIe YHeproBeipadboTkr BOY USW -56-100 B 3,2 paza u 3HAUUTETFHO COKPATUT 00BEM 3a-
HHUMaemoro npoctpancrsa BOY u BOC.

[Ipu morpykeHuu BO3AyXOIpPOBOAOB Ha rinyouHy 20 M u auamerpe Tpyo 6,05 M mpu pa3Ho-
CTH JaBJICHUH B TpyOax IMoje3Has AJIeKTpUUYecKas MOIIHOCTh cocTaBUT 65,17 kBT. DHeprosbipa-
60Tka coctaBuT 563 MBT uac B roa.

Tako# crtoco0® paboThI MO3BOJISIET 0OECIIEYUTh MTOCTOSHHBIN N30BITOK JABJICHUS Ha BBIXOJIE U3
BO3JIyXOIIPOBO/Ia HAIIOPHOTO CXKATOTO BO3/yXa M HEMpepbIBHYIO padoty BOYVY, obecreuut mocro-
SIHHYIO CKOPOCTb BO3/lyXa Ha TypOMHE U €€ MOLIHOCTb.
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IJIOTHOCTD KJIIETOYHBIX CTEHOK TPAXEU/] I'OJANYHBIX KOJIELL
JIMCTBEHHMIIBI CUBUPCKOM (LARIX SIBIRICA LEDEB.). METOJI U3BMEPEHUSI
N OCOBEHHOCTHU PACHPEAEJIEHUSA
Cunxun I1.11.

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

B pabote mpeacTaBiaeHbl OCHOBHBIC 3Tallbl METO/1a H3MEPEHHUS TUIOTHOCTH KJICTOYHBIX CTCHOK
Tpaxeu1 XBOHHBIX. MeTo 6a3upyercs Ha pacyére INIOTHOCTH KJIETOYHBIX CTEHOK C MCIIOJIb30BaHH-
€M JICHCUTOMETPUYCCKMX M aHATOMHYCCKUX JAAHHBIX KCHJIEMbI TOJUYHBIX KoJiell. MeToa peannso-
BaH B BHJI€ KOMIILIOTEpHOM mporpammbl SpektrMP, mo3Bosisiroleii pacCYnThIBATH HE TOJIBKO ILIOT-
HOCTb KJICTOYHOW CTEHKHU ISl TPaXeuj TOAMYHBIX KOJICl, HO M MOJYy4aTh JJI HUX KOMIUICKC JaH-
HBIX, BKJIFOYasl paJdabHbIA pa3Mep KJIETKH U TOJIIMHY €€ KIETOYHOHW CTCHKH, TUIOMIAAN MMoIepey-
HOTO CEYCHUS KJIICTKH U KJICTOUYHOM CTCHKH, CPEIHIOI0 TUIOTHOCTh KJICTKH U €€ Maccy, 4To MMO3BOJIs-
€T IPOBOJUTH KOMILICKCHBIN aHAJIN3 B3aUMOCBS3€H 3THX IapaMeTPOB B 3aBUCHMOCTH OT DHIOI€H-
HBIX U DK30TCHHBIX (PAKTOPOB, YTO JEJaeT JAHHBIM MOAXOJ METOJOM MHOTOMapaMeTPUIECKOIrO
aHaM3a CTPYKTYPhl TOMMYHBIX KOJEI[ C MPOCTPAHCTBEHHBIM pa3pelieHHEeM B Tpe/esiaX KICTKH.
[TpoBeieHbl H3MEPEHHUS TUIOTHOCTH KJICTOYHBIX CTEHOK JUlst roquuHbIx Kojer Larix Sibirica Ledeb.,
MIPOU3PACTAIONINX B KIMMATHYECKUX YCIOBHAX ceBepa KpacHospckoro kpas. CoriiacHO MoJy4eH-
HBIM JAHHBIM, IJIOTHOCTH KJIETOYHBIX CTEHOK MMEIOT CBA3b C MX TOIIIMHON M BHICOKHUE BEIIMYMHBI
IUIOTHOCTH B 30HE paHHEH IPEBECHUHBI, YMEHBIIIAIOIINECS K 30HE MO3HEH IPEBECHUHBI.
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Pucynok 1 — CBsA3b INIOTHOCTH KJIETOYHOM CTEHKH C €€ TOJIIMHOM B TOANYHBIX KOJbIax Larix
Sibirica Ledeb. na npumepe oxtoro odpasia

B pabote nmpoBenéH aHaiu3 KIIOUEBBIX ATAoOB pabOThI METO/a, MOATBEPAUBLINI KOPPEKT-
HOCTB MX pa0OThI U 1TaHO OOBSICHEHUE BHICOKHMX IJIOTHOCTEH KJIETOYHBIX CTEHOK PaHHEH IpeBEeCHHBI
Ha OCHOBE BJIMSIHUS XUMHUYECKOTO COCTaBa KJIETOUHBIX CTEHOK Ha Pe3yJbTaThl PEHTI€HOBCKOW JI€H-
cutomMeTpuu. JlJsi BOCCTaHOBJIEHUS NMPO(UIS MIOTHOCTH TOJUYHBIX KOJEll MO aHATOMHYECKUM
JAaHHBIM HEOOXOJIMMO YYUTHIBATh HAJIMYHME CBSI3U IJIOTHOCTH KJIETOYHOM CTEHKU C €€ TOJIIUHOM,
T.K. UCIIOJIb30BaHUE OJJHOU M TOM-’K€ MJIOTHOCTH KJIETOUYHOM CTEHKH JUIsl BCEX 30H FOJIUYHOIO KOJIb-
11a IPUBENIET K PACXOXKJIECHUIO MEXIY JTaHHBIMH IO IUIOTHOCTH, U3MEPEHHBIMU METOJaMH pEHTTe-
HOBCKOM IEHCUTOMETPHUH U IJIIOTHOCTHU, PACCYMTAHHOMN 110 aHATOMUYECKUM JTAHHBIM.

CIHCOK UCIIOIL30BaHHOMN JINTCPATYPBhI:

Cunkun ILII. MeTtoasl MHOTOMapaMeTPUYECKOrO0 aHaln3a CTPYKTYpPbl TOAWYHBIX KOJEI
XBOUHBIX. — CuOupckuit penepanbubiil yausepcurert, 2010. — 335 c.

Silkin P.P., EKimova N.V. Relationship of strontium and calcium concentrations with the pa-
rameters of cell structure in Siberian spruce and fir tree-rings // Dendrochronologia. — 2012. — Ne
30(2). — P. 189-194.
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OCOBEHHOCTHU CTPYKTYPbI EJUHCTBA
«ITPOCTPAHCTBO - TEPPUTOPUS»
(na nmpumepe Tuxookeanckoii Poccun)
CkpoinvHuk 111
®OI'BYH Tuxookeanckuii uactutyt reorpadun JJBO PAH, r. Bmanusocrok, Poccus
skrylnik@tigdvo.ru

N3menenne tepputopuanibHbix reocucteM (I'C) mpoucxoaut mo cnupany, 3aHUMasi 0 X0y
Bce Oosiee U OoJiee BBICOKOE IMOJIOKEHHE B MPOCTPAHCTBE € O0JIee BHICOKHM 3alacoM MOTeHIHAIb-
HOM ’HEpruu. TakuMm 00pazoM, IpoIecC Pa3BUTHS T€OCUCTEM MTOCTOSIHHO OOHOBIISIETCSI.

ABTOpOM TpociekeHo, uTo pa3Butue 3aech I'C mporekaer Bo Bpemenu (buu, 2002) u mpo-
crpanctee (buu, 2002; I'openuk, 1983) ogHOBpeMEHHO ¥ HENPEPHIBHO (HEPABHOMEPHO M MPEPHIBH-
CTO), 110 2 MyTSAM — DBOJIOIMOHHOMY U KaTacTpodudeckomy (Ckpouibauk, 2019; Tumodees, 1974).

BrusiBIIeHHBIE CTPYKTYpHBIE W AMHaMu4eckue coctapisitonme ['C B oOmieit opranuzanuu
IIpoctpanctBa u Teppuropuu Tuxookeanckoit Poccu moMorarT ycTaHOBUTh OCOOCHHOCTH CYIIIe-
CTBYIOILIETO UX €IMHCTBA. JlanbpHelmas aeranu3anus CTPyKTypbl YKa3aHHOTO €AMHCTBA MPOXOJIUT
IIPH UCIIOJIB30BAHUU OCOOBIX MOJXOA0B B X0JI¢ MOHUTOPUHTA TEPPUTOPHUH.

Taxumu nogxonamu sBIISIOTCA:

a) TePPUTOPHS IPUHUMAETCS, C OJHOU CTOPOHBI, KaK BUAMNMOE NMPOCTPAHCTBEHHO-BPEMEHHOE
COCTOSIHME 3pUMOro 00OBEKTa, a C APYroil — BHELIHEE IPOCTPAHCTBEHHOE BbIPAXKEHUE BHYTPEHHETO
HCKOHHOTO COJIepKaHMsI MOYBEHHO-TPYHTOBOTO CyOCTpaTa M KOpPEHHBIX mopoj. Takoe eITuHCTBO
BBICTYIIAET KaK OJIHO 00Illee OHSITHE HEPA3PBIBHOTO «IIPOCTPAHCTBA-TEPPUTOPUI.

0) IPOCTPAHCTBO U TEPPUTOPHS HCIIBITHIBAIOT OJTHOBPEMEHHO OTTAJIKMBAIOIIEE U MPUTATHBA-
Iollee MPUTSKEHUE. DTO KYKPEIIAET» UX EIUHCTBO.

B) B OpPraHu3allly MPOCTPAHCTBA U TEPPUTOPUH B CXOAHBIX MPUPOTHBIX YCIOBHUSIX CYIIECTBY-
€T, XOTsI U KPaTKOBPEMEHHOE, OTpaK€HUe COMMKeHUs U(WIN) TPUOOPETEHUE CXOIHBIX WUJIU COBMA-
JAIOMINX TPU3HAKOB — MPOCTPAHCTBO HA OTAENBHBIX y4acTKaX MPUOOpETaeT BBIPAKEHHOCTh I'pa-
HULl, @ TEPPUTOPHUST 00BEMHO-IIPOCTPAHCTBEHHbIE OUepTaHus. B pe3ynbrare mpocTpaHCTBO U TeEp-
PUTOpPHUS B3aUMHO 00OTAIAIOTCS U TPUOOPETAOT YepThl OOLIETO €AMHCTBA.

I') KOMIUIEKCHBIA MOJIXOJ] MO0 BCKPBITHIO BHYTPEHHEN CYIIHOCTH €IMHOro odpaszoBanus [Ipo-
CTpaHCTBa U TeppUTOPUM OCHOBAH HA COYETAaHMM BO3PACTAIOLIET0 CYMMAapHOro 3(dekTa ykazaH-
HBIX OTJEJbHBIX MTOIX0JIOB.

VYder BbIIIENIEPEUNCICHHBIX OCOOBIX MOJXOAOB MpU H3ydeHHH crneuupuku passutus Ilpo-
cTpaHcTBa U Tepputropuu NpUBOIUT K O0Jiee rTyOOKOMY BCKPBITHIO IPOCTPAHCTBEHHO-BPEMEHHOIO
cocrostHus ['C. VX ucnonb3oBaHue OKa3bIBAET MOMOIIH MPH pa3paboTKe ONTUMAIbHBIX BapHUAHTOB
PaIMOHAIBLHOTO MPHUPOAONOB30BAHUS B X0JI€ MPUPOJHOTO MOHUTOPUHIa Ha Teppuropun Tuxo-
okeaHckou Poccun.

Crnrcok UCOIb30BaHHON JIUTEPATYPBHI:

buu A.M. IIpupona Bpemenu: ['unoresza o npoucxXoxIeHUHN U (PU3NUECKON CYIIHOCTH
Bpemenu. — M.: OOO Actpens, 2002. — 288 c.

l'openmuk T'.E. PasmepHocth mpocTpaHcTBa: MCTOpUKO-METONOIOTHMYECKUA aHamm3. — M.:
Uzn-Bo MI'Y, 1983. - 216 c.

Ckpouibnuk I'.I1. [IpocTpancTBO-BpeMs B pa3BUTUU T'€OCUCTEM U MPHUPOAHBIE PUCKH // ApK-
THKa 1 AHTapktuka. — 2019. — Ne 1. — C. 1-14.

Tumodees JI.A. HepaBHOMepHOCTH penbedooOpa3oBaHHsi BO BPEMEHH M TMPOCTPAHCTBE //
[Tpobnemsl pernoHanbHOro reomopgonoruueckoro ananusza. — I1.: u3n-so 'O CCCP, 1974. — C.
16-19.
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MOJIJIFOCKH MYTILUS GALLOPROVINCIALIS LAM KAK UHAUKATOPBI
Ba, Xe, Zr HA PA3JIMYHBIX I''TYBUHAX CEBACTOITIOJICKOT'O B3BMOPHSA
(UEPHOE MOPE)

Cmupnosa J1.JI.

OI'bHY «MHCTUTYT IPUPOAHO-TEXHUYECKUX cUCTEM», I'. CeBacTonoib, Poccus
inik48@inbox.ru

26 ampens 1986r. B pesynbrare karactpodsl Ha YepHoObuibckoit ADC (KueBckas o0macth)
IPOM30IILIH TI0CTIeI0BaTeNbHbIE BEIOPOCH B Tporochepy pamuonykmunos 3, B¥7Cs, OSr non neii-
CTBUE KOTOPBIX MOMAIN NpUOPEKHBIE aKBATOPUH U 3anagHoe nodepexbe KpbiMckoro nomyoctpona
(Pagmoskoi. oTkiuK ..., 2008). st u3ydeHuss oCOOCHHOCTEH pacrpeeeHus] paJuOHyKIHI0B B
MPUOPEKHBIX aKkBaTOpHsaX U OyxTax r. CeBacTornois HaydyHbIMU coTpyanukamMu MHBKOMa mposo-
JWIICS MATUIHBIA KOHTpOoIb "Mediterranean Mussel Watch” (Egorov et. al., 2002). J/IBycTBOpUaThie
MOJLTIOCKH (PHIIBTPYIOT MOPCKYIO BOJY, COJEPIKAIIYIO IMOCTOSHHO M3MEHSIOIINECS KOHIICHTPAIUN
Pa3IMYHBIX COSAMHCHHUI ¥ HAKAIUTMBAIOT UX B MSTKUX TKAHSX, YTO MO3BOJISCT OICHUBATH YPOBEHB
ee 3arps3HeHus. [IpoBeneHHbIe MCClIeNOBaHMS MMOKa3alid BO3pacTaHHE B YEPHOMOPCKUX IMOBEPX-
HOCTHBIX Bojax B 6—10 pa3 konuentpamuu >'Cs u Gosee BbICOKOE cozmepxkaHue SI B MOPCKUX
JOHHBIX OTJIOKEHHSIX FOT0-3amaiHon yactu YepHoro mops (Paguosko. oTkiuk ..., 2008).

[Tocne yepHOOBLILCKOIM aBapuu Mpouuio 37 JIET U MPEJICTaBIsIET UHTEPEC OLEHUTh YPOBHU
CTaOUIBHBIX MPOIYKTOB PAaCcNajia 4epHOOBUILCKUX panunoHykauaoB ='Cs, *Sr (Bpems ux momypac-
nana B npeaenax 30 sner) u ', HakoNMBIIMXCS B IPHAOHHBIX CIOAX M TOIIIE BOJbI CEBACTOINONb-
CKOro B3MOphbsi. Pacnag paanon3oronos 131) 187Cg, OSr 510 cTaGUIIBHBIX H30TOMOB: KCEHOHA (Xe),
Oapus (Ba) u nupkonus (Zr) COOTBETCTBEHHO, IpuBeieH B hopmynax 1, 2, 3:

B Bxe+ B-myuwu, (1)
187Cs — 13'Ba + B-myum, ()
05r — Y + B-nyun — *Zr + B-nyun, 3)

Xe, Ba, Zr ompenensuiuch B MATKHX TKaHsx mosutiockoB M. Galloprovincialis ¢ pasmepom
cTBOpkH 50—52 MM. XKUBOTHBIE COOMPANTNCh C BEPEBOYHBIX KOJJIEKTOPOB Ha IiyOuHe 2—3 M U ¢
MOPCKOTO JHA TI0J] HUMH Ha MHUJIUIHOHN (hepme, pacTiooXeHHOW Ha CEBAaCTOMOIBCKOM TTOOEPEKbe
(100 m ot Oepera, rmyouna 15 m). KoHuleHTpanust 3TUX 3JIEMEHTOB OIpEesyiack METOOM Macc-
CHEKTPAJIbHOTO aHAIN3a C UHAYKTUBHO CBS3aHHOW IIa3MOM.

Pe3ynbTaThl aHanmu3a mokasaau MPUCYTCTBUE B MATKHUX TKaHSAX Muaui Ba u Zr, koHueHTpa-
I[Ms1 KOTOPBIX ObLIA BBIIIE B MUAUAX, OTOOpaHHbIX co qHa. Comepxanue Ba B MATKUX TKaHSIX JOH-
HBIX MUAHH gocturano 8—15 Mxrr! cyx. Tkanu. Ero comepkanue B MATKHX TKAHSIX MUIMHA U3 TOI-
M BoJibl ObuIO HIke B 10—12 pa3. Ba He TOIpKO mocTymnan B MOPCKYIO BOJY MPHU pacriajie paanuo-
nykmuaa 2'Cs, HO U SBIAeTCs ee MOCTOSHHOH cocTaBmsomeii (XopH, 1972). KonnenTparus Zr B
MATKHX TKaHAX JOHHBIX MUH B focTurana 0,6—2,2 MKIT™* CyX. TKaHHM, 9To B 6—10 pa3 mpeBhIIIa-
JIO €r0 Cco/epKaHhe B MUAUAX U3 TOMIIM BOAbl. CleayeT OTMETHTb, YTO B MATKHUX TKaHSIX BCEX UC-
CIIeIOBAHHBIX MUMH OTCyTCcTBOBAN Xe, KOTOpHIi 06pasyerca npu pacmage 3. Tlepuon momypac-
maja pagponsoromna il coctapuser 8 nHeH. Bo3MOXHO, KOHEUHBIH TIPOLYKT 3TOTO paclaja — cTa-
6umbHEIH m3oton 1Xe (hopmymna 1), 06pa3oBBIBaCA B TONIIE MOPCKOH BOJBI CEBACTOMOIHCKOTO
B3MOpBA, Kya Bemaznan 3. U Xe He ycresan oceiaTh Ha JHO U PA3HOCHICS MOPCKHM TEUEHHEM.

Paboma evinonnena 6 pamxax eocydapcmeennozo 3adanus Hucmumyma npupoono-
mexHuyeckux cucmem (Ne cocpecucmpayuu 121122300072-3).

CrnucoK UCHOIb30BAHHON JIUTEPATYPHI:

Pannoskonorndeckuii otkimk YepHoro mopsi Ha UepHOOBUTbCKYIO aBaputo /moxa pen. ..
[Tonukapnosa u B.H. Eroposa. — CeBacronons, HULL: «9KOCHU-T'unpodusukar, 2008. — 667 c.

Egorov V.N.et al. The Sevastopol Bay radiochemoecological monitoring programm usingthe
molluscMytilusgalloprovincialis // Proc. CIESM Worckshop "Mediterranean Mussel Watch", 18—
20 April 2002, Marseilles (France). — Marseilles, 2002. — P. 53-57.

XopH P. Mopckast xumust (CTpyKTypa BoAbl U XumMus rugpochepsr) — M.: Mup, 1972. — 399c.
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I'MJIPOXUMHNYECKHUE IIOKA3ATEJIN HOBOA®OHCKOI'O JIEBEJIUHOI'O ITPYJIA
N ®AKTOPBI UX BJUAHUA HA PABBUTHUE BOJIOPOCJIM DJIOJEHN
Yenasa A.A., [{oap P.C., Hewenxo HU.I1., ’Kuba P.IO.
N3 AHA «MHcTuTyT 5K0onorun AxajaeMun Hayk Ab6xazumy», T. Cyxym, AOxazus
uglava.aidal23@mail.ru

PaGora nocasiieHa rugpoxumMuueckumM uccneaoanuam HoBoadonckux JlebenuHbIx npyos,
B KOTOPBIX BO3HHKJIA TIPo0IeMa ruOey BOAOPOCIIH AII0JIEH.

Jlnsi M3MepeHHi MCIOJIb30BAIOCh TOpPTAaTUBHOE IMosieBoe ycrpoiicteo WTW Multi 3630,
OCHAIIIEHHOE JTaTYMKaMHU TEeMIIepaTyphl, IITYOUHBI, a TaK)Ke CheMHbIe AaT4uku u3mepenuit pH IDS,
pH combined electrode SensoLyt 900-P, mposommmoctu IDS Conductivity measurement cell
TetraCon 925-P u kucnopoaa IDS Oxygen measurement cell FDO 925-P.

Hcnonb3yst pe3yiabTaThl THAPOXMMHUYECKUX HM3MEpPEHU BOJbI, COOpaHHbIX Ha JleGenuHom
o3epe r. HoBblit AoH, 1 Ipo0, B3ATHIX 10 pyciy p. IIceipixa, Oblia 1aHa OIEHKA YKOJIOTHISCKOTO
cocrosiHus HoBoadouckoro Jlebenunoro nmpyzaa. beuio ycTraHoBiIeHO, YTO MPy/Ibl UCHBITHIBAIOT aH-
TPOIIOT€HHYIO HAarpy3Ky, CBA3aHHYIO CO COPOCOM CTOYHBIX BOJl OT TOCTUHUYHBIX KOMIUIEKCOB B .
[cwipixa. OnpeneneHbl MICTOYHUKYA HETaTUBHOTO BO3JCHCTBUS Ha Pa3BUTHE BOJOPOCTH JIIOJACU U
IIPEITI0KEHBI MEPOIIPUATHS 110 PELICHUIO POOJIEMBI €€ THOEeIH.

OCHOBHBIMU HAINPABICHUSMHU BOJOIOJIb30BAHUS SIBISIFOTCS: BBIpAIIMBaHHE PHIOBI U UCIOJb-
30BaHUE TEPPUTOPHH B PEKPEALIMOHHBIX LEJIAX.

Ha momenT uccnenoBanust Bog HoBoadoHckux npyaoB ObIJIO 3aMEUYEHO, YTO OHU UMEIOT 00-
1ee 30BITOYHOE COJIepKAHNE KUCIOPOia. 3HAUUTENIbHBIE KOHIICHTPALMU KUCIIOPO/Ia B TIPyIaX MO-
T'YT ObITh CBUJETEIHCTBOM HCIIOJIb30BAHHUE AIBTUIIUIOB C aKTUBHBIM KHCIOPOAOM, MMONAAAI0IINE B
IPYZAbl CO CTOUHBIMH BOJAMH.

Pemenne npobiaembl rTHOETN AI0AEH MOXKET ObITh JOCTUTHYTO IyTEM MOJHOTO 3ampera copo-
ca CTOYHBIX BOJI OT IAaHCHOHATOB, TOCTHHMII U aBTOMOEK B peKy llchipiixa. BozmoxHO, 4acTh cTou-
HBIX BOJ| HaIlpaBJieHa MPsIMO B MPYJIbl, YTO MPOSBIAETCS B LIEHTPAIbHOM OacceliHe, Iyie ceBepHas
4acTb MPYJa C BBIPAKEHHBIM YTHETEHUEM PACTUTEbHOCTH.

IenecooOpa3Ho coriiacoBaHue pekuma BojiooOMeHa cuctemMbl HoBoadoHCKUX NpysoB U Xo-
35IICTBEHHBIX 00BEKTOB ¢ pekoil IIckIipixa myTem onpeaeneHuss BpeMeHHOro rpaduka 3adopa BoAbI
B IIpyAbl U3 peku. IlepcrnekTUBHO co3/laHue MPsIMOil CBSI3U MEXAY ceThio MpyaoB U HoBoadoHCckuM
BOJIONAJIOM C MTOMOIIBIO KaHala WM BOAOBOAA. Bee 310 TpeOyeT 3HAUMTENbHBIX 3aTpaT Ha CTPOU-
TENBCTBO OUUCTHBIX COOPYKEHUH.

Crnucok nCnoab30BaHHON JIUTEPATYPHI:

Topnon A., @opn P. Ciytauk xumuka. — M.: Atomuznar, 1976. — 246 c.

I'OCT 17.1.3.07-82, 2010: T'OCT 17.1.3.07-82. Oxpana npupoasl, ruapocgepa. IIpaBuna
KOHTPOJISI KAa4e€CTBa BOJIBI, BOJ0EMOB U BOAOTOKOB. — M.: ®I'VII «Cranmaptundopmy», 2010. — 3 c.

I'yceBa 2000: I'yceBa T.B., 3auka E.A., Bunnuenko B.H., Momuanosa f.I1. I'mapoxumuue-
CKHe TOKa3aTelld COCTOSIHUS OKpykaromel cpenbl / CrpaBounbie MaTepuaisl. — M.: CoDC, 2000.
—75c.

Tumoxuna 1988: Tumoxmna C.A. CemeiictBo Hydrocharitaceae — Bomokpacossie // ®dnopa
Cubupu. — HoBocubupck: Hayka, 1988. — C. 118-119.

TynoxonoB 2009: Tynoxonos A.K. DHuuknonennueckuii cnpaBouHuk «baiikan: npuponaa u
moany. — Yaau-¥Ya3: OKOC: Usnarenscteo BHI] CO PAH, 2009. — 155 c.

IseneB H.H. CemelictBo Bonokpacosbie (Hydrocharitaceae). )Kusup pacrenuii: — M.: Ilpo-
cemenue, 1982. — C. 17-24.
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AHAJIN3 CMOT'A B IIEKUHE
@edoceesa H.B., Cepeeesa H. O.
®I'bOY BO Poccuiickuii ['ocynapctBeHHbli [ 'nipomMeTeoposiorndeckuii Y HUBEPCUTET,
r. Cankr-IlerepOypr, Poccus
natasha-sergeeva@autorambler.ru

B xone BbinmonHeHust paboThl ObLT cHOPMHUPOBAH apXUB €KEIHEBHBIX JAHHBIX OCHOBHBIX Xa-
PaKTepUCTHK MHJIEKCca KayecTBa Bo3ayxa B I. [lexun (Kwuraii) 3a nepuos ¢ 2015 o 2019 roasr (Air
quality index). [Tpoananu3upoBaHa BHyTpeMECsUHast, BHYTPHTOI0Basi U MEKT0I0Bast H3MEHYUBOCTh
aTuX Xapakrepuctuk (puc.l). ChopmupoBan apxuB MeTeomapamMeTpoB Ha cTtaHuu [lekun [ApxuB
MIOTO/IbI | ¥ TPOAHATM3UPOBAHBI HanboJee OIaronpUsATHbIE ISl pAa3BUTHS CMOTa yCiaoBUs (pHcC.2).

II “"IIII II T | II ||||||II I I I i I I I I i i

Pucynok 1 — BHyTpuronoBasi "3MEeHYMBOCTh Pucynok 2 — CpeHue ce30HHbIE 3HaYEHUS aT-
CPEIHMX MHOTOJIETHUX XapaKTePUCTUK UHJIEKCA  MOC(EpHOro AAaBJICHUS B JaThl C BBICOKOW KOH-
KayecTBa BO311yxa LIEHTpalMen 3arpsI3HUTENCH

Ha ocHOBaHMYM TOJTYYEHHBIX JaHHBIX OBUTH BBISBJICHBI THU C MaKCHMAaJbHBIMHU 3HAUYCHHUSIMH
3arpsi3HUTENEH. B 1esx AUCTaHIIMOHHOTO BBISBICHHS CMOTa C BBHICOKUMH KOHIIGHTPAIMSAMH KPYII-
HBIX YaCTHUIl B JHH C WX BBICOKHMH II0Ka3aTeNIIMH OBUTH TIOJYYEHBl CITYTHHKOBBIE CHUMKH
MODIS/Aqua, Terra u mpuMeHeHa MOJIeNIb LIBETOBOTO cuHTe3npoBanus Seviri Ash/Dust RGB, pas-
paboTaHHas 1Sl BBIZACTCHHSI MBUIBHBIX Oyph M BYJIKAHHYECKUX BBHIOPOCOB Ha CIYTHHKOBBIX HM300-
paxenunsx (Fedoseeva, 2022).

a) I/I306pa>1<ene B €CTECTBEHHBIX L[BETaX 6)“Ash RGB
Pucynok 3 — ®@parment cuumMka cMmora B [lekune 04.05.2017.

BrinonHeHHbIN aHATU3 MOKa3all, 4YTO KOHIEHTPAIM 3arpsi3HAIOIIMX BEIECTB YMEHbBIIAETCS B
TEIUIOe BPEMsi, a YBEIMYMBACTCS B XOJIOMHOE. VICKITIOUEHHEM SIBIISIETCS 030H, Ybsl KOHIICHTPAIIHS
YBEIUYMBAETCS JIETOM. AHAJIN3 METeoNapaMeTpoB Mmoka3ai, uyto B [lekuHe B 1esioMm HabIr0AaI0TCS
OnaronpusTHbIE yCIOBUS Uis popMupoBanus cMmora. Cmor ¢opMupyercs Npu MOBBIILIEHHOM JUIS
Ilexuna atMocdepHoM maBineHuH. B mocneanue roapl HaOMIOMAeTCs TEHACHLUS COKPAIIEHUS BbI-
OpOCOB 3arpsI3HAIONINX BEMIECTB B BO3IYX, B CBSI3U C MPUHATHIMU MepaMH 00pbOBI co cmorom. [lo-
KazaHo, yTo Mozienb Ash RGB Mosket ObITh UCTIONB30BaHa IS ACIM(PUPOBAHUS CMOTa.

CIHCOK UCIIOIL30BaHHOMN JINTCPATYPBhI:

Air quality index [DneKTpOoHHBIH pecypcl: URL:
https://energyeducation.ca/encyclopedia/Air_quality index

ApxuB noroasl [DnekTponnsii pecype]: URL: http://agicn.org/city/beijing/ru/

Fedoseeva N.V., Lvov A.L. - Principal component analysis applied to satellite imagery for
volcanic plume detection over Kuril and Kamchatka region. //European journal of natural history. —
2022. — Ne 1. —P. 4-9.

113


https://www.elibrary.ru/contents.asp?id=48061241
https://www.elibrary.ru/contents.asp?id=48061241&selid=48061242

Cucmemvl koumpoas oxpyacaroujeti cpeovt — 2023

K BOITPOCY O PEYHOM CTOKE INOJIMHUK/INYECKUX APOMATHYECKUX
YIJIEBOJIOPOJ0B B JOHHBIE OCAJKH O3EPA BANKAJI
Xanukos U.C., Jlykvanosa H.H.
OI'BY «HIIO «Taiipyn», r. O6auHCK, Poccus
Khalikov@rpatyphoon.ru

KoHTposb ypoBHEH comepikaHus MOJUIUKIMYECKHUX apoOMaTHYeCKUX yriieBonopoaoB (ITAY)
B JIOHHBIX OTJIOKEHHUSX 03. balikanm mokasan OoJjiee BBICOKHE KOHIEHTpAluu (B HECKOJBKO pa3) B
F0O’KHOW 4acTH o3epa (paiioHa r. balikaibcka) 0 CpaBHEHHIO C IICHTPAJILHBIM U CEBEpHBIM baiika-
aom (Khalikov, 2021). B cBoe Bpemst baiikanbckuii 1emitono3no-o0ymaxubiii komounat (BL[BK)
SIBJIAJICS. OJIHUM M3 KpYIHEHIInX 3arpsi3HuTeneit 03. baiikan, kotopsiit pyHKIMOHMpOBaI 6e3 mepe-
priBa pou3BoCcTBa ¢ 1966 mo 2009 r. u Obw1 3aKphIT B KOHIIE 2013 T.

Kak uzBectHo, [TAY MoryT nocrynare B JOHHBIE OTJIOXKEHUS 03€P, KaK B PE3yJIbTAaTEe BIIAXK-
HBIX U CYyXHMX OCXICHHH U3 aTMOC(EpPHOTO BO3/1yXa, TaK U BOJHBIMHU IMOTOKaMH (pEeKaMu, OYHCT-
HBIMH CTOKaMHU, 3pO3UEHl MOYBBI).

st onienku 3arpsisHeHust [IAY moBepXHOCTHBIX BOJOTOKOB, MPOTEKAIOIIMX 1O 00CIIeTyeMOi
TeppuTopuu, Ha pekax babxa, Xapnaxta, Con3an, bonbmas OcuHoBka u Manas OcuHOBKa OBLIO
orobpano 10 mpo6 ocaakoB B 2021 romy BBIIIE IMOJIWTOHOB XPAaHEHUS OTXOJOB WIIU BBIIIE
r. baiikanbcka U B yCThSIX pek mepej BmajaeHueM B 03. baiikai, a Takxke 4 mpoOsl ocaakoB B 2022
roay B ycTbsX pek Xapiaaxta, Con3aH, bonbmas OcunoBka u Manas OcunoBka. Cinenyer oTMe-
TUTh, 4TO B 2020 r. pycna yka3aHHBIX peK ObLITU MOJBEPTHYTHI CENE3alUTHBIM MEPOIPUITUSIM.

Jnst uaeHTHUKAE 1 KOJTMYEeCTBEHHOTO onpenenenust [IAY ucnonb30Banu MeTo 1 BEICOKO-
s dexTuBHON )kuIKocTHOU Xpomarorpaduu (BIOXKX) ¢ dhayopumerpudeckum OeTEKTUPOBAHUEM
(Khalikov, 2022).

B 14 npo6ax AOHHBIX OTIOXKEHHUH MATH PEeK ObLTH KOJIWYECTBEHHO OIpPEAeICHbl (MHTEPBAIbI
3HAYEHUH, MKI/KT) B TIOPSJKE BBIXOJIa Ha XpPOMAaTOrpaMMax cCliefyromue npuoputetHsie [TAY B
2021-2022 rr. — nvadranmuu (<1,0-4,7), anenadpren (<0,2-0,2), dayopen (<0,1-0,7), dbenantpen
(<0,2-5,4), antpauen (<0,1-0,3), ¢dnyopanten (<0,2-12,9), mupen (<0,2-8,1), Gens(a)antpaieH
(<0,2-1,1), xpumzen (<0,2-9,1), Oens(e)mupen (<0,2-3,9), 6eus(b)dpayopanten (<0,2-9,6),
oens(k)dayopanren (<0,1-2,4), Oens(a)mupen (<0,1-1,7), nubens(a,h)anrpanen (<0,2-0,2),
6ens(g,h,i)nepunen (<0,2-3,3) u unzaeH|1,2,3-c,d|mupen (<0,2-3,4). Bo MHOTHX chyyasx cojaepka-
Hue UHIMBUAYyaldbHBIX [TAY Obulo HMXKE NMpezenoB oOHapyKeHnsa. MakcuMallbHble KOHLIEHTpaluu
ITAY 1o cpaBHEHUIO ¢ IPYTMMH peKaMu ObLTH 3a(pUKCUPOBAHBI B IOHHBIX OTIOXKEHUSIX YCThS PEKU
bonbmas OcunoBka B 2022 roay, 0HaKO Jake 3T KOHIEHTPALMH SIBISIIOTCS "HU3KUMH" (Kiaacc Ne
2) B knaccudukanuu 3arpssHeHHocty (Khalikov, 2021).

Conepxanue [TIAY B TOHHBIX OCajKaxX peK, BMAJAIOLUIMX B 03€pO B 3TOM paiioHe, ObUIO 3Ha-
YUTENHHO MeHbIIe (Ha 1-2 mopsaka), o CpaBHEHUIO C JOHHBIMH OTJIOKEHUSIMU caMoro o3epa. Ta-
KM 00pa3oM, MOKHO CUMTATh, 4TO BKJIAJ noctymieHus [IAY peunsiMu cTokamu B 00ClIeyeMyo
aKBaTopuio 03. balikan He3HaYUTENEeH.

CnucoK MCTOJIb30BaHHOW JINTEPATYPHI:

Khalikov I.S., Makarenko A.A., Levshin D.G., Lukyanova N.N., Yakhryushin V.N. New Da-
ta on the Concentrations of Polycyclic Aromatic Hydrocarbons in the Sediments in the Coastal
Zone of Lake Baikal // Russian Journal of General Chemistry. — 2021. — Vol. 91, No. 13. — P.2817-
2826.

Khalikov I.S., Lukyanova N.N. Monitoring of Benzo(a)pyrene Pollution of Bottom Sediments
of the Lake Baikal in the Sites of Increased Anthropogenic Load over the Period from 2011 to 2021
// Russian Journal of General Chemistry. — Pleiades Publishing, Ltd. — 2022. — Vol. 92, No. 13. — P.
3134-3142.
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COCTAB HEKOTOPBIX HA®TAJIMHOB B TJOHHBIX OTJIOXKEHUAX
IOKHOT'O BAHKAJIA B PASHOE BPEMS I'OJIA
Xanukos U.C., Jlykvanosa H.H.
OI'BY «HIIO «Taiipyn», r. O6auHCK, Poccus
Khalikov@rpatyphoon.ru

Onpenenenne npuoputeTHbix [IAY B 1oHHBIX 0TiIOKEHMSAX o3epa balikan B HacTosiiee Bpe-
mst ipoBoautcst UIIM @I'BY "HIIO Taiipyn" (r. O6uunCcK) cuctematudecku ¢ 2011 roxa u sBis-
€TCsl Y4acThl0 KOMIUIEKCHOI'O 3KOJOTMYECKOI0 MOHUTOPUHIA COCTOSIHHMS o3epa Pocruapomerom
(Xanukos, 2020a).

Hadramua (NAPH), 1-metunaadramun (1-MeNAPH) u 2-metunnadranun (2-MeNAPH) or-
HOCSITCSL K TPYIINE HU3KOMOJIEKYISIpHBIX (2-saepHbix) [TAY, koTopble B mpuUpoaHOM cpene, B Oc-
HOBHOM, CBSI3aHBI ¢ HEPTHIO U €€ MpoAyKkTaMu. V3yueHue ocoOeHHOCTEN pacipeneseHus] MOJIEKY-
JISIPHBIX MapKepOB B COCTaBE JOHHBIX OTJIOXKEHHUH B IOCIIEIHEE BPEMsI SIBISIETCS] OJTHUM U3 HAIpaB-
JICHUI pa3BUTUS OPraHUYECKON T€OXUMUHU.

MatepuanoM 7S “CCiIel0BaHUM ABISIIUCH 65 Mpo0 TOHHBIX OTIIOKEHUH 10kHOTO balikana B
paiioHe BBIITyCKa KOMMYHAJIbHBIX OUYMCTHBIX CTOKOB T. baiikanbcka (monurona BIIBK) u ¢ponoBoro
ydacTka, pacnojiokeHHoro B 20 kM 3amajgHee, KoTopble Obuin oToOpanbl @I'BY "Hpxyrckoe
YI'MC" Bo BpeMsl BECCHHHX MOJICAHBIX T€OXUMUYECKUX ChEMOK (MapT) U OCEHHEH HKCIIEIUIINH B
centsiope 2022 roxa. B pabore s uneHTudukanum u koaumdecTBeHHOro onpenenenus NAPH, 1-
MeNAPH u 2-MeNAPH (cMm. Tabn. 1) ucnons3oBanu Meton BOXX ¢ gunyopumerpruueckum aetek-
TUPOBAHMEM, IIOCJIE IIPEIBAPUTEIILHON JKCTPAKLIUU C HCIOJIb30BAaHUEM IPOOOIOATOTOBKU
QUECHhERS u3 ananmu3upyemsix mpob (Xaaukos, 2020b).

Tabmuma 1 — Cpennee coaeprxkanue u uatepsai 3nadyeHuiit NAPH, 1-MeNAPH u 2-MeNAPH
B JIOHHBIX OTJIOKEHUSIX F0ykHOTO batikana (2022 r.)

Paiion | Mecsm or6opa, Cpennee, B ckoOKax uHTEpBaI (mMin-max)
otbopa (4ucno npo0) KoHueHTpammii IT1AY, Hr/r
NAPH 1-MeNAPH 2-MeNAPH

Tonuron | Mapr (28) 17,2+9,8 (2,0-36,3) 91443 (2,9-17,1) | 22,0£10,1(6,6-40,9)

BUBK | Cenrsops (31) | 12,047,4 (0,6-27,4) | 10,4+6,1(<0,5-21,4) | 22,5+11,9(1,9-40,7)
donosblit | Mapr (3) 19,8+5,0 (14,9-24.9) | 12,1£3,1 (8,6-14,6) | 24,9+7,1(16,7-29,3)
yuactok | Centsiops (3) | 7,3+4,9 (2,9-12,6) 6,243,0 (4,1-9.6) | 14,4+5,7(10,9-21,0)

Pe3ynbTathl O cpeiHEMY COJIEPKAHUIO U3yYaeMbIX HaQTAIMHOB B JJOHHBIX OCa/IKaX F0’KHOTO
baiikana moka3pIBalOT HE3aBUCUMO OT ce3oHa ciueayromuit pan: 2-MeNAPH > NAPH > 1-
MeNAPH. Oco0eHHOCTBIO CE30HHOIO0 M3MEHEHMsI cocTaBa Ha(TaIMHOB B JOHHBIX OTJIOKEHMSIX
nonurona BIIBK u ¢onoBoro yuactka sinsercs npeobnaganue NAPH B Becennee Bpemst otOopa
10 CPABHEHHUIO C OCEHHUM BPEMEHEM (CEHTSOPh), a B ciydae ¢ METHIHAPTATMHAMY dTa TeHICHIINS
MPOCIICKUBACTCS TOIBKO Ut hoHOBOTO ydyacTka. MonekynspHoe coorHomenrne NAPH/(NAPH+1-
MeNAPH+2-MeNAPH) B ocankax monurona BIIBK u ¢oHoBOro y4actka B BeceHHUI Ce30H CO-
craBisier 0,36 u 0,35 coorBercTBeHHO M yMmeHbluaercs a0 0,26-0,27 B ocennuid ce3oH. [lo-
BUIUMOMY, C pPOCTOM I[IOKa3aTejeil MUPOreHHOCTH B JIOHHBIX OTJIOKEHUAX 3HAUYEHUE
NAPH/(NAPH+1-MeNAPH+2-MeNAPH) ymenbIaercs.

Crnrcok UCOIb30BaHHON JIUTEPATYPBHI:

XanmukoB U.C., JIykpssnoBa H.H. Coneprkanne noJUIUKINYECKUX aPOMATUUECKUX YTIEBOO0-
POJIOB B JIOHHBIX OTJIOXEHHsX o3epa baiikam mo pesynbraram monutopunra B 2017-2018 rr. //
MexnyHapoIHBIH Hay4HO-HCCIIenoBaTeNbeKuil xypHai. — 2020a. — Ne6-2(96). — C. 69-73.

XamukoB N.C. TonuuukInyeckue apoMaTHYECKHE YIJIEBOAOPOAbl B JOHHBIX OTJIOXKEHUAX

bapenuesa u Kapckoro mopeit // BecTHUK OMOTEXHOIOTUU M (PU3HKO-XUMUYECKOH OMOJIOTUU HM.
10.A. OBunnnukosa. — 2020b. — T.16, Ne 1. — C. 13-19.
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NPUMEHEHHUE JAHHBIX /133 B HE®@TEI'A30BOM KOMIIJIEKCE AJIS1 KOHTPOJISA
OITACHBIX 'EOJIOT'NYECKHUX IMMPOLECCOB (HA ITIPUMEPE MAKAPOBCKOI'O
PAMOHA CAXAJIMHCKOM OBJIACTH)

Xapviouna A.C., Bopomvinyes K.J].

PI'Y nedrtu u raza (HY) umenu .M. I'yOkuna, r. MockBa, Poccus
kharybina.a@gubkin.ru

TpanccaxanuHckast TpyOOIIPOBOIHAS CHCTEMA — BAKHEHUIIHI 00BEKT HEeTEra3oBoro MpoeKTa
«CaxanuH-2», IMEIOIINN TpOTHKEHHOCTh O60s1ee 800 KM M COSTUHSIOMIMKN TOOBIYHBIC TIIATHOPMBI
Y TIPOM3BOJICTBEHHBIM KOMIUIEKC «[IpuropogHoe», riae MPOUCXOAWT CKWKCHHE ra3a U OTrpy3Ka
HedTu. Takas mpOTSKEHHOCTh TPYOOIIPOBOA HAKIIAIBIBAET PUCKHU, CBSA3AHHBIE C MOTEPSIMH YTIie-
BOJIOPOJIHOTO CHIPbS B PE3yJIbTaTe aBapUHBIX pa3inuBoB. CaxaluHCKHE TPYOOIPOBOJIBI pacroia-
ratoTcsl B CJIOXHBIX KIMMATHYECKUX W HHKEHEPHO-T€OJOTUYECKUX YCIOBUSX, OOYCIOBJIEHHBIX
MPOSIBJICHUEM OITACHBIX I'€OJOTHYECKUX MPOLECCOB — 3€MIIETPSICEHUM, CENEN, PEYHOM IPO3UU. YUET
JAHHBIX MPOLIECCOB MO3BOJIAET O00ECIEUUTh LIETOCTHOCTh TPYOOIPOBOAHON CHCTEMBI U JAET BO3-
MO>KHOCTb CJI€IaTh IPOrHO3 TEXHUUECKOI0 COCTOSIHUS CCIEAYEMOT0 00BbEKTA.

Oco0eHHO OMacHbIM C TOYKH 3PEHHS PUCKa MOPHIBOB TPYOOIpOBOa siBIsieTcs: MakapoBCKuit
paiioH. B manHOM cermeHTe TpyOOMpOBOJ HE TOJIBKO MepecekaeT 5 pa3ioMoB, 11 pek, umeromux
BaYKHOE MMPOMBICIIOBOE 3HAUEeHUE (pUC. 1), HO ¥ MPOXOAUT Yepe3 rOpHbIE TEPPUTOPHUH, AJII KOTOPBIX
BEIMK PHUCK (QOopMHpOBaHUS mepeurcieHHbx mporeccoB. (Kazakos, 2008) Ilostomy yuactok
TPaHCCAXaIMHCKOW TPYOONPOBOJHOM CHCTEMBI Ha TEPPUTOpUM MaKapOBCKOTO paiioHa, a TaKxke
110JI0Ca 3€MJIEOTBOJIA SIBJISIOTCS. OOBEKTAMH U3yUEHUS JTaHHOM paOOTHI.

Pucynox 1 — Yxkianka tpybornpoBojia B ceneBoM pycie peku [ynbka (Kazakos, 2008)

B npornecce KOMIUIEKCHOTO aHaIN3a MOJIOCHI 3¢MJIEOTBO/Ia TPAHCCAXATMHCKONW TpyOONnpoBOI-
HOW cHcTeMBbl Ha TeppuTOopuH MakapoBCKOro paiioHa, ObLIIO YCTaHOBIIEHO, UTO HauboJjee OnacHbI-
MH C TOYKHU BOS}IGﬁCTBHﬂ Ha pr601'IpOBOJII)I SABJISAFOTCS OIIOJISBHEBBLIC MPOUCCCHI U pEYHasA 3pO3Hs,
YYaCTKH IPOSIBIIEHUSI KOTOPBIX BBISBJIEHBI BIOJb IOJOCHI 3€MJIEOTBO/AA. B pamkax BU3yalIbHOTO
OCMOTpa TEPPUTOPUHU OOHAPYX)EHO 32 ydacTKa MPOSBIICHHS YPO3HOHHBIX MPOIIECCOB, KOTOPHIE ObI-
JIM y4TEHBI IPU TPOKIaaKe TpyOonpoBoaa. belin Mcmob30BaHbl IPOTUBOAPO3HOHHBIE MEPHI — pac-
CEeKaTeJId CKJIOHOB, Ta0MOHbI, KaMeHHasi HaOpocka. (XapbiOuHna, 2023)

CrucoK UCTIOIh30BAHHOW JIUTEPATYPHI:

KazakoB H.A., I'encuoposckuii FO.B. Dx30reHHble reofuHAMUYECKHE U PYCIOBbIE MPOLIECCH
B HU3KOTOpbe 0. CaxanuH Kak (akTopbl pucka ais HedrerazonpoooB «Caxanua-2» // I'eoskoo-
rust. UHxeHepHas reosorus, ruaporeonorus, reokpuonorus. — Ne6. — 2008. — C. 483-496.

XapeiOuna A.C., Banuyros .M., XKapkosa B.B., AdanacreB A.B. BrisiBiaenue reosxonoru-
YECKUX PUCKOB JKCILTyaTallud MPOM3BOJCTBEHHOro KoMmIuiekca «lIpuropomHoe» B pamkax Hedre-
ra3oBoro mpoekrta «CaxaimH-2» // 3ammura OKpyXaromei cpeapl B HePTEra3oBOM KOMIUICKCE. —
2023. —Ne 4 (313). — C. 34-41.
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POJIb ECTECTBEHHBIX U AHTPOIIOT'EHHBIX ®AKTOPOB B ®OPMUPOBAHUU
UXTUODPAYHBI U MPOJAYKTUBHOCTHU KYHUBBIIIEBCKOI'O BOJJOXPAHUJINIIIA
Hlaxuposa ®.M.*, Jlamwinosa B.3.%3, Huxumun O.B.?

'Bcepoccniickuii Hayuno-uccne10BaTeNbCKuii HHCTHTYT PIGHOTO XO3SHCTBA U OKeaHOTrpaduu,
Tarapckuii pumman ®I'BHY «BHUPO», «TatapctanHUPOw», 1. Kazans, Poccus
?Kazanckwuii (ITpuBomkckuii) denepanpHblii yHuBepcuTeT, T. Kaszans, Poccus
SHUucTuTyT npo6iem sxoxorun u Hexpononszosanus AH PT, r. Kazans, Poccus
shakirovafm@gmail.com

Kyii0bl11eBCcKOEe BOJIOXPAHWINIIE, PACIOJI0KEHHOE B IMPOMBIIUIEHHOM M T'YCTOHACEJIEHHOM
paiione cpennero I1oBOMKbs, OTHOCUTCA K BOJOEMaM MHOTOLEJIIEBOIO HA3HAUYEHUS U PEryIHpYyeET
6o1ee 90% BoaHbIX pecypcoB Oacceitna Bonru (Kyitosimesckoe. .., 2007).

3HauMTeIbHbIC H3MEHEHHs B COCTaBe pbIOHOro HaceneHus Ha Cpennelt Bonire npounsomu B
pe3ysibTaTe aHTPONOre€HHOro (IMAPOCTPOUTENBCTBO, AKTUBU3ALMUSA CYJOXOJ/CTBA, MCKYCCTBEHHAs
WHTPOJIYKIHS U Jp.) U €CTECTBEHHOTO BO3ACHCTBHS (INT00ANbHBIE KIMMAaTUYeCKHe N3MEHEeHHs ). B
paiione Oymymiero Bogoxpanmiuiia, Becrpedaics 51 Bun peio (Ky3nenos, 2008). I[Tepexpoitue Boi-
ru motuHaMmu JKurynésckoit I'9C n3meHuno ycinoBusi oOUTaHMs pbI0 M CYILIECTBEHHO M3MEHMIIO
UX COCTaB BO BHOBB co3/1aHHOM Bojoeme (Illakuposa u np., 2015 u ap.). ccnenoBanue 3a NpoHU-
KaOLMMH, aKKJIMMaTU3UPYEMbIMU U BBIPAIIIMBAEMBbIMU B BOJAOXPAHMIIUILE BUJAMU PbIO TIOKA3bIBa-
eT, uTo mporecc GpopmupoBanus uxtuodaynsl KyiObImeBCKOro BOJOXpaHWINIIA HE CTAOUITH3UPO-
BaH, OH IIPOJIOJKAETCS B YCIOBUSAX IPOHUKHOBEHHUS U PACCEIEHUS YyKEPOIHBIX BUIOB.

B HacTosiiee Bpemst B coctaBe uxtuodayHsl KyiObImeBcKoro BOZOXpaHIIUIIAa OTMEYAETCs
60 BUIOB pBIO, B UyKCIIe KOTOPBIX 19 BHIOB — BeemeHIbI, cocTaBistonue 31,7%, XOTs BUIOBOH CO-
CTaB BCEJICHLEB, MOSBUBIINXCS 3/1€Ch B Pa3HbIE T'OJbl U Pa3JIMYHBIM IIyTEM HAaCUMUTHIBAcT 24 BUJA,
HO HEKOTOPbIE U3 HUX B HACTOSIIIEE BPEMs y)KE HE BCTPEUAIOTCS B BOJIOEME, M HH(POPMAIIHS 110 HUM
orcyrctByeT (ILlakuposa u ap., 2023).

W3menenuit B nporecce popmupoBaHus uxtuodayHsl KyHObIeBCKOro BOIOXpaHWINIIA U
CaMOIIPOU3BOJIBHOTO BCEJIEHUS UYKEPOJHBIX BUIOB B 3KOCHCTEMY CIIEYET 0’KHJaTh B PE3YJIbTATE
CTPOUTENBCTBA HOBOT'O Tpy30BOro nopra (CBUSDKCKUN MYJIbTUMOIAIbHBIN JJOTUCTUYECKUN LIEHTD),
PacroJI0KEHHOTO Ha MEPECEUEHUN MEKIYHAPOJHBIX TPAHCIIOPTHBIX KOPUIOPOB CEBEp — IOT U 3a-
maj — BOCTOK, a BcTyruieHue Poccuu Bo BecemupHyo TOProByro opraHu3alyio NpeBpaTUT CO3/1aBa-
€MBIl LIEHTp IMEpPEBO30K Ipy30B Ui 1I0BOIKBA B KPYNHBIM NEPEBAIOYHBIA IYHKT JKCIIOPTHO-
MMIIOPTHBIX TPY30B - MEXIYHAapOJIHBIM TPaHCHOPTHBIM Kopuaop Mapuipyra Kwuraii—cesepo-
3anagHas EBpona.

HccnenoBanue nokasateneil pocrta U pa3BUTUS (PUTOIUIAHKTOHA, 300IUIAHKTOHA U 3000€HTOCA
Kyi10bI11eBckoro BoIoXpaHIINIIA BO BPEMs JIETHE-OCEHHUX cheMOK Bojgoema 2020-2022 rr. noka-
3aJ10 BO3MOXXHOCTU KOPMOBOIl 0a3bl B PBIOONPOIYKTUBHOCTH BOJOXPAHUIIUINA, KOTOPYIO MOXHO
MOBBICUTH 3a CUET MPOBEACHHUS LI€JICHANPABICHHBIX MEPONPUATUI N0 HOPMUPOBAHHIO UXTHOdAY-
HBI.

YacTh Hccae1oBaHUN BBINOJIHANACH 33 CUET CpeAcTB cyOcunui, BbiaeneHHON KazaHnckomy
beneparbHOMY YHHUBEPCUTETY JUIS BBITIOJIHEHHUS TOCYAApCTBEHHOTO 3a1aHus B cepe HaydHOil nes-
TenbHOCTH, poekT Ne FZSM-2022-0003.

Crnrcok UCOIb30BaHHON JIUTEPATYPBHI:

KyiiObleBckoe BOAOXpaHUIIMILE: SKOJIOTUYECKUE ACMIEKThl BOJOXO03SHCTBEHHOU AesITeNb-
Hoctu / [Tox pen. B.3. Jlateimosoii u np. — Kazans: @onuant, 2007. — 320 c.

KysnenoB B.A. Pei0b1 Bommkcko-Kamckoro kpasi. — Kazans: Kazan, 2005. — 208 c.

[Takupoa ®.M., CesepoB 10.A. BumoBoit coctaB uxtrnodayHbl KyHOBIIIIEBCKOTO BOJIO-
xpanwnuia //Bornpockr uxtuonorun, 2014. — T. 54, Ne 5. — C. 520-532.

[TakupoBa ®.M., CmupHoB A.A., Jlateimosa B.3., Anoxuna O.K., Banmuera I'.J[. 3mene-
HUE UXTHOIeHO03a KyHOBIIeBCKOro BOJIOXPAHMWINIIA HA COBPEMEHHOM 3Tarne (yHKIIMOHHPOBa-
HUS DKOCHCTEMBI Bojmoema // Dkonorusi pedyHbix OacceitHoB: Tpyner 11-if MexayHapomgHoi
Hay4YHO-TIpaKkTHUecKoi koHpepenuuu, Cy3nanb, 25-28 centsops 2023 roga / ITox oOmieii pe-
nakuet T.A. TpudonoBoit. — Brnagumup: Brnagumupckuii roc. yausepcuret, 2023. — C. 141—
151.
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HAITPABJIEHUS HEUTPAJIM3AIIMA A30THOTI'O TETPAOKCHUJIA
FOwyk P.B.Y, Kpacnobaesa J1.FO.?, Kopobeiinuxosa K.P.
1OI'BOY BO «MOCKOBCKHIA aBTOMOOHIIBHO-I0POXKHBIIl TOCYIaPCTBEHHbIH TEXHHUECKUH YHUBEP-
cutetr (MAZIN)», r. Mocksa, Poccust
2OI'AOY BO «PoccuiicKuii yHUBEPCHTET APYXObI HapoaoB nMenn ITatprca JIyMyMObI»,
r. Mocksa, Poccus
ura776@mail.ru, d.krasnobaeval@yandex.ru

IIpu skcrmyaTanuu pakeTHO-KOCMUYECKOW TEXHUKH HIMPOKO MCIOJIB3YETCSI KOMIIOHEHT TOII-
muBa — Terpaokcua azora (ammi, N204). B memsx obecriedeHUs] SKOJIOTHYECKOM 0e30macHOCTH
OCTaTKM JAHHOI'O KOMIIOHEHTa HEUTpaln3yloT. B Hacrosmiee BpemMs CyHIeCTBYIOT CIELYIOIIHAE Me-
TOJIbI HEHTpAIN3aUN aMUJIa: CKUTAaHUE, XUMUYECKHA, COPOLMOHHBINA. KaXkIplii M3 HUX XapaKTepH-
3yeTcs HeJOCTaTKaMH, MPEeXJEe BCEro, HEOOXOIMMOCTBIO HCIOJIb30BAHUS JIONOJHUTENIBHBIX Be-
IIECTB ¥ 00pa30BaHHEM BHIOPOCOB MIIM OTXOAOB IPOU3BOACTBA. [103TOMY OHM He B IOJHOI cTene-
HU OTHOCSITCSI K 9KOJIOTUYECKU O€30IaCHbIM.

AHanmu3 METOJI0B HEUTPAIM3alM1 IT0Ka3bIBAET, YTO LEIECO00Pa3HO IPOBEICHUE ITOUCKA CIIO-
coba, KOTOpbIil OyJeT COOTBETCTBOBATh IMOCTOSHHO Y>KECTOYAIOLUIMMCS MPUPOJOOXPAHHBIM TPebo-
BaHUSIM.

ITpu 0OBIYHBIX YCTIOBUAX TETPAOKCHU]L a30Ta HAXOIUTCS B PABHOBECUHU C IMOKCHJIOM a30Ta:

N204 <> 2NO2 + AH.

CocraB cMecH 3aBUCUT OT TeMIlepaTypsl U faBieHus. C yBelnnyeHueM TeMIepaTrypbl paBHOBE-
CHe CMemaercs B CTOpOHY auokcuaa azotra. N2Os mpakTHUECKH MONHOCTBIO JUCCOLMHPYET MpU
140°C. B stom ciryuae nosiBisiercst 3agada neiirpamuzanuu NO».

Helitpanuzanus nuokcuaa a3oTa UCMOJB3YETCS B PA3IMYHBIX OTPACHISAX NMPOMBIIUIEHHOCTH,
HampumMmep, ¢ momoibio ammuaka (JKasoponkos, 1987). OmHako mpuMeHEeHHEe aMMHaKa CBS3aHO C
HEOO0XO/AMMOCTBIO BBITOJIHEHHS JTOMOJHUTEIBHBIX MEPONPUSATHIA MO 00ECIEeYeHUI0 TEeXHOJIOTuYe-
CKOM M DKOJIOTHYECKOM 0€30MacHOCTH U YCIIOKHSIET TEXHOIOTUUECKHUH TPOIIecC.

Taxxke mpuMeHsieTcs crocod OYMCTKU JUOKCUIA a30Ta MyTeM €ro B3aUMOACWUCTBUS C yriie-
poJicoiepKauMi MaTepuaiamu (yroyib, Kokc, rpadut) nmpu temmneparypax 500—-1300°C (Poawmo-
HOB, 1989). CHmxeHue TeMiepaTypsl Ipolecca BO3MOXKHO 3a CUET MPUMEHEHHs BBICOKOAMCIIEPC-
Horo yriaepoaa (IIspxos, 2011). IIpu noBbllieHUH yIeNbHON IIOMIAAN MOBEPXHOCTU HCIIONb3Ye-
MBIX yIJIed MX aKTUBHOCTB CYIECTBEHHO BO3PACTAE€T U MHTEHCU(PHULIUPYETCS Pa3IOkKEHUE TUOKCH-
71a a30Ta.

Taxum 0Opa3oM, CyIiecTByeT BO3SMOXHOCTb UCIIOJIb30BAHNS AaKTUBHBIX YIJIel B TEPMUUYECKOM
crocobe OYMCTKM ra30BbIX BBIOPOCOB OT OKCHJIOB a3oTa. llenecooOpa3sHO paccMOTpeTh BO3MOX-
HOCTh HEHTpalIM3alluu JUOKCHIa a3oTa B AuanazoHe Temmeparyp 140...400°C. Bo3MoxHO cHMXKe-
HUE TEMIIEpaTypbl 3a CUET MCIOJIb30BaHMS BaKyyMHUPOBAaHMs, TaK KaK CMEUICHHE XMMHYECKOTO
paBHOBECHSI IPU JUCCOLMALIMM aMHja M B3aMMOAECWCTBMM JIHMOKCHUIA a30Ta C YIJIEPOJOM IpHU
YMEHBIIIEHNUH JaBJICHUS IPOUCXOJUT B CTOPOHY MPSIMBIX pPEAKIIUM.

Crnrcok UCOIb30BaHHON JIUTEPATYPBHI:

XKasoponkoB H.M. u ap. CnpaBounuk azorunka. — M.: Xumus, 1987. — 620 c.

Pomuonor A.U., Knymun B.H., TopodemankoB H.C. TexHuka 3aniuThl OKpY>KarOIICH CpeIb.
— M.: Xumus, 1989. — 171 c.

[TepxoB A.M., Pexmmnckuii B.A. u ip. Cioco6 04MCTKH ra30BbIX BEIOPOCOB OT OKCHAOB a30-
ta. [larent P® No2495708. 2011.
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FEATURES OF AIR COMPOSITION OVER SIBERIA AND THE KARA SEA IN 2022
Antokhina O.Yu., Antokhin P.N., Arshinova V.G., Arshinov M.Yu., Belan B.D., Belan S.B.,
Davydov D.K., Dudorova N.V., lvlev G., Kozlov A.V., Rasskazchikova T.M., Savkin D.E.,
Simonenkov D.V., Sklyadneva T.K., Tolmachev G.N., Fofonov A.V.
V.E. Zuev Institute of Atmospheric Optics SB RAS, Tomsk, Russia
bbd@iao.ru

The report presents the results of an experiment conducted in September 2022 on the aircraft-
laboratory Tupolev-134 Optik. Its goal was to study changes in air composition and characteristics
of the underlying surface, including water, in the Russian sector of the Arctic and Siberia, under
changing climate conditions by conducting synchronous ground, ship, aircraft measurements and
numerical modeling to determine trends in their changes for climate and socio-economic forecasts.
The Arctic experiment was carried out on September 8-11, 2022 and included measurements: on
the aircraft-laboratory Tupolev-134 Optik in the altitude range from 200 to 9000 meters, ship meas-
urements on the research vessel “Akademik Mstislav Keldysh” in the near-water layer and specially
organized at several points in the ground air layer on land, which were located along the flight
route: the Plotnikovo station (Tomsk region), the Mukhrino station (KhMAO), Beloyarsk
(KhMAO) and lake Kharalyangsedato (Yamalo-Nenets Autonomous Okrug).

Comparison of the data obtained with the results of previous experiments reveals significant
differences in methane concentrations and small differences for other gases and aerosols. It turned
out that against the backdrop of a global increase in methane concentration (Greenhouse..., 2022),
its content in the boundary layer in 2022 became 100 ppb less than in 2020. Although a general
trend towards an increase in its concentration in the free troposphere can be traced. An explanation
for this phenomenon is partially available in (Allen, 2022; Peng et al., 2022), where it is shown that
2020 was a special year, with an abnormally high release of methane from swamp systems, that is,
on land. The second surprise is related to the distribution of CO2. The data shows that there is al-
most no difference in CO2 concentrations between 2020 and 2022. This again contradicts the global
increase in carbon dioxide concentrations (Greenhouse..., 2022). The difference is only in the upper
troposphere and the boundary layer. And, obviously, in the boundary layer it is due to its more in-
tense absorption by the water surface. It is likely that 2020 was an anomalous year in terms of CO2
behavior. At least in the Russian Arctic. For other gases, such a big difference was not found.

The work was carried out according to the project of the Ministry of Education and Science of
the Russian Federation, agreement No. 075-15-2021-934.
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The features of the variability of seasonal statistics of heat and cold wave indices are analyzed
for two regions of the south of the European part of Russia: conventionally named North Caucasus
(NC) and Central Black Earth (CB), and for the south of Western Siberia (WS). The structure of the
waves is considered: geographical distribution of mean SAT anomalies on the territory of the Rus-
sian Federation during the periods of wave persistence, large-scale circulation conditions accompa-
nying heat and cold waves. In general, the structure of the tropospheric circulation for heat waves in
the south of the European Russia corresponds to the negative phase of the leading circulation mode
Eastern Atlantic — Western Russia (EA/WR). It is shown that during the months of long-term heat
waves over the south of the European Region, the statistics of the WAZR index significantly shifts
towards negative values, which are associated with positive anomalies of SST in the North Atlantic,
and the blocking anticyclonic activity on the territory of the European Russia sharply increases.

Trends in changes in heat and cold wave indices during the period of global warming and
decades-scale fluctuations are considered. Global warming is expressed as a general shift in the
temperature distribution function towards higher temperatures; in the absence of changes in the var-
iance of interannual fluctuations, this leads to an increase in the frequency of “warm” extremes and
a decrease in “cold” ones. These trends are generally observed for all regions considered: however,
the rates of change are strikingly different: while for the south of the WS the linear trend since 1976
is 0.4 days per decade, for the CB region it is 3 days, and for the NC region it is 5.5 days per dec-
ade: almost 14 times (1) faster than in the south of the Western Siberia and 2 times faster than in the
Central Black Earth region. The North Caucasus region raises very serious concerns in terms of in-
creasing drought risk. At the observed growth rate of the seasonal duration of heat waves, by the
middle of the century it can reach 35-45 days on average, i.e., values that have so far been observed
only in a few of the most extreme years. The situation in the Central Black Earth region is some-
what less critical: here by the middle of the century one can expect an increase of up to 25 days, i.e.,
approximately the current level of the North Caucasus region. At the same time, the situation in the
south of the Western Territory is significantly more favorable in this regard.

The downward trend of the EA/WR index observed in recent decades and the increase in SST
expected with warming increase the risk of drought in the main grain-producing regions of the Eu-
ropean Region. On the other hand, in the south of Western Siberia, heat waves are less frequent,
shorter lasting, and their maximum temperatures are on average 2—4°C lower than in the south of
the European Region. Apparently, it is advisable to use the results obtained on the differences in the
intensity and duration of heat and cold waves and their changes for the purpose of developing rec-
ommendations for Russian agriculture adaptation to the conditions of modern warming.
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AN INTEGRATED APPROACH TO SOLVING THE PROBLEM OF OPERATIONAL
ANALYSIS OF THE STATE OF VERTICAL STRATIFICATION
OF THE OCEAN ENVIRONMENT
Krasnodubets L.A.1?
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Dedicated to the blessed memory of the outstanding scientist and honored inventor,
made a significant contribution to the creation and development of the domestic environmental
instrument engineering, doctor of technical sciences, professor, head of laboratory of
Institute of Natural-Technical Systems
Vitaly Alexandrovich Gaisky

In recent years, Gaisky V.A. As the head of the laboratory, he paid a lot of attention to the de-
velopment of principles for constructing hydrostatic density meters of the ocean environment, right-
ly believing that the use of such devices as basic ones for probing the ocean strata will significantly
simplify the analysis of the state of stratification of ocean waters.

Vertical stratification of the ocean environment is manifested as a result of the formation of
horizontal layers of sea water with the same density at different depths. To analyze the properties of
vertical stratification, the following characteristics are introduced: vertical stability and Véiséla-
Brent frequency, which corresponds to thermohaline oscillations with a period caused by the verti-
cal movement of water masses. The calculation of the characteristics of vertical stratification can be
performed using known relationships

E=g(dp/dp), N> =gE, T =2n/N, (1)

where is p— the density of sea water; p — hydrostatic pressure; g — acceleration of free fall at the

latitude of the oceanographic station, the value of which also depends on the depth.
As follows from relations (1), the basic operation for determining vertical stability E and the
corresponding Vaiisdla-Brent frequency N is the calculation of the density p gradient of sea water

based on hydrostatic pressure p . This operation can be performed using a data array of the vertical

distribution of seawater density relative to hydrostatic pressure, constructed as a result of conduct-
ing and processing the results of an experiment in the area of an oceanographic station, or during a
profile experiment provided that the density of seawater is measured in situ.

Currently, profile measurements of water stratification characteristics are based on construct-
ing the vertical distribution of thermohaline parameters of the ocean environment — temperature T
and salinity S, depending on the depth D corresponding to hydrostatic pressure P . However, in
practice, direct measurements are performed only for seawater temperature and hydrostatic pres-
sure, and salinity is determined by an indirect method based on direct measurements of electrical
conductivity or sound speed in the medium under study. At the same time, the most important hy-
drological characteristic, density, which is necessary for calculating the main characteristics of strat-
ification, is also calculated indirectly using the equation of state of seawater TEOS-10 based on
measured thermohaline parameters in accordance with WOCE recommendations using CTD profil-
ers of the Argo float type, for example, SEACAT SBE 19 plus, the use of which requires significant
time expenditure for the experiment (at least a day to build only arrays of measurement data of CTD
parameters).

This is due to the peculiarities of profiling modes with low vertical velocities, which provide
acceptable dynamic distortions in the measurements of the temperature sensor, which has the largest
time constant compared to other sensors installed on board the CTD profiler.
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Thus, constructing the density distributions of sea water and the corresponding characteristics
of the vertical stratification of the ocean environment using the known method requires a significant
amount of time to conduct a profiling experiment and process the obtained data.

The purpose of the study is to develop algorithmic support for the automatic construction in
real time (during the movement of an autonomous marine profiling buoy) of distributions of stratifi-
cation characteristics, providing an express analysis of the vertical density structure of the ocean
environment immediately after the completion of the experiment at a specific oceanographic sta-
tion.

A significant reduction in the time required to obtain vertical stratification characteristics can
be achieved by increasing the vertical sinking speed of an autonomous sea profiling buoy and using
a method (method) for measuring the density of sea water directly during the profiling process. The
speed of profiling can be increased by excluding the link with the highest time constant — the tem-
perature sensor — from the information-measuring channel of the on-board equipment, as well as by
using the method of dynamic measurements of the vertical profile of the density of seawater as a
function of hydrostatic pressure, which is based on the use of a diving profiling buoy equipped with
an onboard system for measuring the trajectory parameters of its vertical movement (Krasnodubets,
2022). However, this method requires measuring the density of sea water on the ocean surface in
the area of the oceanographic station as an initial value for the procedure for calculating the current
value of seawater density, which makes it difficult to use if automatic measurements are necessary.
To eliminate this drawback, it is proposed to use a liquid density meter (Gaisky, 2023), including it
in the profiler.

As a result, it becomes possible to obtain synchronous measurements of the density of sea wa-
ter and the corresponding values of hydrostatic pressure during the profiling process and, on this
basis, to calculate the elements of distributions of vertical stratification characteristics, forming the
corresponding digital arrays in the on-board storage device, almost in real time.

The study was supported by state assignment of Institute of natural and technical systems
(Project Reg. No. 121122300070-9 "Development of new tools and measuring information technol-
ogies for natural water research").
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SECTION 1

METHODS AND TOOLS FOR MEASURING
OF NATURAL ENVIRONMENT PARAMETERS
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IMPROVEMENT OF THE EMERGENCY CONTROL SYSTEM
USING LORA TECHNOLOGY
Chachev D.R., Sosnovskiy U.V., Milykov V.V.
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A significant direction in the development of environmental control systems is the current
monitoring of agrometeorological indicators, as well as events related to the safety of the monitored
object.

The paper discusses the practical implementation of emergency monitoring of distributed ag-
ricultural facilities using wireless solutions. The developers were tasked with creating a monitoring
system for alerting about emergency conditions of distributed agricultural facilities. The practical
task is to organize the transmission of warning signals to a local monitoring point for a group of ag-
ricultural objects, as well as to transmit a signal to a control center from more than 10 groups in real
time. Also, the terms of the technical specifications determined that it was impossible to interfere
with  the existing local control system, located separately at each facility.
The distances between objects in a group do not exceed 400 m, and between groups - up to 1500 m.
At the same time, the control center is removed from the groups in such a way that the average dis-
tance from the groups to the control center is 2300 m.

An analysis of options for using wired solutions that require cable laying, as well as available
technologies and hardware modules, including ZigBee, GSM, Wi-Fi with a number of additions,
was carried out. One of the most effective solutions in this case may be spread spectrum data trans-
mission technology, an example of which is LoRa (Augustin et al., 2016). Hardware and software
solutions (modules) LoRa have a data transfer rate of 0.3-50 kb/s, operating range in real conditions
is up to 15 km, depending on the settings.

The required configuration parameters of Semtech SX 127x wireless modules (S. Corpora-
tion..., 2017) for a given range were calculated based on the signal loss formula adjusted to real city
conditions (Linka et al., 2018). Taking into account the distances at the site, a margin of 7 dBm re-
mains on the receiving side, provided that standard antennas are used, the gain of which is taken to
be 0 dBm.

To evaluate the reaction time, as well as the level of the received signal in real field condi-
tions, mobile stands were assembled, consisting of Lora RA-01 (SX1278) modules, standard anten-
nas, a power subsystem and a control computer. The measurements were carried out during a site
visit. According to the results of the experiment, the system'’s response time to an event in the worst
case, provided that packet collisions are simulated, does not exceed 10 seconds, and the signal level
in the worst measurement at the most distant object was -114 dBm, which is slightly better than
theoretical calculations and fully meets the requirements for the system.
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PROGRAM QAVIS FOR EXPRESS ANALYSIS OF IMAGES AND VIDEOS:
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At POl FEB RAS, the QAVIS (Quick Analysis of Video and Images for Scientists) program
for express analysis of images and videos has been developed and is used in research. The program
provides the user with a set of tools with which he can, in real time, quantify spatial or temporal
patterns in images and videos observed on the computer screen. At the institute, the program is used
to assess the hydrological and biological parameters of the state of coastal waters based on the anal-
ysis of video broadcasts from several surface and underwater IP cameras installed in Peter the Great
Bay (Sea of Japan).

For the tasks of assessing the characteristics of surface waves, two tools are most effective.
The Brightness tool measures the average brightness in a local area of the screen specified by the
user. If the instrument is installed on a sea stage in an area through which the wave process passes,
then the signal of a change in the brightness of the light b(t) reflected from the water towards the
camera, caused by a periodic change in the inclination of the waves passing through the instrument,
carries information about the frequency properties of the real wave signal h( t), and therefore can be
considered its estimate. The Correlation tool calculates and displays the cross-correlation function
between pairs of video frames - initial and current, in a user-specified area. If there is a marker ob-
ject in the analysis area, for example a buoy on the surface of the water, then the maximum correla-
tion tracks the displacement of the object in the field of view of the frame relative to its initial posi-
tion. The program saves the sequence of these displacements to the output file in the form of a tem-
porary signal of marker movements. In a situation with a buoy, the vertical component of its move-
ments can be considered as a direct estimate of the wave signal h(t). In the process of working with
data from the scientific video surveillance system we deployed in Peter the Great Bay, several more
methods were used to evaluate wave signals and sea level fluctuations. The most accurate of them is
the technique using the so-called. video wavemeters, in which horizontal movements of markers are
strictly limited, which can introduce an uncontrolled addition to the signal of vertical displacements.
In winter, observations of vertical movements of the ice surface are regularly carried out. They al-
most always reproduce seiche oscillation components of bays recorded in summer. A number of
methods have been developed and used for assessing variations in underwater currents based on
tracking the movements of artificial and natural markers on broadcasts from underwater cameras.
Horizontal motion signals were found to be significantly correlated with surface wave signals syn-
chronously measured using surface cameras.

One of the tasks of underwater video surveillance systems is to monitor the state of marine

biodiversity. The QAVIS program was used to record the respiratory rhythms of sedentary fish and
the periodic movements of the limbs of barnacles to pump fresh water with oxygen and nutrients
into their shells.

The program is compact, easy to deploy and use. With its help, users can organize long-term
continuous monitoring of marine processes in the coastal zones of the World Ocean right at their
workplaces, if someone has installed video cameras there that continuously broadcast marine scenes
to the Internet. The report will discuss several examples of such observations.
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Prompt identification of the effects of external interfering factors influencing the behavioral
and/or physiological reactions of aquatic organisms and preventing the generation of false alarm
signals is an urgent task in the development of an automated early warning biosensor complex for
environmental monitoring of the aquatic environment (Grekov, 2019) and ensuring continuous
measurement of current fluctuations in the functional activity of biosensor organisms both in artifi-
cial and in any natural conditions (Trusevich, 2021) with control and filtering of the effects of ex-
ternal interfering factors, such as temperature, salinity (electrical conductivity), illumination, dis-
turbance, current and noise affecting behavioral and/or physiological reactions of aquatic organ-
isms, and identifying the degree of their deviations from the norm, in order to increase the accuracy
and reliability of the indication of environmentally hazardous environmental changes, primarily tox-
ic pollution. Therefore, the task of studying and assessing the impact of acoustic and vibration sig-
nals on Black Sea mussels is urgent.

The studies were carried out in laboratory conditions using a developed experimental setup
consisting of an aquarium containing a life support system that circulates water and enriches it with
oxygen, a time interval generator that produces a generated electrical signal with a certain duty cy-
cle, a vibroacoustic signal source, and a two-channel generator voltage and frequency, a low-
frequency power amplifier, a mussel colony unit connected to a multi-channel mussel activity meter
having mussel fastening units and fixation sensors with a mussel valve opening converter into a
code, a telemetry unit having a measuring frame former controller and data transmission units.

The developed experimental setup works as follows. The time interval former creates a gate
once every 30 minutes to turn on a source of vibroacoustic signal lasting 2 minutes. An electrical
signal of a certain frequency is generated in the vibroacoustic signal source, which is fed through a
power amplifier to an electroacoustic transducer. The generated vibroacoustic signal from the elec-
troacoustic transducer spreads through the wall of the aquarium in the water, affects the colony of
mussels and the primary vibration-acceleration transducer, in which it is digitized.

As a result of the research, assessments were made of the impact of acoustic and vibration
signals of various frequencies, duty cycles and amplitudes on Black Sea mussels, which made it
possible to determine the technical characteristics of acoustic vibration sensors required for installa-
tion in an automated marine biosensor early warning system, and to use the developed methodology
in signal processing to increase selectivity response to pollutants.
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Salinity is one of the parameters of sea water that cannot yet be directly measured in situ
(Grekov, 2018). Until now, all known, existing or promising, methods for determining salinity are
indirect. The purpose of this work is to find the maximum sensitivity coefficients in order to assess
the uncertainty of the sensors of the input values used in indirect methods for determining salinity.

In order to compare different measuring channels used for indirect determination of salinity,
the uncertainty ratios of real and theoretical (calculated) sensors were obtained for a conditional
basic level of salinity uncertainty (0,002 or 0,002 g/kg). The study presents the values and ratios of
real and calculated uncertainties of sensor input quantities for this conditional level for four meth-
ods:

1) Sp(C, T, P) — relative conductivity method (RCM);

2) ¢(Sa, T, P) — sound speed method (SSM) (Grekov, 2017);

3) p(Sa, T, P) — density method (DM) (Grekov, 2019);

4) n(Sa, T, P, W) — refractive index method (RIM).

The best correspondence between the real and calculated uncertainties of sensors of input
quantities has the RCM method, and the SSM has the largest conditional relationships between the
uncertainties of real and calculated sensors and can be considered promising for use instead of
RCM, in areas with high variability of the structure of the salt composition, which, in particular,
refers to the shelf zone of oceans and seas. The DM and RIM methods are practically equivalent to
each other in their relationships with real data and, in terms of their accuracy characteristics, occupy
an intermediate position between the RCM and SSM, but closer to the RCM. The RIM method can
be considered realizable, and the DM method can be considered conditionally realizable, because
There are no sensors to measure density in situ yet.
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Currently, the calculation of seawater density is primarily carried out using indirect methods:
standard instruments measure pressure, temperature, salinity, relative electrical conductivity, and
density is then calculated using the thermodynamic equation of state for seawater, TEOS-10. How-
ever, this approach has certain limitations due to the variability of the salt composition of the
world's oceans, which requires regional corrections that do not fully solve the problem. The Labora-
tory of the Institute of Natural and Technical Systems is developing a device for measuring local
density of liquid, which allows direct measurements of local density using only sensors for differen-
tial pressure and temperature. The development is based on a basic model of a single-channel meas-
uring device (Gaisky, 2023) but differs from it in simultaneous use of two reservoirs with reference
liquids of different densities, which compensate for the variation of gravity acceleration at signifi-
cant depths. Figure 1 shows the structural diagram of the two-chamber local density measuring de-
vice.

Within the required standard density measurement range of 1,01000-1,03000 g/cm, the ex-
pected measurement accuracy is 0,00001 g/cm?, which corresponds to a relative accuracy of 5x10™.
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Figure 1 — Structural diagram of the two-chamber local density measuring device, 1 — differential
pressure sensor, 2 — reference liquid with density p,,, 3 — reference liquid with density p,,,

4 — measuring container, 5 — siphon, 6 — temperature sensor, 7 — H — immersion depth of the device,
8 — h — measurement base

The proposed approach to the design of density measuring devices aims to eliminate limitations
associated with the variability of the salt composition of the world's oceans and provide more accurate
measurements that do not require verticality during probe immersion. Further development and appli-
cation of such devices can significantly improve our understanding of the distribution of seawater
density and its physical properties.

The study was supported by state assignment of Institute of natural and technical systems
(Project Reg. No. 121122300070-9 "Development of new tools and measuring information technol-
ogies for natural water research™).
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Emerging and future technologies of environmental monitoring are ultimately turned to online
systems of automatic and continuous monitoring coupling of environmental data parameters with
bioindication. Serial oceanographic probes are successfully used for continuous monitoring of hy-
drological, physical and some chemical parameters of the aquatic environment. However, a proper
ecological (hydrobiological) probe, necessary for online biomonitoring of water quality and envi-
ronmental safety control, has not been developed yet but this probe and the technology are in the
initial stage of worldwide development by a few of scientific groups.

The fact is that the task of creating a technology for automatic monitoring of the water quality
in the natural environment is much more complicated than the use of biological online control at
water supply stations. Online biomonitoring is based on organism - biosensor responses and re-
quires mandatory comprehensive fundamental research into the activity of monitor -organism in
natural conditions (in addition to laboratory experiments).

When exploring of various technical systems for online biomonitoring of the aquatic animals
activity, it was, in particular, discovered that the selection or development of adequate, reliable and
easy-to-use sensors is a key point for the online recording technique, including for the hardware -
software complex for online biomonitoring (HSC OBM) and bioindication we developed (Gudi-
mov, 2020)..

It has been established that the electromagnetic sensors used in domestic and foreign ana-
logues for recording the behavioral activity (gaping) of bivalves, like the conventional cardiac sen-
sors for invertebrates, are mainly reliable under controlled conditions, but have a number of disad-
vantages that complicate the setup and operation of the system; and which can make troubles for
long-term use of the complex in real natural conditions, especially, remote areas.

In addition, existing sensors are completely unsuitable or of little use for small invertebrates,
which make up the majority of species diversity in marine and fresh waters. The need to develop
and apply sensors of a different type is obvious.

One of the potential materials that are promising for the design of new types of sensors is fer-
roelectric ceramics, which is highly sensitive to weak movements and vibrations. The main problem
is that the properties of ferroelectric ceramic products in regard to the possibilities of their use for
recording weak vibrations in the aquatic environment have not been explored yet.
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FEATURES OF TRANSFORMATION OF ENERGY
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Economical and ecologically safe wind electric plants present modern direction in development of
electro energy. In (Dologlonyan, 2022) the perspective method of transformation of energy of wind is
offered for the reliable energy supply of users in changing wind terms. The wind electric plant contains
a wind turbine and electric machine, mechanically connected with the revolved loading and connected
to the electric network, figure 1. There are of interest features of transformation of power of wind in
electric power of the electric system and in mechanical power of loading.

Electric part of wind plant is described equalization of electric machine

RcE=1g ‘[RE “(Re +Rg) + RCRB]_ ReUc + (Re +Rg)U5, 1)

do . . . - . o .
where Ug =W at is tension of excitation; W it is a number of coils of puttee of excitation; @(lz) it

is a magnetic stream; g, Rg itis a current and resistance of excitation; E(k,Q2, @) — EMF, depending
on speed of rotation of wind turbine Q; K, it is a transitivity reducing gear from wind turbine to the

electric machine; lg, Rg it is a current and resistance of anchor of electric machine.
Equation of wind turbine is presented by equality of mechanical moments
dQ

where the first element is a dynamic moment of wind turbine; Mg (l¢, @) it is a moment of electric
machine; M, (k,€2) it is a moment of loading; K, it is a transitivity reducing gear from an electric
machine to loading; Mg; (2,0,V) it is a rotary-type moment of wind turbine; o it is a corner of set-

ting of its blades; V it is speed of wind. The mode of operations of wind plant is determined speed of
wind V (t) on the basis of decision of equations (1), (2), figure 2.
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Figure 1 Flow-chart of wind electric plant Figure 2 Mode of wind electric plant

On a figure 2 the power parameters of the mode of the wind electric plant are showed during four
characteristic time domains. On an interval from 0 to 4 minutes considerable wind, and loading, excita-
tion and network take in power of wind turbine. On an interval from 4 to 6 minutes, loading is turned
off, and all of power of wind turbine is taken in a network and excitation of machine. In the followings 2
minutes, loading is restored, and speed of wind falls. Now along with a wind turbine power is generated
a network. On the final interval of supervision speed of wind falls to the zero, and all of power is gener-
ated a network. An electric machine serves as only the mean of passing to power from a wind turbine
and network to loading and on excitation.
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The purpose of this study is to develop an algorithm for detecting anomalies in the activity se-
ries of bivalve mollusks. Due to the increasing load on water bodies against the backdrop of indus-
trial development of mankind, urbanization, and agricultural development, such studies are ex-
tremely relevant. The developed software algorithm for detecting anomalies will be included in the
software of the automated biomonitoring complex for the aquatic environment.

The initial information for the development of the ARIMA predictive model was the activity
data of the freshwater bivalve mollusks Unio pictorum (Linnaeus, 1758), obtained for the period
March-April 2017. The data was obtained from an author’s complex of automatic biomonitoring of
the aquatic environment based on recording behavioral reactions bivalves (Grekov, 2019).

Time series modeling was carried out using the SARIMA model (ARIMA model with a sea-
sonal component).

The work was carried out in stages:

1. Decomposition of time series to determine the seasonality dimension “m”.

2. Determination of the optimal model, that is, determination of the parameters of the SARIMA
model: p, P, d, D, g and Q.

3. Construction of the SARIMA model using the optimal parameters determined in step 2.

4. Data forecasting.

5. Evaluation and analysis of results.

As a measure for detecting anomalies in the data, we will use the root of the mean squared er-
ror (RMSE — Root mean squared error).

Data analysis was carried out in the Python programming language (V3.9.12) using the scikit-
learn machine learning package (V 1.2.2) and the statsmodels package of statistical models (V
0.14.0).

An anomaly detection algorithm has been developed.

Calculating the threshold for the RMSE value at each averaging time (from 5 to 30 minutes)
of the data made it possible to determine the response time of the algorithm when an anomaly is de-
tected.

The study was supported by a grant from the Russian Science Foundation Ne 23-29-00558,
https://rscf.ru/project/23-29-00558/.
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This research paper presented the concept, design and construction of the device to thermo-
gravimetric measurements and the results of tests carried out on wood pellets. The purpose of this
paper is to study the characteristics and thermal degradation behavior of wood pellets for biofuel
production via gasification technology. The elemental properties of the feedstock were character-
ized by an elemental analyzer while thermal properties were investigated using thermogravimetric
analyzer (TGA). The gasification processes were being carried out at room temperature up to 900°C
in the presence of nitrogen and air as gasification agents, gas flowing at 500 ml/min. The investigat-
ed parameters are particle sizes and heating rate. The particle size used is in the range of 425 to 500
um. The heating rate applied is 10°C/min. Sample weights were varied from 0,5 to 1 gram, and a
stainless - steel tray was used for the test. The further part of the paper contained the results of the
tests carried out on wood pellets in the form of thermogravimetric curves. These studies are con-
ducted by looking at opportunities to improve the energy efficiency of the gasification process of
biomass.

Figure 1 — Overall construction of experimental apparatus
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MATHEMATICAL MODEL OF OPTIMIZATION OF INFORMATION LOGISTICS
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Modern network infrastructures of any level require solving complex problems of ensuring
both reliability and throughput. Solving the complex task of managing and dispatching the infor-
mation infrastructure causes the problem of taking into account a variety of dynamic, heterogeneous
characteristics.

The presence of a large number of characteristics that affect the operational characteristics of
network traffic flows requires the development of new specific modeling and decision-making
methods, numerical methods, decision-making under conditions of uncertainty, risks, operations
research in a fuzzy formulation using probabilistic evaluation criteria.

Systems operating in the "swarm™ mode, based on a network—centric model, cause a number
of problems related to the dynamism of the "swarm™ itself - the number of components, its connec-
tions and their states, the versatility of the use of technologies, mutual influence, the use of the syn-
thesis method [1,2] and a number of other aspects make modeling tasks, optimizing the construction
of structures and decision-making is difficult not only from the point of view of obtaining the indi-
cators themselves, but also from the point of view of choosing methods for obtaining them.

To solve this problem, it is planned to use a polymodel complex of functional tasks for opti-
mizing information logistics, taking into account all the specifics of the identified issues.

The achievement of the task is ensured by using a matrix of model solutions, and also in-
cludes a model for discrete optimization with a multi-index structure of basic functional tasks and
basic stochastic models of a polymodel complex.

In turn, the model for discrete optimization with a multi-index structure of basic functional
tasks and basic stochastic models of the polymodel complex are based on models for maximizing
the noise immunity of transmitted messages, minimizing time losses associated with ensuring in-
formation exchange, minimizing the cost indicators of information traffic and maximizing the relia-
bility functions of network traffic.
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Methane (CHg) is the second most prevalent greenhouse gas after carbon dioxide. Its concen-
tration in the atmosphere has been increasing at an accelerated rate in recent years, primarily at-
tributed to anthropogenic activities. At present, it is feasible to quickly assess atmospheric methane
levels using information provided by the European Space Agency's Sentinel-5 Precursor satellite.
Access to the data and key operations were conducted through the Google Earth Engine cloud plat-
form. Maps were created using QGIS 3.12. Data processing was carried out using Statistica 10.0
and MS Excel 2007.

As an example, a map of the averaged methane content over the the Republic of Tatarstan ter-
ritory in 2023 (from January to October) is presented, along with the indicator's trend from 2019 to
2023 (Figure 1). On average, methane concentration in 2019 was 183748 (mean + standard devia-
tion), in 2020 — 1851+13, 2021 — 1867+13, in 2022 — 1871411, and in 2023 — 1879+11 ppb (parts
per billion), respectively.
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Figure 1 — Average methane concentration in the atmosphere over the Republic of Tatarstan territo-
ry in 2023 (left) and the indicator's monthly dynamics from 2019 to 2023 (right)
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There is a trend of increasing annual methane background levels. For instance, in comparison
to the year 2019, the concentration on the territory of the Republic increased by 2,3% in 2023. Ad-
ditionally, substantial monthly variations in background methane concentrations are highly noticea-
ble (with the highest values occurring in autumn and the lowest in the spring season). A statistically
significant (p<0,01) inverse relationship between atmospheric methane content and the degree of
forestation of the area and a direct relationship with the percentage of pastures in the region have
been identified. It is worth noting that despite the convenience of working with Sentinel-5 Precursor
satellite data, due to the strong influence of cloud cover on methane measurements, it is advisable to
map its concentration with long-term averaging (monthly, seasonal, annual).

This work was funded by the subsidy allocated to Kazan Federal University for the state as-
signment in the sphere of scientific activities (No. FZSM-2022-0003).
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Air pollution is one of the primary factors negatively affecting both public health and the en-
vironment. Therefore, a comprehensive atmospheric monitoring system is needed, which includes
the assessment of the concentration of individual substances. One of the efficient ways to carry out
environmental monitoring is satellite remote sensing, for instance, using the European Space Agen-
cy's Sentinel-5 Precursor spacecraft. Within the scope of this study, a nitrogen dioxide content esti-
mation within the troposphere over the Republic of Tatarstan territory was performed in 2023 (from
January to October). Access to the data and primary operations were carried out using the Google
Earth Engine cloud platform. Maps were created in QGIS v.3.12. The processing of the acquired
data was performed using the Statistica 10.0 software.

In Figure 1, a map of tropospheric nitrogen dioxide pollution in the Republic of Tatarstan for
the year 2023 is presented. On average, the nitrogen dioxide content was 25+6 umol/m? (mean =+
standard deviation), ranging from 17 to 77 pmol/m? with a variation of 60 units.
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Figure 1 — Averaged nitrogen dioxide concentration in the troposphere over
the Republic of Tatarstan territory in 2023 based on satellite monitoring data

Due to the contrast between natural and anthropogenic sources of pollution, NO> is a conven-
ient atmospheric component for satellite-based mapping. As seen in the figure, major metropolitan
areas, such as Kazan, Naberezhnye Chelny, Nizhnekamsk, and Yelabuga, are the primary contribu-
tors to nitrogen dioxide pollution in the troposphere over the Republic. Owing to the high density of
vehicular traffic and the abundance of industrial facilities, these areas display significantly higher
concentrations of this gas, far surpassing background levels.
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APPLICATION OF OPTICAL DISPLACEMENT MEASUREMENT METHODS
TO MONITOR ENGINE VIBRATION
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In modern realities, many propulsion units operated at water treatment facilities, water supply
systems, and the mining industry of Sevastopol and Crimea have significant wear and require in-
creased vibration control.

Monitoring can be carried out on an ongoing basis or periodically, depending on the im-
portance of the object or the degree of its wear and tear. Particular attention should be paid to tran-
sient processes, such as starting and stopping motors, due to their passage through resonant fre-
quencies and a significant increase in the oscillation amplitude. The main task of monitoring is to
identify changes in the vibration state of mechanisms and structural elements, and to prevent or
minimize the consequences of man-made accidents.

As part of the work, there was made a study of the possibility of using two non-contact optical
methods for monitoring the states of objects to measure the frequency composition and vibration
amplitude of electric motors.

The photomodulation control method using thin films (Nurzai, 2022) and the laser speckle
correlation method (Elugachev, 2023) were used. The test objects were used are: laboratory vibra-
tion stand UP-709, a laboratory installation for studying industrial vibration with an eccentric motor
shaft, and an asynchronous motor paired with a DC generator.

Bpes, [bi] Engine stop
213

163 HH I

113 ‘

63

N

13 T T T

1,5 1,8 2,2 2,5 2,8 3,2 35 38 42 45 4.8 52 55 5.8 5":{"““2
ime

Figure 1 — Vibration during engine stopping, recorded by photomodulation method

Both methods demonstrated high identical readings, and in the opinion of the authors of the
study, they can be used for periodic express monitoring of the vibration state of industrial engines.
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In off-shore wind and wave power-stations the electric systems present difficult up-diffused
the aggregate of generators and transformers, connected by cable networks. The analysis of the
modes in the similar systems is executed on the mathematical models of machines, cables in which
equivalent resistances are taken into account and to inductance of tendons of cables (Oleynikov,
Kanov, 2022). Actual to the present tense is a task of analysis of the electro energy modes taking
into account lengths and in-out parameters of cables, examined as electric chains with the up-
diffused parameters (Bessonov, 2012).

A research purpose is a construction of method of mathematical design of process of passing
to energy on extensive cables taking into account the unevenness of distributing of their parameters
on length.

On figure 1,a the simplified flow-chart of off-shore power-station is represented with a few by

a synchronous wave and by wind generations with tension Uy =660 V, tie a cable with the water-
side power system of variable tension U, =380 V. For calculation length of cable parts on 10 in-
tervals. The specific values of inductance and capacity of cable are fixed permanent: L, =318

mkGn/m; C, = 0,44 mkF/m. The graphs of dependences of specific resistance and conductivity on

length of cable are resulted on figure 1,b, where the possible changes of these parameters are taken
into account from a temperature and humidity of environment.

Taking into account scope terms in points connection of homogeneous areas of cable and on
terms at the beginning and end of cable the algorithm of calculation of tensions is built, currents and
powers in the elements of the system and on length of cable. By virtue of individual wind terms of
every setting taken into account displacement on the phase of tensions of generators displaced on a
phase from each other.

On figure 2 the results of calculation of powers are showed on length of cable in the moment
of time through 5 seconds with from the beginning of supervision, Picture shows that, in spite of
considerable vibrations of active-powers, produced generators, a total active-power, transferable in
a network, tests small vibrations only. Considerable part of active-power is lost in a cable, that is
explained the choice of specific parameters of cable, in particular, longitudinal resistance and trans-
versal conductivity. Distributing of reactive-power along a cable has the brightly expressed wave

character with considerable amplitudes of standings waves.
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Measuring the density profile is a crucial component of oceanographic research, providing data on
the vertical distribution of seawater density. This information is essential for understanding hydrody-
namic processes in the ocean, predicting climate change, and studying marine ecosystems. Currently,
several schemes using pressure sensors are employed for measuring density profiles. For example, Fig-
ure 1 illustrates a construction proposed by Fedotov (Fedotov, 2013), utilizing four pressure sensors ar-
ranged in a triangular pyramid configuration. However, existing schemes have drawbacks such as high
cost and complex mechanical systems, as well as the need for compensating for angular oscillations dur-
ing freefall. Therefore, the development of new methods for measuring density profiles that are more
efficient, affordable, and user-friendly is highly relevant.

Figure 1 — Pressure sensor arrangement

To address these challenges, a design with two pressure sensors and one accelerometer is pro-
posed. There is a wide selection of suitable accelerometers available, with the necessary resolution
in all three dimensions and various output interfaces. Additionally, the optical method based on
measuring the refractive index of light as a function of seawater density is considered. This method
involves using two pentaprisms and a beam deflection sensor (position sensor) with high resolution.
Currently, there are optical linear sensor-photoreceivers with resolutions of up to 80,000 points per
inch.

A density profile measurement device with a similar design is more suitable for sounding de-
vices such as "ISTOK" and others. The practical aspects discussed in this paper can serve as a foun-
dation for the development of convenient and effective tools for scientific research in the field of
oceanography and hydrodynamics. Measuring density can provide valuable information about the
vertical distribution of water masses, significantly enhancing our understanding of ocean processes.

The study was supported by state assignment of Institute of natural and technical systems
(Project Reg. No. 121122300070-9 "Development of new tools and measuring information technol-
ogies for natural water research™).
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AUTOMATED LABORATORY STAND FOR STUDYING THE INFLUENCE OF
INHOMOGENEITIES IN WATER ON THE OUTPUT SIGNALS OF THE DEVELOPED
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The development and creation of measuring channels intended for in situ operation is associ-
ated with many difficulties. Firstly, the measuring channels must be close to the standards in their
metrological characteristics, and in terms of technical capabilities they must withstand high pres-
sures and operate in aggressive conditions, for example, in sea water. Fulfillment of such require-
ments will make it possible to detect various pollutants in fresh and sea waters and determine their
levels not only on the surface, but also at great depths. For this purpose, in the laboratory of hydroa-
coustic and optical methods and means of monitoring the state of the environment of the Institute of
Natural and Technical Systems, an automated laboratory stand was developed and created, in which
various measuring channels were installed, both developed by the authors and purchased. At this
stage, the stand includes the following measuring channels: propagation speed, absorption, scatter-
ing and attenuation of acoustic signals, electrical conductivity of sea water, electrical impedance,
water temperature, optical density and transmittance. Software has been developed, tested and in-
stalled on a PC for all measuring channels. In the future, the stand will be improved and equipped
with additional measuring channels, which will allow us to explore, model and formulate the struc-
ture and determine the expected technical capabilities of future multifunctional information and
measurement systems designed to operate in harsh marine conditions, with high sensitivity and ac-
ceptable uncertainty.

The structural and functional diagram of the automated laboratory stand is presented in Fig-
ure 1.
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Figure 1 — Structural and functional diagram of an automated laboratory stand
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HYDROGELS - NEW GENERATION SORBENTS IN NATURAL WATER
MONITORING FOR COMBINED ANALYSIS METHODS
Senin V.G., Mikhailova A.V., Kuzmina T.G., Simakina Ya.l., Senin P.V.
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Weakly cross-linked polymer hydrogels (cLHPs) are three-dimensional networks of hydro-
philic copolymers or homopolymers. They are also called hydrophilic hydrogels because they hold
large volumes of water. Elasticity, swelling and absorbency are important properties of cLHPs. Syn-
thetic cLHPs have better water absorption capacity and hydrophobic-hydrophilic network stability
than natural ones. Currently, cLHPs is used in the food industry, agriculture, cosmetics, medicine,
etc., they are widely used due to their low cost, non-toxicity and environmental friendliness. The
purpose of this work is to show the possibility of using cLHPs in analytical chemistry as sorbents
for concentrating inorganic components of water and their difference from traditional sorbents. The
method of working with cLHPs includes a minimum of operations: a certain amount of cLHPs is
added to a known volume of water and after the polymer swells, it is dried at 70-100°C. The water
evaporates, and all macro- and microcomponents remain in the cLHPs. Dry granules can be ana-
lyzed by various instrumental methods, for example XRF, INAA. Concentrates are stored for a long
time. Moreover, the polymer is a homogeneous matrix that does not affect the XRF readings. The
use of cLHPs allows concentration to be carried out immediately at the location of the object - riv-
ers, lakes, peat bogs. This is especially important for inaccessible places, from where it is difficult
to deliver water samples to the laboratory at the right time. cLHPs was tested by the authors on
model water objects with the joint concentration of ions of four elements and their determination in
the volume of the solid phase of cLHPs using XRF (Simakina, 2021). The detection limits for met-
als in the solid phase are 0,0002, 0,0003, 0,0002 and 0,0005 wt. % for Fe(ll1), Cr(VI), Cu(ll) and
Mn(Il) ions. The relative standard deviations are 4,1, 3,2, 4,1 and 5,2%, respectively. In continua-
tion of the work, the authors tested the water of rivers and lakes in the Ostashkovsky district of the
Tver region near lake Seliger. The Volga River originates in the region. Assessments of the water
quality of the main reservoirs and rivers of the center of the European part of the Russian Federa-
tion that are of economic importance have been carried out for a long time. The objects we selected
(small rivers Blizna, Bolshaya Kosha, Glushitsa and Uskroinya) have not been observed previously,
since they are not directly related to recreational water use objects. However, due to the fact that
this territory is small in area (3,8% of the area of the Russian Federation) with a high population
density, the provision of clean water resources has sharply decreased over the years. Anthropogenic
impact leads to an increase in the concentrations of sulfates, chlorides, sodium, potassium, petrole-
um products and BODS5 relative to the background content. There may be a shortage of recreational-
ly accessible water resources here. Natural unprotected aquatic ecosystems are capable of self-
purification if the anthropogenic load does not exceed certain limits. If this limit is exceeded, their
degradation occurs and at the same time their ability to self-purify is reduced. Therefore, monitor-
ing small rivers that feed major water bodies is extremely important today.
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DEVELOPMENT OF A NAVIGATION SYSTEM MODULE FOR A CONDITIONALLY
DISPOSABLE OCEANOGRAPHIC PROBE
Shapovalov O.Y.
Institute of Natural and Technical Systems, Sevastopol, Russia
neoton@list.ru

At present, when solving the tasks of operational data collection and measurement of physical
parameters of the sea area, there is a need to create conditionally disposable probes (Arkhipkin,
2009). These probes should be inexpensive and have an operational communication channel with
the base station. The study presents a description of the development of a navigation system module
for a conditionally disposable oceanographic probe. The structural diagram of the proposed meas-
urement system is presented in Figure 1. The development of such a module is an urgent task in
light of the need to collect operational data and measure the physical parameters of the sea area
(Solovyov, 2000). The probes can be used for monitoring changes in critical parameters of the ma-
rine environment, climate research, pollution detection and other important tasks. The effective im-
plementation of such probes requires the development of a reliable navigation system that provides
accurate determination of the probes' location and georeferencing of their position to the points of
the sea area space.

ANT ANT
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Figure 1 — Block diagram of building a system based on conditionally disposable measuring probe

The measurement system consists of a single measurement probe (R1Z) and a radio receiving
station (RRS). The RIZ includes a radio modem (RM) designed for communication via radio chan-
nel with the RPS, GPS/GLONASS module.

The RRS includes: radio modem, designed to provide two-way communication with the RIZ;
personal computer device (PC) to control the measurement system for registration of incoming data
and their subsequent processing.

The RIZ electronics includes the following units: microcontroller (MC), designed to control
the operation of the electronic block of the RIZ according to the specified program; radio modem
(RM), designed to transmit data to the shore or ship RPS and receive commands from the RPS;
measuring module (MM); battery of autonomous power supply (BP); flash drive (FD), designed to
store measurement data; surfacing relay (SR); antenna unit (ANT) to accommodate the RM antenna
and GPS / GLONASS module.

The study was supported by state assignment of Institute of natural and technical systems
(Project Reg. No. 121122300070-9 "Development of new tools and measuring information technol-
ogies for natural water research™).
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DEVELOPMENT OF INFORMATION TECHNOLOGY FOR VISUALIZATION
AND ALGORITHMIC SUPPORT FOR AUTOMATING PROCESS ANALYSIS
OF MARINE ENVIRONMENT PROFILE MEASUREMENTS DATA
Shishkin Iu.E.

Institute of Natural and Technical Systems, Sevastopol, Russia
iurii.e.shishkin@gmail.com

Modern technology for automating visual data analysis processes plays an increasingly im-
portant role in the field of marine research (Shishkin, 2016). Structuring and analyzing large
amounts of spatially distributed marine environment profile measurement data is one of the key
tasks in this area. The study proposes an evolution of information technology and its implementing
algorithmic software, aimed at automating the process of analyzing marine environment profile
measurement data through the introduction of monitoring data visualization and displaying correla-
tional relationships among them.

The objective complexities of analyzing marine environment profile data are: first, the volume
and complexity of the data — marine environment monitoring involves collecting a large amount of
data, including information about various physical, chemical, and biological parameters, and pro-
cessing such a large amount of data requires powerful computational resources and efficient algo-
rithms. Second, the marine environment has a high degree of uncertainty and variability, and factors
such as current, wind, and climate change impact can lead to significant distortions in the observed
environmental parameter fields, creating difficulties in understanding and interpreting data when
trying to identify trends and patterns. The third factor is the complexity of studying parameters — the
marine environment is a complex system with many interrelated parameters, understanding these
interrelationships is a nontrivial task, especially with nonlinear and heterogeneous systems.

The proposed solution to this problem is the comprehensive use of visual aids, including four
system-forming blocks. Interactive maps: creating interactive maps showing the fields of the re-
quired physiochemical fields of the marine environment allows for targeted data analysis, selecting
the parameters of interest, and scaling them to obtain detailed information. Data visualization in the
form of graphs and diagrams allows for visualizing correlations and temporal trends between key
environmental parameters, statistical indicators, and the distribution dynamics of parameters over
time and depth. Animations allow for a natural visualization of the chronology of parameter chang-
es over time and space for the user. The use of 3D visualization allows for displaying complex
three-dimensional data, such as the topography of the seafloor or the distribution of plankton in
space, which provides new opportunities for the analysis and understanding of the marine environ-
ment.

Thus, the proposed information technology when developing algorithmic software, simulta-
neously possessing such visualization tools as: interactive maps, graphs and diagrams, animations,
and 3D visualization has functional completeness when solving the tasks of analysis, plays a key
role in the automation of profile data research processes of the marine environment and identifying
patterns and anomalies in them, allows for more relevant target results, simplifies the interpretation
of the obtained data and increases the justification of conclusions made on their basis, allows re-
searchers to more objectively study the internal processes of the marine environment and better un-
derstand the dynamics of changes occurring. Process automation through visualization tools opens
up new opportunities for oceanography, climatology, and applied fields related to the rationalization
of marine nature exploitation.

The study was supported by state assignment of Institute of natural and technical systems
(Project Reg. No. 121122300070-9 "Development of new tools and measuring information technol-
ogies for natural water research™).
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THE CONCEPT OF USING PRESSURE MEASUREMENT CHANNEL FOR EXPRESS
ANALYSIS OF SEA WATER LOCAL DENSITY AT SHALLOW DEPTHS
Shishkin lu.E.

Institute of Natural and Technical Systems, Sevastopol, Russia
iurii.e.shishkin@gmail.com

Developing express analysis tools for local seawater density plays a crucial role in identifying
anomalies and detecting significant dynamic changes in physical-chemical parameters in seas and
oceans (Pokazeyev, 2010). A concept of using paired complementary measurement channels is sug-
gested. These channels measure absolute pressure B. inside a reservoir with a reference liquid of
density p,., separated by a flexible membrane, and P, pressure outside in the sea water, respectively;
schematic imaging of such a meter structure is shown in Figure 1. Since pressure depends on water
density, the difference of measured values of pressure of these two channels can be used to calcu-
late local density p = p, — (B- — P.)/(g, - h), where g, — is free fall acceleration at depth z, and h
— is the height of the reservoir with the reference liquid. Such an approach is based on using abso-
lute pressure sensors of a narrow working range (similar to atmospheric), enabling quick and effi-
cient express analysis of seawater density at shallow depths.
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Figure 1 — Schematic imaging of the structure of a local liquid density meter

This concept can be applied in oceanographic research to study processes associated with
changes in water density, and can assist in investigating the impact of density changes on sea eco-
systems, which is particularly significant when examining anthropogenic factors such as pollution
and changes in salt composition and effects on marine biodiversity. It could be useful in determin-
ing predictors of migrations of fish and other marine organisms, as well as in developing strategies
for aquaculture and sustainable fishing. Additionally, measurement channels based on the proposed
approach can be used for measurement and control of seawater density near structures of marine
facilities such as lighthouses, oil platforms, and wind turbines, enabling more effective management
and safe operation of such structures. The simplicity and technology of manufacturing such class of
devices significantly reduce their cost, allowing for the installation of such measurement systems at
a number of points in a chosen sea area to obtain more comprehensive information about the distri-
bution of water density fields.

The study was supported by state assignment of Institute of natural and technical systems
(Project Reg. No. 121122300070-9 "Development of new tools and measuring information technol-
ogies for natural water research™).
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STUDY OF INFLUENCE OF ELECTROMAGNETIC FIELD WITH FREQUENCY
300 Hz ON MARINE MICROBIOTA
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At the base of Institute of Natural and Technical Systems (INTS), studies of the influence of
the electromagnetic field (EMF) on the Black Sea microbiota were continued. Our first experiments
showed that the effect of electromagnetic load on marine microbiota leads to a decrease in the infec-
tious titer in algal viruses and an increase in resistance (decrease in sensitivity) to viral lysis in mi-
croalgae by 1-2 orders of magnitude (Stepanova et al., 2023).

The purpose (goal) of continued research was the study the effect of EMF with a maximum
frequency of 300 Hz and a signal level of 120-150 mV on marine microbiota.

The experiments were carried out using a laboratory installation developed at the Laboratory
of Hydrophysical and Bioelectronic Measurment Systems and Technologies of the Center for Envi-
ronmental Engineering and Sustainable Energy INTS (LHBMST CEISE INTS) (Penkov et al.,
2022), which, after improvement, made it possible to create EMF with a maximum frequency of
300 Hz and a level signal 120-150 mV.

The studied marine microbiota was used as viral suspensions of the algal virus TvV (strain
TvV-SI-1) with different infectious titers and viral host — a culture of the microalgae Tetraselmis
viridis. The methodology for setting up experiments and recording the results were described in de-
tail earlier (Penkov et al. 2022; Stepanova et al., 2023).

A total of 12 experiments were carried out, of which 6 were on EMF irradiation of a liquid
culture of the microalgae Tetraselmis viridis and 6 on the effect of EMF on the viral suspension of
the TvV-SI-1 strain. The results for the first time recorded an increase in the infectious titer of the
used algal virus strain TvV by 1-4 orders of magnitude after exposure to an EMF with specified
characteristics (300 Hz and 120-150 mV). In the microalgae Tetraselmis viridis, in 4 experiments,
no differences were noted between the irradiated (experimental) culture and the control sample in
sensitivity to viral lysis; in 2 cases a decrease in resistance by 2 orders of magnitude was observed.

According to our assumption, the fact of an increase in the infectious titer of the algal virus of
microalgae Tetraselmis viridis (strain TvV-SI-1) recorded in experiments after exposure to EMF
with a high frequency (300 Hz) and an enhanced signal level may be associated with a sharp de-
crease in adhesion properties (gluing, gluing, adhesion) in viral particles. This can lead to an in-
crease in the concentration of viruses in the suspension and leveling out the usually inhibitory (op-
pression) effect of the electromagnetic load.

Research in this direction will be continued to further study the effect of the electromagnetic
field on marine microbiota.

The study was supported by state assignment of Institute of natural and technical systems
(Project Reg. No. 121122300070-9 "Development of new tools and measuring information technol-
ogies for natural water research”) and FSBSI FRC MHI on topic No. FNNN-2021-0003 “Opera-
tional oceanology”.
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HIGH-SPEED VISUALIZATION OF ELECTRIC ARC SYNTHESIS
OF CERAMIC MATERIALS
Torganov D.V., Tsiron M.S., Lavrenchuk A.A., Spiransky M.Y., Gubarev F.A.
Sevastopol State University, Sevastopol, Russia,
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Silicon carbide SiC is a relatively inert substance: it practically does not interact with most ac-
ids, except for concentrated hydrofluoric, nitric and orthophosphoric acids. High thermal, chemical
and radiation resistance make SiC highly demanded in many fields of science and technology.

The simplest methods of producing ultradisperse SiC powder is the carbothermal synthesis
method at temperatures of 1400-1700°C. SiC synthesis is carried out in furnaces with a protective
argon atmosphere, the method of mechanosynthesis is based on mechanical impact on solids in or-
der to pulverize and mix the components. More modern methods include high-temperature synthe-
sis, plasma-chemical methods, plasmodynamic synthesis. All these methods have a number of dis-
advantages in the form of complexity of technological installations, expensive maintenance, use of
various protective environments.

In recent work on the synthesis of metal and nonmetal carbides (Pak, 2022), was used a direct
current electric arc plant. Currently, we are working on the production of silicon carbide using an
alternating current electric arc plant.

The problem with the study of electric arc fusion is the high temperature of the process and
the bright emission of light, which does not allow direct observation of the processes in the plasma.
In addition, fusion takes place in a crucible, which also complicates observation. Meanwhile, visual
information about the synthesis process is necessary to understand the occurring processes and the
dynamics of product formation. A laser monitor based on an active agent on bromide vapors, cou-
pled with a high-speed camera, makes it possible to visualize fast high-temperature processes in real
time (Gubarev, 2022). Figure 1 shows the scheme of the experiment. The paper discusses the results
of visualization and prospects for the development of the method of electric arc synthesis of metal
and nonmetal borides and carbides.

Electrode 1 I

Objective Brightness amplifier Lens

Camera 1 B Electrode 2

Camera 2 \j

Figure 1 — Scheme of the experimental setup
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BEHAVIORAL REACTIONS OF FRESHWATER MOLLUSKS PEARL BARLEY
TO NON-INVASIVE EFFECTS OF PHYSICAL ENVIRONMENTAL FACTORS
IN COMPLEXES OF AUTOMATED BIOSENSOR CONTROL OF WATER IN NATURAL
CONDITIONS OF RESERVOIRS
Trusevich V.V.
Institute of Natural and Technical Systems, Sevastopol, Russia
trusev@list.ru

In modern conditions, with the rapidly increasing intensity of pollution of rivers, freshwater
reservoirs and other sources of water supply to the population, automated bioelectronic systems for
continuous monitoring of water entering the water supply systems of populated areas are becoming
increasingly important. We have developed and are testing in the area of fresh water intakes in the
city of Sevastopol an automated monitoring system for the aquatic environment, based on the be-
havioral reactions of bivalve mollusks (Unio pictorum). For the use of this complex in freshwater
environments, information about the characteristics of the behavioral reactions of mollusks included
in the complex is decisive (Trusevich, 2017).

Using the complex we developed, year-round studies of the characteristics of the behavior of
mollusks in the natural conditions of the river were carried out over 4 years. Chernaya, in the water
intake area of the Sevastopol water utility. It has been established that normally the movements of
the valves of mollusks are subject to a daily rhythm, manifested in the daily appearance of a series
of frequent deep collapses of the valves at sunset, all seasons of the year, even in winter when the
water temperature drops to 1-2°C. Mollusks react sharply by changing the frequency of collapse
and the amplitude of opening of the valves to sharp fluctuations in physical environmental factors.
Non-invasive short-term influences, such as: sudden changes in temperature, changes in water flow
speed, a fallen shadow or a sharp change in light flux, shocks, loud knocks in the immediate vicinity
of the device with attached mollusks cause instantaneous short-term synchronous slamming of the
valves, after which after 3-5 minutes the normal level of disclosure is restored. These reactions are
in the nature of protective reflexes. With frequent repetitions of such impacts, the level of reaction
of the mollusks quickly decreases and after several repetitions the reaction disappears. Such fre-
quently occurring reactions of mollusks noted should be taken into account by computer programs
as insignificant (Grekov, 2019). The mollusks fixed in the device remain operational for a year or
more, and can be easily replaced with new ones.

Long-term operation of the complex has shown the high efficiency of its use for assessing the
quality of the aquatic environment of freshwater reservoirs and rivers. The design features of such a
complex provide for the possibility of its use both as stationary stations for automated monitoring of
the water environment, and in a portable version for active monitoring of individual regions, as well
as the ability to easily create large water monitoring networks managed online from a single center.

Thus, the most important advantages of the proposed system are: a high degree of automation
of water monitoring, as well as high reliability, ease of maintenance, durability, and relatively low
cost.
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Solutions used for the organization of monitoring systems and information collection at the
present stage of the development of wireless technologies are often referred to the Internet of
Things (loT), a particular type of which are wireless sensor networks (WSN).

The existing systems in the target area are networks of unlicensed ISM bands, the most com-
mon of which are WiFi (IEEE 802.11 b/g /n), Bluetooth (IEEE 802.15.1) and ZigBee (IEEE
802.15.4) standards. The main disadvantage of such devices is the small radius of action, which
limits their use, reducing it to local placement on some small object. Devices with spectrum expan-
sion, an example of which are LoRa modules, have extremely low power consumption, a large
range of operation and the ability to manage the budget of the radio channel for optimal tuning of
the radio module.

Among the communication standards in 10T, LoRaWAN has been widely used, but it also has
no drawbacks - the only possible topology of the "star" type network, which forces, if necessary, to
increase the coverage area, divide the network into clusters and use additional gateways for com-
munication between them.

To solve many problems in the field of accounting for environmental parameters that do not
require the transmission of a large amount of data (for example, ensuring fire safety, accounting for
seismic activity, etc.), it is advisable to abandon the LoRaWAN network layer protocol and use the
LoRa physical and channel layer protocol (Maltseva et al,, 2018). In this case, the use of a modified
network protocol will allow organizing the entire set of nodes into a mesh network and covering a
fairly large area, which is relevant for solutions in remote areas with difficult access. Also, the use
of this solution will increase the information reliability of the distributed monitoring system. Figure
1 shows a hybrid drawing of a modified LoRa stack, consisting of a node stack, a gateway stack, as
well as a model of interaction between nodes and the gateway.

application layer application layer application layer

network layer |packet translator network layer |packet translator network layer

. . . ; physical layer of
physical layer of LoRa (—) physical layer of LoRa (—) LoRa IP stack

Node Node Network server / gateway

Figure 1 — The proposed model of stack and node-node-gateway interaction

The proposed model is a modification of the LoRaWAN stack, which provides the deploy-
ment of a mesh network consisting of autonomous sensors, with the ability to cover a large area.

The direction of further research lies in the field of simulation modeling of networks of the
proposed type, as well as in the field of development and implementation of hardware and software.
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GLOBAL AND REGIONAL CHANGES
IN CLIMATE AND ENVIRONMENT
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COMPARATIVE STUDY OF THE INFLUENCE OF THE EAST ATLANTIC/WESTERN
RUSSIAN AND SCANDINAVIAN OSCILLATIONS ON THE WIND STRESS CURL OVER
THE BLACK SEA REGION
Averyanova E. A., Gubarev A.V., Polonsky A.B.
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The Scandinavian and East Atlantic/West Russian Oscillations (SCA and EA/WR) are the
most important large-scale oscillating modes that affect the formation of climatic conditions in
Eurasia. Different points of view have been discussed in the literature regarding the influence of
SCA and EA/WR on the variability of various hydrometeorological characteristics over the Black
Sea, and their effect on the formation of wind stress curl (WSC) has not been studied in detail
(Bardin, 2015; Dyakov, 2016; Polonskii, 2020). The variability of the WSC has a significant impact
on the Black Sea circulation, and so we studied the influence of the SCA and EA/WR over the
Black Sea. We used urgent wind field data arrays from the MERRA2 reanalysis and the values of
the SCA and EA/WR indices for the period 1980-2019. The methodology for analyzing and
processing data is described in detail in (Averyanova, 2022). It has been shown that for most part of
the year there is a significant increase in the cyclonic WSC during the positive phase of SCA in
different parts of the sea. For September-October and on average for winter during the positive
phase of the EA/WR a significant increase in anticyclonic WSC has been obtained over the inner
part of the Black Sea. In general, it has been found that the SCA influences the formation of the
spatiotemporal structure of the WSC stronger than the EA/WR.

This work was made within the frame of the IPTS state task /e 0012-2021-0003
«Fundamental research of processes in the climate system that determine the spatial and temporal

variability of the natural environment on a global and regional scaley (state registration number
121122300074-7).
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A SYSTEM FOR TRACKING SHIFTS IN SPECIES CLIMATIC RANGES
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Mathematical modeling of the climatic ranges of species is an important tool for assessing the
impacts of climate change. The report describes the RANGES system, which, based on measured
climate data or climate modeling data, as well as the values of climate predictors, assesses the con-
fidence of whether a given point in geographic area belongs to the climatic range of a certain spe-
cies. This approach tests the limits of climate predictors for each year of the time period under con-
sideration, not for their average values (Semenov et al., 2020).

The report will present the results of calculating the climatic ranges of the Mediterranean fruit
fly and gypsy moth for the climates of 1990-1999, 2030-2039 and 2050-2059 under different sce-
narios (Bogdanovich et al., 2023a; Bogdanovich, 2023b). For the territory of Russia, we used cli-
mate data calculated using the regional climate model of the Voeikov Main Geophysical Observato-
ry. For global estimates, calculations were carried out using data from the climate model of the
Marchuk Institute of Numerical Mathematics of the Russian Academy of Sciences.
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REGIONAL MANIFESTATION OF SEASONALITY IN THE YEARLY COURSE
OF SURFACE MONTHLY MEAN AIR TEMPERATURE
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The transformation of the yearly course of monthly mean air temperature when moving in ge-
ographic space is described.

Data source: NOAA-CIRES-DOE 20th Century Reanalysis V3.

Temporal scale: climatic, i.e. three decades, namely 1981-2010.

Spatial coverage: global. Spatial resolution: 1°x1°.

Subject of the study: long-term variations of monthly mean surface air temperature.

Task: classification of types of yearly course.

The yearly course is characterized in the simplest way, namely with the cold and warm peri-
ods of the year (relative to the annual mean value). Let us denote X; ; the monthly mean temperature
in the j-th month of the i-th year. Based on the data set {X; ;}, estimates of the parameters of the
yearly course {5,} and their standard deviations {sj} are calculated. Next, the sequence {R;} is
composed of numbers (-1), 0 or 1 according to the following rule: Rj =-1, if E] < —1,645s;; Rj=1,
if 13; > 1,645s;; Rj= 0 in other cases (1,645 is the 95th one-sided quantile of the normal distribu-
tion).

Classification: the yearly course of two elements of a spatial grid has the same class if the cor-
responding R-sequences are coincided combined by cyclic permutation. This classification corre-
sponds to the “physical” concept of warm and cold seasons: the monthly mean temperature is high-
er or lower than the annual mean, respectively.

The classification result is shown in the figure.

190 165
i

Figure 1 — The 12 most numerous classes (above) and
their corresponding R-sequences (below) are presented
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PRINCIPLES OF ACCOUNTING SPATIAL VARIABILITY OF SNOW COVER
IN DIFFICULT TERRAIN FOR CLIMATE SERVICES OF ECONOMIC
Fasolko D., Pigoltsina G.

Voeikov Main Geophysical Observatory, Saint Petersburg, Russia
dvfasolko@mail.ru

Detailed microclimatic assessment of changes in different climatic indices (basic and tai-
lored) is necessary for the sustainable operation of infrastructure in difficult terrain. Negative envi-
ronmental impacts and economic damage can be caused by using only data of weather stations in
mountainous areas, without considering morphometric relief indicators. Most climatic indices are
highly dependent on the shape and height of the terrain, including snow cover, which are most diffi-
cult to account due to high spatial variability. The building code “Loads and Impacts”, which dis-
plays the snow load zone map, is primarily used for designing economic objects. The map scale is a
significant drawback, as it hinders our ability to take into account meso- and micro-relief features
and analyze detailed snow load assessments for specific relief points. Furthermore, the map identi-
fies significant areas of poorly studied mountainous regions where the lack of meteorological data
has hindered more detailed zoning.

The study presents a method for assessing the spatial distribution of snow cover indices in
indices terrain using cluster analysis. The selection of weather stations at different heights and in
homogeneous microclimatic conditions is possible using this method. This allows obtaining vertical
distribution of the snow cover height in the studied region (Pigoltcina et al., 2013, 2020, 2022).
However, this approach is not universal, as there may be no meteorological observation data in
mountain areas. In this case, a methodology based on short-term on-route observations of snow
cover is proposed (Fasolko et al., 2022). The developed methods make it possible to determine the
patterns of snow cover distribution in various mountain systems and to quantify the spatial variabil-
ity of specialized indices of snow cover.

The obtained results make it possible to update the existing system of tables of microclimat-
ic variability, substantially complementing it with indicators of snow cover for further use in de-
signing infrastructure objects in a complex relief.
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NUMERICAL SIMULATION OF THE EVOLUTION OF A JET ZONAL
WIND FLOW USING COMBINED DISSIPATION
Fedotov A.B.
Institute of Natural and Technical Systems, Sevastopol, Russia
fedotovb7@mail.ru

Within the framework of a numerical model of a two-layer ocean with a depth of layers corre-
sponding to average oceanic conditions, a study of the wind evolution of large-scale circulation was
carried out with the simultaneous use of two mechanisms of vorticity dissipation on subgrid spatial
scales: spectral filtration of higher harmonics and ordinary viscosity with a very small coefficient
under the action of a stationary inhomogeneous external vorticity flow simulating the effect of wind
on the ocean. With such parametrization, the dissipative operator affects only a small-scale part of
the energy and enstrophy spectrum, the rest of the spectral dynamic range is not affected in this
way, unlike the use of biharmonic viscosity, which simultaneously performs the function of ensur-
ing energy flow on scales comparable to the spatial step of the computational grid affects absolutely
all harmonics of the flow structure, although to a lesser extent in compared with small scales.

This circumstance may be the cause of distortion of physical processes in the energy-carrying
part of the spectrum. One of the results of using combined dissipation is a decrease in the intensity
of energy runoff and enstrophy on a small scale and the development of jet flow at lower values of
wind load in comparison with similar numerical experiments performed with biharmonic viscosity.
An additional problem that has arisen with the use of combined dissipation is an increase in the
characteristic time periods of adaptation of the simulated processes to changes in the external pa-
rameters of the problem, primarily to the changing intensity of wind force.

The paper demonstrates the evolution of the vortex field on scales close to the Rossby scale. Exper-
iments were carried out for two values of wind intensity, time and energy parameters of changes in
the intensity of circulation were analyzed separately, a separate emphasis was placed on the process
of formation of intense vortex rings. The main time scales of energy fluctuations of the upper layer
are highlighted.

Compared with experiments with biharmonic viscosity, this work demonstrated the possibility of
the formation of vortices with a vorticity modulus exceeding the vorticity modulus of the main
flow, which confirms the purely nonlinear mechanism of amplification of such vortices due to the
impossibility of amplifying them due to advection, in addition, the transition of planetary vorticity
to relative vorticity will not give such an effect. Firstly, because of the lack of meridional transfer in
the direction of the latitude of rest, and, secondly, simply because of the insignificant meridional
gradient of planetary vorticity.

Experiments were carried out for two values of wind intensity, the time and energy parame-
ters of changes in the intensity of circulation were analyzed separately, a separate emphasis was
placed on the process of formation of intense vortex rings. The main time scales of energy fluctua-
tions of the upper layer are highlighted.
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INVESTIGATION OF THE EVOLUTION OF JET ZONAL
WIND FLOW USING ARTIFICIAL SOURCES AND DRAINS OF VORTICITY
Fedotov A.B.
Institute of Natural and Technical Systems, Sevastopol, Russia
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Within the framework of a numerical model of a two-layer ocean with a depth of layers corre-
sponding to average oceanic conditions, a study of the wind evolution of a large-scale circulation,
taking into account the real geographical features of the water area under consideration, was carried
out on the example of the North Atlantic. The North Atlantic as a water area has not a rectangular,
but a trapezoidal shape. As a result, an essential feature of the applied numerical scheme is the in-
clusion of additional sources and effluents that have a physical meaning in it. Thus, the vortex fields
generated as a result of the baroclinic instability of the jet stream to the north and south of it have
different propagation conditions. These conditions can be formulated as follows:

a) the numerical value of the meridional gradient of the Coriolis parameter (beta effect) in the
northern part of the water area is insignificant, but lower than in the southern part, which gives a
corresponding difference in the phase velocity of Rossby wave propagation;

b) the area of the northern part of the "trapezoid” is significantly smaller than the southern
one, which gives a much higher density of packing vortices in the cyclonic part of the cycle;

c) the linear zonal distance from the vortex generation area to the western shore in the north-
ern part is significantly less than in the southern part, which gives a longer propagation time of anti-
cyclonic vortices to the zone of the western boundary current.

The main attention in the work is paid to the change in the zonal extent of the North Atlantic
water area depending on geographical latitude. The actual solution of the system of equations de-
scribing large-scale circulation is carried out in a square computational domain, while the use of
artificial sources and effluents of relative vorticity makes it possible to take into account the real
geography of the water area, while numerical calculations are performed, as before, in a square
computational domain. The negative vorticity drain is formed near the western shore of the calcu-
lated area, and the source is algorithmically organized through a uniform redistribution of the re-
mote negative vorticity throughout the rest of the calculated area, in which the vorticity is negative,
so that the total amount of vorticity of both signs remains unchanged.

The initial field is a jet stream decaying due to baroclinic instability at a distance of approxi-
mately 4.0 dimensionless units in the zonal direction, at this moment a mechanism was applied to
artificially include negative vorticity in the numerical flow scheme in the area of the narrow western
boundary layer. As a result, after 6000 days of model time, the structure of the current near the
western shore has changed dramatically: the northern part of the western boundary current signifi-
cantly lengthened and reached a lower latitude in comparison with the initial field, the jet stream,
leaving the origin area, sharply headed north and, reaching the middle of the calculated area in the
meridional direction, turned to the east. The reversal of the jet stream to the east occurs at the same
latitude where the formation of the jet stream was located in traditional numerical modeling, name-
ly, at the latitude at which the sign of the wind flow of vorticity changes from cyclonic to anticy-
clonic.
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CLIMATIC NORMS AS AN INDICATOR OF VARIABILITY
TEMPERATURE ALONG THE COAST OF PRIMORSKY KRAI
Gayko L.A.

V.I. II’ichev Pacific Oceanological Institute FEB RAS, Vladivostok, Russia
Dalrybvtuz, Vladivostok, Russia
gayko@yandex.ru

The study of the variability of hydrometeorological parameters both from month to month and
from year to year is important in practical activities. One of the indicators of climatic variability is
the change in climate norms. Climatic norms — 30-year periods of averaging climatic indicators.
Climatic norms are approved by the World Meteorological Organization (WMO). Significant cli-
mate change is currently occurring, so the WMO has adopted a but two-tier approach to 30-year
climate norms. It was decided to update climate norms not every 30, but every 10 years. The addi-
tional row 1981-2010 was selected in 2014, and 1991-2020 from July 1, 2022. The period from
1961 to 1990 was retained as a baseline period for a long-term assessment of climate change.
(https://www.meteorf.gov.ru/press/news/28963/ from 07.10.2023).

The area of this study is the coast of the Primorsky Krai, which is washed by the waters of the
Sea of Japan and the Tatar Strait. Five coastal weather stations of the Primorsky Department for
Hydrometeorology and Environmental Monitoring are located on the coast: Possyet; Vladivostok
and Nakhodka (southern group of stations); Rudnaya Pristan and Sosunovo (east coast). Based on
observation data, average annual (Table 1) and monthly average water and air temperatures were
calculated for each station and compared to each other.

Table 1 — Average annual climatic norms of water and air temperature averaged for the periods:
1961-1990 (1), 1981-2010 (I1) and 1991-2020 (I11), for coastal stations of Primorye

Coastal stations ?Nater temﬂerature,o(lj” IIAir tempelrlature,"C -

Possyet 8,9 9,3 9,5 6,0 6,5 6,8
Vladivostok 8,4 9,0 9,4 57 6,6 6,7
Nakhodka 7,0 75 7,8 53 6,1 6,4
Rudnaya Pristan | 6,1 6,5 6,5 3,8 4,4 4,6
Sosunovo 4,8 54 5,6 2,0 2,5 2,8

The value of the average annual water and air temperature climate norms (Table 1) increases
from period to period. Analysis of the average monthly climatic norms of water and air temperature
by stations shows more complex relationships between periods. Comparison of norms Il and Il
with | at stations shows that positive anomalies prevail. A rather significant increase in water tem-
perature at all stations (up to 2,2°C) for the III and Il norms is observed from April to August. From
the general background of warming, east coast stations stood out, even negative anomalies of water
temperature relative to the 111 and 11 norms (up to -0,6°C) were noted here in September, November
and December. The air temperature is more stable, mainly the excess of Il and Il norms over | was
noted, with the exception of December, when the temperature of 11 norm exceeded the temperature
of I11. In the annual aspect, the temperature of water and air is dominated by exceeding the 111 norm
over .

Thus, when comparing climatic norms with each other, it is obvious that the value of norms
following each other in the time interval of 20 and 10 years’ increases. Therefore, the overall tem-
perature background of this area is increasing, i.e. the process of warming the climate in the region
continues.
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LONG-TERM DYNAMICS AND TRENDS OF OXIDIZED SULFUR AND NITROGEN
DEPOSITION WITH PRECIPITATION IN THE AREAS OF EMEP STATIONS
Galushin D.A.L, Gromov S.A.>2,

LYu. A. Izrael Institute of Global Climate and Ecology, Moscow, Russia
2 Institute of Geography of the Russian Academy of Sciences, Moscow, Russia
galushin2012@yandex.ru

The transfer of pollutants, in particular sulfur and nitrogen oxides, is key in the formation of
transboundary air pollution. Due to chemical transformations in the atmosphere, these pollutants fall
in the form of acid precipitation on the territory of neighboring countries. (Bruskina et al., 2023).

The purpose of the work is to analyze the long-term dynamics and trends in the deposition of
oxidized sulfur and nitrogen at EMEP stations for the period 2000-2020 and compare them with the
results of modeling for 2021.

For the analysis, the values of calculated sulfur and nitrogen deposition in 0,1x0,1° cells for
the EMEP modeling region were used. We compiled graphs with information about wet deposition
of pollutants by year (Fig. 1).
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Figure 1 — Fallout of oxidized sulfur and nitrogen compounds with precipitation at the station.
Danki, Lesnoy Zapovednik, Pinega, Yaniskoski for the period from 2000 to 2021

The results of model calculations show that in 2021, compared to the previous year, there is a
decrease in the deposition of oxidized sulfur at all stations, with the exception of st. Janiskoski.
Here, precipitation increased by 4,74 mg/m? and reached 72,25 mg/m2. However, along the trend
line one can notice a smooth decrease (from year to year) in the deposition of oxidized sulfur at this
point.

The results of modeling the deposition of oxidized nitrogen at EMEP stations in 2021 also
show a decrease in deposition compared to 2020, but at the Danki station, which is located in the
south of the Moscow region, there is a slight increase in deposition of oxidized sulfur compared to
2020. (240,55 mg/m?).

This study was carried out in the framework of the Research Project AAAA-A20-
120013190049-4 "Development of methods and technologies for monitoring of environmental pol-
lution under the influence of transboundary pollutants transport (UNECE: EMEP, ICP IM) and acid
deposition in East Asia (EANET)"

Evaluation of modelling results was done in the study under the theme of the Institute of Ge-
ography RAS AAAA-A19-119022190168-8 (FMGE-2019-0010)
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AN ATTEMPT OF SIMULATION MODELING OF THE RUNOFF OF RIVERS
AND KARST SPRING SYSTEMS OF THE CRIMEA
Gartsman B.1.12
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Experiments on simulation modeling of the runoff of rivers and karst spring systems (KSS) of
the Crimea were conducted for the first time using the FCM model. The Flood Cycle Model (FCM)
is a conceptual water-balance model with lumped parameters designed to simulate the rain runoff of
the warm season in the small river basin. The development of the FCM model includes a descrip-
tion of the dynamics of the main components of the total moisture reserve of the basin and repro-
duces the effect of spatial expansion of the drainage network due to temporary surface and subsur-
face watercourses during extraordinary floods. The accepted conceptual assumptions of the model,
consistent with rational hydrological considerations, lead to three modes of flow formation, called
intra-volume, surface and “breakthrough".

The FCM model is characterized by a small number of parameters, for most of them specific
procedures have been developed for independent (without calibration) parameterization based on
standard hydrometeorological observations. Verification and testing of the model was carried out in
various regions with a predominance of rain floods in the river regime, based on both standard net-
work data and original author's field observations. Among the most important results of the devel-
opment of the FCM model are the so-called the effect of basin counterregulation is the most striking
manifestation of the strong nonlinearity of extreme runoff formation.

Simulation modeling was performed for two pairs of objects, each of which includes one
small river basin and one KSS. The investigated objects are the Kuchuk-Uzenbash river near
Mnogorechye and Karst spring near Mnogorechye, as well as the Angara River near Perevalnaya
and the Red Cave Spring (Krasnopeschernaya river) near Kizil-Koba. The objectives of the study
are: a) confirmation of the conceptual adequacy of the model in relation to the regional peculiarities
of the hydrological regime of the rivers of the Mountainous Crimea; b) comparison of the features
of the formation of runoff in river basins and KSS, comparable in size and located in similar physi-
cal and geographical conditions.

The performed numerical experiments on simulation modeling of the runoff of the objects
listed above allow us to draw the following preliminary conclusions. The conceptual foundations
and computational algorithms of the model are sufficiently adequate to the conditions of the for-
mation of runoff in the Mountainous Crimea, and this applies both to the runoff of small rivers and
KSS (springs). Estimates of the results over a multi-year period show satisfactory, sometimes high,
quality of simulation modeling of the runoff hydrograph for all the studied objects. This pattern is
violated mainly in the presence of obvious gross errors in the data of observations of the runoff. A
specific feature of the simulation results was the typical instability of such model parameters as crit-
ical flow and runoff depletion index. In the Mountainous Crimea, there is a need for their calibra-
tion, unlike in other regions, where they are very stable. This is clearly related to the development
of karst processes in all the studied catchments, and manifests itself much more strongly in the flow
regime of the KSS than in river basins.

The work was carried out within the framework of the state assignment of the Institute of Nat-
ural and Technical Systems (state registration no. 121122300072-3).
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THE ROLE OF REGIONAL HYDROMETEOROLOGICAL CONDITIONS IN THE
FORMATION OF ANOMALOUS pH VALUES IN THE UPPER LAYER OF WATER IN
THE DEEP PART OF THE BLACK SEA
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The climate of the Mediterranean-Black Sea region is significantly influenced by circulation
processes in the North Atlantic (Rogers, 1997). Changes in the regime of cyclogenesis and anticy-
clonic blocking are manifested in anomalies in the fields of pressure, temperature and precipitation,
wind friction stress on the sea surface and other. As a result, there is a change in the stratification of
the water column, the intensity of vertical mixing, the rate of upwelling and downwelling and other
parameters of the marine environment. Such variations in regional hydrometeorological conditions
have a significant impact on the hydrochemical composition of the Black Sea waters (Oguz, 2005).
One of the most important hydrochemical characteristics that express the direction of biogeochemi-
cal processes in seawater is the pH value. In the surface layer of the deep-sea part of the Black Sea,
quasi-cyclic fluctuations with a period of ~ 10 years are determined in the time course of the pH
value (Polonsky, 2022). It is most likely that the main reason for such variability in pH is associated
with variations in regional hydrometeorological characteristics, including those caused by changes
in cyclonic activity in the Atlantic-European sector (including the Black Sea region). In this regard,
the work analyzed the influence of four main spatiotemporal modes in the ocean - atmosphere sys-
tem of the Northern Hemisphere - these are the North Atlantic and East Atlantic Oscillations
(EAO), Scandinavian and East Atlantic - Western Russian Oscillations on the anomalies of the hy-
drogen index in open surface waters parts of the Black Sea.

Using the difference composites technique, it was found that in winter, EAO has the greatest
effect on pH anomalies. From November to February, during the negative phase of the EAO, a posi-
tive average seasonal pH anomaly was obtained (on average for the inland sea area, about 0.09 pH
units). With a positive phase of EAO (EAO+), the pH anomaly is negative and, on average over the
water area, exceeds (in absolute value) —0.08 units. pH. Thus, the difference between the pH
anomalies on the sea surface from November to February in the positive and negative phases of the
EAO is about —0.17 units. pH. Moreover, in the positive phase of the EAOQ in the field of the spatial
composite, negative pH values prevail over almost the entire water area. Significance areas of the
composite are located in the eastern and western parts of the sea, where a sufficient number of
measurements have been made. The obtained patterns of spatiotemporal pH variability are due to
the peculiarities of regional hydrometeorological conditions in the Black Sea region during various
phases of the EAO (in particular, the increase in the frequency of atmospheric cyclones here during
the EAO-), accompanying intensification of mixing of the upper layer of the sea and biogeochemi-
cal processes.
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EFFECTS OF SOLAR ACTIVITY IN THE DYNAMICS OF CHARACTERISTICS
OF ATMOSPHERE ACTION CENTERS IN THE NORTH ATLANTIC
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An assessment was made of the effects of solar activity (SA) in the dynamics of the character-
istics of the centers of atmospheric action in the North Atlantic: the Icelandic minimum and the
Azores maximum. They belong to the energy-active zones of the World Ocean. In them, sensitivity
to various kinds of external influences is increased. Disturbances of this zone by these influences
trigger fairly rapid changes of different time scales in the zone of their greatest influence and, fur-
ther, in the entire ocean-atmosphere interaction system. The study period is 1954-2021, correspond-
ing to the decline branch of the secular SA cycle.

For the first time for this period of study, it was shown that the Icelandic cyclone intensified
in even SA cycles (the pressure in the center was lower), and in odd cycles it was weaker (Fig. 1).
Such dynamics were revealed both by the average annual pressure values and by the average for
winter and cold periods, when the Icelandic minimum is most pronounced.
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Figure 1 — Change in the average annual pressure in the Icelandic minimum and the average number
of Wolf numbers from the 19th to the 24th solar cycle

In the Azores anticyclone, such unambiguous changes in pressure were not revealed. Alt-
hough in the last four cycles he was stronger in odd cycles, and weaker in even cycles.

Pressure extremes in the centers of action of the North Atlantic atmosphere over the period of
years under consideration are not observed in the years of SA extremes themselves, but shift. The
Icelandic minimum was most often strengthened in the zone of maximum SA and weakened in
years of reduced SA. A similar pattern was observed in the Azores anticyclone.

To a greater extent, the dynamics of the NAO index is determined by changes in the intensity
of the Icelandic low (the coupling coefficient is 0,81). Most of the minimum NAO values were ob-
served during the years of SA minimum and near it. Increased index values were observed most of-
ten in years of increased SA. In even SA cycles, the index values are much higher than in odd ones.

In the fluctuations of winter pressure values in the center of the Icelandic low and winter
NAO, the most significant cycles are with periods of about 8-9 and 20-22 years.

The largest deviations of pressure from the average in winter were observed in the even solar
cycle 2009-2019, the weakest of all considered, and coinciding with the minimum of the secular
SA cycle.
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Any use of glaciers is associated with the need to identify and study the main trends in the
dynamics of glaciation. The study of cyclicity in the quantitative series of balance characteristics of
glaciers is closely related to understanding the mechanism of phenomena and the possibility of cre-
ating prognostic calculations. The Djankuat glacier, for whose mass-balance series the harmonic
analysis was performed, is not only a reservoir of fresh water in the region, but also a reference ob-
ject for studying the dynamics of glaciers of the entire Central Caucasus. In this regard, the identifi-
cation of one or another periodic component in the series of glacier accumulation, ablation and mass
balance is of both practical and scientific importance and, in the context of modern climatic chang-
es, is one of the most urgent tasks of modern glaciology (IPCC, 2019).

To perform the analysis, the longest possible series of observations of glacier balance charac-
teristics is needed. Direct instrumental observations on Djankuat glacier have been made from 1967
to the present day, but glaciological scientists were able to extend the observation series to a dura-
tion of 151 years using indirectly reconstructed data derived from meteorological observations dur-
ing the period when glaciological measurements were not available. After removing the linear
trend, periodograms were constructed, representing the spectral density of the signal, as well as
plots of integrated periodograms, which can be used to identify statistically significant periodicities.
The graphs were plotted separately for values obtained from direct observations, for values recon-
structed from indirect data, and for the entire series of observations as a whole (1871-2022).

As a result, no significant periodicities were found in the accumulation series from 1967 to
2022 (direct measurements). However, in the series from 1871 to 1967 (reconstructed values) and
for the entire period of observations, from 1871 to 2022, harmonics with periodicities of 4,8 and 3,4
years contribute less than 5% to the total variance of the series at the 95% significance level. At the
same time, for all balance components of the glacier, the plots of integrated periodograms are visu-
ally similar for the periods 1871-2022 and 1871-1966. This is probably explained by the length of
the series of reconstructed values sufficient for statistical analysis. The revealed periodicity can be
related to interannual anomalies of precipitation and, to a lesser extent, temperature. In turn, inter-
annual variations in temperature and precipitation affecting the balance characteristics of glaciers
can be explained by climate variability due to the dynamics of large-scale circulation processes.
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In this study, using 14 chains of regional climate models and global climate models (RCMs-
GCMs) and 3 RCM driven by ERA-Interim reanalysis of the CORDEX project, the spatial and
temporal features of wind generation of the Crimean Peninsula in the present and future under the
scenario of high emissions of 8,5 MW/m? were studied in detail. The most efficient areas for wind
energy were the Kerch Peninsula, the Tarkhankut Peninsula and the Syvash Bay (Figure 1). In these
areas, the wind turbine can generate its efficiency by more than 60% relative to the nominal. The
results of the study showed that the contribution of intra-annual and intra-daily variability exceeds
by an order of magnitude the contribution of long-term changes. In summer the wind power is 27%
less than in winter, and at night-time it is 38% less than day-time. The average annual changes the
wind power by the end-21st century did not generally exceed 3%. A pronounced spatial irregularity
of wind power changes in the 21st century was noted, which was considered in detail for the sum-
mer and winter seasons, and at day-time and night-time. The most significant changes relate to the
summer season. In this season by the end-21st century there is a significant decrease in wind power
generation in the foothills, mountains, central Crimea and Syvash Bay and a increase in the Tar-
khankut Peninsula. In this study changes in intra-day, intra-annual and inter-annual variability were
analyzed. Changes in the variability of these scales rate within 5%.
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Figure 1 — Boxplots for 14 RCM-GCM chains: the current state (HIS) and future changes (MID
and END) of the wind energy potential in the Kerch Peninsula, Tarkhankut Peninsula and Sivash
Bay on the example of the Vestas V-126-3.45 wind generator
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El Nifio — Southern Oscillation (ENSO) is a global quasi-periodic (2—7 years) process of the
ocean-atmosphere system, having two opposite extreme states: El Nifio and La Nifia. El Nifio and
La Nifia with characteristic climatic responses over the Globe. Traditionally, the ENSO events are
determined using the Nino 3.4 index. Previously, the authors of this work proposed a model based
on artificial neural networks (NN) to predict the state of the ENSO (Lubkov et al., 2020). A feature
of this model is the detailed providing of predictors - anomalies in the global ocean-atmosphere
system, for Nino 3.4 index forecast. In this paper, the possibility of including the ocean heat content
fields (HC) of 300-meters upper layer as a predictor vector in a model, based on NN is proposed.
The difficulty of adding such a vector of predictors is the time limitation of a series of data on HC
in a 300-meter layer.

The evaluation of NN model skills to forecast a Nino 3.4 index in comparison with the
dynamic models of the North American Multi-Model Ensemble is shown in the figure. It can be
noted that the NN model with the participation of HC predictors is better to reproduce the Nino 3.4
index with a lead time of up to 5 months. At the same time, the forecasting skills decreased starting
from a lead time of 6 months. This may be a consequence of a shorter series of teaching procedure.
Oceanic reanalysis data sets are usually shorter than atmospheric reanalysis data sets. The ORAS5
data set is available only since 1958, as a result, training period decreased by 10 years. That could
affect negatively the model's ability to forecast for a higher lead time.
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Figure 1 — All-season correlation (a) and the standard deviation relative to the Nino3.4 index
(b); seasonal correlation for NN from (Lubkov, 2020) (c), NN using additional HC predictors (d)
and the difference in correlation coefficients (e)
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Nowadays, much attention is paid to the study of hydrocarbon degassing at the bottom of seas
and oceans. Their emissions influence the greenhouse effect of heating the atmosphere. These pro-
cesses are significantly influenced by hydrocarbon gas bubbles in the shallow coastal zone. They
enter the atmosphere entirely, so much attention is paid to their study. Coastal seeps in Laspi Bay
are a testing ground where samples can be easily taken to determine the composition of fluids.

The purpose of our research was to study the characteristics of fluids in Laspi Bay.

Gas seeps in Laspi Bay are confined to the intersection of the Laspinsky and Beregovoye
faults. Barn owls are found at a distance of 10 to 60 meters from the water's edge of the coastline on
the surface of beach bacterial structures.

A sifter with constant bubble release was selected for gas sampling. Samples were taken in
2022 and 2023 in 100 ml containers. They were closed with two plugs in a submerged position. Ma-
terial for analysis was collected after an hour. The gas sampling time ranged from 8 to 15 minutes.
Gas samples were studied in the laboratory of Moscow State University.

According to the analysis results, in addition to hydrocarbons, the fluids contained oxygen, ni-
trogen, carbon dioxide and helium. The presence of hydrogen sulfide was determined by an organo-
leptic method. The concentration of hydrocarbon gases in the samples varied from 57,56 to 61,48%.
This is mainly methane. The ethylene content ranged from 0,96 to 1,03, and the propane content
from 0,0019 to 0,002%. The samples contained ethane, propylene, butane and pentane, but their to-
tal concentrations did not exceed 0,004%. Carbon in fluid hydrocarbons was characterized by a
heavy isotopic composition (- 813C — 35,22%).

Of the non-carbon gases, the fluids contained oxygen (4,76-8,96%), nitrogen (9,62-23,61%),
carbon dioxide (0,23 to 0,34%) and helium (0,43-1,19%).

Additional data on fluid composition were obtained during a hydrochemical survey of salinity
at seep outcrops. For this purpose, water was taken from the seep funnels at the moments of gas
emissions. Twelve-five samples were collected over two years. The salinity in them varied from 6,8
to 14,7%00. For comparison, nine water samples were taken from the bottom of the bay at a distance
from the seeps. The salinity index in them varied from 18,3 to 18,9%, which corresponds to the
salinity in this sector of the Black Sea. The presented results proved that multicomponent gas fluids
were accompanied by “hydrothermal solutions” that were not visually detected. Emissions of desal-
inated water had insignificant volumes and some periodicity.

The results of our research confirmed that modern fluids in Laspi Bay are of endogenous
origin. The following signs indicate this: the location of gas jet outlets in the fault intersection zone;
control of emissions by regional tectonics; geochemistry of carbonate cement of beach buildings;
the presence of nitrogen, carbon dioxide, helium, hydrogen sulfide, methane, ethane, propane, eth-
ylene, propylene, butane, pentane; heavy carbon isotope composition; periodicity and pulsating na-
ture of eruptions; variability of emissions volumes and gas composition; geochemistry of carbonate
cement and the absence of a thick cover of alluvial sediments on the underwater coastal slope.

As a result of our research, it was found that, that fluids besides methane contain other gases
and aqueous solutions. All these products enter the atmosphere and hydrosphere. Perhaps today,
deep inputs from the subsurface are the main controllers of the composition of the atmosphere and
hydrosphere.
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In the fall of 2020, the World Meteorological Organization (WMO) announced on its official
website the development of La Nifa conditions. According to the Global Producing Centers of
Long-Range Forecasts, this phenomenon was supposed to last until next year with a 90% probabil-
ity and affect the climatic conditions of the Earth different regions. In the summer of 2022, the
WMO provided another forecast that for the first time in the 21st century, the La Nifia will cover
three consecutive winter seasons of the northern hemisphere. These three consecutive cold events in
the equatorial Pacific Ocean were called "triple-dip La Nifia".

The La Nifia event is a negative phase of the global climate oscillation — El Nino—Southern
Oscillation (ENSO). ENSO, in turn, is a quasi-biennial and eight-year oscillation of the Earth's cli-
mate and the first mode of monthly mean ocean surface temperature (SST) anomalies decomposi-
tion. In a narrower sense, La Nifia is characterized by the SST extreme decrease in the equatorial
Pacific with duration of 5 months. On average, these events last 12 months, but their existence can
span two boreal winters.

In this work, the composites of air temperature, precipitation and surface pressure were recal-
culated using ERAGS reanalysis (0,25°%0,25°) during different La Nifia type years (Eastern and Cen-
tral Pacific) from 1940 to 2022. In addition, an analysis of the latest La Nifia 2020-2022 events was
made according to the NCEP/GODAS oceanic reanalysis data. The first La Nifia event of the trio of
subsequent events was found to be of the Central Pacific (CP) type, and the other two were of the
Eastern Pacific (EP) type.

Analysis of air temperature responses in different La Nifia type years revealed the most max-
imum absolute and significant anomalies relative to the average climate (1981-2010) are formed
from December “0” to March “+1” (Fig. 1).
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Figure 1 — Composites of air temperature anomalies for EP (9 events) and CP (11 events) La Nifia
types according to Era5 data set

176



Cucmemvl koumpoas oxpyacaroujeti cpeovt — 2023

SELECTION AND VERIFICATION OF CMIP6 MODELS
FOR STUDY TRADE WINDS
Marchukova O.V.%, Voskresenskaya E.N.?, Afanaseva V.V.3
Tyumen State University, Russia
?Institute of Natural and Technical Systems, Russia
3Moscow State University, Russia
olesjath@mail.ru

Trade winds (easterly winds) are constantly prevailing winds blowing from east to west, in
the equatorial zone of the Earth. The strengthening of the trade winds leads to the activation of drift
currents in the tropical waters of the Pacific Ocean. In the area of enhanced trade winds, conditions
are created for the divergence of warm surface waters and the rise of deep cold waters to the sur-
face, which leads to the formation of the La Nifia phenomenon. When the trade winds weaken, El
Nino conditions are created.

Positive trends in pressure changes above sea level in the eastern Pacific Ocean, and at the
same time negative pressure trends in the Indonesian region over the past forty years, lead to a shift
away from the strengthening of the Pacific trade winds (Sohn et al., 2016; Zhao and Allen, 2019).
This shift is well traced in the calculations of linear trends of the trade wind indices EP TWI (east-
ern), CP TWI (central), WP TWI (western) according to the NCEP/NCAR reanalysis from 1979 to
the present. The WP TWI and CP TWI indices calculated no further east than 140°W have negative
values of the first coefficients of the linear trend equation, while the EP TWI index, on the contrary,
has a positive trend.

The purpose of this work is to select climate models of the CMIP6 project that correctly re-
produce the trends of trade winds in three regions of the Equatorial Pacific sector for the historical
period from 1979 to 2014. Predictive scenarios for the sixth generation of CMIP begin in 2015. All
models (47 in number) that had calculated values of the zonal wind component (U) for the historical
period were involved in the analysis. The data were obtained from the official website of the cli-
mate project "Copernicus”.

Based on the results of the verification analysis, 11 models were selected in the work that cor-
rectly reproduce the linear trend indicators for all three trade wind indices, have the greatest correla-
tion and variance and standard deviations close in values with the NCEP/NCAR reanalysis data.
These models were HadGEM3-GC31-LL, INM-CM4-8, NorESM2-MM, F GOALS-f3-L, CMCC-
ESM2, CanESM5-CanOE, CESM2-WACCM, CESM2, AWI-ESM-1-1- LR, HadGEM3-GC31-
MM. In the future, ensembles of trade wind indices will be created from them to carry out calcula-
tions for two development scenarios: optimal (SSP2-4.5) and extremely unfavorable (SSP5-8.5). On
this basis, conclusions will be drawn about changes in trade winds conditions by the end of the XXI
century.
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The purpose of this work was to analyze changes in winter cyclonic activity in the Mediterra-
nean-Black Sea region, as part of the North Atlantic-European sector, in three 15-year periods: the
beginning, middle and end of the 21st century. Our forecasts were based on an ensemble of seven
Coupled Model Intercomparison Project (CMIP) Phase 6 models that showed the best agreement
with the NCEP/NCAR and ERAS5 reanalyses under the moderate SSP2-4.5 scenario and the SSP5-
8.5 scenario. The results showed a consistent increase in the frequency of cyclones over Central Eu-
rope and the British Isles, which was associated with a shift in the cyclone track: north of the west-
ern Mediterranean and south of the Icelandic Low region.
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Figure 1 — Average position of cyclone tracks emerging from cyclogenesis areas marked with blue
rectangles. The blue track corresponds to the period of the beginning of the century, the light green
track corresponds to the middle of the 21st century according to the SSP2-4.5 scenario, the green
track corresponds to the end of the century according to the SSP2-4.5 scenario, the orange track cor-
responds to the middle of the 21st century according to the SSP5-8.5 scenario, and the red track cor-
responds to the end of the century according to the SSP5-8.5 scenario
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A heat island is a phenomenon in which a certain territory or area becomes significantly
warmer than the surrounding areas. Currently, there is an increase in urbanized areas, which may
affect the temperature field. After all, heat sources are located in cities — these are industrial enter-
prises, transport and facilities related to housing and communal services (Baldina et al., 2015), also
small areas of vegetation cover are observed in the city.

The purpose of the study: to identify the "heat island™ of the city of Magnitogorsk and to as-
sess its temperature regime according to satellite monitoring data.

The method of work was carried out in several stages. The first stage was to analyze the average
monthly temperature values for the Magnitogorsk meteorological station for 2020 (day and night
hours).

The second stage, from the Internet resource (EARTHDATA, 2022), estimated the average
monthly temperature. To begin with, a plot was taken that coincided with the location of the weath-
er station and then the temperature for this section was calculated. Then the data on ground and sat-
ellite monitoring were compared.

The third stage is the division of the city into sectors and the analysis of temperatures from
each site, and as a result, the compilation of a map—scheme of the temperature field of the city.
The result of the work is shown in Figure 1.
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Figure 1 - Diagram of the average annual values of the underlying surface temperature per day ob-
tained using the MODIS spectoradiometer

Based on the above, it turns out that human activity makes a significant contribution to the
temperature field. Temperature is one of the most important characteristics that makes it possible to
understand various processes, such as climate change, cloud formation, the possibility of cultivating
crops, etc.
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The Kola Section is a century—old standard section located in the Barents Sea, namely along
the meridian 33°30” E from the coast of the Kola Bay to 77° N. At the moment, the section is one of
the longest series of oceanographic data in the world: taking into account small breaks, the total pe-
riod observations on the Kola Section are 104 years old (Karsakov et al., 2022). The Kola Section
consists of 16 stations and extends north to 77° N, but the most regular observations are made at the
southern 10 stations (up to 74° N), which are located in the area of distribution of warm Atlantic
waters. The area of distribution of the bulk of the Atlantic waters is mainly limited to the parallel of
74° N (Lisitsyn, 2021).

The Kola Section data are available on the website of the Polar Branch of VNIRO:
http://www.pinro.vniro.ru/ru/razrez-kolskij-meridian/ryady-nablyudenij. The data of the global vor-
tex-resolving reanalysis GLORYS12V1 (Global Ocean Physics Reanalysis) are available on the
CMEMS portal (Copernicus Marine Environment Monitoring Service):
https://data.marine.copernicus.eu/product/GLOBAL_MULTIYEAR_PHY_001 030/description).

It was found that the full-scale measurements on the Kola Section (KS) and the data of the
GLORYS12V1 reanalysis (KS-GLORIS) are very well coordinated and have high temperature cor-
relation values in the range of 0,94-0,99 and slightly lower values for salinity (0,70-0,80). Next, we
traced the relationship between the anomalies of water temperature on the Kola Section and the in-
dices PC1, PC2, NAT, NAT1, NAT2, which were developed and introduced in the article (Gor-
deeva, Belonenko, 2022). It was found that the relationship of water temperature at all stations of
the Kola Section with conjugate indices is determined primarily by trends and long-wave fluctua-
tions. The high correlation of PC2 (NAT1 and NAT2) with the water temperature on the entire Kola
Section in the surface 200-meter layer in the main branch of the Murmansk current reaches 0,80 for
in situ data and 0,81 for GLORYS12V1 data. This means that the temperature of the North Europe-
an Basin is determined by the transport of heat coming from Atlantic waters.

It is obvious that the processes affecting the temperature regime on the Kola Section are de-
termined by many factors that are unequal in time, and simple linear relationships estimated over
the entire length of time series cannot describe many aspects of the variability of these processes.
This requires research that takes into account, among other things, regional peculiarities. However,
it can be confidently stated that the temperature regime in the Barents Sea basin is not directly af-
fected by the transport (advection) of waters from the Atlantic Basin, namely the heat carried by
these waters.

The publication was made with the financial support of the SPBU grant No. 94033410.
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The Saratov region is one of the largest agricultural regions in Russia, but most of the region's
territory is located in a zone of insufficient moisture. The article calculates the dates of the transi-
tion of air temperature beyond the limits of 10°C and 0°C towards its decrease, the duration of the
autumn season, and assesses the hydrothermal conditions of the territory according to data from five
meteorological stations (m/s Khvalynsk, m/s Balashov, m/s Saratov, m/s Ershov, m/s Aleksandrov
Gai). The research is based on daily meteorological archival material from the official website of
VNIIGMI-WCD (Archive..., 2023). In conditions of regional climate warming, there is a shift in
the dates of the transition of air temperature through 10°C and 0°C to later dates. The duration of the
autumn period in the Saratov region is 40-44 days (Pryakhina, Ormeli, 2018). Table 1 presents the
values of average monthly air temperature and precipitation in September and October for the peri-
od from 2011 to 2020 in comparison with the climatic norm (Average..., 2023).

Table 1 - Average values of air temperature, °C, and precipitation, mm, for stations of the Sa-
ratov region for the period from 2011 to 2020 in comparison with the climatic norm

T, °C R, MM
Meteorological | IX X IX X
station Climatic Climatic Climatic Climatic
Tav Tav Rav Rav
norm norm norm norm
Khvalynsk 14,9 14,9 7,1 7,4 42 47 37 40
Balashov 14,3 14,0 7,4 6,8 52 46 36 42
Saratov 14,8 14,8 8,0 6,6 43 39 30 33
Ershov 14,8 14,5 7,2 6,7 56 42 27 36
fleksandrov | 158|157 |80 |77 32 25 22 33
Note: Tay — average long-term air temperature values (°C) for the period from 2011 to 2020; Ray— av-
erage long-term precipitation (mm) for the period from 2011 to 2020; Climatic norm — data on the
climatic norm of temperature and precipitation for the period from 1991 to 2020.

Table 1 shows that in September and October, at all meteorological stations, air temperature
indicators are close to climatic norm; in October, the largest deviation from the norm is observed in
Saratov and amounts to 1,4°C. In September, precipitation exceeds the climatic norm in Balashov
by 6 mm, in Saratov by 4 mm, in Ershov by 14 mm, in Aleksandrov Gai by 7 mm, in the north of
the region — in Khvalynsk there is a decrease in precipitation by 5 mm. In October, the amount of
precipitation is below climatic norm at all meteorological stations, with the largest deviations in Er-
shov (by 9 mm) and Aleksandrov Gai (by 11 mm).
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Due to the global nature of the problem of climate change and the consequences of such
changes, its effective solution is possible only by combining the efforts of the entire world commu-
nity and coordinating joint actions to control anthropogenic emissions of greenhouse gases and aer-
osols, including in the field of legal regulation of this problem.

The report will present an analysis of the most likely climate scenario in the implementation
of the existing system of legal regulation and control over anthropogenic greenhouse gas emissions
by the main issuing countries that are parties to the Paris Agreement (Paris Agreement, 2015).

Based on the analysis of the existing regulatory framework in the main emitter countries (re-
sponsible for more than 75% of global greenhouse gas emissions) and data on greenhouse gas emis-
sions for 2022 (inclusive), it is concluded that with the current state of legal regulation of GHG
emissions in most of the countries responsible for the bulk of global emissions greenhouse gases,
achieving the declared goal of the Paris Agreement is almost impossible (Pekarnikova, 2022).

Even if most of the declarative statements of the countries participating in the Paris Agree-
ment, not supported by relevant national legal acts, about commitment to its goals are implemented,
the best result that can be achieved will probably correspond to the scenario SSP2-4.5 of the 6th
IPCC Assessment Report (IPCC, 2021). At the same time, the increase in global surface tempera-
ture by the end of the 21st century will be in the range of 2,1-3,5 degrees compared to the pre-
industrial level.

The work was carried out within the framework of the state task and PTS No. of state regis-
tration 121122300074-7.
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Analysis of possible climate change in the 21st century under the influence of anthropogenic
factors on a regional scale is an urgent task. As is known, the Black Sea region is characterized by
uncertainty in the trends of climate change in the historical period. For this region, projections of
changes in the amount of atmospheric precipitation have been obtained, which often contradict each
other (Polonsky, 2023). In this regard, trends in changes in the amount of precipitation in the 21st
century in this region require clarification. The our purpose is to assess projections of changes in the
amount of winter precipitation in the Black Sea region in the short-term (2021-2050) and medium-
term (2051-2080) perspective in relation to the historical period (1976-2005) for several scenarios
of changes in greenhouse gas concentration (RCP2.6, RCP4.5 and RCP8.5) based on the regional
climate model SMHI-RCAA4.

We used monthly values of the amount of precipitation in December based on the SMHI-
RCA4 numerical model, part of the CORDEX project (Jacob, 2014), with a spatial resolution of
0,5%0,5° for the period 1951-2099. The choice of this regional climate model is due to its ability to
adequately represent the average values and long-term trends in changes in winter precipitation over
the Black Sea during the historical period (Polonsky, 2023). The Black Sea region is limited by co-
ordinates 40-48° N 26-42° E.

It was found that under an unlikely RCP2.6 scenario, in the short-term perspective the median
amount of precipitation increases by 25-50% along the Anatolian coast. In the medium-term per-
spective, a decrease in the median amount of precipitation in the northeast of the Black Sea region
and a increase in the studied parameter in small areas in the south, southwest and northwest of the
Black Sea region are expected.

Under a more likely RCP4.5 scenario in the short-term perspective, the areas of increase
(more than 25%) in the median amount of precipitation are small in area. In the medium-term per-
spective, an increase in the median amount of precipitation in the central and southern parts of the
Black Sea region is expected. The largest increase in the median amount of precipitation (over 50%)
was found along the Anatolian coast. In the northwestern part of the Black Sea region there is an
area of decrease (more than 25%) in the median amount of precipitation.

Under the pessimistic (and less likely) scenario RCP8.5, in the short-term perspective, the
median amount of precipitation increases in almost the entire Black Sea region, with the exception
of small areas in the northwestern and southwestern parts of the Black Sea. The greatest increase
(over 50%) in the median amount of precipitation is observed in the vicinity of the Kerch Strait, the
southeastern part of the Black Sea and along the Anatolian coast. In the medium-term perspective,
almost the entire territory of the Black Sea region is characterized by an increase (over 50%) in the
median amount of precipitation.

The study was supported by state assignment of Institute of natural and technical systems
(Project Reg. No. 121122300074-7).
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Changes in the wind regime and the frequency of extreme winds over the past few decades
(Evstigneev et al., 2017; Belokopytov et al., 2017), including in the Crimean region, are of interest
not only in the scientific community, but also among the circle of strategic decision makers. This
indicates the relevance of studying changes in wind parameters, which requires data of proven qual-
ity.

To conduct the study, it is planned to use data on the wind of the global reanalysis ERA5
(Hersbach et al., 2019), from which data on the Crimea will be selected. In order to identify the ad-
equacy of the model of this reanalysis for this region, it is necessary to check the quality with the
involvement of observation data, which is the purpose of this study. In the work, such an analysis
was carried out immediately by comparing it with the data of meteorological observations.

The data set of the reanalysis ERA5 represents the characteristics of the u and v components
of the wind at a height of 10 m for the period from 1959 to 2022. The high spatial resolution
(0,25°x0,25°) of this data array makes it possible to take into account most of the geographical fea-
tures of the Crimean Peninsula. For comparison, the data of observations of 22 weather stations of
the Crimea on wind speed at an altitude of 10 m for the period 2005-2020 were selected.

The analysis showed that the ERAS as a whole overestimates the wind speed values for most
stations. The greatest values of the difference are typical in general for the winter months. Maxi-
mum errors (from 2 to 3 m/s) are noted for Kerch, Krasnoperekopsk, Dangerous, Feodosia and the
Black Sea. The mean values of the RMS error (RMSE) are 2,38 m/s, reaching 3-4 m/s in the winter
months on the periphery. The correlation coefficient between the data series reaches 0,77 (Simfero-
pol Airport), although for Alushta it was only 0,24.

As a result, it was found that the reanalysis of ERA 5 does not fully reflect the peculiarities of
the distribution of wind speed for the Crimean Peninsula and needs some amendments to work with
it. The smallest errors of reanalysis in combination with high correlation values are characteristic of
the center of Crimea. The largest errors in combination with low correlation values are typical for
the southern and northern coasts of the Crimea, as well as for mountainous areas.
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Mount Elbrus is the highest peak in Europe (5642 m), and is a presently inactive volcano that
is covered by thirty glaciers. Under the most aggressive climate scenarios, almost all glacier ice in
the Northern Caucasus will be concentrated on Mt. Elbrus (Postnikova et al., 2023). In this study,
we calculate the evolution of all Elbrus glaciers throughout the 21st century under CMIP6 scenarios
(SSP1-1.9, SSP1-2.6, SSP2-4.5, SSP3-7.0, SSP5-8.5) in the 21st century. The expected retreat of
glacier fronts will lead to the formation of proglacial lakes in bed depressions, which were identi-
fied earlier (Lavrentiev et al., 2020). The most probable time of their formation was determined in
the present work. In addition, the time and place of formation of debris-covered dead ice areas were
predicted, which under certain circumstances will dam the lakes, thus increasing the probability of
their outburst. For this study, the GloGEMflow model (Zekollari et al., 2019) was used coupled
with a dynamical debris-cover model (Postnikova et al., 2023). In GloGEMflow, the processes of
energy exchange and glacier dynamics are described in a simplified form. This is the reason for the
inevitable uncertainty in the forecast calculations of glacier characteristics. However, as the fore-
casting timeframe increases, the scatter in the initial climatic scenarios begins to play an increasing-
ly important role. These issues are also discussed in this report.

By 2100, the Elbrus glaciers will retreat above 4000 m and up to 17 new lakes are likely to be
formed on Elbrus. Under moderate warming (scenarios SSP1-1.9, SSP1-2.6) the position of glacier
fronts may stabilize at the altitude of 3600-3700 m. In this case, up to 8 lakes will be formed on EI-
brus, according to our forecast. The largest lake at the place of the Dzhikaugenkez plateau will be
dammed by moraine with dead ice core up to 60 m thick in 2040+10, and will probably pose a po-
tential outburst flood threat downstream of the Malka River.

This study was funded by the RSF grant number 23-27-00050.
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Solar radiation is the main contributor to the surface melting of mountain glaciers. Two fac-
tors regulate the performance of solar radiation and determine the melting regime. The first factor
that determines attenuation of incoming solar radiation on the upper boundary of the atmosphere is
its transmissivity. Attenuation of the radiation flux is a consequence of the influence of a complex
of processes depending on the composition of the atmosphere and the presence of various types of
impurities, and cloud cover. The second factor is determined by the properties of the surface on
which radiation comes and from which it is partially reflected (albedo). Sometimes, in various ap-
plications, the transmissivity of the atmosphere, due to the characteristics of its composition, and
cloudiness are not separated, but are considered together, using the term “integral transmissivity”.

Instrumental measurement of atmospheric transmissivity is a rather complex process, but it
can be indirectly assessed using various numerical algorithms. The disadvantage of such calculation
methods is that they are usually based on time-averaged parameters of the state of the atmosphere,
and cannot take into account short-period variations caused, for example, by changes in air masses
with different contents of impurities (dust, aerosol, etc.). Depending on the type of clouds and the
altitude of the sun, clouds can either transmit most of the direct solar radiation or do not transmit at
all. It is obvious that using in calculations total cloud cover observed at a weather station data with-
out taking into account the transmissivity of cloud cover will lead to significant distortions in evalu-
ation of the energy balance. By retaining direct radiation, cloud cover thus increases the share of
diffuse radiation in the total flux, and under certain circumstances can enhance the flux of long-
wave radiation. Comparison of cloud cover characteristics determined at a regular weather station
and those calculated from observational data shows significant difference. In this view, one needs to
revise some well-established generally accepted algorithms for calculating radiation fluxes in glaci-
ological models.

The problem becomes significantly more complicated in prognostic calculations, when it is
necessary to rely on various kinds of indirect estimates, “typical values”, stochastic models, etc.
This naturally causes increasing uncertainty in the results of mathematical modeling of the glacial
surface energy balance, and, ultimately, in forecasts of its dynamics and evolution.

To make the model simulate energy exchange processes realistically on a single glacier, it is
necessary to appropriately tune key model parameters on the basis of observational data. Apparent-
ly, this reduces the universality of the model approach and makes the model dependent on specific
geographical conditions. The purpose of this study is to make the model approach as unified as pos-
sible. To achieve this goal, we analyzed some aspects of cloud parameterization in glaciological
models. We used series of observations at automatic weather stations on the Dzhankuat and Garaba-
shi glaciers in the Central Caucasus and at the Terskol regular weather station, which is located in
close proximity to both glaciers.

This study was funded by the RSF grant number 23-27-00050.
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Anomalies of the thermal upwelling index (TUI) are considered using the example of the Pa-
cific upwellings (Chilean, Peruvian and California), which are part of the eastern boundary
upwelling system (EBUS). TUI is calculated by subtracting the average ocean surface temperature
(SST) in the offshore zone from each value in the upwelling zone for each latitude.

Each upwelling system was divided into two parts: northern and southern. SST and tempera-
ture anomalies were calculated for each day from 1982 to 2021 with a spatial resolution of
0,05°%0,05°. Surface wind (SW) was calculated for each day from 1988 to 2022 with a spatial reso-
lution of 0,25°%0,25°. Wind with a velocity module less than 4 m/s was not taken into account.

It is shown that for the northern and southern parts of the Pacific upwellings, the maximum
area of the positive SST anomaly in the upwelling zone coincides (with an accuracy of up to one
month) with the maximum absolute value of the TUI. The statement is also true for the negative
temperature anomaly, with the exception of the northern part of the Chilean upwelling, where such
a coincidence is only with the minimum TUI value. In most cases, positive temperature anomalies
over the occupied area are significantly larger than negative ones. Since no such anomalies were
observed in the offshore zone, we can conclude that these changes are due to changes in the intensi-
ty of upwellings, which, in turn, are associated with variations in the SW field.

Average monthly changes in ocean surface temperature
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Figure 1 — Offshore and upwelling zones of the Chilean upwelling (left). Right: seasonal changes in

SST in the offshore and upwelling zones (red and blue curves) and TUI for the northern part of the

Chilean upwelling. For clarity, a constant of 0,72°C is added to the upwelling curve, the TUI curve
is shown with the opposite sign and a constant of 12,3°C is added to it
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The Pacific upwellings (Chilean, Peruvian and Californian), included in the eastern border
upwelling system (EBUS), are considered. The influence of external (relative to upwelling and the
adjacent region) ocean surface temperature (SST) on changes in the thermal upwelling index (TUI),
which is the difference between SST in the coastal and offshore zones, is analyzed. Using data on
the surface wind, trends in interannual changes in the sum of vertical velocities of Ekman transport
and pumping are considered.

SST and TUI were calculated for each day from 1982 to 2021. with a spatial resolution of
0,05°x0,05°. Surface wind was calculated for each day from 1988 to 2022. with a spatial resolution
0f 0,25°x0,25°. Wind with a velocity module less than 4 m/s was not taken into account.

Climatic conditions for the upwelling system cannot be the same due to its large latitude.
Therefore, each system was divided into two parts: northern and southern. For example, the Chilean
upwelling system, which has a length of 24° (more than 2660 km), was divided at a south latitude
of 30,0°.

To analyze the influence of SST remote from the upwelling on the interannual variability of
TUI, the so-called “external” regions were identified. They have a longitude extent of 5°, are re-
moved from the upwelling zones and adjacent areas by 1°, and have the same latitude extent as the
latter.
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Figure 1 — Interannual SST changes in the “external” region of the Chilean upwelling with
coordinates 96,0° —91,0° W. and 42,0° — 18,0° S. (left) and its spatial structure EOF 1 (right)

According to the graphs of interannual changes in SST (Fig. 1, left) and the time coefficient
of the main component (Fig. 1, right), there was no temperature trend in the outer region. The first
empirical mode (EOF 1), responsible for 44,6% of the total dispersion of the average annual SST
fields, shows that the largest interannual changes in negative temperature anomalies occurred in the
northern part of the region. The absence of intensification of the Chilean upwelling according to
TUI data was obtained and a connection was established between interannual changes in TUI with
vertical velocities caused by Ekman transport (wind drive) and pumping (associated with horizontal
inhomogeneity of the wind field). Similar results were obtained for other EBUS.
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The general circulation of the atmosphere is a determining factor in the creation and mainte-
nance of weather and climatic conditions of any region on Earth.

The purpose of this study is to assess the influence of large-scale atmospheric circulation
mechanisms on the nature of the thermal regime of the central regions of the European part of Rus-
sia (hereinafter referred to as the EPR — IV quasi-homogeneous climatic region: 50-63° N and 30—
60° E). The predominance of westerly air transport throughout the entire thickness of the tropo-
sphere is clearly manifested in the territory considered by the authors. The ERA5 reanalysis data on
surface air temperature for the period from 1979 to 2021 were used as source material. The choice
of reanalysis data was determined by the absence of gaps and unnecessary inhomogeneities in the
series. To describe the atmospheric circulation, we used monthly average series of the most in-
formative indices for the same period: North Atlantic Oscillation (NAO), Arctic Oscillation (AO),
Scandinavian Oscillation (SCAND), East Atlantic-Western Eurasian Oscillation (EA/WR). The re-
sults of the established connections for the central months of the seasons of the year are presented in
Table 1.

Table 1 — Distribution of linear correlation coefficients between temperature series (T) and
atmospheric circulation indices (1979-2021), in the center of the EPR (r 100)

r January April July October
Tand | from 75 in the NW from 15 in the NW from near-zero val- | from 40 in the NW
NAO | (60°N; 37° E) (62° N; 31° E) ues in the N (62° N; 32° E)

to 35 in the SE to -20 in the central | (north of 58° N) to -30 in the SE
(51° N; 47-60° E) part (54° N; 41° E) to-30 inthe S (53° N; 56° E)
(south of 52° N)
Tand | from 65 inthe W from 20 inthe N from 20 to 35 from 50 in the NW

AO (west of 37° E) (north of 62° N) most of the area (60° N, 33°E)

to 40 in the NE
(east of 50° E)

to 0 most of the area

to -5 in the SE
(south of 52° N and
east of 47° E)

Tand | from-10 in the NW from 35 in the W from 60 in the NW from 10 in the W
SCAND | (61° N; 33°E) (west of 33° E) (61° N; 33°E) (west of 33° E)
to 70 in the SE to-40inthe E to0inthe E to-50inthe E
(south of 53° N and (east of 57° E) (east of 57° E) (east of 58° E)
east of 52° E)
Tand | from 10 in the W from -50 to -70 from -20 in the W from -60 in the N
EA/WR | (west of 31° E) most of the area (west of 33° E) (north of 60° N)

to -20 in the NE
(north of 60° N and
east of 49° E)

Thus, during the work, close positive connections were noted:

e with the NAO index - during the cold season (mainly in the NW regions of the center of the
EPR);

e with the AO index - during the cold season (mainly in the NW regions of the center of the
EPR);

e with the SCAND index — during the cold season (in the SE regions); during the warm period
(in NW regions).
The closest negative connections were noted:

e with the SCAND index - during the warm season (in the eastern regions);

e with the EA/WR index — mainly in the warm season.

to-75inthe E
(east of 49° E)

to-20inthe S
(south of 52° N)
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Climatic change influence strongly the bioclimatic comfort and, accordingly, the features of
recreational activities in the Crimea. Large-scale processes of the ocean-atmosphere system are re-
sponsible for interannual climate variability in the Black Sea-Mediterranean region. Among them it
needs to note the Southern Oscillation having two active phases — El Nifio (EN) and La Nifa (LN).

The aim of present work is to identify the patterns of bioclimatic indicators variability over
the Crimea associated with interannual processes in the ocean—atmosphere system - El Nifio and La
Nifia, taking into account their two types. The following data sets were used in the work: daily sur-
face data from ERAS reanalysis (spatial resolution of 0,25°x0,25° in 1950-2020 dedicated to 22
Crimean meteorological stations and available data of hydrometeorological observations in 2005—
2020, which were used to level out the distortions of the reanalyses database. Physiologically
equivalent temperature (PET), stuffiness index (E), and Hill wet wind cooling index (Hw) were cal-
culated as bioclimatic indicators. The 5th and 95th percentiles of the average daily anomalies of the
bioclimatic indices for each month were estimated as criteria for extreme climatic conditions. On
this basis, the number of days above or below a relative threshold was considered. Using the com-
posites method, the features were identified and quantitative estimates of EN and LN manifestation
in the repeatability of extreme bioclimatic conditions over the Crimea were obtained, taking into
account two types of each event.

It is shown that different types of EN and LN events are characterized by special character of
extreme regional responses in study area. Thus, the eastern type of LN is characterized by colder
and windy winters (January-February) and spring (March-April) at all stations of the Crimea, and,
accordingly, the late beginning of spring. Due to the increase of the number of warm days in Sep-
tember, the duration of the holiday season with comfortable conditions increases in general. The
central type of LN manifestations are more windy and cold days in late autumn and early winter at
all stations, and in the warm period of the year — hotter and stuffier summer and more comfortable
bioclimatic conditions in mid-autumn.

The eastern EN type manifestation is following. The cold period of the year is a bit like the
eastern type of LN, but the cold and windy days increase begin in November and uncomfortable
conditions last until January includingly. In such EN years, March is usually colder and windy at
the stations of the Western, South-Western and North-Eastern Crimea. At the same time, a later be-
ginning of spring is recorded. At the same time, the increase in warm days in October at the stations
of the Northern, South-Western and South-Eastern Crimea provides favorable recreational condi-
tions, extending the velvet season. The central type of EN corresponds to a colder December at the
stations of the Southern, Southeastern and Eastern Crimea, very windy and cold conditions in the
late winter - mid-spring is at all stations. At the same time, with this EN type, the number of warm
days increases just in May. That makes it possible to start the bathing season in Crimea much more
earlier.

The revealed patterns of bioclimatic indicators change can become a regulatory factor for the
perspective planning and organization of various types of recreational activities on the territory of
Crimea and, thus, provide more comfortable conditions for vacationers and local residents, as well
as affect the duration of the recreational period.

The study was supported by the state assignment of the Institute of Natural and Technical Sys-
tems, project reg. no. 121122300072-3.
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CHANGES IN HEAT WAVES AND PM10 PARTICLE CONCENTRATION
IN THE AZOV-BLACK SEA REGION
Sukhonos O.Yu., Voskresenskaya E.N., Egorkin A.A.
Institute of Natural and Technical Systems, Sevastopol, Russia
kovalenko_olga89@mail.ru

According to the latest reports from the Intergovernmental Panel on Climate Change and
Roshydromet, recent decades have been characterized by an increase in the frequency of heat
waves. Weather conditions experienced during heat waves can lead to increased concentrations of
pollutants. Changes in the frequency of such phenomena are reflected in the health of the population
(increased risk of death) and agriculture (risk of forest fires, decreased yields).

The purpose of the work is to analyze changes in summer heat waves and PM10 particle con-
centrations in the Azov—Black Sea region (ABS), limited by coordinates 40°—49° N, 25°-45° E. For
this purpose, we used average daily air temperature data at a height of 2 m from the ERAS reanaly-
sis (Hersbach et al., 2020), average monthly concentrations of PM10 particles according to the re-
sults of calculations of the EMEP MSC-W model version rv4 (Simpson et al., 2012) for the period
1990-2020 in the ABS, as well as average monthly values of the indices of the North Atlantic Os-
cillation (NAO), East Atlantic Pattern (EAP), East Atlantic — Western Russia pattern (EAWR),
Scandinavian Oscillation (SCAND) for the period 1950-2022.

In general, the obtained estimates of long—term changes in the characteristics of heat waves in
the ABS are consistent with the results of global and regional studies. The increase in the number of
summer heat waves and their duration, especially in the last 30 years (up to 1,4 events/10 years and
up to 1 day/10 years, respectively), occurs against the background of global warming. Moreover,
the most intense heat waves (for example, the 2010 event) were accompanied by an increased con-
centration of PM10 particles.

To determine the physical mechanisms responsible for fluctuations in time—frequency space
in the analyzed time series, the connection with large—scale circulation processes was investigated.
This analysis was performed using the cross—wavelet transform and wavelet coherence tools. Time
series of characteristics of summer heat waves and concentrations of PM10 particles showed signif-
icant relationships with the NAO, EAP, and EAWR. For different circulation indices, the phase re-
lationships in the time series differ. The variability of the NAO index with fluctuations in the char-
acteristics of heat waves over a period of 8-12 years are in antiphase, while the variability of the
NAO over the same period is ahead of fluctuations in PM10 concentration. Fluctuations in the all
considered climatic characteristics over a period of 1-4 years are ahead of changes in the EAP in-
dex by approximately 0,5 years. Significant areas of coherent fluctuations between considered char-
acteristics and the EAWR index are obtained only for the concentration of PM10 particles, and be-
tween considered characteristics and the SCAND - only for the number of summer heat waves and
their duration. Thus, fluctuations in the climate indices and in heat wave characteristics and concen-
tration of PM10 particles are closely related. This will be reflected in the quality of near—surface
atmospheric air, which further opens up the prospect of long—term forecasting of the weather anom-
alies being studied.

The study was supported by state assignment of Institute of natural and technical systems,
Project Reg. 121122300072-3.
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RELATIONSHIP OF COMPOUND EXTREMES OF AIR TEMPERATURE
AND PRECIPITATION WITH MODES OF ATMOSPHERIC CIRCULATION
IN EASTERN EUROPE
Sukhonos O.Yu., Vyshkvarkova E.V.

Institute of Natural and Technical Systems, Sevastopol, Russia
aveiro_7@mail.ru

Recent studies show an increase in the frequency of compound extremes in air temperature
and precipitation in many parts of the world, especially under dry and hot conditions. Compound
extremes have a significant impact on all spheres of human activity, such as health, agriculture, and
energy. Features of atmospheric circulation are closely related to the occurrence of anomalies in air
temperature and precipitation.

The article analyzes the relationship of atmospheric circulation modes with compound ex-
tremes that have had the greatest impact on the Atlantic—European region over the territory of East-
ern Europe over the past 60 years on extreme air temperature and precipitation. Combinations of
extreme temperature and humidity conditions (indices) — cold-dry (CD), cold-wet (CW), warm-dry
(WD) and warm-wet (WW) — were used as compound extremes. Indices of compound extremes
were calculated according to the E-OBS reanalysis data.

Estimates of the relationship between two time series were carried out using standard correla-
tion and composite analyses, as well as cross wavelet analysis.

Phase relationships and time intervals for different climatic indices were different. The period
of most fluctuations in the indices of compound extremes was from 4 to 12 years and was observed
during 1970-2000. The coherent fluctuations in the time series of the WD and WW indices and the
North Atlantic oscillation (NAO) index occurred rather in phase, those in the time series of the CD
and WD indices and the Arctic oscillation (AO) index occurred in antiphase, and those in the time
series of the WD and WW indices and the Scandinavia pattern (SCAND) index occurred in anti-
phase (fig. 1). Statistically significant increase in the number of warm compound extremes was
found for the northern parts of the study region in the winter season with positive NAO and AO
phases (Sukhonos, Vyshkvarkova, 2023).

TR

wanf 4§ ¥V X
B e Lt
N

v
Y

OO Y
RRRRRRRRR]
v OGO

>
£

R

AR Ry

AR R R x

RS MR AR AR AN )

Q::n\

4

.

» A

Y AR SASA SN Y e

§ SRS YL e
s

¥ 3 OO0

Red
Ny
Ny
\

f
= : = [
8 o 8 77
3 2:: s s ‘:EE \>) E "' =2 AR DS B S ‘»yf:
8 faaas e 8 k4% AR
I N O iaz t 333
— B v " \:\\:\\::: o o SIS SIS SSIII TS NN NN
T e ACRERTI I Z yessssess RN
e v v o v v v S S ()] x Yy AAK Ry
o EEeeee? e O e sig
TR AR = N RS
16 i Y SH TR . AR
b AL AR
3 AAAAA XA AN D] AAXASA
1244777 R aha ottt fﬁfﬂ;;;ﬁ AAAARAAARXARAARAN
1960 1970 1980 1990 2000 2010 1960 1970 1980 1990 2000 2010

Figure 1 — Cross-wavelet spectrum (left) and Wavelet coherence spectrum (right) between WD in-
dex and NAO for winter season.

The study was supported by state assignment of Institute of natural and technical systems
(project reg. no. 121122300072-3).
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INFLUENCE OF THE INDIAN OCEAN DIPOLE ON SPATIO-TEMPORAL
VARIABILITY OF SURFACE AIR TEMPERATURE IN AFRICAN-EUROPEAN REGION
Torbinsky 4.V., Polonsky 4.B., Gubarev 4.V.
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The Indian Ocean Dipole (I0D) is one of the main modes characterizing the interannual vari-
ability of large-scale interaction between the ocean and the atmosphere in the equatorial-tropical
zone of the World Ocean (Saji, 2018). This phenomenon, manifests itself in the form of anomalous
moisture transfer, accompanied by heavy rainfall or, conversely, abnormal droughts and causes se-
rious damage to countries located on both the eastern and western coasts of the Indian Ocean.

Previously authors of this work identified a statistically significant signal identified in the
field of surface air temperature (SAT) over the European region in the summer-autumn period, as-
sociated with I0OD events independent from El Nifio Southern Oscillation (ENSO) (Polonsky at al.,
2022). It has been found that during the development of the positive phase of intense 10D events,
extensive positive temperature anomalies over Europe reach + (3—4) °C.

This paper quantifies the impact of 10D on the interannual variability of SAT in the African-
European region. The expansion of the study area by adding North Africa to it is due to the fact that
the presence of a significant 10D signal in the European region in the summer-autumn months may
be due to changes in the intensity of convective processes over North Africa.

ERAS atmospheric reanalysis on monthly mean SAT values, as well as the 10D index for the
period 1968-2022, were used. The spatiotemporal variability of the SAT fields to analyze the meth-
od of empirical orthogonal functions (EOF) were used. Using the expansion of the monthly SAT
fields into EOF, was obtained the first four spatial empirical SAT modes that make the maximum
contribution to the dispersion and the time coefficient corresponding to each mode. The average
IOD index and EOF expansion coefficients were subjected to mutual statistical analysis, during
which the correlation coefficients between them were calculated.

A statistically significant signal was identified in the field of surface air temperature over the
African-European region in the summer-autumn period, associated with 10D. The 10D manifests
itself to the maximum in the structure of the first EOF mode of the SAT field from June to October
and is responsible for 13% of the total SAT dispersion. It is shown that the variability of meteoro-
logical parameters in the North African region, in the summer-autumn period, during the events of
the 10D can affect the climate of Europe, most likely through the meridional transport of air mass-
es.

The work was be the within the framework of the IPTS state task «Fundamental research of
processes in the climate system that determine the spatial and temporal variability of the natural
environment on a global and regional scaley (state registration number 121122300074-7).
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ON THE VARIABILITY OF DISSOLVED OXYGEN IN THE REGION OF THE COLD
INTERMEDIATE LAYER OF THE BLACK SEA WATERS
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As you know, the Black Sea is the most studied sea of the World Ocean. This is a unique ba-
sin with strong vertical stratification, which divides the sea into two layers. The first is an oxygen
layer, the second is an oxygen-free layer in which hydrogen sulfide, methane and ammonium are
present. The upper oxygen layer is highly desalinated due to river runoff and, to a lesser extent, pre-
cipitation. The lower layer has a higher salinity due to the influx of Marmara waters of Mediterra-
nean origin through the Bosphorus Strait. An increase in salinity with depth prevents mixing and
saturation of the lower layers with oxygen (Sorokin, 1982). The emerging vertical density stratifica-
tion prevents convective mixing and the flow of dissolved oxygen into the region of intermediate
and deep waters, which causes a lack of oxygen (anoxic conditions) in the main column of sea wa-
ters. The onset of anoxia is observed at depths of about 100 m. In most published works, to analyze
long-term trends in the hydrological and hydrochemical characteristics of the Black Sea, observa-
tional data obtained in different parts of the sea and in different periods, and also with different spa-
tiotemporal resolutions, were used. This does not allow us to obtain a reliable description of the var-
iability of dissolved oxygen concentration and salinity on time scales exceeding several decades
(Dobrzhanskaya, 1967; Stanev et al., 2013; Capet et al., 2016).

The purpose of this work is to analyze the long-term variability of salinity and dissolved oxy-
gen concentration at horizons of 50, 75 and 100 m in the area of the western and eastern gyres of
the Black Sea, as well as in the area of the depth slope off the northwestern shelf over a ~70-100-
year period using archived data and identify the most likely cause of changes on such time scales.

The main result of this work is as follows. Analysis of trends identified based on updated ar-
chival data from 1923 to 2020 revealed an increase in salinity, as well as a decrease in the concen-
tration of dissolved oxygen in the upper part of the main pycnocline in the centers of the western
and eastern cyclonic gyres. On the periphery, opposite trends are noted. The probable reason for this
difference is the increased vorticity of the wind field, which leads to intensified circulation and an
increase in the rate of vertical rise of water in the centers of cyclonic gyres and their lowering at the
periphery of these gyres.

The work was carried out within the framework of the state assignment of IPTS on the topic
“Fundamental research of processes in the climate system that determine the spatiotemporal varia-
bility of the natural environment on a global and regional scale (state registration number
121122300074-7).
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ASSESSMENT OF THE CURRENT STATE OF TEMPERATURE AND SALINITY
IN THE ACTIVE LAYER OF THE BLACK SEA
Vorontsov A.A., Bulygin A.M.
RIHMI-WDC, Obninsk, Russia
vorv10921@gmail.com

Warm winters of the last decades in the Black Sea region actually become a new climatic
norm. Global warming of climate, restructuring of atmospheric circulation, which is accompanied
by changes in both the wind regime and precipitation, lead to a change in the processes of the for-
mation of the thermohcaline structure of the active layer of the sea.

In conditions of global warming of the last decades, the relevance of studying changes in the
regime of the sea and its coastal territories has increased significantly, especially in terms of identi-
fying the main problematic processes, the monitoring of which should be carried out with special
attention.

The results of the current state of the hydrological regime (temperature and salinity of sea wa-
ter) are presented. The results and conclusions are based on the observation data made during the
period 2017-2022 (Bulletin..., 2022), as well as on observations made in modern climatic periods
of 19812010 and 1991-2020.

Based on the analysis of the results obtained, the main conclusions were formulated about the
current state of temperature and salinity of the active layer of the Black Sea.

In the deep-sea part of the sea, the difference in the average water temperature for the last 5
years and the average values of the modern climatic period is from 0,0 to 3,8 °C in winter and from
0,7 to 6,6 °C in the summer.

In the coastal zone of the Russian Black Sea sector, an increase in water temperature is ob-
served in winter 1,1-3,1 °C, in summer 0,8-1,7 °C.

The positive trend is also confirmed by satellite observations: over the past 39 years, the tem-
perature of the surface layer of the sea increased by 1,8-3,4°C (Bulygin et al., 2023)

The long-term positive trend of increasing salinity is traced both according to deep-sea ship
observations in the Black Sea, and by measurements made at sea coastal stations.

In the deep -sea part of the sea, the difference in the average values of the salinity of sea soda
over the past 5 years and the average values of the modern climatic period is from 0,1 to 0,8%o.

In the coastal zone of the Russian Black Sea sector, there is an increase in salinity in the range
of 0,1-0,9%o (the exception is the area of Feodosia, a difference of 2,7%o is recorded).

Climate warming has led to significant and continuing changes in the state of the Black Sea.
At firstl, warming the active layer, and secondly, the fact of increasing the salinity of the surface
layer of water.
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THE ROLE OF CLIMATE CHANGE
IN THE DESTRUCTION OF CULTURAL HERITAGE SITES
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Climate change is affecting all aspects of human and natural systems, including both natural
and cultural World Heritage sites. The progressive loss of historical and archaeological sites due to
climate change is often overlooked (IPCC). Observed and predicted trends in key meteorological
parameters have and will continue to have devastating impacts on cultural heritage sites. The aim of
the work is to study a climate change impact on cultural heritage sites in the European part of Rus-
sia.

There are 20 UNESCO cultural heritage sites in the European part of Russia (World Heritage
List). The cultural heritage sites are located in contrasting climatic zones. Each site has unique fea-
tures — the time of construction, the material from which it is made, the climatic conditions in which
it is located, which requires an individual approach to assessing the impact of climatic conditions on
the degradation of materials.

The data of the main meteorological parameters (surface air temperature, precipitation, dew
point to calculate relative air humidity) from the ERA5 reanalysis for the period 1960-2020 were
used. We used two indices for assessing frost damage, the so-called climate-based indices: the
number of freeze-thaw cycles and the wet-frost index. Salt weathering is one of the most important
degradation criteria in the historical heritage. We assessing the number of crystallization transitions
of the sodium chloride salt and calcium sulfate.

For the territory of the European part of Russia, we obtained positive trends in the FTCs for
almost all cultural heritage sites, except for the southern site (the Naryn-Kala citadel) (fig. 1). Our
results showed an increase in gypsum formation in the northern regions and a statistically signifi-
cant decrease in the southern regions (Vyshkvarkova, Sukhonos, 2023).
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Figure 1 — Number of FTC (a) and trends (b) for period 1961-2020. Black dots correspond to statis-
tically significant values (p < 0,05). Purple triangle—cultural heritage sites.

The study was supported by state assignment of Institute of natural and technical systems
(project reg. no. 121122300072-3).
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COMPARISON OF ENSO ACTIVITY WITH IREEGULARITYES
IN EARTH ROTATION
Zotov L.V. *2, Marchukova 0.V.2 Sidorenkov N.S.*
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In the last decade, anomalies in the Earth's rotation have been observed: acceleration of its ro-
tation velocity since 2016, almost complete decay of the Chandler wobble (CW) in 2019-2021,
weakening of the signal of free core nutation (FCN). Strong EI Nino events are known to affect
westerly transport in the atmosphere and slow down the Earth's rotation. They occurred in 1983,
1997 and 2016. The last strong EI Nino marked the LOD maximum, after which a deceleration be-
gan that continued until 2022, when the Earth's rotation velocity reached a maximum over the last
70 years (LOD minimum, Fig. 1). At the same time, the Chandler wobble decayed completely.
These anomalies were accompanied by the La Nina triple event. In 2023, CW began to appear, and
LOD also slowly started to increase. It is likely that EI Nino will follow in 2024.
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Figure 1 — Variations of the length of day LOD from EOP C04 data. Zonal tidal model for LOD.
Southern oscillation index (SOI) inverted, representing ENSO activity

In the works of N. Sidorenkov, B. Chao, J. Dickey, I. Serykh, D. Sonechkin, Y. Wilson the
question was earlier raised: Could El Nino Southern Oscillation (ENSO) be interrelated with the
irregularities in the Earth rotation. In particular, based on the similarity of the spectra, the ideas
about their determination by some common factor were put forward. Our work will collect argu-
ments for and against these still unproven hypotheses. We will compared the features in the motions
of the Moon that modulate the tidal influence with quasi-cycles of LOD, CW, ENSO.
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SECTION 3

ENVIRONMENTAL PROBLEMS OF NATURE MANAGEMENT
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CRITERION FOR OPTIMIZING THE NUMBER OF SOLAR COLLECTORS
IN THE STRUCTURE OF HYBRID GAS TURBINE PLANTS
Ablaev R.R.}, Klimenko A.G.2, Dologlonyan A.V.2
1Sevastopol State University, Sevastopol, Russia
Ablaev.expert@mail.ru
2Institute of Natural and Technical Systems, Sevastopol, Russia
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Choosing the optimal structure of hybrid solar gas turbine installations is an urgent task (Atef
et al, 2020). In the structural-parametric synthesis of such systems, the choice of the structure of a
gas turbine installation and its operating modes is primarily a technical task. At the same time, the
choice of the optimal structure and number of solar collectors in hybrid installations cannot be
solved solely by technical optimization. Since the use of solar collectors in such installations always
gives a positive technical effect in the form of a constant increase in total fuel economy.

To optimize the number of solar collectors in this case, the application of a technical and eco-
nomic criterion is required. In (Ablaev, Dologlonyan, 2023), as a criterion for optimizing the num-
ber of solar collectors of a power plant, a coefficient was proposed that reflects the specific reduced
costs per 1 money/year of the reduced income, which should tend to its minimum value. However,
this indicator does not allow to accurately determine the number of solar collectors, the use of
which in the structure of a hybrid installation is effective.
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Figure 1 — Determination of optimal parameters of solar collectors in the structure of a hybrid
installation

The conversion of this coefficient in comparison of the reduced costs and the reduced reve-
nues of the use of solar collectors will allow us to establish a break-even point (see Figure 1), which
will characterize the number of solar collectors that will be optimal.

Thus, the main criterion that will determine the optimal number of solar collectors in the
structure of a hybrid power plant is the reduced break-even, which is determined by comparing the
differential of the amount of fuel savings with the amount of reduced costs.
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COMPOSITION OF MICROALGAE-FOULING ON PLATES COATED
WITH PAINTS WITH NANOPARTICLES
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In the process of biofilm formation on various surfaces in seawater, almost all classes of mi-
croorganisms and algae participate, and almost all fouling agents contribute to corrosion. Microal-
gae and cyanobacteria (CB) are one of the components of biofilm, which is the first stage of the
process of biocorrosion of various materials in marine conditions, but their contribution to this pro-
cess has been poorly studied. Recent studies involving the use of atomic force microscopy (AFM)
have revealed the relationship of diatoms with bacteria and with biocorrosion processes (Landoulsi
et al., 2011). In the coastal waters of the Black Sea, we have identified 25 forms of Bacillariophyta.
(Andreeva, 2021). They make up the bulk of the fouling biomass on surfaces submerged in the ma-
rine environment (Wetherbee et al., 1998). Cyanobacteria (Cyanoprokaryota) are another integral
component of algocenoses of marine fouling. Due to the formation of different chemical com-
pounds, CB can enter into a variety of allelopathic relationships in algocenoses.

The research was carried out in the coastal waters of Sevastopol in 2022-23. The work used
plexiglass plates (polymethylacrylate) measuring 10x15 cm, thickness 3 mm, S=150 cm?, coated on
both sides with prototypes of antifouling marine paint containing various nanoparticles and their
oxides as an antifouling agent. The composition and morphology of microalgae in the initial sus-
pension were studied on lifetime preparations. Microscopy and photographing of cultures was car-
ried out using a Levenhuk 740T biological microscope at magnification x400.

Among diatoms, representatives of the genera Amphora, Melosira, Navicula, Pinnularia were
identified mainly, and in some cases — Amphipleura, Cylindrotheca, Coscinodiscus, Cymbella,
Nitzschia, Pleurosigma, Rhizosolenia, Striatella and some others.

Cyanobacteria were represented by the genera Aphanocapsa, Microcystis, Synechococcus,
Chroococcus, Leptolyngbya and Oscillatoriales (including Spirulina). Green and dinophytic algae
were also detected in the fouling. In some cases, various unidentified forms were found, including
ribbon-like and dumbbell-shaped.

After 2 months of exposure in 2022, the smallest number of microalgae taxa was registered in
variants of plates with Bioplast-52 and with a coating containing Ag-TiO2 nanoparticles (NP).

In 2023, the smallest number of taxa were identified in variants with low frequency
CuO/Cu20/CuFez04 and Ag-TiO>. It was noted that cyanobacteria appeared only after 21 days of
plate exposure and actively developed until the end of the full-scale experiment for 2 months. It
should be noted that cyanobacteria were absent at all periods of exposure in variants with
CuO/Cu20/CuFe204 and Ag-TiO2 NPs.

Thus, the most promising anti-algae coatings can be considered paints with the inclusion of
low-frequency Ag-TiO2 and CuO/Cu20/CuFe204.
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Collections are an integral component of the fundamental basis for carrying out applied and
fundamental work by almost all domestic research and industrial organizations, as well as control
laboratories and educational institutions using strains of microorganisms in their activities. Strains
of cyanobacteria living in extreme ecological niches (for example, marine sediments) have unique
biochemical and physiological properties that can be used in pharmacology to create new promising
drugs. In addition, such collections are of great scientific and applied importance, as a "bank" for
storing the gene pool of organisms. The first step towards the successful isolation of cyanobacteria
from their natural environment is comprehensive data on their habitat, and knowledge of taxonomy
is necessary for successful cultivation.

The isolation of new strains of cyanobacteria was carried out in the process of algological
studies of sediment samples taken during all seasons of 2020-2023 in various zones of the Black
Sea coast of Crimea during 11 expeditions on the hydrographic vessel "Professor VVodyanitsky". To
obtain a cumulative culture, the native material was cultivated for 30—120 days on a liquid modified
Gromov medium No. 6 (prepared on seawater). Isolation and purification of cultures were carried
out by several methods. The morphology of cyanobacteria was studied on lifetime preparations us-
ing Levenhuk 740T and Leica DM2500 light microscopes at magnification x 400. The cultures
were photographed using digital attachments using appropriate computer programs (Levenhuk
ToupView and Leica Application Suite (LAS) and further image processing in Adobe Photoshop
CS3 Extended. The taxonomic affiliation of microalgae was established using determinants
(Komarek, Anagnostidis, 1998; 2005).

In the study of bottom sediments taken from various depths of the coastal waters of the Cri-
mea, 44 algologically pure cultures of cyanobacteria were isolated. 22 cultures were obtained from
samples taken at a depth of 20-38 m, 12 — at a depth of 5065 m and 10 — at a depth of 80—-130 m.
The largest number of crops (15) were isolated from soil samples taken in the autumn period, in.
The summer, winter and spring seasons the number of isolates was approximately the same (11, 9
and 9, respectively).

The strains of cyanobacteria isolated during the period 20202023 from samples of bottom
sediments were transferred for deposit to the Resource Center "Cultivation of Microorganisms" of
St. Petersburg State University. Preliminary identification of the obtained cultures revealed among
them cyanobacteria of the genera Nostoc (21 strains), Nodularia and Leptolyngbya (3 strains each),
as well as unicellular and colonial forms (11 strains).
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The use of cogeneration technologies to provide energy to local industrial and agricultural fa-
cilities is possible with the decentralization of generating capacities. At the same time, the thermal
and structural scheme of the cogeneration plant should be adapted to supply the required amount of
energy (electric and thermal) for different consumers.

In order to achieve flexibility in energy supply volumes and high thermal efficiency of a gas
turbine power plant, it is possible to use not only various thermal and structural schemes, but also
control of operating processes in cycles of gas turbine engines.

Flexible cogeneration technologies can be used in microgas turbine plants (MGTP) with heat
regeneration, as well as turbocharger recovery and heat regeneration (see Figures 1 and 2).
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Figure 1 — Cogeneration MGTP diagram based Figure 2 — Cogeneration MGTP diagram
on Easy cycle +Regeneration: K — compressor; based on Easy cycle +Regeneration and tur-
KC — combustion chamber; T — turbine; OT'2 — bocharger utilizer: TIT — overgrowth turbine;
gas cooler; H — load; P — regenerator; K by- OI'1 gas cooler; JIK — booster compressor;
pass valve other designations, as in Fig. 1

Gas turbine engines (GTES) have the ability to change the workflow by controlling the char-
acteristics of different engine elements. Changing the characteristics of the MGTP elements and
processes through them in the MGTP cycles under certain conditions can have an effective control
effect on changing the thermal characteristics of the cogeneration MGTP.

You can change the thermal power of the cogeneration MGTP with heat regeneration by by-
passing the cyclic air past the regenerator. This method allows redistributing the heat flow behind
the turbine (overexposure turbine) between the regenerator and the recovery boiler. This is particu-
larly important under cyclic or variable heat loads.

The conducted studies have shown that gas turbine units with regeneration are the most suita-
ble for cogeneration, since they allow, by bypassing the cyclic air past the regenerator, to manipu-
late the flows of mechanical and thermal energy in the GTE independently of each other, than they
provide the consumer with heat in both basic and maneuvering modes, regardless of the degree of
loading. In this case, the regenerator acts as a dynamic accumulator of cycle heat, which can be re-
distributed between the thermal and mechanical energies of the installation, depending on the needs
of the local facility. Neither internal combustion engines nor steam turbine installations of any con-
figuration can demonstrate this.
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Air pollution is one of the most important factors affecting human health. Ensuring environ-
mental safety involves assessing the factors of such impact. Due to the complexity of the processes
occurring in the atmosphere, decision support systems are used to assess the impact and make man-
agement decisions to minimize it. Human exposure to air pollution often occurs in urban environ-
ments, so high-resolution air quality forecasting is required to take appropriate preventive measures
and limit air pollution (Sauer, Mufioz-Esparza, 2020). Since air pollution is determined by both lo-
cal dynamic circulation and long-range transport, accurate modeling of the distribution of pollutants
requires taking into account the interactions of mesoscale (regional) and microscale processes.
Mesoscale models use meteorological data with low spatial resolution as initial conditions. Quite
often, data with a spatial resolution of several kilometers are used.

In summary, mesoscale models perform well in predicting air pollution at the regional scale,
but are not suitable for simulating the distribution of physical and chemical variables at the scale of
an urban area, which requires model resolution to be less than 1 km. Various downscaling tech-
niques are used to provide a detailed representation of the distribution of pollutants in urban or in-
dustrial areas. One of them is the use of models using the Gaussian approach (Forehead, Huynh,
2018).

However, these types of models do not directly calculate dynamic and thermal processes and
therefore do not take into account the interactions of turbulence and chemistry. Three main ap-
proaches can be used to account for the effects of turbulence on chemical species: the Reynolds-
averaged Navier-Stokes formulation (RANS), the large eddy simulation (LES) method, and the di-
rect numerical simulation (DNS) method. Computational fluid dynamics (CFD) models resolve tur-
bulence using RANS, LES, or DNS to solve engineering problems involving fluid flows.

Combined use of WRF model outputs as initial and boundary conditions can significantly im-
prove the predictive ability of a CFD model used to assess the impact of pollutants on the environ-
mental quality of an urban area. The application of WRF and CFD models to develop environmen-
tal decision support systems can be used as a reliable method for understanding the complex flow of
air flow and dispersion of pollutants in urban areas.

The work was carried out within the framework of the state assignment of IPTS, state regis-
tration No. 121122300072-3.
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In the course of the work, an archive of daily data on the main characteristics of the air quality
index in Beijing (China) for the period from 2015 to 2019 was obtained (Air Quality Index). The
intra-month, intra-annual and inter-annual variability of these characteristics was considered
(Fig.1). An archive of meteorological parameters at Beijing station (Weather Archive) was formed
and the most favorable conditions for development of smog were analyzed (Fig.2).
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Fig. 1. Intra-annual variability of mean Fig.2. Seasonal mean values of atmos-
multiyear characteristics of the air quality index  pheric pressure in dates with high concentration
of pollutants

Based on the obtained data, days with maximum values of pollutants were identified. In order
to remotely detect smog with high concentrations of coarse particles on days with their high values,
MODIS/Aqua, Terra satellite images were acquired and the Seviri Ash/Dust RGB model, developed
to highlight dust storms and volcanic emissions in satellite images, was applied (Fedoseeva, 2022).

~ a) Natural colors b) Ash RGB
Fig.3. Fragment of the image of smog in Beijing 04.05.2017.

The analysis showed that the concentration of pollutants decreases in warm period and in-
creases in cold seasons. The exception is 0zone, whose concentration increases in summer. The
analysis of meteorological parameters showed that Beijing generally has favorable conditions for
smog formation. Smog is formed at the higher atmospheric pressure for Beijing. In recent years,
there has been a downward trend in air pollutant emissions due to smog control measures. It was
showed that the Ash RGB model can be used to detect smog in satellite images.
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GEOLOGICAL AND HYDROBIOLOGICAL FEATURES
OF ECOLOGICALLY HAZARDOUS RIVER'S DRAINS ALONG THE BLACK SEA
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Studying watercourses of the Sochi Black Sea coast, the authors proposed to apply the
grouping of rivers according to their morphometric features and natural resource management prior-
ities which practiced in their catchment areas. This article considers one of the described previously
groups, specifically small rivers, the ecological condition of which causes a threat to the environ-
mental sustainability of the resort. The rivers Kherota and Bytha, which previously were studied by
the authors in detail, are typical for this cluster; however, other watercourses within the examined
coast are also can be included in this group basing on their key characteristics.

The principal hazardous exogenous geological processes identified in the basin of these riv-
ers are: erosion processes, landslide and mudflow processes, as well as a waterlogging. The basins
of these rivers are subjected to high anthropogenic pressure (Gudkova et al., 2020; 2021). The Adler
landfill is located in the gully on the right slope of the Malaya Kherota River valley, in the area
where (prior to recultivation in 2010) technogenically induced landslides and mudflows were ac-
tively occurring. Landslide sediments fill the gully and the landslide tongue, as a broad line (up to
120 m) penetrated into the M. Kherota River's valley and blocked it (afterwards the river bed in this
section was taken into a concrete collector ). The geological structure of the Bytha River basin in-
volves modern eluvial deposits (weathering crust) represented by refractory and semi-solid clays (in
the unhydrated state) with sandstone rubble and argillite driftwood. On the right slope of the river
Loo landfill is located, where landslide and mudflow processes have been repeatedly activated, re-
sulting in blockage of the Bytha River course.

The biotesting analysis (Table 1) detected that major impact to both biomarkers, used in this
work (Daphnia magna Straus and Chlorella vulgaris Beijer), which belong to different trophic
groups, was observed in the Kherota River mouth zone. A toxicity scale ranging from 1 score of "
Extremely severe toxicity" to 4 scores of "Mild or no toxicity" was used.

Table 1 — Toxic characteristics of Kherota and Bytha rivers water according to the research results
2017-2022 period

Average toxicity score based on surviva-

River's name and sampling bility Chlorella vulgaris

station - - cells abundance

Daphnia magna Chlorella vulgaris growth

Kherota River, upper flow 3,8 3,6 mild stimulation
Kherota River, mouth 1,2 1,5 stimulation
Bytha River, upper flow 4 3,4 mild stimulation
Bytha River, mouth 2,4 2,2 stimulation

The stimulation effect on the microalgae cell growth compared to the control values is an
indicator of the anthropogenically originated substances — inducers presence in the studied samples
at excessive amount, which, presumably, entering waterways with the landfills effluents.
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Specially protected natural areas (SPNA) play an important role in the conservation of nature,
mainly biodiversity. The versatility of the territory of protected areas and the functions they perform
determines a significant number of approaches to management. The development of modern tech-
nologies, in particular geographic information systems (GIS) and remote sensing of the earth (ERS),
makes it possible to obtain operational data on protected areas and reduce the costs of their pro-
cessing and analysis.

The use of integral indices obtained on the basis of satellite images has become widespread.
GIS technologies, in particular QGIS, are used to calculate indices. To assess the condition of pro-
tected areas, the NDVI index is often used, an example of its distribution is shown across the land-
scapes of the Baydarsky reserve (Fig. 1). The Baydarsky nature reserve is located in the southwest-
ern part of the Crimean peninsula in the intermountain basin and in the adjacent lowlands.
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Figure 1 — Scheme of NDVI distribution across the landscapes of the Baydarsky nature reserve, Se-
vastopol (Use of the index..., 2019)

NDVI reflects the state of green plant phytomass, which is an indicator of the state of protect-
ed area ecosystems. The data obtained allow us to draw a conclusion about the distribution of phy-
tomass reserves of plant communities in the Baydarsky reserve. As can be seen from the diagram,
the woody ecosystems of beech and oak-hornbeam forests are characterized by large NDVI indica-
tors and phytomass reserves. Phytomass reserves are greatly reduced in the basin, where steppe eco-
systems and agricultural lands are represented.

Thus, GIS technologies and Earth remote sensing data make it possible to quickly obtain in-
formation about the state of natural complexes of protected areas, which should be the basis for
making management decisions.
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Assessment of the impact of anthropogenic and natural environmental factors on the biotic
component of natural and technical systems is relevant in connection with crisis phenomena in na-
ture due to the increasing anthropogenic load and climatic changes observed in recent decades. The
invasion of various hydrobiont species into the Azov-Black Sea basin, their rapid expansion leads to
the fact that they become dangerous in terms of their impact on biodiversity and sustainability of
ecosystems. Such species currently include anadara Anadara kagoshimensis, which has been since
2018 included in the group of the most dangerous invasive species in Russia (Soldatov et al., 2018).
The native range of this warm-water eurybiont (as defined in (Lutaenko, 1999; Revkov and
Shcherban, 2017)) is located in the temperate latitudes of the North Pacific Ocean (Zentos et al.,
2010). Anadara massively appeared in the benthic biocenoses of the Black Sea by the mid-1980s of
the last century, and currently there is an increase in its expansion in the Sea of Azov. At the same
time, individual "bursts” of mollusk abundance, especially of its juveniles, are observed
(Zhivoglyadova et al., 2020). Hence, the signs of anadara expansion (increase in density, biomass
and stock), obviously, should be the increase in the number of the mollusc larvae, which, in turn,
can be assessed by the method of controlling the potential recruitment of the mollusc population
(Kazankova and Shchurov, 2010). The essence of this method is the regular counting of larvae and
post-larvae of the mollusk that appeared on control substrates with a hairy surface during certain
time intervals. Anadara pediveligers, like mussels and mytilaster, are able to attach to filamentous
structures. This may indicate that anadara post-larvae are able to live for some time on vertically
arranged hard substrates colonised by filamentous algae and then move to biocenoses of bottom
soils. Monitoring of the anadara potential recruitment showed that its value was relatively low near
the southern and south-western shores of Crimea in 2008-2022. During the period of mollusk set-
tling, i.e. July — October, the studied parameter was within the range of 0-7,8 specimen-cm?month’
1. Moreover, before 2018 its maximum values did not exceed 1,1 and after 2018 — 7,8 specimen-cm”
2.month®, which may indicate that the growth of the anadara population in the Black Sea has inten-
sified.
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The determination of priority PAHSs in the bottom sediments of Lake Baikal is currently being
carried out by the Federal State Budgetary Institution "RPA "Typhoon™ (Obninsk) systematically
since 2011 and is part of the integrated environmental monitoring of the state of the lake by Roshy-
dromet (Khalikov, 2020a).

Naphthalene (NAPH), 1-methylnaphthalene (1-MeNAPH) and 2-methylnaphthalene (2-
MeNAPH) belong to the group of low molecular weight (2-nuclear) PAHs, which in the natural en-
vironment are mainly associated with oil and its products. The study of the features of the distribu-
tion of molecular markers in the composition of bottom sediments has recently been one of the di-
rections in the development of organic geochemistry.

The material for the study was 65 samples of bottom sediments of southern Baikal in the area
of discharge of municipal wastewater from the city of Baikalsk (BPPM polygon) and the back-
ground site located 20 km to the west, which were taken by the FSBI "Irkutsk UGMS" during
spring under-ice geochemical surveys (March) and autumn expedition in September 2022. In this
work, HPLC with fluorimetric detection was used to identify and quantify NAPH, 1-MeNAPH, and
2-MeNAPH (see Table 1), after preliminary extraction using QUEChERS sample preparation from
the analyzed samples (Khalikov, 2020b).

Table 1 - Average content and range of values of NAPH, 1-MeNAPH and 2-MeNAPH
in bottom sediments of southern Baikal (2022)

Sampling | Selection month, Average, bracketed interval (min-max)
area (number of sam- PAH concentrations, ng/g
ples) NAPH 1-MeNAPH 2-MeNAPH
Polygon March | 17,249,8 (2,0-36,3) | 9,1+4,3 (2,9-17,1) 22,0+10,1(6,6-40,9)
BPPM (28)
September (31) | 12,0+£7,4 (0,6-27,4) | 10,4+6,1(<0,5-21,4) | 22,5+11,9(1,9-40,7)
Background March (3) 19,8+5,0 (14,9- 12,1+£3,1 (8,6-14,6) | 24,9+7,1(16,7-29,3)
area 24,9)
September (3) 7,3+4,9 (2,9-12,6) 6,2+3.,0 (4,1-9,6) 14,4+5,7(10,9-21,0)

The results on the average content of the studied naphthalenes in the bottom sediments of
southern Baikal show, regardless of the season, the following series: 2-MeNAPH > NAPH > 1-
MeNAPH. A feature of the seasonal change in the composition of naphthalenes in the bottom sedi-
ments of the BPPM polygon and the background plot is the predominance of NAPH in spring sam-
pling compared to autumn (september), and in the case of methylnaphthalenes, this trend is ob-
served only for the background area. The molecular ratio of NAPH / (NAPH+1-MeNAPH+2-
MeNAPH) in the sediments of the BPPM polygon and the background area in the spring season is
0,36 and 0,35, respectively, and decreases to 0,26-0,27 in the autumn season. Apparently, with an
increase in pyrogenicity indices in bottom sediments, the value of NAPH / (NAPH+1-MeNAPH+2-
MeNAPH) decreases.
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Monitoring the levels of polycyclic aromatic hydrocarbons (PAH) in the bottom sediments of
the lake Baikal showed higher concentrations (several times) in the southern part of the lake (the
area of the city of Baikalsk) compared to central and northern Baikal (Khalikov, 2021). At one time,
the Baikal Pulp and Paper Mill (BPPM) was one of the largest polluters of Lake Baikal, which func-
tioned without interruption of production from 1966 to 2009 and was closed at the end of 2013.

As is known, PAHSs can enter the bottom sediments of lakes, both as a result of wet and dry
precipitation from the atmospheric air, and as a result of water flows (rivers, wastewater treatment,
soil erosion).

To assess PAH pollution in surface watercourses flowing through the surveyed area, on the
rivers Babkha, Kharlakhta, Solzan, Bolshaya Osinovka and Malaya Osinovka, 10 sediment samples
were taken in 2021 above the waste storage sites or above the city of Baikalsk and in the mouths of
the rivers before flowing into the lake Baikal, as well as 4 precipitation samples in 2022 at the
mouths of the Kharlakhta, Solzan, Bolshaya Osinovka and Malaya Osinovka rivers. It should be
noted that in 2020 the channels of these rivers were subjected to mudflow protection measures.

PAHs were identified and quantified using high performance liquid chromatography with flu-
orimetric detection (Khalikov, 2022).

In 14 samples of bottom sediments from five rivers, the following priority PAHs in 2021-
2022 were quantified (value intervals, pug/kg) in the order of appearance on chromatograms - naph-
thalene (<1,0-4,7), acenaphthene (<0,2-0,2), fluorene (<0,1-0,7), phenanthrene (<0,2-5,4), anthra-
cene (<0,1-0,3), fluoranthene (<0,2-12,9), pyrene (<0,2-8,1), benz(a)anthracene (<0,2-1,1) , chrys-
ene (<0,2-9,1), benzo(e)pyrene (<0,2-3,9), benzo(b)fluoranthene (<0,2-9,6), benzo(k)fluoranthene
(<0,1-2,4), benz(a)pyrene (<0,1-1,7), dibenz(a,h)anthracene (<0,2-0,2), benz(g,h ,i) perylene (<0,2-
3,3) and indene[1,2,3-c,d]pyrene (<0,2-3,4). In many cases, the content of individual PAHs was be-
low the detection limits. The maximum concentrations of PAHs compared to other rivers were rec-
orded in the bottom sediments of the mouth of the Bolshaya Osinovka River in 2022, however,
even these concentrations are "low" (class No. 2) in the pollution classification (Khalikov, 2021).

The content of PAHSs in the bottom sediments of the rivers flowing into the lake in this area
was significantly lower (by 1-2 orders of magnitude) compared to the bottom sediments of the lake
itself. Thus, it can be considered that the contribution of PAH input by river runoff to the surveyed
water area of the lake Baikal is insignificant.
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The Trans—Sakhalin pipeline System is the most important object of the Sakhalin-2 oil and
gas project, with a length of more than 800 km and connecting production platforms, a onshore pro-
cessing facility and the Prigorodnoye production complex, where gas liquefaction and oil shipment
take place. This length of the pipeline imposes risks associated with the loss of hydrocarbon raw
materials as a result of accidental spills and technical leaks. Sakhalin pipelines are located in diffi-
cult climatic and engineering-geological conditions caused by the manifestation of geohazards —
earthquakes, landslides, mudslides, river erosion. Monitoring and accounting of these processes al-
lows to ensure the integrity of the pipeline system and makes it possible to make a forecast of the
technical condition of the object under study.

The Makarovsky district is particularly dangerous from the point of view of the risk of pipe-
line gusts. In this segment, the pipeline not only crosses 5 faults, 11 rivers of important commercial
importance (fig. 1), but also passes through mountainous areas for which the risk of the formation
of these processes is high. (Kazakov, 2008) Therefore, the section of the Trans-Sakhalin pipeline
system on the territory of the Makarovsky district, as well as the right of way, are the objects of
study of this work.

Figure 1 — Laying of the pipeline in the mudflow of the Pulka River (Kazakov, 2008)

In the process of a comprehensive analysis of the right of way of the Trans-Sakhalin pipeline
system on the territory of the Makarovsky district, it was found that the most dangerous from the
point of view of the impact on pipelines are landslide processes and river erosion, areas of manifes-
tation of which were identified along the right of way. As part of the visual inspection of the territo-
ry, 32 sites of the manifestation of erosion processes were found, which were taken into account
when laying the pipeline. Anti-erosion measures were used — slope dividers, gabions, stone outline.
(Kharybina, 2023)
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REFINED MATHEMATICAL MODEL FOR CALCULATION OF HEAT CAPACITY OF
WORKING BODIES AFFECTING EFFICIENT AND ENVIRONMENTAL
PARAMETERS OF ICE
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Thermodynamic calculations of the processes of mixing and combustion of fuels are key in the
development of appropriate structural elements of diesel internal combustion engines (mixing devices,
combustion chambers, intake and exhaust organs, valve timing regulators, mechanisms regulating the
angle of advance of fuel supply, etc.). Keywords: modeling of working processes, internal combustion
engines, heat capacity and methods for calculating heat capacities, environmental parameters.

The calculation of heat capacities is an important component in thermodynamic calculations of in-
ternal combustion engines, since the accuracy of evaluating the thermodynamic properties of working
substances, which change during the entire cycle, depends on this parameter in the future.

The development of computational methods makes it possible today to solve problems without
much time and with high accuracy, which is proposed in (Sobolenko, Florianskaya, 2021), which is
based on an equation of the form

i-6
© 30 ar +5a (1)
where ¢ = T/T* - relative temperature: T - gas temperature, K; T* = 1000 K; a; - array of coefficients
specific for each gas; R - universal gas constant, J/(mol-K); c, - specific isobaric molar heat capacity,
J/(mol-K).

A comparative analysis of existing methods for calculating the thermodynamic parameters of in-
ternal combustion engines (Aleksandrov et al., 2005; Sobolenko, Florianskaya, 2021) shows that the
most accurate calculation method today is the method (Sobolenko, Florianskaya, 2021) (see Fig. b)
compared to the method (Aleksandrov et al., 2005) (Fig. a). Its application in modern software systems
can significantly increase the reliability of the results of thermodynamic calculations, which will im-
prove the assessment of the thermal, environmental and efficient components of internal combustion
engine operating processes.
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Figure 1 — 1 — molar heat capacity of atmospheric air; 2 — molar heat capacity of oxygen O2; 3 — molar
heat capacity of nitrogen N2; 4 — molar heat capacity of hydrogen H2; 5 — molar heat capacity of carbon
monoxide CO; 6 — molar heat capacity of carbon dioxide CO2; 7 — molar heat capacity of water steam
H20
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Wastewater (WW) of the Sochi region's supertourism zone is distinguished by a wide variety
of dissolved substances, the most dangerous of which are components such as endocrine-disruptive
compounds (EDCs), pharmaceutical and cosmetic products, as well as a variety of pathogenic mi-
croflora coming from the waste products of people who came from various regions of Russia and
neighboring countries. Microalgae are well-known biological agents for the removal and biodegra-
dation of such contaminants from wastewater. At the same time, microalgae are widely used in tox-
icology, as test organisms in the methods of toxicological control of WW. However, the need to
adapt basic methods of toxicological control to the realities of the region of supertourism, where
pollution enters small mountain rivers and then mixes with seawater is obvious. It is necessary to
develop additional methods (including express methods) and recommendations for the toxicological
control of WW with the use of microalgae, to conduct research on the following issues: the influ-
ence of biochemical parameters of the aquatic environment on life expectancy and the kinetics of
biodegradation of pollutants, the effect of mixtures of hormones and other pollutants on various
types of algae as test organisms. An important aspect of this work is the validation of proven meth-
ods in the marine and natural waters of the supertourism zone of the Sochi region.

214



Cucmemvl koumpoas oxpyacaroujeti cpeovt — 2023

DYNAMICS OF VEGETATION INDEX IN CRIMEA
Krasovskay V.S.
Institute of Natural and Technical Systems, Sevastopol, Russia
Sevastopol State University, Sevastopol, Russia
VladislavaKrasovskay@gmail.com

With the beginning of satellite observations, the use of vegetation indices (V1) has become
quite popular. Despite the fact that most authors studied vegetation indices in Crimea (Gorbunov,
2022; Telnova, 2017), most of the works do not reflect the nature of changes in vegetation indices
for the Crimean region.

The main objective of the work is to analyze the time series data of the vegetation index
NDVI, which is calculated based on data from the MODIS(MOD13Q1) satellite instrument (Didan
K, 2015). The data series are 16-day composites with a spatial resolution of 250 m. The images are
downloaded for the vegetation growing season (April-October) from 2000 to 2022. A point vector
layer with 1 km spacing was created to extract vegetation index data values. The resulting series
were filtered by satellite classification data including forests and steppe areas. As a result, 9
thousand point objects were used.
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Figure 1 — NDVI dynamics from 2000 to 2022

The analysis showed the absence of a significant trend, which indicates an insignificant influ-
ence of climate change on vegetation dynamics. However, the influence of inter-annual and inter-
decadal climate fluctuations is clearly visible, which opens up opportunities to identify patterns of
connection of changes in vegetation cover with regional meteorological conditions and global cli-
matic processes.
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USE OF FRACTAL CHARACTERISTICS OF LEAVES OF DOWNY BIRCH (BETULA
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The functioning of metallurgical enterprises is inextricably linked with the mediated through
emissions and discharges of a significant amount of pollutants into the atmospheric air, surface and
ground waters and soil cover. Sampling, measurement of parameters of atmospheric air, soil and
natural water conditions during ecomonitoring is carried out separately for each geosphere shell.
This leads to scattered data, the interpretation of which does not allow a holistic assessment of the
impact of objects of negative impact (Saltan, 2016, Antoninova, 2017, G. lzydorczyk, 2021, Nang-
Htay Yin, 2016).

The present research presents an attempt to develop an integral assessment of the impact of
metallurgical industry facilities through bioindication of the state of the components of the natural
environment on the example of the zone of influence of the Novolipetsk Iron and Steel Works. The
phenomenon of fractality of natural objects was used as a mathematical apparatus. In particular, the
value of the fractal dimension of the leaf plate of the downy birch (Betula pubescens) (based on the
photograph) was determined using special software.

Applied to the tasks of geoecology, fractality reflects the measure of self-similarity of inter-
acting environments (economic and natural), limiting the development of the ecosystem structure
(Kulnev, 2020; Nasonov et al., 2019 a,b,c; Nasonov et al., 2018).

N() = ps'P, 1)
where: N(J)- ecosystem structure (size), ud - scaling step, D - fractal measure of self-similarity of
techno-natural processes.

To relate the fractality of an ecosystem to its viability, we introduce a continuous function of
the fractal «temperature» of natural-technogenic processes on the interval De(1;2) as follows
(Tsvetkov, 2011):

Tf:a'(l/(n_D)—l/n)v 2
where: D is the fractal index of the ecosystem, n is the dimensionality of the space in which the fractal ob-
ject is embedded, a is the correction factor chosen individually (in our case n=2,a=1).

The obtained values of fractal dimensionality range from 1.0 to 1.7. During the research it
was found that the value of fractal dimensionality increases as we get closer to the sources of an-
thropogenic impact. Equally, with distance from the objects of negative impact, the values of fractal
dimension of leaf plate of downy birch decrease.

According to the ranking given in the article (Kulnev, 2020) in the impact zone of the Novo-
lipetsk Metallurgical Plant, a stable dynamics of the ecosystem state is observed. This provides lev-
elling of the negative impact in terms of pollution due to the processes of natural self-purification.

Determination of fractal characteristics of leaf plates of downy birch with the help of special
software is the least resource-intensive, and at the same time, adequate and mathematically reliable
way to assess the current state of environmental components of the zone of impact of the metallur-
gical plant. The use of the above method increases the efficiency of environmental monitoring.
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The aim of the work is to assess the dynamics of atmospheric air pollution in Nizhnekamsk
with the main gas impurities according to the data of automatic pollution control stations (ASKZA)
Ministry of Ecology and Natural Resources of the Republic of Tatarstan for the period 2016-2022.
There are five ASKZAs in the city of Nizhnekamsk.

In accordance with the accepted approaches, the Atmospheric pollution index (IZA) or com-
plex ISA (KIZA) is used to diagnose the level of atmospheric air pollution. 1ZA determines the lev-
el of air pollution and its effect on human health. The average annual concentrations of substances
are used to calculate the 1ZA, which makes it possible to determine the effects of prolonged expo-
sure to impurities. KIZA4 is a complex index of atmospheric pollution, taking into account four
priority substances. The concentrations of nitrogen oxide (NO), nitrogen dioxide (NO2), sulfur di-
oxide (SO2) and carbon oxide (CO) were used in this calculation. The highest IZA values for NO
were observed in 2018 (value — 0,176), for NO2 — in 2022 (value — 1,01), for SO2 — in 2022 (value
—0,133) and for CO — in 2018 (value — 0,175). The deviation of the moving average was calculated
from the obtained values of the KIZA4 for 2016-2022 and the range of the minimum and maximum
values spread from it was established. The moving average method is one of the empirical methods
for smoothing and forecasting time series. When smoothing by this method, the actual values of the
dynamics series are replaced by the average values that characterize the midpoint of the sliding pe-
riod. With the help of a moving average, it is possible to identify the nature of changes in the value
of KIZA4 over time (Fig.1).
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Figure 1 — Graph of the distribution of the values of KIZA4 in Nizhnekamsk for 20162022

The assessment of atmospheric air quality based on the degrees of pollution given in RD
52.04.667-2005 will be incorrect, because the list of analyzed substances is limited to only four im-
purities. Then, during the analyzed period, it is possible to assess the quality of atmospheric air ac-
cording to the KIZA4 indicator, arranged in ascending order as follows:

2020 <2016 <2021 <2017, 2019 <2018, 2022.
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The creation and functioning of protected areas is important for conservation of landscape,
biodiversity, as well as objects located within their borders that have historical, cultural and other
values. Depending on the uniqueness of the protected areas, a certain level of protection is assigned.
Also, activity types are regulated, based on the functional territory zoning can be carried out. There
is no approach of nature management, which would correctly combine both the typological classifi-
cation and spatial coverage. It is necessary to completely exclude or minimize the damage caused to
protected areas in accordance with the characteristics of the territory.

As for the territory of the Crimean peninsula, the region has more than 200 natural protected
areas, which may indicate the presence of unique landscapes and biodiversity, which requires pro-
tection.

In the structure of the Crimea protected areas, protected areas of regional significance have
been created. The degree of territory protection is determined in accordance with features of certain
zone.

Recreational nature management on Crimea is developing, the tourist flow is getting bigger
every year, and ecotourism is also developing. The protected areas have developed routes suitable
for different ways of passing, which is attractive for various categories of tourists.

Recreational impact analysis on individual protected areas, the disturbing degree of soil and
vegetation cover was assessed on the scale of recreational digression.

1-2 digression levels were identified in “Baydarsky”, while 2-4 digression levels were identi-
fied in “Mys Aya”. Five digression level was determined on Mount Asceti. Tourism impact assess-
ment on the trails of the "Baydarsky" is significantly less than on the “Mys Aya", which is ex-
plained by the smaller number of tourists as well as motorcycles. On a large part of the trail on the
“Mys Aya", motorcycle tracks are marked and created trackways. Seasonal tent camps in the “Mys
Aya" are caused strong recreational impact. There are trail damage, the removal of a layer of nee-
dles, which leads to degradation of unprotected soil cover. Also human littering waste is noted in
these places. Plant species near the trail are more resistant to mechanical influences growth.

The recreational impact on the trails which located in the considered natural protected areas
"Baydarsky" and "Mys Aya" is estimated on average as weak, but it is higher in the most accessible
places for tourists. "Mys Aya" is more susceptible to recreational impacts than "Baydarsky", since it
has a more passable route on which spontaneous tent camps are seasonally located.

Thus, it can be concluded that recreational digression level increases with an increase in place
attendance and activities tourists do.
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The process of decomposition of bioorganic waste is accompanied by the formation of,
among other things, volatile organic compounds (VOCs), which have a strong, unpleasant odor.
Today, the problem of the formation of VOCs emitted during the accumulation, storage of specific
bioorganic waste, their disposal, namely the possibility of eliminating unpleasant odors remains
poorly studied from both theoretical and practical points of view. In this regard, the development
and testing, using biotesting, of new biological products that accelerate the biodegradation of organ-
ic waste generated as a result of economic activity and human activity, and reduce the negative im-
pact on environmental components and human health caused by emissions of VOCs of various na-
tures caused by the decomposition of organic components of waste and having unpleasant odors is
becoming increasingly relevant and important.

The purpose of this work is to describe and analyze the quantitative and qualitative composi-
tion, as well as the dynamics of the formation of gases, including VOCs, released during the de-
composition of individual fractions of bioorganic waste, to establish the mechanisms of biodegrada-
tion at different stages during aerobic oxidation and anaerobic decomposition of various waste
components.

The presented study evaluates the effectiveness of the impact of the experimental bioprepara-
tion on the decomposition processes of individual fractions of bioorganic waste and on the composi-
tion of the generated VOCs. The use of biotesting methods using fluorescence in the study of the
specifics of the impact of gaseous products of bioorganic waste decomposition on microorganisms
IS proposed.

As a result of the study, it was concluded that it is necessary to conduct further research in the
areas of selection of microorganisms that break down odorant compounds and evaluation of their
biotechnological potential, as well as development of the optimal technology of biopreparation in-
troduction into the initial substrate based on organic waste.

The fields of application of the obtained results are quite wide and include the use of the re-
sults of qualitative and quantitative analysis of VOCs for further research on the possibilities of us-
ing biopreparation for processing of wastes of different storage period and different volume, im-
proving the quality of biocompost obtained as a result of processing.
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Intact Forest Landscapes (IFL) are the areas within the zone of current forest extent which
contains forest and naturally treeless ecosystems minimally influenced by human economic activity
or without signs of significant human activity.

There are key criteria of IFL, which provide shelter for all species of animals of this ecosys-
tem and maintain viable populations of large predators that are at the top of trophic chains and re-
quire the largest area to preserve elementary populations:

1. of at least 500 km? (50,000 ha),

2. a minimal width of 10 km (measured as the diameter of a circle that is entirely inscribed
within the boundaries of the territory).

3. a minimal width of the corridor/appendage is 2 km.

4. no fragmentation of permanent infrastructure.

The purpose of this stage of the study is to set a task for the development of software based on
neurotechnologies and artificial intelligence for the automated identification of the boundaries of
intact forest Landscapes.

The essence of the current methodology is the consistent exclusion of territories developed
and transformed by human economic activity from the common boundaries of the forest areas, us-
ing increasingly detailed and accurate data.

Based on the world and domestic experience of identifying the boundaries of IFL, we have
identified a number of challenges of the methodology of processing initial data.

As for the international projects, the frequency of updating data was 3—4 years (based on the
experience of the last decades), and the time of primary processing and preparation of data for use
was 1,5-2 years. Thus, the publicly available information about the boundaries of the IFL is at best
5-6 years old. In addition, it should be borne in mind the problems with access to the final data of
international research, which may appear in the conditions of information and technological isola-
tion of our country.

Regional domestic developments are characterized by the following challenges:

v significant labor intensity, and, consequently, the cost of the process,

v' the problems with financing, especially because of the withdrawal from Russia of a num-
ber of large international NGOs, who financed this activity, and even the recognition of
some of them as foreign agents - Greenpeace, the World Wildlife Fund (WWF), etc.,

v' a sufficiently high level of specialists is required, who have both knowledge in geography
and ecology, and skills in processing information (images) by specialized software, since
the interpretation of images is made by expert decryption of disrupted areas and individual
influentions.

The way of solution of these challenges is, in our opinion, the disigne of software based on
neurotechnologies and artificial intelligence using the analysis of open data of remote sensing of the
Earth and publicly available GIS, as well as the characteristics of anthropogenic objects of the terri-
tory, to allocate and adjust the boundaries of the IFL with the necessary frequency, as well as to
predict the spatial placement and area of the IFL taking into account the development plans of the
territory.
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Energy is built on the intake from the depths of energy carriers - coal, oil, uranium and other
energy carriers, and the cost of energy to raise them to the surface is less than the energy content of
them when sold on the surface. It is possible to raise other energy-containing materials from the
depths, for example, air compressed by the atmosphere, which will take place as it expands on the
surface.

The figure below shows the operation of the method at:

air pressure - P2900=127783 Pa, to air temperature — 70 =278 K,

density of the air — p1=1,478 kg/m®.

Air pressure above sea surface - P° =101325 Pa, to air temperature 7°=288,1 K.

With a depth of immersion of air ducts with a diameter of 1 m, at 2000 m, the proposed instal-
lation will have a constant useful capacity of
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With the diameter of the air ducts 1,9 m and their immersion by 200 m, the area on the pipe
cut in front of the generator, due to the increase in speed to 71,45 m/s, can decrease by 71,45/11,45
= 6,24 times, the area in front of the turbine will be 0,463 m? and the diameter of the pressure duct,
and the following rotor will be 0,77 m, which is less than the diameter of the HEU rotor USW -56-
100 in 22 times. At the same time, energy production for the year will amount to 223,776 MWh per
year, which will significantly reduce the amount of WPP and WES space consumed by more than
3,2 times the energy production of the USW-56-100.

When the air ducts are submerged to a depth of 20 m and the diameter of the pipes is 6.05 m
at different pressures in the pipes, the useful electric power will be 65,17 kW. Power production
will be 563 MWh per year.

This method of operation allows for a constant excess pressure at the outlet of the pressur-
ized air supply duct and continuous operation of the WPP, provides a constant air speed on the tur-
bine and its power.
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PROTOTYPE OF A DIGITAL MONITORING MODEL
ENVIRONMENT BASED ON THE ONTOLOGICAL APPROACH
Samoilov S.Yu.!, Evstigneev V.P.%2, Egorkin A.A.2, Vakhoneev V.V.%, Minsky LA
Sevastopol State University, Sevastopol, Russia
Institute of Natural and Technical Systems, Sevastopol, Russia

A review of existing ontological models of environmental monitoring (Wang, 2020;
Masmoudi, 2018; Bonacin, 2016; Fazliev, 2017) was conducted to provide the required comprehen-
sive observations of the state of the environment, taking into account its assessment and forecast, its
pollution in the context of innovative and adaptive approaches at the component and system levels
and what is happening in it natural phenomena, as well as in connection with the implementation of
precision assessment methods in modern information technologies. The prototype of a universal
digital model of air monitoring based on the ontological approach (OWL) and its encapsulation in
specialized information and analytical systems through the appropriate Application Programming
Interface (API1) with the possibility of reuse was proposed based on the analysis obtained. The aim
of the experiment is to achieve semantic modeling of the observation process in Sensor Web by in-
tegrating atmospheric air monitoring and an information and analytical alert system that determines
the knowledge of the subject area and helps the decision-maker in managing geoecological risks.

In the experiment, the ontology of the atmospheric air monitoring system is based on the
W3C standard of the observation system (SOSA — SSN) https://www.w3.0rg/TR/vocab-
ssn/#QObservations (Semantic, 2017). Axiomatization of the taxonomy of meteorological parame-
ters, chemical processes and procedures for the production of observations in the form of new clas-
ses (Result (precipitation, surface air temperature, wind, satellites), Observation time, Typical Time
(W3C), Register of Objects of Negative Impact, Observed Property, Measuring System, Platform
with measurement systems, Observation Point, Procedure observation production, as well as calcu-
lated classes: The year of calculation of the atmospheric pollution index, a sample of cases of ex-
ceeding the maximum permissible concentration, A sample of cases of exceeding the maximum
permissible concentration for a substance of the first hazard class, constructed according to seman-
tically expanded rules for displaying warnings about geoecological risks, taking into account the
integration of heterogeneous atmospheric air quality sensors, specify the knowledge of the subject
area and answer the questions of the decision-maker on the development of recommendations to
authorities and citizens about possible environmental degradation and climatic phenomena.

Based on the results of the study, the prototype of an atmospheric air monitoring ontology
was proposed, which expands the possibilities of using new characteristics and makes it a universal
digital ontological model of environmental monitoring based on the observation process in Sensor
Web. The processes displayed in the form of new classes and their instances, properties and rela-
tionships in environmental monitoring can relate to different time and spatial scales and be present-
ed at different levels of detail. Using OsaWL rules allows us to describe a sequence of logical rea-
soning that leads to the conclusion of new facts.

The prototype of a universal digital ontological model can be implemented in information and
analytical systems based on the ontology of environmental monitoring with a "designer™ of thematic
widgets for the specialization of the system for the consumer in the form of a web application and a
mobile website.

The work was made within the program of the “Priority 2030 of Sevastopol State University
(strategic project No.3).
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DENSITY OF TRACHEIDS CELL WALLS SIBERIAN LARCH (LARIX SIBIRICA
LEDEB.). MEASURING METHOD AND DISTRIBUTION FEATURES
Silkin P.P.
Institute of Natural and Technical Systems, Sevastopol, Russia
ppsilk@rambler.ru

The paper presents the main stages of the method for measuring the cell wall density of coni-
fer tracheids. The method is based on calculating the density of cell walls using densitometric and
anatomical data on the xylem of tree rings. The method is implemented in the form of a computer
program SpektrMP, which makes it possible to calculate not only the cell wall density for tree-ring
tracheids, but also to obtain a set of data for them, including the radial size of the cell and the thick-
ness of its cell wall, the cross-sectional area of the cell and cell wall, the average cell density and its
mass, which allows for a comprehensive analysis of the relationships between these parameters de-
pending on endogenous and exogenous factors, which makes this approach a method of multipara-
metric analysis of the structure of tree rings with spatial resolution within the cell. Measurements of
cell wall density were carried out for the growth rings of Larix Sibirica Ledeb., growing in the cli-
matic conditions of the north of the Krasnoyarsk Territory. According to the data obtained, cell wall
densities are related to their thickness and high-density values in the early wood zone decrease to-
wards the late wood zone.

w

E
<
o
2 2 o
%) ,.,% . ® o
QC) (0 ‘3:0 ® o
= 15 '!‘.3’: 33. g ".~§- .~.'§'=
(; Lo N .:;.o..,‘g} ‘}?ﬁ?ﬁ'@iﬁ?m‘,\o X
% 1 L 4
(@] L

0,5

0 2 4 6 8 10 12

Cell wall thickness, pm

Figure 1 — Relationship between cell wall density and thickness in tree-rings of Larix Sibirica
Ledeb. using one sample as an example

The work analyzes the key stages of the method, confirming the correctness of their work, and
provides an explanation for the high densities of the cell walls of early wood based on the influence
of the chemical composition of the cell walls on the results of X-ray densitometry. To restore the
density profile of growth rings from anatomical data, it is necessary to take into account the rela-
tionship between the density of the cell wall and its thickness, because Using the same cell wall
density for all zones of the growth ring will lead to a discrepancy between the density data meas-
ured by X-ray densitometry and the density calculated from anatomical data.
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FEATURES OF THE STRUCTURE OF UNITY
«SPACE IS TERRITORY»
(using the example of Pacific Russia)
Skrylnik G.P.
Pacific Institute of Geography FEB ORAS, Vladivostok, Russia
skrylnik@tigdvo.ru

Changes in territorial geosystems (GS) occur in a spiral, occupying a higher and higher posi-
tion in space along the way with a higher reserve of potential energy. Thus, the process of develop-
ment of geosystems is constantly updated.

The author has traced that the development of the GE here proceeds in time (Beach, 2002)
and space (Beach, 2002; Gorelik, 1983) simultaneously and continuously (unevenly and intermit-
tently), along 2 paths - evolutionary and catastrophic (Skrylnik, 2019; Timofeev, 1974).

The identified structural and dynamic components of the GS in the general organization of the
Space and Territory of Pacific Russia help to establish the features of their existing unity. Further
detailing of the structure of this unity takes place when using special approaches during monitoring
of the territory.

These approaches are:

a) the territory is accepted, on the one hand, as the visible spatio-temporal state of a visible
object, and on the other, the external spatial expression of the internal primordial content of the soil-
soil substrate and bedrock. Such unity acts as one general concept of an inextricable “space-
territory”.

b) space and territory experience both a repulsive and attractive attraction. This “strengthens”
their unity.

c) in the organization of space and territory in similar natural conditions, there is, albeit short-
term, a reflection of convergence and (or) the acquisition of similar or coinciding features - space in
individual areas acquires pronounced boundaries, and the territory acquires volumetric-spatial out-
lines. As a result, space and territory are mutually enriched and acquire features of general unity.

d) an integrated approach to revealing the internal essence of the unified formation of Space
and Territory is based on a combination of the increasing total effect of these individual approaches.

Taking into account the above special approaches when studying the specifics of the devel-
opment of Space and Territory leads to a deeper revelation of the spatiotemporal state of the GE.
Their use assists in the development of optimal options for rational environmental management dur-
ing natural monitoring in the territory of Pacific Russia.
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THE MUSSELS MYTILUS GALLOPROVINCIALIS LAM AS INDICATORS OF Ba, Xe, Zr
AT VARIOUS DEPTHS OF THE SEVASTOPOL SEASHORE (BLACK SEA)
Smyrnova L.L.

Institute of Natural and Technical Systems, Sevastopol, Russia
inik48@inbox.ru

On April 26, 1986, a serious accident occurred at the Chernobyl nuclear power station (Kiev
region). It caused successive emissions of radionuclides **!1, *¥'Cs, *Sr into the troposphere, which
affected the western coast and coastal waters of the Crimean Peninsula (Radioecol. response ...,
2008). To study the features distribution of radionuclides in coastal waters and bays of Sevastopol,
scientific staff of the Institute of Biology of the South Seas carried out mussel control called "Medi-
terranean Mussel Watch” (Egorov et al., 2002). Seawater filtered by mussels contains varying con-
centrations of various chemical compounds. M. galloprovincialis accumulate them in soft tissues,
and it make possible to assess the sea water pollution level. Studies have shown an increase in the
concentration of *¥’Cs in sea surface waters by 6—10 times and an increased content of *°Sr in the
sea bottom sediments of the southwestern part of the Black Sea (Radioecol. response ..., 2008).

37 years after the Chernobyl accident, it is interesting to assess the level of stable decay prod-
ucts of radionuclides **"Cs, %°Sr (their half-life within 30 years) and **!I, which accumulated in the
bottom layers and water column of the Sevastopol seashore. The decay of radioisotopes **!1, *¥'Cs,
%3r to stable isotopes: xenon (Xe), barium (Ba) and zirconium (Zr), respectively, is given in formu-
las 1, 2, 3:

Bl 5 BXe + B-myun, 1)
187Cs — 13'Ba + B-myun, (2)
0Sr — 0¥ + B-yun — OZr + B-nyun, (3)

Xe, Ba, and Zr were determined in the soft tissues of mollusks M. galloprovincialis with a
shell size of 50-52 mm. Animals were collected from rope collectors at a depth of 2-3 m and from
the sea bottom below them on a mollusk farm located in the coastal area of Sevastopol (100 m from
the shore, depth 15 m). Concentration of these elements was measured using inductively coupled
plasma mass spectrometry (ICP-MS).

The results of the analysis showed the presence of Ba and Zr in the soft tissues of mussels, the
concentration of which was significantly higher in mussels selected from the bottom. The Ba con-
tent in the soft tissues of bottom mussels reached up to 8—15 ug-g™ dry tissue. Its concentration in
the soft tissues of mussels from the water column was 10-12 times lower. Ba not only entered sea-
water during the decay of the '¥’Cs radionuclide, but is also its permanent component (Horne,
1972). The concentration of Zr in the soft tissues of bottom mussels reached up to 0,6-2,2 pg-g™
dry tissue, which was 6-10 times higher than its content in mussels from the water column. It
should be noted that Xe, which is formed during the decay of **!I, was absent in the soft tissues of
all mussels that were studied. The half-life of the radioisotope **!1 is 8 days. Perhaps the final prod-
uct of this decay, the stable isotope 3!Xe (formula 1), was formed in the thickness of the sea waters
of the Sevastopol seashore, where 31 fell. And Xe did not have time to settle to the bottom and was
carried away by the sea current.

The study was supported by state assignment of Institute of natural and technical systems
(project reg. no. 121122300072-3).
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DEGRADATION OF SOIL QUALITY IN MANDALAY REGION OF MYANMAR
DUE TO OVERUSE OF PESTICIDES IN AGRICULTURE
Theint Theint Win
Food Technology Centre, Naypyitaw Technological University, 05011, Naypyitaw, Myanmar
mattheint@gmail.com

Watermelon (Citrullus lanatus) and several other types of melon (Cucumis melo var. Canta-
lupensis, Cucumis melo var. Reticulatus, Cucumis melo var. Cucumis melo Inodorusvar, etc.,) pro-
ducers complained about soil degradation due to cultivation of melons without judicious use of pes-
ticides. Conducting a field survey on the use of pesticides and the prevalence of pesticide residues
in soil in the melon cultivated area, the study investigates the actual reason for such land degrada-
tion. The survey was carried out on 150 farmers in 30 villages in Kyaukse, Myitthar and Tada U
Township in Mandalay division of Myanmar. The survey captures information on pesticide-related
awareness, attitudes and practices and identifies possible health and environmental risks. The usage,
storage, and handling of pesticides by most of the respondents were found not safe and knowledge
on the adverse effects of pesticides on health, crops, and the environment was found inadequate.
The findings have indicated the potential risk of soil degradation. It appears that lack of cooperation
among the Government, NGO, private sector stakeholders and farmers is the key weakness for im-
proving agricultural practices adopted by farmers. Enhancing the awareness, changing the attitudes,
and improving the practices of the farmers regarding the use of pesticides may be the key step to-
ward addressing this issue.

On the other hand, the collected soil samples were analysed to determine the presence of pes-
ticides residues that are accumulated in the soil due to overuse of pesticides during the cultivation
period and even after stopping of pesticide spraying. after the cultivation period. The presence of
pesticide residues was confirmed by the GC-MS analysis of soil samples. There were many residues
from different pesticides were found in this study. Interestingly many pesticide residues that were
detected from this study were not from the pesticides reported to be used in these fields. This may
be because farmers use cost-effective, dangerous, unauthorized pesticides to get rapid action to con-
trol pests without considering that these pesticides have a higher deleterious effect on soil fertility
and environment than the registered pesticides. The presence of antivirus residue in the soil after the
cultivation period is also supportive of the fact that many cheap, unauthorized pesticides are used
without even knowing its name or actual use. The literature also reports that due to the ever-
increasing demand for food and other agricultural commodities due to rapid increase in world popu-
lation, the framers tend to use more and more pesticides to meet the growing demand. If farmers
across the world will not use pesticides, there will be a 78%, 54% and 32% increase in the crop
losses due to pests in fruits, veggies and grains respectively. Even though pesticide use is inevitable,
the pesticide residues in soil can cause unpredictable harmful effect on life forms and non-living
things. Trace levels of pesticide residues present in the soil, water, air, and sometimes food might
result in harmful effects on human and environmental health especially inducing potential hazard of
land degradation. On the other hand, transformation products after contacting with soil provides
complex metabolites, which may be more toxic or low toxic than the parent compound itself. Our
study also confirms the claim that the soil is degraded even in the fields where watermelon and
melons were cultivated for the first time. Such residues can accumulate more and more through
several consecutive years of watermelon and melons cultivation and become the main reason for
causing severe soil degradation.
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HYDROCHEMICAL PARAMETERS OF THE NEW ATHOS SWAN POND
AND FACTORS OF THEIR INFLUENCE ON THE DEVELOPMENT
OF ELODEA ALGAE
Uglava A.A., Dbar R.S., Neshenko I.P., Zhiba R.Y.

Institute of Ecology of the Academy of Sciences of Abkhazia, Sukhum, Abkhazia.
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The work is devoted to hydrochemical studies of the New Athos Swan Ponds, where the prob-
lem of elodea algae death has arisen.

For the measurements we used a portable field device WTW Multi 3630 equipped with tem-
perature, depth sensors, as well as removable sensors IDS pH measurement cell, pH combined elec-
trode SensoLyt 900-P, IDS Conductivity measurement cell TetraCon 925-P and IDS Oxygen meas-
urement cell FDO 925-P.

Using the results of hydrochemical measurements of water collected at the Swan Lake of New
Athos and samples taken from the Psyrtskha Riverbed, the ecological condition of the New Athos
Swan Pond was assessed. It was found that the ponds experience anthropogenic load associated
with the discharge of wastewater from hotel complexes into the Psyrtskha River. Sources of nega-
tive impact on the development of elodea algae were identified and measures to solve the problem
of its death were proposed.

The main directions of water use are: fish farming and recreational use of the territory.

At the time of the study of the waters of the New Athos ponds, it was noticed that they have a
general excessive oxygen content. Significant concentrations of oxygen in the ponds may be evi-
dence of the use of algaecides with active oxygen, entering the ponds with wastewater.

The solution to the problem of elodea death can be achieved by a complete prohibition of
wastewater discharge from resorts, hotels and car washes into the Psyrtskha River. Probably, a part
of wastewater is directed directly into ponds, which is manifested in the central basin, where the
northern part of the pond with pronounced vegetation oppression.

It is expedient to harmonize the water exchange regime of the Novoafon ponds system and
economic objects with the Psyrtskha River by determining the time schedule of water intake to the
ponds from the river. It is promising to create a direct connection between the network of ponds and
the New Athos waterfall with the help of a canal or a conduit. All this requires significant costs for
construction of treatment facilities.
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DIRECTIONS OF NEUTRALIZATION OF NITROGEN TETRAOXIDE
Yushuk R.V., Krasnobaeva D.Yu.2, Korobeynikova K.R.!
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The fuel component — nitrogen tetraoxide (amyl, N2O4) is widely used in the operation of
rocket and space technology. To ensure environmental safety, the residues of this component are
neutralized. Currently, there are the following methods of neutralization of amyl: combustion,
chemical, sorption. Each of them is characterized by disadvantages. First of all, there is a need to
use additional substances and the formation of emissions or production waste. Therefore, they are
not fully environmentally friendly.

Analysis of neutralization methods shows that it is advisable to search for a method that will
comply with the ever-tightening environmental requirements.

Under normal conditions, nitrogen tetraoxide is in equilibrium with nitrogen dioxide:

N204 <> 2NO2 + AH.

The composition of the mixture depends on temperature and pressure. With increasing tem-
perature, the equilibrium shifts towards nitrogen dioxide. N2O4 almost completely dissociates at
140°C. In this case, the task of neutralizing NO> appears.

Neutralization of nitrogen dioxide is used in various industries, for example, with ammonia
(Zhavoronkov, 1987). However, the use of ammonia is associated with the need to carry out addi-
tional measures to ensure technological and environmental safety and complicates the technological
process.

A method of purification of nitrogen dioxide by its interaction with carbon-containing materi-
als (coal, coke, graphite) is also used at temperatures of 500—-1300 °C (Rodionov, 1989). Reducing
in the temperature of the process is possible due to the use of highly dispersed carbon (Pyzhov,
2011). With an increase in the specific surface area of the coals used, their activity increases signifi-
cantly and the decomposition of nitrogen dioxide intensifies.

Thus, it is possible to use active coals in the thermal method of cleaning gas emissions from
nitrogen oxides. It is advisable to consider the possibility of neutralizing nitrogen dioxide in the
temperature range 140...400°C. It is possible to reduce the temperature due to the use of evacuation,
since the shift of the chemical equilibrium during the dissociation of amyl and the interaction of ni-
trogen dioxide with carbon with a decrease in pressure occurs towards a direct reaction.
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CHARACTERISTICS OF FLASK SAMPLING MEASUREMENTS AT THE DANUM
VALLEY GLOBAL ATMOSPHERIC WATCH STATION
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The Danum Valley Global Atmospheric Watch (GAW) is among the limited number of GAW
stations within the tropical region. Greenhouse gases (GHGSs) concentrations at the Danum Valley
GAW station is monitored using both the continuous measurement approach and regular weekly
flask sampling measurement. Flask sampling measurements has been carried out since 2011 and
involves the GHGs, Carbon Dioxide (CO2), Methane (CH4), Nitrous Oxide(N20), Sulphur Hex-
afluoride (SF6). The dataset analysed consists of measurements from 2011 to 2022. Measurements
of CO2, N20 and SF6 are consistent with global increment trends observed for measurements at the
Mauna Loa Observatory, which is itself another global GAW Stations. Comparatively, the con-
sistency of N20 and SF6 is more significant compared to that of CO2, as sources of N20 and SF6
are nearly and entirely anthropogenic respectively. While sources for CO2 are a mixture of biogenic
and anthropogenic. Although measurements of CH4 demonstrates an increasing trend as observed
at Mauna Loa Observatory, nevertheless observation at Danum Valley is widely spread at a range of
50 — 60 ppb. This spread in values is most probably due to local agriculture based anthropogenic
activity. A significant correlation between N20 and SF6 observed at Danum Valley, demonstrates a
common source. Seasonal analysis of flask sampling datasets CO2, CH4, N20 and SF6 reveal an
annual drop during the boreal summer monsoon and a corresponding increase during the boreal
winter monsoon. This demonstrates the significant potential of transboundary influence upon global
atmospheric GHGs concentrations over the northern Borneo region. This transboundary influence
strongly correlates to the seasonal trade winds over the region.
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