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lMpo2Ho3uposaHue NnomeHYyUasbHO20 apeana nedaHoli poibbl
Champsocephalus gunnari (Champsoseptalus gunnari) e 3a-
naodHoli ApKmuke

Ponb 2eo2padpuyecko20 npoucxoxmcoeHus 8 hopmMuposaHuUU
ycmoliyusocmu K cmpecc-gpakmopam y 12 eudoe Drosophila

BausaHue mpudgnypanuHa Ha kKapna (Cyprinus carpio L.):
ocmpas U XpoHUYeCKAdA MOKCUYHOCMb, 2ucmosio2uyecKue
usmeHeHus

AHanus3 ¢pnopucmuyeckoz2o cocmasa sodoemos 2. ybHa Mo-
cKoscKoli o6nacmu

UHMeHcusHoCMb HaKonsAeHuUs pmymu 6 MblWyax npPomMbic-
7n108bix 8udoe puib lopbkosckozo u Yebokcapckoz2o sodoxpa-
Hunuw

PasmepHasa duggeperHyuayua u op2aHu3ayus MHo0208U00-
8020 coobwiecmea KokyuHennud (Coleoptera: Coccinellidae)
CpedHezo Ypana

MopgodyHKYUOHANbHbIE O0COBEeHHOCMU  3pumpoyumos
Rana temporaria L. (AMPHIBIA, ANURA) npu 2unomepmuu

BnusHue eempa HaG AKMUBHOCMb YW ACMbIX KPYy2/1020/1080K
(Phrynocephalus mystaceus) Ha 6apxaHe CapbiKym
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XouyeTcsa 06paTHTb Balle BHMMaHWE Ha 06HOBAEHHbIN MHTepdeinc PUHLL.
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MPSOCEPHALUS GUNNARI

(CHAMPSOSEPTALUS GUNNARI) B 3AITA1-

BAKAHEB
Cepreii BuxktopoBnu

Kniouesblie cnosa:
Champsocephalus gunnari
neasHas pbiba
MOAENNPOBAHNE
pacnpezeneHus BUaoB
aHcambnesoe
MOZenInpoBaHne
biomod2

6MNoNApPHbIN NepeHoc
3KoJIorMyeckas HMLWwa
NHTPOAYKLMA
3anagHaa ApKTHKa

MonyueHa: 25 mapTta 2026

BsepgeHue

HOU APKTUKE

00Kmop buonocuueckux Hayk, [1onsapHulll HAYYHO-UCCTe)08aAMENbCKULL UH-
CMuUmym MopcKko2o pblono2o xossicmea u okearnoepaguu (IIMHPO), Poc-
cus, 183038, e. Mypmanck, yr. Knunosuua, 6, mombus@gmail.com

AHHOTauumA: MccnegoBaHme NOCBALLEHO TEOPETUYECKON OLeHKe 3KoNornye-
CKOM NMPUTrOAHOCTM apPKTUYECKUX Mopei Poccumn ansa BOSMOMKHON MHTPOAYK-
LMW aHTapKTMYECcKoM neasHom pblbbl Champsocephalus gunnari — noTeHUm-
a/NlbHOTrO 06BEKTA XONOAHOBOAHOW aKBAKY/AbTYpPbl, 06134at0Wero yHMKanb-
HOM pu3nonorvein (oTcyTcTBME remornobunHa). HecmoTtps Ha BHeLWHee cxoa-
CTBO NOMAPHbBIX YC/IOBUI, KOIMYECTBEHHbI aHA/IN3 NEePEHOCA SKONOTNYECKOM
HULWM MeXAy Nonywapuamm paHee He nposoamaca. Ha ocHoBe AaHHbIX O
npucyTcTBMM BUAA Yy ocTpoBa tOxHasa leoprua (1840 sueek, 1986—-2023 rr.)
N abuoTUYECKUX NpeauKTopoB (rybuHa, KUcaopoa, pacctoaHue ao bepera,
npuAoHHaA TemnepaTypa, CO/IEHOCTb) MOCTPOEHblI aHcambsieBble Moaenu
pacnpegenexHuns smaa (10 anroputmos, naket biomod2) ¢ npoekumen Ha aK-
BaToputo 3anagHoi ApkTukm (65—90° c.w., 0—120° B.4.) AN COBPEMEHHOTO
nepuoga, 2050 1 2090 rr. no cueHaputo SSP5-8.5. YctaHoBneHO, 4to 98.9 %
naowaan ApKTMKM nonazaeT B 30HY 3KcTpanonauum mogenu (MESS < 0), uH-
[OEKCbl MepeKpbITUA HULW MUHUMaNbHbLI (D =0.097; | =0.257). B coBpemeHHbIx
YCJIOBUSAX NOBbILIEHHAsA NPUrogHocTb cpeabl (MHaekc HSI 0.6—0.8) npuypoue-
Ha K NpubpeXKHbIM Wwenbdam apKTMyeckmx apxmnenaros. K 2090 r. 30HbI €
HeHyneBbiM HSI coxpaHAtoTca TonbKo y CeBepHOM 3eMAuM MPU BbIParKEHHOM
CHUXKEHWUU 3HaYeHU. MNonyyeHHble NPOrHO3bl HOCAT TMNOTETUYECKNI XapaK-
Tep 13-3a Y3KOro AnanasoHa obyyatowmx AaHHbIX (TonbKo KOxHan feoprusa) n
TpebyloT paclumMpeHus BblIBOPKM 3a CYET BCex NONyAAUUI BUAA, MHTErpaLmm
dU3noNOrNYECcKUX Moaenen 1 yyeta bUOTUYECKUX B3aMMOAENCTBUM

© MNeTpo3aBOACKMIA rOCYAAPCTBEHHbIN YHUBEPCUTET

roga MopnucaHa K neyaTtn: 26 noHa 2026 roaa

$0oB M MOPOXKAANO TMNOTE3bl O BO3MOMKHOCTM

ApPKTMYECKUIN U AHTAPKTUYECKMI OKeaHWYe-
CKne bacceliHbl, pasgeneHHble TPOMUYEeCKUMm
TepMunyeckum bapbepom, 4EMOHCTPUPYIOT PAL
rnyboKMX 3KONIOrMYECKMX Napannenen: H1u3Kue
TemnepaTypbl NPUAOHHbIX BOA, BbICOKOE CO-
AEeprKaHMe pacTBOPEHHOro KMcaopoaa, Bbipa-
YKEHHYIO CE30HHOCTb MEPBMYHOM MNPOAYKLUMNM
N JOMWUHUPOBAHME 300M/1aHKTOHA B CTPYKTYpeE
KopmoBoW 6a3bl AemepcasbHbIX pblb (Dunbar,
1968; Eastman, McCune, 2000). 3To cxoAcTBO
n3gaBHa NpuBAeKano BHMMaHue buoreorpa-

CYLLECTBOBAHMA aHTAPKTUYECKUX CTEHOTepM-
HbIX BUAOB B BbICOKOLWMPOTHbIX BoAax Cesep-
HOro nonyLwapua Npu ycaoBUU NnpeoaoneHun
6apbepos paccenenua (AHgpuawes, 1986). Oa-
HAKO A0 HeJaBHEro BpemMeHW KOAmnyecTBeHHasn
NpoBepKa TakMx rmnotes Hbina 3aTpygHeHa oOT-
cytcTBMem GpOpManm30BaHHbIX MHCTPYMEHTOB,
NO3BONAKOWMX COMOCTAaBUTb 3IKONOrMYECKUe
TpeboBaHMA BUAA C aBMOTUYECKMMM YC/IOBUA-
MU reorpadmyeckn yaaneHHoro permona. Pas-
BUTME METOA0/10TMN MOgENEN pacnpeneneHuna
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BMAoB (Species Distribution Models, SDM) n nx
aHcambnesbIx peanusauymii (Araujo, New, 2007;
Thuiller et al., 2009) OTKpbINO BO3MOKHOCTb
CTPOrOM OLLEHKM NPUTrogHOCTU Cpebl B HOBbIX
permoHax Ha OCHOBE JAaHHbIX M3 HATUBHOIO
apeana, 4YTo genaeT 3aZavyy MoOLENNPOBaAHMUA
NOTEHLMANbHOIO apeana aHTapPKTUYECKUX BU-
[0B B APKTUKE METOANYECKN OCYLLECTBUMOINA.

OAHUM M3 Hambonee 3KONOTMYECKM WU XO-
3AMCTBEHHO 3HaYMMbIX NpeacTaBUTENen Xo-
NOAHOBOAHON WXTUOdAyHbl AHTAPKTUKM SB-
naetca nepAHas poiba - Champsocephalus
gunnari  Lonnberg, 1905 (Perciformes:
Channichthyidae). 3ToT BMA, NpUHaaNeKaLLUN
K YHUKaNbHOMY ceMeNcTBY 6enOoKpPOBHbIX LYK
(Channichthyidae), obnagaet wucknUUTENDb-
HOM aZanTaumen K 3KCTPEMAIbHO HU3KMM TeM-
nepaTypam: ero KpoBb /MLIEHa remornobuHa
N 3pPUTPOLMTOB, @ TPAHCNOPT Kncaopoaa obe-
CNEeYMBaAETCA UCKOYUTENbHO 3@ CHET BbICOKOM
PacTBOPMMOCTM KUC/IOPOAa B NAa3me KPOoBM
npu TemnepaTtypax ot -2 ao +4 °C (Ruud, 1954;
Eastman, 1993; Near et al., 2012). C. gunnari
ABNSAETCA BA)KHEMLWMM OOBEKTOM MNpPOMbIC/a
B cybaHTapKTMyeckux Boaax HOxkHon leoprum,
KepreneHa u octposoB Kpose, BxogAwmx B
30HYy perynvpoBaHua Komuccumn no coxpaHe-
HUIO MOPCKUX KMBbIX PecypcoB AHTAapPKTUKM
(CCAMLR), a ero buomacca B oTaenbHble roabl
OLLeHMBAETCA B COTHWU TbicAY TOHH (Everson,
2000).

Champsocephalus gunnari — pemepcanbHo-
nenarnyeckni Bupa, Hacenaowmn wenbposbie
BOAbI B AManasoHe rybuH ot 0 4o 700 m, ¢ KOH-
LeHTpaunemn ckonneHnii Ha rnybuHax 100-400
M (Everson, 2000). Bug, cTporo cTeHOTepMeH:
ONTUMa/IbHBIN TEMNEPATYPHbIA AMANa3oH Co-
ctaBnsetr ot -1.8 pno +2.0 °C, KpUTUYECKWI
BEPXHUM TeMMepaTypHbIN Npeaen He npesbl-
waet +4—6 °C, yto 0bycnoBneHo HeobpaTUMbI-
MW HapyLeHUAMMU KUCNOPOAHOrO roMeocTasa
npu 6onee BbICOKUX TemnepaTypax (Portner
et al., 2005). B KauecTBe Ba*KHEWLINX cpenoo-
6pasyrowmx GakTopoB AN1A AAHHOIO BMAA Bbl-
CTynaloT: TemnepaTypa BOAbl Ha pPa3NYHbIX
rOpU30oHTax, CONEHOCTb, KOHLEHTpauua pac-
TBOPEHHOro KUcaopoada, rMybuHa, CTPyKTypa
AOHHbIX 0CafKOB, a TaKXKe 0buane OCHOBHBbIX
0OBEKTOB MUTAHUA — AaHTAPKTUYECKOrO Kpuns
Euphausia superba n me3sonenarnyeckux pblb
(Kock, Everson, 1997).

PasmHoxeHune C. gunnari HOCUT CE30HHbIN
XapaKTep: HepecT NPUYPOYEH K Nepuoay mniob
— ceHTAbpb (B ycnosuax KOxKHOro nonywapusa
- 3UMa), UHKYDaAUMA MKPbl NPOAONKAETCA He-
CKONbKO MecAueB Npu Temnepatypax, 61n3Kkumx
K HY/10, @ BbIKNEB IMYMHOK COBMNALAET C Haya-

NIOM BeceHHero OUTOMNAHKTOHHOrO «LBeTe-
HuA», obecneynBatowero Kopmosyto 6asy ana
paHHUX ctaauii passutua (Kock et al., 1985).
MpPoJoNKUTENBHOCTb KU3HU BUAQ COCTABAAET
8—12 net, N0N10BO3PENOCTb HAaCTyNaeT Ha 3—4-m
FOAY *KU3HW.

TeopeTnyecko OCHOBOM HACTOALLErO WC-
CNefoBaHMA CAYXKMUT KOHLEeNuMa 3Konormye-
CKOW HUWMK MpuHHenna — XatymHcoHa (Grinnell,
1917; Hutchinson, 1957), cornacHo KoTopow
apean BMAa ONpeaenseTca COBOKYMHOCTbHO
abnoTUYeCKMX YyCNoBUM (N-MepHbIN rTMnepobs-
€M HULIK), NPU KOTOopbIX BMA cnocobeH noa-
AEePKMBATb MONOXKUTENIbHBIN NPUPOCT Mony-
nauuun. Echm dyHaameHTanbHaa HUWa BMAA
AOCTATOYHO WWMPOKA ANA TOro, YTobbl OXBATUTD
9KONOrMYecKMe ycioBMA HOBOFO pervoHa, a
b6uoTnyeckmne punbTpbl U Bapbepbl pacceneHun
He ABAAIOTCA HEeNnpPeoao/IMMbIMM, CYyLLECTBY-
eT TeopeTMyecKas BO3MOXKHOCTb YCMELWHOM
aKKNIMMATM3aLMN UAN UHTPOAYKLMW BUAA B
3TOT pernoH (Soberdn, Peterson, 2005; Elith,
Leathwick, 2009).

MeTomonorns moaenen pacnpeseneHus
BMAa (Species Distribution Models, SDM) no-
3BoN1AeT GOPMANN30BaATb ITY KOHLENLMIO, CBA-
3blBas AaHHble O MPUCYTCTBUM / OTCYTCTBUM
BMAA C HABOPOM 3KONIOTUYECKUX NPEANKTOPOB
N Npoeunpya NoayvyeHHble 3aBUCMMOCTM Ha
HOBbI€ MPOCTPAHCTBEHHbIE U/UAN BPEMEHHbIE
KOHTeKCTbl  (Guisan, Zimmermann, 2000;
Franklin, 2010). B nocheagHue asa gecatTuneTua
SDM nony4mnm WnpoKoe npmMmeHeHme B 3a4a-
Yyax OLEeHKM NOTEeHLUMaNbHbIX apeanoB MHBA3UB-
HbIX BUAOB, PUCKOB BMONOTrMYECKUX MHBA3UN,
KIMMATUYECKMX CABUIOB apeasnoB M otbopa
YYaCTKOB A1 PEUHTPOAYKUMM peaKux BMAOB
(Peterson et al., 2011; Zurell et al., 2020).

CyLwiecTBeHHbIM METOA0N0TMYECKMM A0CTU-
YKeHuem cTana paspaboTka aHcambneBbIx NoAa-
XO40B K MOAENMPOBAHUID, 0ObeguHAOWMX
NPOrHO3bl HECKOJIbKUX aNrOPUTMOB C LLE/bIO
CHU)KEHMA HeonpeaeneHHOCTU, CBA3AaHHOW C
BbIbOpOM KOHKpeTHoro metoaa (Aradjo, New,
2007). MakeT biomod2 ans aA3biKa nporpammu-
poBaHusa R (Thuiller et al., 2009; Pollock et al.,
2014; Leroy et al., 2016) aBnaetca Ha ceroa-
HAWHWN OeHb OAHUM M3 Hambonee GyHKUM-
OHa/IbHbIX M LWMPOKO MCNONb3YeMbIX MHCTPY-
MeHTOB aHCcambnesoro SDM-moaenmpoBaHus,
peanusyowmm bonee aecatTm aAropuTmoB Ma-
WMHHOIO 0b6y4YeHnsa U CTaTUCTUYECKOrO Moje-
NIMPOBaHUA: 0606LLEHHbIE INHEHbIE MOAEeNU
(GLM), obobuleHHble aaauTUBHbLIE MoAenu
(GAM), ycuneHHble perpeccuoHHble AepeBbA
(GBM/BRT), cayuyaitHbiin nec (RF), makcumanb-
Hyto aHTponuto (MaxEnt), HelMpOHHble ceTn
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(ANN), meToa onopHbIx BeKTopoB (SVM) u gpy-
rme.

MpumeHeHne SDM ana oOuUEHKM NOTEHLUMU-
ana WMHTPOAYKUMM aHTAPKTUYECKMX BWAOB B
apKTUYEeCcKMe pervoHbl npeacrasnser cobow
YaCTHbIM C/Ay4Yyal TaK HA3bIBAEMOro «MepeHo-
ca mogenn» (model transfer, extrapolation)
B MPOCTPAHCTBEHHO OTAAJIEHHbIE PErnoHbl C
aHaNOTMYHbIMW ABNOTUYECKMMMU YCNOBUAMM,
HO NPUHLUNNANBHO NHBIM BUMOTUYECKMM OKpY-
»eHuem (Elith et al., 2010; Zurell et al., 2012).
[aHHbIN NOAXO4 CONPSAXEH C PAAOM MeToA0-
JIOTUYECKMX OFPaHUYEHUN, BaXKHENLLMM U3 KO-
TOpPbIX ABNAETCA nNpobnema aKCTpanonauum 3a
npeaenbl obyyatolero NpocTpaHCcTBa npeau-
KTopoB (MESS-aHanus, ExDet-meTpuKa), a Tak-
e BO3MOXKHOE HapylleHue npuHuMna nepe-
HOCa HULUKU B YCOBUAX HENONHOM peannsaumm
dyHAaAMeHTaNbHOM HULWK B 061acTn 0byyeHuns
mogenu (Owens et al., 2013; Broennimann et
al.,, 2012). Tem He mMeHee KOPPEKTHO BbINO-
HEHHbIN NepeHOC MoAENN, CONPOBOKAAEMbIN
aHaNM30M  aHANOMMYHOCTM  KAMMATUYECKUX
NPOCTPAHCTB M TLWaTeNbHbIM BblibOpOM npeau-
KTOpoB, obecrneynBaeT HaZeXHY NepPBUYHYIO
OLLEeHKY MPUrogHOCTN cpedbl HOBOTO PEervoHa
AN NOTEHUMANbHO MHTPOAYUMPYEMOro BMAa
(Peterson, 2003; Tingley et al., 2014).

Ocobyto TeopeTUYECKY MHTPUTY NpeacTaBs-
naet 6unonspHaas CMMMETPUA pPsaa OKeaHo-
rpaduUecKmMx XapaKTepUCTUK: 06a MNONAPHbIX
bacceliHa OT/IMYAOTCA HU3KUMK TemnepaTypa-
MW BO/bl, BbICOKMM COAEPIKaHMEM PACTBOPEH-
HOrO KUCN0POAa, BblPaKEHHON CE30HHOCTbIO
CO/IHEYHOM paanaunm n xnopodurnna, a Takxe
AOMWHMPOBAHNEM 300MNNAHKTOHA B CTPYKType
KopmoBOM 6a3bl gemepcasbHbix pbib. 3T0 Teo-
peTuYeckn oboCHOBbLIBAET MMNOTE3Y O YaCTUY-
HOM MepeKpPbIBaHUN Peannu3oBaHHbIX HULWW aH-
TAPKTUYECKMX XO/IOAHOBOAHbIX CTEHOTEPMOB C
YC/IOBUAMM apKTUYECKUX WenbdoB, 0CObeHHO
B KOHTEKCTE TeKyLLEero notenaeHusa nocaeaHmnx
(Dunbar, 1968; Eastman, McCune, 2000).

MpaKTMyeckaa 3HAYMMOCTb  HACTOALLEro
NUccNefoBaHUA onpeaensertcd HEeCKONbKUMM
B3aMMOCBA3aHHbIMK 0bCcTOATENbCTBAMU. BO-
nepBbIX, POCCUIACKAA aKBAKYNbTypa B apKTU4e-
CKMX MOPAX AEMOHCTPUPYET YCTOMUYMBBIN POCT,
n ansepcuduKauma KynbTUBUPYEMbIX BUAOB 3a
CYET BbICOKOMPOAYKTUBHbIX XONOAHOBOAHbIX
pblb6 C BbICOKOM PbIHOYHOM LLEHHOCTbIO ABAA-
eTCs CTpaTermyeckMm MNpPUOPUTETOM OTPaCIM
(3apBopKkuH, 2025). C. gunnari, obnapas Bbico-
KMMM TeMNamm pPocTa Cpean aHTapKTUYECKUX
PbI6, LEHHbIMW NMULLEBLIMU KayecTBaMKU Msca
(HU3KOe copeprKaHue Xupa, BbicoKoe — ben-
Ka) U oTcyTcTBMEeM remornobuHa (4to obecne-

ynmBaeT crneunduyeckme opraHosenTUYecKkme
XapaKTEPUCTUKM), TEOPETUYECKN NpeacTaBna-
€T UHTepec Kak 06BbEeKT XON04HOBOAHOM aKBa-
KyNbTypbl. BO-BTOpPbIX, OLEHKA BO3MOXHOCTU
HaTypaauM3auMn BMAA B CAyyYae HenpegHame-
PEHHOro WAM MpeAHaMepeHHOro nonagaHuA
B apKTMYECKMe BoAbl MMEET NPUHLMNNANbHOE
3HaYeHMe [NA 3KOoNorMyeckor H6esonacHoCcTU
pernoxa.

Bmecte ¢ Tem HeobxoaAMMO NOAYEPKHYTb,
YTO HacToAwWwan paboTa HOCUT UCKAOUYUTENb-
HO TEOPETUYECKUMA M MOAE/NbHbIN XapaKTep.
PeanbHas MHTpoaykuma ntoboro Buaa B ecre-
CTBEHHbIE IKOCUCTEMbI COMPAXKEHA C Cepbes-
HbIMM 3KONOTMYECKMMU pPUCKaMKU U TpebyeT
BCECTOPOHHEr0 aHanM3a NOTEHLUMANbHbIX NO-
cneactBuit ana abopureHHbIx coobuiecTs, a
TaKXKe COOTBETCTBMA AEUCTBYIOLLEMY MNPUPO-
[OOXPaHHOMY 3aKOHOAATeNbCcTBY Poccuitckoi
Pepepaunm U MexXAyHAPOAHbIM KOHBEHLMAM.

Llenb HacToALlLero nccaeaoBaHMa COCTOUT B
TEOPETMYECKON OLLEHKE 3KO/M0MMYeCcKom npu-
roAHOCTM apKTUYECKUX mopen Poccmnm Kak no-
TEHLMANbHOTO PaliOHA MHTPOAYKUMN neaaHomn
pblbbl Ha OcHOBe aHcambneBOoro moaenmpo-
BaHWA BMA0BOro pacnpeaenerHuns (SDM) c uc-
nosb3oBaHMeMm naketa biomod2 B cpege R un
KapTorpaduyeckon BMU3yanmM3aLMM MHOEKCOB
npurogHoctn cpeabl (Habitat Suitability Index,
HSI).

Ona [oCTUXKEHMA NOCTaBNEHHOW Lenn pe-
LIAOTCA cneaytowme 3a4aun:

dopmmpoBaHue 6a3bl 4AHHbIX O 3340KYMEH-
TUPOBAHHbIX MecToHaxoxaeHuax C. gunnari B
npeaenax ero coepemeHHoro apeana (KOxHbin
OKeaH, cybaHTapKTUYECKME OCTPOBa) C UCMO/Tb-
30BaHMEM OTKpbITbIX buoreorpaduyeckux pe-
nosutopues (CCAMLR Data Centre);

Mopnbop n npepobpaboTKa 3KONOTMYECKM
3HAYMMbIX aBUOTUYECKMX NPEANKTOPOB (Tem-
nepaTtypa BOAbl; CONEHOCTb; KOHUEHTpauuA
PacTBOPEHHOTrO KUcnopoaa; rybuHa; HakNoH
AHA; KOHUeHTpauuAa xnopodwunna a; TONLK-
Ha MOPCKOro NbAa 1 Ap.) Ha ocHoBe rnobanb-
HOM OKeaHorpaduyeckon 6asbl AaHHbIX Bio-
ORACLE;

MocTpoeHne aHcambnesbix SDM-mopenei
pacnpeaenenua C. gunnari C NPUMEHEHUEM He
MeHee wectn anroputmos (GLM, GAM, GBM,
RF, MaxEnt, ANN) B nakete biomod2, oueHKa
NX NPeACKa3aTe/IbHOM TOYHOCTM NO METPUKAM
TSS, AUC ROC, Boyce Index;

Mpoekuma aHcambneBbix Mogeneln Ha akBa-
TOPUKN apKTUYecKMx mopein Poccum (BapeHue-
BO, KapcKkoe, JlanTeBbix) C pacyeTom MHAEKCA
npurogHocTtun cpeapl (HSI) n ero kaptorpaguue-
CKaA BM3yanu3aums;
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AHann3  aHaNOTMYHOCTU  KNIMMATUYECKUX
npoctpaHcte (MESS-aHanus, PCA opauHauumn
9KOMOro-KNMMATUYECKMX NPOCTPAHCTB) 0byYa-
lOLLLero apeana n NpoeLmMpyemoro permoHa ana
OLLEHKW CTEMEHW 3KCTPANoNALMN;

NHTepnpeTayma nony4veHHbix KapT HSI B
KOHTeKcTe buonornyeckmx TpeboBaHui BUAA,
COBPEMEHHbIX TeHAEHLUMNN N3MEHEHUNA KAUMA-
Ta APKTUKM U NPaAKTUYECKOM OCYLLEeCTBUMOCTHU
NHTPOAYKLUMNMN.

Hactoawaa pabota ABnAeTcA, HACKOAb-
KO M3BECTHO aBTOPY, MEPBbIM cUCTemaTuye-
CKMM NpumeHeHnem aHcambnesoro SDM-
MOAENNPOBAHUA A5 OLEHKWN NOTeHUMaNa aH-
TAPKTUYECKOro BMAA B akBaTopuAx CeBepHOro
NlepoBuToro okeaHa. bunonapHbIA nepeHoC
3KONIOTMYECKOM HULIM XONOL4HOBOLHOMO CTe-
HOTEPMHOro BMAA, PEaNM30BAHHbIN C UCNONb-
30BaHMEM COBPEMEHHbIX UWHCTPYMEHTOB MpO-
CTPAHCTBEHHOrO MOAE/NMPOBAHMA U aKTyallb-
HbIX BAaTUMETPUYECKUX U KNMMATUYECKUX 6a3
AaHHbIX, paHee He OCYLLEeCTBAANCA HU ANA AaH-
HOrO TAKCOHA, HM ANA MOPCKUX rMAPOOUOH-
TOB B LeNoM. MNonyyeHHble pe3ynbTaTbl BHOCAT
BK/1aZ, B NOHMMaHMe CTPYKTYPbl 9KONOTMYECKON
HULWK 6enokpoBHbIX WyK (Channichthyidae) u
B 6onee obLLyO ANCKYCCUMIO O MEXaHU3Max M
OrpaHUYeHUAX NoaapHoM buoreorpadpum mop-
CKUX pblb.

Takum obpa3om, coyeTaHWe aKTyaNbHOCTU
KAMMATMYECKON NpobnemaTvku, YHUKANbHbIX
b6uonormnyeckux csomicts C. gunnari, meToao-
NIOTUYECKMX BO3MOXHOCTEM COBPEMEHHOro
aHcambnesoro SDM-mozenmpoBaHusa U Npak-
TMYECKOM 3HAYMMOCTU AnA pPbibOX03ANCTBEH-
HOro OCBOEHWA apPKTUYECKMX aKBATOPUI aena-
eT AaHHOe UccNefoBaHME CBOEBPEMEHHbIM U
Hay4YHO 06OCHOBAHHbIM.

Martepuanbl

UcxoOHble OaHHble 0 ecmpeyaemocmu
Champsocephalus gunnari

B KauecTBe MCXOAHbIX AaHHbIX O MPUCYTCTBUMU
neasHon pbibbl MCMOMb30BaH OTKPbITbIN Ha-
60p AaHHbIX, NPeaoCTaBAEHHbIA bpuTaHCcKoM
aHTapKTU4Yeckon cayxkboin (British Antarctic
Survey) 1 AenoHUpPoBaHHbIN B LleHTpe nonsap-
HbIX AaHHbIX Bennkobputanum (UK Polar Data
Centre; https://www.bas.ac.uk/data/uk-pdc/).
ITOT Habop COoAep:KUT pe3ynbTaTbl AOHHbIX
TPaNOBbIX CbEMOK, BbIMOJNHEHHbIX Y OCTPOBA
tOxkHas Teoprma m ckan LWar (South Georgia
and Shag Rocks) B nepuopg c 1986 no 2023 r.
CbeMKM NpoBOAUAUCL MPEUMYLLECTBEHHO B
neTHu nepuog, KOxHoro nonywapuma (HoAGpPbL
— ¢eBpanb) no cTpaTMPULMPOBAHHO-PaAHLAO-
MW3NPOBAHHOWN CXeMe, OXBATbIBAOLWEN LIEeNb-

¢dosble rybuHbl ot 100 go 350 m, a Takxe OT-
AenbHble ryboKkoBoaHble cTaHumMn go 1000 m
(Hollyman et al., 2021). HaunHana ¢ 1991 r. nc-
Noab30BaNOCb CTAaHAAPTU3UPOBAHHOE Tpano-
BO€E BOOpYrKeHue (A0HHbIM Tpan FP-120 c ropu-
30HTa/IbHbIM pacKkpbiTem 18-20 m 1 Aveen B
KyTue 40 mm). [ina Kaxkaoh TpanoBoM CTaHUMM
OUKCMPOBANUCh KOOPAUHATbI HAYyana M OKOH-
YaHuA TpaneHusa, cpeaHsaa rmybuHa, naowaab
obnosa v obwmit ynos C. gunnari (B Kr). Bcero
NCXOAHbIA MaccmuB BKAOYaeT 6573 3anucu.

M3 aTtoro Habopa 6bianM oToBpaHbl TONBKO
Te TpaseHuA, KoTopble COOTBETCTBOBA/IN CTaH-
[ApPTHOM MEeTOoAMKE CbEMKM U UMENN [0CTOBEp-
Hble KoopauHaTtbl. MpucyTcTBMe BUAa onpeae-
NANOCb KaK Hannyme NONOXKUTENbHOrO YN0Ba.
OTcyTtcTBME GUKCMPOBANIOCH NPU HY/IEBOM YN0-
BE NP YCNOBMMN, YTO TPaJIEHNE BbINONHANOCH B
npeaenax n3BectHoro batMmeTpuyeckoro ama-
nasoHa Buaa (rnybuHol meHee 700 m), 4yTObbI
NCKIIOYNTb NNOXKHble OTCYTCTBMA, CBA3AHHbIE C
HefOCTYNHOCTbIO MecToobutaHmn. [ns ycrpa-
HEHMA HEOA4HOPOAHOCTU YCUAMA U npuBese-
HMA OAHHbIX K eANHOMY NPOCTPAHCTBEHHOMY
pa3peLlleHnto UCXoaHble TOYKM Oblnn arperu-
POBaHbl B AYENKM PEryNAPHON CETKM C LLIArom
0.05°. [Ina Kaxaon A4YerKM paccynmTaHO cpea-
Hee 3HayeHue npucyTtcTeua (0 nam 1), KotTopoe
MCNONb30BaNOCh B Ka4yecTBe 3aBUCMMOM nepe-
MeHHOM B moaenun. Bcero nonyyeHo 1840 sve-
€K, 417 KOTOPbIX B Aa/IbHENLIEM U3BAEKAUCD
3HAYEeHUA IKONOTUYECKUX NPESUKTOPOB.

Cnepyet yunTbiBaTb, YTO METOAO/IOTUA MO-
nenen pacnpeaeneHunsa snaos (SDM) mncropu-
Yecku paspabaTbiBanacb ANA HENOABUMKHbIX
(pacteHua) wmanm manonoasuKHbIX (6eHTOC)
OpPraHM3MOB, rae CBA3b MeXKAy NPUCYTCTBMEM
n abnotmyeckumun ycnosmamm Hambonee nps-
mas. NepeHOC 3TOro NoaxoAa Ha HEKTOH, B 4acT-
HOCTW Ha aKTUBHO murpupytowero C. gunnari,
TpebyeT 0coboro BHUMaHMA K NPOCTPAHCTBEH-
HOMYy MmacwTaby. Jna MUHMMMU3ALMN UCKAXKe-
HUM, CBA3AHHbIX C NOABUMKHOCTbIO BMAA, BCE
MCXOAHble TPANoBble CTaHUUM Bblnun arpernpo-
BaHbl B AYelKn ceTkn 0.05° (~5 Km), uTto cooT-
BETCTBYET TUMUYHOMY CYTOYHOMY XOA4y W pas-
PELLEHMNIO NCNONb3YEMbIX OKEAHOTPAPUUECKNX
AaHHbIX. Micnonb3oBaHHbIe NpeanKTopbl (Npu-
AOHHaA TemnepaTypa, CONEHOCTb, KUCNOpos,
rnybuHa, pacctosHue po bepera) oTpaxatoT
OTHOCUTE/NIbHO CTabuNbHblE WM KpynHOMAC-
WTabHble rpagueHTbl cpeapl, cnabo 3aBucs-
WMe OT KPATKOBPEMEHHbIX MepemeLLeHNN
pbl6. Tem He MeHee nonyyaemble 3HAYeHMUA
HS|I nHTepnpeTUpyroTCA Kak rnomeHuuanbHasA
Mpu2oo0HOCMb Cpeobl, @ He KaK BEPOATHOCTb
$aKTMUYECKOro NpPUCYTCTBMA, YTO HaKNagblBaeT
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OrpaHMYEHUA HA NPAMOE CPaBHEHUE C Ha3em-
HbIMW UK 6eHToCHbIMKM SDM-nNporHo3amm.

KoopgmHaTHaA ceTka A1Aa MOAEeNMPOBAHUA
6bl1a NOCTpOEeHa B rpaHMLLAX paloHa nccnemo-
BaHWI, onpeaeneHHbIX KaK NPSAMOYFONbHUK C
KoopauHaTamu 10-45° B.4. 1 66—72° 10.1W. (aK-
BaTOopuA BOKpyr o. KOxKHaa leoprua). Auyeinkn
CeTKW, Nonagatowme Ha cylly, UCKAKYANUCDL C
NMOMOLLbIO BEKTOPHbIX AaHHbIX R-6Mb6AMOTEKM
rnaturalearth. Qna Kaxaon ocTaBlIeNCA AYen-
KM paccyuTbiBasiocb paccToaHue ao bepera (B
KM) € ucnonb3oBaHnem ¢yHkumn dist2land wns
naketa ggOceanMaps. 3HayeHua abuoTnye-
CKMX MPeauKTOpoB (TemnepaTtypa, CONEHOCTD,
KOHUEHTPALLMA KMCNOPOAa M ApP.) U3BNEKANUCH
13 rnobanbHoOM okeaHorpapmyeckom 6asbl gaH-
HbiX Bio-ORACLE metogom 6uMAMHENHOM WH-
TepnonAuMn ANA LEHTPa Kaxkaon adyenku. U3
19 6uoknumatmyecknx cnoes Bio-ORACLE no-
CNne OUEHKM MY/NbTUKONIMHEeapHOCTU (dpaKTop
nHonaunm aucnepcun, VIF) n gonn obbacHeH-
HOW AucnepcuMn B OAHONPEANKTOPHbIX GAM-
Moaenax bblnn ocTaBaeHbl NATb NEPEMEHHbIX,
obnagatowmx HanbonbLue NpeacKkasaTeIbHOM
CNocoHHOCTbIO U MUHUMAIbHOW Koppensaumnen
mexay coboit: rnybuHa (DEPTH), KoHueHTpa-
UMA pacTBOpeHHOro Kucnopoga (OX), paccros-
Hue o b6epera (DIST), npuagoHHaa Temnepary-
pa (TEMP) n coneHocTb (SAL).

LaHHble npoekyuu u Kaumamu4ecKkul cuye-
Hapuli

Onsa oueHKN noTeHuManbHOW NPUroAHOCTU
cpeabl B apKTMYeckux Bogax Poccum mcnonb-
30BaHbl [JAaHHble OKeaHorpaduyeckux npe-
AVKTOPOB, MoJly4YeHHble u3 6a3bl Bio-ORACLE
(Assis et al., 2024), KoTopas npepocTaBnseT
rnobanbHble pacTpoBble C/ION ANIA COBPEMEH-
HbIX M OyaywWmMX KAMMATUYECKUX ycnosuin. B
KayecTBe MPOrHOCTMYECKOro nepnoga paccmo-
TPEHbl TPU BPEMEHHbIX Cpe3a: COBPEMEHHbIN
(20002020 rr., ocpeaHeHHble 3Ha4YeHus), ce-
peauHa XXI B. (2050 r.) n koHew, XXI B. (2090 T.).
Mpoekumn Byaylwiero KAMmata OCHOBaHbl HA
CLEeHapwum1 coumanbHO-3KOHOMMYECKOTO Pa3Bu-
TmMa SSP5-8.5 (Shared Socioeconomic Pathway
5-8.5), COOTBETCTBYIOLLEM TPAEKTOPUM C BbICO-
KMMM BbIBpOCaMM NAapHMKOBbIX ra3oB U Hanbo-
Nee BblpaxkeHHbIM notenneHmem (IPCC, 2022).
Boibop AaHHOro cueHapua obycnosneH Tem,
YyTO OH npeAacTaBnAeT coboi 3KCTPEMaAsIbHbIN
BAPWAHT KIMMATUYECKMUX U3MEHEHUM U OXBa-
TbIBAa€T MAaKCMMANbHbIN AMaNa30H BO3MOXHbIX
COCTOAHMIM OKeaHorpadMyeckux nepemeHHbiIx.
3To nNo3BO/NAET NpY aHaNM3e O[HOro CLeHa-
pUA OLEHWUTb Npeaenbl, B KOTOPbIX MOXKeT 13-
MEHATLCA NPUTrOAHOCTb MecToobuTaHui ans
C. gunnari.

MpocTpaHcTBeHHaa  obnactb  Mpoekuuu
OorpaHM4YyeHa akBaTopuen 3anagHon ApKTu-
Kn B npegenax ot 0° go 120° B.4. 1 oT 65° Ao
90° c.w., 4yTo oxBaTbiBaeT bapeHueBo, Kapckoe
MOopA M npuneratowme panoHbl CeBepHoro
NlepoBUTOro OKeaHa, BK/AKOYas apxunenaru
WnuubepreH, 3emnsa ®paHua-Mocnda, Hosasn
3emna n CesepHas 3emna. [laHHbIA PalioH Bbl-
6paH B KayecTBe MOAE/NIbHOro NOAMIoHa AnA
pa3paboTKM MeToaMyYecKoro noaxona K oueH-
Ke NOoTeHLMaNa MHTPOAYKLMN aHTAaPKTUYECKNX
BMOOB B POCCUMCKYIO APKTUKY, NOCKONbKY OH
XapaKTepu3ayeTcA Hanbonblen U3y4eHHOCTbIO
OKeaHorpadpuyecknx ycaoBMn U Haanunem ge-
TaNbHbIX AaHHbIX 06 apKTuyeckon buote. OnA
BCEX AYEEK PEerynsipHOM CEeTKM C paspelleHu-
em 0.05° (9034 Toukmn) n3 pactpos Bio-ORACLE
6blIN MU3BNEYEHbI 3HAYEHUA MATU MPEeaUKTO-
POB, MAEHTUYHbIX UCNOb3yeMbiM Npu obyye-
HUM moaenun: rnybunHa, KOHLEeHTpaLMsa pacTBo-
PEHHOro KMUC/iopoaa, pacctoAaHue ao bepera,
NPUAOHHaA TemnepaTypa U CoNeHocTb. Mnyou-
Ha U paccToaHMe Ao bepera NPUHMMANUCL He-
M3MEHHbIMM BO BCEX BPEMEHHbIX Cpe3ax, Toraa
Kak TemnepaTypa, COJIEHOCTb U KUC/0pOS, Ba-
PbMPOBAIN B COOTBETCTBUM C KAMMATUYECKUM
cueHapuem.

Takum o6pasom, chopmupoBaHbl TPU Ha-
6opa AaHHbIX npoekuun (gna 2000, 2050 wu
2090 rr.), KaxKAbl U3 KOTOPbIX COAEPMKUT 3Ha-
yeHUA npegmktopoB ana scex 9034 Touek wu
CNYXUT OCHOBOW A/1A pacyeTa MHAEKCa NpUroa-
HocTu cpeabl (HSI) no aHcambneson mogenu.

MeToabl

OueHKa 2paHuy, npumeHUMocmu mooenu

Mpu nocTpoeHMn moaenem 3KONOTrMYecKom
HUWK (SDM) Ha ocHoBe AaHHbIX U3 HAaTUBHOIO
apeana (KOXHbI OKeaH) U UX NPOEeKLUKN Ha reo-
rpapuyeckn yganeHHbl pernmoH (poccuiickan
3anagHan ApKTUKA) Ba*KHbIM 3TAaNoOM sABAAETCA
$opmMann3oBaHHaAA OLLEHKA TOro, HAaCKO/bKO
ycnosusa cpeabl B 06/11acTM NpoeKuun cooT-
BETCTBYIOT AManasoHy YC/IOBUM, Ha KOTOPbIX
Mmogenb obyyanacb. IKCTpanonAumMA 3a npege-
Nbl 0by4yaloLwero NpPoCTpaHCTBa NpeauKToOpoB
MOeT NPUBOANTb K HEHAAEXHbIM U Buonoru-
YeCcKn HeKoppeKTHbIM nporHosam (Elith et al.,
2010; Zurell et al., 2020). Ana KoNUYeCTBEHHOIO
onpeaeneHna rpaHuL, NPUMEeHUMOCTM Mbl NPU-
MEHWNU KoMNAeKe meToaoB: (1) aHanns mHoro-
MepHoro cxoacTea cpen, (MESS), (2) cpaBHeHue
OAHOMEPHbIX AMANAa30HOB KaXKA0ro NpeamnKkTo-
pa, (3) opaAnHaUMIO METOAOM [/TaBHbIX KOMMO-
HeHT (PCA) c BM3yanm3aumMen NepekpbITUA KO-
NIOTMYECKUX NPOCTPAHCTB U (4) pacyeT mMeTpuK
NepeKpbITUA HULL C TECTOM 3KBMBA/IEHTHOCTM.
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Obyuatowan Bbibopka BKAtoYana 1840 Touek
C M3BECTHbIMM 3HAYEHMAMM NPUCYTCTBUA / OT-
cytctBua Champsocephalus gunnari v cooTBeT-
CTBYIOLWMMM 3HAYEHUAMMU MATU NPEAUKTOPOB:
rnybuHa (DEPTH), KOHUEHTpauma pacTBOpeH-
Horo kucnopoaa (OX), pacctosaHue ao bepera
(DIST), npuaoHHaa Temnepatypa (TEMP) u co-
neHoctb (SAL). [laHHble nNpoeKkuMn npeacras-
nann cobor 9034 AYerKn perynapHom CeTKu
B CeKkTope 3anagHoin ApKTukM (65-90° c.w.,
0-120° B.A.) gna 6asosoro nepuoga 2010-
2020 rr.

AHann3 MESS BbINnoNHEH ¢ NOMOLWbI0 QYHK-
uuM mess naketa dismo (Hijmans et al., 2015)
Ha OCHOBE PACTPOBbIX AAHHbIX NpoeKunn. na
KaXkOoM AYerKkn paccumTaH nHaekc MESS; ot-
puuaTenbHble 3Ha4YeHWs YKa3blBAlOT Ha YCNo-
BMSA, OTCYTCTBYtOLWME B 0byyatowen BbibopKe.
JONONHUTENbHO AYEMKU KaTeropusmMpoBaHbl
no cTeneHu akcTpanonauun: cunbHaa (MESS <
—-50), ymepeHHasa (—-50 < MESS < —10), chabas
(—10 < MESS < 0) n untepnonauma (MESS > 0).
Onsa Kaxpgoro npeamkTopa onpegeneHa Aons
AYeeK apKTUYECKOM CeTKM, NonagaroLwmx B Au-
anasoH «MUHUMYM — MAKCUMyM» 0OyYatoLLmnX
AaHHBIX, 2 TAK¥XKe [0/IN AYeeK CO 3HAYEHUAMMU
HUWXKe M Bbllwe 3TOro AnanasoHa.

OpguHaumna BbinonHeHa metogom PCA ¢
LEHTPMPOBAHMEM U HOPMUPOBAHMEM Ha eau-
HUYHYIO gmcnepcuto. Bknaa nepsbix ABYX rnaBs-
HbIX KOMMOHEHT B 06LLY0 AMCNEepCcuto COCTaBUN
46.8 % 1 28.8 % cooTBeTCTBEHHO. [epeKpbiTne
HWLW B MPOCTPAHCTBE MEpPBbIX ABYX OCei oue-
HeHo nHaekcamm LLIéHepa (D) n Xennunrepa (1)
C ucnonb3oBaHuem ¢GyHKUMIN NakeTa ecospat
(Di Cola et al., 2017). Ons npoBepKn rmnoTesbl
06 3KBMBANEHTHOCTU HULW NpoBeAeH TecT ¢ 999
CNy4yaliHbIMM NepecTaHOBKaMM.

MoodenupoeaHue pacnpedesneHua eudoa u
OYeHKa Kayecmea

[Onsa noctpoeHua moaenein 3KoNormyeckom
Huww C. gunnari NCNoNb30BaH aHCaMbieBbIN
noaxofd, peann3oBaHHbIM B nakete biomod2
(Thuiller et al., 2009). MpuMmeHeHbI gecAaTb an-
rOPUTMOB, OXBATbIBAOLLMX PA3/IMYHbIE KAacChl
MoZenen MalMHHOIoO obyyeHua U CTaTUCTU-
YecKoro mogenmMpoBaHua: 0b60bLeHHble Nn-
HelHble mogenn (GLM), obobuieHHble aaau-
TMBHble mogenu (GAM), ycuneHHble perpeccu-
OHHble gepesba (GBM), cnyyanHbin nec (RF),
KnaccuduKkaumoHHble gepesba (CTA), rmbkui
ANCKPUMUHAHTHbIM aHanu3 (FDA), nckyccteen-
Hble HelpoHHble ceTn (ANN), makcumanbHan
aHTponua (MAXENT), makcMmusaums SHTPO-
nuu c perynapusauymenn (MAXNET) u akcTpe-
MaNbHbIN rPaaneHTHbIn BycTuHr (XGBOOST).

Kaxkablh anroputm umeeT COBCTBEHHble A0-
nyweHma o ¢dopme 3aBUCMMOCTU U MOXKET
No-pa3HOMYy OTpaxaTb 3KOJIOFTMYEecKMe npeg-
noyTeHMAa BWMAQ, NO3ITOMY MX KOMOBMHaUuA B
aHcambne nosblwaeT pobacTHOCTb MPOrHO30B8.

NcxopHan BbibopKa n3 1840 3anucen (npu-
CYTCTBMA WU NCEeBAOOTCYTCTBMA) Oblna cnyyam-
HbIM 06pa3om pasgeneHa Ha KanMbpoBOYHYHO
(80 %, 1472 To4KM) M BanuAauMoHHyto (20 %,
368 TOueK) YacTn Ans AByX HE3aBUCUMbIX NO-
BTOPHOCTelM Kpocc-Banngauum. Ha kannbpo-
BOYHOW BbIOOpPKe BbINONHANOCH 0by4yeHne mo-
Aenen, Ha BaNMAALMOHHOM — OLEHKa UX npea-
CKa3aTeNbHOW CNOCOHBHOCTM HA HEe3aBUCUMbIX
AaHHbIX. [1nA KONMYecTBEHHOM OLLEHKWU Kaye-
CTBAa MoAenen WUCnosib30BaHbl ABe CTaHAaApT-
Hble METPUKN:

TSS (True Skill Statistic) — noporo3sasucrumas
METPMKa, PaccymUTbiBaemMas KaK YyBCTBUTE/b-
HOCTb + cneunduyHocTb — 1. TSS npuHMMaeT
3HayeHusa ot —1 ao +1, rae +1 o3Ha4vaeT uae-
a/NibHOe coBnageHue NPorHo30B ¢ HabaoaeHu-
Aamun, 0 — npeacKasaHWe He Nyylle CAy4yaHoro.

ROCAUC (Area Under the Receiver Operating
Characteristic curve) — noporoHesaBucMmas
MeTPUKa, M3MepALWas naowanb noa Kpu-
BOM 3aBMCMMOCTU A0/IN UCTUHHO NOOKUTENb-
HbIX C/y4aeB OT A0/N JIOXKHOMOIOXKUTENbHbIX.
3HayeHuns AUC sapbupytoT oT 0.5 (Mogenb He
Nyywe cnydarHoit) go 1.0 (maeanbHoe pasnu-
yeHwue).

CosmectHoe npumeHeHune TSS n ROC AUC
No3BONSAET BCECTOPOHHE OUEHWUTb AUCKPUMMU-
HaLMOHHYI CNOCOBHOCTL MoAenen Kak Ha 0b-
YYaloLLMX, TaK M Ha TECTOBbIX AAHHbIX, @ TaKKe
BbIABUTb BO3MOXHOE nepeobyyeHne (peskoe
nafieHne KayecTsa Npu nepeHoce Ha Banuaa-
LMI0).

Mocne obyyeHUA MHAMBUAYANbHbIX MOZe-
nen 6blna noctpoeHa aHcambneBad moaenb
MeToAOM cpeaHeB3BelleHHoro (EMmean), rae
BK/IaZ, KaX4O0ro asiroputma nponopunoHaneH
ero 3HayeHuto TSS Ha KanmbpoBoYHOM BbIBOp-
Ke. 3Ta MoAenb UCNonb3oBaHa ANs faNbHen-
Lero NpPorHO3nMpPOBaHMA NPUTOAHOCTU Cpeapl B
ApKTUKe.

OnAa  Kaxkaon npOCTPaHCTBEHHOW A4ven-
KM aHcambneBada MogeNb BblYUCNAET MHAOEKC
npurogHoctn cpepbl (HSI, Habitat Suitability
Index), KoTopbI NpeacTaBnseT coboi cpeaHe-
B3BELUEHHYIO BEPOATHOCTb MPUCYTCTBUA BUAA
no BCEM anroputmam aHcambna. 3HauyeHuA
HSI HopmupoBaHbl K ananasoHy ot 0 go 1, rae
0 cooTBeTCTBYET MUHMMANbHON MPUTOA4HOCTU
(ycnosuAa, cornacHo mogenam, HenpurogHbl
Ans Buaa), a 1 — makcumanbHowm (ycnoBums Hau-
6onee 6naronpuATHbI). B 3KONOrMYECKOM KOH-
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TeKkcTe HSI MHTepnpeTupyeTca Kak mepa Toro,
HAaCKO/IbKO abuoTnuyeckme ycnoBuA B AaHHOWM
TOYKe COOTBETCTBYIOT PEasIM30BAHHOM HuLe
BMAA, BbIABNIEHHOW NO JAHHbIM M3 HAaTUBHOIO
apeana. Yem Bbiwe HSI, Tem 6onblie ocHoBa-
HUM NpeanonaraTb, YTO NPU OTCYTCTBUN BUOTU-
YeCKUX OrpaHMyeHunit n bapbepoB pacceneHums
BMA, MOr 6bl 34eCb CyLLEecTBOBaTb.

OpHako npu nepeHoce MOZEeNU B HOBbIN
pervoH, ycnoBma KOTOPOro MOryT BbIXOAWUTb 33
npeaenbl obyyatoweit BbIBOPKKU, abcotoTHbIe
3HavyeHnAa HSI cTaHOBATCA MeHee HaAeXKHbl-
Mun. B Takmx cutyaumax HSI cnepyet paccma-
TPMBATb CKOpee Kak OTHOCUTE/IbHYIO Mepy ANA
CPaBHEHMA NPUrOAHOCTU PA3INYHbBIX YY4ACTKOB
BHYTPM 061aCTU NPOEKLMU, @ HE KaK TOUHYIO
OLLeHKY BEPOATHOCTU NpUCYTCTBUA. A Xxapak-
TEPUCTUKM HeonpeaeneHHOCTM NPOrHo30B, 06-
YyC/IOBNIEHHOM BbIOGOPOM aNropuTMa, ANA Kax-
AO0N AYENKN AOMNOJIHUTENIbHO PacCcYMUTbIBANOCh
CTaHAapTHOe OTK/NOoHeHue (SD) 3HaueHuit HSI,
NONYYEHHbIX OT BCEX MHAMBMAYANbHbLIX MOoAe-
nen. Boicokune 3HauyeHunaA SD yKa3biBatoT Ha pai-
OHbl, r4e pasHble aIf0OPUTMbI 4aOT NPOTUBOpPE-
YnBble NPOrHO3bl, YTO CUFHANN3UPYET O NOBbI-
LUEHHOM HeonpeaeneHHOCTM U TpebyeT ocobomn

A. MESS-ananus
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Donrota
MESS
[ . ]
00 50 0 50 100

OCTOPOXKHOCTU MPU UHTEPNpPEeTaLmn. YYeT 3ToM
HeonpeaeNeHHOCTU 0COBEeHHO BaXKeH B CBeTe
Pe3yNbTaToB aHanM3a rpaHuL, NPUMEHUMOCTU
MoZenu (CM. COOTBETCTBYHOLLMIA pa3gen).

Pe3ynbTatbl

OueHKa epaHuy ripumeHumocmu mooenu

Pesynbratbl MESS-aHanusa nokasanu, 4to
Wb He3HauYUTeNbHaA YacTb akBaTopun (1.1 %
naowaamn, 101 ayelika) xapaKTepusyeTtcsa 3Ha-
YeHUAMK nHaekca = 0, YTo COOTBETCTBYET YC/10-
BMAM MHTEPNONALUK B npenenax MHoromep-
HOro MPOCTPAHCTBA 06yYatOWMX AaHHbIX (pUc.
1A). OcTanbHble 98.9 % nnowanm oTHOCATCA K
30HaM 3KCTPanonAUMU PA3INYHOMU MHTEHCUB-
HocTu (Tabn. 1). Hanbonee obwunpHoM aABnA-
eTcA 30Ha ymepeHHoM akcTpanonaummn (70.9 %
naowaamn, cpeaHuin MESS = -26.5), roe ycno-
BMA Cpeabl BbIXOAAT 3a Npeaenbl runepobbema
obyyaloWmMx AaHHbIX, O4HAKO OTK/JIOHEHWE He
npesbiwaet 10 npoueHTMAEeN. 30HA CUIbHOM
aKkcTpanonauum (MESS £ -50) 3aHumaet 24.9 %
naowaam M cocpeaoTodeHa NpenmyLLecTBeH-
HO B CEBEpPHbIX M BOCTOYHbIX CEKTOpax uccne-
ayemoro paiioHa (puc. 1b).

B. 3oHbI 3KcTpanonauuK
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Puc. 1. OueHKa rpaHuL, npumeHnMmocTM moaenu ans Champsocephalus gunnari npu nepeHoce U3 AHTapKTyH-
KM B APKTUKY: A — KapTa nHaekca MESS (3eneHblit — UHTEPNONALMA, KPaCHbIM — SKCTpanonauma); b — 30Hbl
3KCTPanoNALMM No cTeneHn MHTeHCUBHOCTM (1 — cunbHan akcTpanonauma (MESS < —50); 2 — ymepeHHas aKc-
Tpanonaumsa (—50 £ MESS < —10); 3 — cnabas akctpanonaums (—10 < MESS < 0); 4 — uHTtepnonaums (MESS 2 0))

Fig. 1. Assessment of the limits of applicability of the model for Champsocephalus gunnari when transferring

from Antarctica to the Arctic: A — MESS index map (green — interpolation, red — extrapolation); B — extrapola-

tion zones by intensity (1 — strong extrapolation, MESS < -50; 2 — moderate extrapolation, -50 < MESS < —10;
3 — weak extrapolation, =10 < MESS < 0; 4 —interpolation, MESS > 0)
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Tabnnua 1. PacnpeneneHue ayeek apKTMUYECKOM CeTKM o 30Ham MESS

3o0Ha Yucno ayeek nnoﬁc;jzw, % CpegHuin MESS
CunbHana akcTpanonauma (MESS < 50) 2253 24.9 -219.3
YMmepeHHan akcTpanonaumsa (—50 < MESS < 10) 6402 70.9 -26.5
Cnabas akctpanonsauma (—10 < MESS < 0) 278 3.1 -3.67
NuTepnonsauns (MESS > 0) 101 1.1 0.77

AHann3 OAHOMEPHbIX AMana3oHOB npe-
OMKTOPOB MNOKas3a/s, YTO HauMmeHbluee COOoT-
BETCTBME MeXKAy 0b6nacTaAMn obyyeHua u npo-
eKunn Habnwopgaetrca ans coneHoctn: 91.7 %
APKTUYECKUX AYeeK MMELOT 3HaYEeHUA CONeHo-
CTU BHe npeaenoB U3MeH4YMBOCTM B HOXKHOM
oKeaHe (33.8-34.7 %o), npuyem 83.3 % Auyeek
XapaKktepusytotca 6onee BbICOKOW CONEHo-
cTbto (Tabn. 2). TemnepaTypa TakKe BbIXOAWUT

3a rpaHuubl obyyatowero gnanasoHa B 77.3 %
Cny4aes, NPEUMYLLECTBEHHO B CTOPOHY Honee
HU3KMX 3Ha4YeHUM (68.8 %). HanpoTune, KOHLEH-
Tpauma kucnopoga B 91.3 % Ayeek yknaapisa-
eTCA B AMana3oH, Habaogaemblit Ha wenbode o.
HOxkHas leoprus. FnybuHa n pacctosHue ao be-
pera UMelT NPOMEXKYTOUYHble 3HaYeHns (oKo-
N0 69 % Aveek B Npeaenax gManasoHa).

Tabnuua 2. [lonsa sueek apKTUYeCcKoli 061acTu, Nonaaaowmnx B Anana3oH obydatowmx AaHHbIX 1
BbIXOAALLMX 32 ero npeaenbl

MoeankTo min (06yy.) max (06y4.) min max B gnanaso- Huxke mun- Bblwe mak-
PeA P v v (ApkTuKa) (ApKTuKa) He, %  Humyma, % cumyma, %
rnybuHa, m 59.8 4036.8 0.0 5005.7 69.2 12.0 18.8
0., mn/n 199.5 348.3 55.8 398.2 91.3 0.1 8.6
EaCCTO"””e A9 035 401.8 0.0 833.6 69.3 1.5 29.2
epera, Km
Temnepartypa, °C —0.40 2.26 -1.72 8.77 22.7 68.8 8.5
ConéeHoctb, %o 33.79 34.69 4.19 37.04 8.3 8.4 83.3

PCA no3sosnna BU3yanmsmpoBaTb SKONOIM-
YyeCKMe NPOCTPaHCTBA ABYX PETMOHOB B €4MHOM
cucteme KoopaumHat (puc. 2A). Obnaka Touek
AHTapKTUKU 1 ApKTUKKM cnabo nepeKkpbiBatoT-
CA: nepBana KOMMNoHeHTa (46.8 % aucnepcumn)
pa3fenseTr pervoHbl rnaBHbIM obpasom no
rpagneHTy CONeHOCTU U TeMnepaTypbl, BTOpan
(28.8 %) — no rnybuHe 1 Kucnopoay. KoHTypbl
NAOTHOCTU pacnpefeneHna aHTapKTUYeCKUx
TOYEK 3aHMMAIOT KOMNAKTHYIO 0bnacTb, Torga
KaK apKTUYeCKMe TOYKM 06pasyloT BbITAHYTOE
BAoNb PC1 06/1aKo C BbICOKOM MAIOTHOCTbIO B
061acTU HU3KUX TemnepaTyp U NOBbILEHHOM
CONIEHOCTMU.

CKpunuyHble guarpammbl (cm. puc. 2b) ae-
MOHCTPUPYIOT  MPUHUMNUANBHBIE  Pa3NNYnA
B pacnpepeneHunax NpeauKkTopoB Mexay pe-
rmoHamn. B AHTapKTUKe B palioHe 0. HO)KHaA
feoprua rnybuHbl He npesbliwatoT 4037 m (me-
AvaHa 209 m), Torga Kak B ApKTUKe OHWU Ao-
cturatot 5006 m, a megmnaHa cmelleHa K 1790
M. PacctoaHune ao bepera B AHTapKTUMKe (Mme-
AvaHa 34.8 KMm) 3HAUYUTENbHO MEHbLUE, Yem
B ApKTUKe (MeamnaHa 220 Km), rae MakCUMyM

pocturaet 834 km. KoHueHTpauma Kucaopoaa
B AHTapKTUKe (MegmaHa 272 mn/n) Heckonb-
KO HUXe apKTudyeckon (303 mn/n). Hanbonee
KOHTPACTHbI CONEHOCTb M TemnepaTypa: B pan-
oHe 0. HOxHaAa leoprna coneHocTb Bapbupy-
eT B y3Kom auanasoHe 33.8-34.7 %o (meana-
Ha 34.2 %o), a B ApkTuke — oT 4.2 ao 37.0 %o
(meguaHa 34.9 %o). TemnepaTypa B panoHe
0. lOxHaa leoprma nonoxutenbHa (MeanaHa
1.46 °C), B ApKTMKe — NpeuMmyLLecTBEHHO OT-
puuaTtenbHa (meauaHa —0.69 °C). Takum obpa-
30M, YC10BUA ABYX PErMOHOB NPAKTUYECKM He
NnepeKpbIBatOTCA MO KAOYEBbIM GaKTOPaAM, YTO
06bACHAET HU3KME NHAEKCHI NEPEKPLITUA HULL
(tabn. 3). UHAEKCbI NePEeKPLITUA HULW COCTaBU-
amD=0.097n1=0.257, 4yTtOo CBMAETENLCTBYET O
KpanHe HU3KOM CXOACTBE 3KOJ0TMYECKUX NPo-
CTPaAHCTB. TeCT 9KBUBANIEHTHOCTU HULW He OT-
Bepr Hynesyto runotesy (p = 1.000), 4To yKasbli-
BaeT Ha OTCYTCTBME CTAaTUCTUYECKU 3HAUYMMOTO
CXOACTBA MENXKAY HULWAMM ABYX PErMOHOB; Ha-
6atogaemoe He3HauYMTeNbHOE NepeKkpbITUe He
npesbiaeT OXMOAEMOro Npu Cay4amHOM ne-
pepacnpegeneHuu.
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A. PCA 3Konorn4yeckux npocTpaHcTse
D =0.097; |1=0.257
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Puc. 2. OueHKa rpaHuL, npumeHnmoct mogenn ans Champsocephalus gunnari npn nepeHoce U3 AHTap-
KTMKM B ApKTUKY (TEMP — TemnepaTypa; OX — Kucnopog; SAL — coneHocTb; DIST — pacctosiHue fo 6epera;
DEPTH — rnybuHa): A — PCA-6MNN0T 3KOIOTMYECKMX MPOCTPAHCTB C KOHTYPAaMMU NIOTHOCTU; b — CKpUNMYHbIe
AMarpammbl pacnpegeneHuns npeguKTopos (rybuHa, pacctosaHue go b6epera, KUCA0POL, CONEHOCTb, TEMMNE-
paTypa) B ABYX PermoHax
Fig. 2. Assessment of the limit of applucability of the model for Champsocephalus gunnari when trasferring
from Antarctica to the Arctic (TEMP — temperature; OX — oxygen; SAL — salinity; DIST — distance to shore;
DEPTH — depth): A — PCA biplot of environmental spaces with density contours; b — violin plots of predictor
distributions (depth, distance to shore, oxygen, salinity, temperature) in the two regions

Ta6nv1u,a 3. MeTpuKM NnepeKkpbITUA IKONOTMYECKMX HULW B MPOCTPAHCTBE NEPBbIX ABYX MMaBHbIX KOMMO-

HeHT
MeTtpuka 3HayeHune MHTepnpeTauma
NHpekc LLénepa (D) 0.097 Huskoe nepekpbiTne
NHaekc Xennuurepa (1) 0.257 Hu3Koe nepekpbiTHe
p-3HaYeHune Tecta 1.000 Huwu cTaTucTUYECKn He
9KBMBAJIEHTHOCTYU 9KBUBAJIEHTHbI
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OueHKa kayecmea mooderneli

Bce pecATb anroputmoB MNOKas3anu BbICO-
KYIO NpeACcKasaTe/bHy0 CNOCOBHOCTb HA Kanu-
6poBoYHOM BbIOOPKeE (puc. 3, NpaBasA NaHenb).
CpeaHune 3HaveHma TSS sapbuposanum ot 0.79
(FDA) po 0.99 (RF), a ROC AUC — ot 0.92 (CTA)
Ao 0.99 (RF). HaumeHbwunit pasbpoc mexxay
NOBTOPHOCTAMM KPOCC-BanMaaunm Habnoaan-
cay RF, GBM n XGBOOST, uto cBMAETENbCTBY-
eT 06 mx yctonmumBoctTM. Ha BannaauMoHHOM
BbIOOpKe (puc. 3, neBana NaHenb) NoKasaTenu
3aKOHOMEPHO CHM3WUAUCb, HO OCTAaBa/IMCb Ha
npunemnemom yposHe: TSS 0.65-0.75, ROC AUC
0.84—0.94, npn 3TOM paHXMpPOBaHUE ANrOPUT-

MOB B LLe/IOM COXpPaHunocb. OTCyTCTBUE pe3KO-
ro MageHUs KayecTBa Npu nepexose OT Kanu-
H6POBKM K BaIMAALMM YKA3bIBAET Ha OTCYTCTBME
CYLLECTBEHHOrO NepeobyyeHus.

AHcambneBas moaenb, NOCTPOEHHaA MeTo-
Aom cpeaHes3BelweHHoro (EMmean), npoae-
MOHCTpUpoBana cbanaHCMpOBaHHblE MeETpU-
Ku: TSS = 0.84, ROC AUC = 0.98 Ha KannbpoBkKe.
Bbicokoe KauecTBO moaener B npegenax oby-
YaloLLLero apeasa NoATBEPKAAET aleKBaTHOCTb
ONuUCaHMA peannsoBaHHOW Huwwu C. gunnari,
O4HAKO He rapaHTUPYET YCMeLWwHOoro nepeHoca
B yCN10BUA APKTUKM, 4TO ByAeT NpoaHanmM3mpo-
BAHO HUXKe.

Banupgauus Kanubposka
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B
—
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-@- ANN -& FDA
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Puc. 3. OueHKa KayecTBa mogenein pacnpeaenenus C. gunnari Ha BanMAaLMOHHOM (cneBa) n KannbpoBoYHOM

(cnpaBa) BbibopKax. TouKaMu NoKasaHbl cpeaHune 3HaveHnsa TSS n ROC AUC ana kaxaoro anropuTtma (ycpea-

HEHHble No ABYM NOBTOPHOCTAM); BEPTUKa/bHblE U TOPU3OHTa/IbHblE OTPE3KN COOTBETCTBYHOT CTaHAAPTHOMY
OTK/IOHEHWIO

Fig. 3. Evaluation of the quality of C. gunnari distribution models based on validation (left) and calibration
(right) samples. Points show mean TSS and ROC AUC values for each algorithm (averaged over two repeti-
tions); vertical and horizontal bars indicate standard deviation

MpocmpaHcmeeHHO-8pemMeHHoe pacrnpeode-
fnleHue uHoeKca npueodHocmu cpedeol (HSI)

Pe3ynbTaTbl NpoeKuun aHcambneson Mo-
penn (EMmean) Ha akBatopuio 3anagHom
ApPKTUKN NS Tpex BPeMEeHHbIX Cpe3oB npes-
CTaBneHbl Ha puc. 4 (naHenn 1A-1B). B cospe-
MeHHbIX (6as3oBbit nepuog 2000-2010-e rr.)
ycnosusax Haubonee BbiCOKME 3HayeHus HSI
(0.6—0.8 u BbllWE) NPUYPOUYEHBI K TPEM OCHOB-
HbIM paioHaMm: (1) npmMbperkHbIM akBaTOPUAM

tOro-BOCTOMHOM YacTu bapeHueBa mops, BKAO-
yas MNevopckoe mope, (2) wenbdpoBbIM BOAAM,
npUNeralowWmMm K apKTUYECKMM apxunenaram
- WnuubepreHy, 3emne dPpaHuya-Nocnda, Ho-
Bol 3emne n CesepHon 3emne, u (3) toro-3a-
nagHbIM paioHam Kapckoro mops (puc. 4, na-
Henb 1A). MoBbllWeHHaA NPUrogHOCTb cpeabl
B 3TUX palioHax obycnoBneHa coyeTaHMeM OT-
HOCMTEeNbHO Hebonbwux rNybuH, 6amMsocTn K
bepery U NnpuMAoOHHbLIX TemnepaTyp, Hanbonee
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6/IM3KMX K ONTUMaNbHOMY AMana3oHy Buaa (ot
-1.8 po +2.0 °C). HanpoTtuB, Hanbonee HU3KMe
3Ha4eHuA HSI (< 0.2) xapaKTepHbl ANA OTHOCU-
TeNbHO rNyHOKOBOAHbIX Y4aCTKOB 3anagHoOM Ya-
cT1 bapeHueBa Mmops, Haxo4ALMXCA Nog, BAUA-
HMEM TEeNNbIX aTTAHTUYECKMX BOA, a TaKKe AnA

B <ozl ozos 0405 [ osos [ 0

Puc. 4. PacnpeaeneHuns nHaekca npurogHoct cpeapl (1) n ero ctaHAapTHOrO OTKJAOHEHMA MEXAY MOAENAMM

OTKPbITbIX aKBAaTOPUI K CEBEPY OT apXMNenaros
WnuubepreHn, 3emnsa PpaHua-Mocuda, Hosasn
3emna n CeBepHaa 3emns, rae KombuHauma
3HaYUTeNbHbIX IYy6UH, yaaneHHocTn ot bepera
N TEMNEePaATYPHOro peXmma BbIXOAUT 33 PaMKMU
aKkonormnyeckux Tpebosanuii C. gunnari.

0-01 | 0102 [ 0203 ] 03-04 JJ 04-05

(2) ana nepganolt pbibbl Npu 6asoBom cueHapum (A), npu nporHose 2050 r. (B) 1 2090 . (B)

Fig. 4. The distribution of the environmental suitability index (1) and its standard deviation between models
(2) for icefish under the baseline scenario (A), with a forecast for 2050 (B) and 2090 (C)
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MporHo3npoBaHme Ha 2050 r. AeMOHCTpuU-
pyeT Bblpa*KeHHYO TEHAEHUMIO K COKPALLEHUIO
naoLwaan akBaTopuit ¢ nosbiweHHbIM HSI (cm.
puc. 4, naHenb 16). Hanbonee 3ameTHbIM U3-
MeHEeHMeM ABNAETCA NPAKTUYECKM NONHOE UC-
4Ye3HOBEHME 30H NnpurogHoctn B lNevyopckom
MOpE€, YTO CBA3AHO C NPOrHO3MpPyeMblM MOBbI-
LWEeHNneM NPUAOHHbIX TeEMNepaTyp 3a npeaensl
BEpPXHEro Tepmmyeckoro nopora Bumaa Bcnea-
CTBUE YCUNEHUA A4BEKLUM aTNAHTUYECKMX BOA.
BmecTte ¢ Tem npubpexHble paiioHbl BCEX Ye-
TbIpEX apKTUYECKUX apxmnenaros — LLUnuubep-
reHa, 3emnan ®panHua-Nocnda, Hoson 3emnn
n CeBepHOM 3eMnN — COXPAHAIOT YMEPEHHbIe
3Ha4eHuAa HSI (0.4-0.,6), BbiCTynaa B Kayectse
NoTeHLMaNbHbIX pedyrnymos, rae wenbdosble
YCNOBMA eLLe OCTAOTCA B Npeaenax sKonorunye-
CKon TonepaHTHocTtu C. gunnari.

K KOHLy cTonetua mogenb nporHosmpyet
OaNbHeNlee WU CyWeCTBEHHOE COKpalleHue
NPUroAHbIX MECTOObUTaHMI BO BCEX paMioHax
3anagHon ApkTukM (cm. puc. 4, naHenb 1B).
30HbI ¢ HSI > 0.4 ncyesatoT B NnpubpexHbIX BO-
Aax WnuuybepreHa, 3emnm ®paHua-Nocnda um
HoBol 3emnun. EANHCTBEHHbIM PAaNOHOM, CO-
XPaHAOLWMM HEHYNEBYO NPUrOAHOCTbL cpeapl,
oCTatoTcA nNpubpexkHble aKBaTOpUM apxune-
nara CesepHasa 3emna, rae nNporHosmMpyemoe
notenjeHne HaMmeHee BblparkeHo Bnaroaapa
YAANEeHHOCTU OT OCHOBHbIX MyTeN aT/laHTUYe-
CKOW afBeKUUN U BAUAHUA XONOAHbIX apPKTU-
YeCKMX BOAHbIX Macc. Tem He MeHee M 34ecb
NPOMCXOAUT COKpPALLLEHNE AKBAaTOPMIN CO 3HaYe-
Huammn HSI, He npesbiwarowmmmn 0.6—0.8, yto
CBMAETEeNbCTBYET O MAaPrMHA/IbHOM XapaKTepe
YCNOBUIA.

HeonpedeneHHocmsb rpo2Ho308

CraHgapTHOe oTKNoHeHue HSI mexay aeca-
TbiO aNrOpUTMamm aHcambna (cm. puc. 4, naHe-
1 2A—-2B) AeMOHCTPUPYET NPOCTPAHCTBEHHYHO
CTPYKTYpPY, TECHO CBA3AHHYIO C pe3yabTaTamu
MESS-aHanmsa. MakcumanbHaa HeonpeaeneH-
HocTb (SD > 0.3) mexkay mogenamun B 6a3oBbIn
nepuog, npuypoyeHa K panoHam C MOBbILWEH-
HbIMM 3Ha4YeHnamM HSI — npnbperkHbIM 30Ham
apxunenaros u Mevyopckomy mopto, YTO OTpa-
YKaeT pacxoxKaeHwe anropuTMoB MpU IKCTpa-
nonauMm B 061acTM ymepeHHOro OTKAOHeHMUA
OT 0byy4atoWmMx AaHHbIX. B OTKpbITbIX F1y6OKO-
BOAHbIX aKBATOPUAX C KparHe HM3KMm HSI He-
onpeaeneHHoCcTb MMHUManbHa (SD < 0.1), no-
CKOJIbKY BCE MOAENN eAUHOAYLWHO NPOrHO3M-
pytoT HenpurogHocTtb cpeabl. K 2050 n 2090 rr.
30Hbl MOBbILWEHHOW HeoNpeaeNeHHOCTH CyrKa-
IOTCA NapanieNbHO C COKpalleHnem naowaam
NPUIrogHbIX MecToObUTaHUI, KOHLEHTPUPYACH

B NpubperkHbIx parioHax CeBepHoh 3emnn -
nocnegHem yvyactke ¢ HeHynesbim HSI.

Takum  obpasom, npoekuMa  aHcam-
6neBot  Mopenn  BbIABAAET  OTYET/IUBYIO
NPOCTPAHCTBEHHO-BPEMEHHYIO AMHAMMKY MO-
TEHUMANIbHOW NPUTOAHOCTU APKTUYECKUX BOL
ANA nepAHol pbibbl: OT OTHOCUTENbHO LUMPO-
KOro pacnpocTpaHeHUA 30H C MOBbILWEHHbIM
HSI B npnbpekHbIX U WwenbpoBbIX panoHax B
COBPEMEHHbIN Nepunog, K Ux NnocneoBaTesIbHo-
My COKpalleHUto Ha GoHe NpOorHo3mpyemoro
noTenneHunAa, ¢ COXpaHeHMem eaUHCTBEHHOro
noTeHuManbHoro pedyrnyma B parioHe apxu-
nenara CesepHana 3emna K KoHuy XXI B. BmecTte
C TeMm, Yy4MTbiBaA, YTO BCE BbIABNEHHbIE 30HbI
NPUrogHOCTU PacnonoXeHbl B 061acCTM aKCTpa-
nonsunm moaenu (MESS < 0), ntobble Konnye-
CTBEHHble oueHKK HSI cnepyet paccmatpusaTb
KaK runotetTnyeckune u tpebytowme sepndmka-
Lmn.

O6cyxaeHue

Mony4yeHHble pe3ynbTaTbl CBUAETENbCTBYIOT
O CyWecTBeHHOM HecoOTBeTCTBMM abuoTuye-
CKMX YCNOBMW B HATUBHOM apeane neasHomn
pblbbl (wenbd octposa HOxKHaa leoprus) u B
akBatopum 3anagHoi ApKTuku. bonee 98 %
naowWaamM apKkTMYECKOro NoJIMroHa NonagaeT B
30HY aKcTpanonauum mogenu (MESS < 0), a uH-
AeKcbl nepeKkpblTna HUwW LWéHepa (D = 0.097)
n Xennurepa (I = 0.257) ykasbiBaloT HA MUHU-
ManbHOE CXOACTBO MHOFOMEPHbIX 3KO/I0rmye-
CKMX NPOCTPAHCTB ABYX PErMoHOB. TecT 3KBMU-
BaNeHTHOCTU HuWw (p = 1.00) noaTtBep:kaaerT,
yTo HabnogaeMoe He3HauYnTeNbHOE NepPeKpbI-
TME He OT/IYaAeTCA OT C/Iy4YanHOro. 3TU AaHHble
OZHO3HAYHO MOKA3bIBAKOT, YTO NEPEHOC MOae-
NN, 0by4eHHOM Ha AHTAPKTUYECKUX OAHHbIX,
B apKTMYEeCcKMe ycnoBua npeacrasnseT cobou
3KCTpanonAuMio B 061acTb 3KONOTMMYECKOTO
NPOCTPaHCTBA, cnabo npeactaBneHHyo B 0by-
yatoLlen BblIbopKe, U Ntobble KONMYECTBEHHbIE
OoueHKM HSI fonKHbl paccMmaTpuBaTbCA KaK -
notetuyeckue (Elith et al., 2010; Zurell et al.,
2012).

KntoueBbiMn IMMUTUPYOWMMN GaKTopamm
BbICTYMalOT CONEHOCTb M Temnepatypa. Cone-
HOCTb B ApKTuKe B 83.3 % A4eeK npesblwaeT
BEPXHIOK FPAHMLY aHTAPKTUYECKOro AManaso-
Ha B paloHe o. HOxkHas leoprus (34.69 %o), oo-
cturan 37.04 %o B 3anagHon Yactn bapeHuesa
MOpPA NOA BAUAHMEM aTNIAHTUYECKUX BOA,. Tem-
nepaTtypa, HanpoTus, B 68.8 % A4YeeK OKa3biBa-
eTCA HUXe MUHUMYMA, 3aPUKCUMPOBAHHOIO B
palioHe tOxHoi leoprum (—0.40 °C), onycKascb
no —1.72 °C. lMpumeyatenbHoO, YTO nocnegHee
3HayeHne popmanbHO BXOAUT B 3aABNAEMbIN B
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NuTepaType onTMManbHbIM Anana3oH Buaa (ot
-1.8 po +2.0 °C; Egginton et al., 2002), oaHako
B 0byuyatoweit BbIbopKe OHO He NpeacTaBieHO.
3T0 06CTOATENLCTBO YKA3bIBAET HA TO, YTO MO-
AeNb ONUCbIBAeT NLWb YacTb PeasIN30BaHHON,
a He BClO QYHOAAMEHTANIbHYO HULWY BMAA, YTO
ABNAETCA NPUHUUNMANBHBIM OrpaHUYeHnem
nepeHoca.

OAHUM K13 Haubonee CyLLeCTBEHHbIX MeTo-
AONIOTMYECKMX OFPaHMYEHUI HacToALLEero Mc-
cnefoBaHMA, KOTopoe Heobxoaumo obcyauTb
OTAENbHO, ABNAETCA KpailHe Hebosnblias npo-
CTPAHCTBEHHAsA MPOTAKEHHOCTb aKBaTOPWUM,
Ha KoTopol obyyanacb moaenb. Bce pgaHHble
O MPUCYTCTBMM U OTCYTCTBUM NieAAHON pPbibbl
NOJIy4eHbl UCKNOUYUTENBHO N3 OAHOrO reorpa-
¢dunyeckoro pairoHa — wenbda octposa HOXKHan
leoprua un ckan War (npumepHo 53-55° to.ww.,
34-42° 3.4.), 4TO COOTBETCTBYET aKBATOPUMU
meHee 200 x 300 km. Mexay Tem apean Buga
3HauuMTenbHo wupe: C. gunnari 4OCTOBEPHO 3a-
perncTpmMpoBaH y octposoB KepreneH (48-50°
to.w., 68—70° B.4.), Xepa n MakgoHanbg, (53°
to.w., 73° B.4.), Kpose (46° t.w., 50° B.4.),
FOHbIX LLeTnaHackmx n KOXKHbIX OpKHEMUCKMX
ocTpoBoB (60—63° t0.1L.), a TaKKe y 6eperos AH-
TapKTU4yeckoro nonyoctposa (Kock et al., 1985;
Everson, 2000). Kaxabii U3 3TUX PalMOHOB Xa-
paKTepusyetca cobcTtBeHHbIM Habopom Okea-
Horpaduyecknx ycnosuii: Ha KepreneHe npu-
OOHHaA TemnepaTypa MOXKeT AocTuratb +3—4
°C, a coneHocTb BapbupyeT wupe (33.5-35.0
%o0), 4em B panoHe KOxHoW leoprum; y KOXKHbIX
OpKHEeMNCKNX oCTPOBOB, HAaNPOTUB, TEMMepPaTy-
pbl 3Mmoi onyckatotca ao —1.8 °C, a negaHom
MOKPOB MPUCYTCTBYET 3HAYMTENbHYIO YacTb
roga (Whitehouse et al., 2008).

Mcnonb3oBaHMe AaHHbIX TO/IbKO M3 O4HOrO
NOKanuTeTa NpuMBeso K Tomy, Yto obyyatouian
BbIOOPKa OXBATbIBAET /IMLWb Y3KUA parmeHT
peann3oBaHHOM HMULWM BMAA. [lnana3oH Temne-
paTyp B 06yYatoLwmx gaHHbIx coctasua ot —0.40
0o +2.26 °C, Toraa Kak M3BecTHbI GpU3N0Ioru-
YeCKUi gManasoH Buaa npocTtmpaerca ot —1.8
no +4—6 °C (Portner et al., 2007). ConeHocTb B
obyuatoulel BbIbOpKe BapbUpyeT B KpalHe y3-
Kom kopugope 33.79-34.69 %o, UTO OTpaXKaeT
OTHOCUTENbHYIO OAHOPOAHOCTb BOAHbIX Macc
Ha wenbde KOXKHOM [eoprmmn, HO He NOKpPbIBAET
MOJIHOTO CMEKTPA CONEHOCTHbIX YC/IOBUI, B KO-
TOPbIX BUA, BCTPEYAETCA B APYrMX YacTax apea-
Nna. AHanorumyHo, gmManasoH rybuH (60-700 m)
$OpPMaNbHO LWNPOK, HO KOHLLEHTPALMUA CbEMOK
Ha wenbdoBbIx rNybuHax (100—-350 m) o3Ha-
YyaeT, YTo Mogenb Hambonee MHPoOpPMaTUBHA
MMEHHO ANA 3Toro 6aTMMeTPUYECKOro NHTep-
Bana.

MMeHHO 3TO 06CTOATENBCTBO — OrPaHUYeH-
HOe 3KO/I0rMyecKkoe NPOCTPAHCTBO 0byyatoLmnx
AaHHbIX — ABMAETCA [NMAaBHOM NPUYUHOM TOrO,
4YTO NOAABNAIOLLAA YACTb aPKTUYECKON aKBaTO-
pUKM nonagaeT B 30HY aKcTpanonaumn (98.9 %
Aveek ¢ MESS < 0). Ecnm 661 mogens bbina 06-
y4YeHa Ha AaHHbIX, 06beaMHAOLWMX BCE U3BECT-
Hble nonynsauuu C. gunnari (KOxHaa leoprua,
KepreneH, Xepa, Kpose, lOXHble LLleTnaHaCKne
n OpKHelcKkMe ocTpoBsa), obydyatowmii gmnana-
30H TemnepaTtypbl oxBaTbiBan 6bl oT —1.8 Ao
+4 °C, coneHoctn - ot 33.5 80 35.0 %o, a rnybu-
Hbl BKAKOYANM Obl KaK MENIKOBOAHbIE YY4aCTKM
(meHee 50 m, xapakTepHble ana Keprenena),
TaK U MaTepMKOBbIA CKNOH. B Takom cnydae
[ONA WHTEPNONAUMOHHBIX Aveek B ApPKTUKe
6blna Obl cyLecTBEHHO Bbilwe, a 3HavyeHuns HSI
- 6onee 060CHOBAHHbIMW. B 4YaCTHOCTU, apKTU-
Yyeckue paroHbl C NPUAOHHOMN TeMnepaTypo
ot —-1.5 oo 0 °C, KoTopble B HACTOALWEN MOAENMN
nonagatoT B 30HY 3KCTpPanonauuu no Temne-
paType (68.8 % ayeek HMKe MUHMMYyMa —0.40
°C), Nnpu paclwmpeHHol oby4yatowen BbibopKe
oW bbl B 061aCTb MHTEPMNONALUM, NOCKONb-
Ky BMA, yCMewHo obuTaeT npu TakmMx Temnepa-
Typax y FO»KHbix OpKHENCKNX OCTPOBOB.

Oco3HaHHbIM BbIBOP OAHOro JIOKaNUTETa
ana obyyeHma B HacCToAWEM WUCCNeAO0BAHUMU
obycnoBneH HECKONbKMMM nNpUYnMHamu. Bo-
nepBbIX, AAaHHble BPUTAHCKOM aHTapPKTUYECKOMN
cny*K6bl no KOxKHoM leoprum npeacTaBAALoT Co-
6o Haubonee ANUTENbHbIA, NPOCTPAHCTBEH-
HO MJIOTHbIN N METOAMYECKM CTaHAAPTU3INPO-
BaHHbIN pAg, TPaNoBbIX cbeMok ana C. gunnari
(1986—2023 rr., 6573 TpaneHus, egmHaa mMeTo-
AnKa ¢ 1991 r.), Torga Kak gaHHble U3 Apyrux
PaliOHOB PA3/IM4AOTCA NO OPYAMAM /I0BA, NPO-
TOKo/1aMm, rybuHam 0610Ba U BpeMeHHOMY No-
KPbITMIO, YTO CO34aeT PUCK CUCTEMATUYECKUX
cMelweHu npu obbegmHeHnn. Bo-BTOpbIX,
dopmat HacToAwen paboTbl Nnpeanonaran pas-
paboTKy 1 anpobaunio MmeTogmMyeckoro Nogxo-
Aa K 6MnonApHOMY NepeHocy HULWK, 3 He Nony-
YeHMe OKOHYaTesIbHbIX NMPOrHO3HbIX KapT; ANA
3TOM 334341 OAHOPOAHbIN N XOPOLIO AOKYMEH-
TUPOBAHHbLIN HAbOP AaHHbIX NPeAnoYTUTE b-
Hee reTeporeHHOro MynbTMPErnoHaNbHOro.

Bce pecAatb anroputmos SDM npoaemon-
CTPUPOBANM BbICOKOE KayecTBO Ha Kanubpo-
BOYHOM W BaMZALMOHHOM BbibOpKax (TSS
0.65—0.99; ROC AUC 0.84—0.99), uTo NOATBEPHK-
[.aeT afleKBATHOCTb OMMUCAHMA PeasIN30BaAHHOM
HMWK BuAa B npegenax obydatoweln obna-
cTn. O4HAKO BbICOKOE KAYecTBO BHYTPEHHEeM
BaMZAUMMN He ABNAETCA rapaHTUen Haaex-
HOCTM MepeHoca MOLENN B IKONOTMMYECKN HO-
Bble ycnosusa (Araujo, New, 2007; Zurell et al.,
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2020). N3BeCTHO, YTO Pa3/IMYHblE AaNTOPUTMbI
no-pasHomy BeayT ceba npu aKCcTpanonaumu:
ApesecHble metoapl (RF, GBM, XGBOOST, CTA)
CK/IOHHbI «3aMOpPaKMBaATb» MpeACcKa3aHUA Ha
YPOBHE KpalHMX Y310B NP BbIXOAE NPEANKTO-
poB 3a npezenbl 0byyaloWMX AAHHbIX, TOraa
Kak napametpuyeckne mogenn (GLM, GAM)
3KCTPANOAMPYIOT PYHKUMOHANbHYIO 3aBUCU-
MOCTb, YTO MOXKET NPMUBOAUTbL K BUONOTMYECKH
HepeannucTUYHbIM (B TOM Yuc/ie OTpuULaTeNb-
HbIM WX CBEPXBbLICOKMM) 3HAYEHMAM OTKIMKA
(Elith et al., 2010; Merow et al., 2014).

AHanNM3 cTaHZapTHOro OTKAoHeHunA HSI
MeXKAy anropyutMmamum NOATBEPAMA 3Ty 3aKO-
HOMEPHOCTb: MAKCMMaAJIbHAA MEeXMOoZAe/bHanA
HeonpeaeneHHoctb (SD > 0.3) npuypoueHa
K palioHam C ymepeHHbIMW 3HavyeHuamu HSI
(NnpnbpexkHblie 30HbI apxunenaros), rge ycno-
BMA cpedbl YaCTUYHO BXOAAT B AMana3oH o6-
YYaloLWMX AaHHbIX NO OAHWUM MNpPeaUKTOpPam
(rnybuHa, Kucnopon), Ho BbIXOAAT 33 ero npe-
Aenbl No apyrMm (coneHocTb, TemnepaTtypa).
B TaKMX «MNOrpaHWYHbIX» YC/NOBUAX MOAENU
pacxoanatca Hambonee CMAbHO: O4HWU anropuT-
Mbl NPUCBAMBAIOT AYElKe BbiCOKMUIM HSI Ha oc-
HOBaHMWM BGNArONPUATHBIX 3HAYEHUW TYOUHbI
N KUCNopoda, ApYrue CHUMKAT MPOrHO3 u3-
338 aHOMaNbHbIX (C TOYKM 3peHusa obyyatoLmx
AaHHbIX) 3HAYeHWM coneHocTn. HanpoTtus, B
OTKPbITbIX NyOOKOBOAHbIX aKBAaTOPUSAX, F4e BCe
NpeauKTopbl Aaneko BbIXOAAT 3a rpaHuLbl 06-
y4atoLLero NpocTpaHCcTBa, BCe MOAEeNN eanHO-
AYLWHO AatoT HM3KKUIM HSI, n HeonpeaeneHHoOCTb
MUHUMaA/IbHA. ITOT NATTEPH cornacyeTca ¢ 06-
e peKoOMeHZauMen Ncnonb3oBaTb KapTbl SD
B KaQyecTBe A0MNONHUTENbHOrO GUNbLTPaA AOCTO-
BEPHOCTU NPOrHO30B NpU NepeHoce moaenemn
(Thuiller et al., 2009).

HecmoTpa Ha 3HauMUTENbHYIO OO0 IKCTPa-
nonAuUMKM, MNPOCTPAHCTBEHHAA CTpPyKTypa HSI
noaaaéertca copepyKaTeNbHON 3KONOTMYECKON
MHTepnpeTaumn. Hambonee BbiCOKME 3Haue-
HuMA HSI B 6a30BbIN nepuog, NpUypoYeHbl K
npUbpeXKHbIM WenbdoBbIM palioHaM YeTbipex
apKTMyeckmx apxmnenaros (LLUnuubepreH, 3em-
na ®paHuya-Nocnda, Hoeas 3emna, CeBepHasn
3emna) U Oro-BoCToYHOM 4vactu bapeHueBsa
mops (Meyopckoe mope). ITM paiioHbl 06b-
eaVHAET coYeTaHUe OTHOCUTENIbHO HeboNbLINX
rnybun (meHee 300 m), 6am3octn K bepery m
NPUAOHHbLIX TemnepaTtyp, Hanbonee npubau-
YEHHbIX K onTMmymy Buza. UmeHHo wenovdo-
Bble paioHbl B6/1M3M apxmMnenaros no cBoemn To-
norpaduyeckom u rmaponorMieckon CTpyKType
B Hambonbllen cTeneHn HanoMWHaloT Wenbd
HOxkHOW Teoprun, rae moaens bbina obyyeHa:
OCTPOBHbIe Wenbdbl C KPYTbIMU CKIOHAMMU,

XONOAHBIMU MPUAOHHBIMU BOAAMU U OTHOCHK-
Te/IbHO CTAabUNbHOWM CONEHOCTHIO.

MporHo3mMpyemoe COKpalleHne naowaam
NPUroaHbiIx mectoobutaHmii kK 2050 n 2090 rr.
OoTpaXkaeT NpexKae BCero nosblleHne NPUaoH-
HbIX TeMnepaTyp BCAeACTBME YCUNEHUA afBEeK-
UMM aTnaHTUYecKMx Bog B bapeHuesBo u Kap-
CcKoe mopAa — npouecca, obo3Havyaemoro Tep-
MUHOM «bopeanusauma ApkTuku» (Polyakov
et al.,, 2020). Ana C. gunnari Kak cTporo cre-
HOTEPMHOro BMAA C KPUTUYECKUM BEPXHUM
TemnepaTtypHbim npegenom okono +4-6 °C
(Portner et al., 2007) paxke ymepeHHoe noTe-
naeHue Ha 1-2 °C BbIBOAUT 0OLLMpPHbIE aKBATO-
pPUKN 33 rpaHuULbl GU3MONOTNYECKOM TONEPaHT-
HocTu. Hanbonee paHHee M NonHOEe UCYE3HO-
BEHMEe 30H npurogHocTn B eyopckom mope
n npubpexkHbix Bogax LUnuubepreHa 3akoHoO-
MEPHO: 3TN PaloHbl HaxoaATcsa BanKe Bcero K
NyTAM aT/IaHTUYECKOM aABEKLUM N NOABEPIKE-
Hbl MAaKCMMaNbHOMY MOTEN/IEHMUIO.

CoxpaHeHue HeHyneBoro HSI B paiioHe ap-
xunenara CesepHaa 3eMna K KOHLY CTO/eTUA
06BbACHAETCA ero yAaneHHOCTbIO OT OCHOBHbIX
nyTer NOCTyNJAeHns aTAaHTUYECKUX BOA U npe-
obnagaHnem XonoaHbIX apKTUYECKUX BOAHbIX
macc. OgHaKo cneayeTt NOAYEPKHYTb, UTO AaXKe
ANA 3TOr0 paloHa BCe MPOrHO3bl Haxo4ATCA
B 30HE JKCTPANONALMM MOLENMU, @ 3HAYEHMA
HSI He npesbiwatot 0.6—0.8, 4TO COOTBETCTBY-
€T YC/IOBUAM, INLLb YaCTUYHO NPUIOAHbIM ANA
BMAaa. Kpome toro, npmubpexkHble Boabl Cesep-
HOM 3eMnM XapaKTepusyloTca BblparKeHHOM
CE30HHOCTbIO NeaAHOro NOKPOBA, HU3KOM Nep-
BMYHOM NPOAYKTUBHOCTbIO M OTCYTCTBUEM KO-
4yeBbIX KOpMoBbIX 06bekToB C. gunnari (npe-
¥/Ae BCero aHTapKTU4Yeckoro Kpunaa Euphausia
superba), 4TO co3aaeT JONONHUTENbHbIE BMO-
TUYECKNEe OrpaHMUYeHUa, He y4TeHHble B abuo-
TUYECKOWN MOZEeNu.

MocTpoeHHaA moaenb OCHOBaHA WUCKIOYU-
TEeIbHO Ha abMOTUYECKUX NpPepuKTOpax U He
y4nTbIBaeT BUOTUYECKME B3aUMOLAENCTBMA, KO-
TOpble MOTyT CyL,EeCTBEHHO MOAMPULMPOBATb
NPUrogHOCTb mectoobutaHmn. Cpeau Hambo-
nee 3Ha4YMMbIX BUOTUYECKUX GAKTOPOB, OTCYT-
CTBYHOLWMX B MOAENN, CeayeT BblAeNUTb:

Kopmosyto 6a3y. C. gunnari B HaTUBHOM
apeane NUTaeTcs MNPEUMMYLLECTBEHHO aHTap-
KTUYeckum Kpunem Euphausia superba n mu-
3u4amu, BTOPUYHO — Me3onenarnyeckumu
pbibamu (Kock, Everson, 1997). B apKTUYECKNX
Bogax E. superba oTcyTcTBYeT MONHOCTbIO, A
€ro 3KOJIOTMYEeCKMMM aHanoramu BbICTynatoT
WHble BUAbl aydaysuuna (Thysanoessa inermis,
T. raschii, Meganyctiphanes norvegica), kone-
noab! (Calanus glacialis, C. hyperboreus) n am-
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¢éunoabl. HenssectHo, cnocoben nu C. gunnari
NepPeKNoYUTLCA Ha 3TU KOpMOBble O0OBEKTHI,
yunTbiBaA ero mMopdosormyeckyto cneumanu-
3auMto (KPYnHbIM POT, MHOTOYMCAEHHbIE TOH-
Kue »KabepHble TblMMHKKU, afanTUPOBaHHbIE K
duneTpaumnm Kpunsa).

KoHKypeHyuto. B apKTUYECKNX MOPAX 3KO-
NIOTUYECKYID HUWY AemepcanbHo-nenarnye-
CKMX NNaHKTOdaroB Ha wenbdoBbix FybMHax
100—-400 m 3aHMMatoT BUAbl cemeincts Gadidae
(Boreogadus saida), Myctophidae, Stichaeidae
W gpyrue, aganTMpoBaHHbIE K MECTHbIM YC/O-
BMAM Ha NPOTAXEHUU MWUANNOHOB neT. KoH-
KYPEHTOCNOCOOHOCTb  MHTPOAYLUUPOBAHHOIO
aHTAPKTUYECKOro BMAA B 3TUX YCI0BUAX Npea-
CTaBNAETCA KpallHe COMHUTE/IbHON.

XuwHuyecmeo u napasumusm. ApKTude-
CKana ¢dayHa XMLHbIX Pbld M MOPCKUX MIEKO-
NMUTAIOLLMX CYLLLECTBEHHO OT/IMYaEeTCA OT aHTap-
KTUYECKOM, W BO3AENCTBME NOTEHLUMANbHbIX
XUWHMKOB HAa MONYyNAUMIO MHTPOAYLLEHTa He-
npeackasyemo. Kpome Ttoro, otcytctemne y C.
gunnari remornobnHa MoXeT genatb ero yAas-
BMMbIM K NapasuTapHbiM MHGEKUMAM, OTCYT-
CTBYIOLLMM B HAaTUBHOM apeane.

Kpome TOro, cpegn Hambonee 3Ha4YMMbIX
6MOTMYECKNX U abuoTMYeCKUX ¢GaKTopoB, He
YUYTEHHbIX B MOAenu, cneayeT BblAeNUTb OCO-
6EeHHOCTU YCNOBWIA MONIOBOrO CO3pPEBAHUA M
HepecTa C. gunnari. B 4YacTHOCTK, IOKanM3auma
HepecTUAUL, MU XapaKTep MKpbl TpebytoT oT-
AEeNbHOro PaCCMOTPEHMUA: UKPA Y AaHHOTO BUAA
AOHHAA, 4TO npeanonaraetT HeobxoAMMOCTb
nogxoasawero cybcrpata gna MKPOMETAHUA U
ycnewHon MHKybauun. Kpome TOro, Ba*KHbiM
abnoTtnyeckmum pakTopom ABNAOTCA TMAPOO-
r’MYeckme ycnoBuA, BKAOYaa GOPMMPOBAHMUA
TEeYeHMM, CNOCcOoBCTBYIOLLMX BbIHOCY IMYNHOK U
MOJIOAN B aKBATOPWUM C ONTUMaA/IbHbIMUK YC/I0-
BMAMM HAryna M CHUKEHHbIM SAaBNEHUEM XMLL-
HWKOB. Bce 3TK acneKTbl CyL,eCTBEHHO BAMAIOT
Ha YKM3HEHHbIM LMK U BbIXKMBAEMOCTb PaHHUX
CTaguih U He OTPa*keHbl B abMOTUYECKON MO-
Aenun, NOCTPOEHHOM UCKNOYNTENIbHO Ha dU3n-
YeCKMX NapameTpax cpeabl, YTO OrpaHUYmMBaEeT
NOMIHOTY NPOrHO3a NOTEHLMaNbHOM NPUTOAHO-
CTW aPKTUYECKMX IKOCUCTEM ONA UHTPOAYKLNM
BMAA.

Bce nepeuncneHHble buoTruyeckune pakTopsbl
AEWUCTBYIOT B HAMpPaB/IEHUWN CHUMKEHUA peasib-
HOM MPUrOAHOCTM APKTUYECKUX MecToobuTa-
HWIA NO CPAaBHEHMUIO C NPOrHo3amu abuoTtuye-
CKOM Mogenn. 9To 03HAYAEeT, YTO NONyYeHHble
3HaveHna HSI cnepgyet paccmatpuBaTb Kak
BEPXHHIOIO rPaHMLYy NOTEHUMANBHOM NPUTOLHO-
CTW, KOTOpPanA B AeNCTBUTENbHOCTU, BEPOATHEE
BCEro, OKAXKEeTCA eLle HUKe.

YHuKanbHaa ¢usmonorua C. gunnari co3pa-
eT AONOJIHUTENbHbIE OTPAaHUYEHUA, HE YYUTbI-
Baemble CTaHAAPTHbIMM abuoTnyecknmm SDM.
OTcyTcTBME remoriobnHa 1 3pUTPOLMUTOB KOM-
neHcupyeTca pPAAOM aganTauuini: yBennyeH-
HbIM 06 bEMOM CepALLa, CHUKEHHOM BA3KOCTbIO
KPOBW, BbICOKOW MNOTHOCTbIO KaNWANAPOB B
MbIWLAX M KabpaX, a TaKXKe MNOBbIWEHHbIM
cogepaHnem mutoxoHapuin (Egginton et al.,
2002; Near et al.,, 2012). 31 agantaumu ad-
GEeKTUBHbI NPU HU3KUX TemnepaTypax, Koraa
PacTBOPMMOCTb KMUC/IOPOZa B MJIa3aMe MaKCu-
MasnbHa. Mpy NoBbIWEHUM TemnepaTypbl pac-
TBOPUMOCTb KMUCNOPOAA CHUMKAETCA, a MeTa-
6onnyeckmne noTpebHOCTM TKAHEN BO3PACTAIOT,
4YTO MPUBOAUT K KUCAOPOSHOMY Aeduunty.
KpuTuuyecknin TemnepaTtypHbii npeaen ans be-
JIOKPOBHbIX Pblb (0K0/10 +4—6 °C) CyW,EecTBEHHO
HUXKe, YeM AN KPACHO-KPOBHbIX HOTOTEHMe-
BblX, ObMTalOWMX B Tex e Bogax (Portner et
al., 2007).

B apKTMyeckux ycnosusax, rae temnepaTypa
NPUAOHHbIX BOA, B pAZe paloHOB OKasbiBaeTcA
HUXKE MUHUMANbHbBIX 3HAYEHUMN, 3aperucTpu-
poBaHHbIX B 0byyatowielr BbIBOpPKe, NOTEHUMU-
anbHaa npobnema 3aknO4aeTcA He B neperpe-
BE, 3 B UHOM XapaKTepe Ce30HHOM AUHAMUKM.
Ecnun B KOXKHOM OKeaHe TemmnepaTypHble Kose-
6aHMA Ha wenbPoBbIX MMyObUHAX COCTaBAAOT
meHee 2 °C B rogoBom UMKne, To B bapeHue-
BOM M KapCKOM MOpPSiX CE30HHbIM pasmax npu-
AOHHbIX TemnepaTyp moxeTt gocturatb 4—6 °C
BCNeACTBME YepenoBaHMA aATNIAHTUYECKUX W
APKTMYECKMX BOAHbIX Macc. CnocobHoctb C.
gunnari NepeHocuTb CTONb Pe3Kkue Temnepa-
TypHble GAYKTYyaLuMn He NOATBEPKAEHA 3Kcne-
PUMEHTANbHO.

Kpome TOro, pexum ocselieHHOCTU B Ap-
KTUKe (NoNApHbIM AeHb M MNONAPHAA HOYb)
KapAWHANbHO OTINYAETCA OT aHTAPKTUYECKO-
ro no ¢asnpoBKe: Ce30Hbl CMELLEHbI HA LIEeCTb
mecaues. Hepect C. gunnari npuypoYeH K aH-
TApPKTMYECKOM 3uMe (MtoNib — ceHTABPbL), U ero
CUHXPOHM3aUMA ¢ oTonepmoaom U MNpoayK-
TUBHOCTbIO BOZ, MOYKET OKa3aTbCs HAapPYLUEeHHOM
B ycnosuax CeBepHOro nosyLlapus, rae aHano-
TMYHbIA CE30H MPUXOAUTCA HA NIeTO — Nepuos,
MaKCMMaNbHOM TeMnepaTypbl BOAbI.

OnbIT HAaCTOALLEro UCCNef0BaHUA MO3BONA-
eT chopmynnpoBaTb pAL pPeKoOMeHZaLMn ans
COBEpLUEHCTBOBAHMA NoAX0Aa K bunonapHomy
NnepeHOoCy 3KOIOFMYECKUX HULL:

Bo-nepBbIx, pacwupeHne obyyatouieit Bbl-
OOpPKM 3a CYET BKAOYEHMA OAHHbIX U3 BCEX
panoHoB apeana C. gunnari (KepreneH, Xepa,
Kpose, KOxHble OpKHelckme n KxHble Let-
NaHACKMEe ocTpoBa, AHTApPKTMYECKWIA nonyo-
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CTPOB) NO3BONUT CYLLECTBEHHO PACUIMPUTL OX-
BATbIBAEMYIO MOAE/IbHYIO HULLY U YMEHbLUNTb
[010 SKCTPANONALMM NPU NPOEKLUM B APKTU-
Ky. MpeaBapuTenbHble OLEHKWM MOKa3blBaloT,
4YTO BK/IOYEHWe AaHHbIX No KepreneHny pac-
WMPUT TemnepaTypHbld Auana3oH obyyeHua
0o +4 °C, a gaHHbIx no KOxKHbiMm OpKHENCKUM
OCTPOBAM CMECTUT HUKHIOK rpaHuuy o —1.8
°C, 4TO NPUBAN3UT MOAENbHYI0 HUWY K dyHAa-
meHTanbHoM (Whitehouse et al., 2008).

Bo-BTOpPbIX, MPW CyLLECTBEHHOW 3KCTPANoA-
UMM uenecoobpasHoO AOMNONAHUTb KOppensauu-
OHHble SDM MexaHUCTUYECKUMU MOLENAMMU,
YUYMTbIBAOWMMN  GU3NONOTUYECKNE OFPaHU-
4yeHua Bnga: bUosHepreTnyeckme mogenu po-
CTa, MOAENN KMCNOPOAHOTO PeXMma, MOAENN
TennoBoM TonepaHTHoctn (Kearney, Porter,
2009). Takve moaenu MNo3BOAAKOT MPOrHO3MU-
poBaTb NPUTrOAHOCTb CPEeAbl UCXOAA U3 NEPBbIX
NPUHLMMNOB, @ HE U3 KOPPenauun, Yto cylue-
CTBEHHO MOBbLIWAET HAAEXKHOCTb NPOrHO30B
NPW 3KCTPaANONALUMN.

B-TpeTbMx, WCNONb30BaHWE  HECKOJIbKUX
KAMMATUYeCcKux cueHapues (SSP1-2.6, SSP2-
4.5, SSP3-7.0, SSP5-8.5) ¢ oueHKon pasbpoca
nporHo3oB obecneunt 6onee nonHoe npeg-
CTaB/ieHMe O HeonpeaeneHHOCTU, CBA3AHHOM
c byayuwer TpaeKTopmen BbIBPOCOB NapHUKO-
BbIX ra3oB. B HacToAweln paboTe ncnonb3oBaH
JINLWLb 3KCTPEeMasbHbIM cueHapuii SSP5-8.5, uto
MOET BECTU K 3aBbllLUEeHMNIO MaclwTaboB note-
NAEHUs N, COOTBETCTBEHHO, K NepeoL,eHKe co-
KpalLeHMa NpUrogHblx MecToobuTaHUM K KOH-
Ly CTONeTUA.

B-yeTBepTbIX, WHTErpauma HGUOTUYECKUX
NPeauKkTopoB (KOHUEHTpauua xnopodunna,
H6ruomacca 300NNaHKTOHA, NNOTHOCTL BeHTOCA)
B MOZAE/Ib MO3BONT XOTA HBbl YaCTUYHO y4yecTb
KOPMOBbI€ OrpaHuMYeHua u npubansntb npo-
FHO3bl K PEASINCTUYHDBIM.

HecmoTps Ha TO 4TO MoAeNb BbIABAAET PAL
palioHOB C NoBbiweHHbIM HSI, MHTepnpeTayma
3TUX Pe3y/NbTaTOB Kak 060CHOBAHUA ANA NpaK-
TUYEeCKon MHTpoayKuumn C. gunnari B apKTu4e-
CKMe Bogbl bblia 6bl HEKOPPEKTHON. NMomumo
NepeyYnCNeHHbIX Bblle METOL0M0MMYECKUX
orpaHu4yeHunit n buotnyeckmx GpakTopos, Heob-
XOANMO YYMTbIBATb CAeAyHOLLEE.

NHTpoayKUMA YyXKepoaHblX BUMAOB B ecTe-
CTBEHHble 3KOCUCTEMbI MpPU3HAHA OAHOM U3
NATU TNaBHbIX Yyrpo3 rmobanbHomy 6MopasHo-
obpasuto (IPBES, 2019). MopcKue 3KocucTembl
ApPKTUKK, HaxogAWwMeca B COCTOAHUM BbICTpoK
TpaHchopmauum nog BO3AENCTBMEM M3MEHE-
HUA KAMMaTa, 0COBEeHHO yA3BMMbI K A0MoN-
HUTENbHbIM AHTPOMOreHHbIM BO34ENCTBUAM.
HenpeaHamepeHHble NOCNeaCcTBUA UHTPOAYK-

LM — KOHKYpeHLMA c abopureHHbIMM BUgaMm,
nepeHOC NaToreHoB M Mapas3nToB, HapyLleHne
Tpoduyeckmx cete — moryt 6bITb HeobpaTu-
mbiMu (Molnar et al., 2008).

MexayHapoaHoe U POCCUMICKOe 3aKoHoAa-
TenbctBo (KoHBeHUMA o buonornyeckom pas-
Hoobpa3nun, KoHseHuua AHTKOM, ®eaepans-
HbIM 3aKoH «O pbl60NIOBCTBE M COXPAHEHUWN BO-
AHbIX Buonornyeckmnx pecypcos» ot 20.12.2004
Ne 166-®3) ycTaHaBANBAET KECTKME OrpaHuye-
HMA Ha AaKKAMMATM3aLMNIO Yy»KepoaHbIX BUAOB,
Tpebysa BCECTOPOHHEN OLLEHKM 3KONOMMYECKUX
NocneAcTBUN U NPeaBapUTENbHOTO NOyYeHUA
3aK/I04YEHNA YNONHOMOYEHHbIX OpraHos. Jlto-
Hble NpaKkTUYecKMe wWarn B HanpaBAeHUU UH-
Tpoaykumu C. gunnari notpeboBann 66l MHOTO-
NEeTHUX IKCNEePUMEHTAIbHbIX UCCNef0BaHUN B
YCIOBUAX aKBAKYAbTYPbl C MOJIHbIM KOHTPOEM
YKM3HEHHOTO LMKANA, BKAOYAs BOCMPOU3BOA-
CTBO, POCT, MUTaHME M YCTOMYMBOCTb K 3abone-
BAHWAM B YC/IOBUAX, NPUOANMKEHHDBIX K apKTU-
YEeCKUM.

Bmecte ¢ Tem nonyyYeHHble pe3ynbTaTbl
NpeacTaBAAOT LEHHOCTb KaK MEeToAMYECKUM
npeueaeHT OUNONAPHOrO nepeHoca 3KONO-
TMYECKOM HUWIM W KaK MNepBMYHAA OLEHKa
macwtaba 3KOMOrMYEeCcKOro HecoOoTBETCTBUA
mexay nonspHbiMn H6accermHamu. Kaptbl HSI,
AononHeHHble MESS-mackon M KapTamMu He-
onpeaeneHHoCTU, MOryT UCMONb30BaTbCA ANA
NPUOPMTU3ALMM PANOHOB B C/y4ae nposese-
HWA 3KCNEePUMEHTA/IbHbIX PaboT: UMEHHO Npu-
6pekHble paiioHbl CeBepHOM 3emMnun, COXpPaHsa-
towme HeHynesor HSI gaxke K KOHLY CTONeTuUs,
npeacTaBnAloT HanmbonbluNIA TeopeTUYECKUN
NHTepec.

3akntoueHue

HacTtoAawee wuccnegosaHue ABnsaeTca nep-
BOW MOMbITKOM CUCTEMATUYECKOro aHcambne-
Boro SDM-moaennpoBaHmMA MOTEHLMUANIBHOIO
apeana aHTAaPKTMYECKOro BMAa B aKBATOPMAX
CeBepHoro JlepoButoro okeaHa. PesynbraThl
OEMOHCTPUPYIOT, YTO, HECMOTPA Ha MNOBEepX-
HOCTHOE CXOACTBO MOJIAPHbLIX YCAOBWUIM ABYX
noayLapuii, 3KoNOrnMYeckne NpPocTpaHcTea Ap-
KTUKK 1 paioHa KOxHon leoprum pasnunyatorca
NPUHUUNNANBHO, NPeXae BCero no CONEHOCTH,
TemnepaTtype U NPoOCTPAHCTBEHHOM CTPYKType
wenbda. Bmecte ¢ TeM BbIABNEHHbIE PANOHDbI C
OTHOCUTE/NIbHO NOBbIWEeHHbIM HSI — npubpex-
Hble BOAbl APKTUYECKMX apXMnenaros — nNoa-
TBEPXKOAOT rMNoTesy O 4YaCTUYHOM Nepekpbl-
BaHMM YCNI0BUI B Y3KUX LLIENbPOBbIX 30HAX, YTO
COrnacyeTca C KoHUenuuen bMNnoaapHoOro cxoa-
CTBA MONAPHbIX MOPCKUX 3KocucTem (Dunbar,
1968). MporHo3supyemoe NOTENNEHNE APKTU-

19



BakaHes C. B. [porHo3upoBaHue NoTeHUMaAbHOTo apeasa neasHon pbibbl Champsocephalus gunnari (Champsoseptalus
gunnari) 8 3anagHon Apktuke // NpuHumnbl skonormun. 2026. Ne 2. C. 4-25. DOI: 10.15393/j1.art.2026.17143

YeCKMX BO4, K KoHuy XXI B. BeZeT K napafoK-
canbHOMy 30deKTy: NOBbILEHWE TemnepaTy-
pbl, TEOPETUYECKN NpUbAMIKatoLLee yCNoBUA K
ontumymy C. gunnari (ot —1.8 go +2 °C), ogHo-
BPEMEHHO COMPOBOXAAETCS CABUramMM cosie-
HOCTW, KNCNOPOAHOIO PeXXMMa 1 BUOTUYECKON
CTPYKTYpPbl, KOTOPbIE B COBOKYMHOCTU CHUMXKAIOT
06y NPUrogHOCTb Cpeapl.

JanbHellwee pasBuTME [AHHOrO Hanpas-
NleHns TpebyeT pacwmpeHusa obyyarolen ob-

BECTHbIX nonynaumin C. gunnari, VHTerpauum
MEXaHUCTUYECKUX DU3UONOTMYECKUX MOAe-
nen, yyeta BUOTUYECKMX B3aUMOAENCTBUN WU
PAaCcCMOTPEHMA HECKONIbKMX  KAMMATUYECKUX
cueHapues. ToNbKO KOMMEKCHbIM Noaxoa,
06beaNHAOWMIA KOPPENALMOHHOE N MeXaHU-
CTUYECKOE MOAENMPOBAHUE C 3IKCMEPUMEH-
TaNbHbIMW AaHHbIMW MO GU3MONOTUN BUAA,
NO3BONUT NEPENTM OT T’MMNOTETUYECKUX OLLEHOK
K 060CHOBaHHbIM NPOrHO3aMm.

Nnactm Mmoaenn 3a CYET BK/KYeHUA BCEX U3-
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MACKEREL ICEFISH (CHAMPSOSEPTALUS
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Key words: Summary: The study theoretically assesses the environmental suitability of
Champsocephalus gunnari  the Arctic seas of Russia for potential introduction of the Antarctic icefish
mackerel icefish (Champsocephalus gunnari), a potential cold-water aquaculture species
species distribution with a unique physiology (lack of hemoglobin). Despite the external simi-
modelling larities of the polar conditions, a quantitative analysis of the transfer of an
ensemble modelling ecological niche between hemispheres has not been carried out previous-
biomod2 ly. Ensemble models of the distribution of the species (10 algorithms, the
bipolar transfer biomod2 package) were constructed with a projection on the water area
ecological niche of the Western Arctic (65-90°N, 0-120° E) for the modern period, 2050 and
introduction 2090, according to the SSP5 8.5 scenario. At that, we based on data on the
Western Arctic presence of the species near the island of South Georgia (1840 cells, 1986-
2023) and abiotic predictors (depth, oxygen, distance to shore, bottom
temperature, salinity. Results show that 98.9% of the Arctic area falls within
the extrapolation zone of the model (MESS < 0), niche overlap indices are
minimal (D =0.097; | =0.257). In modern conditions, the increased suitabil-
ity of the environment (HSI 0.6—0.8) is confined to the coastal shelves of
Arctic archipelagos. By 2090, zones with non-zero HSI remain only around
the Severnaya Zemlya with a marked decreased in values. The obtained
forecasts are hypothetical due to the narrow range of training data (South
Georgia only) and require expanding the sample to include all populations
of the species, integrating physiological models, and accounting for biotic
interactions.
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AJlekceil AleKkcaHAPOBHY

Kniouesble cnoBa: AHHoOTaumA: PaccmoTpeHa B3aMMOCBA3b MEXAY CTPECCOYCTOMYMBOCTbIO M KO-
NPOAO/KNUTENBHOCTb Nornyeckom agantaumen y 12 sMaos Apo30dua pasiMiHOro reorpadpumyecko-
KU3HU ro npoucxoxkaenus (D. ananassae, D. austrosaltans, D. biarmipes, D. erecta, D.
cTpeccoyctonumBoctb  kikkawai, D. melanogaster, D. pseudoobscura, D. saltans, D. simulans, D. virilis,
Apo3odunbl D. willistoni, D. yakuba). OueHuBanu ycTOM4MBOCTb CaML,OB U CAMOK K Caeayto-
reorpagpuryeckoe LWMM TUNaM cTpecca: ronogaHue, runeptepmus (35 °C), oKUCAUTeNbHbIN CcTpecc
pacnpocTpaHeHue M ocTpoe ramma-usnydyeHuve (864 p). O6HapyKeHbl 3HAUNTENIbHbIE MEXBUAO-
aganTauma Bbl€ Pa3/INYMA MO BCEM M3YYEHHbIM NapameTpam. BblaeneHo Tpu Knactepa Bu-

[l0B, Pa3NvyaloLLMXCA MO NaTTepHam cTpeccoycTonumsocTu. Bug D. virilis (yme-
peHHble 1 6opeasbHble WNPOTbI) NPOAEMOHCTPUPOBAJT MAKCUMAbHYIO YCTOM-
YMBOCTb K FrOIOAAHUNIO, TEMJTY U OKUCINTENIBHOMY CTPECCY, HO OKa3asca KpaiHe
YyBCTBUTENEH K paguaLmun. Buabl TPONMYECKOTO U CyOTPOMMYECKOTO MPOUCXOMNK-
aenus (D. ananassae, D. austrosaltans, D. erecta, D. kikkawai, D. pseudoobscura,
D. saltans, D. willistoni, D. yakuba) nokasanu cbanaHCMpOBaHYH YCTOMYMBOCTb
K cTpecc-pakTopaM M BbICOKYI paaMoycTomumsocTb. Buapl D. biarmipes,
D. melanogaster, D. simulans xapaKTepu30Ba/iUCb MOHUMKEHHOW TONEPaHTHO-
CTblO K Fr0/I0AAHUI0 U NapaKBaTy, 3aHMMan NMPOMENKYTOUYHOE NOMOKEHNE MeXKAY
ABYMA ApYyrMMK Knactepamu. MNonyyeHHble AaHHble CBUAETENbCTBYIOT O TOM,
4TO CTpaTernm CTPeccoycToMYMBOCTU Y AP030dUN HE YHUBEPCANbHbI, @ Npea-
CTaBNAT coboli cneunannsmpoBaHHble afanTUBHbIE KOMMAEKCbI, cGOpMUpPO-
BaHHble NOA, BNUAHUEM 3KON0ro-reorpadryeckmnx ycnoBumii UICTOPUYECKOro ape-
ana obuTaHuA BMAa. . .
© NeTpo3aBOACKMI rOCYAAPCTBEHHBIN YHUBEPCUTET

MonyueHa: 23 mapTta 2026 roga MopnucaHa K nevaTtn: 26 ntoHa 2026 roaa

BeBeaeHue ctBus. CTpecc-haKkTop MOXKHO OnpeaennTb Kak
No60M GaKTOpP OKpYrKatoLwen cpeabl, KOTOPbI
BbI3blBAaET MOTEHUMaNbHO HebnaronpuaTHoe
M3MEHeHWe B opraHusame uamM 6monornyeckomn

YT106bl BbIKWUTb B WU3MEHSAIOLWMXCA YC/NOBU-
AX OKPY’KaloLel cpeabl, *KMBOTHbIE AOKHbI
yMeTb pearnpoBaTb Ha CTpPeccoBble BO3AeM-
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cucteme (Lincoln et al., 1998; Rose et al., 1992).
JKONOrnMYecKme CTpeccopbl, KOTOPbIe MOTEHLMU-
aNbHO BAMAIOT HA CTPYKTYPY M GYHKLMKN SKOCK-
CTeM, B OCHOBHOM AenATca Ha abuotmyeckue
(TemnepaTypa, X004, KCEHOOMOTUKKU) U BUo-
TUYecKMe (naToreHbl, XMLWHWUKKU, MHBA3UBHbIE
BMAbl). ABMOTMYECKOE CTPECCOBOE COCTOAHME
ABNAETCA Pe3yNbTaToM (GU3MYECKOTrO WU XU-
MWYECKOro BO3AEWUCTBUA, KOTOPOMY MOXKET
noABepraTbCA OPraHM3M CO CTOPOHbI OKpYKa-
fowen cpeapl, TOraa Kak 6GMOTMYECKMn cTpecc
ABNSAETCA pe3yNbTaToM OMONOrMYeckoro BO3-
AENCTBUA, KOTOPOMY OPraHM3M MOXKET Nopa-
BEpraTbCcA B TeyeHne cBoen Xu3Hu (Gutha et
al., 2018; Przeslawski et al., 2015).

M3meHYMBOCTb CTpecc-3aBUCUMBbIX NPU3Ha-
KOB Y HaCEKOMbIX U APYrMX OPraHM3MOB LLUMPO-
KO M3y4YaeTca, NOCKOJ/IbKY OHa NIEKUT B OCHOBE
CNOCOBHOCTM HACEKOMbIX afanTUPOBATbCA M
NPOTUBOCTOATb NOCNEACTBUAM W3MEHAIOLLMX-
CA KAMMATMYECKUX YyC/oBUMI. Hanpumep, vy
AP030dUIbl BbICOKAs YCTOMYMBOCTb K BbICbI-
XaHUIO CBA3aHa C afanTaumMen K 3acyLMBbIM
MeCTOOOMTaHUAM, @ BbICOKAn YCTOMYMBOCTb K
Xono04y — € afanTtaumen K BbICOKMM LUIMPOTaM
(Hoffmann, Harshman, 1999). Ocobu mHormx
BMZOB 4acTO NepexkMBaloT Nepuoabl ronosa-
HWS MW BO3LENCTBUA HEOMNTMMAJIbHOTO paLy-
OHa, KaK cneacTeme, NOMOXKUTENbHbI OTOOP Ha
YCTOMUYMBOCTb K CTPECCy ro/fiofaHusa oXKuaaet-
€S B MECTHOCTAX, rAe Nulla, BEPOATHO, MeHee
obunbHa unn He Bcerga goctynHa (Ballard et
al., 2008).

B cBsi3M € 3TMM Lenb AaHHOM paboTbl cocTo-
A1a B U3y4eHMM B3aMMOCBA3N MEXKIY CTPecco-
YCTOMUYMBOCTbIO M 3KONOTMYECKOWN afanTaumen
y BUAOB A4p030dunn, ChOpMUPOBABLLMXCSA B pas-
HbIX YCNOBUAX 06UTaHMA.

Matepuansl

Buabl gposodpun

B 3KkcnepumeHTax ucnonb3oBaan ocobe
12 supmos poga Drosophila: D. ananassae,
D. austrosaltans, D. biarmipes, D. erecta,
D. kikkawai, D. melanogaster, D. pseudoobscura,
D. saltans, D. simulans, D. virilis, D. willistoni
n D. yakuba. IvHuM 6binn NpenocTaBAEHbI
B. MaabiweBbiM M3 [apBapAcKON MeanLUH-
cKow wKonbl (BocTtoH, CLLUA).

Ycnosusa copeprkaHua apo3odun

CBeXKeBblneTeBlIMX MMaro cobupanun ¢ no-
mouwbto CO, aHecTe3nu, COPTMPOBaN No Nosy
n paccaxknsanm no 30 ocobeir B NpobupKu
«Drosophila vial» («Genesee Scientific», CLUA),
noc/ne Yero Myx MnoMeLLan B KOHTPOIMpPYyeMble
YCNOBUA B KAMMATUYECKYl0 Kamepy «Binder»,

KBF720-ICH («Binder», lepmanHusa) ¢ Temnepa-
Typoi 25 °C, 12-4acoBbIM LMKAOM OCBELLEHUA
1 60 % BNa*KHOCTbIO B NpobMpKax obbemom 30
M/ C 5 Mn arapHoO-ApOXKKEBOM NUTaTEIbHOM
cpenon: arap — 7 r/n, caxap — 30 r/n, maHHas
kpyna — 30 r/n, apox>kn — 8 r/n (Ashburner et
al., 2005). B gaHHbIX YCNOBUAX MYyXU COAEPIKa-
JIUCb 0 MOMEHTA NOCTAHOBKM 3KCNEPUMEHTOB
Mo MU3y4YeHMUIO CTPECCOYCTONYMBOCTH.

MeToabl

AHanus cTpeccoycToiunBocTu

Ona OueHKKU CTpeccoycTomuymBocTn ocobel
pa3HbIX BUAOB Apo3odun K aencrsuio Hebna-
ronpuaTHbIX GaKkTopoB (rosogaHue, rmnepTep-
MMA, NPOOKCUOAHT NapaKeaT, ramma-msnyye-
Hue) 6panu myx B Bo3pacTe 5 cyTok no 120-150
ocoben Ha KaxAbll BapuMaHT 3KCMEpUMEHTa.
CaMoOK M CamMLOB aHA/IM3MPOBANM Pa3LEeNbHO.
Myx cogeprkanu B KOHTPOJIMPYEMbIX YCNOBU-
AX ¢ 12-4yacoBbIM UUKAOM ocBelleHna n 60 %
BNAXKHOCTbO. [loacyer ymcna ymeplwmnx Myx
nNpoBOAUAN OAMH (Nocne 06ayYeHuns) unum asa
(nocne apyrux Bo34enNCTBUIM) pasa B CYTKU. DKC-
NepMMeHTbl NPOBOAUAM B ABYX BUONOrMYecKnx
NMOBTOPHOCTAX NPU 061y4eHUn 1 B naTN buono-
rMYeCKMX NOBTOPHOCTAX MNPW BO3AENCTBUM ApY-
rmx ctpecc-¢pakTopoB. B paboTe npeacraBneHbl
06begMHEHHbIE AaHHbIE.

OnAa onpepeneHna ycTOMYMBOCTU K ronoga-
HUIO AP030P KM paccarknBaim B Npobupknc2 %
arapoBOM cpeaon U NOMELANN B TEPMOCTAT,
rae Noaaep’KMBaANCh CTaHAAPTHbIE YC/IOBUA U
Temnepatypa 25 °C. [1ns oueHKM yCTOMYMBOCTH
K NOBbILEHHON TemnepaType Myx COAeprKanmu
Ha CTAHZAPTHOW NUTaTeNbHOM cpese B TEPMO-
ctate npu 35 °C. 1nA OUEHKM YCTOMYMBOCTU K
AEUCTBUIO MPOOKCUAAHTA MapakBaTa Apo30-
dwnn paccarkmanm B NPobUpPKKU ¢ GUAbTPOBANb-
HoM Bymaroit, nponutaHHoi 300 MKA pacTBopa
napakBaTa («Methyl Viologen», Sigma, CLLA) B
KOoHUeHTpaunu 20 mmonb/n B 5% caxapose u
cogepxanu B TepmoctaTte npu 25 °C. lNMopa BO3-
AeNcTBMem cTpecc-GaKTopoB MyXM COAEpPIKa-
JINCb [0 KOHLLA YKU3HMU.

MNHTEHCMBHOCTb CTPECCOBbLIX YC/0BUN Bbl-
6Mpann Ha oOcHOBe CNOCOH6HOCTU BbI3blBaTb
rmbenb Myx B Te4EHUE HECKONbKUX CYTOK. Mpwn
CUNbHOM BO34ENCTBUM MyXM YMUPAIOT CAULL-
KOM ObICTPO, YTO CHMKAET TOYHOCTb onpese-
NneHna cmepTHocTU. TemnepaTypa 35 °C npea-
cTaBnsieT cobon GU3MONOrMYECKU 3HAUMMDbIN,
HO He /IeTa/ibHbI MOPOr, NPU KOTOPOM 3any-
CKAlOTCA BCE OCHOBHblE MEXaHMU3Mbl TepMO-
TONIEPAHTHOCTK, TOraa Kak Temnepatypa 37 °C
Aana aposodun Haxoautca 6AM3KO K NeTanb-
Homy nopory (Hoffmann et al., 2003). Coaep-
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aHMe MyX Npu 3TOK TemnepaType MNO3BOAA-
€T OLEHWUTb MX CNOCOBHOCTb K BbIXXMBAHMUIO B
YCNOBUAX HEMPEpPbIBHOrO TENI0BOro CTpecca.
Kpome TOro, Hawwu npeabiaylime mccaenosa-
HMA NoKa3aau, yto npu 35 °C Mmyxn MoryT Bbl-
MBaATb B TEYEHME HECKO/IbKMX CYTOK (Belyi et
al., 2020; Shaposhnikov et al., 2015), 4To cooT-
BeTcTBYeT TpeboBaHUAM B JAaHHOM UCC/ea0Ba-
HuK. MapakBaT ABNAETCA CTAaHAAPTHLIM UHAYK-
TOPOM XPOHUYECKOTO OKUCINTENbHOrO CTpecca
y apo3odun, oH XMMUYECKU CTabuneH B BO-
AHbIX PAacTBOpax B TEYEHWE OAUTENbHOrIO Bpe-
MeHU, 3G PEKTUBHO NPOHUKAET YEPE3 KYTUKYNY
N CTEHKY KuLlevyHuKa gpo3odun (Rzezniczak et
al., 2011), nsbupatenbHO HaKanN/IMBAETCA B MU-
TOXOHAPUAX, rAe 3anyCcKaeT MOLWHbIA U NOCTO-
AHHbIA UMK NPOU3BOACTBA aKTUBHbIX GOpm
kucnopoaa (A®K) (Fidan, 2026). Kpome ToOrO,
KOHUeHTpauua 20 mmonb/n co3pgaeT ycnosua
XPOHMYECKOr0o OKUC/IUTENbHOro CTpecca, npu
KOTOpom Ap030du/bl BbIXKMBAKOT B TeYeHue
AOCTAaTOYHOro BpeMeHU AN GUKCaLUM BbIXKK-
Baemoctu (Doran et al., 2017).

Mpn oueHKe pPaaMOPEe3UCTEHTHOCTU OMbIT-
HbIX MyX NoOABEpraanM OCTPOMY BO3AEMUCTBUIO
ramma-msnyyeHua B gose 864 Ip. Ona obny-
YeHMA MCMNo/Ib30BaN YCTaHOBKY «MccnepoBa-
Tenb» ¢ uctodyHnkom 137Cs. MowHOCTb A03bl
coctasuna 0.72 Mp/MWH, AANTENBHOCTb 3KCMO-
3nuum — 20 4. Ocobeint KOHTPOIbHOW rPynMbl CO-
OEPXKANN B TAKUX XKe YC/I0BUAX, KaK U OMNbITHbIX,
HO He noaBepraan obayyeHuto. NMocne oKoHYa-
HWA BO34ENCTBMA MyX NOMELLAAN B CTaHAAPT-
Hble ycnosua. ExxegHeBHO npoBoauMan noacyeT
yucna ymepmx myx. [lga pasa B Heaento 4po-
30pUN NEPEHOCUAIN HA CBENKYHO NMUTATE/IbHYHO
cpeay 6e3 HapKoTU3aUUK.

M3BecTHO, YTo go3a 1200 p 4na wmmaro
D. melanogaster TpagUUMOHHO paccmaTpuBa-
€TCA KaK 3HaueHue, 61mnskoe K J1so Npm ocTpom
obnyueHnn (Moskalev et al., 2015; Parashar et
al., 2008). OgHako ueneHanpas/eHHble AaH-
Hble 0 BapnabenbHOCTM 3TOro NoKasaTtens BO
Bcen rpynne 13 12 nccnegyembix Hamm BUA0B B
NMTepaType NpPakTUYeCcKn oTcyTcTBytoT. [o3To-
MY Mbl MCMO/Ib30BaIN BbICOKYO 03y, 613Ky
K J10s0, HO He cmepTenbHYyto — 864 p, KOTOpPYHO
NPUMEHSIOT ANA  U3YYeHUA pPaLNOYYyBCTBU-
TenbHocTn gposodun (Moskalev et al., 2015).
[aHHaAa go3a 06ayyeHna ans 60NbWMHCTBA UC-
CNnefoBaHHbIX BUAOB, FapaHTUPYET TAMKENbI,
HO He abCcoNtOTHO NeTanbHbIN PagMaLUOHHbIN
cTpecc, obecneymBaeT AOCTAaTOYHbIN AUHAMMU-
YecKMM AManasoH CMEPTHOCTU, YTO No3BoAAET
BbIABUTb TPaAMEHT PaAMOYYBCTBUTENBHOCTH
n3yyaembix BMAOB. Mcnonb3oBaHue e [03bl
1200 lNp morno co3gaTb PUCK NPAKTUYECKU NOJ-

HOW rMbenn paamModyBCTBUTE/IbHLIX BUAOB Ha
PaHHUX CPOKaXx.

CraTtucTnyeckana o6paboTka AaHHbIX

Mo nony4YeHHbIM AAHHBIM CTPOUAU KPUBbIE
BbI)XKMBAEMOCTM M PACCUYUTbIBANU MELMUAHHYIO
BbIXKMBAeMOCTb, Bo3pact 90 % cmepTHOCTW.
[ns OUEHKM CTaTUCTUYECKOM 3HAYMMOCTHM pas-
JIMYUIA NO CTPECCOYCTOMYMBOCTM MPUMEHANU
HenapameTpuyeckne MeToabl, T.K. 3TU MOKa-
3aTeNM He NOAYMHAITCA HOPMaNbHOMY 3a-
KOHy pacnpeaenenusa (Faspwunos, aBpuaOBa,
1991). Ansa OUEHKKU pas3nnMuuii No meanmaHHOM
BbIXKMBAEMOCTM NMPUMEHANU KpuTepuin fexaHa
— bpecnoy — BunkokcoHa (Breslow, 1970). Kpu-
Tepun Kpackena — Yonnuca ¢ nocaenytowmm
nonapHbIM CpaBHEHMEeM Mo KpuTeputo MaH-
Ha — YWTHM MCNONb30BaNCA ONA CPABHEHUA
MeANAHHOro BpeMeHM YCTOMYMBOCTU BUAOB K
aencteuto ctpecc-¢aktopos. [na BblaeneHua
O4HOPOAHbIX rpynn ob6beKkToB H6blNa NpoBeae-
Ha Mepapxuyeckas Knactepmsauma B Nporpam-
me RStudio. PacyeT meKO6beKTHbIX pas3nnynii
OCYLLECTBNIAZIN Ha OCHOBE €BK/NAO0BA PacCTo-
AHUA, 0bbeanHeHMe O0ODBEeKTOB B KaacTepbl
nposoamnn metogom Yopaa (Ward’s method).
CpaBHeHMe NONyYeHHbIX KNacTepoB MO KOMu-
4YeCTBEHHbIM NpPM3HAKaM BbIMOAHANN C MOMO-
Wbl HenapameTpuyeckoro Kputepusa Kpacke-
na—Yonnuca. CTaTUCTUYECKM 3HAUYMMbIMWN CUK-
Taau pasnnuma npu yposHe p < 0.05. CtatmucTu-
4YeCKUM aHann3 1 rpadmyeckoe npeacTaBneHme
AAHHbBIX BbINOJHANM C MOMOLLBID NPOrpamm
TIBCO Statistica 13.3 (TIBCO Software, CLUA),
Microsoft Excel («Microsoft», CLLA).

Pe3ynbTatbl

AHanu3 AaHHbIX BbIXXMBAEMOCTU C MOMO-
Wbt HenapaMeTpUyecKoro AMCnepcUoHHOro
aHanu3a Kpackena —Yonauca nokasan, uto usy-
YeHHble HaMW BMAbI AP030DM OTNIMYAOTCA NO
YCTOMUYMBOCTU K pa3HbIiM cTpecc-dpaKkTopam (p <
0.0001). AnoctepropHoe NnonapHoe cpaBHeHME
nokasano, 4To Hambosiee yCcTOMUMBDI K rosioaa-
HUIO Bbln ocobu Buaos D. virilis n D. saltans,
a Haubonee 4yBCTBUTENbHbLIMM K JAHHOMY
BMAY CTpecca OKasanucb ocobu D. erecta, D.
biarmipes wn D. kikkawai (pwnc. 1). Mpn oKuc-
NUTeNbHOM cTpecce Haubosbluer yCTONYMBO-
CcTbto 0bnapganu ocobu D. virilis n D. saltans, a
HaumeHblel — D. melanogaster, D. yakuba u
D. kikkawai (puc. 2). Hanbonblyo yctonym-
BOCTb K rmneptepmum umenun ocobu D. virilis n
D. melanogaster, a HaumeHbluyto — D. kikkawai,
D. pseudoobscura v D. erecta (pwuc.3). Hau-
bonee ycTOMUMBBIMU K TPEM M3 YeTbIpex U3-
YYEHHbIX cTpecc-paKTopoB (rosogaHuto, ru-
nepTepMmnKN U OKUCIUTENBHOMY CTpeccy) bbian
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ponroxusywme ocobu D. virilis v D. saltans, a
HaumeHee yctonumsbiMu — D. kikkawai, xapak-
Tepu3yrLwmeca HU3KOM NPOAOIHKUTENbHOCTbIO
U3HU. B TO Ke Bpema JoNroxumeyLmMe ocobu
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Puc. 1. BansiHue rofiogaHuma Ha BbIXKMBAEMOCTb camLoB (A, B) n camok (B, ') pasHbix BUgoB poga Drosophila.
(A, B) — KpuBble BbixkmBaemocTtu (Kaplan — Meier); (B, I') — anarpammsl pasmaxa, oTobpaskatolme meamnaHy,
MHTEPKBAPTU/bHbINA pa3max M KpaiHue 3HavyeHua. CpaBHeHME AMarpamm pa3maxa NpoBOAUAN C UCNONb30-
BaHMeM Kputepua Kpackena — Yonnuca ¢ noc/ieayrolimMmm anocTepuopHbIMM NMonapHbIMU CpaBHEHUAMM NO
MaHHy — YuTHu. MpeactasneHbl 06beAnHEHHbIE AaHHble NATU BMONOrMYECKUX NOBTOPHOCTEN

Fig. 1. Effect of starvation on the survival of males (A, B) and females (B, I') of different Drosophila species.
(A, B) —survival curves (Kaplan — Meier); (B, I') — boxplots showing the median, interquartile range, and
extreme values. Comparison of box plots was performed using the Kruskal — Wallis test, followed by post
hoc pairwise comparisons using the Mann — Whitney U test. Pooled data from five biological replicates are
presented
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Puc. 2. BansaHMe NnpooKcuaaHTa napaksaTa Ha BbIXKMBAeMOCTb camuoB (A, B) n camok (B, ') pa3Hbix BUAOB
poaa Drosophila. (A, B) — KpuBble BbixkMBaemocTtu (Kaplan — Meier); (B, I') — anarpammbl pasmaxa, oTobpaxka-
oWwmMe meanaHy, MHTEPKBAPTUAbHbIM pa3max U KpaliHue 3HadeHus. CpaBHeHMe guarpamm pasmaxa nposo-
AWM C UCNOoNIb30BaHMEM KpuTepua Kpackena — ¢ Nnocaeayowmmm anocTepUopPHbIMM MNOMNapHbIMKU CPaBHEH K-
AMKU No MaHHy — YUTHW. MNpeacTaBneHbl 06begMHeHHbIe AaHHble NATU 6MON0rMYEeCcKUX MOBTOPHOCTEMN

Fig. 2. Effect of the prooxidant paraquat on the survival of males (A, B) and females (B, I') of different species
of the genus Drosophila. (A, B) — survival curves (Kaplan — Meier); (B, I') — box plots showing the median,
interquartile range, and extreme values. Comparison of box plots was performed using the Kruskal — Wallis
test, followed by post hoc pairwise comparisons using the Mann — Whitney U test. Pooled data from five bio-

logical replicates are presented
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Puc. 3. BansiHue runeptepMmnn Ha BbiXKMBaemMoCTb camuoB (A, B) u camok (B, I') pa3Hbix BUAOB poaa
Drosophila. (A, B) — KpuBble BbixkuBaemocTu (Kaplan — Meier); (B, ') — guarpammsbl pazmaxa, oTobparkatouime
MeZMaHy, MHTEPKBAPTUIbHbIN padmax U KpalHUe 3HavyeHusA. CpaBHeHWeE AnarpaMm pasmaxa NpoBOAUIM
C ucnonb3oBaHMeM KpuTepus Kpackena — Yonauca ¢ nocneyowmMmmn anocTepruopHbIMU MONapHbIMK
CpaBHEHUAMM No MaHHyY — YUTHU. NpeacTaBneHbl 06begMHeHHbIe AaHHble NATU BUOOTMYECKUX
NOBTOPHOCTEN

Fig. 3. Effect of hyperthermia on the survival of males (A, B) and females (B, I') of different species of
the genus Drosophila. (A, B) — survival curves (Kaplan — Meier); (B, ') — box plots showing the median,
interquartile range, and extreme values. Comparison of box plots was performed using the Kruskal — Wallis
test, followed by post hoc pairwise comparisons using the Mann — Whitney U test. Pooled data from five
biological replicates are presented
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Puc. 4. Bananue y-usnyyenus (864 p) Ha BbIxkMBaemocTb camuos (A, B, 1) u camok (b, T, E) pa3Hbix BMAo0B
poaa Drosophila. (A, B) — KpuBblie BbixknBaemocTu (Kaplan — Meier); (B, IN)
nocne obnyyenus; (4, E) — anarpammbl pasmaxa, otobpaxkatoLime megmaHy, MHTEPKBAPTUIbHbIN pa3max U
KpaliHue 3HayeHus. MpeactaBsieHbl 06beANHEHHbIEe aHHble ABYX OMO/I0rMYecknx NoBTopHocTen. MNaaHKkm
norpelwHocTen — owmnbka meamaHbl. *** p < 0.0001 — no Kputeputio lexaHa — bpecnoy — BUNKOKcoHa

Fig. 4. Effect of B-irradiation (864 Gy) on the survival of males (A, B, 1) and females (B, I, E) of different spe-
cies of the genus Drosophila. (A, B) — survival curves (Kaplan — Meier); (B, ') — relative survival after irradia-

tion; (A, E)

— OTHOCUTE/IbHAA BbIXKUBAEMOCTb

— box plots showing the median, interquartile range, and extreme values. Pooled data from two

biological replicates are presented. Error bars — error of the median. *** p < 0.0001 — according to the Gehan

— Breslow — Wilcoxon test
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WNepapxunyeckas Knactepmsauyma (metog Yop-
A3, EBKINA0BO PACCTOAHME) NO YETbIPEM CTaH-
[ApPTU30BaHHbIM MOKa3aTenAm CTPeccoycTon-
YMBOCTW, YCPEAHEHHbIM ANA KaXAoro BMAA
no nosy, BblAiBUAA TpW rpynnbl BUA0B (Tabn.
1, puc. 5A). Knactep 1 o6beanHmnn Bocemb BU-
pos (D. ananassae, D. austrosaltans, D. erecta,
D. kikkawai, D. pseudoobscura, D. saltans,
D. willistoni, D. yakuba), knactep 2 — Tpu BUAa
(D. biarmipes, D. melanogaster, D. simulans),
a Knactep 3 coctoAn U3 eANHCTBEHHOro BUAA
D. virilis. CpegHAs WMpUHa CUNY3Ta COCTaBMAA
0.27, 4TO yKasblBaeT Ha HajaAuyMe CTPYKTYypbl

C YMepeHHbIM nepekpbiTmem rpynn. NHaekc
KanuHcku — Xapabaca (20.9) v BbicOKas Kone-
HeTuyeckasa Koppensaums (r = 0.93-0.95) noa-
TBEPKAAOT, YTO AeHAPOrpamMma ageKBaTHO OT-
pa*KaeT MaTpuLy NonapHbIX cxoacTB. TennoBan
KapTa CTaHAAPTM3MPOBAHHbIX 3HAYeHUI (pwuc.
5B) HarnaaHO AeMOHCTPUPYET, YTO APO30PUIbI
N3 Knactepa 3 xapaKTepusyroTcs Hanbonee Bbli-
COKMMM NOKaszaTenaMm yCTOMYMBOCTU K roNo-
AAHWIO, OEeUCTBUIO MPOOKCHMAAHTA MNapakBaTa
U rmnepTepMmmMm U O4HOBPEMEHHO MUHUMAb-
HOWM YCTOMYMBOCTbIO K 06/1y4eHMI0.

Tabnunua 1. CpaBHUTE/IbHbLIN aHaIN3 BbIXXMBAEMOCTU ABeHaauaTV Buaos Drosophila B ycnosuax yeTbipex
TUMNOB CTPECCOPHOro BO3AenCTBUA

fonopaHne MapakeaTt Mneptepmua O61y4eHune
Camupl
50%, 90%, 50%, 90%, 50%, 90%, 50%, 90%,
4 Y 4 Y 4 4 % %
D. virilis 139 185 D. virilis 96 164 D. virilis 163 228 D.simulans 64 58
D. saltans 72 96 D. saltans 65 89 D. 89 96 D. biarmipes 55 51
melanogaster
D. ananassae 65 89 D.ananassae 48 65 D. saltans 72 96 D. kikkawai 52 64
D. . . . D.
austrosaltans 65 72 D.simulans 41 89 D. biarmipes 65 89 austrosaltans 50 36
D. - . D.
melanogaster 65 72 D. willistoni 41 89 D.ananassae 48 72 melanogaster 48 48
D. willistoni 65 65 D. 41 65 D.simulans 48 72 D.ananassae 45 38
austrosaltans
D. simulans 48 72 D. biarmipes 41 65 D. 41 89 D.erecta 43 38
austrosaltans
D. yakuba 41 89 D.erecta 41 65 D. yakuba 41 65 D. willistoni 43 37
D. erecta 41 48 D. 41 48 D. willistoni 41 48 D. yakuba 40 36
pseudoobscura
D. kikkawai 41 48 D. kikkawai 24 48 D. erecta 41 41 D. 38 45
pseudoobscura
D. D. . .
pseudoobscura 41 65 melanogaster 17 24 D. kikkawai 17 41 D.saltans 36 37
. . D. e
D. biarmipes 24 48 D. yakuba 17 24 pseudoobscura 17 41  D.virilis 5 7
CamKku
lonopaHune Napaksar Mneptepmua 0O6ny4yeHune
50%, 90%, 50%, 90%, 50%, 90%, 50%, 90%,
Y Y 4 4 Y 4 % %
D. virilis 163 207 D. virilis 140 188 D. virilis 180 228 D.simulans 91 76
D. ananassae 89 113 D. ananassae 65 89 D. 113 139 D. 83 68
melanogaster melanogaster
D. 89 96 D.saltans 65 89 D. saltans 72 96 D. biarmipes 79 72
austrosaltans
D. saltans 89 96 D.simulans 48 96 D. biarmipes 65 89 D. 68 60
austrosaltans
D. yakuba 72 113 D. 48 72 D.ananassae 65 72 D.yakuba 68 55
austrosaltans
. . D. - .
D. erecta 72 89 D. biarmipes 41 89 austrosaltans 65 72 D. willistoni 67 63
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Tabnnua 1. MpogonkeHne

fonopaHne MapaksaTt Mneptepmuma Ob6nyyeHune

Camku

50%, 90%,
Y %

50%, 90%,
Y %

50%, 90%,
Y %

50%, 90%,
y %

D. 65 113 D. kikkawai 41 89 D.simulans 48 89 D. kikkawai 65 64
melanogaster

D. simulans 65 113 D. willistoni 41 89 D. willistoni 48 65 D. saltans 55 67
D. willistoni 65 113 D. yakuba 41 89 D. yakuba 41 65 D.ananassae 54 59
D. kikkawai 48 72 D.erecta 41 72 D.erecta 41 48 D. 46 58

pseudoobscura

D. D. . .

pseudoobscura 65 pseudoobscura 41 48 D. kikkawai 17 41 D. erecta 43 46

. . D. D. e

D. biarmipes 41 48 melanogaster 17 24 pseudoobscura 17 41  D.virilis 4 6

MpumeyaHue. 50 %, 4 90 %, 4 — Bpema rnbenn 50 % BbIGOPKM N Bpemsa rmbenn 90 % BbIGOPKN COOTBET-
CTBEHHO. 50 %, % 90 %, % — OTHOCUTENbHAA BbI*KMBAEMOCTb (MPOLIEHT OT KOHTPO/IA) A1A 06/1yYeHHbIX
ocobeli, paccuntaHHas no meanaHHomy (50 %) u makcumanbHomy (90 %) BpemeHM BbixKMBaemocTu. OT-
HOCUTENbHAA BbIXKMBAEMOCTb (%) = (KONNMYECTBO BbIXKMUBLLMX B OMbITe / KONMYECTBO BbIXKUBLUUX B KOHTPO-

ne) x 100 %.

MeXKKnacTepHble pas/inynAa no  Kaxkaomy
NoKa3aTento oLEeHMBANM C MOMOLLBIO KpUTEpPUA
Kpackena—Yonnuca. CtaTUCTUYECKM 3HAUUMDblE
pa3nuumna obHapyKeHbl TONbKO ANA YCTOMYM-
BOCTU K 06nyueHunto: x> =7.62,df =2, p=0.022,
pa3mep adpdekTta €2 = 0.62 (cMnbHbIN 3PPeEKT).
Ona rmneptepmumn Habnoganacb TeHAEHUMA
(x* = 4.81, p = 0.090, €2 = 0.31), Toraa Kak no
roONI00AHUI0 N OKUCIUTENIbHOMY CTpeccy Kia-
CTepbl A4OCTOBEPHO He pasaunyanucb (p = 0.22
n p = 0.25 cooTBETCTBEHHO). ANOCTEPMOPHbIN
TecT JJaHHa ¢ nonpasBKon BoHpeppoHM BbiABUA
3HauUMmoe pasnnyme no obayvyeHuto TONIbKO
Mexay Knactepamu 2 u 3 (Z = 2.40, CKOppeKTU-
poBaHHoe p = 0.049); pasnnume mexay Knacre-
pamn 1 1 2 66110 61M3KO K MOPOry 3HAYMMOCTH
(Z = -2.25, ckoppekTnpoBaHHoe p = 0.073, He-
CKoppeKTupoBaHHoe p = 0.024), ogHako nocne
KOHCEpPBATMBHOWM NOMPaBKN He JOCTUI/IO YPOB-
HA o = 0.05.

AHann3 T[NABHbIX KOMMOHEHT NO YeTbl-
pem CTaHOapPTM30BaHHbIM CpegHUM MO noay
noaTBEPANN  CTPYKTYPUPOBAHHOCTb  AAHHbIX
(puc. 5B) 1 nokasblBaeT, YTO [MABHbIN BEKTOP
MEXKBUAOBbIX PA3/IMunIA CBA3AH C HanaHcom
MKy YCTOMYMBOCTbIO K OKWUCAUTENbHbIM [
MeTaboinyeckMm cTpeccam M yCTOMUYMBOCTbIO
K MOHM3Mpylowemy mnsnyyeHuto. lNepsas rnas-
Haa komnoHeHTa (PC1) 06bAcHMNA 81 % 06Lwei
aucnepcun M npeactasnana coboi KoHTpact
MeXAy YCTOMYMBOCTbIO K FO/I0AAHUIO, MapakK-
BaTy W runepTepMmum (oTpuuaTesbHble Harpys-
K1) N YCTOMYMBOCTbIO K 06/1y4eHMto (Nonoxu-
TeNbHan Harpyska). Bropaa komnoHeHTa (PC2)
pobasuna 13 % pucnepcum n onpegenanacb

rnaBHbIM 06pPa3omM YCTOMYMBOCTbIO K rumnep-
Tepmum n obnyyeHuto (obe ¢ oTpuLaTeNbHbI-
MW Harpyskamu). B cOBOKYNHOCTW nepBble ABe
KOMMNOHEHTbI onucann 94 % W3MEeHYUBOCTH,
4YTO NO3BONAET YBEPEHHO MHTEpPNpPeTupoBaTb
ABYMEpPHbIM 6unnoT. Buabl Tpex Knactepos
xopowo pasgenuancb sgonb PCL: D. virilis 3a-
HAN KpaliHee neBoe NONOXKEHME, COOTBETCTBY-
tOLLEE BbICOKMM 3HAYEHMAM MeTabonnyYecKnx
CTPECCOPOB U HU3KOM PaANOpPE3UCTEHTHOCTY;
Knactep 1 pacnonoxXunca B LeHTpanbHON 06-
NacTn, a Knacrtep 2 cmectuaca npasee. [lose-
putenbHble annuncel (68 %) ana knactepos 1
M3 He MepeKkpbIBaNUCb, Knactep 2 3aHUman
NPOMEXKYTOYHOE MOJI0XKEHME, YaCTUYHO nepe-
cekascb ¢ knactepom 1 (puc. 5B).

Cpeam Tpex BblAeNeHHbIX Knactepos Hanbo-
Nnee cbaNaHCMpPOBAHHbIM NpoduUIEM CTPeccoy-
cTonumBocTM 061aaan Knactep 1, BKAoYatoLwmii
BoceMb BMAOB (D. ananassae, D. austrosaltans,
D. erecta, D. kikkawai, D. pseudoobscura,
D. saltans, D. willistoni, D. yakuba). Ha PCA-
6MnNnoTe OH 3aHMMan LLEeHTPA/SIbHOE MNONOoXKe-
HWe, a Ha Ten/IoBOM KapTe XapaKTepu3oBascA
YMEPEHHbIMU CTaHAAPTU3UPOBAHHLIMU  3Ha-
YeHMAMM BCEX YeTblpex nokasartenen (puc. 5B,
B). OnA HUX XapaKTepHbl yMepeHHble 3HaYeHuA
BbIXXMBAEMOCTU MpPU FONI0AAHUM U TunepTep-
MU, MPU 3TOM OTYETAMBO NPOABAAETCA NONO-
BOM AMMOpPU3M B YCTOMUYMBOCTU: CaMKM, KaK
npaBsmMa0, NPEeBOCXOAAT CaMUOB MO BPEMEHMU
BbI)XMBAEMOCTU BO BCEX CTPECCOBbLIX TeCTax.
OCHOBHOW OT/INYUTENIBHOM  YepTOMr rpynnbl
ABNAETCA BbICOKMIA YPOBEHb PAAMOYCTONYK-
BOCTU. Bce 3TO no3BonAeT oxapaKTepu3oBaTb
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Knactep 1 KaKk rpynny ¢ reHepasn3oBaHHOW,
cbanaHCMpPOBaAHHOM YCTOMYMBOCTbIO K LUMPO-
KOMY CMEeKTPY CTPECCOPOB C aKLLEHTOM Ha pe-
3UCTEHTHOCTb K FEHOTOKCUMYECKUM MOBpEXKAe-
HUAM. B oTanumne ot Hero knactep 3 (D. virilis)
[EMOHCTPUPOBA/ APKO BbIpaXKeHHbIN trade-
off: MakcMmanbHble 3Ha4YeHUA BbIXKMBAEMOCTH
B YCNOBUAX rONI0AAHUA, BO3AENCTBUA MNapak-
BaTa M rMNEepPTepMUM COYETaZIMCb C BbICOKOWM
PaANOYYBCTBUTENIBHOCTBIO  (BbIXKMBAEMOCTb
nocne Bo3aencTBma HMxe 7 % gna obomx no-
nos, Tabn. 1). 31o sblaenset D. virilis B 060o-
COBNEHHYIO Trpynny, CNeunanmsanpoBaHHy0 K
MeTabo/IMYecKMM U Ten10BOMY CTPeccam, HO
KpanHe YyBCTBUTE/IbHYIO K FEHOTOKCUYECKOMY
BO34eNcTBUIO. Knactep 2, BKAOYAOLWMI Takue
BMAbl, Kak D. biarmipes, D. melanogaster, D.
simulans, 6bln CMeleH B CTOPOHY MOHMUMKEH-
HOM TONEPaAHTHOCTM K ro/I0AaHUIO U NapaKBeary,
3aHMMaA No 3TUM MOKa3aTeNAM NPOMENKYTOY-
HOe MO/IOXKEHWE MeXAYy ABYMA APYrMMU Kna-
ctepamu. Takmm obpasom, Knactep 1 MOXKHO
paccMmaTpuBaTb KaK rpynny BMAOB C «reHepa-
JIN30BaHHOM» YMEPEHHOM CTpecc-peaKkumen,
TOrAa Kak ABa Apyrux Knacrepa npoasaawoT no-
NAPU30BaHHbIEe aanTUBHbIE CTPATENNMU.

Takum obpasom, pacnpeseneHue BUAOB ae-
MOHCTPUPYET OTCYTCTBUE €AUHON YHMUBEPCA/Ib-
HOM CTpaTernu cTpecc-ycToM4YmBOCTU: BbICOKanA
TONEPAHTHOCTb K 0AHMM PaKTOpaM MOXKET Co-
YyeTaTbCA C YA3SBMMOCTbIO K APYIMM, @ Pa3nnyms
B YCTOMUYMBOCTM MEXAY BUAAMM YacTo NpeBsbi-
LLAOT MONI0BbIE PA3/INYMA BHYTPU O4HOIO BUAA.

O6cyxpeHue

B HactoAwem wuccnegoBaHUM Mbl U3y4uM-
1N pas3nnMuma B CTPECCOYCTOMYMBOCTU ocobel
12 BupmoB popa Drosophila (D. ananassae,
D. austrosaltans, D. biarmipes, D. erecta,
D. kikkawai, D. melanogaster, D. pseudoobscura,
D. saltans, D. simulans, D. virilis, D. willistoni v
D. yakuba), KoTopble 3BONOLMOHHO chHOpMU-
POBa/INCb B pa3HbIX yC0BMAX 0buTaHuA. MNpo-
BEAEHHbIM aHa/N3 BbI’KMBAEMOCTU MO3BONN
pacnpenenntb 3TM 12 BUA0B NO Tpem KaacTe-
pam, Pa3IMYAOLWLMMCA NO YPOBHIO N NpoduIto
YCTOMYMBOCTU K McCCnegoBaHHbIM (paKkTopam.
BbiABNEeHHasA Knactepusauma CAyKUT OCHOBOM
ANA 06CyKAEHNA BO3MOXKHbIX 9KONOro-reorpa-
¢unyeckmx ¢akTopos, 00yCNOBAMBAOLWMX 3TU
pasnnums.

Kak 6bl10 NoOKa3aHO paHee, YCTOMYUBOCTb
Drosophila kK MHOXecTBeHHbIM HebnaronpuAT-
HbIM PpaKkTopam cpeabl (MyNbTUNNEKCHAA CTpeC-
COYCTOMYMBOCTb) AEMOHCTPUPYET BbIPAXKEH-
HYIO WWMPOTHYO M3MeH4YMBOCTb (Sisodia, Singh,
2010). ApKUM NPUMEPOM CAYXKAT CeBEPHbIe

nonynaumn D. melanogaster, nposasnfawowmne
NOBbILEHHYIO PE3UCTEHTHOCTb K FOJI0AAHMUIO,
xonopy v xape. PopmnpoBaHmMe 3TUX NPU3Ha-
KOB CBA3aHO C 06MTAHMEM B BbICOKUX LUMPOTAX,
ANA KOTOPbIX XapaKTepHbl 3KCTPeMabHble ce-
30HHbIE M CYTOYHble Mepenagbl Temnepatyp,
a TaKKe cu/bHble rogoBble KonebaHus ¢oTo-
nepuoaa, KOHTpacTupylowme co cTabunbHbI-
MK ycnosuamm cybTponumkos (Overgaard et al.,
2011; Tyukmaeva et al., 2015).

[aHHana 3aKOHOMEpPHOCTb NPOCNEXKNBaEeTCA
M Ha MeXBMAOBOM ypoBHe. PacnpepeneHue
BuaoB Drosophila no knmmatnyeckum 3oHam
OTpakaeT 3JKONOTMYECKoe pasrpaHUYeHue,
KNHOYEBbIMU  KPUTEPUAMM KOTOPOTO CAyXKaT
TEPMOYCTOMUYMBOCTb, YCTOMYMBOCTb K BbICbI-
XaHuO U ¢doTonepuogmyeckme agantauum
(tabn. 2).

Tak, Tponuyeckme Buabl (Hanpumep,
D. ananassae, D. erecta, D. yakuba, D. willistoni)
06134at0T BbICOKOW TEPMOYCTOMUYMBOCTbIO NPU
NMOHUXEHHOW XON0A4OCTOMKOCTU. Buabl ke
yMepeHHOoro u 6HopeasnbHOro noscos (Takue
Kak D. virilis, D. pseudoobscura) otnnyatot-
CA  MWCKNIOYUTENIbHOM  XON040YCTONYMBOCTHIO
M cnocobHOCTbIO BNaaaTb B AManay3y B OTBET
Ha u3meHeHue doTonepuoga, 4YTo ABAAETCA
HeobXxoAUMbIM YyCI0BMEM BbIXKMBAHUA B ce-
30HHO M3MEHYMBbIX YC/NIOBUAX BbICOKMX LUMK-
pot (Hoikkala, Poikela, 2022; Kellermann et al.,
2012). HecmoTpsA Ha TO, YTO BbICOKaA TEPMOY-
CTOMYMBOCTb PeAKo pa3BMBanachb y aposodun,
BMAbI rpynnoi virilis (D. virilis 8 Tom yncne) ago-
NIIOUMOHHO Pa3BUIN XOPOLLYIO TEPMOYCTOMYU-
BOCTb, KOTOpasA Bbllle CpeaHen Apyrnx BUO0B
(Kellermann et al., 2012). Habnopaemblie 3a-
KOHOMEPHOCTWN AEMOHCTPUPYIOT, YTO TeMnepa-
Typa ABNAETCA O4HUM U3 OCHOBHbIX PaKTOPOB,
BAMAIOLLMX Ha NOKasaTenum npucnocobneHHo-
ctn y D. melanogaster (Hoffmann et al., 2005;
Kristensen et al., 2008; Kristensen et al., 2003).
310 MoXeT bbiTb 06yCN10BNEHO B3aMMOCBA3bHO
Temnepatypbl C TakMM GyHOAMEHTA/IbHbIM
d13MON0rNMYeCcKMM acCnekTOM, Kak CKOPOCTb OC-
HOBHOro obmeHa Beuwects (Mathur, Schmidt,
2017).

YCTOMUYMBOCTb K BbICbIXaHUIO M FON043HUIO
TaKXe 3HauUTe/IbHO pPas3M4YaeTca y pPasHbIX
BuaoB Drosophila. XoTa He BblfBAEHO yeT-
KMX 3aKOHOMEpPHOCTeM 3HAEMMU3MA, B LLE/IOM
Buabl Drosophila ymepeHHoro knmmaTa 6onee
YCTOMYMBbI K BbICbIXAHWUIO, YeM TpPOMUYecKme
(Hoffmann, Harshman, 1999; Parkash et al.,
2014; Ramniwas, Kajla, 2012), a nycTblHHble
(kakTycodumnbHbIE) BUADBI Nyylle npucnocobne-
Hbl K 06€3BOXMBaHWIO, YEM BUAbI CPEAHUX LUK-
poT (Gibbs et al., 1997; Gibbs, Matzkin, 2001).
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Tabnuua 2. PacnpocTpaHeHne nsy4yaembix BUA0B Ap030du Mo KAMMATUYECKMM NoAcam

KnumaTtmnyeckui

noAac Bua,

CcblnKkun

Tponuyeckunin akBa-
TopuanbHbIn (0-10°

c.w./io.uw., 6onbwoe D. ananassae, D. erecta, D. yakuba, D. willistoni

KO/IMYEeCTBO ocaa-
KOB)

(Coutinho-Silva et
al., 2017; Das et al.,
2004; Linz et al.,
2013; Llopart et al.,
2005)

Tponuyeckuii u cyo-
Tponuyeckuii (nepe-
XoAHbIn) (10-30°

c.w./io.w., nepe- ter

D. ananassae, D. kikkawai, D. simulans, D. melanogas-

(Chahal et al., 2013;
Lachaise, Silvain,

2004)

MEeHHOe KONNYecTBo
0Ca/iKoB)
CybTponuyeckuii n
yMepeHHbIi (nepe- (Grimaldi, 2024;
XOAHbIM) (30-45° ; ise, Silvain

D. melanogaster, D. simulans, D. pseudoobscura Lachaise, Silvain,
c.w./1o.1., ymepeH- 2004)

HOe KO/IMYecTBo
0ocagKos)

YMmepeHHbI (45-55°
C.L., BbIpa*keHHas

(Grimaldi, 2024; Hoik-

D. virilis, D. melanogaster (introduced), D. pseudoobscu- kala, Poikela, 2022;

ra Lachaise, Silvain,
CEe30HHOCTb) 2004)
BopeanbHbili (55— (Grimaldi, 2024;
70° c.w., xonoaHbie D. virilis, D. pseudoobscura (montane populations) Hoikkala, Poikela,
3UMbl) 2022)

HeoTponuueckui

(BnaskHble Tponukuy, D. saltans, D. austrosaltans, D. willistoni

Amepuka)

(Mardiros et al., 2016;
Prediger et al., 2024)

TponuyeckmMe BUAbI B LLE/IOM TaKXe MeHee
YCTOMYMBBI K FO/IOAAHUIO NMPU BbICOKOW Bapu-
abunbHOCTU BpemeHu BbixknBaHus (npu 25 °C)
ot 171 u (D. buzzatii) po Bcero nuwb 25 4 (D.
sechellia) (Hoffmann, Harshman, 1999). PaHee
6bl/10 YCTAaHOBNEHO, YTO CYLLECTBYET MOJIOXKMU-
TENIbHAA KOppenauMa Mexay CoAeprKaHuem
nmnuaos B opraHuame Drosophila u ycTon-
YMBOCTbIO K pAay cTpecc-paKTOpOB, BKAKOYAA
HU3KME TemMnepaTypbl OKpyXKalowen cpeqbl
(Cossins et al., 2002; Hoffmann et al., 2001), He-
poctaTok nuuwm (Ballard et al., 2008; Hoffmann,
Harshman, 1999) n gedounumnt Bogpbl (Parkash et
al., 2008; Parkash, Ranga, 2013; Sisodia, Singh,
2012).

NHTepecHo, YTo Y MHOTUX MOAENbHbIX Opra-
HM3MOB, TaKUX KaK HEMATOAbl, MyX1 U MbILLN,
NOBbILWEHHAA  YCTOMYMBOCTb K PaA3/IUYHBIM
cTpeccopam (OKUCAUTENbHbIA CTpecc, Tenso-
BOM LOK, ynbTpadMONeToBoe WU3yYeHue W
OHK-nospexkaatowme GakTopbl) NONOKUTENb-
HO KOpPPENNPYET C NPOAOIKUTENIbHOCTBIO KU3-
HuU (Harper et al., 2006; Murakami, 2006; Soo
etal., 2023; Zhou et al., 2011). Npu 3TOM yCTOM-
YMBOCTb K Pa3HbIM CTpecc-paKkTopam CHUXKAET-
€A B npouecce ctapeHus y yepsen (Dues et al.,

2016) n myx (Belyi et al., 2020). Ob6bsacHseTcA
3TO NpeXae BCero CXoACTBOM MOJEKYAAPHbIX
MEXaHM3MOB Perynaumm CTPeccoyCcTomYnBOCTH
N NPOAONXKUTENbHOCTU U3HM (Badial et al.,
2024; Murakami, 2006; Murakami, Johnson,
1996; Soo et al., 2023).

B npoBegeHHOM Hamu uccneaoBaHMK ycTa-
HOB/IEHA aHa/NofM4YyHaa 3aKOHOMEpPHOCTb, NO-
CKONbKY Haubonee yCTOMUYMBBIMM K BO3AEWN-
CTBUAM HebnaronpuATHbIX GaKTOPOB (OKUCAU-
TeNbHbIM CTpecc, rmnepTepmua U ronoaaHue)
6bln1 gonroxkmsyumne ocobu D. virilis, B To Bpe-
MSA KaK KOPOTKOXKMBYLLME ocobu D. kikkawai
OKa3anucb Hanbonee 4YyBCTBUTENbHbBI KO BCEM
BMAAM BO34eNCTBMUA HEBNaronpusaTHbIX GpaKTo-
POB (B TOM YMCE U K MOHU3UPYLOLLEMY U3/yYe-
HWto). bes yyeta D. virilis y camoK mbl Habnto-
[aNu BbICOKYIO MOMOXKUTEIbHYIO KOPPEeNaumto
MEXKAY MaKCMMaNbHOW NPOAO/IKUTENbHOCTLIO
KM3HU U YCTOMYMBOCTBIO K MOHU3IMPYIOLLLEMY
M3YY4EHUIO, @ TAKXKe MeXAYy MaKCMManbHOWM
NPOAOIKUTENIbHOCTBIO KU3HU WU YCTOMYMBO-
CTbtO K HEBNAroNPUATHLIM BO34ENCTBUAM KaK Y
CamLOB, TaK My camok (Zemskaya et al., 2017).

9BONOLUMOHHO AONTOXMBYLWMIN BUA D. virilis
3acenseT cpegHue reorpapuyeckue LWUPOTHI

37



3emckada H. B., lWanowHunkos M. B., Mockanes A. A. Posb reorpadmyeckoro nponcxoxxaeHma B GopMmmpoBaHnmM ycTon-
YMBOCTU K cTpecc-paktopam y 12 Buaos Drosophila // MpuHumnbl skonormum. 2026. Ne 2. C. 26—-45. DOI: 10.15393/

jl.art.2026.17122

Craporo n Hosoro Cseta, npegnoynTtaeTr O0-
BO/IbHO MPOX/IAZHbIA KAMMAT M pacnpocTpa-
HEH OT NPOXNAZAHbIX YMEPEHHbIX 40 XON04HbIX
PEermoHOB C CEBEPHbIMM FPaHMLLAMM B NPUNO-
NAPHbIX 061acTAX, TaKMX Kak Ansicka, Cnbupb n
CkaHauHaua (Throckmorton, 1982; Toda et al.,
1996; Wang et al., 2006), HeapKTUKa 1 naneap-
KTuKa (Markow, O’Grady, 2008). BeposTHoO, Yyc-
nosua GopMmnpoBaHUA 4aHHOTO BMAA CbIrpaamn
pPO/Nb B YCTOMYMBOCTM O0CObell K BO3AENCTBUIO
cTpecc-$haKTopoB: OHU HBosiee YyCTOMYMUBDI K rO-
NIOAAHUIO, TUNEPTEPMUU U OKUCUTENbHOMY
CTpeccy, HO YyBCTBUTE/IbHbl K BO34EMUCTBUIO
paAnauunm, C KOTOPOM, BEPOATHO, 9BO/THOLLUOH-
HO He CTa/NIKMBa/IUCb U He cGOPMMPOBANN Me-
XaHW3Mbl 3aLLKUTbI K HeW. D. kikkawai e asns-
eTca Bugom-kocmononntom (Ramniwas, Kajla,
2012), umeeT UMpPKYMTpONMUYecKoe pacnpeae-
NleHue, YyBCTBUTE/IEH K XO/I04Y W NpesnoynTa-
eT Tennble pervoHbl (Markow, O’Grady, 2006),
KONOHM3MpoBan WHAMNCKUA CYOKOHTUHEHT,
a Takxe bBpasuauio (Parkash, Ranga, 2013).
CornacHO MOJIYy4EHHbIM HaMK pe3ynbTaTam,
0cobu AaHHOro BMAA AEMOHCTPUPYIOT MOBbI-
LWEHHYI YyBCTBUTE/IbHOCTb K UCCAEA0BAHHbBIM
cTpecc-pakTopam.

Pasmep Tena opraHM3MoB SIBAAETCA K/toye-
BbIM MPU3HAKOM, BAUAIOWMM NPAKTUYECKM Ha
BCE ACMEeKTbl UX }XM3HEHHOro uuKaa. Ho cylue-
CTBYET Maf0 AaHHbIX O B3aMMOCBA3M Pa3MepoB
TeNla U CTPEeCccoyCcTOMYNMBOCTM OpraHM3mMOoB. M3-
BECTHO, YTO 0CObU C BoNbLIMM pasmepom Tena
obnapatoT 6onblen cnocobHOCTbIO K TepMO-
perynsunm ana 6opbbbl ¢ IKCTPEMAIbHBIM XO-
IOAOM WM CHUXKEHHOM CNOCOBHOCTBIO K TEPMO-
perynauMm B OTBET Ha IKCTPEMAIbHYIO Kapy. Y
b6onee menknx ocober Habntoganacb NPOTUBO-
NOJNIOXKHaA TeHAeHUMA. Pasmep Tena MoXKeT
onpeaenaTb CNOCOBHOCTb K Tepmoperynauum
Ana 60pbbbl C IKCTPEMAIBHBIM XON040M U XKa-
PO, NPM KOTOPbIX paccemBaHue Tenaa B opra-
HWU3Me, BEPOATHO, Ba*KHee, Yem ero BbipaboTKa
(Hu et al., 2024). UccnepoBaHus no oToopy Ha
pa3mep Tena y Drosophila nokasanu, 4to nu-
HUM C OTOOPOM Ha KPYMHbIA pasmep Tena 4acTto
AEMOHCTPUPYIOT CHUMKEHHYIO YCTOMYMBOCTb K
CTpeccoBbiM GaKTOpam, YTO MOXKET OTpaXKaTb
NPAMOM KOMMPOMMUCC MEXAY MHBECTULIMAMM B
POCT U B cMCTeMbl 3awwmTbl OT cTpecca (Yuan et
al., 2023). YcToinuMBOCTb K ronogaHuio — OAunH
N3 HEMHOTUX NApPaMeTpPOoB, N0 KOTOPOMY Kpyn-
Hble }XMBOTHbIE MMEOT HEOCMOPUMOE Npenmy-
wectso. Kntouesana pabota /lIuHgwTteara u boit-
ca (1985) obocHOBbIBAET 3TO MaTEMATUYECKM:
BPeMSs, KOTOpOe XMBOTHOE MOMKET MPOXKUTb
6e3 enpl, PaBHO OTHOLIEHWUIO €ro 3HepreTu-
YeCKMX 3anacoB K CKOPOCTM UX PacxonoBaHMS

(Lindstedt, Boyce, 1985). B Hawem wuccnego-
BaHUM KpynHble ocobu D. virilis (=3.6 mm B
ANNHY), BEPOATHO, HaxoAsaTca Ha Nuke dpusmo-
JIOTMYECKOro KoMnpommucca, obycnoBiieHHOro
pa3mepomM. MIx 3HaUnTeNbHble SHepPreTuYeckmne
3anacbl OH6bACHAOT PEKOPAHYH YCTOMYUBOCTb
K ronogaHuio (Lindstedt, Boyce, 1985). B To xe
BPEMA MMEHHO MX KPYMHbIA pa3mep npeacka-
3bIBA€T MOHMMKEHHYIO YCTOMUYMBOCTb K runep-
TEPMUKN B cUNYy GU3UYECKMX 3aKOHOB TEMN100T-
Boaa (Hu et al., 2024). OgHako HalIW AaHHble
MOKa3blBAlOT, YTO 3TOT HEFATUBHbIN 3P PEKT Mo-
YKEeT HUBEIMPOBATLCA MOLLHbIMU MONEKYNAP-
HbIMM a4anTauMAMM, BbipaboTaHHbIMM B X04e
3BOJIIOLMU B CYPOBbIX YCA0BUAX, YTO U NPOAB-
NAETCA B UX MHOTOrPaHHOM CTPEeCCoyCTONYMBO-
CTW.

3aknouyeHue

BbiaBneHHoOe pacnpegenexHue BMAOB
Drosophila no cTtpeccoycton4ymBoctM obHapy-
YKMBaAeT OTYET/IMBYIO CBA3b C LUMPOTHbIM pac-
NPOCTPAHEHMEM U KAMMATUYECKOW cneumanu-
3aumnen. Buapl ymepeHHoro u 6opeanbHoro
noscos, B nepsyt oyepeab D. virilis, nemoH-
CTPUPYIOT MAKCMMANbHYIO TONEPaHTHOCTb K
KNHOYEBbIM A8 3TUX PErMOHOB CTpeccopam
— TONI0AAHUID, 3KCTPEMaNbHOW Temnepary-
pe N OKUC/IUTENbHOMY CTPEecCy, YTO OTparkaeT
a[anTauMIo K CypoOBOWM CE30HHOM M3MEHYUBO-
CTV 1 gedununty pecypcos. OA4HAKO MX BbICOKAA
du3nonornyeckaa yCToMuMBOCTb COYeTaeTCA
C KpanHel YyBCTBUTENbHOCTbIO K 06/1y4eHuio,
YTO YKa3blBAaeT Ha OTCYTCTBME YHMBEPCA/IbHOM
3aWMTbl M CNeunanmnsaLmio MexaHm3MoB agan-
Tauuu. HanpoTtus, BUAbI TPONMYECKOTO U Cyb-
TPOMMUYECKOTO MPOUCXOMKAEHUA, COCTaBMUBLUNE
OCHOBY NepPBOro Knactepa, AEMOHCTPUPYIOT
cbanaHCMPOBAHHYIO YCTOMYMBOCTb C aKLEH-
TOM Ha pPagMoyCcToMYMBOCTb. Buapl U3 Tpetbe-
ro KjacTepa XapaKTepU3yHTCA MNOHUMKEHHOW
obueln cTpeccoycTomumBoCTblo, YTo 06yCcnos-
neHo nmbo obuTaHMem B CTabUAbHbIX TPOMK-
YeCKUX ycnoBumaAx, He Tpebytowmx popmmposa-
HWUA MHOXECTBEHHbIX 3aLMTHbIX MEXAaHU3MOB,
nmbo Mcnonb3oBaHWEM anbTepHATUBHbIX CTpa-
TErni BbIXKMBaHWUA (KOCMOMNOANTM3M, NOBEAEH-
Yyeckue aganTtaumnm), He NpeanoNaratoLLmnx Bbl-
COKMX GU3NONOTMYECKNX PE3EPBOB.

Takum obpasom, cTpaTernm CTPeccoycTom-
YMBOCTU Yy Ap030dUN He ABAAIOTCA YHUBEpP-
CaNbHbIMKW, OHU GOPMUPYIOTCA KaK creuu-
a/IN3NPOBaHHbIE  a4anTUBHbIE  KOMMJIEKCHI,
oTpaatolme 0oCobeHHOCTU Tex 3KON0ro-reo-
rpadpmyeckmx ¢akTopoB, KOTOpble MCTOpuye-
CKM onpeaenanu BblXKMBaHWe BUAA B €ro ecte-
CTBEHHOM apeane.
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bnaropgapHocTu

B paboTe ncnonb3oBaan IMHUK U3 KONNEKLUKU 1abopaToOPHbIX TMHUI NA0A0BbIX MyLleKk Drosophila UB
®dUL, Komn HU, YpO PAH (https://ckp-rf.ru/catalog/usu/471927/).

PaboTa BbINO/MIHEHA B paMKax rocyaapcTBeHHoro 3agaHusa NMHctutyta 6uonorum Komu HL YpO PAH
no Teme «leHeTMYECKNE MEXAHMU3MbI CTPECCOYCTOMUYMBOCTM U KOHTPONA NPOAOAKUTENBbHOCTU MKUHWN AR
MOWUCKA HOBbIX MULLEHEN A5 repOonpPOTEKTOPHbIX BMeLWaTenbCcT8 Ha mogenu Drosophila melanogaster»
Ne 125013101228-2.
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Key words: Summary: We studied the relationships between stress resistance and ecological
lifespan adaptation in 12 species of fruit-flies (Drosophila) of different geographical origins
stress resistance  (D. ananassae, D. austrosaltans, D. biarmipes, D. erecta, D. kikkawai, D. melanogaster,
Drosophila D. pseudoobscura, D. saltans, D. simulans, D. virilis, D. willistoni, D. yakuba). The resis-
geographic tance of males and females was assessed to the following types of stress: starvation,
distribution hyperthermia (35 °C), oxidative stress and acute gamma radiation (864 Gy). Significant
adaptation interspecific differences were found in all studied parameters. Three clusters of spe-

cies were identified, differing in stress resistance patterns. The D. virilis species (tem-
perate and boreal latitudes) demonstrated maximum resistance to starvation, heat,
and oxidative stress, but it was proved that they were extremely sensitive to radiation.
Species of tropical and subtropical origin (D. ananassae, D. austrosaltans, D. erecta,
D. kikkawai, D. pseudoobscura, D. saltans, D. willistoni, D. yakuba) showed balanced
resistance to stress factors and high radiation resistance. The species D. biarmipes,
D. melanogaster, D. simulans were characterized by reduced tolerance to starvation
and oxidative stress, occupying an intermediate position between the other two clus-
ters. The obtained data indicate that stress resistance strategies in Drosophila are not
universal, but represent specialized adaptive complexes formed under the influence
of the ecological and geographical conditions of the historical habitat of the species.
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Kniouesble cnoBa:

AHOHC K. 3.

TpudnypanuH

kapn (Cyprinus carpio L.)
0CTpPan TOKCUYHOCTb
XPOHMYECKaa TOKCMYHOCTb
repbuumnabl
rMCTONATONONMYECKME U3MEHEHNSA
JleTasibHble KOHLUEHTpauum
KYMYNATUBHOE AeNcTBMeE
6buonHAMKaumna

MonyueHa: 28 aHBapAa 2026 roga

AHHOTaumA: [oBcemecTHOe MCMNO/Ib30BaHWE repbuLmMaos B Cefb-
CKOM X03AMCTBE NPUBOAUT K UX MOMNAZLaHMIO B BOAHbIE SKOCUCTEMDI,
rAe OHW NPeACTaBAAT CKPbITYI, HO 3HAUYUTENbHYIO Yrpo3y ANA TU-
ApobuoHToB. Lenbio nccnegoBaHMA ABAANOCL ONpefeneHne TOK-
CUKOMETPUYECKMX NMOKa3aTenen (netanbHbIX U MOPOTOBbIX KOHLLEH-
Tpauui), M3ydyeHne NoBEeAEHYECKUX PEAKLMI U BbISIBIEHWE CTPYK-
TYPHO-OYHKLUMOHANbHbIX U3MEHEHWI B OpraHax M TKaHAX pblb npwu
Aencteum cybnetanbHbiX A03 npenapaTta. B cTatbe npeacrasieHsbl
pe3ynbTaTbl ONbITOB OCTPOM (96 4.) 1 XxpoHudeckol (30 cyTOK) TOK-
CMYHOCTM repbuumnaa AHOHC K. 3. (aelcTBylowee BeLWecTBo — TpUd-
nypanuH) ana rogosukos Kapna (Cyprinus carpio L.). OnpeneneHsbl
NieTanbHble KOHUEHTPaLMK, NOPOroBble YPOBHU BO3AENCTBMA U UC-
CnefoBaHbl MMCTOMNATONOMMYECKME U3MEHEHMA B OpraHax M TKaHAX
pbl6. YCTaHOBNEHO, YTO NPU OCTPOM BO3AENCTBUM repbuuma nposs-
NAET YMEPEHHYI0 TOKCUMYHOCTb (/TKso = 26,.82 mr/n), Toraa Kak npm
XPOHWYECKOM 3KCMO3MLUMM €ro ONACHOCTb 3HAYMUTE/IbHO BO3PACTaEeT:
NoporoBasa KOHUEHTpaumA CHMUKaeTca B 13 pas, a JIKso — B 3.6 pasa
(mo 7.50 mr/n). TMCTONOrMYECKUn aHaN3 BbIABMUI CUCTEMHbIE MO-
BPEXAEHMA, BKIOYASA TOKCUYECKYID AUCTPOOUIO MeYeHu, noparke-
HME MMOKapZa W HapylleHUs KpoBOObpaLLeHMA B MO3re M MoYKax,
HauMHasA ¢ KoHueHTpauun 0.05 mr/n. Pe3ynbTaTbl CBUAETENbCTBYIOT,
yTo TPUPAYPANUH AaxKe B HU3KMX KOHLEHTPAUMAX Bbi3blBAET ray-
60Kne naTomopdoiornyecKkme NSMeHeHu s, nexallme B OCHOBE Ha-
pyweHuin dunsnonorndecknx GyHKUMn n rubenn pbib. HecmoTps Ha
HU3KUI KoaddurumeHT Broakkymynaumum (Km < 1), Bewectso obnaga-
€T BbICOKOM YCTOMUYMBOCTbIO B OKPY*KatoLLen cpeae u cnocobHo anu-
TE/IbHO COXPaHATbCA B AOHHbIX OT/IOMKEHMAX, CO343aBaA NOCTOAHHbIN
PUCK ANA BOAHbIX 3KOCUCTEM, 0COBEHHO A5 SMOPMOHOB U MONOAM
pbl6. MpoBeaeHHOE McCcnea0BaHME NOATBEPKAAET HEOHXOANMMOCTb
CTPOroro HOPMUpPOBaHUA coaepKaHus TpudaypannHa B Boge pbibo-
XO3AMCTBEHHbIX BOAOEMOB W yYeTa ero Kymy/aaTMBHONO NoTeHUuana
NPW 3KOTOKCUKOJIOTMYECKOM OLEHKE.

© MeTpo3aBOACKMI rOCYAaPCTBEHHbIN YHUBEPCUTET
MoanucaHa K neyatu: 26 nioHa 2026 roaa
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BsegeHue

Bpen repbuumngos AnAa oKpyKatowen cpe-
Abl — 3TO KOMM/IeKCHaA Npobaema, BbixoaALLas
[ANEeKO 32 PAaMKM YHUUTOXKEHUA LeNeBbIX Cop-
HSKOB. epbuLmabl BbI3bIBAOT CEPbE3HbIE KO-
nornyeckme npobnembl, NPOTUBOPEYA MPUH-
uMnam yctomumsoro passutua. OHM ABAAlOTCA
OCHOBHbIMW 3arpA3HUTENAMM NOYBbI N BOAHbIX
pecypcoB, NPMBOAAT K Aerpagaunm 3KocucTem
N CHUXKEHUIo B1opasHoobpasua. ITn BelecTsa
OnacHbl 4N1A 340P0BbA YesoBeKa U rybuTenbHbl
ANA NoNe3HbIX NOYBEHHbIX MMKPOOPraHM3MOB,
a nepwog nosnypacnaga HeKoTopbiX coeanHe-
HUM MOXKET AocTuratb ogHoro roga (Bocker et
al., 2019; Krimsky, 2021; Salceanu et al., 2023;
Paul et al., 2024).

fepbuumnabl BbI3bIBAOT KacKagHoe paspy-
LleHMe BOAHOM 3KOCMCTEMbI, OTPaBAAsA opra-
HU3Mbl M Hapywasa Xpynkui H6anaHc. JaHHble
BELLLeCTBA OKa3blBAOT OCTPOE U XPOHMYECcKoe
TOKCMYECKOE ZeCTBME HA Pblb, BbI3biBasA AaxKe
B Manblx Ao3ax nospexaeHve OHK, Hapywe-
HUA B OEeNleHUN KNeTok, Gu3nonornveckme m
Mopdonormyeckme MaMeHeHus. ITO BAMAET
Ha HEPBHYD W PEnpPOAYKTUBHYK CUCTEMDI,
OpMEHTAUMIO, NULLEBOE NOBEAEHWE U MMMY-
HUTET, NOBbILWAA yA3BMMOCTb pblb. Hanbonee
YyBCTBUTE/IbHbI 3IMOPUOHBI U ManbKn. Kpome
TOro, repbuLMAbl COKpaLLAOT KOPMOBYHO 6asy,
YTO BEAET K YMEHbLUEHUIO YUC/IEHHOCTU Pblb.
(Solomon et al., 2013; Ojemaye et al., 2020;
Lopes et al., 2022; Ribeiro et al., 2022).

Ona nccnepgoBanua 6bin BbibpaH repbuung
AHOHC K.3., BELLeCTBO 3aMnpelieHo npumeHe-
HATb B CTpPaHax EBpocotosa ¢ 2007 roga MMEHHO
n3-3a BbICOKOM TOKCMYHOCTU AnA pbib (Marinov
et al., 2014). B Poccuitickoin ®epepauum Tpud-
NlYPanuH NpoAo/IKaeT MCNONb30BaTbCA B CeJlb-
CKOM xo3f1icTBe. [leicTBytoLLee BELLeCTBO rep-
6uumaa AHOHC K.3 (KOHUEeHTpaT amynbcun) 480
r/n TpudnypanuHa. lepbuung 6bin NepBbim
pa3paboTaHHbIM ANHUTPOAHUNMHOBBLIM repou-
LUMAOM M HAXOAUTCA Ha pbIHKe yxKe 60 net ¢ mo-
MEeHTa ero Kommepuuanmsauum B 1964 roay.
Ha cerogHAWHMM aeHb TpudAypaanH octaetca
O4HWM M3 ABYX Hanbonee NONyNAPHbIX UCMONb-
3yeMbIX OMHUTPOAHUIMHOBBLIX repbuunaos
(Hapsay c neHAUMETANIMHOM) 1 BXOAWUT B YNC/O
OCHOBHbIX MMPOBbIX BUAOB repbuumnaos bnraro-
naps ero ueHe (Ni et al., 2025). KoHKpeTHble
Ky/ZIbTYpbl, A1A BblPaLLMBAHMA KOTOPbIX NpPU-
MeHseTcsa repbuuma: xnonyatHuk (Gossypium
hirsutum), nwexwnua (Triticum cereale) n mac-
NMYHble KynbTypbl (Zhang et al., 2023). Csoit-
ctBa TpudnypanuHa (rmapodobHoOCTb, yCTOM-
YMBOCTb K PA3N0XKEHUIO, COpbLNA Ha OpraHMKy

MOYBbI) CO34AOT AONTOBPEMEHHbLIV PUCK ANA
BOAHbIX 3KOCUCTEM, B OCODBEHHOCTN AnA pblb.
(Gavrilescu, 2005; locyaapcTBEHHbIM KaTanor
necTMuMaoB n arpoxmumukatos, 2025). Pucku
ANA BOAHbIX 9KOCMCTEM Hambonbline npu He-
npepbiIBHOM BHeCeHuu TpudnypanuHa, a npum
nepuoanvyeckom BHECEHWM B MNO4YBY npoLec-
Cbl Pa3NOXKEHUA MUHUMU3IUPYIOT 3TOT PUCK
(Yockimetal., 1980 ). ®oTonns TpudnypanmHa s
BOAE YBE/IMYMBAETCA M3-33 peakumn C rmapok-
CUNIbHBIMM PaZnKanamm, Kotopble 0bpasyroTca
npu ¢otonmse HUTpaToB. CKOPOCTb pa3norKe-
HUA TpudnypanmHa ysenmumsaetca Ha 63% npwm
HaAn4YMKM B pacTBope Bogbl 10 mr/n HUTpaTOB
(Dimou et al., 2004). TpudpnypanuH nonagaet
B BOAHbIE 3KOCMCTEMbI C NMOBEPXHOCTHbLIM CTO-
KOM W1 FPYHTOBbIMW BOAAM, FAe HAaYMHAeTCA He-
raTMBHOe BO34ENCTBME HA 300MJaHKTOH, YMC-
NIEHHOCTb KOTOPOro cHukaetca. Janee naér
yMeHblleHMe KopmoBoi 6asbl M oTpaB/ieHue
pbl6. Y BaXKUBLLUMX Pblb HapyLUaeTca pa3BUTUe,
a TaKXXe CamUbl MOTYT TEPATb PENPOAYKTUBHbIE
cnocobHocTU. [IOHHble OTNIOXKEHUA CTaHOBATCA
TOKCMYHbIMM, YTO NOAABNAET BOCCTAHOB/IEHUE
aKocucTembl Ha mecsaupbl (Grover et al., 1997,
Pamew, banacybpamaHuan, 2001 ).

Kapn (Cyprinus carpio L.) — BaXHbli1 06beKT
aKBaKyNbTypbl U BMOMHAMKATOP NPECHOBOA-
HbIX 3KOCUCTEM, MCMONb3YEMbIN AN OLLEHKM
3KOTOKCUKOMIOTMYeckmux puckos (Crooijmans
et al., 1997; Rahman, 2015). OH aKTMBHO Ha-
KanauBaeT necTuuuapl, NPeNMyLLECTBEHHO B
YKMPOBOM TKAHW U NEYEHM, YTO NO3BONAET NPO-
BOAUTb PETPOCMNEKTUBHbIN aHA/IM3 XPOHOI0TMMN
3arpsasHeHua Bogoémos (Oost van der et al.,
2003; Nasnos u ap., 2020).

Llenbto nccnepoBaHma ABNAETCA KOMIMJIEKC-
HaA OLLeHKa OCTPOM M XPOHUYECKOM TOKCUYHO-
cTv repbuumnaa AHOHC K.3. ANA Kapna, onpeae-
NIeHMe NeTanbHbIX KOHUEHTPALMA U U3ydyeHune
NaTONIOrMYECKMX U3MEHEHUIM B OpraHax U TKa-
HAX ANA OLLEHKM SKOTOKCMKONOMMYECKOro pncKa
AAHHOro Bewectsa. HayyHaa HOBM3Ha uccne-
AOBAHUA 3aK/IOYAETCA B KOMMIAEKCHOM NOZ4-
XOA€e K U3YYEHUIO TOKCUYHOCTU TpUbAYpanmHa,
COYEeTaWEM TOKCMKOMETPUYECKNE, NOBEAEH-
YeCKMe M TUCTONOTMYECKME METOAbI, a TaKkKe
B YCTQHOB/IEHUM KONIMYECTBEHHbIX MAapamMeTpoB
XPOHMYECKON TOKCMYHOCTM U MOPOrOBbIX KOH-
LEHTPALUMM, BbI3bIBAOWMX CUCTEMHblE NaToO-
Nornyeckme nameHeHua y kapna. NonyyeHHole
AaHHble MOryT 6bITb MCNONb30BaAHbI AN NPO-
rHO3MpPOBaHWA BO3AENCTBUA TPUDAYPANINHA Ha
BOAHbIE 3KOCUCTEMBI.

MaTtepuanbl

OnbIThbl Ha rogoBunKax Kapna
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(Cyprinus carpio L.) npoBogunnce B octpom (96
4) n xpoHuyeckom (30 cyT) pexxkmmax. CpegHas
macca pbl6 coctaBnana 25.3 £ 2.1 r, AAnHa —
12.5 £ 0.8 cm. B Ka*kgon aKCnepuMeHTaNbHOM
rpynne v KOHTPOAbHOM rpynne Haxo4ua0Ch Mo
15 ocobeit. OnbITbl NPOBOAUANCL B TPEX MNo-
BTOPHOCTAX. KOHUEHTPaLMM B OCTPbIX OMNbITax:
1.0; 5.0; 10.0; 25.0; 50.0 n 100.0 mr/n; B Xpo-
Huyeckmx: 0.1; 0.5; 1.0; 5.0, 10.0; 25.0; 50.0
Mr/n, 4TO NO3BOMNIO OXBaTUTb AMAanasoH OT
3aBeOMO NOAMNOPOroBbIX A0 NETa/bHbIX KOH-
LEHTPaUMi, YCTAaHOBNEHHbIX B OCTPOM OMbl-
Te; ANA AeTanbHbIX ¢usnonoro-bmoxmmuye-
CKUX uccnepgosaHmin: 0.01; 0.05; 0.1; 0.5 mr/n.
OcTpble onbITbl NPOBOAM/IN B aKBapUymax 06b-
emom 40 n, XpOHUYEeCKne — B BaHHAX 06bemom
180 n. Pa3HbI 06BbEM BOAbl NPU OANHAKOBOM
NAOTHOCTU NOCaAKM Pbib BbIOPaH He ciy4YaiiHo
1 0byCcNnoBAEH LUENAMU U ANNTENbHOCTbIO KaXK-
[0ro U3 aKcnepumeHToB. B octpom 96-4yacosom
onbITe MCNONb3yeTcA MeHbLIM 06bem (40 n),
YTO NO3BONSIET SKOHOMWUTb MpenapaTt U ynpo-
LWaeT noaaepKaHune 3aaHHbIX KOHLEeHTPaLUN.
B xpoHuyeckom 30-CyTOYHOM 3SKCNEepUMEH-
Te yBennyeHne obvema ao 180 n Heobxoau-
Mo gna obecnevyeHmns CTabUAbHOCTU YCNOBUMA
06uTaHUA pblb B TeYEHUE ANNTENBHOIO Bpeme-
HW: B bonblem obbeme BoAbl MeasieHHee Ha-
KaniMBaloTCA NPOAYKTbl MeTabonmama, nydie
o6ydepusmpytotcs konebaHua pH 1 tTemnepary-
Pbl, @ TaKKe CHUXKAETCA PUCK rMnoKcmn. Mpwm
3TOM NNOTHOCTb NOCaAKM 6blna He OoaMHaKo-
BOW, @ pa3HOM: B OCTPOM OMbITe OHA COCTaBU/Ia
15 ocobeii Ha 40 n, B xpoHU4eckom — 15 ocobei
Ha 180 n. TemnepaTtypa BOAbI B ONbITax Haxo4u-
nacb B npegenax 16—-18 °C, pH 7.2—7.4, copep-
*KaHMe pacTBOpPeHHOro Kucaopoga — 6.5-7.5
Mr/n (KOHTPOAMPOBANOCL exeaHeBHO). Pbib
KOPMWAM CTAaHZAPTHbIM KOMbBMKopmom 1 pas
B CYyTKMW. PactBOpbI repbuumaa rotoemam Ha oT-
CTOSIHHOM BOAOMNPOBOAHOW Boae 6e3 ucnosb-
30BaHMA [OMONHUTENIbHbIX PacTBOpPUTENEN.
CMeHy pacTBOpPOB B XPOHMYECKOM OMbITe MPO-
BOAMAM Kaxable 48 Yacos AnA nognepaHua
CTabuNbHOM KOHLEHTpauuK. B xoge onpeaene-
HUA XPOHUYECKMX ONbITOB M3yYanu NoBeaeHne
N KNIMHUYECKYIO KapTUHY OTpaBsieHua pblb. Mo
OKOHYAHUIO OMbITOB PACCYUTbIBAAM MNapame-
TPbl OCTPOM U XPOHUYECKON TOKCUYHOCTH.
[naBHaA uUeNb NATONOr0AHAaTOMMUYECKUX U
TMCTONOTMYECKUX UCCNe0BaHUN - BblBEHUE
CTPYKTYPHbIX WU3MEHEHWI B OpraHax M TKa-
HAX nog Bo3aencTBMem cybnetanbHbIX KOH-
UeHTpauun repbuumaa. OHO nNpPoOBOAUNOCH
B 6osee HW3KOM AMana3oHe KOHUEeHTpaLui
(0.01-0.5mr/n).  OnA TUCTONOrMYECKUX MC-

CNefoBaHUMA UCMONb30BAINCL TOIBKO XKMBble
pbibbl, BblBEAEHHbIE M3 3IKCNEPUMEHTA Ha 5,
10, 20 n 30-e cyTKku. Pbi6 noasepranu sBTaHa-
3MM C NOMOLLBK 3MYNbCUN, MPUTOTOBAEHHOM
13 macna reo3gukm n 95 % sTMnoBOro cnupTa,
4TO ABNAETCA N'YMaHHbIM CNOCOHOM 3BTaHA3UM.
Mormnbwmne B xoae sKCnepumeHTa pblbbl ANA rn-
CTO/IOTMYECKOTO aHa/N3a He UCMO/Ib30Ba/IUCh,
TaK KaK B UX TKaHAX BbICTPO pa3BMBaOTCA ayTo-
NINTUYECKME M3MEHEHUA (MOCMEepPTHbIN pacnaj
KNETOK), KOoTopble MOryT 6bITb OWMOOYHO WH-
TepnpeTUpPOBaHbl KaK TOKCUYECKNEe noBpeXxae-
HuA. Mpounssoanaca paspes oT aHyca K xabep-
HbIM KpbILWKaM, BCKpbIBasiaCcb MOAOCTb Tena.
foToBMAM NapaduHOBbIE U 3aMOPOKEHHble
cpe3bl, OKPALIMBANM FEMATOKCUIMHOM U 303U-
HoM. OpraHbl U TKaHM (Kabpbl, KOXKa C MbILL-
LAaMW, MOYKKU, NeYeHb, ceneseHkKa, KULWEYHMUK,
Mo3r, cepaue) dukcmposanu B 10 % pacteope
HenTpanbHoro GopmanmHa.

MeToabl

NccnepoBaHMA NpoBeaeHbl B COOTBETCTBUM C
MpuKkasom PenepanbHOro areHTCTBa NO pPblbO-
NoBcTBY OT 26 Man 2025 . Ne 296 «O6 yTBep -
AEHUN HOPMATMBOB KauyecTBa BOAbl BOAHbIX
06bEKTOB PbI6OXO3ANCTBEHHOIO 3HaYyeHUsA, B
TOM 4YMC/Ne HOPMATMBOB NpeaesibHO AOMYyCTU-
MbIX KOHLLEHTPALMIM 3arpA3HAIOLNX BELLECTB B
BOZaX BOAHbIX 0O6bEKTOB pbIHOX0O3AMCTBEHHOTO
3HayeHua» (Mpukas PeaepanbHOro areHTCTBa
no pbi6onoBcTBy..., 2025) 1 «MeToanYecKUMMn
YKa3aHUAMM MO YCTAHOBAEHMUIO 3KOJIOrO-pbl-
6oxo3aicTBeHHbIXx HopmaTueos (MAK n OBYB)
3arpA3HAOLLNX BELWECTB B BOAE BOAHbIX 06b-
€KTOB, MMelLWMX PblbOX03ANCTBEHHOE 3HaYe-
Hue» (MeToanyeckue ykasaHus..., 2011). Mpwn
npoBeAeHUN UCCNeAO0BaAHMA WCNOb30BaNUCh
obLWEeNPUHATbIE  TUCTONIOTMYECKME  MEeTOAbl
(MukoguHa n ap., 2009). B pabote ncnonb3o-
BaHbl TOKCMKOJIOTMYECKUI (OCTPbIE U XPOHUYe-
CKMe OnbITbl), PaCYETHO-CTATUCTUYECKUIN, KNU-
HUYecKkuit (HabnoaeHne 3a nosegeHnem), na-
TONIOr0aHAaTOMMUYECKUI U TMCTONOTMYECKUI Me-
Toabl. PaboTa Benacb ¢ MMKpocKkonom Leica DM
2000 npwu yBenmyeHmax 100x, 200x n 400x.

Pe3ynbTatbl

JKCNEPUMEHT NO OCTPOM TOKCMYHOCTU rep-
6uumnaa oA Kapna NpoBOANCA C LLECTbIO rpa-
AAUMAMM KOHLEHTpauui repbuumaa n Kow-
Tponem. Konmyectso pbib B KaxKaom BapuaHTe
onbiTa (n) coctaBnsno 15 ocobeir. 3aBUCUMOCTb
rmbenn Kapna OT KOHUEHTpauuu repbuumpa
npu 96-4acoBOM 3KCMO3UUMM NpeacTaBAeHa B
Tabn. 1.
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Tabnuua. 1. mMbenb rogoBMKOB Kapna Npu ocTpom Bo3genctamm (96 u) repbmumnaa AHOHC K.3.

KoHueHTpaumsa MMbenb Kapna 3a ABcontoTHOE YNCIo NornbLnx ocoben
repbuumaa, mr/n 96 yacos, % (n3 15)
KOHTpOb 0 0
1.0 0 0
5.0 6.6 1
10.0 26.6 4
25.0 46.6 7
50.0 66.6 10
100.0 100 15

B KOHTpoOne M nNpuM MWHUMANbHOW MCMbI-
TaHHOW KOHUeHTpauun (1.0 mr/n) rubenu
He Habnwpanocb. ITO YyKasbiBaeT Ha NOpo-
roBblii Xapaktep Aeinctema. MNpu KOHUEHTpa-
umn 5.0 mr/n rubens coctaBmna 6.6 % (1 ocobb),
YTO MOKHO CYMTaTb NOPOrom NeTanbHOro Aeu-
CTBMA B YCNOBUAX ocTporo onbita. C yBenmye-
HMEeM KOHUEeHTpauumn rmbenb nNporpeccuBHoO
BO3pacTana: 26.6 % (10 mr/n), 46.6 % (25 mr/n),
66.6 % (50 mr/n). KoHueHTpauma 100 mr/n BbI-
3Bana rmbenb Bcex NOAOMbITHLIX Pblb B Teye-

HWe 96 yacos. [1ns roa0BMKOB Kapna repbuuma,
AHOHC K.3. npeacTaBnseT yMepeHHyk onac-
HOCTb MPU KPaTKOBPEMEHHOM BO3ENCTBUMN.

JKCNEPUMEHT MO XPOHUYECKON TOKCUYHOCTH
repbuumaa Ana Kapna NPoBoAUACA C BOCbMbIO
rpafaumsamm KOHUEHTpauui repbuumaa n KoH-
Tponem. Konnuectso pbib B KaXkAOM BapuaH-
Te onbiTa (n) coctasnano 15 ocobelr. laHHble
No AMHAMWKE TOKCUYHOCTM NpPeAcTaB/ieHbl B
Tabn. 2.

Tabnuua. 2. [lJuHamuKa rubenm n TOKCUMKOMETPUYECKME NapameTpbl repbuumaa AHOHC K.3. AN ro40Bu-
KOB Kapna npu XpOHWYECKOM OTpaB/ieHUN

KoHueHTpauws Fnbens Kapnoa 3a 30 cyTok, AbcontoTHoe Ymcno normbwmnx ocobei (13 15)
repbuumaa, mr/n %
KoHTpOb 0 0
0.1 0 0
0.5 13.3 2
1.0 26.6 4
5.0 40.0 6
10.0 60.0 9
25.0 80.0 12
50.0 100 15

B KOHTpoO/e M npu KoHueHTpauun 0.1 mr/n
rmbenb nosHOCTblO oOTcyTcTBYeT. KoHueHTpa-
uma 0.1 mr/n sBnsetca 3KCnepMmeHTaNbHO
YCTAaHOB/NIEHHOMW MaKCUMMaNbHOW HeaencTBYH-
e KOHLEHTpauMen No MNOoKas3aTesto BbIXKU-
BAaeMOCTU. YeTKO NpocneknBaeTca nNpsamas 3a-
BMCUMOCTb: C YBEIMYEHNEM KOHLEHTPALUM B
10 pa3 (c 0.5 go 5.0 mr/n) rnbenb Bo3pacraer
¢ 13.3 go 40.0 %. Mpwn 10 mr/n nornbaet 60/b-
LUMHCTBO ocobelt (60 %), a npu 25 mr/n — 80 %.
KoHueHTpauma 50 mr/n npuBoauUT K NOSHOWM
rmbenu poi6 B TeyeHne 30 CYTOK, YTO YKa3biBa-
€T Ha BbICOKMN XPOHUYECKNIA TOKCUYECKUIN MO-
TeHUWan npu ANUTeNIbHOM BO3AENCTBUM AaXxKe
CpeaHux Aos.

Ha ocHoBe Mo/sy4eHHbIX AaHHbIX 6bla Npo-
BeAeH NPobuT-aHaNn3, aHANOTMYHbIA OCTPOMY

OnbITy, YTO MO3BOJINIO PACCYMTATb XPOHMYe-
CKMe TOKCMKOMETpPUYECKMEe nokasaTtenu. Ha-
4Yano MNpPOABNEHUA KAUHUYECKUX MNPU3HAKOB
OTpaBNEHUA OTMEYEHO B pacTBOpe C KOHLEeH-
Tpauuelr npenapata 0.5 mr/n. OTmeyanochb
BONHOObpa3Hoe Bo3byKaeHMe, cMeHAloWweeca
yrHEeTEHWEM, @ C NOBbIWEHNEM KOHLEHTpaLUMi
YBENMUYMBANNCH BbIPAXKEHHOCTb U TAMXKECTb NPOo-
ABNEHUA KIMHUYECKUX MPU3HAKOB. CUMNTOMBI,
pa3BuBatowmecs y pblb B xoge 30-cyTovyHOro
3KCNepuUMeHTa:

1. HauyanbHas cTagms: BO3byKaeHWe, pes-
Kas peakums Ha BHELWHWE pasaparkUTenu, Ha-
pyLweHMe KoopanHaLmm.

2. MporpeccupoBaHue: pbibbl Nepnoanye-
CKM BCM/IbIBAlOT K MOBEPXHOCTU, 3arNaTbiBatOT
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BO34yX, HabNO4AlOTCA CYAOPOXKHbIE OBUXKE-
HWA NAaBHUKaMMU.

3. TepmuHanbHaa ctagua: pbibbl OnycKa-
tOTCA HA AHO, COBEPLLAIOT CY0POXKHbIE ABUXKE-
HMA 1 NOrMBaIOT C LUMPOKO PACKPbITbIM PTOM.

XVMWYECKUIA aHaNn3 TKaHeln pblb nokasan,
YTO KO3POULMEHT BUOKOHLEHTPALUMN
(Km=C / C_ ) meHee 1, 4TO yKa3blBaeT Ha
opraHbl BOA4a,
OTCYTCTBME CNOCOBHOCTM TPUbAYypanmHa K ma-
TepuanbHOMY HakonieHnto (bMoakKymynsumnm)
B OpraHn3me Kapna.

N3meHeHUs perncTpmpoBasmcb Npu BCKPbI-
TUM pblb, NOABEPrIMXCA XPOHUYECKOMY BO3-
AencTteuto. Mepsble BUANMMbIE MPU3HAKM TOKCK-
YEeCKOro Mopa*KeHMsa BHYTPEHHMX OPraHoB Mo-
ABNAIOTCA NPU KoHueHTpaumu 0.05 mr/n. Mpwu
6osiee BbICOKMX KOHUeHTpauusax (> 0.5 mr/n)
3amMeyeHa KpOBEHaNO/HEHHOCTb BHYTPEHHMX
OpraHoB (rMnepemusa) 1 KenTyLWHOCTb NeYeHu.

lMcTonornyeckoe wuccnenoBaHUe BbIABUAO
6onee TOHKME U cneundUyHble NoBpEXAeHUA
Ha TKAHEBOM U K/IETOYHOM YPOBHAX, pe3y/bTa-
Tbl UCCNeA0BaHUIM NPeACTaBAEHbI B Tab. 3.

Tabnnua 3. Xapaktep 1 N0KaAn3aLms rmcTonaToNorMyeckmnx U3sMeHeHnm

OpraH /TKaHb Ha6mop,aeMb|e r’MCTONOrn4ecKkmne n3-

UHTepnpeTauma n natoreHes

MeHeHuA
MNeyeHb o MeyeHb — raBHbIM OpraH AeTOKCMKaumun. [u-
1. 3acToliHana runepemusa mexTpabe-
nepemms yKasblBaeT Ha HapyLUeHWe KpoBo-
KYNAPHbIX KAaNUANAPOB. <
obpalLeHMA N TOKCUYECKUI LWOK. 3epHuUCTan
2. 3epHucTas anuctpoduma nevyeHou-
ancTpodus — npmsHaK HapyLleHma 6enKoBoro
HbIX KNETOK (renatoumTos).
0bMmeHa B K/ieTKax, UX AeKOMMeHcau M1 Nog,
3. B e4MHNYHbIX CAyYaax — pacnag, ”
aevictenem aga. Pacnag knetok — HeobpaTtu-
renaToumToB
MOE€ NoBpeXaeHne
Cepaue 1. MblWweyHble BONOKHA MMUOKap- Mpsimoe TOKCMYecKoe AeNCTBUE Ha CepaeYHyo
(munokapg) 3 UCTOLLEHbI, PbIX/ION KOHCUCTEH-  MblWLY, NpuBoAALLee K ANCTPodUM MUOLMUTOB.
umn. HapyweHune cokpaTutenbHo GyHKLMK cepa-
2. MonepeyHas McYepPUYEHHOCTb CTEP- Lia, YTO KOppPenunpyeT ¢ HabaogaemMbiM B ONbl-
Ta Tax YrHETEHWEM U FTMNOKCUEN
LeHTpanbHan HapylweHne mo3rosoro KposoobpalleHus,
HepBHasA OTEK, BO3MOXKHOE MOBbILEHNE BHYTpUiepen-
P Cocyabl mo3ra rmunepemmpoBa- ¢ yTpUtep
cuctema Horo aasneHus. ObbACHAET HEBPOJIOrMYECKUue
Hbl (MO/THOKPOBHbI)
(mos3r) CMMNTOMbI: HapyLeHNe KOoOpANHALNK, Cya0-
poru
Moykun HapyleHne no4yeyHOro KPOBOTOKaA, Beaylee
K paccTpoincTey GUAbTPALLMOHHOM U BblAENN-
Cocyabl MOYeK rmnepeMumpoBaHsbl P P y o paL A
TeNbHOM PYHKUMM NOYEK, ycyrybnatolLee nH-
TOKCMKaALMIO
Opyrne MpW3HaKK gUCTPODUM M HapyLLEeHNe
opraHbl CTPYKTYpPbI 1€NECTKOB B ¥abpax, Ha-
(*abpbl, pYLEeHME KOXKHbIX NOKPOBOB. [Mpn-  CUCTEMHbIM XapaKTep NOPaXKeHMUA NOATBEPIK-
KOXKa, 3HAKM NONTHOKPOBUA M HE3HAUNTENb- AaeT 0bLLEeTOKCMYEecKoe aelicteume repbuumaa
ceneseHKa,  Hble gUCTpPoPUUECKNE U3MEHEHUSA B
KULWIEYHUK)  KULLIEYHUKE

Bce nameHeHuA B Tabnumue OTHOCATCA K KOH-
ueHTpaumam ot 0.05 mr/n v Bblle c HapacTaHu-
eM TAXKECTU NOopPaAXKEeHUA MO mepe yBennyeHun
KOHUeHTpaunu. MNopor BbiABAEHUA rMCTONATO-
nornyeckux apdekrtos (0.05 mr/n) okasancs B
TPW pa3a HUXKe Nopora NeTasibHOCTU (I'IH0 =0.15
M[/N), 4TO NOATBEPKAAET BbICOKYIO YyBCTBU-
TENbHOCTb FTMCTONOrMYECKOrO MEeTOAA KaK paH-
Hero MHAMKATopa TOKCMYECKOro BO3AENCTBUA.
OCHOBHbIMM NYTAMM NOCTYNJAeHUs repbuunaa
B OpraHu3m pblb ABnAOTCA *Kabpbl (M3 BOAbI) U
KMLWEYHMK (Npu 3arnaTbiBaHUM 3arpa3HEHHbIX
4acTUL, AOHHbIX OTNOXEHUW AN KopMma). ep-
6MuUna AHOHC K.3. NPU XPOHUYECKOM BO3AeN-

cTBMM HaumHaa ¢ 0.05 mr/n Bbi3blBaeT CUCTEM-
Hble NOBPEXAEHUA: TOKCUYECKYD ANCTPODUIO
neyYyeHn, Nopa*KeHne cepaeyHom Mblilubl U Ha-
pyLleHWe KpoBOOOpPaLLEHMA B MO3re M NOYKaXx.
3TM U3MeHeHUsA 06BACHAOT HEBPOJIOTMYECKME
CMMNTOMbI U Tnbenb pbib.

O6cyxaeHue

Pe3ynbTaTbl ocTporo 96-4acosoro onbITa No-
Ka3a/sn yMepeHHyt OnacHOCTb TpudaypannHa
npu KpaTKoBpeMeHHOM Bo3zencTeuu. Mopor
NeTanbHOro AencTema Habawganca npu Kol-
ueHtpaumn 5.0 mr/n (rmbenb 6.6 %), a JIK
coctaBuna 26.82 mr/n. OgHaKo CpaBHeHWE C
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nuTepaTypHbiMK aaHHbIMK (Mayer, Ellersieck,
1986) yKasbiBaeT, YTO YyBCTBUTE/IbHbIE BUAbI
pbIb, TaKMe KaKk pasy*KHaa popenb U NennMomuc,
AEMOHCTPUPYIOT Ha MNOpALOK 6onee HU3KMe
3HaueHua 96-yacosoit JIK_ (0.008-0.04 mr/n).
3TO0 nogyepkMBaeT BUAOBYH CNeundUYHOCTb
TOKCUYHOCTU TPUDAYPANNHA U OTHOCUTENbHO
60onee BbICOKYH YCTOMYMBOCTb Kapna B OCTPbIX
YC/IOBUAX, YTO, BEPOATHO, CBA3AHO C ero ¢pusu-
0N10ro-6MOXMMMYECKMMM OCODBEHHOCTAMM.

3HaumTenbHo 60see BbiparkeHHble 3pdeK-
Tbl BbIAB/IEHbI MPU XPOHUYECKOM 30-CyTOYHOM
BO34eNCcTBMK. [MoporoBas KOHUEHTPaLUMA (ﬂKO)
cHu3unacb B 13 pas (go 0.15 mr/n) no cpasHe-
HWIO C OCTPbIM OMbITOM, & CPeAHAA NeTasibHaA
KOHLUEeHTpauma (ﬂKSO) yMeHblunnach B 3.6 pasa
(o 7.50 mr/n). 9T AaHHbIe O4HO3HAYHO CBU-
AETeNbCTBYIOT O BbIPAa*KEHHOM KyMYAATUBHOM
AencTemm TpudaypanmHa U cornacyrTcs C pe-
3ynbTatamu Poleksi¢ n Karan (1999), kotopble
nokasanu, 4yto TpudaypannuH B cybXpoHUye-
CKMX KOHUeHTpauumax (0.005-0.02 mr/n) cHu-
YKaeT poCT Kapna M U3MeHSEeT aKTUBHOCTb dep-
meHTOB (Poleksi¢, Karan, 1999).

KAnHMYeckaa KapTWHA XPOHMYECKOro OT-
paBNeHWA HOCWUIA CTAUMHbBIA XapakTep: OT
Haya/NbHOTrO BO3OYKAEHWA U HapyLeHUA Ko-
OpPAMHAUUKM 40 CYAOPOr, MPU3HAKOB FMMOKCUM
(3arnaTbiBaHMe BO3ayxa) u rmbenn. 3ta cum-
NTOMATMKa Hawna mopdonornyeckoe nog-
TBEPKAEHME B pe3ynbTaTax NaTo/s0roaHaToMMu-
4YEeCKOro W TUCTONIOTMYECKOro MCCNeLOoBaAHUMNA.
Mpu nccneposaHmmn 1999 r. TOKCUYHOCTU TPUD-
NlypanuHa ans Kapna B Cyb6XpPOHMYECKUX KOH-
ueHTpaymax (0.005, 0.01 u 0.02 mr/n), obHapy-
YKEHO, YTO TPUDNYPANINUH CHUXKAET OTHOCUTENb-
HYIO CKOPOCTb POCTa, YBE/IMYMBAET aKTUBHOCTb
OYHKLMOHANbHbIX PEepMeEHTOB B CbIBOPOTKe
KpOBM M opraHax pblb6, ocobeHHO B BbICOKOWM
KoHueHTpauuu (Poleksi¢, Karan, 1999).

MMCTONOrMYECKUIM aHANM3 MOATBEPANA CU-
CTEMHDbIN XapaKTep NOpPaXKeHUs AaxKe Npu HU3-
KMX KOoHUeHTpaumsax (ot 0.05 mr/n). B neyeHu
OTMeYanacb TOKCMYecKas auctpodua renaTo-
LUMTOB, B cepaLe — aAucTpodpua mMmMokapaa, a B
LUHC 1 noykax oTMe4YeHO HapylleHne KpoBOO-
6paLeHma. 3Tn mopdosiornyeckme UsSMmeHeHun
ABNAKTCA OCHOBOM Habntoaaembix HEBPOSO-
TMYECKMX CUMNTOMOB U rnbenn pbib 1 cayxat
Hanbonee YyBCTBUTENbHBIM MHANKATOPOM TOK-
CMYEeCKOro BO34eNCTBUA.

PaHHMMK McCcnefoBaHUAMM OTMEYEHO, YTO
npuv BO34eNCTBUN MablX KOHUEHTPaLNI Tpud-

NypanuHa y Kapna Haubonee cepbesHble U3-
MEHEHUA MPOUCXOZAT B Kabpax M nouyKax
(Poleksi¢, Karan, 1999). TpudnypanuH Baus-
€T M Ha KOCTW pblb, UCxoana U3 uccnenoBaHUM
Bo3aencTema TpudbaypanmHa (5-31 mkr/n) Ha
monoab ronbsaHa (Cyprinodon variegatus), 3a-
MeyeHa YHWKaNbHasA AMCNNasva MO3BOHKOB:
MX aHoOManbHoe yBenuyeHue (B 3—-20 pa3),
CpaleHMe UM paspacTaHuWe, cAaBaMBaloLLee
BHYTpeHHMe opraHbl (Couch et al.,, 1979). u-
CTONOTMYECKME HapPYLEHUS — OAUH U3 CaMbIX
YyBCTBUTE/IbHbIX MOKa3aTenem TOKCUYHOCTH,
NOABNAIOWMIACA paHblUe, YemM MaccoBasd rIu-
6enb. MMcTonaTonornyeckas KaptuHa (amcTpo-
du1A neyeHn 1 Kabp, noBpexaeHne M1MoKapaa)
ABnseTcs mopdonormyeckum cybcTpatom cu-
CTEMHOW WHTOKCMKaUMM U HapyweHua ¢yHK-
LI KNKOYEBbIX OPraHoB.

3akntouyeHue

TpudnypanvH nABNAeTCA CKPbITOM, HO ce-
Pbe3HOM Yrpo3oi AN BOAHbIX 3IKOCUCTEM.
MpoBeaeHHble MUCCnef0BaHMA NOATBEPKAAOT
3HAYMTENbHYO TOKCUYHOCTb repbuumnaa AHOHC
K.3. anA pbl6. OCHOBHblE BbIBOAbI:

1. MNpun octpom BO3aencTBuM Tpudnaypa-
JINH NPOABNAET YMEPEHHYH TOKCUMYHOCTb ANA
rofosukos Kapna (/1K = 26.82 mr/n).

2. XpOHW4YecKoe BO3AENCTBUE 3HAYUTENb-
HO OnacHee: MOPOroBaA KOHUEHTPaLMA CHU-
»xaeTca B 13 pa3 (go 0.15 mr/n), a IK, — B 3.6
pa3a (mo 7.50 mr/n).

3. HaumHaa c KoHueHTpauum 0.05 mr/n
repbuuma Bbi3bIBAaET CUCTEMHbIE TMCTONATONO-
rMYyecKkme U3MeHEeHMA — TOKCUYECKY AUCTPO-
¢u0 neyeHn, NopaxkeHne mMMoKapaa U Hapy-
lweHne KposoobpauweHus B LLIHC 1 nouKax.

4. XpOHW4YecKoe OTpaB/ieHNE HOCUT CTa-
AVMHDBIN XapaKTep M NpUMBOAUT K rmbenn pbib
B KOHLLEHTPALMAX, 3HAYUTENbHO BO/1Iee HU3KNX,
4Yem Npu OCTPOM OTPAB/IEHUM.

Takum obpasom, TpubnypanuH, HeCcmoTpsA
Ha OTCYTCTBME BblpaxKeEHHOM BMOaKKymynaLmm
(Km < 1), npeactaBnsieT cepbesHyto yrposy Ana
BOAHbIX 3KOCUCTEM M3-32 BbICOKOW YCTOMYU-
BOCTW B OKPY’KAlOLLEN Cpese W BblParKEHHOTo
KYMYAATUBHOIO TOKCMYECKOro AencTBMA npwm
ANNTENIbHOM BO34eNCTBMU. MMonyyeHHble aaH-
Hble 060CHOBbIBAOT HEOBXOAMMOCTb Y¥KecTo-
YeHWA HOPMATUBOB CoaepXKaHuA Tpudaypanm-
Ha B BoAE PbIOOXO3ANCTBEHHbIX BOAOEMOB U
y4yeTa ero XpOHWYEeCKOM TOKCUYHOCTU MPU KO-
NIOTMYECKOM OLIEHKE.
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THE EFFECT OF TRIFLUOROTHALONIL ON
CARP (CYPRINUS CARPIO L.): ACUTE AND
CHRONIC TOXICITY, AND HISTOLOGICAL
CHANGES

KALUYZHNAYA RUDN University, 117198, Mocksa, Miklukho-Maklaya St., 6.,
Olga Dmitrievna kalyuzhnaya.olya@list.ru

Key words: Summary: The widespread use of herbicides in agriculture leads to their en-
Annons EC try into aquatic ecosystems, where they pose a hidden but significant threat
trifluralin to hydrobionts. The aim of the research was to determine toxicometric indi-
carp (Cyprinus carpio L.) cators (lethal and threshold concentrations), study behavioral reactions, and
acute toxicity identify structural and functional changes in fish organs and tissues under
chronic toxicity the influence of sub-lethal doses of the preparation. The article presents the
herbicides results of experiments on acute (96 h) and chronic (30 days) toxicity of the
histopathological changes herbicide Annons EC (active ingredient — trifluralin) to carp yearlings (Cypri-
lethal concentrations nus carpio L.). Lethal concentrations and threshold levels were determined,
cumulative effect and histopathological changes in fish organs and tissues were investigated. It
bioindication was found that with acute exposure, the herbicide exhibits moderate toxicity

(LCso = 26.82 mg/L), whereas with chronic exposure its hazard increases sig-
nificantly: the threshold concentration decreases by 13 times, and the LCso —
by 3.6 times (to 7.50 mg/L). Histological analysis revealed systemic damage,
including toxic liver dystrophy, myocardial damage and circulatory distur-
bances in the brain and kidneys, starting at a concentration of 0.05 mg/L. The
results indicate that trifluralin, even at low concentrations, causes profound
pathology changes underlying the disruption of physiological functions and
fish mortality. Despite its low bioaccumulation factor (Km < 1), the substance
is highly stable in the environment and can persist in bottom sediments for
a long time, posing a constant risk to aquatic ecosystems, especially to fish
embryos and juveniles. This study confirms the necessity for strict regulation
of trifluralin content in the water of fishery reservoirs and consideration of its
cumulative potential in ecotoxicological assessments.
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BsepeHue

MHTEHCMBHOE CTpouTenbcTBO W bnaroy-
CTPOMCTBO ropoga B HacTosLLEE BPeMA 3aTpa-
rMBaeT U nNpubpeskHble TepPUTOPUN BOAHbIX
06bEKTOB, YTO, HECOMHEHHO, OTPA*KAETCA U Ha

dnope BogoEMOB.

AHHoTauuA: M3yyeHne GNOPUCTUYECKOTO pasHOObpPasma BOAOEMOB 3HAYMMO
B OLEHKE WX 3KOJIOFMYECKOro COCTOAHMUA M OLLeHKEe 3arpsa3HeHMA OKpYrKatoLLel
cpeapbl. B paboTe npuBeaeHbl pe3ynbTaTbl aHannsa GAop YeTbipex pasanyato-
Lmxca no mopdonornm osep (Nlebskbe, Mapka CemeliHoro OTabixa (MCO), Nary-
LIATHWUK M PaTMMHO), pacnofioXKeHHbIX Ha Tepputopum r. lybHa MockoBcKon 06-
nactu, 3a nepmog 1999-2023 rr. CocTaBneHbl CINCKM BUAOB C YKa3zaHUEM UX KO-
JIOTMYECKMX rpynn n obuama sngos (no wkane Apyae). Dropbl uccnegoBaHHbIX
03ep npeacrasaeHa 57 BUAaMM COCYAUCTbIX PACTEHUI, MAaKCMMAJIbHOE KoauYe-
cTBO BMAOB (42) oTMeyeHOo Ha o3epe Jlebsarkbe, MUHUManbHoe (14) — Ha o3epe
NarywatHuk. JomuHmpytowme B cocTaBe cemelictBa Poaceae, Cyperaceae yKa-
3blBa/IN Ha 3apacTaHue NpubpeXKHbIX MeKOBOANM. BbicOKoe 3HaYeHue poao-
BOro KoapdpuumeHTa (93 %) otmeueHo Ha 03. PaTMUHO 1 03. JIAryLWATHUK, HU3-
Koe (79 %) — Ha 03. Jlebaxbe. MHAeKC rnapodmTHOCTM BapbmupyeT oT +0.07 (03.
PatmunHo) go +0.43 (03. /lebsxkbe). [0 OTHOLLEHMIO K OCBELLEHHOCTM Ha 03epax
npeobnagatoT cumorennoduTbl. HeTKO NPOABAAETCA NPUYPOYEHHOCTb BUAOB K
3BTPOdHbLIM MecToobuTaHuAM. MoKasaTenn Mepbl CX04CTBA BUAOB U3YYEHHbIX
BOAOEMOB No MHAeKcy CbepeHceHa — YeKaHOBCKOro BapbMpyHOT B AManasoHe
oT 0.32 po 0.58, Hanbonbllee BUAOBOE CXOACTBO ObI/I0 OTMEYEHO MEXKAY 03.
Nebaxbe u 03. NCO (58 %). Bce uccneposaHHble o3epa r. [lybHa ncnbiTbiBalOT
3HAYUTENbHYHO aHTPOMOreHHYI Harpy3Ky, KOTOpaa MOXeT ObiTb NPUYNHOM UC-
Ye3HOBEHWA HEKOTOPbIX BUZOB.

© MNeTpo3aBOACKMI FOCYAAPCTBEHHDbIN YHUBEPCUTET

MopnucaHa K neyatu: 7 ntoHa 2026 roaa
PeueHseHT: B. B. ConoBbeBa

meirHoro Otapbixa (MCO), NlarywaTtHuK n Patmm-
HO).

lfopoackon okpyr AlybHa — cpeaHuin No Yync-
JIEHHOCTWN HaceneHua ropog (74032 yenoseka,
no AaHHbIM PocctaTta Ha 01.01.2024), pacnono-
YKeH Ha ceBepe MocKoBcKor o0bnactn B 128 Km
oT r. MoCKBbI.

Lenb nccnegosaHmna — nsyyeHune gpaop osep,
Pacno/IOXKEeHHbIX Ha TeppuTopum r. lybHa, pas-
INYaloLWmMxcs No CcBOMM MOPPONOTrUYECKUM
XapaKTepuctukam (o3epa Jlebaxbe, MNapka Ce-

Ha knumar r. lybHa cylecTBeHHoe BAnsHMe
OKa3blBaloT VIBaHbKOBCKOE BOAOXPaHUAULLE U
peKka Bosra, genauias ropoa Ha ase yactu. O6-
LUIMPHAA BOAHAA NOBEPXHOCTb CHUXaeT Temne-
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paTypy BO34yxa B BECEHHe-/IeTHUI nepuog u
NoBbILLIAEeT 0CeHbto, obycnasansaet obpasosa-
HWEe TYMaHOB M YacTble BO3BPaTbl 3aMOPO3KOB
BecHoM. CpeaHeroaosas TemnepaTypa Bo3gyxa
+3.4 °C, camoro xonogHoro mecsiua (sHBapb)
-10.7 °C, camoro Tennoro (uwonb) +17.5 °C.
CpeaHerogoBas cymma ocagkos 783 mm (bawa
n ap., 2001).

fopoA pacnonoXKeH Ha TeppuTopumn BepxHe-
BOJI*KCKOM HWU3MEHHOCTW, O4HOro M3 PaMoOHOB
nonecuit. dToT PaloH UMEET CINAXKEHHbIN pe-
nbed, mectamm HabnrogatoTcAa 3abono0UeHHble
obnactn. TeppuTtopua ropoaa npeactaBnset
coboi NoKaTyto paBHUHY C 0OLMM HAaK/IOHOM C
tora (MakcMmanbHas BbicoTa 125.8 m) Ha ceBep
(MMHMManbHaA BbicoTa 114.3 m).

C tora TeppuTOpUA ropoaa OrpaHUYeHa pe-
Ko CecTpom 1 KaHanom nm. MOCKBbI, C BOCTO-
Ka — pekon [lybHoWn, a ¢ 3anaga — MBaHbKOB-
CKMM BOAOXpPaHUAMULLIEM. BoaHble O06BEKTHI
rOPOACKOM TEppPUTOPUM MHOTFOUYUC/IEHHBI WU
Pa3HO0bOPa3HbI, BKAOYAA APEHaXKHble KaHaBbl,
MENKME PEUYKM U pydbM. TaKKe Ha TeppUTOpPUM
ropoga pPacnosioXKeHO HECKO/IbKO eCTeCcTBEH-
HbIX M WCKYCCTBEHHbIX BOA4OEMOB, Haubonee
KpynHble — o3epo Jlebsaxbe n o3epo MNCO. 3Tn
BOL0EMbI MCNOb3YIOTCA KaK 30Hbl peKpeaLmu
n ana cnoptusHoro poibonosctea (bawa u gp.,
2001; KapnyxuHa u gp., 2016).
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Puc. 1. Cxema pacnonoxeHusa uccaefoBaHHbIX 03ep Ha Tepputopum r. [lybHa
Fig. 1. The layout of the investigated lakes on the territory of Dubna

CeBep MockoBcKoM 061acT BXOAUT B COCTaB
CeBepoeBpONENCKON TaeXXHON NPOBUHLMK EB-
pPOa3naTCKoOM TaexHon o6nactu. 30HaNbHbIM
TUNOM PaCTUTENbHOCTU ANA 3TOM TeppUTOpPUU
ABNAOTCA C/IOXKHbIE €/10Bble UAN XBOMHO-LIN-
POKOJINCTBEHHbIE U LUMPOKONCTBEHHO-XBOM-
Hble fieca. BepxHEeBOKCKYIO HWU3MEHHOCTb
XapaKTepM3yoT KaK PaoH, B KOTOPOM e/10Bble
AN eN0BO-COCHOBbIE neca bopeasibHOro xa-
pakTepa 4yepeaytotca ¢ 3abonovyeHHbIMK be-
pe3HAKaMM 1 YepHOoOobllaHMKaMu (KapnyxuHa
n ap., 2016).

fopoa, pacrnosioXKeH B palioHe pacnpocTpa-
HEeHUsA LepPHOBO-NOA30/UCTbIX MOYB Cynecya-
HOrO M NEecYaHoro MexaHWYecKoro CocTaBa C
CUNbHO Pa3BUTLIMKU Npoueccamn 3abonaymea-
HWMA K3-3a BM3KOro 3aneraHuns BOAOYMNOPHbIX
ropusoHToB (KapnyxuHa u ap., 2016).

XapaKtepuctmku osep

O3epo Jlebaxbe HaxoamTca B npaBobepex-
HOWM YaCTU ropoza Ha toro-3anagHom ero okpau-
He. VIcKycCcTBEHHbI Bogoem, obpa3oBaBLUniiCcA
Ha MecTe Kapbepa, pasaeneH Ha ABe HepaBHble
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Yyactn OMuTpoBCKUM wocce. BocTouHbin beper
03epa 3aTonJIeH, rPAHNUYNUT C 1eCOM. 3anagHbli
beper oTaeneH JOPOXKHOM HACbINbIO OT KaHa/a
nm. Mocksbl. Mnowaab 3epkana obenx yacten
03epa okono 339000 m?, aanHa osepa — 1075
M, WKPUHA — 525 M, MaKcMMmanbHaa ryou-
Ha — 6.8 M, B cpeaHem rnybuHbl KonebntoTteca
B npeaenax ot 2.5 go 3.5 m (/lazapesa, 2000;
Tyrywesa, J/lasapesa, 2007).

Osepo MMCO (Mapka CemeirHoro OTabixa)
pacnonoXeHo Ha loro-3anage npasobepexk-
HOM YacTh ropoga B 350 meTpax K tory oT peKku
Bonrun. BbITAHYTO C 10ro-3anaga Ha cesepo-BocC-
TOK. B HenocpeacTBeHHOM 61M30CcTU OT 03epa
NPOXOAAT aBTOMODOU/IbHbIE U KenesHaa [opo-
rn. Mnowaab 3epKkana o3epa okono 36500 m?,
onvHa — 335 m, wupuHa — go 155 m, makcu-
MafibHasA rybuHa — 6 M, cpeaHaa — 0Koio 3 m
(Nasapesa, 2000; Tyrywesa, /lazapesa, 2009).

O3epo PaTMMHO HaxoauTcA B NpaBobeperk-
HOM 4acTu ropoaa, pAAoOM € caHaTopuem «Pat-
MUWHO». BbITAHYTO € 3anaaa Ha BOCTOK. C HOXKHOM
CTOPOHbI K 03epy NMPUMbIKAOT 3abpoLLIeHHbIe
CE/NIbCKOXO3SINCTBEHHbIE YroAbs, @ CEBEPHbIN
b6eper obpas3oBaH AOPOKHOM HACbIMNbIO, YKpe-
nAeHHon 6eToHHbIMM nauTamu. O3epo umeet
CTOK B peky [lybHa, a B Hero Bnagatot obsoa-
Hble KaHaBbl. JanHa o3epa — 90 m, WKpUHa —
50 m, makcumanbHasa rybuHa — okono 1.2 m.
Mnowaab 3epKana o3epa — okoso 5200 m? (/la-
3apesa, 2000).

O3epo JlarywaTHUK HaxoauTtcs B nesobe-
PEXXHOM YaCTu ropoaa Ha ero ceBepHOM OKpa-
nHe. O3epo aHTPONOreHHOro NPOUCXOXAEHMSA,
06pa3oBaHO Ha mecTe HebO/bLLIOro NecYaHoro
Kapbepa, pa3paboTaHHOro ANA HYXA AOPOXK-
HOrO CTPOUTENIbCTBA MECTHOIO 3HAYeHMs (bawa
n ap., 2001). BbiTAHYTO C toro-3anaaa Ha cese-
pO-BOCTOK. B6113n 03epa B 120 m K tory pac-
nosiaraeTca UHAMBUAYAbHAA XKWUMAA 3aCTPOM-
Ka. C cesepa B 90 m OT 03epa — cagoBoavecKoe
ToBapuLwecTBo. JanHa o3epa okono 150 m,
WwrpurHa — 90 M, MaKCMManbHas rybuHa — 3 m,
naowaab 3epKana — nopaaka 7500 m? (Slasape-
Ba, 2000; JlazapeBa, *Kmbines, 2023).

Mo cywecTBytoLen Knaccmpmrkaumm o3ep no
nnaowaau 3epkana, npeanoxeHHou . B. Nea-
HoBbIM (1948), 03. Jlebsaxkbe OTHOCUTCA K
rpynne oyeHb masnbix o3ep (0.1-1 Km?), a o3e-
pa MCO, /larywaTtHMK n PaTMMHO — K 03epKam
(2 km). O3epa Jlebsaxkbe U JlarywaTHUK — 3am-
KHYTbIX TN 03ep.

MaTtepuanbl

PaboTbl Ha 03epax MPOBOAMIN B NEPUOL
1999-2023 rr. meTOA0M MapLLPYTHOro obcre-
AoBaHuA. OnucaHuA Gaop NPon3BOAUANCE HA

NpobHbIX NaowagKkax pasmepom 100 m? ¢ aKo-
NOTUYECKMMM YCNI0BUAMM, XapaKTEPHbIMU ANA
BogoemoB. MccnepoBaHue 6bl10 nNpoBeaeHo
no obwenpuHATbIM MeToAamM U MeToAUKaAM
(KataHckas, 1981), onpegenanu dnopuctuye-
CKWUIt cocTas, obunne Bnaos (no wkane Apy-
Ae). OTmevann Bce BMAbl, BCTpevatowmeca B
BOAHOW cpene, YKasblBanu AOMUHUpPYOLLME
BMapbl (PykoBoacTtso..., 1992).

MeToabl

B xone paboTbl 6GblA COCTaBAEH KOHCMEKT
dnopbl  COCYyAUCTbIX pPACTEHWUIN, OTHECEHHbIX
K LWEeCTM 3KONOMMYECKMM TFpynnam B COOTBET-
CTBUM C KnaccupuKkaumen, npeanoxeHHom
B. I NanyeHKoBbIm (1985): I-Ill skoTun (rngpo-
¢uTbl, renoduTbl, rurporenoduTbl) — BoAHbIE
BuAbl, IV=V akotun (rurpodutbl, me3zodutbl) —
3axogAawme B Boay 6eperosble (OKONOBOAHbIE)
Buabl (Tabn. 1). Ana oTHeceHusa Bugos ¢no-
pbl NO 3KOTMMAM MCNONb30BANUCL AaHHble B.
I NanyeHkosa (ManyeHkos, 2001; KaTtanor...,
2000). OnpeneneHve BMAOBOrO cocTtaBa Npo-
BOAMNOCb C Mcnonb3oBaHnem «llonynAapHoro
atnaca-onpegenutensa. [ukopacTtywume pac-
TeHua» (Hosukos, lyb6aHos, 2004), nocobus
«®nopa CpegHen nonocbl EBponenckom 4yactum
Poccun» (Maesckmin, 2014) n cnpaBOYHMKa-
onpegenutena «TpasaHucTble pacteHmna CCCP»
(Anekcees u ap., 1971). CTpyKTypa nU3y4yeHHOM
¢dnopbl npuBeaeHa no cucteme APG |V.

[Ona oueHKM PaKTOpPOB cpepbl NO 3KONOTU-
4YeCKMM CBOMCTBAM BWMAOB PaCTEHWUIN UCMONb-
30Ba/IMCb 3KONOrMYecKme WwKanbl InneHbepra
(Ellenberg, 1974). Ana oueHKM pa3Hoobpasmn
3KO/IOMMYECKMX YCIOBMIA ONpesensanm poaoBomn
KoapduumeHT (K) — oTHOWeEHMe Konuyectsa
pPOOOB K KOAM4yecTBy BMAOB, 0bpaTHO npo-
NOpLMOHaNbHbIN 3TOMY pa3Hoobpasuto (Ané-
XuH, 1944), pacuyet npoussoannca no dopmy-
ne Kr= R/ V-100 %, rae R — KONN4ecTBO po-
noB; V — Konnvectso BMAOB. PaccumTbiBanca
NHAeKc rnapodutHocTn (CBupuaeHko, 1997)
no ¢opmyne: /, =(2-A/B) -1, rae A—uucno
BOAHbIX BUAOB, B —uyncno Bcex BMA0B paccma-
TpuBaemor ¢nopbl. OnpepeneHve cxoncTea
BMAOB PACTEHUMM HA YeTblpex wuccaesyemblx
BOAOEMAx MPOM3BOAMNOCH B MPOrPamMMHOM
moayne « GRAPHS» (HoBakoBcKuit, 2004) ¢ mc-
nosb3oBaHMem KoadpopumumeHTa CbepeHceHa —
YekaHoBCKoro. A6contoTHoOe CXoACTBO BblUYMC-
NIANOCb NO KOAMYECTBY 0OLMX BUAOB.

Pe3ynbTatbl

B xope pabotbl B 2023 r. 6bln cocTaBieH
CMUCOK BWAOB COCYAMCTbIX pacTeHun dnop
nccnefoBaHHbIX 03ep (YyTOYHeH K uccnepno-
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BaHMAM 1999 un 2006 rr. (Porosasn, Jlasapesa,
2006; Tyrywesa, Jlasapesa, 2009)). Bce ot-
MeYeHHble BMUAbI BXOAAT B COCTaB ABYX OTAe-
NOB: MOYTU BCe 3apPerucTpupoBaHHble BUAbI
OTHOCATCA K OTAENY CEMEHHbIX PaCTeHUM
(Spermatophyta), Aona nNanopoOTHMKOBUAHbLIX
(Polypodiophyta) knacc Equisetopsida (xBo-
WOBbIE) MUHMMANIbHA M MpeacTaBAeHa TO/b-
KO oaHum cemeincteom (Equisetaceae), oa-
HUM pogom (Equisetum) n gByma sugamm (cm.
Tabn. 1).

®nopa mccnenoBaHHbIX 03ep bblia npea-
cTaBneHa 57 BMAaMM COCYyAUCTbIX pacTe-
HWIM, KOTOpble OTHOCATCA K 26 cemeicTBam

n 42 popgam (cm. Tabn. 1). Haubonbliee
KONMYECTBO BWAOB COAEpPKAT CeMeKncTBa
Cyperaceae, Poaceae, Araceae, Lamiaceae,

Hydrocharitaceae, Potamogetonaceae. Popgo-
BOW CNEKTp umeeT cneayrowmn sua: Carex (4
Buaa), Potamogeton (3 suaa), Bidens, Glyceria,
Epilobium, Lemna, Lysimachia, Myriophyllum,
Scirpus, Sparganium, Typha, Equisetum (no 2
Buaa). Pogos, npeactaBneHHbIX OAHUM BU-
aom, — 30. CemelicTB, NpeacTaBAEHHbIX 0Of-
HUM pogom, — 18. N3 Bcex BUOO0B COCYAUCTbIX
pacTeHW BO BCEX O3epax BCTPeYaloTCA JNLb
5: Phragmites australis (Cav.) Trin. Ex Steud.,
Glyceria maxima (Hartm.) Holmb, Scirpus syl-
vaticus L., Typha latifolia L., Lemna minor L.

B o3epe Jlebsixkbe 6b1210 BbiABNEHO 42 BUAA
pacteHui n3 20 cemenctea 1 33 poaos. Beay-
WMMK cemencTBamm asnanmcb Poaceae (6 Bu-
nos /14 % sngos cnucka), Cyperaceae (5 sBngos
/ 12 %), Typhaceae, Araceae, Hydrocharitaceae
n Potamogetonaceae (no 3 Buga / no 7 %). Ha
[ON0 3TUX CemencTB npuxoaunocb 48 % ot
BCEX BUAOB. PoooBon KoadPpULUMEHT coCcTaBun
79 %. JomuHupyowme suabl: Phragmites aus-
tralis (Cav.) Trin. Ex Steud., Typha latifolia L.,
Nymphaea candida C. Presl, Potamogeton per-
foliatus L., Myriophyllum spicatum L., Ranun-
culus circinatus L. Sibth., Stratiotes aloides L.,
Elodea canadensis Michx. (cm. Tabn. 1).

B o3epe MCO 6bin BbiIABNEH 31 BUA pacTe-
HMK 13 20 cemencts u 27 poaos. Beaywmmum
cemenictBammn senanucb Typhaceae (4 BuAaa
/ 13 %), Araceae u Poaceae (no 3 Buaa / no
10 %), Cyperaceae, Lamiaceae, Polygonaceae u
Onagraceae (no 2 suaa / no 6 %). Ha aonto atux
CeMelncTB npuxoamnocb 56 % oT BCex BMAOB.
PopoBoi KoadpdpuumneHT — 87 %. JOMUHUpPYIO-
wme Buabl: Phragmites australis (Cav.) Trin. Ex

Steud., Carex vesicaria L., Potamogeton perfo-
liatus L., Nuphar lutea (L.) Smith, Myriophyllum
spicatum L., Elodea canadensis Michx, Cerato-
phyllum demersum L. (cm. Tabn. 1).

B o3epe PatmuHo BbiABAEHO 15 Bnaos pac-
TeHMn u3 12 cemencts 1 14 poaos. Beaywmmm
cemeincrteamu asnanucb Cyperaceae (3 suaa /
20 %) n Poaceae (2 Buaa / no 13 %). Ha gonto
3TMX cemencTB npuxoamnocb 33 % OT BCeEX BU-
noB. Popgosoit kKoadpdpuumneHT coctasun 93 %.
JomuHupytowme suapl: Phragmites australis
(Cav.) Trin. Ex Steud., Glyceria maxima (Hartm.)
Holmb, Typha latifolia L., Carex vesicaria L.,
Carex acuta L., Lemna minor L., Hydrocharis
morsus-ranae L. TonbKo Ha 3TOM 03epe BCTpe-
YyeHbl Takue BWAbl, Kak Iris pseudacorus L.,
Galium palustre L., Filipendula ulmaria (L.)
Maxim., Equisetum pratense Ehrh.

B o03epe JlarywatHuK BbliaBneHo 14 Bu-
A0B pacTeHun ns 9 cemencts n 13 pogos. Be-
AyWMmM  cemencteamun asnanmcb Poaceae,
Potamogetonaceae u Cyperaceae (no 2 Buaa
/ no 14 %). Ha nonto 3aTux ceMencTs npmMxoau-
nocb 43 % ot Bcex BMAoB. Pogoson koadodmum-
eHT —93 %. JomuHupytowme Buapl: Phragmites
australis (Cav.) Trin. Ex Steud., Typha latifolia L.,
Glyceria maxima (Hartm.) Holmb, Carex cespi-
tosa L., Alisma plantago-aquatical L., Elodea
canadensis Michx, Potamogeton pectinatus L.,
Potamogeton natans L., Ceratophyllum demer-
sum L.

Ha Bcex o3epax B umcne seaywmx bbinm ce-
menctBa Poaceae n Cyperaceae, 4To yKa3blBa-
€T Ha aKTUMBHOE 3apacTaHue BAO/Nbbeperosbix
menkosoaui. Ha o3epax J/lebsxkbe u Patmu-
HO B MepeyHe BeayLMX CEMENCTB Hapaay C
Poaceae un Cyperaceae OTMeYeHO CEMENCTBO
Potamogetonaceae, 4TO yKa3blBaeT HE TONbKO
Ha BblpaXKEHHYO 30HY MEIKOBOA MM 1 XOPOLLYHO
NporpeBaemocCTb BOAbl, HO U HA MUHUMaNbHOE
nposB/ieHne BETPO-BONHOBOIO GpaKTopa.

Bbicokoe 3HauyeHue popoBoro Koapoduum-
€HTa Ha BCeX McCnenoBaHHbIX 03epax CBA3aHO
C OAHOPOAHOCTbIO 3KOIOTUYECKUX YCNOBUIA,
Masion naowanbio 03ep U npeobnagaHnem
poaos ¢ ogHUm Bnaom. Npu sTom B 03epe Jle-
6a)Kbe poaoBoi KoapduumeHT HuxKe (78 % no
CpaBHEHMIo ¢ Apyrumun osepamun — 87 %, 93 %),
4TO CBA3AHO M C HonbWMMKM pa3mepamm 03epa
(0.34 kW’ npu nNaowanM Apyrux o3ep MeHee
0.04 Km?) u c bonee pasHOOBpPaA3HbIMK 3KOJIO-
TMYECKMMU YCNIOBUAMM.
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Tabnnua 1. TakcOHOMMYECKNI cocTaB Gpiop UCCNeaoBaHHbIX 03ep r. lybHa: | — 03. flebaxebe, Il —
03. 1CO, Il — 03. larywaTHuk, IV — 03. PaTMKHO

Ne JKos1I0rnMyeckas

o, Bug, rpynna Apeanbl O6bunue no wkane Apyae
I [l [l v
Nopagok Nymphaeales
Cemencteo Nymphaeaceae Salisb.

1 Nuphar lutea (L.) Smith rmapodur Ln N3 1 1
2 Nymphaea candida C. Presl rmapoput LUn M3 2

MNopapgok Alismatales

CemenctBo Potamogetonaceae Bercht. et J. Presl
3 Potamogeton natans L. rmapoput Lin M3 3 2/1
4 P._pectinatus L. rmapodut Ln N3 2 3/2
5 P. perfoliatus L. rmapoput Ln M3 3 2

CemeiictBo Hydrocharitaceae Juss.
6 Elodea canadensis Michx. rmapoput Ln M3 2 5 2/1
7 Hydrocharis morsus-ranae L. rmapodur LUn N3 2 3
8 Stratiotes aloides L. rmapoput Ln M3 4

CemenctBo Butomaceae Mirb.
9 Butomus umbellatus L. renoput Ea M3 1 1 - -

CemeicTtBo Araceae Juss.
10 Calla palustris L. rurporenoputr  Lin M3 3 - - -
11 Lemna minor L. rmapoout Ln M3 2 3 1/1 3
12 L. trisulca L. rmapoput LUn M3 5
13 Spirodela polyrhiza (L.) Schleid rmapodur Ln N3 2 3

Cemencreo Alismataceae Vent.
14 Alisma plantago-aquatica L. renopur Ea s 3 2 2/1 -
15 Sagittaria sagittifolia L. renoout Ea M3 3 - - -

Mopapok Asparagales

CemelictBo Iridaceae Juss.

16 Iris pseudacorus L. rurporenodmut  E3zc 3 2

Mopaaok Poales

CemelictBo Poaceae Barnhart

Calamagrostis canescens

17 (Weber) Roth rmrpoput Ecb 1 - - -

18 Glyceria fluitans (L.) R. Br. rurporenopur E BH 1 - -

19 G. maxima (Hartm.) Holmb renoout LUn M3 1 1 1

20 Efrschrl;vél.‘es australis (Cav.) Trin. renoduT Ln M 4 3 3/1 4

21 .Eicr?liochloa festucacea (Willd.) renodur CamEcE 1 i i i

22 Zizania latifolia (Griseb.) Stapf renopur Ba I3 1 1 - -
Cemencreo Typhaceae Juss.

23 Typha latifolia L. renoout - M3 2 1 2/- 3

24 T. anqustifolia L. renoout LUn M3 3 2 -

25 Sparganium emersum Rehm. renopur -3 2 1 - -

26 S. erectum L. renoout Ec 3 - 1 - -
CemeicTBo Juncaceae Juss.

27 Juncus bufonius L. rurpodpur LUn M3 1/1
CemeicTtBo Cyperaceae Juss

28 Carex acuta L. rurporenoput - I3 1 - 4

29 C. cespitosa L. rurpodpur - I3 2 - 2/1 -

30 C. riparia Curtis rurporenoput _ Ea BH 1 - - -

31 C. vesicaria L. (Carex inflata) rurporenoput  Lin M3 - 1 - 2

32 Scirpus sylvaticus L. rurpodpur E M3 2 2 2/- 2

33 S. lacustris L. renopur Ec I3 2 - - -

Nopaaok Ceratophyllales

Cemencrso Ceratophyllaceae Gray

34 Ceratophyllum demersum L. rmapodur Ln N3 2 2 3/1 -
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Tabnnua 1. MpoponkeHue

Ne JKonornyeckas
o, Bug, rpynna Apeanbl Obunue no wkane Apyage

Nopaaok Ranunculales

CemelrictBo Ranunculaceae Juss.

35 Ranunculus circinatus L. Sibth. rmapodut -MNs3 1

Nopaaok Saxifragales

CemelictBo Haloragaceae R. Br.

36 Myriophyllum spicatum L. rmapodput Ln N3 2 2

37 M. verticillatum L. rmapodur Lin M3 2

Nopaaok Rosales

CemewictBo Rosaceae Juss

Filipendula ulmaria (L.) Maxim.
38 s.l. [incl. F. denudata (J. et C. rurpoput Ec BH 1
Presl) Fritsch.]

Nopaaok Myrtales

CemelictBo Lythraceae J. St.-Hil.

39 Lythrum salicaria L. rurporenoput  Ea s 1
CemeictBo Onagraceae Juss.
40 Epilobium hirsutum L. rurpodpur Ea M3 1 1
41 E. palustre L. rurpodpur Ln M3 1 1

Mopapok Caryophyllales

CemeinctBo Polygonaceae Juss.

42 Persicaria amphibia (L.) S.F.Gray rmrpoduT Lin M3 2 2 - -

43 Rumex aquaticus L. rurporenodmnt  Ea BH - 1 1 -

NMopaaok Ericales

CemeiictBo Primulaceae Batsch ex Borkh.

44 Lysimachia nummularia L. rmrpoouT E M3

N (N

45 L. vulgaris L. rmrpoouT Ea M3

Nopaaok Gentianales

CemelictBo Rubiaceae Juss.

46 Galium palustre L. rmrpoouT Ec 3 2

MNopaaok Lamiales

CemelictBo Lamiaceae Martinov

47 Lycopus europaeus L. rurpodpur E3all3 1

48 Scutellaria galericulata L. rurpodpur Ln N3 1 1

49 Mentha arvensis L. rmrpoouT Lin M3 1
CemenctBo Lentibulariaceae Rich.

50 Utricularia vulgaris L. rmapoout Ln M3 1

Mopapok Asterales

CemeiictBo Asteraceae Bercht. et J. Pres|

51 Bidens tripartita L. rmrpoouT Ea 3 1 1

52 B. frondosa L. rmrpoouT EAMm I3 1 1

MNopaaok Apiales

CemelictBo Apiaceae Lindl.

53 Sium latifolium L. rurporenodut  Esza BH 1

54 Cicuta virosa L. rurporenodput  Ea BH 1

Mopagok Solanales

CemelictBo Solanaceae

55 Solanum dulcamara L. rmrpoouT Ea 3 1

Mopapok Equisetales

CemelictBo Equisetaceae Michx.

56 Equisetum fluviatile L. renoput Un BH 5 1

57 Equisetum pratense Ehrh. rmrpopuT Lin M3 1

MpumedaHue. Apeanol: feorpaduyecknii anemeHT (fonrotHasa rpynna): Lin — umpkymnonspHbid, Ba — BocTou-
HOo-a3naTckuii, E — eBponelickuii, Ec — eBpocnMbupckuii, Ea — eBpoasmartckmin, EAM — eBponelicko-ceBepoa-
MepuKaHcKkuii, E3a — eBponelicko-3anagHoasmnatckuii, E3c — eBponelicko-3anagHocmbupckuii. LWnpoTtHas
(3oHanbHasn) rpynna: b — 6opeanbHbiii, H — HemopanbHbIiA, M3 — NAOPO30HaANbHbIN. BUoTonbl: B — BOAHbIN,
M — npunbpexHbii, b — 60n10THbIN, JIc — necHol, Jir — nyrosoii. LLkana Apyae (6annbl): 1 — eANHUYHO, 2 — OYEHD
Mano, 3 — obunbHO, 4 — cMblKatoTca, obpasys ¢poH (2/1 — go/nocne 2022 r.).
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JKonormyeckni aHanus Gpaopbl € UCNONbL3O-
BaHMEM KnaccuduKaumm 3KONOTUYECKUX Tpynn
pacTeHun, npeanoxeHHon B. I. [anyeHKOBbIM,
MoKasan, 4YTo B CNMUCKe BMAOB NpeobiagatoT ru-
rpoputol (32 %, unn 18 Bnaos) u rmagpoduThbl
(28 %, nnn 16 BuaoB), Aona renopuToB COCTaB-
naet 23 % (13 sngos), rurporenoputos — 18 %
(10 BupoB). Takum obpasom, pasHoobpasue
BOAHbIX BUAOB — Bcero 39 Bnaos (no: Manyewx-
KoB, 1985) — Bbllie, Yem 3axo4AlNX B BOAY
b6eperosbix (OKoONOBOAHbLIX) pacTeHuin (IV-V
3KOTUN: rUrpoduTbl, mesoduTtol — 18 BNAOB),
4YTO NOATBEPXKAAET 3HAYEHUE UHAEKCA TMApPO-
¢outHocTn  (+0.37). WHaekc rmnapodpmutHOCTM
ana o3. Jlebsxkbe coctasun +0.48, ana 03. MCO
+0.48, pna o3. JlarywaTtHuK +0.43, ana o3. PaT-
MUHO +0.07. He3sHauntenoHoe npeobnagaHue
BOZAHbIX BUA0B HaZ OKONIOBOAHbIMU Ha 03. PaT-
MUHO MOMeT ObITb cneactBnem HebonbLINX
rnybuH o3epa, ocobeHHOCTEN ruAaponoruye-
CKOTO peXkMma BoAoeMa — YacTbiX KosiebaHui
YPOBHA BOAbI, NEpUOAUYECKMX ObMeneHuin
NpPUOPEKHOM MENKOBOAHOW 30Hbl, @ TaKXe
YKa3blBaeT Ha aHTPOMNoOreHHoe Bo34eiCcTBME Ha
BOA0EM (YCKOPEHHYHO 3BTPODUKALMIO).

MonyyeHHble pe3ynbTaTbl 3KOJAOMMYECKOro
aHa/n3a No OTHOLIEHWIO K OCBELLEHHOCTMU (No
lUKase ocBeleHHOCTM 3InneHbepra) csBuae-
TeNbCTBYIOT, YTO B cocTaBe ¢nop npeobnasa-
IOT OTHOCUTENIbHO TEHEBbIHOC/IMBbIE PACTeHMUA
(nonyceeToBble pacTeHUs) — cumorenmopuThbl
(42 Bupa, wnm 74 %). fennodutol (cBETOBLIE
pacteHun) coctasnaoT 18 % (10 Buaos), renvno-
cumnoduTbl (MoNyTeHeBble pacTeHUA) NpeacTas-
nexbl 4 sugamum (7 %).

B akonornyeckom cnekTpe Gaopbl 03ep YeT-
KO MPOABNAETCA ee NPUYPOYEHHOCTb K 3BTPO®-
HbIM MecToObUTaHUAM (No WwKane dnneHbep-
ra): npeobnagatoT 3BTpodbl — 15 BNA0B (26 %),
no o3epam 804 3BTPodoB coctasaseT ot 20 %
(03. PatmunHO) oo 50 % (03. /larywaTtHuk). Me-
303BTPOPHbIX BUAOB — 5 (9 %), me30TpodHbIX
1 3BmMe30TpodHbIX — 9 (16 %) 1 11 (19 %) cooT-
BeTCcTBEeHHO. K rpynne onmrotpodoB oTHOCATCA
3 Buaa (5 %), mesoonurotpodos — 2 suaa (4 %),
onuromesotpodos —5 B1Maos (9 %), B uenom no
N3y4YeHHbIM 03epam 40N ONUFOTPOPHOM CBU-
Tbl cocTasnaeT ot 7 Ao 40 %. MNo peakunm noys
npeobsafatoT pacTeHMA HEeMTPaNbHbIX U Cna-
6oKucabIx Noyus (55 %).

Ha ocHoBaHMK cpaBHEHWA BUAOBOIO COCTABA
dnop nobunns snaos 3a nepnog 1999-2023 rr.
MOHO CKa3aTb, YTO, Haxo4ACb B yepTe T. [ly6-
Ha, BCE 03epa WCMNbITbIBAOT 3HAYUTENbHYIO
aHTPOMOreHHy HarpysKy, B T. Y. CBA3AHHYIO C
pabotamu no 61aroycTponcTBy NPUOPEKHbBIX

30H. Ha 03. /lebAakbe oTMme4eHbl U3SMEHEHUA B
nokasatene obunna BMA0B, B OCHOBHOM MNpU-
6pexHbix, nocne paboT no ykpenneHuo bepe-
roBoM /IMHUM 03epa rabMOHHbIMW KOHCTPYK-
umamm 8 2007-2008 rr. Ha 03. NCO oTtmeyeHo
ncyesHoseHne Bupa Utricularia vulgaris L.,
BCTpeyaBLueroca B Bogoeme Ao 2010 r. (Ha Haw
B3r/1A4, 3TO CBA3AHO C NPOBeAEeHHbIMK paboTa-
MM no 6naroyctponcTsy — obnaropaxkmBaHue
6eperosoit NMHUKN, CTPOUTENBCTBO WM 3KCM/ya-
Taumnsa GOHTaAHA Ha BOCTOMHOM bepery o3epa).
Ha 03. /l1arylwaTHMK NU3MEHEHMA TaKKe CBA3aHbI
¢ bnaroycTtporicteom, npoBeaeHHbIM B 2022 T.,
NPW 3TOM KONMYEeCTBO BUAOB BO ¢iope He co-
KpaTunocb, Ho 6annbl 06UAMA BMAOB NO LUKa-
ne [lpyae CywecTBEHHO CHU3UAUCL (BUAbI, 3a-
HUMaBLUME paHee 6onblMe Naowanm, cenyac
BCTpeYatoTca eaAnHMYHO). Ha 03. PaTMMHO He
OTMEYEHO U3MEHEHWI KoNnyecTBa BUA0B po-
pbl 1 6annos 06MNANA BUAOB, NPOLLECCHI 3BTPO-
d1poBaHMA 1 3apacTaHMA BogOEMA NPOAO/IKA-
toTCA.

leorpadmyecknii aHanM3 nokasan, 4To B
COCTaB WUCCNefoOBaHHOM ¢nopbl 03ep BXO4AT
B OCHOBHOM BMAbl C LUMPOKUM apeanom (cm.
Tabn. 1). OcHOBHaA YacCTb CMMCKa pacTeHui oT-
HOCUTCA K LMPKYMNOAAPHbIM BUAAM (27 BUAOB
—47 %), npun aTom B 03epax Jlebaxbe, NCO, /la-
ryWaTHUK, PaTMMHO UMpPKYMNONAPHbIX BUAOB
21, 17, 8, 7 cOOTBETCTBEHHO (OT CNUCKa BMAOB
Kaxgoro o3epa 310 50 %, 55 %, 57 %, 47 % cooT-
BETCTBEHHO), eBpoa3naTckux Bngos—11 (19 %),
eBpocnbupcknx — 5 (9 %), esponenckmnx — 3 (5
%), eBponencKko-3anagHoasnaTckux — 2 (4 %),
4yTO B Lenom coctasnset 6bonee 80 % dnopol.
BcTpeyatoTca BMAbI, KOTOPbIE PACNPOCTPAHEHbI
n B CeBepHolt Amepuke, — Bidens frondosa L.
n Scolochloa festucacea (Willd.) Link. Mo wwu-
POTHO-30HA/IbHOMY PaCNpPOCTPAHEHUIO BUAbI
nccnenoBaHHOM Gaopbl pa3HoobpasHbl. Mpe-
obnapatoT naopusoHanbHble BUabl (49 BuU-
nos, okono 85 %). Yncno 6opeanbHo-HeMo-
panbHbIX U 6opeanbHbiX BMAOB COCTABAAET
7 n 2 Buga cooTBeTcTBeHHO (12 % un 3 %). Uc-
KNHUNTENIbHO 6opeanbHbIMU ABAAKOTCA €BpPO-
cnbupckuin Calamagrostis canescens (Weber)
Roth n eBpocnbupcknin-cesepoamepuKaHCKmi
Scolochloa festucacea (Willd.) Link. lfeorpadu-
4yecKas CTPyKTypa Gaopbl 03ep OTparkaeT MX 30-
Ha/IbHOE MONOXKEeHME.

Ha ocHoBaHMM AaHHbIX O BMAOBOM COCTa-
Be Oblna coCTaB/leHa MaTpuLL@ Mep CXOACTBA
(tabn. 2) n nocTpoeHa geHApPoOrpamMmma obLHOo-
CTW BUA,0BOrO COCTaBa No nHaeKkcy CbepeHceHa
— YekaHoBcKoro (puc. 2).
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Index: " bray ". Binary: " FALSE ". Agglomerative method: " average

. NCoO
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o3 Jlebrxee

o3 JlarywatHHK

0.2 04

0.6

Similarity

Puc. 2. leHaporpamma ob6LHOCTM BUA0BOrO cocTaBa CbepeHceHa — YeKkaHoOBCKOro o3ep r. lybHa

Fig. 2. Dendrogram of the generality of the species composition of lakes in Dubna according to the Sjerensen
— Chekanovsky index

Hanbonblwee BnaoBoe cxoactso 6bino OT-
MeyeHO Mexay 03. Jlebaxkbe n 03. MNCO, 3Ha-
yeHune KoadpouumeHTta coctasuno 0.58 (58 %).
Osepa Jlebsaxkbe n MCO —3HaunTenbHo 6onble
ABYX OpYyrvx o3ep No naowagm, ux rayouHbl
AOCTUraT 6—6.5 M, yTo co3gaeT pasHoobpas-
Hble yCN0BMA 0BUTAHMA (MPU ITOM CXOXKue
mexay coboit B cuny oaHoro reorpaduyeckoro
NOJIOXKEHMA U NPUPOAHDLIX YCNOBWUIA), TaKkKe Y
HMUX MOXOXMWN XapaKTep aHTPOMOreHHoro BO3-
AencTBmA, YTo N obycnasnneaet Hambonbliee
BMO0BOE CXOACTBO Mexay Gdnopamm 3TUX 03ep
n Hambonblee KonmnyectTso obwmx smaos (21
BMA).

HavmeHbwee uncno obwmx BMAOB Xa-
pakTepHO AnA o3ep PaTMMHO MU JlArywaTHUK
(5 BuaoB). MNnowaab aTnx o3ep meHee 0.1 Km?,
MeNIKOBOAHbIEe, C MaKCMMaNbHbIMK NybuHa-
M1 3 M 1 1.2 M COOTBETCTBEHHO. [1pM 3TOM Ha
03. PaTMMHO XapaKTep aHTPOMNOreHHOro BAUA-
HWA 6o/blUe CBA3AH C CE/IbCKOXO3ANCTBEHHbIM
MCNoab30BaHMEM TEPPUTOPUM BOAOCOOPA, UTO

HEe MOXET He CKa3aTbCA Ha MMAOPOXUMUYECKUX
XapaKTepUCTUKaxX BOAOEMA, YCNOBUAX 0buTa-
HUA U, KaK CNeACcTBUE, HU3KUX NOKa3aTeNax Bu-
[lOBOr0 CX0ACTBA C GI0pamm Apyrux osep.

3akntoueHue

B coctaB ¢nopbl uMccnegoBaHHbIX  03ep
BXO4AT 57 BUAOB COCYAMUCTbIX PacTeHUN, Hau-
6onbliee KONNYECTBO BUAOB OTMEYEHO Ha 03.
Nebaxbe, HaMmeHblLee — Ha 03. JIATYLWAaTHUK.
O6WwMMn ana BCcex U3yYeHHbIX 03ep ABNAOTCA
TONbKO 5 BMAOB. JOMUHMPOBAHWE B COCTaBe
dnopbl cemencts Poaceae, Cyperaceae yKasbl-
BAeT Ha 3apacTaHue NpUBpeXkHbIX MeNKOBO-
AN, BbiCOKOe 3HayeHue poaoBoro Koadpodwu-
LUMEeHTa Ha BCex MccnenoBaHHbIX 03epax (79—
93 %) roBopuT 06 OTHOCUTENIBHO OAHOPOAHbIX
9KONOrMYECKUX YCNOBUAX MPU MasioM NAoLLAAN
03ep (8o 0.34 km?).

B cnucke BuaoB ¢pnopbl BCeX BOAOEMOB Npe-
obnagatot rurpodutbl N ruapoduTbl. MHAEKC
rMMapodPUTHOCTM NOKA3bIBAET HE3HAUYUTENbHOE
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npeobiagaHue Ha 03. PaTMMHO BOAHbIX BUAOB
HaJ, OKOJI0OBOAHbIMM, Ha OCTa/IbHbIX 03epax OT-
MeYaeTcA 3HAYMMOe MNPEUMYLLECTBO BOAHbIX
BMOB.

Ha o3epax npeacraBneHbl cocyancTble pac-
TEHWA, pa3InYatoLwMecs No OTHOLEHUIO K IKO-
normyeckum daktopam. Mo oTHoWEHUIO K daK-
TOpY OcBelleHHOCTM npeobnagatoT cumorenu-
o¢uTbl. M0 NOYBEHHbBIM YCNOBMAM — pPacTeHUS
HEeNTPaNbHbIX WU CNAaBOKUCALIX MOYB, NPOM3-
pacTalolmMe Ha CbIpblX, YacTO 3aTOMIAEMbIX U
BNAXKHbIX MOYBax. YeTKo NposBaseTca npuypo-
4YEeHHOCTb K 3BTPOPHbIM MecToobuTtaHmam. leo-
rpaduryeckan CTpyKTypa ¢bnopbl 03ep B NOAHOM
Mepe OTpayKaeT U UX 30Ha/IbHOE NOJIoXKeH e (B
OCHOBHOM 3TO LMPKYMMNOAPHbIE BUAbI, MO LWN-
POTHO-30HA/IbHOMY PACMPOCTPAHEHUIO — NAIO-
PU30Ha/bHbIE).

bubnnorpadus

Bce o3epa MCNbITbIBAOT 3HAYUTENbHYIO aH-
TPOMOreHHY HarpysKy, KOTopaa MOXKeT ObITb
NPUYNHOM MCYE3HOBEHUA HEKOTOPbIX BUAOB.
Ha ocHOBaHWKM cpaBHEHMA AAHHbLIX 33 Nepuog,
1999-2023 rr. MOXHO CKa3aTb, YTO Ha 03. Jle-
6A)Kbe BUA0BOM cocTaB $p10pbl USMEHEHUIN He
npetepnen, Ha o3epe MNCO oTmeyeHOo ncyesHo-
BeHue Utricularia vulgaris L., Ha 03. Jlarywar-
HWUK CHM3M/ICA NOKasaTenb obuamna BMAOB, Ha
03. PaTMMHO NpoA0KaOTCA NPOLECcChl 3BTPO-
d1poBaHMA 1 3apacTaHMA BOLOEMA.

Mo koadppumumneHTy CrepeHceHa — YekaHOB-
CKOrO OTMEYEeHO B LE/NIOM He3HauyuTesbHoe
BMAOBOE CXOACTBO U3yYeHHbIX BOAOEMOB, YTO
06BbACHAETCA pasIMUYMEM UMEIOLLMXCA Ha HUX
aKoTonoB. bonblie Bcero obwwmnx BUA0B 3aPuK-
CMpPOBAHO MeXKay 03. Jlebaxkbe u 03. MNCO, Hau-
MeHbLlee — meXay 03. PaTMMHO u 03. Jlarywat-
HUK.
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Key words: Summary: The study of the floral diversity of water bodies is significant in as-

composition of flora sessing their ecological state and environmental pollution. The paper presents

generic coefficient the results of an analysis of the flora of four lakes, differing in morphology: Leb-

ecological groups yazhye Lake, lake in the Family Recreation Park (FRP), Lyagushatnik Lake, and

life forms Ratmino Lake. These lakes are located in the city of Dubna, Moscow Region. The

study was carried out for the period 1999-2023. Lists of species were compiled
with an indication of their ecological groups and abundance of species (on the
Drude scale). The flora of the studied lakes are represented by 57 species of
vascular plants, the maximum number of species (42 species) was recorded in
Lebyazhye Lake, the minimum number (14 species) — in Lyagushatnik Lake. The
dominant Poaceae and Cyperaceae families indicate the overgrowth of shallow
coastal areas. A high value of the generic coefficient (93 %) was noted in Ratmino
Lake and Lyagushatnik Lake, low (79 %) — in Lebyazhye Lake. The hydrophytness
index varies from +0.07 (Ratmino Lake) to +0.43 (Lebyazhye Lake). Sciohelio-
phytes predominate in relation to the light of lakes. The attachment of species to
eutrophic habitats is clearly evident. The indicators of similarity of the species of
the studied water bodies according to the Seyrensen-Chekanovsky index range
from 0.32 to 0.58. The greatest species similarity was noted between the vege-
tation of Lebyazhye Lake and the lake in the FRP (58 %). All the lakes studied in
Dubna are experiencing significant anthropogenic pressure, which may be the
cause of the extinction of some species.
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AHHOTauuA: B pabote npoBeaeHa CpaBHUTENbHAA OLEHKA MHTEHCUBHO-
CTV HakonieHusa pTyTM (Hg) B MbllieYHOM TKaHM NPOMbIC/IOBbLIX BUAOB
pbl6 (OKyHb, NNOTBa, New, ryctepa) flopbKoBCKOro U YeboKcapcKoro Bo-
poxpaHmnnw, CpegHeid Bonru. UccnenoBaHuA BbINOMHEHbI HA OCHOBE
aHanmsa 1239 sk3emnnAapoB pbib, oTobpaHHbIX B 2023, 2024 1 2025 rT.
KoHUeHTpaumm pTyTM onpesensnm MeTofom aTOMHO-abcopbLmoHHOM
crnekTpomeTpumn. A OUEeHKM CKOPOCTU HakonaeHua Hg ncnonb3oBaHa
MHOrodaKTopHasA IMHEHaa MoAeslb 3aBUCMMOCTU «Hg — asnHa Tena»
C YY4ETOM BMA0BOWN NPUHALNEKHOCTM M BOAOEMA. YCTAaHOB/IEHO, YTO CO-
OeprkaHue pTyTU CTaTUCTUYECKM 3HAYMMO 3aBUCUT OT AJIMHbI TeNla pblb,
NX BUOOBOWM MPUHAANEKHOCTU U ycnoBuii Bogoema (p < 0.001). Bbisie-
NIeHbl Pa3/IMYNA B CKOPOCTM HAKOMIEHUA PTYTU MeXAy BUAAMM, A TaK-
e Mexay BoAOXpaHMAMWwamm. B YeboKcapcKoMm BOAOXPaHUIMLLE KOH-
UeHTpaumnm Hg B BbIBOPKe UCCNef0BaHHbIX BUAO0B Pblb B LLE/IOM Bbille,
yem B [OpbKOBCKOM. MOKa3aHO, YTO Pa3/IMYMA B HAKOMJAEHUW CBA3AHDI
He TO/IbKO C YPOBHEM 3arpA3HEHUA, HO U C 0COBEHHOCTAMM TMAPONOTU-
YeCKOro pexkuma v TPoPUYECKUx ycaoBuii, onpeaenatolmx buogoctyn-
HOCTb PTYTU 1 3PPEKTMBHOCTb ee nepeHoca. MNpoBeaeH aHann3 pakTo-
poB, ONpeaenAoLWMX PasINiYmA B COAepHKaHUN U HAKONAEHUM pbibamu
610A0CTYNHON METUNPTYTU Mexay [opbKOBCKUM U YeboKcapCcKum Bo-
AoxpaHuanwamn. Hanbonee BbICOKasA CKOPOCTb HAKOM/EHUA OTMeYeHa
Y OKYHA, HauMeHblasa — y newa. NoKasaHo, YTO MeXBUAO0BblE Pa3nu-
Ynsi B HAKOMNEHUM PTYTU HOCAT BOAOEM-3aBUCUMbIV XapaKTep, 4To Noa-
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TBEPKAAETCA 3HAYMMOCTbIO TpexdaKTOPHOro aHanusa. onyyYeHHble
pe3ynbTaTbl 4EMOHCTPUPYHOT, YTO UCC/IeAyeMble 3aBUCUMOCTU ABNSOTCS
MHGOPMATUBHbLIM MOKa3aTenem AMHAMUKUA BUOAKKYMyNaLMU PTYTU U
MOTYT 6bITb UCMONb30BaHbI 4/19 SKONOrMYECKOr0o MOHUTOPUHIA BOAHbIX

3KOCUCTEM.
MonyueHa: 11 maa 2026 roaa

BsepeHue

PtyTb (Hg) oTHOCUTCA K yncny npuoputeT-
HbIX rN06anbHbIX 3arpAasHuTenen. Moctynas B
aTMocdepy M3 NPUPOAHbIX U aHTPOMOreHHbIX
NCTOYHUKOB, PTYTb MOMKET MNEPEHOCUTbCA Ha
3HAYMTE/IbHbIE PACCTOAHUSA M 3aTEM OCaXKAaTb-
cs B BMAe aTMocdepHbIX 0CaZKoB M NOCTyNaTb
B BoAHble 06beKTbl (Obrist et al., 2018). B Bo-
AHbIX 3KOCUCTEMax NpPU BOCCTAHOBMUTE/bHbIX
YC/IOBUAX PTYTb MOMKET TPaHCPOPMMPOBATHLCA
B METUPTYTb — GOPMY PTYTU C BbICOKOM TOK-
CUMYHOCTbIO M BuogocTynHocTbio (Depew et al.,
2013; Lavoie et al., 2013). MeTunpTyTb BMOAK-
Kymynunpyetca n 6uomarHnouumpyetca B nu-
LEeBbIX Lenax, HakananeaeTtcsa B pbibe, oKasbl-
BAeT 3HAYUTENbHOE BANAHNE HA COCTOAHME TU-
APO6MOHTOB M 340p0Bbe Yenoseka (Fioravanti
et al., 2025; Visnjevec et al., 2014). Y yuenoseka,
notpebnstouLero pbiby, cogepxallyo MeTunp-
TYyTb, OTMEYaeTCA YBE/NMYEHME PUCKA Pa3BU-
TMA HEBPONOTrMYECKMX U CcepaeyHOo-cocyau-
CTbIX HAPYLUEHUN, BHYTPUYTPOBHOro pa3BuTUS
(Mergler et al., 2007; Karagas et al., 2012).

AHanu3 NUTepaTypHbIX MUCTOYHMKOB MNOKa-
3bIBaeT, YTO COAEprKaHue buMoaocTynHon me-
TUNPTYTU B BOAOEMAX CBA3AHO Kak C abuoTu-
YECKMMU, TaK U C BUOTMYECKMMU daKTopamM
cpeabl. TaK, NONOXKUTENbHAA CBA3b COAEpPIKA-
HUA METUAPTYTM OOHapy)KMBAETCA C NAOLLa-
Ablo noBepxHocT Bogoema (Kidd et al., 2012),
oTpuuatenbHas — ¢ pH (Kamman et al., 2005),
3NEKTPONPOBOAHOCTbIO (yAeNbHOM MpoBOAU-
mocTbto) Boabl (Julian, Gu, 2014) n ¢ coneHo-
CTbto BoAbl. C yBeMYEHMEM CONEHOCTU BOAbI
CHUKAEeTCA MeTUINPOBaHME PTYTU U3-3a 0bpa-
30BaHMA YCTOMYMBBLIX KOMMNEKCOB C X/J10pUA-
NOHaMM, MPU 3TOM OpraHUYEcKMe CoeanHeHun
PTYTU aKTUBHO HaKanauBaloTcs B pbibax. Tak,
Yy MOPCKOro Kepdaka (Myxocephalus scorpius)
coaepaHue ptytM B mblwyax (0.03-0.2 mr/
KI) HU}KE, YemM Yy NPecHOBOAHOro okyHa (Perca
fluviatilis) (0.1-0.35 mr/Kr), HecmoTpA Ha cxoa-
Hble pa3mepbl U 0bpa3 KunsHu (Komos u ap.,
2009).

MHTEHCMBHOCTb HaKOM/IEHUA MEeTannoB B
BOAHbIX OpPraHM3max 3aBUCUT OT FMAPOXUMMU-
YECKUX YCNOBUI N coaepKaHUsA OpraHNYecKkoro
BELLLECTBA B Cpe/ie, KOTOPOE BAUAET KaK Ha MU-
KpOBHOE METUIMPOBAHME, TaK U HA MUTPaLMIO
pTyTK B BoAe (Benoit et al., 2003). PacTBopeH-
HOe OpraHMYecKoe BeLLLEeCTBO B BOAHOM cToNbe

© MNeTpo3aBOACKMIA rOCYAAPCTBEHHbIN YHUBEPCUTET

MopnucaHa K neyatu: 26 nioHa 2026 roaa

cnocobcTByeT cBAsbiBaHMIO Hg(I1), yTo nosbiLwa-
eT yAepKaHue pTyTU B TO/LLE BOAbl U U3MEHSA-
eT ee noaBuKHocTb (Allard, Arsenie, 1991; Xiao
et al., 1995). OpraHMyecKoe BELLECTBO TaKKe
yyacteyeT B POTOXMMMYECKOM BOCCTaHOB/E-
Huum Hg(ll) go Hg(0) c nocneayowmm nepexo-
Aom B atmocoepy (O'Driscoll et al., 20033, b;
O’Driscoll et al., 200543, b). OagHOBpPEMEHHO BbI-
COKas KOHLEHTPALUMA OPraHMKKU CHUXKAET npo-
HUKHOBEHMeE YNbTPadMONETOBOrO U3Ty4eHMA U
YyMeHbLUAeT ryobuHy GOTOXMMUYECKN aKTUBHO-
ro cnos sogbl (Kirk, 1994; Lean, 1998), a Takxe
B/IMAET Ha obpa3oBaHue meTunpTyTn (Siciliano
et al., 2005).

MoBblWweHWe NPO3PaYHOCTU BOAbI U YBENU-
YeHne CoNHEeYHoM, 0cobeHHOo ynbTpaduroneTo-
BOW, paanaumm ycunmeatoT GOTOXMMUYECKUE
npeBpalLeHMa pTyTM B Bogoemax. [pu stom
BO3pacTaeT BOCCTAaHOB/JEHWE [BYXBAaNEHTHOM
ptyTn Hg(ll) mo netyyenn anemeHtapHon ¢op-
mbl Hg(0), cnocobHoi nepexoanTb B aTmocde-
py (Amyot et al., 1994; O’Driscoll et al., 2007).
OOHOBPEMEHHO CONMHEYHOEe M3/yYeHue Ccrno-
cobcTByeT GOTOAEMETUNANPOBAHUIO METUNPTY-
TU, CHU)Kas cofeprKaHue ee Hambosee TOKCUY-
HbIX opraHuMyeckux ¢opm (Sellers et al., 1996;
Hammerschmidt, Fitzgerald, 2010).

B3BeleHHble YacTu1Lbl B BOAHOM cpeae cno-
cobHbl copbuposatb Hg(ll) n yactnuHo Hg(0),
CHM)KAA [O0Nt0 PACTBOPEHHOM peaKuMOHHO-
aKTUBHOW PTYyTWU. B TO Ke BpemaA noBblleHHan
MYTHOCTb OrpaHMYMBaET NPOHUKHOBEHWE CBe-
Ta U MOXKEeT NoAaBnATb GOTOXMMMYECcKoe BOC-
ctaHosneHmne Hg(ll) po netyyent Hg(0). Mpwu
0CefaHnM B3BELLEHHbIX YaCcTUL, OPraHNUYeCcKoro
BELLEeCTBa PTYTb NePEeHOCUTCA B AOHHbIE OTNO-
YKEHUA, rae MOXKEeT BOBJIeKaTbCA B MPOLEecChl
METU/IMPOBAHUA U AanbHelLee NoCTyneHne
B nuuwesble uenn nnMbo 3axopaHMBaATbCA Ha
AnutenbHoe Bpems (Liu et al., 2011).

BarkHbim ¢daKTopom, cnocobHbiMm onpese-
NATb pa3nuums B bBuoakkymynauum Hg sBogoe-
MOB, IBNAETCA COCTOAHME MJIAHKTOHHbIX CO0b-
LLLEeCTB, MOCKO/IbKY GUTO- M 300MNAHKTOH Npesa-
cTaBnAtoT cobo HavanbHble 3BEHbS TpOdUye-
CKOM nepenayun pTyTu, OT KOTOPbIX 3aBUCUT ee
NOCTYN/IeHME K BbICLUIMM KOHCYMEHTaM. B page
nccnefoBaHUM MNOKA3aHO, YTO XapaKTEPUCTUKHM
NNIAHKTOHHbIX COOOLLECTB CyLWEeCTBEHHO BAUSA-
FOT Ha KOHUEeHTpaunm Hg B nueBbIx ceTax. Tak,
Chen u Folt (2005) BbiaBUAN OTpULATENbHYHO
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CBA3b MEXAY MNAOTHOCTbIO UTOMNAHKTOHA M
MacCOBbIMM KOHLLEHTPaUMAMM Hg Kak B camom
GUTONNAHKTOHE, TaK U B NEPBUYHbBIX KOHCYMEH-
Tax. Kpome TOro, npu yBennyeHMm NAOTHOCTU
300M/1aHKTOHA U pblb HabNAANOCH CHUXKEHME
coAepKaHMA PTYTHU B UX TKaHAX. [OKa3aHo, 4To
NNIOTHOCTb 300M/IAaHKTOHA OOBACHAET 3Hauu-
TeNbHYO 40Nt Bapuaumm Hg y pbib, 4To yKasbl-
BAET Ha K/IIOYEBYHO POJ/Ib HUMKHUX TPOPUYECKMX
YPOBHeM B perynsaunm bnomarHmpukaumnm. 3tm
3aKOHOMEPHOCTM CBA3bIBAOT C COBOKYMHOCTHIO
npoueccos, BKA4Yasa 3ddeKT «pasbasneHua
POCTOM» WU CHUXKeHWNE 3PPEKTUBHOCTU TpOoPU-
YecKoro NepeHoca Mpwu BbICOKOM MPOAYKTUB-
HOCTU HUXKHUX ypoBHel nuuiesoli cetn (Chen,
Folt, 2005; Pickhardt et al., 2002), yto no3sons-
eT paccMaTpMBaTb NIOTHOCTb NNAHKTOHHbIX CO-
06LLecTB KaK BaXKHbI paKTOp, ONpeaenatoLLni
cTeneHb 6MomarHuduKauMm pTyTM B BOAHDIX
3KOCMCTEMAX.

B BbICOKONPOAYKTMBHbIX BOAOEMAX MOXKET
Habnopatbca 3pdeKT «pasbaBneHus», npwu
KOTOpoM ObiCcTpoe yBennyeHne 6Guomacchl
0CObEN CHUMKAET KOHUEHTpauuio Hg Ha eau-
HuUy maccbl (Karimi et al., 2007; Ward et al.,
2010). TakKe oTmeyaeTcs KOMOUHMPOBAHHbIN
3 peKT, BKAOYAOLWMIN paccemBaHMe B NEPBUY-
HbIX npoayueHTax (Miller et al., 2012), a Takxe
pa3baBneHMe Ha OpPraHM3IMEHHOM YypOBHe. B
pe3ynbTaTe B page ciy4yaeB HabnoAaeTCsa CHU-
KeHWe KoHUeHTpauum Hg y KpynHbix ocobel,
YTO NPOTUBOPEUMNT KNACCUUYECKMM NPeacTaBae-
HUAM O KYMY/IATUBHOM HAKOMJIEHWUW, COMNACHO
KOTOPbIM KNOYEBLIM MEXaHU3MOM pacnpeae-
NEHUA PTYTU B BOAHbIX SKOCUCTEMAX ABNAETCA
ee Tpoduyeckan nepeaaya, Npu KOTOPOMN KOH-
LueHTpauma Hg B opraHM3max yBeMYMBaETCA C
nosblWwWeHnem Tpoduyeckoro yposHsa (Lavoie et
al., 2013; Kidd et al., 2012). CoaepkaHune Hg B
TKAHAX Pblb 3aBUCUT OT TPODMYECKOIO YPOBHA
n ocobeHHOCTel NUTaHMA, BO3pacTa, pa3MepoB
(ANVHBI), a TaKXKe NPOoAYKTMBHOCTM BOAOEMA
(Depew et al., 2013; Eagles-Smith et al., 2014).

Ona BopgoxpaHuauw, n pek bacceliHa Bon-
TM XapaKTepHa Bblpa*KeHHAA MPOCTPAHCTBEH-
HaA Heo4HOPOAHOCTb YCNOBUIN, BAUAIOLLMX Ha
MUFPaLMIO U HaKonneHue pTyTW. MMpponoru-
YECKUI PEXMM, CTeMeHb 3BTPOPUPOBAHUA U
CTPYKTYypa TpodUYecKux ceAsen dopmupytot
30Hbl C Pa3/INYHON UHTEHCUBHOCTbIO METUAN-
poBaHMA U BoHakonneHuaA Hg. MokasaHo, 4yTo
KOHUEHTpaumna Hg B MblWLL@AX NPOMbICIOBbIX
BMAOB pblb (OKYHb, CyAaK, LyKa, new, naoTsa
N Ap.) U3MeHAETCA BAO/b TeyeHuA Boarm u ee
BOAOXPAHUNMUL, OTpaxaa AeNCTBME JIOKab-
HbIX TMAPONOTMYECKUX U TPOPUYECKMX DaKTO-
poB (fopbyHos 1 ap., 2018).

B T0 ke BpemaA 60NbLIMHCTBO UCCAeA0BaHUM
HOCAT /NIOKaNbHbIN XapaKTep, YTO 3aTpyaHAeT

0606lLeHMe pe3ynbTaToB. ITO NoayvepKuBaeT
Heobxo4MMOCTb KOMMJIEKCHOTO NOAX0Aa, Y4u-
TbIBAIOLWErO BO3PACTHYIO CTPYKTYpYy Monyns-
UK, Tpoduyeckune cBA3M U NPOCTPAHCTBEHHYIO
BapmabenbHOCTb Cpesbl, A1A BbIABNEHUA 3aKO-
HOMepHOCTeN HakonieHua Hg B aKocucTeMax
Bonru (Ilvanova et al., 2023).

Ocobblt MHTEpeC npeacTaBAseT MOHATME
CKOPOCTM HaKOMAEHWUA PTYyTWU, KOTOpPOEe B MO-
cnefHuve roabl paccMaTpuBaeTca Kak bonee
aAEeKBATHbIN MHAMKATOP 3KONOTMYECKMX YCNO-
BMIA MO CPaBHEHMIO C abCONOTHBIMU KOHLLEH-
Tpauuamu. B pabote (Mpemsaunx n gp., 2024)
NMOKa3aHO, YTO WHTEHCMBHOCTb HaKOM/JEeHMUA
PTYTW, OLEHMBAEMas MO HaKNOHY PerpeccuMoH-
HOWM 33aBMCMMOCTM KOHUEHTpaummn Hg oT anu-
Hbl TeNa, CYLWEeCTBEHHO BapbUpyeT B Npeaenax
04HOro Bogoema. 370 CBUAETENbCTBYET O Bbl-
COKOM YyBCTBUTENbHOCTU AAHHOFO MNOKasaTe-
NA K NIOKaNnbHbIM YC0BMAM cpeabl. BmecTe ¢
TeEM cneayeTr OTMETUTb, Y4TO MeToAo/orMye-
CKMe Noaxoapbl K OLLEeHKe CKOPOCTM HaKONAEHUS
NOKa He CTaHAAPTU3MPOBAHbI, a pPe3ynbTaThbl
Pa3/INYHbIX UCCNef0BaHUM TPYAHO CONOCTaBU-
Mbl M3-3a pas3nnynin B ob6bemax BbI6OpKK, pas-
MEPHbIX TPynnax WU CTaTUCTUYECKUX METOAAX.
B 60/1bWIMHCTBE CNyYaeB aHaANU3 coAepyKaHuA
Hg npoBoAnTCA Ha OrpaHUYEHHbIX Pa3MepHbIX
rpynnax pbib, 4To 3aTpyaHAET UHTEepNpeTaLmio
pe3ynbTaToOB U UX CPAaBHEHME MEXKAY BOAOEMA-
Mmu (Mpemsaumx u ap., 2022; Sackett et al., 2013;
Ivanova et al., 2023).

Kpome pabotbl Mpemaumx c coasT. (2024), B
KOTOPOM NpoBeAeH aHa/IN3 CBA3M HAKOM/AEeHUA
PTYTW B MbILIL,AX C Pa3Mepamm TeNA OKYHA Nje-
coB PblbMHCKOro BoAOXpaHMAMLLA, NybanKa-
LUUKN Pe3yNbTaToB UCCNEAO0BAHUN MO NHTEHCUB-
HOCTW HaKonaeHuA Hg B Mbiwuax pblb pasHbIx
BM/A0B, OOUTAOLMX B PA3/IMYHbBIX NO KOMMJIEK-
cy OU3UKO-XMMUYECKUX PaKTOpPOB cpeabl BO-
noemax Poccum, Ham HeunsBecTHbl. Mpu aTom
3apybeXkHble UccnefoBaHMA NOKA3bIBAKOT, YTO
MHTEHCMBHOCTb HaKonieHnA Hg B pbibax, Konu-
4YeCTBEHHO OLEHMBAEMasA MO HAKAOHY JINHEN-
HOW perpeccum 3aBUCMMOCTU KOHLEHTPALLMUK
OT pa3mepa Tena, CyWeCTBEHHO BapbupyeT B
3aBMCMMOCTWU OT YyCN0BUI cpeabl U Tpoduye-
ckmx ¢akTopos (Backstrom et al., 2020; Mills et
al., 2022).

Llenbto HacToAwen paboTbl ABNAETCA Cpas-
HUTENIbHAA OLEHKa CKOPOCTU HAKOM/NEHUA PTY-
TW B MbILLIEYHOW TKaHM NPOMBbICIOBbIX BUAOB
pbl6 Pa3INYHbIX BUAOB B 3aBUCMMOCTHU OT ANU-
Hbl Tena B BogoxpaHuauwax CpeaHelr Bonrm
(fopbkoBCKOM M YeboKcapcKkom).

Marepuanbl

Hawwu vccnegoBaHMa NpoBOAUINCE Ha BO-
AOXPaHUANLLAX, Pa3NNYaloLLMXCA No paay abu-
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OTMYECKUX M BUOTUYECKUX PaKTOPOB, BPEMEHMU
CO3/.aHWNSA, aHTPONOreHHOM Harpyske. [OPbKOB-
CKoe M YeboKcapcKkoe BOAOXpPAHWUIMLLA — YeT-
BepTas WM naTaa cTyneHyu BonKcKoro Kackaaa,
BXOAAT B cuctemy BogoemoB CpeaHeli Bonru
M CYWECTBEHHO PA3/INYalOTCA MO pPAAY XapaK-
TEPUCTMK. YeboKcapckoe BoAOXpaHUAULLE

XapaKkTepusyetca 6onee BbICOKMM BOA00bOMe-
HoM, Bonbluel MUHepannsaumen soabl, bonee
BbICOKOM TPOPHOCTbIO, coaepKaHnem buorer-
HbIX BELW,EeCTB, bBuomaccon pUTONNaHKTOHA, 30-
obeHTOCa M pblb NO cpaBHEHUIO ¢ [OPbKOBCKMM
(tabn. 1).

Tabnuua 1. lnaponormyeckasn, rmApoXMMmUYeckas u ruapobunonormyeckan XxapakTepuctTmka lopbKOBCKOToO
1 YebOKCAPCKOro BOAOXPAHUANLL,

n [opbKoBCKOE Yebokcapckoe
OKasaresnb NcTouHMK
BOLOXPaHUANLLE BOAOXPaHUANLLE
KoadpdumumeHT ycnosHoro 6.1 19.8 Tumodeesa n gp. (2021);
BoaoobmeHa (KB) ) ) Konbinos n ap. (2020)
2 Tumodeesa n ap. (2021);
Mnowaab, Km 1591 1080 Konbinos v ap. (2020)
MuHepanusauma sogbl, <150 220 LlypraHosa (2007); Nasapesa
Mr/n n ap. (2018)
B3BelleHHble BELLECTBA, 75 91 MuHeesa (2003)
mr/n
40-100
(H1Ke BnageHua
Mpo3payHOCTb BOAbI, CM 130-170 Okw), BukbynaTtos u ap. (2006)
130-140
(MpMNAOTUHHBIN Naec)
buomacca d;rrT/znnaHKmHa, 1.04-3.10 3.26-5.44 KopHesa u ap. (2025)
brMomacca 300n1aHKTOHA B _ _ Nasapesa u gp. (2018); MUHKH
S 3 =0.5 =0.5
peyHom Yyactu, r/m n ap. (2024)
Buomacca 300n1aHKTOHa B _ 3 _
03EpHOM YacTH, r/M 1-4r/m 1-5 Nasapesa u ap. (2018)
brnomacca Kopmosoro . 2 .
6eHTOCa, r/M? 10.6-29 r/m 16-180.7 MuHuH 1 ap. (2024)
Tpoduryeckuin ctatyc no MesoTpogHo- .
yMepeHHOo 3BTpOdHbIN MwuHeesa u gp. (2022)
xnopodunny 9
3BTPOOHbIN
Buomacca pbli6, Kr/ra 60.6—107 57.7-143.3 MwuHUH 1 ap. (2024)

C uenblo onpeaeneHnA CKOPOCTM HaKonse-
HUA PTYTM NPOBEAEH AHA/IN3 MbILLIEYHOW TKAHM
yeTblpex BUAOB pblb (1239 3K3.): pe4yHoro oKy-
Ha (Perca fluviatilis L., 1758), 06bIKHOBEHHOW
nnotebl (Rutilus rutilus L., 1758), newa (Abramis
brama L., 1758) u ryctepsl (Blicca bjoerkna L.,
1758) (cm. Tabn. 1).

OTtnoB pblb NpPoOBOAMICA HA aKBATOPMAX
fOpbKOBCKOro M YebOKcapcKoro BOAOXPAHU-
L, BK/IOYAOWMX PeYHble, 03ePHO-PeYHble
M 03epHbIe Y4aCTKK, PACMONOXKEHHbIE B Npeae-
nax Apocnasckon, Koctpomckon, MBaHoBCKOM
n Huxkeropoackon obnacten, a Takxe Pecny-

6nMKkn Mapuii 3n n Yysawckon Pecnybamku
(puc. 1).

BbibopKka popmupoBanach ¢ y4eTtom AocTa-
ToYHOro obbema HabnwaeHni ana obecneve-
HWA CTAaTUCTUYECKOM AO0CTOBEPHOCTU OLIEHOK.
Ocobu MUHUMaNbHbIX pa3mepos (40 2+) B aHa-
N3 He BKAKOYaNUCb BCAEACTBUE MX HedocCTa-
TOYHOM NPEACTaBAEHHOCTU Y OTAENbHbIX BU-
0oB. PacnpeneneHune ocobelt No pasmepHbIM
Knaccam 6bi10 cbanaHCcMpoBaHHbIM, YTO obe-
CNeYno penpes3eHTaTMBHOCTb Pa3MepHO-BO3-
PaCTHOM CTPYKTypbl NOMNyNAuUMiA nccneayembix
BMAOB.
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p Betmyra

19 111
0 100 kM
— 11 1213 - - 18 Hebokcapn
Puc. 1. KapTa-cxema pacnosioxKeHua cTaHumin otbopa npob. | — nnoTnHa PeibuHckolt NC; Il — nnoTtnHa lopb-
kKoBckow 3C; Il — nnotuHa Yebokcapckoii [IC; fTopbKoBCKoe BogoxpaHuamue: 1 —noc. PommHcKoe; 2 — noc.

MaTouHoro 3aBoaa; 3 — 4. Ctpenka; 4 — c. Hukona-Mepa; 5 — 4. Cepreesckas; 6 — 4. Maypuxa; 7 — DeTUHUH-

CKue octpoBa; 8 — A4. Cenanueso; 9 —r. MNMyuesx; 10 — c. KaTyHKK; YeboKkcapckoe BogoxpaHuamile: 11 —c. Pa-

60TKM; 12 — c. BapmuHo; 13 — c. PokuHo; 14 — p. n. Bacunbcypck; 15 — a. AktaHcona; 16 — a. Mymapwuxa; 17
— A. WapTHeiKa; 18 — a. Llomukoso; 19 — n.r.1. CocHOBKa

Fig. 1. Map-layout of sampling stations. | — dam of the Rybinsk Hydroelectric Power Station; Il —dam of the
Gorky Hydroelectric Power Station; Ill — dam of the Cheboksary Hydroelectric Power Station; Gorky Reservoir:
1 — Fominskoye settlement; 2 — Patochny Zavod settlement; 3 — Strelka village; 4 — Nikola-Mera settlement;
5 — Sergeyevskaya village; 6 — Maurikha village; 7 — Fetinin Islands; 8 — Selyantsevo village; 9 — Puchezh town;
10 — Katunki village; Cheboksary Reservoir: 11 — Rabotki settlement; 12 — Barmino settlement; 13 — Fokino
settlement; 14 — Vasilsursk urban-type settlement; 15 — Yaktansola village; 16 — Mumarikha village; 17 —
Shartneyka village; 18 — Shomikovo village; 19 — Sosnovka urban-type settlement

MeToabl

OtnoB pblb6 npoBoam/icA B BeCEHHe-neTHe-
oceHHuI nepuog 2023, 2024 n 2025 rr. ¢ npwu-
MeHEeHWEeM CTaBHbIX CTALLMOHAPHbIX CeTel, He-
BOZOB W TPaNOBbIX CbEMOK B paMKax Hay4yHO-
nccnefoBaTeIbCKOM NPOrpaMmbl Mo U3YYEHUIO
BOAHbIX Buopecypcos, peannsyemoi Huxkero-
poackum ¢unmanom ML PO dreHY «BHUPO».

Mocne BblnoOBa pblib NOmewanu B cnewmnanm-
3MPOBAHHbIE KOHTEMHEpPbI C KOHTPOIMPYEMbIM
TEMMNEPATYPHbIM PEXMMOM WU TPAHCNOPTUPO-
Ba/n B nabopatopuio. Buaosyo npuHaanex-
HOCTb YCTaHAB/MBA/IM B COOTBETCTBUM C KAHHO-
TMPOBAHHbLIM KATa/JIOFOM MPEeCHOBOZAHbIX Pblb
Poccumn» (1998) M «Atnacom npecHOBOAHbIX
pbl6 Poccnmn» (2002). B nabopaTopHbIX yCNOBK-
AX BbINONHANN KOMMEKCHbIN BUONOrNYECKNiA
aHanu3 ocobelt. InnHy Tena 1 Bo3pacT ocobe
onpeaensnu COrnacHoO OBOLLENPUHATbIM UXTU-
onornyeckum metogmkam (MpasauH, 1966;
Bpto3zruH, 1969; Kotnap, 2004). O6pasubl mMbl-
LUEYHOM TKaHM oTbupanu m3 obnactn mexay
6OKOBOW IMHNEN U CMUHHBIM NAABHUKOM.

MccnepoBaHUA HA KMBOTHbIX NPOBOAMAU
B COOTBETCTBUM C ITMYECKMMM CTAHZAPTaMM,
N3N0XKEHHbIMU B Xe/IbCUHKCKOW AeKnapaumm

1964 r. n 6onee no3gHUX ee peaaKkuUuUAX.

KoHueHTpauuto Hg B MbilLeYHOM TKAHU Pbib
(mr/Kr cbipoii macchbl) onpeaensinM MeToaom
aTOMHO-abCcopbLUMOHHOM  CNEKTPOMETPUM C
MCNONb30BaHMEM PTYTHOrO aHanusatopa PA-
915+ n npuctasku MNPO (/Tromakc) B Tpex no-
BTOPHOCTAX. JNA KOHTPOAA TOYHOCTM aHanu3a
NPUMeHANU cepTudmunpoBaHHblie Buonoruye-
cKune ctaHgaptbl DORM-2 u DOLM-2 (UHCcTUTYT
XMMUK OKpYrKatowen cpeapl, OTTaBa, KaHaga).
Mpnbop nossonsan onpeaenatb Hg B gnanaso-
He oT 0.0005 go 2.0 mr/Kr, a cpegHee pacxoK-
AEHME MeXKAY NOBTOPHbIMU U3MEPEHUAMMN He
npesbiwano 7.5 %.

CtatucTmyeckyto 06paboTKy AaHHbIX MpoO-
Boaunn B cpeae R sepcun 4.5.2 (R Core Team,
2025). Pe3ynbTaThl NpeacTaB/ieHbl B BUAE ANa-
na3oHa 3HayeHui (min—max), cpeaHuUxX 3Have-
HWUIA M UX CTaHAAPTHbIX oWwWnboK (M + m). Ana
aHaNN3a CKOPOCTU HAKOMNAEHUA PTYTU B Mbl-
LUEYHOM TKaHW PbIb CTPOMIN MHOTODAKTOPHYHO
NIMHENHYI0 MOAEeNb 3aBUCMMOCTM KOHLLEHTpa-
U1K PTYTU OT ANMHBI Pbibbl, ee BUAA U NpUHaA-
NEXXHOCTU K OQHOMY M3 ABYX BOAOXPAaHWUAULL,.
3HAYMMOCTb PA3INYNIA MeXKAY Fpynnamu onpe-
aenanv no F-kputepuio duwepa npm yposHe
3HaunmocTtn p < 0.05. OcHoBHbIM KpuTepmnem
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CpaBHeHMA BbIBOPOK ABNANACE CTAaTUCTUYECKAA
3HQYMMOCTb PA3IMYUIA CPESHUX 3HAYEHUN UC-
cnepgyemoro nokasartena. KoHueHTpauumn Hg B
aHanuze 6binn norapnPmMmnpoBaHbl A Nydlle-
ro COOTBETCTBMA HOPMasbHOMY pacnpegene-
Huto. MNonapHble cpaBHEHUA CKOPOCTEN HaKo-
NAeHUs PTyTU NPOBOAUAMU C UCMOIb30BAHMEM
MeToAa OXMAAEMbIX MAPTUHANBbHbIX CPeAHUX
(estimated marginal means, EMMs), peanu3o-
BaHHOro B nakete emmeans (Lenth, 2026).

Pe3ynbTatbl

Mo pe3ynbTaTam aHanM3a YCTaHOBNEH BO3-
PACTHOM M pa3MepHbIN COCTaB UCCNea0BaHHbIX
pbl6 (OKYHA, NNOTBbI, Newa u ryctepbl) B fopb-

KOBCKOM M YebOoKCapCKOM BOAOXPaHMAMLIAX, a
TaK)Ke onpefeneHbl AMana3oHbl CoAaepyKaHus
Hg B X MbILLEYHOM TKaHW.

CpeaHee coaepaHWe PTYTM B MbllLAX
Pbl6 Pa3NNYaNOCb Kak Mexay Buaamu, Tak
M MeXay BOoAOXpaHUAULAMW. HanmmeHbluune
3HaYeHMa OTMmeYanucb y neuwa, Hambonbline
— y OKyHA. CpegHue KOHLUEeHTpauum meTtanna y
OKYHS BblM CONOCTaBUMbI MeXKAY BOAOXPaHU-
NNLLAaMK, TOrda KaK y Apyrux BMaoB Habnoaa-
IMcb bonee BblpaXKeHHbIe Pa3NNYmUA, NPU 3TOM
pbIbbl U3 YebOKCapCKOro BOAOXPaHWUINLLA, KaK
npasuio, Umenu 6osiee BbICOKME YPOBHU PTYTH
(tabn. 2).

Tabnnua 2. PaamepHO-BO3PACTHbIE XapaKTEPUCTUKMN U KOHLLEHTpaLmMsA pTyTy (Hg) B Mbiwuax pbi6
fopbKOBCKOro 1 YeboKcapcKoro BOAOXPaHMANLLA

Bug, BogoxpaHunnwe  Kon-so, 3k3. Bospact [aunHa, cm PtyTb (Hg), mr/kr
16.0+0.39 0.094 + 0.007
—_— fopbrosckoe 7> 246t 1005 0.024-0.382
Y YeBoKcancKoe 54 54 18.0+0.48 0.136 £ 0.008
P 10.9-22.4 0.046-0.246
14.3 +0.40 0.058 + 0.003
1 2+—
fopbrosekoe 39 8 T8 0253 0.015-0.167
frorea 1744039  0.090 + 0.004
Yebokcapckoe 206 2+-10+ > 7282 0.016-0.343
27.2 +0.47 0.048 + 0.002
e [opbKoBCKOE 182 2+-10+ 14.6-43.8 0.011-0.173
25.9+0.59 0.066 + 0.003
Yebokcapckoe 165 2+-10+ 14.5-450 0.015-0.207
17.8+0.28 0.088 + 0.002
ereps [opbKoBCKOE 215 2+-10+ 8.0-275 0.023-0.254
18.6 +0.29 0.122 £ 0.004
YeboKcapckoe 203 4+-12+ 13.1-30.0 0.024-0.352

MpumeyaHue. B uncnutene npeacTaBaeHo cpefHee 3HauyeHme £ cTaHaapTHanA owmrbka (M + ), B 3HameHa-

Tene — AnanasoH 3HavyeHuni (min—max).

Tabnuvua 3. Pe3ynbTaTbl CTaTUCTMYECKOTO aHan3a MOAE/M 3aBUCMMOCTM KOHLUEHTpaumm ptytu (Hg) B
MbILLIEYHbIX TKaHAX Pblb OT A/INHbI TeNa, BUAa pbibbl U NPUHAANENKHOCTU K BOAOXPAHUIULLY

Yucno . 3HayeHue
" o Cymma CpegHumn
CTOYHUK U3MEHYMBOCTU crenewei - paTos  KBaapat KpuTepusa  p-3HaveHue
cB06OAbI A duwepa, F
OnviHa Tena 1 2.030 2.0301 64.1204 < 0.001***
Bua, pbibbl 3 33.315 11.1049 350.7469 < 0.001***
BogoxpaHunuiie 1 4.497 4.4969 142.0333 < 0.001***
OnviHa:Bug, 3 1.405 0.4682 14.7880 < 0.001***
OnvHa:BogoxpaHunuiie 1 0.297 0.2973 9.3913 0.002**
Bua:BogoxpaHnnuue 3 0.035 0.0115 0.3636 0.779
OnvHa:Bua:BopoxpaHunumiie 3 0.713 0.2378 7.5100 < 0.001***
OcTaTku 1223 38.721 0.0317

MpumeyaHne. YpPOBHM CTAaTUCTMYECKOW 3Haummoctu: *** p < 0.001; ** p < 0.01; * p < 0.05.

[BoeToume yKasbiBaeT Ha adDEKT B3aMMOAENCTBMA MexXay dakTopamm
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CTaTUCTUYECKUIM aHANU3 NMHENHO Moaenmn
3aBMCMMOCTU KOHLLEHTPALMM PTYTU B MblLLEY-
HbIX TKaHAX pbl6 OT AAWHbI Tena, Buaa pbibbl
N ee NpUHAANEXKHOCTU K O4HOMY M3 ABYX BO-
AOXPaHUAULL, MOKA3aa, YTo NOYTKU BCE KOMMO-
HEeHTbl MOAENU 3Ha4YMMbI (cm. Tabn. 3, puc. 2).
Habntopaetca 3HaYMman CBA3b KOHUEHTpauuMu
PTYTU C ANIMHOM Pbibbl, HAK/MIOH 3TOM 3aBUCK-
MOCTM Mbl PAacCMATPMBAEM KaK CKOPOCTb Ha-
KONAeHWa MmeTanna npu pocte pbibbl. Takxke
KOHLEHTPaUnM 3HAaYMMO Pas3/IMYanCb B TKa-

lopbKoBCKOE

TNorapudm koHueHTpauymm Hg

20 30 40 50 0

HAX Pa3HbIX BUAOB pblb (KOHUEHTPALMA B TKa-
HAX Newa H6blna B cpefHEM HUXKeE, YEM B TKaHAX
APYTUX BUOOB), YTO MOXKET YKa3blBaTb Ha OT-
inumA B TpopMYecKom cTaTyce pbib, HO Takxke
MOXeT OTpaxaTb OCOOEHHOCTU pa3mepHOoro
pacnpegenenma. 3Ha4MmocTb 3pdeKTa BoOo-
XPaHUAMLWA OTpakaeT o6y TeHAEHUMIO K
b6onee BbICOKOM KOHUEHTpauun Hg B pbibe u3
YeboKcapCcKOro BOAOXPAaHWAULLA NO CPaBHe-
HUIO C TOPbKOBCKUM.

Yebokcapckoe

10

OnuHa peibkl, cM

Puc. 2. 3aBMCUMOCTb lorapudma KoOHUEHTpauuu pTyTn (Hg) oT AnnHbl pbibbl, ee BUAAa U NPUHAANEXK-
HOCTM K ABYM BOAOXPaHMAULWAM. peacTaBieHbl IMHENHbIE 3aBUCMMOCTM U COOTBETCTBYOLME A0BEPU-
Te/IbHble MHTEPBaA/Ibl HA OCHOBE TpexpaKTopHON Moaenu. 1 —ryctepa, 2 — neul, 3 — OKyHb, 4 — Ni0TBa

Fig 2. Dependence of the logarithm of mercury concentration (Hg) on the length of the fish, its type
and belonging to two reservoirs. Linear relationships and corresponding confidence intervals based on
a three-factor model are shown. 1 — Blicca bjoerkna, 2 —Abramis brama, 3 — Perca fluviatilis, 4 — Rutilus

rutilus

3HauMmocTb 3dpPeKTa B3aMMOAENCTBUA TPEX
($aKTOPOB YKA3bIBAET HA TO, YTO CKOPOCTb HAaKO-
naeHns Hg B Mbiwuax pblb 3HAYMMO OTIMYaEeT-
CA KaK mexay Buaamu pblb B npesenax BoAo-
XPaHWUAMLLA, TaK U MeXAY BOAOXPAHUAULLAMMU
ANA oAHoro BuAaa pbibbl. KoadpdpuumeHTbl Ha-
KNOHa (CKOpOCTU HakonaeHua Hg) ana pasHbix
BMOOB Pblb B ABYX BOAOXPAHUAMULLAX, @ TaKXKe
pe3ynbTaTbl MHOMECTBEHHbIX CPAaBHEHWUIN BHY-
TPY BOAOXPAHWUANLLA NPeaCcTaBNeHbl Ha puc. 3.

B fopbKOBCKOM BOAOXPaHWIMLLLE CKOPOCTb Ha-
KOM/MIEHMA PTYTM B MbIWEYHON TKAHW Jella
OKaszanacb CTAaTUCTUMYECKM 3HAYMMO HUNKE Mo
CPaBHEHWIO C APYrMMUK BUAAMM pblb, KOTOpble
HEe MMeNN 3HAYMMbIX OT/IMYMIA MexKay coboi. B
TO e Bpems B YeboKcapCKOM BOAOXPaHUAULLE
CKOPOCTM HaKOMAEHUs PTYTU Y NeLla, NJ0TBbI U
ryctepbl 3HaYMMO He Pas3NnYanmcCh, TOr4a Kak y
OKYHA OTMeueHa bonee BbICOKasi CKOPOCTb Ha-
KOMJIEHMA NO CPAaBHEHMUIO C /IELLLOM W1 NNOTBOW.
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Puc. 3. CKopocTu HakonieHus Hg (KoadbduumeHTbl HakA0Ha IMHWUIA PEFPECcCUn, CM. pUC. 2) ANA YeTbipex
BMA0B Pblb B ABYX BOAOXPaHMAMLLAX. [OrpeLHOCTM OTparKatoT A40BEPUTE/IbHbIE MHTEPBA/Ibl OLLEHOK.
KomnakTHble ByKBeHHble 0603HaYeHMA OTPaAXKatOT Pe3yNbTaTbl MHOMECTBEHHbIX CPaBHEHUI MEXAY BU-
AaMu pblb B Npeaenax BOAOXPAaHMANLLA (3HAYMMO OT/IMYAKOTCA BUAbI, KOTOPbIE HE MMEIDT 06LWMX BYKB)

Fig. 3. Accumulation rates of Hg (coefficients of slope regression lines, see Fig. 2) for four fish species in

two reservoirs. The errors reflect the confidence intervals of the estimates. Compact letter designations

reflect the results of multiple comparisons between fish species within the reservoir; species that do not
have common letters differ significantly)

MpoBeaeHbl TaKXe MHOMKECTBEHHble CpaB-
HEHUA ONA Kax[oro BuAaa pblb mexay AByma
BOAOXPaHMUMLWAMU. Pe3ynbTaTbl NOKa3anu, yto
OT/INYMA B CKOPOCTU HAKOMNEHWUA PTYTU B MblLU-
Lax pblb MeXKay BOAOXPAHUANULLAMM 3HAYUMbI
ana newa (p < 0.001) u nnotsbl (p = 0.039), HO
He gns ryctepbl (p = 0.63) 1 okyHA (p = 0.323).
Mpu 3TOM CKOPOCTb HaKonaeHnA HEg B mMblLLey-
HOM TKaHW NeLla Bbllwe B YebOKcapcKom Boao-
XpaHWAULLEe, Torga Kak Aaa NAOoTBbl CKOPOCTb
HaKonneHus Bbilwe B [OPbKOBCKOM BOAOXPaHU-
nvule.

O6bcyxpeHue

Pe3ynbTaTtom npoBeAeHHOro MccaeaoBaHUA
ABNAETCA BbIABNEHHAA 3aBMCUMOCTb KOHLIEH-
Tpauuu PTYyTM OT ANMHbI Tena pbib, oTpaxka-
toLLLAA NPOLLeCC ee HaKoMN/AeHUs B Xo4e MHAM-
BMAyaNbHOro pocTa. [lonoxuTenbHaa cBA3b
MEXY Pa3smMepHO-BO3PACTHbIMU XapaKTepu-
CTUKaMM U KOHLeHTpaumen Hg wmnpoko onu-
caHa B nutepatype (Backstrom et al., 2020;
Gedig et al., 2023; Mills et al., 2018; Mills et al.,
2022; Sullivan et al., 2023; Sackett et al., 2013;

Backstrom et al., 2020; Dang, Wang, 2012) n
MHTEPNpPeTUPYeTCa Kak pe3ynbTaT OMOaKKy-
MYNAUUKU N TPOPUUYECKMX CABUIOB B npoLecce
OHTOreHesa. B HacToALlleM mMccneaoBaHUM No-
KasaHo, YTO AaHHas 3aBUCMMOCTb HE TO/IbKO
CTaTUCTUYECKM 3HAYMMa, HO U XapaKTepusy-
eTCA Pas/INYMAMM B HAKNOHE PErpecCUOHHbIX
3aBMCMMOCTEN, MHTEPNPETUPYEMOM KaK CKO-
POCTb HakoneHns Hg.

Pasnnuma B CKOPOCTU HAKOMMEHUA MeXKAay
BMOAMM, BbIAB/MIEHHbIE Yepe3 3HaYMMOEe B3a-
nmogenctene «OnnHa:Bug», moryt 6biTb 06-
YyC/IOB/NIE€HbI BUAOBLIMW PA3IMYMAMU B TEMNAX
pOCTa U UHAMBUAYANbHBIMW OCOBEHHOCTAX NK-
TaHMA. BaXKHbIM pe3ynbTaToOM ABAAETCA Pa3u-
4yme CKOPOCTEN HAKOMIEHNA METANNa MEXKAY BO-
aoxpaHunnwamm («AnvHa:BoagoxpaHnanuie»),
YTO YKa3blBaeT Ha BAMAHME NOKANbHbIX 3KONO-
FTMYECKUX YCNOBUM HE TONbKO HA YPOBEHb 3a-
rPA3HEHUA, HO U HAa AMHAMMKY ero Hakonse-
HMA. ITO NoATBEpPXKAaeT BbiBOAbl O TOM, YTO
KOHUEHTpaUum pTyTn camu no cebe He Bcerga
OTparkaloT 0COB6EeHHOCTU (YHKLMOHUPOBAHUA
9KOCUCTEMbI M YTO UCMOJIb30OBaHWE MOKasaTe-
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el CKOPOCTM HaKoNneHMA MOXKeT bbITb bonee
YyBCTBUTE/IbHbIM MHCTPYMEHTOM OLEeHKK (Mpe-
MAYnX 1 ap., 2024).

Hanbonee BakHbiIm ABAsetTca 3pdeKT
B3aMMOAENCTBMA  Bcex Tpex  ¢aKTopos
(«AnnHa:Bua:BogoxpaHunuwe»), 4eMOHCTPU-
PYIOLLNM, YTO MEKBUAOBbIE PA3/IMUNA B HAKO-
NJAEHUN PTYTU 3aBUCAT OT KOHKPETHOro Bogoe-
Ma. MNoKa3aHo, YTo BAMAHME YKa3aHHbIX GaKTo-
POB HOCUT KOMMNEKCHbIA U B3aUMOCBA3aHHbIN
XapaKTep U MOXKET BapbMpOBaTb MeEXKAY BOAO-
emamu (Eagles-Smith et al., 2018). 310 cBuae-
TENbCTBYET O CNOXHOWM, KOHTEKCT-3aBUCMMOW
npupoae NpPoOLLecCcOB OMOAKKYMynaLUU PTYyTH
M NoAYepKMBAET 3HAYMMOCTb B3aMMOAENCTBUN
MeXKAY KAYEBbIMU 3KONOMMYECKMMU (PaKTO-
pamn B GOPMMUPOBAHUM KOHLEHTpauui Hg B
pblbax.

OAHUM 13 OCHOBHbIX PpaKTOpPOB, onpeaens-
IOLMX Pa3NMuMA B COAEPIKAHUMU U HAKOMNNEHUN
pbibamu BMOAOCTYNHON METUAPTYTU MeXKay
[OpbKOBCKMM M YebOoKCapCKMM BOAOXPaHWUAN-
LLLaMn, SBNAETCA, NO BCei BUAMMOCTU, 0CODEeH-
HOCTb MX TMAPONOTNYECKOro pexmma. Yebok-
CApCKOe BOAOXPAHWUNMULLE XapaKTepulyeTcs
cywectBeHHo 6os1ee MHTEHCUMBHbBIM BOA0OOMe-
HOM MO CpaBHeHUIO ¢ TOPbKOBCKUM, YTO onpe-
AEeNAeT KOMMAeKC PU3NKO-XMMUYECKUX MNapa-
METPOB BOAOEMA, @ TaKXKe COCTaB U CTPYKTYpY
ero 6uoueHo30B. bonee MHTEHCUBHbIM BOAO-
obmeH YeboKcapcKkoro BogoxpaHUAULLA OTpa-
YKaeT ero NoBbIWEHHYI TMAPOAMHAMUYECKYIO
aKTMBHOCTb U, KaK cneacteue, bonee gamtenn-
Hoe npebbliBaHWe B3BELIEHHOIO OpPraHUYyecKo-
ro BewecTsa (ABnAOLWErocs ogHUM M3 Aeno
PTYTU B BOAHOM 3KOCUCTEME) B TO/ILLE BOAbI.
N3BeCTHO, YTO Kak HEOPraHMYeCcKasn, Tak U me-
TUINPOBAHHAA PTYTb CMOCOOHbLI CBA3bIBATHCA
C B3BELUEHHbIMW YaCTULLAMMU U OPraHUYECKMM
BELW,ECTBOM, a Nocieayrowas ceaumeHTauma
cnocobcTByeT BbIBEAEHUIO MEeTanNa U3 BOAHO-
ro ctonba n ymeHbLIEHUIO ero 6MoaoCcTyNHOCTH
ansa rmgpobuonTos (Liu et al., 2011).

Bonee HM3Koe cogepKaHue PTyTU B MblLLLLAX
pbI6 TOPbKOBCKOrO BOAOXPAHUANLLA MO CpaBHe-
HUto ¢ YebOKCAaPCKUM, BEPOATHO, CBA3AHO C pas-
NIMYNAMU B UHTEHCUBHOCTU CEAMMEHTALMOH-
HbIX NPOLECCOB M POTOBOCCTAHOBNAEHUS PTYTH.
B 4yacTHOCTM, KOHLEHTPALUMA B3BELIEHHOMO Be-
uecTsa B [opbKOBCKOM BOAOXPAHUNMULLE HUMKE,
yem B YeboKkcapckom (MuHeesa, 2003; Bukby-
natoB u gp., 2006), 4To B COYETAaHUUN C MEHbLLEN
MHTEHCUBHOCTbIO BOAOOOMeEHA onpeaenseT 60-
Jlee KOPOTKOE BPeMA ero HaxoXKAeHUs B To/LEe
BOAbl. B YebOKcapCcKoM BOAOXPaAHM/INLLE METU-
JIMPOBaHHaA PTYTb, CBA3bIBAACH CO B3BELUEHHbI-
MW YacTULAMM U OPraHMYECKMM BELLECTBOM,

6onee AAnTeNbHO NPebbIBAET B TO/LLLE BOAbI NO
CpaBHEHUIO ¢ TOPbKOBCKMM BOAOXPAHU/ULLEM.
Mpwn 3TOoM Hanbonee aKTUBHAA cegMMeHTaLMA
B3BeCK Habntogaetcsa B [OpbKOBCKOM BOAOXPa-
HUAULLE, YTO COMPOBOMKAAETCA CHUKEHNEM €€
61MOA0CTYNHOCTU ANA NAHKTOHHbIX U HEKTOH-
HbIX OpraHM3MoB, obuTaTenemn ToNLM BOAbI.

KocBeHHbIM MOATBEPXKAEHUEM 3TOMO Me-
XaHM3Ma ABMAKTCA AaHHble NO AOHHbLIM OT-
NoXeHnsam: B [OPbKOBCKOM BOAOXPaHUAMLLE
HakonaeHue obwen PTyTM B NOBEPXHOCTHbIX
ocagKax NPomucxoauT UHTEHCUBHee, Yem B 6o-
nee rngpogmMHamuyHom Yebokcapckom BOAO-
xpaHunuue (Udodenko et al., 2018).

Pasnnuma B NpPO3pPayHOCTM BOAbI MeXAy
BOAOXPAHUAMNLLAMM TaKKe MOryT urpatb Cy-
LLLeCTBEHHYIO PO/b B TPaHchopmaumm ptytun. B
[OPbKOBCKOM BOAOXPaHWAWULIE, TAe MNpo3payd-
HOCTb Bbille KaK B PEYHOW, TaK U B MpuUNIo-
TMHHOM 30HAxX NO CpaBHEHMUO ¢ YebOKcapCcKum
(BukbynatoB n gp., 2006), co3gatoTca ycaoBuma
Ans 6onee MHTEHCMBHOIO NPOHUKHOBEHMUSA Y b-
TpadMONETOBOro M3NY4YEHUSI B BOAHYIO TO/ILLY.
3T0 cnocobCTBYET YCUAEHUIO GOTOXMMUYECKUX
peakLMin, BKIKOYAA BOCCTAHOB/JIEHWE [ABYXBa-
neHTHoM pTyTM Hg(Il) L0 anemeHTapHOM popMbl
Hg(0). Mockonbky Hg(0) sBnsetca netyyen, oHa
MOMET nepexoanTb B aTMocdepy, YTo BeeT K
CHUMKEHWIO COAEPXKAHUA PTYTU B BOAHOW cpeae
(Amyot et al., 1994; O’Driscoll et al., 2007).

YuuTbiBas, 4To Boga YeboKcapcKkoro Boao-
XpaHUAULLA B LUENOM MmeeT Honee BbICOKYHO
MUHepanu3aumio, 4Yem Boga [OpPbKOBCKOro
(LWypraHoB.a, 2007), cneayet oTMETUTb, YTO paii-
OHbl C MOBbIWEHHON MUHepanusaumnen Huxe
BrnageHus npaBobepexHbiX NPUTOKOB pek OKa
n Cypa 3aHMMalOT OrpaHMUYEHHble aKkBaTOPUM U
He MOryT, N0 BCEW BUAMMOCTU, ABNATLCA onpe-
AensaWwmMmMmmM B npoueccax buoakkymynaumm
PTYTU BOAOXPAHUNLLA B LLEE/IOM.

MOCKONbKY WHTEHCUMBHOCTb  HAKOM/AEHUA
PTYTM B BOAHbIX OpraHM3Max onpeaensaeTcs, B
YaCTHOCTM, CTPYKTYPOM NULLEBLIX ceTel, Tpodu-
YECKMM MNONOXKEHMEM OPraHM3MOB U MPOAYK-
TMBHOCTbIO 3KocucTembl (Clayden et al., 2023),
a COCTOsIHWE NNAHKTOHHbIX coobuecTs (pUTo- U
300M/1aHKTOHA) sBAsieTca (aKTopom, crnocob-
HbIM ONpeaensiTb MeXBOAOEMHbIE PA3NYUA U
cteneHb 6uomarHudpukauymm ptytu (Chen, Folt,
2005; Pickhardt et al., 2002), uenecoobpasHo
CPaBHUTb MUCCNeAyeMble BOAOXPAHMIMLWA MO
6uomacce ¢duUTO- M 300MNaHKTOHA. BrMomacca
¢uTONNAHKTOHA [OPLKOBCKOrO BOAOXPAHU/IU-
wa (1.04-3.10 mr/n) HMXKe, Yem YeboKcapcKoro
(3.26-5.44 mr/n) (KopHeBa u ap., 2025). buo-
Macca 300M/1aHKTOHA PeYHbIX YacTen ABYyX BO-
[OXpaHuAuL, cocTasaaeT okono 0.5 mr/n, Torga
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KaK B 03epHOM YacTn YeboKcapcKoro Boaoxpa-
HuAMwa (1-5 r/m®) B NeTHWM nepuog, oHa Mo-
XeT npeBblwaTb bBromaccy 300n1aHKTOHa [opb-
KOBCKOro BogoxpaHunuiia (1-4 r/m3) (Nasape-
Ba U ap., 2018). He3HaunTenbHble pasnnyms B
ypoBHAX BMomacc 300NNaHKTOHa ABYX BOAO-
XPaHUAULL, NO BCEM BUAMMOCTU, HE ABNAIOTCA
onpesenArMMN B PA3INYMAX HAKOMNIEHUS
PTYTM pbl6OM 3TUX BOAOEMOB.

Mo KoHUeHTpaunm xnopodunna cratyc lopb-
KOBCKOr0 BOAOXPAaHWAMULLA onpeseneH Kak me-
30TpOPHO-yMepeHHO 3BTPOodHbIN, Yebokcap-
CKOro — Kak 3BTpodHbIN (MuHeesa u gp, 2022).

B uenom nonyyeHHble pes3ynbTaTbl COrMNa-
CYIOTCA C AAHHbIMW O BblPa*KEHHOM NPOCTPAH-
CTBEHHON HEOA4HOPOAHOCTU COAEpP!KaAHMA PTY-
TM B pblbax b6acceiHa Bonru (fopbyHos 1 ap.,
2018) 1 c coBpeMEeHHbIMM NPeaACcTaBAEHUAMM O
H6MOHaAKONNEHUN PTYTU B BOAHbIX 3KOCUCTEMAX
(PeByxuH n ap., 2025, 2024; baxkeHoBa M Ap.,
2024; Natota u ap., 2024). bonee BbICOKas CKo-
POCTb HAaKOM/IEHMA PTYTU B TKAHAX OKYHsA B Ye-
HGOKCAPCKOM BOAOXPAHUNMLLE MOXKET OTpaXKaTb
coyeTaHMe 6onee MHTEHCUMBHOMO MOCTYMN/IEHUS
MeTanna B CBA3U C TUNOM MUTAHUSA (XULLHMYe-
CTBO), YTO COOTBETCTBYeT AaHHbIM O Buomar-
HUOMKALMU PTYTU B NULLEBBLIX ceTax (PeByxuH
n ap., 2025; fpemaumnx n gp., 2024; TponuH n
Aap., 2019; Lavoie et al., 2013; Kidd et al., 2012).
HanpoTnB, OTHOCMTENbHO HU3KME CKOPOCTU
HaKOM/IeHMA PTYTU B TKAHAX sewa MoryT 6biTb
CBA3aHbl C ero HEeHTOCHbIM TUNOM MUTAHUA U
MeHee MHTEHCUBHbIM pacnpeseneHnem pTyTu
B MbILLIEYHOM TKaHU M3-3a apdeKTa «pa3basne-
HUA POCTOM», paHee OnMcaHHOro ana bbicTpo-
pactywux pbib (Karimi et al., 2007; Ward et al.,
2010).

3aknoueHue

B pabote Bnepsble AnA BOAOXPAHUAMLY,
CpeaHelt Bonrm npoBeaeHa CpaBHUTENbHaA
OLLEHKA CKOPOCTM HaAKOM/JEHUA PTYTU B Mbl-
LWEeYHOM TKaHW pblb pPa3NMYHbIX BUAOB C y4e-
TOM MNPUHAANEKHOCTM K pPasHbIM BOAOEMAM.
MopobHble nccneaoBaHMA B OTEYECTBEHHOWN U
3apybexkHOM nuTepaType npeactaBaeHbl orpa-
HWYEHHO, YTO NOAYEPKUBAET aKTYyaZIbHOCTb NO-
NlYYEHHbIX Pe3ynbTaTos.

Pe3ynbTaTbl aHaNM3a coAepKaHuA pTyTM B
MbIWUAX Pbl6 MOKAa3asn yCTOMYMBbLIE MEXKBU-
[OBble Pa3MuMA M cucTemaTuyeckm bonee
BbICOKME KOHUEeHTpauuu Hg y pbib Yebokcap-
CKOrO BOAOXPaHWAULLA MO CPaBHEHUIO € [opb-
KOBCKMM, YTO YKa3blBaeT Ha 3HAYMMbI€ MEMKBO-
AOEeMHble Pa3InymMa B ypoBHe 6MOAOCTYNHOM
pPTYTH.

CTaTUCTMYECKMI aHaANM3 BbIABU/ BbICOKYIO
3HQYMMOCTb B/IMAHUA OMHbI Tena, BUAOBOM
NPUHALNENKHOCTM M YC/IOBUI BOLOEMA HA KOH-
ueHTpaymio ptyt (p < 0.001), a TaKMKe UX CIOXK-
Hble B3aMMOAEWNCTBUA, BKAOYAA TpexdaKTop-
Hbin 3dpdekT (OnnHa:Bua:BoaoxpaHunuuie).
3To cBMAETEeNbCTBYET O HE/IMHEMHOM M KOH-
TEKCT-3aBUCMMOM XapakTepe npoueccos HMo-
aKKYMyNAUUKM PTYTU, GOPMUPYIOLLLMXCA NOoZ, CO-
BMECTHbIM BAUSHWMEM BUMONOrMYECcKUX 1 abuo-
TUYECKMX PaKTOPOB.

CpaBHeHMe BOAOXPaHWIULL, MOKA3ano, 4yTo
NX PasnnYnAa NPOABNAIOTCA He TOJIbKO B YPOB-
HAX HaKOM/JIeHWA PTYTU, HO U B XapaKTepe ee
HaKonaeHnsa B OHTOreHese pblb. B Yebokcap-
CKOM BOAOXPaHWUAULLE B LEe/IOM OTMeYeHbl 60-
Nee BbICOKME KOHLUEHTPaLMN PTYyTU B MbILILAX
pbI6 M MHaA CTPYKTYpa MEKBUAOBbIX Pa3NYmit
CKOPOCTU HaKOMNAeHMA No cpaBHeHUO ¢ [opb-
KOBCKMM BOAOXPaHW/IULLEM, YTO OTparkaeT
BAMAHME PA3INYMA B TMAPOSIOTMYECKOM pe-
XKUMe, TPOPUUYECKMX YCNOBMAX M MapameTpax
cpenpbl.

Moka3aHo, 4YTO MapameTpbl 3aBUCMMOCTU
«Hg — pnvHa Tena» No3BONAIOT BbIABNAATL pPas-
IMYUA B ANHAMMKE HAKOMNEHUA PTYTU MeXAay
BMAAMM pblb M BOAOEMAMM, AOMNONHAA MHDOP-
MaLMIo, NoJsyvyaemyto Mpu aHanuse cpesHux
KOHUEHTPaUUN.

MpoBeaeHHbIM aHanu3 ¢akTopos, onpe-
AENALWNX Pa3inyma B COAEPHKAHUM U HAKO-
nAeHun pblibammn 6MOAOCTYNHON METUNPTYTH
mexay [opbKoBCKMM M YeboKcapcKum BOAO-
XPaHUIULWAMK, CBUAETENbCTBYET O TOM, YTO
H6ONbLWMHCTBO M3 HUX ONpeaensatoT, 4To B Ye-
HOKCAPCKOM BOAOXPAHUIULLE KOMMAEKC 3TUX
¢daKTopoB cnocobCcTBYET B Lesom 6onee BbICO-
KOMY COAEPKAHUIO PTYTM B MbILILLAX MPOMbIC-
NOBbIX BUAOB pbib.

MonyyeHHble pe3ynbTaTbl NOKa3ain, YTo OT-
IMYNA B CKOPOCTU HAKOMIEHUA MeXAy BOoAo-
XpaHunuwa 3Haunumbl ansa newa (p < 0.001)
n nnotebl (p = 0.039), HO He AnA rycrepbl
(p=0.63) 1 okyHa (p = 0.323). MNpu 3TOM CKO-
POCTb HaKonneHuss Hg B MbILIEYHOM TKaHM
newa Bblwe B YHeboKcapCcKOM BOAOXPAHUAULLE,
TOrAa Kak Ans NAoTBbl CKOPOCTb HAKOMAEHWUSA
Bbile B [OPbKOBCKOM BOAOXPaHUAMLLE.

B uenom BbiiBNEHHbIE 33aKOHOMEPHOCTU
OTpaKatoT KOMMNIEKCHOE BAUAHUE TMAPONOrU-
4YecKux, TpoPuyecknx m suaocneunduyeckmx
baKTOpOB HA NpoLeccbl HAKOMAEHWUA PTYTU
N NOATBEPKAAT HEOOXOAMMOCTb y4yeTa Kak
MEKBOLOEMHbIX PA3/INYMA, TaK U CTPYKTYpbl
nonynauum npum 3KONOTMYECKOM OLEHKe 3a-
rPA3HEeHMA BOAHbIX SKOCUCTEM.
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Summary: The paper provides a comparative assessment of the intensity of mer-
cury (Hg) accumulation in the muscle tissue of commercial fish species (perch,
roach, bream, silver bream) of the Gorky and Cheboksary reservoirs of the Mid-
dle Volga. The research was carried out based on the analysis of 1239 fish speci-
mens selected in 2023, 2024 and 2025. Mercury concentration was determined
by atomic absorption spectrometry. To estimate the rate of Hg accumulation, a
multivariate linear model of the “Hg — body length” relationship was used, taking
into account the species and reservoir. It was found that the mercury content sig-
nificantly depended on the body length of fish, their species and the conditions
of the reservoir (p < 0.001). Differences in the rate of mercury accumulation be-
tween species, as well as between reservoirs, were revealed. In Cheboksary res-
ervoir, Hg concentrations in the sample of the studied fish species were generally
higher than in Gorky reservoir. It was shown that the differences in accumulation
were related not only to the level of pollution, but also to the peculiarities of
the hydrological regime and trophic conditions determining the bioavailability of
mercury and the effectiveness of its transfer. The analysis of the factors defining
the differences in the content and accumulation of bioavailable methyl mercu-
ry by fish was carried out between the Gorky and Cheboksary reservoirs. The
highest accumulation rate was observed in perch, the lowest - in bream. It was
shown that interspecies differences in mercury accumulation were water-depen-
dent, which was confirmed by the significance of a three-factor analysis. The
obtained results demonstrate that the studied dependencies are an informative
indicator of the dynamics of mercury bioaccumulation and can be used for eco-
logical monitoring of aquatic ecosystems.
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AHHOTauMA: boXbM KOPOBKM XOPOLLO M3yYeHbl Ha YPOBHE OTAE/bHbIX BUAOB,
O4HAKO MX MHOroBMAOBblE COObLLECTBA UccaesoBaHbl GpparmeHTapHo. Mpea-
CTaBNAETCA MHTEPECHbIM BbIACHWUTb, KaK OpPraHM30BaHa pasMepHasa CTPYKTypa
JIOKaNbHOro cooblectBa KOKUMHennng, (6oxbux KOPOBOK), NMPUCYTCTBYET an
B HEM pasmepHas guobdepeHumauma BuaoB. B paboTe npeactaBneHbl pesynb-
TaTbl MCCNEAOBAHMA PA3MEPHOM CTPYKTYPbl JIOKAJIbHOTO COOOLLECTBA »KYKOB-
KOoKUMHennma,. CoobLiectBo paccMaTpPUBAETCA KaK TAaKCOLEH — 3KOI0rMyecKas
rMAbaMA, NpeacTaBieHHan 6/JM3KOPOACTBEHHBIMM BUAAMM, BbIMOJHAKOLLMMM
CXo4HY0 PYHKUMIO B yTUAM3aLMK pecypca (admaodarms). Uenbio paboTtbl 6bin
aHanu3 pacnpegeneHns MopdoOMeTPUYECKUX MPMU3HAKOB Y MAcCOBbIX BUAOB, CO-
BMECTHO 0bUTaloLWMX Ha ogHOM Tepputopmun. MaTepuan 6bin cobpaH B 2021 .
Ha TeppuTopuM BUocTaHuMmn YpdY B OKpecTHOCTAX nocesnka [AsypeyeHcK. Ans
wectn noMmuHupyrowmx snaos (Adonia variegata, Coccinella quinquepunctata,
Coccinella septempunctata, Coccinula quatuordecimpustulata, Hippodamia
tredecimpunctata, Propylea quatuordecimpunctata) 6blan namepeHbl 0bLas
OJ/IMHA Tena u WUpUHa nepegHecnnHKkK (n = 515 ocobeit). [lna ctatucTnyecko
06paboTKMN Mcnonb30Bancsa AMcnepcuoHHbIM aHanns (ANOVA) c nomolbio npo-
rpammbi STATISTICA 8.0. AHanu3 matepuana BbiaBUA ABa YETKO OYEPYUYEHHbIX 00-
J1aKa C XOPOLLO BbIpa*KEHHbIM XMATycom: oauH Bua (Coccinella septempunctata)
dbopmMmupyeT KpynHoe 06/1aKo, NATb OCTasbHbIX — Me/IKoe. Pasmax M3meH4YnBo-
CTV KPYMHOro BUAa COMOCTaBMM C CYMMapPHbIM Pa3mMaxom NATU MeNKUX. Pacuet
CpeaHuX 3HaYEeHWN NOATBEPAMN, YTO BOXKbM KOPOBKM XOPOLLIO OTIMYALOTCA APYr
OT Apyra, npuyem BuAabl, 61M3KME NO OA4HOMY M3 Pa3MepHbIX NPM3HAKOB, pas-
ninyatoTesa no apyromy. MosyyeHHble gaHHble CBMAETENbCTBYIOT O BHYTPEHHeM
CTPYKTYPUPOBAHHOCTMN COOOLLECTBA KOKLMHENNA, YTO MOKET OTpaKaTb Mexa-
HM3Mbl 3KoJIorMYeckon auddepeHuUnaLnmn, CHUNKaOWEN MEXBULOBYHO KOHKY-
PEHLMIO BHYTPU AaHHOM runbamnn adunaodaros.

© MeTpo3aBOACKMI rOCYAaPCTBEHHbIN YHUBEPCUTET
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BsegeHue

MPUHUMNbI OpraHM3auuM MHOTOBUAOBbIX
cooblecTs — 0HA U3 LUEHTPasbHbIX Npobaem
coBpemeHHoM akonorum (buroH u ap., 1989;
Oxunnep, 1988). [daxe npoctoe paccmoTpe-
HMe Bcero mHoroobpasnsa BMAOB, BXOAALLMX B
npUpoaHOe coobLLEeCTBO, NPeACTaBAAET 3HAUYU-
TeNbHble TPYAHOCTU, MO3TOMY MHOTME uccne-
[OBaTENIN COCPeAOTaYMBaAOT CBOE BHMMaHWe
Ha W3YYEHUU OTAENbHbIX GYHKLUMUOHANbHbIX
610KOB COODOLLECTB, OAHUM M3 KOTOPbIX SIBNSA-
eTca rmnbAna — rpynna BUA0B, UCNONb3YHoL,as
pecypc ¢GYHKUMOHANbHO CXOAHbIM 0b6pasom
(Oxkunnep, 1988).

MNbANA CNYKUT apeHol Hambonee UHTeH-
CMBHbIX MEXBUAOBbIX OTHOLIEHUN B coobule-
ctBe. CuibHble KOHKYPEHTHble B3aMMOOTHO-
LUEHWSA, BO3HUKAOLWME B TMAbOUN, MPUBOJAT K
pa3Hoobpa3HbIM CNeacTBMAM, HanpaB/iEHHbIM
Ha pa3fefieHne HULW U CHUXKEHUE KOHKYpeH-
umMn. OgHUM 13 Hanbonee NPocTbiX U addek-
TMBHbIX CNocoboB pasaeneHma HUW ABAAeTcA
CMeLLeHMe NPU3HaKoB, T. €. USMEHEHME MOp-
donornm B3anMoaeincTByoWmMX BUAOB, B YaCT-
HOCTU pasmepHas anddepeHumaumna (dxun-
nep, 1988; PorosuH, 1986).

KokuuHennmabl (Coleoptera: Coccinellidae)
— rpynna Hacekomblix-admngodaros, mrpatoLlan
BaXKHYIO PO/b B PEryNALMN YUCIEHHOCTU TAEN
B HA3EeMHbIX 3KOCUCTEMAX. ITO XOPOLIO BCEM
N3BECTHbIE XYKKU, 0bNnagarolme XxapakTepPHbIM
BHELWWHUM 0B/IMKOM, C APKOW npeaocTeperato-
e OKpacKoM. ITa rpynna XOpoLlIO M3y4eHa,
ONA MHOTMX PErMoHOB M3BECTHbl McYepnbl-
Batowme cnuckn BmpoB. OgHaKo, HecmoTpA
Ha OOWMWPHYIO NUTEepaTypy MO TaKCOHOMMUMW,
610N0MMMU OTAENbHBIX BUAOB U MPUMEHEHUIO
KOKUMHennma B 6MonorMyeckon 3auumuTe, uUc-
CnefoBaHMA MX MHOTOBMAOBbLIX COOOLLECTB
KaK LLe/IOCTHbIX CTPYKTYp OCTatoTcA dparmeH-
TapHbiMK (MeknH, 2007; XabubynnmH, Mypa-
BuUKniA, 2011; TiomaceBa, 2013; XpucCTuHa,
YKpauHckuii, 2016; TumuyeHko un ap., 2023). C
TOYKM 3pEHUA 3KoNormm coobuiectBo 60XKbUx
KOpOBOK, 6e3ycnoBHO, SBASETCA TUAbAUEN,
WNKU, NO KpanHen mepe, 060cobAEHHOMN YaCTbO
rmnbamn admnagodaros, rae MoryT HabaraaTbeA
pa3Hoobpa3Hble 3¢ deKTbl KOHKYPEHLMN, B T. 4.
n pasmepHaa gudpoepeHumnauyma. OgHaKo 3ToT
BOMPOC OCTAeTCA HeAOCTAaTOYHO WM3YYEHHbIM.
PasmepHble XapaKTEPUCTUKM OBOXKbUX KOpO-
BOK M3y4yatoTCcA B NMOJIMPETrMOHAIbHbIX MacLliTa-
6ax ana scero cemencraa (Dixon, Hemptinne,
2001) nan npuBoaAaTca ANA OTAENbHbIX BUAOB
(MekuH, 2024). Takne AaHHble He MO3BOAAIOT
AOCTOBEPHO CYAUTb O CTPYKTYPE M OCHOBHbIX

MPMHLMNAX OpraHM3auuu COOBLLECTB KOKLM-
Hennma.

Hawa paboTa nocsBAWeEHa M3y4yeHUo pas-
MEPHOM CTPYKTYpbl COOBLLECTBA KOKLMHENNNA,
B 04HOM M3 noKanuTetoB CpeaHero Ypana.

MaTtepuanbi

NccnepoBaHMAa NpoBOAUAMCE Ha TeppuTo-
pun 6uocTaHunmn YpdY (oKpecTHOCTU nocesnka
[BypeyeHck). PainoH paboT pacnonorKeH B Noa-
30He IOXKHOTaeXKHbIx necos CpeaHero Ypana, B
mexaypeybe pek Mcetb 1 CbicepTb. Jleca npea-
CTaB/IeHbl NPENMYLLECTBEHHO COCHAKAaMM U CO-
CHOBO-6€epe30BbIMM  CMELIAaHHbIMU  JIeCaMM.
TeppuTOpUA aHTPOMNOreHHO OCBOEHA, UMEIDTCA
MHOTOYMUCNEHHbIE MOCENIKN, YYACTKM CeNbXO-
3yroaui, neca HeO4HOKPATHO NPOWAEHbI Bbl-
pybKamm, 4To co3aaeT 4OCTaTOYHO MO3aUYHYIO
cpeay obutaHma. Matepuan bbin cobpaH me-
TOAAMM Py4HOro cbopa M SHTOMONOTMYECKOTO
KOLWEHMA B TeueHne uoHa —uniona 2021 .

B xoge yyeTtoB 6bl10 3aperncTpmpoBaHo 25
BMAOB KoKuuHennug (TumueHko n ap., 2023,
2024). AnamopdomMeTprUYecKoro aHanmnsa binm
oTObpaHbl TONbKO MACCOBble U AOMUHUPYLO-
LMe BUAbl, KOTOPbie B OCHOBHOM ONpeaensatoT
06nuK coobulectsa. B aHanms sownu: Adonia
variegata (n = 97), Coccinella quinquepunctata
(n = 37), Coccinella septempunctata (n =
169), Coccinula quatuordecimpustulata (n =
141), Hippodamia tredecimpunctata (n = 25),
Propylea quatuordecimpunctata (n = 27). Pea-
KMe BUAbl B pacyeTax He y4YuTblBaNMUCb BBUAY
MX HE3HAYUTENbHOrO BKNAAA B OOLLYIO CTPYK-
Typy coobuectBa Ha MOMEHT UCCNEAOBAHUA.
Bcero 6b110 n3mepeHo 515 ocobein.

MeToabl

[na Kaxgon ocobun ¢ NomoLbio MUKpOMe-
TPMYECKOM LIKA/bl CTEPEOMMKPOCKOMNA M3Me-
pAanuck: 1) obwas gnmMHa Tena ot BEpPLUMHbI Ha-
JNINYHMKA 40 BEpLUMHbI HAAKPbIANKI, 2) MaKCK-
Ma/fibHaA WKpPMHA NepeaHecnnHKN. Bce nsme-
PEeHUs NPOBOAUNUCH C MOMOLLbIO BUHOKYNsApa
MBC-10 ¢ OKyNIApP-MUKPOMETPOM.

Cratuctnyeckaa obpaboTKka AaHHbIX BKAKO-
Yyana pgucnepcuMoHHbin aHanm3 (ANOVA) ans
OLLEHKM 3HAUYMMOCTU PA3TNYMIA MEXKAY BUAAMMU
N pacyeT cpegHux 3HayeHnn. ObpaboTKka npo-
Boaunacb B nporpamme STATISTICA 8.0.

Pe3ynbratbl

AHanu3 pasmepHoli BapuabenbHOCTU BblI-
ABMN YETKYIO CTPYKTYpPY B COObLLECTBE MACCO-
BbIX BMAOB KOKUMHennuna. B pasmepHom pac-
npeaeneHun BblAENAETCA ABa YETKO OYepyeH-
HbIX 06/1aKa C XOPOLLO BbIPaXKEHHbIM XMATYyCOM
mexay Humu (puc. 1).
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Puc. 1. PaamepHas cTpyKTypa coobuiectBa 60XKbux KOpoBOK: 1 — A. variegata; 2 — C. quinquepunctata; 3 —
C. septempunctata; 4 — C. quaturdecimpustulata; 5 — H. tredecimpunctata; 6 — P. quatuordecimpunctata

Fig. 1.The dimensional structure of the ladybird community : 1 — A. variegata; 2 — C. quinquepunctata; 3 —
C. septempunctata; 4 — C. quaturdecimpustulata; 5 — H. tredecimpunctata; 6 — P. quatuordecimpunctata

MepBoe 06naKo (KPyMHbIX KOKUMHENAnA,)
uenvkom ¢opmupyetca ogHum  Bugom C.
septempunctata. LlLnpuHa nepegHeECnUHKM Y
ocobei aToro Buaa Bapbuposana ot 2.8 go 3.9
MM, a gnMHa Tena — ot 5.8 go 8.3 mm. BTopoe
obnako (Menkux KoKuuHennupg) obpasoBaHoO
OCTaNbHbIMK NATbIO BUAAMu: A. variegata, C.
quinquepunctata, C. quatuordecimpustulata, H.
tredecimpunctata v P. quatuordecimpunctata.
Nx pasmepHble XapaKTEPUCTUKU HaxoaAaTcA B
OManasoHax: WUpKUHaA nepegHecnuHKu 1.2-2.8
MM, ANnHa Tena 2.9-6.5 mm.

ObpaLaeT Ha ceba BHMMAHKWE, YTO pa3mepbl
3TUX ABYX 06/1aKOB MPUMEPHO PaBHbI, T. €. pas-
Max U3MEHUYMBOCTU CEMUTOYEYHOMN BOXKbEN KO-
POBKW OKa3blBaeTCA COMOCTaBMM C Pa3Maxom
M3MEHYMBOCTM OCTa/IbHbIX BUAOB, BMECTe B3f-
TbiIX. [MOX0OXKan KapTMHaA OTMeYanacb B U3y4yeH-

HbIX paHee coobuwectBax mypasbeB (Mnes m
Aap., 2007) u cuHuy, (Mmnes u ap., 2020): cambii
KPYMHbIMA BMA MMeeT HanbonbliMin AnmanasoH
N3MEHYMBOCTMH.

[OncnepcuoHHbIA aHaNN3 NOATBEPAWUA Bbl-
COKYIO [0CTOBEPHOCTb Pas3/IMYUin Mexay Bce-
MW LLECTbio BMAAMM KaK No AauHe Tena (F =
1004.92, df = 5, p < 0.001), Tak ¥ NO WMPUHE
nepegHecnuHkm (F=1176.04, df =5, p <0.001).
B rpynne menknx Bua0B KOPOBOK TaK»Ke OTme-
YyeHa cylwecTBeHHaa anddepeHumauma: nocne
NCKNOYeHUA mM3 aHanusa C. septempunctata
ANCNEPCUOHHbIA aHAaNN3 TaKXKe MOoKa3blBaeT
BbICOKYIO 4OCTOBEPHOCTb Pasnnymn (ana gau-
Hbl Tena: F = 359.3, df = 4, p < 0.001; gna wu-
PUHbI NepegHecnUHKKN: F = 119.2, df = 4, p <
0.001). CpeaHue 3HaYEHUA Pa3MepoB U3YyYeH-
HbIX BUAOB NpuBeaeHbl B Tab. 1.

Tabnuua 1. Mopdonornyeckne xapakTepUCTUKM BOXKbUX KOPOBOK, M + m (n)

Bug

LUMpVIHa nepegHecnmHK1, mm

OnviHa Tena, mm

C. septempunctata

3.37 £ 0.02 (187)

6.92 £ 0.04 (187)

A. variegata

1.94 £ 0.02 (96)

4.64 £ 0.04 (96)

C. quinquepunctata

2.47 £0.03 (35)

4.97 £0.06 (35)

C. quatuordecimpustulata

1.84 £ 0.01 (137)

3.44 £ 0.02 (137)

H. tredecimpunctata

2.18 £ 0.04 (25)

5.66 £ 0.10 (25)

P. quatuordecimpunctata

2.10 £ 0.04 (27)

3.88 +0.04 (27)
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Ecnm paccmaTtpmBaTh B3aMMOCBA3b CPEeAHUX
3HAYEeHWI ANMHbI TeNa U LWKMPUHbI NepeaHe-
CNWHKMK, TO pasmepHana guodepeHumauma B co-
obuiecTBe KOKUMHENNuA nposasnsetca bonee
yeTKo (puc. 2). boXKbW KOPOBKM XOPOLLO OT/U-
yaloTca Apyr OT Apyra, npuyem Buabl, 6An3Kue
Nno O4AHOMY M3 Pa3MepHbIX NPU3HAKOB, pPasnu-
yatotca no gpyromy. B uenom B coobuiectse
KOKLMHENINA, NPosBAAETCA 4OCTAaTOYHO YeTKan
yrnopAgo4YeHHOCTb BMAOB MO pasmepam (cm.
Tabn. 1, puc. 2).
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B Tabn. 2 npuBeneHbl COOTHOLWEHMA NPU3HA-
KOB Yy BAMMKaMLWMX NO pasmepy BMA0B BOXKbUX
KOPOBOK, TaK Ha3blBaeMbl MHAEKC XaTYMHCO-
Ha (Oxunnep, 1988; HectepeHko, 2023). Bua-
HO, YTO 3TO COOTHOLLEeHNe Konebnetcs ot 1.05
A0 1.36, 4To B LENOM AOCTAaTOYHO XOPOLIO CO-
OTBETCTBYET NpaBuay XaTymHcoHa. MIHTepecHO
OTMETUTb, YTO BIM3KOE COOTBETCTBUE MPABUY
XaTuMHCOHa Habnwoaaetcs no ob6oum npusHa-
Kam, T. e. paamepHas guddepeHumauma moxKeT
NPOUCXOAMUTb KaK MMHMMYM MO ABYM Hanpas-
neHnam.
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Puc. 2. PaamepHas cTpyKTypa coobuiectBa 60XKbMX KOPOBOK (cpeaHue 3HadyeHus): 1 — A. variegata; 2
— C. quinquepunctata; 3 — C. septempunctata; 4 — C. quaturdecimpustulata; 5 — H. tredecimpunctata; 6 —
P. quatuordecimpunctata

Fig. 2. The dimensional structure of the ladybird community (average values): 1 — A. variegata; 2 —
C. quinquepunctata; 3 — C. septempunctata; 4 — C. quaturdecimpustulata; 5 — H. tredecimpunctata; 6 —
P. quatuordecimpunctata

Tabnuua 2. OTHOLWeEHMe 0bLel ANNHBI TeNa U WNPUHbLI NepeaHeCcnUHKN Y 6AnKaNLLINX N0 pa3mepy BU-
00B 60XKbUX KOPOBOK

Mapbl B1A0B CooTHOwWweHune
pasmepoB
AnvHa tena
P. 14-punctata / C. 14-pustulata 1.13
A. variegata / P. 14-punctata 1.20
C. 5-punctata / A. variegata 1.07
H. 13-punctata / C. 5-punctata 1.14
C. 7-punctata / H. 13-punctata 1.22

LvpunHa nepeaHECnMHKM

A. variegata / C. 14-pustulata 1.05
P. 14-punctata / A. variegata 1.08
H. 13-punctata / P. 14-punctata 1.04
C. 5-punctata / H. 13-punctata 1.13
C. 7-punctata / C. 5-punctata 1.36
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O6bcyxpeHue

KomnneKc HaceKkombix-adpmaodaros BKAtO-
yaeT B cebs, No KpaliHen mepe, ABE MMIbAUMN:
XULLHWKK, KOTOPble NPUXOAAT B KONIOHUIO TAel
M NoeaarT UX, U NapasuToMapl, KOTopble OT-
KNaabliBaloT B Tier Aanua. Mmabana XMLHUKOB
BK/tOYaeT B cebs TpM XOpPOLIO OYepyeHHble
TAaKCOHOMMYECKM TPynnbl HACEKOMBbIX — CUPPU-
Abl, 3N1aTOrNAa3KM U KoKuuHennnabl. Kaxkgyto ns
3TUX FPYNN MOXHO PAacCMaTpPMBATb KaK TaKCo-
LUeH — coobLLecTBO TAaKCOHOMUYECKN BAM3KNX
BMAOB, BbINONHAKOLWMX CXOAHbIE 3KOJ0rnYe-
CKMe, npexae Bcero Tpoduyeckme, GyHKUUM
(Bacunbes, 2019). B gaHHOM c/ly4ae TaKCcoLEH
BblAENAETCA Ha YpPOBHE CEeMeMncTBa, 4To, Ha
Halw B3rnsaz4, BNOJHE OnpaBAaHHO, MOCKONbKY
60XbW KOPOBKM B Npesenax CeMencTsa coxpa-
HAKT B BbICOKOM CTEMEHU CXOAHbIN Mopdono-
rMYecKUn TMn 1 06pas *KM3HU. BO3MOXKHO TaK-
YK€ paccMaTpmBaTb KaXKAYH M3 3TUX FPYyNn Kak
OTAENbHYIO TMNBAUID UK, NO KPaHEN mepe,
cybrunbamnio, NOCKONIbKY OHWU BCE *Ke HECKO/lb-
KO pPas/iMyaloTcA no cnocoby Mcnosib30BaHuUA
NMULLLEBOTO pecypca. TaK, KOKLMHEeNIMAabl nuTa-
OTCA TAAMM HE TOJIbKO Ha IMYMHOYHOW CTaZnM,
HO W Ha CTagun Mmaro.

MonyyeHHble Hamu pe3yabTaTbl CBUAETENb-
CTBYIOT O CYLIECTBEHHOW pasmepHon Aud-
depeHuMaumn B coobliecTse KOKLMHENnuA,
KOTOpas [A0CTAaTOYHO XOPOLIO COOTBETCTBYET
npasuny XatunmHcoHa (Oxunnep, 1988; bu-
roH 1 ap., 1989). 310 03HavaeT pacxoxaeHue
NX 3KONOTMYECKUX HULW BOONb FPafMeHTa nu-
LeBOoro pecypca (Tnen) ANna CHUMKEHMA MeXK-
BMOOBOW KOHKypeHuun. NHaeKkc XaTymHcoHa
1.3 npyMepHO COOTBETCTBYET NepeKpbIBAHUIO
TpodnyeckmMx HUW Ha 25 %, 4yTOo nossonsaet
BMOAM COCYLLEeCTBOBaTb, He BbITECHAA Apyr
apyra (Axxkunnep, 1988). PeanbHble 3HaYeHUsA
MHAEKCA XaTYMHCOHA M CTeneHb MepeKpbiBa-
HWA HULL MOTYT HECKO/IbKO BapbUPOBaTb, KakK U
y camoro XatymHcoHa (Oxunnep, 1988), Ho B
NtoboM cnyyae 3TO COOTBETCTBME O3HAYAET, UTO
COBMECTHO obuTatolmne KOKUMHeNAnabl npea-
CTaBnAT coboi He cny4valiHblM Habop BUAOB,
a UEe/NIOCTHOE XOPOLWO CTPYKTYPUPOBAHHOE CO-
0bwwecTBO, rae AenNCTBYOT MEXaHMU3Mbl CHUXKe-
HUA MEXBUA0BOW KOHKYPEHLUMN.

MpeactaBnaeTcA MHTEPECHbIM pasgeneHue
coobuecTBa KOKUMHENNNA, Ha ABe YeTKMe pas-
MepHbIe Tpynmnbl, O4HY N3 KOTOPbIX COCTaBAAET
Tonbko oauH Bua (C. septempunctata), a apy-
ryto — BCe OCTa/ibHble BUAbl. Pazamax nsmeHuu-
BOCTW pa3mepHbIX NPM3HAKoB Hanbonee Kpyn-
HOro BMAa, CEMUTOYEYHOM DOXKbEW KOPOBKW,
MaKCUMa/IbHbIX U COMOCTAaBMM C U3MEHYUBO-

CTblO BCEX OCTa/IbHbIX BMAOB, BMECTE B3ATbIX.
Kak yXe ynomumHanocb Bbille, TaKaa KapTUHa
XapaKkTepHa M Ans coobuiects (TakcoueHoB)
APYTrUX CUCTEMATUYECKUX FPYNN XKMUBOTHbIX (M-
nes u ap., 2007, 2020). OyeBMAHO, U3MEHYK-
BOCTb Hanbonee KpynHoOro BuAa B coobuiecrse
He orpaHMYMBAETCA CBEPXY APYrMMm, ele bonee
KPYMHbIM BUAOM, a CBSiI3aHa C KAKUMU-TO HU3K-
YECKMMM OTPAHUYEHUAMMU, AOCTUNKEHUEM MNpe-
AENbHbIX Pa3MepoB 418 AaHHOro TMna mopdo-
NIOrMYecKom opraHmsaummn. Hannume xe paspbi-
Ba B pa3MepHOM pacnpeaeneHnun u popmmnpo-
BaHMe ABYX Pa3MepPHbIX K1accoB B coobLecTBe
KOKUMHeNnnmg, moryTt 6biTb cBA3aHbl KaK € 0Co-
H6eHHOCTAMM pacnpeaeneHns NULLEBbIX pecyp-
coB B bMoueHo3ax, Tak 1 BbITb NPOCTbIM Cea-
CTBMEM YBEIMYEHUNA PACXOXKAEHMA NPU3HAKOB
C BO3pacTaHMem pasmepoB BuMAoB. CxogHoe
pacxoXKaeHne oTMeYanacb paHee 1 4na Apyrux
rpynn *knsoTHbIX (MMnes un gp., 2020; HectepeH-
Ko, 2023). CneunanbHoe nUlyyeHme coobLlecTs
MypaBbeB YMepPEeHHOM 30Hbl, NnpoBeaeHHoe T.
B. Monkosoi (2023), noKasano, YTo OHM And-
depeHuMpoBaHbl cxogHbIM 0b6pa3om, oaHa-
KO KPYMHbIA pa3MepHbI KNacc B 3TOM C/y4yae
npeacTaBAeH HECKOIbKMMW BUAAMMU, @ HE Of-
HUM, KaK Yy 60XbUX KOPOBOK. ABTOP CBS3bIBAET
pa3geneHne MypaBbeB Ha pa3MepHble KIaccChbl
C TeEM, YTO Me/IKMe BUAbl 3aHUMAOT UHTEPCTU-
LUManu B IECHON NOACTUNKE, NO3TOMY MENKUMN
pasmep Tena MmeeT NpPeMmyLLecTBo Ana Ao-
CTyNa K Pas/IMYHbIM MUKPOMECTOOBUTAHUAM U
APYrMM pecypcam oKpyKatowen cpeabl. Torga
KaK KpynHble BUAbl, BEPOATHO, OCYLLECTBAAOT
bypakKMpPOBKY Ha NOBEPXHOCTU NOACTWUAKM, U
ANA HUX HeT HeobxoAMMOCTM 3aHMMaTb MMU-
KpomectoobutaHums. B uenom BbiABNEHNE ABYX
60NbLIMX FPYNM B PAa3MEPHOM pacnpeaeneHnm
obcyxaaembix Bblle coobliecTs npeacraBna-
eT coboll MHTepecHoe sBNeHMe, Tpebytollee
AaNbHEMNLLEro n3yyeHus.

3akntouyeHue

M3yyeHne pasmMepHbIX XapaKTEPUCTUK COo-
06LecTB pa3/IMYHbIX KUBbIX OPraHM3MOB A0-
CTATOYHO YaCTO NPUBOAMT K BbIABAEHUIO OnNpe-
OENEHHOro PaHXMPOBaAHMA pPa3mMepoB BXOAA-
WMX B HUX BMAOB B B/IMN3KOM COOTBETCTBUM C
NpaBMAOM XaTYMHCOHA. MOXHO YMNOMAHYTb
paboTbl No nnaHkToHy (/1tobuH, 2013), ame-
6am (Tsyganov, Mazei, 2006) u cocHe (PorosuH,
2019), opraHM3amam, CUCTEMATUYECKM OYeHb
OANEKNUM, HO, TEM HE MeHee, AEMOHCTPUPYIO-
WMM cxogHble TeHAeHuun. MpaBuno XaTyuumH-
COHa TEeCHO CBA3aHO C KOHUEMNUMEN NUMWUTU-
pyloLLero CXoAacTBa, NpM KOTOPOM BO3MOMKHO
cocylwiectsoBaHme Bnaos (Oxunnep, 1988). B
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rTMNbOUAX, KOTOPblE OAHOBPEMEHHO SABAAIOTCA
M TaKkcoueHamu, HabntopatotTca Hambonbluee
CX0ACTBO MOPG}ONOTMYECKMX U IKONOTUYECKMX
XapaKTepPUCTUK BUAOB U Hanbonee TeCHble B3a-
MMOAENCTBUA KOHKYPEHTHOro xapakrtepa. Co-
06LWEecTBO KOKUMHENnA saBnsaetT cobonm MmeH-
HO TaKOW C/lyYalt U NO3TOMY OXMAAEeMO OKa3bl-
BAETCA CTPYKTYPUPOBAHHLIM MO Pa3MEPHbIM
XapaKTePUCTUKaM.

HecmoTps Ha [AOCTAaTOYHO CEepPbe3Hyl Kpu-
TUKY npasuna XatymHcoHa (Oxkunnep, 1988;

PorosuH, 1986; Eadie et al., 1987), cootBer-
CTBME €My BbIABNAETCA AOCTAaTOYHO 4acTo B
CNy4asnx, Koraa BuAbl B COO6LLECTBAX PacxoaaT-
CA No Kakomy-nnmbo ogHomy pecypcy. B atoi
CBA3M NpeacTaBNAeTcs BeCbMa MHTEpPEeCHbIM
AanbHeWlwee BblABNEHWE C/ly4aeB COOTBET-
CTBMA UAN HECOOTBETCTBUSA PA3MEPHOWN CTPYK-
Typbl COOOLLECTB 3TOMY NPaBUNY U TLLATENbHOE
nx n3yyeHune ana 6onee rnyboKoro NOHMMaHMUA
OCHOBHbIX 3aKOHOMePHOCTEN (YHKLMOHUPO-
BAHMA 3KOCUCTEM.
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Key words: Summary: Ladybirds have been well studied at the species level, but their

coccinellids multi-species communities have been studied only in fragments. It is interesting

ladybirds to determine how the dimensional structure of a local community of coccinel-

Hutchinson lids(ladybird) is organized, and whether there is a dimensional differentiation

of species in it. This paper presents the results of a study of the dimensional
structure of a local community of coccinellidae beetles. The community is con-
sidered as a taxocene - ecological guild, represented by closely related species
that perform a similar function in resource utilization (aphidophagy). The aim of
the study was to analyze the distribution of morphometric traits in mass species
living together in the same territory. The material was collected in 2021 on the
territory of the biological station of the Ural Federal University in the vicinity
of the village of Dvurechensk. For the six dominant species (Adonia variegata,
Coccinella quinquepunctata, Coccinella septempunctata, Coccinula quatuordec-
impustulata, Hippodamia tredecimpunctata, and Propylea quatuordecimpunc-
tata), the total body length and pronotal width were measured (n = 515 indi-
viduals). Statistical analysis was performed using analysis of variance (ANOVA)
with STATISTICA 8.0. Analysis of the material revealed two clearly defined clouds
with well-defined hiatus: one species (Coccinella septempunctata) forms a large
cloud, while the other five form a small one. The range of variability for the large
species is comparable to the total range of five small species. The calculation
of the mean values confirmed that ladybirds differ clearly from each other, and
species that are similar in one dimensional characteristic differ in another one.
The obtained data indicate the internal structure of the coccinella community,
which may reflect the mechanisms of ecological differentiation that reduce inter-
species competition within this guild of aphidophages.
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Kntouesble cnosa: AHHOTaumA: M3yyeHbl nameHeHMA MOPPODYHKLMOHANbHbIX NOKasaTenemn spu-
NATYLWKU TpouuTtoB Rana temporaria L. (Linnaeus, 1758) B xoae rubepHauum (ychosus
3pUTPOLMTDI NMOHWMMKEHHOM TeMNepPaTypbl cpeabl NP OTCYTCTBUM OCBELLEHMA U NUTAHUA), a
MopdomeTpryeckune TaK¥Ke HeAeNbHOro NOHUMKEHUA TeEMMNePaTypbl B pasHble Nepnoapl rmbepHauum.
noKasartenmu Ha ocHOBe NoNyYeHHbIX AaHHbIX PACCUUTAH PAL MOPOMETPUYECKUX XapaKTe-
rmbepHauma PUCTMK, NO3BOMIAIOLNX OLEHUTb BAUAHUE CHUMNKEHUA QYHKLWMOHANBHOM aKTUB-

6MONOTMYECKNIM MOKOM  HOCTU NIATYLLIEK Ha ra3oTPaHCMOPTHYIO GYHKLUMIO 3puTpoumToB. Mo mepe yBe-
INYeHUns nepmoga rmbepHaumum oTMevyeHa AMHaMUKA U3MEHEHMA NoKasaTtesel
3PUTPOLMUTOB OTHOCUTE/IbHO NEPBOHAYA/IbHBIX ZAaHHbIX: HA 33-M CYTKM 3KCNO3MK-
LMW OTMEYEH POCT NPaKTUYECKM BCEX MOKa3aTenen, Kpome nokasatensa Gopmbl
KNneTkn. Ha 99-e cyTkM rubepHaumm 3adpmuKCMpoBaHbl MaKCMMAasibHble 3HAYEHUS
nokasartena GpopMbl KNETKU U yAe/IbHOM NOBEPXHOCTU IPUTPOLLUTOB NPU MUHMK-
Ma/ibHbIX 3HAYEHUAX NAOLLAAN MOBEPXHOCTM KAETKM, 06bemMa KNeTKU U A4pa,
nokasaTtenein A4epHO-LLUTONNA3MATUUYECKOrO OTHOLLEHMSA 3@ BCHO IKCMO3ULMIO.
B apuTpoumTapHO cybnonynaumm K KOHLY 3KCNo3nuum oTmeyveHo npeobnaga-
HME LMPOKOIIIMNTUYECKMX KNETOK 33 CHET CHUXKEHMUA KONMYECTBA OKPYI/bIX.
Mpwn BO34ENCTBUM NOHMMKEHHbIX TemnepaTyp (+4 °C) B TeueHne 7 CyTOK oTMe-
YyaeTca usMmeHeHne MOpPPOMETPUYECKMX NOKA3aTeNel apuTpoumToB nepudepu-
YyecKol KpoBu. MNMpu 3Tom cTeneHb U3MEHEHUA 3PUTPOLMTAPHbIX NOKasaTenen
3aBMCUT OT A/ITE/IbHOCTU HaxoXaeHuMA ocobeli B COCTOAHUM rMbepHauum.

© MNeTpo3aBOACKMI rOCYAAPCTBEHHDBIN YHUBEPCUTET

PeueHseHT: B. A. Untoxa
H. A. YeTtaHoB

MonyueHa: 27 mapTta 2026 roga MognucaHa K neyatun:26 nioHa 2026 roga

BBepgeHune Abl. Cpegu narywek ecTb BUAbl C Pa3HOM Kpu-
ope3uncteHTHocTbio (BepmaH u gp., 2016). Na-
rywKkun poga Rana, Takne Kak TpaBAaHasn, cnbup-
CKaa n ganbHeBocTouHan (Rana temporaria L.,
1758; Rana amurensis Boulenger, 1886; Rana
dybowskii Gunther, 1876), 3MMyIOT KaK B BoAg,

MMbepHaLma 3eMHOBOAHbIX ABNSETCA O4HOM
n3 ¢opm 6MONOrMYECKOro MOKOos, NO3BOASAID-
LLMX COXPAHATb *KM3HECNOCOBHOCTb B YC10BUAX
MOHMXEHUA TeMnepaTypbl OKpy)Katollen cpe-
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TaK M Ha cylwe, O4HAKO NpU NepeoxiaxaeHum
CNoCco6HbI NePEHOCUTb TONIbKO Masible OTpULA-
TeNbHble Temnepatypbl (bepmaH u ap., 2017).

HecmoTpa Ha 3HauYMTeNbHble yCcrnexu B W3-
YY4EHUU MEXaHM3MOB afanTaLMmM KNETOK K TeM-
nepaTypHbIM M3MEHEHWUAM, MHOTME aCMeKTbl
OCTAlOTCA HeAOCTAaTOYHO MCCNef0BaHHbIMM,
0COBEHHO B KOHTEKCTE 3pUTPOLMUTOB 3EMHO-
BOZAHbIX. XONOA4HOKPOBHbIE }KMBOTHbIE NOABEP-
ratoTCA 3HAYMTENbHbIM KonebaHuam Temnepa-
TYPbl B 3aBUCMMOCTM OT YCIOBUI OKPYIKatoLLEN
cpenbl, YTO OKasbIBaeT BAUAHWE HA UX PYHK-
LUMOHaNbHbIE XapaKTEPUCTUKM U MeTabonmsm.
MN3BecTHO, 4TO y pblb 3pUTPOLMUTLI 3 CHET KUC-
NNOPOATPAHCNOPTHON M aAanTUBHO-KOMMEHCa-
TOPHOM YHKUMM y4yacTBYIOT B NOAAEPKAHUM
romeocTasa opraHuM3ma npu M3MeHeHUN ycno-
BUI cpenbl (YepHABCKUX U ap., 2018). Y penTu-
INIA OTMEeYaloT pasHuuy B dopme U BeNUUYUHEe
3PUTPOLIUTOB B 3aBMCMMOCTU OT BUAOBOM Npu-
HagnexHoctu (YetaHos, YeTtaHoBa, 2021). Oa-
HAKO [0 CUX NMOpP OCTAKTCA MANOM3YYEHHbIMM
MOJIEKYNIAPHbIE U BUOXMMMYECKME MEXaHU3-
Mbl, NOCPeACTBOM KOTOPbIX Y NIArYLUEK 3PUTPO-
UMTbl 34aNTUPYIOTCA K STUM U3MEHEHUAM.

B cBA3M ¢ 3TM BONPOC 0 GU3NONOTUYECKUX
N3MEHEHWAX B OPraHU3mMe NAryweK Npu CHU-
eHUU QYHKLMOHANBbHOM aKTUBHOCTM ABNAETCA
aKTyanbHbIM, MOCKO/IbKY €ro nsy4yeHume nos3so-
JIUT NONYYUTb AOMNONHUTENbHblE cBeAeHuA 06
ocobeHHOCTAX rnMnobmosa MNOMKMUAOTEPMHbIX
YKMBOTHbIX M O BAMAHUM aBMOTUYECKOrO CTpec-
Ca Ha KNEeToYHbIe CTPYKTYPbl U UX PYHKUUMK.

Llenb paboTbl: U3yuntb M3meHeHMe mopdo-

METPMYECKMX MAPaMeTPOB 3PUTPOLIUTOB MpU
rmbepHaLMm 1 Npu A0NONAHUTENBHOM X0N040-
BOM BO34EMCTBUM.

MaTtepuanbi

Bce nccnepoBaHHble 0cobu 6bIM camuamm
M OT/I0B/IEHbI B MECTax eCcTeCTBEHHOro obuta-
HWA. MaTepuan ana mccnegoBaHMA, BKAKOYa-
oMM KPOoBb OT 24 ocobel TpaBAHOM NATYLLKN
(R. temporaria), 6bin cobpaH B Nepunos C OKTA-
6pa 2023 no deBpanb 2024 r. — nepuoa ecre-
CTBEHHOM rMbepHauun Buaa B npupoge. Ku-
BOTHbIE HA MPOTAMKEHUN HECKOJIbKUX MEeCcALEeB
cogepKanucb npu temnepatype 10-12 °C 6e3
OCBELLEHNA U NULLM B aKBAapPMabHON KOMHaTe
BMBapUS.

MeToabl

MNocne oTtnoBa NpoBOAMAWN MNpenBapuUTesnb-
HYH HeAeNbHYH aKKIMMALLMIO *KUBOTHbIX K yC-
NIOBUAIM aKBapMaibHOM KOMHaTbl. 111 OUEHKM
N3MEHEHMA MNOKalaTenem spuTpouuToB B YC-
nosuAx rmbepHaumm n nocne xono040BOro BO3-
AENCTBMA *KUBOTHbIX Ha 1, 33, 48 n 99-e cyTKkM
3KCMO3MumnmM oTbMpanm no Tpm ocobm Ana KoH-
TPONIbHOIO M OMNbITHOTrO BapMaHTOB. KOHTpONb-
Hble 0cObM OCTaBaNINCb B UCXOAHbIX YC/IOBUAX
B TeYeHMe CemMu CyTOK, TOrga KakK OMbITHble
nogBepraancb XonogoBOMY BO3LEMUCTBUIO NMpWU
Temnepartype 4 °C. [ToHMKeHHble TemnepaTypbl
MOZENNPOBANNUCH C MOMOLLBIO KAMMATUYECKOM
Kamepbl TH-ME-25 (Jeio Tech Lab Companion),
obecneunBatoLeNn NOCTOAHCTBO TeMNepaTypbl
N BNAXKHOCTU Ha NPOTAXKEHUN CEMM CYTOK IKC-
nepumeHTa.

KOHTponk, KOHTpONk, KOHTpONE, KoOHTponk,
T CYTEM 40 cyTEM 55 CyTKM 106 CyTKM
A“'}”gj’:‘%‘{“‘” STan 1, 0 CyTkM BTan 2, 33 cyTk bTan 3, 48 cyTK 5Tan 4, 99 cyTkY
n OnwiIT, L] OnwIT, L Onw, L OnwIT,
7 CYTKH 40 CyTKH 55 CYTKH 106 CYTKH

Puc. 1. Cxema akcrnepmmeHTa
Fig. 1. The scheme of the experiment

KpoBb OTOMpanu nocne nyHKUuM cepaua
B Npobupky, 0bpaboTaHHyHO aHTUKOarynsaH-
Tom 3ATA (OO0 «MuHmuMepny»). Masku KpoBsu,
OKpaleHHble No PomaHoBcKomy — [Mm3e, npo-
cmatpmBanm u ¢otorpadupoBanm Ha MUKpPO-
ckone «MUKMEA-6» ¢ kamepon MC-5 (USB-
2.0) npun yBennyeHmn (okynap 10, obbekTmB

40) (AO «JIOMO», Poccusa). Ha Kaxkaom npena-
paTte uamepAann anavMHy u wnpunHy ana 100 Kne-
TOK. AHann3 mukpodoTtorpaduii n namepeHue
JINHENHbIX Pa3MepoB 3PUTPOLMUTOB U UX Aaep
nposogunn B nporpamme JMicroVision 1.3.4
(Roduit, 2019). Bcero 6bIn0 obpaboTtaHo 75
MuKkpodoTorpaduii MasKoB KPoBU U n3Mepe-
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Hbl NoKa3aTtenun y 2400 knetoK no 100 anAa Kax-
[0 ocobu, BKIOYEHHOW B IKCNEPUMEHT.

PacyeT mopdOMETPUYECKMX MNapaMeTpoB
3PUTPOLUTOB MPOBOAUAN HA OCHOBE WU3Me-
peHuA NPoAo0/IbHOM U NOMEPeyYHOM ocer 3pu-
TpoumTa (C, n C, cootBeTcTBEHHO) M Aapa (N,
n N, COOTBETCTBEHHO). Mcnonb3ysa nonyyeHHble
JIMHEelHble pa3mepbl NPOBOAUAN pacyeT pAna
XapPaKTepPUCTUK  3PUTPOLMTOB:  MNOKasaTesb
dopmbl KneTok (MS), obbem knetkm (V), 06b-
em Agpa (V ), niowasnb NoBepxHOCTU KNETKM
(S.), ApePHO-UMTONIA3MATUYECKOE OTHOLWEHNE
(NCR) YOENbHYI0 MOBEPXHOCTb 3PUTPOLMTOB
(SS,) (Kyxapesa, Congatos, 2016). CornacHo
Koad)d)MLl,meHTy 3KCLEHTPUYHOCTM (€) Bblgena-
N TPU Knacca 3puUTPOUMTapHbIX cybnonyns-
umn: eliptocytus (HopmanbHble anAMNCOUAHbBIE
KNeTKM) — KO3IPOULMEHT 3KCLUEHTPUUYHOCTH (€)

0.7-0.75; magnulocytus (WKMpPOKOINAMNTHU-
yeckue Knetku) — € 2 0.76; teretiocytus (oKpy-
rnble knetkn) — € < 0.69 (CKOpKKUHa, 3eneHuoBa,
2004).

MNonyyeHHble AaHHble obpabaTbiBanu meTo-
AaMM BapMaLMOHHOM CTaTUCTUKKU C UCMOb30-
BaHMem nporpamm MS Office Excel, STATISTICA
10 (StatSoft Inc., CLLUA). HopmanbHOCTb pac-
npeaeneHna OLeHMBaAN C NMOMOLLbD MeToza
LWanunpo — Yunka. na noaTsepraeHma focTo-
BEPHOCTU Pas3nuMi Mexay AByMs BblbOpKa-
MU ncnonb3osanu nmbo U-kputepuin MaHHa —
YUTHW, Korga Habntoganacb HEHOPMANbHOCTb
pacnpeaenexus, nmbo t-kputepmin CtblogeHTa
npu HOpMasbHOM pacnpegeneHnn. Ana oueH-
KM KayeCTBEHHbIX MPWU3HAKOB MCMO/1b30BaN
Kputepuin cootBeTtcTBms X2 NupcoHa. YpoBeHb
3HAYMMOCTU ANA BCEX BUAOB CPAaBHEHUS MpuU-
Humasnca 0.05 (p <0.05).

Mcnonb3oBaHMe M yxo4 3a 3KCNepuMeH-
Ta/IbHbIMW KMBOTHbIMM COOTBETCTBOBAN 3aKO-
Ham Poccuitickon depepaumm no 3awmTe Ku-
BOTHbIX, @ TaKe PYKOBOAAWMM MPUHLMUNEM
ARRIVAL n Anpektuse EC 2010/63/EC ansa aKc-
NEPMMEHTOB Ha KUBOTHbIX.

Pe3ynbTatbl

MepBble oTb6opbl NPO6 KPOBM NPOBOAUAUCH
y ocobeln, oTobpaHHbIX U3 ecTecTBEHHOM cpe-
Abl B OKTAOpe M npoleawmnx HeaeNbHYO aK-
KAMMAUMIO K MCKYCCTBEHHO CO3A4aHHbIM YCNo-
BMAM COAEpPrKaHUA (OTCYTCTBME OCBELLEHMA U
nUTaHuMA, TemnepaTypa Bosayxa 14...15 °C). Aa-
nee Ha npoTtaxkeHun 106 cyToK nArywKu coaep-
¥a/NnUCb B YC/NIOBUAX aKBapuasbHON KOMHaTbI
(Temnepatypa 10...12 °C, 6e3 cBeTa u nuwMm).
[aHHble, NonyYyeHHble B OKTABpe (HayanbHbIN

KOHTPO/Ib) NP MEPBOM CHATUM PE3y/NbTaTos,
NPUHMMANN B KAYECTBE UCXOAHbIX, Kak Hanbo-
nee nNpubAMNKeHHble K ecTeCTBEHHbIM YCN0BU-
AM Cpefbl, TaK KaK B 3TOT NePUOL NATYLLKM eLLe
HaXoAUNUCb B OTHOCUTENbHO aKTUBHOM CO-
CToAHUU. onyyeHHble NCXogHble pasmepHble
napameTpbl 3PUTPOLMUTOB, TaKME KaK AJIMHA
apuTpoumTa no npo,u,oanom (C,: 21.72 £ 0.10
MKM) 1 nonepeyHorn ocu Knetkm (C, 16.32 +
0.07 mkm) n Agpa (N, 11.01 £ 0.08 mkm, N, 6.64
+0.07 MKMm), noasonmnm paccuuTtaTtb OCHOBHbIe
XapaKTEPUCTMKM  SPUTPOLMUTOB: MNOKaszaTesb
dopmbl KneTtkm 1.33 £ 0.01; 06bem agpa 263.06
t 7.27 mKkm3, obbem KneTtkm 1058.77 + 11.79
MKM3, nnowaab NoBepxHocTM Knetkm 1233.05
+ 12.22 MKM?, AgepHO-UMTONNa3MaTUYecKoe
oTHoweHue 0.24 + 0.01, ygenbHaa nosepx-
HocTb 3puTpoumTtoB 1.17 + 0.01 mMKm?/MKM3.
B sputpoumnTapHon cybnonynaummn, COrnacHo
K03pPUUMEHTY IKCUEHTPUYHOCTK, Npeobnaaa-
NV OKpyrable KneTtku (75.3 %) n HopmanbHble
annmMncounaHble Knetkn (18.7 %), npmn aTom Ko-
JIMYECTBO LUMPOKOINIUNTUYECKUX KNETOK (6 %)
6bl10 MMHUMANBHO.

Mo mepe yBennyeHua onnTeNbHOCTU coaep-
YKaHWA NATYLWEK B aKBApPUANbHOM KOMHaTe AN
KaXkA0M cepumn aKcnepumeHToB oTbupann go-
NOJIHNTENbHbIA KOHTPO/Ib, MOCKO/IbKY B TaKMX
YCNOBUAX }KUBOTHbIE NOCTENEHHO Nepexoannm
B COCTOAHME MOHUMKEHHOW (YHKUMOHANbHOWN
AKTUMBHOCTU. TakK, Ha 2-m 3Tane, Nocne Mmecau-
HOro nepuoAa rubepHauuu, BblABAEHbI W3-
MEHEeHMNA B MOPPOMETPUYECKMX MOKa3aTensax
sputpoumTos: C, 25.45 = 0.2mkm, C, 19.67 *
0.20 MKMm, p,nMHa afpa no npop,oanom ocn N,
11.40 £ 0.13 mkm, no nonepeyHomn ocu N, 7. 22
1+ 0.11 MKM. U3MEHUINCb U OCHOBHbIE napame—
TPbl 3PUTPOLUTOB: NOKasaTeb GOPMbl KNETKM
1.30 + 0.10, o6bem sapa 337.80 + 5.27 MKMm3,
obbem KneTkn 1619.61 + 42.43 mkm?®, naowaab
NOBEPXHOCTU KNeTkM 1696.67 + 50.93 mKm?,
ALEPHO-LUUTONNA3MaTUYECKOoE OTHOLUEHME
0.200 £ 0.004, yoenbHaa NOBePXHOCTb 3PUTPO-
uutoB 1.22 + 0.01 mkm?/MKm® (Tabn. 1). Mpwm
3TOM B 3pUTPOLMTAPHOM cybnonynaunm otme-
YeHO yBe/NnYeHue AO0NIN OKPYI/bIX KNETOK A0
81.2 % 3a cyeT yMmeHbLUeHMA KOAnYecTBa HOp-
MaJIbHbIX anannconaHbix (12.0 %) n wWunpoKo-
3NNUNTUYECKUX KNEeTOK (6.8 %).

XonopoBaa 7-CyTOMHAA IJKCMNO3ULMA NAry-
WweK npu Temnepatype Bo3ayxa 4 °C B K1mma-
TMYECKOW Kamepe B 3TOT e nepuog, NoBaMaANa
Ha MopdomeTpuyecKne noKasaTenn 3SpuUTpo-
umToB (cm. Tabn. 1).
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Tabnvua 1. MopdomeTpryeckme nokasaTesm 3puTPoLUTOB Neprudepuyeckon KPoBM ATYLIKK
R. temporaria npu BO34ENCTBMU NOHUMKEHHbIX TeMMepaTyp (2-# atan)

[NokasaTtenun spuTpoUNTOB KoHTponb OnbIT

MS 1.30+0.10* 1.26 £ 0.01**
vV, MKkM3 337.84 £5.27* 165.53 + 5.27**
V, MKM3 1619.61 + 42.43* 1002.50 + 13.01**
S, MKM? 1696.67 £ 50.93* 1233.05 £ 12.22**
NCR 0.200 + 0.004* 0.160 + 0.004**
SS , MKM?/MKM3 1.22 £0.01* 1.29 £ 0.01**
C,, MKM 25.45 £ 0.25* 21.77 £ 0.12**
C,, MKM 19.67 £ 0.20* 14.64 £+ 0.1**
N,, MKm 11.40 £ 0.13* 9.55 + 0.09**
N_, MKM 7.22+0.11* 5.60 £ 0.07**

MpumeyaHue. * — 4OCTOBEPHbIE PA3NUUA MEXAY KOHTPOAEM Ha 1-m 1 2-m 3Tanax otbopa ocoben, ** —
[0CTOBEPHbIE PA3INUNA MEHKIY KOHTPOEM 2-T0 3Tana M OnbITHOM rpynnoi (U-kputepuin MaHHa — YUTHU,

p <0.05).

Y ocobeit, 3KCMOHMPOBABLUMXCS K MOHUMKEH-
HOM TemnepaType, OTMEYEHO YMEHbLUEHUNE
JIMHEMHbIX PAa3MepOB KNETKM Ha KOHeL, 3KC-
no3vumun: AJnHA 3PUTPOLMTOB NO NPOAO/b-
HOM OCK ymeHbluaeTca Ha 19 %, nonepeyHomn
— Ha 28.9 %, AAvHa agpa No NPoAo/IbHOM OCH
ymeHbluaetcs Ha 15.7 %, no nonepeyHoMn ocu
— Ha 34.3 %. Bcneacteme 3TO0ro M3meHAKOTCA
n mopdodyHKUMOHANbHbIE NAPaMETPbl 3pU-
TPOLMTOB: YMeHbLatoTcA Ha 3 % noKasaTenb
bopMbl KNeTKM, 06BbEM KNeTKM Ha 38 %, 0b6bem
Aaapa Ha 51 %, nnowaab NOBEPXHOCTU KNETKU
Ha 27.3 %, AagepHO-uMTONNa3mMaTM4ecKoe OT-

HoweHue Ha 20 %. Mpu aTOM OTMeyvaeTcA yBe-
NINYeHne yaenbHON NoOBEePXHOCTU 3PUTPOLUTOB
Ha 5.7 %. B apuTpoumTapHoit cybnonynaumm
He3HaunTe/IbHO BO3paAcTaeT A0/A OKPYMbIX
KNeToK (89.2 %) 3a cyeT ymMeHblUeHUA KONu-
4yecTBa HOPMasbHbIX SAANNCOUZHbIX (7.7 %) 1
LUMPOKOINAUNTUYECKMX KNeToK (3.1 %).

Yepes nontopa mecaua coaepkaHua nary-
LWeK B KOHTPOJIbHbIX yC10BUSAX (3-1 3Tan) oTme-
YaKTCA HEKOTOpPble M3MEHeHWs B mopdome-
TPUYECKMX NOKa3aTensx 3pUTPOLMTOB MO OTHO-
LWEHWIO K MEepPBOM CbeMKE AaHHbIX B UCXOAHOM
KOHTpONbHOM rpynne (Taba. 2).

Tabnuua 2. MopdomeTpryeckme nokasaTesm 3puTpoLnToB Nnepudepuyeckomn KPoBU AAMYLIKK
R. temporaria npu BO34eNCTBMU NOHWUMKEHHbIX TemnepaTyp (3-# atan)

lMoKkasaTenu spuTpoLmTOB KOHTpO/b OnbIT

MS 1.48 +0.01* 1.54 +0.01**
V , MKM3 265.45 + 12.28* 185.71 + 4,52**
V., MKM3 1025.90 + 13.58* 947.48 + 12.59**
S, MKM? 1179.05 + 12.59 1180.94 + 15.18
NCR 0.230 + 0.008* 0.190 + 0.003**
SS, MKM2/MKMm? 1.180 £ 0.013* 1.250 + 0.004**
C,, MKM 22.03+0.11 22.23£0.11
C,, MKM 14.94 + 0.06* 14.64 £ 0.10**
N,, MKm 10.65 + 0.14* 10.04 + 0.07**
N_, MKMm 6.25 + 0.10* 5.81 + 0.05**

MpumeyaHue. * — 4OCTOBEPHbIE PAa3NNMYUSA MeEKAY KOHTPOJIeM Ha 1-m 1 3-m 3Tanax otbopa ocoben, ** —
[OCTOBEpPHbIE Pa3NnMunAa MexKay KOHTposiem 3-ro aTana v onbiTHOM rpynnoi (U-Kputepuii MaHHa — YUTHU,

p <0.05).
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OnviHa spuTpounTa No NPoAOAbHOM COCTa-
Buna 22.03 £ 0.11 MKm, NO NOMepPeyYHON ocu
Knetkn 14.94 + 0.20 mKm; gnrHa agpa no npo-
ponbHoi ocn 10.65 + 0.14 mkm, no nonepey-
Hoi ocu 6.25 £ 0.10 mKm. M3meHunance 1 oc-
HOBHblE MapamMeTpbl SPUTPOLMTOB: MOKA3aTe b
dopmbl KneTkn 1.48 +0.01; 06bem agpa 265.45
t+ 12.28 mMKm3, obbem Knetku 1025.9 + 13.58
MKM?, NN0LWWaAb NOBEPXHOCTU KaeTku 1179.05
+ 12.59 MKM?, AgepHO-UMTONNAa3MaTUyeckoe
oTHoweHue 0.230 * 0.008, yaenbHaa nosepx-
HOCTb 3puTpoumToB 1.18 + 0.013 MKMm?*/MKM®.
Mpwn sTom B 3apuTpouuTapHon cybnonynaumm
O0NA OKPYINbIX KNETOK YyMeHbluaeTca 4o 28.1 %
32 cYeT yBe/IMYEeHMA KONMYeCcTBa HOPMAbHbIX
anaunconanbix (37.3 %) 1 WMPOKOINAUNTMYE-
CKUX KNeTok (34.6 %).

Mocne 7-CYTOYHOM 3KCNO3MUUM MPU Tem-
nepatype 4 °C B 310T nepuog (3-1 atan) Bbl-
ABNEHO CTAaTUCTUYECKM 3HAYMMOE CHUXKEHMe
AJIMHbI 3pUTPOLMTA KaK No nNpogonbHon (Ha
6 %), Tak 1 nonepeyHor ocu (Ha 7 %), yMeHb-
leHMe OAMHbI a4pa No nornepeyHor ocu (Ha
3 %) (cm. Tabn. 2). OTMeYEHO CTaTUCTUYECKMU
3HAUMMOe yBeNn4YeHue Mnokaszatena Gopmbl
KNeTkn Ha 4 %, ymeHblueHMe obbema KNeTku un
obbema sapa Ha 30 % n 7.7 % COOTBETCTBEHHO,
A0EPHO-LUTONNA3MATUYECKOro OTHOLIEHUA Ha
17.4 %. MNpu aTOM Habnwogaetca ysennyeHue
YAENbHON NOBEPXHOCTM 3pUTPOLMTA Ha 6 %. B

3pUTPOLUTAPHOM cybnonynaumMm nNpakTUyYecKu
He MeHSAeTCAa A0NA OKPYI/bIX KneTok (27.8 %),
YBEAMUYMBAETCA [0NA LMPOKOININNTUYECKMX
Knetok (44.8 %) n cHUXKaeTca AoNA HOpMalb-
HbIX 3/IMNCOUAHDBIX 3pUTpOoLMNTOB (27.8 %).

Mocne 3-mecayHoOM rmbepHaUnM NPounsBo-
ANNKN TpeTuit oTbop KPOBKU ANA aHAM3a MOp-
domeTpuyYecKnUXx nokKasaTenem 33pUTPOLUTOB
(4-7 atan). O6bHapyXeHOo, YTO MO OTHOLUEHUIO
K OaHHbIM WCXOAHOM KOHTPOJIbHOM rpynnbl
TaK)Xe NPOU3OLWW/IN U3MEHEHMA B MOKasaTenax
aputpoumTos (Tabn. 3). AanHa spuTpoLmTa No
NpPOAO/IbHOM OCK KNeTKM coctaBmna 9.62 + 0.05
MKM, no nepeyHor 5.01 + 0.02 mkm; AnauMHa
Aapa no npoaonbHoM ocn 22.74 + 0.08 MKm,
no nonepe4yHor ocn 13.66 + 0.07 mkm. U3me-
HUIUCb N OCHOBHbIE MapameTpbl SPUTPOLMUTOB:
nokasatenb ¢opmbl kKnetkn 1.67 + 0.01; ob6b-
em agpa 129.02 + 2.18 MKM3, o6bem KNeTku
1076.07 £ 9.23 mKm3, nnowaab NoBepxXHOCTH
Knetkn 1424.20 + 12.19 MKM?, aaepHO-LUTO-
nnasmatmyeckoe oTHoweHue 0.170 + 0.003,
yaenbHaa noBepxHoOCTb sputpoumtos 1.270 *
0.004 MKm?/MKMm3. Tpy 3TOM B 3puUTpOLUTap-
HOM cybnonynaumMm MaKCMManbHO YBENUYU-
BaeTCA A0NA LWMPOKOINIUNTUYECKUX KNETOK
(82.4 %), cHUXKeHa AoNSA HOPMaANbHbIX 31/1UM-
couaHbIx aputpountos (14.1 %) N MMHUMaNb-
Ha 40NA OKPYINbIX KNeToK (3.5 %).

Tabnnua 3. MopdomeTpryeckne nokasatenm spuTpoLnToB nepndepmnyeckon KpoBm NAryLwKn
R. temporaria npn BO34eNCTBUN NOHUMKEHHbIX Temnepatyp (4-i aTan)

lMoKa3saTenu spuTpoumTOB KOoHTponb OnbIT

MS 1.67 £0.01* 1.45 £ 0.01**
V., MKkM3 129.02 £2.18* 154.28 + 2.87**
V, MKMm3 876.28 £ 6.75* 1076.07 £ 9.23**
S, MKM? 1158.71 £ 9.43* 1424.20 £ 12.19**
NCR 0.140 + 0.002 0.140 + 0.002
5SS, MKM?/MKMm? 1.320 £ 0.003 1.320 £ 0.003
C,, MKM 22.74 £ 0.08* 23.58 + 0.09**
C, MKM 13.66 + 0.07* 16.36 + 0.08**
N, MKm 9.62 £ 0.05* 10.18 £ 0.06**
N, MKm 5.01 £ 0.02* 5.31+0.04**

MprmeyaHue: * — LOCTOBEPHbIE PA3IMYMA MeXAY KOHTpoaeM Ha 1-m n 4-m atanax otbopa ocoben, ** —

[OCTOBEPHbIE PA3INUNA MEXKAY KOHTPONEM 4-ro 3Tana v onbITHOW rpynnoi (U-kputepuii MaHHa — YUTHM,

p <0.05).

3Kcno3mumna ocobei B TeyeHme 7 CyTOK Npwm
Temnepatype 4 °C B 3T0 BpemsA NpMBOAMUT K yBe-
JIMYEHUIO AIMHbBI 3PUTPOLUTA MO NPOJOAbHOM
ocu Ha 5.8 %, no nonepeyHoi Ha 6 %, AAvHa
A4pa No NpoaoabHOM ocn Ha 3.6 %, no none-
peyHol Ha 16.5 % (p < 0.05). No ¢pyHKuMoHanb-
HbIM NOKa3aTeNAM OTMEYEeHO YMeHbLUEeHWe No-

KasaTena ¢opmbl KNeTkn Ha 13.2 %, yBennde-
Hue obbema Aapa Ha 19.6 %, o6bema KneTkn
Ha 22.7 %, naowaan NOBEPXHOCTM KNETKU Ha
22.9 %. YTO KacaeTca U3MEeHEeHMA COOTHOoLle-
HMA 3PUTPOUMUTAPHBLIX MONYyNAUWUIKA, TO Mocne
X0/1I040BOM 3KCMO3MUMN OTMEYaeTcA YMEHb-
WeHWe A0NM LWMPOKOINIUNTUYECKUX KNEeTOK
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(26.7 %) 3a cueT BO3pacTaHMA A0NEN HOpMab-
HbIX anaunconaHbix (31.6 %) n oKpyrbIX Kne-
TOK (41.7 %).

NonyyeHHble [aHHble MNOKas3anu, 4YTO Ha
NPOTAXKEHUM 3KcnepumeHTa ¢ 1-x no 106-e
CYTKWM 3KCMO3ULUK B KOHTPOJIbHOW rpynne na-
rylweKk npouMcxoannm M3MeHeHua nokasartenemn
apuTpoumToB. o3TOMy AOMNOAHUTENBHO Obin
npoBefeH aHanAn3 nameHeHusa PyHKUMOHANb-

HbIX NOKa3aTenen spuTPoLUUNTOB y 0cobei KoH-
TPONbHbIX FPYNM, COAEPKALLUXCA B aKBapUab-
HOM KOMHaTe B YCNOBUAX OTCYTCTBMA OCBeLLe-
HMA, NUTaHKUA N Npn TemnepaTtype 10...12 °C.
Pe3ynbTaTbl NOKa3anu, 4To N0 Mepe yBeaunye-
HUA Nepuosa HaXoXKAeHUA NArYLWeK B AAHHbIX
YCNOBMAX M3y4YaeMble MOKasaTenn 3pUTPOLLU-
TOB M3MeHstoTcA (Tabn. 4).

Tabnuvua 4. MopdomeTpryeckme nokasaTesn 3puTpoLUnToB nepudepuyeckon KpoBu AaryLlex
R. temporaria KOHTPONbHbIX FPYMM 32 NepPUoa, 3KCNO3UL MM

MoKasatenu Mepron 3KCNO3NLNUN, CYTKU

3puTpoumnTOoB 1-1i aTan 2-i 3Tan 3-i aTan 4-14 3Tan
MS 1.33£0.01° 1.3+0.10° 1.48 £0.01° 1.67 £0.01°
V , MKM3 263.06 +7.27° 337.8+5.27° 265.4 +12.28° 129.02 +2.18°
V., MKm? 1058.77 £+11.79°  1619.61 +42.43°  1025.90 + 13.58°? 876.28 + 6.75¢
S, MKM? 1233.05+12.22° 1696.67 +50.93° 1179.05 + 12.59* 1158.71 + 9.43
NCR 0.24 +0.01° 0.20 + 0.004° 0.23 + 0.008® 0.14 + 0.002¢
SS , MKM?/MKM3 1.17 +£0.01° 1.22 £0.01° 1.18 £ 0.013¢ 1.32 + 0.003¢
C,, MKM 21.72 £0.10® 25.45 +0.25° 22.03+£0.11° 22.74 +0.08°
C,, MKM 16.32 £ 0.07° 19.67 + 0.20° 14.94 + 0.06° 13.66 £ 0,.07¢
N,, MKM 11.01 £ 0.08° 11.40+0.13° 10.65 + 0.14° 9.62 + 0.05¢
N_, MKM 6.64 + 0.07° 7.22+0.11° 6.25 +0.10¢ 5.01 +0.02¢

MpumeyaHue. PaznnyHblie HaACTPOYHbIE CMMBOJIbI B KaXKA0M CTPOKE YKA3bIBAOT Ha CTAaTUCTUYECKU 3HAYMMble
pasnyma mexay atanamu akcnepumeHTa (U-Kputepuit MaHHa — YutHu, p < 0.05).

OTmevaeTca AMHAMWKA M3MEHEeHWA MNOKa-
3aTenen 3puTPOLMUTOB OT CTAaTUCTUYECKU 3Ha-
YMMOTrO yBenn4eHMa obbema KNeTKM, AaApa,
NAOWaAM MNOBEPXHOCTU KAETKM, YAEeNbHOW
NOBEPXHOCTU 3PUTPOULUTOB A0 PaKTUYEeCKoro
BO3BpPALLEHMA K NPEXHUM 3HAYEeHMAM MNOKa-
3aTenen Yepes NOATOPaA MecALa U NOBTOPHOIO
N3MEHEHMA K KOHLY SKCNO3MUUN.

Tak, 3HayeHMe nokaszaTtena GOpMbl KNETKM
3PUTPOLMTOB MOCTEMEHHO YBE/IMYMBAETCA Ha
3-m atane Ha 11 % (p < 0.05), a K KOHLY 06Lei
3KCMo3nMuuM mMmeeT Hambonee BbICOKMI MO-
KasaTesnb (yBennumncsa Ha 21 %, p < 0.05), uTo
CBUAETENbCTBYET O TOM, YTO B KPOBOTOKe yBe-
JIMNYNNOCH KOIMYECTBO IPUTPOLUTAPHBIX Gopm
b6onee BbITAHYTOM 3AAUMNCOUAHOM POPMbI.
MpogonbHas ocb (C,) KNeTKM yBeanumnnacb no
CpaBHEHWIO C NepBbIMU CyTKamu Ha 4.7 % (p <
0.05), a nonepeyHas ymeHbwnnacb Ha 16.2 %
(p £ 0.05). 3Ta AMHaAMKMKa noAaTBepKAaeTCca U
no pacyetam KosQPUUMEHTA 3SKCUEHTPUYHO-
CTU — POCTOM K KOHLLY 3KCNO3MLMUK fonu cyb-
NonNynAuMn  LWMPOKOINAUNTUYECKMX  KNETOK
(p <0.05).

3HaueHuMA obbema KneTkn n obbema A4pa,
yBennumBancb (Ha 53 % n 28 % cooTBETCTBEH-
Ho, p < 0.05) Ha 2-m 3Tane, K 3-my 3Tany BO3-
BPALLAIOTCA K KOHTPONbHbIM AAHHbIM, A K 4-Mmy

CTaHOBATCA 3HAYUTENIbHO MeHblue (Ha 17.3 %
n 49 % cooTBeTcTBEHHO, p < 0.05) HaYaNbHbIX
AaHHbIX. 10 OTHOWEHUIO K AAePHO-LMUTONNA3-
MaTMYEeCKOMY COOTHOLLEHUIO MPOCAEeXKNBaeTcA
QHANOrMYyHaA AMHAMMKA, TONbKO 34ecCb yepes
MecAL, OTMeYaeTca YMeHbLleHMe AAaHHOro no-
KasaTtens (Ha 16.7 %), obycnoBieHHOe pocTom
obbema KNeTku, 3aTem ero BO3BpalLeHWe K
nepBoOHaYasbHbIM AaHHbIM Ha 3-Mm 3Tane wm
BHOBb CHU)KEHME Ha KOHel, 3KCcnosuumm (Ha
35 %), cBA3aHHOe C H6ONbLMM YMEHbLUEHUEM
obbema sgpa B CPAaBHEHUU C KNETKOW.

Mpn oueHKe pecnUpaToOpPHbIX XapaKTepwu-
CTUK 3puTpoumToB (anddysHaa naowanb no-
BEPXHOCTU U yAeNbHAA MOBEPXHOCTb KNETKM)
NPOCNEXMBAETCA aHANOMMYHAA AMHAMMKA: Ha
2-m 9Tane OTMe4yaeTcAa POCT PecrnupaTopHbIX
XapPaKTEPUCTUK KNETKMU (SC Ha 37.6 %, SS_ Ha
4.2 %, p < 0.05), 3aTem cHUKeHUe Ha 3-m (Ha
31 %, p <£0.05) n panbHeliwee NOHUKEHNE 3HA-
YeHUA NAoLaAN NOBEPXHOCTU KNETKM C OOHO-
BPEMEHHbIM POCTOM YAENbHOM MOBEPXHOCTU
K 4-my 3Ttany. [okasatenb yaenbHOW NOBepX-
HOCTM 3PUTPOLUTOB NPU 3TOM yBE/INYMBAELTCA
Ha 8.8 %, 4TO, BEPOATHO, CBA3AHO C OTHOCWU-
TenbHOM ctabunmsaumnenn PyHKLMOHANBHOCTH
M aganTauMen KNeTok npu runobuose.

Bce oTmeyeHHble NOKasaTenn no mepe yse-
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NIMYEHUA SANTENBHOCTM 3KCNO3ULMU CTaTUCTU-
YeCKM 3HAYMMO OT/INYAOTCA OT NepBOHAYA/b-
HbIX KOHTPOJIbHbIX AAHHbIX B 3aBUCMMOCTU OT
ANUTENBHOCTU 3KCMO3MLUMK, YTO CBUAETE/b-
CTBYET O MPOUCXOAALLMX U3MEHEHUAX B MOp-
donornmn n GyHKUMOHANbHOCTU 3PUTPOLUTOB B
OTBET Ha Nepexos B CoCTosHMe rmnobuosa (cm.
Tabn. 4).

AHanorMyHaa AMHAMMUKA NPOCNEKMBAETCA
M NO COOTHOWEHUIO cybnonynauui 3puTpo-
LUWUTOB, BblAENAEMbIX COFAaCHO KO3IhDULMEHTY
9KCLEHTPUYHOCTU. [pM NEepBOM CHATUM AaH-
HbIX B UCXOAHOM KOHTPONbHOM rpynne npeob-
napaer cybnonynauma OKPYrbIX KAETOK 3pu-
TPOUMTOB, NPW 3TOM MONYyAAUUA LUUPOKOI-
NINNTUYECKUX KIETOK MUHUMaNbHA (Tabn. 5).

Tabnnua 5. CooTHoLWeEHMe Cybnonyaaumnin 3puTpoLmUToB No Ko3dOULMEHTY IKCLEHTPUYHOCTM 3a Nepumoa,
3KCMo3numMK y narywek R. temporaria

Tun cybnonynaunm

1-vatan 2-3tan  3-Mm3tan  4-v 3Tan
3PUTPOLINTOB
HopmaneHbie 18.7°  12.0°  37.3° 141
3/IINMCOMIHBIE KNETKU
LLnpokoanannTnyeckune 6.0° 6.8° 34 6° 82 4¢f
KNeTKu
OKpyr/ible KNeTKu 75.3° 81.2° 28.1° 3.5¢

MpumeyaHue. Pa3ninMyHble HaACTPOYHbIE CUMBO/IbI B KaXKA0M CTPOKE YKa3blBatOT Ha CTaTUCTUYECKM 3HAUK-
Mble PasNnUMA MeXKIy 3TanamMm SKCNepumeHTa (KpuTepuii cooteeTcTeusa x2 MupcoHa, p < 0.05).

Mo mepe yBennyeHnsa nepmoga sKCNO3nLnm
HabnoaalTca M3MEeHeHMA B COOTHOLIEHUM
pa3HbIX cybnonynsaumin spuTpouUTOB B KPOBM
narywek. Yepes mecaAy, 3KCNO3ULUK CTAaTUCTU-
YeCKM 3HAYMMbIX M3MEHEHWIM HEe BbIABNEHO,
no-npexHemy npeobiafatoT OKpyr/ble KieT-
Kn. K 3-my 3Tany BblABNEHO CTAaTUCTUYECKMU
3HAaYMMOe M3MeHeHUe B COOTHOLEHWUU 3pU-
TPOLMTAPHbIX cybnonynaummn — Bce Tpu rpynnbl
MMEIOT NPaKTUYEeCKU paBHble aonn. O4HAKO K
KOHLLY 9KCMO3ULMMN KOHTPOIbHOM rpynnbl NAry-
WeK A0NA WWMPOKOSIIUNTUYECKUX IPUTPOLM-
TOB CTAaTUCTUYECKN 3HAYMMO yBe/nyYmMBaeTcsa, a
[0NA OKPYI/bIX KNEeToK cHuxaeTca (p < 0.001).

O6cyxaeHue

OAHUM M3 dYHKUMOHaNbHbBIX NOKasaTenewn,
OTpaKaloLMX COCTOAHME OpraHu3ma, ABNAET-
€A U3MeHeHne MopdONOrMYECcKMX XapaKTepu-
CTUK KNETOK 3pUTPOLMTOB, ONPEeaenatoLwmx nx
pecnupaTopHble cBoicTBa. MHPopmaumna ob
N3MEHEHMSAX 3TUX NAPAMETPOB NPU CHUNKEHUM
YPOBHA 6MONOrMyeckon u ¢Gpu3nonormyeckomn
aKTMBHOCTK, a TaKXe MNpu nepexoae npeacra-
BUTE/IEl 3eMHOBOAHbIX B COCTOAHME BUonoru-
4YeCKOro MOKoA MpeacTaBAsAeT 3HAYUTE/bHbIN
nHTepec. Pasmep saputpounta AsnaeTca BUAO-
cneundpumyeckon, cTabunbHOM XapaKTepUCTU-
KoM, KOTopaa chopMMpPOBaIaCh B XOA4€e IBONIO-
UMK, DpUTPOLMTApPHbIE KNETKM obnaaatoT cno-
COBHOCTBIO K U3MeHeHMo GOpPMbl U pa3mepos,
4yTo obecneymBaeT MM BO3SMOXKHOCTb CBOBOAHO
NPoOXoAuTb Yepe3 MUKPOLMPKYNATOPHOE pyc-
no (NvnyHosa, CkopKuHa, 2004). WM3BecTHO,
YTO Y 3€MHOBOAHbIX 3PUTPOLUTLI BECbMA YyB-

CTBUTENbHbI K BO34EMNCTBUIO HEGIAronpuUATHbIX
¢daKktopoB cpeabl (MuHeeBa, MuHees, 2010).
B cBA3K c Tem 4yTO BONee menKkue spuTPOLUTDI
XapaKTepHbl A8 }KUBOTHbIX C 6Hosee BbICOKMM
ypoBHeM meTabonm3ma, BEpPOSATHO, UX pasme-
pbl MOTYT BbICTYNaTb B KayecTBe BaXHOro no-
Ka3aTenA aganTUMBHOM CNOCOOHOCTU K KOHUEH-
TPUPOBAHUIO 3HEepreTUyecknx pecypcos (/lu-
nyHoBa, CKopKMHa, 2004; YeTaHoB, YeTaHOBaQ,
2021). SpUTPOUUTBI MIEKONMUTAOLMUX PA3HbIX
BMAOB Pa3/MyaloTca No pasmepy v dopme.
YBennyeHue mx pasmepa No3BoNAeT AOCTUYb
H6onee BbICOKOW KOHUEHTpaunu Hb 1 noBbICUTb
CNOCOBHOCTb KPOBM MNEPEHOCUTb KUCNOPOA,.
Mpu sTOM pasmep 3pUTPOLUTOB B3aMMOCBA3AH
M C 3KOJNIOTMYECKMMU daKTopamu obuTaHua,
TAaKMMM KaK ycnoBuA cpeabl obuTaHmA, asura-
TeNbHaA akTMBHOCTb M ap. (Kizhina et al., 2020;
TpowkunHa u gp., 2007).

Ona B3pocnbix narywek R. temporaria, no
AAHHbIM AUTepaTypbl, HOPMANbHbIMU YCNOBK-
AMMU N NpeanovYnTaeMbIMK TemnepaTypamm Ha
cywe asnatoTca 17..20 °C. [na HUX Ce30H ak-
TUBHOCTM ONpeaenAeTca No YMCcay AHen B rogy
npu cpepHecyTo4HOM TemnepaType Bbiwe +5
°C (Nankos, 2012). B ecTtecTBeHHbIX YCNOBUAX
B OCEHHMW Nepuoa NATYLWKM NOCTENEHHO ro-
TOBATCA K Nepexoay B COCTOAHWE rmbepHaumm,
XapaKTepu3yoweeca MOHUKEHHOM peaKTuB-
HOCTbIO OPraHM3ma, CHUMKEHWEM aKTUBHOCTMU
NPOLECCOB ACCMMUIALUMU U OUCCUMUNALUM,
orpaHuyeHnem u ocnabneHnem QyHKLNOHU-
POBAHMA KU3HECMOCODOHbIX CTPYKTYp KNETOK
(fonposckuin, 1977). TpaBsiHasa NArywKa OTHO-
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CUTENIbHO YCTOMYMBA K MEPEOXNAXKAEHUIo, a
npu TemnepaTtypax okono 0 °C nepexoguT B co-
cToAHMeE rnbepHaLmMn, NPUHUMAA XapaKTEePHYIO
«3UMMOBOYHYIO» no3y (bepmaH u gp., 2017).

B uenax AeTanbHOro W3y4yeHUA BAUAHUA
CHUXKeHMA QYHKUMOHANbHON aKTMBHOCTU Ha
3puTpOLMUTbI BblN NpoBeaeH aHanu3 U3MeHe-
HUN MX MopPOMETpPUYECKMX MNOKasaTenem B
xope rmbepHaumn. AHanu3 noKasan Haauyue
ANHAMWKM U3MEHEHMA M3yYaeMblX MoKasaTe-
el 3pUTPOLUTOB, OTPaXKaOLWMX U3IMEHEHUE
bYHKLMOHANBbHOIO COCTOAHMA ocoben B ycno-
Bunax temnepatypol 10...12 °C, npu oTCyTCTBMM
MALLX N OCBELLLEHUA, CBA3AHHOE C NepecTpoi-
Ko ¢usnonornyecknx npoueccos. Aautenn-
Haa rmbepHaumMa NpPUBOAUNA K NOCTENEHHOMY
noAaBneHnto  GYHKLMOHANbHOM aKTUBHOCTM
YKMBOTHbIX, 4YTO OTPaA)KanoCb B MOKa3aTensax
apuTpoumnToB. BbiaBneHHoe nocne 1 mecaua
3HauMTeNbHOE yBennYeHne obbema KAeTKu U
agpa (53 % n 28 %), nnowaan NOBEPXHOCTU
KNETKWU U yAEe/NbHOM NOBEPXHOCTU SPUTPOLIUTOB
(37.6 % 1 4.2 %) npu o4HOBPEMEHHOM YMEHb-
WEeHUN ALEepPHO-LUTONNA3MATUYECKOTO COOT-
HOLUEHMA CBUAETENIbCTBYET O TOM, YTO B K/ET-
Kax WAeT noBbileHne OOBMEeHHbIX MPOoLEeccoB
B 3TOT Nepuog,. Yepes nontopa mecAua KCno-
3MLMN OTMEYEHO MOCTeNeHHOe BO3BpalLeHue
NPaKTUYECKM BCEX MOKAasaTenem K UCXOLHbIM
AaHHbIM (Kpome noKasaTena Gpopmbl KNETKW,
OH yBe/IMYMBAETCA, T.€. KNeTKa cTaHoBuTCA 60o-
Jiee BbITAHYTOM NO NPOAO0NAbHOM Oocu GopMmbl).
[JaHHaa TeHAeHUMA YMEeHbLUeHMA 3Ha4YeHui
nokasaTtesien Habnlo4aeTCa M K KOHLY 3KCno-
3MLUMKN Ha 4-m 3Tane, NPy 3TOM OTMEYEHO yBe-
JIM4eHne yaenbHON NOBEPXHOCTU 3PUTPOLUTA.
Mpuyem B 37O Bpema Hanbonee 3Ha4YUTENbHO
yMeHbllaeTca obbem faapa, 4To CBMAETENb-
CTBYET O 3HAYUTE/IbHOM CHUXXEHUN 0OMEHHbIX
npoLeccos.

BO3MOKHO, NO/ly4eHHble pe3y/bTaTbl CBA3a-
Hbl C pa3HbIMW QYHKLMOHAIbHbIMW OCOHBEHHO-
ctamu. MccnepgosaHma Ha camuax R. ridibunda
NMoKasanun, YTo B COCTOAHMU TMbepHauMn Ko-
JINYECTBO 3PUTPOLMTOB 3HAYUTENIbHO HUKE B
CpPaBHEHMWU C NEepUoaOM BeCEeHHe-IeTHEN aK-
TMBHOCTWU, OA4HAKO B HEKOTOPbIX Cayyaax no-
KasaHa aKTMBaLuMA 3pUTPONO33a, NPUBOAALLAA
K YBEIMYEHWUIO KONYEeCTBA 3SPUTPOLUTOB M
yMeHbLUEeHUIO nx obbema (/IunyHosa, CKOpKK-
Ha, 2004). C gpyroi CTOpPOHbI, NpU nepexoae
narywek B 6onee rnybokyto ¢asy buonormnye-
CKOrO MOKOA YMeHblleHMe obbema KNeTkn u
A4pa MOXeT ObITb 0O0YCNOBNEHO CHUMMKEHWEM
MmeTabonn3ma, yYMeHbLUeHMEM  KOAMYecTBa
cBoboaHom Boapl (fongosckmin, 1977; NBaHoB,
2008; *maKkunH, 2008), a COOTBETCTBEHHO, MO-

CTEeNeHHOM AernapaTayumen spuTpPOLUTOB.

TakKe OTMe4YeHOo, YTO No Mepe yBeNnYeHUs
NPOAO/IKUTENIbBHOCTU  IKCNO3ULUN B KPOBM
KOHTPOJIbHOM Tpynnbl NAryweK HabawogaroTcaA
M3MEHEHWA B COOTHOLUEHUU 3PUTPOLUTAPHDIX
nonynaumn. CTaTUCTUYECKM 3HaYMMble U3Me-
HEeHWA OTMe4YeHbl Yepe3 MoATopa mecsaua ru-
6epHauum, BbipaKatowmeca B MNOCTENEHHOM
yBEIMYEHUN N MaKCMManbHOM npeobnagaHum
K KOHLY 3KCMO3UUMKU A0NAWN LUMPOKOSNNUNTU-
YeCcKUX KneTtoK. TpaHchopmauma Gopmbl 3pu-
TPOUMTA MOKET ObITb CBA3aHA C U3SMEHEHUEM
NPOHMNLAEMOCTU N TEKYYECTU MIa3MATUYECKOMN
MmembpaHbl, YTO NPUBOAUT K YACTUYHOM Aeru-
Apataunmn Knetku. CrabunbHoctb u aedop-
MUPYEMOCTb MeMBpPaH 3PUTPOLMUTOB 3aBUCUT
OT »KEeCTOKOCTM 6eNKOBOWM CeTu uuMToCcKeneTa U
BA3KOCTHO-3/1aCTUYECKUX CBOMUCTB MembpaH-
HbIX Annuaos. Mpu atom gedpopmupyemocTtb
KNETKU CHUXKAEeTCA C yBeAMYEeHWEeM BA3KOCTU
BHYTPUKAETOYHOrO coaepmmoro (/lIunyHoBa,
CKopKMHa, 2004).

BaXXHO OTMeTUTb, YTO 3a 06WMI nepuog
3KCMO3MLUMM KOHTPOJIbHOM Tpynnbl OTMeYaeT-
CA AMHAMMKa NPAKTUYECKM BCEX NMOKa3aTenew,
4yTO, BEPOATHEE BCEro, CBA3AHO C MX CKoppe-
JIMPOBAHHbIM M3MeHeHMeM. MOXKHO NpUNTK K
3aK/II0YEHUIO, YTO CXOAHAA AMHAMMUKa U3Me-
HeHMA MOpPGdOPYHKLMOHANbHBIX MOKa3aTenemn
— CHUXeHMe 06beMoB A4pa U KNEeTKU, YMeHb-
weHme ALO n nnowaam NOBEPXHOCTU KNETKN —
CBUAETEeNbCTBYET O CHUMKEHUM aKTUBHOCTU 06-
MEHHbIX NPOLLECCOB 3PUTPOLMTOB B LLEe/IOM, YTO
N OTParkaeT nepexon, opraHM3ma B COCTOSIHUE
H6ronornyeckoro NoKos.

Cuuntaetca, yto Temnepatypa 4 °C—3T10 Bepx-
HAA rPAHMLA XON0A0BOrO BO3AENCTBMA, OfHa-
KO OHA He ABNAETCA KPUTUYHOW ONA BbIXKUBA-
HUA narywek. M3BecTHO, YTO OHM OCTAKOTCA OT-
HOCUTENbHO aKTUBHbIMW U Npu Bonee HU3KNX
3HayeHuax Temnepatypbl 3...5 °C (bepmaH u
Ap., 2017). C gpyroi CTOPOHbI, pe3ynbTaTbl IKC-
NepMMEHTOB MOKa3blBAOT, YTO CEMMUCYTOYHAA
3KCMO3MUMA NAryLWeK Npu AaHHON Temnepary-
pe NpMBOAMT K 3HAYUTENbHbIM M3MEHEHUAM
MopPOoMETPUYECKMX MOKa3aTeNen 3pUTPOLU-
TOB W 3aBUCUT OT 06LWen GYHKLMOHANbHOM aK-
TUBHOCTM KMBOTHOTO.

TaK, nocne xonogosoro Bo3aencraua (+4 °C)
Y NAryLWeK, HAXOAUBLUMXCA B COCTOAHUN rnbep-
HaUWW B Te4yeHWe OAHOro MecALa, BbISBNEHO
yMeHblueHMe 06bema KNeTku u aapa, AaaepHo-
LUMTONIa3MaTUYECKOrO OTHOLLEHMA, NJoLLaAN
NOBEPXHOCTU K/ETKM Npu OfHOBPEMEHHOM
yBENIMYEHUN YAENbHOM MOBEPXHOCTU 3PUTPO-
LUMTOB, YTO CBUAETE/NbCTBYET O NpeobnasaHmnm
B KPOBAHOM pyc/ie 3puTpoumnToB bonee okpy-
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rnoi Gopmbl U MeHbLUMX pa3mepoB. BoiasneH-
Hble U3MEHEHUA CBUAETENIbCTBYIOT O CHUMXKEHUN
ypOoBHA 0OMEHHbIX MPOLECCOB B 3pUTPOLUTAX,
NX PecnMpaToOPHbIX XapPaKTePUCTUK M NpPosAB-
NIEHUWN KOMMEHCATOPHbIX peakumn. CTout oT-
MeTUTb, YTO XO/JI040BOE BO3AENCTBME MOC/e
MeCsiYHOM rMbepHauMnM NPUBOAUT K HaNbONb-
WMM U3MEHEHUAM B MOPPPOMETPUYECKMX NO-
KasaTenax 3puTpouMTOB NO CPaBHEHWUIO C pe-
3yNbTaTaMW AanbHENLIMX OMNbITOB. BepoATHo,
BbISIB/IEHHbIE M3MEHEHUA CBA3aHbl MMEHHO C
KOMMEHCALMOHHbIMN U3MEHEHUAMW Ha YPOB-
He KNEeTOYHbIX 3/IEMEHTOB, @ HE U3MEHEHUAMM
NpoLEeCcCcOoB 3pUTPON033a. ITO NOATBEPKAAETCA
N [JAHHBIMW KOHTPOJIbHOM TPYMMbl, COMMACHO
KOTOPbIM 0OMEeHHbIe NPOLEeCcCbl SPUTPOLIUTOB B
3TOT Nepmoz, BO3pacTa/iv MO CPABHEHMUIO € nNep-
BbIMW CYTKAaMM SKCNO3ULUN.

Mpwn xoN040BOM BO34ENCTBUM Yepes NoATO-
pa mecAaua rmbepHaLnmn BbIABNEHO, YTO pasme-
Pbl KNETKN 1 AA4pPa MO CPAaBHEHUIO C KOHTPO/b-
HOW FPynnoK TaKXe YMEHbLLAKTCA, HO YXKe He
Tak akTMBHO (30 % M 7.6 % COOTBETCTBEHHO).
OAHOBPEMEHHO OTMEeYaeTca YMeHblueHue
3HAYeHMA AOEPHO-LUTOMIA3MAaTUYECKOrO OT-
HOLEHMA, a NoWwanb MOBEPXHOCTU KNETKM
He U3MEHSAETCA NPU yBeIMYEHUN ee YaeNbHON
nosepxHocTu. MoagobHoe nameHeHWe NoKasa-
Tenen CBMAETENbCTBYET O CHUMKEHUWN PEeaKTUB-
HOCTWU OpraHu3ma npu OTCYTCTBUM rNyHOKoM
rmbepHauum.

OAHako yepes Tpu mecaua rmbepHaLnmn xo-
loaoBOe BO3AENCTBME NPUBOAUT K MUHOMY 3b-
beKTy: yBeNIMYeHU0 pasmepoB 3PUTPOLMUTOB
33 CYeT yBe/InYyeHMa o6 bemMoB A4pa, KNETKU U
naowaan ee noBepxHoctu. MNpu 3Tom 3Haye-
HUA ALEePHO-LMTOMNIa3MaTUYECKOro OTHOLe-
HUA U yAEeNbHOW NOBEPXHOCTU KNETKU He U3-
MmeHsatoTca. MNogobHble U3MeHeHMA, Hanpumep
yBennyeHme obbema apuTpoumTa, OTMEYAOTCA
ny aputpoumnTtos Carassius gibelio npu nHkyba-
UMM Kposu npu Temnepatype +5 °C (YepHsas-
cKux, 2018).

Mony4yeHHble HamMK pe3ynbTaTbl, CBUAETEb-
cTByowme 06 M3MeHeHuAx MopdpomeTpuye-
CKMX NapameTpoB 3pUTPOLMTOB, NOATBEPKAA-
0T MMetlowmecs B nMTepaType AaHHbIe O TOM,
YTO NapameTpbl KPACHbIX KNETOK U3MEHSIOTCS
KaK NPV MOHUXEHHOM, TaK U NPU NOBbILLIEHHOWN
Temnepatype (YepHasckux, 2018). B cBA3n ¢

Bbubnuorpadpmsa

3TMM MOXHO MPEeANO/IOKUTb, YTO B YC/0BUAX
CEMMCYTOYHOIO X0N104,0BOr0 BO34ENCTBMA NPO-
ncxoasLlee yBeaMyeHne pasmepoB 3pUTpoLm-
TOB AB/MAETCA NPUCNOCOOUTENbHON peakumen
ANA coxpaHeHua obbema obMeHHbIX npouec-
coB. CornacHo AuTepaTypHbIM AaHHbIM, NPU
NOHUXKEHHOM TemnepaType UHKybauum y spu-
TPOLMTOB OTMEYAETCA CHUMKEHME YNpPYyroctu u
aaresunn knetok (YepHsasckumx, 2018). KocseHHO
3TO MOXKET CBMAETENIbCTBOBATL O paboTte agan-
TUBHbIX MEXaHM3MOB, CBA3aHHbIX C YMEHbLLe-
HUem QYHKUMOHANbHOW aKTUBHOCTU KJ/IETOK B
yCcnoBuaAx rmnotepmuin. Tak, andpdysmoHHan no-
BEPXHOCTb 3PUTPOLUTOB MOC/IE MECAYHOMU K-
H6epHaunmM 1 X0N040BOWN HArpy3KU CHUXKAETCA,
Ha 2-m 3Tane (nonTtopa mecAua rmbepHaumm)
He OT/INYAeTCA OT KOHTPO/IbHbIX 3HAYEHWUH, a
yepes TpM MecALa 3KCMO3UUMU aHANOTUYHOe
BO3/4ENCTBME NPUBOAMUT K €€ MOBbILEHUIO. ITO
CBUAETEeNbCTBYET O 3aBUCMMOCTM OTBETHOM pe-
aKLMM OpraHM3Ma Ha X01040BO€e BO3AENCTBUE,
B YAaCTHOCTW PECNUPATOPHbLIX XapPaKTEePUCTUK
3pUTPOLUTA, OT COCTOSIHUA OPraHnU3Ma.

AHanus BNMAHMA XON040BOrO BO34EMCTBUA
(4 °C) B TeYeHMe 7 CYyTOK Ha COOTHOLLEHUE 3PU-
TPOLMTAPHbIX cybnonynaummn nokasan, 4to cTa-
TUCTUYECKM 3HAYMMblE OT/IMYUA OT KOHTPO/b-
HOM rpynnbl OTMeYeHbl TO/IbKO Ha NOCNegHEM
aTane obLen 3Kkcnosuumn. BoiaBNeHO 3Hauum-
TeIbHOE CHUXEeHWEe A0NU LMPOKOINAUNTUYE-
CKMX KNETOK WM POCT AO/IN OKPYI/IbIX KJETOK.
BO3MOXKHO, 3TO CBSI3aHO MMEHHO C BO3AeM-
CTBMEM [OaHHOM TemnepaTypbl U ABNAETCA OA-
HUM M3 aAanTaLMOHHbIX MEXaHM3MOB K rMno-
TEPMUYECKOMY CTpeccy.

3aknoueHue

MonyyeHHble pe3ynbTaTbl MCCAeA0BaHUA
3PUTPOLUMUTOB NATYWKKU R. temporaria AemoH-
CTPUPYIOT 3HAYUTENbHbIE U3MEHEHUA B MOp-
GOdYHKLMOHANBbHBIX NOKA3aTeNAx KAETOK npu
NOHUXKEHUU PU3NONOTUYECKON aKTUBHOCTM
OpraHn3ma M B OTBET Ha X0/J1040BOE BO3AeEN-
cteue. [Mpn 3TOM BbIparKEHHOCTb OTBETHOTO 3¢-
deKTa 3aBUCUT OT ANNTENbHOCTU TMbepHauuuy,
a COOTBETCTBEHHO, U PYHKLMOHANBHOIO COCTO-
AHWA opraHuama. MoaTeBeprKAeHa BbICOKAA Ba-
pnabenbHOCTb GOPM SPUTPOLIUTOB Y NIATYLLEK U
Ha/M4Me 3aBUCMMOCTU COOTHOLUEHWUIA 3PUTPO-
UMTapHbIX cybnonynaumii ot GU3nonornyecko-
ro COCToAHMA ocobu.
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Key words: Summary: The changes in the morphofunctional parameters of erythrocytes of
frogs Rana temporaria L. (Linnaeus, 1758) were studied during hibernation (low en-
erythrocytes vironmental temperature conditions, in the absence of light and food), as well
morphometric as weekly temperature drops during different periods of hibernation. Based on
parameters the obtained data, a number of morphometric characteristics were calculated to
hibernation assess the effect of a decrease in the functional activity of frogs on the gas trans-
biological dormancy port function of erythrocytes. As the hibernation period increased, the dynamics

of changes in .red blood cell count relative to the initial data was observed: on
the 33rd day of exposure, an increase in almost all parameters was observed,
except for the cell shape indicator. On the 99th day of hibernation, maximum
values of cell shape index and the specific surface area of erythrocytes were
noted, with minimum values of the cell surface area, volume of cell and nucleus,
and the nuclear-cytoplasmic ratio for the entire exposure. By the end of the ex-
posure, a predominance of broadly elliptical cells was noted in the erythrocyte
subpopulation, due to a decrease in the number of rounded cells. When exposed
to low temperatures (+4 °C) for 7 days, there is a change in the morphometric
parameters of peripheral blood erythrocytes. At the same time, the degree of
change in erythrocyte parameters depends on the duration of the hibernation
of individuals.

Received on: 27 March 2026 Published on: 26 June 2026

Reviewer: V. A. Ilyuha
N. A. Chetanov

References

Berman D. I. Bulahova N. A. Mescheryakova E. N. Adaptive strategies of brown frogs (Amphibia, Anura,
Rana) in relation to winter temperatures in the northern Palearctic, Zoologicheskiy zhurnal. 2017.
T. 96, No. 11. P. 1392-1403.

Berman D. |. Mescheryakova E. N. Bulahova N. A. Extreme negative temperatures and body mass loss in
the Siberian salamander (Salamandrella keyserlingii, Amphibia, Hynobiidae), Doklady akademii
nauk. 2016. T. 468, No. 5. P. 589-593.

Chernyavskih S. D. Do H. K. Vo V. T. Effect of temperature on the morphometric and physical parameters of
erythrocytes and polymorphonuclear leucocytes in Carassius gibelio (Bloch), Biologiya vnutrennih
vod. 2018. No. 1. P. 95-99.

Chetanov N. A. Chetanova T. Yu. Some morphological features of erythrocytes of two kinds of snakes of
the Lower Volga Region, Vestnik PGGPU. 2021. Seriya No. 2. Fiziko-matematicheskie i estestvennye
nauki. P. 68-73.

Goldovskiy A. M. Fundamentals of the doctrine of the states of organisms. L.: Nauka, 1977. 116 p.

Ivanov K. P. Life with minimum energy consumption, Uspehi fiziologicheskih nauk. 2008. T. 39, No. 1. P.

103



Fomicheva, E., Evdokimov, E., Ushakov, V. Morphofunctional characteristics of Rana temporaria (AMPHIBIA, ANURA,
RANA) erythrocytes during hypothermia. // Principy ékologii. P. 93—-104. DOI: 10.15393/j1.art.2026.17002

42-54.

Kizhina A. G., Kalinina S. N., Uzenbaeva L. B., Panchenko D. V., tapinski S., llyukha V. A., Pechorina E. F. &
Fokina V. O. Comparative study of erythrocyte morphology and size in relation to ecophysiological
adaptations in Rodentia species, Russian Journal of Theriology. 2020. Vol. 19 (2). P. 161-171.

Kuhareva T. A. Soldatov A. A. Functional morphology of blood erythroid cells in Neogobius melanostomus
P. during cell differentiation, Zhurnal evolyucionnoy biohimii i fiziologii. 2016. T. 52, No. 3. P. 233—
238.

Lipunova E. A. Skorkina M. Yu. Red blood system: Comparative physiology: Monograph. Belgorod: Izd-vo
BelGU, 2004. 216 p.

Lyapkov S. M. Geographical variation and sexual differences of body length and age composition in Rana
temporaria: the ontogenetic development and phenotypic trends, Principy ekologii. 2012. No. 2.
P. 22-44.

Mineeva O. V. Mineev A. K. Morphology defects in peripheral blood erythrocytes of lake frogs Rana
ridibunda Pallas, 1771, Vestnik Nizhegorodskogo universiteta im. N. I. Lobachevskogo. 2010. No.
2 (2). P. 664—667.

Roduit N.JMicroVision: Image analysis toolbox for measuring and quantifying components of high-definition
images. Version 1.3.1. URL: https://jmicrovision.github.io (data obrascheniya: 05.04.2019).
Skorkina M. Yu. Zelencova A. S. On the methology for estimating geometrical parameters of the erythrocyte
population in frogs, Fundamental’nye issledovaniya. 2004. No. 4. P. 100-101. URL: https://

fundamental-research.ru/ru/article/view?id=5487 (data obrascheniya: 12.04.2026).

Troshkina N. A. Cirkin V. |. Dvoryanskiy S. A. Erithrocyte: structure and functions of its membrane, Vyatskiy
medicinskiy vestnik. 2007. No. 2 (3). P. 32-40.

Zhmakin A. . Physical aspects of cryobiology, Uspehi fizicheskih nauk. 2008. T. 178, No. 3. P. 243-266.

104



YepnuH B. A., lTabasaHoB U. M. BinsaHMe BeTpa Ha aKTUBHOCTb YLIACTbIX KPYr10oronoBoK (Phrynocephalus mystaceus) Ha
H6apxaHe Capblkym // MpuHumnbl 3Konormun. 2026. Ne 2. C. 105-111. DOI: 10.15393/j1.art.2026.16743

1

-~

Hay4YHLIA INMEKTPOHHLIA XypHan

NMPUHLUAUINbI 3KOJIOTUN

METPOIARDACKMEA MOCY AAPCTEEHHKIN

YHWUBEPCHTLT

http://ecopri.ru

http://petrsu.ru

YK 591.543.3:598.112.13

BJINAHUE BETPA HA AKTUBHOCTD
YITACTDBIX KPYIUVIOTOJOBOK
(PHRYNOCEPHALUS MYSTACEUS) HA

YEPJIUH

Baagumup AJjiekcaHapoBu4

JIABA3AHOB

HNoparum MaxmynoBu4

KntoueBble cnosa:
ylacTas KpyrnoroaoBKa
CKOPOCTb BETpA
3Ko0rmnAa

NonyueHa: 24 Hoabps 2025 roaa

BsepeHue

Mbl MHOTO AECATKOB NET N3y4aaun 3KOJI0Tno

BAPXAHE CAPBIKYM

dokmop obuonozcuveckux HAayk, lacecmauckutl eocyoapcmeeHHblll
yuugepcumem, 367000, Pecnyonuxa /lacecman, . Maxaukana,
yin. M. Taoaxcuesa, 0. 43-a, cherlin5 l(@mail.ru

Jacecmanckuii 2ocyoapcmeennviii  yHugepcumem, 367000, Pe-

cnybnuka [lacecman, 2. Maxaukana, yr. M. I'aoocuesa, 0. 43-a,
ibralabz.0@bk.ru

AHHOTauumA: B ctatbe npmBeaeHbl pe3yabTaTbl UCCAeA0BAHUA BAUAHUA CKOPO-
CTM BETPA Ha 3KONOTUIO YLWACTbIX KPyrioronosok (Phrynocephalus mystaceus).
O6LWenprHATbBIM CYUTAETCA TE3MUC O TOM, YTO BETEpP YrHeTaeT aKTMBHOCTb yLla-
CTbIX KPYr10rosioBok. O4HAKO HALM UCCNeA0BaHMA NOKA3aIM, UTo cama no cebe
CKOPOCTb ABUXKEHUA BO3AyXa (BeTep) Mano cKasbiBaeTca Ha NoBeAEHMU U IKO-
NOrnmn 3TnxX Alepul,. HamHoOro cunbHee Ha HUX OKa3blBaeT BAUAHME TeMMepaTy-
pa BO34yxa: ecnuv BeTep NpoxaagHblii MW XONO4HbIM, TO KPYT/IOFON0BKKN yXOAAT
C NOBEPXHOCTU; eC/IK BeTEp TeMJbli, TO KPYIIOrO/IOBKM Ha HEro He pearmpytor.
Kpome Toro, Hawm namepeHma NoKasaam, YTo B O4HO U TO XKe BPEMA CKOPOCTb
BeTpa Ha BbicoTe 1.5-2.0 m (Ha ypoBHe nnLa YenoBeKa) npumepHo B 2.5-15 pas
BblLLE, YEM Ha BbICOTE 3 CM Hag, NECKOM, e BeTep OKa3bIBAETCA O4YEHb CNabbIM.
bonblioe 3HaveHne B peakuMAX YLWACTbIX KPYII0ros0BOK Ha BETEP MOTYT UrpaTtb
TaKXKe U MOTUBALMMN, CBA3AHHbIE C CE30HHbIMU Pa3aMU }KUIHEHHOTO LMKAA. Ho
3Ta Tema TpebyeT cneunancHol pa3paboTKu.
© MNeTpo3aBOACKMI FOCYAAPCTBEHHDLIN YHUBEPCUTET

MopnucaHa K neyatn: 22 nioHA 2026 roga

PeueHseHT: A. I. bakunes
K. 0. Jlotnes

[laHHble He CXoAATcA C MaTepuasaMn MHOTUX
aBTOPOB. DTO KACaeTca aKTUBHOCTU fLLEpUL, B

N TepmobMONOrniD pasHbIX BUAOB apPUAHbLIX
Awepuy,. bonbwoe mecto B 3TMX MccaenoBa-
HMAX 3aHMMaAN OAMH M3 CaMbIX MACCOBbIX M 3a-
METHbIX Ha TeppuTOpUM tora bbisLiero CCCP Bu-
[0B —ylwacTas KpyrnoronosKa (Phrynocephalus
mystaceus). O6 3TUX AWEepULaX MHOFO Hanuca-
HO B MOMNYAAPHOM W Hay4yHOU AuTepaType. U
Mbl onybnnKoBann psag, cTaTen, Kacatowmxcs
Pa3NnYHbIX acnekToB ee 6Guonorum (Yepnwun,
My3blueHKo, 1983, 1988).

Ho ecTb oaMH acneKkT noBeAeHuA yLacTbixX
KPYrnoronoBoK, B OMNUCAHWM KOTOPOro Haluu

BETPEHYIO noroay.

BoT unTaTbl paaa aBTOPOB O BAUAHUM BETPA
Ha NoBeAEeHMeE YLWACTbIX KPYr/10ro/10BOK:

«[Tpu cunbHOM eempe Kpyas1020/108KU MAK-
He He 8bIX00AM Ha nosepxHocmeo necka. Jaxice
npu eempe cpedHeli cusnbl, 30 HEMHO2UM UC-
KAoYeHUemM, OHU OMCUMCUBaromcsa 8 HOpax»
(XoHsikuHa, 1962, cTp. 146).

«3amemmHo 87UAKM HA AKMUBHOCMb 3MOli
awepuybl obaayHocme u semep. lpu cnabom
8empe Koau4yecmso aKMuUBHbIX AUepuy pe3Ko
CHUMXaemcs, a npu ymepeHHOM — OHU uc4e3a-
tom nosnHocmeto» (borgaHos, 1962, ctp. 80).
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Bo MHOrmx nybanKaumsax, OMNUCbIBAOLLUX
OMONOrMI0  YLIACTbIX KPYFIOro/I0BOK, TaKKe
yKa3aHO, 4YTO BeTep MNoAaBAAET aKTMBHOCTb
3TUX AlepuLl,. Ho npu 3TOM CCbINKM AatoTCA Ha
yNOMsAHYTble Bbile paboTbl.

BO3MOXHO, 3TOT acneKT He NpuBaekK bbl Ha-
Wero NPUCTasbHOTO BHUMaHUA, eciu bbl He
KOCHY/ICA HAMpPAMYIO TeX TEPMOBMONOTNYECKNX
TEeM, KOTOPbIMW Mbl 3aHMMaemcA. Mbl 0bpaTu-
JIMCb K HEMY NOTOMY, YTO NOCNeAHNE CeMb NieT
Mbl M3y4ann 3KONOTUIO YLWACTbIX KPY/0roao-
BOK Ha HbapxaHe Capblkym B [larectaHe. A Tam
B pa3Hble Ce30Hbl roga HabnawaarTca CUb-
Hble W [a)Ke OYeHb CW/bHble BETPbl. BecHom
M 0COBEHHO IETOM Mbl HECKO/IbKO pPa3 MMenu
BO3MOHOCTb CTO/IKHYTbCA C HACTOALLMMM Nec-
YaHbIMK BypaMK Ha bapxaHe Capbikym. K co-
¥KaNeHuto, B TO Bpems Yy Hac He 6b1n1o ¢ coboi
NpnbopoB, NO3BONAIOLLNX U3MEPATb CKOPOCTb
BETpa, HO Ha/jeTalolme WKBaAbl NpeacTaBas-
nn coboit oyeHb ApKMe cobbiThA Ha BapxaHe.
BeTep cayBan ¢ noBepxHOCTM BapxaHa macchbl

CyXxoro necka (pucyHok). OH B 6yKBa/sibHOM
CMbIC/ie c1oBa cbMBan € HOT, Ba/INA HA 3eMAIO.
MepenBuraTbCs BO3MOXKHO OblI0 TONBKO MOA,
yrnom npumepHo B 45°. Hecywuiica BAoNb no-
BEPXHOCTU NecokK 60NbHO X/lecTan Mo pyKam
M NIULAM TeX, KTO OKa3blBa/CA B 3TO BpPemsaA Ha
6apxaHe, 3abuBan rnasa, HOC, pPoT M ywn. Bu-
AMMOCTb BHYTPW 3TOW NecyaHoh bypu 6bina
BCEro HEeCKOJIbKO METPOB, U TO CKBO3b KOpPWY-
HeBYIO NesieHy Hecyleroca necka. Mbl MHOroO-
KpaTHO paboTann Ha bapxaHe B UIOHE U Uione
BO BPEMSA TaKUX NecyaHbIX Bypb 1 U3HYTPU HUX
Habnoganu aTo yaMBuTeIbHOE ABNEHWE NpU-
poapbl. BakHO OTMEeTUTb, YTO TemnepaTypa BO3-
Ayxa B Takmx bypsax, KoTopble Mbl Habaoganm,
6blna okono 28-30°, T. e. BeTep 6bIN He Xxonoa-
HbIA. BHU3Yy, noa 6apxaHoMm, Ha paBHUHE, B 3TO
Bpems BeTep ToXKe Obln CUIbHbIN, HO OH Aaxe
npubAn3nTENbHO He Bbla NOXOX Ha Te Typby-
NIEHTHble MOTOKM, KOTopble B 3TO Bpems bylLue-
Ba/M HaBepxy, Ha OTKPbITbIX MecYaHbIX NpPo-
CTPaHCTBAX AYEUCTbIX NecKkoB bapxaHa.

bapxaH Bo Bpemsa cuabHoro setpa. Uonb 2019 r.
A sand dune during a strong wind. July, 2019

BoT ogHO M3 Hawwux HabnwoaeHwuin B mione
2019 r. YTpom, B 8:19, U3 HOpbLI BblIE3 Camel,
yLACTON KPYyrnoronoBku. Ero Hopa Ha CK/lOHe
Haxo4Mnacb Kak pas B 3TO BPEMA B MOLLHOM
BO34YyLUHOM MOTOKe necyaHoh 6ypu. Hag Hewn
NPOHOCUACA MEeCOK, KOTOPbIM He pJasan ye-
NOBEKY BbINPAMUTBCA M BONBHO Xnectan no
nnuy. Camew, KPYr1oronoBKKM CTOAN Y HOPbI Ha
BbITAHYTbIX /lanKax, MOBEPHYBLIWUCb FOJIOBOW
K BO34YyLWHOMY NMOTOMY C HECYLLMMCA Ha Hero
neckom. lNecok xnectan ero No rososBe, HO OH
HUKyAa He yxogun. Mol Habnoganu 3a HAM B
TeyeHne npumepHo 20 MUHYT, HO OH TaK U He
ylwen ¢ NoBepxXHOCTM, OCTAaBAACL CTOATb Ha Ta-

Kom BeTpy. MogobHble cuTyaunmn mol Habnoaa-
I HEOAHOKPATHO.

Kpome TOro, Hanpumep, B pasrap nogobHom
necyaHom 6ypu, Takxe B utone 2019 r., Mbl oKa-
3a/1MCb Ha BepwnHe bapxaHa, rae B 06blYHOE,
«CNOKOMHOEe» Bpema BCTpeyanun bosbluoe Ko-
INYeCTBO B3POC/bIX YLWACTbIX KPYr0Oro/s0BOK.
Mopa3sutenbHo 6bI10 TO, YTO KONNYECTBO fALLe-
pUL, BCTPEYEHHbIX HamMM B 3TOM «bBeleHoOM»
HecyLlem Necok BO34yLHOM MNOTOKe B cepeau-
He AHA, 6bl10 HE HAMHOTO MeHbLLe Mo CpaBHe-
Huto ¢ 6e3BeTpeHHbIM aHem! Mano Toro, ot-
NOBJIEHHbIE HAMU B 3TO BPEMA KPYrNOroN0BKU
nMenn TemnepaTtypbl TeNa, BNOJIHE BNUCbIBAtO-
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lwmecs B 0bblYHbIN ANA 6e3BeTPeHHOM norogbl
AnanasoH — 34-37°. OHu 6erann Nno NoBepxHoO-
CTU NPAMO B 3TOM HecyLLeMcs BO34yLLIHO-Nec-
YaHOM MmecuBe. B pesynbTaTte y Hac BO3HUKAM
COMHEHMUA B YTBEPXKAEHMU, YTO AKTUBHOCTb
KPYr10ro/IoBOK NoAaBAAeTcs HaAnYmMem BeTpa.

MaTtepuanbl

Ha 6apxaHe Capblkym Mbl Benu CTaHZApT-
Hble 3Ko/Mornyeckne HabnwoaeHnsa n 3aHUMa-
JIMCb  U3y4eHMeM TepMobBMONOrMM yLIACTbIX
Kpyrnoronosok ¢ 2018 r., npmesKaa Tyga 4Ba
pa3a B rog — BeCHOWM U oceHbto. HabntopeHus,
CBA3aHHbIE C OTHOLWEHMEM aKTUBHOCTU KPYrno-
ro/I0BOK K BETPY, HAKANAMBAANCb NOCTEMEHHO,
B TeYeHMe BOCbMMU JIEeT.

MeToabl

B TeueHune 6onblIel YacTU 3TOrO CPOKA Mbl
He M3MepAnn cCuny BeTpa, NMOCKONbKY Y Hac
He 6blN0 ANA 3TOro cneumanbHbiX NPUOOPOB.
Mbl NPOCTO OTMEYann CUAy BeTpa Mo oulylie-
HuAM (BeTep cnabbiii, cpeaHUn, YMEHEHHbIN,
CUNbHBIA UKW OYEeHb CUNbHbIN), NpUYEeM WUc-
KJHOYMUTENBHO HA YPOBHE NMLa (T. €. Ha BbiCcOTe
oKono 1.5-1.7 m). Hawwn onncaHma cunbl BETpa
6blIN TAaKMMU Ke, KaK MOYTU Y BCEX aBTOPOB,
KOTOpble YNOMMHaNM B CBOMX MybAMKAUMAX O
CBA3W aKTMBHOCTW KPYI/IOFOI0BOK C CUJIOW Be-
Tpa.

Nnwb B 2025 r. mbl npnobpenn umdposoi
aHemomeTp Digital Anemometer AR816" Kom-
naHmn AMTAST. C nomoLLbio HEro Mbl MPOU3-
BE/IN HECKOJIbKO CEPUN U3MEPEHUN CKOPOCTU
BETPA Ha Pa3HbIX BbICOTAX Haj, MOBEPXHOCTbIO
necka W M3MepunuM cuay BeTpa Henocpea-

CTBEHHO B MeCTaXx, r4e XUAKM KPYr10ronoBKU, U
BO BpeMs, Koraa oHM 6binn aKTUBHDI.
N3mepeHne cKopocTM BeTpa Ha bOapxaHe
Capbikym npounsBoantb bbino He npocTo. Bos-
AyX TaM NPAKTUYECKM NOCTOAHHO HAaXo4MNCA B
ABUMKEHUN, MPUYEM CKOPOCTb 3TOTO ABUXKEHUA
6blna o4YeHb nNepemeHYMBa: BeTep TO MOYTH
nponaaan, To CTAaHOBWU/CA CU/bHEe, TO BO3HU-
Ka/M OLLyTMMble ero nopbisbl. [MoaTomy unod-
Pbl, OTPAKaloLMe CKOPOCTb BETPA HA gucnnee
Halero 4yBCTBUTE/NIbHOrO aHeMoMmeTpa, no-
CTOAHHO W HeperynapHoO MeHAINCb OT HyNA 40
KaKUX-1Mb0o MaKCcMManbHbIX 3Ha4eHUn. Ho ana
HaWWX Lenen Ham He BaxKHO OblI0 N3MepATb
CKOPOCTb BeTpa C 04eHb 60/bLLOM TOYHOCTHHO.
CKopee Bcero, AepuLbl, Kak 1 104U, KaK U Nto-
Hble Apyrue *KMBOTHbIE, BOCMPUHMUMAIOT NNLLb
«rpybyto» OLLeHKY CKOPOCTM BETpa: LTWU/b,
cnabblit BeTep, YMEpPEHHbIN BETEP, CU/bHbIN
BEeTep, OYEHb CU/IbHbIM BeTep (WTopm, bypsa)...
MoaTomy, BKAOYMB aHEMOMETP U MOBEPHYB
KpblAbY4aTKy NepneHAMKyNapHO HanpaBaeHU o
ABUMKEHMA BO34YXa, Mbl ¥KAaN NONMUHYTbI. B
TabanUy Mbl 3aMMUCbIBaIM MAaKCMMAIbHYO CKO-
POCTb BETPA, KOTOPYIO perncTpmposan npmubop
3a 3T0 Bpems. ITOro 3Ha4YeHus HbI10 AOCTATOY-
HO, 4TOObl NpPeacTaBUTb MPEUMYLLECTBEHHbIN
$OH CKOpoCTM BeTpa B JAaHHOE Bpems, B AaH-
HOM MecTe, Ha JAHHOM BbICOTE Hag, NECKOM.

Pe3ynbratbl

OceHbto 2025 r. Mbl NPOU3BEIN U3MEPEHUA
CKOPOCTM BeTpa B Tex yactax 6apxaHa, KoTopble
HacesieHbl YLWACTbIMW KpyraoronoBkamu (Ta-
611ua). 3TM M3MepeHUA BbIABUIN HEKOTOpbIE
BaXKHble AN1A HAaC 3aKOHOMEpPHOCTMU.

CKOpOCTb BETPaA Ha Pas3/IMYHOM BbICOTE Hag, NeCKOM Ha HapxaHe Capbikym

CkopocTb BeTpa

Jata BbicoTa (m) (m/ce)
04.05.2025 1.5 4.0
1.0 4.5

0.5 2.4-2.9

0.05 0.5-1.7
11.05.2025 2.0 8.7

1.5 5.0-6.0

1.0 4.5-5.5

0.05 0.5-3.0

25.08.2025 1.5 6.8-7.1
0.5 3.0

0.05 1.5-3.0
02.09.2025 1.5 8.2

0.05 0.8-1.0
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N3 paHHbIX Tabanubl BUAHO, YTO CKOPOCTU
BETPa Ha Pa3/INYHbIX BbICOTaX B OAHO U TO Xe
BPeMSsA CyLLeCTBEHHO pasanyanuce. C npnbau-
XEeHMEeM K noyBe ABWMXKEeHMe BO34yXa CUIbHO
3amegnanocb. M ecan npumepHO Ha BbicOoTe
nmua yenoseka (1.5-2.0 m) BeTep mor ouly-
LLLATbCA KaK YMEPEHHbIN, TO y CAaMOI NOBEPXHO-
CTW MecKa ero CKOPOCTb MOI/1a YMEHbLLATbCA B
3aBMCMMOCTM OT PasHbIX NPUYMH B 2.5-15 pas.
Opyrvimun cnosammn, BOCMpUATUE CUbI BETpPaA
4YeNI0BEKOM M KPYr10ro/sioBKaMu CyL,ecTBeHHO
pa3nuyaetca. 3T0 camo no cebe oOYeHb Bak-
HO, MOTOMYy YTO €CAM B CTapbiX Nyb6AnKaumax
06 3KO/MOrMKM yLIACTbIX KPYFI0Oros0oBOK BeTep
XapaKTepusyeTca aBTOpPamM, Hanpumep, Kak
«yYMEPEHHbINY», TO YTO 3TO 3HAYWU/IO HA YPOBHE
KPYrNOrosioBOK — He COBCEM MOHATHO; CKopee
Bcero, BeTep Tam bbin cnabbiid.

Takoe nonoxkeHune gen, BUAMMO, MOXKHO OT-
HECTU K TEM BETPAM, KOTOPbIe XapaKTepu3ytoT-
CA KaK «cnabbie» 1 « 10 ymepeHHoro». Ho ecnu
YK€ Mbl TOBOPMM O TeX CaMbiX «necyaHbix by-
PAX», KOTOPbIE PEryIAPHO C/Y4AKTCA BECHOM M
netom Ha b6apxaHe CapblKym, TO, NO KpalHew
Mepe Ha OTKPbITbIX NPOCTPAHCTBAX, FAe YacTo
BCTPEYAIOTCA KPYI/IOrON0BKU, OYEHb CUJIbHbIN
BETEp OKAa3blBa/ICA CUJIbHbIM M Yy CamoM no-
BEPXHOCTU Necka Toxe. Mbl BUAENU, KaK OH C
60NbLION CKOPOCTbIO HEC MECOK MO NOBEPXHO-
cTn, obpasya xopowo BuanMble Wwaerdbl Hag,
BepwurHoM H6apxaHa (Koraa roBopAaAT — «bapxaH
KYpUTCA», CM. PUCYHOK). K coKaneHuto, C Ha-
yana 2025 r., Korga mbl NOAYYUNN aHEMOMETP
ONA N3MEepPeHMA CKOPOCTM BETPa, Ham eLLe Hu
pa3y He yaanocb oKasaTbcA Ha bapxaHe Capbl-
KYM BO BpemMs Tex CUJIbHbIX NecyaHbix bypb, O
KOTOPbIX Mbl YNOMWHanM Bbiwe. N cKopocTb
BETPa B HMUX Mbl MOKa TaKXe No 06bEKTUBHbIM
NPUYNHAM U3MEPUTb HE CMOIN. HO BECHOM M
oceHbto 2025 r. Mbl OKa3anucb Ha bapxaHe BO
BPEeMS CUIbHOTO NOPbIBUCTOrO BETPA, KOTOPbLIN
6bln, NpaBaa, HAMHOro crabee, Yem BO Bpems
6ypun. B 3TOT MOMEHT ero CKOpOCTb COCTaBAAMA
nopbiBamu Ao 11.5 m/cek. IT0 3HAUUT, 4YTO NpMU
necyaHom 6ype CKOPOCTb BETPa COCTABAANA He
MeHbLie 15-20 m/cek.

Kpome TOoro, no mmerwwmmca yxKe cernyac
OAHHbIM MOXHO CKasaTb, YTO YKaszaHHaA 3. [1.
XOHAKUHOW CKOPOCTb BeTpa 2.8 M/ceK Ha BbICO-
Te 1.5 m (3T0 Ha camom fgene BoobLLe He CUNb-
Hbl/ BETEP) HA YPOBHE 3eMAM NpPeBpaLLanach
B OABMXEHWEe BO34yXa Makcumym B 1 m/cek, a
CKOpee BCero — 1 Toro meHbLue. B atom cnyyae
BbI3blBaeT H60/blLIOE COMHEHME, YTO TaKOW Be-
Tep MOr CTaTb A4/1A KPYIIOr0/I0BOK KPUTUYHBIM
M NONHOCTbIO NOAABAATb MX aKTUBHOCTb Ha No-
BepxHocTU. Tem Gonee, ecnn, NO HaWWMM Ha-

61104EHNAM, OHM BbINM AKTUBHbI HA BEPLUMHAX
rpsg, Bo BpeMsi necyaHon bypu npu BeTpe Ha
BbicoTe 1.5 m B 15 m/cek nnu gake BbllLe.

O6cyxpeHue

Mbl HM B KOEM c/nyyae He nogBepraem co-
MHeHUo HabnwaeHua 3. M. XoHAKuHon n O.
M. borgaHoBa. Ho 06bACHUTL pacxoxaeHue
MaTepuanoB Hawux HabawaeHUN ¢ AaHHbIMU
ApPYrnx aBTOpoB BCe-Taku Heobxoammo. Mo Ha-
LWWMM npeacTaBieHNAM, CKopee BCero, 310 CBS-
3aHO C pPasINUYMAMM B TemnepaTypHbIX YC/10BU-
Aax. Tak, 3. 1. XOHAKMHA nuuweT: «...26 anpenAa
1956 2. ympom ceemuso CosHUe, HO B8CKope
gce Hebo 3a80710Kn10 myyamu. CKopocme ege-
mpa Ha ebicome 1,5 m docmuzana 1,9-2,8 me-
mpa 8 cekyHOy (c 8-14 4.), a memnepamypa
necka boina pasHa 14,5-28,0°. B amom OeHb
(Mbl npobbinu Ha 6apxaHe 0o 19 u.) Kpyanozo-
/108KU He MoKUHynAu Hop. B mo spemsa Kak 20
0KmAbps 1957 a., npu acHol u cpasHUMes1bHoO
muxoli no2ode, nepevie AWEepUybl cMasnu 8bi-
Xo0ume U3 HOp Mpu memrepamype necka 8
17,4° u 8030yxa — 13,7°» (XoHAKKUHa, 1962, cTp.
147). Korga u B KakMX yCnoBMUsAX 6blan npous-
BeAeHbl HabntoaeHua, O. N. boragaHoBbIM B ero
nybAnKauum He yKa3zaHO COBCEM.

M3 3TUX TEKCTOB ACHO CNeayeT, YTo Npu nac-
MYPHOW noroae v npu BeTpe A0 2.8 m/cek Aule-
pULbl HE BbIXOAWAM U3 HOP, CKOpee BCero, He
n3-3a BeTpa, a NOTOMY, YTO TemnepaTypa no-
BEPXHOCTU MecKa, a 3HayuT, U Bo3ayxa, bbina
cavwKom Huskom (14.5-28.0°), a BeTep, Kak
daKTop ABUXKEHUA BO3AYXa, B AaHHOM C/y4ae,
BMAMMO, Obl1 HE OCHOBHOM NPUYNHOMN, @ NINLLb
CYWEeCTBEHHO ycyrybnsn HeaocTaToK Tenna,
CU/IbHO OXJ1aXKAanA TeNo ALepuL.

Ho u 3pecb He BCe 0AHO3HA4YHO. 15 ceHTa-
6pa 2025 r. Mbl NpoOBeNN ABYX4aCOBOW MapLU-
pyT no 6apxaHy. Mpn atom 6bINO CONHUE, HO
TemnepaTtypa BO3A4yxa COCTaBnAna Bcero 22—
23°, BeTep Ha BbicoTe npumepHo 1.5-2.0m
6bln oKono 2.5-4.0 m/cek, Temnepatypa no-
BEPXHOCTM NecKa NoAHMMaNacb NPMMEPHO 40
36—37°. B uenom 6bINO CONHEYHO, HO AOCTa-
TOYHO NPOXNagHO U BeTpeHo. N B aTUX He ca-
MbIX 6N1aronpUATHbLIX, C HalWen TOYKU 3peHus,
YCNOBMAX 3a ABa Yaca MapLipyTa Mbl OTMETUIN
Ha MoBepxXHOCTU 16 yLaCTbiX KPYr/10rosioBOK,
n3 KoTopbix 9 bbin ceronetkamun. Hekotopble
ALEpPULbl NeXxanun y Hop, HEKOTOpble TopYanmn
13 HOP rON0BOM UM NOSIOBUHOW TeNna, y HeKo-
TOpPbIX M3 NecKa BbIrAAbIBasIa TONbKO r0/10Ba,
a HeKoTOopble OTX0A4MAN OT HOpP Ha meTp u bo-
nee. Ho gaxe npu TakMX HU3KUX TemnepaTypax
N OLLYTMMOM BETPE KPYIr/1I0ro/I0BKN HA NOBEPX-
HOCTU BblNKn, N UX 6bI10 HEemano!
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B cnyuyae, korga Mmbl Habnwpanu aktue-
HOCTb KPYI/IOrO/I0BOK B NecyaHou bype B utone
2019 r., TemnepaTypa BO34yxa Oblna He HUXKEe
28-30°. CnepoBaTtenbHO, cam no cebe pakTop
BeTpa (4BUXKEeHUA BO34yXa) He OKa3blBan Noaa-
BNAOLLErO AENCTBMA HA aKTMBHOCTb YLIACTbIX
KpYyroronoBok. Tenibii BeTep He MeLan UM Ha-
rpeBaTbCA C MOMOLLbIH MHCONALMM NO KparHewn
Mepe [0 HUXKHEro ypoBHA TemnepaTypbl Tena
NPV NONHOM aKTUBHOCTK (NpumepHo 32-34°).

Kpome Toro, HeEaKTMBHOCTb ALLEPUL, BECHOM
NP NPOXiaZHbIX TeMnepaTypax BHELWHeN cpe-
Abl U UX aKTMBHOCTb OCEHbto Npu ewe b6onee
HU3KUX TemnepaTtypax, onucaHHble 3. 1. XOHA-
KMHOW, FOBOPAT O TOM, YTO CYLLLECTBYIOT eLLe A0-
NoSIHUTENbHble GaKTOPbl, KOTOPbIE Mbl MOKA He
yunTbiBaem. Hanbonee BeposATHO, YTO O4HUM
N3 TaKMX GKTOPOB MOXKET ABNATLCA KOMMNAEKC
TOro, YTO MOKHO bblno 6bl Ha3BaTb «MOTUBaA-
uMen». ITo noka HepaspaboTaHHaa obnacTb,
HO, BUAMMO, MOTMBALMA BbINTU OCEHbIO (MO-
YeT 6bITb, 3TO HEOHXOAMMOCTb HaeCTbCA Nepes,
3MMOBKOW UM YTO-TO ellle) bblna CU/IbHEE, Yem
BECHOMW...

Takum obpasom, umetrowmeca cemyac gaH-
Hble TOBOPAT O TOM, YTO, CKOpee BCero, akTmB-
HOCTb YLIACTbIX KPYI/IOrOI0BOK MoAaBAsAETCA
He MPOCTO BETPOM KaK PaKTOpOm ABUKEHMUA
BO3/4yXa, a NpoxnagHbiM BeTpoM. K camomy Be-
TPY, KaK K ABU)KEHMUIO BO34yXa, OHU, BUAUMO,
[ANeKo He TaK CUIbHO BOCNPUMMUMBDLI, Kak 06
3TOM NMCaNN HEKOTOpPbIE AaBTOPbI.

Ho n 3gecb, BUAMMmo, He BCe TaK NpocTo. Tak,
2 ceHTABpPA 2025 r. Mbl 06cneaoBany 60/bLIOM
YYACTOK OTKPbITbIX MECKOB Ha CEBEPO-BOCTOM-
HOM OKOHeYHOCTU bapxaHa. Hebo 6b110 ACHOE,
TemnepaTtypa BO34yxa Y MOYBbl COCTaBAANA
okono 32-36°, TemnepaTtypa NOBEPXHOCTU ne-
CKa Ha conHue ~47°. Betep npu atom 6bin no-
PbIBUCTbIA M BpPeMEHaMW [0CTaTOYHO CWUJb-
HbIl: Ha BbicoTe 1.5 M B KOTN0BUHKe — 2.4-6.1
M/ceK, a Ha rpebHe obLIMPHOI OTKPbITOMN nec-
YaHOM rpaabl NOpbIBbI BeTpa goxoannm ao 11.5
m/cek.

XoTa no TemnepaTypHbIM YC/IOBUAM KpPYIio-
ro/IOBKM BMNoAHe Morn 6bl HbITb aKTUBHBI, 3a
BCE BpPeEMSA MapLipyTa Mbl He OBHApPYXMAKN Ha
NOBEPXHOCTU HM OAHOM ALepULbl. B aTom cay-
4Yae MOXKHO NpPeanoNoXWUTb, YTO AKTUBHOCTb
AlWepuL, 4eNCTBUTENIbHO Morna b6biTb Nogasne-
Ha AOCTAaTOYHO CUJIbHbIM BETPOM. XOTA B 3TOM
Cny4yae, NOXOXKe, ecTb elle oauH GpaKTop, KOTo-
PbI HAM MOKA CNOXKHO A0Ka3aTb. [leno B ToMm,
4YTO 3TOT MapLIPYT OKa3ancA ANA Hac camux
AOBONIbHO TAXeNbIM. HeCMOTpSA Ha TO, 4TO Tem-
nepaTypa Bo34yxa He Obllla O4YeHb BbICOKOW,
6b1710 OLLyLLeHMEe 0YEHb MOLLHOIO CO/IHEYHOTO

nsnyyeHuna. Ewe npegblaywmm AHEM MeTeo-
PONIOrMYEecKne CRy»Kbbl Npeaynperxpanu, 4Yto
2-3 ceHTAGpA 3emnun A0MKHO OblNO AOCTUYL
06naKo CcoONHeYyHoM nnasmbl, BblbpoLEHHOE
HEeCKONbKO AHen Hasag ¢ ConHua B pesynb-
TaTe O4YeHb MOLWHOM BCnbIWKK. OulyuieHue
KPUTMUYECKOro M36bITKa MHCONALMWU AaxKe AnAa
yenioBeKa 6bl10 HACTONbKO CU/IbHbLIM, YTO, Bbl-
MOA Ha MapLWpyT, Mbl CpPasy NpPeanonoXuan,
YTO €C/IN ALLEepPULbl BbINAYT CEMYAC U3 HOP Ha
NOBEPXHOCTb, TO OHW MPOCTO «CcropAT»... Apy-
TMMW CNOBAMU, Mbl NPEANONOKUAN, YTO ALLe-
pUL, Ha NOBEPXHOCTU He ByaeT, N C BETPOM 3TO
y»Ke He bygeTt cBsizaHO. Mano Toro, Mbl camu,
HEeCMOTpPA Ha HEKPUTUYHO BbICOKYHO Temnepa-
TYpy BO34yXa, NONY4MIN Neperpes opraHM3ma
C COOTBETCTBYHOLMMM HENPUATHbIMU U3MO-
JIOTMYECKMMM NOCNeacTBUAMU, Yero He ObiBa-
10 N NpU CyWecTBeHHO H6onee BbICOKUX TEM-
nepaTtypax Bo3gyxa. Takmm obpa3om, MOXKHO
A0CTAaTO4YHO 06OCHOBAHHO NPEAMNONOKNUTb, YTO
OTCYTCTBME ALLEPUL, HAa MOBEPXHOCTM B 3TOT Be-
TpeHbIM AeHb Hb110 coBEpPLIEHHO 06BACHUMO U
He cBA3aHO C GaKTOpOM BeTpa.

Ho ecTb ele HekoTopble BaXHble obcToA-
TeNbCTBA, KOTOpble CTOUT y4muTbiBaTb. [eno B
TOM, YTO C BEpPXHeNn («ropayer») YyacTbio Ana-
na3oHa TemnepaTyp Tena npu NOAHOW aKTMB-
HOCTU cUTyaums bonee UAN MeHee U3ydyeHa U
noseaeHue ALLepuL, NPU BbICOKMX TemnepaTy-
pax Tena AocTaTodHo noHATHbI (Kopocos, la-
HIOWWHA, 2021). A BOT C HUXKHel («XxonoaHom»)
YacCTbl0 AManasoHa TemnepaTtyp MNOJHOM aK-
TUBHOCTM CUTYyauMA MHaAA — 34eCb noseseHue
ALEepUL, NOKa U3y4YEeHO OYEeHb HeAOCTAaTOYHO U
manonpesackasyemo. OnucaHHble 3. 1. XoHA-
KMHOM Cnyyau, T. . BCTPEYM YLWACTbIX KPYro-
roJIOBOK BECHOM U oceHbto (XoHAKMHaA, 1962),
KacatoTCA MMEHHO HU3KMX TemnepaTyp MoYBbI
M Bo3ayxa (B YacTHocTM, AuanasoHa 13-17°).
Mo pe3ynbTaTam HawWKUX UCCNenoBaHUNA, MOXK-
HO Npeanonaratb, YTO B MOTUBALMWU UX NOBe-
AEHWNA BNOAHE MOFYT BK/HOYATbCA TaKMe BaXK-
Hble GaKTopbl, KaK COOTHOLWEHWe TemnepaTyp
NMo4YBbl HAa NOBEPXHOCTU U B yberkunuiax. Ho Hu
3TUX OaHHbIX, HW MATepUaNoB O TemnepaTypax
Tena KpyrnorofioBOK B YKa3aHHble nepuogbl,
HM maTepuanos 06 X NOBeAEHUN B 3TO BPemA
B UMTUPOBAHHbIX HAMM CTaTbAX HeT. [loaTtomy
HMKAKaA LEeNnoCTHaA KapTMHA MX NOBeAeHMSA,
Tem 6onee B CBA3N C BETPOM, KOTOPbIN Ha ca-
MOM Aene Bbin He TaKoM YK CUAbHbIN (2.8 m/
CeK Ha BbicoTe 1.5 m), no AaHHbIM XOHAKMHOM,
K COXaNeHWo, NOKa He MOXKEeT cNoXuTbca. Ho
3Ty CUTyaUMIO HeNb3A PacCMaTpMBaTb Kak «ae-
¢dekT» paboTbl aBTOpOB 60-X ro40B NPOLLIOrO
BeKa. [MpocTo B Te roabl MHOTME MexaHWU3Mbl

109



YepnuH B. A., labasaHos N. M. BanaHue BeTpa Ha akTUBHOCTb YLIACTbIX KPYrNoronosBok (Phrynocephalus mystaceus) Ha
H6apxaHe Capblkym // MpuHuMnbl 3konormun. 2026. Ne 2. C. 105-111. DOI: 10.15393/j1.art.2026.16743

CBA3M aKTUBHOCTU PENTUIUI C TEMMEPATYPaMM
BHELWHEeN cpebl M TeNa KMBOTHbIX €LLLEe COBCEM
He 6bln pPa3paboTaHbl, U OHW HE MOT/IM 3HATb,
Kakune ¢aKtopbl cnegoBano 6bl yunTbiBaTb M
YKa3bIBaTb B CBOMX NyBAMKaLUSAX.

Kpome Toro, 6osblioe 3HayeHMe B peak-
LUMAX YLWACTbIX KPYI/IOrO/0BOK HA BETEp MOryT
UrpaTb TaKXKe U MOTUBALMK, CBA3AHHbIE C ce-
30HHbIMM Pa3amMm }KU3HEHHOTO UMKAA. TaKMmM
MOTUBALMAMM BECHOM MOTYT BbITb, HaNnpumep,
Heobxo4MMOCTb UHTEHCUBHOIO NUTAHUA ANA
BOCCTAHOB/IEHUA U HAKOMJIEHMA 3HepreTuye-
CKMX 3aMacoB Noc/ie UX YMEHbLLEHWA B NEPUOA,
3UMHEN CNAYKKU, AN ONEPATUBHOWN SHEpreTu-
YecKon noadepyKKM opraHnsma B nepuog, no-
NIOBOWM aKTMBHOCTM, a TaKXe HeobxogMmocTb
NONYYEHUA BPEMEHM A1 MOUCKA MONOBbIX
NnapTHEPOB, CNapuBaHMUA, OXPaHbl TEPPUTOPUN
M rapema camuamu; NeTom — HeobXoaAMMOCTb
aKTMBHOTO MUTAHWUA AR YCMEelWHOoro npoTeKa-
HWs 6EePEMEHHOCTM Y CAMOK U BOCTAaHOBUTE/b-
HOro nepuoaa y CamuoOB; OCEHbIO — MUTaHMUeE
ANA HAKOM/IEHMA 3HEePreTMYECcKUX 3anacoB Ha
3UMOBKY U T. N. CpaBHUTENbHAA CUNA TAKUX MO-
TUBALMM NOKA COBEPLIEHHO He u3yyeHa. Mo-
HO NPeAnONOXKNTb, YTO NOAOCOHbIE UK Apyrue
MOTUBALMM MOTYT MHOTAA BbIFOHATbL ALEPUL,
n3 ybexuly faxe B He O4veHb noaxogdume
KAMMaTUYECKUE YC/IOBUSA WAW MHOTAA MNPUTY-

Bbubnnorpadus

NNATb HEXKeNaHWe BbIXOAUTb Ha MOBEPXHOCTb
BO Bpemsa BeTpa.

3akntoueHue

Takum 06pasom, COBepLIEHHO O0YEeBUAHO,
4YTO BOMPOC O CBA3M aKTUBHOCTU YLIACTbIX KPY-
IMOrNOBOK C CU/ION BETpa Ha CaMOM fefe Ha-
MHOIO KOMIMJIEKCHEEe, YeM MNPOCTOe «Henpu-
ATMe» MMM BeTpa. bonee Bcero akTMBHOCTb
KPYr10ro/IoBOK 3aBMCUT OT TeMNepaTypHbIX YC-
nosui. Ecnn Temnepatypa Bo3gyxa AOCTaToOuY-
HO HM3KaA, TO gake HeOONbLION BETEP MOXKET
YCUNUTbL ero oxnaxkgarowmn apoekKt, yto 6es-
YCNOBHO OyAeT yrHeTaTb aKTMBHOCTb KpPYI/10-
ronoBok. Ecnu TemnepaTtypa Bo3ayxa BbiCOKas
(27-28° nnu BblWwe), TO BETEP HE TaK CUJIbHO
OXNarKAaeT Teno AWepul, U UX aKTUBHOCTb
NPaKTUYECKN He CHUKaeTcAa. bonee Bcero ak-
TMBHOCTb KPYI/10r0O/1I0BOK 3aBUCUT OT Temne-
paTypHbIX ycnoBuii. M B 3TOM CBA3M rOBOPUTH
O TOM, YTO NP BETPE KPYI/IOrONI0BKM YXO4AT C
NOBEPXHOCTU B yHEXKMLLA, — CZIMLLIKOM CUIbHOE
ynpoLLeHMe, He OTparkalolee peasibHoro no-
NOXKeHuA gen.

Bonblioe 3HaYeHWe B perynaunm akTMBHO-
CTW KPYIIOrO/IOBOK MMEKOT TaKXKe MOTUBALLUM,
CBA3aHHbIE C Ce30HHbIMU Ha3aMM }KU3HEHHOTO
uukaa. Ho atot acnekt 6buonorum Kpyriorono-
BOK TpebyeT oTAe/IbHOro CneunasbHoro nsyJe-
HUA.
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bnaropgapHocTu

Bbipaxaem UCKPEHHIoK 6ﬂar0ﬂ,apHOCTb 3aMeCcTUTeNnto AMpeKTopa No Hayke focyaapCTBEHHOro npu-

poAHoro 3anoBeAHWKa «[arectaHckuiny lagxumbery CedpubekoBmuy [rkammnp3oeBy 3a NOMOLLb B opra-
HU3auuKn paboTbl Ha 6apxaHe CapblkyM, a TaK»Ke 3aBeayloLlen Kadenpoi 30o010rum u pusmonorum Aare-
CTaHCKOTO rocyaapcTBeHHOro yHuBepcuteta Jlioamune deiizynaesHe MasaHaeBol 32 UHGOPMALMOHHYHO
M Hay4YHYo Noaaep KKy Hawen paboTbl. Kpome Toro, Hawa 6aarogapHocTb Mropto JleoHnaosmuy OKLWTEN-
HY, KOTOPbI BCe Bpems Hallel paboTbl Ha 6apxaHe napannenbHo ¢ Hamu Ben noapobHble HabaoaeHUs
33 NoBeAeHMEM 3TUX ALEPUL,.
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Key words: Summary: The article presents the results of a study of the effect of wind speed

toad-headed agama on the ecology of toad-headed agamas (Phrynocephalus mystaceus). It is gener-

wind speed ally accepted that the wind inhibits the activity of toad-headed agamas. But our

ecology research has shown that the speed of air movement (wind) alone has little effect

on the behavior and ecology of these lizards. They are much more strongly influ-
enced by the air temperature: if the wind is cool or even cold, the toad-headed
agamas leave the surface; if the wind is warm, they do not react to it. In addition,
our measurements showed that at the same time, the wind speed at an altitude
of 1.5-2.0 m (approximately at the level of a person’s face) is about 2.5-15 times
higher than at an altitude of 3 cm above the sand, where the wind is very weak.
Motivations related to the seasonal phases of the life cycle can also play a major
role in the reactions of toad-headed agamas to the wind. But this topic requires
special development.

Reviewer: A. G. Bakiev
K. Y. Lotiev

Received on: 24 November 2025 Published on: 22 June 2026

References

Bogdanov O. P. Reptiles of Turkmenia. Ashhabad: 1zd-vo AN Turkmenskoy SSR, 1962. 235 p.

Cherlin V. A. Muzychenko I. V. Seasonal variability of thermobiological characters in some arid lizards,
Zoologicheskiy zhurnal. 1988. T. 67, No. 3. P. 406—416.

Cherlin V. A. Muzychenko I. V. Thermobiology and ecology of Eremias grammica, Phrynocephalus
mvstaceus and Ph. interscapularis in Karakum in summer, Zoologicheskiy zhurnal. 1983. T. 62, No.
6. P. 897-908.

Korosov A. V. Ganyushina N. D. Maximum body temperature as a parameter of thermoregulation in
reptiles: experience from a statistical evaluation using the common adder (Vipera berus) as an
example, Zoologicheskiy zhurnal. 2021. T. 100, No. 3. P. 307-316.

Seasonal and daily activity of the toad-headed agama (Phrynocephalus mystaceus Pall.) in the Kumtorkala
region of the Dagestan ASSR, Uchenye zapiski Dagestanskogo gosudarstvennogo universiteta.
Biologicheskie nauki (zoologiya, parazitologiya i fiziologiya). 1962. T. XI. P. 133-154.

111



Kytykosa E. C., MaHapsbika O. H., Tnywkosckaa H. b., MyxuH U. A. CTpyKTYpHO-PYHKLMOHAbHBIN NOTEHLUMAN HAaLMOHAb-
HOro napkKa «J1afo¥CKMe LXePbI» Kak MHCTPYMEHT yCTon4uMBoro passutua // MpuHumnsl skonormun. 2026. Ne 2. C. 112—
115. DOI: 10.15393/j1.art.2026.17182

:.‘~; HAY4YHEIA 3NEeKTPOHHLIA XYpHan

NMPUHLUAUINbI 3KOJIOTUN

METPOIARDACKMEA MOCY AAPCTEEHHKIN

YHWUBEPCHTLT

http://ecopri.ru

http://petrsu.ru

YK 502.131.1(1-751.2)(470.22)

CTPYKTYPHO-®YHKIIMOHAJIbHBIA
INOTEHIHUAJI HAIIMOHAJIBHOT' O ITAPKA
«ITAJOKCKHUE HIXEPbD» KAK HHCTPYMEHT
YCTONUYUBOI'O PABBUTUA

KYTYKOBA
Enena CepreeBna

MAH/PBIKA

Kanouodam sxoHomudeckux Hayk, @I'BY «Hayuonanvholii napx «Jladodic-
ckue wixepoly, 186790, e. Copmasana, yn. Batinemsiinena, 0. 6, nom. 14,
oopt@parkladoga.ru

Kanouoam ouono2uieckux Hayk, Poccutickuii cocyoapcmeennuiii 2uopome-
meoponozuueckutl ynueepcumem, 192007, o. Cankm-Ilemepoype, yn. Bo-

Oabra HukosaeBHa

INTYIHIKOBCKAA

Harauabsa bopucoBna
= glushka@mail.ru

MYXHWH
NBan AnapeeBuy

KnioueBble cnosa:
HAUMOHaNbHbIN NAapK
HOPMATMBHO-MPaBOBOE HOTO MNOTeHLMaNa.
perynmpoBaHue

MonyuyeHa: 01 anpena 2026 roga

BsepeHue

Bckope nocne cos3pgaHuA HauuoHanbHOro
napka «Jlagoxckue wxepbl» B gekabpe 2017 r.
(MoctaHoBneHue..., 2017), B PepepanbHbiin
3aKoH «06 0c060 OXxpaHsemMblX MPUPOAHbIX
Tepputopuax» (OOMT) 6binn BHECEHbI M3Mme-
HEeHWA, NOHMXKatOLWMe CTaTyC Lenoro psaaa ro-
CYLAPCTBEHHbIX MPUPOAHbIX 3anoBeAHMKOB
A0 HaUMOHaNbHbIX napkoB (PeaepanbHbiii
3aKOH..., 2018). N3 Hanbonee NU3BECTHbIX NPU-
Begem TebepANHCKUIM roCyaapCTBEHHbIN NpU-
poaHbI HuochepHbI 3anoBegHUK, rocyaap-
CTBEHHbIN NPUPOAHbIN 3anoBeaHUK «CTONObIY,
rocygapcTBEHHbIN NPUPOAHbLIN BuochepHbIn
3anoBegHuWK «KomaHaopckuii». MposeaeHue
HOBaLMN MOTMBMPOBANIOCH TEM, YTO Ha 3ano-
BeAHbIX TEPPUTOPUAX [ABHO BEAETCA AKTUB-
HaA peKpeaunoHHasas AeATeNbHOCTb U, Kpome
TOrO, Y& MMEeITCA Pa3/IMyHble NOCTPOMNKW.

ponedicckas, 0. 79, omandryka@yandex.ru

Poccuiickuti  2ocyoapcmeennwiii  2u0pomemeopoiocuyecKull  YHueepcu-
mem, 192007, 2. Cankm-Ilemepoype, yn. Boponesicckas, 0. 79,

Kanouoam ouonocuveckux nayk, Poccuiickuii cocyoapcmeennuiii 2uopome-
meoponozauyeckutl ynugepcumem, 192007, o. Cankm-Ilemepoype, yn. Bo-
ponedxcckas, 0. 79, periphyton35@gmail.com

AHHOTaumA: NMucbMo B pefaKkLmio 060CHOBbIBAET HEOOXOAMMOCTb KOPPEKTU-
POBKW CTPYKTYPbl HALMOHANbHOTO NapKa A/1A NOBbIWEHUA ero NPUpPoL0OXPaH-

© MeTpo3aBOACKMI rOCYAaPCTBEHHbIN YHUBEPCUTET

MopnucaHa K neyatn: 7 nioHa 2026 roga

NHTepec 6M3Heca K CTPOUTENbCTBY Ha 3eMAX
OO0NT Kamydnunposanca 3aboToh 0 MECTHOM
HaceseHUn: BO3BEAEHUEM LKOA, BONbHUL, U
APYrUX couManbHbIX CTPYKTyp. Ha gene 6onb-
WwMe naowaam CTaanm UCnoab3oBaTbCA B KOM-
MEPYECKUX LENAX U 3aNONHUANCL SNUTHLIMMU
6aszamu oTabixa, oTenamu, GUTHEC-LEHTPaAMM
C aKBanapkamu. [eyanbHbiM TOMY MPUMEPOM
ABNAETCA CUNbHO Pa3poCLINIACA nocenok Jlec-
HOe B rpaHMLLAX HaLLMOHAIbHOIO NapKa «KypLu-
CKaA Koca», rae TAHYWMMUCA 00 CAMOW BOAbI
3abopamm NpaKTUYECKN NepeKpbIT BbIXOA, K
Kypwckomy 3anusy. KacatenbHo KomaHpop-
CKMX OCTPOBOB, TO 3a pajdeHnem o bnaronony-
YMN KOPEHHbIX HAPOA0B, A06bIBAOLLMX PbIOY U
MOPCKOro 3Beps A1a COOCTBEHHbIX HYXKA, ABHO
CTOAT coBcem apyrue mHtepecbl. O MONHOUEH-
HoM paboTe HGMOCepHbIX MOAUTOHOB TENEpPb
He UAEeT 1 peun.
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B aekabpe 2025 r. Mpasutenbcteom PP 6bin
npeactasneH B locyaapcTBeHHy0 [lymy npoekT
denepanbHoro 3akoHa (Mpoekt P3..., 2025),
Kacalouieroca BHeceHMA usmeHeHun B dege-
pafbHbIM 3aKOH «06 0c0b60 OxpaHAeMbIX Npu-
POAHbIX TEPPUTOPUAXY, U OTAE/bHbIE 3aKOHO-
AaTenbHble akTbl P®. CoBeplieHHO 04eBUAHO,
YTO NPUHATME 3aKOHOMPOEKTA B NepPBOHaYa/b-
HOM pepakuMM co3aaeT yrposy maclwTtabHoro
n3bATUSA M3 cocTaBa Ntobbix Kateropun OONT
3eMeNbHbIX Y4aCTKOB AN1A XO3ANCTBEHHOIO UC-
No/Ib30BaHMA, HAHOCA HEBOCMNOJHMMbIN Bpes,
LUenbiM NPUPOAHbLIM KOMNaekcam. Hecmotps
Ha To YTO 18 mapTa 2026 r. locayma npuHAna B
NepBOM YTEHUM COOTBETCTBYIOLLME NOMNPABKA B
3akoH 06 OOMT, coobuecTBO BUAHbIX YYeHbIX
n peatenein NPUPOAOOXPAHHbIX CTPYKTYP Npo-
[oMKaeT paboTy No ero KoppekTnposKe. EcTb
HadeXKaa, YTo 0bpalLeHNA U KOHCTPYKTUBHbIE
npeasoXKeHns KOMMETEHTHbIX CneuuanancTos
NO3BONAT NPEeAOTBPATUTb OYEBUAHbIE PUCKK
ana scen cuctembl OOMT Hawen CTpaHbl.

B 3TWX HEMPOCTbIX YCNOBUAX 418 MHOTUX Ha-
LMOHANbHbIX MAPKOB, B T. Y. N ANA «J1laf0KCKNX
wxep», obocTpaeTcA He0bXoAMMOCTb BbIMNON-
HEHWA UX NPUOPUTETHOM 3a4a4YMN — COXPaHEHMA
NPUPOAHbIX 3KocucTem. K cyacTbto, HOpmaTmB-
Ho-NpaBoBasa 6a3a, pernameHTUpyloWasa aes-
TeNbHOCTb HauMOHaNbHOro napka, No3BonseT
He TO/IbKO CMATYUTb CUTyauM, HO M MNOBbI-
CUTb ero NPMPOAOOXPAHHbLIN noTeHuuan. Onu-
pascb Ha To, YTo CeBUNbCKOM CcTpaTernen ans
6uocdepHbIx pesepsatoB 1995 r. (CeBunbcKan
cTpaterua..., 2025) npeaycmoTpeHo Hanaunuyue
«f4pa» HETPOHYTOM NpUpoabl, PYKOBOACTBO
«JTaQoMKCKMX LIXep» MPUHANO peLIeHne op-
raHM30BaTb HA €ro TepPpPUTOPUU MUKpopesep-
BaT CTPOroro 3amnoBefoBaHWUA. 3ameTum, 4TO
B OT/IMYME OT 3anoBefHMKa, CO34aHMe TAKoro
«AApa» B HALMOHA/NILHOM MapKe He ABAAETCA
HEeOTbeM/IEMbIM YC/IOBMEM €ro CyLiecTBOBa-
HMA, HO U He UCKAlYaeT NoaobHOro ycTpou-
cTBa.

YyeHbimn PITMY pasHbiXx cneumnanbHOCTEN
HayaTo obcnenoBaHME TEPPUTOPUM NIOLWAAbIO
oKos10 4000 ra B panoHe 3aimBa MapbanaxTtu.
BmecTe ¢ HazemMHbIM y4acTKOM paboTbl BeayT-
CA B YyCTbAX py4ybeB M NpubperkHoM nonoce.
BbibpaHHYIO TEPPUTOPUIO YXKE Ceryac MOXKHO
onpeaeneHHO pPEKOMEHAOBATb A/1A OpraHu-
3aUMKM MUKpopesepBaTa B cooTBeTcTBUM C Ce-
BWJIbCKOM cTpaTernen. B nonb3y sToro rosopwmr,
BO-NepBbIX, Cam NaHAWwadT, obecneymBatoLmi
AOCTYN K BOAE NO3BOHOYHbIX XMBOTHbIX U MNO-
3TOMY rapaHTUpPYIOLWNIA BbiCOKOe 6uopasHo-
obpasune B aTol rpynne. Bropaa ocobeHHOCTb

— 3TO BCTpeyaemocTb B 6Honblumx Konude-
CTBAaX KPACHOKHWXXHOrO BMAA ABYCTBOp4YATO-
ro MONMOCKA — EBPOMEMCKON KeMUYKHULbI,
Margaritifera margaritifera (AHHOTUPOBAHHbIM
nepeyeHsb..., 2008), TecHO cBA3aHHOroO C nony-
NnAuMen atnaHTU4Yeckoro nococA. B atom cny-
Yyae NOMMMO COXpaHeHUA BuopasHoobpasusn
byneT AOCTUIHYTa 3a4a4a OXPaHbl 10COCEBbIX
BOAOTOKOB. W, HakoHel, 60raTcTBO AMXeHOO-
IOpbl, XapaKTepHOM Ana H6MONOrMYecKkn UeH-
HbIx necoB CeBepo-3anaga (Mpwukas..., 2020),
NO3BOMIAET OXWAATb HAXOAKM PeaKMX BMOOB
npu NpPoBeAEeHUN AaNbHENLLNX UCCNEef0BaHUN.

Mocne TOro Kak TeppuUTOPUA MUKPOpPE3epBa-
Ta 6yget usonnpoBaHa OT MOCELLEHUA MOCTO-
POHHMMM, HA HE HAYHEeTCA NpoBeAeHMe yyeTa
KPYMHbIX MO3BOHOYHbIX C NMOMOLLbIO POoTONO-
BYLUEK, @ TaKKe gpyrne nccnenoBaHus, Heob-
XOANMblE ANA COXpaHeHuA buopasHoobpasus
PacTUTENIbHOrO U }XMBOTHOFO MMpa. B ganbHei-
wem GYHKUMWU «Aaapa» paclumpaTca, npusoaa
K BOCMOJIHEHUIO YNCNEHHOCTU BMOTbI BaM3Ne-
XalMx 3KoCcMCTEM. BaxKHyO ponb B 3TOM Mpo-
Lecce CbirpatoT 0bWwKMpHbIe 3anoBeaHbIe 30HbI
Haunapka, onpeaeneHHble B HEM MO yCTaBy.
Takum obpa3om, HebonbwMe CTPYKTYpHble
M3MeHeHWsa B pamKax HaumoHanbHOro napka
«Jlaf0’KCKME LUXepPbl» He TONbKO NOBJIEKYT 3a
coboit nosblweHne 6MopazHoOobpPa3ma BHYTPU
«aApa», HO TaKXKe npuBeayT K yCTOMYMBOMY
Pa3BUTUIO BCEIN ero TeppUTOPUN.

K coxaneHuio, npegnaraemolii nyTb YCTOM-
YMBOrO PA3BUTMA CTA/ZIKMBAETCA KaK C Teppu-
TOPUANbHbIMK, TaK U AAMWHUCTPATUBHbLIMMU
orpaHnyeHnamn. leno B Tom, 4to JSlagoxcKoe
03epo pasgeneHo Mexay ABymAa cybbeKkTamu
P® — Pecnybankon Kapenuna n JleHMHrpaackom
obnactbto. Ecnm pykoBoacTBOM «J1ag0MCKMX
wxep» 6blI0 MPUHATO IKOJIOTUYECKU ApPYIKe-
CTBEHHOE pelleHMe, TO Henb3A CKas3aTb, YTO
BNactTn JIeHob6NacTU CTONb e PbAHO OTHOCAT-
CA K BOMPOCaM OXpPaHbl OKpyKatoLLern cpesbl 1
aKonormyeckor 6esonacHocTu. YTBepaeHue
npoeKkTa n Hayasno ctpoutenbcTea KMNO «Paxba»
mouHocTbio 300 ThicAY TOHH Ha 3a60/104EeHHOM
Tepputopun B6M3N bepera Jlagorn (Tkaues,
2025) aBNAKOTCA HE YeM MHbIM, KaK 3KO/0ru-
4YeCKUM npecTynieHnem. He Bbi3biBaeT COMHe-
HUWA, YTO GUNBLTPAT C MYCOPHOrO MOJIUTOHA OT-
PaBUT He TO/IbKO OrPOMHbIE MACChl 1aZL0MKCKOWN
BOAbl, HO TaKKe MU HeBy, NCTOYHWUK NMUTLEBOTO
BOAOCHabXeHNA CankT-lNeTtepbypra. Crout
ewe pas 3agymatbcs o 61arononyymMm m sKo-
noruvyeckon 6esonacHoctn banTuincko-J1agox-
CKOM BOAHOWM CUCTEMDbI B LIE/IOM.
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