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AnnoTtauus. B pabote paccmarprBaeTcs METOIMKA ONpPEIeTeHHUs IIOMAAH SBTPOPHUKALNN BHY TPEHHHX
BOJIOEMOB Ha OCHOBE JTAaHHBIX CEHCOPOB CHYTHWUKOB cepur Landsat 3a 2006 u 2023 rozapl. BeimonaeHO
CpaBHEHHE CICKTPAIBHBIX BEJIHMYMH KPACHOTO, CHHETO U ONMKHEr0 MH(PAKpaCHOTO KaHAJOB CEHCOPOB
Landsat (TM/ETM+/OLI), nony4eHHBIX Ha CMEKHBIE AaThl CheMKH. Bepudukauus 3BTpodrpoBaHHBIX
o0yacTel, BBIICIIEHHBIX 110 CITy THUKOBBIM JIaHHBIM, TIPOBE/ICHA Ha OCHOBE HA3€MHBIX TaHHBIX CO CTaHIIUH
JUMHOJIOTHYECKUX HaOmrofeHuit st n3ydeHus Yyacko-IIckoBckoro ozepa. BrImonHeHO HccienoBaHme
pacrpocTpaHeHus 3BTPOOUPOBAHHBIX YYaCTKOB B 3aBUCHMOCTH OT TEMIIEPATyphl TIOBEPXHOCTH BOJIBI C
UCTOJb30BaHueM HH(popMarmonHoro npoaykra MODI11A, cozmaBaemoro Ha ocHOBe cHuMKOB MODIS.
C menpio OTHENCHUS «MAacKu» BOAHOW MOBEPXHOCTH O3epa I OOeCIedeHHs NalbHEeHIel o0paboTKu
CHHMKa METOJOM JaHHOTO MCCJIEJOBaHUsA, MCIOJIb30BaH CHEKTPAJIbHBIA BOAHBIM HHAEeKC NDWI.
[lonmyyeHnsl KapThl pacmpefelicHusi OoOnacTed, MOKPBITHIX LBETEHHEM IHaHOOAKTEpUH MO JaHHBIM
CEHCOPOB CIyTHUKOB cepuu Landsat. Ha ocHOBe pe3ynbTaToB MPUMEHEHUST METOIMKY ObLIa UCCIIe0BaHa
TUHAMMKa miioany BTpodukanun Yyncko-IlckoBckoro ozepa ¢ Mas mo ceHTs6ps 3a 2006 u 2023 rosl.
MaxkcuManbHble 3Ha4eHUs Tuiomaan »BTpodukanun B [IckoBckom o3epe Habmopanuck B 2006 u 2023
rony B uroHe, B Uyackom — B 2006 B ceHTs10pe, a B 2023 roxy — B uioHe. VIHTEeHCHBHOE IIBETEHHE B
IlckoBckOM oO3epe HaOMOgAeTcs ¢ Mas MO HWIOJb, MOCIE YEero IUIOmAaAb IBTPOPHUKAINH MOCTEIIEHHO
cHmkaercsi. B UyzackoMm o3epe mporecc pa3BUTHS CHHE-3€JI€HBIX BOJOPOCIEH MPOUCXOIUT IIO3XKE,
yBENMUEHHE IUIOIAAM PACIpPOCTpaHEHUs IMaHoOakTepwid HaOmIomaeTcsi B aBrycTe — ceHTsIOpe.
ComnocraBieHre MPOCTPAHCTBEHHOTO pacIpeneseHnss o0IacTel, MOKPBITHIX IIMaHOOAKTEPHSIME, MEXIY
CIIyTHUKOBBIMHU M HAa3€MHBIMH JAHHBIMH IO OJH3KUM JPYT K JIPYTy JaTaM IMOKa3alo CPEIHIOI CHITY
cBsi3u (k03 dunment xoppensuu 0,50-0,70).
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Abstract. The study is devoted to the development of a methodology for determining the eutrophication
area of inland reservoirs using Landsat satellite sensor data for 2006 and 2023. The spectral
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characteristics of the red, blue, and near-infrared channels of Landsat sensors (TM/ETM+/OLI) for
different survey dates were compared. To verify the eutrophied sites identified by satellite data, ground-
based data from the limnological stations of Pskov-Peipsi Lake were used. The study of eutrophied areas
distribution depending on the water surface temperature was carried out using the MOD11A information
product based on MODIS images. The NDWI spectral water index was used to process the images and
separate the lake's water surface. Maps showing the distribution of areas covered with cyanobacteria
bloom according to Landsat sensors have been obtained. The dynamics of the eutrophication area of Lake
Peipsi was analyzed from May to September for 2006 and 2023. The maximum values of the
eutrophication area were noted in June 2006 and 2023 in Lake Pskov, and in September 2006 and June
2023 in Lake Peipsi. Cyanobacteria bloom in Lake Pskov is observed from May to July, after which the
eutrophication area gradually decreases. In Lake Peipsi, blue-green algae development process occurs
later, which may be due to a later warming of the water, the area with cyanobacteria expanding by
August. A comparison of the spatial distribution of areas covered with cyanobacteria based on satellite
and ground data for close dates showed an average relationship (correlation coefficient equaling
0.50-0.70).

Keywords: eutrophication, remote sensing of the Earth, multichannel satellite images, Landsat images,
geoinformation systems, NDWI, MOD11A1 Terra MODIS
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BBenenue

Uyncko-IlckoBckuit Bo10eM MO IIIOMIAAN BOJHON MOBEpXHOCTH (3555 KMZ) IIPUHAJIEKUT K
YHCITy KPYIHBIX IPECHOBOAHBIX BOJOEMOB EBpOITBI M MIMEET cTaTyc TpaHCTpaHU4HOro [ScTpeMkuid,
Sctpemckas, 2004; Tumm u 1p., 2012]. O3epo otHOCUTCs K Oacceiiny duHckoro 3anuBa banTuii-
CKOI'O MOPSL U COETUHSIETCS ¢ HUM KOpoTKoi (77 kM) pekoit HapBoii. B cBsi3u ¢ 3Tum nnpopmanus o
COCTOSIHMM €r0 SKOCHUCTEMBI MMEET MeXIyHaponHoe 3HadeHue [Scrpemckuii, 2010]. Yuureisas
HapOJIHOXO3SHCTBEHHBIM 1 MEXIyHApPOAHBIN CTaTyC 03€pa, BOIPOCHI, CBSI3aHHBIE C SKOJIOTMYECKUM
COCTOSTHHEM BOJIbI, TPEOYIOT IITy0O0KOi IpopaboTKH.

N3-3a GomnbImoi momaay o3epa mojeBoi oTOOp Mpod Jist OLEHKU CTENEeHU 3BTPO(UKALINN
CTQHOBHTCS CIIO’KHBIM U TpeOyeT OOJIBIINX 3aTpaT BPEMEHU U PECYpCcoB Ha 00pabOTKy M aHAJIU3 pe-
3ynbTaroB. OHAKO MCIHOJIb30BAaHHE AMCTAHLMOHHBIX METOAOB OLEHKH YpPOBHS 3BTpO(UKaIMM C
MIOMOIIBIO CITyTHHUKOBBIX CHUMKOB TO3BOJIIET OBICTPO U C MUHUMAJIbHBIMH 3aTpaTaMU JONOJHUTb
WM 3aMEHUTH BbIE3/IHbIE HcciieoBaHus. Pa3paboTka METOIMKY AJIs1 ONPEAEIICHUS IO I1 3BTPO-
(UKaLUM BOJOEMOB C HCIIOJIb30BAHUEM MYJIBTHCHEKTPAIBHBIX CHUMKOB M ONpPEEseT aKTyallb-
HOCTb UCCJIE/IOBAHUSL.

Ipouecc 1BeTeHUs! (PUTOMIAHKTOHA, COCTOAIIET0 UX OJHOKJIETOYHBIX BOAOPOCIEH, MpOsB-
JISIETCSl KaK CE30HHOE M3MEHEHHE SIPKOCTU BOJAHBIX 0acCeHOB M 00YCIIOBJIEH YBEJIIMYEHHEM CKOpPO-
CTHU JIeJICHUs! KJIETOK MpH OJaronpHATHBIX yCIOBUsIX. LIBeTeHue 1uaHoOaKTepuil CHIKAET MpUBIIE-
KaTeJIbHOCTh BOJIOEMOB JJIsl OT/IbIXa U PUBOAMT K 00pa30BaHUIO TOKCUHOB B X BoJax [BepinHuH,
Opiosa, 2008]. Taxke MaccoBoe pa3MHOXKEHHE LIMAHOOAKTEpU B BOJOEMaxX MOXKET MPUBECTH K
HEraTUBHBIM TOCJIE/ICTBUSIM, TAKUM KaK 00pa30BaHUE OMACHBIX OMOJIOTMUECKH aKTHUBHBIX BELIECTB U
yBEJIWYEHHE MOKa3aTessl BOJOPOIHOTO MHIEKCA BOIbI, YTO CIIOCOOCTBYET Pa3BUTHIO BUPYCOB U ApY-
rux Bo3OyauTenel OosesHel y uenoeka [PymsianieB, Kprokos, 2013]. s oOHapyKEeHUS [IBETCHHS
(PUTOIIAHKTOHA U OTCIIEKMBAHHS €T0 U3MEHEHUM BO BHYTPEHHHUX BOJIOEMAX IMPOKO MPUMEHSIOTCS
METOJIbI TUCTaHIIMOHHOTO 30HaupoBanus 3emi (/133) [Siegel et al., 2013; Uypwiosa u np., 2016a,
6; Werdell et al., 2018]. OCHOBHBIM MUTMEHTOM, UCIIOIb3yEMBIM /Il OLIEHKH CKOPOCTH (POTOCHHTE-
3a ¥ pocTa (PUTOIUIAHKTOHA, sBIsieTcs Xiaopodmut a [Bidigare et al., 1992; Behrenfeld, Falkowski,
1997; Suslin, Churilova, 2016]. CkaHep CIlyTHUKOB pErUCTPUPYET CUTHAJIBI, CBSI3aHHBIE C MOIJIOIIE-
HHEM CBeTa Pa3IMYHBIMH MUTMeHTaMu (utoruiankToHa: ximopodmn (XJI), kaporuHounsr (KP) u
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¢uxodmmumporennsl (OBIT) [Rowan, 1989; Prezelin et al., 1991]. OTu nUrMeHTH OMpeEIsIOT
CIEKTp CBETa, KOTOPBIN MCHOJB3YIOT KIETKH Ui (orocuHTe3a. [lornomenue xmopoduia a mpo-
UCXOAUT HAa JUIMHAX BOJIH NPHOMM3HTENHHO 438 W 678 HM, KapOTHHOHWBI TOTJIOIIAIOT CHHE-
3eJIeHy10 00J1acTh BUAUMOTIO CIEKTPa, a PUKOOUIMITPOTEHHBI TIOTJIONIAIOT CBET B IManazoHe ot 495
1o 635 um [Prezelin et al., 1991; Jeffrey, Vesk, 1997]. Xmopodwin a sBisieTcss 0CHOBHBIM (hOTOCHH-
TETUYECKUM MMUTMEHTOM, (PHUKOOMIMIIPOTEUHBI UTPAIOT POJIb CBETOIOTIIOTUTENCH B IMAHOOAKTEPH-
SIX M KPaCHBIX BOJIOPOCTISIX, @ KAPOTHHOHIB! BBIOIHSIOT (PYHKIIUH TTOTJIONICHHS CBETOBOM SHEPTUH
JUist POTOCHHTE3a U 3alIUThI aKTUBHOTO XJIOPOGHILIA OT pa3pylieHHs KUCIOPOAOM IO BO3/ICHCTBU-
em cBeta [Bidigare et al., 1990; Demers et al., 1991].

N3MeHeHne KOHIIEHTpalK MUTMEHTOB B KIJIETKaX MHUKPOBOJOPOCIEH M IaHOOAKTepUil B
3aBUCUMOCTH OT CTHEKTPAILHOTO COCTaBa OCBEIICHMSI PACCMATPUBAETCS COTTIACHO TEOPUH KOMILIEe-
MEHTapHOW XpOMaTUYECKOM aanTaluy, IpeanoxeHHon JurensMadoM u ["aiiykoBbv B 1902 romay
1utst maHobakTepuit (82). CorlacHO 3TOi TeopHu, YpOBEHb IIUTMEHTOB YBEJIMYUBACTCS B TEX KIIET-
KaxX, YbM TMHUIMEHTHI TOIJIOMIAIOT CBET OMPEAETICHHOTO CIEKTPa, U YMEHBIIAeTCsl B KIIETKaX, IJIe
NMUTMEHTHI HE TTOJIBEpraroTcsl moriionieHnto. Hampumep, mox Bo3aeicTBIEM 3€1€HOro CBeTa IHa-
HOOAKTEepUU CUHTE3UPYIOT KpacHbIN MUTMEHT DD ((PUKOSPUTPHH), a TIOJ] KPACHBIM CBETOM — CUHHI
nurmeHT DI (pukormanun) [Engelmann, 1902].

OCHOBHBIE XapaKTEPUCTHUKH CIIEKTPOB MOTJIONICHUSI CBETa MUIMEHTaMH (UTOILIAHKTOHA
BKJTIOYAIOT ITOKA3aTENN MOTJIONICHHS CBETa B CHHEM M KPaCHOM MaKCHMyMax CIIEKTPOB Ha JUTHHAX
BonH 438 u 678 M coorBercTBeHHO [Hoepffner, Sathyendranath, 1992; Suzuki et al., 1998]. Ilo-
TJIOIICHHE CBETa B YKA3aHHBIX JIHaNa30HaX 00yCIOBICHO OCHOBHBIM CBETOIOTJIOMIAIOIINAM ITUTMEH-
ToM Bojopociedt XJI a u BcnomorarensubiMu iurMeHTamMu KP. Kpome Toro, criekTpbl moriomeHus
CBETa NMHUIMEHTAMH IMAHOOAKTEpPHU COZIEpKaT JOTOJTHUTENbHBIC THKU TOTJIONICHHUS Ha JUTMHAX
BOJTH, COOTBETCTBYIOIIMX MOTIOMmeHH0 murmMmeHToB @3 (550) u DL (620).

Tak, BCHoNb3ys CITyTHUKOBBIE IAHHBIC B BHMMOM JIMAITa30HE, MOKHO CHCTEMATHIECKH BbI-
SBJISITH 0OJIACTH I[BETEHUSI [IMaHOOAKTEPHIA, KOTOPBIEC CYIIECTBEHHO BO3/ICHCTBYIOT Ha MOTJIOIICHUE
COJIHEYHOTO W3ITyYeHUS W OOJIAAaf0T XapaKTePHBIMHU CHEKTpalIbHBIMH OcoOeHHOCTsiMH. Ha cero-
THSIIIHANA JIEHb CYIIECTBYET HECKOJIBKO METOJOB BBISBICHHS I[MaHOOAKTEPUM, ONMMCAHHBIX B pas-
JMYHBIX pabOTax, OHM OCHOBAaHBI HA M3MEPEHHSIX OTPaKaTeIbHOW CIIOCOOHOCTH B OJTHOM WM He-
CKOJIbKMX OMNTHYECKHX KaHalaxX, a TakkKe Ha OCOOEHHOCTSX WX IMPOCTPAHCTBEHHOW CTPYKTYpPBI
[Kutser et al., 2006; Kahru et al., 2007; Blondeau-Patissier et al., 2014; Kapabames, EBmomieHko,
2015; Lavrova, Mityagina, 2016].

W3-3a MONOKUTENBHON IITaBy4eCTH IMaHOOAKTEpHUil 1 OOJBIION OMOMACCHl B MIOBEPXHOCT-
HOM CJIO€ MX SIPKOCTh 3HAYUTEIBHO BBIIIE, YEM y YHUCTOM BOJbI, 0COOCHHO B ONvkHEM HH(]paKpac-
HOM JIMara3oHe, I7ie Boja CHIIbHO morjomiaer cBeT [Blondeau-Patissier et al., 2014]. Yucras Boga
TMOTJIONIA€T OTHOCUTEIBHO MEHBIIIeE KOIMYECTBO MPUXOAIIETO W3Iy4YeHHs B Hayalle BUAUMOIO
JIana3oHa B KOMIUICKCE ¢ HAIPaBJICHHOCTHIO M3MEHEHHST PACCESTHUST MOJIEKYJIaMH BOZBL. JTO 00Y-
CIIABJIMBAET BBICOKUN KOA(HUIMEHT MPOITyCKaHUS ¢ MAKCHMYMOM B CHHE-3€JIEHON YacTH CIIEKTpa.

VYBenuyeHne KOHIEHTPAIMU XJIOPOPHUIa ¢ B KIETKaX IMAaHOOAKTEpUI Taxke TPHBOIUT K
YBEJIMUYEHUIO MOTJIONICHHUS CBETA B CUHEH YacTH CIIEKTpa B 00JaCTAX [[BETEHHS [0 CPABHEHHIO C 00-
JACTSMH TOBBIIIIEHHOW MyTHOCTH BOZBI (C B3BECHI0 MUHEPATBHOTO npoucxoxenus). [loatomy Ha
KOMITO3UTHBIX U300paxkeHusIX (RGB) mpH UCTIONB30BaHUH PA3IMYHBIX KAHAIIOB JJIs1 BOCIIPOH3BEIE-
HHS «ECTECTBEHHOTO IIBETa» OOJIACTH I[BETCHUSI UMEIOT OOJiee HACHIIIEHHBIN 3e1eHbli 1BeT. CKor-
JICHHE IIMaHOOaKTepuil B 0ONACTAX JUBEPreHIMH TEUEHUH MPUBOAUT K TOSIBICHUIO XapaKTEPHBIX
HUTYATBIX CTPYKTYP B ApKOCTH [AJieckepoBa u zip., 2018].

B cBsi3u ¢ Tem, 4TO MpecTaBUTENH CHHE-3EJIEHBIX BOJIOPOCIIEH, BBI3BIBAIOIINX 1IBETEHUE BO-
b1, B CBOEM PACHPEIENICHUH B BOIHOM TOJIIE TATOTEIOT K TOBEPXHOCTHBIM TOPH30HTAM, 3aMETHYTO
OKpacKy BOJIE OHU MPHUIAIOT y>Ke MPU MaJIbIX KOHLEHTPALUSX, YTO JeNIaeT BOSMOKHBIM UX U3yUCHHE
C IIOMOIIBIO AUCTAHIMOHHOIO 30Ha1poBanus 3emiu [SAcrpemckuii, 2016]. CoBpeMeHHbIE cpeacTBa
JUCTAHITMOHHOTO 30HIUpoBaHus 3eMin (/[33) MO3BOJSIOT MPOBOIUTH ONMEPATHBHYIO IMOJHOMAC-
MITaOHYIO CHEMKY OOJBIINX TEPPUTOPHIA C BBICOKOW JI€TAaNN3alMei CHUMKOB. JTO MO3BOJISIET OCY-
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IIECTBIISITh HENPEPBIBHBII MOHUTOPHHT. Kpome TOro, ¢ MCHONIb30BaHHEM apXHMBHBIX JaHHBIX KOC-
MHYECKOH CHEMKH MOYKHO MPOBOAWTH PETPOCHEKTHBHYIO OLEHKY IUIOIIAIN 3BTPO(UPOBAHHBIX
YYaCTKOB, YTO TIOMOTAET OMNPEAEIUTh SKOJIOTHIECKYIO CHUTYallHIO M MOJISIIMPOBATH €€ TCHACHIINH.

Llenb — pa3zpaboTaTh METOAMKY ONpeeTCHHs TUIOIAIH SBTPO(PUKALINHA BOZOEMOB C UCTIONb-
30BaHUEM JIAHHBIX TMCTAHIIMOHHOTO 30HIUPOBAHUS 3EMITH.

JI1st MOCTHOKEHMSI IOCTaBJICHHOW LIETIM HaMU OBUTH PEILICHBI CIIETYIOIINE 3aJa4H:

— pa3paboTka METOJMKU BBIYMCIICHHUS TUIOMIAAN 3BTPO(UKAIMN C WCIIOIH30BAaHUE CITyTHH-
KOBBIX CHUMKOB;

— CpaBHEHHUE CHEKTPATBHBIX BEIMUUH, HCIIOJIb3yEMBIX B HCCIIEIOBAHUHN (KPACHOTO, CHHETO U
6mpxHero nHdpakpacHoro) kananoB ceHcopoB Landsat (TM/ETM+/OLI);

— MOCTPOCHUE KapT pacrpesieNieHns: SBTPOMUPOBAHHBIX 30H 110 JTAHHBIM CEHCOPOB CITyTHH-
KOB cepuu Landsat,

— BepuuKanus 3BTpo(pUpOBaHHBIX 30H, BBIIEIICHHBIX 10 CITyTHUKOBBIM JaHHBIM, (haKTH4e-
CKMMH JIAHHBIMU;

— aHaJIN3 TMHAMUKH TUIOMIAAN SBTPODUKALIUH.

O0BbeKTHI U METOAbI UCCJICAOBAHUSA

B kadecTBe MCXOIHBIX JAHHBIX B padOTe MCIOJIB30BAINCh MHOTOKAHABHBIC CITYyTHHKO-
BbI€ CHUMKH C TIPOCTPAaHCTBEHHBIM pasperienreM 30 M Ha MHUKCeNb cO COyTHUKOB Landsat 5 TM
u Landsat 8 OLI. 13 apxuBa ['eonoruueckoit ciryx0b1 CILIA Obii BHIOpaHBI IPEUMYIIIECTBEHHO
6e300maunbie cHUMKH 3a 2006 u 2023 rr. (2006 rox Ol BRIOpaH B COOTBETCTBUU C HATHUYHUEM
OJIHMX W T€X € WX OJM3KUX JaT K cHUMKaMm 2023 roja, BRIMOJHEHHBIX B Mae — CEHTsIOpe, He-
KOTOpBIE MECSALIbI HE BKIIFOUEHBI U3-32 OTCYTCTBUS 0€30071aUHBIX CHUMKOB).

Hecmotps Ha To, uTo ceHcopsl Landsat TM u OLI 0au3ku 10 XapakTepUCTUKaM, OHU OT-
JTUYAIOTCS TI0 IIMPHUHE CIIEKTPaIbHBIX JUAMAa30HOB U M0 PAAUOMETPUIECKOMY pa3pelIeHHU0, YTo
JTUKTYeT He0OXOAMMOCTh CpaBHEHMSI pa3iuuuii (puc. 1).

— Landsat-5 TM (05.08.2011)
0.6 — — Landsat-7 ETM+{06.09.2011)
— Landsat-7 ETM+(12.08.2022)
- — Landsat-8 OLI (11.08.2022)

CnekTpankHan oTpakarensHas cnocoBHocTs, %

[nuHa BoNHE!, MKM

Puc. 1. Cpenane CieKTphI OTpaKaTeIbHOW CITOCOOHOCTH ITHAHOOAKTEPHit
JUIS pa3nuyHbIX ceHcopoB Landsat
Fig. 1. Average reflectivity spectra of cyanobacteria for various Landsat sensors

CpaBHeHHE BBINOJMHSUIM NO Habopy uzoOpaxeHuit Landsat cencopoB TM/ETM+/OLI
ONMU3KUX AT CheMKH (pa3HHIIA MEKAY CpaBHUBaeMbBIMH mapaMu — | aenp) (Tabm. 1). OtcyTcTBHE
BO3MOXKHOCTEH I PSIMBIX COTIOCTAaBJICHUN ChbeMOK ceHcopoB TM/OLI onpenenser HEOOX0aAU-
MOCTb CPaBHEHHS MCCIIEAyEMbIX BEJIMUMH Yepe3 3HaueHus: ceHcopa ETM+.
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Tabnumna 1
Table 1

Marepuansl cpaBHuBaeMbix cbeMok Landsat TM/ETM+/OLI
Materials of the compared Landsat TM/ETM+/OLI surveys

CeHcophl Jata
Landsat-5 TM 05.09.2011
06.09.2011
Landsat-7 ETM+ 12.08.2022
Landsat-8 OLI 11.08.2022

CXOJICTBO CIIEKTPATbHBIX BEIWYHH ISl UCIIONIb3yeMbIX kaHanoB (RED, BLUE, GREEN)
Ha ciieHax ceHcopoB TM, ETM+ w OLI paccuuThIBaliv OTHOCUTENIBHO ceHcopa ETM+ ¢ ucnosb-

30BaHHEM KPHUTEPHs OTHOCHTEIBbHON MpoueHTHOH pasuuubl (1) (anrn. relative percentage
difference — RPD) [Huang et al., 2013]:

RPD = PLPLIETMY o 1), (1)

PL7ETM+

T/I€ pi U PL7ETM+ — COOTBETCTBYIOLINE 3HAUEHUS JJI OTJEIbHBIX KaHAJIIOB CPAaBHUBAEMBIX CITyT-
HUKOBBIX U300pakeHHit ceHcopoB i u ETM+.

Jlia aHanM3a TEPMHUECKOTO peXuma IMOBEPXHOCTH BOJIOEMOB HCIIOJIb30BAJICS UH(OpMa-
UUOHHBIM  mpoaykt 6./ MODIIAI, co3gaBaeMbli Ha OCHOBE CHUMKOB MODIS.
OTH N300pakKeHHS MPEIOCTABISIIOT JaHHBIC O CPEAHEH TEeMIlepaType 3eMHON MOBEPXHOCTH 3a
BOCEMb JIHEH, HcKItoyas JHU ¢ o0nayHocThio. M300paxkenust MOD11A1 nmerot pazmep 1200 x
1200 nukceneil ¢ NPOCTPaHCTBEHHBIM pa3pellieHuEM | KM U MpeACTaBlIEHbl B CHHYCOUJAIbHON
npoekiy. CHavana HeoOXoUMO NpeoOpa3oBaTh U300paKEHUS U3 CUHYCOUJAIbHONW MPOEKIINU
B YHHUBEpPCAJIBHYIO TOIEPEYHYI0 mNpoekuuio Mepkaropa WGS-84/UTM. 3ateM TONy4YeHHBIC
n300pakeHMsl THEBHBIX TeMIepaTyp noBepxHocTd MODI1A41 obpe3aloTcss IO «MacKe» BOJ0E-
Ma. JlaHHBIE O TeMIepaType NOBEPXHOCTH CYILIU IpeJcTaBieHbl B rpagycax KensBuna. Jlns npe-
oOpa3oBanus 3HaueHuit MODI1A1 B rpagycel Llenbcus ucnons3yercs Gpopmyina (2), HCTOYHU-
KOM KOTOPO# MOCITyHJI0 O)HIMAILHOE PyKOBOICTBO Hojb3oBarens Modis LST *:

T(°C) = DN = 0.02 — 273.15, 2)

rae DN — 3HaueHus UCXOJHBIX sIpKOCTel, npeacTaBieHHbIx B MODI11AI.

Ha srane npenoOpaboTKy AaHHBIX MPOU3BOAMIACH KOPPEKLUS M300paxKeHui A ydera
aTMoc(epHBIX U Ipyrux Bo3myiieHuit [Jang et al., 2014; Viso-Vazquez et al., 2021]. O6paboTka
JAHHBIX Mpou3Boauiack B cpene QGIS 3.22.15 ¢ npumeHeHuem Moayis Semi-Automatic
Classification Plugin (SCP). [lanee, ucnoiib3ysi KaJbKyJsTOp pacTpoB, ObLI paccuuTaH HOpMa-
JN30BaHHBIA Pa3HOCTHBIN MHAEKC BOABI (NDWI), KOTOpBI MKUPOKO MPUMEHSIETC UIsl 0OHapy-
JKEHHUS BOIAHBIX OOBEKTOB MO KOCMHYECKUM CHUMKaM [Xu, 2006]. Pacuer NDWI nipoBoauiu mo
dopmyne (3):

NDWI = (NIR—SWIR)’ 3)
(NIR+SWIR)

rae NIR — xaHan OMvKHEro MH(ppakpacHoOro crekrpa orpaxkeHus, SWIR — KOpOTKOBOJIHOBBIM
UH(paKPaCHBIA KaHAI.

[Ipu nanpHeiIIEM W3BICUCHUH NPU3HAKOB, XapaKTEPH3YIOIMX 3BTPO(UKALUIO 03epa, Ha
OCHOBE Tpe100padOTaHHBIX JAHHBIX ObUIO YUTEHO, YTO CHHE-3€JICHOE CBEUEHHE, XapaKTepHOe IS
CHHE-3eJIeHbIX OaKTepuil 1 MUKPOBOJOPOCIEH, XOPOIIO BUAHO Ha CHUMKAX C HaTypajlbHOW 1IBETO-
nepenaueit (RGB), a Takke ¢ IOMOLIbIO KOMOMHAIMK KaHaoB Landsat 5 (4-5-1) v Landsat 8 (5-6-
2), T7ie BoAa ¥ pacTUTENBbHOCTh AAal0T OYEeHb CHUIIbHOE oTpakenue [baduu u ap., 2023] (puc. 2).

3PyK0BOLlCTBO nonb3oBarens Modis LST. Dnexrponssiii pecypc. URL: https://icess.eri.ucsb.edu/modis/
LstUsrGuide/usrguide_mod11.htmltvzsds (mata oopamenus: 04.02.2024).
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0 10 20 30km

m— - POCCUICKO-3CTOHCKaA rpaHnya || - rpaHnubl Yyackoro osepa

Puc. 2. Canmku Uynckoro ozepa Landsat 8 RGB (cnea)
¥ KOMOMHAIMK KaHalioB 5-6-2 ot 13.07.2023 (cmpaBa)
Fig. 2. Images of Lake Peipsi Landsat 8 RGB (left) and a combination
of channels 5-6-2 from 07/13/2023 (right)

Opnnako ans oOHapy»KeHus: obacTeil BETeHUsI IMAaHOOAKTEPHil JIydIille BCETO UCIIONb30-
BaTh [IBETOCHHTE3UPOBAHHBIC H300paKEHHS C ECTECTBEHHOH Mepenadeil nera. B meproasr mm-
TEJILHOW TETUIOW, COJTHEYHOW M OE3BETPEHHOU MOTO/bl UAHOOAKTEPUH CTPYIITHPOBHIBAIOTCS U
MOJJTHUMAIOTCSL K ITOBEPXHOCTH, 00pa3ys CKOIUICHHS Ha IMOBEPXHOCTH WM MMoJ Bojaoi. Ha cmyt-
HHUKOBBIX M300paKEHHUAX [IMAaHOOAKTEPUH BBHITISAT KaK SPKHE HUTEBUIAHBIC MOJIOCH! WK IIeIIbIC
CKOIIeHHA. L[BeT 3TUX MATEH 3aBUCUT OT CTaJMU PA3BUTHUS BOAOPOCIEH M MOXKET BapbHpPOBAThH
OT SIPKO-3€JICHOTO /10 OypOoBaTO-KOPUYHEBOTO (puc. 3).

- DOCCHICKO-OCTOHCKARA rpaHuya || - rpaHuubl McKoBCKoro o3epa

Puc. 3. Canmku [ckoBekoro o3epa Landsat 8 RGB ot 24.08.2015 (A) u 06.05.2016 (B)
Fig. 3. Images of Pskov Lake Landsat 8 RGB from 08/24/2015 (A) and 05/06/2016 ( b)

Bcero 6b110 06padoTano 14 cryTHUKOBBIX CHUMKOB. Jlanee nmpou3BoauTCs Kiaccupuka-
Vsl CHUMKOB, TO €CTh Pa3JieJIeHHEe MUKCEJIeH, COOTBETCTBYIONINX M HE COOTBETCTBYIOIINX CHHE-
3eJICHOMY CBEUEHHIO. [IJis 3TOT0 MCIONb3yeTcsl CIelUaNbHbI alropuT™M 00pabOTKK M300paxkKe-
HUN — METOJT «ITUKCETTH B TOUKU» (pHC. 4).
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KoMOHuHIpOBaHHE KaHATIOB

ITpeo6pa3oBaHNe 3HAUEHHIT PacTpa B TOUKH
(«Raster values to points»)

!

BEIOpaTh 0 PacIoI0KEeHHIO

|

ArperupoBaTth

|

Brruncienue mionaau

Puc. 4. Cxema anropuTma BBIYHCIICHUS TUIOIIAIU SBTPO(QUKAIINN
Fig. 4. Diagram of the algorithm for calculating the eutrophication area

JIn1st TaHHOTO BBIYMCIICHUS IJIOMIAN HEOOXOMMO MOI00paTh TaKyt0 KOMOMHALIMIO KaHAJIOB,
Ha KOTOPOi OyJIeT YeTKO OTOOpaxaThcsl pacpOCTPaHEHUE CHHE-3€JIEHBIX OaKTepuil 1 MUKPOBOIO-
pocneit [[danunmuesa u np., 2022a, 6; JlanumuaeBa, Epmako, 2023]. [lanee ¢ momMomso HHCTPY-
meHTa SAGA «Raster values to points» ipeoOpa3oBbIBaeM MUKCEIH B TOYEYHO-BEKTOPHYIO (HOPMY,
UCTIOJB3YsI MHPOPMAITHIO W3 PACTPOBOTO M300PAXKEHHMSI, TIOCTIE YETO BHIOMPAEM HX IO PACIOJIOXKe-
HUIO JUIs JajbHeimen reoo0paboTku. [ BeIENeHHS TOYEK 10 PACHOIIOKEHUIO HCIOJIB30BANIACh
«BoJIHasA mMacka» [ICKOBCKOro o3epa Ha OCHOBE BbIMUCIEHHOro nHiaekca NDWI. C nomolipo WH-
CTPYMCHTA ((AI'peI‘I/IpOBaTB» OPOUCXOIUT T'PYIIUPOBKA BBIACICHHBIX TOYCK, COOTBCTCTBYIOIUX
HAIMYHIO CHHE-3€JICHBIX OaKTepUil 1 MUKPOBOIOPOCIEH (puc. 5).

| - rpaHmMLbl YyacKoro o3epa = - pocCUICKO-3CTOHCKAA rpaHuLia

Puc. 5. OcHOBHas 9acTh 00PaOOTKH N300pAKEHHUS C TIOMOIIHI0 METOIA ITUKCEITH B TOUKHY:
1 — mpeoOpa3oBaHue 3HAUCHHUH PACTpa B TOYKH; 2 — CTPYMITUPOBAHHBIC TOUKH, IIOCPEACTBOM
MHCTPYMEHTa «ATPEerupoBaThy»; 3 — MOJy4YeHHBIC 00IaCTH MHTEHCUBHOTO I[BETCHUS IMaHOOAKTEpHiA
Fig. 5. The main part of image processing using the "pixels to points" method: 1 — converting raster
values to points; 2 — grouped points using the aggregate tool;
3 — obtained areas of intense cyanobacteria bloom

388



B PervioHanbHble reocuctembl. 2024. 48, Ne 3 (382-404)
&* Regional geosystems. 2024 Vol. 48, No. 3 (382—404)

JlaHHBI MeTOM KiIacCU(UKAIMH CITyTHUKOBBIX CHUMKOB OCHOBaH Ha TPYIITHPOBKE MUK-
cenell CX0oKel SIPKOCTH B PacTpax U MPHCBOCHUU MM OJMHAKOBBIX 3HaueHuU. [locne mpojaenan-
HBIX OIIEPalMi C MMOMOIIBIO KAIBKYJISTOPA MOJIEH PACCUUTBIBACTCS IJIOIMIAAb IIyTEM YMHOKEHUS
KOJIMYECTBA TOYCK HA pa3peuicHre CHUMKa. i1 BU3yalln3aluu U3MEHSETCS! CTHIIb TIOJTy4eHHOTO
n3o0paxxkeHus (puc. 6).

4 =

w7, Z

\ 3 ®
0 7 14 21km - | 10 24 8 12Km -5
e — o R m— 3} = %
.) ™ 2 4 J S AND N P L § i
- 0bnacT! MHTEHCUBHOTO LIBETEHUS || -rpaHuupl e - POCCUWNCKO-

CUHe-3eneHbIX Bogopocrei Yypacko-lNckoBckoro o3epa 3CTOHCKas rpaHuua

Puc. 6. 3onbl 3BTpodukanmu Yynckoro (ciaera) u Ilckockoro (cipasa) o3ep 11 utons 2023 roxa
Fig. 6. Eutrophication zones of Lake Peipsi (left) and Lake Pskov (right) lakes on June 11, 2023

J111s moATBEPKICHUSI OTCYTCTBUS WIIM HATMYUS IBTPO(UPOBAHHBIX 30H B 03€Pe TOTOBUIIH
M300pakeHNs] MHTEPIIOIMPOBAHHBIX 3HAYCHUH C HATMYUEM IIMaHOOAKTEpUH, XapaKTepU3yIOIINX
3BTPO(UPOBAHHBIE 30HBI ISl TIEPHOa CPAaBHUBAEMBIX JIeT. B kKauecTBe MCTOYHMKA Ha3eMHBIX
JAHHBIX HCIOJIb30BAJUCH JAHHBIE CO CTAHLMH JIMMHOJIOIMUECKUX HAOIIOACHUN A U3y4YeHUs
UYyncko-IIckoBckoro o3epa, npenocrasieHHble [IckoBekum ¢mimanom ®I'BHY «BHUPO». On-
HAKO HE BCE JaHHbIE YJAJIOCh MOATBEPAUTD, IOCKOIbKY HAa3€MHbIE HAOJIOIEHUS OTIIMYAINCh OT
CIYTHUKOBBIX Ha niepuoa oT 1 1o 18 nueit (tadm. 2).

Tabnuna 2
Table 2
Hcnonp30BaHHBIC MaTepualibl CITYTHUKOBBIX 1 HA3€MHBIX JAaHHBIX
Satellite and ground data materials used

Jara
CIlyTHUKOBEIC TaHHEBIE Hazemurble HaOIr0 e HUA
26.05.2023 23-24.05.2023
11.06.2023 28.06.2023
13.07.2023 31.07.2023
22.09.2023 02.10.2023
11.05.2006 16.05.2006
12.06.2006 13-14.06.2006
05.07.2006 16.07.2006
16.09.2006 14-18.09.2006

JlaHHBIN METOJT OIpEeIeIeHUs 30HbI IBTPO(GUKALINYA UMEET CBOU IUIFOCHI U MUHYCBI, KOTO-
phI€ CIIeyeT YUYUTHIBATh IPU €T0 UCTIOJIb30BAHUH.
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OaHMM U3 TJIaBHBIX NPEUMYIIECTB SIBJISETCS €r0 CIIOCOOHOCTh NPEJACTaBUTh JAaHHBIE B
dbopmaTe Touek, 4To obyierdaeT UX aHalu3 U MHTeprpeTaluio. Bmecto Toro urodsl paccmarpu-
BaTh KAXKIbIN MUKCEb OTJENBHO, METOJ] OOBEANHSAET UIACHTUYHBIE 110 [[BETY NMUKCEIU B IPYIIIbL.
Takoil moaxoa 3HAYUTENBHO COKpallaeT 00bEM JaHHBIX M MO3BOJISIET BHIOIHAThH JaTbHEHIIYIO
reoo0padoTKy.

Eme ogauM mpenMyInecTBOM METOJa SIBISIETCS €ro CIOCOOHOCTh paboTaTh C MYJIBTHC-
NEeKTpaTbHBIMA CHUMKaMU. CITyTHUKOBBIE CHUMKH 9acTO COAEP)KAaT WH(POPMAIIHMIO O Pa3IMIHBIX
Jana30Hax AJIEKTPOMArHUTHOTO CIIEKTPa, TAKUX KaK BHIUMBIN CBET, MH(ppaKpacHOE U3ITydYeHUE
u pajuoBosiHbI [Fu-Liu et al., 2001; Zhang et al., 2021]. Mcnons3ys MeTO/, HCCIETOBATEIH MO-
TYT aHAIU3UPOBATh KaXIbIH M3 3TUX JAMANA30HOB OTICIBHO M 3aTe€M OOBEIUHUTH MOJTYyUYCHHBIC
JAHHBIC IJIs1 cCO3aHus o01el kapTunbl [Adpocumos, JIBopkuH, 2009; KyTty3os, 2016].

MeTtoa MoOkeT ObITh UCHONIB30BaH AJI PA3IMUYHBIX 33a]a4, HAPUMeEp, A7 MOoJCYeTa IMo-
POl AEpEBbEB HA UCCIIEyEMOI TEPPUTOPHUH.

OpHako METOJ TakKe MMEET CBOM HENOCTAaTKH. Takoi MOaXoj MoJpa3yMeBaeT HEKOTO-
pyIo cTeneHb CyOBbEKTUBHOCTH MPU OMPEEIIEHUN TapaMETPOB IPYNIUPOBKHU MMUKCENEH B TOUKH.
Pe3ynpTaThl aHaNM3a MOTYT 3aBHCETh OT HHTEPIPETALIMU TOJIB30BATEIEM MYJIbTHCIIEKTPATHHOTO
CHUMKa. JTO MOKET NPUBECTU K HEKOTOPOW CTENEHU HEOINPEAEIEHHOCTU M MOTpedoBaTh J0-
MOJTHUTENBHON TMPOBEpKH pe3ynapTaToB. [lo3TOMy, Ha JaHHOM STale HCIOJIB30BAHUA METOJA
HE00X0MMO BepU(UIUPOBATh HAIMYUE 3BTPOPUPOBAHUS (PAaKTUUECKUMU TaHHBIMH.

Meton TpeOyeT HalIW4yusl aKTyalbHBIX M KAYECTBEHHBIX CITyTHHKOBBIX CHHUMKOB, IIpe-
UMYILECTBEHHO 0€3 00IaKoB.

Kpome Toro, cienyer yuyuThIBaTh OrpaHUYCHHOCTh MHGOPMAIUH, TIOTYyYaeMOi ¢ TIOMO-
mibto J[33. CnyTHUKOBBIE CHUMKH J1al0T BO3MOKHOCTh M3YUUTh TOJBKO NOBEPXHOCTHBIE MPOILIEC-
CBI OBTpO(HKAIINH 03epa, B TO BpeMs Kak MHOTHE (DaKTOPbI, TAKKE KaK MOABOIHBIE 00pa30BaHuUs
WIM COCTaB JJOHHOTO OCajKa, MOTYT OCTaBaThCs He3aMedeHHbIMHU. [loaToMy wcmosib30BaHuE
TOJIKO 3TOTO METOJIa MOKET OBITh HEIOCTATOYHBIM JJIs IOJTHOTO MOHUMAaHHUsI TIPOOJIEMBI 3BTPO-
¢ukanuu o3epa.

Pe3y.]'[l)TaTbl H UX oﬁcymz[elme

B Yyacko-IIckoBckoM 03epe IBETEHHE BOJbI M3-3a CUHE-3€JIEHBIX BOJOPOCIEN OTMeEda-
etcs ¢ Havyana XX Beka [Jlayracte u ap., 2012]. HauGomnpliee 4nucio TaKCOHOB CHHE-3€JIEHBIX
Boziopociiei (77) oOHapY>KEHO B I0KHOW MEIKOBOJAHOW M BBICOKOIBTPO(GHON YacCTH BOJOEMa —
[IckoBckoM o3epe U Heckolbko MeHble B Uyackom (72) [fActpemckwmii, 2010]. Pons cune-
3eJIEHBIX Bojopociel B [ICKOBCKOM 03epe 3HaYUTENBHO BBIIIE, 4YeM B UyICKOM.

CpaBHEHHE BETUYMH OTHOCUTEIBHON MPOLEHTHON pasHullsl (RPD) MO HCMONB3yeMbIM
ka"HasiaM Landsat meMoHCTpupyeT 0o01Ire 3aKOHOMEPHOCTHU TNposiBieHus1 oTkiaoHeHut KCS ns
pasHbIX ceHcopoB. IIpsimoro cpaBHeHMs CHUMKOB M u OLI u3-3a OTCYTCTBUS NEPEKPBITUS B
CPOKax IOJIy4eHHs] CHUMKOB BBIIIOJIHUTE HE yaaeTcs. OHAKO COMOCTaBUTh Pa3IMyusi CEHCOPOB
MOHO uepe3 ETM+ [Encakos, 2021].

CpaBHeHHE CpeJHUX IO CHUMKY BeIMYUH RPD pa3HbIX CEHCOPOB MO3BOJIUIIO YCTAHOBUTH
pasnnyMs Ui UCCIelyeMbIX KaHaJIOB:

— s kanana NIR: OLI > ETM+ (B cpenneM Ha 0,6 %); ETM+ > TM (0,5 %) = OLI >
TM (cymmapHo Ha 1,1 %);

st KaHana Red: OLI> ETMA (2,7 %); ETM~+<TM (1 %) = OLI> TM (cymmapso Ha 1,7 %);

st Blue: OLI > ETM+ (1,8 %); ETM~+ < TM (2,8 %) = OLI < TM (cymmapho Ha 1 %).

MakcumanbHbIe pa3Iuyusi OTMEYEHBI i Blue-kanana mexnay cueHamu ETM+ u TM,
MuHuUManbHble — A NIR-xanana (0,5-0,6 %). CyMMapHO HauMeHee BBIPAKEHHBIE pa3Ivuus
MEXIy CEHCOpaMu OTMEYeHBI 1151 Blue n NIR-kaHaIOB, HECMOTPS Ha BBICOKHE Pa3JIMUUs THUAaTa-
30HOB 11 NIR kanana.
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Pe3ynbpTaTel CpaBHUTENHLHOTO aHAJM3a IUIOIMIANEH 30HBI 3BTpoduKaruu  Yyackoro-
[IckoBckoro o3epa B mepuo Mait — ceHTs0psb 3a 2006 u 2023 rr. noka3anu, 4to B [IckoBCckOM
03epe MaKCHMaJIbHbIC 3HAYCHHUs TUTOMAAn 3BTpodukanuu Habmonammck B 2006 u 2023 roxy B
utoHe. B UynckoM ke o3epe MakcUMallbHbIe 3HAUYEHUS IJIOMIAU SBTPOGUKALIMM JOCTUTAId B
centsiope 2006 roma, a B 2023 roay — B utoHe (tadus. 3). JlaHHOW BCHBIIIKE BEreTAalMM IIHA-
HOOAKTepuil B MIOHE MOXKET CLIOCOOCTBOBATH Pl (PaKTOPOB, CPEIN KOTOPBIX II100aqbHOE NOTEI-
JIEHHE ¥ U3MEHEHUE KJIMMaTa, aHTPOIOreHHOE 3arpsi3HEHUE, a TaKKe CIIOCOOHOCTh IIMAHOOAKTe-
pUil ananTUpOBaThCs K pa3iaudHbIM yciaoBuaAM cpeabl [Cyxapesud, ITomsak, 2020]. B 2023 rony
cpennsisi Temneparypa B mae cocrasmia 13,4 °C, uto Ha 2,5 °C 6onbiie, ueM B 2006 roay, rme
cpeaHeMecsiuHas Temnepatypa Obuia 10,9 °C. Poct TemnepaTypsl HEMOCPEICTBEHHO MOT CIO-
coOCTBOBaTh pa3BUTHIO IMaHOOaKTepuit. /s Gonee TOUHOro OOBSICHEHUS! BOZHUKHOBEHUS TaH-
HOM BCIIBIIIKK POCTA LIMAHOOAKTEpUil HEOOXOIUMO paccMaTpUBaTh COBMECTHOE BIIUSHUE TEMIIe-

paTypbl U KOHIIEHTPAIIU OMOTEHHBIX BEIIECTB.
Tabmuua 3
Table 3

ITomaau 3BTPOPUKAIMK U CTEIICHH PACIPOCTPAHEHHS [IMAaHOOAKTEPHid OT OOIIEH TUIOIIAAN BOgoeMa
The area of eutrophication and the degree of spread of cyanobacteria from the total area of the reservoir

Uy nckoe 03epo IIckoBCcKOE 03€po
CrerneHn Crenenn
Mecsr [Tmomans pacnpoCTpaneHHus Iommass pacnpoCTpaHeHHus
3BTpOUKAIIH, MaHOOAaKTepUi OT ) MaHOOaKTepUi OT
KM 0011l IJIOIAIH PBTPOGUKALIH, KM 001Iel TIoIaan
Bojoema, % Bogoema, %
2023 roxg
\% 29,30 1,02 160,20 22,60
VI 86,89 3,05 236,49 33,36
VII 52,95 1,86 - -
1X 53,19 1,87 96,05 13,55
2006 rox
\% 5,84 0,21 56,06 7,91
VI 16,74 0,59 156,27 22,04
VII 22,39 0,79 - -
1X 28,49 1,00 63,99 9,03

[Tnomazne Yyackoro o3epa cocTapiser 2846 KM?, cTereHb PacHpOCTPaHEH s [MAHOOAK-
Tepuit 3a nepuos uccaenoBanus B 2006 roxy koneduercs ot 0,21 1o 1 %, B 2023 rony — ot 1,02
1o 3,05 %. B cpemHem creneHb MOKPHITHA IUIOMIAAX MOBEPXHOCTH BOJOEMa CHHE-3E€JICHBIMHU
Bojopocisimu B 2023 rogy mo cpaBHeHuto ¢ 2006 rogom ysenuuunack Ha 1,3 %. Ilmomans
ITckoBckoro o3epa — 709 kM2, cTeNeHb paclpocTpaHeHUs 00IacTell, MOKPHITHIX ITMAHOOAKTEPH-
SIMH, OT OOIIEH TUTOIIa M BOoAOeMa HaXxoquTcs B quana3one ot 7,91 no 22,04 % B 2006 roxy, ot
13,55 no 33,36 % B 2023 rony. Ilo cpaBHenunto ¢ 2006 rotoM B cpelHEM CTENEHb PACIPOCTpPaA-
HEHMsI IMaHOOAKTEePHi Ha MOBEpXHOCTH Bogoema B 2023 rony yBenuuuiach Ha 10,87 %.

AHanu3upys TUCTOrPAMMBbI, MOXKHO 3aMETHUTh, YTO HHTEHCUBHOCTH I[BETEHUS BOJBI U3-32
CHHE-3€JIEHBIX BOJAOPOCIIEH 3HAUUTENIbHO U3MEHSETCS 110 CE30HaM B 3aBUCHUMOCTU OT MOTOIHBIX
U THApOXUMHUYEcKuX yciaoBuid. O6mibHOe 11BeTeHue B [IckoBCkoM o3epe Habmoaaercs ¢ Mast o
HIOJTh, TIOCTIE Yero IJIOMAAb 3BTPOPHUKAIIMU TOCTENIEHHO CHUXaeTcs. UyJCcKoe 03epo pacmolio-
KEHO ceBepHee U sBIsieTcs Oojiee TiTyOOKOBOIHBIM, YTO MPUBOAUT K YBEIUYEHUIO MPOJOIIKHU-
TEJILHOCTH €r0 HarpeBaHMsl U CIABUTY IPOLIECCOB Pa3BUTHUsSL CHHE-3€JEHBIX Bojopocieil. Takum
obpazoM, B UyickoM o3epe yBEIHMUCHHE TUTONIAAN PacIpoCTpaHeHHUs [IHaHOoOaKTepuii HaOIro1a-
€TCsl B aBTyCTe — CeHT0pe (puc. 7).
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Puc. 7. lunamuka miomniaau 3BTpodukauu ozep B 2006 u 2023 romax B 3aBUCUMOCTH OT MecsIa
Fig. 7. Dynamics of the lake eutrophication area in 2006 and 2023, depending on the month

OnHuM U3 (aKTOPOB, OKA3BIBAIOIIMX CYIIECTBEHHOE BO3/ICHCTBHE Ha Mpoliecc 3BTpodu-
Kalliu, SIBIISIETCS TeMMepaTypHBIM pexuM Bojbl. OH HEMOCPENCTBEHHO BIHMAET Ha (DHU3HKO-
XUMHYECKHE CBOMCTBA M OMoJjoruueckue npouecchl. Vcrnonb30BaHrne JaHHBIX JUCTAHIIMOHHOTO
30HAMPOBAHUS 3€MIIM TIO3BOJISIET OTCIIEKUBATH TEMIIEPATypHbIH pexuM Boabl B Yyzacko-
[IcxoBckoM Bomoeme. DTH JaHHBIE MPEAOCTABISIOT HHPOPMALMIO O TIOBEPXHOCTHOW TeMIIepa-
Typ€ BOJbI C BBICOKUM IPOCTPAHCTBEHHBIM U BPEMEHHBIM Pa3peLICHUEM.

Jlnist pa3BUTHSA CHHE-3€JIEHBIX BOJOpOCiel OmarompustHa Temieparypa ot +20 °C no
+34 °C; remnepatypa +29 °C sBusercsa ontumainbHoU A ux pocra [Lurling et al., 2013].

[Betenuto Boabl B Uyacko-IIckoBckoMm o3epe CcrocoOCTBYIOT CleAyromue OJaromnpusT-
Hble (DaKTOPBI, CKJIA IbIBAIOIIMECS B JIETHUM IEPUO;

a) MOBBIILIEHHAs OCBEILIEHHOCTh U TEMIIEpaTypa BOJIbI;

0) MHTEHCUBHBINA XOJ] MPOIIECCOB MUHEPATU3AlMK OTMEpPIIEro (PUTOTUIAHKTOHA, oOectie-
YUBAIOUIUX HOBOE MOTOJIHEHHE BOABI MUHEPATBLHBIMU CIOSMU;

B) XOpOILIME NMPOTPEBAEMOCTh BOJIbI U €€ NEPEMEINBAEMOCTD JIaXKe MPU YMEPEHHOM BET-
pe U3-3a MEJIKOBOJHOCTHU 03epa [Actpemckuid, 2016].

Kak yxe ynomuHanmoch, 00JbIIOE BIMSHUE Ha COCTOSHWE OMOT€HHOM IJIEHKU U3 IUa-
HOOakTepuil okasbiBaeT BeTep. BetpoBoil pexxum B Uyncko-IIckoBckoM BojioeMe XapaKTepu3y-
eTcs BeTpaMu co ckopocThio oT 5 10 20 M/c [TumMm u ap., 2012]. Tlpu ckopoctu BeTpa OobIe
8—10 M/c TuieHka pa3pyiaeTcs, CKOIUICHUH BOJOPOCIEH Ha MOBEPXHOCTH HE HAOIIOAAeTCS WM
MOSIBJISIETCS BO3MOYKHOCTD MPOCIEAUTH MEPEHOC BOJOPOCIIEH BETPOM, KaK 3TO MOXHO YBUJETh B
[TckoBckoMm o3epe 11.06.2023 [JlaBpoBa u ap., 2014]. IIpocTpaHcTBEHHOE pacHpeneeHue BOI0-
pocieit B Uyncko-IIckoBCkOM 03epe 3aBHCHT TJIaBHBIM 00pa3oM OT CUJIbI U HalpaBJICHUS BETpa,
a TaK)Ke TEMIIEPATYPHI BOJIBI.

B nenom Hanbombllee CKOMICHHE TUAaHOOAKTEPH OTMeUaeTcs B 10)KHON yacT [IckoBcko-
TO 03epa, HaXO/ISIIEHCs O/ BIUSHUEM BOJ peku Benukoi, BOim3u TamaOCKux OCTpOBOB U BJIOJIb
OeperoBoii MMHUHU. TakKe CKOIIEHHME OMOMAcChl ITMAaHOOAKTEPUI MPOUCXOIUT B 30HAX KOHBEP-
reHuuu TedyeHuil (puc. 8). B OCHOBHOM 30HBI, MOKPBITHIE LAHOOAKTEPUSMH, COOTBETCTBYIOT
HanboJ1ee MEIKOBOIHBIM U XOPOLIO MPOTrpeThiM MecTaM (puc. 9).

CpaBuuTenbHbIN aHamu3 3BTpodukarmu Yyackoro u IICKOBCKOro 03ep MO3BOJISET BBIIBUTH
pa3nuums B IMHAMHKE pa3BUTHUS 3TOro npouecca. OaHo u3 ornuuil Mmexay Yyackum u [IckoBckum
03epaMH 3aKJII0YaeTcs B TeMIax pa3BUTHUs 3BTpodukaimu. B ciydae Yynckoro o3epa miomais 3B-
Tpo(pUIeCcKOi 30HBI HAUMHACT YBEIINYMBATHCS TOIBKO K aBIyCTY, TO €CTh OoJIee IMO3IHel YacTH JieT-
HET0 Mepro/ia. ITO MOXKET OBITh CBSI3aHO C OoJiee MO3AHUM MporpeBaHueM Bojibl. [Ipu aToM, BoO-
pociu 00pa3yIoT TUIOTHBIM TOHKUH CIIOH, KOHIIGHTPUPYIOIIUIICS B OJJHOM MECTE — B FOXKHOM 4acTH
Yynackoro o3epa, KOTOpast SIBJISIETCS MEJIKOBOIHOM, 4aCcTO ¢ MOBBIILICHHBIMU 3HAUEHUSIMH TEMIIepa-
Typ (puc. 10, 11). TemnepaTypHbIii KOHTPACT MEXIY paliOHaMU C TUIABAIOIIUMH TMAaHOOAKTEPUSIMH
Y OKpPYKarOUIMMH palOHaAMHU MOXKET Jocturath 4 °C.
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Puc. 8. 3ons! 3BTpodukanmu [IckoBckoro o3epa B 3aBucuMoctr oT Mecsa B 2023 u 2006 rr.
Fig. 8. Eutrophication zones of Lake Pskov depending on the month in 2023 and 2006

’ ] - rpanmubl YyacKoro 03epa === - pOCCUICKO-3CTOHCKAR FpaHiLa

Puc. 9. Temnepatypa noBepxuoctu BoasI [IckoBckoro o3epa no nanueiM MOD11A1 Terra MODIS
Fig. 9. Surface temperature of the Pskov Lake water according to MOD11A1 Terra MODIS data
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Fig. 10. Eutrophication zones of Lake Peipsi depending on the month in 2023 and 2006
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Puc. 11. Temneparypa nmoBepxHocTH BoJbI Uynckoro ozepa mo nanasiM MOD11A1 Terra MODIS
Fig. 11. Water surface temperature of Lake Peipsi according to MOD11A1 Terra MODIS data
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B ciygae IlckoBckoro o3epa mporecc 3BTPOPUKANMN HAYUHACTCS y)KE ¢ KOHIA Mas —
Havasa JIeTHero nepuoza. [IpudnHoi Takux paHHUX CPOKOB MOXKET CITY)KHTBH OOJbIIast 3arpy3Ka
MUTATEIBHBIMH BEIIECTBAMH M3 MPUJICTAIOIINX TEPPUTOPUI WK Ipyrue (pakTophl, CIIocOOCTBY-
IOLIME aKTUBHOMY Pa3BUTHIO CHHe-3eJeHbIX Bojopocneit [Gladyshev, Gubelit, 2019; Tammeorg
et al., 2020].

Jlns Bepudukanyy Hamuausi 00JacTeil MHTEHCMBHOTO LBETCHUS IMAHOOAKTEPHUil, BBISB-
JICHHBIX Ha CITyTHUKOBBIX CHUMKaX, HEOOXOIUMO CPaBHHUTH CITyTHUKOBBIE TaHHBIE C IOCTOBEPHO
BBISIBJICHHBIMHU Y4aCTKaMy 3BTPO(QUKAIMU 0 Ha3eMHBIM JaHHBIM. [l 3TOTO, MCIONb3Ys AaH-
HbIE C JIUMHOJIOTHYeCKUX cTaHiui Yyacko-IIckoBckoro o3zepa, mporHo3upoOBaIMCh MECTA HaJU-
4qHs IMaHOOAKTEPHid MOCPEICTBOM HHTEPIOJIALUH. 3aTEM PAaCCUUTHIBAICS KOAPPHUIMEHT KOppe-
JSIMAA M@Ky TOJTYYeHHBIMH (DaKTHYECKMMH JTaHHBIMH M CITyTHUKOBBIMH H300paKEHUSMHU.
B pesynprare 06paboTku naHHBIX J[33 MOXXHO 3aMETHUTh, YTO METOAMKA UCCIECJOBAHHS MO3BOJIS-
€T BBIJICIUTH 00J1acTH ¢ HanboJiee MHTEHCUBHBIM IIBETEHHUEM CHHE-3€JICHBIX BOAOPOCIeH, 00pa-
3yIOIIUX TUIOTHBIA cioid (puc. 12). Hanbonee pa3pekeHHbIE 00JIaCTH, MOTJIONIAIONINE MEHBIIIEe
KOJIMYECTBO COJTHEUHOW pajMalliy, BCIEJACTBHE YEro MMEIOT MEHEEe 3HAYHTEIbHOE OTPAKEHHE
csera B VIK-nnamasone, BBIICISIOTCS C TPYAOM.

dakTnyeckne faHHbIe CnyTHUKOBbIE aHHble
23-24.05.2023 26.05.2023

»

0 =10 20 30km \V‘j 10 20 30«km
— — s
1 - | . !
- 06NacTn MHTEHCUBHOTO L{BETEHUS :] - rpaHuybl Yyacko-
CWHe-3€eNneHbIX BoA0POCneil (Mo CnyTHUKOBLIM MckoBckoro o3epa
CHUMKaM)
P - 06nacTv MIHTEHCUBHOTO LIBETEHNS - POCCUICKO-

CWHe-3eneHbIX Boaopocnen (No (hakTnyeckum 3CTOHCKaA rpaHuua

AaHHbIM)

Puc. 12. [IpocTpaHCTBEHHOE pacpe/ie/iCHue 00JIACTeH, MOKPHITHIX IIUAHOOAKTEPUIMU
0 HAa3eMHBIM (CJIeBa) M CITyTHUKOBBIM (CIpaBa) TaHHBIM
Fig. 12. Spatial distribution of areas covered with cyanobacteria according
to ground data (left) and satellite data (right)

ITo pe3ynpraTaMm 00pabOTKH JTAHHBIX TIPH COMIOCTABJICHUH MTPOCTPAHCTBEHHOTO pacipe/ierie-
HUSL 00J1acTel, OKPHITHIX [IMAHOOAKTEPUSIMHU, MEXK/TY CITyTHUKOBBIMH M (PAKTHUECKUMH H300paxe-
HUSIMU 110 OJIM3KUM JPYT K IPYTy JaTaM TOKa3aHa CPEeIHss (3aMeTHas) criia CBs3H (KoddduimeHt
koppesuuu 0,50-0,70), 4To MO3BOJISIET UCTIONB30BaTh CITyTHUKOBBIE CHUMKH U JJAHHBIA METO/ UC-
CJICZIOBAHUS JIJIs1 ONPEACITICHHS TUIOIIAICH ABTPOPHUKAIIHA BHYTPEHHUX BOJAOEMOB (Tal0I. 4).
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Tabmuna 4
Table 4
KoadduitueHTsI KOPPETSIUN MEX Ty HA3EMHBIMH U CITy THUKOBBIMU JaHHBIMH
Correlation coefficients between terrestrial and satellite data
Jara (Cily THUKOBBIC Koaddurpent koppensiuu
JaHHbIe/(PAKTHYECKHE TAHHBIC) Yy 1cKOE 03€po | TICKOBCKOE 03€pO
2023 roxg
26.05/23-24.05 0,53 0,60
11.06/28.06 0,32 0,25
13.07/31.07 0,21 —
22.09/02.10 0,36 0,25
2006 roxg
11.05/16.05 0,70 0,69
12.06/13-14.06 0,68 0,61
05.07/16.07 0,30 —
16.09/14-18.09 0,65 0,70

B IIckoBckoM o3epe mo cpaBHEHUIO ¢ UyACKHM 03€pOM MHTEHCHBHOCTH LIBETEHMS BOJIbI
BbIIIIE. JTO 00BACHAETCS HECKOJIBKUMH (PaKTOpaMHu.

Bo-niepBrix, reorpaduueckoe monoxenue o3ep. B IIckoBckoMm o3epe, Kak yIOMHUHAIOCh
BBIIIIE, HA PAa3BUTHE [TUAHOOAKTEPHI UMEIOT BIUSHUE BOJIbI peKu Bemnkoil.

Bo-Broprix, 006bem Bombl B IIckoBCckOM o03epe MeHblne, yem B Yyackom o3epe.
DT0 MPUBOAUT K OoJiee BHICOKON KOHIICHTPAI[MU MHUTATEIbHBIX BEIIECTB HA €IUHUILY 00beMa U
oOecrneynBaeT Jy4llie yCIOBUS AJI1 PA3MHOKEHUS! CUHE-3€JIEHBIX BOJIOPOCIIEH.

Hakonen, knmumaTHueckue yCJIOBUS TaK)K€ HIPAIOT POJb B MHTEHCUBHOCTH IIBETCHHS.
B paiione Uynckoro o3epa kiaummar Oojiee XOJIOJHBIM W HEMPEICKa3yeMbIH, YTO CHWKAeT
BO3MOXXHOCTh JJUTENILHOTO ¥ HMHTEHCHBHOTO I[BETEHHUS. B TO ke Bpems, KIMMaTHYeCKue
yciioBus B paiione IIckoBckoro o3epa Oosiee 6y1aronpusaTHbIE AJI Pa3BUTHUS [IMAHOOAKTEPUH.

HccnenoBanusi, MpoBEJCHHbIE HAa OCHOBE CIYTHUKOBBIX JaHHBIX Ha [IcKoBCKOM,
Uynackom o3epax, MO3BOJISIIOT CAENaTh BBIBOJ, YTO HE BCErjJa MaKCHUMallbHas TeMIlepaTypa
MOBEPXHOCTHU BOJIbI COOTBETCTBYET MAaKCUMAIIbHOM MTomaan 3BTpodukaruu (puc. 13).

2023 2006
250 r 25 180 r 25
160 ~
200 20 © 140 + —‘ 20 T TIckoBckoe 03epo
CES pe °. r;g ¥ s
< < ¥ 120 s KOE 036
4 150 15 & é“ 100 L 15 g NN Uy cKOE 03¢PO
§ g g 80 r ‘ 8« T (IlckoBckoe
g 100 10 aé g 60 | 10 % 03)
= 50 5 E = 40 + 5 ﬁ === T (Uynackoe 03.)
20
0 0 0 0
Vv VI VII IX \% VI VII IX
Mecsn Mecsng

Puc. 13. CooTHoImEHHe mIomanu 3BTpoduKanuy (kM) 1 cpeHeii TeMmepaTyphl moBepxHocTH Bos! (°C)
o Mecsam B [IckoBckoM, Uyackom o3epax 3a 2006 u 2023 rr.
Fig. 13. The ratio of the eutrophication area (km?) and the average water surface temperature (°C)
by month in Lake Pskov and Lake Peipsi for 2006 and 2023

Hanpumep, B 1eTHHI Iepro, KOrjaa TeMieparypa IoBepXHOCTH BOBI TOCTUTAET CBOETO
MaKCUMyMa, TUIOLIa/ib 3BTPOPUKAIIMM MOXKET OBbITh KaK BBICOKOW (Hampumep, u3-3a OOJBLIOro
KOJIMYECTBA arpapHBIX CTOKOB), TaK M HU3KOHM (€CIIM MPOMCXOAUT aKTUBHOE €CTECTBEHHOE OYH-
HICHUE 03€pa).

396



"9 PervoHanbHble reocuctems. 2024. 48, Ne 3 (382—404)
74 Regional geosystems. 2024 Vol. 48, No. 3 (382—404)

Becennuii mepuoja XapaKTepH3yeTCs IOBBIMICHHOW AKTHBHOCTHIO OHMOJOTHYECKHX
MPOLIECCOB, BKJIIOYAs POCT PACTEHHN M BOJHBIX OpPraHU3MOB. B 3TOT mepuon miomanp 3B-
TpOPHUKAITUN MOXKET OBITh BEICOKOH M3-32 OOJIBIIOTO KOJMYCCTBA MUTATEIBHBIX BEIIECTB, IT0-
CTYHAIOIIHUX B 03€pO U3 OKPYKAIOIIEH Cpelbl, TAKUX KaK yJA0OpEHUs, OPraHMYEeCKUE OTXOJIbI
U T0KJeBas BOJA.

Takum oOpazom, TemmepaTypa He SBISETCS €AMHCTBEHHBIM (DAKTOPOM, BIMSIONINM Ha
pasBuTHe nHaHoOakTepuid. J[pyrue GakTopsl, TakMe Kak JOCTYIMHOCTh CBeTa, pH-ypoBeHBb BOJIBI
Y HaJIM4Me IPYTUX OPraHUYECKUX BEUIECTB TAK)KE UTPAIOT BAXKHYIO POJIb.

3akjao4YeHue

[TperioskeHHast METOAMKA sl ONPENeNIEHUs TUIOIAAN 3BTPO(UKALMN BHYTPEHHUX BO-
JIOEMOB C MCIOJIb30BAaHUEM JIaHHBIX CEHCOPOB CITyTHUKOB cepuu Landsat m03BOJISIET ONPEIEIUTD
IUTOIIAH 3BTPO(DUKAINH, & TAKXKE OLEHUTh CE30HHYI0 M MEKI'0I0BYI0 M3MEHUUBOCTh 001acTeill,
MOKPBITEIX IMaHoOakTepusimu, B Uyncko-IIckoBckom o3epe 3a uccienyemsiii nepuon 2006 u
2023 rr.

CpaBHeHME CHEKTPATIbHBIX XapaKTEPUCTUK KPACHOTO, CUHETO U OJMKHET0 MH(PAKPacHOrO
JIMana3oHoB ceHcopoB Landsat (TM/ETM+/0OLI) noka3zaino, 4TO HECMOTPS Ha CXOJICTBO UCHOJIb3Ye-
MBIX B JJAHHOM HCCJIEIOBAHUU CEHCOPOB Landsat, OHU UMEIOT ONpENEICHHbBIE pa3/Inyuusi, KOTOPbIE
HEo0X0IMMO MUHUMM3UPOBaTh. Hanbombime pasnuuus Habmonarorcs B Blue-kaHane Mexay clie-
Hamu ETM+ u TM, B TO BpeMsl Kak MUHUMaJIbHbIE pa3nnuus orMeueHsl B N/R-kanaze (0,5-0,6 %).
B nenom HavMeHee BBIpaKEHHBIE PaziHuMsi MEXIY CeHcopamu HaOmomarotrcs B Blue m NIR-
KaHaJax, HECMOTPs Ha 3HAYUTEIbHBIE pa3Indus B quana3oHax 1 N/R-kanaia.

Ha ocHoBe ucnosib3yeMoil METOJUKH MOCTPOEHbI KapThl pacupezeneHus o0iacTei, mo-
KPBITBIX IIBETEHUEM IIMAHOOAKTEpPUI MO JAHHBIM CEHCOPOB CIYTHHKOB cepuu Landsat. Busya-
JU3alys JaHHBIX MO3BOJIMIIA BBIIBUTH OCOOCHHOCTH paclpe/ieleHus 30H 3BTPO(UKALUU B Kax-
noMm u3 o3ep. Tak, B [IckoBckoM o3epe Hanboublilee CKOMJIEHUE CHHE-3€JEHbIX BOAOPOCIEH OT-
MEYaeTcsl B €ro F0KHOW yacTH, BOIM3M TamaOCKuX OCTPOBOB U BJOJb OEperoBoi TUHUU. Takxke
CKOIUIEHHE Ouomacchl IUMAHOOAKTEPUl NPOUCXOAUT B 30HAX KOHBEPreHUUU TEUECHUU.
B Uynckom o3epe cuHe-3e1eHble BOAOPOCIN 00pa3yloT MJIOTHBIA TOHKUHN CIIOHM, KOHLEHTPUPY-
IOLLUICS B OJTHOM MECTE — B FO’)KHOM YacTH BOJOEMA.

Bepuduxanus 3BTpodupoBaHHbIX 00JacTel, BBIICIEHHBIX IO CIIyTHUKOBBIM JIaHHBIM Ha
OCHOBE Ha3€MHBIX JAHHBIX CO CTAaHLUN JUMHOJOTUYECKUX HAOMIOAeHUM A u3yuyeHus Yyacko-
IIckoBckoro o3epa, mokasaja CpeAHIOI (3aMETHYI0) CHIIy CBSI3U (KOA(QUIMEHT KOppEsLUu
0,50-0,70).

Jlunamuka rutomanau 3BTpodukanuu Yyacko-IIckoBckoro osepa ¢ mMas 1o ceHTIOph 3a
2006 u 2023 rompl, ucciaeqOoBaHHAs HA OCHOBE PE3YyJbTAaTOB pa3pabOTaHHON METOIUKH, TTOKa3a-
Ja, YTO MaKCUMaJlbHblE 3HAaYEeHHUs IUI0IIAaN 3BTpoukanuu B [IckoBCKOM 03epe HaOI01annCh B
2006 u 2023 rony B utone, B Uynckom — B 2006 B cenrsadpe, a B 2023 roxy — B utone. Muten-
cuBHOe I11BeTeHue B [IckoBCKOM o3epe HabaoAaeTcst ¢ Mas MO HIOJb, TOCIE Yero IUIOIab 3B-
TpoUKaIMK MMOCTENIEHHO CHIDKaeTca. B Uyackom o3epe mporecc pa3BUTHSI CHHE-3€JICHBIX BO-
J0Opociiel MPOMCXOJAUT IMO3KE, YBEIMUYCHHME IUIOIAAM pPACIPOCTPAHEHHUS LUaHOOAKTEPHi
HalJto1aeTcsl B aBrycre — ceHTsa0pe. CTeneHp pacnpocTpaHeHHs IUaHOOAKTEpHii 3a mepuos uc-
cienoBaHus OT o01iei miomaau Bogoema B 2023 roay, o cpaBHeHuto ¢ 2006 room, B cpeiHeM
yBenuumiachk B Yynckom ozepe Ha 1,3 %, B [IckoBckom o3epe — Ha 10,87 %.

OTMeueHo, 4YTO MakCUMallbHasl TeMIIepaTypa MOBEPXHOCTH BOJIbI HE BCEIJla COBMAIAET C
MaKCUMAaJIbHOW TIJIOMIABI0 IBTpOUKAIK o3ep. TakuM oOpa3om, TemmepaTrypa HE SBISETCS
€IMHCTBEHHBIM (PAKTOPOM, BIHUSIONIMM Ha Pa3BUTHE LMaHOOakTepuid. Jlpyrue ¢axkTopbl, Takue
KaK JOCTYNHOCTh cBeTa, pH-ypoBeHb BOJbI U HAIUYHME OPraHUYECKUX BEILECTB, TAKKE UMEIOT
3HAYUTEIbHOE 3HAYCHHE.
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NHO®OPMALIUA Ob ABTOPAX

EBnoxkumoB Cepreii HropeBuy, KaHgumaT
reorpaguyeckux ~ HayK,  JOLEHT  KadeIpbl
reorpadumu, [IckoBckuit rocyJapCTBEHHBIN

YHUBEPCUTET, I. [IckoB, Poccus
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