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TI'EO®HU3HKA

VIK 532.5:51-72 doi 10.33933/2074-2762-2020-59-7-27

O KOpPpPEeKTHOM MCIOJIb30BAHUH
MaTeMaTH4YeCKUX KOHCTPYKIUA B (PpU3HMUYECKUX MOJEIX

M.IO. benesuu

Hucrutyt okeanonorun PAH um. ILI1. Hlupmosa, Mocksa
Poccuiickuit rocymapcTBeHHBIH THAPOMETeOposornuecknii yauBepcuret, Cankr-IletepOypr,
mbelevich@yahoo.com

O06cyxnatorcst pU3MUecKre OrpaHUUCHUSI, KOTOPBIM JJOJDKHBI YIOBJICTBOPSATH MaTeMaTH4YECKHE KOH-
CTPYKLHMH, UCIIOJIb3YEeMbIE TP pa3padoTKe n MoAu(pHKALMK MaTeMaTHYECKUX Mozenel. Bee paccysxienus
WUTIOCTPUPYIOTCS IPUMEPAMH U3 MEXaHUKH JKMAKOCTH. PacCMaTpUBAIOTCS CIICAYIONIME TEMbI: CPEICTBA
OIMCAHUST; KOPPEKTHBIN MOAXO0 K MOJH(DUKAIIH MOAEIN ¥ (PM3NIECKHUH CMBICI 3TAllOB TOCTPOCHHS MOJIe-
JIM ¥ HEKOTOpBIe Jpyrue. OnucpiBaeMble GU3HYSCKHE OrPaHIMYCHHS HEPEIKO OCTAIOTCs Oe3 IOJDKHOTO BHHU-
MaHHs1, YTO TOPOH IPUBOJIUT K PA3JIMYHBIM HEKEJIATCIbHBIM MOCIESACTBUSIM. DTO MOXKET OBITh Upe3MEpHOE
YCIIO)KHEHHUE 3a/1aull, HEsIBHAs MTO/IMEHA 3asIBIICHHOM 3a1a4M APYroi WITH, HAKOHELl, OTCYTCTBUE PCIICHUS
y cOpPMyYIHPOBAHHOM IIPOOIEMEL.

Kniouesvie cnosa: MateMaTnueckast MOJIeNb, PU3NUECKUH CMBICII.

On the correct use of mathematical constructions
in physical models

M. Belevich

Shirshov Institute of Oceanology of the Russian Academy of Sciences, Moscow, Russia
Russian State Hydrometeorological University, Saint Petersburg, Russia

The physical limitations of the mathematical constructions used in developing or modifying mathe-
matical models are discussed. All reasonings are illustrated by examples from fluid mechanics. The follow-
ing topics are considered: means of description; correct approach to model modification and the physical
meaning of model development stages.

In the first case, the method of describing physical objects using numbers as well as corresponding re-
strictions are investigated, followed by developing general recommendations on procedures for modifying
mathematical models of fluid dynamics. The well-known procedure of averaging the viscous fluid model
equations to obtain the turbulent fluid model is used as an illustration. Since we are considering the models
of physical phenomena, it is natural to provide physical interpretation for each stage of model development.
Unfortunately, some of the transformations used are often treated as purely technical tricks, therefore de-
noting the lack of the physical meaning in such cases, which does not make a mathematical procedure un-
acceptable, but does mark out the model's place which requires reasonable interpretation. In this paper, we
are considering two variants of this kind of interpretation, namely the case of using imaginary quantities,
and the case of applying integral transformations.

Meanwhile, all the above-mentioned restrictions are not always given due attention. Sometimes this
leads to various undesirable consequences, including excessive task complication, implicit substitution of a
declared problem with another one, or, finally, lack of solution to the formulated problem.

Keywords: mathematical model, physical meaning.
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For citation: M. Belevich. On the correct use of mathematical constructions in physical models. Gidro-
meteorologiya i Ekologiya. Hydrometeorology and Ecology (Proceedings of the Russian State Hydromete-
orological University). 2020. 59: 7—27. [In Russian]. doi: 10.33933/2074-2762-2020-59-7-27

1. BBenenune

Hecmotpst Ha cyiecTBOBaHHE MHOTHX YAa4HBIX MaTeMaTHYeCKUX Mojelnel huzu-
YEeCKUX SBJICHUH, IPOJOJKAIOT CTPOUTHCS HOBBIE MOJEIN U MOIU(HLINPOBATLCS CTa-
pele. [lenaercs 3TO, OHAKO, HE BCErlla KOPPEKTHO. B cuiy Toro uro MaremMaTnueckue
MO/IEJI TIPU3BAHbI OMHCHIBATh (PM3NYECKUE SIBICHUS, OHHU JIOJKHBI YUNTHIBATh TAK)KE
OIpeesieHHbIE OIPaHUYCHUS, KOTOPbIe HAaKJIaIbIBacT (PU3MKa PACCMAaTPUBAEMBIX MPO-
1IeCCOB Ha UCMOJIb3yeMble MaTeMaTnYecKue KOHCTPYKIMU. B TiepByro ouepe/p 3To CBs-
3aHO CO CPEICTBAMH OIUCAHMUS, T. €. C YHCIAMH, KOTOPBIE CTABATCS B COOTBETCTBHE
¢u3nueckuM XxapakTepucTukaMm. Yalne BCEro Takue CpeiCcTBa SBISIIOTCS HE MPOCTO
YHCIIaMH, HO YHCIIaMH, CHA0KEHHBIMH Pa3MEePHOCTBIO, U 3TO MPEIbSIBIAET OIpe/IeIeH-
HbIC TPEOOBAHHS K MCIOJIB3YEMbIM MAaTeMaTH4eCKUM KOHCTPYKIMAM. pyrum oOmmm
OrpaHUYEHHEM SIBIISCTCS TPEOOBAHUE CYIIECTBOBAHMS TAK HA3bIBAEMOTO (PH3MUYECKOTO
CMBICJIa Ha K)KJOM 3Tale MOCTPOCHUsI MaTeMaTHYeCKOM MoAenn (hU3NUECKOro sIBJie-
Huf U T. 1. K coxasienuto, MHOT/Ia 3TH U IpyTHe OrpaHUYEeHMsI BO BHUMAaHUE HE IPUHU-
MaroTCs, YTO HE MOXKET HE CKa3aThCsl Ha CTPOsILLeics Moient, GopMynupyeMoi 3agaqe
1 B KOHEUHOM CUETE Ha €€ PEIIEHUH WU JIa)kKe €ro CyllleCTBOBaHHH.

[ToyunTenbHbIH TpUMep TOA0OHOTO poAa MpOaHAIU3UPOBaH B padore [1].

Paznuunble orpaHUYeHNs MaTeMAaTHYEeCKUX KOHCTPYKLUH B HACTOALIEH paboTe pac-
CMaTpHUBAIOTCS HA TIPUMEpPEe MOJIENHN JIBHXKYIIeHCs KUAKOCTH. [Ipu 3TOM BaXKHO MMETh
B BUJLY, YTO 3[€Ch UCCIIEIYETCS NUMEHHO KOPPEKTHOE [IOCTPOCHNE MAaTEMaTHuECKOi Mo-
JIeNd, a He T€ WK UHBIEe CIIOCOObI PeLIeHUs 3a/1a4, CBI3aHHbBIX C TOAO0OHON MOJETIBIO.

Taxum 00pa3om, ¢ OTHOH CTOPOHBI, IENBI0 PA0OTHI SIBISETCS JEMOHCTPAIUS pa3-
JIMYHBIX ACIEKTOB OOIIEH MpOoOIeMbl, KOTOpas 3aKII04aeTCsl B BOJIHLHOM MPUMEHEHUH
MaTreMaTHYeCKUX CPEJCTB 0e3 JOIKHOTO ydeTa MX ONpeesieHHi U (U3NIeCKUuX orpa-
HuueHuid. C Ipyroi CTOPOHBI, 31€Ch )K€ PaCCMaTPUBAIOTCS] BOBMOKHBIE BApUAHTHI pa3-
pelIeHus] YKa3aHHOM MPOOJIEMBI.

K gnciy o6cyknaemMbIX TeM OTHOCSTCS:

— OIMCaHNE CBOMCTB (PU3NUECKUX OOBEKTOB YHCIIAMH;

— pa3nuyuue MEXIly U3MEPUMBIMHU (MHTETPAIbHBIMU) U HEM3MEPUMBIMU (T de-
PEHLUAIBHBIMHI ) XapAKTEPUCTUKAMHU (PU3NIECKIX OOBEKTOB;

— JTamnbl TOCTPOCHHUS MOJIENICH M UX KOPPEKTHBIE MOIU(HUKALINY;

— (uU3UUECKUil CMBICJI NPOMEKYTOUHBIX MIaroB MOCTPOEHHSI MaTeMaTHYECKHX
Mozenen.

ITocTpoenne mMaTemMaTHUeCcKoi MOJENN JTIO00TO (PU3MUECKOTO SBICHUS OCYIIECT-
BJISIETCS ITyTEM BBILIOJIHEHHS PsJa STAroB, KKIbIH U3 KOTOPBIX MOKHO HPEACTaBUThH
B BHJIE CJIENYIOLIEH NOCIEA0BATENBHOCTH JEHCTBUA:

1) HaGnroneHue SBJICHUS U TIOUCK HanboJiee 3HAYNMON 3aKOHOMEPHOCTH, KOTOPOH
MOTUHUHSIOTCS XapaKTEPUCTUKHU OMUCHIBAEMOTO SBJICHHS, T. €. IOUCK TaK HAa3bIBAEMOT0
3aKOHa NPUPOJBI;
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2) hbopmynrpoBKa MOCTYNAaTa, COOTBETCTBYIOIIETO HAWJIGHHOMY 3aKOHY TPUPO/IBI;

3) BBIBOJ ypaBHEHUS MOJIEJIN, OCHOBAaHHOTO Ha C(hOPMYITUPOBAHHOM MOCTYJIATe.

B cnyuae ecnu cTposiimasicss MoJenb SIBJICHUS OKa3bIBaeTCd HE3aMKHYTOW (HEew3-
BECTHBIX BEJIMYHMH OOJIbIIE, YEM YPABHCHUH B MOJIEIH), BECh IIMKJI YKa3aHHBIX BHIIIE
nerictBuil (1—3) mOBTOPSIETCSI IO TEX TIOP, TIOKA He OYJET MOoTy4YeHa 3aMKHYTast CHCTe-
Ma ypaBHEHHH.

3nech BXKHO 00paTHTh BHUMaHHE Ha clieyrolee. Bo-nepBhIX, eciiu MOoCTyaThl
(hopMyIHpPYIOTCS HAa OCHOBE 3aKOHOB IPUPOJIBI, T. €. 3aKOHOMEPHOCTEH, N3BICUSHHBIX
W3 JaHHBIX U3MEPEHHH, TO 3TO O3HAYaeT, YTO OHU ONPENENSIIOT COOTHOILICHHS MEX-
Iy WHTETPANTbHBIMHU TTapamMeTpaMu (HU3HIeCKHX OOBEKTOB, TIOCKOIBFKY IMEHHO HHTE-
rpajbHbIC MapaMeTpbl JOCTYIHBI H3MEPEHUI0. BO-BTOPBIX, IPH MOCTPOCHUN MOJIEIH,
Oazupyrolieiicss Ha HECKOJIBKHUX 3aKOHAaX MPHUPOJIbI, HCKOMbIE (DYHKIIUM BBOJISITCS I10-
CJIeJIOBATENbHO, a HE BCE cpa3y, OAHOBpeMeHHO. C KaXK/IbIM OYepEHBIM MOCTYIATOM
CBSI3aHO MOSIBJIEHWE HEKOTOPHIX HOBBIX MCKOMBIX MEpEeMEHHBIX (0ObIYHO OfHOM). U,
B-TPETHHX, BCE MOCTYIIATHI, COCTABIISIONINE MOAEIH SBICHUS, HE3aBUCHUMEI, U, CIIEIO-
BaTEJIbHO, K&K/ U3 HUX MOXKET pacCMaTpUBAThCsl BHE 3aBUCMOCTH OT TOTO, Cop-
MYJIUPOBAHBI OCTAJbHBIE OCTYNATHl WK emle HeT. Hamo oTMeTnuTh, 9To McciieoBa-
HUH, CrIeqUalbHO MOCBSILEHHBIX 00CYKACHUIO YIIOMSIHYTOH poOiieMbl, 00HAPYKHUTb
B JIUTEparype He ynanock. YacTh M3 paccMaTpuBaeMBbIX 37I€Ch BOITPOCOB BIIEPBHIC 3a-
TparuBajiach B [2].

Crpykrypa mpejiaraeMoii paboTel TakoBa. B 1. 2 00cykaaroTcst crocoObl Omu-
CaHMs XapaKTEePUCTUK (PU3NIECKUX OOBEKTOB YMCIAMHU H CIEIYIONINE U3 dTOTO Orpa-
HuueHus. Jlanee paccmarpuBaeTcs MOCIEAOBATENIFHOCTh ONpenesieHHs (BKIIOUCHHS
B MOJIEJIb) UCKOMBIX NEPEMEHHBIX, 0OYCIOBJICHHAS dTAallaMH CO3aHUSI MOJCIH, YTO,
B CBOIO O4epellb, OYEPUUBAET KPYT JOMYCTUMBIX MPOIEYD, KOTOPhIE MOTYT OBITH HC-
M0JIb30BaHbI B JalibHelIeM. B kauecTBe MILTIOCTpAIMU UCIIONIB3YETCs IUPOKO TPH-
MeHsieMasi IPoIeaypa OCPETHEHHS. DTH BOIIPOCH! 00CYXIatoTcs B 1. 3. OrpaHUYeHus,
CBSI3aHHBIC C CYIIECTBOBaHHEM (DU3MYECKOTO CMBICIA Ha Ka)XIOM 3Tarle TOCTPOCHUS
MoJIeNd, paccMmarpuBaroTes B 1. 4. K cokajaeHno, HEKOTOpbIe U3 MPUMEHSEMBIX MPO-
LeLyp HEPEAKO TPAKTYIOTCS KaK YUCTO TEXHUUYECKUE IPUEMBI, U BOIIPOC O (PH3HUYECKOM
CMBICIIC B 9TOM CJIy4ae He CTaBUTCS, YTO, TI0 MOEMY MHEHHIO, HeBepHO. OTCyTCTBHE
(hm3rYEeCcKOro CMBICTIAa HEKOTOPOH MaTeMaTHIeCKOM POIIeTyphI, pa3yMeeTcsl, He JiellaeT
ee HeIOIyCTUMOM, HO ITIOMeUaeT MecTo, Tpedyrolee pa3yMHOM nHTepnperanuy. B m. 4
TpejIaraeTcs Takask HHTEPIIPEeTanns HEKOTOPBIX MCIIOIb3YeMbIX MaTeMaTHIeCKUX KOH-
crpykuuil. [TonydyeHHble pe3ynbTaTsl MOABITOKUBAIOTCA B 11 5.

2. CpencTBa onucaHus

2.1. «@u3zuueckue uucna»

[TorpeGHOCTS B OOBEKTHBHOM ONHCAHWM SBICHUW W OIEHKAX XapaKTEPHUCTHUK
¢usnyeckux OOBEKTOB MPHUBENAa B CBOE BPEMs K IMOUCKY YHMBEPCAJIbHBIX CPEACTB
OTHCaHUsl, HE 3aBUCSIUX OT BpEMEHH, MecTa U HaOoatens. Takoe cpencTBo ObLIo
HalAEHO, U UM OKa3aJucCh 4ucia. s Toro 4ro0bl MaTEMaTHUECKYIO0 MOJIEIb MOX-
HO OBLIIO MOCTPOUTD, B IEPBYIO ouepeb TpeOyeTcst CHaOIUTh CBOKWCTBA OOBEKTA MIIH
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SIBIICHUST (PU3UYECKOTO MUpPa YUCJIOBBIMU 3KBHUBAJICHTAMH, XapaKTEPU3YIOLIUMH 3TH
CBOWCTBa OJIHO3HAYHO. AOCOJIIOTHOW CBSI3W MEXKAY UYUCIOM M KaKUM-THOO CBO¥i-
CTBOM (pU3MUECKOr0 0OOBEKTA HE CYLIECTBYET, HO BCEIAa MOXKHO 3a/1aTh CBSA3b OTHOCH-
TEJBHYIO.

HamepeBasice 0xapakTepu30BaTh BEIIECTBEHHBIM YHMCIOM HEKOTOpPOE Halmronae-
MO€ CBOMCTBO (pU3MUECKOro 00beKTa (CKaXKeM, MPOTSKEHHOCTh B IPOCTPAHCTBE), BbI-
OupaioT 00BbeKT, 001 JaI0INN aHAIOTHYHBIM CBOMCTBOM (B IaHHOM CITy4ae MpOTsHKEH-
HOCTBIO), PACCMATPUBAIOT €r0 KaK ATAJIOHHBIN OOBEKT U CBSA3BIBAIOT C ITUM CBOHCTBOM
sTanona yucio 1. CpaBHEHHE H3y4yaeMOro O0BEKTa C BBIOPAHHBIM 3TATOHOM TO3BOJISIET
Jlaniee yKas3arb, BO CKOJIBKO Pa3 paccMaTpUBaeMOe CBOMCTBO 3TOT0 OOBEKTA OTIINYACTCS
OT TAJIOHHOTO. Takoe CpaBHEHHE JJaeT BO3MOXHOCTh OXapaKTEPHU30BaTh HAOII0AaeMoe
CBOMCTBO OOBEKTA BEIIECTBEHHBIM YHCIIOM.

[lepexon k unciam, TakKuM 00pa3oM, IPOUCXOAMT 10 CIEAYIOLICH cXeMe:

1) BeIOOD cBocTBa I1, moasekaIero YuCiIeHHON OLCHKE;

2) BBIOOp dTajoHa E W OIGHKAa paccMaTpUBaeMoro cBoiicTBa stanoHa II(E)

5
YHCIIOM

Num(T1(E))=1, (1

3) omenka Toro xe coicTtBa I1(B) y mzydaemoro obbexTa B myTeM CpaBHEHHS
C 9TAJIOHOM

Num(TI(E))-T1(B) = Num(I1(B))-T1(E) (2)
ni, ¢ yaetom (1),

I[1(B) = Num(I1(B))-I1(E). 3)
3nech, NepBbIi MyHKT — YyKa3aHHE TOro, YTO HAJJIEKUT U3MEPATh, BTOPOH — BBIOOD
CMUHUIBI H3MEPEHUs, a TpeTuid — COOCTBEHHO u3Mepenue . Bemnunna
Num(I1(B))eR' — umcno, kotopoe accouunpyercs ¢ II(B), T. e. co cBoiictsoM I1
¢usnueckoro obObekra B; [I(E) — aHajgoruuHoe CBOMCTBO dTanoHa. [Ipu 3TOM

IT1(E) e SU, e SU — cucteMa eIMHUAIl U3MEPEHHUSI, T. €. COBOKYITHOCTh HE3aBHCHUMBIX

JpYr OT JApYyra OSTAJOHHBIX CBOWCTB, BBIOPAHHBIX JUIS OICHKH COOTBETCTBYIOIINX
CBOWCTB OOBEKTOB.

W3 dopmynsr (3) cieayet, 4rto co cBoicTBOM (usnyeckoro oobekra I1(B) dhakru-
YECKH aCCOIMUPYETCs HE BEIECTBEHHOE YMCIIO, d7ieMeHT R!, a mapa (4ucio, 3Tanon) =

1
(Num (H(B)),H(E )), KOTOpAs SIBISETCS DIIEMEHTOM IIPSIMOTO rpousBenenns R x SU.
[Mocneanee obecneyrBaeT OTHO3HAYHOCTh COTIOCTABICHUS (PU3UUECKOM XapaKTePUCTH-

K€ YHCIIOBOTO SKBHBAJICHTA. V MOCKOIBKY 3TOT SKBUBAJICHT SBJISETCS HE YNCIIOM, a ITa-
poli (4uciio, ITallOH), €r0 MOXHO ObUTO ObI Ha3BaTh «(HUIUUECKUM UYHCIOM», T. €.

* Wcnonb30BaTh, pasyMeeTcs, MOXKHO JF000€ BEIIECTBEHHOE YMCIO W3 MHOKECTBA BELIECTBEHHBIX YH-
cen R!, HO euHKIIa — TpocTenil U Hauboee yIoOHbI BAPHAHT.

" Ecnu ozt cBoiicTBoM I1 noHMMAars, HanpuMmep, JuHy, To Gpopmyia (3) unraercs OyKBaIbHO TakK: JUlMHa B
paBHa Num npinuHam E.
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YHUCIIOM, CHAaO)KEHHBIM (DU3MUYECKON Pa3MEPHOCTHIO, KAKOBOH SIBIISIETCS HA3BaHUE BBI-
OpaHHOIO 3TAJIOHA.

Jlerko BUIETH, UTO B BRIpAXKECHHH (2) TeJI0 B 1 3TaJOH £ COBEPIIICHHO PaBHOTIPAB-
HBI, 4YTO €CTECTBEHHO, TOCKOJILKY BHIOOP B KAY€CTBE ATAIOHA UMEHHO TeJia £ 00yciIoB-
JMBAETCA HEKMMHU BHEITHUMH IPUINHAMH.

2.2. Beruuunst uzmepsiemole (mepul) u vluuciiemvle (R10mMHOCMUL)

OnucaHHBIN BBIIIE TIEPEXO K YHCIaM CBA3aH C U3MEpeHusIMU. Bece nzmepsiemble
CBOICTBa TEJ BCErna XapaKTepu3yloT HEKOTOPOE MHOMKECTBO TOYEK Teja, paccMaTpu-
BaeMOro Kak eInHOe Lenoe. Takue CBONCTBA HA3BIBAIOTCS UHMESPANbHLIMU Napame-
mpamu Tena. Macca, 00beM, 3apsii, SHEPTUsl — BCE 3TO IPUMEPHI U3MEPseMbIX (MHTe-
rpajbHBIX) IapaMeTpoB. MHTerpaabHble MapaMeTphl ONMUCHIBAIOTCS TAK Ha3bIBACMbIMU
Mepamu, T. €. aAIMTUBHBIMU (DyHKIHSMH MHOXKECTB (CM., Harpumep, [3]), HEeKOTopbIe
CBOICTBA KOTOPBIX ITH NMapaMeTPhl XapaKTepPU3YIOT.

Yacto mHTEpec MPEACTABISAIOT HE TOJIBKO MHTETPAJBHBIE MapaMeTpbl, HO M HX
pacrmpeneneHue B UccieyeMoM Tene. B aToM cityuae peanbHble pU3MYECKHUE TEJIa MO-
JIEITUPYIOTCSl TaK HA3bIBAEMOM CIUIOLIHOW Cpeloil, KOTopasi BO3HUKAET B PE3y/bTaTe
MIPUMEHEHUS 2Unomesvl CHAOWHOCMU K JOCTAaTOYHO OOJBIION COBOKYITHOCTH YacTHUII,
MUKPOCKOITMYECKHX 110 CPABHEHHUIO C MacITabamMu n3yyaemoro ssienns. Kaxmoe auc-
KpeTHOoe (hpr3ndeckoe Tes1o (HampuMep, COBOKYITHOCTh MOJICKYIT WIIM 3BE3JHOE CKOILIe-
HHUE), paccMaTprBaeMoOe KakK CIUIOLIHAsS cpenia, 3aMEeHseTcs KOHTHHYYMOM TOYEeK, YTO
JlaeT BO3MOKHOCTD OIMCHIBATH CBOWCTBA Tea MAAKUMH QYHKIMAMU (T. €. QYHKIUS-
MU, UMEIOIIMMHU HY>KHOE YHCIIO IIPOU3BOAHBIX ), OTIPE/IEICHHBIMU Ha 3TOM KOHTHHYYME.
WNHauBUyalbHOCTh peabHBIX YaCTHUL], COCTABISIOIINAX TEJIO, TIPH 9TOM TEpAETCs, U
9BOJIIONHMS MX CBOMCTB, TAKMM 00pa3oM, HE U3y4aeTCsl.

JIto60# MHTErpaNbHBINA MMapaMeTp CIUIONIHOW Cpebl BCETr/a XapaKTepu3yeT KOH-
TUHYYM ToueK. [lockonbky ero 3HaueHue B Jr000i TOUKE PaBHO HYJIO, JUIS MareMa-
TUYECKOTO OIMCAHUS CBOMCTB TEJ B TOYKAX BMECTO MHTETPAJbHBIX MapaMeTpoB HC-
MIONB3YIOTCSL MIX HJIOMHOCMU WIH Oughghepenyuanvhvie (0KATbHbIE) NAPAMEMPDI.
JIro0oii muddepeHnnanbHbli MapaMeTp ONMpeesseTcss Kak Mpeesl OTHOLCHUS JBYX
WHTETPAIbHBIX TAPAMETPOB, T. €. 110 CYIIECTBY SBISIETCS MPOU3BOJHON OHOM MEpHI 110
apyroii (cm. [4]). @opManIbHO 3TO MOKHO OIPENEIUTD CIIEAYIOIUM 00pa3oM.

Ilycte B, ¢ B — 4actb tena B. Ilycts P,, B CBOIO ouepenb, 4yacTh P\, T.e. P, < F,.

U rax nanee. Iloctpoum nenouxky B85 F, D P, ©...DF, D...D X TaKyo, 4To BCE Ya-

cTu P, MMEIOT TOIbKO OfHy 00u1yto Touky X. IlycTh Ha Tene B onpenenens mepsr IT!
u IT?. CooTBeTCTBEHHO, OHU OIpe/ieIeHbl M Ha YacTsx P, aToro Tena. Jluddepennmans-
HBIi MapameTp 7, B Touke X, T. €. mpousBoaHas mMepsl I1' mo mepe I1* B aT0i Touke
ONPEEISIETCS BRIPAXKECHUEM
1
X) = i )
T, (X) =lim—; .
k—o H ( Pk )

VYuureiBas (3) ms ©,(X), momyvaem:
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Num (e, (X)) - DD )

Num(T1'(R,))-TI'(E,
7,(X) = lim () TIE) M (E,)’

% Num (I (B))- TP (E,)

rae E 1 E2 CyTh COOTBETCTBYIOIINE ATAIOHBI, @ YUCIOBO MHOXKUTEIb Num(n12 (X ))
00o03HayaeT

_ o Num('R)
Num(nlz(X)) = }%m

Kak BuamuM, Hapsity ¢ MHTErpajbHBIMU MapaMeTpaMu TuddepeHnanbHble TaK-
e aCCOLMUPYIOTCS ¢ «(PU3NIECKUMH YHCIaMI», OTHAKO UX (PU3NUECKUE Pa3MEPHOCTH
OKa3BIBAIOTCA IpoOHBIMHU. YacTo B kKauecTBe MephI I17(+) ncmonb3yercst 00beM 1, 00BIY-
HO MIMEHHO B 3TOM CJIydae COOTBETCTBYIOLIAsl (PYHKIIMS TOYKH Ha3bIBACTCS INIOTHOCTHIO
paccMaTprBaeMOro MHTETPAbHOTO IMapaMeTpa; OJHAKO BO3MOXKHBI U UHBIE BAPHAHTHI.
Hanpuwmep, ecnu I1°(-) uaTEpripeTUpyeTCs Kak BpeMEeHHOH uHTepBal, Toraa n ,(X), Ha-
3bIBAaeTCsl CKOPOCThIO M3MeHeH s [1'(+). B tabu. 1 mpeacTaBieHbl MpUMephbl JIOKAIbHBIX
apaMeTpoB.

Tabnuya 1
[TpuMepbl TOKaTBHBIX TAPAMETPOB
Examples of local parameters
[10THOCTH OTHOLIEHNE STAJOHOB Pasmepnocts B cucteme CU
CKopocTh LIT MeTp/ceKyHa
TIOTHOCTE Macchl ML KHJIOTpaMM/MeTp’
VienbHbI 06beM L/M! MeTp®/KHIOrpaMM
JaBneHue M/ (LT 2) KUII0rpamMm/(MeTp * CeKyH1a?)
IT'(E,)
B stux nmpuMepax nNpruBCACHbI pa3MCPHOCTH JIOKAJIbHBIX TapaMETPOB, T.C. %
2

(cM. BeIpakeHue (4)). Bce oHM 3ammCHIBAIOTCS KaK OTHOIICHUS €IWHUI] H3MEpPEHUS
(3TaJIOHOB) COOTBETCTBYIOIINX MHTETPANBbHBIX MapaMeTpoB. Heckonbko cloKHEe BbI-
IS AUT MOCHEIHUN IPUMED, OAHAKO U 3[1€Ch UMEETCS TAKOE K€ OTHOLIEHUE UHTErPallb-
HBIX TTApaMeTPOB. B oTIMune OT H3MepsAeMbIX HHTETPATBHBIX TAPaMETPOB Cpebl Tu-
(hepeHIMATBHBIC TApAMETPHI HE U3MEPSIOTCS B IpuHITUIe. OHU BCEra BEIYHUCIISIOTCS.

2.3. Ozpanuuenus 6 cuny cpeocme OnUCAHUA

CpenctBa ONMCaHUS HAKIAABIBAIOT HEKOTOPhIE OTPAHWYEHHS] Ha BO3MOXKHEIE
MaTeMaTHYECKHE KOHCTPYKIIMU, UCIONb3yeMbIe MPHU MOCTPOCHUM MOJACICH (u3uue-
cKkuX 00BeKkTOB. IIpocTeiimum orpaHUYeHNEM TaKOTO poja sBIsETCs TpeOoBaHME OfI-
HOPOJTHOCTH MAaTeMaTU4eCKOTO BBIPAXKEHUS IO pa3MepHocTd. HeoOXoaumocTh 3Toro
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OTPaHWYCHHS CTAHOBUTCS OYEBHUHOW, €CIIM HAa MECTO OOBIYHO 3alMChIBAEMBIX YHC-
noBbIx ¢ynkuuit Num(I1(B)) wnu Num(n(X)) mOnCTaBIsATh Mapbl B COOTBETCTBHU € (3)
nia (4). Ilpu oTcyTCTBHM OTHOPOIHOCTH IO Pa3MEPHOCTH pa3MepHBbIE MHOKHUTEIN He
YAACTCsI BBIHECTH 3@ CKOOKY U COKpaTUTh. CaMo BBIpaKEHHE B 9TOM cliy4yae OyJeT 3aBH-
CEeTh OT UCIOIB3yEMBIX ATAIOHOB, YTO HEBEPHO M YeTO OBITh HE JIOIKHO.

JpyruM npuMepoM YKa3aHHOTO OTPaHHYEHHsI MOXKET CIYXKHUTh MOCTpOCHUE 0e3-
pa3MepHBIX KOMOWHANIMI pa3MepHBIX BEIWYHH. Tak, eciu apryMeHT GyHKIUH (Harpu-
Mep TOKa3aTeNbHOH, JTorapu(MUYeCKOr U T. T1.) MPENCTaBIsIeT cO00i MpOn3BeIeHNE
pa3sMepHBIX BEJIMYHH, TO UX Pa3MEPHOCTH HE MOTYT OBITh IPOU3BOILHBIMH, & JOJKHBI
obOecnieunBarh Oe3pa3MEepHOCTh BCETO MPOM3BEICHUS. B MpOTHBHOM ciydae mareMa-
THYECKOE BhIpaKeHHE OyAeT JIMIICHO (PU3NYECKOTO CMBICIA, TaK KaK ero 3HaueHue Oy-
JIeT 3aBHCETh OT MCIIOJIb30BAHHBIX 3TAJIOHOB U ITOTOMY JIOJDKHO OBITH MPU3HAHO OIIH-
6ouHbIM. Takoro poma rpyOble OMMOKH, KaK MPaBHUIIO, HE BCTPEYAIOTCS, OJJHAKO YacTO
BCTpEYaeTCs JIpyras olnOKa, TakyKe CBSI3aHHAs C pa3MepHOCThIO. Peub naer o padore
C HEKOTOPBIMH HHTETPATBHBIMU MPE0OPa30BaHUSIMH (B YJaCTHOCTH, C TIPEOOPa30BaHIEM
®dypbe) 1 uX PU3HYECKUMH UHTEPIPETALMSIMH.

WuTerpansubie mpeodpazoBanus (i mpeodpazoBanue Oypbe B UX YUCIE) — YaCTO
HCTIOJIb3yEeMBIH MPHEM peIleHHs 337a4 MaTeMaTHYeCKOM (PU3UKU U METOA TOITyUeHHS
ypaBHEHHUH, OMUCHIBAIONINX CIEKTPAIbHBIC CBOWCTBA M3y4aeMOIo sIBJICHUS (CM., Ha-
pumep, |3, 6]).

B kauecTBe WILTIOCTpallMd PacCMOTPUM MHOTOMEpPHOe mpeoOpazoBaHne Dy-
poe-dyakinn fx), roe x=(x,,...,x,), X; € R'. ®ypbe-06pa3 ykasaHHON (QyHKIMH
MeeT BHU]I

1 .
P =—— [ /(0™ dx,
(V27) :
rne k= (k,,....,k,), k, € R'. B cyry6o Marematndeckux paboTax (rie HU O KaKux pas-

MEpHBIX BEJIMYMHAX PeUb HE HJIET) OOBIYHO CUUTACTCS, YTO K UM X SIBISIIOTCA 3JIEMEHTa-
MH 7-MEPHOTO €BKJIHIOBA MPOCTPAHCTBA, T. €. BEKTOPHOTO MPOCTPAHCTBA" C OMpejie-
JICHHBIM Ha HEM CKAJISIPHBIM [IPOU3BEICHHEM , a BIpakeHHE K * X B IoKas3arese 9KCIo-
HEHTBI TAKMM CKaJISIPHBIM IPOU3BEICHUEM M CUMTAeTCs (CM., Hanpumep, [7, 8] u np.).

B ¢usnuecknx padorax nomoOHas MHTEPIPETAINs ATOTO BIpaXKeHUs, BOOOIIE ro-
BOpsi, HEIPHEMJIEMa, IIOCKOJIBKY MEpEeMEHHasi X OOBIYHO UMEET HEKOTOpYIo (u3Huue-
CKYIO Pa3MepHOCTb [X], B TO BpeMsi Kak BbIpaxkeHHe K * X JOJKHO OBITh Oe3pa3sMepHBbIM
([k -X]= 1). Otcrona cieayeT, 9To pa3MEepPHOCTh TepeMeHHoN K momkHa ObITh 00par-

Holl pasmeproctu [x], T. €. [k]=[x]", u, Takum oOpa3om, BeauuMHBI X U Kk HMerOT
pasHblii (U3MYECKUH CMBICT W OKAa3bIBAIOTCS 3JEMEHTAMH pPas3JIHBIX BEKTOPHBIX

) BeKTopHoe IIPOCTPAHCTBO OMPEACIIACTCA KaK MHOXKECTBO, Ui SJIEMCHTOB KOTOPOT'O YKa3aHbI oll€panuu
CJIOKCHHUS 3JIEMEHTOB U YMHOXCHUS UX HA YHCJIa, PE3YJIbTaTbl KOTOPLIX SABJIAIOTCA 3JIEMEHTAMU TOI'O K€
MHOXXECTBA.

- CKaJ’IS{pHBIM MIPOU3BEACHNUEM HA3bIBACTCS OWIIMHEHAS YUCIIOBAs (1)yHKL[I/IFI, OIIpeaCJICHHasd Ha SJIEMEHTax
BEKTOPHOI'O ITPOCTPAaHCTBA.
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MIPOCTPAHCTB. MeX/Iy TeM CKallipHOE MPOU3BENICHUE ONMPENCICHO IS DIIEMEHTOB OJI-
HOTO U TOTO K€ BEKTOPHOTO MPOCTpaHCTBa (cM., Hampumep, [9]). D10, B 4acTHOCTH,
03HAa4YaeT BO3MOXKHOCTH BBIYHCIECHUS CYMMBI JIByX MPOW3BOJIBHBIX 3JIEMEHTOB TaKOTO
MPOCTPAHCTBA, YTO W3 (PU3MUYECKUX COOOPKCHHI B JAHHOM Cilydae, OYCBHJIHO, HE
MMeeT MeCTa, HO YTO COBEPIIEHHO HEOOXOAMMO JUIA ONMHCAHMA, CKaXeM, BEKTOPHBIX
BEJIMYUH UX KOMIIOHEHTAMHU.

OTaenbpHOM TPOOIEeMOIt SBISETCS CITydail HCTIOIh30BaHUS HEACKAPTOBBIX KOOPIU-
HaT, T. €. CJIy4ai, Korjaa To4ka X = (X,,...,X,) CYUTAETCS 3aJaHHOM KOOPAMHATAMHM, OT-

JIMIHBIMH OT eKapToBBIX. [IpuMep Takoro poaa nmpuseneH B Mororpaduu [10, c. 198],
IJie paccMarpuBaeTcs Ciydald cepuvecKuX MPOCTPAHCTBEHHBIX koopauHar. OqHaKo
C Y4eTOM CKa3aHHOTO BHIIIE paccyxkaeHus aBtopa [10] Be3pBaroT comHenus. Kpome
TOTO, B 3TOM CJIy4ae OCTAeTCs HESCHOW reOMEeTpUYecKasl HHTEPIPETals KOMIIOHEHT
BOJIHOBOTO BEKTOpA.

OO0cyxieHre 3Tol poOIEeMbI B TTOX0/Ia K €€ PEIISHHIO CM. jiajee B I1. 4.2.

3. Moaudukauus mogeau Gu3N4eCKOro siBJIeHUs1
3.1. Ilocmpoenue mooenu a61eHusa u ee Mooupuxkauus

[MocTpoenue 000 MOAETH CKIIAABIBACTCS U3 TIOCIEAOBATEILHOCTH ITAIIOB, KaXK-
IBIA U3 KOTOPBIX CBS3aH C MOMCKOM OYEPETHOTO «3aKOHa MPUPOABD», (hopMyIHpoBa-
HUEM COOTBETCTBYIOIIETO €My MOCTyJara, BEIBOJOM CJIEIYIOIEro U3 3TOro MOCTynara
ypaBHEHUS U (BO3MOXKHBIM) OTIpE/IeJIeHHEM HOBBIX HCKOMBIX ITepeMeHHBIX. Bes mocie-
JIOBaTEIIbHOCTh 3aKaHYMBAETCS MOITYYCHUEM 3aMKHYTOH CUCTEMbI YPaBHEHHUN MOJIEIIH,
OIKCHIBAIOIIEH IBOJIIOIMIO HEKOTOPOI COBOKYITHOCTH CBOHCTB peajbHOro (hU3NYECKO-
ro 00beKTa.

Takast MozeJib, KaK U Jit00ast Ipyrasi, UMeeT CBOIO 00J1acTh IPUMEHEHNs, 3a Ipe/ie-
JIaMH KOTOpOW oHa He paboraeT. UToObI paciiupuTh 00JIacTh MPUMEHEHUSs, TPeOyeTcst
MIOCTPOUTHh HOBYIO MOJenb. Ha mepBhIil B3I, TYT CYIIECTBYIOT JIBa BapHaHTa JCi-
cTBUIl. MOXKHO ITpozienaTh BECh Iy Th MMOCTPOSHUS MOJIENIN 3aHOBO, 110 XO/Y JIeJIa BHOCS
W3MEHEHHS B TO, YTO JIOJDKHO BBITVISIZIETh TIO-HOBOMY. A MOXKHO, U 9TO HanOOJIee 4acTo
HCTIOJIb3yEeMBIH BApUAHT, B35Th Y>K€ TOTOBYIO MOJICTIb M BHECTH B HEe MONPaBKH, HEOO-
XOIMMBIE JJIsl pacIIMpeHus 00JacTh mpuMeHeHus. BTopoil moaxos, XOTd U BBIIVISIAT
€CTECTBEHHBIM, HE BCEI1a IPUMEHSETCS] KOPPEKTHO.

Ecnu ¢popmynupoBka TpeOyeMbIX H3MEHEHNH BO3MOXKHA JIMIITL B TOM CIy4ae, KOr-
JIa KCXOJIHAst MOJIEITh MTOJTHOCTRIO MOCTPOEHa , Toraa 00a BapraHTa SKBUBaeHTHBI. O1-
HaKoO, €CJIM IJIaHUPyeMOe U3MEHEHUE MOXKET OBITh CHOPMYITMPOBAHO YKE Ha KAKOM-TO
MIPOMEKYTOYHOM 3TaIe, YKa3aHHbIE BAPHAHTHI OKa3bIBAIOTCS PA3IIMYHBIMH, & CaM 3TOT
9TaIl IOMEYaeT Ty YacTh MOJIENIN, KOTOPasi MOXKET MOIBEPrHYThCsl MonuuKannu. NHbI-
MU CJI0OBaMH, BUJOU3MEHUTH MOKHO JIMIIb TC NMEPEMCHHBIC U YPABHCHHS, KOTOPBIC Ha
JTAHHBI MOMEHT UMEIOTCS B MOJIeNH. To, YTO MOJIETIh e1lle He 3aBepIlieHa, IPETSITCTBUEM
JUIsL MOI[I/I(bI/IKaHI/II/I HE ABJISICTCS, IIOCKOJIBKY BCC IMOCTYJIAThI MOJACIIN HE3aBUCUMBI U MO-
T'YT pacCMaTPHUBATHCS OTIIENBHO JPYyT OT npyra. OcTranbHble IEpEMEHHbIE U YPaBHEHUS,

" CxaxkeM, JUTst 9TOTO TPeOyeTCsl BECh CIHCOK MCKOMBIX (DYHKITHi, KOTOPBIH (JOPMUPYETCS JINIIb B KOHIIE
MOCTPOEHHSI MOJIEIN.
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M.1O. BEJIEBY

BO3HMKAIOLIME HA CJIEAYIOIUX JTanax, TakKe MOTYT U3MEHUTHCS, HO YK€ BCIICICTBHE
OCYILIECTBICHHOW MoanpuKanuu. JIerko BUAETh, 4TO ONMCAHHOE MPOBEACHIE MOIUDH-
KAy HKBUBAJCHTHO HMOCTPOCHHUIO MOAN(DHUIMPOBAHHON MOAETH «C HYJIs», T. €. Iep-
BOMY BapHaHTy. [Ipu 3TOM mocTynaTel HCXOAHOM MOJIENTN COXPAHSIOT CBOI HE3aBHCH-
MOCTb, KaK U JOJKHO OBITb.

Ha npaxrtuke ke 0OBIYHO MPOUCXOMUT MHade. Momudukauuy moaBepraercsi Bes
HCXOJHAsI MOJIeNTb, TaXKe B TEX CIllydasx, Korja IUIaHuPyeMOoe U3MEHEHNE MOXKET OBITh
OCYILECTBJICHO Ha KAKOM-JIHOO MPOMEKyTOYHOM dTarne. [Ipu 3Tom ucxonHas nocieno-
BaTeIbHOCTh JTAIOB MOCTPOESHMS MOJIENIN HapyIIaeTCs, U He3aBUCHMOCTb IOCTYJIATOB,
00pasyroNmX UCXOIHYIO MOAETb, yTpauuBaeTcs. Pe3ynpraTsl MOTyT OBITH CAMBIMU He-
OXXHMIAHHBIMU (CM. [ 1] 1 HIDKECIIeAY IO TpUMeED).

3.2. Mooughuxauusn modenu 8a3Koil HcuoKocmu

B kadecTBe mpruMepa pacCMOTPUM TIOITYHYEHHE MOAETH TypOyJISHTHOM JKHUAKOCTH
MyTeM MOTU(PHUKAIIMU MOJICIN BA3KOU )KUIAKOCTH. [T0CTpOCHHUE UCXOTHON MOJIEIN OCY-
IIECTBJIACTCA B YCTHIPC DTalla, Ka)KI[bIﬁ M3 KOTOPBIX CBA3aH C BBIBOJAOM O4YEPCIAHOIO
g depeHInanbHOT0 ypaBHEHUS MosienH (Taba. 2).

Tabnuya 2
Oransl TOCTPOSHHUS MOJIETTH BSI3KOH KUAKOCTH
Viscous Fluid Model developing stages
Oran IToctynar | YpaBHeHUE | Vckomble pyHKIUH

1 CoxpaHeHue Macchl

dM=0 dp+p(V,v)=0 p,v
2 Bananc mMmmynbca u onpezeneHne TeH30pa HalpsHKEHHI

dm=f pd, v =-Vp +2udivD (p,V),p
3 bananc sHepruu u onpenenacHue TeMIepaTypsl

d Energy=W +Q d T =xAT (p,f/,p),T
4 YpaBHEHHE COCTOSHUS
p=p(p.T) .V, p,T

B Tabmuiie ucnonb30BaHbI CIEAYONIIE 0003HAYCHMSL.

Jlns mHTETpaNbHBIX TApaMeTpPoB Tema: M — macca, m — UMITYJIbC, f — melcTBy-
omas cuna, Energy — mnonnas sHeprusi, W — MOIIHOCTh AeHcTBYyIOWEH cuiibl, O —
CKOpPOCTh Harpesna.

Jns muddepeHnnanpbHpIX MapaMeTpoB: p — IUIOTHOCTh MAacChl, ¥ — CKOPOCTh
W3MEHEHHS MeCTa, p — JaBlieHue, 7 — Temmeparypa. B ckoOKM 3aKkiroueHsbl mapame-
TPBI, BBEICHHBIC HA MPEABIAYIIUX TaNax MOCTPOCHUS MOJCIIH.

Kpome Toro, mcmonp3yroTcsi 0003HaueHUS: ¢ — BpeMs, | — KO3 UIIUEHT Ih-
HAMHYECKOM BSIBKOCTH, K — KO3 HUIMEHT TemmepaTyponpoBoHocTH, D — TeH3op
ckopocrel nedopMarum.
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Mopnenb TypOyJIeHTHOH >KUAKOCTH JOJDKHA SIBHO BOCIPOM3BOAUTH KPyIHOMAC-
mTadHyIo (10 CPaBHEHHUIO ¢ MaciuTabaMu TypOYJIEHTHOCTH) YacTb JBMIKCHHUH >KUI-
KOCTH ¥ TapaMeTPUYECKH YUHUTHIBATH MEJTKOMACIITA0OHYIO 4acTh JBMKeHHUH (TypOy-
JICHTHOCTH). VIHBIMU ClI0BaMHM, ypaBHEHHsI MOAN(UIMPOBAHHON MOJIENHN IOJDKHBL, 110
3aMBICITY, OITUCBIBATh OCPEIHEHHOE JBUKEHHE TOUEK CPENbI BJOJb CIIAXKEHHBIX Tpa-
€KTOPHHA.

3.2.1. Cmanoapmmnulii no0xo0

Jlrobas Mozenb, conepxaiiasi Oonee OHOTO MOCTYJara, co3naercs nosramto. Ilo-
PSIOK, B COOTBETCTBHH C KOTOPBIM (DOPMYIUPYIOTCSI U UCIIONB3YIOTCS TTOCTYJIAThI, 3a-
JTaeT TOPSIOK ONPENETICHNs U BBEACHHS B MOZENb MCKOMBIX HEM3BECTHBIX BEJMUHH.
B ToMm ciydae, koraa mocTpoeHHasi MOAEb B JajJbHEHIIEM MOOU(PULIUPYETCs, B Kaue-
cTBe 00beKTa MOAU(HUKALNN OOBIYHO BBICTYTIACT YK€ MOJHOCTHIO COPMYITHPOBAHHAS
MoJienb. JIpyruMu cioBaMu, CHayana CTPOUTCS MEpBOHAYAIbHBIN BapHaHT MOJIEIH, BbI-
BOJIATCS BCE YPAaBHEHHUSI U OTIPEAEIISIOTCS (BBOJSATCS) BCE HEN3BECTHEBIE, a 3aTeM BCS 3Ta
3aMKHYTasl CHCTEMa YPaBHEHHUH HoaBepraeTcs Moan(puKanuu.

B 00b14HO mpUMEHSEMON MpPOLEAYPE OCPEAHCHHSI YPaBHEHHH MOIENN BS3KOU
YKUJIKOCTH BBITIONHSAIOTCS CIIEIYIONIUE [IaTH.

1. Bce nckomble nepemenHbie (0003HAYMM HX 371€Ch OyKBaMH f,) HE3ABUCUMO JIPYT
OT JIpyTra pacCMaTPHUBAIOTCA KaK CIy4aiHbIe MMpolecch (M., Harpumep, [11]).

2. OHuM 3anmuCHIBAIOTCA B BHAE CymMMbl f, = f, + f,' cpemneii (crmasxkennoit) f,

KOMITOHEHTBI M CITy4aiHOH ((iryKTyupyromeh) f," CoCTaBsomIe.

3. [locne MONCTAHOBKU TakUX CyMM B TU(QepeHIInalbHbIC YpaBHEHUS MOJICITH
YPaBHEHHUSI OCPETHSIOTCS.

4. B xauecTBe omeparopa OCPEAHECHMS UCIIONb3YETCS JTUHEHHBIA HENpephIBHBINA
MIPOEKTOP, YOBIETBOPSIOINN ycinoBusM PeliHombaca.

B pesynbrare Bce HenMHEHHBIE cllaraeéMble MOPOXK/IAl0T HOBbIE WIEHBI (HUXKe Ta-
KO# HOBBIH WieH 00BEIeH paMOYKOHN ):

Ji=Ti Fo+ (6
3nech HaauepKUBaHUEM 0003HAYEHO OCPEIHEHHE.
Takoli MOAXOM MPUBOJUT K TPYIHOOOO3PUMBIM BBIPAKEHUSM C OOJIBIINM YHCIOM
HOBBIX HEM3BECTHBIX (YHKIMI U MOTOMY B «YHCTOM» BUJE HE UCIIONB3yeTcs. BmecTo
9TOTO HENOCPEICTBEHHO IEpe] OCPEIHECHUEM IIPUHUMAETCS PsiIl YIPOLIAIOLIMX THII0-
Te3 (TUIIA HEC)KUMAEMOCTHU Cpeabl, NpUOImKeHust byccunecka u T. 11.; ¢M., Hanpumep,
[10,11] u np.), mocie yero pakTHUECKOMY OCPEAHEHUIO MOBEPTalOTCs JIHIIb KOMIIO-
HEHTBI CKOpOCTU. B pe3ynbTrare nepBbIMH IByMs YPaBHEHUSMHU MOAETH TypOyJIeHTHOMN
KHUJKOCTH OKa3blBalOTCS ypaBHEHUE HEPA3PhIBHOCTH HEC)KUMAEMOW Cpeibl U ypaB-
Henue PeliHonpaca. OnuceiBaeMasi mpouenypa OCpeHeH s, TAKUM 00pa3oM, Ha jeie
HE SIBISAETCS 00IEeil M MOXKET OBITh MCIONB30BaHa JIMIIbL B TOM CiIydae, KOTIa ylaeTcs
c(opMyIHPOBaTh yKa3aHHBIC YIPOILICHHSI.
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3.2.2. Anbmepnamusnwlii R0OX00

Barmsaem Ha mpoOiieMy oCpemHEHHUs ¢ WHBIX mo3uiuii. Ilpexmae Bcero, mpumem
BO BHUMAaHHUE TO, YTO B OTVIMYUE OT MOTEHLUUAIBHO M3MEPSEMbIX MHTETrPalbHBIX Ia-
paMeTpoB Cpefbl JOKAIbHBIE XapaKTEPUCTUKU (TNIOTHOCTH, CKOPOCTH H T. II.), OIpe-
JIeJICHHbBIC B TOYKE, SABIISIOTCS MPUHIMIHATIBHO HE M3MEPSACMBIMU U JTOJDKHBI BBIYHC-
JIATHCSI B COOTBETCTBUM C UX OIPEEIEHUEM U HaJlaraeMbIMHU CBSA3SIMH, T. €. CUCTEMOMN
ypaBHEHHUH (IpUMep W3MEHEHHS JIOKATBHBIX TTapaMeTPOB MPH U3MEHEHUN YPaBHEHUH
MOJIEJIA B Pe3yJIbTaTe OCPEJHEHN CM. HUXKe, B 1. 5). OTCIONa CIelyeT, YTO UCXOJHbIE
THAPOMEXaHUYECKHE MO, KAKIMH OBl I3MEHUYMBBIMHA OHH HE OBIIIH, B ACHCTBUTEINb-
HOCTH HE SIBIISTIOTCS] HE3aBUCUMBIMU. HarmpoTuB, OHM TECHO CBS3aHBI IPYT C IPYTOM, U
HX CBSI3b 33J1a€TCsl HEKOTOPOU cucTeMOl ypaBHEeHUI. Bee 310 03HavaeT, uTo cirydaiiHoe
BO3MYIIIEHHE B JTFOOOM M3 HUX MOPOXKIAET BO3MYIIEHHUS B OCTaNbHBIX. [Ipn 3TOM TI0-
POk 1aeMble BO3MYIIIEHHUS TAKOBBI, UTO BCE MOJIS MO-TIPEKHEMY YIOBIETBOPSIOT yKa3aH-
HO¥ crucTeMe ypaBHeHUH. pyruMu ciioBaMu, 00CykK1aeMbIe BOSMYIIICHHSI HE SIBIISTFOTCSI
CIIy4ailHBIMH U B OTCYTCTBUE MCXOIHOTO BO3MYIIEHHS TOXK/IECTBEHHO PABHBI HYIIIO.

Ecnn ogHO M3 TMApOMEXaHMYECKUX TOJIeH BBIOpAaTh B KayecTBE HE3aBHCHMOTO
Y UMEHHO y HEro JIOMYCTUTh HaJMuWe CIIy9allHOW COCTAaBISIONICH, TOT/Ia OCTaIbHbIE
moJisi, yHKIIMOHATILHO C HUM CBSI3aHHBIC, OYIyT TaKKe COACPIKATh CIY4YalHYIO CO-
CTaBIAIONIYI0. HampoTuB, ocraigpHBIE TIOIS MOTYT CUATAThCS TAAKUMHE (T. €. HE CO-
JeprKallMMHU CIlyYaiHOM COCTAaBIISIFOILCH), €CJIM OHU BBIYUCIISIIOTCS 10 CIVIaKCHHOMY
TIOJTI0 HE3aBHCHUMOM BETMYMHEL. Takoi BEIMYHMHOMN, OY€BUIHO, YIOOHO CUNTATh HEKYIO
MIEPBUYHYIO XapaKTEPUCTUKY Cpelbl (B CMBICIE OYEPEIHOCTH WX IOSBICHUS TPU TIO-
cTpoeHuu Mojien). OnUchIBaeMbIl CIIOCOO MOCTPOCHUS MOTUPHUITMPOBAHHON MOICTH
HCTOJB30BaH B [1].

[Ipu mocTpoeHnn MoJEeNH JKUAKOCTH MCXOAHBIMHU MPEACTABICHUSAMU CITy’KaT He
3aBHUCSAIIAS OT BPEMEHH Macca Xuakoctu M u ee ooweM V(f) (cm., Hampumep, [12]).
MoykHO JIerko 1mokasarb, 4T0 CKOPOCTh M3MEHEHHsS 00beMa d V' onpenensercss BEKTop-
HBIM 10JIEM CKOPOCTH V. Tak, eciii B HEKOTOPBIH OTCUETHBINM MOMEHT BPEMEHHU £, 00bEM

KHJIKOCTH €CTh V, TO TeKyIuii 00beM BeramcisieTes no gopmyre V(1) = IV JdV, toe
0
J — sixoObuaH npeobpa3oBaHus dIIICPOBBIX IEPEMEHHBIX B JarpaHkeBbl. CKOPOCTh U3-

MeHeHHus o0beMa paBHa d,V = IV dJdV = J'V%d,J dV. T1oCKONBKY B IIPOHM3BONBHOM
0

TOYKE JXUAKOCTU CIIPABCIJIMBO cooTtHoenue™”

* TIoBCEMECTHO HCIIOJIb3yeMOE IKCIIEPUMEHTAIBHOE OIPEICIICHHE, T. €. U3MEPEHHE, PA3INYHbIX JIOKAIIb-
HBIX TAPAMETPOB (CKOPOCTH, IUIOTHOCTH, TEMIIEPATYPbI, IaBIECHH U T.I1.) HE JOJKHO BBOIUTH B 3a01IysKae-
HHE. B Ka)I0M TakoM ciydae M3MepseTCsl OTHIOIb HE MPEZeN OTHOLICHUS Mep (MHTerpajbHbIX Hapame-
TPOB) B HEKOTOPOH TOYKE KOHTHHYYMa, T. €. HE TO, YEM SIBIISIETCS JIOKAJIBHBIN [TapaMeTp IO ONpe/IeIeHHUIO,
a OTHOILCHUE Mep MaJIbIX, HO KOHEYHBIX 00BEMOB pealbHBIX JKuaAKocTel. [TockobKy moboii Takoit 00beM
BCEI/la COACPIKUT OECKOHEUHO MHOTO TOYEK CPEJIbl, KaXKI0€ N3MEPEHHE caMo (haKTHUECKHU ABIAETCS OCPe-
HEHHEM I10 3TOMY 00beMYy.

" Cwm., Harpumep, [13] niu [14].
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1
—d,J =divy, 5
N ©)

NMECM
ay=| diviidy. (6)

OOparuM BHHMaHHE Ha TO, YTO 3ajjaya OCPETHECHUS WU pa3ieieHUs IBUKCHUH
1o MacmTabaM MOXeT OBITh TTOCTABJIEHA YK€ Ha ATOM IIare pa3paboTKy MOJENH, XOTS
HU IJIOTHOCTb MAacChl, HU IJIOTHOCTH CHJI €Ill¢ He ObUIM BBEIEHBI B PACCMOTPEHUE H
OTIpeNieIIeHBI.

Taxum 00pa3zoM, eAMHCTBEHHOH 3aBHUCAIIECH OT BpEMEHU MEPOii, KOTOpasi MOXKET CO-
JieprKaTh CIy4aiHyl0 KOMIIOHEHTY, SIBJISETCS 00beM KUAKOCTH. B cOOTBETCTBUH C BBIpa-
eHreM (6) ero dBOIONHUS ONPENEIIAETCS TIOJIEM CKOPOCTH. BEKTOP CKOPOCTH V U SIKOOH-
aH J M ecTb Te JIOKAJbHBIC XapaKTEPUCTUKU ABMKYILIEHUCS JKUAKOCTH, KOTOPBIE MOTYT
paccMarpuBaThes Kak IEpBUYHBIE (B YKa3aHHOM BBIIIE CMBICTIE), B OTINYHE OT IJIOTHO-
CTU MaccChl, IaBIeHUS U T. I1. [IoCKObKY ABMKYIAsACs cpefia OObIYHO OIUCHIBACTCS B TEP-
MHHAaX CKOPOCTH, YJOOHO UCIIONB30BaTh CKOPOCTH CPeJbl B KAYECTBE TOW XapaKTEepUCTH-
KH{, KOTOpas IIOJIBEPraeTcsi OCPEAHEHUIO (TeM 00J1ee YTO 3TO COOTBETCTBYET CIIOKHBLIECH-
csl mpakTuke). VIHBIMH clIOBaMH, pa3syMHBIM BBIOOPOM OCPETHSIEMOH XapaKTePUCTHKU
MIPEACTABISACTCS TOJIe CKOPOCTH TOYEK KUAKOCTH. OCTalbHBIE XapaKTePUCTUKHU (TLIOT-
HOCTb MaccChl, JaBJICHUE U T. JI.) BEIYUCIISIOTCS 110 CIIaKEHHOMY TOJII0 CKOPOCTH, @ MOTO-
My HE COozlepyKaT CIIy4aiHbIX COCTABJISIOMINX, M OCPEAHEHHIO MTOBEPIaThCs HE JTOTKHBI.

4. ®U3n4eCcKHii CMBICJI 3TANOB MOCTPOECHUSA MOI€C/IN

[TockonbKky B JaHHOW pabOTe paccMaTPUBAIOTCS MaTeMaTHIECKUE MOJIENN (pr3nYe-
CKUX SIBJICHUH, T. €. CUCTEMbI YPaBHCHUH, JIOMYCKAONIUE (PU3MUSCKYI0 HHTEPIPETAIHIO
KaK CaMUX ypaBHEHHH, TaK M UX PEIICHUH, TOA0OHYIO K€ HHTEPIPETANNIO JOIDKEH J10-
IyCKaTh U Ka)/bIi 11ar, BBIIOIHIEMbIN IPU MOCTPOCHUHU MOJEIU. DTO, OJHAKO, UMEECT
MeCTO He Bcerna. JlBa XapakTepHBIX NMpuMepa OyayT CIelHaIbHO PacCMOTPEHBI HUXKE.

B mepByto odepens 5TO KacaeTcss MHUMBIX U KOMIUIEKCHBIX uucel. Teopus (QyHK-
LMH KOMIUIEKCHBIX NTEPEMEHHBIX MPEIOCTABISAET UCCIIEA0BATEI0 HEMAJIO CPEJCTB IS
pEIIeHus CTOAIINX TIepel HUM 3aJ1ad, KOTOpbIe, OyIyYHd JOCTaTOYHO MOIIIHBIMH, BMECTE
C TEM MOTYT PacCMaTPHBATHLCS JIUIIb KaK TEXHUYECKHUE TIPUEMBbI, HE UMEIOIINEe (U3H-
YECKOTO CMBICIIA.

JpyruM mpuMepoM TakoTo pozia MOTYT CIYKHUTh pa3IMdHbIe HHTETPATbHBIE TIpe-
oOpaszoBanus. C (U3MYSCKON MHTEPIpETAIUeH JIydIlle BCEro JeI0 0OCTOMT, BUIUMO,
y npeoOpazoBanusi Oypee. OqHAKO U 37IeCh caMO MPeoOpa3oBaHKe MO CYTH SIBIISIETCS
TEXHUUYECKUM ITPUEMOM.

4.1. @u3uueckuit cMblcjl MHUMDBIX GCTUYUH

B xnaccuueckoil (pu3MKe KOMIIJIEKCHBIE YHCIA HE HCIOJb3YIOTCS KaK CPEICTBa
onucanus. X HAYMHAIOT IPUMEHATh B CIELUATLHON TEOPHH OTHOCHUTEIBHOCTHU (CM.,
Harpumep, [15]), HO camu Yuclia He HeCyT MPH 3TOM HHKAKOTO (PU3NYECKOTO CMBICIIA,
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OCTaBasICh TEXHUYECKUM cpeacTBOM. ONIHAKO B cTaThe [16] U psiae Ipyrux OHU BBOIST-
Csl B MOJICJIb JIJIsl PEIICHUS OTPE/ICICHHBIX TEXHUYSCKUX MPOOIeM MPH 3aJaHUK KOOp-
JUHAT B TIPOCTPAaHCTBEHHO-BPEMEHHOM KOHTHHYYME (IIPOCTPAaHCTBE COOBITHII) U TpH
ATOM HAJICIISIOTCS BIIOJHE OYEBHIHBIM (PU3NYECKUM CMBICIOM. BOT Kak 3TO nenaercs
B YIIOMSHYTOU paboTe, MOCBAIMICHHONW TTOCTPOCHUIO TPHINHHO-00YCIOBIICHHON MOIe-
JIU J)KUJIKOCTH.

Bynem paccmarpuBaTh MpOCTPAHCTBO COOBITHI W Kak MpsiMOe MPOU3BEICHUE MU-
POBOH JTMHUH HAOIIOMATENS U TPEXMEPHOTO MPOCTPAHCTBA OJTHOBPEMEHHBIX (OTHOCH-
TENILHO BpeMeHHW HaOmtomaress ¢) coobiTuid. OToOpa3suM MpOCTPAHCTBO OTHOBPEMEH-
HBIX cOOBITHI Ha R®, a MEPOBYIO JIMHUIO HAOIIOMATENS] — Ha MPOCTPAHCTBO MHUMBIX
qrices, KOTopoe 0003HaunM depe3 iR'. B pesynbrate BO3HHKAET HOBOE OTOOpaKECHHE

o' : W —iR' xR’, KOTOpO€ Ha3BIBAETCS CHCTEMOIT OTCUeTa HAGIOIATeNs. DTo 0TOOpa-
JKEHHE CHAOKAET BCAKOE COOBITHE P €/ 4YeThIpbMs YHMCIaMH X, = (xo,xl,xz,x3 ) —
ero koopauHaramu. COOTBETCTBEHHO MHUPOBAs JIMHUSA TOYKH TeJa ONPENENSIETCS de-
TeIpbMs yHKIEIMI: X' (2), X' (¢), X*(¢), X (t). OHM 337aI0T KOOPIMHATHI TOUKH TeNa
B J1I000H MOMEHT BpeMeHH. MupoBasi JHHUS HaOIIOAATEeNs MO OINpPEAEICHHIO €CTh
(x0 (1), 0,0,0). Ipu 3ToM nomaraercs, 4to dx’ = isdt, rue i = J-1 , as— (a3oBasi CKO-
POCTh CHTHAJIA, C TOMOIIBIO KOTOPOTO IIPOBOSTCS HAOIIOICHHUS M U3MEPEHHS XapaKTe-
PUMCTHK JIBHYKEHHS KUIKOCTH.

Takoii mpuem, MOMHMO TOTO, YTO 00ECIEYMBACT MPABHIbHBIC 3HAKH CIIAracMbIX

B BBIpAXKCHUU JId UHTCPBAa MCKIY CO6I)ITI/I$IMI/I, IIO3BOJIACT AaTh BIIOJIHE OCMBICIICH-
HYIO MHTEPIIPETATNUIO HCﬁCTBHTCJ’IBHBIM U MHHUMBIM 4YHCJIaM, a UMCHHO CJICAYIOUIYIO.

[TockonbKy cOOBITHSI, CBsSI3aHHBIE C HAOIIOIATENIEM, MMEIOT B (xo(t),0,0,0), rae

x"(¢)€iR', Ha ero MUPOBOIi JIMHKUH CYLIECTBYET €IMHCTBEHHOE COOBITHE, BCE KOOP/IH-

HaThl KOTOPOTO sIBJSIFOTCS BeriecTBeHHbIMU unciiamu (0,0,0,0). DTo coObiTHE COOTBET-
CTBYET MOMEHTY BpeMeHH ¢ = (), KOTOpOE €CTeCTBEHHO MHTEPIPETUPOBATh KaK HACHOS-
wee epemsi Habmooamerns. Bce ocranabHbie COOBITHS HAOMIONATENS CBI3aHbI C MHUMBIM
BpPEMEHEM | * f, U IOTOMY HE SIBJISIOTCS ISHCTBUTEIBHBIMY, T. €. HE IIPOUCXOJIAT ceryac.
YacTe Takux COOBITUH OCTaNach B NpOuLiom, a APYyras 4acTb CIYUUTCS B OyOyujem.
BaskHo, 4TO HU Ta, HU JPYyras 4aCTh COOBITUI HE SIBJIICTCS HACTOSIMM, T. €. PEATbHBIM.
[To3TOMY JIOTHYHO CBA3aTh T¢ COOBITHS, /ISt KOTOPBIX ¢ < (), C MPOIILIBIM HAOTFOAATENS,
a Te, ISl KOTOphIX ¢ > 0, ¢ Oymymum 3Toro sxe HaOmoaarens. To ke kacaeTcs BceX mpo-
9UX COOBITHI: MEHCTBUTEIHLHBIMHE (PEaIbHBIMH ) CYMTAIOTCS TOJIBKO COOBITHS, OJHOBpE-
MEHHBIC C HacTosIuM BpemeHeM HaoOmromarens (¢ = 0). COBOKyHmHOCTh COOBITHIH

(O,x1 (0),x°(0),x° (O)) o0pa3yeT rpaHrIly MEeXKAY IPOIIIBIM U OyTyIuM. DTH COOBITHS

CyTb HaCTOSIIIEE.

TakoBa MHTEpIPETALHUs TOUSK MPOCTPAHCTBA COOBITHIA C MO3UIUHU 00CYKIAEMOT0
Habmonarens. JIroOoii nHOM HaOmogaresnb OyleT MHTEpHPETHPOBATh TY K€ COBOKYII-
HOCTB COOBITHI MHAYe, HO U y HEro COXPAaHHUTCS JeJIeHHe COOBITHI Ha MpouuIioe, Ha-
crosiiee u OyayIee, U TOIBKO COOBITHUS, OTHOCSIIHECS K €r0 HACTOSIIEMY, OyIyT OIH-
CBIBAThCs JACHCTBUTEIbHBIMH YHCIIAMH, XOTS CAMH COOBITHS, BEPOSTHO, OYAyT HHBIMH.
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Hano ckaszark, 4To B cliy4ae KJIACCHUYCCKOM MEXAHUKU M MEXAHUKH CIUIOIIHBIX
cpen (T. e. B cilydae KOrja § = o) yKazaHHasi OJHOBPEMEHHOCTbD SIBIISIETCS a0COIOTHOM.
DTO 03HAYAET, YTO MHOXKECTBO COOBITHH, 00pasyromux mnpomuuioe (Oymyinee) s Kako-
ro-JIn00 HAOIONATEIIs, SIBJISIETCS. TAKOBBIM U JIJISl BCEX MPOYHMX OJJHOBPEMEHHBIX C HUM
HaOmonaresneii. COOTBETCTBEHHO, Y BCEX TaKMX HAONIOMATeNIeii HACTOSIIES COBITAIACT.
OpnHako 1ipu § < co (MPUIMHHO-00YCIIOBIICHHASI TEOPHST) OMTHOBPEMEHHOCTh OKa3bIBaCT-
Csl OTHOCHUTEJIBHOM, TaK Kak ISl pa3HbIX HaOIrofaresiell mpoCcTpaHCTBa OJHOBPEMEH-
HBIX COOBITHIT Beeraa pa3nuuHbl. To jKe KacaeTcs Kak MpOIUIOoro, Tak U Oymyiiero, T. €.
HU TO, HH APYTO€ He SIBIsieTCs a0COMIOTHBIM, a y KaXKI0T0 HaOIIoaTellsi OHU CBOM.

4.2. @usuueckuil cMbiC1 UHMEZPATLHBIX RPEOOPA308ANUIL

Bo3MOKHBIN MOAXO]T K PEILICHHIO MTPOOIIEMBI, OITMCAHHOM B 1. 2.3, ¥ JIe)KaIlKe B €ro
OCHOBE MOTHUBBI WITIOCTPUPYIOTCS CIAEAYIOLIUM IPUMEPOM, IPUBEAEHHBIM B [17].

O()HOMepHOG YpAaeHeHue Hepaspbl6HOCMU U €20 «cneKmpanbeld» ananoe

PaccmoTpum onHOMEpHOE ypaBHEHHE HEpa3pbIBHOCTH. 3/1€Ch MPOCTPAHCTBO CO-
ObITHIT W (T. €. MPOCTPaHCTBO — BpeMsl) SBISIETCS JABYMEPHBIM. 3aKOH COXpaHEHUs
Macchl M Tena 3anuchIBaeTCs B BUIE

dM=0. @)

Benst mnotHOCTh Macchl p(¢, X), TAE t — BpeMs U X — MPOCTPAHCTBEHHEIE IeKap-
TOBBI KOOPAMHATBI, 3aIIMIIEM BBIPAXXCHUE JUIsI MACChI TEJIA B BUIE

M@= [ p(tx)d ®

[Monoxenue xuakoro tena Ha R! onpenensiercst kak ycnosue p > 0, U 3iiIepOBbI
KOOPJIMHATHI MHOKECTBA TOYCK, YIOBJICTBOPSIOIINX ITOMY YCIOBHUIO, BOOOIIE TOBOPS,
3aBUCST OT BpeMeHH: x = x(7).

Ta 'xe BeJMYMHA B TEPMHUHAX, HE 3aBUCSIIMX OT BPEMEHH JIarPAH)KEBBIX IPOCTPaH-
CTBEHHBIX KOOp/AMHAT X = x(#,), TI€ {, — HEKOTOPbI OTCYETHBI MOMEHT BPEMEHH,

MOJKET OBITh 3aIicana CICAYHOIINUM o6pa30M:
M@= [ px(X)dx(t,X) = [ p(t, X)J (1, X)dX. ©)

3nech p(t, X) = p(t,x(t,X )), a J(t,X)=0,x — sxobuan npeodpa3oBaHus KOOP-
auHar (¢, X) > (¢,x), T. €. ©”3MEHEHHE 3JIEMEHTAapHOI0 00beMa B TOUKE (1, X).

3anurieM Tenepb ¢ MOMOIIBI0 MpeodpazoBanusi Oypbe MIOTHOCTH MacChl B IOBIH-
TErpajbHBIX BeIpaXXeHUsX (9) B Bujae

\/;_n Lr(t,k)e”‘"dk, p(t,X)= \/;_n jKr(t,K)e"KXdK, (10)

p(t,x) =

rae 7(t, k) u r(¢, K) — @ypbe-00pa3sl mmotHOCTEH p(?, X) 1 p(Z, X), BRIpAXKEHHBIX B TEP-
MUHaX KOOpauHar (z, k) u (¢, K) COOTBETCTBEHHO.
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[Noncrasnss nocnennee Beipakenue (10) B popmymny (9), momydaem:
iKX —
M= j (J(t X)— J_ jr(r,K)e dK]alX— jKr(t,K)Y(z,K)dK. (11)
3nech BBeZIeHO 0003HAYEHHE
1 .
Y(t,K)=— | J(t,X)e™ dX,
\2n IX

KOTOPOE HHTEPIIPETHPYETCS aHAIOTHYHO C IKoOmaHoM J(¢, X) Kak H3MEHEHHUE dIIEeMEH-
TapHOro oObema B TOuke (f, k), T. €. Kak sKOOMaH TNpeoOpa3oBaHHsA KOOPIUHAT
(t,k)— (¢,K), u B crry 3TOTO

IKY(t,K)r(t,K)dK = jk r(t,k)dk = M. (12)

Cpasuum Beipaxenus (8) u (12). BennuuHa p — MJIOTHOCTh MAacChl, T. €. TPOU3-
BoJiHasi Macchl M 110 00beMy. BennuuHa ke #, 04eBHIHO, TOXKE IJIOTHOCTh Macchl. Oji-
HAKO 3/I€Ch B KAUYECTBE MEPBI, [10 KOTOPOI BEIUUCIISICTCS TIPOU3BOIHASL, BBICTYIIAET 00b-
€M Tejia B 00J1aCTH TaK Ha3bIBAEMbIX BOJHOBBIX YHCEII.

PaccmoTpum cHoBa 3akoH coxpanenus (7). [logcraBus Beipakenue (9) B ypaBHe-
uue (7), Haitnem:

dM=d,[pJdx = }d, (pJ)dx =0. (13)

W, monaras TOABIHTErpajbHOE BBIPAKEHHE HETPEPHIBHBIM, IOJYyYHUM OJHOMEPHOE
ypaBHEHUE HEPA3PBIBHOCTH!

t

1
7d,(pJ)=8,p+8va=O, v=d. x. (14)
C npyroii CTOPOHBI, IOACTaBUB B ypaBHeHUe (7) Beipaxenue (11), momyuum:
1
dM=d, [ Yrdk = | (1) die=0. (15)

[lonmaras n B BeIpakeHUH (15) HEPEPHIBHOCTD MOBIHTETPATHHOTO BBIPAKEHUS,
[TOJIyYUM CIIEKTPAJIbHBIN BAPUAHT TOTO K€ YPABHCHHS HEPA3PhIBHOCTH:

%d,(rY)=8,r+8krv=O. (16)

3neck v =d k MHTEPIPETUPYETCS KaK CKOPOCTh M3MEHEHHUS IOJIOKEHHS B IIPOCTPAH-
cTBe (t, k).

OTMETHM B pe3ylIbTare CIEAYIOIHe 00CTOATENbCTBA.

1. O6a ypaBHeHust Hepa3pblBHOCTH — U (14), 1 (16) — COOTBETCTBYIOT OJTHOMY H
TOMY K€ HHTETPAIbHOMY 3aKOHY COXpaHEHUS MacChI (7).

2. O6a ypaBHEHHs Hepa3pblBHOCTH — U (14), U €ro «CHeKTpaibHBIA» aHAJIOT
(16) — coBmagarOT ¢ TOYHOCTHIO 10 0003HAUCHUH.
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J1y1st TOTO 9TOOBI IPEIIOKUTH METOJ] UCCIIEIOBaHMUS TIOOOHBIX 33124, MOYKHO pac-
CMOTPETh IUCKPETHBIC BAPUAHTHI yPaBHEHISI HEPA3PBIBHOCTH, €TO CIIEKTPAIHLHOTO aHa-
JIOTa ¥ UX B3aUMOCBSI3b, KaK 3TO OBLIO ClIeJIaHo, HarpumMep, B [2, 17].

5. 3akirouenue (o0cyxKaeHHE)

KakoB uTor u 4ro MNpEeACTaBIACTCA Ba)KHBIM?

Cpeocmea onucanus

BBeznenue B paccMoTpeHHe «(PH3MYECKUX YUCeD 00BICHIET KaKYILEeecs: OUeBH/I-
HBIM, HO (hOpMabHO MPOM3BOJIEHOE TPeOOBaHWE OTHOPOAHOCTH ypaBHEHHWH MO pas-
MEpHOCTH. Ba)KHBIMU MPEICTABISIFOTCS. KAK YeTKOE pa3indeHue WHTErpaIbHBIX Mapa-
METPOB U UX IIOTHOCTEH, TaK ¥ MOTCHUIHUAIbHAs BO3MOXXHOCTh U3MEPEHHUS MEPBHIX U
MIPUHINITHATBHAS HEBO3MO)KHOCTh H3MEPEHHSI BTOPBIX.

Kpome Toro, B mporecce MOATOTOBKH CTAaTbU HEOKUJIAHHO BBISICHWIIOCH, YTO OJTHA
4acTo UCIOJIb3yeMas B PU3UKe MaTeMaTHIeCKasi KOHCTPYKIIUS — CKaJISIPHOE TPOM3BEIe-
HUE — BBI3bIBAaeT HemoHUManue. [Ipoananu3upyem 3To TOHSITHE U €ro UCTIONb30BaHHUE.

[To ompenenenuto ckansipHOE MPOU3BEACHUE €CTh OWIMHEHHas 4ucioBas (pyHK-
U, 33/1aHHast Ha DJIEMEHTaX BEKTOPHOTO MPOCTPAHCTBA. BekTopHOE ke mpoCcTpaHcTBO
orpezensiercs (s OMyCKaro JAeTann) KaKk MHOXKECTBO C BBEIICHHBIMH Ha €r0 dIIEMEHTax
OTIepaIsIMH CIIOKEHUS 3JIEMEHTOB Y YMHOXKEHHS UX Ha YHCJIA.

Mexmy TeM BO MHOTUX (PU3HUYECKUX paboTax (UrypHpYIOT KOHCTPYKIIMH, Ha3bl-
BaeMbIe CKASIPHBIMHU MPOU3BEJCHUSIMHA CaMbIX Pa3HOOOPA3HBIX BEIHYUH U, OYCBHJI-
HO, TIPUHAJUICKANTNX Pa3IHYHBIM BEKTOPHBIM MpOCTpaHcTBaM. Kak 3To moHMMaTh?
OueHb ipocTo: MO0 Takas KOHCTPYKIHS HE SBIISETCS CKAJIIPHBIM IPOU3BEICHIEM, KaK
B CJIydae ¢ dKCITOHEHTOH B TIpeoOpazoBanuy Dypre, TU00 ITO «3aKaMyPINPOBAHHOES)
CKaJIIpHOE MTPOM3BENICHHE, YTO SIBISICTCS CISICTBHEM €ro JIMHeWHOCTH. PasMepHbIe Ko-
3¢ UITUEHTH MaCKUPYIOT «HACTOSINEE», MaTeMaTHUYECKOe CKAIIPHOE MPOU3BEICHHE.
TTosicHrO, 4TO BCE 3TO O3HAYACT.

Hampumep, TIIOTHOCTh KHHETHUECKON SHEPTHU k ONIPEJIEIETCS BEIPAKECHUEM

1 1
k=—p|V[==p(,v).
2pl | 2p( )

KBaz[paT MOAYJIst CKOPOCTH, B CBOIO OUCPEAb, OIIPCACIIACTCA UCPE3 CKAJAPHOC IIPO-
H3BEACHHNC BEKTOpPAa CKOPOCTHU Ha ceOs. 3ZICCI) HUKAKOTO MPOTUBOPEUUA C OIIPCACIICHUEM
HCT. Mexcay TCM, IOJIB3YSCh J'H/IHGIZHOCTBIO, TY K€ BCIIMYMHY MOXXHO 3allcaTb MHA4C:

k =%(p\7,\7)=%(ﬁ1,17),
IJie 71 =PV W Ha3bIBACTCs, CKaXKEM, TNIOTHOCTHIO UMITYIbCA. 3JIECh YIKE MBI 3alican
IUIOTHOCTh KMHETHUYECKON DHEPruM Yepe3 CKalIPHOE MPOW3BEICHUE JIByX BEKTOPOB,
KOTOPBIC TIPUHAJICKAT Pa3HbIM BEKTOPHBIM MIPOCTPAHCTBAM, HMEIOT Pa3HYyIO pa3Mmep-
HOCTb M KOTOPBIC HENb3si CYMMHPOBAaTh, KOO Takas cyMMa Oy/IeT JIUIIeHa PU3HYECKOTO
cmbicnia. OJJHAKO JIETKO BUETh, YTO €CIU JaTh cede TPYH BCKPBITh Bce (pusmdeckue
HACJIOGHUS ¥ OOHAaXUTh MaTEeMaTHYECKYIO OCHOBY, TO MPOTHBOPEUHsS ONPEICICHUIO
CKaJIIPHOTO TIPOU3BEIICHUS, CKOpee Bcero (Kak B TaHHOM IIPUMEpE), He OOHAPYKHUTCS.
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Moougpuxayus modenu snenus

Mopudukanus yxe IOCTPOCHHON MOJENN MOXKET HapyIIaTh MOPSIOK Onpezerne-
HUS UCKOMBIX (PYHKIHH, a TaKKe MOPAJOK BO3MOXKHON (hOPMYTUPOBKH 3a4a4d MOIH-
¢ukarum mMonenu. PaccMoTpeHHas BhIle CTaHAAPTHAS MOAU(UKAIS TOTOBOM Moie-
JI1 IPUBOJIUT K HEOOXOJIMMOCTH OCPEAHATh BCE HCKOMBIE (DYHKIIUH, YTO YPE3BbIUANHO
YCIOXKHSIET 3a1ady. HarpoTtus, Moanukamnms, IpoBoIuMas IyTeM IOCTPOCHUST HOBOH
MOJIENN «C HYJIs1», HE MAacKUpyeT 3Tal, Ha KOTOPOM BO3MO)KHA IOCTAHOBKA 3aJa4M
OCpEIHEeHUSs], YTO BEJCT K 11eTH 03 HEHYKHBIX YCIIOKHEHUH.

[IpuBeneHHYI0 B KaueCTBE MCXOJHOW MOJENb BSI3KOW >KMAKOCTH, B CBOIO Oue-
penb, caMy MOKHO paccMaTpuBaTh Kak MOAU(UKALKIO MOJCIH HACAIBHOMN KUIKO-
ctu. HecmoTpss Ha TO 9TO Ha MEPBBI B3IVIA CIIOCOOBI MOJTYYEHHUS ITHX MOJENei
pa3nuyHEI (B CiIydae BA3KOW KUIKOCTH ITO MEePEOTpeeieHIe TeH30pa HapsHKEHUH
B TEPMHHAX TEH30pa ckopocTed nedopmanuu, a B ciiydae TypOYIEHTHOW KHJIKO-
CTH — OCpEJIHEHHE YPABHEHHUH MOJIEIH CPE/IBI), 10 CYIIECTBY OHU MOTYT OBITH CBe-
JIeHBl K OJTHOM MaTeMaTH4eCcKOM Mpoleaype, KOTopasi MHOTOKPaTHO OMHMCHIBAJIach U
obcyxknanack (cMm., Hammpumep, padotsl [10, 11] u ap.). Dta mpomenypa — ocpen-
HEHHUeE, U MPUBOJNUT OHA K TOMY, YTO JIBHDKCHHE CPEJIbl pa3lielisieTcs Mo MacirTadam
Ha KpynmHoMacuTabHoe u MenKkoMmacmTadbHoe. Kaxaas Moaensb SBHO BOCIIPOU3BOIHUT
KpyImHOMAacIITa0HyI0 (B HEKOTOPOM, 3apaHee OTOBOPEHHOM, CMBICIIE) YacTh JIBHIKE-
HUH KUAKOCTH, TOTJIA KaK MeJIKOMacIiTaOHasi 4acTh ABMIKEHUI OMHMCHIBACTCS Mapa-
MeTpudeckn. COOTBETCTBEHHO ypaBHEHHUs 00X MOJENEH MOIDKHBI, 1O 3aMBICIY,
ONHCBIBATH OCPEAHEHHOE IBUKEHUE TOUEK CPEeAbl BIOJb CITIa)KEHHBIX TPAaeKTOPUH.
OHU 3TO U JeNal0T.

OpHaKko 3aMe4aTeNlbHO TO, YTO XOTh pasfielieHHe M0 MaciiTadaM TpPOU3BOTUTCS
B 000MX cly4asx, B IIEPBOM cliydae MOIU(HUKanus (MOACIH HJCaIbHON JKUIKOCTH)
MPOBOAUTCSI KOPPEKTHO U 3aTParuBaeT JIUIIb I0JE€ CKOPOCTH, B COOTBETCTBHU C KOTO-
PBIM BBIUHCIISIFOTCS OCTaJIbHBIE XapaKTEpUCTHKHU cpenbl. Bo BTopoM Xke ciydae cTaH-
JAPTHOE pa3JielieHne IBIKeHHI TI0 MaciTabam, Kak ObUTIO yYKa3aHo, TPOU3BOIUTCS HE-
KOPPEKTHO CO BCEMHU BBITEKAIOIIUMU MOCIEICTBUIAMH.

Pezynomam ocpeonenus ypaguenus nepaspulgnocmu

CKOpOCTb, 3aIIMCaHHasi B BUJIE V =V + V', IOJCTABJSIETCSI B YPABHEHUE HEPA3PbIB-
HOCTH, U BCE YPaBHEHUE OCPEIHSACTCS:

Ap+(V.p(3+V)=0 = 3,p+(V,pv)+(V,p¥)=0. (17)

31ech, Kak U paHee, ueprtoil cBepxy () o6o3HaueH omeparop ocpeaHenus. Benuunna
P — MJIOTHOCTH MAacChl, COOTBETCTBYIOIIAs OCPETHEHHOMY (KpyMHOMAacIITaOHOMY)

HOJIIO CKOPOCTH v Ipu ydere ciaaraemoro (V,pV'), onuceiBaromiero auddysnio mior-

HOCTH 3a CYET MEJIKOMacIITa0HbIX (pykTyarmit ckopoct V' (em. [1]).
CrenoBatenbHO, ToNie p'=p—p ONHCHIBAECT OTKJIOHEHHE IOJS IUIOTHOCTH Mac-

CBl P, COOTBETCTBYIOLLETO MO0 CKOPOCTH v, OT nojst p. OTcrona umeeM
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S (R ot I
pV'=(p+p )V =p"V, (18)
e p’ﬁ' — IIJIOTHOCTH ,Z[H(i)(l)yBI/IOHHOFO notoka maccel. Eciin AJI TOJIYYCHHOTI'O cljiara-
C€MOT'0 UCIIOJIB30BATh I'PAANCHTHYO I'IIOTE3Y, TO

p'V'=—1,Vp. (19)
3mech H,— K03 huIneHT TP Py3UH MIOTHOCTH MACCHI.
Teneps ypaBuenue (17) ¢ yuerom BeipaxkeHus (18) MoxeT ObITh 3alIMCaHO B BHJIE
0p+ (v,;s%) +(V.p7)=0 (20)
0o
5,p+p(V.¥)+(V.p7)=0, 1)
rae 9,()=0,()+ (1:/,V)(-) ortmnyaercst ot d,(-) =0,() + (;,V)(-) CKOPOCTBIO TIepeHoca.
C yuerom (19) ypaBuenue (20) 3anuiiercst B Bujie ypaBHeHus auddy3uu mioTHOCTH:
9,p+(V,pV)=(V,u,Vp). (22)
Ecnn cuurars H, = const, TO IpaBas 4acTh yPaBHEHH (22) paBna p Ap.
B cranmapTtHOM ciTydae KIacCHYECKOW THIpOMEXaHWKH Tuddy3neld MmIOTHOCTH,
KaK MPaBUJIO, MPEHeOperaoT, T. €. MoJIaraioT ﬁ =(, ¥ OCpeJHEHHOE ypaBHEHHE He-
Pa3phIBHOCTH 3alIMCHIBAIOT B BUJIC
0,p+(V,pv)=0 wm 5,5+p(V,¥)=0. (23)

VYpasaenue (23) ¢ TOYHOCTHIO /10 0003HAYESHHIA COBITAJIAET C UCXOHBIM YPaBHEHHU-
€M Hepa3pbIBHOCTH (cM. Tabu. 2). OHO ONMUCHIBAET I10JI€ TNIOTHOCTH MAacChl p, COOTBET-

CTBYIOIIEE OCPEAHCHHOMY IOJII0 CKOPOCTH 3.

B o0miem cimyyae mosist TUIOTHOCTH MacChl, COOTBETCTBYIONIUE PA3IINYHBIM TTOIISM
CKOPOCTH, OIUCHIBAIOTCS CJICAYIOIINMH YPAaBHEHUSIMU HEPA3PbIBHOCTHU, MPEJICTABICH-
HBIMHA B Ta0II 3.

Tabnuya 3
[I10THOCTBH MacChl U ypaBHEHHUE HEPA3PBIBHOCTU JUIsl PA3JIMYHBIX MIOJEH CKOPOCTH

Mass density and the continuity equation which correspond to different velocity fields

ITnot- VpaBHEHHUs HEPa3PLIBHOCTH U YCIIOBHS
CKopocTh VUHTBIBAEMbIE JIBUKCHHS
HOCTh HECHKHMAEMOCTH
v p dp+p(V,v)=0 V.v)=0 Bee mMacuiralb

(+V) p 8,p+p(V.v)+(V,p' ™M) =0 | (V,9)=0 | Ocpemsennsie + mudpdysus

8,p+p(V.7) =0 (V.7)=0 | Ocpemenmsic Ges mucpipysim

<il
il
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W3 06mmx cooOpakeHHid clienyeT, 4To HanboJee aJIcKBaTHBIM SIBIISICTCS YpaBHE-
HUE HEPa3pPhIBHOCTH, YUUThIBatoIIee Tudy3uro Macchl. B HacTosiiee BpeMsi, OIHAKO,
9TO YpaBHEHHUE PEIIKO UCTIONIB3YETCs B MPUIOKECHHUAX (IPUMEP UCIIOIB30BAHUSI MOXKHO
HaiiTu B [18]). BMecTe ¢ TeM Hy»XKHO UMETh B BH]LY, YTO YACTO IPUMEHSIEMOE IPUOITHIKE-
HUE HECIKUMAEMOM JKHIKOCTH CBSI3aHO C Pa3HBIMHU YPAaBHEHUSIMU — B 3aBUCHMOCTH OT
KCIIOIb3yEMOTO YPaBHEHUS HEPa3PhIBHOCTH, U BCEM THM YPAaBHEHHUSM COOTBETCTBYET
CBOS IJTIOTHOCTH MAacChl, Kak MOKa3aHo B TaOII. 3.

Ymo oznauaem mepmun «HeCoHIcUMaemocntob cpedbz»?

O06o03Ha4as yepe3 J sikoOuaH mpeoOpa3oBaHuUs JIarPaHKEBIX MEPEMEHHBIX B Jiie-
POBBI, ONPENENUM HECKUMAEMOCTD paBeHCTBOM dJ = 0. OTcroza, MoNb3ysCh ypaBHe-
HHEM HEPA3PBHIBHOCTH, 3alIMCAHHBIM B TEPMUHAX JIATPaHKeBbIX KoopauHar d (pJ) = 0,
IOJIyYUM IICTIOUKY CIICIICTBUI:

dtJZO R
d@pJ/)=0 = %d,JI—ld,p = dp=0 = (V,v)=0.
o L AMEAC A

(a) (6)

O6a BeIpaxennst — (a) 1 (6) — SABISAIOTCS MPU3HAKAMHU HECKUMAEMOCTH Cpe-
JIbI, 3aIUCAaHHBIMK B TEPMUHAX IUIOTHOCTH MacChl U CKOPOCTH. [10CKONIbKY JBMKEHUE
Jlasiee paszensercs Mo MacmradbaM U ypaBHEHHS OCPEIHSIOTCS, H3MEHSETCS TaKkKe U
CMBICIT TIJIOTHOCTH MAacChl (M3MEHSIFOTCS YPaBHEHHS, OIMCHIBAIOIIAE 3TO CBOMCTRBO).
HpI/ISHaKI/I HEC)KMMACMOCTU B HOBBIX TCPMUHAX 3allUITYTCA MHAYC. OCpeI[HI/IB BbIpa-
»eHue (6) B BBINICTIPUBEICHHOMN 1IETTOYKe, MOTYYHM BAPHAHT 3aIUCH YCIOBUS HECIKH-
MaeMOCTH:

0=(V,v)=(V,v+7)=(V,»). (24)

W3 Beipaxennit (21) u (24) momy4nM SKBHBAJIEHTHOE YCIIOBHE HEC)KUMAEMOCTH:
8,p+(V,p'V)=0. (25)

B cBoro ouepens, ecnu npeneOpedb Auddysueil IOTHOCTH, T. €. MOJIOKHUTh
p'V'=0, To ycinoBue Hecxxumaemoct npumet Bua O,p = 0. Takum oOpasom, craH-

JAPTHOE YCIIOBUE HECKMMACMOCTH SKBUBAJICHTHO OC3MBEPreHTHOCTH IOJISI CKOPO-
CTH NG B mpeHeOpexennn auddysueit mrotHoctu. Ecmu muddys3us mioTHOCTH
MIPUHUMAETCS B pacyeT, TO UCXOJHOE YCIOBUE HEC)KMMAEMOCTH B PE3yJIbTaTe OCPE]I-
HEHUS MPUBOIUT K O€3AMBEPTreHTHOMY IOII0 CKOPOCTH CKUMAEMOU KUIKOCTH (CM.
Tabm1. 3).

Duzuueckull CMbLCA SMANos nocmpoeHust Mmooenu

Ecnu oOcyxnaercsi MaTeMaTnieckasi MOJIeNlb (PU3HYECKOTO SIBICHHS, TO HAJTMUUE
BHATHOHN ()M3MUECKOI MHTEPIPETAlMU KKI0I0 3Tala €€ OCTPOSHUSI SIBIISIeTCs. HEe0O-
XOJIMMBIM MPU3HAKOM MPaBHJIBHOCTH MPOBEIEHHBIX paccyxkaeHni. OTCyTCTBUE TaKoH
WHTEPIIPETALNN 03HauaeT OMNOKY HHTEPIPETAINH MO0 TEKYIIEeTo, THO0 KaKOT0-TO U3
IPEAbLIYINX 3TanoB. M3 1ByX NpUBEIEHHBIX IPUMEPOB MEPBbIH (CM. 11. 4.1) BRIIAIUT
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I'EODOU3UKA

HauOoyiee OYEBHIHBIM: BCE, YTO MPOUCXOAUT HE ceivac, He MOXKET CUHTAThCS peallb-
HbIM. BTopoii npumep (cM. 1. 4.2) He cTosb oueBueH. OHAKO €ClIU MpeIBapUTEIHHO
paccMOTpeTh TUCKPETHBIA aHAJIOT, KaK 3TO OBLIO caeiaHo B [2, 17], To MHTEepIIpeTaIus
HWHTETPAbHBIX TPeoOpa30BaHUi KaK 3aMeHbI 0a3UCHBIX BEKTOPOB COOTBETCTBYIOIIETO
BEKTOPHOTO MPOCTPAHCTBA HampammBaeTcs (cM., Harpumep, [19]). Tem 6omnee uro Ta-
Kasi UHTEePIpPETaLUsl TO3BOJISIET HEMPOTUBOPEUUBO UCTOJIKOBATH KOHCTPYKIUHU B MOKa-
3arese HKCIIOHEHTHI MHOTOMEpHOTo peoOpasoBanus Oypee.
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METEOPOJIOT'UA

VK 681.518:551.50:551.501 doi 10.33933/2074-2762-2020-59-28-40

Biusinne MeTpHUK Ha onpeae/ieHHe TOYeK Ondyprannu
BO BPEMEHHBIX PAIaX METEOPOJIOTHYEeCKUX BeJTUYHH

A.JI. Kyzueyos, O.C. Cepoyxoea, T.E. Cumaxkuna

Poccutickuii rocymapcTBeHHBIH THAPOMETEOpoNorHueckuii yauBepcuret, Cankt-IletepOypr,
kuznetsov1946@inbox.ru

HccnenoBaHo BIMSHHE BUJA METPUKH U CIOCO0A 3a[JaHUs «Pa3/IEIISIONIEro» MOJIUHOMA Ha Pe3yllb-
TaThl HAXOKAECHHS TOUYeK OM(ypKarMu BO BPEMEHHBIX PsJaX METCOPOIOTHUECKHX BEIHYMH. B xauecTse
WHJIMKATOPa JUIS OIPE/ICTICHUS TTOJIOKEHHSI TOUKU ON(ypKauH HCIIOIb30BAIHCH IIOJIMHOMBI OT HYJIEBOH 10
TpeThbeil creneHu. B xauecTBe METPUK, O3BOJISIOIUX ONPENECIUTh ONTUMAIbHOE MTOJ0KEHUE ITUX I10JIH-
HOMOB BHYTPH HCCJIElyeMOTO BPEMEHHOTO Psi/ia, ObLIN PACCMOTPEHBI ClIEYIOIHE: CPETHEKBAIPATHUECKOE
OTKJIOHEHHUE, €BKIIMI0BA METPUKA, MAHXETTEHCKOE U OTHOCHTEIILHOE PACCTOSTHHE.

Amnpobanust peyIoKeHHOTO alTOPUTMa BBIIMOIHEHA Ha BPEMEHHBIX psilaX MTHOBEHHOH M OCpen-
HEHHOH TeMIIepaTyphl BO3AyXa U aTMOC(HEPHOTO JAaBJICHHs. YCTAaHOBIICHO, YTO ISl PACCMOTPEHHBIX Bpe-
MEHHBIX PAJOB HAWJIy4IlINE Pe3y/IbTaThl JaeT UCIOIb30BaHUE B KaUeCTBE METPUKHM MAaHXETTEHCKOIO pac-
CTOSIHUSL.

Kniouesvie crosa: BpeMEHHBIC PSAABI METEOPOJIOTNUSCKUX BEIMYHH, aHAJIM3 BPEMEHHBIX PSIIOB, Bpe-
MEHHOM TPeHJ], METPUKH, TOUKH Oudyprarmn.

Influence of metrics on determination of bifurcation points
in time series of meteorological values

A.D.Kuznetsov, O.S. Seroukhova, T.E. Simakina
Russian State Hydrometeorological University, Saint Petersburg, Russia

The influence of a metric kind and a method of setting the "dividing" polynomial on the results of
finding bifurcation points in time series of meteorological values has been studied. The bifurcation point
reflects the moment of change of the established system mode, caused by a significant change in the factors
that generate the process under study. This article searches for a moment when the direction of the process
changes in the time series of measurement data as the boundary between local trends. Zero to third degree
polynomials have served as an indicator for determining the position of the bifurcation point. As the metrics
allowing to determine the optimal position of these polynomials within the time series under investigation
the following ones have been considered: standard deviation, Euclidean metric, Manhattan and relative
distance. The statistical significance of the split is checked using the Fischer test.

The proposed algorithm has been tested on time series of instantaneous and averaged air temperature
and atmospheric pressure. The degree of the initial variation unexplained by the model is used as an esti-
mate of the approximation accuracy. The use of Manhattan distance as a metric has been found to be the
best for the time series considered.

The approach proposed in this paper can be applied in the future, in particular, when determining the
start time of climate change in different regions of our planet.

Keywords: time series of meteorological values, time series analysis, time trend, metrics, bifurcation
points.
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BBenenue

B HacTosiiee Bpemsi CyIIecTBYeT OOJbIIOE YHCIO PadoT, TIOCBAIICHHBIX HCCIIe-
JIOBaHUIO BPEMEHHBIX PSIOB C MOMOIIBI0 PACCMOTPEHUS «IIOBEICHUS» TPEHIOB Ha
OTJCJILHBIX y4acTKaxX Takoro psja [S—12]. B yactHOCTH, 3TO pabOThI, MOCBSIICHHbIC
M3MEHEHUSIM KJIMMaTa 3eMITH KaK B JIaJIeKOM TPOIILIOM, TaK U B HACTOAIIEE BpEMSI.

OpHako 3ajJaya ONTHUMAJIbHOTO MOCTPOCHUSI HECKONBKHX TPEHAOB Ha 3aJlaHHOM
OTpEe3Ke BPEMEHHOTO psifia B CHIIY IIEJIOTO psijia OObEKTHBHBIX NMPUYMH HE UMEET O]l
HO3HAYHOI'O pelleHus. Bo-TiepBhIX, 10 OJHOMY M TOMY XK€ HAa0Opy JaHHBIX MOXXHO
MOCTPOUTH OECKOHEYHOE MHOKECTBO TPEHIOB. BO-BTOPBIX, €cii MperonaraeTcs, 4To
3a paccMaTpUBaeMbId TIEPHOJ MPOUCXOIUIO HECKOIBKUX PA3BETBICHUN B XapakTepe
BPEMEHHOTO MpOoLecca, TO KOHKPETHBIA BUJ TPEHIOB BO MHOIOM OyAeT 3aBUCETH OT
BBIOOpPa MOMEHTOB BPEMEHH, OMPEAETAIONINX pasfefieHHe Ha HCCIeTyeMOM OTpe3ke
BPEMEHHOTO PsJa Ha MHTEPBAJbI, HA KOTOPBIX COXPAHSIACh YCTOMYHMBAs TECHACHIIHS
TUHAMUKH Tporiecca [2, 5].

Pasnenenne BpeMeHHOTO psijia Ha OTIENbHBIE YYaCTKH — 3TO MPOIECC HAXOXK-
nenus Touek Oudypkanmu (Th): 7[5, 8, 9]. B obmem ciyyae Oudpypkanus — 510
pasBeTBJIeHHE, pa3iBoeHue. B HanOonee Onm3Koit 11t Hac Teopuu KolebaHuit Oudyp-
Kalysi — 3TO MEePecTpoiiKa XapakTepa IBMKEHHsI pealibHOl cucTeMsbl. Torna Touka Ou-
(hypkamum mpeacTaBiIsieT co00M CMEHY yCTaHOBHMBIIIETOCS PEKHUMa PabOTHI CHCTEMEI.
[IpuMeHnTENbHO K aHAJIU3y TPEHIOB BPEMEHHOTO PsAJa MOA TOUYKOW OM(pypKaluu MBI
Oy/ieM MOHMMAaTh CMEHY (TPaHUILy) MEXIY JIOKaJbHBIMU JINHEHHBIMU TPEHIAMH, T. €.
TOYKY, B KOTOPOH MPOUCXOIUT M3MEHEHHUE HAIIPABIEHHOCTH TpOIIecca.

[Mpumepamu Hamuuusi TOYKH OMQypKalUM B MPHUPOAHBIX MpoOIeccax SBISETCS
paszeneHue mpolecca HaKOTUICHUSI CHeTa Ha CKJIOHE M MOMEHTa CXoJa JIaBUHBI; Bpe-
MEHHOH X0 MPHU3EMHOM TeMIIepaTypbl BO3AyXa MPH W3MEHEHUH PEKUMa WHCOJISLUH
u zp. B 10 e BpeMs onpejieneHue MoJoKeHHs ToueK OM(ypKaluu MO3BOJISIET ONpe-
JISIIATH MOMEHT, KOT/ia (haKTOPBI, OIPEENSIONINE BPEMEHHOM MPOIECC, M3MEHSIOTCA.
KoppekTHoe omnpeneneHne Taknx MOMEHTOB MPECTABISICT KaK HAy4HBIH, TaK U MpaK-
TUYECKUM UHTEPEC.

CxeMaTU4HO CUTyalMsl HANW9Hs TOYKH OUdypKauu n3odpaxena Ha puc. 1 [9, 10].
371€Ch OTYETIIMBO TIPOSBIIAKOTCS BPEMEHHBIE (DITYKTyaluu apamMeTpa y, ¥ B TO XK€ BpEMs
BH3YyaJbHO BHJIHO pa3JielieHHe ONMMChIBAEMOT0 BPEMEHHBIM PSJIOM IpoLiecca Ha 3Hade-
HUS JIeBee OTMEYCHHOM ToUKH Oudypkanuu (iuHus /) ¥ ipaBee 3Tol BpeMEHHON TOYKH
(ymHUS 2). DTOT *Ke mpUMep MOKa3bIBAET, YTO B CIIy4ae HTHOPUPOBAHUS HAIWYHS TOYKH
OudypKaluu oNMKMCcaHue BPEMEHHOTO MPOoIiecca ¢ MOMOIIBI0 001ero Tpexaa (uaus 3)
MIPUBOJNT K «BBIMBIBAHHIO» TOTO (haKTa, 9TO B TAHHOM BPEMEHHOM PsiTy OBLT MOMEHT,
KOTJIa CYILIECTBEHHO M3MEHUIIUCH (haKTOpPHI, €Tro nmopoxaatomue. Kpome toro, u3 aHanu-
3a puc. | criegyeT HEOAHO3HAYHOCTD B OTPEICTICHUH TOUKH On(ypKaIiy U3-3a HAJTHIUS
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Puc. 1. I3MeHeHue xapakrepa TEHIEHIMU BPEMEHHOTO psija.
1 — TpeHs MepBOro yyacTka psiaa, 2 — TPEH] BTOPOTo yyacTKa psaa, 3 — TPEH.I BCETo psija.
Fig. 1. Changing the nature of a time series trend.

1 — the trend of the first section of the row, 2 — the trend of the second section of the row,
3 — the trend of the entire series.

(duykryaruii. [Tockonbky GuyKTyaly Beerja MPUCYTCTBYIOT, TO 3TOT MOMEHT TaKKe
cienyeT yuuTheiBath. [Iprumep aHanm3a BusHUS (PIyKTyalnid Ha ONpeieieHre TTOIoKe-
HUS TOYKH OMQypKau paccCMOTpeH B padbote [5].

Jlis omipeneneHus MOJIOKEHHUS TOYeK OmdypKkarmy B JaHHOW pabOTe MCIONB30Ba-
HO ITOCTPOCHHUE CEMEHCTBA BPEMEHHBIX TPEHOB, HAWTYUIIINM 00pa3oM (C TOUKH 3PSHUS
WCTIOJIE3yEMBIX METPHK) OMHCHIBAIONINX 3a/IaHHBII OTPE30K BpeMeHHOro psaa. OCcHOB-
Hasl 1Ie7b JIaHHOH paboThl — arpoOupoBaTh NMPEIIOKEHHBIN aJrOPUTM U Ha KOHKPET-
HBIX TIpUMEpax MOoKa3aTh HAIMYHUE IEJIOT0 aHCaMOIsT pe3ynbTaroB MpH UCTIOIh30BAHUT
Pa3MYHBIX [TOJTMHOMOB U MeTpUK. [Ipr 3TOM HCHonb3yeMbie BpEMEHHBIE PSJIbI CITyKaT
TOJIBKO JISI JUTFOCTPAIIUH TIOTYYCHHBIX PE3yIbTaToB. PaccMarpuBaeTcst MOCTPOCHHE CTa-
TUCTUYECKOW MOJIENTN 1 arpoOaIys ee YCIEeNTHOCTH C NCTIONIb30BaHNEM KOJIMYEeCTBEHHBIX
KpUTEpHEB Ha (DAKTUUECKUX M MOJICIIbHBIX BPEMEHHBIX PsiJIaX METCOPOJIOTHYSCKUX BEJIH-
yuH. [IpeanokeHHbIi B JaHHON PabOTe MOAXO0 B JajbHEHIIIEM MOXKET ObITh TPUMEHEH,
HarpuMep, TPH ONpPeATICHHH MOMEHTOB BPEMEHH, KOT/Ia HAa4alINCh KITMMAaTUYeCKHUE U3-
MCHCHUS B pa3/IMYHbIX PErMOHax HaIen IJIaHETBI, WJIX IIPU OTBETE HA BOIIPOC, YTO CTAJIO
YBEIMYMBATHCS paHbIIe: BEIOPOCHI YIIEKHCIIOTO Ta3a WK TeMIleparypa Bo3myxa [5, 12].

AJITOPUTM NOUCKA TOYeK Oudyprauumn

Kak u B paborte [5], B OCHOBE UCCIIEJIOBaHUS AJITOPUTMA OIIPE/ICIICHUS TTOJIOKEHUS
Touek OM(ypKaluu BHYTPH BPEMEHHOTO Psi/ia JIGKUT CPABHEHHE MEXTY COO0H pasHBIX
OTPE3KOB TAKOTO psifia C MX CTATUCTHUYECKOM MOJIeNbi0. B kauecTBe Mojeneli B JaHHOM
paborte, kak u B pabote [6], paccMaTpuBarOTCs MOJIWHOMBI PA3HBIX CTeneHeH (0003Ha-
yuM M Kak CTerneHb MOJMHOMA), HAUUHAsl OT TIOJIMHOMA HYJIeBOM cTeneHu. J{is komu-
YEeCTBEHHOH OLIEHKU «OJIM30CTH» BPEMEHHOTO Psiia M €r0 MOJIEI MOTYT OBITh UCIIOJb-
30BaHbI PA3ITUYHBIC METPUKH, YHCIIO KOTOPHIX B TAHHOW pa0bOTe OrPaHHYCHO YEThIPHMSI
[5, 13].
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OmnpeneneHue MOMIOKEHHUST TOYeK OMypKaIK BKIFOYACT ITOCIIEIOBATEIIHHOE BhI-
MOJTHEHUE CIIEAYIOIINX ITAIOB:

— Bo100p uncna Th (B), koTopoe OyfeT onpenensThes B JaHHOM BPEMEHHOM PSLY;

— BBIOOp CTAaTHCTHYECKOM MoJienu 171st BeeX (B + 1) oTpe3koB BpeMEeHHOT0 psijia —
B JAaHHOH paboTe 3TO ONpeneseHne CTETIeHN apOKCUMHUPYIOIIETO oJInHOMa M,

— BBIOOP BUJIa METPHKH, HCIIOJIB3yeMOH /ISl KOJTMYECTBEHHOW OIICHKH OIHM30CTH
AIIEMEHTOB KaXK70T0 U3 (B + 1) oTpe3ka BpeMEHHOTO psifia ¢ UX MOJIENbBIO;

— (opmupoBaHue Ha OCHOBE MpAMOro rnepebopa BHYTPH BPEMEHHOTO psiyia
(B + 1) oTpe3koB pa3HOM JUIMHBL: B 3aBUCUMOCTH OT CTEMEHH MMOJINHOMa MUHUMAaJIbHAs
JUTHHA OTpe3ka He MOXKET ObITh MeHbIe (M + 1);

— OILICHKA YCIICUIHOCTH Ka)JI0TO TaKOTo pa30MEeHHUs C TIOMOIIBIO BEIOPaHHOH Me-
TPHKHU;

— MO0 MUHUMYMY CYMMBI METpUK JiIst (B + 1) OTpe3KoB BPEMEHHOTO psijia Orpe-
JIeTICHHE ONTUMAIILHOTO pa30MEHUsI M, COOTBETCTBEHHO, HAXOXK/JICHNE TIOTCHIIUALHBIX
TTOJIOKEHHUI TOYEK OM(ypKaIim;

— MPOBEpKa CTaTUCTUYCCKON 3HAYMMOCTH Pa30UEeHHUS C TOMOIIBIO KpuTepus du-
mepa.

Kak BuTHO U3 paccMOTpeHHsI IEPEUHCICHHBIX ATAIOB, BECh IIPOLIECC HAXOKICHUS
MOJIOKEHHS TOYeK OudypKau BO MHOTOM HOCHT CyObEKTHBHBIN XapakTep U, CIIE/I0-
BaTeNbHO, 3aBHCHT OT OTIbITa M KBanu(pukanuu uccieposareins. OqHaKo 3TO HE yMalls-
€T BaKHOCTH JIaHHOTO dTala aHaln3a CBOMCTB BPEMEHHBIX PSJ/IOB, TaK KaK OTKPHIBAET
HOBBIE BOBMOYKHOCTH B MHTEPIPETAIIUH OIMCHIBAEMBIX STUMH PAJIaMH MIPOIIECCOB KaK
B IPOLIUIOM, TaK U B OyAyIIeM (B MOCTPOCHUU IIPOTHO30B).

AJNTOPUTM OTIpEIEIICHHUSI TOJIOKEHUS OTHOH Touku Ondypkammu (B = 1) ¢ uCmois-
30BaHUEM TOJIMHOMOB HyneBoil (M = 0) u mepBoii (M = 1) cTemeHu JeTaibHO pac-
CMOTpeH B pabote [5] ans cinydas, KOraa B Ka4eCTBE METPHKH HCIOJNB3YETCsl CyMMa
CPEIHEeKBaIPaTHIECKUX OTKIOHEHUH 3HAYeHHWH BPEMEHHOTO Psijia OT COOTBETCTBYIO-
IIUX UM 3HAYEHUH CTaTHCTUYECKON Monenu. B naHHOW padoTe YUCIIO UCIOIb3yeMbIX
METPHK PaCIIMPEHO JI0 YETHIPEX, a CTEIIEHb UCIOIb3YEMBIX ITOJIMHOMOB MEHSETCS OT
HYJIS IO TPeX.

0O0603HaYMM 3HAYCHHSI BPEMEHHOTO PsiJia U3 7 3HAYCHUH KaK BEKTOP X, a COOTBET-
CTBYIOIIME UM 3HAYEHUS MOJIENH Kak y. Torna ucroib3yemMble METPUKH, TI03BOJISIONIE
KOJIMYECTBEHHO OLIEHUTDH PACCTOSHHE MEKIY OTPE3KaMH BPEMEHHOTO psiia U COOTBET-
CTBYIOIITMMH 3HAYEHUSIMH MaTEMAaTHIECKO MOJIENH, MOKHO 3aIHCaTh CIEIYIOIINM 00-
pasowm [5, 13]:

cpenHexBaaparnyHoe oTkioHeHne (CKO)

n

1 2
pc}(() (X’ yﬂn) (n_ 1) = ('xz yl) b ( )

cTaHmapTHas eBkiauaoBa merpuka (CEM)

Pe(X,y,n)= (2)
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MaHXeTTeHCcKoe paccrostaue (MP)

1 n
pM(Xayzn):;Z|xj_yj > (3)
i=1
oTHOcHUTenbHOE paccrosiHue (OP)
1 X =, |
px,y,n)=— —— “4)
n ; |x, + v

npu |x,. +yi|;t0.

PaccmoTpum cityuait, korna psij AeJUTCS Ha JBa oTpe3ka. MeTpuku, onpejaese-
MbI€ COOTHOLICHUSIMHU (1) — (4), BBIYHCISIFOTCS AJIS AIBYX OTPE3KOB BPEMEHHOIO psifa:
(I=n)u((n +1) —Vn). CyMMapHOe «paccTosHHE» ABYX OTPE3KOB BPEMEHHOTO Psizia OT
€r0 MaTeMaTHIeCKON MOJIeNH OyIeT OTpeIesSThCS B BHIIE

SS(”1):p(Xay:n1) +p(X,y,}’l—l’ll). (5)
[ moucka Touku OudypKauuy BHYTPH MCCIEIyeMOro BPEMEHHOIo psia HeoO-
XOIIUMO TIOCJIEZIOBATENIBHO MPOM3BECTH PACYET BCEX 3HAaYEHMH mapamerpa SS(n), tae
i=1+M,2+M, ...,n— M. Takum oOpa3oM, Todka OHPypKauu OyIeT ONPEAETATHCS
TOJIO)KEHUEM DKCTpeMyMa napamerpa SS(n,), T. €. 3HAYEHUEM 711, TIPU KOTOPOM I1apa-
MeTp SS Oyner uMeTs MUHUMYM. MImtrocTparus n3MeHeHus mapamerpa SS B mporec-
Ce TepeMeNIeHUs pernonaraeMoi Toukn oudypkauuu n, ot i = 1 jo i = 43 (M = 0)
MpeficTaBlIeHa Ha puc. 2. B paccmarpuBaeMoM mpuMepe B Ka4eCTBE MOJIOKEHHUS TOUKN
oudypkaunu Oyaet BHIOpaH MOMEHT BPEMEHH, COOTBETCTBYIOLINH 2 | -My MOPSAKOBOMY
HOMEpY U3MEPEHHS B UCCIIEyEMOM BPEMEHHOM PSITY.
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Puc. 2. [Tpumep moncka Th mo 3rauenuro mapamerpa SS.

Fig. 2. Example of TB search by SS value.
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Jns KOJTMYEeCTBEHHOH OIEHKH «3()(PEKTUBHOCTHY MPOU3BEICHHOTO pa3JIeieHUs
psilia Ha OTPE3KH MOXKHO HCIIOJIb30BaTh CpaBHEHHE 3HAUYCHHH CpPEJIHEKBAIPaTHYECKO-
TO OTKJIOHGHHS JUIs BCETO psifia 6, , KOIa €ro BPeMEHHO! TPEH] ONpPeieNseTcs Io-
JIMHOMOM CTeNeHH M, M CyMMapHOTO CPEIHCKBAJPATHYECKOTO OTKIOHCHHS G €ro
OTpe3KOB. B ciydae AByX OTpE3KOB CyMMapHOE CPEeTHEKBAJIPATHIECKOE OTKIOHEHHE
BbIUUCIsieTCs 0 popmyie [5]

- - Gf-nl+05-(n—n1) ©)
e (n-1)
e n — o01as JUIMHA BDEMEHHOTO Psa; 71, U (1 — 1, ) — JAJIMHA COOTBETCTBEHHO IEPBO-
IO ¥ BTOPOTO OTPE3KOB Psi/ia, Pa3/ICJCHHbIX TOYKOM OndypKaluu; 6, ¥ 6, — CPETHEKBA-
JOpaTHYecKre OTKJIOHEHUs 3HaYeHNH (DaKTHUECKOr0 BPEMEHHOTIO psiia OT MOACIbHBIX,
IIOCTPOCHHBIX MOJUHOMAMHU 3aJaHHON CTEIIEHU TS IByX OTPE3KOB COOTBETCTBEHHO.
JI71s OLIeHKH 3HAaYMMOCTH IPOBEIEHHOTO Pa3JeIICHUs CIIEAYET CPAaBHUTH 3HAYCHUE
kputepus Ouiepa

J ©)
cTyn

C KPUTHYCCKUM €ro 3HaueHueM F . Eciu BHIIOTHACTCA HEPABEHCTBO 7> FHJ, TO Oynem

CUNTATh, YTO MPOBECHHOE pa3/ieJIeHNe CTATUCTUYECKN 3HAYMMO C 3a/IaHHOM ITPH OTIpe-

AeneHuy F | OBEPUTENIbHOH BEPOATHOCTEIO 0.

Anpobanus aJropurma

st mpoBeeHus uccie0BaHNs BIUSHUSA BUJA METPUKHU M CTEIIEHU alpOKCH-
MUPYIOIIETO BPEMEHHOW TPEHJ MOJMHOMAa Ha PE3yJbTaT ONpPEACNICHUS MOJIOKCHUS
TOYKH OM]ypKallMu UCTIONB30BATUCh BPEMEHHBIC PsIbI, OMUCHIBAIONINE M3MEHYH-
BOCTb TEMIIEPATYphl BO3AyXa U aTMOC(EPHOI0 JABJICHUS B PA3IMYHBIX BPEMEHHBIX
Maciradax.

TunuyHble pe3yibTaThl, MOMyYSHHBIE MPH ANNMPOKCHMAIMU JIBYX OTPE3KOB Bpe-
MEHHBIX PSJIOB C TIOMOIIBIO PA3IUYHBIX METPHUK (opmyisl (1) — (6)), mpuBeneHBI Ha
puc. 3—S5.

[epBslit uccnexyemslit psit — (parMeHT CyTOYHOTO XO/1a TEMIIepaTyphl BO3IyXa,
COCTOSIIIMI U3 JaHHBIX 98 M3MepeHuil ¢ uHTepBaioM 15 MUH, IpeicTaBlIeH Ha puc. 3.
CpennekBagpaTiHueckoe OTKIOHEHHE psna cocrasisier 1,19 °C, cpenusis temmnepary-
pa —2,93 °C (psn [) [14]. C ydyeroMm aHain3a CyTOYHOTO XOJa TEMIIEPATypbl BO3aAyXa
B IaHHOM ciy4dae dakrrueckoit Th Mmoxer cimyxuts orcuer Ne 34, a npencTaBieHHbIC
Ha puc. 3 rpadKy NOKa3bIBAOT, HACKOJIBKO nosioxkeHnue Th MoxkeT BappupoBaTh B 3aBU-
CHUMOCTH OT BHIOPAHHOW METPUKH U CTETICHH alllIPOKCHMHUPYIOIIETO MOJTHHOMA.

Bropoii psin (psan 2), mpeacTaBIeHHBIH HA puc. 4, — BpeMEHHON X0 atMocdep-
Horo naBienus (cpenHee 3Hadenue 1007,22 rlla, cpenHekBaIpaTiIeckoe OTKIOHSHUE
5,78 rlla, uncno uzmepennit 1010, nnrepsan usmepenuit 15 mun) [14]. C yuetom mpo-
BEACHHOTO aHaJlM3a MOMEHTOM CMEHBI XapakTepa MPOTEKAIOLIEr0 CHHONTHYECKOTO
porecca JI0JKeH CIIy>kKUTh orcueT Ne 775.
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Puc. 3. BpeMeHHbI€ psiibl MTHOBEHHBIX 3HAUYEHUH TeMIIepaTypbl 1 MOJIEIH,
MOJIy4YE€HHBIE C TTIOMOIIIBIO YEThIPEX METPHUK.

a — HyJIeBasi CTCIICHb TTOJIMNHOMA, 6 — TIepBasi, 8 — BTOPAsL.
1 — CKO, 2 — CEM, 3 — MP, 4 — OP, 5 — ¢axruueckuii psi.

Fig. 3. Time series of instantaneous values of temperature
and models obtained using four metrics.

a — zero, 6 — first, 6 — second degrees.
1 — CKO, 2 — CEM, 3 — MP, 4 — OP, 5 — the actual number.
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Puc. 4. BpeMeHHBIE ps/IbI TaBICHAS U MOJIEIH, HOITyYEHHBIE C IOMOIIBIO YETBIPEX METPHK.

a — HyJIeBasi CTEIICHb TIOJINHOMA, 6 — TIepBasi, 8 — BTOPAsL.
1 — CKO, 2 — CEM, 3 — MP, 4 — OP, 5 — daxrudeckuii psi.

Fig. 4. Pressure time series and models obtained using four metrics.

a — zero, 6 — first, 6 — second degrees.
1 — CKO, 2 — CEM, 3 — MP, 4 — OP, 5 — the actual number.
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Puc. 5. BpemenHsIe psi/ibl MOAETBHON KIMMAaTH4YEeCKON TeMIIepaTypsl BO3yXa U MOJIENH,
IIOJIy4ECHHBIC C IOMOLIBIO YEThIPEX METPHUK.

ad — IIOJIMHOM HyJICBOﬁ CTCIICHH, 0 — TOJIMHOM HepBOfI CTCIICHHU.
1 — CKO, 2— CEM, 3 — MP, 4 — OP, 5 — daxrtuveckuii ps.
Fig. 5. Time series of climatic air temperature and models obtained using four metrics.

a — zero, 6 — first degrees.
1 — CKO, 2 — CEM, 3 — MP, 4 — OP, 5 — the actual number.

Kpome Toro, HeCOMHEHHO, HHTEPECHBIH [T0 CBOUM pe3yJIbTaTaM MOACIbHbIN KITHMa-
TUYECKUH Psill, UMUTHPYIOIINH N3MEHEeHHEe TT00aIbHON Temreparypbl Bo3ayxa ¢ 1870
no 1980 1. ¢ marom B 1 rox (psan 3), [12] npeacrasnen Ha puc. 5 (cpenHss TeMreparypa
14,7 °C, cpennexBaaparudeckoe otkimoHeHue psaa 0,29 °C). Touxoit budypkanun siB-
nsierest 1909 1., korga cKOpOCTh MOBBILICHHSI TEMIIEPATYPhI 3aMETHO YBEJINUMIACK.
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3HaYCHMsI CPEHEKBAAPATHICCKOTO OTKIOHEHHS G -~ ANNPOKCHMALMH OTPE3KOB
CclieBa ¥ CIIpaBa OT TOYKH OU(ypKamuu AJist TPEX PsI0B MPH UCTIONE30BAHUH TIOJIMHOMOB
Pa3HbIX CTENEHEH U YeThIpeX METPHK IpeacTaBieHbl B Ta0n. 1. Takxke B Tabnuue ams
KaXKI0T0 CiIydasi IPUBEJCHBI MTOPSIKOBbIE HOMEPA, OMPEEISIONINE MOJI0KEHNE TOUEK
Oudypkauun B pacCMaTpUBAEMbIX psiiax TEMIIEPATyphl U AABICHUS BO31yXa, PAcCUu-
TaHHbI KpuTepuit Pumepa F (cMm. dopmyny (7)) ¥ ero KpuTHUecKoe 3HaUCHHUE MPH
ypoBHe 3HagnMocTH o = 0,05. Bo Bcex cimydasx (Kpome OHOTO) BBIIOTHICTCS Hepa-
BEHCTBO /"> [’ _, T. ¢. IPOBEJCHHOE Pa3Je/ICHNE CTATHCTHYCCKH 3HAUMO.

Tabnuya 1

PacuerHoe 3HaueHne Kputepus Ouiiepa u
COOTBETCTBYIOLIEE €My [IOJI0XKEHHUE TOUKH OudypKaluy, pasaeneHHble KOCO 4epToit

Calculation of Fisher ‘s criterion
and its corresponding bifurcation point position separated by slash

Mertpuka | CTeneHb MOIMHOMA Psapg 1 Psn 2 Pan 3

CEM 0 3,25/21 3,76/401 3,29/1936
1 32,11/44 2,48/2 6,95/1902

2 55,32/20 3,97/30 6,95/1974

3 98,34/18 26,16/4 6,95/1873

CKO 0 1,26/4 3,5/379 3,29/1926
1 32,11/44 2,48/2 4,29/1971

2 39,23/16 4,0/3 4,29/1974

3 39,23/4 26,16/4 6,95/1873

MP 0 3,57/23 4,0/433 3,74/1936
1 35,40/43 5,06/807 6,95/1902

2 62,94/21 3,97/3 6,95/1976

3 117,03/18 26,16/4 8,41/1976

opr 0 3,25/25 3,76/433 6,95/1936
1 32,11/43 2,48/807 6,95/1902

2 55,32/35 3,97/3 8,41/1976

3 98,34/39 26,16/4 6,95/1976

Ipumeuanue. Pan 1: o~ 1,19 °C, FKp =1,55,Tb=34;psan2: ¢

Opa = 0,29 °C, F =137, TB=1909 1.

psana

=5,718°C, F = L11, Tb=775; pan 3:

psina

W3 Tabuuipl BUIHO, YTO PE3YILTAThl PA0OTH alTOPUTMA CHIIBHO Pa3jindaroTcs
B 3aBHCHMOCTH OT METPUKH U CTEIEHH MOMHOMA. Eciin B kKa4ecTBe OIIEHKH TOYHOCTH
anmpoKCUMAI[MK IPUHATH CTENEHb HEOOBACHEHHON MOJEIbI0 MCXOIHOM Bapuaiuu
cchyn/ c2pw, BBIP@YKEHHYIO B IPOLIEHTAX, TO MOKHO CKasarh cieayroniee. Hanbomnpme
OLIMOKW TOJIyYEHBI MIPU ANMPOKCUMAIIUK TTIOJIMHOMOM HYJIEBON CTENEHH C HMCIOJNb-
30BAHUEM BCEX METPHMK. THIIMYHbIE 3HAUECHHUS GZCM/G2 B DTOM CJIy4ae COCTaBJIs-
ot 30 %.

[MoBbIlIEHHE CTENEHU TOJMHOMA 3aMETHEE BCETO CKa3bIBAETCS HA aIPOKCHMa-
uu pszia [ — ¢GparMenTa CyTOY4HOro X01a TEMIIEPATyPhl BO3/LyXa; TUIIHYHBIE 3HAYEHHS
o’ /o? 31ech cocTaBasioT 1—3 %. Hawmydmum ¢ Touku 3penus gokanusanuu Th

cryn psna

psina
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B 3TOM psIy OKAa3aycCsl MOJIMHOM 2-i CTENEHU MPHU UCHOIb30BAHUU METPUKU OTHOCHU-
TEJIBbHOIO PACCTOSHUSA.

Psx naBnenus Tounee BCero anmpoOKCHMHUPOBAH MTOJTUHOMOM 3-i CTENIeHH — OIIAO-
Ka coctaBmia 4 % He3aBHUCHMO OT HCIOIb3yeMOil MeTpuku. OgHAKO MHHUMAaJIbHBIM
pacxoxkaeHue B monoxkeHuu Th okazanock mpu UCHOIB30BAHUU MOTUMHOMA 1-i1 cTeneHu
U JBYX METPUK: MAaHXITTEHCKOE PACCTOSIHUE U OTHOCUTEIBHOE PACCTOSHUE.

Camoil HU3KOH TOYHOCTh OKa3ajach IMPH aNNpOKCUMALMK MOAEIBbHOU TeMIlepa-
Typsbl. [Ipy UCIIOAB30BAHUM MTOJIMHOMA 2-H CTENIEHHU C METPUKONH MaHX3TTEHCKOE pac-
CTOSTHHIC ¥ TIOJTMHOMA 3-i CTETICHU C METPUKOW OTHOCUTEILHOE PACCTOSHHUE 3HAUYCHHC

2 Jo*  cocramio 12 %. bawkaiitree mecrononokenre Th k 1909 1. Takke moiy-

cTyn psna o
YECHO HpI/I HCITIOJIB30BAHUU DTUX MeTpI/IK, OHAKO C IMOJIMHOMAaMH l-I/I CTCIICHU.

3akJaouenue

AHanu3 MOJy4eHHOTO Marepuaja IO3BOJIAET PEKOMEHJOBATh Ui PeaTu3aliun
Ipolecca ONpeICICHHsI TIOIOKEHUST TOYKU OU(ypKaIUK UCIIOIL30BAHUE TMOJIMHOMOB
creneHedt ot 1-i 10 3-i 1 JBYX METPUK: MAaHXITTEHCKOE PACCTOSHUE U OTHOCUTEIBHOE
paccrosiHue.

B To e Bpems1, Kak 3TO 4acTo OBIBAET MPH MOTBITKE HAUTH YHUBEPCATBHBIN aJro-
PUTM Ha BCE BO3MOXKHBIE Ha TIPAKTHUKE CIIy4au, IIPEIOCTABICHNE OJHOTO CTPOTO perva-
MEHTHUPOBAHHOTO MPUMEHEHHUS JAHHOTO aTOPUTMa HE TPEICTABISICTCS BO3MOXKHBIM.
OpnHako 3TO HE yMalsieT €ro MPaKTUYECKOW IIEHHOCTH, TaK KaK MPOBEICHUE CEpPHUH
pacueToB ¢ pa3IUYHBIMU METPUKAMH U CTEIICHSIMU HCIIOJIb30BAHHBIX TTOJTUHOMOB JIA€T
HccIeioBaTento OoraThlii MaTepuall st Oosiee JIETAIBHOTO aHalln3a TeX MPOIECCOB,
KOTOpBIE ONPEJIEISIOT TOT UM UHOM BPEMEHHOM Ps/I.

[IpoBeaenHoe nccienoBaHne MOKA3aj0, YTO MPEATOKESHHBIN MOIX0] MO3BOJSET
B OTIPEICIICHHON CTEIIeHN aBTOMATH3UPOBATh MPOIIECC ONPEACTICHUS TTOT0KEHHUS TOUKH
oudypkanuu. B OyayiiemM aBTopbl INIAHUPYIOT 0000IIUTE TIPEUIOKEHHBIN TTOAXO0 JIIs
HaXOXKJICHUS HECKOIBKUX TOYEK OM(YpKAIMK BHYTPU UCCIEAYEMOTO psijia.
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IIpuMeHeHHE METOA CTOXACTHUYECKOT0 (POHOBOTO MPOrHO3a
K peuHbIM O0acceiinam Ka3axcrana

A.E. baimazanoemos, E.B. I'aiidykoea

Poccuiickuit rocymapcTBeHHBIH THAPOMETeOposornuecknii yauBepcuret, Cankr-IletepOypr,
oderiut@mail.ru

PaccmarpuBaeTcst METOJI CTOXaCTHUECKOro (POHOBOTO MTPOrHO3a, OCHOBAHHBIM HA PEIICHUH CHCTEMBI
mudbepeHIManbHbIX YPaBHEHHHN AT HAdadbHBIX CTATUCTUYECKHX MOMEHTOB. MeTon mpuMeHseTcs K pe-
kaM Oacceitna pex Ecuib u ToObLI, KOTOpEIE IPOTEKArOT Ha Tepputopuun Pecnydnmku Kaszaxcran. [lenaror-
Cs1 TIOBEPOYHBIE IIPOrHO3bI IIEPBOrO U BTOPOr0 HAUaJIbHBIX MOMEHTOB /ISl IEPUOA II0JIOBOJIbS C CYTOUHOM
3a01aroBpeMeHHOCThI0. [TosrydeHo, 4To MepBblii MOMEHT MPOrHO3UPYETCsT OoJiee HalEKHO, YeM BTOPOH.
ITporuo3 mogoOHBIX CTATUCTHYECKUX XapPAaKTEPUCTHUK TTO3BOJISIET MOMYYNTh KPUBBIE 00ECTIEUCHHOCTH, He-
00XoMMBIe IJIst IPOU3BOICTBEHHBIX (DYHKINH oTpacieil sxonomukn Kazaxcrana.

Kniouesvle cnosa.: cToxacTHYECKOE MOJIETMPOBAHUE, THAPOJIOTHYECKHUI TPOTHO3, CyTOUYHBIE CIION CTO-
Ka, CTAaTUCTUYECKUE XapaKTEePUCTUKH, peku KazaxcTaHa.

Application of the method of stochastic background forecast
to Kazakhstan’s river basins

A.E. Baimaganbetov, E.V. Gaidukova
Russian State Hydrometeorological University, Saint Petersburg, Russia

The production functions of water-dependent sectors of the economy along with labor and capital
investments include natural resources, in particular, the hydrological characteristics (norm, variation and
skewness coefficients) determining the river flow dynamics.

The purpose of the study is to test the method of stochastic forecasting of hydrological characteristics
with lead time of 24 hours for the catchments of Northern Kazakhstan during the spring flood, which is
characterized by a sharp rise and fall.

The stochastic background forecasting method is based on solving a system of differential equations
for initial statistical moments. Only average daily values of water discharge, which does change during the
day but is not measured and recorded, are usually taken into account, making a statistical generalization
of intraday variations in water discharges. The solution of simultaneous equations for the initial moments
with daily resolution is the predicted values of the first three moments, characterizing the average daily
value, the variation of water flow within a day and the deviation of the average value from the modal one
(coefficient of skewness).

Verification forecasts of the first and second initial moments have been made for the flood period with
lead time of 24 hours. Optimization of the forecast system parameters has been carried out on 30 days
preceding the forecast release date. It has been found that the first moment is predicted more reliably rather
than the second one.

The forecast of such statistical characteristics allows to obtain the frequency curve necessary for the
production functions of the Kazakhstan economical sectors.
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BBenenne

MHorue oTpaciy dKOHOMHKH, JESTEIbHOCTh KOTOPBIX TECHO CBSI3aHa C UCIIOJb-
30BaHMEM BOJIHBIX PECYPCOB, HY)KIAIOTCS B THAPOIIOTHIECKUX MPOTHO3ax. HamexHbIi
MPOTHO3 TIO3BOJISIET ONTHMHU3UPOBATH XO3SHCTBEHHYIO JIEITEIBHOCTD C YYeTOM MOTpeo-
HOCTEW MpOU3BOJICTRA.

[IpousBoacTBeHHbIE (HYHKLIMH BOIO3aBUCUMBIX OTpacieli SKOHOMHKH, OTIEIbHBIX
MIPEINPUATHI U BOJOTIOTPEOHUTENCH BKIIIOYAIOT B Ce0s TPYAOBBIE PECYPCHI, KAITNTAIOB-
JIOKEHUSI M IPUPOIHBIE pecypchl [1], OT KOTOPBIX 3aBUCHUT BBITYCK MPOLYKIHHU, O€30-
MAaCHOCTb IKCIUTyaTalli COOPYKEHHI, IKOIOTHYeCcKast 0€30MacHOCTh U T. 1. (B 3aBUCH-
MOCTH OT XapakTepa BOJ0N0Ib30BaHNs1). CaMbIM THHAMHYHBIM KOMIIOHEHTOM IIPUPOJI-
HBIX PECYPCOB SIBISIETCSl BOJA, TOYHEE TAaK HA3bIBaEMble PACUETHBIE THAPOIOTUIECKHE
XapaKTepUCTUKH (HOpMa, KOA((HUIIMEHTHI BapraIllid U aCHMMETPHUHN ), OTIPEICIISIONTHE
M3MEHEHUs peuHoro croka. [lupoko pacmpocTpaHeHbl MOJEN, OCHOBAaHHBIEC HA AWHA-
MHUYECKUX 3aKOHOMEPHOCTSIX, HO OHM HE YUHTBIBAIOT DJIEMEHTHI CIy4allHOCTH B op-
MHUPOBaHUH CTOKa (cM., HampuMmep, [2]). OmHaKO CymEeCTBYIOT METOAbI, OCHOBAaHHBIE
Ha CTOXacTU4eCKUX AU (hepeHIHaIbHbIX YPAaBHEHUSX, IO3BOJISIFOIINE MOICIUPOBATh U
MIPOTHO3WPOBATh HECTAIMOHAPHBIE THAPOIIOTUIECKUE CITydaiiHbIe TPOIIECCHI, BKITFOUAs
BHYTPUTOJIOBYIO AMHAMUKY (CM., Hanpumep, [3]).

Lens muccienoBanus, IpeACTaBIEHHOTO B CTaThe, 3aKJIIOYAETCS B alpobannu Me-
TOZAA CTOXaCTHYECKOTO ()OHOBOTO MPOTHO3a THAPOIOTUIECKUX XapaKTEPUCTHK ¢ 3a0iia-
TOBPEMEHHOCTBIO CYTKH Ha BojocOopax CeBepHoro KazaxcraHa B mepHoJl BECEHHETO
MTOJIOBO/IBS, KOTOPOE XapaKTePU3YeTCsl PE3KUMH ITOILEMOM H CIIAI0M.

MeTon cToxacTH4eCKOro ()0HOBOI0 MPOTrHO3a CTOKOBBIX XaPAKTEPUCTHK

JluHaMu4yecKkuii NPOTHO3 OIPAaHUYMBAETCS YKAa3aHUEM KOHKPETHBIX 3HAUCHUN
pacxomoB (YpOBHEH) B y371aX pacueTHOH CeTKH. Takol CTPOTo MEeTEPMHHHCTHUECKUI
MOAXOJl UTHOPUPYET CiTydaiiHble (akTopbl GOPMUPOBAHUS CTOKA, a TAKKE MOTPEIIHO-
CTH 33/IaHUs HAYaJIbHBIX TaHHBIX, TAPAMETPOB MOJIENICH 1 BHEUTHUX BO3IEHCTBHH (X0
MIPOTHO3HBIX OCAJAKOB). B ruaponornueckux pacyerax, OpUEHTHPYIOIIUXCS Ha POU3-
BOJICTBEHHBIE (DYHKIIMM BOJI03aBUCHMBIX OTpaciell SKOHOMHKH, HUCIIONB3YIOTCSI BEPO-
STHOCTHBIE OLIEHKH PacXoJl0B U YPOBHEW BOJbI. 3HAHUE KPHUBBIX pACIPENCICHUN TUIOT-
HOCTH BEpPOSTHOCTH pacxoioB p(Q) winu ypoBHel p(H) (MM MPOTHO3HBIX pacmpese-
JICHWH) TI03BOJIIET TIPUITUCHIBATH JTIOOOMY MPOTHO3HOMY 3Ha4EHUIO pacxoza (YpOBHA)
BEPOSATHOCTB €0 MOSBJICHUS. DTO PACHIMPSAET BOZMOXKHOCTH OLIEHKU PUCKA MPUHATHUSL
OIIMOOYHBIX PEUICHUN I SKOHOMHUKH.

42



A.E. BAUIMATAHBETOB, E.B. TAUJITVKOBA

[ mepexona OT TMHAMHUYECKOTO MMPOrHO3a K CTOXACTHYECKOMY MOXHO HCIIOJIb-
3oBaTh ypaBHeHne dokkepa — Ilmanka — Kommoroposa (PIIK), ctoxactuuecku

0606AIOIIEro MoJenb Al PeaHoro ctoka tdQ/dt+Q/ k=X [4]. B Monens BBo-

natcst o0o3HaueHust c=1/kt=c+¢, N=X/t1=N+ N, rae k— ko3pPHUIHeHT cTo-
Ka; T — BpeMs pellakcari pegHoro OacceifHa; X — WHTEHCHBHOCTH OCAJAKOB; ¢ H
N — Genble TayCCOBCKUE LIyMbI ¢ HHTEHCUBHOCTAMH G;, G, ¥ B3aMMHOH MHTEH-

cuBHOCTBIO G5

[IpyMeHUB M3BECTHYIO B TEOPHH CIy4YaiHBIX MPOIIECCOB MPOLEAYPY CTOXaCTHUE-
CKOTO 0000TIeHMSI [4], TTOTyYNM ypaBHECHUE

opQ.) __ 0 o’
—=—=——(A(0,t ,1))+0,5—(B(0,? ,1)), 1
o aQ( (0.0p(0.1)) 6Q2( (0.0p(0.1)) (1
rne A(Q,f) u B(Q,f) — xoahdutmenTs! cHOCa U U Hy3UH.

OTO0 ypaBHEHHE YK€ MOKHO IPUMEHHUTH JIJIs peIlIeHus MOCTaBlIeHHOM 3agaun. Of-
HAKO Ha [IPAKTUKE JOCTATOYHO OIPAaHUYHUTHCS CUCTEMON OOBIKHOBEHHBIX qu(depeHu-
QJIBHBIX ypaBHEHUH [5], anmpokcuMupyomux ypasHenue (1):

dm, /dt =—(¢ —0,5G, )m, + N —0,5G_;

éN’
dm, /dt =-2(¢ — G, )m, + 2Nm, —3G ym + G ;
dm, [dt ==3(¢ —1,5G, \my + 3Nm, —7,5G.,m, +3G m;
dm, [dt =-4(¢ —2G.)m, +4Nm, —4-3,5G_,m, + 6Gym,, )

IJIe M, — HAYaJIbHbIC CTATUCTUYECKHE MOMEHTHI i-T0 TopsiKa. [lepBbIx Tpex ypaBHe-
HUH JTOCTATOYHO IS TOJIYUYCHHS YBOJIIOIMH aCHMMETPUYHBIX BEPOSTHOCTHBIX pacIpe-
JIETIEHUN.

Bo3MokHBI paziauuHble BApHaHTHI apaMeTpu3anuu cuctemsl (2). C ydeToMm Toro
gyro c=1/kt, N=X/t u MIPU 3TOM k U T U3BECTHBI U3 ONTUMH3AIUN MOJICITH, aX—
U3 METEONPOrHo3a, HEOOXOIMMO ONPEIEUTh TOIbKO HHTeHCHBHOCTH G, Gy u G

U3 IEPBBIX TPEX YPABHEHUI CUCTEMBI (2) IPH U3BECTHBIX /., m, U m,. OHKU MOTYT OBITh
orpezenieHbl Ha ocHOBe 30-THEBHBIX HAOMIOACHUH 3a CTOKOM B CTBOpPE, JJIsl KOTOPOTO
JlaeTcsi IPOrHo3.

B TeyeHue cyTok NpouCXOIsT U3MEHEHHSI PACXOA0B BOJIbI, KOTOPBIE HE U3MEPSIOT-
csl M He (PUKCHUPYIOTCSA, — Ha MPaKTHUKE UCIOB3YIOT TOJIBKO CPEJHECYTOYHbIC 3HaUe-
HUsL, JeJ1ast Kak Obl CTaTUCTHUYECKOe 0000IIeHNe BHYTPUCYTOYHbBIX BApHALUil pacxoJ0B
BOJIBI.

Periennem cuctembl ypaBHEHHUH /711 HaUaJIbHBIX MOMEHTOB (2) SBISIOTCS TPOTHO-
3HbIC 3HAYCHUS TPEX IEPBBIX MOMEHTOB, KOTOPbIE XapaKTEPU3YIOT CPEIHECYTOUHOE

3HAYCHUEC, BApUALINIO pACXOA0B BOABI BHYTPH CYTOK (CV = \[mz - m12 /I’I’ll) 1 OTKJIOHEC-

HHE CPEe/IHEro 3HaUYCHUs OT MOJIAJILHOTO (Cs = (m3 —3m,m, +2m; ) / (Cv3ml3 ))
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AnpoOanus MeToga Ha pedHbIX 0accelinax Kazaxcrana

OObeKTaMH HCCIIEOBaHMsI OBLTO BRIOpaHO 11 THAPONIOTHYECKUX ITyHKTOB B Oac-
ceitHax pek Ecunb u ToObun (Tabn. 1), pacmonoxeHHbIX Ha Teppuropun Kasaxcra-
Ha. BomocOopsl He 00beIeHbI, TaK KaKk MEXIy HUIMH HaxOIUTcs OeccTouHast 00acTb
C MHOTOYHCIICHHBIMH CE30HHBIMH BOJIOEMaMH. VICITONB30BAINCEH CIIENYIOIINE HCXOMI-
Hble AanHble 32 60 cyTok mepuoaa monoBoabs 2014 roma: cpeaHECYTOUHBIE PACXOJIbI
BOJIBI, CPETHECYTOUHAs TEMIIEpaTypa BO3/IyXa, CyMMa OCaIKOB 3a CyTKH U CHEr03amachl
Ha JIaTy Havasa rmoJ0BO/IbSI.

Tabnuya 1
CIMCOK THIPOIIOTHIECKHX ITyHKTOB B OacceifHax pex Ecwmis 1 ToObin
List of hydrological stations in the Esil and Tobil river basins
Pexa — myHKT TInomane BomocOopa, km? PernpesenraruBHas MeT€OCTaHLIUS
YKabait — c. AtbGacap 8530 At0bacap
Kankyran — c. Kankyran 16500 Hosomapxoska
Ecunp — c. Typren 3240 Axxkonb
Kenxyap — c. YaiikoBckuit 4324 XKetsikapa
To6bu1 — c. [pumieHka 13100 ToGbLt
AsT — c. BapBapunka 9020 Pynnerit
To6b1 — 1. Kocranaii 28000 Kocranaii
To6b1 — c. MumoTHHKa 32700 Ketpikapa
Vit — c. Viickoe 36752 MuxaiinoBka
Ecuns — c. Tokcan 6u 90000 AtbGacap
[laramamsr — c. [TaBnoBka 1750 AKKomb

OnTumu3aiys napaMeTpoB MPOrHO3HOW CHCTEMBI MPOU3BOAMIACH HA TpElle-
CTBYIOIIUX AAaTC BBIITYCKa ITPOrHO3a 30 CyTKax, MO3BOJIAIONIUX IMOJYyYaTh CTATUCTHUYC-
CKH€ MOMEHTHI C MEHbIIIEH OrpenrHoCThIO. [Iponenypa nnHaMudecKoil mapamMeTrpusa-
LUK B3Ta U3 paboTHI [6, ¢. 9—11]. [ToBepoUYHbIC TPOTHO3bI BEPOATHOCTHBIX MOMEHTOB
OBUTH CZeNaHbl Ha CIIeNYIOIINe TPUIIATh CYTOK C CYTOYHOH 3a0J1aroBpeMeHHOCTHIO.

Ha puc. 1 ans npumepa nokazaHbl (JaKTUYECKHE U TIPOTHO3HBIC THIPOTrpadbl 3a
30 cyTok. B Tabmn. 2 mpencraBieHa orieHKa MOBEPOYHBIX IIPOTHO30B B BUAC COOTHOIIIE-
Hus S/c, (S — CcpenHeKBaapaTHYECKas MOrPEUIHOCTh, G, — CPEIHEKBAJPATHYECKOE
OTKJIOHCHHE M3MEHEHHUsI (PaKTUYEeCKOro 3Ha4YCHUS 3a MEepuoj 3a0JaroBpeMEHHOCTH OT
CPeIHEro 3HAUYCHUS 3TUX U3MEHEHUH ).

B Tabn. 2 BUAHO, YTO YKUCIIEHHBLIE 3HAYECHHUS COOTHOIIEHHS S/ , Ha TUIpoJIoruye-
ckmx moctax Ne 1, 3,4, 5, 10, 11 ve npesbimaroT 0,8 117151 IEpBOTO HAYAIBHOTO MOMEH-
Ta M, 4TO ABJIAETCS YAOBICTBOPUTENBHBIM PE3YIbTaTOM JUIsl 30 MOBEPOYHBIX IIPOrHO-
30B. JI11 BTOPOTro HAYaJbHOIO MOMEHTA /11, PE3YJILTAT HECKOIBKO XyXKe: TONBKO JJIs
YETBIPEX BOJOCOOPOB COOTHOIIEHHE S/G, HE TIPEBBIIAET A0MYCTUMOTo 3Hauenus 0,8.
Crenyer OTMETUTD, YTO 7, M, XapaKTEPU3yIOT CIIOH CTOKAa B MUIUTAMETPAX U MM’
COOTBETCTBEHHO. [Ipn »TOM Ha OOIBIIMHCTBE THAPOMIOCTOB PA3IMYUS B MIJIITUMETPAX
(haKTUYECKUX CIIOEB CTOKA U MPOTHO3HBIX 3HAYCHUI HEBEJIUKH (CM. pHC. 1): HE TIPEBHI-
ITarT HECKOJIBKUX MUJIJIMMETPOB. OIIHaKO IIpr OLICHKE BQ)q)eKTI/IBHOCTI/I METOOUKH 110
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Puc. 1. 3smMeHenne GpakTHIECKUX U MTPOTHO3HBIX
1epBoro m, (a, 6) 1 BToporo m, (6, 2) Ha4aJbHbIX MOMEHTOB.

au 6 — p. Kenkyap — c. Haiikosckuii; 6 u e — p. Ecuib — c. Tokcan 6.
Fig. 1. Charts of changes in the actual and forecasted
first m, (a, 6) and second m, (6, 2) initial moments.
a, 6 — 1. Zhelkuar — st. Chaikovsky; 6, e — r. Yesil — st. Toxan bi.

KPUTEPHUIO 5/G, TIOTy4aeTCs HEYIOBIETBOPUTENLHBIN pe3ynbTar. [lonoOHbIi pe3ynbrar
MOYHO OOBSACHHMTH MaJIbIM 3HAYEHUEM G,, XapaKT€PU3YIOIMM Masble€ OJHOCYTOYHbBIE
W3MEHEHHS CJI0S CTOKA.

[Tpumep GpoHOBOrO BEpOSTHOCTHOTO MPOTHO32 B BUAE KapT U30JIMHUU MPEACTaB-
JIeH Ha pHc. 2 (3HaYeHUA JaHbl B cio0sX). [IepBhIX IBYX Haual bHBIX MOMEHTOB JIOCTa-
TOYHO JJISl OIPENEJICHUS] CTATUCTUYECKUX MIPOJIOTHUECKUX XapaKTEePUCTUK (HOPMBI,
k03(pHIIMEHTOB BapHallun), a 3HAYUT, U JIJISI HAXOXKJICHUS B JIFOOOH TOUKe paccMaTrpu-
BAaeMOH TEPPUTOPUU KPHUBOH 00ECIICUCHHOCTH Ul CYTOYHOIO CJIOSI CTOKA, 3HAUEHMS
KOTOPOH BXOISIT B IPOM3BOACTBEHHBIC (DYHKIIMH OTpaciell skonoMuku Kazaxcrana [7].
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BTOPOTO (6, 2) CTATUCTHYECKUX HAYAIbHBIX MOMEHTOB 4epe3 5 cyTok (a, 6) u 25 cyTok (s, 2)
OT JIaThl Ha4aJIa MPOrHo3a (MPOTrHO3 JABAJICS C CYTOYHBIM IIIaroM).

Fig. 2. An example of maps of the distribution of actual and forecasted first (a, ) and
second (60, 2) statistical initial moments after 5 (a, 6) and 25 (s, 2) days from the start date
of the forecast (the forecast was given in daily increments).
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Puc. 2 (oxonuanue). Ilpumep kapt pacnpezeseHust GakTHIeCKUX U MPOTHO3HBIX MEPBOro (d, 6)
1 BTOPOTO (6, 2) CTATUCTUYCCKUX HAYaIbHBIX MOMEHTOB Yepe3 5 CyToK (a, 6) u 25 cyToK (8, 2)
OT JIaThl Havaja IMPOrHo3a (IPOrHO3 JaBajcs C CyTOUHBIM IIaroM).

Fig. 2. An example of maps of the distribution of actual and forecasted first (a, 6) and
second (6, ) statistical initial moments after 5 (a, 6) and 25 (s, 2) days from the start date
of the forecast (the forecast was given in daily increments).
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Tabnuya 2
YucseHHbIC 3HAYCHHS KPUTEPHUEB OLIEHKU 3()(HEeKTUBHOCTH MPOTrHO3HOTO METOIA

Numerical values of the criterion
for evaluating the effectiveness of the forecast method

Howmep Slo,

Hocta Pexa — nyHkT " m
1 Kabait — c. Arbacap 0,31 0,19
2 Kankyran — c. Kankyran 1,74 0,20
3 Ecunp — c. Typren 0,68 1,67
4 Kenxyap — c. YaiikoBckuit 0,14 0,46
5 Tob6b11 — c. ['punienka 0,75 0,42
6 Asat — c. BapBapunka 1,27 1,68
7 Toobu1 — r. Kocranait 6,03 2,05
8 ToObL1 — ¢. MUITIOTUHKA 3,06 1,43
9 Vit — c. Viickoe 1,16 0,91
10 Ecwuib — c. Tokcan 6u 0,47 1,26
11 [Ilarananer — c. I1aBmoBKa 0,83 2,15

[Tomy4eHHble KapThl pacHpeneieHus] BEPOSTHOCTHBIX XapPAKTEPUCTHK OLCHHMBA-
JUch 1o Kputepuio B [8], KOTOphIli XapakTepHu3yeT CTeleHb HEYCTOMYMBOCTH pellie-
HUS CUCTEMBI [UIsl HA4aJIbHBIX MOMEHTOB. BbIJIO MOJIyU€HO, YTO MPU IIPOTHO3E PEIHOTO
CTOKa ¢ BOJ0cO0poB p. ToObLI perieHue oKa3plBaeTCss HEYCTOMYMBBIM, YTO TAKKE MO~
TBEPYKIAETCS BBICOKMMH MOKasatessiMu S/6,. [Ipu 5TOM HEyCTOHYIMBOCTE TIPOSIBIISETCS
B OCHOBHOM B HauaJIbHBIH EPUOJ IPOTHO30B. J[y1s yiydlleHus: pe3ynbTaTtoB IIPOrHo3a
IUIsl TAKUX BOJIOCOOPOB MJIaHUPYETCS UCTIONB30BaTh METOAOJIOTHIO YACTHYHO HHPHHUT-
HOM TUAPOJIOTUH, O3BOJISIOLICH IT0JIyYaTh YCTOMUUBBIC PEILICHUS IIyTEM IPUBIICUCHHS
JOTIOJTHUTENBHBIX (a30BbIX MEPEMEHHBIX Ul MaTeMaTHYECKOTO ONMCAHUS U MPOTHO-
3WpPOBAHMUSA CTOKA. B KOHTEKCTE BEPOSTHOCTHOTO MMPOTHO3UPOBAHUS ITO O3HAYAET MEpe-
XOJI K 1-MEPHOMY paclpeie/ICHHIO MIIOTHOCTH BEPOSATHOCTH (CM., Harpumep, [9]). ns
OTBETa Ha BOMPOC, CKOJIBKO JIOTIOTHUTEIILHBIX ()a30BbIX IEPEMEHHBIX HAJI0 TPUBJICKATb,
WCTIONB3yeTCsl MeTol (paKTambHON AuarHocTuk [10].

B 3akmirouenue ciegyer oTMeTUTh, yTo B Kasruapomere OCHOBHBIMH METOJaMHU
IIPOrHO3a I[10JIOBOJIS SIBJIIIOTCSI CTATUCTUUECKUHN, (PU3UKO-CTATUCTUYECKUI U BOAHO-
OanancoBsiii [11]. Bee atu MeTonbl Obutn paspabortansl B XX Beke, M Ha HACTOSAIINN
MOMEHT MUHYCOM 3THX METOJIOB SIBJISIETCSI TO, YTO HE BCE COCTABIISIONINE MOTYT OBITh
HEIOCPEICTBEHHO U3MEPEHBI MM OIpelesieHbl. DTO CBsI3aHO, MIPEXkKAE BCEro, ¢ orpa-
HUYEHHOCTBIO MCXOIHOW MH(OPMAalUK U C HEBBICOKOH €€ TOYHOCTHI0. OTIEeNbHbIC
rapaMeTpbl, TaKHe Kak MH(QWIBTPALUs BOAbI B MOYBY, IOBEPXHOCTHOE 3aJepKaHue,
CyMMapHOE€ HCIapeHHe, OLEHMBAIOTCS HJIM ONPEACISIIOTCS BechbMa MPHOIMKEHHO.
B craructruueckoM MeTOIE, KOTOPBI B HACTOAIIEE BpeMsl HamOoJee IMMPOKO HC-
MOJIB3yeTCsl JUIsl TporHo3a croka pek CeBepHoro Ka3zaxctaHa, yUnTBIBaeTCsS OCEHHSA
YBIIQYKHEHHOCTh KaK OJIMH M3 OCHOBHBIX napaMeTpoB. OnHako kod()dUIMEHT OCeH-
Hell YBIa)KHEHHOCTH HE HM3MEpsIeTCsl, a OIPENesieTCs] 10 METOAUKE, YUUTHIBAIOLIECH
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OCaJIKH 3a JUTUTENbHBIN TIeprojl. B pe3ynbrare B ciydae eciii B pacdyere OCeHHEH yB-
JIAXKHCHHOCTH MPOUCXOAUT OIINOKA, 3TO CYIIECTBEHHO BIIUSACT Ha KAY€CTBO IIPOrHO3A.
PaccMarpuBaeMblif CTOXaCTHYECKHUNA METO/I MTO3BOJISIET MTApaMETPUZUPOBATh OCEHHIOK
YBIQKHEHHOCTh U APYTHUE TPYIHO OIMpeaesseMble MapaMeTphl KaK 3aJaBaeMble mapa-
METpPHI U BHEIIHEE BO3ZCHCTBHE.

BriBoanl

B crarbe Oblna mokazaHa BO3MOXKHOCTh TPUMEHEHHSI METOJa CTOXaCTUYECKOTO
MpoTHO3a K peuHbiM Oacceiinam Kazaxcrana. MeTon oCHOBaH Ha PEIICHUU CUCTEMBI
muddepeHInanbHbIX YpaBHEHUH Ui HadalbHBIX CTaTUCTUYECKUX MOMEHTOB. Pexn
Kazaxcrana xapakTepu3yTcsi OBICTPBIMH TOABEMOM M CIIJIOM IOJIOBOJIbS, 8 TAKKE
3HAYUTEIHHBIMH CHEro3amacamu Ha BojocOope.

Beutn mpownsBeieHbl MOBEPOYHBIC MPOTHO3BI C CYTOYHOHN 3a0JIarOBPEMEHHOCTHIO
IepBOr0 M BTOPOTO HAuyaJIbHBIX MOMEHTOB, MOKa3bIBAIOIMX CpPEJHEE 3HAYEHUE U Ba-
pHUALIMIO CJIOSl PEYHOro CTOKA 3a CyTKH. IlomydeHo, 4To mepBbli HayaabHbIA MOMEHT
MPOTHO3UPYETCS HAJIE)KHEE, YEM BTOPOM, IPUUYEM OTKIOHEHHUS MPOTHO3ZHBIX 3HAYEHUI
0T (paKTHYECKUX JOCTHUTAIH JIJIsi HEKOTOPHIX BOAOCOOPOB BCETO HECKONBKHX MHUJLTH-
MeTpoB. [lnanupyercs olleHKa YCTOMYMBOCTH PEIICHUM PACUCTHON CHCTEMBbI IIPU UC-
MOJIb30BAHUM B Kau€CTBE BHEIIHETO BO3JECUCTBUS MPOTHO3HBIX METEOPOIOTHUECKUX
XapaKTepUCTHUK.
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Biusinue BbIpYOOK Jieca HA CTOK U
BbIHOC OMOTEHHBIX 3JIEMEHTOB € JieCHbIX BogocOopoB Kapenu
(10 JAHHBIM MATEMATHYECKOr0 MOJACJIUPOBAHMS)

C.A. Konopamowes', IO.B. Kapneuko’, M.B. IlImaxosa’

'®I'BYH Unctutyt o3epoenenuss PAH, Cankr-IlerepOypr, kondratyev(@limno.org.ru
2UuctutyT Jeca — obocobnennoe noapaszaenenne @PI'BYH denepansHoro
nccienoBareiabckoro nenrpa «Kapenbckuit Hayunsiid nentp PAH», [Terpo3aBoack

[pemroxkena MozielIb CTOKA U BBIHOCA OHOTEHHBIX HJIEMEHTOB C JIECHOTO BOZOCOOpA, OMHCHIBAIOIIAS
JMHAMHUKY M3y4aeMbIX IIPOLIECCOB IIPH €CTECTBEHHOM Pa3BUTHH APEBOCTOS U B IPOIIECCE JIECOBOCCTAHOB-
JIeHus rociie BIpyOkH. [Toka3aHo, 4TO MPU BBITIOJIHEHHHU JIECOXO3HCTBEHHBIX MEPOIPUATHI B COOTBET-
CTBHUH C JIECOXO3SIHCTBEHHBIM PEINIAMEHTOM CYILECTBEHHBIX M3MEHEHHMIT CTOKA M BBIHOCA OHOTEHHBIX dJIe-
MEHTOB He (puKcupyeTcs. [lomydeHHbIi pe3ynbraT 0OBSICHIETCS TeM, YTO 00beM BEIpyOaeMoil JpeBeCHHEI
MIPUMEPHO paBeH 00BEMY IIPUPOCTA U CTEIICHb BapbHUPOBAHUS CTOKA U BEIHOCA XMMHYECKUX BEIIECTB B 3a-
MBIKAIOIIIEM CTBOPE MaJlo 3aBUCUT OT JIECONPOMBILIICHHOH JeSTeIbHOCTH YesoBeka. [IpoBeieHo nMuTa-
IIHOHHOE MOJICTPOBAHHUE MTOCIEACTBUI TUIIOTETHIECKHX BBIPYOOK 50 n 100 % mmomanu ieca Ha SKCIepH-
MEHTaJILHOM BogocOope, KOTOpOe MO3BOJIMIIO OLIEHHTh HHTEPBAJ BOSMOJKHBIX IKCTPEMaIbHBIX H3MEHEHUH
CTOKA ¥ BBIHOCA OMOTEHHBIX JIEMEHTOB.

Kniouesvle cnosa: maremMarudeckas MoJielb, HCIIAPEHUE, CTOK, BBIHOC OMOT€HHBIX 3JIEMEHTOB, BBIPYO-
Ka Jeca.

Influence of forest cutting down on runoff and
nutrient removal from forest catchment of Karelia
(according to mathematical modeling)

S.A. Kondratyev', Yu.V. Karpechko?, M.V. Shmakova’

!Institute of Limnology of RAS, Saint Petersburg, Russia
2Forest Research Institute of the Karelian Research Centre of RAS, Petrozavodsk, Russia

The purpose of this study is to assess the impact of forestry activities on the runoff and nutrient
removal from the forest catchments of Karelia using mathematical modeling. The catchment area of the
Big Velmuksa river in Karelia with an area of about 139 km? has been chosen as a research object. It is a
part of the catchment of the Vodla river - one of the largest tributaries of Lake Onega. Almost the entire
catchment area of the Big Velmuksa river is forested (94%). The main direction of economic activity in
the forest catchment areas in Karelia, including the Big Velmuksa catchment, is cutting down and grow-
ing new forest. In this study a simple model of runoff and nutrient removal from the forest catchment
has been proposed. The purpose of this model is to describe the dynamics of the studied processes both
during the natural development of the forest and in the process of reforestation after cutting down. It is
shown that when forestry activities are carried out in accordance with forestry regulations rules, signifi-
cant changes in runoff and nutrient removal are not recorded. The obtained result is explained by the fact
that the volume of cutting down is approximately equal to the volume of growth, the level of variation
in runoff and removal of chemicals depending insignificantly on human forestry activities. In addition, a
simulation of the effects of hypothetical cutting down of 50 and 100% of the forest area on an experimen-
tal catchment has been carried out, allowing to assess the interval of possible extreme changes in runoff
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and nutrient removal. The results show the increase in runoff from the catchment to be 48 mm / year and
the decrease in nutrient removal - 14.3 tN / year and 0.35 tP / year after 100% deforestation. Subsequent
reforestation and the associated increase in nitrogen and phosphorus removal will continue for about
80 years.

Keywords: mathematical model, evaporation, runoff, nutrient removal, forest cutting down.

For citation: S.A. Kondratyev, Yu.V. Karpechko, M.V. Shmakova. Influence of forest cutting down
on runoff and nutrient removal from forest catchment of Karelia (according to mathematical modeling).
Gidrometeorologiya i Ekologiya. Hydrometeorology and Ecology (Proceedings of the Russian State Hy-
drometeorological University). 2020. 59: 51—66. [In Russian]. doi: 10.33933/2074-2762-2020-59-51-66

BBenenune

Oxomno 50 % teppuropun Epormeiickoro Ceepa Poccuu 3ansto nmecamu. Jleca
MPENICTABIISIIOT COOO0M CIOXHBIE MPUPOAHBIE O0OBEKTHI, PA3IUYAIOIIAECS TI0 MHOTUM
XapaKkTepUCTUKAM: TIOPOJHOMY COCTaBY, YCJIOBHSIM NPOW3pACTaHUs JPEBOCTOS, €TO
MPOAYKTUBHOCTH, BO3pacTy U 1ip. Porb steca B TuIpopU3NUeCcKUX U THAPOIOTHUECKUX
npoleccax eie ciado UCciieoBana, TaKk Kak OH OTHOCHTCSI K IPUPOJHBIM O0BEKTaM,
B KOTOPBIX OY€HBb TPYIHO MPOBOIUTH SKCIIEPUMEHTAIFHBIE BOJHOOATAHCOBBIE HCCIe-
JIOBaHMsI. 3HAYUTEIBHYIO CIOXHOCTh MPEJCTABISICT OpraHu3aIus U3MEPEHUsS HCIa-
peHHs ¢ Jieca CYIIECTBYIONIMMH METOJIAaMH HAaTYPHBIX HCCleqoBaHUi. BMecrte ¢ Tem
WCTIapeHHe OTHOCHTCS K TeM JIIEMEHTaM BOJHOTO OaiaHca BOJ0COOPOB, KOTOpPHIE
B HauOOJbIIEH CTETICHN 3aBUCIT OT aHTPOIIOTEHHOTO BO3ICHCTBHSI, ONPECIISIONIETO
npeoOpa3oBaHre KOMMYECTBEHHBIX M Ka4€CTBEHHBIX XapaKTEPUCTHK BOJHBIX pecyp-
COB TEPPUTOPUIA.

IIpu orcyTcTBHUM HAOMIONEHUI YacTO MPUXOAUTCSA MPUOEraTh K METOIaM MaTeMa-
TUYECKOTO MOJCIHPOBaHUA. J[MHAMUKA MCIIapeHHs C Jieca Ha Pa3lIMYHBIX dTarax ero
Pa3BUTHS SIBIIACTCS HCXOTHOW MH(POPMALIUEH TSI MOJCIIMPOBAHUS THAPOJIOTHUECKOTO
peXHUMa JIECHBIX BOJIOCOOPOB, CTOKA C HUX M BRIHOCA XUMHYECKHX BEIIECTB, a TAKKe
JJIA OLCHKHW BJIHMAHUA aHTpOHOI‘eHHOI\/'I ACATCIIBHOCTU Ha CTOK MaJlbIX PEK KU OIIpeac-
JIEHHSI SKOJIOTHYECKOTO yIepOa, yKe MPHIUHEHHOTO JIECOXO3HCTBEHHOH JIesTeNTbHO-
cThio [1—5].

Lenblo HACTOSIIIETO HMCCIIEOBAHMUS SIBISIETCSl OIIEHKA BO3JIEHCTBHUS JIECOXO35IM-
CTBEHHBIX MEPOIPHUSITHI Ha CTOK M BEBIHOC OMOT€HHBIX BEIIECTB C JIECHBIX BOJJOCOOPOB
Kapenuu ¢ ucrnonb30BaHNEM METOIOB MAaTEMaTHIECKOTO MOJICTUPOBAHUSL.

O0BLeKT uccIe10BaHusA

B xauecTBe oObekTa ucciegoBaHus BEIOpaH BomocOop pexu boi. Benmykcsr mio-
manpio 139 km?, pacnonoxenuslii B [Tynoxckom paiione PecryOnuku Kapenus u Bxo-
ISR B BOZOCOOP OMHOTO M3 KPYIMHEHITHX MpUTOKOB OHEKCKOTO 03epa — p. Bomibr
(puc. 1).

IIpakTruecku Beck BogocOop p. boi. Benmykeb mokpsIT necom (94 %). XBoitHbie
MOPOBI 3aHUMAIOT 65 % MOKPBITOH JlecoM yacTu BogocOopa, 13 % 3toii Teppuropun
3aHATO COCHOBBIMH JiecaMH, 52 % — enoBbIMU. Ha ocTanbHOI MOKPHITOHM JIeCOM 4acTH
BOJOCOOpPA IIPOU3PACTAIOT MATKOIMCTBEHHBIE IOPOJIbL, CPEAN KOTOPHIX OCHOBHOE MECTO
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Puc. 1. Cxema Bogoc6opa p. bon. Benmykcesr (a) u
PACIIOJIOKCHHAS Ha HEM KBApTallbHAS CETh (6).

1 — 3enennie 30HBI, 2 — neca BOIOOXPaHHBIX 30H, 3— OKCIUTYTAllTUOHHBIC JIECa.
Fig. 1. Scheme of Big Velmuksa catchment (a) and its quarter network (6).

1 — green zones, 2 — forests of water protection zones, 3 — operational forests.

3aHuMaloT Oepe3Hsku (34 %) u okono 1 % mpuxoguTcs Ha OCMHOBBIE Jeca. CpenHuit
BO3pacT COCHSKOB U €JIbHUKOB cocTaBiisieT 85 — 90 niet, a 6epesnsikoB — 50 siet. O3epa
3aHUMAIOT Ha BogocOope MeHee 1% Bcell ero miomanu, a 3a00JI04€HHOCTh COCTABIISIET
qyTh Oosbiie 3 %.

OCHOBHBIM HalpaBJICHUEM XO3SHCTBEHHOM EATENBHOCTH Ha JISCHBIX BOTOCOOpax
Kapenuu, n B Tom urcie Ha BogocOope p. boi. Benmykcsl, SIBISIOTCS 3aroToBKa JpeBe-
CHHBI M YXOJ 32 pacTyium JiecoMm. Crienbie ¥ IepecTolHbIE Jieca pyosT, KaK paBuiIo,
C IIEJTBIO 3aTOTOBKH JPEBECHOTO CHIPhsl. BEIMOIHAEMbIE B TaKuX Jecax pyOKH Mmoapas-
JETSIOTCS Ha BEIOOPOYHBIE U cIuTomHbIe. [locre crutomHbIX pyOOK Ha JIECHOM y4acTKe
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(BBIpYOKE) HAUMHAIOTCS TUHAMHYHBIE TIPOTIECCHI, AaHAJIOTHYHBIC TTPOUCXOISIIIUM TTOCTe
MPEBIAYLIETO YIAJEHUs JIPEBOCTOSI HAa TOM ke caMoli jecoceke. Ha ocHoBe Marepu-
aJI0B JIECOXO35UCTBEHHOIO periaMeHTa [IyqoxKCKoro nHeHTpalbHOro JecHuuecTna [6],
Ha TEPPUTOPUHN KOTOPOTO PACIIONOKEH BO0ocO0p p. boi. Benmmykcebl, pekoMeH 1yeMast
K IPHUHATHIO TUIOMIAAb PacYeTHOH ecocekn coctapisieT 0,9 % oOmel miomaan ec-
HBIX yroJui, T. €. 0koi0 125 ra. CoOOTHOLIECHUE IIOMIA1 JIUCTBEHHBIX OPOJ U ILJIOIA-
I XBOMHBIX cOCTaBiseT 3/7.

MeTtoauka uccjaen0BaHus

B kxaduecTBe OCHOBHOTO MHCTPYMEHTA JIsI MOJIETMPOBAHUS CTOKA ¢ BOIOCOOpA HC-
MOJIb30BaHa TUAPOJIIOTHYECKas MoeIb (OPMUPOBAaHUS CTOKa ¢ Bomocbopa [L HM —
Institute of Limnology Hydrological Model (CBHIETETLCTBO O TOCYIAPCTBEHHOU PETH-
crparuu Ne 2015614210 ot 09.04.2015 1), pazpaboTannas B IHCTHTYTe 03epoBeaeHNUS
PAH [8, 9] u npeaHa3HaueHHAS JJIs1 pACUETOB T'HAPOrpad)oB TAjIoro U AMKISBOIO CTOKa
¢ BOtocOopa, a Takke YPOBHS BOJIBI B BogoeMe. Mojienh uMeeT KOHIIeNTyalbHY 0 OCHO-
BY 1 OIIHCBIBAET MPOIECCH CHETOHAKOIUICHHU S M CHETOTAasTHUS, NCTIAPEHUS M YBIaKHEHHUS
TOYB 30HBI adpannu, POPMHUPOBAHUS CTOKA, & TAKKE PETYIIMPOBAHUE CTOKA BOJOEMaMHU
B Mpejeniax OMHOPOIHOTO BOZOCOOPa, XapaKTEPUCTHKH KOTOPOTO IPUHUMAIOTCS TOCTO-
SHHBIMH JUTA BCEH €ro miomaand. Moenb MOKeT paboTaTh Kak ¢ MECSIHBIM II1aroM 110
BpPEMEHH, TaK ¥ ¢ TOJOBBIM. B mporecce MonesnpoBaHusi BOZOCOOp MpeACTaBIseTCs
B BHJI€ OJHOPOAHON UMUTHUPYIOIIEH €eMKOCTH, HAaKaIUIMBAIOIIeH MOCTYAIOIIYI0 BOAY U
3aTeM IMOCTETNICHHO €€ OTaroliel. 3HaYeHHs] OCHOBHBIX MTAPaMeTPOB THIIPOIOTHYECKON
MOJIETIH, ONpeestomuX GopMy ruaporpada cToka, MOTYT 3a/1aBaThCs B 3aBUCUMOCTH
OT 03€pHOCTH, T. €. JOJH TUIOIIAIA BOAOEMOB B 00IIeH Iiomann Bogocoopa. Cxema
MO/JIEJIN MIPEJICTaBIeHa Ha PUC. 2.

Mopiesnb npornia BepupHUKannio Ha psijie 00bEKTOB, pacnoiokeHHbIX B CeBepo-3a-
nagHoM pernone Poccun (BomocOopsl pek Turoma, Jlmxwma, Csabra, Omonka, CyHHa,
Hlysi, Oste, Csich, Byokca, Ceups, Benukast, Hea) [7—9] n ®unnsuaun (BomocOops
pex Mycraiioku n Xapaiiokn) [10]. B Hacrosimee Bpemst /L _HM ycrienHo IpuMeHsIeT-
Csl KaKk Cpe/ICTBO OLIEHKH BO3JIEMCTBUA KIMMAaTHYECKUX U3MEHEHNH Ha cTOK pek Cese-
po-3amana PO, a Takke B Ka4eCTBE OCHOBBHI [T pACU€TOB BRIHOCA OMOTEHHBIX BEIIECTB
C BOIOCOOpOB.

Jns pemieHusd 3ajaud, CBSI3aHHOM C KOJMYECTBEHHOM OLIEHKOW BO3JEHCTBUS BbI-
pyOOK Ha CTOK, MOZEINh HYKJIAeTCs B CYyIIeCTBEHHOW Moau(uKanuy OJ0Ka, OTHCHIBa-
IOLIETO CyMMapHOE HCIapeHHe C JIECHOTO BOJ0COOpa, TaK KaK BO3MOXKHBI M3MEHEHHS
ctoka. [loBbImieHHOE BHUMaHHE K OJI0KY HCTIapeHnst 00yCIOBICHO, IIPEKIE BCETO, TEM,
YTO NpH BBIPYOKax jeca M3MEHEHHs CTOKA MPOUCXOAAT UMEHHO 3a CYET YMEHBIICHHS
CYMMapHOTO MCHapeHus C MOBEPXHOCTH BoA0cOopa.

WNuctutytom o3eposencuus PAH coBmectHo ¢ MHcTutyTOM neca Kapenbckoro Ha-
yuHoro teHtpa PAH pazpaborana Mozenb aj1sl pacuera HCTIapEHUS C JIECHBIX MacCHUBOB
EVAP _FOR (CBuneTensCTBO 0 TOCYIApCTBEHHON PETUCTPAITUH MPOrpaMMel i1t OBM
Ne 2019662377) [3, 11—13]. OTIUYUTENbHON YEPTON HACTOSILIEH MOJACIU SIBISETCS
TO, YTO B HEH PacCCUMTHIBACTCS CyMMapHOE HCIIapEeHHE HE TOJIBKO B 3aBUCHMOCTH OT
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PopmMUpOBaHKWE CTOKA HakonneHune Ocaaku u
c Bogoc6opa cHera <—  Temnepatypa
BO34yXa
bbicTpan “ | U
cocTasasoLan
(NnoBEPXHOCTHBLIN M TR CyMMApHOE
P . cHera mucnapeHue
NnoAnoBEPXHOCTHbIM
= ll “ “
BopoooTtaaua YBnaxHeHue
MepneHHasn <—  Bogocbopom < NMoYBbI
cocTaBaAlLLanN
(rpyHTOBBIM CTOK)
YposeHb
—
BoAoema

Puc. 2. Cxema monenu IL_HM.
Fig. 2. Scheme of the /L__HM model.

0CaJIKOB, TEMIIEPATYphl BO3/AyXa U Je(PHUINTA BIAKHOCTA BO3AYyXa, KaK ATO JENAETCs
B a0COIOTHOM OOJIBITMHCTBE M3BECTHBIX MOJICICH HCIIapeHHUs, HO M OT BO3pacTa jeca
1 €T0 TaKCAIIMOHHBIX XapakTepucTHK. CIIOM MCIapeHus C JICCHBIX MAaCCHBOB OIICHU-
BalOTCS KaK CyMMa TPAHCIHPAIMH APEBOCTOEM, UCTIAPEHUS C HAITIOYBEHHOTO MTOKPOBa
U 3aJIep’)KaHHBIX TTOJIOTOM JIeCa OCAIKOB. Y UHTHIBACTCS Pa3HOOOpa3Ue TaKCAIMOHHBIX
XapaKTEPUCTHK JIPEBOCTOS U BO3PACTHBIE N3MEHEHUS PaCTUTEIBHOTO ITOKpoBa. B kave-
CTBE MHTEIPAIIBHOTO ITOKA3aTelIsl XapaKTePUCTHK, BIUSIONIUX Ha (POPMUPOBAHUE HCIIa-
peHus U PU3NICCKUX ACTICKTOB TPAHCTIMPAIIAN, IIPUHUMAIOTCS MacCca JINCTBBI I MHICKC
JUCTOBOM MOBEPXHOCTH. TpaHcrupanus IpeBOCTOEM ONPEACIACTCS KaK MPOU3BEICHUE
MacChl JINCTBHI HA YACTHHYIO BEIMYUHY TPAHCIUPAINH, PACCUUTAHHON IS €TUHUIIBI
IJIOIIA U Ha OCHOBE KCIIEPUMEHTAJIbHBIX AaHHbIX [13]. McnapeHue ¢ HallouBEeHHOTO
[MOKPOBA PACCUUTHIBACTCS KaK (PYHKIUSI BO3MOXKHOTO B KOHKPETHBIX YCIOBHUSX UCIIAPE-
HUS ¢ OE3JIECHOTO y4acTKa M MHJEKCA JINCTOBOM TTOBEPXHOCTH JIpeBocTos. Vcmapenne
3aJIep’KaHHBIX TIOJIOTOM JIeca OCaJIKOB ONPEACISETCS KaK (PYHKIUS MacChl JTUCTBBI U
METEOPOIOTHICCKUX XapPaKTEPUCTHK.

PacderHbie 3aBUCUMOCTH, COCTABIISIONINE OCHOBY MOJEIH, IIPEJACTABISIOT COO0
aTNIPOKCUMAIIUIO KPUBBIX, OMKUCHIBAIONITNX TUHAMUKY CYMMAapHOTO UCIIAPEHUS C pa3ind-
HBIX THIIOB JIECa C YYETOM €T0 PAa3BUTHS C IIIArOM 110 BPEMEHH, PaBHBIM OJTHOMY MECSILY,
Y TIOJIyYCHHBIX B pe3yJIbTaTe 0000IIECHUSI MHOTOJICTHUX SKCIICPUMEHTAIIbHBIX JaHHBIX,
cobpanueix B UuctutyTe neca KapHI[ PAH [13]. ITockoibpKy 3KCTIepUMEHTATBHBIN
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MaTepuaJl, MOJIOKEHHBIN B OCHOBY paCUeTHBIX 3aBHCUMOCTEH, COOMpacs UMEHHO B yC-
JIOBUsIX JiecoB Kapenuu, He BO3HUKAET MPOOJIEM C JIOTIOJIHUTEIIBHON KanuOpOBKOU U
BepHudUKaIued Monenn Ha Bomocobope p. bon. Benmykcrl. B manHO# 3amade monens
EVAP _FOR oGecrieunBaeT MECSYHBIMU 3HAYCHUSIMU CJIOEB UCTIAPEHUSI MOJeNb (hOpMH-
poBanus. Cxema MOJIENH IIpeCTaBIcHa Ha puC. 3.

Ha puc. 4 npeacraBneHo cpaBHEHHE U3MEPEHHBIX U PACCYUTAHHBIX MO MOJEISM
IL HM v EVAP_FOR runporpados cioeB cToka ¢ Bogocbopa p. bon. Benmyxkcs! 3a ie-
puoa 2010—2015 rr. PacueTs! BRITTOTHSUIACH [T CTBOPA HAOMIOAATENBHOM ceTn Pocru-
npomerta B ropone [lynox. [IpuBegennoe Ha puc. 4 3Hauenue kpurepust Hama-Carknu-
¢da NS, paBroe 60 %, monTBep>KAaeT yAOBICTBOPUTEIHHOE COOTBETCTBHE PE3YIHTATOB
HaTYpPHBIX M3MEPEHUM M MOICIUPOBAHUA. MOXKHO MPEANONOKHUTb, YTO 3aBBILICHUE
pPacCCYMTAHHBIX PAcXO/0B BOJBI B MEPHOI MEXKEHHU CBA3aHO C TE€M, 4TO pycio p. bom.

MCI'IEIPEHHE 3aflep>KaHHbIX MoJ10roM sieca ocajkos

 TpaHcnupauus WcnapeHne TpaHcnupauus

Kuakue m TBepAble 0CafKu

d

‘ HarouBeHHbIi MOKpoB ‘

‘ XBOiiHble 1epeBbs ‘ ‘ JIUCTBEHHbIE [1epeBbs ‘

‘ MHAeKc MCTOBOI NOBEpPXHOCTM ‘

Macca nucTsbl (xBou)

Cyxoe BeLecTBO B IMCTBE CpybnieHHOro JepeBa

Puc. 3. Cxema monenn opmupoBaHus ucrapeHus ¢ geca EVAP _FOR.
Fig. 3. Scheme of the forest evaporation model EVAP FOR.
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Puc. 4. I3mepennsie (/) u paccunranssie (2) ruaporpadsr
cToka ¢ Bogocbopa p. bom. Benmmykerr 3a mepron 2010—2015 rr.

Fig. 4. Measured (/) and calculated (2) runoff hydrographs from
the Big Velmuksa river catchment in years 2010—2015.

Benmykchl ipeHupyeT He BeCh CTOK C BogocOopa. YacTk TPYHTOBOTO CTOKa MOXKET TI0-
najath HAMpPSMYIO B pycio p. Boambl, onHako 3To mpezrnonoxkeHue TpedyeT mpoBese-
HUS JTIONIOJTHUTEIHHOTO SKCIIEPHUMEHTAIBHOTO HCCIIEIOBAHNS.

Jlnst pacueTa BhIHOCA OMOTE@HHBIX 3JIEMEHTOB C JICCHOTO BOjOcOOpa, chopMupo-
BaBIIIETOCS B PE3YJbTATE Pa3NIOKEHHS OTIa/la PACTUTENILHOTO MTOKPOBA, IMEETCS CIEy-
01last 3aBUCUMOCTH [14]:

W:Zn:anFi, (1)
i=1

rae W — o0beM BBIHOCA B Mpeenax u3yyaeMoro BojocOopa (Kr/roa); n —4ucio pac-
CMaTPHUBACMBIX PACTUTEIHHBIX COOOTIECTB; 0. — KOA((DUIIMEHT, XapaKTepU3yIOITHi BO3-
MOJKHBIW BBIHOC CO CTOKOM paccMaTpruBaeMOoro OMOTEHHOTO AJIEMEHTAa IIPU Pas3IoKESHUN
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pacTUTENBbHOrO onana; U, — yIelbHOE KOIMIECTBO OMOIE€HHOIO DJIEMEHTA, €XKETOIHO
MTOCTYMAOIIET0 Ha BOJOCOOp C PaCTUTENIbHBIM OMaJ0M i-TO PAaCTUTEIBHOTO COOOIIIe-
ctBa (xr/(ra-Tom)); F . — TUIOIIA/b i-TO PACTUTEIBLHOTO coo00IIIecTBa B TIpe/iesiax u3yda-
emoro BojiocOopa (ra).

CornacHo pekoMeHmanusM padothl [14], mns ycmouii Ceepo-3amama Poccun
3HAUEHHS 0 MOTYT OBITH MpHHATH paBHBIMU 0,035 mmst azora u 0,008 ans gocdopa.
3nadenus U, 1ist pa3in4HbIX THIIOB PACTUTEILHOCTH NPEICTABIIEHBI B Ta0M. 1.

Tabnuya 1
VYrenbHOE cofepkaHnue OMOTCHHBIX BEHMICCTB B PACTUTEIHLHOM omaje [14]

Specific nutrient content in plant litterfall [14]

VrensHOE cofepikaHue, Kr/ra
Twum pacTUTETHHOTO COOOIIECTBA
N 001 | 0011
Jlec xeotinbiii
Ens 36,0 2,0
CocHa 16,0 43
Jlec nucmeennbiii
bepesa 60,0 8,8
JIuna 38,0 9,0
Ocwuna 46,0 4,0
Oibxa 40,0 3,0
Cappl, napku 25,0 2.5
bonomo
Bepxosoe 52,0 10,0
Husunnoe 95,0 12,0
Ilpouue cenvbckoxosaicmeeHHO-He0C80EHHbIE 3eMAU
Jlyra ecrecTBeHHbIe 46,0 5,0
Tepputopun ¢ U3pEKECHHBIM TPaBSIHBIM IOKPOBOM 15,0 1,5

Hcnonp3oBanne omasa B KadecTBE OCHOBHOTO apryMeHTa BBIHOCA OMOTEHHBIX
AJIEMEHTOB 00YCJIOBJICHO €r0 JOMUHUPYIOIICH POJIBIO B MOCTYIICHUH ITHX DIIEMEHTOB
Ha BomocOop. BeiHoc a3ora u ochopa ¢ BomocOOpa ¢ 0KACBBIM U TaJbIM CTOKOM
B 3HAYMTEIHHOHN CTEIIEHU OIPE/eNIIeT yPOBEHh OMOTCHHOM HAarpy3Kd Ha BOJOEM-BOJIO-
MIPUEMHHK, a CJIEIOBATENILHO, U ero TPO(UIECKoe COCTOsIHUE. B cpenHeM nocTyruieHune
azora u gocdopa ¢ omagom coctarmser 80—90 % Bcelt mpUXOTHON YacTH OMOTEHHOTO
OaJlaHCa CIEJNbIX ¥ IEPECTOMHBIX SILHUKOB M COCHIKOB Ha BogocOope [3]. CyiecTseH-
Has pOJIb OMajia B BO3BPATe XMMHUUYCSCKUX JIEMEHTOB B JICCHBIC MOUBBI MMOYSPKUBACTCS
BO MHOTHX paborax [15—17]. [Ipu pe3xom cokpalieHuu orajaa B pe3yibTare BRIpyOoK
IIPOUCXO/IST, B YaCTHOCTH, 3HAUUTEIILHOC CHUKCHUE COJICPIKAHMSI a30Ta B BEPXHUX I0O-
pU30HTAX JIECHOM MOACTWIKK U €r0 MEePeHoC B MUHEpasibHbIe ciiou mouBkl [ 18]. Coot-
BETCTBEHHO CHIKAETCS ¥ BEIHOC OMOTEHHBIX BEIIECTB ¢ BojocOopa.

[Ipu pemeHnn 3a7a4u OICHKH M3MEHEHWH OMOTEHHOTO CTOKa C JIECHOTO BOJIO-
cOopa mocie BBIPYOOK MOKHO TPEATIOI0KHUTh, YTO JIJIS (-TO y9acTKa Jieca KOJIHMYECTBO
OMOTEHHOTO0 AJIEMEHTA, TOCTYIAIOMIETO B JIECHYIO MOJICTHIIKY C PACTUTEIILHBIM OTIaJI0OM
w, (Kr/rom), CKIIaABIBAETCS U3 IByX COCTABIISIONIUX: w=U * 4 U,tne U * — ynenpHOE
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KOJIMYECTBO OMOTEHHOTO 3JIEMEHTA B OIaJIe U «TEPPUTOPUHU C M3PEIKESHHBIM TPaBs-
HBIM MOKPOBOM» (cM. Tabir. 1), u U, — ylenbHOe KOIMIECTBO OHOTEHHOTO JIIEMEHTA
B OmaJie U i-T0 yuacTka jieca (M. tabn. 1). [locne nposenenus BoipyOku snauenune U,
CTAHOBUTCS HYJICBBIM, a 3aT€M C TCUCHHUEM BPEMECHU YBEIUUMBACTCS U Uepe3 Ompee-
JICHHOE YMCJIO JIET JIOCTUTAET MPEKHUX 3HaUeHU. B 3TOM ciiydae B pacyeTHOM cxeme
HOSBISETCA €lle OAUH nmapameTp 7, (YMCIO JIET) — BPeMs JOCTHKEHHs BO3pacTa
pyOoxk i-ro ydactka. ns ycnosuit Kapenun MoryT ObITh NPUHATH CIENYIONINE 3HA-
YEHUSA T[maxz 80 ner mns enw u cocHbl, 60 net ans 6epessl u 40 et st ocuHbl. Ecin
[PEJINOJIOKHUTH, YTO Bo3pacTanue U, MMEET JIMHEWHOU XapakTep [3], To pacyeTHas cxe-
Ma TS OLIEHKH BBIHOCA CO CTOKOM paccMaTpuBaeMoOro OMOTEHHOTO JIEMEHTa 3a CUeT
Pa3IoKEHHsI PACTUTEILHOTO OTa/ia MPHOOpETaeT CICAYIOMUN BUI:

n

W=Zocw,.,

UF npu 7, =0,
w,={(aT,+U")F, npnT <T,

(0T +U")F, ipu T,> T, )

i imax i

e W, — KOJIMYECTBO OMOTEHHOTO JIEMEHTA B PA3JararoleMcs Onaje JUls i-ro THIa
JIECHOTO COOOINECTRA, IOCTYIMHOE JUISl BBIHOCA CO CTOKOM B TEUEHHE PAacYeTHOTO rojia
(Kr/rom); n — YKCIIO NECHBIX COOOIIECTB; 7, — BO3PACT i-Ir0 PACTUTENBHOTO COOOIIIE-
CTBa (YMCIIO JIET); @, — €KETOMHOE YBEIUYCHHUE CONEPKAHUS OMOTEHHBIX DJIEMEHTOB
B OIaJIe TS KaXKI0TO0 i-TO PaCTUTEIBLHOTO coobiecTsa (Kr/(ra-ton)); U® — KOITHMYECTBO
OMOTreHHOTO 3JICMEHTA B OIaJic Ha TEPPUTOPHUIX C U3PESIKCHHBIM TPABSIHBIM TOKPOBOM
(kr/ra); F, — njomazp i-ro pacTUTENLHOIO COOOIIECTBA B IPEENaxX U3y4aeMoro BO-
nocbopa (ra); T, — BpeMs IOCTHKEHHUS BO3pacTa pyOok (4UCIIO JIeT); o — Kod(Pu-
LIUCHT, XapaKTePU3YIOIINH BO3MOKHBIA BBIHOC OMOTCHHOTO 3JIEMEHTA IIPU Pa3I0KEHUN
PACTHTENBHOTO Onaja. 3Ha4eHHus Ko3(p(HUIMEHTa @, PACCUMTAHHBIE C YYETOM NpUBE-
JICHHBIX BBIIIIE 3HAUCHUN TZmax, Mpe/ICTaBJICHbI B TA0. 2.

Tabruya 2
3Havenus napamerpa a, B hopmyie (2)

The values of the parameter a,in equation (2)

Tun pacTUTENHLHOTO a, kr/(ra-ron)

coo0IecTBa N _ | P

001

Jlec xeotinbiiil

Exb 0,45 ‘ 0,025
CocHa 0,2 0,05375
Jlec nucmeenmwiii
Bepesa 1 ‘ 0,1467

Ocuna 1,15 0,1
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®Dopmyna (2), a TakKe 3HAYCHUS TaPaMETPOB, MTPUBE/ICHHBIC B Ta0M. 2, SBISIOTCS
ABTOPCKOH pa3paboTKOli B paMKax HACTOSILETO UCCIICIOBAHMSL.

[IpencraBieHHBIN BhIIIE MaTEMATHYECKUI almapar MpeacTaBiIser co00i OCHOBY
JUTSL BBITTOJTHEHHSI CEPUU UMUTAIIMOHHBIX PACUETOB MO BBISBICHHUIO U KOJIHMYECTBEHHON
OTICHKE M3MEHEHUH CTOKa M BBIHOCA a30Ta U Gocdopa ¢ IECHOTO BogocOopa B pe3yib-
TaTe BEIPYOKH U TIOCTICIYFOIIEr0 BOCCTAHOBIICHHUS Jieca.

Pesyabrartsl u o0cyxkaeHune

Ha nepBom sTarie uccineaoBanus BBITOTHSINCH PACUEThl HCIIAPEHHs U CTOKA C BO-
noc6opa p. bon. BenMykcbl npu cpeqHHX MHOTOJETHHX 3HAYEHUSAX METEOPOJIOrHYe-
CKHUX MapaMeTpoB (KOJIMYeCTBa 0CAJAKOB M TEMIIEPaTyphl BO3AyXa) M XapaKTepHUCTUKaX
JIECHOTO MOKPOBa, COOTBETCTBYIOMMX ypoBHIO 2018 1. [Tocie aToro mpoBouiIach UMHU-
Talysi MPOBEACHUSI CIIOMIHONW BBIPYOKH Ha pacueTHOH Jiecoceke Iuromanpio 125 ra,
cocrasmstomiei 0,9 % o61mel Turomaay MoKpsITON JIecoM JacT Bogocoopa. [1pu atom
COOTHOLICHHUE MTOPOJ ICPEBLEB COXPAHSIIOCE.

Pesynbrar oka3zaics BrojHe okuaaeMbiM. M3menenne ucnapenus Ha 0,9 % mto-
maan Bogocbopa BU3yasbHOTO d(deKTa o M3MEHEHUIO THaporpada cToKa HE JIaH.
YMeHblIeHHEe CyMMapHOTo ucmapeHusi ¢ BogocOopa coctasmwio 0,03 % HayaabHOTO
3HAYEHUS, COOTBETCTBEHHO CTOK yBenmuwmics Ha 0,05 %. YMeHbIICHHE JINCTBEHHOTO
omaja mnocje BHIPYOKM Ha yKa3aHHOM IUIOMIAAM TaKXe MPHUBEIO B HE3HAYUTEIHLHOMY
COKpaIICHHUIO0 BbIHOCA a30Ta u (Gochopa — He Oosiee yem Ha 0,5 % MO OTHOLICHHIO
K ypoBHio 2018 .

[Tony4eHHBII pe3yiabTaT OOBSCHSIETCS TEM, YTO B XOJ€ IKCILIyaTaluu JIECHOTO
(oHIIA B COOTBETCTBUM C CYIIECTBYIOUIMMU PEKOMEHIALMSIMH BEACHUS JICCOXO35ii-
CTBEHHOM JEATEIBHOCTH HA JOCTATOYHO KPYITHOM (OTHOCHTENBHO TUIOIAAN €KETO-
HBIX pyOOK) BotocOope 00beM BhIpy0aeMoro JpeBOCTOS U ILIOMIAb CO3/1aBaeMbIX IPU
3TOM HOBBIX BBIPYOOK Ha BOAOCOOpE KOMIIEHCHPYIOTCS 3a CUET Mpolecca JECOBOC-
craHoBieHus. [Ipu 3TOM Al pacyeTHOH Jiecoceku 00beM BBIpyOaeMOH JpeBEeCHHBI
IIPUMEPHO paBeH 00beMy IIPUPOCTA, U CTEHECHb BAPHUPOBAHUS CTOKA M BBIHOCA XU-
MHYECKHX BEIIECTB B 3aMBIKAIOLIEM CTBOPE Maj0 3aBHCUT OT JIECOMPOMBIIIJICHHOM
JeSITEIIbHOCTH YeJI0BeKa.

J1J1s OLIeHKH YyBCTBUTEIBHOCTH BHYTPUTOOBOTO PACIPEIEIICHHSI CTOKA C JIECHOTO
BOJI0COOpPA K TUTIOTETUYECKUM BBIPYOKaM Jieca Ha ropaszio OOJIBIIHNX IIIOMIAISX TPOBe-
JICHbI pacyeThl, IMUTHpYIOIIKe nocieacTsust Beipyoxu 50 u 100 % neca Ha BogocOope
p. bonbuioii Benmykcesl. Takue BBICOKHE 3HAYEHUS IPUHSATHI HE TOJIBKO JUIS YIIy4LIEHUS
BU3yaJIM3aluU Pe3yJIbTaTOB MOJICINPOBAHNUS, HO U JUISL OLIEHKHU IPAaHHIl MAaKCUMAaJIbHBIX
BO3MOJKHBIX U3MECHEHHH CTOKA M BBIHOCA OMOTEHHBIX BELIECTB B PE3yJbTare BHIPYOOK
Ha HcclieayeMoM BogocOope. Pe3ynbrarel pacueToB, BHITOIHEHHBIX C WCMOJIB30BAHU-
€M CPEIHMUX MHOTOJICTHUX 3HAYEHUH METEOPOIOTHUECKUX TapaMeTPOB, IPEACTABICHBI
Ha puc. 5.

Pacuetsl mokasany, 4To H3MEHEHHE CYMMapHOI'0 NCIIAPEHNUs 110CIIe BBIPYOKH Hau-
OoJiee BBIpaKEHO B JICTHE-OCCHHUI mepuoj. B cpeanem 3a rox mcmapeHue CHUKAET-
cs Ha 20 mm/ron ipu 50 %-Hoit BeIpyOKe u Ha 48 mm/ron tipu 100 %-Hoii BeIpyOKe.
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Puc. 5. BayTpuronosas AnHaMIKa CyMMapHOTO HCTIapeHus (a) u cToka (0)
¢ BogocOopa p. bon. Benmmykcst o cocrosiauio Ha 2018 1,
a takke nocie Bepyoku 50 u 100 % obuiei miomaay Jieca.

Fig. 5. Monthly dynamics of total evaporation («) and runoff (6)
from the Big Velmuksa catchment in year 2018,
as well as after cutting down 50 % and 100 % of the total forest area.

COOTBETCTBCHHO Ha 3TH K€ 3HAYCHUS YBEIIMYMBACTCS U TO0BOM cToK. Haubosnee 3Ha-
YIMOE BO3pacTaHHMe CTOKAa OTMEYaeTCsl B TIEPUOJIBI BECEHHETo MoJoBOIbs (Ha 9 % mo
OTHOIIIEHUIO K CPETHUM KIMMaTHUECKUM 3HAYCHUSIM) M OCCHHUX JIOXKIAEBBIX ITABOJIKOB
(Ha 25 %).

JJis1 OIIeHKH BO3MOYKHBIX U3MEHEHHH TOJJOBOTO CTOKA W BEIHOCA OMOTEHHBIX dJie-
MEHTOB B PE3yJIbTaTe BHIPYOKH Jieca W MOCIEAYIOIeTo JECOBOCCTAHOBICHHUS BBITIOIN-
HEHa Cepusi IMUTAIIMOHHBIX PACUETOB, WILTIOCTPUPYOIIAs JHMHAMUKY H3MEHEHHSI CII0S
CTOKa U MacChl BBIHECEHHBIX 00I1ero azota u odmero gocdopa 3a neproa BpemeHU
OT MOMCEHTa BBIPYOKH JI0 TOJIHOTO JIECOBOCCTAHOBJICHUSI Ha BogocOope p. bon. Bern-
MYKCBI. 3Ha4€HHS BEIHOCA OMOTEHHBIX AIIEMEHTOB, PACCUNTAHHBIE C MCIIOIb30BAHUEM
ypaBuenwust (2) mist yenosuit 2018 1., cocraBuim 22,3 ™N/rox (160,4 krN/(km? ron)) u
0,52 tP/rox (3,7 krP/(km*-To1)). MOKHO 3aMETHUTh, YTO TIOJyYCHHBIN PE3yIIbTaT COOT-
BETCTBYET U3BECTHOMY paHOHUPOBAHHIO BhIHOCA a30Ta U ocopa Ha poccuiicKoit ya-
CTH BomocOopa DUHCKOTO 3amBa B 00J1acTH banTHHCKOTO KPUCTAUITMUECKOTO IIHTA,
MIpeICTaBICHHOMY, HanpuMmep, B padote [9]. IlpuBeneHHbIe 3HaYCHHSI BRIHOCA B yC-
noBusix 2018 . mOCHyXKWIM Ha4adbHBIM YCJIOBUEM JJIsSi BBITIOTHEHHSI T1OCICIYOIINX
MMUTAIMOHHBIX PACYETOB IO OLIEHKE MOCIEACTBUN BBIPYOKH.

Tax ke Kak ¥ B CIy4dae pacueToB CTOKA, pacueThl M3MEHEHHs JINCTOBOTO OIaja
Ha Jiecoceke, TIIoMmaab KoTopoi coctanmsua 0,9 % miomany BogocOopa, BU3yaabHOTO
a¢dexra npu MOJACTUPOBAHUH BBIHOCA C BOAOCOOpa OMOTEHHBIX JIEMEHTOB HE Jallu.
Pesynbrarhl pacueToB MOCICICTBUI TMIIOTETHYCCKON BhIpyOku 50 % momaau Jieca
Oosee onryTUMEI (puc. 6).

Ha ocHoBe npezicTaBIeHHBIX MaTepHaiOB MOXKHO CJIEIaTh BBIBOJ O TOM, YTO MO-
JIeIb OMMCBIBACT JUHAMHUKY MPOLECCOB UCIAPEHUs K CTOKA B IMIEPHOJ JIECOBOCCTAHOB-
JIEHUsI aJIeKBaTHO CYIECTBYIOIIUM IIpPE/ICTABICHUSAM, OCHOBAHHBIM Ha pe3yibraTax
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Puc. 6. [luraMuka cpenHETOAOBBIX 3HAYCHUH HCIIApEHUs U CTOKA (),
a Taxke BBIHOCA a30Ta U (hocdopa (6) B mporiecce IeCOBOCCTAHOBICHUS
nocie Beipyoku 50 % mmomaau neca Ha BogocOope p. bor. Benmykcer.

Fig. 6. The dynamics of the mean annual values of evaporation and runoff (a) and the removal
of nitrogen and phosphorus (6) in the process of reforestation after cutting 50 % of the forest
area in Big Velmuksa catchment.

MHOTOJICTHUX HATYPHBIX HaOmroneHuid. [Ipyu 3TOM MpOMOIKHUTEIHHOCTh JIECOBOCCTA-
HOBJICHUS JIJIs1 pAaCCMaTPUBAEMOT0 00BEeKTa cocTaBisgeT okoio 80 yet.

B cooTBeTcTBHE € pe3yasraTaMu MOJEIUPOBAHUS TUIIOTETHYECKast BEIpyOka S0 %
neca Ha BogocOope p. bon. Bemmykcbl MOXeT MpPUBECTH K PE3KOMY CHIDKEHHIO JIH-
CTOBOTO OTIaJia U, COOTBETCTBEHHO, K CHIDKEHHIO BBIHOCA OMOT€HHBIX 3JIEMEHTOB, 00-
pasyronmxcst B pe3yibrare €ro pasjokeHus. s ycioBUl MpPOBEIEHHOW WMHUTALWU
MepBOHAYATBHBIN BRIHOC CHU3UTCS 7S a3ota Ha 7,3 1/rox (34 % ot yposHs 2018 1)
u s gocdopa wa 0,17 1/rox (33 % ot yposas 2018 1.). [lanee, mo mepe JiecoBoccTa-
HOBJICHUS, Yepe3 55 neT 3HaYeHus BEIHOCA a30Ta U pochopa BOCCTaHOBATCS J0 YPOBHS
2018 . 3arem mociieAyeT HeOOIBIIOE YBEIHUSHIE KaK CTOKA, TaK U BBIHOCA OMOT€HHBIX
3JIEMEHTOB, CBA3aHHOE C MPOAOJIKEHUEM JIECOBOCCTAHOBIIEHUS XBOWHBIX MTOPO/T BIIJIOTh
no 80-ro roza mocie BeIpyOKH. MakcHManbHOTO BO3MOXKHOTO CHIDKEHHS TIOKa3aTesei
BBIHOCA MOYKHO OKUATh B TiepBhIe rojbl mocie 100 %-Hoit BeipyOku — 14,3 TN/rox u
0,35 TP/rox.

[TomyueHHbBIE OIICHKU W3MEHEHHUH CTOKA M BRIHOCA OMOTCHHBIX 3JIEMEHTOB C JIEC-
HOTO BOJI0COOpa B pe3y/IbTaTe BhIPYOKHU SIBJISIOTCS BEChMa MPHUONIMIKCHHBIME, TaK Kak
HE YYHUTHIBAIOT PSJT BAYKHBIX ITPOIIECCOB, BIHUAIONINX KaK Ha CTOK, TAK U Ha BEIHOC a30Ta
u pochopa. He yuuThIBatOTCS M3MEHEHUSI TAKCAIIMOHHBIX XapaKTEPUCTHK JIeCa B MPO-
1iecce JJIECOBOCCTAHOBIICHHS, a TAK)KE PE3KOe BO3pacTaHNe SPO3UH U CBI3aHHOTO C HEl
BBIHOCA XMMHUYECKHUX BEIISCTB B TEPBBIM IO MOCIBI BRIPYOKH 3a CYET HApYIICHUS
CTPYKTYPBI TIOBEPXHOCTHOTO cJos 1o4B. [locie BeIpyOKM Bo3pacTaeT BEpOATHOCTH BO3-
HUKHOBEHWSI «3aITHPAIOIIETO CIIOS», BOZHUKAIOIIETO PU MPOMEP3aHUH TOBEPXHOCTHO-
IO CJI0S TIOUBBI U MEPEBOASAIIETO TaNbI CTOK B MOBEPXHOCTHYIO cocTaBistomyto. OT1-
CYTCTBHE 3aIMPAIONIETO CIIOS B JIECY MPUBOANT K CHIDKEHUIO MaKCHMAJIBHBIX PACXO/I0B
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B MIEPUOJ CHETOTAsIHUS U YBEJINYCHUIO MEKCHHOTO CTOKA. YUeT 3THX U JPYTHX (aKTo-
POB, BIMSIONIMX Ha CTOK M BRIHOC OMOTEHHBIX 3JIEMEHTOB C BOOCOOpa, TpeOyeT mpo-
BEACHUS CEPbE3HbIX HATYPHBIX HCCIIEIOBAHUM, AJISI KOTOPBIX HEOOXOAMMBI COOTBET-
CTBYIOILIME MaTepUabHbIC 3aTPaThl, a TAK)KE BBICOKAsI KBAIM(HUKALNS CIICIHAIICTOB.
Tem He MeHee IpeACTaBICHHbIE B HACTOALIECH CTaThe PE3yJbTaThbl II03BOJISIOT CHIEJIATh
MIPEABAPUTENBHYIO OLEHKY MaKCUMAaJbHBIX BO3MOXKHBIX M3MEHEHHH CTOKa M BBIHOCA
OMOTeHHBIX IEMEHTOB C JIECHBIX BOAOCOOPOB KaK MY pealbHbIX, TaK U IIPH THIIOTETH-
YeCcKUX MacuTabax BeIpyOku jeca. [IpuHIMInanbHeIX U3MEHEHUH PE3yIbTaToB MOJie-
JIUPOBAHUS €/1Ba JIM CTOUT OXKUIATh JaKe P yUeTe B pacyeTax MepeurucIEHHBIX BhIIIE
0COOEHHOCTEH M 3aKOHOMEPHOCTEH N3yTaeMBIX ITPOIICCCOB.

Celfuac TpyaHO NMPEACTaBUTD, YTO HA TAKMX JOCTATOYHO KPYIHBIX BOILOCOOPHBIX
IIOMIAIAX OyayT MIPOBOIUTHCS CIUIONIHBIE pyOKH. TeM He MeHee, 0 TaHHBIM paboTHI
[19], B HacTosiee BpeMs jiecaMu B Oacceitne OHEXKCKOro 03epa MOKPHITO YKE BCEro
54 % mnonianu BogocOopa. [1pencrapieHHble B HACTOSIIEH paOOTE OLICHKH MO3BOJISIOT
KOJIMYECTBEHHO CYIUTHb O BO3MOXHBIX HKCTPEMAJIbHBIX M3MEHEHMAX CTOKA U BBIHOCA
azota u Qocdopa B IKCTpeMalbHBIX YCIOBHSIX BEACHUS JECHOTO X03sicTBa. Eciu xe
OyzeT CTOSITh 3ajada OLUEHUTh HOCIEICTBUS CIUIOIIHON BBIPYOKHM HAa €IMHUYHOW Jie-
COCeKe, TO pe3yNbTaThl THnoTeTnYeckux pacyetoB 100 %-Hoi BBIpYOKH MpHOOPETYT
BITOJTHE peabHOE MPAaKTUYECKOE BOILIOIICHHE.

3akjoueHue

* llpeamoxeHHass OTHOCUTENHHO TPOCTasi MOAETh (POPMUPOBAHUS CTOKA W BHI-
HOCa OMOTEHHBIX DJIEMEHTOB C JIECHOTO BOIOCOOpa MO3BOJISIET OMUCHIBATH H3yYacMble
MPOIIECChl B AMHAMUKE M C JOCTATOYHOM CTEMEHBIO aJIeKBaTHOCTH CYIIECTBYIOIINM
AKCIIEPUMEHTAIBHBIM JTAHHBIM.

e VIMuTaIMOHHOE MOJICNMPOBAHNE MPOBEJCHHS CIUIOIIHOW BBIPYOKM Ha pac-
YETHOH JIecOoceKe BBIOPAHHOTO 3KCIIEPHMEHTAIBHOTO Bomocbopa p. bom. Bemmyxkcsl,
II0MIab KoTopoit cocrapisieT 0,9 % obiel miomanm, He Janu BU3yaabHOTro 3 hek-
Ta Kak Mo M3MEHEHWIO TuAporpada CTOKa, TaK U COKPAIIEHUIO BRIHOCA a30Ta M (oc-
¢dopa c BogocOopa. Vi3MeHeHUs pacueTHBIX BEJTHMYUH HE MPEBOCXOAAT JOJIH MPOLECHTA
OT MIePBOHAYAIBHBIX 3HaYeHU. [TomydeHHBINH pe3yabTar OOBSICHIETCS TEM, YTO 00beM
BBIpyOaeMoii IPEBECUHBI IPUMEPHO PABEH 00bEMY MTPUPOCTA U CTEIICHh BAPbUPOBAHUS
CTOKa M BBIHOCA XMMHUYECKUX BEIICCTB B 3aMBIKAIONIEM CTBOPE Majlo 3aBUCHT OT Jie-
COTIPOMBINIUIEHHOW JEATENFHOCTH YeIIOBEeKa, €CIIM OHa BBIMTOIHSIETCS B COOTBETCTBUU
C JICHCTBYIOLIMMH TPaBHIIAMH.

* MIMHATanIMOHHOE MOJEITUPOBAHUE TIOCIICICTBHIA THITOTETHIECKOU BRIPYOKH 50 1
100 % momaay geca Ha SKCIIEPUMEHTAIFHOM BOIOCOOPE MO3BOIMIIO OLIEHUTH HHTEP-
BaJI BOBMOKHBIX 3KCTPEMaJIbHBIX U3MEHEHUH CTOKA U BHIHOCA OMOTEHHBIX DJIEMEHTOB.
Tak, nocne 100 %-Ho¥ BBIPYOKH Jieca MOKHO OXHJIaTh yBEJIHMUYEHHE CTOKA C BOJIOC-
Oopa Ha 48 Mm/ron U cHKeHHe BhiHOCA Ha 14,3 T™N/rox u 0,35 TP/rox. [Tpomomxku-
TEIBHOCTh TOCIEAYIOIETO JIECOBOCCTAHOBIEHUSI M CBSI3aHHOTO C HUM BO3pPacTaHUS
BbIHOCA a30Ta 1 pocdopa, 00yCIOBICHHOTO yBETNUECHUEM JIUCTOBOTO O3], COCTaBHUT
oxouo 80 ner.
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° Cnez[yeT OTMCTUTBH, YTO OJHHM H3 HanOoee NEPCIICKTUBHBIX HaHpaBJ'IeHI/Iﬁ
Pa3BUTUA HACTOALICTO MCCICAOBAHUS ABJIACTCA MOJCJIbHAsA OIICHKA BO3MOKHBIX U3MC-
HEHUH CTOKAa M BHIHOCA OMOTECHHBIX BJIEMEHTOB C JICCHBIX BOI[OC60pOB B pE3yJibTaTe
KJINMaTHYCCKUX U3MCHCHUM.
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OueHka r1yOMHbI 3UMHEl KOHBEKIIUU
B JlogoreHnckoit korioBune Hopse:xkckoro mopst u
METO/AbI €€ OLIeHKH

B.C. Tpaexun, T.B. benonenxo
Camnkr-IletepOyprekuii rocynapcTBeHHBIN yHUBepcuTeT, CankT-IleTepOypr, btvlisab@yandex.ru

Paccunrana riryouHa 3uMHeli konBekunu B Jloporenckoii kotioBnHe HopBexckoro Mopst o JaHHbIM
okeannueckoro peanannza GLORYS12V1 3a nepuox 1993—2018 rr. s onieHHBaHMA ITyOUHBI BEPXHETO
kBazuogHopoaHoro ciost (BKC) npumensioTes nsa He3aBucumbIx Metozia: Kapa n Monteryta. ITocTpoensr
cpenHeMecsYHbIe (1ekabps — ampeins) kapTel nryounsl BKC. IlokazaHo, 4To MakcHMasbHbIE 3HAYEHHS
ryounsl BKC ormeuatotcst B paiioHe pacnonoxenust JloporeHckoro Buxpsi. YCTaHOBICHO, YTO B Map-
Te mIyOoKast KOHBeKIMsA MakcumaibHa: Tiryonna BKC mocturaer 400—500 M (B apyrue mecsiupl 200—
400 m). HaGnromaercst rennennus ysenndenus rryounsl BKC k ceBepy u ceBepo-3anany akBaropum. [1o-
Ka3aHo, 4To MeTo MoHTeryTa JjaeT 3aHmkeHHbIe oneHkH niryonns BKC o cpaBHenuto ¢ merogom Kapa.

Kniouesvie crosa: JIohoTeHCKas KOTIOBUHA, 3UMHSS KOHBEKIINS, INIyOUHA BEPXHETO KBa3HOJHOPOJIHO-
ro cinosi, BKC, Jlodorenckuii BUXpb.

Mixed layer depth in winter convection in the Lofoten Basin
in the Norwegian Sea and assessment methods

V.S. Travkin, T.V. Belonenko
St. Petersburg State University, St. Petersburg, Russia

We calculate the depth of winter convection in the Lofoten Basin in the Norwegian Sea using the
oceanic reanalysis GLORYS12V1 data for the period 1993 to 2018. Two independent methods are used to
estimate the depth of the mixed layer depth (MLD). We call the first method as the Kara method and the
second one as the Montegut method. We build the monthly average maps of the MLD for the period from
December to April. The maximum values of the MLD are observed in the area of the Lofoten Vortex. The
MLD is maximal in March reaching 400-500 m, and 200 to 400 m in the other months. The MLD tends to
increase in the northern and northwestern parts of the study area. We show the estimates of the MLD ob-
tained by the Montegut method to be underestimated in comparison with the estimates by the Kara method.
We estimate coefficients of the linear trend for monthly averaged MLD values from December to April for
the period 1993 to 2018. We demonstrate in the interannual variability that the winter convection decreases
in December, January, and February at the end of the study period, but it increases in March and April. This
means a shift in the periods of maximum development of winter convection to a later date. This shift may
be due to the processes of global warming. There is a significant intra-monthly variability when the values
of the MLD can differ by 1.5-2 times during a month. Since the methods by Kara and Montegut are based
both on empirical criteria, the estimates of MLD in the Lofoten Basin differ from each other. However, the
empirical approaches for MLD estimates make it impossible to determine the advantages of one method
relative to another.

Keywords: Lofoten Basin, winter convection, mixed layer, mixed layer depth, MLD, Lofoten Vortex.
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BBenenue

JlodoTeHckasi KOTIIOBHHA SIBJISIETCSl Tororpaduuecku 000coOIeHHBIM 00pa3oBa-
HUEM W OrpaHudYeHa xpeOTamu MoHa Ha ceBepo-3amajie, XelbreaaH Ha ro-3amnae,
CKaHJIMHABCKUM I10JIyOCTPOBOM Ha BOCTOKE U yiato BopuHr Ha tore (puc. 1). OcoOeH-
HOCTBIO JIOQOTEHCKO# KOTIOBHHEI SBISIETCS BHICOKAs ME30MACIITa0HAs aKTUBHOCTh U
CyLIECTBOBaHHUE B €€ HanOojee ITyOOKOBOAHOW YaCTH KBa3UIIOCTOSIHHOTO aHTHUIUKIIO-
Huueckoro Jlodorenckoro Buxps [1—7]. OqHOM U3 NPUYUH, BIUSIOIIUX HA CTA0HIIb-
HOCTh JlohoTeHCKOTO BUXPS, SIBIISETCS TITyOOKast 3SUMHSISI KOHBEKITHS, SBIISIOIIAsICS Me-
XaHU3MOM €T0 €KETOHOW pereHepalmu.

B pabore [8] aBTop, rconbiyst MITgem u MeTox pacdera TiryOWHBI BEpXHETO KBa-
suonHopoHoro ciost (BKC), onncannsiii B padote [9], moka3as, 4To riyOoKas KOHBEK-
s B 3uMHIH niepuon 1997—2004 . B paiione Jlodorenckoro Buxps Obliia criocoOHa
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64°Now * 6 E SVPE NN -4000

Puc. 1. Paiion ncciaemoBanus.

L{BeroBas mkana — gonHas Tornorpadus (M). CtpenkaMu 0003HaYE€HB! OCHOBHBIE TEUCHMSI:
1 — Hopgexckoe ¢poHTansHoe TeyeHue, 2 — Hopaexckoe ckiioHoBoe TeyeHue, 3 — Hoppexckoe
npuopexHoe TeueHue. benoi OKpyKHOCTBIO CO CTPEIKaMK OTMEUECHO MECTOTIOI0KCHUE
KBA3UIIOCTOSTHHOTO aHTHIUKJIOHIYecKoro JlooTeHckoro BUXpsl.

Fig. 1. The study area.

The color indicates bottom topography (m). The arrows indicate the main currents.
1 — Norwegian Frontal Current, 2 — Norwegian Slope Current, and 3 — Norwegian Coastal Current.
The white circle marks the location of the quasi-permanent anticyclonic Lofoten Vortex.
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nocturarh ryoussl 6onee 1000 m. [TomoOHbIe aHOMaTBHBIE OIIEHKH TTYOMHBI KOHBEK-
LMK B 3UMHUE 1iepro Obutd naHbl B padote [10], e aBTopsl ONMUPATUCH HA JJAHHBIC
HaTYpHBIX ChEMOK, a Takxke B padote [11], tae pacuer mmyounst BKC mis mepuona
1993—2012 rr. mpousBoamicsa no nanabiM MITgem u 6yeB ARGO npu ncnonb3oBa-
Huu Metona Jlyxosckoro [12].

[IpuTok TEmnbIX W COJEHBIX BOA B MPOMEXKYTOYHOM CIIOE MPEMATCTBYET pa3BH-
THIO TTyOOKO# KOHBeKImH [13], 9T0 XapakTepHO ISl 3SMMHETO TIEpHoaa Mopel cydap-
kTrdeckoi Armantuku u CeBepHoro JlenmoBUTOTO OKeaHa, Ijie B IPUITOBEPXHOCTHOM U
IIPOMEKYTOUHOM CJIOE paclpOCTPaHEHBbI TEIUIbIE U COJIEHbIe aTiianTu4Yeckue Bojsl [10].
B patione JlohoTeHCKON KOTIIOBUHBI MTOBCIOY 32 CKITIOYCHUEM CaMOU TITyOOKOBOTHOM
YacTH 3UMHSS KOHBEKLUS gocTuraet nryounsl 6osnee 400—600 M, HO HHTEHCUBHOCTD
€€ BBIIIE BHYTPH aHTUIIUKIOHUYECKIX ME30MAacCIITa0OHBIX BUXPEH, 1 0COOEHHO B paifo-
He pacnionoxenus JloporeHckoro Buxps [8, 14].

B nocnennue necsatuneTst ObUTM MPEANPHHSTHI IEPBHIE MOMBITKU MOJCYeTa TITy-
ounabl BKC ¢ ncrions3oBaHreM CITyTHHKOBBIX JaHHBIX. BriepBble anroput™ i ompe-
JICJICHUS] TIIyOUHBI MMEPEMEIIAaHHOTO CJIOS 110 CITyTHHKOBBIM JJAHHBIM OBUT MPEIIOKEH
B pabote [15], aBTOPBI KOTOPO# MCIOIB30BAIH METOJl TEPMUUICCKON WHEPITHH, IT03BO-
nsroui onpenenuts Tiyouny BKC mo «remrieparypHOMY OTKITMKY» TOBEPXHOCTH,
MOABEPKEHHOM BO3/IEMCTBUIO H3MEHAIONIETOCS BO BpEMEHH MTOTOKA TEIJIOBOM SHEPTUU.
Tepmuueckas HHEPIINS CBsA3aHA C BEICOKOW TEIUIOEMKOCTHIO MOPCKOM BOJIBI, ISl KOTO-
poli xapakrepeH HeOOJbIIOW JUana3oH TEeMIEpaTypHbIX u3Mepenuit. s Muposoro
okeaHa (hopMyiTa TEPMUIECKOTO OTKIINKA UMEET CIETYFOIINI BUI:

0T = QT 1,
Jo
rae ) — MOBEPXHOCTHBIN TEIIOBON TMOTOK; (® — YacToTa U3MepeHwuii; 7/ — Terno-
Basi HHEpLUSI (TTOKa3bIBAIOILAS], HACKOIBKO MEIUICHHO TEMIIEPATypa Tesa MPHOIIKaeTCs
K TeMIIepaType OKpY Karollei cpe/ibl U KOTOpasi 3aBUCHT OT MOMIONIAIOIIEH CIIOCOOHO-
CTH 3TOTO TEJIA, €T0 YACIbHON TEIUIOEMKOCTH, TEINIONIPOBOAHOCTH, Pa3MEPOB U JPYTUX
¢axTopoB). K coxaneHuto, npeyioKeHHBIA alrOpUTM UMENl HU3KYI0 TOYHOCTD ISl Ce-
BEPHBIX PANOHOB.

ABTOpBI paboTsl [16] chopmMynrpoBaIl MPOCTYIO CTATUCTHUYECKYIO MOJEINb IS
nporao3upoBanus Bapuanuii BKC no mapamerpaM BeTpoBOro nepeMeninBaHus ¢ Uc-
ronp30BaHueM ckopoctu Betpa (U), meprona (75) 1 BBICOTHI (/s) BOIHBL, B pe3ylibTare
yero mryouna BKC (H) paccuuTbiBaeTcs 10 clieayonieii hopmyie:

H=12,5H +0,2UT..

Pesynbrarhl, 1ojiydeHHbIC ¢ MCIIOJIb30BAHUEM JaHHON (hOPMYIbI, CPABHUBAIUCH
¢ smnupuieckumu orieHkamMu BKC, momy4eHHbIMHE ¢ HCTIONb30BaHNEM U3MepeHui OyeB
Argo B nnuiickoM okeane. PaccuntanHble 3HaYCHHS KOAPPHUIIMEHTA KOPPEISIIIUU JI0-
cruramu 0,72 nins 0ObeMIMHEHHON BBIOOPKHU 3a JICTHUH TEPUOI, YTO CBUICTEIBCTBYET
0 XOpOILIEM COOTBETCTBUU MOTYUCHHBIX PE3YJIbTaTOB HATYPHBIX U CITyTHUKOBBIX M3ME-
pennit. K coxxanenuto, JaHHBIA METOI HEIB3s MPUMEHSITH IS olleHKH TryonHsl BKC
B BBICOKHUX LIHPOTAX.
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[lepBbIMU MTPEIOKUIIN HCIIOIB30BATh AILTUMETPHUECKUE U3MEPEHUS Il MOHU-
TOpPUHTA IITyOOKO# KOHBEKIIMH B OKeaHe aBTOPHI paboTsl [17]. JanbHeliniee pazButre
ATOTO TO/X0/1a TaHO B padote [ 18], rae npeniokeH OpUTrHHAIBHBIN MEXaHU3M OTIpeJie-
JICHHs1 PallOHOB ITyOOKOH KOHBEKLIMH 10 MUHUMAaJIbHBIM 3HAYEHUSIM aHOMaJIMH cTepu-
YEeCKHUX KoJeOaHWH YPOBHS ¢ UCIOIb30BaHNEM KOMOMHMPOBAHHBIX JaHHBIX aJIbTHMe-
TPUUYECKHX U TPAaBUMETPHUECKUX CITyTHUKOBBIX N3Mepenuiit GRACE 3a 2003—2015 rr.
B paborax [19, 20] ans onpeaeneHus TTyOOKOH KOHBEKIIUH OBLT pa3paboTaH AWArHO-
CTMYECKHI MOAXO Ha OCHOBE CEPUH KIIMMATHUECKUX MHICKCOB.

J1J1s1 pernoHOB, PacIOIOKECHHBIX B BBICOKUX HMIMPOTAX, AJISl ONPEIeIICHHS TITyOUHbI
BKC xopomio cebst 3apekomenaoBan metoxa Jlyxosckoro [11, 12]. B atom merone Her
3apaHee 3alaHHOTO KPUTEPHUsl Pa3HOCTHU INIOTHOCTEH, a 3a myouny BKC npunumaercs

¥4

OosbIiie 7 cpeTHeKBaAPaTHIECKUX OTKIIOHEHUN TPaIieHTa MOTEHI[NAIbHON TUIOTHOCTH
B cioe = 100 M ot mryounst /: [(h — 100), (42 + 100)]. B pabote [11] moka3ano, 9To mist
MeToaa JlyXOBCKOTO HAWIYYIINMHU ObUTH pe3yabTaThl, TIOTYYEeHHBIC TIPH 11 = 2.

[To mannapM pador [4, 11, 21], npouecc 3armyonenus BKC B JlodhoTeHckol KoT-
JIOBWHE HAYMHACTCS B KOHIIC HOSOPS — Hadaje AeKadps, M y)Ke K KOHITYy AeKadps H0-
cturaet 3HaueHuH O6osee 100 M. MakcumanbHo# Tiryouasl BKC mocturaer B mapre, o,
comtacHo [11], maxke B Mae B OTIEIBbHBIC TOABI (PUKCHPYIOTCS 3HAYUTEIIBHBIC TITyOWHBI
BKC. B neramii mepuon riryomaa BKC coctamiset Bcero mumms 20 M [ 14, 22]. [myouna
BKC B paitone JlohoTeHCKON KOTIIOBUHBI YBETUIUBACTCS B HAIPABICHUH C BOCTOKA Ha
3amaz. Tak, HECMOTpS Ha TO YTO Temmeparypa Box HOpBeKCKOTO CKIIOHOBOTO TEYEHUS
JIOBOJIGHO BBICOKAs, BOJHM3M KOHTHHEHTAIBHOTO CKJIoHAa HopBernm 3a cdetr BOJ MEHb-
meit comeHocTu (mocturaromielt 3HadeHni Menee 35) mryobnna BKC B 3umuMit mepuon
He npesbimaer 300 M [14]. OTmedaercs, 9To U3-3a MPOAODKUTEIHLHOTO HAXOMXICHIS
BOJI B paifoHe m1ato BopwHT, B 1aHHOM 0071acTH (YUKCHPYETCSI HATHYHE TIEPEMEIIIaHHOTO
ciost Ha TiryouHe 6oiee 320 M [23]. B pabote [24] yka3bsiBaeTcs, 4To 3a iepuon ¢ 1949
o 2008 1. IryOuHa 3UMHEW KOHBEKIIMU B IIEHTpaIbHOM paiioHe JlopoTeHckoi KoTio-
BUHBI, TIIC PACIIONIOKECH KBa3UTIOCTOSHHEIHN JlohoTeHCKnii BUXpb, nocturana 580 M, 9To
OJTM3KO K 3HAYCHUSIM, TIOJTYUYEHHBIMH B paboTte [25], OMHAKO MPEBHIIACT MOITYIECHHOES
paHee B uccienoBanu [ 14] saauenue makcumanbHon TmyonHsl BKC, paBHOoe 520 M.

3anmyonenune BKC B JlopoTeHCKoM KOTIOBHHE UCCIASMYETCS 10 JaHHBIM Tiaiie-
poB. YcTaHOBJICHO, uTo TTyonHa BKC HaumHaeT yBeTMUNBATHECS YVKE B CEPEAMHE OKTSI-
OpsI, JOCTHUTAasT MAaKCUMATBHBIX 3HaUCHUH 593 £ 51 M B meprox MapT — cepeauHa arnpe-
ns [25]. B pabore [26] ananm3upyroTcs AJaHHBIE IS cekTopa Svingy B HopBexckom
MOpE, COCTOSIIETO U3 17 THAPOTOTHISCKUX CTAaHITNI BOIM3M mobepeknss Hopeerum, 3a
nepuoa ¢ 1955 no 1996 1. ABTOpBI OTMEUAIOT, YTO U3MEHEHHUS TEMIIEPATyPhl U COJIEHO-
cTH Boa B HopBeXCKOM MOpe MMEIOT OTPHUIIATENHFHYI0 KOPPEISInio ¢ nHaekcoMm Cese-
po-Atimantudeckoro koiebanns (CAK), urcieHHo paBHOTO pa3HOCTH aTMOC(EPHOTO
JTABIICHUS] TIPU3EMHOTO CIJIOSI BO3AyXa MEXy WCIaHJICKAUM MHHAMYMOM U a30pPCKAM
MakcuMyMoM. [lomoOHas B3anMOCBSI3b OOBSCHSAETCS T€M, YTO BO BPEMS IOJIOKUTENb-
Horo uHAekca CAK mponucXomuT MPUTOK OOJIBIIOT0 00beMa aTIaHTHICCKHUX BOJ B BOC-
TOYHYIO BeTBb HOpPBEXCKOTO TedeHus, MpeicTaBieHHOro HOpBEXKCKHMM CKIOHOBBIM

Takas IITyOMHa, Ha KOTOPOH JIOKAIBHBINA TPaIMeHT TUIOTHOCTH (tne z — r1yOuHa)
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TedeHueM. Tak, Oollee TeruIble W COJIEHBIE ATIIAHTHYECKHE BOIBI PACTIPOCTPAHSIIOTCS
3anajHee, YeM OObIYHO, Yepe3 2—3 roja nocie nepuoja ¢ Hu3kuM uHjekcom CAK,
B TO BpeMsl Kak B ciiyyae Bbicokoro unaekca CAK yBennuuBaercs pacnpoCTpaHEHUE
aTJIaHTUYECKUX BOJI B BOCTOUHOM HampaBieHnu. CTOUT OTMETUTh, YTO HHTEHCUBHOCTD
3WMHEH KOHBEKIIHUH, a CIIeI0OBaTeIbHO, U TyonHa BKC n3MeHsaroTes Kak Ha CHHOTITHYE-
CKHUX, TaK U Ha MEXKTOJI0BBIX MacITabax, 4To yKa3bIBaeTCs B cTaThsX [ 14, 25].

B MexromoBoil n3MEHYHBOCTH WHTEHCUBHOCTH ITyOOKOM KoHBekuuu B Hopsexk-
ckoM Mope B iepuof 1993—1995 rr. xapakrepHo ocinadiieHue KOHBEKIIUH, TPUBOJISIIEE
K YMEHBIIIEHUIO IITyOHHBI cpeHero nepememadHoro cios (1o 200 M), B To BpeMs Kak
B 1971, 1992 1 1997 1T. puKCHPOBATIOCH YBEIMUECHNUE HHTCHCUBHOCTH 3UMHEH KOHBEK-
UMM U IPOHMKHOBEHUE CPEIHEr0 MEepeMELIaHHOrO ClIos A0 NIyOuHbI mopsaka 400 m
[14]. TTomoOHast MeXromoBasi U3BMEHUYUBOCTh OOBSICHAETCSI HE TOJIBKO (POPCHHTOM TIO-
BEPXHOCTH MOPS 33 CUET TeTIOOOMEHA M BETPOBOTO BOJIHEHUS, HO M U3MEHYHNBOCTHIO
TEPMOXAJIMHHBIX XapakTepucTHK Bojl Hopexckoro teuenus. Tak, B mepuox 1969—
1973 rr, xorma HaOMIOMAIOCH 3anTyOJIeHWe W30XaNWHBI 35, 10 TIIYyOWHBI PUMEPHO
500 M, TPOUCXOMIIO YBEIMYEHHE IITyOHHBI IIEPEMEIIAHHOTO CII0S B pe3yNbTaTe 3MMHEN
KOHBEKIINH. B pe3ynprare KOHBEKIINH B 3UMHHM ITEPHO/ TPOUCXOIAUT HACBIIICHHUE TITY-
OuHHBIX BOJ KuciopoaoM [14]. B mepuon ¢ 2012 mo 2015 . HaOmonanock noBbILICHHE
Temreparypbl BHyTpH syipa Jlodorerckoro Buxpst ot 4,97 no 5,23 °C, a Takke yMeHb-
[IEHHE COJIEHOCTH aTIaHTHYECKUX BOJ OT 35,3460 mo 35,2960. ITomoOHOE M3MEHEHNE
TEPMOXAIMHHBIX XapaKTePUCTUK SBISIETCS OMHON M3 Mpu4KH Oojee caaboro mo cpas-
HEHHUIO ¢ 3uMHUM Ttepuoaom 2014 1. pazButns nryookoi korBeknnd B 2015 1. B o6macTu
Jlodotenckoro Buxps. Kpome Toro, 310 n3MeHeHue crnocoOCTBOBaIO (POPMUPOBAHHIO
B 3umHui nepuos 2015 r. 6onee teroi (+0,4 °C) u meHee conenoit (—0,03) BepxHeit
yactu siapa Jloporerckoro Buxps [25].

B pesynbrare 3umHel KOHBEKIWH AP0 JIohoTeHCKOro BUXPSI MOANUTHIBACTCS CBE-
YKUMH TIOBEPXHOCTHBIMH BOJIAMHU, SIBIISTIOIITUMICS O0Jiee TeTUIBIMU, YeM HIDKEJIeKAIe
CJIOH, OJJHAKO ITPH ATOM 0oJiee IUIOTHBIMH 32 CUET MHBEPCUOHHOTO pacTIpe/iesIeHHs CoJie-
HocTH 1o BepTukaiu [10]. B mepuoz ¢ aBrycra 1mo ceHTsI0ph HabmomaeTcs ocaadacHue
MOCTYIUIEHHUS] COJTHEYHOH paJuallii Ha MOBEPXHOCTb MOpPS M YBEJINYEHHE UHTEHCUB-
HOCTH BETPOBOTO BO3/ICHCTBUS, YTO CITIOCOOCTBYET MOCTEIIEHHOMY Pa3BUTHIO ITpoliecca
KOHBEKITHH U Pa3pyIICHUIO CE30HHOTO MMKHOKINHA, HHTEHCUBHOCTH KOTOPOTO 3aBHCUT
OT TeII000MeHa ¢ aTMocdepoii U BETpOBOro BozeicTBusl [ 14]. DTo Bo3zeiicTBUE CIIO-
COOCTBYET YCTAHOBJICHUIO B IIEJIOM OJTM3KOHM K HEHTpabHOU IUIOTHOCTHOHN CTpaTH(u-
Kal|u, Korma yactoTta Bsiicsuis — Bpenrta cranoButcst HHuTOX)RHO Mana (1,7-1074 ¢ 1),
B pesynbrate Bo30OHOBIISIETCSI KOHTAKT siipa JIOPOTEHCKOTO BUXPSI C TIOBEPXHOCTHIO
OKEaHa, W CKJIaJIbIBAIOTCS TPEANIOCHIIKU JUIsl €ro OyayIie pereHepaiun 3a c4eT 3uM-
HEHW KOHBEKIIMHM B OCCHHE-3UMHHU CE30H [4].

Taxum oOpa3zom, B pe3yabrare ITyOOKOW 3MMHEH KOHBEKIWH Terioe siapo Jlo-
(DOTEHCKOTO BHUXPSI €KETOAHO OOHOBISIETCS CBEXHMMH MOBEPXHOCTHBIMH BOJIAMH,
MIPOHHUKAIONIUMHU B TOABl MHTCHCUBHOW KOHBEKIMH A0 TyowmHs! 6omee 1000 m [11].
MaxkcuMallbHO pa3BUBAsICh K KOHILY 3UMbl, KOHBEKLHsI CIIOCOOCTBYET YBEIUUCHHUIO TO-
PU3OHTANBHBIX TPAJAMEHTOB TEPMOXAJIMHHBIX XapaKTEPUCTUK B HEHTPaJbHON YacTh
JlodoTeHcKoTro BUXPS M BO3PACTAHUIO CKOPOCTH OPOUTAIBHOTO IBIKECHUSA [4].
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Temnible U cofieHbIe aATIAHTUYECKHUE BOIHBIE MACChI, IBUTAIOLIUECS HA CEBEP YEPE3
JlooTeHCKYI0 KOTIIOBHHY, SIBIISIOTCSI BYKHBIM DJIEMEHTOM ATIaHTHUYECKOH MEpUIHO-
HaJbHON TepMoxaidumHHON nupkymanuu (Atlantic Meridional Overturning Circulation,
AMOC) — r1aBHOTO KOMIIOHEHTA II00ATBHON OKEaHUYECKOH UPKYIsuu [27].

Taxum 00pazom, B CBS3HM C BAXHOCTBHIO MIPOIECCOB, poucxoasnmx B Jlodoren-
cko koTioBrHEe HopBexkckoro Mopsi, enbio Haiel paOoThl SBISIETCS UCCIICIOBAHUE
TyOOKOM KOHBEKIIMU B akBaropuu. [lockonbky metonsl onenku rmyounst BKC sBis-
FOTCSI SMITUPUYECKUMHU, MBI TaK)Ke TTPOBOIUM CPaBHEHHWE JBYX HamOoJiee MOy IPHBIX
METOIOB, IPUMEHEHHBIX Jis otieHkH r1yonHbl BKC B aTOM Oacceiine.

JdanHble

Msr1 ucnionp3oBas ganasie GLORYS12V1, nocrymasie Ha caiite CMEMS (Co-
pernicus Marine Environment Monitoring Service) mo ccbuike http://marine.copernicus.
eu. GLORYS12V — 5T0 m106abHbI OKeaHHYECKHI BUXpEpa3penIaionuii peanaius,
ocHoBaHHBIH Ha Monenu NEMO, pa3paboranHblil ¢ HCHONb30BaHHEM aTMochepHOro
peanamnza ECMWF ERA-Interim. HauanbHble yclioBus UIsl TEMIIEpaTypbl H COJICHO-
cti B3sTH U3 HaHHbIX EN.4.2.0 Hadley Center mist 1991 1o

Heocnopumbim npeumymectBoM peanannza GLORYS12V1 sBusieTcs accuMuis-
IS CIyTHUKOBBIX | in situ TaHHBIX. B wactHOCTH, Oonee 5000 mpodwteli momiaBkoB
Argo accumunmnpoBansl B ipogykre GLORY S12V. AccumminpyroTcst Takke BIOJIBTpe-
KOBBIC aHOMauu ypoBHs Mopsi (SLA, Sea Level Anomalies), Temmieparypa moBepxHo-
cti Mopst (SST, Sea Surface temperature), TaHHBIE TIO JBAY, & TaKKe MPOPUIHA TEM-
neparypsl u coneHocTH 13 0a3bl JanHbix CMEMS CORAv4.1 nauunas ¢ 2005 . J{ns
accuMmiuK npumensercs Guistp Kanmana.

JlaHHBIE TOCTYMHBI C €KECYTOYHOW M MECSYHON TUCKpeTHOCThIo. Mcmonb3oBa-
nuck execytounbie ganapie GLORYS12V1 o Temneparype u conenoctu Ha 50 ropu-
30HTaxX ¢ NPOCTPAHCTBEHHBIM paspemieHreM 1/12°, yTo cocTaBisieT nNpuOIM3UTEIBHO
4 x 8 kM 175 BeICOKUX mMpoT. Mcenenyemsrit neproa 1993—2018 rr

MeTtoabl MccaeT10BaAHUS

B Hacrosmmii MOMEHT CyIIECTBYeT HECKOIBKO CITOcO00B pacuera rryonHsl BKC,
Cpear KOTOPBIX TPAJUIIMOHHO IPUHSTO BBIACISATH JIBa OCHOBHBIX METO/AA, OCHOBAaHHBIX
Ha TpaineHTaXx IUIOTHOCTH.

Memoo Monmeeyma [28] n03BONISET ONPEACTUTH IIyOUHY IEPEMEIIAHHOTO CIIOS
KaK 3HaueHHue NIyOHHBI, TPH KOTOPOM I'PaJHeHT MIIOTHOCTH BOABI IIPEBHIIIAET 3HAYEHNE
JUIs 33/1aHHOM MIJIOTHOCTH:

Ao, ( do,
Az oz )<’
e AG, — 9T0 pasHHUa yCI0BHOH miotHocTH G, =(p—1000) kr-M™ Ha BepTHKATEHOM

S,

4

PacCTOAHUHN AZ, p — IJIOTHOCTHL BOABI, a ( jc — SaZ[aHHI:IfI 3apaHeC I'paJUCHT
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YCIIOBHOM TUIOTHOCTH. DTOT METOJ MOXKET HCITOJIb30BaThCS TONBKO LIS MPOQuIieh
C BBICOKHM pa3pelieHrueM 1o BePTUKAIH.

[To memody Kapa [9] tmyomna BKC ompenensercss kak TiryOnHa TOpHU30HTa, HA
KOTOPOM TeMmIlepaTypa BOAbl U3MEHMUJIACh Ha OIPEEIEHHOE 3HAaYEeHUE 110 CPAaBHEHUIO
C MOBEPXHOCTHIO MOpsI. Tak, SMOUPUYECKUI KPUTEPUM TIIIOTHOCTH MOPCKOM BOJIbI pa-
BEH Pa3HOCTH MEXK/Y IIIOTHOCTBIO BOJIBI Ha MoBepXHOCTH MOpsA o(7, S ), tne T’ u S, —
TEMIIEpaTypa U COJIEHOCTh Ha MOBEPXHOCTH, U 6(T), §,) — MIOTHOCTHIO BOJBI C TOH JKe
COJICHOCTBIO, HO IIPH TEMIIepaType, KOTopasi Ha OTpeAelIeHHOe 3HaUeHUEe MEHBIIE, Y4eM
Ha TIOBEPXHOCTH MOPSI:

Ac=0o(T.,S )-o(T,,S,),

e T, =(T, - 0,1) — TeMIeparypa Bojbl Ha ucciiexryeMom ropusonre, a 0,1 °C — kpu-
TEPUI U3MEHEHUS TEMIIEPATYPHI.

[TepBrrii (camblif BEpXHHI) TOPU30HT, Ha KOTOPOM Pa3HOCTh 3HAYCHUN TIJIOTHOCTH
C BBIOpaHHBIM TOPU30HTOM IpeBbiiaeT Ac, cuutaercs nryounoit BKC. [lannbrii metos
YUUTHIBACT HENMHEHHBIN 3()(EKT ypaBHEHUS COCTOSHUSI MOPCKOW BOJIBI, TAK KaK 3Haue-
HUE KPUTEPHsI 3aBUCHUT OT COJICHOCTH M TEMIIEPaTyphl BOJBI BO BpeMs u3mepenus [14].
[TompoOHOE omKcaHue 3TOro METO/Ia JIaHO B pabore [9], B KOTOPOit aBTOPhI HA OCHOBE
AMIHUPUIECKOTO HCCIISIOBAHUS MHOXKECTBA BEPTHUKAIBHBIX MPO(MUIeH 0TMEYAIOT, YTO
Hau0OoJIee ONTUMAIBHOE 3HAYCHHUE KPUTEPHUS TEMIIePATyPhl BOJIBI JIIsI IIOUCKA Ty OUHBI
TIepEMENTaHHOTO CJI0sI B OONBITUHCTBE paitoHOB MupoBoro okeana pasao 0,8 °C. OnHa-
KO B paboTe 0TMEYaeTCsl, 4TO HEOOXOIMMO TIHIATEILHO MMOI0OMPATh KPUTEPUH JIJIS OTIpe-
nenenns Tryorasl BKC, mpuHrMas Bo BHUMaHKE THIPOJIOTHYECKUE YCIIOBUS B paiioHe
WCCIIEJIOBAaHUS, & TAK)KE YUYUTHIBAS COCTOSIHHE CPEIbl, B KOTOPOH HAXOAMTCS IepeMe-
LIAHHBIN CIIOMH.

Pe3yabrarsl
Ce3onnas uzmeHuugocmep

ABtopamu Obia paccuntana ryonaa BKC 3a pazimdHbie MeCSITsI 3SUMHEH KOHBEK-
1uu 3a nepuoz ¢ 1993 no 2018 r. PacueTsl mpoBOAMINCE 1O JBYM METOIUKAaM: C HCIOMb-
30BaHHEM MeTozaa pasHocTu Kapa [9] u ¢ momorsio rpaaneHTHOr0 MeToga MoHTeryTa
[14, 28]. HaHHbIe 0 TEMIIEpaType U COJIEHOCTH BOABI HHTEPIIOIMPOBAIHUCH HA CETKY C IlIa-
rom 10 M 1o BepTHKaIU U 3aT€M OCPETHSUINCH CO CKOMB3SIIIIUM OKHOM 20 M 110 BEpTUKAJIH.

IIpu pacuerax no nepsomy merony (Kapa) B kauecTBe TeMuepaTypHOIro KpUTEpHs
MIPUHUMAJIOCH 3HaUeHHe, KoTopoe 06110 Ha 0,1 °C MeHbIIIe [0 CPaBHEHUIO C TEMIIEpaTy-
poit Ha ropm3onTte 10 M. B padore [11] mis metona Kapa ncmonb30Baics aHaIOTHIHBIN
KpUTEpuil.

[Tpu ucnonw3oBanuu Broporo Meroaa (Monreryra) 3a myouny BKC npuaumMarics
TOPHU30HT, Ha KOTOPOM YCJIOBHAsI INIOTHOCTh oTnvanach Ha 0,03 kr/M* ot 3HaueHus Ha
ropuzonte 10 M (cm. Takxe [14, 25]).

[Tomydyennsie ABYMs He3aBUCUMBIMU MeTofamu orieHkn BKC ocpemHsics 3a me-
puox ¢ 1993 no 2018 r. [Ipocnennm u3menenus riryounst BKC B Jlodorenckoii koTio-
BHHE /ISl 3MMHUX MECSIIEB.
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Ha puc. 2 a n 6 npuBenensl nony4yeHnsle oueHku nryonnsl BKC s nexadpsi.
Bunno, uro amst Gonbiieii yactu akBaropun riryorna BKC, paccuntannas [BymMst METO-
namu, He rpeBsiaer 200—300 M. MakcumansHoe 3HadeHue (300 M) 3aduKcrpoBaHO
B paiione pacnonoxenus Jloporenckoro Buxpsi. Takke CTOUT OTMETHTB, YTO OLCHKH
rmyonnasl BKC, momydennsie mo meromy Kapa (cMm. puc. 2 @), B 11eJI0M IPEBHIIIAIOT
OLICHKH, MOJTY4YCHHBIC TPaAUEHTHBIM METOJ0M MoHTeryTa (cM. pHc. 2 0).

B nanpneitmem rmryonna BKC yBenuunBaercs: B sHBape B IieHTpainbHOH yactu Jlo-
(horeHckol KOTIIOBMHBI 3Ha4eHUs npeBbiaroT 300—400 M (cMm. puc. 2 ¢ u 2). Makcu-
MaJIbHbBIC 3HAYCHUS HA0II0/1at0TCs B paiioHe JIohoTeHCKOTo BUXPS, a TAKXKE B CEBEPHOI
yactu kKoToBuHBL. Onenkn BKC mo merony Kapa mo-npexnemy BeIIire.

M . M
500 6) 72°N 500
400 71°N 400
300 70N 300
200 69N 200
68"
100 N 100
0 3E 5E 8'E 10E
M

500

100 ] 100
0 & 5E gE 10E

Puc. 2. I'my6ura BKC (m) B JlopoTeHCKOI KOTIOBUHE, PACCUUTAHHAS C TIOMOIIIBIO
MeTonoB Kapa (cieBa) u MonTeryTa (crpaBa) s nekadps (a u 0) 1 sHBapA (8 U 2).

OcpenHeHue 1aHHbIX 3a nepuoxn 1993—2018 rr.

Fig. 2. The Mixed Layer Depth (m) in the Lofoten Basin, calculated using the Kara (left col.)
and Montegut (right col.) methods: December (a and 6) and January (6 and ).

Averaging data for the period 1993 to 2018.
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B ¢eBpaie iryonna BKC 1o cpaBHEHUIO cO 3HAYSHUSIME B IeKaOpe U sTHBape yBe-
nuuuBaercs, pocturas 300—450 M B neHTpasibHOM YacTu JIOPOTEHCKO#H KOTIIOBUHBI.
Kpome Toro, B ceBepHOI 1 ceBepo-3amaJHON JacTsIX KOTIOBUHBI HAOTIOMAIOTCS 3HAUC-
Hus DTyOuHbI, ipeBbimatomniie 400 m (puc. 3 a u 0).

K MapTy mHTECHCHUBHOCTH TITyOOKOW KOHBEKIHMH B JIOOTCHCKON KOTIIOBHHE HO-
cruria Mmakcumyma: rmyonna BKC npessicuna 400—500 M B LeHTpallbHON YacTH KOT-
JIOBHHBI B 00NacTu pacronoxeHus: JIopoTeHCKOro BUXPsl M YBEIIMYEHA B CEBEPHOU U
CeBepO-3ar1aIHON YacTAX akBaTopuu (puc. 3 6 u 2).

K ampento miyouna BKC cyiecTBeHHO YMEHBIIIAETCsl IO CPABHEHHUIO C MapTOM,
YTO CBHUJIETEIHCTBYET O PE3KOM CHMYKEHWH WHTEHCHBHOCTH TIpOIlecca TITyOOKOW KOH-
Bekmu. B nenTpanbHoi yactu JlogoreHckoit kotinoBunbl ryouHa BKC mpesbimiaer
300 m o maHHBIM pacdera 1o metony Kapa (puc. 3 0) u 200 M o gaHHBIM pacyeTa 1o
MeTtoay Monreryra (puc. 3 e).

B mae 3uMHss m1yOoOKas KOHBEKIMS, PACCUMTAHHAS MPEASIOKEHHBIMI METOaMU
no gaHHbiIM GLORYS12V1, npakTtuyecku He BbIpakeHa.

3ameTuM, uto 006a MeTona oueHkH TryonHsl BKC B JlogoTeHckoll KOTIOBUHE Jie-
MOHCTPHUPYIOT MPUOIM3UTEIHHO OHY U Ty K€ TCHIACHIIMIO: 3UMHSISI KOHBEKITUS YCHIIH-
BaeTCs C IeKadps 1Mo MapT, o0acTu ¢ MakcuManbHbIME 3HaYeHusMu BKC pacnonoxe-
HBI IPUMEPHO OJIMHAKOBO. B MapTe 3MMHSsIs1 KOHBEKIIMs HanOojIee HMHTEHCHBHA: TITyOH-
Ha BKC nmocturaer MakcMManbHBIX 3HAYCHHH, @ K allpeIto KOHBEKIINS 0ClIa0eBaeT.

TakuMm 0Opa3om, cpaBHEHUE TIOKA3bIBAET, YTO JUIS BCEX 3UMHHX MECSIIEB OLEHKH
o Merony Kapa npeBbliiiaroT OlIeHKH 110 MeToly MoHTeryTa.

Meoitczo006as uzmenuugocmsp

C nenplo MCCIenoBaHusl MEXIo10Boi m3MeHunBocTr m1younsl BKC mist pacema-
TPHUBAEMBIX MECSIIEB aBTOpPaMU OBbLIM IMOCTPOCHBI I'paMKK BPEMEHHOI'O XOja 3Haue-
Huit mryonasl BKC, paccunTaHHBIX 3a KaKJIble CYyTKH W OCPETHEHHBIX I10 IO
akBaropuu. B kauecTBe nmpumepa Ha puc. 4 puBeieHbl rpaduKu 1Tt peBpats 1 MapTa.
B Tabn. 1 npeacrasnens! kod3hpUIMEHTH THHEWHBIX TPEHJIOB; BCE MPEICTAaBICHHBIE
TPEHBI SBISIOTCS 3HAUUMBIMH.

W3 puc. 4 BUIHO, 9TO JJIsI BCEX JIET XapaKTEPHO CYIIECTBEHHOE N3MEHEHHUE TITyOu-
ubl BKC B Teuenne Mecsinia. DTo 03Ha4YaET, UTO CYLIECTBYET BHIpAKEHHAsI BHYTPUMECS Y-
Has U3MEHUYMBOCTH 3Ha4eHWH rmyonHsl BKC. BeIscHUIOCH, UTO BHYTpUMECSYHAS W3-
MEHYHMBOCTB BO3pPACTAET C AeKaOps IO arpesb. ITO BHIIHO YXKe TP CpaBHEHUH pHC. 4 a
U 6 c puc. 4 ¢ U 2: BHyTpUMECSYHas U3MEHYMBOCTh B MapTe Oomblle, 4eM B (eBpaie.
MaxcumanbHasi BHyTpUMECSYHAS H3MEHYHMBOCTh OTMEUAETCs B arpene (He MoKa3aHo),
YTO, BO3MOYKHO, CBSI3aHO C HAaHOOJBIIMMH KOJICOAHUSIMA HHTEHCHUBHOCTH arMocdepHo-
ro opcrHTa ¥ 3HAYUTEILHBIM H3MEHEHHEM TeMIIepaTypbl BOIBI H aTMOC(EphI B Teue-
HUE ITOTO MecsIa. PasHoOHaNpaBiIeHHbIE TPEH/IBI CBUICTENBCTBYIOT O CABHUIE TIEpHoIa
MaKCHMAJIbHOTO Pa3BUTHS KOHBEKIMH C 3MMBI Ha BECHY.

W3 tabm. 1 BuaHO, 9TO 3UMHSS KOHBEKIHS B JIeKaOpe — ¢eBpalie B TeUCHUE TICpH-
ona 1993—2018 rr. nocTeneHHo ocnadeBaeT (CM. Takxke puc. 4 a 1 0), TPEH bl TITyOUHBI
BKC orpuniarensasie. OqHako HaunHas ¢ MapTa (CM. puc. 4 6 ¥ 2) HaOIIIOAAETCsI TIOJIOXKU-
TENBHBIM TPEH]] U YCHJIEHHE TITyOOKOM KOHBEKLIMH K KOHILYy pacCMaTpruBaeMoro Mepruoza.
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Puc. 3. Imyouna BKC (m) B JIooTeHCKOI KOTIOBHHE, pACCUMTAHHASI C TOMOIIBIO METOJIOB
Kapa (ciieBa) u MonreryTa (cripaBa) st pepais (a u 6), mapTa (6 u 2) u anpeiis (0 U e).

OcpenHeHue TaHHBIX 3a nepuox 1993—2018 rr.

Fig. 3. The Mixed Layer Depth (m) in the Lofoten Basin, calculated using the Kara (left col.)
and Montegut (right col.) methods: February (a and 6), March (g and 2) and April (0 and e).

Averaging data for the period 1993 to 2018.
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Puc. 4. BpemenHoii xox ocpenHeHHoii no riomanu Jloporenckoit kornoBuHsl rryounsl BKC (M)
(KpacHast KpHBasi), paCCYMTaHHBINA ¢ MOMOIIbI0 MeTooB Kapa (cieBa) u MoHTeryTa (cripasa)
B (eBpaie (¢ 1 6) u MapTe (6 U 2), a TAKXKE JIMHSHHBII TPeH]| (CHHSI IpsiMast).
UYepHBIMH OTpe3KaMH OKa3aHO CPEAHEKBAIPATHICCKOE OTKIIOHCHHE.

Fig. 4. The time variability of the Mixed Layer Depth averaged over the area of the Lofoten Basin (m)
(red line), calculated using the Kara (left col.) and Montegut (right col.) methods: February (a and 6),
March (6 and ¢), and the linear trends (blue solid lines). The black bars indicate the standard deviation.
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Tax)ke CTOMT OTMETHUTh M HAJIMYHE MEKTOI0BOM M3MEHYMBOCTH, KOTZIA B OTHEIb-
HBIC T'OJbl 3UMHASA KOHBCKIMA Ha Bcel AKBAaTOPUHN KOTJIOBUHBI YCHUJIMBACTCA WJIM, HAO-
Oopor, ocrmabeBaeT. B Tabi. 2 1mokazaHbl roAbl pa3IMYHON WHTEHCUBHOCTH KOHBEKITHH
B JlodoTeHCKOI KOTIIOBHHE.

Tabnuya 1
3nradenue nuHEHHOTO Tperaa rryonas BKC (m/rox)

Coefficients of the linear trend estimated for Mixed Layer Depth (m/year)

Mees Merton
Kapa Monreryta
Jexabpp -0,85 -0,64
SluBapb -0,62 —0,65
DeBpainb —1,46 -1,23
Maprt 0,67 1,15
Arnpenb 0,51 0,72

Tabnuya 2
MHTEHCUBHOCTb 3UMHEN KOHBEKLIUU B Pa3IMuHble MecALbl 3a nepuon 1993—2018 rr.

The intensity of winter convection in different months for the period 1993 to 2018

Mecst Konsekmus
Cnabas CuibHast
Jlexabpb 1999, 2000, 2006, 2011, 2014 1996, 1997, 2002, 2004, 2005
SluBapb 1998, 2000, 2012 1997, 2002—2006, 2011
Depaib 2006, 2012 1996, 1997, 2001—2005
Mapr 1993—1996, 1999, 2000, 2009 2010 1997—1999, 2002—2006
Anpernb 1998, 2002, 2004, 2009, 2018 1996, 2007, 2011, 2017

O0cyxnenue pe3yJbTATOB

[Tomyuennsle B HacTosmell padoTe ONEHKH ITyOMHBI 3UMHEH KoHBekiuu B Jlo-
(oTeHCKON KOTJIOBHHE, paccunTaHHble aBTopamu Metonamu Kapa m Monreryra mo
naHHbIM peaHann3a GLORYS12V1, B 1ie0M cOOTBETCTBYIOT OLIEHKAM, MOJyYEHHBIM
B nccnenoBannu [11], toe mryomaa BKC omnennBanace metogom JlyxoBckoro [12] mo
nanHeiM ARGO U MOJEnbHBIM AaHHBIM (MCIIONB30BAIKMCh JTAHHBIC THAPOAMHAMHYC-
CKOTO MOJIETUPOBAHUS O Mojenn MaccadyCceTcKOoro TEXHOJOTHYECKOTO MHCTUTYTa
MITgcm). B wactHOCTH, CXOICTBO MPOSIBISIETCS B TOM, 4TO B Mapre riryonHa BKC mak-
CHUMaJIbHa, @ MAKCUMYMBI JIOCTHTAIOTCSl B 00JIACTH PACHOIOKEHHUS KBA3UTTOCTOSIHHOTO
Jloporenckoro Buxps. Tarxke oTmedaercst oOias TEHACHLUUS YBEIWYECHUS [NIyOMHBI
BKC B ceBepHoIii 1 ceBepo-3amajHON 4acTH aKBaTOPUH.

Omnako B padore [11] momydensr 6oree BBICOKHE 3HAUCHUs TTyOWHEIL. [IpmuanHa
3aKJII0YAeTCs HE TOJIBKO B MCIIOJIB30BAaHUM PAa3HBIX METOABI M NMEPHUOJOB OLIEHUBAHUS,
a TaKkXke B Pa3HBIX HMCXOJIHBIX JaHHBIX. B HacrosIeMm uccieloBaHUN OIICHUBAIHCH
cpenHeMecsiuHble 3HadeHus rryonHsl BKC, a aBTops! pabots! [11] dhoxycnpoBanmcs Ha
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MOJTY4YEeHUN MaKCHMAJIbHBIX 3HAYCHUH B TedeHHe Mecsua. Bo3aMoxHO, 3T0 00bsSCHSET
OTCYTCTBHE B HAIlIUX pe3yJbTaTax paclpeieleHns 3a Mail: 10 HAIllUM JaHHBIM 3UMHSIS
KOHBEKIMsSI B Mae He BBIpaKEHa. 3aT0 B Jiekabpe B HacTosulel padoTe OTMEUYEeHbI 3Ha-
yenus rmyounsl BKC, paBasie 200—300 M, B To BpeMsi Kak B uccienoBanuu [11] B fne-
KaOpe 3UMHsISI KOHBEKLUS He Bblaessiercs. Takum o0pa3oM, HacTosIIee UCCIeJ0BaHIE
nonoinsaet padory [11].

AHann3 MEeXroJJ0BOM N3MEHYMBOCTH U CPaBHEHUE TPEH/IOB, PACCUUTAHHBIX JBYMS
HE3aBUCUMBIMU METOAAMH, [IOKa3bIBACT, YTO B JleKabpe — (eBpaie TPeHIbl OTpULia-
TENIbHBIE, B TO BpeMsl KaKk B MapTe — arpesie MOoJIoKHUTENbHbIE (CM. Ta0i. 2 u puc. 4).
Pa3zHoHamnpaBiieHHbIE TPEHIbl CBUIETEILCTBYIOT O CABHUIE NEpPHOJAa MAaKCUMAaJIbHOTO
Pa3BUTHS KOHBEKLMH C (eBpas Ha Oonee no3aHui nepuoj. BoaMoxHo, 3TOT cABUT MO-
JKeT OBITh 00YCIIOBJIEH MPOIECCaMH TaK Ha3bIBAEMOTO TI00ATFHOTO MOTEIUIEHNUS (eCn
BOJIa cama 1o cebe Teruiee, To e HyKHO 00JIbIlIe BpeMEHH, YTOOBI OCTHITH).

[Monyuennsie onenku riryounsl BKC mist JlopoTeHckol KOTIIOBHHBI HEILIOXO COOT-
BETCTBYIOT OLIeHKaM [ 14, 24, 25], onHako paccunTanHble Metonamu Kapa u MonrteryTa
0 CPEAHEMECSIYHBIM TaHHBIM 3HaueHus TyOuHbl BKC HeckoIbKO 3aHMKEHBI OTHOCH-
TEJIPHO OLICHOK, ITOJIy4EHHBIX 10 APYT'UM JaHHBIM U IpyTUMH MeTofaMu B padore [11],
IJIe OLIEHUBAIOTCA MakcUMalbHble 3HaueHus: BKC.

ITockonbky 00a metona — Kapa u MoHTeryta — OCHOBaHBI Ha 3MITUPUYECKUX
kputepusix, oueHkr BKC B JlohoTeHCKOH KOTIOBHHE HECKOIBKO Pa3INYatloTCs, U OIpe-
JIEJIUTH MIPEUMYILECTBA OJTHOTO METO/[a OTHOCUTENBHO JIPYroro He MPeJICTaBIIeTCs BO3-
MOXHBIM.

BriBoabl

B nanHo# paboTe ¢ UCMOIB30BAaHUEM JIBYX HE3aBUCHMBIX SMIIUPUYECCKIX METOIOB
MOJTY9YeHBI OIICHKH ITyOWHBI 3UMHeH KoHBeknu B JlooTeHckol kotioBuHe HopBex-
CKOTO MOpsI 10 JaHHBIM okeaHndeckoro peananusa GLORYS12V1 3a nepuog 1993—
2018 rr. [To >THM TaHHBIM MOCTPOCHBI CPEAHEMECSIHBIC POCTPAHCTBEHHBIC pacIpeie-
nenus rmyounsl BKC mst meprona nexadpp — ampens. [lokazaHo, 9To MakCUMallbHBIE
3HaueHus r1yonnsl BKC ormeuatotcest B paiioHe pacmonoxenus JlohoreHcKoro BUXpsi.
B mapre niryOokast KOHBEKITHS TOCTUTAaeT MaKCHMaIbHOTO pa3BuTus: riryonHa BKC co-
crasisier 400—500 M, B apyrue mecsausl — 200—400 M. HaGmionaercs TeHIeHuus
yBennyenns r1yonnsl BKC B ceBepHOIT 1 ceBepo-3ammaiHoN 4acTAX aKBaTOPUH.

IIpoBeneno cpaBHenne MeTonoB Kapa n MoHTeryTa. YCTaHOBIIEHO, YTO OLIEHKH ITy-
ounbl BKC, nonyuennsie mo metoxy MoHTeryTa, CylieCTBEHHO HHXKE OLICHOK, TTOTy4eH-
HBIX 10 MeToy Kapa. MccnemoBana MesxxrofoBast i3MeHINBOCTE Iy OnHBI BKC MeTomamu
Kapa u Monreryrta. Ilokazano, uro B TeueHue uccieayemoro nepuona (1993—2018 rr.)
B sIHBape U (eBpajie JMHEHHbIe TPEH B! OTPUIATEIbHBL. DTO 03HAYAET, YTO K KOHILY pac-
CMaTpPHBAEMOI0 MEpHO/Ia TITyOOKast KOHBEKIMSI HECKOJIBbKO ocliabeBaeT B ekalpe, siHBa-
pe u ¢peBpanie. OHAKO B MapTe U anpesie TPEH bl MOJOKHUTEIBHEI, ¥ K KOHITY Meprosa
HaOJIIoaeTcsl yCHiIeHne TiTy0oKoi koHBeKMH. CMeHa 3HaKa TPEHAOB CBUIETEIILCTBYET
0 CIIBHTE MEPHO/Ia MAKCUMAaJIbHOTO Pa3BUTHsI KOHBEKIIMHU Ha Oojiee MO3AHUI epHo/, YTo,
BO3MO)KHO, SIBJISIETCS] OTHIM M3 TIPOSIBICHUH ITI00ATFHOTO MOTETUICHHS.
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HOKaBaHO, 4TO IJId 3UMHEH KOHBCKIIMH B .HO(I)OTCHCKOI\/'I KOTJIOBUHEC XapaKTCpHa

BbIpaKECHHAs] BHYTPHUMECSYHAs HU3MEHYMBOCTb, Korja 3HaueHus riryonnsl BKC B Teue-
HUE OIHOTO MecCsIla MOTYT Pa3InyarhCs B IBa-TPHU pasa (cM. puc. 4).
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OueHka cOCTOSIHUSA MOABOIAHBIX JaHAIIA(TOB
B NOpToBOi akBaTtopuu 0yxThl Haxonka (fAimonckoe mope)

A.I0. Baunoeckas', JI.H. Cokonosa', A.M. /leoedeé?,
H.E. Kazanoed®, A.b. Tapacoé’

T®I'AOY BO «/lanbHeBOCTOUHBII (eiepalbHblii YHUBEPCUTETY, BiainBoCTOK,
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2®I'BYH Tuxookeanckuii nHCTHTYT Teorpaduu JIBO PAH, BiaansocTok
3000 Kowmmanus «ATtic DHTeprpaiic», Haxomka

[pencrapieHs! pe3ynbTaThl MOHUTOPHHTA ITIOABOAHBIX JaHIIA(TOB B paiOHEe NEeATEIEHOCTH YTOIBHBIX
TepMuHanoB. OTMEUEHO 3arpsI3HEHNE JOHHBIX TPYHTOB HE(TETTPOAYKTaMHU U TSHKEITBIMU MeTayutaMu. Boiss-
JIEHO MPEBBIIIEHNE IPEASITBHO Oy CTUMBIX KOHIIEHTPAIMH MO TAKUM MOKA3aTeNsIM, KaK JIETKO OKHCIISIOMIa-
sICs1 OpraHyKa, (PeHOINbl, He(TEMPOAYKThI, B3BEIICHHBIE BEIECTBA B MPHIOHHOM TOPU30HTE. YCTaHOBIEHO,
YTO COIEPIKaHHE 3arps3HSIONIMX KOMIIOHEHTOB B HCCIIEIOBAaHHBIX 00pa3lax COOTBETCTBYET TEXHHUYECKOH
MapuKyabType. OTMedaeTcss HeyCToHuMBas TUHaMKIKa KOHLIEHTPALUY TSDKEIIbIX METAJIOB B TKaHAX TMIPO-
O61OHTOB. 3aMKCHPOBAHO U3MCHEHNE B CTPYKTYPE JIAHAMIA(THBIX KOMIUIEKCOB: JUISl KOHTPOJIBEHBIX CTBOPOB
XapaKTepHO BBICOKOE pa3Ho0Opa3me 6eHTOCca, HO COKPAIEHIE TPOSKTHBHOTO MMOKPHITHS BOJOPOCIIAM.

Kniouesvie cnosa: 6yxra Haxozka, S5K0T0THUECKUIT MOHUTOPHHT, TTIOJJBOJHbIE TaHIIIA(THI, yTOIbHbIE
TepMUHAIBL.

Underwater landscapes condition assessment
in the Nakhodka bay (sea of Japan) port water area

Ya.Yu. Blinovskaya', L.I. Sokolova', A.M. Lebedev’,
N.E. Kazanova®, A.B. Tarasov’

'"FGAOU VO «Far Eastern Federal University», Vladivostok, Russia

2FGBUN Pacific Institute of Geography, Far Eastern Branch of Russian Academy of Science,
Vladivostok, Russia

SLLC Company «Attis Enterprise», Nakhodka, Russia

The diversity of natural resources and favorable economic and geographical location have always
ensured a high degree of the coastal zone development. This is particularly pronounced in port areas, where
there is not only a high concentration of production facilities, but also a high population density, leading to
conflict situations and social tensions. Underwater landscapes monitoring results in the coal terminals area
are presented. Contamination of bottom grounds by oil products and heavy metals has been noted. Marine
bottom sediments are an active accumulator of contaminants which, when entering the marine area either
independently or as a result of sorption on suspended particles of organic and mineral origin, gradually set-
tle to the bottom. This makes them a potential source of secondary contamination of the water body. Excess
of the maximum permissible concentrations for such indicators as easily oxidizing organics, phenols, pe-
troleum products, and suspended substances in the bottom water horizon has been detected. Comparing the
research results both in the bay head and at its outlet, it is necessary to note slight differences. The content of
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contaminating components in the tested biota samples has been found to correspond to the technical mari-
culture. An important parameter of the sustainable state landscape is not only the presence and diversity of
biota, but also the concentration of major pollutants in it. Unstable dynamics of heavy metal concentration
in hydrobiont tissues has been observed. It should be noted that the concentration of some pollutants,
such as copper, chromium and cadmium, are slightly higher in biota living at the exit from the bay, than
the one at the bay head. There is a change in the structure of landscape complexes: the control points are
characterized by a high variety of benthos but decrease in the projective coverage by algae. The underwater
landscape result analysis has showed that port facilities operating in the area under consideration have an
impact on the environment corresponding to the production and technological process.
Keywords: Nakhodka bay, ecological monitoring, underwater landscapes, coal terminals.

For citation: Ya.Yu. Blinovskaya, L.I. Sokolova, A.M. Lebedev, N.E. Kazanova, A.B. Tarasov. Underwa-
ter landscapes condition assessment in the Nakhodka bay (sea of Japan) port water area. Gidrometeorologiya
i Ekologiya. Hydrometeorology and Ecology (Proceedings of the Russian State Hydrometeorological Uni-
versity). 2020. 59: 84—93. [In Russian]. doi: 10.33933/2074-2762-2020-59-84-93

BBenenue

PaznooOpasue mpupogHBIX PECYpPCOB U OIAroNpHUsATHOE IKOHOMHUKO-Teorpaduye-
CKO€ TIOJIOKEHHE BCerna OO0eCHeyMBad BBICOKYIO CTEIEHb OCBOEHHOCTH OeperoBoil
30HBI. DTO OOYCIIOBIMBAET YBEIWYCHHE TEMITOB PAa3BUTHS M MAcIITadOB aHTPOIIOTEH-
HOM JIeATENbHOCTH MPHOPEKHO-MOPCKUX pailoHOB. OCOOEHHO SIPKO 3TO TPOSIBIISETCS
B IIOPTOBBIX paI\/’IOHaX, € OTMEYACTCs HEC TOJIBKO 3HAYUTEIbHAasd KOHICHTpalus Iponu3-
BOACTBCHHBIX O6’beKTOB, HO U BBICOKas IMJIOTHOCTH HACCIICHUA, UTO IIPUBOJIUT K BO3HHK-
HOBCHUIO KOH(bHI/IKTHBIX chyauHﬁ U COHAJIBHOT'O HaIPSAXKCHUS. HOCHC}ICTBI/IH ITUX
BO3JICUCTBUI TPUBOMAT K YXY/IIIEHUIO KaU€CTBAa OKPYKAIOLIEH CpeJibl U 3JT0POBbS Hace-
JICHUS, B CBA3H C UYEM K HpOHSBOHCTBeHHOﬁ ACATCIIBHOCTHU MMPEABABIAIOTCA IMOBBIINICH-
HbIe TpeboBaHus [1, 2]. DT0 HAXOMUT OTpaKEHUE HE TOIHKO B HOPMATHBHO-TIPABOBOM
acmiekTe. B mocreanne Toapl IIMpOKOe pacipoCTpaHEeHHE MONMydnyia MpaKkTHKa oo1e-
CTBEHHOTO HKOJIOTMYECKOTO MOHUTOPHHTA, PE3yabTaThl KOTOPOTO MOTYT CTaTh MPHYH-
HOM Pa3NWYHBIX CAaHKIIUH TS IPOMBIIIIEHHBIX TIPEANPUATHI, TPaHHYAIINX C CETUTEe0-
HBEIMHU paiioHaMu. B 3TO# CBSI3M DKOJOTHYECKH OTBETCTBEHHBIN OM3HEC OepeT Ha cedst
JIOTIONTHUTENFHBIE 003aTeIbCTBA 110 PEATN3ANNN JIOTIOIHUTENIBHBIX MEp, CIIOCOOCTBY-
IONUX CHIDKEHUIO HETAaTHBHOTO BO3JEHCTBHS HA OKPYKAIOMIYIO CPELY.

Brenpenne HamTydmux JOCTYIMHBIX TEXHOJIOTHH HEBO3MO)KHO 0€3 IpeBapuTelb-
HOTO 000CHOBaHUS, OCHOBAHHOTO Ha OIEHKE COCTOSHHSI 00NacTH BO3IecTBuUS. Takyro
npakTuky ¢ 2017 . peanu3yroT MOPTOBBIE OOBEKTHI, pacrojiararomuecs B Oyxre Haxomn-
ka. JlaHHBIE WCCIIETOBAaHMSA BBIXOAAT 32 PAMKH TMPOHM3BOACTBEHHOTO JKOJIOTHYECKOTO
KOHTPOJISA, TIOCKOJIBKY TIO3BOJIAIOT MTOMYYUTh OOBEKTHBHYIO HH(OPMAIIAIO O COCTOSTHUN
OKpY’Karomiel cpefpl Ha TePPUTOPHH TPOU3BOJICTBEHHOTO OOBEKTa, B 30HE €ro BIUS-
HUS U 32 €€ TpaHulel Ui HHPOPMAITMOHHON TONIEPKKH MPUHATHS YIPABICHIECKIX
pelIeHnH, KacaroluXcsl MPUPOIOOXPAHHON AesTeNbHOCTH. Vcnonb30BaHue TPU ATOM
TMaHAMa(GTHOTO TIOAX0a MO3BOJSET MPOBOANTH OIEHKY COCTOSHUS MPHOPEKHO-MOP-
CKHX HKOCHCTEM C YYE€TOM WX MPOCTPAHCTBEHHON CTPYKTYPHI, ONPEACTSATh MOPSAOK 1
00OCHOBBIBaTh IIE€PBOOYEPENHOCTD HCIIONB30BAaHHUA MPHOPEKHO-MOPCKUX PECYPCOB.
B cooTBeTcTBHM C 3TUM TIENTBIO HACTOSIIEH paOOTHI SBIISIETCS OIEHKA BO3ICHCTBUS MTOP-
TOBOM J€SITETHHOCTH Ha AOHHBIE JaHAMA(THI 1715 (GOPMUPOBAHUS HAa €€ OCHOBE PEKO-
MEHJIAIMK 110 KOPPEKTUPOBKE aHTPOTIOTEHHOM HArpy3KkH B npejenax nopra Haxosxka.
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Puc. 1. Paiion npoBenenus pabor (0yxra Haxonka, SImoHckoe mope).
Fig. 1. Monitoring area (Nakhodka bay, sea of Japan).

MeTtoauka uccjea0BaHUA

Paiion nccneoBanus BKIItoUaeT B ce0st 00J1acTh, pacioiararollyocs B FKHOM va-
ctu Oyxtsl Haxonmka (puc. 1). KioueBbiMu MHIUKaTOpaMy MOABOIHBIX JIaHAMIA()TOB
SIBJISIFOTCS JIOHHBIC OTJIOXKEHUSI, TPHUIOHHBIC BOJIBI U MOpcKasi onoTa. [Ipo6ooTbop mpo-
BOJIMJICS BOJIOJIA3HBIM CIIOCOOOM C ITOPTOBOTO OYKCHpA.

['pyHT oTOMpascs B MIACTUKOBBIE KOHTEHHEPHI 00EMOM | JUTP METOIOM KOH-
BepTa ¢ y4acTka miomaapo 1 Mm% TIpuaoHHO#H BOIO#H 3al0NHSITH Tapy TEMHOTO CTEKIa
HEMOCPEACTBEHHO Ha ITyHKTe MOHUTOPHUHTa. bHOTy momenany B JIacCTUKOBbIE KOHTEH-
HEPBI, ¥ BECh ITOJICBOW MaTepHal JOCTABISIIN B XUMHKO-aHATUTHYECKYIO J1a00PaTOPHIO
JUTSl TPOBEACHUS JATBHEHIINX HCCIEJOBAaHNH.

KonnuecTBeHHBIN XMMUYECKUI aHAJIN3 MOPCKOW BOJIBI U IOHHBIX OTJIOKEHHH BbI-
ITOJIHEH HA OCHOBE METOAMYECKHUX PEKOMEHIAIUM, PACCMOTPEHHBIX U YTBEPKACHHBIX
DdenepanpHOH cy)00H M0 HaA30py B chepe NpUpOIOIOIb30BAHHMS.

Pe3y.m>TaT1>1 HCCJICAOBAHUA

Juist nanamadTHOM CTPYKTYphI XapaKTepHa Ce30HHAS U3BMEHYMBOCTD, B CBSI3U C YEM
HCCIIEIOBaHMS OCYILECTBIIIOTCS 0 OCHOBHBIM CE30HAM I0J1a, YTO MO3BOJISIET ONpere-
JIUTh COBOKYITHOCTb BO3JICHCTBHI C Y4ETOM MPUPOIHO-KIMMATHYECKIX (PaKTOPOB, a TaK-
e pa3padoTaTh ONTUMAJIbHBIE CTPATErUH KOPPEKTUPOBKU TEXHOJIOTHUECKUX PEILICHUH,
HarpaBJeHHBIX Ha CTAOMIIN3AIMIO KOJIOTUIECKOH 00CTaHOBKHU B pailoHe 1esSTeIbHOCTH.

Jlonnbie nmanmmadTel B paiioHe HAONIOACHUS MPEACTaBIEHBI TOPU30HTAIBHOMN
w1aTGopMoii, MUKpopelibed UMeeT OMOTeHHOE MPOUCXOXkKAeHUE. [ pyHT npencTasieH
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CMECBHIO MEJIKO3EPHHUCTOTO MIECKa, PAKOBUHHOTO JIETPUTA, MHOTOUNCIICHHBIMHA MEIKHUMU
1 €IMHUYHBIMU KPYITHBIMH KaMHSIMU Ha ()OHOBOM ITyHKTE M CEPO-KOPUYHEBBIM aJIEB-
POIIEJINTOM € HEOOJIBIIUM KOJIMYECTBOM PAKOBUHHOTO JAE€TPUTA U PEAKUMHU HMOISIHKAMHI
MEJIKOW TallbKU B IIYHKTAaX, PAcloiararoluxcsl BO BHYTPEHHEH yacTu OyxThl. B memom
JUIsL aKBaTOPUU XapaKTEePHbI CMEIIaHHbIE IeCYaHble TPYHTHI M AEBPUTHL. Pe3ybTarsl
HCCIIEIOBAHUS TPAHYJIOMETPHUECKOTO COCTaBa JOHHBIX OTIIOKEHHH 3a MOy TOparoany-
HBIH NEPHOJ MOATBEPIKIAAIOT OAHOPOAHOCTD JOHHBIX OTJIOKEHHUH OyXThI, YTO CBS3aHO
¢ reorpaUuecKMMHU ¥ TUIPOIUHAMUYECKUMHU OCOOCHHOCTIMH aKBAaTOPHUH.

®durobeHTOC MPeICTaBIeH c1ab0, B €ro COCTaBe OTMEUCHBI yiIbBa, MEJIKHE OarpsH-
KH C TNIOCKMMH HEPACWICHEHHBIMHU TAIJIOMaMH, PEAKHE KYCTHKH BETBUCTBIX OypbIX BO-
JOpOCIel B AecMapecTHH, eTUHUYHAs 30cTepa. [Ipu ToM B BeCeHHUH nepuo] HabIro-
naercst ero oonbluee pazsutue [3]. B 3000eHTOCE JOMUHUPYIOT TpeOEIIKOBas MATUPHS
(cpennss mmotHOCTh 0,46 9K3./M?) W MPUMOPCKHA TpeOeIoK (TUIOTHOCTh TOCENIECHUS
0,32 9K3./M?), 3apBIBAIOIIHECS TTOJUXETH B TOHKUX TpyOoukax (25—30 3x3./m?). Kpymn-
HBIC TIOJIMXETHI C IPKUMH BEHUHMKAMH IIyTaJel] BCTPEYAIOTCSI CPABHUTEIHHO pesiko (He
oonee 0,04 rk3./ M?). Cepble MOPCKHE €XKH, Tarypychl 1 aMypPCKHE 3Be3/Ibl HEMHOTOUHC-
nennsl (0,06 5k3./M?). B nieHTpanbHOi yacTu OyXThl pacpoOCTpaHEeH aHTPONOTeHHBIN
MYCOp, HPEACTaBICHHBINA MIaCTUKOBBIMU OYTBIIKAMH, apMaTypoii, oOpbIBKaMH Bepe-
BOK M KEJIE3HbIX OAHOK.

CrnenyeT OTMETHTh CYIIECTBEHHYIO aHTPOIIOTEHHYIO Harpy3Ky Ha JOHHbIE JIaH[-
madTe! OyxThl Haxomka. O6 3TOM CBHETENBCTBYIOT BHICOKHE TTOKA3aTENN TIPaKTHIe-
CKH BCEX MOJUTIOTaHTOB. Tak, HanpuMep, peHOJIbI, SBISSCH OHUM U3 HanOoJee pacipo-
CTpaHEHHBIX 3arpsI3HEHUH, TOCTYNAIOT B IOBEPXHOCTHBIC BOJABI CO CTOKAMU MPEAIPHSI-
. OHM XUMHYECKU HECTONKH U TTOJIBEPratoTCsl B BOAHOM Cpeie aKTUBHOMY pacriajiy.
B paifone uccnenoBaHusl UX MOBBIMICHHAs KOHLEHTPALMS OTMEUAeTCs IMOBCEMECTHO,
OZIHAKO Ha ()OHOBOM IIYHKTE €€ 3HaU€HHsI MaKCHMAaJIbHbI B TCUCHHUE PAKTUIECKH BCETO
repuoja uccieaoBanms (puc. 2).

AHann3 JaHHBIX MO3BOJSIET CHIENaTh MPEABAPUTEIBHBIA BBIBOJ 00 MCTOYHHKAX
MOCTYIIJICHUS TAHHOTO 3arpsi3HUTENSI, KOTOPhIe, BEPOSITHEE BCETO, CBA3aHBI C MPEANPH-
SITUSIMH, PACIIOJIAralOLIMMUCS B JOJIMHAX PEK, BIAAAOUIMX B 3ai1uB Haxozka, mockoib-
Ky (DOHOBBIN IMYHKT HanOojee MPUOIMKEH K IPUYCTHEBBIM yyacTkaM pek KameHnku u
ITapTH3aHcKoi.

B nenoM, cpaBHHBasi pe3ysIbTaThl UCCIIEIOBAHUI KaK B KyTOBOW 4acTH OyXTbI, TaK
1y €€ BbIX0/Ia, MOYKHO KOHCTaTHPOBATh HE3HAUUTEIbHBIC Pa3Inimsl. ITO KacaeTcs U CO-
OTHOIICHUS TSDKEJBIX METAJIOB, M OPraHUYECKUX BeliecTB. /i HOpTOBBIX akBaTOpHUi
B LIEJIOM XapaKTEpPHO AOCTAaTOYHO BBICOKOE COAEp)KaHHE HE(TEIPOAYKTOB B JOHHBIX
OTJIOKEHUSIX: B IMyHKTe Ne 1, pacnonararomieMcsi B BEpIIMHE OyXThbl, OHO MaKCUMaJIb-
HO (puc. 3). B meHTpansHO yacTu, B TyHKTe Ne 2, Tme oTMedaeTcs Oojiee aKTHBHAS
THJIPOIMHAMHUYECKAs! KAPTHHA, COJEPIKaHKe YIIIEBOJAOPOIOB CYIIECTBEHHO HUKE, U Ha
BbIXO/ie M3 OYXTBI, B OTKPBITOM €€ YacTH, XapaKTepU3yeMOH JOCTaTOYHO aKTUBHBIMH
MPUIOHHBIMH TEUCHUSIMH, UX KOHLEHTPALMS HUXKE MPAKTUYECKH B MIECTh pa3. Takum
00pa3zoM, aKTHUBHOE HaKOIJICHUE HE(TSAHBIX YIJICBOAOPOJIOB B BEpIINHE OYXTHI SBIISCT-
Csl CJIEICTBUEM MHOTOJIETHETO BO3AEHCTBUS IPOMBILITICHHOH JEeSITEIbHOCTH, BEAyILEii-
Csl B IIOPTY.
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Puc. 2. KonrienTpanust ieTydux (heHOIOB B IPUIOHHOM TOPU30HTE (MI/aM?).

Fig. 2. Concentration of volatile phenols in the bottom horizon (mg/dm?).
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Puc. 3. Konnenrpanust HehTenpoayKToB B MPHUIOHHOM TOPH30HTE (MI/IM?).
Fig. 3. Concentration of oil products in the bottom horizon (mg/dm?).
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Mopckue AOHHbBIE OTIOKEHHS SIBIISIIOTCS aKTUBHBIM HAKOIMTENIEM 3arpsi3HEHUH,
KOTOpBIE, TOTaasi B MOPCKYIO aKBaTOPHIO JIMOO CaMOCTOSATENLHO, THO0 B pe3yabrare
copOILMM Ha B3BELIEHHBIX YACTHLAX OPraHUYECKOI0 ¥ MUHEPAIBHOTO IPOUCXOKICHNUS
MIOCTETIEHHO OCENA0T Ha JHO. DTO JeNIaeT UX NMOTEHLIHATbHBIM HCTOYHUKOM BTOPUYHO-
IO 3arpsA3HEHHs BOJOEMA.

TspKemnble MeTauIbl IPUCYTCTBYIOT BO BCEX MPO0ax, MOIyUYEHHBIX B pE3yJIbTaTe MO-
HuTopuHra. KoHIeHTpamus uxX HeyCTOH4MBas U MEHSETCS B 3aBHUCHMOCTH OT CE30HA
U THIPOJUMHAMUYECKUX HapaMeTpoB cpeabl [4]. Ha puc. 4—6 npeacraBieHO COOTHO-
LIEHUE CO/IeP KaHUs TSKENIbIX METaJUIOB B JOHHBIX OTIOKEHHUSAX B MCCIIEyeMOM pai-
ore B 2018 n 2019 rr. Kpome ToTO, ClleryeT OTMETHTh HE3HAUUTETHLHOE Pa3InIue B UX
KOHLEHTPALUU MEXIY ITyHKTaMHU MPOO00TO0Pa, UTO MOATBEPIKAACT CYIIECTBEHHOE aH-
TPOIIOTEHHOE BO3/ICHCTBHE HA aKBATOPHIO M HAJMYMWE MHOTOYHMCIICHHBIX MCTOYHHKOB
3arpsi3HEHMS KaK B BepIIMHE OyXThl, TaK M Ha BBIXO/IE MX HEe.

BaxHbIM mapaMeTpoM yCTOMYMBOTO COCTOSHHUS JaHJmadTa sSBISIOTCS HE TOJIBKO
HaJIM4Me M pazHooOpazue OMOThI, HO M KOHLEHTpalUus B HUX OCHOBHBIX 3arps3HUTE-
neit. J{ns oueHkn kauecTBa mpencTaBuTeNell 00bEKTOB )KUBOW TPUPOJBI BEIOUPAIOTCS
BUJIbI, UMEIOILE OTHOCUTEJIBHO y3KYIO aMIUIUTYAY SKOJIOINYECKON TOJIEPAHTHOCTH IO
OTHOUICHUIO K KakoMy-JInOo ¢axTopy cpenbl. [IpenMyIecTBEHHO 3TO pacTeHUsT WIN
MAaJIOTIO/IBM)KHBIC TPEJCTaBUTENN JOHHOH (ayHbl. B kauecTBe BHIIOB-WHIUKATOPOB
noABoAHbIX aHAmadTos OyxTel Haxoqka BeIOpaHbl MUANH, aCUUANH, YIbBA U 30CTEpa,
peryisapHo OOHapy>KUBaeMble TIPU MPOBEICHUH CHEMKHU.

MI/ET

45

40

s V7

30 -

25 47 T
20 ¢

154"

04 '

gl .

Creop Ne 1 Creop Ne 2 Creop Ne 3
m 1 ksapran, 2018 m 2 kBapran, 2018 3 kpapran, 2018 m 4 keapram, 2018
1 ksapran, 2019 ® 32 keapran, 2019 3 keapran, 2019 ® 4 grapram, 2019

Puc. 4. KoHuenTpanus Xxpoma B IOHHBIX OTJIOKEHUSIX 33 UCCIIEIOBAaHHBIN TIEPUO.

Fig. 4. Chromium ratio in bottom sediments over the investigated period.
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Puc. 5. KoHnentpanus Maprasua B JOHHBIX OTJIOKEHHUSIX 32 UCCIICIOBAHHBIN MEPHOI.

Fig. 5. Manganese ratio in bottom sediments over the investigated period.
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Puc. 6. KOHHeHTpaHI/ISI KaaMus B JOHHBIX OTJIOXKCHHAX 3a I/ICCJ'ICﬂOBaHHHﬁ Mepuona.

Fig. 6. Cadmium ratio in bottom sediments over the investigated period.
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Crnemyetr OTMETUTB, YTO B OMOTE, OOUTAIOIIEH Y BBIX0O/A U3 OyXTHI, KOHIICHTPAITHS
HEKOTOPBIX 3arpsI3HUTENICH HECKOJIBKO BBIIIE, YeM B CIydae MpeICTaBUTeNICH, 0ToOpaH-
HBIX B BEpIIMHE, YTO MOKA3bIBAIOT PE3YNIBTATHI JTA0OPATOPHBIX MCCIEI0BAaHUN. DTO Ka-
caercs, mpeke BCero, Xxpoma, kaamusi, menu (puc. 7—9).
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Puc. 7. KorneHTparus XxpoMa B MOpCKOW O10Te (MI/KT).

Fig. 7. Chromium concentration in marine biota (mg/kg).
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Puc. 8. KoHnieHTpanus kaaMus B MOPCKOH OHOTE (MI/KT).

Fig. 8. Cadmium concentration in marine biota (mg/kg).

91



OKOJIOI'nA

MIVKT
2018 w2019

Creop Ne 1 Creop Ne 2 Creop Ne 3

Puc. 9. Konnentpanms Menn B MOPCKOi 6HoTe (MI/KT).

Fig. 9. Copper concentration in marine biota (mg/kg).

BoiBoabI

AHanm3 pe3yabTaToB JaHAMIAPTHOTO MCCIEIOBAHUS MTOKA3all, YTO IMOPTOBBIE 00b-
€KThI, BEAYIINE CBOIO EATEIbHOCTh B PACCMAaTPUBAEMOM PaiiOHE, OKA3bIBAIOT BO3/CH-
CTBHE Ha OKPY’KAIOMIYIO CPEAY, COOTBETCTBYIOIIEE TTPOU3BOICTBEHHO-TEXHOIOTHYECKO-
My mporieccy. [loBbIIIeHHbIE 3HAYSHHS TAKUX TOKa3aTeliel, KaK KOHIIGHTPAIUS JIETKO
OKHCJISIIOLICHCS. OPTaHUKHU M JIETYYHX (DEHONOB, CBUIETEIBCTBYIOT O JTOMHHHUPYOLIEM
BKJIA/IC B 3arpsi3HEHNE XO3SHCTBEHHO-OBITOBBIX M MTOBEPXHOCTHBIX CTOKOB. YUHTHIBAS,
gto B OyxTe Haxoka pacrnosaraercs O0bII0e YUCII0 BOJOIOIh30BATEIICH U MHBIX UCTOY-
HUKOB 3arps3HEHNS, MOYKHO TTPETIOIOKUTb, YTO KOHIIEHTPAIHS TOJTIOTAHTOB OyZIeT co-
XpaHAThCS KaK MUHMMYM Ha JIAHHOM YPOBHE, €CJIH HE OyJyT MPEINPUHSTHl YCUITHS 110
OYUCTKE aKBaTOpHU U CO3JaHUTIO HeHTpaJII/I?,OBaHHOﬁ CHUCTEMbI OYUCTHBIX COOpy‘)KGHPIﬁ.

Bwmecte ¢ Tem oTMedaroTCs JOCTaTOYHO BBICOKOE OMOPa3HOO0pa3ue U MPUCYTCTBUE
OCHOBHBIX TpEJICTABUTENICH JOHHOH (hayHBI, XapaKTePHBIX JJISl JAHHOW MPUPOAHO-KITH-
MaTHYECKOU 30HBI. B CBSI3M ¢ 3THUM HEOOXOIUMO TPOBEACHHE JIAHIMAPTHON ChEMKH
Ha Bceil akBaTopuu OyxThl Haxoyka, Ha OCHOBaHMH KOTOPOM MOXHO OYy/IET OIEHUTD U3-
MEHEHHE TIIOMIA M JIAHAMAPTHRIX KOMIICKCOB U pa3padoTaTh HayYHO-000CHOBAHHEIE
peuteHust st GOPMHUPOBAHUS KOMITJICKCHON CHCTEMBI SKOJOTHUYECKOW 0€30MacHOCTH.

Cnucok numepamypul

1. Mamaesa M.A., 2Kueynockuii B.A., Lapvkosa H.C., [Llunun M.Bb. Dxonoruyeckasi cTpaTerus pa3BUTUs
MOPCKOTO MOPTOBOro komruiekca B JIyxckoit ryoe / buocdepa. 2016. T. 8, Ne 3. C. 397—405.

2. [Ilanos /1.b., llanos b.H., Cnupuoonosa E.O. Hekotopble 0COOCHHOCTH 3arpsA3HEHUS TSKEIBIMUA Me-
TajulaMu U HedyTenpoaykramMmu akBaTopuu KepueHCKOro MOpCKOro TOproBoro mopra // DKonornueckast
6e30MacHOCTh PHOPEIKHON | 1eNTb()OBOH 30HBI U KOMIUIEKCHOE HCIIOIb30BaHUE PECYypCOB IIenbda.
2012. Ne 26-1. C. 192—197.

92



S1.10. BJIMHOBCKAZL, JI.1. COKOJIOBA, A.M. JIEBEJIEB u np.

3. Apsamacyes U.C., Aroenes FO.M., Esceee I'A., Iymwoun B.B., Kiouxosa H.I, Cenun H.H., Po-
cmos U.J1., FOpacos I' 1., JKyx A.I1., Bysanosckuii A.M. Atinac mpoMBICIOBBIX O€CIIO3BOHOUHBIX M BOJIO-
pocneii lansaero Bocroka Poccun. Bnagusoctok: ABante, 2001. 192 c.

4. Xpucmoghoposa H.K., I'amaronosa O.A., Agpanacves A.I1. Coctostane 6yxT Kozpmuna u Bpanrens (3a-

muB [lerpa Benmkoro, SImoHckoe Mope): IMHAMUKA 3arpsi3HEHHS TSDKEIBIMA MeTatamu // M3Bectus
THUHPO. 2015. T. 180. C. 179—186.

References

1. Mamaeva M.A., Zhigulskiy V.A., Tsarkova N.S., Shilin M.B. The ecological strategy of the marine port
complex in Luzhskaya guba development. Biosfera. Biosphera. 2016, 8, 3: 397—405. [In Russian].

2. Panov D.B., Panov B.N., Spiridonova E.O. Some specific of pollution by heavy metals and oil products
of the marine merchant port Kerch water area. Ecologicheskaya bezopasnost pribrezhnoy u shelfovoy
zony i compleksnoye ispolzovanie resursov shelfa. Ecological safety of coastal and shelf zone and com-
plex shelf recourses using. 2012, 26-1: 192—-197. [In Russian].

3. Arzamastsev L.S., Yakovlev Yu.M., Evseev G.A., Gulbin V.V., Klochkova N.G., Selin N.N., Rostov I.D.,
Yurasov G 1., Zhuk A.P, Buyanovskiy A.1. Atlas promyslovykh bezpozvonochnykh i vodorosley Dalnego
Vostoka Rossii. Atlas of fishing invertebrates and algae of the Far East of Russia. Vladivostok: Avante,
2001: 192. [In Russian].

4. Khristophorova N.K., Gamyunova O.A., Afanasiev A.P. Kozmina and Wrangelya bays (Peter the Great
Bay, Japanese Sea) state: dynamics of heavy metals pollution. /zvestiya TINRO. 2015, 180: 179-186.
[In Russian].

Cmamusa nocmynuaa 11.05.2020
Ipunsama xk nyoauxayuu 11.06.2020

Ceedenusn 00 asmopax

bnunosckas Ana FOpvesna, 1-p TeXH. HAayK, TOLUEHT KaQeapsl 0E30MACHOCTH B UPE3BBIUYANHBIX CUTY-
anusX ¥ 3aIlIUTHI OKpyskaromieit cpensl Mmxeneproit mkonst PIAOY BO «/lansHeBoCcTOUHBIH (enepansb-
HBII yHUBEpCUTET», ipodeccop, e-mail: blinovskaia.iain@dvfu.ru

Coxkonosa Jlapuca Heanoena, Kaui. XuM. HayK, TOLUEHT Kapeapbl GU3MUESCKOI U aHATUTHICCKOH XHU-
mun Ulkonsr ecrectBenHbIX HayK PIAOY BO «/lansHeBOCTOUHBIH (enepanbHbIil yHUBEPCUTET, Ipodec-
cop, e-mail: sokolova.li@dvfu.ru

Jlebeoes Anopeii Matiesuy, KaHA. TeOrp. HayK, J]aOOPATOPHs IPHPOIOIOIL30BAHUS MPUMOPCKUX
peruonoB ®I'BYH Tuxooxeanckoro muctutyta reorpaduu JIBO PAH, nayuHslii coTpynHuK, e-mail:
lebedev@tigdvo.ru

Kasanosa Hamanws Escenvesna, OOO Kommanus «Attrc DHTEpIpaiicy, HHXKEHep-3KoIor, e-mail:
attis-ecolog@mail.ru

Tapacos Anexcandp bopucosuy, OO0 Komnanus «AtTrc DHTepnpaiicy, reHepalbHbIil TUPEKTOp,
e-mail: attis-ecolog@mail.ru

Information about authors

Blinovskaya Yana Yurievna, Grand PhD (Tech. Sci.), Safety in emergency situation and environmen-
tal protection department, Engineering School FGAOU VO «Far Eastern Federal University»

Sokolova Larisa Ivanovna, PhD (Chem. Sci.), associate professor, Physical and Analytical Chemistry
department, Environmental School FGAOU VO «Far Eastern Federal University»

Lebedev Andrey Mayevich, PhD (Geogr. Sci.), Environmental Management of Maritime Regions
Laboratory FGBUN Pacific Institute of Geography Far Eastern Branch of Russian Academy of Science,
research associate

Kazanova Natalia Evgenienva, LLC Company «Attis Enterprise», ecologist

Tarasov Alexander Borisovich, LLC Company «Attis Enterprise», CEO

93



T'MAPOMETEOPOJIOI'MA U DKOJIOI'HSA = 2020 * Ne 59

VK 504.4.054(282.247.21) doi 10.33933/2074-2762-2020-59-94-110

JKoJI0TNYecKHe MPodIeMbl
pexn HoBoii (Cankr-IleTepOypr) u myTH ux pemieHust

C.A. Konopamoes', A.1O. Bproxanoé’, H.B. Hznameoeea',
A.E. Jlanenxoé', A.M. Pacynosa’, A.B. Tepexos', H.C. Obnomrosa’

"HUucruryt o3eposenenust PAH, Cankr-IlerepGypr, kondratyev(@limno.org.ru
2VHCTUTYT arpOMHKEHEPHBIX W SKOIIOTHIECKHUX MPOOIEM CEITbCKOXO3SHCTBEHHOTO
npoussoacrea — ¢uauan ®IBHY OHAIL] BUM, Cankr-IletepOypr

BEISIBIICHBI HCTOYHUKH 3arpsi3HEHUS M Pa3padoTaHbl PEKOMEHIAINH 10 YITyUIICHUIO KOJIOTHIEeCKOi
cuTyanuu B BoJHOU cucteme p. Hosoit. [Toka3aHo, 4To skonornyeckasi CUTyalys Ha 0ObeKTe OLleHHBACT-
csl KaK 4ype3BblyaifHas U OOBEKT MPU3HAH 30HOW 3KoJIorudeckoro Oenctsus. OCHOBHON MPUYMHON 3TOTO
SIBIICTCS CENbCKOXO3AHCTBeHHAs AeSITeNbHOCTS nmpennpuatus 3A0 «[IpeanopToBblin», pacmoiokeHHOTO
B IIpejieNaX BepXHEH M0JIeBOH YacTH M OCYIIECTBIISIONIETO COPOC CTOYHBIX BOJL B IPEHAKHYIO CUCTEMY BO-
nocOopa, a TakKe BBIBO3SIIIIEIO HABO3 Ha CEILCKOXO3HCTBEHHBIE TI0JISI, HEIOCPEICTBEHHO MTPUMBIKAIOIIHE
K pycily peku. YIydIlIeHHs! SKOJOTHYecKOd CUTYallMd MOXHO AOCTHYB ITyTEM ONTUMMU3AIMHU CETbCKOXO-
3SHCTBEHHOTO TPOM3BOJICTBA, YAAJICHHS M3 BOAHON CHCTEMBI OMOTEHHBIX M OPTaHMYECKNX BEMIECTB, Op-
TaHU3aLHN IPUOPEKHON 3aIIUTHON ITOJOCHI, YBEIMUSHUSI IPOTOYHOCTH B PE3YJILTaTe BO3BPAIICHUS CTOKA
B TIPEXKHEE PYCIIO.

Kniouegvie crnosa: Tuapo- 1 TeOXUMHYECKHIE UCCIEA0BaHuU, a30T, hocdop, 3BTpodupoBaHne, OuoreH-
HOE 3arpsi3HeHHE.

Ecological problems of the river Novaya (St. Petersburg) and
ways to solve them

S.A. Kondratyev', A.Yu. Bruchanov’, N.V. Ignatyeva’,
A.E. Lapenkov', A.M. Rasulova’, A.V. Terekhov', N.S. Oblomkova’

! Institute of Limnology of RAS, Saint-Petersburg, Russia
2 Branch of Federal State Budgetary Scientific Institution “Federal Scientific Agroengineering
Center VIM”, Saint Petersburg, Russia

Main sources of pollution of the river Novaya, one of the most ecologically unfavorable water bodies
in St. Petersburg, have been revealed on the basis of hydrological, hydrochemical and geochemical data.
The river lost natural water supply and its length decreased by 4 times after the runoff from the upper part
of catchment was redirected to the river Dudergofka during the construction of the Pulkovo Airport several
decades ago. Currently, the river is a drainage system of agricultural territory, supplying a system of six
connected ponds at urban area. The main ecological problem of the aquatic system under study has been
found to be nutrient and organic pollution. Main reason of pollution is intensive agricultural activity at the
catchment area. As a result, a huge amount of phosphorus, nitrogen and organic substances enters the hy-
drographic network. Low flow rate of the water system makes worse the development of negative processes
in the ecosystem. The main polluter is a livestock enterprise located in the upper part of the catchment area.
It discharges wastewater into the drainage system in the catchment area and manures agricultural fields
directly adjacent to the riverbed. In accordance with the evaluation criteria of the degree of surface waters
chemical pollution, approved by the Ministry of Natural Resources of the Russian Federation, the situation
is assessed as extreme in the aquatic system, and at some sites - as a zone of ecological disaster by a number
of parameters. No contamination of water and bottom sediments, as well as soils in the catchment area with
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priority organic pollutants previously entering from the airport territory was detected. Nutrient loading on
the aquatic system of the catchment area from the agricultural enterprise has been calculated. It has been
assessed that the use of the best available technologies for agricultural activity could reduce the phosphorus
load by 9 % and the nitrogen load by 28 %. Currently, the calculated concentration of total phosphorus in
the drainage system in the catchment area is 4 times higher than the hyper eutrophic state limit. An im-
provement in the ecological situation can be achieved by optimizing agricultural activity in the catchment
area, periodical removal of some nutrients and organic substances by mowing macrophytes in the swampy
floodplain area, establishing a coastal protective zone and increasing the flow rate as a result of the return
of runoff from the upper part of the river catchment to the former course.
Keywords: hydro- and geochemical studies, nitrogen, phosphorus, eutrophication, nutrient pollution.

For citation: S.4. Kondratyev, A.Yu. Bruchanov, N.V. Ignatyeva, A.E. Lapenkov, A.M. Rasulova,
A.V. Terekhov, N.S. Oblomkova. Ecological problems of the river Novaya (St. Petersburg) and ways to
solve them. Gidrometeorologiya i Ekologiya. Hydrometeorology and Ecology (Proceedings of the Rus-
sian State Hydrometeorological University). 2020. 59: 94—110. [In Russian]. doi: 10.33933/2074-2762-
2020-59-94-110

BBenenue

CocTosiHuEe TOPOJCKMX BOTHBIX OOBEKTOB (PEK, KaHAJIOB, 03€p, BOXOXPAHMJIIMIL,
MIPYAOB U KAphEPOB) ABIAETCS OOBEKTUBHBIM HHANKATOPOM CTEIICHH 3arpsi3HEHHSI OKPY-
Karolen cpenbl ypOaHU3UPOBAaHHBIX TeppUTOpHiL. [IpakTrdecku Bce BOAHbBIE OOBEKTHI,
pacrnooXeHHbIE B TOPOACKOM UepTe, B OOJbIICH MM MEHBILIECH CTETIEHU MCIIBITHIBAIOT
AQHTPOIIOTEHHOE BO3JCHCTBHUE, B PE3YJbTATE YEro €CTECTBEHHbBIE MPOLECCHl (OPMUPO-
BaHMsI KauecTBa BOAbI M (DYHKUHMOHUPOBAHUSI SKOCHUCTEM, KaK NPABUIIO, HAPYLICHBI.
Cutyauust ycyryonsercsi TeM, 4To OOJNBIIMHCTBO TAaKMX BOZOEMOB MMEET HU3KYIO Ca-
MOOUHILAIOIILYIO CIIOCOOHOCTh. HeynoBneTBopuTenbHOE KaueCTBO TOBEPXHOCTHBIX BOJ
ypOaHU3UPOBAHHBIX TEPPUTOPHH OTPHLATEIBHO BIMSICT HA KU3HEIACSTEIbHOCTD THU-
POOHMOHTOB U 37I0POBBE JIFOCH U MOXKET CLIOCOOCTBOBATH BO3ZHUKHOBEHHIO HEOIaronpu-
SITHOW DTIIUAEMHOJIOTHIECKOH 00CTaHOBKH [1, 2].

B TeuyeHnune mocieaHuX JE€T OrpOMHOE KOJHUYECTBO )Kajo0 HAceNeHHs B MyHHILIHU-
najbHbIC M NPUpPOIoOXpaHHble opranuzanuu Caukrt-llerepOypra ObUIO CBSI3aHO C He-
0J1aronoIy4HBIM 3KOJIOTMYECKUM COCTOSIHUEM TaK Ha3biBaeMoil pexu Hosoii. B nacto-
siee BpeMsi OHa MPEACTaBIsIeT COOON APEHAXKHYIO CHCTEMY CEIbCKOXO3SHCTBEHHBIX
TEPPUTOPHIA, KOTOpasi MUTAET MIECTh IMOCIEI0BATEIBHO CBA3aHHBIX NPYIOB, HAXOIS-
LIMXCS B IPpeeiaX FopoACcKoi 3acTpoiiku. [Ipobnema skonornueckoro HeOIaromnomydus
9THX NPYIOB HE HOBA: HA MPOTSHKEHUH, 110 KpaiiHel Mepe, MOCIeIHUX ABYX JAECATHIIC-
TUH OHU OTHOCSITCSI K YUCITy HauOoJiee 3arpsi3sHeHHBIX BOJ0eMOB roposa [2]. B 2010 .
B KaueCTBE 03/10POBUTEIILHOIO MEPOIPUSATHS FOPOJCKIUMH BIACTSAMU Oblila BHIIIOTHEHA
JTHOOUYHUCTKA MpyaoB. OHaKo, KaK OKa3aJld pe3ybTaThl KOMIUIEKCHBIX HCCIIEIOBAHNM,
BbinosnHeHHbIX B 2011—2013 rr. MucTuTyTOM 03epoBenenus PAH (MHO3 PAH), a¢-
(DEeKTHBHOCTH ATOTO MEPOIPUATHS y’Ke Yepe3 Iof-ABa CBeJach NPAKTHYECKH K HYIIO.
Jeno B TOM, YTO OCHOBHOM MCTOUHUK 3arpsi3HEHUS PYIOB, KOTOPBIM, KaK ObLIO yCTa-
HOBJICHO B XOZI€ UCCIIEZIOBaHU, SIBJISETCS CTOK C BEPXHEH, peUHON 4acTH BOJHOM CH-
creMbl p. HoBoI, Tak u He ObUT yCTpaHEH.

HenoBosbcTBO rpaxian 0COOEHHO BO3POCIIO B rocienHue roapl. [IpnunHoit storo
SIBIISIETCS, NPEKAE BCETO, CHIIBHBINA HENPUATHBIN 3amax, paclpoCTPaHIOIINNACI BOKPYT
MPY/IOB, a TAKKE MHOTOUYHUCIICHHBIC Cliydan rudenu BojorviaBaroiux nruil. B 2019 r.
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OKOJIOI'nA

mpobieMa KpaifHe HeOIaromoIydHOTO 3KOJOTHYECKOTO cocTosHUuS p. HoBo# mmpoxo
OCBelIaNach B CPEJICTBaX MacCOBOW MH(OPMAIIMHU, B TOM YUCIIC HA PETHOHAJIBHBIX Te-
JIEBU3MOHHBIX KaHalax, 00CYyKIalach Ha psijie COBEIaHWH, MPOBOAUMBIX IO STHIOU
apmunucTpanun Caskr-IlerepOypra ¢ ydacTueM NpeacTaBUTENE TocylapCTBEHHBIX,
YaCTHBIX U OOIIECTBEHHBIX OpTraHu3anuii. J{o HemaBHEro BpeMeHH OCHOBHBIM BHHOBHH-
KOM CIIOKMBILIEHCS HEOIArononyqyHOH JKOJIOTHYECKOM CHUTYallMH CUHTAJICS adporopT
[TynxoBo, Tounee ero ynpasinsiomias komnanns OOO «Bo3nymrasie Bopota CeBepHOit
CTOJIMIBD), TIOCKOJIBKY COJepIKaliasi opraHudeckue 3arpssasrone BemectBa (O3B)
MPOTUBOOOJICICHUTENbHAS KUJIKOCTD, IPUMEHsIeMast 1715t 00paOOTKH CaMOJIETOB U B3JIET-
HO-TIOCAJIOYHBIX TOJIOC B XOJIOHOE BpeMs rofia, yepe3 COpoCHOM KaHaT YacTHYHO IToTIa-
nana B pycno p. HoBoii. Asponopt 0611 omrpadoBaH 3a IpuuMHEHHE yiiepda priooxo-
3IUCTBEHHOMY OOBEKTY, KOTOPBIM OGHUIIHAIIBHO siBisieTcs p. Hoas, u ietom 2019 . Bce
CTOKH C a3POAPOMHBIX MOKPHITHI OBLIH TIEPEKITFOYCHBI Ha KaHAIU3aIMOHHY0 ceTh [ Y1
Bonokanan CI16. OnHako mpobiemMa 3KOJIOTHYECKOr0 HeOIaromnoiaydusi peku 0CcTanach.

B cnoxuBmielics cuTyanyiu HaCyITHOW MPOOJIEMON CTalo BBISIBIEHHE OCHOBHBIX
WCTOYHUKOB COBPEMEHHOTO 3arpsi3HEHUSI M pa3pa0dOTKa PEeKOMEHAAIUH M0 yydIle-
HUTO DKOJIOTHYIECKOM 00CTaHOBKHM Ha BOTHOU CHCTEME, Ha3piBaeMol p. HoBoit. iMmeHHO
9Ta 3aj1aya Obula mocrasieHa nepen Muctutytom o3eposenenust PAH ocensto 2019 1.
HOCKOHBKY, Kak OBLIO YCTAHOBJICHO, OCHOBHBIC UCTOYHUKHN 3arpA3HCHUA PACIIOTIONKE-
HBI BBIIIE TIPYJOB, INIABHBIM OOBEKTOM HCCIIEOBaHUS CTaj BOJOCOOp pEYHON YacTu
BOJHOU cUCTEMBI. B X071€ MCCIen0BaHUs PEMIAIMCH CIEAYIOIINE 3a1auHu:

— aHaJIM3 COBPEMEHHOM CTPYKTYpHI BogocOopa p. HoBoii;

— NPOBEJCHUE TUAPOIOTHUYECCKUX, THIPOXUMUYECKHX H F€OXUMHUYECKHX HCCIIe-
IOBaHUH B THIporpadudeckon cetu p. HoBoii;

— BBISIBJICHHE UCTOYHUKOB 3arpsi3sHeHus p. HoBoii;

— OILICHKAa COOTBETCTBHSI XapakTepuCcTUK p. HoBoil TpeGoBaHHSAM, MpenbsBisie-
MBIM K 00BEKTaM PHIOOX03SIHCTBEHHOTO 3HAYCHHS;

— pa3paboTka peKOMEHAALUH 0 YITyUIICHHIO SKOJIOTHIECKOro coctosHus p. Ho-
BOI.

CormnacHo oOmenoctynHoi unpopmanmu, «Hosast — peka B KupoBckom paiioHe
Cankr-IlerepOypra. Haunnaercs roxHee bantuiickoin muann OKTSOPHCKOI skene3HOM
JIOPOTH 1 3aKaHYMBAETCS B palioHE ycannObl AJieKcaHApuHO. Ha Teppuropuu »KUioro
MaccuBa YJIbSHKM peKa MpeBpalleHa B IeTb PYyA0B, pa3/ieleHHbIX MOA3eMHBIMHU TpyOa-
mu-BomoBogammy» (https://ru.wikipedia.org/wiki). Ograko Tak ObTO He Beeraa. Ilepso-
Ha4YaJIbHO (10 CTPOUTENLCTBa asporioprta [lynkoBo) peka Opaina Hauano y yneprodeknx
BBICOT M3 OOJIOTUCTOI MECTHOCTH HEAAIeKo OT BOIXOHCKOTO 10cce U UTHHA €€ /10 BIia-
nenust B Gunckuii 3amuB coctasisiia okono 20 kM. [Ipu crpoutenscTBe asponopTa CTOK
¢ BepxHeil yacTu Bogocoopa p. HoBoit 6wt oTBenieH B p. dyaeprodxy uepe3 Haropasrii
kaHan u Jlyneprodckwuii pydeit, mocie dero Ha3BaHue «peka HoBash» coxpaHMIOCH s
HeOOJIBIION MONIeBOW YyacTH BogocOopa (0T adpornopTa 0 JIMHHUM KeJle3HOH JOpOrH) U
HIDKEPACTIONIOKEHHON CHCTEMBI MPYIOB OOIICH MPOTHKEHHOCTHIO 0Kollo 5 kM. CoBpe-
MEHHAas cXeMa THApOrpaduueckoil ceTn U3y4aeMoro pailoHa npencTaBieHa Ha puc. 1.

ITocne oTBenenus cToka ¢ BepxoBuii p. Hooii (mormanpto okoso 5500 ra) B p. dy-
neproKy TpHu CTPOUTENBCTBE a’ponopra [lyaKkoBO HIDKHSS 4acTh BOJHOM CHCTEMBI,
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npocnexT BETEpIH0E

KpacHoe Ce

. yniala CrongacT

2 kM 500 M
AR Y T

....... pOLOEKT Ha

Puc. 1. Cxema Bogoc6opHOit Tepputopuu p. HoBotii (ciesa) u
cHcTeMa MPyYAoB B IIPe/esiax TOPOJCKON 3aCTPOUKH (CIpaBa).

[ — moneBas 4yacTh BonocGopa B COBPEMEHHBIX YCIIOBUSX, 2 — OTCCUCHHAs 4acTh BonocGopa.

Fig. 1. The scheme of the river Novaya catchment (left part) and
a system of ponds within urban areas (right part).

1 — the field part of the catchment in modern conditions, 2 — the cut off part of the catchment.

BKJTIOYAIOINAsl APEHAKHYIO CHCTEMY CEIbCKOXO3AWCTBEHHOW Tepputopuu (426 ra) u
IIECTh MTOCJIE0BATENIFHO COSTUHEHHBIX IPYA0B Ha TEPPUTOPHH TOPOJICKON 3aCTPOHKH,
JIUIIUIACH TPYHTOBOTO MHUTaHUs. Pycio BeIpabOTaHO TEYEHHEM PEKU JI0 MepeOpOCKH
ee croka B p. Hyneprodky. BmecTto ycTes — TpyOOmpoBOA, MPHHUMAIOIIMA pa3iind-
HBIC CTOKH ¥ COCMHSIOUINN NPy ycans0bl AnekcanapuHo ¢ JlyneprockuM KaHajaoM.
B cootBeTcTBHY € CYIIECTBYIOIMMH OMPEACTICHUSIMHA «PEKM» TIEPEUNCICHHBIE (QaKThl
(oTCyTCTBHE TPYHTOBOTO MHUTAHHS, UCTOKA M JIp.) HE MO3BOJISIOT KiaccH(UIMPOBATH
paccMmarpuBaeMylo BOJHYIO CHCTEMY Kak peky. Takum oOpa3oMm, B HAcTOSIIEe BpeMs
MMTaHNE BOAHOW CHUCTEMBI MPOUCXOAMT 3a CUET APEHAKHOTO CTOKA C CEIhCKOXO3SM-
CTBEHHBIX TOJIEH, @ TaK)Ke JIMBHEBOTO M TAJOro CTOKa C TOPOACKOM TeppUTOpHH, HE
TTOTIABITIETO B KaHaMH3arnoHHyto ceth ['YI1 Bomokanan CII6.
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MeToauka u pe3yibTaThbl HCCJIeI0BAHUN IKOJOTHYE€CKOT0 COCTOSTHUS

Jlns BEISIBIEHUST XapaKTepa SKOJOTHYECKHUX MPOOJIeM, BBI3BAHHBIX 3arpsS3HEHUEM
W/WIM 3BTPOPHUPOBAHUEM, HCTOUHUKOB MOCTYIICHHS 3aTrPSI3HSIOINX U OMOT€HHBIX Be-
LIECTB, OLIEHKH CTETIEHHU SKOJIOTMUECKOT0 HeOIaronoIydust BOJHONW CHCTEMBI U OTIpe/ie-
JICHUS] BO3MOXKHBIX ITyTel ee 0310poBiIeHUs oceHbIo 2019 1. ObUTH BBIIOJIHEHBI HATYP-
HBIE WCCIIEIOBaHUs, BKJIIOYABIINE PEKOTHOCIHHPOBOYHOE BU3yalbHOE 00CIEeIOBaHHE
TEpPPUTOPHH (HAYAJIO CEHTSAOPS) U YETHIPE CHEMKH, B XOJI€ KOTOPBIX MTPON3BOAUIINCH TH-
JpOJIOrHYEeCKHe u3MepeHust 1 otoop mpod. [Ipu 3ToM 0cHOBHOE BHUMaHKE YACISIIOCH
BEpXHEH MMoIeBoi acTu BomocOopa p. HoBoi kak 0CHOBHOTO MUCTOYHUKA TOCTYIUICHHSI
3arpsi3HEHMI B TIPY/bl HA TEPPUTOPHH KHUIIOH 3aCTPOUKH.

B cocraB noneBbix paboT ObUIM BKITFOYEHBI THAPOJIOTHUECKUE, THIPOXUMUIECKUE
Y TeOXMMHUYECKHe ucciiefioBaHus. HameueHHble TMyHKTHI HaOmomeHwus (19 cranmwmii)
(puc. 2) pacnionarajnuchk Ha BCeX BIAJAIOIIUX B PYCJIO PEKH BOAOTOKAX (IpEeHaKHBIX Ka-
HaBax, HAHECCHHBIX Ha OOIIENOCTYITHEIC KapThl, © COPOCHOM KaHaJIe a’dporopTa), B ca-
MoM pyciie p. HoBoii u Ha [lyneprockom pyube, mpoTekaromeM napauiensHo p. HoBoi
BocTouHee ee BogocOopa (ct. B19). Pabots! Ha JlyneprodckoM pyube, He IPUHAICKA-
meM BogocOopy p. HoBoif, ObUTH BKIIFOYEHBI B IPOTPAMMY HCCIICAOBAHHMIA, TTOCKOIBKY
Ha OCHOBaHUH M3Yy4EHHS KapTOrpauuecKoro Marepuaa 1 pe3ylibTaToB PEeKOTHOCIIUPO-
BOYHOTO 00CIIeZIOBAaHHSI BOHUKJIA MJIEsl, COTIACHO KOTOPOH, OTHIM W3 TIYTEH YITydIIeHUs
IKOJIOTHYECKOTO COCTOSIHUS p. HOBOM MOKeT OBITh yBENMUCHHE €€ MPOTOYHOCTH, YTO
MOIJIO OBI OBITh OCYIIECTBIICHO 3a CUET IepeOPOCKH YacTh cToka Jlyneprockoro pyussi.

[ToneBbie paGOTHI OBLTH BBHITIOHEHBI TIPU Pa3IMYHBIX MTOTOAHBIX YCIOBHUSAX, KOTO-
pBI€ B 3HAYUTEIBHOIN CTENEHH OIPEISNININ TOKa3aTeln CTOKa, NOCTYIJIEHHEe XUMUYe-
CKHX BEIECTB C BOIOCOOpa M KauecTBO BOIbI B p. HOBOIA:

— B IIEPHOJ JUIUTENBLHOTO (O0Jiee Mecsiia) OTCYTCTBUSI JOKICH («CyXOi» TepHof,
25 centsa6ps 2019 1);

— B HayaJe MepHoja eKeIHEBHOTO BBINAACHUs aTMOC(epHbIX ocankoB (15 ok-
T0ps 2019 . rUAPOXMMHUYECKHE HCCIIEeIOBAHNS Ha YETBHIPEX CTAHIUAX U 18 OKTAOps
2019 r. runponoruyeckne, THIAPOXUMUIECKIE U TEOXUMUIECKUE HCCIISIOBAHNS B TTOJI-
HOM 00beMeE);

— B YCIIOBUSX IUTUTEIIBEHOTO A0 IIUBOTO meprosa (30 oxrsops 2019 ).

JJ11 MHCTPYMEHTaJIbHOTO U3MEPEHUS PACX0/0B BOJIBI METOJOM «CKOPOCTh — IIJIO-
ab» UCTIOIB30BAJICS U3MepUTenh ckopocTu motoka MCII-1M. B cirygae HEBO3MOXK-
HOCTH MHCTPYMEHTAJIHLHOTO M3MEPEHUS CKOPOCTh TEUCHHUsS OIICHHBAJIACh C IIOMOIIBIO
MMOBEPXHOCTHBIX MOIUIABKOB.

B Xome rHapoXuMHUECKUX MCCIEOBAaHUN ONMpPEAeIsUIMCh 3HAYSHHUS BOIOPOIHOTO
MOKa3aTes, yACIbHON JIEKTPOIIPOBOAHOCTH, XapaKTep K MHTEHCUBHOCTD 3araxa, oKa-
3arenu opranudeckoro Bemectsa (OB) (IBETHOCTh, OMOXUMHYECKOE TIOTPEOICHNE KHC-
aopona B Tedenue natu cyTok (BIIK,), xumudeckoe norpednenne kucnopona (XIIK)),
KOHIICHTPAIMH [TIABHIX HOHOB, pacTBOpeHHbIX rasos (O, u CO,), B3Becel, maBHEHIIMX
OroreHHbIX 21eMeHTOB — (ocdopa 1 azora (BajoBOE COIEp)KaHWE W KOHIICHTPAITUU
HEopraHu4eckux Gopm), HedTenponykros, GpeHonos, npuoputetHsix O3B, mocrymnas-
IIFX paHee C TEPPUTOPHH adPOTIOpTa (ITUIICHTIIMKOJIS, ATAHOJIA, H30TIPOITHIIOBOTO CITHUP-
Ta, OyTHJIOBOTO CHHPTa, aleToHa). [ eOXMMUUeCKue MCCICAOBAHUS BKIIOYAIN aHAIN3
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AJIIEMEHTHOI'0 COCTaBa AOHHBIX OTJIOKEHHH, a TAK)KE ONPEEICHUE COACPKAHMSI BhIILIE-
nepeurciaeHHbIX O3B B TOHHBIX OTIOKEHHSX BOJHOM CHCTEMBI U ITOYBaX BOJOCOOpA.
XUMHYECKHE aHAIIM3Bl BBIMOTHUINCH B DKOJIOTO-aHAIUTHYIECKOW Taboparopuu
(DAJT) depepanbHOTO TOCYAaPCTBEHHOTO OIOMKETHOTO 00Pa30BATENFHOTO yUpexK/Ie-
HHS BBICIIETO 0Opa3oBaHus «POCCHICKHI TOCYIapCTBEHHBIM THIPOMETEOPOIOTHYC-
ckuii yauBepcure™» (PITMY) (arrecrar akkpenuranuu Ne RA.RU.21AII47 Beiman
OenepanpHOil cmy)k60i 1o akkpeauraruu 22.03.2017) u XUMHKO-aHATUTHIECKOM
neHTpe «Apourpax» DenepalbHOTO TOCYIapCTBEHHOTO YHUTAPHOTO MPEIIPUSTHS
«Bcepoccuiickuii Hay4HO-UCCIIEI0BATEIbCKUI HHCTUTYT MeTpostoruu uM. J[.11. Men-
neneeBa» (arrectar akkpeauTaruu Ne POCC RU. 0001 510650 Berman 10.11.2015). Ko-
Jnu4ecTBeHHbINH aHann3 OB3 BhITONHSIICS XpoMaTorpa@uyecKkuM METOIOM Ha Ta30BOM

: . Boga oTcyToTBYET

8. O Cros9as Bofa/ Tyka

{- S . Ouers cnaboe TedeHHe

i  J

h A ——

Puc. 2. Cxema pacrosioykeHus! TyHKTOB HAOJIIOICHHS M KaueCTBEHHAsI XapaKTEePUCTHUKA
THJPOJIOTUYECKOI CUTyalK B ceHTsI0pe — okT10pe 2019 1.

Fig. 2. The location of observation points and qualitative characteristic
of hydrological situation in September — October 2019.
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xpomarorpade Master GC ¢upmbr «DANI Instruments S.p.A.», aneMeHTHBIH cocTaB
JOHHBIX OTJIOKEHUH U MMOYB — METOJOM PEHTTEHO-(PIyopecleHTHON CIIEKTPOCKOINH
Ha PEHTIeHO-(PIYyOpEeCIeHTHOM »JHeproauctepcuonHoM crekrpomerpe EDX-800P
¢upmbl Shimadzu (AnoHust). AHATH3BI BHIIONTHSIUIMCH B COOTBETCTBUU C HOPMATHBHBI-
MU JTOKyMEHTaMH.

B pesynbrare ruApoIOrnYecKUX UCCIICA0BAaHNH OBIJIO YCTAHOBIIEHO, YTO KaK B OT-
HOCHTEIILHO «CYXOi» MepHoJl, TaK U NMPH MHTCHCHBHBIX aTMOC(HEPHBIX 0CaJIKaX CTOK
B BEPXHUX YACTSIX JPEHAXHOW crucTembl (10 BrageHuss COpPOCHOTO KaHaia a’poropra
B CTapoe peuHOoe PycCiio) OTCYTCTBOBaI. MOXKHO MPEAION0KHUTh, UTO JPEHAKHbBIE KaHa-
BBI Ha 3TOM y4YacTKe BOAOCOOpa, Cy/s TI0 HATMYHIO B HUX BBICIIECH BOTHOW PACTHUTEINb-
HOCTH (pOro3a, TPOCTHUKA H T. II.), NIEPUOANYECCKH HAMOIHAIOTCS BOAOH. O4eBHIHO,
9TO MPOUCXOUT BECHOH BO BPEMsI CHETOTASHUS M, BO3SMO)KHO, B YCIOBHUSAX JJOXKIJTHBOTO
neta. OCHOBHBIC IPUTOKH PEKHU TTOCIE BBIMAJICHHS 0caIkoB — 3T0 COpOCHOM KaHaJ a3-
poropra, KaHaJbl, uaymue Baoiab Tpaccel A118 (KAL), u npeHaknas kaHasa (ct. B3),
WyIIas BAOJb JKEJIEe3HOH T0poTH (CM. puc. 2).

OmnpeneneHHblid BKJIaJ B PEUHOW CTOK OKa3bIBAIOT CTOKH C KMBOTHOBOJYECKOTO
npeanpusatus 3A0 «lIpeamopToBsIi», pacloloKEHHOTO B IMPEAeiiaX BEpXHEH MOJIEBOM
yactu Borocbopa mexny KA/l u xene3noit noporoii B nepesue Crapo-Ilanoso u npu-
MBIKAIOIIETO C 3amajia K JIopore Mexay MyHKTamu HaOmonenus B7 n BS, ogHako BO
BpEMSI TIPOJIOJKUATENBHOTO «CYXOT0» TIeprojia OHU He JeMCTBOBAIIN (B KaHABaX CTOSIIN
oT/IeNbHbIe MykH). [Ipu 5TOM CTOK ¢ OTpe3aHHBIX BepXOBHUil BogocOopa p. HoBol, nepe-
HarpaBJIeHHBIN uepe3 yneprodekuii pydeii B p. yneprodky, MpoUCXOaHIT TOCTATOTHO
HHTEeHCUBHO. B nepuoxn nabmonenwuii 3aeck (ct. B19) ormevanoch TedeHne ¢ pacxoaom
800—1200 1i/c, uTO CyIIECTBEHHO BBIIIE pacxoa BoAsl (46—53 11/c) B cOBpeMEHHOM
pycae p. HoBoit npu Bagennu B nipys (ct. B1) Ha TeppuTOpHA KUION 3aCTPONKH JTaxke
10CJIE BBIMACHHUSI HNHTEHCUBHBIX OCa/IKOB.

B pesynbprare rugpoXMMHUECKUX KCCIEIOBAHUN YCTAHOBJIEHO, YTO JUIsl BOAHOM
cucteMsl p. HoBoli xapakTepHbl O4eHb BEICOKHE 3HAYEHHSI KOHIIEHTPALNH [NIAaBHEHIIINX
OMOTeHHBIX AMeMeHTOB — (ocdopa 1 azora. OCHOBHASI MPUUYMHA 3TOTO 3aKJIIOYACT-
Cs B CEJIbCKOXO3SIMCTBEHHOU HESATENBHOCTU UBOTHOBOAUECKOTO mpeanpuarus 3A0
«[IpenmopToBkIi», OCYIIECTBISIONIEr0 COPOC CTOYHBIX BOJ| B IPCHAXKHYIO CUCTEMY Ha
Bozocoope p. Hosoii (ctT. B3, B6 1 B7), a Tax)ke BBIBO3SIIEro HABO3 HA CEIbCKOXO3SM-
CTBEHHBIE T10JIs1, HETIOCPEICTBEHHO MMPUMBIKAIONIUE K PYCITY PEKH.

Kax BunmnO 3 puc. 3 a u 6, B Boae p. HoBoit HanOombIvie 3HAYCHIS KOHIICHTPA-
uuu Basosoro Qocdopa (P ) m Bamosoro asora (N ) ObLIM OTMEYEHBI B BEPXOBbE
(ct. B14 u B15) u B HmxHEW yactu peuHoro pycia (ct. B2), a takxke B mpymy Ne 1
(ct. B1). Ilpu sToM MakcuMyM KoHueHTpauuu P Habmonancs B Havae M0%KIIMBOIO
nepro/a (B KOHIE BTOPOH JIEKa/Ibl OKTAOPS), 8 MAKCUMYM KOHLIEHTpaluu N — B «Cy-
X0ih» mepuo (B KOHIIE CEHTAO0ps). B npenakasix kanaBax BOmm3m 3A0 «IIpeamopto-
BBIi» OTMEUYEHBI YPE3BBIUANHO BBICOKHE KOHUEHTPALUU PBaﬂ (mo 11,3 mr P/n) u NBan
(mo 64,88 mr N/I), MAKCUMyM KOTOPBIX TPHINEJICS Ha «Cyxoi» mepuon. [Ipu pa3das-
JICHUU 3THX CTOKOB AOXKICBBIMH BOJAMH COIEpKaHWE OMOTEHHBIX JJIEMEHTOB B HHX
CHIKAETCsl, OJJHAKO B KaHaBaX MOSABISIETCS TEUCHNE U CTOYHBIE BOJIBI 10 IPEHAXKHOM CH-
cTeMe monajaatoT B p. HoByro, 4To KpaiiHe maryOHO OTpaskaeTcsi Ha €€ IKOJIOTHIECKOM
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coctosiHuM. CormacHO OOIIETPUHATON IIKane TPOPHUUIECKUX TUIIOB BOZOEMOB [3—S5],
cozepxanue obiero Gocdopa (nmonsrue «oOuwmi Gochop» B MUPOBOH JIUTEPATYPE
COOTBETCTBYET MOHSATHIO «BaJIOBEIHN (pochop» B TepmuHonoruu ['uapomercmyxObr POD)
Boiire 0,1 mMr P/n coorBeTcTByeT runepasrpodHOoMy ThIy. Kak mpaBuiio, KOHIIEHTpa-
s hocdopa B IPUPOIHEIX BOAX JaXKE B YCIOBHUSAX dBTPO(DHPOBAHUS HE TPEBOCXOIUT
1 mr P/, a xonneHTparus azora — 10 mr N/i. Ha oTaenpHBIX y4acTkax uccienryeMoit
BOJTHOH cHCTEeMBI coiepkanue Gocdopa 1 a3oTa CToIb BEICOKO, YTO CIIEyeT TOBOPUTH
yKe He 00 aHTPOIIOT€HHOM ABTPOPUPOBAHHH, 2 O ONOTEHHOM 3arpsi3HEHUN 0OBEKTA.
OTMeueHa BbICOKAs 3arpy’KEHHOCTh BOJHOM CUCTEMbI OPIraHUYECKUM BEIIECTBOM
(mo XITIK), B Tom umcre jerko okucisembiM (o BIIK,). Kak Bunno u3 puc. 3 6 u 2,
MaKCUMaJIbHbIC 3Ha4YeHUs TIokazareneid OB OTHOCSTCS K «3aCTOMHBIMY BOJaM BepXHEH
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C6 H B
Peka HoBast POCEOH ﬂyﬂwmqlcm BopocGop p. HoBoil
KaHAI pyueH
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CopocHoli [lyneprodexmit .
Peka HoBax KamaT pyueit BonocGop p. HoBoi

Puc. 3 (rauano). Jlunamuka copepikanusi OMOTCHHBIX YJIEMEHTOB H
MOoKa3areyiell OPraHMYeCKOro BEIICCTBA B IOBEPXHOCTHBIX BOJAX HCCICIYEMOU TEPPUTOPHU
10 IaHHBIM, [TOJIy4eHHbIM B 2019 1.

a — BaJoBbIl Gochop, 6 — BaJIOBBIN a30T.

Fig. 3. The dynamics of nutrients and of organic matter indicators in the surface waters
of the study area according to data obtained in 2019.

a — total phosphorus, 6 — total nitrogen.
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Puc. 3 (oxonuanue). Ilnnamuka comepskaHust OMOTEHHBIX DIIEMEHTOB U
roKazareseil OpraHMyecKoro BEellecTBa B IOBEPXHOCTHBIX BOJIAX HCCIIETyEMON TEPPUTOPUHI
10 TAaHHBIM, TOTy4eHHbIM B 2019 1.

6 — XIIK, 2 — BIIK,.

Fig. 3. The dynamics of nutrients and of organic matter indicators in the surface waters
of the study area according to data obtained in 2019.

¢ — COD, 2— BOD..

4acTH PEYHOro pycia 1 kaHaBaM BOnu3u 3AO «lIpennoproBelit». B o6oux cioydasx oc-
HOBHBIM HCTOYHHKOM OPTaHMYECKOTO BEIIECTBA B BOJE SIBJISETCS MOCTYMAIOINI CIo/ia
HaBo3. B 1ienom npocTpaHCTBEHHOMY pacmpeneiaeHuto nokasareneid OB cBoiicTBeHHa
Ta K€ 3aKOHOMEPHOCTb, YTO M paclpeaesieHHI0 OMOTeHHBIX 3J1eMeHTOB. J[iis Oombiei
YacTH BOJHOW CHUCTEMBI XapaKTepHa KpallHe HU3Kasl CTENEeHb a’dpallid BOJAHOW MAcCCHI,
YTO CYLIECTBEHHO CHMKAET CKOPOCTh MPOTEKAHUS AeCTPYKIIMOHHBIX NpoleccoB. Han-
Oonee karacTpouueckas CUTyanus CIOKUIACH B IPEHAKHBIX KaHABAX BOIM3H KUBOT-
HOBOIUecKoro npeanpusrus (cr. B6 u B7), rie neproguyecku oTMevyanoch MOJHOE
OTCYTCTBHE KHCIOPO/A.

B xone exeqHeBHBIX BU3yalbHBIX HAOMIOAEHUH, TPOBOAUBIIMXCS B PAiOHE MEXKILY
KA/JI n xene3Hoi 1oporoii, a Takxe B paiioHe MPY10B Ha TEPPUTOPUH KUIION 3aCTPOHKH,
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Ha [TOBEPXHOCTH BOJIBI IEPHOANYECKH (PUKCHPOBAIHCH O€IIeChIe My3bIPSIINECs TUICHKH.
BrisicHnnocs, 4to Tpancdep mieHoK cBszaH ¢ nesTenbHocThio 3AO «IIpeamnopToBbiiiy
1 OOBSICHSACTCS TIEPUOJUIECKON MPOMBIBKON TOMIBHBIX 3aJI0B MpeAnpusaTHs. OTXOIbI
MIPOMBIBKH 10 CTOYHBIM KaHaBaM MOCTYMAIOT B OOJIOTUCTYIO oMy p. HoBoid y xenes-
HOH J1I0pOr'H, a 3aTeM MONaJaroT B pyabl. [Ipu 3TOM ciieayeT 3aMeTuTh, YTO HE Y1ajloCh
3a(hUKCMPOBAaTh MOMEHTHI HEMOCPEICTBEHHBIX COPOCOB, KOTOPBIE, BOZMOXKHO, MPOH3-
BOJATCS B HOUHOE BpeMsa. OTHaKO B JaHHOM CJy4dae MOJIOKO, CMEIIaHHOE C HAaBO30M,
SIBIISIETCS] TPACCEPOM, IMOKA3bIBAIOIINM ITYTH PACIPOCTPAHEHUsI COPOCOB CTOYHBIX BOI
OT >KMBOTHOBOJ{YECKOTO MPEANPHUATHS 10 pacCMaTpUBAaEMON BOJHON CHCTEMBI, a TaKkKe
WHAMKATOPOM HAJIWYHs TaKHX COPOCOB.

s Bceil BOOHON cHUCTEMBI XapaKTEPHO MOCTOSIHHOE MPEBBIIIEHNE HOPMAaTHBOB
1O COZICPIKAHMIO Hev(i)TerOJIYKTOB (1,1—22 IIIAK ) n ¢denono (2—1070 HAK ),
OCHOBHOM MPUYMHON KOTOPOTO SIBISICTCS JBUKEHUE aBTOTPAHCIOPTA KakK IO aBTOMa-
THCTPAJISM, MEPECEKAONINM BOJOCOOPHYIO TEPPUTOPHIO, TAaK U IO CEIBXO3yTOIUSIM.
OdeBuIHO, B JAHHOM ciy4ae (DeHOIBI Ha BOAOCOOpE MMEIOT B OCHOBHOM BTOPHYHOE
MIPOMCXOXKACHHE, SBISSICH TPOMEKYTOUHBIM MPOAYKTOM paciiaia HegTenpoayKToB [6].

[To GONMBPIMMHCTBY THAPOXUMUYECKHUX IMOKa3aTeei kauecTBO BoAwl B Jlymeprod-
CKOM py4be 3aMETHO BhIIIe, yeM B p. HoBoii. B otnmuue ot p. HoBoit B Jlyaeprodcrom
pyube 61arogapss MHTEHCUBHOMY TE€UEHHUIO W HAJIMYHUIO TPYHTOBOTO MUTAHUS KauyeCTBO
BO/Ibl MEHBIIIE 3aBUCUT OT MOTOAHBIX YCIOBUH, B YACTHOCTH OTCYTCTBUS WJIM HAJIUUMSI
arMoc(epHBIX OCAIKOB.

3arps3HCHUS BOABI M JOHHBIX OTIIOKCHUH M3ydaeMO BOITHON CHCTEMEBI, a TaKKe
MOYB BOAOCOOPa MPHOPUTETHBIMU OPraHUYECKUMH 3arps3HSAIOIIMME BELICCTBAMH,
B TOM YHCJI€ STHIICHTJINKOJIEM, STAHOJIOM, H30IIPOITHIIOBBIM CIIUPTOM, Oy THIIOBBIM CITHP-
TOM U allETOHOM, [TOCTYMABIINMH PAHEE B BOAHYIO CUCTEMY C TEPPUTOPUU a3pOmNopTa
[lynkoBo, He BeIsgBIEHO. KOHIIEHTpalXs BBILIETIEPEUUCIICHHBIX BEIIECTB MPAKTUYECKU
BO BCEX MPOaHAIM3UPOBAHHBIX Mpo0ax Oblla HIDKE Tpe/eia YyBCTBUTEIHHOCTH aHa-
JUTHYECKOTO onpeneneHus. Takum o0pazoM, Moka3aHo oTcyTcTBue HakoruieHus O3B
B JIOHHBIX OTJIOKEHHSIX W TIOYBAX, KOTOPOE MOTEHIIHAIBHO MOTIIO OBl MMPUBECTH K BTO-
PUYHOMY 3arpsi3HEHUIO BOJHON CHUCTEMBI. B a11eMEeHTHOM cocTaBe JOHHBIX OTIOKEHUN
OTMEUYEHO MOBBIIIEHHOE OTHOCUTEIFHO PErHOHAIBHOTO HOPMATHBA CO/IEpKaHHe IMHKA
B paitone KAJ[ [7] u Meau BONM3HM KeIe3HOJOPOKHBIX ITyTEH.

[To pesynbraram HaTypHBIX HCCICAOBAaHUN MOYKHO 3aKIIIOUYMTh, YTO Haubolee 3a-
TPA3HEHHBIM SABISETCS YYaCTOK JPEHAKHOW CHUCTEMBI BONM3HM KUBOTHOBOTYECKOTO
npeanpustusi 3AO «lIpeanoproBblit»y. IKCTpEMaIbHO BBHICOKME KOHLEHTpAaLUH OHO-
TeHHBIX W OPTaHMYECKHX BEIIECTB XapaKTEPHBI TAK)Ke JUIA BOJ BEPXHEW 4acTH BOAOC-
0opa B BH/IE 3aCTOWHBIX JIYXK, KOTOpbIE 00pa3yloTCsl B CTAPOM pycCile TPU UTUTEITHHOM
OTCYTCTBHU aTMOC(EPHBIX 0CaJIKOB. B COOTBETCTBUM C KPUTEPUSMH OLIEHKH CTEIICHH
XUMHUYECKOTO 3arps3HEHUs] TOBEPXHOCTHBIX BOJI, U3JIOKEHHBIMHU B TOKyMeHTe «Kpu-
TEPUH OLICHKU SKOJIOTUYECKONH 0OCTAaHOBKU TEPPUTOPHMA JJIsl BBISIBIICHUS 30H YPE3BbI-
JaiHOW YKOJIOTMUECKON CUTYaIluy M 30H SKOJIOTHUECKOTO OCACTBUS», YTBEPIKICHHOM
Munnpupoasl PO 30 nostOps 1992 1., sxonornveckas CUTyalusi Ha BOJHOM CHCTEME
p- HoBoil o1ieHeHa Kak upe3BbluaiiHasi, a Ha HEKOTOPBIX €€ y4acTKax M0 psy napame-
TPOB — KaK 30Ha SKOJIOTHYECKOTO OEIICTBHSL.
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st ananuza BOWSIHUSL CEIbCKOXO3AHCTBEHHOM JEATENIPHOCTH B TPAHUIIAX BOJOC-
Oopa uccieyeMoi BOIHOW CUCTEMbI Ha OMOTEHHOE 3arpsi3HEHNE BOAHBIX 0OBEKTOB OBLIT
BBINOJIHEH pacyeT CPeJHEroJ0BOr0 BEIHOCA a30Ta U (hocdopa ¢ CebCKOX035IHCTBEHHBIX
yroauit 3A0 «IIpeanopToBslit», pacnonoXeHHbIX Ha Bogocbope p. Hosoi. st sToro
HCIIOJIb30BAJIaCh METONIMKA, pa3padoTanHast B IHCTUTyTe MHKEHEPHBIX U arpO3KOJIOTHU-
YecKHx MmpolieM cenbckoxo3siictBenHoro npousBoactsa (MASI — ¢unman ®I'BHY
OHAIL[ BMIM), koTopas MO3BOJISIET PACCUUTHIBATh CPETHETOA0BOM OMOTEHHOM BBIHOC
C CEJIbCKOXO3AHCTBEHHBIX TEPPUTOPHI KaK B CYILECTBYIOLIMX YCJIOBUSIX, TaK U MOCIE
BHEAPEHMs HamTydynux nocTynHbix TexHonoruit (H/AT) Benenus cenbckoxo3siicTBEeH-
Horo npousBonctea [8—12]. HAT npeacraBnstor cob60i KOMITIICKC MEPOTIPHUITHH, CBSI-
3aHHBIX CO CHIJKCHHEM OMOTCHHOW HAarpy3KH Ha CEeNbCKOXO3SIMCTBEHHBIC TEPPUTOPHH,
Y BKJIIOYAIOT TEXHOJIOTHH MepepaboTKH U XpaHEHHsI HaBO3a U ITOMETa KHUBOTHOBOIYE-
CKUX KOMITJIEKCOB M NTHLE(PaOPUK, TEXHOIOIMH BHECEHUS! OPraHUYECKUX M MUHEPalIb-
HBIX yIOOpEHHI ¢ Y4eTOM arpoTeXHHYecKuX TpeboBaHM. DMuUccus azora u gocdopa
B CTEKAIOLIME J0XKIEBbIE U TaJbIe BOABl PACCUMTHIBAIACH B 3aBUCUMOCTH OT ILIOLIAIH
CENTbCKOXO3SIMCTBEHHBIX YTOJIMiA, HA KOTOPBIX OCYIIECTBIISICTCS X035 CTBEHHAS ACSATEIb-
HOCTh W KOTOpPBIC UMEIOT MpHBI3KYy K Bomotokam [10, 11, 13]. PaccmarpuBamuce aBa
HCTOYHMKA a30Ta U Gocdopa — moysa U ynoOpeHust (MUHEpaIbHbIE U OPraHMYECKHE).

B cootBercTBUM ¢ pa3zpaboTaHHOW METOAMKOI B pacdyerax OMOTEHHON HarpysKH
YUUTBIBAJIUCH CIIeAyIOIUe (DaKTOPbI, BIMSIOMINE HA BBIHOC a30Ta u Gocdopa B BOAHbIE
OOBEKTHI:

— cozaeprkanue azora u pocdopa B mouBe, BKIIAJ WX BEIHOCA B 00IIee comeprxa-
HUE B MIOYBE;

— KOJMYecTBO a3ota M Gocdopa B cocTaBe MUHEPAIBLHBIX YIOOPEHUH 1 KOdQdu-
LUEHT X 3MHUCCHUH;

— KOJMYECTBO a30Ta u pocdopa B cOCTaBE OPraHUICCKUX YA0OpEHUH 1 Kodpdu-
LUEHT UX 3MHUCCUH;

— YZIaJEHHOCTh KOHTYpa CEIbCKOXO3SIMCTBEHHBIX YTOAUN OT BOIHBIX 00BEKTOB;

— THII II0YB 10 IIPOUCXOXKICHUIO U 110 MEXaHUUECKOMY COCTaBY;

— CTPYKTypa CeIbX03yroIuil (COOTHOLICHHE IJIOMIAZCH NallHh U MHOTOJIETHUX
TpaB, JIyTOB, TACTOMIII, 3aJICHKH );

— nepcnekTuBsl ucnonb3oBanus HJT.

Pac4eTs! BRIMOMHANINCH JUIs CPEAHETO MHOTOJIETHETO CTOKA B CEBEPO-3aMa/IHOM pe-
ruone Poccun, paBaoro 300 Mmm/rox [14]. Pe3ymbTarsl pacdeToB Harpy3KH BaJOBBIMH
¢dopmamu azota u pocdopa Ha BOJHbIE OOBEKTHI BEPXHEH MMOJEBON YaCTH U3y4yaeMOTro
BOZIOCOOpA MpeaCTaBIeHbI B Ta0. 1

Ecimm tutomane moneBoit wacTu BopocOOpa, MO OIEHKaMm, cocTaBisieT 426 ra
(4260 000 m?), a cpemHHMii MHOTOJCTHHH CJO CTOKa JUIS ATOTO PEruoHa paBeH
300 mm/rox (0,3 m/rom), To 00beM BOAHOW MAacCChl, CTEKAOIIEH C 3TOH TEPPUTOPUU U
MOCTYMAIOIINN B CHCTEMY MPy/0B, cocTtaBiseT 1278 000 m>. TIpu aToM cpeaHsiss KOH-
neHTparus dhochopa B IpeHAKHBIX BOJaX, CTEKAIOIMINX ¢ BEpXHEH "acTh BomocOopa,
paBHa 414 mr/m®. D10 GoJiee YeM B JeCSITh pa3 MPEBOCXOAUT MPAHHMILY TIepexo/ia BOTHOMN
9KOCUCTEMBI B IBTPO(HOE COCTOSIHHE U B YETHIPE Pa3a BBIIIE TPAHUIIBI THIIEPIBTPOPHH
[3—S5].
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Tabnuya 1

Pesynbrarhl pacueTa Harpy3KH BaJIOBBIM a30ToM U (hocopom
Ha BOJIHBIC OOBEKTHI BEpXHEH (10JIeBOi) yacTu BogocOopa p. HoBoii

The results of calculation of load with gross nitrogen and phosphorus
on water bodies of the upper (field) part of the watershed of river Novaya

CoBpeMeHHOE MOCTYIUIEHHE TPH CTOKe | [IpOrHO3HOE MOCTYIUICHHE
300 Mm/Tozt nipu BHepennu HJT
wn 10096,2 xr N/rox 7249,3 xr N/ron
P 529,1 xr P/ron 480,7 xr P/ron

[Tockonbky B paccMaTrprBaeMoil BOJHOW CHCTEME OTCYTCTBYIOT KaKHe-JIHOO IT0-
CTYIJICHUA pa36aBn;110me MMPpUPOAHBIX BOA, MOXXHO CKa3aTb, YTO HAJIUYUC KUBOTHO-
BOIYECKOTO KOMIUIEKCA Ha U3y4aeMoOM BOJ0cOOpe rapaHTHPYET IKCTPEMAITBHO HU3KHE
MOKa3aTeIu KauecTBa APEHAXKHBIX BOJI, MUTAIOIIMX HIbKeNIexalue npyasl. EctecTBen-
HOE€ TIPEIOIOKEHHE O TOM, YTO B TIEPHOJ BHIMTAICHIS] MHTEHCUBHBIX OCAaJIKOB ITPOHC-
XOJIUT «IIPOMBIBKa» CUCTEMBI U BpEMEHHOE YITyUIIICHUE Ka4eCTBA BOJIBI, IIOITBEPIKICHO
JaHHBIMH HATYPHbBIX Ha6JHO}1€HPII71, IMMPOBCJACHHBIX B paMKax JaHHOT'O HCCJIICI0BAaHUA.
BeposTHO, «IpOMBIBKa» CHCTEMBI MPOUCXOAWT TaKKe B Tepuoj cHerorasHus. llpm
STOM Ha HAYaJbHOM 3Tale «IPOMBIBKID OTMEUAETCS PE3KOE YBEIUUCHUE CONEPIKAHMS
B Bozie (hocopa 1 HePTEMPOIyKTOB 3a CUET MHTCHCUBHOTO MX MOCTYIUICHHSI CO CKJIO-
HOBBIM CTOKOM.

Takum 00pa3oM, OCHOBHAs IKOJIOTMUYECKas MpodiieMa BOIHON cucteMbl p. HoBoit
B HacTOsIIIee BpeMsi — 3TO OMOTEHHOE W OpraHudecKkoe 3arpsi3Herne. OCHOBHOHM NpH-
YUHOMW SIBJISETCS MHTCHCUBHAS CEJIbCKOXO3SHCTBEHHAs JEATEIBHOCTh Ha BOIOCOODE.
B pesynbrare orpoMHOE KOTUYECTBO OMOTEHHBIX M OPTAaHWMYECKUX BEIECTB MOCTYIaeT
B TUAPOTpaHUUECKYIO CETh, (YHKIIMOHUPYIOUIYIO B YCIOBHSIX HU3KOH MPOTOYHOCTH,
YTO yCYTYOJSeT pa3BUTHE HETAaTHUBHBIX MPOIECCOB B dKocucTeme. [1o OonbIIHCTRY TH-
JPOXUMHUYECKHX TIOKa3aTesnel KauecTBO BOJbl B COPOCHOM KaHaJe B HACTOSIIEE BpEMs
BBIIIIE, ueM B p. HOBO#, 1 cxoke ¢ TakoBbIM B JlyneprodckoM pydsne.

ExenHeBHBIE BU3yanbHBbIE HAOMIONEHUS HAa TOPOACKON YacTH BOJHOW CHUCTEMBI
p. HoBoit (cMm. puc.l) mo3Boiuin BRISIBUTH PSiZi HECAHKIIMOHUPOBAHHBIX MCTOUHUKOB
3arpsi3HeHust. K HUM OTHOCSITCS CTOKH C TEPPUTOPUH TapakeH, PacioOKEHHBIX MEKIY
JKeNe3HoM noporoi u npocnexkroM Haponunoro Onomuenus, a TakyKe MHOTOYUCICHHbBIE
cOpPOCHI HEM3BECTHOTO MTPOMCXOXKICHHUS Ha aKBATOPHUIO TIPYAOB, KOTOPbIE JOIKHBI OBITH
3aKpPBITHl COOTBETCTBYIOIUMH MYHHUIIUITATFHBIMA OPTaHAMU BIIACTH.

Kak Obut0O OTMEuUEHO BBIIIE, BEpXHssl 4acTh BojgocOopa p. HoBoil npescrapisiet
cO00i JIPEHAKHYIO CHUCTEMY, PACIOJIOKEHHYIO Ha CEeIhCKOXO3SMCTBEHHBIX YTOABSX,
OTBOSIIYIO JOXKACBOU U TaNIbIil CTOK C MOJIEH U HE UMEIOIIYIO0 TPYHTOBOTO MUTAHMUS.
B yrBepxxnennom I[loctanosnenneM [IpasutensctBa PD ot 28 derpans 2019 . Ne 206
«[TonoxxeHnu 00 OTHECEHUU BOJHOTO OOBEKTA MIIM YaCTHU BOIHOTO OOBEKTA K BOJAHBIM
00BbeKTaM phIOOXO3SMCTBEHHOTO 3HAYCHUS U ONIPE/ICIICHUN KaTerOpruil BOJHBIX 00BEK-
TOB PBIOOXO3SIIICTBEHHOTO 3HAYESHHS» JIPEHAXKHBIE CHUCTEMBI HEe YITOMUHAIOTCS, U, ClIe-
J0BaTCiIbHO, OHU HE ABJIAIOTCA BOJHBIMU O6’beKTaMI/I, Ha KOTOPLIC paCIIpOCTPaAHACTCA
ero neiicteue. B coorBeTcTBUM ¢ qaHHBIM [lonoskeHueM mpynbl MOTYT OBITh OTHECEHBI

105



OKOJIOI'nA

K KaTeropyuy BOTHBIX OOBEKTOB PHIOOX03SIIICTBEHHOTO 3HAYEHUS TOIBHKO TIO 3asiBICHUIO
COOCTBEHHHMKA MTPHU UX COOTBETCTBUH OJTHOMY U3 CIIETYIOIINX KPUTEPUEB:

— BOJHBIM OOBEKT WIIM YaCTh BOAHOTO 00BEKTA MPEACTABISIET COOOH MECTO OOH-
TaHUsl, PA3MHOXKCHUSI, 3MMOBKH, HaryJlla, IyTei MUTPAIMI BOIHBIX OUOJIOTHYECKUX Pe-
CypcoB (TIpY HAJTMYUU OTHOTO M3 TIOKa3aTeeil);

— BOJHBIM OOBEKT MJIM YAaCTh BOIXHOTO 00BEKTa UCTIONB3YETCS ISt 1OOBIYH (BBLIO-
Ba) BOJIHBIX OMOJIOTHYECKUX PECYPCOB;

— BOJIHBI OOBEKT WJIM YaCTh BOIHOTO OOBEKTa MCIIONB3YETCS ISl COXPAHEHUS U
HCKYCCTBEHHOTO BOCIPOHM3BOICTBA BOJHBIX ONOJIOTHYECKUX PECYPCOB.

Kaxk nmokazan ananus rujposioruueckoro pexuma p. HoBoit, eciu nepuoj oTcyT-
CTBHSI OCAJIKOB IIPEBHIIIAET JAECATH JHEH, CTOK B CUCTEME ITPEKpaLaeTCs; IPU ITOM CTO-
s4asi BOJIa Ha PYCJIOBBIX y9acTKaxX COXpaHseTcs TOJNbKO B yriryOnenusx. EctecTBeHHO,
YTO B TAKUX YCIOBHSIX HH O KAKOM HEPECTE U Haryje pbl0 TOBOPUTH HE IIPUXOAUTCH.

Pe3ynprarsl HcciieoBaHU CE30HHOM JUHAMHUKHA THIPOXMMHUYECKHUX IOKa3aTe-
nelt, BeinonHenHsie MTHO3 PAH na npynax usyyaemoii cuctemsl B 2011—2013 rr., no-
Kazajd, 4TO JIa)kKe B MOBEPXHOCTHBIX CJIOSX B MEPUOJ OTKPBITONW BOIABI (DUKCHPYETCS
neunut kucnopona (Hwke 10 % HachIIeHns), a B MPUIOHHBIX OTMEYAETCs TIOITHOE
€ro OTCYTCTBHE M 00pa30BaHME TOKCHUECKOIO raza — CepoBOJOPO/IA, YTO HEMHHYEMO
MIPUBOANUT K PA3BUTHIO 3aMOPHBIX SBIEHUM M rubenu peiOHOro HaceneHus. B nemom
Ka4eCcTBO BOJBI BOJIHOW cucTeMbl p. HOBOW He ymoBieTBopseT TpeOOBaHUSAM, NPEIb-
SIBIISIEMBIM K 00BbEKTaM pBIOOXO3SIHCTBEHHOTO 3HAYEHUSI B COOTBETCTBHH ¢ [Ipukazom
MuHncTepcTBa cenmbeckoro xo3siicTBa PO ot 13 gexadbps 2016 1. Ne 552 «O06 yTBepk-
JICHUY HOPMaTHUBOB KayeCcTBAa BOJBI BOJHBIX OOBEKTOB PhIOOX03SIHCTBEHHOTO 3HAYCHUS,
B TOM YHCJI€ HOPMATHUBOB MPEEIBHO JOITyCTUMBIX KOHIICHTPAIMA BPEIHBIX BEIIECTB
B BOJIaX BOJIHBIX OOBEKTOB PHIOOX03SIIICTBEHHOTO 3HAYCHHSD» (C M3MEHEHUSMHY Ha 12 ok-
Ts10pst 2018 1), 10 psiiy BaXXKHEHUIITNX MMOKa3aTeNIeh: COCTOSHUIO BOJIHOW IMOBEPXHOCTH,
COJZIEPKAHUIO PACTBOPEHHOTO KHCIIOPOJa, 3HAYCHUI0 OMOXMMUYECKOTO TOTPEOIeHUS
KHMCIIOPO/Ia M KOHIEHTPAalMK MOHOB aMMonus NH, ™.

Kpome Toro, MmenkoBoHbIE IPY/IBI B 3SMMHUI TIEPHOJT MOTYT IIPOMEP3aTh /0 JTHA, KaK,
Harpumep, 310 Obu10 3adukcuposano MHO3 PAH B mapre 2012 . Ha npyny Ne 2, uto
TaKKe MPEMATCTBYET )KU3HECATSIILHOCTU PHIOHOTO HACENICHHS], @ KOHCTPYKIIUS BOJOC-
JIUBA U3 TISITOTO TPY/Ia B MTOJ3EMHBII KOJDIEKTOP UCKITFOYAST MUTPAITUIO PBIO MEXKTY BEPX-
HUMHU ¥ HIDKHUMH Y4acTSIMH BOJHOH cHCTeMbl. EiBa JIn MOXET NMPOMCXOANTH HEPECT H
HaryJ1 peI0 ¥ B KOJJICKTOPHOH ceTH, coemunstomniei p. Hosyro ¢ Jlyneprockum kaHaaom.

OcHoOBHbBIE PEKOMEHIAIUH O YIYYIICHUIO IKOJOTHIE€CKOT0 COCTOSHUSA

Ha ocHoBe ananuza pe3ynbTaToB, MOMYYCHHBIX B XOZAC BBIMOIHEHUS! HACTOSAIICH
paboThl, chOpPMYTHPOBAHBI CIEAYIOMINE PEKOMEH AN 110 YITYYIISHUTO YKOJIOTHIECKO-
ro coctosinus p. Hosoil.

Onmumuszayust cebCKOX035UCMEEHHO20 NPOUZBO00CEA 33 CUCT BHEIPCHHUS TIPE/I-
npusitueM KPC 3AO «IIpeanopToBblil» HAMIIyUIIUX AOCTYIHBIX TEXHOJIOIMI BEACHUS
CeNbCKOTro X03siiicTBa. Kak mokasanu pacuersl B pesynasrate BHeApenus H/AT Oouoren-
Hasi Harpy3Ka Ha BEPXHIOIO CEJIbCKOXO3SIMCTBEHHYIO YaCTh U3y4aeMON BOJIHOM CUCTEMBI
MOXKET CHU3UThCA Ha 48,4 kr P/rox u 2847 kr N/ron.
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VdaﬂeHue U3 6OOHOU cucmembl OUOSEHHBIX U 3aepAsHAIWUx eewjecme 3a CUCT
OCCHHETO BBIKAIMBAaHUsI MaKpo(pHUTOB Ha ydacTke «peku» oT KAJ mo xenezHoi jmo-
poru, re pacroyiokeHa 0oJoTHUCTasi ToiMa, 3apocCIIas KaMbIIIOM M JIPYroi BBICHIEH
BOJHOH pacTUTENbHOCTHIO. TakuMm 00pa3oM, BEIIECTBA, AKKYMYJIUPOBAHHBIE B PACTH-
TEJILHON Macce 3a MEepPHUOo]] BEreTallly, BBIBOIATCS U3 UX KPYrOBOPOTa B BOAHOM HKOCH-
creme. KopHeBas cuctema pacTeHU py 3TOM JI0JDKHA OBITh cOXpaHeHa. B Hactosiee
BpeMsl YKa3aHHBIH METOJ O3JI0POBJICHHSI BOJHBIX OOBEKTOB HMCIOIB3YETCS HA TOPOI-
CKHUX BOJOEMaX.

Opeanuzayust npudpedlcHou 3auumnou noaocsl (B COOTBETCTBUU ¢ BogHbIM KO-
nekcom PO, Crarbs 65 BogooxpaHHble 30HBI U NPUOPEKHBIE 3aIUTHBIC MOJIOCHI),
MIPENATCTBYIONIEH MOMaJaHuI0 3arpsA3HEeHU ¢ BOA0COOpa HEMOCPEACTBEHHO B pac-
CMaTpHUBAaEMbIIf BOIHBIN OOBEKT, UTO OCOOCHHO aKTyaJbHO IIJIST BEPXOBHH BomocOopa,
PacroOKEHHBIX CPEH CEITbCKOX035HCTBEHHBIX yroauid. OMHUM U3 OCHOBHBIX HCTOU-
HUKOB 3arpsi3HEHUS] B 3TOW 4acTH BOJOCOOpa sIBJISIETCS] OOJBIIOE KOJTMYECTBO HABO3a
HETOCPEACTBEHHO Ha Oeperax Tak HazbiBaeMol pekr Hooii. OTcyTcTBHE MPHOPEKHOM
3aIIUTHOHN TOJIOCHI, 0053aTeIHHON TSI BOAHBIX OOBEKTOB PHIOOX03SHCTBEHHOTO 3HAUC-
HUS, K KOTOpPbIM oduimansHo npuurcieHa p. Hosas, ciocoOcTByeT GecnpensiTcTBeH-
HOMY CMBIBY HaB0O3a B BOJHBIN OOBEKT J0KACBBIMU M TAIBIMU BOAAMHU.

Bosepawenue cmoxa ¢ sepxosuii 6000coOopa pexu 6 npexcree pyciio. BhISBICHBI
MeCTa BO3MOKHOM OpraHM3aIliK MepeOPOCKH CTOKA C €CTECTBEHHBIX BepXoBHid p. Ho-
BOIi, KOTOPHI B HacTOsIIIEe BpeMs oTBeIeH B . yneprodky uepes yneprodcekuii py-
yeid. Paccrosinue ot pycna [lyneprodcekoro pyubs 10 OMmkalIIuX IpeH paccMaTpuBa-
eMOli CUCTEeMBbI cocTaBiisieT HeMHoruM Oosiee 200 M. B pesynbrare Oyner oOecrieueHa
IIPOTOYHOCTH BOI[HOI7[ CHUCTEMbI U CYIIECTBEHHOC YIYUHICHNUEC XapaKTCPUCTUK Ka4€CTBa
BOJIbI 32 CUET MOCTYIICHUS 00JIee YHCTBIX PEUHBIX BOJ, UMEIOILUX IPUPOIHOE TUTAHUE.
B ciydae peannzanuy HaCTOSILIETO MIPOEKTa paccMaTpUBaEeMblil BOAHBIH 0ObEKT CHOBA
cTaHeT pekoi. [10I0KUTENbHBIN SKOTOTHYeCKUI APPEKT OT peann3aiu 3TOro NpPOoeKTa
6YZ[CT MaKCHUMaJIbHBIM 110 CPaBHECHUIO C NMPEALIAYIIUMHA, TaK KaK YBCJIIMUYCHUEC ITIPOTOY-
HOCTH BOJO€Ma — HAWIy4IINH croco0 ero BoccraHosieHus. OfHAKO Jake B ciydae
YCIICIIHOW peau3aluy MIpoeKTa 1o nepedpocke CToKa B mpexHee pycio p. Hooii ee
PBHIOOXO3AHCTBEHHOE 3HAYEHUE OCTAHETCS MO/ BOMPOCOM. DTO CBSI3aHO C BO3MOYKHBIM
HECOOTBETCTBHEM ITOKA3aTeIeH KauecTBa BOJBI YTBEP)KICHHBIM ISl BOTHBIX 0OBEKTOB
PBIOOX03AHCTBEHHOTO 3HAYEHUSI HOPMAaTHBAaM, HECMOTPSI Ha IPOrHO3UPYEMOE Yiyullie-
HUE CUTYAINH, a TAKKe C HAINYUEM OPUTHHAIBHON KOHCTPYKLIUH BOAOCINBA U3 MISITOTO
MpyAa, CTOK U3 KOTOPOTO MomajgacT B AJEKCaHAPHUHCKUN KOJUIEKTOP U MPYyH ycaab0bl
Anekcannpuno. Cleayer 3aMeTUTh, YTO HHKEHEPHBIE METOJIbI PEeaTH3allui ATOTO MPO-
€KTa, a TAK)Ke OLIEHKA IKOJIOTHUECKUX MOcIeACTBUN ams p. [yneprodku BBIXOZAT 3a
PaMKH HacTosALIeH MyOIHKaLIH.

bnazooapnocmu

Pabora BrinonHeHa nipu (MHAHCOBOM oOecrieueHun npoekra «MccnenoBanus Ha
BogocOope p. HoBoil ¢ 11e1p10 BBISBICHUSI OCHOBHBIX HCTOUYHUKOB €€ 3arpsS3HCHUS U
pa3paboTKH PEeKOMEHIAIMH 0 YITYYIIEHHIO €€ DKOJIOTHIECKOTO COCTOSHHSDY, a TaKKe
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3a cueT cpeAcTB (enepanbpHOro Oromkera B pamkax Tembl Ne 0154-2019-0001 «Kowm-
IUIEKCHAsI OIIEHKa JUHAMUKHU 3KocucTeM Jlagokckoro o3epa u BOJOEMOB ero Oacceiina
1071 BO3/IEHCTBHEM NIPUPOAHBIX U AHTPOIOI'€HHBIX (DAKTOPOBY.
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CTpykTypa KuBYYell ceTH MeTeOKOMILIEKCOB
TPAHCHOPTHO-JOTHUcTHYeCKUX cucTteM «Aunycrpumn 4.0»

B.B. I'pvizynos, A.O. Hecmeposa
Poccutickuii rocynapcTBeHHBIH THAPOMETEOPOIOTHUSCKUN YHUBEPCHUTET, Viv(@a-tree.ru

[pencraBieH BapuaHT PELICHUs 337a4l METEOPOJIOTHYECKOTO COMPOBOXKICHHS TPAHCIOPTHO-JIOTH-
ctudeckux cucteM «Mugyctpun 4.0» 10CTOBEPHBIMH METEOIaHHBIMH 32 CUET CO3AHHS KHUBYUEil CTPYKTY-
pst Cetn MeteokomiutekcoB (CeTn). JlaHO MOHATHE THAPOMETEOPOIOTNISCKON ceTH. [IpuBeIeHbI criocoOb
pelIeHys BOSHUKAIOIIETO IIPOTHBOPEUHST MEX/y TPeOOBaHUSIMY NPEANPUSITHI, OCHOBBIBAIOIIMXCs HA MH-
nyctpun 4.0, 1 Bo3MoxkHOCTAMHU CeTu. [I0BBICHTH BEpPOSATHOCTH BBHINOIHEHUS 3a/1a4, [IOCTABICHHBIX IIepe]
CeTblo, MpezyiaraeTes 3a c4eT BeIOOpa kuBydel cTpykTypsl CeT. BpiOop ocymiecTBiseTcst Ha OCHOBE
KPHUTEPHEB ONTHMAILHOCTH: d-MHBAPUAHTHOCTh U Ka4€CTBO CTPYKTYPHI, KOTOPHIE IIOKA3bIBAIOT, HACKOIIBKO
cOaraHcupoBaHa CTPYKTypa ceTH. [IpoaHann3upoBaHbl TAKHE BAPUAHTHI CTPYKTYPBI CETH METEOKOMILIEK-
COB, KakK IIIMHA, KOJIbLIO, 3BE3/1a, TOJTHOCBI3HAsI, PEIIETKa, TOp, THIePKYO, s4eucTast, IUPKYIISTHTHI.

Kniouesvie crosa: xubepduszndeckas cucrema, Mugycrpus 4.0, ruapoMeTeopoornieckoe odecneye-
HHE, IPOTHO3 MOTObI, IU(PPOBast METEOPOIIOTHS, KUBYIECTh CTPYKTYP.

Survivable structure of network of meteorological complexes
of transport and logistics systems “Industry 4.0”

V.V. Gryzunov, A.O. Nesterova
Russian State Hydrometeorological University, Saint Petersburg, Russia

In industry, more and more money is being invested in transition to new standards - Industry 4.0. The
network of weather stations (Network) required by Industry 4.0 must capture and transmit data exceeding
200 times the amount of current data and have transmission delays not exceeding 30 seconds. The main
requirement of Industry 4.0 for the Network is the high efficiency of delivering reliable data to a consumer.

If a Network element fails, the consumer loses data not only of the failed element, but also of all ele-
ments transmitting their data through it. That is, the consumer does not receive reliable data, the probability
of completing a task by the entire Network becoming less. The Network structure maximizing the probabil-
ity of executing the tasks by the Network has been chosen in the article.

The laws of distribution describing appearance or disappearance of Network elements are unknown
and impossible to be obtained, therefore, the survivability index of the Network should not depend on
the laws of distribution, that is, it should be incredible. It is the d-invariantism, the indicator showing the
uniform distribution of weights (significance) among the structural elements. If the significance of all the
arcs/ nodes is the same, the d-invariance equals 1, that is, the structure does not care which element will
be deleted.

If several structures with the same d-invariantism are possible on the given sets, then, to compare the
structures with each other, we propose to use the indicator of structure quality, revealing the structure with
the least average number of bonds per node. Using the indicators described above, the following structures
have been evaluated: star, fully connected structure, tire, hypercube, lattice, torus, mesh, circulant. Having
analyzed these structures, the following conclusions can be drawn: ring-containing structures are more

111



I'EOMH®OPMATHUKA

survivable; the most survivable structure in the sense of d-invariantism is the circulant D (16; 1,7). These
indicators allow to obtain the maximum possible probability of executing the tasks by the Network.

Keywords: cyber-physical system, industry 4.0, hydrometeorological support, weather forecast, digital
meteorology, structure survivability.

For citation: V.V Gryzunov, A.O. Nesterova. Survivable structure of network of meteorological com-
plexes of transport and logistics systems "Industry 4.0". Gidrometeorologiya i Ekologiya. Hydrometeorol-
ogy and Ecology (Proceedings of the Russian State Hydrometeorological University). 2020. 59: 111—123.
[In Russian]. doi: 10.33933/2074-2762-2020-59-111-123

BBenenue

B mpombliuieHHOCTH Bce OOJIblie I€HET MHBECTHUPYETCS B IIEPEXO] Ha HOBbIE
crangaptel — «Muayctpust 4.0». B pamkax 3TUX CTaHIapTOB BUPTyaJbHbBIE U (HU3H-
YEeCKHE CUCTEMbI HHTETPUPYIOTCS MEXY COO0H, 00pa3yst KuoeppHu3niecKre CUCTEMBbI
[1]. Tak, nanpumep, k 2020 . TobKO B 0OAHOU [ epMaHuu MIIAHUPYETCSI HHBECTUPOBATh
B nepexoa Ha «Mumyctpuro 4.0» no 140 mipa espo B roxa [2]. B «Muaycrpun 4.0»
[OAPa3yMEBAETCsl aBTOMATU3alMs IOJHOM TEXHOJIOTMYECKOW LEMOYKU: OT OOBIYM
MOJIE3HBIX MCKOMAEMBIX 0 JOCTaBKH 0 MOTpeOuTesst KoneuHoro npoxaykra [3]. Cu-
crembl «MaaycTpun 4.0» MPOEKTHPYIOTCS Kak YHU(HUIIMPOBAHHBIE, paclpe/e/ieHHbIE,
MHOTO(QYHKIIMOHAJIBHBIE € PEKyPCHUBHBIM CaMOBOCIPOU3BOISIIINMCS adallTHBHBIM
3aMKHYTHIM XapaKTepoM KOMMYTAIIMOHHBIX OTHOWIeHHH [2, 4, 5, https://rep.bntu.by/
bitstream/handle/data/50451/INDUSTRIYA 4 0 NOVAYA PROMYSHLENNAYA
POLITIKA GERMANIILpdf].

Yxe cerogHs OT 3anpoca ToBapa ¢ 3a1aHHBIMHU XapaKTePUCTUKAMHU /10 €T0 U3TOTOB-
JICHWSI U IOCTABKU 110 MOTpeOuTess mpoxoaut oT 30 MuHyT (0OBIYHAS MHUIIIA HA JIOM)
JI0 HECKOJIbKUX Hepelb (kpoccoBku Nike uin motoruki Harley Davidson). Kommnanuu
IUTAHUPYIOT TOCTaBIATh TOBAapbl IpoHaMu. JlocTaBka TOBapoB IO MOTpeduTeneil mo
BO3/IyXYy 10 BEPCUH KOMITIaHUH AMmazon — «MaKCUMaJIbHO OBICTPBINA U 3()()EKTHBHBIH
MyTh U3 TOYKU A B TOUKY b». JIpoHBI SIBJISIOTCS KpaliHe YyBCTBUTEIIbHBIMU K METEO-
YCIIOBHSIM Ha MapuipyTe AOCTaBKH. B Hacrosiee BpeMs pedb UAET O PacCTOSIHUU 10
10 xM, HO B OmmKaifieM OyayIeM MOXXHO OKHIATh CYIIECTBCHHOE yBEIMUEHUE 3TO-
ro paccrosinusi. bonee Toro, «pazHoodpasHoe MPaKTHUECKOE MPUMEHEHUE HEIOPOTHX,
KOMMEpPYECKH JOCTYIHBIX BO3AYIIHBIX ¥ MOABOAHBIX IPOHOB — 3TO BONPOC HECKOJIb-
Kux jer» [3].

TakuM 00pazoM, OCTPO BCTAIOT BOMPOCHI METEOPOJIOTHYECKOTO COMPOBOMKICHHS
JPOHOB, OOPA3yHOIMX MOJHOLIEHHYIO TPAaHCIIOPTHO-JOIMCTUYECKYIO CHUCTEMY, UyB-
CTBUTEJIBHYIO K METEOPOJIOTHYECKUM JTaHHBIM. METeopOoIoruueckoe CONpOBOXK/ICHUE
TPAHCTIOPTHO-JIOTUCTUYECKUX CHCTEM OOO3HAYeHO KaK MPUOPUTETHOE HAalpaBlICHHE
pa3zButus PO B «CTparerun HayuyHO-TEXHOJIOTHUYECKOro pa3Butus Poccuiickoit dene-
paruny, yrBepkiaeHHoN Ykazom [Ipesumenta PD [http://static.kremlin.ru/media/acts/
files/0001201612010007.pdf]. B P® meTeoyciioBUs KOHTPOJUPYIOTCS IMTOCPEICTBOM
100aIbHOM HAOMIOAATENFHOM ceTH, 0OecneYrBaloLIeld OMyYeHHE XapaKTePUCTHK TH-
JPOMETEOPOSIOTHIECKUX SBICHUH M MIPOIECCOB, MPOUCXOIAIINX B KPYITHOM WM TUTa-
HeTapHOM MaciuTtabax, ans miodanpHbIX norpedHocTeld [https:/pdf.standartgost.ru/
catalog/Data2/1/4293848/4293848976.pdf].
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Fig.1. Existing meteorological complexes Russian Federation.

I'uppomeTeopoaoruyeckor CEeThI0 Ha3bIBAlOT COBOKYMHOCTh YUPEKICHUH, BEIY-
IIMX METEOPOJIOTHIECKHE U TUAPOIOoTHIecKre HabmroneHus. B kaxmom cyorekre PO
nmerorcst ynpasnenus dexepanbHoil ciryx0oii Poccun mo ruapoMeTeoposaoru u Mo-
HUTOPHHTY OKpy»Katomiei cpeasl (Pocruapomer), KOTOpbIe PYKOBOAST pabOTON BCex
THIPOMETEOPOIIOTMYECKUX CTaHIUi, 00cepBaTOpuil, MyHKTOB HAONIOACHUN, HAXOJs-
LIMXCsl Ha 00CITy)KUBaeMoi TeppuTopuu. K yrciy y4acTHHKOB IS TETLHOCTH THAPOME-
TEOPOJIOTHYECKON CITY KOBI TTPUHAIIeKAT OpTaHu3anuu HaomonarensHoi cetu (OHC):
B CUCTEMC POCFHI[pOMeTa OHU SABJIAIOTCA OCHOBHBIM OpPraHM3allUOHHBIM 3BCHOM I'OCYy-
JIapCTBEHHOM CeTH.

Wudopmanus ¢ ruIpoMeTeopoIoTHIECKUX MOCTOB TMOCTYNAaeT Ha CTAaHLMHM, TJe
OHAa KOJJUPYETCS U OTKy/a [IepelaeTcs B TEPpUTOpHAIIbHBIE yIIpasieHus: Pocruapomera.
B »THX ynpaBieHHSX COCTABISIOTCS MPOTHO3BI MOTO/IBI, KOTOPHIE TIEPEAaroTCs MOTpe-
OUTEINISIM THAPOMETEOPOIOTHYeCKOl HH(pOpMAannH.

[lepeyenp AeWCTBYIONMX METEOCTAHIINN, MTEPEIAIONINX JaHHBIE B IU(PPOBOM pe-
XKHUMe, IpUBeAeH Ha nopraie «Eannas rocynapcTBeHHas cucteMa uHpopmanun 00 00-
cTaHoBke B MupoBom okeane» (puc. 1).

locynapcTBennas HaOmonarenbHas ceth (ganee CeTh) BKIIFOUALT CIIEAYIOINEe Ha-
omonarensHbie cet [https://pdf.standartgost.ru/catalog/Data2/1/4293848/4293848976.
pdf]:

— THIPOJIOTMYECKast Ha peKax M KaHalax;

— adponornueckas (pagrno30HIAPOBAHNE);

— THPOMETEOPOJIOTHYECKas Ha 03epax U BOAOXPAHMIIUILAX;

— MeTeopororndeckas pagauoiokanuonnas (MPJI);
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— MarHWTHas;

— MEeTeOopOJIOTHYECKas;

— MOpCKas THIPOMETEOPOIIOTUIECKas;

— BOAHOOAIaHCOBAS;

— aBHaMETEOPOJIOTHYECKas;

— aKTUHOMETPHUYECKAs;

— arpoMeTeopoJIoTHYecKas;

— renuoreou3nyuecKas;

— DIALUOIOTUYECKast;

— woHocdepHas;

— TUAPOJIOrHYecKas Ha 0oJoTax;

— 030HOMETpPUYECKas;

— CeJIeCTOKOBas;

— Temro0alaHcoBasi;

— CHEroJIaBUHHAS;

— HalntoaTeIbHbIC CETH:

3a HCTIAPEHNEM C ITOBEPXHOCTH BOABI, TOYBBI, CHETA;

3a aTMOC(EPHBIM AIEKTPUIECTBOM;

3a YPOBHEM 3arpsis3HEHHs aTMOC(EPHOTO BO3/yXa;

32 YPOBHEM 3arpsA3HEHMS] MOPCKHUX BOJ M JJOHHBIX OTJIOKCHHI;

3a YPOBHEM 3arpsi3HEHHsI IOBEPXHOCTHBIX BOAHBIX 0OBEKTOB MO THAPOOHOIIO-
TUYECKHM TTOKa3aTelsiM;

3a yPOBHEM 3arps3HEHHsI TIOBEPXHOCTHBIX BOJ CYIIIH;

3a yPOBHEM 3arps3HEHHUsI TOYBHI;

32 YPOBHEM PaJMOAKTHUBHOTO 3arps3HEHUS IPUPOTHOM CpEIbI;

3a YPOBHEM 3arpsi3HEHHSI CHEIKHOTO [TOKPOBA;

3a ()OHOBBIM COCTOSTHUEM OKPY’KaIOIIeH cpeipl (Ha CeaaTu3npoBaHHBIX (o-
HOBBIX CTaHIUIX) ¥ TPAHCTPAHUYHBIM IIEPEHOCOM 3arpsI3HSIONINX BEIIECTB;
32 XUMHYECKHM COCTaBOM OCaJIKOB.

OxoHeyHbIM 000pyaoBanueM CeTu SBISIOTCS METEOPOIOTHUECKUE U THIPOMETEO0-
POJIOTHYECKHE CTAHIIUH. JTH CTAHIIMH, COTTIACHO JICHCTBYIOIINM Ha CETrO/IHsI HOpMaTH-
BaM, JOJDKHBI OBITH pa3MeIleHbl Ha THITUYHOM ISl OKPYIKAIOMIe MECTHOCTH YJacTKe,
K KOTOpOMY TIpenbsiBsieTcs psig peboBanuii. OOCIyKMBaHUE U PEMOHT METEOCTAHIUH
MoryT 3aHuMaTh 10 30 cyTok [http://docs.cntd.ru/document/1200068361]. MereonaH-
HBIE CHUMAET METEOPOJIOT C IEPHOANYHOCTEIO OT 3 10 7 yacoB. CTOMT 00paTUTh BHU-
MaHHe Ha TO, YTO BPEMsI U TOYHOCTh M3MEPEHUN MOTYT HEMPEICKa3yeMO U3MEHSIThCS
[6, 7].

B ocHOBEe MeTeopONIOrHYecKOro COMPOBOXKACHHS TPaHCIIOPTHO-IOTHCTHYECKUX
cucteM «Muayctpuu 4.0» nexar KOMOBIOTEPHBIE MOJIENU KiIMMaTa U noroasl [8]. dns
COCTaBJICHHSI HA/ICKHBIX TIPOTHO30B HEOOX0OIMMa BBICOKAsl JOCTOBEPHOCTD MPEAOCTaB-
JIIEMBIX METEOAAHHBIX C MEPUOTUIHOCTHIO OT HECKOIBKUX MUHYT 10 HECKOIBKUX Ce-
kyHn [8]. Tak, nanpumep, st Moaenei ¢ ropu3oHTaIbHBIM marom 50—100 kM TpeOy-
eMas IepHOIMYHOCTh COCTABISICT 5—8 MHUHYT, a JUIs MOJIeJIei TOPH30HTAIILHBIM pa3pe-
menneM 15—20 km — He 6onee 1—2 MuHyT [7].

114



B.B. I'PbI3VHOB, A.O. HECTEPOBA

Becbma BEpOSITHBIM METOIOM OIIPENEICHNsT METEOPOJIOTHYECKUX IapaMeTpOB
B OnmokaiineM OyayIieM CTaHeT UCTIONIb30BaHUE MO/IEIeH YHCICHHOTO aHAIN3a [TOTO/IbI
[6]. DTOT MeTO TpeOyET MPEAOCTABIATH JaHHBIC KUHEMAaTHIECKUX HAOIIOCHUH B e1Ie
OoIee )KEeCTKOM PEeKUME — PEKUME PeaTbHOTO BPEMEHH.

Kak BumHO M3 mpuBeeHHBIX (DaKTOB, CYHIECTBYET MPOTHBOPEUHE MEXIy Tpedo-
BaHMSIMU MOTpeOUTENst B JuLe npeanpustuii popmara «uamycrpust 4.0» K 1ocroBep-
HOCTH M OTIEPATUBHOCTHU MPEJOCTABICHHUSI METEOPOJIOTNISCKUX JAaHHBIX U TEKYIIUMH
Bo3MOkHOCTsIMU CeTu. JlaHHOE MPOTHBOpEUNEe MOXKET OBITh yCTPAHEHO, HAIIPUMED, 32
cuet uHTerpanuu CeTH W 4aCTHBIX MeTeokoMIniekcoB dyepe3 Wnrtepuer Bemeit (IoT),
a Tak)Ke CHeHaIbHBIX TaTYMKOB, COMPOBOXKIAIOIINX EPEBO3UMBIC TPY3bI U TIEpeIato-
IIMX UHPOPMAIIHIO O MOTOIHBIX YCIOBHSIX HA BCEM ITyTH CIIEIOBaHUSI TPY30B C BBICOKOM
TOYHOCTBIO, CO3JJaHHME CETOYHBIX MAaCCHBOB KIMMAaTHYECKHUX JTaHHBIX [9], KOTOpBIE KiTa-
IyTCS B OCHOBY IM(POBOI KapThl 3eMITH, OTOOpaXKaroIIeH MOTOy M KITMMAaT B MacIlITa-
Oe BpeMeHH, OJIM3KOM K peanbHOMY.

MeTeoKOMIUIEKC — YCTPOMCTBO JUIsl TUCTAHIIMOHHOTO M3MEpPEHHs W Tepenadu
MOTPEOUTENIO METEOPOJIOTHUECKUX JMaHHBIX. CTapble METEOKOMIUIEKCHI TOCTABIISIIH
JTAaHHBIE OJIMH pa3 B 3—7 9acoB, B TO BpeMs Kak TpeOOBaHMs K COBPEMEHHBIM — OJINH
pa3 B MunyTy. CrenoBaTenbHO, Aa)Xe MPH COXpPaHEHHH o0beMa M3MEPEHHH M Yuciia
CTaHIMI 00BEM IepeIaBaeMbIX JaHHBIX JIOJDKEH Bo3pacTu Oobiie ueM B 200 pa3. Bhe-
JIPEHKE CETOUYHBIX MACCHBOB JIJIsl CHSITHSI METCOJJAHHBIX CYIIIECTBEHHO YBEJIUYUT U 3Ty
undpy. Jo nossrnerns Uuagyctpun 4.0 Cetb paboTana ¢ HeOOIBIIUM 00HEMOM JaHHBIX
U JIOMyCKana 3aJep KKK B Iepeade JaHHbIX OKOJIO CyTOK M jaofbiue. CeTb, He0OX0omu-
Mas Muayctpun 4.0, 1oKHA CHUMATh | IlepeaaBarh npesbimaronuii B 200 pa3 oobem
JAHHBIX, U 3JICPXKKH [IPH Tiepeiade He TOJDKHBI TpeBbiiaTh 30 CeKyH/I.

I'maBHOe TpeboBanmne Numyctpun 4.0 k CeTn — BBICOKAs ONIEPATHBHOCTH JIOCTaB-
KH JIOCTOBEPHBIX JIaHHBIX 10 morpedurens. OneparnBHOCTh MOJXYYCHHS IaHHBIX CO-
CTOMT M3 YacTOTHI MOJYYCHHUS! AaHHBIX M CKOPOCTH Mepeadd JaHHBIX MOTPEOUTEINI0
yepe3 Cerb. Ecin cHsATBIC TaHHBIE HE JTOCTABIICHBI B CPOK, MX aKTyaJIbHOCTbh yTpaunBa-
eTCs ¥ TaHHBIE MOTYT CUNTAThCS HEAOCTOBEPHBIMHU. by/ieM cuuTarb, 4T0 TOCTOBEPHEIE
JTAaHHBIE — 3TO JAHHBIE, CHATHIC B COOTBETCTBHUH C CYIIECTBYIOIIMMH TPEOOBAHUIMHA U
JOCTaBJICHHBIC B LEHTP 00paOOTKU AaHHBIX WJIM JPYroMy MOTPEOUTENIO B 3aJlaHHbIH
CPOK 0€3 MCKaKCHHIA.

KadecTBo 1 eproOINIHOCTH CheMa TAHHBIX 3aBUCST TOIBKO OT OKOHEYHOTO 000pY-
noBaHust CeTH, a Ha CBOEBPEMEHHYIO JIOCTABKY JaHHBIX 10 MOTPEeOUTeNs, 00paboTKy 1
XpaHEeHUE BIUSIOT Apyrue 31eMeHThl CeTu 1 crocod ux CBsI3M MexXIy co0oi. O4ueBua-
HO, ecyii 311eMeHT CeTH BBIXOAMT U3 CTPOSi, TO OTPEOUTEINb TepsieT JaHHbIE HE TOIBKO
OTKa3aBIIIEr0 dJIEMEHTa, HO W BCEX DJIEMEHTOB, KOTOPHIE TPAHCIUPYIOT CBOW JaHHBIE
yepe3 Hero. Takum 00pa3oM, MOTpeOHUTENh He TTOTyYaeT J0CTOBEPHBIX JaHHBIX, U BEPO-
SITHOCTB BBITIOJIHEHUSI 3a7a41 Bceil CeThl0 CTAaHOBUTCSI MEHbIIIE.

Taxum 06pazom, 1esIb HACTOSIIEro McciaeioBaHus — BbIOpaTh cTpykTypy Cetn,
MaKCUMHU3UPYIONIYI0 BEPOSATHOCTH BBITIOMHEHHUS 3a/ad CeTbio, — SBISETCS aKTyallb-
HoOM. Iyt mocTrkeHnss 0003HAUEHHOM eI UCTIOIB3YIOTCS METOBI TEOPHH BEPOSTHO-
cTell 1 Teopun rpados.
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MeTtoasbl

BBemem BeposSTHOCTH BEITIOTHEHUS 3a/1au, TOCTaBIeHHON iepes; CeThio, Kak 1mo-
KaszaTellb, OLEHUBAIOUN KadyecTBO CeTu. DTOT MOKa3areiab OLEHUBACT MPUTOJHOCTh
CeTtu A1 pelieHus MOCTaBICHHBIX 3a1a4 MO MIPEI0CTABICHUIO TPEOYEeMOTro KOJTUIeCTBA
Y KauecTBa METEOJIaHHBIX B 3aJIAHHBIN CPOK:

Q

% 9

Q

rae P — BeposSTHOCTH BBINIONHEHHS 3a[a4d, noctaBieHHoON nepen CeTbo;  — Ko-
JIMYECTBO TIPEenOCTaBICHHBIX CEeThI0 M3MEPEHHH ¢ TPeOyeMbIM KadeCTBOM (KadeCTBO
3a/1aeTCsI MOTPEOUTETIEM METEOPOJIOTHYESCKUX JIaHHBIX); (0° — TpeOyeMoe KOJIUIECTBO
M3MepeHni TpeOyeMOoro KadecTna.

KauecTBO — CBOWCTBO MM COBOKYITHOCTH CBOWCTB 00BEKTa, 00YCIOBINBAIOIINX
€ro COOTBETCTBHUE HazHaueHwuro [10].

D hEeKTUBHOCTh — 3TO KOMIUICKCHOE OTIEPAIIMOHHOE CBOMCTBO (Ka4eCTBO) IIeiTe-
HalpaBJIeHHOTO Ipolecca (PyHKIMOHUPOBAHUSI CUCTEMbI, XapaKTepU3YIOLIee ero NpH-
CIIOCOOJICHHOCTH K JIOCTIKEHUIO TIeNTH OTIepanii (K BHITTOTHEHHIO 3a/1a4M CHCTEMBI).

U3 npusenieHHOi (popMyIIbI ceayeT, uto P — 1< Q — Q. IMockonbky Q° 3a1a-
eTcs notpedutenem yciayr CeTn u 3aBUCUT OT TpeOyeMoil TOUHOCTH MporHo3a [7], To
CUHTAEM 3Ty BEJIMYMHY KOHCTaHTOH. ClienoBaTesibHO, TOCTHYb TPeOyeMOi BEpPOSITHO-
CTH BBINIOJIHEHUSI 337241 BO3MOYKHO, TOJIbKO YBEJTMUMBAs BEIUUUHY {2, KOTOpas 3aBU-
CHUT OT MHOTUX ()aKTOPOB, B TOM YHCIIE OT padorocrnocodHocT CeTH.

[IprHMMas BO BHUMaHUE MPUBEACHHOE BBILIEC IPOTHBOPEYHE MEXKIY TpeOoBaHuUs-
MU K IPEIOCTaBISEMbIM JJAHHBIM U PEabHOCTBIO, MOYKHO YTBEPIKJIATh, YTO ISl HEKO-
TopbIx cermeHToB Cetn (<< Q" = P — 0. Tlo sroii xe MIPUYMHE JOBOJIBHO CJIOKHO
MOJTYYHTh AaXKe NPUOIN3UTENBHYIO OLICHKY BEPOSTHOCTH BBITIOIHEHHSI 33/1a4H, TIOCTaB-
nexHo# nepen CeTplo.

[ToBBICUTH BEpOSTHOCTH BBIOJIHEHHS 3a1a4H, TO €CTh YBEIUYUTH €2, BOZMOXKHO
myteM BHeceHUsI B CeTh (pyHKIMOHATIBHOM W/WITH CTPYKTYpHOU M30bITOYHOCTH. DYyHK-
LMOHANbHAs HM30BITOYHOCTH IOJIpasyMeBaeT paclIupeHne (QyHKIHOHajIa MPUOOPOB,
a 3Ha4YMT, TpeOyeT A0paboTaTh CyIIECTBYIOMINE METEOKOMIUIEKCHI MIIH CO3JaTh HOBBIC.
OTO MIUTENHHBIN U JOPOTOl MyTh. BHECeHnEe CTPYKTYpHON N30BITOYHOCTH MTO3BOJISIET
JOCTHYb TpeOyeMol BeposSTHOCTH (YBEIMUYHTH £2), 00BEIUHAS CYIIECTBYIOLINE TOCY-
JApCTBEHHBIE U YaCTHBIE MeTeOKoMILIeKChl B CeTh. B HacToseit pabote nccienoBaHbl
IIyTH BHECEHUS CTPYKTYPHON U30BITOYHOCTH.

Kak yacTHbIe, TaK U roCyIapCTBEHHBIE METEOKOMILIIEKCHI, 00pa3yIoLue CTPYKTypy
CetH 1 SABISIOIIKECS €€ DJIEMEHTaMU, MOTYT 100aBisIThesl B CeTh MM HCUe3aTh U3 Hee
CllydyailHBIM 00pa3oM B CHITY pa3HBIX MPUYHH. UTOOBI COXpaHUTH CIOCOOHOCTH pelaTh
nocrasiieHHbIe 3a/1a4k, CeTh TOJKHA OBITh KUBYUECH.

JKuyuectr aBTOMarn3upoBanHo# cucteMbl (AC) — cBoiicTBo AC, XapakTepusye-
MO€ COCOOHOCTBIO BBIMIOJHATH YCTAHOBIICHHBIH 00beM (DYHKIHIA B yCTIOBUSX BO3/IEH-
CTBMH BHEIIHEH Cpeibl U OTKA30B KOMIIOHEHTOB CUCTEMBI B 3aJaHHBIX Ipeaeiax. AB-
ToMarusupoBanHas cuctema (AC) — cucrema, CocTosIIas U3 epcoHala U KOMIUIEKCa

P:
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CPE/CTB aBTOMAaTH3aLlUH €ro ACATENbHOCTH, pean3yonas HH)OpPManOHHYIO TEXHO-
JIOTHIO BBITIONHEHHS YCTaHOBIEHHBIX QyHKIMiA. [Tockonbky B CeTn mpuCyTCTBYeT 00-
CIIy’KUBAIOLMH NIEPCOHAJ, 3 METCOKOMIIJIEKChI aBTOMATU3UPYIOT AESTENbHOCTD 110 T10-
JTy4EHHUIO METEOPOJIOrMUECKUX JaHHbIX, TO MOKeM cuuTaTh CeTh aBTOMATU3UPOBAaHHON
CHUCTEMOM.

3aKoHBI PACIpPENEIICHUS TOSABICHNS WIM UCUE3HOBEHMs 21eMeHTOB CeTH Heus-
BECTHBI, MOJYYUTh UX HE MPEACTABIAETCS BO3MOXKHBIM, TOATOMY TOKa3aresb KUByYe-
ctu CeTH HE JOJDKEH 3aBHUCETh OT 3aKOHOB PACIPEAEICHUS, TO €CTh HE JIOJDKEH ObITh
BEpOSATHOCTHBIM. Ha MOMEHT HanucaHus CTaTbU U3BECTEH OAMH TaKOM MoKa3arenb —
d-nuBapuanTHOCTh. CpaBHEHHE d-MHBApUAHTHOCTHU C IPYTUMH BO3MOXHBIMU ITOKa3a-
TEJSIMU U €€ ITPEeUMYIlecTBa paccCMOTpeHsI B [11].

D-uHBapHaHTHOCTH

Ecnu npuMeHuTh NpeasioKEeHHOE BBIIIE ONPENIENIEHUE KUBYUECTH K CTPYKTYpe
CETH METCOKOMIIICKCOB, TO MOXKHO CKa3aTbh, YTO CTPYKTypHasl KUBYUYECTb XapaKTepH-
3yeT COCOOHOCTH CTPYKTYPBI CETH MPOTHBOCTOSTH JIECTAOMIN3UPYIOINM (aKTopam.
HecradunusupyommuMu  (GakTopaMu Asl CETH METEOKOMIUIEKCOB SIBIISIIOTCA: ecTe-
CTBEHHBIH OTKa3, JCWCTBHSI BaHIATIOB HJIH 3JI0yMBILIIICHHUKOB, BBIXOA U3 CTPOSL B CHITY
MIPUPOIHBIX MTPHYUH U T. . Ha rpade, Mogenupyroiem CTpyKTypy CeTH, 1eCTa0MIN3H-
pytomre GakTopsl 0TOOPAKAIOTCSI TOCPEICTBOM:

1) u3MeHeHHs CTENeHU BEPIINH — YHCa CBs3eH, KOTOphIE MOXKET 00pa3oBaTh
BEPIINHA,;

2) ynanenus pebep;

3) yoaJeHus BepITuH.

Onpeodenenue d-unsapuanmnocmu
[Tycte G(V,E) — rpad, tae V = {Vi }, i=1, N — MHOXeCTBO BepIIHH 1 N — unc-

no Bepunn, a E={e,}, i=1,L — muoxectBO pebep u L — uncno pebep; W =(w,),

1

w, €[0;1], i=1,N + L — MHOXECTBO BECOB 9/IeMEHTOB Ipada, W, — BEC V -if Bepuin-
HBI, W, — BeC e-To pebpa, w, = max{wv } — MakcHMaJbHbIH BeC BepIIHHBI B rpade,

1<i<N

W, =max {we } — MaKcHUMaJIbHBIN Bec pedpa B rpade. Torna decmadunuunsapuanm-

1<i<L

HOCmblO (L[anee d—I/IHBapI/IaHTHOCTBIO) 10 BCPHIMHAM HA3bIBACTCA BCINYUHA

a d—I/IHBapI/IaHTHOCTL 110 pe6paM PACCUUTHIBACTCS 10 (l)OpMy'J'IG

D11
i=1

w,,
* 9
w

e
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1 D-UHBapHaHTHOCTb CTPYKTYPHI €CTh
D,=D.D,.

3HAYMMOCTh DIIEMEHTA MOJICTH (BEC BEPIIMHBI WK IyTH rpada) MOKET ObITh KaKk
CyOBEKTHUBHOM, TaK W OOBbeKTHBHOW. CyOBEKTHBHBIC BECa HA3HAUAIOTCS DKCIICPTAMU:
HanpuMep, CreluagbHas METEOCTAaHIUS WM METEOCTaHIUI B 0COOOM MecTe Oolee
BaXKHA, 4eM 00bIgHast MeTeocTaHI . OOBEKTUBHBIMU BECAMH MOTYT OBITh, HATIPUMED,
CTETIeHN BEpIIMH, YUCIIO MyTeH, MPOXOASIINX Yepe3 BepIInHy win pedpo. OnuH u3
BO3MOYKHBIX METOJIOB pacyeTa 3HAYUMOCTU KaXKJOTO SJIEMEHTAa CTPYKTYPBI C y4EeTOM
OOJIBIIOTO YHCIIa TTOKa3aTeNIe 3HAYMMOCTH TIpuBeeH B padote [11].

JlocTOMHCTBA d-UHBAPUAHTHOCTH 3AKIFOUAIOTCS B CICYIOIICM:

— OHa IPHUIOJIHA JIJISl CUHTE3a CTPYKTYPHI )KUBYyYEH CETH METCOKOMILIEKCOB, CO-
CTOSIIIIEH U3 PAa3HOPOIHBIX JIEMEHTOB;

— BO3MOJKEH pacueT 0e3 MPOBEICHUS CTATUCTHUCCKUX MCIIBITAHUN;

— MOKET NMPUMEHATHCS TPU CHHTE3€ CTPYKTYPHI JKUBYUYEH CETH METEOKOMILIEK-
COB B pEaJIbHOM MacIliTabe BPEMEHH, HAIPUMEP B MPOIECCe caMOOopraHu3anuu. Tak,
CTPYKTYpa MOXKET «COOMPAThCS» M3 KyCOUKOB, YCTPEMIISISI K €IMHUIIE TaHHBINA MTOKa3a-
TENb KOXKABIN pa3, Kak NOSABISAETCS HOBast HH(QOPMAIUS O JTOCTYITHBIX WU YTPAYSHHBIX
METCOCTAHIIUAX.

K Hemocrarkam d-WHBapuMaHTHOCTH OTHOCHTCS HEOOXOJMMOCTH 3HAYMTEIHHBIX
BBIYHCIIUTEIBHBIX MOIIHOCTEH JUIsl TOYHOTO pacyera d-WHBApPUAHTHOCTH TIpadoB
¢ OOJNBIIIMM YHCIIOM BEPITUH U AYT.

Ceoticmea d-uneapuanmmuocmu

(-MHBapHAaHTHOCTh UMEET CJICIYIOIINE CBOMCTBA:

— TIOKa3bIBAET PABHOMEPHOCTh PACIPE/ICICHUS BECOB (3HAYMMOCTH) 1O DJIEMEH-
TaM CTPYKTYphl. Eciu 3HAYMMOCTh BceX pedep/BEepIliuH OJMHAKOBA, TO d-UHBAPHAHT-
HOCTb paBHA €AMHUIIE, TO €CTh CTPYKTYpe Oe3pa3IniHo, KaKoil SIeMEeHT OyJIeT yaajeH;

— obOmactb 3HadenHwui [0; 1].

CrnieioBarebHO, d-WHBAPUAHTHOCTB [TOKA3bIBACT, HACKOJIBKO CTPYKTYpa cOaaHCH-
poBaHa (CHMMETPUYHA) OTHOCUTEIIFHO BO3IECUCTBHSI JCCTAOMIM3UPYIONTHX (aKTOPOB.

Kauecmeo cmpykmyp

JKuByuecTb cTpyKTyp mpeaiaraetcsi OLeHUBaTh d-UHBapuaHTHOCTHIO. Eciu Ha 3a-
JTAHHBIX MHOKECTBAxX V, £ BO3ZMOXHBI HECKOJIBKO CTPYKTYP C OJMHAKOBOM d-WHBapHaHT-
HOCTBIO, TO JUISl CPAaBHEHUSI CTPYKTYP MEXIy cOOOH MpeyiaraeTcs UCIoIb30BaTh MOKa-
3aresb KaueCTBA CTPYKTYPBI, BBIABISIFOIIMN CTPYKTYPY ¢ HAUMEHBIIUM CPEHUM YUCIIOM
CBsI3el Ha oJHy BepluuHy. [loka3arens kayecTBa pacCUMTBHIBACTCS CIECAYIOIUM 00pa3oM.

IlycTh X, — cTeneHb BEpUIMHBI V,, & X, — CPE/IHAA CTENeHb BEPIIMH:

N
2%
x ==l

cp N
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Torna ka4ecTBO CTPYKTYPBI UIIETCS B BUJE OTHOIICHUS d-MHBAPUAHTHOCTH CTPYK-
TYpbI K CPEJIHEN CTEIIEHU BEPIUUH:

Ecinu rpad) BEIpOKIEH, TO €CTh COCTOUT M3 OJHOM BEPIUMHBI, CYMTAETCS, YTO €€
CTEIEHb U (d-MHBAPHAHTHOCTb PaBHBI SMHHUIIE, & 3HAUMT, X, =1, D,, € [0;1], U, CIeNo-

BarenbHO, J € [0;1].

PesyabTarbl

[ToapoGHO d-MHBapUAHTHOCTH W KadeCTBO HauOoJee paclpoCTPaHEHHBIX CTPYK-
Typ, TAaKUX KaK MOJHOCBA3HAsI CTPYKTYypa, 3Be3/1a, THUIEPKYO, KOJIbLIO, pelIeTKa, INHa,
TOP, @ TAKXKE MEPCHEKTUBHBIC CTPYKTYPbI-LUPKY/ISIHTBI, pacCMOTpeHsI B [11].

Tabnuya 1
TlonHOCBsA3HAs CTPYKTYypa U 3Be3/a
Fully connected structure and star
N 3Besna [TonmHOCBsI3HAs CTPYKTYpa
4 5 6 16 4 5 6 16
D, 0,1250 0,0256 0,0041 0,0000 1,0000 1,0000 1,0000 1,0000
D, 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000
D, 0,1250 0,0256 0,0041 0,0000 1,0000 1,0000 1,0000 1,0000
» 1,5000 1,6000 1,6667 1,8750 4,0000 5,0000 6,0000 | 16,0000
J 0,0833 0,0160 0,0025 0,0000 0,2500 0,2000 0,1667 0,0625

Her mpoTuBOpeuns onbpITHBIM TaHHBIM O TOM, YTO camasi )KMBYy4asl CTPYKTypa —
NOJIHOCBsA3HAs. [[0CKONIBKY B JAHHOU CTPYKTYpE BCE AIIEMEHTBI COEJUHEHBI APYT C IPY-
TOM TIOTIapHO, TO BCE BO3MOXKHBIE CBS3H yXKe 00pa30BaHBI, a 3HAYUT, OHA COMACPIKUT
MaKCHMaJIbHO BO3MOXKHOE 4Hucio Koiyell. OTHAKO ¢ yBEIMYEHHEM YMCIIa BEPIIUH BO3-
pacraeT 4MCIO U30BITOUHBIX CBS3EH, MOITOMY YMEHBIIAETCS Ka4eCTBO CTPYKTYPHI.
[IpuBeneHHBIC BBIKIAIKA OTHOCATCS K JIFOOOW CETH, CTPYKTYpa KOTOPOH OMUCHIBACTCS
rpagamu.

W3 Tabn. 1 mOHATHO, YTO B CMBICIE d-WHBApPUAHTHOCTH OOJiee KUBYYH 3BE3JIbI
C MEHBIIIUM YHCIIOM JIy4el. ITO MOATBEPKAAETCS ONBITOM NPAKMUYECKOU IKCHIYama-
YUl KOMITBIOTEPHBIX U TEJIEKOMMYHHUKAITMOHHBIX CETEH.

W3 tabn. 2 BUIHA 3aBUCUMOCTB: 4eM OOJIbIIE SJIEMEHTOB B IIMHE, TEM MEHbIIE
ee KUBYYECTb. DTO COOTBETCTBYET NPAKMUUECKOMY ONbIMY IKCHIYyamayuu ceTeu, mo-
CTpOEHHBIX Ha 0a3ze muHbBI. Vcmonb3ys AaHHBIE 3TOW TAOIWIBI, MOXKHO CKa3aTh, 4TO
CTPYKTYPBI, COJepIKalIHe KOobIa, Ooiee KUBYUH.

W3 manHBIX, MPUBEIECHHBIX B TA0M. 3, ClIeyeT HeOXKUAAaHHBINA BRIBO. Slueiika nMe-
€T BepLIMHBI ¢ HAUOOJBILEH CTENEHbIO, HO 00JaaeT CaMOi MaJCHbKON KHBYUYECTbIO,
TO €CTh KaU€CTBO TAKOW CTPYKTYPbl MUHUMAJIBHO.
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Tabnuya 2
OO6mras muHa (JTMHEWKA) U KOJIbII0
Bus (rule box) and ring
Kosnb1io Hluna
N 4 5 6 16 4 5 6 16
D, 1,0000 1,0000 1,0000 1,0000 0,3600 0,1914 0,1483 0,0007
D, 1,0000 1,0000 1,0000 1,0000 0,5625 0,4444 0,2439 0,0014
D, 1,0000 1,0000 1,0000 1,0000 0,2025 0,0851 0,0362 0,0000
X, 2,0000 2,0000 2,0000 2,0000 1,5000 1,6000 1,6667 1,8750
J 0,5000 0,5000 0,5000 0,5000 0,1350 0,0532 0,0217 0,0000
Tabnuya 3
Pewerka, Top, runepky0 U HUPKYISHT (M. puc. 2 u 3)
Mesh, torus, hypercube and circulant (see fig. 2 and 3)
N=16

N T'unepky6 Pemrerka Top Saeiika

D, 1,0000 0,0667 0,2978 0,0504

D, 1,0000 0,0079 0,1428 0,0000

D, 1,0000 0,0005 0,0425 0,0000

X, 4,0000 3,0000 3,5000 4,1250

J 0,2500 0,0002 0,0122 0,0000

Jlis Bcex UMPKYISHTOB D =
D (16;1,7), B cMBbICHE d-WHBaPHAHTHOCTH.

Heo0xoquMo OTMETHTB, YTO TMOCKOJBbKY d-WHBAPHAHTHOCTH HE SIBIISIETCSI BEPO-
SITHOCTHBIM IIOKa3aTeJieM, TO MEepPEYeHb ONTHMANBHBIX B CMBICIE d-WHBAPUAHTHOCTH
CTPYKTYP HE H3MEHUTCS, €CII U3MEHSITh 3aKOHBI pactpeaesieHus J1eCTa0UITN3UPYFOIIIX
(hakTOpOB, BO3ACHCTBYIOMNX HA CETh METEOCTAHIINH.

s cuHTE3a KOHKPETHON CTPYKTYPBI KUBYYEl CETH METEOCTaHIIMH MOXHO BOC-
MOJIb30BAThCSl METOIOM, TIPEIIOKEHHBIM B [12], 1100 MeTojaMu YIipaBJIeHUS] pOEM.

a)

0)

I, D (16;1,6) sBuserca MeHee KUBy4YECH, deM

6)

2)

>

Puc. 2. TunoBble CTPYKTYpbI HH()OPMAITHOHHO-BBIYHCINTEIBHBIX CUCTEM.

AN\ L
N

N
|
|
.\'_

a — pelieTka, 6 — Top, 6 — siuelika, ¢ — THIepKyO.

Fig.2. Structural models of information computation system.
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Puc. 3. HupkynsHTHL

a — mupkyistHT (165 1, 6), 6 — mupkynsHT (165 1, 7).
Fig. 3. Circulants.
a — circulant (16; 1, 6), 6 — circulant (16; 1, 7).
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O poun JaHHBIX B HU(PPOBOH IKOHOMHKE
M.O. Konoanée', U.U. Ilankun’, TM. Tamapnuxoea’

! Cankr-IletepOyprekuii skoHOMuueckuit yausepcuret, Cankt-IletrepOypr
2 Poccuiickuii rocyJapCcTBEHHBIN rHApOMeTeopoiornieckuii yausepeutet, Cankt-IletepOypr,
tm-tatarn@yandex.ru

O6cyxaaercst mpobieMa TOJIKOBAaHUS BHOBb BO3HUKAIOIIMX TEPMHUHOB LIM(POBOI SKOHOMHKH, KOTO-
pBIe 1MO-pa3HOMY MTOHMMAIOTCSI SKOHOMUCTaMHU M CHEIHATNCTaMH B 00J1acTH HH()OPMAIIMOHHBIX TEXHOIIO-
ruit. [Ipenaraercs MOZOMTH K paCKPBITHIO CyTH MOHSTHSI IIU(POBOH SKOHOMHUKH C TOUKH 3pSHNUS (DYHKIIU-
OHAJIFHOTO ¥ CTPYKTypHOTO onucanus. Ha (yHKIMOHAIBHOM ONMCAHUN BBIICICHBI KIIOUEBbIe aTpHOYTHI,
PACKpBIBAIOIINE CYIIHOCTh LIU(PPOBOH SKOHOMUKH: LIU(POBBIE JaHHBIE, H(POBas HHOPACTPYKTYpa, MO-
JeTH IeATeTbHOCTH Jrofeil. Ha cTpyKTypHOM OmMcaHuM MpeIokeHa apXUTeKTypHas MOAENb I(POBOiH
SKOHOMHUKH.

Kuiouesvle crosa: mudpoBas 3KOHOMHKA, TEPMUHOJIOTHS, HU(PPOBbIE NaHHbIE, KHOEPIIPOCTPAHCTBO,
uposas nHPACTPYKTypa, IU(POBas TEXHOJIOTHs, TpaHCHOPMALMS AEATEIBHOCTH, apXUTEKTYpa LUQ-
POBOI YKOHOMUKHU.

Date
M.O. Kolbanev', I.1. Palkin?, T.M. Tatarnikova’®

! Saint-Petersburg State University of Economics, Saint Petersburg, Russia
2Russian State Hydrometeorological University, Saint Petersburg, Russia

The problem of interpreting the emerging terms of the digital economy is discussed. Examples demon-
strating different understanding of the term “digital economy” by economists and information technology
experts are given. We consider the basis of the digital economy - the cyberspace, as an environment of
people’s activity in which any interactions are carried out due to digital data. The complexity of organizing
cyberspace requires approaching the definition of the concept of the digital economy in terms of functional
and structural descriptions. The functional approach has made it possible to identify three key attributes that
reveal the essence of the digital economy: digital data, digital infrastructure, models of people’s activities.
The activity is carried out through human interaction with natural objects through the "intermediary" - dig-
ital data. Changes in activities caused by the work with digital data, have come to be called transformation,
its modern examples being medicine and transport. The examples show that the models of the digital
economy involve a partial or complete rejection of human labor. The official government documents of the
Russian Federation follow the functional approach to describing the concept of the digital economy: the
program “Digital Economy of the Russian Federation”, decree of the President of the Russian Federation
“On the Strategy for the Development of the Information Society in the Russian Federation for 2017-2030”.
The structural description has made it possible to single out three echelons of managing the digital econo-
my: the technological environment, the social environment, markets and industries. Each echelon has the
right to make decisions within its competencies. The purpose of the technological echelon is the technical
support of the digital economy, including information systems and information technology. At the level
of the social environment of the digital economy, the following ones are formed: the legal regime for the
development and use of digital technologies, the education and training system of the digital economy, the
infrastructure of the digital economy, information security technologies for digital processes, and many
others. At the level of markets and industries, spheres of activity of the digital economy are implemented.
The structural approach has allowed us to propose an architectural model of the digital economy. The model
is a stratified description, characterized by vertical decomposition, the sequence of digital data processing
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operations on each stratum, and the interconnection of performance indicators of all strata for a comprehen-
sive assessment of the activity process as a whole.

Keywords: digital economy, terminology, digital data, cyberspace, digital infrastructure, digital tech-
nology, business transformation, digital economy architecture.

For citation: M.O. Kolbanev, 1.1. Palkin, T M. Tatarnikova. Date. Gidrometeorologiya i Ekologiya.
Hydrometeorology and Ecology (Proceedings of the Russian State Hydrometeorological University). 2020.
59: 124—136. [In Russian]. doi: 10.33933/2074-2762-2020-59-124-136

BBenenue

Cpenu MHOKECTBa MTPo0IIeM, BO3HUKAIOLIHMX MPH Mepexoe K Hu(poBor IKOHOMU-
K€, B CTOPOHE OCTaeTCsl Mpo0beMa TOJIKOBAaHHsI BHOBb BOSHUKAIOIINX TEPMUHOB, KOTO-
pble IPU3BaHbl OTPA3UTh CIIEHU(HUKY HOBOM MeTomosoruu aestensHocTy [1]. Bo BTO-
poii monoBuHe XX BeKa B paMKaxX KHOSPHETHKH aHAJIOTMYHas mpodsiema Obliia perena
[IPUITUCHIBAHUEM HOBBIX CMBICIIOB «CTapbIM» ciioBaM. Tak MOSBHIIMCH TENEPh BCEMH
MMOHUMaeMbIe OIMHAKOBO TEPMUHBI: MH(OpMaIus, CBA3b, COOOIICHHE, TPOTPAMMHUPO-
BaHME, YIIPAaBJICHUE U MHOTHE Apyrue [2]. Yenemnas peanusanns Takoro Noaxona npu
CTaHOBJICHUU KHOEPHETUKH Obli1a 00yCIIOBJIEHA eIlle U TeM, YTO MOTPeOUTENeM HOBBIX
TIOHSTHHN SBJSUICS CPABHUTEIBHO Y3KHUN KPYT CIIEINAINCTOB, CIIOCOOHBIX OBICTPO HAM-
TH OOIIHN SA3BIK.

[To cxoxeMy TyTH TIOILIa M cOBpeMeHHasi Hayka. L{udposas skoHoMuKa, udpo-
Boe ObITHe, nudpoBas TpaHchopmamus, IudpoBas waTPopma, dKocucTema, nudpo-
BOH JIBOMHHK, HHTEPHET BEICH, 00Na4YHbIC BBIYUCICHUS, UCKYCCTBEHHBINA HHTEIICKT,
CKBO3HbIE TEXHOJIOTMH, XPAaHWIMILE AaHHBIX U T. II. — BCE ATO MeTadopsl JaBHO CIIO-
KHUBILUXCS HOHSTHH, 9TO «CTaphIe)» CJI0BA, B KOMOMHALIUIO KOTOPBIX CTAJIH BKJIaIbIBaTh
COBEpPIIIEHHO WHBIE CMBICTBL. [Ipr 3TOM caMbIM 3aMETHBIM OTIMYMEM HAIIero BpeMe-
HU OT KHOEPHETHUECKOH AIIOXH SIBJISETCS] BOBJICUEHHOCTh B IpoLecchl IU(ppoBU3aiu
OTPOMHOTI0 KOJIMYECTBA JIIOACH. DTO BEJIET K TOMY, UTO HE TOJIBKO MUIUTHAP/IBI PSIOBBIX
10J1b30BaTENIeH KOMIIBIOTEPA, HO U CIICLMAIMCThI KOMIIBIOTEPHON HHAYCTPUHU 3a4acTyI0
M0-Pa3HOMY TMOHMMAIOT MIPHUBEACHHBIC BBIIIE HAMMEHOBAaHHS HOBOSIBJIEHHBIX 00BEKTOB
M poBOTO OBITHS.

Tak, HarpuMep, AJIs1 9KOHOMHUCTOB M CHELUAIMCTOB B 00JacTH MH()OPMALMOHHBIX
TEXHOJIOTUH TEPMHH «(PPOBasi SKOHOMHKa» 0003HAYaET BO MHOTOM Pa3HbIE OOBEKTHI.
Cyns no 6ubmmorpaduu EconLit [3], B 80 % myOnukanunii 5KoHOMHCTOB L (POBast HKO-
HOMHKA — 9TO CIIOCO0O XO3sIMCTBOBAHHSI, KOTOPBIH OTIIMYAETCS OT JaBHO CIIOKHBILIMXCS
YBEJIMYEHHEM UHCIIa KOMMEPUYECKUX IJIOMAA0K U KACTOMUHU3UPOBAaHHOCTHIO, YMEHb-
LICHHEM pa3Mepa KOMIIaHUH, YHCiIa OCPEHUKOB U M3JEPKEK, APYTHMHU PEHMYyIIe-
CTBaMH, HO HE BeJET K KapaUHAIbHOMY M3MEHEHHIO OOIEeCTBEHHBIX OTHOIIEHUH XO-
3STCTBEHHOM JiesaTenbHOCTH [4]. Camu IIpOBBIE TEXHOIOTHH TIPH 3TOM HE OIICHHUBa-
I0TCSI KOJIMYECTBEHHO M pacCMaTpUBAIOTCS KaKk BUPTyalibHas cpeia, KoTopas MO3BOJIIeT
MOBBICUTH d(h(HEKTUBHOCTH YKOHOMHUYECKON JIEATEIBHOCTH CaMUM (PaKTOM CBOETO CY-
miectBoBaHusl. [lokasarenpHa B 3TOM OTHOIIEHHH MOAOOPKA YacTO LUTHPYEMBIX ONpe-
JeseHui I poBor SIKOHOMUKH, coOpaHHas B pabote [5]. B Texamueckoit nureparype
uudpoBas SKOHOMUKA — 3TO INIOOATBHBIN TEXHOIOTHUECKUI POEKT, NCIIOJIB3Y IO
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PEBOMIOLIMOHHBIC JOCTH)KEHHUS B MHKCHEPHBIX 00JIACTAX 3HAHMS, TAKUX KaK 3JEKTPO-
HUKa, (POTOHUKA, PAJUOTEXHUKA 1 B TIEPCIICKTHBE KBAHTOBBIC BEIYUCIICHHUS, TSI CO3/Ia-
HUS UPPOBOH HHPPACTPYKTYPHI M CKBO3HBIX TeXHONOTHH [6]. Bee 3T TexHomornye-
CKHE HOBallM 00Pa3yloT OCHOBY AJIsl TpaHC(OPMALIUK MOAETICH IS TEILHOCTH BO BCEX
MIPEIMETHBIX 00JIaCTIX, a HE TOJIBKO B YKOHOMHUKE [7].

AHaJIOTHYHBIE IPOLIECCHl MOXKHO HaOMoaaTh U B reonHpopmarrke. C omHOM cTO-
POHBI, CIIEIHATHCTHI BUAT B IUPPOBBIX TEXHOJIOTHSIX Oosee d(PPEKTUBHBIC CITOCOObI
cbopa, 1ocTaBKU 1 00pabOTKU MPOCTPAHCTBEHHBIX JaHHBIX. [Ipy 3TOM 10 ymMouaHuio
MPEAToaraeTcs, 4YTo Mepexoj; OT aHaJOrOBBIX TEXHOJOTHH Ha nupoBbie HHPOpMa-
LIMOHHBIC CYIIECTBEHHBIM 00pa30oM HE BJIMAET HAa CaMy METOAOJIOTHIO PEILEHMS IpPO-
(deccronanbubIx 3ana4 [8]. C npyroi cTOpoHsl, pa3pabOTYMKK TEXHOIOTUH HU(POBOH
9KOHOMHKH HCXOMSAT M3 TOTO, YTO MOBBIIICHHE dPPEKTUBHOCTH JIESTEIHHOCTH CBsI3a-
HO C KOHBEPreHUUeH QU3HIeCKUX, OMOIOrHUECKUX U NHPOPMALIMOHHBIX TEXHOIOTHH.
Tak, HarpuMep, U3MEPEHHE U aHATH3 XapaKTePUCTUK (PU3NIECKOTO COCTOSHHS aTMOC-
(ephl, Kak M PEruCTpalmio aTMOC(HEPHBIX SBJICHUH, HapsAy CO MHOTUMHM ThICA4aMu
THIPOMETEOPOSIOTHUECKUX CTAHIIMK, KaK CETOIHs, MOTYT OCYLIECTBIATh TaJKeThl Jie-
CSITKOB M COTE€H MIJIJIMOHOB I10JIb30BaTeNIeH, CIIydaiiHbIM 00pa3oM paclpeneIeHHbIX 110
MTOBEPXHOCTH 3EMIIH.

E1e oiHUM PUMEPOM CITY»KHUT TEPMHH «HCKYCCTBEHHBIH WHTEIUIEKT), O]l KOTO-
PBIM [TIOHUMAIOT, KaK aJITOPUTMUYECKIE METOAbI PELICHNUS 3a1a4, KOTOPhIE paHee MOIIIN
OBITH PELICHBI TOJILKO YEJIOBEKOM, TaK U CO3/aHHe MAalllH, 00JaJarolluX 4yTh JIM HEe
YEeJIOBEUCCKUM CO3HAHHUEM [9].

HecornacoBaHHOCTH CYLIECTBYIOT JaXke Cpedud TEPMHHOB, KOTOPBIE BBOASTCS
CTaHAapTaMH Pa3UYHBIX MEXIYHApOAHBIX OpraHu3anuii. Macia B OTOHb TEPMHHO-
JIOTHYECKUX MPOTHUBOPEUUil OOABISIOT U HeyJadHble IepeBOAbI MPOPECCHOHAIBHBIX
TEPMHMHOB C OJHOTO SI3bIKa Ha JIpyroil. B 11e0M HEOIHO3HAUHOE TOJIKOBAaHHE HOBBIX
MOHATUI YCIOXKHSAET NPOPECCHOHANBHYI0O KOMMYHHKALMIO CIIELUATNUCTOB, MEIIaeT
(hOpMHPOBAHUIO MEKAMCUUIUIMHAPHBIX TPYMIT AJSl MPOBEACHUS HCCIEIOBaHWUN Ha
CTBIKE Pa3HBIX HAYK U B KOHEYHOM HTOI'€ BBIXO/y MCCIIE0BATENe Ha HOBBIH yPOBEHb
MO3HAHUS.

LlenTpanbHOE MECTO Cpeau MOHITUH, TPeOYIOMUX OJHO3HAYHOW MHTEPIpPETAIIH
[I0JIb30BATEISIMU U CIIELUAIMCTAMU BO MHOTHX O0JaCTSX 3HAHUH, 3aHUMAET MOHATHE
«JlaHHBIE». MOKHO CKa3aTh, YTO CEMAcCHOJIOTHS CJIOBA «JIAaHHBIE» SBISAETCS KIIOUOM
K (hOPMUPOBAHHIO 3HAYCHUI BCETO KOMIIEKCA TEPMUHOB ITH(POBOM SKOHOMUKH. YIIO-
MSIHYTBIE BBILIE «[U(PPOBBIC» TEPMHUHBI TAK UM HHAYE COEPIKAT B CBOEM ONPEICICHUH
«naHHbey. [Ipr 3TOM BHOBB MOSBHUBIIMECS TEPMHUHBI 3a9aCTYIO JakKe HE YKa3hIBAIOT Ha
TO, YTO 110 CYTH PeUb HJIET O IH(POBBIX TAHHBIX).

Kak Ob1 To HU OBUTO, TU(POBEIE TaHHBIE CTATU KIIOYEBBIM MOHSATHEM HU(POBOM
9KOHOMHKH. VX pOJb HACTONBKO BEJMKA, YTO MOSIBISIOTCS MAPKETUHIOBBIC TOHSITHS
TUIA «HayKa O JAHHBIX», «OOJbIINE JaHHBIC», «PEIICHNUs, OCHOBAHHBIC Ha JaHHBIX)
0T IL

Llenp craTby 3aKiII0YAETCsl B BBISBICHUH CYIIHOCTH JAHHBIX Kak dJIEMEHTa LuQ-
poBoii skoHOMUKH. OOBEKTOM HCCIIEIOBaHUS BBICTYNAIOT HU(PPOBBIC JaHHBIE, a TIPe]l-
METOM — MOJEIH HU(PPOBBIX JAHHBIX B HHXEHEPHBIX U MPHUKIATHBIX UCCICIOBAHUAX.
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Kub6epnpocTpancTBO Kak 0CHOBA LM (PPOBO IKOHOMUKH

B XXI Beke B pe3ynbTare Co3MaHus U MacCOBOTO BHEAPEHUS ITUGPOBHIX HH(DOpMA-
LMOHHBIX ¥ KOMMYHUKAIIUOHHBIX TEXHOJIOTUH HapsIy C CylIei, MOpeM, BO3LyXOM U KOC-
MOCOM 00pa30BaJIOCh €IIe OJIHA ISATasl Cpeia ACSTEIBHOCTH JIIOeH — KHOepIpoCTpaH-
cTBO. [ TaBHast ero 0COOEHHOCTH B TOM, YTO JIFOOBIE B3aMMOJIEHCTBHS OCYIIECTBIISIOTCS
Onaromapsi UQPPOBBIM JaHHBIM. Takoil croco0 B3aMMOJIEHCTBUS OKa3ajCs HACTOIBKO
3¢ GEeKTHBHBIM, YTO TPUHEC YEIIOBEYECTBY HOBBIE BOSMOXKHOCTH, CBSI3aHHBIE C THIIEP-
CBSI3yeMOCTBIO B peaJlbHOM MacluTa0e BPEMEHH OpraHM3alMid, JIIOAeH, TEXHUUECKUX
YCTPOWCTB M APYTHX 0OBEKTOB, PACIIPEACICHHBIX B IPOCTPAHCTBE BCEIO 3€MHOTO IIapa.
DTO 7K€ MOPOTUIIO U HOBBIE YTPO3HI OT TIIO0ATBHBIX arpeCCUBHBIX TIPOIIECCOB KOHKYPEH-
UM, TPOTUBOOOPCTBA U MPOBEJCHUS CIICHUATIBHBIX «IIU(PPOBBIX» OMEpaIHii, HalleIeH-
HBIX Ha JOCTH)KEHUE NOJUTHYECKUX U COLMAIBHO-3KOHOMUYECKUX npeumyinects [10].

OTMeTuM, YTO KHOEPIPOCTPAHCTBO MPEACTABIACT COOOH M00aIbHYI0 PYKOTBOP-
HYIO Cpey, KoTopasi KapAWHAIbHO OTIMYAETCS M0 CBOMM CBOMCTBAM OT IPHUPOIHBIX
cpea ¥ GYHKUHMOHUPYET B COOTBETCTBUH C LIESIMU, ITPEAYCMOTPEHHBIMU €T0 pa3padoT-
YWKaMH, a HC 110 €CTCCTBCHHBIM 3aKOHAaM IPUPO/IbI.

CranoBuTCs Bce Ooliee OUYEBUAHO, YTO HCIIOIB30BAHHE CBOWCTB KHOCPIPOCTpaH-
CTBa TO3BOJISIET 3HAYUTEIHHO U3MEHUTH COJIEp/KaHUE YEJIOBEUECKOH NeATeIbHOCTH U
B €CTECTBEHHBIX, U B COIMAIBHBIX 00MacTax. [IpuMepoM MOTYT CIIy’KWTh Takue He-
JTABHO BO3HHUKIIUE AUCIUIUIMHBI, KaK TeOMH(POPMATUKA U TreonoiauTrka. OCHOBBIBASICH
Ha 0XBaTe KUOEPIPOCTPAHCTBOM reorpaguyeckiux 0ObEKTOB, OHH MMOJNYYaroT MPHHIU-
MMUATBHO HOBBIC PE3YJIBTAThI TP UCCIIEAOBAHIH TPUPOIHBIX SIBICHUH U MEXTOCyaap-
CTBEHHBIX OTHOIIEHHUM COOTBETCTBEHHO.

Hcnonp3oBaHre BO3MOKHOCTEW KHOEPIPOCTPAHCTBA B TE€X MIIM MHBIX 00JACTAX
BEJIET K HEOOXOAMMOCTH M3YUYCHHSI ¥ TIPOTHO3UPOBAHHUSI BIIUSHUS STHX BO3MOXKHOCTEH
Ha M3MEHEHHE OOIIECTBEHHBIX OTHOUICHUH. 3MeHeHns MOTyT OBITh HACTOJIBKO CY-
LIECTBEHHBIMHU, YTO LENIBIM psiA UCCIE0BATENEH CTaBAT 1Ol COMHEHHUE caMy LIEJIecO0-
Opa3HOCTh 3TOr0 MHCTPYMEHTA MTO3HAHUS, TIOIOOHO TOMY, KaK psiJi PU3UKOB ITBITAIHCH
yOepeub 4eII0BEUECTBO OT Pa3pyIIUTEIbHON CHITBI SIIEPHOTO OPYKHUSL.

B TO e BpeMsi MONBITKH OCMBICTHTH MOTEHIMAT U Y3KHe MecTa HU(PPOBOH KO-
HOMHKH HEBO3MOXKHO 0€3 JIETaIbHOTO M3YYSHHS 3TOTO CIOKHOTO 00OBEKTa HCCIIe0Ba-
HUSI, T/I€ B €IMHOM KHOEpIPOCTPAHCTBE B3aUMOACHCTBYIOT TI0JIb30BATEIH, YCTPOICTBA,
MIPEINPUATHS, PEATH3YIOTCS TIPOM3BOJCTBA, YCIYTH H €IIe MHOTO BCETO.

(I)yHKHHOHaHbHBIﬁ MmoAXO0/I K ONPEACTCHUIO MOHATUSA «Ill/lq)pOBaﬂ IKOHOMMHKA»

Crnenyst IPUHLUIIAM CHUCTEMHOTO MOIXO0AA, K ONPEIEJICHUIO MOHATHS «LUu(ppoBast
9KOHOMHKay» CJIEAYET MOJOUTH CHauana ¢ (yHKIIMOHAJBHOM, a 3aTeM CO CTPYKTYPHOM
TOukH 3peHus. [Ipu (yHKIMOHAJIBHOM NOOXOAE HALO0 OIPENEIUTh OOIMe CBOWCTBA
UU(pPOBOI SKOHOMHUKH B KOHTEKCTE €€ B3aWMOJACHCTBHS C BHEIIHEH cpenoil. bymem
CUNTATh, YTO BHEIIHIOIO Cpexy 00pa3yroT Bce 00JIacTH JIEATEIbHOCTH JIFO/IEH, BKITFOYast
KYyJBTYpY, HayKy, SKOHOMHKY, 00pa3oBaHue, 0€30MacHOCTb, TOCYIapCTBEHHOE yIpaBJie-
HUE ¥ Bce, 4yTo yronHo. CaMblii IITaBHBIN TPU3HAK BHEIIHEH cpeibl IM(POBO SKOHOMU-
KM — 3TO HENIPEPBIBHOCTD PEATN3yEMBIX TaM MPOLECCOB.
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B momammsromem uwncne myOnukanuii nmudpoBas SKOHOMHKA PacCMaTpUBAETCS
Ha (PYyHKIIMOHAIBHOM YPOBHE CBOMX OOIIMX CBOMCTB. O000IIast UMEIOIIUECS MHEHUS,
MOJKHO BBIJIENIUTH TPH KITFOUEBBIX aTpHUOyTa, PACKPBIBAIOIINX CYITHOCTH IH(PPOBOI SKO-
HOMHMKH.

[lepBsIit — 3T0 UG POBEIE TaHHBIE, KOTOPBIE (PUKCUPYIOT CBEIEHUS O COCTOSHUHN
(hm3MYECKUX TPOIIECCOB B JAUCKPETHBIE MOMEHTHI BPEMEHH B ONPEACICHHBIX TOUKAX
pocTpaHcTBa. TeXHOIOTUYSCKUH MPOIECC MOMYUYCHHS [IM(PPOBBIX JaHHBIX HA3bIBACT-
sl aHaNoTO-IIPPOBEIM TIpeodpazoBanueM (ALIL).

Bropoit — 310 nudposas nHbpacTpykTypa, KOTOpas SBISETCS CPeJon CYIIeCTBO-
BaHMSI MUQPPOBBIX MAaHHBIX — IEHTPBI 00pabOTKH, cetr cBsi3u, Xpauwnuma [11]. Co-
JIepKATEIbHBINA CMBICI [U(DPOBBIX JAHHBIX CTAHOBUTCS JIOCTYITHBIM UYEJIOBEKY TOJIBKO
rocie mugpo-aHaIoTOBEIX peodpazoBanuii (LIAIT).

Ludposeie nanHbie U nuppoBas HHGPACTPYKTypa HE CIOCOOHBI CYIIECTBOBAThH
JpyT 6e3 apyra. DTo JBE CTOPOHBI OJIHOM ME/Iaj i — HEOThEMJICMbIE CTOPOHBI HE TOJIb-
KO (P POBOI SKOHOMHUKH, HO U KHOepIpocTpaHcTBa B 1ieioM [ 12]. Korma Mer roBOpHM:
«ludpoast uHPpacTpyKTYpa», TO UMEEM B BUJLY JaHHBIC, JUUIsl KOTOPBIX OHA CO3/IaHa,
u Koraa roBopuM: «LludpoBsie naHnHbBIe)», TO IMEEM B BHILy HH(PPACTPYKTYPY KaK Cpeay
WX CyIECTBOBAHUSI.

Tpetuii — 3T0 MOJIENN JICATEIILHOCTH JIFOICH, OCHOBaHHBIC Ha pab0Te C JTaHHBIMHU.
B mmdpoBoii s3xoHOMHEKE IS TETHHOCTH OCYIIECTBISICTCS He Iy TeM MPSIMOTO B3aUMOJIeH-
CTBUSI YEJIOBEKA C TPUPOIHBIMU OOBEKTaMU, a MyTeM B3aUMOJEHCTBHS C STUMH OOBEK-
TaMH Yepe3 «IMOoCpeaHIKay — Iu(poBwIe nanHbIe (puc. 1). MOXKHO CKa3aTh, YTO MOIEITH
JESITeTbHOCTH Ha 0a3e IU(POBBIX JAHHBIX 33/Ial0T PYHKIHIO [U(YPOBOI SKOHOMUKH.

['myOuHa U3MEHEHH, BhI3BAHHBIX PA00TOH ¢ IM(POBBIMU JTaHHBIMH, HACTOJIBKO Be-
JIUKA, YTO IPUMEHUTEIHHO K ITPOIeCCaM JesITeTbHOCTH UCTIONB3YIOT TEPMUH «TpaHCOp-
Marust». [Ipumepamu Takoli TpaHchOopMaIMKi MOTYT CIY>KUTh MEAHMIIMHA U TPAHCIIOPT.

B memunHe HeTIpephIBHBI MOHUTOPUHT COCTOSHUS 37I0POBbS IPU TTOMOIIU pa3-
HOOOPAa3HBIX JaTYMKOB, PACIIOJIOKECHHBIX HA TEJIe YeJIOBEeKa, BEACT K (DOPMUPOBAHUIO
OTPOMHOTO MacCHBa NU(POBHIX JAHHBIX, KOMILIEKCHBIN aHAJIN3 KOTOPHIX TIO3BOJISIET HE
TOJILKO BBISIBUTH OOJIE3HM B HACTOSIIIEM, HO U MPEJCKa3aTh MX BOSHUKHOBEHUE B Oy/Iy-
meM [13]. TlosBnsieTcss MOTSHIMA 1T PaIuKaTIbHOTO U3MEHEHUS BCEH MOJCNH Nesi-
TEIBHOCTH MEUIIMHCKUX CITY)KO, BKITIOUAst POJIM HE TOJILKO JISUEOHBIX YUPEIKICHHA, HO
Y MEJUITMHCKUX pa0OTHUKOB, ITOKA YTO SIBJISFOIIUXCS [NIABHBIMU CYOBbEKTaMHU IpoIecca
ITOCTaHOBKH THArH03a, BEIOOpA M pean3aliy CIIoco0a JICUCHUS.

BecnunoTHbie TpaHCIIOPTHBIE CPE/ICTBA UCIIONIB3YIOTCSI B aBTOMOOMILHOM, JKEJIe3-
HOJIOPOXKHOM, BO3YIITHOM, MOPCKOM M JIFOOBIX JPYIMX BHAAX TpaHCHOpTa. B ocHOBe

—> Mopemnn >
Hemnpeprieueie L e e Henpeprieurie
IPHpPOIHEIE AITII base IpdbpoBLIX LIAII IPUpPOOHEIE
TIPOLIECCE] OLIECCHI

poLL poLn

OaHHEIX

Puc. 1. dyHKIMOHATBHAS MOJEIH IUPPOBOI SIKOHOMHKH.
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ATUX HOBAIMH JIEKUT CIMOCOOHOCTh TEXHOJIOTHH B PEXHMME OHJIalH (pOpMHUpOBaTH U
aHAJIM3UPOBATh OOJIBIION 00beM LU(POBBIX JaHHBIX, HEOOXOAUMBIX IS TUIAHUPOBA-
HUS TIpoTiecca TBHYKECHUSI.

Hanpumep, anroputm, KOTOPBIA 3aMEHSET YEIOBEKa-BOAMTEIS B aBTOMOOWIIE,
JIOJDKEH TIOy4aTh CBEJCHHWS M3 MAacCHBa TUHAMHYECKH HW3MEHSIONUXCS IU(PPOBBIX
JAQHHBIX, B TOM YHCJI€ MHOTOUHCICHHBIX aTYUKOB, BUACOKAMEp, PaaapoB, YAbTPa3By-
KOBBIX JIOKATOPOB, CITYTHUKOBBIX CUCTEM, JIMJAPOB U APYTUX aHaHOFO-HI/I(prBBIX mnpe-
oOpa3oBarelnel, XapaKkTepu3yIouX «OIMKHUN Kpyr» aBTOMOOWIIS, MU(GPOBBIX Kapr,
MO3BOJISIFOIIUX IIOCTPOUTh M CKOPPEKTHUPOBATh IIOJIHBIA MapuIpyT OT TOYKH CTapTa
K TOYKE Ha3HAYCHUS M XapaKTEPU3YIOIMNX JOPOKHYI0 00CTAaHOBKY B KOMIUIEKCE; APY-
TUX TPAHCHOPTHBIX CPEACTB, HAXOISALIUXCS HA JOPOTAX U ACTSALIUXCI CBOUM «OTIBITOM
JIBYDKEHHUS TI0 001Ield JIOPOXKHOM HHPPACTPYKTYpE, UTO MO3BOJSIET OOBETUHUTE BHIUNC-
JUTENBHBIA TTOTEHINA MHOTHX OECITMIIOTHBIX TaJKETOB.

Pacnionarasi BO3MOKHOCTSIMU O€CITUIIOTHOTO TPAHCIIOPTHOTO CPENICTBa, OeccMBbIc-
JIEHHO CTPOUTH PabOTy TpaHCIOpTa MO JieKajaM, CIOKHMBIIUMCS B IPOILIOM BEKe.
B wactHOCTH, TpaHCchOpMAIUs IEATEITHBHOCTH TOPOACKOTO aBTOMOOMIBHOTO TPAHCIIOP-
Ta MpearoaraeT Takhue N3MEHEHNA, KaK 0TKa3 OT yCIyr MHJUIMOHOB BOIMTEIEH, Kap-
LIEPUHT, KapAHMHAIBHYIO MIEPECTPOUKY JTOPOKHOM HHPPACTPYKTYPHI, CO3JAHHE aTBTEP-
HATUBHBIX CETEl TTAPKOBOK, 3allpaBOK, aBTOMOECK, CTAHIIMH TEXHHYECKOTO 0OCITyKHBa-
HUS ¥ MHOTO€ JIpyTOE.

Vke 3Tux MMPUMEPOB JOCTATOYHO JIsA TOTO, I1TO6I:.I BBIACIUTH HECKOTOPLIC 061111/16
OTIIMYHS MOJIEJEH AeSITeThHOCTH I(PPOBON IKOHOMUKH BO MHOTHX MPEIMETHBIX 00-
nacTsax. CaMbIM TNIaBHBIM U3 HUX OPEACTABISICTCS 0TKa3 YACTUUHO WM MOJHOCTBIO OT
YenoBedeckoro Tpyna. K takomy oTkazy BeneT cama CyTh HU(PPOBOH JEATEILHOCTH,
KOTOpasi HEIOCTYITHA YEIOBEKY HM3-3a €ro aHaJoroBoW mpupossl. Kax bl pas, korma
YCJIOBCK ITPUBJICKACTCA K pa60Te C LII/I(i)pOBI)IMI/I JaHHBIMH, BO3ZHHKACT HCO6XOI[I/IMOCTB
IMATI, mockonbKy NPUHUMIIMAIBHO HE CYLIECTBYET APYTroil BO3MOKHOCTH AJIs BOCIPU-
SITUS ITU(POBBIX JAHHBIX, XapPAKTEPU3YIOIIUX JJOCTUTHYThIC PE3ybTaThI ISATSIIbHOCTH,
TIPH IIOMOIII OPTAHOB YYBCTB JIFONIeH. MHOTOKPaTHBIHN ITepexoT OT U poBOTO K aHAIO-
TOBOMY IPEJICTABICHUIO MHPOPMALIUU U 00PaTHO TPeOyeT JOMOTHUTEIBHBIX BPEMEH-
HBIX U SHEPIreTUYCCKUX PECYPCOB U JOJIKCH HCIIOJIbB30BATHCA TOJBKO B TEX ClIydasX,
KOTJIa JIOCTIDKEHHE TIeIeH JIeTeIbHOCTH HEBO3MOXKHO 0€3 MPUBIICYCHHUS YEITOBEYECKIX
3HAHUHU, UHTEJUICKTa, CO3HAHMSI, TOJBKO TaM, TJe [U(POBasi TEXHOIOTHS HE MOXKET 3a-
MEHUTH desoBeka. Takux obmacTell NesTeIbHOCTH CTAHOBUTCS BCE MEHBIIIE.

DYHKIIMOHAIIEHOMY ITOJIXO/y K OMTUCAHUIO MOHSTUS «IU(POBasi IKOHOMHKAY, 000-
3HAaYEHHOMY Ha pHC. 1, cIeayroT 1 o(uInaIbHbIe TOCYIapCTBEHHbBIE JOKyMEHTHI Poc-
cuiickoit deaepanuu.

B nporpamme «lludporas sxonomuka Py [14] Mbl HaxoauM CleayoIyo0 Gop-
MynupoBKy: «{udpoBas s3koHOMHKa — HKOHOMHYECKHUH YKIIad, XapaKTePU3YIOIIUHCS
MEePEeX0I0M Ha Ka4eCTBCHHO HOBBIH YPOBEHb UCIOJIb30BaHUS MH()OPMAIIMOHHO-TEIIe-
KOMMYHHUKAIITMOHHBIX TEXHOJOTHI BO BceX cepax COMUATbHO-DKOHOMUYECKOU J1esi-
TETBHOCTIY. 37IECh MOHATHE «IIH(PPOBas SKOHOMHUKA» TPAKTYETCS PACITUPEHHO, BKITIO-
4yaeT U MEeIUIMHY, 1 00pa3oBaHue, U OE30MaCHOCTh, U IpyTrue OOIIEeCTBEHHBIE HHCTH-
TYTHI.
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B rocymapcTBeHHO# mporpaMMme Takke MOAYEPKUBACTCS 3HAYCHHE ITH(PPOBBIX
JAHHBIX KaK OJTHOTO U3 (hakTOpOB IMPOU3BOACTBA. FIMEHHO 1M03TOMY OfiHA U3 LIeJIeH Mpo-
IpaMMBbI UIMEET TaKyIO (POPMYIUPOBKY: «... CO3/IATh IKOCUCTEMY ITU(PPOBOI IKOHOMUKH
Poccuiickoii depepanum, B KOTOPOH AaHHBIE B HU(PPOBOM BUE OYAYT SBIATHCS KIIO-
4eBBIM (PaKTOPOM TTPOU3BOACTBA BO BCeX chepax COIHaTbHO-IKOHOMUYECKOH IeATENb-
HOCTH».

B Vkasze Ilpesunenta PO «O Crparerun pa3Butus HH(OOPMAIMOHHOTO OOIIECTBA
B P® na 2017—2030 rogs» [15] maercs Takast hopMyInpoBKa: «uppoBas SKOHOMHU-
Ka — XO3SHCTBEHHAs JeITENbHOCTh, B KOTOPOH KJIIOYEBHIM (DAaKTOPOM MPOHM3BOACTBA
SIBIIIFOTCS JaHHBIC B ITUGPOBOM BHIE, 00paboTKa OONBITMX O00BEMOB M HCIIOIH30Ba-
HUE pe3yJIbTaTOB aHaJKM3a KOTOPBIX [0 CPABHEHHUIO C TPaJULUOHHBIMU (OPMaMH XO-
3sTCTBOBAHHMS TTIO3BOJISIFOT CYIIECTBEHHO MOBBICUTH 3()()EKTHBHOCTD Pa3IMYHBIX BHIOB
MIPOM3BOJICTBA, TEXHOJIOTUH, 000PYI0BaHNUs, XPAHECHNUS, TIPOJIAXKH, JIOCTABKHA TOBAPOB U
YCIIyT».

OCHOBHBIMH TIOHATHSIMHU, OOBSICHSIONUM CMBICH ITU(PPOBONA SKOHOMHKH, B 3TOM
OTIpPEICTICHUN SIBISIOTCS: M(POBBIE JaHHBIC, OONbIINE 00bEeMBI HU(PPOBBIX AAHHBIX,
METOBI aHaN3a 0OMBIINX 00BEMOB ITU(POBBIX JAHHBIX B PEATbHOM BPEMEHH U, HAKO-
Hell, TOBbIIeHNE 3(PPEKTUBHOCTU IESTEIBHOCTH, OCHOBAHHOH Ha OOJNBLIMX 00BbeMax
JMaHHBIX. B YKkaze, B 4aCTHOCTH, OAUEPKUBAETCS, YTO «... YBEJIMYEHHE 00beMa JAHHBIX
... OT IPOMBIIIJIEHHBIX U COIUAIBHBIX 00BEKTOB, PA3IMYHBIX AIEKTPOHHBIX YCTPONHCTB
MPUBOJUT K (POPMHUPOBAHMIO HOBBIX TEXHOJOTHH ...» M 4TO «KOHKYpPEHTHBIM Tpeu-
MYIIIECTBOM 00JIaIaf0T TOCYAapCTBA, OTPACTH YKOHOMHUKH KOTOPHIX OCHOBBIBAIOTCS Ha
TEXHOJIOTHAX aHaM3a OOJBIINX 00BEMOB TAHHBIX).

B 1ienom, 1iudpoBast 5kKOHOMHUKA [0 CBOCH CyTH Mpemonaraet paboTy ¢ JaHHBIMH,
9TO «... OCHOBA, KOTOpasi MIO3BOJISIET CO3/1aBaTh KaYeCTBEHHO HOBBIE MOJIENIM OU3HEcCa,
TOPTOBJIH, JIOTUCTHUKH, IPOU3BOJICTBA, H3MEHsET (hopMar 0OpazoBaHusl, 3paBOOXpaHe-
HUs, TOCYIIPABIEHUS, KOMMYHUKALIMA MEXTY JIIOABMH, a CIEI0BATENIbHO, 33/1a€T HOBYIO
napagurMy pa3BUTHs TOCYAapCTBa, SKOHOMHUKH U BCero odmecTay [ 14].

[IpoBeneHHbI aHAIU3 OJHO3HAYHO I1OKA3bIBAET, YTO MMEIOIIMMCS IHUPOKUI
CIEKTpP B3MISA0B Ha (YHKIHOHAIBHBIE OCOOCHHOCTH LU(PPOBON SKOHOMHUKH YUEHBIX,
OM3HECMEHOB U MMOJUTHUKOB TaK MM HHAYE COJEPKUT 0003HAYCHHBIC BBIIIE TPU3HAKU:
unpoBble TaHHbIE, TU(POoBas HHPPACTPYKTYpa, HOBBIC MOAEIHU JIEATEIHHOCTH.

Kommnbrorepbl 1 ”HPOKOMMYHHKALIMOHHBIE CETH, 00pa3yomne nuppoByto nHppa-
CTPYKTYDY, CITOCOOHYIO paboTaTh ¢ OONBIIMMH 00BeMaMH IUPPOBBIX JaHHBIX, C OTHOM
CTOPOHBI, U TpaHC(HOPMHUPOBAHHBIE MOJEIHU JIESTEIBHOCTH, C IPyroi, — BOT OCHOBa
TEX UJIeH, KOTOpPbIE MEHSIOT B3aUMOJIEUCTBUS B MIPOLIECCE XO3SIMCTBEHHOM JeATENbHO-
CTH U JCTAIOT SKOHOMHKY ITU(PPOBOA.

CTpyKTYpHBIN OAXO0J K ONpeaeIeHHI0O MOHATHA «IH(POBAT IKOHOMHKA»

bonee nonxoe nmpezncTasieHue o HU(HPOBOI IKOHOMUKE MOKHO HOJIYYHTh, HCHOJNb-
3ysl He (YHKIMOHAIBHBINA, & CTPYKTYPHBIN MOAXOA K OMHCAaHWIO ee CBOMCTB. C ATHX
MO3ULMH HEOOXOAMMO Pa3leNuTh HU(PPOBYIO SKOHOMHKY KakK IIEJIOCTHBIH OOBEKT Ha
OTHCJIBHBIC COCTABIAIOMINE U YCTAHOBUTH CBA3YU MCXKIY 3TUMU YaCTAMU.
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Smemon 3 | PBIHKH M OTpaciu

Smemnon 2 | CoumansHas cpena

Texnonormeceas
cpena

Smenon 1

Puc. 2. DmenoHs! ynpasieHus: TUPPOBOH IKOHOMHUKOH.

B 3aBucuMocTu ot nenei, KOTopble IPeCIeayIOTCs OpU MOCTPOCHUU CTPYKTYPbI
IUPPOBOI IKOHOMHUKH, MOYKHO BBIJICJIUTH YIIPABICHYCCKH, KHOCPHETUIECKUN U apXu-
TEKTYPHBIN OJIXO/IBI.

B rocynapcrBennoii nporpamme «lludposas sxonomuka Poccuiickoit @enepa-
LUK, KOTOpas SBISIETCS WHCTPYMEHTOM MOJUTHYECKOTO YIIPABIEHUS COLMATBHO-3-
KOHOMHUYECKUMH MPOLECCAMU B CTPAHE, BBIACISIOTCS TPU HE3aBUCUMBIE MOACUCTEMBI,
COOTBETCTBYIOIIME TPEM JIIeIOHaM ynpasinenus. Kaxaplii smesnon (puc. 2) umeer mnpa-
BO MPUHSATHUS PELICHUH B paMKax CBOMX KOoMIleTeHUU. MepapXxudyeckue CBsI3U 31IEN0-
HOB JPYT C APYTOM YKa3bIBalOT Ha BIMSHHE BBIIIECTOSIINX Ha HUKECTOSININE, TIPUTOM
YTO Ha KaXXJIOM YPOBHE MIMEETCsI 3HAUNTENIbHAS CAMOCTOATEIHFHOCTh B BBIOOpE 1IeeH 1
CIOCO0OB UX JOCTHKCHUSI.

['maBHAs 11€1h TEXHOJOTHUECKOTO (HMYKHETO) SIIEIOHA 3aKII0YaeTCs B TEXHHUC-
CKOM oOecriedeHrH U(POBOH SIKOHOMHKH — 3TO WH(OPMAIIMOHHBIE CUCTEMbI U WH-
(opMaMoHHbIE TEXHOJOTHU. B mepByro ouepeap K UX YHUCIY CJIEAYET OTHECTH CETH
FM u 2030, obmaunble CHCTEMBI, HHTEPHET BEIeH, CHCTEMBI XpaHEHHUS JaHHBIX, COIH-
aJIbHBIE CETH, POOOTOTEXHHUKY, CUCTEMBbI O€30MIaCHOCTH, HU(PPOBLIE MIaT(HOPMBI, TCOMNH-
(hopmarronHbIe cucTeMbl U Ap. H(DOopMaImOHHBIE TEXHOIOTHN TU(PPOBOH SKOHOMHUKHI
MOJIYYHJIA Ha3BAaHUE «CKBO3HBIC TEXHONOTUW» [16, 17], MOCKONBKY OHU MPUMEHSIOTCS
[IPU TIOCTPOCHHUHU BCEX MIJIM 3HAYMTEIBHOM YaCcTH CUCTEM HU(POBON IKOHOMHUKH.

OO0BeKTOM yIpaBIeHHs Ha BTOPOM YPOBHE SIBIISIETCS cpena mu(ppoBoit SKOHOMHKH.
Ha sToM ypoBHE rocy1apcTBO JOKHO OTBETUTH HA T€ BBI30BBI, KOTOPbIE TEXHOJIOTHYE-
CKHe M3MEHEHHUS OKa3bIBAIOT Ha OOIIECTBEHHBIE OTHOIICHNS, B TOM YHCIIE!

— CO3J1aTh NPaBOBOM PEXUM AJi1 BO3ZHUKHOBEHMSI, PA3BUTHUS U UCIOJIb30BaHUS
U(PPOBBIX TEXHOIOTHIA;

— MOJIEPHHU3UPOBATH CUCTEMY 00pa30BaHUs U 00ECIEUUTh TOATOTOBKY KaJIpoB U
(YHKIIMOHMPOBAaHHUE PHIHKA TPYAA;

— TMOCTPOUTHh WHPPACTPYKTYPY, OOBEAUHSIONIYIO BCE AOCTYITHBIE TEXHOJIOTHH U
CHUCTEMBI;

— obecmeunTh HHPOPMAITMOHHYIO 0€30TIaCHOCTh MU(PPOBBIX MTPOIIECCOB U JIP.
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B HacTosiiee BpeMst yike IPUHSITHI U pealu3yroTes ¢eaepaibHble MPOSKTHI ¢ 00-
UM o0beMoM (puHaHcUpoBaHust Oosiee 1,5 TpiH pyOsieH, HalleJICHHbIC Ha pa3padoTKy
KOHKPETHBIX PEIICHUH B YaCTH HOPMATHUBHOTO PEryJIIMPOBAaHUS [U(PPOBON Cpebl, MO/~
TOTOBKH KaJpOB IS ITU(POBON SKOHOMHUKH, HHPOPMAITHOHHON 0€301MacHOCTH, TP PO-
BOT'O TOCYAapPCTBEHHOTO YIPABICHUS U JP.

Ha tpertbeM ypoBHE HaxomsaTcs chepbl ACATEILHOCTH HUPPOBONH SKOHOMHUKH,
BKJIIO4as PIHKK U OTPACIM SKOHOMMKH. Hpe):[nonaraeTc;I, YTO Ha 3TOM YPOBHE BJIUA-
HUE TOCY/IapCTBa JIOJHKHO OBITh MUHUMAIILHBIM. B3auMOIelicTBUSI KOHKPETHBIX CYOBhEK-
TOB JICATEILHOCTH JIOJDKHBI TIOSIBUTHCSI B MHUITMATHBHOM TIOPSIIIKE Oliaroziapsi orope Ha
cO371aBaeMylo TOCyapCTBOM HOBYIO II(poByto cpexay [18].

Kak moka3plBacT HAKOIJICHHBINA OTBIT, ApXUTCKTYPHBIN MOAXOM MPH pa3paboTKe
CJIOXKHBIX CHCTEM JIACT OYCBUIHBIN TTOJIOKHUTENBbHBIN d(DPEKT: CHIKAECT CTOUMOCTD pPa3-
paboTKH, COKpaIIaeT Bpemsi, HEOOXOAUMOE JJIsi BHEPEHUS CUCTEM U BBIXO/Ia Ha PBIHOK,
YMEHBIIIAET CTOMMOCTh MOJICPHU3AINH, DBOJIOIIMU U SKCIUTyaTallu, TOBbIIIAET Kavde-
CTBO paboTHI U JIp.

Droro 3¢ dekTa yaaeTcst JOCTUTHYTH 3a CUET:

— UCIIOJIb30BaHMsd YHHUBCPCAJIbHOT'O A3bIKa B3aHMOI[eI>iCTBPIf[ pa3pa6OT‘II/IKOB;

— OIICHKH aJIbTEPHATUBHBIX TEXHUYECKUX PEIIEHUH U CBA3aHHBIX C HUMH PHCKOB
Ha paHHUX CTaINAX pa3paboTKH;

— YIOPOIIEHUS TOBTOPHOTO MCIIOJIL30BaHMSI YKE alpoOUPOBAaHHBIX PEIICHUN;

— UCIOJIb30BAHUS MEXaHU3MOB YIIPABJICHHSI SBOJIONNEH TEXHOIOTHH;

— KJIacCU(pUKAIIMKM U3MEHEHUH, MOIAIOIIUXCS TIPEABUICHUIO, U JIP.

ApXUTEKTYpHass Mojelb MU(GPOBON DKOHOMHKH JOJDKHA MPEACTaBIATh COOOM
cTparuUIMPOBAHHOE OMHMCAHKE, KOTOPOE XapaKTePU3yeTCsl BEPTUKAILHON JIEKOMITO-
3HIIUEH, TOCIIE0BATEILHOCTBIO Pealln3alluu onepaluii 00padoTKu NU(POBBIX JaAHHBIX
Ha KaXJIOW cTpare U B3aUMOCBS3bIO MOKa3aTele (GyHKIIMOHUPOBAHUS BCEX CTPAT JUIS
KOMIUIEKCHOH OIIGHKH Tpoliecca JeSITETbHOCTH B IIEJIOM.

PaspaboTtanHas apXUTEKTypHas MOJETb UPPOBOI SKOHOMHUKH TPE/ICTaBICHA Ha
puc. 3. Ha cTpare 1 pacmonoskeHbl TEXHOJIOTHH, 00CCIICYHBAIOIIIE aHAIOTO-IIU(PPOBOE
u nugpo-aHaIoropoe npeodpa3oanus. [TlaBHbICE TEXHUYECKUE YCTPOWCTBA 37€Ch —
9TO CEHCOPBHI U AKTYaTOPhI, PEATH3YIOIIUE CBSA3b MUPPOBON SKOHOMUKHU C aHAIOTOBBIM
OKpYKECHHUEM.

Crpara 2 COOTBETCTBYET 3Tamy J0CTyMa MU(POBBIX JaHHBIX K MIOOATBHBIM pe-
cypcam kubeprpoctpancTa. Kak npaBuiio, 31€ch HCIOIb3YIOTCS CUCTEMbI HHTEPHETA
BeIICH M CKBO3HBIE TEXHOJIOTUH OCCIPOBOTHOMN CBS3H.

Crtpata 3 00beaUHICT TEXHOJIOTHH PacTIpOCTpaHEHUS MU(PPOBBIX TaHHBIX MEXKIY
LIEHTPAJIN30BAHHBIMH PECYpCaMU COXPaHEHUS U 00pabOTKH U MECTaMU WX BO3ZHHKHO-
BEHUSI U UCTIOJIb30BaHMUS. 3/IECh CO3/IACTCS HepapXusl TAHHBIX M BBIYUCIUTEIBHBIX MPO-
LIECCOB, BKJIIOYAIOIIAsl YPOBHU 00IaKa, TyMaHa U POCHI.

COBMECTHO TEXHOJIOTHH TPEX HIDKHUX CTPaT 00pa3yroT WH(PPACTPYKTYPHYIO OC-
HOBY IU(PPOBON SKOHOMHUKH, MAJIO 3aBHCSIIYI0 OT KOHKPETHBIX OCOOCHHOCTEH mpe/-
METHOU 00JIACTH.

Ha crpare 4 pacrnonararorcsi TeXHOJIOTHH (GOPMUPOBAHUS TAKUX CTPYKTYp HUQ-
POBBIX JAaHHBIX, KOTOPLIC MMOBLIIIAIOT CTCICHD UX OpTraHU3alu U O3BOJIAKOT CTPOUTDH
3¢ PEKTUBHBIC AITOPUTMBI BBISIBICHUS KOHTCHTA.
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Puc. 3. Apxutekrypa nudpoBoit SKOHOMHUKH.

Crpata 5 0ObEOMHSET TEXHOJOTWH CO3/laHusl HUPPOBBIX TUIAT(GOPM, KOTOPHIE
SIBIISIFOTCST OCHOBHBIMH CTPOMTENBHBIMU OJIOKaMU Juisi UPPOBO dKOHOMHKH. OHU
OO0BEAMHSIOT TEXHOJIOTHUECKUE BO3MOKHOCTH MH(POKOMMYHHMKALUN C MOACISIMU Jie-
STENILHOCTH, HUCIIONB3YIONMMIA 3TH BO3MOXHOCTH. [J1aBHOE isi marOopMeHHBIX
TEXHOJIOTUH — 3TO OpraHU3alMs CBsI3eH C BHELIHUM OKPYKCHHEM, & He BHYTPEHHeEe
ycrpoiictBo. Lludpossie miathopmbl SBISIOTCS pacpeIeieHHBIMUA HH()OPMAI[HOHHBI-
MU CHCTEMaMH, YIPaBICHHE KOTOPHIMH MOXKET OBITh I[CHTPATM30BAHHBIM HITH JICTICH-
TPaJM30BaHHBIM.

Texuomorun cTpaThl 6 MPU3BAHBI CO3MATh YKOCHCTEMY (TTAPTHEPCTBO), 00eCIIeUn-
Balollee B3auMoAeHCTBHE HUQPOBBIX MiIardopM Ha Oase M(POBOro Komekca, Hayd-
HO-TEXHOJIOTUYECKUX CTAHJAPTOB M FAPaHTHI OE30MaCHOCTH.

Ha ctpare 7 pacmonararoTcss TEXHOJIOTHH TOCTPOCHUST MOJIENCH JeSTebHOCTH,
OCHOBaHHBIX Ha IU(PPOBBIX JIAHHBIX.

Kak u B apXUTEKTypHBIX MOJIEIISIX JAPYTHUX IU(POBBIX CHCTEM, OTHOIICHUS COCEI-
HUX CcTpaT HU(POBOH IKOHOMHUKH XapaKTEPH3YIOTCS HEPAPXUUECKON TOAYMHEHHOCTBIO.
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BriBoabI

Hudporas cpema xkapauHAIBLHEIM 00pa30M MEHSET THI OOIIECTBEHHBIX OTHOIIIC-
HUH, METOJIOJIOTHIO JICITEIHbHOCTH BO BCEX MPEIMETHBIX 00JAcCTIX, TpPaHC(HOPMHUPYET
BCKOBLIC TpaaAulIUU, ITO3BOJISACT JIFOAAM 3aHUMATHCA UCKITIOYUTCIIBHO CMBICTIOBOM TBOp-
YECKOH JIeATEINBHOCTBIO.

Ludposas cpena B cBOCi OCHOBE SIBISICTCS CIIOKHOM CUCTEMOM, PAaCKPBITh CYTh
KOTOPOW TIOMOTAOT (DYHKITMOHAIBHBIH U CTPYKTYPHBIA TOIXObI. DYHKITMOHATBHBIH
TIOJIXO/ ITO3BOJISIET BBISIBUTH KIIFOYEBBIE OOBEKTHI IIU(PPOBON IKOHOMUKHU, MOJICIIH B3a-
UMOJICHCTBHS MEXITy KOTOPBIMU NPHBOIAT K TpaHcHOpMAIUU JESITETBHOCTH JIFOIEH
B 310Xy IU(POBOI SKOHOMHKH. CTPYKTYpHBIA TIOAXOM IMO3BOJSET BBIACIUTH dTAIlbl
ynpasieHHs: HIU(PPOBOH IKOHOMHKOW, TAKHE KaK TEXHOJIIOTHUECKas Cpesia, COlraibHast
cpena, ppIHKM 1 oTpaciu. TexHomornyeckas cpeia o0pasyeT TeXHUIECKYIO TOIEPIKKY
IUPPOBOI SKOHOMHUKH, COLMANIBbHAS cpefia COCOOCTBYET (POPMUPOBAHUIO TIPABOBOTO
peXxuma, CHCTEMBI 00pa3oBaHmsl, HHOPACTPYKTYpbI, HHPOPMAITHOHHON 0€3011acHOCTH
ur(ppoBOIt SKOHOMHKH | Jp. PIHKH 1 oTpaciu peaau3yroT chepbl NeTeIbHOCTH nu(d-
pOBOI SKOHOMUKH.
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Braan akanemuka K. . KonaparreBa B pasBurue
MeTeopoJiorum 1 3koJorum (kK 100-j1eTuio co JHS POXKIEHUA)

B.U. bunenko

OI'BYH Cankr-IlerepOyprekuii HaydHO-MCCISIOBATSIECKUH IEHTP IKOJIOTHIECKON
6e3onmacaocta PAH, Cankr-IletepOypr, vibinenko@mail.ru

B cBsi3u co cronernum obuneem akagemuka CCCP u PAH K. . KonagparbeBa B craThbe pacCMOTpEH
Hay4YHBIH MyTh BBLIAIOMIETOCS reou3HKa, YeIoBeKa, KOTOpbId Oyaydn ctyaeHToMm ¢usdaka JII'Y cran
PSAIOBBIM YYaCTHUKOM Benmukoil oTeduecTBEHHONH BOWHBI M MOCIE TSHKEIBIX PAaHCHUH, 3aKOHYHI y4E0y U
MIpOWIEN MyTh OT ACCHCTEHTa [0 PEKTOpa YHHBEPCHUTETa, CTaB YUEHBIM, TPYAbI KOTOPOTO OBUIM BBICO-
KO OLICHEHBI B MHPOBOM Hay4HOM cooluiecTBe U BocTpeGoBanbl B Hactosiiee Bpems. K.S.Konnparses
ObII ONHUM M3 TIEPBBIX, KTO MCTIOIb30BAT AUCTAHIMOHHBIE METOABI 30HIUPOBAHUS 3eMIHN M aTMOChepsI
C TMJIOTHPYEMBIX KOCMHUYECKHX KOpalOiel, BEIHK ero BKJIAJA B PEaTH3aINI0O KAK HAI[MOHAIBHBIX, TaK H
MEK/TyHapOIHBIX Hay4YHO-MCCIIEIOBATEIBCKUX KOMIUIEKCHBIX SKCIIEPUMEHTOB; B PACCMOTPEHUH NpodiieM
COBPEMEHHOI'0 U3MEHEHUsI KJIMMaTa, IN100aIbHON 3KOJIOTUU U Pa3BUTHU CTpaTeruy MI00aabHOM SKOUHA-
muku. K51, KonnpareeB OblT U3 MOKOJICHUS MOOEAUTENEH B CaMOM HMIMPOKOM CMBICTIE I MOJKET CITYXKHUTh
SIPKMM TIPUMEPOM JUTSI COBPEMEHHON MOJIOABIX JTIO/ICH, pabOoTAIOMUX B HayKe.

Kniouegvie crnoea: TUCTaHIIMOHHOE 30HAMPOBAHUE, PaAMalMs, KIUMAT, a3p030Jlb, [IAPHUKOBBIE ra3bl,
3KOJIOTHS

Contribution of Academician K.Ya. Kondratyev
in the development of meteorology and ecology
(to the 100th anniversary)

V.I. Binenko

Saint-Petersburg Scientific-Research Centre for Ecological Safety RAS, St. Petersburg, Russia

In connection with the centenary of K.Ya. Kondratyev, the academician of the USSR and RAS, the
article examines the scientific path of the outstanding geophysicist, the man who, being a student of the
Physics Department of LSU, became an ordinary participant in the second world war and after severe in-
juries, finished his studies, worked his way from the assistant to the University rector, becoming a scientist
whose works were highly appreciated in the world scientific community and are still in demand today.
K.Ya. Kondratyev was one of the first to use remote sensing methods of the Earth and atmosphere from
manned spaceships, his contribution to the implementation of both national and international research com-
plex experiments, to the consideration of the problems of modern climate change, global ecology and the
development of the strategy of global EcoDynamics being great. K.Ya Kondratyev was awarded the State
prize of the USSR, was a co-author of scientific discovery "the Phenomenon of vertically-ray structures of
day radiation of the upper atmosphere of the Earth”, listed in the State register of discoveries of the USSR
under No. 106 with priority from May 19, 1971, was a winner of the Honorary award and was awarded
the Grand gold medal of the World Meteorological Organization. He was awarded the Simons Gold medal
of the Royal meteorological society of Great Britain. K.Ya Kondratyev was elected an Honorary member
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of the American Meteorological Society (USA), Royal Meteorological Society (UK), Academy of Natu-
ral Sciences "Leopoldina" (Germany), foreign member of the American Academy of Arts and Sciences
(USA), member of the International Academy of Astronautics, an honorary doctor of the universities of Lil-
le (France, Budapest (Hungary), Athens (Greece). For many years he was an editor of the "Earth Research
from Space" journal, a member of the editorial boards of "Optics of atmosphere and ocean" and "Izvestiya
of the Russian geographical society" journals, a member of the editorial boards of foreign journals of
"Meteorology and Atmospheric Physics" (Austria), "Idojaras" (Hungary), "II Nuovo Cimento C", "Italy",
"Atmosfera" (Mexico), "Energy and Environment" (UK). His scientific and literary heritage consists of 120
monographs and more than 1,500 scientific articles published in the leading scientific journals in Russia
and abroad.
Keywords: remote sensing, radiation, climate, aerosol, greenhouse gases, ecology.

For citation: V1. Binenko. Contribution of Academician K.Ya. Kondratiev in the development of
meteorology and ecology (to the 100th anniversary). Gidrometeorologiya i Ekologiya. Hydrometeorology
and Ecology (Proceedings of the Russian State Hydrometeorological University). 2020. 59: 137—149. [In
Russian]. doi: 10.33933/2074-2762-2020-59-137-149

BBeaenue

KA. KonnparseB poauics B I. Peiduncke. HawanbHoe u cpeanee oOpa3zoBaHue OH
nonmyuun B Jleannrpane. Llxonpupiid yuntens ¢puszukn O.C. EmenbsHoB npusmin Ku-
pHILTY JIF00OBB K €CTECTBO3HAHUIO, U B 1938 . OH mocTymui Ha ¢pusndeckuit pakymprer
JIeHMHTpaJICKOTO rOCYAAPCTBEHHOTO YHUBEPCUTETA.

B 1941 . K.51. Kongapatses ¢ uetBeproro kypca JII'Y ymen Ha hpoHT, TI€ BOeBal
coJiiaToM B psiaax 1-i reapaeiickoil BO3AyLIHO-AecaHTHON quBn3un. Ilocne TpeTsero
TSDKEJIOTO paHEHUs OH ObLT MeMOoOMIN30BaH U B 1944 1., BepHyBIIUCEH B JICHUHTpAT,
poaoJKuI yueOy B yHusepcurere. B 1946 r. on okonuunn ¢ ormuuem JII'Y no crienu-
aMBHOCTH «reodr3uka» u ObUT OCTaBJICH B Kaue-
CTBE accHCTeHTa Ha Kadenpe pusukn atMochepsl,
Ha KOTOpOH C(OpPMHPOBAJICS KaK yUeHBIH WM TIpe-
1oJaBareb, IPOUIsl MyTh OT ACCUCTEHTA JI0 MPo-
¢eccopa u 3aBenyromero kadeapoit. bynyun mpe-
KpacHBIM OpPTaHM3aTOPOM Kak B HAayKe, TaK U B 00-
miecTBeHHOU padore, ¢ 1964 mo 1970 r., sBussach
MOCJIEIOBATEIbHO CEKpPeTapeM KOMCOMOJIBCKOW U
MapTUMHON OpraHu3aiuy, 4ICHOM JIEHUHIPAJICKO-
ro ookoma KITCC, coBmemian ¢ o0niecTBEHHOM pa-
0o0Toif paboTy B OJDKHOCTH 3aMECTHUTENS JCKaHa
¢usnueckoro QaxyipTera, MPOPEeKTOpa Mo Hayd-
HOIi paboTe M peKTOpa YHUBEPCUTETA.

Hunmomuyto pabory K.S. KomgpatheB BBI-
MOJTHWJI TIOJ] PYKOBOJICTBOM HM3BECTHOIO Y4YEHOI'O
B 00JIaCTH JMHAMHYECKON MeTeopoioruu mpodec-
copa M.M. IOquna. OgHako ero B MEpBYIO O4epeb
MHTepecoBasia mpolieMaTnka B 00JacTH MepeHoca
Kupun Skosnesuy Kongparbes ~ KOPOTKOBOJIHOBOW W JUIMHHOBOIHOBOH pajiHaliuy

(1920 — 2006) B cucreme CounHile — atmocdepa — 3emiisi, poiib
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napHUKoBOTO Pdexra B armochepe. [leppas Hayunas myonmukanus K.51. Kornparsesa
«O TIOMIOIIEHUH ¥ JJTMHHOBOJIHOBOH paauanuny Obuia onyonukoBana B 1947 1. B kKyp-
Haje «MeTteopoorust 1 THaposorus». B 1950 . Obuta n3mana ero mepsast MOHOTpadwst
«[lepeHoc IMHHOBOTHOBOTO M3Ty4eHUs B arMocdepe» [1],a B 1956 . — monorpadus
«Jlyaucterit Temmmooomen B atmocdepe». B 1950 1. K. 4. Konapartses 3amutin nuccep-
TAlMI0 Ha COMCKAaHUE YUYCHOM CTENeHU KaHAuJara (PU3MKO-MaTeMaTHYeCKHX Hayk, a
B 1957 . cTan TOKTOPOM (PU3UKO-MAaTEeMaTUICCKUX HayK.

Jns Kupmina SIkoBieBnya B TeUE€HHE BCEW €ro KH3HHU OBLJIO XapaKTepHO 3ampe-
JeNbHOE TPYIOII00Ue, YeTKOCTh, COOPaHHOCTh M OPTaHU30BaHHOCTH BO BCEM: B HayKe,
B Hay9IHO-OpTaHU3AIMOHHON W 00IIecTBeHHOW padoTe. Bemnkas OTedecTBeHHAS BOM-
Ha, HaMATh O MOTUOIIMX CBEPCTHUKAX HAIOKUIIM CBOM OTIEYATOK Ha Hay4YHO-TIPeroa-
BaTeIbCKYIO nesaTenbHoCTh K. 5. KoHmparseBa — oTCIoma ero oco0ast OTBETCTBEHHOCTD,
CIIOCOOHOCTH paboTarh U 3a ce0sl, U 32 TeX CBEPCTHUKOB U COKYPCHUKOB, KTO HE Bep-
HyJICsI ¢ )pOHTA.

3anyck IepBOro UCKyCCTBEHHOro cnyTHuka 3emuu B 1957 1. moasur K.5. Kon-
JpaThbeBa U KOJUIEKTUB COTPYIHHKOB Ka(eApbl 3aHATHCS HE TOJIBKO HA3eMHBIMU HC-
CIIETOBaHUSAMH PACCESIHHOW W CyMMAapHOM pajauaiui, CIeKTPaIbHOTO adh0eno 3eM-
HBIX ITOKPOBOB M TEOPHUEH TEIIOBOIO pEeXHMMa BEPXHHUX clloeB atmocheps [2—4],
TEIJIOBBIM HM3JIy4EHHEM B MOJIOCAX MOMIONIEHUS BOASHOTO Mapa, yIJIEKHCIIOTo ra3a u
030Ha B atMoc(epe [5, 6], HO U a9pOCTATHBIMH, a TAK)KE JUCTAHIIMOHHBIMH HCCIIE/IO-
BaHUSIMH C UCIIOJIB30BaHUEM MEPBBIX METEOPOJOTHUECKUX CHyTHUKOB «Taiipoc-1»,
«Meteo-144y», «Kocmoc-156» [7, 8]. AdpocTaTHbIe H3MEPEHHS, BHITTOTHCHHBIC B Ha-
qasie 1960-X To0B ¢ MOMOILBIO COTHEYHBIX CIIEKTPOMETPOB M MUPAHOMETPOB 110 BbI-
coTsl 30—33 KM, TIpU OTHOBPEMEHHOM M3MEPEHUHN KOHIICHTPAIIUN a3P030JIeH MO3BO-
TV TIONYYHTh JIaHHBIE O BEPTHUKAIBHBIX MPO(HIAX CHEKTPAIbHON MPO3PavHOCTH,
MOTOKAaX HHUCXOJSIICH W BOCXOMISLICH pajuanuu, cAelaTh OICHKH BHEaTMOC(epHOH
cotHeuHo# nocTtossHHOM [6—8]. B 1966 1. K.f. KonaparseB Bbickazaa UIEH0 O He-
00XOAMMOCTH MOCTPOUTH oOcepBaropuio Ha JlyHe, obecreunB TeM caMbIM BO3MOXK-
HOCTh MOHUTOpHHTA criekTpa CoJHIIa PU OTCYTCTBHH ITOMEX, CO3/IaBAEMBIX 36MHON
arMocdepoit [9].

[IpakTHueckoe NMpUMEHEHUE JIAHHBIX METEOCITYTHHKOB, MOHOTpaduu H JIpyrue
nyomukanuu K. S1. Korgpareesa [10—14], B ToM 9rciie 0 METEOPOJIOTHUECKHUX CITy THH-
Kax, NepeBe/IeHHble Ha aHIIMHCKHUN SA3BIK, CIIOCOOCTBOBANN YKPEIUIEHUIO aBTOpUTETa
ctpanbl. B pamkax pesomrorui BMO 1721(XVI) 1 COOTBETCTBYIOMIX PE30TIONHNA Ac-
cambOiien OOH K. f1. KonaparseB Obu1 BKIJIIOUEH B rpymity 12 BUAHBIX YYEHBIX, KOTOPbIE
o0ecrneunBaty KOHCYJBTHPOBAHUE U KOOTIEPALIMIO B 00IACTH MEXTyHAPOIHOTO COTPY/I-
HUYECTBA B IIEIISIX MHUPHOTO MCIOIH30BAHUS KOCMHYECKOTO ITPOCTPAHCTBA, B UCCIIEI0-
BaHHMU aTMOC(ephl. 3a IUIOOTBOPHYIO padoTy B paMKax KoHCYNbTaTHBHOTO KOMUTETa
K.41. KonmpareeB B 1968 1. 6bu1 HarpakaeH 3071010l Menansio BMO.

Jlnunsie kontakThl K.f. KonaparseBa ¢ BeqymuMu ydeHbIMH B oOnactu reodu-
3ukn kak B CCCP, Tak u BO BceM MHpe, OOMEH ITyOIHKaIusIMH, TUTAaHAME TIPOSKTOB,
peanuzyembix B CLLIA 1 npyrux crpanax, MOo3BOJMINA €My HOITYyYUTh [TyOOKHE 3HAHUS
B IIEPCIIEKTUBHBIX 00TACTIX MCCIIEOBAHNI 3eMJIIH U IPYTHX IIaHeT. Jnanas3oH ero Ha-
YYHBIX HHTEPECOB ObLT YIUBUTEILHO IUPOK U pa3zHooOpaseH. s ux peaau3anuu OH
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AKTMBHO IIPUBJIEKAJ MOJIOABIX COTPYIHHUKOB Kadeaps! Gpuznku armocdepst JII'Y, a Tak-
XKe oTAena paauanuoHHbIX uccienosanuii (OPU) ImaBnoil reodusnueckoii odcepna-
topun uM. AWM. BoeiikoBa (I'TO), rae on padoran cHavyajga MO COBMECTUTENBCTRY, a
¢ 1970 mo 1982 1. B kauecTBe 3aBeayromero OPU.

OrpomMHOE 3Ha4e€HHUE Ui Pa3BUTHs JUCTAHIIMOHHBIX METOAOB MMeNa Iepepada
I'mapomereociyx6oii B I'T'O camonera Mi-18, kotopsiii Obu1 000pyI0BaH pa3Hoo0pas-
HBIM 000PYAOBaHHUEM IS IOICITY THUKOBBIX M KOMIUIEKCHBIX UCCIIEIOBAHHI B CHCTEME
3emist — atmocdepa. C 1970 . camoner-naboparopus Un-18 I'TO npuanMan ydactue
B peaJn3allii MHOTHX HaTypHBIX SKCIEPUMEHTOB mof pykoBoxctBoM K.S. Konnpars-
€Ba, B YHCIIE KOTOPBIX:

— KommnekcHsrii suepretudeckuii sxcrepumenT KOHOKC B 1971 1. [21];

— CoBeTcko-aMepHUKaHCKI MHKPOBOIHOBBIN dKcniepuMeHT «bepunr» B 1973 1.
[22];

— Amnantndeckuii Tponuueckuii sxcriepument (ATOI1) B 1974 1., B koTopoMm yua-
cTBOBaM 72 rocynapctsa, 40 cynoB, 13 camoneToB 1ab0paToOpHii, TpU CIyTHUKA;

— Tonspnsrit sxcriepument [IOJIDKC-76 B 1976 r;

— I'moGaneHBIN a3p030IbHO-paaHanOHHBIH dKcriepuMeHT [APOKC;

— IlepBsiii Tio6anbHBIN 3KcriepuMeHT (1978—1979 tr.), a Takke apyrue Haiu-
OHAJIbHBIC M MEXKJAYHAPOAHBIE MMPOrPaMMbl UCCIEOBAHHS TNTOOAILHBIX aTMOC(EpPHBIX
npomeccos (ITUTAIT) [23—36].

JIONOHNTENBHO € MOMOILIBIO 3TOrO CaMoJIeTa ObUIM BBIIOJIHEHBI KOMIUIEKCHBIE
9KCIIEPUMEHTHI TI0 U3YyUYEHHIO 00IaKOB HaJ MOPEM, CyLIeH U TOPOAOM, B APKTHKE HaJ
CII-22, a Taxke SKCIIepUMEHTHI HaJl ropojiaMu 3anopoxse, Pyctasu, Anma-ATa u Mo-
HUTOPHHT MCCYIIEHUs APajbCKOTO MOPSL.

Brinonuennsie nog pykosoactsoM K.fI. KoHaparbeBa KOMIUIEKCHBIE HA3€MHbIE
U a’dpOoCTaTHbIC M3MEPEHUsI B PAMKaX COBETCKO-aMEPUKAHCKOro mpoekra B 1975/76 r.
BOmu3M T. Pruibeka (Poccust) u . Jlapamu (CILIA) ¢ nenbio m3ydeHnus: ctpatocgepsl
C TIOMOIIBIO0 (POTOIIEKTPHUECKUX CUETUUKOB OT 0,4 MKM, HMIAKTOPOB, (DMIIBTPOBBIX
JIOBYLIEK a3p030JIeH, OIPEIEICHHs a9POJIOrHUECKUX TapaMeTPOB, HUCXOAALIMX U BOC-
XOISIIMX MOTOKOB JJIMHHOBOJIHOBOM pajnmanuu, 3a00psl Ipo0 030HA U APYIUX ra3oB
MO3BOJIMJIM M3YYUTh 0COOEHHOCTH ciosi FOHTe, onpenenuTs N3MEHUYUBOCTh HE TOJIBKO
KOHIICHTPAILIUK CTPaToc(epHOro a’spo30iisi, €ro MUKPOCTPYKTYpBI U (Ha30BOTO COCTO-
SIHUSI, HO U COICPIKAHUS 030HA, a TAK)KE YCTAHOBUTH KOPPEISILIMOHHBIE CBSI3U MEXIY
KOHLEHTpauuei crparocepHoro a’spo3ois U CKOPOCTbIO M3MEHEHHs paJuallMOHHOM
TemIepatypsl B armocdepe [24—38].

YMeHue BBIICTUTD MPUOPUTETHBIE, HAanOoJee 3HAYMMbIE 1IeTT HayYHBIX HCCIIe0-
BaHWM, OPraHN30BaTh COTPYAHUKOB, KOJIIET 110 paboTe, aCIUPAHTOB, @ TAKXKE 3aUHTe-
pecoBarb B KOOIIEpally APYTrHe Hay4YHbIE OPTaHU3ally HE TOJIBKO B HAlIeH cTpaHe, HO
u 3a pyoexxom nozsoimin K.51. KongparbeBy ocymiecTBisATh Kak OOLIMPHBIE SKCIEPH-
MEHTaJbHbIC HCCIICOBAHUS B CBOOOAHOW aTMocdepe, TaKk M TEOpeTHYecKHe padoThI
B paMKax aHaJIMTUYECKUX M YUCICHHBIX METOI0B MOAEIMPOBAHMSI, CBA3aHHOIO B IIEp-
BYIO O4€pE/lb C IEPEHOCOM KOPOTKOBOJIHOBOM U JUIMHHOBOJIHOBOW pajiMalliu B CUCTEME
Counre — atmocdepa — 3emurs [15—20].
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KoMIulekcHbIE JUCTAHIMOHHbIE HCCJIET0BAHUS 3eMJIn

KommniekcHOCTh rccneoBaHuii B CBOOOIHON aTMoc(epe B 3aBUCMOCTH OT IIeJieH
MIPOBOJIUMBIX SKCIIEPUMEHTOB MPEATNOIaraeT, Kak MpaBUio, OAHOBPEMEHHBIE MMOJICITYT-
HUKOBBIE, HA3eMHbIE, CAMOJIETHBIE, PAKETHBIE, a3POCTATHBIE U a9POJIOTUYECKUE U3MeE-
pEeHMs CIIEKTPaJIbHOM M MHTErpaibHON pajinaliuy, a TaKkXKe a3po30JIbHBIE, MUKPOCTPYK-
TYpHbIE U MUKpPO(U3NIECKHE H3MEPEHUs B 00IaKkax, H3MEPEHUE adPO30IbHON ONTHYE-
CKOH TONIMHBI aTMOC(Ephl, ONTHYECKOU IIIOTHOCTH 00akoB. Ha ocHOBE u3nyeckoro
MHOTOYPOBHEBOTO SKCIIEpPUMEHTa B CBOOOJHOI aTMoc(epe ¢ UCIOb30BaAHUEM IIHUPO-
KOTO CIIEKTpa MPUOOPOB U MX HOCUTEJIEH MOTYT OBITh YCTaHOBIICHBI (PYHKIIMOHATIBHBIC
3aBUCHUMOCTH MEXAY U3MEPSEMBbIMU MTapaMeTpPaMH.

K. KonnparseB BMecTe ¢ A.A. By3HHKOBBIM Ha OJHOM U3 COBEIAHUH MO Hc-
MOJIb30BAHHIO TTHJIOTHPYEMBIX KOCMHYECKHX Kopalieit, koropoe Ben Cepreii [1apnoBuy
Koponés, npemyioxuny nepeit oT BU3yajabHBIX HAOMIOACHUN K AMCTAHIMOHHBIM KO-
JIMYECTBCHHBIM CIEKTPaIbHBIM HAYYHBIM HCCIIEAOBaHUsIM arMocdepsl U 3emin. B pe-
3yiabTare npu kadenpe guzuku armocdepst JII'Y 6buto opranuzosano OKB aspoxoc-
MHUYECKOH ammapartypsl «HTerpam», rae Oblin pa3paOdoTaHbl MEPBBIE CIIEKTPaIbHbIC
npubopsl PCC-1, -2 u KCC-2, ¢ xotopsimu Ha Kopadisix «Coroz-4, -5, -7, -9» u «Ca-
JIIOTY paboTaiu aeTuyuku-kocMoHapTel B.H.Boskos, E.B. XpyHos, B.1. CeBacThbsiHOB,
I'T. Beperosoit, [1.1. Knumyk, B.I1. CaBunsix u ap. Pe3yasraTsl 3TUX IpUpoI0-pecype-
HBIX UCCIIEIOBAaHUI OBbUIN T0JI0KEHBI Ha KOHPEPEHIIUAX U OMyOIMKOBaHBl B MHOTOUHC-
JICHHBIX CTaThsIX U MOHOTrpadusx [15—19].

Paboras B MuctutyTe o3eposencuuss AH CCCP (1982—1992 rr.), K.A. Konapars-
eB B 1980-e rombl opraHn3oBaj MPOBEICHUE KOMITJICKCHBIX SKCIIEPUMEHTOB C MCIOb-
30BaHMEM JUCTAHIMOHHBIX a’POKOCMUYECKUX METONOB MO u3ydeHuio ozep Jlanora,
Onera, CeBaH, CpaBHEHHUIO JIMMHOJIOT MY Benukux o3ep Amepuku u Oombimx o3ep Poc-
cum baiikana, Jlanoru, Oneru, a Takxe no nporpamme «MIHTepkoCcCMOC — BHYTpEHHHE
Bozoembl» [38]. B 3TOT ke mepuon Oblia ocylecTBieHa nporpamma «Paspessn» B Ce-
BEepHON ATJIaHTHKE 1MOJI pyKOBOJCTBOM Ipe3uneHTa Axanemun Hayk CCCP akanemuka
I'". Mapuyxka B corpynnudectse ¢ akagemukamu K.5. KonaparseBeiM n A.C. Capku-
CSHOM T10 CPaBHEHMIO JAHHBIX CYJOBBIX M CITyTHHKOBBIX M3MEPEHUH M PE3yJIbTaToB
pacdeToB o ruApoauHaMuke okeana [40—45].

B Xone BBINMONIHEHUS 3THX YHUKAIbHBIX SKCIIEPUMEHTOB M3y4asach poyib pajaua-
LUOHHBIX (PaKTOPOB, OCHOBHBIX COCTABIISIONIMX YPaBHEHUS TEIJIOBOTO OaiaHca, BIH-
SIFOIIMX HAa U3MEHEHHUE KITMMaTa; anpoOupOBaICh METO/BI AUCTAHIIMOHHOTO 30HIHPO-
BaHUS TEMIIEpaTypbl U BIAXXHOCTH BO3yXa, CKOPOCTH MTPUBOAHOIO BETpa, Bojo3araca
o0nakoB U arMocdepbl, HHTCHCUBHOCTH OCAJKOB, CIUIOYEHHOCTH JIbJia M JPYTUX Ma-
paMeTpoB Ha OCHOBE M3MEPEHHI COOCTBEHHOTO TEIJIOBOTO M3IyUEHHS aTMOC(epsl U
noacTuiaromniei nopepxHoctu B CBY auamnazoHe Ha OCHOBE MHOTOKAaHAJIBHBIX CIEK-
TPaJIbHO-TIONISPU3AIIMOHHBIX U3MepeHuii [43—46].

Ha ocnoBe cniexTpanbHbIX u3MepeHuii nmotokoB KB paguanum ynanoch OTAeNUTb
a3p030JIbHOE MOMIOLIEHHE OT MOJIEKY/ISIPHOTO; OIIEHUTh COOTHOIIEHUE MEX/Ty COCTaBIIs-
IONIMMH TEIUIOBOrO OanaHca B adpo30JIbHO-3aMyTHEHHOH aTtMocdepe; yCTaHOBHUTh, YTO
o0J1aKa IMorvIOMIAl0T HE TOJIBKO B 00IaCTH MOJIEKYJISIPHOTO MOIJIOIIEHUS, HO U B BUIUMOI
0071aCTH; BBIIOJIHUTH CPABHEHUE SKCTIEPUMEHTANIBHBIX JaHHBIX C PE3Y/IbTaTaMH PacueToB.
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COBPEMeHHLIe HN3MEHCHHS KJINMATAa U IKOAUMHAMHUKA

B nauane cemumecsaThIX rofoB, BeICTyIIas Ha yaeHoM cosete ['T'O, K. S, Konapats-
€B CKa3aJ, 4TO €CIIU UCKIIIOYUTh OMTACHOCTh BO3HUKHOBEHHMSI TPEThEH MUPOBOI BOIHBI,
TO HaOOJBIIYIO OMACHOCTH JJISl YeJIOBEYECTBA MPEACTABISAIOT HKOJIOTHUYECKHE Kara-
cTpOo(dbI U BOTPOCHI IKOJIOTUYECKONW 0€30MaCHOCTH JIOJIKHBI OBITH MPUOPUTETHHIMHU.
He orpunas coBpemenHoro usmenenus kinmara, K 5. Konnparse B cBoux myOnmka-
[USAX YKa3bIBaJ HA BAKHOCTH ydeTa MUKIMIHOCTH KOJIeOaHWH KIIMMaTHIECKIX Xapak-
TEPUCTUK PAa3HOrO BPEMEHHOT0 MaciuTaba, ccpliancs Ha padoTsl M. MuankoBuYa 1o
MaTeMaTH4eCKON KIMMAaTOJIOTHH M aCTPOHOMHYECKOM TEOPUH KosleOaHi KiinMaTa, Ha
MaCOKIMMATOJIOTUYECKUE UCCIIEIOBAaHUS KEPHOB JbJa B AHTapkTtune. OH oTMmeual,
4TO yBenuuenue konuenrpamuun CO, ¥ NOBBILIEHUE TEMIIEPATYPBI HAOIIOIAKOTCS HE
TOJBKO B HAIll MHIyCTPUATHHBIA BEK, HO OBUTH W B MPOIIJIOM, MIPHYEM MaKCHUMYyMBbI
Temneparyphl ¥ konuentpauun CO, ne copnananu no Bpemenu. K.51. Konaparbes Obin
npotuB patudukauu Poccuelt KHOTCKOTO MPOTOKOJIa W TIPUBETCTBOBAl apTyMEHTa-
LU0 MHOTHX POCCUUCKUX U aMEPUKAHCKUX YUEHBIX, MOJIUTUKOB B 3TOM Bompoce [41,
43, 46].

Bonbmiolt 00beM JaHHBIX O MapHUKOBBIX razax, COOpaHHBIX Pa3HBIMU YUCHBIMH,
COBMECTHO C pe3yjibTaTaMi MHOTOYHMCIIEHHBIX SKCIIEPUMEHTOB U YMCIEHHOTO MOJIeH-
pOBaHUS OOTICH ITUPKYISIITINHN U KJIMMaTa JIeTTd B ocHOBY MoHorpaduwuii K. 5. Konapars-
eBa «lmobanbHbIM KiuMaT» U «Okonorusi Poccumy» [46, 47]. B Hux 0osbilioe BHUMaHUE
yAEJCHO TIIATEIBHOMY aHaU3y (PaKTOPOB, BBI3BIBAIONIMX HM3MEHEHHWsS KJIMMara, Ma-
TEMaTUYECKUM MOJIENISIM, OLICHKAM HEOIpPEAEICHHOCTH PE3yAbTaTOB MOACIUPOBAHMS
KJIMMaTa, COOTHOUICHHUIO BKJIaJa MPUPOIHBIX U aHTPOIOTEHHBIX (PaKTOPOB U MX BIH-
SIHUSI HA TEMIIEpaTypy 3€MHOM MOBEPXHOCTU U MPU3EMHOIO BO3/1YyXd, Ha BO3ZMOXKHBIN
MOABEM YPOBHSI MOPSI, BIUSHHUIO KIMMAaTHIECKUX TPOLECCOB HA HKOJIOTHIO, TPOOIeMe
WICYE3HOBEHUS YHUKAIBHBIX CPEl OOMTaHNS M HEKOTOPBIX )KUBBIX OPTaHU3MOB, BO3/IEH-
CTBUIO KJINMaTa Ha 3/J0POBbE YEJIOBEKA, YPOIKAHHOCTD CENIbCKOXO3HCTBEHHBIX KYJIBTYP
Y KaueCTBO BOJIBI.

B cBounx paborax K.5. Konnparses nmomgdepkuBai, 4T0 OCHOBHOE BIUSIHUE U3MEHE-
HUH KJIMMaTa Ha S9KOCHCTEMY IPOSIBIIAETCS B U3MEHEHUH BOJHBIX PECYPCOB U KauecTBa
BO3/yXa, OCOOCHHO B METAIlOJINCaX, B OMYCTHIHUBAHUH, JCTPalalliyl ITOYB, COKpaIe-
HUM OMOpa3HOOOpa3us U IUIOLIAIHU JIECOB, B HAPYIICHUH JaHIIA(TOB HA3EMHBIX DKO-
CUCTEM HaIlle}l TUTaHEeTHI, YTO MOATBEPKAACTCS PE3yIbTaTaMHi KOMIUIEKCHBIX HCCIIEI0-
BaHUH cucTeMbl 3eMiIsi — arMoc(depa Ha OCHOBE KaK adpOMETOJIOB, TAK U CITyTHUKOBO-
IO IMCTAHIIMOHHOTO 30HMpoBanus [47, 48].

B 1992 1. K.4. KonapateeB n Ona M. Moxanneccen (mupekrop Hancen-mentpa
13 HOpBEXKCKOro roposaa beprena) oprannzosanu MexayHapOIHBINA HEHTP MO OKpYyKa-
FOIIeH cpelie U TUCTAaHITHOHHOMY 30HanpoBaHuio nMeHn Hancena B Cankt-IletepOyp-
re, yYpeIuTeIsIMU KOTOPOrO CTaJIl HAy4YHO-HUCCIIE0BATENbCKAN IEHTP HKOJIOTHUECKON
6e3omacHoctn HULIDb PAH, B koTopom B 310 Bpems padoran K.5. Konaparses, Han-
cen-nieHTp (bepren), O6mecrBo Makca [ lnanka (I'epmanust) u MHCTUTYT UcciieoBaHUi
okpykatoreit cpensl (AuH-ApOopa, CIIIA). Pabora HanceH-11eHTpa HallelieHa Ha MojI-
JEPIKKY CITIOCOOHOM HaydHOU Monoaexu, 1 Omarogaps momnepxkke K. 5. Konaparsesa u
JPYTHX CIELUAIMCTOB CTaja BeCOMOU B HayuHoM cooOmiectse. Tak, «HanceH-ueHTp»
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B COCTaBe MexXAyHapoaHoro koyuiektuBa ¢ npoektoM CECA «l3MeHeHus kiuMara u
OKpYXarolel cpelpl B APKTHUKE» IHOJYYMII 32 CBOIO MHOTOJIETHIOIO PaboTy NPEeMHIO
Hexapra 3a 2005 1.

K.5. KonapaTbeB — OCHOBOIOJIOKHHK IIO0ANBHOM AKOJIOTMH M Pa3pabOTUHK
cTpareruii modansHOU skoauHamMuku [49—59]. B psine ero pabot ¢ coaBTropamu ObuH
PaccMOTpPEHBI EPCTIEKTUBBI Pa3BUTHUS IMBUIIN3A[MM HA OCHOBE MHOTOMEPHOT'0 aHaJIH-
3a; HKOJIOTHUYECKUE KaTacTpodbl, KAK aHTPOIIOTEHHBIE, TaK U IPUPOAHBIC; TPOOJIEMHBIE
BOIIPOCHI HBOJIIOLUH [TI00AJIBHOM SKOIMHAMUKHI M YEJIOBEYECKOIo 00IIeCTBa; N3MEHYH-
BOCTh KJIUMara M TI00ATBHOTO MUKJIA YIIIEPO/a; B3aMMOCBSI3b SKOJMHAMUKH M T€0TIO-
JTUTHKH.

CTyaeHThbl, MPeroAaBaTeNid U COTPYAHUKH TEX OpraHu3aliid, B KOTOPBIX paboran
K., Konaparees, 6naronapsi ero yCHIMSIM HONTYYHIIM BO3MOKHOCTB CIIYIIATh JICKLIUH
MIPUIIALICHHBIX UM BBIIAIOIIMXCS 3aMaJHbIX YYEHBIX: M3BECTHBIX CHEKTPOCKOIHCTOB,
CIELMAIIMCTOB B 00JACTH JUCTAHIIMOHHOIO 30HAMPOBAHUS, YMCIEHHOIO MOJIEIMPOBa-
HUS TOTO/IBI M KJIMMaTa. OTO OBUIO YPE3BBIYANHO BaXKHO, TOCKOIBKY OOJBIIMHCTBO 3a-
PYOEXKHBIX )KypHAJIOB B COBETCKOE BpeMsl IPUXO/IHIIN B OHOIMOTEKH ¢ Oosiee YeM roiud-
HBIM OITIO3/IaHUEM, «OKEJIE3HBIN 3aHaBEC», KOTOPBIN CYIIECTBOBAJI B T€ BpEMEHa, BO MHO-
rOM IPENATCTBOBAJ OOLICHUIO YUEHBIX, HCKYCCTBEHHO OTIEIISUT HAC OT MUPOBOW HAYKH.

B 1970 r. 6maromapst npyxeckum cBsizam K.Sl. KonnmpareeBa ¢ amepuKkaHCKUMHU
yuersivu B JIHL] PAH Ow11 mpomeMoHCTprpOBaH GUIBEM O PeaTM3aIluy JIYHHOTO TIPO-
exta CIIIA «Anommon» ¢ moka3oM MepBbIX maroB JI. ApMCTpOHTa 1O MOBEPXHOCTH
Jlynsl. [lo-Bumumomy, Takas aktuBHOCTh K.SI. KonaparseBa He «pHunuiach mo ayme»
KOMITETEHTHBIM OpraHaM, 1 HETaTUBHOE OTHOIIEHHE K HEMY CO CTOPOHBI 3THX CTPYK-
Typax IPUBEJIO K TOMY, 4To HaunHas ¢ 1977 r. u Bmots 1o 1991 r. Kupuin SxosneBuu
OBbUI «HEBBIC3HBIM.

K.4. Konnmparser 0wt maypearom [ocymapcrBernoit mpemun CCCP, coaBropom
Hay4YHOTO OTKPBITHS «SIBI€HHE BEPTHUKAJIHHO-IY4€BOI CTPYKTYpPbI JHEBHOTO H3IIyde-
HUS BepxHel arMocepbl 3eMiiny, 3aHeceHHOro B [0cynapcTBEeHHBIN peecTp OTKPBITHH
CCCP nox Ne 106 ¢ mpuopuretom ot 19 mas 1971 r., naypearom [louetnoit npemun. O
Obu1 HarpaxeH bosbmioil 3050toii Menanpio BeceMUpHON METEOpOIOrHuecKoi opra-
HU3auu, 30510T0# Menaipio CaiiMorca KopoeBckoro MeTeoposornaeckoro oomecTsa
Bemukobpurannu. M36pan [lodeTHBIM djieHOM AMEPHUKAHCKOTO METEOPOJIOTHIECKOTO
obmectra (CIIA), KoponeBckoro MeTeopoioruiaeckoro oomectna (BemukoOputanusi),
AKaJileMHH eCTeCTBEHHBIX Hayk «Jleomonbauna» (I'epmaHus), HHOCTPAaHHBIM YJIEHOM
AmepuKaHcKol akageMun uckyccTB U Hayk (CLLA), yneHom MexayHapoqHoi akase-
MHUH aCTPOHABTHKH, MOYETHBIM JTOKTOpOM yHHMBepcutTeToB Jlnmns (Ppanuus), byna-
nemra (Benrpus), Adun (I'perust). MHOTHE ToABI OH OBLT TITABHBIM PEIaKTOPOM JKYp-
Hasa «MccnenoBanue 3eMiM U3 KOCMOCa», WICHOM PEAKOJUIeTuil xKypHanoB «OnTuka
armoc(epsl U okeaHa», «M3Bectus Pycckoro reorpagpuueckoro o0IIecTBa, Y4ICHOM
PEIKOIIIETHi HHOCTPaHHBIX KypHaIoB «Meteorology and Atmospheric Physics» (AB-
ctpus), «ldojaras» (Benrpust), «II Nuovo Cimento C» (Mrtanus), «Atmosfera» (Mekcu-
ka) , «Energy and Environmenty (BenukoOpuranus). HayuHo-nurepatypHoe Hacnenye
K.4. Konaparsea coctaBisier 120 moHorpaduwuii u 6omee 1500 HaydHBIX cTaTeid, omy-
OJIMKOBaHHBIX B BEIYILIMX HAY4HBIX KypHasax B Poccun u 3a py0exom.
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Kupwin SlkoBneBud, HECMOTpPS Ha CBOM BO3PACT, CMOT TUIOJJOTBOPHO TPYAUTHCS U
B HOBBIX PKOHOMHUYECKHUX YCJIOBHSX, & €r0 SHEPIUs, ONTUMH3M, OTHOILIICHHE K padoTe
ObUTH TIpUMepOM [T ero KoJuter. XoTs Kupwnina SIkoBieBn4a yxe MaBHO HET Cpernu
HAC, €r0 Hay4YHbIC W3/IaHus, TOJITOTOBJICHHBIC UM paHee, eIlle U MePeH3Ial0TCs B HACTO-
smee Bpemst [60].

K.A. KonaparbeB ObLT MBICTUTENIEM C JHIMKIONEAWYSCKOW MIMPOTON 3HAHUM.
Kax sipkoro y4eHoro u Xapu3MaTHIHOTO YEIOBEKa €T0 3HATH BO BceM mupe. [1pu atom
OH SIBJISIICS HACTOAIIUM MATPUOTOM CBO€H cTpaHbl. CBOWCTBEHHBIE €My IMPOCTOTa
B OOIIIEHUY, OT3BIBYMBOCTH U YEJIOBEYHOCTh IIPUBJICKAIN K HEMY HE TOJIBKO KOJIJIET, HO
W MHOTHX JIPYTHUX JIONeH u3 pa3HbIx cdep xu3nu [61]. I'pomagras 3acimyra Kupumna
SIkoBNIEBMYA COCTOMT B TOM, YTO B TEUCHUE HECKOJBKUX JICCSITHIICTHI HaIlla CTpaHa
COXpaHsyIa BEAyIIUE MO3UITUH B MUPE TI0 MEJIOMY DSy HalpaBICHUN METCOPOIOTHH
Y DKOJIOTHH.
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MeToa COBMECTHOIO NpeaACTABJICHUSA
AATHPOBOK MCKOIMACMbIX 00bEKTOB

.U, Axymes
Cankr-IlerepOyprekuit yaueepcurer MBI Poccuu, Cankr-IletepOypr, d.i.ya@yandex.ru

[IpennoxxeH METO COBOKYITHOIO MPEACTABICHHUS AATUPOBOK HCKOMAEMBIX OOBEKTOB. Takol moxxoxn
MIO3BOJISICT MPEICTAaBUTh MHOTOYHMCIICHHBIC PAa3pO3HEHHBIC AATHPOBKU MCKOMAEMBIX OOBEKTOB, CONIEpPIKa-
e HHPOPMAIHIO 0 XapaKTepUCTUKAX MaJICOKINMATa, B BHJE HUCKPETHOTO psijia, KAYECTBEHHO OTpaxa-
IOLLET0 YBIAXKHEHHOCTh PErMOHOB. Pe3yabraToM NpuMEeHEeHHs METO/1a TAaK)Ke MOXKET CTaTh TUIIOTE3a O He-
JIOCTOBEPHOCTH OT/EJBbHBIX JaTUPOBOK. MeTol MOXKET ObITh IPUMEHEH M JUIs aHallk3a TeMIIePaTypHOro
peKUMa UCCIEAYeMbIX PETHOHOB.

Kniouesvle cro6a: maneokInMar, JaTHPOBKA, HCKOTIAEMbIC OOBEKTHI, AUCKPETHBII PsiJI, OMIMOKH JaTH-
pOBaHuUs, TOJIOLIEH.

Method for consolidate representation of fossil objects dating
D.1. Yakushev

Saint-Petersburg Police University, Saint Petersburg, Russia

So far, methods of dating fossil objects have allowed us to obtain a large amount of data that character-
ize the moisturization of our planet’s areas during different time intervals. At the same time, in some cases,
fossil objects contain information about the characteristics of the climate of the epoch of their existence.
The available dating is scattered and does not allow us to get an overall picture of the changes occurred.
Therefore, the developed method of aggregate representation of dates is relevant. Scientific materials con-
taining the desired dating are mainly presented on the Internet. Therefore, the target of the first stage is to
identify the publications of interest. At the second stage, the dating found and its characteristics are sum-
marized in table 1. At the third stage, the data in table 1 is converted to table 2, reflecting the change in the
moisture content of regions with a 100 years sampling interval. At the fourth stage, a simple rule is applied
to exclude two multidirectional trends in each cell of table 2. As a result of exclusion, only unidirectional
signs remain in each cell that qualitatively characterize the moisture content of the studied regions. It seems
that the dating found in a significant minority should be questioned. However, cases in which the number
of exceptions exceeds the number of non-excluded characters require additional research. The proposed
method is not limited either by the number of studies involved or by the dating methods used. The scientific
novelty of the proposed method consists in the aggregate representation of known dating of fossil objects
containing information about the characteristics of the climate of the epoch of its existence. The objectivity
of the results obtained is based on the use of a variety of independent dating of fossil objects obtained by
different methods for different periods and regions. The reliability of the results obtained will increase with
the number of dating involved in the analysis.

Keywords: paleoclimate, dating, fossil objects, discrete series, errors of dating, Holocene.
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J.1. AKYIIEB

BBenenue

MeTonbl TaTHPOBKH MCKOTIAEMBIX 0OBEKTOB K HACTOSIIEMY BPEMEHH ITO3BOJHIN
MOJTY4YHUTh OOJBIIOE KOJIMYECTBO NAHHBIX, XAPaKTEPHU3YIOIIMX YBIaKHEHHE PailOHOB
HaIlel TUTaHeThl B pa3iIMYHble BPEMEHHbIE WHTepBajbl. [lepeuncienue 3TUX METOI0B
1 0COOCHHOCTH WX NMPUMEHEHHS BBIXOIAT 332 PAMKHU HacTosied crarbu. OOmum siB-
JSIeTCsl TO, YTO OHM TO3BOJISIFOT OLIGHUTH BO3PACT MUCKOMAaeMbIX 00BEKTOB. [Ipu sTOM
B HEKOTOPBIX CITydasX MCKOMaeMble 0OBEKTHI CofepKaT HH(POPMAITHIO U O XapaKTepH-
CTHKaX KJIMMaTa 3M0XU CBOETrO cyllecTBoBaHMs. Hampumep, uccinenoBaHye MbUIbLbI U
CIIOpP B MICKOTIA€MOM CJIOE TTO3BOJISIET CYIUTh O THIIE PACTUTEIFHOCTH, a CIIEI0BATEIbHO,
0 TeMIIepaType U YBIAXKHEHHOCTU UCCIIEyeMOTO PETHOHa.

K HacTosimemy BpeMeHHM HaKOIUIEHBI OTPOMHBIE MAaCCHUBBI PAa3pO3HEHHBIX JaTH-
POBOK B BHJI€ HAyYHBIX CTATE€l U OTYETOB, U YUCIIO UX MPOJOJKAET YBEIHUYHUBATHCS.
[eorpadust uckomaeMbix 0OBEKTOB OXBATHIBAET OONBLIYIO YacTh [MOBEPXHOCTH CYIIH.
JlaTUpOBKH MTOJIyYEHBI C IOMOILBIO Pa3JIUYHbIX METOJIOB U B OCHOBHOM I1OITBEPKAAOT
1 B3aUMHO JOIOJHSAIOT Apyr Apyra. OfaHaxo, BO-NIEPBBIX, JaTUPOBKH SIBIAIOTCA pa3-
PO3HEHHBIMH, YTO HE TMO3BOJSET OLIEHUTh B COBOKYITHOCTH MMEIOIIMECS JAaHHBIE IO
HUHTEPECYIOIIEMY EPUOLY WM PETUOHY, a, BO-BTOPBIX, BCTPEUALOTCSI HECOITIACYIOLLIU-
ecsi MeXKy co0Oi U Jlaxke MPOTUBOpeYAIlue JIPYT Apyry JaHHbIE (CM., Hanpumep, |1,
c. 41; 2, c. 8—9]). [losToMy aKTyadbHBIM SBJISIETCS BOIPOC O COBMECTHOM IIPEACTAB-
JICHUU UMEIOIUXCS Pa3PO3HEHHBIX JTaTUPOBOK MCKOMAEMbIX OOBEKTOB, YTO MO3BOJIUT:
BO-TIEPBBIX, COOpaTh MMEIONINECS JATUPOBKU OOBEKTOB, COJACPKAIINX HHPOPMAIIHIO
0 NAJICOKJIUMATE; BO-BTOPBIX, COBOKYIIHO [IPEICTABUTH BHISIBICHHBIC TAHHBIE O KJIUMATe
MIPEIECTBYIOMNX 3I10X; B-TPEThUX, BBISIBUTH HECOOTBETCTBHS, KOTOPhIE, BO3MOXKHO,
IIOMOTYT OLEHUTh CYLIECTBYIOIINE JaTUPOBKU C TOUKH 3PEHUS UX T0CTOBEPHOCTH.

[enbto HacTosAIIEH CTAaTHU SABISETCS ONMMCAHUE METO/Ia COBMECTHOTO Mpe/ICTaBIIe-
HUS TaTUPOBOK MCKOITAEMBIX OOBEKTOB.

B unccnenoBanum paccMarpuBaliiCh JaHHBIE 00 YBIa)KHEHHOCTH PETHMOHOB, B3Si-
TBIC U3 CIy4aiHOW BBEIOOPKH CTaTel, B KOTOPHIX B OCHOBHOM IPE/ICTABICHBI PE3yJIbTa-
ThI UCCJICAOBAHUN HCKOIAEMOU MbUIbLIbI PACTEHUM.

MeTon cOBMECTHOTO MpeCTABIEHUS JaTHPOBOK

1. IlepBbIM HIArOM MHpU MPOBEACHUM HCCIEAOBAHUS SIBISICTCS] BHISIBICHHUE CYIIE-
CTBYIOIINX JaTUPOBOK. lIpeacrapnseTcs, 9TO OOJMBIIMHCTBO MONYYEHHBIX JaTHPOBOK
OITyOJIMKOBAHO B HAYYHBIX OTYETAX, CTAThsIX, MaTepHaliaX KOH(DEePESHIINH, BBUIOXKEHHBIX
B UnTtepHert. [Toaromy 3ajiaueil nepBOro srana UCCIEIOBAHUN SIBISETCS TOUCK MPe-
CTaBIIIONIUX UHTEpeC NatupoBok B MHTepHere. [Ipu pa3paboTke MeToma MOUCK MPO-
M3BOJMJICS IyTeM OOBIYHOTO 3alpoca B MOMCKOBOW cUcTeMe (Harmpumep, SHjuekc) mo
KITFOYEBBIM CJIOBaM (HampuMep, «IaJHHOJIOTUYECKHE HCCIEOBAaHUD)), a Jaliee OCy-
LIECTBIISUICS TPOCMOTP BBIIAYH.

Jonst cTpaHull, Ha KOTOPBIX OTCYTCTBYIOT MCKOMBIE JAaTUPOBKH, OYEHb BEJIHMKA.
[TosTOMYy mpu NpPUMEHEHUH METONIa K PEUICHUI0 KOHKPETHOM MpakTUUYEeCKOW 3ajauu,
HaIpuMep COBMECTHOTO IMPEJCTABJICHUSI TAaTUPOBOK HMCKOMAEMbIX OOBEKTOB, Xapak-
TEePU3YIONINX yBIaXHeHNe KamMdarky, mpeamodTruTenbHa pa3padoTka CHenraaIbHOTO
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ITOMCKOBOTO 3aIlpOCa, YYUTHIBAIOMIETO KaK 0COOCHHOCTH MOMCKOBOW CHUCTEMBI, TaK U
XapakTep peliaeMoi 3ajauu. Pe3yinbraroM nepBoro srama, IOMUMO JIaTHPOBKH, OIIH-
caHus pernoHa (Hampumep, KamuaTka) u ipeAcTaBmsIoNIed HHTEPEC XapaKTePUCTHKI
(HarmpuMep, «yBEIUYCHUE YBIOKHEHUS), TOJDKHBI CTaTh JaHHBIE 00 aBTOpPE MaTepH-
aja, UCKOMaeMoM OOBEKTe, METOJle JaTHPOBKH, YHHBEPCAIFHOM yKa3areJe pecypca
(URL), nare obpamienusi, unentudukarope nudpooro oobexra (doi) U TEKCT CTaThU.
Bo03MOKHO, HEKOTOPBIE U3 3THUX aTPUOYTOB M HE MOHAJ00ATCS B JaJIbHEUIIIEM HCCIIe-
JIOBaHWH, OJTHAKO B CIlydae BOSHHKHOBEHUS HESICHOCTEH 3Ta MH(MOpMAIHs ¢ BHICOKON
BEPOSATHOCTBIO MOMOXKET MX Pa3pEIIUTh.

[Ipu pa3paboTke MeTo/a COBMECTHOTO TIPEACTaBICHHUS IaTHPOBOK HCIIONB30Ba-
JIUCh MaTepUabl ClydyaliHOW BBIOOpKHU cTarel u3 MHTepHeTa, colepiKaliux JaTHPOBKU
HCKOTIaeMbIX 00BEKTOB B royoriene — oOosiee 12 000 yieT TomMy Haszaj.

2. JlaHHBIE TIO TATHPOBKE YBIAKHEHHOCTH PETHOHOB, CO/IEPIKAIINECS B BISBIICH-
HBIX MyOJIMKAIUsIX, ObUTH CBEJCHBI B Ta01. 1 (HEKOTOphIe aTpUOYTHI B IIEJIIX COKpaIlle-
HUs 00BeMa He TIpeicTaBiIeHbl ). [Ipu ’ToM HHTepBaIbl TOBBITICHHU S/ TTOHIKEHHS YBIIaK-
HeHHOCTH, npepbiiiaromue 1200 seT, He paccMaTpUBAIKCh, MOCKOIBKY HX JIATEIb-
HOCTh 3HAUUTENHHO MPEBBIIIAET MPOAODKUTETFHOCTD TOAABISIONIETO YMCIA JPYTHX
WHTEPBaJbHBIX OIICHOK. Bce HalifieHHbIe aTUPOBKU OBUIN MPUBEACHBI K XPOHOJIIOTUN
«KaJICHIAPHBIX JICT HA3a]».

Tabnuya 1
JlaTupoBKHU yBIa)KHEHHOCTH PETHOHOB
Dating of moisture content of regions
Hneno kaznennap- Pernon XapakrepucTtuka Hcrounuk
HBIX JICT Ha3a]l
10 800—10 200 Kapenus ‘YMeHbIlIeHHE YBIaKHEHHOCTH JlaBpoga, 2008
10 300—10 200 | Bonro-Kmsi3pmeH- YBenuueHne BIaKHOCTH AsepuH, 2008
CKO€ MeXIypeube
9800—9500 Jy0OHa CoxpartieHue mwionaan 6omoT Huzosues, 2009
9500—9300 JlyOHa Cyl111ecTBEHHOE COKpalleHUE Huzosues, 2009
UTOLIAIA BOJOEMOB
9400—8400 Dduonust DKCTpEeMalibHO BBICOKUI Grove, Goudie, 1971
Kenus YPOBEHB 03ep Richardson, 1966
Yang Grove, Goudie, 1971
9200—9000 Jy6na ‘VBenuueHue oLl BOJ0EMOB Husosues, 2009
9000—8600 JlyOHa VMEHbIIIEHHE TIOIAIU BOJOEMOB Huszosies, 2009
9025+180 CpenHeraexHast Ocanku (N-242) Kapmexko, 2005
MO/I30HA
8420+120 3anaguoit Cubupn Ocanxu (N—134)
8500—7700 OxHoe 3aypanse Bricokoe yBnaxkxHeHHE Ps6oruna, 2005
8000 [Tanectuna Apuauzanus Kiumara Hassan, 1986
7700—6300 OxHOoe 3aypanse Huskoe yBnaxnenue Psi6oruna, 2005
7500 CesepHas Adppuka KynsMmuHanus apuaHoro KimMara Lubell, 2001
7500—7100 JyOHa VYMeHblIeHre MI0Ia i BOJOEMOB Huzosnes, 2009
7500—6800 Cesepo-3amnan O0unbpHOE yBIaKHEHNE Bespykosa u ap., 2007
baiikana
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Ipooonscernue maén. 1

Uucno kanengap-
HBIX JICT Ha3a1

Peruon

XapaxkTepucTuka

HcTtounuxk

7200—6500
7100—6500
6800—6300
6700—5980
6300—6100
6100—5300
6000
6000—4500
5670—5000
5500—5000
5200—4200
5000
5000—4300
5000—4700
4700—3600
TTocne 4500
4300—3600
4300—3500
~ 4200
~4200
4200—3900
4200—3700
~ 4100
4000—3000

CeBepo-3amnan
Poccun

Jy6Ha

VaneH, ceBepo-Boc-
TOK YyKkoTKH

IIpumopse

1O:xHOe€ 3aypaibe
IOxHoe 3aypanse
Kapenus
Hwuxnee [ToBomxkbe

Kamuarka

LenTpanbHas
Meruepa
['opHble paitoHBI
OxHoit Cubnpu,
Kamuarku, Ce-
BEpHOI AMepUKH,
CkaHIMHABHH

benopyccus
Kamuarka

CeBepo-3amnan
baiixana

Kapenus
Huxnee I[ToBomkbe

ITycreins Heres
Kamuarka

[Ipumopse
Eruner

Mexnypeube
Hwmxnaee [ToBomkbe

HOxHbI# Ypan

MoHnromnust

‘VBennueHue miIomaan BOI0EMOB

‘VBenuueHue mIomaan BOI0EMOB
Bricokoe yBinaxxHeHue

Bria)xHbIl KIIMMAaT roJIoLEHOBOIO
ONTUMYyMa

‘VBenuueHue yBIaKHEHUS
YMeHbIIeHHE YBIaKHEHHS
MaxkcumyM 0cajikoB

VBenuueHune rogoBoro KoJndecTna
0CaaKoB

[Iuk yBnaxHeHus

MakcumanbHO€e COKpalleHne
TUTOIIAN 03ep

IIposiBiienue yBIa)KHEHUS

Havano YBCIIMYCHUSA YBJIQAXKHCHUSA
Huskas BIIa)xHOCTD

VBenuueHue BIaKHOCTH

Huskoe yBnaxknenue

HpKO BbIpa’XCHHas apuau3anus
KjimMara

Hawubomnbmee yBnaxneHne
[Iuk yBnaxHeHus

‘VMeHbIIeHue YBIIQ)KHEHHOCTH

Hauano ynaznka JIpeBHero napcraa.
Hauano cunpHeiiei 3acyxu

Benukas 3acyxa
Peskast apuu3anus Kinmmara
(=50 mm)

Pe3xkast apunnzanus kiumara.
JlecocTenb cMeHSIETCS CTENBIO U JAKe
MOJTYIyCThIHEH
Ionmxkenue ypoBHs 03ep

Jomyxanos, 1981

Huszosies, 2009
[lepenanos, 2006

Ypycos,
Yunuzy6osa, 2009

Ps6oruna, 2005
Ps6oruna, 2005
Dunrmonosa, 2005

Boukapes,
Pricun, 2006
Jupkcen,
VYenenckas, 2005

JpsixoHoBa, AGpamo-
Ba, 1998

Maxkcumos, 1980;
3ybapesa, 1981;
CaBuHa, 1986;
Webb et al., 1993;
AHppees,
[ler3nep, 2001
CumaxoBa, 2007
Jupkcen,
Venenckast, 2005
Bespykosa u ap., 2007

Dunumonosa, 2005

Bouxkapes,
Pricun, 2006
babenko, 2007
Jupkcen,
VYenenckas, 2005

VYpycos,
Yumuzyooa, 2009

Boukapes,
Pricun, 2006

Crimpuonosa, 1991

Hopoderok, 2008
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Oxonuanue maoén. 1

Uucno kanengap-

HBIX JIeT Hasasl Pernon XapaxkTepucTuka Herounuk
3900—3500 Cpennepycckas [oBpIIeHHOE yBIAKHEHNE AXTBIpIIEB, AXTBIPIIEB,
JIECOCTEIh Slonounckux, 2009
3800 Kamuatka BrnaxHbIit KmTuMaT Jlupkcen,
VYemenckast, 2005
3500—3200 Camapckoe Brnaxuslit kmumar Mepmnepr,
[ToBomxbe CmupHoB, 1960
3500—2800 Hwuxnee [ToBomkbe YBenuueHue yBIaKHEHHOCTH Boukapes,
Pricun, 2006
3400—2800 Jlon [ToBebIlIeHNE BIAXKHOCTH Aradonos, 2005
~ 3300 Crenu Bocrounoi MakcumMyM yBIIQXKHEHHUS Bpyke, 1952
EBpomnst
3000—2000 Mouromus [NoBsItIeHNE YPOBHS 03€p Hopoderok, 2008
2750—1550 IMpubaiixaibe Ilepuon ouepenHoro yBnaxkHenus | bespykosa u ap., 2004
KIuMaTa SIpMeHCKHX 0070T
~2600 3ananusiit CasH Pacmupenue apeasa eIoBbIX J€COB CaBuHna, 1986
(yBesnnueHue yBIaKHEHHOCTH)
~ 2600 MoHronbckuit Pacummpenue apeasna enoBbIX JIECOB Bunnep u np., 1975
Anrait (yBenHM4eHHE YBIaXXHEHHOCTH)
~ 2600 Kuprusckuit TToaBMXKYM JTETHUKOB Makcumos, 1980
Anaray (yBeNMYEHUE YBIAXKHEHHOCTH)
~ 2600 Aonrait TTonBMXKH JIEAHUKOB Muxainos,
(yBeJM4eHNEe yBIaKHEHHOCTH) CeBacThsHOB, 1994
~2600 3anmanusiii Tuber Ilogusrue ypoBHs 03ep Hui et al., 1996
~2600 BrerHam TpaHncrpeccust ypoBHs MOpst Korotky et al., 1995
y o0epesxpbs
2800—2100 Cesepo-3anaHas Bnaxxnslil kimumar Bopucenkos,
EBpona ITacenxwuii, 1988
2600—2150 ITycrsina Heres Apujuszanus Kiumara Babenxo u ap., 2005
2500—2000 Benopyceus Brnaxxuslit kmumat Cumaxosa, 2007
2450 [TaTaronus OO6HapyKeHa (ayHa, XapakTepHast Bopucona, 2007
JUISL apUHBIX YCIIOBUIM
2000—1600 Ilyctoins Heres VBnaxHeHHe KiimMara Babenko u ap., 2005
700—300 IIycteias Heres Haubonsmee ypnaxxHeHne Ba6enko, 2007

To, 4To KIUMAT BOOOIIIE U YBIAKHEHHOCTh MATEPUKOB B YACTHOCTHU HE SIBIISIOTCS
BEJIMUMHON MMOCTOSTHHOM, BUJIMMO, 000CHOBaHUS HE TpeOyeT. OJHaKO JaHHBIC O Bpe-
MEHHM U 00 MHTEHCHBHOCTH TPOUCXOJUBIIMX M3MECHCHUH MOTYT pa3jinvyarhCs BIUIOTh
JI0 TOTO, YTO MPOTUBOpeUar aApyr aApyry. [lomoOHOe pacxokieHue MOXKET ObITh BbI3Ba-
HO Pa3JIMYHBIMKM BHCIIHUMH (U3NYCCKUMHU YCIAOBUSIMHU CYILIECTBOBAHUS MCCIICTYyEMbIX
06pasnos [1], ommbkamu cTparurpaduu u Apyrumu gaxkropamu. [Ipu 3ToM npeacTas-
JIAETCS, YTO OOJIBIIMHCTBO JATUPOBOK COOTBETCTBYIOT MPOUCXOIUBIIUM IPOIIECCAM.
B npoTHBHOM ciy4ae HEMHUHYEMO BCIUTBIBIIME MPOTHBOPEUUS BBI3BAIH ObI OTKa3 OT
MIPUMEHEHUS METOJIa, C TOMOIIIbI0 KOTOPOTO OHU OBLIH OJTy4YeHbI. [I0CKOIBbKY METO b
MPUMEHSIFOTCSI, B OOJIBIIIMHCTBE CITyYaeB SIBHBIC IPOTUBOPEUHS HE MPOSIBIISIOTCSL.
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3. Ilpu aHanu3e JaHHBIX, IPUBEACHHBIX B Tabm. 1, ObUIO MPUHATO, YTO M3MEHE-
HUS YBJIQ)KHEHHOCTH MaT€pPHKOB IPOUCXOIMIN OJJHOHAIIPABICHHO B PA3HBIX PErHOHAX.
[IpencraBnsercs, 4TO 3TO MPEIIONOKEHNE ObLIIO OCHOBAaHO HAa TOM, YTO B HACTOSIIEE
BpeMsI MPOUCXOAUT IobaipHoe noTemieHne. OHO MPOUCXOJUT Ha BCel MIaHeTe 3eMils
HE3aBUCUMO HM OT TPAHUL] CEBEPHOI0, FOXKHOTO, BOCTOUYHOI'0 MJIM 3aIIaJHOTO IOJIyIa-
pHsl, HU OT TPaHMLl MaTepUKOB, HU TeM OoJiee OT YyCTAaHOBJIECHHBIX IOCYIApCTBEHHBIX
rpanun ([3, c. 4, 13, 31] u np.). OTciona B paMKax MPUHATOTO TPEATIONIOKEHHS CIeTyeT
BBIBOZ O TOM, YTO, HAIIPUMEP, 3HAUYMTEIBHOE 10JITOBPEMEHHOE COKpAILECHHUE MJIOMIAIN
JIETHUKOB B AJIbIIaX TOBOPUT O MOTEIUIEHWH KJIMMara Ha Bcel muaHere. Eciu xe ans
KaKoH-TM00 31T0XU OyJeT HalIeHo (paKkTHIeCKOe ONpPOBEPIKEHNE BEIABUHYTOMY TIpEI-
MOJIOKEHHIO, TO OHO JIOJDKHO OBITH JTMOO OTBEPrHYTO, THOO CKOPPEKTUPOBAHO.

Ta6nuua 2 (crpoxku KJIH (kanennapubix jet Hazan) u HUY (Hanpasnenue usme-
HEHMS yBIQXKHEHHOCTH) OblJIa COCTaBJIeHa HAa OCHOBAaHMM JaHHBIX Tabi. 1 Mo ciemyro-
LIUM ITpaBHJIaM:

— BpEMeHHbIE WHTEPBaJIbl, YKa3aHHbIE B TaOM. 1, ObUTH pa30UTHI HA OTPE3KH I10
100 ner;

— IpU YBEJIUYEHUH YBIAXXHEHHOCTH B paCCMaTpUBAaEMblil OTPE30K BPEMEHHU B CO-
OTBETCTBYIOLIYIO siUeiKy Tall. 2 cTaBuiICs 3HaK T, a IPU YMEHBIIEHUH — 3HAK |;

— IIPU MaKCUMyMe yBJIQXKHEHHOCTH B pacCMaTPHUBAaEMBI OTPE30K BPEMEHH B CO-
OTBETCTBYIOIIYIO TYEHKyY Tabi. 2 cTaBuiICs 3HaK 11, a IpU MUHUMyME — 3HaK | |;

— ecii MakcUMyM (MUHUMYM) yKa3aH B Touke (Harpumep, 7500), To nHTepBajIoM
TTOBBITICHUS (TTOHMKCHUS ) YBIIAKHEHHOCTH cunTaics nepuoxa 100 net (7600—7400).

Bri0op unTepBana auckperusanuu B 100 et crajg KOMIPOMHCCOM MEXIY JKeJla-
HHEM €T0 MUHHMU3ALNH, C OTHOM CTOPOHBI, M peaJIbHBIMA MHTEPBAIbHBIMH OIIEHKAMH,
B HEKOTOpBIX ciydasx npesbimatomumu 1000 net, ¢ apyroit croponsl. Kpome Toro,
nuTepBan 100 yeT cCOOTBETCTBYET pa3pelieHuio 0 BPEMEHH TaKUX HCTOYHHUKOB KIIH-
MaTH4ecKkol HHPOPMaLMHU, KaK CIIOPO-TIbIIbLIEBLIE CIIEKTPHI, AJICONIOUYBBI U JIECCOBBIE
otnoxenus [4, c. 306].

4. Hcxons 13 NPUHATON TMIIOTE3bl O COOTBETCTBUM B OCHOBHOM CYLIECTBYIOLIMX
JaTHPOBOK MPOUCXOAMBIINM IpOLEccaM MPH aHAIU3€ MOJYUYEHHBIX Pe3yJabTaToB HC-
MOJIB3YETCS TIPOCTOE MPABUIIO MCKIIIOUEHHUS JIByX pa3HOHANpPaBIEHHBIX TPEHIOB B Ka-
Kol sueiike ctpok HUY B Tadm. 2. B pesynbrare UCKITIOUEHUS B KQXKIOH sSTYeiKe ocTa-
I0TCS TOJIBKO OJIHOHAIpaBJIEHHbIE 3HAKH, KAU€CTBEHHO XapaKTepPHU3YIOIHe yBIaKHEHNE
HCCIIeyeMbIX PeruoHoB. IIpencrapisiercs, 4TO OKa3aBIIMECS B 3HAYMMOM MEHBIINH-
CTBE JAaTUPOBKHU JOJKHBI OBITH TOABEPrHYTHl COMHEHUIO. OIHAKO CiTydau, B KOTOPBIX
YHCIIO WCKIIOUEHHUH TPEBBINIAET YUCIO HE HMCKIIOYCHHBIX 3HAKOB, TPEOYIOT TIOMCKA
JIOTIOJTHUTENBHBIX 1aTHPOBOK. KpoMe Toro, mogoOHast cuTyaunnsi MOXKET YKa3blBaTh Ha
Pa3HOHAIPABIEHHOCTh U3MEHEHHUH, TIPOUCXOIMBIINX B Pa3HBIX PETHOHAX.

5. B pesynbrare momyuyuTcs psja ¢ uHTepBanoM auckpermsanmu 100 et (cTpoku
KJIH u «Psn» B Tabmn. 2), cocTaBieHHBIH Ha OCHOBaHUM JAHHBIX TOCTYIHBIX ITyOIH-
Kalii, KOTOPBII XapaKTepu3yeT U3MEHEHHE YBJIQ)KHEHHOCTH PETMOHOB BO BPEMEHHU.
3anuch psia JOKHA UMETh HEH3MEHHYIO CTPYKTYPY, YTO HEOOXOAMMO JJisl KOPPEKT-
HOW aBTOMaru4eckod oOpabOTKH, HO TMPU 3TOM MPEJCTABICHUE Psijia JIOJKHO OBITH
yAOOHO AJIsl 3pUTENBHOrO BOCHPUATHA. Mcxoas U3 3TOro ObUIO MPUHATO TaOIUYHOE
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Tabnuya 2
V3meHeHHe yBIIa)KHEHHOCTH PETHOHOB
Changing the moisture content of regions

KJIH| 1000— | 1100— | 1200— | 1300— | 1400— | 1500— | 1600— | 1700— | 1800— | 1900—
1100 1200 1300 1400 1500 1600 1700 1800 1900 2000
nd - — | = | =] - 1 1 1 1
Pan | 0—0) | 0—0) | 0—(0) | 0—(0) | 0—(0) | 0—(0) | 1(0) | 11(0) | 17(0) | 11(0)
KJIH| 2000— | 2100— | 2200— | 2300— | 2400— | 2500— | 2600— | 2700— | 2800— | 2900—
2100 2200 2300 2400 | 2500 2600 2700 2800 2900 3000
Huy| 11 " T T A L I A m m
Pan | 27(0) 21(0) I | 1@ | @) | et | 71(0) | 11(0) | 31(0) | 31(0)
KJIH| 3000— | 3100— |3200— | 3300— | 3400— | 3500— | 3600— | 3700— | 3800— | 3900—
3100 3200 3300 3400 3500 3600 3700 3800 3900 4000
HUY| 11 I o imm I T TUL ITUIT P UTUT UL
Pax | 17(1) 17(1) 20 | 21D | 1) | 1) | 0—2) | 0—(3) | 0—(3) | 4l(D)
KJIH| 4000— | 4100— |4200— | 4300— | 4400— | 4500— | 4600— | 4700— | 4800— | 4900—
4100 4200 4300 4400 4500 4600 4700 4800 4900 5000
HAY LT T UL | T T T T T T T
Pax | 6)(1) 74(1) @) | 1@ |2l | 1 | | o |
KJIH| 5000— | 5100— | 5200— | 5300— | 5400— | 5500— | 5600— | 5700— | 5800— | 5900—
5100 5200 5300 5400 5500 5600 5700 5800 5900 6000
HIY| 111 T I s I ) I ! ! M
Pag | 27(1) 211 | 01 | L) | L) | 1) | 0—1) | 1LO0) | 14(0) | 17(1)
KJIH| 6000— | 6100— | 6200— | 6300— | 6400— | 6500— | 6600— | 6700— | 6800— | 6900—
6100 6200 6300 6400 6500 6600 6700 6800 6900 7000
HIAY| 1111 " " " " mm m m m m
Pax | 27(1) 27(0) 21(0) | 21(0) | 27(0) | 41(0) | 41(0) | 31(0) | 37(0) | 31(0)
KJIH| 7000— | 7100— |7200— | 7300— | 7400— | 7500— | 7600— | 7700— | 7800— | 7900—
7100 7200 7300 7400 7500 7600 7700 7800 7900 8000
HAY| 111 I 1 1 LT H — T T Tl
Pax | 31(0) 0—() | 0—D) | 0—() | 2L(D) | 21O) | 0—0) | 17(0) | 17(0) | 0—D)
KJIH| 8000— | 8100— |8200— | 8300— |8400— | 8500— | 8600— | 8700— | 8800— | 8900—
8100 8200 8300 8400 8500 8600 8700 8800 8900 9000
HUY| 1] 1 T T " T T Tl T T
P | 0—(1) 11(0) 1100) | 11(0) | 27(0) | 17(0) | 0—(1) | 0—(1) | O—(1) | O—(1)
KJIH| 9000— | 9100— | 9200— | 9300— | 9400— | 9500— | 9600— | 9700— | 9800— | 9900—
9100 9200 9300 9400 9500 9600 9700 9800 9900 10000
HUY| 1 " T ) ’ ! ’ ! — —
Pan | 21(0) 21(0) 1100) | 0—1) | 1U0) | 11(0) | 110) | 11(0) | 0—(0) | 0—(0)
KJIH| 10000— | 10100— {10200—|10300—|10400—| 10500— |10600—{10700—| 10800—| 10900—
10100 10200 10300 | 10400 | 10500 | 10600 | 10700 | 10800 | 10900 | 11000

HUY| — — T ! ! 1 1 l — —
Pax | 0—0) [ 0—0) [ 0—(1) | 1LO) | 1LO) | 1L0) [ 1LO) [ 11©0) [ 0—(0) [ 0—0)
Ipumeuanue. KJIH — xanenmapueix net Hazaa, HUY — nHanpaBneHne M3MeHEHHs YBIaKHEHHOCTH,

Psin — uToroBsli psi.
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MIpEJICTaBIICHUE Psifia CO CIEeMYIOIIeH CTPYKTypoil. BpeMeHHbIE OTMETKH PacIioNOKEHBI
B ctpokax KJIH. IlepBoe uncio B siueiike crpoku «Psam» (cm. Tabn. 2) o603Ha4aeT yucio
HE WCKITIOUYEHHBIX JaTUPOBOK, YKa3bIBAIOIIMX HA MOBBIIICHNE | WIH IMMOHIKEHUE | YB-
JIAYKHEHHOCTH, @ YUCIIO B CKOOKaX — YMCJIO UCKITFOYCHHBIX Pa3HOHAIMPABICHHBIX TPCH-
noB. [Ipouepkom (—) 0003HAYEHO OTCYTCTBHE HE MCKIIIOUYECHHBIX TPEHIOB. B oTHenms-
HBIX CITy4asiX, HallpuMep NpU OTCYTCTBUU TaTHPOBOK B sSYCHKE, 3aHCh MOTJIA ObI OBITh
YIPOIIEeHA, OJIHAKO CTPYKTYpa 3aImuceii ocTaBieHa HEM3MEHHOH B IEIISIX YIPOIICHHUS UX
JabHEHTIIe aBTOMAaTHIeCKO 00paboTKu.

B nonyueHHOM psifie 0TOOpaKarOTCS TOJIBKO MEPUOBI TOBBIIICHUS T U IMOHIKE-
HUS | YBIQKHEHHS, a KOJMYECTBEHHBIE XapaKTePUCTUKN He YIuThIBaroTCs. [Ipeanarae-
MBIl METOJ] HE OTPAaHUYCH HU KOJIMYSCTBOM IPUBJICKACMbIX UCCIICOBAHUI, HU Teorpa-
(bI/IT-IeCKI/IM PACIIONIOKEHUEM UCCIIEAYEMBIX PETMOHOB, HU UCITI0JIb30BAHHBIMU METOIaMU
JATHPOBaHUS.

HOJIy‘IeHHBIﬁ pAa COACPIKUT COBMECTHOC NPCACTABICHUC JaTUPOBOK KIMMATHUYC-
CKMX M3MEHEHWH 3a MCCIeayeMbId IPOMEKYTOK BpeMeHH. [lomoOHoe mpenacTaBieHne
rH(pOpMAIMK O TAJICOKIMMATE TIO3BOJIMT CBECTH MMCIOINUECS JIaHHBIC, MOJyYCHHbBIC
C MTOMOIIBIO PA3TUYHBIX METOJIOB TaTHPOBAHUS PA3HBIMH MCCIEIOBATEISIMHA B Pa3HBIX
peruoHax, B GopMy, yIOOHYIO Kak JUIsl AaJbHEHINEH aBToMaTn4ecKol 00paboTKu, TaK
W JUJTsl BU3yaJIbHOTO BOCTIPHATHS. Peannzanust npeanokeHHOTo MoAX0/1a MO3BOJIHT Olle-
HUBAaTh UMEIOIINECS JJaHHBIE B COBOKYITHOCTH, YTO TIOBBICUT OOOCHOBAaHHOCTH H JIOCTO-
BEPHOCTb BEHIHOCUMBIX Cy)KHeHHﬁ.

3akjoueHue

B craree ommcaH METOX COBMECTHOTO MPEICTABIEHUS NaTHPOBOK MCKOMAEMBIX
00BEKTOB, MO3BOJISIIOIINI CBECTH Pa3pO3HEHHBIC JaHHBIE O KJIMMAaTe MPOLIEIIINX 3TT0X
BO BPEeMEHHOMU psij ¢ mepuoaoM auckperm3arnuu 100 jet, oTpakaronuii mpouCXoIuB-
1€ KaY€CTBEHHbIE N3MEHEHMS.

Hayunas HoBU3Ha ITPEIOKEHHOTO METO/1a 3aKJII0YaeTcs B BO3SMOKHOCTH COBMECT-
HOTO PAcCMOTPEHMsI JaTUPOBOK MCKOIIAEMbIX OOBEKTOB, COIEPKAILUX HHPOPMALUIO U
0 XapaKTepUCTUKaX KJIMMAaTa 3M0XH CBOETO CYIIeCTBOBAHMUS.

OOBEKTUBHOCTh TOMYYaeMBbIX PE3YyJIbTAaTOB OCHOBBIBAETCS HA MCIIOJIB30BAaHUHU
MHOKECTBA HE3aBUCHMBIX JAaTUPOBOK MCKOIIAeMbIX OOBEKTOB, OIYUYEHHBIX Pa3IMIHbI-
MU METOJIaMU JIJIsl pa3JIMYHBIX IIEPHUOJOB U PETrMOHOB.

Mertox pa3paboTaH Ha OCHOBAaHUH JAaHHBIX 00 YBJIQXKHEHHOCTH PETHOHOB, B3STHIX
U3 cay4ailHOH BBIOOPKHM CTaTei, B KOTOPBIX B OCHOBHOM TPEICTAaBICHBI PE3yJbTaThl
HCCIIEJOBAaHNH HCKOIIA€MOM MBUIBIBI PACTEHHUI. BO3MOMXKHO TakXke UCCIIEAOBAaHUE U 1a-
THUPOBOK TemIiiepaTypsl. Kpome Toro, BMecto Bo3pacTanus (yObIBaHUS) yBIaKHECHHO-
cTH (TOBbIIEHNs (TOHMKEHNUS) TEMIIEPATyphl)) MOKHO PacCMaTpuBaTh MPOU3paCTaHUE
B pErMOHE BEIOPaHHBIX paCTEHUM (HAaIpUMep, COCHBI WIIN y0a), 4TO ITO3BOJIUT OLICHUTD
KOJIMYECTBEHHBIE XapaKTEPUCTUKH YBIAKHEHHSI UM TeMIEpaTyphl.

JloCcTOBEPHOCTh MOJyYEHHBIX PE3YJbTaToOB OyneT BO3pacTaTb C YBEIMUYCHHUEM
yyclla MPUBJIEUEHHBIX K aHAJIN3Y AaTUPOBOK. [Ipu 3TOM Taxke BO3MOXKHO MPOBEIECHNE
¢ depeHITnpOBaHHOTO UCCIIEIOBAHMS 110 PETHOHAM U TIOCTIEIYIOIIEe COTOCTaBICHNE
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B I[TOPAAKE JUCKYCUUN

MOJYYCHHBIX PE3YyJbTATOB C HCJIbIO MOATBCPIKACHUA (OHPOBGP)KCHI/IH) TUITOTE3bI 00
O/THOHAITPAaBJICHHOCTHU W3MCHCHUM KJIMaTa B MIpOoLIJIOM B pa3HbIX PETHUOHAX IIAHCTHI.
BrisBisiemeie B nponecce ucciaeaoBaHusl HECOOTBETCTBUA, BO3MOXKHO, ITOMOTI'YT OIIC-
HUTH CYHICCTBYIOIHNEC JATUPOBKU C TOUKHU 3PCHUA UX JOCTOBECPHOCTH.
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XPOHHKA
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K crosieruro co nus poxaenus JI.'T. MarseeBa
(1920—2009)

18 aBrycra 2020 1. ucnonusercs 100 meT co qHS POXKACHHS U3BECTHOTO yYUCHO-
rO-METEopOJIOra, 3aciyKEHHOIro nesitens Hayku Poccuiickoit denepaunn, mo4eTHOro
npodeccopa BoeHHO-KOCMUUecKo akagemun nMeHu A.D. Moxaiickoro, 1okTopa (u-
3UKO-MaTeMaTHIeCKuX Hayk, mpodeccopa Jleonnaa TuxoHoBnaa MaTBeesa.

JI.T. MatBeeB poauics B KPECThSIHCKOM ceMbe, MPOKMBABLIEN B cene XoTaBel|
Kanmununcko#t o01actu, Henaneko ot PeiOnHCKOro BogoxpaHmiuina. OKOHYMI MIKOTY
KOJIXO3HOU Monoaexu, a B 1938 r. nmegarornyeckoe yuunuiie B I. Becheroncke, rue
MOJIyYHIT TIEPBYIO B CBOCH KU3HU KBAIU(UKAIUIO — YYUTEIIST MATEMAaTHUKH HEMOTHON
cpenHei mKrobl. [[0CKOIBKY y’Ke B 3TOM BO3pacTe Y HErO MPOSBUIINICH HEMIOKIHHEIE
MaTeMaTHYeCKHEe CIIOCOOHOCTH, Cpa3y IMOCJE BBIITYCKa OH ObLI HampasieH B MOCKBY
JUIsS. IPOJIOJDKEHUsT 00pa3oBaHusi B MOCKOBCKOM T'OCYQPCTBEHHOM TMEarornyecKoM
uncrutyte uM. B.U. Jlenuna.

[TponomkuTh yuedy U MOTy4YHTh CIIEHUATFHOCTh MaTeMaTHKa eMy nomernnana Be-
nukasi OtedecTBeHHas BoiiHa. OH OBLI HANpaBIIeH B COCTaBE CTYIEHYECKOTO OTpsiia
JUTSL CTPOUTENIBCTBA YKPEIUICHUN B MPUPPOHTOBYIO MOJIOCY, TJI€ OH HE TOJILKO aKTHBHO
paboTait, HO ¥ IPUHSAJ y4acThe B O0EBBIX ACHCTBUAX 110 JTUKBUIAINH AECAHTA IPOTHB-
HuKa B patione Kammpsl. 3a yyactue B 000poHe MOCKBEI OH ObLIT HATPAXKACH MENaIbI0
«3a 060poHy MOCKBBD».
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XPOHUKA

B cenrsiope 1941 1. JI.T. MarBeeB Obu1 HanpaBiieH Ha 0Oy4yeHue B Bricimii BoeH-
HBII runpomeTeoponornyeckuit ”HCTUTYT Kpacuoit Apmun (BBI'MU KA) — onun u3
ncropuueckux npeamectBeHHUKOB PITMY u dakynsrera cOopa u 06pabotku nHbOp-
Maluy (M3HaYaJlbHO METEoposornieckoro (akynsrera) BoeHHO-KOCMUYecKol akaje-
mun uM. A.D. MoxalicCkoro — JJisl yCKOPEHHOTO OBJIAJACHISI KpaitHe BOCTpeOOBaHHOM
B BOGHHOE BpEMsl CIIEIMAJIbHOCTBIO MeTeoposiora. IMEHHO ¢ 3TOro MOMEHTa cyabda
HaBcerIa cBs3aia ero ¢ Mereoposiorueii. Becunoit 1944 1. Jleonnn TUXOHOBUY OKOHYUMIT
BBI'MU KA c¢ ommnumeM. B nocnenyromme roasl (B oOmiei cioxxHOCcTH 65 1eT) oH
aKTHBHO paboTal B By3aX METEOPOJIOTHIECKOT0 Mpoduiisi: 28 JIeT B IOPKHOCTH Havyallb-
HuKa (3aBemyromiero) kadgenp BBIMU KA, BTM® CA, BKA nMm. A.®D. Moskaiickoro
(JIBBUA um. A.®D. Moxaiickoro), a 3arem 15 netr 8 PITMY (JIF'MU). B 1947 r. on
3aIATHAI KaHIUIATCKYT0 nuccepTanuio B JITMU, a B 1959 . — mokropckyto auccepra-
nuto B ['mapomernentpe CCCP.

3a roxpl cBOoei MHoOrojieTHel ycremHoi padotsl JI.T. MarBeer co3an HaydHYIO
IIKOJTY TIO HalpaBJIeHHIo «JlmHaMrKka 001aKkoB M 0CaIKOB» M y4aCTBOBAJ B CTAHOBJICHUN
HAYYHBIX IIIKOJI [0 APYTUM aKTyaJ bHbIM HAalIPaBICHHUSIM (QYHIAMEHTaIbHON U IPUKIIAJI-
HOM THIPOMETEOPOIIOTHH, TOATOTOBIII IECTh Y4eOHUKOB, OMH U3 KOTOPhIX — «Du-
3MKa arMocQepbl» — BBLIEPKAI MATh M3JAaHUN U TMEPEeBEICH Ha ISITh WHOCTPAHHBIX
s1361K0B. CTIMCOK €T0 Hay4YHBIX TPY0B HacuuThiBaeT Oonee 200 HanMeHOBaHUH (TiepBast
ero pabora Opu1a onyonukoBaHa B 1947 1. B )xypHaie «MeTeoposorHs U THAPOIIOTHS).
Jleonun TuxonoBuY momarotoBun 43 KaHAMIATa HAyK, CEMb U3 KOTOPHIX B JalbHEU-
IIeM IO/ €r0 PYKOBOJCTBOM CTaju MokTopamMu Hayk. B 1960 1. oH ctam mpodecco-
pom, a B 1973 1. emy ObLIO PUCBOEHO 3BaHUE 3aciyKeHHBIN Jestens Hayku PCDOCP.
C 1995 1. oH sIBIIsJICST TIOYETHBIM ITpodeccopoM BoeHHO-KOCMUYECKOM akaeMUK HMe-
HU A.D. Moxaiickoro. B 1951 1. oH ObUT HarpakJieH MeAalbio «3a 00eBbIe 3aCITyTHY, a
B 1956 . — opaenom Kpacnoit 3Be3fpl.

Jleonnna TuxoHOBWYA OTIMYAIH CKPOMHOCTH, MPOCTOTA B OOIIEHWH, BBICOKAS
KyJbTypa, UyTKOE U BHUMATEIbHOE OTHOLIEHHE K JIoAsIM. OH CHHMCKAJ 3acilyKEHHBIN
AaBTOPHUTET W UCKPEHHEE YBa)XCHHE CO CTOPOHBI BCEX, KTO €ro 3HaJl, paboTan Win 00-
masncst ¢ HuM. Besze, rae oH paboTtal, KOJUIETd U COCTY KHUBLBI JIFOOMIN €r0 ¥ BBICOKO
LIEHWIN €To yesoBeueckne kadecTBa. OH ocTaBUi 0 cede T0OPYIo U CBETIYIO MaMsTh.

Jleonnn TuxoHOBWY TPOSIBIIST BBICOKWH TpodhecCHoHann3M, TIryOOKyr0 TpeaaH-
HOCTb HayKe, TBOPUYECKYIO SHEPIHUIO0, 3aBUAHYIO pab0TOCIIOCOOHOCTD U 3pyauuunio. OH
SBIISIETCS IPKUM TIPUMEpOM ciyxkeHus Ponnne. Ero KHUTH ¥ yOMUKaIy 1o pasind-
HBIM MPOOJIEMaM METEOPOJIOTHHU BBI3bIBAJIH M BBI3BIBAIOT HEUCCSIKAEMBIN YUTATEIBCKUH
WHTEpeC KaK B HaIlIeH CTpaHe, Tak U 3a pyOeKoMm.

Ceemnas namsth o Jleonnne TuxoHoBuue MarBeeBe HaBcera COXpaHUTCS B Ha-
LIMX Ceplax.

Konnezu, opysvs, yuenuxu
(compyonuxu BKA um. Moxcatickoco u PI'TMY)
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