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TPOHVJICHAL... TE L

Yeaxcaemole yumamenu, asmopesl u peu8H36HmbI!

HakoHeu, npuwan aeHbrn ot HOUKOH ans Hawero ganbHeruwero passutus. B 6aunxanwee Bpe-
MA 6yayT BbINONHEHbI BbINAaTbl aBTOPAM M PeLLeH3eHTaM, COCTaBUTENAM M KOPPeKTopam, NepeBos-
YmKam n gm3anmHepam. KoHEYHO, NPUATHO NOMYYMUTb BO3HArpaXkaeHue 3a paboty. OaHaKo ropasao
Ba)KHee NOHMMaTb, YTo opraHnsoBaHHaa HIUKOH cuctema 3apaboTana, YTo NOABAAETCA HALEeXKAa
Ha OCYyLLLeCTBAEHNE NOMOLLM BbIOPaHHbIM }KYPHanam 1 B TEKYLLLEM rogy. 3TO OKpbIAaeT. MoXKeT 6bITb,
JaXKe yaacTca A40CTUYb NAaHuMpyemoro pesynbraTa, Ckonyca.

OpfHaKo A4na 3Toro Mano BbINOAHUTE GopManbHble TpeboBaHMA. HyXHbl «xopolumne» cTaTbu. Mo-
yemy KaBblYKM? [ToTOMy 4TO He 06 OLLeHKe Hay4YHOTro KayecTBa UAET peyb. 34eCb He YATU OT CYOBbEeKTHU-
BM3Ma. [1pOCTO HaM HYKHbI CTaTbW, COOTBETCTBYIOLLLME MOIUTUKE HALLEro KypHasaa no TPem r/1aBHbIM
KpuTepuam. MokKa ke MM COOTBETCTBYET MEHbLLAA J0N5 NH060ro BbinycKa.

YT1o 370 3a KpUTEPUN?

CTaTbM AONXKHbI ONUCbIBAaTb 06bEKT Buonornyeckor akonormn. Cenyac noa skonornen nogpas-
ymeBaeTcA BCce YTo yrogHo. bonble Bcero ctater No 3HBAMPOHMEHTONOIMM, a TakKe GU3nNoNornmu
(6Buoxmmmnm). Mpm sToM NOpPoOn TeMbl cpeabl (3arpsasHeHns) unm opraHnsma (GmMsnonormus) HacToNbKo
npeobiagatoT, YTO NPUXOANTCA NOACKA3bIBaTb aBTOPaAM, KaK NpMAaTb CTaTbe 3KONOMMYECKUN ayx. A
Mbl Obl XOT€NIN BUAETb K4UCTbIEN CTAaTbW MO IKONOTMM 0COOM, NONYAALMM M COODLLECTBA M YMTaTb NPO
¢hu3uono2uo HA00P2aHU3MEHHbIX CUCTEM.

CTaTbW A0NXKHbI ObITb 3KOIOTMYECKMMM MO AYXY, T. €. FOBOPUTb HE MPOCTO O daKTax, a 0 NpoLieccax.
Mbl nepectany NPMHUMATb K paboTe pyKOMMCK CO CMMUCKaMM TaKCOHOB MM BELLECTB. IKOIOTUA UC-
cnenyet MexaHU3Mbl YCTOMUYMBOCTM NPUPOAbI, FOMEOCTa3 S3KOCUCTEM (B LLUMPOKOM CMbIC/IE). B aTOM
KNtoYe A0/IKHbI PaCCMaTPMBATLCA Nt0bble TeKywme n3MeHeHUA U TpeHapl. K coxkaneHuto, ecam npo
TpeHAbl HalWW aBTOPbI eLle NULWYT, TO NPO MEXaHU3Mbl SKONOMMYECKOro roMmeocTasa — O4YeHb pea-
Ko. OZHaKO Mbl MO/IHbI ONTUMM3MA. IKOJIOFAaM NPOCTO HEKYAA AETbCA — MPEXHAA YCTOMYMBOCTb (Ha-
npumep, KIMMmaTa) HapyLlaeTca, NPUAETCA 0TBeYaTb Ha BOMPOC «YTO AeNaTb?»

CTaTbM OO/IKHbI COAEPXKATb BbIBOAbI, AOKAa3aHHbIe CTAaTUCTUYECKN UAN SKCMEePUMEHTaNbHO. K co-
YKaNIeHUIO, 3a4acCTy0 aBTOPbl OFPAHMYMBAIOTCA KOHCTATauMen cepuii pakToB, MHOTAA BbIPAXKEHHbIX
perpeccMoHHbIMM TpeHAaMKU. MOXKHO TONbKO MeyTaTb O BpeMEHaX, KOraa »Ke 3Kos102u byayT cTpouTb
CTPYKTYPHblE ANHAMMYECKME MOLENMN, NAPAMETPbl KOTOPbIX MMEHT CYLLLECTBEHHbIN 3KONOFMYECKNIA
CMbIC/A. YNYCKatOT OHU M BO3MOXKHOCTU pecamMninHra (paHgomusaumm mn bytcTpena), YHUKaNbHOTO
MeXaHW3Ma CTaTUCTUYECKOrO OLEHMBAHMA A1A AaHHbIX N1060ro TMNa, B TOM YNCAE KHEHOPMA/bHbIX».
Korga akonoru nomyT, 4To 4N1A NOCTPOEHUA AeHAPOrPaMMbl CXOACTBA BUAOBbLIX CNMCKOB Heobxoau-
MO a) ybeauTbca B penpe3eHTaTMBHOCTU CPaBHMBAEMbIX ONMUCAHUIA (AOCTUIHYTO NAATO KPUBOM Ha-
CblweHua), 6) BbINOJIHUTL PECAMMIUHT /15 YCTAaHOBNEHWUS YCTOMUYMBOCTU KnacTepusaumm? K cyacTolo,
CTPaHMLbI HALLEero KypHana HecyT NoAobHble NO3UTUBHbIE MPUMEpBI.

KpuTtepum cylecTBytoT, HO NPaKTUKa AMKTYET MPUMEHATb UX KMATKO», UCMO/b30BaTb HE A4/1A oTce-
Ba CTaTbM, a ANA MOMOLLM aBTOPY B NPUAAHUM SKONOTMYECKOro BEKTOPA NPM KOMNOHOBKE MaTepuana
pykonucu. K c4acTbio, HalM BbIMYCKU COAEPHKAT HEMANO NMPUMEPOB «IKONOMMYECKU MPABUIBHBIX»
ny6ankaumnii. OctaeTca, NpaBAa, MeyTa, YTobbl B KypHane ctanm 6onblue Nny6AMKOBaTbCA M3BECTHbIE
aKonoru. MNoKa Haw *KypHan He B CKonyce, OH Mano MM MHTepeceH, HO BonTK B Ckonyc 6e3 cTaten
BbICOKOPENTUHIOBbIX UCCAea0BaTeNEN — CNOXKHO. KaK-To Hago pasopBaTb 3TOT Kpyr. HOMKOH B no-
moub!

YBarkaeMble aBTOPbI, *KAEM BalLn pyKkonucu!

B O6bABNEHMAX MOXKHO NPOYECTb O HALLIMX KOHKYpCax CTaTel 1 peLeH3nii.

C HeuzmeHHOoU 20moB8HOCMbIO K cOMpyoOHU4Yecmay,
peoKosnneaus 31eKMpPOHHO20 HYPHAA «[TPUHYUMbI 3KOM02UU»
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CHROOCOCCUM

Huoicecopoockuii cocyoapcmeennwiii ynusepcumem um. H. U. Jlobaues-
ckoeo, 603950 Huoxcnuu Hoseopoo, np. I'acapuna, 23, HHI'Y, kopn. 1,
Kageopa sxonoeuu, ele77785674@yandex.ru

Huoicecopoockuii cocyoapcmeennniii ynusepcumem um. H. U. Jlobayes-
ckoeo, 603950 Huoicnuii Hoseopoo, np. I'aeapuna, 23, HHI'Y, kopn. 1,
Kageopa sxonoeuu, re-ka@mail

Huoicecopoockuii cocyoapcmeennwiii ynusepcumem um. H. U. Jlobaues-
ckoeo, 603950 Huoxcnuui Hoseopoo, np. I'acapuna, 23, HHI'Y, kopn. 1,
Kagedpa sxonoeuu, sabcor@mail.ru

AHHOTauuA: B HacTosillee BPeMs CMOCOOHOCTb Pas/IMYHbLIX LUTAMMOB
Azotobacter BcTynatb B cMMBMO3 C MLIEHULEN MATKOW U BAUATb Ha pas-
BUTME 3TOrO0 BMAA M3y4YeHa HegoCTaToyHo. B cBs3M € aTMm Hamu 6bina
oLeHeHa cnocobHocTb wrtamma Ne 4 A. chroococcum, BblAeNE€HHOro U3
NMOYBbI CE/IbCKOXO3AMCTBEHHbIX yroamnin Huxeropoackoi obnactu (Poccusa),
B/IMATb Ha BCXOMKECTb CEMSAH M COCTOAHME NPOPOCTKOB NiweHuubl (Triticum
aestivum L.) Npy BHECEHUW B NEPBbIN AEHb SKCNEPUMEHTA B NUTATE/IbHbIN
PacTBOP Pas3INYHbIX KOMYecTs Kaetok (ot 109 kn/mn (A) ao A/256). Bece
KOHLLEHTPALMMN KNETOK, KPOME HAaMMEHbLUEN, Bbl3blBaM CHUMXKEHNE BCXO-
»ecTn cemaH. HusKne KoHueHTpauum (A/256-A/64) He Bananm Ha buomac-
CY KOPHSA MPOPOCTKOB, cpeaHmne KoHueHTpaumu (A/32-A/16) ee yBennumnea-
. Mpu BbICOKOM KoHUeHTpauun (A/8) apdeKT ucuesan, a Hanbonee Bbico-
Kue (A/4-A) BHOBb NOBbILLA/IM 3TOT MOKasaTeb. B oTHOWeHMM Buomacchl
nobera ctumynupytowmii 3ddeKT oKasbiBaM TONbKO KOHLEHTpauum A/2
n A/4. CopepskaHune X10poduUNnoB U KAPOTUHOMAOB, a TaKXKe MHTEHCUB-
HOCTb IMNONEPOKCHAALMM NpK aenctemm A. chroococcum He U3MEHSANNCH.
TakMm 06pa3oM, M3YYEHHbIN LWTamMM CrocobeH perynMpoBaTtb NpopacTta-
HMe CEMSAH M POCT KOPHEBOW cucTeMbl 1 nobera T. aestivum.

© MeTpo3aBOACKUIN rOCYAAPCTBEHHbIN YHUBEPCUTET

MopnucaHa K neyatu: 17 nioHa 2019 roaa
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BsegeHue

Baktepun popa Azotobacter oTHocaTca K
cBO6OAHOXKMBYLIMM a30THMKCAaTOPaM MOYBbI
(pn30baKkTepuam) n cnocobHbl, KaKk U KnybeHb-
KoBble baKTepun pacteHui (pusobuu), c no-
MOLLbIO HUTPOreHasHoro Komnsaekca ¢uKcu-
pOBaTb MO/IEKYNIAPHbBIN a30T BO34yxXa, NpeBpa-
as ero B MoH ammoHus (Howard, Rees, 2006;
Wani et al., 2013; ®eokTtucrosa un ap., 2016).
Baktepun popa Azotobacter HacenAwT 3KTO-
pusocoepy (30Ha NOYBbI C HAPYHKHOM CTOPOHDI
KOpHSA) M pu3onaaHy (NOBepPXHOCTb KOPHEBOW
CMCTEMbI) Pas3/INYHbIX BUAOB He60b60BbIX pac-
TEHWI, UCNONb3YA 3KCCyaaTbl KOPHEBOW CUCTE-
Mbl 41A NUTaHMA. B obmeH pacTeHMe nonydyaet
a3oT B BMAE AOCTYMHbIX ANA YCBOEHUA coeaun-
HeHun, yny4dwaetca ¢ocPopHoe NUTaHMe pac-
TEHUI Onarogapsa pPacTBOPEHUD TPyAHOAO-
CTYMHbIX MOYBEHHbIX ¢dochaToB B npouecce
XKU3HEe[eATeNbHOCTU pu3obakTepuit, dutorop-
MOHbI, BblpabaTbiBaemble pu3obakTepuamm,
CTUMYNIMPYIOT POCT pacTeHui, BaKkTepum poaa
Azotobacter nogasnAtoT passuTHe duTona-
TOreHHbIX rpnuboB M baKktepuin (PeokTUCTOBA
n ap., 2016). CnocobHOCTb pasHbIX LWTaM-
MmoB Azotobacter chroococcum Beijer. BAnATbL Ha
npopactaHne cemsiH U pPa3BUTME NMPOPOCTKOB
Pa3NIMYHbIX BUAOB PacTeHM U3y4eHa HeaocTa-
TO4YHO (KnpunyeHko u ap., 2010). XoTa B HacTos-
Lee BPeMs 3TOMYy BOMPOCY YAENseTca 3Hauu-
Te/lbHOe BHMMaHMe B CBA3M C MOUCKOM 3P dek-
TMBHbIX LUTAMMOB 3TOr0 BMAA C LEe/IbH UCNOb-
30BaHMA UX ANA NOBbIWEHUA NPOAYKTUBHOCTM
CENIbCKOXO3AMCTBEHHbIX KynbTyp (KupuyeHko,
Koub, 2011). NmetoTcs cBeaeHUss O TOM, 4TO
HeKkoTopble WwTammbl A. chroococcum cnocob-
Hbl BCTYNaTb B CMMOMOTMYECKME OTHOLUEHMSA C
nweHunuen markon (Triticum aestivum L.) (Ku-
puyeHko, 2016). OaHako nNoaobHble AaHHble
Ana wtammos A. chroococcum noys Hukero-
poackon obnactu sasnawTcA PpparmeHTapHbI-
MW, B TOM YUC/e U ONA BblAENEHHOIO HAaMK U3
MOYBbl CE/IbCKOXO3AMCTBEHHbIX yrogmi Huke-
ropoAcKoro pervoHa wramma Ne 4, M3BecTHO,
yTo HGakTepum poaa Azotobacter obpasytoT ac-
CoLMaLLMM C MEKTUHOIUTUYECKMMMU U LLeNT0N0-
30paspyLarowmmmn baktepuammn poga Bacillus,
noTpebasaa NPOAYKTbI PAa3N0KEHNA NOIMMEPOB
6aumnnamm, cHabxas UX PUKCUPOBAHHbIM
a30TOM, YTO NPUBOAMUT K YCKOPEHWUIO YyCBOE-
HUA NOIMMEPOB U CTUMYAALMWN a30TOMKCaALLUM
(deoktucToBa 1 ap., 2016). B cBA3M € 3TMM NpwU
n3y4yeHmn cnocobHoctn A. chroococcum Heno-
CPeACTBEHHO BO34ENCTBOBATb Ha COCTOAHWE
pacTeHnn bonee 0H6BLEKTUBHbIE AAHHbIE MOXK-
HO NONYYUTb B YC/NIOBMAX SKCMEPMMEHTA MNpwU

KYN1bTUBMPOBAHMUWN PACTEHUA Ha NUTATEIbHOM
pacTBOpe, NMOCKO/IbKY TaKMM 06pa3om MOXKHO
BblY/IEHUTb B3aMMOAENCTBNE B CUCTEME «pac-
TeHue — A. chroococcum» B YUCTOM BUAE, T. €.
6e3 yyactTna gpyrux BUAOB NOYBEHHbIX DakTe-
PUN.

B cBA3KM C 3TMM Hamu BrnepBble Oblna oueHe-
Ha cnocobHocTb wTtamma Ne 4 A. chroococcum,
BblAE€NEHHOr0 M3 MOYBbl CE/IbCKOXO3AMUCTBEH-
HbIX yroami Hwukeropoackon obnactm (Poc-
CuA), BAUATb HA BCXOXECTb CEMAH U COCTOAHME
NPOPOCTKOB nweHuubl (Triticum aestivum L.)
NPV BHECEHMWN B MEPBbIA AEHb 3KCNEPMMEHTA
B NMUTATENbHbIA PACTBOP Pa3/IMYHbIX KOIMYECTB
KNETOK B LUMPOKOM AMana3oHe 3HayeHui (oT
10°kn/mn (A) po A/256).

Martepuanbi

Ltamm Ne 4 A. chroococcum 6bin BblaeneH
M3 NOYBbI MAXOTHbIX 3emenib Bo3ne c. OpaHKu
Boropoackoro paiioHa Huxkeropoackoi obna-
cTn. A. chroococcum KynbTUBMPOBA/IN HA XKUA-
KOM NuTaTtenbHoM cpeae Iwbu. B skcnepnmeH-
TE€ MCMNO/Mb30BaIM CEMEHA O3MMOW MLEHMULbI
MockoscKasa 39.

MeToabl

Onsa nccneposaHua 6oiam BbibpaHbl 9 KOH-
LeHTpaunin baktepmanbHbIX Knetok ot 10° kn/
Mn (A) 4O 3HAYEHUIN, HA HECKO/IbKO NOPSAAKOB
meHblinx (A/256) (coceaHue KOHUEHTpauuu
pasnMyanncb B 2 pasa), NOCKONAbKY Haubonb-
lWMe uccneaoBaHHble HaMM  KOHUEHTpaumu
KneToK A. chroococcum VCNoNb3yT ANA UHO-
KYNAUMW CEMSH MNIWIEHULbl APYTMMKU WITaMMa-
MK atoro Buaa (KmpuyeHko, 2016). PacteHus
BblpalLMBa/iM B TeyeHMe 8 gHel Ha nNutaTesb-
HOM pacTBope KHoMa c pa3HbIM coAeprKaHU-
€M KNeToK A. chroococcum(onbITHble Fpynnbl)
nnn pacteope KHomna (KOHTposbHaa rpynna).
B yalwKu onbITHbIX rpynn pacteop KHona ¢ go-
6asneHnem A. chroococcum BHOCUAW TONbKO
B MepBbli AeHb 3KcnepumeHTa. [anee Kax-
Abl aeHb pobasnanu pactsop KHona Bo Bce
YalWKKM (KOHTPONbHbIE U ONbITHbIE) 6€3 KNeToK
asotpumKcaTopa. CemeHa nWeHULbI, PacTBoOp
KHona n vYawku lNeTpu He CTepnan3oBann, ona
TOro 4tobbl ONpeaenvTb, OKasbiBaeT N AaH-
HbIA WTAaMM BAMAHWE HA M3y4Yaemble MOKasa-
TENIN MNWWEHNUbl B HECTEPU/IbHbBIX YCNOBUAX, T.
K. Ha NpakTuKe obpaboTKa cemAH CenbCKOXO-
3AWCTBEHHbIX KYy/JbTYp Pa3/IMYHbIMK LUTAMMA-
Mun A. chroococcum npoBOAMTCA Nepes noce-
BOM B MOYBY, YTO UCK/OYAET YCA0BMA CTEPU/Ib-
HOCTM. B KaxkgoW rpynne pacTeHUs BblpalinBa-
nn B 5 vawkax Metpu (50 cemsiH B KaxaoM yalu-
Ke) Ha NoANoXKKe 13 GUNbTPOBaAsIbHOM Bymarm,
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CMOYEeHHOW pacTBopom, nNpu 17 4 cBeToBOM
nepuoae n temnepatype 17-22 °C.

Y cemngHeBHbIX MPOPOCTKOB B NEPBOM /n-
CcTe onpepenann WHTEHCUMBHOCTb NEpPEeKUCHO-
ro okucnenusa nunupos (MOJ1), ypoBeHb xno-
POPUNNOB U KAPOTUHOMAOB, @ TAKXKE Cblpyto
6rMomaccy KopHeBol cuctemol U nobera, BCxo-
ecTb cemsaH. MNpu nsyyeHUn GUOXMMUYECKUX
noKasaTtenen B Kaxkgou rpynne 6bin10 10 6uo-
normnyeckmx nosTopHocTteit (1 6uonormyeckas
NOBTOPHOCTb — 0b6beguHeHHble GparmeHTbI
nepBoro ANCcTa 5—6 pasHbIX pacTeEHUN JAHHOWM
rpynnol; 6pann no 2 6uonoruyeckne noBTop-
HOCTM M3 KaXKA0M YallKuM). Buomaccy KopHeBo#
cuctembl M nobera onpegenann y 30 pacte-
HWI Kaxkaoun rpynnbl (bpanu no 6 pacteHuit us
KarKOooW Yallku; 6 pacteHMn x 5 yawek = 30).
NHTeHcneHoCTb MOJ1 oueHMBaAK NO coaepKa-
HUO TBEK-aKTUBHbIX NPOAYKTOB NUMOMNEPOKCU-
AaunKn, cpean KoTopbix Hanbonee mMaccoBbIM
ABnAeTca masnoHosbln ananbaerng (MAA) (Ka-
MblLWHWKOB, 2002). CoaeprkaHne xnopodpunnos
N KapOTUHOMAOB B INCTE ONpeaenanun cornac-
HO 0OLWEeNPUHATON METOAMKE, A5 IKCTPArnpo-
BaHWA NUrMeHTOB mcnonb3osann 80 % aueToH

M N8

-
|

BcxoxecThb

CooTBeTcTBME pacnpeseneHua B BblbOpKax
M3YYEHHbIX KOIMYECTBEHHbIX MPU3HAKOB HOP-
MaJibHOMY onpeaenanm ¢ NOMOLLbIO KpUTepuma
Wanupo — Yunka (nporpamma Statistica 10).
MocKkonbKy B HEKOTOPbLIX BbiIOOpKax pacnpese-
JIEHNEe OTAIMYaN0Ch OT HopMmanbHoro (p < 0.05),
TO AN1A NPOBEPKU HYNEeBOW rmnoTesbl 6bian mc-
No/Ib30BaHbl HemapamMeTpUYecKkne Kputepum
Kpyckana — Yonnuca n HbiomeHa — Kennca
(nporpamma Buoctatuctnka 4.03). AHanoruu-
HYIO Npoueaypy ANA KAaYeCTBEHHOro NpU3HaKa
(BCxOXKecTb CcemMAH) NPOBOAUAN C MOMOLLbIO
KpuTepus xu-keagpat (Buoctatuctuka 4.03) c
yyeTom nonpaBku boHpeppoHn ana mHoxke-
CTBEHHbIX MAPHbIX CpaBHeHW. Ha rpadpukax
npeacTaBneHbl BbIOOPOYHblE MeauaHbl U KX
OWKNBKM (KoNNYECTBEHHbIE MPU3HAKW), @ TaKKe

[0NU U UX OIMOKM (BCXOXKECTb CEMSIH).

Pe3ynbTatbl

Bce KOHUEHTpaUMM W3YYEHHOro LTaM-
ma A. chroococcum, 3a WCKNOYEHMEM Hau-
MEHbLLEN, NPUBOANNMN K CHUIKEHWNIO BCXOMKECTU
cemsH T. aestivum Ha 14—-30 % no cpaBHEHMUIO C
KoHTposiem (p < 0.05) (puc. 1).
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Puc. 1. BexoxkecTb cemsaH T. aestivum npy BHECEHMM PA3/IMYHbIX KOIMYECTB KNeTok A. chroococcum B
NUTaTebHbIN PAcTBOP B NEPBbLIV AeHb KCNepuMeHTa (8011 £ owmnbKa foAKn): * — CTaTUCTUYECKM 3HAUYMMBble
Pa3ANYMA MO CPABHEHMIO C AaHHbIM MOKasaTesieM B KOHTPO/IbHOM rpynne npu p < 0.05; A — 10°kn/mn

Fig. 1. T. aestivum seed germination when adding different amounts of A. chroococcum cells to nutrient
solution in the first day of the experiment (share * share error): * — indicates statistically significant differ-
ences compared to this endicator in the control group at p < 0.05; A—10°c/ml

MpY 3TOM CTaTUCTUYECKM 3HAYMMbIE PaA3In-
yna mexay adpeKTamm pasHbIX KOHLEHTPALLWUIM
He 6blan BbiABAEHbI (p > 0.05).

Huskne  KoHueHTpauuum A.chroococcum
(A/256-A/64) He BAMANM HA MacCy KOPHEBOWM
cuctembl (puc. 2a). KoHueHnTpaummn A/16-A/32
yBE/IMYMBANAM AQHHbIN MOKasatenb Ha 34-38

% OTHOCUTENbHO KOHTPO/NIbHOrO ypoBHA. OA-
HaKo JanbHelwee MNOBbIWEHUN KOHLEHTpa-
umm ao A/8 npuBOAMNO K WCYE3HOBEHWIO
addekta. Hambonee BbICOKME KOHLEHTpa-
umum A. chroococcum A/4-A BHOBb yBeNN4YMBaNN
Maccy KopHs npopocTkos T. gestivum (Ha 50—-68
% OTHOCUTE/NIbHO KOHTpOoASA) (cMm. puc. 2a).
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OvHamuKa un3meHeHuAa 6uomaccebl nobe-
ra T. aestivum npn ymeHbLUEHUN KOHLEHTpa-
unmn A. chroococcum 6bina o4eHb CXogHa C U3-
MeHeHMeM [AHHOro MoKas3aTena y KOpHeBOW
CUCTEMDbI, O YeM CBMAETENbCTBYET CU/bHAA MO-
NOXKUTENIbHAA KOPpPenauma mexay 3TMMK Ma-
pameTtpamu (no CnupmeHny: r = 0.86; p < 0.05).
OpgHako ctumynupytowmin apdpeKT 6bin meHee
BblpaXeH, MO3TOMYy €ro yaanocb 3adpuKcmpo-
BaTb TONbKO ANA KOHUeHTpaunii A/2 n A/4. OHu
nNpUBOANAKN K yBenmyeHuto bnomaccol nobera
Ha 21 1 30 % nNo cpaBHEHUIO C KOHTPOJIEM CO-
OTBETCTBEHHO. bonee HN3KME KOHLLEHTPALUM U1
Hanbonee BbICOKAA U3 U3yYEHHbIX KOHLEHTpa-
UM He BAMANKM HA AaHHbIA nokasaTtenb (puc.
26).

MHTEHCMBHOCTb MNEPEKUCHOTO OKUCNEHUA
MNNA0B B INCTE MPOPOCTKOB MLWEHMLbI NpuU
AENCTBUM BCEX M3YYEHHbIX KOHUEHTpauuih A.
chroococcum He oOTAMYanacb OT KOHTPONbHO-
ro ypoBHsa (p > 0.05) (gaHHble HAa PUCYHKaXxX He
npeactasnexol). CoaeprkaHue xn0podunnos
N KAapOTMHOWAOB Yy PaCTEHUM BCEX OMbITHbIX
rpynn COOTBETCTBOBA/IO KOHTPO/JIbHOMY YypOB-
Hi0 (p > 0.05) (gaHHbIE Ha pPUCYHKax He npea-
CTaBNEHbI).

O6bcyxpeHue

PaHee ppyrMmn aBTOpaMM MOKa3aHO, 4TO
b6akTepun popa Azotobacter cnocobHbl cTu-
MY/IMPOBaTb POCT KOPHEBOW cUCTEMbI U Nobe-
ra pacteHui (Peokctmucrosa un gp., 2016). MNo-
NnaratoT, 4To pu3obaKTepuun, B TOM Yncae posa
Azotobacter, oka3biBatoT Takon 3pdeKT nytem
CMHTE3a GUTOrOPMOHOB, CTUMYIUPYIOLLUX POCT
(ayKcMHOB, LUTOKMHUHOB, rMbbepennnHoB) m
yAy4ylweHma a3oTHOro U GpochopHOro NUTaHMUA
pacteHuin (PeokTnctosa n ap., 2016). Boamox-
HO, AAHHbIA MEXaHU3M NEXUT U B OCHOBE 06-
HaPY)KEHHOro HaMW CTUMYAUpYtoLero apoek-
Ta 6aKTepuin B OTHOLIEHWM POCTA MLUEHULLbI.

N3BeCTHO, YTO B CyXOM cemeHMn B HoblLuOM
Koan4yecTse HaxoamnTca GUTOropmoH MHAONUN-
3-yKCYyCHaA KMUC/I0Ta, KOTOPAn B BbICOKOM KOH-
LeHTpauum BMecTe C abcuu3oBOM KUCIOTOM
ceMsiH MHrnbupyet npopactaHue (Hedeabes
n ap., 2013). baktepun poga Azotobacter cno-
COBHbI CMHTE3MPOBATb AayKCUHbI, B TOM YuC/ie
NHA0ANN-3-YKCYCHYO KMCNoTy (PeoKTncToBa m
Ap., 2016). Ckopee BCero, BbIIBAEHHbIN HaMU
MHIMBMpYOWMn  3PdEKT a30TOUKCUPYHOLLLUX
6aKTepui B OTHOLIEHWW NMPOPACTAHUA CEMSAH
nweHunubl obycnoBneH AencTBMemM BblpabaTbi-
BAaeMbIX UMW aYKCUHOB.

CnepyeTt OTMETUTb, YTO N3MeHeHne bBuomac-
Cbl nobera n KOPHEBOM CUCTEMbI, BbIAB/IEHHOE
Hamu y NpopocTKoB T. gestivum npu BHECEHUM

B MUTaTE/IbHbIA PACTBOP Pa3/IMYHbIX KOHLEH-
Tpaumm knetok A. chroococcum, 6b110 HEMOHO-
TOHHbIM, NOCKO/IbKY Hanbonblasa us nccnego-
BAHHbIX KOHLLEHTPaLUMI He BAMAAA Ha buomac-
cy nobera, 3aTeM AaHHbI 3pPeKT noaBaanca y
KOHUeHTpaunn A/2-A/4 n ncyesany 6onee HU3-
KMX KONM4YecTB HaKTepuasbHbIX KNeTok. buo-
Macca KOpPHEBOW CUCTEMbI TaKXKe npeTepnesa-
la HEMOHOTOHHOE M3MEHEHMEe MPU CHUKEHUMU
KOHLEeHTpaunn Knetok A. chroococcum: KoOH-
ueHTpaumm A-A/4 ysennumsanu 6uomaccy, A/8
He Bauana, A/16-A/32 ysenunuusanu, A/64-
A/256 He Banann (cm. puc. 2).

B nocnegHue roapl WKMPOKOE pacnpocTpa-
HEHWe NONYYUAU B3MNAAbI O TOM, YTO y BrocK-
CTeM LUMPOKO MNpeacTaBNeHbl HEMOHOTOHHbIE
OTBETbI NPU AENCTBUM Pa3HbIX GaKTOpoB cpe-
Abl (Calabrese, Blain, 2005). Tak, Hanpumep,
paHee Hamu YCTAHOBNEHO, YTO pPasnYHble
XMMUYECKME 3arpA3HUTENM MOTyT [O0CTaTou-
HO 4acTo NPUBOAUTb K HEMOHOTOHHbIM U3-
MeHeHnaAM mopdosiornyeckux n ¢usmnonoro-
OMOXMMMYECKMX MOKa3aTeNel y pasHbiX BUAOB
pacteHuin (Erofeeva, 2014). MoaobHble gaHHble
nmeroTcA M gns GUTOrOPMOHOB PACTEHWUN, B
TOM YMC/Ee ayKCMHOB. [NOKa3aHo, YTO OHU MOTYT
BbI3blBaTb Pa3HOHANpPaB/eHHbIN 3pPeKT nmbo
He OKas3blBaTb ero, B pe3y/abTaTe Yero 3aBUCU-
MOCTb «/103a — 3pPeKT» ABNAETCA HEMOHOTOH-
Hol (Weyers, Paterson, 2001; Calabrese, Blain,
2005).

MN3BecTHO, 4To Ntobble cTpeccoBble ¢GaKTo-
Pbl Cpeabl BbI3bIBAOT YBEAMYEHNE NPOAYKLUN
aKTUBHbIX GOPM KMCNOPOAa, YTO NPUBOAMUT K
YCUNIEHUIO NpoLLecca NepPeKUCHOro OKUCAEHUSA
B MembpaHax Knetok (KambiwHukos, 2002).
Ha OCHOBaHMM HalMX AaHHbIX MOMHO cAe-
N1aTb BbIBOA, YTO MUCMO/Ib30BaHHbIE KOHLEHTPa-
unn A. chroococcum He Bbl3biBaIn CTPECCOBOTO

COCTOAHNA Y NPOPOCTKOB NMweHULLbI.

3aknouyeHue
Ha OCHOBe BbllUECKAa3aHHOTIo MOXK-
HO 3aK/H04YNTD, 4yTo VI3y‘-IeHHbIl71 LTamMm

A. chroococcum cnocobeH HenocpeacTBeH-
HO B/IMATb HA BCXOXKECTb CEMAH U COCTOSIHWE
npopoctkoB T. aestivum. OpHako ero cno-
COOHOCTb M3MEHATb M3y4yeHHble MNoKa3aTe-
M T aestivum3aBUCUT OT KOMMYECTBA Kie-
TOK a30TdMKCcaTopa, BHECEHHbIX B MUTATE/b-
HbI PacTBOP, a TaKKe OT BMAA MOKasaTens.
Tak, A. chroococcum BO BCeX M3Y4YEHHbIX KOH-
LEHTpaLMAX He BAUAN Ha BUOXMMUYECKMe Na-
pameTpbl (MHTEHCUMBHOCTb NMEPEKUCHOIO OKMUC-
JIeHUA NMNUAOB U cofepikaHue xaopodunnos
M KapOTMHOWAOB B /INCTE), CHUMKA/ BCXOXKECTb
CEMAH U NPUBOAMUN K YBENMYEHUIO BUOMaCChI
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Puc. 2. Cbipan 6uomacca KopHeBoW cuctembl (a) n nobera (6) T. aestivum Npu BHECEHUU PA3TUYHBIX KOK-
YecTB KNeTokK A. chroococcum B NUTaTeIbHbIN PAcTBOP B NepBbIi AeHb aKkcnepumeHTa (Me = SMe): * — ctatu-
CTMYECKM 3HaYMMble PasInumMa No CPAaBHEHMIO C AaHHbIM MOKa3aTeNem B KOHTPO/IbHOM rpynne npu p < 0.05;

A —109 kn/mn

Fig. 2. Raw biomass of root system (a) and shoot (b) of T. aestivum with adding of different amounts of

A. chroococcum cells to nutrient solution in the first day of the experiment (Me = SMe): * —

indicates

statistically significant differences compared to this indicator in the control group at p < 0.05; A—109 ¢/ml

NPOPOCTKOB. 1PN 3TOM U3MEHEHNE KOHLLEHTpPa-
LMW KNeToK A. chroococcum, BHOCUMbIX B MUTa-
TeNbHbIA PAcTBOP, Bbi3blBAaI0 HEMOHOTOHHbIN
OTBET A/1A Cblpoli Buomacchl nobera U KopHe-
BOW cuctembl T. aestivum. Mo-Buamumomy, 3¢-
$EKTbl B OTHOLUEHUM BCXOXKECTU U BMomacchl
NPenMMyLLEeCTBEHHO CBA3aHbl C BO34eNCTBMEM
AYKCMHOB, CUHTE3UpPyeMbIX a30TPUKCATOPOM,
NMOCKO/IbKY AaHHble PUTOrOPMOHbI CMOCOOHbI

CTUMYNNPOBATb POCT U TOPMO3UTb NPOLECC
npopactaHus. Kpome Toro, M3BecTHO, YToO 3a-
BUCMMOCTb «A03a — 3hdeKT» ANA ayKCUMHOB
MOeT 6bITb HEMOHOTOHHOW. Pe3ynbTaTbl UC-
cnefoBaHMA MOTYT MOCNYKWUTb OCHOBOM ANA
Pa3BUTUA NpeacTaBNeHuM o cneumduke Guo-
TUYECKUX OTHOLIEHUIM MeXKAY U3YyYEeHHbIMU BU-
AaMM, a TaKKe COBEPLUEHCTBOBAaHMA METOAO0B
npegnoceBHon 06paboTkn cemaH T. aestivum.
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Key words: Summary: To date, the ability of various Azotobacter strains to enterinto symbiosis
Azotobacter with the wheat and regulate its development has not been studied enough. In
Triticum aestivum this regard, we assessed the capacity of strain No. 4 of Azotobacter chroococcum
pigment isolated from the soil of agricultural land in Nizhny Novgorod region (Russia)
lipid peroxidation to influence the seed germination and the state of wheat seedlings (Triticum
growth aestivum L.) when various quantities of cells were introduced into the nutrient
seed germination solution (from 109 cells/ml (A) to A/256) in the first day of the experiment.

It was stated that all cell concentrations except for the smallest one caused
reduced seed germination. Low concentrations (A/256-A/64) did not affect the
wet biomass of seedlings root; medium ones A/32-A/16 increased it. At high
concentrations A/8 the effect disappeared, and the highest concentrations A/4-A
again increased this parameter. As for the wet shoot biomass, a stimulating effect
was caused only by the concentrations A/2 and A/4. Chlorophyll and carotenoids
content, as well as the intensity of lipid peroxidation did not change under the
action of A. chroococcum. Thus, the studied strain of A. chroococcum is capable
of regulating the germination of seeds and the growth of the root system and
shoots of T. aestivum.
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AHHOTaumA: [1anbHEBOCTOUHbLIN NPeaCcTaBUTENb ABYCTBOPYATLIX MOAIO-
CKOB NpUMOpPCKUI rpebeltok Mizuhopecten yessoensis cnocobeH HakKa-
NANBATb KaAMUI B MATKMX TKaHAX 6e3 KaKoro-1mbo BMaAMMOro naTonoru-
yecKoro apdekTa faxe B Tex MecTax 0buTaHumA, rae KagMnin He NpeBblLLa-
eT GOHOBbIX 3HAaYeHMN. [laHHAA yHMKabHAs 0cobeHHOCTb 0bycnoBieHa
Ha/IMuMeMm, No KpanHen mepe B NMULLEBAPUTENBHOW XKeese, y B3POC/bIX
(5-7-neTHunx) ocobelt ABYyX BbICOKOMOJIEKYNAPHbIX MT-noaobHbIX 6en1KoB.
B g4aHHOM MccneaoBaHMM PAcCMOTPEHbI BO3PACTHble 0COOEHHOCTMN HaKo-
NAeHUA U pacnpeaeeHna KagMus B NMLLEBAPUTEIbHOM Kelese Npumop-
cKoro rpebeluka M. yessoensis. PaccMoTpeHbl TPU BO3pPACTHble Fpynnbi:
rofoBasnble, ABYX1ETHMUE U TPeXSeTHUEe NpeacTaBuTenn gaHHoro sMaa. B
X0fe 3KcnepmmeHTa no HakonaeHuto kagmusa (300 mkr/mn CdCI2) yaa-
NIOCb HAMTWU PA3HOBO3PACTHble OCOBEHHOCTU B aKKYMYNAUMM TAMXKENOrO
MeTasiNa B TKAHW MuULLeBapuUTeNbHOM xenesbl M. yessoensis. HailaeHo,
YTO B rof0BasibIX OCOHAX 32 AKKYMYNALMIO KaZMUA B NULLEBAPUTENIbHOM
»Kenese otsevaer MT-nogob6HbIN Kagmuii-cesasbiBatowmin 6enok 120 k/a,
TOrAa KakK K cTagmm nonosospenoctu (3 roga) AaHHbI 6enoK npekpalaeT
CMHTE3MPOBATbLCA MU OCHOBHbIM KaAMWM-CBA3bIBAIOWMM BENKOM CTaHO-
BUTCA MT-nogobHbI 6eN10K C MoNeKYAPHOM Maccoi 72 Kla.
© MeTpo3aBOACKMI FOCYAAPCTBEHHDLIN YHUBEPCUTET

PeueHseHT: N. H. baxmeT

MopnucaHa K neyaTtun: 19 nionAa 2019 roga
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BsegeHue

Mpumopckmn  rpebewok  Mizuhopecten
yessoensis — ABYCTBOPYATbIA MOJIHOCK, Npea-
cTaButenb cemenctsa Pectinidae, obutaetr B
BoAax ANoHcKoro mops. JaHHbIN BUA ABAsSETCA
YHUKa/bHbIM 06bekTOM 6narogapa ero cno-
COBHOCTN HaKaN/MBaTb KaAMWUI B MATKMUX TKa-
HAX AaKe B Tex MmecTax obuTaHus, rae Kagmumn
He npeBblwaeT PoHOBbIX 3HavyeHun (Chelomin,
Belcheva, 1991; Chelomin et al., 1995).

deHoMEH YCTOMUYMBOCTU K KaZMMUIO XOPOLLIO
N3BECTEH B MMUPOBOM nTepaType U obbACHA-
eTca OYHKUMOHMPOBAHMEM B TKaHAX cneuu-
aNbHbIX KaAMWI-CBA3bIBAOLLNX BENKOB MeTa-
notnoHeunHos (MT). MeTannoTMOHEUHbI — 3TO
K/1lacC HU3KOMONEKYNAPHbIX 6enkos (6—7 KAa),
KOTOpble HaWAeHbl Yy MNEeKOMUTAIWMX. ITH
6eNK1, B aMUHOKUC/IOTHOM COCTaBe KOTOPbIX
npucyTtcteyeT 40 30 % uncTenHa, OTHOCATCA K
Knaccmyeckum MT. CuHTE3 aaHHoro Tmna ben-
KOB MHAYLMPYeTCcA Npu NOCTyNnI1eHUn B opra-
HM3M KaK KU3HEHHO Heobxoammbix Cu u Zn,
TaK M B OTBET Ha noctynneHue Cd, Hg n paga
APYrnX TOKCUYHbIX MeTannos. O4HAKo LWKPO-
Koe pacnpocTpaHeHMe MeTaNN10TUOHENHOB He
03HaYaeT, YTo 3TO eANHCTBEHHAs rpynna 6en-
KOB, YYaCTBYIOLLMX B CBA3bIBAHUN U OETOKCU-
Kauumn mMeTansnos, U Npexae Bcero kagmua. Y
HEKOTOPbIX OPraHM3MoB Obln OBHapyKeHbI
pa3nuyHble Cd-cBAsbiBatowme 6enkn ¢ Bapma-
LMAMM B MONEKYNAPHOM Macce, KOAMYEecTBe
LMCTEMHA U aMMHOKUCNOTHOM COCTaBe B Le-
nom. lMNopobHble XapaKTePUCTUKM He NO3BO-
NAKOT OTHECTM 3TU 6enkn K MT Knaccuyeckoro
TMNa, U NO3TOMY OHW MOJYYMAN Ha3BaHWe MT-
nonobHble 6enkn (Ponzano, 2001; Stone, 1986;
Uthe, Chou, 1987).

PaHeeHamunbbinoycTtaHoBneHo (Zhukovskaya
et al., 2012), yTo B NULWEBAPUTENLHOM Kenese
B3poc/bIx ocobel (5—-7 net) npumopckoro rpe-
bewka M. yessoensis 3a cBA3bIBaHWE Kagmua
oTBeyalT aABa MT-noaobHbIx 6enka ¢ mone-
KynAapHoM maccon 72 n 43 kfa. Llenb gaHHom
paboTbl — BbIABUTb OCOBEHHOCTM adanTaumm
rogoBasbiX, ABYX- U TPEXNeTHUX ocobein npu-
MOPCKoro rpebelka M. yessoensis K KagMutio.

MaTtepuanbl

Ocobunpumopckororpebeluka M. yessoensis
6111 0TOO6PaHbI M3 aKBaTOPUKM BYXTbl CeBepHasn
(42 93'N, 131 40' E) 3anuBa MNeTtpa Bennkoro
ANOHCKOro mops, C TEPPUTOPUN MAPUKYNLTYP-
Horo xo3aictea (puc. 1) B utoHe. bbiaun B3ATHI
Tpu rpynnbl rpebeLlwkoB: o4HO-, ABYX- U Tpex-
NeTHMe ocobu. Kaxaana Bo3pacTHas BblOOpKa
coctosana u3 40 ocobeir. MNocne otnoBa mon-
JIIOCKOB TPAHCNOPTUPOBAM B aKBapUyMbl ANs

NPoOBeAEHMA IKCMEPUMEHTA MO HAKOMAEHUIO
Kagamums.

Ocoben M. yessoensis nepepn, sKCnepumeH-
TOM B TedeHuWe 7 gHel nogsepranu npoueccy
afanTaumm B aKBapMymax C asapupyemon npo-
TOYHOM BOAOW W COXPAHEHMEM MNOCTOAHHOW
Temnepatypbl 17 OC. Mocne agantaumun 6biam
OTOOpaHbl KOHTPONbHblE rpebewkn (20 wr.)
KaX[0ro Bo3pacTa, OCTa/ibHbIM B cpeay Aobas-
nann 300 mkr/n CdCI2. UHKy6auuio nposoau-
Nn B TeyeHne 10 AHel C eXxeaHEBHOM CMeHOM
BOAbI.

MeToapbl

Mocne 3KcnepMmeHTa MO MHKybauuu
M. yessoensis c KagMUeM NPOBOAUIN JANlbHEN-
lwre 6MOXMMUYecKMe uccnenoBaHua. Bblae-
neHne MT-nogo6HbIX KagMWUI-CBA3bIBAOLLMX
6enKoB NPOBOAMIN COMNACHO METOAMKE Bblae-
nexHmnsa MT, pa3spaboTaHHOM ANA MOPCKUX bec-
no3BOoHOYHbIX (Roesijadietal., 1989; Thompson,
Sutherland, 1992).

M3  ocobelr npumopckoro  rpebeluka
M. yessoensis Ha Nnbay WM3BAEKanu NuLLEBapU-
TeNIbHYIO Kenesy. 3aTeM ee roMoreHM3npoBa-
nn B 0.02 M Tpuc-HCI 6ydepe pH 8.5 ¢ npucyt-
ctBnem 1 MM PMSF (MHrmbuposaHue npoTeas)
n 10 mM OTT (ans npenoTBpalLeHUa oKucae-
HUA CcynbOrMapUAbHBLIX FPYNn LUCTEMHOBbLIX
OCTATKOB aMMHOKUCAOT 6enKoB). MonyyYeHHbIM
romoreHat ueHTpudyrmposann 50 muH npwm
10000 06./MUH. [loNyYeHHbI cynepHaTaHT
(umTo30nb) 3aTem obpabaTbiBanu (10 muH, 75
0C) ana nonyvyeHma ¢pakuMn TepmocTabunb-
HbIXx 6enkoB. PpaKuuto, coaeprKallyo Tepmo-
CTabunbHble GEeNKKu, TakKe UeHTpUdyrmposa-
an 50 muH npu 10000 06./MUH, NONyYEHHbIN
cynepHaTaHT ocaxganu 50 % auetoHom npu 4
0C B TeyeHue 30 MUH NpK NOCTOAHHOM Nepe-
MeLLMBAHUKM, 3aTeM OCaZOK NnepepacTBoOpAu
N AOBOANAM KOHLEHTpaumto auetoHa o 80 %.
OcaxpaeHne 80 % aueToOHOM NMPOBOAUAM MNPU
-20 OC B TeueHue 12 yacos. Ppakuyuio, coaep-
Xauyro 80 % aueToH, 3aTem LeHTpudyruposa-
A (10 muH npu 10000 06./MUH), NONYyHEHHDbIN
ocagok pecycneHamposanu 8 0.02 M Tpuc-HCI
oydepe pH 8.5 (ppakuusa D).

ANVKBOTY pecycneHaMpOBaHHOIO OCafKa
(ppakums D), copeprkalwero TepmocTabunb-
Hble, YCTOMYMBbIE K aLLeTOHY 6esKku, HaHoCUAn
Ha KOMOHKY Superosa 12 B cucteme FPLC npwu
NOCTOAHHOM ZaB/IEHUWN U C NOCTOAHHBIM TOKOM
0.02 M Tpuc-HCI 6ydepa pH 8.5. Pernctpaumio
BbIxoga ¢pakumin nposoaunm npu A 280 nm
(Shimadzu UV-1800).

dntonpoBaHHble ¢ppakummn nocne FPLC, co-
Aeprawme MT-nogobHble 6enkun, ana maex-
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N

42.0°

3anus lNeTpa Benukoro

130.0° 130.4° 130.8° 131.2°

131.6°

E

132.0° 132.4° 132.8° 133.20

Puc. 1. KapTa mecTa oTbopa pa3HOBO3pacTHbIX ocobei npumopcKoro rpebelka M. yessoensis (byxTa
CesepHas 3anuBa MeTtpa Bennkoro AnoHckoro mops, 42 93'N, 131 40'E)

Fig. 1. The map of sampling stations located in the Sea of Japan (Severnaya Bay of the Peter the Great
Bay 42 93'N, 131 40'E)

TMOMKALMM MONEKYNAPHOro Beca pasgenanu
metogom SDS-anektpodopesa B 9 % nonma-
KpunamugHom rene no metogy J1amau (Laemli,
1970). OkpawwuBaHue o06pasLOB NpPOBOAM-
nm kpacutenem Coomassie blue. B kauvectse
MapKepoB  CTaHAAPTHOrO  MOJIEKY/IAPHOIO
Beca mMcnosb3oBanan cmecb 6enkos (PageRuler
Prestained Protein Ladder), Fermentas
(#SM0671 Lot: 00019482).

CopepaHune metannos (Cd, Zn, Cu) B TKa-
HW NULLEBAPUTENLHOM Kenesbl U coaepiKaHue
KaZMMA Ha KaXKAoMm 3Tane ¢ppakuMoHMpOoBaHUA
N B XpomaTorpadpuyeckmx ppakumsax nsmeps-
M aTOMHO-abcopbLMOoHHbIM cnekTpodoTome-
TPOM C N1AMEHHOM aTOMMU3aLUUEN U KOPPEKLU-
el pentepuesoro ¢oHa (Lnmaasy AA-6800).

CopepaHne benka Ha Kaxgom ctaaum cyb-
KNeTOYHOro GppakLMOHMPOBAHUS U B XPOMATO-
rpaduyeckmx Gpakumax onpeaenanm MeTogom
Noypwu (Lowry et al., 1951).

OUEHKY MHTerpasbHOM aHTUPALMUKAbHOM
aKTUBHOCTM 6enKkoBbix ¢pakuMin NpPoBOAUAU
Ha OCHoBe cnocobHocTM ¢paKuui NoaaBAATb

peakuunto okncneHna ABTS nepoKCUnbHbIMK U
a/NIKOKCUNbHBbIMM  paguKanamu, obpasyowm-
MUCA NPU Tepmuyeckom pasnoxeHun ABAP
(2, 2'-a306uc (2-ammnHoONponaH) ruapoxnopuna)
(Bartosz et al., 1998). CoctaB peaKuMOHHOWM
cmecn: 0.1 M pocdatHbin bydep pH 7.0, 50 mM
ABTS, 200 mM ABAP. U3mepeHuna nposogmnu
npu gavHe BonHbl 414 Hm. BennuumHy aktueHo-
CTU PAcCYUTbIBaAM C MOMOLLbIO Kannbposou-
Horo rpaduka, NOCTPOEHHOro no «TponoKcy»
(BoaopacTBOpMMBII aHanor BuTamumHa E).
CTaTUCTUYECKN 3HaYMMble PasInymna mexay
KOHTPOJIEM U 3KCMepumeHTom bblan onpese-
NleHbl C UCNONb30BAaHMEM OAHOKOMMOHEHTHO-
ro aHanmsa ANOVA. Bce BbiBOAbI cAeNaHbl Ha
OCHOBAHMK He meHee 5 % ypPOBHA 3HAYMMOCTH

Pe3ynbTatbl

B  ocobax npumopckoro  rpebeluka
M. yessoensis pa3Horo so3pacrta (ogHo-, ABYX-
N TPEXNETHUX) B TKaHW NULLLEBAPUTENbHOM Ke-
ne3bl UCcneaoBanu coaepraHue TakMx meTan-
nos, Kak Cd, Zn n Cu (Tabn. 1).
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Tabnuua 1. KoHueHTpaumsa Cd, Zn u Cu MKr/r cyx. Beca B N1LLEBAPUTEIbHOMN Kefie3e 0AHO-, ABYX- U1
TpexneTHux ocobent M. yessoensis
Table 1. Concentrations of Cd, Zn and Cu in the digestive gland of 1-, 2- and 3-year-old scal-
lops M. yessoensis

1 2 3
Bospact
Cd Zn Cu Cd Zn Cu Cd Zn Cu
155 + 132 + 107 + 118 +
+ + + + +
Kontponb 65%2.1 57 13+5.2 56+2.8 6.5 11+0.5 5 35 47 12+0.5
733 + 165 + 17 + 283 + 13 + 321+
+ + +
OnbiT 36 6.4 8.5 135 PS5 a5 gg5  H3E5 1708

MuweBapuTeNbHana Kenesa uccnesyemblx
BO3pacTHbIX rpynn ocoben M. yessoensis co-
AEPKUT BCE TPU UCCeaQyeMblX MeTanna: Kaja-
MW, UMHK M meab. CoaeprkaHue UMHKa B NuLe-
BApPUTENbHOWM Kenese Tpex ncciesyemblx rpynn
KOHTPO/IbHbIX *KMBOTHbIX Bbille, YeM Kagmus.
Mean — HaummeHblwee Konmyectso. COOTHO-
weHne Cd:Zn:Cu B NULLEBAPUTENBHON Kenese
KOHTPO/bHbIX 1+ 0cobein M. yessoensis cocTa-
Bnno 5:12:1, y 2+ ocoben —5:12:1, y 3+ ocoben
—9:10:1. Takum 06pa3om, B KOHTPONbHOM rpyn-
ne ogHO- U ABYXNETHUX rpebelwkos Habnoaa-
Nacb OAMHAKOBAA CNOCOBHOCTb K HAKONAEHUIO
Cd, Zn u Cu.

OAHAKO KOHUEHTpAuuM aKKyMyIMpoBaH-
HOTO KaaMMuA, UMHKA U Megu Y KOHTPObHbIX
rpebeLlwKoB AOCTOBEPHO BbllE Y OAHONETHUX
ocobelt N0 cpaBHEHUIO C ABYXNETKaMU. Y Tpex-
NIETHUX KOHTPOJ/IbHbIX OCOOEei KOHLEeHTpauus
aKKYMY/IMPOBaHHOIO KaAMMA BblLLE B 1BA Pa3a,
OAHAKO LMHK aKKyMy/IMpyeTCcsa B MEeHbLUEN CcTe-
NeHN NO CPABHEHUIO C OAHO- U ABYX1ETKaMM.
Konnuyectso megm octaetca Ha TOM e ypoB-
He.

Mocne wuHKybauum ocobelr NPUMOPCKOro
rpebeuwka kagmuem (300 mkr/n CdCl,) cooTHo-

weHue Cd:Zn:Cu B NULLEBAPUTENIbHON Xenese
Tpex uccnegyembix BO3PACTHbIX rpynn mMsme-
HUNOCb. Y oQHONETHUX ocobel CoOTHOLWEHME
Cd:Zn:Cu coctasuno 43:10:1, y ABYXNE€THUX —
22:7:1, y TpexnetHux — 19:6,5:1. Takum obpa-
30M, HanbosblLee CPOACTBO K KaaMuto Habto-
[aeTca y oAHONETHUX ocobeirr MPMMOPCKOro
rpebellKka B YCNOBUAX BbICOKOrO COAEPrKaHMA
KagMWs B OKpyKatollen cpeae, T. K. UMEHHO B
AaHHOM rpynne HabnogaeTcs caman BbiCOKas
CTeneHb aKKyMynsiLMM TOKCMYHOro MmeTasnna.
C yBenmyeHnem Bo3pacta NpomncxoauT YMeHb-
LUEeHMe CTeNneHM HaKoNeHUs AaHHOIo MeTanna
B NULLLEEBAPUTENbHOM Xenese B ABa pasa, ¢ 733
A0 321 mKr/r cyx. Beca.

1rop

CybKneToyHoe pasgeneHme KagMmusa B NuLLe-
BapMTE/NIbHOW Xefnese rogoBasibix ocober npu-
MOpCKoro rpebewka M. yessoensisnokasano,
yTto 60/blUAA ero YacTb COAEPKMTCA B LMUTO-
NNasmaTu4yeckom GppaKkummn KNeTKkU, Kak y KOH-
TPONbHbIX, TaK U 3KCNEPUMEHTA/IbHbIX XKMBOT-
Hbix. Ha ponto ¢pakumm, copepxkawen MT-
nogobHble 6enkn, npuxoantca 25 % umtonnas-
MaTMYECKOro Kaamms B KOHTpone n bonee 33 %
B 9KCMEpPUMEHTE.

Tabnumua 2. CybkneTouHoe pacnpeaeneHme KagMmmus (MKr/mr 6eska) B N1LLEeBapUTeNbHOM Kelese 04HO-
NeTHMX ocobel npumopckoro rpebeluka M. yessoensis B KOHTPObHbIX U SKCNepUMeEHTaNbHbIX (300 mKr
Cd/n) ycnosusax
Table 2. Cd content in subcellular fractions of the digestive gland of 1-year-old scallops M. yessoensis in
control and experimental conditions (300 pg Cd/l)

HasBaHue npobbi KoHTponb JKCNepumeHT
lfomoreHat 2.8+0.1 100 % 70+£3.5 100 %
LuTtozonb 1.9+0.09 68 % 435+2 62 %

80 % ocagok 0.48 £0.02 25 % 14.5+0.7 33%
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B pe3ynbtate pasgenerHuna ¢pakuymm D meto- C nomowbto SDS-anektTpodopesa obHapyke-
[OM resib-xpomaTtorpaduu 6b1a1 NoayveHbl ABa  HO TPU NATHA, COOTBETCTBYOWMX obnactm 120
KagMUI-coaeprKallimx nnKa, cootsetcteyowmx  KAa, 72 k4a v 43 ka (puc. 2).
6enKkam C BbICOKMM MONEKYNAPHBIM BECOM.

1 2 3
130 a2
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KOHTPOJIb SKCIIePHMEHT

Puc. 2. Xpomatorpadpuueckuii npodunb (FPLC, Superosa 12, A 280 HM) pecycneHAMPOBAHHOMO aLeTOHHOTO
OCaZlKa NULLLEBAPUTENIbHOW ¥Kesesbl 04HONETHMX ocobelt MpumopcKoro rpebelka M. yessoensis (KOHTPO/b U
skcnepumeHT — CdCl, 300 mkr/n) n SDS-anexkTpodopes (9 %) antonposaHHbIx NMKOB (1 1 2) KOHTPONA, OKpa-
wmeaHme Coomassie blue
Fig. 2. Chromatographic profile (FPLC, Superosa 12, A 280 nm) of the resuspended acetone residue (fraction
D) of the digestive gland of 1-years-old scallops M. yessoensis (control and experiment — CdCl, 300 pg/l) and
SDS-electrophoresis (9 %) of the eluted peaks (1 and 2). Coomassie blue stained
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HaliaeHo, yto Bce TpU MAEHTUPULMPOBAH-
HbiX 6e/Ka CBA3bIBAKOT TOKCUYHbIM KaagMUIM Kak

Cd, mer/™r
benka

8

6.6

Ly

| ]

0,026

T

F

120x/]a

k/la

B KOHTPO/JIbHOW, TaK U 3KCNepUMEHTaNIbHOM
rpynnax uccnegyembix MOTIOCKOB (puc. 3).

5 Ny
i,w

09

43 x/la

Puc. 3. Pacnpeaenenune kagmua (MKr/mr 6eska) cpeam MT-nogo6HbIX 6e1K0B NULLLEBAPUTENBHOW XKesle3bl
ofHoONeTHUX ocobelt NpMmopcKoro rpebetka M. yessoensis KOHTPObHOM (1) U aKcnepuMeHTanbHOM (2)
rpynn — CdCl, 300 mkr/n

Fig. 3. The distribution of cadmium (ug/mg of protein) among the MT-like proteins of the digestive gland of
one-year-old scallops M. yessoensis in control (1) and experimental (2) groups (CdCl, 300 pg/I)

Mony4yeHo, YTO B €CTECTBEHHbIX YCNOBUAX Y
rogoBasibix ocoben M. yessoensis KagMuin cBAa-
3bIBAETCA MMaBHbIM 06pasom ¢ 6enkom 43 k/a.
OpHako y ocoben, noaseprHyTbix 0b6paboTKe
KagMMem, NPOUCXOAWUT nepepacnpeseneHue
Kagamusa c 6enka 43 k[a Ha 6enok 120 ka. NH-
TepecHo, YTo H6efIoK C MONEKYNAPHbIM BECOM
72 k[a He MeHAN CBOEro CPOACTBA K KaaMMUIO
BHE 3aBUCMMOCTM OT YC/IOBUI SKCMEPUMEHTA.

N3yyeHne aHTMOKCUAAHTHLIX CBOMCTB MoO-
Ka3aso 3HaAYMTeNIbHOE Pas/inyMe B 3HAYEeHMUAX

Kak Mexay Kaamuin-ceasbiBaloWMMmn 6enkamm
B KOHTPO/IbHbIX MOJIJIIOCKAX, TaK U B 3KCNepu-
MeHTasIbHOW rpynne rpebelwkos. Pe3ynbraThbl
nokasanu (puc. 4), 4To B €CTeCTBEHHOM cpeae
obuTaHMAa KagMUIi-cBA3bIBalOWME Oenku cea-
3bIBAOT aKKYMY/ZIMPOBAHHbIA KagMUn U UMEIOT
cneaytowme 3HauyeHua AO: gna 6enka 120 kla
— 86 mMonb Tponokca/mr 6enka, ans 6enka 72
kOa — 114 mMonb TponoKkca/mr 6enka u ana
6enka 43 kla — 59 mMonb Tponokca/mr 6en-
Ka.
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Puc. 4. AO aktusHoCTb (MMonb Tponokca/mr 6enka) cpeam MT-nogo6HbIX 6€/1K0B NULLLEeBaPUTENbHOM Ke-
Nle3bl 04HONETHUX 0cobel NnpumopcKoro rpebetuka M. yessoensis KOHTPONbHOM (A) U 3KCNepUMEHTaNbHON
rpynn (CdCI2 300 mkr/n) (B) (1 - Cd, 2 - AO akT1BHOCTb)

Fig. 4. AO activity (mM Trolox/mg protein) of MT-like proteins of the digestive gland of one-year-old scallops
M. yessoensis in control (A) and experimental (B) groups (1 - Cd, 2 - AO activity)

B akcnepumeHTanbHbIX YCNOBUAX NPU HAKO-
NAeHUN KagMmua B 6enKax 3HaYeHUA aHTUOKCK-
AaHTHOM (AO) aKTMBHOCTM A5 3TUX e 6enkos
nameHmanco (cm. puc. 4): gna 6enka 120 kfa
aKTMBHOCTb ynana Ao 50 mMonb Tponokca/mr
6enka, ana 6enka 72 ka ysenmuumnacb go 124
MMonb Tponokca/mr 6enka, ana 6enka 43 kfa
yBenmumnnacb Ao 72 mMonb Tponokca/mr 6en-
Ka.

Pe3ynbTaTbl NOKa3anin, 4YTo C yBeAUYEHUEM
CBA3aHHOro KagmuAa B H6enke AO aKTMBHOCTb
6enka cHuxaeTca, U1 HA06opPOT, C YyMEHbLUEHU-
€M CBfI3aHHOro Kagmusa — yBenunymsaetca. Ta-
KMm obpa3om, B rogoBanbix 0cobax npumop-
cKoro rpebewka 6enok 120 k[a BbinonHaet

KagMMN-CBA3bIBaKOLWYO PYHKLMIO, a 6enok 72
K[a — aHTMOKCMAAHTHYIO, B TO BpemMs Kak be-
NOK 48 k[a oTBeYaeT 3a CBA3bIBAaHME KagMUs B
cpeae 6e3 Harpy3ku Kagmmem.

2ropa

CybkneTo4yHoe pasaeneHune KagMmusa B nuLe-
BapuTE/NIbHOW Xenese ABYyXrogoBanbix ocoben
npumopckoro rpebelwka M. yessoensis nokasa-
N0, 4TO 60NbLIAA YACTb KAAMUA COAEPIKUTCA B
MeMbpaHHOM GPaKLMKN Y KOHTPOJIbHbIX 0cobel
(10 % unTonnNasmaTUYECKOro Kagmusa) n y aKc-
NePUMEHTA/IbHbIX XMBOTHbIX (20 %). Ha ponto
bpakumm, cogeprawern MT-nogobHble 6enkuy,
npuxogntca 20 n 25 % B KOHTpPOAIE U IKCNEPU-
MeHTe COOTBETCTBEHHO (Tabn. 3).

Tabauua 3. CybkneTouHoe pacnpegeneHue Kagmusa (MKr/mr 6eka) B NuLLEeBapuUTENIbHOM ¥Keese AByX-
NeTHMX ocobel npumopckoro rpebeluka M. yessoensis B KOHTPOJbHbIX U SKCNePUMEHTaNbHbIX (300 MKr
Cd/n) ycnosusax

Table 3. Cd content in subcellular fractions of the digestive gland of 2-year-old scallops M. yessoensis in
control and experimental conditions (300 pg Cd/l)

HasBaHue npobbi KoHTponb JKCnepumeHT
lfomoreHar 10+£0.3 100 % 402 100 %
Lntosonb 1+0.03 10 % 8+0,4 20%

80 % ocagok 0.2+0.01 20 % 2+0.1 25 %
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OTanynTenbHom 0COBEHHOCTbIO  AaHHOM
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Puc. 5. Xpomatorpadpuuecknin npodpuns (FPLC, Superosa 12, A 280 HM) pecycneHANPOBaHHO-
ro aLLeTOHHOro 0CaAKa NULLEBAPUTENBHOM Keesbl ABYXJETHUX 0cobell NPUMOpPCKOro rpebetu-
ka M. yessoensis (koHTpoAb 1 skcnepumeHT — CdCl, 300 mkr/n)

Fig. 5. Chromatographic profile (FPLC, Superosa 12, A 280 nm) of the resuspended acetone residue (frac-
tion D) of the digestive gland of 2-year-old scallops M. yessoensis (control and experiment — CdCl, 300
ug/l) and SDS-electrophoresis (9 %) of the eluted peaks (1 and 2). Coomassie blue

Kpome TOro, paHHbii 6enok He cBA3bI-
BaeT Kagmuii Boobuie. OCHOBHbIM KaaMWit-
CBA3bIBAIOLWLMM HENKOM ABYXroAoBasiblX OCO-
6elr npumopcKoro rpebelwka Asnaetca 6enok
72 kda (puc. 6). MNMpu 3TOM AaHHLIN 6enok
OTBEYAET 3a CBA3bIBAHME KAAMMA KAK Yy KOH-
TPONbHbIX, TaK M 3KCMNEPUMEHTANbHbIX OCO-
6ein M. yessoensis. B kKoHTpone 6enok cBs3biBa-

eT 0.18 mkr Cd/mr 6enka, a B aKcnepMmeHTanb-
HbIX ycnoBusax B 9 pas 6onbwe (1.6 mkr Cd/mr
6enka). Bropoit naeHTMMUMPOBaHHbIA 6enok
C MoneKynapHom maccoi 43 kla cBA3bIBaeT He-
3HaYUTENbHOE KOIMYEeCTBO KaAMMUA N TONbKO B
aKcnepumeHTanbHbIx ycnosusax (0.1 mkr Cd/mr
6enka).
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Puc. 6. PacnpeaeneHune kagmua (MKr/mr 6eska) cpeam MT-nogo6HbIX 6e1K0B NULLLEBAPUTENBHON XKesesbl
OBYX/IeTHUX 0cobelt npumMmopcKoro rpebeltka M. yessoensis KOHTPONbHOW (1) U aKkcnepumeHTanbHOM (2)
(CdCl, 300 mkr/n) rpynn

Fig. 6. The distribution of cadmium (ug/mg of protein) among the MT-like proteins of the digestive gland of
two-year-old scallops M. yessoensis in control (1) and experimental (2) groups (CdCl, 300 ug/l)

OueHKa aHTUOKCUAAHTHOW  aKTUBHOCTM
NAEHTUPUUMPOBAHHbIX KAAMMUN-CBA3bIBAOLLLNX
6enKkoB y ABYXNEeTHUX ocobeirl NMpPUMOpPCKoro
rpebewka M. yessoensis nokasana 3Ha4uUTeNb-
HOE pas3nMune B 3HAYEHUAX MEeXAY KaaMUM-
CBA3bIBAOWMMM OENKaMN B KOHTPONbHOM U
3KCNepUMeHTaNbHOM rpynnax rpebewkos. Pe-
3yNbTaTbl NOKasanu (puc. 7), 4To B €CTEeCTBEH-
HOM cpefe 0BUTaAHMA KagMMN-CBA3bIBAKOLLMNA
6enok 120 k[la umeeT o4yeHb HM3KYyO AO akK-
TMBHOCTb — 0.086 MMonb Tponokca/mr 6enkKa,
a Npu MHKY6aLMKN C KaAMUEM aKTUBHOCTb pes-

Ko Bo3pacTaeT Ao 59.33 mMonb Tposnokca/mr
6enka. OCHOBHOW KaamMun-cBA3bIBalOWMNI be-
NoK 72 kla He meHAeT AO aKTUBHOCTb. [pn nH-
Kybauum ocobei ¢ KagMmuem akTUBHOCTb AaH-
HOro 6esika NUWeBapUTENbHON XKenesbl NNLWLb
He3Ha4YnTeNbHO CHUXKaeTca ¢ 47 po 42 mMonb
Tponokca/mr 6enka. N 6onee 3HauuTenbHoe
CHUXKeHMe AO aKTMBHOCTUM MOXKHO HabntogaTb
y 6enka 43 k[la: cHuKeHue co 114 mMonb Tpo-
NoKca/Mr 6enKa y KOHTPOJbHbIX MOJIIIOCKOB
Ao 53 mMonb Tponokca/mr 6enka y akcnepu-
MeHTaIbHbIX rpebeLlKoB.
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Puc. 7. AO aktmusHOCTb (MMonb Tponokca/mr 6enka) cpeam MT-noao6HbIX 6€/1K0B NULLLEBapPUTENbHOM Ke-
nesbl ABYXNETHUX 0cobelt npumopcKoro rpebeluka M. yessoensis KOHTPONbHOM (A) U 3KCNEPUMEHTaNbHOM
rpynn (CdCl, 300 mkr/n) (B)

Fig. 7. AO activity (mM Trolox/mg protein) of MT-like proteins of the digestive gland of two-year-old scal-
lops M. yessoensis in control (A) and experimental (B) groups

3ropa

CybkneTouHOE pasgeneHne Kagmms B nuie-
BApPUTENbHOWM XKenese TpexneTHUX ocobei npu-
MOpCKoro rpebewka M. yessoensisnokasano,
yTo nonosuHa (50 %) Kagmua copep:KUTca B
LMTONNA3MaTUYECKOM (PPaKLUM Y KOHTPO/b-

HbiXx ocobein, 40 % aKKYMyNMPOBAHHOIO Kapg-
MMUA — Yy IKCNEPUMEHTANIbHbIX XMBOTHbIX. Ha
ponto dpakumn, cogepkawern MT-nogobHble
6enkun, npuxogutca 30 n 37 % yMTonnasmaTtum-
YeCKOro KaamMuA ANA KOHTPONA U IKCNEePUMEH-
Ta COOTBETCTBEHHO.

Tabnuua 4. CybknetouHoe pacnpeaeneHune Kagmma (MKr/mr 6enka) B NuLLEeBapuUTeNbHOM Kenese Tpex-
NeTHUx ocobel npumopcKoro rpebelka M. yessoensis B KOHTPOJIbHbIX U 9KCNEPUMEHTA/IbHbIX
(300 mkr Cd/n) ychosusax

Table 4. Cd content in subcellular fractions of the digestive gland 3-year-old scallops M. yessoensis in
control and experimental conditions (300 pg Cd/l)

HassaHue npobbl KoHTponb DKCnepumeHT
lomoreHat 201 100 % 50+2.5 100 %
Lutosonb 10+04 50 % 201 40 %

80 % ocagok 3+£0.12 30% 7.5%0.3 37 %

OtanunTenbHo 0COBEHHOCTbIO  AAHHOTO
nccnegyemoro Bo3pacta ABAAETCA NONHOe UC-
yesHoBeHMe 6enka 120 ka n3 ¢ppakuunm nony-
YyeHHbIX MT-nogobHbIx 6enkos (puc. 8). OcHoB-
HaA Po/ib B CBA3bIBAHMM KagMMA NepexoguT Ha
6enok 72 kfa, Kak y ABYXNeTHeWN rpynnbl npu-

MopcKoro rpebewka. OgHako 6enok 43 k[a
cBAsbiBaeT Kagmuin (0.5 mkr Cd/mr 6enka) B
KOHTPO/IbHOM rpynne rpebewkKkos B OTANYMUN OT
OBYXNETOK, Y KOTOPbIX AaHHbIN 6enoK He yya-
CTBYET B CBA3bIBAHUM AAHHOrO MeTana.
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Puc. 8. Xpomatorpaduueckmuii npodunb (FPLC, Superosa 12, A 280 HM) pecycneHAMPOBAHHOMO aLETOHHOTO
OCaZlKa NULLLEBAPUTENbHOW ¥Kese3bl TPeXIETHMX ocobelt npumopcKoro rpebelka M. yessoensis (KOHTPOAb U
skcnepumeHT — CdCl, 300 MKr/n)

Fig. 8. Chromatographic profile (FPLC, Superosa 12, A 280 nm) of the resuspended acetone residue (fraction
D) of the digestive gland of 1-year-old scallops M. yessoensis (control and experiment — CdCl, 300 pg/I) and
SDS-electrophoresis (9 %) of the eluted peaks (1 and 2). Coomassie blue stained

OcobeHHOCTbIO JaHHOrO BO3pacTa ABAA-
eTCA TaKXe KO/IMYEeCTBO CBA3AHHOMO Kagmusa
c 6enkom 72 k[a. B KOHTPO/bHbIX 0CObsAX
M. yessoensis naHHbI 6enoKk cesasbiBaeT 2.08
MKr Cd/mr 6enKa, 4To Bbiwe B 20 pas no cpas-
HEeHUIo ¢ rogoBuYkamu 1 B 11.5 pasa no cpas-
HEHUIo C AByxneTkamu (puc. 9).

AHTWMOKCMAOAHTHAA aKTUBHOCTb MAEHTUMU-
LUMPOBAHHbIX KaaAMWIN-CBA3bIBatOWMX 6enkos
y TpexnetHux ocobein npumopckoro rpebeLu-
Ka M. yessoensis 3HaUUTENbHO OT/IMYaAEeTCA OT
KagMWUI-CBA3bIBAOWMX 6OENKOB OAHONETHUX
ocobelt 1 He3HaUYNTEeNbHO OT/IMYAETCA OT ABYX-
rogoBasbix ocobel npumopcKoro rpebeluka.
Tak, 3HauyeHne AO akTMBHOCTM Benka 72 K[a
HUXKe y TpexneToK B 1.7 pasa Kak B rpynne KoH-
TPONbHbIX MOJIIFOCKOB, TaK U B 3KCMEpPUMEH-
Ta/NIbHOM rpynne no CPaBHEHUIO C OAHO/METKa-
MW. [0 CpaBHEHUIO C ABYXNETKAaMWU 3HaAYeHuA

AO aKtMBHOCTM benka 72 k[la Bbipocno c 42 ao
65.33 mMonb Tponokca/mr 6enka ans KOHTPO-
naunc42 po 72 mMonb Tponokca/mr 6enka ana
3KCNepUMEHTa.

Pe3ynbTaTbl TakKe nokasanu (puc. 10), uTo
B €CTEeCTBEHHOW cpeae Ob6UTAHUA KaaMUM-
cBA3bIBatoOWM 6enok 43 ka umeet AO aKTUB-
HocTb — 110.28 mMonb Tponokca/mr 6enka,
KOTOpasa npu MHKybauum rpebelwkoB c Kag-
MMem pesKo Bo3pactaeT o 153.75 mMonb
Tponokca/mr 6enka, 4to ABnseTcA Havbonee
BbICOKMM noka3aTenem AQO aKTUMBHOCTU cpe-
OV KagMui-cBA3biBatoWMX GeNKoB BCeEX Tpex
nccnegyemblx rpynn. BMAHO, 4TO OCHOBHOW
KagMunN-cBA3bIBaOWMNA 6enok 72 k[la He me-
HAeT AO aKTnsHocTU. benok 43 ka y Tpexnert-
HUX ocobelr nmeetT B 0oCHOBHOM AO ¢yHKLMIO
Npuv NOBbIWEHUN KAaAMUA B cpee.

22



ykoBckaa A. @., CamHbko E. H., Yenomuu B. M. Bo3pacTHble O0COBEHHOCTM afanTauuu MPUMOPCKOro rpebeluka
Mizuhopecten yessoensis k Kagmuio // MpuHumnbl skonornn. 2019. T. 8. Ne 2. C. 12-28.

Cd, msz/mr
benka
4

34

+

e
LA

o1
m/

b
»

]
[

0,5

01
00

72xlla 43 k/[a

Puc. 9. PacnpegeneHune Kaamusa (MKr/mr 6enka) cpeam MT-noaobHbix 6e/1K0B NULLEBaPUTENIbHON XKenesbl
TpexneTHUx ocobel NpuMmopcKoro rpebeluka M. yessoensis KOHTPONbHOM U SKCNePUMEHTaIbHOM rpynn —
Cdcl, 300 MKr/n

Fig. 9. The distribution of cadmium (ug/mg of protein) among the MT-like proteins of the digestive gland of
three-year-old scallops M. yessoensis in control and experimental groups (CdCl, 300 pg/I)
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Puc. 10. AO akTnBHOCTb (MMonb Tponokca/mr 6enka) cpean MT-nogo6HbIX 6€1K0B NULLLEBAPUTENBHOM Ke-
Ne3bl TPEXNETHUX 0cobel NpMuMmopcKoro rpebetuka M. yessoensis KOHTPObHOM (A) U 3KCNepUMEHTaNbHOM
rpynn (CdCl, 300 mkr/n) (B)

Fig. 10. AO activity (mM Trolox/mg protein) of MT-like proteins of the digestive gland of three-year-old scal-
lops M. yessoensis in control (A) and experimental (B) groups
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O6cyxpeHue

B xoge npoBeaeHHOro sKcnepumeHTa no-
NlY4eHo, 4YTo Haubosbliee KONMYeCTBO LMTO-
NAasMaTUYeCcKoro Kaamumsa Habnwopgaetcs B
BO3pacTHOM rpynne 1 roa, meHbllee Konnye-
CTBO Y TPEX/JIETHMX, 3aTemM MAYyT ABYX/JETHME
ocobu M. yessoensis. [JaHHbIA pe3ynbTaT Xa-
paKTepeH KaK ONA KOHTPO/bHbIX MOJI/IFOCKOB,
TaK M AN IKCNepuMeHTanbHbIX. Takum obpa-
30M, pesynbTaTbl 6onee paHHUX wUccnefoBa-
Hu (Benbyesa, 2002) No HaKONNEHUIO KagMmuA
B MAMKMX TKaHAX NPMMOPCKOro rpebellka He-
06x04MMO A0NONHUTL. TaK Kak aBTOPbI He Npo-
BOAMAN UCCNe0BaHMA Ha FOA0BaAbIX 0COHAX U
HeT AAHHbIX MO HAaKOM/JEHWUIO Y OBYXNETOK, TO
Mbl MOXEM CKa3aTb, YTO B BO3PACTHOM rpynne
1-3 roga KOHUEeHTpauuA Kaamma B nuLLeBapm-
TENIbHOW Kefie3e He 3aBUCUT OT pasmepa pa-
KOBWHbI, MO KpanHen mepe ANA CagKOBbIX rpe-
6ewkKoBs. TaK, B Xxo4e 3KCNepMMeHTA NOJTyYeHO,
4yTo rpebeLwkmn 2-ro roga HakanaMBaoT KAagMUIA
B MeHbluem Konumyectse. Mbl npeanonaraem,
YTO AaHHbIM PAKT CBA3AH C TEM, YTO B CaAKOBbIX
YC/IOBMAX MApPUKYNbTYPHOTO XO3ANCTBA NpwU-
MOPCKUI rpebeLlok AocTUraeT Non0BoOM 3peso-
CTW B ABa roga, N03TOMY B A@aHHOM BO3PaCTHOM
rpynne npoucXoamuT MnepecTpoiika meTtabonu-
YECKUX NyTen U AaHHbIA BO3PaCT He ABNSETCA
NMOKa3aTeNbHbIM MPU MU3YYEHUU AKKYMYNALMMK
Kagmua. JaHHbin PaKT NOATBEP)KAAETCA KaK
NPy TKAHEBOM HaKonneHun metannos (Cd, Zn
n Cu), rae MeHblLe BCEro akkyMynMpoBaHbl Me-
TanNbl, TaK U B U3y4eHUU pacnpeseneHna Kaa-
MWA Ha CTaguu CcybKneToyHoro ¢paKkuMoHuU-
pPOBaHWA, r4e Ha AO0NK0 LUTONNA3MATUYECKOTO
KaamuA npuxogmrtca TonbKo 10 % B KOHTpoOse U
20 % B aKcnepumeHTe. B paboTax no nsyyeHuo
HaKOMNEeHNA MEeTaNN0B B MULLEBAPUTENBHOWN
xenese M. yessoensis(CunuHa, 2004) He Han-
AEHO Kaamus y ABYXJIETHUX ocobelt rpebeLlka,
OTOBpPAHHOrO B MIOHE U3 palioHa AMYpPCKUIA 3a-
/B (CMNIbHOE aHTPOMNOreHHoe 3arpAsHeHune), a
Y TpexneTok KagMmuin gocturan 142 mkr/ r cyx.
TKaHMWU.

PacnpepeneHne wn ypoBeHb HaKoNAeHuA
dM3MONOTNYECKM BaXKHbIX METAN/IOB B NULe-
BAPUTENbHOWN Kenese NPUMOPCKOro rpebeLu-
Ka 3aBMCAT OT ce30Ha M Bo3pacTa (benbuesa,
2002). Haubonbluee HakonieHWe MeTanioB
LUMHKa B NULLEBAPUTENIbHOM Kenese Habnoaa-
eTCA B MapTe C yBe/MYEHMEM MACChbl NULLEBA-
pPUTENIbHOM *Kenesbl, a meaun — B utoHe. OgHaKo
aBTOPbl HE paccMaTpuMBaan BO3pacT rpebeluka
MeHbLe 3 neT. HakonneHue Kagmusa He 3aBUCUT
OT Ce30Ha U KOppenupyeT C BbICOTON pPaKoBU-
Hbl. NogobHoe yTBEPXKAEHME MOMKHO CUMTATb

BEPHbIM Npu cobaogeHun ycnosua GOHOBbLIX
KOHLLeHTpaLui KagMua B cpeae. B Hawem aKc-
nepumeHTe, NPOBELEHHOM B UIOHE, BUAHO, YTO
C YBE/IYEHMEM BbICOTbl PaKOBUHbI U, KaK cnea-
CTBME, BO3pacCTa NPOUCXOANT YMEHbLLEHME KO-
INYeCcTBa aKKYMYIMPOBAHHOTO KagMus.

NccnepoBaHMe BO3PaAcTHbIX 0COHBeHHOCTel
HaKOM/NEHUs TAaKMX METaNNoB, KaK Kaamui,
LUMHK U Meab, B NPUMOPCKOM rpebeLlKe Nnposo-
Aannucb paHee (Lukyanova et al., 1993). O6uwe-
NPUHATbIM CYUTAETCA, YTO C YBE/IMYEHNEM MaAC-
Cbl MATKUX TKaHel NpoucxoauT 1 HaKomnaeHue
MeTanoB B bonbwem KOAMYecTBe Yy pasHbIX
npeacrasuTeneit cemencrea Pectinidae (Greig
et al.,, 1978; Mauri et al., 1990; Uthe, Chou,
1987). OgHaKo Halle uccnenoBaHUE YTBEPXK-
[.a€eT, YTO B YC/I0BUAX BbICOKOTO COAEpPKAHUA
KagMua B cpese CTeneHb akKyMyaauummn 3Toro
MeTansa B BO3pacTHo rpynne 1-3 roga He 3a-
BMCUT OT pa3mepa PaKOBUHbLI. Tem He meHee
aKKYMyNAUMA KagMus B MULLEBAPUTENIbHOM
Jenese 3aBUCUT OT Bo3pacTa. Ha apyrux Bu-
nax cemenctsa Pectinidae Bo3pactom B 1 rog
noAob6HbIX UccnefoBaHUM He HanaeHo. Mbl OT-
METU/IN, YTO rO40BUYKMN MPUMOPCKOTO rpebeLu-
Ka aKKyMynmpytoT 6oblue Kagmua B YCIOBUAX
Harpysku Taxkenbim metannom bnarogaps Ha-
JIMYUIO B TKAHW NULLEBAPUTE/IbHOW Kene3bl Bbl-
COKOMONEKYNAPHOTO  KagMUIA-CBA3bIBAOLLENO
MT-nogobHoro 6enka. Tak¥ke MOAYy4eHO, YTO
HauYMHaA C TpexneTHero Bo3pacra NPonCxoauT
cTabunuszaums meTabonMyeckMx npoLeccoB
M OCHOBHAA PO/b B CBA3bIBAHWUW KaaMUA NpPU-
HaanexuT 6enky ¢ MonekynspHbiMm Becom 72
Ka. OgHaKo B UccnenoBaHUAX HA 5—7-eTHUX
0C06AX 6bIN10 YCTAHOB/IEHO, YTO B KOHTPO/IbHbIX
YC/IOBUAX OCHOBHbIM KaAMWM-CBA3bIBAOLWMM
b6enkom sasnsetca 6enok 48 klla, a B ycnoBuax
Harpysku kagmuem — 72 kfa (Zhukovskaya et
al., 2012)

B Hawem nccnesoBaHnmM TakKe Oblia BbiAB-
NneHaunoueHeHacnocobHocTb Cd-cBA3bIBAOLLUX
MT-nogobHbIX 6enkoB NpPoOsBNATb CBOWCTBA
aHTMOKCHAAHTAa B MPUMOPCKOM rpebellke B
OTBET HAa NOCTYMN/JeHWe B OPraHM3M Kaamus.
MN3BEeCTHO, YTO B OTBET HA AENCTBUE MPOOKCU-
[AHTOB OpraHM3M pearnpyetr Kackagom pe-
aKUMA aHTMOKCUAAHTHOW CUCTEMbI — aHTUOK-
CUAAHTHbIM oTBeToM. OgHMM M3 BapMaHTOB
QHTMOKCUAAHTHOM 3aLLMTbl OPraHnu3ma B OTBeT
Ha CTpecc pPas/IMYHOM NpUpOabl B OpraHusme
MOPCKMX HECno3BOHOYHbIX MOBbLIWAETCA YpPO-
BeHb MT (Viarengo et al., 1988; Zapata-Vivenes
et al., 2007). Noatomy 3Tn 6€NKK HepeaKo uc-
NoJIb3yHTCA UCCAeA0BaATENAMM B KavecTse HUo-
MapKepoB cneunduyeckoro ctpecca. B Hawen
paboTte uccnepoBaHMe obLEn aHTUPaaUKaNb-
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HOW akTMBHOCTM MT-noaobHbIX 6eNKoB nuLe-
BAPUTENbHOW Kenesbl NPUMOPCKOro rpebeLu-
Ka M. yessoensis Nnoka3ano, YTo uccinepyemble
6enKn cnocobHbl NOrNOLWATh KUCNOPOAHbIE pa-
AWKanbl, a cnefoBaTesibHO, ABAAIOTCA O4HUM
M3 MEeXaHM3MOB AHTMOKCMAAHTHOM 3aLLUTbI Y
npumopcKoro rpebewwka. CHUMKeHME YpPOBHA
TOSC y uccneayemblx MeTanN-CBA3bIBAOLLIMX
6enKoB y HEenonoBO3pPenoro rpebelka MoxK-
HO paccMaTpmMBaTb KaK MexaHM3M aganTaumu
K YC/NOBUAM W3MEHAIOLWENCA OKpPYXKatoLEen
cpegbl. [laHHble pe3ynbTaTbl COOTHOCATCA C
pe3ynbTaTaMM HA ApYyrux npeacrtaBuTenax
ABYCTBOPYATbLIX MOMIOCKOB. Hanpumep, no-
[ob6Hble MccnenoBaHMA GblM BbINOIHEHbI HA
muamn Mytilus galloprovincialis (Viarengo et
al., 2000), rae aBTOpbl MNOKa3anu, YTO aKKyMy-
JIMPOBAHHbIN KagMuii ceAsbiBaeTca ¢ MT, KoTo-
pble NP1 HETOKCUYHOW A03€e Kaamua obnagatoT
CBOMCTBAMM aHTUOKCUOAHTA.

3aknouyeHue

B pe3ynbraTe npoBeAeHHOIO SKCNepPUMEH-
Ta HaM yA4an0Cb 06HAPYXUTb Pa3HOBO3PACTHbIE

bubnuorpadpumsa

0COBEHHOCTM B HAKOMAEHUM KagMuA y Npu-
MopcKoro rpebewka M. yessoensis. NonyyeHo,
4TO rof0Basible 0c0H6M NPUMOPCKOro rpebeluka
CNocob6HbI CBA3bIBATbL KagAMUA B BOonblleM KO-
NIMYecTBe cpeam nccnegyemolx Bospactos (1, 2
n 3 roga). JaHHaa ocobeHHOCTb cornacyeTcsa C
Ha/IMYMEeM B TKAHW NULLLEBAPUTENbHOM XKenesbl
6enka c monekynapHon maccom 120 kla. ObHa-
PY}EHO, YTO AaHHbIN 6enok TepaeT GyHKUMIO
CBA3bIBAHUA KagmuAa Yy OBYXNETHUX ocobelr U
He CMHTe3NpyeTCca Yy TPexJeTHUX rpebelukos B
NULLEBAPUTENBHON Xenese BoobLLEe, HN B KOH-
TPO/E, HA B OTBET HA BbICOKME KOHLEHTpALMm
Kagmusa B cpege. [lByxnetHne ocobu npumop-
cKoro rpebeluka He CBA3bIBAOT KAaAMUM B KOMIU-
yecTBe, 6IM3KOM MO 3HAYEHMUIO C TPEXSIETHUMMU
M rogoBasbiMm ocobamm rpebellka, B CBA3U C
nepecTpomkon BMOXMMUYECKOro anmnapata wu
nepexogomM MOIFOCKOB K NMOJI0BO3PENol cTa-
ann. TpexnetHne ocobu cTabunmsmpyoT ceom
OMOXMMMYECKMI annapaT agantauuMm K Kagd-
MU0, N UX CNOCOBHOCTb K CBA3bIBAHWUIO KaaMMUA
CpaBHMMa C B3pOC/bIMKU, 5—7 neTHMMHK, ocoba-
mu M. yessoensis.
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Key words: Summary: The scallop Mizuhopecten yessoensis is a Far Eastern representative

MT-like proteins of bivalve mollusks capable of accumulating cadmium in soft tissues without

hea!vy metals any visible pathological effect even in those habitats where cadmium does not

toxicity exceed background values. This unique feature is caused by two MT-like Cd-

bivalve mollusks binding proteins with the molecular mass of 72 and 43 kDa They present at

adaptation least in the tissues of the digestive gland of adult M. yessoensis ( aged 5-7
years), one of the main organs accumulating heavy metals. As for 1-, 2-, 3-year-
old scallops M. yessoensis, their mechanisms of adaptation to cadmium are
unknown. At that, it is the age groups that mainly used in mariculture farms.
Therefore, the aim of this work was to clarify the features of adaptation to
cadmium in these age groups of the M. yessoensis. The scallops M. yessoensis
were obtained from Severnaya Bay of the Northern part of the Peter the Great
Bay of the Sea of Japan (42°93 ‘N, 131°40’ E) and were transported to the labo-
ratory of POI FEB RAS in Vladivostok. Then scallops were exposed to CdCI2 (300
ug/ml). To identify MT-like proteins, standard techniques for the isolation of
MT from marine invertebrates and other necessary biochemical methods were
used. As a result of the experiment on the accumulation of cadmium (300 pg/
ml CdCI2), different age features of the accumulation of such metals as Cd, Zn
and Cu by the digestive gland of M. yessoensis were found. It was stated that
one-year-old scallops are able to bind cadmium to a greater amount than other
investigated age groups. This feature is consistent with the presence of pro-
teins with a molecular weight of 120 kDa in the digestive gland. Whereas in the
two-years old scallops M. yessoensis this protein losses its binding function,
and in 3-year old species its synthesis completely stops. On reaching maturity
(3 years) the main cadmium-binding protein in the digestive gland of M. yes-
soensis becomes MT-like protein 72 kDa. Besides, it was found that in the two-
year-old scallops a rearrangement of metabolism due to the transition to the
mature stage occurred. We assume that due to this reason they do not bind
cadmium in the amount close to 3-year old scallops. Total antioxidant capacity
of Cd-binding proteins in 1-, 2- and 3-year-old scallops M. yessoensis was also
studied. Thus, it was shown that the 1- and 3-years old individuals of M. yes-
soensis have a well-developed system of adaptation to cadmium. It is shown
that these age groups are able to accumulate cadmium both in control condi-
tions and when exposed to sea water with high cadmium content.
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AHHOTauuA: Bnepsble Ha OcHOBe MoApobHOro mccneaoBaHusa Guoso-
rmn cura Coregonus lavaretus cybapKTuyeckoro o3. KyaTcbapBu (HUXK-
Hee TeyeHue p. MacBuK, MypmaHcKas 06/1acTb), ABNAIOLLErOCA OAHUM
n3 Hambosee TEXHOTEHHO 3arpsi3HEHHbIX NMPUPOAHbIX BogoemoB EBpo-
ApPKTMYECKOTO PErMoHa, BblAeNeHbl YETbIPe BHYTPMBUAOBbIE FPYNMMPOB-
KM pbi6: MeaneHHOPACTYLWMIA ManoTbIYMHKOBBIA CUT, BbICTPOPACTYLLMIA
Ma/IOTbIYMHKOBBIA CUT, MEAJIEHHOPACTYLLMUA CPEeAHETbIYMHKOBLIN CWT,
6bICTpOpaCTyLWUI CpeaHeTbIYMHKOBLIN cur. Cneuyannsaums 3TUX CUTroB
Ha onpeaeneHHOM BUAE pecypcoB 0bycnoBAMBaET UX MOPdOIOrnYecKkne
N noBeAeHYecKMe pasnyms, NPoCTPaHCTBEHHYO guddepeHUmnaumio u, B
KOHEYHOM UTOre, Pas3/inyHbIe 3KON0TUYECKME HULLIN.,

© MeTpo3aBOACKUI rOCYAAPCTBEHHbIN YHUBEPCUTET

MonyuyeHa: 18 aekabps 2018 roga

BsegeHue

MonnmopdHble NPecHOBOAHblE BUAbI Pblb
CEBEPHOro nonylwapus, KONOHM3MPOBABLLME
BOAOEMb! AErNAUMPOBaHHbIX PalioHOB B MO-
cnenegHUKOBLIM Nepuoa, ABNAIOTCA LMPOKO
M3y4aeMbIMWU  MOAENSIMM  annonaTpuUYeckmnx
M CMMNATPUYECKUX AUBEPreHuUmMi, KaKk Hulle-
Bbix agantaumn (Schluter, 1996; Bernatchez,
2004; @stbye et al., 2005, 2006; Kahilainen et
al., 2007). Cwur Coregonus lavaretus(L.), Hanbo-
lee PacnpocTpPaHEHHbIN BUA MPECHOBOAHbIX
pbl6 CeBepHoW EBponbl, 06pasyeT MHOMKECTBO
KaK annonatpuyeckmx, Tak U CUMNATPUUYECKUX
dopMm M nonynsuni, pasInYaoWMXCA MOp-
donormen, cTpaTeramm KU3HEHHOro LMKNAa,

MognucaHa K neyatu: 19 nioHs 2019 roaa

akonormyeckumn Huwamm (Kahilainen et al.,
2004, 2006, 2007, 2009, 2014; @stbye et al.,
2005; Kahilainen, @stbye, 2006; Siwertsson et
al., 2008, 2010; Harrod et al., 2010; Praebel et
al., 2013 un ap.). Koppenauma deHoTUN — OKPY-
)alowan cpena NpuMsHaHa BaXKHbIM daKTopom
agantuBHoM paguaumn (Schluter, 2000). B 06-
LLLeM BMAE CYMUTAETCH, YTO AUBEPreHuma y cura
NPOUCXOANT KaK cneumnanmsauma Mcnonb3oBa-
HWSA PEecypcoB OCHOBHbIX 30H BOAOeMa nenaru-
anb (NNaHKTOH) — ninTOopanb (6eHTOC, NNaHKTOH)
— npodyHAanb (beHTOC). OTM 30HbI Pe3Ko pas-
IMYALOTCA YCNIOBUAMM: INTOPANb — XOpoLlas
OCBELLEHHOCTb M MPOrpeBaemocTb, 6osblioe
BMAOBOE pa3Hoobpasme NULLEBbIX OPraHuUs-
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MOB; NpodyHAANb — HM3KAA OCBELLEHHOCTb,
C/NIOXKHbIM ra3oBbI M TEMMNEPATYPHbIE PEXUMBI,
orpaHMYeHHble pecypcbl beHToca; nenarvanb
npeacraBaseT cobol OTAMYHYIO OT npeablay-
LLMX CTPYKTYPHO OAHOPOAHYIO cpeay 0buTaHumA
C AOCTYNMHbIMW pecypcamm 300M1aHKTOHa. Ons
6onee 3pPEKTUBHOIO MUCMNONb30BAHUA UX KOH-
KPETHbIX MULLEBbLIX PEecypcoB TpebytoTca mop-
donormyeckme aganTaumm, CBA3aHHble, Kak npa-
BM10, C KOHPUIYpPaLUAMM FONOBbI, YENHOCTEN U
}abepHbIx TbIYMHOK (Schluter, 1996). Mpu aToM
$dopMa U YNCNEHHOCTb *KabepHbIX TbIYMHOK, OT-
Beyaowmx 3a 3PpPeKTUBHOCTb yaepKaHuUs O0-
6bluK, ABNAOTCA ONpeAensowmMm aaanTUBHbLIM
npusHakom (PeweTHukos, 1980; Friedland et
al., 2006). Y curos uncno xabepHbix TbIYMHOK
ABNAETCA reHeTM4yeckn obycnosneHHon ¢eHo-
TUMWYECKOWN YepTOM, MCNONb3yeMon Ans pas-
AeNneHns cumnaTpuyeckmx mopoos, Gopm mnm
aKkoTunoB (PeweTHMKoB, 1980). N3yyeHune oco-
6eHHOCTEN BHYTPMBOAOEMHOWM CTPYKTYpbl MO-
NyNAUMM CUra Pa3NYHbIX 03ep, B TOM YnCie U
NCNbITbIBAOLLMX PAa3HOYPOBHEBbIE aHTPOMNOreH-
Hble Harpysku, NO3BO/SIET MNOHATb MEXaHU3MbI
afanTaumm nonynaunmn m HanpaeaeHHOCTb 3BO-
NOUMOHHbIX Npoueccos (MuHa, 1986; Skulason
et al., 1999; Robinson, Parsons, 2002). B atom
nnaHe oAHa U3 KpynHeuwux Ha cesepe Espo-
Nbl 03epHO-peyHaa cmctema MHapu — lacBuK
(bacceliH bapeHugeBa Mops) ABNAETCA YHUKaNb-
HbIM 0ObBEKTOM, coyeTalowmMm MHOroobpasue
NPUPOAHbLIX U @aHTPOMOTrEHHbIX YCNOBUMA, BKAO-
YyaAa pa3Hoobpasme pacTUTENbHbIX 30H (Taura,
Neco-TyHApPa, TYHAPA), CIOXKHYH reoN0rnio Bo-
pocbopHoi Tepputopun (Melezhik et al., 1994),
3aperynmpoBaHHbIN Kackagom MIC cToK, rpaau-
€HTHbI YPOBEHb NMPOMbIWIEHHOIO 3arpasHe-
HuA (Moiseenko et al., 1994), BbICOKMIA yPOBEHb
pa3BUTUA aKBaKyNbTypbl, 00ycnaBAMBatOWMMNA
WMHBa3MKN HOBbIX BUAOB U dopm (Amundsen et
al., 1999). Cpeau pbib Hanbosnee MHOTOYUC/IEH-
HbIM BUAOM ABNAETCA CUT, ANA KOTOPOro onmnca-
Hbl ABE€ OCHOBHble GOPMbI: Ma/IOTbIYMHKOBbIN
— beHTOdar, obuTalWKUA NPEUMYLLECTBEHHO
B /INTOPanbHOM M NpPOdyHAANbHOM 30HAX, W
CpeaHEeTbIYMHKOBbIM — MAaHKTOHOdar, obu-
Taowun B nenarvanu (/lykmu, Kawynumu, 1991;
Ngst et al., 1992; Amundsen et al., 1993, 2006;
Moiseenko et al., 1994; KawynuH, PelneTHMKOB,
1995). Pag, aBTOPOB TaKKe BbIAENAT MENKUX
Ma/IOTbIYMHKOBbIX U CPeAHETbIYNHKOBBIX CUTOB,
obuTaloWMX COBMECTHO C KPYMHbIMU CUramu
atux popm (Kahilainen et al., 2004, 2006, 2007,
2009, 2014; @stbye et al., 2005; Kahilainen,
@stbye, 2006; Siwertsson et al., 2008, 2010;
Harrod et al., 2010; Praebel et al., 2013 n ap.).
03. KyaTcbapBM BXOANUT B NPUAATOYHYIO CU-
ctemy p. LLyoHUIMOKK, BNagatowein B HUKHee

TeyeHuu p. MNacBuK, n ABNAETCA OAHUM U3 HaK-
H6onee TeXHOreHHO 3arpA3HeHHbIX NPUPOLHbIX
BogoemoB EBpo-ApKTuyeckoro permoHa (Kauwy-
NMH 1 ap., 1999). B pesynbrate AeATeNbHOCTU
PacnoONOXeHHbIX Ha ero beperax NAaBUIbHbIX
LEeX0B MeTannypruyeckoro KombuHata «[le-
YyeHraHuKkenb» B Bogax (KawynuH u ap., 2013;
Ylikorkko et al., 2014) n AOHHbIX OTNOXKEHUSAX
(Dauvalter et al., 2010; KawynuH u ap., 2013)
03epa OTMEYAlTCA Ype3BblYaliHO BbICOKME
KOHUEHTpaUUM TAXKeNbIX meTannos. Hecmo-
TPA Ha cneumduyeckme NPUPOLHbIE YCA0BUA U
QHTPONOreHHoe 3arpA3HeHne o3epa, Nepexos
CMra Ha KOPOTKOUMKAOBYIO CTpATeruio BbIXKW-
BaHMA NO3BONAET eMy NOAOEPKMBATb BbICO-
Kyt YMcneHHocTb nonynauum (KawynuH m gp.,
1999; PeweTHUKoB U ap., 1999). 3aecb Bnep-
Bble Oblla onMMcaHa NonyasauMsa Camoro men-
KOro cura, HepecTALWeroca Ha NepsoM-BTOPOM
rogy *WM3Hu Npu OOCTUXKeHue pasmepoB 7-9
CM npu obLler NPoJOMKUTENBHOCTU KU3IHU
Tpu-yeTbipe roaa (/lykmH, Kawynuu, 1991; Pe-
LWEeTHUKOB 1 Ap., 1997). B To *Ke Bpema B 03epe
NPUCYTCTBYIOT CUTK, OTINYatoWwmeca mopdono-
rmen, 6onee BbICOKMMMU PA3MeEPHO-BECOBbIMMU
noKasatenamu, No3gHUMKU CPOKamMK Co3peBa-
HMA M OTCYTCTBMEM TUMUYHbIX NAaTONOMMYECKUX
TpaHchOpMaUMA BHYTPEHHMUX OPraHOB M TKa-
Hen. OA4HaAKO AeTanbHOro nsyvyeHma mopdono-
MKW 1 pacnpegeneHns cumnaTpuyecknx Gopm
cura 03. KyatcbApsu paHee He NPOBOANNOCD.
Lenb HactoAweln paboTbl — NpoBecTM aHa-
3 MmopdoNornyecknx ocobeHHocTen, nony-
NALMNOHHOM CTPYKTYpPbl, NapamMeTpOB KU3HEH-
HOro UMKAa n TpodUYeCKUX CBA3EN Bblaense-
MbIX Gopm cura 03. KyaTcbapBM A15 OLLEHKM UX
B3aMMOOTHOLLEHWI BHYTPWU BO4OEMA.

Matepuanbl

Xapakmepucmuka sodoema. O3. Kyatcbap-
BM (nnowaab o3epa 17.0 KM?, mMaKcumanb-
Haa rnybuHa 37 m) ABAAETCA YacTbio O3epHO-
PEYHON CUCTEMbI MOrPAHMYHON peKu lMacBuk,
C KOTOpOW coeauHsaeTcss He60NbLIOM NPOTOKOM
(puc. 1). O3epo negHUKOBOTO MPOUCXOXKAE-
HUWA, BbITAHYTOE B MepuaMasibHOM Hanpas/e-
HMe annHon 11.6 Km, Hanbonblen WNUPUHOM
2.8 KM, ycnoBHbIM BogoobmeH — 1.55. bepera
03epa BbICOKME, NOPOCLLIMEe COCHOBbIMU neca-
MU M NOKPbITble ropHbIMK nycTowamu. Mo Ka-
4yecTBY BOJ, 03epo ABAAETCA OAHUM U3 CaMbIX
3arpA3HeHHbIx B MypmaHckoin obnactu. Yepes
p. Konoc-mokn OHO nonyyaer CTOYHble BOAbI
KombuHata «leyeHraHnkenb». OCHOBHbIMM
3arpAasHalowmmm snemeHtTamum asaatotca Ni, Cu
n Co, a TaKKe ConyTCTBYHOLWME XaNbKOPU/bHbIE
anemeHTbl — Pb, As, Cd u Hg. Bonblioe BAnAHue
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OKa3blBAlOT TOKCUYHblE coeauHeHUs (OKUCAbI
cepbl, a30Ta, TAXKesible MeTan/bl), BbibpacblBa-
emMble B aTmocdepy U ocarkgarowmeca Ha Tep-
putopun Bogocbopa. Boga B 03epe asnserca
HEMUTPaNIbHOM N XapaKTepusyeTca 3HaYEeHUAMM
obuwen mruHepanmsaumm B cpegHem 69.0 mr/n un
LLLeNIOYHOCTU B cpeaHem 286 MKaKB/ . KoHueH-
Tpauuu Ni coctasnatoT 106 (74-182) mkr/na, Cu
— 8.6 (4.5-15.2) mkr/n. Mo coaepkaHuto 6uo-
FeHHbIX 31EMEHTOB 03€P0 XapaKTepPM3yeTcs Kak
aBTpodHoe. Hanbonbliaa KoHUEHTpauma P 6u B
o3epe (8o 60 mKr/n) u N (mo 390 MKI’/J'Is oT-
MeYaeTca B NeTHUI nepuog. BennumHol Koad-
dnumMeHTa 3arpA3HEHUsA AOHHbIX OT/IOMKEHWM
3TUMM 3/1EMEeHTaMM HaxoaAaATca B npegenax ot
33.5 po 125.7, a cteneHb obLLero 3arpAsHeHns
TAXKENbIMM METaN1IaM, paccymUTaHHadA 4s1a 3Toro
03epa, coctasnsaet 240.1 n oTHOCUTCA, NO KNac-
cudumkaumm J1. XokaHcoHa (1980), K BbICOKO.

CoobuwectBa ¢uTONNAHKTOHA 03. KyaTCbApBM
HacunTbiBatoT 54 BMAA, Cpeayn KOTOpbIX SOMMU-
HUPYIOT AMATOMOBbIE, OT/IMYAIOTCA BbICOKMMM
nokasatenamu nnotHoctn (6onee 1700 r/m3)
(lWapos, 2000). 300nnaHKTOH O3epa Becbma
Pa3BUT, MJOTHOCTb BETBUCTOYCbIX WU BEC/IOHO-
rmx padkos o 80000 3k3./m* (AkoBnes un ap.,
1991; Noest et al., 1992). Konnyectso Bnaos
3006eHTOCa npesbiwaeT 20, cpean KOTOpPbIX
OOMUHUPYIOT XMpoHomuabl (60—80 %). CocTas
nxtmodayHol O3epa BK/OYaAET npeacTaBuTe-
Nen AeBATU BUA0B, OTHOCALLMXCA K BOCbMU Cce-
mencTBam pblb6: Kymxka — Salmotrutta, cur, pa-
nywka —  Coregonus  albula, Xapu-
yc - Thumallusthumallus, LLLYKa
— Esox lucius, okyHb — Perca fluviatilis, Hanum
— Lota lota, ronbaH — Phoxinus phoxinus, ness-
TUUINaa KoNwWwkKa — Pungitius pungitius.

Puc. 1. KapTa-cxema 03. KyaTcbapBu 1 mecta cbopa uxtnmonorndeckux npob (e) s 2015 r.
Fig. 1. Map-scheme of Kuetsyarvi lake and gathering sites of ichthyological samples (®) in 2015
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Memodel omanosa pbibbl u 0b6vem
cobpaHHo20 mamepuana. Pbiby oTnaBansanu
B ceHTabpe 2015 r. cTaHAapTHbIMM Habopamm
CTaBHbIX }KabepHbIx ceTein U3 MOHOPUNAMEHTA.
Mecta otnoBa npeactaBneHbl Ha puc. 1. B
NINTOpPanbHOM 30He (Ha rybuHe 1.5-3 m)
YCTaHaBAMBAIUCL CETU AJIMHOM 25 M, BbICOTOM
1.5 m u pasmepom Adenm 10-60 mm (4TO
obecneymBano BbIIOB pPbibbl ANMHOM 2 5 cm).
Cetn ycTaHaBamMBanucb nopAgkamm no 1-2
ceTM nepneHaukynspHo bepery B mectax ¢
NecyaHo-rPaBUNHLIMU OTMENAMMU U KPYNMHbIMM
Ba/ZIYyHHbIMW OTNOXeHUAMU. B npodyHaanbHOM
30He c rybuHamm 6onee 18 m ncnonb3oBanocb
80 10 pa3HOAYEUCTbIX CeTel B OAMH NOPALOK.
B nenarnuyeckol 3oHe Bogoema pnsa oTbopa
MXTUOJIOTUYECKOTO MaTepuana MNPUMEHSNUCH
NAaBHble MyNbTMPA3MepHble CeTU BbiCOTON 3
M. Bcero 6bin10 BblioBneHO 199 aK3emnaapos
cura.

MeTtoapbl

Memodsio6pabomku pbibbl. Kaxkaan pbiba
6blna NpoHymepoBaHa M cdoTorpadmpoBaHa
umpposbim Potoannapatom Nikon d610 c
ob6bekTMBom60mmf/2.8GED AF-S Micro-Nikkor
(Boukapesa, 3yiKkoBa, 2007). Janee obpaboTKa
MaTepuana npoBogMaacb MO CTAaHAAPTHOWM
meTtoguke (Cupopos, PeweTtHuKkos, 2014). Ana
BbIAENEHUA BHYTPUBUAOBbLIX TFPYNMNUPOBOK Y
nccneayembix CUros MOACYUTLIBANU TbIYMHKM
Ha NepBoOW kabepHoi ayre. U3mepeHUa 4NNHbI
abepHon AyrM U Haubonbluen KabepHoi
TbIYMHKM MPOBOAUAUCE NOA, BUHOKYNAPOM C
NMOMOLLbIO  OKynap-muKpomeTpa (MpaBauH,
1966). PacctosaHMe mexay KabepHbimu
TblYMHKAMM BbluMCAANOCE NO MeToamke K.
Kahilainen u K. @stbye (2006). Mo nony4yeHHbIM
M306parKeHnsm  MNpPoOBOAMAWUCL  MPOCYETHI
ynucna npoboaeHHbIX Yewyhn B HBOKOBOM
JMHUM CUFOB M C MOMOLLBI MPOrpammbl
Imagel) namepeHMa NAacTMYECKUX NPU3HAKOB
pblb6. Konnyectso n cxema npomepos — no K.
Kahilainen n K. @stbye (2006) ¢ He6onbLMMM
N3MEHEHUAMMU. CpaBHeHue BbI6OPOK
NpPoBOAMAN CNOMOLLbIO t-KpuTepua CTbloAeHTa,
a TaKXKe C TMNOMOLLb MeToAda [MaBHbIX
KOMMOHEHT B nporpamme Statistica. lNepeg
MCNONb30BaHMEM  METOAOB  MHOrOMEpPHOM
CTAaTUCTMKKN abCONMOTHbIE 3HAYEHUA NMPU3HAKOB
6binM npeobpasosaHbl (Darroch, Mosimann,
1985; Mosimann, 1970), wucnonb3oBanachb
KoBapuauMoOHHana maTtpuua. WccnepoBaHue
TEMNOB /IMHEMHOrO poOCTa Cura Mo uvewye

nNpoBOAMAOCL COMlacHO MmeTogmke E. M.
3y6oBoi (2015). Cogepkumoe Kenyakos 6bin0
nccnenoBaHO TOIbKO Yy 27 3K3eMNIAPOB CUra,
oTnoBneHHbIXx B 2015 ., 1 48 curos, cobpaHHbIX
B82012-2013 rr., no TOM e meToauke. HKenygKku
CUroB u3BAeKanucb U ¢puKkcnposannce B 70
% pacTBOpe 3TUNOBOrO CNMpTa B TeYeHue
1-1.5 wyaca. MaTtepmnan obpabatbiBancs B
Nnabopatopun ¢ UCNONb30BAHMEM MUKPOCKONaA
(MeTtogunueckoe...,, 1974). O6BEKTbI NUTaAHUA

onpepensnmMcb A0 CeMencTsa WaM  poaa
(Onpegenutens..., 1977). [Ons  OUEHKM
pPa3mMepHOM WM3MEHYMBOCTM MNUTAHWUA CUra

n3 o3epa 6bln BblgeneHbl 4 pasmepHble
rpynnuposku cura: 100-199 mm, 200-299
MM, 300-399 mm 1 400-499 mm (Kahilainen,
@stbye, 2006).

Pe3ynbTatbl
Mopdgonozusa. Cur 03. Kyatcbapswu
npeacTaBaeH ABYMSA OCHOBHbIMM

6MMOopanbHO pacnpeaeneHHbiIMU Gopmamm —
ManoTbluMHKOBOM (Aanee SR—sparsely rakered)
n cpegHeTbluMHKoBOM (DR — densely rakered),
C YNCNOM TbIYMHOK Ha NepBoi KabepHol ayre
COOTBETCTBEHHO OT 17 go 27 (22.7 + 0.29) u
oT 27 po 42 (32.4 + 0.23) (puc. 2). DR 6bin
H6onee MHOroOYMCNEHHbIM MO CPaBHEHMUIO C SR.
CooTHoweHue aByx ¢opm B Nnpobax cocTaBmIo
B cpeaHem 2:1.

AHanuns wun3obpaxkeHu curos nossonnet
BblA€NTb  [AOMNOJIHUTENbHbIE  TPYNMUPOBKM
cura, pasanyarowmecs CTPOEHWEeM TON0Bbl.
Y SRecTpeyanucb ocobu: 1) ¢ 6bonbwmm rna-
30M, BblPa*KEHHbIM HUXHUM PTOM, TYMbIM Pbl-
nom (puc. 3a) (manee SR1); 2) ¢ HebonblUM
rNasom, MONYHMMKHUM WA KOHEYHbIM PTOM,
ocTpbim pbliom (puc. 3b) (SR2). Y DR BcTpe-
Yanucb ocobu: 1) ¢ BblparkeHHbIM 60/bLIMM
rnasom, BepxHum ptom (puc. 3c) (DR1); 2) c
Heb6O0NbLIMM rNa3oMm, MONYHUKHUM UIN KOHEeY-
HbIM PTOM, OCTPbIM pblsiom (puc. 3c) (DR2). Mpwm
3TOM rpynnupoBKn SR2 n DR2 no mopdonornu
YyacTer rosioBbl NPAKTUYECKM HEe Pas/Inyanncb
(puc. 3b, c) n ux BblgENEHME OCHOBAHO TOMBLKO
Ha cTpoeHue abepHoro annaparta. CooTHoLwe-
HWEe YNCNEHHOCTM YeTblpex rpynn cura cocras-
nano SR1 29.1 % (58 ak3.) : SR2 3.5 % (7 3K3.)
: DR1 34.7 % (69 3K3.) : DR2 32.7 % (65 3k3.).
Bonblwasn vactb SR1 (59 %) 6bina BbiNOBNEHA B
npodyHAanbHOM Yyactm o3epa (Tabn. 1), SR2 —8
nuntopanbHon Yactu (57 %); 64 % DR1 6bin10 BblI-
noBneHo B nenarnanu, DR2 — B nutopanbHOMU
yactm o3epa (55 %) (cm. Tabn. 1).
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O ManoTbIYMHKOBbLIA CUT

o D UL EIII“I‘IIIII!

Yumcno poib

BcpeaHeTbIYKUH KOBbIA CUr

17 19 ‘21 23 25 27 '29 31 33 35 37 39 41
YMcno TeIYMHOK Ha nepBoi xxabepHoWn ayre

Puc. 2. PacnpeneneHune cMros no YMcay TblYMHOK Ha NepBoi KabepHol gyre B 03. Kyatcbapsu, 2015 .

Fig. 2. The distribution of whitefish according to the gill raker number on the first branchial arch in lake
Kuetsjarvi, 2015

Tabnnua 1. PacnpeaeneHme BHYTPUBUAOBbIX FPYNMNMPOBOK CUIa NO 3KONOTMYECKMM 30HAM
03. Kyatcbapsn, 2015 .

MecTo Bbl/IOBa SR1 (58) SR2 (7) DR1 (69) DR2 (65)
Jlntopanb 38% 57 % 12 % 55%
Menarvanb 3% 64 % 23%

MpodyHAanb 59 % 43 % 24 % 22 %

MpumeyaHune. 34ecb U B Tabanuax U PUCYHKAX, PacnoNnoXeHHbIX HuKe: SR1 — ManoTbIYMHKOBLIN cuUr
1, SR2 — manoTbl4MHKOBbIN cur 2, DR1 — cpegHeTbluMHKOBbIN cur 1, DR2 — cpegHeTbIMMHKOBBIN cUT 2; B

CKobKax npeacTtaBieHO YNCI0 SK3eMNIAPOB.

B tabn. 2 npeacrtaBneHbl 2 cyeTHbIX U 18
NnaacTUYeckMx Mopdonormyeckmx npusHaka
curos 03. KyaTcbapBu M ux macca. Monosble
pa3nnMumMAa No 3STMM Npu3Hakam He obHapyKe-
Hbl.

BblgeneHHble rpynnupoBKM cura pas-
nmyanuce (p < 0.01) nAuHelHO-BECOBbIMM
XapaKTEPUCTUKAMWN, OHM YMEHbLUANUCL B
psaay: SR2> DR2 > SR1 > DR1 (cm. Tabn. 2).

CTpoeHue abepHoro annaparta (4Mcao Tbl-
YMHOK Ha NepBOW }KabepHoW ayre, OTHOCUTENb-
Hble A/MHbI HanbonbLen KabepHOM ThIUMHKK
N kabepHon ayrn) YeTbipex rpynnMpPoBOK cura
pa3nmyanock (p < 0.05): DR1 > DR2 > SR2 > SR
1 (cm. Tabn. 2). PaccToaHMe mexAay TblYMHKaMMU
6b110 3HauYnMo 6onblie y SR1 n SR2. Qnarpam-
Ma YaCTOTHOrO pacrnpeseneHma YeTbipex rpyn-
MUPOBOK CUra Mo YMUCAY TbIYMHOK NpeacTase-
Ha Ha puc. 4.
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(a)

Puc. 3. BHeWHMI BUG ManoTbluMHKOBOTO (@ — 184 mm, 5+ neT; b — 166 mm, 2+ neT) U cpeaHeTbIMMHKOBO-
ro (c—143 mm, 5+ net; d — 179 mm, 2+ neT) curos u3 03. Kyatcbapsu, 2015 .
Fig. 3. The appearance of sparsely rakered (a — 184 mm, 5+ years; b — 166 mm, 2+ years) and densely
rakered (c — 143 mm, 5+ years; d — 179 mm, 2+ years) whitefish from lake Kuetsjarvi, 2015
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(c)

Puc. 3. BHeWHMI BUA ManoTbluMHKOBOIO (@ — 184 mm, 5+ neT; b — 166 mm, 2+ neT) U cpeaHeTbIMMHKOBO-
ro (c— 143 mm, 5+ net; d — 179 mm, 2+ net) curos 13 03. Kyatcbapsu, 2015 .

Fig. 3. The appearance of sparsely rakered (a — 184 mm, 5+ years; b — 166 mm, 2+ years) and densely
rakered (c — 143 mm, 5+ years; d — 179 mm, 2+ years) whitefish from lake Kuetsjarvi, 2015
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Tabnvua 2. 3HaYeHMA HEKOTOPbIX MPOMEPOB TeNa BHYTPUBMAOBbIX FPYNMMPOBOK c1ra 13 03. Kyatcbapswy,

2015r.
Mpu3sHakm SR1 (58) SR2 (7) DR1 (69) DR2 (65)
Oauna (FL), Mm 169.6 + 4.09 2322.';; 114.9+1.62 195.3 +4.40
Macca, r 5494461 )0 146$092 87.2£732
Meno ThiumHoK fyr”:pBO“ KABEPHOM 57 51030 2494051 33.6£0.37 31.9%0.26
Tblqﬂﬂt:ﬁ%%ﬁ?}f;ﬂfi(:‘gf;f:;iym 11.1+0.23 12.2+060 20.1+0.41 15.60.33
PacctoaHne mexay TblYMMHKaAMM, MM 0.9+0.03 0.8+0.11 0.4+0.01 0.7 £0.02
Hucno '%p°604‘3”“"'x Hewyi 8 8424052 91.0£2.04 843+047 90.0%0.56
OKOBOW NINHUU
% FL
OnvHa kabepHolt ayru 12.0+0.16 11.1+0.18 12.7+0.14 11.2+0.12
OnvHa pbina 4,5+0.08 43 +0.28 4.8 +0.09 4.2 £0.09
[OpW30OHTaNbHbIA AMaAaMeTp rnasa 5.4 +£0.08 43+0.22 6.1+£0.06 4.6 £0.06
BepTuKanbHbIN AMameTp rnasa 5.3+0.16 4.5+ 0.57 6.0 £0.09 4,7+0.14
3arnasHUYHbINA OTAEN roN0BbI 10.7+£0.14 9.7+£0.32 10.3+£0.15 9.6+0.13
OnvHa BepxXHen 4entocTu 5.9+0.09 5.1+0.28 7.2+0.12 5.3+0.09
JONVHa HUMKHEN YentocTu 8.6+0.13 7.9+0.37 10.1+0.14 8.1+0.13
JnvHa ronosbl 199+0.24 17.8+0.82 21.1+0.30 17.7+0.24
BbicoTa ronoBbl y 3aTbl/Ka 14.8+0.12 13.3+0.23 144+0.09 13.4+0.09
Hanbonbluan BbicoTa Tena 21.3+0.22 22.0+085 19.0%0.17 20.5%+0.22
HanmeHbLuan BbicoTa Tena 6.7 £0.04 7.3+0.18 6.4 +0.03 6.8 +0.04
JAVHA CNMHHOrO NAaBHUKA 16.7+£0.25 16.5+0.56 16.0+0.28 15.6%+0.21
OnvHa rpyaHoro naasHUKa 16.6+0.30 146+0.62 159+0.27 13.910.20
[nnHa 6ptolHOro NaaBHMKa 14.0+0.26 13.0+0.64 13.4+0.25 12.8+0.20
AnvHa aHanbHOro NNaBHUKA 9.6 £0.18 8.9+0.38 8.8+0.17 8.6+0.16

MpumeyaHue. 3aecb 1 B Tabn. 3, 4, 6, 7 npeacTaBaeHbl CpeHMe 3HaYEeHMA NPU3HAKOB U UX OLLUMOKMU.

36



3y6o.a E. M., KawynuH H. A., TepeHTbes . M. Buotuyeckaa cumnaTpus cura Coregonus lavaretus (L.) 03. KyaTcbapsu
(cuctema p. NacBuK, MypmaHckas obnactb) // MpuHumnbl akonornn. 2019. T. 8. Ne 2. C. 29-51.

O5R1
16

12

Yucno peib

B

o N & O 0
|

Tnﬂ

m5SR2

B DR1 ODR2

lh 1 .

17 19 21 23 25 27 29 31 33 35 37 39 41

Yuncno TelYMHOK Ha Nepeou xabepHon ayre

Puc. 4. PacnpeseneHune BHYTPUBUAOBbIX FPYMNMNMPOBOK CUra MO YMCAY ThIYMHOK Ha NepBoli }KabepHolt ayre B
03. KyaTtcbapsu, 2015 .
Fig. 4. The distribution of intraspecific groups of whitefish according to the gill raker number on the first
branchial arch from lake Kuetsjarvi, 2015

OTHOCUTeNbHble MoOKasaTenn mopdono-
rmn ronosbl y SR2 n DR2 3Haunmo He pas-
I4annucb, B TO BpPeMA KaK rpynnmpoBKu
cura SR1 v DR1 pasnnyannucb No CTPOEHUIO
ro/IoBbl APYr OT Apyra n ot SR2-DR2 (cm. Tabn.
2). Tak, camblii bonbluoM gnameTp rnasa (ropum-
30HTa/IbHbIN U BEPTUKA/IbHbIN) UMena rpynnu-
poBKa DR1 (p < 0.001), 4yTb MeHbLUNI ANAMETP
— SR1, SR2 v DR2 (cm. Tabn. 2). To e camoe
MOXHO CKa3aTb M O APYrnx nokasaTenax ro-
NIOBbI, KPOME ee 3ar1a3HUYHOro oTaena M Bbl-
COTbl, KOTOpble 6blM 3HaUMMO b6onblie y SR1,
Hexenn y DR1. Hanbonbline oTHOCUTE/NIbHbIE
NMoKasaTe/In BbICOTbl Tena OblnM XapaKTepHbl
ana SR curos, HaumeHblwne — ansa DRI (p <
0.05). Bce rpynnmMpoBKM cura MMenu pasnuny-
Hble OTHOCUTE/IbHble AANHbI TPYAHOTO NAABHU-
Ka (p < 0.05): SR1 > DR1 > SR2 > DR2. Mo uucny
npoboaeHHbIX Yewyh B BOKOBOM SIMHUU Bbl-
AENVUINCb TONbKO ABe rpynnupoBKK cura (p <
0.001): B cpeaHem 84 yeluyn xapaKTepHbl Ans

ocobei SR1 v DR1, 6onblioe 4yncno yewwyi: 90—
91 — ans ocobent SR2 u DR2 (cm. Tabn. 2).

Mony4yeHHbI aHANN3 HEKOTOPbIX MHAEKCOB
NNACTUYECKMX U MEPUCTUYECKUX MOPHONoru-
YECKUX XapPaKTepUCTUK CUToB NoAaTBepKAaaeT
BbIBOAbI, YTO HA OCHOBE pPA3MEPHO-BECOBbIX
noKasaTefnen, CTPOoeHWA nepBon KabepHoW
AYTV W ANVHbI TPYAHOTO NaBHUKA MOMKHO Bbl-
OEeNnTb YeTbipe BHYTPUBUAO0BbIE TPYNNUPOBKMU
cura: SR1, SR2, DR1 v DR2, Ha ocHoBe mopdo-
noruv ronosbl —Tpu: SR1, DR1 n SR2-DR2. Yuc-
No yewyih B 6OKOBOM NMHUK onpeaenseT ase
rpynnuposKku: SR1-DR1 v SR2-DR2.

Mo pe3ynbTaTam aHanu3a BKNaga NNacTu-
YEeCKUX NPU3HAKOB B [N1aBHble KOMMOHEHTbI
(TK) paccmaTtpuBaTb CTOUT TONbKO rpaduk MK2
npotns K1, TK3 n K4 umerT HU3KMe dak-
TopuanbHble Harpy3ku (tabn. 3). Ha rpaduke
(puc. 5) yeTKo BblAENAKTCA TPU TPYNMUPOBKM
cura: SR1, DR1 v DR2.
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Tabnvua 3. BKaagbl NNaCTUYECKUX MPU3HAKOB B IJTaBHblE KOMMOHEHTbI 1-4 y BHYTPMBUAOBbIX FPYNNMpo-
BOK cura un3 o03. Kyatcbapsu, 2015 .

MK
Mpn3sHaku
1 2 3 4

OnvHa poina 0.211 -0.411 -0.499 -0.659
[OpW30OHTaNbHbIA AMAMeTp rnasa 0.735 0.177 -0.138 0.505
BepTuKanbHbIM AnameTp rnasa 0.835 0.384 0.361 -0.149
3arnasHu4yHasa ANnHa -0.341 -0.238 0.062 -0.312
[ONvHa BepxHen Yentoctu 0.705 -0.364 -0411 0.170
[ONVHa HUXKHeM Yentoctu 0.582 -0.258 -0.316 0.071
ONvHa ronosbl 0.490 -0.375 -0.239 -0.112
BbicoTa ron10Bbl y 3aTbl/Ka -0.426 0.695 -0.196 0.265
ONVHa CNMHHOIO NNaBHUKA -0.619 -0.403 0.407 0.010
LAAvHa rpyaHOro naaBHMKA -0.358 -0.607 0.288 0.262
OnvHa 6plolWHOro naaBHMKa -0.565 -0.516 0.372 0.078
AAvHa aHaNbHOro NaaBHUKA -0.635 -0.482 0.413 -0.014
Hanbonbluan BbicoTa Tena -0.745 0.599 -0.158 -0.030
HavmeHbluan BbicoTa Tena -0.592 0.722 -0.115 -0.066

CobcTBeHHOE 3HavyeHue, % 43.96 22.74 10.34 6.49

MpumeyaHune. upHbIM LWPUPTOM BblAeNEHbI MAaKCMMA/bHbIE BKNaAbl MPU3HAKOB. [1N1MHa cobCcTBEHHOTO

BeKTOpa pasHa 1.

OCHOBHOM NONOXKUTENbHbIN BK/1aA, B NEPBYHO
rNaBHYO KOMMOHEHTY BHEC/N Npu3HaKu ¢op-
Mbl TO10BbI (pa3mepbl rasa U BEPXHEN Yento-
CTW), @ OCHOBHOM OTpULLATE/IbHbIM BKa4 — NpU-
3HaKK popMmbl Tena (ANMHA aHaNbHOTO NNABHU-
Ka, HanboblAaA U HAMMEHbLIAA BbICOTbI TENA)
(cm. Tabn. 3). Bo BTOpYtO raBHYH KOMMNOHEH-
TY OCHOBHOWM MOJIOXKUTENbHbIN BKNAA, BHEC/IU
NPU3HaKM Komnnekca Tena (Hambonbwasa wm
HaMMeHbLLUAs BbICOTbl Te/la) M rooBbl (BblCOTa
ro/10Bbl Y 3aTbl/IKa), OCHOBHOM OTPULATE NIbHbIN
— A/INHA FpyAHOro naaBHUKa (cm. Tabn. 3). SR2-
CUTU Ha rpaduKe raBHbIX KOMMOHEHT He 0bpa-
3yI0T OTAENbHYO rpynny (cm. puc. 5) u 6onblue
npuHagnexart rpynne DR2, uTo noarsep»KaaeT
NOJIy4eHHbI aHaNN3 UHAEKCOB Mopdoaornye-
CKMX NMPU3HAKOB CUroB 03. KyaTCcbApBMK.

Temn pocma u pa3mMepHO-803PACMHAA
cmpykmypa. TpynnupoBkn SR1I n SR2 6biau
npeactaBneHbl 0cobAmMM B BO3pacTe COOT-
BETCTBEHHO OT 1+ A0 9+ M 2+...6+ net (Tabn.
4). Y nepsoi npeobnaganu poibbl B BO3pacTe
4+...6+ (60 %), y BTOpOMN — NpeobnagaHue He-

M3BECTHO M3-3a HEbO/bLLIOro KoNnyecTsa pblb.
daKTnueckme gamMHa U macca curos SR2 6biam
3HAYMMO BbIlLe BO BCEX BO3PACTax NO CpaBHe-
HUtO ¢ SR1. DR1 v DR2 6binn npeactaBieHbl
0cob6siMM B BO3pacTe COOTBETCTBEHHO OT 2+ A0
6+ 1 1+...9+ (cm. Tabn. 4). Kak y nepsoi, TaKk u
y BTOpo# npeobnaganu poibbl B BO3pacTe oT 2+
0 4+ (75-96 %). Kak n y SR-curos, pasmepHo-
BeCoBble Mokasatenn curos DR2 6binu Bbiwe
BO BCeX BO3pacTax no cpasHeHuto ¢ DR1. 310
NOCNYKWUNO0 NPUYNHON Bonee AeTanbHOro Uc-
CnefoBaHMA Pa3MepHbIX XapaKTePUCTUK Bblae-
NNeHHbIX FPYNNUPOBOK cura 03. KyaTcbapsu.

[ns BbiABNEeHUA ocobeHHOCTEN TeMMNOB po-
CTa CMUroB CTPOMNACb eAMHAA TovyeyHaa Ama-
rpamma 3aBUCMMOCTM AJIMHA Tena — AJIMHa
paanyca Yelym, KOTopas OAMHAKOBO XOPOLLO
OMMUCbIBAETCA KaK ypaBHEHUAMM IMHEMHOWN, TaK
M cTeneHHon yHKuumM (puc. 6a, 6). Onsa obpart-
HbIX PACYMCIEHNI UCNONb30BANNCL KO3DPULK-
€HTbl YPaBHEHMUA INHENHON PYHKUMKN, ANANHbI
pacumcnanu no ¢opmyne Posbl /in (Bpto3ruH,
1969; MuHa, 1973; 3y6oBa, 2015).
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-0,48

Puc. 5. PacnonorkeHune ocobeli cura B NpoCTpaHCTBe 1—2 raBHbIX KOMMOHEHT MO NAACTUYECKUM NPU-
3HaKam u3 03. KyatcbAapseu, 2015 .

Fig. 5. The location of whitefish individuals in the space of 1-2 main components according to plastic
features from lake Kuetsjarvi, 2015
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Puc. 6. ConoctaBneHune paktmuyeckon annHbl Tena (FL) n nepeaHero anaroHaabHOro paguyca ye-
wywn (RY) manoTbl4MHKOBOTO (a) U cpeaHeTblMMHKOBOTO (b) curos 13 03. Kyatcbapseu, 2015 .
Fig. 6. Comparison of the actual body length (FL) and the front diagonal radius of scales (Ry) of
sparsely rakered (a) and densely rakered (b) whitefish from lake Kuetsjarvi, 2015
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B pe3synbraTtax obpaTHbIX pacumucneHun anm-
Hbl MO PErpecCMOHHOMY MeToAy «PeHOMEH»
ln He npossnaeTca. [lonoBble pa3nnyma B Tem-
ne pocTta He obHapyrKeHbl. MNpu nccnegoBaHUm
«UHANBUAYANbHBIX» TEMMNOB IMHEMHOTO POCTa
Yy SR-  DR-curos Ha4ymMHasa co BTOPOro-TPeTbero
rofa *M3HW SIBHO OnpeaenatTcs mMepNeHHo-
pactywme (SR1 u DRI1) wn 6bicTpopacTyuine
(SR2 v DR2) rpynnunpoBkuK. CpeaHne 3Ha4eHun
pPacyYMcAeHHOM A/IMHbI CUTOB NPUBEAEHbI BTabN.

4. Kak daKTuyecKas, Tak U pacymucneHHas anm-
Ha rpynnNMpPOBOK CUTa B Pa3HbIX BO3pacTax 3Ha-
4ynmo pasnuyanacs (p < 0.01), pacnpegeneHue
pblb B pAaay No ¢aKTUYECKOM M pacyncieHHOMN
ANVHe bblno aHanoruyHbim: SR2 > DR2 > SR1
> DR1. HaunHaA co BTOPOro roga *M3HM OLeH-
KM PacYMCNEHHOM O/INHDI, CAENAHHbIE HA OCHO-
BE OTHOCWUTENbHbIX MPUPOCTOB, AHANIOTUYHDbI
OLLeHKaM, cAe/laHHbIM Ha OCHOBe abCONtOTHbIX
npupocTtos (Tabn. 4).

Tabnuua 4. dakTnyeckan gnunHa (FL), Mm, macca, r, 3HaYeHUs PacYNCAEHHON AJIMHbI, MM, aBCOMIOTHBIX
FrOA0BbIX MPUPOCTOB, MM, 1 YAENbHOM CKopocTH pocTa (C) BHYTPMBMAOBbIX PYNNUPOBOK CUra M3 03. Ky-

3TCHAPBU
BHyTpuBMAaosble Bospacr, nert
rpPynnUpoBKK cura 1+ 2+ 3+ 4+ 5+ 6+ 7+ 8+ 9+
OnvHa
Macca
123 + 137 140 159+ 173+ 193+ 207+ 219+
SR1 14.0 +7.4 +48 6443 4451 7580 6.6107 215 6.0119
18 + 25+ 25+ 6.5 4.2 +94 +19.4 115(1) +18.0
6.5 (2) 4.6 (6) 2.4 (7) (10) (15) (10) (4) (2)
198 + 23951;
SR2 i 16647 16.583 255 287 + 300 i i
(1) +20.1 194(1) — 348(1)
(2) 118.5
(2)
114+ 114+ 116+ 137+
DR1 i 2414 3214 1415 6.025 16445 i
+1.3 +1.8 +0.5 +1.0 (1)
(32) (19) (15) (2)
171+ 179+ 219+ 232¢ 2116;
DR2 16541 2349 4960 45110 6.5138 173' N i 295
(1) +2.1 +5.3 +84 +11.0 36.7_ 290 (1)
(26) (190  (11) (8) (6)
PacuncneHHasa gamHa
105 117 129 143 157 170 182+ 191+ 196+
SR1 +0.7 +0.9 1.3 1.9 2.2 +53 40(7) 53(3) 03(2)
(57) (55) (49) (42) (32) (17)
212+ 239t
115+ 138+ 169%
SR2 11.8 19.0 257(1) - - -
5.5(7) 4.2(7) 8.2(6) () (3)
87+ 98 + 104 113 133 +
DR1 0.8 1.1 t14 2.2 10.1  160(1) - - -
(69) (69) (37) (18) (3)
95+ 123 142 170 195 207
DR2 1.4 +1.7 2.0 3.1 4.8 +7.2 228(1) 273(1) 288(1)
(65) (64) (38) (26) (15) (17)
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Tabnuua 4. NpoaonxeHne

A6CONOTHbIE rOA0BbIE NPUPOCTbI / YAenbHasn CKOPOCTb POCTa

12/ 12/ 14/ 14/ 13/ 12/ 9/ 5/
SR1 105/~ 011 010 010 0.09 008 007 0.05 0.03
23/ 31/ 43/ 27/ 18/
SR2 115/~ 018 020 0.23 012  0.07 -/ -/ -/
11/ 6/ 9/ 20/ 27/
DR1 87/- 0.12 0.06 0.08 0.16 0.18 -/ -/ -/
DR2 o5 /- 28/ 19/ 28/ 25/ 12/ 21/ 45/ 15/
026 014 0.18 014 006 0.10 0.18 0.05

MumaHue. AHanU3 NUTAHUA CUTOB NOKa3an,
yto Y SR1 annHom < 200 MM OCHOBHYHO A0NH0
nuwesoro Komka (50 %) coctasnanu npeacra-
BUTENM NpPOdYHAANbHOrO H6eHToca: NNYUHKK-
xmpoHomug (Chironomus sp., Micropsetra sp.,
Sergentia sp., Procladius sp., Prodiamesa sp.,
Strictochironomus sp.) n aBycTBOpYaTbie MO-
NOCKK popa Euglesa sp. (tabn. 5). 3oonnak-
KTOHHbIE OPraHM3Mbl BCTPEYA/IUCh B KeNyaKax
y 46 % ocobelt gaHHOM pa3mepHON rpynnmMpoB-
K1 1 Bbinn npeacTaBaeHbl NPUAOHHBIMUW BECO-
HorMMKn pakoobpasHbimu Acanthocyclops sp.

(21 % oT nuwesoro Komka). Y eaMHUYHbIX
9K3eMNNAPOB BCTPEYA/INCb BOAHbIE KANeLlum.
C yBennyeHMEM JIMHEMHbIX XapPaKTEPUCTUK
curn SR1 nutannce Temu e rpynnamum becno-
3BOHOYHbIX }KMBOTHbIX, HO 3Ha4YeHMe 300MN1aH-
KTOHHbIX OPraHM3MOB B MUTAHWUM CHUXKANOCh,
N IMYUHKN XUPOHOMMUA, COCTaBNANN YKe 77 %
OT NULLEBOro KOMKa (cm. Tabn. 5). Paamepbl nu-
LLeBbIX KOMMNOHEHTOB € pocTtom SR1 ysenunum-
BAlOTCA, OTHOCUTE/IbHblEe pa3mepbl MULLEBOIO
KOMKA YMeHbLUAtOTCA.

Tabnuua 5. NMuTaHWe BHYTPUBMAOBbIX PYMNMNUMPOBOK CUra B IETHE-OCEHHUIA Nepuosa 13 03. KyaTcbapsu,
2012-2015rr.

SR1 SR2 DR1 DR2
) PasmepHsbie rpynnbl (FL), mm
100- 200- 200- 300- 400- 100- 100- 200- 300-
199 299 299 399 499 199 199 299 399
i P%/ P%/ P%/ P%/ P%/ P%/ P%/ P%/ P%/
F, % F, % F, % F, % F, % F, % F, % F, % F, %
209/ 3.0/ 37.8/ 16.6
300MNaHKTOH 16 33 - - - - 40 /7 -
) 50.3/ 82.3/ 100/ 94.0/ 100/
bewToc: 65 100 100 100 100
o 63.4/ 837/ 99.0/ 222/ 27.2/ 100/
pyqeimky (kyk, ) - " 100 100 100 60 27 100
XMpOHOMUAbI (KYK., 439/ 76.7/ i ) 08/ 263/ 39.7/ 35.2/ )
ny.) 65 100 100 100 60 60
nepenoH4YaToOKpbIable i ) ) i ) i ) 0.03 i
(umaro) /7
NOYXECTKOKpPbIble i i i i i i i 0.03 i
(umaro) /7
yeluyeKpblable (Mmaro) - - - - - - - 0.1/7 -
XYKM (Mmaro) - - - 02/7 -
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Tabnnua 5. MpoaonkeHue

0.2/ 0.04/
BOAHble Knewwm (umaro) 0.1/4 - - - 100 - - 57 -
6.3/ 56/ 366/ 103/ 03/
MOJIIFOCKM 53 59 50 33 - - 10 57/7 -
OcTaTKM HaceKoMbIX - - - - - - - 33/7 -
Pbi6a - - - - - - - 73/7 -
6.0/
Mkpa pbl6 - - - 33 - - - -
28.8/ 147/ 73.7/ 43/
AmopdHaa macca 39 22 - - 100 13 -
CpeaHui pasmep 7.3 8.6 9.7 6.3 6.3 7.9 9.5 7.1
KOPMOBbIX 1.2—- 1.0- 3.8- 2.7—- 1.0- - 0.8—- 0.6— 6.0—
OpraH1U3mMoB, MM 16.0 16.4 20.0 12.0 9.5 22.0 34.0 8.1
CpeaHan macca 235 404 1011 7749 1031 95 235 842 6169
MULLLEEBOTO KOMKa, Mr
CpeaHuii IH, 0/000 459 37.1 35.2 205.9 12.2 40.0 49.8 52.6 177.3
KonunyecTtso 3K3. 26 9 2 3 1 1 10 15 1

MpumeyaHue. F, % —yacToTa BCTPEYAEMOCTU KasKA0ro KOMMOHEHTa NULLN. P, % — A0NS KaXK40ro KOMmMo-
HeHTa Nuwm no macce. [, °/ - — 0bLWMnii MHAEKC HAaNONHEHNA KeyaKa.

Y 6bicTpopacTywero SR2 6bam npocmoTpe-
Hbl Xenyaku ocobei 3 pasmepHbix rpynn: oT
200 go 499 mm (cm. Tabn. 5). B xkenyaKkax aTux
cMroB 6blnM OOHapyKeHbl B OCHOBHOM MNpea-
CTaBUTENIN NUTOpPasibHOro b6eHToca — /INYMH-
K pydyenHukos Agraylea sp., Athripsodes sp.,
Mystacides sp. n Molana sp. (> 1 TbiC. 3K3.
B O4HOM enyake, ot 63 o 99 % ot macchl
NULWEBOr0 KOMKa) M OprOXOHOrMe MOANIO-
cku Limnea sp. v Valvata sp. (ot 10 go 37 %
NULLEBOTO KOMKa) (cm. Tabn. 5). Takxke BcTpe-
Yanucb B HebONbLIOM KOAMYECTBE JIMYMHKM
XMPOHOMWA, W ABYCTBOPYATblE MOJJIIOCKM,
NKpa pblb. Y bbicTpopacTywero SR2 Takke Ha-
6nt0gaeTcsa TeHAEHUNA YBENMYEHUA Pa3MepoB
MULLLEBLIX KOMMOHEHTOB M MULLLEBOIO KOMKA C
pocTom.

Y 6bicTpopactywero DR2 Habniopaanocb
b6onee BbICOKOe pasHoobpasne B NUTAHWUU
Nno cpaBHeHMUO c SR-curamum (cm. Tabn. 5).
Y DR2 paviHon < 200 MM OCHOBHYHO 400 MK-
LLLeBOrO KOMKa COCTaBAAAM NpeacTaBuUTeNn
npodyHaanbHoro 6eHToca (AMYMHKKM  XMpo-
HOMMKZA, OTHOCAWMecA K 8 pogam) U 300NnaH-
KTOHHble OpraHM3mbl (KpynHble NPUAOHHbIE
pakoobpasHble popos Acanthocyclops sp.
n Eurycercussp.) (cm. Tabn. 5). B kenyakax y
60 % DR2-cnros 3TOM pa3mepHOM rpynnmpos-
KM TaKXe Oblnn ob6HapyKeHbl NpeacTaBuTeni

NUTOpanbHOro H6eHToca — NUUYUHKU pyYenHU-
KoB cemencTB Phryganeidae v Leptoceridae (22
% OT Maccbl NULLLEBOrO KOMKa) (cm. Tabn. 5). C
yBenmyeHmem pasmepos (ot 200 go 299 mm)
AaHHaA rpynna cMroB B OCHOBHOM MMTanacb
NINYMHKamKM xupoHomuz (10 poaoBs) U pyyenHu-
KoB (3 cememnctBa) (cm. Tabn. 5). 300NNaHKTOH-
Hble opraHM3mbl 66111 0BHapyKeHbI ToNIbKO Y 1
aKk3emnnspa cura (Eurycernussp., Bosmina sp.),
4YTO MOKHO OTHECTU U K BPIHOXOHOTMM MONIO-
CKam pogaa Limnea sp. B xenyakax y eanHuY-
HbIX ocoben BCTpeyanncb Mmaro 5 oTpagos
HacekombIx (cm. Tabn. 5). B nuwe paHHOM
pasmepHol rpynnnupoBkn DR2 obHapyrKusa-
nacb pblba (messatTuurnas Konwlika). Y oco-
61 DR2 pnnHon 6onee 299 mm B Kenyake
6b111 06HaPYKEHbI TONBKO NTNYUHKM PyYenHuU-
KoB (Agraylea sp., Mystacidessp.). AbcontoT-
HaA U OTHOCUTENbHAA MACCbl MULLLEBOTO KOMKaA
6bicTpopacTtyuiero DR2 6n13KM K TakoBbiM bbl-
cTpopactywero SR2-cmra n yBenn4nBatoTCA C
pocTom pbib (cm. Tabn. 5).

B Kenygke megneHHopactywero DRI-
cura anamHom < 200 mm 6bin onpeaeneHsl
NNYUHKN xupoHomupg, (Chironomus sp.) (cm.
Tabn. 5).

HecmoTps Ha BbICOKYH YNCNEHHOCTb KOOB-
PaTOK B COCTaBe 300M/IaHKTOHA 03. KyaTcbapsu
M OINTOXET B cOoCTaBe NPodyHAANbHOIO HeHTO-
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ca (Environmental..., 2014), oHN peaKo unun He
BCTPEYA/IUCh B KenyaKax ncciesyemoix poib.

Co3pesaHue. Camble  measieHHOpPACTy-
wue curn DRI HayMHalOT co3peBaTb NPU Hau-
MEHbLUMX pa3mepax M macce No CPaBHEHUIO C
OCTa/IbHbIMW BHYTPMBUAOBbLIMU TPYNMNUPOBKA-
Mu cura — npu gnnHe 100-104 mm, macce 7-8
r, B BO3pacTe 2+, MacCOBO NpW cpeaHen annHe
117 mm n macce 15 r B aTOm e Bo3pacTe. Y
6bicTpopacTywmx DR2 ocobu cospeBanu npu
6onblwnx pasmepax: npu gavHe 174-191 mm
n macce 56—82 r B Bo3pacTte 2+...3+, MaccoBo
npu cpeaHen annHe 220 mm n macce 117 r 8
Bo3pacte mm 4+...5+. Ocobn meaneHHopacTy-
wux SR1 HaynMHanu co3peBaTb NpU AAUHE U
macce cooTtseTcTBeHHO 116-135 mm un 13-22
r B Bo3pacrte 2+...3+, maccoBo — npu cpeg-
Hel gnvHe U macce 172 mm 1 51 r B Bo3pacTe
4+...5+. Cpeaun b6bicTpopacTtywmx SR2 He 6bino
Nos10BO3pesbIX ocobein.

O6cyxaeHue

deHOMEH BbICOKOM YNCNEHHOCTM ONIUTOTOK-
cobHoro Buga Coregonus lavaretus B CUIbHO
3arpasHAaemom 03. Kyatcbapsu (69— 96 % ot
ynosoB 3a nocnegHue 20 net) nogpobHO pac-
cmaTpuBanca paHee (KawynuH u ap., 1999), u
B AAHHOM paboTe Mbl He 3aTparMBaem BAUAHUE
3arpA3HeHMA Ha CTPYKTYPHble NokKasaTtenu no-
nynaunun. B 10 Xe BpemAa um3ydyeHne mopdo-
dU3MONOrNYECKMX PA3INYNIA CUMNATPUYECKUX
dopm pacwumpaeT Hawu npeacraBneHus ob
a[anTaLMOHHbIX BO3MOXHOCTAX CuUra K Hebna-
ronpuUATHBLIM YCN0BUAM cpegbl. Hawmn nccnepo-
BaHMA NO3BONAIOT BblAENUTb B 03. KyaTcbApBuH
yeTblpe rpynnuMpPOBKM CUra, Pa3INYAIOLLUXCA CO-
BOKYMHOCTbIO MAACTUYECKUX U MEPUCTUYECKUX
NPU3HAKOB, pa3MepHO-BECOBbIMW NOKa3aTens-
MU U, COOTBETCTBEHHO, Temnamu pocta: SR1 —
MeANIeHHOPACTYLWMIA MaNOTbIMMHKOBBIN CUT C
60NbWMMKN TNa3aMK, BbIPAMKEHHbBIM HUKHUM
PTOM, TyNbIM PbIIOM K BbICTPOPACTYLWMIA Ma-
NOTbIMMHKOBbBIN CUF C HEDOONBbLWMMKU TNa3amm,
NONYHUXKHUM MM KOHEYHbIM PTOM, OCTPbIM
pblnom; DR1 — meaneHHOPACTYLWMNA CpeaHEeTbI-
YMHKOBbBIM CUT C BbIPA*KEHHBIMW HONBLLIMMM FNa-
3amu, BEpPXHUM pTOm; DR2 — BbiCTpOpPaCTyLLNiA
CpenHEeTbIYMHKOBBIN CUF C HeboNbWUMU TNa-
3aMU, NONIYHMMKHUM NN KOHEYHbIM pTOM. Bce
BblAeNeHHble rpyrnnupoBKM CUra MMeNun 3Hauu-
Mble pPas3Inyma B CTPOEHUM KabepHoro anna-
paTta. MeaneHHopacTtywme curn SR1 v DR1 06-
pa3yloT cpefHeveLlynyaTyo rpynny CUMros os3.
KyaTcbApBuM, ObicTpopacTywme rpynnmupoBKu
cura SR2 n DR2 — mHorovewyiyatyto (bouka-
pes, 3ynkosa, 2010). SR1 npeMmyLLECTBEHHO
obutaet B npodyHaAanbHOM 30He 03epa, DR1 —

B MenarnanbHoM 30He; 6nM3KMe No BHeWHeMy
CTpoeHuto SR2 n DR2 — B "UTOpPaANbHOM YacTu
o3epa. Takmm 06pasom, oTaenbHble Tpynnbl
NPU3HAKOB 3a4acTylo MepeKpbIBaloTCA y pas-
JNINYHBIX TPYNNMUPOBOK cura 03. Kyatcbapsu.

CunTaeTcs, YTO TaKOWM NPU3HAK, KaK Konumye-
CTBO NPObOAEHHbIX Yellylh B GOKOBOM IMHUMU,
HeNb3A pPaACCMaTPMBATb KaK afanTUBHbLIN K
YCNOBUAM Cpeabl, @ CamM MPU3HAK MOXKHO MC-
No/Ib30BaTb B KAYECTBE MApPKepa NPU U3y4eHUmn
pacceneHun pasinyHbIX AMHUIA curos (bouka-
pes., 3yikosa, 2010). Ha gaHHOM 3Tane Mbl He
MOXEeM paccy»aatb 0 GUIOreHeTUYeCcKMX n-
HMAX CUroB 03. KyaTcbApBM, T. K. TaKMe uccne-
A0BaHMA B MypMmaHcKoi 061acTm npakTUyecku
He NPOBOAM/IUCS.

Ecnu e yuntbiBaTb B KnaccudumKaumm curos
03. KyaTcbApBM Takol CTabuabHbIA MPU3HAK,
KaK 4MCNO TbIYMHOK HA nepBon KabepHow
Ayre, U 3Ha4yeHWA NNACTUYECKUX MNPU3HAKOB,
TO Mbl MOYEM FOBOPUTb O TOM, YTO B 03. KyaT-
CcbApBM 06UTatoT SR- M DR- curun, a onucaHHble
BblLUE PAa3/IMYMA BO BHELWUHEM CTPOEHUU MEXK-
Ay SR1 v SR2, Tak e KaKk mexay DRI wn DR2,
ecTb C/NeAcTBME PA3HOW  MHAMBUAYANbHOM
OHTOreHETUYECKOW aZIJIOMETPUM BHYTPU 3ITUX
rPYNNUPOBOK, BbI3BAHHOM PA3/IMYMAMMU B WX
Temne pocTa. [pomepbl YacTei ronosbl y Obi-
CTpopacTywumx rpynn cura SR2 n DR2 03. KyaT-
CbAPBU MMEKT 3HAYMMO MEHbLUME BENYUNHDI,
Hexxennm y ocobeirt measNeHHOPACTYLWMX CU-
roe SR1 v DR1 B 0gHUX U TEX e BO3PACTHbIX
rpynnax (puc. 7a, 6). 3aBUCMMOCTb 3KCTEpbepa
CUTOB M APYrnX BUAOB Pblb OT MX TEMNOB POCTa
6blna OTMEYEeHa HEKOTOPbIMKW aBTOPaMM paHee
(MwuHa, 1986; PeweTtHunkos, 1980; Anekcees u
ap., 2014).

Papom uccneposartenei 6b110 NOKa3aHo, YToO
3HaYMMble Pa3NYnNA B CKOPOCTU POCTA Y Bblae-
NIEeHHbIX rPYNNUPOBOK cura cuctemnl p. MacsBuk
onpeaenATcA KA4eCTBOM U KOIMYECTBOM KOp-
MOBbIX 06bEKTOB B NUTAHUK Pblb, MpUypOYEH-
HbIX K TOM UAKM MHOM 30He Bogoema (Kahilainen
etal., 2003, 2004; Kahilainen, @stbye, 2006). Mo
HaLWMM pe3ynbTaTaM, Pa3INYmMA B TEMMaX POCTa
BblAe/IeHHbIX rpynnupoBoK cuzoe SR n DR o03.
Kyatcbapsu, ocobeHHO co 2—3-ro roaoB »Ku3-
HW, ABNAIOTCA pPe3yNbTaTOM B MepBYy0 oyepenb
pa3HOKa4yeCcTBEHHOro NUTaHMA pbib 1 He cBA3a-
Hbl C KONMYECTBOM KOPMOBbIX 06beKkTOB. Tak,
OTHOCUTE/IbHbIEe pPa3Mepbl MULLEBOrO0 KOMKA Y
KpYnHbix cueos SR v DR (SR2, DR2) 6binun 60nb-
e, HeXeNn y HEeKPYNHbIX rpynnMpoBOK cura
(SR1, DR1), Tonbko y ocobelt paamepamm > 299
MM (cTapwe 5+ net) (cm. Tabn. 5). Y SR1, obu-
Tawouero B npodyHAaNbHOM 30He KyaTchbAapBsy,
B *KeNyaKax obHapyKMBanMcb NpeacraBuTenm
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Puc. 7. CpaBHeHMe pa3mepoB rosioBbl (B % oT FL) y megneHHopacTywero (SR1) u 6bicTpopacTyLuero
(SR2) ManoTbluMHKOBbIX CUrOB B Bo3pacTe 4+...6+ (a) M y meaneHHopactyuwero (DR1) n bbicTpopacTywero
(DR2) cpepHeTbl4MHKOBBIX CUTOB B Bo3pacTe 2+...4+ (b) 03. Kyatcbapsu, 2015 T.
Fig. 7.Comparison of head size (% FL) in slowly rowing (SR1) and fast-growing (SR2) sparsely rakered
whitefish at the age of 4+...6+ (a) and in slowly growing (DR1) and fast-growing (DR2) densely rakered white-
fish at the age of 2+...4+ (b) from lake Kuetsjarvi, 2015

NPodyHAANbHOrO MaKpP03006eHTOoCca: NIUYUH-
KM XMPOHOMMWJA, KOTOPble COCTABAAOT OCHOBY
rnybuHHOro maKkposoobeHToca 03. KyaTcbap-
BM, ABYCTBOpYaTble MOJJIIOCKM U MPULOHHbIN
KPYMHbIA 300N1aHKTOH. B TO Bpemsa Kak y SR2,
obuTatoLLero B IMTOPANbHOM 30He, B XKenyaKax
BCTPEYANIUCb MNpPeAcTaBUTeNM UTOPANbHOMO
6eHToCa: NIMYMHKMU PYYEMHUKOB U OPIOXOHO-
rme MOANNCKku. lMNpeactaButenn NUTOPanbHO-
ro 6eHTOCa, BO3MOXHO, ABAALOTCA Hambonee
SHEepPreTMYeCcKM BbIrOAHbIM BUAOM KOPMA, Yem
npodyHAanbHOro makposoobeHTtoca. Hecmo-
TpA Ha TO, YTO 55 % DR2 6b110 BbLINOBAEHO B
NIMTOPA/NIbHOM 30HEe 03epa, COoAeprKMMOe WX
YKeNyAKOB BK/IOYAN0 NpeacTaBuTenen He Tob-
KO JIMTOPANbHOrO (NMYMHKK pPyYyermHMKOB), HO
NpPodyHAANbHOrO MaKpo30obeHTOCa, NPUAOH-
HOrO WM NenarnMyeckoro 300MJIaHKTOHA, PbIby.
3TO MOXHO OOBACHUTL TEM, YTO OCTa/bHble
23 1 22 % pbI6 3TOM POpPMbI BbIAN BblIOBANE-
Hbl B Nenarn4yeckom n npodpyHOanbHOM 30HAX
KyaTcbapsu, T. e. cur DR2 ABNAETCA BblipPaXKeH-
HbIM 3BpUdarom No cpaBHeHUO ¢ curamu SR.
YTo e KacaetcA DRI, TO MOXHO npeanono-
XWTb, YTO AaHHaA rpynna CUMros B OCHOBHOM
NUTaeTcA nenarMyeckKMM 300MNAHKTOHOM, T.
K. 64 % ocobelt 0bMTalOT B 3TON 30HE 03epa.
Menarnyeckmn 3oonnaHkToH KyatcbApsu 6o-
nee yem Ha 97 % npeacTaBneH KONOBpPaTKaMM
(Rotatoria), KoTopble ABAAKOTCA, BO3MOMKHO,
MaNIoLLEHHbIMM KOPMOBbIMWU 06 bEKTAaMMU, KaK U

XMPOHOMUAbI, MO CPABHEHUIO C PAaKOObpasHbI-
mu (Cladocera v Copepoda), uto 1 onpeaenset
CaMbli MeA/IEHHbIA TeMN POCTa Y 3TUX TPynn
curoB. DRI morKeT nuTaTbCa U NpodyHAaNb-
HbIM MaKpo3006eHTocom — 25 % c1Mros faHHOM
rpynnbl 66110 BblIOBIEHO B NpOodyHAANbHON
30He 03epa. Y eaMHCTBEHHOrO 3K3eMNAsApa cura
3TOW rpynnbl, UCCNEA0BAHHOMO Ha NUTaHWe, B
Xenyake 6ol 0OHapy*KeHbl NTMYUHKU XMPO-
HomMA, MpnunHOM meaneHHoro pocta DRI 0s3.
KyaTcbapsu, Kak 1 B 03. Myaycbsapsu (3ybosa,
2015; Kahilainen, @stbye, 2006), MOXeT 6bITb 1
BbICOKAA €ro YNCAEHHOCTb MO CPABHEHMUIO C CU-
ramu SR, a TaK»Ke ero KOHKypeHLMA No NMUTaHUIO
C UHTPOAYLMPOBAHHOM pANYLIKOM KyaTcbapsHy,
KOTOpas ABNAETCA BblPa’KEHHOWN nesarnyeckom
pbIboi 1 NUTaeTcsa 300NNAHKTOHOM.
OcobeHHOCTM B 3KCTepbepe YeTbipex BHY-
TPMBUAOBbLIX FPYNMNMUPOBOK cura 03. KyaTcbAapsu
NrpaoT U GYHKLMOHAIbHYO POSb B OCOHOEHHO-
CTAX MUTAHMA N ABUXKEHUA PbIB, NPUYPOYEHHbIX
K onpeaeneHHbIM 30Ham o3epa. Tak, Hanbonb-
WMA ANaMeTp rnas3a u «bonbLIon» BEPXHUIN POT
y cura DR1 aBnatoTca TUMUYHBIMU NPU3HAKaMU
nnaHKkTodaros, obuTawowmx B To/WE BOAOeE-
moB (Hukonbckuin, 1974), a HauMeHbLIas Bbl-
COTa ero Tena ABNAETCA SHepPreTMYecKun BbIroa-
HOM NpW nNoucke u obblue 300NNAHKTOHHbIX
opraHuamos B nenarvanu (Kahilainen, @stbye,
2006). B TO ke Bpemsi OTHOCUTENbHO 60/bLLOM
AvameTp rnasa y SR1, BO3MOXHo, cnocobcTsy-
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€T HAXOXAEHUIo MUK Npu cnabon ocseLleH-
HOCTM Ha rnybuHax o3epa, a HUXKHee pacnono-
eHue pTa 3PpPeKTUBHO NPU NUTAHUM NPOPYH-
AanbHbIM  MaKpo3006eHTocoM (HMKONbCKUNA,
1974). NMonyHUKHUN U KOHEYHbIN POT KPYMHbIX
curoB 03. KyatcbapBu SR2—DR2, BO3MOXHO,
ABnseTcA Hambonee yHMBEPCaANbHbIM, U Npea-
CTaB/IeHHble TPYNNUPOBKK CUra MOTyT MUTATb-
CA pasHbiM BMAOM KOpMa WaKn e 6onblue
6bITb NPMCNOcob/eHHbIMU ANA NMUTAHUA NTO-
panbHbIM HEHTOCOM, YTO HBbIIO HAMM NOKa3aHO
BbllLUE M OTMEYEHO ANA KPYMHbIX CUrOB APYrnx
o3ep cucrembl p. MNacsuk (Kahilainen, @stbye,
2006).

CTpoeHne nepBon xabepHoW Ayrn [ONXK-
HO UrpaTb 60MbLWY POAb NPU NUTAHUKU PbIb
(PewetHnkos, 1980; Kahilainen, @stbye,
2006). Y BHYTPMBMAOBbLIX  PYNMNUPOBOK
cura SR (SR1 vt SR2) v cura DR (DR1 vt DR2) os3.
KyaTcbApBM cpeaHee YMCNo TblMMHOK Ha nep-
BOW »abepHoi ayre umeeT A0BONIbHO 6a1M3KoE
3HayeHue (cm. Tabn. 2) u urpaeTt npu ux pas-
[EeNEeHUM BTOPOCTEMNEHHYIO POsb (CM. Bbille).
Mo Hawmm pgaHHbIM, curmn SR 03. KyaTcbAapsu B
OCHOBHOM fABnAlTCA beHTodparamu, B To Bpe-
MA Kak DR2 nmeloT cMmellaHHOe NUTaHue, a B
nuwe DR1, BO3MOXKHO, NpeobiagatoT 300Mn1aH-
KTOHHble OpraHu3mel. B Lenom cpegHue pasme-
pbl OPraHM3MOB B KeNyAKax BHYTPUBUAOBbIX
rpynnupoBoK cura SR KyaTtcbsapsu nmenu 6ams-
KuMe 3HayeHua (cm. Tabn. 5), MUHUMaNbHbIE
pa3mepbl MULLEBbLIX OPraHM3MOB MPEBbILANN
MWHMMANIbHOE PaCcCTOAHME MeXAY TblYMHKAMM
(cm. Tabn. 2, 5). NprumepHO Takue e cpeaHue
pasmepbl 6eCno3BOHOYHbIX KUBOTHbIX Oblan
obHapyKeHbl B kenyakax DR2 (cm. Tabn. 2),
XOTA AManasoH pa3mepos Obin Bbilwe, B OTIU-
yme oT cnros SR. MMHMMaNbHbIE pasmepbl NK-
LeBbIX OpraHn3moB y DR2 TaKyKe npeBblllanm
MWHMMANbHOE PaCcCTOAHME MEXAY TblYMHKAMM
(cm. Tabn. 2, 5).

Hawu wuccnepoBaHua nokasanm (3y6osa,
2015), 4yTo HacTynneHue NoNOBOM 3PENOoCTU Y
CUra KaK B pas/IMYyHbIX BOAOEMAX, TaK U BHYTPU
ogHoro Bogoema B MypmaHcKon obnactu mo-
YKET NponcxoanTb NPU CaMon pasnUYHOM ANK-
He 1 B pa3HOM BO3pacTe. 3aBUCMMOCTb MeXKay
CO3peBaHMEM M TEMMAMM POCTa BHYTPUBUAO-
BbIX TPYNNUPOBOK cura o03. KyatcbAapBu ABANA-
eTcA oAHOM M3 GOpPM CBA3EN MeXAy TEMMOM
pOCTa M CKOPOCTbIO MOIOBOrO CO3peBaHMA pblb
(NanuH, KOposuuknii, 1959). NpuumHon Tomy
MOKeT ObITb PA3HOKAYECTBEHHOCTb B efe Yy Ye-
Tblpex BHYTPUBMAOBbIX FPYNNUPOBOK CUra 03.
KyaTcbsapsu (cm. Bbiwe) (SlanuH, KOpoBULKUIA,
1959; Kowenes, 1971). Bo3mOXKHO, HW3Kas

Ka/IOPUNHOCTb OOBEKTOB MUTAHUA Y MeasieH-
HOPACTYLLUX CUTOB MPUBOAUT K HACTYMNEHUIO
NOJIOBOM 3PEeNoCTU MPU MEHbBLUMX pPasMmepax,
4yem y BbICTpopacTywmx Gopm, YTO TaKKe Ha-
6ntopanock Uy apyrux suaos poi6 (Kowenes,
1971). Pazamepbl BHYTPUBUAOBbIX FPYNNNPOBOK
cura, nNpu KOTOpbIX HacTynano MaccoBOe CO-
3peBaHuMe, 6M3KM K pa3smepam MaccoBOro He-
pecTa CUroB TaKMX *Ke rpynnupoBOK U3 APYrnx
BogoemoB cuctembl p. Macsuk (Kahilainen et
al., 2004; 3y6osBa, 2015).

MonyyeHHble HaMW pe3ynbTaTbl MO CUram
03. KyatcbAapsBu 6/1M3KM K pe3ynbTaTam, Bbl-
ABNEHHbIM MO CUraM BEpXHEero u cpeaHero
TeyeHMA cuctembl p. lacBuK: meaneHHopa-
cTywmn (SR1) v 6bicTpopactywmn (SR2) mano-
TbIYMHKOBbIE CUTK 03epa KyaTcbApBM cooTBeT-
cTBYtOT TakoBbiM SSR (small sparsely rakered)
n LSR (large sparsely rakered); meaneHHopa-
CTYWMIA cpeaHeTbluMHKoBbIN cur (DR1) cooTt-
BeTtcTByeT DR (densely rakered), 6bicTpopacTy-
wuin — LDR (large densely rakered) (@stbye et
al., 2005; Kahilainen, @stbye, 2006; Kahilainen
et al., 2004, 2006, 2007, 2009, 2014; Harrod et
al., 2010; Siwertsson et al., 2008, 2010; Praebel
et al., 2013). MNMpu 3TOM cpeaHee YNCNO TblYU-
HOK Y SSR (SR1) Ha nepBoWt abepHoit ayre yse-
INYMBaeTCA OT BepxHero TteyeHma [lacBuKa K
HUXHeMy TeyeHuto: oT 17 (o3epo Myaycbapsu)
A0 22 Tbl4MHOK (03epo Kyatcbapsu). Y octanb-
HbIX TPYNMNMUPOBOK CUTa U3 PA3/INYHbIX Y4aCTKOB
CMUCTEMbBI YMC10 ThIYMHOK Ha NepPBOW *KabepHoi
Ayre konebnetca HesHaunTenbHo: y SR2 (LSR) —
B cpeaHem oT 23 ao 25 TblumHOK, y DRI(DR) —
oT 34 no 36 TbluMHOK, Y DR2 (LDR) — o1 32 po 34
TbIYMHOK. 3TO NPUBOAUT K TOMY, YTO BblAeNEH-
Hble YeTblpe rpynnupoBKM cura 03. Kyatcbapsu
Mo YMCNY TbIMMHOK HA NepBOM XKabepHon ayre
Hanbonee 6AM3KM, YeM B OCTAJ/IbHbIX YYACTKaX
MNacBuKa.

3akntouyeHue

B 03. Kyatcbapsu (MypmaHckas obnactb),
ABNAIOLLEMCA O4HUM U3 Hanbonee TEXHOreHHO
3arpA3HEeHHbIX NPUPOAHbIX Bogoemos Espo-
ApKTUYECKOTO pernoHa, BblAeneHbl YeTbipe
BHYTPUBUAOBbIE TPYNMNUPOBKU CUra: MeaeH-
HOPACTYLLMIA MANOTbIYMHKOBBINA CUT, BbICTpO-
PacTyLWMN MaNOTbIYNHKOBBIA CUT, MeO/IeHHO-
PacTyLWMN cpegHEeTbIMMHKOBDLIN CUT U BbICTpO-
PacTyLWKUn cpeaHeTbIMMHKOBBIN cur. Cneunanu-
3auMA 3TUX CUFOB Ha onpeaeneHHOM Buae pe-
cypcos obycnosnmBaeT nx mopdonornyeckme
N nosefeHYecKMe pasnnyunaA, NPOCTPAHCTBEH-
Hylo AnddepeHumaLmio 1, B KOHEYHOM UTOrE,
Pa3/INYHbIE SKOIOTUYECKME HULLN.
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KntoueBble cnosa:
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MUrpaLLUn

cTeHodarua
penpoAyKTUBHbIN Ce30H
NA0AOBUTOCTb
COOTHOLLEHME NOJIOoB
AVNHAMMKA YUCIEHHOCTH

AHHOTauma: Ha ocHOBe MHOrONIETHUX SKCMEAULMOHHBIX U CTaUMOHAPHbIX UC-
cnepoBaHuii (1957-2018) xapaKkTepumsyeTca COCTOAHME U ANHAMMKA Pacnoso-
*KeHHOM B Kapenuun y toXHbIX FpaHuL, pacnpoCcTpaHeHUs NoNyasunm 1ecHoro
JIEMMWHTIA — YNC/IEHHOCTb, BMOTOMNMYECKoe pa3melleHMe, Ce30HHbIe MUrpa-
LMW, MTUTAHME, Pa3MHOMKEHWNE, SKOOTMYecKan CTPYKTypa Nonynaumm 1 MHoOro-
NeTHUE U3MEHEHUA YUCNEHHOCTU. YCTaHOB/IEHbl 0BYCNOBAEHHbIE Pacnono-
KEeHWEM Y HoXKHOM nepudepmnn apeana OTHOCUTENbHO HEBbICOKME NOKa3aTenu
yncneHHoctu (0.26 3k3. Ha 10 KaHaBKO-CyTOK; 1.9 % B 06X Y10BaX MENKUX
MJIEKOMUTAIOLWNX), CTpOoraa MNPUYPOYEHHOCTb K XBOWMHbIM 3€/1eHOMOLUHbIM
zlecam C MOLWHbIM MOXOBbIM M KYCTapPHWUYKOBbIM MOKPOBOM C COXPAaHEHUEM
KPY*KEeBHOrO XapaKTepa pacnpeneneHua 3BepbKoB B npegenax buortona, a
TaK)Ke Bblpa*KeHHble Ce30HHble murpaumn. NocnegHne NPUHNUMAKOT HEPELKO
MacCCOBbIl XapaKTep, 0CO6EHHO B rofbl MHTEHCMBHOTO Pa3MHOXKeHUsi. OCHOBY
MMWIPAHTOB COCTAaBAAIOT MOJIOAble Nepe3nmMmoBaBLLmMe 3BepbKM. OTMeYveHa xa-
paKTepHaa gnA BUAA BbICOKaA Creumanmsauma Ha NMTAaHUKU 3e/IEHbIMU MXaMM.
Mepuoa pasmMHOKEHUs NPOAONKAETCA CO BTOPOI NONOBUHbI Mas Mo CEHTAOPS.
B Hem y4acTByOT B OCHOBHOM B3POC/ible Nepe3nmMoBaBLLME 3BEPbKM, HO C KOH-
Lua 1N OTHOCUTENIbHO HeboNbLIan YacTb NPUBbLINbIX PAaHHUX BbIBOAKOB MO-
YKeT AOCTUraTb NOSI0BOW 3PE/IOCTU U y4aCTBOBATb B pa3MHOXeHUN. Bapocsble
CaMKM OaloT 3a Ce30H He meHee 2-3, a npubbinble — 1-2 BbiBOAKOB U3 4.4 +
0.26 geTteHblwa ¢ KonebaHuamu ot 3 Ao 6. AHaAM3 BO3PACTHOrO COCTaBa Ao0-
ObITbIX 3B€PbKOB MOKA3bIBAET, YTO A0 UIOHA BKAOUYUTENIBHO B NONYyAALUK Siec-
HbIX 1eMMUHIOB NpeobnaaatoT B3poc/ble nepe3MmoBasLllme ocobu. B ganb-
HelweMm 40NA UX Pe3KO NadaeT, U B OKTADPE OTI0B COCTOUT UCKIOYUTENBHO
13 NpubbINbIX NemmuHros. COoTHOLLEHWE NOJIOB Y PacCMaTPUBAaEMOro BMAa,
CyAA NO OT/IOBY MOJIOAbIX *KUBOTHbIX, YKNOHAETCA B NOJIb3y CAMOK. ITO roBo-
PUT O HAZIMYMUK Y 3TOTO BMAA YHUKAZIbHON CUCTEMbI FeHETUYECKON AeTEPMUHA-
UMM Nosa, Koraa Hapsaay ¢ 06blYHbIMU CAMKaMK, UMEIOLLMMM B KapMOTUne ase
YKEHCKMX (XX) Xxpomocombl, B NONYASLMN NPUCYTCTBYET 3HAUYUTE/IbHOE YMC/O
dbeHeTUYeCcKM HOPMaAJbHbIX U MIOAO0BUTLIX CAMOK C MYMKCKMM KapUOTUMOM
XY. AN MHOTO/IETHUX U3MEHEHWNI YNCNEHHOCTM XapaKTepHa apUTMUYHOCTb U
LWMPOKAsA aMNanTyaa, XapakTepmaytowanca peakumm 15-20-kpaTHbIMM NO4b-
eMamm 1 rnyboKMmn Becbma NpoaoaKUTENbHbIMU AENPeccUsimu.
© MeTp0o3aBOACKMI FOCYAAPCTBEHHbIN YHUBEPCUTET

MonyueHa: 03 nioHa 2019 roga MopnucaHa K neyatu: 11 nioHa 2019 roaa
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BsegeHue

Byayun oaHum mn3 Hambonee WIMPOKO pac-
NPOCTPaAHEHHbIX Ha ceBepo-3anage Poccuu Ta-
€KHbIX BUAOB M/IEKOMUTAOWMX, NECHOM Nem-
MWHT TEM HE MEHee OCTAeTCs O4HUM M3 CaMblX
MaJION3yYEeHHbIX NPeACTaBUTENEN MECTHOM Te-
puodayHbl. O6bACHAETCA 3TO, MOMUMO HAXOXK-
AeHnA 61n3 10XKHbIX FPaHUL, PAacNpPOCTPAHEHUA,
KpaliHen CKpbITOCTbIO ero 06pasa K13HU U CBA-
3aHHbIMMW C 3TUM TPYAHOCTAMM €ro U3y4YeHuUs.

OAuH U3 nepBbIX MccnegoBaTene Tepuo-
¢dayHbl Kapennn M. fl. MapsuH (1959) nuwert
O CNOpPagMyYHOM PaACNpPOCTPaHEeHUU U 60onb-
IO peaKoCTU NecHOro nemmuHra B Kapenuu.
OAHaKo B AeNCTBUTENIbHOCTM 3TOT BWMA, XOTA
M HEMHOrOYUC/NIEH, HO OTHIOAb He pPeaoK WU
BCTPEYaeTcA 34eCb PeryApHO U NOBCEMECTHO.
PeaKoCTb e ero B cbopax npoLwbix NeT 06b-
ACHAETCA TeM, YTO OT/IOB TOr4a NPOBOAUACA C
NMOMOLLbIO AAaBWUIOK, @ IECHOW NEMMMUHT, KaK
M3BECTHO, MIOXO OT/1aBAMBAETCA 3TMM CNOCO-
6om. K HacToAwemMy BpeMeHU ero MOMMKMK 3a-
perncTpMpoBaHbl BO BCeX paioHax Kapenwuw,
BCIOAY, FAe NpOoBOAM/INCE KAaHABOYHbIE Y4eTbl,
HO 0cobeHHO npeacTaBUTeNbHbI cbopbl U3 Ka-
neBanbckoro, KoHAOMNOMXCKOro, MUTKAPaHTCKO-
ro paioHOB, OTHOCALLMXCA COOTBETCTBEHHO K
ceBepHOU, cpeaHen u toxkHoM Kapenuu.

Tem He meHee B NOCBALWEHHOW MIEKONUTa-
OLLMM CreLmanbHOM AnTepaType cBeaeHumn no
3TOMy BMAY MO-NpPEXHEeMy OCTAlTCA KpalHe
CKYZHbl, OTPbIBOYHbI M GparMeHTapHbl. B aToM
CBA3W JaHHOe coobuieHne, umeroLllee Lenbio
o6obuweHne, aHanmM3 n obcyaeHua cobpah-
HbIX B TeYeHWe LWwecTu gecatkoB net (1958-
2017 rr.) maTep1anoB No 3KONOrMKN 3TOro BUAA
B yc/10BMAX Kapennmn, CMoXKeT, Kak Mbl Hageem-
€A, NOMOYb XOTA Bbl YaCTUYHO BOCNOAHUTL 3TOT

[ocagHbIn npoben.

Matepuanbl

MaTepunanom ansa Hacroawen paboTtbl no-
CNYXKUNU MHOronetHue cbopbl 3BEPbKOB W3-
y4aemoro BMAa, OTNOBAEHHbIX ABYMA OCHOB-
HbIMWU METOAAMM: NOBYLLKO-TUHUAMM (NNALLIKK
fepo) 1 nosuMmmn 30-MeTPOBLIMU KaHaBKaMM.
Mepsbim 6bl10 oTpaboTaHo 243600 noByLUKO-
CYTOK M A06bITO 24 NecHbIX NTeMMWHTA, BTOPbIM
— 5400 KaHaBKO-CYTOK M OTnOBAeHO 192 3K3.
3TUX 3BEPbKOB.

MeToabl

B utore obuiee 4mMcno AobbITbIX U NpoBeaeH-
HbIX Yepe3 300aHaTOMUYECKUIA aHann3 ocoben
paccmaTpuBaemoro Buaa coctasmao 216. Mpwu
3TOM OULEHKa YUCNEHHOCTU U TEePPUTOPUANb-

HOrO pasMeLleHMA 3BEPbKOB, OnpeaeneHune
BO3pacTa, aHanM3 PenpoayKTUBHOW CUCTEMbI,
BO3PACTHOrO M NOJIOBOrO COCTaBa MOMYAALUM,
M3y4eHWe NMHbKKU LIEePCTHOro MOKPOBa U 0OCO-
6eHHOCTel NUTAHMA NPoBOAUAUCH MO obuie-
npuHaTon metoamke (0630pbl cm.: HoBMKOB,
1953; Kapacesa 1 ap., 2008).

Pe3ynbratbl

YucneHHOCTb M BuoTonuueckoe pasmetye-
Hue

CpeanHAs 3a BeCb Nepuos, HalWKnX ncciesoBa-
HUIM YNCNEHHOCTb JiecHOro nemmuHra B Kape-
nun coctasuna 0.26 3K3. Ha 10 KaHAaBKO-CYTOK
(1.9 % B ynoBax MenKkuMx MIEKONUTAIOLLNX) U
0.007 3K3. Ha 100 noByLwwKo-cyToK (0.09 %). Mpwu
3TOM CpeaHWI MHOTONETHUM MOKa3aTesb yye-
TOB 3aKOHOMEPHO CHUXKAETCA C CeBepa Ha Hor.
Ons cesepHoit Kapenun oH coctasnsaet 0.8 Ha
10 KaHaBKO-CYTOK (7.3 % B yn0Bax MeKUX Me-
KonuTatowmx), B cpeaHent — 0.3 (1.8 %), torkHOM
—0.2 (1.3 %). B cpaBHEHWM C J@HHbIMW U3 ApY-
rMX, 0COBEHHO LEeHTpasibHbIX, YacTel apeana
3TV NOKa3aTeNu BbIrNALAT HEBbICOKMMMU.

Kak noKasbiBalOT KONMYECTBEHHbIE Y4YeTbl,
OCHOBHbIMW MECTOOBUTAHUAMM NNECHOTO NEeM-
MMWHFA Ha TaeXXHOM ceBepo-3anage Poccum
CNyXKaT XBOMHbIE 3e/IEHOMOLUHbIE /1eca C MOLLL-
HbIM MOXOBbIM W KYCTapPHUYKOBbIM MOKPOBOM
— COCHAIKM U eNbHUKW. [Tpn 3TOM rNaBHYO posib
MrpaeT NPUCYTCTBUE 3e/1eHbIX MXOB U Pa3BuUTHne
MOXOBOM MNOAYLIKWM, @ COMKHYTOCTb M COCTaB
APeBOCTOA, APEHMPOBAHHOCTb MOYBbI, OCBe-
LWEeHHOCTb, HaNMYne NOANECKa U T. N. He UMeroT
CYyLLeCTBEHHOro 3HayeHus. MoxoBON NOKpPOB
KapenbCKoM Talrn obpasoBaH OCHOBHbIMU BU-
AAMW 3e/IeHbIX U NEYEHOUYHbIX MX0B: Tomenth
ypnum nitens, Aulacomnium sp., Brachytheci
um sp., Dicranum sp., Ptilidium ciliare v gp.
MoxoBasa noAyLlKa HepeaKo JOCTUraeT TONLWM-
Hbl 10—15 cm 1 HageXHO YKPbIBAEeT HE TONbKO
X0Abl, HO U THe34a NeMMWUHTOB, co34aBasa bna-
ronpuAaTHble ANA CyWecTBOBAHMA 3BEPbKOB
O4HOPOAHbIE KAMMATUYECKME YCNOBUA U OA-
HOBpeMeHHO obecneymBaeT 3BepbKoB boraTomn
KopmoBou 6a3on.

[Ons TUNUYHBIX MecToobuTaHui 3Toro BMAA
XapaKTePHbI NPUCYTCTBME PA3BUTOTO MOXOBOIO
MOKPOBA U XOpoLLMe 3auTHble ycnosusa, obe-
CneyMBaloLLMeca MOXOBOW OEPHOBWHOM WU
MEpP3/I0THbIMW TPELUMHAMWN MOYBEHHOrO Mo-
KpPOBa, BaNEXKHUKOM UM KOYKAPHUKOM, 3 YaLle
— COBOKYMHOCTbIO 3TMX dakTopoBs. 3abonouer-
HOCTb W YB/IAYKHEHHOCTb HE BCerga ConyTCTBy-
lOT ero mectoobutaHuam, Ho B 3anagHon Cu-
6MpK NecHble IEMMUHTU HepeaKo HacenatoT
MOXOBO-OCOKOBbIEe U KOYKapHMKOoBble 60/10Ta U
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3a60n104YeHHble OKpanHbl NecHbix o3ep (KOguH
n ap., 1976).

MeHee 6naronpuaTHble 3KOMOrMYECKUe
YC/IOBUA HaXO4AT IEMMWUHIU B JIMCTBEHHbIX U
CMELLAHHbIX Necax, 3apacTalolmnx KyCcTapHuU-
KOM /lyrOBMHaX, B JIMCTBEHHOM MeNKONeche.
[axke B rogbl Nnogbema YUCNEHHOCTU OHU He
YKMBYT 34,€Cb NOCTOAHHO, 3 NOABNAIOTCA TO/IbKO
B Nepunog, pacceneHnsa monogHaka. CoseplueH-
HO He IOBUNIUCb NEMMMUHIU B INLLIAAHUKOBBIX U
CKa/IbHbIX COCHAKAX, Ha BbIpybKax 1 No oKkpau-
Ham 6onorT.

Tem He meHee B CU/IbHO TPAHCHOPMMPOBAH-
HbIX pybkamu naHpwadTax NeMMUHIM OTNaB-
JIMBA/INCb PerynapHo, npuyem ocobeHHoO YacTo
B COCHAKE YePHUYHOM UM JaKe Ha Kpasax 3abo-
NloyeHHom Bblpybku (KypxmHeH u ap., 2006). B
3TUX YCNOBUAX COXPAHEHWE MaJIOYUCIEHHOM,
HO CTabMNbHOM NONYNALLWUM NECHOIO NEMMMUHTA
BO3MOXHO fAarke Npw rNyboKoW aHTpomnoreH-
HOM TpaHchopmaLummn naHawadTa Npm yciosmm
COXpPaHEeHWA Ha BblpybKax HeboNbWMX Maccu-
BOB XBOMHbIX /1eCOB C MOLLHbIM MOXOBbIM W
KYCTapHUYKOBbIM APYCOM. MHTEHCUMBHOE Nieco-
NoNb3oBaHMe («CKaHAMHABCKaA TEXHOMOMMAY),
COMpPOBOXKAAtoLLeeCA NecoocylleHnem, OMO-
NOXKeHMemM necos U popMUpPoBaHNEM XBOMHbIX
MOHOKYNIbTYP, NO-BUAMMOMY, ABNAAETCA OCHOB-
HOM NPUYMHOM COKpPALLEHUA apeasa U YUC/IeH-

HOCTU NecHoro nemmuHra B CkaHgmHasum (H.
Hentonen, ycTHoe coobuieHue).

AKTUBHOCTb. YCTPOMUCTBO rHe3a,. Ce30HHble
MUrpaymm

AKTUBHOCTb Y JIECHOFO IeMMUHIa nonndas-
HaAa (Mpomos, Epbaesa, 1995). Yauwe Bcero oH
MCNONb3yeT Pa3/IMYHbIE ECTECTBEHHbIE YKpbI-
TUA; MHOr4A NPOKNAAbIBAET XOAbl B MOXOBOM
CNnoe, HO HacToAWMX HOp He poeT. MNpu sTom
XapaKTepHOM YepTON 3KOJIOTMN NNIECHOTo /IeM-
MUWHra ABNAETCA OTHOCUTENIbHO Hebosbluan
NOABUMKHOCTb, CTPEMIEHNE OTPAHUYUTL CBOIO
[eATeNbHOCTb HEBOMbLIMM YY4aCTKOM C ONTU-
MaJIbHbIMW KOPMOBbIMW U 3aLMUTHBIMWU YC/I0-
Buamun. OTClO4a KPYXEBHOW XapakTep pac-
npeaeneHva 3BepbKoB B npeaenax buortona
N peaKas uUx OTNaBAMBAaEMOCTb BHe nepuosa
pacceneHua. Manyo NoABUMKHOCTb IEMMUHTU
KOMMEHCUPYIOT aKTUBHOM AOEeATENbHOCTbIO B
rpaHuMuUax Hebonblwolh TeppuTopmn. 3a4ech BO
MHOYECTBE BCTPEYAOTCA TPOMUHKU M XOAbl,
NPOrpbI3eHHbIE B MOXOBOM MOKPOBE, Xapak-
TEPHbIE NOKOMKKU, MOMET U T. N.

He34a NEMMUHIU YCTPamBalOT B MPOCTbIX
HOpax MeXay KOPHAMU JepeBbeB, B MOXOBbIX
KOYKax MM cpeam 3amuenbix KamHen. Ma-
TEPUANoOM ANA THe3aa C/AyXKaT cyxad Tpasa u
cTebnn mxa.

Tabnnua 1. Pe3ynbTaThl yYeTa IECHOMO IEMMMHTIA B 3anoBeaHuKe «Knau» B nnkosble (1966—1967)
roapl (B uMcnnTene — Yncao 3BepbkoB Ha 10 KaHaBKO-CYTOK, B 3HaMeHaTene — 40AA OT yioBa, %) (no:
MBaHTep, 1975)

1966 . 1967 . 3a Becb

nepvog,

ceHTabpb Mman UIOHb UIONb OKTAGPb yyeToB

COCHSAKM TpaBsaHO- 4.0/ .

36/1eHOMOLHbIE 14.3 0.8/50.0 23/103 43/273 19/12.2
ENbHUKM-3€N1€HOMOLLHWNKM 4.0/25.0 — 1.2/48 69/23.1 29/18.2 34/171
Cnenble 6epesHsKM C eNbio — — — 1.0/43 14/111 11/7.2
Jlyra cpeauM  CMeLWaHHOro . . 18/11.3 14/80 09/8.2

necay nocenkos ’ ’ ’ ) ’ ’
B cpeawem AnA  BCeN 54,417 02777 03/17 25/119 23/143 1.4/103

TEPPUTOPUN 3anOBEOHUNKA
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[na 3TOro rpbi3yHa XapaKTepHbl CE30HHble
MWUTPaLUM, MHOTAA NPUHMMAKOLWME MACCOBbLIN
XapaKTep, 0cobeHHO B roAbl MHTEHCUMBHOTO Pas-
MHOeHUA. NMogobHyo murpaumto, Habntogas-
Wwytoca B KoHue mntona 1960 r. B gonnHe cpes-
Hero TeyeHmA p. KonbiMbl, ApPKO onucbiBatoT b.
C. lOauH c coaBtopamu (1976). CornacHo ux Ha-
61t04eHMAM, B 3TOT Nepmnos, MOJIoAble 3BEPbKU
B MacCe BbICENANNCH U3 TUMNYHbIX B TEX MeCTax
CTauMi, NOMMEHHbIX NTUCTBEHHUYHUKOB, B OT-
KpbITble MeCTOOBUTaHMA — XBOLL,OBO-3/1aKOBbIE
Nnyra, TpaBaHUCTble 6010Ta, NepensibiBanu Npo-
TOKM KONbiMbl M MPU 3TOM YacTO CTaHOBU/IUCH
[06blYEN MHOTOYUCNEHHDbIX LWYK. B npnbpex-
Ho nonoce p. Konbimbl B Macce Haxoaunm Tpy-
Nbl YTOHYBLWMX NeMMUHIoB. OCHOBHble nepe-
ABUMKEHMA 3BEPbKOB MPOUCXOANN B BEYEpHee
N HOYHOE BpemsA, Korga cesepHee MNonapHoro
Kpyra CONHLEe CTOMT O4eHb HU3KO HaZ ropuU3oH-
TOM. TaK, BCe IeCHble NeMMWHTU, NepenbiBaBs-
WKe NPOTOKMU Konbimbl, BCTpeYanmucb nocne 22
4. lLUnpunHa NpoTOK, B KOTOPbIX OHM Habatoaa-
nvce, poctmrana 400 m. Cpegm 3BepbKOB OTMeE-
Ya/IMCb CaMLbl M CAMKM BECOM, Kak NMpaBuno,
meHee 20 .

Ha Konbckom nonyoctpoBe maccoBble Mu-
rpaLmun 3TOro BMAA HaYMHAKOTCA TaKXKe C cepe-
AMHbI 1eTa, HO pacTArMBatoTCcA A0 oKTAbps (Ho-
BMKOB, 1941). U cpean murpupyrowmx ocoben
Takxe npeobnagatoT mosoablie HenosaoBo3pe-
Nble 3BEPbKM, XOTA OTMe4Yanncb u bepemen-
Hble.

MorKHO npeanonaratb, YT0 BO3HUKHOBEHUE
TAKMUX MUTPALMIM CBA3AHO C pacceneHmem Mmono-
AbIX TEMMWHIOB B rofgbl MX MacCOBbIX Pa3MHO-
YKEHMI B CBA3M C BO3HUKAIOLLEN ANCNPONOPLU-
en mexagy 60nblIMM KONMYEeCcTBOM NOTpebu-
TeNen U OrpaHMYEeHHbIMM 3amacaMm 3eneHblX
MXOB, KOTOpble C/y¥aT OCHOBHOM KOPMOBOW
6a3oi 3Toro BMAA Ha MPOTAMKEHWUWU BCErO ero
obwupHoro apeana. Mo MHeHUO GUHCKUX 300-
noros (Kalela et al., 1963), 8 CeBepHol PUHNAH-
ANU MUTPALMN IECHOTO NIEMMUHIA BO3HUKAOT
BECHOM M OCeHbl0 U 0b6yCcNoBAEHbI CE30HHOWM
CMEHOM KOPMOB U MeCTOOBUTaHUIA.

JlecHble NeMMUHIN CNeLnanm3npyroTca Ha
NMUTaHMM 3eNeHbIMM MXamu. B mectax mx Kop-
MEXKN Mbl Haxogunu noeau Ha Pleurozium
schreibery, Hylocomium splendens, Polytrichum
sp., Dicranium sp. v gp. MNpn 3TOM 4YacToTa
noefaHunsa TOro MM MHOTO BUAQ MXa BCELEsO
3aBMCUT OT ero obuauna B mectoobutaHuu. Mo-
NlydyeHHble B. H. bonbliakoBbiM C COaBTOpPamMu
(1986) ana KOxkHOro Ypana npsamble OLLEHKM UC-
No/Ib30BaHMA NEMMUHIaMM MOXOBOTO NOKPOBaA
MoKasanu, YTo MaKCMManbHaA [0NA AOCTyn-
HOM M UCNONb3YEMOM }KUBOTHbIMW MOPOCLUEN

MXaMW NOBEPXHOCTU He npesblwaeT 14 % u B
cpeaHem pasHa 10 % oT 0bLwero NPOeKTUBHOIO
NOKPbLITUSA Mxamu. B 32 nccnesoBaHHbIX HaMM
KenygKkax NeMMUHIOB TaKKe OOHApy!KeHbl B
OCHOBHOM 3€/1eHble MXU, 1LLIb B 6 Kenyakax
NPUCYTCTBOBA/IM BMECTE CO MXaMM OCTaTKM
TPaBAHMUCTbIX PAacTEHUI, B ABYX — CEMEHA U B
04HOM — YepHuKa. Monesble HabaAeHUS No-
Kasasn, 4YTo, WMHTEHCMBHO nNoenas 3e/eHble
MXW, IEMMWHIM OCTaBNAKT B MOXOBOW MOA-
CTUNKE B MECTax KOpPMEeXKeK XapaKTepHble U
XOPOLO 3aMeTHble Noeau — nponaetleHsbl. Mpu
COAEPKAHUN e B KNEeTKaX OHU OXOTHee BCe-
ro noefanu Hambonee mosogble 4acTM Mxa, a
TaK)Ke B MEHbLUEM KOIMYECTBE U MEHee OXOT-
HO — INCTbSA M KOPHU OCOK U NNCTbA HONOTHOM
YMHbl. HazemHble e NULWANHUKN, KyCTapHWY-
KU1 (bpycHuKa, ronybuka, 6arynbHuK, noaben) n
T. M. NOZIHOCTbIO UTHOPMPOBANMN.

CneunanusMpoBaHHOe MWUTAHWE JIECHbIX
NIEMMWHIOB  MPENUMYLLECTBEHHO  3e/1eHbIMU
MXamu ¢ He6obLLIOW A0NEN yYaCTUSA B UX PaLym-
OHEe APYrux pPacTUTe/IbHbIX KOPMOB OTMEYEHO
M B APYrMX YacTax BUAOBOro apeana: Ha Konb-
cKkom nonyoctpoBe (HosBukos, 1941), B DUHNAH-
anu ( Skaren, 1963), B gonmHe BepxHel JleHbl
(Peimepc, BopoHos, 1963), B HOxKHOMN ARyTUM
(PeBuH, 1968), Ha JanbHem Boctoke (KOanH u
Aap., 1976), B bapabe (Mhotos u ap., 1978). Nu-
cTocTebenbHble bpuneBble U NEeYEeHOUYHbIe MXM,
XOTA U YXOAAT MOA, CHEr 3e/IeHbIMU, MO BUOXK-
MWYECKOMY COCTaBy ManonuTatenbHbl. K Tomy
¥Ke OHM cofeprKaT bonbloe KONMYecTBo NJo-
XonepeBapuMOi LLeNN0N03bl U FEMULLENNIONO0-
3bl, @ TAKX¥e IMTHUHA U AYyOUNbHbLIX BELLECTB,
YTO MOJIHOCTbIO NMLWIAET UX NPUBAEKATENIbHO-
CTV ANA 3BEPbKOB.

Hu3kasa nuTaTenbHOCTb U cnabas nepesapu-
MOCTb OCHOBHbIX KOPMOB NE€CHOF0 JIEMMMWHTA
06YyCNOBUAM 3HAYUTENBHOE Pa3BUTUE Y HEro
TO/ICTOrO OTAEeNa KuweyHuKa. OTHoCUTeIbHasA
06LLas OMHA KMLIEYHMKA Y 3TOro BUAA TaKKe
Bbllle, YeM Yy CMOUPCKOro NEMMUHIa U none-
BOK, KOpMa KOTOpbIX 6onee nuTaTeNbHbl U ner-
KonepeBapuMbl.

PasmHO}eHue 1 CTPYKTypa nonynaumum

B HaWWx ycnoBUAX Ha4yasio Pa3MHOMKeHUA
NIECHOTO NeMMMHIa MNPUYypPoYEeHO KO BTOPOW
nonosuHe mas. Camel, A06biTbi 19.07.1967,
MMEN CUJIbHO YBEJIMYEHHbIE MOJIOBbIE Xesie3bl
(8nmnHa cemeHHMKa 10.8, ceMeHHbIX NMy3blPbKOB
15.3 mm, Bec ABYx ceMeHHUKoB 588 mr) B cocTo-
AHWUMN AKTUBHOTO CriepmaToreHesa: B KaHanbL,ax
N NpuaaTke ceMeHHMKa 0bHapyrKeHbl 3pesnble
cnepmatosomnabl. B TOo e BpemAa B3pocnan
CaMKa, oTioBaeHHaA 22.05.1971, ewe He pas-
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MHOXanacb (gnmMHa poros maTtku 18.4 mm, Bec
MaTKN U sMYHUKOB 111 mr). B MioHe noimaHbl 3
B3POC/Ible CAMKM, OAHa M3 HUX bepemeHHas (5
ambpuoHoB gavHon 11-12 mm), a ABe apyrue
Kopmuan BbiBoAoK (24.06.1965, 29.06.2011).
B utone — pasrap pasmHoxeHuA. Bce Tpu go-
6bITble B 3TOM MecALe B3pOC/ble CaMKK Bblan
H6epemeHHbl, @ 3MMOBABLUNI CameLl, HaxoamacA
B COCTOAHMM MONOBOM aKTUBHOCTU (A/IMHA ce-
MeHHWKa 11, cemeHHbIX Ny3blpbKoB 15 mm, Bec
ABYX cemeHHUKoB 604 mr). B aBrycte pasmHo-
YKEHUEe B3POC/bIX NEMMMUHIOB NMPOAO/IIKAETCA,
a B ceHTAbpe 3akanuuBaetcA. JavMHa cemeH-
HMKOB Y CamMLOB, A0bObITbIX B ceHTAbpe, 6.4-8,
B cpegHem 6.9 mMm, CeMEHHbIX My3blpbKOB
1.5-3, B cpeagHem 2 Mmm, BeC ABYX CEMEHHMKOB
89-140, B cpegHem 110 mr; cnepmaToreHes
oTcyTcTByeT. [locnegHAA NAKTUPYIOLWAA CaMKa
[o6biTa 4.09.1970. 3TUM McUyepnbiBalOTCA BCe
nmerwmeca y Hac CBefAeHMA OTHOCUTE/IbHO
Pa3MHOXEHMA Nepe3rMoBaBLLEN YacTU nony-
nauuun. CygAa no Bcemy, B3pocC/ble CAMKWU Oal0T
3a /1eTO He meHee 2—3 BbIBOAKOB, NpUYeM y4a-
CTUE MX B PAa3MHOXEHWNU CTOMPOLLEHTHOE.

MepBble Monogble 3BepbKM MNOABAAIOT-
CA B y/NOBax C cepeauHbl nioHA (16.06.1967,
14.06.1998), HO B macce — B utone. B KoHue
NIONA YaCTb NPUOLINBIX TEMMWHIOB PaHHWUX Bbl-
BOZKOB MOXET JOCTUraTb NOOBOWN 3PENOCTU U
y4acTBOBATb B pPa3MHOXeHuU. OgHako 60sb-
LWMHCTBO MO/IOAbIX CO3PEBAOT /INLWb BECHOW
cneayrowero roga, obuee YMCN0 pasMHONXKato-
LLLMXCA CErONIETOK He NpeBbiwaeT 15 %y camok n
20 % y camuoB. CpaBHUTENbHO HebBoNbLUIAA CTe-
NeHb Y4acTUA B Pa3MHOXEHUM MONOAbIX CAMOK
XapaKTepHa n gna neMMuHros ®uHnaanaum. Mo
AaHHbIM M. UnmeHa u C. laxtu (limen, Lahti,
1968), 60NbLWINHCTBO U3 HUX NEPE3NUMOBbIBAIOT
Henonoso3penbimu npu Bece 18-20r. B AKyTUmn
obwee 4YMCNO CaAMOK-MEepPBOMNOMETHMUL, Y4a-
CTBYHOLLNX B pa3MHOXKeHUun, coctasnsaeT 33.3 %
(Kpusowees, 1971).

Mo HaWMM AaHHbIM, CpeaHAA BEIMYMHA Bbl-
BOZKA Y IECHOIO NeMMMHIa cocTasnAeT B Kape-
nmn 4,44 + 0.26 ¢ konebaHmamum ot 3 go 6 (n =
18). 3T0 6/1M3KO K AaHHbIM Ana BocTouHoM
®uHnaHann (4.6 £ 0.42), HO HUXKeE, YemM B AKY-
Tnun (5.1 £ 0.24) n Nevopo-Unbluckom 3anoses-
HuKe (Kpmsowees, 1971; Skaren, 1972; bobpe-
uoB, 2004). OTHOCUTENbHO HU3KYKD Pa30BYIO
NAOAOBUTOCTb NEMMMHIOB (MO CPaBHEHUIO C
PBIXXMMM N CepbIMM NOSEBKAMM) CBA3bIBAOT
06bIYHO C XOpOLIEN BbIXKMBAEMOCTbIO MOJIOA-
HAKa, 0bYCNOBNIEHHOM YCTOMUYMBOI KOPMOBOW

63301 M XOPOWMMM 3ALUTHLIMU YCNOBUAMM
mectoobuTtaHuii Buga (Kpmsowees, 1971). Oa-
HAaKO He MeHee BEpPOATHA CBA3b 3TOFO AB/IEHUA
Cc 60NbWION YacTOTOM POXKAEHUA BbIBOAKOB.
Hanpumep, B ®PUHASHOMW WMHTEpPBAN MeXay
NOMEeTaMUu COCTaBASET Y NECHbIX SIEMMUHIOB
06bI4HO 23-28 gHEN: caMKKU cnapuBatoTca ye-
pe3 3—4 gHsa nocne poaos (limen, Lahti, 1968).

AHanu3 BO3pacTHOro coctaBa A0b6bITbIX
3BepbKoB (Tab/n. 2) NokasbIBaeT, YTO A0 WIOHSA
BK/IIOYMTE/IBHO B MOMNYAALUN NECHbBIX IEMMUH-
ros Nnpeob6n1afatoT B3pOC/ble NeEPE3UMOBABLUNE
ocobu. B ganbHenwem gonA UX Pe3Ko NaaaeT,
N B OKTABPE OTZI0B COCTOUT UCKNOUUTENBHO U3
npubbINbIX "eMMUHTOB. COOTHOLLEHWE MNOSIOB Y
paccmaTpuBaemoro Buaa, cygAa no oT/ioBy Mo-
NOAbIX KMBOTHbIX, YKNOHAETCA B N0/1b3y CAMOK.
B ®uHAAHAMM 3Ta AMcnponopumnsa ele 3Hauu-
TenbHee: cpeam aMH6PMOHOB, HOBOPOXKAEHHbIX
M B NOC/NeAyHoWMX BO3PACTHbIX rPynnax camKu
coctasnaT 70-80 % (Kalela, Oksala, 1966).
Mpn 3TomM cnepyeT NOAYEPKHYTb, YTO Npeob-
NajaHve B NONyAAUMU NIECHOFO JIeMMWHTA
ocobeli KeHCKOro nosa — BeCbMa XapakTepHas
0COBEHHOCTb AaHHOrO BMAA, KOTOPY, NOMU-
Mo Hac (MBaHTep, 1975), oTmeyanu mHorue
300/10TM B Pa3sHbIX 4YacTax apeana (HoBuMKoB,
1941; YepHasckuit n ap., 1978; IamkuH n ap.,
1983; bonblwakos, KybaHues, 1984; unesa,
depopos, 1984). OHO 06BACHAETCA HAaUUMEM
YHUKa/IbHOW CUCTEMbI TEHETUYECKON AeTepMMU-
HaUMM Nosa, Koraa Hapsay € 06blYHbIMKU cam-
Kamu, MMELWMMM B KapUOTUINE ABE MKEHCKUX
(XX) xpomocombl, B NonNynsiLnm npucyTcTByeT
3HauYMTEeNbHOE YMCNO PEeHETUYECKN HOPMaib-
HbIX U NJIOAO0BUTBLIX CAMOK C MYXCKMM Kapuo-
Tunom XY (Fredga et al., 1977). Tak, no Ha-
6ntopgeHnam 3. A. Tunesoi u B. b. Pegoposa
(1984), B CeBepHOM 3aypasibe A0/1A TaKMX ca-
MOK M3MeHsanacb no rogam ot 33.3 oo 56.5 %.
B Hawwux cbopax gona camok cpean ceroneTok
Konebanacb nNo mecAuam B npeaenax 53-75
% wn coctaBuna B cpegHem okono 60 % (cm.
Tabn. 2). Y70 *Ke KacaeTtcs B3pOC/bIX (3MMo-
BABLUMX) KMBOTHbIX, TO CPEAM HUX YNCNEHHOE
OTK/IOHEHME B MOJIb3y CaMOK (75 %) oTmeuyeHo
NNWb B Utone. B ocTanbHble mecALbl 40CTOBEp-
HO AOMMHMpPOBanu camubl (ot 80 go 100 %). Mo
MHEHUIO cheuranbHO 06CyXKAaBLINX AAHHbIN
Bonpoc aBTopoB (Pepopos, 1992; bobpeLos,
2004), 310, CKOpee BCEro, MOXKHO OOBACHUTH
6onbluier NOABMMKHOCTbIO CaMLOB B Nepuos,
MUKa PasMHOXEHMA, NPUXOAALLEroca KaK pas
Ha cepeanHy neTa.
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Tabnnua 2. Monosble M BO3PACTHbIE COOTHOLLIEHWUSA B MOMNYASALMM IeCHOrO N1eMMUHra B Kapennu no gax-
HbIM MacCOBOro OT/10Ba

Mecauy, Yncno npubbiabix Yu1cno 3MmoBaBLIMX Obuee Yncno 3BepbKOB
abc. M3 HMXxcamubl, % abc. U3 HUXCcamupbl, % abc. M3 HUX 3MMoBaBLUKe, %
Mari - - 2 50 2 100
UioHb 11 36.4 6 50 15 40
Wionb 48 56.2 5 40 53 9.4
Asryct 74 35.1 6 66.7 80 7.5
CeHTAb6pb 48 354 6 66.7 54 11.1
OKTAbpb 12 25 - - 12 -
Bcero 193 39.9 25 56 216 11.6

bonblwana nona ceroneTok B UKONbCKUX OT/IO-
Bax (87.5 %) n ux oTHOoCUTeNbHAsA BblpaBHEH-
HoCTb no Becy (12—-17 r) roBopAT O TOM, 4TO
nepBoe BeCEHHe-IeTHee Pa3MHOXKeHue Niem-
MUHIOB NpoxoauT B Kapenum ovyeHb APYrKHO, U
MMEHHO OHO, a He nocseayrolme reHepaLum,
onpegenseT BbICOKYHO YUCNEHHOCTb Monysna-
LMK OCEHbIO.

JIMHbKa

HacKoNbKO MOMKHO CyAWUTb MO COCTOSIHUIO
Me34pbl U Mexa, BECEHHAS JIMHbKA B3POC/bIX
NNECHbIX IEMMWHTOB NPOXOAMUT B anpene — mae.
Monoapie ocobu NMHAKT [OAF0, HAYMHAA C
NIONA U 00 cepeanHbl OKTABPA. B utone nnHsato-
LWwMe 3BepbKMN COCTaBMAM B Halwmx cbopax 44 %,
B aBrycte — 53, B ceHTAbpe — 60, B OKTAGpe — 83
%. Bo BTOpOI NonoBMHE OKTABPA NINMHBbKA 3a-
KaHuYMBaeTcA; Bce A06bITble IEMMUHIU UMENN
NOIHOCTbIO CHGOPMUPOBAHHbBIN 3UMHUIA MEX.

MU3meHeHunAa YncneHHoCTH

B oTaenbHble rogbl Ha ceBepo-3anaje Taex-
HOM 30Hbl MPOUCXOAAT pPe3KMe NoAbEMbI YMC-
JIEHHOCTW NIeCHOr0 N1eMMUHTa, KOTopas yBeau-
4ymBaeTcA NpM 3TOM B AECATKMU pas3. B Hawem
perMoHe, U B YACTHOCTM B KOHAOMOMCKOM WU
MUTKApaHTCKOM parioHax Kapenuun, maccosoe
noAs/ieHue 3TOro BMAa oTmedasnocb B 1966,
1970, 1987, 1992, 1998, 2003, 2008 n 2012-
2013 rr.,, Koraa nNokKasaTesib Yy/10BOB B pacye-
Te Ha 10 KaHaBKo-cyTOK BO3poc ¢ 0.0-0.09 no
0.3-1.3, 1. e. 6bonee yem B 13 pas. CooTBeT-
ctBeHHo ¢ 0.0-0.6 go 10-11 % yBenmumBanacb
W A0NA 3TOro BUAA B Y/I0OBAX MeJIKUX MNeKOMNU-
TaloWwmx. A 4eCcATbIO rogamm paHblle, B 1957 .,
ewe 6onee CUNbHYIO BCMbIWKY PAa3MHOMKEHMUA
N MacCoBOE «HallecTBME» NeCHbIX NeEMMMUHIOB
Habnopanu B ceBepHoit Kapenuu (B Kanesanb-
CKOM paioHe). 3a4ecb Npoxoguna HacToAwasn

MUrpaumna 3sepbkos. OHM NaBMHOM WK MO A0-
poram, 3aberanm B goma M capauv U COTHAMMU
rmbnu, He Bblaep»KaB TAroT NyTU. Tonbko 3a 2
AHA paboTbl, 22.09 1 24.09.1957, Ha ogHOM 13
yAnL noc. YXTa COTPyAHWUKKM NONEBOro 300/10-
rmyeckoro otTpaga cobpanun 27 TpynoB NECHbIX
NeMMUHIoB. B Tom e 1957 r. pe3kui nogbem
YMCNEHHOCTM 3TOrO BMAA BblN OTMEYEH U B CO-
cegHen OGuHnaHgmn. Mo pgaHHbIM Y. CKapeHa
(Skaren, 1963, 1972), B aBrycte 1957 r. uncneH-
HOCTb /IECHOTO IEMMMHIA COCTaBMna Tam 6.2
9K3. Ha 100 noBywkKo-cyToK (21.9 % B ynoBax
Micromammalia). B 1963 r. BbICOKasA KOHL,eH-
Tpaums NeMMUHroB Habarganack B BoctouHom
Hopserun (Mysterud, 1968).

B cBeTe M310KeHHOro 3ac/y*KMBaeT BHUMa-
HuA Tesuc T. B. KowkuHoi (1958, 1970, 1971)
0 TOM, YTO Y BTOPOCTEMNEHHbIX BUAOB NONEBOK
YPOBEHb YNCNEHHOCTM BCEraa B HECKOIbKO pas
HUXKe, a aMnAnTyaa KonebaHUM YMCNEeHHOCTU
B AECATKM pa3 bonblue, Yem y ZOMUHUPYHOLLUX
BMAO0B. [pn 3TOM MaNIoYNCNEHHOCTb BTOPOCTE-
NeHHbIX BUAOB NO CPABHEHUIO C LOMUHUPYIO-
WMMun onpegensaetca 6onee BbICOKOM UX CMmep-
THOCTbIO, @ HE HU3KUM TEMMNOM PAa3MHOMKEHMUA.
PasmHO)eHMe e OO0MUHUPYIOWMX BUOOB B
rogbl NOAbEMA NX YACNEHHOCTU PE3KO CHUMKa-
eTca BC/AeaCcTBME BHYTPUBMAOBOM KOHKYPEH-
UMM M oTObopa Ha HaNbBO/bLLYHO arpPecCcMBHOCTb
npu TepPUTOPUANbHOM KOHKYPEHLUUN U NMOBbI-
lWWEeHHY cnocobHOCTb OcCBamBaTb MNPOCTPaH-
CTBO NPU 3HAYUTENIbHOM CKY4eHHOCTU ocobel.
Obnaparowme TakKMMmM cnocobHocTamM ocobu
OT/INYAIOTCA O4HOBPEMEHHO HU3KMM MOTEHLU-
asiom pasmHoxkeHua (Ghitty, 1964).

He pacnonaras AoCTaTOYHbIM MATEPUANOM,
Mbl He bepemcAa 06BACHATbL MPUYUHBI PE3KOo-
ro BO3pPaCTaHWA YUCNEHHOCTU NECHbIX JSieM-
MUHroB. O4HAKO ACHO, YTO KOPMOBOW daKTop
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34eCb He npu 4Yem. 3anacbl 3eseHbIX MXOB,
KOTOPbIMW B OCHOBHOM MUTAOTCA JIEMMWUH-
M, NPaKTUYECKN HEe MEHATCA No rogam. He
yOaeTca CBA3aTb YPOBEHb YUC/IEHHOCTU NieM-
MMWHIOB M C NOrogHbIMU YCNIOBUAMU. B TO Ke
BPEMA CUHXPOHHOCTb KonebaHWi YMCAEeHHO-
CTWU IEMMMHTA C TAaKOBbIMU APYIrMX BUAOB rpbl-
3yHOB (NpaBAa, 3Ta CUHXPOHHOCTb He NnosiHasA)
no3BoAnsAeT npeanonaraTb obLmMe NPUYNHBI AU-
HaMMKKN MX YnucneHHocTu. flopasao nerye o6b-
ACHUTb PEe3KOEe CHUMKEHWE YUC/IEHHOCTU NeM-
MWHFOB Ha Cneaylowmin rog, Nocie nogbema.
OCHOBHYO pPONb 34€Cb UrPaDT CMEPTHOCTb U
MUrpaumKn, peryampyemole B COOTBETCTBUM C
NAOTHOCTbIO NONyNALNK. U3BECTHO, YTO UHTEH-
CMBHbIA POCT YMCNEHHOCTM TPbI3YHOB CO34a-
eT «MOMNyASUMOHHbIN CTpPecc», NoAaBAAOLLNM
Pa3sMHOMXEeHME, YCUINBAIOLWMIA arpecCcMBHOCTb
N NOABMUMKHOCTb KMBOTHbIX M MPUBOAALWMNM K
yBenmuyeHuto cmeptHoctu (Ghitty, 1960; MeTpy-
ceBuny, 1960; baweHnHa, 1963; Christian, 1963,
1971; KowkuHa, 1971; Wwunos, 1972 u gp.).
BO3MOXXHO, U y NECHOIO IEMMUHIa AENCTBYIOT
aHA/NIOTMYHblE BHYTPUMNONYIALMOHHbIE MEXa-
HM3Mbl CTabunmnlaumm YMCNeHHOCTU. YTO e
KacaeTca pe3Knx KonebaHMmM ero YUNCNEHHOCTY,
ANUTENBHOCTM TYBOKNX Aenpeccuit, KPaTKoB-
pemMeHHOCTM NOABbEMOB, TO BCE 3TO CBUAETENb-
CTBYET He 06 OTCYTCTBUM UIN HECOBEPLLEHCTBE
TaKMX MEeXaHM3MOB, a O TOM, YTO OHU paboTatoT
6e3 onepexeHua U peannsyoTca B OCHOBHOM
yepes MUrpaunm u cmepTHocTb. CBA3aHHbIE C
NJAOTHOCTbIO MONYAAUMM U3MEHEHWUA WHTEH-
CMBHOCTU pPa3MHOXeHMA (B 4YacCTHOCTM, pas-
Has CTeneHb y4acTUA B HEM MONOAbIX ocobelt)
UrpatoT B 4aHHOM C/y4ae NOAYMHEHHYIO POSb.
CywiectBeHHOe 3HA4YeHMe UMeeT TaKXKe BO3-
AENCTBME CO CTOPOHbI AOMUHUPYHOLWMX BUOOB
(oTcloga ANUTENBHOCTb AeNpPeccui).
XapaKTepHble U ANA APYrux HaWMX MEeNKnx
MNEKOMNUTAOLWMNX OTYETINBbIE OCEHHUE MOAb-
€Mbl U BeCeHHWe cnagbl YNCNEHHOCTU NPOXO-
OAT Y NeCHOro 1eMMUHIa C ropasao MeHbLUen
aMmnAnTyaon. HeBbiCOKa amnanTyaa U MHOro-
NETHUX M3MEHEHUM YUC/IEHHOCTU (33 cmex-
Hble rogbl OHa NMLWb OAHAXAbl, mexay 1969 u
1970 rr., B 4 pa3a npesBbicKAa CPeaHIO N0 BCe-
My nepuoay, cocTaBMBLLYIO 5.6 KpaT), AeMOH-
CTPUpPYOLWMX K TOMy e n abcontoTHo becno-
PAOO0YHDbIN, pBaHbIA UX pUTM. 3a noutn 50 net

bubnnorpadus

y4yeToB NOBYMMM KaHaBKamu, ¢ 1966 no 2014
r. (ctaumoHap MpuaagoKcKuin), Tam yaanochb
3aPUKCMpoBaTb BCEro 5 A0OCTAaTOYHO BbICOKUX
nogbema (1966, 1970, 1987, 1992 n 2003 rr.),
nostopaswmxca vyepes 3, 17, 5 n 10 net. C na-
AeHUAMM Xe ele xyxe. OHM NPOJONKANUCH
oT 3 ao 17 net n yepepoBanncb 6e3 Kakomn bbl
TO HM BbINO YETKOM NEPUOAMUYHOCTU C UHTEPBA-
namu B 3-9 ner.

3akntoueHue

MpoBeseHHbIe UCCNef0BaHMA NOKA3bIBALOT,
4YTO BbIIBNIEHHbIE BbIlIE 3KONOTMYECKME OCO-
6eHHOCTN, CBOMCTBEHHbIE IECHOMY NTEMMUHTY B
cneundpuyecKknx ycroBmax HXHOM nepudepnn
apeana, OTINYaLOTCA 3HAYUTENbHOM NabunbHoO-
CTbHO M TAPMOHWYHOM COrTAaCOBAHHOCTBIO KaK C
NNOTHOCTbIO U COCTOSIHMEM Nepudepuvecknx
nonynsauun, Tak U C BHEWHUMMU daKTopamum
cpenbl. PasHoobpasve 3KonorMyeckux npu-
cnocobneHuni, nx TpaHchopmauma U CMeHa BO
BPEeMeHW 1 NPOCTPaHCTBE, afanTUBHbIN AMHa-
MM3M U OPUEHTUPOBAHHOCTb HAa KOHKPETHYHO
9KONOTMYECKYO0 CUTYaLMIO, CKIAZbIBaOLLYOCA
N3 B3aMMOAEMCTBUA IK3OreHHbIX U IHAOreH-
HbIX $aKTopoB, 06ycnaBAMBAOT OTHOCUTE/b-
HY0 CTabUAbHOCTb M ONTUMaNbHOE COCTOAHWNE
nonynALMn paccCMaTpMBaeMoro Buaa B aKcTpe-
MaJibHbIX A1A Hero MPUrpaHnYHbIX YCIOBUSAX.
BMmecTo y3KMX cneunanbHbIx npucnocobneHmi
WHAMBMAYANbHOIO paHra B nepudepuyeckmnx
HaceNeHUAX TaKOro LMPOKO PacnpoCTpaHeH-
HOro NOJIMTUMNUYECKOrO  BMAA, KaK /lecHOM
NIEMMUHT, YCMNEWHO Peann3yroTca LWNPOKKUe
CTPYKTYPHO-NONYNALMUOHHbIE aganTuBHble
KOMMNJIEKCbI, OTAMYaOWMECA ANHAMUYHOCTBIO
M BbICOKOM CKOPOCTbIO KOMMEHCATOPHOM nepe-
CTponKK. ONpeaeneHHyo posib B }KU3HU N OCO-
6eHHO BOCMPOM3BOACTBE MOMNYAALMMA NECHOTO
NEeMMWHTA UFPatoT cneumduyeckne perynatop-
Hble MeXaHW3Mbl HanpaB/JEHHOro AenCcTBuA,
OCYLLECTBAAIOLME NOAAEPHKAHME YNCIEHHOCTH
Ha YpOBHE yCOBEpPLIEHCTBOBAHHOM rpynmnoBoW
opraHusauum. OgHakKo B ycnoBUAX nepudepunn
apeana pgencteMe 3TUX MexaHu3moB bonee
OrpaHMYeHO M noAafepaHue AWMHAMUYHOIO
6anaHca nonynAuMKM C pecypcamu ee mMecToo-
6uTaHuAa pocturaetca npu b6onee 3HaunTeENb-
HOM y4acTUM BHeWHUX GaKTOpPOB.
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ON THE ECOLOGY OF THE FOREST LEMMING
(MYOPUS SCHISTICOLOR LILL.) ON THE
SOUTHERN PERIPHERY OF THE AREA

IVANTER

Ernest Victorovich Petrozavodsk state university, ivanter@petrsu.ru
Keywords: Summary: The article describes the state and dynamics of the forest lemming
range periphery population located in Karelia at the southern borders of the population
biotopic distribution distribution: abundance, biotopic distribution, seasonal migrations, nutrition,
migrations reproduction, ecological structure of the population, and long-term population
stenophagy changes. This is the result of long-term expeditionary and stationary studies
reproductive season (1957-2018). The determined abundance indicators (0.26 specimens per
fertility 10 trap trenches per day; 1.9 % in the total catches of small mammals) were
sex ratio relatively low due to the location at the southern periphery of the range. It was
population dynamics also established that lemmings were strictly confined to coniferous green moss
forests with a powerful moss and shrub cover; at that, the lacy character of
the animals distribution was preserved within the biotope, as well as seasonal
migrations. The migrations are often massive, especially in the years of intensive
reproduction. Young wintered animals form the basis of the migrants. The high
specialization in nutrition by green mosses typical for this species was noted.
The breeding period lasts from the second half of May to September. The adult
wintered animals mainly take partinit, but since the end of July a relatively small
proportion of previously arrived broods can reach maturity and participate in
breeding. Adult females produce at least 2—-3 broods per season, while arrived
ones — 1-2 broods of 4.4 + 0.26 pups with fluctuations from 3 to 6. The analysis
of the age composition of the harvested animals showed that until June adult
wintered animals prevaiedl| in the population of forest lemmings. Further, their
proportion significantly drops, and in October exclusively arrived lemmings are
caught. The sex ratio in the species shifts in the favor of females, judging by
the catching of young animals. This indicates the presence of a unique system
of genetic sex determination in this species, when along with ordinary females
that have two female (XX) chromosomes in the karyotype, there is a significant
number of phenotypically normal and fertile females with the male XY karyotype.
Long-term changes in abundance are characterized by arrhythmies and a wide
amplitude with sharp 15-20-fold rises and deep, very long depressions.
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Kntouesble cnoBa: AHHoTaumsA: MNpeacTaBneHbl Pe3ynbTaTbl U3yYeHUA 300M1aHKTOHA aH-
300M/1aHKTOH TPOMOreHHbIX MecToobuTaHuii CeBepo-[BUHCKOM LWIHO30BaHHOM cUcTe-
aHTpoOMnoreHHble Mbl (Bonoroackas obnactb). MccnepgoBaHua nposegeHsl B uiosie 2010 T.
mecTtoobuTaHus Ha 6 kaHanax. CTaHuuM oTbopa Npob HbIAKM pacnpeneneHbl Ha BCEM MPO-
CeBepo-[lBUHCKan BOAHasA TAMEHMM BOAHOM cucTembl. MIcKyccTBEHHbIe BOAHble 06beKTbl CeBepo-
cmucTema [BWHCKOM BOAHOM cUCTEMbI M3y4eHbl BNepBble gna Bonoroackon ob-
KaHanbl nactu. B cocTtaBe 300NNaHKTOHA YYMTbIBaAM U ONpeaenann BUL0BYHO
Bonoroackasa obnactb npuHaaNeXKHocTb KonoBpaTtok (Rotifera) n pakoo6pasHbix (Cladocera,

Copepoda). BbiABneH 4OMUHMPYIOLWMI KOMMNEKC BUA0B. PaccumTaHbl
CpesHWe YUCNEHHOCTb M Bomacca BUAOB U rPpynm, MHAEKCHI BUAOBOTO
pa3Hoobpasus LlleHHoHa — YuBepa, cpegHAsa WHAMBMAYANbHASA Mac-
ca opraHmM3mosB. 1o cBOemMy COCTaBy 300MJIAHKTOH KaHa/0B CXOAEH U
BKAtoyaeT 33 TakcoHa (11 — Rotifera, 15 — Cladocera, 7 — Copepoda).
BO/IbLWMHCTBO BUAOB TUMWYHbI A/15 BOAHbIX 0OBEKTOB TaeKHOM 30HbI U1
061a4aloT WMPOKOW 3KONOTMYECKOM NAAaCTUYHOCTbIO. B cocTaBe co06-
wecTs NpeobnagatoT nenarmyeckme v NPUAoHHbIE BUAbl. 300MN1aHKTOH
KaHa/I0B XapaKTepm3yeTcs BbICOKMMW BEIMYMHAMM MHAEKCA BUAOBOIO
pa3Ho0b6pa3unsA, HU3KUMM YNCNEHHOCTbIO M BMOMACCO, BbiparKeHHbIM
OOMMHMPOBAHMEM BEC/IOHOMMX PakoobpasHbiX. 3aceseHue KaHasoB
NPOMCXO4UN0 OpPraHM3Mamu M3 masbix o3ep U LLIeKCHMHCKOro Bogo-
XPaHUAMLWA. YNPOLLEHHbIV penbed AHa, OTCYTCTBME BbIparKeEHHON men-
KOBOZHO 30Hbl M BOJIHOBOE BO34ENCTBME ONPELENNAN CTPYKTYPY CO-
BpeMeHHbIX coobuects. OTCYTCTBUE 3aPOC/IEBOMN 30HbI M BbICOKAsi MyT-
HOCTb BOAbl HEGMArONPUATHBI A7 PA3BUTUA MHOTMX OpraHu3mos. Mo
CPaBHEHMIO C Ma/sbIMW O3epPaMK 300MIAHKTOH KaHA/IOB XapaKTepusy-
€TCA HEBbICOKMMM BUA0BbIM HOraTCTBOM, YAC/IEHHOCTbIO M B1OMaccoi,
AOMMHUPOBAHMEM HEBO/bLLOTO YMC/a BUAOB, NpeobnagaHnem ocobei
MEeJIKMX pa3mepoB. Mpu 3TOM CTPYKTYpa AOMUHUPYIOLLETO KOMMJIEKCa
CXOAHa. BbiaBNeHHble 0COH6EeHHOCTM 300M/1aHKTOHA KaHaI0B Henocpea-
CTBEHHO CBA3aHbl C UX aHTPOMNOTEeHHbIM NPOUCXOXKAEHNEM U SKCNIyaTa-
LUMeN KaK TPAHCMOPTHbIX NyTeN.
© MeTpo3aBOACKUI rOCYAAPCTBEHHbIN YHUBEPCUTET

MonyyeHa: 13 mapta 2018 roga MoanucaHa K nevatun: 17 nioHA 2019 roga

BBeaeHue noseka (Munbkos, 1973). BogHble 06bEKTbI UC-
KYCCTBEHHOTIO NpoucxoxKaeHua (npyabl, 0680o4-
HEHHble Kapbepbl, KaHa/bl, BOAOXPAHUINLLA U
Ap.) XapaKkTepusyTca 0CobbIMU TMAPONOro-
rMMAPOXMMUYECKMMU YCNOBUAMU U CTPYKTYPOW
coobuwects (MMApPOTEXHMYECKME COOPYIKEHMUS,
1978; KoHcTaHTMHOB, 1986).

Hanbonee KpynHble UCKYCCTBEHHbIE BOAOE-
Mbl (KaHanbl U BogoxpaHuauwa) bbinm cosna-

B HacToALLee BpeMsA Ha 3eMHOM NOBEPXHO-
CTU NPAKTMYECKU He OCTaNIoCb TEPPUTOPUI U
aKBATOPWN, He 3aTPOHYTbIX AEATENbHOCTbIO Ye-
noBeka. B cywecTByrowmx kKnaccudmKaumax co-
BPEeMEHHbIX laHALWA(TOB BblAENAKTCA aHTPO-
noreHHble NaHAWadTbl, CTPYKTYPa U BO3HUKHO-
BEHME KOTOPbIX CBA3AHbI C AeATENbHOCTBIO Ye-
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Hbl 414 Uenemn cyaoxoactsa v aHepreTuku. Mpwm
3Tom 60NbLWMHCTBO BOAOXPAHUAULYL 06pa3oBa-
JIUCb B pe3y/nibTaTe 3aperyiMpoBaHUA pycen cy-
LLLEeCTBYHOLMX PEK, YTO BO MHOTOM onpeaenseT
AVHaMUKYy mnx coobuwects (Muaraiko, 1984).
KaHanbl e ABNAOTCA BOAONPOBOAALLMMM CO-
OPYKEHMAMMU U UMEIOT UCKYCCTBEHHbIE pyCAa.
Cneunduka popmmpoBaHna BUOLEHO30B Ka-
HafnoB 06ycnoBAEHA MX MPOUCXONKAEHMEM W
ocobeHHOCTAMM cO0bLLECTB BOAHbIX 0OEKTOB,
KOTOpble OHM coeguHAloT. [0 CBOMM Xapak-
TEPUCTUKAM COODOLLECTBA KaHA/NOB 3aHMMalOT
NPOMEKYTOYHOE NOMIOKEHMNE MEXAY TUMNYHbI-
MW 03EPHbIMWU N PEYHbIMM LieHOo3amK (Zhao et
al., 2018).

Ha Tepputopun Bonoroackoi obnactm Ham-
b6onee KpynHbIMM KaHanamu asnaitoTca beno-
3epCKuii 06BOAHOM KaHan u KaHanbl CeBepo-
[BWHCKOM BogHOM cuctembl. MAPOOUOHTBI
3TUX BOAHbIX OOBEKTOB A0 HAcToALWEro Bpe-
MEHWN OCTATCA NPAKTUYECKM HEU3YHEHHbIMM.
MpoBoAnMble paHee McCNeaoBaHMA 300M1aH-
KTOHa BOAHbIX 06bekToB CeBepo-[BUHCKOM

2-ii BazepuHckHii KaH. *

LUNO30BaHHOM cUCTeMbl Bblan pparmeHTapHbI-
MW 1 OrpaHUYMBaNINCh INLLb 03epamm (Pusbep,
1978, 1982, 1988, 1992, 2012 n ap.; PogmnoHo-
Ba, 1988).

Lenb pgaHHOM paboTbl — BbiABNEHME OCO-
H6eHHOCTel 300MMaHKTOHA KaHanos CeBepo-
[BWHCKOM LUNO30BAHHOM CUCTEMbI KaK TUNWY-
HbIX QHTPOMOTrEHHbIX MECTOOOUTAHMIA.

MaTtepuanbl

NccnepoBaHma NpoBOANAKCL HA 6 KaHanax
CeBepo-[JBMHCKOM  LW/HO30BAHHOM CUCTEMDI
B utone 2010 r. CeBepo-[BMHCKaA BOAHAA CU-
cTema pacrnonaraetcA B LEHTPasbHOM 4acTu
Bonoroackoi obnactu Ha Tepputopumn Haumo-
HanbHOro napka «Pycckuir Cesep» (puc. 1).
MocTpoeHHana B 1825-1828 rr., oHa coeguHAeT
peku LLekcHa n CyxoHa, Tem cambiM CBA3bIBaA
6accenHbl pek Bonrn n CesepHoi [BuHbI. Mo
CBOEMY 3KOHOMMYECKOMY 3HayeHuto Cesepo-
[BWHCKaa cuctema 3HAYUTENbHO ycTynaet
Bonro-bantuitckon. B nocnegHee Bpems yBe-
NINYNBAETCA ee 3HAYEHUE KaK TYPUCTUYECKOro
MapLpyTa.

27,
P,
Sk

Kuemckiii H'ﬂiH'. ® . \
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o3.Kuwemcroe
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®
03. Muzacoso
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Puc. 1. Kaptocxema CeBepo-[BUHCKOM LINHO30BaHHOM CUCTEMbI (KPACHbIM NMyaHCOHOM 0603HauYeHbI
mecTa oTbopa rmapobunonornyeckmx npob)
Fig. 1. Schematic map of Severo-Dvinsky water system (hydrological sampling sites are denoted by red
punch)
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B HacToAwee Bpema Cesepo-[IBMHCKaA BO-
AHaA cMCTeMa COCTOUT U3 LenoYKM MasbiX 03ep,
coeguHeHHbIX KaHanamu. O3epa BOgHOM cucTe-
Mbl ABNAKOTCA TUMUYHBIMW NeAHUKOBbIMWU BO-
fAoemamu. 3a nckntoveHnem osepa Cmepckoe
BCE BOAOEMbI MENKOBOAHbI, XapaKTepu3yoTcA
Bblpa*KeHHOW 3apOC/eBON 30HOM, 3aHMMaIO-
weit no 50 % akBatopum (AHTMNOB U Ap., 1981;
KpacHoBa, 1999). O3epo CuBepckoe siBaseTca
cambiMm rNy6OKMM U3 03ep BOAHOM CUCTEMDI
(MakcumanbHana rnybuHa 25 m), oTinyaeTca Bbl-

pa*KeHHOM TemnepaTypHOM cTpaTUdUKaumen n
HeboNbLMM Pa3BUTUEM MAKPOPUTOB, KOTOPbI-
mun 3aHAaTo 5-10 % naowaam osepa. B otanumne
OT 03ep, KaHa/bl XapaKTepu3ylTCA CXOAHbI-
MU MOPGOMETPUYECKMMU MapaMeTpPamm, YTO
06ycnoBneHO MCNONb30BAHMEM MX paHee Kak
TpaHCnopTHbIX NyTen (Tabn. 1). Ana Bcex KaHa-
IOB CBOMCTBEHHbI 0COObIN BOIHOBON PEXKUM,
NOBbILWEHHAA MyTHOCTb BOAbI M OTCYTCTBUE Bbl-
Pa*KeHHbIX 3apoc/ie MaKpoduUTOoB.

Tabanua 1. OcHoBHble MOpdPOMETPUYECKME XapaKTePUCTUKN KaHanoB CeBepo-[BUHCKOM LWN030BaHHOM

cUcTeMbl
HanmenoBanue OOBEKThI, KOTOpBIE Cpennss ['myOuHna,
Ne JliuHa, kM
KaHaJa COCNTMHSIET KaHall MIpUHA, M M
1 TonopHUHCKHIA Iexenmrckoe BotoXpar- 6.6 45.0 3.00
muuie u 03epo CuBepckoe
2 Ky3eMunckuit Osepa Cuseperoe u Tlo- 1.3 40.7 3.00
KPOBCKOE
3 [ozapiickuit Oszepa [TokpoBckoe u 27 65.0 3.00
(p. [ozapimika) 3aynoMckoe
4 1-i1 Bazepunckuii O3epa 3aynomckoe w ITi- 2.3 39.5 2.94
racoBo
5 2-ii Bazepunckuit Osepa [luracoso u Kit- 2.8 42.5 2.94
LIEMCKOE
6 Kumemckuit O3epo Kuencioe i pexy 2.7 38.5 3.00
Utkia
MeTtoapbl B pamkax aHanM3a OUEHWBANU CPEAHIoH

OTbop npob 300MNaHKTOHA MNPOBOAUAN B
ntone 2010 r. C60op ocyuwecTBnsAcA Masion ce-
Tbto xkean (sues 74 mKm). Bcero 6bin1o oTo-
6paHo 45 npob. CtaHumm otbopa Npob Gbian
pacnpeaeneHbl Ha BCEM MPOTAKEHUU KaHaNoB
(cm. puc. 1). ina yToYHEHUA BMAOBOrO COCTa-
BA 300M/IaHKTOHa npoBoauaca otbop npob Ha
y4acTKax, 3aHATbIX MaKpoduTamu. MNpobbl Gpuk-
cupoBanu 4%-Hoim popmanmHom. Kamepanb-
Has obpaboTKa Npob NpoBoaMAacb B Kamepe
BoropoBa B COOTBETCTBMM C OOLLENPUHATBIMMU
B rMa4po6bMonorMm metogamm C UCNOJIb30BaAHU-
eM coBpemeHHbIX onpeaenutenen (Metoauka
n3ydyeHus..., 1975; Onpegenurtenb 300MaaH-
KTOHa..., 2010). B cocTaBe 300MN1aHKTOHA YyK-
TbIBA/IN M ONPeAensann BUOOBYHO NMPUHAANENK-
HOCTb KonospaToK (Rotifera) n pakoobpasHbix
(Cladocera, Copepoda). 1na Kaxaoro opraHums-
Ma onpegenanu obuyto AnvHy tena. buomac-
Ca 300M/IaHKTEPOB PACCUYUTHIBANIACL COMTACHO
YPaBHEHUAM CBA3M WHAMBUAYASIbHOW MacCbl
OpraHM3moB ¢ AavHow Tena (banywkuHa, BuH-
6epr, 1979).

4YMcNeHHOCTb M Bomaccy BMAOB M Fpynn, Bbl-
AENANN  AOMUHUPYIOWMIA  KOMMJIEKC BMAOOB
(oTHOCUTENbHAA 4ucneHHoOCTb 6onee 5 %),
PaccynTbIBaIN  UHAEKCbl BWAOBOrO PasHOoO-
6pasus LeHHOHa — YnBepa (N0 YMCNEeHHOCTH
n Buomacce 300MNaHKTEPOB) U dayHUCTUYe-
cKoro cxoactea YeKkaHoBckoro — CepeHceHa
(MeceHko, 1982), cpeaHow UHANBUAYANIbHYIO
maccy 3oonnaHKTepos (Kptoukosa, 1987). Ann
OLLeHKWN CTeneHW BapbMpPOBAHWUA NOKasaTenei
B pacyeTax MCMNONb30Ba/IN COOTBETCTBYOLLMNE
pe3ynbTatbl 06pPabOTKM HECKONBKMX rTMApobuo-
NNOTMYECKUX NPOD6 Mo KaxKaoMy M3y4EeHHOMY BO-
AHOMY 06bekTy. Mpu cpaBHUTENIBHOM aHaNu-
3€ WUCMNo/b30BaHbl OMNyb6AMKOBAHHbIE AAHHbIE
(foppneesa u ap., 1978; Pusbep, 1978) u cob-
CTBEHHble Heonyb/MKoBaHHbIEe MaTepuanbl O
300MNNaHKTOHE Manbix 03ep Ceepo-BUHCKOM
BOJHOM CUCTEMBbI.

Pe3ynbTatbl

B coctaBe 300Mn1aHKTOHA KaHanos Cesepo-
[BUHCKOM cuctembl obHapyKeHo 33 BMAa, U3
HUX KosioBpaToK — 11, Knagouep — 15, Konenog,
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— 7. BnpgoBoe 60ratcTBO 300MNN1aHKTOHA OTAENb-
HbIX KaHa/oB Konebanocb ot 17 (Knwemckuii)
no 28 (TonopHWHCcKMiM) Bugos (tabn. 2). Oco-
6EeHHOCTbIO 300M/IaHKTOHA KaHa/0B ABASETCA
NPUCYTCTBME B €ro COCTaBe X0/10401t1061BOro
Cyclops scutifer, xapaktepHoro n gna coob-

LLLeCTB Ma/iblx 03ep BOAHOM cuctembl (Pusbep,
1982). Pasnnumnsa BnaoBoro 6oratctea cBA3aHbI
NPEeUMyLLECTBEHHO C Pa3HOM npeacTaBAeH-
HOCTbIO B COCTaBe 300M/JaHKTOHA K/aagouep,
B YacTHOCTM BMAOB M3 cemencTts Sididae wu
Chydoridae.

Tabnnua 2. TaKCOHOMMYECKMIA COCTaB 300M1aHKTOHA BOAHbIX 06bekToB CeBepo-[BMHCKOM LAH030BaH-
HOW cucTembl

TakcoH

O3epa
KaHanbl* BOAHOW
cucTembl

Tun Rotifera Cuvier, 1817

Cem. Philodinidae Bryce, 1910

Dissotrocha sp. - -

Rotaria sp. + -

Cem. Euchlanidae Ehrenberg,
1838

Euchlanis sp. + -

Cem. Brachionidae Ehrenberg,
1838

Brachionus diversicornis
(Daday, 1883)

Keratella quadrata (Miiller,
1786)

K. cochlearis (Gosse, 1851) - -

Kellicottia longispina (Kellicott,
1879)

Cem. Mytilinidae Harring,
1913

Mytillina sp. + -

Cem. Asplanchidae Eckstein,
1883

Asplanchna priodonta Gosse,

1850 A *

+4, + +4, +4, +

Cem. Trichocercidae Harring,
1913

Trichocerca sp. - +

Cem. Synchaetidae Hudson
and Gosse, 1886

Polyarthra euryptera
Wierzejski, 1891

Polyarthra sp. + +

Cem. Conochilidae Harring,
1913

Conochilus sp. - -
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Tabnnua 2. MpoaonkeHne

Cem. Filiniidae Harring and
Myers

Filinia longiseta (Ehrenberg,
1834)

Cem. Lecanidae Lemane, 1933

Lecane sp. - - - - - - +

Tun Arthropoda Latreille,
1829

Hagotpsapg Cladocera Latreille,
1829

Cem. Sididae Baird, 1850

Sida crystallina crystallina (O.
F. Miller, 1776)

Diaphanosoma brachyurum
Lievin, 1848

Cem. Daphniidae Straus, 1820
Daphnia cristata Sars, 1862 + + + + + +

D. cucullata Sars, 1862 + + + + + +
D. longispina O. F. Muller, 1785 - - - - - -
D. longiremis Sars, 1862 - - - - - _

+ |+ |+ |+

Ceriodaphnia quadrangula (O.
F. Miller, 1785)

Scapholeberis mucronata (O. F.
Miller, 1776)

Cem. Bosminidae Sars, 1865

Bosmina (Eubosmina) cf.
coregoni Baird, 1857

Bosmina (E.) cf. longispina
Leydig, 1860

B. (Bosmina) longirostris (O. F.
Miiller, 1785)

Cem. Chydoridae Dybowski et
Grochowski, 1894

Acroperus harpae (Baird,
1834)

Alona dffinis (Leydig, 1860) - - - - - _ +

A. quadranqularis (O. F. Miller,
1785)

A. rectangula Sars, 1862 - - - - - - +

+4, + + + + + +4,

Camptocercus lillieborgi
Schoedler, 1862

Chydorus sphaericus (O. F.
Miller, 1785)
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Tabnnua 2. MpogonkeHne

Disparalona rostrata (Koch,
1841)

Graptoleberis testudinaria
(Fischer, 1851)

Pleuroxus trigonellus (O. F.
Miller, 1785)

Pleuroxus sp. +

Cem. Eurycercidae Kurz, 1875

Eurycercus (Eurycercus)
lamellatus (O. F. Muller, 1776)

Cem. Polyphemidae Baird,
1845

Polyphemus pediculus
(Linnaeus, 1761)

Cem. Leptodoridae Lilljeborg,
1861

Leptodora kindtii (Focke, 1844) +

Noaknacc Copepoda Milne-
Edwards, 1840

Cem. Diaptomidae G.O. Sars,
1903

Eudiaptomus gracilis (Sars,
1863)

E. graciloides (Lilljeborg, 1888) -

Cem. Temoridae Sars, 1902

Heterocope appendiculata
(Sars, 1863)

Cem. Cyclopidae Dana, 1846

Diacyclops bicuspidatus (Claus,
1857)

Thermocyclops oithonoides
(Sars, 1863)

T. crassus (Fischer, 1853) -

Mesocyclops leuckarti (Claus,

1857) A

Paracyclops affinis (Sars, 1863) +4,

+4

+4

Cyclops scutifer Sars, 1863 +4,

+A

+A

+0 +0 +0

Cyclops strenuus Fischer, 1851 -

Megacyclops viridis (Jurine,
1820)

Eucyclops serrulatus (Fischer,
1851)

Ectocyclops phaleratus (Koch,
1838)
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Tabnuua 2. NpoaonxeHue

Cyclops sp. + + - + - - -
Harpactiformes + - - - - - +
:ﬁtﬁ:ﬁ“"c"°B"A°B'BT°M 28 21 17 22 19 17 48
Rotifera 7 6 7 6 5 5 12
Cladocera 14 9 6 10 10 8 22
Copepoda 7 6 4 6 4 4 14

MpumevaHune. «—» — BUA, He 0BHAPYKEH, «+» — BUJ 0OHapyXeH, «+a» — AOMUHUPYoWKUi Bua,; * — obo-

3HaYeHUA KaHa/iIoB aHaNormyHbl Taba. 1.

M3yyeHHble NAaHKTOHHble coobliecTBa Ka-
HaNOB XapaKTepPWU3yHTCA 3HAYUTE/IbHOW Bbl-
paBHeHHOCTbO (Tabn. 3). 3HaueHMs MHAOEKca
BMAOBOro pasHoobpasusa LLleHHOHa — YuBepa,
paccYMTaHHbIe NO YUCNEHHOCTU 300M/TaHKTOHA
B KaHanax, konebanucob ot 1.8 + 0.19 (2-i Ba-
3epuHcKnin) go 3.2 £ 0.18 (TonopHMHCKKUIA), No
6rnomacce — ot 2.3 + 0.18 (KyabmuHckuit) go 3.1
+ 0.29 (1-1 BasepuHCKMIL), YTO COOTBETCTBYET
noKasaTensim B 0NUro-, Me30TpodHbIX Boaoe-
Max (AHApOHMKoBA, 1996).

CpefHAa 4YMCNEHHOCTb 300MJaHKTOHA Ka-

Hanos CeBepo-[IBMHCKOM CUCTEMbI COCTaBM/a
110.2 + 11.82 TbIC. 3K3./M3, Bomacca — 0.6 +
0.09 r/m3. Hambonbline BenMUYMHbI ITUX Xa-
PAaKTEPUCTUK OTMeYeHbl B Hebonblwom [o-
34bILCKOM KaHane (puc. 2). JoMMHaAHTaMM No
BENYMHAM YNCNEHHOCTM N BUOMAcCChbl BO BCex
M3y4eHHbIX KaHanax asnannce Copepoda (cm.
puc. 2). OHmM coctasnanu ot 68 (Knwemckuii)
10 85 % (2-1 BasepuHcKMin) obLei YyncneHHo-
CTM 1 oT 67 (1-1 BasepuHCKuit n Knwemckmi)
10 89 % (Ky3abmMMHCKMIA) 0bwei bruomacchl 300-
NNaHKTOHA.

200
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Puc. 2. CpeaHune uncneHHoctb (A) n buomacca (B) 30onnaHKToHa KaHanos CeBepo-[BUHCKOM LW/O30-
BaHHOM cuctemMbl (0603HaYeHMA KaHa0B aHaNorMyHo Taba. 1)

Fig. 2. The average abundance (A) and biomass (B) of zooplankton of canals of Severo-Dvinsky water
system ( canals are indicated as in Table 1)
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JOMUHMPYIOWNIA KOMNAEKC 300M/IAHKTOHA
BO BCEX KaHa/nax CXOA4eH W BKAYaeT 2-3
BMAA. NckntoueHnem  ABnseTca  /iMWb
TONOPHWMHCKMI KaHan, rae coctaB LOMUHAHTOB
6onee pasHoobpaseH. B unmcno gomuHaHTOB
BXO4AT npenmyLLeCcTBEHHO Konenoapl
Cyclops scutifer, Paracyclops affinis. B
OTAENbHbIX KaHanax (TonopHWHCKMI,
Mo3abiwcKni, 2-1 BaszepuHcKni, Kuwemckuin)
AOMMHAHTAMM  ABAAKTCA M KOJIOBPATKMK
— Asplanchna priodonta w Filinia longiseta.
XuwHana Asplanchna priodonta coctaBnseT ot 5
(TonopHMHCKKMI) oo 21 % (KuwemcKknin) obwein
6Momaccbl  300M71AHKTOHA, OTHOCUTE/NIbHAA
yncneHHoctb Filinia longiseta pocturaet BO
2-m BasepuHcKOM UM [1034bIWICKOM KaHanax

6 n 8 % coorsetrctBeHHO. Cpean Knagouep
OTHOCUTENIbHO  BbICOKMX  YMUCAEHHOCTU U
6buomaccbl AMWwb B TOMOPHWHCKOM KaHane
pocturaet Bosmina longirostris. [lona 3Toro

payka B obuwen cpegHel YMCNEHHOCTU
300MNNaHKTOHA cocTasnaeT 7 %, a B buomacce
— 2 %. OcobeHHOCTbIO 300M1aHKTEPOB

KaHa/NoB ABNAKTCA Masble pa3mepbl, 4To WU
obycnasnueaet HebonbLIME BENUUYNHBI 06N
6buomacchbl (tabn. 3). Tak, cpeaHsa AMHA
nonoso3spenbix ocobet gomunHaHToB (Cyclops
scutifer v Paracyclops affinis) He npeBbiwaeT
0.6—0.7 mm. Kpome TOro, CyL,ecTBeHHYIO 0/1t0
YMcNEeHHOCTM 3TuX BUAoB (8o 10-15 % B npobe)
COCTaBAAOT KONENOAMUTbI.

Tabnnua 3. MokasaTtenn 300NNaHKTOHa BOAHbIX 06beKkToB CeBepo-BMHCKON LWIHO30BAaHHOM CUCTEMBI

Kanan* Osepa

[MokasaTenb 808HOI

! 2 3 4 > 6 cucTeMbl
MHpekc LleHHOHa — YuBepa 39 )8 3.1 51 18 25 g
(6uT/3K3.) : : . . . . .
MHaekc LleHHOHa — YuBepa 29 23 5t 31 54 . -
(6ut/r) . . . . . . )
OTHOLEeHMe YNCAEeHHOCTEN 036 0.10 0.03 0.14 0.06 019 025
Cladocera n Copepoda : : . . . ) )
CpepHan uHAMBMAYaNBHAA 6005 0005 0007 0.002 0002 0.004  0.012

macca, Mr

MpumeyaHue. * — 0603HaYEHUA KaHA/IOB aHaNOTMYHO Tabn. 1.

O6cyxaeHue

300nnaHKTOH KaHanos CeBepo-[BUHCKOM
LWNHO30BAHHOM CUCTEMbI NPeaCcTaB/ieH 3BpUbU-
OHTHbIMM, LUMPOKO PacnpoCTPaHEHHbIMU B pe-
rmoHe opraHusmamu. OcHOBY coobuiects co-
CTaBAAKOT Nenarnyeckne u NpPUAOoHHbIE BUAbI.
Hepas3sutocTb 3apocnet makpodutoB o0b6y-
CNnaBnuMBaeT Manyo Aonto GUTodunbHbIX opra-
HM3MOB. 3aperncTpupoBaHHblie GUTOPUIbHbIE
OpraHu3mbl 6bIIM NpeacTaBAeHbl eANHUYHDI-
MK ocobamu, BepOATHEE BCEro, 3aHECEHHbIMM
B KaHanbl 13 bnausnexawmx osep. Cxoactso
MOPPONOTMYECKUX XaPaKTEPUCTUK U UCTOPUHN
dbopmmpoBaHMA 00yCNaBAMBAIOT 3HAYUTENb-
HOe CXOACTBO TAKCOHOMMYECKOro COCTaBa 300-
NJaHKTOHA BCEX KAHA/N0B, YTO NOATBEPKAAETCA
BENMYMHAMM MHAEKCOB YekaHOBCKOro —CepeH-
ceHa (6onee 0.7). Hanbonee cneunduyHbim,
Mo CPaBHEHWIO C APYTMMM KaHANAMW, ABNAETCA
COCTaB 300M1aHKTOHA TOMOPHMHCKOrO KaHana.
Ha oTaenbHbIX y4yacTKax 3TOro BogHOro obwb-
eKkTa chopmmnpoBaHbI 3apocin MakpoduTos, B

TOM YmMCne NorpyKeHHbIx, bnaronpuATHble gna
0buTaHUA HeKoTopbix Knagouep. Kpome Toro,
npouncxoguT oboraieHme dayHbl 3TOro KaHana
13 6an3nerkalmx yyactkos LLIeKCHUHCKoro Bo-
AOXpaHUAULLA.

Mocne coO34aHNA WCKYCCTBEHHbIX BOAHbIX
06beKTOB Habntogaetca MxX 3aceneHue opra-
HU3MamM, CNOCOOHbIMM aZanTMPOBaTbCA K
HOBbIM ycnoBuaM obutaHua (Caley, Schluter,
1997; Louette et al., 2008; Hadasova, Kopp,
2014). HemHOroYncneHHble AaHHble O CTPYK-
Type coobuiects KaHanoB Bonoroackon obna-
CTU CBUAETENbCTBYIOT, YTO BUAOBOM COCTaB U
CTPYKTYpa AOMMHUPYHOLWEro KOMMJIEKca 300-
NNIAaHKTOHA 3TUX BOAHbLIX OOBEKTOB onpese-
NAKTCA BOAOEMAMMU-BOAOUCTOMHMKAMU. TaK,
Ana benosepckoro o6BOAHOrO KaHana OTme-
yaeTca gomuHuposae Kellicottia longispina,
Bosmina longirostris, Eudiaptomus gracilis,
NPUCYTCTBYIOLLMX B COCTaBE KOMMIEKCA AOMMU-
HaHTOB B 03epe benom (AymHuy, JlobyHun4eBa,
2016). CTpyKTypa 300M/aHKTOHA KaHanos Ce-
BEpPHOro CKAoHa Bonro-bantuiickoir BogHOM
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CUCTEMbI TaKKe B 3HAYMTE/IbHOM CTENEHU CXOA-
Ha C TAKOBOM B BOAOXPAHWU/INLLLAX, KOTOPbIE OHM
coeguHatoT (lobyHuuyesa, 2013). MNMoagobHble
3aKOHOMEPHOCTU OTMEYATCA U JNA APYruX
KaHanos (lopaeesa u ap., 1978, Akopian et al.,
1999).

3aceneHne KaHanos CeBepo-[BUHCKOM BO-
AHOM CUCTEMbI NMPOUCXOANNO B MEPBYHD ove-
peab opraHM3MamMu 13 Manbix 03ep, KOTopbIe U
ABNAOTCA BOLOEMAMMU-BOAOUCTOYHMKaMK. [ns
3TMX 03ep CBOMCTBEHEH H0oraTbi 300M/1AHKTOH,
XapaKTepHbI A4NA Me30-3BTPOGHbIX BOAOEMOB
(cm. Tabn. 2). Paznnuma B CTpyKType 300NNaH-
KTOHa 03ep CBA3aHbl C UX MOPPONOTrMYECKUMM
ocobeHHOCTAMMU. TaK, 300MNAHKTOH CPABHU-
TeNbHO rybokoBogHoro osepa CuBepckoe, B
KOTOPOM BbIpaKeH r'MMNOJIMMHUOH U OTMeYaeT-
CA Camas BbICOKas NPO3pPayHOCTb BoAbl (1.5-2
M), XapaKTepusyeTca yepTamu oamrotTpodum,
B YACTHOCTU HU3KMMMK BenMYMHaMm Buomac-
cbl (0.3-0.4 r/m3). Npoune o3epa MeNKOBOAHbI,
MMEIOT BbIPAXKEHHYIO 3apOC/NEBYO 30HY, MNPO-
3Pa4YHOCTb BOAblI B HMX He npesbliwaeTr 1.5 m.
B aTux Bogoemax perncrpupyrorca bonee Bbl-
COKMe 3HayeHuA bMomacchbl 300NNaHKTOHA (03.
Kuwemckoe — 0.4 r/m3, 03. 3aynomckoe — 1.4
r/m® (Pusbep, 1978; cobcTBeHHble Heonybau-
KOBaHHble AaHHble)). CTPYKTypa AOMUHUPYIO-
LLLero KOMmMaeKca 300M1aHKTOHa BO BCex ecTe-
CTBEHHbIX BOAOEMax BOAHOM CUCTEMbI CXO4HA.

JomMmuHUpyowen rpynnom opraHM3moB BO
BCEX KaHanax fBAAAUCb BEC/IOHOTME pPaKoo-
6pasHble. NpeobnagaHune UMKAONOB cpeaun 30-
ONNAHKTEPOB KaHa/I0B HEMOCPEACTBEHHO CBSA-
3aHO C 0COBEHHOCTAMM GOPMMUPOBAHUA UX CO-
obuwecTts. B manbix o3epax CeBepo-[BUHCKOM
CUCTEMbl OCHOBY 300MJIaHKTOHA COCTaBAAOT
NPENMYLLECTBEHHO LMKNOMbI, YTO CBA3AHO C
NOBbILLEHHON MYTHOCTbIO Boabl (PuBbep, 1978,
1982). Kpome Toro, oTcyTcTBME B KaHaNax Men-
KOBOAHOM NPUOPEKHOM 30HbI, 3aHATON Ma-
KpoduTamm, He No3BoaAeT (gake B Hanbonee
Tennbl NEeTHUI Nepmnos,) MacCcoBO Pa3BMBaATLCA
MHOTMM BWZAM KIaZoLEep, XapaKTepHbIM ANA
60NbLMHCTBA BOAHbIX OObEKTOB pernoHa.

YucneHHocTb M BMomacca NNAHKTOHHbIX
YKMBOTHbIX W3YYEHHbIX KaHa/NoB HECKOJIbKO
BbllUE, YEeM B CXOAHbIX MO MPOUCXOXKAEHUIO
BOAHbIX OObEKTaX, a TaKXKe B Ma/biX pPeKax
pernoHa. CornacHo cobCTBEHHbIM uMcCneno-
BaHMAM, cpeaHAAa 6uMomacca 300M1aHKTOHA
B benosepckom 06BOAHOM KaHase M KaHasiax
CeBepHoOro cknoHa Bonro-bantuitckon sogHoM
cuUcTemMbl B IeTHUIN nepuog, pasHa 0.2 n 0.4 r/
M3 cooTBeTCTBEHHO. [0-BMANMMOMY, HEKOTOpPOE

yBENMYEHME YPOBHA Pa3BUTMA 300MNAHKTOHA
B KaHanax CeBepo-/lBMHCKOM LW/IH030BAHHOM
CUCTEMbI CBA3AHO C 60/1ee BbipaXKeHHbIM 03ep-
HbIM PEXMMOM. YCcneHHOCTb M Bomacca 300-
NNIAHKTOHA B KaHafaX, MMeRLNX BOAOUCTOY-
HUKaMM PEKU, 3HaUMUTeNbHO HUKe (lopaeesa m
Aap., 1978, Akopian et al., 1999). ins Bogoemos
ceBepHOro cknoHa benomopcKo-bantuiickoro
KaHana ykasblBaeTcAa, 4To cpeaHaa HGuomacca
300MNNaHKTOHA O3epPHOM YacTM TpaAcCbl KaHana
coctasndaet 0.4 r/m3, Torga Kak B pe4HoOM 4actu
— nnwb 0.1 r/m3 (fopaeesa u ap., 1978).

3akntouyeHue

Bcero B coctaBe 300MNaHKTOHA KaHanoB
CeBepo-/IBMHCKOM  LWIO30BAaHHOW  CUCTEMBI
obHapyxeHo 33 Buaa (Rotifera — 11, Cladocera
— 15, Copepoda — 7). BonbWWNHCTBO BUAOB AB-
NATCA 3BPUOUOHTHBIMWU. TAKCOHOMMUYECKUI
COCTaB 300M/IaHKTOHA KaHaNoB cxodeH (Koad-
dnymeHT YekaHosckoro — CepeHceHa bonee
0.7). NepBoOHaYyabHO 3acesieHne 3TUX BOAHbIX
0OBEKTOB MPOUCXOAMIO 33 CYET OPraHM3MOB
M3 Manbix o3ep M LLIEKCHUMHCKOro BOAOXpPaHU-
IMLWA, C KOTOPbIMU KaHanbl HENOCPEeACTBEHHO
coeAnHeHbl. B HacToAwee Bpema TaKke npo-
MCXOAMUT MPOHUKHOBEHME MNIAHKTOHHbIX KMU-
BOTHbIX B KaHanbl. OgHaKo mopdonornyeckune
0CcOBEHHOCTM KaHanoB (ynpoLleHHbIN penbed
[IHa, OTCYTCTBME BbIPA*KEHHOM MEeSIKOBOAHOM
30HbI) M BOJIHOBOE BO34ENCTBME OMpenensatoT
CTPYKTYPY GOPMUPYIOLLMXCA B HUX COOBLLECTB.
MpaKTUYecKM MONHOEe OTCYTCTBME 3apPOCnew
BbICLUMX BOAHbIX PacTeHUM HebnaronpuaTHO
ANA Pa3BUTUA MHOTMX 300M/IaHKTEpPOB. B pe-
3y/ibTaTe 300M/IaHKTOH KaHaN0B XapaKTepwusy-
€TCA HU3KMM BUA0BbIM boratcTBom ¢ npeobna-
AaHMEeM Nenarmyecknx n NPUAOHHbLIX BUAOB.

Mo cpaBHEHUD C MajbiMKM 03epamMu 300-
NNAHKTOH KaHa/NOB XapaKTepusyeTcs HeBbl-
COKMMW YUCNEHHOCTbIO M BUomMaccon, AOMU-
HUPOBaHMEM HebOoNbLIOro Yncna BMAOB, npe-
obnagaHnem ocobent menkux pasmepos. Mpwu
3TOM CTPYKTYpa OOMWHMPYHOLLErO KOMM/EKCa
cxogHa. MNpu cpaBHUTENbHO HEBLICOKMX Be-
NI4MHAX YUCNEHHOCTM M Buomaccbl OCHOBY
300M/1aHKTOHA COCTaBAAOT BECIOHOIME PAKOO-
H6pasHble. BbiaBNEeHHble 0cOHEHHOCTN 300MNaH-
KTOHA KaHa/10B HENOCPEACTBEHHO CBA3AHbI C UX
aHTPOMOreHHbIM MPOUCXOXKAEHUEM W SKCMNYa-
TauMen Kak TpaHCNopTHbIX NnyTen. Cneunduye-
CKMe MopdosiorMyeckne M rMaposiormyeckmne
XapPaKTEPUCTUKM 3TUX BOAHbIX 0OBEKTOB 00Y-
CNaB/MBAIOT YMPOLLEHHYIO CTPYKTYPY U HU3KUIA
YPOBEHb Pa3BUTUA 300MIAHKTOHA.
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ZOOPLANKTON OF ANTHROPOGENIC
HABITATS OF THE SEVERO-DVINSKY
SLUICE SYSTEM

LOBUNICHEVA

Ekaterina Valentinovna Bonoeoockuii punuan @I'BHY « BHUPOy, lobunicheva _ekat@mail.ru

Key words: Summary: The article presents the results of studying zooplankton anthropogenic
Zooplankton habitats of the Severo-Dvinsky sluice system (Vologda region). The research was
anthropogenic conductedonsixcanalsinJuly2010.Samplingstations were distributed throughout
habitats the water system. Artificial water bodies of the Severo-Dvinsky water system were
Severo-Dvinsky water ¢ died in Vologda region for the first time. In the zooplankton composition the
system species affiliation of rotifers (Rotifera) and crustaceans (Cladocera, Copepoda)
canals _ was considered and determined. The dominant complex of species was revealed.
Vologda region The average number and biomass of species and groups, the Shannon-Weaver
species diversity indices, and the average individual mass of organisms were
calculated. The results showed that the composition of zooplankton of the canals
was similar, and included 33 taxons (11 — Rotifera, 15 — Cladocera, 7 — Copepoda).
Most species are typical for the water bodies of the taiga zone and have a wide
ecological plasticity. Pelagic and benthic species prevail in the communities.
Zooplankton of the canals is characterized by high values of species diversity
index, low abundance and biomass, pronounced dominance of copepods. The
colonization of the canals was carried out by organisms from small lakes and the
Sheksna reservoir. Simple bottom configuration, the absence of a pronounced
shallow-water zone and the wave impact determined the structure of modern
communities. The absence of a vegetation zone and high turbidity of water are
unfavorable for the development of a lot of organisms. Compared to small lakes,
zooplankton of the canals is characterized by low species richness, abundance
and biomass, the dominance of a small number of species, the predominance of
small size individuals. Wherein, the structure of the dominant complex is similar.
The identified features of the zooplankton of the canals are directly related to
their anthropogenic origin and use as transport routes.
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AHHOTaumA: Ponb AONTOXKMBYLLMX 0CO6EN B GYHKLMOHUPOBAHMM NONYAALMNA
rPbI3YHOB He BbIACHEHA, YTO CBSI3@HO C TPYAHOCTbIO onpeaeneHma Bo3pacTa.
[ns n3yyeHma BO3PACTHOrO COCTaBa Nepes3rMOBaBLUMX 0COben NPUPOAHbIX
nonynauMii paspabotaH MeToh, onpeaesieHWss BO3pacta Mo MNpomepam
KOCTel Ta30BblX KOHEYHOCTEM, C TOYHOCTbIO A0 roga, ¢ UCNo/ib30BaHMEM
OVNCKPUMUHAHTHOTO  aHanu3a. [OUCKpUMWMHAHTHAA  OyHKUMA  HangeHa
Ha KOHTPO/IbHOM BbIGOPKE BUBAPHbIX UBOTHbIX (41 cameu, M 42 camKku
M3BECTHOro Bo3pacTa). C UCNonb30BaHUEM AUCKPUMUHAHTHOM PyHKLMM 100
% ocobeli KOHTPOIbHOM BbIBOPKM KnaccudunumMpoBaHbl NPaBUAbHO. TOYHOCTb
onpefesneHna Bo3pacTta ocobeli NpPOBEPOYHON BbIODOPKU, HE BXOSALLMUX
B COCTaB KOHTpoabHOW, — 89.7 % ana camuyos (n = 29) n 81.5 % gna camok
(n = 27). HagexxHOCTb mMeToga noaTBepAuAM W pe3ynbTaTbl onpenesieHus
BO3pPacTa ¥MBOTHbIX TPeTbel rpynnbl (7 camMuoB U 7 CaMOK), OT/IOB/IEHHbIX B
npupoae ¢ U3BECTHbIM OTHOCMTENbHbIM BO3PACTOM M YMEPLUMX B BUBAPUM,
— 85.7 % npaBuAbHbIX onpegeneHnin. Mcnonb3ya paspaboTaHHbIN meToa,
CPaBHMW/IM BO3PACTHOM COCTaB MepPe3nMOBaABLUMX BOAAHbIX MOSEBOK M3 ABYX
nonynaLmMin, obMTatoLWMX Ha Caf0BO-Aa4HbIX Y4acCTKax B OKpecTHOCTAX O&Lwa m
AkagemropogKa (HoBocnbupckas o6nacTb). YcneHHOCTb NepBol Monyaaumm
CHUMANacb Ha MPOTAEHUM HECKONIbKMX JIET, @ BTOPOM — yBeNIM4YMBaANaACh.
BbIACHEHO, 4YTO B MONYAALMM CO CHUMKAIOLLEMCA YUCNEHHOCTbIO A0NA
ocobel, npoxkmBwnx 6osee AByX 3MM, Bbla HECKosIbKO Bbiwe (33.3 %),
yem B MOMNY/AAUMM C HapacTalolel YncneHHocTbio (18.8 %). O6HapyKeHbl
CTaTUCTUYECKM 3HAYMMble BO3PACTHbIE PA3/INYMA MO KPAaHUOMETPUYECKMM U
pPenpoayKTUBHbLIM MPM3HAKaM y nepesnmoBaBLlInX camuoB. CaenaH BbIBOA,
YTO AONTOXMBYLLME OCOOM MOTYT UrpaTb 3aMETHYI0 POJib B NoAAeprKaHUK
ONNTENbHOrO CYLECTBOBAHUA MOMYNAUMIA B NMECCUMMANbHbIX 3KONOMMYECKUX

yCNOBUAX. . .
© MNeTpo3aBOACKMIA rOCYAAPCTBEHHbIN YHUBEPCUTET
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BsegeHue

BoaaHas nonesKa (Arvicola amphibius) 3ace-
nAeT pasHoobpasHble naHawadTbl, B TOM YMC-
JIe U aHTPONOreHHble, U UmeeT bosblioe buo-
LEHOTUYECKOE M 3MNUAEMUONOTMYECKOE 3Ha-
yeHue (BogaHas nonesKa, 2001; MpoCKypHSK,
Hasaposa, 2017; Stewart et al., 2017). emo-
rpaduyeckan CTpyKTypa nonynauum TecHo CBA-
3aHA C MUHTEHCUBHOCTbIO PA3MHOXKEHWA U YPOB-
HEM CMEePTHOCTMU, 3aBUCALLUMM OT KAMMATUYe-
CKNX GaKTopoB U NaHAWAGTHO-IKONOTMYECKMX
ocobeHHocTer mectoobuTaHu (Poros, 1999;
Poros u ap., 1999; Potapov et al., 2004; MMpo-
CKYpHAK, Hazaposa, 2017). B HacTosLlee Bpe-
MA  HeJoCTaTOYHO WCCNefoBaH BO3PACTHOM
COCTaB B3POC/IOr0 HaceneHUA NONyAALUNIM rpbl-
3YHOB M OCTAlOTCA HEBbIACHEHHbLIMW 3TO/IONO-
dusmnonornyeckme ocobeHHOCTU CEHUbHBIX
ocobelt N Ux posib B KU3HEOEATENbHOCTU MO-
Nynsunii, pPacnpocTpaHeHUM MUHPEKUUI, 4To
CBA3AHO C OTCYTCTBMEM A0CTOBEPHbIX MPU3Ha-
KOB M KpuTepues onpegeneHna sospacra. o
OAHHBIM MHAMBUAYANbHOTO MeYeHuMAa U no-
BTOPHbIX OTI0BOB, NpoBeAeHHbIx B CeBepHOW
Bapabe, yctaHoBNeHO, 4YTO oKono 7 % ocobel
XMBYT He meHee 2 net ([MaHTenees, 1966; Bo-
AsHaAa noneska, 2001). B mHoronetHem nony-
NALMOHHOM UCC/IeA0BaHMA, NPOBELEHHOM BO
®paHuUKMM, BbIACHEHO, YTO MaKCMMabHasA Npo-
OOMKUTENBHOCTb KU3HWU BOAAHbLIX NMONEBOK B
npupoae npesbiwaeT 2 roga (Saucy, 1988). B
nvTepaType ecTb CBeAeHMA, 4To ocobwu crap-
Wwe 2 neT BCTpeyatoTca B nonynaumax Microtus
duodecimcostatus. Y papyrux npeacrasuTe-
nen cememnctea: Microtus agrestis, Microtus
arvalis, Microtus pennsylvanicus, Microtus
townsendii, Microtus californicus, Microtus
montanus, Myodes glareolus, — makcumasnb-
HaA NPOAO/MIKUTENbHOCTb MU3HU He BGonee 20
mecsiues (Paradis, Guedon, 1993). MbI npea-
nonaraem, 4Yto AONTOXKMBYLLME 0cOobM urpatot
3HAYMMYLO POJib B NOAAEPKAHUN YNCAEHHOCTH
N TeHeTMYecKoro pasHoobpasusa nonynaumn
BogAHoM noneBku (Hasaposa, [MpOCKypHSK,
2017). B HeBoNe BOAsAHbIE MOJIEBKM KUBYT A0
3.5 roga, coxpaHAAa cnocobHOCTb K pPa3mHO-
YKEHUIO HA NPOTAXKEHUM BCel Kn3Hu (Hasapo-
Ba, 2011). DKoN0Oro-3BO/IOLUMOHHAA LEHHOCTb
AONTOXKMBYLLMX OCODEN MOMKEeT CyLLeCTBEHHO
NOBbIWATLCA B MECCMMAJIbHBIX 3KONOTMYECKUX
YCNOBUAX, KOTAa y4acTUe B Pa3MHOXKEHUN MO-
noabix ocoben orpaHnyeHo. CHUXKeHne BKNaga
B BOCNPOWU3BOACTBO CEro/1IeTOK XapaKTepHO ANA
cnaga YMCNeHHOCTU, Korga COKpallaeTcs npo-
AO/MKUTENbHOCTb PEenpoAyKTUBHOIO nepuoaa
N TOPMO3UTCA NONOBOE CO3pPEeBaHNEe MOOAbIX

¥KMBOTHbIX (BoasHasa nonesKka, 2001). OrpaHu-
4YEeHO y4acTMe B PAa3sMHOMXKEHWUWU CEeroNeTok U B
NonNynAuMAX, 3aCeNALWMUX aHTPOMNOreHHble
naHawadtbel (MpockypHsKk, Hasaposa, 2017)
nnn obutaowmx Ha nepudepmn apeana (My-
3blKa, 1988), uTo cBA3aHO Cc AepuUuUUTOM Npu-
FOAHbLIX ANA Pa3MHOXKEHUA TEPPUTOPUN.

PaHee Hamu 6bin paspaboTaH meTon onpe-
AeneHua Bo3pacTa BOAAHbIX NONEBOK C TOYHO-
CTbIO A0 roga, No NpPomepam KOCTel Ta3oBbIX
KOHEYHOCTEN C WCMOJIb30BAaHUEM AUCKPUMMU-
HaHTHoro aHanusa (Zudova et al., 2017). Oga-
HAaKO OH He Y4YMTbIBAeT KaneHZapHble CPOKM
CMEPTU KUBOTHbIX, YTO MOKET B/IUATb Ha TOY-
HOCTb OnpeaeneHnsa BO3pacTa, NOCKO/IbKY Y BO-
AAHbIX NOIEBOK CE30HHbIe PUTMbl POCTa — ero
BECEHHEro YCKOPEHMA U OCEHHEN perpeccmm —
APKO BblparkeHbl (BoaaHasa noneska, 2001).

3afaun gaHHoOro uccnegoBaHuA: 1) paspa-
60TaTb MeTOA ONpeaeneHna BO3pacTa BOAAHbIX
No/IeBOK N0 MOPGOMETPUYECKMM NpU3HAKAM
Ta30BbIX KOHEYHOCTEM C YY4EeTOM KaneHOaPHbIX
cpokoB cbopa nonesoro matepuana (no3aHan
BECHA — HA4a/10 OCEHM); 2) BbISCHUTb BO3pPaCT-
HOM COCTaB Mepe3nMoBaBLUMX 0CObel B ABYX
nonynALMAX BOAAHbIX MOIEBOK, 06MTAIOLLMX Ha
Ca0BO-0rOPOAHbIX YYaCTKax.

[eTanbHoe u3yyeHue aemorpadpuyeckoro
COCTaBa B3POC/Oro HaceNeHMA rPbi3yHOB BaXK-
HO A4N1A BbIACHEHWA MEXaHU3MOB NOAAEPKAHMUA
¥KM3HEeCnocobHOCTM NONyNAUMIA U 3BONOLUM
Aonronetums.

MaTtepuanbl

MaTepuan ana uccnepoBaHua cobpaH Ha
ABYX yyacTKax B HoBocubupckon obnactu. B
aBrycte — ceHTabpe 2017 r. oT10BbI NPOBOANAN
Ha TeppPUTOPUM CaL0BO-OrOPOAHOr0 TOBAPU-
wecrtea «CubcenbmalueBel», Haxoaallerocs
B 1 KM OT »enesHoaopoxKHoh cTaHumm OEéww
(55203'58" c. w., 81947'05" B. A.). MecTO OT-
NIoBa npeacTaBnseT cobon ocTeneHeHHbIN Nyr,
PacMoNIOXKEHHbIA  Mexay 3abosioveHHbIMMK
6epe30B0-0CMHOBbLIMM KONIKamu. Bcero 6bin10
oTnoB/feHO 14 3umoBaBWKUX NoneBoK (5 cam-
LoB 1 9 camok) un 19 ceronetok (9 camuyos un 10
CaMOK).

B6a13n HoBOCMOBUPCKOro Hay4yHOro LeHTpa
(HHLL — AKagemropoaokK) 3BepbKM OTN1aBANBaA-
nacb B anpene — ceHtAbpe 2014-2018 rr. Ha
TEPPUTOPUN  Caf0BO-OropoaHoro obuiecTsa
«Hapgexpa-2» (54249'17" c. w., 83209'48" B.
A.), 8 100 meTpax oT OCMHOBO-bGepe3oBOro
Neca. B oBparax n NOHUXEHMAX HAaXo[ATCA 3au-
NIeHHble Npyabl, COeAMHEHHblE pyYybaAMK. Becero
3[,eCb OTN0BAEHO 22 Nepe3nmoBaBLUMX 0cobu
(14 camuoB 1 8 camok) 1 31 ceroneTtok (19 cam-
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UoB 1 12 camoK). MakcumanbHOe KONNYecTBo
*unBoTHbIX, 30 ocobenn, otnosneHo B 2018 r. 3u-
MOBaBLUNE 0CObU BblNM OTNOBAEHDLI NPEnUmy-
LLLeCTBEHHO BecHoM (anpenb — mai). Nocne 10
WION5 OHU B OT/1I0BAX He BCTPEYa/IUCh.

Buonornyeckaa  ocobeHHOCTb  caaoBoO-
OropoAHbIX Y4aCTKOB B TOM, YTO BoAAHaA Mo-
JIeBKa pa3MHOXaeTca y BOAOEMOB, @ OropoAapl
NCNONb3yeT KaK KOPMOBbIE M 3MMOBOYHbIE CTa-
umn. o 6amxkawmx sogoemos B HHL, okono
1.5 Km, B Oéwe — o1 500 m o 1 km.

Ona pa3paboTkn metoga onpeaeneHms Bos-
pacTa Ucnoab30Ba i BOAAHbIX NONEBOK BMBAp-
Horo pa3seaeHus (n=139) n BoAAHbLIX NONEBOK,
oTnoBAeHHbIX B 2014—-2017 rr. B OKPeCTHOCTAX
c. Jlncon Hopku YbuHckoro paroHa Hosocu-
6upckor obnactm (55952' 09" c. w., 80205'03"
B. A.) U NOMELLEHHbIX B BUBAPWUIA, TAe OHU CO-
AEPKANUCb A0 KOHUA Xu3Hu (n = 14). Bbibop
MecTa OT/I0Ba 0O6bACHAETCA Tem, 4YTo Nabopa-
TOPHAs KONOHMA OCHOBaHa ocobsamu M3 3TOM
nonynaymm.

B BuBapum BogAHbIe NONEBKM COAEPKANNUCH
B MHOMBMAYANbHbIX KNETKax, CHabXKeHHbIX ce-
HOM, B YC/IOBUAX €CTEeCTBEHHOr0 CBETOBOrO Mne-
puoaa, ceBobogHOro AoCTyna K BoAE U KOpMy
(3epHOBasA cmecb, MOPKOBb, MPOPOCTKM OBCA).

MeToabl

B Oéwe BOAAHbLIX MONEBOK OT/aBAUBANMU
B unmanHApbl (35 x 15 cm), BKONaHHble BAO/b
rPALOK C OBOLWHbIMU Ky/ibTypamu. PacctoaHne
MeXxay UMANHOPaMW COCTaBNANO B CpeaHem
0Ko/0 3 M. [1nA nonyyYeHns ceegeHuUi 0 MHOTO-
NeTHeM AMHAMMKE YMCNEHHOCTU MCMNOJIb30Ba-
N WWMPOKO NPUMEHAEMbIN B 3KONOTMMYECKMX
NccneaoBaHMAX MeTod, aHKEeTHOro onpoca Ha-
cenenua (Makcumos, 1967; MeToguyeckme
yKasaHus..., 1974; Kapacesa, TennupliHa, 1996).
OnpawurBanu TONbKO TeX BllagenbLeB Caf0BO-
OropoAHbIX y4acTkoB, KoTopble B 2014-2018
rr. OTNaB/INBAIN BpeanTeNa CaMOCTOATE/IbHO U
XOPOLUO 3HANN 3TOT BMA,. PecnoHAeHTbl OLEeHU-
Ba/IN YUC/IEHHOCTb 3BEPbKOB B YC/NOBHbIX e4u-
HUUAX: 5 —04eHb MHOrO; 4 — MHOro; 3 —Mmano; 2
— eAMHNYHO; 1 — oTcyTcTBYHOT (MpOCKypHAK, Ha-
3apoBa, 2017). Bcero onpoweHo 11 yenosek.

B6nn3n Akagemropoaka nNoNeBOK OT/NaB-
IMBaNM C NOMOLLbIO KaHaBku (50 meTtpoB ¢ 5
UMAMHAPAMK), KOTOpaa pacrnonaranacb BAO/b
rPaHML, OropoaHOro y4acTKa, HaxogumBsLueroca
OKO/0 rpaHuL, obulecTsa.

B KauecTBEe AONONHUTENBHON MHDOPMALLUMK,
NOATBEP)KAAIOLLEN XapaKTep U3MEHEHUA YMC-
JIEHHOCTW, NCNOJIb30Ba/IN MHTEHCUBHOCTb pPas-
MHOXeHWUA NpubbINbIX 38epbkoBs (Poros, 1999;
Cerqueira et al., 2006). K pasmHoXaBlmmcA

CaMKam OTHOCUAM ocobel ¢ ambpnoHamum nnu
nAaueHTapHbIMKM NATHaMKM B maTtke. K cno-
COBHbIM K pPa3MHOXKEHUIO camuam — ocobeir,
MMEBLLUX 3pesible cnepmaTto3ounabl B npuaat-
Kax CEMEHHWKOB.

K nepesnMmoBaBLIMM OTHOCUAWN MONEBOK, Y
KOTOPbIX A/MHA 06Wero meananbHoro rpebHa
Ha Yepene, 06pa3oBaHHOIO CAUBLUMMMCA NPO-
AONbHbIMWU  carrUTanbHbIMK  TPebHAMU, npe-
BbllWasia unm 6bino pasHa 3 mm (MaHTenees,
1966). B kauecTBe A0NONHUTENILHOIO KPUTEPUA
YUYUTbIBAIN OOLLYIO CTPYKTYPUPOBAHHOCTb Ye-
pena: Kpblla Yepena CTapbIX NONEBOK «KaK bbl
YyTOMNNEHa cpeam OKaHTOBOYHbIX rpebHel» (Bo-
AAHaA noneska, 2001).

Ons  pasgeneHns nepe3sMMOBaBLUMX KK-
BOTHbIX Ha BO3PacTHble KAacchbl (nepexmnslune
OAHY 3uMmy; H6onee ABYX 3MM) MO Npomepam
KOCTel Ta30BbIX KOHEYHOCTEM NPUMEHANM AMUC-
KPUMMUHAHTHbIN aHanu3. [Ina HaxoxaeHus guc-
KPUMMUHAHTHbIX QYHKLMI Bblia Mcnonb3oBaHa
KOHTPO/IbHas BblbopKa (42 camku 1 41 camel),
npeAacTaBNeHHAn NoaeBKaMu U3BECTHOro BO3-
pacTa — POAMBLUMMUCA B BUBAPUMN N YMeEpPLUU-
MW B TE ¥Ke MecALbl, YTO U OT/IOB/IEHHbIE B NPU-
poae (B anpene —ceHTAbpe). Bce oHU Npoxknam
B BMBAPWUM HE MeHee OAHOro roaa.

MOCKONbKY MO CKeNeTHbIM NPU3HaKam nme-
eTca nosnoson gumopomsm (Somoano et al.,
2017; Zudova et al., 2017), AUCKPMMUHAHTHbIM
aHanM3 NPoBOAUAWN OTAENbHO ANA CaMLUOB U
CaMOK, UCMO/Ib3ysi NPOMEPbI:

1. a) TasoBasA KocTb. Isl — annHa ceganui-
HOM KOCTWU, U3MEPEHHAA OT KpaA BEPTIYKHOM
BMaAWHbl A0 ceganuvuHoro éyrpa; ISW — mak-
CMManbHaA WNPKHA Tena cegannLHON KoCTy;
PBL — Hanbonbliaa AnMHHA NobKa, namepeH-
HaA OT KpaAa BEPTAYXKHOM BnaguHbl; PH — BbI-
CcOTa Ta3a BAO/Ib JIMHUM, HAMpPaBJEHHOWN nep-
NeHANKYNAPHO OT ceganuuiHoro byrpa go nu-
HUM ANANHbI N0O6Ka, N3MEPSAEMON MO BHELUHEMY
Kpato; OFW — WwnpmHa 3anmpaTtenbHOro oTeep-
cTUA.

2. b) beppeHHasa KOCTb, AOpCaNbHaA NIO-
ckoctb. CFW — wupuHa wenkn beapeHHOM
Koctn; FLp — pavMHa NPOKCMMANbHOM 4YacTu
6eapeHHOM KOCTU, BKAKOYAOLWAA TPeTUii Bep-
Ten; FWp — wmpmHa npoKcMmanbHOM Yactu be-
APEHHOM KOCTM B 061aCTU TPEeTbero BepTena;
FWd — wupuHa guctanbHoM YacTn begpeHHoOM
KocTn; FWCd — wupuHa AncTanbHOM YacTu be-
APEHHOM KOCTU, n3mepsaemasn no Hambosblmm
BbICTYNam NaTepasbHOro U MeAnanbHOro Haa-
MbILLENKOB.

3. c)beppeHHan KOCTb, NaTepanbHaA Nno-
cKocTb. FWpl — WunpurHa npokcMmanbHOM YacTu

78



Haszaposa . T., MpockypHsk /1. M., MaHoB B. B. OnpeaeneHve Bo3pacta Nepe3nmoBaBLLMX BOASHbIX NOIEBOK, 06UTAOLLUX
Ha Ca0BO-0ropoAHbIX ydacTkax // MpuHumnbl skonormum. 2019. T. 8. Ne2. C. 76-87

6eapeHHon koctn; FWdAI — wupuHa aucrans-
HOM YacTn 6epeHHON KOCTW.

4. d)loneHb. TWp — WWMpPUHA NPOKCUMASb-
HOM YacTu roNeHw.

Karkpgoe nsmepeHme BbINOAHAAN C MOMOLLbHO
3NEKTPOHHOTO WTAaHreHUMpPKya (ToyHocTb 0.01
MM) Ha NeBOM Ta30BOW KOHEYHOCTM B TpeX Mo-
BTOpax, 3aTeM pacCymTbiBaIN CpeaHee.

YpaBHEHMA KnaccUPUKALMOHHON YHKLUK
nMenu Bua;:

y=C+k -x+..+k -x,

rae C — KOHCTaHTa, k, — KO3GOULMEHTDI
KnaccuOUKaAUMOHHON GYHKUMM -TO NpU3HaKa,
X, — 3HaYeHWe Npu3HaKa y onpeaenfiemoro K-
3emnaapa.

[nsa npoBepKM TOYHOCTM onpeseneHuns Bos-
pacTa Cc UICNoNb30BaHNEM KNACCUPUKALLMOHHbIX
dYHKUMI MCMO/1b30Ba/IN MPOBEPOYHYHO BbIOOp-
Ky — 29 camuoB U 27 CaMOK, pOAMBLUMXCA B BU-
Bapuun. MpoBepoYHble U KOHTPO/bHbIE BbIHOP-
K1 6blan cbanaHCMpPOBaHbI MO A0NE KUBOTHbIX
pa3Horo Bo3pacta (Knesesanb u agp., 2005).
Ocobu npoBepoyYHON BbIBOPKM HE BXOAUAWN B
COCTaB KOHTPO/IbHOM. Kpome 3TOro, KoppekKT-
HOCTb OnpeAeneHnA Bo3pacTta H6blaa nposepe-
Ha Ha gpyroi BblbopKe — 7 camuax n 7 camkax,
OT/IOBNEHHbIX B nonyasuuu, obuTatowen B
OKpecTHocTAX . J/Incbn Hopkn HoBocMbupckoi
06nacTu, U A0 KOHL,A *KM3HWU COAEPKABLUNXCA B
BMBapuKU. OTHOCUTENbHbIN BO3PACT *KUBOTHbIX
3TOW rpynnbl yCTaHaBAMBAAW NpU OT/oBe (3U-
MoOBaBLUKeE, ceroneTkn). Bospact onpeaenanu
Nno KaneHZapHbIM CPOKam OT/IOBA, pa3mepam
TeNla, COCTOAHMIO WEepPCTHOrO NOKPOBA, penpo-
AYKTUBHOMY cocTosHUIO (BopAHas noneskKa,
2001; Kapacesa u gp., 2008).

[Ona yctaHoBneHua Bo3pacTa ocobel npo-
BEPOUHbIX BbIOOPOK € yyeTom mx nona (1 rog,
2 nan bonee NeT) BbIMUCAANM 3HAYEHUS ABYX
KNAaCCMPUKALMOHHDBIX  PYHKUMN, WUCNONb3yA
KO3dPULUMEHTbI, pacCYMTaHHbIE OTAE/IbHO ANA
CaMLOB M CaMOK. HabnwopgeHue oTHOCUAU K
TOW rpynne, ANa KOTOPOM KnaccudpuKaumMoHHan
OYHKUMA Mmena Hambonbliee 3HayeHue. ToT
YK€ anropuTm UCNONb30BaIN U ANA onpeaene-
HWA BO3PACcTa BOAAHbIX MOJIEBOK U3 MPUPOSHbBIX
nonynayumn.

[na BbIACHEHWNA CBA3M C BO3PACTOM KPaHWO-
MeTPUYECKUX NPU3HAKOB BblNn B3ATbI Cnepyto-
LmMe npomepbl:

CBL — KoHannobasanbHaa ANMHA Yyepena —
paccToaHue oT Hambonee BbiCTynatoLLen Bne-
pes TOYKN MeX4YentoCTHOM KocTh A0 Hanbonee
BbICTYNalOLWEN Ha3zag, TOYKM 3aTbIZIOYHbIX Mbl-
wenkos; CHTB — BbicoTa Yyepena ot bapabak-
HbIX Kamep — paccTosaHue oT Hanbonee HNU3KOM

TOYKkM 06enx bapabaHHbIX Kamep A0 Hanbonee
BbICOKOM TOYKM Kpblwn yepena; ICL — annHa
CPOCLUENCA YaCTU MEXKINA3HUYHbIX rpebHewn;
NL — AanvMHa HOCOBbIX KOCTEM — paccTosiHue
MmexKay Hambonee BbICTynaloWMMK Bnepes U
Ha3a/j To4Kamum HocoBbix Koctei; NW — wupu-
Ha HOCOBbIX KOCTEM — PaCCTOAHNE MEXAY Hau-
6onee BbICTYMAKOWMMM TOYKAMMU HOCOBBIX KO-
cten; UMS — annHa BepxHero paga KopeHHbIX
3yb0B — OT 3a4HEro Kpas anbBeosl KOPEHHbIX
3yb0B [0 nepefHero Kpasa asbBeos NepBbIX KO-
peHHbIX 3y60B; ZW — CKy/I0Bas WMPUHA Yepena
— Haubonbluee pacCcToAHME MEXAY HaPYXKHbI-
MU KpPaaMK CKY/IOBbIX AyT.

CraTuctmnyeckyto o06paboTKy AaHHbIX BbINO-
HANM C NOMOLLBIO NaKeTa nporpamm Statistica
6.1 (SAS Institut, USA). PacnpeaeneHne mopgo-
METPUYECKUX CKeNeTHbIX MPU3HAKOB COOTBET-
CTBOBA/I0O 3aKOHY HOPMANbHOrO pacnpeaene-
HMA. O4HOPOAHOCTb ANCNEPCUN B PA3NYHDBIX
rpynnax oueHmBanacb No Kputeputo JleseHa, n
CTAaTUCTUYECKM 3HAUYUMBbIX OTIMYUI He BblsiBNe-
HO. JnA HaxoKaeHuA Ko3pPUUMEHTOB NINHEN-
HbIX KNAaCCUPUKALMOHHBIX PYHKLMN UCMOb30-
Ba/IN MNOLUATOBbIA AUCKPUMWHAHTHBIMA aHANN3
C NoCnefoBaTeNbHbIM BKIOYEHUEM NepemMeH-
HbIX. ONA BbIACHEHUA BAWAHUA KOHKPETHbIX
GaKTOpPOB Ha M3MEHYMBOCTb MOPPOMETPU-
YeCKMX MNPU3HAKOB MPUMEHANN OAHO- U ABYX-
GaKTOPHbBIN ANCNEPCUOHHDBIN aHann3. MHoxe-
CTBEHHbIE CPAaBHEHMUA CpegHUX NPOBOAUAN NO
Kputeputo Ledde, napHble — no t-Kputepuio
CrbtogeHTa. Pasnnuma mexay AonAMMU OLEeHU-
Ba/M NO METOAY XM-KBaapaT. B Tekcte 1 Tabnu-
Lax NnpuBeAeHbl cpeaHue 3HaYeHUA NPU3HAKOB
(X), craHgapTHas owwnbKa (+ SE) n ob6bem Bbl-
60poK (n). YpoBeHb CTaTUCTUYECKON 3HAYMMO-
TV NpuHAT p < 0.05.

Pe3ynbratbl

YucneHHoctb

Ha puc. 1 nokasaHa cpegHerogoBasa AWHa-
MMKa YNC/TIEHHOCTU BOAAHbIX NONEBOK, 0buTato-
LWKMX Ha yyacTKax. B 2016—2018 rr. yncneHHoCTb
OELUMHCKOM MONyAALMU CHUMXKANACb, @ NONyNA-
UMM N3 AKafilemropogka ysesimymsanach.

Pa3mepbl Tena sumoBasLLMX ocobeit

B nuTepatype oTtcyTcTBYEeT MHPOpMaLus
06 3KCTEpPbEPHbIX XapPaKTEPUCTUKAX BOAAHbIX
NoJIEBOK, OOUTAOWMX Ha CaZ0BO-OrOPOAHbIX
yyacTKax. [aHHble 0 macce, gAMHe Tena u ynu-
TaHHOCTM (OTHOLWIEHMEe Maccbl Tena K AJnHe)
3MMOBaBLUMX 0cobel nccnegyembix NONYAALNIMA
npuseaeHbl B Tabn. 1. Kak nokasanu pesynbra-
Tbl ABYX(PAKTOPHOrO AMCMNEPCUOHHOIo aHau-

3ad, MacCcCa TeJia 3aBUCUT OT MeCTa OT/10Ba (F1 32
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Puc. 1. CpeaHerogoBan AMHaMMKa YNCAEHHOCTU ABYX NONYyNALUUIA BOAAHbBIX N0EBOK. 1 — AKaaeMropoaok,
2 — 0éw. Oéw — bannbHan oueHKa; Akagemropoak —3k3./100 u,. c.

Fig. 1. The average annual dynamics of the number of two populations of water voles. 1 — Academgorodok,
2 — 0Oyosh. Oyosh — scoring; Akademgorodok - ind./100 trap days

Ba (F, 152 = =17.30, p < 0.001) 1 nona *MBOTHbIX
(F,,, =5.56, p <0.05), a gvHa Tena n ynutax-
HOCTb — TO/IbKO OT MeCTa OT/I0Ba (F1.32 =35.67,p
<0.001wmF, =439, p<0.05 COOTBETCTBEHHO).
OAHaKo pe3ynbTaTbl CPaBHEHMA TPYNMNoBbIX

CpeaHux C ucnonb3oBaHuem Kputepus Ledpde
MOKas3anu, YTO AOCTOBEPHbIE OTAUYMA MEXKAY
*KMBOTHbIMM OAHOrO MOAA, HO Pa3HbIX MeCT OT-
JI0Ba OTCYTCTBYHOT.

Tabnuua 1. Pasmepbl Tena 3MMoBaBLINX 0cobent U3 ABYX NONyNALMA, 0BUTAIOLLMX HA CaJ0BO-0rOPOAHbIX
yyacTKax

MecTo

OnvHa tena,

oTn0Ba Mon Macca Ttena, r MM YNUTaHHOCTb n
Axagemro.  C3MKa  1311%4.3 173519 0.76 +0.04 8
POAIOK camey  143.0+45 173.7+2.4 0.82 +0.03 14
camka  156.4+10.2 188.3+2.6 0.83 0.04 9

Oéw
camey  179.3+115 196.4+57 0.91 +0.05 5

B 1abn. 2 npmuBegeHa macca, AMHA Tena U
YNUTAHHOCTb Pa3BOAUMbBIX B BMBAPUM YKUBOT-
HbIX ONA COMOCTaBAEHUA IKCTEPbEPHbIX XapaK-
TEPUCTUK AMKUX U BUBApPHbIX ocobelr n aHa-
In3a BO3PACTHbIX WM3MeHeHUW. [lony4veHHble
pe3ynbTaTbl CBUAETENbCTBYHOT, YTO, AOCTUIHYB
B3POC/NIOr0 COCTOAHUA, BOAAHbIE NONEBKM NPO-
[OJIKAKT pacTu. Bamanue Bo3pacta (1, 2 nuamn 3
roga) Ha maccy u, ocobeHHo, ANMHY Tena cTa-

TUCTUYECKM aocToBepHO. CamKu: macca Tena —
F, =393, p <0.05, ,u,nMHaTena—FGS—ZZOZ
p < O 001, ynutaHHOCTb — F, 26a =1.89, p > 0.05.
Camupbli: macca Tena — F, o= 6.48, p<0.01, paun-
Ha Tena —F, =98.73, p < 0.001, ynutaHHOCTb
- F,e= 5. 46 p < 0.05. ChepoBaTtenbHO, nNpo-
Mepbl MOCTKPAHMANbHOIO CKeneta MoryT bbiTb
MCNonb30oBaHbl AN OnpeaeneHMsa BO3pacTa

B3POC/bIX KUBOTHDbIX.
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Tabnnua 2. IKCTepbePHbIE XapPaKTEPUCTUKM BUBAPHbIX BOAAHbIX MONEBOK B Pa3HOM BO3pacTe

[Mon Bo3spacrT, roapl Maccatena, r [auHa Tena, Mm  YNUTAHHOCTb n
1 143.2+5.3 177.4+1.6 0.80 +0.02 37

Camka 2 169.2+9.4 188.8 £ 2.0 0.89 +0.04 24
3 168.5 +13.2 197.7+2.3 0.85 +0.06 10

1 180.0+5.8 185.3+1.5 0.97 +0.02 36

Camey, 2 219.6 £9.7 197.8 £2.0 1.10 £0.04 27
3 186.0+22.4 205.7£4.7 0.89 +0.09 7

ANCKpUMUHaHTbIE dyHKUMM ana
onpepeneHua Bo3pacra CamLoB U CAMOK F

6blNM BbICOKO A0CTOBEpHbI: camKm — A = 0.16,
53 = 20.55, p < 0.001; camupl — A = 0.15,

Pe3ynbTaTbl AMCKPUMUHAHTHOMO aHanusa, figs =17.06, p < 0.001. KoadpuumeHTl
NPOBEAEHHOTO Ha KOHTPONLHOM BblGOpKe, /IMHENHOM  KNACCUPUKALMOHHOM  GYHKLMM
npueegeHbl B Tabn. 3.

Tabnvua 3. KoaddmuneHTbl AMHENHBIX KNACCUPUKALMOHHBIX QYHKLMIA A8 onpeaeseHmsa BO3pacTa

Mpu3HaKu Camkm Camubl

BO3pPacT, rogbl BO3pPacT, rogbl

1 >2 1 >2
Ta3oBas KOCTb
ISW -3.867 -5.661 45.232 56.180
PH -10.766 -15.557
PBL 20.047 23.750
Isl 5.544 8.904 23.993 28.571
OFW 65.906 73.252
begpeHHan
KOCTb
FLp 29.413 33.426
CFW 1.948 -16.875 187.312 201.959
FWp -82.320 -96.654
FWpl 28.325 52.741 -81.488 -67.683
Fwd -5.827 -10.556 64.477 79.721
Fwdl 2.124 -17.036
FWCd 144.265 151.284
loneHb
TWp -35.424 -47.156
KoHcTaHTa -339.303 -444.253 -745.375 -878.396
KoppeKTHOCTb

onpegeneHus, 100 100 100 100
%
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ToyHoCTb KnaccnomKaumm ocoben KOHTPONb-
HoM Bbl6opKKM — 100 %. TouHOCTb KnaccudpuKa-
umn ocoben nposepoyHon BbibopKM — 89.7 %
ana camuos u 81.5 % gna camok. ToYHOCTb
KnaccuduKkaumm ocobert XKMBOTHbIX, OTIOB/IEH-
HbIX B Npupoge, a ymepwmx 8 susapum — 100 %

Ana camok n 71.4 % nna camuos.

Pe3ynbTtaTbl onpeaeneHna Bo3pacTa nepe-
3MMOBABLUMX BOAAHbLIX MOMEBOK U3 ABYX NpwU-
poAHbIX MONynAuMn, obuTaroWwmMx Ha CafoBo-
OropoAHbIX y4acTKax, npeacTaBaeHbl B Tabn. 4.

Ta6n14u,a 4, BO3paCTHOﬁ COCTaB nepesnmoBaBLLINX BOAAHDLIX MO/1EBOK

Bospacr, roabl AKagemropoaok Oéw
CaMK# camubl CaMKM camubl
1 8 10 7 3
>2 0 4 2 2
% npoxusLux bonee 0  286+12.122.2+13.840.0+21.9

2 31m

B uenom B oéwmnHckon nonynaumm 33.3 %
nepes3MmoBaBlInX ocobelt npoxuam 6bonee
ABYX 3UM, @ B MNONyAAUMU U3 OKPECTHOCTEM
Akagemropogka — 18.8 %. B obeux nonynsauu-
AX AONA LONTOXMBYLLMX 0CODEN Y CAMOK HUMKE,
yem y camuos. Cymmupysa [aHHble NO ABYM
nonynauuam, 11.8 % camok u 31.6 % nepesu-
MOBABLUMX CaMLLOB MMeOT BO3pacTt bonee 2
net. Pasnnuma BO3pacTHOro coctaBa CamMuOB
M CaMOK CTAaTUCTUYECKN He3HauMMbl (x° = 2.04,
p > 0.05).

KpaHuomeTpuyeckme XapakKTtepucTUKu 3u-

MOBaBLUUX 0cobei Pa3HbIX BO3PACTHbIX K/aAC-
coB

Camubl pa3Horo Bo3pacta (rpynnsi: 1 roa, 2
roga v ctaplue) us nonynauum Akagemropogka
[LOCTOBEPHO Pa3/IM4yainChb NO KpaHMOMETpUYe-
CKMM NPU3HaKam — LUIMPUHE HOCOBbIX KOCTEN U
BbicOTe Yepena (Tabn. 5), npMsHakam, umetro-
WMM CUIbHYHO KOPPENALMOHHYIO CBA3b C BO3-
pacTtom (HasapoBa u ap., 2015). B oéwmrHCcKomn
nonynaumMmn He obHapyKeHo AO0CTOBEPHbIX MO-
JIOBO3PACTHbIX Pa3/INuMiA MO KpaHMOMeETpuYe-
CKMM MpU3HaKam.

Tabnnua 5. KpaHMoMeTpuyeckne XxapaKTepUCTMKM CaMLLOB pa3HOro Bo3pacTta

Bospacrt P
Mpu3sHaKkn
1ropn 2 ropa v cTapuwe
Y1CNo KNBOTHbIX 10 4
LLnpunHa HoCOBbIX KOCTel 4.32 +0.05 4.55+0.07 <0.05
BbicoTa uepena 12.57+0.14 13.13+0.22 0.05

Yyactue B pasMHOXKEeHUMU

Y CeroneTok, OT/IOBNEHHbIX B OKPECTHOCTAX
AKkagemropofka, penpoayKTMBHOE COCTOAHUE
oueHeHo y 25 ocobeir. U3 Hux 40 % camuoB
6bln1M NONOBO3pPENbIMU (UMENun 3penbie cnep-
MaTo30MAabl B NpUAaTKax cemeHHUKoB), a 50 %
camok (n = 10) yyacTBOBa/IM B PAa3MHOMKEHWUM
(MMenu am6pUOHbI AN NNALEHTAPHbIE NATHA
B MaTKe), YTO CBUAETENLCTBYET O BbICOKOM pe-
NPOAYKTUBHOM MOTEHUMANe 3TOW NOonyaaumum,
Haxogsuenca B ¢pase Nnogbema YUCNEHHOCTH.

B oéwmnHCcKoM nonyaauum He 6b110 NONOBO3-
penbix Npubbinbix camuos (n =9) n Tonbko 30 %
Mmonoabix camok (n = 10) npuHUManu yyactue
B pa3mMHOXeHUU. CXOAHbIM YPOBEHb penpoayK-

TMBHOW aKTUMBHOCTWU XapaKTepeH Ansa nonyna-
umMn B dale cnaga — AeNpPeccumr YUCAEHHOCTH
(BogaHas noneska, 2001).

B rpynne nepe3vmoBaBLUIMX PenpoayKTUB-
Hble NOKa3aTenn oueHeHbl y 9 camokK 5 camu,oB
13 OELUIMHCKOM Nnonynsauum u 7 camok 1 13 cam-
LOB M3 nonynauum AkagemropogkKa. Bce sumo-
BaBLUME CAMKM MPUHMMANIM YHaCTUE B PA3MHO-
XKeHun.

B OELwmMHCKOM nonynaumMm cymmapHaa macca
CEMEHHWKOB Y ABYXNE€THUX CaML,0B bblna cyLe-
CTBEHHO Bbile, Yem y ogHoneTHmx: 2.09 £ 0.01
1 0.36 +0.14 r cootBeTcTBEHHO (F, , =95.46, p <
0.01). Y o4HONETHMUX CaAMLLOB CEMEHHUKM UMe-
N NPU3HAKM perpeccumn, CBA3aHHblE C OKOH-
YaHMeM ce30Ha pa3mHoXKeHuA ([MPOCKYypHSK,
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Hasaposa, 2017). B nonynauuun Akagemropos-
Ka 3aBMCALLMX OT BO3pacTa OT/INYMIN pPa3MepoB
CEMEHHMKOB Yy Nepe3snmOBaBLUMX CAaMLOB He
obHapyKeHo.

O6cyxaeHue

Pa3paboTaHHbI HaMKn meTog, onpeseneHuns
BO3pacTa BOAAHbIX MONEBOK NO NPOMepam KO-
CTel Ta30BbIX KOHEYHOCTeM 6bln NCNONb30BaH
ANA OLEHKM BO3PACTHOM CTPYKTYpbl ABYX Mo-
nynsuunii. BolACHEHO, YTO B cpeaHeM OKoso 25
% ocobelt nepexkmBatoT ase uan bonee 3um.
OTMeyeHa TeHAEHUMA K YBE/NMYEHUD [O0/1M
ABaXAbl 3MMOBALUNX KMBOTHbIX B MONyAALMMK
CO CHMMKAKOLWENCA YMCNEHHOCTbID, YTO MoA-
TBEPXKAAET NpeAcKa3zaHUA rMnoTesbl CTapeHun
ByHcTpa (Boonstra, 1994). CornacHo 3Toi ru-
notese, yBe/iM4eHME BO3PACTA KMBOTHbLIX Ha
Cnage YMCNEeHHOCTU CBA3AHO C TOPMOXKEHNEM
NMoJIOBOr0 CO3peBaHMA CErosieToK M yKopoue-
HMEeM ce30Ha PAa3MHOXKeHMA. B cBolo ovepesb,
yBeNnYeHMe BO3PACTa PA3MHOMKAMLLUXCA KKU-
BOTHbIX MOXET ObITb CONPAXKEHO CO CHUMKEHMU-
eM romeoctasa pU3NONOrnMYecKnx OGYyHKUUN,
ocnabneHmem ycTtoMumMBOCTM K CTpecCy, penpo-
AYKTUBHbIM CTapeHMEM U CHUXKEHUEM YNCNEH-
HOCTM MonynAuuu. YBenmyeHue B nonynaumm
A0 XKMUBOTHbIX CTapLUMX BO3PACTHbIX K/1AaCCOB
B Nepuog, cnaga YNCNEeHHOCTM BOAAHOM NOEB-
KM oTMe4Yann u gpyrve asTtopsbl (Cerqueira et
al., 2006).

O6HapyKeHbl MeXXNONyNALNOHHbIE OTINYMUA
3KCTEPbEPHbIX XapPaKTEPUCTUK BOAAHbIX Nose-
BOK, HacenAlWwmMx cagoBO-0ropoaHble y4vacT-
Kn. Ocobun 13 OELUMHCKOM NONyNALUK KpyrnHee,
4yem 13 nonynaunm AKagemMropogKa, 4To MoxKeT
6bITb 06ycN0BNEHO NPOTUBOGA3HOM AUHAMM-
KOM YNCNEHHOCTM CPAaBHMBAEMBbIX NONYAALNI U
OT/INYMAMM BO3PACTHOM CTPYKTYPbI NONYAALNM
(Poros, 1999; Poros 1 ap., 1999).

Pe3ynbTaTbl BbIMNO/JIHEHHbIX PaHee uUccaeao-
BAHWI BO3PACTHbIX U3MEHEHUI PENPOAYKTUB-
HbIX NMOKasaTenen BOAAHbLIX NMONEBOK B YCNO-
BMAX BUBApPMA MNOKa3a/n, YTO Y CAMOK BTOPOro
roia XM3HW BEPOATHOCTb HACTYNAEHUA 3CTPY-
Ca M CNapuBaHUI NPU CCaXKMBAHUKU C CAMLLOM
BblLLE, YeM Yy CaMOK NepBOro U TpeTbero roga
XUM3HW. TpU3HAKNM penpoayKTUBHOrO cTape-
HWA Y BOAAHbIX NMOJIEBOK NPOABAAIOTCA TONbKO
Ha TpeTuii rog *nsHu (Hasaposa, MpoCKypHSK,
2017). B nccnepoBaHUAX Ha APYrUx MAEKONu-
TAKOLWMX YCTAaHOBJ/IEHO, YTO YCNEX Pa3sMHOXKe-
HMA MMEET KBaAPaTUYHYIO 3aBUMCMMOCTb OT

Bo3pacTta. Ocobu cpegHero BO3pacTHOro Kaac-
ca 0bnagatoT NydWMMM PenpPOAYKTUBHBIMU Ka-
yectBamu (Beauplet et al., 2006).

Bonblwyto ponb B BO3PACTHO-3aBUCUMMOM
peanusauum penpoayKTUBHOIO MNOTeHLMana
urpatoT onbdakTopHble curHanol. Y Microtus
pennsylvanicus oboHATeNbHble cUTrHanbl 60-
Nlee B3POC/bIX CaMLOB NpuBaeKaTenbHee gna
CaMOK, YeM 0b6OHATeNbHbIE CUIHa/bl NONOBO3-
PenbiX MONOAbIX CAMLLOB, NPW 3TOM AONTOXMU-
BYLLME CaMLbl MPOABAAIOT 6ONbLINI NHTEPEC K
0b60OHATENbHBIM CTUMYNAM CaMOK, YEM MOJIO-
Aable (Ferkin, 1999). Mbl npegnonaraem, 4to B
das3bl NMKa M cnaga YNCNEHHOCTU, KOorAa COKpa-
LWAKTCA NPUTrogHble ANA PAa3MHOXKEHUA Teppu-
TOPUM U YCUANBAETCA KOHKYPEHLMA CAaMLLOB 33
AOCTYN K CaMKaMm, AONroxuBywme ocobn mo-
ryT UMeTb CEeIeKTMBHOE NnpeumyLecTso. B no-
NYAALMOHHbBIX MCCNea0BaHMAX, NPOBEAEHHbIX
B CeBepHon bapabe, nokasaHo, YTO B nepuoa,
cnaga 6onee KpynHble camubl pacrnonaratoTcs
6AnKe K pPenpoayKTMBHO-aKTUBHLIM CaMKam
(BogaHas nonesKa, 2001). BogAaHble NonesKkw,
COrMNacHoO pe3y/nbTaTamM BbIMOJHEHHOTO MUcCne-
[OBAHUA, PACTYT HA NPOTAXKEHUN BCEWN XKU3HW,
NO3TOMY PEnpPOAYKTUBHbIN yCrnex CamMLOoB MO-
YKEeT MOBbIWATLCA C BO3PACTOM. Y ABYX/NETHUX
CaMLLOB OELUMHCKON MNOonyasaummn, 3MMYHOLLNX
Ha Caf0BO-0ropOAHbIX yYacTKax (MpOCKypHSAK,
HasapoBa, 2017), macca ceMEeHHUKOB A0CTO-
BEPHO BbllUE, YeM Y O4HONETHUX. [IByxneTHue
camupbl, obuTatowme B6M3N AKaaemMropoakKa,
NpPeBoCXoAAT OAHONETHUX MO HEKOTOPbLIM Kpa-
HUOMETPUYECKMM XapaKTEPUCTUKAM.

3aknoueHume

YcTaHOBNEH BO3PAcTHOM COCTaB Nepesnmmo-
BaBLUMX BOASHbLIX MOJIEBOK ABYX MOMNynAUUM,
pasnyaloWmMxca No ANHAMMUKE YUCNAEHHOCTW.
OTmeyeHa TEHAEHUMA K YBENMYEHUIO BO3pacC-
Ta Nepe3rMOBaBLUNX 3BEPbKOB, OT/IOB/IEHHbIX
B NMONyNAUMN, HAXOAALLENCA B NEPUOS, CHUXKeE-
HMA YUCNIEHHOCTU, YTO COrNACyHTCA C NpeacKa-
3aHMeMm runoTesbl P. ByHCTpa o cTapeHumn nony-
naunun B nepuog cnaga. Jlonroxusywme ocobm
UTPalOT BA)KHYK POJib B MOAAEPIKAHUU KU3-
HecnocobHOCTN nonynsauuii B NeccMmanbHbIX
3KO/IOMMYECKMX ycnoBusax. PesynbTaTtbl paboThbl
BaXKHbl 419 NOHUMAHUA 3KONOTMUYECKUX MEXa-
HM3MOB 3BO/IIOLUM AONATONETUA U MOHUTOPUH-
ra COCTOAAHMA NONyNAAUNIMA BOAAHOW MONEBKMU B
QHTPOMOreHHbIX NaHAwadTax.
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Key.words: o Summary: The role of long-lived individuals in the functioning of rodent
Arvicola amphibius populations is not clear. It is associated with the difficulty in determining the
age age of animals. To study the age composition of the overwintered individuals
sex in natural populations, a method to determine the age by measuring the bones
Ilfetlme. of the pelvic limbs was developed. The method using discriminant analysis has
population an accuracy of up to a year. The discriminant function was found on a control

sample of captive-bred animals (41 males and 42 females of known age). Then,
the discriminant function was used to determine the age of the animals in the
control sample; 100% of the individuals were classified correctly. The accuracy
of age determination of individuals in the test sample, which was not part of
the control sample, was 89.7% for males (n = 29) and 81.5% for females (n = 27).
The reliability of the method was also confirmed by the results received in the
third group (7 males and 7 females). They were caught in nature with a known
relative age and died in the vivarium, the accuracy their age determination was
85.7%. Using the developed method, we compared the age composition of
overwintered water voles from two populations, which inhabited the garden
plots in the vicinity of Oyosha and Akademgorodok (Novosibirsk region). The
number of the first population was declining for several years, while that of the
second one was increasing. It was found that in the diminishing population the
proportion of individuals that lived more than two winters was slightly higher
(33.3%) than that in the rising population (18.8%). In overwintered males
statistically significant age differences in craniometric and reproductive traits
were found. It was concluded that long-lived individuals could play a significant
role in maintaining the long-term existence of populations in pessimal
environmental conditions.
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AHHOTaumA: YMCNEeHHOCTb NEeCHOro NoaBuaa CeBepHOro o/ieHs ObICTPo co-
KpallaeTca, ero apeas pacnasca Ha pAg M30AMPOBaHHbIX Y4acTKoOB. B uenax
OXpaHbl BUAA M BOCCTAHOB/IEHMUA €r0 YMCAEHHOCTU HEObXOoAMMO M3y4YeHue
Pa3/INYHbIX MOMNYAALMOHHbBIX XapaKTEPUCTUK, NpexKae BCEro AMHAMMUKN YnC-
NEeHHOCTU. [InA BbIABNEHUA LMKAUYHOCTM AMHAMMKM YNCAEHHOCTM B PA3HbIX
nonynAuMAX CEBEPHOrO OJIEHA UCMO/Ib30Ba/IM MHOTO/IETHME AaHHbIe ero yye-
ToB B HOraHckom, CasHo-LUyweHcKkom, BaiKkanbcKkom 3anoBefHWKax, 3ano-
BeAHMKe «Ky3HeuKknin Anatay» n BepxHe-KoHANMHCKOM 3aKa3HUKe. bharogaps
0COBOMY PEXMMY Ha UX TEPPUTOPUN UCKAKOYEHO BANAHME QHTPOMNOreHHOro
¢daKTopa. Kpome TOro, oLLeHUAN BO3AENCTBME CPEeAHEr0A0BbIX 3HAYEHWNI TEM-
nepaTypbl BO34yXa M KOJIMYECTBA OCAAKOB Ha LMKAMYHOCTb ANHAMUKN YUC-
NIEHHOCTU ceBepHOro osieHA B lOraHcKom 3anosegHuKe. Npu nposeneHnmn
pacyeToB UCMO/b30BA/IM NPOrPaMMbl CMEKTPAIbHOIO aHam3a. Bo Bcex 3ano-
BeAHMKax (Kpome balKabCKOro) YMc/ieHHOCTb BMAaA 3a nepuog, HabatogeHusn
nocTeneHHo M A0CTOBEPHO CHUMXKaeTcs. B balikanbcKkom 3anoBegHMKe OTMETU-
I HEBONbLIOW, CTAaTUCTUYECKU HEJOCTOBEPHbIN NONOXKUTENbHbINA TPEHA YMC-
NIeHHOCTU. Ha BCex pacCMOTPEHHbIX TEPPUTOPUAX NPU AOCTAaTOYHON NPoAoN-
UTeNbHOCTM HabntogeHuit (20-30 neT) ANA CEBEPHOro O/IEHA XapaKTepHbI
AOMUHUPYIOLWME NO MOLWHOCTU 15-20-neTHue UUKabl YNCNEHHOCTU. B ana-
na3oHe CpeAHMX YacTOT BbiABAEHbI Ma/lIOMOLLHbIE 5- U 7-neTHNe KonebaHuA
yncneHHocTn. B nosoce BbICOKMX (2—4-N€THMX) YacTOT BO BCEX PACCMOTPEH-
HbIX Cy4anax GUKCUPYIOTCA yCToMYMBbIe UUKAbL. [na KOraHcKoro 3anoBegHmMKa
BbIABMJIN CBA3b LMKINYHOCTM ANHAMMKM YNCSTIEHHOCTM CEBEPHOTO OJIEHA C KO-
NINYEeCTBOM OCaZKOB M TeMMepaTypon Bo3ayxa. [aa KaxKaon rapmoHUYeCcKom
COCTaBAAOWEN MONYAALMOHHON LMKANYHOCTU CEBEPHOrO ONEHA MMETCA
COOTBETCTBYHOLIME, BNM3KME NO 3HAYEHWIO MEPUOAA, TAPMOHUKKN 3TUX KAMMaA-
TMYECKMUX NapameTpoB. Hanbonee TouHaa NoACTPOMKA NPOUCXOANT K LUKINY-
HOCTU CpeAHEerog0BOro KOMYeCcTBa OCaZKOB, KOTOPble, BO3MOMXKHO, MMEIOT B
YKM3HW 3TOrO BUAA KOMbITHbIX 60NblUee 3HaYeHUe, YEM LIMKANUYHOCTb CpegHe-
rogoBbIX Temnepartyp.
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BsegeHue

Ouknit ~ cesepHbin  oneHb  (Rangifer
tarandus L., 1758) — oaAWH 13 camMbIX 3HAYUMbIX
BMAOB KOMbITHbIX, OOUTAIOWMUX B CEBEPHbIX
panoHax Poccuiickonn ®epepaummn. [doctaTou-
HO 61aronoNyYHbIM B NPOLIAOM, B HacToALLee
BPeMA 3TOT BMA, UCMNbITbIBAET OrPOMHYIO aH-
TPOMOreHHY Harpysky, KpaHe HeraTMBHO OT-
ParkaloLytoCcA Ha COCTOSIHUM ero nonynaummn,
HEKOTOpble U3 HUX HAxXOAATCA Ha rPaHU YHMU-
yToxKeHus. OCobeHHO YyA3BMMbIMW OKa3a/UCb
NlecHble NoABuUAblI CEBEPHOrO 0/eHA. B HacTos-
uee Bpems 60NbLINHCTBO M3 HUX 3aHECEHbI B
KpacHble KHUMM pa3nnyHoro ypoBHsA. CeBepHbIi
oneHb oOxpaHaetca B Pecnybnunkax Kapenus,
Komu, bypsatmsa un TbiBa, B XaHTbl-MaHCUNCKOM,
HeHeukom n Amano-HeHeuKOM aBTOHOMHbIX
oKpyrax, B KpacHoapckom Kpae, B OmcKkoi,
KemepoBcKkoi, MpKyTcKOM n apyrux obnacrax
(KpacHas kHura P®, 2001). B nocneagHue rogbl
B OTAE/IbHbIX PErMOHax OTMEYEH HEKOTOpPbIN
POCT ero YUC/NIEHHOCTH, B YAaCTHOCTM Ha Teppu-
Topmun XMAO — HOrpbl B paiioHe KOraHcKoro 3a-
noBeAHMKA. 3aN0BeAHUKN U 3aKa3HUKM BHEC/TN
HeMa bl BKNag, B NPOLLECC COXpaHEHUA BMAaA
6narogaps ocobomy perkunmy. CeBepHble one-
HUK, obuTatloWwmMe Ha NX TeppPUTOPUM, 3aLmLLe-
Hbl OT @aHTPOMOreHHOro BO34ENCTBUA U MOTYT
CyLLEecTBOBATb B YC/IOBMAX €CTECTBEHHOIO X043
NpPUPOAHbIX Npoueccos. Nosatomy 60abLION NH-
Tepec BbI3bIBAET OnpeaeeHne 3K0N0rMYecKnx
N BMONOTMYECKMX XaPAKTEPUCTUK TaKUX Mmony-
NAUMK, cpeaun KOTOpbIX OO4HOM U3 Hambonee
3HAaYUMBbIX ABASAETCA AMHAMMUKA YNCIEHHOCTH.

Ham npeactaBnnocb MHTEPECHbIM CPaBHUTb
LUMKAMYHOCTb AMHAMMKKN YUC/IEHHOCTU CceBep-
HOro 0/1eHsl Ha 0C060 OXpPaHAEMbIX MPUPOAHbBIX
Tepputopusax (OOMT), pacnonoKeHHbIX B pas-
JINYHBIX YacTAX ero apeana. B npegenax pas-
HMHHOWM Talrn HaxoasaTcA BepxHe-KOHANHCKMI
3aKasHUK (241.6 Tbic. ra) u KOraHckuii 3ano-
BeAHUK (648.6 TbiC. ra), B 30HEe FOPHOM Tanrm
nexart CaaHo-lUyweHckuit (390.4 Tbic. ra) u
Bakanbckuit (165.7 Tbic. ra) 3anoBegHUKW,
a Takxe 3anoBegHWK «Ky3Heukun Anatay»
(401.8 TbIC. ra).

BepxHe-KoHAMHCKMI 3aKa3HUK M KOraHcKui
3aN0BEAHMK PACMNOIOXKEHbI HAa TEPPUTOPUM
XMAQO — HOrpbl. CeBepHbI 01€Hb, 0OUTaIOLLLNIM
Ha WX TEPPUTOPUMN, OTHOCUTCA K HEMHOTOYMC-
JIEHHOMY NoABMAY — NECHOW CEBEPHbINA ONEHb
(Rangifer tarandus fennicusLonnberg, 1909)
(KKXMAOQ, 2013). Monynauma ceBepHOro o/ieHn
B XMAO 3a nocnegHue 50 net ncnoitana cuUib-
Helllee aHTPOMOreHHoe BoO3aencTBue. Ecam
BO BTOpOM nonoBuHe 1960-x rr. ee ymcnew-

HOCTb cocTaBasana 15.5-16.5 Tbicaun ocoben,
TO yXe K 2006 r. oHa CHM3MAACb A0 KpuUTuye-
ckon otmeTku B 310 ocobeir (Hosukos, 2011).
PacnpocTtpaHeHWe ceBepHOro OJIeHA HOCUT
o4YaroBbli XxapakTep. CTpemuTtenbHoe passu-
TMe HedTe- M razonobbiBatoLLel NPOMbILIIEH-
HOCTM BbI3Ba/10 MACLITabHOE YHUYTOXKEHUNE ero
MeCcToob6uTaHW. MPUTOK HaceneHua CTUMyIn-
pOBan CTPEMUTENbHbIN POCT BPAKOHbEPCTBA,
KOTOpoe ABAAETCA MMAaBHbIM NMMUTUPYIOLLUM
dbaKTopom gna storo Buaa. M3-3a nsypogosaH-
HbIX py6KaMK 1 NoxKapamm N1ecoB 3HAYUTENbHO
yMeHbLluMnacb KopmoBasa 6asa. OcobeHHO no-
CTpagann KoOHAMHCKMe neca — B 1960-1970-x
rr. naowaab BblpyboK B HMX cocTaBuna 81 % ot
Bcex Bbipybok B XMAO (Bonkos, JlapuH, 2007).
TeppuTtopua KOraHckoro 3anoseaHWKa (4o 3a-
nosegaHuA) bbina TpaHchoOpMMpPOBaHA B 3Ha-
4YUTENbHO MeHblLUel cTeneHun. bnarogapa npu-
POAOOXPAaHHbIM MEpPONpPUATUAM B NocnegHee
AecaTuneTne Temnbl CHUMKEHUA YUCNEHHOCTU
ceBepHOro oneHa 3ameannnuce (Mepeacno-
Bel,, Ctapukos, 2016), a B HEKOTOPbIX palioHax
HOrpbl faxe oTmeyeH ee He6ObLLOM POCT.

BAnTtae-CasHCcKom pervoHe (B3anoBeaHUKax
«Ky3Heuknit Anatay» n «CaaHo-LLyweHcKkuiny)
obutaeT cMBUPCKNIN NEeCHOM CeBepHblA ONEeHb
(Rangifer tarandus Valentinae Flerov, 1933).
NcTopuA cyLecTBOBaHMA ero Nonyaaumm npak-
TMYECKN COBMAZAeT C WUCTOpMen nonynAauum
necHoro cesepHoro oneHAa B8 XMAO — HOrpe.
K cepeagmHe XX B. ero apeasn B 3TOM permoHe
6bl1 CNMIOWHBIM, @ YMCAEHHOCTb AO0CTUrana
BbICOKMX 3Ha4yeHult (Cokonos, 1975, 1983). B
AANbHENLEM YUCNEHHOCTb NMONYAALUK PE3KO
CHM3KMNACb, A apean pacnanca Ha U30/IMPOBaAH-
Hble y4yacTKW. Ha cerogHAwHWM ageHb AnTae-
CaAHcKaa nonynauma NecHOro ceBepHoro one-
HA BKAtOYeHa B KpacHble KHUru pegepanbHoro
N pPermoHanbHoOro yposHA. CuTyauma ynyyu-
Nlacb C OpraHu3auMen HEeCKONIbKUX 3anoBep-
HMKOB, HameTUNacb TEHAEHUMA K BOCCTAHOB-
NIEHUIO YucneHHocTM nonynauum (BoHaapb,
2015).

Uenb HactoAwern paboTbl — U3lyvyeHne uUu-
KIMYHOCTM B MHOTONIETHEN ANHAMMKE YUC/IEH-
HOCTM NEeCHOro CeBEPHOro onieHA. 3a4a4m CBO-
AVNNCD:

— K pacyeTy CNeKTPOB UUKANYHOCTU YNCNEH-
HOCTK;

— onpeaeneHnto napameTpoB nepuoguye-
CKMX COCTaBNAIOLMNX MHOTONETHEN ANHAMMUKM
YUCNIEHHOCTW;

— BbIACHEHUIO BO3MOMHbIX BHELWHWUX CUH-
XPOHN3aTOPOB, NPUAAOLLMX YCTONYMBOCTb KO-
NnebaHnAM YMCNEHHOCTU JIECHOTO CEBEPHOro
OoNneHA.
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Matepuanbl

MaTtepmanom MOCAYKUAN AaHHbIE MHOFO-
NeTHUX (B 60NbLUIMHCTBE 3aMN0BEeAHUKOB) y4ETOB
UYMC/IEHHOCTU ceBepHOro oneHA. B KOraHckom
3anosegHuMKke M BepxHe-KOHAMHCKOM 3aKas-
HMKE YMC/IEHHOCTb CEBEPHOro O/N1eHA onpeae-
NANN NO pe3ynbTaTaM 3UMHUX MApPLUPYTHbIX
yyetoB (MpuknoHckuii, 1973; KysakuH, 1979),
NPOBOAMMbBIX €XKerogHo B ¢peBpane — mapTe.
B KOraHckom 3anosegHuKe 3a 1988-2018 rr.
npongeHo c yyetammn 6832.4 km. [ns oueH-
KW CBA3M KAMMATUYECKMX MapamMeTpoB cpeabl
obutaHma (cpeagHerogoBOro Koan4yecTsa ocaj-
KOB W CpeaHeroAoBoi TemnepaTypbl BO3ayxa)
N AMHAMUKM YNC/TIEHHOCTM CEBEPHOTro O/1eHA B
tOraHckom 3anoBeAHMKE WMCMNONb30BaNN [aH-
Hble MeTEeOCTaHUNM «YTyT», PacnoNOKEeHHON B
25 Km oT ero rpaHuubl. B BepxHe-KoHAWMHCKOM
3aKas3HuMKe 3a 1971-2010 rr. npoMiaeHoO C yyeTa-
Mmn 10 631 Km (Bopobbes, 2015).

B ropHbix 3anoBegHuKax Antae-CafAHCKoOro
perMoHa B KayecTBe OCHOBHOrMoO MeToAa WC-
NoNb30BasM MeTO4 BW3YyaNbHOrO YyyeTa ce-
BepHbIX oneHen (Hosukos, 1954; HacumoBuy,
1963). ExerogHo noAcymMTbiBaAM 3anac BuAa
Ha oxpaHAaemol TeppuTopun (BacunbyeHKo m
Aap., 2008). Camblt ANIMHHbIN pAa, HabntoaeHuM
(1988-2008 rr.) B CasiHo-LLlywieHckom 3anoBsea-
HUKe, B 3anoBegHuKe «Ky3HeuKnii Anatay» OH
3HauYMTEeNbHO MeHblLue (2002-2008 rr.). laHHble
Mo YMUC/IEHHOCTN CEBEPHOro oneHA B balKkanb-
CKOM 3anoBegHuKe cobpaHbl B. B. Xuaekenem,
KOTOPbIN IMYHO NPOBOAUAN y4eTHble paboTbl B

TeyeHue 2012-2017 rr.

MeTtoapbl

[ns BbIABNEHMA CKPbITbIX KOnebaHUi B Ync-
JIEHHOCTU NPUMEHSAIN BbICTPbIN aHanus dypbe.
AMNMpUYEcKm onpegensemble napameTpbl cye-
Ta — War CcyMMMpPOBaHMA, AJIMHA aBTOKOppena-
LMOHHOM GYHKUMKM, dOpMa U LLIMPUHA Koppe-
NAUMOHHOIO OKHa. Bblumcnenua nposoaunu
CTaHAapTHbIMKU meToaamu (Epaakos, 2011; Te-
nenHes, Epgakos, 2014). Mcnonb3oBanu cyet-
Hble NMPOrpammbl, HaxogAwmecAa B cobcTBeH-
HocTn NCnIXK CO PAH. OueHKy cnekTpa/ibHOM
NJAOTHOCTU MOLLHOCTM MNPOBOAUAN METOAO0M
Yanya (Welch) (Mapnna-mn., 1990).

[Ona TpeHpoB npoBepann rmnotesy o6 otau-
YMn KO3POULMEHTOB OT HYNA U PACCYUTbIBANMU
KoadduumeHT aetepmmHaummn R?. NMonydyeHHble
3HAYEeHUA OTpaXKa/M B TEKCTE TOJIbKO B TOM
CNyyae, KOrga HynesadA rmnoTesa O paBeHCTBe
o0bounx KoadPUUMEHTOB perpeccum Hynw OoT-
6pacbiBanacb. B npoTtMBHOM cnyyae AMHENHan
perpeccua UCKAYanacb U3 mogenun npouecca.

Ona oundpoBKkM rpaduKoB NpUMeEHANU Npo-
rpammy WebPlotDigitizer. lna ctatuctyeckmnx
pacyeToB MCMNOAb30Ba/IN  NAKeT nNporpamm
Past.

Pe3ynbTatbl

Obuwee npeactaBieHUe O COCTOSSHUKM Nony-
NAUMNA NECHbIX CEBEpPHbIX OZIEHEN B KaXAoMm
panoHe nccneaoBaHUA JAKOT HEKOTOpPbIE CTaTU-
CTUYECKME XapaKTepucTmku (tabn. 1). CpegHue
BE/IMYMHbBI YNCNEHHOCTU COU3MEPUTb TPYAHO
M3-33 PasIMYNn B YYETHbIX MeTodax, HO no
pa3maxy BapbMpoOBaHMA 3TU reorpadpuyeckune
nonynAauMM BMOJSIHE CPaBHMMbI. JlOCTaTOYHO
06BEKTMBHO M CpPaBHEHME MO MOCTeNneHHOMY
N3MEHEHWIO UX CPeAHEeN YNCNEHHOCTU 13 roga
B roa. lMocnegHee xapakrtepusyeT UX NOJANHO-
MMUaNbHbIN TPEHA.

[Ons nmetowmx Hanbonee ANNHHbIN pAg, Ha-
6nopeHnin OOMT paccunTanm XpoHOrpammbl
X04a YMCNEHHOCTU CeBEPHOro oneHs (pucy-
HOK), KOTOpble MNO3BONAIT MNPUOANIUTENBHO
OLLEHWUTb BO3MOMHbI€ MHOrONIETHUE LMKAbI,
a TaKKe CPaBHUTb CUHXPOHHOCTb U3MEHEHW
YMCNEHHOCTU CEeBEPHbIX O/JIeHeM Ha obuem
npomexyTke BpemeHn (1988-2011 rr.).

[aHHble XpOHOrpamMm NepeHecun Ha WKany
BpemeH#u (I1) u Takmm ob6pa3om OLLEHMAU CKPbI-
Tble NepuoanYeckne CoCTaBAAOLME X084 YMC-
NIEHHOCTU CEBEPHbIX OJIeHel, YTO Mo3BonseT
BM3YyaZIbHO CPAaBHMBATb COBOKYMHOCTb MHOrO-
NETHUX UMKNOB B pasHbiXx nonynaumax. Ona
YTOUYHEHWS CNEKTPaJSIbHbIX OLEHOK AUHAMMKMU
YMCNEHHOCTM CEBEPHOTO O/IeHA Ha TEPPUTOPU-
AX OOMT nx xapaKTePUCTUKM CBEAEHDBI BTAbN. 2.
3T0 no3BONIAET CPaBHUBATb NEpPUOAUNYECKMEe
COCTaB/IAOLME, HE TOIbKO AOMUHMPYOLLME NO
MOLLHOCTHK, HO M cnabo npoABNeHHble Ha rpa-
dnyecknx nsobparkeHusx.

O6cyxaeHue

B balikanbCKOM 3anoBeAgHUKE OTMETUIN He-
60NbLION, HO CTAaTUCTUYECKM HEOO0CTOBEPHbIN
NONOXUTENBHbIA TPEHA, 4YuCNeHHoCTU. Bos-
MOXHO, CTa0 CEBEPHOro O/IEHA B 3TOM 3amno-
BeAHUKe MeaneHHo pacteT. Og4HaKo, HecmoTpA
Ha 0COObLIN PEXUM, UCKAIOYAOLWNIM BAUAHUE
aHTponoreHHoro ¢akTopa, YMCNEHHOCTb Nec-
HOro ceBepHOro osieHs B 6onblnHcTBe OONT
(3a nepuog HabntoaeHUA) NOCTENEHHO U A0CTO-
BEpHO cHU»KaeTca. MoagobHan KapTMHa Habnto-
naetca Ha 6onblIOM YacTu ero apeana. Tak, B
ApxaHrenbckon 06,1acTM YNCNEHHOCTb IECHOTO
CEeBepHOro o/ieHA (B nepByto oyepenb No npu-
YMHE MACcCcoBOro 6paKoHbEPCTBA C UCMO/b30Ba-
HMEeM CHEeroxogoB) cTana bbICTPO COKPaLWLATLCA
C KoHua 1980-x rr. K Hayany XXI B. apean obuTa-
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Tabnnua 1. CTaTUCTUYECKME XapaKTEPUCTUKM NAaPaMeTPOB MHOTONIETHEN AUHAMMUKM YUC/IEHHOCTU Niec-

HOrO CEBEPHOrO OJIEHA Ha TeppuUTOpPUM pasandHbix OOMNT

YmncneHHoctb M

oonTt nr:e'T + m, ocobei o v, % Tpena
lOraHckmit 3anosearnk 31 184.3+34.80  193.73  105.12 217591~ 2222 G
Bepxte-KonauHckui 40 15243139 19854 130.62 402'1&%;01;3?&31“ R =
e ameHcKA 21 47.62+503  23.04 4838 B e
if&gﬁgﬁ:ﬁ: Anatay» 5 85.8+18.13  40.53  44.24  84.400-16.00 * t; a> 0.05
E:I‘;‘g;‘ggﬁm” 6 23+1.81 443 1926  4.567 +0.085 * t; a> 0.05

MprMMmeyaHune. n — YMCNo paccmaTpuBaemblx eT, M — cpegHee, m — olwmnbKa cpeaHero, o — KBaapaTuy-
Hoe OTKNoHeHue, CV — KoadduumeHT Bapnaumum, R? — KoapPuUUMeHT aeTepMUHaALLUN.
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OuHamumka yncneHHocTv nonynsumm (1) u cnektp ee konebaHuii (Il) y ceBepHOro oneHs B 3anoBeaHUKaXx
«kOraHckuin» (a), «CasaHo-LUyweHcknin» (c) n 3akasHuke «BepxHe-KoHamHckuiny (b)

Chronogram of the population number (1) and spectra of its long-term fluctuations (ll) in the reindeer
(Rangifer tarandus): a — Yugansky Nature Reserve, b — Reserve "Verkhne-Kondinsky", c — Sayano-Shushensky
Nature Reserve (I — X-axis — Time, year; Y-axis — number, individuals; Il — X-axis — Period, year; Y-axis — Pow-

er, %)
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Tabnnua 2. COOTHOLWEHNE BENMUYNHBI U MOLLLHOCTM NEPUOAMNYECKUX COCTABAOLMNX MHOTONETHEN ANHa-
MUKW YNCNIEHHOCTM B PA3/IMUHbIX NOMYASLMAX IECHOTO CEBEPHOTO OJIEHSA

MNepuog, net
nr
15-20 10-14 7-9 5.1-6 4.1-5 2.9-4 2.0-2.8
BalikanbCKuii 3anoses- ) ) ) 3.0 )
HUK 0.507
3anoBegHuK «KysHel- ) . . . 3.2 )
Kt AnaTay» 43.51
BepxHe-KoHAWHCKKUI 20.9 7.4 4.7 3.5
3aKasHMK 74.89 18.28 2009 1232 28866 23515
Caano-Lywenckui 17.4 . 7.62.40 551.60 42129 34084 2.80.87 -
3anoBeaHUK 6.43
IOraHCKWiA 3aN0BEAHNK 28.4 7.0 5.2 4.1 2.9 2.4 2.2
51.67 25.23 44 .35 51.99 43.72 44.82 23.31
Ocanku 15.3 ) ) 5.9 3.7 2.8 2.4
A 31.39 24.92 26.81 30.56 15.01
Moropa
16.5 7.2 2.9
Temneparypa 145 0.173 4.00.26 0.129

MpurmeyaHue. MNorogHble XapakTePUCTUKM AaHbl TONbKO A1A KOraHCKoro 3anoBeAHNKa; B CTPOKaX BEpX-
HAS UMdpa — Nepunoa, NeT; HUKHASA — MOLLLHOCTb (amnauTyaa).

HMA NECHOro CEBEPHOrO O/IEHA B 3TOM pPermMoHe
BHOBb Npuobpen oyarosblii xapaktep (MamoH-
T0B, Epumos, 2011). B nocnegHune naTb N€T 3TOT
BMA, NPAKTUYECKN UCYE3 B BOCTOUHbIX paioHax
Kapenun (ManuyeHko, batogHuk, 2009). B aHa-
JIOTMYHOM COCTOAHWUM Haxo4MTCA AKYTCKaAa no-
nynAuMa NecHOro CeBepHOro OJIeHA, KoTopas
noAa BAMAHWEM aHTPOMOreHHOro BO34eNCTBMUA
(bpakoHbepcTBO, pa3paboTKa MecTopoXKae-
HUM NONE3HbIX MCKOMAEMbIX, IECHbIE NMOXKapbl
N TpaHchopmaLuma MecToobuTaHn BUAa) 3Ha-
YUTeNbHO COKPATMIA CBO YMCAEHHOCTb (Mop-
pocos, KpusowwankuH, 2008). A TakMx pacTu-
TENbHOAAHbIX MIEKONUTAIOLWMX, KaK CEBEPHbIN
ONleHb, U3MEHEHMA PACTUTENIbHONo NOKPOBA B
pe3ynbTaTe aHTPOMNOreHHbIX BO34ENCTBUM UAN
KIMMATUYECKMX CMEH, COMnpoBOXKAatoLmecs
M3MEHEHMAMW KOPMOBOIFO KayecTBa pPacTu-
TEeNbHOCTU, BCErga ConpoBOXKAatoTca Koneba-
HUMAMM (Nynbcauunent) rpaHnL, apeana Uan Yuc-
neHHocTu (Abatypos, 2005).

CpenHAA MHOTONETHAA YNCNEHHOCTb ceBep-
HOro oneHAa B paccmatpusaembix OOMT 3Ha-
YUTENbHO OT/INYAETCA B CBA3M C HEBbLICOKOM
YMCNEHHOCTbIO BMAA B 3anoBegHWKax AnTtae-
CasHckoro pervoHa (ACP). OgHako 370 He npe-
NATCTBYET CPABHEHWUIO CTATUCTUYECKMX Napa-
MeTPOB pa3Hbix nonynaumn. B XMAO — HOrpe
YMCNIEHHOCTb CEBEPHOr0 OJIEHA MMEET 3Ha4u-
TeNbHbIN pa3max BapbWMPOBaHMA, TOrAa KaK B
ACP 3TOT NOKa3aTe/lb OTHOCUTE/IbHO CTabuU/IEH.

MHoroneTHAA AMHAMMKA YMCNEHHOCTU Ya-
CTO npeacTaBnsaetr cobol Ha XpoHorpamme
CNOXKHYIO KPUBYIO NUN006pasHoi popmbl (cm.
PUCYHOK, 13), M MO PAacCTOAHUAM MEXKAY MaKCU-
MyMamu UAN MUHUMYMaMKW MOXKHO onpege-
NINTb  MHOXECTBO LMKANYECKUX KONnebaHun.
MorKeT Takaa XpoOHOrpaMma nNpeacTaBAATbLCA B
BMAE CrNaXKeHHOW TPAeKTOpPMMU, HO U TOraa Ha
Hen byayT NnposBaeHbl XoTA 6bl HebonbLKne no-
Ka/ibHble NMUKK (CM. pUCYHOK, Ib, ¢). Ana 6onee
TOYHOTO UX YCTAHOB/IEHMA HYXKHO NPeacTaBUTb
[AaHHbIE YYETOB He Ha LLKane BPEMEHM, a Ha Ya-
CTOTHOWM WKane. Torga Ha NOly4EeHHOM CMeKTpe
KonebaHM NPOABUTCA UX 3HAYEHUE U COOTHO-
LIeHMe Ux molHocTen (CM. pUCYHOK, llb).

Bu3yanbHO Ha cnekTpe AMHAMWMKMK YUC/EH-
HOCTM ceBepHOro oneHs B KOraHcKom 3anoseg-
HUKe (CM. PUCYHOK, lla) xopoLuo 3ameTHO ~2-3-
NeTHee KonebaHue, aanee (6an3Kne K Hemy)
~4- n ~6-neTHMe KonebaHus (cMm. pUCYHOK, lla).
N3 HU3KOYACTOTHbIX KOoNlebaHUI NPOABAEHDbI Ha
cnektpe ~10-20-netHne u 30-neTHue nepuo-
Andeckne coctasnstowme. CnekTp KonebaHui
YMCNEHHOCTM CEBEPHbLIX O/NieHen U3 BepxHe-
KoHAMHCKOro 3aKasHWKa (cm. pucyHok, llb)
nmeeT abCcoONOTHO AOMMUHUPpYLOLWEe MO MOLLY-
HocTn ~20-30-neTtHee KonebaHue. Ero nuk c
OYeHb LWMPOKMM OCHOBAHWEM, BUAMMO, Ma-
CKMPYET HECKO/IbKO HWU3KOYACTOTHbIX LMK/OB.
Bce ocTanbHble LMKAMYHOCTM, @ HA CNeKkTpe
OHM TOXe MPUCYTCTBYIOT, HE3HAYUTENIbHbI NO
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MOLLHOCTM, U MHOTME M3 HUX COBMAAAIOT MO
nepuoay ¢ konebaHmAMM, 3aPUKCMPOBAHHBbIMM
B FOraHcKom 3anoBeAHuKe (CM. PUCYHOK, lla),
yTO AenaeT AMHAMUKY YUC/IEHHOCTU CEBEPHOIO
ONEeHA B 3TUX PaliOHAX BNONHE COM3MEPUMOIA.
JMHaMMKa YMCNEHHOCTU CEBEPHOro O/IEHS B
CasHo-llyweHckom 3anoBegHWMKe MO4YTM Mo-
BTOpAET TaKoByto U3 BepxHe-KoHAMHCKOro
3aKasHMKa (cm. pucyHok, lic). 3pecb TaKkxke
abCcoNOTHO AOMUHMPYET MO MOLHOCTU HU3KO-
YaCTOTHbIN PUTM, HO OTAE/NbHbIE MUKU NPOAB-
JIEHbI U B CPEAHMX YaCTOTax.

OnA yTO4YHEHWNA KapTUHbI MPOU3BENN pacyeT
HEKOTOPbIX NAPAaMETPOB OBHapPYKEHHbIX Kose-
6aHun (cm. Tabn. 2). Y ANHAMUKKU YUCNEHHOCTU
ceBepHoOro oneHa B HOraHcKom 3anoBeAHUKe
NPOABUANCD HECKO/IbKO NepuoaUYECKUX CO-
CTaBAAOWMX. B nonoce BbICOKUX (2—4-neTHuX)
yacTtoT oTmeyeHbl 2.1, 3.6 u 4.1-neTHne Kone-
6aHuA (B nopaake ybbiBaHUS mowHocTH). [o-
BO/IbHO 3HAYUTE/IbHblE MO MOLLHOCTM LMKAbI
ecTb U B cpeaHux (5—6-neTHux) yactotax. B
HU3KKUX (10—17-neTHmnx) YyactoTax cnekTpa ne-
pUOANYECKME COCTABAAKOLWME HE3HAUUTENbHDI
No MOLLHOCTHK, oAHaKo aanee (B 20—30-neTHux
YyacToTax) 3TOT NOKasaTesib 3HAaYUTENbHO BO3-
pacTaeT U CTaHOBUTCA AOMUHUPYHIOLLUM.

B pacnonoeHHbIx B ogHOM pernoHe HOraH-
CKOM 3anoBeaHuKe u BepxHe-KoHAMHCKOM 3a-
Ka3HWKe CMNeKTPasibHble XapaKTepPUCTUKU LU-
KNMYHOCTM AMHAMMUKN YNCNIEHHOCTM CEBEPHOTO
ONeHA CoBMaAaloT B OOJbLIMHCTBE YaCTOTHbIX
noJsioc cnektpa (cm. Tabn. 2). Hanbonee TouHoe
coBMageHne pUTMOB HabntogaeTcs B cpeaHen
nonoce 4actor (7.4-neTHAAa UMKAWMYHOCTL), a
TaK)e B BbICOKMX YacToTax (oT 2- 40 5-neTHux
uuknos). MposBneHbl MU OCOBEHHOCTM Cnek-
TPOB AMHAMMKM YUCNEHHOCTU BUAA ANA ITUX
TeppuTopuii. OHKU BblpaXKeHbl Kak B HecoBna-
AEHUAX OAMHAKOBbIX KOlebaHWUM NAOTHOCTU NO
MOLLHOCTU, TaK U B NPOABAEHHOCTM HEKOTOPbIX
KonebaHun. Tak, B HKOraHckom 3anoBegHWKe
npucytcTeytoT ~10- n 5.5-neTHmMe puUTmbl, He 3a-
dUKCMpPOBaHHbIE A5 3aKa3HUKa (cm. Taba. 2).

CnekTp KonebaHWM YNCIEHHOCTU CEBEPHOTO
oneHsa B CaaHo-LLyweHckom 3anoBeaHuKe 61n-
30K K TaKkoBoMy B BepxHe-KOHAMHCKOM 3aKas-
HUKe, KaK No Habopy rapMOHMYECKMX COCTaBNA-
OLMX, TAaK M MO COOTHOLIEHUIO UX MOLLHOCTEN
(cm. pucyHok, llb, ¢; Tabn. 2). JoMUHUPYIOT Ha
0bounx TEPPUTOPMAX HU3KOYACTOTHbIE KONneba-
HUA, NnpubansuntenoHo 20-neTHUe, cneayrowmin
No MOLWHOCTU ~7-NeTHUN UMK, Kpome TOro,
NpPaKTUYEeCKM COBMAAAIOT rapMOHUYECKUe Co-
CTaBANAOWME B BbICOKMX YacToTax. M 31O He-
CMOTPSA Ha 3aMeTHOoe pas/nyne TeppUTOPUNA
KaK No WnpoTe, Tak 1 No penbedy MECTHOCTY.

Mo uyucneHHoOCTM monynAuMKM M ee Bapua-
6enbHOCTN 6AN3KM TPYNMNUPOBKM CEBEPHOTO
oneHs B 3anoBegHuKax «CasaHo-LUyweHCcKuii»
n «KysHeuKnit Anatay». HesHaumTenbHas npo-
AO/IKUTENbHOCTb HabAoaeHW B 3anoBeaHM-
Kax «balKanbCKui» u «KysHeukuir Anatay»
NO3BONMNA YBEPEHHO BbIAENNTb TONIbKO OAMH
LUMKA — 3-NeTHUI (cm. Tabn. 2).

Ha KoniebaHuMA YNCIEHHOCTM CeBEPHOrO oJle-
HSt MOTYT OKa3blBaTb BAMAHME NOrogHble paKkTo-
pbl. Hanpumep, ana KOraHcKoro 3anoBegHMKa
npu aHanuse AaHHbIX HenapameTpU4ecKMmm
MeTo4aMM 3HAYMMBbIX KOIPPULIMEHTOB Koppe-
NAUMN MeXKAY YNCNEHHOCTbIO 1IECHOTO ceBep-
HOro ONEHA M NOroAoMn (KONMYECTBOM OCafKOB
M TemnepaTypol BO3A4yXa) BbIABUTb He yaa-
nocb. O6HapyXunm cnabyto NONOKUTENbHYIO
CBA3b MENXKAY YNCIEHHOCTbIO CEBEPHOIO O/1EHSA
N cpeaHeroaoBon TemnepaTypor Bosayxa (r =
0.30895; P0.05 = 0.388, P0.01 = 0.496) u cna-
Oylo OTpULLATENbHYIO CBA3b MEXKAY YMUC/IEHHO-
CTbHO CEBEPHOro O/IEHS U KONMYECTBOM OCaf-
KoB (r=-0.12888, P0.05 =0.388, P0.01 = 0.496).
OAHAKo aHaNn3 CKPbITbIX FAPMOHUYECKUX CO-
CTaBnALWMUX KonebaHnm sSTMX NapamMeTpoB Mo-
Kasas, YTo KonebaHnA YUCNEeHHOCTU CEBEPHOTO
O/IEHA MOTYT COXPaHATb CBOK YCTOMYMBOCTD,
CUHXPOHU3UPYACb C BAN3KMMK MO 3HAYEHUAM
putmamm norogbl. B KOraHckom 3anoBegHuKe
TaKaA CMHXPOHM3AUMA XOPOLIO COOTBETCTBYET
TEMMNepaTypHbIM PUTMaM B KaxKaoW nonoce
YyacToT. Kpome TOro, ocobeHHo ycnewHo Kone-
6aHNA YNCNEHHOCTM CEBEPHOrO ONEHS CUHXPO-
HU3UPYIOTCA C KoNebaHMAMKU cpeaHerogoBoro
KONIMYeCcTBa 0CcaZKoB. [TpaKTUYECKN BCE PUTMbI
KOJIMYECTBA 0Ca4KOB MMEOT COOTBETCTBYHOLLUN
6/M3KMA LMKN C KonebaHMAMM YUCNEHHOCTH
BMAa (cm. Tabn. 2). 370 U He yANBUTENBLHO, NPU-
HMMaA BO BHMMAHWE, YTO B JAHHOM paMioOHe
60bLIYI0 YaCTb roa 0CaZKW BbiNaAatoT B BUAE
cHera. MMybuHa CHEXHOro NMOKPOBA B 3MMHMWIA
nepuoga, UrpaeT BaXHy POab B XKU3HU ceBep-
Horo oneHsa. OT Hee 3aBUCAT dHepPreTMyYeckune
3aTpaTbl M Ha NepeaBUKEHUE 3TUX KOMbITHbIX,
W, OTYaCTH, Ha A06blYy MU KOpMma. KopmoBble
M MNOroAHble YCNOBUA CYLWECTBEHHO BO34eM-
CTBYIOT Ha COCTOAHME NONYAALMU ANKUX CEBEP-
HbiIX oneHel (Konnawmwmkos, 2000). Cyposas u
MHOTOCHEXHAA 3MMa B COMETAHUU C BbICOKMM
¢daKkTopom BecnoKomMcTBa MOryT Bbi3biBaTb Na-
AEX VWU CUIbHOE UCTOLWEHME XKUBOTHbIX, He-
raTMBHO CKa3blBatolLeecs Ha npouecce pas-
MHOXEeHUA.

3akntouyeHue

Xog, MHOrO/IeTHEN ANHAMUKN YUCNEHHO-
CT B nonynaunAax necHoro cesepHoOro osieHA
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OMUCLIBAETCA KPUBOM HEMpPaBUAbHOM GOPMbI.
Takaa KapTMHA AMHAMMKWU YUCNEHHOCTU 0by-
CNOBJIEHA MHOTMMW MEPUOANYECKMMMU COCTaB-
NAKLWUMM, KOTOPbIE B HEW MPUCYTCTBYIOT.

Ona MHoronetHem UMKAWYHOCTU YUCNEH-
HOCTM CEBEPHOrO O/1eHA Ha BCEX PacCMOTPEH-
HbIX TEPPUTOPUAX MPU [OCTAaTOYHOM NPOAON-
XuUTenbHocTn HabnoageHnn (20 n 6onee net)
XapaKTepHbl AOMMUHUPYOWME NO MOLLHOCTH
20—-30-neTHME UWMKAbI YMCNeHHOCTU. B cpea-
HUX YacTOTax MPOSBAEHbl MA/JIOMOLLHbIE 5- M
7-netHne KonebaHua uyucneHHoctTu. Kpome
TOro, BO BCEX PACCMOTPEHHbIX C/Tly4aax GUKCK-
PYHOTCA YCTONYMBbBIE LMK/bI B MONOCE BbICOKNX

KonebaHua YnCcNeHHOCTM NeCHOro ceBepHo-
ro ONeHs MOTyT CUHXPOHU3MPOBATbLCA C NEPUO-
ANYECKUMW COCTABAKOLWMMM KAMMATA B PErn-
oHe 0buTaHuA. B KOraHckom 3anoBeaHuKe ans
Ka)kQoM rapMOHMYECKOM cocTaBasAlowen no-
NYNAUMOHHOM UMKAUYHOCTU CEBEPHOrO OJIeHA
MMEIOTCA COOTBETCTBYIoLWMNE, BAM3KMe No 3Ha-
YEHUIO Nnepuoaa, FapPMOHUKU KAMMATUUYECKUX
napameTpoB. Hanbonee TOYHAsi CUHXPOHM3a-
LUMA MPOUCXOAUT C UMKAMYHOCTbIO CpeaHero-
[lOBOr0 KOJINYeCTBa OCaAKOB, KOTOpble, BO3-
MOXHO, UMEIOT B }KM3HW 3TOr0 BUAA KOMbITHbIX
6onbliee 3HaYeHME, YEM LMKANYHOCTb CpeaHe-
rofloBbIX TEMMEPATYP.

(2—4-neTHunx) yacTorT.
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DYNAMICS AND LONG-TERM CYCLIC
CHANGES IN THE NUMBER OF SOME
POPULATIONS OF FOREST SUBSPECIES OF
THE REINDEER

PEREYASLOVETS

Viadimir Mikhailovich State Nature Reserve "Yuganskiy", pvmlI6@yandex.ru

ERDAKOV Institute of Systematics and Ecology of Animals, Siberian Branch of
Lev Nikolaevich the Russian Academy of Sciences, microtus@yandex.ru
HIDEKEL

Vladimir Veniaminovich State Nature Reserve "Baikalskiy", vhidekel@gmail.com

Key words: Summary: The population of the forest subspecies of the reindeer is declin-
reindeer ing rapidly; its range has divided into several isolated areas. For conservation
forest subspecies purposes, a full study of its population characteristics is necessary, with an em-
population phasis on population dynamics. To reveal the cyclical fluctuations in different
population dynamics populations, we used long-term data from the Yugansky, Sayano-Shushensky
long-term cycle Baikalsky and Kuznetsky- Alatau nature reserves (zapoveniks) and from the

Verkhne-Kondinsky sanctuary (zakaznik).The influence of the anthropogenic
factor is excluded due to the strict protection rules in these territories. Be-
sides, we estimated the influence of annual average air temperature and pre-
cipitation on the forest reindeer population dynamics in the Yugansky Nature
Reserve. In calculations we used spectral analysis software. In all the studied
territories except for the Baikalsky Nature Reserve, the populations are gradu-
ally and reliably declining. In the Baikalsky Nature Reserve a slight, statistically
unreliable increase in the reindeer numbers is noted. In all the examined ter-
ritories during a sufficient observation period of at least 20-30 years, the rein-
deer populations demonstrate power-dominant 15-20 year cyclic fluctuations.
In the mid-frequency range, we revealed low-power 5- and 7-year cycles. In the
high-frequency range (2—4 years), stable cycles are observed in all territories.
In the Yugansky Nature Reserve, the correlation between the reindeer popula-
tion dynamics cycling and precipitation and air temperatures was revealed. For
each harmonic component of the population cycling, there are corresponding
harmonics of these climatic parameters similar in period value. The most accu-
rate adjustment is observed to the average annual precipitation values, which
probably play a more significant role in the life of these ruminants compared to
average annual temperatures.
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Kniouesble cnosa: AHHoTauma: Cogep:kaHue 6enka M ryTaTMOHa B TKaHAX MajibKOB Tpexwu-
KOJIFOWKa Tpexmrian rNION KOMIOLWKK, @ TaKKe aKTUMBHOCTb FNYTAaTUOH-S-TpaHchepasbl U FBAsKOA-
6enok nepoKcmMaasbl U3MEHANNCH B NPOLLECCE POCTa OT MOAA K aBryCTy M OT/IMYA/IUCh
TNYTaTUOH Yy IMYUHOK M3 naryHbl Kostowkosas oT pbib 13 rybol CenbaaHas M NposivBa
NyTaTUOH-S- Cyxana Canma. B rybe CenbasHas u nponuse Cyxas Canma Kopmosas 6asa fo-
TpaHcdepasa CTATOYHA A8 MUTaHMA M POCTa MasibKOB, B TO BPeMsa Kak brnopasHoobpasme
rBaAKoN-NepPOKCMAasa M YNCNEHHOCTb NULLLEBbIX OOBEKTOB B /IaryHe Ype3BblYaHO HU3KM, YTO OKa3a-
KaTanasa 10 HEraTMBHOE BO34ENCTBME HA JIMUMHOK M3 NaryHbl KontoLWKOBas, KoTopoe

OTPa3n/IOCh Ha BECOBbIX XapPaKTEPUCTMKAX, HAKOMIeHUN 6eska U NPUBOANIO
K aKTMBauMM 060MX GEepPMEHTOB aHTMOKCMAAHTHOM 3awWmTbl (F1yTaTUOH-S-
TpaHcdepasbl U rBasKoM-NepoKcMaasbl). M3meHeHWe Taknx Nokasatenem, Kak
CHU}KEHWEe cpedHero Beca, YPOBHA MNyTaTMOHA M aKTMBHOCTM FYTaTUOH-S-
TpaHcdepasbl, BbIABAEHHOE Y IMYMHOK U3 nposnmBa Cyxas Canma, cBA3aHo, Be-
POATHO, C 60/1ee HU3KMM TeMMepaTypPHbIM PeXMMOM B 3Tom BuoTone. MoaTo-
My B aBrycTe NpPeBasMpOBaav MabKK, BbINYNUBLLMECA B UtONE, AN1A KOTOPbIX
XapaKTepHbl 6onee HU3KMEe 3HAUYEHUA BbilLeyKa3aHHbIX NOoKa3aTeNen.

© MeTpo3aBOACKMI rOCYAaPCTBEHHbIN YHUBEPCUTET
PeueHseHT: [. /1. Nainyc
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98



CmupHos J1. M., CyxoscKasa W. B., KouHeBa A. A. BaprabenbHOCTb HEKOTOPbIX NOKa3aTe/ielh aHTMOKCUAAHTHOM 3aLWMTbl U
KOHLLeHTpaLmMm 6enka y MoNoAmM KOMOLWKK Tpexurnow (Gasterosteus aculeatus) Benoro mopa B neTHUiM nepmog, // Mpun-

umnoel skonormn. 2019. T. 8. Ne2. C. 98-109

BsegeHue

Tpexurnas Kontowka Gasterosteus aculeatus
— MPU3HaHHbIA MOAENbHbIA 0OBEKT 3BONOLM-
OHHOM Buonornmn u cmexxkHbix obnacreni (Barber,
2013). B nocneaHue roabl cobpaHa Cyw,ecTBeH-
Haa MHPOPMaLMA NO 3KOAOTMKU 3TOr0 BMAA B
Benom mope. M3yyeHa gonroBpemeHHas guHa-
MWK YMCNeHHOCTU Buaa (/laiyc u ap., 2013),
ponb B Tpoduuyeckmx uenax (demuyk u gp.,
2018), mopdonormyeckan nameH4mnsocTb (Jop-
ram n gp., 2018). 3TM MccneaoBaHUSA BaXKHbI
ANA KOPPEKTHOM MHTepnpeTauum Apyrux gaH-
HbIX, MO/IY4aeMbIX HA KOJIIOLLKe, BKAOYaA 6uo-
XMMUYECKMe.

Mu3HeHHbIN UMKN G. aculeatus BKkAo4YaeT
Pe3Kyl CMeHYy YyC/I0BMI 06UTaHWUS, Hanpumep,
B XOAEe HEepecToBblX MUFPaLUiA U3 OTKPbLITOrO
MopA B NpubperkHble N NpPecHOBOAHble HBMO-
TOMbl CO CBOMCTBEHHbIM UM cCreLndruyYeckum
KOMMNeKcom abnotmyeckumx (TemnepaTtypa, co-
JIEHOCTb, COCTAB rPyHTa, CKOPOCTb TEYEHUN U
Ap.) 1 6notTnyeckmx (KopMmoBble 06BEKTbI, XMLL-
HWUKW, Napa3nTbl) GakTOpoB. HepecT KOMOLWKHK
npouncxoguT 0bbI4HO B Mae — utoHe. Mosioap B
TeYyeHne uoNa — ceHTAbpA npebbiBaeT B pano-
He HepecTUNUL, rae akKTMBHO MUTAEeTCa U A0-
cTuraet maccbl okoso 150-200 mr n gnuHebl
Tena 25 mm.

Ha nameHeHue ycnoBuin cpeabl OpraHM3m B
nepByl0 oyepeab OTBEYAET akTuBauuen buo-
XMMUYECKUX CUCTEM QAHTUOKCMAAHTHOM 3a-
wmTbl. Mpoueccbl BOSHMKHOBEHMA CBODOAHbBIX
paZMKanos, akTUBHbIX GopM Kucnopoga (APK)
N OTBETHbIX PEeaKLMA HAa HUX B HOPMANbHbIX
dM3MON0rNYECKMX YCNOBUAX B OpraHM3me cba-
NaHcupoBaHbl. Mpy BO3AENCTBUM PaA3NUYHBIX
$aKTOPOB KaK 3K30reHHoro (pusmyeckue, xu-
MUYecKkme, buonornyeckmne), Tak U aHAOreHHO-
ro (aedekTbl MUTOXOHAPWANIBHOTO AblXaHuWA,
cneymdunyeckme depmMeHTbl) NPOUCXOXKAEHUS
B3aMMOAENCTBME MEXKAY MPOOKCUAAHTAMU W
aHTUOKCUOQAHTHBIMM CUCTEMAMM MNPUXOOUT B
HeycToM4YMBOe COCTOsiHWE, Mpu KoTopom ba-
NIAHC MOXKET CABMIaTbCA B CTOPOHY POCTa KOH-
LUEeHTpauMm cBobOAHbIX pagukanos un ADK.
B 3Tux cnyyaAx BO3HWKAET OKUCAUTENbHbIN
cTpecc, ANA 3aWMTbl OT KOTOPOro M npeaHa-
3HaYeHa C/I0XKHAA MHOroypoBHEBaA CUCTEMA
AHTMOKCUAAHTHOM 3aLUNTbI, COCTOALLAA U3 HU3-
KOMOIEKYNIAPHbIX aHTUOKCMAAHTOB, B YaCTHO-
CTW rnyTatmoHa (Zhang, Forman, 2012), 1 kom-
naekca cneumduryeckmx GpepmeHToB, B COCTaB
KOTOPOro BXOAAT [NYTAaTUOH-S-TpaHcdepasa,
pa3/InyHble NEPOKCUAA3bI U KaTanasa.

N3yuyeHne BaprMabenbHOCTU KOMMNOHEHTOB
AHTMOKCUAAHTHOM 3aWwmTbl B Mpouecce akK-

TUBHOFO pPOCTa, Koraa ¢u3Monornyeckoe co-
cTosiHWE pblbbl 04eHb NabUABHO, a TaKKe nog,
BO34EeNCTBMEM PA3/INYHbIX GAKTOPOB BHELLHEN
cpeabl BHECET BKAaZ B NOHUMaHUe dyHAAMEH-
Ta/lbHbIX OCHOB /IOKANbHbIX aganTauui 3KTO-
TEPMHbIX OPraHM3mOoB.

B 3apauy HacToswel paboTbl BXoaAu0 onpe-
AeNeHne KOHUEHTpauunm BOAOPACTBOPUMOro
6enKka, rNyTaTMOHa, aKTUBHOCTU [NYyTATUOH-S-
TpaHcdepasbl, rBaAKoON-NEPOKCUAA3bl U KaTa-
Nasbl Y MONOAMN KOMOLKM TPEXUINION, OTNO0B-
JIEHHOM B UIONIe — aBryCTe B TPEX aKBaTOPMUAX
KaHaanaKkwckoro 3aausa benoro mops, otau-
YAKOLLMXCA NO YC/IOBUAM Cpeapbl.

Marepuanbi

[na nccneposaHuA BbIBpaHO TP A0CTATOY-
HO TMMMYHbIX BMOTONA, CYLLLECTBEHHO OT/IMYalO-
LMxXca ycnosmamm cpeabl (tabn. 1).

MeToabl

C6op un nepBuYHaa obpaboTKka npob. /ln-
YMHKM TPEXWUI/ION KOJIOWKN OTN0BNAEHbl 31
nona un 18 asrycta 2017 r. HemegneHHo nocne
NOMMKM pblb 3amMOpaxkMBasin B KUAKOM a30Te
N XpPaHWAN B HEM [0 Hayana aHanmsa. lNepep
aHaNM30M Ma/IbKOB B3BELUMBANW, 3aTEM W3-
MeNb4an HOXKHULAMMK, A06aBAANM BydepHbI
pactBop 50 MM Tpuc-HCl, pH 7.5, B cooTHOLe-
HuM 1:4 (Bec:06beM) U rOMOreHU3MpoBanu B
romoreHusatope Disruptor Genie (USA). Tomo-
reHat ueHTpuoyrmuposanun npu 60000 g 1 yac B
pedpukepatopHon ueHTpudyre Allergra 64r
(Beckman, USA). MonydyeHHbIN cynepHaTaHT
MCNONb30BaNN A5 SKCMEPUMEHTOB.

KoHLeHTpauu1io BOCCTAHOB/IEHHOTO NyTa-
TMoHa (GSH) onpeaensanu no Hissin, Hilf (1976)
¢ mogudurkaunamm. Pactsopumble 6enku ro-
MOreHaTa OCa*kAanu ¢ Nomowbio 5 % Tpuxio-
PYKCYCHOM KncnoTbl. O6pa3oBaBLIMIACA OCAA0K
oTaenanun ueHTpmudyruposaHunem npu 2500 g B
TeyeHue 15 mnH. HagocagouHyo XMaKoCTb 40-
Boaunn oo pH 8.5 c nomowbto 5N NaOH, 3atem
nobasnsanu 0.4 M tpuc-HCl 6ydep (pH 8.5), co-
aepxawmn 5 MM EDTA. 3aTtem B peakLMOHHYIO
cmecb gobasnanm 0.01%-Hbi pacTBOp OpTOd-
Tanesoro anbaervaa (Sigma-Aldrich) B metaHo-
Nle, NPUroTOB/IEHHbIM HENOCPEACTBEHHO Nepes,
ncnonbsoBaHmem. [locne nepemewnBaHuA
CMecb MHKYOBUpOBanu nNpu KOMHaTHOM Temne-
paType B TeyeHne 15 MUH 1 3aTem M3mMepAnn
ero ¢nyopecueHumto (Em — 420 Hm, Ex — 350
HM). KOHLLeHTpaLMIO ryTaTUOHA BbIYUCAANN C
NOMOLLbIO KaAIMBPOBOYHOrO rpadurKa, NocTpo-
€HHOro no pe3ynbTaTaM M3MepeHW PacTBo-
poB GSH (Sigma-Aldrich) ¢ KoHueHTpauuen ot
0.5 go 20 mkr/mn (0.0016 go 0.065 puM/mn) B
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Tabnnua 1. XapaKkTepuctmka mecT B3aTua npob (no Jopram u gp., 2018)
Table 1. The description of sampling places (by Dorgam et al., 2018)

MecTa BblNOBa lyba CenbanHas

NaryHa Konwowkosasn Mponus Cyxaa Canma

leorpaduyeckme 66°33'80.66" N, 66°31'32.62" N, 66°31'16.96" N,
KoopAuHaThbl 33°62'25.16" E 33°64'59.53" E 33°64'73.70" E
TpeyronbHas ryba c
O6wan LIMPOKAM BXOAOM (FyBUHa CoeaunHeHa ¢ mopem brnoton ¢ 4OBONBHO
XapaKTepUCTHKa KOO 8 M) 1 MENKOBOAHOI TO/IbKO B NOJIHYIO BOAY.  ObICTPbIM HapacTaHWeM
BepLINHOI nybuHa go 4 m rny6uHbI 40 5 M
'\AAMI'IHMTyAa npununea, )5 03 )5
3ocTepa B panoHe,
BoaHas ®yKyCbl HAa IMTOPANU, O4YEHb rnas:gnl:l\nir;o}omesm K X DyKyCbl Ha KAMHAX,
A ryctas 3octepa Ha bosbluei Y BXOAY, B ARy pa3peKeHHas 30cTepa B
pacTUTEeNIbHOCTb YacTAaAx /laryHbl ee masno. <
YacTu aKBaToOpPUMK ® b6onee rnyboKoi Yactu
YKYCOB MPaKTUYECKM
HeT
Co BTOPOI NONOBUHDI
MpuEpexHoe cooBLEecTBo ¢ NtoHs abcontoTHoe MpubperkHoe
300MN1aHKTOH MaccoBbIMMK gna benomopbsa AOMUHNMPOBAHWE patika coobuiectso ¢

BMAaMM

Acartia longiremis.
K KoHLy aBrycrta oH
ncyesaet

MaccoBbiMmn onA
benomopba Bngamum

0.4 M Tpuc-HCl bydpepHom pactBope (pH 8.5),
cogepawem 5 mM EDTA.

AKTUBHOCTb rNyTaTUOH-S-TpaHcdepasbl
(GST) onpepenann no CKOPOCTU CBA3bIBA-
HWUA BOCCTAaHOB/AEHHOro rnytTatMoHa (GSH) c
cybcTpaTtom 1-xnop-2,4-gnHntpobeHzonom
(CDNB) (Habig et al., 1974). B nyHKy nnaHwe-
Ta BHOCMAN 225 MKA peakUMOHHOM CMecH, co-
aepkaswen 1 MMCDNB 1 1 mMGSH B 0.125
M ¢docdaTtHom bydepe (pH 6.5). Peakuutio Ha-
YnHanM pobasneHmem 25 MKA pacTBopa romo-
reHata. YBenunyeHuMe ONTUYECKOW NJIOTHOCTU
pacTtBopa npu anvHe BonHbl 340 HM dUKCHUpO-
Ba/IN HENPEPbIBHO B TeyeHne 5 muH npu 25 °C
C nomoLlbto nnaHweTHoro pugepa CLARIOstar
Basic Unit (BMG Labtech, Germany). OTHocu-
TeNbHaA aKTUBHOCTb PEepPMEHTA B TKaHAX pblb
npeacTaBneHa Kak Konmyectso UM npoayKTa
peaKkunun, obpasoBaBLLErocs 3a MUHYTY B Nepe-
cyeTe Ha Mr pacTBOpPUMOro 6enkKa B TKaHu (LM/
mgprotein * min).

AKTUBHOCTb FBasiko/1-3aBUCUMOM NEPOKCU-
AasHou aktmBHoctu (GuPx) onpegenann no
Chance, Maehly (1955) ¢ moaudukaumamm. B
AEHb aHaIN3a rOTOBMIN PEAKUMOHHYI0 CMECh,
KoTopaa cogepxana 10 mM reaakona, 25 mM
nepekucu sogopoga B 0.05 M pocdatHOm by-
depe, pH 7.4. Peakunio HaunmHanu aobasneHm-
€M PEaKLUMOHHOM CMeCU K CynepHaTaHTy. U3-
MepeHne npoBoAnNU Npu AnnHe BOAHbI 470

HM B TedeHume 3 MUH Npun 25 2C Ha NAaHLWETHOM
punaepe CLARIOstar Basic Unit. OTHOCUTENbHYIO
AKTMBHOCTb Bblpaxanu B UM npoayKTa peak-
LUK/ Mr pacTBopmMoro 6esKa B TKaHU * MUH.

AKTMBHOCTb KaTanasbl (CAT) onpegenanu
no Beers, Sizer (1952) ¢ mogudukaunamu. B
AeHb aHaN3a roTOBUIN PEAKLUUOHHYI0 CMeCh,
KOTOpaa cogepana 25 mM nepekucu Bogopo-
Aa B 0.05 M dpocdaTtHom bydepe, pH 7.4. MNo-
cne pobaBneHMA cynepHaTaHTa AereHepaumio
nepekMcn BOAOPOAA M3MEPAAM NO NAAEHUIO
ONTUYECKOM MNNIOTHOCTU pacTBOpa MNpU AauHe
BO/HbI 240 HMm B TedeHmne 3 mnH npum 26 2C. OT-
HOCUTENbHYIO aKTUBHOCTb Bblparkanu Kak UM
H,O,/mg protein * min.

KoHueHTpauutio pactsopumoro 6enka 8 cy-
nepHaTaHTe onpeaenAanu cnekTpodoTomeTpu-
YeCKM NO MOrNOWEHNI0O NENTUAHOM CBA3M NpU
ANnHe BoNHbl 220 HM npu 26 2C (CyxoBcKana u
Ap., 2010). Ana nocTpoeHMa KaanbpoBoYHOro
rpadmka B AeHb aHaANM3a rOTOBUAM PaACTBOPbI
6blubero CbIBOPOTOYHOrO aNbbymMMHa pasnuny-
HOW KoHueHTpauun (0.02-0.1 mr/mn) B 6ydep-
Hom pacteope 50 mM Tpuc-HCl, pH 7.5.

MaTemaTuyeckyto 06paboTKy pesynbTa-
TOB NpPOBOAMAM OOLWENPUHATBIMXU MEeToAaMMU
(MBaHTep, Kopocos, 2014). [O0CTOBEPHOCTb
pasnn4mnn onpeaensany C NOMOLLbIO Hermapame-
Tpuyeckoro Tecta MaHHa — YUTHU (nporpamma
Past 3) c nonpaBKoOM Ha MHOeCTBEHHbIE CpaB-
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HeHua bBbeHbAMMHM — Xoxbepra (Benjamini,
Hochberg, 2000). Paznnuuna cumtanm gocrosep-
HbIMW MPK YpOBHE 3Ha4YnmocTu p < 0.05.

WccnepoBaHuA BbiNoMHEHbI HA obopyao-
BaHMN LleHTpa KONNEKTUBHOrO MNOAb30BaAHMA
depepanbHOro UCCNea0BATENbCKOMO LLEHTPA
«KapenbCKum Hay4HbINn LeHTp Poccminckon aka-
AEMUN HAYKY.,

Pe3ynbratbl

Y monoam, otnoBneHHon 18 aBrycTa B rybe
CenbgaHan, macca Tena ysenmymnacob Ha 20 %

(p = 0.02) no cpaBHeHUtO c ocobamu, cobpaH-
HbiMK 31 utona (tabn. 2). U3HaYaNbHO 3TOT No-
KasaTenb Obln AOCTOBEPHO HUMXKE, YEM Y OCO-
6en u3 naryHbl Kontowkosas v nponunsa Cyxan
Canma (p=0.001 1 p =0.01 cooTBeTCTBEHHO). B
ABYX Apyrux buotonax usmeHeHne maccbl Tena
6bl/10 HECKO/IbKO MHbIM. B aryHe macca manb-
KOB B MIO/1€ — aBryCTe NPAKTUYECKU HE USMEHU-
Nacb, a B NposiMBe Aaxe cHmsmnacb (p =0.03) n
B aBrycte 6bl/1a 4OCTOBEPHO HUXKE, YEM Y MONO-
v n3 rybel CenbasHana (p = 0.045) n noNbCKUX
Ma/iIbKOB M3 naryHol Kontowkosas (p = 0.006).

Tabnvua 2. Macca monogu Kontowky (r) B pasHblie mecaubl
Table 2. The weight of threespine stickleback juveniles (g) in different months

ly6a CenbasHas

NaryHa Kontowkosaa [Mpoans Cyxaa Canma

WIoNb
CpegHee 0.14* (n=7) 0.18 (n= 7) 0.18* (n=6)
OwmnbKa cpeaHero 0.008 0.004 0.008
MeawnaHa 0.14 0.18 0.17
i 0.019 0.011 0.019
MuHUMYM 0.11 0.16 0.16
MaKcumym 0.17 0.19 0.21
aBrycr

CpenHee 0.17* (n=7) 0.17 (n = 6) 0.14* (n=7)
OwmnbKa cpeaHero 0.009 0.007 0.009
MegamnaHa 0.18 0.17 0.14
CranaaprHoe 0.024 0.017 0.025
OTK/IOHEHME

MUHUMYM 0.14 0.14 0.12
MaKcumym 0.21 0.19 0.18

B ntone KoHueHTpauua 6enka B TKAHAX MO-
logu He 3aBucena OT MecTa BblIJIOBA U UMena
6113KKne 3HaveHuA (Tabn. 3). B aBrycTte cogep-
*aHne 6enKa B TKaHAX Y Ma/IbKOB, MOMMaHHbIX
B rybe CenbasHaa n nponuse Cyxaa Canma,
yBennm4nnocb Ha 13 1 28 % cooTBETCTBEHHO, a
B naryHe KosntowKoBaa ocTtanocb 6e3 nameHe-
HMK. OueHKa no Tecty MaHHa — YUTHM He no-
Ka3asia CTaTUCTUYECKM 3HAYMMbIX PA3TUYNIA.

Kak BUAHO 13 1abn. 4, yposeHb GSH B TKaHAX
WIONIbCKUX MAsIbKOB U3 BCEX UCCNAeA0BaHHbIX
6uoTonos B cpeaHem Obll HECKONBKO BbILLE,
yem B aBrycTe, O4HAKO Pa3nnMyma CTaTUCTmye-
CKW He0CTOBEPHbI.

B ntone Hanbonee BbicOKas akTMBHOCTb GST
(Tabn. 5) 3aperucTpmupoBaHa y AMYMHOK U3 na-
ryHol Kontowkosaa mn nponusa Cyxaa Canma.
Tem He meHee CTAaTUCTMYECKU [OOCTOBEpPHbIEe
pasanyMA NO 3TOMY MOKas3aTesto MeXxAay OCOo-

6amm 13 Bcex Tpex HMOTONOB OTCYTCTBOBA/M.
CTOUT OTMETUTb, TO NaryHa U NPOAUB COeanHe-
Hbl mexay coboi 1 B nepuog, npuanea mexay
HUMKW MNPOUCXOAUT BOAOOOMEH. B0O3MOXKHO,
MMeeT MeCcTO YacTMYHOe nepemellnBaHne Nu-
YMHOYHbIX CTaZ, B MecTax oTbopa matepuana.

B aBrycte akTMBHOCTb pepMeHTa Y Ma/IbKOB
M3 naryHbol KonwwkosBaa ysenanumnacb B 1.7
pa3a (p = 0.006) no cpaBHeHUIO C ntonem. Y nu-
YMHOK M3 rybbl CenbaaHan TaKKe OTMeYeEH He-
KOTOpPbIM, HO CTAaTUCTUYECKN HEeO0CTOBEPHbIN,
POCT aKTUBHOCTM B aBrycte. ObpalaeTt Ha ceba
BHMMaHMe TOT PaKT, YTO YPOBEHb aKTUBHOCTH
GST B TKaHAX pbib M3 naryHbl B aBrycte 6bia ao-
CTOBEPHO BbILUE, YEM Y UIONbCKUX U aBFyCTOB-
CKMX ocobeli u3s gpyrmux 6uotonos (p < 0.016).
Ay pblb 13 NpoanBa OTMeYeH NPOTUBONONONK-
HbIM 3¢pdeKT. AKTMBHOCTb GST B aBrycTe 6bina B
1.8 pa3a HuXke, yem B utone (p = 0.005).
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Tabanua 3. KoHueHTpauua sogopacTsopumoro 6eska (Mr/mn) y monoam KoMoWKKY B pasHble MecaLbl
Table 3. The content of water-soluble proteins (mg/ml) in threespine stickleback juveniles in different

months

ly6a CenbasHas

NaryHa Kontowkosas

Mponuns Cyxasa Canma

noNb
CpegHee 57.75 (n=7) 56.37 (n =6) 54.71 (n=12)
OwnbKa cpegHero 5.17 3.12 5.88
MepgnaHa 59.04 56.08 49.34
gi:gﬁg;’:‘ze 12.66 8.24 14.40
MUHUMYM 44.02 44.05 39.75
MaKcumym 74.02 66.13 79.18
Cuer 6 7 6
aBrycr
CpegHee 65.06 (n=7) 57.64 (n =6) 69.99 (n=12)
OwwnbKa cpegHero 6.11 3.47 8.53
MepgnaHa 60.89 58.04 62.00
gi:gﬁg;’:‘ze 16.18 8.49 29.55
MUHUMYM 43.35 45.17 42.73
MaKcumym 92.40 67.86 154.01

Tabnuua 4. CopepkaHue rnytaToHa (UM/mr 6enka) y Moioam KONKOLWKKU B pa3Hble MecaLbl

Table 4. The content of glutathione (LM/mg protein) in threespine stickleback juveniles in different

months

lyba CenbasHas

JNlaryHa KontowkoBas

Mponuns Cyxaa Canma

NtoNb
CpeaHee 0.23 (n=6) 0.24 (n=7) 0.26 (n=12)
OwwubKa cpegHero 0.024 0.009 0.021
MepanaHa 0.23 0.25 0.27
CTanAaptHoe 0.059 0.026 0.052
OTK/IOHEHUEe
MuHUMYM 0.15 0.2 0.18
MaKcumym 0.32 0.28 0.31
aBrycr
CpegHee 0.24 (n=7) 0.23 (n=6) 0.25(n=12)
OwwnbKa cpegHero 0.011 0.02 0.008
MeawnaHa 0.23 0.24 0.26
CranpaprHoe 0.029 0.050 0.027
OTK/IOHEHUE
MuHUMYM 0.20 0.16 0.21
MaKkcnumym 0.28 0.3 0.3
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Tabnumua 5. AKTUBHOCTb ryTaTUOH-S-TpaHcdepasbl (UM npoayKTa peakuum/mg 6enka*muH) y monoam
KOJTIOLWKM B pa3Hble mecALbl

Table 5. The activity of glutathione S-transferase (UM of reaction product /mg protein*min) in
threespine stickleback juveniles in different months

lyba CenbasHas

NaryHa Konwowkosas

Mponne Cyxaa Caama

NONb

CpenHee 6.44 (n = 6) 7.80(n=7) 7.17 (n=16)

OwnbKa cpegHero 1.32 0.89 1.07

MepamnaHa 5.38 8.19 8.27

CraHpapTHOe

omngHsze 3.23 2.37 2.63

MuHUMYM 3.22 5.38 3.33

Makcrmym 11.21 11.31 9.73
aBrycr

CpeaHee 7.91(n=7) 13.27* (n=6) 4.32* (n=12)

OwnbKa cpeaHero 1.26 1.4 0.55

MeanaHa 9.33 12.43 3.95

CranaaprHoe 3.34 3.43 1.89

OTK/IOHEHME

MUHUMYM 2.7 8.89 1.97

MaKcumym 11.65 17.32 8.42

Kak BuAHO 13 Tabn. 6, B Uoae camblii Bbl-
COKMI ypOBEHb aKTUBHOCTM GUPX 06HapyKeH
Y MafnbKoB M3 naryHbl KonwoLlwKoBas, KOTopbIi
B 3.0-5.8 pasa 6bin Bblle, 4em y pblb U3 npo-
nmea 1 ryobl Cenbganas (p = 0.007 n 0.003 co-

OTBETCTBEHHO). B aBrycte mexxay manbkamu u3
naryHbl u pbibamu 13 nponmnea u rybbl coxpa-
HW/IaCb TPEXKpaTHaA AOCTOBepHan pasHuua (p
=0.005 v 0.007).

Tabnuua 6. MBaskoN-NepoKkcMaasHan akTMBHOCTb (M npoayKTa peakumu/mg protein*min) y monogm
KOJIOLLKM B pa3Hble mecsaLbl

Table 6. The guajacol peroxidase activity (nM of reaction product /mg protein*min) in threespine

stickleback juveniles in different months

ly6a CenbasHas

NaryHa Konwowkosas

Mponune Cyxasa Canma

WoNb

CpegHee 0.11 (n =3) 0.64* (n=5) 0.21(n=6)

OwwnbKa cpeaHero 0.018 0.099 0.042

MeauaHa 0.12 0.70 0.16

CraHpapTHoe

OTKHQHZHme 0.03 0.22 0.10

MUHUMYM 0.08 0.03 0.11

MaKkcnmym 0.14 0.83 0.35
aBrycr

CpegHee 0.19 (n =5) 0.59* (n=6) 0.40 (n=8)

OwwnbKa cpegHero 0.038 0.099 0.072

MegmnaHa 0.16 0.58 0.17

CranpaprHoe 0.09 0.24 0.53

OTKNOHEHMe

MUHUMYM 0.12 0.29 0.07

Makcumym 0.32 0.95 1.67
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Y manbkoB M3 naryHbl KontowkoBas 6bian
6onee HM3KME MOKasaTe/NM aKTMBHOCTU KaTa-
Nasbl NO CPABHEHUIO C PbibaMM U3 ABYX APYTUX
6MOTONOB, HO CTaTUCTUYECKM 3HAYMMBbIX Pa3In-

YU He obHapyKeHo (Tabn. 7). Mo-snanmomy,
CYLLECTBEHHOW pasHWUbl NO TemnepaType
MeXAy aKBAaTOPUAMM HA MOMEHT B3ATUA MaTe-
puana He 6b110.

Tabnuua 7. AKTUBHOCTb KaTanasbl (UM HZOZ/mg protein*min) y MonoAmM KoloLWKKU B pa3Hble MecALbl

Table 7. The activity of catalase (UM H,0,/mg protein*min) in threespine stickleback juveniles in differ-
ent months

ly6a CenbasHasn

JlaryHa KontowkoBsas

Mponne Cyxaa Caama

ntoNb
CpenHee 1.03 (n=5) 0.71 (n=4) 0.98 (n=5)
OwnbKa cpegHero 0.14 0.21 0.09
MepaunaHa 1.22 0.87 1.05
CraHgapTHOe
OTKJ'IQHEHVIG 0.32 0.48 0.19
MuHUMYM 0.53 0.52 0.71
MaKkcumym 1.28 1.29 1.16
aBrycT
CpeaHee 1.04 (n =5) 0.72 (n=4) 1.06 (n = 10)
OwnbKa cpegHero 0.22 0.10 0.13
MepauaHa 0.88 0.68 1.00
CranAaptHoe 0.49 0.20 0.43
OTK/JIOHEHUE
MUHUMYM 0.62 0.52 0.55
MaKcumym 1.85 0.99 1.78
O6cyxpeHue KoHueHTpauunsa BogopacTtBopumoro 6enka B

N3meHeHMe noKasaTenem maccbl 3a nepmog,
¢ 31 nioHA no 19 aBrycrta OTAMYaANOCh Y Malib-
KOB M3 pa3Hbix akBaTtopui. Ecam B rybe Cenb-
AAHaA cpeaHAA macca pblb 4OCTOBEPHO yBENU-
yusanacb (p = 0.02), TO y ManbKOB U3 NaryHbl
KontowKoBana noytM He MameHUnacb, a y pbib
n3 nponnea Cyxaa Caama AOCTOBEPHO CHUXKa-
nacb (p = 0.03). MpeacTtaBnseTca BEPOATHLIM,
4TO CTaZo Manbkos B rybe CenbaAaHaa AocTa-
TOYHO OAHOPOAHO, B OTAMYME OT ABYX APYrux
6uoTtonos. OTCyTCTBME POCTA Macchl y pbib 13
rybbl Kontowkosasa 1 ee CHUXKEHMA B NPoOsMBe
Cyxaa Canima MOXeT bbiTb CBSI3aHO C TEM, YTO
B y/N0Be NPeBa/MPOBaNN NNYUHKM, BbIAYyNUB-
wueca B uone. YcrtaHoBneHo (AemuyKk v ap.,
2018), yTo B NepBOi AeKade WMIONA YUCIEH-
HOCTb B3POCAbIX KOMOLWeEK B naryHe KontoLwko-
Bas Oblna 04eHb HMU3KOWM (HepecT 3aKoHYUACS),
B TO BpeMA KaK B NPO/IMBE OTMeYeHa BblCOKanA
NJIOTHOCTb CaMUOB Ha 1 M?, YTO yKasbiBaeT Ha
aKTMBHbIN HepecT. JlaryHa n Nponue coeauHe-
Hbl MeXay coboi, U BO BpemaA NPUAMBA MeXay
HMMM NPOUCXOAUT aKTUBHbIN BOAOOOMEH. Bo3-
MOXHO, UMEeNo MeCTO YaCTUYHOe nepemeLlm-
BaHMWe cTaj, B MecTax oTbopa maTepuana.

TKAHAX 0ObIMHO MCMNO/Ib3yeTCA KaK BTOPUYHbIN
nokasaTtesb ANA MepecyeToB MNpu onpegene-
HUM aKTUBHOCTM PepmeHTOB. Ha Haw B3mag,
CpaBHUTENbHOE M3y4YeHMe BapuabenbHOCTU
YPOBHS BOAOPACTBOPUMbIX OENKOB B TKaHAX
pbl6 MOXKeT AaTb AONOAHUTENbHYIO MHPOPMa-
UMIO O BAMAHUM PA3/INYHbIX PAKTOPOB BHELL-
HeW cpeAbl Ha COCTOAHWE OPraHnU3Ma B LLe/IOM.
HecmoTpAa Ha TO 4TO OuUEeHKa no Tecty MaHHa
— YUTHW He noKasana CTaTUCTUYECKM 3Hauu-
MbIX Pa3NIMYNIA MeXAY MaslbKaMKn U3 Uccieso-
BAHHbIX aKBATOPMI MO 3TOMY NOKa3aTesto, TeM
He MmeHee MOXHO NPeanoNOXKUTb, YTO TEHAEH-
LMA K bonee 6LICTPOMY POCTY B aBrycTe ypOBHA
6enka y amunHok u3 lybel CenbaaHasa u npo-
nmea Cyxaa Canma no cpaBHeEHMO ¢ ocobamm
n3 naryHol KonwowKoBaa cBfizaHa C KOPMOBOW
6a3oi gaHHbIX 6buoTtonos. buopasHoobpasue
300MNNaHKTOHA B /laryHe Ype3Bbl4aMHO HU3KOE,
KpOMe TOro, K aBrycTy YMC/IEHHOCTb 06BHEKTOB
NUTAHMA NagaeT A0 MUHUMA/bHbIX 3HAYEHUN
(Aemuyk n ap., 2018), 4TO, BEPOATHO, HALINO
CBOe OTpakeHune B HaKonneHuu 6enka y Konto-
ek u3 naryHbl Kontowwkosas.

B KauyecTBe HE3H3MMATMYECKOrO MapKepa
OKUCNNTENIbHOIO CTPecca B K/AETKax MCMoNb3y-
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OT TAKOW MOKa3aTeNb, Kak KOHUeHTpaumsa GSH
(Grim et al., 2013). N3BecTHO, YTO NpuK Kose-
6aHMAX TemnepaTypbl OKpYyrKalowen cpeabl
N3MEHAETCA MHTEHCUBHOCTb OKUCAUTENbHO-
BOCCTAHOBUTENbHbIX MPOLLECCOB W, COOTBET-
CTBEHHO, KonuyectBa A®K, uyto oTpaxkaetca
Ha ypoBHe rnyTaTnoHa B TKaHAx (Yuksel et al.,
2008; CyxoBckasa u ap., 2014). NMokasaHo, YTo
y HoToTeHui Notothenia rossii w N. coriiceps B
npouecce akkanmaumnm ot 0 go 8 2C KOHUEHTpa-
umna GSH B TKaHax yBennumsanacb (Machado et
al., 2014). lpyro Konnektus aBTOpPoOB (Souza
et al., 2018), npoBoOAMBLUNIA aHANOIUYHbIE UC-
CNefoBaHMUA, HE BbIABM CTaTUCTUYECKM 3HAYN-
MbIX U3MEHEHUI B coaepKaHmumn GSH y aTnx Bu-
[08B pblb. BO3MOXKHO, OTCYTCTBUE U3MEHEHUM
B cogeprkaHmn GSH B TKaHAX ManbKoOB CBA3a-
HO C 6/IM3KMMM 3HAYEHUAMM TemnepaTypbl (B
AvanasoHe 21-24 2C) Bo Bcex UcCieAoBaHHbIX
6uoTonax B UtONE U aBrycTe.

GSH-3aBMCMMble aHTMOKCUMAAHTHble ¢ep-
MeHTbI, B YacTHoCTU GST n GUuPx, ncnonbayrotca
KaK MapKepbl OKUCANTENbHOrO U TemnepaTyp-
Horo cTpecca (Leggatt et al., 2007; Grim et al.,
2013). B aBrycte oTMe4eH pocT akTUuBHOCTU GST
y pbl6 u3 rybol CenbanaHas n naryHol Konwowko-
Bas. Ecamn y ocobeit 13 rybbl M3meHeHUA bbian
CTAaTUCTUYECKM HeAOCTOBEPHbI, TO Y Ma/IbKOB 13
NaryHbl 0OHApY*KeHO CTaTUCTMYECKUN 3HAYMMOe
yBeNnYeHMe aKTUBHOCTU GEPMEHTA, YTO MOXKET
6bITb CBA3AHO C YXYALEHMEeM 3KONOTMYECKUX
ycnoBuii B aBrycte. ¥ manbkos 13 npoaunsa Cy-
xasa Canma 3adpUKCMPOBAHO AOCTOBEPHOE CHMU-
eHune aktnsHoctm GST. Mpupoaa storo ¢peHo-
MeHa NokKa HeAcHa. HoO MOXKHO NPeAnoN0KUTb,
YTO OH He CBA3aH C TEMNEPATYPHbIM PEXNUMOM
aKBaTopuM BblaOBa. B yacTHOCTM, ycTaHOBAe-
HO, YTO HA aKTUBHOCTb PepMeHTa Yy KpeBeTOK
Crangon crangon L. HW TemnepaTtypa, HU CO-
NEHOCTb He OKasblBanu BAMAHUA (Menezes et
al., 2006). Y HoTtoTeHu N. rossii noBblleHUE
TemnepaTypbl Ha 4° NPMBOAUIO K POCTY aKTUB-
HocTn GST yxke yepes cyTku (Klein et al., 2017).
A Apyrumn nccnepoBatenaMm MOKa3aHO CHU-
EeHWEe aKTUBHOCTM depmMeHTa y 3TOro BMAa
npu nosblweHun Temnepatypbl (Machado et
al., 2014) nnbo oTtcyTtcTBUE peakumn (Souza et
al., 2018). CpaBHUTENbHbIN aHa/IN3 aKTUBHOCTU
GST B 3uMHMI4 (+12 2C) n netHun (+24 2C) ne-
puoabl y NATU BUAOB pblb, obuTatowmx B Tagus
acTtyapum B lNopTyrannm, nokasan pocT aKTUB-
HOCTW NpPY NOBbIWEHUN TeMNepaTypbl Y YeTbl-
pex BMAOB, a Yy NATOro (4epHbit bbl4OK Gobius
niger) 6blNN xapaKTepHble UUKAUYECKME KOoNe-
6aHuAa (Madeira et al., 2013).

GUuPx — 0auH 13 pepMeHTOB, 3aLMLLAOLLNX
KNeTo4yHble MembpaHbl OT M36bITOYHOrO KOAU-
yecTBa NepeKkucm BOAOPOAA U NEPEKMUCHOro

OKUCNEHMA NUNUA0B, NpeBbiWatowmx eusmo-
NIOTMYECKMA YypOBEHb MPWU PA3IMYHONO pPoaa
cTpeccoBbix Bo3aencTeuax (Grim et al., 2011),
OL4HWM W3 KOTOPbIX ABAAETCA TeMNepaTypHbI
¢dakTop. Mpu noBbieHUU TemnepaTypbl Ao 8
2C B LWLeCTUAHEBHOM €T AaTb A0NONHUTE/IbHYIO
MHPOPMaALMUIO O BAUAHUU PA3NUYHDBIX PaKTO-
pOB BHELLHEN cpeabl HA COCTOAHME OpraHu3ma
B Lle/oM. HeCcMOTpA Ha TO YTO OLEHKa No TecTy
MaHHa — YUTHM He noKas3asa CTaTUCTUYECKMU
3HAYMMDbIX PA3/INYMIA MEXKAY MAJIbKAMU U3 UC-
CNefoBaHHbIX aKBAaTOPWUM NO 3TOMY MOKasaTe-
N0, TEM HE MEHEEe MOXHO NPeANONOKNTb, YTO
TeHAeHUMA K 6onee BbICTPOMY POCTY B aBrycTte
YPOBHSA 6enKa y AMUYMHOK U3 rybbl CenbanaHas
n nponmsa Cyxaa Canma No cpaBHEHUIO C OCO-
6amun 13 naryHbl KontowKoBaa cBA3aHa C Kop-
moBol 6a3oin AaHHbIX 6BMoTtonos. buopasHoo-
6pasne 300NNAHKTOHA B NaryHe 4Ype3Bbl4aHO
HMU3KOEe, KPOMe TOro, K aBrycty YMCAEHHOCTb
06BbEKTOB NUTAHWUA NafaeT A0 MUHUMAbHbIX
3HauyeHuk (demuyk n ap., 2018), 4to, BEPOATHO,
HaLU/10 CBOE OTPAXKeHMe B HaKoMeHnn 6enkay
KONtoLWeK M3 naryHbl Kontowkosas.

CAT — bepMeHT, HENTPANN3YHOLWMIN NEPEKNCD
BOAOPOAA, ABAAOLLYIOCA ogHOM n3 APK, KoTto-
pble BO3HUKAIOT B OPraHM3me B OTBET HA Pa3HO-
ro poga CTpeccoBble BO34eNCTBUA, B TOM Yncne
n TemnepaTypHble. [OKa3aHo, Hanpumep, YTO
AKTMBHOCTb KaTasasbl B MblLLAX MOJIOAMN MOp-
CKoro okyHsa Dicentrarchus labrax Ha 15-1 aeHb
aKCnepuMMeHTa nNpu Temnepatype soapl 24 °C
6bina B 2 pasa Bbiwe, Yem npu 18 2C (Vinagre
et al.,, 2012). B npouecce Ten10BOM aKKAUMa-
ummny N. coriiceps v N. rossii, N0 AaHHbIM OLHUX
ABTOPOB, OTMEYEHO CHUMKeHNe akTUBHOCTU CAT
(Forgatti et al., 2017), a no AaHHbIM APYrUX —
cTUMynauum aktnsHoctn CAT He Nnpoucxoanno
(Kleinetal.,2017;Souzaetal.,2018). Hanepuog,
cbopa matepurana TemnepaTypa Bogbl B Uccie-
AOBaHHbIX 6MOTONAX HE UMesa CYLLECTBEHHbIX
Pa3INuMin, NO3TOMY 3TOT GAKTOP HE OKa3bIBan
BAMAHMA Ha akTUBHOCTb CAT. Y monoan u3s na-
ryHbl KontowkoBasa cpegHecTaTUMCTUYECKan aK-
TUBHOCTb pepMeHTa Oblna HUXKeE, YemM Y pblb n3
APYrnx akBaTopui. BoamoxkHO, skonormyecKkas
ob6CTaHOBKa B NaryHe OKa3bliBaeT HeratMBHoe
BO34EMCTBME HA MAJIbKOB. ITO BUAHO Ha Npu-
mepe GST n GuPx, umeBwunx bonee BbiCOKME
NnoKasaTe/In aKTUBHOCTM Yy pblb M3 faryHbl No
CPaBHEHMIO C TaKOBbIMU U3 ApYyrux GUOTOMNOB.
Tem He meHee 06CTaHOBKA He ABNAETCA KPUTU-
4YeCcKoW 1 He cTumynumpyeT obpasoBaHMe 0YeHb
BbICOKMX KOHLLEHTPALMI NePEKNCU BOAOPOAA B
pe3ynbTaTe OKUCAUTENBHOIO CTpecca, KoTopble
ycnewHo HenTpanusyotca GuPx u He TpebytoT
AOMNONIHUTENIbHOW aKTUBALMK KaTanasbl.
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3akntouyeHue Yyeckaa CUTyaluA B naryHe OKa3blBasia HeraTue-
HOe BO34EeNCTBME Ha MOJIOAb KOOLWWKM, Bblpa-
3MBLUEEeCA B OTCYTCTBMM HAKOMJIEHUA CpesHel
MacCbl, yBe/IMYEHUA YPOBHA BOAOPACTBOPMMO-
ro 6eska u aktMBauum asyx GepmeHTOB aHTU-
OKcuaaHTHoM 3awmTbl (GST n GuPx). B nponun-
Be Cyxaa Canma OCHOBHOW HepecT KOMHLWKMK
NPOMCXOAUT NO34Hee, YeM B APYrMX aKBATOPU-
AX, MOSTOMY B aBryCTOBCKOM Y/0Be MpeBau-
pPOBa/In Ma/ibKu, BbINYNUBLLUMECA B UIOMIE, YTO
OTPa3nIOCb Ha MOKasaTenax cpefHen macchl,
YPOBHA rNyTaTUOHA U akKTUBHOCTK GST.

JKoNorMyeckme ycnosua Tpex MccnesoBaH-
HbIXx 6uoTonoB benoro mopsa (ryba CenbaaHas,
naryHa Konwowkosas, nponms Cyxaa Canma)
OKas3anu BAUAHWE Ha coaeprkaHne benka, ray-
TaTUOHAQ, a TaKXKe akKTUBHOCTb GST n GUPx B TKa-
HAX Ma/IbKOB KOJTIOLLKM Tpexurion. UameHeHua
H6MOXMMMYECKMX MOKa3aTenen B npoLecce po-
CTa C Mt0NA NO aBryCcT OTANYANUCL Y IMYUHOK U3
naryHbl KostoWwKoBan oT TaKOBOTO pbib 13 rybol
CenbgaHaa u nponumea Cyxaa Caama. dKonoru-
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Key words: Summary: The content of protein and glutathione in the tissues of fries of
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protein and guaiacol peroxidase changed in the process of growth from July to Au-
glutathione gust. They were different in larvae from the lagoon Kolyskovaya , in those

glutathione S-transferase
guajacol peroxidase
catalase

from the Bay Seldjanaja and from the channel Sukhaya Salma. In the Bay
Seldjanaja and the channel Sukhaya Salma, the food reserve is sufficient
for feeding and growth of fries, while the biodiversity and the number of

food objects in the Kolyushkovaya lagoon are extremely low. It has a neg-
ative impact on the larvae, which affect their weight, protein accumula-
tion, and lead to the activation of both enzymes of antioxidant protection
(glutathione S-transferase and guaiacol peroxidase). In the larvae from the
channel Sukhaya Salma the decrease in the average weight as well as in
the levels of glutathione and activity of glutathione S-transferase were re-
vealed. These changes are probably related to the lower temperature in
this biotope. Therefore, in August fries hatched in July prevailed; they are
characterized by lower values of the above indicators.
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AHHoOTauuA: : B paboTte npeacTtaBneHbl AaHHbIE O CE30HHbIX U3MEHEHUAX
MOPHONOrMYECKUX MAaPaMEeTPOB INCTLEB B HACaXKAeHUAX bepesbl NOBUCION
(Betula pendula Roth) B npegenax YoMmcKoro npombllwieHHOro ueHTpa. MNo-
CTOAHHble NPObHbIe NaoWaAM BbIOMPANNUCh C YYETOM YPOBHA 3arpA3HEHUs U
6b12IM 3a/10KeHbI B 30HE HEMOCPEACTBEHHOrO BO3AENCTBUS MPOMbILLIEHHOTO
Npou3BOACTBa (ceBepHas YacTb . YPbl) U B 30HE OTHOCUTE/IbHOTO KOHTPOASA
(3anagHana yacTb ropoaa, pekpeaunoHHan 30Ha). na xapaKTepucTUKKU 0co-
b6eHHocTel pocTa UCTbeB 6epesbl Obl/1 BbINOIHEH KOPPENALNOHHbLIA aHanu3
M oueHeHa rMybunHa KoppensaunmoHHOM CBA3N MeXKay NaoLlaablo U Maccon nu-
cTbeB. TecHOTa KOpPpPENsALUNOHHOM CBA3M B 30HE 3arpA3HEeHMA U XapaKTep cBA-
31 B Mae OTHOCUTCA K KaTeropum «ciaboli», B UIOHE — «CUJIbHOWN»; B UtONIE U
ceHTAbpe — «ymepeHHOoM». Mo KOIMYECTBEHHbIM XapaKTePUCTUKAM TECHOTbI
CBA3W B 30HE OTHOCUTE/IbHOTO KOHTPOJIA XapaKTep KOPPeNAaLMOHHON CBA3K
OTHOCUTCSA K KaTeropum «CUIbHOM». 3HaYEHUSA Maccbl IMCTA U NAOLWAAN NCTA
b6epesbl CBUAETE/IbCTBYIOT O TOM, YTO B YC/I0BMAX MPOMbILLIJIEHHOTO 3arpasHe-
HMA HabaogaeTca PpaBHOMEPHOE Pa3BUTUE NUCTbEB B TEYEHME BereTaunoH-
Horo nepuoga 2016 r. OgHaKo KOPPEensaUMOHHbIM aHain3 NO3BOJIU YCTaHO-
BUTb HEOAHO3HAYHYIO CBAAI3b MEMAY MacCcol INCTa U NJowaablo NCTa, YTO
MOXHO OOBACHUTb afanTUBHbIMU peakumsamm bepesbl MOBUCAON, KOTOpble
NpoABAAKTCA NPU CE30HHOM Pa3BUTUM IUCTLEB.

© MNeTpo3aBOACKMI FOCYAAPCTBEHHDbIN YHUBEPCUTET
PeueHseHT: I. 3. KyanHosa

MoanucaHa K neyatu: 01 niona 2019 roga
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BsegeHue

B rpaHuMUax KPYynHbIX NPOMbILWAEHHbIX LEeH-
TPOB NPOUCXOAAT HapyLleHUAa GOPMMUPOBAHUSA
CTPYKTYPHbIX KOMMNOHEHTOB 3KOCUCTEMBbI. B TEX-
HOTeHHbIX YC/NIOBUSAX MPoOMU3pacTaHuUs ApeBec-
Hble pacTeHUA WUCMbITbIBAIOT YrHETEHWE PocTa
n passutma (Kynarun, 1974, 1980). MokasaHo,
YTO ApEeBecHble pPacTeHWs, npowuspacTatrowme
B YC/IOBMAX MNPEUMMYLLECTBEHHOIO YI1eBOA0-
POAHOrO 3arpA3HEeHMA OKPYXKaloWen cpeapbl,
XapaKTepu3yoTca TakMMU aganTUBHbIMK pe-
aKUMAMMK, KaK yBeIMYeHMe Ce30HHON Npoaon-
UTENbHOCTU pocTa, POPMUPOBAHME MOBbI-
LUEHHOM MacCbl aCCUMUIALMOHHbBIX OPraHoB,
N3MEHEHNE apXUTEKTYPbl KOPHEBOM CUCTEMDI
1 maccbl KopHel (KynaruH, 3aiues, 2008).

O6beKT nccnegoBaHuA — HacaxKaeHus bepe-
3bl nosucnoi (Betula pendula Roth).

Llenb nccnepoBaHms — BbIiBNEHUE CE30HHOM
ANHAMMKM MOPDONOTMYECKUX MAaPaMETPOB N-
CTbeB 6epe3bl MOBUCNOM MO KONMYECTBEHHbIM
XapaKTepPUCTUKAM TEeCHOTbl KOppPensuMoHHOM
CBA3MW.

MaTtepuanbl

UccneposaHna ocywectsnanucs 8 2016 r.
Ha TeppuTopun YPUMCKOro NPOMbILLAEHHOTO
ueHTpa. B necHbix HacaxkaeHuax r. Yool 3ano-
¥KeHbl NOCTOAHHbIe NpobHble naowaau (MM) B
KOHTPACTHbIX IeCOPACTUTENbHbIX YCIOBUAX.

MM 1 (3oHa 3arps3HeHnn) 3an10xKeHa B61M3uU
HedTenepepabaTbiBalOLWMX 3aBOAOB HA TeppU-
Topun OpArKOHUKMA3EBCKOTO PAaoHa B 1ECHbIX
KynbTypax. Popmyna gpesocton 10 b. CpeaHum
anameTp 24 cm, cpefHAA BbicoTa 21 m, NOAHO-
Ta 0.8, cpeaHuii Bo3pact 43 roaa.

MogpocT: Populus balsamifera L., Quercus
robur L., Fraxinus excelsior L., Tilia cordata Mill.
ComkHyTOCTb 0.4,

Mopgnecok: Sorbus aucuparia L., Padus avium
Mill., Euonymus verrucosus SCOP, Corylus
avellana L., Acer platanoides L. NpoeKTuBHOe
nokpbiTve 30 %. TpaBAHOM NokpoB: Plantago
major L., Arctium lappa L., Aegopodium
podagraria L., Polygonatum  odoratum
(Mill.). Druce (Polygonatum officinale All.),
Poa angustifolia L., Geum urbanum L., Paris
quadrifolia L., Galium odioratum (L.) Scop.,
Artemisia glauca Pall., Arctium nemorales Lej.,
Urtica dioica L., Calamagrostis epigeios (L.)
Roth., Chelidonium majus L., Poa supine Schrad.
Obuwee npoeKkTnBHoe nokpbiTne 35 %. MM 11
(30Ha oTHOCUTENbHOTO KOHTPONA — 6e3 Bo3Aei-
CTBMA NPOMbILWNEHHbIX BbIBPOCOB) 3an0eHa
B CKkBepe BosHa Ha TeppuTopumn JIEHUHCKOrO
panoHa . Yobl B NecHbIXx KynbTypax. dopmy-
na gpesoctosn 10 b. CpeaHuin guametp 25 cm,

cpeaHsa BbicoTa 23 m, nonHota 0.8, cpegHui
Bo3pacT 46 ner.

Moapoct: Populus balsamifera L., Tilia
cordata Mill., Acer platanoides L., Uimus glabra
Huds. ComKkHyTOCTb 0.4.

Mopnecok: Sorbus aucuparia L., Euonymus
verrucosus SCOP. [lpoeKTuBHOE NOKpbITUE
30 %.

TpaBsiHOM  MOKpOB:
(Savi) Ten., Cynoglossum officinalis L.,
Achillea millefolium L., Geum urbanum L.,
Galium odioratum (L.) Scop., Aegopodium
podagraria L., Artemisia vulgaris L., Agrimonia
pilosa Lebed., Dryopteris lilix-mas (L.) Schott,
Asarum europaeum L., Urtica dioica L., Arctium
nemorales Lej., Plantago major L., Campanula
trachelium L., Taraxacum oridinalis Wigg.,
Chelidonium majus L., Linaria vulgaris Mill. 06-
Lee npoeKkTusHoe nokpbiTne 70 %.

MeToabl

PaboTbl N0 xapaKkTepucTUKe NopogHoOro co-
CTaBa M COCTOAHUA APEBECHOM PAaCTUTENIbHOCTH
NPOBOAWNAN NO CTaHAAPTHbIM METOAUKAM, NP
3TOM ObIZIN UCNONb30BaAHbI:

1. MeTtoapl M3y4yeHUs NecHbIXx coobuiects
(MeTtoabl usyyeHms..., 2002).

2. MeTogbl mnccnepoBaHuAa mopdonorunye-
CKux napameTpoB auctbesB (Bradshaw et al.,
2007; Tech et al., 2018) c nomoLbto Nporpam-
Mbl Areas.

3. Ctatuctnyeckas obpaboTKa (MaoxMHCKMR,
1970; 3anues, 1984; Mathematics..., 2007)
pe3ynbTaToB WCC/MeA0BaHUI NPOU3BOANNACH
B nporpammax STATISTICA, Excel n GraphPad
Prism (MBaHTep, Kopocos, 2014).

Mo ycnoBmAM NpounspacTtaHus INCTbA AOJIK-
Hbl ObITb COBpPaHbl C PACTEHMUN, HAaXOAALLMXCA
B OAMHAKOBbIX 3KO/IOMMYECKUX yCNoBUAX (ypo-
BEHb OCBELLEHHOCTU, YBAXKHEHMA U T. 4.). Bbl-
H61panu pacteHns, Npom3pacTaroLLme Ha OTKPbI-
TbIX Y4aCTKax, AOCTUTLINE FreHepPaTUBHOIO BO3-
PaCTHOro COCTOAHUA. JINCTbA BblIM cObpPaHbI U3
OAHOW N TOM e YaCTU KPOHbI C pa3HbIX CTOPOH
(cesep, tor, 3anag, BOCTOK), C MAaKCMMa/IbHOIO
KONMYeCTBa AOCTYMHbIX BETOK OTHOCUTENbHO
PaBHOMEPHO BOKPYr AepeBa (C KaXkgok npob-
HOM NoWaan exemecayHo otbupanocb no 100
nnctbeB). Mcnonb3oBain NNCTbA C YKOPOYEH-
HbIX Noberos. Pazmep NUCTbEB OblN1 CXOAHbBIM,
cpeaHumM ana paHHoro pacteHus (Cornelissen
et al., 2003).

NccnepoBaHMA NpoBOAMANCE HA repbapHOM
maTtepuane. M3 Kaxaon napTuu NINCTbEB paH-
AomusnposaHHo (Cornelissen et al., 2003) BblI-
6MpPaNNCb NNUCTbA, Y KOTOPbIX USMEPANNUCH Ce-
Aylowme napameTpbl: naowaab aucta (cm?),

Cirsium  vulgare
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Puc. 1. PasameleHne npobHbIX NA0WaA0K B T. Yoa
Fig. 1. Placing trial plots in Ufa

Macca smcTa (r). Macca AMcToBOM NAACTUHKM
onpeaenanacb B BO3AYLIHO-CYXOM COCTOAHWUU
Ha 3/1EKTPOHHbIX NabopaTopHbix Becax B/T3-
150 (locmetp, Poccus). Mnowanb Ancra nsme-
PANN C NCNOJIb30BaHMEM NPOrpPamMbl MO onpe-
OENEeHU0 NAoWaaun CNOXKHbIX duryp «AreaS»
2.1, paboTta KOTOPOM OCHOBaHa Ha CKAHMPOBA-
HUM AByX Guryp, naowasb O4HON U3 HUX U3-
BeCTHa (wabsoH), c NocneayoWmm UX cpaBHe-
HWEeM M pacyeTom Naowaaun apyron eurypobl.
MorpewHoCTb onNpeaeneHna NAoWaan He npe-
gbiwaet 0.001 %. Ana onpeaeneHma naowaam
¢duryp c nomolupto nporpammel «AreaS» bbino
ncnonb3oBaHO obopyaoBaHME U NPOrpPaMMHOe
obecnevenune: MK Aquarius Pro P30 S42, cKa-
Hep (Canon LaserBase MF6560PL), rpadpuue-
CKMI pefaKTop C BOSMOMKHOCTbIO CKAHMPOBaTb
nsobpaxkeHus (IrfanView).

MorogHble XapaKTePUCTUKM roga uccnepo-
BaHWIM nNpuBeAeHbl MO METeopPOSOrMYEeCKOn
cTaHuum Yoa-Aema (wumnpota — 54°43¢, gonrota
—55°50¢) no gaHHbIMm BHUU rugpomeTteopono-
rmyeckom nHGopmaumm — MMPOBOM LLEHTP AaH-
HbiX (BHUMTMU-MUJ) (MHaekec BMO — 28722)
n National Climatic Data Center, National
oceanic and atmospheric administration (NCDC
NOAA) (GHCND:RSM00028722).

Pe3ynbTatbl

PaHee 6bino yctaHoBneHo (KynaruH, Taru-
poBa, 2015), 4TO OTHOCUTENbHOE }KU3HEHHOE
cocToAHMe Gepe3oBbIX HaCaXKAeHWI, nogsep-
raloLmMxcs BO3AENCTBUIO BbibpocoB HedTene-
pabaTbiBalOWMX NPeanpUATUIN, XapKTepUpusy-
eTCA KaK «ocnabneHHoe». epesba bepesbl Ha
MM 1 nmetoT Naoxo cGOPMUPOBAHHYIO aXKyp-
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HYIO KPOHY (rycToTa KpoHbl — 55—65 %), cTBO/IbI
NIOXO OYMLLAKTCA OT MEepTBbIX Cy4ybeB (gona
MepTBbIX cyuybeB — 20—45 %). OTmeyatoTca no-
BPEXAEHMA CTBONOB SHTOMOMOPAKEHUAMM
(knagka Aauu, cTBOMIOBbLIE 3aceneHus), ¢utona-
To/NI0rM4eckmne nospexaeHuns (obpasosaHue Ha
CTBO/IE NNOA0BbLIX TEN FTPUBOB) U CyXOBEPLUMH-
HOCTb. OTHOCUTENbHOE KU3HEHHOE COCTOAHME
Haca*KAeHUMN B 30HE OTHOCUTE/IbHOFO KOHTPO-
na (NN 11) xapaktepusyeTca KaKk «340p0BOEY.
lyctoTa KpoHbl coctaBnset 85-95 %. Hannuume
Ha cTBONE MepTBbIX cyybeB —oT 1 o 15 %. Cre-

NeHb MNOBPEXAEHUA JINCTbEB TOKCMKAHTAMM
n Hacekombimn coctasnset 0—-10 %. Cyxosep-
LWMHHOCTb He BblpaeHa, dUTonaTtonornyeckmne
NnoBpeXAeHMA  OTCYTCTBYIOT, MOBpEeXAeHuA
CTBO/IOB 3HTOMOMNOPAXKEHUAMM (KnagKa s,
CTBO/IOBbIE 3aCe/IeHMA) HEe3HAUYUTENbHbIE.

B pesynbtaTe npoBeneHHbIX UCCAea0BaHUM
B 30He 3arpasHeHus (MM 1) n B 30He oTHOCK-
TenbHoro KoHTtpona (MM 11) Ha ocHoBaHMM
pacyeToB OblAM NONYyYEHbI CpeaHME 3HAYeHMUA
naowWwaam n Mmaccbl IMCTbEB B NEPUOA BereTa-
umnm (tabn. 1).

Tabnnua 1. Ce30HHbIE U3MEHEHMA NI0WAAN 1 Macchl INCTbEB bepesbl nosucson (Betula pendula
Roth) B 2016 r. B pa3Hbix yci0BMAX Npoum3pacTaHns (YOUMCKMN NPOMbILLIEHHbIN LEHTP)

MM 1 (3oHa 3arpsAsHeHnn)

MM 11 (30Ha OTHOCUTENBHOFO KOHTPOAA)

Cpown Mnowaab nucta, cm?>  Macca aucta, r MNaowaab ancra, cm?>  Macca ancra, r
MNioHb 12.46 0.07 14.09 0.08
Wionb 13.89 0.10 13.58 0.09
Asryct 14.03 0.10 15.34 0.11
CeHTa6pb - - 12.85 0.10
OKTAbpb 15.88 0.12 15.14 0.11

YctaHoBneHo, 4To B 2016 . Ha doHe cpeaHe-
MeCAYHbIX 3HAYEHUI TemnepaTypbl U 0CaAKOB
(Tabn. 2) B 30He 3arpasHeHus (NN 1) npocnexu-
BAEeTCA PaBHOMEpPHOE yBeAnYeHNe Naowaam u
MacCbl INCTbEB Hepesbl C UOHA NO OKTAOpPb.
Mpn 3TOM B 30HE OTHOCUTE/IbHOIO KOHTPOASA
(MM 11) Takaa gMHamKMKa bblna BbiABAEHA TO/b-
KO No macce NnCTbeB. MNonyyeHHble 3HaYeHuA
no njaowaamn nuctbes bepesbl B 30HE OTHOCU-
TEIbHOr0 KOHTPO/NA B TeYeHWe BereTaumoH-
HOro nepuvopda pasnunyatroTca. MaKcMmanbHble
3HaYeHMA naowaan NUCTbeB HblN BbISBAEHDI
B aBrycTe, a MMHMMaA/IbHble 3HAYeHUs — B CEeH-
TAbpe.

Ha MM 1 (tabn. 3) oTmeyaeTcs 6onee BbICO-
KU KoappuumeHT Bapuauum (Bbiwe 30 %), uto
CBUAETENbCTBYET O BbICOKOM WM3MEHUYMBOCTM
JINCTbEB.

Tabnuua 3. Ce30HHbIE UBMEHEHMA NAOLLAAM
(S, cm?) n maccbl (M, 1) nuctbes 6epesbl NoBuUC-
now (Betula pendula Roth) 8 2016 r. B pasHbIX
ycnosuaAx npouspactaHua (Yeumckuin npo-
MbILL/TIEHHbIN LEHTP)

BbinBneH ¢eHOMeH HepaBHOMEPHOro po-
cTa nuctbeB bepesbl B uoHe 2016 r. (nepunog,
aKTMBHOIO POCTa /IUCTbEB) B YC/IOBMAX OTHOCU-
TENIbHOrO 3arpA3HEeHMs, YTO COrnacyeTcsa ¢ MHe-

Huem C. A. Mamaesa (1973) 06 ncknrountenb-
HOM M3MEHYMBOCTU NCTbEB Bepesbl NOBUC/ION
M He NPOTMBOPEYUT CBEAEHUAM O BHYTpUnobe-
roso andoepeHumaummn nuctbes (Epmonosa
n ap., 2014). Ana xapakKTepUCTUKN 0COBEHHO-
cTen opmmpoBaHUA NUCTbeB Bepesbl Hbln Bbl-
NOJIHEH KOPPENALMOHHbIN aHA/N3 N OLEeHEeHa
rnybuHa KoppenAauMoHHOM CBA3M MeXay Nao-
Waablo M Maccor nnctbeB bepesbl NOBUC/ION
(tabn. 4).

B 30He 3arpasHeHus (MM 1) B MtoHe u aBrycte
BblIB/IeHa YMEpPEeHHaA CBA3b MeXAy NnaoLla-
Abl0 U Maccol. B uone n oktabpe — nMHenHas
CBA3b MeXAY nccnesyembiMmn napameTpamu. B
30He OTHocuTenbHoro KoHTpons (MM 11) B xoae
KOPPEeNnALMOHHOIo aHanM3a B UIOHe, Utone, aB-
rycte BblAiBNEHA /IMHENHAA CBA3b MeXAy Nno-
Waabio U Maccom nuctbeB. B ceHTabpe — cBA3b
MeXKay napameTpamu O4YeHb CWJIbHAA, NpaK-
TUYECKN /SIMHEeNHas 3aBMCMMOCTb. B OKTAbpe
B XOZE KOPPEeNAUMOHHOIo aHa/M3a BbiAB/IEHA
CUNbHAA CBA3b MeXKAYy NIOoLAAblo U Maccoi. B
xo4e uccnenoBaHuA bGblia BbiBAEHaA NpAMas
CBA3b MeXKAy NIOoWaabio U Maccon JINCTbeB
KaK B 30HE OTHOCUTE/IbHOIo 3arpA3HeHus, Tak
N B 30HE OTHOCUTENIbHOTO KOHTpOAA (MBaHTep,
Kopocos, 2014).
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Tabnuua 2. KpaTkan XxapaKTepuCTMKa NOroA4HbIX YCA0BMIA roga uccaegoBaHuii No 4aHHbIM METeOoCTaHL MM

Yoa-Oema

Mecsy,

Temnepartypa, °C

BnaxkHocTb, %

Kon-Bo BbINaBLUMX OCaAKOB, MM

CyMMa Yymncno
cp MWH MaKC cp MWH Ocya KOB MaKC ,U.Hel)'l C
A ocagKamu
-29.9 +0.8 9.03a12u.
b 120 001.2016) (09.01.2016) 74 33 (23.01.2016) 50 5551 5016) 22
5.03a12u.
18.8 6.3 (17.02.2016)
I 46 (15022016) (25.02.2016) S0 46 (21.02.2016) 42 55 ono 16
(28.02.2016)
17.2 +11.0 5.03a12u.
12 (5103 5016) (26.03.2016) 73 32 (16032016) 30 o o 19
-3.4 +24.1 10.03a 12 4.
Vo +9.1 (09.04.2016) (16.04.2016) ©¢ 21 (25.04.2016) 44 53764 5016) 18
8.03a12y.
1.3 +30.3 (13.05.2016)
V. +143 409052016) (27.05.2016) % 16 (05.05.2016) 26 o'y ooy 12
(14.05.2016)
423 +30.3 23 (02.06.2016) 21.03a12u.
VI +178 07.06.2016) (21.06.2016) ©1 23(02.06.2016) °°  (21.06.2016) 10
+10.0 +32.5 6.03a12u.
VIL #2117 07.2016) (31.07.2016) 2 24(28.07.2016) 18 (1407 5016) 8
+1.9 +35.4 14.03a 12 u.
VIl +23.2° 36 08 5016) (17.08.2016) >° 14(31.08.:2016) 19 (15 95616) 9
+3.3 +24.8 11.03a12 .
X' +12.2 45509 2016) (22.09.2016) 7> 15 (01.09.2016) 61 1349 5016) 23
35.6 +35.4 21.03a 12,
fon +5.1 (51122016) (17.08.2016) ©° 14 (31.08.2016) 507 (51 he5016) 210
3aknouyeHue nvcTa 6epesbl NOBUC/ION CBUAETENLCTBYIOT O

B ycnoBusx 3arpA3HeHUs OTMEYEeHO PaBHO-
MEepHOEe YyBEeANYEHWE NAOWAAN U Maccbl Nn-
cTbeB 6epesbl C MIOHA NO OKTABPb, Toraa Kak
B 30HE OTHOCMUTE/IbHOFO KOHTPO/A Takasa Au-
HaMWKa BbiAiBI€HA TO/IbKO MO MacCe JINCTbEB.

MoKa3aHo, 4YTO TecHOTa KOppensiuMoHHOM
CBA3M N/I0LWAAM INCTa U MaCcCbl INCTa B 30HE 3a-
rPA3HEHMA U XapaKTep CBA3W B UIOHE OTHOCUTCA
K KaTeropuu «ciabaa», B Utosie — KCUAbHanA», B
aBrycre u oktabpe — «ymepeHHas». Mo Konu-
YeCTBEHHbIM XapPaKTepPUCTUKaM TECHOTbI CBA3M
nAowWaan nMcTa U Maccbl IUCTa B 30HE OTHO-
CUTENbHOTO KOHTPO/IA XapaKTep KOPPensaLmoH-
HOW CBA3N OTHOCWUTCA K KaTEropuu «CUbHaA».
Yucnosble 3HAaYEHUA MaCCbl INCTA U NIOLWAAM

TOM, YTO B YC/IOBMAX MPOMBDIL/IEHHOM 30HbI
HabntopaeTcA paBHOMEpPHOe pPa3BUTME JINCTA
B TeyeHue BeretaumoHHoro nepuoga 2016 r.

KoppenAuMoHHbI aHanAn3 No3BOINA YyCTa-
HOBUTb HEOAHO3HAYHYK CBA3b MeEXAy Mac-
COM NUCTa W NIOWAAbI0 /INCTA, YTO MOMXK-
HO OOBACHWUTL aAANTUBHBLIMWU  PeaKUUAMM
H6epe3bl NOBWUCNON, KOTOpble MPOABAAKOTCA
NPy CE30HHOM pPa3BUTUWU NIUCTbEB C Yy4eTOM
AVHAMUKM  KAMMATUYECKMX  MapameTpos.

dopmunpoBaHMe aCCMMUNALMOHHOIO anna-
paTa 6bepe3bl NOBUCNON B yC10BUAX Npeobnasa-
towero HepTeEXMMUYECKOTO 3arpA3HEHMA OKPY-
)atoler cpeabl nponcxoant 6e3 3HaunTeIbHbIX
OTK/IOHEHUI, YTO ABNAETCA cneumduryecKkom pe-
aKLMeN Ha YyrNeBOAOPOAHbIN TUMN 3arpA3HEHMUA.
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Tabnumua 3. Ce30HHbIe M3MeHeHuMA naowaam (S, cm?) u maccbl (M, r) aucTbes 6epesbl nosucaol (Betula
pendula Roth) B 2016 r. B pasHbIX ycnoBuaAX npounspactaHma (YPUMCKUA NpomMbliAEHHbIN LEHTP)

UioHb Uionb ABrycr CeHTa6pb OKTAb6pb
[TokasaTtenb
S,em? M, r S,em? M, r S,ecm*> M, r  S,ecm? M, r S, cwm? M, r
nn 1 (n = 10)
MuHUMYM 9.53 0.05 7.76  0.05 7.99 0.05 - - 12.00 0.09
Makcnumym 1593 0.09 19.21 0.18 16.99 0.16 - - 20.44  0.18
Cpeanmy 1246 007 1390 0.10 1404 0.10 - - 1589 0.12
MOKa3aTe/ib
OtkroHenne 558 002 431 004 3353 003 - - 248 003
CTaHOapTHOE
Owmbka ctang. 072 001 136 001 1.06 0.01 - - 0.79  0.01
Kosbpuument 10,5 5574 31.04 3655 23.88 3007 - - 1562 21.93
Bapuauuu, %
Cymma 1246 0.68 139 0.96 1404 1.02 - - 1589 1.24
nn 11 (n = 10)
MuHUMYM 9.13 0.04 866 0.06 1007 0.08 860 0.06 966  0.06
Makeumym 1918 0.12 18.06 0.12 19.92 0.14 16.42 0.13 2042 0.16
Cpearni 1409 008 13.58 009 1534 011 12.86 0.10 15.15 0.11
MOKa3aTe/ib
OTknoHewve 355 g0 287 002 332 002 279 003 355 003
CTaHOapTHOE
Owmbka ctang. 1.11 001 091 001 1.05 001 093 001 112 0.01
Koadduumert 51 97 5530 2112 19.96 21.65 21.93 21.69 24.60 2345 28.70
Bapuaunmn, %
Cymma 141 0.82 1358 0.92 1534 1.06 1157 091 151.5 1.11

Tabnunua 4. Koppenauus (R2) mexay vccnegyembiMn NpUsHakaMm Macchl U niowaamn AncTbes bepessl
NOBUCNOM B Pa3/IMYHbIX YCNOBUAX MPOU3PACTAHNS Ha TePPUTOPMMN YOUMCKOro NPOMbILLJIEHHOIO LLEHTPA

Cpoku MMN1 (3oHa 3arpA3HeHUs) MMN11 (30Ha OTHOCUTE/IbHOTO KOHTPOAS)
NioHb 0.47 0.73
Nionb 0.71 0.71
ABryct 0.52 0.75
CeHTAbpPDL - 0.96
OKTA6pb 0.61 0.94
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SEASONAL DYNAMICS OF CHANGES IN THE
MORPHOLOGICAL PARAMETERS OF SILVER
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Summary: The paper presents the results of the study of seasonal changes in the
morphological parameters of leaves of the silver birch (Betula pendula Roth). The
investigation was carried out in the plantations within the Ufa industrial center.
Permanent sample plots were selected taking into account the level of pollu-
tion and were laid in the zone of the direct impact of industrial production (the

northern part of Ufa) and in the zone of relative control (the western part of the
city, the recreation zone). To characterize the features of birch leaves growth, a
correlation analysis was performed, and the depth of correlation between the
area and the mass of leaves was estimated. The tightness of correlation in the
contaminated area and the correlation in May is categorized as “weak”, in June
—as “strong”, in July and September — as “moderate”. According to the quantita-
tive characteristics of the correlation tightness, in the zone of relative control the
correlation refers to the category of “strong”. The values of mass and area of a
birch leaf indicate that in the conditions of industrial pollution the uniform de-
velopment of leaves was observed during the growing season of 2016. However,
the correlation analysis allowed us to establish that there was an ambiguous
relationship between the mass and the area of the leaf. It can be explained by
the adaptive reactions of birch that occur during the seasonal development of
leaves.
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I'ABOB
Jmutpuit Hukonaesuy

Kniouesble cnosa: AHHOTauua: MeToaom BbICOKOIhGDEKTUBHOMN HKUAKOCTHOWM XpomaTorpa-
pacTeHua dun onpeseneH KayeCTBEHHbIN U KOMMYECTBEHHbIA COCTaB MONULMKAN-
6yrpucTble 6on0Ta YeCcKMX apomaTtuyeckux yrnesogopozgos (MAY) AOMWHAHTHbLIX PacTeHUN’
NONNLUKANYECKME 6yrpuctoro 60n0T1a. YCTaHOBNEHO, YTO PAacTEHUA B €CTECTBEHHbIX YC/10BU-
apomaTuyeckme AX MOTYT COAEpKaTb 3HAYUTE/IbHble KOJMYecTBa MOJIMAPeHOB, KOTOpble
yrnesogopogbl B [Aa/ibHellem crnocobHbl yyacTBoBaTb B popmMmMpoBaHMM cocTaBa [TAY
€CTecTBeHHble GUTOLEHO3bl  TyHAPOBbLIX TOPOAHUKOB. BbisABAEHbI 3HAYMMbIE KOPPENALMOHHbIE 3aBU-
NlecoTtyHApa cMMocCTM mexay coctaBom MMAY charHyma 6eperoBoro, oCoKk M nywuu, a

TaKXe MeXAy OPEBECHbIMU M KYCTapHUKOBbIMU BMAAMM, YTO NO3BOAAET
rOBOPUTb O CXOAHbIX 3aKOHOMEPHOCTAX akKKymMynAaumm MAY BHYTPU AaHHbIX
rpynn. MakcrmasnbHbIM HakonsieHnem MAY cpean 60/10THbIX BUAOB OT/K-
Yyanucb mox Polytrichum strictum v BeTBM AepeBbeB: Picea abies, Betula
pubescens n KyctapHuKoB: Salix lapponum w Betula nana. BbisaBneHbl oco-
6eHHOCTN HaKonseHuAa MAY pasHbIMWM OpraHamMu MCCAef0BaHHbIX BUAOB.
B TpaBAHMCTbIX pacTeHUAX NOAMAPEHbI MPEVMYLLLECTBEHHO aKKyMyaMpo-
Ba/INCb B NOA3EMHON 4YacTu. [OKAa3aHO CHUXKEHWEe KOPHEBOro Hakomnje-
HUs MAY TpaBAHUCTbIMKU PACTEHUAMM B YCIOBMUAX CUAbHOTO 06BOAHEHMA
60N0T MO CPaBHEHUIO C CyXMMM yyacTKamu. Bo mxax MMAY npeobnaganm
B OTMepLUEeN YacTn. B KycTapHUKax M ApeBeCHbIX BUAAX NOJANAPEHbI KOH-
LEeHTPMPOBANCh B BETBAX M KOpHAX. MccnegoBaHue noberos Picea abies
pa3sHbIX BO3PACTOB MNO3BO/INAO YCTaHOBUTb, YTo noberu 1 roaa 6onee obo-
raweHbl NoAMapeHamMmn No cpaBHEHUto ¢ noberamu 2-7-neTHero Bospacra.
JaHHbIN GaKT BO MHOTOM CBSI3@aH C aKTUBHbIMM POCTOBbIMW MPOLLECCaMMU,
CNoco6CcTBOBABLIMMM 06Pa30BaHMIO 3HAYMUTE/IbHBIX KONMYECTB HadTanMHa
B xBoe 1 roga. Ana 2-7-neTHux noberosB xapakTepHbl 61M3KMe MaccoBble
ponu MNAY. Mony4yeHHble AaHHble No ¢oHOBOMY cogepKaHuto MAY B pac-
TeHUAX 60NOT MOXKHO MCMNO/Ib30BATb MPU NPOBEAEHUU MOHUTOPUHIOBbIX
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nccneaoBaHMn NONMAPEHOBOIO 3arpAsHeHus. B byaywem npu nposege-
HUW OOMNONHUTENBbHbIX UCCeA0BaHMIN cogepraHuma MAY B TopdAHMKaAxX Ha
OCHOBaHUW MOYYEHHbIX PE3Y/IbTATOB MOMKHO OLLEHUTb BK/IaZ OOMOTHbIX
BMAO0B pacTeHui B dopmmpoBaHmne coctasa MAY Topda Ha pasHbIx 3Tanax

ero obpasoBaHus.

MonyueHa: 26 pespansa 2019 roga

BsegeHue

MoAnMUMKANYECKMEe apoMaTUYecKkue yrne-
Bogopoab! (MAY) — 3To opraHU4Yeckne coeam-
HeHua 6eH30NbHOro psaa, KoTopble, C 0A4HOWM
CTOPOHbI, ABNAKTCA KaHLEPOreHHbIMU U MyTa-
reHHbIMU coeanHeHmnamm (Hamid et al., 2017;
Liu et al., 2017), ¢ gpyroit — MOryT CUHTE3UNPO-
BATbCA PACTEHUAMM N UCMONb30BATLCA KaK NU-
TaTeNbHble BelwlecTBa (AHUCbKMHA, AKOBNEBA,
2016). PacteHuA ecTecTBEHHbIX MecT obuTa-
HUKA, NO AaHHbIM PAAA aBTOPOB, COAEPKAT He-
3HaYUTENbHbIE KOIMYECTBA, IMaBHbIM 0bpa3om
nerkux, nonvapeHos (Migaszewski et al., 2009;
Dijk et al., 2015; AkoBnesa u ap., 2016).

B BbICOKMX WIMpOTax byrpuctble 60n10Ta 3a-
HMMAIOT 3HAYUTENIbHYIO YacCTb MOBEPXHOCTM
CyLWWN M ABNAIOTCA OCHOBHbIMW pe3epByapamu
yrnepopaa (Mactyxos u ap., 2018). Mpu 3TOM UC-
CNeaoBaHMI0 XMMUYECKOro COCTaBa PacTUTe N b-
HOCTM 6O0NOT yaendaeTca mano BHUMaHuA. B
OCHOBHOM pPaboTbl NOCBALLEHbI 3/IEMEHTHOMY
coctaBy makpooutos (Kufel et al., 2004; MaHa-
cbinos 1 ap., 2012). CywiecTBytoT AaHHbIE O CO-
ctaBe [NAY pacTeHui, nponspacTatowmx Ha 6o-
NIOTax, HO OHW MOCBALLEHbI U3YYEHUIO BO3AEMN-
CTBMA MPOLECCOB BbIFOPAHMA Ha WM3MEHeHue
coctasa [MAY 1 He 3aTparMBaloT ecTeCTBEHHbIe
¢utoueHosbl (Vane et al., 2013). Uccneposa-
HMEe MaccoBOM A0/ NONNAPEHOB B PACTEHMAX
O6yrpucTbix 6010T GOHOBLIX TEPPUTOPMIA MO-
3BOJIUT OLLEHUTb eCTeCTBEHHble YPOBHW coaep-
YKaHWSA [AaHHbIX OPraHMYEecKUX MNOANOTAHTOB
B NE€COTYHAPOBbIX 3KOcUcTeMax. MonyyeHHble
AAHHble MOTyT ObiTb B Aa/ibHENLWIEM MCNONb-
30BaHbl NpVM NpPOBEAEHUN 3SKOMOTMYECKOrO
MOHUTOPUHIA BO3AENCTBMA MNPOMbILIAEHHbIX
06bEeKTOB Ha @UTOLEHO3bI BYrpucTbiXx 60NOT.
Pe3ynbTaTbl NPOBEAEHHbIX MCCAeA0oBaHUIM Aa-
AYT BO3MOXKHOCTb NPOCneanTb U3MEHEHUE CO-
ctaBa [MAY B pa3Hbix OpraHax pacTeHun B ycio-
BMAX TEXHOTEHHOIO BO34EMCTBMA U TEM CaMbIM
nccnefoBatb 3aKOHOMEPHOCTM  MOMNOLWeHuUA
NnoJINapeHoB PasHbIMU BUAAMMU.

B 60noTax pacTteHua A0/roe Bpema Haxo-
OATCA B HEPa3NOXEHHOM COCTOAHMMK, B Bonb-
e CTeneHuM pPas3NoKEHUIO NoABepratoTca
TPaBAHUCTbIE PACTEHUA N IUCTBEHHDbIN ONag, B
MeHbLLel cteneHn mxu (lonosaukas, HUKoHo-

© MeTp0o3aBOACKMI FOCYAaPCTBEHHbIN YHUBEPCUTET

MopnucaHa K neyartun: 28 utoHa 2019

Ba, 2013). MccnepgoBaHue cocTaBa NoIMAPEHOB
pacTeHun 6yrpucTbix 6010T NO3BOAUT OLEHUTD
BK/1aZ, pacTeHM pa3Hbix BUAO0B B opmMmnpoBsa-
Hue cocTasa [MAY nous. N3yyeHne mexaHn3ImMoB
dbopmmpoBaHUA TOPPAHBIX NOYB KaK AeNo op-
raHMYecKoro yrnepoga ABAAETCA BaKHeMWLeWn
3334el COBPEMEHHbIX Hay4HbIX WUCCnenoBa-
HWUA.

Lenb aaHHOM paboTbl — OUEHUTb GOHOBbIE
cogep)KaHma MNoSIMAPEeHOB B AOMUHUPYHOLLNX
BMAAX PacTeHWUI 6yrpmcTtbix 60n10T.

MaTtepuanbl

NccnepoBaHMA npoBeAeHbl B N1e€COTYHAPO-
BOM 30He Pecnybankn Komu B bacceiiHe p. Ceit-
Aa. Bugosol coctaB uccneposaHHoro 6os0ta
KpanHe 6eaeH, No NpeaBapuTe/ibHbIM AaHHbIM,
OH HacuuTbiBaeT okoso 60 BMAOB, BKAKOYaA
BbICLUME COCYAMUCTbIE PACTEHUSA, MXU U NULLAN-
HUKKW. CornacHO KOMMAEKCHOMY TMApOaoro-
MmopdonorMyeckomy nogxoay, UccnefoBaHHoe
6010TO OTHOCKTCA K TUNY NIOCKOOYrpucTbIX. B
COOTBETCTBMM C OOTaHWMKO-reorpadpmyeckumm
npuHumnamm (KOpkosckan, 1992), 6onoTo npu-
HaANEeXMUT K TUNY TPaBAHO-INLIAAHUKOBBIX Ce-
BEPOBOCTOYHOEBPOMENCKNX 6ONOT: TpaBAHO-
KYCTapHMYKOBO-MOXOBO-/INLANHMKOBbLIX  Ha
byrpax, NyLwnLeBo-0COKOBO-CharHoBbIX N 0CO-
KOBbIX B NOHWXeHMAX. BonoTo xapakTtepusyert-
CA XOPOLWO BbIpa*KEHHbIM MUKpopenbedom, B
3HAYNTENbHOM CTENEHM 0O6YCNOBAEHHBIM MEP3-
NOTHbIMM npoueccamn. Okono 60 % maccmBsa
3aHUMaIOT NOBbIWEHMA, K Byrpbl, OCTasibHOE
NPOCTPAHCTBO — MOYaXMHbl, TONU, 06BOAHEH-
Hble B IOXKOWHbI CTOKA U BTOPUYHbIE O3EPKM.
Mukpopenbedom Bbi3BaHa M KOMMIEKCHOCTb
pacTutenbHOro nokposa. peobnagatoT nno-
CKue byrpbl BbicoTol 0.8—1 m.

Bcneactenme MenKOKOYKOBATOM MOBEPXHO-
CTU TOPU30OHTaANbHAA CTPYKTypa coobLLecTB
HOCUT MO3aWNYHbIN XapaKTep, KYPTUHbI HU3KUX
KYCTAPHMYKOB Ha /IMLWIAMHMKOBBIX MOAYLUKAX
yepeaytoTca ¢ Bbicokopocabimu (8o 0.5 m) oco-
6amu Betula nana nan MmoxoBbiMU TPyNNMPOB-
KamMu MUKPOMOHMXKEHWUIN, B TOM YMCE U C yYa-
ctnem nywwuy, (Eriophotum vaginatum w Eriop
hotum russeolum), ocok (Carex limosa, Carex
rotundata) n cparHOBbIX MXOB.
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MoHUKeHnA mukpopenbeda ob6BOAHEHDLI U
06pa3oBaHbl NPeMMyLLEeCTBEHHO MNyLIULEBO-
cbarHoBbiMM UM 0OCOKOBO-CchHarHosbimn  ¢du-
ToueHo3aMn. B TpaBAHO-KyCTapHWMYKOBOM
Apyce OOMWHUPYET OAUH U3 Cleaylownx Bu-
noB: Eriophorum russeolum, Carexlimosavnu C.
rotundata. Kpome nepeyncneHHbIix, B OTAE/Nb-
HbIX C/ly4anx, Hanpumep, Mo Kpaw BOAOEMA,
obunbHbl Carex cinerea, C. rostrata u Comarum
palustre. Y4yacTve apyrux BMA0B HE3HAUYUTENb-
HO. HanouBeHHbIN NOKpoB 06pa3oBaH cparHo-
BbIMW MXaMu (B OCHOBHOM Sphagnum riparium,
S. lindbergii, S. balticum).

MeToapbl

C noepxHocTU 6onoTta oTOHMpanu Aomu-
HaHTHble BMAbl PACTEHUN B TPEXKPATHOM no-
BTOpHOCTM. OTbOp npoBoguncA B Hadvane
asrycta 2018 r. Ha 6yrpax 6bian oTobpaHbl
Buabl: Polytrichum strictum Brid., Eriophorum
vaginatum L., Betula nana L. B mou4a)kuHax
— Sphagnum riparium Angstr.,, Carex limosa
L., Eriophorum russeolum Fries, BeTBU U nu-
ctba Salix lapponum L. B6an3n tonn— Comarum
palustre L., Carex aquatilis L., Equisetum
fluviatile L. No Kpasm 60noTa — BETBU U NU-
cTbA Betula pubescens Ehrh. n noberun Picea
abies L. Bo3pacta 1-7 net. Bbibop BMAOB
pacTeHU Ans  UccnefoBaHUA OCHOBbIBAS-
cA Ha 6oTaHuyeckom cocTaBe Topda uccne-
[OBaHHbIX ByrpucTbix 6010T, OCHOBOWM KOTO-
poro 6binn Polytrichum strictum Ha 6yrpax
n Sphagnum B mouvaxkuHax. [lpyrue mnccnego-
BaHHble BMAbI NpeAcTaB/eHbl B H0TaHMYEeCKOM
cocTtaBe Topdpa B MeHbLlen cteneHn. Koopau-
HaTbl oTbopa npob — 67°03' c. w., 62°56’ B. 4.
MoacTmMnamowme MoYBbl  XapaKTepPU30BaANUCH
KMCNOW peakuunen cpeabl, 3HayeHms pH Bapbu-
poBanu B AnanasoHe ot 3.4 ana BepxXHUX cnoes
[0 5.5 B HUXKHUX rOPMU30HTax Topda.

XMMMUKO-aHaIUTUYECKUNE nccnenoBaHua
pacteHMn BbinonHanuM B LKM «Xpomatorpa-
duna» UHctutyTa 6nonormm Komum HL, YpO PAH.
MeToanka aHanm3a maccosoi gonu MAY B pac-
TEHUAX ONMcaHa HaMu paHee (AKoBnesa u ap.,
2018). Ana wn3sneyeHua MNAY n3 pacrteHui mc-
NoJIb30BaIN CUCTEMY YCKOPEHHOM 3KCTPAKLLUK
pactBoputenamm ASE-350 (Dionex Corporation,
CLLA). Mpoby pacteHna maccon 1 r nomewanm
B 3KCTPAKLUMOHHYIO AYEMKY U TPUMKAbl IKCTpa-
rTMPOBaNM CMECbH XJI0PUCTbIA METUIEH : aLe-
ToH (1:1) npu TemnepaTtype 100 2C. 3aTem 3Kc-
TPAKTbl KOHLUEHTPUPOBANMU C MPUMEHEHNEM an-
napata KygepHa — [laHuwa npu temnepaType
B TepmocTaTe 70 2C 1 3amMeHANN pacTBOpUTEND
Ha reKkcaH. lNony4yeHHbIN KOHLEHTpaAT npobbl

obbemom 3 cm® ouMLANN OT HEOPraHUYECKUX
npumecen MeTog0M KOJIOHOYHOM XpomaTorpa-
éun c ncnonb3oBaHnem okcuaa antomuHuma
CTeneHu akTMBHOCTM No bpoKkmaHy. B KauecTse
3/1103HTa Mcnosb3oBanm 50 cm® cmecu rekcaH :
XNIOPUCTbIN MmeTuneH (4:1). dnoaT KOHUEHTPU-
poBasKn C NpumMmeHeHnem annapaTta KyaepHa —
JaHuwa npu TemnepaType B TepmocTtaTe 85 2C
[0 obbema 5 cm®, 3atem gobasnsanu 3 cm?® aue-
TOHUTPUAA N ynapueanu npu Temnepartype 90
2C A0 NONIHOro yaaneHusa rekcaHa. KoHueHTpaT
nNpobbl B aUETOHUTPU/IE aHA/IM3MPOBAIM Ha
cogepaHue MAY metogom BIKX. KoHTponb
TOYHOCTM PEe3y/NbTaTOB M3MEPEHUI NPOBOAU-
/I C NCNONb30BaHMEM CTaHZAPTHOro obpasuya
Certified reference material BCR-683 (European
commission community bureau of reference).
CtatTucTMyeckyto 06paboTKy AN OUEHKM Ao-
CTOBEPHOCTU PACXOXKAEHWUN CpesHUX AaHHbIX
npoBoAnAN Npu nomowm t-kputepusa Crbio-
neHta, P =0.95. [ina npoBeaeHua Koppenaum-
OHHOTO aHasM3a WCNO/Ib30BasIN MPOrpammy
Statistica-6.

Pe3ynbTatbl

B pacteHusax 6yrpuctbix 6on0T naeHTUPULUM-
poBaHo 11 nHausumayanbHbix MAY: HadpTanmH,
dnyopeH, beHaHTpeH, aHTpaueH, GyopaHTEH,
nUpeH, xpuseH, bHeH3[alaHTpaueH, 6eH30[b]
¢nyopaHteH, 6eH3o[k]dnyopaHTteH, 6eH3|a]
nupeH. MAY B pacteHusx 6bian NpeacTaBaeHbI
rNaBHbIM 06pa3oM HU3KOMONEKYNAPHbIMUK 2-4-
AOEPHBIMU CTPYKTYpamMM, UX [0nA oT obuiei
cymmbl [MAY nameHanaco B npegenax 96—100 %
ANA PasHbIX BUA0B pacTeHnin. Mbl npegnonara-
€M, YTO NPUCYTCTBME MNOIMAPEHOB B PACTEHUAX
morno 6biTb 0bycnoBneHo pagom ¢GaKToOpOB:
BHYTPUKNETOYHbIM CMHTE30M B pPaCTEHUAX,
nornoweHuem [MAY pacTeHMAMU U3 MOYBbI U
NOCTyNnAeHMemM MOJIMAPEHOB M3 aTmocdepbl
B Mpouecce nanbHero nepeHoca B YC/0BUAX
necotyHapbl. ObHapy»KeHa BbICOKaA CTeneHb
KoppenaumMm mexay coctaBom [MAY pacTeHum
pa3HbIX BUAO0B, KO3IQPULMEHTbI BapbMpOBaNm
ot r=0.63 go 1.00 (npn n =11, p < 0.05). Mak-
CUMaNbHble KO3QPULMEHTbI KOppenauum r =
0.99-1 (npu n = 11, p < 0.05) 6bI1M BbIABAEHDI
mexxay Sphagnum riparium, ocokamu u nywm-
LaMun, elle B OAHY rpynny BblAenatTca agepe-
BECHble U KyCTapHMKOBble BUAbI: Betula nana,
noberu Picea abies, Salix lapponumwv Betula
pubescens. CoctaB [MAY NUCTbeB KyCTapHMU-
KoB Salix lapponum v Betula pubescens Koppe-
nmpoBan mexay cobon. TecHO Koppenuposan
coctaB [AY Comarum palustre v Equisetum
fluviatile, r =0.99 (npu n=11, p < 0.05).
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MakcumanbHoe cogeprkaHue T[MAY cpegm
pacTeHun 6onoT bbino BbiABAEHO B Polytrichum
strictum, noberax Picea abies, BetTBax Betula

600 4

Hr/r

pubescens, B MeHbLUEN CTeneHN B BeTBAX Salix
lapponum v Betula nana (puc. 1).

Puc. 1. CopepskaHue MNAY B pacteHuaAx Byrpuctbix 6010T, Hr/T
Fig. 1. PAH content in plants of frost mound bogs, ng/g

Onsa 3TUX pacTeHuit 6blNo XapaKTepHo no-
BbILUEHHOE COAEep’KaHMe HadTanuHa, Mmac-
coBaA [onAa KOToporo coctaBnsana ot 85
no 91 % ot Bcer maccbl MAY B pacTeHusX.
Ona  TpaBAHUCTbIX pPaCTeHMW, XBOWA NpU-
peyHoro (Equisetum fluviatile), cdarHyma
(Sphagnum riparium), nucTbeB WBbI NannaHA-
ckon (Salix lapponum) n 6epesbl NyWUCTOM
(Betula pubescens) 3HaueHus cogepanua MAY
6b1lnn 6An3KNMMK, B 2—4 pasa HUKE MO CpaBHe-
HUIO C PacTEHUAMMU-AKKYMynaTopamu, copep-
aHne HadTaNMHaA B JAHHbIX BUAAX BApPbUpPO-
Bano ot 31 go 53 %.

Bblno npoBeseHO uccnefoBaHWE  HaKo-
nneHua [MAY pasHbIMM OpraHamm pPacTeHUM
(puc. 2). UccnepoBaHme aKKymynsiuMm noaua-
PEHOB B ¥XMBOW M OTMepPLLEN YacTAX MXOB MOKa-
33/11, 4YTO B OTMepLUEN YacTU CYMMApPHasA KOH-
LeHTpauma noamapeHoB bHbiia Bbilwe B 2 pasa

B cnydae Sphagnum riparium v B 3 pa3a B cny-
yae Polytrichum strictum. 3ToT 3pPEKT MOXKHO
06BbACHUTL AONTOBPEMEHHBIM HaKOMNAEHUEM
YyrneBogopoa0B B OTMEPLUEN YacTU MXOB, CO-
ctaBnsswen 70 % nx obwen buomaccol. Cneay-
€T OTMEeTUTb, YTO B NpeablayLmX nccnegoBaHm-
AX HAMK BblNN BbIABNEHbI CXOAHbIE TEHAEHUUM
B HakonneHun MAY Pleurozium schreberi Ha
$OHOBbIX y4acTKax HXKHOM TyHApPbI (AKoBneBa
n ap., 2016).

OnAa ocoK v nywwuu, He YCTaHOBJIEHO 3Ha-
YMTENbHOrO MNpeBbileHna coaepkaHuna [MAY
B NOA3EMHOM 4YacCTU Haj MX MacCoBOM AoNeMn
B HaA3EeMHOM, KPaTHOCTU He npeBbiwann 1.3.
Takne e npeBbllWEHUA BbIABAEHbI ANA CO-
aepxanua MNAY B 60KoBbix BeTBAX Equisetum
fluviatile Hap maccoBon gonen B ctebne. Ona
TPaBAHUCTbIX pPaCTEHU GOHOBbLIX Y4YaCTKOB
FOXKHOW TYHAPbI HAMW ObINM MOKa3aHbl UHblEe
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Puc. 2. KpaTHOCTM NpeBbIEHNA CyMMapHOro cogepkaHua MAY B pasHbIx opraHax pacteHuin. 1na mxos
— npeBbllleHne coaeprKaHua MNAY B oTMepLUel YacTn Hag coaepkaHmem B kmsoi. na Comarum palustre:
A — npeBblWEHME COAEPKAHMA B IMCTbAX HAA CTebAMM, B — npeBbileHe coaepKaHMaA B IMCTbAX HAA, Kop-
Hamu. [na Equisetum fluviatile — npeBbileHMe coaepKaHuA B GOKOBbIX BETBAX Hag, cTebnamn. Ana apyrux
TPABAHUCTbIX PACTEHUIN — NpeBbIEeHNE coaepKaHua MAY B noa3eMHOM YacTu Hag, HagzemHon. Ana Betula
nana: A — B KOpHAX HaZ AUCTbsIMUM, B — B KOpHAX Hag, seTBamu. Ons Salix lapponum v Betula pubescens — npe-
BblLLEHME B BETBAX HAJ, INCTbAMM

Fig. 2. Multiplicity of excess of the total content of PAHs in different plant organs. For mosses — the ex-
cess content of PAHs in the dead part over the content in the living one. For Comarum palustre: A — excess
content in the leaves over the stems, B — excess content in the leaves over the roots. For Equisetum fluviatile
—the excess content in the side branches over the stems. For other herbaceous plants — the excess content
of PAHs in the underground part over the aboveground. For Betula nana: A —in the roots over the leaves, B
—in the roots over the branches. For Salix lapponum and Betula pubescens — excess in the branches over the
leaves

3aKOHOMepHOCTM HakonneHua [AY. B Festuca
ovina n Deschampsia caespitosa Ha pOHOBOM U
3arpA3HEeHHOM y4aCTKax BbIABAEHO NpenmylLe-
CTBEHHOE HakonaeHue Bcex MAY B nog3eMHoM
YyacTu pacteHuit (Akosnesa u ap., 2016). Kpat-
HOCTW MpPEeBbILEHNA CYMMAPHOro coaepXKaHuA
MAY ana GOHOBbIX y4acTKOB cocTaBnanm 2—2.5
pa3a. PaKT meHbLlero HakonaeHua MAY KopHs-
MW TPABAHUCTbIX PacTeHUn 6010T MOXKeT 06b-
ACHATbCA 6ONbLION 06BOAHEHHOCTLIO UX MeCTa
npou3pacTaHuA, KOTOPaa UCKAOYaeT oceaHne
NOYBEHHbIX YACTUL, Ha KOPHAX.

Ona Comarum palustre otoenbHO nuccneno-
Ba/INCb INCTbA, cTeban 1 nogzemHas vyactb. Co-
aepanue MAY B IMCTbAX U KOPHAX bblo 6113-
KMM 1 B 2 pa3a NpeBbllaso MacCoBYHO A0/
MAY B cTebnax. Bo3mMoXKHO, 3TO CBA3AHO C TeM,
470 [MAY, aKKYMY/IMPOBAHHbIE INCTbAMWU U3 aT-
Mmocdepbl U KOPHAMM U3 NOYBbI, C1AabO NPOHU-
Kanu B cTebnum pacteHus.

Ona Betula pubescens, wccnenoBaHHbIMMU
OpraHamm KOTopown bbinn BETBU U INCTbSA, YCTa-
HOB/IEHO TPexXKpaTHoe npeBblleHne CoaepKa-
HuA MAY B BETBAX Hag, NUCTbAMU. B meHbLuen

123



flkosnesa E. B., N@bos [. H. Monnumkanyeckne apomatnyeckme yrneBogopoabl B PacTEHUAX eCTeCTBEHHbIX BYrpucTbix

60007 // NpuHuMnbl 3konormum. 2019. T. 8. Ne 2. C. 119-128

CTeneHn Takoe npesbllleHWe BbIABNEHO B BeT-
BAx Salix lapponum, oHO cocTaBuno 2 pasa no
CpaBHeHMto ¢ auctbamu. na Betula nana, B
Cny4yae KOTOPOM MCCNeaoBanncb M KOpPHU pac-
TEHWUA, TaKXKe MOKa3aHO MpeBblleHne Macco-
Bow aonu MAY B BETBAX Ha4 MNCTbAMM B 2 pa3a.
MakcnumanbHbIM cogepaHuem [MAY oTamya-
NICb KOpHU Betula nana, KoHueHTpauun MNAY B
HUX BblAn bonblue, yem B BeTBsAX, B 1.3 pasa.
Hawwu npegblaywme nccnefoBaHUA Takke no-
Ka3aan npemmyLLecTBEHHO KOpPHeBOe MNOCTy-
nnenue MAY B Betula nana Ha $pOHOBbIX y4acT-
Kax loXKHOM TyHApbl (AkoBnesa, Mabos, 2018).
Bblno BbIABNIEHO, YTO NOAMAPEHBI MOTYT NOCTY-
NaTb B KYCTapHMKM Yepe3 KOPHEBYI CUCTEMY
N KOHUEHTPMPOBATbLCA Ha MOBEPXHOCTU KOPBbI,
npu atom noctynaeHue [MAY BHyTpb cTebnen
MUHMMaNbHO. He3HauuTenbHOEe coaep’KaHue
MAY B nuctbax obycNoOBAEHO Kak aucTonag-
HOCTbIO KYCTAapHWKOB, TaK U HU3KMM YpPOBHEM
aTmocdepHOro nocTynJieHUA MOJIMAPEHOB Ha
$OHOBbIX TEPPUTOPUSAX.

Ona noberos Picea abies 1-ro roaa ycTaHOB-
NleHO rnpesblWweHne cogeprkaHua MAY B xBoe
Hapg BeTBAMM B 1.6 pasa. [na noberos 2—7-ro

700

Hr/T

roga BblABAeHa 0b6paTHAA TeHAEHUMA: coaep-
*KaHue [MAY B BeTBsX Obl/10 BbIllE, YeM B XBOE.
KpaTHOCTM npeBbiweHNA aocturanm 5 un 3a-
KOHOMEpPHO BO3pacTanu C yBe/IMYEHMEM BO3-
pacta noberos. MNpeobnagaHune MAY B BeTBAX
BO MHOrOM OOBbACHAETCA HAa/IMYMEM Ha BETBAX
XBOWMHbIX MOLLHOIO IMNMAHOIO CNOA, KOTOPbIN
cnocobeH perynmposaTb noctynaeHune MAY 3a
cyeT mx agcopbumnm Ha noBepxHOCTU. Ha xBoe
dbopmupyeTca BOCKOBOM Hanet, NpensaTcTByto-
WKW npoHUKHOBeHUto MAY BHyTpb. BepoaT-
HO, Ha BETBAX MEPBOro roaa NIMNUAHbINA C/I0N,
KaK M BOCKOBOW HaJieT, HAaXo4MTCsA Ha CTaguu
boOpMUpPOBAHMA, YTO MPUBOAUT K BONbLUEMY
HakonnaeHuto MAY B xBoe. C BO3pacToM TaKKe
BbIAB/IEHO YyBE/IMYEHNE MACCOBOM O0NM XBOWU
B obuiet buomacce noberos oT 63 % AnAa no-
6eros 1-ro roga Ao 77 % B noberax 7-ro roaa.
B noberax Picea abies BbisBN€HO NpuUcyTCcTBUE
TONbKO JIETKMX NOMAPEHOB.

CnepyeTt OTMETUTb, UTO obLiee coaepkaHue
nonnapeHos ans noberos 2—7-ro roga mnou-
TM HE U3MEHANOCb B 3aBMCMMOCTU OT BO3pac-
Ta (puc. 3).

|1 o2

600 -
500 -
400 4
300 -
200 -
100
0 - . :

T i T i T i T i

1rog 2ropaa 3 roga

4 roga 5 ner & net 7 net

BoazpacT, ner

Puc. 3. CoaepsxaHue MNAY B noberax Picea abies B 3aBUCMMOCTM OT Bo3pacTa, Hr/r. 1 — maccosas gons
HadTanMHa, 2 — cymMapHaa MaccoBas 405 0CTasibHbIX MAY
Fig. 3. PAH content in the shoots of Picea abies, depending on age, ng/g. 1 — naphthalene mass fraction,
2 — total mass fraction of the rest PAHs
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Mpw sTom B noberax nepBoro roga MaccoBas
A0Ns nonnapeHos 6bina B 2 pasa Bbiwe. MAY B
noberax Picea abies Ha 92 % 6binn npeacTase-
Hbl HAPTAaIMHOM, XapPaKTEPU3YHOLLMMCA CPOA-
CTBOM C BUTAMMUHAMM U TOPMOHAMM PACTEHUIA,
no-BMAMMOMY, ero 60/1bLloe KOIMYecTBo B No-
6erax 1-ro roga cBA3aHO C aKTUBHbIMM NpoLEec-
CaMu pocTa.

3aknouyeHue

1. B pacTteHusax $poHOBbIX TYHAPOBbIX 60-
NoT obHapy)eHo npucytcteue 11 CTPYKTyp
MAY. NonnapeHsbl B pacTeHuax 6bian npeacras-
JIeHbl B OCHOBHOM JIETKUMMU CTPYKTYpPamu.

2. BblABNeHbI BbICOKUE CTENEHU KOoppens-
unun, onpenenatolme CXoaHble 3aKOHOMepPHO-
CTU HakonneHnua MAY, mexay coctaBom coar-
HOBbIX MXOB, MYLIWL, U OCOK, @ TaKXe mexay
ApeBEeCHbIMU U KYCTapPHUKOBbIMWU BUAAMMN.

3. MakcumanbHoe cofaepikaHue
MAY cpeau pacteHuMn 6onot 6bi10  BbI-
aBneHo pgna Polytrichum strictum, nobe-

ros Picea abies, setsen Betula pubescens, Salix
lapponum v Betula nana.

4. QOO6Hapy)KeHbl pasnMuMa B HaKonje-
HuUM TAY pasHbIMM OpPraHamMm pacTeHuUn. Bbl-
ABneHo 6aun3koe copepxkaHue MAY B nogzem-

bubnuorpadpun

HOM M HAA3EeMHOM YacTAX OCOK M nywwuu,. AnA
MXOB TOKa3aHO MNOBbIWEHHOE coAepXKaHue
MAY B oTmepLuer 4acTu, oNA KyCTapHWKOB M
KYCTapHMYKOB — B BETBAX M KOpPHsAX. [1na nobe-
ros Picea abies 1-ro roaa ycTaHOBNEHO NPEBbI-
WweHue coaeprKkaHma MNAY B xBoe Hag, BETBAMM,
Ans noberos 2—7-ro roga BbisiBNeHa obpaTHas
TeHAEHUMA.

5. Cpeau noberos Picea abies makcumanb-
HbiM cogeprkaHuem MAY otanyanuce noberm
1-ro roga, B noberax 2—7-neTHero BO3pacTa
MaccoBasA Ao0nA nonvapeHoB bblia NpUMepHO
OAMHAKOBA.

6. [aHHble NO coaepKaHU NONNapeHoB
B PacTeHMAX eCTeCTBEeHHbIX TyHAPOBbIX 6on0T
MoryT ObITb MCMNOMb30BaHbl B LEAAX MOHM-
TOPUHra 3arpAsHeHMA HONOTHbIX yroaui no-
NIMapeHamu. B 4acTHOCTH, ANA OUEHKN YPOBHA
3arpsasHeHua MAY moryT 6biTb MCNONb30BaHbI
mxu Polytrichum strictum w Sphagnum ripariu
m KaK nNpeacTaBuUTeNn pacTutesibHOCTU Byrpos
N MOYAXKMH.

7. Ha oCcHOBaHMKW MOAYYEHHbIX pe3y/ibTa-
TOB MOXHO OLLEHWUTb BK/1aZ, pPacTeHM B GopMu-
poBaHue coctasa MAY Topda Ha pa3HbIx 3Tanax
dopMUnpoBaHMA TOPPAHOM 3aneXKN.
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POLYCYCLIC AROMATIC HYDROCARBONS IN
PLANTS OF NATURAL FROST MOUND BOGS
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Dmitriy Nikolaevich

Key words: Summary: We determined the qualitative and quantitative composition of
plants polycyclic aromatic hydrocarbons (PAHs) from dominating plants of tundra frost
frost mound bogs mound bogs using the method of high-performance liquid chromatography. It
polycyclic aromatic was stated that in natural conditions plants might contain large amounts of
hydrocarbons polyarenes. When accumulating in the plants they can further participate in
natural phytocenoses the formation of PAH composition of tundra frost mound bogs. We revealed the
forest tundra significant correlations of the PAH composition between Sphagnum riparium,

sedges, and cotton grasses, as well as between tree and shrub species. Itindicates
the similarity in PAH accumulation patterns inside the mentioned plant groups.
The moss Polytrichum strictum and the branches of the trees Picea abies and
Betula pubescens and shrubs Salix lapponum and Betula nana have a maximum
accumulation of PAHs among swamp species. We identified the features of PAHs
accumulation in various plant organs of the studied species. Thus, in grasses
PAHs mainly accumulates in the underground parts. It was shown that in high
water level conditions in frost mound bogs the PAHs accumulation decreased in
grass roots in comparison with dry places. In mosses PAHs prevails in the dead
parts. In shrubs and woody species polyarenes concentrate in branches and
roots. The study of shoots Picea abies of different ages allowed us to reveal that
1-year-old shoots were more enriched in PAHs than 2-7-year-old shoots. This
fact is largely associated with active growth processes in 1-year-old needles
contributed to the formation of great amount of naphthalene. 2-7-year-old
shoots are similar in PAH mass content. The obtained data on the background
PAH content in swamp plants are useful for monitoring the polyarenes pollution.
In the future, when conducting the additional study of PAH content in frost
mound bogs on the basis of the obtained results it will be possible to assess the
contribution of swamp plants to the formation of PAH composition in peats at
different formation stages.

Received on: 26 February 2019 Published on: 28 June 2019

References

Anis'kina M. V. Yakovleva E. V. apirena elodeey kanadskoy v vodnoy srede pyrene destruction by Elodea
canadensis L. in water], Teoreticheskaya i prikladnaya ekologiya. 2016. No. 3. P. 82—88.

Dijk C., Doorn W., Alfen B. Long term plant biomonitoring in the vicinity of waste incinerators in the
Netherlands, Chemosphere. 2015. Vol. 122. P. 45-51. DOI: 10.1016/j.chemosphere.2014.11.002.

Golovackaya E. A. Nikonova L. G. Decomposition of plant residues in peat soils of oligotrophic peatlands,
Vestnik Tomskogo gosudarstvennogo universiteta. Biologiya. 2013. No. 3 (23). P. 137-151.

Hamid N., Syed J. H., Junaid M., Zhang G., Maik R. N. Elucidating the urbanlevels, sources and health
risks of polycclic aromatic hydrocarbons (PAHs) in Pakistan: Implications for changing energy
demand, Science of the Total Environment. 2017. Vol. 619-620. P. 165-175. DOI: 10.1016/].
scitotenv.2017.11.080.

Kufel L., Kufel I., Krolikowska J. The effect of lake water characteristics on decomposition of aquatic
macrophytes, Polish journal of ecology. 2004. Vol. 52 (3). P. 261-273.

Liu S., Liu Q., Ostbye T. Levels and risk factors for urinary metabolites of polycyclic aromatic hydrocarbons
in children living in Chongqing, China, Science of the total environment. 2017. Vol. 598. P. 553—
561.

Manasypov R. M. Kirpotin S. N. Pokrovskiy O. S. Shirokova L. S. Features of the elemental composition
of lake waters and macrophytes in thermokarst subarctic ecosystems of Western Siberia,

127



Yakovleva E. V., Gabov D. Polycyclic aromatic hydrocarbons in plants of natural frost mound bogs // Principy ékologii.
2019. Vol. 8. N2 2. P. 119-128

Vestnik Tomskogo gosudarstvennogo universiteta. Biologiya. 2012. No. 3 (19). P. 186—-198. DOI:
10.17223/19988591/19/15.

Migaszewski Z. M., Galuszka A., Crock J. G., Lamothe P. J., DolegowskaS. Interspecies and interregional
comparisons of the chemistry of PAHs and trace elements in mosses Hylocomium splendens
(Hedw.) B. S. G. and Pleurozium schreberi (Brid.) Mitt. from Poland and Alaska, Atmospheric
Environment. 2009. Vol. 43. P. 1464-1473. DOI: 10.1016/j.atmosenv.2008.11.035.

Pastuhov A. V. Knoblauh K. Yakovleva E. V. Kaverin D. A. Markers of Soil Organic Matter Transformation
in Permafrost Peat Mounds of Northeastern Europe, Pochvovedenie. 2018. No. 1. P. 48—61 DOI:
10.7868/50032180X18010057.

Vane C. H., Rawlins B. G., Kim A. W., Moss-Hayes V., Kendrick C. P., Leng M. J. Sedimentary transport and
fate of polycyclic aromatic hydrocarbons (PAH) from managed burning of moorland vegetation on
a blanket peat, South Yorkshire, UK, Science of the Total Environment. 2013. Vol. 449. P. 81-94.
DOI: 10.1016/j.scitotenv.2013.01.043.

Yakovleva E. V. Gabov D. N. Beznosikov V. A. Kondratenok B. M. Accumulation of Polycyclic Aromatic
Hydrocarbons in Soils and Mosses of Southern Tundra at Different Distances from the Thermal
Power Plant, Pochvovedenie. 2018. No. 5. P. 563—-572. DOI: 10.7868/50032180X18050052.

Yakovleva E. V. Gabov D. N. Beznosikov V. A. Accumulation of polycyclic aromatic hydrocarbons in plants of
the tundra zone at open coal mining, Vestnik Instituta biologii Komi nauchnogo centra Ural'skogo
otdeleniya RAN. 2016. No. 4 (198). P. 24-33.

Yakovleva E. V. Gabov D. N. Polycyclic Aromatic Hydrocarbons in Betula nana (Betulaceae, Magnolidpsida)
under the influence of Thermal Power Plant, Povolzhskiy ekologicheskiy zhurnal. 2018. No. 4. P.
495-512.

Yurkovskaya T. K. Geography and cartography of vegetation in bogs of European Russia and adjacent
territories. SPb.: BIN, 1992. 254 p.

128



YepnuH B. A. LLTpuxm K noptpeTy. /les Mcaakosuy Xo3aukuit // MpuHumnsl skonoruun. 2019. T. 8. Ne 2. C. 129-136

METPOIARDACKMA MOCY AAPCTEEHHKIN

YHWUBEPCHTLT

:.‘~; HAY4YHEIA 3NEeKTPOHHLIA XYpHan

NMPUHLUAUINbI 3KOJIOTNUN

http://ecopri.ru http://petrsu.ru
VIIK 929
INTPUXU K ITIOPTPETY.
JEB HCAAKOBHNY XO3AIIKUU
YEPJIUH Jlacecmanckuii eocyoapcmeennviti ynusepcumem, Yn. M. [ao-

Baagumup AjeKcanpoBny arcuesa, 0. 43-a. Pecnyonuxa [acecman, e. Maxauxana 367000
cherlin5 l(@mail.ru

KnioueBble cnosa:

6uorpadus

repnetonorus

. N. Xo3aukum

AHHOTauumA: B cTaTbe pacckasbiBaeTcss 06 o4eHb MHTEPECHOM YYEHOM, Neaarore,
BocnuTtatene u yenoseke — o JIbBe Ncaakosmue Xo3zaukom. B Hem npuuyanmso
COYETAINCb NOPON Camble pa3Hble YEN0BEYECKME KAauyeCcTBa: CEPbE3HOCTb U UTPU-
BOCTb, Aa*Ke pebsayecTBo, CTPOroCTb U YANBUTE/IbHAA AYLUEBHAA HEXHOCTb, AarKe
CEeHTUMEHTaNIbHOCTb. HO ero Ba)KHEMLWMMM YepTaMM KaK Cepbe3HOro y4eHoro
OblIN: aKaAEeMMYECKUIM, HayyHbIA CKAad yma, SHUMKAoneamMyeckas obpasoBaH-
HOCTb, 6@3yCN0BHbIN NeaarorMyeckuii 4ap 1 yBaxeHue, a TakxKe AoCTynHoe aa-
NIEKO He BCeM YMeHMe NOo-HacToALemMy NobUTb. Tak NOAYYMAOCH, YTO aBTOP ITOM
CTaTbM OblN1 XOPOLO 3HAaKOM co J/IbBOM McaakoBuyem, c ero cembeit. /les Mcaako-
BWUY Obl/1 €r0 HayYHbIM HAaCTaBHMKOM, HaCTPOUBLLMM €ro Hay4yHylo AesTeNlbHOCTb
Ha cepbe3Hblil, 06LLEBNONOTMYECKMA NOAXOA, K PELLEHMIO AaXKe CaMblX YaCTHbIX
Hay4YHbIX Npobaem. 3a 3TO aBTOP BbipParkaeT eMy CBOe ryboyaillee yBarkeHue,
NoYTEHME U UCKPEHHIOK Nt060Bb.

© MNeTpo3aBOACKMI rOCYAAPCTBEHHDBIN YHUBEPCUTET

NonyueHa: 04 gekabps 2018 roga

MaTtepuanbl

Heckonbko net Hasag Bbiwna cratba JIbBa
AxkoBnesnya bopknHa o JlbBe McaakoBuye Xo-
3auKkom (BopkuH, 2013). OHa pacckasbiBaeT O
€ro *M3HEeHHOM MyTU U HAY4YHbIX TPyAaX.

To, 4TO HanNMCcaHO B MOEM CTaTbe, HE CUCTEM-
HO€ U3N0XKEeHMEe NYTU YY4EHOro U He OnmncaHue
€ro Hayu4HbIx nccnegoBaHuii. OHa He NOBTOPA-
eT y)e HanncaHHoro JibBom AKoBnesnvem. ITo
MOM OTPbIBOYHbIE, AaXKe He CBA3aHHble ApYr C
APYrom BOCMOMMHAHMA O HEM Kak O 4yenose-
Ke, KOTOpPbIN AN1A MEHA OYEHb MHOIO 3Ha4ywUN
M 3HAYUT A0 cux nop. A HanuMcan NOTomy, YTO
He MOry He HanucaTb. 1A MeHA 3To — oTAaHue
OYyeHb BaXHOro Aonra 4yenoBeky, Hnaropaps
KOTOPOMY A CTasl TeM, KEM CTas, U KOTOPOTO A
NCKPEHHe Nto610 1 yBaxalto.

MpakTnyeckn Bce 300n0rn JIeHUHrpaaa,
yumBwKeca Ha buodake JIIY, npownn yepes
NeKumun n sk3ameHsol JlbBa Mcaakosuya. U Bce
OCTaBLUMECA eLle B KUBbIX ero YYeHUKN 0 CUX
Nnop NOMHAT ero U € yBa*KeHMem 0 HemM OT3blBa-
totca. JleB McaakoBny Xo3aLUKuin bbin AeiicTeBu-
TenbHO 60NbWKNM y4yeHbIM. 33 CBOO *KU3Hb OH
onybnaunkosan 267 cratbeit. 2/3 ero nybauka-

MopnucaHa K neyatu: 17 nioHa 2019 roga

LM Kacanucb pentuamn (B OCHOBHOM — yepe-
nax), NnepBoe MecTo B Kpyry HanpasaeHU ero
Hay4YHbIX MHTEPECOB NPOYHO 3aHMMaeT nase-
OHTONOrNA (bonee Tpetn), 3atem nayT paboTsbl
obuiero xapakrepa (No 3BONOLMOHHOM TeopUn
N TEOPUU CUCTEMATUKK), MO Mopdosorum wm
MCTOPUMN HAYKM, IKONOTUN N GU3MONOTUN (3KO-
Nnorunyeckoit), sooreorpadpum, ectb pabotbl no
¢nnocodumn n npenogasaHuto (bopkumH, 2013).
Ho npu atom 3a npeaenamu JleHUHrpaga ero
Masio KTO 3Ha/, a ceilyac, nocne ero CMepTH,
HOBOe MokoneHue ctyaeHToB J/IIY ero Boobue
He NOMHUT. Tem He meHee JleB NcaakoBuY Xo-
3aUKMN, 6e3ycNoBHO, NOBAMAN HA BOCNUTaHME
HECKONbKMX NOKONEeHUIN bruonoros. B aTon cea-
31 OH 3aC/y»KMBAeT Toro, Ytobbl 0 Hem bHbina
HanMcaHa He ogHa CTaTbA.

3a nocnegHee Bpema A HaNMcan HECKOJIbKO
cTater o buonorax, NAaMATb O KOTOPbIX KaK-TO
CO BpemMeHeMm crnaxkmsaetca. U B KaXKaom cTa-
Tbe A HenpemMeHHO MOBTOPAID OAHY U Ty Xe
¢pasy: «O TaKUx HeopaMHAPHbIX NtoaAX 3abbl-
BaTb Henb3A!» PUcKyA ObiTb HENOHATLIM U YKO-
PEeHHbIM B MOBTOPAX, CYMTAO CBOMM LO/ITOM U B
3TOM CTaTbe CrneLunasbHO NOBTOPUTL: «O TaKMX
HeopAWHapPHbIX Ntoaax 3abbiBaTb HeNb3A!»
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N nepBoe, 4TO A XO4Yy BCMNOMHWUTb, 3TO
MOM BCTPEYM C CEMENHOM napoi — JibBom
NcaakoBnuyem Xo3aukum U AnekcaHapon
MNBaHoBHOM LLlernosoi. OHKM NPOXKKUAN BMECTE
59 ner!

A 6biBan y HUX Aoma, B JleHUHrpage,
Ha yauue KpacHOro KypcaHTa, Jlackanca c
Mx 6enbiMm KOTOM, MU C HUMM Yal. XOTA cam
JleB WcaakoBuy Aaoma npeanodntan, npu
BO3MOXHOCTU, MUTb HE Yali, @ KAKON-TO KMUcenb
M3 TONOKHA. Bca KBapTMpa nponuTtaHa 6bina
AYXOM CMOKOMCTBMA, HayKu W... nobsu. Ona
MeHA nocnegHee 6bIIO HUYYTb HE MeHee
3HAYMMbIM, Yem Bce OcCTanbHoe. CnokolHoe
obuweHne, mypablyawmin KoT nog, 6okom... Kot
Yy HUX Obln 0COBbIA, OH MPUHUMAN He BCEX,
He KO BCEM LIeN Ha PYyKWU U OaBanca ragutb.
OpHaxkabl MOW ApPYr U TaKXKe yy4yeHWUK JlbBa
NcaakoBuuya, Hukonan Cepreesuu lonybes,
Habnoaan 3aHATHYO KapTuHY. JleB McaakoBuy
Urpan c KOTOM, TOHAACb 332 HUM MO KBapTUpeE.
Kot aenan Bua, 4to ucnyran, n 6exan ot Hero.

OJTa napa BbIiCKakKMBasia B KOpMAOpP, a MOTOM
3aberana ob6paTHO B KOMHATY, U YrKe KOT berxkan
3a J/lIbBom McaakoBuuem v «nyran» ero.

3pecb, CMAA B MATKUX Kpecnax, Benucb
cepbesHble, HeToponaMBble Heceabl Ha camble
pa3Hble TeMbI, KaCaBLUMECS U HAYKMX, M 0ObIYHOW
¥M3HU. OYeHb MHTEpPECHbI bblKn Halm beceapbl,
KacaswuecAa JlbBa CmmeoHoBMYa bepra u
AnekcaHapa AnekcaHgposuya Jliobuuwesa.
A B TO BpemA O4YeHb MHTEpecoBaaCA WX
nybnavkauuamu, a Jles McaakoBuu, npusHasas
MX NpPaBO HA CBOW B3rNA4 Ha npobnembl
3BONOUMMK, NpeaynpexaanMeHAOTNoCNeLWwHbIX
CYXXAEHWUN U CYMTAN, YTO MUX TBOPEHUA HYXKHO
6b1710 Hbl YNTATb TONBKO Y¥Ke B HAYYHO 3PeIoM
BO3pacTe, YTOObl OHW He BHECTU CYMATULY B
HAay4YHO HEeOKpenLwmne ymbl.

A 6biBan y HUX Ha padye B Komaposo,
rae mbl co JlbBom WcaakoBuyem 6poamam
no necy, cobupanu rpubbl, a noTom
AnekcaHapa MBaHOBHA Ham KX *Kapwuna, n Mol
C yAoBONbLCTBMEM BCe BMecTe obegann. Mbl
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Habnoaanu n NOBUAK rafoK B NOCaAKax BAO/b
KeNe3HOAOPOXKHOIo NoNAOTHa, obcykaasa To,
4TO BUAENN.

A umen BO3MOXHOCTb BMAETb, KakK
Jlee Wcaakosmuy un AnekcaHgpa WBaHOBHA
obWwatTca, M 3TO OCTaBU/IO HeEUsrnagmmbli
cnep, Ha BCO MO0 XM3Hb. fl NpuBeay OTPbIBOK
M3 MOEro 3cce, KOTOpOe A Hanucaa MHOro neT
Ha3ag, Oyayum euwe monogbiMm Yenosekom. B
3HAYMTENIbHOM Mepe 3TO 3cce HanucaHo bbino
MMEHHO Mog, BneYyaTneHMem OT ODOLEHUNS C UX
cemben.

«..M BOT, nw0b6OBb MoONOAAA Ha
BO/IHE YYBCTBEHHOTO 3KCTa3a B3MbIBAeT B
becnpenenbHble BbICM, @ 3aTemM ChycKaeTcA
Ha YypOBEHb CyeTAIMBOW MOBCEAHEBHOCTU
M HeBbI3peBlIEN, HeodopmMBLLIENCA eLe
ee [yXOBHOCTM, M ONATb BBEPX — W CHOBA
BHM3... B 3penoctn B3neTbl 3TU y)Ke He TakK
KpyKaT rosnosy, HO 3aTto Nt0boBb AyxOBHaA
CTAaHOBUTCA Kpenye, ApYe U HAaMHOro BblLUE,
yem paHbLe. K cTapoCcTu POBHbIN U CNOKOMHbIM
AyX OBYX NOAeN, He BO3MyLLaeMbl TaK
CUNBHO NAOTCKUMM BOXAENEHMAMM,
OMbITHbIA M MOMYAPEBLUINKN, 3aKaJIEHHbIN
B3/1€TaMW U MALEHMAMM CTPACTHOW HOHOCTM
N YTBEPKOEHHbIN OOCTUMKEHUAMMU 3PENOCTY,
NPOAO/IKAeT BO3PACTATb M KPEMnHYTb; AyXOBHaA
noboBb, 3anonHAs cobot BCe NPOCTPaHCTBO
AyWW, TaK HepaspbiBHO CAMBAET BOeAUHO
obbeanHeHHbIX locnogom  cynpyros, 4To
pa3beaMHUTb X HEe MOTYT yKe bonee HU Beapbl,
HUKaKME UCKYLLEHMUA, HN farke cama cmepTb. U
BHOBb, M BHOBb CO C/IE3aMWN YMUNEHUA N IETKON
rPycTM BCMOMMHAO 5l C/IOBA YXKe ymepluero
HbIHE MOXXWNOr0 4YenoBeKa, obpalleHHble K
cBoen Taxeno 6onbHoOM cynpyre: “He BonHyMcS,
A Bceraa byay psgom c Tob60OWM.. Echm Thl
notepsewsb 3peHne — A byay TBOMMM F1a3zamm,
ecn Tbl noTepsewb cayx — A byay TBOMMM
yLWaMM, eCIN Tbl HE CMOXKELLb XO4MUTb — A CTaHy
TBOMMMW HOramu... He BOnHy#cA, Mbl ¢ TO6OM
HaBcerga BmecTe...” [n1Aa MUPCKOro 4enoBeKa
3TO — HauMBbICLIAA TOYKa N106BU, KOTOpana banKe
Bcero K bory n Ha camom pgene 6oraye u spye
BCEX €e YyBCTBEHHO-BOCTOPMKEHHbIX MONOAbIX
B3/1€TOB, 3TO — TO, K YEMY CTOUT CTPEMUTHLCA,
4yero cTout npocutb y bora. TakaA BblCOKas
AyXoBHaA Nt0b60Bb N31MBaAETCA B NepensbbiTke
Ha BCE BOKPYl, OHA OMBAAET, yAUBAAET WU
YMUAAET, yTelwaeT U HanpaBAaeT, OHA genaet
Ntoaen u Becb MUp ynLLe 1 aobpee.»

MopasntenbHo 6biN0 TO, YTO A, CAYYaAMHO
OKa3aBLUMINCA pALOM NPU 3STOM YANUBUTENIbHOM
pa3roBope AByX MNOXWUAbIX NHOAEN, YCAblwan
Takue NnadocHble, HO B TO e BpemMs abCcoNtoTHO
CNOKOMHbIE  CNIOBAa,  CKasaHHble  JlbBOM

McaakoBuuyem cBoen nwbumon cynpyre.
OHM Oblnn  BblpaXKeHMem [yOUHHOMW CyTU
yenoseyeckoi. MoXKeT bbiTb, KTO-TO 3TOT TEKCT
NocYMTaeT Yepecuyp TeaTpasibHbIM, MOKA3HbIM,
HAaZYMaHHbIM, KAaKMM-TO  HEHaTypa/bHbIM.
Ho ato 6bino! U, 3Hasa /lbBa UcaakoBuua eule
M C 3TOM CTOPOHbI, A OuyLLaN HEBEPOATHOE
YOAMBAEHME KaK pa3 OT TOro, 4To BCE MM
CKa3aHHOe LW/10 OT YMCTOro cepala, U3 camomn
rnybuHbl aywu, 6e3 manenwen TeHn danblum
M NIYKAaBCTBA, COBEPLUEHHO WCKPEHHE W
€CTeCTBEHHO. fl Ha BCIO KM3Hb 3aNOMHWA 3TOT
ann3og,. OHCoNpoBOXKAAET MEHA CMOEM FOHOCTU
M MO Cen AeHb, KOrga A yXKe CaM HaxoXycCb B
3penom Bo3pacTe. ITO HEBO3MOXKHO 3abbITb!
[Ba pa3a B KM3HM A CTA/NIKMBANCA C TaKUM
NOTPACAIOWMM, HEXHENLWMM, BbICOYANLLNM
nposAsieHnemM N06BM Cynpyros, AOMKUBLLUX
BMecTe A0 NPeKNOoHHbIXx neT. OgHoOM TaKowm
napon bbina cemba npodeccopa-TOKCUMKoNOra
Metpa Masnosuuya [Mepdunbesa. 310 6Oblan
TOXE O4YeHb MNOXWAble CynpyrM, HO WUX
HEXXHellee OTHOLWEHWE APYr K APYry NpPOCTO
3aBoparkmsano! Btopoi 6bina cemba JlbBa
McaakoBnya XosaukKoro. Korga A cmoTpen Ha
3TUX CynpyroB, TO Yy MeHs 6bl10 NpMMeEpPHO
TAKOe e COCTOsIHWE, Kak ecnu 6bl A nepsbin
pa3 B XM3HM OKaszanca nepen KaKUMM-TO
HenpeB30MAEHHbIMTBOPEHMEMYENOBEYECKUM,
Hanpumep nepea « CUKCTUHCKON MagoOHHOMY...
HO TO/IbKO 3TO HAMHOrO BbiLE —3TO NPOAB/IEHNE
HacToALleN, BOUCTUHY BoxkecTBeHHOM ntobBum!
M TO, 4TO A cenyac ckasan, — 3TO yXKe He Mmoe
n3bbIToYHO nadocHoe yTBepKaeHue. ITo —
UCTUHHaA npaBga. be33aBeTHadAa, MCKpPeHHsAA,
KepTBeHHaa /t060Bb becueHHbIn  aap
BoXuni1, KOTOPbIN NO/ly4aeT YENOBEK; U €C/IN OH
C HUM 06X0AUTCA NPaBUIbHO, ecin BeperkHo
N TpeneTHO MPOHOCUT ee 4Yepe3 BCH KU3Hb,
yepes BCE WUCMbITaHUA, UMEHHO NO-b0XKecKH,
To 06 3TOM MMEEeT CMbICA BCMNOMMHATb He
MeHbLUEe, YeM O AOCTUMKEHUAX ITOr0 YeNoBeKa
B HayKe, MCKYCCTBE UM B COLLMANbHOW KU3HM.
3TO npenenbHO Ba)KHO! 3TO OAHA M3 cambiX
3HAYMMBbIX XapaKTepUCTMK uYenoseka! 3IT1o
TO, 33 YTO A LLEHIO CBOW BCTpeun co JIbBOm
McaakoBmnyem. ITO — TanaHT, U, BO3MOXHO,
CaMblI FNABHbIA, O KOTOPOM CTOUT FOBOPUTL U
BCMOMMHATbL. U A cyactams, 4to A 310 Buaen!
Bce 80-e roabl A npoxun B TallKkeHTe.
Al yacto npunetan B JIeHUMHrpag W KaxKAabli
pa3 obsasatenbHo Buaenca co  JlbBom
NcaakoBuuem. A npuxogmn K Hemy Ha Kadeapy
B YHUMBEPCUTET, U1 Mbl MOPOM NOAOATY CUAENN,
pasroBapmMBaA O CaMbIX pa3HbIX Bewax,
HaunMHas Cc Tepmobuonorum penTUAnM W
3aKaH4YMBaA OTHOLEHMAMM B CEMbE, PA3HbIMMU
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HEeNPOCTbIMU  XKMU3HEHHbIMU CUTYALUAMU W
np. A oyeHb ueHun 3t beceabl. OHU, Kpome
npo4yero, MOKasbiBa/IM  MHE,  HACKOJ/IbKO
BaXXHO MMeTb BO3MOXHOCTb Ha BCe 3TU TEMbI
pa3roBapmBaTb C HUM, KaKOW Pa3HOCTOPOHHUN
310 Yyenosek. OH KaK 6yaTo ¢ ABOMHbLIM AHOM
— KaeTcAa NpPOCTbIM M NPAMOSMHENHDBIM, @ Ha
CaMOM fene, Koraa OTKpbIBaeTca, — ryboKuin 1
YyBCTBUTE/IbHbIN.

Korga JleB NcaakKoBMY CKOHYANCA M Mbl
nocne npowaHuAa B Kpematopum 6Honbluown
rpynnon NpUWAM K HAM B AOM Ha NMOMUHKW,
AnekcaHgpa MBaHOBHA nogowsa KO MHe wn
TMXO, NOYTM Ha YXO, OFNAHYBLUINCD, YTOObI HUKTO
KpOMe MeHA ee He C/blWwan, cnpocmna: «A Bam
He KaKeTcs, YTo OH ceiyac 3gecb?» Al 3amep, u
y MeHsA byKkBanbHO cepalie 3awemnno. Beap ato
KaK pa3 To, 4TO A Cpa3y No4YyBCTBOBAA, BOMAA B
nom. Jles NcaakoBuy 3aechb. Mpoxune 60nbLIyIO
XM3Hb B 3TON NOOGMMON KBapTupe cpeau
NIOOUMBIX KHUT U MATKOW CcTapon mebenu,
C NOOUMOI KEHOW, OH U MNocne CMepPTU He
NMOKWUHYN HW OAHY, HU Apyryto. He 3psa oH
rosopun csoert AnekcaHgpe WMBaHoBHe: «He

BOJIHYICA, Mbl ¢ TOBOI HaBceraa BMecCTe...»
%k %k k

Moyemy A cumTato J/ibBa McaakoBmya CBOUM
rMaBHbIM, CaMbIM BaXKHbIM 1A ceba yuntenem
N HacTaBHUKOM B 06s1acTM HayKku BoobLLe M
61onormm B 4acTHOCTN?

Mbl BCTpeTUAUCb, Korga A Obin  ewe
WKONbHUKOM. Al npuwen Ha 6MoNornyeckyto
ONMMNMALY U OKasascA B ero KabuHete. Toraa
A He npowen B PpUHAN, HO MOW MHTepec K
amodmnbuam un pentTuanam npuobpen Hekui
CMbICN — A YBUAEN YEeN0BEKA, KOTOPbIN caenan
3TOT MHTepec CBOeW cneumanbHocTbio. OaHO
3TO ANA MeHA Toraa ObiIo OYeHb BaXKHO. ITO
[aNn0 MOEeW KU3HW BMNOMHE onpeaeneHHyHo
HanNpPaBNEHHOCTb.

A Havan xoguTb Ha Kadegpy B
300/10TMYECKUIA KPYKOK, @ NapaniefnbHO CTan
perynapHo HasewaTb U JlbBa Mcaakosuya. B
nocnegHnX Knaccax LWKOAbI, KOrga A yesKan
Ha NeTO Ha tr, Mbl C HUM MNPOroBapuBann
BApPWAHTbl TeX 3/eMeHTapHbIX ele pabor,
KOTOpble A MOT CAeNatb, HAXOAACL Ha oTAbIxXe. B
OCHOBHOM 3TM PaboTbl Kacanucb HabaaeHW,
CBA3AHHbIX C TENJIOBbIMU YCAOBUAMMU MKU3HU
NPbLITKUX Alepuy,. A cTapanca, n garke Koe-4to
Yy MeHA Noay4yanocsb.

Motom A Hayan uutatb Bce b6onble
nMTepaTypbl O penTuaMAx, O NyTelecTBUAX
300710T0B B pa3Hble CTpaHbl, reorpadpuyeckme
onucaHua  CpepHelr  Asum M 4pyrux
WHTEPEeCcOoBaBLUNX MeHA pernoHos. Moumm
CaMbIMW  «YUTAaEMbIMW»  TOr4a aBTOpPaAMMU

6binn E. H. Manosckumn, ®. ®. Tanbizuu, M. M.
MNepounves, A. [. Hegankos, M. . MaxnuH,
C. B. Murynesckuii, A. H. ®opmosos, O. I.
borgaHoB u ap. Koraa s 3akaHYMBan LWKoOAy
(@ wKkona y Hac 6blna aHrAKUKACKan), BMeCTO
NPOM3BOACTBEHHOW MPAKTUKU A AOroBOPUACA
BbIMNO/IHUTb MNEepeBod, C aHMMWCKOrO Ha
PYCCKMIA KHUTM O NPOMUCXOXKAEHUM 4epenax
ana leBa Ncaakosuya. MNoctynmne Ha BeyepHee
otaeneHne 6uodaka /1Y n ogHOBPEMEHHO
npunaa Ha paboTty B TeppapnymJIeHUHIPaLCKOro
300MapkKa, A Ha4Yan MHoro HabnaaaTb, BUAETD,
CTaBUTb MNEpPBble 3KCNEPUMEHTbI, a TaKkKe
€34UTb B 3Kcnegmumm B Kapakymbl 1 bagxbi3.
Mo MHOrMM BOMpPOCaMm A 4acTo COBETOBAICA CO
NlbBOoM McaakoBuyem.

M XOTA NO KOHKPETHbIM, YaCTHbIM Hay4YHbIM
npobnemam mbl He BCeraa HaxoguMau obummn
A3bIK, HO AN MeHA Bceraa bbio npeaenbHo
BA)’HO  yC/blWaTb €ro MHeHWe, Jaxe
KPUTUYECKOE, ero PacCyKAeHUA, NpexXae BCero
notomy, 4to Jles McaakoBUY ymen CMOTpPETb
[a*Ke Ha CaMble 31eMEHTapHbIe BONPOChI Yepes
npusamy rmobanbHbIX  06WEBMONOTMYECKMX
B3rNA40B. I3TO MOF  TONbKO  YENIOBEK,
obnagatownia LWMPOYANLLMM Hay4YHbIM
KPYro3opom, BOOPYMKEHHbIM 0bLeHay4yHoM
MEeTOA0N0MMENMKYNbTYPO. AeroBoCcnpuHMMan
(Aa Tak OHO M 6bINO HAa cCamoMm Aene) Kak ogHOro
M3 nocnegHux 3HUMKAOMNEANUCTOB, «OCKO/IKOB
30/10TOr0 BEKa» POCCUNCKOM Buonornyeckom
Hayku. [MpeacraBuTenn 3ToM rpynnbl NOAEN
CTann BCTpPeYaTbCsA BCE pPeXke, NpAMO npwu
MHE OHW Hayanu ObICTPO OAMH 33 OAHUM
YyXO4UTb, MUc4yesaTb, 3TO OyKBa/NbHO BUCENO B
BO3yX€ M OYEHb OCTPO YyBCTBOBANOChL. M Tem
BaXkHee gnA meHAa 6bino obuweHne co J/ibBom
McaakoBnyem Xosaukmm. HecmoTpa Ha TO,
YTO MOW KOHKpPETHble, Tepmobuonormyeckme
$U3nM0N0ro-akonorMyecKkmne nccnenoBaHuA,
KOTOPbIE A Y)Ke K TOMYy BPEMEHU Ha4yan BecTy,
OblNM  COBEPLWIEHHO  CAaMOCTOATE/IbHbIMM,
MX NNaHWUPOBAHME, METOAO/IOTMID M np. A
pa3pabaTbiBan, peanm3oBbiBasIMaHANIU3NPOBA
cam, Jles UcaakoBMY OKa3an OrpoMHoe BiInAHNE
Ha «obuwyto dunocoduto» moux pabot. Ewe
pa3 obpalLato BHUMAHME HA BaXKHbI MOMEHT:
XOTA HalW B3rNA4bl HA YacTHble Npobnembl, Ha
KOHKpEeTHble paboTbIMT.N. HE BCErAa CXOANNUCD,
obwebunonornyecknii, obuieHayyYHbIi NOAXo4
K peleHuto npobnem MHe NpMBMKA, BbINpasun,
CKOppeKTUpoBan MMeHHo JleB McaakoBuy, 3a
yTo A eMy beamepHo HGnarogapeH. HaBepHoe,
MMEHHO B 3TOM B MEPBYIO oYepeab M A0MKEH
NpoABNATbCA GeHOMEH Hay4HOM WKoNbl. 1 moe
obuieHne co JibBom McaakoBmyem Xo3aLKuUm
B TO Bpemsa, Korga A ¢GopmMMpPOBANcAa Kak
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YYEHbINA, NPUOBLMAO MEHA K 3TOM yXoaALlen
y)Ke wkone. HasepHoe, TonbKo bora moxHO
33 370 H6narogapuTb, MOTOMY YTO 3TOT ACMEKT
(OKazaTbcA B HY)KHOE BPEMSA B HYKHOM MecTe)
OT MeHSl HMKaK He 3aBucen, B 3TOM He bblno
MoOeM 3acnyru.

Mow nccnefoBaHuA nocteneHHo
«pacwaTbiBaiN»  HeEKoTopble yCcToABLUMECA,
KNnaccmMyeckme npeacTtaBieHMA 3KON0MMYECKOM
éu3mnonormm o TepmasbHbIX W MPOYMUX
ajanTaumMax M 0 APYruMX BaXKHbIX acnekTax
6uonorum pentunuii. He mory ckasatb, 4To
JlbBa MicaakoBKnYya 370 pagosano. Mbl cnopunu,
Ka*kabl MpW 3TOM, Yalle BCero, OCTaBa/cA
npu cBoux ybexKaAeHUAX, HO CamMmn 3TU CNopbI C
4e/I0BEKOM TaKOro YPOBHA O4YeHb oboralany,
AaBaNM MNULLY ANA HOBbIX Pa3MbIWIEHUN,
HOBbIX paboT. [Ana meHs 3To 6bin NPoOCTO Aap
Boxkni.

Takmnm o0bpasom, J/les McaakoBuY Xo3auKui
He y4acTBOBa/l B MIAHMPOBAHUM N peanmnsaLmm
MOMX UccnenoBaHuin, Ho, 6e3ycsoBHO, Obin Ans
MEHSA LeHHeNLWNM y4nTenem u HacTaBHUKOM B
Hayke.

[ymato, uyto nogobHoe o ero ponu B cyabbe
N B Hay4yHOMN AeATeNbHOCTU MOTy CKa3aTb He

TOJIbKO A.
%k

MeHAa yauBMNA UM nNopagoBana €ro
peakunsa Ha HAMNMCAHHYKD MHOK KHUry o6
OpraHM3auum ABNEHUA KU3HKU, 06 3BONOLUMN.
Bbino ato 60nbwe 30 NeT Hasag — BO BTOpOK
nonosuHe 80-x. A ¥un Toraa B TallKeHTe U B
3HAYMTEeNbHOM CcTeneHu Ha 6a3e pes3ynbTaToB
MOMX  COBCTBEHHbIX  3KCMEPMMEHTANbHbIX
paboT y meHAa chopmupoBanacb KoHUenuua
OTHOLLEHUA K ABNEHMUIO XKM3HU, e€ OPraHn3aLmnm
N 3BOMIOUMU. ITa KOHLENUUA CyL,eCTBEHHO
OT/IM4aNacb NO CBOEW CYTU OT OBLLENPUHATOM
K TOMYy BpPEMEHM CUHTETUYECKOW Teopumu
asontoumn. A opopmun ee B BuAe bpoLtopsl.
Ona meHa 3710 6blna nepsasa 6onblaa paborTa,
KoTopyto A Hanucan. U a Bo3HamepwmacA
HaneyaTaTb ee B Y36eKCKom oTaeneHun
aKaZemmyeckoro  m3pgatenbctBa  «Hayka».
Ona ee nybavKkauum Hy»KHbl BbIAINM HayyHble
OT3blIBbl.

OOMH NONOXMWTENbHLIA OT3bIB Ha Hee
Aan TalWKeHTCKMN yHuBepcuTeT. U 3aecb A He
MOTy He YNOMSAHYTb C IMy6OKMM yBaXKeHNEM U
61arofapHOCTbIO O 3aMeYaTe/IbHOM YE/I0BEKE,
O4HOM W3 HEMHOTrMX, KOTOpbI noanep»an
MeHA B MOEM MPOTMBOCTOAHUM YCTOABLUENCA
cucTeme B3MNA40B — O TalWKeHTCKOm bBuonore
Onere Bunbesmye Mutponosnbckom. CyTtb bbinia
He B TOM, YTO i HAaNpPaB/JEHHO MPOTMBOCTOAN
«YCTOAMY», @ B TOM, YTO 51 OTCTanBa CBOK TOYKY

3peHna. U mmeHHo B atom Oner Bunbesuu
MEHA, Toraa ewe CoBCEM MOJI04O0r0 YYeHoro,
nogaepKan.

Ho MHe HyKeH 6bln BTOpOM 0T3bIB. M BOT
TYT A NOHMMa, YTO HE MOTY He NMonpPocuTb 06
aTom JlbBa McaakoBmM4ya, HO OAHOBPEMEHHO £
3TOro o4yeHb 60a1cA. Ero OTHOLWEHMA K TakowM
pagnKanbHOM NO3NLKUKM A NpeaBUaEeTb HE MOT.
BoT 1 nony4ynnocb: M NoOKasbiBaTb emMy, U He
NoKa3blBaTb ObII0 OANHAKOBO CTPALLHO.

Tem He meHee, KOHEYHO, A NOCAan emy
PYKONUCb Ha OT3bIB. YyTb MNO3)Ke, BO Bpems
OAHOrO M3 MOMX BM3UTOB B JIeHMHrpag,

Mbl BCTPETUAUCb, U A C TPENeTom KAan
ero BepauKkta. Peakuusa JlbBa WcaakoBuua
OKasanacb [AN8 MeHA HeoXWaaHHol. B

odunumManbHOM 0T3biBE OT Kadeapbl 30010MMK
NO3BOHOYHbIX JI'Y, KOTOPbIN HaNUcan OH cam,
O6blnM ABEe OCHOBHble MbicaK. [lepBas: mos
KOHUENUMA, TaK e Kak K oblenpuHaTas,
no 6onblwomy cYeTy — NPUHUMNMANBHO
HeZoKa3yema, MOCKO/IbKY MOCTaBUTb NPAMbIe
OMbITbl U MONYYUTb NPAMble [0Ka3aTe/NbCTBa,
No OOBEKTUBHbIM MPUYMHAM, HEBO3MOXKHO.
N npu 3TOM MOA KOHUENUMA OKasblBaeTcA
HUYYTb He MmeHee 060CHOBaHHA (KOCBEHHbIMM
[l0Ka3aTeIbCTBAMM U NIOTUYECKUMW I0BOAAMM),
Yyem CUHTETMYEecKaa Teopua  IBOJOLUM.
OTctoga cnepoBana  BTOpas MbIC/Ab:  MOSA
KOHUEeNUMA opraHmn3aumm n 3BONHOLUN KU3HU
MMeeT MNONHOEe MpPaBO Ha CyLEeCcTBOBaHUE
Kak rmnoTtesa, U OH PEeKOMEHAYET PYKOMUCh K
nybnvkauum. YectHoe cnoBo, Takada no3muusa
6blna AN MeHsA HEOXKUAAHHOM, HO CTana ele
OAHWM OYEeHb BaKHbIM LUTPUXOM K NOPTPETY
NlbBa UcaakoBMYa Kak 4YenoBeKa M YYEHOrO,
cnocobHOro BOCNPUHUMATbL HOBOE, a IMaBHOE —
HeoXMOaHHOE B HayKe, U, eC/IN OHO He ABNAETCA
OTKPOBEHHO HEKOPPEKTHbIM, He pybutb c
naeya wu, No KpanHen mepe, NpenocTaBNATb
€My npaBO Ha CyLWecTBOBaHME, HA MOUCK
CBOEro mecta. A y»K HalAaeTca 3TO MecTo Uau
HeT — aeno byayuwero. Mpasaa, Torga, Nno paay
He3aBMCALMX OT MEHS NMPUYKNH, 3Ta bpoLltopa
He BblWAa, U 5, gopaboTas ee, onybanKosan
Y}Ke KHUTY Ha 3Ty TeEMY MHOrO no3sxe (YepauH,
2012).

%k %k %k

Ha Kkadeape 300/10rMM MNO3BOHOYHbIX
NTY y NbBa WMcaakoBmya 6bin cBOM KabuHerT.
310 6bla HebonblwanA, CWUIbHO BbITAHYTANA
B A/IMHY KOMHaTKa. C ogHoro Topua 3Toro
nomeweHua 6blna aBepb, KOTOpas Bbixoguaa
B KOpMAop Kadeapbl 300/10rMM NO3BOHOUHbIX.
C Apyroro KOHUa — OKHO, Y KOTOPOro CTOSN
cton JlbBa NcaakoBuya, a pagom C HAM — CTyf,
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Ha KoTopbih 06blMHO 06peyYeHHO CcaanAUCh
CTYAEHTbI, CAalOWMe eMy CTPALHbINA 3K3ameH
— CPaBHUTENbHYIO AHAaTOMWIO MO3BOHOYHDbIX,
KOTOPOro BCE 300101 6OANNCH TAK XKe Uan gaxe
b6onblie, yem TexHapu 60ANUCb 3K3ameHa no
conpomarty. Bce nomelyeHme 6110 pasgeneHo
no BCeM ANMHe WKadamm C AUTepaTypon wu
BCAKOM BCAYMHOW, HY)KHOM B paboTe. Taknm
obpasom, K crony JlbBa WcaakoBuya Ben
O/WHHDBIM, OYeHb Y3KMM Npoxoa OT CamMoM
ABEPU, a B OAHOM MecTe Mmexay WwKapamu bbin
OCTaBJIEH NPOX0J,, KOTOPbIM BEN BY3€HbKUM, KaK
enb, 3aKyTOK. Tam TaKkKe cTosan Hebonblion
CTON C 1aMNOM W CTYA, FAe MOXHO Hbl0 cuaeTb
n paboTtaTtb. Kak pas Tam nHorga cuaen s, Yuntan
W CNyLWwan ANanorn, KoTopble NOPOM BO3HUKANN
y J/1bBa MicaakoBuya co ctyaeHTamun. He Bce oHM,
eCcTecTBEeHHO, MeHs MHTepecoBan. Ho H6biBanm
n «nepnbi»!

NleB Wcaakosuy He ©6bln  abconaoTHO
cepbe3sHbiM 4yenosekoM. OH 0O4YeHb Nb6UN
nowyTuTb, NOBUA  XopowMne  aHeKAoThl,

HaZ, KOTOpPbIMM OT AylW CMeANnca, W, Kak
roBopAT, Aaxke cobupan ux. Cnaa B 3aKyTKe, A
OZHAXKAbl NPUCYTCTBOBAN NPU CAaYe S3K3aMeHa
CTYAEHTKOM n3 MoHronnum. OHa NpaKTUYEeCKU
csobogHO rosopuna no-pyccku. [pasaa,
NPUWB/IEKNIO MEHA TO, YTO OHa Ha MOJIHOM
cepbe3e pacckasbiBana JlbBy Mcaakosuuy
(3TO Ha YHMBEPCUTETCKOM-TO 3K3aMeHe Mo
CcpaBHUTENbHON aHaTtomuu!ll) o Tom, uto VY
HUX B FyXUX paloHax MoHronmm otapbl nacyT
OrPOMHble benble cobaku ¢ ABYMS rO/I0OBaMM.
MpenunpaTenbCcTBO Ha 3Ty TEMY CHa4yana NoLwio
6ypHO, @ MOTOM CTUX10, CMEHMBLUUCb HE MeHee
MHTEPECHOM TEeMOM, Ha KOTOpYyl pPa3roBop
nepesen yxe Jles McaakoBuy: OH [J0r0,
0bCcTOATENBHO WM BECbMA MO-aKaAEeMMUYECKU
nbiTanca 06BbACHUTD MOHTON1bCKOWN
CTYAEHTKE BeCb MNYOUMHHbIN CMbIC/A, KPACKM
n cneunduyeckyto 3MOLMOHANBbHOCTb
PYCCKOTO  MAMOMATMYECKOTO  BblparKeHuA
«npncobaunTb». K corkaneHuo, 4eNCTBUTENBHO
A He MOry cem4yac BCMOMHMUTb Cam PasroBop,
HO MOMHIO TONIbKO, YTO A cugen 3a WKadamm,
AeprkaCcb OAHOWM PYKOM 3a KMBOT, a Apyrom
3a)KMMmasn cebe poT, n TpAccs oT 6e33By4YHOro
cMexa... 970 6bl1 UMNPOBU3ALLMOHHbIN Weaesp!
MpocTo — roToBbIN 3CTPagHbIM Homep! U 370
— B WCMOJIHEHUWN CEpPbe3HOro y4yeHoro — J1bBa
NcaakoBnya Xo3aukoro!

%k %k %k
3aHABLWMNCH nccnefoBaHneEm
TeEMNepaTypHbIX YCNOBUIA obutaHua

06bIKHOBEHHO ragtokun, A nNblTazCcA OTbICKATb
MeCTO, B KOTOPOM 6b110 6bI A0CTaTO4YHO MHOTO

rafitok, HO KOTOpoe MpPWU 3TOM HAXOAWMNOCH bbl
HepanekooTropoga. Takoe mecto A 0O6HapyKun.
OHO HAxoAWNOCb OKONO XKeNe3HOLOPOXKHOM
CTaHuMm KomapoBo, B 3apoCnAx KycToB
BAO/Ib YKEeNe3HOAOPOXKHOro nonoTHa. lNepsoe
BpemAa A e3aumn Tyaa Cam, HO MOTOM KaK-To
pacckaszan o6 3tom JlbBy WMcaakosuuy. OH
OYEeHb YAMBU/ICA, NOTOMY YTO XM Ha Jaye KaK
pa3 Ha cT. KomapoBo, T. €. NOCTOAHHO XOA4W
MMMO 3TOr0 MeCTa, HO FaZloK TaM HUKOr4a He
3ameyan. OH NOMNPOCMA MEHA MOKas3aTb emy
3TO mecTo. Bo Bpema ogHOM 13 NepBbIX HaUX
C HUM COBMECTHbIX 9KCKYPCUI 3a raatoKamu 1
0b6paTnn BHMMAHME HA TO, YTO OH BeaeT ceba
He COBCEM TaK, KaK NPMBbIK 3TO AenaThb A.
O6blMHO A cTapanca He npuBAeKaTb
BHMMaHMA OKPYKAIOLWMNX NtoLeN, MPOXOMKUX
K TOMy, 4TO Aenat, ocobeHHO Korga 3To
KacaeTca A40BUTbIX 3mel. Bo-nepBbix, MOXKHO
nogen Hanyrate. OHM, CKopee Bcero, He
3HaNU, YTO PAAOM C HUMU KUBYT raftoku. He
3HaNU, CMOKOMHO XO4MUAWN TYT, HE BOJIHOBA/INCb
M HUKOTOAQ He BUAENAN 3TUX 3MEWN, MOCKOJIbKY
ragtoKM camu CTapaltoTcA He MnonagaTbCA Ha
rnasa 4yenoseky. [Ja M HeC4aCTHbIX Cay4yaes
B 3TOM MecTe, BUAMMO, He bbino. Ecam oHm
Y3HAIOT O TaKMX OMACHbIX coceasx, To byayT
60ATbCA XOANTb MO OKPECTHOCTAM M HE OTMYCTAT
aeten rynatb. Kpome TOro, Komy-Hmbyap
MOXET MPUNTKN B FO/IOBY «CNacuUTenbHaa» naes
YHUUTOXNUTb BCEX 3MEN B OKpyre, pa3 OHU TyT
€CTb, @ 3TO MOXKeT ObITb ONACHO KaK A1 raftoK,
TaK M ON1A TOTO, KTO PELUNT C HUMM pa3aenaTbCes.
Bo-BTOpbIX, O4YeHb C/AOXHO MNpeayranathb,
Kak OyayT pearmpoBaTb NOAM HA TO, 4TO
OHW YBUAAT. Al y)Ke CTa/JIKMBANCA C TaKUMMU
HEOXMOAHHbIMU peaKkunamKn. Tak, BMAA, KaK
A 6epy KakuMx-HMOyab AO0BUTbIX 3MeM, Kak
BHELWHe 3TO BbIMALAUT NPOCTO U OyAHUYHO,
HEeKOTOpble NOAN HEOXMOAHHO PeLlatoT, YTo
€CNN Y MEHA 3TO TaK NPOCTO NOAy4YaeTCA, 3HAUUT
3TO COBCEM He C/I0XKHO U OHM CBOHOAHO MOryT
NocTynuUTb Tak Xe. W Bapyr ntoam, Kotopble
HUKOrga BOODOLLE HMKAKMX 3MeN B PYKM He
6pann, KuaaroTca XBaTaTb OMNACHbIX 3MeEW.
XOopowo, ecnn pAgOM OKaXKeTcA Cneuyanmncr.
A ecnn HeT? A wnHorga cny4datotrcAa BoobOLLe
COBEpPLIEHHO HeOoXWAaHHble peakumun. Kak-
TO OYeHb AABHO B 300MapKe A B3A1 B PyKu (T.
€. KeCTKO 3aduKcnpoBan) rropsy, U Aenanocb
3TO Ha BMAY Y KaAKUX-TO «CneumanbHbIX»
rocten, NOTOMY YTO MHE HYXHO Bbl/I0 UM YTO-
TO NPOAEMOHCTPUPOBATL (Y)Ke He MOMHIO, YTO
MMeHHO). M BAPYr BbICKAaKMBAET M3 rpynnbl
MONOAAA AEBYLIKA, HEOXKUAAHHO NPOTArMBaeT
PYKW K ronose 3men, U A ¢ TPyAOM ycCneBato
OTAEPHYTb OT Hee 3meto. XOpowo, YTO A He
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pacTepAanca U He coBepLluma owmnbkM, KoTopasn
morna 6bl CTOMTb HE TONbKO 340POBbA, HO
OAXKe U MU3HU UAN MHE, AU 3TON OeBYLUKE,
a MoXeT ObiTb, M elwe Komy-HMbyab. A
NOTOM 3Ty AEBYLIKY Hawen u cnpocun: «A
Tbl, COBCTBEHHO, 3a4eM 3TO caenana? Yero Tbl
xoTena?» Tak BeAb OHAa MHE Ha 3TW BOMpPOCHI
Aarke He cmorna oteeTuTb! CMbic/ ee OTBETOB
OKasa/ica HeoXuaaHHbim: «He 3Hak, Kak-To
3aX0TeNocChb...» TaKMe peaKkuumn CcayyaroTcs,
OHW abCONOTHO aNIOrNYHbI, HEOXWAAHHbI U
npeayragatb MX Mocemy, yBbl, HEBO3MOMKHO.
MosTomMmy, noBA ragloK M NPoBOAA C HUMM
onpeaeneHHble MaHUNynauuKM, A CcTapancs
OTBOpPayMBaThCA OT Aoaeh u, ecnm b6bina
BO3MOHOCTb, BOOOLLE OTOMTU KyAa-HMbyAb B
CTOPOHY, «C a3 400N ».

Ho JleB WcaakoBuy, HaobopoT, xoTen
npuBaeYb BHUMaHME MNPOXoXux. OH npocun
MEHSA MOBEPHYTbCA M nonyraTb UX M nNp. 310
OblNa KaKana-TO [eTCKas peakuma, KOTopylo
A HWUKaAK He OXuaan oOT TaKoro MOXKWoro
M Cepbe3Horo 4enoseka. f, KOHEYHO, He
nogganca U HaobopoT, K paccTpoiictey JlbBa

bubnnorpadus

McaakoBMYa, yXO4MUN C MOMMaHHbIMU 3MESMU
B CTOPOHY OT NIIOAEMN.
%k %k %k

BoT Tak B O4HOM 4enoBeKke CO4YeTasIUCb
Camble pa3Hble YesloBeYeCKMe KayvecTsa:
Cepbe3HOCTb U UFPUBOCTb, AarKe pebayecTso,
CTPOroCTb W yAUBUTENbHAA  AylleBHaA
HEXHOCTb, [Ja)e CEeHTUMEHTaNbHOCTb. Ho,
Ha MOW B3rnA4, BarkKHeUWnmm YyepTamu JlbBa
McaaKkoBmnya X03aLLKOro bbiin: akagemMn4ecKkui,
HayYHbIW CKNag, YyMma, 3SHUMKAonean4yeckas
0bpa3oBaHHOCTb, 6e3yCcnoBHbIN
negarorMyeckMin gap W yBaXKEHME, a TaKXKe
AOCTYyNHOe [Janeko He BCemM ymeHue no-
HacToAwemy ntobutb. N xota /lbBa MicaakoBumya
X033aLKoro y»Ke JaBHO HET pAAOM, A BbIparkato
emy cBoe rnyboyaniuee yBarKeHe U MOYTEHME,

MO UCKPEHHIOIO Nt060Bb!
%k %k

B 3aknoveHMe xody nobnarogaputb
moero apyra ®epopa AapoHosuuya Kapnuka,
KOTOPbIM MNOATONKHYN MEHS K HAaMMCaHUIO 3TUX
BOCMOMMUHAHUM.

BopkuH /1. Al. les Ncaakosuy Xo3sauxuii (1913—1992) kaKk 300/10r-repneTonor 1 naneontonor // Tpyabl
3oonornyeckoro nHctutyta PAH. 2013. T. 317. Ne 4. C. 356-371.
YepnuH B. A. OpraHusaLma npouecca *13HU Kak cuctembl . CM6.: Pyccko-banTuincknin MHGopmaLMoHHbIN
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STROKES TO THE PORTRALIT.
LEV ISAAKOVICH KHOZATSKY
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L . Dagestan State University, cherlin5 l(@mail.ru
Vladimir Alexandrovich

Keywords: Summary: The article tells about a very interesting scientist, teacher, educa-
biography tor and person. This is Lev Isaakovich Khozatsky, associate Professor of the
herpetology Leningrad state university. He had that odd combination of human qualities:
L. I. Khozatsky seriousness and “playfulness,” even in a certain sense, childishness, rigor and

amazing emotional tenderness, even sentimentality. But the most important
features of Lev Isaakovich Khozatsky as a serious scientist were: academic, sci-
entific mind, encyclopedic education, absolute pedagogical gift and respect,
as well as the ability to truly love not available to everyone. It so happened
that the author of this article was well familiar with Lev Isaakovich, with his
family. Lev Isaakovich was my scientific mentor, who “set up” my scientific
activity on a serious general biological approach to solving even the most par-
ticular scientific problems. For this, | express to him my deepest respect, rev-
erence and sincere love.
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