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Yeaxcaemolie yumamendu, asmopel u peueH3eHmb/!

C coxKaneHnem npmxoamTca OTMETUTb CHUMKEHME YPOBHSA MOCTYNAOLWMX B peaKLMio PyKOMuU-
cein. N3 20 cTaten, NOCTyNUBLLMX B NocnegHee Bpemsa, 15 nonyumnm otpmuaTtenbHble AU APKO
KPUTUYECKMNE OLEHKN peLeH3eHToB, Tpebytolne cyliecTBeHHON AopaboTkm TeKcToB. MoXKanyi,
BMNepBble NPUXOAMUTCA KOHCTAaTUPOBATb, YTO «NOPTdenb Npocen».

OAHOM U3 HEOKMUOAHHbIX MPUYMH 3TOFO CTaNo CyLLeCTBEHHOE 3amea/lieHuns npolecca obuie-
HWA C peLeH3eHTaMK. Ecnm paHblle JoNA pecnoHAEHTOB, HE OTBEYAIOLLMX HA HAlWKM NUCbMA, CO-
ctaBnana egea 10 %, To ceityac 414 NOUCKA PeLLeH3eHTOB A1A O4HOM CTaTbU NPUXOAMUTCA NUCATb
80 8 nucem. Mbl pagbl ycnexam 60pbbbl CO CMaMmom, HO peLleHma Hawen Npobaembl He BUAMM.

JoKymeHTbl, HanpasneHHble B PUHLL, noKka He MU3MeHMAM Hall CTaTycC.

B nocnegHee Bpema Mbl NpeanpUHAAN YCUAUA MO COBEPLUEHCTBOBAHUIO TEXHOIOTMM MPOXOXK-
AeHuns cTaten. Bo-nepsblX, yNpocTUAM paboTy peLeH3eHTamM: Tenepb K peLeH3nm MoXKHo aoba-
BUTb Npuuen n3 3 $aliioB, a TakKe NOCMOTPETb B pexkmume rtf TeKCT aHKeTbl peueHsuu. Maet
paboTa no opraHn3aummn Hymepaumm cTpok B pdf-pannax ctatbn. Bo-BTOpbLIX, ynpocTuaace pabo-
Ta cekpeTapsa. YacTb nMcem aBTOpam U peLeH3eHTam Tenepb GopmMmupyeTca B aBTOMAaTUYECKOM
peXkMme, paclinmpeHbl BOSMOXKHOCTM paboTbl ¢ 62301 gaHHbIX peueH3eHToB. Mbl byaem npusHa-
Te/IbHbl Y4aCTHMKaM npouecca nybanKaumm 3a npeasioxKeHMaA o ero onTMmm3aLumm.

B Tekywiem Bbinycke B pybpuke «MeToapl aKonorMm» mbl nybamkyem matepuan, nocBALLEH-
HbI OCHOBaM HEMpPOCEeTEBOr0 MOAENNPOBaHMA. MHOrMe coBpemeHHble MeTogbl MaTemaTuye-
CKOM 06pabOoTKM peaKo UCNONb3YOTCA IKON0raMM, BOSMOXKHO, MO NPUUYMHE OTCYTCTBMA XOPOLLMX
PYKOBOACTB, PACCYMTAHHbIX Ha aKonoros. Mcxoga u3 aToro Ham xotenocb 6bl onybaMKoBaTb ce-
pUIo Hay4HO-06pPa30BaTENbHbIX CTAaTeN, NOCBALLEHHbIX HEMPOHHbBIM CETAM, HEYETKOM /IOTMKE, MO-
Aenam pacnpeeneHua BMaoB 1 np. B atoli cBA3n mbl bygem bharogapHbl YATATENAM 33 UX MHe-
HMA 06 3TOM HauMHaHUKU (HAaCKONbKO YMECTHO NybanKoBaTb HayYHO-0bpa3oBaTe/ibHbIe CTAaTbU B
Hay4YHOM ¥KypHane) n ocobeHHO 3a TO, eC/In OHM peLwaT onyb/IMKOBaTb Y HAaC MaTepuabl TAKOro

poaa.

C HeusmMeHHOUl 20MmoB8HOCMbIO K cCOmpyOHUYecmay,
peoKosneaus 3A1eKMPOHHO20 HypHAAA «[TpUHYUNbl 3Koa02uu»



bapcykosa H. H., baxkeHosa O. 1., KopxoBsa /1. B. OueHKa COBPEMEHHOTO 3KOJIOTMYECKOr0 COCTOAHMA POCCUMCKOrO y4acT-
Ka TPaHCrpaHMYHOWN peKkn MpTbil MO CTPYKTYPHbIM NoKasatenam ¢utonnaHktoHa // MpuHumunsl skonoruu. 2023. Ne 3. C.
4-14. DOI: 10.15393/j1.art.2023.13842

:.‘~; HAY4YHEIA 3NEeKTPOHHLIA XYypHan

NMPUHLUAINbI 3KOJIOTUN

METPOIARDACKMEA MOCY AAPCTEEHHKIN

YHWUBEPCHTLT

http://ecopri.ru

http://petrsu.ru

VK ELR 581.526.325.2:502.51-044.3(571)

OHOEHKA COBPEMEHHOI'O
JKOJOI'MYECKOI'O COCTOAHMUS
POCCHHUCKOI'O YHACTKA
TPAHCI'PAHUYHOHU PEKNU UPTHII

IO CTPYKTYPHDBIM ITOKA3ATEJIAM

BAPCYKOBA

Haraabga Hukoinaesna

BA’KEHOBA

Oubra IlpoxonseBHa

KOPKOBA

JIronmuina BukropoBHa

Kntouesble cnosa:
dUTONNAHKTOH
BMO0BOM COCTaB
TaKCOHOMMYECKan
CTPYKTYypa
NHAEKCbI
6uopasHoobpasma
Tpoduryeckmin ctatyc
KayecTBO BOAbI
peka NpTbiLw
3anagHan Cubupb

MonyueHa: 29 nioHa 2023 roga

OUTOIIJIAHKTOHA
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AHHOTauuaA: Mo matepuanam uccnegoBaHuii B 2019 r. pMTONNAHKTOHA pOC-
CUIMCKOTO y4acTKa TPaHCrpaHM4YHoM pekn UpTbiw (cpegHee U HUMKHee TeyeHue)
YCTaHOB/IEHbI BUA0BOM COCTaB, TAKCOHOMMYECKas CTPYKTypa, pacrnpeneneHue
06uAnA pUTOoNNaHKTOHa Mo TeyeHuto pekn. OcHoBy BMAOBOro 6oratcTea ¢uTo-
NAaHKTOHA co3A4atoT 3eneHble Bogopocaun (otaen Chlorophyta), 3Haunmyto ponb
urpatot Cyanoprokaryota, Bacillariophyta u Euglenophyta. MakcumanbHble no-
KasaTenn o6ununa GUTonnaHKTOHa OTMeYeHbI B IeTHE-0CeHHUI nepunos. Ha scem
NPOTAXEHUWN PeKn B PUTONNAHKTOHE B NIETHE-OCEHHWUI Nepuos, MHTEHCUBHO Be-
reTUMpPYtT MeNKOKNETOUYHble 6e3reTepoLnCTHbIe LIMaHOMNPOKapUOTbI, XIOPOKOK-
KOBble U LLeHTpUYeCKMe AMaToOMOBbIe BOAOPOCAN. BAnAHME HaceneHHbIX MyHKTOB
Ha nokasartenu ob6unua GUTONNAHKTOHA MO TeYeHUo pekn Hambonee 3ameTHO
B parioHe OMCKa — HUKe ropofa B peKe 3a CYeT MHTeHCMBHOM BereTaumu bes-
reTepoUMCTHbIX LUAHOMPOKAPMOT CYLLEeCTBEHHO YBEMYMBAETCA YMCAEHHOCTb
dUTONNAHKTOHA, a pocT bMomaccol 06yc/I0BIEH B OCHOBHOM Pa3BUTUEM LLEHTPU-
YeCKMX OMATOMEN, Cpeamn KOTOpbIX 3aMeTHa [0/15 NoKasaTesa aHTPONOreHHoro
aBTpodupoBaHus Stephanodiscus hantzschii Grun. KayecTBo BoAbl B peKe cooT-
BETCTBOBANIO 3-My K/acCy YAOBNETBOPUTENIbHOM YMCTOTbI, TPOPUUECKMIA CTATYC
Konebancs otT me3oTpodHoM A0 3BTPOoPHONM KaTeropuun. MNapameTpsbl anbda-pas-
Hoobpa3us yKkasblBatoT Ha H6iarononyyHoe coctosHue duToNNaHKTOLEHOo3a Up-
Tbilwa. AHTPOMNOreHHOEe 3KOJI0TMYECKOe HamnpAXeHue 3KocucTembl MpTbiwa co-
XpaHAETCA A0 HACTOALLEro BPEMEHMU, HO B LLE/IOM 3KOCUCTEMA PEKWU HAaXoamTCA B
[0CTaTOYHO YCTOMYMBOM COCTOAHMUM IKONOTMYECKON MOAYNALMMN.

© MeTpo3aBOACKMI FOCYAAPCTBEHHbINA YHUBEPCUTET
MNoanucaHa K nevatu: 01 oktabpsa 2023 roga
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BsegeHue

NpTbiw ABNAETCA TPAHCrPAHUYHOM PEKOM U
CamMbIM KpynHbIM npuTokom O6u. UcTokn Up-
Tbilwa H6epyT Ha4YaNo Ha tro-3anagHbiX CKAOHAX
MOHToNbCKOro AnTasa B Kutae, aanee peka npo-
TeKaeT no Tepputopmnn Pecnybamkmn KasaxctaH u
Poccuiickoit ®epepaumn. Obwan AnmvHa cocTas-
nset 3721 km, naowaab bacceHa — 1.52 maH
KM? (JomaHuukuii n ap., 1971). Mo xapaKkrepy
AONWHbI, pycna wn pagy ¢usmko-reorpadpuye-
CKMX NPU3HAKOB MpTbIW YCNOBHO AENAT Ha TpU
4acTWU: BEPXHUI — OT UCTOKA PeKn n3 olepa 3a-
McaH (HblHe ByxTapMMWHCKOE BOAOXPaHUAULLE)
A0 BbIxoAa u3 npearopuii KOxHoro Antas; cpea-
HUI — oT 1. CemmnanaTMHcKa fo yctba Tobona;
HUKHUIM — OT ycTbA Tobona go snageHunsa B Obb
(duTONNAHKTOH..., 2019).

C Hauvana XXI B. aKocuctema MpTbiwa Haxo-
ANTCA B COCTOAHWUW AHTPOMOreHHOro 3KO0MM-
YEeCKOro HanpAXeHWA C 31eMeHTaMKn aHTpono-
reHHOro 3BTPOPMPOBAHUA, YTO TpebyeT NoBbI-
LUEHHOrO BHMMaHWA Npu BblBOpPE XO3AMCTBEH-
HbIX peweHuin (baxeHoBa, bapcykosa, 2022).

Opyroi BaxkHOM npobnemon ABnseTca UCTo-
LLeHMe BOAHbIX pecypcoB MpTbiwa, ABasAtoLLe-
rocA eAMHCTBEHHbIM MCTOYHMKOM MUTLEBOTO
N XO3AUCTBEHHOro BOAOCHabXeHua r. OMcKa.
3aperyanMpoBaHue BEpPXHEro TeYeHUA PEeKM Ha
TeppuTopumM KasaxcTaHa KacKaZoMm rMaposnek-
TpocTaHuwuii, 3a6op Boabl B KuTae 1 KasaxcrtaHe
“ Np. NPUBENU B HACToALLEe BPEMA K UCTOLLe-
HUIO ee BOAHbIX pecypcos. [na obecneyeHua
BOAOCHabXeHMs 1 cyaoxoacTsa Ha peke B 2007
r. Hayanocb Bo3BeaeHMe KpaCHOropcKoro Hus-
KOHaMNopHOro rmapoysna 8 panoHe r. Omcka. B
b6acceitHe MpTbiwa UMEOTCA TaKKe npobaembl
B MCNONb30BAaHUM BOAHbIX PECYPCOB PEKM CO-
npeaenbHbIMWU FOCYAaPCTBAMU: OTCYTCTBME NU-
MWTOB BOAOAENEHUA, HU3KUI YpOBEHb CobtO-
AEHUA TEXHONOTMYECKMX PEFNAMEHTOB U PEXMU-
Ma MpU OCYLLECTBNEHUM BOAOMO/Ib30BAHMA Ha
npeanpuatTmax u gp. (MysaHos u gp., 2017).

Bo3pacTatowmin ypoBeHb aHTPONOreHHOoro
BO3encTBmA B baccelHe MpTbiwa U yrposa umc-
TOLLEHWNA BOAHbIX PECYPCOB NPMBOAAT K BbICO-
KOM aKTYyaNbHOCTU OLLEHKN COBPEMEHHOIO 3KO-
NIOTUYECKOro COCTOAHMA POCCUMMCKOrO Yy4acTKa
peKu.

[ONA OLEHKN 3KONOrMYECKOro COCTOAHUA BO-
AHbIX 06BEKTOB LUMPOKO MCMONb3YHOTCA CTPYK-
TYpHble MNOKasaTenu GUTONNAHKTOHA, ABAAIO-
LLLerocsi OCHOBHbIM NPOAYLEHTOM OPraHUYecKo-
ro BeLlLecTBa B BOAHbIX 3KOCUCTEMAX U BaXKHbIM
dakTOopom PpopmmnpoBaHUA KavecTBa Bog (Aba-
Kymos, 1991).

Llenb paboTbl — OUEHUTb COBPEMEHHOE 3KO-
JIOTUYECcKoe COCTOAHUE, TPOPUUECKUI CTATyC U

KayecTBO BOAbl POCCUIMCKOro y4acTka pekun Up-
Tbil MO CTPYKTYPHbIM MOKasatensam ouTonnaH-
KTOHa.

Martepuanbi

B cTatbe ncnonb3oBaHbl MaTepuanbl obpa-
H60TKM 59 KONMYECTBEHHbIX N HECKONIbKUX Kaye-
CTBEHHbIX P06 puTONNaHKTOHA p. UpTbiLWw, OTO-
H6paHHbIX C Maa No gekabpb 2019 r. Ha cTBOpax
B paiioHe OmcKa, TobonbcKa u XaHTbl-MaHcuit-
cKa (puc. 1).

OT60p KoIMYECTBEHHbIX NP06 pUTONNAHKTO-
Ha o6bemom 0.5 n npoBoaunn 6aTomeTpom Ha
Tpex TOYKax CTBOpaA: cepeauHa, NeBbl U npa-
Bbli 6epera. Ha ctBopax OMcKa 1 XaHTbl-MaH-
CMNCKa oTbop npob npoBoAMNM Bblle MUCTOM-
HWKa 3arpsasHeHuna (Omck-BU3 — c. Hosas Cra-
HMUA, 17 Km Bblwe r. Omcka; XaHTbl-MaHCcUNCK-
BM3 — 3 Km Bblwe r. XaHTbl-MaHcuicka) u
HUXEe UCTOYHMKA 3arpsasHeHnsa (Omck-HU3 — c.
HosoTpounukoe, 40 KM HUKe . OMCKa; XaHTbl-
MaHcuiick-HU3 — 3.4 Km HuKe 1. XaHTbl-MaH-
CuiicKa). Mo opraHM3auMOHHBIM MOMEHTaM Ha
cTBope TobonbcKa OTOOP NPOBOAUNCA TONIbKO
HUXKEe UCTOYHMKA 3arpasHeHus (Tobonbck-HU3
— 2 KM HuxXe 1. TobonbCKa).

MeToabl

Mpobbl ¢uTONNaHKTOHA OoTbUpann HGatome-
TPOM M3 NOBEPXHOCTHOIO CN10A BOAbI, PUKCUPO-
Baan 40 % dopmanmHom c pgobasneHnem pac-
TBOpPA J1I0roNA, KOHUEHTPUPOBAIM OCALOUHbIM
cnocobom. O6paboTKy Npob NnpoBoanIM 06Le-
npuHATbIMM MeTogamu (Pegopos, 1979). Kaue-
CTBEHHble NPOobbl NOyYanu nNyTem UHTErpmupo-
BaHMA 06paboTaHHbIX KOIMYECTBEHHbIX.

YMCcNneHHOCTb KNeTOK BOAOPOCNEN YYUTbIBA-
1 B c4YeTHOM Kamepe opsieBa B ABYX NOBTOP-
HocTAX. BbMomaccy paccuuTbiBanM cYeTHO-Be-
COBbIM METOAOM, MCXOAA M3 YMCAEHHOCTU U
obbema KneTok, onpeaeneHHoro no ¢opmynam
reomeTpuyeckoro nogobua (Konbuosa, 1970).
Tpodunueckunit cTaTyCc U KauyecTBo BOZAbl OLEHU-
Ba/sn no buomacce putonnaHkToHa (OKCUIOK M
ap., 1993).

TaKCOHOMWYECKMIN CMUCOK BOAOPOCANEN Co-
CTaBNA/IN C YY4ETOM COBPEMEHHbIX CUCTEMATU-
Yyeckux NpeobpasoBaHuMi, aKTyaIM3aLUIO BUAO-
BbIX Ha3BaHMM NPOBOAMAM NO AAHHBIM MeXAy-
HapoaHou 6a3bl Algaebase (Guiry, Guiry, 2023).

Ons v3ydyeHus napameTpoB anbda-pasHo-
obpasuns PUTONNAHKTOLEHO3a B Mporpamme
Past (Paleontological Statistics Software for
Education and Data Analysis) (Past 4) 6b111 pac-
cymTaHbl MHAeKcbl WeHHoHa (H), Mapraneda
(d), momuHmnposaHua CumncoHa (D). Ctatuctu-
4yecKyto 06paboTKy AaHHbIX MPOBOAMAM B NPO-
rpamme Microsoft Excel.
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Puc. 1. Mecrta otbopa npob ¢puTonaaHKToHa pekn UpTbiw, 2019 r.
Fig. 1. Location of phytoplankton sampling sites of the Irtysh River, 2019

Pe3ynbratbl

B coctaBe ¢uUTONNAHKTOHA WMAEHTUDUUK-
poBaHO 247 BUAOOBbLIX U BHYTPMBUAOBbLIX TaK-
COHOB, BK/1lO4AA HOMEHKNATYPHbIA TUN BMAQ,
n3 Bocbmn otaenos: Cyanoprokaryota — 37,
Dinophyta — 3, Chrysophyta — 24, Xanthophyta
— 6, Euglenophyta — 25, Bacillariophyta — 32,
Chlorophyta — 114, Charophyta — 6.

Beaywaa ponb B popMmnpoBaHUM BUAOBO-
ro 6oratctBa ¢uTONNaHKTOHA WMpTbiwa npu-
Hagnexut Chlorophyta, 3HauyMmble nosnumm
3aHMmatotr Cyanoprokaryota, Bacillariophyta,
Euglenophyta un Chrysophyta, ponn Koto-
PbIX OTNMYAOTCA He3HauuTenbHo. Dinophyta,
Xanthophyta n Charophyta xapakTtepusytoTca
HeboNblIMM BUAOBbLIM BoraTcTteom (puc. 2).

Moka3zatenn o6mMnma pUTonNaHKTOHA B cpes-
HEM M HUXKHEM TeyeHun MpTblilwa oTanyaroTca
HEOAHOPOAHOCTbIO KaK BO BPEMEHHOM, TaK M
B MPOCTPAHCTBEHHOM acneKTe. Y1CNEHHOCTb U
6rMomacca GMTONNAHKTOHA MO TEYEHUID PEKM
BAPbMPOBAIN B 3HAYUTENbHbIX Npeaenax: Ymc-
neHHoctb — 0.17-34.05 mAaH Kkn./am3, 6uomac-
ca — 0.09-9.04 r/m3. CpegHue 3HaYEHUA NOKa-
3atenen obunma GUTONNAHKTOHA BO3pacTaloT
OT . OMCKa K HUXKHEMY Y4acCTKy TeYEHUA PeKM
— . XaHTbl-MaHcuncKy. Hanbonblumne nokasa-

TeNN YNCNEHHOCTU U Bomaccbl GUTOMNNAHKTO-
Ha Ha BCEX CTBOPAX PEKM OTMeYeHbl B aBrycre
— ceHTAbpe, MaKcMManbHble Nokasatenm obu-
nva GUTonNaHKTOHa Habnaanucb B aBrycre
B HUMXXHEM TeYeHUM peku (r. XaHTbl-MaHCUIACK)
(tabn. 1).

B dopmmpoBaHmm oben yncneHHoctT eu-
TONNAHKTOHAa Hanbonbllee y4yactve NpUHUMa-
tOT 3e/1eHble, AMAaTOMOBbIE BOAOPOC/IU U Lna-
HOMNPOKapWOTbI. VX A0NS CyLW,EeCTBEHHO 3aBUCUT
OT BPEMEHW U MecTa oTbopa. B paltoHe Omcka
n TobonbCcKa B cpegHeM 3a nepuog, uccneno-
BAHWI yyacTue 3TUX TPeX OTAENO0B B CO34aHUN
YUCNEHHOCTM PUTONNAHKTOHA NPUMEPHO OAU-
HAKOBO, @ B HU}KHEM y4acTKe TeYeHUs B pali-
OHe XaHTbl-MaHCcuIiCKa 401A LMaHOMPOKapuoT
3HAaUYUTENIbHO BO3pacTaeT, B OCHOBHOM 3a cyeT
nx obunua B aBrycte u ceHtabpe. B dopmu-
pPOBaHMM BMOMaccbl PUTONMAHKTOHA INaBHaA
PO/ib MPUHAANEXKUT AMATOMOBbLIM BOAOPOC-
NAM, CO3[al0LLMM Ha pPasHbIX CTBOPAx B cpes-
HeM 3a nepuoga nccnenoBaHnii 62—84 % obuen
6uomaccel, a Ha ctBopax OMcka 1 TobonbcKa B
Hosbpe — aekabpe — 6onee 90 % (cm. Tabn. 1).

BAnsAHMe HaceneHHbIX NYHKTOB Ha NoOKa3aTe-
N 06MNnA GUTONNAHKTOHA MO TEYEHUIO PEKU
Hanbonee 3ameTHO B panoHe r. OmcKa (puc. 3).
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Puc. 2. TakcoHOMMYEecKana CTPYKTYpa GUTOMNAHKTOHA POCCUMCKOrO yyYacTKka pekun UpTbiw, 2019 r.:
1 — Cyanoprokaryota, 2 — Dinophyta, 3 — Xanthophyta, 4 — Chrysophyta, 5 — Euglenophyta, 6 — Bacillariophyta,
7 — Chlorophyta, 8 — Charophyta
Fig. 2. Taxonomic structure of phytoplankton in the Russian section in the Irtysh River, 2019:
1 - Cyanoprokaryota, 2 — Dinophyta, 3 — Xanthophyta, 4 — Chrysophyta, 5 — Euglenophyta, 6 — Bacillariophyta,
7 — Chlorophyta, 8 — Charophyta

Tabnuua 1. YncneHHocTb M Bomacca GUTONNAHKTOHA POCCUMIACKOTO yyYacTKa pekun MpTbiw, 2019 .

Obuian YucneHHocTtb, %

_ uucnen-  Obuas 6romacca, %

ﬂ,s;an%To%o HoCTb, Buomac- 2
M/H K3“-/ ca, r/m* Cyanoproka- Bacillariophyta Euglenophyta Chlorophyta Mpouune

am ryota
r. Omck
14.40 10.02 5.07 58.25 12.26
30.05.2019  2.26 0.78 2.43 32.92 9.08 26.38 29.19
36.43 30.33 0.28 32.82 0.14
30.07.2019  1.48 1.22 0.51 84.89 1.01 13.08 0.51
49.95 9.05 0.49 40.40 0.12
26.08.2019  4.98 1.53 4.27 45,07 427 44.0 2.39
63.36 6.87 0.05 29.54 0.18
26.09.2019  7.98 1.61 2.1 69.00 0.005 28.13 0.64
3.95 38.82 0.29 27.82 0.12
25.10.2019  3.72 1.28 1.71 76.68 0.96 19.34 131
25.11.2019 111  1.06 f.22 333 = L7.22 o
19.12.2019 056  0.29 1.2 a2f 3822 = =
B cpearem 3.16£0.99 1.11+0.17—31528 2041 832 22.24 a2
r. Tobonbck
3352 2221 4.89 36.45 2.93
06.06.2019  2.39 1.27 1.05 72.49 9.42 1414 2.70
20.39 44.04 1.49 33.43 0.65
04.07.2019 ~ 3.58 3.41 0.31 88.97 2.56 7.68 0.48
64.58 1611 0.52 18.53 0.26
02.08.2019  6.36 1.51 0.97 72.89 6.15 19.50 0.49
67.80 17.41 0.74 13.84 0.21
05.09.2019  6.35 2.88 0.88 39.68 384 5.44 0.16
36.64 37.35 0.91 24.35 0.75
03.10.2019  6.21 3.42 0.14 85.17 2.32 11.63 0.74
5.18 50.41 1.30 41.81 1.30
01.11.2019  4.89 4.13 0.07 86.18 0.80 12.46 0.49
1.06 75.15 0.45 21.52 1.82
05.12.2019  2.20 1.77 0.03 92.49 0.72 6.21 0.55
457t 263¢ 32.74 37.53 1.47 27.13 113
Bcpearem g9 0.41 0.52 83.98 3.69 11.01 0.80
r. XaHTbl-MaHcUcK

29.91 24.78 4.95 35.04 532

22.05.2019  2.73 1.70 0.06 62.18 14.47 20.84

N
S
oy
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Tabnuua 1. MpogonkeHne

Obuwasn YucneHHoCTb, %
Ll,g;an%To%o— HoCTb, 6Momac- MaLd,
M/H KS,“-/ ca, r/m Cyanoproka- Bacillariophyta Euglenophyta Chlorophyta Mpouune
am ryota
18.97 23.91 277 50.00 435
07.06.2019  2.53 0.76 9.56 49.93 5.07 31.66 378
31.72 41.21 1.86 24.74 0.47
03.07.2019  5.38 4.54 1.04 86.28 6.18 6.34 0.16
82.80 8.94 0.18 7.99 0.09
01.08.2013 34.05  9.04 38.44 46.65 0.42 14.40 0.09
75.14 16.29 0.41 7.99 0.17
02.09.2019 11.23  2.51 6.95 75.05 10.67 5.90 1.43
27.53 48.26 3.15 20.73 0.33
03.10.2019  3.02 2.38 0.20 84.61 5.50 9.63 0.06
25.93 32.28 3.70 35.45 2.64
11.11.2019 095 0.35 1.01 71.19 10.38 16.19 1.23
55.88 26.48 5.88 11.76 =
25.12.2019 0.1/ 0.09 13.09 30.86 11.32 44.72 -
751+ 267+ 43.49 27.77 2.86 24.21 167
BcpeaHem  “3gg 1.04 8.04 62.43 7.99 20.39 1.15
14 i
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Puc. 3. AnHamumKa umcneHHoctn (A) n buomacchl (B) dutonnaHkToHa peku UpTobiw B palioHe r. Omcka, 2019
r.. 1 —Omck-BA3, 2 — Omck-HN3

Fig. 3. Dynamics of the abundance (A) and biomass (B) of phytoplankton in the Irtysh River in the area of
Omsk, 2019: 1 — Omsk-VIZ, 2 — Omsk-NIZ

MaKcumanbHble MNOoKasaTean YUCAEHHOCTU
dUTONNAHKTOHA OTMeYeHbl Ha cTtBope OMCK-
HW3 B ceHTAbpe, rae B 3TO BPEMA MHTEHCUBHO
BEreTUpPYIOT KOJIOHWA/IbHbIE ME/IKOKNETOYHblEe
6e3reTepoumnCTHbIE LMaHOMPOKAPMOTbI, cpean
KOTOPbIX Hanbonblwen YUCNEHHOCTU [A0CTU-

ran Coelosphaerium kuetzingianum Nag. (8.0

MAH Kn./am3).

Ha ctBope Omck-BM3 uyucneHHocTb ¢wu-

TOMJZIAaHKTOHA cywecCtBeHHO

bonee

MHTEH

CUBHO

34echb

HUXe,

Hau-
pa3BuMBa-
nacb Aphanocapsa planctonica (G. M. Smith)
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Kom. et Anagn (1.7 mnH kn./gm3). Hanbonee
BbICOKME MOKaszatenu 6Guomaccbl ¢utonnaH-
KTOHA Ha cTBOpax r. OMCKa TaK»Ke OTMeYeHbI B
ceHTabpe, OCHOBHYI [0Mt0 BUOMacchl 34ecb
bopMUpYIOT AMATOMOBbIE LLEHTPUYECKUE BO-
popocnn Aulacoseira granulata (Ehr.) Sim.,
Stephanodiscus hantzschii Grun., Buabl p.
Cyclotella (Kutz.) Bréb. Ha ctBope Omck-HU3
HauYMHasA C aBrycTta Nnokasartenm 6uomaccol, Tak
e KaK U YMCNEHHOCTMU, CYLLEeCTBEHHO Bbille,
yem Ha ctBope Omck-BU3 (cm. puc. 3).

B paioHe r. Tobonbcka MaKCMManbHble No-
KasaTennm YUCNEeHHOCTM OUTOMNMAHKTOHA Ha-
6at0aat0TCA B NETHE-OCEHHWUI Nepuog — C aB-
rycta no oktabpb (cm. Tabn. 1).

34ecb, Kak U B cpegHeM TeYeHUWU PeKu, B
duTONNAHKTOHE Hanbonee NHTEHCUBHO Pa3BU-
BAlOTCA LMaHONPOKapuoTbl poga Aphanocapsa
Nag. NocTteneHHoe yBennyeHne buomacchl dpu-
TOM/MIAHKTOHA C UIOHA MO MI0Ib CMEHAETCA ee
pe3KnUM nageHuem B aBrycte us-3a CMeHbl 40-

A

b h
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MUWHMpPYOLWKUX BUAO0B. Ecin B Utone oCHOBHYHO
nonto buomacchl co34aBann AMaTOMOBbIE BO-
popocnn poaa Aulacoseira Thw. n Asterionella
formosa Hass., TO B aBrycte Um Ha CMeHy npu-
XO4AT ME/IKOK/IeTOYHblE LMAHOMNPOKApPMOTbI
N XNIOPOKOKKOBbIE BOAOPOC/M, YTO NPUBOAUT
K CHWXeHUto bumomaccbl GUTONNAHKTOHA Ha
¢doHe pocTa ero YncneHHocTn. OceHbto obuame
$UTONNAHKTOHA MOCTENEHHO MNafaeT, YNCNEH-
HOCTb LLMAHOMPOKAPMOT YMEHbLUAEeTCA, OCHOB-
HYlO A0/1t0 BMoMacchbl M YUCNEHHOCTU opMU-
PYIOT OAMATOMOBbIEe BOAOPOCAN (B OCHOBHOM
Asterionella formosa v Buapbl poaa Aulacoseira).

B HMKHem TeuyeHuun WpTbiwa B panioHe T.
XaHTbl-MaHcuMCKa AMHAMMKA YMCNEHHOCTU U
6rnomaccbl PUTONNAHKTOHA MMEET XapaKTep
OLHOBEPLIMHHOM KPUBOW C APKO BblpaXKeH-
HbIM MWKOM B aBrycTe, CyL,eCTBEHHbIX OTAU-
YWMiA NOKasaTenein No cTBopam He HabntoaaeTcs
(puc. 4).

I X[ Mecan

XI X Meca

e el e o

Puc. 4. AnHamuKa uncieHHoctu (A) n buomacchl (b) putonnaHkToHa pekn MpTbiw B parioHe r. XaHTbi-MaH-
cuiicKka, 2019 r.: 1 — XaHTbl-MaHcuinck-BN3, 2 — XaHTbl-MaHcuinck-HA3

Fig. 4. Dynamics of abundance (A) and biomass (B) of phytoplankton in the Irtysh River in the area of the city
of Khanty-Mansiysk, 2019: 1 — Khanty-Mansiysk-VIZ, 2 — Khanty-Mansiysk-NIZ

BbicoKana 4YMCNEHHOCTb PUTONNAHKTOHA Ha
oboux cTBOpax obycnoBneHa MHTEHCUBHOM
BereTaumen LMaHOMPOKAPMOT, Cpean KOTopbIX
HamMbonblel YMCNEHHOCTM AOCTUraloT BUAbI
poaga Aphanocapsa. Moyt NonoBuHY obLLEN
6ruomaccbl popMMpPYOT AMATOMOBbIE BOAOPOC-

N1, NpeAcTaB/iieHHble B OCHOBHOM LEHTpUYe-
CKMMM gmatomesamu poaa Aulacoseira.
NHAaekcbl 6BuopasHoobpasua GuTonnaHKTo-
Ha KonebntoTcA B Y3KUX Npeaenax Ha Bcem Mnpo-
TAMEHUU UCCNea0BaHHOIo TeyeHua (Taba. 2).
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Tabnnua 2. MHaeKcebl BropasHoobpasma putonnaHkToLeHo3a pekn NpTbiw, 2019 1

MecTo oT60opa nNpob

UHpekc LleHHOHa

NHpekc Mapraneda NHpekec CumncoHa

r. OMcK 2.42 3.69 0.17

r. Tobonbck 2.62 4.42 0.15

r. XaHTbl-MaHcHicKk 2.57 4.45 0.13
B cpeaHem 2.53+0.06 418 £0.24 0.15+0.01

3HauyeHuMA nHpekcos LleHHoHa M Maprane-
¢da yKa3bIBalOT Ha CPEAHIO C/I0MKHOCTb CTPYK-
Typbl GUTONNAHKTOLLEHO3a U AOCTAaTOYHO BbICO-
Koe BuaoBoe 6oratcTBo. MokasaTenn MHAeKca
AOMWHMpPOBAHUA CMMIMCOHA Ha BCeM MpPOoTsKe-
HUM NpTbila MMEOT HEBbICOKME 3HAYEHMA, YTO
COOTBETCTBYET CO0OL,ECTBAM C HEBbIPAXKEHHbI-

MW AOMWHAHTAMM U TaKKe CBUAETENbCTBYET O
cpepHer CNOXKHOCTU CTPYKTYpPbl GUTONNAHKTO-
ueHos3a. KauecTBo BoAbl B peKe COOTBETCTBOBA-
N0 3-My Knaccy ya0BNeTBOPUTENIbHOM YMUCTOTbI,
Tpoduryeckmit cTatyc konebanca or me3oTpood-
HOM [0 3BTPOdHOMN KaTeropmu (Tabn. 3).

Tabnuua 3. KauectBo Boabl 1 TpodUYECKUI cTaTyc peku UpTbiw, 2019 r

O6was 6uomacca

KayecTtBo BOAbI

Tpoduryeckmin ctatyc

MecTto oTbopa GMTOMNAHKTOHA,

o/ Knacc paspag, KaTeropums paspag,
3 — yaoBNeTBOpUTENb- 3a — JOCTAaTOYHO  Me30Tpod- Me30-
r. Omck 1.11 < o
HOW YNCTOTb! yncras Has 3BTPOdHbINA
r. Tobonbck 2.62 3 —yAoBneTBopUTe/b- 36 —cnabo 9BTpodHaa 3BTPOdHan
HOW YNCTOTb! 3arpA3HeHHas
r. XaHTPI- 67 3- yZ0BNIETBOPUTE Ib- 36 — cnabo 38TpOdHas  9BTPOGHAR
MaHcuick HOW YNUCTOTb! 3arpA3HeHHas
B cpeaHem no 2134051 3- yZ0BNIeTBOPUTE 1b- 36 — cnabo ssTpodHan  3BTpOdHAR
peke HOM YNCTOTb! 3arpAsHeHHas
O6cyxpeHue MokasaTenu obunua putonnaHktoHa 8 2019
I. HAXOAATCA HA TOM e ypOBHe, 4YTO M B npe-
TaKCOHOMMYECKAA CTPYKTypa ¢uTonnaH- A yp ’ P

KTOHa POCCMMCKOro yyacTKa peku MpTbiw no
CPaBHEHMIO C NPeabIAYLWMMUM NUCCNef0BaAHUA-
Mmn (BarkeHoBa, bapcykoBa, 2022; Bazhenova,
Gulchenko, 2017) KapguMHanbHO He WU3MEHU-
Nlacb U COXpPAHWNA NpeXXHWe 4YyepTbl. Bugosoe
6oraTcTBO (06LLLEE KONNMYECTBO BUAOBbIX U BHY-
TPMBUAOBbIX TAKCOHOB) OCTANIOCh Ha MPEXHEM
ypoBHe. B paMKax KOHUEMNUMM IKONOTUYECKMX
moaundukaumnii (Abakymos, 1991) ato cooTBeT-
CTBYeT [A0CTAaTOYHO YCTOMYMBOMY COCTOSIHWUIO
3KO/IOrMYECKOM Moaynsaumm, T. €. YyCTaHOB/EH-
HOEe aHTPOMOreHHOoEe 3KO/MI0rMYeCcKoe HanpaxKe-
HMEe 3KOCUCTeMbl POCCUIMCKOro yvacTtka MpTbi-
LA COXPAHAETCA A0 HAaCTOALLErO BPEMEHM.

Mo-npexHemy BeaylimMe NO3ULMKU B TAKCO-
HOMMWYECKOM CTPYKType ¢GUTONNaHKTOHA 3a-
HumatoT otgensl Chlorophyta, Bacillariophyta,
Cyanoprokaryota un Euglenophyta.

TakcoHOMMYECKaA CTPYKTypa GpUTONNAHKTO-
Ha cpefHero n HUXKHero Te4yeHna MpTobiwa B Le-
JIOM COOTBETCTBYET CTPYKType PUTONIAHKTOHA
APYrnx nccnenoBaHHbIX pek O6b-UpTbiCcKoro
b6acceliHa — Obu n ee Hambonee KpPynHbIX NPU-
TokoB — KeTb, BactoraH, Tomb (BapcykoBa wu
ap., 2022; Barsukova et al., 2021; Bazhenova,
Barsukova, 2022, 2023).

Ablaywme roabl uccnegosaHun (2014-2016).
Knacc KayectBa BoA W KaTeropua TPOdHOCTM
TaKXe COOTBETCTBYIOT YPOBHIO MOKasaTenemn
npeablaywmnx nepnoaos. Ha Bcem NpoTaxKeHumn
POCCUMCKOro y4yacCTKa PEKU B JIETHE-OCEHHUM
nepuod B GUTONNAHKTOHE MHTEHCUBHO pas-
BMBAIOTC ME/IKOKNEeTOUYHble 6e3retTepouuct-
Hble LMaHOMNPOKapMOTbl (B OCHOBHOM M3 poaa
Aphanocapsa) (barkeHoBa, bapcykosa, 2020).

NHTeHcMBHaA Beretauma 6e3retepoLmCTHbIX
LMaHOMNPOKapMoT HabatogaeTca Kak B MpTbilwe,
Tak n B gpyrux pekax Poccuun (Koxosa, bawa-
poBa, 1984; KoxesHuKoBa, 2001; KopHesa,
2015).

[aHHbIM npouecc ob6blYHO HabaogaeTca Ha
3aK/II0YUTE/IbHBIX CTAagUAX ONUF0-3BTPODHOM
CYKLECCUM 1 CBUAETENbCTBYET 06 yBeNNYEeHUN
Tpoduyeckoro cratyca Bog (KopHesa, Myuiex-
ko, 2020).

MapameTpbl anbda-pasHoobpasma B Le/OM
COOTBETCTBYIOT 6/1aronosy4yHOMY COCTOAHUIO
duTOoNNaHKTOLEHO3a MpTbilla U COOTBETCTBY-
toT TakoBbiM peK 0O6b, KeTb, BactoraH, Tomb
(Barsukova et al., 2021; BapcykoBa u gp., 2022;
Bazhenova, Barsukova, 2022, 2023).

10
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3aknoueHume

OcCHOBY TaKCOHOMMYECKOM CTPYKTYpbI PpUTO-
NJaHKTOHA POCCUIMCKOTO y4acTKa peku MpTbiw
B nepuog maii — aekabpb 2019 r. dopmupytoT
Chlorophyta (46.2 %), 3HauMmyl ponb urpa-
toT Cyanoprokaryota (15.0 %), Bacillariophyta
(13.0 %) n Euglenophyta (10.1 %). Yucnen-
HOCTb M HBMOMacca PUTONNAHKTOHA B LEIOM
Nno peke B MUCCNeAOBaHHbIA Nepuoa, Bapbupo-
Ba/IM B 3HAUYUTE/NbHbIX Npeaenax: YNCNEeHHOCTb
— 0.10-41.07 maH kn./am3, Buomacca — 0.04—
9.61 r/m3. MakcumanbHble nokasatenun obunma
dUTONNAHKTOHA OTMEYeHbl B JIETHE-OCEHHWUM
nepuod. BausHME HaceneHHbIX MNYHKTOB Ha
nokasatesn obunns GUTONNAHKTOHA MO Teye-
HUIO peKM Hanbonee 3ameTHO B paiioHe OMcCKa
— HUXEe ropoda B peke 3a CcYeT UHTEHCUBHOWM
BereTaunm 6e3reTepouMCTHbIX LMAHOMPOKApU-
OT CYLLEeCTBEHHO YBEIMYMBAETCA YNCAEHHOCTb
dUTONNAHKTOHA, a pocT buomaccbl obycnos-
NIeH B OCHOBHOM pPa3BUTUEM LEHTPUYECKMX
AVaTOMeN, cpeam KOTopbIX 3aMeTHa 4014 no-
KasaTena aHTPONOreHHoro 3BTPodnpPoBaHua S.
hantzschii.

MoKasatenn obunms GUTONNAHKTOHA pocC-

Bbubnnorpadus

CUIACKOTO y4yacTKa pekn MpTbiw HaxoaAaATca Ha
TOM }Ke YypPOBHe, YTo U B npeablaywme (2014—
2016) roabl nccnegoBaHuii. Tpopuyeckuin cta-
TYC M KNAcC KaYecTBa BOA, TaK¥Ke COOTBETCTBYOT
YPOBHIO MpeAblaywmx nokasatenei. MNapame-
Tpbl anbda-pazHoobpasna cooTBeTCTBYIOT HNa-
rono/ly4HOMY COCTOAHWUIO PUTONNAHKTOLEHO-
3a.

MonyyeHHble AaHHbIE CBUAETENLCTBYIOT, YTO
QHTPOMNOreHHOEe 3KON0TMYEeCKoe HanpaAXeHue
3KOCUCTeMbI MpTbila coXxpaHAeTcA A0 HAcToA-
LLLEero BPEMEHMU, HO B LE/IOM 3KOCUCTEMA PEKMU
Haxo4MTCA B AOCTAaTOYHO YCTOMYMBOM COCTOSA-
HWUM 3KONOTUYECKON MOAYNALMN.

B To »Xe BpemA cnepyetr OTMETUTb, YTO HA
BCEM MNPOTAXKEHUM POCCUIMCKOro y4vacTtka MUp-
Tbllla B NE€THE-OCEHHWUI Mepuog, npoucxoamuT
WHTEHCMBHAA BeretTauuma 6e3reTepouymCTHbIX
LMAHOMNPOKAPMOT, XapaKTepHaa ANA 3aKI04K-
TeNbHbIX CTagMN ONUT0-3BTPODHOM CYKLECCUMN.

HapacTtaHve noaob6HbIX HeraTMBHbIX NpPoO-
LLeCCoB B CTPYKType ¢uTonnaHKToueHo3a Up-
TbllWa OTPAXKaeT YCU/IEHUE aHTPOMOreHHOro
BO34ENCTBMA Ha PeKY, 0COBEHHO APKO MposB-
nAloweecA B pavioHe KPYMHbIX Meranosncos
(r. Omck).
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Keywords: Summary: Based on the materials of studies in 2019 of phytoplankton in
phytoplankton the Russian section of the transboundary Irtysh River (middle and lower
species composition reaches), the species composition, taxonomic structure, and distribution of
taxonomic structure phytoplankton abundance along the river were established. The basis of the
biodiversity indices speciesrichness of phytoplanktoniscreated by greenalgae (Chlorophyta group),
trophic status Cyanoprokaryota, Bacillariophyta and Euglenophyta play a significant role. The
water quality maximum abundance of phytoplankton was observed in the summer-autumn
Irtysh River period. Throughout the entire length of the river, small-celled, heterocyst-free
Western Siberia cyanoprokaryotes, chlorococcal and centric diatoms intensively vegetate in

phytoplankton in the summer-autumn period. The influence of settlements on
the indicators of phytoplankton abundance along the river is most noticeable
in the Omsk region. Below the city in the river the number of phytoplankton
significantly increases due to the intensive vegetation of heterocyst-free
cyanoprokaryotes. At that, the growth of biomass is mainly due to the
development of centric diatoms, among which the share of anthropogenic
eutrophication of Stephanodiscus hantzschii Grun is noticeable. The water
quality in the river corresponded to the 3rd class of satisfactory purity, the
trophic status ranged from mesotrophic to eutrophic category. The parameters
of alpha diversity indicate a prosperous state of the phytoplanktocenosis of
the Irtysh. Anthropogenic ecological stress of the Irtysh ecosystem persists to
the present time, but in general, the river ecosystem is in a fairly stable state
of ecological modulation.
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MBaHTep I. B. 3aKOHOMEPHOCTU U GaKTOPbl AMHAMUKM YUCEHHOCTU pbiXKen nonesku (Myodes glareolus schr.) Ha 3a-
noBeAHbIX TeppUTOPUAX BOCTOUYHON DeHHOocKaHauu // MpuHumnbl 3konormm. 2023. Ne 3. C. 15-35. DOI: 10.15393/
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k NMPUHU UMbl 3KOJIOTUAN YHUBEPCHATLET
http://ecopri.ru http://petrsu.ru

YIK YK 599.363: 591.526

3JAKOHOMEPHOCTHU 1 PAKTOPDI _
JNHAMUKHU YUCITIEHHOCTMH PBI’KEHU
IHHOJEBKU (MYODES GLAREOLUS SCHR.) HA
3AITIOBEJHBIX TEPPUTOPUAX BOCTOUHOM
OEHHOCKAH/IUN

NBAHTEP 0oxkmop buonoeuueckux Hayx, Kapenvckuil nayunsii yenmp PAH,
Opuect BUKTOPOBUY jvanter@petrsu.ru

KnioueBble cnosa: AHHOTaumA: Ha ocHoBe maTepurasios, NOJYYEHHbIX Ha 3aNOBeAHbIX TEPPUTOPMUAX

apean BocTouHOM PeHHOCKaHAWMKM, aHanM3npyeTca xoh, U GaKTopbl MHOTONETHEN AMHa-
rpaHuLLbl apeana MWKK yncneHHocTn (1958-2018 rr.) pbixkeit noneskn (Myodes glareolus Schr.) B
KonebaHuA YC/IOBUAX NPUFPAHMYHON ceBepHOM 06/1acTy ee pacnpoCcTpaHeHMA. YCTAHOBNEHO,
onTUMYM YTO MUCCNeLYyEMbIN BUA, XapaKTepusyeTca 34eCb HEBbICOKOM, MO CPABHEHMUIO C OM-
NeccMmym MosIeBKM  TUMYMOM apeana, yncieHHocTbio (1.9 aKk3. Ha 100 noB..-cyT., 1.7 — Ha 10 KaH. -cyT.),
NAOTHOCTb OAHAKO MPOAO/IKAET COXPAHATb MANPYIOLLEE MOJIOKEHME B 0OLEM HaceneHun
nonyaaumm MEeIKUX MNeKonuTatowmx, coctasnsan 50.5 % B ynoBax 0BYLWKO-TMHUAMMU U OKOJIO
LKA 10 % B oT/10Bax KaHaBKaMW, rae ycTyrnaeT nepBoe MecTo MO YMCAEHHOCTM /nLb

06bIKHOBEHHON 6ypo3ybKe. BbiABNEHbI PE3KO BbIPaXKeHHble MHOFONETHUE U3Me-
HEeHWA YNCNEHHOCTU, XapaKTepPU3YOLLMeca 3HAYNTENbHOM aMNANTYA0N KonebaHui
N HEPUTMMUYHON CMEHOWN KPaTKOBPEMEHHbIX OTHOCUTE/NIbHO BbICOKMX MOABEMOB
BECbMa A/IUTENIbHbIMU U TYBOKMMUK genpeccnamn. B oTanume OT LEeHTpanbHbIX
OMTMMaNbHbIX 30H apeasa, rae 3HaYUTe/IbHYIO PerynpyoLLyo POab UrPaoT BHY-
TPUNONYNALMOHHbIE KOMMNEHCAaTOPHble MeXaHW3Mbl, Ha ero ceBepHol nepudepum
3Ty OYHKLMIO BbIMONHAIOT BHELHNE, B OCHOBHOM MOrogHo-peHonornyeckme dak-
TOPbI, OT/IMYAIOLLMECA B YCIOBUAX CEBEPHBIX NPEAENOB apeasia KpallHel aKcTpe-
MaNbHOCTbIO U HEPUTMUYECKUM NpoABaeHneM. AHaNN3 NOJIyYEHHbIX MaTepPManos
MO3BOJIAET 3aKNHOUUTDb, YTO CBEAUN BCEro MHOroobpasua GakTopos, onpeaensowmx
ONA NPUTPaHUYHBIX MONYAALMIA PbIXKEN NOSEBKM SKOMOTMYECKY0 06CTAHOBKY roaa,
Hanbonee cylwecTBEHHbI 415 POCTA YUCIEHHOCTU CPOKM HACTYMN/IEHUA BECHbI, TEM-
nepaTtypa ¥ CymMa OCaKOB B KOHLLe BECHbI — Hayasie /1eTa, a TaKXKe ypoKai ceMaH
XBOWHbIX fiepeBbes (BO MHOTOM onpeaenatowmii Ana HaceNeHUA IeCHbIX FPbI3yHOB
KOpMOBble YyCN0BUA nepe3nmoBKu). COMOCTaBNeHWE pPe3ynbTaTOB MHOTONETHUX
nccnefoBaHUA Ha YeTbipex CTaLMOHaPHbIX y4acTKax BoctouHol ®eHHoCKaHaAnN —
3anoBegHMKM «KnBau» M «KOCTOMYKLICKMIAY», HaUMOHANbHbIA NapK «J/lagoxcKkue
LUXEPbI» M 3aKa3HUK «KaCKeCHAaBOMIOKCKMIAY C MOMYYEHHbIMM B LLEHTPaNbHON Ya-
CTW apeasia BbIAIBUIO KaK CXOACTBO, TaK U pPAL XapaKTePHbIX Pasinyunii. B uenom
e A1 Hace/leHMA KapenbCKUX CTALMOHapoB ObHapy:KkueaeTcs H6onee WNMPOKUIA
CNEeKTp NepexoaoB Ce30HHbIX AMHAMUK M3 oaHOM dasbl B gpyrme. B pesynbraTte Ha
Anarpamme CNeKTpaabHOW NJIOTHOCTU AMANA30H MaKCMMAJIbHbIX MIOTHOCTEN pas-
MbIT W pacnonaraetca B obnactn 2.5-5.5 roga. Kpome Toro, nosasneHve B AuHa-
MuKe nepudepuryeckon NonyaaLMM LUKAOB 60NbLUMX AANTENbHOCTEN MOXKeT dop-
MWPOBaTb «MNCEBAOLMKAbI MefjieHHbIX KonebaHuii», KoTopble HabnoaaloTca Ha
cnekTporpamme Ha nepuogax 6onee 7 net. B uenom xe AMHaMMKa YNCAEHHOCTU
N CTPYKTYpbl HaceneHus nepudepuyeckoin nonynaumm 6onee Bcero HanomuHaeT
OfIMH N3 TUNUYHbIX CLLeHapMeB Nepexoa XaoTUYECKOro ABUXEHUA Yepes HEKOTO-
pble NPOMEXYTOYHbIE COCTOAHUA K CTaunMoHapHoMy. [Tpn Takom xapakTepe AuHa-
MUKW BCMJIECKM XaOTUYECKOTrO NMOBeAEHUA YepeaytoTca C y4acTKaMn, Ha KOTOPbIX
MOTYT NPOUCXOAMUTbL NOYTU NPaBU/bHbIE MEPUOANYECKME KONebaHUA.

© MNeTpo3aBOACKMI FOCYAAPCTBEHHbIN YHUBEPCUTET
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MBaHTep I. B. 3aKOHOMEPHOCTU M bAKTOPbl AMHAMUKM YNC/IEHHOCTU pbixKel nonesku (Myodes glareolus schr.) Ha 3a-
noBeAHbIX TeppUTOpPUAX BOCTOUYHON DeHHocKaHauu // MpuHumnsl skonormmn. 2023. Ne 3. C. 15-35. DOI: 10.15393/

jl.art.2023.13922

MonyyeHa: 28 nona 2023 roga

BsepeHue

Mpobnema AMHAMMKM YNCIEHHOCTU KUBOT-
HbIX NPOAO/IYKAET BbI3biBaTb 60/bLLION NHTEpPEC.
Mexay Tem pe3ynbTaTbl UCCNEL0BAHNIN B 3TOM
obnacTtun Yyawe Bcero ny6AMKyHOTCA B BUAE KpaT-
KMx 0630p0oB, OCHOBbIBAOLMXCA Ha OTHOCK-
TEeNIbHO HENPOAO/IKUTENbHbIX HabaoaeHUAX,
N NPaKTUYECKU NULIEHbI Kakux-nMbo obobuue-
HUN. ITO B MOJIHOM Mepe OTHOCUTCA U K pabo-
Tam, NOCBALWEHHbIM O4HOMY M3 CaMbIX MHOFO-
YMCNEHHBIX U LUMPOKO PaCNpPOCTPaHEHHbIX BU-
[OB Ha3eMHbIX MaekonuTatowmx lNaneapktu-
KM — pbixken noneske Myodes (Clethrionomys)
glareolus Schr. OcobeHHo cnabo nccnenosaHbl
ee ceBepHble nepudepryeckne NONyaaLUn u,
B YAaCTHOCTW, 3aKOHOMEPHOCTN U PAKTOPbI UX
ANHAMMKM YMCNEeHHOCTH. Llenb HacToAwel pa-
60Tbl — BOCNONAHUTbL 3TOT Npoben pesynbraTta-
MU MHoroneTtHux (1958-2018 rr.) uccneposa-
HWI, BbINONHEHHbIX B OTHOLWEHWM YKa3aHHOrO
BMAA Ha 3anoBeAHbIX TepputTopmax BoctouHoi
®eHHOCKaHAMM, KyAa OTHOCATCA 3aN0BEeAHUKM
«Knau» n «KocTomyKLWCKMn», HauMOHaNbHbIN
napk «J1lafoxckue wxepbl» U 3akasHUK «Ka-
CKECHABONIOKCKMIY, NpeacTaBastowme aAna pbl-
el NoneBKuM ceBepHyto nepudeputo apeana.
Mpw 3TOM rNaBHOE BHMMaHMWe npegnonaraerca
YAENUTb HAMMeEHee M3YyYeHHbIM acnekTam no-
NYyAALMOHHOM 3KONIOTUM BUAA M, B HYACTHOCTY,
3aKOHOMEPHOCTAM M PaKTOpaM MHOroneTHel
ANHAMMKM €ro YNCNEHHOCTU BHN3UN CEBEPHDIX
rPaHuL, PacnpoCcTpaHeHuUs.

Kak mn3BecTtHo, bonee unnm meHee pUTMMU-
Yyeckne M3MeHeHuAa BMOoNorMyecknx npouec-
COB AB/IAKOTCA HEOTHLEMNIEMOM YACTbIO KU3HMU.
Mpy 3TOM CyLLECTBYET HECKONbKO TOYEK 3pe-
HUS OTHOCUTENbHO MPUYUH BO3HUKHOBEHMUA
UMKANYECcKUX KonebaHuin pgemorpadpuyeckmnx
Xapaktepuctuk nonynAaumm. CornacHo nep-
BOM, KM3HEAeATe/IbHOCTb MHOTUX BUAOB XKMU-
BblX OpPraHM3MOB onpeaenseTcd B OCHOBHOM
BHELHWUMM MO OTHOLUEHUIO K HUM ABNEHUAMM
M npoueccamu (cesoHHas pUTMMKA NPUPOAbI,
noroaHble ycnoBuma, Kopmosas 6asa u T. 4.). Ho
NpPW 3TOM COBEPLLEHHO AICHO, YTO XKMBblE CyLLe-
CTBA He MaCCUBHbIE YYACTHUKKU BuocdepHbIxX
NpoLeccoB, OHM U CaMN U3MEHSAIOTCSA, U aKTUB-
HO NpeobpasyloT cpeny cBoero obuTaHuA ana
TOro, 4tobbl ONTMMANbHO COMNACOBaTb PUTM
CBOWX YKM3HEHHbIX LMKI0B C NpoLeccamu, npo-
TeKaloLWMMn BO BHelHel cpeae. [oaTomy Hau-
b6onee BEpPOATHbIMW CAeAyeT CYMUTATb B3NALbI,
COINAaCHO KOTOPbIM XM3HeAeATeIbHOCTb Nomny-
NAUMIK onpeaenaeTcs Kak BHYTPUNONYAALMOH-
HbIMM NPOLLECCAaMM, TaK U BHELLHMMUK daKTopa-

MoanucaHa K neyartu: 03 okTAbps 2023 roga

Mu. CTeneHb BANAHUA BHELWHMX U BHYTPUNOMy-
NAUMOHHbIX GAKTOPOB He oAMHAKOBa A pas-
NINYHBbIX BUAOB OpraHM3moB. Bonee Toro, oHa
MOXET 3HauUTeNIbHO M3MEHATbCA Aaxe ANs
O4HOTO U TOrO *Ke BMAA MENKUX MAeKonuTato-
WMX B 3aBUCMMOCTW OT TOTO, B KaKoM npupoa-
HO-K/IMMaTUYEeCKOM 30He OH obuTaeT (MBaHTep,
1975, 2018; Henttonen et al., 1988; MBaHTep,
Muranbckuin, 2000; *Muranbckuii, 2002, 2012;
Bobpeuyos, 2009 u ap.).

[Ona pbiken NONEBKM, KaK U A8 MHOTUX
APYTUX BWOOB KMBOTHbIX, MPOCTPAHCTBO, B
npeaenax KOTOpOro npoTeKaeT NOJHbIN XKu3-
HEHHbIN UMKA BUAOBOr0 HaceneHusa, MOMKHO
YC/IOBHO pa3fenuTb Ha gse 4yactu. Obnactu,
rae BUA C 3BOJIIOLMOHHON TOYKM 3peHnsa obuTa-
€T A0CTAaTOYHO A/INTE/IbHOE BPEMSA U B KOTOPbIX
npoueccbl cOBCTBEHHOM M3HEeAeATENIbHOCTH
Hamay4ywmnm obpasom COrlacoBaHbl C PUTMU-
YECKMMN U3MEHEHUAMWU BHelLHen cpeabl —
3TO ONTUMasbHble MeCcTO0bUTaHUA B LEHTpe
apeana. MNepudepunto apeana c neccumasnbHbl-
MW MeCcTOOBUTAHMAMM B Pa3/INYHbIX €r0 TOYKaX
BMA, 3aCeNUN N NPOLONKAET 3aCeNATb CPABHU-
Te/IbHO HeAABHO, U NO3TOMY NpUcNocobnenuns,
MMEIOLLLMECA Y HETO K 3TUM YCNI0BMAM, HE CTO/Ib
coBepweHHbl (AHapeesa, OKynosa, 2009; Jly-
KbsaiHoBa, 2023; Johannesen, Mauritzen, 1999).
Ha 3Toi OCHOBE U CNOXKWNOCb MHEHME O TOM,
YTO NPOLLECCHI KM3HEAEeATENIbHOCTU KMBOTHbIX,
obuTaloWwmMx B ONTUMyMe apeasia, pa3BUBaAlOT-
€A raBHbIM 06pa3om nog, BANAHUEM SHAOTEH-
HbIX, BHYTPMNONYAALMOHHbIX $paKTopoB. HKus-
HEHHbIN e LMKA KUBOTHbIX, obUTatoWwmMx Ha
nepudepumn apeana, B 3HAYMTENbHON CTENEHM
onpenenaeTcA BHEWHWMM, 3K30T€HHbIMU YC-
NIOBMAMM, KOTOpble Ha nepudepun apeana oT-
INYAOTCA HEYCTOMYMBOCTBIO U IKCTPEMASIbHO-
cTbio (MBaHTep, 1975, 2008). CnepoBaTesnbHO,
MOXHO 0XMAaTb, YTO U XapaKTep U3MEHEHW
YMCNEHHOCTU, U NPOAOIKUTENIbHOCTb KU3HEH-
HbIX LMKIOB Yy MONEBOK, OOMTAOWMX Ha ne-
pudepun apeana, byayt, rmaBHbiIM obpasom,
CBA3aHbl C U3MEHEHUAMW BHELUHUX YCNOBUM.
NccnepoBaHuA, noaTeepKaatowmMe BblCKA3aH-
Hoe 3aKatoveHue, bblM NpoBeseHbl Ha Kpac-
Ho-cepoit noneske B PuHnaHanm (Johannesen
et al., 2002), Ha KpacHoOW noseBKe 0. XOKango
(AnoHusa) (Stenseth et al., 1996), pbiken no-
neske Lleeuynn (Hansson, Henttonen, 1985) n
Ha KPaCHOM U PbIXKeN MoneBKax, obutatowmx
B Pa3/nyHbIX pernoHax Poccum (HKuranbckui,
2002, 2011, 2012). Ans npoBepKM 3TOM runoTe-
3bl Mbl CONOCTaBUAN AAHHbIE MO MNONYAALMOH-
HOM 3KONOTMW PbIXKEeM NONEBKWU, MOJIyYEHHble
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Hamu B Kapenun (cesepHan nepudepus apea-
na), ¢ maTepuanamm AuTepaTypbl, OTHOCALLM-
MUCA K LLeHTpy (onTMManbHOM YacTn) obnactu
pacnpocTpaHeHus (Muranbckuii, 2011).

MaTtepuanbl

B ocHOBY paboTbl NONI0XKEHbI MaTepPUanbl UC-
CNefoBaHUA NONYAAUNMOHHOM AUHAMMUKKU pPbl-
YKeW NoNeBKM, NPOBOAMBLUMXCSA HA HECKOMbKMX
NoNEeBbIX CTAaLMOHAPaX, PAacnosoXKeHHbIX B Ce-
BepHoM (KocTomyKLCKMit 3anoBeaHUK, 1999—
2010 rr.), CpegHelt (3anoBeaHMK «KuBau»y,
1958-1963, 1974-2006 rr.) u KOxKHOI Kapenuu
(HaumoHanbHbIN Napk «J1agoXCKMe LWXepbl» U
«KacKkecHaBOMOKCKKUI 3aKa3HUKY (B 1965-2017
rr.). Bce KapenbCKMe cTauMoHapbl pacnosioxKe-
Hbl B BopeanbHOM NOA30HE CpefHeTaeXHbIX
NecoB, 34€eCb e NPOXOAUT CeBepo-3anaHas
rPaHMLA pPacnpOCTPaHEHUA PbIXKEM MNONEBKU
(61°40'c. w., 33°30’ B. 4.). Ha Tepputopmmn BCcex
obcnenoBaHHbIX cTauMoHapos, Kpome Kocto-
MYKLLCKOro 3anoBefHWKa, NpeacTaBAAatoLLEro
ANA Hee CeBepHbI Npeaen pacnpocTpaHeHus
M roe OHa KpalHe penKa, pbiXKan NnonesKa Ao-
MWHUpYeT. Ee ons B cocTaBe HaceNeHma Men-
KMX MJIEKONUTAIOLWMX 3TUX CTaLMOHAPOB Ko/e-
6netcsa no rogam ot 55 g0 85 %. MNo 3anosea-
HUKY «KunBau» M KackecHaBOJIOKy pe3y/bTaThbl
MHOTONIETHUX YYETOB MEIKUX MIEKOMUTAIOLLNX
6111 0606WeHbI A. . KyteHKkoBbiMm (2006) 1 A.
E. Akumosoi (2018).

MeTtoapbl

0N OLEHKN COCTOSIHUS U YUC/IEHHOCTU No-
nNyfAuMA M3y4aemoro BWAA HamMu MNPUMEHS-
JIUCb [BA LUMPOKO PacnpoCTPaHEeHHbIX MeToaa
OTHOCUTE/NbHbIX YY4ETOB MbILEBUAHbLIX TPbI3Y-
HOB — NOBYLUKO-IMHUAMM U NTOBYMMM KaHaBKa-
MW. MepBblii 3aKA04ANCA B paCCTAaHOBKe Napan-
NenbHbIX (Ha paccToaHMKM 25 M ogHa OT ApYroi)
JNIMHUN AaBUNOK (KankaHuuKos lepo) no 25-50
WIT. B Ka)KA0M, PaccTaBNEHHbIX C MHTEPBA/IOM
B 5 m. OHK paBHOMEpPHO pacnpenenanncb no
Bcem obcneayembim 6GMOTONAM M AENCTBOBANN
no 2—4 cyTok. MPUMaHKOM CAYXUIN KYCOYKM
CMOYEHHOW NOACONHEYHbIM MAC/IOM KOPOYKM
p*kaHoro xneba. MposepKy NoByLIEK NPOBOAM-
nm 1 pas B cyTKM. 32 NnoKasaTtenb obuama npm-
HUMAJIM YNCNO 3BEPbKOB, MOMNABLUMX 33 OAHM
CYTKM paboTbl 100 nosywekK (Ha 100 no..-cyT.),
N BblpaKEHHYIO B MPOLLEHTAX A0 AAHHOrO
BMAa B obliem ynoBe 0BYWKamuU (OTHOCK-
TeNbHOoe 06uane B HaceNeHUN MeNKUx MNeKo-
NUTAOLWMX, UIN UHAEKC AOMUHUPOBaAHUA, %).
Y4yeT 1 O0T/1I0B KaHaBKaMK NPOBOAM/ICA C MOMO-
Wwbto 30-MeTpOBbIX TPAHLLIEN, UMEBLLMX MO TPU
META/I/IMYECKMX KOHYCA, CY¥KatoLLMXCA K rop/io-

BMHE M BPbITbIX TaKMM 06pa3om, YTobbl Bepx-
HUIM UX Kpall Haxo4ucA BPOBEHb C AHOM Ka-
HaBKW. [MoKa3aTenb 06MANA — YMUCO 3BEPLKOB,
nonasLlmMxX B KOHycbl 3a 10 cyToKk paboTbl oa-
HOM KaHaBKM (Ha 10 KaH.-CyT.), U OTHOCUTEND-
HOE YMCNOo 3BEPbKOB AAHHOIO BMAA B AONAX OT
obuero otnoBa (MHAEKC 4OMUHUPOBAHMUA, %).
Mpu 3TOM 06K 06beM NPOBEAEHHbIX YYETOB
npesbiwaeT 360 TbiC. TOBYLIKO-CYTOK M 6onee 9
TbIC. KAHABKO-CYTOK. Bcero ¢ nomolLbo noByLL-
KO-AMHMIM 66110 f06bITo 12680 3K3. pbIXKUX NO-
NIeBOK, a KaHaBKamu — 1083.

N3mepeHus, BCKPbITUA N MOPGONOrnyecKunii
aHanu3 gobbITbiIX 3BEPLKOB NPOBOANAN NO 06-
wer cxeme (Kapacesa un gp., 2008). Bospact
PbIKMX MONEBOK ONpeaenann ¢ TO4HOCTbO A0
ABYX MecALEeB No CTaann GopMmnpoBaHmA Wen-
KM BTOPOro BepxHero KopeHHoro 3yba u no
[0/1e, KOTOPYK COCTaBAsieT BbICOTA KOPHA OT
BblCOTbI Bcero 3yba (Tynukosa un ap., 1970). B
paboTe MCcnonb3oBaHbl TPM BO3PACTHbIX Kaac-
ca: 1-2; 3—-6 u 7-16 mec. Y Kaxkaoro Ao6bIiToro
3Bepbka, MOMMMO BO3pacTa, onpeaensinu ru-
CTONOTrMYECKOE COCTOSHWE TeHepaTUBHbIX Op-
raHoB. bepemeHHOCTb yCcTaHaBNMBaAW MO Ha-
MU0 NPOBKM BO BNAAranuLLe, }KenTbiM Tenam
B AMYHMKAX M IMOpPMOHam B MaTKe. Y camuoB
N3MEpPAZIN CEMEHHWUKM U UX NPUAATKM, peru-
CTpupoBanu cnepmartoreHe3 (C BbIOOPOYHOM
NPOBEPKOM Ma3KOB Nog MUKpockonom). K no-
NNOBO3PE/IbIM UM PA3MHOMXKAKOLWMMCA CaMKam
OTHOCUAN bepeMeHHbIX WAN POAMUBLUMX, A K
No/IoBO3peNbiM CamLaM — XMBOTHbIX C pas-
BUTbIMU NPUAATKAMMU CEMEHHUKA (OMHOM He
MeHee 8—9 MM) M C HaYaBLUMMCA criepmaTore-
He30oM.

CocToAHMe nonynaumMin onucbiBaan ¢ MOMO-
LWbIO TPEX rPynn NoKasaTenen: No OTHOCUTENb-
HOM YWMCNEHHOCTU, [0JIe COOTBETCTBYIOLLUX
BO3PACTHO-NOMOBbLIX FPYMNMN M 3KONOTMYECKOWN
CTPYKTYype nonynauuu (gone pasinyHbiX BO3-
PaCcTHO-MONOBbLIX FPYNNMPOBOK). Kaxpoe oT-
NIOBNIEHHOE XMBOTHOE OTHOCUAM K OOHOW U3
rpynn cornacHo Mx Nony, BO3pacTy U penpoayK-
TUBHOMY COCTOAHMIO. B Ka)Kgom BO3pacTHOM
Knacce CaMOK OTHOCMK/IM K rpynne pa3mHOXKaB-
lwmxca, bepemeHHbIX W HemnosnoBo3pesblX, a
CaMLLOB K HEMO/I0BO3PE/1biM U NMOSI0BO3PE/bIM.
Obuwiee ymMcno aHanuaMpyemblx MOMNYAALMOH-
HbIX MOKa3aTenen npesbiwano 15.

[0CTOBEPHOCTb PA3/IMUNIA MEXAY CTATUCTU-
4eCKMMM BbIBOPKaMM OLEHMBAIU C MOMOLLBHO
He3aBMCUMMOTrO OT XapaKTepa pacnpeaeneHus
HenapameTpuyeckoro Kputepua ®PpuamaHa
(Friedman ANOVA). Ons o6paboTkM AaHHbIX
MCNONb30BaNM TaKXKe MeToAbl MHOTOMEPHOW
CTaTUCTUKN: CNEKTPA/IbHbIN, ANCNEPCUOHHDIMN,
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AVNCKPUMMHAHTHbBIM U CMEKTPANbHbIN aHaU3bI.
BbiBOAblI OTHOCUTENBHO 3HAYMMOCTU A0NeN B
COBOKYMHOCTM W CpaBHEHME [0Nen, NpuUHaA-
NleXkawmx K pasHbIM reHepasibHbIM COBOKYII-
HOCTAM, NPOBOAM/IN NO METoAY BblOOPOYHbIX
ponen. Pasznmuma cumtanmce A0CTOBEPHbLIMMU
Ha ypoBHe 3HaummocTn p < 0.05.

Pe3ynbTatbl

Lemozpachuyeckas xapakmepucmuka rory-
aayuli
Kak cnegyeT 13 npoBefeHHbIX Uccnenosa-
HMW, CE30HHAA AMHAMMKA NONYAALUUNA PbIXKeN
NONEBKM HA BCEX KapesibCKMX CTauMoHapax
TUNUYHA ONA JIECHbIX MOJIEBOK YMEPEHHOW
30Hbl (Tynukosa, KoHoBanosa, 1971; WUsaH-
Tep, 1981, 2008; Okynosa, 1986; Henttonen et
al., 1988; UeaHTep, Muranbckuir, 2000 u ap.).
B Hayane ce30Ha pasmMHOMKEHMA YNCNEHHOCTb
3BEPbKOB HM3Ka, /1IeTOM MOCTENeHHO BO3pac-
TaeT, a OCeHbO NPOJOAXKAET pacTu (puc. 1, 2).
B ycnhoBuAx e onTMmyma apeana, Hanpumep
B YAMYPACKUX HOMKHO-TAEXKHbIX Necax BaTtcko-
Kamckoro mexaypeubsa (Tynukosa, KoHoBano-
Ba, 1971), oHa He TONbKO BO BCe Nepuoabl aep-
YKMTCA Ha AOCTOBEPHO 60N1€ee BbICOKOM YPOBHE,
HO M OTIMYAETCA WMHOWM KOHOUrypaumen: Tak,
OCEeHbIO OHa He pacTeT, Kak B Kapenuun, a BHOBb
CHUXKAeTcAa, npuyem 3TU PasnMyma CTaTUCTU-
YecKM A0CToBePHbI (Kputepuit Ppuamara p <
0.0005). Kpome TOro, MHOroneTHAs cpepHAs
33 Ce30H PA3MHOXEHUA YNCNEHHOCTb PbIXKMUX
nonesoK B Kapenun B 3 pasa HMXKe, yem B Y-
MYpPTUU, 2 B Te4EHNE OCEHHEe-3UMHEro nepuo-
A3 CHUMXKaeTca ewe 6onee 3HAYMTENbHO: ecnun
B YAMYPTUM MNONIEBOK, POXKAEHHbIX B Npeablay-
Lwmx roay, secHon octaetca 47.5 %, 1o B Kape-
nnun — Bcero 31.3 %. Y70 e KacaeTca HU3KUX
NnoKasaTenen BeECEHHEN YNCNEHHOCTU NONEBOK
B Kape/bCKOW Nonynaummn, TO OHWM MOTyT fB-
NATBbCA KaK CNeacTBMEM MO SKONOTMYECKOM
€MKOCTM Cpefibl, TaK U BbICOKOM 3MHEN CMepT-
HOCTM XMBOTHbIX, CBA3AHHOM C y)XeCTOYEeHMEM
YC/IOBUI CyLL,ecTBOBAHUA. [pn 3TOM OTMeYeH-
Hble reorpaduyeckme pasnmMynAa B CE30HHOWM
AVWHAMMKE PbIXKer NOMEBKU BbIPaxKatoTCA KakK
B CHUXXEHUWN ee YNCNEeHHOCTM B HanpaBaeHUMn
C tora Ha cesep, Tak U B 3HauuTeNbHO Honee
NO34HUX CPOKAxX Havyasna N OKOHYAHMA PA3MHO-
XeHua. B Kapenbckor nonynaumm pbixken no-
JIEBKU Nepuosa, pasMmHOXKEHMA 3aMeTHO MeHee
NPOAO/IKUTENEH, YTO BOODOLLE XapaKTeEPHO ANA
BCeX ceBepHbIX wWnpot (UBaHTep, 1975; NeaK-
Tep, Muranockuir, 2000; Torre, Arrizabalaga,
2008; bobpeuos, 2009; Bjornstad et al., 1998).
MpX 3TOM CPOKM OKOHYAHUA PENPOAYKTUBHOTO
nepuoaa BapbupytoT B bonbLuen cTeneHun, 4em

CPOKM ero Hadvana. Momumo deHonormyecku
06yCNOBNEHHOIO CHUMEHUA WHTEHCUBHOCTU
Pa3MHOMEHMA WU ero NOAHOro NpekpalleHua
BO BTOPOW MOJIOBMHE JiIeTa, OHW ONpeaenaoT-
CA eLle M ypoBHEM NOronosba nonynaumu. Mpwu
BbICOKOM YMC/NIEHHOCTM PA3MHOMKEHMEe 3aKaH-
YMBAETCA Y)Ke B Mto/e, a Npu HU3KoM — bepe-
MEHHbIE CaMKW BCTPEYaOTCA B OT/IOBAX B CEH-
TAbpe — okTAbpe (Muranbckuin, 2002; NBaHTep,
2008).

Hanbonbluas nona pasmMHOMKAKOLWMXCA ca-
MOK PbIXKel NONEBKM KaK B ONTUMYME, TaK U Ha
nepudepum apeana HabaogaeTca B Hayane pe-
NpoAyKTMBHOro nepmoaa (cm. puc. 16). K oce-
HW OHa u B Kapenuu, n B Yamyptum (Tynnkosa,
KoHoBanosa, 1971) nocTteneHHO CHU»KaeTcs,
Kak, BMpoyYyem, M [0NM NONOBO3PENbIX Cam-
uoB. OgHaKo cpeaHAA 33 Ce30H Pa3MHOMKEHUA
A0NA NONOBO3PEesblX CAMLOB U CAaMOK ANA Ka-
penbCKOW NONyAALMM OKa3anacb AOCTOBEPHO
Bbille, Yyem B oNnTUMyme apeana: 56.3 % npotus
36.3 %. 370 C 04EBUAHOCTbIO CBMAETENLCTBYET
0 XapaKTepHoW anAa nepudepumn apeana Kom-
NEHCATOPHOM MHTEHCUPUKALMM PENPOAYKLMN.

CornacHo nosy4eHHbIM AaHHbIM (CM. puC.
1, 2), BO3pacCTHOM COCTaB NONyAALMM TaKKe
Haxo4MTCA B NPAMOM 3aBUCMMOCTM OT CPOKOB
Hayasa U OKOHYAHMA PA3MHOMKEHMA, a TaKXKe
OT WHTEHCMBHOCTM PenpoAyKLMOHHOIo npo-
Lecca B TeyeHue neta. BospactHana cTpykTypa —
O4MH M3 BaXKHeMLWMX NoKasaTenen Nonynaumnm.
OHa popmupyeTca noa A4eNCTBMEM MPOLLECCOB
Pa3MHOMEHMA W CMEPTHOCTM, NOABEPXKEHA
CUNbHbIM KonebaHMAM, HO M cama B 3Hauu-
TENIbHOW CTEeneHun onpeaensaeTr Hanpas/ieHue
N MHTEHCUBHOCTb 3TUX NPOLLECCOB. B ychosuax
ceBepHOM nepudepumn apeana 3a OAUH CEe30H
Pa3sMHOXEHUA Hace/lieHne pbiKeh MNONEBKU
NPaKTUYECKU NONHOCTbIO OOHOBAAETCA, U TN
€AMHUNYHbIE 3BEPbKM A0XMBAKOT A0 ABYX /NeT.

PesynbtaT pasnnyHOM  penpopyKTUBHOM
cTpaTerMm nonynauui onpepensetr OCHOBHble
OTIMYMA B UX BO3PACTHOM CTPYKType (cm. puc.
1 a-8). Ha ceBepHoi nepudepumn apeana pas-
MHOEHNEe HaUMHAETCA NO3XKe, NO3TOMY A0 ce-
peayuHbl Mas B Y10BaX MPUCYTCTBYHOT UCKAKOUK-
TeNbHO Nepe3nmoBaBsLUne nonesku (puc. 1a). B
WIOHE 34eCb NOABAAKOTCA NPUBLINbIE 3BEPLKY,
HO fonAa mux He npesblwaeT 50 %, Toraa Kak B
yCnoBuAx onTMMyma (B YamypTum) oHa A0CTU-
raet 70 %. lanee BN/IOTb A0 CE30HHOIO NUKa UX
YMCNEHHOCTb KaK B yCcn0BUAX nepudepun, Tak
M B ONTUMyME apeana BO3PACTHAA CTPYKTypa
nonynauMm octaetca HemameHHom (puc. 1 6-8).
B ycnosuax Kapenuu K oceHu 3HaumTesnbHaA
4aCTb MONOAbIX NONEBOK CTAaHOBUTCA NOS0OBO3-
penon 1 NPUHMMAET y4acTUe B PA3MHOXKEHUN,
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Puc. 1. CpegHecTaTUCTUYECKME 3HAUYEHNA AEMOTPAdUUECKUX XapPaKTEPUCTMK NONYAALMN PbIXKEN NONEBKN B
e/lbHMKax-3e/IeHOMOLWHMKax: 1 — nokasaTtenb, 2 — KoaddUUMEHT Bapuauum; a — nepesnmoBasLume ocobu, 6 —
B Bo3pacTe 3—6 mec., B — B Bo3pacte 1-2 mec.

Fig. 1. The average values of demographic characteristics of the bank vole population in spruce-mosses: 1 —
indicator, 2 — coefficient of variation; a — overwintered individuals, b — at the age of 3—6 months, B — at the
age of 1-2 months

a 3TO NPUBOAUT K CHUXKEHMUIO KU3HECTOMKOCTU
N NOBbILLEHHOM CMEPTHOCTU B OCEHHE-3UMHUM
nepuod. MMeHHO No3TOMY BECEeHHAA YMCNEeH-
HOCTb 3BEPbKOB M3 roga B rof yaeprKusaertca
34eCb Ha HU3KOM ypoBHe. Kpome Toro, y mano-
ro YMcia nepe3MmoBaBLUMX CaMOK poXKaaeTca
COOTBETCTBEHHO MEHbLUEe YNCNO AETEHbILWEN,
YTO B COBOKYMHOCTM C HEYCTOMYMBOM NOroaoi
B 3TUX pPErnoHax NpPUBOAMT K YBEIUYEHUIO
CMEepTHOCTU MONEBOK MepBbix nomeTos. [lo-
3TOMY YMC/I0 3BEPbKOB NEePBbIX reHepaumn, ao-
CTUTLWINX NONOBOM 3PENOCTU B FOA POXKAEHUS

B yCN0oBUAX nepudepun apeana, eue 6onblue
CHUMKaeTca, a Belb UMEHHO OHM U Nepe3nmo-
BaBLUME MONEBKU ONPEAENAOT CE30HHYH Au-
HaMMKy Nonynaumu.

YTO Ke KacaeTca pas3/IMYHOM B YC/NOBUSAX
onTMmMyma u nepudepun apeana CMepTHOCTU
3BEPbKOB B 3MMHUI NEpPUOL, TO OHa, CKopee
BCEro, CBA3aHa C PasIMYMAMW B BO3PACTHOM
CTPYKType HaceneHus B KOHLLe PenpoayKTUB-
HOro nNepuoza, B YaCTHOCTM C A0/1el NON0BO3-
penbix 3—6-MecAYHbIX CaMoK (cm. puc. 1).
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Puc. 2. CpegHecTaTUCTUYECKME 3HAUYEHUS AEMOTPadUUYECKUX XapPaKTEPUCTMK NONYASLUN PbiXKeN NONEBKN BO
BTOPMYHbIX IMCTBEHHbIX U CMELUaHHbIX ecax (0603HayeHus, KaKk Ha puc. 1)

Fig. 2. Average values of demographic characteristics of the bank vole population in secondary deciduous and
mixed forests (designations as in Fig. 1)

AHQAU3 YUKAUYHOCMU U3MEHeHUsA O0emo-
2paghuvecKux xapakmepucmuk
Mpu paccMOTPEHUM MHOTFONETHUX PAJO0B
YMCNEHHOCTU NMONYNAUMIA PbIXKeN MONEBKM U3
pa3NnYHbIX YacTel ee apeasnia BO3HWKAET BO-
npoc: HoOcCAT An Habnwogaemble KonebaHuA
CNy4YaliHbIM XapaKTep AN B HUX CKPbITbl HEKO-
TOpble 3aKOHOMepHOCTU? [lna ob6HapyXKeHuA
CKPbITbIX NEPUOANYECKMX KOMMOHEHT U OTAe-
JIEHNA CUCTeMaTMUYeCKOW cocTaBaAlowWwen oT
CNYYaMHbIX GAYKTYyaUUit Hag, UCXOOHbIMU pA-
Aamn HabnogeHMn NpoBegeHa npoueaypa mx
npeobpa3oBaHUA M CriaxKMBaHUA. 3aTem AnA
BbIIB/IEHUA CKPbITbIX NEPUOANYHOCTEN MHOTO-

NneTHne pAagbl
aHaAn3y.

noaBepPranCb CnNeKTpasibHOMY

MonyyeHHble HAaMW CMEKTPOrpaMMbl NO3BO-
NAOT 3aKN0YUTb, YTO USMEHEHMA YNCTIEHHOCTHU
HaceneHns nonesok B Kapenuu, TaK e Kak,
BNpoyYem, U B YAMypTUM, HOCAT 3aKOHOMep-
HblA, HO HEOA4HO3HAYHbIA XapaKTep M YTO XOTA
N3MEHEHWA YUC/IEHHOCTU HAaceNeHnsa NoneBokK
62113 ceBepPHbIX FPaHUL, PaCNpPOCTPAaHEHUS, KaK
1 B ONTMMYME apeana, XxapakTepmsyeTca ABymA
OTYETIMBLIMM MUKAMMW, STUM, NOXKANYHN, U UC-
4yepnbIBaeTCA UX CxoxecTb. Ecnu B YgmypTum, T.
€. B YC/IOBUAX ONTMMYMa apeasia, MakCMmMasb-
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HbIW MWK CMEKTPa/sIbHOM MJIOTHOCTU Pacnono-
*eH B 06n1actu YactoT, 6/IM3KUX K Tpem rogam
(MHOroneTHM LMKN), a BTOPON, bonee HU3KUN,
cooTBeTCTBYeT nepuoay, 6anskomy K ogHomy
roay (1, cnepoBaTeNibHO, ONMUCHIBAET CE30HHYIO
PUTMUKY), TO B Kapenuu, Ha ceBepHo nepude-
puK apeana, NepBbl MUK, TaK ¥e, Kak BTOPOW
B YAMypPTUM, COOTBETCTBYET CE30HHOMY PUTMY
C nepnoaom, 6an3KMM K ogHOMY roay. Bropoi
K€ MUK, OTMEYEHHbIM gNA ceBepHOMN nepude-
puu apeana, umeet ropasgo bonee aautenn-
HbIM Nepuoa, PacnonoXeHHbIM B obnactn 1-4
roga (MHoronetHui umkn). MaKcMManbHbIN
e Mo BbICOTE MUK CNEKTPasibHON MAOTHOCTU
nmeeT 3aecb 6Honee pAUTENbHbIM NEpPUOA,
pacnofoXeHHbI B 0bnactn 2—4 roga (MHoro-
NeTHUM umKkn). Kpome Toro, B cnekTporpamme
NONynALMN KapesbCKUX CTaLLMOHAPOB NpeBbl-
lWeHMe 3HaAYeHMA MAKCMMAJIbHOM CheKTpanb-
HOM MNIOTHOCTU HAaA, NAOTHOCTbIO Ha ApPYrux
yactoTax cocrtasndet 1.6 pasa, Toraa Kak anA
ONTMMaNbHOM YAMYPTCKOM MONYAALUM OHO CO-
ctasnseT bonee 3 pas (cm. puc. 2a, 6). 310 gaer
OCHOBAHMSA CYMTaTb, YTO AN1A nepudepmuyecKmx
NonynALMA CBOMCTBEHHA MEHEEe BblpaKeHHanA
KaK C€30HHaA, TaK U MHOTOJIETHAA COCTaBAAO-
wasn. MNMpu 3TOM pasnmMunAa B CMeKTporpammax
YAMYPTCKOM M KapenbCKoOW nonynsuun cra-
TUCTUYECKM BMOJHE [AO0CTOBEPHbI (Kputepui
Banbaa — Bonbdosuua Z=5.8, p = 0.0001). Ha-
JIM4ME Ke B AMHAMUKE KapesbCKUX Nonynaumi
CYLLECTBEHHbIX CNEKTPanbHbIX MNAOTHOCTEN B
nepuoapbl, cnegytowme 3a BTOPbIM NMKOM, CBU-
AETeNbCTBYIOT O TOM, YTO B €e AMHAMMUKe Npu-
CYTCTBYIOT KO/lebaHuMa annTtenbHocTbo bonee 5
NeT. 9T U3MEHEHMUA HeNb3s 06BACHUTL BAUA-
HWEeM TO/NIbKO 3HAOreHHbIX PAKTOPOB, TaK YTo,
BEpOATHEEe BCEro, OHM CBA3aHbl C COBOKYMHbIM
BO34eNCTBMEM KOPMOBOW 6asbl, NOrogHbIX M
KAMMATMYECKNX PaKTOPOB, HENb3A UCKAKUYNTD
N BANAHUA XMLLHMKOB.

®da3sbl
Uukna

MHOeosq1emHeao  nonyanauyuoHHo20

Kak nokasanu pesynbtaTbl NPOBEAEHHbIX
nccnenoBaHUM, ANA PbIXKeM MNONEBKU, KaK M
ONA Apyrux npeactaButenen Menkux IeCHbIX
rPbI3yHOB, BMO/IHE MOXHO CUYMTaTb XapaKrep-
HbIMU UUKINYECKNE U3MEHEHUSA YNCNEHHOCTU
N COOTBETCTBYHOLLMX NapameTpoB gemorpadu-
YecKoM CTPyKTypbl HaceneHus (Krebs, Myers,
1974; Hansson, Henttonen, 1985; *uranbckui,
2012). Bmecte ¢ Tem u Hamu (MBaHTep, 1975,
1981, 2018; lvanter, Osipova, 2000), n psgom
apyrux astopos (Fuller, 1969; baweHwWHa,
1977; Hansson, 2002) 6111 BbiABNE€HbI U HELU-
KIM4ecKkme nonynaumm, npudem Haxogalimecs,

Kak nNpaBwWio, Ha nepudpepun BMAOBOro apea-
na. OgHako cnepyet NOAYEPKHYTb, YTO Aaxe
Tam, rae nonynaumm, Kasanocb bbl, 04HO3HAY-
HO MMeIT CMOCOHBHOCTb K CTPOro PUTMUYECKUM
bNyKTyaumam, YpesBbl4aliHO peaKn peasibHble
CNy4Yan NPOABAEHUA NPABUAbHbLIX MO aMMNANTY-
Ae W yactoTe umknos (MBaHTep, Muranbckun,
2000). Mpu 3TOM NPUHATO CYMTATb, YTO LM-
KAMYECKME NONyNALUU  PEeryinpytoTca rnas-
HbiM 00Opa3om BHYTPMUMNOMNYAALMOHHBIMU Me-
XaHU3MaMM, 2 HeUMKINYEeCKMe — B OCHOBHOM
BHEWHMMKU paKkTopamn. Henb3s UCKAOUNTD U
COBMECTHOMO0 3K30- WU 3HAOFEeHHOro BAMAHMUA
(MBaHTep, 1975, 1981, 2019; PorosuH, Moww-
KuH, 2007; Hansson, Henttonen, 1985). Kpome
TOro, KaKk yCTaHOB/IEHO PAAOM aBTOPOB, B OnN-
TMMaNbHbIX YACTAX apeana BHYTPUMONYAAUM-
OHHble GaKTOPbI UTPALOT MNABHYIO PO/b B pery-
NIMPOBAHUMN YUCNEHHOCTU TPbI3YHOB, U3MeEHe-
HMA KOTOPOW B pe3y/ibTaTe MOYTU He 3aBUCAT OT
noroaHbIX U Kopmosbix ycnosuit (Chitty, 1960;
Christian, 1963; KowkuHa, 1974; Poulet, 1996).
B meccMmanbHOM e 30He, B YaCTHOCTU y ce-
BEPHbIX FPaHUL, pacNpPOCTPaHEeHMA, BO3pacTaeT
POJib BHELIHWUX, 3K30TeHHbIX GaKTOPOB, TaKNX
Kak rnybuHa CHeXHOro NMoOKpOBa M CPOKM ero
pa3pyLlweHnsa, Bpema HacTynieHna BeCHbI, Be-
CeHHWe BO3BpaTbl XON040B, NOroAHbIE YCNO-
BMA B MapTe — anpese, ypoxKah KOpMoB un ap.
(MBaHTep, 1981; Ivanter, Osipova, 2000). Ha
MaTepmanax MHOrofieTHUX HabaogeHui B Ka-
pennn Mbl, NOMMMO PeELLEHMA NPOYUX 3aaau,
nonbITaNnUCb OUEHUTb pacnpegeneHne sdpdek-
TOB 3HA0- WU 3K30re€HHbIX BO34ENCTBUIN Ha AM-
HAaMWKY NONYAALUU PbI)KEN MONEBKKU, 0buta-
towen Ha CeBepo-3anaae Poccmn. HekoTtopble
pe3ynbTaTbl 3TUX WUCCNELOBAHUIM MPUBOAATCA
HUKe.

Ha puc. 3 noKkasaHbl nonyyeHHoble B [Mpuna-
Aobe (KapKMHCKMI CTauMOHap B HaLMOHA/b-
HOM napke «JlagoxcKkue wxepbl» Kapenuu)
AAHHbIE NO N3MEHEHMAM YNUCIEHHOCTU PbIXKUX
NnoneBoK Ha npoTtaxeHun 50 net (1965-2014
rr.). 3TM matepuanbl CBUAETENbCTBYIOT O 3Ha-
YUTENbHOM amMnAuTyge roAoBbIX KosiebaHui
YUCNEHHOCTM BMAA. MaKCcMmanbHble MNOKasa-
TeNn NPEeBbIWAT MUHUMANbHbLIE B HECKO/b-
KO OEeCATKOB pas, NpuMyYem aKe 33 CMeXHble
rogbl YMCNEHHOCTb ee m3meHanacb B 10-20
pa3. Nogbembl YNCNEHHOCTU, KOTOPbIM COOT-
BETCTBOBA/IM CpeaHeroAoBble nokasaTtenu ot-
noBa B npegenax 3—8 3ks. (a ogHaxAabl, B 1990
r., gaxe B 16) Ha 100 NnoBYyLWKO-CYTOK, HabAto-
Aannce B 1966, 1973, 1979, 1982, 1989-1990,
2003 rr.), T. . cMHTepBasom B 2—13 net, a rny6o-
Kue genpeccum (0.1-0.8 3k3. Ha 100 nosyLwKo-
cyToK) —B 1967-1968, 1971-1972, 1974-1975,
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1979, 1987-1988, 1991-1992, 2003, 2004,
2007-2008 rr. MpoaonKUTeNbHOCTb MWKa —
1-2, a rnyb6okux genpeccuin — 2-3 roga. Obwasn
ANUTENBHOCTb UMKAa — oT 3 go 15 net. Takum
obpasom, no Bcem napameTpam obuTtatoLLyto B
Hallem pernMoHe Ha CeBepHOM npeaene apeana
NonynauMIo pbiXKen NoNeBKU caeayeT OTHeCTH

12

- -

—

10

3K3. Ha 10 KaHaBKO-CYTOK

K HeuuKknanyeckmm. OHa XapaKTepusyeTca Tak-
e 06ueit HEBbICOKOW YNCNEHHOCTbIO, PE3KU-
MW HEPUTMUYHbIMU, C BbICOKOW aMNAUTYAOM
KonebaHMAMM, CBUAETENLCTBYIOWMMWN O Kpaii-
Hel HeyCTOMYMBOCTM NONYNALUN N €€ BbICOKON
YYBCTBUTE/IbHOCTU K BHELLHUM BO3AENCTBUAM.

14

F 10

k3. Ha 100 noBywKo-cyTOK

1970
1974 ]
1976 ]
1982 ]
1984 ]
1986 ]

2010 ]
2012 ]

Puc. 3. MHOroneTHAs AMHAMMKa YNCNEHHOCTM PbIKe NONEBKMU Ha TEPPUMTOPUKN HaumMoHanbHOro napKa «Jla-
AOXKCKMe Wwxepbl» (MUTKAPAHTCKUI p-H Kapennn): 1 — NMHUK A4aBUAOK; 2 — I0BUME KaHABKM

Fig. 3. Long-term dynamics of the bank vole population on the territory of the Ladozhskiye Shkhery National
Park (Pitkyarantsky district of Karelia): 1 — trap lines; 2 — trap grooves

AHanun3 cobCTBEHHbIX U NUTEPATYPHbIX AaH-
HbIX NO3BOMIAET CcAenaTb 3akntyeHue o6 ot-
CYTCTBUW MONHOW CUHXPOHHOCTM B KonebaHu-
AX YNCNIEHHOCTM PbIXKEN MONEeBKU AaXKe B pas-
JIMYHbIX NMYHKTaX OAHOro pernoHa (puc. 4), Tem
H6onee HeT ee B Pas3/IMYHbIX YacTAX BUOOBOrO
apeana. ConpsayKeHHOCTb X043 AMHAMMKN YnC-
NNEHHOCTU yAaeTcA NoAMeTUTb ToNbKo anA Jla-
nnAaHauu u Kapenum, HO 1 34ecb OHa He non-
HaA. Ha ocTanbHOM TEpPPUTOPMM aHANOTUI eLle
MeHbLle. He coBnaaatoT no rogam nogbembl U
nafeHns YMCNEHHOCTM, pasInYyHa amnauMTyaa
KonebaHuMin, HEOAMHAKOBA AAUTENbHOCTb LIMK-
Na v otaenbHbIX ero ¢as. Hepeako ogHu u Te
e rogpl (Hanpumep, 1940, 1949, 1953, 1955,
1959, 1963, 1971, 1980, 1990, 2006, 2010 un
Ap.) OKa3blBalOTCA B pa3HbiX reorpadpuyeckmx
NMyHKTax TO nepuogamu rnybokux genpeccui,
TO BbICOKMX MWKOB. [laxke Mo OTAeNbHbIM Ya-
CTAM TaKWUX CPABHUTENIbHO OAHOPOAHbIX Tep-
puTopuin, Kak Kapeno-MypmaHCKuii Kpai mam
BocTtouyHaa ®eHHOCKaHAMA, rofabl BbICOKON (K

HM3KOM) YNCNEHHOCTM He BCerga CoBnagatoT m
YMC/IEHHOCTb YacTO M3MEHAEeTCsa B NPOTMBONO-
JNIOXKHbIX HAaNpPaBAEHMUAX.

Bce 3TO 3aTpyAHAET Bblae/IeHNe «30H CX04-
HOM AMHAMMKN YNCNEHHOCTU» PbIXKEN NONEBKN
n anddepeHumaLnto ee LMKAOB Ha «bonblune»
N «KManble», Kak caenaHo ana paga aApyrux su-
0B MbILEBUAHbIX TPbI3yHOB (BWHOrpagos,
1934; baweHunHa, 1962). CBOMCTBEHHbIE KaXK-
A0 U3 PacCMOTPEHHbIX NONyAAUUA OTYETN-
Bble BCMbIWKN YUCNEHHOCTM COOTBETCTBYIOT,
no-BMAMMOMY, «ManbiM BonHam». OHU nmetoT
NIOKaNbHbIA XapaKTep, He MNPOoABAAKT LWMPO-
KoM reorpaduryeckom CUHXPOHHOCTU N YETKOM
NePUOANYHOCTM U  BbI3bIBAOTCA MECTHbIMMU
npuyYnHamm. [na HUX He y[aeTca NogMeTUTb
obuielt 3aKOHOMEPHOCTM HE TONbKO HA NpPOTA-
YKEHWUM BCEro apeana, HO fgaxe B npegenax Ka-
KOM-NnMbo oaHOM AOCTAaTOYHO 6ONbLUON ero Ya-
CTW, HaNnpUMep CpeaHEeTaeXHOM NOA30HbI €B-
poneiickoro CeBepo-3anaga. YTto e Kacaetca
«BboNbWIMX BOMH» B BUAE YeTKUX 9—11-neTHux
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Puc. 4. IameHeHMA YNCNEHHOCTU PbIXKeN NONEeBKKN MO AaHHbIM YYeToB B 3anoBeaHUKax «Kmueau» (A), «KocTo-
MYKLICKNI» (B) 1 3aKa3HMKe «KacKecHaBOMOKCKMIA»

Fig. 4. Changes in the number of bank vole according to the records in the reserves "Kivach" (A),
"Kostomukshsky" (B) and the reserve "Kaskesnavoloksky"
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LMKNOB, OXBaTblBaOLWMX OOLLIMPHbIE NPOCTPaH-
CTBa, TO UX CYLLECTBOBAHUE Y PbIXKEN NONEBKU
OCTaeTcs HeJ0Ka3aHHbIM.

TaKk)Ke He pelleH BOMPOC O 3aKOHOMEPHbIX
reorpapuyecKkmx oTan4mnAx B pa3maxe rogoBbix
KonebaHuUn yncneHHoctu. Mo MHeHuto 6onb-
LWMHCTBA 300n0roB (PanbKeHwTenH, 1939; Ha-
ymoB, 1945, 1972; Hosukos, 1956; Xogawesa,
1966 1 Ap.), amnantyaa AMHAMUKK YUCIEHHO-
CTWU NECHbIX NONEBOK YBE/NIMYMBAETCA Ha Nepu-
depum apeana, B YaCTHOCTM NO Mepe ABUXKe-
HWSA C tora Ha ceBep. HanmeHee ycTonumBa Ymc-
JIEHHOCTb PbIXKEM NONEBKU B CEBEPHON Taure,
re OHa 3aBUCUT YrKe He TONIbKO OT 06uamsa Kop-
Ma, HO M OT HenocpeaCcTBEHHOIo BO34ENCTBUA
noroaHbIx ycnosuii (Xogawosa, 1966). Hanpo-
TMB, B 30HE ONTUMYMa YUCAEHHOCTb PbIXKNUX
NoNIEBOK XapaKTepu3yeTcss BbICOKMM YPOBHEM
N YCTOMYNBOCTbIO, T. €. OTHOCUTE/IbHO Ma/lbiMMU
amnAnTygamun konebaHuii No rogam n cesoHam
(Tynukosa, KoHoBanosa, 1971). CoBepLueHHO
NPOTMBOMNONOXHOIO B3rNA4a NPUAEPKUBAKOT-
ca H. B. baweHwuHa (1962, 1972), B. /1. lonnkoB.a
nH. N. NapuHa (1966). C X TOUKN 3peHUA, MaK-
CMManbHble aMnAnTyabl KonebaHui ymncnen-
HOCTW MPUCYLLM ONTUMA/NIbHOM YacTu apeana,
rae BMA NpouBeTaeT, a B YC/0BUAX NeccuMmyma
BbICOTA M YaCTOTa NOABEMOB YMEHbLLAOTCA.

MonblTaemcsa paspewnTb 3TOT BOMPOC Ha
ocHoBe cneaylowmx ¢aktoB. B Hawem pacno-
PSAMKEHUU UMEIOTCA COBCTBEHHbIE U ANTEPATYp-
Hble AaHHble 06 YPOBHE M aMNAUTYAE roA0BbIX
KonebaHM YUCNEHHOCTM pPbiXKEN MONeBKM,
OTHOCSALLMECS K Pa3HbIM YacTam apeana. Ecam
pacnpenenntb 3T PernMoHbl Mo 30HAM ONTU-
MyMa M neccumyma, TO B MepByl0 nonaaatoT
Yomyptua (cpegHuit 3a pAag net nokasaTenb
NeTHe-oceHHeln yncneHHoctm 12.0 3k3. Ha 100
JIOBYLLKO-CYTOK, pa3max KonebaHui B cpeaHem
1:8), Okckui 3anoBegHuK (12.1; 1:12), Tynb-
CKaa 06n. (22.0; 1:8), 3cTtoHua (34.0; 1:3.3),
lOXKHOTaeKHble neca Kuposckon obn. (17.8;
1:1.6), TpuoKcKo-TeppacHbIM  3anoBeAHUK
(15.1; 1:10), TannepmaHOBCKOE JIECHNYECTBO
(13.2; 1:15) n Mockosckas o6n. (13.0; 1:5.5),
a B 30Hy neccumyma — flannaHgua (7.2; 1:29),
Kapenus (2.2;; 1:35), Meyopo-Unbiyckuii 3ano-
BeaHUK (6.4; 1:28), Tatapua (4.7: 1:18), Cesep-
HbIK Ypan (1,8, 1:16), KemepoBcKas 06n. (2.2;
1:25) u, HakoHel, CeBepHaa PuHnaHauA (1.2;
1:22). Bce npuBeaeHHble MmaTepuasibl roBOpaT
0 TOM, YTO B 30HE MecCMMyMa pa3max Kone-
6aHMN YNCNEHHOCTUPbIXKEN MONIEBKM, KaK Npa-
BM/0, Bbille, YeM B 30He onTuMyma. B nepsom
Cnyyae NAOTHOCTb NONyAALUKM U3MEHSETCA Mo
rogam B 16—35 pas, Bo sTopom — B 1.6—10 pas.
3T0 cBMAETENbCTBYET B NONb3Y NPeACcTaBNeHuUA

o bonee ycToMYMBOM YMUCIEHHOCTU BUAA B YC-
NIOBUAX YBENNYEHUA BbICOTbI M YACTOTbl NOAb-
eMOB Ha nepudepumn apeana. HaxogAwasaca 8
YCNOBMAX Neccumyma nonynsaumnsa CUAbHO pas-
peXkeHa M He Bcerga cnocobHa AOCTATOYHO
3¢ PEeKTMBHO pPeann30BbIBAaTb  BHYTPUMOMY-
NAUMOHHbIE aBTOPEryaaTOPHble MeXaHM3Mbl,
NPW3BaHHble KOPPEKTUPOBATb M CMAMYaTL Aeli-
CcTBME BHEWHMX $aKTopoB. B TO Ke Bpema B
30He ONTMMyMa OHa CyLLecTByeT B CTabuabHO
6naronpuATHbLIX YCIOBUAX, BOOpYKeHa bonee
COBEepWEHHbIMU U 3PPEKTUBHBbIMM afanTUB-
HbIMM MeXaHU3Mamu, MPUBOAALLMMMU NNOT-
HOCTb Hace/leHMA B COOTBETCTBUE C «EMKOCTbIO
yrogui», n YMCNEHHOCTb ee noatomy bonee
BbICOKA M YCTOMYMBA.

[N BbIACHEHUA MPUYMH U3MEHEHUW 4YuC-
NIEHHOCTU PbIXKMX MOSEBOK Mbl COMOCTaBU/MU
oTAe/IbHble roAbl UCCAeAO0BaHUM, Crpynnupo-
BAB WX MO YPOBHK YMUC/NEHHOCTM MOMNyAALUM
(tabn. 1). AHanu3 NpuBeAeHHbIX MaTepManos
NO3BONAET 3aK/OYUTb, YTO CPean BCEro MHO-
roobpasma ¢akTopoB, ONPeaenAlWmnx 3Ko-
Nornyeckyto obcTtaHoOBKY roga, Haubonee cy-
LLEeCTBEHHbI A/1A POCTa YUCAEHHOCTU NONEBOK
CPOKWM HACTyNNeHWA BEeCHbl, Temnepatypa MU
CyMMa OCaZlKOB B KOHLLEe BECHbl — Hayase fieTa
N ypO’XKalh ceMAH XBOMHbIX AepeBbeB. [0abl Bbl-
COKOW NeTHe-OCEHHEN YUCNEeHHOCTU OT/IMYa-
NINCb PaHHMM HACTyM/IeHUEM BECEHHUX AB/e-
HUWN, TENJION N YMEPEHHO B/Ia*KHOM Noroaon B
Mae 1 XOpPOLMM YPOrXKaem CeMsH COCHbl U enu
B NPeaLecTBYOLWY 0ceHb. Pa3MHOXKeHMe no-
NyAALUM NPOXoANI0 Ha 3TOoM GOHEe 0COBEHHO
MHTEHCMBHO. Y)Ke B MIOHEe B HEero BCTynaam npu-
Hblnble paHHUX BbIBOAKOB, bnaronpuATHas no-
roga cnocobcrTeoBana Nyyllen BbIXKMBAEMOCTH
MOI0AHAKA, U YUCNEHHOCTb NONEBOK K KOHLY
NneTa pesko Bo3pactana. HaobopoT, B roabl
no3aHen, 3aTAXKHOM U XO/I0AHOM BECHOM pas-
MHOXEeHWe HAaYMHaANOCb No3gHee U NPoTeKano
npwn HebNaronpPUATHbIX TPOPUUECKUX YCIOBUAX
(Heypoxai cemsiH, cnabasa Beretaumnsa n Bbiro-
paHWe 3eNeHOoM PacTUTENbHOCTM B CBA3M C He-
[OCTATKOM B/larn B UtoHe — utone). B pesynbra-
T€ OHO OT/IMYA/IOCb HU3KOW WMHTEHCUBHOCTbIO
M HE KOMMEHCUPOBANO BbICOKON CMEPTHOCTM
MONI0AHAKA. 3HaUYUTEeNbHOE YMCNOo NeT Habnto-
AEHWN NO3BOINIAO NPOBECTU ANCNEPCUOHHbIN
aHaNM3 BAUAHUA PA3INYHbIX GAKTOPOB Ha NeT-
He-OCEeHHIOI YMCNEHHOCTb PbI)KEW MNONEBKM
(Tabn. 2). BbluMcneHHble 3TUM METOA0M MOKa-
3aTeNIM CBUAETENbCTBYIOT O TOM, YTO KaXKAbli
13 GaKTOPOB B OTAE/IbHOCTU, KPOMe Tpex, He
OKa3blBAeT peLlatoLLero Bo3gencTema Ha pocT
YMCNEHHOCTM MONeBOK. McKatouyeHMe cocTas-
NAT TpU ¢daKkTopa — CpeaHecyToyHasa Tem-
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nepaTtypa man, CPOKM HACTYMN/JIeHUA BECHbl U
YPO»Kalh CEMAH COCHbI, CUNA BAUAHUA KOTOPbIX
[OCTaTOYHO BesnKa (35—61 %) 1 cTaTUCTMYECKM
poctosepHa (p > 0.95). 3To no3BonseT paccma-
TPUBaTb UX B KaYecTBe BeAyLMX, HO AA/IeKO He
e4MHCTBEHHbIX B KOMM/IEKCe NPUYKH, onpeae-
NAOWMX POCT YNCIEHHOCTU PbIXKMUX NONEBOK B
Kapenunun. Bmecte c Tem cnegyet umeTb B BUAY,
4TO coBMNaZeHMe Xxoaa YNCAEeHHOCTU NONEBOK C

YPOXaNHOCTbIO CEMAH COCHbl MOXKET BbITb 06-
YC/IOB/ZIEHO HE CTO/IbKO 3HAYeHMEM NocnenHuX
B NMUTAHUW IPbI3YHOB (T. €. NPAMOM NPUYNHHOWN
CBA3bI0), CKONbKO Tem, YTo oba 3TN ABNEHUA
KOHTPOJINPYHOTCA OAHUMU N TEMU XKe IKONOMU-
yecknmmn paktopamu (npexxae BCero MeTeopo-
JNIOTMYECKMMU) M NOSTOMY U3MEHAKTCA napan-
NIeNbHO, XOTA HEMNOCPEeACTBEHHO MeXay coboi
He cBA3aHbl.

Tabnuua 1. IKoNorMyeckas xapakTepucTMKa NeprMoaoB HU3KON, CpeaHel U BbICOKOW IeTHe-OCEHHEeW
YMCNEHHOCTU PbiIXKel NONEBKM B 3aN0BeAHMKaX M HaLMOHaAbHbIX NapKax Kapenun

foabl HU3KOM

lfoabl cpeaHei loAbl BbICOKOW

MNokasaTenb

YUCNEHHOCTU YMCAEHHOCTU YUCAEHHOCTU
:;‘;CEZ‘;‘))C“ nonesok (3k3. Ha 100 501 0g) 1.7 (1-2.5) 4.6 (3.1-8.1)
CpeaHecyTo4yHan Temneparypa (°C):
anpens 1.2 (-0.3...+4.4) 2.6 (0.9-5.0) 1.3 (-4...4+3.6)
mast 6.3 (4.5-8.2) 8.1 (5.6-9.9) 9.0 (5.9-12.2)
NIOHA 14.3 (11.7-16.6) 13.3(10.5-15.2) 12.9(11.4-16.0)

(

MONA — aBryCcta

15.3 (13.8-18.6)

15.5(13.0-17.7)  14.9(13.9-16.1)

OKTA6PA Npe/LecTBYOLLEro roaa 3.6 (0.2-6.0) 3.0 (0-6.9) 3(0.4-4.4)
HOsIOpA NpeALWecTBYOLLEro roaa -2.7 (-4.6...+1.3) 3.0 (0-6.9) 3.0(0.4-4.4)
npeALecTBYOLLLEN 3UMbI -8.4 (-13.7-4.4) -9.5(-12.4-12.1) -9.1(-14.7-3.7)

[aTta ycTaHOBNEHMA YCTOMYMBOIO
CHEXHOTO MOKPOBa

26.11 (25.10-12.01)

18.11 (1-26.11)  19.11 (29.10-25.11)

lnybuHa cHera B sHBape — ¢peBpasne
(cm)

37.6 (6-54.5)

47.1(22-71.5) 42.5 (8.5-64.5)

Yucno aHelt c 06pasoBaHMem npum-
3eMHOM nefiAHOM KOPKK

6.4 (1-11)

2.9 (0-7) 1.4 (0-2)

[aTa pa3pyLeHuns CHEXKHOTO No-
KpoBa

1.04 (24.03-21.04) 3.04 (17.03-18.04)

1.04 (18.03-12.04)

Cymma ocagKos (Mm):

3a arnpesb — UOHb

128.8 (70.9-200.2) 129.2 (74.3-170.5)

141.5 (96.9-221.9)

3a MioNb — asrycT 148.5(97.3-254.4) (g ey 5) (87 pe 6)
YpoxKait cemsiH B NpeawecTBYOLEM

roay (6annbl):

enmn 1.8 (0-3.7) 1.3 (0-2.6) 2.2 (0-2.6)
COCHbI 1.5 (0-2.9) 1.8 (0-3.1) 2.9 (2-3.3)

CBA3b YMC/NEHHOCTM C ocagkamu bonee
CNOXHaA U HEOAHO3HayHas, OTYEro OHa U He
YNaBAMBAETCA AMUCMEPCUOHHbIM MeTogoM. Ona
Nno/sieBoK, NO-BUAMMOMY, OAMHAKOBO Hebna-
FONPUATHbI Kak C/IMLLIKOM 3acyLlUuMBble rogbl
(1959, 1961, 1967, 1965, 1972, 2004) c cymmoin
0CaAKOB 33 anpenb — NIOHb MeHee 75 MM, TaK U
[0 ONUBbIE C CYMMOW 0cagkoB 6onee 150 mm
(1967,1974, 1996, 2002, 2012), ocobeHHO ecaun
[OXONMBAA BECHA XapaKTepusyeTtcsa ogHoBpe-
MEHHO HU3KMMKU TemnepaTypamu. Hanpumep,
B rogbl C CyMMOW OCaZlKOB 3a anpenb — WIOHb
6onee 150 n meHee 110 mm OTN0B 3BEPbLKOB

coctasun B cpegHem 1.4 n 1.6 ak3. Ha 100 no-
BYLUKO-CYTOK, @ B rofbl C CyMMOM B npeaenax
110-150 mm — 2.7. YTO Ke KacaeTcA oCTab-
HbIX PAaCCMOTPEHHbIX $aKTOpoB, TO HEOBHapy-
KEHMEe UX BINAHUA METOAOM AUCMEPCUOHHO-
ro aHanu3a OTHIAb He O3HayaeT OTCyTCTBUE
TAKOBOro B AENCTBUTENbHOCTU. ITU paKTopbI
AENCTBYIOT BO B3aMMOCBA3aHHOM KOMIMJIEKCE,
npeacTaBnsatoT coboi CnoxKHoe HeoaHO3Hau-
Hoe ABJIEHWE, U KaXKAblA U3 HUX B OTAENbHO-
CTU He cnocobeH BbI3BaTb 3PDEKT, 4OCTATOYHO
CUNbHbBIM ANA TOro, YTobbl €ro MOXKHO 6bls10
YNoBUTb GOPMaAsIbHbIM CTaTUCTUHECKMM MNpue-
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Tabnnua 2. AncnepcroHHbIN aHaNn3 BAUAHWUA Pa3NYHbIX GAKTOPOB Ha IETHE-OCEHHIOK YMCIEHHOCTb
pbixKel noneskn Kapenum

lNokasaTenb o

dakTOp CUNbl BINAHUA Rputepuit AosepurenbHas
(n2) ®duwepa (F) BeposTHOCTL (P)

CpefHecyToYyHaa Temneparypa:
anpens 0.11 0.9 <0.95
Mmas 0.61 15.7 >0.999
MIOHA 0.23 3.1 <0.95
Cymma 0CaZKOB 3a anpesb — UIOHb 0.08 0.8 <0.95
CpOKM HacCTynaeHns BeCHbI (No paspylle-
HUIO CHEXKHOrO MOKPOBaA M Nepexoay Tem- 0.35 4.3 >0.95
nepatyp Yyepez 0un 5 °C)
rnybuHa CHeXXHOro NoKpoBa B NpesLue-
CTBYIOLLYIO 3UMY 0.04 0.5 <0.95
(AaHBapb — mapT)
CpepgHecyTouyHan TemnepaTtypa gekabps — 0.06 06 <095
deBpans
YporKali ceMsiH 3a NpeaLwecTBYOWMN rog;:
env 0.03 0.5 <0.95
COCHbI 0.41 5.6 > 0.95
Yporkalt arog, YepHUKN 1 BPYCHUKM 0.02 0.4 <0.95
Yporkali rpnbos 0.01 0.3 <0.95

MoM. TemM He meHee OHM CnocobHbl 0Cc1abNATb
WAN YCUNUBATb AENCTBME pellatowmx ¢GpakTo-
POB, @ MHOTAA U CaMW CTAHOBATCA TAKOBbIMU.

Bce paccmoTpeHHble GpaKkTopbl onpeaensatoT
B OCHOBHOM POCT HaceseHua Mnonesok, obe-
cneymBan peanusaumio BbICOKOro NoTeHuuMana
Pa3sMHOXeHUA nonynauum, 1 obycnosamsatoT
noabEMbI U MUKN YUC/IEHHOCTU. B n3sectHom
Mepe OHM MOryT cnocobcTBOBaTb M NaAEHUIO
YMCNEHHOCTU, NPENATCTBYA BCTYM/IEHUIO B pas-
MHOXeHWe NpubbINbiX 3BEPbKOB, YBEINYMBARA
NX CMEPTHOCTb, Cy*an PenpPoAyKTUBHbIN Nepu-
o4 U T. A. B To ke Bpems cnafbl YACIEHHOCTH
MOTYT NPOUCXOANTb U B BNAronpUATHbIX YC0-
BMAX — NPU 0O6UAKM KOpMa U XOpoLLel noroae.
3To HabnaaeTcs B roabl BbICOKON BECEHHeM
NAOTHOCTU MONyAAUMU, KOraa, HeCMoTpA Ha
ONTUMA/IbHYIO 3KONOTMYECKYD OBCTaHOBKY,
Pa3sMHOXeHMe 3BEePbKOB MPOXOAUT C HU3KOM
WHTEHCUMBHOCTbIO BCNeACTBUE AEWUCTBUA BHY-
TPUNONYNALUMOHHbLIX aAanTUBHbIX MeXaHU3-
MmoB. Ux Topmosslee aencteue nposasBaseTca
eLe B rof NuUKa YNCNEHHOCTU, B KOHLE penpo-
AYKTUBHOTO Nepuosa, Bbi3biBan bosee paHHee,
4yem B roAbl Aenpeccuit, 3aTyxaHWe pPasmHO-
¥eHua. Ho ocobeHHO OTYeTIMBO NPOoABAAETCS
OHO B Mae — uo/e CAeayroLWero roaa.

BmecTte ¢ Tem HeobxoauMMo MMeTb B BUAY,
4TO B yc/10BUAX Kapenuun, Kak n B bonbluMHCTBE

APpYyrnx pernoHos esponeickoro Cesepo-3ana-
Aa, rae NAOTHOCTb NONYAALMMK PbIXKen NoNeBKU
CPaBHUTENIbHO HEBbLICOKA, AENCTBME aBTOPEry-
NATOPHbIX BHYTPUMNONYNALMOHHbIX MeXaHWU3-
MOB MpPOABAAETCSA ropasao crabee, yem B yc-
JIOBUSIX CTaBUNBHO BbICOKOW MJIOTHOCTM Hace-
nenus Buaa. OHM 06HapyKMBAIOTCA B TAEKHbIX
nonynauMax NvWb B roabl Hanbonee peskux
NoAbEMOB YMC/IEHHOCTU, @ B OCTa/IbHOE Bpems
ANHAMWYECKOe PaBHOBECME MEXKAY YMUCNEeH-
HOCTbIO 3BEPLKOB M pecypcamm mMectoobuta-
HWA focTuraeTca 6e3 yyacTns sTUX NPOLLEeCCOoB.
MoabeMbl YUCNEHHOCTU KOHTPOIMPYIOTCA TOr-
[a BHEWHUMKU aKTOpaMu M 3mMUrpaumen, a
NOTEPM KOMMEHCUPYIOTCA BbICOKOW penpoaykK-
TMBHOWM CNOCOBHOCTLIO NONYAALNMN.

CTabunbHO HWU3KaA UYMCNEHHOCTb CHUMaeT
HeobxogMmMocTb B crneumdUYEecKnx mMexaHus-
MaX, CAEPHKMUBAIOLLMX POCT HaceNeHMa nocpea-
CTBOM NOAAB/IEHMA CO3PEBAHMA MOJIOAHSAKA,
Kak 3TO MMeeT MeCTO B CUTyaumsax BbICOKOWM
nnaoTHoctn. HaobopoT, rnaBHOW 3agayen no-
NyNALUKN CTAHOBMUTCA peannsauma Makcumanb-
HOro MoTeHUMana pasmMHoXKeHua gns obecne-
YeHMA NONOSIHEHMA B YC/IOBUSX BCE BO3pacTa-
toLen yobinu.

K ckasaHHOMYy Bbile ocCTaeTcA [006aBUTb
pe3ynbTaTbl NPEANPUHATOrO HaMW Ha OCHOBE
MHOrodaKTOpPHOro AMCNEPCMOHHOINO aHann3a
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BCE Tex e maTepmanos 3 Cesepo-BocToyHo-
ro MpunagoXbsa cneuyanbHOro UccaeaoBaHuA
MEXaHM3MOB, KOHTPOJIMPYIOLWMX MAOTHOCTb W
CTPYKTYPY NONYAALMN PbixKen NONEBKM C onpe-
AeNeHMeM Mepapxum BKIaL0B Pa3HOOOPa3HbIX
3K30- M 3HAOreHHbIX GaKTOpPOB B AMHAMMUKY
ee yncneHHoctn (MBaHTep, 1975). Kak noka-
3bIBAlOT AaHHble Tabn. 2, gona obbACHMMOM
BAMAHMEM 3K3OreHHbIX M 3HAOreHHbIX ¢ak-
TOPOB AUCNEepCUMU ANA TPYNnbl 3MMOBABLUMX
NOJIEBOK B MIOHE paBHa 98 %, T. e. Bcero 2 %
N3MEHUYMBOCTU UX YNCNIEHHOCTM B ITOT MecsAl,
onpeaenseTcA AeUCTBUMEM KaKUX-TO ApYyrux
Npu4YmH. MoronoBbe Nepe3MmMoBaBLLNX KUBOT-
HbIX B WUIOHE OonpenenatoT NOoroAHble ycaoBuUA
(80 % KOHTponMpyemoW pgucnepcuu), cpeam
KOTOpPbIX A0NA 06bACHMMOWN gucrnepcumn, CBs-
3aHHaA Cc KofiebaHMAMM KOMYECTBA OCALKOB U
TemnepaTypbl BO34yxa B CeHTAOpe M OKTAbGpe
npeglwecTteytoulero roga, cocrasnset 35 %. Ha
AON0 U3MEHEHUM MOroAHbIX YC/I0BUIM B anpe-
e U mae npuxogutca 27 % obuwen gucnepcun,
a BO34ENCTBME METEOPONOrnyeckmnx GpaktTopos
Ha YMCNEHHOCTb NMEPE3NUMOBABLUNX MOJIEBOK C
AeKabpa nop ¢eBpanb He npesbiwaeT 18 %.
TonwmHa CHEXXHOTO NOKPOBA C AHBAPA NO MapT
MeHee 4yem Ha 1.5 % onpeanenaeT YUNCNEHHOCTb
nepe3MmOBaBLUMNX 3BEPbKOB, HO C HOABpA Mo
deBpanb 3TOT daKTOp BHOCUT B MoanduKa-
LU0 3MMHEWN BbI)KMBaemMmocTu 6os1ee NoN0BUHbI
obbacHAemoln pgucnepcumn (48 % mns 91.7 %).
Mpuyem BO BCeEX CAy4YasnX yBENNYEHME TONLLK-
Hbl CHEHOrO MOKPOBA BbI3bIBAET CHUMKEHUE
CMEPTHOCTU MOJIEBOK B OCEHHE-3MMHEe-BECEH-
HWI Nepuoa.

Bropoi no ctreneHwn Bo3gencTeuA dakTop,
onpeaenaowmn CMepTHOCTb, — MOFOAHbIe YyC-
NOBUSA CEHTABPSA N OKTABPSA (OHWM 06BbACHAT 24
% aucnepcuu), n anwb 20 % obuwen n3meH4Yn-
BOCTU MPUXOAUTCA Ha KonebaHMA Konmyectsa
0CaAKOB M TEMMepaTypbl BO34yXa € AeKabpa no
MapT. KOopmoBble yC0BUA, TaK Ke KaK YNCNeH-
HOCTb M 3KONOrMYecKaa CTPYKTypa HaceneHums,
B MIOHE OKa3blBalOT BecbMa cfiaboe Bo3aei-
CTBME Ha obunune un BbiXkMBaeMocCTb. CTPyKTypa
M YMCNEHHOCTb MOr0/sI0BbA MONEBOK OCEHbLIO
npeablayLero roga ToXe BAUAKT HA BbIXKUBa-
HMEe 3BEPbKOB, HO MOTYT ONpPeAenATb ero NLb
Ha 4 %, Tor4a KaKk NnorosioBbe NoJIEBOK B UIOHE
—Ha 18 %.

MHmeHcusHoCcMb penpodyKyuu u ydyacmue
8 Heli Npubbisbix M01e80K

B upeane MHTEHCUBHOCTb PasMHOXXeHUA
noneBoOK BCEX BO3pPacCTtoB B UKOHE HE OrpaHu-
yeHa. OgHaKo B ,ﬂ,eVICTBMTeﬂbHOCTM OHa pea-
nn3yeTtca nnwb 4YaCTUYHO. N ecnn nepesnmo-

BaBLUME CAaMKW MPaAKTUYECKN BCE YYaCTBYIOT B
Pa3MHOMEHUN, TO U3 MONOAbIX — TONIbKO NpU-
Hagnexalwme K paHHUM BbiBOAKaMm. Npu aTom
N OHW PA3MHOMKAKOTCA He BCe, TaK YTO CTeneHb
Yy4acTUA UX B PENPOAYKUUM — Ba)KHENLWas ne-
pemMeHHan BeNIMYMHA, ONPeaenatoLan YNCNeH-
HOCTb MONynAuMK 1 ee bharononyyue.

B ntone cpegHAA MHOrONIETHAA YNCNIEHHOCTb
nosaeBoOK Bo3pacTaeT ¢ 2 40 3 Ha 100 noByLwKo-
CyTOK. Mpun 3TOM, Kasanocb bbl, Takne Hebosb-
lWMe ee U3MEHEHUA HE MOFyT NPUBECTU K Cy-
LLLECTBEHHbIM NMOCNEACTBUAM, HO, KaK BUAHO U3
Tabn. 1, ux BNOAHE AOCTAaTOYHO A/1A TOro, YTO-
6bl 3HAUMTENBHO NEPECcTPOUTb pacnpeseneHme
adPpeKkToB BO3aEMCTBYOWMX GaKTOPOB. B utone
OCHOBHOE B/IMAHWE HA NONYyNALMOHHbIE MpPO-
LLecCbl OKa3blBAeT COCTOSIHME CamMoM Mnonyns-
LMW, ee YNCNEHHOCTb U CTPYKTypa. MNepesnmo-
BaBLUME 3BEPbKM COCTABAAIOT B 3TO Bpems 28 %
OT obLLero Yncna NonAeBoK, M BCE OHM Y4acTBY-
0T B pa3MHOXeHuU. Hanbonee mHoroumcneH-
Ha rpynna 1—2-mecA4YHblX XMBOTHbIX. Ee gonAa
pocturaet 72 %, HO B pa3MHOXXEHUU NPUHMMaA-
eT yyacTtme Tonbko 45 % 3BepbKoB. HecmoTtpsa
Ha CyLWeCcTBEeHHble Pa3IMimMA B YMUCIEHHOCTH,
NOTEHLMaNbHbIA POCT NONYAALUN NPUMEPHO B
paBHOM cTeneHn obecneynBaeTca }KMBOTHbIMM
ob6enx BO3PaCTHbIX KaTeropuu.

Mepe3snumoBaBwIME  Ke  3BEpPbKM  NoO-
NpeXXHemy BCe Yy4acTBYIOT B PA3MHOXEHUW,
pPenpoAyKTUBHAA aKTUBHOCTb 1—2-MeCAYHbIX
CaMOK (4ons pasMHOMKaloWMXCA) BO MHOrom
onpeaenserca TOM OOCTAHOBKOM, B KOTOPOIA
OHW XKMBYT. bonblas 40N HEKOHTPOAMPYEMOW
Aucnepcmun, BEpOATHO, CBA3aHA C TeM, YTO B ne-
puog, bbicTpOro NONyNALMOHHOIO PoOCTa BCTY-
nieHune B penpoayKTUBHbLIA NPOLECC MONOAbIX
3BEPbKOB B 3HAYUTE/IbHOW CTeMneHW onpege-
NAETCA CNYYaMHbIMM COYETAHUAMWU BHYTPEH-
HWUX CBOMCTB NONYyNALUM N BHELWHUX GaKTOPOB
(mnonynAumA B 3TO Bpemsa pearvpyeT Aaxe Ha
Ma/ible U3MEHEHWs YCNOBUIA CyLLECTBOBAHMA).
Hanbonee 3Haummoe Bo3geiicteue (39 %) Ha
Pa3MHOMEHME MOIOAbIX MONEBOK OKa3blBaeT
06Wan YMCcNeHHOCTb nonynauMm B UtoHe. Ee
yBENMYEHME NMPUBOAMUT K CHUXKEHMUIO AO/IN y4a-
CTBYIOLMX B PA3MHOMKEHUM MOJIOABIX CAMOK.
Mpuyem BKNAA CAMOK B 3TU NPOLECCHI MOXKHO
oueHuTb B 35 %, a camuoB — To/IbKO B 14 %. B
AAHHOM CnyyYae, CKopee BCero, UMmeet MecTo
He NpAMoe BAMAHWE YUCNEHHOCTM CaMLOB Ha
PenpoayKTUBHYIO aKTUBHOCTb CAMOK, @ KaKoM-
TO ONOCPeAOBaAHHbLIN UM NapannenbHbIi NPo-
uecc. MoroaHble ycaoBMA MOryT BHECTU He 60-
nee 7 % B N3MEHYMBOCTb NPOLLECCOB PA3MHO-
KEeHMA CaMOK. B nMtone Ha penpoayKTUBHYIO MX
AKTUBHOCTb CTAaTUCTUYECKU OOCTOBEPHO BAUA-
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tOT KO/IMYECTBO OCAZKOB B Mae U UIOHe U cpea-
HemecAYHble TeMMnepaTypbl BO3ayxa B uione. B
LEe/IOM e U3 BCeX PAaCCMOTPEHHbIX NoKasaTe-
Nei npeaLwecTBYOLWEro COCTOAHNA NONyAALMK
Wb YUCNEHHOCTb Mepe3MMOBABLUMX CaMOK
B MIOHE OKa3blBAaeT TOpMO3sllee BAUSAHWE Ha
npoueccbl Pa3mMHOXKEeHMA MONOAbIX CAMOK.
Monosoe co3peBaHMe MPUOLIIbIX CaMOK B
nione B ewe bonblen cteneHn onpeaenserca
YMCNEHHOCTbKO M BO3PACTHbIM COCTAaBOM MoO-
NIeBOK B 3TOM MecAue (sHAoreHHble $aKTopbl
HACTOALLEro BpeMeHMW): AoNs Ha3BaHHOM rpyn-
nbl pakTopoB B 06bACHAEMON gUcnepcun [o-
cturaet 64 %. Echm oTHOCUTENBHOE KONIMYECTBO
H6epemMeHHbIX U KOPMALLMX CAMOK UCMNbITbIBAET
Ha cebe Hanbobluee BO3AENCTBME CO CTOPOHDbI
obwero o6unmA 3BepbKoOB B UKONE N JON Cpe-
AN HUX Nepe3MMOBaBLLMX CAMOK, TO MPOLEHT B
nonynaLMmM HeNnos0BO3PENbIX CAMOK FMaBHbIM
obpasom cBA3aH C YNCNEHHOCTbIO 1-2-mecsu-
HbIX 3BEPbKOB (4em MHOroymMcneHHee MONO-
Able NoNeBKU, Tem bosnblue cpeam HUX Henono-
BO3pesiblx). BKnag usmeHeHum Yyncia monogblx
3BEPbKOB B KOHTPOAMPYEMYHO OUCMEPCUID CO-
ctasnaeT 41 %. MNepe3nmoBasLLnNE Ke KMBOT-
Hble OKa3blBAlOT 3aMETHO MeHbluee BAUAHUE
Ha BCTyN/JeHWe B PENpPOAYKLMIO MOMOAbIX Ca-
MOK: 3$DEKT OT U3MEHEHUIM UX YMucna 6AM30K
K 10 %. MorogHble ycnosuma (TemnepaTtypa BO3-
AyXa WU KONMYEeCTBO OCAZKOB) B MIOME, KaK U
npeapicTopua nonynaumm (YNCNeHHOCTb U ae-
MorpaduUYecKknii coctaB HaceneHua B WUIOHe),
o4yeHb cnabo BAMAIOT Ha Mpouecchl NoJ0BOro
CO3pEeBaHMA MOIOAbIX CAMOK.
OnpegenAaloWMMM  NONOBOE  CO3peBaHUE
1-2-MeCsAYHbIX CaMUOB, KaK M pPenpoayKTuB-
HYIO aKTMBHOCTb CAaMOK 3TOro BO3pacTa, ABAA-
OTCA SHAOTrEeHHble GAKTOPbI: A0NA CBA3AHHOM C
HUMKM obbACHAeMON aucnepcum coctasnseT 71
% (13 0b6wwmx 83 %). MNpun 3TOM €cnm Ha NoNoBOE
Cco3peBaHMEe CaMOK OCHOBHOe BO3AelcTBMe
OKa3blBalOT COCTOAAHME U YPOBEHb YUC/IEHHO-
CTU B HACTOALLMN MOMEHT, TO Y CaMLLOB Hau-
6onbwasn yactb gucnepcum (41 %) npuxogutca
Ha npeALwecTBylOLWME MNONYAALUOHHbIE CUTY-
auumn (cm. Tabn. 2). Hanbonee cylecTBeHHyO
ponb B 3TOM rpynne GpakTOPOB UrPaOT YNCNEH-
HOCTb MEPe3nMOBABLLNX U MOJIOAbIX CAMLOB U
061Ww,aa 8,01A PAa3MHOXKAOLWMXCA CAMOK B UIOHE.
Cpegyu nonynsauMoOHHbIX MOKa3aTenen, xapak-
TEPHbIX ANA HACTOAWEro MOMEHTA, OCHOBHOE
BAMAHME Ha MNONOBOE CO3peBaHWE CaMLOB
OKa3blBAET YMCNEHHOCTb MOJIOAbIX CaMLOB M
camok (22 % un 30 % aucnepcum NPUXoamTCA
Ha 3Tu rpynnbl). Bo3pactaHue adpdpekToB npes-
LIeCTBYHOLWMX MNOMNYAALMOHHbIX CUTyauui, no
CPaBHEHMIO C BAUSHUEM COCTaBa U 06MAMA Ha-

CeNieHMA B AAaHHbIN MOMEHT, BbI3BAaHO TEM, YTO
CaMubl ropa3fo paHblle HAaYMHAT pearmpo-
BaTb HA U3MeHeHMe NAOTHOCTU U CBA3AHHbIEe
C HUMM MNONYNALMOHHbIE MpoLeccbl (CHUKan
CKOPOCTb MOSI0OBOrO CO3PEBaHUA U AaKTUBHOCTb
y4acTua B pa3amHoXKeHuu). MNorogHble ycnosus
OKa3blBalOT HE3HaYUTEe/IbHOE BANAHME HA NO-
NIoBOE co3peBaHMe camuoB. Mx Bo3aencTeue
Ha pPenpoayKTUBHblE QYHKUMM MONOAbIX CaM-
LLOB M CaMOK He npesbiwaeT 10 %.

PacnpepeneHne ¢akTopoB No MX BO3AEWN-
CTBMIO Ha MONYNAUMOHHbIE MOKAa3aTenn pas-
MHOMQIOLWMXCA U HEMNONOBO3PE/bIX CaMLLOB U
CAaMOK B UIO/Ie aHANIOTUYHO UX pacnpeaeneHunio
Aana 1-2-mecA4vHbIX NonesBoK. B aBrycre uyuc-
NIEHHOCTb NONYyNAUMM BO3pacTaeT A0 4 3K3. Ha
100 noByLwKo-cyTOK (cm. puc. 3, 4). HaceneHue
NONIEBOK COCTOMUT B 3TO BPEMSA M3 TpeX BO3pacT-
HbIX Fpynn: nepe3uMmoBaBliMe M Npubbinble
3-6 1 1-2-meca4yHoro Bo3pacTta, HO Hanbonee
MHOTFOYMC/NIEHHblI CaMble MOJIoAble MONEBKM
(6onee 85 % obuiero norososbs). Bo3pacraer
MO CPAaBHEHMIO C UKOJIEM U PENPOAYKTUBHAA aK-
TUBHOCTb 3TUX 3BEHbEB; 40/1A PA3MHOMAIOLLMX-
ca cpeam 1-2-mecAYHbIX CaMOK CTaHOBMUTCA
paBHoM 57 %, camuyos — 39 %. Camaa manoymc-
NeHHadA rpynna — nepesnmMmoBasLume (Mx foNs B
nonynsaumm scero 2 %). HeeennKo 1 Noronosbe
YKMBOTHbIX PaHHeNeTHNX BblBOAKOB (12 % B 06-
wem otioBe). HecmoTpAa Ha TO YTO BCE CaMKM
AAHHbIX BO3PACTHbIX FPynn NPUHUMAKOT y4a-
CTUE B PA3MHOEHUM, UX BKNAL B NONYNALMOH-
HbIM NPUPOCT HaceneHua He npesbiwaeT 20 %,
NO3TOMY M3MEHEHMA 06LWEeN YNCAEHHOCTU NO-
nynsaunm B asrycte obycnoBnieHbl raBHbIM 06-
pa3om mMbo BKAOYEHUEM, MO0 UCKIOYEHU-
€M U3 Pa3MHOMXKEeHUA MOI0AbIX CAMOK.

Kak 1 B tone, NUHTEHCUBHOCTb PA3MHOMKEHNA
1-2-mecAayHbIX NONEBOK B aBrycTe BO MHOIMOM
onpegenaeTca sHAOreHHbIMM dpakTopamu. Oa-
HaKO ec/in B UK0Ne OHa B OCHOBHOM bblna cBs-
3aHA C YNCNEHHOCTbIO N CTPYKTYPOM HaceneHma
3TOro e nepmoaa, To B aBrycte cambiii 60b-
LLIOW BKNa4, B U3SMEHEHUs penpoayKTUBHOM aK-
TUBHOCTWM BHOCAT COCTaB U 06MIME KUBOTHbIX
B npeplwecTeyloWme mecaupl. B yacTHocTw,
Npu YBENUYEHUN YNCNEHHOCTU 1—2-MeCAYHbIX
CaMOK W CaMLLOB B UIO/Ie CHUMKAETCA A0N1A pas-
MHOKQIOLLMXCA CaMOK B aBrycrte (4acTb Amc-
nepcmn, ob6bACHAEMON 3TUM BAUAHWEM, PaB-
HaeTca 27 %). Ob6Hapy)KeHHoe BO3AeNcTBUE
MIONbCKOW  YUCIEHHOCTM MONOAbIX NONEBOK
Ha penpoAayKum1o Nonyaaunm B aBrycte umeet
XOPOLWO MHTEPNPETUPYEMbIN BMONOrMYEcKui
CMbICAI: Yem 6onblle MONoAbIX 3BePbKOB ObIN0
B MIO/Ie, TeEM, eCTeCTBEHHO, H60o/blue MONoAbIX
3BepbKOB OyaeT B aBrycte. 3TM KMUBOTHbIEe NO
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KpanHen mepe Ha MmecAl, CTapLue Tex, KoTopble
poAMANCL B UIONE U B aBrycTe MOMAU NPUCTY-
NMUTb K PAa3MHOEHMUIO.

MonoBoe co3peBaHWe MONOAbIX MONEBOK U
BCTYN/JIEHNE UX B PAa3MHOXKeHue BaokupyeTca
6onee B3POCNbIMU }KMBOTHbIMU. YPOBEHb BO3-
OENCTBMA NIONBCKOM YNCNEHHOCTM Nepes3nmo-
BaBLUMX HA PA3MHOXEHWE MOJIOAbIX 3BEPLKOB
B aBrycte HUXXe M He npesblwaeT 17 %, aBry-
CTOBCKaA MNOTHOCTb MOMKET 06BACHUTbL NULWb
16 % KoHTpoAnpyemomn gucnepcuun. MNorogHble
YCNOBMA elle MeHbLUe BAUAIOT Ha Pa3MHOMKe-
HME MONOAbIX XXMUBOTHbIX.

BmecTe ¢ Tem 3TO 3aBUCUT U OT BPEeMEHMU
HabnogeHnn. Ecnn B vone AoNA pasMHOXKa-
foWmnxca NpubbiNbIX CaMOK B 3HAYMTENbHOWN
CcTeneHu onpepenaeTca sHAOreHHbIMU (aKTo-
pamu npu ABHOM npeobnagaHnm Bo34encTemA
npeabIcCTOpUM NOonNynAuMn, To B aBrycte BAMA-
HME SHAOreHHbIX MEXaHU3MOB BbIPaXKEHO He
CTONb 3HauyuTenbHO. MNpu 3Tom Hanbonee Be-
COM BKNag obunma m CTPYKTypbl NONynaumm
B MUcCcaeayemblt MOMEHT. B gaHHOM cnydae
MaKCMManbHOe peryaupytoliee BO34eNCTBME
OKa3blBaeT YMNC/IEHHOCTb NPUBbLIbIX 3BEPLKOB
1-2-mecayHoro Bo3pacta. [ona aucnepcum,
obbACHAEMAA BAMAHMEM 3TUX MONEBOK, CO-
ctasnaeT 28 % 13 31 % npuxoaAawMXcA Ha 3Ty
rpynny Bo3aenctsuit. lNepes3mmoBasline no-
NIEBKU U 3—6-MecAYHble 3BEPbKU, KaK MU Camble
Mmonogble, TaKXKe 3ameaNAlT CKOpPOCTb Mo-
JIOBOrO CO3peBaHMA 1—2-MeCAYHbIX CAMOK, HO
cTeneHb UX BAMAHUA He npesblwaeT 3 %.

BanaHue npeplectsyowmMx MNONYAALNOH-
HbIX CUTYaLMA (YNCNEHHOCTb M COCTaB Nonyns-
UMM B UtoNE) MOXKET ObiTb oLeHeHo B 13 %, u
NPaKTUYEeCKU BCe OHO NPUXOAMUTCA HA U3MeHe-
HUA, NnpoucxogAawme B rpynne 1—2-mecAvHbIX
nonesok. llorogHble ycnoBuA, a cpegu HUX
TemnepaTypa Bo3ayxa B utone (24 %) v aBrycrte
(5.6 %), OKa3bIBAOT AOCTATOYHO MHTEHCUMBHOE
TOopMoO3sLlee AelCcTBME HA MOI0BOE CO3peBa-
HME MONOoAbIX caMoK; 49 % obbacHAeMOM auc-
nepcum onpepensaeTca AeMcTBMEM MNOTrOAHbIX
YCNOBUMA.

MNonoBoe co3peBaHMe moaoabix 1-2-mecay-
HbIX CaMLLOB B aBrycTe noAasep»XeHo B/INAHUIO
npeaLwecTByOWMX COCTOSHUN nonynaunmn (mx
BKNa4, B 06LLYyt0 M3MeHUNBOCTb 34 %), 0buauma
M COCTaBa HAceNeHUA B HACTOALWMN MOMEHT
(22 %) n noroaHbIX ycnoBuii (28 %), a 3To O3Ha-
YaeT, YTO BO34ENCTBUE CIYHANHbIX U HEKOHTPO-
npyembix GpakTopos He npesbiwaeTt 16 %. U3
MIONbCKUX XapPaKTePUCTUK nonynaumm (npeabi-
CTOpUA) U3MEHEHUA YUCIEHHOCTU MPUObLINbIX
CaMLLOB M CAMOK OKa3blBalOT HanbonbLiee BO3-
AENCTBME HAa CKOPOCTb NMONOBOr0 CO3peBaHUA

Mmonoapblx camuos (32 % un 34 %). B aBrycre ca-
mom 6onblioi apPeKTUBHOCTLIO 061a4a10T KO-
nebaHMA YNCNEHHOCTM MONOAbBIX CAaMLLOB (Yem
6onblie B aBrycte 1-2-mecAYHbIX CAMLLOB, TEM
6onblle B HUX HEMONOBO3pPEsbIX). TemnepaTy-
pa Bo3ayxa B utone (15.9 %), asrycte (8.2 %) n
KONIM4YeCcTBO 0cagKoB B asrycte (4 %) cymmapHoO
cocTaBnAoT 28 % 13 obuien obbscHAeMon anc-
nepcumn (83 %).

Obuiee KONMYECTBO Y4acCTBYHOLWMX B pas-
MHOYEHUM U HEeNnosIoBO3peNbiX CaMLOB U Ca-
MOK HaxoamuTca nog, KOHTPOEM BCEX aHaNM3U-
pyembix Hamn ¢dakTopoB. PacnpepeneHune mnx
addekToB NpmBeaeHo B Tabn. 2. Xopolo BuA-
HO, 4YTO BCe 0bLLMe ANA NONyNALUM NOKa3aTenm
Pa3MHOXeHUA onpeaenaArTca rMaBHbiM 0bpa-
30M BHYTPMMONYAAUMOHHbIMK daKTopamm (Mx
fona B obwen ancnepcumn npesbiwaet 50 %),
HO BMeCTe C TeM MO CPAaBHEHUIO C UKONEM CyLLe-
CTBEHHO BO3pocna (Ao 27 %) ponb NOrogHbIX
yCNnoBui (TemnepaTtypa BO3gyxa U KONMYECTBO
0CaKOB B UIONE U aBrycTe).

Xopn, Ce30HHbIX WM3MEHEHUW YUCNEHHOCTU
pbI>Ker MoJIeBKM MOKa3aH Ha puc. 3 u 4. lMpwu
cpegHelt MHTEHCMBHOCTU PAa3MHOMKEHWUS Hau-
6onbliee 4YMCNO 3BEPbKOB JIOBUTCA B NEpPBOW
NoJIoOBMHE OCEHU — B ceHTADpe M Hayane Ok-
TAOpA, a HapacTaHWe YUCNEHHOCTU MPOXoAUT
HeBbICOKMM Temnom. C maa no oKTabpb OHa
yBennumBaeTca nnwb B 8 pas. Ewe meaneHHee
pacTeT YUCNEHHOCTb B rogpl genpeccuin. C man
Nno OKTAGPb y/10B BO3pacTaeT He bosiee yem B
5-6 pa3, npyyem MakKCMMyM ero npuxoamTtca
Ha camble NO3a4HWE CPOKWU (BTOpaa MONOBMHA
OKTAGPA). B roabl MUHTEHCMBHOTO PAa3MHOXEHUA
OTHOCUTE/IbHO HEMHOFOYMUCNEHHOrO BECEHHe-
ro norosnosba (1966, 1970, 1973-1974, 1979,
1982, 1989, 2006, 2008, 2013) makcMmym OT-
JIOBOB HaCTyMNaeT y»Ke B Uto/ie — aBrycre, n Yuc-
JNIEHHOCTb MONYAALMWN YBENMYNBAETCA K ITOMY
BpemeHu B 20—40 pas. B ganbHelwem B cBA3MU
C aBTOPErynaTOpHbIM TOPMOXKEHUEM penpo-
AYKLUMKW U BO3pacTatowwei CMepTHOCTbO Hace-
NleHMe NOoNEeBOK MPOrpPecCMBHO COKpalLaeTca
BNOTb A0 YyXO43 Ha 3MOBKY.

3aknouyeHue

Kak nokasanu nposegeHHble uccnenoBa-
HWA, [ABWXEHUI0 YUCAEHHOCTU W3y4aemoro
BM/a Ha CEBEPHOM Mnpeaesie pacnpocTpaHeHuA
npucywm 6onee WKUPOKME, YeM B ONTUMYyMeE
apeana, AoCTUraloOWMe MHOMMX OEeCATKOB KpaT
AMMANTYAbl, aQPUTMUYHOCTb U NonMdaKTOpHan
06yCcNOBNEHHOCTb MHOTONIETHUX GAYKTyauui.
Mpn 3TOM OCHOBHbLIMM MEXaHU3MaMW perynsa-
LUKW YNCNEHHOCTM NONYNALMIA B 3TUX YCIOBUAX
ABNAOTCA 9K30reHHble, B OCHOBHOM NOroAHo-
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deHonormyeckne (MeHblle — KOPMOBbIE, MEK-
BMA0BAA KOHKYPEHUMA UK apyrue), pakTopbl,
OT/IYaloLWMeEca apUTMUEN, ANIUTENbHOCTbIO, a
HepeaKo 1 KpaliHen aKCTPEeMasIbHOCTbIO.

OCHOBHble 3KONOrMYecKkne 4epTbl M agan-
TMBHbIE KOMMJIEKCbI, B YaCTHOCTM XapaKTep u
XO[, MHOroneTHenm AWMHAMMUKM YUCNEHHOCTU
BMAaQ, 0OYC/NIOBNEHHbIE U3HbIO HAa CEBEPHOW
nepudepun apeana, OTINYAKOTCA 3HAUYUTENb-
HOM NabuUNbHOCTbIO U FTAPMOHMYHOWN Cornaco-
BAHHOCTbIO C MJIOTHOCTbIO M COCTOSHUEM NO-
NyNAuMA, a TaKKe C BHEWHMMU daKkTopammu
cpeabl. BmecTto y3Kux cneumanbHbIX npucho-
cobneHnit MHANBNAYANbHOFO PaHra TaeXKHble
BMAbl PEaNU3yT LINMPOKME MNONYNALUMOHHbIE
afanTUBHbIE KOMMNAEKCbI, OTAMYaloWwmeca au-
HAaMWYHOCTbIO U BbICOKOM CKOPOCTbIO KOMMEH-
CaTOPHOM NepecTPoKu.

MpoBeaeHHbIE, B T. 4. U HAMWU Ha NpUmepe
pbIXKen NoNeBKM, UCCNeaoBaHMA NOATBEPAUAN
N3BECTHOE MOJIOXKEeHME O TOM, YTO B IKONOTU-
YeCKOM LeHTpe (onTumyme) apeana NAOTHOCTb
nonynaALMM He TONbKO Bbille, HO U ycToN4YMBee,
Torga Kak Ha nepudepum oHa kKonebnetca B
6onbliem guanasoHe (PanbkeHwTelH, 1939;
Haymos, 1945, 1972; Haldane, 1956; HoBuKoOB,
1956; Xopgawesa, 1966; Malip, 1968 u ap.).
Bcnea 3a [. KpuctnaHom (Christian, 1970) mbl
CK/NIOHHbI paccmaTpmMBaTb 3TO KaK MPUCROCO-
6neHne K pacceneHuio BUAa B npoLecce ero
AanbHeunLwen 3BonoUMn. B ycnosuax neccumy-
Ma NonynAUMsa CUNbHO pasperkeHa, He obnaaa-
€T 0CTAaTOYHO AeMCTBEHHbIM NONYAALNOHHbIM
KOHTPOJIEM U YUCNIEHHOCTb €€ IMMUTUPYETCA B
OCHOBHOM BHELIHUMWU PaKTOpPaMM.

Bcneactsme aToro peskue ¢GayKTyauum ne-
pudepuyeckux nonynaumin cnocobcTeyroT re-
HeTMYeckomy 0bopoTy (Yepes NonynsUNOHHbIE
BOJIHbI) M 06ecneynBatoT 3BO/IIOLMOHHbIE Mpe-
obpaszoBaHuAa, BeayLLMe K 3aBOEBaHUIO BUAOM
HOBbIX TEPPUTOPUIA, 0OPA30BAHNID HOBbLIX MO-
nynsuni n gaxe snaos. Mepudepunyeckune no-
NynsunMM — BarKHenLWwmne 3BOOLMOHHbIE dop-
nocTbl BUAa. MMeHHO 34ecb pa3BopayumnBatoTca
rNaBHble 3BOJIOLUMOHHbIE COObITUA, NPUBO-
aawme K agantusHomy ¢opmoobpasoBaHUio
N OTKpbIBalOWMeE NyTU K AaNbHerwemy pac-
ceneHnto Buga. Agantauma nepudepuyeckmx
nonynAauMn, Kak Mbl BUAENM HA NMPUMEPE W
pbIXKen NofeBKn, U 6ONbLIMHCTBA APYTUX Npes-
CTaBUTENIEN MENKUX NECHbIX M/IEKONUTAOLLMX,
HaxoAuTCs 34eCb B CTaANM CTAHOB/IEHUSA, U TO
06cTOATENLCTBO, YTO NONHOW MpucnocobneH-
HOCTW Tak M He AocTuraeTcs, onpeaenseT no-
CTOSIHHYIO TOTOBHOCTb BMAA K MUKPO3BOMOLLU-
OHHbIM M3MEHEHUSAM B OTBET Ha U3MEHEeHUs
cpeabl, T. €. B KOHEYHOM cYeTe CTpaxyeT Bug ot

BbIMMPAHUA, NPUAAET eMy AOMOJHUTENIbHYIO
CTOMKOCTb NOCPEACTBOM FEHETUYECKOM U 3KO-
NIornyeckom nabunbHoOCTHU.

AHann3 nony4yeHHbIX [AHHbIX NO3BOAAET
caenatb OA4HO3HAYHbLIW BbIBOA O TOM, YTO NO
KpaliHen mepe B ycnoBuax BoctouHon deHHo-
CKAHAMW YUCNEHHOCTb PbIXKelr NONEBKU, KaK U
OONbLWNHCTBA APYIMX MENKUX MIeKonuTato-
LWMX, OOMTAIOLLMX Y CEBEPHbIX FPAHUL, apeana,
Haxo4AMTCA MO KOHTPOJIEM C/IOXHOro co4yeTa-
HUA LLeNoro psaaa 3K30reHHbIX U 3HO0MEeHHbIX
¢dakTOpOB. BCce OHU AENCTBYIOT B HEPA3PbIBHOM
KOMMJ/EKCe, U BbIAENTb U3 HUX FNaBHble NpPaK-
TUYECKN HEBO3MOXHO. K Tomy e pesynbraT
X OEeNCTBMA HEOO4HO3HAYeH U 3aBUCUT OT CO-
CTOAHMA NONYNALUUN, €e YUCIEHHOCTU U CTPYK-
TYpbl, @ TaK¥Xe OT CTaAuMU LMKNA U 0COHBEHHO-
cTel bmoueHo3a. Bcro coBOKynHOCTb GaKTOpoB
cpenbl BMecTe C NJ0OTHOCTbIO MONyAAauUK, ee
opraHmM3auuein n «eMKOCTbIO Yroauii» mbl 06b-
egMHAEeM B MOHATUE «3KOJIOTUYECKas CuTya-
LUMA» M CYUTAEM, YTO MMEHHO Ha Hee, a He Ha
OTAe/IbHble 3K30- U 3HAOreHHble paKTopbl cne-
AyeT OPUEHTUPOBATLCS NPU NPOrHO3MPOBAHUM
M ynNpaBAeHUN YUC/IEHHOCTbIO BUAOB.

OTparkas KONMYECTBEHHYI CTOPOHY B3au-
MOOTHOLLEHMN MONyAAUNIA CO cpeaon, AWHa-
MWK YNCNIEHHOCTU NpeacTaBaseT utor 6opubbl
33 CyLLLeCTBOBAHME B €e LUIMPOKOM NMOHMUMAHUMN.
B onTMmyme apeana 3TO BblparkaeTca B MObOU-
Nn3aummn cTabunmsmpyowmx, U Npexae Bcero
aBTOPErynATOpPHbIX, MexaHM3moB. MHauye 06-
CTOUT A3/10 B TAaeXXHOW 30He, r4e MHOrve BUAbI,
BK/ILOYAA M PbIXKYIO MONEBKY, HaxoaAaT cesep-
HbI/ Npeaen pacnpocTpaHeHua. 34echb YUC/eH-
HOCTb NONYNALNIA HEBbICOKA U OYEHb N3MEHYU-
Ba, BO-NepPBbIX, MOTOMY, YTO OHW HEeAOCTATOYHO
BOOPY)KEHbI KOMMNEHCATOPHbIMW MeXaHU3Ma-
MW, B T. Y. BHYTPMMONYNALMOHHbIMU, U TNaB-
HOe, He MOryT UX Peasn30BbIBaTb B YC/IOBUAX
HW3KOM NNOTHOCTU HaceNeHua, a BO-BTOPbLIX, B
CBA3KN C KPAaMHUM HEMNOCTOAHCTBOM M apUTMU-
el BHewWHMX GaKTopoB, OKa3bIBAOLWMX HA CNa-
603aLWMLEHHY0 NONYNALUMI0 MHOroobpasHoe,
CUNbHOE M HeoA4HO3HAYHOe BO3AeNCTBME.

B cBA3KM C 3TMM aBTOMATU3M M YeTKaA Nepuo-
ANYHOCTb GNYKTYaLUNI CMEHAIOTCA HA TaeXKHOM
CeBepe HenpaBWU/bHbIM, «PBaHbIM» PUTMOM,
OTpaKaloWMM HepaBHOMEPHbIE W3MEHEHWUA
BCEMN 9KOCUCTEMDI. ITUM KE MOXKHO 0OBACHUTD
PaCXoXAEeHMA B XO4E ABUKEHUA YNCNEHHOCTUN Y
TEPPUTOPUANIBHO M 3KOIOTUYECKM Bn3KuX no-
NyAAUMA U OTAENbHbIX POACTBEHHbIX BUAOB, B
pa3HOM cTeneHn YyBCTBUTE/bHbLIX K Henocpesa-
CTBEHHOMY BAMSHUIO BHELWHMX ycnosuit. Cne-
[0BaTeNbHO, U B J@HHOM C/ly4ae npoLecc npum-
cnocobneHua nepudepuyecknx nonynsuuin K
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REGULRITIES AND FACTORS OF THE
NUMBERS DYNAMICS OF THE BANK VOLE
(MYODES GLAREOLUS SCHR.) IN THE
PROTECTED TERRITORIES OF EASTERN
FENNOSCANDIA

IVANTER DSc, KarSC RAS, ivanter@petrsu.ru

Ernest Viktorovich ’ ’ @p ’
Keywords: Summary: Based on the materials obtained in the protected areas of Eastern
area Fennoscandia, we analyzed the course and factors of the long-term population
fluctuations dynamics (1958-2018) of the bank vole (Myodes glareolus Schr.) in the conditions
optimum of the northern border region of its distribution. It was established that the

pessimum of the vole studied species is characterized here by a low number compared to the optimum

population density of the area: 1.9 specimens for 100 traps per day, 1.7 — for 10 grooves per day.

cycle However, it continues to maintain a leading position in the total population of
small mammals, accounting for 50.5% in catches by trap lines and about 10%
in catches by grooves, where it is second only to the common shrew in number.
Pronounced long-term population changes characterized by a significant
amplitude of fluctuations and irregular alternation of short-term relatively high
rises with very long and deep depressions were revealed. It was found that in
contrast to the central optimal zone, where intrapopulation compensatory
mechanisms play a significant regulatory role, on its northern periphery this
function is performed by external, mainly weather-phenological factors, which
differ in the conditions of the northern limits of the area by utmost extremity and
non-rhythmic manifestation. The analysis of the obtained materials allows us to
conclude that among all the significant factors determining the environmental
situation of the year, the timing of the onset of spring, the temperature and the
amount of precipitation in late spring and early summer, as well as the yield of
coniferous seeds largely determining the feeding conditions of overwintering for
the forest rodents are the most considerable.
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AHHoTauums: MNpeacTaBaeHbl pesynbTaTbl UCCAEA0BAHUN TMAPOXMMUYECKUX U MU-
Kpoburonornyeckmx nokasartesieit NPUTOKOB HOro-3anagHoro, ceBepo-3anagHoro u

03epa ceBepHoro nobepexmnit OHeXKCKOro o3epa. XMMMUYecKkunii coctas 60/1bLLIMHCTBA U3-
rMAPOXUMUYECKUI YUYEHHbIX BOAOTOKOB hopmupyeTca noa sosaencTesnem 3abonouyeHHoM Bogocbop-
cocTaB HOM TeppUTOpPUN (BbICOKME NMOKA3aTeNn LBETHOCTM, COAEPNKAHUA Kenesa) u aH-
OAKTEPMONNAHKTOH  TPOMOreHHOM Harpy3Kku. M3BecTHO, YTO codeprkaHue r'yMyCOBbIX BELLECTB MOXET
OLeHKa KayecTBa CHUATb JOCTYNHOCTb AN1A BUOTbI TAXKENbIX METANN0B, USMEHATb NPOHULLAEMOCTb
BOAbI KNETOYHON MemMbpaHbl, YTO B KOHEYHOM UTOTE MOXKET MOANPULMPOBATL BAUAHKUE
MEeTOZ, FNaBHbIX aHTponoreHHoro gaktopa. bMoTa, U B YaCTHOCTM BAKTEPMOMN/IAHKTOH, CMOCOGHbI
KOMMOHEHT pa3HOHANpPaB/JEHHO pPearMpoBaTb Ha MPUCYTCTBME TYMYCOBbIX BELLECTB B BOAE,
YTO MOMKET B/IMATb Ha OLLEHKY KayecTBa BOAbl MO 0OLWWENPUHATbIM KnaccuduKaum-
AM, pa3paboTaHHbIM A1 CBET/IOBOAHbIX BOA0EMOB. C NOMOLLbIO MeToAa IM1aBHbIX
KOMMOHEHT MOKa3aHO OTCYTCTBUE BAMAHUA 3a60104YEHHbIX BOAOCOOPHbIX TEpPpPU-
TOPWUI Ha peyHyt MMKpobKnoTy. [lokasaHa BeayLlan posib aHTPOMNOreHHOro gpaKTo-
pa B KO/INYECTBEHHOM Pa3BUTUM BaKTEePMONIAHKTOHA NPUTOKOB OHEXCKOro o3se-
pa 1 BO3MOXHOCTb MPMMEHEHMA MUKPOBMONOrMYECKMX MOKa3aTeNein 410 OLEHKN
COCTOAHMA MaJblX PEK C BbICOKOM LBETHOCTbIO BOAbI.
© MeTpo3aBOACKMIN FOCYAAPCTBEHHDLIN YHUBEPCUTET
MonyueHa: 31 asrycra 2023 roga MopnucaHa K nevatu: 05 okTAbpa 2023 roga
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BsepgeHue

BaKTepuu UrpatoT rnaBHyt POJib B rEOXUMMU-
YeCKMx Npoueccax, y4acTBys B nepegaye sHep-
7MW U BELLecTBa B NULLEBbIX ceTAX. Bbicokan
CKopocTb meTabonnama obecneymBaeT HaKre-
puam 6onee BbICTPYHO, YEM Yy APYrMX KOMMO-
HEeHTOB GMOTbI, PeaKLMI0 Ha HE3HAYUTENbHbIE
N3MEHEHWs YCNOBUI cpeabl, a pasHoobpasue
cnocob6oB ¢yHKUMOHMpPOBAHMA obecneymBaeT
CNOCOBHOCTb K AECTPYKUMM cneunduyeckmx
BELLECTB, B T. Y. U aHTPOMNOreHHOro NPOUCXOMK-
AEHWA, HeAOCTYMHbIX APYrMM OpraHM3Mam.
3TN 0cOBEHHOCTU ONPEAENstoT BbICOKYH WH-
AVKATOPHYI 3HAaYMMOCTb HakTepuii B bruomo-
HUTOPWUHTE.

Mcnonb3oBaHMe MUKPOBMONOrMYECKMX MNo-
KasaTesnen Npu oLeHKe KayecTBa BoAbl BOAOTO-
KoB Kapenuu aBnsetca CNoXHOM 3agayen, no-
CKO/IbKY BbICOKOE COAEpKaHMe B BOAE 'YMYyCO-
BbIX BELLECTB, XapaKTepHoe ans pek Kapenuu
(No3oBuK 1 ap., 2006, 2013), MOKET U3IMEHATb
aKTUMBHOCTb bGaKTepui. MU3BecTHO, 4TO 6MO-
Macca reTepoTpodHbIX BaKTEPUN MOKET BO3-
pacTaTb B MPUCYTCTBMU FYMUHOBbLIX BELLECTB
(Tranvik, Hofle, 1987), ogHako rymuHoBble Be-
LEecTBa, B CBOKO O4Yepenb, MOTYyT CHUMKATb akK-
TUBHOCTb DOaKTepuii B MPEcHoM BoAe 3a cyeT
XenaTMpPOBaHUA MUKPOINEMEHTOB U BAUAHUA
Ha P-umkn (Jones et al., 1988). Tak)Ke Aokasa-
Ho (Visser, 1985), 4TO HM3KME KOHLEHTpaLUK
rYMYCOBbIX BELLECTB MOTYT CUIbHO CTUMY/IUPO-
BaTb, @ BbICOKME — NOAABAATL PAa3BUTUE MUKPO-
OopraHn3mos. TaK, NPU KOHLEHTPALUN pacTBO-
PEHHOr0 OpPraHWYecKoro yrnepoaa — NPsSMoro
nokKasaTens NPUCyTCTBMA NYMyCOBbIX BELLECTB —
6onee 20 mr C/n KONMYECTBEHHbIE NOKa3aTenu
GaKTEPUIA CHUMNKANUCH, YTO OOBACHAETCA YBENU-
YeHMeM B BOAE TOKCUYHbIX OpraHUYecKmx coe-
AVNHEHUN, TaKMX Kak peHonbl (James, 19914, b).
Kpome Toro, 66110 OTMEYEHO, YTO TOKCUYECKUI
3¢ PeKT pacTBOPEHHOrO OPraHMYecKoro yrne-
pofa B TEMHbIX BOAAX YCUIMBANACA B OCEHHUN
nepuoa npu cHuxenun pH Boapl. K Hecneu-
nonyecknm apdpeKtTam rymycoBbix BELLECTB Ha
MMKPODOOLEHO3bI OTHOCAT KaK pM3nYecKoe, Tak
M XMMMUYECKoe pasgparkeHue membpaH, CTu-
MYNALMIO U M3MeHeHUa BuoTpaHcdopmaumnm
bepmeHTOB, CTUMYNALMIO 6eNKOB-LLANepoHOB,
3aLLUNUTY OT OKMCAUTENbHOrO cTpecca (Steinberg
et al., 2006). B cBoto oyepeab, retepoTpodHbie
6aKkTepumn, ABNAACL OCHOBHbIMU AECTPYKTOpa-
MW TYMYCOBbIX BELLECTB B BOAHbIX 3KOCUCTE-
Max, MOryT TpaHCPOpPMMPOBaATL UX B CBOIO BMO-

Maccy U peMUHEPaNM30BbIBATbL B HEOPraHMye-
ckmit yrnepog, (Kisand et al., 2008).

B ycnoBuax KapenbCKOro permoHa aktyasb-
HOM Npobaemoli CTAaHOBUTCA OLLEHKA peaKkumm
6MOTbl Ha AeNCTBME 3arpsa3HAKLWMX BELLecTB
(nnBHEBbIX CTOKOB) Ha ¢oHe AeUcTBMA Npu-
POAHbIX (paKkTopoB — nocTynaeHusa 6osbLio-
ro KO/INYecTBa rymycCoBbIX BELLECTB, KOTOpble
onpeaenatoT MNOBbIWEHHY LBETHOCTb BOAbI.
CoBpemeHHbIe e KnaccudpuKaTopbl KayecTBa
BOAbl HaueNeHbl Ha OLLEHKY aHTPOMOreHHoro
BO34ENCTBMA, MaBHbIM 06pPa3oM, CBET/IOBOA-
HbIX BOAOEMOB.

MuKkpobuonornyeckas WHAMKALMA Kade-
CTBa BOAHOW cpeabl CTaHOBUTCA Hanbonee 3g-
GEeKTUBHOM NpU OAHOBPEMEHHOM U3YYEHUU
XMMUYECKOro COCTaBa BOAbl, KOTOPbIM Heob-
XOAMMO YYUTbIBATb, NPMHUMAA BO BHUMaHUE
pa3Hoobpa3sme cnocoboB yHKLUNOHUPOBAHUA
6aKkTepuii. B ycnoBuAx BAMAHMA Ha peyHble
aKocucTembl 3ab60/104eHHOM BogocbopHoOM Tep-
PUTOPUM BaXKHOWM 33aZa4Yen CTAaHOBUTCA U3yye-
HWEe BO3MOXKHbIX CBSI3eM MeXKay CoAeprKaHMeM
rYMyCOBbIX BELLECTB M KONIMYECTBEHHbIMWU NO-
KasaTtenamm 6aKTepMonnaHKTOHa, YTO MO3BO-
NAET YTOYHUTb UHAMKATOPHYIO PONb HGakTepui
npu GBUOMOHUTOPUHIE BbICOKOLLBETHbIX BOA,

Llenb HacToALWEro nccnenoBaHUs — OLEHNUTD
BO3MOXHOCTb MPUMEHEHUA O0BLENPUHATBIX
KnaccMdpmuKaTopoB KavecTsa BoA No MUKPOBUO-
JIOTMYECKMM MOKa3aTeNsaM B YCA0BUAX Kapesb-
cKoro rmaporpaduyeckoro permoHa.

Martepuanbi

ONA BbIABNEHNA CBA3EN MEXAY XMMMUYECKN-
MW U MUKPOBMONOrMYECKMMM XapPaKTePUCTUKA-
mu B 2015 r. 66111 0TOGpPaHbI NPO6bLI BOAbI Ha
NPUYCTbEBbIX Y4acTKax 12 npmntokos OHeXCKo-
ro 03epa, Pas3/InyatoLWmMxca No cteneHun 3abono-
YeHHOCTM BogocbopHo Tepputopmn (5-13 %)
N QHTPOMOreHHOMY BAMAHWIO. B Hanbonbwen
CcTeneHn NoABepXKeHbl aHTPONOreHHOMY BO3-
AeNCTBUIO peKkn JlTococMHKa u HernunHka, npo-
TeKatowue no Tepputopun r. leTposasoackKa.
CpegHAA cTeneHb aHTPOMOreHHOM Harpysku
XapaKTepHa Ana p. Henykcebl, YaCTUYHO ApPeHU-
pyloLwen TeppuTopuio CBanKK r. MeTpo3aBos-
CKa, 1 pek Kymca v BuuKa, npoTeKatowmx no
Tepputopun r. Mepagexxberopcka. HanmeHb-
LWaA aHTPOMOreHHaa HarpysKa BblAB/leHA ANA
ocTanbHbIX pek (p. Opsera, p. [epeBsaHKa, p.
Ya, p. Nyxta, p. Wokwa, pyy. KenesHbvinn u p.
JNInxkma), Baonb 6eperos KOTOPbIX Pacnonoxe-
Hbl He6oNbLINE AaYHblE NOCENEHUS.
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1loxuia

Puc. 1. Cxema pacnonoxeHua ctaHumin otbopa npob Ha nputokax OHexcKoro o3epa. Ha p. J/lococuHKe: CT.
L-1 — 3a npegenamm ropoackoi yepTol, CT. L-2, L-3, L—4 — Ha ropoaCcKon TeppuUTOpUU; Ha p. HernnHKe: cT.
N—1 — 3a npegenamun ropoLCcKoM YepTbl Bbile No TedeHuto; cT. N—2, N—3 — Ha ropoAacKol TeppuTopun
Fig. 1. Layout of sampling stations on the tributaries of Lake Onega. On the river Lososinka: station L-1 —
outside the city limits, stations L—-2, L-3, L—4 — in the urban area; on the river Neglinka: station N—1 — outside
the city limits upstream; stations N—2, N-3 —in an urban area

MeToapbl

Mpobbl BOAbI OTOMPANN U3 NOBEPXHOCTHOO
cnos B meamanbHon yactm pek (MYK 4.2.3690-
21; FOCT 31942-2012).

N3 uncna xmmmnyecknx nokasaTtenemn B npo-
6ax Boabl onpegenann pH noteHunomeTpuye-
CKM Ha pH-meTpe, uBeTHOCTb (ANEKWMH U Ap.,
1973), copeprkaHne pacTBOPEHHOrO KMCA0PO-
Aa v BIK, (Pykosoactso..., 1977), xumuyeckoe
notpebneHune Kucnopoga (XMNK) (AHanutunue-
CKue...,, 2017), copgeprkaHne B3BELUEHHbIX Be-
wects (MHA ® 14.1:2.110-97), obuLero *kenesa
(Fes,) (P4, 52.24.427-2013), obwero dpocopa
(P (MHA, ®14.1:2.106-97), MMHepanbHOro
docdopa (P ) (MHA ® 14.1:2:4.248-07), He-
¢TenpoaykToB (PO 52.24.476-2007) no cTaH-
AAPTHbIM METOAMKAM.

B xome MuKpobuonormyeckoro aHanm-
33 6blIM onpegeneHbl: 0bWaAs YMCNEHHOCTb
6aktepuin (OYB6) (Zimmermann et al.,, 1978;
Handbook..., 1993), a TakKe YNCNEeHHOCTb KO-
noro-tpoduyeckmx rpynn 6HGaKkTepuonaaHKTo-

Ha: canpoduTHbix (CB) 1 onnrokapboduIbHbIX
6akTepuit (OKB) (PomaHeHko, KysHeuos, 1974;
KysHeuoB, [ybuHuHa, 1989), deHonpesu-
cTeHTHbIX (PPB) M yrneBogopoA0KUCNAIOLMX
(YOB) 6aktepuit (KysHeuos, lybuHuHa, 1989),
nokasaTesiem CaHUTAapPHOrO COCTOAHMA BOAbI
— obuwee mukpobHoe yncno (OMY) n bakre-
pUK rpynnbl KMweyHoi nanoykm (BrKmn) (MyK
4.2.3721-21).

B KauecTBe CTAaTUCTUYECKMX XapaKTEPUCTUK
M3MEHYMBOCTU XMMUYECKUX U MUKpobBuonoru-
4YeCKMX MoKasaTesel pPaccyMTbiBaNn cpepHee
3HauyeHuMe no BblbopKe U ero owmnbky. Ana ns-
YYEHUA CBA3EM MeXAy TMAPOXMMUYECKUMMU
N MUKPOOBMONOrMYECKMMM MNOKa3aTensmm Mc-
No/Ib30BaZIN MeTOoZ, IMaBHbIX KOMMNOHeHT (Ko-
pocos, 1996). OcHoOBOM ANA 3TOro aHanu3a no-
CNYXKUNU NorapudMUpPOBaAHHbIE TULPOXMMU-
4yeckne U MUKpPOBOMONOrnMyeckne nokasaTenu
BoAbl Mo 21 ctaHumm 12 npuToKOB OHEXCKOro
o3epa 3a 2015 r. J/lorapudmunpoBaHme nNoKasa-
TeNiel OCYLLEeCTBAAMN C Le/Iblo CHU3UTb COOTHO-
lWeHMe Pa3MepHOCTU NOKasaTtenen n npubau-
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3UTb UX pacnpeaeneHne K HOPManbHOMY, KaK
3TO pekomeHa0BaHO B pabote B. K. LLnTMKOBa
c coaBTopamum (2005). B KayecTBe 3HaAYMMbIX
NPUHUMANWN TNABHblE KOMMOHEHTbI C Aucnep-
cuert 21 n paKTopHble HArpy3KM MPU3HAKOB C
OTHOCUTENbHbIMM 3HaYeHuamn 2|0. 7].

ONnA KONMYeCcTBEHHOrO BbIPaXeHMA CBA3eM
MeXAay MoKasaTenAMM WCMNo/sb30Bain Koad-
dnumeHT Koppenauum CnupmeHa. MNMpu ouyeHke
AOCTOBEPHOCTU Ko3ddPUUMEHTa Koppensauum
MCNONb30BancA ypoBeHb 3Hadymmoctm 0.05.
Ctatuctnyeckana ob6paboTKa AaHHbIX OCYLLECT-
B/1A1ACb B AMLEH3MPOBAaHHOM nakeTe Statictica
Advanced 10 for WindowsRu.

Pe3ynbTatbl

Xapakmepucmuka xumu4yecKkoz2o cocmasa
800bI NpumMoKoe OHeXCKo20 o3epd

MAapoxmmmnyeckme noKasaTenu M3yyYeHHbIX
peKk 6blnn pasgeneHbl Ha Age rpynnbl. B nep-
BYIO rpynny BOLUIM MOKa3aTeNn, XapaKTepusy-
towme BAmnsHUe 3abonovyeHHol BogocbopHom
TeppuUTOpUN (PernoHanbHbI FEOXMMUYECKUI
¢oH) (Tabn. 1). K HUM BblNM OTHECEHbI KOCBEH-
Hble NOKasaTenu, OoTpaxaloline coaepaHue
TPYAHOOKUCNAEMbIX TYMYCOBbIX BELLECTB, —
XMK n uBeTHocTb. K 3TOM *Ke rpynne nokasare-
el 6bl10 OTHECEHO CoAeprKaHue XKenesa, cBs-
3aHHOTMO C r'yMyCOBbIMU BELLECTBAMM, a TaKKe
BeAMUYMHa pH — nHAUKaTop BAMAHUSA 3abono-
YeHHbIX Bogocbopos (/lo3osuk, 2006, 2013).

Tabnunua 1. PoHoBbIE NOKA3aTeIM XMMMUYECKOTo COCTaBa BOAbl NPUTOKOB OHEMXKCKOro 03epa B Nepuos,

nccnenoBaHui
LiBeTHOCTD,
MpuToK pH rpaL. XMK, mrO/n Fesou, mr/n
6.6—7.6 (6) 94-136 (6) 12.5-39.9(6) 1.06-2.76(5)
JlococuHKa, cT. L-1
7.2+0.2 155+7 21.8+4.5 1.69 £ 0.30
JIococHHKa, cT. L-2, L-3, 6.4-7.6 (18) 102-201 (18) 10.9-34.3(18) 0.99-3.42 (15)
L-4 7.2+0.1 1326 23.2+1.7 1.88 +0.21
4.3-5.2 (6) 270-384 (6) 33.7-47.2 (6) 1.22-5.09 (5)
Hernnuka, ct. N—1
4.7+0.2 339+ 180 40.6+2.1 2.76 £ 0.65
6.5-7.8 (13) 34-285(13) 12.5-46.8 (10) 0.67-4.04 (8)
HernuHka, ct. N-2, N-3
7.2+0.1 146 £ 240 26.9+3.3 1.92 £0.39
. 6.3-7.3 (6) 48-200 (5) 21.34-7.12 (5) 0.78-3.58
KenesHbin
7.0+0.2 127 £ 29 38.26 +9.54 2.24+0.5
87-88 (2) 38.1-55.2 (2) 0.57-0.59 (2)
Henykca 7.5(2)
88 + 0.5 46.65 £ 8.6 0.58 £ 0.01
o 6.85-7.15 (2) 81-285 (2) 36—99.6 (2) 0.95-1.55 (2)
3era
P 7.0+0.15 183 +£102 67.8 +31.8 1.25+0.01
7.7-7.86 (2) 37-55 (2) 32.9-37.9(2) 0.56-0.83(2)
JepeBAHkKa
7.8+0.1 46+ 9 35.4+2.5 0.70+0.14
. 6.9-7.1(2) 132-135 (2) 57.3-67.3 (2) 3.0-3.19 (2)
XTa
Y 7.0+0.1 134+1.5 62.3+5 3.10+0.10
" 6.95-7.55 (2) 116-145 (2) 42.1-54.1 (2) 2.93-3.7 (2)
OKLLUa
7.3+0.3 131 £15 48.1+6 3.32+0.39
y 7.1-7.35 (2) 49-55 (2) 37.6-40 (2) 0.53-1.09 (2)
a
7.2+0.1 52+3 38.8+1.2 0.81 +0.28
7.4-7.5(2) 19-23 (2) 25.4-26 (2) 0.092-0.125 (2)
Nnxkma
7.5+0.05 21+2 25.7+0.3 0.11£0.02
5 7.25-7.35(2) 64-99 (2) 34-45.5 (2) 0.63-0.64 (2)
MYKa
7.3+0.05 82+18 39.75+5.8 0.64 £ 0.01
K 7.31-7.46 (2) 40-62 (2) 27.2-36.6 (2) 0.27-0.38 (2)
mca
v 7.4+0.1 51+11 31.9+4.7 0.33£0.06

MpumeyaHue. B uncnmutene — Min—Max (B cKobKax — KO/IM4eCTBO Npob); B 3HamMeHaTene — cpeaHsa 1 ee

owmnbka ans yposHa BepoaTHocTn P = 0.95.
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Bo BTOpYtO rpynny BOLWAW TMAPOXMMUYECKNE
MOKasaTenu, XapaKTepusyllmMe aHTPOMoreH-
HOE BAMAHKE Ha NPUTOKK: BenndmHa BIK,, cen-
[AeTeNbCTByoWan 06 MHTEHCUBHOCTM 3arpasHe-
HWUA PeYHbIX BOA NerkoMmmuHepanmsyembim OB,
cofepkaHune obLero n MmHepanbHoro pocoo-
pa, B3BELIEHHbIX BellecTs, HedTenpoayKTos,
a TaKe CoAep)KaHue B BOAE PACTBOPEHHOro
KMCN0POAa, PAacXo4yeMoro Ha OKUC/IeHue ner-

KoMuHepanmnsyemoro OB (tabn. 2). B tabn. 2
copepkaHne HePpTenpoayKTOB B PEYHbIX BOAAX
He npuBeneHO, MOCKONbKY AnsA 6ONbLIMHCTBA
M3yYEHHbIX PEK MX KOHUEHTpauua He npesbl-
LWana ypoBHA YyBCTBUTE/IbHOCTU MeToAa onpe-
AeneHus, T. e. bbi1a meHee 0.02 mr/a. Jinwb B
BoAde p. HernnHkm B 4epTte r. [leTpo3aBoacKa
cpefHee cogeprkaHme HedpTenpoayKTOB COCTa-
suno 0.07 mr/n.

Tabnnua 2. XuMnyeckue nokasaTtenn Boabl NPUTOKOB OHEKCKOTo 03epa, XapaKTepusytowmne nx aHTpono-
reHHoe 3arps3HeHue B Nepuog UcciefoBaHmi

n 0O, HacbilweHve, BINK, B3BeLLeHHble Posu, P,
PUTOK o
mr O_/n % mr O_/n BELLEeCTBa, Mr/n MKr/n MKr/n
JlococuHKa, 9.3-12.1(8) 84-91(8) 1.04-3.85(7) 9.5-58(6) 18-232(5) 5-56(5)
cr. -1 10.5+0.4 88+1 1.57+0.38 35.8+7.7 85140 309
“°CL°3V":K§' 8.8-12.7(24)  78-94(24)  1.22-3.61(21)  2.5-238(6)  16-186(15) 4-62(15)
cT. -2, L3,
-4 10.5+0.4 89+1 1.71+0.11 40.6 £12.9 72+13 34+6
HernuHka, 7.6-10.3(8) 62-73(8) 0.88-1.9(8) 9-92(6) 42-162(5) 4-31(5)
cr.N-1 8.8+0.4 691 1.23+0.13 31.6+12.5 92+21  18+5
Hermmnka,  5.6-11.5(16)  51-92(16)  1.09-6.4(16)  4.5-120(11)  106-339(8) 39-273(5)
ct. N-2, N-3 9.0+0.5 743 3.69+0.4 29.76 £11.96 200+29 154 +27
. 2.9-12.5(8) 26-90(8)  0.53-2.54(7) 1.5-25.5(5)  18-25(4) 5-10(4)
KenesHbin
86+1.1 707 1.26 +0.27 14.3 +4.06 21 +0.002 9+0.001
H 9.26-10.3(2) 87-89(2) 0.62-0.9(2) 1.1-1.5(2) 37-38(2) 7-8(2)
enyKca
Y 9.78 £ 0.52 88+1 0.76 £0.14 1.3+0.2 37.5+0.5 75%0.5
5 7.22-8.8(2) 70-76 (2)  1.36-1.48(2) 3.6-4.8(2) 78-97(2) 36-47(2)
3era
P 8.01+0.8 733 1.42 +£0.06 4.2 +0.6 87.5+9.5 41.5+5.5
10.1-10.6(2) 94-98(2)  0.84-1.39(2) 1.6-4(2) 54-74(2) 22-40(2)
JepeBaHka
10.45 +0.35 96 + 2 1.12+0.28 28+1.2 64 +10 31+9
n 7.19-9.02(2) 71-78(2) 1.16-1.54(2) 3.2-3.6(2) 43-49(2) 9-15(2)
XTa
Y 8.11+0.91 74514 1.35+0.19 3.4+0.2 46+ 3 12+3
8.22-8.94(2) 73-90(2)  1.12-1.21(2) 2.8-6.6(2) 34-37(2)
LWoKwa 8(2)
8.58 + 0.36 81.5+9 1.17 £ 0.04 47+1.9 35.5+1.5
y 7.28-9.78(2) 69-85(2)  0.75-1.24(2) 0-2.2(2) 13-20(2) 1-3(2)
q
8.53+1.25 778 1.00 + 0.25 1.1+1.1 16.5+ 3.5 2+1
8.45-10.1(2) 88-94(2) 0.52-0.74(2) 0.3-0.75(2)
Nnxkma 12(2) 1(2)
9.28 £ 0.83 91+3 0.63+0.11 0.53+2.23
5 8.92-10.6(2) 88-90(2)  1.25-1.52(2) 1.5-2(2) 19-24(2)  3-4(2)
MyKa
9.76 £ 0.84 89+t1 1.39+0.14 1.75+£0.25 21.5+25 35%0.5
‘ 8.77-10.1(2) 88-90(2)  1.27-1.71(2) 0.6-1.5(2) 10-13(2) 1-2(2)
Mca
Y 9.44 + 0.67 89+1 1.49+0.22 1.05+0.45 11.5+15 15+0.5

MpumeyaHue. B uncantene — Min—Max (B ckobKax — Ko/in4ecTBo Npob); B 3HaMeHaTene — CpeaHssA 1 ee
oWwnbKa ANa ypoBHA BeposATHOCTU P = 0.95.
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KonuyecmeeHHble nokazamenu 6akmepu-
onAaHKMOHA NpumMokKoe OHeX(CKo20 o3epa

B nepuoa wccnenoBaHWit o6Llias UYMCNEH-

HocTb 6akTepuin (OYB) B Boae NpuUToKoB OHeX-
CKOro osepa Bapbuposana ot 0.42 no 7.46 maH
Kn./mn (Tabn. 3).

Tabnnua 3. Mukpoburonormyeckune nokasatenm Nputokos OHEKCKOro o3epa

o 046 Cb OKEB ®PB VOB oMY BIKN
P MJIH KA./Mn "103, KOE/mn *103, KOE/n
cr. -1 24+021 12404 12404 09403 07+02 009+002 9.8+3.9
NlococukKa, 1.75-4.76(24) 0.6-6.1(24) 1.1-20(24) 0.5-5.9(24) 0.2-1.5(24) 0.2-1.9(24) 224~
ot (=2, -3, ; : ) : : ; 218(24)
s 317£017 33+04 81%08 2503 0703 0.6+009 o, 114
Hermnra, 0.42-254(8) 0.1-2.2(8) 0.6-4.6(8) 0.1-2.0(8) 0.05-0.6(8) 0.03-0.2(8) 0.8-40.7(8)
cr. N-1 133+025 09402 16405 07402 03+006 009+02 10.6+5.1
0.1- 38—
Hernn, 0.57-7.46(16) 1.0-196(16) 8.9-429(16) 0.4-88(16) 01-23(16) ,o0 76  1334(16)
cT. N-2, N—-
3844041 2844122 782282 184%56 64%18 g5.30 agss 102
»  0.83-3.14(8) 03-54(8) 1.2-9.9(8) 0.3-3.0(8) 0.07-0.3(8) 0.01-0.5(8) 0.2-42(3)
ene3Hbln
177+031 13406 44+11 13403 02+003 01+006 11.9+52
] 1.68-1.88(2) 0.7-3.73(2) 1.7-9.3(2) 0.2-23(2) 0.4-0.7(2) 0.1-0.23(2) 56-32.2(2)
eNlyKCca
Y 1.78+01 22415 55438 13411 05+02 0.16+0.07 18.9+13.3
1.48-2.042) 1.2-17(2) 45-51(2) 1.2-13(2) 03-1.02) 9%~  70-89(2)
Opsera £ 103 4803 125$001 06:03 o) goi10
176 +0.28  1.5+0. 8+03 1.25%0. 6403 oc,001 801
A 1.07-1.50(2) 1.9-3.1(2) 5.8-11.2(2) 1.1-1.3(2) 0.4-1.4(2) 0.1-0.16(2) 8.5-16.4(2)
epeBAHKa
P 128+022 25406 85427 12401 09+05 013+0.03 12.5+4.0
275-2.87(2) 2.2-3.7(2) 3.8-5.9(2) 1.4-3.6(2) 04-2.1(2) 29 45662
Mlyxra 1006 28807 49:10 25:10 13808 02 gei11
1.81+0. 8+0. 9+1. 541, 3409 37,03 561
2.32-2.50(2) 0.7-2.74 (2) 2.7-8.0(2) 1.6-1.7(2) 0.7-1.02) 297~ 34-106(2)
LWoKwa . .\ . . N 0.15(2) .
141£009 16%09 54327 174006 08%02 4 1,004 7-0%30
v 1.66-2.97(2) 1.1-2.6(2) 8.5-11.0(2) 0.9-1.2(2) 0.3-0.9(2) 006%‘5) 4.9-7.0(2)
ﬂ .
232+065 19%07 98412 11201 06%03 oo, 00y 60%10
1.81-2.07(2) 0.4-07(2) 1.1-13(2) 0.3-1.0(2) 0.16-0.22(2) 201~ 54 472
Nnxkma . . .\ . A 0.05(2) .
194+013 06%02 12401 06+03 019%0.03 ;.. 36%L1
Buuka 4.68 (1) 150(1)  830(1)  290(1) 090(1) 060(1) 22522(1)
Kymca 233(1) _ 065(1) 206(1)  140(1) 0.19(1)  0415(1) 12581(1)

MpumeyaHue. B uncnmutene — Min—Max (B ckobKax — KonnMyecTBo npob); B 3HameHaTene — CpeaHssa u ee

owmnbKa aAnA ypoBHsA BepoAaTHOCTM P = 0.95.
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CanpoduTHble baktepumn (CB), cnocobHble
pa3BMBATbCA MPU  BbICOKUX KOHUEHTPaUUAX
NEerKOMMHEpPanN3yemMoro opraHu4eckoro cyb-
CTpaTa U ABAAKOWMECA UHAMKATOPAMMU AKTUB-
HOCTW Npouecca CaMmoOYMLLEHNA BOAbI, JOCTU-
ranv BbICOKMX NOKa3aTenen B pekax u U3MeHs-
nvcb ot 0.1710% go 1967103 KOE/mn.

JomuHupyowen B npupogHom bGaKtepu-
ONNAHKTOHHOM coobLiecTBe ABNAETCA ONU-
rokapbodunbHas rpynna 6aktepuin (OKB),
6narogapsa cnocobHOCTM 3TOM rpynnbl HGakTe-
PUMA K BbICOKOM CKOPOCTM POCTa MPU HUIKUX
KOHUeHTpaumax OB. UX ymcneHHOCTb Bapbu-
poBana B LWMPOKMX npegenax — ot 0.2°10% go
429°103KOE/mn.

KonnuectBo 6aKkTepuit U UX KauyeCTBEHHbIM
COCTaB B BOAe MPUTOKOB MOryT ObITb CBA3a-
Hbl C BAMAHWEM B T. Y. MPUPOAHbLIX GAKTOPOB.
Boga nputokoB OHEXCKOro o3epa xapakrepwu-
3yeTca UBETHOCTbIO B npeaenax 19-384 rpag.
(cm. Tabn. 1). BoicokMe nokasaTenn LBETHOCTH
BOAbl CBMAETENIbCTBYIOT O COAEPKAHUM DONb-
LIOrO0 KO/AM4YecTBa FyMyCOBbIX BeLecTB, MNo-
cTynarowmx ¢ 3ab60no4YeHHbIX BOAOCHOPHBIX
TeppuTopuit. MoKasaHo, 4YTO B COCTaBe rymy-
COBbIX BELLECTB NPUCYTCTBYIOT GEHONbHbIE CO-
eanHeHua (3o6koBa, ManaxmHa, 2019). B cBA3M
C 3TMUM HeobXoAMMO OTMETUTb MHTEHCUMBHOE
pa3BuTME B BOAE U3YYEHHbIX peK peHonpesun-
CTEHTHbIX MUKpoopraHmamoB (PPE), yncnen-
HOCTb KOTOpPbIX 06YCNOBANBAETCA MNOCTYNAEHU-
eM PeHONbHbIX COeANHEHUIN KaK B KOMMAEKce
¢ rymycosbim OB, TaK n ¢ 3arpasHeHnem BOAbl
deHoNnamm, NOCTyNaKWMMN C aHTPOMOTEHHbI-
MW CTOKaMK. MIX YnCNeHHOCTb BapbupoBana B
nepeaenax 0.1°103-88710% KOE/mn.

NHankaTopamm 3arpAsHeHnsa Bogbl HedTe-
NPOAYKTaMM ABAAIOTCA MNOKa3aTenu UYUcnel-
HOCTW Yr1eBOAOPOAOKUCNAIOLWMX MUKPOOpPra-
HM3moB (YOB). VX KonnyectBo M3MEHANOCH OT
0.02"103p0 237102 KOE/mn. CornacHo Knaccu-
duMKaLMKM KayecTBa NPecHbIX BOA (Ha npumepe
p. Kotopocnb) (BuHorpagos n gp., 2001), pas-
Butne ®PBE 1 YOb B pekax CBMAETE/IbCTBOBA/IO
0 CpeaHen NN BbICOKOM CTEMEHM 3arpA3HEHMA
NPUTOKOB.

CaHuTapHOE COCTOAHWE MPUTOKOB OLLEHMU-
Ba/IM NO KoAM4YecTBEHHbIM NoKasatenam OMY
n BrKI, yncneHHoOCTb KOTOpbIX CBUAETEe/b-
CTBYET O HanM4YnM GeKaNbHOro 3arpA3HeHUs U
cteneHn 6e30MacHOCTU peyHbiX BOA ANA pe-
KpeauMoHHOro ucnonb3oBaHuAa. Koanvectso
OMM 3a uccnepyemblit nepuog BapbupoBano
ot 0.01°10% no 467103KOE/mn. YncneHHocTb B
Boge pek BIKM gocturana BbICOKMX 3HAYEHUN:
0.27103-1324"103KOE/n. 3Tn nokasatenun csu-
AEeTeNnbCTBYOT O HebnaronpuATHOM CaHWUTap-

HOM COCTOSIHUM DO/BLUMHCTBA PEK, B KOTOPbIX
BIrKM npesbiwano Hopmy 5000 KOE/n (CaHMunH
2.1.3684-21).

B uenom Haubonbwumm pasBuTMEM BCEX
aKonoro-tpodumyeckmx rpynn 6aktepuonnaH-
KTOHa XapaKTepM30Bas/ICA TOPOACKOM y4acTOK
p. HernnHku, B TO BpemA KakK HammeHbllan
YMCNEHHOCTb OblNa XapaKTepHa Ans 3aropoa-
HbIX Y4aCTKOB p. JIOCOCMHKMU U p. HernnHknm,
pyy. enesHoro u p. JINxKMbl.

Cmpykmypa ceaseli Mexoy Xumuveckumu
U MuKpobuosnozu4ecKuMu nokKasamenamu
pevHbIX 8600

Ons ueneit MMKPOBMONOTrMYECKOM MHAMKA-
UMM KayecTBa BoAbl NPUTOKoB OHEMXKCKOro o3e-
pa C y4eToMm MHOrodpaKTopHOro BO3A4einCTBMA
Ha MX 3KOCUCTEMbI aKTya/IbHOM 3aZa4el cTano
BblfiBNleHNe (aKToOpOB cpebl, BAMAKOWMX Ha
KONIMYeCTBEHHble MOKA3aTeN Pa3HbIX IKONOro-
Tpoduyeckmx rpynn 6akTepuil.

Coctas BoAbl 12 NPUTOKOB XapaKTepuso-
BA/ICA WUMPOKUM ANANA30HOM KaK NPUPOAHbIX
(uBeTHOCTb BOAbl, coaepkaHue xenesa, XK,
pH), TaK M aHTPONOreHHO 0OYCNOB/EHHbIX XU-
MWYECKUX MNOKasaTesemn (EI'IKS, B3BelleHHble
BelLecTBa, obwmin pocdop) (cm. Tabn. 1, 2). 310
06cTOATENBCTBO NO3BOIN/IO HA POHe HonbLIOM
M3MEHYMBOCTM XMMMUYECKOTO COCTaBa BOAbI
PEYHbIX BOA, BbIABUTb XMMUYECKME NOKA3aTeNN,
C KOTOpPbIMK Morna BbITb CBA3aHA YNCNEHHOCTb
pa3HbIX rpynn 6akTepuii B BOAE.

AHanu3 faHHbIX C MOMOLLbIO MeToAa FnaB-
HbIX KOMMOHEHT MOKa3a/j, YTO COOCTBEHHble
3HAYeHMA Tpex MepBbiX MMaBHbIX KOMMOHEHT,
KoTopble oTpa3uan 74 % obuieit M3meH4YMBO-
CTW NPWU3HAKOB, NPeBbIWann 1, 4To NO3BOAUNO
onpenenntb UX Kak 3HaumMmble (Tabn. 4). 3Ha-
YMMbIW BKNA4 B NEpBYH FMABHYO KOMMOHEH-
Ty (bonee 0.7 no moaynto) BHECU BCe rpynnbl
bakTepuit 1 BennumHa BIK,, oTpaxatowan co-
AeprkaHue nerkommHepanusyemoro OB, nocty-
natoLwero ¢ IMBHEBbIMW FOPOACKMMU CTOKAMM.
CnepoBaTenbHo, Konn4vectBo bakTepuii B Boae
NPUTOKOB OTParKaeT BIMAHME AHTPOMOreHHOrO
¢daKTopa.

Bo BTOpYylO N/ieAagy BOWAM MOKa3aTenwu, xa-
paKTepusytowme BaMaHMe 3abonoyYeHHOro Bo-
pocbopa (pH, usetHocTb, XMK), npn aTOoM HU
ogHa rpynna 6akTepuit He BHeCNa 3HAYMMOro
BK/laZla BO BTOPYIO KOMMOHEHTY (cm. Tabn. 4).
3TO A0Ka3bIBAET OTCYTCTBUE MPSMOro BAUSHUA
npupoaHoro ¢pakTopa Ha KONMYECTBEHHbIE NO-
Ka3atenn 6aKTepnonaaHKTOHa.

B TpeTbio rMaBHYIO KOMMOHEHTY CO 3HAYU-
MbIM BKN3A0M BOLUEN OAMH MOKa3aTesb — Co-
AeprkaHue obuiero docdopa (cm. Tabn. 4).
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Tabnuua 4. PacnpeneneHune GaKkTOpHbIX HAarpy3oK B I/1aBHbIe KOMMOHEHTbI MPU U3YYEHUUN CBA3EN MeXay
TMAPOXUMUYECKUMU N MUKPOBMONOTMYECKMMI MOKa3aTenamMm NpuTokoB OHEMKCKOro 03epa

McxoaHble Nnokasatenu

MNepBasa rnasHas

BTopas rnasHaA TpeTbA rnaBHaAn

KOMMOHEHTA KOMMNOHEHTA KOMMNOHEHTA

CogeprkaHune Kncnopoga 0.5 0.4 -0.1
pH BOAbI -0.1 0.8 0.5

LiBeTHOCTb 0.2 -0.7 -0.6
XMK 0.1 -0.7 0.5

BIMK, -0.8 0.1 -0.1
B3BelleHHOE BeL,eCcTBO -0.3 0.2 -0.5
O6wunit pocdop 0.2 -0.3 0.8
061130 YMCNEeHHOCTb HaKkTepuit -0.7 0.4 0.0
BakTepuu rpynnbl KNLWEYHOM NaNoYKK -0.7 0.0 -0.1
ObLee MUKPOBHOE YNC0 -0.9 -0.1 0.1
CanpoduTHble 6aKkTepumn -1.0 -0.1 0.1
OnurokapbooduabHble bakTepumn -1.0 -0.1 0.1
deHonpesncTeHTHble 6aKkTepumn -1.0 -0.1 0.1
YrneBogopogokucaaome 6akrepmum -1.0 -0.1 0.1
Auncnepcua 6.48 2.14 1.79
Jonsa B oblwen gucnepcun, % 46 15 13

MpumeyaHue. }MUpHbIM WPUOTOM BblAeNEHbI 3HaYMMble GpaKTOPHbIE HArpy3KM NPU3HaKOB.

3TOT 3/1EMEHT NOCTYMAET B PEKM B OCHOBHOM
C nvBHeBbIMKM Bogamu. Kpome Toro, ¢ochop
MOKeT MOCTynaTb B BOAOEMbI C 'yMyCOBbIM Be-
LectTBom B popme KenesocssizaHHoOro ¢ocdo-
pa (lo3oBuk, 2006). MpUHMMas BO BHUMAHMUE,
4TO NMOKa3aTeNun cogepkaHma pochopa u uBeT-
HOCTb BOLUAM B TPETbIO IMaBHYO KOMMOHEHTY
C NPOTUBOMOJIOKHbBIMU 3HAKAMM, MOMXKHO CYU-
TaTb, YTO coeanHeHua pochopa B peyHbIx BO-
AaX UMEKT aHTPOMOreHHOEe NPOUCXOXKAEHME.
JononHutenbHo 6bln NpoBeAeH Koppena-
LMOHHbIM aHaNN3 ANA U3YYEHMA CBA3EN MeXaY
MWKPOBNONOTMYECKUMM U TUAPOXUMUYECKMMM
nokasaTtensimu. OKasanocb, YTo AOCTOBEPHbIE
3HauveHuA KoadpduumeHTa Koppenaummn Cnup-
MeHa 6blnn 06HapyKeHbl AN MUKpobuonoru-
YeCKMX AaHHbIX M BesmdmnHbl BIK, (ocHoBHOM
noka3saTe/lb BANAHUA aHTPOMNOTeHHbIX UCTOYHU-
KOB 3arpasHeHus) (tabn. 5). BaxkHO yunTbIBaTh,
4To BesMumnHbl BIK. oTpaxator notpebneHue
KMCNOpPOAa, KOTOPbIA pacxodyeTcss He TONbKO
Ha XMMMYECKOE OKMCNEHME OPraHNYecKoro Be-
LecTea, Ho B bosbLuel cTeneHn noTpebaserca
a3pO0O6HbIMKM OpPraHM3MaMM B NPOLLECCE UX HKU3-
HeaeATeNbHOCTH, B T. Y. bakTepmuamu. B cesasm ¢

3TMM BbIAABNIEHHAA KOppenAuma 3aKOHOMEPHO
OTparkaeT peakunto BakTepuit Ha NPUCYTCTBUE
NerkoMUHepanmn3yemblX BeLWEeCTB, KOTopble,
KaK NpaBuo, ABNAIOTCA KOMNOHEHTAMM AHTPO-
NOreHHbIX CTOKOB.

37O no3BONAET NPUMEHUTb ANA NPUTOKOB
OHerKcKoro o3epa obwenpuHATble Knaccuoum-
Kauum KadectBa Boabl (PykoBoacTBo..., 1992;
OKcutoK 1 ap., 1993; BuHorpagos u gap., 2001),
npegHasHavyeHHble AN1A BbIABAEHUA aHTPONO-
reHHO M3MEHEHHbIX Y4aCcTKOB BOAHbIX 0ObeK-
TOB NO MUKPOBNONOITMYECKMM NOKa3aTeIAM.

NTorm oueHKM KayecTBa BOAbl MPUTOKOB
OHeXCKOro o3epa No MMKPOBMONOTMYECKUM U
rTMAPOXMMUYECKMM MOKa3aTenAam C UCMO/b30-
BAaHMEM 3KONOTrMYECKON KnaccudumkaLmm Kave-
CTBa NOBEPXHOCTHbIX BOZ Cywwu (OKCUIOK 1 ap.,
1993) npeacTaBnieHbl Ha puc. 2. B aHanus BoLw-
NN TUAPOXMMUYECKME MOKa3aTenu, oTpaxKato-
LMe BAUAHME aHTPOMNOreHHOM HarpysKu: BIK,,
copeprkaHme HedTENPOAYKTOB U B3BELUEHHbIX
BELLECTB, , BMOreHHbIX 3/1IeMEHTOB, HACbILLEHWNE
BOAbl KMCnopoaom. M3 mMukpobuonormyeckmx
nokasartenen bbl I NCNONb30BaHbI MOKA3aTeNn
ymncneHHoctn OYB6, Cb n BrKI.
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Tabnnua. 5. KoapomumeHTtbl Koppensaunm CnupmeHa Mexay MUKPOBUONOrMYecKMMM NOoKasaTeNsMU U
BenunumHow BIK,

lokasaTtenb 0O4b BIKr oMY Cb OKB ®Pb YOb
0O4b
BrKn 0.62
OMM 0.69 0.87
Cb 0.57 0.67 0.75
OKb 0.64 0.73 0.75 0.84
®Pb 0.60 0.63 0.70 0.77 0.74
YOb 0.46 0.60 0.66 0.70 0.71 0.69
BIMK., 0.48 0.62 0.65 0.56 0.61 0.57 0.49
MpumeyaHue. Bce KoapdULMEHTbI 3HAUMMO OTAMYAtOTCA OT HyAA (p < 0.05).
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Puc. 2. lnarpamma KNaccoB KayecTBa BOAbl Ha Pa3/IMYHbIX CTaHUMAX N0 MUKpobuonornyeckum (MB) u
ruapoxummyeckum (MX) nokasatenam

Fig. 2. Diagram of water quality classes at various stations according to microbiological (MB) and
hydrochemical (HC) indicators

Knacc KayecTBa BOAbl ANA KaXKAOW CTaH-
UMM PacCUYUTbIBANCA KaK CpeaHsA BelMyuHa
Ha OCHOBaHMW 6annoB No rpynne ruapPoxXMmMmm-
YeCKMUX NnoKasaTtesiel, U OTAeNbHO — Mo rpynne
MWUKPOBMONOrMYeCcKMX nokasatenen. CTaHuUM
N3YYEHHbIX NPUTOKOB PaHXMPOBAINCb OT MaK-
CMMaNbHOrO K/aacca KayecTBa Nno MMKPOOMOI0-
rMYECKMM NMOKa3aTeNAM K MUHMMAIbHOMY (CM.
puc. 2). Takum obpasom, 6biIN YCTAHOBNEHDI
Hanbonee 3arpsisHEHHbIE Y4ACTKM PEK NO ABYM
rpynnam M3y4yeHHbIX NoKasatenei. Hambonb-
LUYIO 3arpPsA3HEHHOCTb M MO XMMUYECKMM, U NO
MWKPOBNONOrMYECKMM MOKa3aTeNnaM NposABu-
I TOPOACKME YYaCTKM peK JIOCOCUMHKM n He-
IMUHKKW, a Takxke pyd. enesHbii. fopoackue
Yy4acTKM peK JIOCOCUHKM M HernnHkm okasa-

JINCb HEMPUTOAHBbIMU AN1A PEKPEeaLMOHHOro UC-
nonb3oBaHuA. Hanbonee 4nMCTbiIMM OKa3anuChb
NpUycTbeBble CTaHuMKU peK JInKmbl, Kymcbl n
$OHOBbIN Yy4aCTOK P. JIOCOCUHKMN.

KoadpuumneHt  koppenaumm  CnupmeHa
mexay 6annamm Knaccos KayecTsa BoOg, pac-
CYMUTAHHBIMW MO TUAPOXMMUYECKMM U MUKPO-
6uonornyeckum nokasatensm, coctasun 0.6
n 6b1n 3HaYMMbIM (p < 0.05). Taknm obpaszom,
NPoBeAEHHbIA aHanM3 noaTBepKaaeT npu-
MEHUMOCTb OOLLENPUHATBIX KaaccudUKaLnii
No MMKPOBMONOrMYeCcKMM noKasaTensam AnA
OLLeHKM KayecTBa BOAbl BbICOKOLBETHbIX NpU-
TOKoB OHEXCKOro 03epa, HaxoaALlMXCcA nopg
AQHTPOMOreHHbIM BAUAHUEM.
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O6bcyxpeHue

Mpobnema nomcka cBA3en mexKay nokasare-
NAMW COCTOAHMA BUOTbI U XMMUYECKUM COCTa-
BOM OKpPYKaloWen cpeabl ABNAETCA O4HOM U3
Hanbonee aKTyaNbHbIX B 3KONOTMYECKMX UCCe-
AOBaHMAX. B GBUOMOHUTOPUHIE MHAWKATOPHAA
3HAUMMOCTb BMONOrMYECcKMX NoKasaTenen Bbl-
ACHAETCA Ha OCHOBE NONy4YeHWA 3aBUCMMOCTU
«a03a—3pdeKT». B cBOIO ouepeab, BbiiBAEHUE
30H aHTPOMNOreHHOro BO34eNCTBMA HA OCHOBE
6MOMHAMKALMKM NOy4aeT AOKA3aTebHY OC-
HOBY, KOrga OTKAWK OMOTbl MOATBEprKAAeTcA
3aKOHOMEPHbIM  M3MEHEHMEM XMMWUYECKOro
CoCTaBa cpeapbl.

CNOXKHOCTb U3y4YeHMA CBA3EN MEXKIY COCTO-
AHMEM BUOTbI U XMMUYECKMMM NOKa3aTeNnsamm
onpegenaeTca MHOrOpaKTOPHOCTbIO BO3AeM-
CTBUSA, KOTOPas MPOCNEKEHA Ha NpUMepe BO-
A0TOKoB Kapenuun. Ux ocobeHHbIN XMMUYeCKui
COCTaB CBAA3aH C MOBbIWEHHOM 3ab0n04YeHHO-
CTbl0 BOAOCOOPHbLIX TEPPUTOPUIA, C KOTOPbIX
NOCTYMaloT rymycoBble Bel,ecTBa. Bbicokue
KOHLLEHTPALUUKM  aNNOXTOHHbIX OPraHUYecKnx
BELLLeCTB CONOCTaBUMbI C CoAepKaHnem MmuHe-
panbHbIX KOMNOHEHTOB. B TaKMx BOAax OCHOB-
HOM BKNag, B KUCNOTHOCTb Cpeabl BHOCAT rymy-
coBble KucnoTbl (Jlososuk, 2013). MpucytcTeme
rYMYCOBbIX BELLECTB B BOAE MOXKET HUBENUPO-
BaTb AENCTBME aHTPOMOreHHbIX $AKTOPOB Ha
BOAHbIE OPraHU3Mbl. BbiABUTb MPUYMHbBI  WUH-
TEHCUMBHOIO Pa3BUTUA PasHbIX rpynn bakTepui
B 3arpAsHAemblx nNpuTokax OHEeXCKoro osepa
NO3BONMNO OAHOBPEMEHHOE NMPOBEAEHUNE XU-
MWYECKUX U MUKPOBMONOrMYecKMx mnccnemo-
BaHWI. MpUMeHeHne MHOroMepHOro aHasnM3a
NO3BO/IMIO CTAaTUCTUYECKM JOKA3aTb OCHOBHYIO
PO/ib QHTPOMOreHHOro GakTopa, a MMEHHO —
NOCTYMaloLWMX C IMBHEBBIMM CTOKAaMW NErko-
MWHEPaIN3yeMbIX OPraHUYEeCKUX BELLECTB,
KOTOpble U ONPeAEeNNAN BbICOKME KOHLEHTPa-
unm 6aKTepuit B peyHbIx BoAax. ITM Npouecchl
Hanbonee YETKO MPOC/NEKMBAIUCD B PEKax Ha

bubauorpadpumsa

ypbaHM3NpOBaHHbIX TEPPUTOPUAX, B YepTe T.
MeTpo3aBoAacKa.

Pa3Butnem mccnefoBaHU B 3TOM Hanpas-
NleHUn cnepyeT cunTaTb nNposeaeHne nabopa-
TOPHbIX 3KCMEPUMEHTOB, KOTOpble MNO3BOAAT
AEeTaNbHO M3y4YUTb COBMECTHOE BO3ZAEeNCTBME
Ha BOAHble OaKTepuu BELLeCTB MPUPOAHOrO
M QHTPOMOrEeHHOro NPOUCXOXKAEHUA C y4eTOM
BNMAHWNA TemnepaTypHOro gakTopa.

3aknouyeHue

OcHOBHble npobsembl BUOMHAMKALMWU CO-
CTosHUA NpUTOKOB OHEXKCKOro 03epa CBsA3aHbl
C reOXMMUYECKMMWN OCOBEHHOCTAMM UX BOAO-
COOpHbIX TeppuTopuin. Bbicokaa 3abonoyeH-
HOCTb BOAOCOOpPOB onpegenset NOCTynjaeHue
B PeKn 60/bLIOro KOMYeCcTBa rymyCcoBbIX Be-
LLLECTB U CBA3AHHbIX C HUMU MUKPO3/IEMEHTOB.
BMOMHAWKaALMA aHTPOMNOreHHOro BO34eNCTBUA
Ha NpuTOKM OHexCKoro o3epa 6blia BbiNOA-
HEeHa C y4eTOM 0COBEeHHOCTeN reoXxMmmMYecKom
06CTaHOBKM — NPUCYTCTBMA B BOAE KOMMJIEKCA
BeLWecTB (rymuHoBble U PYNbBOKUCNOTHI, *Ke-
Ne30, NOBbIWEHHAA KOHUEHTpauua BoAOpOA-
HbIX MOHOB), KOTOpPblE CaMK No cebe MoryT oKa-
3bIBaTb YrHeTaloLWee BO3AENCTBME Ha BUOTY.

B xoge Hawux nccnenoBaHwuii 6bIN10 BbIAB-
JIEHO, YTO MUKpobBMONOrMyeckne nokasartenu
He cBA3aHbl C GOHOBbLIMU KOMMOHEHTAMMU XU-
MMYECKOr0 COCTaBa PEYHbIX BOA, OTParKatoLLm-
MU BAMAHME 3abonoveHHbIXx Bogocbopos. B To
e Bpema YCTaHOBJIEHO, YTO B BbICOKOL,BET-
HbIX PEYHbIX BOZAX OCHOBHbIM MOKa3aTenem,
onpeaenaloWmMM ypoBeHb pa3BuUTUA BakTepuii,
ABNAETCA BbICOKOE COAeprKaHMe NerkoMmnHepa-
JIN3yeMoro opraHM4YecKoro BeLWecTsa, onpeae-
naemoro no BenuvmHe BIIK.. 3To nossosiunio
CBA3aTb Ko/mn4yecTBo HakTepuii B BoAe C Aeun-
CTBMEM aHTponoreHHoro ¢akTopa. Takum 06-
pa3om, 6blna gAoKazaHa NPUMEHMMOCTb obue-
NPUHATbIX MUKPOOMONOTNYECKUX METOANK ANA
OLLEHKM KayecTBa BOAbl BbICOKOLBETHbIX NMpPuU-
ToKoB OHeXKCKoro o3epa.
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bnaropgapHocTtu

PaboTa BbiNonHeHa B pamMKkax [ocygapcTtBeHHOro 3agaHua MHCTUTyTa BogHbIx npobnem Cesepa Ka-
PEenbCKOro Hay4yHoro ueHTpa PAH.
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Keywords: Summary: The article presents the results of studies of hydrochemical
small rivers of Lake Onega and microbiological indicators of the tributaries located on the
hydrochemical composition  southwestern, northwestern and northern shores of Lake Onega. The
bacterial plankton chemical composition of most of the studied watercourses is formed
water quality assessment under the influence of a swampy catchment area (high color indices, iron

principal component analysis content) and anthropogenic load. It is known that the content of humus
substances can reduce the availability of heavy metals for biota, change
the permeability of the cell membrane, which ultimately can modify the
influence of the anthropogenic factor. Biota, and in particular bacterial
plankton, is able to react differently to the presence of humus substances
in water, which can affect the assessment of water quality according to
generally accepted classifications developed for transparent reservoirs.
Using the principal component analysis, the absence of the influence
of swampy catchment areas on the river microbiota was shown. The
leading role of the anthropogenic factor in the quantitative development
of bacterial plankton in the tributaries of Lake Onega and the possibility
of using microbiological indicators to assess the state of small rivers with
high water color are proved.
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Kniouesble cnosa:
MUKpOapTponoabl
HOrOXBOCTKM

anboda-

berTa-
ramma-pasHoobpasune
aAauUTUBHOE
pacnpeaenexHue
BonbliesemenbcKasn

TyHApPa

AHHOTaumA: [nA Aydywero NOHMMaHMA 3aKOHOMEPHOCTEN PaCNpPOCTPaHEHUs
MWKPOAPTPONOA M onpeaenstowmx Mx GaktopoB Hamu ObIIO M3YyYEHO PasHO-
obpasune MoYBEHHbIX HOrOXBOCTOK MO YPOBHSAM MPOCTPAHCTBEHHOW MepapXuu
MecToobUTaHn B TYHAPOBbIX 3KocucTemax (bosnbluesemenbckas TyHapa). Us-
MeHeHue BMA0BOro pasHoobpasua (a n B) u cTpykTypbl coobuiects Konnembon
6b110 NpoaHann3nMpPoBaHo B 96 obpasLax U3 Tpex MUKPOBUOTONOB (MXK, NLLAN-
HUKM M CMeLlaHHble 06pasLbl) ABYX TUMOB TyHAP (KYCTapHUKOBAA U KyCTapHUY-
KOBas) C MCNo/ab30BaHMEM MPOLEeAyPbl aA4UTUBHOIO NapLMOHMPOBAHUA. - U
B-pa3HoobpasmMe oLeHMBaAM HA ypPoBHe naHAwadTa, TMMNA TYHAPbI, MUKPObMO-
TOona u Npobbl. Bcero 3apernctpuposBaHo 65 BMAOB, YTo conoctaBumo ¢ 6orat-
CTBOM JIOKa/IbHbIX PpayH BOCTOYHO-eBPONENCKUX TyHAP. MOKa3aHo, 4To GpaKTopsl,
CBAA3aHHbIE C TUMOM TYHAPbI, MUKPOOMOTOMA M HEOAHOPOAHOCTLIO pacnpesene-
HWs BUAOB Ha ypOBHE NPob, BHOCAT OTHOCUTENIbHO OAMHAKOBbIN BK/Iag, B BULO-
BOe pa3sHoobpasue konnembon. B To e Bpema pesynbTaTbl UCCIef0BaHMA NoA-
TBEPXKAAOT BaXKHOCTb M3YYeHUs MUKPOOMOTOMNOB (O0COBEHHO NMLLIANHMKOBbIX
KYPTUH) B TyHAPaxX A1A noaaepKaHna pasHoobpasusa Konnembon. YcTaHoBAEHO,
yTO BKNafd o- 1 B-pasHoobpasns Ha ypoBHE MUKPOBMOTOMNOB B 0bLLEe BUAOBOE
60raTcTBO (Y) MOMKET 6biTb PAaBHO3HAYHbIM, YTO C/AYKUT AOMNONHUTENbHbIM A0Ka-
3aTeNbCTBOM HeobxogmmocTu oTbopa npob nog pasHbiMU GYHKLMOHANbHbIMM
rpynnamu pacTeHWMin B pPasMYHbIX NPOCTPAHCTBEHHbIX MacwTabax. B uenom no-
JlyYeHHble gaHHble CBUAETENbCTBYIOT O TOM, YTO pa3Hoobpasue Konnembon tox-
HbIX TYHAP XapaKTepusyeTca Kak B-40MMHAHTHOE Ha BCEX YPOBHAX naHAwadT-
HOWM Mepapxmmn, YTO CBUAETENLCTBYET O TOM, YTO BHELHWE GAKTOPbI NPeBAMpPY-
0T HaZ BHYTPEHHUMM NpU GOPMUPOBAHNMN COOBLLLECTB Koiembon.
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BsegeHue

3aKOHOMEPHOCTU GOPMUPOBAHMA PA3HOO-
6pasnsa MHOMMX rpynn opraHM3MoB A0 CUX Nop
OCTalOTCA NJIOXO MccnepoBaHHbiMKM (Decaens,
2010), T. K. onpeaenaAlTcA 6ONbLWIMM YMUCIOM
$aKTOPOB, KarKAabld U3 KOTOPbIX AEUCTBYET B
CBOEM MNPOCTPAHCTBEHHOM MacwTabe. ®dak-
TOpamu, onpeaensarowmmm pasHoobpasmne Ha
HU3LWNX YPOBHAX Mepapxum (MUKpomacluTab),
MOTyT BbITb CNOCOBHOCTb K pPacceneHunto, MexK-
BMAO0BbIE B3aMMOAENCTBUSA, NPUBOAALLME K pa3-
AENEeHNI0 HULWEBOro NPOCTPaAHCTBA, HAa YPOBHE
buoreoueHos3a (mesomacwTtad) — GU3UKO-XMU-
MUWYECKME CBOMCTBA NOYBbI, TUM PACTUTENIbHO-
CTW, a Ha boJsiee BbICOKMX YPOBHAX MepapXuu
(makpomacwTab) — reonornyeckmne, nctopuye-
CKune n knumaTtudyeckue (Ettema, Wardle, 2002;
Coulson et al., 2003; MNokapkeBckMin 1 Ap.,
2007). OgHUM M3 cnocoboB KOIMYECTBEHHOTO
OLLEHWBAHWA BKNaga Takux pakTopos B popmu-
poBaHMe 0bLLero BMA0BOro pasHoobpasma (y)
Ha KaKon-n1nmbo TeppuUTopun ABNAETCA CpaBHe-
HME OTHOCUTENIbHOM POJIN €r0 KOMMOHEHTOB, a
MMEHHO WHBEHTAapWU3aLUMOHHOrO, T. €. BHYTPMU
mectoobuTtaHua (a), n anddepeHumpytoLLero,
T. €. mexay mectoobutaHnamm (8), B pasnnu-
HbIX MacwTabax nccnegosaHua (Crist, Veech,
2006; Crist et al., 2003). Ecnn a-KOMMOHEHTa
BHOCUT HaumbonbluniA BKNaA, TO npeanonara-
€TCs, YTO POJib JIOKaNbHbIX PAKTOPOB HE3Ha-
YnTeNbHA MO CPABHEHUIO C KpynmHOMAcCLITAb-
HbIMW MPOLECCAaMM M KONMYECTBO BMAOOB B
OTAENIbHOM JIOKYCe ABASIETCA MpeacKasyemoi
YyacTbto pa3Hoobpasma. HanpoTtus, B Tex ciyya-
AX, KOraa Bbllle A0NA B-KOMMOHEHTbI, 3TO CBU-
AETeNbCTBYET O TOM (B pamMKax MoAenu), 4To
JIOKaNibHble (aKTopbl BHOCAT onpeaensoLuni
BKNag B ¢opmupoBaHMe pasHoobpasus Ha
HU3LWMX YPOBHAX Mepapxum maclwtabos. PaHee
Takol noaxod Obin ycnewHo NpUMeEHeH Ans
onpeaeneHna 3akoHomepHocTe GopmnpoBa-
HWA BUAOBOrO Pa3HOOOpPa3mnA KMBOTHbIX B BO-
AHbIX M Ha3eMHbIX 3Kocuctemax (Gering et al.,
2003; Ribeiro et al., 2008; Bolger et al., 2014;
Tsyganov et al., 2015; Kuznetsova, Saraeva,
2018; da Silva Lima et al., 2022; Vasenkova,
Kuznetsova, 2022). OaHaKo BCce OHM KacatoTca
Tponuyeckux u 6opeanbHbIX necos. BmecTe ¢
TEM 3aKOHOMEPHOCTU pacnpeaeneHns opra-
HM3MOB B TYHAPOBbIX aHALWadTaxX MOryT OT/IU-
4aTbCs OT TAKOBbIX IECHbIX 3KOCUCTEM.

Konnembonbl, UAM HOFOXBOCTKM, ABNAACH
OAHOWM M3 CaMbIX MHOTOYUCAEHHbIX TPy Mo-
YBEHHbIX 0ecno3BOHOYHbIX OT 3KBaTopa A0
NONSAAPHbBIX MYCTbiHb, MOCAYXWAN MOAENbHOWN
rpynnon Ans aHanmMsa BMAOBOro pa3Hoobpa-

31A B pasHbIX macwTabax uccneposaHua. Ux
pa3Hoobpa3ve WHTEHCMBHO MW3y4yanocb BO
MHOTUX pPerMoHax eBponemnckom 4yactn Poccuu,
BK/1H0YAA TaeXKHYH0 U TYHAPOBYHO 30HbI (Bbi3oBa
n ap., 1986; KysHeuoBa, 2005; Taskaeva, 2009;
Babenko, 2012; Babenko et al., 2017 u gp.). B
nocnesHee BpemA OHW YACTO UCNO/b3YHOTCA B
KayecTBe OOBEKTOB ANA M3y4eHMA NPOCTPaH-
CTBEHHbIX 3aKOHOMEpPHOCTEN pacnpeneneHms
pa3Hoobpa3ua (Kuznetsova, Saraeva, 2018;
Kuznetsova et al., 2019; Vasenkova, Kuznetsova,
2022). OgHako cnenyet OTMETUTb, YTO 3TU UC-
cnenoBaHuA H6biM NpoBeaeHbl HA TePPUTOPUN
TaeXXHOM 30Hbl MU OHW NOKa3a/n, 4To Hanbonb-
WM BKNAA, B BUAOBOE pa3sHoobpasme Konnem-
6on BHOCUT PaKTOp pernoHanbHoM cneundpu-
KM, @ TaKXe TUN fieca Co CBOMCTBEHHbIMU eMy
0CObBEeHHOCTAMM NOACTUAKU. B TO e Bpemsa
paboT, KacaloWwmxca nepapxmyeckoro nogxona
K U3y4eHUIo BUA0BOro pasHoobpasma Konnem-
601 TYHAPOBbLIX 3KOCUCTEM, HAMM He ObHapy-
eHo. TyHApbl ABNAKTCA BaXKHbIM pe3epBya-
pom 6umopasHoobpasma n noaaepKaHus KO-
cucTem, coaepkawmx bonblime 3anacbl yrne-
poaa (Crowther et al., 2019), xapakTepusyroTca
BbICOKMM BMAO0BbIM HOraTcTBOM HOFOXBOCTOK
(Potapov et al., 2023) 1 MO3aUYHOCTbIO PaCTU-
TeNIbHOro NOKpoBa, 0byc/soBNEHHOrO Yepesno-
BaHMEM KYPTWUH MXOB C /IMLIANHUKAMKU n/munn
TpaBamu (Tuxommpos, 1956). MoaTomy BaxKHO
NOHMMATb, KakKMM 06pa3om 3ToO pasHoobpasune
dopmumpyeTca u noaaepKmBaeTca.

Llenb Hawero nccnefoBaHUA coctosna B 13-
YY4€HUM pa3HO0bpa3nA HOroOXBOCTOK B TyHAPAX
B COOTBETCTBMM C pasHomacliTabHon (uepap-
XMYECKOI) reTeporeHHOCTbIO brnoTtona.

Marepuanbl

MccnepoBaHua npoBedeHbl B npegenax lNe-
YOPCKON HU3MEHHOCTM B HUMKHEM TEYEHUU PeK
Yca n Agb3Ba, NaHAaWwadTHO NPeaCcTaBAAIOLLYHO
cob0ol TYHAPOBYIO U IECOTYHAPOBYIO PAaBHUHY.
leorpadmyeckn ata TeppuTopuA OTHOCUTCA K
bonblesemenbckon TyHApe. B aamuHuUCTpa-
TMBHOM OTHOLWEHMN ee obpasytoT HeHeukui
aBTOHOMHbIN OKpyr u Pecnybanka Komu. Co-
racHo reoboTaHMYECKOMY pPaliOHUPOBAHUIO,
nccnefyeman TeppuTopma OTHOCKTCA K Nog3o-
He HOXKHbIX TMNOAPKTUYECKUX (KYCTapHUKOBbIX)
TYHAP, 30HA/IbHbIM TUNOM PACTUTE/IbHOCTU KO-
TOPbIX ABNAOTCA KYCTapPHUKOBbIE COObLLLECTBa,
rae rocnoacTByeT epHUK M HECKONbKO BMOOB
mBbl (OUNMKONUCTHAA, Nonapckasn, LWepcTu-
cTan, cepo-ronyban). B uenom nm cBOMCTBEHHA
dnopuctuyeckas 6egHOCTb M NOCTOAHCTBO BU-
[OBOro coctaBa. K BO3BbIWEHHbIM 31eMEeHTaM
penbeda (BbiNyKAble y4acTKM BOAOPA3LENOB
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N CKNOHOB, BPOBKWN PeEK) M y4acTKam ¢ Hebna-
FTONPUATHLIM  TUAPOTEPMUYECKMM  PEXMMOM
NPUYpPOYEHbl KYCTAapHUYKOBbIE, KyCTapHWYKO-
BO-TPaBAHO-NLIANHMKOBO-MOXOBblE  TyHAPbI
(PactutenbHocTb..., 1980). PainoH wuccnepo-
BaHMM OTHOCUTCA K aT/IaHTUKO-apKTUYECKOM
KNMMaTuyecko o6nactu €O 3HauYMTe/NIbHOWM
CYPOBOCTbIO U KOHTUHEHTA/NIbHOCTbIO KAMMaTa.
CpegHerogoBada Temnepartypa Bo3ayxa — 5.5 °C,
cpegHemecayHaa TemnepaTypa camoro Tenso-
ro mecaua (nwonb) +13.4 2C, camoro xono4Horo
(aHBapb) —20.3 °C. CpegHeronoBoe Konuye-
CTBO ocaaKkoB cocTtasnaet 450-500 mm. Uccne-
Ayemasn TeppuUTopuUA XapaKTepmnsyeTca pacnpo-
CTPaHEHMEM MNPEUMYLLECTBEHHO CM/IOLWHOM
MHOFO/IETHE MepP310Tbl, YCUNMBAKOLWEN Cypo-
BOCTb KIMMATUYECKUX YCNOBUN.

MeToabl

B paiioHe wuccnepoBaHuA Hamu 6bino BbI-
AeneHo 4eTbipe NpobHbIX naowaaun, nse u3
KOTOpPbIX Pacrnonaraimcb B KyCTapHUKOBbIX W
ABe — B KYCTAapHMYKOBbIX TyHApax. PacctosHne
MeKAY KyCTapHUKOBbIMW TYHAPaMKU COCTaBUNO
11 KW, mexay KyCcTapHUYKOBbIMKU — 15 Km, a
MeXKAY KYCTapHUKOBbIMWU U KYCTaPHUYKOBbIMM
TyHApPamu — 41 Km. PacTuTenbHbI NOKPOB Ky-
CTapHUKOBbIX TyHAP 0bpasytoT Betula nana L.,
Salix lanata L., Salix phylicifolia L., Salix glauca
L., @ KyctapHu4ykoBbIx — Vaccinium uliginosum
L., Arctous alpina (L.) Niedz, V. vitis-idaea L.,
Empetrum hermaphroditum (Lange) Hagerup.
Ha Kaxgoi npobHoi nnowaan 6binn Bblae-
NeHbl yyactku 20 x 20 m, B npegenax KoTopbix
6b110 oTOb6paHO no 24 npobbl pasmepom 10
X 10 cm. OnAa OUEHKM BAMAHUA MO3aNUYHOCTMU
pacTUTe/IbHOrO MOKpPOBa Ha pasHoobpasue
Konnembon BHYTPU KaxKgoih npobHoW nno-
Wwaan Obinu BblaeNeHbl 31eMeHTbl MUKpore-
TEPOreHHOCTU PacTUTEeNIbHOCTU (MOXOBble no-
AYWEKKN, KYPTUHBI NUWANHUKOB U CMELLAHHble
06pasuybl, NpeacTaBieHHbIe TPAaBAMKU, MXaMMU,
NIMWANHUKaMM, BKAKOYAA HUKENEXKaLniA opra-
HOreHHbIM rOPU30HT Ha IMyBUHY 40 5 cm), KoTo-
pble PAacCMaTPMBAINCb HAMWU KaK BHYTPEeHHUe
O4HOPOAHblIE MMKPOBKMOTONBI B Npeaenax Tmna
pacTuTenbHOCTU. M3 KaxKaoro mmkpobuotona
6b110 0TO6paHO No 8 Npob. MoxoBOWM NOKPOB,
rnaBHbIM obpasom, coctosn u3s Hylocomium
splendens (Hedw.) Schimp »n pasnnyHbix BU-
A0B NOANTPUXYMA. JIMWANHUKM B OCHOBHOM
6b1nn NpeactaBneHbl pogamu Cetraria, Cladina
n Cladonia v pacnonaranucb paccesiHHo. W3
TpaB Hambonee obunbHbIMK OKazanuceb Carex
arctisibirica, Carex globularis L., Chamaenerion
angustifoluim (L.) Scop, Eriophorum vaginatum
L., E. scheuchzeri Hoppe, Calamagrostis

neglecta (Ehrh.) Gaerth, Solidago virgaurea
L., Euphrasia frigida Pugsl., Festuca ovina L.,
Veratrum lobelianum Bernh (Taskaeva et al.,
2021). Bce npobbl 66111 0TOO6PaHbI CAyYaliHbIM
06pasom, T. K. pacTUTeNbHbIN MOKPOB TYHAP
o4yeHb MO3auyeH. Tak, eciv Ha A0 NULWal-
HWUKOB B KYCTapPHWKOBbIX TYHAPAX NPUXOAMUI0CH
10-15 %, 10 B KycTapHMUKoBbIX — 30-50 %. Ta-
Koe NATHMUCTOe pacnpeneneHne NULWaNHUKOB
He NO3BO/IM/I0O WCNOMb30BaTb PErynApHbIN
meTog otbopa npob. Takum obpasom, 6bino
obpabotaHo 96 npob B uyeTbipex macwTabax:
naHgwadT, TMN PaCTUTENBbHOCTU, TUM MUKPO-
6uoTtona, npoba (Tabn. 1). OT6OP NOYBEHHbIX
06pasyoB b6bln NpounsBeseH B KOHLE aBrycra
2015 r. B goXKA4AMBYHO Norogy npu temneparty-
pe Bo3ayxa 4-6 °C.

JKCTpakLMa MUKpoapTponog H6bina npose-
AeHa B nabopatopun NHcTUTyTa BMonorum cpa-
3y e nocse nNpubbITUA C NOMOLLBbID BOPOHOK
TynnbrpeHa 4o NOAHOro uccyweHua cyberpara.
Ons vpeHTUPUKaumMm Konnembon 6bian uc-
nonb3oBaHbl onpeaenutenu (Fjellberg, 1998,
2007; Potapov, 2001).

BapbupoBaHue BMAOBOro pasHoobpasusa
Konnembon oueHMBaAAM C UCMONb30BAHMEM
nokasaTenen BMAoOBOro 6oratctBa (Konuye-
CTBO BMAOB B 0bpa3ue, nHaekc LLleHHoHa) u
BMOOBOM CTPYKTYpbl. B AaHHOM paboTte Tep-
MWHbI «BMAOBOe HOraTtcTBO» M «BUAOBOE Pas-
Hoobpa3ne» (UnmM npocto pasHoobpasne) uc-
NOJIb3yHTCA KaK CMHOHWUMbI, HECMOTPSA Ha 13-
BECTHOe pa3nnyme mexay Humu (Vasenkova,
Kuznetsova, 2022). MonHOTY BbIABNEHMA BUAO-
BOro 60ratcTBa OLEHMBAIM C NOMOLLbIO KyMy-
NATUBHOM KPWBOM, KOTOPAs NMOKa3blBaeT poCT
4yncna BMAOB B 3aBMCMMOCTM OT 4MCna B3fA-
TbIX Npo6. MaTpuubl YMcna BMAOB NO OTAE/b-
HbiM npobam aHanAU3MpPOBa/IM C MOMOLLBIO
nHaekca Chao2. Obuiee Buaosoe 60raTcTBo
nccnegyemon Ttepputopumn (y) 6blno pasae-
NIeHO Ha WMHBEHTAPM3aLMOHHOE — B Mpeaenax
mecTtoobuTtaHua (a-pasHoobpasune) n audde-
pPeHUMpYylOLLee — MeXAy MecToobuTaHMAMM
(B-pa3HooObOpasue) oTAeNbHO ANS KaXKAOoro me-
papxmMyeckoro ypoBHs (cm. Tabn. 1) ¢ ucnonb-
30BaHMeM agautmsHoro noaxoaa (Crist et al.,
2003). Onsa KaxKAoro ypoBHs a-pa3Hoobpasue
OLEHMBANN KaK cpegHee apupmeTnyeckoe Ko-
NvyecTBa BMAOB (* owwnbka cpegHero apuo-
MeTUYECKOro), OBbHapyXKeHHbIX B OTAENbHbIX
npobax (a, ) muKpobuoTonax (a,) wan Tune
paCTMTeﬂbHOCTM (a,). B-pasHoobpasmne Takke
AENVUNN Ha Tpu ypOBHH reTeporeHHoOCTb BHY-
Tpu npob (6 =a, —a ) :\/\1/|Kpo6140Ton0l3(6bt
a,—o ) TVNoB paCTVITeanOCTVI (6,=v—a,).
PaccuMTaHHble 3HaueHus anbda- u ‘6eta- -pas-
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HOOb6pPa3unA NPOBEPASNCL HAa 3HAYMMOCTb OT/IU-
YN OT aHaANOTMYHbIX NOKasaTenem ANA Hynb-
MoAenn, npepnonararowen cayyarmHoe pac-
npeaeneHve Buaos B npobax. MicnonbsoBanach
¢yHKuma ‘adipart’ n3 naketa ‘vegan’ (Oksanen
et al., 2012) ¢ 999 noBTOpPEHUAMU N METOAOM
NoCTpoeHuA Hynb- mogenun «r2dtable». Ouen-
Ky pasnuMuuii mexagy BblbopKamu NpoBOAWUAM
npu MNOMOLLM HemnapaMeTPUYEeCcKoro KpuTte-
pva MaHHa — YUTHM C NOPOroBbIM ypOBHEM
3HauMmocTu p < 0.05. OpamHaums coobuiects

Konnembon mccnegyemblx MUKpobuoTonos wm
TMNOB pacTUTenbHocTM bblna npoBegeHa me-
TOAOM aHanu3a rMaBHbIX KOMNOHEHT (PCA) Ha
OCHOBE OTHOCUTENbHOro 0buauna suaos. Becero
maTepman BkatodaeT 23792 sksemnaapa ns 96
npob6. Bce pacyeTbl NPON3BOANAN MPU MOMOLLA
nporpamm RStudio Bepcus 4.2.2 (R Core Team,
2022) n PAST 4.0 (Hammer et al., 2001). padu-
K1 B cpeae R genanu c ncnosnb3oBaHMeM nake-
Ta ‘ggplot2’ (Wickham 2016).

Tabnuua 1. Mepapxua mectoobuTaHUI, U3y4eHHbIX B bonblueseMeibCKol TyHape

YpOBEHb EanHnupl MpocTpaHCTBEHHDbIN Tun pasHoo6pazua
nsmepeHun MacLuTab, m
Navawadt (n=1) TyHAapa 105 Ob6uiee 6oratcTso (y)
Mexay Tmnamum
Tvn pacTUTeNbHOCTH KycTapHuKoBas 103 pactuTenbHocty (6 )
(n=2) KyCTapHMYKOBas BHyTpu TMNOB
pactutenbHocTu (o,
Mxu Mexay Tmnamu
_ JINwanHmKn MUKpobuotonos (6, )
Mukpobuoton (n = 3) CMeLllaHHble 101 BHyTpu TMNOB g
0bpasLpl MuKpobuoTtonos (a, )
_ ) Mesxay npobamu (6, )
Mpoba (n = 96) Mpobbl 10-1 BHYTpYH Npob (. )
Pe3synbrathbl MUKPOONOTONUMYECKMX Pa3nMuuin B npegenax

Obwaa xapakmepucmuka. B vccnenoBaHHbIX
TyHApax obHapyeHo 65 BMAOB HOrOXBOCTOK,
6ONbLWMHCTBO M3 KOTOPbIX LWMPOKO pacnpo-
CTpaHeHbl (npunoxeHue). Obuwaa KpuBas Ha-
KonneHuns BMAaoB (puc. 1), nosyyeHHana Ha oc-
HOBe BCel BblOOPKM, NMOKasana, YTo BUAOBOW
COCTaB BbIIB/IEH A0CTAaTOYHO NoaHo (93 % no
oueHke uHaekca Chao2). Hambonee mHoro-
YMCNEHHbIMM BUAAMWU OKasanucb Folsomia
quadrioculata (Tullberg, 1871), Tetracanthella
wahlgreni Axelson, 1907 w Protaphorura
subarctica (Martynova, 1976), Ha gonto KoTo-
PbIX NPUXOAUTCA OKONO 44 % BCero HaceneHums.
ITU TaKCOHbl TaKXe XapaKTepu3oBa/IUCb Bbl-
COKOWM YyacToTon BcTpeyaemocTtu (> 68 % Bcel
BbIOOPKK). 14 BUAOB ObIN pEAKMMU N OTMeYe-
Hbl B OAHOMN-ABYX Npobax. KonnyecTtso Takco-
HOB B BbIOOpPKe BapbWpoBano oT 2 Ao 23 npwu
cpefHem 3HavyeHuu 12.7 + 0.3, a cymmapHasn
ymcneHHocTb — o1 0.5 7o 90.0 Tbic. 3K3./M? npu
cpegHem 3HavyeHun 23.8 + 1.9 (n = 96).

Budosoe pa3Hoobpasue Konnembon (uepap-
xuyeckuli nodxod). AHanu3 aaaUTUBHOIO pac-
npepeneHva suposoro boratcTea cBUAETENb-
CTBYeT O TOM, 4YTOo obuwee (y) pasHoobpasue
cKknagpiBaetca Ha 80.5 % u3 B-pasHoobpasus,
npuyem 26.2 % obycnosneHbl Pa3IMunMAMM Ha
ypoBHe Tuna pactutenbHoctn (6 ), Ha ponto

OAHOTO TUMa PacTUTENbHOCTH (6,) v pasu-
YU Mexay npobamu B npegenax o,u,Horo ™na
buoTona (6 ) npuxoantca okono 25 umn 30 % co-
oTBETCTBEHHO. bBeTa- pasHoobpa3ne Ha Bcex
YPOBHSIX MEepapXmn (33 UCKAOYEHMEM YPOBHSA
npo6) 6b110 3HaUMmo (p < 0.001) Bbiwe (puc.
2), yuem 310 Morno 6bl 6bITb B C/Iy4ae cayyam-
HOro pacnpegeneHva BuAoB. Anbda-pasHoo-
6pasure Ha ypoBHe r|p06 (o, ) OKa3anoCb HUXKe
OXKMAAemMoro C/iy4amHoro (p < 0.001, cm. puc.
2) n coctaBuno 19.5 % ot obuiero BMAOBOroO
boratctBa, Habnwgaemoro B NaHAWaATHOM
macwTabe (okoso 13 BMAOB OT 06LLEro ramma-
pa3Hoobpasua 65 Bnaos).

Ha ypoBHe TuWna pacTUTENbHOCTU MaKCU-
MaJibHOE YMCN0 BUAOB 3aPEerMcTPUPOBaHO B Ky-
CTapHMYKOBbIX (54), a HaumeHbLuee (42) — B Ky-
CTapHMKOBbIX TyHAPaX. Bknaa a-KOMNOHeHTbI B
obuee y-pasHoobpasue BapbMpoBan B npeae-
nax 24-29 % v 6610 3HaunMo (p < 0.001) Huxke,
4yem npu cay4amHom pacnpegeneHuun. Mpwu
3TOM BK/1aA B-komnoHeHTbl (6_ + 6, ) coctasun
38-44 %. Ha ypoBHe TMna MVIKpOé)VIOTOFIa 06-
Lee YNcno BMA0B Konnembon He pasniMyanoch
n coctasuno 47-51 sua. OToenbHbIM aHaNU3
pacnpeaeneHus ANA Kaxaoro mmkpobuortona
nokasasn, 4To a-pa3Hoobpasue BapbMpPOBaNO
oT 23 o 34 %, npu 3TOM ero MMUHUMaNbHOE
3HaYeHMe OTMeYeHOo B MMKpobuoTone ¢ npe-
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Puc. 1. KpuBas HakoneHMa BUAOB Koinemb0o/ B 3aBUCMMOCTM OT YMcaa Npob, oTobpaHHbIX B TYHAPOBbIX
aKkocuctemax. CnnolwHas IMHMA — MOAe/NbHas KpmBasa Buaa y = a + b * In(x), rae x —umcno npob, y —umncno
Bnaos, a=13.63, b=11.22
Fig. 1. The accumulation curve of the number of Collembola species in the sampling series depending on the
number of sampless collected in tundra ecosystems. Solid line is the model curve of the formy =a + b * In(x),
where x is the number of samples, y is the number of species, a=13.63, b =11.22
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Puc. 2. AognMTMBHOE NapuMoHMpoBaHue pasHoobpasmsa Konnemboa No NPOCTPaHCTBEHHbIM MacluTabam B
BonbluesemenbCcKkol TyHape. Bkaag a-pasHoobpasna 1 Tpex KoMNoHeHToB B-pasHoobpasus, rae o »  CPea-

Hee YMCN0o BMAOB Ha YPOBHE Npoob, 6 — reTeporeHHocTb Npob B Npeaenax 6uotona, 6, — pasnuumnsa buorto-
NoB BHYTPM TUMOB PACTUTENbHOCTH, 6 — Pas/NuMA TUNOB PACTUTENILHOCTM B NPpe/enax naHp,UJacha observed
— HabogaeMble AaHHble, simulated — p,aHHble O¥MAaemble Npu Cy4aiHOM pacnpesesieHUn KOMMNOHEHTOB

Fig. 2. Additive partitioning of Collembola diversity by spatial scales in the Bolshezemelskaya tundra.
Contribution of the a-diversity and three 8-diversity components: o ,—average species number at the sample
level, 8 w heterogeneity of samples within biotope, 6, — differences of biotopes within vegetation types,
6,— différences of vegetation types within landscape, oioserved observed data, simulated — data expected
with a random distribution of components
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obnagaHmem mxos (23 %), a B-KOMNOHeHTa U3-
meHanacb B npeaenax 38-49 % ¢ makcumano-
HbIM nokasatenem (49 %) B opraHOreHHoMm ro-
PU30HTE NOA MOXOBbIMWU NOAYLIKAMMU.

TakMm obpasom, NpoBeAEeHHbIM aHANN3 ne-
papxmMyeckoro pasHoobpasma nokasan, Y4To Ha
BCEX YPOBHAX BKAAA, A-KOMMOHEHTbl HUXKe, a
B-KOMMOHEHTbI Bbille, YeM 3TO OblI0 6bl NpU
CNy4anHOM pacnpeaeneHumn BMa0B, YTo NO3BO-
NnAeT paccmaTpuBaTb coobuiectsa Konnembon
FOXKHbIX TYHAP KaK B-00MUHAHTHbIE.

Cmpykmypa HaceneHuAa. Buposoe 6orat-
CTBO M pa3Hoobpasune, paccynMTaHHOE NO MH-
Aekcy LeHHOHa, BHYTPM pPas/iMyHbIX TUNOB
TYHAP LOCTOBEPHO He mM3meHanocb. OgHako
cpenHAs YNCNEHHOCTb Konnembon B KyCcTapHuU-
KOBbIX TYHA,paX OKa3aslaCb 3HAYMMO HUKE, YEM

B KyCTApHWYKOBbIX (Tabn. 2). Kpome Toro, ana
pAfda BUAOB TaKKe OTMEYEHO B/MAHME TuMa
pacTuTenbHocTW. Tak, YucneHHocTb D. neglecta,
F. quadrioculata v T. wahlgreni poctoBepHO
CHM¥XKanacb B KYCTApHWUKOBbLIX, a 0bunave D.
tschernovi v I. minor, HaNPoOTKB, B KYCTapHMWY-
KOBbIX TyHApax (cm. Tabn. 2). PacnpeaenerHue
Konnembon B MMKpobMOTONax TakkKe Mnokasa-
N0, YTOo BMAoBoe boratcTBo M pasHoobpasue
He M3meHsnocb. OAHAKO 3HAYEHMA YNCNEHHO-
CTW 3HAYMMO pasnunyanuck (tabn. 3). Bananue
MUKPOMECTOOOUTaHMA OKas3anocb [A0CTOBEpP-
HbIM TONbKO A8 TPeX BUAOB. TaK, YNCNIEHHOCTb
F. quadrioculata, T. wahlgreni cHu»anacb B
MOXOBOW fepHUHe, a D. tschernovi, HanpoTus,
yBennuymBanaco (cm. Tabn. 3).

Tabnnua 2. XapaKTepucTuka coobLLecTs Konnembo B pasanyHbIX TUNAX TYHAP

MapameTpsl TyHApbI
KYCTapHMKOBblE  KYCTapPHWYKOBbIE
Ob6uee Yyncno BUAOB 42 54
Bupaosoe boratctBo, S 12.2 +0.4a 13.2 £ 0.5a
Bugosoe pasHoobpasue, H' 1.8 +0.04a 1.8 +0.05a
CpefHAsA YNCNEHHOCTb, 3K3./m? 17562 + 1780a 30022 +3110b
Desoria neglecta (Schaffer, 1900) 94 + 32a 1118 + 270b
Desoria tschernovi (Martynova, 1974) 1342 + 237a 30+ 19b
Folsomia amplissima Potapov et Babenko, 2000 906 + 305a 430+ 132a
Folsomia quadrioculata (Tullberg, 1871) 1968 + 372a 8664 + 1770b
Isotomiella minor (Schéaffer, 1896) 1590 +411a 638 + 243b
Pachyotoma miserabilis Potapov, 2017 1254 + 288a 1170 £+ 347a
Parisotoma notabilis (Schaffer, 1896) 1006 + 156a 1076 + 206a
Protaphorura boedvarssoni Pomorski, 1993 480+ 121a 370+ 152a
Protaphorura subarctica (Martynova, 1976) 3170+ 613a 2788 + 599a
Tetracanthella wahlgreni Axelson, 1907 2182 + 608a 4254 + 688b
Willemia anophthalma Borner, 1901 980 + 460a 1828 + 414a

MpumeyaHue. PasHble BYKBbI YKa3blBAOT HA 3HAYMMble PA3AMUUA MEXKAY MCCAeA0BaHHbIMU yYacTKamM
Ha ocHoBe Tecta Mann — Whitney npu p < 0.05, oagnHaKoBble BYKBbl — Pa3/inumMA He BbIIB/EHbI.

Pe3ynbTaTbl aHanM3a rMaBHbIX KOMMOHEHT,
nofy4YeHHble ANA PasHbIX TUMNOB PaCcTUTENbHO-
CTW, CBUAETENbCTBYIOT O TOM, YTO Nnepsble ABe
ocu 0bbaAcHsAT 36.5 % obuwer gucnepcum Bu-
[0BOM CTPYKTYpPbl COOOLLECTB KONEMOO, BHY-
TPU KOTOPOW BbIAEANAOCH TpWU TPyNMbl Npob
(puc. 3a). MNepBas M3 HUX, PACMO/IOKEHHAsA B
NeBOM YacTU AMarpaMmbl OpPAWHAUMK, Hau-
6onee romoreHHaa M BKAOYana npobbl, oTo-
B6paHHble UCKAHOUYUTENBHO B KYCTaPHUYKOBbIX
TyHApax. BTopas v TpeTba rpynnbl obpasosa-

Hbl IOKa/NIbHbIMM COOBLLECTBAMM HOFOXBOCTOK
M3 KYCTapHMKOBOM TyHApPbI. PUc. 36 oTparkaeT
N3MEHeHMs coobLecTB Konnembon Ha ypos-
He TMnNa MUKpobuoTona, roe YeTKo BblAenu-
Nocb Age rpynnbl NPo6: KYpPTUH NULWAAHUKOB
M MOXOBbIX nogywek. bonbwue Bapuauum B
pacnpefeneHnn TOYeK [N CMELaHHbIX 06-
PasyoB CBMAETENLCTBYHOT O TOM, YTO 3TOT TUN
MWKPOBMOTONA XapaKTepU3yeTca CyLLeCTBEH-
HOW reTeporeHHOCTb BMAOBOIO COCTaBa M OT-
CYTCTBMEM MHAMKATOPHbIX BUAOB.
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Tabnnua 3. XapaKTepucTrMKa COObLLECTB KOI1EMBON B PA3/INYHbIX MUKPOMECTOOBUTAHMUAX

MNapameTpsl JInwanHmKu Mxu CmewaHHble 06pa3Lpl
Ob6Lee Yyncao BUAOB 50 51 47
Bupaosoe boratctso 12.5+0.6a 12.2 £ 0.5a 13.6 £ 0.8a
Bugosoe pasHoobpasue, H' 1.8+0.1a 1.8+0.1a 1.7+0.1a
0613 YNCNEHHOCTb, 3K3./ M? 25078 + 3098a 17742 + 2154b 31521 +£4510a
Desoria neglecta 528 + 209a 309 + 149a 1120 + 388a
Desoria tschernovi 154 + 65a 1014 + 254b 703 £ 248a
Folsomia amplissima 868 + 369a 595 + 378a 583 +122a
Folsomia quadrioculata 5400 + 1613a 2628 + 584b 9221 + 2672a
Isotomiella minor 989 t 562a 1128 + 342a 1214 + 402a
Pachyotoma miserabilis 1289+ 452a 930 + 261a 1555+ 513a
Parisotoma notabilis 925 + 154a 1167 + 190a 965 £ 313a
Protaphorura boedvarssoni 146 £ 47a 737 +207a 231 +87a
Protaphorura subarctica 2664 + 701a 2067 + 610a 4634 + 891a
Tetracanthella wahlgreni 4261 + 824a 1209 + 306b 5190 £ 1201a
Willemia anophthalma 857 + 302a 1402 + 562a 1934 + 610a

MpumeyaHune. PasHble BYKBbI YKa3blBAOT HA 3HAYMMbIE PA3AMYUA MEXAY UCCAEA0BAHHBIMU YYacTKamMM
Ha ocHoBe TecTa Mann — Whitney npu p < 0.05, ognHakoBble 6YKBbl — Pa3/inumA He BbIsIBNEHDI.
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Puc. 3. Inarpamma aHanm3a rnaBHbix KOmMNoHeHT (PCA), oTparkatoLLan BapmaLMm OKaAbHbIX COOBLLECTB,
bopMUpYIOLLMXCA B PasHbIX TUMNaxX pacTuTenbHocTh (A) M mukpobuoTonax (B), rae 1 — KyctapHMyKoBble (1
—Y4acToK 1, 2 — yyacToK 2), 2 — KyCTapHUKOBbIe TYHAPbI (3 — y4acToK 3, 4 — y4yacTok 4), 3 — KypTUHbI ANLIaN-
HUKOB (3), 4 — moxoBble noayLku (1), 5 — cmellaHHble 06pasupl (5)

Fig. 3. PCA ordination diagrams reflecting variation of local communities formed in different types of

vegetation (A) and microbiotopes (B), where 1 — low bush tundra (1 — plot 1, 2 — plot 2), 2 — shrubby tundra
(3 —plot 3, 4 —plot 4), 3 —lichen beds (3), 4 — mosses (1), 5 — mixed samples (5)
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O6bcyxpeHue

Buposoe pasHoobpasue (65 BuaoB) Kon-
nembon M3y4yeHHOro Hamu naHgwadTa nB-
NAETCA [0CTAaTOMHO BbICOKMM M BMOJIHE CO-
NocTaBMMO € 60raTtcTBOM /OKanbHbIX dayH
BOCTOYHO-eBpoOnenckux TyHap. Mpeapiaywme
nccnefoBaHUA, NPOBeAEHHbIE B MaTEPUKOBOW
4acTM BOCTOKA bonbluezemenbckon TyHAPSI,
CBUAETENbCTBYIOT KaK O HU3KUX, TaK U BbICOKMX
3HaYeHUAX BMAOBOro pasHoobpasua: 45-72
Buaa (Tackaesa u gp., 2015, 2017; Taskaeva et
al., 2019; Taskaeva, 2020). MNpn aTom 310 TEep-
pUTOpPUK, 3aBEAOMO OTAMYatOLLMECA PaA3HOO-
6pasHbiMK BruoreoueHo3amu. Takme pasnnyms
MOryT 6bITb 06YCNOBAEHbI PALOM MPUYUH, B T.
4. U KONIMYECTBOM M3yYeHHbIX MOYBEHHbIX 06-
pa3uoB Ha ogHown npobHon nnowagun. Cpeps-
HWe MoKasaTenn BUMAOBOro 6oratcTea Koanem-
601 TYHAPOBbIX 3KOCUCTEM EBPOMNENCKOMN YaCTU
Poccunun BapbupytoT B Npegenax 11-49 suaos B
ogHOM MmecToobuTaHmn. lonyyeHHble Hamu
pesynbTaTtbl (27-36 BMAOB) YKNaAbiBalOTCA B
BblLLEYKa3aHHble JaHHble.

Pe3ynbTaTbl aAAMTMBHOINO MNAPLMOHMPOBaA-
HWA YKa3bIBAOT Ha TO, YTO HA Pa3HbIX YPOBHAX
nepapxmm BKNAL, Q-KOMMOHEHTbl MeHblUe, a
B-KOMMOHEHTbI Bbille, YeM 3TO ObisI0 6bI NpU
cny4yaliHom pacnpegeneHnn suaos. NogobHble
3aKOHOMEPHOCTU MO3BO/AOT PacCMaTpPUBaTb
coobuiectBa Konnembon B npeaenax TyHAPO-
BOro nNaHAwadTa Kak b6eta-4OMMHAHTHbIE, YTO
B LLe/IOM COOTBETCTBYET AaHHbIM, MOly4EHHbIM
anaTaexkHbixnecos (Kuznetsova, Saraeva, 2018;
Vasenkova, Kuznetsova, 2022). Bknag Tmna pac-
TUTeNbHOCTM B obLLee pasHOObpasune oKasanca
BblLIEe, YeM 3TO MO0 6bl BbITb B CAyYae cny-
YyaMHOro pacnpegeneHus Buaos (cm. puc. 2).
HecmoTpa Ha 6onblioe cxoacTeo ¢Gopbl NPob-
HbIX NAOLWAAEN BHYTPU KYCTapPHWUKOBBIX U Ky-
CTapHMYKOBbIX TYHAP, coobuiecTBa Konnembon
KYCTapHUKOBbIX TYHAP pa3fenunucb Ha Aga
Knactepa (cm. puc. 3a). C ogHOM CTOPOHbI, 3TO
MOXKeT bbiTb 0byCcn0BNEHO AOMUMHUPYHOWMM
BMOOM KyCTapHMKa. Ecam Ha nepBom yyacTke
rocnoacteyeT Betula nana L., cooOMMHAHTaMM
asnatotca Salix lanata L., Salix phylicifolia L.,
Salix glauca L., To Ha BTOpOM y4acTKe BKnag, no-
cnegHuUX meHee BblpaxkeH. C gpyron CTOPOHBI,
PacCMOTPEHHbIE YYaCTKM pPas3IMvyannucb meso-
penbedom, rmybuHom 3aneraHna Be4HOM meps-
NoTbl U BnaxHocTblo (Taskaeva et al., 2021).
3TO NUWb MNOATBEPXKAAET NpPennonoKeHne o
TOM, YTO HEOAHOPOAHOCTb MUKPOKAMMATA, NO-
POBOro MPOCTPAHCTBA MOYBbI U KayecTBa pac-
TUTENbHOW NOACTU/IKK, 0OyCNOBNEHHbIE BUAO-
BbIM COCTAaBOM PaCTEHWUM, ABNAIOTCA BaXKHbIMM

AETEPMUHAHTAMM  coobLlecTBa MOYBEHHbIX
MUKpoapTponog (Hansen, 2000; Coulson et al.,
2003; Mitchell et al., 2017). Mpu aToM Bnax-
HOCTb MNOYBbI, ABAAKOWAACA ANA Konnembon
BaXHbIM (GAKTOPOM, B BOCTOYHO-EBPOMNENCKUX
TYHApPaX, Cyaa Nno BCEMY, HE OKa3blBaeT cylue-
CTBEHHOrO B/MAHMA Ha UX MPOCTPAHCTBEHHOE
pacnpegeneHue (Taskaeva et al., 2021).

Bmecte ¢ Tem Hawumu wmccneLoBaHUAMMU
YCTaHOBNEHO, YTO Ha YPOBHE TUMNa MUKpPObMo-
Tona pasHoobpasne Konnembon MOXKET U He
6bITb B-00MWHAHTHBIM. TaK, ona MUKpobuo-
TOMa, NPeACTaBNEHHOIO INWAKHUKaMK, BKNag,
o- N B-KOMMOHEHT OKa3a/iIcA CPAaBHMUMbIM U CO-
ctasun 34 n 38 % cooTBETCTBEHHO. ITO CBMAE-
TEeNbCTBYET O TOM, YTO coobuiecTBa Konnembon
NINWANHUKOBBIX KYPTUH B PaBHOM CTENEHN MO-
ryT onpeaenatbcss MONYNAUMOHHbIMU, LEHO-
TUYECKUMU U abuoTmyeckumn daktopamu. Ha
HaLll B3rNA4, 3TO CBA3aHO C TEM, YTO JINLLANHUKN
camu no cebe GopmMMPYIOT AOCTAaTOYHO OAHO-
TUMHYIO Ccpeay BHE 3aBMCMMOCTU OT Pacnono-
YKEHUA B NPOCTPAHCTBE, YTO, COOTBETCTBEHHO,
NPUBOAUT K NPOCTPAHCTBEHHON rOMOTreHHOCTH
coobuiects Konnembon. AHanOrnYHble pesy/ib-
TaTbl 6bIM NONYyYEHDbI A4NA KONOBPATOK, 0buTta-
OLLMX B SMUANTHBIX M 3NUOUTHbBIX IULLANHUKAX
(Fontaneto et al., 2011). MoxoBo¥ NOKPOB, Ha-
npoTus, 6aaroaaps CNOCOBHOCTM CriaXKMBaTb
KonebaHua Temnepatypbl (Soudzilovskaya et
al., 2013) cnocobcTByeT co3gaHuo bnaronpu-
ATHOrO MMUKpPOKAMMATa Aans Konanembon. lMo-
3TOMYy Nto6ble U3MEHEHMS, BbI3BAHHbIE, HANpPU-
Mep, 3acyxoi unu nepensbbITKOM 0CagKoB,
NPUBOAAT K USMEHEHUIO OKpY:KatoLwen cpeapbl,
KOTOpble B CBOK o4yepenb OKa3blBAOT BAUSA-
HMEe Ha pa3HoobpasMe MXOB U, B KOHEYHOM
ntore, Ha coobLiecTBa HOrOXBOCTOK. Pe3ynbTa-
Tbl @aHa/M3a INaBHbIX KOMNOHEHT (cm. puc. 36)
noATBEPKAAOT NPeAnosoKeHME O TOM, YTO
GYHKUMOHANbHbIE TPynnbl U BUAbI PaACTEHUM
onpeaenatoT CTPYKTYpY coobLiects Konnemoon
(Hansen, 2000; Coulson et al., 2003; Mitchell et
al., 2017).

Ha ypoBHe npob B cpegHem obHapy:KeHa
nsaTan yactb (12.7 BMAaa) Bcero pasHoobpasua
KON1emMmbon PacCMOTPEHHbIX TYHAPOBbIX KO-
cuctem. ITo MoXeT bbiTb 0bycnoBneHo, ¢ oa-
HOM CTOPOHbI, aBTOKOppenAuMen pacnpese-
NleHnA BMAOB, a C APYron, HEOAHOPOAHOCTbIO
OKpy)Kalowern cpeabl BHYTPU OAHOPOAHbIX
y4yacTkoB (6buoTonos), YTo 6bINIO NPOAEMOH-
CTPUPOBAHO NpeablayWMMN NccnegoBaHUAMM
(Tsyganov et al., 2015; Kuznetsova, Saraeva,
2018; Vasenkova, Kuznetsova, 2022). B uenom
pe3ynbTaTbl YKasblBalOT HA TO, YTO YC/N0BMA
OKpY*Katowen cpeabl UrpatoT BaXKHYH POb B
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dopmmnpoBaHuM pasHoobpasmna Konnembon B
pa3sHbIX MPOCTPAHCTBEHHbIX MacliTabax Huxe
YPOBHA NaHAwadTa.

3aKknoueHue

Pe3ynbTaTbl UCNONb30BaHMA  MyAbTUMAC-
WTabHOro noaxoaa ANs M3YYEeHUA CTPYKTYpbI
pa3Hoobpa3nA Konnembon TyHAPOBOrO NaHA-
wadTa Nokasanu, 4To GaKTopbl, CBA3AHHbIE C
TUNOM pPacTUTeNbHOCTU, BMOTOMa M HeopHo-
POAHOCTbIO pacnpeaeneHns BUAOB Ha YPOBHE
npo6 BHOCAT OAMHAKOBbIV BKNaA,. BTo XKe Bpems
npoBeAeHHOe WcCcneaoBaHWE NoATBepXKAaeT
BaXXHOCTb MUKpPOBMOTONOB (0COBEHHO NULLAN-

HWUKOBbIX KYPTWMH) B TYHAPAX B NOALEpPKaHUM
pa3Hoobpasma Konnembon. OHo NOKasasno, YTo
BKNag, a- u B-pasHoobpasns B obuee BMaoBoe
60raTcTBO (V) MOXKET 6bITb PABHO3HAYHbIM, YTO
CNYXKUT [ONONHUTENIbHbIM  J0KAa3aTe/bCTBOM
HeobxoanmocTn otbopa npob nog pasHbIMK
OYHKLMOHANbHBIMM - TPYNNaMuM  pPacTeHUn B
Pa3/INYHbIX NPOCTPAHCTBEHHbIX MacwTabax. B
LeIoM Nosly4YeHHble AaHHble CBUAETENbCTBYHOT
0 TOM, YTO pa3sHoobpasne KoNnembon HXKHbIX
TYHAP XapaKTepusyeTca Kak B-[O0MMUHaHTHOe
Ha BCEX YPOBHAX NaHAWAPTHOM MepapXmu, YTO
COOTBETCTBYET AAHHbIM, MOJIyYEHHbIM paHee
AnA 6opeanbHbIX 1ECOB.
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Keywords: Summary: In order to better understand the patterns of distribution of
microarthropods microarthropods and their determining factors, we studied the diversity of soil
springtails springtails (collembulans) at the levels of the spatial hierarchy of habitats in
alpha tundra ecosystems (Bolshezemelskaya tundra). Changes in species diversity (a
beta and B) and the structure of springtail community were analyzed in 96 samples
gamma diversity from three microbiotopes (mosses, lichens and mixed samples) of two types
additive partitioning of vegetation (shrubby and low bush tundra) using the additive partitioning

Bolshezemelskaya tundra procedure. a and B diversity were assessed at the level of landscape, tundra
type, microbiotope and sample. A total of 65 species were recorded, which is
comparable to the richness of the local faunas of the Eastern European tundra.
It was shown that factors associated with the type of tundra, microbiotope,
and heterogeneity of species distribution at the sample level made a relatively
equal contribution to the species diversity of springtails. It was established that
the contribution of a- and B-diversity at the level of microbiotopes to the total
species richness (y) can be equivalent, which serves as additional evidence of
the need for sampling under different functional groups of plants at different
spatial scales. In general, the obtained data indicate that the diversity of
collembolans of the southern tundra is characterized as B-dominant at all
levels of the landscape hierarchy, which indicates that external factors prevail
over internal factors in the formation of collembolan communities.
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AHHOTaumA: PaccmaTpurBatoTCA pe3y/abTaTbhl MCMNOAb30BAHUA YHUDULK-
pOBaHHOM HaliecoBCKOM MoAenn ANA OLEHKM KOMMOHEHTOB BUAOBOIO
pa3Hoobpasuna Ha NpMumepe AOHHbIX COOOLLECTB ManbIX U CPeAHMUX paB-
HUHHbIX peK. MNocTpoeHne Moaenn OCyLeCTBASAM MO AaHHbIM O BCTpe-
yaemocTn 147 TakCOHOB MaKpo3oobeHToca Ha 132 yyacTKax BOAOTOKOB
B H6acceliHe CpeaHeit n HukHel Bonrn. Bbiamn paccumntaHbl U MHTepnpe-
TUPYHOTCA OLLEHKM 3KoorMYeckoro cpoacTaa (affinity) k eHomeHy «Tem-
HOro pa3HoobpasuA», MoyYeHHble ABYMA MOAENAMU JIOTUCTUYECKOMN
perpeccumn: gna Kaxkaoro Buga no nx 4 0CHOBHbIM 6GMONOrMYECKUM CBOM-
CTBAM M KaXXA0ro y4yacTka no 7 abmnotuyecknum dpaktopam. OueHnsanacb
TakKe npurogHocTb (suitability) Kaxkgoro BvMAaa AnA Kaxaoro y4yacrtka,
paccynTbiBaemMas Kak CTaHAAPTM30BAHHOE OTK/IOHEHME YacTOT COBMECT-
HO BCTPEYAIOLMNXCA BUAOB OT OXUAAEMbIX BEPOATHOCTEN COIMNACHO MU-
nepreoMeTpuMyYeckomy pacnpegeneHmio. Ha ocHoBe 3TUX MOZAENbHbIX
OLLEHOK PaccyuTbiBaNMCb YHUGULMPOBAHHbIE (06beaMHEHHbIE) OLEeHKM
BEpOATHOCTU Pij 06HapyKnTb i-i BMA Ha j-m y4yacTKe. PaccmaTtpuBaetca
TOYHOCTb M 3PPEKTUBHOCTb NOCTPOEHHON MOAENM, A TAK¥Ke BbICKa3blBa-
tOTCA COOBpPAXKEHMA MO YNYYLLIEHUIO ee KayecTBa.

© MNeTpo3aBOACKUI FOCYAAPCTBEHHbIN YHUBEPCUTET
PeueHseHT: C. B. bakaHes

MonyueHa: 14 asrycta 2023 roga

BsepgeHue

CoBpemeHHass TeOpUs 3KOJIOTUYECKUX CO-
obuiectB paccmatpuBaeT mogenn buopas-
Hoobpa3nsa 4yepes npusmy Habopa 6a3oBbIx
NPOLECcCOoB, NEeXallnux B OCHOBE MNOABNEHMA
N nocnenyowWwero pasBMTUA KaXkgoro Buaa B
KOHKpeTHOoM mecTtoobutaHum (Vellend, 2016).
3TN npoueccbl oNpPeaenatTca He TONbKO /n-
MUTUPYIOLWMMUM paKTopamn cpenbl, HO U CO-
BOKYMHOCTbIO COBCTBEHHbIX PYHKLMOHANbHbIX
N MOPPONOrMYECKUX XaPaAKTEPUCTUK KarKAOoro
BMAa (traits), KOTopble NO3BOAAKT UM aAaNTU-

NoanucaHa K nevatu: 03 okTAbpaA 2023 roga

POBATbCA K MeHsWMMea ycnosuam buotona
M 3aHATb CBOE MECTO B COODOLLECTBE C YYETOM
BCEro KOMM/JIEKCA 3HAOMEHHbIX B3auMmoaei-
creuii (Keddy, 1992; Fujinuma, Partel, 2023).
Ecnun paccmaTtpuBaTh BUAOBOM COCTaB OAHO-
ro /I0OKa/IbHOro MectoobuTaHusa (y4acTka uam
CTaHUMM HabnoaeHUA) Kak oaHO coobuecTBo,
TO COBOKYMHOCTb BCEX TaKMX MeCTOObUTaHUN,
06beANHEHHbIX onpeaeneHHbIMU 3aKOHOMEpP-
HOCTAMM pacnpeneneHns BMAOBOro COCTaBa,
MOXHO HasBaTb MmeTacoobuiectsom (Leibold,
Mikkelson, 2002). MaTtpuua meTtacoobuliecTsa
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0ObIYHO COCTOUT M3 YYACTKOB (MO CTPOKam) U
BMAOB (Mo cTonbuam), BCTPETUBLLMXCA B U3y4a-
€MOM pervoHe, No KpamHen mepe, oAuH pas.
Takaa Tabnmua moxeTt bbITb 3anosHeHa nnMbo
AaHHbIMKM npucytctBua / otcytcteua (1/0),
B0 YNCNEHHOCTbIO, B0 NPOEKTUBHBLIM MNO-
KpbiTuem (Hanpumep, B %). O4yeBUAHO, YTO
3MNMPUYECKas BMAOBAA CTPYKTypa, OCHOBAH-
HaAa Ha HATypHbIX GayHUCTUYECKUX uccneno-
BaHUAX, NoAgobHa cny4yarHOMY MOMEHTaNbHO-
MYy CHMMKY COCTaBa coobL,ecTBa M He BMOJHE
COOTBETCTBYET WCTUHHOMY pacnpeneneHuio
pernoHanbHoro 6uopasHoobpasma. [na Kax-
A0ro MectoobUTaHMA MOXKHO BblAeNUTb COBO-
KYNHOCTb BMAOB, KOTOpPble TEOPETUYECKM MO
CBOMM PYHKLMOHANbHbIM U ayTIKONOTMYECKMM
XapaKTepPUCTUKaM MOTYT NpUHaAexaTb K pac-
CMaTpMBaeMomMy COODbLLECTBY, HO A0 HEKOTO-
pbIX NOP He 6blnM Tam 0bHapyKeHbl. [ogMHo-
YKECTBO TaKUX BUAOB Obl/I0 HA3BAHO KTEMHbIM»
pa3Hoobpasuem (dark diversity) (Partel et al.,
2011).

CyuwecTByeT uenbin psaa npuyunH (Rabinowitz,
1981; Bickford et al., 2007; Klimesova, Klimes,
2007), noyemy HeKoTopble BWAbI MOTyT OT-
CYTCTBOBATb Ha Y4YaCTKaX, MoAXOAALMX UM MO
COBOKYMHOCTM abnoTUYecKknx unm buotonmye-
CKUX XapaKTEPUCTUK (MM novyemy OTAeNbHble
YYaCTKM He MOTyT BK/OYaTb BCe BUAbI C NOA-
XoAswmMm Habopom cBoicTB). B umcne 3tumx
NPUYMH — HEAOCTAaTOYHOE KO/IMYECTBO B3ATbIX
npo6, oWnNBKN MU TEHAEHLUMO3HOCTb B CUCTE-
MaTUYeCKOM onpeaeneHun BUA0B, UX HU3KanA
CNOCOBHOCTb K pPacceNeHunto WM CTpeccoy-
CTOMYMBOCTb M NpoY. M HA0O6OPOT, MUHBA3UBHbIE
npouecchbl, NPUPOAHO-KAUMaTUYECKMe AyK-
Tyaumum u npoyme cnyydamHble GpakTopbl MOTyT
NPUBECTU K HEOXWAAHHbIM PAa30BbIM BCMbILLU-
KaM YMCNEeHHOCTM BWAOB, TEOPETUYECKM CO-
BEPLEHHO He XapaKTepPHbIX ANA KOHKPETHOro
coobulecTsa.

Ona 06bEKTUBHOM OLEHKU BUAOBOM CTPYK-
TYpbl /NIOKanbHOro coobuiectsa HeobxoaMmo
CO3[aHNe aHaNUTUYECKOM CXxembl (MEeTpUK U
mozenein), no3BoAAOLWEN NpoBOoAUTb Op-
Ma/ibHYl0 OLLEHKY WMCTUHHOro pa3Hoobpasua.
MocnepoBaTtenbHOe NPOABUNKEHNE B 3TOM Ha-
npaBfeHUN ocylLecTBaseTca pabotamu npod.
TapTyckoro yHusepcuteta M. [MapTena c co-
aBTopamu (Partel et al.,, 2011, 2013). B cBoe#
HepasHel cTatbe (Carmona, Partel, 2021) nmn
6blna pa3paboTaHa MeToAMKa pacyeTa mMaTpu-
Lbl S 3KoNnorMyeckon npurogHoctu (suitability)
Ka*KAoro BMAa ANA KaXKA0ro y4acTka, OCHOBaH-
Has Ha NoAcyeTe YacTOT COBMECTHOM BCTpeya-
€MOCTW BUAOB BO Bcem meTacoobuiecTse (T. e.
B maTpuue B). YHUKaNbHble 3HAYEeHUA Npuroa-

HOCTH 5,-,- (0< S/.j < 1) TpaKTytoTCA aBTOPAaMM KaK
YC/IOBHble BEPOATHOCTU COOTBETCTBMA BUAA i U
y4acTKa j.

B nocneaytoweit nybnmkaumm (Fujinuma,
Partel, 2023) aBTOpbI NpeanaratoT HOBbIN YHU-
dMUMpPOBaHHbBIA MOAXOA, KOTOPbIMA 3anonHAeT
HEKOTOPYIO CMbIC/IOBYIO ANCNPONOPLUID MEXK-
Ay 6MoNorMyeckum NoHATUEM NPUFOAHOCTU U
$OopPMaNbHO-CTAaTUCTUYECKMMM MHAEKCAMM Ha
OCHOBE 4aCTOT BCTPEYAEMOCTW 33 CYeT npu-
BNE€YEHMA BAKHEMLLMX SKOIOTMYECKMX 3aKOHO-
MmepHocTel n paktopos. MNMpu aTom matpuua P
YC/IOBHbIX BEPOATHOCTEN COOTBETCTBUA BMAOB
M y4acTKoB popmMUpyeTcA Ha OCHOBE Npou3se-
AEHWA ABYX MAaTpUL,: yNOMAHYTOM Bbiwe S n D,
CBA3AaHHOM C 3KONOrMyeckMmm ocobeHHoCTA-
MW, KOTOpble PeryinpyroTca Kak buonormye-
CKMMM CBOWCTBAaMM BMAOB, TaK U NepemMeHHbl-
MW abmnoTmMyecKkom cpeapl, XapaKTepHbIMKU ANA
Ka)X[Aoro y4yacTka. baiecoBckmMi noaxon no3Bo-
1NN €cO34aTb TMOKYHO M CNOXHYIO CTPYKTYPY MO-
AEeNV ANA pelweHns 3ToM 3a4a4Mu.

PaHee (fonosaTioKk u ap., 2017, 2021) Hamum
6blnM paccMOTpPeHbl OCOBEHHOCTU LUMPOTHO-
ro M 30HA/IbHOTO FPAAMEHTOB pacnpeaeneHus
6ruopasHoobpa3na BMAOB AOHHbIX COOOLLECTB
paBHUHHbIX peKk B bacceliHe CpeagHen U Hux-
Hen Bonrun. Lenb HacToAlen cTaTbM — HA TOM
e 3KCNeguMUMOHHOM MmaTepuasne BbINOJAHUTb
noctpoeHune banecosckot mogenu (Fujinuma,
Partel, 2023) 1 oUEHUTb CTAaTUCTUYECKUE BO3-
MOYHOCTU MPUCYTCTBMA Pa3/IMYHbIX TaKCOHOB
MaKp03006eHToca Ha OTAEeNbHbIX Yy4YacTKax
M3y4yeHHbIX BOAOTOKOB. Ha ocHoBe aHanmsa
KO3pPMUMEHTOB MOLENN CTABUTCA TaKKe 3a-
Aaya oueHUTb 3PPEKTbl BAUAHMA OTAENbHbIX
CBOWCTB BMAOB M abMUOTMYECKMX PAKTOPOB Ha
BEPOATHOCTU MOABNEHMA BUAA B KOHKPETHOM
coobulecTse.

Martepuanbi

AHanu3 B3aMMOCBA3M TAaKCOHOMWMYECKOrO
COCTaBa [AOHHbIX coobuiecTB ¢ abuoTnyeckm-
MW YC/IOBUAMW BOAHOM Cpefbl U 3KONOrMye-
CKMMMW XapaKTEPUCTUKAMWU OTAENbHbIX BUAOB
NPOBOAWMACA MO pe3ynbTaTaM MHOFONETHUX
(1990-2019 rr.) uccnepoBaHM Ha TEPPUTOPUN
CpeaHero n HukHero MoBosKbA (3MHYEHKO,
2011; lonosaTioK 1 ap., 2017, 2021). napobu-
O/I0TMYECKYIO0 CbEMKY MaKpo30obeHToca npo-
BOAMAN B pasHble MecAlbl BereTaumoHHOro
nepnoga Ha 90 manbix U 12 cpeaHUX PaBHUH-
HbIX peKax, nputokax Kyihbbiwesckoro, Capa-
TOBCKOro 1 Bonrorpazckoro BOAOXpaHWUAULL, B
T. Y. HA 7 peKax apugHoro pervoHa baccenHa
03. InbTOH. CpegHue peKkn bbinn pasgeneHol
Ha OTHOCUTE/IbHO OA4HOPOAHbIE YY4ACTKU: BEPX-
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Hee, cpeaHee, HUXKHee TeYeHUe 1 YCTbe, a Kax-
[aA Manaa peka NPUHUMANACh KaK LLeNOCTHbIN
06bekT. Takmm obpasom, H6bI1O0 McCnefoBaHO
132 nokanbHbIX COOOLLECTBA, B KAaXKA0M M3 KO-
TOPbIX NO CTAHAAPTHLIM METOAMKAM BblAENEHO
10 40 B1aoB Mmakpo3oobeHToca.

Bcero 6b110 B3sTO 1400 Npob ¢ naeHTUDMK-
Kaumen 740 BUAOB M TaKCOHOB PAHIOM Bbille
BMOQ, KOTOpble ANA Aad/ibHEWLWeEro CTaTUCTu-
YecKoro aHanunsa 6blM orpaHUYeHbl CNUCKOM
13 147 TaKCOHOMMUYECKUX eaNHUL,, BCTPETUB-
LWmMxca He meHee yem B 15 npobax nam Ha 10
y4acTtkax n3 132. Ha ocHoBe gaHHbIX O BCTpeYa-
€MOCTU 3TUX BUA0B GOPMMPOBANACh NCXOAHAA
maTpuua B pasmepHocTbio 132 x 147,

MaTpuuy T XapaKTepuCcTUK BUAOB OrpaHu-
YUNU TPEMA KONIMYECTBEHHbIMM MOKA3aTeNnAMM
(nponorapnemmpoBaHHOe 3HaYeHME CpeaHero
MHOMBMAYaNbHOTO Beca, Mr/3K3., BblYUCIEH-
HOro No BCEM BbIMO/IHEHHbIM Npobam; MHAEKC
canpobHocTn B moandukaumm 3enmHkmn — Map-
BMHA; MHAEKC 3KONOMMYHOCTM AOHHOTO rPyHTa)
M OAHOM KayeCTBEHHOW MNepeMeHHOM — Tun
NUTaHUA, NPEUMYLLECTBEHHbIA ANA [AHHOTO
BMAa. MHaeKkcbl canpobHoCTM anAa KaxKaoro
BMAA paCC‘-II/ITbIBaﬂM no ¢opmyne:

r=(0Bs + 1Bs_+ 2B, + 3@s, + 4Bs )/10

rae s, S, Sy Sy S, —canpo6Hb|e BaneHTHo—
cTm ,El,ﬂﬂ KceHocanpo6Hom onurocanpobHon,
B-me3acanpobHoii, a-me3acanpobHoit u no-
nmcanpobHoM 30H COOTBETCTBEHHO. WNHAeKc
3KONIOTMYHOCTN AOHHOIO TFPYyHTa pPacCcyuTbI-
Ba/ICA MO CXOAHOM MeTOAMKe: BCe TPYyHTbl OT-
HOCUAUCb K 6 pa3pagam 3arpAasHeHHOCTH (oT 1
— NecYyaHo-rpaBuUnHbIE A0 6 — YepHbIN UA), Bbl-
YNCNANUCL BAJIEHTHOCTM, NPONOPLMOHANbHbIE
OTHOCUTE/IbHOMY YaCTOTHOMY pacnpeaeneHnto
BCTPEYAEMOCTM KaXKA0ro BUAA B KaXKA0M Tune
rPyHTa, nocne 4ero Haxoamnca o60bLeHHbIN
noKasaTtenb. Bugbl no tmny nutanua boiam ot-
HeceHbl K 4 Kateropuam: 1 — dutodarm-cobu-
patenu, 2 — XUWHUKN-xBaTatenu, 3 — etpu-
Todarmn-cobupartenn, 4 — CectoHodaru-omnb-
TpaTopbl. PaamepHocTb maTtpuubl T — 147 x 4,
OZHAKO MPW NOCTPOEHUN MOLENN KaXKAaA rpa-
AaLna TMNa NUTaHWA PacCMATPMBAIACh Kak OT-
AeNbHaA nepemeHHas.

Matpuua V ycnoBui BHelHen cpeabl Ans
Ka)k[oro y4yactka pek d¢opmumpoBanacb no
AaHHbIM napannenbHoro moHutopuHra 30 no-
KasaTesiel, BK/IOYAKOWMX TMAPONOrNYECKUNE
napameTpbl BOAOTOKOB, WMHAEKCbl KayecTBa
BOAbl U COAEpPrKAaHME OCHOBHbIX XMMUYECKUX
WHTPeoMEHTOB, @ TaKXKe pacTpoBbiXx Tabauu,
copepKalmx OCHOBHble MeETeOopOoJiornyeckme
nokasaTe/n ANA perMoHa uccnefoBaHun, 3a-

rPY»KEeHHbIX C cepBepa cBO6OAHO pacnpocTpa-
HAemon mHpopmaumm WorldClim. MNMockonbKy
MeXKAy BCEMM 3TUMM NepeMeHHbIMK Habaoaa-
NIAaCb CUNIbHAA KOPPENALMOHHAA CBA3b, NPOBO-
AVNN aHaNN3 UHOEKCOB MHPAAUMK gmucnepcum
VIF, n n36bITOYHbIE NPEAMKTOPbI YAANANNUCH U3
paccmoTpeHus. B pesynbtate 66110 0TOBpaHO
7 dakTOpOB Cpeapl, KONNNMHEAPHOCTb KOTOPbIX
OUEHMBANACb KaK npuemneman: cpegHero-
AoBasa Ttemnepatypa, °C; ocagku camoro 3a-
CYL/INBOrO KBapTasa, MM; BbICOTa, M; UHAEKC
lwepoxosatoctu penbeda TRI; MMHepannsauma
BOAbI, MI/N; coaeprkaHne aMMOHMUIMHOTO a3oTa
n kucnopoaa 02, mr/n. Ha ocHoBe 3TUX AaHHbIX
dopmupoBanacb matpmua V 132 x 7.

MNepen nocTpoeHMem mogenn Bce nepe-
MeHHble matpuy, T n V cTaHAapTM3MPOBaaNCL
C MCNO/Nb30BaHMEM CpeaHero U CTaH4apPTHOro
OTK/IOHEHMUA.

MeToabl

YHuouymposaHHana 6allecoBcKaa Moaenb
«BWAbI — YY4aCTKM» COCTOMT M3 3 nocnenosa-
TeNbHbIX ONEePaLNOHHbIX CEKLUN:

1. OueHka AByx _BeKTopos dp nd_, cocro-
AWMX M3 3HAYEHMN BEPOATHOCTU WMHAMBUAY-
anbHoro cpoactea (affinity) ans Kaxaoro suaa
i nAn yyactka j B otaenoHoctu (i = 1...147, j =
1..132) ¢ nomowpbtlo ABYX nogmonenen noru-
CTUYECKOM perpeccum:

logit(d )-a +b,

sp-i

L xT.m Ioglt(dme/)
V(1)

site-j J
roe logit() — npoueaypa norut-npeobpaso-
BaHWA; 0_ M a_,_— CcBOOOAHbIE YNneHbl ABYX Cy6-

Slfe
MoAeneu; bp {bl ,sp-7. b2$/p’ b 7,5p-i } bs:te/ =
{bl'me_/ ssited mE - BeKTOpr Koappumuu-
eHTOB perpeccuun ana COOTBeTCTByI-OU.I,MX CTPOK
maTtpuy, 61onor1yecknx npusHakos T. npume-
HUTENbHO K BMAY i N aKTOpPOB cpeapl V. ana
y4acTKa j.

2. C ucnonb3oBaHMEM BCEX BO3MOXKHbIX NU-
HEeMHbIX KOMBMHALMIM 3HAYEHMN BEKTOPOB dp n
d_, paccuutbiaetca obobuweHHas matpuua D
3KONIOrMYECKOro CPOACTBA MEXKAY KaXKAbIM BU-
OOM | U YH4ACTKOM j:

Iogit(DU) = [Iogit(dsp_l.) + Iogit(dmj)]/z (2)

3. OcyuwecTBnaeTca MMHMMMU3ALMA OCTAaTKOB
mogenu (T. e. pasnnumn mexay matpuuen B
M NporHosom P) nytem noaroHKM oueHOK Mo-
OeNbHbIX napameTpos {a, b}, onucaHHbIX ANA
nepsok cekuumn 1. Mpu 3ToM NpeanoniaraeTcs,
4yTO Habnlogaemas BMAOBAA CTPYKTypa MeTa-
coobuiecTBa, onncaHHaa maTpuuen B, moxer
6bITb ANNPOKCMMMPOBAHA pacnpeneneHmem
BepHynnan ¢ maTpuuert BeposaTHOCTEN NpUcyT-
cteua P, B~ Bern(P), oueHKK KOTopbIX (Pi,j) MoO-

Slfe
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ryT 6bITb NOMyYEHbl KaK CKOPPEKTMPOBAHHAA

(yHMdMUmMpoBaHHanA) NpurogHOCTb BUAA i ANnA

KOHKPETHOTO y4acTKa j cneayrowmm obpasom
Ioglt(PU) = logit([1 - DL].] X 5,-,,-) +6, (3)

rae 8 — NOCTOAHHbIM MapameTp, YHUKanb-
HbIW ANA KaXKA0ro metacoobuiecTsa, S,,—Npu-
rOAHOCTb KaXK40ro U3 BUAOB ANA KOHerTHOI'O
y4acTKa, OCHOBaHHaA Ha NPeAno/IOXKEeHUH, YTO
4acTO COBMECTHO BCTpevatolmneca Bugbl ume-
toT obuwme sKonornyeckne tpeboBaHua. [AnAa
OLLeHKN MaTpuULbl NPUTOAHOCTM S MO MaTpuLe
npucyTcTemna / otcyTcTBuA BMAOB B mcnonb-
3oBanca R-naketr DarkDiv, paccuuTbiBatoLLNiA
CTaHAAPTU30BAaHHOE OTK/IOHEHME 3MNupuye-
CKMX YACTOT OT HY/1b-OXMAAEMbIX YaCTOT rnnep-
reomeTpuyeckoro pacnpegenenua (Carmona,
Pirtel, 2021).

PacuyeTbl BbINONHANNCHL C UCNO/Ib30BAHMEM
A3blKa M cTaTUCTUYeCcKoM cpeabl R Bep. 3.6. 3a
OCHOBY bbln B3AT CKpUNT 06pabOTKM TECTOBOIO
KOMMJ/IEKTA UCXOAHbIX SAHHbIX, KOTOPbIM Npea-
CTaB/NeH B NPUNOXEeHUM K cTaTtbe (Fujinuma,
Partel, 2023). MNoaroHKka 6anecoBckol moae-
I OCYyLLEeCcTBAANACb Ha OCHOBE WUTEPaTUBHO-
ro npouecca Bblbopa MCXOAHbIX (anpuopHbIX)
OLLEHOK NapameTpoB MOALENIN U MONYYEHWUM
nX pesynbTupylowero (anoctepMopHoro) pac-
npeaeneHva. ITOT MpoLecC peanm3oBann C
ncnonb3oBaHnem 6mbanoTekn JAGS metogom
NOCTPOEHMA OJIMHHbBIX UTEPATUBHbIX NOCNen0-
BATE/NIbHOCTEM HECKONbKUX MAapKOBCKMX Lenen
MoHTe-Kapno (MCMC), ana KoTopbix pacnpe-
AeNeHne nepexofosB OMNpeaAensasnocb ONUCaH-
HOM BbllLe CTPYKTYPON MoaeNu.

PesynbTatbl

AnocTtepuopHoe pacnpezeneHue kKoadpdu-
LUMEeHTOB mMmozZenn 6bl1o NOAYyYeHO C UCNONb30-
BaHMeM MapKoBCKoro npouecca ns 2000 ute-
pauu ans 3 uenent MoHTe-Kapno (npogon-
KUTENbHOCTb BblYMCAEHWUI — OKoM0 10 Yacos).
dopmanbHaa NpoBepKa CXOAMMOCTU Lenewn
OCYLLECTB/IANACL C NCNONb30BAHNEM CTAaTUCTU-
ku lTenbmaHa — Pybuna R, = 1.66, uto coor-
BETCTBYET He BMNO/HE xopOLuemy pe3ynbTaty (B
3TOM C/ly4yae CTaTUCTMKA 61IM3Ka K 1).

Hanbonee BaxkHOe 3HaYeHMe Ana npegmert-
HOM WHTepnpeTaumMn UMerT KO3PPUUMEHTDI
ABYX Moaenen noructuyeckon perpeccun (1)

cspi usitej BNA KaXAOTO t-ro CBOWCTBA /-ro
BUAa U KaXkaon v- abnotnyeckon nepemeH-
HOM Ha j-M y4YacTKe COOTBETCTBEHHO. B 3Tux
MOAENAX NOJOXKUTE/bHble 3HaYeHUA Koapopu-
UMeHToB b NpMBOAAT K BO3PACTaHUIO MHAMBU-
AyanbHbIX 3HAYEHUIN CPOACTBA C YBEIMYEHNEM
YMCNOBbIX HE3AaBMCUMbIX NMEPEMEHHbIX, COOT-
BETCTBEHHO, BO3PACTAET LUAHC OTCYTCTBUA i-roO

BMAA Ha y4acTKe j. AMOCTEPUOPHbIE MIOTHOCTH
pacnpeneneHus, NpeacTaBieHHble Ha puc. 1,
[A0T BO3MOXKHOCTb 3aK/04UTb, YTO Maso3Ha-
YAMbIMM ABAAKOTCA KAMMATUYECKME PaKTOpbI
(TemnepaTtypa BO34yxa M 0OCafKM); HUKAK He
BMAIOT HA BCTPEYAEMOCTb TaKMe TuMbl NUTa-
HMA BUAOB, KaK dutodarm n getpmutodaru, no-
CKONbKY 3HauuTe/IbHasA 4acTb pacnpeneneHms
nx kKoapodmumeHtoB 6amM3ka K 0. OuyeBMAHO
TaK¥Ke, YTO MPU NPOYMUX PaBHbIX YCA0BUAX CO-
JIEHOCTb BOAbI U coaepKaHne MOHOB aMMOHMSA
CHUKAIOT BEPOATHOCTb NOABMEHUA BUAOB, TOr-
[a KaK HacbllleHne Kucaopogom, Haobopor,
yBennumBaeT. TpyaHee pacnpoCTPaHATLCA BU-
Aam ¢ 6onblLION Maccor Tena n getputoparam
(B oTAnuMe OT xuwHMKoB). He cTonb NoHATHA
CBA3b BCTPEYAEMOCTM C KAYECTBOM [OHHbIX
OTNOXEHWUIM M canpobHOCTbIO, HO MOKHO Bbl-
CKa3aTb NPeAnoNoXKeHNEe, YTO BUAAM, MPUBbIK-
WMM K TAXKENbIM FPYHTaM M NOAMCANpPOBHOCTY,
CTpaTerMyeckun nerye OCBOUTLCA B MEHee 3KC-
TPEeMaNbHbIX YCNOBUSX.

C 1Mcnonb3oBaHMEM MATEMATUYECKUX OXKMU-
AaHnin KoapouumeHtoB b no dopmyne (2)
6blna paccuntaHa matpuua D skonormyeckoro
cpoactea (affinity), yuuTbiBatowana 6uonoru-
yeckne ocobeHHOCTM BMAOB M abuoTnyeckme
XapPaKTepPUCTUKM Y4aCTKOB, @ HA OCHOBE aHaNu-
33 YacTOT COBMECTHOM BCTPEYaemMOoCTU BMAOB
oueHeHa maTtpuua S npurogHocTu (suitability).
B pe3ynbrate nx obveanHeHuns no popmyne (3)
dopmmpoBanacb matpuua P yHUPUMUMpPOBAH-
HOM (AWM NnpuBeLeHHOW) NPUrOAHOCTM, OTpa-
)atolasn B KOMNAEKce B3aMMHble OTHOLLIEHMUS
BMAO0B W y4acTKoB. CpaBHeHWe pacnpeaeneHmn
3HAYEHUM 3TUX TPex MaTpuL, PasmMepHOCTbHO
132 x 147 pns AByx cuTyauui (NogMHOXKecCTB
KNeToKk Tabnuu) ¢ NpucyTCcTBMEM WAU OTCYT-
CTBMEM BMA Ha y4yacTKe (B 1/0) npeacras-
NIeHO Ha pwuc. 2.

O6cyxaeHue

OTHeceHMe i-ro BUAa K j-My y4yacTKy u ge-
KOMMNO3ULMA BUAOBOrO Pa3HOOHPa3na Ha KOM-
NMOHEHTbl MOXeT MPOBOAUTLCA C UCMOb30Ba-
Huem NoboMN M3 NepedYncaeHHbIX MaTpuL, Be-
POATHOCTM Ha OCHOBAHWUM MU3BECTHbIX METOA0B
Knaccuodukaumn. Ecan, Hanpumep, mexay LeH-
TpamMu pacnpegeneHni matpumupbl S Ha puc. 2A
n 26 BbIbpaTb NPoM3BONLHOE NOPOroBoe 3Ha-
yeHue C (threshold), To BuAbI cumTaroTCa Npu-
CyTCTBYIOLWMMM Mpn P, L C nnn oTcyTCTBYIO-
UMK B NPOTUBHOM Caydae. Toraa Ha Kaskaom
Yy4acCTKe MOXHO BblAennTb 4 NOAMHOMKeCTBa
BMAOB: «UCTUHHOE pa3sHoobpasue» TP (true
positive), Koraa nporHo3 S cosnagaet ¢ GpaKTu-
4yecKMm HabnogeHnem B matpuue B, «temHoe
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A. AbrnoTtryeckune nepemeHHble No y4acTkam [Abiotic variables by site]

CopepxaHue
Kncnopona

AMMOHWHBIA
asoTr

PacuneHeHHOCTb

penbeda
b4 site

BreicoTa Haa
YPOBHEM MOpSA

KonuyecrBo
0OCanKoB

Temnepatypa
BO3OYXa

3HaveHna Ko3dhuyMeHTos

b. CeoiicTBa BMAOB KonnyecTBeHHble [The properties of species are quantitative]

CanpobHocTb
b3.sp iis
SKONOMMYHOCTb
rpyHTa
b2.sp 11 W |
WHaMBKMayanLHan
Macca Tena
bl.sp |
15 -1.0 -05 0.0 0.5 1.0

3HaveHna KoagpuuneHToB

Puc. 1. AnoctepmopHblie pacnpeaeneHns KoappmunmeHToB N0rMCTUYECKOM perpeccum bsp nb
Fig. 1. Aposterior distributions of logistic regression coefficients bsp and b
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B. Tpoduueckume rpynnbl Buaos [Trophic groups of species]

DUNLTPaTOPLI
b sl T T 1]
OeTputodarm
o T 1
/\ XMILHMKK
s 7 1 /1
duTodarK
spid] =1 1 1
-0.5 0.0 05

JHaveHUa Ko3pPuLMeHToB

Puc. 1. AnoctepropHble pacnpeaeneHns KoappUUMeHTOB IOTMCTUHECKON perpeccun bsp nb
Fig. 1. Aposterior distributions of logistic regression coefficients bsp and b

pa3Hoobpasue» FP (false positive), «cepoe pas-
Hoobpasune» FN (false negative), korga mogenb
npu3HaeT OOHapy)KeHHbIA BWA, ManoBepoAT-
HbIM, U CONMAAPHO OTCyTCcTBYOWMe BUAbl TN
(true negative).

Ob6wenpuHATbBIM rpadoaHANUTUYECKUM Me-
TOAOM HAXOXAEHWS HauAy4yllero peleHus
asnaetca ROC-aHanus (ot Receiver Operator
Characteristic), B xoAe KOTOPOro HaxoAuTcs
ONTUMa/bHbIN BaNaHC MeXAY MaKCUMaNbHbIM
OXBaTOM positive cny4aes, T. €. YyBCTBUTENIbHO-
ctoto TP / (TP + FN) = 0.771, 1 MUHUMM3aLUMEN
HenpaBUAbHOWM Knaccudukaumm negative cny-
yaes, T. e. cneunduyHoctblo FP / (FP + TN) =
0.74 (puc. 3). Noporosoe 3HayeHne C = 0.912
NPUrogHOCTN S, . BbIOMpPAETCA C y4eTOM MaKCK-
MyMa CyMMbl YyBCTBMTE/NbHOCTU U cneunduy-
HOCTW. B KauecTBe KpUTepma OLLEHKM KayecTsa
npuénunxkeHna matpuy, S u B ucnonblyetca
nnowaab nog ROC-kpusoit (Area Under Curve)
AUC =0.832.

OTMeTMM, 4YTO BbINOJIHUTL NOAOOHYI one-
paumio ¢ matpmuamm cpoactsa D n yHuodunym-
pPOBaHHOM MaTpuuen npurogHoctu P 6bino
6bl HEKOPPEKTHO NO ABYM MPUYMHAM: d) NpU-
MmeHeHne onepauum logit() B popmynax (1-3)
aBTOMATMYECKM NPUBOAMT K NOpOry Knaccuodm-
Kauum t = 0.5; 6) npumeHeHune baltecoBCKOM
npoueaypbl AN OLUEHKN KO3pPULMEHTOB No-

site

site

TMCTUYECKMX YpaBHEHUM (1) HacTpoeHOo Ha on-
TUMM3ALMIO TEMHOFO pPa3Hoob6pasmaA, a He Ha
06yt OWNBKY pacno3HaBaHuUS.

B KauecTBe npumepa NpMBEAEM aHANIN3 BU-
[lOBOrO COCTaBa TUMWUYHOM Manon peku Tyk-
LYMKa, MMEOLLMA YMEPEHHbIN YPOBEHb CTpec-
ca co cTopoHbl paKkTopoB cpeabl (dsite = 0.438).
Mo pesynbTaTam ABYX rMAPOOBMONOTMYECKUX
npo6 6bino obHapykeHo 19 BuaoB u ewe 16
BMAOB OblI0 OTOBPAHO B KayecTBe NOTEHLM-
anbHOro BuaoBoro 6oratcTea, KOTOpPOeE, BEPO-
ATHee Bcero, byAeT BbIABNEHO NPU NOBTOPHbIX
oTbopax npob. PparmeHTbl 3TUX ABYX TAKCOHO-
MWYECKUX CMMCKOB NpeacTaBaeHbl B Tabnuue.

3aknouyeHue

MocTpoeHne BEPOATHOCTHbIX Mogenew ¢pop-
MWPOBaHUSA BWOOBOTO COCTaBa CTAaHOBUTCS
BaXKHbIM MHCTPYMEHTOM NPU NPOBEAEHUM KO-
NOTMYECKUX U Buoreorpaduyecknx muccneno-
BaHMIA. Ha pernoHasbHOM YypOBHE 3TU mopae-
N1 CBA3bIBalOT BUOpa3HoobpasMe I0KaIbHbIX
y4acTKOB C Ny/JIOM BMAOB BCEro meracoobue-
CTBa, 4YTO MO3BONAET O6BACHUTbL 3KO/OrMYe-
CKME MEeXaHW3Mbl 3BO/IOLUUN NIOTUYECKUX CO-
06LLEeCTB, KOMNO3ULMOHHbIE CABUTU U MOTOKM
pacnpocTpaHeHns 6WOTbl B MPOCTPAHCTBE.
MccnenoBaHus ¢ NpuB/eYEHUEM MOZLENbHbIX
Ko3dMLMEHTOB MO3BONAIOT MOHATb OCOOEH-
HOCTU GYHKLMOHANbHOM 3KONOTMN: HAaNnpUMep,
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A. InAa A4eek c BCTPETUBLIMMUCA BUAAMU (B;,- = 1) [For cells with encountered species]

10

MNoTHOCThL

MaTpuub

I:InD
[T]e
HE

0.50

0.75

BepoATHOCTH

b. lnAa ayeek, roe BUAbl He BCTpeTUAMUCH (B = 0) [For cells where species did not meet]

i,

MNoTHOCTh
I\'.l‘

0.50

MaTpMLibl

I:|nD

1.00

BepoAaTHOCTK

Puc. 2. MNoTHOCTb pacnpeaeneHna 3Ha4eHUin MaTpuL, NPUrogHocT S, cpoactea nD = (1 — D) n P yHudpuuu-
pPOBAHHOM (MM NPUBELAEHHOI) NPUTOAHOCTU; NYHKTUPOM 0003HAYEHbI LLEHTPbI (CpeaHue) Kaxaoro pacnpe-
aeneHus
Fig. 2. The density of the distribution of the values of suitability matrices S, affinity nD = (1 — D) and P of uni-
fied (or reduced) suitability; dotted lines indicate the centres (averages) of each distribution

KaK buonormyeckme cBOMCTBA BUAOB (TaKuMe Kak
CpPeaHUI pasmep UAM UHAMBUAYANbHAA MACCa,
dopma Tena, NPoOAOMKUTENBHOCTb ¥KU3HU, KO-
JIMYECTBO reHepaumii, NOABUMKHOCTb SIMYMHOK
M UX yyactue B ApudTe, TMN 1 cNocob NuUTaHus,
CYTOYHbIE M3MEHEHMA aKTUBHOCTU M Ap.) B CO-
YyeTaHUM C abUOTUYECKMMM XapPaKTEPUCTUKAMM
H6MOTONOB CKa3bIBAOTCA HA peann3aLmm NOoTeH-

LUMaNbHOro BUAOBOIO pasHoobpasunsa B TOM Uan
MHON MecCTHOCTU. N3yyeHne cocTaBa BMAOB, C
BbICOKOW BEPOSITHOCTbIO BK/KOYEHHbIX B TEM-
Hoe pa3sHoobpasune, MOXKeT BbiTb NOSIE3HO NpPU
onpeaeneHnn NpMopPUTETOB OXPaHbl MPUPOAbI:
Cpeam HUX MOTYT OKasaTbca MB0 ncyesalumne
BMAbI, HyXKAaloWwmecs B COXpaHeHnun, nmbo vy-
¥epoagHble BUAbl, K 6yayLLMM BTOPKEHMAM KO-
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Puc. 3. ROC-guarpamma ansa npenckasaHua NpucyTcTBUA BUAOB HA y4acTKax Mo MmaTpuLe BEPOATHOCTEN MpU-
roaHoctu S. NMoKasaHbl AOCTUTHYTLIN KpuTepuii AUC, noporosoe 3HadyeHune C 1 (B cKobKax) BeNMUYMHbI cneL-
NHUYHOCTM M YYBCTBUTENIbHOCTM COOTBETCTBEHHO

Fig. 3. ROC diagram for predicting the presence of species in plots based on the unified probability ma-
trix S of suitability. The achieved AUC criterion, threshold value c and (in parentheses) the values of specifici-
ty and sensitivity, respectively, are shown

Habnogaemoe 1 noteHunanbHoe BMAoBoe 60ratcTeo p. TyKWymMKa, NofyYeHHble Ha OCHoBe
TPEeX OLEHOK BEPOATHOCTU: NPUTrogHOCTU S, CPOACTBA AN BUAOB dsp, obuero cpoactea D u
yHUdULUMPOBaHHOM NnpurogHoctu P

HavmeHoBaHMA BUAOB S d D P
Habntopaemoe pasHoobpasue
Polypedilum scalaenum 0.995 0.474 0.456 0.541
Limnodrilus profundicola 0.904 0.380 0.408 0.535
Cricotopus sp. 0.952 0.445 0.441 0.532
Tanytarsus sp. 0.961 0.473 0.455 0.523
Prodiamesa olivacea 1.000 0.535 0.486 0.514
Paracladius conversus 1.000 0.552 0.495 0.505
TemHoe pa3Hoobpasue

Stylaria lacustris 0.937 0.291 0.361 0.599
Limnodrilus sp. 0.947 0.313 0.373 0.593
Uncinais uncinata 0.942 0.309 0.371 0.592
Harnischia curtilamellatus 0.959 0.370 0.403 0.572
Potamothrix hammoniensis 0.963 0.386 0.412 0.566
Thienemannimyia sp. 0.996 0.456 0.447 0.551
Paratendipes albimanus 0.965 0.475 0.456 0.525
Nais communis 0.845 0.324 0.379 0.525
Paracladopelma camptolabis 0.983 0.500 0.468 0.522
Stempellina almi 0.940 0.459 0.448 0.519
Polypedilum convictum 0.970 0.497 0.467 0.517
Paralauterborniella nigrohalteralis 0.905 0.436 0.437 0.510
Harnischia fuscimana 0.910 0.445 0.442 0.508
Sialis sp. 0.939 0.483 0.460 0.507
Paratanytarsus lauterborni 0.879 0.410 0.424 0.507

Clinotanypus nervosus 0.838 0.368 0.402 0.501
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TOPbIX C/leayeT CBOEBPEMEHHO MNOATOTOBUTLCA.

B 1O ke BPeMA OLEeHKM BEPOATHOCTY P, 06-
HapyXuTb i-1 BUA, Ha j-M ydyacTke He cBoAsTCA
TONIbKO K OMONOrMyeckMm CBOMCTBAM BUAOB
d abuotnyeckum daktopam d_ v Hactotam
COBMECTHO BCTPeYaemocTy S. B'BonblumnHcTae
C/ly4aeB peanusyembli NAaH WUcciefoBaHUM
CBA3aH C NPOCTPAHCTBEHHbIMM KOOPAMHATAMM,
M TOraa cocTaB BMAOB TEMHOro pa3Hoobpasusa
obycnoBneH NPOCTPAHCTBEHHOM aBTOKOppe-
naumen (Bnaosoe 60raTcTBO Ha yyacTKax, pac-
MOJIOXKEHHbIX 6AM3KO Apyr K Apyry, BepoAT-
Hee Bcero, byaet 6onee cxoAHbIMM, Yem ANA
BbIOOPOYHbIX TOYEK, PACMONONKEHHBIX AANEKO
Apyr oT apyra). Kpome Toro, Ha TakCOHOMMYe-

C BbICOKOM UNOreHeTUYEeCKoM Koppensaumen.
B nokanbHoe coobuwecTtBo ANnA BbINOAHEHMUA
onpeaeneHHOM 3KON0rMYecKom poan obblYHO
BXOAMT TO/IbKO YacTb BWAOB KaxaoM rpynmbl
M OOVH BWUA, MNOCTOAHHO CMEHAET APYrol, Bbl-
NonHAA Ty e GyHKUMio. To ecTb Ha OUEHKY
TEMHOrO pasHoobpasus MoKeT BAnATb duio-
reHeTUYeCcKuUin curHan. B cBasM ¢ aTum cospe-
MEHHble MHOTOMEpPHble MOAE/IM COBMECTHOIO
NPOCTPAHCTBEHHOrO pacnpeaeneHva  BUOOB
(Ovaskainen, Abrego, 2020; LUutnMkoB un ap.,
2021) AONONAHUTENBbHO YYUTbIBAOT PpUoreHe-
TUYECKYIO CTPYKTYpPYy COOBLLECTB M MPOCTPaH-
CTBEHHYIO aBTOKOPPENAUMIO AaHHbIX B TOYKAX
HabnoaeHUN.

CKOM aepese MOXKHO BblAeNnTb rpynnbl BM408B

Bbubnunorpadpumsa

lfonosartiok /1. B., 3uHueHko T. 4., LUnTtukos B. K. MpocTpaHcTBeHHOE pacnpeaeneHme pasHoobpasns AoH-
HbIX coobLLecTB oTUYeCcKUX cuctem CpegHero u HuxkHero Mosonxba // MPUHLMNbI SKONOTUN.
2021. Ne 2. C. 38-53. DOI: 10.15393/j1.art.2021.11122

lonosaTioK /1. B., LUutmkos B. K., 3nHyeHko T. [1. OueHKa 30HanbHOro pacnpeaeneHmsa Buaos AOHHbIX CO-
061LecTB paBHUHHbIX pek bacceitHa CpeaHelt U HuskHelt Boaru // MOBOMMCKUIA 3KONOTMYECKMIA
*KypHan. 2017. Ne 4. C. 335-345.

3uHuyeHKo T. . dKkonoro-hpayHMUCTUYECKan XapaKTepucTuka xmpoHomuyg, (Diptera, Chironomidae) manbix
pek bacceitHa CpeaHei u HuskHelt Bonru (Atnhac) . TonbatTu: KaccaHapa, 2011. 258 c. URL: http://
www.ievbras.ru/books/books.html (naTta o6paweHna: 01.06.2023).

Lntmkos B. K., 3nHuenko T. [., fonosaTioK J1. B. Mogenn coBMecTHOro pacnpegeneHna BMgoB Ha npu-
Mepe A0HHbIX Co0bLLEecTB Masibix pek Bonskckoro bacceiHa // MypHan obuiein 6uonornn. 2021. T.
82, Ne 2. C. 143-154.

Bickford D., Lohman D. J., Sodhi N. S., Ng P. K. L., Meier R., Winker K., Ingram K. K., Das I. Cryptic species as
a window on diversity and conservation // Trends Ecol Evol. 2007. Vol. 22, Ne 3. P. 148-155. DOI:
10.1016/j.tree.2006.11.004

Carmona C. P, Partel M. Estimating probabilistic site-specific species pools and dark diversity from coocur-
rence data // Global Ecology and Biogeography. 2021. Vol. 30, Ne 1. P. 316-326. DOI: 10.1111/
geb.13203

Fujinuma J., Partel M. Decomposing dark diversity affinities of species and sites using Bayesian method:
What accounts for absences of species at suitable sites? // Methods in Ecology and Evolution.
2023.P.1-12.DOI: 10.1111/2041-210X.14109

Keddy P. A. A pragmatic approach to functional ecology // Functional Ecology. 1992. Vol. 6. P. 621-626.

Klimesova J., Klimes L. Bud banks and their role in vegetative regeneration — a literature review and pro-
posal for simple classification and assessment // Perspectives in Plant Ecology, Evolution and Sys-
tematics. 2007. Vol. 8. P. 115-129.

Leibold M. A., Mikkelson G. M. Coherence, species turnover, and boundary clumping: elements of me-
ta-community structure // Oikos. 2002. Vol. 97. P. 237-250.

Ovaskainen O., Abrego N. Species Distribution Modelling: With Applications in R. Cambridge: Cambridge
Univ. Press, 2020. 370 p.

Partel M., Szava-Kovats R., Zobel M. Community completeness: linking local and dark diversity within the
species pool concept // Folia Geobotanica. 2013. Vol. 48, Ne 3. P. 307-317. DOI: 10.1007/s12224-
013-9169-x

Partel M., Szava-Kovats R., Zobel M. Dark diversity: shedding light on absent species // Trends in Ecology
and Evolution. 2011. Vol. 26. P. 124-128.

Rabinowitz D. Seven forms of rarity // The biological aspects of rare plant conservation. New York: John
Wiley & Sons Ltd, 1981. P. 205-217.

Vellend M. The Theory of Ecological Communities. Princeton; Oxford: Princeton Univ. Press, 2016. 229 p. .

bnaropapHocTu

ABTOPbI BblpaXKatoT NpMU3HaTeNbHOCTb 4. 6. H. /1. B. [on0BaTIOK 3a aKTMBHOE y4yacTue B cbope ruapobuo-
NOTMYECKOro maTepuana 1 onpeaeneHnn BUAoB, a TakKe npod. M. Maptento u . PyaxkmHyma (TapTycKuii
YHMBEPCUTET) 3a LLEHHbIE 3aMeYaHUA MPU 0BCYKAEHUN PYKOMUCH.

73



Shitikov V. K. Zinchenko T. D. Probabilistic assessment of the species composition of benthic communities using Bayesian
models // Principy ékologii. 2023. Ne 3. P. 65—75. DOI: 10.15393/j1.art.2023.14002

PROBABILISTIC ASSESSMENT OF THE
SPECIES COMPOSITION OF BENTHIC
COMMUNITIES USING BAYESIAN MODELS

DSc, Samara Federal Research Scientifc Center RAS, Institute of Ecology
SHITI,KQV e . of the Volga River Basin of the Russian Academy of Science,
Vladimir Kirillovich & 7, 946@gmail.com

DSc, Samara Federal Research Scientifc Center RAS, Institute of Ecology
ZINCHENKQ . of the Volga River Basin of the Russian Academy of Science,
Tatyana Dmitrievna 2, cpenko.1dz@yandex.ru

Keywords: Summary: The results of using a unified Bayesian model to estimate
plain rivers components of species diversity on the example of bottom communities of
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dark diversity of watercourses in the Middle and Lower Volga basin. Estimates of ecological
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species from the expected probabilities according to a hypergeometric
distribution. Based on these model estimates, unified (pooled) estimates of
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The accuracy and efficiency of the constructed model are reviewed, as well as
suggestions for improving its quality are made
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KntoueBble cnoBa: AHHOTaumA: PaccMOTpeH BapuaHT 06bACHEHWA COCTaBa M CTPYKTYPbl HEPOHHOM
HeMpOHHas ceTb CeTU, OTTANIKMBAACb OT NOHATUA «KypaBHEHWe perpeccum». OpUeHTMpPyYACb Ha Me-
HEeMpPOH ToA, 6osee NPUBbIYHBIN 3KOOram (PerpeccUoHHbIN aHanus), NokasaHbl CTPYK-
MOZEeNUpPoBaHme TYpHble U GYHKLMOHaNbHble 0COBEHHOCTU K HEMPOHA» U UCKYCCTBEHHOMN HEMPOH-
HaCTpOMKa HoW ceTu. MNoaTanHo yrnybnatoTca 1 paclumMpstoTca NpeacTaBAeHMA 0 IMHEMHON U
aKonorus KPUBONMHENHOWN perpeccun, 10rnTe, HEMPOHE, HEMPOCETEBOM MOAENPOBAHNN,
300/10M1A 06 anropnTMax HaCTPOMKM CTPYKTYPHbIX M KOZIMYECTBEHHbIX MapamMeTpoB Moae-

nen. OnpengeneHbl KNtoUYeBble TEPMUHbI PacCMaTPUBAEMOM TEXHONOTMK (KoBapK-
aT, CMeLLleHMe, HeMpPOoH, clol, yHKLUMA aKTUBaLMK, 0bydeHue, nepeocbyyeHue).
Ha KOHKpeTHbIX NpMmepax NoKasaHbl HEKOTopble 06/1acTM NPUMEHEHUS 3TOMO
METOAa B 3KOJIOTUM KUBOTHbIX. C MOMOLLbIO HEMPOHHOM CETU PACCMOTPEHO pe-
LIeHMEe TUMUYHbIX A1 SKONOTUM HKMBOTHbIX 3aJa4 AMArHOCTUKM cTaTyca (nona)
YKMBOTHbIX MO KONMYECTBEHHbIM NPU3HAKaM, OLEHKA NPUTOAHOCTU TEX U UHbIX
61oTONOB A1 06MTaHMA KUBOTHbIX. [JaH CIUCOK NTEePaTypPbl C NPUMEPAMU UC-
No/sIb30BaHUA CeTel ANA PeLleHMA 3KONOrMYecknx 3aaad. MNpueeaeHbl INCTUHTU
pacyeToB, BbINOJIHEHHbIX B Cpeae Nporpammbl R ¢ ncnosib3oBaHnem GyHKUMIA 13
naketa neuralnet. MpuKpenneHbl ¢aabl C AaHHBIMWU ANA BbINOAHEHUA TPEHMUIA
no NpeACcTaB/lEHHbIM KOoAaM.
© MNeTpo3aBOACKMIN FOCYAAPCTBEHHDLIN YHUBEPCUTET

PeueHseHT: B. H. AKnmos

Monyuena: 31 asrycta 2023 roga MopgnucaHa K nevatu: 04 oktabpa 2023 roga

BBepeHue MOXKeT nposicHnTbea bbictpee (Kannan, 2001).
MosBnseTcA BO3MOMKHOCTb, MOCTENEHHO Ao-
NOJIHAA MeTogMYecKyto 6asy, NoaroToBUTb YK-
TaTeNen K UCNO/Ib30BaHUIO HEMPOHHbIX CeTeMn
Kak 3pOEKTUBHOIO MHCTPYMEHTA MOAENMNPOBA-
HMA SKONOTMYECKMX ABNEHMIN. CTaTbA HanNMCcaHa
ANA nonynapusaumMm metoaa HempoceTeBOro
MOZENVNPOBAHNA Cpeau CrneLunanncTos B obna-
CTM BMoNornKn 1 3KONOTUMN.

LUenbto paboTbl Mbl cTaBum 0bbAcCHeHMe Oc-
HOB HEeMpPOCeTeBOro MOAE/MPOBaHMUA uyepes
NOHATUE perpeccum M AEeMOHCTPALMIO ero uc-
No0JIb30BaHMA B HEKOTOPbIX 061aCTAX 3KONOrMM
YKMBOTHbIX.

Mpecneaya ToNbKO 3Ty Le/b, Mbl He bygem
paccmaTpuBaTb MeToAbl OLEHKW CTaTUCTU4e-
CKOW 3HAYMMOCTM MOZENbHbIX MapaMeTpOB.
Mprmepbl NPOUANIOCTPUPOBAHbI pacyeTaMu B
cpege s3bika R (The R..., 2023), KoTopbIA WK-
POKO ucnonb3lyetrca B Guometpum (Mactuu-
kun, Lntmkos, 2014; Akumos, 2019; Kopocos,

HecmoTtpa Ha obunuve nybanKkaumini o Hen-
POHHbBIX CETAX, B 9KONOTMYECKNX NCCNe0BaAHU-
AX 3TOT MaTEMATMYECKMI annapaT UCMNob3yeT-
CA OAHOCTOPOHHe. bernbin aHanu3 nuteparty-
pbl MOKa3blBaeT, YTO B OCHOBHOM C MOMOLLbIO
HEMPOHHbIX CETEN C IKONOTMYECKMMWN LEeNAMM
BbINONHAIOT AewndprupoBaHNe KOCMUYECKUX
CHMMKOB M MNPOBOAAT aHa/IM3 pPacnpoCTpaHe-
HWA NPOMbILLIEHHbIX NONNOTAaHTOB. B 06nacTu
H61MON0rMYECKON IKONOTMM TaKOro poaa muccne-
[0BaHMA KpaliHe pegku (LLUnTtukos u ap., 2003;
CkeopuoB, 2018). BeposATHO, 04HOM M3 NPUYNH
ABNAETCA OTCYTCTBME MOHATHbIX METOANYECKMX
PYKOBOACTB, OOBACHAKOLWMX CMbICA 3TOM Npo-
Lueaypbl Ha NpMmepax 13 akonornu. Ham npeg-
CTaBNAETCA, YTO HAYMHATb OOBACHEHME 3TOro
MeToAa cneAyeT He C BBeAeHUs B MOpdoornio
HEeMpPOHa, HO C MOMCKA MaTeMaTUYECKNX aHaNo-
TWIA, YXKe U3BeCTHbIX buonoram. Ecam 3a ctapT
B3ATb NOHATUE IMHEMHOWN PerpeccmMmn, KapTuHa
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fopbauy, 2017, 2021), B T. 4. U ANA NOCTPOEHUA
HenpoceTen (LUuTnkos, Mactuukuii, 2017;
MawmnHHoe obyyeHue..., 2020; Ashirali, 2023).
Ona nyywero ycBOEHMA MeToha YMTaTeNsIM He-
06Xx0AMMO CaMOCTOATE/IbHO BbINOAHUTL Npea-
CTaBNEHHble CKpUNTbl B cpede R; ucxoaHble
AaHHble ANns pacyeToB MO0 NponucaHbl B
CKpunTe, 1M60 NpPUKpPEneHbl K TEKCTY B BUAE
¢dainos (3arpyska no runepccbinke).

TpaguuMOHHbIE MeToAbl UCCeA0BaHUM

OnAa NOHMMaAHMA CyllecTBa MCKYCCTBEHHOM
HEMPOHHOMN CceTU HeobxoAMMO PaCCMOTPETb
OCHOBHbIE MOHATUA PErpeccMoHHOro aHasiM3a
(MBaHOBa u ap., 1981; MacTuukuii, LUntnkos,
2014; UsaHTep, Kopocos, 2017).

JluHeliHasa pezpeccus

PerpeccmoHHbIi aHanu3 W3y4vyaeT 3aBUCK-
MOCTb HEKOEI XapaKTepUCTUKM (CnyyaliHoM Be-
JIM4UHDI Y) OT APYroi XapaKTepUCTUKK (cnydain-
HOM BEeNIMYMHbLI X) (MM OT HECKO/IbKUX XapaK-
TepUCTUK). [na 0603HAYEHUA HE3ABUCUMbIX
NnepemMeHHbIX (X) B pPerpeccMoHHOM aHanu3e
MCNONb3YIOT TEPMUH IPEOUKMOpbI, a NPU Hel-
POCETEBOM MOALENMPOBAHUU — KO8ApUAMbI.
3aBMCMMOCTb ¥ OT X MOXKET NPOABNATLCA, KOT-
[la eCTb BbIOOPKa HECKONbKUX BUOIOrMYECKNX
06BEKTOB, Y KOTOPbIX ONpeaeneHbl NoKasaTenu,
MMeloLwme pasHble 3HavyeHusa. Hanpumep, mac-
ca (y), kak npaBuno, Bbille y ocobel c bonbLuen
AnvHoM Tena (x). OtaenbHyto i-A 0cobb Xapak-

TEPU3YIOT ABa Npomepa (x y), Ha Anarpamme
OHa NpeaCcTaBieHa TOYKON C STMMWU KOOPAWNHA-
Tamu, a BcA BblbOpKa M3 n ocobel npeacraer
pa3mMbITbiM obnakom. M3-3a BAMAHUA MHOIUX
(cnyyaiiHbix) ¢aKTOpOB, AaHHAA 3aBUCUMOCTb
He AaBnaetcAa PyHKUMOHanbHoW. Ee rpaduk —
3TO He JINHWA, @ 3/1/UMC PACCEAHUS, BbITAHYTbIN
B HanpaB/JEHUM 3aBUCMMOCTU: HaNpUMmep, Yem
b6onblue AnvHa Tena, tTem 6onble macca. Mpwu
3TOM OKa3blBAeTCHA, YTO KaXKAOMy 3HaYyeHWo
NPU3HaKa (x) COOTBETCTBYET LLe/10€ MHOKECTBO
W3 k 3HaYeHu npusHakay,._, , o (puc. 1).

Ecan mbl ctaBum 3a,a,aqy BbIPa3uUTb MMaBHYIO
TEHAEHLMIO CBA3WN 3TUX XapPaKTEPUCTUK, TO Ta-
Kaa HeonpeneneHHOCTb MasloNPOoAYKTUBHA:
HEeObXOAMMO KaXKAOMY 3HaYeHWIo X, nocra-
BMTb B COOTBETCTBME KaKOe-TO eAMHCTBEHHOE
3HayeHue y. M3 maTemaTM4ecKon CTaTUCTUKK
M3BECTHO, YTO COMMTACHO MeTo4y MaKCMMasb-
Horo npasgonoaobus, Hanbonee npeacTaBu-
TE/IbHOM XapPaKTePUCTUKOM BbIBOPKKU siBNAETCA
cpenHAs apuomeTmyeckan y = Zy/n Echun gna
KaXKAO0ro 3HaYEeHUA X, pacchTaTb COOTBETCTBY-
tolee emy 3HaueHune y, ¥ Ha AMarpammy HaHe-
CTM TOYKM C 3TUMM KOOpAMHaTamu (x, y), To B
naeasbHOM C/ly4ae ABYMEPHOro HOPMaabHOTO
pacnpeneneHuns Bce cpegHuMe TOYKM BbICTPOAT-
cA B IMHUIO. Takmum obpasom, perpeccusa — ato
He NPOCTO 3aBUCMMOCTb OAHOMO Npu3HaKa OT
APYroro, HO 3aBUCUMOCTb CpedHe20 YPOBHA OA-
HOro NPW3HaKa OT APYroro NpmM3HakKa.

X

Puc. 1. 9nannc pacceAHnAa BapuUaHT anAa ,D,BYMEpHOI'O pacnpengeneHnAa NnoI0KUTENIbHO 3aBUCUMbIX MPU3HAKOB
y OoT X. MenKme TOYKM — MHOMKECTBO 3HaYeHuM y COOTBETCTBYI-OLLI,I/IX OAHOMY 3HA4YEHMUIO X.. prI'IHbIe TOYKUN —
MHOXECTBO 3HaYeHUM l-IaCTHbIX cpeaHunx y ANA pa3HbIX 3HaAYeHUN X;

Fig. 1. Scattering ellipse option for two-dimensional distribution of positively dependent features y on x.
Small dots are a set of values Y; correspondlng to one value x.. Large dots — a set of values of partial averages
y, for different values of x,
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Llenb perpeccMoHHOro aHanMsa COCTOUT B
TOM, 4TODbI BCE MHOYKECTBO 3TUX YaCTHbIX Cpea-
HUX 3aMEHUTb JIMHUEN perpeccuun, NOCTPOEeH-
HOM C UCNONb30BaHWEM BCErO ABYX 3HAYEHUN
gao-l_maa#))(, napameTpoB /IMHEMHOM Mmoaenu: y =

0 1 :
CmeuweHue

MapameTpbl perpeccMoHHoOn mogenm obbly-

K, me/n
150

120 -

90

60

30

LS 1] T

HO MMEIT 3KONOTMYECKUI CMbIC/, OTpaXKatoT
KaKOM-TO BHYTPEHHWUIM 3aKOH GOPMMPOBAHUA
BapWaHT. Hanpumep, pacnpocTpaHeHwe 3a-
rpsasHeHui (K) Bokpyr (dist) nctouHuka (Panyta
n ap., 2015) moxxHo 6b110 6bl ONKUCaTb IMHEN-
HbIM ypaBHeHUeM (puc. 2):

K=a,+(-a)*dist.

0 1

dist, km

Puc. 2. JInHuns perpeccum, onuncbiBatoLLLas TPEeH CHUXEHUS YPOBHSA 3arpasHeHus (K) no mepe yaanenus (dist)
OT UCTOYHMKa (TIL)

Fig. 2. Regression line describing the trend of decreasing pollution level (K) as the distance (dist) from the
source (CHP)

KoadpduumneHt a, BbipaxaeT nponopuuio
MeXKAy pPacCToOAHMEeM W 3arpAsHeHWem, OH
MMeeT CMbIC/1 CKOPOCTU M3MEHEHMUA YPOBHA
3arpA3HeHMA Npu yaaneHnn oT ero UCTOYHMKA
(06bem nonntoTaHTa Ha eANHULY PACCTOAHMUA);
npUYem OH OTpMULATENbHbIN, NMOCKO/bKY C PO-
CTOM PAcCTOAHMUA NHTEHCUBHOCTb 3arpA3HEHN
CHWxaeTcA. KoadpduumeHT a, umeer cmbicn
YPOBHSA 3arpAsHeHMA B MeCTe pasmelLeHusA
WCTOYHMKA, T. €. NPU HYJIEBOM PACCTOAHUM OT
Hero (a, = K(d,.stzo)). JINHMA perpeccum He NPoOxo-
ANT Yepe3 Hayano KOOpAMHAT, OHa cMelweHa
OMHOCUMEsbHO HYsA Ha BEJIMHWHY d, NO 3TOM

XD

NpUYMHE NPU HeMpPOCEeTEBOM MOAENNPOBAHNN
CBO6OAHDIN YNeH ypaBHeHMsA g, 4acTo Ha3blBa-
0T cMeweHuem (U1 NapameTpoM CABUra).

Mpecneays Hawu uenn, NpeacTaBUm ypas-
HEeHWe perpeccun B BUAE ONOK-CXembl, rae
3eMeHTbl CBfi3aHbl cTpenkamu (puc. 3). Ons
HarnsAHOCTM K nepBomy KoadduumeHTy aoba-
BUM eguHuLYy. Y 3TOM KOHCTPYKUUM ecTb 8x00
(nepemeHHasn x 1 cmelLeHune), KOapPULMEHTbI
NPOMNOPLMOHANbHOCTU (napameTpbl a), Aen-
CTBUA HaZ HUMUK (KPYXKOK) U 8bixo0 (y). Mpea-
CTaB/IEHHbIM rpad yKe NOXOXK Ha KHEMPOH», HO
ele He obiagaeT BceMu ero CBOMCTBAMMU.

v
'<>

Puc. 3. bnok-cxema ypaBHeHua perpeccun ¥ = a *1 +a,*x
Fig. 3. Flowchart of the regression equation y = a *1 + a *x
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OueHka 3Ha4veHuli a: MHK

Tenepb BO3HMKaeT BOI'IpOC' KaK HalTW 3Ha-
YeHua napameTpos a, 1 a,? OanH NyTb cocTo-
UT B NPUMEHEHUM QHANUMUYECK020 «Memodd
HaumeHbWwux keadpamos» (MHK), KoTopbiit
No3BO/IAET CTPOUTb IMHUIO PEFPEeCcCUn, NPOXo-
[ALLYIO TOYHO MO cepeamHe YacTHbIX BbIBOPOK,
T. €. IMHUIO, KOTOPaA B HAaMMEHbLLEN CTENEHU
yAaneHa OT BCex ToUeK BbIBOpKM. Kak MOXKHO
3aMeTUTb, YaCTHaA CpeHAR y.0Tnnuaetca ot
MHOTWX 3HaYEHWIA y,, NO/Ty4EHHbIX NP Onpe-
[ENEeHHOM 3HauYeHY X, PU4EM PasHOCTb
(y y) 6y,u,eT Kak I'IOJ'IO)KMTeanOVI TaK u oT-
pmu,aTeanom a Ux cymma 6y,u,eT paBHa Hy/O.
[N yyeTa Bcex OTKNOHEHWIN YKa3aHHOE Bbipa-
YKeHue BO3BOAAT B KBaApaT U CYMMUPYIOT NO
BCEWN COBOKYMHOCTM AaHHbIX:

Y i - Y

Ana npoctoTbl: X(y — y)°.

MeTon, onpeaeneHua HAUMEHbWUX Keda-
0pamo8 OMKAOHeHUA UCXOOHbIX OQHHbIX Om
/AIUHUU pezpeccuu COCTOUT B TOM, YTOBbI Noao-
Bpatb Takme KOIPOULMEHTbI 0, M a,, NPU KOTO-
PbIX BbIMONHUTCA YCN0BUE:

X(y-y)»=2y-a,+a,*x)’=min,

Ncxopa n3 aToro ypaBHEHUA, aHaIMTUYECKMU
MOYXHO HanTV NPOWU3BOAHbIE MO a, U a,, Npu-
PaBHATb MX K HYyIO ANA O6Hapy)KeHMﬂ 3KC-
Tpemyma (min) U NOAYy4UTb KOpHM — paboune
dopmynbl anAa pacyeta KoapoduumeHToB pe-
rpeccuu a, v a,. Takme popmynbl npeacrasie-
Hbl B 1OBOM yqe6HMKe no ctaTucTuke. B cpege
R pacuetbl No HMUM BbinonHAeT ¢yHKUMA Im()
(puc. 4). B pesynbTate HalIMX Pac4yeToB NOANy-

w<-c (85,90,85,95,95,135,165,135,140)
1t<-c(51,51,52,54,54,59,59,60,62)

(lreg<-lm(w~1lt))

Call:

Im(formula = w ~ 1t)
Coefficients:
(Intercept) 1t

-240.766 6.358
plot(1lt,w)

lines (1t ,predict(1lreqg))

YyeHo ypaBHeHue: w’ = 6.36*/t — 240.
e o
i =
=
Lo
= o
52 56 60
It

Puc. 4. PacyeT AMHeNHOW perpeccum 3aBUCMMOCTU Macchl Tena (w) ragtokun ot ee AnuHsl (/t)
Fig. 4. Calculation of linear regression of the dependence of the body weight (w) of the viper on its length (/t)

K coxaneHuto, ona MHOTOKOMMOHEHTHbIX
mMmozenel B 06LemM Cy4ae HEBO3SMOXKHO HalTH
KOPHU (pelLeHunn) aHannTnuyeckum nytem. Mpwm
COBpPEMEHHOM KOMMbIOTEPHOM MOAENNPOBa-
HUM oT metoga MHK 6epyT TonbKO MeTpuKy
OT/IMYUIA MOLENN OT PeasibHOCTU, CYMMY KBa-
APaTOB OTKNOHEHWUN (HEB8A3KY, UNU (PyHKUUIO
nomepsb), HO UCNOb3YIOT €€ NO-UHOMY.

OueHka 3Ha4veHuli a: YucneHHblie memoobl

CywectByeT M Apyror nyTb onpeaeneHus
k03ddULMEHTOB O, U @, B YypPaBHEHUM perpec-
cMn — npamas nodzorka memodamu onmu-
muzayuu (MMHUMM3ALMK) C UCNONb30BAHUEM
YMCNEHHbIX METOA0B U KOoMMbtoTepoB. C 3ToM

LeNblo CHayasa 3a4atoTca bble (cnyyanHble
nnu buonornyeckn npasaonogobHble) cTapTo-
Bble 3HaYeHUA KoadPMUMeHTOB a. 3aTem pac-
CYMTbIBAIOTCA 3HAYEHUA J U BblUUCNAETCA He-
8A3KQ, PaBHasA CYMMe KBaApaTOB OTK/IOHEHMUS
TOYEK OT /IMHUM perpeccum: S=2(y—y)> 3atem
C Y4eTOM NOJIly4EHHOW HEBA3KM NapameTpsbl g,
W a, HeKoTopbim obpasom nepeonpep,enmoT-
cs, BHOBb PaccYMTbIBAOTCA 3HAYEHUA Y, BHOBb
paccymTbiBaeTca HeBA3Ka M T. 4. Mpoueaypa
NOBTOPSETCA B CTPEMIEHUU MUHUMU3UPOBATD
dyHKuMo Hesaskm (S—0) M 3aKaHuMBaeTcs,
Korga ata QyHKLMA nepectaeT yMeHbLlaTbCA.
Pa3paboTaHO MHOKECTBO YMC/IEHHbIX METOA0B
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(anroputmoB) mMuHMmM3aumm (HbtoToHa, rpa-
ANEHTHbIN CNYCK M Ap.), BbICTPO NPUBOAALLMX K
pe3ynbTaTy — HaXOMAEHUIO NYYLLIMX 3HAYEHWI
napameTpoB MOJAENN, MAaKCMMaibHO BAN3KOM
K 3MMNUPMYECKMM 3HauyeHuam. Takum nytem
MOHO HaWTM NapameTpbl KaK JMHENHbIX, TaK
N KPUBOIMHEMHbIX 3aBMCMMOCTEN (CTENEHHbIX,

nls (w~aO+al*lt,

9KCMNOHEHUMANbHbIX, TMNepboanyeckmx, Norm-
CTUYECKMX U Np.). B cpeae R noaroHky napame-
TPOB MOAEAN MOMKHO BbINOJHUTb C NOMOLLbIO
¢yHKumi nls(), nim(), optim() u gp. OAna nu-
HEMHOW MOAEeNn NOArOHKa AaeT TOYHO Takue
e pe3ynbratbl, 4to u MHK: w’ = 6.36%x — 240.

start=1list (al0=1,al=1l))

Nonlinear regression model

model: w ~ a0 + al * 1t
data: parent.frame ()
a0 al

-240.766 6.358

residual sum-of-squares:

1335

Number of iterations to convergence: 1

Achieved convergence tolerance:

1.403e-08

Puc. 5. PacyeT IMHENHON perpeccMm MeToaoM NoAroHKK
Fig. 5. Calculation of linear regression by fitting method

MpAmMas NoAroHKa € MOMOLLB YKa3aHHbIX
bYHKUMI NO3BONAET OLUEHMBATb MNapamMeTpbl
YPaBHEHUI PpasnnMYyHOrO BMAA W CTPOUTL
BeCbMa C/NI0XKHble moaenu (MeHwyTkuH, 2010).
3TOT MeToA MCMNO/Ib30BaNCA U ANA HACTPOMKM
nepBbIX BAPMAHTOB HEMPOHHbIX CETEN, OAHAKO
NPU YCNOXHEHUU UX CTPYKTYpbl MOATOHKA
nepectasia CrpaBAATbCA C 334a4el MOMUCKa
aZleKBaTHbIX NapameTpoB.

MHoxcecmeeHHas pezpeccus

MoMMMO 3aBUCMMOCTU OOHOWN NEPEMEHHOM
OT APYro, PerpeccMoHHbIN aHanM3 no3sonset
M3y4aTb 3aBUCMMOCTb OA4HOWN nepemeHHou (y)
OT MHOTUX (X, X,, X, ...) — 3TO MHOMECTBEHHbIN
PErpeccuoHHbId  aHanus. Takue  3a43um
pewatoT ¢yHKUMM Im() (a8 HopmanbHOro
pacnpeaenenuns) u glm() (ona mHormx apyrux
TMNOB pacnpeaenenusa) (puc. 6). PacyeTsbl
ANA Halwero npumepa MO3BOMAM COCTaBUTb
YypaBHEHME MHOXeCTBEHHOW perpeccun: w’ =
6.03*/t -0.315%*/c —191.

Ona HarnagHoro otobparkeHnsa B3aMMOCBS-
31 M3y4yaembIX NEPEMEHHbIX B 0OLLEM ypaBHe-
HWUM AMarpaMmbl Mbl BOCMO/1b30BaINChL MaKe-
ToM neuralnet (ckpunt He npuBoauTcs). Ana-
rpaMma Ana MHOXECTBEHHOM perpeccum Ha
puc. 6 BNAOTHYIO NOABOAMUT K MOHATUIO cemu
KaK MHOXecTBa B3aMMOCBA3AHHbIX KOMMO-
HEHTOB MOAEeNU. BepwuHsl (KPy*KKKU) CMMBO-

NIM3NPYIOT 3HAYEHUA WMCXOAHbIX U PaCYeTHbIX
nepemeHHbIx. CeasbiBatowme nx dyau (cTpen-
KM) CMMBOMIM3UPYIOT CTPYKTYPY YPaBHEHUN, a
4yncna Hag HUMKU — KO3POULMEHTbI NPonopLMU-
OHa/NIbHOCTU (NapameTpbl).

KpueonuHeliHas pezpeccus

3aBUCMMOCTU MEXKAY 3KONOTMYECKMMM Xa-
PAaKTEPUCTUKAMW PEeaKO WUMET JIMHENHYIo
dopmy. Yale Bcero AnA AByX M3yvaemblx Xa-
PaKTEPUCTMK XapaKTepHa annomeTpua — pas-
Haf CKOPOCTb MAM MacwWwTab WX U3IMeHeHus.
3TO NOPOXKAAET Ty UAN UHYI HENUHEMHOCTD,
KOTOPYID TOYHEe BOCMPOM3BOAAT pPas3nNyHble
KPUBOJIMHEWHbIE (PYHKUMM — CTeneHHas, no-
KasaTenbHana, napabonuyeckas v np. Obwmn
aNropuUTM A/1A OLEHKW MapameTpoB KPUBOJMU-
HeMHOM perpeccum coctouT us atanos (1) «Bbi-
npAMAeHus» rpaduka 3aBUCUMOCTM 3a CYeT
npeobpa3oBaHMA UCXOAHbIX XapPAKTEPUCTUK,
(2) novcka napameTpoB SIMHEMHON MOZENN M
(3) obpaTtHOro npeobpasoBaHUs MONYYEHHbIX
KoaddpuumeHToB. Hanpumep, gna creneHHom
mogenu (y = a, *x°*) Haxogaat napameTpsl (A) -
HeMHOM moaenn Ana nponorapuPMmpoBaHHbIX
McxoAHbIX AaHHbIx In(y) = A + A *In(x), KoTopble
3aTem npeobpasytoT obpatHo a = e*’, a, = A,
(puc. 7). Ona Hawero npumepa pesynbTUpyto-
Lee ypaBHEHME KPUBOAMHENHOM (CTENEHHOM)
perpeccum umeert Bua: w’ = 0.000378 * [t31%7,
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w<-c (40,156,105,85,80,50,75,48,75,67)
1t<-c(44,59,49,50,54,43,49,42,47,47)

lc<-c(70,78,66,90,83,70,62,75,40,80)

glm(w~lt+lc)
Call: glm(formula = w ~ 1t + 1lc)
Coefficients:
(Intercept) 1t 1c

-191.298 6.031 -0.315

Degrees of Freedom: 9 Total (i.e. Null); 7 Residual
Null Deviance: 10130
Residual Deviance: 1897 AIC: 88.83

Puc. 6. PacyeT MHOXeCTBEHHOW perpeccun ¢ nomoLubio GyHKLMmn gim()
Fig. 6. Calculation of multiple regression using the glm() function

w<-c(85,90,85,95,95,135,165,135,140)

) o]
1lt<-c(51,51,52,54,54,59,59,60,62) LERe
a<- (cm<-1lm(log(w)~log(lt)) ) $Scoefficients = 3l
a[l]<-exp(a[1]) -
N —
a
[ |
(Intercept) log(lt) 27
0.0003781285 3.1317477923 I | I I I I
plot (1t,w) 52 54 56 58 60 B2

lines (1t,a[l]*1t”a[2])

It

Puc. 7. PacueT cteneHHOM GYHKLNM 3aBUCUMOCTM MaccCbl OT AJ/IMHbI TeNa ragtoku
Fig. 7. Calculation of the power function of the dependence of the mass of the viper on its body length

Jloeucmu4eckasa pezpeccus

Cpean pPasnuyYHbIX HENMHEMHbIX B3auMo-
AENCTBUIA B 3KONOMMM YACcTO BCTPeYaeTcsa /o-
FMCTUYECKasa 3aBUCMMOCTb, KOTOPYH MOMKHO
onucaTb C NMOMOLLbIO /IOTUCTUYECKOWN perpec-
cun. Tpaduk atont pyHKumMm (puc. 8) umeer
s-obpasyto dopmy ¢ AByms nepernbamun u co-
OTBETCTBYET TPEM COCTOSIHUAM M3y4yaemoM
cuctembl. MNpu BO3pacTaHMM OeincTBuA cylie-
cTBeHHoro ¢aktopa (x) Ha 6uocucrtemy ee xa-
PaKTEPUCTUKA (y) BHaYane He meHATCA (MU-
HMUMaA/IbHbIN YPOBEHbB), 3aTEM Ha KOPOTKOM ne-
PEXOAHOM 3Tane BeNYMHA y Pe3Ko BO3pacTaeT
N CTabUNM3MpPyeTca Ha MaKCMMaNbHOM YpPOB-

He. TakoBbl, HaNnpMmep, KPUBble CMEPTHOCTU
YKMBOTHbIX B BO3PACTAOLLMX 403aX TOKCUKAHTA,
cTeneHu gerpagaumnm sKocMcTem Npu pocTe aH-
TPOMOreHHOW HarpysKku u np.

dopmyna noructnyeckon perpeccum y = C
+ A/ (1 + el@®1™) ggatouaeT B cebs yeTblpe
napameTtpa: C — HUXKHAA FPaHULA 3HAYEHUN
(KoHCTaHTa), A — BepxHAA rpaHULA 3HAYeHUN
(acumnToTa), a,, a, — KoapdULUMeHTbI Nponop-
LUMOHaNbHOCTU. ECnn ncxogHble gaHHble nNpu-
BeCTM K wkKane ot 0 go 1 (C=0, A =1), ypaBHe-
Hue ynpoutaetca: =1/ (1 + e @0*a1™),

B 3TOM BblpaxkeHUn mMbl BUAUM 0b6beanHe-
H1e ABYX GOPMYN: IMHENHON perpeccun z = a,
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+a, *xunnaoeuma 1/ (1+e?).B cBot oyepeap,
B dopmyny noruta BKAKOYEHbI ABE r/108HbIE
KPpUBO/IMHEMHbIE QYHKUMKU: runepbonnyeckan
(1/x) n nokasartenbHas (e7?). MMeHHO KX coue-
TaHWe NO3BO/IAET y4ecTb ABa y4yacTKa nepernba
NIOTUCTUYECKOM KpuBOM (BO3pacTaHMe U Bbl-
noslaXKnBaHMe): 3TM GYHKUMU KBbINPAMAAOTY
MCXOAHblE [aHHble M MO3BONAKT NOCYMTATb

JNINHENHYIO perpeccuto Nnpeobpa3oBaHHbIX 3Ha-
YEHUMN.

B npuvmepe noKasaH pacyeT CMepPTHOCTb
AadHui (o1 0 oo 1) B BO3paCTAOLLMX KOHLLEH-
Tpaumax AMrdmHa ot 100 go 1000 mr/n (Kopo-
coB, KannHknHa, 2003) (puc. 8). MNonyyeHHoe
ypaBHeHue umeet Bug: p = 1/ (1 + e (00197=8.691))

K<-c(100,126,158,200,251,316,398,501,631,794,1000)
p<-c¢(0,0,0,0,0,0,0.5,0.5,1,1,1)

d<-data. frame (K, p)

(loreg<-glm(p~K, family = binomial (), data=d))

Call: glm(formula = p ~ K, family = binomial (), data
= 4d)

Coefficients:

(Intercept) K

-8.691 0.019

Degrees of Freedom: 10 Total (i.e. Null); 9 Residual

Null Deviance: 11.65

Residual Deviance: 0.7443 AIC: 7.216

plot(d)

lines (K,predict(loreg, type="response"))

= O

00 02 04 06 08 10

200 400 600 800

| T |
1000

K

Puc. 8. PacyeT noructmyeckoit perpeccun rmbenn gadHuii B TOKCMKaHTe
Fig. 8. Calculation of logistic regression of the death of daphnia in a toxicant
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O606wan comeprkaHne pasgena, Heobxo-
ANMO TMPUBECTU Te MOHATUS, KOTOopble NOoHa-
[06ATCA ANA AanbHENULWero nsnoxeHua. B umx
YMCNO BOLUNU: perpeccus, nepemeHHble (KaTte-
ropuasbHble $GaKTopbl U HENPEPbIBHbIE KOBa-
puaTbl), NapameTpbl Moaenn, 61oK-cxema cBs-
3el Mexay nepemMeHHbIMW U MapameTpamu,
CMeLlLEeHMe, MHOMECTBEHHAnA Perpeccus, 10ruT,
NoAroHKa mMeToAamu onTUMM3auuu, GyHKLMA
noTteps.

OpurMHanbHble MeToabl UccneaoBaHui

MCcKyccTBEHHblE HEMpPOHHble CeTUM Co34a-
Ba/MCb NOA 33a4ayn Knaccudukaumm, Koraa
HeobXoAMMO TecTMpyeMblt OBBEKT OTHECTU
K O4HOM U3 ABYX UIN HECKONIbKMX MU3BECTHbIX
Kateropuin (Kannax, 2001; Wonne, 2022). Cra-
BMNACb 334a4a OTHECTM U3yvyaemble 0ObEKTbI
K TOMY UAM MHOMY K/0CCY, UCNOAIb3YA UX pas-
IMYatoLLIMeEca XapaKTepmUcTuKn. CNoXHOCTb pe-
LWEHNs TAaKOro poaa 3afay COCTOUT B TOM, YTO
KO/IMYECTBEHHbIE XapPaKTEPUCTUKM OOBEKTOB
HYXHO npeobpa3oBbIBaTb B KayeCTBEHHbIE,
TakcoHommyeckue. Ecam B nogobHOM pacnos-
HaloWeM YCTpoMCcTBe (MHOMXecTBe maTemaTtu-
4yecknx ¢Gopmyna) Ha BXOA NoJaTb HenpepbliB-
Hble KO/NIMYECTBEHHblE XapaKTEePUCTUKKU (3a-
Mepbl, KOHLEHTPALUWM, LBETHOCTb, SPKOCTb),
TO Ha BbIXOAE AONXKeEH ObiTb NO/y4eH NPOrHO3
HEKOM AMCKPETHOM NepemeHHON (Homep Knac-
ca obbeKkTa). MHbIMKM cnoBamu, HeobxoaMmo
NnAaBHble U3MEHEHWSA apryMeHTOB NepeBecTu
K NpepbIBUCTblE, CKAYKOOOpa3Hble U3MEHEHUA

bYyHKLUNN.
«HelipoH»

BoT34ecb n npurognancb 3HaHma o buonorm-
YECKOM HelpoHe, KOTOPbIN paboTaeT No 3aKoHY
«BCE WN HMUYEro»: Npu BO3LENCTBUN BHELUHUX
$aKTOpPOB HEMPOH He pearMpyet 40 Tex nop,
NMoKa CYMMa BHELIHWX CUTHANOB He MPEeBbICUT
HEeKWIM Nopor, Nocne Yero HEMPOH aKTUBUpPYET-
cs, bopmupyeT NoTeHUMan AencTBmA (3NeKTpu-
YeCKUiM MMNYbC) BO BCEN MONHOTE M nepeaaet
€ro no akcoHy K TKaHam (Lmunart, Tesc, 1996).
Takmum obpa3om, Korga cymmapHaa BeNNYMHA
BHELHWUX CUTHANI0B AOCTUIAET OnpesaeneHHOoro
YPOBHA, HEMPOH PE3KO MEHAET CBOE KAaYecTBo.

Ona matemaTU4eCcKonm MMUTALUKN 3TOM CUTY-
auMM HYXKHO HAaMTKU TaKyro GYHKUMIO, KOTOpas
COXPaHAET HNU3KUI YPOBEHb NPU MHOTUX 3HAYe-
HUAX aPryMeHTa, HO B ONpeaeneHHbIi MOMEHT
NpW HE3HAYUTEIbHOM MPUPALLEHUN apryMeHTa
MOKEeT NMOKasaTb pe3Koe BO3pacTaHue (M cTa-
6unmsaumio). O4HY U3 TaKMX MATEMATUYECKUX
KOHCTPYKLUMIA Mbl PacCCMOTPENU Bbllle — 3TO J10-
TMCTUYECKas perpeccus.

B obuwem cmbicne MOXKHO CKas3aTb, YTO OT-

AEeNbHbIN  MaTEeMATUYECKUN «KMUCKYCCTBEHHbIN
HEMPOH» peannsyeT NOTMCTUYECKYIO perpec-
cuto (puc. 9).

OH cocTouT 13 AByX YacTel. [epBblii KOMMO-
HEHT — 3TO KCYyMMaTOpP», IMHENHOE ypaBHEHME,
obobuatolee gencrame k BHELWHUX CTUMYNOB:

z=a,*l+a *x +a,*x+..+a *x .

BTOpolA KOMMNOHEHT — 3TO «aKTMUBATOPY,
ypaBHEHME NOrUTa, KOTOPbIM «peLuaeT», [o-
CTAaTOYHO /IN BE/IMK YPOBEHb BHELUHUX BO3AEN-
CTBMMN, YTOObI HEMPOH Ha HUX CKaykoobpasHo
oTpearnposan:

y=1/(1+e7).

Momnmo noruta npegnoxKeH LUenbld pag
ApYrnx GyHKLNIM aKTUBALUM HEMPOHA, KOTOpble
Mbl HE pacCMaTpPUBAEM.

KOHCTPYKUUIO OTAENBHOIO KHEMPOHA» MOMXK-
HO BOCMPUHUMATbL KaK ypaBHEHME NIMHEWHOWN
perpeccuun, CBA3bIBAlOWEN HeKMe nepemeH-
Hble, LONO/IHEHHOE HeNNHEeMHbIM YneHoM. Pas-
Hble Kosapuamesl (NepeMeHHbIe X) MOTYT UMEeTb
pa3Hoe B/INAHME Ha HEMPOH, YTO NPU3BaHbI Bbl-
pa*kaTb KO3 PUUMEHTDI a.

PaccmoTpum, KaK Cc MOMOLLbIO HeMPOHOB pe-
laeTca TUNMYHas 3a4a4a ANA HEMPOHHOM ceTu:
npeacKasaTb KayecTBo obbekTa (y’) no Habopy
€ro KOJIMYECTBEHHbIX XapakTepucTuk (x). Ons
peweHns TaKuMX 3agay U3 HEWPOHOB CTPOAT
«UCKYCCTBEHHYIO HENMPOHHYIO ceTb» (MHC).

Helipocemesoe modenuposaHue

PaboTa ¢ ceTblo NPOXOAUT B YeTbipe 3Tana:
co3gaHue, obyvyeHue, MpoOBepKa, WCMNOMb30-
BaHuMe. CHauyana co3daemcsa CTPyKTypa CeTH,
BK/IOYAIOLLLAA YCTaHOB/IEHWE BXOAHbIX U BbIXOA-
HbIX NEePEMEHHbIX, YNCI0 CKPbITbIX CN0EB, BUA,
bYHKUMM akTMBaUmMKM 1 np. B npouecce obyuve-
HUA Ha BblbOpPKe 0OBHEKTOB TOYHO M3BECTHOrO
KayecTBa BbIMONHAETCA MNOMUCK 3HAYEHWUI KO3d-
bOUMUMEHTOB 0 ANA BCeEX CBA3EW mexay nepe-
MeHHbIMU. [TIposepKa COCTOUT B onpeaeneHnm
[0/ BEPHbIX MPOrHO30B Ha BblbOpKe 0bbeK-
TOB TOYHO WM3BECTHOrO KayecTBa, HO paHee He
BK/IIOYEHHbIX B aHanu3. Bo Bpems ucnosas3osa-
HUA CEeTW B NPAKTUYECKUX LLeNax onpeaenaerca
CTaTyC HEN3BECTHbIX OO bEKTOB.

MpeactaBneHHble HUXKe pacyeTbl BbiNO/He-
Hbl C ucnonb3oBaHMem ¢yHKuuM neuralnet()
M3 naketa neuralnet (KpaTkaa 3anucb —
naket::pyHKuMa() — neuralnet::neuralnet()),
KOTOpbIM HeobxoAMMO npenBapuUTeNbHO MOAY-
YUTb M3 PENO3UTAPUA U BKAKOUUTL. prumepHOo
Te e pe3ynbTaTbl MOXHO NONY4YUTb, UCMNONb-
3ya ¢yHKumio nnet::nnet(), RSNNS::mlp(). Pe-
3ynbTaThbl paboTbl GyHKUMKM nnet() oyeHb BbI-
pasuTenbHO no3BosseT oTobparkaTb GyHKUMA
gamliss.add::plot().
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X2z

Zz=a;*1 + a:®; + a*%

L

r

y'=1/(1+e™)

Puc. 9. Cxema 04HOI0 NUCKYCCTBEHHOTO HEMpPOHA

Fig. 9. Diagram of

Modenu c 00HUM HelipoHOM

Paccmotpum ocobeHHOCTM paboTbl GyHK-
uum neuralnet() Ha npumepe yxKe 3HaKOMOW
3a/laun  OnpeaeneHns CMepTHOCTU AadHUM
B pacTBopax AurHuHa. ®yHKumsa neuralnet()
BK/tOYaeT B cebs TPM OCHOBHbIX aprymeHTa.

library (neuralnet)

library (neuralnet)
K<-c(100,126,158,200,251,
p<-c¢(0,0,0,0,0,0,0.5,0.5,

d<-data. frame (K, p)

one artificial neuron

TpebyeTca ABHO yKa3aTb BXOAHbIE U BbIXOAHbIE
nepemeHHble (formula), WCTOYHMK AaHHbIX
(data) n umcno (ckpbITbiX) cnoeB HeMpoOHOB
(hidden). B ckpunte (puc. 10) nomumo 3ToM
dYHKUMKM 3aaHbl OnepaTopbl BBOAA AaHHbIX U
BbIBOAA PE3yNbTaToB.

316,398,501,631,794,1000)

1,1,1)

nv<-neuralnet (formula = p~K, data = d, hidden = 0)

dn<-as.vector (nvSnet.result[[1]])

plot (d)
lines (K,dn,1lty=2)

plot (nv)
Puc. 10. Ckpunt moaenu

rméenn fadHUM B IUTHUHE

Fig. 10. The script of the model of the death of daphnia in lignin
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Mpun  oTcytcTBUM  (CKPbLITbIX) HEMWPOHOB
(hidden=0) ¢yHKuMAa neuralnet() paccunTbiBa-
€T NPOCTYI NIMHENHYIO0 perpeccuto (puc. 11 A).
B atom cnyyae KoapduuMeHTbl moaenm mme-
0T BMONOrMYECKMIA CMbICA, B HYacTHOCTM @, =
0.0014 pons/KoHUEHTPaUMA, T. . NpUpaLleHne
KOHUeHTpauun Ha 100 mr/n Bnevyet npupatie-
HMe aonun normbwux Ha 0.14, Ha 14 %. Mox-
HO 3aMEeTUTb, YTO 3Ta MOAENb A0BOIbHO M10X0
ONUCbIBAEeT ABNEHME, B YaCTHOCTKU, NO ee npo-
FHO3Yy NpW KoHUeHTpauuax 1000 mr/n A4onxkHO

nornbHyto 60nee 100 % NOAONbLITHLIX *KUBOT-
HbIX, YTO abcypaHo.

Mpu pobaBneHnUM HEMPOHOB MPOMEXKYTOY-
Horo (ckpbiToro) cnoa (hidden=1...) nossnsert-
ca apdekT nornt-npeobpasoBaHns — mogenb
UMUTUPYET OTCYTCTBME CMEPTHOCTM A0 onpe-
AENEeHHOro nopora W MOKasblBaeT CKAYKOOo-
6pasHbIA POCT CMEPTHOCTU Npu HebonbLom
NPUPOCTE KOHLLEHTPAUMI TOKCUKAHTa (puc. 11
b, B).

- T o O 7 i - oLT o
w 55 @ | L2 ;
o 7 //F = | );f o 1 ;,’
. = & 9/' o o{r'ro o 5.0
— ,’ D ey rl,. D e .flr
/’/ = & — .r,
1 - P £
O ¥ae o | i o — f_;
SRS L o RS 1 o THEPRS R —
200 600 1000 200 800 1000 200 600 1000
K K K
o
T
o
=
—k
K o~ 0.00143%.p .

Error: 0.129937 Steps: 123

A b

Errcr: 0.040463 Steps: 546

Error: 0.040632 Steps: 613

B

Puc. 11. MoaenupoBaHmne ToKkcn4eckoro adpdeKTa ¢ NOMOLLbIO HEMPOHHOK ceTn 6e3 CKPbITbIX HelMpoHoB (A), ¢
OAHWUM CKpPbITbIM HelipoHoM (B) 1 ¢ ABYMA CKpbITbIM HepoHamu (B)

Fig. 11. Modeling of the toxic effect using a neural network without hidden neurons (A), with one hidden
neuron (B) and with two hidden neurons (B)

HelipoHHasa cemb

[Ona peweHns CNoXKHbIX 33434 HEWPOHHble
ceTM GOPMUPYIOT N3 HECKONbKUX «CNOEBY, CO-
CTOAIWMX M3 HECKOJIbKMX HeNpoHoB (puc. 12).
MPUHATO cYMTaTb, YTO BXOAHbIE MEPEeMEHHble
x obpasytoT nepsbii (BXxoaHOM) cnoit. MNocnea-
HUI (BbIXOAHOM) cnon npeactaBnseT cobow
pacyeTHble 3HayeHus y’, cObCTBEHHO pe3ynbTaT
paboTbl ceTu. B 3TK c/loM HelMpoHbI He BXOAAT.
KOMMOHEHTbI BXOAHOrO C/N0OA TO/IbKO MOCTaB-
NAT OaHHble, @ BbIXOAHOM C/NOW CAYXKUT ANA
0606LeHMA 1 NpMBEAEHUA PE3YIbTaTOB MOoAe-
IMPOBAHUA K Pa3mMepHOCTU BbIXOAHOWM nepe-

MEeHHOW. BTopoW e 1 cnegyowme NnpomerKy-
TOYHble (CKpbITble) CON COCTOAT COBCTBEHHO
n3 HeEMPOHOB. KaxKabl HEMPOH BOCMPUHUMAET
CUTHaNbl OT 8CeX BXOAHbIX 3/IEMEHTOB M Nnepe-
[aeT COOCTBEHHbIN CUTHAN 8ceM cnepyowmm
afnemeHTam. BennumHa curHana perynumpyetcs
KoappuumeHTammn nponopumoHanbHoctu. Ka-
CKafZ, pacyeToB HAaYMHAETCA CO CTAPTOBbIX 3Ha-
4yeHUn (x) 1 3aKaHumMBaeTcs pesynbTaTom (y’).
Takaa cxema CeTu, COCTaBNEHHOW W3 M0sHO-
CB8A3HbIX CNIOEB HEWPOHOB C MPAMbIM Pacrnpo-
CMpaHeHUeM CUTHANOB, Ha3blBAETCA MHO20-
cnoliHbIl nepcenmpoH (NepuenTpoH).
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cnoii 1 cnoii 2

BX0[ (KOBRapHAaTkI)

CKDBITbIe HelPOHLI

cnoi 4
BEIXO[

cinoit 3
CKDBIThIE HEFPOHBI

Puc. 12. Cxema HEMPOHHOM CETU C ABYMS CKPbITbIMU CNOSIMU HEMPOHOB
Fig. 12. Diagram of a neural network with two hidden layers of neurons

TepMUH «CKpPbITbIN» (NAaTEHTHbIA, BHYTPEH-
HUN) CHEMPOHHbLIN CNOM» MNoAYEepPKMBAET TO
06CTOATENbCTBO, YTO 3HAYEHWUSA KaK BXOAHbIX
(x), Tak 1 BbIXOAHbIX (y) NepeMeHHbIX 3aZaHbl
B ABHOM BMAe (B BMAE BENNYMH, 3aNMUCAHHbIX
B daine), yem OHM M OTIMYAIOTCA OT pacyem-
HbIX BHYTPU-CETEBbIX NepemeHHbIx (y/). Hen-
POH, KaK MaTemaTtumyeckaa dopmyna, paccyu-
TbiBAa€T 3HAYEHUA BHYTPEHHUX MEepPeMeHHbIX
(CKpbITbIX B MTAaMATK), KOTOPble HaM B 0BLLEM-TO
Ma/IOUHTEpPECHbI, MOCKO/IbKY OT ceTh TpebyeT-
CA TO/IbKO KOHEYHbI pe3ynbTaT — KaK MOXHO
6onee TOYHbIM NPOrHO3 3HayeHwui y. Tonbko
B aBTOACCOLMATMBHbLIX CeTAX WHTepec npea-
CTaBNAKT MMEHHO BHYTPEHHWE NepemMeHHble
(LUnTrKoB 1 ap., 2003) (3ameTnMm, 4To GYHKLUK
nnet::nnet() 1 RSNNS::mlp() nossonsatoT cTpo-
UTb TaKne ceTwn).

CnepyeT OTMETUTb, YTO M3-33 MHOXKECTBA
nepeceKalLnXca HeNMHENHbIX CBA3EM Koad-
OUUMEHTbI CeTU yTpaumBatoT BUONOrMYEeCcKnit
CMbIC/l, UX BEMYMHA eCTb BCEro /NWb Cpea-
CTBO Npeobpas3oBaHMA OAHUX MEpPeMeHHbIX B

Apyrue.
Hacmpolika HelipoHHOUi cemu

Te uuTatenn, KoTopble nonpoboBanu npwu-
MEHWUTb CKPUNT A5 HACTPOMKM OLHOrO HEMpo-
Ha, MOryT ObITb YANBAEHbI (BO3MYLLEHbI) TEM,
YTO MX pacyeTbl HE AAl0T TAaKOW Ke pe3ynbTar,
4YTO NpeacrasaeH Ha puc. 11 b nam B: nHorga
NMYHKTUP HE COOTBETCTBYET AaHHbIM W pacno-
naraetcAa ropusoHTanbHo. [MpuumHy cnepyet

MCKaTb B MexaHW3me nepepacyeTta Koapoduum-
€HTOB HEMPOCEeTH.

Bo-nepBbIx, CTapToBble KO3POMUMEHTbI a
MO YMONYAHUIO 33[at0TCA KaK C/yyaliHble Be-
JINYMHBI (XOTA UX MOXHO CheunasnbHO 33a4aTb
B aprymeHTax ¢yHKUMKM). COOTBETCTBEHHO,
pasHble 3anycku ¢yHKuMM neuralnet() 6yayT
NPUBOAUTL K Pa3HbIM pe3ynbTaTaM; Ha A3blke
TEXHONOTUU MOArOHKU — «HEeBA3Ka Halluna /o-
KaJlbHbIM MUHMMYM» (HeygayHoe pelleHue).
Y106bI NPUNTU K AOCTOMHOMY pelleHUto (Kak
Ha puc. 11), HyXkeH MHOrOKpaTHbIN Nepe3anyck
HACTPOMKM (C pasHbIMKU CAYY4aMHbIMW CTAPTO-
BbIMW 3HaYeHMAMM napameTpos). OueHKa Ka-
4yecTBa MOJSIYYEHHOW MOAENUN [OMKHA MPOBO-
OWTbCA Ha Aapyron Bblbopke.

Bo-BTOPbIX, Ba*KHO MMETb B BUAY, YTO Ha pe-
3yNbTaTbl HACTPOMKKN (0By4yeHuna) ceTm moryT
NOBAUATb Aa*Ke He3HauYuTe/ibHble Bapuauum B
MCXOAHbIX AaHHbIX. ObLen3BecTHO, YTO OT Ka-
yecTBa U 06bema cTapToBOM MHOPMALUM 3a-
BUCUT paboTocnocobHocTb Ntobon moaenu, B T.
Y. HEMPOHHOM; CETb MOXHO KaK «HeAoy4YUTb»,
Tak U «NepeyynTb». ITM BOMPOCHI BbIXOAAT 3a
PaMKM HaleW uenu, of4HaKo, Bapbupya 06b-
eMbl Bxoaauwen nHpopmaumm B pasHbIX Npo-
FrOHax HACTPOMKM, MOXHO 6onblie MOHATb O
CyLLEeCTBe 3aBMCMMOCTEN, 3aK/NOUYEHHbIX B UC-
XOAHbIX AaHHbIX. B 4aCTHOCTN, MOXHO OLLYTH-
MO YTOYHUTb NPeaCTaBAEHNE O CTPYKTYPE AaH-
HbIX, €CN NPUMEHUTb TOT UAMU UHOW BapuUaHT
pecamnauura (Lntnkos, PoseHbepr, 2013).
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B-TpeTbux, HY»KHO MOMHUTb, YTO HAaCTPOMKA
CeTM OCyLLeCTBAAETCA CNOXHbIMU YUC/OBbI-
MW MeToZaMM CO CBOMMM ocobeHHocTAMM. Ha
paHHem 3Tane passutna MHC onpeaeneHue
K03 OULMEHTOB a BbINOJHANOCH TPALMULMOH-
HbIMW YMC/IOBbIMW METOAAMMU, METOAAMM NpS-
MOW NOArOHKWU. ANA YNCNEeHHOM ONTMMKU3aLNK
KoappumumeHToB ceTn 06blMHO MCMO/sb3yeTcA
aNroOpuUTM rPaAMEHTHOrO CMycKa, A8 KOTOpO-
ro XapaKTepHbl cBOW npobniembl, B HaCTHOCTH
BO3MOXHOCTb MOMACTb B IOKANbHbI MUHUMYM
bYHKLUMKM oWNBKN. B panbHerwem oKa3anocs,
4YTO TakMm 0b6pa3om HEBO3MOMKHO HACTPOUTb
KpynHble ceTn. [1na peweHuna sTon npobaembl
6bln paspaboTtaH «meTom, obpaTHOro pacnpo-
CTpaHeHua owmnbkm» (KannaH, 2001), peanu-
30BaHHbIN B ¢yHKUMKM neuralnet(). Ero cmbicn
MOXHO MPUMEPHO M3M0XKMUTb TaK. NpenBapu-
TeNIbHO 334aB C/yYyaliHble 3HAYEeHWA Mapame-
TPam a, Ha BbIXOAE CETM N0C/Ie PacyeToB Nnosy-
4aloT oWN6Ky S = X(y — J)?, KOTOPYI UCMONb3Y-
0T ANA NOBTOPHOM KOPPEKMUPOBKU 3HAYEHUM
napametpos a, , = f(=S, a). Mpu aTom nepepac-
yeT KoadPuuMeHTOB NaeT No croam B obpart-
HOM MopAAKe, HAYMHAA C NOCNeAHEro U 3aKaH-
ymasa nepsbiMu. MeTog obpaTHOro pacnpo-
CTpaHeHuA OWMOKM [A0BONBHO MeA/IUTENEH.
Tak, ana nopgbopa KO3IpPMUMEHTOB NPOCTOM
NIMHelHoM mogenu emy notpebosanocb 123
wara (puc. 11 A), Toraa Kak GpyHKUMA anropuT-
Ma NpPsAMON noaroHku nls(), pewatowan Ty e
33434y, cnpaBuaacb C Hel 3a ogHYy UTepaLuio
(puc. 5). OgHako BarkHee BCEro TO, YTO 3TOT
aNropuTM MO3BONSAET BbINOAHUTL HACTPOMKY
ceTen nobOro pasmepa M PUCK «3acTpATb» B
NIOKAaNbHOM MUHUMYMeE QYHKLMKN OWKNBKKN npu
3TOM MUHMMA/EH (XOTA TaKMe Cnyyaun BCTpeYa-
JICb [aXKe B HallemM npumepe).

Cemb c 00HUM cr10em HelipoHo8

B uenom 3 PpeKTMBHOCTb HEMPOCETU MOXKET
CyLLeCTBEHHO BO3PacTM NPU OCO3HAHHOM MOA-
6ope umcna HelpoHOB 1 cnoes. bonbLyio ponb
UrpaeT M HanpasneHWe cBA3eN (CTPyKTypa
cetn); 06 OAHOM U3 TaKUX KOHCTPYKLUMN, O pe-
KYPPEHTHbIX CETAX, MOXHO NPOYecTb B CTaTbe
B. K. WWuTtnkosa (2023). OgHaKko 3TOT BOMpOC
BbIXOAMT 332 PaMKM HaLLero NoBecTBOBaHMA.

Huxe 6yaeTr paccMOTpeH MHOTOC/IOMHbIN
nepcenTpoH. JnA KpaTKoM 3anmcu CTPYKTypbI
CeTM YKa3blBAlOT YMC/I0 HEMPOHOB B KaxKAOM
cnoe n CoeauHALOT UX cTpenkamu. Hanpumep,
KpaTkoe 0603Ha4YeHne ceTn ¢ ABYMA KoBapwua-
TaMM Ha BXOAE, OAHUM C/IOEM U3 TPEX CKPbITbIX
HEMPOHOB U C OA4HOM BbIXOAHON NEPEeMEHHOWN
npumet Bua: 2->3->1 nnm 2>3>1.

Paccmotpum npumeHeHne UHC pna pewe-
HWA PAcNPOCTPaHEHHOW 33Za4n B 300/10MUU —

onpeaeneHune nosa ocober No sKCTePbePHbIM
npusHakam. B npumepe Tpebyetca onpenenntb
noA raftok no 3amepam AaunHbl xsocTa (Ic), anm-
Hbl Tena (It), maccol Tena (w). Mo cpaBHeHUtO C
O4HOBO3PACTHBIMM CaMKaMM Yy CaMLLOB XBOCT
AZIMHHEee, XOTA AJ/IMHA Tefla U Macca MeHbLUe.
OpHaKo y pa3sHOBO3PACTHbIX MBOTHbIX pac-
npeaeneHna nokasaTenen MMerT CyLLeCcTBeH-
HylO TpaHcrpeccuto no nonam. K obyyeHuto
CeTn npuBneYveHbl AaHHble No 50 pasHONoAbIM
Pa3HOBO3PACTHbIM B3POC/IbIM OCODAM raftoKm
(0 — camkmn, 1 — camubl), cAy4aliHO MU3BNEYEH-
HbIM M3 obuel 6a3bl AaHHbIX (Ppalin ¢ AaHHbI-
Mu vipkar.csv); gna sBepudurKaLmMm moaenm B3s-
nn 50 gpyrux cnyyvamHbix ocoben.

MocTtponnn yetbipe mogenu (puc. 13). B nep-
Bo moaenu (ns~Ic) (1>1) (puc. 14 A) HENPOHDI
OTCYTCTBOBA/IM, NONYYEHHAA IMHENHASA perpec-
CMA MO3BOAAET yCNewHo MaeHTUOULMPOBaTL
non nuwb y 83 % ocobein, a Ha NPoOBEPOYHOMN
BblbOpKe —y 78 %.

Bo BTopyto mogenb (ns~ic) (1>1>1) (pwc.
14 B) BBENN NULWb OAMH HelpoH. Ha anarpam-
Me XOPOLLO NPOABMAACH CYLLHOCTb OTAENbHOIO
HEeMpPOHa — 3TO NOTUCTUYECKAs perpeccusa, Bbl-
paXKeHHan XapaKTepHbIM s-06pa3HbIM rpadu-
KOM. HecmoTpsi Ha MHOroKpaTHble MOMbITKYK,
MoZenb He cmorna cpopmmpoBaTb yAOBAET-
BOPUTE/IbHOE NPAaBM/IO NONOBON ANArHOCTUKM
(17 % owmnbouHbIX OTBETOB Ha 0bYyYatroLWel Bbl-
6opKe 1 22 % Ha NPOBEPOYHON).

B KOHCTPYKLMIO TPETbEN MOAENN BKAOYUAN
BCE TPW M3yyaemble nepemeHHble (ns~Ic+lt+w)
(3>3>1) v BHYTPEHHMI CNOM, COCTOALLUNA U3
Tpex HelpoHoB (puc. 14 B). 3anucb GpyHKLUK
MMeEeT TaKon BMA, (BMECTO NATON CTPOKM
CKpuNTa Ha puc. 13):
nv<-neuralnet (formula=ns~lc+lt+w,
data=v,hidden=3).

HacTpoiKa BbiNoNHANACb HECKO/IbKO pas,
NMoKa He OblN No/yYeH NyYlniA pesynbTaT —
npaBuAbHaA MaeHTUPUKaLMA Bcex ocobelt 13
obyuatouleit BbIGOpKU 1 98 % — U3 NpoBEpPOY-
HOMN.

B yeTBEpTOM BapmaHTe B KauecTse Bbl-

X013 YKa3ann CUMBO/IbHYO MEPEMEHHYHO

sex (sex~lc+lt+w) (3>3>2):

nv<-neuralnet (formula=sex~lc+lt+w,
data=v,hidden=3)

OyHKUMA neuralnet () cama nocTpouna
CeTb C ABYMS BbIXOAHbIMU NepemMeHHbIMU (AN
CaMOK U camuoB, £ W m), COCTaBAEHHbIMU U3
Hynen n eanHUL, 3HAaYEHUA KOTOPbIX anbTep-
HaTUBHbI (puc. 14 T). MporHo3 aTon moaenwu
OKa3ascs CTOMb e TOYEH, Kak U ANA YNC0BOM
BbIXOAHOM NepemeHHOW.
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library (neuralnet)

library (neuralnet)

v<-read.csv( "vipmor.csv")

head (v, 3)

n sex ns 1lc 1t w

1 154 £ 0 45 36 40
2 269 m 1 57 41 45

3 473 £ 0 58 44 53

plot(v$lc,v$ns,ylim=c(-0.1,1.1))

nv<-neuralnet (formula =

ns~1lc,

data = v, hidden = 1)

wn<- (as.vector (nvSnet.result[[1]]))

points (v$lc,wn,pch=16)

legend('left',6 legend=c(1:2) ,pch=c(1,16))

plot (nv)
plot(v$ns,wn)

abline (h=0.5,1ty=2)

sum (vSns==round (wn,0) ) /nrow (v)

[1] 0.8333333

Puc. 13. PacueTbl 419 MOAEIN AMATHOCTUKM NOAa radtoK ¢ OAHUM HEMPOHOM
Fig. 13. Calculations for a model with one neuron to diagnose the sex of vipers

Bo3HMKaeT BoNpoc, noyemy B TPETbEM U YeT-
BEPTOM BapMaHTax MCMNO/b30BaAN CIOM UMEH-
HO U3 Tpex HeMPOHOB, a He U3 ABYX MU Aecs-
T1? CyLLecTBYIOT M Kakne-nnbo dopmanbHblie
KPUTEPUM Ha3HAYEHMA YNC/Ia HEMPOHOB B C/10€
M Yncna cnoes B Moaenn? Hert, Takmx KpuTtepu-
eB HeT. Ba)KHO TONbKO, YTOobbl MOAENb XOPO-
IO OnucbiBana peanbHOCTb. Kak CTPYKTypHble
XapPaKTepPUCTUKM (4MCNO CNOEB U HEMPOHOB B
CNoSIX — UX HA3bIBAIOT euneprnapamempsl), TaKk
N yncnosble KoadpduuMeHTbl (napameTpbl a)
AONXKHbI NoA6MpaTbca amnupuyeckun. B cpeae
R BO3MOXHa YacTMYHas aBTOMaTU3auMA 3TOM
npoueaypbl U OLEHKa Nyyllero BapMaHTa pac-
4yeToB C MOMOLLbIO NakeTa caret (LLUuTukos,
MacTtuukuinin, 2017). Mbl orpaHUYNANCL KPyY-
HbIM» nepebopom.

3pecb HeobxoamMmo A06aBUTb, YTO OTAENb-
Hble HEeMpPOHbl OA4HOr0 CNOSA U Lenble CAou
MOTyT MONYYUTb COAEPIKATENbHYIO MHTepnpe-

Taumto. Ecnm paccmoTpeTb BENMYMHY BECOBbLIX
KO3pPULMEHTOB, TO MOXKHO 3aMETUTb, YTO OT-
AeNbHble HeMpoHbl 6epyT Ha ceba 6onblyto
AN MEHbLLYIO PO/ib B ONPEeAeNeHnn Toro uam
MHOTO TUMa UCX0[0B PaboTbl CeTU. ITO MOXKET
MMEeTb 3HaYeHWe ONA MHTeprnpeTauuu cetem,
0COHEHHO aBTOACCOLMATUBHbIX.

Heﬁpocemb C HEeCKOsbKuUMuUu CKpbimbimu
caoamu

PaccmoTpum npumep NOCTENEHHOIO YCA0XK-
HEHMA KOMMNO3ULMWU CETU B CTPEMIEHUN AO0o-
6UTbCA Nydwwero pesynbraTa.

MocTaBneHa 3agava onpeaeneHna BO3IMOXK-
HOCTM 0bUTaHMA OObIKHOBEHHOW raAlOKM Ha
ntobom octpose Kukckoro apxunenara (OHex-
ckoe o3epo, Kapenus). B ocHoBy aHanu3a no-
NIOXKEeHbl MHOTO/NIETHUE 3KONIOTMYECKME UCChe-
foBaHuA (Kopocos, 2009). Ons 24 ocTpoBoB
naowaabto ot 2 go 200 ra nonyyeHbl OUEHKMU
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Puc. 14. Mogenu KnaccupuKaumsa ragrok no nosy 6es HelipoHa (A), c oaHum HerpoHom (B), c oagHUM cno-
€M 13 TPeX CKPbITbIX HEMPOoHOB (B, IN: 1 — ncxoaHble AaHHble (VSns), 2 — mogenbHaa oueHKa nona (wn)
Fig. 14. Models for classifying vipers by sex without a neuron (A), with one neuron (E), with one layer of

three hidden neurons (B, I): 1 — initial data (vSns), 2 — model assessment of sex (wn)

yncneHHoctn (vb) B3pocabix ocoben 0bbIKHO-
BEHHOM rafloKM (MapLlpyTHble y4YeTbl, BbiBe-
peHHble No pacyeTam abCoONOTHON YMUCNEHHO-
CTH), yncneHHocTb (fr) B3pocabix ocoben aByx
BMAOB NAryLeK (OUeHKN Mo yYeTy KnagokK). 3tm
3HayeHMA bblnM nepeBeaeHbl B 5 KaTeropuii
YMCNEHHOCTM BMAOB Ha ocTpoBse: 1 — BUA He
BCTPEYEH UAN OBHapY*KeHbl eANHUYHbIE OCO-
6u1, 2 — obuTaeT yctonumsasa nonynauma U3 ae-
cATKoB 0coben, 3 — Ha ocTpoBe 0OUTAOT COTHMU
ocoben, 4 — obuTatoT TbicAuM ocobelr. B cpeae
MC no AaHHbLIM NONIEBOM CbEMKU U Aewmndpu-
POBaHMA KOCMMYECKUX CHUMKOB MOCTPOEHbI
KapTbl OCTPOBOB M A/1A KaXAO0ro onpegeneHa
naowazb CaMoro oCTpoBa (s, ra) U anemeHToB
naHawadTa: necos (fo), nyros (me), 6ono0T C
nyxkamm (bo) (dbaiin ¢ gaHHbIMK kizhsdat.csv).
Jlyra BaXKHbl gNA raglok Kak mecta nporpesa
N 3MMOBKM (B KAMEHHbIX Kyyax), bonoTa — Kak
MecCTa HepecTa NAryweK, X OCHOBHOIO Kopma
(puc. 15). 3apactaHue necom nyros u 6onot
NPUBOAUT K WMCYE3HOBEHUKD MECTOOOUTaAHUMN

KaK NA raglok, Tak U A8 UX KOPMOBbIX 06b-
€KTOB.

MpeactaBneHHble ONUCAHUA BbIMOJIHEHDbI B
nepunog ¢ 1994 no 2004 r., Korga Ha perMoHe
elle Benacb CeNbCKOXO3AUCTBEHHAA AeATesNb-
HOCTb M Ha OCTpoBax OblaA NpeacTaBieH Becb
cneKkTp 6MoTOoNOB — OT CA/IOLWHOrO Neca Ao ob-
LWMPHbIX CEHOKOCHbIX /IYTOB M MNalweH. Takum
obpasom, HelpoceTeBaa moaenb bblna npu-
3BaHa OMWUCaTb OCHOBHble 33aKOHOMEPHOCTU
PacnNpOCTPaHEeHMA FaatoKM Ha OCTpPOBaX KuxK-
CKoro apxunenara. B nocnegytowme 20 net
CeNbCKoe XO3AMCTBO CTPEMMUTENIbHO Aerpagu-
pPOBasio M OCTPOBA HA CYLLECTBEHHbIX MJIOLLA-
OAX NOKPbINUCD NeCaMM, BbITECHUB NIyra U K-
BYLLMX HA HMX raatok. MNepes ceTblo NOCTaBAEHA
3343a4a CNPOrHO3MpPoBaTb BO3SMOXHbIE YPOBHM
YMCNEHHOCTM FaftoKM Ha ocTpoBax Kukckoro
apxunenara B8 2022 r. C 3TOM LeNblo NO KOCMMU-
YeCKMM CHMMKam 3a 2022 r. bblnM NOCTPOEHDI
BEKTOPHble KapTbl OCTPOBHbIX 6KUOTONOB (pUC.
15) n paccumTaHbl ux naowaau (fo, me, bo).
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1995

2022

il Jh

Puc. 15. BuoTtonbl Ha o. Ero B 1995 1 2022 rr.: 1 — 6onoTa 1 nyxKu, 2 — nec, 3 — ayra
Fig. 15. Biotopes on the island Eglov in 1995 and 2022: 1 — swamps and puddles, 2 — forest, 3 — meadows

[N HacTpPOMKM moaenu n ee NpoBepKu bpa-
N AaHHble gnAa 12 cayyvalHblx ocTpoBOB (A
1995 r.). Ha nuctnHre nporpammsl (puc. 16)
npeacTaBneH BapuMaHT HaCTPOMKKM ceTu, AaB-
wwni 100 % coBnageHme ANsa UCXOAHbIX AaHHbIX
n 83 % coBnageHne NPOrHo3a ¢ NPOBEPOYHOM
BbIbOpKoN. CHOIM Npu npoBepke NpousoLuen
OTHOCUTENbHO OCTpoBa MsAnb, 4NA KOTOPOro
Mozenb npeackasana 60nblwyo NAOTHOCTb NO-
ceneHnA ragtoku, yem bbina B peanbHocTu. Ha
HaLl B3rNA4, raBHaA NPUYMHA COCTOANA B TOM,
4YTO HA OCTPOBE MPAKTUYECKM OTCYTCTBYHOT Ka-
MeHHbIe rpAgbl, HO 3TOT GpaKTop B MOAE/Nb He
BK/IOYANN.

Ona nanocTpaumm xapaktepa BAUMAHUA CO-
CTaBa M3y4yaemoli BbIOOPKM U CTPYKTYpPbl HEW-
POHHOM ceTu BbINOAHUAN No 30 LWKNOB Ha-
CTPOMKa-npoBepKa (Karkablh pa3 C HOBbIM
coctaBom BbI6OPOK) AN 8 BapuaHTOB ceTel.
NTornm HacTporku 06ob6Wwunm B BUAE CpeaHmx
3HAYeHMM 40U MPABU/bHbLIX MPOrHO30B U KX
ancnepcuu (tabn. 1).

N3 Tabnuupl BMAHO: Yyem 6onbloe cnoes
MMeeT CeTb M YeM NOJIHEeE UCXOAHbIe AaHHbIE,
TEM 8bilWe Be/NMYMHA COBNALEHUI NPOrHO30B
c obyuaroweli BbIGOPKON, @ UX U3MEHUYMBOCTb
CHUMKaeTcs, T. e. NepecTaeT 3aBMCETb OT C/Iy4al-
HbIX CTAPTOBbIX 3HA4YeHUN. Tak, ecan ans ogHo-
CNonHoM ceTn (3>2>1) coBnageHme NporHosa ¢

pPeanbHOCTbIO B Pa3HbIX MPOroHax BapbupoBa-
no ot 0.53(0.84—-2*0.16) oo 1(0.84 + 2*0.16),
TO TpexcnoiHaa cetb (3>6>6>6>1), NnocTpoeH-
HaA No HeMo/IHbIM AAHHbIM, AaBana NPOrHo3bl
n3 bonee ysKkoro ananasoHa 0.85-1.0, a ceTb
13 60 HEMPOHOB A/1A NO/IHOTO CNUCKa KOBapmat
(4>30>30>1) BoObULE He owmbanack Ha obyya-
towmx BbibopKax (100 % npaBUbHbIX).

Bmecte ¢ Tem 3ameTeH U apyron 3poekKT.
Nlyywinn cpefHUM NPOrHO3 Ha MposepoyHol
BbIDOpKe pJaeT [OCTAaTOTOMHO NpPOCTaA CeTb
3>4>4>1 — 83 %, TOoraa Kak camasa 6onblias
W, Kasanocb bbl, camana To4yHasa (5>30>30>1) —
b 79 %. 3pecb npossunca apPekT «nepe-
obyyeHns ceTu» — TPEHUPOBKA CAULLKOM 60/1b-
LLIOW CeTU UAWN Ha CANLWKOM BonbloM obbeme
obyuatowielr BbIBOPKM GOPMUpPYET CeETb, KO-
TOpPanA OYeHb XOPOLWO pacno3HaeT 0O6beKTbl B
obyuatoulelr BbIbOpKe, HO NI0OX0 paboTaeT Ha
Apyrnx BblbopKax. MOHATHO, uTO 3ddeKTmB-
HaA ceTb AONXHA OAMHAKOBO XOPOLLO pacnos-
HaBaTb 0ObEKTbl Kak obyyatowen, Tak 1 npo-
BEpPOYHOMN BbIOOPKM, BeAb [MaBHaA Le/b CETU
— KlaccudumunpoBaTb 06BEKTbI HEM3BECTHOTO
ctatyca. Ecnm BbibBMpaTbh U3 npencTaBNeHHbIX
Mmogenen, To Ny4ylen okasblBaeTca TPeTbA.

HelpoHHas ceTb, NOCTpOEHHasA HAa MaTepua-
nax onncaHua 24 octposos B 1995 r., oTpakaet
OCHOBHble 3aKOHOMEPHOCTM PACMPOCTPaHe-
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library (neuralnet)
v<-read.csv("kihzsdat.csv")

head (v, 3)

name s fo me bo fr vb

1 mul 1.2 99 111

2 leb 1.2 99 111

3 gaj 1.6 90 9 1 1 1

nro<-sample(1:24,12) ; d<-v[nro,]
nv<-neuralnet (formula = vb ~ fo+me+bo, data = d, hidden = c(5))
nr<-compute (x=nv, covariate=d) $net.result
rnr<-round (nr,0)

data. frame (d$name,d$vb, rnr)

d.name d.vb rnr

0
0

11 kar 1 1

12 ker 4 4

19 nol 3 3

22 ern 1 1

17 1lel 1 1

14 syc 2 2

6 yab 1 1

8 kuy 1 1

15 dol 1 1

18 buk 3 3

13 lud 1 1

2 leb 1 1

sum (d$vb==rnr) /nrow (d)
(1] 1

o m

nro2<-sample(1:24,12) ; d2<-v[nro2,]
nr2<-compute (x=nv, covariate=d2)$net.result
rnr2<-round (nr2,0)

data.frame (d2%$name,d2$vb,rnr2)
d2.name d2.vb rnr?2

10 mal 1 4

13 1ud 1 1

9 mak 1 0

22 ern 1 1

19 nol 3 3

4 sig 1 1

8 kuy 1 1

20 sol 3 3

6 yab 1 1

16 kal 1 1

17 1lel 1 1

12 ker 4 4

sum (d2$vb==rnr2) /nrow (d)

[1] 0.8333333

Puc. 16. JINCTUHT 0By4YeHUs U NPOBEPKM HEMPOCETU ANA KNacCUdUKALLMM OCTPOBOB
Fig. 16. Listing of training and testing of a neural network for island classification
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Tabnnua 1. CpeaHue 3HayeHua (M) u cTaHgapTHOE OTKIOHEHME (S) 40N NPaBUbHBIX ONpeaeneHni
YPOBHA YNC/IEHHOCTM raftoK Ha 12 ciyyanHblx ocTpoBax (Mo Bbibopkam n = 30 NOBTOPHOCTEM)

®opmyna ) Bbi6opKHU
Yucno HeMpoHOB B CNOAX obydalolan NpOBEpOUHan
M S M S

1 vb ~ fo+me+bo 3>2>1 0.84 0.16 0.73 0.16
2 vb ~ fo+me+bo 3>6>1 0.97 0.08 0.75 0.12
3 vb ~ fo+me+bo 3>4>4>1 0.98 0.06 0.83 0.11
4 vb ~ fo+me+bo 3>6>6>6>1 0.98 0.06 0.81 0.08
5 vb ~ fo+tme+bo+fr 4>6>1 095 0.10 0.74 0.13
6  vb~fotme+bo+fr 4>6>6>1 0.98 0.08 0.75 0.12
7  vb~ fo+tme+bo+fr 4>6>6>6>1 0.96 0.09 0.80 0.12
8  vb ™~ fo+tme+bo+fr 4>30>30>1 1.00 0.00 0.79 0.12

HUA ragtokm. CeTb Mcnonib3oBanu, 4tTobbl pac-
CYMTaTb YPOBHU YNCAEHHOCTU ragtoku (vb) Ha
28 octpoBax B 1995 r. n B 2022 r. N0 oueHKam

naowanen Takmx ke buotonos (fo, me, bo)
(puc. 17, Tabn. 2).

head (d3<-read.csv("squ island biotops 2022.

csv") ,3)

fo me bo
1 57.9 4.1 3.4
2 35.3 0.0 7.9

3 83.0 7.3 11.5

nr3<-compute (x=nv, covariate=d3)$net.result

head (data. frame (d3$name, round (nr3,0)),3)

d3.name rnr3

1 buk 2
2 dol 1
3 egl 1

Puc. 17. JINCTUHT pacyeTa ypOBHA YNCIEHHOCTM FaAtoKM Ha ocTpoBax B 2022 .
Fig. 17. Listing of the calculation of the viper population level on the islands in 2022

Kak nokasanm pacyeTbl N0 Mogenu, ypoBeHb
YMCNEHHOCTU HA MHOIMX OCTPOBAX CHU3WUACA,
04YeBMAHO, 3@ CYeT MOBCEMECTHOrO /1eCOBOC-
CTaHoOBNeHMA. bblna paccunmTaHa M cpeaHAs
YMCNEHHOCTU, UCXOAS U3 CaeayrWmMX COOTHO-
LUEHUN: YPOBEHb YUC/NEHHOCTM 1 NpUMmepHo
COOTBETCTBYET YNCNEHHOCTU 3 3K3., 2 — 30 3K3,,
3 — 300 3K3., 4 — 3000 3K3. PacueTbl noKasanu,
470 3a 30 N1eT YNCNIeHHOCTb rAAOKMN Ha U3YYeH-
HbIX OCTpOBax ynana npubansuntensHo ¢ 10000
00 4000 3K3. Takoro poaa BbiBOA, MOXKET ObITb
OCHOBOW A5 NAAaHUPOBAHMA MPUPOAOOXPAH-
HbIX MEPONPUATUIA.

3akno4eHue Unum BbiBOAbI

OAHO M3 LEHTPanbHbIX MONOMEHUMN, pac-
CMOTPEHHbIX B CTaTbe, COCTOUT B TOM, YTO OT-
AEeNbHbIN HENMPOH (C NorncTuyeckon GyHKLMeEN
aKTMBaLMM) NO CYyTU Peann3yeT IOrMCTUYECKYHO
perpeccuto, rnaBHas O0COHBEHHOCTb KOTOpPOU —
npeobpasoBbiBaTb HEMpPepbIBHOE M3MEHEHME
BXOAHbIX NepPeMEHHbIX B CKa4KoobpasHoe (anc-
KPETHOE) MU3MEHEeHUe BbIXOAHOW NepemMeHHOMN.
BmecTe c Tem, 06beANHUB HENMPOHbDI B CETb, Mbl
no/lydyaem KayeCTBEHHO HOBYIO KOHCTPYKLMIO,
CO CBOMMW OCOBEHHbIMW CBOMCTBAMM WU BO3-
MOXKHOCTAMMW. B YaCTHOCTK, Ha BbIXOAE MHOTO-
CNIOMHOM CeTM MOMKHO NOo/y4YaTb rpagyanbHO
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Tabnnua 2. OueHKM YPOBHSA YNCNEHHOCTM raZitoKM Ha ocTpoBax Kuxkckoro apxunenara 8 1995 n 2022 rr.

HassaHue octposa 1995 2022
1 BbyKONbHMKOB 3 2
2 JOonrunii 1 1
3 Ernos 2 1
4 EpHULKWMIA 1 1
10 Knxkn 4
11 KpecToBCcKni 1 1
20 C. OneHnit 2 1
21 Poraues 2 2
27 BosnkocTtpos 4 2
28 A610Hb 2 1
B cpegHem 2.0 1.6
YucneHHocTb, 3K3. 10533 4188

N3MEHSAoLWMECs BEINYUHDI.

MporHocTnyeckne CBOMCTBA HEMPOHHOM
CETU ONpPeaensalTca ee KOoHCTpykuuen. O6-
WKMpPHAA AnTepaTypa NOCBALWEHA BapuauMam
NPUMEHEHUs 3TOro MeToAa B 3aBUCMMOCTU OT
NOCTaB/IeHHbIX 3a4ay. PaccMOTpeHHbI Hamu
nepcenTpoH npeacrasnseT cobol ceTb Nepso-
ro nokoneHua. CoBpeMeHHble CeTU TPEeTbero

KYPPEeHTHanA, rubpmuaHan) MoryT CyLLeCcTBEHHO
pacLWMpPUTb BO3MOXKHOCTU ANA aHAM3a IKONO-
TMYECKMX AaHHbIX M MPOrHO3a 3KOJ0MMYEeCKnX
CUTYaLUA.

HelpoceteBoe mogennpoBaHue — sdpoek-
TUBHbIN meToz 6uomeTpun. OcTaeTca HagenaTb-
€A, YTO Hala Ny6AMKaLMA YNPOCTUT YMTaTenam
OCBOEHMeE 3TOM TEXHONOTUN.
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Keywords: Summary: A variant of explaining the composition and structure of the neural
neural network network is considered, starting from the concept of «regression equation».
neuron Focusing on the method more familiar to ecologists (regression analysis), the
modeling structural and functional features of the «neuron» and the artificial neural
tuning network are shown. The concepts of linear and curvilinear regression, logit,
ecology neuron, neural network modeling and algorithms for adjusting the structural
zoology and quantitative parameters of models are gradually deepening and expanding.
The key terms of the technology under consideration such as covariate, bias,
neuron, layer, activation function, training, retraining are defined. In concrete
examples, some areas of application of this method in animal ecology are shown.
The solution of problems typical for animal ecology of diagnosing the status
(sex) of animals by quantitative characteristics and assessing the suitability
of certain biotopes for animal habitation with the help of a neural network
is considered. A list of references with examples of the use of networks for
solving environmental problems is given. Listings of calculations performed in
the environment of the R program using functions from the neural net package
are given. Data files are attached to the text to perform the training on the
presented codes.
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KOPOCOB
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JonxeH nu 3Konor ymetb NpoOrpammmpo-
BaTb? XOTA 6bl Ha A3blke R.

MoxoXuMn BONPOC 3By4Yas C CeEpeaunHbl Npo-
LUIOFO BEKa: AO/KEH X 3Konor pasbupatb-
CcA B MmaTemaTuyeckon crtatuctmke? CerogHs
OTBET O4YeBMAEH, BeAb B Hay4Hble KypHa/bl
NPAKTUYECKM HE MPUHMMAIOT CTaTbU IKONOMU-
YecKolM HanpaBneHHOCTU 6e3 HeobxoaMMbIxX
CTAaTUCTUYECKMX AO0Ka3aTenbCcTB. Kak cTtano co
BPEMEHEM MOHATHO, CTAaTUCTMYecKas obpa-
60TKa [0/1’)KHA He BeplWuTb, a, HAaNPOTMB, Ha-
YMHaTb N0OOE 3KONOrMYECKOoe UccneaoBaHMeE,
OpraHM30BbIBATb, HALLEIMBATb Ha TOT U/ UHOM
crnocob matemaTmyecko o6paboTKM NonyyeH-
HbIX OAHHbIX. [JonA MaTeMaTUKM B 3KONOTMM
He CTONb BENMKaA, KaK, Hanpumep, B PuU3uKe,
HO 6e3 BUOMETPUM yKe HE MbICIUTCA HU OAHO
3KONOrnyecKoe nccnegoBaHue.

Odpyroit noxoxuit Bonpoc 3By4an c 80-x:
OO/MKEH NN 3KONOT pa3bupaTtbcs B MOAENNPO-
BaHMKU? ITOT BONpoc Obl NOAHAT MaTeMaTUKa-
MU, Npuweawnmm B buonoruto. K coxkaneHuto,
noHa4yany OHU Hanyraam MHOrMx 61Mo10roB CBO-
UMUK abCTPaKTHbIMKU «andpdepeHUUanbHbIMNY»
NOCTPOEHMAMM, UMEILWMMNU MaAN0 obLiero c
notpebHocTAMM 3KoNoros. Masa «CuctemHasn
3Ko/MI0rMA» NPO MOAENNPOBAHME B MOHOrpa-
¢um 0. Opyma (1975) Bbirnagena Kak 3K30TU-
YeCKMM 3K3epcuc paduHMPOBAHHbBIX 3anagHbIX
cneumanmncTos. Ho Tenepb MMUTALMOHHOE MO-
AENNPOBAHME CTaN0 HEOTbEeMNIEMOM YacCTblo
MHOTMX 3KOJIOTMYECKUX mnccnegoBaHuii (Men-
WYTKKUH, 2010), XOTA U He BCEX.

Tenepb 0 Hawem NepBom Bornpoce. Y1o ayy-
e — pa3BeTB/IEHHbIN MHTepdenc unm ceoboa-
Hoe nporpammupoBaHue, Statistica mnm R? A
6bl npoBen aHanoruo — ABTOKO/IOHHa N2 343
n 1sng, Kpysep. NMocpeacrtsom 3asaBku ABTOKO-
JIOHHA MOXEeT BblAENNUTb KaKoW-HMOyab aBTO-
Mobub, KOTOPbI OTBE3eT Bac Kyaa xo4eTtcs.
Ha JlaHp Kpy3sepe egewb cam Kyga Hago — Ao-

doxkmop buonoeuueckux Hayx, Ilempozasoockuii 20cyoapcmeeHHblll YHU-
eéepcumem, korosov(@psu.karelia.ru

MNoanucaHa K neyatn: 02 okTabpsa 2023 roga

CTaTO4YHO ObICTPO MO Tpacce, KOMPOPTHO No
NAoOXMm goporam un Bosce 6e3 Hux. A3bik R —
3TO O4YeHb TMOKUIN MHCTPYMEHT, KOTOPbIA He
TONbKO MO3BO/IAET BbINONHATL /1106bI€ aNropuT-
Mbl MaTemMaTU4ecKon 06paboTKM s1106bIX TUMOB
AaHHbIX (BKAKOYas ymcna, TEKCTbl, U30bparke-
HWA, 3BYKW U Np.), HO Npeobpa3oBbIBaTb, Op-
raHM30BbIBaTb WU MOArOTAaBAMBATbL AaHHbIE ANA
06paboTkK. A3bIK R yHMBEpCaneH n BcecuneH,
YTO HEOAHOKPATHO AEMOHCTPUPOBA B CBOMUX
KHUrax, Hanpumep, B. K. LUMTUKOB € coaBTopa-
mu (2013, 2015, 2017).

Ho ceiyac peyb o gpyron KHure — «fnybokoe
obyueHue c R n Keras» ®paHcya LLonne (2022),
aBTopa nakeTa Keras. 3To o4eHb CBeXKasa KHUTra,
obnagatowLas MHOTMMM AOCTOMHCTBAMMU. [NaB-
Hble TEMbl — NPUMEHEHNE COBPEMEHHbIX HEMN-
POHHbIX ceTel (B NepByto oyepenb CBEPTOUHbIX
N PEKYPPEHTHBIX) ANA PELIEHUA Pa3HbIX 3a4a4:
pacno3HaBaHMA 06bEKTOB Ha M306parkeHusXx,
aHa/n3a TEKCTOB, U3yYEeHMA BPEMEHHbIX PALOB
n np. Ana HoOpManbHOro 3Kos0ra (K KoTopbim A
cebAa OTHOLWY) 3TV TeMbI 3ByYaT CTPALUHOBATO.
OpHaKo AaHHaAs KHWUra 3acTaBWUT NPeoaosieTb
OMaceHMa W HayaTb MCNONb30BaTb anmnapat
HEeMpoCceTeBOro MOAENMPOBAHMSA B IKONOTNYe-
CKMx uensax. Ona 3Toro aBTop UCMNO/sb3yeT ABa
npuema. Bo-nepBbiX, B KHUre HET HWU OAHOW
MaTeMaTMYeCKOM GOpPMyAbl, BCA NIOTMKA Mpo-
Lueayp NPoOUNNOCTPUPOBAHA MHOIMOYUCIEHHbI-
MU rpadpUyecKkMmMm cxemamm U NPOrPaMmMHbIMU
Kogamu (ga, Ana NOHUMaAHWUS anropmuTMoB 06-
paboTKkKM A3bIK R Hago 3HATb). B-BTOPLIX, Nep-
Bas YacCTb (TPeTb KHUTM) NOCBALLEHA BBEAEHUIO
B HEMPOCETEBOE MOAE/NIMPOBAHNE, B KayecTse
6a30BbIX MOAeNe C caMbiXx a3oB MoAPOOHO
M Ha pasHbiX NPMMEpPax PACCMOTPEHO NpwU-
MeHeHue nepcenTpoHa. MHoraa Kaxerca, 4yto
N3/10KEHME C/INLWIKOM NOAPO6HOE U 3aHyau-
BOE, HO NMOTOM OKa3bIBAETCA, YTO 3TU AeTanm
HYKHbl KaK MOCTMKM ANA Cneaytolmx nornye-
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CKMUX nepexonoB K TeMaM, KOTOpPble YXe HE TaK  YyXKe HENb3A O6XOp,VITbCFI 6e3 HeVIpOHHbIX ce-
o4yeBUAHbI. B Lenom KHura npon3BoaunT O4YEeHb Tewn. Hagetocb, uMtaTenun KHUrm ®. Wonne pas-
CUNbHOE BMNe4yaTneHne U OKpbIaAeT. Ha mon AENAT MOe MHEHMUE.

B3rnA4, nNpun aHaam3de 3KONO0rmM4YeCKmMUX AaHHbIX

[ny6okoe o0y4yeHue

C R u Keras

BTOpOe H3JaHue

iy OpaHcya LLloane,

co3naresk Keras
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BCEM MUPOM - HA MAPIIHU

CEPI'MEHKO
JlrogMuiaa AsiekcaHIpoBHA

NonyueHa: 02 oktabpa 2023 roga

MpUMopCKME 3KOCUCTEMbI AN NMPUMOPCKNE
mapwun (aHrn. coastal wetlands) xapaktep-
Hbl gnA 6eperoB moper M OKeaHoB MO BCeMy
MWPY, OHM BCTPEYAIOTCA B PA3/IMYHbLIX KAMMA-
TMYECKUX 30HAX OT NONSAPHbIX MNYCTbIHb A0 TPO-
NUKoB, obecneynBasa Kato4YeBble B3aMMOCBA3N
MeXKAy Ha3zeMHbIMWU U MOPCKMM 3KOCMCTEMA-
MW. AHaANM3 HayyHbIX Ny6AMKauMn nocnegHux
NIeT NOKa3blBaeT, YTO CyLLecTByeT 3Ha4YMMbIi
npoben B JAHHbIX ANA NPUMOPCKUX apKTU4e-
CKMX 3KOCMUCTEM MO B3aMMOCBA3M HBuonormye-
CKMX NpOLEeccoB, He pa3paboTaHa cuctema mH-
AVNKAUMOHHBIX M PYHKLMOHANbHbIX XapaKTepu-
CTUK NPUMOPCKUX IKOCUCTEM, B YACTHOCTU NO
npusHakam 6uonoruyeckoro pasHoobpasus.
MMeHHO pacKkpbITUIO 3TUX BOMPOCOB NOCBALLEe-
Ha paboTa BeayLMX CNEeLManmCcToB U3 pasHbIxX
cTpaH (CLUA, ApreHTuHbl, BennkobputaHuuy,
tOxxHOM AdpukK, Mpeumn, Kntas, Koponesctea
Caynosckasa Apasus, ABcTpanum n Poccuiickon
depepaunn), Usyyatowmx NPUMOpPCKME MapLIn
Mupa. Hawa coBmecTHaa cTaTba «UHTerpanb-
HaA KOHLENTya/ibHaAs OCHOBA MNPUMOPCKUX
MmapLien ana rnobanbHblX CPaBHEHUN» TONb-
KO 4YTo onybanKoBaHa B KypHane «Limnology
and Oceanography Letters» (MmnakT-pakTop —
8.56) nspgarennscrea Wiley Periodica (2023).

KoHuenTyanbHaa mogenb OCHOBbIBAETCA HA
N3yYEeHUN BAUAHUA PA3NNYHbIX aBMOTUYECKUX
¢daKkTopoB (0T rnobanbHOro A0 pPernoHasibHo-
ro) Ha npumepe 11 noKaumn mapLiein no scemy
Mmupy. KoHuenTyanbHaa cxema npeacrasnaet
WMHTErPUPOBAHHYIO CTPYKTYpY ANA XapakTe-
PUCTUKM NPUMOPCKUX MApLLEN B PA3/IUYHbIX
Nnepapxmyeckmx NPOCTPAHCTBEHHbIX YC/0BUAX
(rnobanbHble, NPUBPENKHbIE, MEKCUCTEMHbIE
N BHYTPUCUCTEMHDbIE). B cTaTbe oTMeYeHa BaXK-
HaA ponb NPUOpPEXKHbIX MapLUEBbIX NYroB Kak
obnacTtei ¢ BbICOKOM NMPOAYKTUBHOCTbIO, pac-
MOJIOXKEHHbIX B BEPXHEW 4YacTU NPUINBHO-OT-
JIMBHOW 30Hbl MOPEN M OKeaHOoB, Npeumylle-
CTBEHHO B aKBAaTOPUSAX, 3aLLUMLLEHHbIX OT aKTUB-
HOro BOIHOBOTrO BO3AencTBMsA. MapLim NA0THO

00kmop buonozuueckux uayk, Ilemposasoockuii eocyoapcmeen-
Holll yHueepcumem, muddycoast@gmail.com

MoanucaHa K neyatu: 04 oktabps 2023 roga

3acefieHbl BbICWUIMMUM pacTeHUMAMU-TaNoPuUTa-
MM, KOTOPble XOPOLWO NepeHocAT n3bbITOK co-
Nnen. PacTeHuns UrpatoT BaxKHyo posib B GopMu-
pOBaHWM Maplua: paboTatoT SI0BYLLIKaMM B3Be-
LLUEHHOro BeLLecTBa, NPUHOCMMOro NPUINBOM,
cnocobcTBYA TEM CaMbiM 3aUMBaHUIO Nobepe-
bsi U GOPMUPOBAHMIO MapLla. byayum ceBAsaH-
HbIMM C NPUBPEKHON 30HOM, MapLUM ABNAIOTCA
O4HWM U3 Hanmbonee 4YyBCTBUTE/IbHbIX KOMMO-
HeHTOB 6eperoBoM 3KOCUCTEMbI, NOABEPHKEH-
HbIX aHTPOMOreHHOMY 3arpA3HeHuto. Mpu He-
dTAHOM 3arpA3HEHUM NpubpexHaa pacTuTeb-
HOCTb aKKYMY/AMPYET YrNeBoA0pOAbl, KOTopble
B AaNbHeMWem nOoCTynatT B TPOPUYECKYHO
Lenb, OKa3blBas BAMAHWE HA BCHO 3KOCUCTEMY
B LE/IOM.

MommMmo o0b6wmMx napameTpoB, B aHaAu3
OblNM BKAKOYEHbBI AAHHbIE MO BAUSHUIO BOAHO-
ro, TeMnepaTypHoro, ra3aoBoro 1 CBETOBOro pe-
XMMOB, TMAPOCTaTUYECKOro AaBNeHUs, YPOB-
HS 3aconeHun, penbeda AHa, YAANEHHOCTU OT
JIMHUM ype3a Manok BoAbl B OT/INB HA GOpMuU-
poBaHWe 30H MOpcKoro nobepexbs. Bbiasne-
HO, YTO OCHOBHbIM GAKTOPOM, BAUAKOLWMM Ha
KntoueBble GYHKUMU NMPUMOPCKUX IKOCUCTEM,
BbICTYNaeT USMEHeHMe TemnepaTypbl B 3aBUCK-
MOCTU OT LUMPOTbl MECTOMNONOXKEHMA MapLUe,
TemnepaTypHble 3HAYEeHMA NPSAMO U KOCBEHHO
OrpaHUYMBALOT PACMNPOCTPAHEHNE MPUMOPCKUX
MapLUEN KaK B HU3KWUX, TaK U B BbICOKUX LLIN-
poTax. Tak¥e BbIAB/JIEHO, YTO aMNaINTyAa Npu-
JIMBOB onpeaenaeTr 30HUPOBaHWE MapLueBbIX
MEeCTOOBUTAHNI U OaHHbIE TEepPPUTOPUM pac-
CMaTPUBAIOTCA KaK MUKPONpPUAMBHbIE (4 Mm).
Mpu 3TOM BEKTOP BAMAHMA MOPA Ha NPUMOp-
CKMe 3KOCUCTEMbI BapbUpyeT B 3aBUCMMOCTHU OT
NX MECTOMOJIOKEHUA, 3BONOLMN NaHawadTa n
CTeneHn afanTauMm KOHKPETHbIX BUAOB K 3TUM
reTeporeHHbIM YC/I0BUSIM.

OTpaAHo, YTO AaKe cenyac NoJINTUKA He B
CMN1ax NpepBaTb MeXAYHAapPOAHOEe Hay4yHOe COo-
TPYAHMYECTBO.
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