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SPECIES COMPOSITION AND STRUCTURE
OF DENDROPHIL PHYLLOPHAGUS COMMUNITIES
IN GREEN PLANTS OF VOLGOGRAD

Elena A. Ivantsova
Volgograd State University, Volgograd, Russian Federation

Minh Chi Nguyen
Volgograd State University, Volgograd, Russian Federation;
Mientrung University of Civil Engineering, Tuy Hoa, Vietnam

Abstract. This paper presents the data of long-term studies on the species composition of phytophages of
the main tree species of Volgograd, which is very important for the development of measures to regulate the number
and economic importance of pests, which is implemented on the basis of information on the taxonomic composition
of harmful fauna and the identification of the most numerous and harmful species. As our studies have shown, such
species as elm, poplar, robinia, pine are of leading importance in the formation of the main urban landscape
elements. It has been established that the taxonomic composition of herbivorous insects of the main tree species in
urban plantings includes 102 species of insects from 83 genera, 29 families and 6 orders, as well as 6 species of mites
from 3 genera. The richest and most diverse in composition is the population of phyllophages living on elm —
58 species, the poorest taxonomic composition is distinguished by the pine community — 12 species. An analysis
of the structure of phyllophagous communities of various tree species showed noticeable differences in the ratio
of insect orders.

Key words: dendrophilous phyllophages, species composition, communities, green plants, Volgograd.
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JECOBEJAEHHUE, JJECOBOJIACTBO, JIECHBIE KYJbTYPbI

VIIK 502.5:595.7(470.45)
BBK 26.887.2(2Poc-4Bor)

BUJIOBOM COCTAB U CTPYKTYPA COOBIIIECTB
JAEHAPOPUJIBHBIX ®PNIJIOPAI'OB
B 3EJIEHBIX HACAKJIEHUSAX r. BOJII'OI'PATA

Ejgena AnaroaneBua HBannosa

Bonrorpaackuii rocynapcTBeHHBIN yHUBEpCUTET, . Bonrorpan, Poccuiickas ®eneparus

Munbs Tou Hryen

Bonrorpaackuit rocyiapcTBeHHBIN yHUBEpCUTET, T. Bonrorpas, Poccuiickas ®eaeparus;
CrpouTtensHblil yHUBepcuTeT MbeHTpyHra, I. Tyiixoa, BeeTHaMm

AuHoTauus. B nanHoii paboTe npeacTaBiieHbl JaHHBIE MHOTOJIETHHUX UCCITEI0BAHMMI 110 H3YUSHHIO BHIOBOTO
cocraBa (uitodharoB OCHOBHBIX JIPEBECHBIX MOPO/ I. Bonrorpaza, 4yTo BechbMa akTyajbHO JUIs pa3paboTKH MeporI-
PHATHI 110 PETYIUPOBAHUIO YMCIEHHOCTH M XO35HCTBEHHOIO 3HAYEHHUs BPEIUTENEH, YTO peain3yeMo Ha OCHOBE
CBEJICHUH O TAKCOHOMHYECKOM COCTaBE BPEIHOM (hayHbI U BBIABIEHUH HauOOIee MHOTOYMCIIEHHBIX U BPEIOHOC-
HBIX BUIOB. Kak MOKa3aiu Halllk UCCIIEN0BaHMs, BEIyllee 3HaUeHHE B (hOPMUPOBAHUN OCHOBHBIX TOPOICKHUX JIaH/I-
1a) THBIX 2JIEMEHTOB UMEIOT TaKKE MOPO/IbI, KaK BA3, TOIOJb, POOMHUS, COCHA. YCTAHOBJIEHO, YTO TAKCOHOMHUYEC-
KU COCTaB PaCTUTENBHOSMIHBIX HACEKOMBIX OCHOBHBIX JIPEBECHBIX MOPOJ B TOPOJACKUX HACAKIECHUSIX BKIIOYAET
102 Buaa HacekoMBIX U3 83 pooB, 29 ceMElCTB 1 6 OTPSIOB, a Takke 6 BUAOB Kiemie u3 3 ponos. Hanbonee 6oraro
Y pa3HOOOpa3HO 110 COCTaBy HacelleHue Griutodaros, OOUTAIOIINX Ha Bsi3e — 58 BUIOB, HanOoee OeTHBIM TAKCOHO-
MUYECKUM COCTaBOM OTJIMYAETCS COOOIIECTBO COCHBI — 12 BHIOB. AHAIN3 CTPYKTYPHI COOOIIECTB (huiutodharos
Pa3IMYHBIX APEBECHBIX MOPOJI IIOKA3aJl 3aMETHBIE OTJIMYHS B COOTHOIIICHUH OTPSIIOB HACEKOMBIX.

KnroueBrble citoBa: nennpodruibHbie puiuiodaruy, BUIOBOH cOCTaB, COOOIECTBA, 3eNeHbIe HacaxaeHus, Bororpa.

HurupoBanue. panrnora E. A., Hryen M. T. BumoBoii coctaB u CTpyKTypa COOOIIECTB ASHAPO(HUIHHBIX
¢wutodaros B 3eJICHBIX HacakIeHUX T. Bonrorpana // [Tpupomasie cucteMsl U pecypebl. — 2024, —T. 14, Ne 4. —
C. 5-16.—DOTI: https://doi.org/10.15688/nsr.jvolsu.2024.4.1

Bonrorpan — kpynHeimmii npoMbIIIIEH HbIA
TOpOJ C BBLICOKUM YPOBHEM TEXHOT'€HHOTO Mpec-
ca. Uepes ropon npoxo/isT IBE HANPSYKEHHBIE aB-
ToMarucTpaii. Baons Hux copmupoBanach 30Ha
ycToiunBoro 3arpsasuenus mmpunon 100 m. s
YIIYYIIEHUS YCIIOBUUA TOPOJICKON Cpebl BaKHBIM
3JIEMEHTOM BBICTYIIA€T CO3JAAHUE Pa3BETBIICH-
HOW CETH I'OPOJICKOT0 O3€JICHEH U TEPPUTOPHH ITY-
TEM CO3/IaHHS CKBEPOB, IIAPKOB, aJlIeH, KOTOPbIE
JIOJDKHBI BBITTOJHATH BaYKHBIC (DYHKIMU: CAHUTAP-
HBIC, THTHCHUYECKHE, ICTETUUECKUE  mp. [28].

HccnenoBaHust NpOBOAUINCE B O3€JICHHU-
TENBHBIX HACAKIICHUSAX YPOaHH3UPOBAHHOM Tep-
puropuu Bonrorpazaa, pacnonokeHHOro Ha Fro-
BOCTOKE eBpornelickoil yactu Poccuiickoit dene-
panuu. JlaHHast TeppUTOPUS HAXOJUTCS HA CThI-
K€ CyXOCTEIMHOW U MONYIYCTBIHHON MPUPOIHBIX
30H, OTJIMYAIONINXCS 10 TOYBEHHO-KJINMAaTHYec-
KUM ycloBUsIM [23]. OCHOBHBIM THUIIOM HETpPaH-
c(OpMHUPOBAHHBIX TIOYB Ha TeppuTOpHun Bomror-
pana SBISETCSl CBETJIO-KAIITAHOBBIN.

—_— 0

B dopmupoBannu nanmmadra Bonrorpa-
na OonbIIyio poiib Urpaet Eprenunckas rpsaa,
paszensionas ropoJ Ha ABE HEpaBHBIE YaCTH.
Ha ckiionax EpreHuHcKkoil BO3BBIIIEHHOCTH MO
BIIMSTHUEM MHTEHCHBHBIX 3PO3HOHHBIX IPOIIECCOB
o0pa3oBajiach IUPOKAs CETh OBPAroB M OalioK.
Ha ropojckoii TeppuTOpur UMEIOT MECTO O4YE€Hb
rmyookue 6anku (['puroposa, Kanycraas, Orpan-
Has) u nonuHbl pedek Enpinanka, Cyxas u Mok-
past Meuetku, LHapuua. JlJi1 faHHBIX OPUPOAHBIX
00pa3oBaHHil XapaKTEPHBI KPYThIE CKIIOHBI, 3HA-
YHUTENbHAs TIIyOMHA, a JIOTHHBI MaJbIX peK Jo-
BOJILHO ITUPOKHE U HU3KHE.

Hecmortps Ha kecTkue mpUpOIHBIE yCIIO-
BHUsI, HA TeppUTOprHK Bomrorpana mpucyTcTByIOT
€CTECTBEHHBIE JIECHbIE OMOIIEHO3bI, TPUYPOYCH-
HBIE K OalipakaM U pedHbIM JOTHHAM. B HUX mpo-
M3pacTaroT CIEAYIOUINE APEBECHBIE PACTEHHUS:
ny6 yeperrdateiii (Quercus robur), BsI3 mpU3eMH-
croiii (Ulmus pumila), 6epect (Ulmus caprihifolia),
kaparana (Caragana), s6mous (Malus), kieH

Ipupoonvie cucmemot u pecypcor. 2024. T. 14. Ne 4



TaTapckuit (Acer tataricum), KJI€HBI SICEHENHCT-
HBIH (Acer negundo) u TaTapckuii (Acer tataricum),
sICeHb IeHCHIbBaHCKuUH (Fraximus pennsylvanica),
tepH (Prunus), poounus mwkeakanuu (Robinia
pseudoacacia), upa 6enas (Salix alba), rpyma
(Pyrus), munoBuuk (Rosa), cMopoauHa 30moTast
(Ribes aureum) u ap [23].

B nocaakax Bonrorpajna, kak yka3blBaroT
M.H. benumxkas [4-6], }0.C. EnpaukoBa [15],
P.B. OBcsaukun, E.A. MBanmosa [31] mupoko
HCIIOJIB3YIOTCA UHTPOAYLIUPOBAHHBIC BUABI 1EPC-
BbEB U KyCTapHMKOB. BBICTPBIN pOCT M AeKopa-
TUBHOCTh TAKHX PAaCTEHUH, a TAKXKE OTCYTCTBHE
HEOOXOIMMOCTH B 0CO0OM yXofie 00yCIIOBIHBa-
0T IIUPOKOE WX MCITONB30BAHHUE B 3€TICHOM CTPO-
UTeNnbCTBE. Takme HaCaKIEHUS CIIOCOOCTBYIOT
YBEITUYCHHIO DKOJIOTMUYECKOH EMKOCTH TEPPHUTO-
Ui, HO, IIPX 3TOM OHU HYKJAIOTCS B PETYISIPHON
TIO/ZIEPIKKE CO CTOPOHBI uenoBeka [17; 21; 22;
26; 28; 30; 32].

Kak mokaszanu Haim ncciieioBaHus, BEmy-
1iee 3HaueHne B (OPMUPOBAHUN OCHOBHBIX TO-
POACKUX HaHI[HIa(bTHI)IX DJIEMEHTOB UMCHOT Ta-
KH€ TIOPOJIbI, KaK BsI3, TOMOIb, pOOMHHMS, COCHA.
[Iupokoe ucronb30BaHUE Bsi3a MEPUCTOBETBU-
CTOTO B O3€JIEeHEHHH TeppuTtopuu Boirorpana
(panee Lapunbia — CTaauHTpam) Ha4aaoCh €Ie
B 30-¢ IT. TIpoIuIoro cToieTus [6]; B HacTosIee
BpEMsA B pa3/IMYHBIX HACAXJICHUAX Iopoga Ha
JIOJII0 MJIBMOBBIX Tpuxoautces oomee 70 % [27].
Tomons u pOGI/IHI/IH CTaJIn UCIIOJIb30BAaTHCA JIA
ozenenenus B 40-50-x rr. XX Beka. [lpu stom
TOITOJIb BEICA)KMBAIOT B T'OPOACKUX HACAKICHUAX
pasHbIX Kateropuii. POOMHUYM OTHAIOT Mpeanoy-
TEHHE MPH 00yCTPOICTBE CKBEPOB, OYIHBAPOB,
BHYTPHUKBApPTAJIbHBIX YYaCTKOB U IIPYU CO3IaHUU
YIIMYHBIX Haca)KﬂeHHﬁ. CocHa crana IIPUMCHATH-
sl TIPU CO3JJaHWH PA3HOTO PoJia JIEKOPATHBHBIX
3eNeHbIX 00beKToB ¢ 70—80-X TT. MPOILIOro Beka.
[Ipu 3TOM B mOCajKax MPUCYTCTBYIOT OOBITHO
CANMHUYHBIC 3K3EMILIAPBI WX I'PYIILI 1EPEBLEB
3TOI XBOITHOW MOPO/IBI 110 3—7 ITYK B KOMITO3U-
uu. B To e Bpemst B TpaHHUIaX rOpo/ia U MO ero
MEPUMETPY BCTPEUAIOTCS MACCHBHBIC HACAXKIE-
Hus 1o 5—7 ra (muxpopaiion 'opuas [onsna, npe-
BOCTOH OJTU3 MEMOPHATILHOTO KoMIutekca JIbicas
T'opa, Ha cknnonax EpreHuHCKOW BO3BBIIIEHHOCTU
u ap.) [30; 31].

B nacrosiiee Bpemsi Bo3pacT OOJIBIINH-
CTBa ICPCBHEB B pa3HBIX IMOCAJKax IMPEBBIIIACT
50-60 ner. bonee 60 % nepeBhEeB B MOCAIKax

Natural Systems and Resources. 2024. Vol. 14. No. 4

E.A. Usanyosa, M.T. Heyen. BUunoBoli cocTaB M CTPYKTYpa COOOIIEeCTB eHAPOPHIbHBIX (priutodaros

CWIIbHO ocnabnensr [18; 27; 33]. Hanuuwme B mo-
caJlkax ociabJIeHHBIX JepeBbEB CO3JacT Oyiaro-
MPHUATHBIC YCIIOBHSI JUTSI IPUBJICUCHHS ¥ Pa3MHO-
JKSHH S BpeauTene u oonesneit [19; 20; 29]. Oto
MOATBEPKAAIOT JaHHBIE HAIMX HAOIONCHUH 110
pe3ynbTaraM OICHKA CaHUTAPHOTO COCTOSHHS
OCHOBHBIX JIpeBeCHBIX mopoa. [loaromy mpen-
CTaBIISIET MHTEpPEC U3yUeHHE 0COOEHHOCTEH co-
CTaBa U CBs3€i HaCceJICHUS WICHUCTOHOTHX C OC-
HOBHBIMH JIPEBECHBIMH TIOPOJIAMH B TOPOACKHX
HACAXKJICHHSIX.

U3zBecTHO, 4TO ypOaHU3aIIUs COTPOBOXKA-
eTcsl KapJJMHAJIbHBIM N3MEHEHHEM TIepBOHAYAITb-
HBIX MECTHBIX 3KocucTeM. OHHM pa3pymarTcs
MOJ] BIIMSIHUEM YelOBEKa U B JallbHEHIeM cTa-
HOBSTCSl YaCThIO BHOBb CO3/IaHHBIX JaHmadr-
HBIX KOMILIEKCOB. ['opojickue dhayHbl popMupy-
IOTCSI U3 CYILIECTBYIOIINX a00OpPUTEHHBIX BUJIOB U
BHUJIOB-MUTPAHTOB [28]. Kak oTMedaroT B cBOMX
uccnenosanusx M.H. benuuxkas, U.P. ['pu0ycr
u ap. [5; 6], A.A. benos [7], .A. borauena,
I'A. 3ammuna, H.B. Huxonaesa [8], }O.C. Enb-
unukosa [15], H.U. Epemeesa [16], b. Knaycuut-
uep [24], U.A. JleontseBa, U.A. SlkoBneBa [25],
E.B. IOpkuna, E.M. Edpemora [36] u ap., mpo-
1ecchl ypOaHHU3aluK MPUBOIAT K 00pa3oBaHUIO
crienu(pUUECcKOro YHTOMOKOMILIEKCA, TIOPOH CyIIie-
CTBEHHO OTJIMYAOIIErOCsl OT MPUPOIHBIX CO00-
IIECTB.

Bpenurenu npeBecHBIX MOPOA — OONbIIas
W OYeHb pa3zHOOOpa3Has YacTh TOPOJCKON SH-
ToModayHbl. OHH KJIaCCH(PUIIMPYOTCS 10 HAHO-
cUMOMY YIepOy peBECHOTO BUA. JTO BpEIu-
TENU JIUCTBBI, CTBOJIOBEIC BPEIAMUTENH, BPEIAUTE-
JIA KOpHEH, BpEAUTENH IOAO0B U T. A. VX nuiie-
BBIE MIPEIIIOYTCHUS OMPEEIISIOT MEeCTOOOnTA-
HUE ¥ CTENEHb Bpela JIepeBy MM KYCTapHUKY.
MHorue HaceKOMbIE TIPU 03eJICHEHUH TOPOJICKHX
TEPPUTOPHI TPOHUKAIOT B PETHOHBI C TIOCAT0Y-
HBIM MaTepualioM, JIETKO OCBaWBAaIOT HOBBIE
YYaCTKU M TEPPUTOPHUH, TPUCIIOCAOIHBAIOTCS U
CTAHOBSATCS TOCTOSSHHBIMU OOUTATENSIMH TO-
PONCKUX IMOCAaIOK.

Kommuiekcht 1eHpodhUITbHBIX YWICHUCTOHO-
I'UX BECbMa MHOT'OYHCIICHHBI U Pa3HOOOPa3HEI.
Yucno Ha Tepputopum Poccum TOCTOBEPHO
BBISBJICHHBIX BUJOB JIOCTUTAET, O JAHHBIM
E.B. Akcenenxo, N.1. Kopuera, A.B. bynaesa,
A.M. Kongapatsepoii [1], FO.. Anmanxkoit [2],
B.B. Anukuna [3], M.H. benuixkoii, 3.A. ®emo-
toBol, E.O. Hedenpenoii [4], A.A. borynosa [10],

] —
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I.J. byii, JI.H. Illepb6akoroii, M.}FO. Mannenb-
mramma, J[.JI. Mycomna, A.B. CemmxoBkuna [11],
N.A. JleontseBoit, U.A. SxoBneBoit [25],
A.B. CemmxoBkuHa [34], u ap. okomno 1100.

CriennanabHOE U3y4eHUE BpenuTeneil accu-
MUJISIIIOHHOTO arlnapaTa JPeBECHbIX MOpPO/I, CO-
CTaBJISAIONINX OCHOBY O3€JICHUTENHHBIX HACaXK-
NeHuit ypObaHU3MpOBaHHOW TeppuTopun Bonror-
paza 1o MocleqHero BpeMeH IPakTHUeCKH He
npoBoauiock. OOmUN BUIOBOH COCTaB JICH/I-
podaroB B TOPOJCKHX HACAKCHUSIX, B TOM YHC-
JIe B MOCAJIKaX CAHUTAPHO-3aIUTHON 30HBI U3Y-
ganu }0.C. Expaukosa [15], ILM. Boromgyxos [9],
M.H. Benunukas, U.P. I'pudyct, O.C. ®unumo-
Hoga [6], P.B. OBcsnxun, E.A. Banmosa [30-33],
A.A. Tuxonosa, E.A. UBanmosa [35]. B uccne-
noBanusx II.M. boromyxoBa [9] mpoBenena
OLIEHKA COCTOSTHUS YHTOMOHACEJICHU S TEXHOT'€H-
HO MpeoOpa3oBaHHON TEPPUTOPHH, BIIEPBHIC
ObUTa TIPEANPUHSTA TMOIMBITKA OIIEHUTh COCTOSI-
HUe dHTOMO(MAayHbI Ha 3arpsi3HEHHON TeppUTO-
puu ¢ npuMeHenneM npunnumna Jle-Illartense-
Bpayna n npenioxkeH cokpaléHHbli METO aHa-
Jn3a 1o TPEM MHIUKATUBHBIM CEMEWCTBaM.
Bpennsie unenucronorue, B padorax M.H. be-
nuukor, W.P. I'pubyct, E.O. Hebenberoii [5],
M.H. Benunkoit, U.P. I'pubyct, O.C. dunumo-
HOBOH [6] ¥ Ap., pacCMaTpUBAINCh KaK WH]IU-
KaTopbl COCTOSTHUSI OMOIIeHO30B. B HIX aHamu-
3UPOBANUCH (DayHUCTUYECKHI COCTaB, KOJHYe-
CTBEHHOE OOMIIME W DKOJIOTHYECKasi CTPYKTypa
1 OMOJIOTHYECKKE OCOOCHHOCTH (UUTIO(haros Ha
TeppuTopuu Bonrorpana u obiacTu ¢ ykazaHu-
€M BO3MOKHOCTH NMPOTHO3UPOBAHHUS MTPEACTOSI-
MIMX U3MEHEHHI KOJTMUECTBEHHOTO OOMJIHSI BaXK-
HEWIIMX BpEeIUTENIEeH U CAHUTAPHOT'O COCTOSIHUS
3aIUTHBIX HACAKICHUN.

MaTepHamﬂ H METOAbI HCCJICA0OBAHUSA

B 3agaun Hammux ucciaenqoBaHuM BXOIMIIO
M3yYCHHE COCTaBa W CTPYKTYPHI BpeauTesci
ACCHUMMIISIMOHHOIO ariapara OCHOBHBIX JIpe-
BECHBIX TOPOJ B HacaxJeHusx roposaa [18].
OxkoJioro-hpayHUCTUUCCKUE UCCICIOBAHUS H
00paboOTKy TaHHBIX BHIIOJHSIIN C HCIIOIb30Ba-
HUEM OOIICHPHUHITHIX METOJOB U METOIHUK
[12—14]. [IpengycMaTpuBanoCh TaKKe UCIIOIb-
30BaHUE JAaHHBIX APYIUX HCCIEI0BATENCH.
COop u yueT BpeauTeseH JTUCTBB U XBOH OCY-
IIECTBIISICS B IIPOILIECCE MPOBEACHUS TTOCTO-

—_—

STHHBIX ¥ PEKOTHOCITUPOBOYHBIX 00CII€TOBaHH I
mocaaok [18].

Ha BeTBsIX HUKHEN 4acTH KPOHBI JUIMHOM
1,0 M TIOACYMTHIBAIM KOIMYECTBO BpEMUTENCH
Pa3HBIX BHUJIOB, HAHOCHUMBIE MU TTOBPEXKACHUS
JIUCTHEB, COOMPANIM TIOBPEXKICHHBIE JIUCTHS C
MUHaMHU U TaJUIaMH U T1p. [{omonHuTeNnbHO mpo-
BOJIIJICSL PyYHOU cOOp MMAaro BpeuTeNneii U Ko-
[IEHHUE YHTOMOJOTHYECKUM CAaYKOM B KpPOHAaX
JICPEBLEB. YUeT BUIOBOro o0mus Gusuiodaron
MIPOBOMMJIM IBAYK/BI 32 CE30H B KOHIIE aIlpesis —
III nexama mMasg (paHHEBECEHHUN KOMIUIEKC) U
II nexama aBrycra — I gexkama ceHTSOps (JeTHE-
ocenHuil komruiekc) 20202023 ronos. IIposo-
TV PYYHOH cOO0p, SHTOMOJIOTHYECKOE KOIIIEHHE,
OCMOTPp JIMCTBHI U U3yUCHHE MTOBPEXKACHUI, BBI3-
BaHHBIX (rutodaramu. OCOOEHHO BayKHO TO JIst
BBISIBJICHHS] HHBAa3UBHBIX BHJIOB BpeauTeNeH, a
TaKKe OTKPBITOKUBYIINX QUILTO(aros, OBPEK-
JICHUsI KOTOPBIX 3a4acTyto Oojee 3aMETHBI, He-
KeJIM OHU caMU. BO3MOKHOCTB HUICH TH(QHUITHPO-
BaTh MX JI0 BHJIA J1aeT IIEHHYIO0 HHPOPMAIUIO 110
MPOCTPAHCTBEHHOMN U BPEMEHHON M3BMEHUYUBOCTHU
IJIOTHOCTH nonyisatuu [27]. OueHka cCoCTOsHUS
SHTOMO(]ayHBI IPEyCMaTpHBalla YCTaHOBJICHHE
TaKMUX MoKa3arelneil, Kak: TAKCOHOMUYECKUN CO-
CTaB U IJIOTHOCTh; BU/IBI, COCTABIIAIONINE OCHO-
By HACEJIeHHUs; MaJIOUYHCIEHHbIE HAaCEKOMBIE,;
CBSI3b MEXIY APEBECHON MOpPOAON M pa3HbIMU
TPOPUUECKIMH TPYTMIAMHU YWICHUCTOHOTHX; BbI-
JIeTIeHUE B COCTaBe COOOIIECTB BHJIOB, OTIHYA-
FOLUXCS IO XO3SHCTBEHHOMY 3HA4YEHHUIO. YcTa-
HOBJICHHE BHJIOBOI'O COCTaBa (UIIOharoB ocy-
HIECTBIISIOCH MyTeM OMpPENENeHHsI UMaro, Mo
BUJOCTICIIEUUHBIM MOBPEKACHHUSIM aCCUMUIISI-
LIMOHHOT 0 afnmapara apeBecHsIx opoa. [Ipu atom
HCTIONB30BAIINCH OOIEU3BECTHBIC ONpeeITUTe-
JIU ¥ aTiackl HaceKoMbIx [12, 13].

Pe3yJ’ILTaTbI u 06cym21eﬂne

PesynbraThl aHamu3a COOPaHHOTO HaMHU
MOJIEBOT'0 MaTepralia i MMEIOIINECs JTUTepaTyp-
HbIE JaHHBIE TTO3BOJIUIH OIPEACITUTH TAKCOHO-
MHUYECKOe pa3HooOpa3ue W pacmpocTpaHeH-
HOCTB BpeIUTEIeH aCCHMHUITAIIMOHHOTO ariapa-
Ta B OCHOBHBIX TOPOJICKHX JIPEBECHBIX HACAK-
JeHHsIX. MHOTOJIETHUMH HCCIIEAOBAHUSIME YC-
TaHOBJIEHO, YTO Ha 00CIIEIOBAHHBIX IPEBECHBIX
pactenusx oburtaror 108 BuaoB (riiodaros
(cM. TabnuIy).
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BunoBoii coctap Han0oJee pacHpoCTPAHEHHBIX BHAOB YJIEHHCTOHOTHMX OCHOBHBIX
ApeBecHBIX mopoxa r. Boarorpana

JIpeBecHble NOPOIbI
Bss Tomone | Pobunus | CocHa

CucremaTudeckas eauHIIa

Kaacc Insecta
Omp Homoptera
Cem. Cicadellidae
Cicadella viridis (Linnaeus, 1758) + + +
Omp Hemiptera
Cem. Psyllidae
Psyllopsis fraxinicola (Foerster, 1848) +
Psylla ulmi (Forster, 1848) +
Cem. Pemphigidae

Pemphigus lactucarius (Passerini, 1856)

Pemphigus populinigrae (Schrank, 1801)

Pemphigus (Pemphiginus) populi (Courchet, 1879)
Pemphigus (Pemphigus) spyrothecae (Passerini, 1860)
Thecabius (Thecabius) affinis (Kaltenbach, 1843)

Cem. Aphididae

Aphis (Aphis) gossypii subsp. gossypii (Glover, 1877)
Aphis (Aphis) craccivora subsp. craccivora (Koch, 1854)
Aphis (Aphis) fabae subsp. fabae (Scopoli, 1763)
Acyrthosiphon Acyrthosiphon caraganae (Cholodkovsky, 1907)
Colopha compressa (Koch., 1856 )

Eriosoma lanigerum (Hausmann, 1802)

Tinocallis (Eotinocallis) platani (Kaltenbach, 1843)
Kaltenbachiella pallida (Haliday, 1838)

Tetraneura ulmi (Linnaeus, 1758)

Eriosoma ulmi (Linnaeus, 1758)

Omp. Coleoptera

Cem. Chrysomelidae

Xanthogaleruca luteola (Muller 1776) +
Omp Lepidoptera
Cem. Gracillariidae
Phyllonorycter corylifoliella (Hiibner, 1796) +
Phyllonorycter populifoliella (Treitschke, 1833) +
Phyllonorycter robiniella (Clemens, 1859) +
Parectopa robiniella (Clemens, 1863) +
Phyllonorycter ulmifoliella (Hiibner, 1817) +
Phyllocnistis unipunctella (Stephens, 1834) +
Cem. Nepticulidae

Stigmella luteella (Stainton, 1857)

Stigmella lemniscella (Zeller, 1839)
Stigmella ulmivora (Fologne, 1860)
Stigmella viscerella (Stainton, 1853)

Cem. Lasiocompidae

Malacosoma neustria (Linnaeus, 1758)

Cem. Geometridae

Operophtera brumata (Linnaeus, 1758)
Abraxas (Calospilos) sylvata (Scopoli, 1763)
Erannis defoliaria (Clerck, 1759)

Lycia hirtaria subsp. hirtaria (Clerck, 1760)
Biston strataria subsp. strataria (Hufnagel, 1767) +
Bupalus piniaria (Linnaeus, 1758) +
Cem. Lymantriidae

Orgyia (Orgyia) antiqua (Linnaeus, 1758)
Euproctis (Euproctis) chrysorrhoea (Linnaeus, 1758) + + +
Lymantria dispar (Linnaeus, 1758) +

+

+

[+ [+ [+

+ [+ [+ |+

+| 4|+ |+

+

[+ [+ ]+

+
+
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+
+
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Cucremarnueckas ¢IMHALIA

JIpeBecHble MOp of1bl
Bs3 Tomons | Pobunms | CocHa

Cem. Noctuidae

Phalera bucephala (Linnaeus, 1758)

+ +

Panolis flammea (Denis & Schiffermiiller, 1775)

Amphipyra pyramidea (Linnaeus, 1758)

Dicranura ulmi (Denis & Schiffermiiller, 1775)

Cerura vinula (Linnaeus, 1758)

Cem. Pyralidae

Etiella zinckenella (Treitschke, 1832)

Cem. Arctiidae

Hyphantria cunea (Drury, 1773)

Omp. Hymenoptera

Cem. Diprionidae

Diprion pini (Linnaeus, 1758)

Microdiprion pallipes (Fallen, 1808)

Neodiprion sertifer (Geoffroy, 1785)

Cem. Argidae

Aprocerus leucopoda (Takeuchi, 1939)

Cem. Pamphiliidae

Acantholyda erythrocephala (Linnaeus, 1758)

Itycorsia posticalis (Matsumura, 1912)

Cem. Tenthredinidae

Fenusella nana Klug, 1816

Nematus tibialis (Newman, 1837)

Fenusa ulmi (Sundevall, 1844)

Cladius ulmi (Linnaeus, 1758)

Omp. Diptera

Cem. Agromyzidae

Paraphytomyza populi (Kaltenbach, 1864)

Cem. Cecidomyiidae

Janetiella lemei (Kieffer,1904)

Janetiella nervicola (Kieffer, 1909)

Obolodiplosis robiniae (Haldeman, 1847)

Kuaace Arachnida

Ompsno Acariformes

Cem. Eriophyidae

Aceria ulmi (Garman, 1883)

+

Kak noka3zanu Haliu ucclienoBaHus, Han0o-
Jiee Oorat B BUIOBOM OTHOIICHHUH Kiiacc Insecta,
KOTOpHIi mpeacTanieH 102 BugaMu HACEKOMBIX,
oTHOCSmMUXCS K 83 pomgam 29 cemeiicTBaM u 7 0T-
psanaM. OayHUCTHYECKUI COCTAB KIIELIEH 4pes3-
BBIYaiiHO OefeH — 6 BUIOB U3 3 POJOB CeMEi-
ctBa Eriophyidae orpsiga Acariformes [18]. Hau-
Ooree 6oraro U pazHOOOPa3HO IO COCTABY HACe-
sieHue Gpuutodaros, OOUTAIOIIMX Ha Bsize — 58 BU-
JI0B. 3aMETHO HIKE BHIOBOE OOMJIHE COOOIIe-
ctBa Tomoins — 41 Bua. Hacenenue BpeauTeneit
JIUCTBBI aKaIliy OTPAaHUYCHO 23 BUIaMH U HaH-
0osiee OCTHBIM TaKCOHOMHYECKHM COCTaBOM
OTJIMYAETCS COOOILIECTBO COCHBI — 12 BHJIOB.

AHaIM3 CTPYKTYPhI COOOIIECTB WICHUCTO-
HOr'uX pas3HbIX APEBECHBIX IMOPO/ ITOKa3al 3aMET-
HBIC OTJINYMA B COOTHOIICHWHU OTPSAI0B HACCKOMBIX.

10

Oc00eHHO SIPKO MPOSIBIISETCS pa3HHIA MK/ CO-
o0IecTBaMy JIMCTBEHHBIX MTOPOJ] U COCHOH. OT-
JIMYAETCsl KOJIMYECTBO OTPSZIOB U KapAWHAIBHO
MX J0JIs B coobmiecTBax (uiuiodaros, MeHsIETCS
COCTaB JOMHUHAHTHBIX I'PYIIIL.

B cooOmiecTBax OOJIBIIMHCTBA JIMCTBEH-
HBIX [TOPOJI IOMUHHUPYIOIIEE MOJ0KCHHE 3aHHU-
MaeT oTpsaja yemryekpwuible Lepidoptera, Ha
JIOJIF0 KOTOpOro npuxoautcs 10 41,6 % ot 00-
mero cocraBa coobmects. Cpean 4IeHHCTO-
HOTr'uX, HACCJIAIOINX JIMCTBEHHEBIC ITIOPOAbI, HAN-
OoJiee BBIPAXKECHO y4acTHE JAHHOTO OTpsaa B
rpymnme oburatened Tomons (41,6 %). B co-
00IIIeCTBE Bs3a IOJIS YEHIYCKPBLIBIX HECKOIBKO
Huke (39,7 %). OcoOeHHO HU3KO y4acTHE
MpencTaBUTENeH yKa3aHHOTO OTpsijia B CO00-
mectse poounuu (20,0 %).
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OTpsn monykecTKoKpbuibie Hemiptera
($hopMHUpPYET OCHOBHYIO YacCTh BUIOBOIO OOMIIHS
HaceneHus: B cooOriecTBax poounuu — 30,0 %.
Bonee Hu3Kas MpencTaBICHHOCTh JAaHHOTO OT-
psina XxapakTepHa JiTsl HaCeJICHUsI TOMOIS U Bs3a,
7€ ATOT MoKa3arensb Hmke Ha 12,9 % u 14,5 %
COOTBETCTBEHHO.

[TomoOHBINM BapHaHT y4acTHS B CTPYKType
COOOIIECTB YJICHUCTOHOTHX, HO B HECKOJBKO
MEHBIIICH CTETICHH, XapaKTepeH JUis OTpsijia yxKe-
crkokpeiisie Coleoptera.

BapuabenbHOCTh JJ0JICBOTO y4acTHsl OTpsi-
na paBHOKpbUIbIe Homoptera B cTpykType Ha-
CCJICHHA YJICHUCTOHOTHMX Pa3HbIX JIMCTBECHHBIX
MOpOJI ¢J1a00 BhIpaXKeHa U KOJCOJIETCS MPaKTH-
YecKu Ha ogHoM ypoBHe 12,1-15,0 %.

Heckonbko nHas cuTyanus XxapakrepHa i
OTPAZIOB TepernoHYaTokpelibie Hymenoptera u
nBykpbUIbie Diptera. B cooOriectBax poOMHUY U
Bs3a Y4acTHE MPECTABUTENCH KaXIOro OTpsiaa
paBHomoeBoe. [ dpuutodharo poOMHUM 3TH 1O~
kazatenu coorBerctByior 10,0 %. A B coobre-
CTBC BA3a MPEACTABICHHOCTE JABYKPBUIBIX U IIEPC-
IMOHYATOKPBUIBIX KOJeONeTcs Ha ypoBHE 6,9 %.
OmHako, cpeay WICHHCTOHOTUX, OOMTAIOIMX HA
TOIIOJIE, OIS TIPEICTABUTENICH OTpsi/ia eperoHya-
TOKPBUIBIX (2,4 %) Ooriee ueM B 4eThIpe paza HIKeE
TAKOBOI'0 B CPaBHECHHU C IBYKPBLUIBIMH.

Buael oTpsiia pacTUTENbHOSAHBIE KIEIIH
Acariformes 3aperucTpupoBaHbI JHIIL CPEAH
¢unnodaros Bsza u Tomnons. [Ipuuem ydactue
KJICIIei B COOOIIECTBE Bsi3a BBIPAXKCHO B HaW-
Oonbiei crenenu (8,6 %). [y HaceneHus: To-
TOJIs XapaKTepeH 0ojiee OSTHBIN COCTAB KIICIICH,
HX J0JIA ITOYTH B UCTBIPC pa3a HUIKE.

CocTaB HaceleHHs YWICHUCTOHOIMX COCHBI
OTJIMYAETCS OT OOUTATENeH JTUCTBEHHBIX TIOPO/I.
3/1ech TOMUHHPYIOIIES TONI0KEHUE 3aHUMAIOT
MPpEACTaBUTCIIU TPEX OTPAA0B HACCKOMBIX, CpEC-
JI1 KOTOPBIX HA JIONIO MPEACTaBHUTENCH OTpsiia
Hymenoptera npuxonutcsa 50,0 % or BumoBoro
obmnus coobmectBa, Ha gomto Lepidoptera —
41,7 %. OcobeHHO HU3KUM YYacCTHEM B CTPYK-
Type HaceleHus QrioparoB COCHbI OTIMYACT-
cs1 otpsag Coleoptera — 8,3 % ot 00IIEro TaKCco-
HOMHYECKOI'0 COCTaBa coo0IIecTBa puiiodaros.

3akjaoyeHue

OHTOMOdayHa ypOaHU3UPOBAHHBIX TEPPHU-
TOPHI HYXKJAeTcsl B IOCTOSTHHOM U CUCTEMaTH-
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YECKOM HaOIOICHUH U U3y4SHUH. JTO CBSI3aHO,
mpexae€ BCEro, ¢ MCHAIOMMMHCA OO BIIMAHHUEM
MHOXeCTBa (PaKTOPOB TOPOJCKHUMH YCIOBUSIMH.
CylecTBEHHOE BIUSHUE HA CHUKEHHE XO3Sii-
CTBEHHOT'O M 9KOJIOTMYECKOT0 3HAYCHUS 3E€TIEHBIX
HaCaXJIEHUH OKa3bIBAIOT BPEIHBIE HACEKOMBIE
U PaCTUTEILHOSIHBIC KIISIIH. DTO TpeOyeT pas-
paboTKN MEPOTIPHUSTHH 110 PEryITUPOBAHHUIO YHC-
JIECHHOCTH ¥ XO3SIMCTBEHHOI0 3HAYEHUS Bpe€auTe-
JIeH, 4TO pea3yeMo Ha OCHOBE CBEJICHHIA O TaK-
COHOMHYECKOM COCTaBe BPEIHOM (hayHBI, BHISB-
JICHUY Han0O0JIee MHOTOYKMCICHHBIX U BPEIOHOC-
HBIX BUJIOB.
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IDENTIFICATION OF FIRE HAZARD AREAS
IN THE FLOODPLAIN LANDSCAPES OF THE LOWER DON
BASED ONACTIVE BURN DETECTION DATA FROM SPACE
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Abstract. Wildfires are a significant exogenous factor in the state of floodplain ecosystem landscapes, the
importance of which increases in modern changing hydrological and climatic conditions. A decrease in the water
content of the flood in the lower reaches of the Don River leads to the degradation of meadow communities in the
floodplain and the drying up of its delta, which causes an increased fire hazard. The article presents the results of
a study of the fire regime of floodplain and delta landscapes of the Lower Don based on an analysis of the long-term
dynamics of the number and density of active combustion sites according to the MODIS satellite system. Using a
long-term archive of detection of active combustion sites for 2001-2023, we were able to determine seasonal and
long-term patterns in the dynamics of their number, identify the most fire-hazardous areas with a fire frequency of
at least 25%, and also highlight municipal districts with an increase in flammability — the Azov and Myasnikovsky
districts, where the Don Delta is located. In general, the trends of the Lower Don floodplain flammability are aimed
atreducing it mainly due to fires in the summer-autumn period, but the number of recorded fires in March increases.
As aresult of geoinformation processing and the use of spatial analysis methods, settlements were identified in the
vicinity of which the largest area of fire-hazardous areas is concentrated. The largest number of such areas are in
the Volga delta. Most of them are located at a distance of 2—5 km from the nearest settlement. This indicates both the
threat to these settlements from fires and the significant role of the anthropogenic factor in the occurrence of fires.
It is necessary to optimize and strengthen fire prevention measures in the vicinity of the identified settlements with
the largest areas of fire-hazardous areas. The information obtained as a result of the study can be used for further
development of fire prevention measures.

Key words: landscape fires, Lower Don, remote sensing data, geoinformation technologies, floodplain
ecosystems.
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NIAEHTUDOUKALUA TIOKAPOOIIACHBIX YHACTKOB
B IOMMEHHBIX JAHAIIA®TAX HUKHEI'O JOHA
1O JAHHBIM JETEKTUPOBAHUSA AKTUBHOI'O TOPEHUSA U3 KOCMOCA

Pycnan HypJaanoeuu bepaenranues

Bonrorpaackuii rocynapcTBeHHBIN yHUBEpCUTET, . Bonrorpan, Poccuiickas ®eneparus

Acear HypianoBna BepaenranueBa

Bonrorpaackuii rocynapcTBeHHBIN yHUBEpCUTET, I. Bonrorpan, Poccuiickas ®eneparus

AnnoTanusi. [IpupoHbIe TOXKaPHI ABIIAIOTCS CYIIECTBCHHBIM YK30T¢HHBIM (PAKTOPOM COCTOSIHUS JTaHAIad-
TOB MONMMEHHBIX SKOCHCTEM, 3HAUMMOCTH KOTOPOTO YBEIMUHBAETCS B COBPEMEHHBIX MEHSIOIIUXCS THIIPOIOruyec-
KHX U KJIMMaTH4YecKuX ycioBuil. CHUKEHHE BOJHOCTH MOJIOBO/IbSI B HUXKHEM T€UEHUH PeKU J{oH MPUBOIUT K Jierpa-
JTAIMH JIYTOBBIX COOOIIECTB B IMOWME U OOCBHIXaHHIO €ro JCbThI, H3-3a 4ero (hOpMHUPYETCs MOBBIIICHHAS TIOKapHast
OMacHOCTh. B cTaTtbe mpuBOIATCS pe3yiibTaThl UCCIENOBAHUS TTOKAPHOTO peKUMa MONMEHHBIX U JIETbTOBBIX JIaH/I-
magToB Hwkaero /IoHa Ha 0CHOBE aHajIM3a MHOTOJICTHEH TMHAMUKH KOJIMYECTBA U IIOTHOCTH OYaroB aKTUBHOTO
TOPEHUs 10 JaHHBIM ciyTHHKOBOM cucteMbl MODIS. Ucnonb3oBaHre MHOTOJIETHETO apXUBa JIETEKTUPOBAHUS 04a-
roB akTuBHOro ropenus 3a 2001-2023 rr., MO3BONUIN ONPENETUTh CE30HHBIE U MHOTOJIETHUE 3aKOHOMEPHOCTH
JMUHAMHKH UX KOIAYECTBA, HACHTU(DUIMPOBATH HAHOOJIEE MOKAPOOITACHBIC YUACTKH C IIOBTOPSAECMOCTHIO ITOXKAPOB
He MeHee 25 %, a TakkKe BbIETUTh MYHHUIIUIATbHbBIE PAaHOHBI C POCTOM FOPUMOCTH — A30BCKUN U MSICHUKOBCKHUIA
paiioHbl, B KOTOPBIX pactiofioxkena AenbTra Jlona. B rienom Tenaennnu ropumocty noiimel Hiskaero Jlona HanpaBs-
JICHa Ha €€ CHIKCHUE B OCHOBHOM 3a CYUET IT0KapOB JICTHE-OCEHHETO MIEPHO/Ia, HO YHUCIIO (PUKCUPYEMBIX BO3TOpa-
HUI B MapTe yBeIU4YUBaeTcs. B pesynbrare reonH(popMaIiioHHON 00pabOTKH M IPUMEHEHHUS METOJIOB TIPOCTPaH-
CTBEHHOT'O aHaJIN3a BhISBJICHBI HACEIICHHBIC ITYHKTHI, B OKPECTHOCTAX KOTOPHIX COCPEIOTOUMECHA HANOOMbIIIAs TIJI0-
II[aJ1b TOKaPOOMACHBIX YU4aCTKOB. HanOobIiee KOIMUeCTBO TAKUX YYaCTKOB HaXOMATCs B enbre Bonru. Bonbmas
YacTh M3 HUX PACIONOKCHA HA YIaJICHUU 2—5 KM OT OJTMDKaMIIero HaceJIEHHOTO IMyHKTA. DTO CBUACTEIILCTBYET Kak
00 yrpo3e 3TUM HACEJICHHBIM ITYHKTaM OT ITOKapOB, TaK U O 3HAUUTEIHLHON POJIM aHTPOIIOTCHHOTO (paKkTopa B
BO3HHUKHOBEHUH MOXapoB. HeoOX0uMBbI ONITUMU3ANNS U YCHIICHHE MEP IPOTUBOIIOKAPHON MPOGHIAKTUKY B OK-
PECTHOCTSX BBISBJICHHBIX HACEJICHHBIX IIYHKTOB C HAMOOIBIIMMHU ILIOIIA MU TIOKAPOOITACHBIX yJacTKoB. [lomy-
YEeHHAs B pe3y/IbTaTe UCCIIeNOBAHMS HH(POPMALIUSI MOKET ObITh MCIIOB30BaHA JJIs JabHEHIIIelH pa3paboTKu pOoTHU-
BOIOXAPHBIX MEPONPUITUH.

KiroueBnle cioBa: nananadrabie mokapbl, Hukauit JIoH, TaHHBIC TUCTAaHIIMOHHOTO 30HIUPOBAHUS, TCONH-
(hopMaIMOHHbIC TEXHOJIOTHH, TOWMEHHBIE SKOCHCTEMBI.

HurupoBanue. bepnenranues P. H., bepnenranuesa A. H. Vnentidukarys noxapoornacHbsIX y4acTKOB B TOW-
MeHHBIX JTanamadrax Hukaero JloHa o JaHHBIM JIETEKTUPOBaHHSI aKTHBHOTO TOpeHus u3 kocmoca // [Ipupomnsbie
cucreMsl ¥ pecypchbl. —2024. —T. 14, Ne 4.—C. 17-27.—DOI: https://doi.org/10.15688/nsr.jvolsu.2024.4.2

BBenenue

[NoiiMennsble manmmadThl SABISIOTCS 0CO-
OCHHO YYBCTBUTENBHBIMH K TIOCIIEICTBHSIM H3-
MEHEHUH KIIMMara, HalpuMep, 3acyxam, Komeda-
HUSIM YPOBHEH TPYHTOBBIX BOJI, TOBEPXHOCTHOT'O
1 mozeMHoro croka [20; 23]. B HacTositiee Bpe-
Msi OacceliH peku JIOH HaXOIUTCSI B YCIOBHSIX
apuIu3aliy KIIMaTa, XapaKTepu3yronieics jie-
(UITTOM BOTHBIX PECYPCOB, BHICOKOH CTEIIEHBIO
WCTapEeHHUs, YTO IPUBOUT K COKPAIICHUIO CTOKA
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0COOCHHO B TIEpHOJ MONOBOAbs [1]. 3HaUnTEND-
HbIE TUIONIAN B HU30BbsIX J{OHA 3aHUMAIOT Mpy-
Il PHIOOBOIHBIX XO3SIICTB W PUCOBBIC YEKH,
OYCHb BEIIMKA JIOJS HEUCIIOJIb3YEMBIX CEJlbCKO-
XO035IHCTBEHHBIX 3eMeJb, KOTOPhIC OBLIM 00BaJIO-
BaHBI U COOTBETCTBEHHO BBIBEJICHBI U3 ITOMMEH-
Horo pexxuma [9]. [IpeoOpazoBaHHBIC BO BTOPOI
MoJ0oBMHE XX B. JIAHIIIA(THI JCJIBTH U TOHMMBI
JloHa 4yBCTBUTEIbHBI K KJIMMATUYECKUM M aHT-
POIIOTEHHBIM M3MEHCHHUSM B yCIOBHUSIX 3Ha-
YUTEIBHOIO XO35IHCTBEHHOI'0 OCBOEHU S TOMMEH-

Ipupoonvie cucmemol u pecypewi. 2024. T. 14. Ne 4



HbIX 3eMenb Hukaero JloHa 1 HeraTUBHBIX THJ-
ponornueckux m3MeHeHuit [1; 25]. B takux yc-
JIOBUSIX BO3/IEWCTBHE IPUPOIHBIX [TOKAPOB HA JIaH-
nmadT CTaHOBUTCS OCOOCHHO HETaTUBHBIM.
[TosTOoMy Tpebyercsi aHaIM3 MOKAPHOTO PEXKHU-
Ma TEPPUTOPHUHU: BBISIBIICHUE ITPOUICHHOW OTHEM
IJIOIIA/IN, ONpeeseHne TEHACHIIUNH TOPUMOCTH
M 4acTOThI NOkapoB. Mnentudukamnus Hanbo-
JIee MOKapooIaCHbBIX TEPPUTOPU N TO3BOIHUT OTI-
TUMH3UPOBATH MEPHI POTHBOIIOKAPHON MTPOdH-
nakTuku [18]. [TockonbKy mokapbl KpoMme pas-
PYILIEHUS MECTOOOUTAHUH PACTCHUM U )KUBOTHBIX,
YTPO3€ 3I0POBBS M JKU3HU HACETIEHU S, CITy>KaT UC-
TOYHHUKOM BBIOPOCOB MApPHUKOBBIX T'a30B U JIPY-
IUX IPOAYKTOB TopeHus B atMochepy [17; 24],
TO MPOTHBOACHCTBHE UM JOIDKHO OBITH OJHUM
13 MPHUOPHUTETOB MPUPOIOOXPAHHON TOTUTHKH.

B coBpemeHHBIX HCCIEeOBaHUIX OKpYKa-
IOIIEeN Cpebl U BIMSHUS HA €€ COCTOSIHUE TIPH-
POMHBIX TOKAPOB IIHUPOKO UCTIONB3YIOTCA JAHHBIE
JIICTaHIIMOHHOTO 30HIMPOBAHUS, KOTOPbIE ITO3BO-
JISIIOT ONEPAaTUBHO TONYYUTh JaHHBIC HA OOJb-
e Tepputopuu [2; 3; 6; 10-13; 15]. Mcionb3o-
BaHUE reOrH(pOPMAIIOHHBIX TEXHOJIOTUH TT03BO-
JIICT XPaHHUTh, 00padaThIBATh U aHATU3UPOBATH
3HAUUTENbHBIE apXUBBI JAHHBIX CHYTHUKOBOM
CBEMKH Pa3IMYHOTO MPOCTPAHCTBEHHOTO, Bpe-
MEHHOT'O M CIIEKTpaIbHOTO pasperieHus [8; 16].
Ha ocHoBe nosrydeHHOr0 reonH()OpMaIiioHHOTO
aHanu3a pas3pabaTbiBaroTCcsi 0030pHBIE KapThI
MPHUPOJHBIX NTAaHAMA(TOB, TAK U TEMATUICCKUE
Y IPOTHO3HEIE U (PPOBBIE KAPTHI, TTO3BOJISIOIINE
MPOBOJUTH aHaIM3 M pa3padaThiBaTh MEPHI 110

AJJ,MVIHMCTpaTMBHbIe rpaHuLbl

: - lpaHuLa UccnenoBaHus

P.H. bepoenzanues, A.H. Bepoeneanuesa. ineHTndUKaIys MOKapoonacHbIX y4acTKOB B IIOHMEHHBIX JaHamadrax

3alUTe TEPPUTOPUH OT HETATHBHOTO BO3JICH-
CTBHS JaHNIAPTHBIX TTOXKAPOB U UX IPEILYTPEK-
JIeHus. B cBsI3H ¢ 9THM KOMIUTEKCHas TeOnH(Op-
MAaIlMOHHAs OICHKa BIMSHUS TIOXKapoB Ha JIaH]I-
madThl Ha OCHOBE JaHHBIX JUCTAHIIHOHHOTO
30HJJUPOBAHUS CTAHOBUTCS TIPUOPUTETHOM B OIT-
peneNeHn X IPOCTPAHCTBEHHOTO pacipeene-
Hus [19]. [IpeumytiiecTBOM JUCTAHITMOHHBIX Me-
TOJIOB SIBIISIETCS ONEPATHBHOCTD, SKOHOMUYECKAst
3¢ G eKTUBHOCTD, 00YCIIOBICHHAS CHUKECHHUEM 3aT-
par Ha MOHUTOPHHT, a TaKKe HAJIMYME OJHOPOI-
HBIX MHOTOJICTHUX PSIJIOB IAHHBIX, KOTOPBIE TT03BO-
JISTIOT BBITIONHATH PETPOCTICKTUBHBIN aHamu3 [§].

Lenb paboThl 3aKiItouaeTcs B OMpeene-
HUH TIOKAPOOTIACHBIX YYaCTKOB U IPOBEICHUH I'€0-
MH(OPMAIMOHHOTO aHAJIN3a OJIM30CTH YIACTKOB
€ MAaKCHMAJIBHOM YaCTOTOM II0’KAapOB K HACEJIEH-
HBIM ITYHKTaM.

O0bekT, MaTepHAaJIbI
U MeTOJMKA HCCaed0BaAHUIA

OOBEKTOM HCCJICIOBAHHUS BBIOPAHBI MMO-
MeHHbIe anmmadTel HuwkHero Jlona ot A30Bc-
koro Mops 10 L{uMIsHCKOro BOMOXpaHUIHIIA B
PocroBckoit obmactu (puc. 1). Ota TeppuTopus
XapakTepu3yeTrcss HauboIbIIel TOPUMOCTHIO B
peruone [14], B TO &e BpeMsi UMEIOTCS TOJIBKO
OTJeNIbHbIE UCCIEAOBAaHUS MOKAPOB B MOWME U
nenpTe JloHa, KOTOpBIE HE JAf0T MOJHOTO Mpe-
CTaBJIEHUS O MokapHOM pexume. [lolimeHHbIE
nanamadTel IpeaACTaBIeHbl TPEUMYIIECTBEHHO
JyraMu, TaKx)Ke BeHKa IIoa b TPOCTHUKOBBIX

Yerb=[loHelxun

N

S5 5V cTb- [loHewKmii

»

ar o

Puc. 1. Tepputopus uccnenoBanus
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1 POTO30BBIX COOOIIECTB, NCIONB3YEMBIX H 320-
POIICHHBIX 00BaJIOBAHHBIX CEIbCKOXO3SHCTBEH-
HBIX 3EMEb.

HccnenoBanue oCHOBBIBAETCS HA MHOTO-
JIETHEM apXWBE JICTEKTUPOBAHUS O4aroB aKTHB-
Horo ropenus (hotspots, TEMJIOBBIX aHOMAJIUH,
«TEPMOTOYEK», «Topsiuux Touek», I'T) mo maH-
HBIM ciyTHUKOBOI cucreMbl MODIS (ciyrHHKH
Terra u Aqua) TpOCTPaHCTBEHHOTO pa3pelIeHUs
okoro 1 km MCD14ML [26] 32 2001-2023 roas!.
ArpuOyTtrBHas HHOOPMAIIHS KaXKI0TO TOYEIHO-
ro 00beKTa YKa3aHHOT0 HH()OPMAIIMOHHOTO TIPO-
JyKTa TEMATHYECKOW 0OpabOTKH CITyTHUKOBBIX
naHaeix MODIS comepXuT cBeIeHUS O Jate,
BpEMEHH TTOXKapa, SPKOCTH M SHEPTHUH TOPEHUSI.
Pacder konnyecTBa 04aroB akKTUBHOTO TOPECHUS
na 100 kM? IIOMAIM TEPPUTOPUH B HEJECHBIX
nanamadTax, K KOTOPBIM MOXXHO OTHECTH U
OONBIIYIO0 YacTh MOMMBI [[oHa B €ro HIKHEM
TEUEHUH, a TaKXKe JeNbTY, IPAMEPHO COOTBET-
CTBYET IOKa3aTEI0 TOPUMOCTH: OTHOIIECHUIO
BEJIMYMHBI BRITOPEBIICH MIIOMAAN K OOIIIEeH T1I10-
a1 TEPPUTOPHH, BHIPAXKEHHOTO B TIPOIICHTAX.
TakuM 00pa3oM, MHOTOJIETHHH apXWB JAHHBIX
JICTEKTUPOBAHUS TEIUIOBBIX aHOMAIIUH CITyKUT
HCTOYHHMKOM JUTS aHalli3a MOKapHOTO pexuMa
TEPPUTOPUH, BKIIOUAsl TEHACHIIUU H3MEHEHHS
TOPUMOCTH M OTIPEIETICHNE YaCTOThI ITOXKapOB [5].

Ha nepBom 3tarme ObLTH OIpeeeHbl ova-
'l aKTUBHOTO TOPEHUS, KOTOPBIC MOMANaloT B
rpanunbl momel JJona (puc. 1). Hanmee ams kax-
JIOW TEIJIOBOM aHOMAJIMM METONAaMH MPOCTPAH-
CTBEHHOI'0 COENUHEHUS ObLIM 100aBJIEHBl JaH-
HbIC 0 MYHUIIUITAILHOM 00pa30BaHUHM, Ha TEPPH-
TOPHHU KOTOpOTo oHa 3adukcupoBana. Ha ocHoBe
aTpuOyTHUBHOM MH(GOPMAIUU O JaTe BO3TOpaHHs
0Yaru akKTUBHOT'O TOPEHHS CTPYMIHAPOBAHBI 110
rojam, MecsllaM M ce30HaM. BOKpyr kaxmoi
TOYEYHOH TEIJIOBOW aHOMAJIUU CO3/1aBajiach Oy-
(depHast 30Ha pazmepoM 1 x 1 kM, KOTopas cooT-
BETCTBYET UCXOJHOMY THKCEITIO CITYTHHKOBOTO
nzodpaxenust MODIS Terooro quamazona (31
u 32 xaHanbl [22], KOTOPbIM COOTBETCTBYET CIIEKT-
panbHbIi tuana3oH 11 1 12 MKM COOTBETCTBEHHO).
[Tony4yeHHbIE 00BEKTH OOBEIMHSIIUCH B PE3YITb-
THUPYIOIIME TIOJMTOHBI, KOTOPBIE COOTBETCTBOBA-
T BBITOPEBIICH TJIOMIAJAM Ha OIpe/IeICHHbIC
JaThl WA TIEPUOIBI.

K nanbosee noxapoonacHbIM OTHOCHUJTUCH
YUYACTKH, Ha KOTOPBIX OBUIO 3aKCHPOBaHO 00-
JIee MATH T0XKapoB (IIOBTOpsieMOoCTh Oosee 25 %

20

WM HE PEKE OIHOr0 IoXapa KaKIble YEeThIpe
rojia) 3a Iepro/I UCCIICIOBAHMI Ha OCHOBE TIepe-
CEYEHMS eKETOAHBIX KapT IMOKAPOB 110 JaHHBIM
MCD14ML 3a2001-2023 rozpr. Jlamee ais Kax-
JIOTO BBIJICJICHHOTO TAKUM 00Pa30M I0XkKapoorac-
HOTO Yy4yacTKa OIpPEJeNsyioCh PacCTOSHUE JI0
OJMKaNIIero HaceIeHHOI0 MyHKTa Ha OCHOBE
HHCTPYMEHTOB TPOCTPAHCTBEHHON CTATHCTHKH
«v.distancey [7]. J1yst Ka>x10r0 HACEICHHOTO IyH-
KTa PacCYMTAHBI IUIOMIAAH MPHIICTAIOIINX HaK-
00JIee 4acCTO TOPUMBIX TEPPUTOPHUI C yUETOM
PacCTOSHMS 10 HUX. DTO Ja€T BO3MOXHOCTH
BBISIBUTH HACEJIEHHBIE TYHKTHI ¢ MAKCHMMAaJIbHOM
yIrpo30# JaHAma(THRIX MOKAPOB B UX OKPECT-
HOCTSX, a TaK)Ke OMPEASINTh KaKue U3 HUX OIl-
THMAJTbHBI TS Pa3MEIIeHUS TIPOTHBOIMOKAPHBIX
MOJIpa3e/CHUM B MepHO HAHOOJIbIICH moXKap-
Hoit onacHocTH. ['eonHpopMarinonHas 00padoT-
Ka IaHHBIX BBITIONTHEeHa B iporpamme QGIS, cra-
tuctudeckuii ananus B [10 MS Excel.

Pe3yJ’ILTaTbI u 06cym21eﬂne

MHorosneTHui apXuB IETEKTUPOBAHUS TETLIO-
BBIX aHOMaJIMH B TOMMEHHBIX JlaHmadTax Hiuk-
Hero Jona 3a 2001-2023 rr. comepx uT
6 521 obwekt. Okomo 57 % Bcex 04aroB akKTHBHO-
ro ropeHus 3aUKCUPOBAaHO B BECEHHH IMEPHO]
(TpeuMyILECTBEHHO amlpeib U MapT), OCTAIbHBIE
43 % — B neTHe-0CeHHUH (IPEeUMYIIIECTBEHHO aB-
TYCT U CeHTA0ph). TeM He MeHee yKka3zaHHOe pac-
TpeiefieH e MOKapoB 110 CE30HY HEPaBHOMEPHO, TaK
KaK MPUCYTCTBYIOT OTAEIBHbIE TOMIBI, KOT/Ia IOMH-
HUPYIOT BeceHHHe odaru ropenus. Harmpumep, 2003,
2007, 2009, 2013, 2017, 2018, 2020, 2022 rr., uTO
coctapisieT 35 % unu 8 u3 23 ner. TenaeHUNU qU-
HaMUKH TOPHIMOCTH XapaKTepU3yIOTCsI OTPHLIATENb-
HBIM TPEHOM KOJIYECTBa PErUCTPHUPYEMBIX TeIl-
JIOBBIX aHoManuii (cM. puc. 2). [Ipu 3ToM cHUXe-
HUE TIPOUCXOIUT B TIEPBYIO OUEPEb 3a CUET MoXKa-
POB JIETHE-OCEHHETO MIEPUO/IA: B CPEAHEM CHIKE-
HUE B 3TOT IIEPUOJ] COCTABIISET 5,6 TEIIOBBIX aHO-
Mainit B ot ipotuB 0,26 TEeMJIOBBIX aHOMAJIUHU B
roji BecHol. B MapTe ormeuaercs pocT ropumoc-
TH B cpeaHeM Ha 2,0 TeIIoBBIX aHOMAJIUH B TOII, B
ampersie ke OTMeYaeTcs CHIDKEHHE YHCia O4aroB
AKTHBHOTO TOPEHUS Ha aHAJIOTUYHYIO TI0 MOTYITIO
BeNMUKHY. B Mae, MtoHe 1 OKTSI0pe 0TME4aeTCst MH-
HUMAaJIbHOE YMCIIO TEIIOBBIX aHOMAJIHH 3a BereTa-
LIMOHHBIA TIEPUOJ], 3HAYUMBIX €r0 U3MEHEHUH 3a
2001-2023 rT. HE BBIABIICHO.
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Kpome ce30HHOI HEOTHOPOAHOCTH TUHAMHU-
Ka FOPMMOCTH MOMMEHHBIX JTaHadToB HuxHe-
ro Jlona xapakrepu3yercss U 3Ha4UTENbHOW TPO-
CTPaHCTBEHHOW M3MEHUMBOCTHIO (CM. puc. 3a).
Tak MakCUMaJbHOU BETMYMHOW CPETHEMHOTOJIET-
HEel TOPUMOCTHU, BHIPAXKEHHON B KOJTMYECTBE TEM-
JIOBBIX aHoMayii Ha 100 KM? TeppUTOpHH, XapaK-
TEPU3YIOTCSI MSICHUKOBCKUH U A30BCKHI PaifOHBI
PoctoBckoit 0051acTH, B KOTOPBIX pacojokeHa
nensra Jlona. Takke 3HaUUTEIbHA TOPUMOCTH B
baraeBckom u BonrogoHckom paiioHax. B mep-
BOM CITy4ae 3TO MOKET OBITh CBSI3aHO C TOHMOM
Brnagatoieil B Jlon pexku MaHbi4, a BO BTOPOM —
pa3BUTON MIUPOKOH MoiiMoit J[oHa ¢ BBICOKOM cTe-
MIEHBIO TPAHCIIOPTHOM JOCTYITHOCTH U XO3HCTBEH-
Horo ocBoeHus. [Ipu 3TOM U3 YeThIpex ykazaH-
HBIX PailOHOB TOJNBKO A30BCKHU XapaKTepU3yeT-
Csl pOCTOM T'OPUMOCTH B MEPHOJ] UCCIIETOBAHUH.

[epeceuenue exeroHpIX KapT MOKapoB 110
JTAHHBIM JIETEeKTHPOBAHMS aKTHBHOTO TOPEHUS
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450 | 04aroe ropexus

400
350
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200
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100

50

P.H. bepoenzanues, A.H. Bepoeneanuesa. ineHTndUKaIys MOKapoonacHbIX y4acTKOB B IIOHMEHHBIX JaHamadrax

MCD14ML 1103BONKIIO OMPEACTUTD KOJTHIESCTBO
M0KapOB B KA)KJIOM MHKCeNe Il TOWMEHHBIX JIaH-
mradgror Huwxuero [lona (cMm. puc. 30). Beero
MIPOii/IeHHasi OTHEM ILIOMAb 110 TAHHBIM JIETeK-
TUPOBAHUS AKTUBHOTO TOPEHHUS COCTABHJIA OKOJIO
240 TeIc. Ta i 79 % 1uiomany uCccien0BaHHbIX
MmoiiMeHHBIX JaHAmadToB. ToNbKO TpeTh BCEX
BBITOPEBIINX IIIOIMIAACH ObLTa MpoiijeHa OrHeM
omuH pa3 3a 2001-2023, ocranpHBIC IBE TPETH
ropeso Ba u Oosee pa3. Beusisiieno 13,5 Thic. ra
MOKapOONaCHBIX Y9aCTKOB, KOTOPbIE MTOABEPraJIlCh
BO3ICHCTBHUIO OTHSI MHOTOKpPATHO — OT 6 10 12 pa3
B TeueHUH 23 JIeT, TO eCTh Kaxkable 2—4 roja.
HawuGonbimast mumomiaap Takux y4acTKOB COCPENO0-
ToueHa B nenbre JloHa B A30BCKOM paiioHe —
2,8 ThIC. ra. Tarke 3HAYNTEIbHOE KOJTMYECTBO Ca-
MBIX MTOYKapOONACHBIX y4acTKOB (puc. 30 u 4) Ha-
xogutTcs B BonromonckoMm, baraesckom, Msicuu-
KOBCKOM, HekmHOBCKOM paiioHa u B I. PocToB-
Ha-J[oHy: OoJiee THICSYH TEKTApOB B KaxIOM.

a)

W BecHa

m JleTo-0CeHb

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
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6)

y = -5,831x + 353,49
R*=10,0842

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Puc. 2. JluramMuka ropuMocCTH:

a — Ce30HHAaf; 6 — ro0Bast
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B pesynbrare reonH(popMannoHHONH 00pa-
OOTKM U MPUMEHEHU S METOJI0B ITPOCTPAHCTBEH-
HOT'O aHAJIN3a BBISIBIICHBI HACEIICHHBIE TYHKTHI, B
OKPECTHOCTSIX KOTOPBIX COCPENOTOYeHa Hau-
OornpIasi TIIOIIAAb TOXKAPOOITACHBIX YY4aCTKOB
(cM. puc. 4). 3HaunTeNnbHag YacTh TaKUX Hace-
JICHHBIX ITYHKTOB pacIioio)keHa B ensre Bonru,
HarpumMep, x. [lonmymkun, JlarytHuk, 'oponunie,
c. CHHSBCKOE, B OKPECTHOCTSIX Ka)JIOTO pacio-
noeHo He MeHee 50 Ta moKapoonacHbIX y4acT-
KOB C 4acTOTOW mokapoB 25 % u Gonee. Beero
BBISBJICHO 29 HACEICHHBIX ITyYHKTOB, PSJIOM C KO-
TOopeIMH HaxoauTcst Oomee 200 ra mokapoonac-
HbIX TeppuTopuid. [Ipu aTom okomo 80 % mutoma-
JIM y4acTKOB C BBICOKOM 4acCTOTOH MOXKapoB Ha-
XOIMTCS Ha PACCTOSHUU Ooree 2 KM, HO TOIBKO
10 % w3 HUX ynanensl Oomee 4eM Ha 5 kM. Ta-
KM 00pa3oM, UMeeTcsl CylleCTBEHHas ormac-
HOCTB JIIS1 JaHHBIX HACEIEHHBIX ITYHKTOB IIPH BO3-

JECOBEJAEHHUE, JJECOBOJIACTBO, JIECHBIE KYJbTYPbI

HUKHOBEHUH JTaHAa(THBIX TIOKAPOB B UX OKpe-
cTHOCTAX. Taroke GpakT OIM3KOTO PaCIONOKECHUS
Y4ACTKOB ITOBBIIIEHHON OKXAPHOM OIMACHOCTH K
HACEIICHHBIM ITYHKTaM MOET CBHUJIETEIhCTBO-
BaTh O CYyIIECTBEHHOM BIIMSIHUH aHTPOIIOTEHHBIX
MPUYYH BOZHUKHOBEHUSI TIOXKAPOB: CEITHCKOXO3SH-
CTBEHHBIX MAJIOB, I[EJICHANTPABICHHOTO BHIXKHUTa-
HHUSI TPOCTHUKOBOM U IPYroii OKOJIOBOIHOM pac-
TUTENLHOCTH, HEOCTOPOXKHOE OOpaIeHne ¢ or-
HeM [23]. 1o 3TuM npuYHHAM B TIEPUOBI MaK-
CHUMaJIbHOH TOPUMOCTH B MapTe, anpere, aBryc-
T€ U CEHTSIOpE 11ey1eco00pa3Ho pa3MelleHUE IPo-
THUBOTIO’KAPHBIX OTPSJIOB B JAHHBIX HACETICHHBIX
nyHKTax. Taxke B UX OKpEeCTHOCTIX Tpedyercs
yCUJIEHHE MEp TIPOTUBOIIOKAPHON PODUITaAKTH-
KH: CO3JIaHHE ¥ pacliipeHHe MUHEPATH30BaHHBIX
MOJIOC, MPOTUBOMOKAPHBIX MPOKOCOB PACTUTENb-
HOCTH, MPOCBETUTENbCKAsi paboTa ¢ MECTHBIM
HacelieHWeM U TypuctaMu. CHUKEHHE CTOKA B
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Puc. 3. CpemHeMHOroNeTHss INTOTHOCTB O4aroB TOPEHHMS B IMOMMEHHBIX TaHmmadTax Hwkaero Jlona 3a 2001-2023 rr:

a — KOJINYECTBO TEPMOTOUYEK B MYHUIIUTTATIBHBIX pa1710Hax; 6 — KOJIMYECTBO QJmccauHﬁ TCIJIOBBIX aHOMAJIMI
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peke Jlon Oymer crocoOCTBOBaTh OOCBIXaHHIO
€ro MoiMbI U 0COOEHHO neibThl [4; 20], u3-3a
YEero MOXKET YBEIMUUBATHCS TOPUMOCTD B paH-
HEBECEHHUH Mepro U3-3a MOJHKOTOB TPOCTHHU-
KOB M JPYTrOd BBICOKONPONYKTUBHOU pacTu-
TenbHOCTH. OO 3TOM CBHUJETENLCTBYET POCT
TOPUMOCTH B MapTe B A30BCKOM palioHEe Ha
TEpPUTOPHUHU JenbThl Bonru. JIyroBeie moiiMeH-
HBIE CO00IIeCTBa, HA00OPOT, IErPAAUPYIOT IPU
CHIKEHHMH YacTOThI U JJIMTEIbHOCTH TOJIOBO-
nuit [27], u3-3a 94ero uX ropuMOoCTh YMEHbIIIa-
€TCs BCIIEACTBHE YXYIAIICHHUS YCIOBUM A Ha-
KOIJICHUSI JOCTATOYHONH MOPTMAacChl pacTH-
TEeJIbHOCTH.

3akjaoyenue

[Ipuponnbie MoXapsl SABJISIOTCS CyILIE-
CTBEHHBIM (PAKTOPOM IMHAMHUKH COCTOSHUS MTOM-
MEHHBIX W JIeNbTOBBIX NaHAmadToB HikHero
Hona: mourn 80 % momaayd MOMMBI B JIEIIBEThI
Jona ObL10 mpoiiieHo oraem 3a mnepuog 2001—
2023 rr. [Ipu 3TOM MpeodnagaroT MoKaphl JeT-
HEe-OCEHHET0 Neprojia, KOTOphle XapaKTepu3yroT-
Csl TEHJIEHIIUEW CHUKEHUSI TOPUMOCTH. B Becen-
HUHN TIepHOA HEe OTMEUEHO 3HAYUMOT0 TPEH 1A TO0-
PUMOCTH, YCTAaHOBJICHO €€ YBEIMYCHHE B MapTe
Y CHIDKEHHE Ha aHAJIOTHYHYIO 10 MOJYITIO BENU-
YHHY B ampere.
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P.H. bepoeneanues, A.H. Bepoeneanuesa. VIneHTA(DHUKAINSA TOKAPOONACHBIX YUACTKOB B TOMMEHHBIX JTAHIIADTAX —

BrisiBieHbl HanboJIee MOXKapOoOImacHbIe
Y4acTKH C 4acTOTOH moxkapoB 25 % u Ooree.
HauGonbmiee KOMMYeCTBO TaKUX yYacCTKOB Ha-
xonsaTcs B Aenbre Bonrn. bombpmias gacts u3
HUX PacIoNioKeHa Ha yIalleHHH 2—5 KM OT OJu-
KalIero HaceJleHHOro MyHKTa. DTO CBHUJE-
TEINBCTBYET KaKk 00 yrpo3e 3THM HaceleHHBIM
MIYHKTaM OT IOXKapoB, TaK U O 3HAYUTEIHLHOU
POJU aHTPOIOTEHHOTO (PaKTOpa B BO3SHUKHOBE-
HHUM MoxapoB. HeoOXoauMBbl ONTUMH3AIUS U
yCHJICHHE MEpP ITPOTHBOIIOKAPHON MpodHIaKTH-
KU B OKPECTHOCTSAX BBISBIICHHBIX HaCEJICHHBIX
MyHKTOB C HAWOOJIBIITUMH ILIOIIAASIMH MT0KaAPO-
OTIACHBIX YYaCTKOB.

AHanu3 TOKapHOTO PEKUMa TEPPUTOPUHU
SIBJISIETCA BaKHEWILEH MPEAnOChIIKON AJis Tpo-
THO3UPOBAHUS PAa3BUTHS MONMEHHBIX YKOCHCTEM
B YCJIOBUSX W3MEHEHHS KIIMMaTa M 3E€MJICTIONb-
30BaHUs. BBeneHnne NOMONMHUTENBHBIX MEp MPo-
THUBOTIOXKAPHOH MPOPUIAKTUKY U OOPHOBI ¢ BO3-
TOPaHUSMHU CIIOCOOCTBYIOT HE TOJIBKO CHYDKECHHIO
YIPO3bI KHU3HSAM U 37I0POBBIO HACEICHUS, HO OY-
JyT CIIOCOOCTBOBATH CHUKEHUIO BBIOPOCOB Tap-
HHUKOBBIX TA30B IIPH TOXKapax, YTO COOTBETCTBY-
eT IESIM yCTONYMBOTO Pa3BUTHSA M COBPEMCH-
HOW KJIMMaTh4yeckod mnosecTke. [lomydyeHHas B
pesyabraTe ucciienoBaHusi HHQopMalms MOXeT
OBITh UCIIOJIB30BAHA JIJIs JaNIbHEkIIIeH pa3padoT-
KU TIPOTUBOMOKAPHBIX MEPOIPUSITUH.

T
nO)KapOOI'IaCHbIF: y4acTKu
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Puc. 4. PaccrosiHus ot NOXXapOoOoOImaCcHbIX Y4aCTKOB /10 OJIKaMIIMX HAaCEJIEHHBIX ITYHKTOB
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ASSESSMENT OF ECOSYSTEM DYNAMISM UNDER THE INFLUENCE
OF DUST STORMS (USING THE EXAMPLE OF THE EAST
OF THE STAVROPOL REGION)'!

Valeria V. Doroshenko

Federal Scientific Center of Agroecology, Integrated Land Reclamation and Protective Afforestation
of the Russian Academy of Sciences, Volgograd, Russian Federation

Abstract. This article presents the results of an assessment of the dynamism of ecosystems in the eastern regions
of the Stavropol Region (Levokumsky, Neftekumsky, Kursky, Stepnovsky district). The relevance of the study is due to
changes in the regime of dust storms in the territory of the Caspian lowland and a sharp increase in the area of open
sands. The studied area belongs to the historical region of arid Kizlyar pastures and has been subjected to anthropogenic
loads for many decades; degradation of pastures requires careful monitoring of changes in their condition. The assessment
of ecosystem dynamism was based on the results of visual decoding of Earth remote sensing data and interpolation of
the dynamics of open sand areas based on a regular grid with a side of 2 km. According to the percentage of dynamism,
ecosystems were divided into types from stable to dynamic. Schemes of ecosystem dynamism have been constructed for
two periods — relatively stable (from 2000 to 2016) and dynamic (from 2017 to 2023). During the period of relative stability,
most of the territory remained stable or relatively stable, whereas in the dynamic period, almost the entire territory of
Levokumsky and Neftekumsky districts belonged to the medium dynamic and dynamic type. The data obtained can be
used in planning measures to combat desertification in the affected areas.

Key words: desertification, dust storms, monitoring, Stavropol Region, remote sensing, GIS technologies.
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OILEHKA IMHAMHAWYHOCTHU 3 KOCUCTEM
oA BJAINAHUEM IIbIJIBHBIX BYPb
(HA MPUMEPE BOCTOKA CTABPOIIOJIBCKOI'O KPASI)!

Banepuss BuranbreBna J[opomenko

®denepalibHbIN HAYYHBIN IIEHTP arpodKOJIOTHH, KOMIUIEKCHBIX MEJIMOpaIii U 3allIUTHOTO Jecopa3BeneHus PAH,
. Bonrorpan, Poccuiickas @enepanus

AnHoTtanusi. B Hacrosmeli cratbe MPUBOIATCS Pe3yJIBTaThl OLIEHKU JHMHAMHYHOCTH SKOCHCTEM Ha TEPPUTOPUH
BOCTOYHBIX paiioHoB CraBpononbekoro kpast (JleBokymckoro, Hedrekymckoro, Kypckoro, CTenHoBcKoro paiiona).
AXTyaJTbHOCTB UCCIIEZIOBaHUS 00YCIIOBJIEHA U3MEHEHHUSIMU B peXKUME MBUIBHBIX Oypb Ha Tepputopuu [Ipukacnmii-
CKOI HU3MEHHOCTH M PE3KUM YBEJIMUEHHUEM IUIOMIAJIeH OTKPHITHIX MeckoB. Vcciemyemast TeppuTOprst OTHOCHTCS K
HCTOPUYECKOMY PETHOHY apHIHBIX KH3JISpCKUX MacTOWII M MHOTO NECSTUIIETHH MOIBEPraeTcsl aHTPOIIOTeHHBIM
Harpyskam; Jierpajganys macToumy TpedyeT TIaTenbHOr0 MOHUTOPUHTa U3MEHEHHI MX cocTosiHUs. OleHKa nHa-
&, MUYHOCTH 9KOCHUCTEM IPOBO/IMIIACH HA OCHOBE PE3YIIBTATOB BU3YaJIbHOTO NEMIN(PPHUPOBAHKS JAHHBIX JUCTAHIIMOHHO-
= 10 30HAMPOBAHMUS 3EMIIU 1 UHTEPIIONSIIMN JUHAMHUKH ILTOLIAIeH OTKPBITHIX IIECKOB Ha OCHOBE PErYJISIPHON CETKHU CO
cTopoHo# 2 kM. I1o npolieHTHOMY 3HAUEHHIO IMHAMUYHOCTH SKOCHCTEMBI ObLITH Pa3/IeieHbl Ha THIIBI OT CTa0UIIBbHBIX

opomieHko B.B., 2024
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B.B. Jlopoutenko. OligHKa TMHAMHUYHOCTHU SKOCHCTEM IO BIUSHUEM MBLUTLHBIX Oyph

JIO TUHAMUYHBIX. [I0CTpOEHBI CXeMbI AJMHAMUYHOCTH 3KOCHUCTEM IS IBYX MIEPHOIOB — OTHOCHTEIBHO YCTOHUHUBOIO
(¢ 2000 mo 2016 r.) u auaamuurOTO (¢ 2017 M0 2023 1.). B mepuos 0THOCUTEIBHOM YCTOHYHUBOCTH OOJNBIIIAs YaCTh
TEPPUTOPUHU OCTABAJIACH CTAOWIILHON MJIM OTHOCHTEIBHO YCTOHYMBOM, TOTIA KaK B JUHAMUYHBIN ITEPHOI] TPAKTH-
YeCKH Besl Tepputopus JleBokymckoro u Hedrekymckoro pafioHa OTHOCHIIMCH K CPEIHE IMHAMUYHOMY U TUHA-
Mu9IHOMY TuMy. [loay4eHHbIe TaHHBIE MOT'YT UCIIOIB30BATHCS MPH IIAHUPOBAHUU MEp 1O 0OpHOE ¢ OMyCTHIHMBA-
HHUEM B TIOCTPAIABIINX paiioHaXx.

KiroueBble cj10Ba: OITyCTHIHMBAHUE, TBUIBHBIC OypH, MOHUTOPUHT, CTaBPOMOILCKUI Kpa, AUCTAHIIHOHHOE
3onupoBanue, I UC-TexHonorum.

HutupoBanue. Jlopomenko B. B. Orenka IMHAMHUYHOCTH SKOCHUCTEM O] BIMSHHEM MBUTHHBIX Oyph (Ha IIpH-
Mepe BocTtoka CraBpononbsckoro kpas) // IIpupomssie cuctemsl ¥ pecypebl. —2024. —T. 14, Ne 4, — C. 28-34. —DOI:

https://doi.org/10.15688/nsr.jvolsu.2024.4.3

BBenenue

OcobGennocTbto [Ipukacnuiickoit HU3MEHHO-
CTH, B TOM YHCIIe, BOCTOUHBIX paiioHoB CrtaB-
pononbekoro kpas (Jlesokymckoro, Hedrekym-
ckoro, Kypckoro, CtenHOBCKoOro paiiona), aBis-
ercs apuau3anys KINMaTa, IBISIoasics yCTon-
YUBOMW TEHACHIIMEN MOBBIIICHUS CPENHETOIOBBIX
TeMIIepaTyp U CHIKEHUS TOJIOBOTO KOTHYECTBA
ocajkoB. Ha oHe Taknx KIMMaTHYeCKHX H3Me-
HEHUH U BBICOKOM aHTPOTIOr€HHOM Harpy3KH (JaH-
Has TeppuTOpus ABJIAeTCS YacTbio Kusnsapckux
nacTOuI, B TeUCHHE MHOTUX JICCATUIICTHH HC-
MOJIB3YIOIIUXCS JJIA BhIIaca Majioro poraTtoro
ckora) ¢ 2017 1. mposIBIISIETCS yJIaIlleHUe U WH-
TeHcH (UKL TBUTBHBIX Oypb [11]. YBennunsa-
IolHecs: B pe3ynbrare NeQIsiuy MIoMaad oT-
KPBITBIX TTECKOB IIPEACTABIAIOT YTPO3Y LIS IPO-
JIOBOJIbCTBEHHOW 0€30MTaCHOCTH B PETHOHE B CBSI-
3M CO CHHUKEHHUEM ITOr0JI0BBSI, a TAKKeE IS TpaHC-
TTOPTHOM TOCTYITHOCTH OTAJIEHHBIX HACETEHHBIX
MMYHKTOB U CKOTOBOAYECKHX Todek [4; 10].

BrisiBiienre Hanbornee TMHAMUYHBIX 00J1a-
creil HeoOXOIMMMO JUTS TUTAHUPOBAHHS MapuIpy-
TOB ITOJIEBBIX 00CIIEIOBaHUI, BBIOOpA IEPHOTUY-
HOCTH KapTorpaupoBaHus IPU TUCTAHIIMOHHOM
MOHUTOPHHTE, a TAKKE NPU TUTAHUPOBAHUH Me-
ponpuaTuii 1o 60pbOE ¢ OMyCTHIHUBaHUEM [1; 2;
6-9; 13; 15].

MaTepH aJIbl U METOAbI

Bb100p MeprOaMYHOCTH MTOBTOPHOTO Kap-
TorpaupoBaHusl OCHOBBIBAETCS HA METOIUKE
B.B. Bunorpanosa [3]. CornacHo kiaccuguka-
uuu b.B. BunorpaaoBa, no ckopocT# 3K30JMHa-
MHUYECKUX CMEH SKOCHCTEMBI IOAPA3ACISIIOTCS
Ha TUIIBI B COOTBETCTBUH C COOTHOIIICHUEM €XKe-
TOIHBIX M3MEHEHHUM ILTOIIAACH; NI KaxkJIoro
THIIA YCTAHOBJICHA ONTHMAJIbHAs IEPUOAUIHOCTD
MMOBTOPHBIX HAOIIONCHUH (CM. TabIuILy).

Tak, ms cTaOMIBHBIX 3KOCHCTEM (H3Me-
Henus menee 0,5 % oO1iieit riolaam B rom) Tpe-
OyeTcsi MOBTOpHOE KapTorpadupoBaHHE pa3 B
8—10 ner, Torna xax i TMHAMHYECKUX DKOCH -
cteM (n3MeHeHus oouee 3 % oOreit momnamm B
roj) TpeOyeTcs WHBEHTapU3alus HU3MEHCHHUH
KXl To7. KapThl JMHAMUYHOCTH TUIOMIATCH
TMIECKOB cocTapysttoTes i neprona 2000-2023 rr.
(c yuerom mepenomHoro mepuoga B 2017 1.).

OnucaHHbIC B TAOIMIIC 3HAYUTEIBHBIC T1e-
PHO/IBI TIOBTOPSIEMOCTH KapTorpa(upoBaHus CBsi-
3aHBI C TEM, YTO ©KETOAHOE MONyYCHHE JaHHBIX
C UCTOJb30BaHKEM a’podoTocheMku B XX B.
OBLIIO 3aTPYIHUTEIBHBIM M JTOPOTOCTOSIIUM.
CoBpeMeHHBIC METOAMKH IOIPa3yMEBalOT HUC-
MOJIb30BAHUE MATEPHAIOB KOCMHYECKOW ChEM-
KM C ToBTOpsieMocThio 7—14 nueil. Takxke ox-
HUM U3 KJIFOUEBBIX OTJIMYUH SIBISETCSA CIIOUIHON

I[I/IHaMI/I‘lHOCTI) IKOCUCTEM M ONITUMAJIBHAA MOBTOPACMOCTD Haﬁﬂl()[leﬂl/lﬁ

E>xeroHbie n3MeHEHUS [TepromanocTh
Tumnsl 5kocucTeM o o
womanu, % [OBTOPHBIX HAaOMIOICHHUI, JIeT

CTaOWJIbH bIe <0,5 8-10
OTHOCHUTENBHO YCTOIUMBEIE 1 6-8
(YMEpEHHO TMHaMUYHbIE)

CpenHe ntuHaMMYHbIE 2 3-5
JnHamuaHbIE >3 1-2

Ipumeuanue. Uctounux: [1].
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cOOp MPSIMBIX JaHHBIX HA BCIO UCCIIEAYEMYIO Tep-
pHUTOpHIO, O3 MPUMEHEHHS BHIOOPOYHOTO CITI0CO-
0a [14].

VYder Bcex (HhakTOpOB KOJTWYSCTBEHHOM JTU-
HaMUKH 3KOCHCTEM AMCTAHIIMOHHBIMH METO/a-
MU HEBO3MOXEH, B CBSI3H C 4eM KapTtorpadupo-
BaHHE MIPOBOIIIOCH TOJIBKO JUIS IPOCTHIX SKOCH-
CTEM — ILJIOLIAJEH TEPPUTOPUHN, 3aHATBIX OTKPBI-
TBIMH TIECKaMH, Ha OCHOBE PETYISIPHOM CETKH CO
cTopoHoii 2 kM. OTKpBIThIE TIECKH Aeiudpupo-
BaJIUCh BU3YalbHBIM CIIOCOOOM C HCIIONB30Ba-
HHEM CINYTHUKOBBHIX CHUMKOB «Landsat» u
«Sentinel», TpeqOCTABISIONINX MYIBTHCIIEKT-
pajbHbBIE pacTPOBBIE JAHHBIE IOCTATOYHOTO TIPO-
CTPaHCTBEHHOT'O pa3pelieHns] 1 KOHTPACTHOCTH
JUISl BBISIBJICHHS OTKPBITHIX TIECKOB M o0macteit
ux 3apacranug [12; 14]. ng co3nanusg U301Iu-
HEWHOM KapThl TPUMEHSIIACH MHTEPIIOISLUS JaH-
HBIX SYEEK PETYJISIPHOM CETKU.

KnumaTtndeckue maHHbIe, HEOOXOIUMBIC
JUTSL OTIPEZENIEHHSI TIOBTOPSIEMOCTH IBUIHHBIX OYph
W CPEIHETOJOBBIX CYyMM OC@JIKOB, OBLIH IONY-
YeHbl ¢ ToMolIsio cepBuca «lloroga u knmumar»
(http://www.pogodaiklimat.ru/).

Pe3yJ’ILTaTbI u 06cym21eﬂne

bonemas gacts (2,9 ThIC. U3 5,3 THIC.
00BEKTOB) BBISIBJICHHBIX MAaCCHBOB OTKPBITBIX
TeCKOB MMEET IUIOoNIagpr MeHee 1 ra u pacmona-
raercs Ha BocToke CremHoBckoro u B Kypckom
palioHax — B 00JIACTH NPOBEICHUS OOJIBIIOr0
KOJIMYECTRA JICCOMEIHOPATUBHBIX paboT Ha Tep-
CKHUX Teckax. JlaHHbIe 04aru aedisiinuuy sSBIIsiOT-
csl CTaOMJIBHBIMU, MajI0 U3MEHSIOTCS KakK B Te-
YeHHe ToAa, TaK W 3a BECh MEPHUOJ HCCIEIO0Ba-
HUS, B CBSI3U C YeM ILIOMIAb OTKPBITHIX TIECKOB
Ha TEPPUTOPHUU ITUX PaliOHOB U3MEHSIIACH ClIa-
60 (mo 20 % 3a 30 ner) [4; 10].

C moMoIpo apxuBa KIUMATHIECKUX JTaH-
HBIX OMNpeEAeicHa TUHAMUKA MBUIBHBIX Oyph B
TUHAMHYHBIN mepuon. Beero 3a 2017-2022 rT.
METEOCTAaHLUAMHU 3apPETUCTPUPOBAHO 84 MBLIb-
HBle Oypu 0O0Ied MPOJOIKUTEIBHOCTHIO
146 mueit, n3 Hux 40 AHEH MPUIILIOCH HA BECEH-
HHH, 65 — Ha JeTHU# U 41 JeHb — HA OCCHHUU
nepuoj. Yale Bcero 3a McclieyeMblil mepuoj
MbUIbHBIC OYypH CIIy4aJIuCh B aBTyCTE U CEHTSIO-
pe (31 u 30 mHEl COOTBETCTBEHHO), STH MECSITBI
MOYTH B KaX<JbI{ I'0J] OTMEUAJIUCh 110 HAMOOIIb-
11elt 001IeH MPOIOIKHUTETLHOCTH ITBUTLHBIX OYpb;

30

pexe Bcero — B HosiOpe (2 aus). IIpeoGianaro-
MM HAaINpaBJICHUEM BeTpa OBUIO BOCTOYHOE B
oonee uem 80 % mHeit), U3penKa OTMEUAIUCH
CEBEPHOE, CEBEPO-3aIaIHOE, CEBEPO-BOCTOUHOE,
3araJiHoe, F0)KHOE U I0T0-BOCTOYHOE HarpasJie-
Hus [5].

Cxema TUHAMHYHOCTH DKOCUCTEM (CM. pH-
CYHOK) TIPE/ICTaBIISIET cOO0H 0TOOpaXKeHne cpel-
HEroJIOBOT'O IPOIIEHTa U3MEHEHHUS IO Tec-
KOB, pacCUdTaHHOE 110 popMyIie:

ASt =(S2;S‘><100j /r

rae S — obmas IWIoIaab HCCIIeNyeMOil TEPPHUTOPUH;
S| — MIommab OTKPBITHIX HECKOB B MPEIbLIYIIHH TOI;
S, — IIoImab OTKPBITHIX NECKOB B TEKYIIUH roj Uc-
CJIEMOBAHHUS;  — KOMIMYECTBO JIET B UCCIIEAYEMOM Tie-
puose.

Tax, 1o pe3yasraTam KapTorpagupoBaHus
Y MHTEPIIONSIMH ITOTYYCHHBIX PE3YIBTATOB MOX-
HO BBIICIUTH JBa TEPHO/Aa JUHAMUYHOCTH OT-
KPBITBIX ITECKOB Ha ceBEPO-BOCTOKE CTaBpPOITONb-
CKOr'0 Kpasi — Mepruoji OTHOCUTEIbHON YCTOMYH-
BocTH (2000-2016 1) M TMHAMUYHBIA TIEPUOT
(2017-2023 rr.), CBA3aHHBIN B TOM YHCIIE C aK-
TUBHBIM BO300HOBJICHHEM PaCTUTECIHHOCTH Ha
J0JI0BBIX Teckax (cM. puc. 1). MI3smenenus pac-
THUTEILHOTO TIOKPOBA B PE3yJIBTaTe uYpe3MepHOn
MacTOMIIHON HATPY3KH U BO3JICHCTBHUS MbUTLHBIX
Oypb MO’)KHO OTHECTH K KaTacTPOPHUIECKUM CMe-
HaM (cykueccusm). [Iporcxonar mocrkaractTpo-
(uveckue CMEHbI — BTOPUYHBIC IEMYTaI[IOHHBIE
cykreccud [3].

Ha roro-BocToke mecku 3a Bech paccMmart-
pUBaEMBIH MEPHOJ OCTAIOTCS CTAOWIBHBIMH U
OTHOCHUTENBHO YCTOWYMBBIMH, 32 HCKITIOUYCHUEM
rpannyamniero ¢ Pecriyonukoit [larecran ygacr-
ka (Boctok Kypckoro paiiona) cpemHei nuHa-
muyaoctd B 2020-2023 rogax.

B 2023 1. xmuMaTH4YecKre yCIOBHUS PE3KO
ornnyanuchk ot 2020-2022 rr., B TOM YHCIIE TO-
JI0OBOE KOIIMYECTBO OCAJKOB. B CBsI3M ¢ 3THM
BBICOKasl TMHAMHYHOCTh Ha TeppuTopuu Jleso-
KyMckoro u Hedrexymckoro paiioHOB obecrie-
YeHa HE YBENWYCHUEM, a PE3KUM COKpallleHHEM
TUTOIIAIeH OTKPBITHIX MECKOB 3a CUET pa3pacra-
HUS ICAMMO(HTOB — MPEUMYIIECTBEHHO, OJIHO-
JIETHUKOB: CONIsSIHKA copHast (Salsola tragus L.),
kymapuuk (Agriophyllum pungens (Vahl) Link
ex A. Dietr.), nacnen porateii (Solanum
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cornutum Lam.). JlaHHas pacTUTEIbHOCTh SIB-
JISIeTCsl COPHOU B MAacTOUIIHOM OTHOILICHUH U, B
CBSI3M C OCEHHUM OTMHpaHHEM, HE MOXKET MOJI-
HOIIEHHO 3aKpEIUIATh MecKu. B cBsI3u ¢ pa3BuBa-
FOLIIIMCS HA TEPPUTOPUU UCCIIEIOBAHUS CEMEH-
HBIM OIYCTBIHMBAaHUEM, €CTECTBEHHOE BOCCTa-
HOBJICHHE MACTOHIIHBIX (PUTOIIEHO30B HEBO3MOXK-
HO 0€3 MEpONPHUATHH 110 0OOTAIIECHHIO BUIOBOTO
COCTaBa ITyTeM 0CEBa MM MOJICEBa CEMAH KOp-
MOBBIX U MHOTOJIETHHX TPaB, COOpaHHBIX Ha TEp-
PUTOPHH 3aKa3HUKOB U APYTHX YIaCTKOB COXpa-
HUBLIEHCS NCKOHHOM cTeru [11].

3akjaoyenue

OmnepatuBHAs OIICHKA TUHAMHUYIHOCTH KO-
CHUCTEM J]a)K€ MO0 OJIHOMY MapaMmeTpy MOo3BOJIs-
€T B CKaThI€ CPOKH YCTAHOBHUTH ONTUMAIBHYIO

B.B. Jlopoutenko. OligHKa TMHAMHUYHOCTHU SKOCHCTEM IO BIUSHUEM MBLUTLHBIX Oyph

MepUOANTHOCTh MOHUTOPHHTA U BBIIBUTDH TpPE-
OyrolMe MpUMEHEHUs Mep 1o 0opboe ¢ omyc-
TBIHUBAHUEM YYaCTKH, YTO OCOOCHHO Ba)KHO B
YCJIOBUSAX BO3PACTAIOIICH apUIU3aliU KIMMa-
Ta Ha TeppUTOopuHU tora EBpomeiickoil yactu
Poccun.

ITPUMEYAHUE

! PaboTa BBIMONHEHA B paMKaX TOCYNapCTBEH-
Horo 3axanus ®HII arposkonoruun PAH HUP FNFE-
2024-0009 «OrmycTeIHUBaHUE TEPPUTOPUI ApUTHBIX, CY-
OapHIHBIX U CYXHUX CyOTYMHHBIX PETHOHOB, KapTOr-
padupoBaHie COBPEMEHHOTO COCTOSIHUS U JWHAMU-
KM OIYCTHIHMBAHHUSA 3€MeJb, MOAEIUPOBAHUE U TIPO-
THO3UPOBAHUE MIPOIECCOB OIMYCTHIHUBAHUS, TS IJIa-
HUPOBAHUs BOCCTAHOBJICHMS JErpaUpOBAaHHBIX 3e€-
Mellb ¢ MPUMEHEHHEM IeOMH(pOPMALMOHHBIX TEXHO-
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JIOTHH M a9POKOCMUYECKHUX METOIOB B YCJIOBHSAX YCH-
JUBAIOIIUXCS 3aCyX, MECUAHBIX U MBUIBHBIX Oypb».

The work was carried out within the framework
of the state task of the Federal Research Center for
Agroecology of the Russian Academy of Sciences
Research No. FNFE-2024-0009 “Desertification of
territories of arid, subarid and dry subhumid regions,
map-ping of the current state and dynamics of land
desertification, modeling and forecasting of desertifi-
cation processes, for planning the restoration of
degraded lands using geoinformation technologies
and aerospace methods in conditions of increasing
droughts, sand and dust storms”.
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Abstract. The article considers the peculiarities of the development of blood-sucking midges in the Volgograd
region. Data on the species composition, breeding sites, development periods, seasonal activity are presented, and
long-term data on the daily feeding activity of females are analyzed. It was found that in the daily activity of the
imago, two peaks of feeding activity are observed — in the morning and evening hours, and the morning maximum
is slightly higher than the evening one. The study of the species composition, ecological features of development,
distribution of blood-sucking midges of the family. Simuliidae of the Lower Volga region, the influence of
environmental factors on their development and population density is extremely important for predicting the
seasonal number of their populations in the Volgograd region and developing measures to reduce their number and
harmfulness.
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OCOBEHHOCTH PA3BUTHS U CYTOYHOM KOPMOBOM AKTUBHOCTH
KPOBOCOCYIINX MOIIEK CEMEHCTBA SIMULIIDAE
B BOJII'OT'PAJICKOM OBJIACTH

Baagumup Baagumuposuy IIukyHoB

®denepalibHbIN HAyYHBIN IIEHTP arpodKOJIOTHH, KOMIUIEKCHBIX MEJIMOpaIii U 3allIUTHOTO JecopazBenenus PAH,
. Bonrorpan, Poccuiickas @enepanus

Ejaena AnaroaneBua HBannosa

Bonrorpaackuii rocynapcTBeHHBIN yHUBEpCUTET, . Bonrorpan, Poccuiickas ®eneparus

AnHoTanus. B craTbe paccMoTpeHbI 0COOEHHOCTH Pa3BUTHS KPOBOCOCYIIIMX MOILIEK Ha TeppuTopHiu Bosror-
panckoii oonactu. [IpencraBiieHsl JaHHBIE O BUIOBOM COCTaBE, MECTaX BBIILIOZA, CPOKAX Pa3BUTHS, CE30HHOM aKTHB-
HOCTH, MTPOAaHAIN3UPOBAHBI MHOTOJIETHHE JaHHBIE CYyTOYHOW KOPMOBOH aKTHBHOCTH CAMOK. YCTaHOBJIEHO, YTO B
CYTOYHOW aKTHBHOCTH MMAaro HaOIroJaeTcs [Ba MHKAa KOPMOBOW AKTHBHOCTH — B YTPEHHHE M BEUCPHUE YACHI,
MpUYeM YTPEHHUH MaKCUMYM HECKOJIbKO BBIIIIE BeuepHero. 3yueHne BII0BOrO COCTaBa, SKOJIOTHYECKUX OCOOEH-
HOCTEH pa3BUTHS, pacIpOCTPaHEHHUs KPOBOCOCYINX Motek ceM. Simuliidae Hrxuero [ToBomKbsI, BIHSHHS KOIO-
THYecKuX (HaKTOPOB HA WX Pa3BUTHE U MJIOTHOCThH MOMYISAIMH KpaiHe BaXKHO JJISl IPOTHO3UPOBAHUSI CE30HHOMN
YHUCIICHHOCTH MX TOMYISIIUH Ha TeppuTopruu Bomrorpaackoit o6macti i pa3paboTKH MEPONPHUATHIL 1O CHIMKSHHIO
UX YUCIIEHHOCTH ¥ BPEIOHOCHOCTH.

KiroueBbie cj10Ba: KpOBOCOCYIIHE MOIIKH, ceMericTBO Simuliidae, ce30HHas, CyTOuHast aKTUBHOCTh, KOPMO-
Basi aKTUBHOCTb, Bosrorpackas o0i1acrs.

HutupoBanue. lllukynos B. B., Banosa E. A. OcobeHHOCTH pa3BUTHS U CYTOYHOW KOPMOBOM aKTHBHOCTH
KpoBococyImux Moiek cemeiictBa Simuliidae B Bonrorpanckoii oonacru // TIpuponHbie cUCTEMBI B PECYPChI. —

2024. —T. 14,Ne 4. —C. 35-41.—DOI: https://doi.org/10.15688/nsr.jvolsu.2024.4.4

BBenenue

N3yyenue KpoBOCOCYIIMX MOLIEK Ha Tep-
putopuu obiBiIero CCCP npoBoaniiock B OCHOB-
HoM B 60—80-¢ rr. mpomwioro cronerust. B 90-e u
2000-e rT. HaOJIIOIAJICS CYIIICCTBEHHBIH CIIa]l HC-
CJIeZIOBaHUN B 3TOM HampaBieHud. 1o HacTos-
Iero BpeMeHHu (hayHa IPEACTaBUTEICH CeMei-
crea Simuliidae Ha Teppuropru Huxuero [Toor-
Kbl U3yU€Ha KpaliHe HeZOCTaTO4HO [8]; JaHHBIE
0 BHJIOBOM COCTaB€ U DKOJIOTO-OHMOIOTHYECKUX
0COOCHHOCTSIX Pa3BUTHS TOMYJSAINA PparmMeH-
TapHO npejcTapieHbl B paborax JI.H. Anmpee-
Boi, A.A. Jlenucona, E.A. MBannoBoii, B./I. ITaT-
pymesoii, M.U. ITuporosckoro, C.H. Kymnuxo-
BOit u 1p. [1; 4-7; 9—-12].

Hecmorpst Ha Gonbliioe 3HadeHHEe KPOBO-
COCYIIMX MOIIIEK B ITOAJEP KaHUH KOIOTHIECKO-
TO PaBHOBECHS 3KOCHCTEM KaK BaKHEHMIIUX CO-
CTaBISFOIIMX MTUIIEBBIX IIEMOYEK U MHIUKATOPOB
COCTOSIHHSL OKPY’Kalollel cpesibl, 3KOJIoro-0uo-

—_— 36

JIOTHYECKHE OCOOCHHOCTH JIaHHOT'O BHJIA HAce-
KOMBIX Ha paccMaTpPUBAEMOU TEPPUTOPUH, BKITIO-
yasi HakTophl OECIIOKOMCTBA ISl XO3HCTBEHHOM
Y MHOU JIEATEIBHOCTH YeJIOBeKa, TPEOYIOT 10-
TIOJIHUTEIHHOTO aHAI3a U OIIeHKH [17].
Tepputopus Huxxnero IToBoikes pacnono-
JK€Ha B 30HE CYXHX CTEIEH U TIOMYITYCTHIHH U OT-
HOCHTCS K YnCiTy 3acynummBhiX. [1o Tepputopuun
MPOTEKAIOT JBe Oonbiue peku, Bonra u JloH, ¢
OOJIBIIMMH BOIOXPaHUIMIIIAMU — Bonrorpazackum
u LIUMIISIHCKMM, a TakXe PsSaoM 0oJiee MEJTKUX
pek u peuek. Menee kpynHble peku Bbysynyk,
Mensenuiia, Xorep UMEIOT COOCTBEHHBIC TTOM-
MBI C ITPOXOISTIIMHE 10 HUM CHUJIFHO H3BUITUCTHI-
MU pycllaMd, 00pa3yroluMu OONbIIOe YHCIIO
3aTOHOB, 3aBOJICH, OJArONPHUATHBIX IJIS Pa3BH-
THSI Pa3TUIHBIX KPOBOCOCYIIINX HACEKOMBIX. bo-
Jiee MEJIKHE CTEIHbIe peuku OepyT cBOe Havajo
Y POIHHKOB, 9aCTO TEPSIOTCS B CTEH M MOTYT
Jla)Ke MepechiXaTh B JIETHUM XKapKUU MEpPUO.
Hpyrue npeBpamaTcs B MEMOYKY 3aMKHYTBIX
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BOJOEMOB: p. Akcail, p. Emaus, p. Wnosns,
p. Tepca u ipouwne [5; 8].

K ocHOBHBIM BOJHBIM 00BeKTaM Bokc-
koro Oaccelina Hwxkneit Bonru, mporekatoriem
Ha TeppuTopuu Bonrorpanckoit, AcTpaxaHcKon
obnacreit u PeciyOiinku KanMbikuu, OTHOCATCS
peka Bomra, pexa AxTy0a, BOJHBIC 00BEKTHI
Bonro-AXTyOMHCKOM TTOMMBI U JIeNbThl Bosru
(mpotoku, Bonoxku, Epuxu u ap.) [8].

MecTtaMu BBITLIOA KPOBOCOCYIIIUX MOIIIEK
B yCIIOBUsIX Bonrorpanckoit obmactu SBISIIOT-
Csl pa3IMYHBIC IPOTOYHBIC BOJOEMBI: BCS IPO-
TSOKEHHOCTHh OeperoBoi 30HBI p. Bonra, p. Ax-
TyOa, p. Unorns, p. Menseauna, p. Xomep,
p. Jlor, akBaropust Bonro-AXTyOMHCKON TTOMMBI
u 1p. [5; 8].

[To pesynbraTam paHee MPOBENCHHBIX HC-
cinenoBanuii A.A. JleancoswiM, E.A. VIBaHIIOBOM
(dayHa kpoBococymux Moirek ceM. Simuliide B
Bonrorpazckoii obnacTu npeacrasieHa S5 Bujia-
MH MOIIEK: ONHUM TaexHBIM (Simuhum
morsitans Edw.), TpeMsi CTETHBIMU U JIECOCTETI-
veiMU Bunamu (Titanopteryx macuiata Mg.,
Schonbaueria matthiesseni End., Boophtora
erythrocephala De Geer.), u BugoMm Odagmia
ornata Mg, pactipocTpaHEHHBIM IIOBCEMECTHO U
HMMEIOTIMM TIOJTHU30HATBHEIN apean [5; 8].

PazBuTre npeMMarnHabHBIX CTJ WA BUJIOB
Mortek: Titanopteryx macuiata Mg., Schonbaueria
matthiesseni End, Simuhum morsitans Edw.
MPOTEKaeT Ha y4acTKax peK C MHPUHON pycia
ot 15 no 50 u Gonee mMeTpoB (cpeqHKE U KPYII-
HBIC PEKH), B CBS3M C YeM aKTHBHOE Pa3BHUTHC
JAHHBIX BUJIOB HAONIOAETCsl Ha BCEM MPOTSIKE-
HUU OeperoBoii 30HbI p. Bonra Ha Tepputopuu
Bonrorpazckoit oonactu [5; 7].

[To marapM ML.U. [Tuporosckoro [10], B mpe-
Jierax 1eNbThl Bonry u npuieraronmx TeppuTopuii
¢bayna Simuliidae nacuutbiBaeT 4 BUIA, OTHOCS-
mmxcs K 2 pogam. Haubonee MHOrOYHCIIEHHBI U3
HUX, 10 57,7 %, OOBLIKHOBEHHAST WJIH ITITHHCTAS MOITI-
Ka (Titanopteryx macuiata Mg.). COOTHOITICHHE MOIII-
KH KpacHoronoBou (Boophtora erythrocephala
De Geer.) cocrarmser okono 20 % [8].

PasButre npenMarnHaNbHBIX CTaauH (SIAIIO,
JMYNHKA, KYKOJIKa) KPOBOCOCYIIMX MOIIEK MPO-
HCXOJMT B MIPOTOYHBIX BOAHBIX O0OBEKTaX CO CKO-
pocthio, Kak mpasuio, 0,2-0,9 m/cek. B kaue-
CTBE CyOCTpaTa NPUKPEIUICHHUS SIMI] CUMYJTHH 1A~
MU HCIOJIb3YeTCs MOTPYKEHHAsI U TPUOPEIKHO-
BOJIHAsI PACTUTEIBLHOCTh, HUTYATHIC BOJAOPOCIIH,
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BETKH, KOPHH, OIaBIIAasi JINCTBA JICPEBHEB U KyC-
TapHUKOB, TPABIHUCTAS PACTUTEINBHOCTD MTOWMBI,
KaMHH, pa3H000pa3HbIil Mycop U TIecOK. 3acere-
HUE MOIIKAMH MCKYCCTBEHHBIX CyOCTpaToB Mo-
KET CBUJICTEIHCTBOBATH O CTAHOBIICHUU y HHUX
aJICKBATHBIX aJIaNTalluii K HOBOMY THITY ITOBEPX-
HOCTH JUTs pUKperuienus [2; 3; 18].

I[Io wnabmogennsim A.A. JleHwucona,
E.A. UBantioBoii [5], HanOonpIast INIOTHOCTh JIN-
YHHOK MOIIEK B MCCIIEIYEMbIX BOJHBIX O0BEK-
Tax Bonrorpasickoii obiactu ormedeHa Ha yda-
cTKax cyOcrparta Ha TyOmHe 1-3 cM, OKyKITH-
BaHUE MPOUCXOUT B KOKOHE B BU/I€ KOHMYECKOTO
yexJuka. bosee BhICOKasi MIIOTHOCTD y KYKOJIOK
orMmeveHa Ha ryouHe 5-10 cMm. Ha rrybune 6o-
nee 50 cM TUYUHKA ¥ KYKOJKH MOIIEK MTPaKTH-
4YecKd He BeTpedanuch. Hambornee 3aceneHHbIC
JUYUHKAMHU U KYKOJTKaMH CyOCTpathl, pacmona-
rajluch Ha y4acTKe BOJOTOKA CO CKOPOCTBIO Te-
yenus 0,5-0,7 m/c.

3UMYIOIIMMH CTAJSIMU, B 3aBUCUMOCTH OT
BUJA, SBJISIIOTCS SIIa WK JIMYMHKHA Ha JTHE BO-
JIOEMOB M Ha TpeMeTaX, OJM3KO PacloNoKeH-
HBIX K TIOBEPXHOCTH BOABI. Pa3BUTHE THYMHOK B
JISTHU TIepruoA cocTapiser B cpenaeM 30 qHel,
Kykomnok — 110 10 aueit. [locne oTpoxkaeHus Mor-
KW HaXOAATCSI MOOTU30CTH OT MECT BBITUIONA B
MPHOPEKHOMN PACTUTENEHOCTH OT OJTHOT'O JI0 TPEX
nHeit [8].

B ObicTpo mporpeBaeMbix BomoeMax, Kak
yka3biBaer 3.B. Ycosa [14], Bce (eHOMOrNYEC-
KHE JaThl HACTYIAIOT PaHbIIE, YeM B BOJOEMAax
C HU3KOHM Temneparypoil Boasl. Ilpu 3Tom cme-
[IEHUE CPOKOB Pa3BUTHS, KaK YTBEPKIAeT aB-
TOp, MOXKET MPOMCXOAMTH B IMpenenax OT He-
CKONBKMX OHEH mo 1 Mmecsma. YCTOMYMBOCTH
(EeHONMOrMYEeCKUX JIaT BHIPaYKEHa JIyUIlIe y BUIOB,
oOHTapIMX B BoloeMax ¢ OoJee MOCTOSHHOM
TeMmIepaTypoi B TeueHue jera [14].

Cpenssist MpOJOIKUTENBHOCTD )KU3HU Ca-
Mok cocTaBisieT 30—40 cyTok, caMIIbl )KUBYT 3Ha-
YUTEIbHO MeHbIe. CaMKH MUTAIOTCS KPOBBIO
YeoBeKa M TEMJIOKPOBHBIX )KUBOTHBIX, KaK Tpa-
BUJIO | pa3 B HECKOJIBKO JTHEH, caMIlbl — HeKTa-
POM ILIBETKOBBIX pacTeHuid. KonnuecTBo KpoBH,
MOTJIONIAEMOM CaMKOW MOIIKH 32 OJIMH TPHEM,
coctraBysieT oT 1 mo 3 wmr [15; 16]. Uepes 7—
10 gHel mocie HavYala MUTAHKUS CAaMKH TPUCTY-
MAKOT K SMIEKIAJIKE; TIOIOBUTOCTh CAMOK B TIOJI-
HOM Mepe 3aBUCHUT OT KOJIMUECTBA HOMIOMICHHOU
KpOBH, MOXKeT BapbupoBath ot 200 mo 400 s,
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AKTHBHas *XHU3Hb MOIIEK, O AAHHBIM
C.M. IMuporosckoro [10—-12], HaGnrogaercs B HU-
30BBsIX Bonry TonbKo Ha criajie mooBobs, Korna
TemriepaTypa Boapl gocturaer +18 ... +20 °C, a
BO31yxa mporpesaercs 10 +20 ... +30°C u BoiIe.
HezaBucrumo or cpokoB Hayasa MOJOBOABSA U €ro
MPOAOIDKATEBHOCTH, BBUICT MIMaro HaOIroaancs
TOJBKO Ha CIaJie YPOBHS BOABI B KOPEHHOM pycie
peku. [lo HaOMFONEHUSIM YYEHOTO B TO/IBI C OOMb-
MM 00bEMaMU TIOJIOBOIBS, TIPU MEIJICHHOM U
MIPOIOJKUTENTBHOM CIa e BOJIBI, IPOUCXOIUT Me-
JICHHBII ¥ IPOJIOJKUATENBbHBIN BBUIET MOILLIEK. Bec-
HOM, B TOZIBI C MaJIbIM 00bEMOM CTOKA M HUZKUMHU
YpPOBHSAMHM BOBI B Bosre, BbUIET MMaro Molexk He
HaOIoaeTcst, 4To yKa3bIBaeT Ha HAJTMYHE MPSIMOK
CBSI3M MEX/y YHCIIEHHOCTBIO MOIIIEK, 00beMa Io-
JIOBOJBSI U BBHICOTOM YPOBHS BOJIBI B peke [7].

Ha tepputopun Bonrorpanckoit obmactu
Hayaio BbUJIETa UMAaro KPOBOCOCYIMX MOILEK B
Ppa3HbIe ToIbI HAOMIOAIIOCh C MIEPBOM IeKaIbl Mast
JI0 CepeIHbI BTOpOH ekajpl uioHsa. Hauano mac-
COBOr'0 KPOBOCOCAHHSI MOIIIEK Ha TeppuTopun Boi-
rorpajiCKoii 00JIaCTH MPOMCXOMUT B CpokH ¢ 30 mMast
1o 18 utons. [TuK 4rciIeHHOCTH UMaro MPUXOIUT-
Csl B CpeHEM Ha BTOPYIO JI€Kaay WIOHS, OIHAKO
3TH CPOKU MOT'YT 3HAYUTEIHHO BapbUPOBATH B 3a-
BHCHUMOCTHU OT TIOTOJHBIX YCJIOBHM BeCEHHE-JIeT-
Hero nepuoza. [lo nanueiM E.A. MBan1oBoii 8],
CpPOK CE30HHOM aKTHUBHOCTH MOITIEK B rieproa 2001—
2023 rT. cocraBui ot 15 10 84 cyTok.

Haubonee akTHBHBI MOIIKH B O€3BETpPEH-
Hble auu [2; 10-12]. [Ipu BeTpeHoii, macMypHO#
Y JOXIJIUBON TIOr0/Ie MMaro KOHIEHTPUPYIOTCS
B IPU3EMHON PaCTUTENHHOCTH (TPaBsIHUCTBIN IM0-
KpOB, KYCTapHUKH ), B HOUHOE 1 CYMEpPEUHOe Bpe-
Msl HIMaro HeakTHBHBI. Jler Molek HaOmonaer-
Cs B paccBETHbIE Yachl (€ClHu TeMIlepaTypa B
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3TO BpeMs HaXOAUTCS B IIpeeNax ONTUMyMa, He
omyckasich Hwke +10 °C) u mocTerneHno Hapac-
TaeT C yBEIIMUYEHHEM OCBELICHHOCTH.

CornacHO nUTepaTypHbIM JaHHBIM [15],
JMHAMUKA CYTOYHOW aKTHBHOCTH MOIIEK 3aBU-
CHT OT TECHO CBSI3aHHBIX MEXKAy co0oi MeTeo-
POJOTUYECKUX MapaMeTpoB (HHTEHCUBHOCTH CBe-
Ta, TeMIepaTypa, BIaXXHOCTh); CKOPOCTh BETpa
SIBIISICTCSl TMMHUTHPYIOIIUM (HaKTOPOM, B JTHEB-
HOE BpeMsl aKTUBHOCTh KPOBOCOCYIIMX MOIIEK
YTHETAETCSl BBICOKOM TeMIlepaTypol U SpKOu
OCBEUIEHHOCTHI0. ONTUMYM OCBEIIEHHOCTH, 110
nanabiM M. U. [Tuporosckoro, C.H. KymmukoBoit
[11], yxmagsiBaercst B rpanuist ot 10 go 2500
JIFOKCOB; 0COOEHHOCTH OMOIOTHH OTIACIBHEIX BH-
JIOB MOIIIEK ITO3BONISIET UM TMPOSIBIISITH KOPMOBYIO
AKTUBHOCTbH YK€ MPHU OCBEUIEHHOCTH B 1 JIIOKC.
BrnaxxHocTh BO3yXa Kak SKOIOTUYECKHUH (hakTop
HE CHMAeT MUIIEBOW aKTUBHOCTH Moiek. Jler
Y KOpPMJIEHHE MOIIIEK He TpeKpaliaercs npu Ko-
ne0aHNM OTHOCUTENBHOM BIIaYXKHOCTH BO3/IyXa B
npenenax or 17 mo 100 % [11].

B cyTouHOl aKTMBHOCTHM UMAaro B JIETHUU
nepuoj HabIIonaercs Ba MUKa KOPMOBOM ak-
TUBHOCTH — B YTPEHHHE U BEUEPHHE YACHI, ITPH-
4eM YTPEHHHH MaKCHMyM HECKOIIBKO BBIIIE Be-
yepHero. OObIYHO HamaJleHus caMoK HalIroa-
ercac 6 1o 11 uc 16 mo 20 u., B cepenvue qHs
MPU BBICOKUX TeMIIepaTypax Bo3ayxa (BbIIIE
+30 °C) nuiieBas akTHBHOCTh MOIIEK CHU)KAeT-
csa (mumieBast perpeccus). OTMeEUeHo, 4TO yT-
peHHee HalaJieHne MOIIIEK B THU ¢ OOMIIbHBIMHU
pocaMu HacTymao mo3aHee Ha 1-1,5 gaca, xots
TeMIlepaTypa U OcBelleHHe OJIaronpusTCTBOBa-
nu ety. CpenHeMHOTOJIeTHHE TaHHbIE CyTOYHON
AKTUBHOCTH KPOBOCOCYIIIMX MoIIeK B Bonrorpan-
CKO 00JTacTH MpEICTaBICHBl Ha PUCYHKE.

100 +

80 / \6

60 / \

20 *

40 / —— \

*

N N N £ o L N H £ O O

N £ N
NN
o

.
RN
BT QT R

N N\

| —®— KOpMOBasi aKTMBHOCTb MOLL EK ‘

CyTo4Hast akTUBHOCTB KPOBOCOCYIIIMX MOIIIEK B Bosrorpaackoii 001acTu (CpeTHEMHOTOJICTHUE JaHHBIC)

—_— 38

Ipupoonvie cucmemol u pecypewi. 2024. T. 14. Ne 4



HaI/IGOHBIHaH AKTUBHOCTH MMaro ormMeda-
ercsa mpu Temmepatype +18 ... +26 °C, Berpe —
1o 1 m/cek.

IIpn macmypHO# moroae yrpeHHee Hadajlo
JieTa CABHUTAETCS MpuMepHo Ha 1,5-2 gaca, kop-
MOBasi aKTHBHOCTb IPOJIOJKAETCS B TEUCHHE BCe-
ro AHsd, YTPCHHHUE U BECUYCPHHUEC MAKCHUMYMBI aK-
TUBHOCTH BBIPa)KEHBI MEHEE OTYETIINBO.

TouHBIX HAHHBIX O KONMYECTBE IMOKOJICHUI
Ppa3IHYHBIX NpeicTaBuTeNe cemeiicta Simuliidae
B ycnoBusix Bonrorpanckoii obnactu, B tuTepa-
TYpPHBIX MCTOYHUKaX HeT. [IpeamnonoxurensHo,
kak ykaseiBaeT E.A. MBanmosa [8], HekoTOpBIC
BUIbI MOTYT JaBaTh JIBa U 0ojiee MOKOJICHUS
B I'OJI.

3akjouyeHue

UccnenoBanue GayHbl U SKOIOTHU KPOBO-
cocymmx Momiek cemeiictea Simuliidae Hrkae-
ro IloBomxbs, B TOM ymucie U Bonrorpaackoit
o0JiacTy, SBIISIETCS Ba)XHBIM aCIIEKTOM H3yde-
Hust dkocucteM Hmwxkuel Bonru. AKTyanbHOCTB
MOIYYCHHUS HOBBIX TJAHHBIX 00 9KOJIOr0-0HOIOrH-
YeCKUX 0COOCHHOCTAX KPOBOCOCYIIMX MOIIEK
cemeiictBa Simuliidae 00ycioBiieHa HEOOXOAUMO-
CTbIO M3YYCHUA H3MEHEHUI 3KOIOTrHYeCKUX yC-
JIOBU M CYIIECTBOBAHHA U Pa3BUTUA UCTOPUYCC-
KU CJIOXHUBUINXCS 6I/IOTI/I‘IeCKI/IX KOMIIJICKCOB Ha
paccMmaTtpuBaeMoii Tepputopun. O0O0OIICHHBIN
AHAJIN3 paHHEC ITPOBCACHHBIX 1 COBPEMEHHBIX M C-
CclleOBaHUH (payHBI M IKOJIOTHHA KPOBOCOCYIIIUX
Momiek ceM. Simuliidae ¥MeeT CyIIeCTBEHHYIO
MPAKTUYCCKYIO HEHHOCTD; IMOJTYUCHHBIC JaHHBIC
MOT'YT OBITh HCIIONIb30BAaHBI TIPU H3Y4YEeHUH OHO-
pa3HoOpasus pernoHoB HukHero IToBosmkbs.
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MODELING GEOMORPHOLOGICAL CONDITIONS OF A RIVER BASIN
ON THE EXAMPLE OF THE BUZULUK RIVER

Natalya M. Khavanskaya
Volgograd State University, Volgograd, Russian Federation

Anna A. Shaprova
Volgograd State University, Volgograd, Russian Federation

Abstract. The study of river basins occupies a special place in the subject of geomorphological works.
The basin approach has found wide application not only in geomorphology, but also in related geographical
sciences, such as physical and socio-economic geography, geoecology. This is largely due to the possibility of
clearly identifying the boundaries of basins, determined by the relief and drawn along the lines of watersheds, in
contrast to the boundaries of a transitional nature, often characteristic of natural objects. Scientific interests in the
field of river basin research are devoted to both the state of modern physical and geographical conditions in
general and changes in individual components, in particular, floodplain forest cover, hydrological and
hydrogeological regimes. In addition, important aspects are the rationalization of economic use of the territory of
river basins. In this context, the types of anthropogenic impact on the territory are described and the geoecological
situation is assessed. In this paper, the analysis of morphometric characteristics of the Buzuluk River basin such as
the steepness and exposure of slopes, erosive dissection of the relief was carried out. Measuring these indicators
for the selected area is of particular importance in view of the intensive development of agriculture, since all of the
listed relief characteristics affect the development of unfavorable erosion processes leading to a decrease in soil
fertility. Morphometric analysis was carried out in the QGIS geoinformation system, which allows obtaining updated
data and reducing the time of their analysis and interpretation. During the geoinformation analysis, maps of slope
steepness, slope exposure and erosive dissection of the relief of the studied territory were constructed. Analysis of
the obtained data and natural and climatic conditions allows us to conclude that the conditions are favorable for
agricultural activities. Nevertheless, the intensity of economic development requires measures to optimize it to
ensure conditions for sustainable development.

Key words: river basin, Buzuluk River, Khoper-Buzuluk Plain, slope steepness, slope exposure, erosive
dissection of the relief, geoinformation systems.

Citation. Khavanskaya N.M., Shaprova A.A. Modeling Geomorphological Conditions of a River Basin on
the Example of the Buzuluk River. Prirodnye sistemy i resursy [Natural Systems and Resources], 2024, vol. 14, no. 4,
pp. 42-50. (in Russian). DOI: https://doi.org/10.15688/nsr.jvolsu.2024.4.5

42 Ipupoonvie cucmemot u pecypcor. 2024. T. 14. Ne 4



HM. Xasanckas, A.A. lllanposa. MonenupoBaHue reoMopHoJOrHUSCKUX YCIOBHH PEYHOro baccerina
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MOJEJIUPOBAHUE TEOMOP®OJIOTMYECKHUX YCJIOBUM
PEYHOTI'O BACCEMHA HA ITIPUMEPE p. BY3YJIYK

Haranpa MuxaijioBHa XaBaHckas

Bonrorpaackuii rocynapcTBeHHBIN yHUBEPCUTET, . Bonrorpan, Poccuiickas ®eneparus

AnHa AnekcanaposHa Illanposa

Bonrorpaackuii rocynapcTBeHHBIN yHUBEPCUTET, . Bonrorpan, Poccuiickas ®eneparus

AnHoTanus. VccrenoBanue peuHbIx 0acceiiHOB 3aHMMAET OT/EILHOE MECTO B TEMATHKE FeOMOP(OSIOrMUECKHIX
pabor. bacceifHOBBII MOIX0/] HAILIE IIMPOKOE PUMEHEHHUE HE TOJILKO B TeOMOP(OIIOrHH, HO ¥ B CMEXKHBIX Teorpadu-
YECKHX HayKaX, TAKUX KaK (pu3ndecKas U COlMaIbHO-IKOHOMUYECKas reorpadusi, reodKoNorust. Bo MHOroM 3to oobsic-
HSIETCSI BOBMOXXHOCTBIO YETKOTO BBIJIEIIEHNS TPaHUIl 0aCCEHHOB, ONPEeIeIeHHBIX Pelibe)OM 1 IPOBOIMMBIX T10 JINHUSM
BOZIOPA3/IENIOB, B OTIIYHMH OT TPAHMII IIEPEXOIHOTO XapaKTepa, CBOHCTBEHHBIX YacTO I IPUPOIHBIX 00beKToB. Hayu-
HBIE MHTEPECHI B C(hepe MCCIIeI0BaHMS PEUHBIX OACCEHOB MOCBSIIIEHBI KaK BOIIPOCAM COCTOSIHHSI COBPEMEHHBIX (pr3u-
KoO-reorpapIecKHX YCIOBHIA B IIETIOM, TaK ¥ I3MEHEHUSIM OT/IEIbHBIX KOMIIOHEHTOB, B YACTHOCTH, JIECUCTOCTH TIOHM,
THAPOJIOTHYECKOTO ¥ THIPOTEOJIOTHYECKIX PEKUMOB. KpoMe Toro, BayKHBIMH acTieKTaMU SIBIISIETCSL pAlMOHAU3ALIHS
XO3STICTBEHHOTO HCTIONIb30BaHMS TEPPUTOPHH PEUHBIX 0ACCEHHOB. B 3TOM KOHTEKCTE OIMUCHIBAIOTCS BHIBI aHTPOIOTEH-
HOTO BO3JIEHCTBHS HA TEPPUTOPHIO U MPOBOIUTCS OIIEHKA T€03KOJIOrMUECKOi cuTyalui. B Hactosimeit pabore Obut
MIPOBE/IEH aHaIN3 MOp(OMETPpUUECKUX XapaKTepUCTUK OacceliHa peku By3yinyk, Takux Kak KpyTH3HA M OKCIIO3HIHSL
CKJIOHOB, 3pO3HOHHAs pacuJIEHEHHOCTh pesibeda. M3Mepenne 3Tux rnokasareneii 1uisl BBIIEIEHHOro paifoHa IMeeT 0co-
OyI0 B&XKHOCTh BBHIy HHTEHCHBHOTO Pa3BHUTHSI 3eMJICEIHS, TaK KaK BCE MEPEUHCIICHHBIC XapaKTEePUCTUKH pelibeda
BJIMSIFOT Ha Pa3BUTHE HEOJIArOMPUSITHBIX SPO3HOHHBIX TIPOLIECCOB, BEAYIIUX K CHIKEHHIO TTOYBEHHOTO TUIOOPOIIHS.
MopdomeTprueckuii aHam3 ObUT MPOBE/ICH B reonH(popMarionHoi cucteMe QGIS, 9To Mo3BOJSET MOIYYHTh YTOU-
HEHHbIE JaHHBIE U COKPATHTh BpeMsl UX aHaJM3a U MHTEpIpeTalui. B xoie reonHpopMaIoHHOro aHaim3a Obuin
TIOCTPOEHBI KaPThl KPYTU3HBI CKJIOHOB, SKCIIO3UIIMK CKIOHOB M 9PO3MOHHOM PacuJICHEHHOCTH pejibedha H3ydaeMoi
TEPPUTOPHH. AHAIN3 MOJYYEHHBIX JAHHBIX U IPUPOJTHO-KINMATHYECKUX YCIIOBUH O3BOJISIET C/IENIaTh BHIBOJ O Ollaro-
TIPUATHOCTH YCIIOBHIA IJTsl BENIEHHSI CETbCKOX03SICTBEHHOM IeITeNbHOCTH. TeM He MeHee MHTEHCHBHOCTh X03SHCTBEH-
HOT'0 OCBOGHHSI TpEOYeT Mep TI0 €T0 ONTUMH3AIIH JJIsl 00ECTIeYeH s YCIIOBUI YCTOWYMBOTO Pa3BHUTHSI.

KiroueBnle ciioBa: pedHoii 6accelin, peka bysynyk, Xonepcko-By3ynykckasi paBHUHA, KPYTH3HA CKIIOHOB,
HKCTIO3HIINUS CKJIOHOB, 9PO3UOHHAsI PACUJICHEHHOCTh pelibeda, reonH()opMalMOHHbIE CHCTEMBI.

HurupoBanue. Xapanckas H. M., [llanposa A. A. MonenupoBaHue reoMopOI0OrHIECKHX YCIOBHI PEUHOTO
Oacceiina Ha npumepe p. by3ynyk // Ilpuponnsie cucremsl u pecypebl. —2024. — T. 14, Ne 4. — C. 42-50. — DOIL:
https://doi.org/10.15688/nsr.jvolsu.2024.4.5

BBenenue

Baccelin pexu By3ynyk pacmnonoeH B 11eH-
TpajbHOM YacTH XOIEPCKO-by3ylnyKCKON aKKyMy-
JIATUBHOM paBHUHBI, pacrioiokeHHoH Mexty Ka-
snauckod U ITpuBOMKCKON BO3BBIILIEHHOCTSIMH.
Cam by3ynyk sgBisieTcsl J€BbIM MPUTOKOM
p. Xomnep. Ero GacceitH orpaHiyeH MOJIOTMMU BO-
JopasaenamMu oT APYrux Qu3uko-reorpaduyec-
KHX 00BEKTOB paBHHUHBI (CM. puc. 1).

I'eonornueckoe crpoeHue U3ydyaeMou Tep-
PUTOPHH MIPEACTABIEHO HECKOIBKUMH KOMIIICK-
camu. B paspese minaTdopMeHHOro Yexja BbI-
JIENSIIOTCSL HUKHETAIE030M CKU-HI>KHEJIEBOHC-

Natural Systems and Resources. 2024. Vol. 14. No. 4

KW, CpEIHENEBOHCKU-TPUACOBBIN, FOPCKUII-I1a-
JIEOT€HOBBIN Y HEOI'€HOBBII-4E€TBEPTUYHBIN KOM-
IJIeKChl. B OCHOBHOM MOBEPXHOCTH COCTOUT M3
MIECKOB, TMIECYAHUKOB, MeJa, SBJSIONINXCS 0Cal-
KaMHu Me3030icKux Mopeit [2; 10].

Honuna peku By3ynyk mmumpokas 1 MOXKET
nocturath 5—10 kM. BBICOTBI Mexaypednii Ko-
neorores B peaenax 120—170 m Hax ypoBHEM
MOpSI ¥ TIOCTENIEHHO CHIKAIOTCS C ceBepa Ha or
[12]. [IpeobnamaroT MIIOCKKUE U JTOBOJBHO 00-
HIMPHBIE BOAOPA3/ENbl, YePEAYIOIIHECs C IIHPO-
KHMH U HENTYOOKO Bpe3aHHBIMU JIOIMHAMHU PEK.

B npenenax palioHa uccieoBaHus pacio-
JIO)KEHBI MOYBBI, OTHOCAIIMECS K YepHO3EMaM
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10KHBIM. COIJIacCHO arpOKIMMAaTHYECKOMY paii-
OHUpPOBaHHIO Bomnrorpaackoii obnactu, TeppuTo-
pust GacceliHa OTHOCHTCS K 3aCYIIUIMBOM 30HE C
TEIJIBIM KIuMaToM [8].

B Hacrosinee BpeMs TeppuTOpHs Oacceii-
Ha peku by3ynyk nmomBepraercsi HHTEHCUBHOMY
CEJIbCKOX03MCTBEHHOMY OCBOEHMIO. [1oms mpak-
TUYECKU TMOJIHOCTBIO 3aHUMAIOT BCE BOAOpPA3-
JleTIbHBIE MPOCTPAHCTBA U MOJOTHE CKIOHHI.

Omnpenenenne MoppoMeTprUECKUX 0COOCH-
HOCTeH penbeda H3ydyaeMol TepPUTOPUN TIPHUOO-
peraer 0co0yr0 aKTyaJdbHOCTb B BUIy MHTCHCHB-
HOT'O Pa3BUTHUS CEITLCKOTO XO3SHCTBA, BaKHBIMHU
(axropaMu pasMeIeHus: KOTOPOro, Kpome arpo-
KJIUMaTUYECKUX YCIOBUM, BHICTYAIOT KPYTHU3HA
Y 3KCIIO3UIIHS CKJIOHOB, SPO3HOHHAS pacuIeHeH-
HOCTb. B COBOKyNMHOCTH mepedrciIeHHbIEe Xapak-
TEPUCTHKH OKa3bIBAIOT HETIOCPEACTBEHHOE BIIHSI-
HUE HA Pa3BUTHUE INIOCKOCTHOU U JIMHEMHON SpO3UHn
[3; 6; 15], BamstoIel Ha COCTOSTHUE MOJIEH U, CO-
OTBETCTBEHHO, Ha 3eMJIe/IeNTUe PaiioHa B LIEJIOM.
Co00TBETCTBEHHO, 110 IIPOBEAECHHOT O UCCIIENIO0-
BaHUS SIBIISICTCS] aHATIM3 OCHOBHBIX MOP(OMETpH-
YECKHUX XapaKTEepUCTUK OacceliHa peku Byzymyk

¢ puMeHeHneM (QYHKIHU MPOCTPaHCTBEHHOTO
aHaJIM3a MOBEPXHOCTH MU TMJPOIOTUYECKOTO MO-
JENIUPOBAHMS TEOMH(POPMAIITUOHHBIX CUCTEM.

MaTepI/IaJ'[LI H METOAbI HCCJICA0OBAHUSA

OCHOBHBIM THIIOM JaHHBIX JIA aHaJIn3a
penbeda sBisiercs nudpoBas MoaeIb peabeda
(manee — LIMP) [11; 13]. B nanHoi# pabote Bce
aHAIMTUYECKHE OTIEPAIIMH IIPOBEICHBI HA OCHO-
Be [IMP SRTM 1-arcsecond, npenocrapisieMoit
B OTKPBITOM JIOCTYIIE T€OJIOTUYECKON CITYKOOH
CILIA [16]. T'eonndopmaIioHHbIi aHATTU3 TTPO-
BonwIICcs B reonH(popmanmonHoi cucreme QGIS.
I'panuiia 6acceiina By3ynyka Oblia onudpoBaHa
BPYYHYIO 110 JIMHUSIM BOAOPA3I€EIIOB.

Ha nepBoM 3Tane Oblia nmpoaHaIH3upOBa-
Ha KPYTH3HAa CKIIOHOB B Tpaxycax. [Ipu aTom amst
OoJIbIIICH HATIISIIHOCTH COCTAaBlieHA Kapra Ha
TEPPUTOPHUI0 XONEPCKO-by3yykCckoll paBHUHBI
(cm. puc. 2). JlanHbie 0 KPYTHU3HE CKIOHOB I10-
3BOJIAIOT BBIABUTDH ITIOTCHIMAJIBHO OIIACHBIC YUa-
CTKH pa3BUTUMA HeGHaFOHpI/ISITHLIX T'€0JIOT0-T'COo-
MOP(HOIOrHYECKUX TIPOIIECCOB, B IIEPBYIO 0YEPEb

T
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Puc. 1. 'eorpaduueckoe nonoxxenue dacceitna pexu byzymyk

44

Ipupoonvie cucmemot u pecypcor. 2024. T. 14. Ne 4



3pO3UOHHBIX. Ha KapTe yuacTku ¢ pa3Iu4yHo Kpy-
THU3HOH 0003HAYAIOTCS CIIOCOOOM KOJIMYECTBEH-
HOro (oHa.

BrisiBneHre 3KCIO3UIIMK CKIIOHOB SIBIISIET-
cq BaXXHBIM MHCTPYMEHTOM JajibHEHIIero pe-
CypCHOT0 aHau3a Tepputopud [ 1]. Dxcrozurus
CKJIOHOB CKa3bIBaeTcs Ha HEPaBHOMEPHOM pac-
TpeaeieHny TeIula Ha TIOACTUIIAIONIel TToBepX-
HOCTH, CJIEIOBATENbHO, BIMSIET HAa XapakTep U
NPOAOIKUTEIBHOCTh Bereranuu pactenuid. Io-
CTPOEHHUE KAPThI IKCIIOZUIINH CKIIOHOB IPOHCXOH-
J10 B reonHpopmannonHoi cucteme QGIS npu no-
MOIIM HHCTPYMEHTa «IKCHO3UIIUA (CM. puc. 3).

Haubonee cioXHBIM W3 MPEACTABICHHBIX
SIBJIACTCS TIPOIIECC aHAN3a SPO3MOHHON pacuJie-
HEHHOCTH pesibeda. Dpo3uOoHHAs PACUIICHEHHOCTh
SIBJIAETCS TUIOIIAIHBIM MOKa3aTelneM M pacCuu-
ThIBA€TCsl KaK OTHOIIEHHUE JJIWHBI IPO3NOHHOMN
ceTH (BOAOTOKOB) B KM K €IMHHUIIE TIJIOMIAIHN TEp-
pUTOpHH, B JaHHOM citydae Gepercs 1 km?. [eo-
MH()OPMaIMOHHBIN aHAJIU3 SPO3UOHHON pacuJie-
HEHHOCTH OCyIecTBIsuIcs B mporpamme QGIS
IO CIIEYIONIUM dTanam:

H.M. Xasanckasa, A.A. Lllanposa. MonenupoBaHue reoMop(oI0rHuecKix YCIOBUH PEUHOTO 0ACCEHHA e

1. ABTOMaTH3UPOBAHHOE IOCTPOCHHE BOJIO-
TOKOB Ha ocHOBe IIMP ¢ mpumenennem ¢yHk-
[IUHA TUAPOTIOTMIECKOro MoJieTupoBanus [4; 5; 7].

2. I'eHepaniyis U HAJIOKEHUE Ha TEPPUTOPHIO
WCCIIEZIOBAHUSI TIOJIMTOHAJIBHOW CETKU C pa3Me-
pOM siueek paBHBIM 1Xx1 KM, a TakKe MPUBSI3aH-
HOTO TOYEYHOI'O CJIOS, B KOTOPOM TOYKH COOT-
BETCTBYIOT LIEHTPY KaKJA0M KUIIOMETPOBOU A4eii-
ku (cM. puc. 4).

3. I[Ipumenenue oBepieitHoi onepanuu «Ile-
peceueHney s BBISBICHUS JJIHMHBI BOAOTOKOB
B Ka)KJIOW KUJIOMETPOBOH suelike ceTku. O0be-
JIMHEHWE aTpUOYTUBHBIX JAHHBIX SYEEK CETKU C
JTAHHBIMH JJITUHBI BOZOTOKOB COOTBETCTBYIOIIMX
sTYeeK.

4. IIpucBoeHue NaHHBIX AJUH BOIOTOKOB
KaXJI0M siueliKe COOTBETCTBYIONIEH TOYKe, pac-
MOJI0KEHHOU B €€ LIEHTpE.

5. l'enepanusi cTaTHCTUYECKON MTOBEPXHOC-
TH ¢ IOMOITBI0 HHTepnofsuu (Mmeron OBP) nan-
HBIX JUIMH BOJOTOKOB TOYEYHOIO CJIOS U CO371a-
HUE TaKUM 00pa30M KapThl 3PO3UOHHON pacuiie-
HEHHOCTH pelbeda (CM. puc. 5).

q“’s

Boponexkckas otnacts

::'
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1:1 000 000

Caparosckas obnacts
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Ipumeuanue. CocTaBleHO aBTOPaMHU.
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46



HM. Xasanckas, A.A. [llanposa. MonenupoBaHnue reoMop(HoIOrHuecKuX YCIOBHA pedaHOro Oacceina

T T
4°B 43°B
|

Boponexckas obnactb

—— ——

T
SIPC

] ,
¢

1
@MHCK \ '

KL
i
( [ ‘ A
] =
0 10 20 kM |
| e | 43["“

Kapma jpo3zuonnoii pacunenennocmu

Caparosckas 00nacTb

D4Is
|

Enaxe

—~ | YeaoBubie 00o3Hauenun

KM/KM
I:] Ao 0,5
] 051
B 15
1,52
B 225
B 25
B s

Puc. 5. Kaprta 3po3uoHHO# pacuIeHEHHOCTH peiibeda TeppuTopuu 6accetina p. byzyinyk

Ipumeuanue. CocTaBleHO aBTOPaMHU.

Pe3y.]1 bTaTbl H oﬁcymz]eﬂ He

[No naHHBIM reorH(OPMAITUOHHOTO MOJIEITH-
POBaHUS 3HaUEHUE KPYTH3HBI CKIIOHOB N3y4aeMOM
TEpPPUTOPUHN HAXOAWTCS B Ananazone ot 0° go 15°.
[Tpu 3ToM OonbIast 4acTh OacceiiHa ¢ MOIOruMHU
BOJIOPA3IENBbHBIMH MPOCTPAHCTBAMH XapaKTepPH-
3yercs YKJIOHOM MeHee 1°, 4TO OTHOCHT €€ K THUITY
IJIOCKUX PaBHUH. 3HaYeHHE yKIIOHA OT 1° g0 5°
HaOMroaercsl Ha CKIOHAX PEYHOW cucreMbl By-
3yiyKa. YBeJIM4YeHHe KpyTH3HBI 10 15° oTmeua-
ercsl B MIPUYCTHEBOM YaCTH U COOTBETCTBYET BO-
CTOYHOMY CKJIOHY Kanadckoli BO3BBIIICHHOCTH.

AHaIH3 KapThl KCTIO3UIINH CKJIOHOB IT03BO-
JISIeT MPOBOJIMTH OIEHKY YYaCTKOB TEPPUTOPUHU
C ITOBBIIIEHHBIM PUCKOM 3PO31H ITOYBBI, OIIPEAC-
JIHWE 30H C MOBBINICHHBIM 3allacoM CHera, a
TaKXe MPOrHO3UPOBAHUE PACIIPEACICHISI PACTH-
TENBLHOCTH. DTH JaHHBIC MOT'YT 6I)ITB HCIIOJIB30-
BaHBI JUIS IPUHATHUS BRXKHBIX pElIeHHU B cepe
OINTHUMHU3AIUH CEITLCKOX03HCTBEHHOIO IIPUPOJIO-
nons3oBaHus. B xone ee ananusa ObL10 MoTyye-
HO CIEIYIOIIEe:

Natural Systems and Resources. 2024. Vol. 14. No. 4

1. Ha ucciexyemoii TeppUTOPUU OTCYT-
crByeT ceBepHas (0°) opueHTaUus CKIOHOB.

2. B nonune p. By3ynyk npeobnanaer FOro-
3anaanas (225°) u 3anaanast (270°) opueHTaLIHA.

3. [y paBHUHHBIX YUYaCTKOB XapakTepHa B
OCHOBHOM ceBepo-BocTouHas (45°), BocTouHas
(90°), roro-Bocrounas (135°), roxxuast (180°), 3a-
manuas (270°) u ceBepo-zamaanas (315°) opu-
CHTAIH CKIIOHOB.

3po3us ABIsETCS OMHUM U3 Hanboee pac-
IIPOCTPAHEHHBIX U Pa3pyILINTENBHBIX IPOLIECCOB,
BIMSTIONINX Ha (POPMHUPOBAHUE TAHIIA(TA U IKO-
JOTUYECKOE COCTOSHUE BOJHBIX OOBEKTOB.
B koHTEKCTE TeOMH(DOPMAIIMOHHOTO MOJCITHPO-
BaHMS OacceliHa PeKH, aHaIM3 3PO3UOHHON pac-
YIICHEHHOCTH UMEeT 0c000€e 3HaYCHU e JIJIsI O1eH-
KM YPOBHJ INIOTCHIUAJIBHBIX PUCKOB, CBA3aHHLIX C
BOJ0OOTBOAOM, UBMCHCHUAMM ITOUYBEHHOI'O ITOKPO-
Ba, 3arpsi3HEHUEM BOJHBIX PECYPCOB H JIerpajia-
uel MPUOPEKHBIX y4acTKoB [9; 14].

Dpo3uOHHAs PaCUJICHEHHOCTh peibeda
OTpaxXac€T CTCIICHb U3BUJIMCTOCTH pequf/'I CHu-
cteMbl. B XO0€ BBIIIOJIHEHUA HCCICAOBAHUA
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OBUIO BBISIBIICHO, YTO MaKCUMYM 3PO3UOHHOU
pacuieHeHHOCTH penbeda cocTaBisier 3,5 KM
Ha 1 km?. TIpu 3TOM Ha MOJIOTUX BOIOPA3/Ieib-
HBIX TPOCTpPaHCTBAx Mpeobianaer 3HAUYCHHE
paBHoe 1 kM Ha 1 kM2, MUHUMAaJIbHBIC 3HAYEC-
Hud, 10 0,5 kM, pUKCUpyIOTCS Ha OTIENBHBIX
ydacTKax BojopaszenoB. MakcuMmanbHble Be-
JTUYUHBI K03 (HUIIEeHTa YPO3UOHHON pacuiie-
HEHHOCTH penbeda COOTBETCTBYIOT CKIOHAM
PEYHBIX JIOJIMH.

3akjouyeHue

[Mpumenenne reorHHopMaUOHHBIX METO-
JIOB B MOJICITUPOBaHUH PEUHBIX OacCeiHOB 1Mo~
3BOJISIET MOBBICUTH TOYHOCTH MOJYy4aeMbIX
MOp(POMETPHUECKUX XapaKTEPUCTUK. 3Hade-
HUS KPYTHU3HBI H 9KCIIO3UITUHU CKIIOHOB Oacceii-
Ha peku by3ynyk, moiaydeHHBIe B pe3yibTaTe
reonH(pOpMAIlMOHHOTO aHaK3a, MO3BOJIIN
YTOYHUTH U JOMOJHUTH CYIIECTBYIOIIHUE CBE-
neHus. PaccunTanuble BeMUYUHBI Tpeobnaaa-
IOIHUX YKJIOHOB (MeHee 1°) CBHAETENbCTBYIOT
0 mojoroM xapakrepe penbeda Xonepcko-by-
3yJAYKCKOW paBHUHBI, YTO B COBOKYIHOCTH
¢ IpeodiiaJaHeM CKIOHOB I0)KHOM, BOCTOYHOM
Y 3amaJgHoN 3KCMO3UIINH, PACIIPOCTpAHEHUEM
HIMPOKUX BOOPA3AETHHBIX TPOCTPAHCTB € 3PO-
3MOHHOW pacujieHEHHOCTHIO peibeda He mpe-
peimaromeit 500 M Ha 1 kMm? aBisercs Onaro-
MPUATHBIM (AaKTOPOM Pa3BUTHS CEIIbCKOTO XO-
3sicTBA.
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Introduction

An interesting phenomenon of river dynamics
is the hysteresis loop between the dependence of
the water level # on the water discharge Q in the
cross-section of the channel [12]. An increase in
the value of QO during seasonal floods is
accompanied by a regular increase in the depth H
at a fixed point or water surface level 5 [3; 21].
The end of the flood leads to a decrease in 7.
However, the dependences #(Q) at the stages of
flood rise and fall do not coincide with each other
due to the heterogeneity of the flow under the
conditions of non-stationary behavior of the
hydrograph Q(#) which is manifested in the
formation of a hysteresis loop. Thus, a wide variety
of rivers are characterized by special hysteresis in
the stage-discharge relation [4; 5].

The discussed hydrological hysteresis is
associated with the presence of memory in the
system, when the current state is determined both
by the characteristics at a given time and by the
values of the system parameters in the previous
time interval ™%, The duration ™9 is the length
of the memory, which affects the hysteresis width
[10; 14].

Examples of such hysteretic behavior of
unsteady flow are described in the literature [6].
Hysteretic loops of the dependence 7(Q) can be
associated with nomograms of dynamic water
volumes [1]. Quite powerful hysteretic loops were
obtained from measurements on the Chattahoochee
River (USA) [18], Tisza River, Yeongsan River
in Korea, Illinois River [12], Snake River below
the CJ Strike Dam in Idaho (USA) [16]. The Ohio
River at Wheeling and the Tennessee River at
Scottsboro show a weaker difference on the rising
and falling branches of #(Q) [18]. The hydrological
regime of the downstream of the Tsimlyansk
hydroelectric power station on the Don River also
gives a loop dependence for 7(Q) [2].

Interest in the study of hysteresis loops in
the dependence #(Q) is associated with the
possibility of revealing hidden patterns in the
hydrodynamic system of the river. Apparently, the
properties of the hysteresis curve depend on the
morphology of the bottom, the turbulent state of
the flow, the presence of water sources and drains
in the channel, the structure of the river valley,
the sediment transport, the presence of islands
and other characteristics [14; 19].
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This work is aimed at studying some features
of the hydrological regime of the Volga River near
the downstream of the Uglich hydroelectric power
station. Our goal is to reconstruct hysteresis loops
of the water level dependence on the hydrograph
in this area.

Measurement data from the gauging
station of the Uglich HPS

The hydrological regime of the Volga River
has changed significantly due to the system of
hydroelectric power stations along the entire
watercourse. The natural water flow is disrupted
by a large number of large reservoirs. The water
flow through the dams is characterized by
hydrographs Q(¢), which are established by
government agencies. These hydrographs poorly
reproduce natural processes, since they are
determined by the opposing interests of various
institutions and economic entities. The pressure
of economic activity, increased urbanization of
floodplains and adjacent territories require a more
uniform hydrograph. Therefore, the volume of flood
waters is redistributed throughout the year, reducing
the peak values of the hydrograph [7].

The Uglich hydroelectric complex zone
belongs to the Upper Volga with an average water
discharge of about 500 m*/sec (fig. 1). The Uglich
reservoir is located above this dam and is of the
passable type with a small water reserve. The
narrow channel of the Volga extends below the
dam for about 80 km, smoothly turning into the wide
Rybinsk reservoir. The volume of water in the
Rybinsk reservoir exceeds the water reserve in the
Volga channel from the Uglich dam to this reservoir
by about 500 times. Therefore, an increase in water
in the Rybinsk reservoir can significantly affect the
hydrological regime of the entire Volga River to
the Uglich hydroelectric power station.

Building a relationship between the water
level  (or depth H) and water discharge Q in the
form of functions O = Q(y) (or O = Q(H)) is a
standard problem in hydrology [8; 17], since it
allows one to estimate the difficult-to-measure
quantity Q using a reliably determined water level
or depth [15]. Amore subtle analysis indicates an
ambiguous dependence # = 7 (Q) at the stages of
growth and decrease of Q(7) and 7 (¢):

n(t,<t<t) <n(t<t<t), M
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if the following conditions are met

§>Onpnt1< t<t,, %<Onpnt3< t<t., ()

The hydrological regime of the Uglich
hydroelectric complex is considered in more detail
below. Figure 2 shows the annual variation of the
hydrograph and water levels below the dam of
the Uglich HPS. The hysteresis curve in Figure 2¢
differs significantly from the typical dependence
in Figure 3. The hydrograph of the Saratov HPS
shows an increase in Q(¢), by about five times in

Rybinsk
Reservoir

Glebovo
Rybinsk

Myshkin

o Uglich
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spring compared to low-water values (fig. 3a).
We also see an increase in the water level in the
downstream by about 4 meters during this period
(fig. 3b). This behavior yields a typical loop-
shaped dependence on the parameter plane (0O, #)
(fig. 3¢). Different colors highlight regions of the
dependence 7 (Q) in accordance with the colors
in the inset in panel b, where time intervals with
different types of # (f) change are highlighted.
The growth stage of # (¢) (red line) corresponds
to the ascending branch of  (¢) (fig. 3¢). The next
short interval (blue line) is responsible for the short

Rybinsk
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/ w05
Glebovo l\ /
@
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@

= | Uglich HPP

Fig. 1. The map of the region under study includes the Volga River below the Uglich Dam
and the Rybinsk Reservoir. The insert contains section of the Volga River on an enlarged scale
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Fig. 2. Dependencies Q(t), # (f) and 7 (Q) for the downstream of the Uglich dam in 2022 and 2023
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loop in the region of the O maximum. The green
line shows the descending branch of the main
hysteresis loop. The purple line at O ~ 18000 m?/sec
also yields an internal loop for 77 (Q). The subsequent
decline in water discharge completes the main
loop (light blue line).

Analysis of hysteresis curves

It is convenient to characterize the hysteresis
loop by the maximum difference between water
levels on the rise and fall branches of # (Q), which
is designated as An»%), The width of the hysteresis
Ay for the Saratov hydroelectric power station
is 0.6-1.0 m, which is quite typical for the Volga
River in the middle and lower reaches. The value
of Ay in the upper reaches generally decreases
with a decrease in low-water and maximum water
flow rates. Small rivers, compared to the Lower
Volga, are characterized by lower values of Ay"»),
as in the case of the Don River with Ay"») =15 cm
in the downstream zone of the Tsimlyansk
hydroelectric power station [2]. The average

24000 -] 0 a
22000 —_
20000 —-
18000 ]
16000 —-
14000 —_

12000 —

10000 —
8000 —
6000 —

1000 —

t

2000

discharge at this dam is 655 m3/sec, which is
comparable to the Volga regime near Uglich.

The hystereses for the Uglich HPS in the
figures 2 have a form that is very different from
the dependence in figure 3 for the Saratov HPS.
There is an extremely powerful hysteresis with
Ay ~ 2 m, and the maximum width Ay is
achieved at small (low-water) values of O°). Such
unusual behavior requires special analysis.

Comparison of the time series Q°)(¢) and 5
(¢?) yields a striking contradiction if we compare
panels a and b in figure 2. The duration of the
spring flood for the Uglich HPS with increased
water discharge lasts approximately 40 days.
The time interval with an increased water level
reaches 150 days. Obviously, the behavior of #
(¢?) is associated not so much with an increase in
0, but rather reflects other physical factors.

Let us consider in more detail a short time
interval from March 20 to April 29, 2024, lasting
40 days (fig. 4). The discharge of water increases
approximately 3 times over 15 days and then there
is another surge for 5-6 days with a smaller
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Fig. 3. Example of classical hysteresis for the downstream of the Saratov hydroelectric power station in 2021
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Fig. 4. Dependencies Q(f) (a), 1 (¢t) (b) and 7 (Q) (c) below the Uglich dam in the period from March 20
to April 29,2024
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amplitude. The corresponding dynamics of the
water level #(U8) (¢) is shown by curve 1 (solid
line) in figure 4b. The dotted line shows the
change in the water level in the upstream of the
Rybinsk HPS #®%?) (£). The distance between
these points along the watercourse is
approximately 107 km, which consists of 80 km
along the riverbed itself and 27 km along the
Rybinsk Reservoir. The water levels in the
Rybinsk Reservoir and in the downstream of the
Uglich hydroelectric power station are very
close, forming a kind of single reservoir in terms
of the water surface. The hypsometric profile
across the Volga River valley confirms this. The
discharge due to the difference in levels is often
very small, since the volume of water in the
reservoir is hundreds of times greater than the
water reserves in the river bed in this section.
Therefore, the hydrological regime in the Volga
section from the Uglich Dam to the beginning of
the Rybinsk Reservoir can be determined to a
greater extent by the operating mode of the
Rybinsk HPS.

Figure 46 allows us to clearly distinguish four
states of the downstream of the Uglich HPS in
the spring of 2024.

1) The interval #, < < ¢, is characterized
by the growth of #(U¢) () with almost unchanged
#®) (7). The increase in the water level in the
downstream is mainly due to the increase in the
discharge of water O'?). This interval is short
(4 days), when we have a fairly standard section
of the initial hysteresis phase (thick red line in
panel ¢).

2) The second stage begins with the growth
of #®?) () and continues until 7®?) ~ 5D is
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reached at time #;. The corresponding interval
t=(t,, t;) on the plane (O'P), ) is highlighted by the
thick blue line. This section of the function 5 (Q™))
is strongly influenced by the rising water level in
the Rybinsk Reservoir.

3) The interval ¢, < ¢ < ¢, is characterized
by the approximate equality #7(Y8) ~ (Rb) against
the background of a general increase in the
water level. This means that this effect is
entirely due to the filling of the Rybinsk
Reservoir, since the hydrograph of the Uglich
dam downstream fluctuates near the low-water
values. Therefore, the dependence 7 (Q))
does not reveal a clear hysteresis loop (the black
dotted line in figure 4c).

4) The fourth interval , <7 <t is interesting
due to a short-term increase in the hydrograph to
2200 m¥/sec. As a result, there is a slight excess
of #Yg) over ®¥) by about 0.4 m over an interval
of several days. This is manifested by another
hysteresis loop, shown by a black thick line in
panel b (fig. 5).

The thick red line in figure 5¢ can be
extended by a hypothetical falling branch (dashed
red line), which would manifest itself in the
absence of the influence of the Rybinsk Reservoir.
We try to reconstruct the dependence 7 (Q) by
subtracting the non-stationary effect of the
Rybinsk Reservoir from #(Y¢) (f). The low-water
level before ¢, is taken as the zero point for the
curve 67(¢). This determines the difference
3n(f) = V&) — y®) provided that 5Ve)(s)) =
n®®)(t,). Figure 5 shows the result of such a
restoration of the dependence # (Q) if we remove
the influence of water level variability in the
Rybinsk Reservoir.

1.5 0 b
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Fig. 5. The result of the reconstruction of the hysteresis loop in 2024
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TFEOJ3KOJIOI'us

Conclusion and discussion

We have analyzed the hydrological regime
in the downstream area of the Uglich Dam on
the Volga River. The determining effect of the
non-stationary water level in the Rybinsk
Reservoir 80 km downstream on the water
dynamics in the Uglich area is shown. In fact, the
rise in water near the Uglich HPS is controlled
by the hydrological state of the reservoir due to
the topography of the Volga section between the
cities of Uglich and Rybinsk. Reconstruction of
natural hysteresis loops for the dependence of
water level on water discharge is performed by
removing the influence of water level changes in
the Rybinsk Reservoir. The actual width of these
loops is 10-20 cm, which is apparently typical for
rivers with an average discharge of about 300 —
500 m?/sec.

Note that we use the upstream data of the
Rybinsk hydroelectric complex, although a more
accurate result requires water level measurements
in the area where the Volga River flows into the
reservoir, for example, near the village of Glebovo
or even the city of Myshkin (Yaroslavl Region).
Water levels in the reservoir at different points
differ due to the fairly large area of the reservoir
and two dams of the Rybinsk hydroelectric
complex, which somehow affects our estimates.
However, there are no measured hydrological data
at these points due to the lack of additional gauging
stations. Another possibility is to build a numerical
hydrodynamic flow model for this entire territory,
which is a pressing issue.

The shapes of hysteresis loops are quite
sensitive to the accuracy of constructing time
series O(¢) and 7(¢), so such features can be a
good way to verify hydrodynamic models of river
systems [9; 10; 13]. The relevance of such testing
is associated with the widespread use of
hydrodynamic models to solve a variety of
environmental and economic problems [11; 20].
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